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Tavi 1. qsenobioqimia. sagnis gansazRvra, kavSiri ekologiur qimiasTan,  

qsenobiotikTa mniSvnelovani warmomadgenlebi 

 

1.1 qsenobioqimia. sagnis gansazRvra, kavSiri ekologiur qimiasTan 

 

adamianis moRvaweoba ganuxreladaa dakavSirebuli sxvadasxva qimiuri naerTebis warmoebasa 

da maT gamoyenebasTan. msoflioSi yovelwliurad asobiT milioni tona qimiuri produqti 

iwarmoeba. es naerTebi, agreTve, bunebaSi maTi abioturi da bioturi gardaqmnebis Sedegad mi-

Rebuli produqtebi xSirad toqsikuri bunebisaa. garemoSi isini sxvadasxva gziT vrceldebian, 

kolosaluri raodenobiT koncentrirdebian biosferoSi da mniSvnelovan gavlenas axdenen 

ekologiur wonasworobaze. sadReisod, warmatebuli qveynisTvisac ki seriozul problemas 

warmoadgens garemos qimiuri dabinZurebiT gamowveuli ekologiuri risk-faqtorebis arsebo-

ba. urbanizaciis, mrewvelobisa da transportis ganviTarebis, soflis meurneobisaTvis qimika-

tebis warmoebis, samxedro moqmedebebisa da sxva saqmianobis Sedegebi adamians bumerangiviT 

ubrundeba sicocxlisaTvis saSiSi, toqsikuri naerTebis saxiT. aseTi naerTebi Zalian xSirad 

maRali toqsikurobiT gamoirCevian da sadReisod problemur qimiur dambinZureblebs warmo-

adgenen. maT miekuTvneba: pesticidebi, sasuqebi, laq-saRebavebi, organuli gamxsnelebi, emul-

gatorebi, damakonservebeli agentebi, navTobproduqtebi, sayofacxovrebo qimiis produqtebi, 

polimerebis warmoebaSi gamoyenebuli qimikatebi (polimerebi, monomerebi, pigmentebi, 

plastifikatorebi, stabilizatorebi, plasticizerebi da sxv.), farmakologiuri mrewvelobis 

produqtebi, zedapirulad aqtiuri naerTebi, freonebi, feTqebadi naerTebi, SesafuTi 

masalebi da mravali sxva. 

normalur organizmSi es nivTierebebi pirdapiri an arapirdapiri gziT sruliad SemTxveviT 

an TviT adamianis mizanmimarTuli qmedebiT garedan xvdebian. swored amitomaa maTi saerTo sa-

xelwodeba qsenobiotikebi (berZn. “qsenos” (ξένος) _ ucxo, “bios” (βίος) – sicocxle), romelic 

ucxo naerTTa sinonimad gamoiyeneba. Zneli ar aris imis SemCneva, rom CamoTvlili qsenobioti-

kebidan uklebliv yvela anTropogenuri warmoSobisaa, anu adamianis Segnebuli qmedebiT arian 

miRebuli. 

aranaklebi mniSvneloba aqvT mcenareuli warmoSobis biologiurad aqtiur nivTierebebs 

(alkaloidebs, glukozidebs, organul mJavebs da a.S.), romelTa umravlesoba sakmaod mdgradia 

da mcenaris gamoSrobisas, xangrZlivi Senaxvisas an Termuli damuSavebisas cvlilebebs ar ga-

nicdian. adamianisTvis ucxo naerTTa kidev erT did jgufs mikroorganizmTa cxovelqmedebis 

produqtebi warmoadgenen, romlebic Tavisi biologiuri moqmedebiT aWarbeben kidec yvelaze 

maRal toqsikur sinTezur nivTierebebs. amdenad es mcenareuli da mikrobuli Sxamebic adamia-

nisaTvis qsenobiotikebad ganixilebian. 

cocxal organizmebSi qsenobiotikebis qcevaTa sistematurma kvlevam bioqimiaSi axali, sav-

sebiT damoukidebeli mimarTulebis – qsenobioqimiis formireba ganapiroba. es disciplina 

Seiswavlis: 

− gardaqmnebs, romlebsac eqvebdebareba organizmSi moxvedrili ucxo nivTierebebi SeTvise-

bidan gamoyofamde periodSi 

− am gardaqmnebSi da warmoqmnili produqtebis organizmidan mocilebaSi monawile damcav 

sistemaTa funqcionirebas 

− am sistemaTa regulirebis kanonzomierebebs.  

amgvarad, qsenobioqimiis, rogorc damoukidebeli mecnieruli disciplinis Casaxva da gan-

viTareba adamianis yofaSi qimiis globalurad SemoWram gansazRvra. amis safuZvelzea Seqmnili 

denis v. parkis SesaniSnavi monografia _ “ucxo naerTTa bioqimia” (Dennis V. Parke “The biochemistry of foreign compounds” Pergamon Press, Oxford, 1967), sadac avtors logikuri TanmimdevrobiT da de-
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talurad aqvs ganxiluli qsenobioqimiaSi im droisaTvis arsebuli monacemebi da kvlevis  

perspeqtivebi. 

Tanamedrove qsenobioqimia Tavisebur dargTaSoris disciplinas warmoadgens da ZiriTadad 

bioqimiasa da organul qimias eyrdnoba. mas Tavisi sakuTari Teoriuli xedva da teqnikuri mid-

gomebi gaaCnia. am saganma, erTi mxriv, mZlavri sabaziso safuZvlebi Seuqmna farmakologiasa da 

toqsikologias, meore mxriv ki organulad gadaejaWva aseve axal mecnierul disciplinas _ 

ekologiur qimias, gaiTavisa ra misi ZiriTadi principebi da koncefciebi.  

ekologiuri qimia Seiswavlis garemoSi mimdinare qimiur gardaqmnebs da cocxal bunebaze 

maT negatiur zemoqmedebas. misi kvlevis mizans warmoadgens agreTve garemosa da organizms 

Soris bunebrivi da anTropogenuri warmoSobis naerTebis (gansakuTrebiT toqsikuri qsenobi-

otikebis) mimoqceva, maTi zRvrulad dasaSvebi koncentraciebis (zdk) dadgena da mosalodne-

li arasasurveli efeqtebis likvidaciis gzebis Zieba. am sagnis safuZvlebi detaluradaa war-

modgenili monografiebSi: “ekologiuri qimiis saxelmZRvanelo“ f. kortes redaqciiT (Korte F. et al., „Lehrbuch der ökologischen chemie“. Georg Thieme Verlag, Stuttgart, New York, 1992), g. felenbergis 

“garemos dabinZurebis qimia” (Fellenberg G. ”Chemie der Umweltbelastung”. Teubner, Stuttgart, 1990),  

m. gordezianisa da g. kvesitaZis “ekologiuri qimiis safuZvlebi“ (Tbilisi, inteleqti, 2000 w.).  

qsenobioqimiisaTvis da ekologiuri qimiisaTvis erTnairad arsebiTia ekosistemis ZiriTad 

komponentebs (niadagi, wyali, haeri) Soris qsenobiotikTa cirkulaciis kanonzomierebebis ga-

movlena da maTi qimiuri stabilurobisa Tu metaboluri aqtivobis unaris dadgena. ucxo niv-

Tiereba organizmSi SeiZleba moxvdes pirdapir – ucvleli saxiT, an organizmSi moxvedramde 

gaiaros mTeli rigi abioturi da bioturi zemoqmedeba da organizmSi saxeSecvlili formiT 

moxvdes. qsenobioqimiis TvalsazrisiT ar aris sulerTi, ra gardaqmnebs ganicdis garemos faq-

torebis gavleniT organizmSi SesaRwevi ucxo nivTierebis molekula; kerZod, Secvlilia Tu 

ara misi qimiuri inertuloba da Sesabamisad rogoria misi metaboluri aqtivoba, an daqveiTe-

bulia Tu piriqiT gaZlierebulia misi toqsikuri moqmedebis unari. 

dadgenilia, rom yvela sasaqonlo qimiuri produqti, an misi gardaqmnis Sedegad warmoqmni-

li intermediati saboloo jamSi garemoSi koncentrirdeba. amitom ekologiuri qimiis iseTi 

uZiriTadesi cnebebi, rogoric aris: “qimiuri produqtis warmoebis moculoba”, “gamoyenebis 

sfero”, “garemoSi gavrcelebis da dagrovebis albaToba”, “mdgradoba da metaboluri aqtivo-

ba”, an “organizmze droze damokidebuli specifikuri moqmedeba”, faqtiurad warmoadgenen 

nivTierebiT garemosTan organizmis mobiluri damokidebulebis maxasiaTeblebs. rac Seexeba 

“garemos dabinZurebisa” da “mosalodneli Sedegebis” cnebebs, samedicino terminologia rom 

gamoviyenoT, maTTvis “ekoprofilaqtika” da “ekoTerapia” SeiZleboda gvewodebina. 

qimiuri produqtis warmoebis teqnologiis damuSavebisas am produqtiT garemos mosalod-

neli dabinZurebis kvleva Zalian xSirad sistemur xasiaTs ar atarebs. gansakuTrebiT, mxedve-

lobaSi ar aris miRebuli is garemoeba, rom erTsa da imave produqts gamoyenebis gansxvavebuli 

miznebi SeiZleba gaaCndes. mag., poliqlorirebul bifenilebs sxvadasxva daniSnulebis plasti-

fikatorebad, kondensatorebSi da transformatorebSi dieleqtrikebad, xolo gamTbob radia-

torebSi uwvad siTbomatareblebad iyeneben. am garemoebaTa gauTvaliswinebloba Tavis mxriv 

garemos dabinZurebis ramdenime problemis kombinirebul gadawyvetas saWiroebs. upirveles 

yovlisa aucileblad unda dadgindes garemoze nivTierebis zemoqmedebis arasasurvel efeqtsa 

da mis qimiur struqturas, kerZod molekulaSi mavne moqmedebis Semadgenel nawils, Soris ur-

TierTkavSiri. calkeul nivTierebaTa Seswavlisas yuradReba unda gamaxvildes aramarto mis 

sasargeblo Tvisebebze, aramed garemoze misi zemoqmedebis specifikazec. unda Seiswavlebodes 

garemoSi nivTierebis SesaZlo, an realurad mosalodneli koncentracia da garemos materia-

lur Semadgenlobaze misi zemoqmedebis buneba. qimiuri produqtis gamoyenebis win saWiroa sa-

saqonlo produqciis ZiriTadi Semadgenlobis da misi dambinZurebeli komponentis raodenob-

rivi Semcvelobis codna, radgan es piroba gadamwyvetia produqtis gamoyenebis arealis gan-
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sazRvraSi. aucilebelia, agreTve garemoSi nivTierebis moxvedris da misi ganawilebis grZel-

vadiani ekologiuri balansis gansazRvrac, romelic warmoebuli qimikatis raodenobaze,  

gamoyenebis sferoze, garemoSi SeRwevasa da gavrcelebaze, calkeul ekosistemebs Soris mis 

SesaZlo gadatanaze, dagrovebasa da metabolizmze amomwurav informacias unda Seicavdes. 

aseTi balansis safuZvelze dgindeba garemos qimiur-ekologiuri “tevadoba”, anu qimikatis ga-

remodan gamoZevebis abioturi unari. es xangrZlivi droiT garemos materialuri Semadgenlo-

bis SesaZlo cvlilebaTa prognozirebis saSualebas iZleva. 

“ekoprofilaqtikuri” kvlevis etapi moicavs warmoebis procesSi mavne gamonayofebis mini-

mumamde dayvanas, teqnogenuri dambinZureblebis raodenobis Semcirebas, gamoyenebis meTodTa 

gaumjobeseba-srulyofas, ekologiurad arasasurveli qimiuri produqtebis garemosadmi Se-

Tavsebadi produqtebiT Secvlas da warmoebis narCenebis Semdgomi gadamuSavebis teqnologie-

bis gaumjobesebas. yvela am parametrTa safuZvelze SeiZleba srulad iqnas daxasiaTebuli da 

Sefasebuli ama Tu im qimikatis zemoqmedeba garemoze da Semdgom cocxal organizmze. 

“warmoebis moculobis” parametri uSualo kavSirSia qimiuri produqtis “gamoyenebis sfe-

ros” parametrTan. masSi moxmarebis saboloo stadiaze qimikatis gamoyenebis raodenobrivi aR-

ricxva igulisxmeba. qimikatebis uSualo gamoyenebis sferosa da im bunebrivi ekosistemis cod-

na, romelSic isini gamoyenebis Semdeg SeiZleba moxvdnen, garemos SesaZlo cvlilebebis Sefase-

bis pirobebs qmnis. amasTan dakavSirebiT mizanSewonilia qimiuri produqtebis dayofa 

aramxolod maTi miznobrivi daniSnulebis (mag., pesticidebis dayofa inseqticidebad, herbici-

debad, an fungicidebad), aramed soflis meurneobaSi an janmrTelobis dacvis samsaxurSi maTi 

saerTo gamoyenebis mixedviTac. mag., mcenareTa Sewamvlis garda pesticidebiT marcvleulisa 

da bostneulis damuSaveba maTi Senaxvis periodis gaxangrZlivebis mizniT; SenobebSi mavne mwe-

rebis sawinaaRmdegod an epidemiis aRmkveT iseT RonisZiebebSi gamoyeneba, rogoricaa malariis 

gadamtanebTan brZolisas didi farTobebis damuSaveba. 

qimikatebi garemoSi sxvadasxva gziT vrceldeba, kolosaluri raodenobiT koncentrirdeba 

biosferoSi da ekologiur wonasworobaze mniSvnelovan gavlenas axdens. 

qimiur produqtTa arakontrolirebadi regionaluri da globaluri dagrovebis erT-erTi 

mizezi aris maTi fugitiuroba, anu gamoyenebis zonidan garemoSi gaRwevisa da gavrcelebis 

unari. es Tavis mxriv xSirad uprognozo da arasasurveli dagrovebia mizezia. am procesis  

intensivoba ZiriTadad warmoebis moculobasa da qimiuri produqtis mdgradobazea damo-

kidebuli. 

qsenobiotikebis mdgradobaSi Cveulebriv maTi daSlisadmi stabiluroba igulisxmeba, ra-

sac ekosferos yoveli specifikuri garemosaTvis masSi nivTierebis Seucvlelad arseboba gan-

sazRvravs, vidre igi fizikurad ar gamoidevneba da ganzavdeba, an bolosdabolos biologiuri 

gziT ar degradirdeba. 

arCeven ucxo naerTTa miznobriv, anu sasurvel da arasasurvel stabilurobas. pirveli 

maTgani qimiuri nivTierebis teqnologiuri gamoyenebis winamZRvars warmoadgens. gamoyenebis 

gansazRvrul pirobebSi mas xelovnuradac ki zrdian (mag., sacxeb masalebSi stabilizatorebis 

Setana). sxvadasxva teqnologiuri reJimebis dacvisas, masalaTa stabiluroba aucileblad Se-

narCunebuli unda iyos drois im monakveTisaTvis, romelic gamoyenebis dadgenil vadebs emT-

xveva. mag., plastmasebi da laq-saRebavebi, romlebic mSeneblobaSi gamoiyenebian, sasurvelia 

rac SeiZleba maRali mdgradobiT gamoirCeodnen da garemos gavleniT minimalurad icvlebod-

nen. zedapirulad aqtiuri nivTierebebi piriqiT, gamoyenebis procesSi umcires stabilurobas 

unda avlendnen. rasakvirvelia, sasurvelia, rom yvela qimiuri masala maRal stabilurobas 

flobdes Senaxvis pirobebSi. arasasurveli mdgradoba, romelic gamoyenebis vadas aRemateba, 

araorganuli da organuli nivTierebebisaTvis gansxvavebulia. yvela araorganuli qimiuri 

produqti misi Semdgeneli elementebis absoluturi stabilurobis gamo arasasurvelad 

mdgradebs miekuTvneba. 

qlororganuli pesticidebisTvis arasasurveli stabilurobis cneba pirvelad 1971 wels 
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IUPAC-is (Teoriuli da gamoyenebiTi qimiis saerTaSoriso kavSiri) simpoziumze ganisazRvra. 

misi arsi imaSi mdgomareobs, rom qimikati Tavisi moqmedebis vadis gasvlis Semdegac rCeba ucv-

leli formiT.  

qsenobiotikTa stabilurobaSi didi mniSvneloba aqvs aramarto garemos abiotur an biotur 

zegavlenas, aramed TviT ucxo naerTis molekulis struqturas. mag., araganStoebuli alkilu-

ri jgufebi ganStoebulTan SedarebiT naklebstabiluria. alkenebi naklebad mdgradebia, vid-

re alkanebi, xolo alkanebi nakleb mdgradebia aromatul naerTebTan SedarebiT. aromatul 

birTvSi Canacvlebuli jgufebis ricxvis gazrdiT stabiluroba izrdeba. iseTi Canacvlebule-

bi, rogorebic halogenebi, kerZod, ftori da qloria, stabilurobas ufro zrdian, vidre al-

kiluri jgufebi. triazinuri birTvebi benzolTan SedarebiT met stabilurobas amJRavneben. 

organul nivTierebaTa mxolod srul mineralizacias, anu mcire molekuluri masebis mqone 

araorganul produqtebad (CO, CO , H O, HCl, H S, NH  da a.S.) daSlas, SeuZlia maTgan garemos ga-

sufTaveba. ramdenad swrafad da ra gziT warimarTeba es procesi, damokidebulia garemos qi-

miur, biologiur da fizikur faqtorebze. 

niadagsa da wylovan garemoSi ucxo naerTTa sruli degradaciis ZiriTadi gza mainc maTi 

biologiuri mineralizaciaa. TiTqmis yvela SemTxvevaSi igi garkveuli taqsonomiuri jgufis 

mikroorganizmebiT xorcieldeba, romelTac qsenobiotikTa metabolizeba da sakuTar kvebaSi 

maTi rogorc naxSirbadis erTaderT wyarod gamoyeneba SeuZliaT. niadagSi ama Tu im organuli 

qsenobiotikis daSlisas gamoyofili CO -is droSi cvlileba sigmoiduri mrudis xasiaTs ata-

rebs. procesis mcire sawyis periods, romelic qimiuri naerTisadmi mikrofloris adaptacias 

esaWiroeba, swrafi daSlis faza mosdevs. igi pirveli rigis kinetikur gantolebas (sawyisi niv-

Tierebis koncentraciis eqsponencialur klebas) emorCileba. mas cvlis mesame _ Senelebuli 

daSlis faza, rodesac substratis koncentracia mikrobuli metabolizmisaTvis ukve arasakma-

risia. am fazis malimitirebel faqtors SeiZleba agreTve niadagSi ucxo nivTierebis difuzia 

warmoadgendes. aqve SevniSnavT, rom niadagSi qimiuri naerTis sruli mineralizacia TiTqmis 

arasdros ar xdeba da yovelTvis gvxvdeba narCeni koncentracia, romlis raodenobac produq-

tis sawyis koncentraciazea damokidebuli. 

ZiriTadi procesebi, romlebic niadagisa da wylebis dabinZurebas iwvevs, am ekosistemebis 

fazebis gamyof zedapirze mimdinareobs. toqsikuri naerTebis niadagSi moxvedrisa da gavrce-

lebis erT-erTi mniSvnelovani faqtoria wyali _ wvimisa da xelovnuri morwyvis saxiT. wyali 

niadagis zedapiridan siRrmeSi Cadinebisas Tan waritacebs gaxsnil an suspenzirebul toqsikur 

naerTebs, ris Sedegadac binZurdeba miwisqveSa wylebi, xSirad sasmeli wyalic.  

niadagis qimiuri dabinZurebis dros toqsikantis gavrcelebis xarisxs, pirvel rigSi, 

adsorbciuli procesebi gansazRvravs. niadagSi moxvedrili toqsikanti, rogorc wesi, 

araTanabrad nawildeba, radgan niadagis Semadgeneli komponentebi sxvadasxva adsorbciuli 

TvisebebiT xasiaTdeba. toqsikuri naerTis sorbcia ZiriTadad niadagis lipofiluri 

organuli materiis da mineraluri komponentebis (ZiriTadad Tixis saxiT) mier xdeba. adgili 

aqvs agreTve toqsikantis kovalenturad dakavSirebas huminur komponentebTan. adsorbcia 

Seqcevadia, magram arasrulad, vinaidan adsorbciis sapirispiro procesi _ desorbcia, 

romelic marilebis xsnarebis saSualebiT mimdinareobs, mTlianad ver aTavisuflebs niadagis 

huminur fraqciasTan dakavSirebul toqsikantebs. desorbcias xels uSlis agreTve 

toqsikantebis molekulebis CaSeneba im Rruebsa da Tavisufal sivrceebSi, romlebic Tixis 

Sreebis struqturaSi an huminuri makromolekulebis SigniT arsebobs. 

adsorbcia mniSvnelovnad anelebs gaxsnili qimiuri naerTebis masis gadatanas, romelic 

toqsikantebis niadagSi migraciis ZiriTadi mamoZravebeli Zalaa. es procesi mimdinareobs 

nivTierebebis difuziiT, konveqciiTa da dispersiiT.  

masis difuziuri gadatana warmoadgens nivTierebebis struqturuli nawilakebis 

(molekulebis, atomebis an ionebis) Tavisufal gadaadgilebas koncentraciuli gradientis 
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mimarTulebiT, romelic brounis siTburi moZraobis Sedegad xorcieldeba. am procesis 

intensivoba araa damokidebuli wylis dinebis siCqareze da ganisazRvreba Semdegi 

parametrebiT:  

− niadagis forianobiT (forebis zomiTa da maTi raodenobiT);  

− difundirebuli nivTierebebis molekuluri TvisebebiT (molekuluri masiT, moluri mocu-

lobiT);  

− niadagsa da wyals Soris nivTierebaTa koncentraciebis sxvaobiT (koncentraciuli gradi-

entis veqtoris mniSvnelobiT) da sxv. 

difuziis Semaferxebeli faqtorebia niadagis maRali forianoba, molekulaTa didi zomebi, 

koncentraciuli gradientis dabali Zala da sxv. am faqtorebis jami Seadgens e.w. impedanss, 

romlis sidide gviCvenebs niadagsa da wyalSi difuziis siCqareebis Tanafardobas. 

difuziasTan erTad, Zalian mniSvnelovani faqtoria gaxsnili nivTierebebis wartaceba 

wylis nakadiT. nivTierebis aseT iZulebiT gadaadgilebas masis konveqciuli gadatana ewodeba. 

konveqciis siCqare damokidebulia wylis nakadis moculobasa da gaxsnili nivTierebebis 

koncentraciaze.  

niadagis forebis araerTgvarovnebis gamo niadagis sxvadasxva ubnebSi wyalSi gaxsnili 

nivTierebis koncentraciebi gansxvavebulia, rac dispersias, anu masis araTanabrad gadatanas 

ganapirobebs. dispersia sakmaod mniSvnelovani faqtoria gruntis wylebSi qimiuri naerTebis 

gadatanisas. 

niadagSi masis gadatana ufro rTuli procesebiTac mimdinareobs, romlebic niadagis 

kompleqsuri struqturis mraval parametrzea damokidebuli. mag., miwis zedapiridan wylis 

aorTqleba iwvevs niadagis siRrmidan zedapirisaken wylis amoqaCvas. es wyali konveqciurad 

waritacebs toqsikur naerTs da mis gadatanas axdens. aseTive magaliTia naerTebis gadatana 

niadagis makroforebSi (bzarebSi, wvimis Wiebis mier gakeTebul xvrelebSi da sxv.) Canadeni 

wyliT. 

niadagidan wyalSi toqsikuri naerTebis migraciis procesis ganxilvisas gasaT-

valiswinebelia, rom umetes SemTxvevaSi toqsikantebs Tan axlavT maTi nawilobrivi gardaqmnis 

produqtebi. isini warmoiqmneba niadagis mikroorganizmebis ujreduli da araujreduli 

fermentebis, agreTve, fesvTa sistemis eqsudatebis fermentebis moqmedebis Sedegad. toqsi-

kantebis gardaqmnebi SeiZleba agreTve xorcieldebodes abioturi reaqciebis xarjzec, 

romlebic mimdinareobs mzis sxivebis zemoqmedebiT, haeris Jangbadisa da wylis monawileobiT. 

aseTi gardaqmnebisas didi mniSvneloba aqvs niadagis mineralur naerTebs (mag., rkinis, alu-

minisa da sxva metalTa oqsidebs), romlebic katalizatorebis rols asruleben. 

niadagSi lokaluri dabinZureba xangrZlivi drois ganmavlobaSi narCundeba. amis mizezi 

SeiZleba iyos aramarto niadagis maRali adsorbciuli unari, aramed TviT toqsikantebis 

fizikur-qimiuri Tvisebebic, gansakuTrebiT maTi xsnadoba da maRali mdgradoba garemo 

pirobebis mimarT.  

niadagis mier toqsikuri naerTebis dakavSireba xorcieldeba rogorc araorganuli 

nawiliT, aseve misi organuli materiiT. mag., naCvenebia, rom niadagSi Setanili pesticidis _ 

amibenis 29% humuss ukavSirdeba, xolo 9% _ TixiT STainTqmeba. mineralebidan yvelaze Zlieri 

adsorbenti Tixebia, romelTa adsorbciis unari izrdeba Semdegi TanmimdevrobiT:  

iliti < bentoniti < kaolini 

toqsikantebi, adsorbciis garda, humusis masas wyalbaduri da kovalenturi bmebiTac 

ukavSirdeba. humusTan dakavSireba ZiriTadad warmoebs toqsikantebis polaruli funqciuri 

jgufebis (hidroqsilis, aminis, karbonilis, karboqsilis da sxv.) xarjze. es jgufebi, erTi 

mxriv, zrdian toqsikantebis molekulebis polarobas da amiT xels uwyoben wyalbaduri bmebisa 

da van-der-vaalsis mizidulobis Zalebis warmoqmnas toqsikuri naerTisa da niadagis organul 
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materias Soris, xolo meore mxriv, isini xels uwyoben toqsikantis kovalenturad dakavSirebas 

humusis komponentebTan, mag., huminsa da fulvo-mJavebTan. niadagTan dakavSirebuli toqsi-

kantebis gamoTavisufleba eluciis an hidrolizis meSveobiT Zalian nela mimdinareobs, amitom 

niadagi, rogorc wesi, xangrZlivi drois ganmavlobaSi rCeba dabinZurebuli. 

toqsikuri naerTebis mdgradobas garemo pirobebis mimarT, anu persistentulobas, 

gansazRvraven im drois xangrZlivobiT, romlis ganmavlobaSic toqsikantis mTeli raodenobis 95% gardaiqmneba. garemos dambinZureblebs Soris ekologebi gamoyofen gansakuTrebiT maRali 

stabilurobis mqone, e.w. mdgrad, anu persistentul organul dambinZureblebs (POPs _ Persistent Organic Toxicants), romlebsac miekuTvneba: dioqsinebi, poliqlorirebuli bifenilebi, qlor-

organuli pesticidebis umravlesoba (aldrini, dieldrini, endrini, qlordani, lindani, 

heqsaqlori heqsaqlorbenzoli, mireqsi, toqsafeni, DDT da sxv.), policikluri aromatuli 

naxSirwyalbadebi da sxv. 95%-iani daSlis periodi dioqsinebisaTvis 14_15 welia, poliqlo-

rirebuli bifenilebisaTvis _ 10_12 weli, DDT-saTvis _ 4 weli, heptaqlorisaTvis _ 3.5 weli, 

lindanisaTvis _ 3 weli da a.S. farTod gavrcelebuli simetriuli triazinebis klasis 

pesticidebi (simazini, atrazini, prometrini) niadagSi or welze mets Zlebs, karbamatebi _ 

ramdenime Tvidan 1 wlamde, xolo fosfororganuli inseqticidebi (qlorofosi, metafosi da 

sxv.) da fenoqsiZmarmJavas warmoebulebi _ 2,4-D, 2,4,5-Т da sxvebi ramdenime TveSi iSleba. 

niadagSi toqsikantebis degradacia SeiZleba ganxorcieldes rogorc abioturad, aseve 

bioturadac. abioturi gardaqmnebi warmoadgenen fotoqimiur da qimiur Jangva-aRdgeniT 

reaqciebs, agreTve toqsikantebis hidrolizur daSlas. am reaqciebSi monawileoben niadagis 

organuli nivTierebebi, metalTa oqsidebi da mineralebi. mag., niadagSi abioturad mimdi-

nareobs: inseqticidebis _ lindanisa da DDT-s aRdgeniTi dehidroqlorireba, paraTionisa da 

pentaqlornitrobenzolis nitro-jgufebis amino-jgufebamde aRdgena, fosfororganuli 

inseqticidebis hidrolizi da sxva procesebi. toqsikuri organuli naerTebis sruli degra-

daciis ZiriTadi gza maTi biologiuri mineralizaciaa, e.i. rodesac organuli naerTebis 

daSlis produqtebs warmoadgenen CO2, H2O, HCl, NH3 da sxva araorganuli nivTierebebi. aseTi 

degradacia xorcieldeba mikroorganizmebiT, romelebsac mTel rig SemTxvevebSi SeuZliaT 

gamoiyenon toqsikuri naerTebi, rogorc naxSirbadis, azotis an fosforis erTaderTi wyaro. 

toqsikantebis mikrobiologiuri daSlis siCqare damokidebulia mTel rig faqtorebze, 

rogorebicaa: niadagSi Jangbadis koncentracia, temperatura, niadagis pH, araorganuli da 

organuli sakvebi nivTierebebis arseboba, Sesabamisi mikroflora da sxv. CamoTvlili 

faqtorebidan yvelaze metad mniSvnelovania Jangbadis Semcveloba, romelic alimitirebs 

rogorc aerobuli, aseve anaerobuli mikroorganizmebis gamravlebis intensivobas. 

umetes SemTxvevaSi POPs-is mineralizacia anaerobuli da aerobuli mikroorganizmebis 

gansazRvruli TanmimdevrobiT moqmedebas saWiroebs. rogorc wesi, Tavdapirvelad auc-

ilebelia qloris atomebis moxleCa, an maTi Canacvleba hidroqsilis radikalebiT. aseTi 

gardaqmnebi upiratesad JangbadiT Rarib niadagSi, anaerobuli mikroorganizmebiT xorci-

eldeba. anaerobuli procesis Sedegad toqsikantisagan rCeba aromatuli birTvi, romelic 

xelmisawvdomi xdeba aerobuli mikroorganizmebis araujreduli oqsidazebisaTvis (peroqsi-

dazebi, lakazebi, ligninazebi da sxv.), romlebic aromatuli birTvis JangviT gaxleCas 

awarmoeben. cxadia, POPs-is daSlisaTvis xelsayreli pirobebi _ niadagSi mikroorganizmebis 

anaerobuli da aerobuli formebis monacvleobiTi moqmedeba _ mxolod iSviaT SemTxvevaSi 

SeiZleba Seiqmnas. swored es unda ganapirobebdes qlororganuli toqsikantebis gansa-

kuTrebiT maRal mdgradobas nebismier ekologiur niSSi.  

amgvarad, rogorc am mokle mimoxilviT davinaxeT, ekologiuri qimiis sagani da masTan 

dakavSirebuli problemebi uaRresad mniSvnelovani unda iyos qsenobioqimiisaTvis. monogra-

fiac amis gaTvaliswinebiTaa Sedgenili.  
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1.2 zogierTi mniSvnelovani qsenobiotikis zogadi daxasiaTeba  

 

bunebrivi da sinTezis gziT miRebul organul nivTierebaTa msoflio warmoeba gansa-

kuTrebiT meore msoflio omis sawyisi periodidan gaizarda. amis mizezi, uwinares yovlisa, 

axal nivTierebebze gazrdili moTxovnileba iyo. rac Seexeba ucxo naerTTa garemoze zemoq-

medebas, es problema SeSfoTebas yovelTvis iwvevda. amasTan dakavSirebiT bolo periodisaTvis 

gansakuTrebuli yuradRebis sagnad iqca garemos dacvis is problemebi, romlebic wina planze 

upiratesad navTobis, pesticidebis, zedapirulad aqtiuri naerTebis (zan-is) da sxvaTa 

gamoyenebam wamoswia.  

 

 

1.2.1 navTobi 

 

garemos navTobiT dabinZureba mudmivad warmoadgens mwvave ekologiur problemas. 

eqspertTa monacemebiT niadagisa da wylebis navTobiT dabinZurebis masStabebma, romlebic 

navTobmompovebeli warmoebiTa da misi transportirebiTaa gamowveuli, SeiZleba uaRresad 

didi sivrceebi moicvas. arsebuli meqanikuri, Termuli da fizikur-qimiuri meTodebiT 

navTobisagan dabinZurebuli teritoriebis gawmenda, erTi mxriv, metad Zviri jdeba, meore 

mxriv ki am gziT dabinZurebis likvidacia mxolod nawilobrivaa SesaZlebeli. arsebul 

teqnologiebs warmatebiT cvlian mikrobiologiuri meTodebi, romelTac xSirad alternativa 

saerTod ar gaaCniaT.  

mniSvnelovani (sawarmoo) raodenobiT nedli navTobi pirvelad 1880 wels iqna mopovebuli. 

mas Semdeg ki misi warmoweba mudmivad izrdeboda da 2001 wlis monacemebiT msoflioSi erTi 

dRis ganmavlobaSi 9.3 mln tona navTobi moipoveba. gasufTavebuli navTobproduqtebis 60% 

mudmivad energetikuli moTxovnilebebis dasakmayofileblad ixarjeba. cxadia praqtikulad 

SeuZlebelia qimiuri produqtis aseTi raodenobiT miReba-gamoyeneba garkveuli danakargebis 

gareSe. dagegmili Tu SemTxveviTi danakargebis raodenobac mudmivad izrdeba da Sesabamisad 

mwvaved dgas nedli navTobiTa da misi gadamuSavebis produqtebiT ekosistemis (gansakuTrebiT 

zRvebis) dabinZurebis sakiTxi. 

 

 

1.2.1.1 nedli navTobis qimiuri Semadgenloba 

 

garemoze navTobis gavlenis Seswavlisas, upirveles yovlisa, misi Semadgeneli kompo-

nentebis bunebaa gasaTvaliswinebeli, radgan swored isini gansazRvraven florasa Tu faunaze 

navTobis, rogorc sasaqonlo produqtis zemoqmedebis specifikas. 

nedli navTobi qimiur nivTierebaTa narevs warmoadgens da aseulobiT komponentebisagan 

Sedgeba. is mcenareuli da cxoveluri organizmebis organul narCenebze siTburi, qimiuri da 

baqteriuli zemoqmedebis xangrZlivi procesis Sedegad warmoiqmna. sxvadasxva geografiul 

regionSi arsebul nedl navTobebSi gamovlenili gansxvaveba ganpirobebulia ara maTi qimiuri 

SemadgenlobiT, aramed calkeul komponentTa raodenobrivi SemcvelobiT. rac ganapirobebs 

nedli navTobis fizikur-qimiur Tvisebebs. 

nedli navTobi Seicavs asamde sxvadasxva qimiur komponents, romelTa qimiuri Semcveloba 

farTo sazRvrebSi meryeobs da ZiriTadad navTobis sabados adgilsamyofelzea damokidebuli. 

navTobis daaxloebiT 75%-s naxSirwyalbadebi Seadgens, xolo danarCeni nawili warmoadgens 

naxSirwyalbadebis warmoebulebs, romlebic Seicaven gogirds, azotsa da Jangbads. navTobis 

naxSirwyalbadebi Sedgeba alkanebis, cikloparafinebis (nafTenebis), aromatuli da nafTeno-

aromatuli naxSirwyalbadebisagan. 

navTobis masis saSualod 10_30%-s parafinebi Seadgenen. navTobis n-parafinebis jaWvis 

sigrZem SeiZleba naxSirbadis 43 atoms miaRwios. aseTia n-tritetrakontani _ C43H88. ufro 
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xSirad gvxvdeba C6_C25 alkanebis ganStoebul-jaWviani izomerebi, romlebic ZiriTadad erT- da 

ornaxSirbadian gverdiT radikalebs Seicaven. 

nafTenebi navTobSi 30_60%-s warmoadgenen. maTi umravlesoba monocikluria (mag., ciklo-

pentani da cikloheqsani), magram calkeuli saxis nedl navTobSi policikluri nafTenebic 

gvxvdeba.  

benzolisa da naftalinis rigis naxSirwyalbadebi navTobSi warmodgenilia 5%-mde (masis 

mixedviT), daaxloebiT aseTive masuri wili aqvT policiklur aromatul naxSirwyalbadebs, 

romlebic navTobis maRalmduRare (240_400°C) fraqciis ZiriTad nawils Seadgenen. nafTeno-

aromatuli naxSirwyalbadebi, romlebic gajerebul da aromatul ciklebs Seicaven, navTobSi 

warmodgenili arian C9_C25 naxSirwyalbadebis saxiT da saerTo masis 5_30%-s Seadgenen. nav-

Tobis e.w. "narCeni" fraqcia, romlis duRilis temperaturaa 400°C, Sedgeba kondensirebuli 

heterocikluri birTvebisagan, romlebic erTmaneTTan dakavSirebulia mokle n-parafinebis 

jaWvebiT. am fraqcias pirolizur fissac uwodeben. 

nedli navTobis Semcvelobis 30_60%-s cikloparafinebi (naftenebi) Seadgenen. maTi umete-

soba monocikluria, Tumca maRal temperaturaze mduRare fraqciebSi gamovlenilia 6 da meti 

birTvis Semcveli naerTebi, romelTaganac SedarebiT xSirad ciklopentani da cikloheqsani 

gvxvdeba. TvisebebiT aromatuli naxSirwyalbadebi cikloparafinebisagan Zlier gansxvav-

debian, rac qimiuri bmebis bunebiTaa gamowveuli. umartivesi aromatuli naxSirwyalbadebi _ 

benzoli da misi warmoebulebi Warbadaa navTobis advilmduRare fraqciebSi, xolo maRalmdu-

Rare fraqciebSi policikluri aromatuli naxSirwyalbadebi Warboben.  

 

 

1.2.1.2 navTobproduqtebiT garemos dabinZureba da maTi  

salikvidacio RonisZiebebi 

 

seriozul SeSfoTebas iwvevs gansakuTrebiT okeaneebis navTobiT dabinZureba, romlis  

mizezebadac tankerebis katastrofebs da Ria zRvaSi ganlagebuli WaburRilebidan navTobis 

gadinebas asaxeleben. miuxedavad amisa, am gziT gamowveuli okeanis dabinZureba navTobis nax-

SirwyalbadebiT msoflio okeanis saerTo dabinZurebis mxolod mcire nawils Seadgens.  

wylian garemoSi qimiuri dambinZureblebis difuzia sakmaod swrafad mimdinareobs, amitom 

toqsikanti masSi swrafad vrceldeba da zavdeba, ris Sedegadac dabinZurebas ganicdis 

aramarto calkeuli wyalsacavebi an mdinareebis monakveTebi, sadac dabinZurebuli wylebi 

Caedineba, aramed sabolood zRvebi da okeaneebic. zRvis ekosistemebs gansakuTrebiT sagrZnob 

zarals ayenebs navTobis naxSirwylebiT dabinZureba. gasuli saukunis Sua wlebSi cnobili 

norvegieli mecnieri, mogzauri da mwerali tur heierdali "kon-tikiT" wynar okeaneSi 

mogzaurobis Semdeg werda, rom gaocebuli darCa Sua okeaneSi navTobis uamravi laqis 

arsebobiT. swored norvegieli swavluli gaxda pirveli, vinc navTobiT dabinZurebis 

problemebze gaamaxvila sazogadoebis yuradReba.  

sadReisod, aSS-is erovnuli mecnierebaTa akademiis monacemebis mixedviT, erT weliwadSi 

msoflio okaneSi saSualod 1.3 milioni tona navTobi da navTobproduqtebi xvdeba, Tumca 

varaudoben, rom uares SemTxvevaSi am raodenobam SeiZleba 8.5 mln tonas miaRwios. garemoSi 

navTobi Semdegi gzebiT vrceldeba (cxrili  1.1): 
− okeaneSi moxvedrili navTobis saerTo raodenobis TiTqmis naxevari bunebrivad gaiJoneba 

wyalqveSa Sleifebidan; amas emateba Ria okeaneSi Catarebuli navTob-mopovebiTi samu-

Saoebis, kerZod, WaburRilebis burRvis dros navTobis danakargebi. mag., 2010 wlis aprilSi 

meqsikis yureSi navTobsarewis avariis Sedegad 10000-mde tona navTobi daiRvara, ramac 

seriozuli zarali miayena navTobkompania British Petroleum-s da meqsikis yuris ekologiuri 

mdgomareoba katastrofulad daamZima. 
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− navTobis didi raodenoba okeaneSi vrceldeba sazRvao tankerebSi navTobis CatvirTvisa da 

gadmotvirTvis operaciebis Sedegad. saqme imaSia, rom rodesac tankeri navTobs daclis, mas 

avseben zRvis wyliT, romelic balastis rols asrulebs gemis balansirebisaTvis ukan dab-

runebis dros. cxadia, gadmotvirTvis Semdeg tankeris rezervuarSi rCeba navTobis 

garkveuli nawili, romelic tankeris gzaSi yofnis dros balastur wyals ereva da masTan 

emulsias qmnis. rodesac tankeri navTobis axali partiis CasatvirTad navsadgurs ubrun-

deba, balasti navTobis emulsiasTan erTad napirTan axlos, Ria zRvaSi iRvreba.  

− navTobisa da navTobproduqtebis mniSvnelovani raodenoba iRvreba garemoSi tankebis, 

cisternebisa da sxva rezervuarebis gawmendisa da gamorecxvisas. 

− tankerebis avariebi xSirad xdeba okeaneSi navTobis didi raodenobiT daRvris mizezi, rasac 

uamravi faqti adasturebs. mag., 2002 wlis noemberSi biskais yureSi tanker "prestiJis" 

avariis Sedegad okeaneSi daaxloebiT 40 aTasi tona nedli navTobi daiRvara.  

− navTobsadenebidan gaJonili an avariis Sedegad daRvrili navTobi, siblantis miuxedavad, 

Rrmad Cadis niadagSi, aRwevs gruntis wylebs da sabolood msoflio okeaneSi xvdeba. 

− nedli navTobis gadamuSavebis narCenebi da navTobproduqtebi swrafad vrceldeba Camdinare 

da gruntis wylebiT, agreTve mdinareebiT. 

− TviTmfrinavebis mier okeaneSi sawvavis daRvra _ arcTu iSviaTia iseTi SemTxveva, rodesac 

mfrinavebi daSvebis win okeaneSi Rvrian didi raodenobiT zedmet sawvavs, raTa Seamsubuqon 

TviTmfrinavi da gaiadvilon dajdoma. amiT gansakuTrebiT xSirad samxedro TviTmfrinavebi 

sargebloben aviamzidze dafrenis win.  

cxrili 1.1 

 

okeaneebis navTobiT dabinZurebis wyaroebi da maTi wili vaSingtonis mecnierebaTa  

erovnuli akademiis monacemebis mixedviT 

dabinZurebis wyaro dabinZurebis wili, % 

navTobis transportireba  34.9  
maT Soris:   

uSualod transportireba  30.9 

katastrofebi  4.9 

mdinareebiT Catanili 31.1  
atmosferodan moxvedrili 9.8  
bunebrivi wyaroebi 9.8  
sawarmoo narCenebi 4.9  
qalaqis narCenebi 4.9  
sanapiro navTobgamwmendi qarxnebis narCenebi 3.3  
navTobis mopoveba Ria zRvaSi 1.3  
maT Soris:    

Cveulebrivi operaciebi  0.3 
avariebi  1.0 

 

sakontrolo RonisZiebebis sistemis Tavisebureba isaa, rom balastad masSi wyali da 

navTobproduqtebi erTdroulad gamoiyeneba. naklebmkvrivi navTobi tankeris zeda nawilSi 

grovdeba, xolo SedarebiT sufTa zRvis wyali tankeris qveda nawilidan zRvaSi iRvreba. mcire 

raodenobis zRvis wyalSi Setivnarebuli navTobproduqtebi, romlebic tankerSi rCeba Semdgom 

srul Sevsebamde sxva tankerSi gadaitvirTeba. navTobgamwmendi qarxnebis umetesoba zRvis 

wylis Semcvel nedl navTobs iReben. 
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navTobproduqtebiT okeanis dabinZureba mxolod transportirebis Sedegi ar aris. 

dabinZurebaSi aranaklebi wvlili SeaqvT mdinareebsa da qalaqebis Camdinare wylebs. navTobis 

naxSirwyalbadebis mniSvnelovani nawili didi qalaqebis teritoriaze sxvadasxva saSualebiT 

iyris Tavs. esenia navTobze momuSave gamTbobi danadgarebi, avtotransportis momsaxure 

punqtebi, sapoxi masalebis grovebi da sxv. wvimebs Seuqcevadad miaqvT es narCenebi jer 

sadrenaJo nagebobebSi, Semdeg ki wyalSi. 

okeaneSi moxvedrili naxSirwyalbadebis raodenoba imaTTan SedarebiT mcirea, romelic 

atmosferoSi saTbobis aorTqlebisa da misi arasruli wvis Sedegad warmoiqmneba. atmosferuli 

naxSirwyalbadebis didi nawili fotoqimiur gardaqmnebs ganicdis, xolo darCenili nawili 

wveTebis an mcire atmosferul nawilakebze sorbirebuli formiT agrZelebs arsebobas. 

okeaneSi moxvedris Semdeg navTobi moqcevisa da ukuqcevis Sedegad did farTobze 

nawildeba. am dros iseTi bunebrivi procesebis Sedegad, rogorebicaa aorTqleba, xsnadoba, 

emulsireba, organizmebis mier aTviseba, naleqad dajdoma da sxv. xdeba navTobisa da misi 

Semadgeneli komponentebis Semadgenlobis cvlileba. advilmduRare nawili swrafad orTql-

deba. amis Sedegad gavrcelebis zedapiruli fenis farTobi ramdenime dReSi 25%-mde mcirdeba. 

dabalmolekuluri komponentebi ZiriTadad xsnadobis Sedegad idevnebian. amasTan aromatuli 

naxSirwyalbadebi ufro swrafad ixsnebian, vidre H-parafinebi 

navTobSi Semavali naxSirwyalbadebis biodegradaciis ori principuli gza arsebobs: 

navTobdamJangavi bunebrivi (aborigenuli) mikrofloris ganviTarebis stimulireba opti-

maluri pirobebis (aeraciis, azot-fosforovani sasuqebis an emulgatorebis Seyvanis da sxv.) 

SeqmniT da dabinZurebul niadagSi aqtiuri navTobdamJangavi mikroorganizmebis xelovnuri 

gamravlebiT. mravali specialisti, gansakuTrebiT germaniaSi, upiratesobas pirvel mimar-

Tulebas aniWebs da Tvlis, rom aqtiuri baqteriebis gamoyeneba mcired efeqturia. miuxedavad 

amisa, iqmneba situacia, rodesac navTobdamJangavi baqteriuli Stamebis gamoyeneba aramcTu 

gamarTlebuli, aramed aucilebelicaa. mag., mkacri zamTris pirobebSi biodegradaciis 

procesebi nela viTardeba da am SemTxvevaSi aqtiuri mikrofloris introduqcias gadamwyveti 

rolis Sesruleba SeuZlia. 

mikroorganizmebis zogierTi veluri forma (mag., Pseudomonas, Arthrobacter, Rodococcus, 

Flavobacterium, Xanthomonas, Micrococcus da sxv.) navTobSi Semavali naxSirwyalbadebis utilizacias 

axdens. Tavis mxriv, naxSirwyalbadebis farTo speqtri mikrobuli destruqciis mimarT gansxva-

vebul stabilurobas amJRavnebs. nedli navTobi da misi gadamuSavebis produqtebi Tavisi 

biodegradaciuli unaris mixedviT Semdegi rigiT lagdebian: yvelaze advilad navTobis msubu-

qi fraqcia degradirdeba, Semdeg saSualo da mZime fraqciebi. es imiTaa gamowveuli, rom 

naxSirwyalbadebis mZime fraqciis komponentebi Jangvisas Sesqelebas ganicdian da niadagis 

zedapiruli fenis cementirebas axdenen, rac uaryofiTad moqmedebs mis fizikur-qimiur 

Tvisebebze. niadagis cementirebuli fena mikroorganizmebisaTvis praqtikulad Seuqcevadia, 

amitom bunebriv pirobebSi mis biodegradacias wlebi sWirdeba. 

amJamad laboratoriul pirobebSi ganxorcielebulia mazuTis mikrobuli daSla. skrinin-

gis gziT miRebulia navTobmadegradirebeli Stamebi, romlebic am produqtis srul daSlas da 

misi calkeuli komponentebis ujredisaTvis damaxasiaTebel endogenur naerTebamde biotrans-

formacias axorcieleben. mazuTis mravalkomponentianoba da mis SemadgenlobaSi myofi 

qimiuri nivTierebebis mravalgvaroba ganapirobebs Stamebis konsorciumis Seqmnis aucileb-

lobas, romlis yoveli wevri navTobproduqtis gansazRvruli komponentis biotransformacias 

ganaxorcielebs. 

navTobis naxSirwyalbadebi qimiur da fotoJangvas ganicdian, magram wylovan garemoSi es 

procesebi jerjerobiT arasaTanadodaa gamokvleuli. 

naxSirwyalbadebis daSlis siCqare garemos fizikur faqtorebzea damokidebuli. aseT faq-

torebs, upirveles yovlisa, temperatura warmoadgens. mikrobiologiur daSlaSi mniSvnelovan 

faqtorebs wyalSi sakvebi nivTierebebisa da Jangbadis Semcveloba warmoadgens. gamoTvlilia, 
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rom 4 l nedli navTobis dasaJangad aucilebelia 60°C-ze haeriT gajerebuli 1.5 · 10  l zRvis 

wyali. es wylis im raodenobis eqvivalenturia, romelic 30 sm siRrmis da 0.5 · 10  m2 zedapiris 

mqone sivrces moicavs. 

zRvis garemoze navTobproduqtebis zemoqmedebas 5 kategoriad yofen: uSualo mowamvla 

letaluri SedegiT; fiziologiuri aqtivobis seriozuli darRvevebi; navTobproduqtebiT 

organizmis pirdapiri Semovleba (Semokvra); mtkivneuli cvlilebebi, rac organizmSi naxSir-

wyalbadebis Canergvis Sedegia; sacxovrebeli (zRvis) garemos biologiuri Taviseburebebis 

cvlilebebi. 

letaluri mowamvla ganixileba rogorc naxSirwyalbadebis pirdapiri zemoqmedebis Sedegi 

ujredis zogierT mniSvnelovan procesze, gansakuTrebiT ujredSoris cvlaze. parafinuli 

naxSirwyalbadebis (C  da ufro mcire) zemoqmedeba SeiZleba narkotikuli moqmedebis msgavsi 

iyos, Tumca amisaTvis maTi iseTi maRali koncentraciebia saWiro, romelic wylis zedapirze 

arsebul navTobis laqebSi ar gvxvdeba. 

 

 

1.2.2 arenebi 

 

benzolis aromatuli birTvi mravali organuli naerTis toqsikurobas ganapirobebs. TviT 

benzoli da misi homologebi (nax. 1.1) uaRresad toqsikuri naerTebia. CH3 C2H5 CH3

CH3
benzoli toluoli eTilbenzoli qsiloli  

nax. 1.1. benzoli da misi uaxloesi homologebi. 
 

benzolis 90%-ze meti iwarmoeba navTob-qimiuri mrewvelobis mier, danarCeni 10% ki 

miiReba koqs-qimiuri warmoebisas da bunebrivi gazidan. 1980 wlidan aSS-Si, did britaneTsa da 

evropis Tanamegobrobis qveynebSi maRali toqsikurobis gamo benzolis (20 yvelaze saSiSi 

naerTis siaSi benzoli me-6-e adgilzea) warmoeba da gamoyeneba mkveTrad SeizRuda. miuxedavad 

amisa, benzolis umsxvilesi eqsportiori _ didi britaneTi yovelwliurad milionamde tona 

benzols awarmoebs. benzoli sadReisod erT-erT yvelaze problemur ekologiur dam-

binZureblad rCeba. amitom savsebiT marTebuli iyo am ramdenime wlis win saqarTveloSi 

ekologebis mier mTavrobisaTvis wayenebuli moTxovna, ar miecaT navTobgadamamuSavebeli 

qarxnisaTvis pirolizuri fisidan benzinis warmoebis ufleba, Tu miRebul navTobproduqtSi 

benzolis Semcveloba minimumamde ar iqneboda dayvanili. 
benzolisa da misi homologebis didi nawili (benzolis homologebis narevis, e.w. BTEX1-is 

saxiT) sawvavis danamatad gamoiyeneba, ramdenadac maTi saSualebiT xdeba benzinis oqtanuri 

ricxvis gazrda. garda amisa benzoli gamoiyeneba, rogorc nedleuli stirolis, ciklo-

heqsanis, eTilbenzolis, kumolis, nitrobenzolis, anilinisa da sxva naerTebis sinTezSi. 

benzoli gamxsnelis an damatebiTi komponentis saxiT Sedis laq-saRebavebSi, melnebSi, Txevad 

rezinSi, avejis saprialebel cvilebSi, sarecx saSualebebSi, laqis amosayvan narevebSi, 

weboebSi, farmacevtul preparatebSi, pesticidebSi da a.S. cxadia, zedmeti ar iqneba, Tu 

aRvniSnavT, rom benzoli sigaretis kvamlis Semadgenli komponentia.  

benzolisa da misi homologebis garemoSi gavrcelebis ZiriTadi anTropogenuri wyaroebia: 

− nedli navTobisa da navTob-produqtebis gaJonva navTobis gadamuSavebis procesSi; 

                                                               
1 BTEX _ benzolis, toluolis, eTilbenzolisa da qsilolis narevis aRmniSvneli abreviatura 
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− qvanaxSirisa da fisis gadamamuSavebeli kombinatebis narCenebi; 

− sawarmoebis narCenebi, romlebic benzols awarmoeben an iyeneben; 

− saTbobisa da wiaRiseuli sawvavis wva; 

− sawvavis gaJonva avzebidan, rezervuarebidan da tankebidan. 

emisiis Sedegad benzoli, pirvel rigSi, atmosferoSi gamoiyofa, saidanac sxva ekosistemeb-

Si xvdeba. haeridan benzoli ZiriTadad abinZurebs okeaneebs, zRvebs, tbebs, wyalsacavebsa da 

mdinareebs, gruntisa da sasmel wylebs, niadags, sedimentebs2 da a.S.  

benzoli da misi homologebi leikemiis gamomwvevi kancerogenebia. TviT benzoli sakmaod 

mdgradi naerTia, magram RviZlSi moxvedrisas igi citoqrom P450-Semcveli monooqsigenazis 

mier iJangeba da warmoiqmneba benzol-oqsipini an benzolis oqsidi (nax. 1.2).  

benzolis oqsidi da bezol-oqsipini benzolTan SedarebiT ukeTesi xsnadobiTa da reaqcii-

sunarianobiT xasiaTdebian. isini sisxlis nakadiT RviZlidan sxva organoebSi gadaitaneba. 

Zvlis tvinis qsovilis ujredebSi moxvedrisas benzolis pirveladi gardaqmnis produqtebi 

Tavdapirvelad fenolamde aRdgebian, Semdeg ki safexurebrivad iJangebian jer o- da p-

difenolebamde (Sesabamisad, pirokateqinamde da hidroqinonamde), Semdeg ki Sesabamis qinone-

bamde. yvela es gardaqmna fermentulia. warmoqmnili qinonebi oqso-jgufebis xarjze ikavSire-

ben cilebis an nukleinis mJavebis or-or molekulas, iwveven maT gadajvaredinebas, rac xels 

uSlis am biopolimerebs normaluri biologiuri funqciis SesrulebaSi. swored aseT pirobeb-

Si SeiZleba ganviTardes iseTi paTologia, rogoric leikemiaa. 

O

O OH
OH OH
OH
OH

O O
O
O

benzoli

ο-qinonibenzol-

oqsipini

pirokatexini

fenoli

benzolisoqsidi

hidroqinoni p-qinoni  
nax. 1.2. benzolis gardaqmna adamianis organizmSi.  

policikluri aromatuli naxSirwyalbadebi Zlier kancerogenul naerTebs miekuTvnebian. 

isini samrewvelo masStabiT praqtikulad ar iwarmoeba da warmoiqmneba organuli naerTebis 

wvis Sedegad. policikluri aromatuli naxSirwyalbadebi gvxvdeba fisebSi, bitumebSi, 

WvartlSi, niadagis huminur komponentebSi, Sidawvis Zravebis gamonabolqvSi, Tambaqos kvamlsa 

da Sebolil produqtebSi. policikluri aromatuli naxSirwyalbadebi wyalSi praqtikulad 

uxsnad naerTebs warmoadgenen, axasiaTebT dnobisa da duRilis maRali temperatura, gamoirCe-

vian qimiuri mdgradobiT. miuxedavad amisa, es lipofiluri naerTebi farTodaa gavrcelebuli 

niadagSi, wyalsa da haerSi, rac cocxal organizmebSi maTi biokoncentrirebis realur saSi-

Sroebas ganapirobebs. 

policikluri aromatuli naxSirwyalbadebis umetesoba sul cota, erT specifikur, "CaRr-

mavebul" ubans mainc Seicavs, romlis arsebobasac miaweren kancerogenul Tvisebebs 

 (nax. 1.3).  

                                                               
2 sedimenti _ leqi 
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CH3

CH3

CH3
3,4-benzpireni 1,2,5,6-dibenzantraceni

7,12-dimeTil-

benzantraceni 3-meTilqolantreni 3,4-benzofluorantreni  
nax. 1.3. policikluri aromatuli naxSirwyalbadebis zogierTi warmomadgeneli. isriT naCve-

nebia specifikuri "CaRrmavebuli" ubnebi.  
organizmSi moxvedrisas policikluri aromatuli naxSirwyalbadebi fermentebis (upi-

ratesad citoqrom P450-Semcveli monooqsigenazebis) moqmedebiT epoqsiduri tipis naerTe-

bamde iJangeba. es epoqsidebi Tavis mxriv advilad urTierTqmedeben guaninTan, rac xels uSlis 

dnm-is sinTezs, arRvevs transkripciul procesebs, iwvevs mutaciebs da xels uwyobs simsivnu-

ri daavadebebis ganviTarebas. 

mcenareebisa da mikroorganizmebis garkveul warmomadgenlebs garemodan policikluri 

aromatuli naxSirwyalbadebis SeTvisebisa da maTi gardaqmnis maRali unari gaaCniaT, rasac 

efuZneba uaxlesi bio- da fitoremediaciuli teqnologiebi. 

 

 

1.2.3 pesticidebi 

 

qsenobiotikebis mniSvnelovan nawils pesticidebi warmoadgenen. es krebiTi saxelwodebaa 

da mavne organizmebTan brZolis yvela saSualebas moicavs. aseT biologiurad aqtiur nivTie-

rebaTa mimarT xSirad gamoiyeneba “biocidis” mcneba, romlebic biologiur wrebrunvaSi sam-

rewvelo Camdinare wylebidan xvdebian da kvebiTi jaWvebiT vertikalurad _ qvevidan zeviT  

moZraoben. 

pesticidebi qimiuri naerTebia, romelTac ama Tu im cocxali organizmis (baqteriis, sokoe-

bis, mcenaris da mavne Tbilsisxliani cxovelis) mimarT toqsikuri zemoqmedebis unars avlenen. 

am nivTierebebs mcire masStabebiT jer kidev asi wlis win iyenebdnen. pirveli pesticidebi da-

riSxanis naerTebs, kir-gogirdovan narevebs, spilenZis marilebs da sxvebs Seicavdnen. mas Sem-

deg maTi asortimenti Zireulad Seicvala da, rac mTavaria, adre arsebuli araorganuli qimi-

uri nivTierebebi sinTezuri naerTebiT iqna Secvlili. es nivTierebebi zemoqmedebis siCqariTa 

da sxvadasxva mavneblebTan brZolis maRali efeqturobiT gamoirCevian. maTma gamoyenebam Se-

saZlebeli gaxada TiTqmis srulad aRmofxvriliyo iseTi daavadebebi, rogoric tifi da  

malariaa. 

soflis meurneobaSi pesticidebis gamoyenebis Tanamedrove koncefciiT isini garkveul hi-

gienur moTxovnebs unda akmayofilebdnen, rac upirvelesad janmrTelobisaTvis usafrTxoo-

bas gulisxmobs, rogorc gamoyenebis periodSi, ise mis Semdgom. rogorc wesi, xmarebisaTvis un-

da gamoiyenebodes cxovelisa da adamianisaTvis dabaltoqsikuri preparatebi. garda amisa, 
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dauSvebelia iseTi mdgradi naerTebis gamoyeneba, romlebic bunebaSi ori wlis ganmavlobaSi 

aratoqsikur komponentebad ar daiSlebian, an winaswari gamokvlevisas kancerogenul, mutage-

nur, embriotoqsikur Tu alergenul Tvisebebs avlenen. 

mcenareTa dacvis sxvadasxva meTodebis garkveuli perspeqtiulobis miuxedavad, qimiuri 

dacvis ZiriTad saSualebebad axlo momavalSi mainc pesticidebi rCeba. kompetenturi specia-

listebis azriT, garemos dabinZurebaSi pesticidebs wamyvani roli ar ekuTvniT da TiTqos 

maTgan saSiSroeba arc ise didia, Tumca SemoRebulia mcenareTa damuSavebis vadebisa da prepa-

ratTa xarjvis normebis mkacri reglamenti. 

mcenareTa dacvis da mavneblebis winaaRmdeg brZolis saSualebebi, romlebsac saerTo sax-

elwodeba _ pesticidebi aerTianebT, garemos yvelaze ufro gavrcelebuli dambinZureblebia. 

garemos dacvis saagentos (EPA) da msoflios jandacvis organizaciis (WHO) uaxlesi monaceme-

bis mixedviT, amJamad pesticidebs miekuTvneba 1000-ze meti naerTi, romlebic sxvadasxva qi-

miur klasebs warmoadgenen. maT Sorisaa: amidebi, dipiridilebi, difenileTerebi, Tiokarbama-

tebi, karbamatebi, karbamidebi, kumarinebi, nitrofenolebi, pirazolebi, piretroidebi, tri-

azinebi, fenoqsiacetatebi, Sardovanas warmoebulebi, agreTve elementorganuli naerTebi, 

romlebic Seicaven qlors, broms, ftors, fosfors, dariSxans, kalas, vercxliswyals, spilenZs 

da sxv. pesticidebis yovelwliuri warmoeba da moxmareba, rac mWidro kavSirSia soflis meur-

neobasTan, aTobiT milion tonas Seadgens.  

moqmedebis tipis mixedviT pesticidebi Semdeg jgufebad iyofa: 

algicidebi da moluskicidebi _ wyalmcenareebisa da moluskebis sawinaaRmdego saSualebe-

bi, romlebic tbebis, arxebis, sacurao auzebis da sxva wylis rezervuarebis sanitaruli kon-

trolisaTvis gamoiyeneba; aseTive tipis agentebi gamoiyeneba navebis, katarRebisa da gemebis 

wyalqveSa nawilebis dasacavad, raTa isini ar daifaros wyalmcenareebiT, moluskebiT da sxva 

wylis organizmebiT; 

akaricidebi anu miticidebi _ gamoiyeneba tkipebis sawinaaRmdegod; 

atraqtantebi _ parazitebis, mwerebisa da mRrRnelebis maxeSi misatyuebeli saSualebebi;  

baqtericidebi, biocidebi, dezinfeqtantebi da sanitazerebi _ gamoiyeneba baqteriuli  

daavadebebis gamomwvevi mikroorganizmebis gasanadgureblad; 

desikantebi _ qimikatebi, romlebic axdenen mcenareuli qsovilebis gamoSrobas, mag., arasa-

surveli mcenareebis fesvebis gaxmobas; 

defoliantebi _ gankuTvnilia foTolcvenis dasaCqareblad; 

inseqticidebi _ mavne mwerebisa da sxva fexsaxsrianebis gasanadgurebeli saSualebebi; 

mcenareTa zrdis regulatorebi _ mcenareTa zrdis, yvavilobisa da reproduqciis damaCqa-

rebeli qimikatebi; 

nematocidebi _ mavne nematodebisagan (mrgvali Wiebisagan) dacvis saSualebebi; 

ovicidebi _ qimikatebi, romlebic Wiebisa da mwerebis kvercxebs anadgurebs; 

repelentebi _ mavne mwerebisa (mag., moskitebis) da frinvelebis dasafrTxobi saSualebebi; 

rodenticidebi _ mRrRnelebis sawinaaRmdego saSualebebi; 

feromonebi _ mwerebis gamravlebis sawinaaRmdego saSualebebi; 

fumigantebi _ warmoqmnian gazs an orTqls, romelic SenobebSi, sardafebSi an niadagSi mav-

neblebis gasanadgureblad gamoiyeneba; 

fungicidebi _ sokovani daavadebebisa da daobebisagan dacvis saSualebebi;  

herbicidebi _ qimikatebi sarevelebisa da Sxamiani mcenareebis mosaspobad. 

pesticidebis uaRresad farTo moxmareba garemoSi maTi didi masStabebiT gavrcelebas iw-

vevs. sxvadasxva pesticidebiT dabinZurebulia sasoflo-sameurneo savargulebis uzarmazari 

teritoriebi, gruntis wylebi, wyalsatevebi da a.S. pesticidebis Semadgeneli ZiriTadi an mi-

noruli komponentebi umetes SemTxvevaSi uaRresad toqsikur naerTebs warmoadgenen da kvebiT 
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jaWvSi moxvedrisas mraval daavadebas iwveven. am rakursiT ganvixiloT zogierTi farTod 

gavrcelebuli pesticidi (cxrili 1.2). 

fosfororganuli pesticidebi, romlebic fosforisa da Tiofosforis mJavebis eTerebs 

warmoadgenen (mag., inseqticidebi _ alkilfosfatebi, paraTioni), agreTve karbamatebi (mag., 

herbicidebi _ barbani da betanali, fungicidi _ manebi da sxv.), nervul sistemaze moqmedi agen-

tebia. isini ablokireben acetilqolinesTerazis aqtiur centrs. es fermenti axdens neiro-

transmiteris _ acetilqolinis mocilebas nervuli sinapsidan. acetilqolinesTerazis inhi-

birebis Sedegad sinapsze xdeba Warbi acetilqolinis dagroveba, rac iwvevs acetilqolin-

receptoriT signalis gadacemis darRvevas. organizmSi SeRweuli pesticidis koncentraciaze 

damokidebulebiT daavadeba SeiZleba gamoixatos nerwyvis gamoyofis gaZlierebiT, filtvebis 

SeSupebiT, kolikebiT, faRaraTiT, gulisreviT, mxedvelobis daqveiTebiT, sisxlis wnevis mo-

matebiT, tremoriT, hiperaqtiurobiT, kunTebis spazmebiT, krunCxvebiT, metyvelebis aparatis 

moSliT da a.S. aRniSnuli pesticidebis maRali dozebiT organizmSi moxvedra daavadebis uki-

dures gamwvavebas iwvevs. am SemTxvevaSi SeiZleba ganviTardes sasunTqi gzebis dambla da daa-

vadeba letalurad dasruldes. 

 

 

cxrili 1.2 

 

zogierTi farTod gamoyenebuli pesticidi 

 

samrewvelo  

dasaxeleba 
daniSnuleba 

struqturuli formula da  

qimiuri saxelwodeba 

qlorwarmoebuli naxSirwyalbadebi 

DDT 

koRoebis parkosnebis, bambis, 

agreTve teqnikuri kulture-

bis da xemcenareebis mavneble-

bis sawinaaRmdegod 

Cl C ClH
CCl3  1,1,1-triqlor-2,2-bis(p-

qlorfenoli)eTani 

lindani 

bambisa da brinjis naTesebis 

mavnebelTa da agreTve merqnis 

damSlelTa sawinaaRmdegod 
Cl

Cl ClCl ClCl
 1,2,3,4,5,6-heqsaqlorcikloheqsani  

(γ-izomeri) 

aldrini 

niadagis inseqticidi. WianWve-

lebis, saSemodgomo Wiebis, 

xoWoebis da bambis mavneblebis 

mosaspobad 

CCH2
Cl Cl

ClCl
Cl2

 1,2,3,4,10,10-heqsaqlor-1,4,4α,5,8,8α-

heqsahidro-1,4-endoeqso-5,8-

dieTilnaftalini 
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dieldrini qlororganuli inseqticidebi

O ClClCl
Cl Cl

Cl
 (1aR,2R,2aS,3S,6R,6aR,7S,7aS)-3,4,5,6,9,9-

qesaaqlor-1a,2,2a,3,6,6a,7,7a-oqtahidro-2,7:3,6-dimeTanonaft[2,3-b]oqsireni 
qlordani 

farTo gamoyenebis  

inseqticidi 

ClCl
Cl

Cl Cl
ClCl Cl

 

oqtaqloro-4,7-meTanohidroindani 
fosfororganuli naerTebi 

karbofosi 

(melaTioni) 

xilis xeebis calkeuli mav-

neblis, bostneulis, dekora-

tiuli mcenareebis mavneble-

bisa da agreTve koRoebis mo-

saspobad 

CH3O P SO
S CH CO OC2H5CH2 C OC2H5OCH3  O,O-dimeTil-S-1,2-

dikarbetoqsieTildiTiofosfati 

Tiofosi 

(paraTioni) 

koRoebis mosaspobad, xilis 

xeebisa da bostneulis mavneb-

lebis sawinaaRmdegod farTo 

gamoyenebis inseqticidi 

OO POC2H5
S NO2C2H5  O,O-dieTil-O-p-

nitrofenilTiofosfati 

trieTilfosfati 
farTo gamoyenebis  

inseqticidi 

O P OO
O C2H5

C2H5
C2H5

 

trieTilfosfati 
diqlorofosi saojaxo mwerebis mosaspobad 

OO POC2H5
SC2H5 CH CCl2  O,O-dieTil-2,2-diqlorvinilfosfati 

karbamatebis warmoebulebi 

barbani farTo gamoyenebis herbicidi C
NH

Cl
COCH2

O
C CH2Cl

 4-qlor-2-buTinil(3-qlorofenil)-

karbamati, betanali 
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betanali farTo gamoyenebis herbicidi NH C O
OCH3CH3

NH C OO
 3-((meToqsikarbonil)amino) fenil-(3-

meTilfenil)-karbamati 

manebi farTo gamoyenebis fungicidi 

CS SNH MnS C NHS
CH2 CH2 n

 

 
((1,2-eTandiilbis(karbamodiTioato) 

(2-))-magniumi 

sevini 

bambis, sakvebi kulturebis xi-

lisa da bostneulis saerTo 

damuSavebisaTvis 

O C NHCH3
O

 1-naftil-N-eTilkarbamati 

beigoni 
mfrinavi mwerebis, xoWoebis da 

WianWvelebis sawinaaRmdegod 

NHCH3O COO CH(CH3)2  2-izopropoqsifenil-N-
meTilkarbamati 

zeqtrani 

lokokinebis, CrCilis Wupre-

bis da lorwovanebis sawi-

naaRmdegod 

NHCH3O CO
CH3

CH3(CH3)2N
 4-dimeTilamino-3,5-qsilenil-N-

meTilkarbamati 

qlorfenoqsimJavebis warmoebulebi 

2,4-D 

wylovan sistemaSi mcenareu-

lis mosaspobad; defolianti, 

samxedro miznebisaTvis 

O CH2ClCl COOH
 2,4-diqlorfenoqsiZmarmJava 
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2,4,5-T 
qlororganuli pesticidebi  

defolianti 

O CH2Cl
Cl

COOH
Cl

 2,4,5-triqlorfenoqsiZmarmJava 
4,4-DB 

gzispirebsa da wyalSi mcena-

reulobis mosaspobad 

O (CH2)3ClCl COOH
 4(2′,4′-diqlorfenoqsi)erbomJava 

qlorfenolebis warmoebulebi 
2,4,5-T qlororganuli inseqticidebi

OH Cl
ClCl

 2,4,5-triqlorfenoli 
PCP qlororganuli inseqticidebi

OH Cl
ClCl

Cl
Cl

 1,2,3,4,5-pentaqlorfenoli 
dipiridilebis warmoebulebi 

paraqvati farTo gamoyenebis herbicidi 
N+N+CH3 CH3  

Cl-Cl-
 1,1'-dimeTil-4,4'-bipiridildiqloridi

piretroidebis warmoebulebi 

piretrini 
malariis koRos sawinaaRmdego 

bunebrivi inseqticidi CH CH3
CH3 C OO CH3CH2OCH3CCH3 CHCHCH2

CH
 

 

 

kidev ufro toqsikur naerTebs miekuTvneba qlororganuli inseqticidebi (qlordani, lin-

dani, dieldrini, DDT). xsnaris saxiT gamoyenebuli es pesticidebi rogorc saWmlis momnelebe-

li sistemidan, aseve kanidan advilad aRweven adamianis organizmSi. maRali lipofilurobis 

gamo isini cximovan qsovilebSi grovdebian, ganWolaven ujredebis membranebs da azianeben maT. 
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qlororganuli inseqticidebi gansakuTrebiT mavned moqmedeben nervuli ujredebis membra-

nebze da arRveven maT normalur cikls. marTalia, es ujredebi ar kargaven Na+-is gamtaruna-

rianobas, magram irRveva am ionebis tumbos maregulirebeli meqanizmi. amis gamo nervuli sig-

nalebiT agznebis Semdeg e.w. "simSvidis potenciali" sawyisi mdgomareobis Sesabamis mniSvnelo-

baze aRar brundeba. amis Sedegad icvleba nervuli ujredebis agznebadoba, ziandeba rogorc 

nervuli gzebi, aseve sensoruli neironebi. garda amisa, aRniSnuli qlororganuli inseqtici-

debi mkveTrad gamoxatuli kancerogenuli TvisebebiT xasiaTdebian.  

pesticidebad gamoiyeneba zogierTi qlororganuli naerTi, mag., DDT da lindani. DDT 

uaRresad aqtiur preparats warmoadgens. es nivTiereba jer kidev 1874 wels iqna sinTe-

zirebuli ceidleris mier, xolo 1930 wels miulerma misi inseqticiduri Tvisebebi daadgina. 

swored am droidan moyolebuli daiwyo DDT-s farTo gamoyeneba anofeleqsis _ malariis 

gamomwvevi koRos winaaRmdeg. es inseqticidi imdenad efeqturi aRmoCnda, rom didi xnis 

ganmavlobaSi SeuzRudavad gamoiyeneboda TiTqmis yvela saxis mavne mweris gasanadgureblad. 

farTo gamoyenebam ganapiroba DDT-s universaluri gavrceleba, rasac xeli Seuwyo misma cximSi 

kargad xsnadobamac. DDT-s naxevardaSlis periodisaSualod 10 welia, magram igi mniSvne-

lovnadaa damokidebuli iseT pirobebze, rogorebicaa temperatura, mikrofloris saxeoba da 

misi simWidrove. adamianis organizmSi es periodi daaxloebiT erTi welia. DDT tipiuri kontaqturi Sxamia da SedarebiT swrafad aRwevs kanSi. misi gavleniT irRveva 

organizmSi nervuli signalebis gadacemis cikli, radgan igi aqveiTebs Na -is tumbos 

mgrZnobiarobas da amis gamo agznebis Semdeg mosvenebis normaluri potencialis aRdgena aRar 

xdeba. maRali koncentraciebisas DDT kidurebis paralizebas iwvevs. sxvadasxva organizmebSi 

nervul sistemaze misi zemoqmedebis Zala gansxvavebulad vlindeba, rac mTel rig biologiur 

faqtorebzea damokidebuli. 

kvebiT jaWvSi DDT-s gavrceleba ganixileba, rogorc biologiuri gadatanis klasikuri 

magaliTi. cximSi maRali xsnadobis gamo kvebiT jaWvSi gadaadgilebisas DDT-s koncentracia 

mkveTrad izrdeba. mag., rodesac wvimis wyalSi gaxsnili DDT mcoxnavi cxovelebis gavliT dedis 

rZeSi xvdeba, igi milionjer koncentrirdeba. 

niadagSi moxvedrili DDT Tixaze sorbirdeba an neSompalaSi grovdeba. gansakuTrebiT 

maRalia DDT-s koncentracia wiwvebiT warmoqmnil neSompalaSi, radgan inseqticidi kargad 

ixsneba wiwvis cvilovan naerTebSi. DDT tipiuri kontaqturi Sxamia. igi Zalian swrafad aRwevs organizmSi kanidan. nervul 

sistemaze zemoqmedebis gamo DDT-s maRali koncentraciebi kidurebis damblas iwvevs. varau-

doben, rom dedis rZeSi arsebul DDT-s SeuZlia SeaRwios bavSvis sasqeso jirkvlebSi 

(gonadebSi) da unayofoba gamoiwvios. 

samwuxarod, Cvens mosaxleobaSi DDT (igive "dusti") dResac popularulia, rogorc 

saqonlis mkbenari mwerebis sawinaaRmdego saSualeba. albaT amiT SeiZleba aixsnas is faqti, rom 

miuxedavad importis akrZalvisa, ukanasknel periodSi garemos damcavi organizaciebis mier 

Catarebulma monitoringma saqarTveloSi didi raodenobiT DDT aRmoaCina.  

Cveulebriv pirobebSi DDT Zalian nela da arasrulad iSleba. aerobul pirobebSi DDT-s 

daSlis produqtebs diqloreTilenis warmoebulebi warmoadgenen, romlebic DDT-sTan 

SedarebiT naklebad toqsikurebia. anaerobuli degradaciis Sedegad warmoiqmneba diqlor-

eTanis warmoebulebi, romlebic advilad gardaiqmneba ZmarmJavas nawarmebad. 

bolo periodSi DDT-s nacvlad lindans _ heqsaqlorcikloheqsans (heqsaqlorani) iyeneben. 

am nivTierebis “savarZlis” formis molekulis konformaciisaTvis rigi stereoizomerebis 

arsebobaa SesaZlebeli, romelTaganac yvelaze maRali aqtivoba γ-izomers gaaCnia: 
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Cl
Cl ClCl ClCl lindani

 

lindanic kontaqturi moqmedebis Sxamia da upiratesad nervul sistemas azianebs. preparati 

Zlier gamoxatul lipofilur Tvisebebs amJRavnebs da haerSi gansakuTrebiT mdgradia. sakveb 

produqtebSi misi zRvrulad dasaSvebi koncentracia 0.1_2 mg/kg-s Seadgens. lindanis 

xangrZlivi zemoqmedebiT gamowveuli ekologiuri zarali DDT-sTan SedarebiT ramdenadme da-

balia da amave dros misi narCenebis likvidacia problemas ar warmoadgens. 

aRniSnuli inseqticidebis garda, qlororganul naerTebs sxva pesticidebSic vxvdebiT. maT 

Sorisaa iseTi farTo moxmarebis herbicidi, rogoricaa 2,4-diqlorfenoqsiZmarmJava, anu 2,4-D, 

"narinjisferi reagentis" saxeliT cnobili defolianti 2,4,5-triqlorfenoqsiZmarmJava 

(2,4,5-T), inseqticidebi triqlorfenoli, pentaqlorfenoli da sxv.  

daxurul nagebobaTa dasamuSaveblad farTod gamoiyeneba pentaqlorfenoli. es preparati 

Zlier fungicidur, baqtericidul da inseqticidur Tvisebebs amJRavnebs. didi raodenobiT 

iyeneben mas merqnis warmoebaSi, Tumca masSi Znelad aRwevs. pentaqlorfenoli wyalSi cudad 

ixsneba. amitom xSirad mis nacvlad xmaroben wyalSi gacilebiT ukeT xsnad natriumis 

pentaqlorfenolsac. OH Cl
ClClCl

Cl
pentaqlorfenoli

 

preparatiT damuSavebuli samSeneblo masalebi kvalis saxiT mudmivad gamoyofen mas gare-

moSi da kerZod daxurul SenobebSi. 

pentaqlorfenoli SeiZleba warmoiqmnas heqsaqlorbenzolis metaboluri gardaqmnebisas, 

romelic gavrcelebuli fungicidia da aseve gamoiyeneba merqnis dasamuSaveblad. pentaqlor-

fenoli organizmSi SeiZleba kanidan, sakvebidan an CasunTquli haeridan moxvdes. maRali li-

pofilurobis gamo igi cximovan qsovilSi grovdeba da organizmidan Zlier Znelad gamodis. es 

nivTiereba Zlier toqsikuria. adamianisaTvis minimaluri letaluri doza 2 gramis tolia. 

mwvave mowamvlisas Zneldeba sunTqva, Riziandeba kani da lorwovani garsi, viTardeba kidure-

bis paraliCi, ziandeba RviZli da Tirkmelebi. iSviaT SemTxvevaSi adgili aqvs gulis SeCerebas. 

bioqimiurma gamokvlevebma aCvenes, rom mowamvlisas irRveva JangviTi fosforileba da srulad 

wydeba ATP-s warmoqmna.  DDT-s msgavsad kontaqturi Sxamia herbicidi paraqvati, romelic dipiridilebis klass 

miekuTvneba. misi gamoyenebisas Zalian didi sifTxilea saWiro, radgan paraqvatis kanTan 

ubralo Sexebac ki buStukebisa da wylulebis gaCenas iwvevs. organizmSi SeRwevisas es 

dipiridili azianebs Tirkmelebsa da RviZls, Semdeg iwvevs fibrozul cvlilebebs filtvebSi, 

rac letaluri SedegiT mTavrdeba.  

toqsikuri TvisebebiT gamoirCevian agreTve piretroiduli pesticidebi, romlebsac 

inseqticiduri aqtivobis garda, adamianis nervuli sistemis dazianebis unaric gaaCniaT. 

piretroidebi farTod gavrcelebuli bunebrivi inseqticidis _ piretrinis sinTezur analo-

gebs warmoadgenen.  

qimiuri sinTezis gziT miRebuli piretroidebi modificirebulia stabilurobis gazrdis 

mizniT, Tumca rogorc bunebrivi, aseve sinTezuri piretroidebi, adamianis organizmze 

erTnairi xasiaTis toqsikuri zemoqmedebiT xasiaTdebian. 

qlorwarmoebuli naxSirwyalbadebi sxva nebismieri klasis pesticidebTan SedarebiT ufro 
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xSirad gamoiyenebian da garemoSi ufro met mdgradobas amJRavneben. DDT kargad cnobili da 

farTod gamoyenebuli pesticidia. misi moxmareba gasuli saukunis 50-iani wlebidan daiwyo, 

Tumca 70-iani wlebis dasawyisSi mravalma qveyanam misi warmoeba Sewyvita, radgan, rogorc 

gamoirkva, cocxal organizmebze igi uaryofiT gavlenas axdens. 

organizmze qlororganuli naxSirwyalbadebis toqsikuri zemoqmedebis meqanizmi srulad 

ar aris gamokvleuli. cnobilia, rom isini cximSi kargad ixsnebian da arRveven ra nervul 

qsovilSi ionTa cvlas, sikvdilsac ki iwveven. 

inseqticidebad fosfororganuli naerTebis farTo gamoyeneba da maTi warmoebis gazrda 

qlorwarmoebuli naxSirwyalbadebis moqmedebasTan SedarebiT mwerebis mcire winaaRmdegobis 

unarma ganapiroba. praqtikaSi yvelaze farTod Tiofori da meTilTiofori gamoiyenebian. es 

nivTierebebi mometebuli toqsikurobiT gamoirCevian, rac maTi ferment-acetilqolin-

esTerazaze (Ac-hE) zemoqmedebaSi vlindeba. mometebuli dozebis miRebisas adgili aqvs 

acetilqolinis dagrovebas da ucxo (uCveulo) nervuli impulsebis aRZvras, rac krunCxvebs, 

konvulsiebs, paraliCs, xolo zogjer sikvdilsac iwvevs. 

karbamatebis anu karbaminmJavas warmoebulebis zogadi formulaa:  

O C NH2
OzZ  

sadac Z – kompleqsuri organuli jgufia. 

isini miekuTvnebian pesticidebs, romelTagan zogierTi moqmedebs, rogorc inseqticidi, fun-

gicidi an moluskocidi. maTi toqsikuri zemoqmedebis xasiaTi fosfororganuli naerTebis 

moqmedebis analogiuria, anu arRveven Ac-hE-s funqcionirebas. 

qlorfenoluri mJavebi martivi organuli mJavebis (ZmarmJavas, propionmJavas da erbomJa-

vas) warmoebulebia. isini efeqtur herbicidebs warmoadgenen, romelTa toqsikuroba mcenare-

Ta zrdis hormonebis SenacvlebaSi mdgomareobs. zrdis aranormaluri swrafi tempis Sedegad 

mcenaris energiis maragis daSreta xdeba. amitom am klasis herbicidebi gamoyenebis gasaadvi-

leblad aminebis da eTerebis marilebSi gadahyavT. 

pesticidebis Tvisebebi erTmaneTisagan mniSvnelovnad gansxvavdeba rogorc klasis SigniT, 

aseve sxvadasxva klasis warmomadgenelTa Soris. Sesabamisad, gansxvavebulia garemos dabinZu-

rebaSi maTi potenciuri SesaZleblobebi. Tvisebebs, romlebic garemos dabinZurebis unars gan-

sazRvraven, miekuTvneba: aqroladoba, wyalSi an sxva gamxsnelSi xsnadoba da stabiluroba. es 

ukanaskneli parametri gansakuTrebiT arsebiTia garemoze pesticidis zemoqmedebis xarisxis 

gansazRvrisas. igi ganapirobebs mdgradobas, romelic im drois im monakveTis tolia, rac au-

cilebelia imisaTvis, rom pesticidma normalur pirobebSi da gamoyenebis Cveuli intensivobi-

sas Tavisi aqtivobis araumcires 95% dakargos. iTvleba, rom aqtivoba srulad ikargeba, Tu 

pesticidi iSleba (dezaqtivirdeba) qimiuri an biologiuri procesebis Sedegad. umdgradi pes-

ticidebi garemoSi 1_12 kviris ganmavlobaSi rCeba, saSualod mdgradebi – 1_18 Tvis ganmavlo-

baSi, xolo mdgradi pesticidebi ucvleli saxiT 2 da meti wlis ganmavlobaSi arsebobs. 

pesticidebis daSlisaTvis saWiro dro mraval faqtorzea damokidebuli da maTgan umTa-

vresi garemo pirobebia. ase mag., niadagSi masze gavlenas axdens TviT niadagis tipi, masSi orga-

nul komponentTa Semcveloba, niadagis damuSavebis xarisxi da sxv. wylovan garemoSi Tavs iCens 

sorbciuli procesebic. dayovnebisas pesticidebi wylis siRrmul nawilSi grovdebian da iq 

mikrobiologiur zemoqmedebas ganicdian. 

mdgradi pesticidebi garemos sruliad gansxvavebul ubnebSi gvxvdeba, rac am naerTebis ka-

nonzomier gadatanaze miuTiTebs. pesticidebi gamoiyeneba haerSi gafrqvevis an niadagSi uSua-

lo Setanis gziT. am SemTxvevaSi niadagi Semkrebi rezervuaris rols asrulebs. aqedan pestici-

debi haersa da wyalSi aRwevs da iSleba. rogorc Cans, mdgradi pesticidebisaTvis wyali sabo-

loo koncentrirebis adgils warmoadgens. wyalSi pesticidi pirdapiri an arapirdapiri gzebiT 



28  

xvdeba. pirdapiri gzaa wylovan garemoSi uSualo Setana iq mcxovrebi mavne organizmebis mosas-

pobad, arapirdapiri _ wyalSi moxvedra sawarmoo narCenebTan erTad. zogierTi pesticidi 

wyalSi Seitaneba arasarewi saxeobis Tevzebis da wylis mcenareebis raodenobis SesazRudad. 

yvela SemTxvevaSi aucilebelia pesticidebis safuZvliani kontrolireba. 

pesticidebis wyalSi xsnadoba farTo sazRvrebSi icvleba. cnobilia, rom fosfororganuli 

warmoebulebi qlororganul naxSirwyalbadebTan SedarebiT ukeT ixsneba.  

ganzavebis gamo wylovan garemoSi mdgradi pesticidebis Semcveloba dabalia. miuxedavad 

amisa, aseTi koncentraciebic ki sakmaod saxifaToa, radgan mravali mcenare da cxoveli maT Ta-

vis qsovilebSi igrovebs. qlorwarmoebuli naxSirwyalbadebi kargad ixsneba zeTebSi da cximeb-

Si, romelTac cocxali organizmi uxvad Seicavs. am process bioaugmentacias uwodeben. ase mag., 

planqtoni da mcire Tevzebi seleqtiurad STanTqaven qlorwarmoebul naxSirwyalbadebs. isini 

Tavis mxriv ufro msxvili organizmebis sakvebs warmoadgenen. kvebiTi jaWvis romelime doneze 

SeiZleba pesticidebis maRali koncentraciebiT dagroveba moxdes. bioaugmentaciis Sedegia 

zogierTi mtacebeli frinvelis gamravlebis unaris daqveiTeba. 

adamianebi kvebiTi jaWvis piramidis TavSi imyofebian da amdenad mdgradi pesticidebis da-

grovebas maTSic unda hqondes adgili. arsebuli monacemebi amis dasturia: winaswari SefasebiT 

adamianis qsovilSi DDT-s Semcvelobam 5 · 10 _1 · 10 %-s SeiZleba miaRwios. sakvebTan erTad 

miRebis garda pesticidebi organizmSi SeiZleba moxvdes maTi yofacxovrebaSi gamoyenebis Se-

degadac. amasTan dadgenilia, rom DDT-sa da sxva qlorSemcveli inseqticidis mcire raodeno-

bebi raime SesamCnev saxifaTo efeqtebs ar iwvevs. qimikatebis mwarmoebel qarxnebSi dasaqmebu-

li muSebis organizmSi pesticidebis Semcveloba 6 · 10 %-s aRwevs, magram paTologiuri 

cvlilebebi arc erT gamokvleul individSi ar gamovlenila. 

Tavdapirvelad saTanado yuradReba ar eTmoboda pesticidebis niadagSi dagrovebis 

safrTxes. mxolod mogvianebiT daiwyo meTodebis damuSaveba, romelTa saSualebiTac moxerxda 

niadagSi maTi raodenobrivi adsorbciisa da daSlis registrireba. princips safuZvlad daedo 

sawyisi nivTierebis koncentraciis Semcireba da daSlis siCqare, anu sruli gaqrobisaTvis sa-

Wiro dro. niadagSi pesticidebis stabiluroba (persistentoba) ganisazRvreba im periodiT, 

romelic nivTierebis sawyisi raodenobis 50%-is, an ufro xSirad 95%-is daSlas sWirdeba. eqs-

perimentulad dadgenilia, rom pesticidebs Soris yvelaze maRal stabilurobas upiratesad 

qlororganuli naerTebi amJRavnebs. niadagSi 95%-iT destruqcia heptaqlorisaTvis 3.5 wels, 

lindanisaTvis 3_20 wels, xolo DDT-saTvis 4_30 wels Seadgens. farTod gamoyenebuli sim-

triazinuli jgufis nivTierebebi simazini, atrazini, promeTrini da sxv. niadagSi 2 wlis gan-

mavlobaSi rCeba ucvleli saxiT. karbamatuli naerTebi niadagSi ramdenime Tvidan erT wlamde 

Zleben. fosfororganuli pesticidebi, fenolis warmoebulebi (qlorofosi, metafosi, dini-

troorTokrezoli – dnok) da agreTve 1,4-diqlorfenoqsiZmarmJava da Sardovanebis jgufis 

herbicidebi niadagSi swrafad iSlebian. aucilebeli gaxda daSlis produqtebis identifikacia, 

niadagSi sorbirebis pirobebi, toqsikurobis dadgena da a.S. niadagSi pesticidebi ZiriTadad 

mineralebis (Tixebis) kristalur struqturebSi difuziis, an humusis nawilakebis siRrueebSi 

CaSenebis gziT grovdebian. 

niadagSi pesticidebis qcevaze mxolod zogadi mosazrebebi arsebobs. mag., cnobilia, rom 

qlorSemcveli pesticidebi anaerobul pirobebSi qloris atomebs hidroqsilis jgufebiT  

inacvleben. amis Sedegad maTi biologiuri aqtivoba mniSvnelovnad qveiTdeba. aerobul piro-

bebSi qlorSemcveli naxSirwyalbadebi uaRresad mdgradebia. anaerobul pirobebSi nitritebi 

amoniumis ionebamde aRdgeba. fosformJavas rTuli eTerebi da meTilkarbamatebi advilad hi-

drolizdeba.  

niadagSi pesticidebis qcevis Sefaseba rTulia niadagis organul komponentebTan maTi ur-

TierTqmedebis gamo. gansakuTrebiT Znelia aromatuli aminebisa da fenolebis gansazRvra, 

radgan es naerTebi kovalenturad ukavSirdeba humins. 
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niadagSi pesticidebis dayovnebis drois dadgenas isic arTulebs, rom maTi SeRwevis  

cnobili anTropogenuri gzis garda, arsebobs iseTi wyaroebic, rogoric wvima da nislia, rom-

lebic kontrols Znelad eqvemdebarebian. nislidan pesticidebis daleqva upiratesad tyis ma-

sivebis Tavze xdeba, ris gamoc qimikatebis mdgradi formebi didi xniT arRveven tyeebisa da 

mimdebare sivrceebis ekologiur mdgomareobas. 

herbicidebis narCenebs, upirveles yovlisa, tyis damcavi RonisZiebebis Catarebis Semdeg 

naxuloben, rac imis sababs iZleva, rom sifrTxiliT movekidoT am teritoriebze sakvebad aRe-

bul sokoebsa da kenkrovnebs. Sefrqvevidan 1 kviris Semdeg herbicidebis narCeni raodenoba 

mravaljer aRemateba kvebis produqtebisaTvis gansazRvrul dasaSveb koncentracias. maRalia 

maTi Semcveloba sxvadasxva mcenaris foTlebsa da ylortebSi, romelTac gareuli cxovelebi 

sakvebad iyeneben. amitom moulodneli ar aris, rom cxovelTa mowamvlis (maT ricxvSi letalu-

ri SedegiT) mizezad herbicidebis preparatebiT Sefrqvevas asaxeleben.  

herbicidebis gamoyenebis kidev erTi uaryofiTi efeqti imaSi mdgomareobs, rom mcenareu-

lobis mniSvnelovan gaRaribebas iwvevs da SeuZlebels xdis maRalproduqtiuli mefutkreobis 

SenarCunebas. SesaZlebelia esa Tu is herbicidi futkris sikvdils ar iwvevdes, magram herbi-

cidiT daTxvril futkrebs ucxo sunis gamo sxva futkrebi skaSi ar uSveben da amis gamo skis win 

asobiT mkvdari futkari yria. 

iseTi herbicidebic ki, romlebmac Tbilsisxliani cxovelebisaTvis toqsikurobaze Semow-

mebis Semdeg “aratoqsikurebis” Sefaseba miiRes, SeiZleba moulodneli gverdiTi Sedegebis 

(mag., Sxamian mcenareTa gemos Secvla) mizezebi gaxdnen. mag., fenoqsiZmarmJavas warmoebulebiT 

saZovrebis damuSavebam imdenad Secvala baias gemo, rom cxovelebma maTi miReba daiwyes, ramac 

sasikvdilo SemTxvevebi gamoiwvia. amis gamo aseTi preparatebiT damuSavebul saZovrebze 3 kvi-

riT ikrZaleba saqonlis gayvana. cxadia, aseTi akrZalviT SeiZleba Sinauri, magram ara gareuli 

cxovelebis SenarCuneba. 

herbicidi “narinjisferi agenti” (Agent Orange), romelic amerikelebma vietnamSi da kolum-

biaSi gamoiyenes, moqmed sawyisad 2,4D-sa (diqlorfenoqsiZmarmJavas) da 1,4,5-T-s (triqlorfe-

noqsiZmarmJavas) Seicavs. es nivTiereba bambisa da brinjis udides farTobebs TviTmfrinavidan 

efrqveoda. Sedegad adgili hqonda fexmZime qalebSi nayofis mowyvetisa da bavSvTa mankis six-

Siris zrdas. garda amisa iRupebodnen Sinauri cxovelebi da Tevzebi. 

intensiur mexileobaSi herbicidebis gamoyenebam mravali wlis ganmavlobaSi SeiZleba bune-

brivi garemos Rrma cvlilebebi gamoiwvios. xilisa da kenkrovani mcenareebis nargavebSi sare-

velebisagan gasufTavebisaTvis gamoyenebuli herbicidebi swrafad spoben balaxovan safars, an 

warmoqmnian xavsis “baliSs” (es xavsi SeiZleba ganvixiloT rogorc biocidiT dabinZurebis bio-

indikatori). amis Sedegad wylisa da qaris gavleniT niadagis eroziis dawyebis saSiSroeba  

iqmneba, anu herbicidebis uaryofiTi Sedegebi mxolod xexilze uSualo zemoqmedebiT ar  

ifargleba. 

niadagSi herbicidebis moxvedris Semdeg, maTi molekulebi sxvadasxva fizikuri, qimiuri da 

biologiuri faqtorebis zemoqmedebas ganicdis. amis Sedegad nivTierebis qimiuri mdgradoba 

(inertuloba) icvleba. process win uswrebs niadagSi maTi adsorbcia da am procesSi mniSvnelo-

vani roli niadagis organul nawils ekuTvnis. mag., naCvenebia, rom amibenis (2,5-diqlor-3-

aminobenzolis mJavas) 29%-s niadagis humusi da mxolod 9%-s Tixebi STanTqaven. kaolini gaci-

lebiT Zlieri adsorbentia, vidre bentoniti an ilitia. humusian niadagebSi desorbciuli 

procesebi Znelad xorcieldeba. igive amibeni niadagidan 1 Tvis ganmavlobaSi ar orTqldeba.  

mravali herbicidi niadagSi metnaklebi intensivobiT mikroorganizmebis mier degradirde-

ba. temperaturis mateba aCqarebs maT mikrobul da qimiur daSlas. gansxvavebul gavlenas  

axdens am nivTierebaTa gardaqmnaze pH-is cvlilebebi: mag., dikambas (3,6-diqlor-2-meToqsi-

benzolis mJavas) gardaqmnebis intensivoba pH 5.3-ze mcirdeba, xolo pH 7.5-ze es herbicidi sak-

maod mdgradia. 
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niadagSi herbicidebis gardaqmnebze arsebuli monacemebi saSualebas gvaZlevs miviRoT, 

rom maTi biodegradaciisaTvis aucilebelia organuli nivTierebis (humusis) Tanamyofoba,  

mikroorganizmebis maRali aqtivoba da saTanado (dabali) pH. garda amisa, herbicidebis susti 

xsnadoba da orTqlis maRali simkvrive gavlenas axdens niadagSi maT qcevaze. mcired xsnadobis 

gamo isini wyalxsnarebidan gamoiyofian da lignins an huminur nivTierebebs ukavSirdebian. aq-

tiurad da mtkiced STanTqavs herbicidebs mokirianebuli torfi. mag., misgan ioqsinilis (3,5-

diiod-4-oqsibenzonitrilis) mocileba desorbciiT ki ar xdeba, aramed Zneladxsnad fenolSi 

gadadis da ileqeba.  

zogierTi herbicidis Semadgeneli komponenti bunebaSi warmoqmnis cocxali organizmebi-

saTvis metad saSiS naerTebs _ dioqsinebs (ix. qveTavi 1.2.4). 

 
 

1.2.4 mdgradi organuli dambinZureblebi 

 

anTropogenuli warmoSobis qsenobiotikebis mTeli rigi TavianTi maRalmdgradobis gamo 

TiTqmis yvelgan aRweven da amitom ekosistemis samive komponentSi (haeri, wyali, niadagi) 

gvxvdebian. aseT nivTierebebs miekuTvnebian dioqsinebi, poliqlorirebuli bifenilebi (PCBs), 

policikluri aromatuli naxSirwyalbadebi (PAHs), ftalatebi da sxv. 

naerTTa jgufi, romelic poliqlorirebul dibenzodioqsinebsa da dibenzofuranebs 

aerTianebs, gansakuTrebiT maRali toqsikurobiT gamoirCeva. am naerTebis saerTo 

saxelwodebaa dioqsinebi (nax. 1.4).  

O
O OOCln Clm

a

Cln Clm
b

   

nax. 1.4. qlorirebuli benzodioqsinisa (a) da benzofuranis (b) zogadi formulebi. n+m _ 

qloris atomebis saerTo ricxvia, romelic, rogorc wesi, 4-dan 8-mde icvleba. 

garemoSi dioqsinebi yovelTvis konhenerebis (izomerebis) rTuli narevis saxiTaa. 

 

dioqsinebis, rogorc toqsikuri naerTebis istoria 1971 wlidan iwyeba, rodesac aSS-is 

misuris Statis erT-erT patara qalaqSi, Taimz biCSi doRis win ipodromis gruntze, amtverebis 

Tavidan asacileblad, 10 m3 teqnikuri zeTi moasxures. doRidan erTi kvirac ar iyo gasuli, rom 

ipodromis teritoria daxocili frinvelebiT daifara. erTi Tvis ganmavlobaSi daiRupa 

ipodromze moaspareze cxenebis didi nawili, iq mobinadre Sinauri cxovelebi, mZimed 

daavaddnen Jokei da ramdenime mcirewlovani mayurebeli. amis Semdeg xelisuflebam momxdaris 

mizezis dasadgenad specialuri gamokvleva Caatara. aRmoCnda, rom yvelaferi swored im zeTma 

gamoiwvia, romelic doRis win gamoiyenes. es zeTi warmoadgenda 2,4,5-triqlorfenolis 

warmoebis narCens da didi raodenobiT Seicavda dioqsinebs. am naerTebis koncentraciam 

ipodromis niadagSi 30_50 mk/kg-s miaRwia. sul ramdenime wlis Semdeg (1976 w.) italiis qalaq 

sevezoSi qimiuri qarxnis teqnikuri avaria did katastrofaSi gadaizarda. afeTqda danadgari, 

romelSic iyo teqnikuri 2,4,5-triqlorfenoli dioqsinis minareviT. amis Sedegad 5 kg-mde 

dioqsini 30 km2-ze gavrcelda, daixoca 80 aTasamde Sinauri frinveli da cxoveli, xeli-

suflebas mouxda 200 aTasi tona saxnavi miwis eqskavacia da mocileba. 

Taimz biCis SemTxveva imiTac iyo mniSvnelovani, rom gairkva dioqsinebis warmoqmnis meqa-

nizmi. saqme imaSia, rom 2,4,5-triqlorfenoli warmoadgens Sualed naerTs defoliantis _ 2,4,5-T-s sinTezSi. aRmoCnda, rom rogorc 2,4,5-triqlorfenoli, aseve 2,4,5-T advilad garda-

iqmnebian dioqsinis erT-erT konhenerad _ 2,3,7,8-tetraqlordibenzo-p-dioqsinad (nax. 1.5). 
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amitom es pesticidebi yovelTvis saSiSi raodenobiT Seicaven dioqsins, romelic maTTan 

SedarebiT 500 aTasjer ufro metad toqsikuria. amis samwuxaro dadasturebaa vietnamis omis 

dros amerikis armiis mier gamoyenebuli "narinjisferi reagenti", romelic 2,4,5-T-sTan erTad 

dioqsinebsac Seicavda. mas asxurebdnen vertmfrenebidan gauval da daburul tyeebs, rom-

lebSic vietnameli partizanebi imalebodnen. omis Semdeg TviT amerikul armiaSic mravali 

jariskaci aRmoCnda dioqsiniT mowamluli, vietnamis niadagi ki dResac dabinZurebulia am 

toqsikantebiT. OH
ClCl

Cl O
O

Cl
Cl

Cl
ClOH

Cl Cl
Cl

2,4,5-triqlorfenoli

+ 2 HCl
2,3,7,8-tetraqlordibenzo-

p-dioqsini
 

nax. 1.5. 2,3,7,8-tetraqlordibenzo-p-dioqsinis warmoqmna 2,4,5-triqlorfenolidan. 

 

dioqsinebis ZiriTadi wyaroebia qimiuri sawarmoebi, romlebic qlors, qlororganul pes-

ticidebs, poliqlorbenzolebs, qlorirebul alkanebs da alkenebs awarmoeben. qloris eleq-

troqimiuri warmoebisas naxSiris anodis, qlorisa da haeris Jangbadis urTierTqmedebisas war-

moiqmneba dioqsini, romelic minarevis saxiT Sedis im gazSi, romliTac xdeba qlorireba.  

amitom wylis qlorireba yvelaze metad iwvevs dioqsiniT dabinZurebas.  

dioqsinebiT garemos dabinZurebis intensivobis mixedviT meore adgilzea celuloza-

qaRaldis warmoeba. celulozis warmoebaSi aucilebel etaps warmoadgens qloriani reagente-

biT merqnis damuSaveba, risi mizanic ligninis fenoluri fragmentebis mocilebaa. am dros sak-

mao raodenobiT dioqsinebi warmoiqmneba. igive xdeba qaRaldis warmoebisas, rodesac qlori an 

qloris naerTebi maTeTrebel agentebad gamoiyeneba.  

atmosferoSi dioqsinebis emisiis mizezs xSirad is maRaltemperaturuli qimiuri procese-

bi warmoadgens, romlebSic qloris Semcveli organuli da araorganuli naerTebi monawileo-

ben. aseT procesebs miekuTvneba, mag., sayofacxovrebo nagvis wva. dioqsinebis wyaroa saavtomo-

bilo transportic, risi mizezic 1,2-diqloreTania, romelsac umateben sawvavs, raTa Sem-

cirdes tyviis naerTebis gamoleqva eTilirebuli benziniT momuSave Zravis Sida detalebze.  

gansakuTrebiT saxifaTo dioqsini, romelic garemoSi SeiZleba yvelgan gavrceldes, aris 2,3,7,8-tetraqlordibenzodioqsini (TCDD).  

O
O Cl

ClCl
Cl 1 2

34567
8 9 10

TCDD 
cnobilia sxva dioqsinebic. arsebobs agreTve poliqlorirebuli dibenzofuranebi, ro-

melTac aseve toqsikuri Tvisebebi gaaCniaT. TCDD da dibenzofuranebi specialurad ar iwar-

moeba. isini, rogorc wesi sawarmoo procesis araswori warmarTvis Sedegad warmoiqmneba, mag., 

heqsaqlorofenis an 2,4,5-triqlofenoqsiZmarmJavas sinTezisas.  

haerze TCDD sakmaod mdgradia. misi naxevardaSlis periodi 2_3 wels Seadgens. lipofiluri 

bunebis gamo TCDD organizmis cximovan qsovilSi grovdeba. misi koncentracia aq garemoSi ar-

sebuls SeiZleba 10_20000-jer aRematebodes. ukve es garemoeba am jgufis naerTTa potenciur 

safrTxeze miuTiTebs. TCDD-sTan dakavSirebuli ubeduri SemTxvevebi yovelTvis mwvave mowamvlebad ganixileba. am 

dros mZimed ziandeba RviZli, rasac Tan sdevs parenqimuli ujredebis masiuri daSla da 

sisxlZarRvebSi naRvlis wvenis gadasvla. amas SeiZleba cnobierebis Rrma dakargva (koma) da 

sikvdili moyves. 
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dadgenilia, rom dioqsinebi srulad iSlebian 600°C-ze. es ki mxolod im SemTxvevaSia SesaZ-

lebeli, Tu wvisas ar warmoiqmneba naxSiris mtveri, romelic dauwvav naxSirbads Seicavs. sawvav 

danadgarebSi momuSave eleqtrofiltrebi unda muSaobdnen 250°C-ze dabal temperaturaze, 

raTa Tavidan iqnas acilebuli dioqsinebis kvlavwarmoqmna. eleqtrofiltrebSi darCenili na-

cari ki 600°C-ze xelaxal damuSavebas moiTxovs. 

dioqsinebi sxva poliqlorirebuli naerTebis msgavsad garemoSi abioturi da bioturi gar-

daqmnebis mimarT Zalian maRali mdgradobiT gamoirCevian. cocxal organizmebze zemoqmedebis 

xasiaTis gaTvaliswinebiT dioqsinebi garemosa da adamianis janmrTelobisaTvis realur 

safrTxes warmoadgenen. 

dioqsinebs uZlieresi kancerogenuli efeqti gaaCniaT. kanze moxvedrisas isini iwveven 

qloraknes _ daavadebas, romelic gamoixateba kanis gansakuTrebiT mZime dazianebebiT, ris Se-

degadac didxans Seuxorcebeli wylulebi Cndeba. dioqsinebi agreTve iwveven daavadebebs, 

romlebic azianeben endokrinul sistemebs, arRveven sqesobriv ganviTarebaSi monawile 

jirkvlebis funqcionirebas, azianeben nayofis nervul sistemas da damRupvelad moqmedeben 

embrionis ganviTarebaze. dioqsinebis gavleniT organizmSi viTardeba imunodeficiti, ris Se-

degadac imatebs infeqciuri daavadebebis mimarT mgrZnobiaroba. 

dioqsini, rogorc Sxami, araa Zlier swrafi moqmedebis mqone, magram Tu mas sxva cnobil Sxa-

mebs SevadarebT (minimaluri letaluri dozis mixedviT), naTeli gaxdeba, ramdenad maRalia mi-

si toqsikuroba (cxrili 1.3).  

 

cxrili 1.3 

saerTo toqsikurobis maCvenebeli zogierTi cnobili SxamisaTvis 

 

Sxami saerTo toqsikuroba, moli/kg 

botulizmis toqsini 3.3 · 10  

difteriis toqsini 3.0 · 10  

dioqsini 3.0 · 10  

kurares (tropikuli bayayis) Sxami 7.2 · 10  

striqnini 1.5 · 10  

zomani (sabrZolo momwamlavi naerTi) 1.6 · 10  

kaliumis cianidi 3.1 · 10  

 

niadagis zogierTi mikroskopuli soko da aqtinomiceti dioqsinebis mimarT gansakuTrebiT 

maRali mgrZnobiarobiT gamoirCeva. niadagSi am mikroorganizmebis ararseboba SeiZleba ga-

moyenebul iqnas dioqsinebiT dabinZurebis bioindikaciisaTvis. 

dioqsinebTan erTad gansakuTrebiT maRali toqsikurobiT poliqlorirebuli aromatuli 

naerTebis kidev erTi jgufi gamoirCeva. esenia poliqlorirebuli bifenilebi (maT aRniSnaven, 

rogorc PCBs – Polychlorinated Byphenils) (nax. 1.6), romlebic aerTianeben 200-ze met uaRresad 

toqsikur naerTs. yvela poliqlorirebul bifenils axasiaTebs maRali Termomedegoba, isini 

ar iwvis da swored am Tvisebebis gamo gamoiyeneba eleqtroteqnikaSi, poligrafiaSi, qaRaldis, 

melnebis da saRebavebis warmoebaSi. es naerTebi aalebis sawinaaRmdego danamatebis saxiT Sedis 

transformatorebis da teqnikur zeTebSi, sxvadasxva siTbogadamcem siTxeebSi, plastmasebSi, 

SesafuT masalebSi, pesticidebSi da a.S. 

ClyClX  

nax. 1.6. poliqlorirebuli bifenilebis zogadi formula. mag., aroqlor-1254-Si qloris 

atomebis jamuri raodenoba x+y=5. 
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poliqlorirebuli bifenilebi wyalSi praqtikulad uxsnadia da duRilis maRali tempe-

raturiT xasiaTdeba. miuxedavad amisa, PCBs mainc didi raodenobiTaa gavrcelebuli garemoSi, 

rac maTi gansakuTrebiT farTo gamoyenebiTaa ganpirobebuli. poliqlorirebuli bifenilebis 

warmoeba da gamoyeneba sul ufro izRudeba, magram isini mainc sakmaodaa dagrovili niadagSi 

da sedimentebSi, saidanac haersa da wyalSi vrceldebian. uaRresad maRali qimiuri sta-

bilurobis gamo es toqsikantebi didxans rCeba garemoSi ucvleli saxiT, xolo maRali 

lipofilurobis gamo advilad biokoncentrirdebian mcenareul da cxovelur qsovilebSi, 

saidanac kvebiT jaWvSi xvdebian da did safrTxes uqmnian adamianis janmrTelobas.  

poliqlorirebuli bifenilebis mdgradobas, upirveles yovlisa, halogenis atomebi gana-

pirobeben. qloris 30%-ze naklebi masuri Semcvelobis bifenilebi SedarebiT naklebad mdgra-

dia, amitom isini ufro advilad degradirdeba da gamoidevneba organizmidan, vidre is 

bifenilebi, romelTa molekulebSic qlori masis aranakleb 60%-s Seadgens.  

qloris SemcvelobasTan pirdapir kavSirSia poliqlorirebuli bifenilebis toqsikurobac. 

kanze moxvedrisas isini iwveven qloraknes, xolo organizmSi SeRwevisas azianeben RviZls, 

nervul sistemas, cvlian sisxlis Sedgenilobas. poliqlorirebul bifenilebs mkveTrad gamo-

xatuli kancerogenuli Tvisebebi axasiaTebT.  

poliqlorirebuli bifenilebis likvidacia Zalian Znelia. maTi mocilebis yvelaze gavr-

celebuli xerxia incineracia, anu maRal temperaturaze dawva, magram amisaTvis, sul cota, 1200°C temperaturaa saWiro. rac Seexeba garemos remediaciis biologiur meTodebs, sadReisod 

isini naklebad efeturia poliqlorirebul bifenilebTan mimarTebaSi. iseve rogorc dioq-

sinebis SemTxvevaSi, am naerTebis mineralizaciisaTvisac aucilebelia Tavdapirvelad moxdes 

anaerobuli dehalogenireba, rom bifenilebis aromatuli birTvebi xelmisawvdomi gaxdes im 

JangviTi fermentebisaTvis, romlebsac toqsikantis naxSirbadovani ConCxis darRveva da 

standartul ujredul metabolitebad misi unificireba SeuZliaT. aseTi mikroorganizmebisa 

da mcenareebis Sesaxeb sadReisod Zalian mwiri informacia arsebobs, da cxadia, naklebadaa 

SemuSavebuli Sesabamisi bio- da fitoremediaciuli teqnologiebic. yovelive amis gamo poli-

qlorirebuli bifenilebi garemos dambinZurebel naerTTa im kategorias miekuTvneba, 

romlebic ueWvelad unda amoiRon xmarebidan. 

policikluri aromatuli naxSirwyalbadebi (PAHs) mravali TvisebebiT emsgavsebian PCBs-s: 

isinic wyalSi TiTqmis uxsnadebia, aqvT duRilis maRali temperatura da Znelad iSleba. miuxe-

davad amisa, am nivTierebebs farTo gamoyeneba aqvT. ZiriTad naerTs benz(a)pireni warmoadgens: 

benz(α)pireni

struqturaSi "CaRrmaveba"

 
sxva mniSvnelovani warmomadgenlebia: 

 

CH3

CH3

CH3

1,2-5,6-dibenzantraceni 7,12-dimeTilbenzatraceni 3-meTilqolantreni
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yvela am nivTierebas molekulis struqturaSi gaaCnia “CaRrmaveba”, e.w. “Bay”-olqi, rac mra-

vali kancerogenuli naerTisTvisaa damaxasiaTebebli. maTTvis samuSao adgilze maqsimaluri 

koncentraciis normativis nacvlad iyeneben teqnikurad dasaSveb koncentracias. PAHs mravali bunebrivi produqtis SemadgenlobaSi Sedian da haerSi maTi wvis Sedegad ga-

moiyofian. am jgufis warmomadgenlebs SeiZleba SevxvdeT fisebSi, WvartlSi da bitumSi. isini 

gamoiyofian niadagis huminuri komponentebidanac. Sedian Sidawvis Zravebis gamonabolqvebSi 

da gamTbobi danadgarebidan wvis Sedegad gamoyofil produqtebSi. garda amisa, maT Seicavs 

Tambaqos kvamli da sxva mravali produqti. sistematuri warmoqmnis gamo arsebobs haerSi, 

wyalSi da niadagSi PAHs-is dagrovebis garkveuli safrTxe. am nivTierebaTa daSlis Sesaxeb 

gansxvavebuli mosazrebebi arsebobs. wylovan garemoSi maTi toqsikuroba 5_10 wlis ganmavlo-

baSi naxevrdeba. mikrobiologiuri daSlisas es periodi 58 dRemde mcirdeba, Tumca am drois 

ganmavlobaSi isini arasrulad iSlebian. es procesi damokidebulia rogorc niadagis mikrof-

loraze, aseve Wiebisa da sxva organizmebis cxovelmoqmedebaze, romlebic niadagis struqtu-

ras cvlian. maTi metabolizmisas (arasrulad daSlisas) naxevardaSlis saSualo dro 2-dan 700 

dRes Seadgens. niadagSi fisis xsnaris damatebisas PAHs 7 wlis ganmavlobaSi daSlis niSnebs ar 

amJRavnebs.  

cxovelebSi PAHs-is dagroveba sxvadasxvagvarad vlindeba. TevzTa erTi saxeoba maT  

mimarT midrekilebas ar iCens; sxvebs ki, mag., Wanars 76 saaTis ganmavlobaSi 2700-jeradi  

raodenobis akumulacia SeuZlia. wylis cxovelebis kvebiT jaWvebSi kumulaciuri efeqtebi ar 

gamovlenila. 

mcenareebSi PAHs-is Semcveloba mWidrodaa dakavSirebuli niadagSi maT SemcvelobasTan. 

amisaTvis aucilebelia mkacrad kontroldebodes is, rom niadagSi sasuqad ar Seitanebodes 

lami, romelic didi raodenobiT benz(α)pirens Seicavs. 

xorcis produqtebSi SeiZleba 1 mkg/kg koncentraciiT Sediodes benz(α)pireni. zRvruli 

koncentraciebi, romlebic adamianze ukve kancerogenul zemoqmedebas axdenen, jerjerobiT 

sabolood ar aris dazustebuli, radgan am nivTierebis lokaluri zemoqmedeba mxolod uSua-

lo kontaqtisas vlindeba. cxovelebze Catarebulma cdebma aCvenes, rom sxeulis sxvadasxva na-

wilze am nivTierebis funjiT datanisas aqtivobas 10_100 mkg raodenoba iCens. organizmSi PAHs-

is moxvedrisas Sesabamisi fermentuli sistemebi maTgan epoqsinaerTebs warmoqmnian, romlebic 

guaninTan reagireben. amis Sedegad ferxdeba dnm -is sinTezi da Sesabamisad adgili aqvs muta-

ciebs avTvisebiani daavadebis ganviTarebis SesaZlo SedegiT. 

gamxsnelebad da sxvadasxva sinTezebSi gansakuTrebiT xSirad gamoiyenebian qlorirebuli 

alkanebi da alkenebi. duRilis SedarebiT dabali temperaturisa da wyalSi maRali xsnadobis  

(1 g/l 25°C-ze) gamo alkilqloridebi garemoSi farTod arian gavrcelebuli. Zlier aqroladi 

naerTebi sakanalizacio sistemis betonis kedlebSi gadian da gruntis wylebSi xvdebian. imis 

gamo, rom qloralkanebsa da qloralkenebs hidrofilurTan SedarebiT hidrofobuli Tvisebe-

bi ufro Zlierad aqvT gamoxatuli, isini organizmis cximis marcvlebSi koncentrirdebian. maT 

RviZlze zemoqmedebis mixedviT or jgufad yofen (cxrili 1.4). 

RviZlze Zlier moqmedi qlorirebuli naxSirwyalbadebidan gamoirCeva tetraqlormeTani. 

am nivTierebas umTavresad ftorqlornaxSirwyalbadebis sinTezSi iyeneben. garda amisa, igi ix-

mareba cximebis gamxsnelad. mTlianad warmoebuli tetraqlormeTanis 5-dan 10%-mde garemoSi 

xvdeba. aerobul pirobebSi igi gansakuTrebiT didxans Zlebs. haerSi misi naxevardaSlis peri-

odi 60_100 wels Seadgens. msgavsi situaciaa JangbadiT mdidari wyalsatevebis zedapirul fe-

nebSi. gansxvavebul suraTs aqvs adgili anaerobul pirobebSi, roca tetraqlormeTani wyalsa-

tevebis fskerze daleqil masaSi imyofeba. lamSi misi metaboluri cvlilebebi (arasruli daS-

la) 14_16 dRis ganmavlobaSi mimdinareobs.  
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cxrili 1.4 

gavrcelebuli qloralkanebi da qloralkenebi dajgufebuli adamianis  

RviZlze momwamvleli zemoqmedebis intensivobis mixedviT 

 

RviZlze moqmedeba saxelwodeba formula 

Zlieri 

tetraqlormeTani CCl  1,1,2,2-tetraqloreTani CH HCl CHCl  1,1,2-triqloreTani CH HCl CH Cl 1,2-diqloreTani ClH C CH Cl 
SedarebiT naklebi 

triqloreTileni Cl C CHCl 
tetraqloreTileni Cl C CCl  1,1,1-triqloreTani Cl C CH  

diqlormeTani CH Cl  

 

tetrqlormeTani ar SeiZleba moxvdes wylis gamwmend nagebobebSi, radgan igi amuxruWebs 

mikroorganizmebis ganviTarebas da anelebs maT cxovelmyofelobas. adamianisaTvis damatebi-

Ti safrTxe imaSi mdgomareobs, rom narCenebSi moxvedrili es nivTiereba anaerobul pirobebSi 

qloroformad (CHCl ) gardaiqmneba, romelic narkotikuli aqtivobiT xasiaTdeba. adamianis 

janmrTelobaze pirdapiri safrTxe RviZlis paTologiur cvlilebebSia. ferment monooqsige-

nazas moqmedebiT tetraqlormeTani iSleba Cl-is atomis mocilebiT, romelic advilad war-

moqmnis radikals. Tavis mxriv triqlomeTilis radikali ujeri cximovani mJavebidan iRebs 

wyalbadis atoms da qloroformSi gadadis: 

C ClClCl Cl C ClCl Cl C ClHCl Clmonooqsigenaza (ujer cximmJavidan)H.

 
cximovani mJavas daSlis radikaluri meqanizmi imiT iwyeba, rom misi molekulidan wyalba-

dis mocilebisas radikali warmoiqmneba, romelsac dienuri konfiguracia gaaCnia. mas SeuZlia 

radikalur naxSirbadatomTan Jangbadis mierTeba hidroperoqsidis warmoqmniT. Semdgom misi 

daSla xdeba da sxvadasxva produqtebi miiReba: 

CHH CH CH CH CH CH CHH CHH CH CH CH CH CHH

C CH CH CH CH CH CH O OH
H C CH CH CH CH CH CH

HH

CH2 CHOOHC O2

CCl3 radikalTan

radikalebis Semdgomi 

warmoqmnamalonis dialdehidi

...

...

...

...

... ...

... ...
H
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cximovan mJavaTa daSlas Rrma cvlilebebi Seaqvs ujreduli membranebis fosfolipidur Se-

madgenlobaSi, rac Tavis asaxvas poulobs aramxolod TviT ujredis cvlis procesebze, aramed 

mitoqondriebis, goljis aparatisa da sxva membranuli struqturebis funqcionirebaze. amis 

Sedegad sisxlSi gadadian sxvadasxva fermentebi da amitom masSi eleqtrolitebis Semcveloba 

aRar kontroldeba. 

triqloreTileni RviZlze momwamvleli moqmedebiT xasiaTdeba. am gamxsnels umTavresad 

metalTa zedapirebis gaucximovnebisaTvis iyeneben. mTlianad warmoebuli triqloreTilenis 90%-ze meti garemoSi, ZiriTadad haerSi, nawili ki myar narCenebSi da Camdinare wylebSi xvdeba. 

aerobul pirobebSi es nivTierebac gansakuTrebiT mdgradia. zRvis wyalSi misi naxevardaSlis 

periodi daaxloebiT 90 kviraa, mtknar wyalSi ki 2.5-dan 6 wlamde xangrZlivdeba. anaerobul pi-

robebSi es periodi lamSi 43 dRemde mcirdeba. amasTan nivTierebis nawili CO -mde, anu srulad 

iSleba. niadagSi triqloreTilenis Senaxva ramdenime TviTaa SesaZlebebli. adamianze misi toq-

sikuri zemoqmedeba metaboluri gardaqmnebiTaa ganpirobebuli. monooqsigenazebis gavleniT 

igi epoqsinaerTad, xolo Semdgom triqloracetaldehidad gardaiqmneba: 

C C HClClCl C C HClClCl O C C OHClClClmonooqsigenaza

 

es aldehidi promutagenia, radgan advilad reagirebs dnm-Tan. aldehidis garda, organizm-

Si SeiZleba warmoiqmnas triqlorZmarmJava, triqloreTanoli da qloralhidrati. 

farTod gavrcelebuli vinilqloridi sawyis produqts warmoadgens polivinilqloridis 

warmoebaSi. triqloreTilenis msgavsad igi organizmSi Sesabamis epoqsinaerTsa da aldehids 

iZleva, romelTac prokancerogenuli da kancerogenuli Tvisebebi gaaCniaT. sistematuri ze-

moqmedebisas SeiZleba centraluri nervuli sistema daziandes. 

eTilenis triqloridi (Cl C CHCl) amuxruWebs mikroorganizmebis gamravlebas da uaryo-

fiTad moqmedebs wylis gamwmendi danadgarebis mwarmoeblobaze.  

mdgrad organul dambinZureblebs miekuTvneba qlororganuli inseqticidebic (ix. qveTavi 

1.2.3). 20 yvelaze saSiS naerTTa siaSi DDT me-12 adgilzea, dieldrini _ me-18, xolo qlordani _ 

me-20.  

dabinZurebis mniSvnelovnad mcire masStabebi aqvT fenolebis naerTebs. wyalSi maTi daSlis 

siCqare damokidebulia rogorc nivTierebis aRnagobaze, aseve garemo pirobebze, kerZod 

ultraiisfer gamosxivebaze, mikroorganizmebze da wyalSi Jangbadis koncentraciaze. aero-

bul pirobebSi martivi fenolebi Sesabamisi baqteriebiT srulad (sawyisi raodenobidan 96-97%) 7 dRis ganmavlobaSi iSlebian. anaerobul pirobebSi es procesi ufro Senelebulia. sas-

meli wylisaTvis miRebuli normativebi adgens fenolTa zRvrulad dasaSveb koncentracias da 

igi 0.5 mkg/l-s ar aRemateba. 

fenolebs iyeneben dezinfeqciisaTvis, agreTve weboebisa da fenolformaldehiduri pla-

stmasebis warmoebaSi. garda amisa, isini Sedis benzinis da dizelis Zravebis gamonabolqvis 

SedgenilobaSi. 

wyalSi Sereuli mavne nivTierebas miekuTvneba e.w. ligninsulfomJava, kerZod, lignin-

hidrosulfiti, romelSic ligninis propanuli jaWvis boloebi, iseve rogorc eTerebSi, 

sulfitTanaa dakavSirebuli. es produqti warmoiqmneba maRali temperaturisa da wnevis 

pirobebSi kalciumis hidrosulfitiT merqnis damuSavebisas. am reaqciis Sedegad maRal-

molekuluri lignini wyalSi xsnadi formiT gadadis da amgvarad SeiZleba gancalkevebul iqnas 

celulozisagan. garda amisa, merqnisagan gamoyofen hemicelulozas da Saqars. 1 t celulozis 

damzadebisas merqnis daaxloebiT aseTive raodenobis sxva Semadgeneli nawilebi anarCenebis 

saxiT xsnarSi rCeba. imdros rodesac hemiceluloza (heqsozani da pentozani) da Saqrebi 

mikrobiologiuri gziT SedarebiT swrafad iSleba, ligninsulfonmJava Zlier nela iSleba da 
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am procesSi ZiriTad rols sokoebi, mag., Sphaerotilus da sxv. asruleben. ligninsulfonmJavas 

mavne moqmedeba upirvelesad imaSi mdgomareobs, rom igi zrdis wylis siblantes da moqmedebs 

mis sunze, ferze da gemoze. am nivTierebis daSla mravali kviris ganmavlobaSi grZeldeba da 

amdenad, celulozis warmoebis Camdinare wylebi dabinZurebis xangrZliv wyarod ganixilebian. 

mSrali ligninsulfomJava SeiZleba daiwvas, magram am dros didi raodenobiT SO  warmoiqmneba, 

romelic, Tavis mxriv, calke mocilebas moiTxovs. 

 
 

1.2.5 zedapirulad aqtiuri naerTebi 

 

organul nivTierebaTa did jgufs, romlebic gansakuTrebiT wylebis dabinZurebasTan 

dakavSirebul problemebs qmnian, zedapirulad aqtiuri nivTierebebi (zan) da detergentebi 

(tenzidebi) miekuTvnebian. am nivTierebebs ZiriTadad gamrecx saSualebebad iyeneben, xolo 

zogierTi maTgani pesticidad gamoiyeneba. zan-is komerciuli preparatebi Cveulebriv erT an 

ramdenime zedapirulad aqtiur agentTa jgufs da ramdenime SemakavSirebel komponents 

Seicaven. ZiriTadi Tvisebebis ganmsazRvreli jgufebi or funqcias asruleben: amcireben im 

siTxis zedapirul daWimulobas, romelSic isini ixsnebian da mosacilebel dambinZurebel 

nawilakebTan stabilur emulsias an suspenzias warmoqmnian; garda amisa, isini amcireben wylis 

sixistes masTan tute xsnaris warmoqmnis gamo da am ukanasknelSi (darbilebul wyalSi) gan-

sakuTrebiT efeqturad mJRavndeba zan-is zedapirulad aqtiuri jgufebis Tvisebebi. zan-is 

gamoyenebas Tan axlavs didi raodenobiT qafis warmoqmna, ris gamoc samrewvelo sawarmoebSi da 

yofa-cxovrebaSi maTze gazrdilma moTxovnilebam mdinareebSi da wyalsatevebSi qafis 

dagroveba gamoiwvia, xolo toqsikurobam Tevzeulis masiuri mospobis safrTxe warmoSva. 

zedapirulad aqtiuri da damkavSirebeli komponentebis garda sarecxi saSualebebi 

maTeTrebel da elvarebis mimniWebel nivTierebebsac Seicaven. maTeTreblebi Seferil niv-

Tierebebs Jangaven, romlebic xSirad ufro ukeT xsnadebi an sustad adsorbirebulni arian da 

amdenad maTi mocileba advilia. gaTeTreba aumjobesebs gasufTavebuli sagnis garegnobas. 

nawarms elvarebas sZenen mafluorescirebadi saRebavebi, romlebic teqstilze daitanebian. 

isini ultraiisfer sxivebs xilulad gardaqmnian da amis Semdeg rogorc TeTri, aseve Seferili 

qsovilis amreklavi unari umjobesdeba. sasurveli Tvisebebis misaniWeblad zan-is Semad-

genlobaSi SeiZleba CarTuli iqnan sxva mdgenelebic (fermentebi, koroziis inhibitorebi, 

sunamoebi da sxv.). 

qimiuri TvalsazrisiT zan gansxvavebuli qimiuri Senebis hidrofiluri da hidrofobuli 

ubnebis matarebel organul nivTierebebs warmoadgenen. zedapirulad aqtiur agentebs Ziri-

Tadad 3 jgufad yofen. esenia:  

_ anionuri 

R S OO
O  

Na+_ R S OO
O  

Na+_
alkilbenzosulfonati xazovani alkilbenzosulfonati(ABC) (LAC)

 

_ kationuri 

R N RR
R  

_+"'
''' X  
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meoTxeuli amoniumis marili, sadac R, R’ da R” _ alkiluri radikalebia, R’’’ _ aromatuli nax-

Sirwyalbadi, X _ halogeni an mJavuri naSTia. polarul komponentad alkilamoniumis naerTebi 

dadebiTad damuxtul, mesameuli aminis jgufs Seicaven. amitom maT inversiuli sapnebis saxel-

wodeba aqvT da baqtericidul moqmedebas avlenen. 

_ araionogenurebi 

(CH2)3 O O (CH2)20CH3 OC2H5  
araionuri bunebis naerTebSi _ polioqsieTilenebSi molekulis hidrofiluri nawili 

spirtuli jgufebis (_OH-is) xarjze iqmneba. polioqsieTilens SeuZlia warmoqmnas rTuli eTe-

ri cximovan mJavasTan, an martivi eTeri _ maRalmolekuluri spirtis naSTTan. R CH CH O H 

sadac R _ cximovani mJavas, an maRali rigis spirtis naSTia. 

yvelaze gavrcelebul zan-s alkilsulfonatebi miekuTvnebian, romlebSic gogirdmJavas 

naSTi hidrofilur ubans qmnis:  CHSO3_R1 R2  1950 wlidan upiratesoba iseT zan-ebs eniWebaT, romlebic biologiuri faqtorebiT iSle-

bian. aseTebi araganStoebuli jaWvis mqone tenzidebi, kerZod araionuri detergentebi da al-

kilbenzosulfonatebi aRmoCndnen. CH CH C H SO R  

molekulaSi jaWvebis bioturi daSla β-Jangvis meqanizmiT, anu ZmarmJavas naSTebis mocile-

bis gziT xorcieldeba. cxadia, sasurvelia biogenuri warmoSobis iseTi tenzidebis Zieba, rom-

lebic swrafad da SeZlebisdagvarad srulad iSlebian. 

konkretuli gamrecxi saSualebis SerCevisas mxedvelobaSi iReben maTi gamoyenebis tipis  

savaraudo pirobebs; hidrofiluri boWkoebi (bamba, Sali, abreSumi) anionur zan-Tan arian Se-

Tavsebadi; poliamiduri da polieTeruli boWkoebi hidrofobulebia da amitom mxolod araio-

nogenuri zan-iT irecxebian.  

xvdebian ra Camdinare wylebSi, zan-ic da SemkavSirebeli agentebic maT dabinZurebas iwve-

ven. aseTi dabinZurebis Tanmxlebi problemebi sabolood jerac ar aris gadawyvetili. gamov-

lenilia am problemaTa mxolod zogierTi aspeqti, romelic zan-isa da sxva anionaqtiuri 

agentis daSlis uaRresad dabal siCqares ukavSirdeba. aRniSnaven, rom zan-is mdgradi naerTe-

bis moqmedebiT qveiTdeba biologiuri filtrebis efeqturoba. 

gamoyenebis raionebSi mZime zan-is Semcveli Camdinare wylebi veberTela qafis “qudebs” 

ikeTeben. maTi mocilebis mizniT Secvlil iqna zan-is qimiuri struqtura, ramac isini daSli-

sadmi ufro “damyolni” gaxada. gansakuTrebuli mniSvneloba SeiZina zan-Si Semavalma poli-

fosfaturma SemkavSirebelma agentebma. sarecx saSualebaTa fosforuli komponentebi advi-

lad hidrolizdebian aratoqsikur monofosfatebad: P O 2H O→2HPO H P0    (1.1) 

warmoqmnili hidrolizis produqtebi adamianisa da wyalSi mcxovrebi organizmebisaTvis 

safrTxes ar warmoadgenen. miuxedavad amisa, aucilebelia gaTvaliswinebul iqnas fosfatebis 

zemoqmedeba mcenareze. es nivTierebebi misTvis sakveb garemos qmnian da zrdis stimulatorebs 

warmoadgenen. wyalmcenareebis gaZlierebuli zrda ki sagrZnob problemebs qmnis, rac imaSi ga-
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moixateba, rom adre arsebuli sufTa wyalsatevebi mcenareTa sikvdilis Semdeg maTi lpobis 

produqtebiT binZurdebian. am dros wyali JangbadiT Raribdeba, rac Tavis mxriv auaresebs mas-

Si sicocxlis sxva formaTa arsebobis pirobebs. aRniSnulTan dakavSirebiT Catarebulia samu-

Saoebi SemkavSirebeli agentis Secvlis mizniT. fosforSemcveli SemkavSirebeli agentis nawi-

lobrivi an sruli SecvlisaTvis mravali komponenti iqna gamocdili. aucilebel pirobad miC-

neuli iyo fosfatebisaTvis damaxasiaTebeli Tvisebebis (aratoqsikurobis, araagresiulobis, 

koroziuli zemoqmedebisadmi mdgradobis da sxv.) SenarCuneba. am mxriv yvelaze perspeqtiuli 

natriumis nitrilacetati aRmoCnda. 

CH2 CO ON CH2 C OOCH2CONaO_+ __NaNa++ 
natriumis nitrilacetati 

 

es nivTiereba karg SemkavSirebel Tvisebebs avlens da mas tripolifosfatebTan aaxlovebs; 

garda amisa biologiurad advilad iSleba da misi warmoeba arc Tu Zviria. samagierod Zlier 

higroskopulia da amis gamo Senaxvisas notivdeba da fuWdeba. amgvarad, vidre ar moinaxeba 

ukeTesi SemakavSirebeli agenti, zan-is SemadgenlobaSi polifosfatebis Setana mainc ZalaSi 

rCeba.  

 

 

1.2.5.1 organuli gamxsnelebi, gamwmendi da sarecxi saSualebebi 

 

Zveli saRebavebis mosacileblad iyeneben gamxsnelebs, romlebic diqloreTans, tuteebs da 

WianWvelmJavas Seicaven. es nivTierebebi kans azianebs da Znelad mosarCen wylulebs aCens. or-

ganizmSi fenolis moxvedram SeiZleba RviZlisa da Tirkmelebis dazianeba gamoiwvios. garkveul 

toqsikur zemoqmedebas avlens diqlormeTanic. am nivTierebis orTqlis xangrZlivi SesunTqvi-

sas nervuli sistemis degeneraciuli cvlilebebi aRiniSneba. diqlormeTanis gansakuTrebuli 

saSiSroeba misi Jangvisas fosgenis (COCl ) warmoqmnaSi mdgomareobs. igi Zlier momwamvleli 

nivTierebaa. amdenad, gamxsnelebTan muSaobisas sxvadasxva mowamvlis saSiSroeba arsebobs da am 

naerTebiT sargebloba mxolod kargad ganiavebad SenobebSi SeiZleba. 

naduRebis mosacilebeli saSualebebi ZiriTad komponentebad iseT mJavebs Seicaven, rogo-

rebic marilmJava, sulfaminmJava da WianWvelmJavaa. uyuradRebo moqcevisas SeiZleba xelebze 

Zlieri qimiuri damwvrobis miReba. saSiSroeba mniSvnelovnad mcirdeba Rvinis an limonmJavas 

gamoyenebisas. amasTan, es ori mJava ekologiurad uxifaToa, radgan wyalSi isini mikroorganiz-

mebiT swrafad da srulad iSleba. 

tyavis nawarmebis dasafarad gamoyenebuli aerozolebi organul gamxsnelebTan erTad Sei-

caven cvils da silikonis zeTs. aerozolis xangrZlivi SesunTqvis Semdeg SeiZleba adgili 

hqondes sunTqvis gaZnelebas, gulisrevas, Tavbrusxvevas da gonebis droebiT dakargvas. cal-

keul SemTxvevebSi SeiniSneba tuCebis galurjeba da filtvebSi sisxlCaqcevebi. amasTan ar ar-

sebobs erTiani mosazreba aseTi simptomebis ganviTarebaSi silikonis zeTis rolze. 

sarecx saSualebebSi damJangav wyarod, romelic Jangbads gamoyofs, herbicids (NaH BO ) 

iyeneben. momxmareblis gaufrTxileblobis SemTxvevaSi es nivTiereba Tu saWmlis momnelebel 

traqtSi moxvdeba, igi advilad Seiwoveba nawlavis kedliT, ris Sedegadac SeiZleba sisxlis mo-

Zraobis fiziologiuri darRveva moxdes, an moiSalos Tirkmlisa da centraluri nervuli sis-

temis funqcia. recxvisas gamoyenebul maTeTreblebs aseve SeuZliaT toksikuri moqmedebis ga-

momJRavneba, Tu isini natriumis hipoqlorits (NaOCl) Seicaven. am nivTierebas kanis adgilobri-

vi gaRizianeba SeuZlia. 
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sarecx saSualebebSi arsebul SemkavSirebel komponentebs xist wyalSi arsebul kalciumisa 

da magniumis ionebTan, agreTve safeiqro nawarmSi (gansakuTrebiT bambaSi) arsebul myar dambin-

ZureblebTan urTierTqmedeba SeuZliaT. am ukanasknelebs miekuTvneba, agreTve, adamianis sxe-

ulis gamonayofebi (ofli), garqovanebuli kani, sakvebis narCenebi, Wvartli, mtveri da sxv. 

yvelaze gavrcelebul SemkavSirebel agents warmoadgens polifosfitis narevi natriumis 

tripolifosfatTan (Na P O ), romelSic aqtiuri SemkavSirebeli agenti P O -is ionia. 

profesiuli qimiuri wmendisas qsovilebs organuli gamxsnelebiT amuSaveben. am dros 

ftorqlornaxSirwyalbadebTan erTad tetraqloreTilens (perqloreTilens), 1,1,1-triqlor-

eTans, triqloreTilens da zogierT sxva gamxsnels iyeneben. xmarebis Semdeg maTi mniSv-

nelovani raodenoba garemoSi xvdeba da Zlieri lipofilurobis gamo cocxali organizmebis 

cximovan qsolilSi grovdeba. CamoTvlil nivTierebebs garkveuli doniT kancerogenuli aqti-

vobac gaaCnia. tetraqloreTilenisaTvis monacemebi miRebulia Tagvebze da virTagvebze. radi-

kalebis warmoqmnis gziT am nivTierebam SeiZleba toqsikuri zemoqmedeba RviZlze moaxdinos. 

garda amisa ziandeba Tirkmelebi da centraluri nervuli sistema. tetraqloreTileni toqsi-

kur zemoqmedebas avlens mikroorganizmebis mimarTac. es garemoeba mxedvelobaSi unda iyos 

miRebuli Tundac imitom, rom am nivTierebis daSlis naxevarperiodi aerobul pirobebSi cxra 

Tves aRwevs.  

laqebisa da saRebavebis damzadebisas gamoyenebuli gamxsnelebidan adamianis organizmze 

yvelaze metad toluoli, qsiloli da sxva alkilbenzolebi moqmedeben. am nivTierebebs SeuZ-

liaT gamoiwvion saerTo sisuste, gulis reva, Tavis tkivilebi, organizmSi isini swrafad hi-

drolizdeba, uerTdeba gogirds an glukuronmJavas da TirkmelebSi grovdebian. bunebriv ga-

remoSi organuli gamxsnelebi maSin xvdebian, roca isini mSeneblobaSi SesaRebad an quCebSi sa-

markero niSnebis dasatanad gamoiyenebian. cudi xsnadobis miuxedavad, haerSi aorTqlebisas 

isini wvimebTan da nislebTan erTad wyalSi da niadagSi xvdeba. 

Zlier toksikuri moqmedeba gaaCniaT nivTierebebs, romlebic merqnis dasacavad an gasa-

JRenTad gamoiyenebian. zogierTi maTgani fungicidur da inseqticidur Tvisebebsac amJRav-

nebs. merqnis dacvaSi gamxsnelad xmaroben qsilols da benzins. wyalSi xsnadi saSualebebidan 

merqnis dacvaSi mniSvnelovani roli dinitrofenols ekuTvnis. es nivTiereba kargad sorbir-

deba organizmis mier da arRvevs JangviT fosforilebas (ATP-s sinTezs). am efeqtis garda Sei-

niSneba Tirkmelebis da RviZlis dazianeba, rasac SeiZleba letaluri Sedegi hqondes.  

 

 
1.2.6 kosmetikuri da higienuri saSualebebi 

 

sameurneo wmendis an recxvis saSualebebTan SedarebiT kosmetikisa da higienur saSua-

lebaTa Soris toqsikuri preparatebi gacilebiT iSviaTad gvxvdeba. miuxedavad amisa, aqac 

arian nivTierebebi, romlebTan mopyrobasac saTanado sifrTxile esaWiroeba. samagaliTod 

SeiZleboda piradi higienis sagnebi dagvesaxelebina. 

abazanisTvis gankuTvnili preparatebSi, qafis warmomqmnelebSi da sxva kosmetikur sa-

SualebebSi SeiZleba iseTi sinTeturi saSualebebi Sediodes, rogoric eTanolaminia 

(HOCH CH NH ). SesunTqvisas es nivTiereba, romelsac amoniakis msubuqi suni aqvs, aRizianebs 

sasunTq gzebsa da Tvalebs. xangrZlivi (erT saaTze meti) zemoqmedebisas kani gawiTlebas 

iwyebs. am dros preparati nawilobriv sxeulzea sorbirebuli, xolo pirSi moxvedrisas Rizian-

deba cxvirxorxis lorwovani garsi. 

dasabani wylisaTvis aromatis misacemad fiWvis eqstraqtis gamoyenebisas xSirad SeiniSneba 

intoqsikaciis SemTxvevebi, radgan es eqstraqti damaxasiaTebel komponentebs, kerZod mono-

terpenebs Seicavs. maTgan mniSvnelovania α-pineni: 
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CH3 CH3CH3
α-pineni  

pirdapiri kontaqtisas es terpeni kans aRizianebs, xolo xangrZlivi Sexebisas “keTilTvise-

biani” wylulebi Cndeba. misi SesunTqvisas an peroraluri kontaqtisas SeiniSneba sisuste, ner-

viuloba, gulis cemis momateba, mZime SemTxvevebSi ki Tirkmelebis gaRizianeba da filtvebis 

anTeba. 

Tmebis qimiuri daxvevisas disulfiduri xidakebis warmosaqmnelad iyeneben merkaptanul 

naerTebs, kerZod amoniumis Tioglikolats (HSCH COONH ). misi mcire koncentraciebis 

(~0.04%) drosac ki SeimCneva kanis gaRizianeba. Tmebis qimiuri daxvevisas da SeRebvisas xSirad 

xmaroben wyalbadis peroqsids, romelic agreTve iwvevs kanis gaRizianebas, xolo Sxefebis 

TvalSi moxvedra koniuqtivis gaRizianebas. H O -is mutagenur moqmedebaze ki aq laparaki zed-

metia, radgan ujredSi moxvedrisas igi ferment katalaziT swrafad iSleba.  

garkveul xifaTs Seicaven gamxsnelebi, romlebic frCxilebidan laqis mosacileblad moix-

marebian. maTSi ZiriTad komponentebs eTilacetati (CH COOC H ) an iSviaTad acetoni 

(CH COCH ) warmoadgens. eTilacetati kargad sorbirdeba da narkotikiviT moqmedebs. didi 

raodenobiT (bavSvebisaTvis _ 1_2 ylupi) miRebisas igi sikvdilis safrTxes qmnis. im dros, ro-

ca eTilacetati RviZlSi hidrolizurad CO -ad da H O-ad iSleba, acetonis organizmSi mox-

vedrisas 50% SardTan erTad gamoiyofa, xolo danarCeni 50% formiatad da acetatad metabo-

lizdeba. 

talkis [Mg OH Si O ] safuZvelze damzadebuli pudrebis piris RruSi moxvedra sunT-

qvis gaZnelebas, gulis cemis gaZlierebasa da xvelebas iwvevs. gansakuTrebiT saSiSia talkis 

mtvris sistematuri SesunTqva, ris Sedegadac wlebis manZilze filtvebis fibrozi da Sema-

erTebeli qsovilebis degeneracia viTardeba. aseTi viTareba iqmneba rogorc profesiuli au-

cileblobisas, aseve saojaxo viTarebaSi pudris xSiri gamoyenebisas. 

dezodorantebze damatebuli baqtericidebi Trgunaven mikroorganizmebis cxovelmoqme-

debas, romlebic oflis wveTebs Slian da xels uwyoben arasasiamovno sunis mqone intermedia-

tebis warmoqmnas. am SemTxvevaSi iyeneben heqsaqlorfenols, romelic TviTon uSualod kanze 

ar moqmedebs, magram SeiZleba kvalis saxiT Seicavdes toqsikur 2,3,7,8-tetraqlor-

dibenzodioqsins (TCDD), romelic misi sinTezisas warmoiqmneba. OH
Cl Cl

ClOH
ClCl

Cl CH2

heqsaqlorofenoli  
amdenad, es naerTi bunebrivi garemosTvis potenciur toqsikantad iTvleba. 

 

 

1.2.7 ftalatebi 

 

ftalmJavas rTuli eTerebi gamoiyenebian plastmasebis, kerZod polivinilqloridis war-

moebaSi Semarbileblad. garda amisa, maT iyeneben gamxsnelebis, sacxebi masalebis dasamzadeb-

lad da agreTve pesticidebis, laqebis da saRebavebis misaRebad. 
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O OR
O OR

ftalmJavas rTuli eTeri  
ftalatebis miRebisas iyeneben spirtebs, romelTa naxSirbadatomebis ricxvi jaWvSi erTi-

dan TerTmetamdea. plastmasebSi es eTerebi masiT 40%-s Seadgenen. garemoSi maTi farTo gavr-

celebis mizezs warmoebaSi danakargebi warmoadgens. garda amisa, droTa ganmavlobaSi isini 

plastmasebidan difundireben miuxedavad imisa, rom wyalSi umniSvnelod ixsnebian da susti 

aqroladoba axasiaTebT. aorTqleba mimdinareobs plastmasebis wvis drosac. narCenTa wvis 

siaxloves haerSi ftalatebis Semcveloba 700 ng/m3-s aRwevs. samrewvelo raionebSi maTi kon-

centracia 0.13 ng/l-s Seadgens, soflis adgilebSi ki mxolod 0.036 ng/l-ia. ftalatebi SeiZ-

leba Segvxvdes kvebis produqtebSic, Tu isini xelovnur SesafuT masalad gamoiyenebian. 

adamianis organizmSi saWmlis momnelebeli traqtiT ftalatebis moxvedrisas isini umniSv-

nelod Seiwovebian. maT SeuZliaT imoqmedon kanze da lorwovan garsze msubuqi gaRizianebiT. 

organizmze am nivTierebaTa toqsikuri moqmedeba arasakmarisadaa Seswavlili. arsebobs varau-

di, rom yvelaze gavrcelebuli dioqsiftalati (di(2-eTil-heqsil) ftalati) kancerogenuli 

zemoqmedebis unars flobs. ftalatebis mTeli jgufis maqsimaluri dasaSvebi emisiuri kon-

centracia 10 mg/m3-is tolia. mas Semdeg ki rac maT kancerogenul Tvisebebze eWvi gamoiTqva, 

rekomendebulia rom sakveb produqtebSi isini minimaluri SemcvelobiT imyofebodnen. 

ftalatebi SeiZleba daiSalon fermentulad. baqterialuri daSlisas jer Tavisufali 

ftalmJava warmoiqmneba, romelic hidroqsilirebis Semdeg birTvis gaxsniT dekarboq-

silirdeba. gardaqmnis saboloo produqtebs suqcinati an piruvati da CO  warmoadgens. bi-

ologiuri daSla SeiZleba dReebis an zogjer kvirebis ganmavlobaSi gagrZeldes.  

ftalatebis mcenareze mavne moqmedeba saboloodaa dadgenili. maTi zemoqmedebisas SeiniS-

neba qlorozebi, romlis drosac mcenareTa mwvane Seferiloba qreba. 

ftalatebTan SedarebiT bunebriv garemoze gacilebiT Zlier moqmedebas avlenen poliq-

lorirebuli bifenilebi.  

 

 

1.2.8 araorganuli qsenobiotikebi garemoSi 

 

garemos araoganul dambinZureblebs Soris SeiZleba gamovyoT ori jgufi _ airadi naerTe-

bi da mZime metalebi.  

haerSi moxvedrili zogierTi airadi nivTiereba, iseTic ki, romelic yovelTvisaa atmos-

feroSi, garkveuli koncentraciis zeviT saSiSi toqsikanti xdeba. kerZod, garemosaTvis seri-

ozuli zaralis miyeneba SeuZliaT naxSirbadis, gogirdisa da azotis oqsidebs, ozons, go-

girdwyalbads da sxv. airebs. 

 

 

1.2.8.1 naxSirbadis oqsidebi 

 

naxSirbadis monooqsidi 

naxSirbadis monooqsidi, romelic naxSirbadSemcveli naerTebis arasruli wvis dros war-

moiqmneba, erT-erTi yvelaze toqsikuri airadi dambinZurebelia. sadReisod mTels atmosfe-

roSi daaxloebiT 60 milioni tona naxSirbadis monooqsidia. SedarebisaTvis aRvniSnavT, rom es 

raodenoba haerSi naxSirbadis dioqsidis jamuri Semcvelobis meaTased nawils Seadgens. 
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naxSirbadis monooqsidis bunebrivi emisiis wyaroebia vulkanebis moqmedeba da atmosfero-

Si meTanis fotoqimiuri daJangva. CO-s anTropogenuri warmoqmna, upirveles yovlisa, sawvavis 

wvasTanaa dakavSirebuli. am mxriv avtomobili erT-erT pirvel adgilzea. Sidawvis ZravebSi 

sawvavis wvisaTvis optimaluri pirobebi mxolod garkveul samuSao reJimSi miiRweva, rodesac 

Zravis simZlavre daaxloebiT 75%-iT gamoiyeneba. CO-s gamoyofa am dros minimaluria. yvela 

danarCen SemTxvevebSi ki, gansakuTrebiT "uqm" reJimSi muSaobisas da Zravis amuSavebisas, CO-s 

Semcveloba gamonabolqvSi gansakuTrebiT maRalia. naxSirbadis monooqsidis garemoSi ga-

moyofisagan Tavis asacileblad mowinave avtomwarmoebeli kompaniebi avtomobilis mayuCSi 

amontaJeben specialur katalizatorebs, romlebic sawvavis bolomde, CO2-mde daJangvas uwyo-

ben xels.  

atmosferoSi, rogorc Ria sivrceSi, nivTierebebi swrafad gadaadgildeba da zavdeba, ami-

tom avtomobilebis gamonabolqvSi Semavali CO haerSi saSiSi raodenobiT ar unda grovde-

bodes. miuxedavad amisa, zogierT pirobebSi CO-Ti haeris lokalurma dabinZurebam SeiZleba 

gansakuTrebiT saSiS zRvrebs miaRwios. es xdeba, mag., didi qalaqebisa da avtostradebis Tavze, 

rodesac maRali atmosferuli wnevisa da temperaturuli inversiis gamo haeris masebis ga-

daadgileba izRudeba da e.w. "kanionis efeqti" iqmneba. 

adamianisaTvis naxSirbadis monooqsidi pirvel rigSi imitomaa saxifaTo, rom mas sisxlis 

hemoglobinTan dakavSirebis unari aqvs. naxSirbadis monooqsidi, Jangbadis msgavsad, hemog-

lobinis hemSi garkveul koordinaciul mdgomareobas ikavebs. CO-s mimarT hemoglobinis Tvi-

soba 200_300-jer aRemateba Jangbadis mimarT Tvisobas, amitom CO-sTan dakavSirebuli hemog-

lobini, anu karboqsihemoglobini, Jangbadis gadatanis unars kargavs, rac sabolood adamianis 

daRupvis mizezi xdeba. swored amitom naxSirbadis monooqsids "mxuTav gazsac" uwodeben. ga-

moTvlilia, rom haerSi 0.006%-is toli "mxuTavi gazis" moculobiTi koncentracia sakmarisia 

imisaTvis, rom CO sisxlis hemoglobinis naxevars SeuerTdes. es sakmaod axloa letalur do-

zasTan, romlis drosac karboqsihemoglobinis koncentracia sisxlSi hemoglobinis saerTo 

Semcvelobis 60%-s aRemateba. cxadia, haerSi naxSirbadis monooqsidi aseT koncentracias 

mxolod daxurul SenobaSi, ventilaciis ararsebobisas Tu miaRwevs. aseTi pirobebi iqmneba 

usafrTxoebis absoluturi ugulebelyofiT damontaJebuli gamaTbobeli danadgarebis 

eqspluataciis dros, rac, samwuxarod, Cvens sinamdvileSi arcTu iSviaTad xdeba. ukanasknel 

wlebSi swored "mxuTavi gaziT" mowamvla saxeldeba im tragediebis mTavar mizezad, romlebmac 

bevri Cveni Tanamemamulis, maT Soris umaRlesi saxelmwifo moRvawis sicocxlec Seiwira.  

atmosferoSi naxSirbadis monooqsidi zogierT abiotur gardaqmnas, mag., fotoJangvas eq-

vemdebareba, magram garemo pirobebis mimarT mainc sakmao mdgradobiT gamoirCeva. arsebuli 

anTropogenuri da bunebrivi wyaroebidan naxSirbadis monooqsidis uwyveti emisia atmosfero-

Si CO-s imaze ufro maRali koncentraciiT dagrovebas unda iwvevdes, vidre es faqtobrivad 

xdeba. amis mizezia umaRlesi mcenareebi, wyalmcenareebi da niadagis mikroorganizmebi, rom-

lebic CO-s fiqsacias axorcieleben. es organizmebi naxSirbadis monooqsids aminomJava seri-

nis saSualebiT ikavSireben, an CO2-mde Jangaven. 

 

naxSirbadis dioqsidi 

naxSirbadis dioqsidi, anu naxSirorJangi, normalur bunebriv pirobebSi atmosferos mo-

culobis daaxloebiT 0.03%-s Seadgens. atmosferuli CO2 niadagTan, wyalTan da cocxal orga-

nizmebTan (gansakuTrebiT, mcenareebTan) mudmiv cvlaSia, rac naxSirorJangis bunebriv wre-

brunvas qmnis. naxSirbadis dioqsidis bunebrivi emisiis wyaro mravalgvaria _ vulkanebis 

amofrqveva, sunTqvis procesi, organuli naerTebis mikrobiologiuri daSla, tyis masivebis 

xanZrebi. amas emateba didi moculobis "anTropogenuri CO2", romelic sxvadasxva saxis saTbo-

bis wvis dros gamoiyofa. cxadia, aseTi masStaburi emisia atmosferoSi katastrofuli raode-
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nobis CO2-is dagrovebas gamoiwvevda, rom ar xdebodes misi uwyveti bunebrivi fiqsacia, ro-

melic ZiriTadad fotosinTeziT, okeanis wyalSi gaxsniT, tutemiwa metalebis oqsidebis mier 

SeerTebiT da zogierTi sxva procesis saSualebiT xorcieldeba.  

naxSirbadis dioqsidis gamoyofisa da misi SeboWvis procesebs Soris dedamiwaze dinamiku-

ri wonasworuli mdgomareobaa damyarebuli, romelic materikebisa da okeanisaTvis erTnaira-

daa damaxasiaTebeli. am wonasworobis darRveva, cxadia, did safrTxes Seuqmnis planetaze sic-

ocxlis arsebobas. am mxriv uaRsesad did ekologiur problemebs qmnis, erTi mxriv, CO2-is emi-

siis zrda sawvavis SeuzRudavi raodenobiT wvis Sedegad, meore mxriv ki CO2-is fiqsaciis 

Seferxeba mcenareuli safaris Semcirebis gamo, rac Tan sdevs urbanizacias, tyeebis Cexvas  

da a.S.  

naxSirorJangis koncentraciis mateba planetis globalur ekologiur problemas _ e.w. 

"saTburis efeqts" qmnis. am efeqtis arsi SemdegSi mdgomareobs: mzis sxivebis Tburi energiis 

nawili dedamiwas aTbobs, nawili ki infrawiTeli sxivebis saxiT dedamiwis zedapiridan airek-

leba da varskvlavTSoris sivrceSi brundeba. amiT planetaze normaluri siTburi balansi 

myardeba. atomosferoSi zogierTi airi, maT Soris naxSirorJangi, am infrawiTel sxivebs 

STanTqavs, ris gamoc areklili siTbos nawili troposferoSi rCeba da kosmosSi aRar brunde-

ba. haerSi naxSirbadis dioqsidis koncentraciis kritikul donemde gazrdisas siTbos Sekave-

bis procesma SeiZleba iseTi masStabi miiRos, rom planetis siTburi balansi dairRves da de-

damiwa marTlac saTburs daemsgavsos. yovelive amas ki globaluri daTbobis gamowveva da de-

damiwisaTvis aunazRaurebeli zaralis miyeneba SeuZlia.  

dedamiwaze klimatis globaluri Secvlis problemasTan dakavSirebiT msoflios wamyvani 

saxelmwifoebis mier 1992 wels xelmoweril iqna e.w. "kiotos protokoli", romlis mixedviTac 

monawile saxelmwifoebma valdebuleba aiRes SeemcirebinaT atmosferoSi CO2-is gamoyofa da 

saxelmwifo kontrolze aeyvanaT es procesi. aqve unda aRiniSnos, rom TaTbiris monawile zo-

gierTma didma saxelmwifom xelSekrulebis dadebas Tavi aarida da mxolod didi dagvianebiT 

SeuerTda "kiotos protokols", radgan qveynis samrewvelo kompleqsebis iseT reJimze gaday-

vana, romlis drosac CO2-is emisia minimaluri iqneba, sakmaod rTuli gansaxorcielebeli da 

saxelmwifos ekonomikisaTvis Zalze araxelsayreli aRmoCnda. 

ingliselma mecnierebma 1996 wels atmosferoSi CO2-is gamoyofis Semcirebis originaluri 

meTodi SeimuSaves, romlis arsi imaSi mdgomareobs, rom navTobisa da bunebrivi gazis amoRebis 

Sedegad warmoqmnili carieli sivrce naxSirorJangis "Casamarxad" gamoiyeneba. am mizniT maT 

warmatebuli eqsperimentic ganaxorcieles _ navTobis erT-erT yofil wyalqveSa sabadoSi ma-

Rali wneviT Catumbes didi raodenobiT CO2.  

 
 

1.2.8.2 gogirdis dioqsidi 

 

gogirdis dioqsidi pirdapir toqsikur zemoqmedebas axdens organizmze. garda amisa, SO2-is 

reaqciisunarianoba bevrad ufro maRalia, vidre CO2-is. SO2-is bunebriv wyaroebs, pirvel rigSi, miekuTvnebian: vulkanebi, tyis xanZrebi, gogirdis 

Semcveli naerTebis mikrobiologiuri gardaqmnebi da sxv. atmosferoSi gamoyofili gogirdis 

dioqsidi SeiZleba SeuerTdes kiris mineralebs, ris gamoc haerSi misi mudmivi koncentracia 

narCundeba.  

atmosferoSi SO2 ucvleli saxiT saSualod ori kviris manZilze SeiZleba arsebobdes. 

drois am monakveTis ganmavlobaSi airi ver aswrebs globaluri masStabiT gavrcelebas. amitom 

SesaZlebelia, rom emisiis wyaros irgvliv SO2-ma atmosferos lokaluri dabinZureba 

gamoiwvios. 

gogirdis dioqsidi azotis oqsidebTan (NOx) erTad atmosferoSi mTel rig qimiur 
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gardaqmnebs ganicdis, maTgan mTavaria Jangva da mJavebis warmoqmna, rac e.w. "mJava wvimebs" 

iwvevs. am reaqciebis iniciacia xdeba ultraiisferi sxivebiT da isini haeris Jangbadis an 

ozonis monawileobiT mimdinareobs. 

gamoangariSebulia, rom mJava wvimebis 60_70% gogirdis dioqsidiT aris gamowveuli. SO2 da 

mJava naleqebi iwveven metalis nakeTobaTa korozias da organuli masalebis _ tyavis, qaRal-

dis, qsovilebis, rezinisa da saRebavebis daSlas. mcenareebisaTvis gansakuTrebiT toqsikuria 

hidrosulfit-ioni (HSO3-), romelic moqmedebs fosfolipidebis ujeri cximovani mJavebis 

zeJangebTan da warmoqmnis araorganul da organul radikalebs: HSO3- + RCOOH → HSO3.
 + RCO. + OH- 

es radikalebi iwvevs biomembranebis struqturis darRvevas. qloroplastebis membranebis 

dazianebisas HSO3.
 da RCO. radikalebi Jangaven da auferuleben qlorofils. garda amisa, SO2-is 

gardaqmnis produqtebi xels uwyobs citoplazmis рН-is Secvlas, kerZod, SemJavebas, rac iwvevs 

qlorofilis porfirinis birTvidan magniumis ionebis mocilebas. HSO3--is ionebi ainhibireben 

fermentebs, romlebic monawileoben kalvinis ciklSi СО2-is fotoqimiuri fiqsaciis procesSi. 

amis gamo, SО2-is moqmedebis Sedegad foToli yviTldeba da kargavs fotosinTezis unars. garda 

amisa, gogirdis dioqsidi mniSvnelovnad zRudavs ujredul membranebs Soris nivTierebaTa aq-

tiur transports, ris Sedegad viTardeba foTlebis nekrozi. 

 

 

1.2.8.3 azotis oqsidebi 

 

atmosferos aqtiuri qimiuri dambinZureblebis kidev erTi jgufia azotis oqsidebi. bune-

baSi azotis oqsidebis warmoqmna dakavSirebulia eleqtronul ganmuxtvasTan Weqa-quxilis 

dros, romlis Sedegadac haeris azotisa da Jangbadisagan jer NO, xolo Semdeg NO2 warmoiqmne-

ba. mcire raodenobiT NO2 gamoiyofa silosis fermentaciis procesSi. niadagSi Jangbadis defi-

citis dros mimdinareobs nitratebis mikrobiologiuri denitrifikacia da azotis warmoqmna. 

Sualeduri produqtebia azotis (I) da (II) oqsidebi. NO3- → NO2- → NO → N2O→ N2. 
am procesSi nitrat-ionebis siWarbe N2О-is N2-ad gardaqmnas abrkolebs da amiT xels uwyobs N2О-is gamoTavisuflebas. amitom, niadagidan gamoyofili azotis naerTebi naxevrad an metad 

azotis (I) oqsidisagan Sedgeba. 

anTropogenuri warmoSobis azotis oqsidebi ZiriTadad warmoadgenen NО-s da NО2-s, rom-

lebic warmoiqmneba saTbobis wvis dros, gansakuTrebiT 1000°С-ze ufro maRal temperaturaze. 
garemoSi NОx-is gamoyofis ZiriTadi wyaroa benzinze momuSave saavtomobilo transporti. av-

tomrewvelobis ganviTarebis mudmivi tendenciaa ZravaSi sawvavis sruli wvis pirobebis Seqmna, 

ric Sedegadac izrdeba wvis temperatura da mniSvnelovnad matulobs Zravis simZlavre. magram, 

garemosaTvis es efeqti dadebiTi araa: marTalia, gamonabolqvSi CO-s Semcveloba mcirdeba, ma-

gram am temperaturaze warmoiqmneba azotis oqsidebi da policikluri aromatuli naxSirwyal-

badebi. faqtiurad, erTi toqsikanti sxva, aranakleb toqsikuri da saxifaTo naerTebiT icvle-

ba. Sidawvis Zravebis garda, azotis oqsidebi formirdeba nitrirebis procesSi, superfosfatis 

warmoebis dros, Senadnobebis damzadebisas, azotmJavaTi metalebis gawmendisas, feTqebadi 

nivTierebebis warmoebisas da a.S. azotis oqsidebiT anTropogenuri dabinZureba kritikul 

zRvars mWidrod dasaxlebul samrewvelo qalaqebSi aRwevs. 

azotis dioqsidi (NO2) da monooqsidi (NO) mTel rig fotoqimiur reaciebSi monawileoben, 

riTac xels uwyoben ozonisa da peroqsiacetilnitratis (СН3СОО2NO2) warmoqmnas, romlebic 

smogis SemadgenlobaSi Sedian. 
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azotis monooqsidi ar aRizianebs sasunTq gzebs da amitom mas adamiani ver SeigrZnobs. 

CasunTqvisas NO hemoglobinTan warmoqmnis aramdgrad nitrozonaerTs, romelic swrafad 

gadadis met-hemoglobinSi. met-hemoglobinis Fe3+-s unari ar Seswevs О2 Seqcevadad daikavSiros 

da monawileoba miiRos Jangbadis gadatanis procesSi. sisxlSi met-hemoglobinis 60–70%-iani 

koncentracia letalur dozad iTvleba.  NO-s emisiis wyarosagan dacilebasTan erTad sul ufro meti raodenoba gadadis NO2-Si. 

miRebuli moyviTalo-mewamuli airi gansakuTrebiT Zlierad aRizianebs lorwovan garss. 

organizmSi sasunTqi gzebis lorwovan garsTan kontaqtis Sedegad azotis dioqsidisagan 

warmoiqmneba azotovanmJava da azotmJava, riTac isini Slian filtvebis alveolebis kedlebs, 

romelic gamWoli xdeba sisxlis SratisaTvis. amis Sedegad sisxlidan siTxe filtvis RruSi 

gadadis da CasunTqul haerTan Serevisas qafdeba, rac filtvsa da haers Soris aircvlas 

abrkolebs. yovelive es mniSvnelovnad zRudavs sunTqvas. organizmze aseTi zemoqmedebis gamo 

azotis oqsidebi seriozul safrTxes warmoadgenen adamianis janmrTelobisaTvis maSinac ki, 

rodesac haerSi maTi Semcveloba dasaSveb zRvarze dabalia. 

mJava wvimebis saxiT azotis oqsidebi iwveven mcenaris ujredebSi mJavianobis zrdas, rac 

seriozul zians ayenebs mcenareebs. azotis dioqsidis mcenaresTan uSualo kontaqtis Sedegad 

foTlebi (an wiwvebi) yviTldeba (an mewamul fers iRebs). es movlena Semdegi meqanizmiT 

mimdinareobs: NО2 moqmedebs membranebis ujer cximovan mJavebTan wyalbadis moxleCiT, rasac 

Tan sdevs zeJanguri Jangvis iniciacia da cximovani mJavebis an maTi hidrozeJangebis radi-

kalebis formireba (nax. 1.7). garda amisa, NО2-s SeuZlia ujeri cximovani mJavebis ormag kavSi-

rebs miuerTdes da warmoqmnas aqtiuri radikalebi. yvela es radikali, Tavis mxriv, iwvevs 

membranebis rRvevas, ujredebis nekrozs, а da b qlorofilebis feofitinebad gardaqmnas da 

karotinoidebis daSlas.  

CH2 CH2
CH2 CH2

CH CH CH CH2
H CH2 CH2

CH2 CH2
CH CH CH CH2

NO2 HNO2

O2 CH2 CH2
CH2 CH2

C CH CH CH2
O O

+

cximovani mJavas nawili cximovani mJavas radikali

hidrozeJangi

nax. 1.7. NО2-is moqmedebis 

Sedegad ujeri cximovani

mJavebidan radikalebis 

warmoqmnis meqanizmi. 

toqsikur Tvisebebs amJRavnebs ujredSi warmoqmnili azotovani mJavac. HNO2 nukleinis 

mJavas JangviT dezaminirebas axdens, mag., citozins uracilad gardaqmnis (nax. 1.8), rac muta-

genuri cvlilebebis gamomwvevia. 

N N
NH2

O R
HNO2 N N

N
O R

N OH

 

N N
OH

O R
+

_ H2O _ N2
citozini uracili

nax. 1.8. HNO2-is moqmedebiT 

citozinis gardaqmna ura-

cilad. 
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azotis oqsidebis garemoze arasasurveli zemoqmedeba arapirdapiri gziTac xdeba, kerZod, 

isini iwveven e.w. meoradi dambinZureblebis formirebas, romlebic maRali toqsikurobiT 

gamoirCevian. 

 

 

1.2.8.4 atmosferos meoradi warmoSobis dambinZureblebi 

 

ozoni 

atmosferoSi fotoqimiuri reaqciebis xarjze azotis oqsidebis koncentraciis zrdas 

ozonis molekulebis formireba mohyveba. 470 nm-mde sigrZis mzis sxivebis gavleniT dedamiwis 

zedapirTan axlos NO2 fotolizurad iSleba NO-d da atomur Jangbadad. es ukanaskneli 

inertul M nawilakebTan (am nawilakis rols ZiriTadad azotis molekula asrulebs) da 

molekulur JangbadTan urTierTqmedebiT ozons warmoqmnis (nax. 1.9a). dedamiwis zedapiris 

siaxloves myof haeris fenebSi ozoni swrafad reagirebs NO-sTan da isev sawyis produqtebs 

warmoqmnis. ase iqmneba fotolizuri cikli da myardeba wonasworoba, romelic xels uSlis О3-

is dagrovebas. 315 nm-ze ufro mokle sxivebi ozonis molekulas Slian da warmoiqmneba singleturi 

Jangbadis atomi, romelsac wylis molekulebTan urTierTqmedebisas hidroqsilis radikalebis 

(НО.) formirebis unari gaaCnia (nax. 1.9b). Semdgomi gardaqmnebi SeiZleba mimdinareobdes 

naxSirbadis monooqsidis monawileobiT, romelic НО.-radikalTan SejaxebiT warmoqmnis СО2-s 

da wyalbadis atomis radikals (Н.). es ukanaskneli ukavSirdeba molekulur Jangbads, ris 

Sedegadac formirdeba zeJanguri radikali, romelic xels uwyobs NO-s NO2-mde Jangvas. 

amrigad, fotolizuri cikli, romelic haerSi ozonis stabilur koncentracias inarCunebs, 

irRveva da iwyeba ozonis dagroveba. aqedan gamomdinare, yvela is reaqcia, romelic xels 

uwyobs NO-s koncentraciis Semcirebas da/an NO2-is gazrdas, analogiur Sedegs iZleva. 

NO2

NO O
O3

O2

COCO2

O
C O2

NO

NO2

hn
λ<470nm

M
2HO2H

M

.

.

H2O
2HOO

.

hν
λ<315nm

2O2

a b

 
nax. 1.9. azotis oqsidebis fotolizuri ciklebi.  

organizmze ozonisa da NО2-is moqmedeba erTmaneTis msgavsia. ozoni iwvevs filtvebis 

SeSupebas, xels uSlis mocimcime epiTeliumis normalur funqcionirebas, romelsac bronq-

ebidan ucxo naerTebi gamoaqvs. yovelive es kiboTi daavadebis saSiSroebas zrdis. 

umaRles mcenareebze moqmedebis mixedviT ozoni azotis oqsidebTan SedarebiT gacilebiT 

ufro toqsikuria. O3 ujreduli membranebis struqturis cvlilebebs iwvevs, ris Sedegad 

izrdeba ujredebSi wylisa da dabalmolekuluri organuli naerTebis (glukozis, organuli 

mJavebis, aminomJavebisa da sxv.) SeRwevadoba. am procesis Sedegad viTardeba mcenaris 
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daavadeba, romelic cnobilia, rogorc foTlebis vercxlisferi laqianoba. am paTologiis 

dros ujredebi nekrozdeba, irRveva asimilatebis trasportis procesi da isini im ujredebSi 

grovdeba, sadac warmoiqmneba. amis Sedegad irRveva fotosinTezi _ nikotinamiduri kofer-

mentis NADP-s aRdgenis nacvlad, sinaTlis mier agznebuli eleqtronebi warmoqmnian super-

oqsidul radikalebs, romlebic, Tavis mxriv, Jangaven askorbinis mJavas, an qmnian wyalbadis 

zeJangs. eleqtronebis erT-erT Sualedur gadamtanze _ feredoqsinze warmoiqmneba hidro-

qsiluri radikalebi, romlebic cximovani mJavebis zeJangur Jangvas inicireben, formirdeba 

Tavisufali radikalebi, romlebic Jangaven qlorofils da foTlebi uferuldeba. 

maRaltoqsikuria ozonis moqmedebis Sedegad warmoqmnili hidroqsil-radikalebic, 

romelTa moqmedebiT foTlebis an wiwvebis priala zedapirze napralebi Cndeba. mikro-

organizmebi am napralebSi advilad SeaRweven da iwveven infeqciur daavadebebs, ris Sedegadac 

SeiZleba ganadgurdes tyis mTeli masivebi. 

 

smogi 

atmosferoSi moxvedrili qimiuri toqsikantebi sxva ekosistemebTan SedarebiT gacilebiT 

swrafad vrceldeba, amitom haerSi toqsikanti maRali koncentraciiT mxolod xanmokle drois 

ganmavlobaSi, da isic emisiis keris axlos SeiZleba grovdebodes. miuxedavad amisa, zogierTi 

fizikur-qimiuri, geografiuli da meteorologiuri faqtorebis erTobliobas agreTve SeuZ-

lia gamoiwvios haeris xangrZlivi da lokaluri dabinZureba. amis magaliTia smogis warmoqmna. 

smogi (warmoiSva sityvebidan smoke + fog, e.i. kvamli + nisli) airebis narevia, romelic 

moyavisfro-moyviTalo an mewamuli feris nislisagan warmoqmnili saxiT naxevrad gamWvirvale 

afskis saxiT xangrZlivi drois ganmavlobaSi arsebobs didi qalaqebisa da samrewvelo 

centrebis Tavze. ZiriTadad arCeven ori tipis smogs: 

1. londonuri tipis smogi warmoadgens sqel nisls, romelic Seicavs kvamlsa da airad samrew-

velo narCenebs. aseTi smogi warmoiqmneba Semodgoma_zamTris periodSi CrdiloeTisa da sa-

Sualo ganedebis qalaqebSi. igi warmoadgens aerozols, romelic ZiriTadad SО2-s, Н2SО4-sa da 

Wvartls Seicavs. 

2. los-anJelesuri tipis smogi warmoadgens afskisebur aerozols toqsikuri airebis maRali 

koncentraciiT. igi ar Seicavs nisls. aseTi tipis smogs agreTve fotoqimiursac uwodeben, 

vinaidan warmoiqmneba mzis ultraiisferi radiaciiT inicirebuli fotoqimiuri reaqciebis 

Sedegad, romlebSic transportisa da samrewvelo obieqtebis gamonabolqvSi Semavali airebi 

monawileoben. londonurisagan gansxvavebiT, fotoqimiuri smogi damaxasiaTebelia samxreTi 

ganedebis qalaqebisaTvis da zafxulis TveebSi warmoiqmneba. los-anJelesuri smogis Semad-

genlobaSi Sedis azotis oqsidebi, ozoni, peroqsiacetilnitrati da sxva radikalebi. 

smogis warmoqmna im olqebSi xdeba, sadac haeris anTropogenuri dabinZureba Zlierdeba ad-

gilmdebareobis geografiuli TaviseburebebiTa (mag., mTebi, romlebic haeris nakadebs akave-

ben) da meteorologiuri pirobebiT (mag., troposferos temperaturuli inversiebi, romlebic 

xels uSlian airebis vertikaluri mimarTulebiT ganawilebas). smogi, rogorc wesi, warmoiqmne-

ba haeris dabali turbulentobis, susti qaris an wynari amindis dros. sxvanairad rom iTqvas, 

smogis formirebisaTvis xelsayrelia yvela is piroba, romelic xels uSlis haerSi airadi toq-

sikantis gavrcelebas, ganzavebas da dabinZurebis keridan did manZilze mocilebas. smogi am-

cirebs xilvadobas, aZlierebs metalebis korozias, azianebs samSeneblo masalebs, anadgurebs 

mcenareul safars, aRizianebs sasunT gzebsa da mxedvelobis organoebs. intensiuri da 

xangrZlivi smogi SeiZleba gaxdes mravalgvari daavadebis gaxSirebis mizezi. 

londonuri tipis smogis warmoqmnas xels uwyobs teniani haeri da gogirdis dioqsidi, ro-

melic didi raodenobiT gamoiyofa zamTris gaTbobis sezonSi qvanaxSiris wvis Sedegad. aseTi 

tipis smogis formirebis procesi SeiZleba Semdegi saxiT warmovidginoT (nax. 1.10): ultra-

iisferi sxivebis moqmedebiT, romelTa talRis sigrZe 315 nm-ze naklebia, ozoni iSleba agzne-
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bul mdgomareobaSi myofi singleturi Jangbadis atomis gamoTavisuflebiT, romelic wylis 

atmosferul orTqlTan maRalreaqciisunarian hidroqsil-radikalebs (НО.) warmoqmnis. es ra-

dikalebi advilad Jangaven gogirdis dioqsids gogirdmJavamde. SO2 SesaZloa uSualod ozoni-

Tac daiJangos, xolo warmoqmnili gogirdis anhidridi (SO3) aqtiurad ierTebs wyals da aseve 

warmoqmnis gogirdmJavas. sabolood, gogirdis oqsidebi da mJavebi WvartlTan da wylis 

orTqlTan erTad muq, sqel aerozols warmoqmnis. 

OO3
O2 SO2 H2SO4

SO3O3
O2

2HO.

H2O
hν

λ<315nm H2O

 
nax. 1.10. londonuri tipis smogis komponentebis formirebis procesi. 

 

fotoqimiuri smogi rTuli Sedgenilobisaa. is Seicavs Jangvis maRali unaris mqone daax-

loebiT asi toqsikuri naerTisa da radikalis narevs. fotoqimiuri smogis wyaroebia, ZiriTa-

dad, azotis oqsidebi, ozoni da aqroladi organuli naerTebi: eTani, propani, buTani, eTileni, 

propeni, acetileni, meTanoli, formaldehidi, acetaldehidi da sxv., romlebic haerSi sxva-

dasxva anTropogenuri wyaroebidan, maT Soris, gamonabolqvidan xvdeba. yvela es naerTi mona-

wileobs mTel rig reaqciebSi, romelTa Sedegadac smogis komponentebi _ e.w. "meoreuli dam-

binZureblebi" formirdeba (nax. 1.11). 
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peroqsiacetil-

nitrati  
nax. 1.11.  los-anJelesuri tipis smogis komponentebis warmoqmnis gamartivebuli sqema. 

 

los-anJelesis tipis smogis komponentebis warmoqmna iwyeba ozonis fotoqimiuri daSlis 

Sedegad generirebuli singleturi Jangbadisa da wylis urTierTqmedebiT (ix. nax. 1.9b). am dros 

warmoiqmneba hidroqsilis radikali, romelic Jangavs haerSi arsebul aqrolad organul 

naerTs. Jangvis pirvel etapze wamoiqmneba alkiluri radikali, romelic Zalze swrafad ier-

Tebs molekulur Jangbads da gadadis peroqsi-radikalSi. am radikals SeuZlia NO daJangos NO2-mde, ris Semdeg misgan alkiluri radikali formirdeba. alkil-radikali, Tavis mxriv, 
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swrafad iJangeba JangbadiT da aldehids warmoqmnis. am stadiis Semdeg reaqciaSi isev erTvebian 

hidroqsilis radikalebi, romlebic aldehids acetilis radikalamde Jangaven. am radikalTan 

Jangbadis swrafi mierTebis Sedegad warmoiqmneba peroqsiacetiluri radikali. es ukanaskneli 

ierTebs azotis dioqsids da smogis erT-erT mTavar komponents _ peroqsiacetilnitrats  

generirebs. 

peroqsiacetilnitrati, azotis oqsidebisa da ozonis msgavsad, damRupvelad moqmedebs 

mcenareze. mcenaris ujredSi es toqsikanti fotolizurad iSleba azotis dioqsidad da peroq-

siacetil-radikalad (nax. 1.12). es ukanaskneli Slis qlorofils da amiT fotosinTezuri apa-

ratis funqcionirebas arRvevs. 

R C O
O O NO2 R C O

O O NO2
.

+

peroqsiacetilnitrati peroqsiacetil-radikali  
nax. 1.12. mcenareul ujredSi peroqsiacetilnitratis daSlis Sedegad peroqsiacetil-

radikalis warmoqmna.  

 

azotis oqsidebi warmoqmnian sxva meorad dambinZureblebsac, romlebic Sedian fotoqimi-

uri smogis SemadgenlobaSi. esenia: peroqsialkilnitrati, alkilnitrati, alkilnitriti, pe-

roqsiazotmJava da sxv., romlebic formirdebian Tavisufal radikalebTan azotis oqsidebis 

moqmedebis Sedegad. garda amisa, es radikalebi olefinebTan erTad monawileoben polimeriza-

ciis reaqciebSi. polimeruli jaWvis warmoqmna manamde grZeldeba, sanam NOх-is molekulebi an 

organuli radikalebi ar gamoiwveven jaWvis gawyvetas. naxSirwyalbadebis polimerizaciis Se-

degad xdeba smogisaTvis damaxasiaTebeli kvamliani masis warmoqmna, romelic amcirebs atmos-

feros gamWvirvalobas. 

 

 

1.2.8.5 mZime metalebi 

 

adamiani Tavis samrewvelo saqmianobisas aqtiurad iyenebs 35 sxvadasxva metals, romelTa-

gan 23 mZime metalebs miekuTvneba. mZime metalebi aerTianeben im qimiur elementebs, romelTa 

simkvrive 5g/sm3-s aRemateba: Ag, As, Au, Bi, Cd, Ce, Cr, Co, Cu, Fe, Ga, Hg, Mn, Ni, Pb, Pt, Te, Th, Sb, Sn, U, V da Zn. es elementebi gansazRvruli, mcire raodenobiT cocxali organizmis aucilebel komponen-

tebs warmoadgenen, magram nebismieri maTganis Warbi koncentracia mwvave an qronikul mowam-

vlas iwvevs. mZime metalebis toqsikuroba mcenareebisa da mikoroorganizmebisaTvis zogadad 

zrda-ganviTarebis SeferxebaSi gamoixateba. cxovelisa da adamianis organizmSi mZime metalebi 

seriozulad azianebs centralur nervul sistemas, cvlis sisxlis Semadgenlobas, uaryofiT 

gavlenas axdens RviZlis, filtvebis, Tirkmelebisa da sxva organoebis funqciebze. xangrZlivi 

zemoqmedebisas mZime metalebs SeuZliaT gamoiwvion mwvave fiziologiuri cvlilebebi, avTvi-

sebiani simsivne, alergia, distrofia, fizikuri da nevrologiuri degeneraciuli procesebi, 

romlebic alcheimerisa da parkinsonis daavadebebis msgavsi simptomebiT xasiaTdeba. 20 yvelaze saSiSi naerTis siaSi, romelic 2003 wels toqsikuri naerTebisa da daavadebebis 

registraciis saagentom (The Agency for Toxic Substances and Disease Registry _ ASTDR) da aSS-s gare-

mos dacvis saagentom (EPA _ U.S. Environmental Protection Agency) erToblivad Seadgines, mZime me-

talebs _ dariSxans, tyvias, vercxliswyalsa da kadmiums Sesabamisad _ I, II, III da VII adgilebi 

ukaviaT.  

mZime metalebis garemoSi gavrceleba, toqsikuroba da maT mier gamowveuli daavadebebi 

mravalricxovan monografiebSi da mimoxilviT statiebSia aRwerili. winamdebare naSromSi 
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mokled davaxasiaTebT im mZime metalebs, romelTa gavrceleba garemoSi seriozul ekologiur 

problemebs qmnis.  

 

dariSxani 

dariSxani yvelaze toqsikuria im elementebs Soris, romlebsac adamiani Tavisi moRvaweobis 

sxvadasxva sferoSi iyenebs. dariSxanis yvela naerTi maRaltoqsikuria. gacxelebisas isini iS-

leba da gamoiyofa metaluri dariSxanis momwamlavi orTqli.  

dariSxani Sedis spilenZis, tyviis, nikelis, kobaltisa da zogierTi sxva metalis Semcveli 

madnebis SedgenilobaSi. garemoSi dariSxanis moxvedra sxvadasxva gziTaa SesaZlebeli. esenia: 

dariSxanis mopoveba-gadamuSavebis samTamadno samuSaoebi, spilenZis, tyviisa da TuTiis gamod-

noba, qvanaxSiris wva da a.S. garda amisa, dariSxanis oqsidebi, arsenitebi da arsenatebi Sedian 

inseqticidebis, desikantebisa da herbicidebis SemadgenlobaSi. isini farTod gamoiyeneba 

merqnis damuSavebisas (2000 wlis monacemebiT aSS-Si am mizniT gamoiyenes mTeli moxmarebuli 

dariSxanis 88%), sxvadasxva saxis minis, antikoroziuli Senadnobebis, sarCilavebis, sabrZolo 

masalebis, akumulatorebis dasamzadeblad. maRali sisufTavis dariSxani aucilebeli kompo-

nentia mzis batareebSi, SuqdiodebSi, lazerebSi, integralur sqemebSi, naxevargamtarebSi da 

a.S. gasuli saukunis 70-ian wlebamde dariSxanis araorganuli naerTebi gamoiyeneboda medici-

naSic, kerZod, am elements Seicavda leikemiis, fsoriazisa da asTmis samkurnalo preparatebi.  

atmosferoSi sxvadasxva gziT moxvedrili dariSxanis naerTebi ileqeba miwisa da wylis ze-

dapirze, sorbirdeba mcenareebze, aRwevs maTSi da am gziT xvdeba kvebiT jaWvSi.  

dariSxaniT mowamvla, anu arsenizmi, Zalian iSviaTi daavadebaa. adamianebi, romlebsac xSiri 

kontaqti aqvT dariSxanis orTqlTan an mtverTan, ufro xSirad qronikuli mowamvlis Sedegad 

iRupebian. dariSxanis araletaluri doza iwvevs eriTrocitebis hemolizs, kanis, centraluri 

nervuli sistemisa da kuW-nawlavis traqtis gaRizianebas.  

dariSxani da misi naerTebi Zlieri kancerogenebia. isini iwveven kanis, RviZlis, nawlavebis, 

Sardis buStisa da filtvebis simsivnes. gansakuTrebiT xSiria kanis kiboTi im adamianebis daa-

vadeba, romlebsac uSualo kontaqti aqvT dariSxanis Semcvel naerTebTan. mag., gasuli sauku-

nis Sua periodSi ungreTSi vazis mavneblis _ filoqseras winaaRmdeg daiwyes dariSxan-Semcveli 

inseqticidebis gamoyeneba, ris Semdegac gaxSirda mevenaxeebis daavadeba kanis simsivniT _ e.w. 

"mevenaxeebis kibo". 

 tropikuli wylebis zogierTi wyalmcenare dariSxanis mimarT maRali mdgradobiT gamoir-

Ceva. isini dariSxans arsenatis AsO  saxiT STanTqaven, Semdeg aRadgenen mas arsenitamde AsO  da am saxiT akavSireben fosfolipidebTan. Tu mcenare am unars moklebulia, dariSxani 

kovalenturad ukavSirdeba fermentebis sulfhidrilur jgufebs da maT inhibirebas iwvevs, 

rac metad damTrgunvelad moqmedebs mcenaris zrda-ganviTarebaze.  

dariSxanis naerTebis SeTvisebisa da gardaqmnis unari aqvT agreTve zogierT baqterias da 

micelur sokos. mag., aerobul pirobebSi meTanogenuri baqteriebi axdenen araorganuli dariS-

xanis meTilirebas, warmoqmnili dariSxan-organuli naerTebi Semdgom fermentulad aRdgeba 

aqrolad alkilarsinebamde. 

saqarTvelosaTvis dariSxaniT garemos dabinZurebis problema metad aqtualuria, vinaidan 

arsebobs misi sabado, romlis aqtiuri eqspluatacia mimdinareobda sabWoTa periodSi. amJamad 

rogorc sabado, ise gamamdidrebeli qarxana faqtobrivad aRar funqcionirebs, amitom warmoe-

bis narCenebis gavrcelebis safrTxis Tavidan asacileblad aucilebelia saTanado monitorin-

gis ganxorcieleba da konservaciuli samuSaoebis Catareba.  
 

tyvia 

tyvia warmoebaSi erT-erTi yvelaze farTod gamoyenebuli mZime metalia. metaluri tyvia 

da misi naerTebi (oqsidebi, halogenidebi, karbonatebi, qromati, sulfati da sxv.) gamoiyeneba: 
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akumulatorebis, piezoeleqtronuli elementebis, rezinis, minis, minanqris, emalis, sagozavis, 

sarCilavis warmoebaSi; manqanaTmSeneblobaSi, poligrafiaSi, saRebavebis (tyviis TeTra, 

sxvadasxva pigmentebi) dasamzadeblad, laq-saRebavebis mdgradobis gasazrdelad. metaluri 

tyvia gamoiyeneba γ-gamosxivebisagan dasacavad. tyviis organuli naerTi _ tetraeTiltyvia 

benzinis antidetonatoruli danamatia. 

yovelwliurad mTels msoflioSi ramdenime milioni tona tyvia iwarmoeba. tyviis garemoSi 

gavrcelebas iwvevs: metalis mopoveba, tranportireba da gadamuSaveba; warmoebebi 

(metalurgiuli, metal-gadamamuSavebeli, manqanaTmSeneblobis, qimiuri, qimiur-farmacev-

tuli, navTob-qimiuri da sxv.), romlebSic tyviis naerTebi maRaltemperaturuli teqno-

logiuri procesebis saSualebiT gadamuSavdeba; Sigawvis Zravebis muSaoba tetraeTiltyviis 

Semcvel benzinze, tyviis Semcveli detalebis cveTa da sxv. arsebobs monacemebi, romelTa 

mixedviTac samxedro moqmedebebis adgilebsa da poligonebis niadagebSi tyviis Semcveloba 

mniSvnelovnad aWarbebs zRvrulad dasaSveb koncentracias. nasroli sabrZolo tyviis gula, 

romelic spilenZTan da rkinasTan tyviis Senadnobs warmoadgens, wvimisa da teniani haeris 

zemoqmedebiT advilad ganicdis korozias da niadagSi xvdeba. am gziT niadagSi tyvia 5 sm-is 

siRrmemde SeiZleba gavrceldes. 

avtomanqanebis gamonabolqv airebSi tyvia oqsidebis, qloridebis, ftoridebis, nitratebis, 

sulfatebis da sxva saxiT gvxvdeba. es naerTebi myari nawilakebis saxiTaa gamonabolqvSi. maTi 

daaxloebiT 20% uSualod saavtomobilo gzebis maxloblad ileqeba. swored amis gamo eko-

logebis rekomendaciiT ikrZaleba sasoflo-sameurneo kulturebis, gansakuTrebiT ki swrafad 

mzardi bostneulis moSeneba gzatkecilebis piras. 

tyvia toqsikuria mikroorganizmebisTvisac. niadagSi tyviis momatebuli koncentracia 

mikrobiocenozis ZiriTadi warmomadgenlebis ricxvs mkveTrad amcirebs. mikroflorisaTvis 

tyviis toqsikurobis xarisxi niadagis tipzea damokidebuli, mag., Savmiwa niadagebSi tyvia 

toqsikur Tvisebebs gacilebiT naklebad amJRavnebs. tyviis da misi naerTebis mimarT maRal-

mgrZnobiarobas amJRavneben aqtinomicetebi da azotis fiqsaciis unaris mqone baqteriebi, 

xolo calkeuli mikroskopiuli sokoebi da zogierTi baqteria maRali mdgradobiT gamoir-

Cevian. cxadia, aseTi mikroorganizmebi SeiZleba gamoyenebul iqnes bioindikatorebad niadagis 

tyviiT dabinZurebis xarisxis gansazRvrisaTvis. 

mcenareebisaTvis toqsikurad iTvleba niadagSi tyviis iseTi koncentracia, romelic mosav-

lianobas 10%-iT amcirebs. mcenareSi tyvia advilad ar SeiRweva da ar gadaadgildeba, magram 

rodesac niadagSi tyviis Semcveloba 50 mg/kg-s aWarbebs, mcenareebSi, gansakuTrebiT ki bost-

neulSi, mZime metalis Semcveloba dasaSveb zRvarze ufro maRali xdeba. unda aRiniSnos, rom 

adamianis organizmSi moxvedrili tyviis 90% kvebiTi jaWvis saSualebiTaa SeRweuli, tyviis 

Semcveli sakvebis 60_70%-s ki mcenareuli produqtebi warmoadgenen. 

adamianisaTvis tyvia zomierad toqsikuria. mis mier gamowveuli qronikuli mowamvla _ 

"saturnizmi" _ mravalgvari klinikuri gamovlinebiT xasiaTdeba. am dros ziandeba centra-

luri da periferiuli nervuli sistema, Zvlis tvini, sisxlZarRvebi, icvleba sisxlis Semad-

genloba, iTrguneba cilis sinTezi. tyvia moqmedebs ujredis genetikur aparatzec, rac gona-

dotoqsikuri da embriotoqsikuri efeqtebiT vlindeba. tyvia aaqtiurebs simsivnur procesebs.  

sainteresoa, rom erT-erTi istoriuli versiis Tanaxmad, tyvia is metalia, romelmac romis 

imperia imsxverpla. cxadia, aq saubaria ara cecxlsasrol iaraRze, aramed tyviisagan damza-

debul WurWelze, romelic Zvel romSi Zalian popularuli iyo. varaudoben, rom tyviis 

WurWlis regularulma gamoyenebam daauZlura romaelebis organizmi da maT saTanado 

winaaRmdegoba veRar gauwies civilizaciisagan Sors mdgom dampyroblebs. tyviasTan dakav-

Sirebul istoriul Tematikas Tu gavagrZelebT, SeiZleba isic gavixsenoT, rom am mZime metalma 

gvarianad Searyia ruseTis samefo gvaris janmrTelobac. cnobilia, rom moskovis kremlSi 

wyalgayvanilobis sistemaSi tyviis milebs iyenebdnen, ris gamoc xelmwifis ojaxis wevrebi 
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Taobidan Taobamde iwamlebodnen tyviis SenaerTebiT. am xvedrs mxolod petre didi gadaurCa, 

romelic bavSvobas qalaqgareT atarebda, Semdeg ki Tavisive daarsebul sanqt-peterburgSi 

damkvidrda. 

tyviis araorganuli naerTebidan gansakuTrebiT toqsikuria tyviis TeTra, tyviis (II) 
sulfati da tyviis (II) oqsidi. kidev ufro toqsikuria is naerTebi, romlebic toqsikur anions 

(arsenats, qromats, azids) Seicaven. sxva naerTebi toqsikurobiT bevrad ar gansxvavdebian 

erTmaneTisagan da erTnairad zemoqmedeben organizmze. saerTod, tyviis naerTebs Soris 

toqsikurobaSi sxvaoba ganpirobebulia am naerTebis gansxvavebuli xsnadobiT kuWis wvenSi, 

nawlavebSi, sisxlsa da citoplazmaSi. tyviis mcired da Znelad xsnadi naerTebi SeiZleba ise 

gardaiqmnan nawlavebSi, rom mniSvnelovnad gaizardos rogorc xsnadoba, aseve nawlavebis mier 

maTi Sewovis unaric.  

tyviis organuli naerTebidan aRsaniSnavia tetraeTiltyvia, benzinis danamati, romelic 

antidetonatoria da benzinis oqtanuri ricxvis gasazrdelad gamoiyeneba. es naerTi Zlieri 

biocidia. misi zemoqmedeba organizmze uSualod ar xdeba. aqroladi bunebis mqone 

tetraeTiltyvia advilad vrceldeba haerSi da ultraiisferi sxivebis zemoqmedebiT 

trieTiltyviis radikals warmoqmnis (nax. 1.13). am radikalis urTierTqmedebiT aqceptoruli 

bunebis naerTTan (A) trieTiltyviis kationi miiReba. 

PbC2H5

C2H5C2H5 C2H5 PbC2H5

C2H5C2H5
C2H5

A Pb+C2H5
C2H5C2H5.

.
tetraeTiltyvia

ultraiisferi

sxivebi

trieTiltyviis

radikali
trieTiltyviis

kationi

A

 
nax. 1.13. trieTiltyviis ionis warmoqmna tetraeTiltyviidan.  

warmoqmnili trieTiltyviis kationi Pb C H  ionuri muxtis meSveobiT avlens hidro-

filur Tvisebebs, xolo eTilis jgufebi naerTisaTvis lipofilur "kuds" warmoadgens. amgvari 

aRnagobis gamo trieTiltyviis kationi advilad axerxebs membranuli barieris gavlas da 

ujredSi Sesvlas. es kationi ukavSirdeba cilebisa da peptidebis gogirdis atomebs, rac bio-

polimerebis struqturul cvlilebebs iwvevs.  

swored aseTi maRali toqsikurobis gamo eTilirebuli benzinis gamoyeneba msoflios mrav-

al qveyanaSi, maT Soris saqarTveloSic, akrZaluli an SezRudulia.  
 

vercxliswyali 

singuri (HgS), romlis saxiTac gvxvdeba vercxliswyali bunebaSi, Zalian dabali xsnadobis 

gamo SedarebiT uvnebelia da gavrcelebis dabali unariT gamoirCeva, magram zogierTi bune-

brivi procesis (vercxliswylis Semcveli qanebis gamofitva da erozia, vulkanebis aqtiuroba) 

da gansakuTrebiT, adamianis mier am elementis gamoyenebis gamo, sadReisod msoflio okeaneSi 50 milion tonamde vercxliswyalia dagrovili. vercxliswylis gavrcelebis anTropogenur 

wyaroebs miekuTvneba: qloris eleqtroqimiuri warmoeba; vercxliswylis Semcveli pesticide-

bis, farmacevtuli preparatebis, gemebis saRebavebis, organuli sinTezis katalizatorebis, 

xelsawyoebis da a.S. damzadeba da gamoyeneba. 

vercxliswyali upiratesad wylebis dabinZurebas iwvevs. bunebriv pirobebSi vercxliswy-

lis naerTebi, ZiriTadad, mdinareebis danaleqebze adsorbirdeba, saidanac SemdgomSi nel-nela 

Tavisufldeba da wyalSi ixsneba. amgvarad, aseTi danaleqebi vercxliswyliT dabinZurebis 
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mudmivi wyaro xdeba. Tavdapirvelad es mZime metali wyalSi Hg2+-is saxiT gadadis, xolo Semdeg 

anaerobuli mikroorganizmebis moqmedebiT swrafad urTierTqmedebs organul nivTierebebTan 

da Zalze toqsikur naerTebs _ meTilvercxliswylis kations (CH3_Hg+) da dimeTilvercxlis-

wyals (CH3_Hg_CH3) warmoqmnis. wyalSi kargi xsnadobis gamo meTilvercxliswylis ioni advilad 

aRwevs hidrobiontebSi (planqtonSi, wyalmcenareebSi, moluskebSi, TevzebSi da sxv.), saidanac 

kvebiT jaWvSi erTveba. meTilvercxliswyali gansakuTrebiT saSiSia adamianisa da cxovelebi-

saTvis, radgan igi swrafad xvdeba sisxlSi, gadadis tvinis qsovilSi, azianebs naTxemsa da Tavis 

tvinis qerqs, rac klinikurad gamoixateba gaSeSebiT, orientaciis dakargviT, mxedvelobis gau-

aresebiT da sxva simptomebiT. vercxliswylis naerTebi ukavSirdebian sulfhidrilur da fos-

fatur jgufebs, ris gamoc iwveven ujreduli metabolizmis zogierTi sakvanZo fermentis, mag., 

sunTqvis procesSi monawile citoqromoqsidazis (EC 1.9.3.1) inhibirebas. garda amisa, organuli 

naerTebis saxiT vercxliswyali azianebs ujredisa da organelebis membranebs, cvlis maT gan-

vladobas. vercxliswyliT mowamvlas xSirad letaluri dasasruli aqvs.  
 

kadmiumi 

 

kadmiumi erT-erTi maRaltoqsikuri mZime metalia. igi gamoirCeva Zalian maRali ZvradobiT 

da advilad aRwevs organizmSi. metalur kadmiums iyeneben nikel-kadmiumiani akumulatorebis, 

avtomobilebis radiatorebis, atomuri reaqtorebis maregulirebeli Reroebis, sarCilavebisa 

da sxvadasxva Senadnobebis dasamzadeblad. kadmiumorganuli naerTebi Sedis fosforiani 

sasuqebis, pesticidebis, dizelis sawvavis danamatebis SemadgenlobaSi. 

 kadmiumis naerTebi polimeruli masalebis kargi stabilizatorebia. am mizniT maT xSirad 

iyeneben polivinilqloridisagan plastmasebis, linoleumis, dermatinis da sxva nakeTobebis 

damzadebisas. kadmiumis bevri araorganuli naerTi Termomedegi pigmentia (mag., kadmiumis 

sulfidi _ CdS _ yviTelia, selenidi _ CdSe _ wiTeli, oqsidi da karbonati _ CdO da CdCO3 _ 

TeTri) da gamoiyeneba rezinis nakeTobebisa da tyavis SesaRebad, feradi minis, emalisa da 

minanqris dasamzadeblad, laqebisa da poligrafiuli saRebavebis warmoebaSi da a.S. kadmiumis 

toqsikurobis gamo gasuli saukunis 80-ian wlebSi sabWoTa kavSirSi sastikad aikrZala sabavSvo 

saTamaSoebis SesaRebad kadmiumis Semcveli saRebavebis gamoyeneba.  

garemoSi kadmiumis emisiis ZiriTadi anTropogenuri wyaroebia: Tujis, foladisa da sxva 

Senadnobebis warmoeba, sawvavi wiaRiseulisa da nagvis wva, dizelis sawvaviT momuSave 

transportis gamonabolqvi, Tambaqos kvamli, kadmiumis naerTebiT mosargeble sawarmoebis 

Camdinare wylebi, kadmiumis gamorecxva sasoflo-sameurneo savargulebis niadagebidan, sadac 

gamoiyeneboda kadmium-Semcveli sasuqebi da a.S.  

atmosferoSi moxvedris Semdeg kadmiumis naerTebi ZiriTadad mtvris mikronawilakebs 

uerTdeba da maTTan erTad aRwevs adamianisa da cxovelis organizmSi an mcenareSi. kadmiumiani 

mtveri mSrali an sveli daleqvisas mcenareSi foTlebis kutikulidan Sedis, an fesvebidan 

Seiwoveba xsnaris saxiT. mcenareSi kadmiumis maRali koncentracia iwvevs normaluri zrdis 

daTrgunvas, mag., parkosnebSi da stafiloSi kadmiumis gavleniT mosavlianoba 50%-iT 

mcirdeba. bazidialuri sokoebis bevr warmomadgenels kadmiumis didi raodenobiT dagroveba 

SeuZlia. 

adamianis organizmSi kadmiumi upiratesad kvebiTi jaWviT xvdeba. kadmiumi amcirebs 

tripsinisa da pepsinis _ saWmlis momnelebeli traqtis umniSvnelovanesi fermentebis 

aqtivobas. kadmiumis ZiriTadi toqsikuroba imaSi gamoixateba, rom igi kalciumis antagonistia 

_ organizmSi kadmiumi Warbi raodenobiT dagroveba kalciumis deficits iwvevs. kadmiumi 

gansakuTrebiT toqsikuria axalgazrda, mzardi organizmisaTvis, romelsac didi 

moTxovnileba aqvs kalciumze. bavSvebsa da mozardebSi kadmiumi grovdeba Zvlovan qsovilSi, 

Sesabamisad mcirdeba ZvlebSi kalciumis Semcveloba da amis Sedegad viTardeba daavadeba 

"itai-itai", romelic Zvlebis darbilebiTa da gamrudebiT gamoixateba. 
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TirkmelebSi, RviZlsa da Sardis buStSi kadmiumi ukavSirdeba peptidebs da warmoqmnis 

metaloTioneinebs, romlebic sxvadasxva organoebsa da qsovilebs Soris kadmiumis cvlaSi 

monawileobs. yvelaze mgrZnobiare kadmiumis mimarT Tirkmelebia. am organoebSi kadmiumi 

TuTiis antagonistur Tvisebebs amJRavnebs, ainhibirebs TuTiis Semcvel fermentebs, riTac 

arRvevs Tirkmelebis normalur funqcionirebas da iwyeba daavadeba proteinuria _ SardSi 

cilis gamoyofa. RviZlSi kadmiumis damazianebeli moqmedeba gamowveulia sulfhidriluri 

jgufebis Semcveli fermentebis inhibirebiT. 

zogierT organizms, mag., wvimis Wiebs kadmiumis Zalian swrafi dagrovebis unari aqvT, ris 

gamoc isini xSirad gamoiyeneba niadagSi kadmiumis bioindikaciisaTvis.  
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Tavi 2. qemodinamikis elementebi.  

qsenobiotikTa SeRweva cxovelur da mcenareul organizmebSi 

 

2.1 ucxo naerTTa qceva garemoSi da maTi ekosistemaSi cirkulacia 

 

ucxo qimiuri naerTebi garemoSi sxvadasxva gziT xvdebian. mravali maTganis gavrcelebas 

SeiZleba globaluri masStabi gaaCndes, rac mniSvnelovan farTobze maTi gamoyenebiT, an gare-

moSi migrirebis universaluri unariTaa ganpirobebuli. gavrcelebis mxriv isini imave zogad 

kanonzomierebas emorCilebian, romlebic bunebaSi saerTod nivTierebaTa wrebrunvis (cirku-

lacia) procesebs aregulireben. cnobilia garemoSi qimiuri toqsikantebis migraciis zogadi 

sqema, romelic saSualebas gvaZlevs Tvali gavadevnoT ekosistemis calkeul komponentebSi 

maT cirkulacias. 

niadagi 

atmosfero

wyali

cxovelebi

mcenareebi

qsenobiotiki

 
haerSi, wyalSi an niadagSi moxvedrili mdgradi qsenobiotikebi ekologiuri jaWvebiT erTi 

rgolidan meoreSi xvdebian, vidre sabolood ucvleli an transformirebuli saxiT adamianis 

organizmSi ar moxvdebian. 

qimiur nivTierebaTa farTo gavrcelebasTan dakavSirebuli problemebi SeiZleboda mini-

mumamde dayvaniliyo winaswar srulad rom yofiliyo gaTvaliswinebuli TiToeuli maTganis 

qemodinamikuri Tvisebebi. bunebriv garemoSi nivTierebaTa gavrcelebis kanonzomierebebi 

Tavdapirvelad safuZvliani Seswavlis sagani arc yofila da mxolod mogvianebiT mecnierTa 

winaSe wamoiWra garemos dabinZurebaze dagrovil informaciaze dayrdnobiT saTanado kon-

cefciis Seqmnis aucilebloba. am amocanis gadaWra uzrunvelyofs garemos dacvis RonisZieba-

Ta strategiisa da taqtikis Seqmnas.  

qimiuri stabilurobis mixedviT zogierTi toqsikanti naxSirbadis wrebrunvis mTlian, zogi 

ki nawilobriv cikls asrulebs. amis mixedviT arCeven garemos dambinZureblebis wrebrunvis 

ramdenime principulad gansxvavebul saxes: 

− nivTierebis gavrcelebas mxolod erT garemoSi; 

− erTi garemodan meoreSi translokacias (gadatanas); 

− biocenozSi CarTvas da kvebiTi jaWviT adamianis organizmSi akumulacias. 

qsenobiotik-toqsikantTa mier ciklis Sesrulebis Sedegad ganzavebisa da bunebrivi de-

toqsikaciis (gauvneblobis) gamo maTi koncentraciebi sagrZnoblad mcirdeba. dabinZurebis 

wyarodan garemoSi toqsikantTa mudmivi nakadi rom Sewydes, garkveuli drois Semdeg garemos 

yvela ekologiuri komponentis sruli TviTgawmenda moxdeboda. imis gamo, rom realurad es 

arasodes xdeba, wrebrunvis obieqtebSi (gansakuTrebiT cirkulaciis uZiriTades rgolSi – 

niadagSi) mravali qimiuri naerTi grovdeba. mdgradi qimiuri dambinZureblebis gavrcelebis 

unari wamyvani faqtoria adamianis organizmSi maT SesaRwevad.  
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atmosferoSi moxvedrili nivTiereba SeiZleba atmosferuli dinebebiT iqnas gadatanili. am 

SemTxvevaSi misi moZraobis siCqare da mimarTuleba Sesabamisi meteorologiuri movlenebiT 

ganisazRvreba. analogiuri situaciaa biosferoSic, sadac mcenareSi an cxovelSi nivTierebis 

SeRweva da gadanawileba organizmSi gadatanis procesebzea damokidebuli. ufro farTo aspeq-

tiT ekosistemaSi nivTierebaTa gadatanas garkveuli kavSiri gaaCnia masSi masis saerTo nakad-

Tan, ramdenadac isini ekosistemis Semadgeneli komponentebis nawilebTan erTad gadaitanebian. 

ramdenadme gansxvavebulia nivTierebaTa migracia niadagSi. aq gadatana umTavresad difu-

ziis an masis gadatanis Sedegad xdeba. niadagis nawilakebs TviTon SeuZliaT wyalSi an atmos-

feroSi gadaadgileba da maTze adsorbirebuli nivTierebebis gadatana. meore SemTxvevaSi ga-

datana imave faqtorebis funqciaa, romlebic wylis an haeris moZraobas gansazRvraven. gadasa-

tani nivTierebis maxasiaTeblebis gavlena am SemTxvevaSi minimaluria.  

nivTierebis qimiuri Tvisebebis roli ufro arsebiTi xdeba sferoebs Soris misi gadatani-

sas da am dros wina planze gamodis nivTierebis gardaqmnisaTvis damaxasiaTebeli Termodinami-

kuri da kinetikuri parametrebi. bunebriv garemoSi Cven ar vxvdebiT WeSmaritad Seqcevad wo-

nasworul sistemebs; Tumca Tu davuSvebT, rom sistema iswrafvis wonasworobisaken, SeiZleba 

miviRoT zogierTi miaxloeba sferoebs Soris calkeuli gadasvlebis mimarTulebaze. 

CamovTvaloT nivTierebaTa is Tvisebebi, romelTac gamyof fazaTa gansxvavebul zedapi-

rebze maTi gadaadgilebis SesaZleblobaTa gansazRvrisas eniWebaT mniSvneloba. esenia  

wyali haeri. am gamyof sazRvarze upirveles yovlisa mniSvneloba eniWeba nivTierebis 

orTqlis wnevas da wyalSi xsnadobas; 

wyali niadagi. aq gamyof sazRvarze nivTierebis gadaadgilebas arsebiTad adsorbcia-

desorbciis procesi apirobebs, romelic nivTierebis wyalSi xsnadobaze da myar fazaze ad-

sorbciis ganmsazRvrel faqtorebzea damokidebuli. amasTan mniSvnelovani roli eniWeba moce-

muli nivTierebis xsnadobas, ganawilebis koeficients da gaxsnis siTbos; 

niadagi haeri. savaraudod es yvelaze rTuli sistemaa, ramdenadac masSi gasaTvaliswine-

belia niadagis zedapirze nivTierebis adsorbcia, misi orTqlis wneva da agreTve wylis Tana-

myofoba, romelic gavlenas axdens fazaTa gamyofi sazRvrisaken nivTierebaTa gadaadgilebaze; 

fizikuri sistema biologiuri sistema. wina sistemebisagan gansxvavebiT fazaTa gamyofi 

sazRvari, romelSic nivTiereba gadaadgildeba, membranas warmoadgens (biologiuri membrane-

bis calke ganxilvas mTlianad daeTmoba me-4 Tavi). absorbciuli procesi gansxvavdeba zeda-

pirze adsorbciisagan. amasTan dakavSirebiT gansaxilvelia Semdegi procesebi da sistemebi: 

adsorbcia 

migracia niadagiT 
gamyofi sazRvari: niadagi–wyali 

 

aorTqleba 

absorbcia 
migracia niadagidan an wylidan haerSi 

 

nivTierebis myari mdgomareobidan xsnarSi gadasvlis unars Cveulebriv im najeri xsnaris 

koncentraciiT axasiaTeben, romelic myari nivTierebis siWarbesTan wonasworobaSi imyofeba. 

es wonasworuli procesi damokidebulia, erTi mxriv, im Zalebs Soris Tanafardobaze, romleb-

ic myar sxeulSi molekulebs an ionebs ikaveben, meore mxriv ki _ konkretuli gamxsnelis sol-

vataciis unarze. am parametris gazomva TavisTavad rTuli araa, magram mciredxsnadi naerTis 

xsnadobis dadgena specialur meTodebs saWiroebs da amasTan zogierT uxerxulobebs iwvevs. es 

viTarebaa erT-erTi im SedegTagani, rom nivTierebebi, romlebic Zlier abinZureben garemos, 

wyalSi Zlier cudad ixsnebian da amitom maTi xsnadobis dadgenili mniSvnelobebi erTmaneTisa-

gan sakmaod gansxvavebulia. es TvalsaCinod ilustrirdeba DDT-s xsnadobaze arsebuli monace-

mebiT, romlebSic es parametri 1-dan 1000-mde ng/l-is diapazonSi ganicdis cvlilebebs. DDT-s 

msgavsi nivTierebebis xsnadobis gazomvisas mTeli rigi sirTuleebi iCens Tavs. aseTebia, mag., 
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nivTierebis adsorbcia minis WurWlis kedlebze, xsnarSi naleqis arseboba, romlis zedapirzec 

SeiZleba nivTiereba adsorbirdes da a.S. niumenisa da Tanaavt. mier ganisazRvra DDT-s 25°C-ze 

xsnadoba da igi 1.26 ng/l-is toli (an ufro naklebi) aRmoCnda. xsnadobis dasadgenad am avto-

rebis mier gamoiyeneboda Semdegi operaciebi: 

1. kolbaSi isxmeboda acetonSi gaxsnili radioaqtiuri DDT; 

2. acetoni scildeboda vakuumSi gadadeniT; 

3. emateboda distilirebuli wyali; 

4. narevi cxeldeboda da injRreoda 1-sT 90_100°C-ze; 

5. miRebuli xsnari erTi kviris ganmavlobaSi injRreoda 25°C-ze; 

6. xsnari ifiltreboda forebian (4.5_5 mkm diametris) minis filtrSi; 

7. dayovnebis an centrifugirebis Semdeg sinjebidan DDT eqstragirdeboda da misi raode-

noba dgindeboda radiometrulad. DDT-s xsnadobis dadgenili mniSvneloba damokidebuli aRmoCnda imaze, nimuSi centri-

fugirdeboda Tu ara. dgeba principuli kiTxva: ras warmoadgens DDT-s wyalSi gaxsnis procesi? 

namdvilad xsnadia Tu ara centrifugirebiT mocilebuli nawilakebi da rogoria maTi  

mdgomareoba.  

aRniSnulidan gamomdinare, sasargeblodaa miCneuli, rom ama Tu im hidrofobuli qsenobi-

otikis xsnadoba sxvadasxva meTodiTa da sxvadasxva mkvlevaris mier iqnas Seswavlili. 

 

 

2.1.2 orTqlebis wonasworuli wneva 

 

gansaxilveli wonasworuli sistema gaxsnis sistemis analogiuria, ramdenadac izomeba niv-

Tierebis unari gamoeyos siTxes an myar nivTierebas. orTqlisa da airis wonasworuli wneva 

SeiZleba warmovidginoT rogorc nivTierebis haerSi xsnadoba. siTxisa da myari nivTierebis 

orTqlis wneva aris haerSi airis wneva, romelic mocemul temperaturaze wonasworobaSi imyo-

feba siTxesTan an myar nivTierebasTan. 

Termodinamikur gamosaxulebas (klauzius-klapeironis gantolebas), romelic am wonaswo-

robas aRwers Semdegi saxe aqvs: dlnPd(1 T) =  ∆HR                                                                          2.1 

sadac ∆H-aorTqlebis siTboa, T _ absoluturi temperatura, R _ airis universaluri mudmi-

va. xSirad am gantolebas logariTmuli formiT gamosaxaven: lgP = A BT 2.2 

sadac B = ∆H 2.303⁄ ∆H-s mudmiv sidided Tvlian. ramdenadac es Tanafardoba tempera-

turis mxolod SedarebiT viwro intervalSia xazovani, SemoTavazebulia sxva, mag., antionis 

gantoleba: lgP = A Bt + C                                                                     2.3 

sadac A, B da C-konkretuli nivTierebisa da mocemuli temperaturuli intervalis mudmivi 

maxasiaTeblebi arian, xolo t _ temperaturaa °C-ze. bolo periodis cnobarebSi orTqlis wnevi-

saTvis swored es gantolebaa gamoyenebuli, maSin rodesac saerTaSoriso cxrilebSi moyvanili 

wnevis mniSvnelobebi wina gantolebis daxmarebiTaa napovni.  

bunebrivia miswrafeba iqiT, raTa gaTvaliswinebuli iqnan mxolod is nivTierebebi, romleb-

ic Zlier aqroladebi arian da Sesabamisad orTqlis maRali wneva gaaCniaT; Tumca myari nivTie-

rebis orTqlis wneva miuxedavad imisa, rom umniSvnelo sididisaa, zogierT SemTxvevaSi SeiZle-
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ba wonadi faqtori aRmoCndes da garemos faqtorebSi am nivTierebis ganawileba gansazRvros; 

mag., iseTi nivTierebebi, rogorebic DDT, dildrini an lindania, marTlac orTqlis mcire wne-

viT xasiaTdebian, rac ueWvelad garemoSi maTi qcevidan gamomdinareobs. 

orTqlismagvari fazis TvisebaTa aRwerisas xSirad sargebloben terminiT – orTqlis 

simkvrive, romelic gazis mdgomareobis gantolebiT maT wonasworul simkvrivesTanaa dakav-

Sirebuli: PV = nRT                2.4 

molebis n _ ricxvis nacvlad Tu m/M-s gamoviyenebT, sadac m _ nivTierebis masaa (g) da M _ 

molekuluri masa, miviRebT: PV = mM RT                                                                          2.5 

ramdenadac simkvrive erTeulovani moculobis masaa, maSin  mV = PMRT                                                                            2.6 V_ moculoba Tu 1 litris tolia, maSin orTqlis simkvrive 

d m = PMRT                                                                        2.7 
sadac P _ orTqlis wonasworuli wnevaa, atm da R=0.082 l · atm  · moli-1 K-1 
 

 

2.1.3 ganawilebis koeficienti da hidrofobuli dakavSireba 

 

organizmSi qsenobiotikTa degradacias win uZRvis biomembranis lipidur barierSi maTi 

SeRweva. am procesis Teoriuli safuZvlebis kvlevas membranul qsenobioqimiaSi mniSvnelovani 

adgili eTmoba. sawyis poziciad aq ganawilebis koeficientisa da hidrofobuli dakavSirebis 

cnebebi iTvleba. pirveli is parametria, romelic wylovan sistemaSi makromolekulebTan 

mcire molekulebis urTierTqmedebis erT-erT gadamwyvet Tvisebas axasiaTebs. or wonaswo-

rul fazaSi myofi martivi molekulebis koncentraciul fardobas mudmivi mniSvneloba gaaC-

nia. wonasworuli sidide Semdegnairad isazRvreba: P = K CC                                                                        2.8 
koncentraciebs gamosaxaven nivTierebis raodenobis erTeuliT moculobis erTeulSi. C1 

warmoadgens nivTierebis koncentracias wylovan, C2 ki _ arawylovan fazaSi. wonasworobis 

konstanta K aris. P, romelic mocemul sistemas axasiaTebs, warmoadgens ganawilebis koefi-

cients. maSasadame ganawilebis koeficienti aris nivTierebis wonasworuli koncentraciebis 

fardoba wylovan da arawylovan fazebSi ganawilebisas. Termodinamikis principebis Tanaxmad 

sidide lgP am fazebSi nivTierebis Tavisufali energiis sxvaobis proporciulia. 

ganawilebis procesze qsenobiotikTa molekulebis gansxvavebuli jgufebis SedarebiTi 

efeqtis kvlevam SesaZlebeli gaxada SerCeuliyo sistema oqtanoli _ wyali, romelic hidro-

fobuli dakavSirebis modelirebis saukeTeso variants warmoadgens. zogjer ganawilebis koe-

ficients zomaven sistemaSi: heqsani _ wyali, Tumca SeiZleba am sistemaSi gazomili koeficien-

tis mniSvnelobis gadayvana oqtanoli _ wyali sistemisaTvis. lgP _ sidide saSualebas iZleva gamovlindes xazovani damokidebuleba wonasworobis kons-

tantasa da procesis siCqares Soris. struqturulad gansxvavebul qsenobiotikTa yoveli war-

momadgenlisaTvis SeiZleba dadgindes lgP-s mniSvneloba, rogorc eqsperimentulad, aseve e.w. 

“Sekrebis principiT” da hidrofobulobis konstantas ( ) gamoyenebiT. sxvadasxva radikalebi-
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sa da funqcionaluri jgufebisaTvis es ukanaskneli izomeba rogorc ganawilebis koeficient-

Ta aTobiTi logariTmebis sxvaoba Semdegi formuliT; = lgP lgH                                                                      2.9 
magaliTad = lgP(qlorbenzoli)  _ lgP(benzoli)               2.10 

ganawilebis koeficientis dadgena rTuldeba, Tu sistemaSi paralelurad sxva wonasworu-

li procesebic mimdinareoben. aseTi situacia TvalsaCinod ilustrirdeba organuli mJavas 

ganawilebisas wyalsa da benzols Soris. wylovan fazaSi mJava disocirdeba: HA H + A  
arawylovan fazaSi mJava asocirdeba da dimers warmoqmnis: OOHCR RCOOH..................

 

benzolis fazaSi molekulebisa da hidratebis warmoqmnisas Zneldeba imis dadgena ganawi-

lebis koeficientis gansazRvrisas ra izomeba, aradisocirebuli HA mJavas, Tu damuxtuli A - 

nawilakis ganawileba. aRniSnul garTulebaTa Tavidan asacileblad miRebulia, rom am ori 

formis gamnawilebel fardobaTa mniSvnelobebi ase gamoisaxos: 

∆lg = lgP(araionizebuli)_lgP(ionizebuli) ≈ _4 

analogiur situaciebSi sxva miaxloveba imaSi mdgomareobs, rom orive fazaSi gamnawilebe-

li fardobis sididis dasadgenad martivad izomeba mTliani nivTierebis ganawileba. mas zog-

jer moCvenebiT ganawilebis koeficients uwodeben. safiqrebelia, rom iseTi naerTebisaTvis, 

rogoric alifaturi mJavebi an fuZeebia, pH-is cvlilebisas am fardobis sidide sagrZnoblad 

unda icvlebodes. 

sxvadasxva gamoTvlebidan gamomdinareobs, rom wylidan oqtanolSi araganStoebuli  

naxSirwyalbadovani jaWvebis mqone qsenobiotikebis gadatanis saSualo Tavisufali energia 

daaxlovebiT wylidan biomembranebSi gadatanis energiis eqvivalenturia da 690 kal/mol-s 

utoldeba. es sidide mcired gansxvavdeba 12 da zogjer 16-mde naxSirbadatomebis Semcveli 

jaWvebisaTvis. 

ganawilebis koeficienti Zlier sasargeblo parametria garemoSi nivTierebis qcevis dasax-

asiaTeblad. samwuxarod misi eqsperimentulad miRebuli mniSvnelobebi ara yvela nivTierebisa 

da sistemisTvisaa dadgenili.  

biomembranebSi advilad mxolod cximSi xsnadma araionizebulma molekulebma SeiZleba 

SeaRwion. lipidur barierSi araeleqtrolitebi maTi xsnadobis, xolo eleqtrolitebi _ ioni-

zaciis xarisxisa da araionizebuli molekulebis xsnadobis Sesabamisad transportirdebian. 

organuli eleqtrolitebis ionizaciis xarisxi disociaciis konstantisa da garemos pH-is 

funqciaa. 

membraniT ganmxoloebul or fazas, erTnairi pH Tu gaaCniaT (mag., plazmisa da zurgis tvi-

nis SemTxvevaSi), maSin qsenobiotikis koncentracia membranis orive mxareze Tanabari iqneba. 

winaaRmdeg SemTxvevaSi pH-is gansxvavebuli mniSvnelobisas (mag., plazmisa da nawlavebis 

SemTxvevaSi) qsenobiotikTa koncentraciebic gansxvavebuli iqneba, radgan pH-iT nivTierebis 

mxolod ionizebuli formebis raodenoba (wili) isazRvreba, xolo am formiT maTi membranaSi 

SeRweva ar xdeba. 

ganawilebis koeficientiT Sefasebuli mTeli rigi ionizebuli aminebis lipofiluroba 3_4 

rigiT dabalia Sesabamis neitralur formebTan SedarebiT. es garemoeba gamoricxavs membranaSi 
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ionizebuli formis qsenobiotikebisa da endogenuri substratebis metabolizebis SesaZleb-

lobas. amiT aixsneba is garemoeba, Tu ratom ar iJangebian mravali Sidaujreduli naerTebis _ 

aminomJavebis, organuli mJavebisa da sxv. molekulebi membranuli oqsigenazebiT, romlebic 

uaRresad dabali specifikurobiT xasiaTdebian. 

hidrofobul dakavSirebaSi upirveles yovlisa igulisxmeba organuli molekulis Tavisu-

fali energiis cvlileba wylovanidan biofazis gadasvlisas. sxvagvarad rom iTqvas, hidrofo-

buli dakavSireba SeiZleba molekulebs Soris iseT urTierTqmedebad ganixilebodes, romelic 

wylis molekulebTan urTierTqmedebaze gacilebiT Zlieria. igi araa ganpirobebuli arc ko-

valenturi an wyalbaduri bmebiT da arc eleqtrostatikuri mizidulobiT an molekulebs So-

ris muxtis gadatanis van-der-vaalsis ZalebiT. molekulaTa urTierTqmedebas Tan Tu axlavs 

entropiis Semcireba (Tavisufali energiis zrda) da gamxsnelis “struqturireba”, adgili eqne-

ba hidrofobuli urTierTqmedebis WeSmarit models. 

kauzmanis warmodgenebis Tanaxmad arapolaruli molekulebis gaxsnisas sistemis entropiis 

kleba Semdegi mizezebiTaa gamowveuli: entropiis daqveiTeba dakavSirebuli unda iyos wylis 

struqturis cvlilebebTan. arapolaruli ubnebis siaxloves wylis molekulaTa Zvradoba 

mcirdeba da isini klasterul struqturebSi wesrigdebian. amgvarad, arapolaruli molekule-

bis Seyvanas Tan sdevs Tavisufali energiis arasasurveli zrda da sistemis entropiis mniSvne-

lovani Semcireba. hidrofobuli urTierTqmedebis Sedegad sagrZnoblad izrdeba sistemis en-

tropia. mis cvlilebas yvelze didi wvlili Seaqvs Tavisufali energiis SemcirebaSi. maSasa-

dame, hidrofobul urTierTqmedebas entropiuli buneba gaaCnia. 

 

 

2.1.4 adsorbcia 

 

iTvleba, rom nivTiereba adsorbirdeba, Tu misi koncentracia fazaTa gamyofi sazRvris 

olqSi ufro maRalia, vidre kontaqtirebadi fazis moculobaSi. arsebobs adsorbciuli wonas-

worobis gansxvavebuli tipebi; mag., airis an siTxis adsorbcia myar sxeulze, magram garemos ob-

ieqtebSi qimiur nivTierebaTa ganawilebis problemaSi mniSvnelovania adsorbcia xsnaridan 

myar sxeulze. 

qsenobiotikTa umravlesoba bolos niadagSi iyris Tavs. pesticidebi masSi uSualod gamoye-

nebis Sedegad, an pesticidebiT damuSavebuli foTlebis Camocvenis Semdeg xvdeba. samrewvelo 

qimiuri nivTierebebi niadagSi ZiriTadad narCenebis damarxvis Sedegad koncentrirdeba. amde-

nad, niadadgiT nivTierebaTa adsorbciis xarisxi umeteswilad gansazRvravs sivrceSi maTi 

gavrcelebis albaTobas. mtkiced adsorbirdeba Tu ara nivTiereba niadagis nawilakebze, SeiZ-

leba Tu ara niadagis zedapiridan misi wyliT gamotutianeba, an mtvris nawilakebTan erTad 

gabneva? nivTiereba Tu mainc xvdeba wyalSi, ra ufro mosalodnelia, SeiZleba moxvdes xsnarSi, 

an imyofebodes SekavSirebul mdgomareobaSi naleqad. nivTierebis adsorbciuli maxasiaTeble-

bis SeswavliT SesaZlebelia dasmul kiTxvebze pasuxis gacema.  

adsorbciaze gavlenas axdenen adsorbentis fizikuri da qimiuri parametrebi. maTgan mniSv-

nelovania myari sxeulis zedapiris farTobi da, gansakuTrebiT, masze adsorbciuli centrebis 

arseboba (damuxtulia Tu ara es centrebi; SeuZliaT Tu ara maT warmoqmnan wyalbaduri bmebi; 

Seicaven Tu ara maTi zedapirebi hidrofobul ubnebs). mniSvnelovan faqtors warmoadgens 

agreTve adsorbciuli centrebis realuri ganawileba. 

molekulaze, romelic myari sxeulis zedapirze xsnaridan adsorbirdeba (adsorbati), moq-

medeben Zalebi, romlebic mis xsnarSi dabrunebas cdiloben. nivTierebis xsnarSi dabrunebis 

unars misi xsnadoba warmoadgens. es principi farTod gamoiyeneba svetis qromatografiaSi. am 

meTodiT svetSi adsorbentis zeda nawilis zedapirze daitaneba saanalizo narevi da misi kom-

ponentebis Tanmimdevrul gamorecxvas awarmoeben mzardi polarobis mqone gamxsnelebiT. 

adsorbentis zedapirsa da adsorbatis molekulebs Soris ganawilebis procesi am ukanask-
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nelis qimiuri TvisebebiT ganisazRvreba da es dakavSirebulia rogorc zedapiris, aseve 

gamxsnelis bunebasTan. procesi Tavisufali energiis SemcirebiT mimdinareobs, ramdenadac en-

tropiis cvlileba uaryofiTia da zedapiruli kavSirebis warmoqmnis Sedegad sistema mowesri-

gebuli xdeba. am SemTxvevaSi enTalpiis cvlilebac uaryofiTia da amitom adsorbciis siTbos 

mniSvnelobas simtkicis daxasiaTeba SeuZlia. adsorbciis siTbos dabali mniSvnelobebi (<10 

kkal/moli) Cveulebriv fizikur adsorbcias pasuxoben. energiis es mniSvnelobebi Sesabamiso-

baSia energiis cvlilebasTan, romlebic airTa gaTxevadebisas SeiniSneba da van-der-vaalsis 

urTierTqmedebebiT isazRvrebian. aseTi tipis adsorbcia aradisocirebuli molekulebisTvi-

saa damaxasiaTebeli. rodesac adsorbciis energiis mniSvnelobeba axlosaa qimiuri reaqciebis 

energiasTan, maSin gulisxmoben, rom adsorbcia SeiZleba ganpirobebuli iyos qimiuri kavSire-

bis warmoqmniT, amitom am process qemosorbcias uwodeben. 

monoSris warmoqmnis Semdeg adsorbciis energia gaxsnis energias utoldeba, ramdenadac 

adsorbentis zedapiri TiTqmis sruladaa adsorbatiT dafaruli. adsorbciis energia adsor-

birebuli nivTierebis raodenobazea damokidebuli, radgan misi gazrdiT zedapiris Tvisebebi 

cvlilebebs ganicdis. 

adsorbciis energiis uaryofiTi mniSvnelobisas SeiZleba gamovlenil iqnas adsorbciul 

wonasworobaze temperaturis gavlenis xasiaTi. temperaturis gazrda, rogorc wesi adsorb-

ciis daqveiTebas iwvevs. 

nebismieri wonasworuli procesisaTvis (A B + C) wonasworobis gantolebaa: K=[B][C]/[A]                    2.11 

am wesidan gamomdinare, adsorbciul procesSi wonasworoba SeiZleba ase warmovidginoT; 

zedapiri(H O) + adsorbati(H O)  zedapiri-adsorbati(H O)  2.12 
es procesi ar aris Cveulebrivi wonasworoba da misi zogierTi cvladis eqsperimentuli ga-

zomva SeuZlebelia. imisaTvis, rom adsorbciis procesi aRiweros, dgeba eqsperimenti, romel-

Sic adsorbentis gansazRvruli masa wonasworobaSi imyofeba gansazRvruli koncentraciis 

gamxsnelis cnobil moculobasTan da Semdgom masSi izomeba komponentis wonasworuli koncen-

tracia. adsorbirebuli nivTierebis raodenoba isazRvreba koncentraciuli sxvaobiT. eqspe-

rimentis Sedegebi warmodgenilia adsorbciis izoTermebis saxiT, romelic gamosaxavs adsor-

bentis masis erTeulze adsorbirebuli nivTierebis raodenobasa da adsorbatis wonasworul 

koncentracias Soris damokidebulebas. eqsperimentebis Sedegebis damuSavebas ise awarmoeben, 

rom miRebuli Tanafardoba adekvaturad asaxavdes realur adsorbciul process. amis Sedegad 

miRebulia aseT TanafardobaTa mTeli rigi. zogierTi maTgani Teoriulad kargadaa dasabuTe-

buli, magram eqsperimentatorisaTvis maT mainc SezRuduli mniSvnelobebi gaaCniaT, ramdena-

dac miRebuli daSvebebi samarTliania adsorbciuli procesebis mxolod gansazRvruli ricx-

visaTvis. sxva Tanafardobebis (ufro empiriulebis) Teoriuli safuZvlebi ganusazRvrelia, 

magram isini praqtikaSi sakmaod farTod gamoiyeneba. Semdeg qveTavSi ganxiluli iqneba zo-

gierTi tipiuri Tanafardoba. 

 

 

2.1.4.1 lengmiuris izoTerma 

 

lengmiuris izoTermas Tavdapirvelad myar sxeulze airTa adsorbciis aRsawerad iyenebd-

nen. Tanafardobis gamoyvanisas Semdeg daSvebebs iRebdnen: 

1. adsorbciis energia mudmivia da zedapiris Sevsebis xarisxze araa damokidebuli; 

2. adsorbcia mimdinareobs lokalur centrebze da adsorbirebuli molekulebi erTmaneTTan 

ar urTierTqmedeben; 

3. maqsimaluri SesaZlo adsorbcia monoSris srul Sevsebas Seesabameba. 
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1 g adsorbentze adsorbirebuli nivTierebis molebis ricxvi ( ) gamoisaxeba C-xsnarSi niv-

Tierebis wonsworuli koncentraciis funqciis saxiT: 

= b1 + b                                                            2.13 

sadac  _ gaxsnili nivTierebis molebis ricxvia, romelic monoSris sruli Sevsebisas 1 g 

adsorbentze sorbirdeba, b _ adsorbciis energiasTan dakavSirebuli konstantaa (roca C = 1 b⁄ , = /2).  

lengmiuris izoTerma SeiZleba warmovidginoT xazovani formiT: 1 = 1 + 1b                                                     2.14 

am saxiT gamoiyeneba igi eqsperimentuli monacemebis damuSavebisas. adsorbentis masis er-

Teulze sorbirebuli nivTierebis raodenobis Sebrunebuli sidide (1/ ) grafikze daitaneba 

funqciis saxiT, romelic adsorbatis wonasworuli koncentraciis Sebrunebulia 1/C. lengmi-

uris gantoleba Tu sruldeba, maSin eqsperimentuli monacemebi ganlagdebian swor xazze, ro-

melic ordinatis RerZTan 1/ -wertilSi ikveTeba da 1/(b )-is toli daxriloba aqvs. 

rogorc iTqva, am gantolebas farTo gamoyeneba aqvs myar sxeulebze airTa adsorbciis Ses-

wavlisas. rac Seexeba nivTierebaTa adsorbcias xsnarebidan, gansakuTrebiT myar sxeulebze, 

misi gamoyeneba SezRudulia. niadagis zedapiris heterogenuroba savaraudoa, rom ar Seesaba-

meba pirvel daSvebas, romelic Tanafardobis gamoyvanisas iyo gakeTebuli. mravalSriani ad-

sorbciis sistemaSi ar sruldeba mesame daSvebac.  

 

 

2.1.4.2 freindlixis izoTerma 

 

es wminda empiriuli Tanafardoba Semdegnairadac gamoisaxeba: = KC                                                          2.15 

sadac  _ adsorbciuli nivTierebis raodenobaa;  _ adsorbentis masa (mg-obiT); C _ xsnarSi 

nivTierebis wonasworuli koncentracia; K _ wonasworobis konstantaa da axasiaTebs adsorb-

ciis simtkices (rodesac C = 1;  K = / ); 1 n _ izoTermis araxazovnebis xarisxia. am Tanafar-

dobis xazovani formaa:  

lg = lgK + 1n lgC                                             2.16 

am gantolebas eqsperimentuli Sedegebis analizisTvis iyeneben. Tu lg -sidide lgC-s funq-

ciis saxiT grafikze daitaneba, maSin SeiZleba miRebul iqnas ordinatis RerZze monakveTis sax-

iT swori xazi, romelic lgK-s tolia da 1 n-is toli daxriloba aqvs.  

freindlixis gamosaxulebaSi 1 n-sidides xSirad iReben 1-is tolad, rac adsorbirebuli 

nivTierebis raodenobasa da xsnarSi wonasworul koncentracias Soris xazovan damokidebule-

bas pasuxobs. garkveul pirobebSi lengmiuris izoTermac aproqsimirdeba xazovani Tanafardo-

biT. amitom nivTierebis ganawileba zedapirsa da xsnars Soris SeiZleba aRiweros proporci-

ulobis martivi koeficientis daxmarebiT: = K C                                                               2.17 

sadac K  – or fazas Soris nivTierebis ganawilebis koeficientia. aseTi miaxloebis cdomi-
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leba ufro sagrZnobi xdeba imis mixedviT, Tu 1 n-sidide freindlixis gamosaxulebaSi ramde-

nad ixreba 1-sgan. 

niadagSi arsebul organul masalaze nivTierebis adsorbciis Sesafaseblad gamoiyeneba Ta-

nafardoba: 

= K C                                                              2.18 

romelSic adsorbirebuli nivTierebis raodenoba ara niadagis masis erTeuls, aramed masSi 

arsebuli organuli naxSirbadis (OC) masis erTeuls ekuTvnis. nivTierebis niadagiT adsorbcia 

korelaciaSia niadagSi organuli komponentis SemcvelobasTan da amitom sxvadasxva tipis nia-

dagebisaTvis K -sidide mocemuli nivTierebisaTvis ufro mudmivia, vidre K . 

 

 

2.1.4.3 niadagis organuli fraqcia  

 

specialistTa klasifikaciiT niadagis organuli fraqcia sami ZiriTadi saxeobisagan Sedgeba: nivTie-

rebebi, rolebic tute reagentebiT ar eqstragirdebian da huminurebad iwodebian. fraqcias, romelic 

tutiT eqstragirdeba da SemJavebisas ileqeba, huminmJavas uwodeben. xsnarSi darCenili fraqcia fulvom-

Javebs warmoadgenen. am nivTierebebs Zalian rTuli molekuluri struqturebi gaaCniaT da zusti qimiuri 

formuliT arc erTi maTganis warmodgena ar SeiZleba.  1965 wels folbekis mier mocemulia am nivTierebaTa zogierTi Tviseba: 

1. molekuluri masa Seadgens 3000-dan 300000-mde erTeuls. fulvomJava yvelaze dabali molekuluri 

masis mqone komponentia;  

2. maRali molekuluri masis mqone huminuri nivTierebebisaTvis damaxasiaTebeblia muqi-yavisferi an 

Savi feri, maSin rodesac mcire molekuluri masis mqone fraqciebi Seferilni arian Ria yavisfrad an 

yviTlad;  

3. am fraqciebSi Semavali naerTebi ujerobis maRali xarisxiT gamoirCevian; 

4. nivTierebaTa mJavianoba JangbadSemcveli _ xSirad karboqsiluri da fenoluri jgufebiTaa ganpiro-

bebuli; 

5. zogierTi gamonaklisis garda, Jangbadis TiTqmis 50% SesaZloa SekavSirebuli an heterocikluri 

Jangbadis saxiT arareaqciisunarian struqturul erTeulebSi imyofeba;  

6. huminuri nivTierebebi Cveulebriv aminomJavebs Seicaven; 

7. am nivTierebaTa azotis didi nawili hidrolizisadmi mdgradia; 

8. huminuri nivTierebebi Jangvisadmi metad mgrZnobiareni arian da maTze SedarebiT rbili damJangvele-

bis zemoqmedebis drosac ki didi raodenobiT CO -s, wyals, ZmarmJavas da mJaunmJavas warmoqmnian; 

9. molekulaTa struqturis centralur nawilSi arsebuli naxSirbadovani ConCxi qimiuri da baqteriuli 

zemoqmedebisadmi mdgradia; 

10. niadagis organuli nivTierebebi rogorc Cans naxSirwylebs ar Seicaven. 

moyvanili dakvirvebebis da damatebiTi monacemebis safuZvelze folbekma daamuSava huminuri mJavisa 

da misi monaTesave nivTierebebis sruli struqturuli modeli (nax. 2.1), romelic jerjerobiT savarau-

doa da mniSvnelovan dazustebas moiTxovs. 

aucilebelia aRiniSnos, rom niadagis organuli nivTierebis arsebiT Taviseburebas Zlier didi zeda-

piri da maRali kaTioncvladi tevadoba warmoadegns. garda amisa, niadagis organuli masala garkveuli 

doziT hidrofobuli da organofiluria, rac rogorc Cans moqmedebs araionur organul nivTierebaTa 

adsorbciaze.  

niadagis zedapiris qimiur bunebaze am warmodgenaTa gaTvaliswinebiT ganzogadebulia adsorbciuli 

urTierTqmedebis zogierTi tipi, romlebic niadagis zedapirTan bmebis warmoqmnasTanaa dakavSirebuli. 

upirveles yovlisa es van-der-vaalsis Zalebia. atomebsa da molekulebs Soris eleqtrostatikuri ur-

TierTqmedebis aseTi tipi maTi eleqtronuli simWidrovis fluqtuaciebiTaa gamowveuli. amis Sedegad 

warmoiqmnebian myisieri dipolebi, romlebic atomebsa da molekulebs Soris mizidulobas aZliereben. am 

urTierTqmedebis adsorbciis siTbo Cveulebriv mcirea (~1_2 kkal/moli) da molekulaSi atomTa ricxvis 

gazrdiT izrdeba. 
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nax. 2.1. zogadi warmodgenebi huminuri da fulvomJavebis molekulaTa struqturaze. 

 

urTierTqmedebaSi mniSvnelovani adgili ukavia hidrofobul dakavSirebas. am movlenis ganxilvisas 

gasaTvaliswinebelia is garemoeba, rom Tu wylis struqtura erTi mxriv zemoqmedebs hidrofobuli jgu-

febis Semcvel molekulebze, es ukanasknelebic Tavis mxriv zemoqmedeben wylis struqturaze. xsnadi nax-

Sirwyalbadi wyalze madestruqtirebel gavlenas axdens da Tavisi molekulis garSemo wyalbaduri bmebiT 

warmoqmnil Tavisebur yinulismagvar klasters aCens. amgvarad, destruqturireba SedarebiT mowesrige-

bul konfiguracias qmnis, rac sistemis entropiis Semcirebas iwvevs. Termodinamikurad es arasasurvelia 

da amitom Tu gaxsnil nivTierebas naxSirwyalbadTan urTierTqmedeba da misi dakavSireba SeuZlia, am 

SemTxvevaSi wyali Seecdeba daubrundes Tavis normalur Txevad mdgomareobas (umdgradi yinulismagvari 

struqturiT), romelic struqturis naklebi wesrigianobiTa da SedarebiT maRali entropiiT xasiaTdeba. 

amitom wylovani garemodan hidrofobuli nivTierebis ufro hidrofobuli garemoTi adsorbcia Termo-

dinamikurad sasurveli unda iyos. dabali temperaturisas hidrofobuli urTierTqmedeba Tavisi bunebiT 

ZiriTadad entropulia. hidrofobulma naerTma damatebiTi struqturireba rom ar gamoiwvios, cdilobs 

erTmaneTTan da hidrofobul zedapirTan asocirdes. 

Jangbadis mniSvnelovani Semcvelobis gamo niadagis mineralur da organul komponentebs wyalbaduri 

kavSirebis warmoqmna SeuZliaT. nebismier H ····· -tipis sistemas, romelSic H ··· -kavSiri garkveul po-

larobas flobs, xolo  ramdenadme fuZuria, SeuZlia wyalbaduri kavSiris warmoqmna. es unari uSualo-

daa dakavSirebuli -is eleqtrofilurobasTan. 

ionTa Soris mizidulobis kulonis Zalebi Zlier didia. gamxsnelis gareSe kavSiris energia 50 kkal/mol-s aRwevs. gamxsnelSi ioncvlad STanTqmaze gavlenas axdens adsorbciuli centrebisa da ad-

sorbatis ionebis solvatacia. wyliani sistemebi, gansakuTrebiT ki organuli ionebis Semcvelebi sxva 

gamxsnelebTan SedarebiT wyalSi ionTa uCveulo qcevis gamo ufro rTulni arian. molekulis hidratire-

buli ionuri nawili urTierTqmedebs ionis maxloblad wylis normalur struqturaze, xolo wyali mole-

kulis organuli nawilis irgvliv cdilobs ufro struqturirebuli gaxdes, rogorc es zeviT iyo aRniS-

nuli. amgvarad organul molekulebs urTierTqmedebaSi monawile Zalebis bunebisagan damokidebulebiT 

SeuZliaT gansxvavebuli tipis bmebis warmoqmna. 

did da rTul organul molekulebs gaaCniaT dipoluri momenti. molekulaSi muxtis araTanabari ga-

nawileba apirobebs mizidulobis Zalebis gaCenas molekulasa da maadsorbirebel zedapirs Soris. am 

SemTxvevaSi adgili eqneba dipol-dipolur urTierTqmedebas.  

adsorbatisa da adsorbentis molekulaTa Soris qimiuri kavSiris uSualo warmoqmnas adgili aqvs qe-

mosorbciis drosac. es egzoTermuli procesia da maRali adsorbciis siTboTi xasiaTdeba, romelic 30_50 kkal/molis, xolo zogierT SemTxvevaSi 100 kkal/molis intervalSi imyofeba. adsorbciis am tipis 

ganmasxvavebel Taviseburebas is warmoadgens, rom igi adsorbatis Zlier mcire koncentraciebisas mimdi-
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nareobs da am pirobebSic ki SeiZleba adsorbciuli centrebis gajereba moxdes. garda amisa, qemosorbcia 

SeiZleba warimarTos maRal temperaturazec im pirobebSi, rodesac fizikuri adsorbciis procesi SeiZ-

leba naklebad keTilsasurveli iyos. STabeWdileba iqmneba, rom qemosorbciuli procesisaTvis adsorb-

ciis izoTerma adsorbciis RerZze koordinatebis maRla iwyeba, anu SesamCnevi adsorbcia nivTierebis 

nulovani wonasworuli koncentraciebisas mimdinareobs. es imiT unda aixsnas, rom adsorbcia Zlier 

mcire koncentraciebisas xorcieldeba. 

adsorbciuli Zalebis klasifikacia garkveuli zomiT TviTneburia. niadagis zedapirze konkretuli 

nivTierebis adsorbciis Seswavlisas SeiZleba kavSiris ramdenime tips SevxvdeT. mag., didi organuli ka-

Tioni SeiZleba erTdroulad adsorbirdes ioncvladi da dipoluri Zalebis moqmedebiT, agreTve hidro-

fobuli kavSirebis warmoqmniT. nivTierebis tipisa da garemo pirobebisagan damokidebulebiT ama Tu im 

faqtoris gavlena upiratesi xdeba. 

yvelaze mTavari momentebi, romlebic niadagis, rogorc adsorbentis mokle ganxilvidan gamomdina-

reobs, aris ekosistemis am umniSvnelovanesi komponentis sirTule da mravalferovneba. upirveles yov-

lisa aRsaniSnavia adsorbciisaTvis saWiro zedapiruli farTobis gansakuTrebuli sidide da kavSirebis 

warmomqmneli centrebis araerTgvarovneba. arsebobs hidrofobuli urTierTqmedebis, martivi ionuri 

cvlisa da qimiuri kavSirebis warmoqmnis mdidari SesaZlebloba. garkveul situaciebSi adsorbciaSi 

SeiZleba CaerTos kavSirTa yvela tipi. niadagiT adsorbciaSi wamyvan rols misi organuli komponenti 

asrulebs. 

 

 

2.1.4.4 adsorbatis Tvisebebi 

 

niadagis Tvisebebi saSualebas iZleva vimsjeloT nivTierebis unarze adsorbirdes niadagis 

nawilakebis mier. amave dros gasarkvevia adsorbirebuli nivTierebis Tvisebebi, romliTac igi 

moqmedebs TviT adsorbentze da gavlenas axdens Tu ara adsorbciuli procesebi mis qcevaze. 

niadagis pH-is sidide 4.5_8.5-is sazRvrebSi icvleba. misi konkretuli pH damokidebulia 

Tixis zedapirze protonebis disociaciaze da aluminis ionebis hidrolizze, romelTac pH 

dabal niSnulamde mihyavT. wyalbadis ionTa wyaro SeiZleba iyos organuli mJavebi an saerTod 

niadagis organuli komponenti. nivTierebis mniSvnelovani parametri, romelic SeiZleba susti 

mJava an susti fuZe iyos, aris maTi pK (disociaciis konstantis Sebrunebuli logariTmi) da 

agreTve niadagis pH-Tan urTierTkavSiri. organuli mJavebi da fuZeebi Taviseburni arian im 

gagebiT, rom pirobebisagan damokidebulebiT damuxtul an aradisocirebul mdgomareobaSi 

yofna SeuZliaT da Tavisi adsorbciuli TvisebebiT isini mniSvnelovnad gansxvavdebian erTma-

neTisagan. damuxtul naerTs ionuri cvlis unari aqvs da wyalSi ufro advilad ixsneba, vidre 

aradisocirebul mdgomareobaSi myofi nivTiereba. hidrofobuli urTierTqmedebis meqanizmiT 

daumuxtavi nivTiereba wyalSi yovelTvis mcired xsnadia da advilad sorbirdeba. amitom niv-

Tierebis arsebobis forma gadamwyveti faqtoria garemos konkretul pH-ze, romelic SeiZleba 

ganisazRvros gansaxilveli mJavas an fuZis pK-s daxmarebiT.  pK-s gavlenis ilustrirebisaTvis ganvixiloT simetriuli triazinebis (promeTonisa da 

propazinis) adsorbcia natriumian montmorilonitur Tixaze. am adsorbciul sistemaze pH-s 

gavlena SeiZleba Semdegi oTxi procesiT aRiweros: R + H RH      2.19 R +  Tixa R  Tixa   2.20 RH +  Tixa RH  Tixa +   2.21 H + RH  Tixa H  Tixa + RH   2.22 pH 7.0-ze orive nivTierebis (promeTonis pK=4.3 da propazinis pH=1.8) molekulebi aradiso-

cirebuli formiTaa da adsorbciuli procesi moicavs stadias, romelic wonasworobiT aRiwe-

reba (gantoleba 2.20). es SeiZleba iyos silikatis zedapirTan uSualo urTierTqmedeba, an ze-
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dapirze ionTan kompleqsis warmoqmna. pH-is daqveiTebisas wyalbadionTa koncentracia izrde-

ba. am dros triazinis molekula ierTebs protons da dadebiT muxts iZens (wonasworoba 2.19). 

damuxtuli molekula Semdgom adsorbirdeba (wonasworoba 2.21) da romeliRac kaTions inac-

vlebs. pH-is kvlav Semcireba damuxtuli molekulebis ricxvis gazrdas iwvevs da amitom ad-

sorbcia mesame wonasworobis Tanaxmad maqsimalur mniSvnelobas aRwevs, romlis drosac gare-

mos pH nivTierebis pK-s utoldeba. pH-is kidev ufro mniSvnelovani daqveiTebisas da Sesabami-

sad wyalbadionTa koncentraciis zrdisas, adsorbciis mniSvneloba daqveiTebas ganicdis; 

rogorc Cans, am pirobebSi wyalbadionebi miiswrafian adsorbirebadi nivTierebis Canacvlebi-

saken (wonasworoba 2.22). 

moyvanili magaliTi TvalsaCinod uCvenebs, rom nivTierebis pK gavlenas axdens mis adsorb-

ciaze. konkretuli nivTierebis adsorbciaze niadagis pH-is cvlilebis gavlenas Tu vixilavT, 

unda gaviTvaliswinoT, rom adsorbciuli Tvisebebis cvlilebebs pH-is im mniSvnelobaze unda 

velodeT, romlebic nivTierebis pK-Tan axlos dganan. meore mxriv, niadagis pH-is mocemuli 

mniSvnelobisas Tu ramdenime gansxvavebuli nivTierebis adsorbciis mniSvnelobebi izomeba, 

maSin TiToeuli maTganis adsorbciis sidide am nivTierebis pK-ze iqneba damokidebuli. pK-ze 

an pH-ze adsorbciis damokidebulebis bunebis winaswar ganWvreta SeuZlebelia, Tu adsorbciis 

meqanizmi ar aris cnobili. mag., analogiur zedapirze Tu aradisocirebuli nivTiereba adsor-

birdeba da ara ionuri an damuxtuli nawilakebi, maSin pH-is gavlena sul sxva iqneba. 

adsorbciuli procesebi umeteswilad drois SedarebiT mokle intervalebSi Seiswavlebo-

da. amis gamo ar SeiZleboda imis darwmunebiT mtkiceba, rom sistemaSi WeSmariti wonasworoba 

myardeboda. arsebobda calkeuli faqtebi, romlebic am procesis Zlier Senelebul msvlelo-

baze miuTiTebdnen. amitom ar iqna miRebuli sarwmuno monacemebi imis Sesaxeb, myardeboda Tu 

ara saboloo stacionaruli mdgomareoba. 

aRniSnulidan gamomdinare, mizanSewonilia, rom niadagiT nivTierebis adsorbcia Semdeg 

Tanmimdevrul stadiebad warmovidginoT: 

1. makrogadatana; 

2. mikrogadatana; 

3. fizikuri adsorbcia; 

4. qemosorbcia. 

pirvel stadiaze niadagSi nivTierebis wyalxsnaris gadaadgileba xdeba. nivTiereba rogorc 

ki mis zedapirs miaRwevs, adsorbcia im siCqariT ganisazRvreba, romliTac igi niadagis forebSi 

difundirebs da Semdeg adsorbirdeba. fizikur adsorbcias Cveulebriv aqtivaciis dabali 

energia gaaCnia da amdenad swrafad mimdinareobs. qimiuri bmis warmoqmna, an qemosorbcia aqti-

vaciis gacilebiT maRali energiiT xasiaTdeba da nela xorcieldeba. maSasadame, Tanmimdevru-

lad mimdinareobs swrafi fizikuri adsorbcia da mtkice qimiuri kavSirebis Senelebuli war-

moqmna. Znelia am modelis im fizikur procesTan adekvaturobis dadgena, romelic niadagSi 

xorcieldeba, radgan arsebuli monacemebidan gamomdinare am SemTxvevaSi ar SeiZleba realur 

procesTan Sesabamisobaze msjeloba.  

 

 

2.1.5 nivTierebis ganawileba niadagSi 

 

niadagis zedapirze moxvedrili qsenobiotiki, iseve rogorc nebismieri sxva mdgradi orga-

nuli nivTiereba, bolos niadagSi aRwevs. amasTan dakavSirebiT ismis kiTxva: rogoria niadagSi 

nivTierebis gadaadgilebis unari da romeli procesebiTaa es gadaadgileba ganpirobebuli?  

niadagSi nivTierebis gadaadgileba difuziisa da masis gadatanis meqanizmebiT xorcielde-

ba. difuzia molekulaTa qaoturi siTburi moZraobis Sedegia da mas upiratesad airad da Txe-

vad fazebSi aqvs adgili. masis gadatanis SemTxvevaSi nivTierebis matarebeli (gadamtani) _ wya-
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li figurirebs, xolo TviT wylis gadaadgileba raime garegani Zalis (mag., simZimis Zalis) meS-

veobiT xdeba.  

 

 
2.1.5.1 difuzia 

 

ganvixiloT difuzia mudmivi kveTis mqone milSi (nax. 2.2), romelSic nivTierebis nakadi (Y) 

maRali koncentraciis zonidan mcire koncentraciis zoniskenaa mimarTuli. segmentSi mole-

kulaTa moZraobis siCqare SeiZleba gamosaxul iqnas koncentraciuli gradientis funqciis [(C C )∆ ] saxiT: 

Y = D dcd                                                            2.23 

sadac Y _ nivTierebis nakadia (moli/sm2·wm). 

es gamosaxuleba cnobilia rogorc fikis difuziis pirveli kanoni. 

C1 C2
∆X  

nax. 2.2. fikis kanonis sqematuri gamosaxuleba. 

 

nakads gamosaxaven rogorc nivTierebis masas, romelic farTobis erTeulSi drois er-

TeulSi gadaadgildeba. proporciulobis koeficients (D), romelsac difuziis koeficientsac 

uwodeben, gaaCnia ganzomileba: manZilis kvadrati gayofili droze (sm2/wm). zomis aseTi er-

Teuli saSualebas iZleva difuziis koeficienti ganxilul iqnas rogorc saSualo manZili, ro-

melsac molekula nakadis mimarTulebiT drois erTeulSi farTobis kveTis erTeulSi gadis. 

difuziis koeficienti koncentraciaze damokidebuli ar aris nivTierebis mxolod mcire 

mniSvnelobebisas. 

difuziaze SedarebiT zogad warmodgenas iZleva fikis meore kanoni, romlis Tanaxmadac 

moculobis elementSi difuziur velSi droisagan damokidebuli koncentraciis cvlileba  

am elementis moculobaSi koncentraciuli gradientis cvlilebis siCqaris funqcias war 

moadgens: dcdt = D d cd                                                            2.24 

mag., haerSi Jangbadis difuziis koeficientidan (D=0.178 sm2/wm) gamomdinareobs, rom Txevad 

garemoSi misi difuzia oTxi rigiT naklebi siCqariT mimdinareobs, vidre airad fazaSi. niadagSi 

airis difuzia ufro Senelebulia, vidre Tavisufal moculobaSi. niadagSi difuziis daqveiTe-

ba misi iseTi maxasiaTebliT unda iyos ganpirobebuli, rogoricaa forianoba da forebis aRna-

goba. saqme imaSia, rom forebi sworxazovan arxebs ki ar warmoadgens, aramed maTSi molekulebi 

moxril, da erTmaneTTan gadaxlarTul arxebSi gadaadgildeba. difuziis procesis aRweras is-

ic arTulebs, rom arseboben daxurulboloiani (“yru”) forebi, romlebic niadagSi difuziur 

gadatanaSi ar monawileoben. 

airTa kinetikuri Teoriis Tanaxmad, nebismieri airis saSualo kinetikuri energia absolu-

turi temperaturis funqciaa, anu erTi da igive temperaturisas SedarebiT mcire molekulebs 

ufro maRali saSualo siCqare gaaCniaT. amitom mosalodnelia, rom nivTierebis difuziis koe-

ficienti temperaturis gazrdiTa da molekuluri masis Semcirebis Sesabamisad unda izrde-
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bodes. niadagSi nivTierebis difuziaze Zlier gavlenas axdens agreTve misi unari nawilakebis 

zedapirze adsorbirdes. 

 

 

2.1.5.2 gamotutva 

 

niadagSi nivTierebis gadaadgileba upiratesad forian garemoSi masis gadatanis xarjze 

xorcieldeba. bunebriv pirobebSi wyali niadagSi wvimisa da xelovnuri morwyvis Sedegad 

ifiltreba. niadagSi myofi nivTierebebi wyalTan erTad gadamoZravdebian da niadagis profi-

liT nawildebian. nivTierebebi, romlebic advil gamotutvas ganicdian, abinZureben rogorc 

gruntis, aseve zedapirul wylebs. amis gamo mniSvnelovania ganisazRvros nivTierebebis is Tvi-

sebebi, romelTa safuZvelzec SeiZleba dadgindes gadatanis meqanizmiT maTi gadaadgilebis 

unari. am mimarTulebiT sistematuri kvlevis umetesoba herbicidebzea Catarebuli, ramdena-

dac es faqtori maTi efeqturi gamoyenebisaTvis umTavresia. herbicidi Zlier susti an gansa-

kuTrebiT Zlieri gamotutvis gamo Tu ver aRwevs niadagSi saWiro zonamde (mag., fesvebis gan-

lagebis zonamde), maSin mis gamoyenebas sasurveli Sedegi ar eqneba.  

nivTierebis niadagidan gamotutva mTel rig cvladTa urTierTqmedebiTaa ganpirobebuli: 

mag., wylis moZraobiT niadagis profilis mimarTulebiT da nivTierebis ganawilebiT niadagis 

zedapirsa da wyalxsnars Soris. forian garemoSi masis gadatanis movlena sakmaod detalura-

daa gamokvleuli. am SemTxvevaSi sakmaod warmatebuli gamoyeneba hpova Txelfenovani qroma-

tografiis meTodma, Tumca unda aRiniSnos isic, rom es meTodi ver imeorebs bunebriv pirobeb-

Si mimdinare gamotutvis procesis zust analogias. 

amJamad arsebuli modelebi aRweren nivTierebis gadaadgilebas wyliT gajerebul niadagSi. 

umartives SemTxvevaSi gulisxmoben, rom sistemaSi adsorbciis aRwera SesaZlebelia frein-

dlixis gantolebiT da rom wylis nakadis sakmaod dabali siCqarisas, anu nivTierebis Senele-

buli moZraobisas sorbirebadi centris maxloblad myisierad myardeba wonasworoba. arsebuli 

maTematikuri modelebi Semdeg cvladebs moicaven: 

− niadagis forianobas; 

− adsorbciisaTvis saWiro niadagis zedapiris wils; 

− niadagis forovan sivrceSi difuziur nakads; 

− freindlixis adsorbciis koeficients; 

− forebSi wylis moZraobis siCqares. 

realuri procesis ufro zusti aRwerisaTvis SemoTavazebulia kidev ori damatebiTi de-

bulebis gamoyeneba: 

− adsorbciuli wonasworoba myisierad ar myardeba da desorbciis siCqare (K ) mudmivi ar 

aris; 

− Semoitaneba kidev erTi b-faqtoris cneba, romelic adsorbciis siCqaresa da energias 

niadagiT adsorbirebuli nivTierebis raodenobasTan akavSirebs. 

meore debulebidan gamomdinareobs, rom niadagiT adsorbirebuli nivTierebis raodenobis 

gazrdisas adsorbciis energia qveiTdeba. garda amisa, adsorbciisa da desorbciis siCqareebi 

aseve dakavSirebulni arian adsorbirebuli nivTierebis raodenobasTan. Tu b=0 (anu adsorbi-

rebuli nivTierebis raodenoba adsorbciis kinetikaze ar moqmedebs) (K )-is maRali mniSvnelo-

bisas (anu desorbciis sakmaod maRali siCqarisas), viRebT orive fazaSi nivTierebis simetriul 

ganawilebas. nivTireba Tu adsorbirebul mdgomareobaSi kavdeba da niadagSi nela gadaadgil-

deba, miiReba arasimetriuli ganawileba. desorbciis siCqaris gavlena xaxunis Zalebis moqmede-

bas waagavs, romelic niadagis zedapirze nivTierebas akavebs da mis siRrmeSi gadaadgilebas 

zRudavs. amgvarad, aseTi midgomis daxmarebiT SeiZleba damuSavdes niadagidan nivTierebis ga-

motutvis xarisxis pirobebi da eqsperimentul sistemaTa analizisaTvis gamovlindes calkeu-

li cvladebis gavlena.  
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2.1.5.3 aorTqleba 

 

adsorbciisa an gamotutvis procesis garda yovelTvis arsebobs nivTierebis aorTqlebis 

da atmosferoSi misi gadaadgilebis albaToba. am procesis SesaZleblobas xSirad ugulvelyo-

fen im mizeziT, rom qsenobiotikebi, romlebic garemoze uaryofiT zemoqmedebas axdenen, upi-

ratesad myar produqtebs warmoadgenen da airTa uaRresad dabali wneva gaaCniaT. miuxedavad 

amisa, nivTierebis aseTi gadatanis saxe SeiZleba mniSvnelovani faqtori aRmoCndes garemoSi 

mis wrebrunvaSi, gansakuTrebiT ki didi farTobebidan aorTqlebisas. am procesis kanonzomie-

rebebis ganxilvisas Cveulebriv msjeloben wonasworuli sistemebiT da cdiloben warmoadgi-

non umTavresad iseTi sidideebi, rogorc orTqlis wonasworuli wneva da orTqladqcevis siT-

boa. ra Tqma unda, aorTqlebis procesSi orive sidide mniSvnelovania, magram gansazRvruli ga-

remodan (niadagidan an wyalxsnaridan) nivTierebis aorTqleba kinetikur funqcias 

warmoadgens, romlis dasadgenadac unda gamoiyenebodes iseTi damatebiTi parametrebi, ro-

goric zedapirisadmi an misgan difuziaa. nivTierebis airad fazaSi gadasvla SeiZleba TviT am 

nivTierebis Txevadi an myari zedapiridan, an niadagisa da xsnaris zedapiridan xdebodes, ro-

melSic es nivTiereba imyofeba. 

siTxisa da myari sxeulis zedapiridan nivTierebis aorTqlebis siCqare Semdegi faqtorebiT 

isazRvreba: 

1. nivTierebis unariT gadavides erTi fazidan meoreSi, romelic mocemul temperaturaze misi 

wonasworuli wneviT xasiaTdeba; 

2. nivTierebis difuziiT aorTqlebis zedapiridan. mas Semdeg rac molekula zedapirs mos-

cildeba, aorTqleba difuziis siCqareze iqneba damokidebuli. TviT am procesis siCqare ki 

Tavis mxriv damokidebulia haerSi difuziis koeficientze da uZravi haeris fenis siCqareze, 

romelic uSualod aorTqlebis zedapirs esazRvreba. realur pirobebSi difuziis siCqareze 

moqmedebs agreTve haeris turbulenturi nakadi, romelic nivTierebis gabnevas iwvevs; 

3. aorTqlebuli nivTierebis gabneviT (nivTiereba aorTqlebis adgilidan haeris nakadiT gai-

taneba); 

4. siTburi faqtorebiT. normalur (bunebriv) pirobebSi aucilebeli ar aris daculi iyos 

izoTermuli pirobebi da amitom nivTierebis aorTqlebis siCqaris Sefasebisas saWiroa gaT-

valiswinebul iqnas sistemis siTbogamtaroba da orTqladqcevis siTbo; 

amgvarad, aorTqlebis siCqare SeiZleba sakmaod mniSvnelovnad iyos im energiis ukmarobiT 

SezRuduli, romelic aorTlebisaTvis, an aorTqlebis adgilisken energiis midinebis siCqa-

risTvisaa aucilebeli. aseTi sistemis aRwerisaTvis damuSavebulia rTuli maTematikuri gamo-

saxuleba, romelic yvela zeviT CamoTvlil cvladebs Seicavs. amave dros dadgenil iqna, rom 

aqrolvis unari da difuzia im cvladebs warmoadgenen, romlebic didi xarisxis aorTlebis siC-

qares gansazRvraven. es parametrebi knudsenis gantolebaSi Sedian: 

W = P M2πRT / t                                                            2.25 

sadac W _ aorTqlebis xarjze masis kargvaa, P _ orTqlis wneva, M _ molekuluri masa,  R _ airis mudmiva, T _ absoluturi temperatura, t _ dro. 

daaxloebiT erTnairi molekuluri masis mqone nivTierebisaTvis (maTi difuziis siCqareTa 

tolobisas) aorTqlebis siCqare airTa wnevazea damokidebuli. garda amisa, savsebiT TvalsaCi-

noa, rom aorTqlebaze gavlenas axdens zedapirze haeris moZraoba. 

dro (t) da temperatura (T) Tu mudmivia, maSin fardobac W/P√M sxvadasxva nivTierebisaTvis 

aseve mudmivi iqneba. ganxiluli monacemebi gviCveneben, rom pirobebis garkveuli SeTanawyobi-

sas es daskvna namdvilad samarTliania. aseTi Tanafardoba gamoiyeneba gaTvlebisaTvis, Tu 

cnobilia gansazRvrul pirobebSi monacemebi aorTqlebaze erTi nivTierebisaTvis da moleku-

luri masa da orTqlis wneva – meorisaTvis. 
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izoTermul da mudmiv atmosferul pirobebSi nivTierebebi mudmivi siCqariT orTqldebian. 23_25°C-ze Catarebuli dakvirvebebi gviCveneben, rom uZrav haerSi aorTqlebis siCqare SeiZle-

ba knudsenis saxeSecvlili gantolebiT aRiweros: 

Q = βP P2πRT /                                                               2.26 

sadac Q _ aorTqlebis siCqarea (g/sm2 ·wm), xolo β _ mamravli iTvaliswinebs, rom nivTiereba 

orTqldeba haerSi da ara vakuumSi. misi mniSvneloba [(1.98 0.20) · 10 ] temperaturis 3°C-mde 

daqveiTebis drosac ki daaxloebiT mudmivia nivTierebaTa im jgufisaTvis, romelTa moleku-

luri masa ~190-mdea. gamosaxuleba SeiZleba gamoyenebul iqnas garemoSi nivTierebis aorTqle-

bis gansasazRvrad im pirobebiT, Tu misi orTqlis wneva mocemul temperaturaze cnobilia. 

 

2.1.5.3.1 aorTqleba niadagidan 

 

niadagidan aorTqlebis siCqareze moqmedi faqtorebi SeiZleba dadgindes wonasworul sis-

temebSi orTqlis simkvrivis gazomviT, an niadagis saanalizo nimuSis masis kargvis gziT 

aorTqlebis kinetikis SeswavliT. nivTierebisa da niadagis urTierTqmedebis gamo aorTqlebis 

procesi sakmaod rTulia. niadagidan aorTqleba SeiZleba ganxilul iqnas rogorc desorbciis 

procesi, xolo ganawilebis koeficienti ase gamoisaxeba: 

K = d⁄                                                                          2.27 

zogierTi nivTierebisaTvis niadagi _ siTxisa da niadagi _ airis sistemaTa Sedareba gviCve-

nebs, rom xsnarSi nivTierebaTa wonasworuli koncentraciebi da haerSi maTi orTqlis 

simkvrive maqsimalur mniSvnelobas niadagSi am nivTierebaTa Sesadarebeli koncentraciebisas 

aRweven. 

temperatura gavlenas axdens aramxolod nivTierebaTa orTqlis wnevaze, aramed desorb-

ciaze, zedapirisadmi difuziaze, wylis mocilebis siCqareze, temperaturuli gradientebis 

damyarebaze, anu yvela im faqtorze, romlebic niadagidan nivTierebis aorTqlebis srul siC-

qares gansazRvraven. mag., mSral niadagebSi dildrinis orTqlis simkvrive dabalia, magram wy-

lis damatebisas orTqlis wneva maqsimalur mniSvnelobamde izrdeba. iTvleba, rom nivTierebis 

orTqlis simkvriveze niadagSi wylis Semcvelobis gavlena imiTaa ganpirobebuli, rom wyali 

niadagis zedapirze adsorbcias ganicdis da amitom adsorbciuli centrebi mocemuli nivTie-

rebisaTvis miuwvdomelni (ufro zustad “miukarebelni”) xdebian. wylis monomolekuluri SriT 

zedapiris gajerebisas misi damatebiTi raodenoba nivTierebis sxva fazaSi gadasvlis unarze 

gavlenas ar axdens. 

 

2.1.5.3.2 aorTqleba wylidan 

 

saqme Tu gvaqvs iseT nivTierebebTan, romlebic wyalSi srulad ixsneba, maSin maTi aorTqle-

bis siCqare SeiZleba aRiweros gantolebiT, romelic sufTa nivTierebis aorTqlebis Sesafa-

seblad gamoiyeneba. am SemTxvevaSi sxvadasxva naerTisaTvis damakmayofilebelia misi Sesabamisi 

parcialuri wnevis codna. garda amisa, iTvleba, rom narevSi komponentebs Soris SesaZloa ar-

sebobdes susti urTierTqmedeba da sruli aorTqleba calkeuli komponentebis orTqlis wne-

vis jamis toli unda iyos. 

sustad xsnadi nivTierebebis, mag., qlorirebuli organuli naerTebis mimarT aseTi daSveba 

miuRebelia, ramdenadac xsnarSi maTi qceva srulad gansxvavdeba wyalSi advilSerevad nivTie-

rebaTa qcevisagan. aorTqlebis Seferxebis ZiriTadi mizezi or Sres Soris difuzia da xsna-

ri/orTqli gamyof zedapirze nivTierebaTa ganawilebaa.  
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gaxsnili nivTierebis molekulaTa moZraobis siCqare gamyof zedapirze fikis kanoniT 

isazRvreba, romelic difuziis koeficientsa da SreSi koncentraciis gradients moicavs; ker-

Zod, Txevad SreSi nivTierebis nakadi tolia F =  K (C C )                                                                2.28 

sadac koncentraciis gradienti isazRvreba fazis moculobaSi nivTierebis C  koncentra-

ciiT (iTvleba, rom faza kargad ireva) da zedapirTan C -koncentraciiT. analogiur Tanafar-

dobas aRwers airad fenaSi nivTierebis nakadi. difuziis koeficienti SeiZleba Secvlil iqnas 

cvlis K  da K  konstantebiT 

K = D                                                                           2.29 

romelTac gaaCniaT siCqaris ganzomileba da nakads koncentraciis gradientis erTeulze 

gadascemen. gamyof sazRvarze ganawileba henris kanonis konstantiT xasiaTdeba 

H = CC                                                                         2.30 

am konstantis ganzomileba damokidebulia koncentraciis an airad fazaSi komponentis wne-

visa da Txevad fazaSi koncentraciis SerCeul erTeulze. orive sidide Tu erTi da igive er-

TeulebSia gamosaxuli, maSin konstanta uganzomileboa, anu arsebiTad ganawilebis koeficien-

ti xdeba. 

am modelis analizi gamyof zedapirSi nivTierebis nakadisaTvis (F) Semdeg gamosaxulebas 

iZleva: 

F =  K CH C                                                              2.31 K -konstanta SeiZleba ganxilul iqnas rogorc siTxeSi nivTierebis cvlis zogadi konstan-

ta, romelic calkeul fazaSi cvlisa da henris kanonis konstantis (H-is) funqcias  

warmoadgens: 1K = 1k + 1Hk                                                                2.32 

an 

K = Hk kk + k                                                                2.33 

sxvadasxva nivTierebisaTvis cvlis konstantebi SeiZleba gaTvlil iqnas CO -isa (k = 0.33 

sm/wT) da H O-saTvis (k = 50 sm/wT) standartuli mniSvnelobebis daxmarebiT: 

K = k MM /                                                           2.34 

da 

K = k MM /                                                           2.35 

nakadis mimarTuleba damokidebulia or fazas Soris nivTierebis koncentraciis sxvaobaze 

da amitom gansaxilveli modeli gamoiyeneba nivTierebis rogorc aorTqlebis, aseve STanTqmis 

siCqareTa Sesafaseblad. 

 erTeulovani kveTisa da d-siRrmis mocemul wylis nimuSSi drois t-momentSi C -

koncentracia gamoisaxeba gantolebiT: 
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C = C exp K td                                                                   2.36 

sadac C  koncentraciaa t=0 drois momentSi. ramdenadac aorTqleba pirveli rigis proce-

sia, SeiZleba ganisazRvros dro, romlis ganmavlobaSic Txevad fazaSi koncentracia  

naxevrdeba: 

t = 0.693dK                                                                      2.37 

sxva midgomaSi siTxis zedapiridan nivTierebis aorTqlebis siCqaris gansasazRvravad ga-

moiyeneba knudsenis saxeSecvlili gantoleba da iTvleba, rom ori fazis gamyof zedapirze 

gaxsnili nivTierebis koncentraciuli gradienti, romelic Txevad fazaSi difuziuri proce-

sis malimitirebeblia, ar arsebobs. orTqlis fazaSi gaxsnili molekulebis nakadi aRiwereba 

gamosaxulebiT: 

ნაკადი = βP M2πRT / = βP                                               2.38 

sadac P _ gaxsnili nivTierebis orTqlis efeqturi wnevaa, M _ misi molekuluri masa da β _ 

mocemuli atmosferuli pirobebisaTvis eqsperimentuli konstantaa. P-s gansazRvrisaTvis Tu 

henris kanonis konstanta gamoiyeneba, maSin erTeulovani kveTis d-siRrmis xsnarSi drois t(C ) 

momentSi nivTierebis koncentracia SeiZleba gamoisaxos sawyisi koncentraciis (C ) funqciis 

saxiT: 

C = C exp  βHd t                                                             2.39 

xolo rodesac Txevad fazaSi nivTierebis koncentracia naxevrdeba dro (nivTierebis nax-

evarperiodi) gamoisaxeba TanafardobiT: 

t = 0.693d
βH                                                                    2.40 

wyalSi sustad xsnadi nivTierebisaTvis henris kanonis konstantisaTvis ufro zust gamo-

saxulebas Semdegi saxe aqvs: 

Hდინი ·სმ = P γMnH O                                                             2.41 

sadac P  _ mocemul temperaturaze sufTa nivTierebis orTqlis wnevaa (dini/sm2), M _ mole-

kuluri masa, nH O _ wylis molebis ricxvia 1 ml xsnarSi, xolo γ _ gaxsnili nivTierebis aqtivo-

bis koeficientia. es parametri nivTierebis idealuri qcevidan gadaxras (γ=1) uCvenebs. igi niv-

Tierebis koncentraciaze da mis bunebazea damokidebuli. 

orive modeli SesabamisobaSia eqsperimentulad miRebul SedegebTan. temperaturis garda 

wylidan nivTierebis aorTqlebis siCqareze sxva cvladebic axdenen gavlenas. naCvenebia niv-

Tierebis ufro maRali siCqariT aorTqleba didi zedapiridan wylis energiuli turbulize-

buli morevisas da wylis siRrmuli fenebidan aorTqlebis dabali siCqareebi, sadac mcire mo-

revis pirobebSi koncentraciuli gradienti iqmneba da amis gamo msvleloba difuziiT  

limitirdeba. 

ganxilul gansjaSi Znelia am or miaxloebas Soris yovelmxrivi Sepirispireba moxdes. miux-

edavad amisa, zogierTi debuleba, romelic nivTierebis Tvisebebs iTvaliswinebs, SeiZleba ga-

moyenebul iqnas winaswari SefasebisaTvis. iseTi SedarebiT martivi procesis Seswavla, ro-

gorc wylidan garemoSi nivTierebis aorTqlebaa, mTel rig problemebs qmnis, romlis gadasawy-

vetadac aucilebeli xdeba sxva sferoebSi mopovebuli monacemebiT sargebloba. 



74  

aq ganxilul masalaSi nivTierebaTa wrebrunvis qemodinamika upiratesad ekosistemis ara-

biologiur komponentebs ganekuTvneboda. bunebriv pirobebSi nivTierebaTa gadamoZravebis 

sxva ZiriTad gzas kvebiTi jaWvebi warmoadgenen. ekologebis mier farTo gamokvlevebia Cata-

rebuli, romelTa safuZvelzec dadgenilia, rom organizmebis qimiur garemosTan ur-

TierTqmedebisas nivTierebebi kvebiT jaWvebSi nawildebian. ucxo nivTiereba vidre am gziT 

gavrceldebodes, man upirveles yovlisa membranuli barieris winaRmdegoba unda daZlios da 

ujredSi koncentrirebamde masSi unda gaaRwios. rogorc Semdgom davrwmundebiT (Tavi 4) es 

Sidaujreduli struqturebi uaRresad mniSvnelovan rols asruleben qsenobiotikTa biode-

gradaciaSi. amitom qemodinamikis is aspeqtebi, romlebic biomembranaSi nivTierebaTa trans-

ports axasiaTeben, SedarebiT detalurad iq iqneba ganxiluli. 

 

 

2.2 qsenobiotikTa SeRweva cxovelur organizmebSi 

 

cxovelur organizmebSi qsenobiotikTa SeRweva SeiZleba moxdes piris Rrudan, kuW-

nawlavis traqtidan, filtvebidan da kanidan. pirvel orSi SeRweva martivi difuziis gziT xde-

ba, radgan SeRweva koncentraciis proporciulia da TiTqmis gamoricxulia, rom aq aqtiuri 

transportis meqanizmic iyos CarTuli. Sewovaze ar moqmedebs arc msgavsi struqturis mqone 

naerTis erTdrouli Tanamyofobac. 

mokled ganvixiloT TiToeuli maTgani. 

wamlebi da sxva qsenobiotikebi piris Rrus lorwovani garsidan sisxlZarRvovan sistemaSi 

xvdebian. am dros cxadia maTze saWmlis momnelebeli arxis wvenebi ar moqmedeben. amasTan, isini 

uSualod RviZlSi ar xvdebian, romelic maTi metabolizmis uZiriTades punqts warmoadgens. 

amitom piris Rrudan SeRweuli qsenobiotikis metaboluri gardaqmnebis dawyeba am SemTxvevaSi 

Seyovnebulia da wamlebis aqtiuri moqmedebis periodic Sesabamisad gaxangrZlivebulia. 

garkveuli periodis ganmavlobaSi iTvleboda, rom qsenobiotikTa kuWidan Sewova (eTilis 

spirtis garda) umniSvneloa. es mosazreba ar vrceldeboda mxolod sakvebi nivTierebebis, upi-

ratesad makromolekulebis mimarT, romelTaTvisac moneleba aucilebelia. amjerad ukve da-

bejiTebiT SeiZleba iTqvas, rom mravali qsenobiotikic advilad Seiwoveba kuWidan difuziis 

gziT lorwovanas gavliT da es gansakuTrebiT araionizebul molekulebs exebaT.  

dakvirvebebma aCvenes, rom rogorc adamianis, aseve cxovelis (virTagvis) kuWidan swrafad 

Seiwovebian iseTi mJavuri naerTebi, rogoric salicilmJava, aspirini an barbituratebia,  

magram araionizebuli sulfomJavebi (sulfosalicilmJava) da fuZeebi (qinini, aminopirini), 

romlebic kuWis pH-ze advilad ionizdebian, ar Seiwovebian. rogorc irkveva, Sewova lipidebSi 

nivTierebis xsnadobis funqciaa. virTagvebSi sulfanilamidi, sulfoguanidini da sul 

fotriazoli sxva meqanizmiT, kerZod kuWis membranebSi myof wylian forebSi filtraciiT  

Seiwovebian. 

kuWis lorwovani garsis msgavsad nawlavis epiTeliumic martivi difuziis gziT advilad 

atarebs qsenobiotikebis aradisocirebul molekulebs. susti mJavebi da fuZeebi virTagvebis 

nawlavidan Seiwovebian maTi disociaciis konstantebiT gazomili siCqareebiTa da lipidebSi 

xsnadobiT. maRalionizebuli mJavebi da fuZeebi Senelebulad SeiRwevian iseTi meqanizmiT, ro-

melic nawlavis lorwosTan kompleqswarmoqmnas gulisxmobs. nawlavis SigTavsis pH-is cvlile-

ba cvlis ucxo naerTis ionizaciis xarisxs da amdenad Sewovis xarisxsac. zogierTi ucxo mono-

saqaridi, aminomJavebi da pirimidinebi (mag., 5-ftoruracili da 5-bromuracili) imdenad gvanan 

bunebriv naerTebs, rom aqtiuri transportis gziT Seiwovebian, rac sakvebi nivTierebebis SeR-

wevis analogiuria. zogierTi ucxo makromolekulebi, rogorebic baqteriuli toqsinebia, 

aseve Seiwovebian nawlavidan mcire odenobebiT savaraudod pinocitozis gziT. 
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msxvili nawlavebidan Sewova Zlier waagavs wvrili nawlavebidan Sewovas. susti mJavebi da 

fuZeebi advilad SeiRwevian, maSin rodesac maRalionizebuli meoTxeuli amoniumis naerTebi da 

sulfomJavebi Zalian nela SeiRwevian. swor nawlavSi Seyvanili qsenobiotikebi umTavresad 

msxvili nawlaviT Seiwovebian, xolo siTxeebs TeZos nawlavamdec ki SeuZliaT aaRwion. 

kuW-nawlavidan ucxo naerTTa Sewovaze mTeli rigi faqtorebiT axdenen gavlenas. esenia 

− sakvebis gadamoZraveba _ kuWis daCqarebuli dacla aqveiTebs kuWidan Sewovas, magram SeiZ-

leba gaaZlieros Sewova nawlavidan. misma daCqarebulma peristaltikam unda gaaumjobesos 

SigTavsis gadareva, rac Sewovis zrdas iwvevs, magram erTdroulad izrdeba misi daclis siC-

qare, rac Sewovaze uaryofiTad moqmedebs; 

− Sinagan organoebSi sisxlis nakadis siCqare. nawlavebSi sisxlis nakadis gaZliereba da guli-

dan gamotyorcnili sisxlis moculobis gazrda aseve astimulirebs ucxo naerTTa Sewovis 

siCqares; 

− kuW-nawlavur sekrecias SeuZlia pH-is cvlilebebis da Sesabamisad qsenobiotikTa ioniza-

ciis xarisxis Secvla, xolo fermentebs (esTerazebs da amidazebs) eTerebisa da amidebis hi-

drolizis gamowveva SeuZliaT; 

− sxva nivTierebaTa Tanamyofoba. kalciumis, rkinisa da sxva metalebis ionebs zogierT niv-

TierebasTan (mag., tetraciklinTan) uxsnadi xelaturi kompleqsebis warmoqmna da Sewovis 

daqveiTeba SeuZliaT; 

− ucxo nivTierebis nawilakTa zomebi moqmedeben gaxsnis xarisxze, gansakuTrebiT cudad 

xsnadi naerTebis SemTxvevaSi. Sesabamisad mcirdeba Sewova, radgan igi mxolod xsnaridan 

xdeba. Zneladxsnadi susti mJavebis Sewova gaadvildeba, Tu isini organizmis mier xsnadi ma-

rilebis saxiT iqnebian miRebuli, ramdenadac kuWSi mJave are wvrili suspenziis saxiT am mJa-

vaTa daleqvas iwvevs. 

Sewova kanidan. kanis epidermisi lipoproteinuli barieria, romelSic swrafad mxolod 

cximSi xsnadi nivTierebebi aRweven. derma piriqiT, Zlier foriania da rogorc lipidebSi xsna-

di, aseve gaxsnili polaruli nivTierebebisaTvis ganvladia. maSasadame, lipofiluri nivTiere-

bebi kanSi swrafad aRweven, maSin rodesac ionebi da cximSi uxsnadi nivTierebebi Zlier Senele-

buli ganvladobiT xasiaTdebian. dadgenilia, rom sxvadasxva qlorirebuli nivTierebis Sewo-

vis xarisxi adamianis kanSi icvleba sisqis, cvilianobis, asakis da kanis qimiuri 

Semadgenlobisagan damokidebulebiT. 

Sewova traqeidan mxolod gansazRvruli ricxvis nivTierebebisTvisaa (mag., veronalis, pen-

totalis, suqcinilqolinis) damaxasiaTebeli da Tan wyalxsnar mdgomareobaSi xdeba. 

Sewova filtvebidan. lipidSi xsnadi airebi da orTqlebi filtvebiT advilad Seiwovebian. 

maT ricxvs miekuTvnebian maanestezirebeli saSualebebi, azotis oqsidi, eTeri, fluotani da 

sxva organuli gamxsnelebi (mag., aromatuli qlorirebuli naxSirwyalbadebi) da orTqlis ma-

Rali simkvrivis mqone myari nivTierebebi (mag., benzedrini). 

 

 

2.2.1 qsenobiotikTa transporti qsovilovan barierebSi 

 

ucxo nivTierebis ganmxoloebul kompartmentebad ganawileba damokidebulia aramarto 

plazmaSi da ujredSoris siTxeSi gadatanis procesebze, aramed nivTierebis biotransforma-

ciaze da ujredSorisi membranebis ganvladobaze. zogadad SeiZleba iTqvas, rom ujredSi SeR-

weuli qsenobiotikis kompartmentebad dayofa maTi metabolizmisaTvis sawyis (nulovan) fazas 

warmoadgens da principSi win uswrebs funacionalizacias. faqtiurad es fiziologiuri fazaa, 

romelSic unda programdebodes qsenobiotikis bioqimiuri gardaqmnebis mimarTuleba da saer-

Tod organizmSi maTi Semdgomi yofna-aryofna. 

organizmSi SeRwevis Semdeg ucxo nivTierebebi momdevno membranul sistemebSi transpor-

tirdebian da qsovilebSi nawildebian. kargadaa Seswavlili ori qsovilovani barieri. esenia 
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hemato-encefaluri da placentaruli barierebi. pirveli – sisxli-tvini da sisxli – zurgis 

tvinis siTxe tipiuri lipoproteinuli membranebiviT iqcevian da qsenobiotikebi maTSi martivi 

difuziis gziT moZraoben. gavrcelebis siCqare lipidebSi maTi xsnadobis proporciulia. tvi-

nis zogierTi ubani, kerZod hipofizi polaruli molekulebisTvisac ganvladia. bunebrivi sub-

stratebi (aminomJavebi, Saqrebi), agreTve maTi msgavsi ucxo naerTebi am barierSi aqtiuri 

transportis meqanizmiT gadaitaneba. 

placenta aqtiuri metabolizmis unaris mqone qsovilisagan Sedgeba da mSoblisa da nayofis 

sisxlis mimoqcevas Soris rTul bariers warmoqmnis. aq ucxo naerTebi ZiriTadad martivi di-

fuziis gziT gadaadgildebian. gadatanis siCqare damokidebulia agreTve molekulis zomaze, 

radgan placenta 1000-ze meti molekuluri masis naerTTaTvis ganuvladia. 

placentiT qsenobiotikTa transportis kvleva umTavresad samkurnalwamlo saSualebebzea 

Catarebuli. eqsperimentulad ilustrirebulia mSoblidan nayofze eTilis spirtis, qloral-

hidratis, paraldehidis, qlorpromazanis, zogadi moqmedebis anesTetikebis, sulfamidebis, 

antibiotikebis da barbituratebis swrafi gadasvla. arseboben aseve mtkicebulebebi placen-

tiT morfinis, heroinis da sxva narkotikebis transportis SesaZleblobis Sesaxeb. cnobilia, 

rom narkomani dedis axalSobils aReniSneba abstinenciis (wamlisadmi dauokebeli moTxovnile-

bis) simptomebi. meoTxeuli amoniumis fuZeebi da miorelaqsantebi (mag., dekameToniumi da suq-

cinilqolini) ionizaciis maRali xarisxisa da lipidebSi dabali xsnadobis gamo placentaSi 

Znelad gadian. 

ujreduli membranebi, romlebic erTmaneTisagan yofen sxvadasxva qsovilebs da sisxlis 

plazmas, umetes SemTxvevaSi inertul lipoproteinul barierad gvevlinebian, romlebic mxo-

lod cximSi xsnadi molekulebisaTvis arian ganvladni. 

 

 

2.2.2 qsenobiotikTa ganawileba cxovelur qsovilebSi 

 

cximSi kargad xsnad qsenobiotikebs, iseTebs rogoric heqsaqlorbenzoli, Tiobarbitura-

tebi, dibenamini da dibenzilinia, gamosaxuli tendencia aqvT araionizebuli molekulebis 

martivi ganawilebis principiT lokalizdnen cximovan qsovilebSi, Sidaujredul lipidebsa da 

qsovilovan siTxes Soris. swored amitom qlorirebuli naxSirwyalbadovani pesticidebi upi-

ratesad cximebSi grovdebian da imis gamo, rom isini qimiurad stabilurebi arian, miRweuli 

koncentracia xangrZlivi drois ganmalobaSi mudmivi rCeba da maT modinebas, metabolizmsa da 

gamoyofas Soris wonasworoba myardeba. adamianis cximSi ZiriTadad pesticidi DDT da misi me-

taboliti 2,2-bis-(paraqlorfenil)-1,1-diqloreTileni gvxvdeba. sxva pesticidebi, mag., hameq-

sani gacilebiT mcire koncentraciebiTaa gamovlenili. aldrini da heptaqlori rogorc ase-

Tebi ar grovdebian, magram cximovan qsovilSi isini napovnia epoqsiduri metabolitebis _ di-

eldrinisa da heptaqlorepoqsidis saxiT. 

antibaqteriul preparats _ salicilazosulfopiridins, romelic SemaerTebel qsovilSi 

mimdinare metabolizmze moqmedebs, elastinTan da kolagenTan swrafvas miaweren. Tavis meta-

bolitTan _ 5-aminosalicilmJavasTan erTad mas unari aqvs daukavSirdes SemaerTebel qsovils 

da lokalizdes muclis, plevris da sinovialur siTxeebSi. naCvenebia, rom trankvilizatori _ 

qlorpromazini da misi metabolitebi upiratesad tvinSi, nawilobriv tvinis qerqSi da hipo-

kampSi lokalizdebian. 

qsenobiotikebs SeuZliaT daukavSirdnen sisxlisa da qsovilis cilebs, ris Sedegadac isini 

biologiur membranebSi aRar transportirdebian. raodenobrivad es damokidebulia rogorc 

dakavSirebis xarisxze da simtkiceze, aseve cilis im raodenobaze, romelTanac dakavSireba 

xdeba. Tu procesi Seqcevadia, maSin wonasworoba myardeba dakavSirebul da cilasTan daukav-

Sirebel qsenobiotiks Soris.  

plazmis cila, romelic xSirad qsenobiotikebis dakavSirebaSi erTveba, albuminia da  
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mdgomareoba, romliTac mJavuri molekulebis mierTeba xdeba, N-bolo aminomJavaa (savarau-

dod asparaginmJava). am mdgomareobas iyeneben endogenuri substratebic, mag., keto- da cximm-

Javebi, bilirubini da hormonebi, romlebic qsenobiotikebiT SeiZleba konkretulad iqnan  

gamoZevebulni. 

udReur bavSvebSi bilirubinis glukuroniduli koniugacia srulia da pigmentis didi na-

wili sisxlSi transportirdeba, sadac igi plazmis cilebs ukavSirdeba. sulfamidebis msgavs 

medikamentebs didi Tvisoba aqvT plazmis cilebTan da SeuZliaT SekavSirebuli bilirubinis 

gamoZeveba. amis Sedegad viTardeba hiperbilirubinemia da tvinis birTvebis siyviTle (tvinis 

dazianeba bilirubiniT). 

cilasTan mdgradi dakavSireba SeiZleba mimdinareobdes cilis sulfhidrilur jgufebTan 

urTierTqmedebis gziT, xolo tetraeTilTiuramid sulfidi (antabusi) Sratis albumins 

uerTdeba Sereuli disulfidis warmoqmniT: SH + ASSA SA + ASHScila

tetraeTilTiuram-

disulfidi

dieTildiTiokarbamati

cila

 

2.42 
Sratis globulinebic aseve monawileoben iseT qsenobiotikTa SekavSirebaSi, rogorebicaa 

sulfobromftaleini, mwvane indocianini da sulfamidebi. 

cilebTan dakavSireba pH-zea damokidebuli rogorc cilis, aseve qsenobiotikis ioniza-

ciaze wyalbad ionTa koncentraciis zemoqmedebis ZaliT. cilebTan dakavSireba cxovelis 

sxvadasxva saxeobebSi gansxvavebulia. sulfamiduri preparatebis dakavSireba sisxlis plazmis 

cilebTan adamianSi ufro intensiurad mimdinareobs, vidre TagvebSi, virTagvebSi, bocvrebSi 

da mraval sxva ZuZumwovrebSi. 

cilebTan aqtiurma dakavSirebam SeiZleba qsenobiotikTa metabolizmis siCqare Seamciros, 

xolo sulfamiduri preparatebis acetilirebas SesamCnevad aqveiTebs plazmis albuminebTan 

SekavSireba. imave mizeziT cilebTan dakavSirebam SeiZleba Seamciros qsenobiotikebis Tirkme-

lebiT gamoyofa, Tumca sulfamidebis SekavSireba amcirebs TirkmelebiT Tavisufali medika-

mentebis gamoyofas. SekavSireba rogorc Cans ar moqmedebs glukuroniduli koniugatebis war-

moqmnasa da gamoyofaze. 

zogierTi antibiotiki da kancerogeni SeiZleba daukavSirdnen nukleinmJavebs. aqtinomici-

ni da SesaZloa aflatoqsinic ukavSirdebian dnm-s da aferxeben masze damokidebul cilis sin-

Tezs. proflavinebi ukavSirdebian rogorc dnm-s, aseve rnm-s da iwveven genetikur mutacias, 

Trgunaven ra rnm-sa da cilis sinTezs. 

mravali qimiuri nivTiereba, rogorebicaa policikluri naxSirwyalbadebi, aromatuli ami-

nebi, azonaerTebi da nitrozaminebi, adamianSi da cxovelebSi avTvisebian zrdas iwveven. iTvle-

ba, rom dazianeba xorcieldeba sawyisi kancerogenis, an misi metabolitis urTierTqmedebiT 

cilebTan da nukleinmJavebTan. zogierTi kancerogeni TviTonaa aqtiuri kancerogeni rogorc 

aseTi (pirdapiri anu uSualo kancerogeni) da urTierTqmedebs ujredul warmonaqmnebTan maTi 

bioqimiuri dazianebiT. sxva kancerogenebi (iribi kancerogenebi) in vivo aqtivdebian metabolu-

ri gardaqmnebiT da Semdgom inicireben uSualo kancerogenebs. 

policikluri naxSirwyalbadebi ukavSirdebian kanis dnm-s, rnm-s da cilebs. amasTan dade-

biTi korelacia vlindeba dakavSirebis xarisxsa da kancerogenulobas Soris. am nivTierebebs 

uSualo dakavSirebis unari aqvT purinul fuZeebTan an aqtiuri epoqsiduri naerTebiviT SeuZ-

liaT moiqcnen. naCvenebia, rom sxva metabolitebi, kerZod S-arilcisteinebi ribosomul ci-

lebSi erTvebian, Tumca amave dros eWvia gamoTqmuli, rom amiT SeiZleba aixsnas naxSirwyalba-

dis Tundac mcire nawilis cilasTan dakavSireba. 

policikluri aminebi irib kancerogenebs miekuTvnebian, romlebic hidroqsilaminur war-

moebulebad da orToaminofenolad metabolizdebian. maTgan yoveli SeiZleba ukve uSualo 
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kancerogens warmoadgendes. mag., 2-naftilaminis aqtiuri metaboliti, romelic Sardis buStis 

simsimnes iwvevs, rogorc Cans aris 2-naftilhidroqsilamini. aseve iTvleba, rom uSualo kance-

rogenebi – 2-acetamidofluoreni, trans-4-acetilaminostilbeni, 4-aminobifenili, 4,4′-
diaminodifenili (benzidini) da sxva kancerogenuli aromatuli aminebi hidroqsilaminuri war-

moebulebia. am gziT es policikluri aminebi dezintoqsikaciis Cveulebrivi procesis sawi-

naaRmdegod ufro toqsikur naerTebad metabolizdebian. 

rogorc 2-acetamidofluoreni (AAF), aseve misi hidroqsilaminuri metaboliti (N-oqsi-AAF) dakavSirebuli arian cilebTan, eriTrocitebTan, rnm-Tan da dnm-Tan. ftoridebi Trguna-

ven cilebTan hidroqsilaminuri metabolitis dakavSirebas. es saSualebas iZleva miRebulad 

CaiTvalos, rom Semdgomi metabolizmi dakavSirebamde mimdinareobs. dakavSireba xdeba agreTve 

deacetilirebul produqtTan, N-hidroqsilaminofluorenTan, magram ara mis sivrcobriv 

izomerTan – 1-oqsi-AAF-Tan. safiqrebelia, rom maRalaqtiuri orToqinonimini saboloo uSua-

lo kancerogenia. 

arapirdapiri moqmedebis kancerogenebs miekuTvnebian aminoazobenzoiduri warmoebulebi, 

romlebic uSualo, SesaZloa N-oqsi- an N-oqsimeTilur warmoebulebad metabolizdebian. va-

raudoben, rom kancerogeni 4-dimeTilaminoazobenzoli (4-oqsimeTilaminoazobenzoiduri me-

tabolitis saxiT) ujredul komponentebs (dnm-s, rnm-s da cilas) ukavSirdeba e.w. manixis kon-

densaciiT an meTilaminoazobenzolis N-oqsimetabolitis urTierTqmedebiT cilis meTioni-

nur gverdiT jaWvebTan. C6H5N NC6H4NHCH3

C6H5N NC6H4NHCH2OH
C6H5N NC6H4NH2 C6H5N NC6H4NHCH2 NH

dakavSireba cilasTan 

an nukleinmJavasTan

hidroqsilireba

ciluri koniugati

demeTilireba

4-meTilaminoazobenzoli

4-oqsimeTilaminoazobenzoli

4-aminoazobenzoli

cila

 

RviZlis kancerogenebi _ alifaturi dialkilnitrozaminebi swrafad metabolizdebian mo-

noalkilnitrozaminebad, romlebic Semdgom TviTneburad iSlebian diazoalkanebad. es uka-

nasknelni cilebis, nukleinmJavebisa da ujredis sxva komponentebis mimarT Zlier moqmed 

maalkilirebel agentebs warmoadgenen da Seuqcevad cvlilebebs (kancerogenezs) iwveven. di-

meTilnitrozaminis SemTxvevaSi cilebi histidinuri naSTebiT, xolo dnm da rnm upiratesad 

molekulis guaninuri nawilis me-7 mdgomareobiT meTilirdebian. kancerogenuri glikozidis 

cikazinis aglikoni _ meTilazoqsimeTanoli aseve iSleba diazomeTanad da nukleinmJavebis mi-

marT in vitro maalkilirebel agentad iTvleba. 

NNOCH3
CH3 NNOCH3

H CH2N2demeTilireba

dimeTil-

nitrozamini

monomeTil-

nitrozamini

TviTneburad

diazomeTani

qsovilebi
alkilirebuli cilebi

da nukleinmJavebi
2.43

 

sxva alifatur maalkilirebel agentebs ekuTvnian epoqsidebi, laqtonebi, eTilenaminebi, 

azot- da gogirdSemcveli spirtebi, romelTac cilebisa da nukleinmJavebis amino, karboqsi-

luri, fosfaturi da sxva jgufebis alkilireba da somaturi da genetikuri darRvevebis gamow-

veva SeuZliaT. 
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nukleinmJavaTa purinisa da pirimidinis fuZeebis zogierTi sinTeturi analogi bunebriv-

Tan imdenad msgavsia, rom Cveulebrivi toqsikuri efeqtiT dnm-isa da rnm-is nukleotidebis 

Canacvleba SeuZliaT. 6-merkaptopurini ribozido mono- da trifosfatebad gardaiqmneba, 

romlebic ATP-sa da sxva bunebrivi nukleotidebis konkurentul analogebad moqmedeben, xolo 8-azaguanini transportul rnm-Si inergeba, rac cilis sinTezis inhibirebas iwvevs. es antime-

tabolitebi adre kibosa da leikemiis mkurnalobaSi SezRuduli warmatebiT gamoiyenebodnen. 

 

 

2.3 qsenobiotikTa SeRweva mcenareSi 

 

mcenareSi qsenobiotikTa SeRweva ekosistemis samive komponentidan (niadagidan, wylidan da 

haeridan) xdeba. STanTqmas ZiriTadad fesvebi da foTlebi axorcieleben. garda amisa, ucxo 

naerTi SeiZleba moxvdes TeslSic, Tu igi Tesvis an Senaxvis mizniT sxvadasxva qimikatebiT (in-

seqticidebiT an fungicidebiT) muSavdeba. 

foTlebSi toqsikantis SeRwevis ori SesaZlo gzaa: qimikatis xsnaris uSualo SesxurebiT, an 

haeridan airadi toqsikantis daleqviT. ucxo naerTebi fesvebSi wyalTan an niadagis sxva sakveb 

nivTierebebTan erTad Seiwoveba. aqve unda aRiniSnos, ron SeTvisebis mxriv fesvebi foTlebTan 

SedarebiT ufro dabali SerCeviTobiT xasiaTdebian. amdenad, fesvebiTa da foTlebiT qsenobi-

otikTa STanTqmis fiziologiuri procesebi erTmaneTisagan ramdenadme gansxvavebulia. 

qsenobiotikis SeTviseba mcenaris TesliT. es procesi ramdenime mniSvnelovan parametrzea 

damokidebuli da maTgan uZiriTadesi Teslis kanis ganvladobaa. danarCeni parametrebia niv-

Tierebis qimiuri struqtura, misi lipofiluroba, molekuluri masa, koncentracia, inkuba-

ciis xangrZlivoba, temperatura, tenianoba da a.S. 

Teslis kanis gamtarunarianobiT mcenareebi erTmeniTisagan mniSvnelovnad gansxvavdebian. 

mag., bambis Teslis kani ufro naklebad SeRwevadia toqsikantebis mimarT, vidre lobiosi; ami-

tom herbicidebi _ terbutrini da fluometuroni bambaSi upiratesad Teslis kanSi grovdeba, 

xolo lobios TeslebSi toqsikantebi advilad aRweven siRrmul qsovilebSi. qlororganuli 

gamxsneli _ diqlormeTani amarantisa da Svriis Teslebze gansxvavebulad moqmedebs, rac damu-

Savebis xangrZlivobaze da fiziologiur mdgomareobazea damokidebuli. Teslis kanis mocile-

bisas diqlormeTani aRmocenebisa da Teslis sunTqvis intensivobis Semcirebas iwvevs. naCvene-

bia, rom ujeri naxSirwyalbadebi (eTileni, propileni, propandieni) advilad aRweven TeslebSi 

da maT aRmocenebas astimulireben. aldehidebi alkenebTan da dienebTan SedarebiT sust mas-

timulirebel efeqts avlenen, xolo alkanebs fiziologiuri zemoqmedebis unari saerTod ar 

gaaCniaT.  

simindis, soiasa da abusalaTinis Teslebis mier wyalxsnarebidan sxvadasxva herbicidebis 

STanTqmis Seswavlis Sedegad dadginda, rom Teslebis mier toqsikantebis absorbciis unari 

qvemoT CamoTvlili rigis mixedviT izrdeba: 

fluometuroni < 2,4D < difenamidi < difluralini < atrazini< promeTrini < qlorprofami 

eqsperimentuli monacemebis ganzogadebiT TeslebiT STanTqmis procesis raodenobrivi 

mxare Semdegi formuliT gamoisaxeba: M( ) = 4παW (C C ) Dtα + 2 Dtπ /                                                      2.44 

sadac M( ) _ Teslis mier absorbirebuli herbicidis raodenobaa (mkg/g); t _ inkubaciis dro 

(wm); α _ Teslis radiusi (sm); W  _ haerze gamSrali Teslis masa (g); D _ STanTqmis areSi herbici-

dis difuziis koeficienti (sm2/wm); C  _ herbicidis sawyisi koncentracia Teslis kanis zedapi-

ris uSualo siaxloves (mkg/ml).  
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soiis Teslebis mier C-iT niSandebuli herbicidebis _ amibenis, atrazinis, monuronis, S-

eTildipropilTiokarbamatisa da qlorprofamis STanTqmis Seswavlam aCvena, rom herbicidis 

SeRwevasa da herbicidis koncentracias Soris pirdapirproporciuli damokidebuleba arse-

bobs. procesi damokidebulia temperaturazec: 10°C-dan 30°C-mde temperaturis mateba 

STanTqmis process SesamCnevad aZlierebs. aqve SevniSnavT, rom aRmocenebis unaris mqone da 

araaRmocenebadi Teslebis mier STanTqmis intensivoba erTnairia. 

qsenobiotikebis STanTqma foTlebiT. qsenobiotikebis foTolSi SeRweva ZiriTadad ori 

gziT xorcieldeba: ucxo naerTis molekulam unda SeaRwios bageebis xvrelebSi an apkiseburi 

cvilismagvari barieri gadalaxos, romelsac kutikuliT dafaruli epidermisi qmnis. bageebi 

foTlis qveda (abaqsialur) zedapirze arian ganlagebuli, xolo kutikulis fena zeda (adaq-

sialur) zedapirze ufro meti sisqisaa (nax. 2.3). 

foTlis adaqsialuri zedapiri 

foTlis abaqsialuri zedapiri 

Camketi 

ujredebi 

bageebi foTlis 

ZarRvi floema

qsilema

qveda epidermisis 

ujredebi

zeda epidermisis 

ujredebi

mezofilis

ujredebi

kutikula

 

nax. 2.3. foTlis anatomiuri aRnagoba. 

 

bageebi uamravi xvrelisagan Sedgeba da unari aqvT saWiroebis SemTxvevaSi Secvalon xvre-

lis Wrilis zoma, ris Sedegadac sxvadasxva molekuluri masis mqone nivTierebebis SeTviseba 

kontroldeba. 

bageebis Camketi ujredebis moZraoba kaliumis ionebis koncentraciebiT regulirdeba. ma-

Ti gazrdiT bageebi ixsnebian. bageebiT difuziis intensivoba mraval faqtorzea damokidebuli: 

sinaTlis intensivobaze, temperaturaze, tenianobaze, ujredSoris sivrceSi CO -is parcialur 

wnevaze, hidrataciis mdgomareobaze, ionur balansze da sxva.  

airebis garda foTolSi siTxis SeRwevac bageebis gavliT xdeba. gansxvaveba imaSi mdgoma-

reobs, rom airebis SeRwevadoba bagis xvrelis gaxsnis zomazea (4_10 nm) damokidebuli, xolo 

siTxisa _ bageebis morfologiur Taviseburebebze, foTlis zedapiris lipofilurobaze, siT-

xis zedapirul daWimulobaze da saerTod yvela im faqtorze, romelic foTlis siTxiT dasve-

lebis xarisxs ganapirobeben. garemos dambinZureblebis didi nawili foTolSi swored xsnare-

bis saxiT SeiRwevian. zogierTi mcenarisaTvis (gvimrebi, wyalmcenareebi da sxv.), romelTac ba-

geebi ar gaaCniaT, foTlebSi toqsikantebis moxvedris erTaderT gzas epidermisis kutikulis 

gavliT SeRweva warmoadgens. kutikula cviliseburi fenaa, romelic wylis aorTqlebas (trans-

piracias) amcirebs da mcenares gauwyloebisagan icavs. es fena ganvladia aramarto lipofilu-

ri naerTebisaTvis, aramed airebis hidrofobuli molekulebisTvisac.  

qsenobiotikebisaTvis, romelTa umravlesoba maRali lipofilurobiT gamoirCeva, kuti-

kulis lipofiluri zedapiri SesaniSnav adsorbents warmoadgens. amitom es naerTebi kutiku-

laSi didi raodenobiT grovdebian da Semdgom foTlis siRrmul ujredebs aRweven. savsebiT 

SesaZlebelia, rom adsorbirebuli toqsikantis molekulebi cvilis calkeul komponentTan 
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erTad migracias ganicdidnen da Sidaujredul membranebSi erTvebodnen. arsebobs monacemebi 

imis Sesaxeb, rom kutikulis cviliseburi fena warmoadgens Tavisebur bariers, romelic zRu-

davs toqsikuri naerTebis foTolSi SeRwevas. naCvenebia mag., rom cvilis mocilebis Semdeg 

herbicid C-pifloramis STanTqmis intensivoba 3.5-jer izrdeba. 

toqsikuri naerTebis foTlebSi moxvedris erT-erTi SesaZlo meqanizmia eqtodermebSi maTi 

molekulebis SeRweva. eqtodermebi ujredis kedlebs Soris sicarieles warmoadgenen, romleb-

ic celulozuri fibrilebis arxebiTaa Sevsebuli. isini plazmalemas kutikulasTan aerTeben. 

am arxebs wyalSi xsnadi nivTierebebis foTliT STanTqmis procesSi da aseve maTi eqskreciisas 

gamtari gzebis movaleoba SeuZliaT Seasrulon. 

qsenobiotikebis STanTqma fesvebiT. STanTqmis meqanizmi fesvebSi principulad gansxvavde-

ba foTlebSi mimdinare analogiuri procesisagan. fesvebidan nivTierebaTa SeRweva mxolod 

axalgazrda fesvebis bususebis gaukorpebeli ujredis kedliT xdeba, romelsac kutikula ar 

gaaCnia. amiTaa ganpirobebuli fesvebis mier qsenobiotikTa SedarebiT dabali SerCeviTobiT 

SeTviseba.  

fesvebSi qsenobiotikebi bunebriv (standartul) nivTierebaTa msgavsad wylis uwyvet  

nakadTan erTad Sedian. isini ZiriTadad Tavisufali ujredSorisi sivrcis _ apoplastis gav-

liT gadaadgildebian da satransporto qsovils–qsilemas aRweven (nax. 2.4). toqsikantebis Se-

darebiT mcire nawili simplasturi gziT ujredebisa da maTi SemaerTebeli plazmodermebis 

gavliT floemaSi xvdeba. qsilema warmoadgens “calmxrivi moZraobis” WurWels da nivTierebebs 

fesvebidan ylortebisaken gadaadgilebs, xolo floema “ormxrivi moZraobis” WurWelia, rom-

liTac nivTierebebs rogorc qveviT (bazipetalurad), aseve zeviT (akropetalurad) SeuZliaT 

moZraoba. 

plazmodesmebi

kasparis

sartyeli

simplasturi gza

apoplasturi gza

ujredis kedlebi ujredis kedlebi

epidermisis

ujredebi

korteqsis

ujredebi
endodermuli

ujredebi

floema

qsilema

 

nax. 2.4. mcenaris fesvSi qsenobiotikis SeRwevis SesaZlo gzebi. 

 

foTlebisagan gansxvavebiT kutikulis cvilis fenis funqcias fesvebSi e.w. kasparis sar-

tyeli asrulebs, romelic WurWlebis centraluri arxis irgvlivaa ganlagebuli. igi mcenares 

wylis danakargebisagan icavs. Tavisi lipofilurobis gamo kasparis sartyeli toqsikuri naer-

Tebis transportirebisas damatebiT bariers qmnis da misi daZleva osmosiT, an simplasturi 

gziT misi garSemovliT xerxdeba. 

apoplastSi, romelic mikrokapilarebis sistemas warmoadgens, nivTierebebi difuziis gziT 

Seuferxeblad gadaadgildebian. aq maT membranuli barierebi ar xvdebaT, rac simplasturi 

transportirebisTvisaa damaxasiaTebeli. 
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qsenobiotikebis fesvebiT STanTqma orfazianobiT gamoirCeva: pirvel, swraf fazaSi xdeba 

nivTierebaTa difuzia garemodan fesvebSi, xolo meore faza mcenareul qsovilebSi maTi 

transformaciisa da dagrovebis Senelebul process moicavs. STanTqmis intensivoba damokide-

bulia toqsikantis molekulur masaze, koncentraciaze, molekulis polarobaze, pH-ze, tempe-

raturaze, niadagis tenianobaze da sxv. ramdenadac toqsikantis STanTqmis sawyis etapze apop-

lastSi difuziuri SeRweva xdeba, amdenad procesis siCqare toqsikantis koncentraciis pirda-

pirproporciulia. temperaturuli faqtori ZiriTadad STanTqmis meore fazaze axdens 

gavlenas. temperaturuli koeficienti difuziuri procesebisaTvis SedarebiT dabali (1.2_1.4) 

mniSvnelobisaa. nivTierebis molekuluri masebi qsenobiotikTa fesvebSi SeRwevis ZiriTadi 

malimitirebebli faqtoria. mcenare SedarebiT advilad STanTqavs iseT organul nivTierebebs, 

romelTa molekuluri masa 1 kD-s ar aRemateba. 

fesvebiT sakmaod farTo speqtris hidrofiluri da lipofiluri organuli molekulebi 

(alifaturi, aromatuli, policikluri naxSirwyalbadebi, spirtebi, fenolebi, aminebi da a.S.) 

STainTqmeba. fesvebidan iseTi naerTebic SeiRwevian, romelTac wyalSi Zlier dabali xsnadoba 

axasiaTebT. 

rizosferos pH mniSvnelovan gavlenas axdens mTel rig iseT procesebze, romlebic arsebi-

Tia niadagidan fesvTa sistemiT toqsikuri naerTebis STanTqmaze. pH-is maCvenebelze kerZod 

damokidebulia: 

− ionogenuri molekulebis disociaciis xarisxi; 

− niadagis nawilakebis mier toqsikuri naerTebis adsorbcia; 

− niadagSi toqsikantis molekulis Zvradoba;  

− fesvebis mSTanTqmeli qsovilebis SeRwevadoba. 

imis gamo, rom fesvebSi organuli toqsikantis molekulebi wyalTan erTad SeiRwevian, 

STanTqmis intensivoba niadagis tenianobiTac ganisazRvreba. niadagis teni mniSvnelovan rols 

asrulebs niadagis mier toqsikantebis adsorbciisa da desorbciis procesebSi. 

 

 

2.3.1 qsenobiotikTa transporti mcenareSi 

 

mcenareSi fesvebiT da foTlebiT STanTqmuli toqsikantebi imave fiziologiuri meqanizme-

biT transportirdebian, romliTac standartuli sakvebi nivTierebebi gadamoZravdebian. am 

SemTxvevaSi nivTierebaTa translokacias ZiriTadad ori mamoZravebeli Zala emsaxureba: 

− transpiraciuli nakadi _ fesvebidan ylortebisaken mimarTuli wylisa da masSi gaxsnili 

nivTierebebis transporti, romelsac qsilemaSi arsebuli WurWlebisa da traqeidebis gam-

tari sistema uzrunvelyofs; 

− asimilatebis nakadi _ foTlebidan qveviT (ylortebisa da fesvebisaken) da zemoT (ylorte-

bis kenweroebisa da nayofisaken) ganlagebuli organoebisaken mimarTuli nivTierebebis 

transporti, romelic floemis sacrisebuli milebis gavliT xorcieldeba. 

transpiraciuli nakadi foTlebidan wylis aorTqlebiT aris aRZruli. transpiracia 

(foTlebidan wylis aorTqleba) difuziuri procesia, romelic wylis molekulebis kinetikuri 

energiiT da sistemaSi mcenare-haeri wylis potencialis (Ψ ) gradientiT xorcieldeba. wylis 

potencialis sidide yovelTvis uaryofiTia da gansazRvrul wertilSi wylis qimiur poten-

cialsa (µ ) da sufTa wylis potencials (µ ) Soris sxvaobas warmoadgens, gayofils wylis 

parcialur molur moculobaze (V ): 

Ψ = µ µV                                                         2.45 
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yvela gareSe faqtori, romelic am gradients zrdis, transpiraciis processac aZlierebs. 

mag., temperaturis aweva haeris fardobiTi tenianobis klebas iwvevs, ris Sedegadac haerSi  

wylis potenciali matulobs da transpiraciis intensivoba izrdeba. 

fizikuri TvalsazrisiT transpiraciuli nakadi moZraobaSi mohyavs Zalas, romelic at-

mosferuli haerisa da niadagis wylis potencialebs Soris sxvaobiT aRiZvreba. potencialis 

vardna am or sistemas Soris sakmaod didia. mcenaris wylis potenciali haerisa da niadagis wy-

lebis potencialebs Soris saSualo sidides Seadgens. mcenare yovelTvis gamoyofs atmosfe-

roSi wylis orTqls, sadac potenciali metia, TviTon ki mas niadagidan iwovs, sadac Ψw ufro 

naklebia. amis Sedegad warmoiqmneba niadagidan atmosferosaken mimarTuli wylis mudmivi naka-

di, romelic mcenareSi transpiraciuli nakadis saxiT gaivlis. 

transpiracia mcenares gadaxurebisagan icavs da am procesSi monawileobs rogorc bageebis 

aparati, aseve kutikuliani zedapiric. wylis ZiriTad nawils mcenareebi bageebiT gamoyofen, 

xolo kutikuliT transpiraciis wili saSualod 10%-s Seadgens. 

mcenaris mier toqsikuri naerTebis STanTqmasa da gadaadgilebaSi transpiraciuli nakadis 

mniSvnelobaze is kanonzomiereba metyvelebs, romlis mixedviTac dabinZurebuli niadagidan 

toqsikantis SeTvisebis siCqare transpiraciis pirdapirproporciulia. es damokidebuleba 

Semdegnairad gamoisaxeba: U = (TSCF) (T) (C)      2.46 
sadac U _ toqsikantis SeTvisebis siCqarea (mg/dReSi), T _ mcenaris transpiraciis siCqare 

(l/dReSi), C _ toqsikantis koncentracia niadagis wylovan fazaSi (mg/l), TSCF _ transpiraci-

uli nakadis koncentraciis koeficienti uganzomilebo sididea da gviCvenebs transpiraciuli 

nakadis siTxeSi organuli qsenobiotikis koncentraciis fardobas garemoSi mis koncentra-

ciasTan. es sidide damokidebulia toqsikantis fizikur-qimiur Tvisebebze da Semdegi formu-

liT SeiZleba iqnas gamoTvlili: 

TSCF = 0.75exp (logK 2.50)2.4                          2.47 

formulaSi ZiriTadi parametri, romelic toqsikantis TvisebebisTvisaa damaxasiaTebeli, 

aris log KOW _ oqtanolsa da wyals Soris ganawilebis koeficientis aTobiTi logariTmi. es si-

dide, romelic faqtiurad hidrofobulobis xarisxis maCvenebelia, mniSvnelovanwilad gan-

sazRvravs mcenaris mier toqsikantis STanTqmis efeqturobas da fesvidan miwiszeda organoe-

bisaken mis gadaadgilebas. Zlier hidrofobuli toqsikantebi, romelTaTvisac log KOW mniSvne-

loba 3.5-ze metia, imdenad mtkiced adsorbirdebian niadagis struqturebze, an mcenareTa 

fesvebis zedapirze, rom mcenaris SigniT veRar aRweven. aseTebia 1,2,4,-triqlorbenzoli, 1,2,3,4,5-pentaqlorfenoli, policikluri aromatuli naxSirwyalbadebi, poliqlorirebuli 

bifenilebi, dioqsinebi da sxv. zomierad hidrofobuli toqsikantebi, romelTa log KOW 1-dan 3.5-

mdea, mag., fenoli, nitrobenzoli, benzoli, toluoli, triqloreTileni, atrazini da sxv. mce-

naris mier didi raodenobiT STainTqmebian da advilad gadaadgildebian masSi. SedarebiT hi-

drofobuli toqsikantebi log KOW-s erTze dabali mniSvnelobiT (anilini, RDX da sxv.), sustad 

adsorbirdebian da amitom mcenareebi maT umniSvnelo raodenobiT STanTqaven. 

asimilatebis nakadi. fesvebidan SeRweuli toqsikantebi transpiraciuli nakadiT Tu ga-

daadgildebian, foTlebiT STanTqmuli qsenobiotikebi iq warmoqmnili asimilatebis nakadTan 

erTad transportirdebian. es gza floemaze gadis. 

floema sacrisebul milebs warmoadgens, romelic erTmaneTTan forebiTaa dakavSirebuli. 

qsilemaSi wylis nakadis siCqare 50-100-jer aRemateba floemaSi gadaadgilebis siCqares, sadac 

siTxis moZraoba 0.5-dan 1 m/sm-mde sazRvrebSia.  

asimilatebis transporti energetikuli procesia da mniSvnelovnad ferxdeba Jangbadis 
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deficitisas, temperaturis daqveiTebisas, sunTqvis gamTiSvelebis, an inhibitorebis moqmede-

bisas. nakadis aRZvris meqanizmi SemdegSi mdgomareobs: asimilatebis sinTezis adgilebSi maTi 

maRali koncentracia wylis osmosurad STanTqmis zrdas iwvevs, ris Sedegadac maRali hidros-

tatikuri wneva viTardeba. ujredebSi, romlebSic asimilatebis koncentracia dabalia, wylis 

osmosuri STanTqma umniSvneloa da Sesabamisad hidrostatikuri wnevac sustia. amrigad, ujre-

debs Soris warmoiqmneba asimilatebis koncentraciuli gradienti, romlis mimarTulebiTac 

wnevis gaTanabreba unda moxdes. amis Sedegad asimilatebis Semcveli xsnari sacrisebul milsa 

da garemomcvel ujredebs Soris arsebuli naxevradSeRwevadi membranis winaaRmdegobas daZ-

levs da asimilatebis nakads warmoqmnis.  

floemaSi herbicidebis transporti damokidebulia qsilemaSi naxSirwylebis biosinTezze. 

naCvenebia, rom foTlidan SeRweuli herbicidis gadamoZraveba saqarozis transportis 

Tanmxlebad xorcieldeba. yovelive zemoTqmuli SeiZleba nax. 2.5-is saxiT warmovadginoT:  

niadagSi moxvedrili toqsikantebis nawili SeiZleba mis nawilakebs Seqcevadad an Seuqceva-

dad daukavSirdes, rac toqsikantis qimiur bunebaze, mis hidrofobulobaze (KOW-s mniSvnelo-

baze), niadagis pH-ze, tenianobaze da sxva maxasiaTeblebzea damokidebuli. toqsikantebis gark-

veulma nawilma SeiZleba mikrobiologiuri gardaqmnebi ganicados. maRali hidrofobulobis 

miuxedavad mravali policikluri aromatuli naxSirwyalbadebi niadagidan, sakvebi aredan da 

xsnarebidan rogorc fesvebidan, aseve foTlebidan aqtiurad STainTqmebian da mTel mcenareSi 

vrceldebian. 
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nax. 2.5. mcenareebSi toqsikantebis SeRwevisa da gadaadgilebis SesaZlo gzebi. 
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floemasa da qsilemaSi SeRwevisa da maTi saSualebiT mTel mcenareSi translokaciis unari 

mravali pesticidis magaliTzea Seswavlili. qsenobiotikebis floemuri transportis Tavise-

burebebi axsnilia e.w. “Sualeduri SeRwevadobis” hipoTeziT, romelic upirvelesad im faqts 

efuZneba, rom floemisa da qsilemis WurWlebi erTmaneTTan uSualo siaxloveSi imyofebian. am 

hipoTezis Tanaxmad. 

− nebismieri molekula, romelsac membranaSi maRali SeRwevis unari aqvs, advilad Seva 

floemaSi, magram maRal koncentraciebs ver miaRwevs, radgan floemuri ujredebis mem-

branebi maT Sekavebas ver SeZleben. amitom igi floemidan qsilemaSi gadainacvlebs da 

SemdgomSi qsilemuri nakadiT swrafad gadaadgildeba. 

− membranaSi dabali SeRwevis unaris mqone nebismieri molekula floemaSi maRali koncen-

traciiT dagrovebas ver SeZlebs da Sesabamisad mis WurWlebSi efeqturad ver transpor-

tirdeba.  

 am ori debulebidan gamomdinareobs, rom floemaSi gadaadgilebis yvelaze maRali unariT 

iseTi nivTierebebi unda gamoirCeodnen, romelTac membranebSi saSualo ganvladoba axasia-

TebT. aRniSnul hipoTezaze da sxva eqsperimentul monacemebze dayrdnobiT SemuSavebulia 

mcenareul satransporto gzebSi toqsikuri nivTierebebis moZraobis maTematikuri modeli, 

romelsac kleieris modelsac uwodeben. igi warmatebiT gamoiyeneba, rogorc sistemuri herbi-

cidebis, aseve mniSvnelovani meoradi metabolitebis mcenareSi translokaciis progno-

zirebisaTvis. 

sistemuri herbicidebi, romlebsac mcenareSi SeRweva da misi transportuli gzebiT ga-

daadgileba SeuZliaT, floemo-mobilur, qsilemo-mobilur da ambi-mobilur (am ukanasknelT 

rogorc floemiT, aseve qsilemiT gadaadgileba SeuZliaT) naerTebad iyofian. kleieris mod-

elis Tanaxmad aseT mobilurobas disociaciis konstanta (рКа) da lipofiluroba (KOW) gan-

sazRvravs. dadgenilia, rom floemo-mobiluri iseTi herbicidebia, romlebic Zlier an saSua-

lo mJavebs (рКа < 4) miekuTvnebian da saSualo lipofiluroba (log KOW 1-dan 2.5-3-mde) gaaCniaT. 

ufro sust mJavebs (рКа > 5) da araionizebul naerTebs floemo-mobilurobisaTvis ufro meti 

polaroba unda gaaCndeT (KOW < 1). saSualo lipofilurobis (log KOW 0-dan 4-mde) da ionizaciis 

dabali xarisxis (рКа > 7) herbicidebs mxolod qsilemaSi gadaadgilebis unari aqvT, xolo rac 

metia lipofiluroba, Sesabamisad ufro maRali unda iyos ionizaciis xarisxic. maRali hidro-

filurobis (log KOW < 0) mqone susti mJavebi (рКа > 7) ambi-mobilurebi arian, xolo maRali lipo-

filurobis mqone herbicidebs (log Kow > 4) рКа-s mniSvnelobis miuxedavad qsilemaSi an floema-

Si moZraoba ar SeuZliaT da amitom aseT naerTebs arasistemur anu kontaqtur herbicidebs 

akuTvneben.  

 

 

2.4 fitoremediacia 

 

ganxiluli faqtebis Sejerebas erT mniSvnelovan daskvnamde mivyavarT: mcenare warmoad-

gens universalur organizms, romelsac gaaCnia kolosaluri SesaZleblobebi niadagidan, wy-

lidan da haeridan STanTqas da gardaqmnas qimiuri dambinZureblebi. mis am Tvisebebzea damya-

rebuli Tanamedrove fitoremediaciuli teqnologiebi. am SemTxvevaSi metad sayuradReboa 

fermentuli sistemebi, romlebic STanTqmuli toqsikantebis degradacias axorcieleben. amis 

Sedegad naxSirbadatomebi, romlebic qsenobiotikebis molekulaTa struqturas qmnian, kvlav 

bunebriv wrebrunvaSi erTvebian. mcenaris es Tvisebebi gansazRvraven mis ekologiur poten-

cials da axali fitoremediaciuli teqnologiebis strategiebis SemuSavebis saSualebas  

iZlevian. 

fitoremediacia ekologiur bioteqnologias warmoadgens, romelic mcenareebisa da niada-

gis (kerZod, rizosferos) mikroorganizmebis saSualebiT niadagidan, gruntis wylebidan da 
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wyalsatevebidan toqsikantebis mocilebas da bunebriv kondiciamde aRdgenas gulisxmobs. sa-

dReisod es teqnologiebi sul ufro farTo masStabebs iZens. isini ramdenime meTods moicaven 

da klasifikacia maTi moqmedebis meqanizms efuZneba. maTgan ZiriTadia: 

− fitoeqstraqcia _ mcenareebis saSualebiT niadagidan mZime metalebis mocileba; 

− rizofiltracia _ gruntis wylebidan da wyalsatevebidan mcenareTa saSualebiT mZime me-

talebis amowvlilva; 

− fitodegradacia (fitotransformacia) _ niadagidan da wylebidan mcenareebis saSualebiT 

organuli dambinZureblebis STanTqma da aratoqsikur naerTebad maTi metabolizeba; 

−  rizodegradacia _ niadagis organuli dambinZureblebis STanTqma da gauvnebloba maTi 

degradaciis gziT, romelic rizosferos mikrofloriT xorcieldeba da romelSic mniSv-

nelovani wvlili mcenaris fesvTa sistemas Seaqvs. isini astimulireben mikroorganizmebis 

cxovelmyofelobas da detoqsikaciis procesebisaTvis optimalur pirobebs qmnian; 

− fitovolatilizacia (mcenariT aorTqleba) _ maRali transpirciuli unaris mqone mcena-

reebiT advilaqroladi naerTebis mocileba niadagidan an wylidan da haerSi maTi emisia; 

− fitostabilizacia _ organuli da araorganuli toqsikantebis gadayvana naklebad aqtiur 

an naklebad mobilur formaSi, ris Sedegadac mcirdeba garemoze maTi mavne zemoqmedeba; 

− hidravlikuri kontroli _ prevenciuli RonisZieba, romelic maRali transpiraciis un-

aris mqone mcenareebis ganaSenianebas gulisxmobs. es mcenareebi fesvebiT didi raodeno-

biT wyals da Sesabamisad toqsikur naerTebsac iwoven, ris Sedegadac dabinZurebis keris 

farglebs gareT maT gavrcelebas zRudaven; 

− vegetaciuri safari sistemebis Seqmna _ gamoiyeneba permanentuli dabinZurebis kerebSi da 

amcirebs dambinZureblebis gavrcelebas niadagis siRrmeSi da ar aZlevs maT gruntis wy-

lebSi moxvedris saSualebas; 

− sanapiro damcavi mcenareuli koridorebis gaSeneba _ im mdinareebisa da wyalsatevebis 

gaswvriv xdeba, romlebSic SesaZloa moxvdnen pesticidebis narCenebi, an qimiuri da samxe-

dro sawarmoebis mavne gamonayofebi.  

mcenareuli safaris zemoT CamoTvlil SesaZleblobaTa kvlevis safuZvelze qsenobioqimia-

Si Seqmnilia koncefcia e.w. “mwvane filtris” (durmiSiZe, ugrexeliZe), anu “mwvane RviZlis” 

(sandermani) Sesaxeb, romlis Tanaxmadac mcenare sruliad axali “ampluiT” warmogvidgeba. igi 

mniSvnelovnad amcirebs garemodan adamianisaken mimarTul qsenobiotik-toqsikantTa nakads.  

 

 

2.5 qsenobiotikTa degradacia niadagis  

mikroorganizmebiT 

 

ucxo naerTTa metaboluri gardaqmnebis ganxilvisas niadagis mikroorganizmebi ori gare-

moebis gamo imsaxureben gansakuTrebul yuradRebas: isini axorcieleben zogierT iseT uCveu-

lo tipis reaqcias, romelic umaRles organizmebSi ar SeiniSneba da niadagis iseT garemoSi 

funqcionireben, romelic upiratesad mciredxsnadi nivTierebebiT arian dabinZurebulni. 

sxvadasxva klasis naerTebis transformaciaSi monawile mikroorganizmebis populaciebis mra-

valferovneba da maTi unari daSalon es nivTierebebi, ZiriTad faqtors warmoadgens biosfe-

roSi naxSirbadis wrebrunvis SenarCunebaSi da toqsikantebis donis daqveiTebaSi. 

mikroorganizmebis umravlesobisaTvis damaxasiaTebelia qsenobiotikTa aqtiuri trans-

formirebis unari. miuxedavad amisa, nivTierebis aromatul birTvze Seteva maTSi absolutu-

rad unikaluria. amisaTvis aucilebelia, rom birTvi orTo- da para-mdgomareobaSi or hidroq-

silur Canacvlebulebs mainc Seicavdes. isini molekulaSi SeiZleba Seyvanil iqnan oqsigenire-

bis an ormagi Jangvis reaqciebiT, romelTa Sedegadac aromatul birTvSi Jangbadis ori atomi 
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inergeba. birTvis gaxleCva mimdinareobs dioqsigenazas monawileobiTac, romelic konkretuli 

fermentisagan damokidebulebiT orTo- an para-gaxleCas uzrunvelyofs.  

COOCOO OH
OH COOCHO

OH
__

cis-cis mukonmJava pirokatexini 2-oqsimukonmJavas 

naxevaraldehidi

meta-daSla
_ 2.48

 
meta-daSlis sxvadasxva procesebis zogierTi magaliTi mocemulia nax. 2.6-ze: 

CHO
OHCOOH

OH
OH

OH
OHHOOC

OH
OHHOOC

OH OH
HOOC

OH
OCH3O2 O2 O2 O2

OHCOOHHOOC CHO
OHCOOHHOOC

COOH
OCCOOHHOOC

COOH
H3

(1) (2) (3) (4)

 

nax. 2. 6. meta-daSlis sxvadasxva procesis magaliTebi. 

 

birTvis daSlisas Tanmimdevruli reaqciebis Sedegad warmoqmnili dikarbonuli mJavebi 

iseT nivTierebebad gardaiqmnebian, romelTac organizmis bunebriv metabolur ciklebSi CarT-

va SeuZliaT da am gziT sabolood naxSirbadis dioqsidamde iJangebian. mikroorganizmebis 

sxvadasxva saxeobebSi SesaZlebeli Seiqmna dadgeniliyo birTvis daSlis mravalricxovani 

reaqciebi. Cveulebriv vlindeboda, rom aseTi procesebi uaRresad SerCeviTebi arian. sxvadasx-

va klasis naerTebis gardaqmnebSi niadagis ekosistemis SesaZleblobebi isazRvreba niadagSi 

mikrobuli populaciebis mravalferovnebiT da ara mikroorganizmebis romelime erTi saxeo-

bis universalobiT. mikrobul zemoqmedebas emorCilebian sxvadasxva aromatuli naerTebi, maT 

Soris bifenilebi da agreTve kondensirebuli birTvebis mqone naerTebi _ naftalini, fenan-

treni da antraceni. 

bunebrivad ibadeba kiTxva: ratomaa niadagis mikroorganizmebisaTvis ase mniSvnelovani 

specifikuri unari? amasTan dakavSirebiT saWiroa gavixsenoT ori Cveulebrivi biopolimeri _ 

celuloza da lignini, romlebic mcenaris merqnis komponentebs warmoadgenen. lignini ramde-

nime aromatul nivTierebas Seicavs. maTgan mniSvnelovania 

H3OH
CHCHCH2OH

OH
CHCHCH2OH

OC H3OH
CHCHCH2OH

OCCOH3
n-kumaris spirti koniferilis spirti sinapilis spirti  

gamoTvlilia, rom yovelwliurad 1.5 · 10  t naxSirbadis dioqsidi merqnad gardaiqmneba, 

amitom biosferoSi naxSirbadis wrebrunvis mudmivobis SesanarCuneblad gansakuTrebiT mniSv-



88  

nelovania, rom arsebobdes raime meqanizmi, romliTac lignins naxSirbadis dioqsidad ukudaS-

la SesZleboda. 

normaluri metaboluri aqtivobisaTvis organizmTa umravlesobam nivTierebebi 1 naxSir-

badatomian fragmentebad unda gardaqmnan. yvelaze xSirad aseT fragmentebs meTilis jgufebi 

warmoadgenen. mag., meTilis jgufis mierTebis gziT mikroorganizmebiT aminomJava meTionini 

homocisteinad gardaiqmneba. naCvenebia, rom mikroorganizmebs SeuZliaT meTilirebis reaq-

ciebis gamoyeneba metalebis metalorganul naerTebad gardasaqmnelad. sayuradReboa zo-

gierTi mikroorganizmis unari vercxliswylis ionebidan warmoqmnan meTilvercxliswyali da 

dimeTilvercxliswyali: Hg + meTilis jgufis donori → CH Hg    2.49 CH Hg + meTilis jgufis donori → CH Hg CH   2.50 
organizmebi aRniSnul reaqciebs axorcieleben transmeTilirebis gziT, ris Sedegadac me-

Tani warmoiqmneba. am reaqciebSi monawileobis miReba metalebsac SeuZliaT da isini mikrobul 

organizmebSi mimdinareoben. aucilebelia gaTvaliswinebul iqnas Semdegi ori faqtori: 1. ele-

mentaruli vercxliswyali wyliani garemodan advilad aqroladia; 2. dimeTilvercxliswyali 

fotoqimiuri procesebis Sedegad SeiZleba daiSalos elementarul vercxliswylad da naxSir-

wyalbadad. meTilirebis procesis mniSvneloba SeiZleba advilad warmovidginoT, Tu viciT 

araorganul vercxliwyalTan SedarebiT meTilvercxliswylis biologiuri efeqti. meTil-

vercxliswyali organizmis mier srulad STainTqmeba da misgan mxolod umniSvnelo nawili ga-

moiyofa. amis gamo organizmze sul mcire koncentraciiT zemoqmedebisasac ki qsovilebSi misma 

Semcvelobam SeiZleba Zlier moimatos. araorganuli vercxliswyali Zlier sustad STainTqmeba 

organizmis mier. meTilvercxliswyali yvela qsovilSi nawildeba, maSin rodesac araorganuli 

vercxliswyali ZiriTadad RviZlSi da TirkmelebSi grovdeba. meTilvercxliswyali Zalian 

Zlieri neirotoqsinia. meTilirebis reaqciis Sedegad vercxliswylis nebismieri forma SeiZ-

leba meTilvercxliswylad gardaiqmnas da organizmSi dakoncentrirdes. 

vercxliswyali Cveulebriv SedarebiT inertul elementad iTvleba. misi aRdgenis poten-

ciali uaRresad dadebiTia. vercxliswylis naerTebi Tu warmoiqmnebian kidec, isini praqtiku-

lad TiTqmis uxsnadebi arian. am Tvisebaze dayrdnobiT SeiZleboda gvefiqra, rom garemoSi 

moxvedril vercxliswyals gansakuTrebuli biologiuri aqtivoba ar unda gaaCndes. mikroor-

ganizmebis mier vercxliswylis meTilvercxliswylad gardaqmnis unari srulad cvlis  

situacias. 

vercxliswylis ionze meTilis jgufis gadatanaSi monawile kofaqtors an koferments war-

moadgens vitamin B -is Semcveli nivTiereba _ meTilkorinoidi. biologiuri kofaqtorebidan 

igi erTaderTia, romelsac meTilis jgufi CH -is formiT gadaaqvs. meTilirebis procesis 

msvlelobis pirobebze arsebuli warmodgenebis safuZvelze SeiZleba garkveulwilad Sefasdes 

am reaqciaSi sxva metalebis monawileobis unari. tyvia, kadmiumi da TuTia am reaqciaSi Sesvlis 

unars moklebulni arian. es imiTaa ganpirobebuli, rom am metalTa alkilebi wyalSi aramdgra-

debia da garda amisa, vitamin B -s maTze meTilis jgufebi ar gadaaqvs.  
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Tavi 3. qsenobiotikebis metabolizmis qimia 

 3.1 qsenobiotikTa biotransformaciis gzebi   
Tavisi arsebobis manZilze adamians uSualo Sexeba mraval qimiur nivTierebasTan aqvs. am 

xnis ganmavlobaSi adamians, yvela cocxali arsebis (mcenaris, cxovelis) msgavsad Camouyalibda 

Seguebis meqanizmebi, rasac zogadad adaptaciis fenomeni SeiZleba ewodos. garkveuli drois 

ganmavlobaSi ekologiuri ganviTareba met-naklebad harmoniulad mimdinareobda. gasul as-

wleulamde adamiani ekologiuri situaciis balansirebul mdgomareobaze aqtiur gavlenas ver 

axdenda. sadReisod ki planetis ZiriTad dambinZureblad TviT adamiani iqca da igi ekologi-

uri harmoniis darRvevis garduvali safrTxis winaSe aRmoCnda. 

organizmebs ar SeuZliaT erTmaneTisagan gaarCion sayuaTo nivTierebebi da qsenobiotike-

bi. miuxedavad amisa, isini floben unars, daaCqaron ucxo naerTTa gauvnebelyofa da garkveuli 

zomiT gaaneitralon kidec maTi arasasurveli aqtiuroba. qimiuri dacvis es sasicocxlo 

funqcia dezintoqsikaciis (detoqsikaciis) saxeliTaa cnobili. es procesi bunebaSi arsebuli 

da sakvebSi Semavali toqsikuri naerTebisagan organizmis dasacavad Camoyalibda. 

Tanamedrove Sexedulebis Tanaxmad, cxovelsa da mcenareSi moxvedrilma qsenobiotikTa 

umravlesobam gardaqmnis sami Tanmimdevruli faza unda gaiaros. esenia: funqcionalizacia  

(I faza), koniugacia (II faza) da eliminacia (III faza) (nax. 3.1). 

R R X R X A Sardi (cxoveli)

ujredis kedeli, vakuolebi (mcenare)

I faza II faza III faza

 

nax. 3.1. ujredSi qsenobiotikis gardaqmnis sami Tanmimdevruli faza. 

 

funqcionalizacia qsenobiotikis molekulaSi axali funqciuri jgufis formirebas gu-

lisxmobs. es uaRresad mniSvnelovani fazaa da faqtiurad ucxo naerTis gardaqmnis mimarTu-

lebasa da Semdgom beds gansazRvravs. am procesis arsi imaSi mdgomareobs, rom qsenobiotikebi 

upiratesad arapolarul, wyalSi mcired xsnad naerTebs warmoadgenen da amis gamo, miuwvdo-

melni arian maT gardaqmnebSi monawile fermentebisTvis, romlebic wylis fazaSi funqcionire-

ben. aseTi qsenobiotikebis gardasaqmnelad aucilebelia misi funqcionalizacia, anu winaswari 

gaaqtiureba, rac qsenobiotikis molekulaSi romelime polaruli funqciuri jgufis (hidroq-

silis, karboqsilis, epoqsidis da sxv.) Canergvis, an molekulaSi ukve arsebuli funqciuri 

jgufis garTulebis gziT miiRweva. am mizans emsaxureba ZiriTadad membranaSi mimdinare Jangva-

aRdgeniTi reaqciebi.  

funqcionalizaciis fazis Semdeg qsenobiotikis molekulis qimiuri inertuloba daZleu-

lia da miRebul polarul molekulas advilad “Seicnobs” Sesabamisi fermenti. amaSi mdgoma-

reobs funqcionalizaciis bioqimiuri azri. am fazas ZiriTadad oqsigenazebi, reduqtazebi, es-

terazebi, dehalogenazebi da sxv. axorcieleben. mTel rig SemTxvevebSi es faza oqsidazebis 

urTierTSenacvlebis principiT mimdinareobs. 

meore fazaSi _ koniugaciis dros axladSeZenili funqciuri jgufis xarjze gaaqtiurebuli 

qsenobiotikis molekula Sidaujredul naerTebs ukavSirdeba. aseTebi SeiZleba iyos rogorc 

dabalmolekuluri _ mono-, di- da trisaqaridebi (xSirad glukoza), aminomJavebi, peptidebi 

(upiratesad glutaTioni), ise maRalmolekuluri _ cilebi, polisaqaridebi (mag., hemicelu-

loza), lignini da sxv. koniugirebis faza ujredisaTvis metad moxerxebulia, radgan qsenobi-

otikis koniugats nawilobriv an srulad aqvs dakarguli toqsikuroba, wyalSi kargad ixsneba 

da, Sesabamisad, gaadvilebulia rogorc misi ujredSida gadaadgileba, ise ujredis gareT  

gamoZeveba. 
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koniugaciis faza erTnairad damaxasiaTebelia mcenarisa da cxovelisTvis, Tumca mcenareSi 

igi gacilebiT tevadia im biopolimerebis mravalgvarobis gamo, romlebic qsenobiotikis 

funqcionalizebul metabolits ikavSireben (lignini, celuloza, hemiceluloza, saxamebeli, 

peqtini, polipeptidebi da sxv.). sayuradReboa, rom am naerTebTan qsenobiotikis dakavSireba 

SesaZloa moxdes rogorc arsebul biopolimerTan uSualo mierTebiT, aseve Tanapolimeriza-

ciiT, anu im monomerTan koniugaciiT, romlidanac Semdgom biopolimeri sinTezirdeba. koni-

ugacia Sesabamisi fermentebiT (glutaTion-S-transferazebiT, malonil-trasferaziT da sxv.) 

katalizdeba. 

miuxedavad imisa, rom qsenobiotikTa detoqsikaciaSi koniugaciis fazas mniSvnelovani ad-

gili ukavia, Zneli SesamCnevi ar aris misi uaryofiTi mxarec: ramdenadac am procesSi ujredi-

saTvis aucilebeli da pirvelxarisxovani produqtebi monawileoben, koniugaciis Sedegad am 

nivTierebaTa deficiti iqmneba da advilad SesaZlebelia, moxdes garkveuli fiziologiuri da 

bioqimiuri procesebis damuxruWeba. 

mesame fazaSi _ eliminaciis dros ujredi sabolood icilebs qsenobiotiks. koniugirebuli 

qsenobiotiki tovebs organizms (cxovelis SemTxvevaSi), an garkveul nakveTurebSi (kompart-

mentebSi) grovdeba (mcenaris SemTxvevaSi). am fazaSi mcenaresa da cxovels Soris erTi arsebiTi 

gansxvavebaa: cxovelis organizmi srulad gamodevnis ucxo naerTs. am SesaZleblobiT SezRu-

duli mcenare ki koniugirebuli qsenobiotikis “deponirebas” axdens da mas vakuolebSi (Tu ko-

niugati xsnadia), an ujredSoris sivrceSi (Tu koniugati uxsnadia) inaxavs. miuxedavad amisa, 

eliminaciis faza mcenaresa da cxovelSi rogorc arsiT, aseve meqanizmiT erTnairia. orive 

SemTxvevaSi process warmarTaven e.w. ATP-transporterebi (specializebuli transportirebadi 

fermentebi), romelTa daniSnuleba sasicocxlo procesebisagan toqsikantis izolirebaa. 

ganxiluli fazebis xangrZlivoba mraval faqtorzea damokidebuli, kerZod, qsenobiotikis 

qimiur bunebaze, mis koncentraciaze, zemoqmedebis droze, organizmis individualur Tvise-

bebze, zrdis pirobebze, temperaturaze, tenianobaze, ganaTebaze da a.S. garkveul pirobebSi 

ujredi SeRweuli qsenobiotikis srul asimilacias axdens. aseTi tipis gardaqmnebi ZiriTadad 

JangviTia da maT erTobliobas Rrma Jangvas anu JangviT degradacias uwodeben. qsenobiotikTa 

Jangvis reaqciebis kinetika yvela im Taviseburebas emorCileba, romlebic orfazian (lipidi-

wyali) sistemaSi moqmed yvela ferments axasiaTebs. 

 

 

3.2 funqcionalizaciis reaqciebi  
3.2.1 hidroqsilireba  

funqcionalizaciis yvelaze gavrcelebul formas hidroqsilireba warmoadgens. misi arsia 

organuli naerTis C_H bmaSi Jangbadis atomis Canergva. cxovelSi es procesi RviZlSi arsebuli 

citoqrom P450-Semcveli monooqsigenazuri fermentuli sistemiT xorcieldeba (ix. Tavi 5). am 

mxriv mcenarem ufro farTo arCevani gaakeTa da hidroqsilirebisaTvis am sistemis garda, pe-

roqsidazebi da fenoloqsidazebic gamoiyena. reaqcia aqtivaciis maRal energias saWiroebs da 

amis gamo Senelebulad mimdinareobs. meore mxriv, ujredisaTvis sasicocxlod aucilebelia, 

rom rac SeiZleba swrafad ganxorcieldes ucxo naerTis polarobis zrda da, Sesabamisad, misi 

Semdgomi Rrma Jangva. aqedan gamomdinareobs mniSvnelovani daskvna, rom ucxo naerTis mraval-

safexurebrivi JangviTi degradaciisaTvis funqcionalizacia procesis siCqaremalimitirebe-

li stadiaa da sruli detoqsikaciis procesis regulaciac swored am stadiaze unda xdebodes.  

qsenobiotikTa hidroqsilireba reaqciebis farTo wres moicavs. umartivesia alkanebis 

spirtebamde Jangva:  
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OHRHR
alkani spirti  

es reaqcia alkanebis sruli Jangvis pirvel etaps warmoadgens. amave gziT gardaiqmneba 

mravali qsenobiotiki. n-alkanebis hidroqsilirebisas alifaturi jaWvis sigrZis zrdasTan 

erTad substratisadmi fermentis swrafvac izrdeba. naCvenebia, rom zogierT SemTxvevaSi, mag., 

rodesac funqcionalizaciaSi citoqrom P450 monawileobs, hidroqsilirebis dros yvelaze 

intensiuri Seteva mimdinareobs mesameul C_H bmaze, ufro naklebad xdeba Jangbadis CarTva 

meoreul naxSirbadTan da kidev ufro naklebad _ pirveladTan. 

 14C-niSandebul naxSirwyalbadebze Catarebuli eqsperimentebi adastureben, rom dabalmo-

lekuluri alkanebis (C1–C5) an cikloheqsanis Semcvel atmosferoSi moTavsebuli mcenareebis 

steriluri nazardebi am naerTebs STanTqaven da maTi molekulebis Rrma gardaqmnebs axdenen. 

es naxSirwyalbadebi mcenareul ujredSi iJangebian da Sesabamis karbonmJavebs warmoqmnian. al-

kanebi monoterminalur Jangvas ganicdian, xolo cikloheqsani rgolis daSliT iJangeba. sabo-

lood es naxSirwyalbadebi 14CO2-mde iJangeba, rac imaze miuTiTebs, rom maTi Rrma degradaciis 

dros krebsis ciklis mJavebi warmoiqmneba. amgvarad, egzogenuri naxSirwyalbadebis naxSirba-

dis ConCxi ujredis metabolizmSi erTveba.  

mcenaris mier SeTvisebuli [14C] meTanis radioaqtiuri niSani Tavdapirvelad organul mJa-

vebSi erTveba, xolo Semdeg misi aRmoCena SesaZlebelia aminomJavebSic. Saqrebis fraqcia am 

dros araradioaqtiuria. araaqrolad organul mJavebs am SemTxvevaSi ZiriTadad krebsis cik-

lis mJavebi _ limonis, qarvis, fumarisa da vaSlis mJavebi warmoadgenen. zogierT SemTxvevaSi 

STanTqmuli meTanis mniSvnelovani nawili (30%-mde) srul mineralizacias ganicdis. eqsperi-

mentul monacemebze dayrdnobiT, savaraudoa, rom mcenareSi meTani safexurebriv Jangvas ga-

nicdis meTanolis, formaldehidisa da WianWvelmJavas warmoqmniT (nax. 3.2), ris Sedegadac al-

kanidan standartuli metabolitebi formirdeba. 

CH4 CH3OH H C OH H C OOH CO2
meTani meTanoli

formaldehidi WianWvelmJava

ujreduli

metabolizmi

 
nax. 3.2. meTanis metaboluri gardaqmnebi. 

 

mcenaris mier STanTqmuli niSandebuli eTanis, propanis, buTanisa da pentanis 

radioaqtiuri naxSirbadatomebi umTavresad dabalmolekuluri naerTebis fraqciebSi iyrian 

Tavs. maTgan dominanturia organuli mJavebi _ fumaris, qarvis, malonis, limonisa da rZis 

mJavebi. aRniSnuli naxSirwyalbadebi meTanis msgavsad, 14CO2-mde iJangebian. mag., Cais 

mcenareebSi mineralizdeba 27_30% eTani da 10_13% pentani. eTanis naxSirbadatomebis 

zemoaRniSnul mJavebSi CarTva miuTiTebs, rom alkanis Jangva monoterminaluri meqanizmiT 

mimdinareobs. winaaRmdeg SemTxvevaSi, diterminaluri Jangvis dros unda warmoqmniliyo 

radioaqtiuri glikolis, glioqsalisa da mJaunis mJavebi, rac ar SeiniSneba. eTanis 

monoterminaluri Jangvis Sedegad acetil-CoA formirdeba, romelic Tavis mxriv krebsis 

ciklis mJavebSi, kerZod, qarvis mJavaSi erTveba da am gziT eTanis naxSirbadatomebi ujredis 

normalur metabolur procesSi erTveba (nax. 3.3). 

CH3CH3 CH3 C OH
CH3 C OCoA

CH2OHCH3

CO2
eTani eTanoli acetaldehidi

acetil-CoA
trikarbonmJavebis

cikli  
nax. 3.3. eTanis metaboluri gardaqmnebi. 
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propanis monoterminaluri Jangvis Sedegad propionmJava miiReba, romelic Tavis mxriv 

malonil-CoA-s warmoqmnis, xolo am ukanasknelis dekarboqsilirebis Sedegad ki acetil-CoA 
formirdeba (nax. 3.4). CH3CH2CH3 C OHCH2CH3CH2OHCH2CH3

C OOHCH2CH3 C O
CoA

CH2CH3H CoA

C O
CoA

CHCH2 C O
CoA

CH2HOH2C H CoA

C OOHCH2HOH2C C OOHCH2COH H CoA

C OOHCH2CO
CoA

CO2 CH3CO
CoA

CO2

propani

+ [O] + [O] + [O]
propanoli propanali

- 2H+ ATP + 
propanmJava

propanil-CoA
+ H2O -

akril-CoA 1-hidroqsipropanil-CoA
- 2H + - 2H

1-hidroqsipropanmJava malonilis semialdehidi

-
malonil-CoA acetil-CoA

trikarbon-

mJavebis cikli  
 

nax. 3.4. propanis metaboluri gardaqmnebi. 

 

sxva alkanebis msgavsad, pentanic erTi bolodan iJangeba da valerianis mJavas warmoqmnis, 

amis Semdeg β-Jangvis gziT iwyebs degradacias. aseTive gardaqmnebs ganicdian ufro 

grZeljaWviani alkanebic. mag., egzogenuri [14C] oqtadekanis wylian emulsiasTan prasis 

foTlebis 40-wuTiani inkubaciis Semdeg alkanis mTliani radioaqtiurobis 9.6% esterebSi, 6.4% _ spirtebSi, xolo 4% _ organul mJavebSi CarTuli aRmoCnda. 

cikloheqsanis metabolizmi miuTiTebs, rom am naxSirwyalbadis cikli iSleba Sesabamisi 

alifaturi produqtebis warmoqmniT. dadgenilia, rom cikloheqsanis metabolizmis pirveli 

etapia misi hidroqsilirebiT cikloheqsanolis warmoqmna (nax. 3.5): OH
cikloheqsani cikloheqsanoli  

nax. 3.5. cikloheqsanis hidroqsilireba. 

 

alifatur jaWvSi hidroqsilireba ufro advilad mimdinareobs, vidre aromatul birTvSi. 

amas mowmobs n-propilbenzolis biotransformacia, romlis drosac mxolod alkilis radikali 

iJangeba, xolo benzolis birTvi “xeluxlebeli” rCeba (nax. 3.6). 

am dros upiratesad im naxSirbadatomebis hidroqsilireba xdeba, romlebic birTvidan 

daSorebulia, kerZod, n-propilbenzolis hidroqsilirebis ZiriTadi metabolitebia 3-fenil-1-propanoli da 1-fenil-2-propanoli, xolo 1-fenil-1-propanoli mcire raodenobiT 

warmoiqmneba. 
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CH2 CH2 CH2OH

CH2 CH CH3OH
CH CH2 CH3OH

CH2CH2CH3

n-propil-

benzoli

ω-hidroqsilireba

α-hidroqsilireba

(ω−1)-hidroqsilireba

3-fenil-1-propanoli

1-fenil-2-propanoli

1-fenil-1-propanoli

ZiriTadi

metabolitebi

 
nax. 3.6. propilbenzolis hidroqsilirebis gzebi. 

 

fenoqsialkil-karbonmJavebi, romelTa gverdiTi jaWvebi 4 da met naxSirbadis atoms 

Seicaven, mcenareebSi sakmaod xSirad gverdiTi jaWvis β-Jangvas ganicdian. mag., 2,4-diqlor-

fenoqsierbomJava aseTi gardaqmnis Sedegad 2,4-D-s warmoqmnis (nax. 3.7): CH2 CH2 CH2O Cl
Cl

COOH CH2O Cl
Cl

COOH

2,4-diqlorfenoqsierbomJava 2,4-D  
nax. 3.7. alifaturi jaWvis damokleba hidroqsilirebis Sedegad. 

 

 aromatuli birTvis hidroqsilireba or stadias moicavs. savaraudod, Sualeduri pro-

duqtia epoqsidi, romlisganac SemdgomSi arafermentuli an fermentuli gziT Sesabamisad 

monofenoli an 1,2-dihidro-1,2-dioli unda warmoiqmnas (nax. 3.8): 

O
OH OH

OH
arafermentuli

gadajgufebiT

fenoli

1,2-dihidro-1,2-dioli

epoqsid-

hidrolaziTepoqsidibenzoli

 
nax. 3.8. benzolis hidroqsilirebis ori gza.  

radioaqtiuri naxSirbadiT niSandebuli benzolis da fenolis gamoyenebiT naCvenebia, rom 

egzogenuri aromatuli naxSirwyalbadebis da monofenolebis biotransformacia aromatuli 
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rgolis gaxleCiT mimdinareobs. am naerTebis naxSirbadis atomebi, ujreduli metabolizmis 

Sedegad karbonmJavebsa da aminomJavebSi erTvebian. msgavsi monacemebi miRebulia, agreTve 

toluolisaTvis, α-nafTolisa da benzidinisaTvis. 

mcenareul qsovilSi benzolis an fenolis STanTqmis Semdeg yovelTvis identificirdeba 

mukonisa da fumaris mJavebi. fumaris mJava, rogorc cnobilia, mukonis mJavas Semdgomi 

daJangviT formirdeba. amitom savaraudoa, rom mcenareebis mier benzolisa da fenolis 

JangviTi degradaciis procesSi aromatuli rgolis gaxleCis pirvel produqts mukonis mJava 

warmoadgens, xolo am procesis Sualedur etapze pirokateqini da o-qinoni warmoiqmnebian (nax. 3.9). sainteresoa, rom analogiurad xdeba endogenuri substratebis aromatuli rgolis daSla 

_ rodesac 3,4-dihidroqsibenzois mJavasagan 3-karboqsimukonis mJava warmoiqmneba. OH OH OH O O

C CO OH OOH C OOH
C OOH

o-qinonibenzoli fenoli pirokateqini

cis-cis-mukonis mJava
fumaris mJava

trikarbonmJavebis 

(krebsis) cikli

 
nax. 3.9. benzolis metabolizmi, romelic aromatuli birTvis gaxleCiT mimdinareobs.  

 

organuli qsenobiotikebis didi nawili swored aromatuli hidroqsilirebis gziT garda-

iqmneba. aseT transformacias ganicdian aramarto modeluri qsenobiotikebi (mag., qlor-

benzoli, nitrobenzoli, anilini da sxv.) (nax. 3.10-3.12), aramed benzolis birTvis Semcveli 

mravali pesticidic (mag., qlorsulfuroni, bentazini, diqlofopi da sxv.) (nax. 3.13-3.15): NH2 NH2

OH
p-hidroqsianilini

anilini   
nax. 3.10. anilinis 4-hidroqsilireba. Cl Cl

OH
qlorbenzoli m-qlorfenoli  

nax. 3.11. qlorbenzolis 3-hidroqsilireba. NO2
OH

NO2

nitrobenzoli m-nitrofenoli  
nax. 3.12. nitrobenzolis 3-hidroqsilireba. 
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NH

Cl SO2
NHCO

N NNCH3 OCH3

NH

Cl SO2
NHCO

N NNCH3 OCH3

OH
qlorsulfuroni hidroqsi-qlorsulfuroni 

nax. 3.13.  pesticid qlorsulfuronis aromatuli hidroqsilireba.  

N SO2
NO CH CH3CH3

N SO2
NO CH CH3CH3OH

bentazini hidroqsi-bentazini  
nax. 3.14.  pesticid bentazinis aromatuli hidroqsilireba.  

O O CHCOOCH3

CH3
Cl

Cl
O O CHCOOCH3

CH3
Cl

ClOH
diklofopi

hidroqsi-diklofopi  
nax. 3.15.  pesticid diqlofopis aromatuli hidroqsilireba.  

 

fenoqsiZmarmJava da misi warmoebuli herbicidebi, umTavresad, aromatuli rgolis me-4 

mdgomareobaSi hidroqsilirdeba. aromatul birTvSi halogenirebuli fenoqsiZmarmJavebi hi-

droqsilirdebian halogenebiT Caunacvlebel benzolis birTvis naxSirbadis atomebSi. amave 

dros, 2,4-D-s SemTxvevaSi hidroqsilireba xSirad me-4 mdgomareobaSi xdeba da qloris atomi  

me-3 an me-5 mdgomareobaSi gadainacvlebs (nax. 3.16).  O CH2 COOHCl
Cl

O CH2 COOHCl
OHCl

4-hidroqsi-2,5-D2,4-D  
nax. 3.16. 2,4-D-s hidroqsilireba, ris Sedegadac qloris atomi aromatul birTvSi pozicias 

icvlis. 

 

hidroqsilirebiT mimdinareobs organizmSi moxvedrili policikluri aromatuli naxSir-

wyalbadebis transformaciac. naCvenebia, rom mTeli rigi poliaromatuli naerTebi _ naf-
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talini 3,4-benzpireni, benz[a]antraceni, dibenzantraceni da sxvebi mcenareebSi Jangvis Sede-

gad iSleba da naxSirbadis atomebis mniSvnelovani nawili alifatur naerTebSi erTveba. mcena-

reebSi am naxSirwyalbadebis transformaciis pirvelad reaqcias hidroqsilireba warmoadgens. 

unda aRiniSnos, rom araCanacvlebul poliaromatul birTvSi yovelTvis arsebobs e.w. L-ubani, 

romelic hidroqsilirebis samiznea. mag., naftalinSi aromatuli birTvi 1 da 2 mdgomareobebSi 

hidroqsilirdeba, xolo 1,2-dihidroqsinaftalini SemdgomSi qinonamde iJangeba, rasac war-

moqmnili naerTis koniugacia, an aromatuli birTvis gaxleCa mosdevs (nax. 3.17):  OH

OH
OH OH

O O COOH
COOHnaftalini

α-naftoli

β-naftoli

1,2-dihidroqsi-

naftalini

1,2-naftoqinoni

[(1E)-2-karboqsieT-1-en1-il ]
benzois mJava

koniugatebi  

nax. 3.17.  naftalinis metabolizmi.  

 

aqve unda aRiniSnos, rom policikluri aromatuli naxSirwyalbadebis metabolizmis pro-

cesSi intermediatebad qinonebis formireba ganapirobebs am naerTebis kancerogenul da muta-

genur Tvisebebs, radgan swored qinoni ukavSirdeba dnm-is molekulas, rac ujredebis proli-

feraciis an mutaciis mizezi xdeba. 

 3,4-benzpirenSi L-ubania me-6 mdgomareoba, romelic yvela SemTxvevaSi hidroqsilirdeba 

(nax. 3.18):  

OH

OH

OH OH
OH

OH

3,4-benzpireni

4,6-dihidroqsi-3,4-benzpireni

2,6-dihidroqsi-3,4-benzpireni

1,6-dihidroqsi-3,4-benzpireni

 
nax. 3.18. 3,4-benzpirenis hidroqsilireba.  
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qsenobiotikis naxSirbadatomis hidroqsilireba xSirad iwvevs umdgradi Sualeduri naer-

Tis warmoqmnas, rac SemdgomSi ucxo naerTis molekulidan mcire zomis fragmentis moxleCiT 

grZeldeba. mag., aminebi funqcionalizaciis etapze C-hidroqsilirebas eqvemdebareba. am reaq-

ciis Sedegad umdgradi aminospirti warmoiqmneba, romlis daSlis saboloo produqtebi amonia-

ki da aldehidi an ketonia (nax. 3.19): 

R CH2NH2
R CHNH2

OH
 

R C HO NH3

R CH CH3NH2
R C CH3NH2

OH
 

R C CH3
O NH3

pirveladi amini
aminospirti (umdgradi)

+
aldehidi

meoreuli amini
aminospirti (umdgradi)

+
ketoni  

nax. 3.19. aminebis C-hidroqsilireba.  

 

analogiurad mimdinareobs naxSirwyalbadebis monohalogennawarmebis gardaqmnac. am SemT-

vevaSi intermediats hidroqsilirebuli halogenalkili warmoadgens, xolo saboloo produq-

tebs _ halogenwyalbadmJava da aldehidi an ketoni (nax. 3.20): 
R CHHal

OH

C HalOH
 

HHalCH Hal CO

R CH2Hal R C HO HHal

ketoni

+R1 R2
R1 R2

R1 R2

alkanis

pirveladi

halogenidi

hidroqsilirebuli

halogenidi 

(umdgradi)

+
aldehidi

hidroqsilirebuli

halogenidi 

(umdgradi)

alkanis

meoreuli

halogenidi .  

nax. 3.20. alkanebis monohalogenidebis C-hidroqsilireba.  

 

am gziT azotisa da halogenis atomebi wyalbadnaerTis saxiT scildeba toqsikantis mole-

kulas, amasTanave izrdeba naxSirbadis Jangvis xarisxi da molekulis polaroba, rac mniSvne-

lovnad aadvilebs Semdgom metabolur gardaqmnebs. 
demeTilireba, romelsac mravali qsenobiotiki ganicdis, N-, O- da S-atomebTan dakavSire-

buli meTilis jgufebis hidroqsilirebis Sedegia. am dros warmoiqmneba Sesabamisi hidroqsi-

meTilwarmoebulebi, romlebic qimiurad arastabilur radikalebs warmoadgenen da formal-

dehidis saxiT advilad scildebian molekulas. Sesabamisad, arCeven N-, O- da S-demeTilirebis 

reaqciebs.  N-demeTilirebis TvalsaCino magaliTia Sardovanas warmoebuli herbicidis – qlortolu-

ronis gardaqmna (nax. 3.21). es herbicidi N- da C-meTilis jgufebs Seicavs. hidroqsilirebas ga-
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nicdis orive tipis meTilis jgufi, magram N-hidroqsimeTilis jgufi umdgradia da igi for-

maldehidis saxiT exliCeba azotis atoms (xdeba N-demeTilireba). amitom metabolitebs Soris 

identificirdeba ara uSualod N-hidroqsimeTilqlorotoluroni, aramed N-demeTilirebuli 

qlorotoluroni. aromatul birTvTan mierTebuli C-hidroqsimeTilis jgufi gacilebiT 

mdgradia da igi demeTilirebas ar ganicdis. 

CH3NHCONCH3
CH3

Cl
CH3NHCONCH3

CH2OH

 

Cl
CH3NHCONCH3

H

Cl
CH2NHCONCH3

CH3
OH

qlorotoluroni

 CH2O

hidroqsilirebis

I ubani II ubani

N-hidroqsimeTil-qlorotoluroni

(umdgradi)

N-demeTilirebuli

qlorotoluroni

C-hidroqsimeTil-qlorotoluroni
_

 
nax. 3.21. N- da C-meTilis jgufebis hidroqsilireba herbicid qlorotoluronis magaliTze.  N-demeTilirebas eqvemdebareba herbicidi izoproturonic (nax. 3.22). sainteresoa aRi-

niSnos, rom es naerTi fitotoqsikuria. N-demeTilirebis pirveli stadiis Sedegad misi fito-

toqsikuroba sagrZnoblad mcirdeba, xolo orive N-meTilis mocilebis Semdeg mTlianad qreba.  

CH
NHCONCH3 CH3

CH3 CH3 CH
NHCONH CH3

CH3 CH3 CH
NHCONH H

CH3 CH3
izoproturoni

CH2O CH2O

demeTilirebuli

izoproturoni

didemeTil

izoproturoni

_ _

 
nax. 3.22. herbicid izoproturonis orjeradi N-demeTilirebis reaqciebi. 
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O-demeTilireba eTerebis tipis substratebidan meToqsijgufebis mocilebis farTod 

gavrcelebul reaqcias warmoadgens. reaqciis meqanizmi N-demeTilirebis analogiuria da pro-

duqtebs Sesabamisi hidroqsiwarmoebuli da formaldehidi warmoadgenen, rac mkafiod Cans p-

nitroanizolis gardaqmnis magaliTiT (nax. 3.23):  

O CH3

NO2
H C H

OO CH2

NO2

OH

 

OH

NO2
+

p-nitroanizoli

formaldehidi

p-nitrofenoliO-hidroqsimeTil-

p-nitroanizoli

(umdgradi)  
nax. 3.23. p-nitroanizolis O-demeTilirebis reaqcia. 

 O-demeTilirebis gziT mniSvnelovnad kargavs Tavis toqsikurobas garemos damabin-

Zurebeli naerTi – mesameuli buTil-meTil eTeri anu meTil-tert-buTil eTeri (MTBE) (nax. 3.24), romelic tetrameTil-tyviis nacvlad gamoiyeneba, rogorc sawvavis antidetonatoruli 

danamati.  

OC
CH3

CH3CH3
CH3 H C H

OOC
CH2

CH3CH3
CH3

OH
 

OHC CH3CH3
CH3 +

mesameuli buTil-

meTil eTeri
mesameuli buToqsi-

meTanoli (umdgradi)

formaldehidi
mesameuli 

buTilis spirti  
nax. 3.24. MTBE-s O-demeTilirebis reaqcia.   S-demeTilirebas, romelsac xSirad aqvs adgili gogirdSemcveli pesticidebis da wamlebis 

metabolizmis sawyis stadiaze, win uZRvis S-meTilis jgufis hidroqsilireba, romlis produq-

ti – S-hidroqsimeTilis jgufi arastabilurobis gamo Sidamolekulur gadajgufebas ganicdis 

da formaldehidis generirebiT iSleba (nax. 3.25).  

NH
NN N

S CH3
NH
NN N

S CH2 OH
 

NH
NN N

SH
H C H

O
formaldehidi

+
6-merkaptopuriniS-hidroqsimeTil-

6-merkaptopurini 

(umdgradi)

6-meTilmer-

kaptopurini  
nax. 3.25. 6-meTilmerkaptopurinis S-demeTilirebis reaqcia. 

 N-Jangva, romlis drosac uSualo monooqsigenirebas azotis atomi ganicdis, arastabilur 

produqts – N-oqsids warmoqmnis. winaswar N-Jangvas aminebis hidroqsilirebis SesaZlo gzad 

miiCneven. cnobilia, rom citoqrom P450 mxolod pirveladi aminebis N-JangvaSi monawileobs, 

meoreuli da mesameuli aminebi ki mikrosomuli NADPH-specifikuri flavoproteiniT iJange-
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bian. N-oqsidi xSirad sawyis qsenobiotikze ufro toqsikuria. citoqrom P450-s SeuZlia N-

oqsidebTan Semdgomi urTierTqmedebac da sabolood N-demeTilirebuli produqti miiReba 

(nax. 3.26): 

CH3 N CH3CH3 CH3 N CH3CH3
O H C H

OCH3 N HCH3
trimeTilamini trimeTilaminis N-oqsidi

+
formaldehididimeTilamini  

nax. 3.26. 6-meTilmerkaptopurinis S-demeTilirebis reaqcia.  S-Jangva, romlis saSualebiTac mikrosomuli monooqsigenazebi gogirdSemcvel hidrofo-

bul naerTebs gardaqmnian, N-Jangvisagan gansxvavebiT, yovelTvis citoqrom P450-
damokidebuli procesia. unda aRiniSnos, rom am dros miRebuli produqti ufro maRali inseq-

ticiduri aqtivobiT gamoirCeva, vidre sawyisi naerTi. warmoqmnili S-oqsidebi SemdgomSi sul-

fojgufamde iJangeba.  S-Jangvis TvalsaCino magaliTia mcenareebSi qlorpromazinis Sesabamis sulfoqsidSi gadas-

vla (nax. 3.27): 

CH2CH2

S
NCH2 N CH3CH3

Cl CH2CH2

S
NCH2 N CH3CH3

Cl
O

qlorpromazini qlorpromazinis sulfoqsidi  
nax. 3.27. qlorpromazinis S-Jangva.  

 

erTi da igive qsenobiotiki ramdenime gziT SeiZleba daiJangos. es, rogorc wesi, TviT naer-

Tis qimiur aRnagobaze, kerZod, arapolaruli jgufebis ganlagebazea damokidebuli. magali-

TisaTvis SeiZleba ganvixiloT cxovelur mikrosomebSi N,N-dimeTilanilinis citoqrom P450-
damokidebuli Jangvis gzebi. dimeTilanilinis molekula or hidrofobul ubans Seicavs: cal 

mxares meTilis jgufebs, meore mxares ki fenilis radikals. amis gamo mikrosomuli NADPH-

damokidebuli monooqsigenaza dimeTilanilins sami alternatiuli gziT: N-JangviT, N-demeTi-

lirebiT an p-hidroqsilirebiT Jangavs (nax. 3.28).  N-Jangvis Sedegad formirebuli N,N-dimeTilanilinis N-oqsidi SemdgomSi citoqrom P450-is 

moqmedebiT umdgrad N-hidroqsimeTil-warmoebulad gardaiqmneba, romelsac advilad 

scildeba formaldehidi da N-monomeTilanilini miiReba. N-hidroqsimeTil-warmoebuli SesaZloa N-Jangvis Sualeduri rgolis gareSec, uSualod N,N-dimeTilanilinis hidroqsilirebis saSualebiT warmoiqmnas. am SemTxvevaSic Jangvis tipi N-
demeTilirebaa da produqts N-monomeTilanilini warmoadgens.  

citoqrom P450-iT N,N-dimeTilanilinis Jangvis mesame gzaa aromatuli birTvis 

hidroqsilireba, romelic p-mdgomareobaSi xorcieldeba da kidev erT produqts _ p-hidroqsi-N,N-dimeTilanilins generirebs.  

unda SevniSnoT, rom mikrosomuli NADPH-damokidebuli Jangvis Sedegad sareaqcio areSi 

swored es sami produqti _ N-oqsidi, monomeTilanilini da p-hidroqsi-N,N-dimeTilanilini 

identificirdeba, Tumca Teoriulad SesaZlebelia, rom dimeTilanilinis monooqsigenirebis 

produqtebs citoqrom P450 Semdgomi Jangvis substratebad iyenebdes, ris Sedegadac saboloo 
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jamSi p-aminofenoli unda warmoiqmnas. praqtikulad es momdevno reaqciebi ufro naklebad 

unda iyos damokidebuli citoqrom P450-ze, radgan hemoproteini specifikuria hidrofobuli 

substratebis mimarT, ganxilul SemTxvevaSi ki yoveli reaqciis Semdeg miRebuli produqtis 

polaroba sagrZnoblad izrdeba.  

NCH3 CH3
N

CH3
CH3

NCH2 CH3
OH

 

N
CH3 CH3

OH

N
H CH3 NH H

NH CH3

OH
NH H

OH

O

CH2O CH2O

CH2O CH2O
N,N-dimeTil-

anilini

N,N-dimeTilanilinis

N-oqsidi

N-monomeTilanilini anilini

p-hidroqsi-

N,N-dimeTilanilini

p-hidroqsi-N-monomeTilanilini
p-aminofenoli

(umdgradi)

_ _

__

 

nax. 3.28. N,N-dimeTilanilinis citoqrom P450-damokidebuli Jangvis gzebi.  

msxvili SriftiT mocemulia Jangvis ZiriTadi identificirebuli produqtebi, xolo wyvetili isrebiT 

naCvenebia Teoriulad SesaZlebeli reaqciebi. 
 

fungicid bi-58-is aqtiur sawyiss dimetoati _ gogirdSemcveli fosfororganuli amidi 

warmoadgens, am naerTis funqcionalizaciis ramdenime SesaZlo gza arsebobs (C-, P- da S-
hidroqsilireba, O- da N-demeTilireba da sxv.), romelTagan zogierTs sulfhidriluri jgufis 

Semcveli naerTis warmoqmnamde mivyavarT, es ukanasknelni ki hemoproteinebis inhibirebas 

axdenen (nax. 3.29). 

CH3 O P S
OCH3S CH2CO N CH3

H

CH3 O P S
OCH3SH CH2CO N CH3

HOH
CH3 O P SH

OCH3S CH2CO N CH3
HOH

CH3 O P SH
OCH3S H

OH CH2CO N CH3
HOH

P-hidroqsilireba

+

+

C-hidroqsilireba

C-hidroqsilireba

 

nax. 3.29. fungicid dimetoatis fermentuli Jangvis Sedegad sulfhidriluri jgufebis Semc-

veli intermediatebis warmoqmnis savaraudo sqema. 
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gansakuTrebul yuradRebas imsaxurebs fungicid metalaqsilis gardaqmna salaTisa da 

vazis ujredul kulturebSi. am naerTis Tavisebureba imaSi mdgomareobs, rom mcenareSi misi 

metabolizmis sawyis stadiaze erTdroulad hidroqsilirdeba aromatuli birTvi, meTilis 

jgufi da N-meToqsiacetilis radikalic (nax. 3.30): CH3

CH3
N CO CH2 O CH3

CHCH3 C OO CH3 CH3

CH2
N CO CH2 O CH3

CHCH3 C OO CH3OH
OH

metalaqsili tri-hidroqsometalaqsili
 

nax. 3.30. fungicid metalaqsilis hidroqsilireba. 

 

zemoTmoyvanili monacemebi kidev erTxel miuTiTeben hidroqsilirebis reaqciis 

universalurobaze sxvadasxva struqturis mqone qimiuri naerTebis pirvelad gardaqmnebSi. 

momavalSi (Tavi 5) ganxiluli iqneba ZiriTadi JangviTi fermentebi, romlebic mcenareul 

ujredSi organuli qsenobiotikebis hidroqsilirebas akatalizeben.  
 

3.2.2 hidrolizi  
lipofiluri organuli qsenobiotikebi, romlebic eTerul an esterul bmebs Seicaven, 

funqciur jgufebs aramarto JangviTi degradaciis Sedegad, aramed TviT qsenobiotikebis 

molekulebis hidrolizuri gaxleCiTac iZenen. amis magaliTia iseTi toqsikuri naerTebi, 

rogorebicaa ftalis mJavas esterebi da pesticidebi: 2,4-D, meTildiqlofeni, bromoqsilin 

oqtanoati, binapakrili, triklopiri, arilfenoqsipropionati, piretrini, meTil paraoqsoni 

da sxv. (nax. 3.31). 

OPO OO CH3
CH3

NO2

OH
NO2 OHPO OO CH3

CH3

meTil-paraoqsoni

+
p-nitrofenoli

O,O-dimeTil-

fosformJava  
nax. 3.31. pesticid meTil-paraoqsonis hidrolizuri daSla. 

 

naCvenebia, rom xorbalSi, qerSi da zogierT sarevela balaxSi esteruli bmis Semcveli 

herbicidebi fermentulad hidrolizdeba. mag., triklopiris sxvadasxva esterebiT aRniSnuli 

mcenareebis damuSavebidan 3 dRis Semdeg ujredSi SeRweuli esterebis 94% hidrolizebuli 

aRmoCnda. 

soiaSi sulfonil-Sardovanas warmoebulebis metabolizmi miuTiTebs imaze, rom esteruli 

bmebis gaxleCis intensivoba gansxvavebulia. tifensulfuron-meTili Zalian swrafad 

hidrolizdeba Sesabamisi tifensulfuronis mJavas warmoqmniT. tifengogirdmJavas meTil-

esteris naxevardaSlis periodi qsovilebSi 4_6 sT-s Seadgens, qlorimuron-eTili SedarebiT 

naklebi intensivobiT hidrolizdeba, xolo meTsulfuron-meTili igive pirobebSi saerTod ar 

ganicdis deesterifikacias.  
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qsenobiotiki, romelic esterul bmas Seicavs, pirveladi gardaqmnebisas swored am bmis 

gaxleCiT iSleba. eTeruli bma esterulTan SedarebiT naklebad hidrolizdeba. mag., maRali 

seleqtiurobis mqone herbicidi _ AKH-7088, romelic gverdiT jaWvebSi esterebis Semcvel 

difenileTers warmoadgens, jer esteruli, Semdeg ki eTeruli bmis hidroliziT iSleba  

(nax. 3.32).  

O
CF3

NO2

Cl
C NOCH2CO O CH3 OH

CF3

Cl
OH

CNO2 NOCH2CO OHO
CF3

NO2

Cl
C NOCH2CO OH

intermediati

eTeris

hidrolizi

esteris

hidrolizi

AKH-7088
produqtebi  

nax. 3.32.  herbicid AKH-7088-s daSla esteruli da eTeruli bmebis Tanmimdevruli hidroliziT. 

 

senobiotik-eTerebSi Tavdapirvelad sxva, advilad dasaJangi jgufebis transformacia 

mimdinareobs da mxolod amis Semdeg iwyeba eTeruli bmebis hidrolizi. mag., difenil- eTerebis 

hidrolizuri gaxleCa im SemTxvevaSi xdeba, rodesac am naerTebs aromatul birTvSi alkiluri 

Camnacvleblebi scildeba. aseTi kanonzomiereba gamovlenilia xorblis, Svriis, koindris da 

soiis magaliTebze (nax. 3.33).  

O
CF3

NO2

Cl
CH2 CH2 CH3

OH
CF3

Cl
OH
NO2 COOH

O
CF3

NO2

Cl
COOH

intermediati

hidrolizi
Jangva

produqtebi

difenileTeri

 

nax. 3.33.  difenileTeruli herbicidis metabolizmi, romlis drosac jer gverdiTi alifaturi 

jaWvis -Jangva xdeba, Semdeg ki eTeruli bmis hidrolizi. 

 

RviZlSi detoqsikaciisas hidrolizuri gziT iSleba anesTetiki novokainic (nax. 3.34):  

NH2

COOCH2CH2N(C2H5)2

NH2

CO
+

novokaini

OCH2CH2N(C2H5)2
OH

H
 

nax. 3.34. novokainis hidrolizuri daSla RviZlSi. 



104  

hidroliziT qsenobiotikTa daSla gansakuTrebiT mniSvnelovania herbicidebis daSlisas. 

es reaqciebi esterazebis klasis fermentebiT katalizdeba, rac detalurad qveTavSi 5.1.4 

iqneba ganxiluli. 

 

 

3.2.3 aRdgeniTi gardaqmnebi 

 
zogierTi qsenobiotikisaTvis funqcionalizacia aRdgeniT reaqcias warmoadgens. aseT 

toqsikantebs warmoadgenen erTi mxriv polihalogenirebuli naxSirwyalbadebi (qlorirebuli 

alkanebi, alkenebi, arenebi, bifenilebi da a.S.). meore mxriv ki nitrojgufebis Semcveli 

naerTebi (nitrobenzoli, dinitrobenzoli, feTqebadi nivTierebebi (nax. 3.35): 2,4,6-trinitro-

toluoli (igive trotili, anu toli _ TNT), 1,2,3-trinitroglicerini (igive nitroglice-

rini), heqsahidro-1,3,5-trinitro-1,3,5-triazini (cnobilia, rogorc heqsogeni, cikloniti, an 

britanuli koduri saxelwodebiT _ RDX), oqtahidro-1,3,5,7-tetranitro-1,3,5,7-tetrazocini 

(ufro cnobilia koduri saxelwodebiT _ HMX)) da sxv. CH3 NO2
NO2

O2N N N N NO2
NO2

O2N

2,4,6-trinitrotoluoli(TNT) heqsahidro-1,3,5-

trinitro-1,3,5-triazini(RDX)
 

N
NN

NO2N NO2

NO2O2NCH2
CHCH2

OO
O

NO2
NO2
NO2

oqtahidro-1,3,5,7-tetranitro

1,3,5,7-tetrazocini(HMX)trinitroglicerini

 

nax. 3.35. feTqebadi nitro-organuli naerTebi. 

 

organizmSi TNT aRwevs saWmlis momnelebeli traqtidan, kanidan da filtvebidan, saidanac 

igi pirvel rigSi RviZlSi xvdeba, Semdeg ki nawildeba Tirkmelebsa da cximovan qsovilSi. TNT 

mravalgvari qronikuli daavadebis stimulatoria. msoflios jandacvis organizaciis mier TNT 

klasificirebulia, rogorc C jgufis kancerogenuli nivTiereba. 

cxovelur organizmebSi TNT nela transformirdeba da warmoqmnis: nitrozo- da hidro-

qsilamino-warmoebulebs, aminodinitrotoluolebs, diaminotoluolebs da a.S. (nax. 3.36). es 

naerTebi ZiriTadi metabolitebia, xolo meTilis jgufis JangviT mimdinare gardaqmnebis 

produqtebi _ benzilis spirtisa da benzois mJavis nitro- da amino-warmoebulebi umniSvnelo 

raodenobiT formirdeba.  TNT-s toqsikurobas nitro-jgufebidan generirebuli nitrozo- da hidroqsilamino-

jgufebi ganapirobeben. es reaqciisunariani jgufebi aqtiurad ukavSirdeba iseT 

biopolimerebs, rogorebic nukleinis mJavebia da qimiur mutagenezs iwvevs. maTgan 

gansxvavebiT, amino-jgufebiani metabolitebi advilad uerTdeba glukuronmJavas, 

warmoqmnili koniugati ki jer ujredidan, Semdeg ki organizmidan gamoidevneba. cxadia, amis 

gamo TNT-s detoqsikacia, ufro zustad _ misi mutagenuri Tvisebebis mniSvnelovnad Semcireba, 



105  

nitro-jgufebis aRdgeniTaa SesaZlebeli. amis ganxorcieleba zogierT mikroorganizms 

SeuZlia. cnobilia, rom aRniSnuli procesi ori gziT SeiZleba ganxorcieldes: 

− nitro-jgufis mocilebiT nitrit-ionis saxiT da amoniumamde misi Semdgomi aRdgeniT, rac 

mxolod aerobul pirobebSia SesaZlebeli; 

− nitro-jgufebis amino-jgufebamde sruli aRdgeniT, rac mimdinareobs rogorc aerobul, 

aseve anaerobul pirobebSi (nax. 3.37). CH3 NO2

NO2

O2N

CH3 NH2

NO2

O2N

CH3 NHOH
NH2

O2N

CH3 NH2

NH2

O2N

CH3 N O
NO2

O2N
TNT

hidroqsilamino-

metaboliti

monoamino-metaboliti

nitrozo-metaboliti

diamino-metaboliti
 

nax. 3.36. TNT-s gardaqmnis ZiriTadi gzebi cxovelur organizmebSi. 

CH3 NO2

NO2

O2N

CH3 NO2

NHOH
O2N CH3 NH2

NO2

O2NCH3 NO2

NH2

O2N CH3 NH2

NH2

O2N CH3 N+ N CH3O

CH3 NH2

NH2

NH2

+ + + + +... R3

R1 R4

R2

R1 - R4 = NO2 an NH2

2,4,6-trinitrotoluoli

aerobuli

anaerobuli

2,4,6-triaminotoluoli

 

nax. 3.37. TNT-s nitrojgufebis sruli aRdgena mikroorganizmebSi. 

 
Pseudomonas-is calkeul Stamebs da miceluri sokoebis zogierT warmomadgenels TNT-s azo-

tis wyarod gamoyeneba SeuZliaT. mag., Pseudomonas sp. JLR11-is Stams SeuZlia asimilirebuli TNT-
s azotis TiTqmis 85% CarTos ujreduli naerTebis SemadgenlobaSi. es faqti imis TvalsaCino 

magaliTia, rogor erTveba qsenobiotikis toqsikurobis ganmapirobebeli atomi mikrorganiz-
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mis normaluri cxovelqmedebis procesSi da rogor gamoiyeneba igi Sidaujreduli naerTebis 

saSen masalad. 

analogiur unars amJRavnebs Phanerochaete chrysosporium da sxva bazidialuri sokoebi, rom-

lebic TNT-s mineralizacias axdenen. am unars ganapirobebs sokos maRalaqtiuri ligninoli-

zuri fermentebi peroqsidazebisa da lakazebis saxiT. es fermentebi efeqturad Jangaven amino-

jgufebamde aRdgenil metabolitebs, rac sabolood TNT-s Rrma degradaciiT sruldeba.  TNT-s iseTi redoqs-potenciali gaaCnia, romelic am qsenobiotiks saSualebas aZlevs Sea-

srulos eleqtronebis terminaluri aqceptoris roli mitoqondriul sunTqviT jaWvSi. sain-

teresoa, rom am dros TNT-s nitro-jgufebis aRdgena, anu detoqsikacia, uSualodaa SeuRle-

buli ATP-s sinTezTan. 

qsenobiotikTa nitrojgufis aRdgenis magaliTia agreTve moqmedebis farTo speqtris mqone 

antibiotikis _ qloramfenikolis biotransformacia RviZlSi (nax. 3.38): 

CHCHNHCCHCl2HOCH2

NO2

O
NH2

CHCHNHCCHCl2HOCH2
OH O

qloramfenikoli

nitrojgufis

aRdgena

 

nax. 3.38. qloramfenikolis nitrojgufis aRdgena RviZlSi. 

 

sulfanilamiduri preparati prontozili RviZlSi azojgufis aRdgeniT metabolizdeba, 

rac qsenobiotikis molekulis or nawilad gaxleCas iwvevs (nax. 3.39) NH2

SO2NH2NH2
NH2 NH2

N N SO2NH2
NH2

NH2

NH2
azojgufis

aRdgena +
prontozili

sulfanilamidi
 

nax. 3.39. prontozilis azojgufis aRdgena RviZlSi. 

 

qlorirebul naxSirwyalbadebSi halogenis atomi mJangveli fermentebisaTvis 

miuwvdomels xdis alifaturi jaWvis an aromatuli birTvis naxSirbadatomebs, amitom am 

naerTebis pirvelad gardaqmnebs xSirad aRdgeniTi dehalogenireba warmoadgens, ris Semdegac 

halogenisagan ganTavisuflebuli naxSirbadovani ConCxi gacilebiT advilad eqvemdebareba 

JangviT gardaqmnebs. 

anaerobul pirobebSi aRdgeniTi dehalogenireba ori gziT SeiZleba warimarTos (nax. 3.40): 

1. hidrogenoliziT _ wyalbadiT alkil- an arilhalogenidebis halogenis atomis CanacvlebiT 

(nax. 3.40-A); 
2. vicinaluri aRdgeniT, anu dihaloeliminirebiT _ alkilhalogenidebidan ori halogenis 

atomis moxleCviT da amis xarjze naxSirbadatomebs Soris damatebiTi bmis gaCeniT (nax.  3.40-B). 
cxadia, orive procesi aRmdgeneli eqvivalentebis wyaros saWiroebs, risTvisac NADH an 

aRdgenili glutaTioni gamoiyeneba.  



107  

C CH
H

H
HCl Cl

COOH
Cl

COOH

C CH
H

H
HCl Cl C CH

H
H
H

C CH
H

H
HCl H +   HCl

+ 2H
3-qlorbenzois mJava

+   HCl
+ 2HA

B +   2Cl+ 2e -
-

benzois mJava

1,2-diqloreTani qloreTani

eTeni1,2-diqloreTani  
nax. 3.40. anaerobul pirobebSi mimdinare aRdgeniTi dehalogenireba hidrogenolizisa (A) da 

vicinaluri aRdgenis (B) gzebiT. OH
Cl
ClCl

Cl Cl
OH

Cl
ClCl

Cl OH
OH

Cl
OHCl

Cl OH

OH OHCl
Cl OH

OH
Cl
OH

Cl OH
OH

Cl
OHCl

OH
OH OHCl
OH

OH OH
Cl OH

OH
Cl
OH

OH
OH OH
OH

+ H2O
2,3,4,5,6-penta-

qlorfenoli

- HCl
+ 2H

+ H2O- HCl

- HCl

+ 2H- HCl

+ 2H- HCl

2,3,5,6-tetra-

qlordifenoli

3,5,6-tri-

qlortrifenoli

diqlortrifenolebi

qlortrifenolebi

1,2,4-trifenoli

JangviTi degradacia

 
nax. 3.41. aerobul pirobebSi Rhodococcus chlorophenolicus-is mier pentaqlorfenolis gardaqmna 

hidrolizisa da hidrogenolizis Tanmimdevruli reaqciebis saSualebiT. 
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Flavobactenum-is, Rhodococcus-is da sxva aerobuli baqteriebis Stamebi aRdgeniT dehalogeni-

rebas imisTvis iyeneben, rom poliqlorirebuli aromatuli birTvi misawvdomi gaxadon oqsige-

nazebisaTvis, romlebsac am birTvis gaxleCva da naerTis JangviTi degradacia SeuZliaT. anae-

robebisagan gansxvavebiT aerobebSi aRdgeniT dehalogenirebas win uswrebs naxSirbadisa da 

qloris atoms Soris bmis hidrolizuri gaxleCa (nax. 3.41).  
 

 
3.2 koniugaciis reaqciebi 

 
koniugacia ucxo naerTebis detoqsikaciaSi erT-erTi yvelaze gavrcelebuli meqanizmia. 

koniugirebuli formiT qsenobiotikebis toqsikuroba mniSvnelovnad Semcirebulia da, 

maSasadame, ujredis homeostazze maTi negatiuri moqmedeba daqveiTebulia. 

glikozilireba, anu Saqris naSTTan dakavSireba erT-erTi yvelaze mniSnelovani 

detoqsikaciuri meqanizmia. yvelaze xSirad amgvar gardaqmnebs spirtebi da fenolebi ganicdis, 

rac mravali eqsperimentuli monacemiT dasturdeba. 

umartivesia fenolis koniugacia, romelic glukuronidis an glikozidis warmoqmniT 

xorcieldeba (nax. 3.42).  

OCH2OH
OH OH OH

OH

O
OH OH OHOH

COOH
OH O

OH OH OHO
COOH

OH OCH2OH
OH OH OH

O
β-D-glukoza

glukuronis mJava

fenoli

fenilglukuronidi

+

fenoli

+
fenilglukozidi

nax. 3.42. fenolis  

koniugacia. 

sainteresoa, rom ZiriTadad, glukozilirdeba spirtis hidroqsiluri jgufi, da ara 

fenoluri hidroqsili. mag., saligeninis transformaciis Seswavlam uCvena, rom ZiriTadi 

metabolitia spirtis hidroqsilis jgufTan koniugirebuli glukozidi, xolo fenolis 

hidroqsilis glukozilirebis produqti mxolod kvalis saxiT warmoiqmneba (nax. 3.43). 

CH2 OHOH OCH2OH
OH OH OH

OH CH2 O O CH2OH
OHOHOHOH

O O CH2OH
OHOH

OH
CH2OH

β-glukozidi spirtuli hidroqsilis 

jgufTan (ZiriTadi metaboliti)

o-hidroqsi-

benzilis spirti β-D-glukoza

+
β-glukozidi fenoluri hidroqsilis 

jgufTan (kvalis saxiT)

nax. 3.43. о-hidroqsi-

benzilis spirtis 

glikozilireba. 
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inseqticidi pentaqlorfenoli glukozilirdeba β-D-glukozidis warmoqmniT, romlis 

nawili reagirebs malonis mJavasTan da О-malonil-β-D-glukozidad gardaiqmneba (nax. 3.44).  
OH

ClCl
Cl

Cl Cl OCH2OH
OHOH

OH
O

Cl Cl
Cl

ClCl

OCH2O
OHOH

OH
O

Cl Cl
Cl

ClCl
COCH2HOOC

pentaqlorfenolis O-malonil-β-D-glukozidi

pentaqlorfenoli pentaqlorfenolis β-D-glukozidi

 
nax. 3.44. pentaqlorfenolis β-D-glukozidisa da О-malonil-β-D-glukozidis warmoqmna. 

 

qsenobiotikebi, romlebic organul mJavebs warmoadgenen, mcenareebSi ZiriTadad karbo-

qsilis jgufebis glikozilirebiT koniugirdebian. glikozilirebis saSualebiT, hidroqsilis 

da karboqsilis jgufebis garda, efeqturad blokirdeba toqsikuri naerTebis amino-jgufebic. 

mag., 3-amino-2,5-diqlorbenzoinis mJava glukozasTan ori tipis koniugats _ esTersa da N-
glukozids warmoqmnis (nax. 3.45). 

COOH
Cl
NH2 Cl

OCH2OH
OHOH

OH COOH
Cl
NH Cl

O CH2OH
OHOH

OH

OC
Cl
NH2 Cl

O

3-amino-2,5-diqloro-

benzoinis mJava

N-glukozidi O-glukozidi  
nax. 3.45. 3-amino-2,5-diqlorobenzoinis mJavas glukozilireba umaRles mcenareebSi. 

 

koniugaciis erT-erTi yvelaze xSiri SemTxvevaa qsenobiotikebis da/an maTi pirveladi 

transformaciis produqtebis koniugacia aRdgenil glutaTionTan (tripeptidTan, romelic 

Seicavs γ-glutaminis mJavas, cisteinis da glicinis naSTebs). detoqsikaciis es gza yvelaze 

metad damaxasiaTebelia simetriuli triazinebisaTvis, qloracetamidebisaTvis da sxva halo-

genSemcveli qsenobiotikebisaTvis benzilqloridis da propaqloris tipis qsenobiotikebi 

glutaTion koniugats rogorc fermentuli, aseve arafermentuli gzebiT warmoqmnian  

(nax. 3.46). 
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N C2H5H5C2
CH2
CH2
O CH2 CH2 CH3

CCH2Cl O
N C2H5H5C2

CH2
CH2
O CH2 CH2 CH3

CCH2
Cys

Glu GlyO

propaqlori koniugati glutaTionTan  
nax. 3.46. propaqloris koniugacia glutaTionTan. 

 

mcenareuli warmoSobis meore tripeptidi _ homoglutaTioni (glutaTionisagan imiT 

gansxvavdeba, rom glicinis magivrad β-alanins Seicavs) aseve monawileobs qsenobiotikebTan 

koniugaciis reaqciebSi. acetoqloris homoglutaTionTan koniugireba ZiriTadad soiisaTvis, 

maSa-lobiosa da ionjasaTvis aris damaxasiaTebeli. agreTve naCvenebia, rom soiis aRmona-

cenebSi homoglutaTionTan koniugats herbicidi propaqloric warmoqmnis. soiis mcenareebSi 

qlorimuron-eTilis metabolizmis ZiriTad produqts aseve homoglutaTionuri koniugati 

warmoadgens.  

naCvenebia, rom glutaTioni da homoglutaTioni in vivo pirobebSi warmoqmnili qse-

nobiotikis hidroqsilis jgufTan koniugirdebian. mag., soiis aRmonacenebSi difenileTeris 

warmoebuli aciflurofeni hidrolizurad iSleba 2-nitro-5-oqsibenzoinis mJavad, romelic 

homoglutaTions hidroqsilis jgufis saSualebiT uerTdeba. 

glutaTionTan da homoglutaTionTan qsenobiotikis SeerTebis kidev erTi damaxa-

siaTebeli meqanizmia alkil-TiojgufebTan reaqcia. simindis aRmonacenebSi S-eTilTiodipro-

pilTiokarbamati glutaTionTan eTilis jgufis saSualebiT koniugirdeba. savaraudoa, rom am 

kerZo SemTxvevaSi herbicidi iJangeba Sesabamis sulfooqsidad, romelic glutaTionTan 

koniugirdeba. soiis mcenareebSi metribuzini homoglutaTions meTil-Tiojgufis saSualebiT 

ukavSirdeba. garda amisa, naCvenebia, rom oxraxuSis da soiis suspenziuri ujreduli kultu-

rebidan, agreTve bardis aRmonacenebis pirveladi foTlebidan gamoyofili mikrosomebi 

Jangaven 3,4-benzpirens, xolo Jangvis produqtebi advilad koniugireben glutaTionTan. 

koniugaciis reaqciebi ferment-transferazebiT katalizdeba (ix. qveTavi 5.2). organizmSi 

maTi specifikuri Semcveloba imas unda ganapirobebdes, rom koniugaciis reaqciebSi SeimCneva 

saxeobrivi Taviseburebebi da iseTi cvlilebebi, romlebic SeiZleba evoluciur ganvi-

TarebasTan davakavSiroT da rac, zogadad, mkafiod araa gamoxatuli qsenobiotikebis 

detoqsikaciur gardaqmnebSi. mag., glukuronidTan koniugacia damaxasiaTebelia ZuZumwov-

rebis, frinvelebis, reptiliebisa da amfibiebisaTvis, magram ara TevzebisaTvis. acetilireba, 

sulfatireba da TiocianatebTan dakavSireba ZuZumwovrebSi embrionul stadiaze SeiniSneba, 

aminomJavebTan koniugacia embrionis ganviTarebis Sua etapze Cndeba, xolo glukuroniduli 

koniugacia mxolod dabadebis win identificirdeba.  

 

 

3.3 zogierTi qsenobiotikis metabolizmis meqanizmi 

 

qsenobiotikebis metabolizmis universaluri gzis (funqcionalizacia → koniugacia → 
kompartmentalizacia) realuri arseboba TvalsaCinodaa naCvenebi qlororganuli pesti-

cidebis zogierTi warmomadgenlis magaliTze. herbicidi 2,4-D hidroqsilirebis Semdeg 

warmoqmnis koniugats glukozasTan da malonilis naSTebTan, ris Semdegac maTi vakuolizacia 

xdeba (nax. 3.47). 
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O CH2 COOH
Cl

Cl
O CH2 COOH

Cl
OHCl OCH2

OH OH OH
OOCO CH2COOH OCH2 COOH

ClCl
2,4-D

4-hidroqsi-2,5-D
I faza II faza III faza

malonil-glukozilis 

koniugati

vakuoli

 
nax. 3.47. mcenareul ujredSi 2,4-D-s transformaciis sami Tanmimdevruli faza. 

 

inseqticidi DDT pirveladi JangviTi reaqciebis Sedegad iZens karboqsilis jgufs da 

gardaiqmneba diqlordifenilZmarmJavad (DDA-ad), romelic glukozasTan advilad warmoqmnis 

esters da aseve vakuolebSi grovdeba (nax. 3.48): Cl
CH
Cl

CCl3

Cl
CH
Cl

COOH
Cl
CH
Cl

C OO
O CH2OH

OHOHOH
II faza III faza vakuoli

DDT DDA DDA-s koniugati 

glukozasTan

I faza

 

nax. 3.48. mcenareul ujredSi DDT-s transformaciis sami Tanmimdevruli faza.   
biocidi 2,3,4,5,6-pentaqlorfenoli koniugirdeba rogorc uSualod, aseve transfor-

mirebuli saxiT. fenoluri hidroqsilis saSualebiT es toqsikanti pirdapir, yovelgvari 

winaswari gardaqmnis gareSe warmoqmnis xsnad koniugatebs _ β-D-glukozidsa da O-malonil-β-D-
glukozids, romlebic vakuolebSi deponirdeba. garda amisa, pentaqlorfenolma SeiZleba 

ganicados hidroqsilireba da am SemTxvevaSi is meore hidroqsilur jgufs iZens, romelsac 

SeuZlia lignins daukavSirdes. koniugaciis Sedegad miiReba uxsnadi koniugati, romelic 

Semdeg ujredis kedelSi erTveba (nax. 3.49). 

aseTive magaliTad SeiZleba moviyvanoT TNT-s metabolizmi mcenareSi (nax. 3.50). dadgenilia, 

rom es feTqebadi naerTi mcenareul ujredSi funqcionalizacias ori gziT ganicdis: nitro-

jgufis aRdgeniT an meTilis jgufis JangviT. amasTan, aRdgeniTi gardaqmna dominanturia da am 

gziT ujredSi SeRweuli TNT-s oTxi mexuTedi nawili gardaiqmneba. miRebuli pirveladi 

metabolitebi axladSeZenili amino- an karboqsilis jgufis xarjze kovalenturad 

ukavSirdebian Sidaujredul naerTebs, ZiriTadad, biopolimerebs, ris Semdegac TNT-s meta-

bolitebis 70% uxsnadi koniugatebis saxiT deponirdeba. TNT-sTvis aseT biopolimerebs 

umTavresad hemiceluloza (nax. 3.51), lignini, peqtini da sxva polisaqaridebi warmoadgenen, 

romlebic ujredis kedelis ZiriTadi saSeni masalaa. swored amis gamo mcenaris mier 

SeTvisebuli da nawilobriv gardaqmnili TNT Tavad mcenarisTvis uvnebeli xdeba, magram 
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qsenobiotikis molekulis umetesi nawili ucvlelia, amitom aseTi mcenare saxifaTo rCeba 

garemosaTvis da misi sruli gauvnebelyofa mxolod mcenaris biomasis dawvis Sedegad miiRweva.  

OH

ClCl

Cl

Cl Cl

OCH2OH
OHOH

OH
O Cl Cl

ClClCl

OCH2O
OHOH

OH
O Cl Cl

ClClCl
CO CH2 COOH

OH
OHCl

Cl
Cl Cl

OH
OCl

Cl
Cl Cl

O-malonil-β-D-glukozidi

O-β-D-glukozidi

lignini
tetraqlordifenoli koniugati ligninTan

ujredis

kedeli

vakuoli

pentaqlorfenoli

 
nax. 3.49. 2,3,4,5,6-pentaqlorfenolis transformaciis gzebi mcenareul ujredSi. 

CH3 NO2

NO2

O2N
C NO2

NO2

O2N
OHO

CH3 NH2

NO2

O2N

ROC
NO2

O2N
NO2 O

3

CH3NH
O2N

NO2

R 2

ROC
NO2

O2N
NO2 O

CH3NH
O2N

NO2

R

80%

2,4,6-trinitro-

toluoli

4

Jangva

aRdgena

koniugacia

koniugacia
20%

2-amino-4,6-di-

nitrotoluoli

2,4,6-trinitro-

benzois mJava

koniugatebi

1

 
nax. 3.50. 2,4,6-trinitrotoluolis metabolizmi mcenareSi. 
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NH2

O2N

CH3NH
O2N

NO2

OOH OH
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OOH OH
COOHO O OOH OH

COOOH OH
COOH

O OOH OH
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O2N
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dinitrotoluoli
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4-amino-2,6-

dinitrotoluoli
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nax. 3.51.  TNT-s transformaciis zogierTi gza mcenareSi: monoamino-metabolitebis formireba 

da maTi koniugacia hemicelulozasTan peptiduri bmebis warmoqmniT. 

NH CH3

OSO3

O

NH CH3

OH

O
NH CH3

OH

O

OH

N CH3

O

O
NH CH3

OH

O

SG
NH CH3
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O

Cys

NH CH3

O

O

O

NH CH3

O

O
acetaminofeni

iminoqinoni

cila

GSH

hidroqsilireba

Jangva

difenoli qinoni

koniugati

cilasTan

koniugati

glutaTionTan

aromatuli

birTvis

gaxleCa

glikozidi

sulfati

pirdapiri

koniugacia

GSH  _ aRdgenili glutaTioni

glukozis 

naSTi
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nax. 3.52. paracetamolis (acetaminofenis) metaboluri gardaqmnebi RviZlSi. 
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farTod gamoyenebuli medikamenti paracetamoli, anu acetaminofeni, romelic sicxis 

damwev da tkivilgamayuCebel saSualebas warmoadgens, RviZlSi erTdroulad ramdenime gziT 

metabolizdeba (nax. 3.52). qsenobiotikis sruli daSla mxolod aromatuli birTvis hidro-

qsilirebiT miiRweva, radgan am dros warmoqmnili difenoli advilad gadadis Sesabamis 

qinonSi, romelic Semdgom aromatuli birTvis gaxleCiT da standartuli ujreduli 

metabolitebis formirebiT metabolizdeba. aqve unda aRiniSnos, rom es naerTi _ qinoni 

yvelaze ufro saxifaToa intermediatebs Soris, radgan swored mas SeuZlia advilad 

daukavSirdes dnm-s da mutaciebi gamoiwvios.  

acetaminofenis Jangvis meore SesaZlo produqti _ iminoqinoni praqtikulad warmo-

qmnisTanave ukavSirdeba aRdgenil glutaTions, an romelime cilis makromolekulis cisteinis 

naSTs da am gziT koniugirdeba. acetaminofeni hidroqsilis jgufis xarjze uSualodac 

SeiZleba daukavSirdes glukozas an sulfatis anions, rac agreTve koniugacias warmoadgens.  

triqloreTileni, romelic farTod gamoiyeneba qimiur mrewvelobaSi (mag., sxvadasxva 

polimeris misaRebad), garemos erT-erTi yvelaze saxifaTo dambinZurebelia. igi RviZlSi 

moxvedrisas, sxva qsenobiotikebis msgavsad, metabolizmis sawyis etapze monooqsigenirebas 

ganicdis. am dros ori gansxvavebuli naerTi formirdeba: qlorali, romelic maRali 

mdgradobiT da, amasTanave, Zlieri toqsikurobiT gamoirCeva da epoqsidi, romelic Semdgom 

gardaqmnebs eqvemdebareba (nax. 3.53).  

H
Cl Cl

Cl H
O ClCl

Cl

H
Cl Cl

Cl
O

H
O O

Cl
H
O O

NH Lys
NH2 Lys O Cl

H NH LysO H O
NH Lys

Cl
OH Cl

Cl NH2 Lys NH
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Cl
Cl

qlorali

+

a
b a b _

triqloreTileni

epoqsidi

III koniugati 

II koniugati 

I koniugati 

aldehid-

qloranhidridi

diqlor-

qloranhidridi  
nax. 3.53. triqloreTilenis metabolizmi RviZlSi. 

 

triqloreTilenisgan warmoqmnili 1,2-diqloreTanis epoqsidi dismutaciis gziT or 

produqts warmoqmnis. pirveli maTgani aldehid-qloranhidridia, romelic aminomJava lizinis 

amino-jgufs advilad ukavSirdeba. aq koniugaciis ori gzaa: a _ aminojgufis qlorirebul 

naxSirbadTan dakavSireba, rac dehalogenirebuli I koniugatis warmoqmniT sruldeba; da b _ 

aminojgufis kabonilis naxSirbadTan urTierTqmedeba, rac Sidamolekuluri gadajgufebiT 
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da, sabolo jamSi, karbonilirebuli lizinis saxiT II koniugatis formirebiT sruldeba. 

epoqsidis dismutaciis meore produqti _ 2,2 diqlorZmarmJavas qloranhidridi uSualod 

ukavSirdeba lizins (III koniugati). samive koniugats Tu SevadarebT, Cans, rom I da II met-

naklebad uvnebelia, III ki inarCunebs toqsikurobas qloris atomebis Semcvelobis gamo. 

maRali mdgradobis gamo dioqsinebi Znelad eqvemdebareba biodegradacias. maTi sruli 

mineralizacia SesaZlebelia mxolod anaerobuli da aerobuli mikroorganizmebis erToblivi 

moqmedebis Sedegad. bolo dros aRmoCenilia, rom zogierT mikroorganizms unari aqvs, 

moaxdinos am toqsikantebis daSla. aseTia anaerobuli baqteria Dehaloccocus sp., romelic 

aRdgeniTi dehalogenirebis gziT dioqsinis molekulas qloris atomebs aSorebs. warmoqmnili 

p-dioqsini dioqsigenazebisa da hidrolazebis Tanmimdevruli moqmedebiT gardaiqmneba, ris 

Sedegadac aromatuli birTvi ixliCeba da standartuli ujreduli metabolitebi warmoiqmneba 

(nax. 3.54). aseTive moqmedebis efeqti aRmoaCnda bazidialur sokos _ Phanerochaete chrysosporium. 
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OH
OH

OH

OOH
O

OH
COO

OH OH
COOCOO
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O2 NADH H+

NAD
O2H+

H+

O
O

Cl
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Cl -

-

-

+ + +
+

2,3,6,7-tetraqlor-

dibenzo-p-dioqsini H2O

dibenzo-p-dioqsini

dehalogenaza

 4 HCl
dioqsigenaza

2,2',3'-trihidroqsi-

difenil-eTeri
dioqsigenaza

hidrolaza

2,3-hidroqsi-6-

oqso-6-(2-hidroqsifenil)-

heqsa-2,4-dienolati

2-hidroqsimukonatipirokatexini  
nax. 3.54. 2,3,7,8-tetraqlordibenzo-p-dioqsinis mikrobiologiuri biodegradacia dehalogena-

zebis, dioqsigenazebisa da hidrolazebis Tanmimdevruli moqmedebis Sedegad. 

 

araalkiluri Camnacvleblebis mqone acifluorenis metabolizmis pirvelive stadias 

eTeruli bmis hidrolizi warmoadgens, ris Sedegadac Sesabamisi fenolebi warmoiqmneba. es 

intermediatebi swrafad koniugirdebian glukozasTan da homoglutaTionTan (nax. 3.55). 

analogiurad mimdinareobs fluorodifenisa da nitrofenis metabolizmic. sxva difenil-

eTerebic Sesabamisi fenolebis formirebiT iSleba. rogorc wesi, fenoluri bunebis meta-

bolitebi koniugatebs swrafad warmoqmnian. 
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O
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OCH2OH
OHOH
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CysHOOCO2N Glu
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I fenoluri 
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koniugati 
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koniugati glukozasTan

II fenoluri intermediati

hidrolizi- - - - - 

 
nax. 3.55. umaRles mcenareebSi acifluorenis metabolizmi, romelic eTeruli bmis hidroli-

zuri gaxleCiT iwyeba. 

 

sistemuri fungicidebis mimarT uZiriTadesi moTxovnaa, rom advilad SeaRwion mcenareSi, 

romlisTvisac isini uvnebelni iqnebian da daicvan mcenare sokovani parazitebisagan. adre ga-

moyenebuli fungicidebi (mag., bordos siTxe) mcenareze Tu SesxurebiT daitaneboda, sistemuri 

fungicidebi Tesleulis Sesawamladac gamoiyeneba. amasTan isini didi xniT inaxebian mcenareSi 

da mTeli vegetaciuri periodis ganmavlobaSi uzrunvelyofen maT rezistentobas daavadebis 

mimarT. aseTi nivTierebebi, rasakvirvelia, modificirdebian in vivo, xolo detoqsikaciis pro-

duqtebi ganapirobeben sokovani invaziebis mimarT mdgradobas. qerisTvis erT-erTi farTod 

gamoyenebuli fungicidia eTirimoli. igi pirimidinis warmoebulia da sokoze moqmedebs 

rogorc antimetaboliti. qeris foTlebSi am fungicidis gardaqmnebi (nax. 3.56). 

N N
OH C4H9

CH3C2H5N N N
OH C4H8OH

CH3C2H5HN

N N
OH C4H8O

CH3C2H5HN

eTirimoli

gverdiTi jaWvis

daJangva

gluk

glikozilireba

 

nax. 3.56. eTirimonis metabolizmi qeris ujredebSi. 

 

niSandebuli atomebis daxmarebiT naCvenebi iqna, rom eTirimonis in vivo naxevardaSlis peri-

odi mxolod sam dRes Seadgens. garda amisa, aRmoCnda, rom es fotoqimiuri procesia da meta-

bolizmis erT-erT ZiriTad produqts Sesabamisi glukozidi warmoadgens. am dros eTirimolis 

gverdiTi alifaturi jaWvi jer Sesabamis spirtad iJangeba, xolo Semdgom am spirtis gluko-

zidi warmoiqmneba, romelic bunebriv metabolits warmoadgens. 

ucxo naerTebis mimarT mcenaris adaptaciis sinatife gansakuTrebiT naTlad im herbici-

debTan urTierTqmedebisas vlindeba, romlebic sarevelebTan sabrZolvelad gamoiyenebian. 

herbicidebis detoqsikacia kvlavac intensiurad Seiswavleba. rogorc irkveva am procesis siC-
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qare gadamwyvet rols asrulebs sarevelebis mospobaSi. mag., herbicid 2,4-diqlorfenoqsiZmar-

mJavas (2,4-D) gamoyeneba sarevelebTan brZolaSi imiTaa ganpirobebuli, rom sasoflo-sameurneo 

kulturebs misi swrafi metabolizebis unari aqvT, maSin rodesac sarevela mcenares es unari 

ar gaaCnia da amis gamo xmeba. 

miuxedavad imisa, rom 2,4-D-s glukozasTan da asparaginmJavasTan koniugireba, agreTve aro-

matuli birTvis hidroqsilireba SeuZlia, detoqsikaciis mniSvnelovan reaqcias mainc herbi-

cidis gverdiTi jaWvis Jangva warmoadgens (nax. 3.57). 

Cl
Cl
O CH2COOH Cl

Cl
OH O

bardaSi

uvnebeldeba nela, mimdinareobs 

anomaluri zrda da Semdeg sikvdili

xorbalSi

sarevelaSi

gluk

 
nax. 3.57. 2,4-D-s gardaqmna mcenareSi. 

 

rogorc ki gverdiTi jaWvi moscildeba, 2,4-D Tavis aqtivobas kargavs. miRebuli 2,4-
diqlorfenoli glukozasTan Cveulebrivi gziT koniugirebs. miuxedavad imisa, rom gverdiTi 

jaWvis degradaciis unari mcenareebSi farTodaa gavrcelebuli, misi swrafi realizebis unari 

mxolod ramdenime sasoflo-sameurneo kulturas gaaCnia. herbicidiT damuSavebisas sarevelas 

fermentuli aparati ucbad ar aqtiurdeba da swored detoqsikaciaSi siCqareTa sxvaoba gan-

sazRvravs herbicidTa SerCeviT moqmedebas. sarevelas 2,4-D-s detoqsikacia ar SeuZlia. 2,4-D 

aratoqsikuria, magram am nivTierebas auqsinuri aqtiuroba aqvs. 2,4-D-s Warbi koncentracia 

mcenaris Zlier zrdas iwvevs, rac saboloo jamSi sarevelas gaxmobiT mTavrdeba.  

herbicidebis detoqsikaciis kidev erTi damaxasiaTebeli gzis magaliTs warmoadgens azot-

Semcveli herbicidis _ monuronis detoqsikacia. bambis mcenareSi am nivTierebas jer erTi me-

Tilis jgufi scildeba, xolo meore iJangeba da Semdgom glikozilirdeba (nax. 3.58). 

Cl NHCON(CH3)2 Cl NHCON CH3H
Cl NHCON CH2OHH Cl NHCON CH2OH gluk

 

nax. 3.58. monuronis metabolizmi mcenareSi. 

 

sadReisod ramdenime aseuli qsenobiotikis gardaqmnis meqanizmia Seswavlili. am mxriv didi 

moculobis samuSao Sesrulda minesotas universitetSi, sadac Seiqmna qsenobiotikTa biode-

gradaciis gzebis monacemTa baza, romliTac internetis saSualebiT nebismier msurvels SeuZ-

lia isargeblos (http://umbbd.msi.umn.edu/). miuxedavad amisa, qsenobiotikebis metabolizmis 

Seswavla dResac qsenobioqimiis umTavres amocanad rCeba.  
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Tavi 4. qsenobiotikebi da organizmi 

 

4.1 toqsikantTa dozebi da organizmze maTi moqmedeba 

 

gansxvavebul doneze (ujredis, organos, mTliani organizmis, populaciis da ekosistemis) 

myof obieqtebze qsenobiotikTa zemoqmedebis kvlevas ekotoqsikologia awarmoebs. TviT es 

mecnieruli disciplina ekologiuri qimiis miRwevebs efuZneba. zogad problemaTa gadawyveta-

Si aucilebeli Seiqmna maTi erToblivi intensiuri Sroma. 

organizmis unari (an uunaroba), gamodevnis masSi moxvedrili ucxo nivTierebebi da aRadgi-

nos darRveuli fiziologiuri wonasworoba, damokidebulia garemomcvel pirobebze da TviT 

organizmis molekulur-biologiur potencialze. principSi yvela organizms SeuZlia wyalSi 

xsnadi metabolitebis saxiT, garkveuli raodenobis qsenobiotiki gamodevnos, an Tavis qsovi-

lebSi daikavSiros isini. daSlis, eqskreciis da dakavSirebis procesebi gamoyofis anu elimina-

ciis saxelwodebiT gavaerTianoT. zemoqmedeba (W) SeiZleba warmovidginoT sxvaobis integra-

liT rogorc romelime t droSi “STanTqmuli nivTierebis koncentraciis jami (K) minus gamoyo-

fili nivTierebis koncentraciis jami (E)”:  W K E dt                                                               4.1 

aqedan naTelia, rom ar SeiZleba subletalur koncentraciasTan miaxloeba, Tu E-sidide 

axlos dgas K-sTan. amitom “zemoqmedeba-doza” _ damokidebulebis nebismieri mrudi nulidan 

iwyeba. naxazze 4.1 warmodgenilia aseTi damokidebulebis idealizebuli mrudebi, zRvruli 

dozebi da miyenebuli mavne zemoqmedebis Sesabamisi xarisxebi. 

z
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e
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e
b

a
 

doza

100
75
50
25

0 1 10 100  
nax. 4.1. zemoqmedebis Teoriuli damokidebuleba dozaze (doza warmodgenilia logariTmuli 

SkaliT. naCvenebia damokidebulebebi gansxvavebul mdgomareobebSi da gansxvavebuli 

daxrilobiT). 

 

organizmze erTi da igive ucxo naerTis gansxvavebuli koncentraciebiT zemoqmedeba 

araerTgvarovan efeqts iZleva. amis mixedviT ekologiur qimiaSi miRebulia: 

− toqsikantis minimalurad moqmedi an zRvruli doza (koncentracia). es misi umciresi raode-

nobaa, romelic cxovelmyofelobis SesamCnev, magram Seqcevad cvlilebas iwvevs; 

− toqsikantis SedarebiT didi doza, romelic mkveTrad gamoxatuli mowamvliT (organizmSi 

paTologiuri ZvrebiT), magram araletaluri SedegiT xasiaTdeba. rac ufro Zlieria toqsi-

kantis zemoqmedebis efeqti, miT ufro axlos dganan erTmaneTTan misi minimalurad moqmedi 

da minimalurad toqsikuri dozebi; 
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− letaluri doza, romelic mkurnalobis gareSe organizmis daRupviT mTavrdeba. 

eqsperimentul toqsikologiaSi xSirad iyeneben toqsikantis saSualo letaluri dozis an 

koncentraciis (Sesabamisad DL -is da CL -is) cnebebs, romelTa gavleniTac sacdeli cxovele-

bis 50% iRupeba. 100%-ian i sikvdilianobisas msjeloben absolutur letalur dozaze an kon-

centraciaze (Sesabamisad DL  da CL ). toqsikurobis (Sxamianobis) cnebaSi igulisxmeba si-

cocxlesTan toqsikantis SeuTavseblobis zoma da igi isazRvreba rogorc DL CL -is Sebru-

nebuli sidide, e.i. 1/DL 1/CL . 

arsebobs qimiuri naerTebis toqsikurobis raodenobrivi Sefasebis SedarebiT zusti mid-

gomebic. mag., sasunTqi gzebis gavliT zemoqmedebisas, nivTierebis toqsikurobis xarisxs (T) 

haberis e.w. modificirebuli formuliT axasiaTeben: 

T C · V · tg                                                                             4.2  
sadac C _ aris haerSi toqsikantis koncentracia (mg/l), t _ moqmedebis dro (wT), V _ filtve-

bis saventilacio moculoba (l/wT), xolo g _ sxeulis masa (kg). 

organizmSi toqsikantis sxvadasxva gziT moxvedrisas erTnairi efeqti mis gansxvavebul 

koncentraciebze miiReba. parenteralurTan SedarebiT (e.i. saWmlis momnelebeli traqtis ga-

reSe) Sxamis peroraluri miRebisas (piris Rrudan moxvedrisas) toqsikurobis ufro dabali 

efeqti imis maCvenebelia, rom toqsikantis mniSvnelovani nawili saWmlis momnelebel sistemaSi 

iSleba. 

erTi da igive Sxamis ganmeorebiT zemoqmedebisas kumulaciis, sensibilizaciis da Seguebis 

movlenaTa ganviTarebis Sedegad mowamvlis mimdinareoba SeiZleba Seicvalos. kumulaciaSi 

igulisxmeba organizmSi toqsikuri naerTebis dagroveba (materialuri kumulacia), an maTi moq-

medebiT gamowveuli efeqtebi (funqciuri kumulacia). gasagebia, rom kumulacias is nivTiereba 

ganicdis, romelic organizms Senelebulad tovebs, an Senelebulad xdeba misi gauvnebloba. 

amasTan, jamurad moqmedi doza Zlier swrafad izrdeba. funqciur kumulacias rac Seexeba, igi 

SeiZleba mZime moSlilobebiT gamoixatos, maSinac ki, roca Sxami organizmSi didxans ar Cerde-

ba. aseT movlenas adgili aqvs mag., alkoholiT mowamvlisas. Sxamian nivTierebaTa kumulaciuri 

Tvisebebis gamomJRavnebis xarisxi fasdeba kumulaciis koeficientiT (K), romelic sacdel 

cxovelebze Catarebuli eqsperimentebiT dgindeba: 

K a · bc                                                                                4.3 

sadac a _ cxovelSi ganmeorebiT SeRweuli Sxamis raodenobaa da 0.1_0.05 DL -s Seesabameba, b 

_ Sesuli (a) dozebis jeradoba, xolo c _ erTjeradad moxvedrili dozaa. 

kumulaciis koeficientebis mniSvnelobebis mixedviT toqsikur nivTierebebs oTx jgufad 

yofen: 

1. mkveTrad gamoxatuli kumulaciiT (K<1) 

2. gamoxatuli kumulaciiT (K 1-dan 3-mde) 

3. zomieri kumulaciiT (K 3-dan 5-mde) 

4. sustad gamoxatuli kumulaciiT (K>5) 

sensibilizacia organizmis iseTi mdgomareobaa, romlis drosac nivTierebis ganmeorebiTi 

SeRweva pirvelTan SedarebiT met efeqts iZleva. gamoTqmulia varaudi, rom sensibilizaciis 

efeqti dakavSirebulia Sxamis gavleniT organizmSi Secvlili da amdenad gaucxoebuli cilebis 

warmoqmnasTan. mag., cnobilia, rom mraval ucxo nivTierebas (fenilhidrazins, p-fenil-

endiamins, 2,4-dinitroqlorbenzols da sxv) SeuZlia imunologiuri sensibilizaciis gamowveva, 

rac kanis reaqciebSi, sisxlis diskraziaSi, respiratorul da kardiovaskularul simptomebSi 

vlindeba. aseTi sensibilizaciisaTvis saWiroa, rom qsenobiotikis mcire zomis molekulam ci-
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lasTan stabiluri, kovalenturad bmuli naerTi (hapteni) warmoqmnas, raTa miRebul iqnas hap-

ten-cilis koniugati (antigeni). umdgradi kompleqsebi, romlebsac mravali qimiuri naerTi 

Sratis albuminTan warmoqmnis, antigenurs ar warmoadgenen, radgan mxolod zogierTi sensibi-

lizaciis gamomwvevi qimiuri nivTiereba Tavadaa sakmarisad reaqtiuli imisaTvis, rom aseTi 

mdgradi koniugatebi warmoqmnas. faqtiurad haptenebi maTi SedarebiT ufro aqtiuri  

metabolitebia.  

aRwerilia fenacetinisadmi gazrdili mgrZnobiarobis SemTxvevebi, rodesac pacienti aseve 

mgrZnobiarobas amJRavnebda p-acetamidofenolisa da parafenetidinis metabolitebis mimarT. 

samive naerTi Semdgom paraaminofenolad an paraqinoniminad metabolizdeboda, romelTaganac 

TiToeul maTgans SeeZlo Seqmnili mdgomareobis namdvili mizezi gamxdariyo: OC2H5

NHCOCH3

OC2H5

NH2

OH
NHCOCH3

OH
NH2 NH

O

fenacetini parafenetidini paracetamido-

fenoli

paraamido-

fenoli
paraqinonimini

+ 4.4
 

cnobilia, rom mravali medikamenti (penicilini, sulfamidebi, fenoTiazidebi) sensibili-

zacias iwvevs da am SemTxvevaSi aRZruli medikamentozuri alergia erT-erT yvelaze seroizul 

daavadebas warmoadgens. dadgenil iqna, rom pacientebSi penicilinisadmi gazrdili mgrZnobia-

roba gamowveulia peniciloilamiduri koniugatebis warmoqmnis Sedegad, romlebic miiReba pe-

nicilinisa an penicilinmJavas urTierTqmedebiT cilis ε-aminojgufebTan. aseT pacientebze 

alergiulad moqmedebdnen am wamlebis analogiuri Sedgenilobis mqone nivTierebebi, romleb-

ic organizmSi sakvebTan erTad an profesiuli moRvaweobis Sedegad aRwevdnen. 

organizmze Sxamis ganmeorebiTma zemoqmedebam SeiZleba ukumovlenac mogvces _ efeqtis Se-

susteba _ SeCvevis, anu tolerantobis saxiT. misi meqanizmebi aracalsaxaa. mag., cnobilia, rom 

dariSxanis anhidridis mimarT Segueba imiTaa ganpirobebuli, rom igi lorwovani garsis anTebas 

iwvevs da amis Semdeg mcirdeba Sxamis Sewovis unari. organizmSi dariSxanis preparatebis pa-

renteralurad Seyvanisas tolerantoba ar SeiniSneba. xSirad tolerantobis mizezi im fermen-

tul sistemaTa moqmedebis stimulacia an induqciaa, romlebic mocemuli Sxamis detoqsikacias 

axorcieleben. 

  

 

4.1.1 qsenobiotikTa toqsikuri zemoqmedebis  

Sefasebis modelebi 

 

saxeobis doneze qsenobiotikisadmi riskis Sefaseba SeiZleba Catardes calkeuli individis 

metaboluri procesebis raodenobrivi aRweris safuZvelze. am mizniT SemuSavebulia metabo-

lizmis modelebi, romlebSic dadgenilia ujredSi, qsovilSi da organoebSi qsenobiotikTa 

SeRwevidan gamoyofamde gadatana. kinetikuri TvalsazrisiT procesis sruli msvlelobisas 

ucxo naerTis nakadi gansazRvrul kompartmentebSi miedineba. es ukanasknelni ganixileba, ro-

gorc sxeulis is nakveTurebi, romlebSic nivTiereba organizmSi dayovnebis periodSi Tanabrad 

nawildeba. aseTi kompartmentebis qvenakveTurebSi Tu arsebobs koncentraciuli sxvaobebi, 

maT Soris koncentraciis fardoba drois nebismier momentSi mudmivi iqneba. yovel kompart-

mentSi ori procesi mimdinareobs: 

− nivTierebis Semosvla pirdapir garemodan, an erTi kompartmentidan meoreSi; 

− nivTierebis gamoyofa ucvlelad an metabolizebuli saxiT. 

orive procesi drozea damokidebuli. SeRweva ganisazRvreba zemoqmedebis eqspoziciiT. 
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zogad SemTxvevaSi nivTierebis nakadi kompartmentebs Soris koncentraciuli gradientis pro-

porciulia.  t -drois momentSi kompartmentSi myardeba wonasworoba, romlis drosac sawyisi koncen-

traciis C  da saerTo akumulaciis A  jami, saerTo eqskreciis E  da saboloo koncentra-

ciis C  jams utoldeba: C A ds E C dt    4.5 

Tu arsebobs mxolod sawyisi koncentracia C  Semdgomi akumulaciis gareSe, maSin C C C      4.6 

sadac b _ eliminirebis konstantaa (t _ drois monakveTSi organizmidan gamoyofa, mocileba). 

es e.w. erTkomponentiani modelia. orkomponentiani sistemisaTvis Sesabamisad gveqneba: C C · e C · e                   4.7 

sadac indeqsebi (I) da (II) Sesabamis komponentebs gviCveneben. 

erT kompartmentSi ucxo nivTierebis SeRweva da masSi dagroveba damokidebulia agreTve 

qsenobiotikis unarze, daukavSirdes iq arsebul biologiurad aqtiur molekulebs. es gansa-

kuTrebiT mniSvnelovania fermentTa TiojgufebTan toqsikur mZime metalTa dakavSirebisas. 

ganmxoloebul kompartmentebad dayofa ganisazRvreba plazmasa da ujredSoris siTxeSi ara-

marto ganawilebis procesebiT, aramed nivTierebis biotransformaciiTa da agreTve ujred-

Sorisi membranebis ganvladobiT.  

gamoyofis siCqare aregulirebs metabolur procesebs an maTTan konkurirebs. mag., cxove-

lis organoebSi meTilvercxliswylis ganawileba gacilebiT swrafad xdeba, vidre misi gamoyo-

fa. amitom igi tvinSi xangrZlivad yovndeba da amdenad didi xniT iwvevs centraluri nervuli 

sistemis (cns) cxovelmyofelobis daqveiTebas. CasunTquli haeridan sisxliT tvinSi 

vercxliswylis gadatana aseve kompartmentuli modeliT xorcieldeba. iTvleba, rom ganmxo-

loebul kompartmentebSi meTilvercxliswylis ganawileba Termodinamikis kanonebs emorCile-

ba. imis gamo, rom cns-ze am Sxamis zemoqmedeba, upirveles yovlisa, mis koncentraciazea damo-

kidebuli, igi SeiZleba Sesabamisi zRvruli modeliT Sefasdes. organizmidan vercxliwylis 

biologiuri “naxevargamosvlis periods” uwyveti analizis gziT (TmaSi misi raodenobis mixed-

viT) sazRvraven. 

zemoqmedebis siCqarisa da toqsikuri naerTis Seyovnebis Sesafaseblad miRebulia agreTve 

ujredSi arsebul molekula-ligandebTan misi kompleqsurad dakavSirebis unari. Tu aseTi 

gziT dakavSirebuli molekulebis ricxvi mcirea, ujredis sasicocxlo funqciebi ar irRveva, 

xolo Tu dakavSireba didi raodenobis molekulebTan xdeba, maSin zemoqmedebis xarisxi damo-

kidebuli xdeba warmoqmnili kavSiris simtkiceze, anu imaze, Seqcevadia Tu ara ujredis funq-

ciebis darRveva.  

imis gamo, rom reaqciaTa umravlesoba ujredSi fermentulad mimdinareobs, maTi kinetika 

mixaelis-menTenis gantolebiT aRiwereba. iTvleba, rom Tu cnobilia toqsikuri nivTierebis 

koncentracia, sakvlev ujredSi ligandebis raodenoba da kavSiris simtkice, maSin erTmniSvne-

lovnad SeiZleba ganisazRvros individualuri zRvruli mgrZnobiaroba. im SemTxvevaSi, Tu 

toqsikuri nivTierebis dnm-ze zemoqmedebisas Seqcevadad icvleba genetikuri kodi, rogorc 

wesi aseT darRvevas stoqasturi (SemTxveviTi) xasiaTi eqneba, radgan erT molekula toqsi-

kantsac ki SeuZlia genetikuri kodirebis mdgradi cvlilebebis gamowveva. SeuZlebeli xdeba 

winaswar dadgindes dnm-isaTvis Sxamis zRvruli koncentraciis mniSvneloba. am SemTxvevaSi da-

saSvebia mxolod gaTvlis albaToba, anu nivTierebis zemoqmedebis Semdeg romel momentSi 

SeiZleba aRiZras cvlilebebi.  
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4.2 detoqsikacia da qsenobiotikTa  

toqsikurobis gaZliereba 

 

funqciuri jgufebis, mag., _COOH-is, _OH-is an _NH2-is blokireba da molekulis dezaqtiva-

cia, ris Sedegadac nivTierebis toqsikuroba qveiTdeba (detoqsikacia) SeiZleba miRweul iqnas 

koniugaciis gziT. aseTi meqanizmiT dezaqtiurdeba medikamentebi da bunebrivi hormonebi. wi-

naaRmdeg SemTxvevaSi isini organizmSi darCebodnen da Tavis farmakologiur aqtiurobas iseTi 

xangrZlivi periodis ganmavlobaSi gamoamJRavnebdnen, rom qimioTerapia usargeblo gaxdeboda. 

koniugaciis gziT dezaqtiurdeba, mag., 

fenoli → fenilsulfatad 

benzois mJava → benzoilglukuronidad 

cianidi → Tiocianatad 

amis sawinaaRmdegod, iseTi metaboluri gardaqmnebi, rogoric aris Jangva, aRdgena, hidro-

lizi da sxv., Cveulebriv, qsenobiotikis molekulaSi iseTi polaruli jgufebis gaCenas iwvevs, 

romelTac SeuZliaT Seasuston an gaaZlieron sawyisi naerTis toqsikuroba. cxadia, am SemTxve-

vaSi adgili aqvs wamlebisa da sxva qsenobiotikebis, Sesabamisad, dezaqtivacias an aqtivacias. 

araaqtiuri sawyisi naerTi SesaZloa Terapiulad aqtiur naerTad gardaiqmnas (mag., prontozi-

li sulfanilamidad aRdgeba), xolo sistemuri inseqticidebi SeiZleba aqtiur toqsikur niv-

Tierebebad gardaiqmnan (mag., paraTionis desulfacia paraoqsonad). garda amisa, axali funqci-

uri jgufebis xarjze SesaZlebelia moxdes koniugaciac, rasac, saboloo jamSi, detoqsika-

ciasTan mivyavarT. 

metaboluri gardaqmnebis gziT dezintoqsikaciisa da aqtiurobis gaZlierebis magaliTebia: 

dezintoqsikacia:
hidroqsilirebaluminali

(aqtiuri medikamenti)

paraoqsifenil-eTilbarbiturmJava

(araaqtiuri metaboliti)

aqtivacia:
aRdgeniTi daSlaprontozili

(araaqtiuri 

"promedikamenti")

sulfanilamidi

(aqtiuri medikamenti)

desulfirebaparaTioni

(araaqtiuri inseqticidi)
paraoqsoni

(aqtiuri inseqticidi)

toqsikurobis

gaZliereba:
 

varaudoben, rom am meqanizmebSi monawile fermentebs pirdapiri damokidebuleba ara aqvT 

qsenobiotikTa detoqsikaciasTan. isini, rogorc Cans, sxva, fiziologiur rols asruleben da 

“substratis ZiebaSi myof fermentebs” warmoadgenen. koniugaciis meqanizmebic agreTve mrava-

li endogenuri naerTis (hormonebis, bilirubinis, vitamin A-s da a.S.) koniugatebis warmoqmnaSi 

monawileoben, rac am nivTierebaTa dezaqtivaticias da gamoyofas amsubuqebs. iseve rogorc 

nebismieri sxva bioqimiuri funqcia, qsenobiotikTa detoqsikaciac sasicocxlod mniSvnelova-

nia, ramdenadac masze SeiZleba damokidebuli iyos organizmis gadarCena. amitom ufro safi-

qrebelia, rom am meqanizmebis formireba moxda ara egzogenuri sinTezuri qsenobiotikebis ga-

sauvneblad, aramed cxovelis dasacavad sakvebSi arsebuli bunebrivi ucxo naerTebisagan, raTa 

ar momxdariyo maTi organizmSi dagroveba. unda gvaxsovdes, rom Cveulebriv, isini toqsikur 

nivTierebebs warmoadgenen da SeiZleba, potenciuri mutagenebi da kancerogenebic ki iyos. 

zogierTi qsenobiotiki molekuluri aRnagobiT imdenad hgavs bunebriv naerTs, rom SeuZ-

lia qsovilSi CarTva an Sualedur cvlaSi monawileobis miReba. es ukanaskneli procesi mowam-

vlas iwvevs da cnobilia, rogorc letaluri sinTezi. sxva qsenobiotikebi urTierTqmedeben 

qsovilebTan, iwveven ra maTSi cilebisa da nukleinmJavebis alkilirebas da arilirebas, anu 

procesebs, romlebic sxvadasxva alergiebis da kancerogenezis mizezs warmoadgenen.  
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4.3 qimiuri garemo da organizmTa qceva 

 

garemos qimiuri bunebis cvalebadobas organizmic Sesabamisi cvlilebebiT pasuxobs, anu 

garkveuli azriT, “regulirdeba”. SeRwevis gzebisagan damoukideblad, qimiuri nivTierebebi 

gavlenas axdenen organizmSi fiziologiuri da bioqimiuri procesebis msvlelobaze. Sesabami-

sad, icvleba organizmis normaluri qcevac. sabednierod, aseTi nivTierebebis (mag., narkotike-

bis) ricxvi qimiur produqtTa im veeberTela nairgvarobasTan SedarebiT, mainc mcire nawils 

warmoadgens. sxvadasxva daavadebis mkurnalobaSi qimiur nivTierebaTa seleqcia axali medika-

mentebis Ziebis ZiriTadi mimarTulebaa. farmakologiuri moTxovnebis Tanaxmad, mkurnalobis 

mizniT organizmSi SeRweulma qimiurma nivTierebam axali reaqciebi ar unda aRZras da mxolod 

arsebuli bioqimiuri procesebis dinamika unda Secvalos, rac Tavis asaxvas qcevis cvlilebeb-

Si poulobs. 

qimiuri evoluciis msvlelobaSi organizmTa erT-erT adreul da ZiriTadi cvlilebebis 

mizezs aRdgenili atmosferos JangviT reJimze gadasvla warmoadgenda. amis Sedegad iseTma bi-

ologiurma sistemebma iwyes ganviTareba, romlebic dedamiwaze sadReisod sicocxles axasia-

Teben. aseTi evoluciis harmoniuloba ufro mkafiod im erTianobaSi vlindeba, romelic upir-

velesad bioqimiur evolucias gulisxmobs. igi gacilebiT rTuli da adreuli warmoSobisaa, 

vidre biologiuri evolucia, romelmac SemdgomSi mcenareuli da cxoveluri formebis aseTi 

mravalferovneba da maTi qcevis normebi Camoayaliba.  

formaTa gadarCenis procesSi mcire sawyis poziciad organizmebis TviTwarmoebis unaris 

ganviTareba iqca. Taobidan Taobaze ZiriTadi genetikuri masalis gadamcemi dnm-is molekulis 

funqciaTa gaSifvram aCvena, rom individis ganviTareba am uaRresad mniSvnelovani biomakro-

molekulis doneze regulirdeba da mravalricxovani bioqimiuri reaqciebis erTobliobiT 

realizdeba. cxadi xdeba, rom cocxali organizmis yvela sxva Tvisebebi (anatomiuri, eleq-

trofiziologiuri, qceviTi), arsebiTad bioqimiur procesebs efuZneba. isini ganapirobeben 

aramxolod axal organizmTa formirebas, aramed garemos dinamikuri cvlilebebisadmi maT  

Seguebas. 

evoluciuri procesis erT-erTi mniSvnelovani maxasiaTebelia garemos cvlilebebze rea-

girebis unari. es fenomeni cnobilia rogorc qceva. organizmTa SeswavliT aRiarebul faqtad 

iTvleba, rom qcevis nimuSebi, romelTac xSirad “instiqturs” vuwodebT, genetikurad winaswar 

aris gansazRvruli, anu genetikuri masala qimiuradaa “daprogramebuli”. qcevis axal formebs 

organizmebi ukve sicocxlis ganmavlobaSi iZenen. 

xangrZlivi evoluciuri ganviTarebisas, erTi mxriv, cocxali organizmebis qceviT maxasia-

Teblebsa da meore mxriv, garegan da Sinagan qimiur garemos Soris mWidro kavSiri gulisxmobs, 

rom organizmTa gadarCenaSi aseTi urTierTkavSiri gadamwyveti unda yofiliyo. am SemTxvevaSi 

erT-erTi am faqtoris cvlileba sxvebis cvlilebebs iwvevda. principSi, arsebobs am faqtorTa 

urTierTqmedeba da maT Soris kavSiris Sesacnobad mniSvnelovania im procesebis gamovlena, 

romliTac erTi faqtoris cvlileba meoris cvlilebas ganapirobebs. 

qcevis cvlilebaTa gamomwvev umTavres faqtorad is neiroqimiuri procesebi iTvleba, 

romlebic ZiriTadad cns-Si xorcieldeba da romlis natifi organizacia mravalricxovan 

procesTa msvlelobas uzrunvelyofs. ujredebs Soris mimdinare aqtiuri urTierTobebi gan-

sakuTrebuli saxis neiroqimiuri nivTierebebis _ transmiterebis gadatanis Sedegia, xolo maTi 

aqtiuroba eleqtruli potencialiT isazRvreba. 

garemodan organizmSi moxvedrilma qsenobiotikma SeiZleba Secvalos neiroqimiur pro-

cesTa msvleloba, imoqmedos ra mis romelime rgolSi metabolitTa raodenobaze, an procesis 

romelime ubanze imoqmedos makatalizebeli fermentis aqtivobaze. zemoqmedeba xorcieldeba 

transmiteris Seqcevadi gadatanis donezec. ucxo naerTiT miRebuli efeqti mis mier gamow-

veuli qcevis cvlilebebis SedegebiT fasdeba.  

garemosa da organizmis qimiur cvlilebebze damokidebuli qcevis mgrZnobiaroba gani-
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sazRvreba e.w. “zRvruli mniSvnelobis” gamoyenebiT, romlis drosac droebiTi an mudmivi si-

dideebis Zireuli gadaxrebis gareSe qcevis varireba xdeba. analogia SeiZleba gaivlos hukis 

kanonTan, romelic fazuri sistemebisaTvis datvirTvasa da daZabulobas Soris dinamikur kav-

Sirs amyarebs da romlis Tanaxmadac, plastikurobis zRvars miRma gadasvlisas sistema defor-

macias, xolo denadobis zRvaris gadametebisas ki daSlas ganicdis. aseT zRvrul mniSvnelobas 

warmoadgens qimiuri nivTierebis is umciresi koncentracia (doza), romelic garkveuli para-

metris sagrZnob cvlilebebs iwvevs. am koncentraciaze dabali doza organizmis qcevaze gav-

lenas ar axdens. meore mxriv, mgrZnobiarobis olqi izRudeba terminaluri zRurblis (maqsima-

luri dozis) mniSvnelobiT, romlis gazrdiTac qcevis cvlilebebi iwyeba, anu iseTi reaqciebis 

aRZvra xdeba, romlebic garkveul parametrebs arRveven.  

qimiuri garemos mniSvnelovani cvlilebebis mimarT maRali mgrZnobiarobis miuxedavad, 

organizmi qcevis optimalur plastikurobas im SemTxvevaSi amJRavnebs, Tu aseTi cvlilebebi 

qronikuli xasiaTisaa. arsebobs monacemebi qcevis sistematur Semgueblobaze, rodesac adamia-

ni da sxva organizmebi uCveulo qimiuri garemos zemoqmedebis xangrZliv an ganmeorebad piro-

bebSi imyofebian. am SemTxvevaSi Seguebis procesi Semdegi TanmimdevrobiT mimdinareobs: qro-

nikuli zemoqmedeba, upirvelesad, sakvlevi qcevis cvlilebebSi vlindeba; Semdgom ki qcevis 

sawyis mdgomareobaSi dabruneba xdeba, Tumca Tavdapirveli donis miRwevamde garkveuli rye-

vebia SesaZlebeli. uCveulo garemodan organizmis gamoyvanisas SeiZleba adgili hqondes axal 

cvlilebebs, romlebic xSirad imis sawinaaRmdego mimarTulebisaa, rogoric pirvel stadiaze 

SeiniSneboda. 

qcevis uCveulo Taviseburebebi viTardeba organizmis qimiurad dabinZurebul garemosTan 

kontaqtisas. mag., fosfororganul pesticidebTan gansxvavebuli xangrZlivobiT Sexebisas, 

adamianis organizmSi adgili aqvs bioqimiur reaqciebs, romlebic cns-is normalur funqcio-

nirebaSi monawile fermentTa aqtivobebis mkveTr daqveiTebaSi isaxeba. klinikuri gamokvleve-

biT naCvenebia, rom xangrZlivi kontaqtis dros simptomebis gaumjobeseba xdeba, xolo mwvave da 

intensiuri zemoqmedebisas letaluri Sedegia mosalodneli. iseT qimiur nivTierebaTa 

SemTxveviT an eqsperimentul zemoqmedebaTa mag., romlebic garemoSi ar gvxvdeba, SeiZleboda 

dagvematebina SemTxvevebi, rodesac qimiuri nivTierebebi organizmSi samkurnalo an narkoti-

kuli zemoqmedebis mizniT Seiyvaneba. mravalmxrivi situaciebi, romelTa drosac qimiur gare-

mosTan qcevis urTierToba viTardeba, gviCveneben, rom plastikuroba aramarto Seguebis, 

aramed xSirad organizmTa gadarCenaSic qmediT Tvisebas warmoadgens. 

qimiur garemosa da qcevas Soris kavSiris bunebis Sesacnobad mniSvnelovania ganisazRvros 

plastikurobis zRvrebi. bunebrivia, rom qronikuli zemoqmedebisas qcevis mkveTri cvlilebe-

bi da tolerantobis ganviTarebis periodis xangrZlivoba zemoqmedebis dozebzea damokidebu-

li. arsebobs Seguebis zRvrebis SedarebiT natifi saxe, rodesac tolerantoba sruladaa gan-

viTarebuli. am dros sakontrolo da sacdeli individebis qcevaTa Soris SesamCnevi sxvaobebi 

ar vlindeba. meore mxriv gansxvavebebi arsebobs da gansakuTrebiT mkafiod es im SemTxvevebSi 

mJRavndeba, rodesac organizmTa orive jgufi axlad Secvlil qimiur pirobebSi xvdeba. midre-

kuleba an tolerantoba konkretul qimiur agentzea damokidebuli. aq mTavari is faqtia, rom 

qimiuri garemos gansazRvrul cvlilebebs SeiZleba sxva saxis qimiuri cvlilebebisadmi Segue-

bis SezRudvebi daemTxves. 

ganxilulis safuZvelze im daskvnamde mivdivarT, rom unda arsebobdes e.w. ekologiuri 

“xafangebi”, romlebic iq Cndeba, sadac qimiuri garemos xarisxi uaresdeba. organizmis bioqi-

miaze da mis qcevaze moqmedi qimiuri garemos cvlilebebis Sesaxeb codna gvaiZulebs, operati-

uliad vareguliroT garemos mdgomareoba. amis konkretuli magaliTia erT-erTi cnobili pes-

ticidis _ diizopropilftorfosfatis da misi analogebis moqmedeba, rac uaRresad specifi-

kuria: aRniSnuli naerTebi alkiluri jgufebis fosforilebis gziT iwvevs acetilqo-

linesTerazas (AChE) Seuqcevad inaqtivacias. es pesticidebi, lipidebSi maRali xsnadobis gamo, 

kanze moxvedris Semdeg advilad aRwevs cns-s. “doza-reaqciis” analizma aCvena, rom arsebobs 
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kritikuli done (ChE-s normaluri donis 40%-mde), romlis drosac ZiriTadi funqciebi irRve-

va: fermenti kargavs ACh-transmiteris regulirebis unars; amasTan iwyeba nervuli gamtareb-

lobis mkveTri vardna; aseve qveiTdeba refleqsuri sunTqviTi intensivoba. adamianisaTvis gan-

sakuTrebuli mniSvneloba aqvs imas, rom am donis miRwevis Sedegad qcevis sxvadasxva darRve-

vebsac aqvs adgili: iSleba organizmis motorika, refleqsebi da muxruWdeba swavla-aTvisebis 

procesebi. 

adamianis zogierTi fiziologiuri Tavisebureba sxvadasxvagvar gavlenas axdens dambinZu-

reblis moqmedebisadmi organizmis mgrZnobiarobaze. maT miekuTvnebian mag., asaki, janmrTelo-

bis mdgomareoba da sxv. amasTan, zogierTi maTgani zrdis, zogi ki amcirebs organizmis  

mgrZnobiarobas. 

 

 

4.4 qsenobiotikTa gardaqmnebze moqmedi faqtorebi 

 

organizmSi ucxo naerTebi ramdenime gansxvavebuli gziT gardaiqmnebian da siCqare, romli-

Tac TiToeuli maTgani xorcieldeba, mTel rig faqtorebzea damokidebuli. amis gamo, maTi me-

tabolizmis saerTo suraTSi SeiniSneba cvlilebebi da, Sesabamisad, gansxvavebebi vlindeba 

toqsikur moqmedebaSic. qsenobiotikTa metabolizmis bunebasa da mimarTulebaze moqmedi faq-

torebi warmoSobiT SeiZleba iyos genetikuri, fiziologiuri an dakavSirebuli iyos TviT 

garemo pirobebTan. genetikur faqtorebs, upirveles yovlisa, saxeobrivi gansxvavebebi mie-

kuTvneba. fiziologiur faqtorebSi ZiriTadad Sedis: asaki, sqesi, kvebis reJimi, fexmZimoba da 

daavadebebi. garemo faqtorebi moicavs: arasasurveli pirobebiT gamowveul stresebs, maioni-

zebel gamosxivebas, sxva qsenobiotikebis Tanamyofobas da a.S. mokled ganvixiloT TiToeuli 

es faqtori. 

 

 

4.4.1 genetikuri faqtorebi da Sidasaxeobrivi gansxvavebebi 

 

qsenobiotikebze organizmis gansxvavebuli reagireba xSirad genetikuradaa ganpirobebuli 

da specifikuri fermentebis defeqtebiTaa gamowveuli. amis Sedegad ucxo naerTi organizmSi 

gansxvavebuli gziT gardaiqmneba, anu adgili aqvs metabolur gadaxrebs. mecnierebis es sfero 

cnobilia, rogorc “farmakogenetika” da wamalTa zogierTi damatebiTi toqsikuri zemoqmede-

bis axsnis garda, qromosomebze genuri lokusebis gamosavlenad axal meTodebsac gvTavazobs: 

1. glukuronidebis warmoqmna. mag., TagvebSi bilirubinuli glukuronidi ar warmoiqmneba. 

gaZnelebulia agreTve maTSi glukuronidebis _ orToaminobenzois mJavas (rTuleTerovani 

glukuronidis) da orToaminofenolis (eTeruli glukuronidis) warmoqmna. samagierod, am 

cxovelebSi adgili aqvs paranitrofenolis O-glukuronidisa da anilinis N-glukuronidis 

warmoqmnas. es monacemebi saSualebas iZlevian gamotanil iqnas daskvna, rom TagvebSi yvela sax-

is glukuroniltransferaza ar gvxvdeba. 

adamianSi dadgenilia ramdenime genetikuri darRveva, romelic glukuroniltransfera-

zuli aqtivobis SemcirebasTanaa dakavSirebuli. cnobilia, mag., e.w. krigler-naiarisa da jil-

bertis sindromebi, romlis drosac avadmyofebSi SeiniSneba bilirubinuli glukuronidis war-

moqmnis daTrgunva da rogorc Sedegi, bilirubinis gamoyofis daqveiTeba. glukuroniltrans-

ferazas ararsebobam SeiZleba qronikuli siyviTle gamoiwvios, gansakuTrebiT axalSobilebSi, 

ramdenadac glukuroniduli koniugacia bavSvebSi Cveulebriv ufro dabalia, vidre zrdasru-

lebSi. rodesac aseT adamianebs wamlebis (mag., salicilatebis, qloramfenikolis, qlor-

promazinis da misi metabolitebis) miRebis Semdeg ucxo naerTTa damatebiTi koniugirebis 

aucilebloba uCndebaT, SeiZleba tvinis birTvebis siyviTle (bilirubiniT tvinis dazianeba) 

daemarToT. 
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2. acetilireba. tuberkuliozis sawinaaRmdego preparati izonikotinhidrazidi (izoniazi-

di) acetilirebiT dezaqtiurdeba. dadgenilia, rom zogierT avadmyofSi es medikamenti nor-

masTan SedarebiT ufro dabali siCqariT acetilirdeba. aseT individebSi Cveulebriv SeiniSne-

ba plazmaSi izoniazidis maRali Semcveloba da amis gamo, isini tuberkuliozis sawinaaRmdego 

moqmedebis mimarT ufro mgrZnobiareni arian. 

izoniazidis acetilirebis siCqare genetikurad RviZlSi acetiltransferazas aqtiurobis 

doniT ganisazRvreba. adamianebSi, romlebSic izoniazidis dezaqtivacia Senelebulia, rogorc 

wesi, sulfamezatinis acetilirebac dabali siCqariT mimdinareobs. miuxedavad amisa, sulfa-

nilamidis acetilirebis siCqare erTnairia im organizmebSi, romlebSic es wamlebi nela meta-

bolizdeba da maTSic, sadac isini swrafad gardaiqmneba. am dakvirvebaTa safuZvelze miRebu-

lia daskvna, rom izoniazidi da sulfamezatinis acetilirebaSi monawile fermenti gansxvavde-

ba sulfanilamidis maacetilirebeli fermentisagan. 

3. mikrosomuli hidroqsilireba. virTagvis sxvadasxva jiSebSi gamovlenilia heqsobarbi-

talis, aminoantipirinis da petidinis metabolizmis gansxvavebuli siCqareebi. amasTan dadgin-

da, rom metabolizmis maqsimaluri siCqare RviZlis mikrosomuli sistemis umaRles Semcvelo-

bas Seesabameba. RviZlSi wamlebis metabolizmSi msgavsi suraTi SeniSnulia bocvrebSic, rom-

lebic garda amisa, gansxvavebulad reagireben fenobarbitalis winaswar ineqciaze. 2-naftil-

aminis 2-amino-1-naftolad metabolizmis xarisxi virTagvis sxvadasxva jiSebSi gansxvavebulia 

da qimiuri kancerogenulobis xarisxTan korelirebs. 

4. rTuli eTerebis hidrolizi. bocvris zogierT saxeobebs SeuZliaT atropinis iseTi do-

zebis uvneblad gadatana, romlebic sxva saxeobebisa da adamianisaTvis letaluria. aseT 

“ugrZnobel” bocvrebSi mocemuli alkaloidi swrafad hidrolizdeba RviZlsa da plazmaSi ar-

sebuli atropinesTeraziT. es fermenti atropinisadmi mgrZnobiare bocvrebSi ar identifi-

cirdeba. 

adamianSi napovnia sxva esTerazis genetikuri nairsaxeoba _ fsevdoqolinesTeraza. suqci-

nilqolini _ kunTovani relaqsanti normaSi swrafad dezaqtiurdeba plazmis fsevdoqolines-

TeraziT. am fermentis anomalurad dabal aqtiurobas SeuZlia mocemuli preparatis moqmede-

bis gaxangrZliveba, ramac sunTqvis SeCereba (apnoe) SeiZleba gamoiwvios. cnobilia am fermen-

tis ramdenime gansxvavebuli tipi, romelTa warmoqmna, sul mcire, oTxi aleluri geniT 

imarTeba. esenia normaluri geni, atipiuri dibukainis mimarT mdgradi fermentis geni, ftori-

dis mimarT mdgradi fermentis geni da recipiuli geni, romelic sruliad aqrobs am fermentul 

aqtivobas. 

5. glukozo-6-fosfatdehidrogenaza. zogierT adamianSi malariis sawinaaRmdego prepara-

ti primaqini hemolizur anemias iwvevs, rac eriTrocituli fermentis _ glukozo-6-

dehidrogenazas deficitTanaa dakavSirebuli. hemolizis gamomwvevia agreTve sxva iseTi qse-

nobiotikebic, rogorebicaa pamaqini, nitrofurantoini, fenilhidrazini da naftalini. mce-

nare cxeniswablas (Vicia fava) nayofi Seicavs pirimidinebs _ devicins (2,4-diamino-5,6-

dioqsipirimidins) da izouracils (4-amino-2,5,6-triqsipirimidins), romelTa organizmSi mox-

vedrac aseve hemolizs iwvevs. am mdgomareobas favizmi ewodeba. amgvarad, am erTi fermentis 

ukmarisobisas ramdenime gansxvavebuli bunebis mqone qsenobiotiki erTnair momwamvlel 

efeqts iZleva. es genetikuri daavadeba xSiria afrikelebSi, mcireaziis xalxebSi, sardiniis mo-

saxleobaSi da gacilebiT iSviaTad gvxvdeba kavkasielebSi.  

zogierTi qsenobiotikisa da maTi metabolitebis Tanamyofobisas eriTrocitebis gluta-

Tioni daJangul formad gardaiqmneba. normalur eriTrocitebSi glutaTionis aRdgena glu-

taTionreduqtaziTa da NADPH-is daxmarebiT xorcieldeba. anomalur eriTrocitebSi gluko-

zo-6-fosfatdehidrogenazas ukmarisoba Tavis mxriv NADPH-is deficits iwvevs da glutaTio-

nis aRdgena aRar xerxdeba. amis gamo Tavs iCens hemoglobinis JangviTi denaturacia da 

eriTrocitebis lizisi (nax. 4.2). 
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glukozo-6-fosfati

6-fosfo-glukonati

glukozo-6-fosfat-

dehidroganaza

NADP

NADPH

2GSH

GSSG
glutaTion-

reduqtaza

daJanguli qsenobiotiki aRdgenili qsenobiotiki

hemoliziHP mctHP
 

nax. 4.2. glukozo-6-fosfatdehidrogenazas ukmaroba da eriTrocitebis lizisi. 

 

 

4.4.2 fiziologiuri faqtorebi 

 

asaki da fermentul sistemaTa ganviTareba. axalSobilebSi SeiniSneba RviZlis mravali fer-

mentis aqtivobaTa SesamCnevi zrda, rac maT metabolizms damoukidebeli arsebobisa da Segue-

bis unars aniWebs. zogierTi fermentis Semcveloba, rogoric glukozo-6-fosfatazaa da mi-

krosomul JangvasTanaa dakavSirebuli, zrdasruli Tagvis dones dabadebidan ramdenime saaTSi 

aRwevs. imisaTvis, rom qsenobiotikebis metabolizmSi monawile sxva mikrosomuli fermentebis 

Semcvelobam zrdasrulisas miaRwios, ramdenime dRea saWiro. RviZlSi NADPH-is Semcveloba, 

romelic mravali ucxo naerTis mikrosomuli JangvisTvisaa aucilebeli, zrdasruli cxovelis 

dones daaxloebiT 2 dReSi aRwevs. 

axalSobil Tagvebs, virTagvebs, zRvis goWebs da bocvrebs mikrosomuli fermentebi da maT 

Soris citoqrom P450, ar gaaCniaT. es fermentebi dabadebidan ramdenime dReSi formirdeba da 

maTi Semcvelobis maqsimumi virTagvebSi ~30 dReSi, xolo adamianSi 8 kviris bolos aRwevs. fer-

mentTa deficitis gamo axalSobili ZuZumwovrebi gansakuTrebiT mgrZnobiareni arian zogier-

Ti qimiuri nivTierebis kancerogenuli zemoqmedebis mimarT, xolo ureTani, benzantraceni da 

naftilamini maTSi ufro dabali siCqariT metabolizdeba, vidre zrdasrulebSi. aseve umniSv-

neloa axalSobilebSi nitro- da azonaerTebis aRdgena. 

 axalSobil ZuZumwovrebSi umniSvneloa koniugatebis sinTezis unaric. es aris imis mizezi, 

rom mravali medikamenti, iseTi rogoric qloramfenikolia, bavSvebisaTvis ufro toksikuria. 

virTagvebis garda, axalSobil ZuZumwovarTa umetes saxeobebSi glukuronidebi Znelad war-

moiqmneba RviZlis glukuronidtransferazasa da misi kofermentis ukmarisobis gamo. axalSo-

bilTa sisxlis Srati SeiZleba Seicavdes agreTve glukuronidebis sinTezis iseT inhibitors, 

rogoric pregnandiolia, romelic koniugaciuri meqanizmebis ukmarisobasTan erTad SeiZleba 

axalSobilebSi siyviTlis mizezi gaxdes. amis sawinaaRmdegod adamianisa da virTagvis muclad-

myof nayofSi SesaZlebelia koniugatebis warmoqmna gogirdmJavas esterebis saxiT, xolo axal-

SobilebSi acetilireba zrdasrulTa normalur doneze mimdinareobs, rac im koniugaciuri  

meqanizmebis detoqsikaciuri funqciis kompensacias axdens, romlebic Sesustebulia axal 

SobilebSi. 

nayofisa da axalSobilis mikrosomuli fermentebi qimiuri aqtivatorebis winaswari Seyva-

niT SeiZleba iseve stimulirdes, rogorc zrdasrulebSi. axalSobil virTagvebSi 3,4-

benzpirenis, an qlorciklizinis preparatebis, qloroqinis da paraqinis SeyvaniT Zlierdeba 

RviZlis homogenatiT glukuronidebis biosinTezi. orsul TagvebSi qlorpromazinis, an or-

sul bocvrebSi fenobarbitalis SeyvaniT Zlierdeba nayofis RviZlis mikrosomuli fermente-

bis moqmedeba. 

sqesobrivi sxvaobebi. mamr zrdasrul virTagvebSi mravali medikamenti da sxva qsenobioti-
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kebi ufro didi siCqariT metabolizdeba, vidre mdedrebSi. mag., SeiniSneba SesamCnevi sqesobri-

vi gansxvaveba heqsobarbitalis da pentobarbitalis alifatur hidroqsilirebasa da aminopi-

rinisa da morfinis N-demeTilirebaSi, Tumca anilinis da heqsazolaminis aromatul hidroqsi-

lirebaSi sxvaoba faqtiurad ar arsebobs. mamrebSi zogierTi mikrosomuli fermentis gazrdi-

li aqtivobebi sasqeso hormonebiTaa ganpirobebuli, ramdenadac isini mxolod sqesobrivi 

momwifebis periodSi Cndeba da kastrirebisas qreba. garda amisa, Tu mdedr virTagvebs andro-

genebs Seuyvanen, aseT mdedrebs mikrosomuli fermentebis aqtivoba mamris donemde ezrdebaT. 

sqesobrivi sxvaobis gavlena qsenobiotikTa toqsikurobaze imazea damokidebuli, Tu maTi 

mikrosomuli gardaqmnebisas rogori metabolitebi (metnaklebad toqsikurebi) warmoiqmneba. 

glukuronidebis sinTezi, morfinis N-demeTilireba, heqsobarbitalis, aminopirinis da striq-

ninis metabolizmi mamr virTagvebSi ufro swrafad xorcieldeba, vidre mdedrebSi. imis gamo, 

rom CamoTvlili gardaqmnebi dezaqtivaciis reaqciebs warmoadgenen, mdedrebSi es medikamen-

tebi zemoqmedebis ufro xangrZlivi periodiT xasiaTdeba, vidre mamrebSi. inseqticidebi _ al-

drini, izodrini da heptaqlori mamr virTagvebSi ufro swrafad metabolizdeba epoqsidebamde. 

mdedrebi am nivTierebaTa toqsikur zemoqmedebas naklebad ganicdian. 

cxovelTa sxva saxeobebSi aseTi sqesobrivi gansxvavebebi, rac mikrosomuli fermentebis 

aqtivobaSi vlindeba, iseTi doniT ar SeiniSneba, rogorc virTagvebSi, Tumca medikamentebisa 

da qsenobiotikebis zemoqmedebaSi aseTi sxvaobebi cxovelTa mravali saxeobisaTvis in vivo far-

Tod aris cnobili. erT-erT mkafio magaliTs warmoadgens qloroformis maRali toqsikuroba 

mamr TagvebSi. mdedrebSi am nivTierebiT Rrma anesTezireba mavne zemoqmedebas ar axdens, maSin 

rodesac mamrebSi ziandeba Tirkmelebi. kastracia qloroformis toqsikur zemoqmedebas 

aqrobs da misi aRdgena SesaZlebeli xdeba androgenebis SeyvaniT.  

hormonebi. virTagvebSi farisebri jirkvlis hormonis _ Tiroqsinis Seyvanisas mcirdeba 

RviZlis monoaminoqsidazas da kateqol-o-meTiltransferazas aqtivobebi. 3,4-diiodTironini 

da 3,3′5-triiodTironini da maTi warmoebulebi in vivo Trgunaven kateqol-o-meTil-

transferazas. mamrebSi Tiroqsinis winaswari Seyvana aqveiTebs aseve medikamentebis metabo-

lizmSi monawile RviZlis zogierTi fermentis aqtivobas, magram am hormonis xangrZlivad Sey-

vana RviZlis wonas zrdis, Zlierdeba RviZlis NADPH generirebadi sistema da Cqardeba in vivo 

medikamentebis metabolizmi. 

mikrosomuli fermentebiT qsenobiotikebis metabolizmi mamri virTagvebis RviZlSi irRve-

va Tirkmelzeda jirkvlis amokveTisas, magram misi aRdgena SeiZleba prednizolinis SeyvaniT. 

mikrosomuli fermentebi aseve stimulirdeba steroiduli hormonebis winaswari ineqciisas; 

amasTan, stimulacia steroidebis anabolur aqtivobasTan ufro mWidro kavSirSia, vidre maT 

androgenul aqtivobasTan. anaboluri steroidebiT (mag., 19-nortestosteroniT) mikrosomu-

li fermentebis gaaqtiureba, rogorc Cans, sxvagvarad xorcieldeba, vidre qsenobiotikebiT 

(mag., fenobarbitaliT da benzpireniT), ramdenadac steroidebisagan gansxvavebiT, qsenobioti-

kebs SeuZliaT gazardon RviZlis wona da askorbinmJavas biosinTezi.  

virTagvebSi noradrenalinis ganmeorebiTi mucelSida ineqcia Trgunavs RviZlSi rogorc 

glikogenis, aseve am organoSi qsenobiotikTa metabolizms. mablokirebeli agentebi, rogoreb-

ic fenoqsibenzamini da dihidroergotaminia, aseve Trgunaven ucxo naerTTa metabolizms. 

virTagvebSi aloqsaniT gamowveuli diabeti in vitro amcirebs heqsobarbitonisa da aminopiri-

nis metabolizms, magram in vitro zrdis anilinis hidroqsilirebas. am movlenis Tavidan acileba, 

rasac RviZlSi glikogenis dones ukavSireben, insuliniTaa SesaZlebeli. 

dadgenilia, rom mamr virTagvebSi adrenaleqtomia, kastracia, adrenokortikotrofuli 

hormonis _ adrenalinis, Tiroqsinis, aloqsanis an morfinis Seyvana Trgunaven RviZlis mxolod 

im mikrosomul fermentebs, romlebic sqesTan damokidebulebas amJRavneben. mdedr virTagveb-

Si am zemoqmedebaTa mavne efeqti ar SeiniSneba. 

orsuloba. orsulobis bolos SesamCnevad mcirdeba qsenobiotikTa glukuroniduli koni-
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ugacia. qsovilebSi es progesteronisa da pregnandiolis glukuroniltransferazuli aqtivo-

bis inhibitortTa Tanamyofobis gamo SeiZleba iyos gamowveuli. gamoirkva agreTve, rom glu-

kuroniduli koniugaciis daTrgunva da sisxlSi arakoniugirebuli bilirubinis maRali done, 

romelic ZuZuTi mkvebav dedebSi SeimCneva, dakavSirebulia rZeSi pregnan-3α-20β-diolis arse-

bobiT. sulfaturi koniugaciis analogiuri daTrgunva SeniSnulia orsul zRvis goWebSi da 

virTagvebSi. 

orsulobisas adgili aqvs metaboluri gardaqmnebis zogierTi reaqciis,- adamianSi petidi-

nis demeTilirebis, virTagvebSi da bocvrebSi kumarinisa da bifenilis hidroqsilirebis da 

saerTod RviZlSi fenacetinis da aminopirinis metabolizmis daTrgunvas. RviZlis mraval fer-

mentul sistemaze analogiur zemoqmedebas axdens zogierTi Casaxvis sawinaaRmdego perora-

luri steroidi. 

kveba da dieta. qsenobiotokTa metabolizmSi monawile RviZlis fermentuli sistemis aqti-

vobebi SeiZleba cxovelis kvebis reJimisagan damokidebulebiT icvlebodnen. TagvebSi SimSi-

loba acetanilidis hidroqsilirebas, meferidinis demeTilirebas da heqsobarbitonis meta-

bolizms aqveiTebs, magram ar arRvevs paranitrobenzois mJavas mikrosomul aRdgenas. mamri 

Tagvebis SimSiloba sxvadasxva Sedegs iwvevs. irRveva sqesisagan damokidebuli iseTi naerTebis 

metabolizmi, rogorebicaa heqsobarbitali da aminopirini, maSin, rodesac sqesisagan damouki-

debeli nivTiereba, rogoric anilinia, Zlierdeba. amis sawinaaRmdegod yvela medikamentis me-

tabolizmSi monawile RviZlis fermentul sistemaTa aqtivoba mdedr TagvebSi TiTqmis 100%-iT 

izrdeba. moSimSile cxovelebSi glukuroniduli koniugatebi normalurTan SedarebiT mcire 

raodenobiT warmoiqmnebian, magram glukuroniltransferazas aqtivobis daqveiTeba in vitro ar 

xdeba.  

cilisa da kalciumis dietaze myof virTagvebSi mikrosomuli fermentebis aqtivobaTa daq-

veiTebis Sedegad SeiniSneba medikamentebis rogorc JangviTi, aseve aRdgeniTi metabolizmis 

siCqaris Seneleba. cila-deficitur dietaze cxovelis Senaxvisas izrdeba acetilsalicilmJa-

vas (aspirinis) toqsikuroba. es efeqti kidev ufro Zlierdeba magniumis ukmarisobisas, gansa-

kuTrebiT orsul virTagvebSi romlebSic aman sikvdili an nayofis gawova SeiZleba gamoiwvios. 

daavadebebi. cnobilia, rom RviZliT daavadebul adamianebs mravali medikamentis mimarT 

gazrdili mgrZnobiaroba uCndebaT da am movlenas RviZlis detoqsikaciuri funqciis darRve-

vas miaweren. pacientebSi, romelTac abturaciuli siyviTle, hepatiti, cirozi da RviZlis sxva 

daavadebebi aqvT, glukuroniduli da sulfaturi koniugatebis warmoqmna darRveulia. ro-

gorc Cans es naRvlis marilebis dagrovebis gamo xdeba, romlebic in vitro Trgunaven qsenobi-

otikTa mikrosomul metabolizms. virTagvebis dasnebovneba Tagvis hepatitis virusebiT aseve 

aqveiTebs mikrosomebiT medikamentebis metabolizmis aqtivobas. 

karcinosarkomiT daavadebul virTagvebSi RviZliT ucxo naerTTa metabolizmi darRveu-

lia, xolo sxvadasxva simsivneebisas mikrosomuli fermentebis aqtivoba Sesustebuli an sru-

lad gamqralia. nawilobrivi hepateqtomiis Semdeg RviZlis regeneracias Tan axlavs glikoge-

nis Semcvelobis Semcireba da mikrosomuli fermentebis aqtivobaTa Sesusteba; amasTan, erTic 

da meorec aRdgenas regeneraciis dasrulebis Semdeg ganicdian. 

 

 

4.4.3 garemo faqtorebi 

 

stresi. arasasurveli garemo pirobebi zrdian NADPH-damokidebul mikrosomul Jangvas. 

siciveSi mikrosomebiT acetanilidis hidroqsilireba virTagvis RviZlSi TiTqmis ormagdeba. 

am pirobebSi TagvebSi adgili aqvs 2-naftilaminis 2-amino-1-naftolad gaZlierebul gardaqm-

nas (zrda >50%). dabaltemperaturuli stresiT gamowveuli qsenobiotikis metabolizmis es 

stimulireba Tirkmelzeda jirkvlisa da hipofizis urTierTqmedebazea damokidebuli, ramde-

nadac hipofiz- da adrenaleqtomirebul cxovelebSi igi ar SeiniSneba. igi rogorc Cans mikro-
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somuli fermentebis swrafi induqciiTaa ganpirobebuli da qimiuri stimulirebis analogi-

urad aqtinomiciniT blokirdeba. garda amisa, siciveSi ar xdeba glukuronidebis warmoqmnis 

msgavsi zrda. 

maionizebeli radiacia tipiur stresul sapasuxo reaqcias iZleva da SeiZleboda gvevarau-

da, rom sxva stresuli faqtorebis msgavsad qsenobiotikTa metabolizmze isic gamaaqtiurebel 

zemoqmedebas moaxdenda. miuxedavad amisa, aRmoCnda, rom es stres-faqtori intensiurad Trgu-

navs NAD(P)H -is warmoqmnas. amitom ufro dasaSvebia, rom misi gavleniT adgili aqvs RviZlis 

mikrosomebSi Jangvis reaqciaTa normaluri msvlelobis rRvevas. axalgazrda virTagvebSi naC-

venebia misi gavleniT am fermentul sistemaTa ganviTarebis SeCereba. iTrguneba in vitro ste-

roidebis hidroqsilirebisa da glukuroniduli koniugaciis reaqciebi. analogiurad inhibir-

deba orToaminofenolis glukuroniduli koniugaciac. yovelive amis paralelurad, maionize-

beli radiacia araviTar zemoqmedebas ar avlens nitroreduqtazas aqtivobaze. 

stimulireba qsenobiotikebiT. qsenobiotikebis metabolizmis gaaqtiureba sxva ucxo naer-

TebiT (mag., medikamentebiT, pesticidebiT, policikluri naxSirwyalbadebiT da sxv.) kargadaa 

cnobili da farTod Seiswavleba am fenomenis buneba wamlebis sinergizmTan, tolerantobasTan, 

agreTve fermentTa induqciasa da kancerogenezTan kavSirSi. mikrosomuli fermentebis aseTi 

gziT gaaqtiveba mraval saxeobaSi (adamiani, virTagvebi, Tagvebi, bocvrebi, zRvis goWebi, ZaR-

lebi) da gansxvavebul qsovilebSia (RviZlSi, TirkmelebSi, filtvebSi, nawlavebSi, kanSi) ga-

movlenili. sadReisod igi ganixileba, rogorc qsenobiotikebis metabolizmis regulatoruli 

meqanizmi. 

tipiuri qimiuri aqtivatorebis warmomadgenelia fenobarbitali (luminali). dadgenilia, 

rom am barbituratis winaswari Seyvana zrdis pentabarbitalis, heqsabarbitalis da meprobama-

tis hidroqsilirebas, aminopirinis, eTilmorfinis, petidinis demeTilirebas, azonaerTebis 

aRdgenas da mravali sxva medikamentis mikrosomul biotransformacias. 

ucxo naerTebi mikrosomuli fermentebis (maT ricxvSi citoqrom P450-isa da NADPH-

citoqrom P450-reduqtazas) aqtivobas maTi raodenobrivi Semcvelobis matebis gziT zrdian. 

es ki Tavis mxriv fermentTa sinTezis siCqaris gaZlierebis gziT miiRweva. arsebobs monacemebi, 

romlebic am faqtis sasargeblod metyvelebs, kerZod: 

1. qsenobitikis organizmSi Seyvanisas izrdeba RviZlis zoma da Semcveloba; 

2. fenobarbitalis winaswari Seyvana (ineqcia) endoplazmuri retikulumis gluvi membranebis 

raodenobas da maTSi cilis, rnm-isa da fosfolipidebis Semcvelobas zrdis; 

3. 3-meTilqolantrenis winaswari Seyvana mikrosomebSi informaciuli rnm-is Semcvelobasa da 

aminoacil-S-rnm-idan aminomJavaTa inkorporaciis siCqares zrdis; 

4. ucxo naerTebiT stimulacia iTrguneba eTioniniT _ cilis biosinTezis inhibitoriT, anti-

biotik puromiciniT, romelic aminoacil-S-rnm-dan mikrosomuli cilisaken aminomJavaTa 

transports ablokirebs da aqtinomicin D-Ti, romelic Trgunavs NADPH-citoqrom-P450-

reduqtazasa da citoqrom P450-is (cilis gaZlierebul sinTezTan erTad) warmoqmnas da, Se-

sabamisad, fenobarbitaliT stimulirebul JangviT demeTilirebas. 14C-fenobarbitaliT stimulirebisas preparati Tavdapirvelad mikrosomebs ukavSirdeba. 

am process Semdgom fosfolipidebis Semcvelobis gazrda mosdevs, romelic endoplazmuri 

retikulumis axali membranebis formirebisTvisaa saWiro. amis Semdeg mimdinareobs fermentTa 

sinTezi. safiqrebelia, rom es procesi xorklian (ribosomebiT “daxunZlul”) membranebSi xor-

cieldeba. sinTezis dasrulebis Semdeg es ukanasknelni kargaven Tavis ribosomebs da gluv mem-

branebad gardaiqmnebian, rac TvalsaCinod aisaxeba RviZlis qsovilis eleqtronul mikrofo-

tografiaze (ix. qveTavi 6.1, nax. 6.1). fermentuli sistemis sxva komponentebiT, kerZod, NADPH-

citoqrom P450-reduqtazisa da citoqrom P450-is sinTezi rogorc Cans saerTo fermentuli 

cilebis sinTezis paralelurad xorcieldeba. 

fenobarbitalis an sxva ucxo naerTebis ineqciis Sewyveta inducirebuli sinTezis ukupro-
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cess iwvevs, xolo fermentuli aqtivoba da cilis Semcveloba TandaTanobiT normas ubrundeba. 

es procesi aqtinomicin D-s SeyvaniT iblokeba. 

ganxiluli faqtebi saSualebas iZleva miviCnioT, rom qsenobiotikTa metabolizmSi mona-

wile fermentebis gaaqtiureba ganpirobebulia erTi an meti genetikuri sistemiT, geni-

operatoris derepresiis saSualebiT. gamaaqtiurebeli agenti (fenobarbitali an sxv.), rogorc 

Cans, uerTdeba damTrgunvel nivTierebas, rac informaciuli rnm-is sinTezsa da fermentuli 

sistemis induqcias astimulirebs. amgvarad, aqtinomicin D-s Seyvana, romelic informaciuli 

rnm-is sinTezs ablokirebs, erTdroulad fermentTa induqciasac Trgunavs. es antibiotiki 

ewinaaRmdegeba aqtivaciis vardnasac, romelic fenobarbitalis Seyvanis SewyvetiT iwyeba, rad-

gan am dros informaciuli rnm-is sinTezi iTrguneba. 

miuxedavad imisa, rom, rogorc barbituratebi, aseve policikluri naxSirwyalbadebi mra-

vali mikrosomuli fermentis aqtivobas astimulireben, mainc arsebobs zogierTi gansxvaveba, 

romlebic aqtivaciaSi sxvadasxva meqanizmebis CarTvaze miuTiTebs. ufro metic, fenobarbit-

als SeuZlia benzpireniT an 3-meTilqolantreniT stimulirebuli fermentebis Semdgomi gaaq-

tiureba. is faqti, rom fenobarbituriT Tu 3-meTilqolantreniT miRebuli stimulacia aqti-

nomicin D-s erTdrouli SeyvaniT qreba, imis maCvenebelia, rom orive SemTxvevaSi mikrosomuli 

fermentuli sistemebis gaaqtiureba informaciuli rnm-is sinTezis doneze xorcieldeba. 

stimulatorebis buneba. medikamentebisa da sxva qsenobiotikebis metabolizmSi monawile 

mikrosomuli fermentebis stimulaciis unari mTeli rigi naerTebisTvisaa damaxasiaTebeli. 

isini cximSi maRali xsnadobiTa da sakuTari metabolizmis dabali siCqariT gamoirCevian. po-

laruli naerTebi mikrosomuli fermentebis sinTezis stimulacias ar iwvevs, xolo lipofi-

luri naerTebi, romlebic swrafad metabolizdebian, ganmeorebadi fazis Seyvanis gareSe mas-

timulirebel efeqts ar iZlevian. 

medikamentebs, romlebic mikrosomuli fermentebis stimulirebas iwveven, gansxvavebuli 

farmakologiuri aqtivobebi gaaCniaT. maT miekuTvneba barbituratebi, aminopirini (tkivilga-

mayuCebeli), fenilbutazini (revmatizmis sawinaaRmdego saSualeba), qlorciklizini (antihis-

tamini), nifetamidi (sunTqvis stimulatori), meprobamati (trankvilizatori), imipramini (an-

tidepresanti, dieTilis eTeri da azot(I)-is oqsidi (anesTetikebi) da mravali sxva. stimulire-

bas axorcieleben agreTve qlorirebuli inseqticidebi (qlordani, dieldrini, aldrini, 

heptaqlori, DDT da sxv.). stimulireba viTardeba nela, maqsimums 7-dRis Semdeg aRwevs da ~28 

dRe grZeldeba. 

kancerogenuli policikluri naxSirwyalbadebi _ 3,4-benz(a)pireni da 3-meTilqolantreni 

aseve astimulireben wamlebis metabolizmSi monawile mikrosomul fermentebs, magram Tavisi 

bunebiT es meqanizmi ramdenadme gansxvavdeba arakancerogenuli naxSirwyalbadebiT, medika-

mentebiTa da inseqticidebiT gamowveuli stimulaciis meqanizmisagan. 

zogierTi nivTiereba, romelic ucxo naerTTa metabolizms Trgunavs da amiT wamlebis moq-

medebis prolongirebas iwvevs, mag., N-meTil-3-piperidil-(N′,N′)-difenilkarbamati (MPDK), 2,4-

diqlor-6-fenilfenoqsieTilamini (DFEA), 2,4-diqlor-6-fenilfenoqsieTildieTilaminhidro-

bromidi (Lilly 18947) da β-dieTilaminoeTildifenilpropilacetati (SKF 525) orfazian efeqts 

avlenen: Tavidan Trgunaven metabolizms, xolo Semdgom mis stimulacias iwveven: Cl
Cl C6H5OCH2CH2NH2

Cl
Cl C6H5OCH2CH2N(C2H5)2

NCH3

OCON(C6H5)2CC6H5
C6H5

C3H7 COOCH2CH2N(C2H5)2
SKF 525A DFEA Lilly 18947 MPDK  
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amis analogiurad mravali cnobili stimulatori, mag., gluteTimidi, qlorcelizini da fe-

naglikodili Trgunavs qsenobiotikTa metabolizms, rodesac ucxo naerTebi organizmSi aR-

niSnuli stimulatorebis winaswari Seyvanidan drois mcire monakveTis Semdeg Seitaneba. amde-

nad, stimulacia da inhibireba am SemTxvevaSi pirobiT terminebs warmoadgenen da maTi saboloo 

efeqti stimulatoris Seyvanis Semdeg drois intervaliT isazRvreba. 

ucxo naerTebiT inhibireba. cnobilia, rom zogierTi medikamenti da qsenobiotiki ucxo 

naerTTa mikrosomul metabolizms Trgunavs da amis Sedegad mravali wamlis zemoqmedebas 

axangrZlivebs. aseT inhibitorebs miekuTvneba SKF 525A, DFEA, Lilly 18947, MPDK, iproniazidi, imi-

pramini, gluteTimidi, cikloheqsimidi da qlorciklizini. zogierTi inhibitori, mag., SKF-

mJava (difenilpropilacetati) da triparanili mxolod in vivo moqmedeben da swrafadve meta-

bolizdebian. SKF 525A, romelic in vivo Trgunavs barbituratebis Jangvas, aminopirinis demeTi-

lirebas, prokainis hidrolizs da glukuronidebis biosinTezs, ar ainhibirebs acetanilidis 

hidroqsilirebas, fenacetinis dezalkilirebas, qlorpromazinis sulfoqsidirebas da nitro- 

da azonaerTebis aRdgenas. 

mikrosomuli fermentebi qolesterolis biosinTezSic monawileoben, xolo am procesis in-

hibitorebi (triparanoli da karizoprodoli) aseve Trgunaven wamlebis metabolizmsac. ufro 

metic, SKF 525A qolesterolis biosinTezis aqtiur inhibitors warmoadgens. 

sayuradReboa, rom sxvadasxva inhibitorebi gansxvavebulad zemoqmedeben mikrosomul fer-

mentebze. es imaze metyvelebs, rom inhibirebis ramdenime meqanizmi unda arsebobdes. mag., SKF 525A, romelic meTil-4-aminoantipirinis N-demeTilirebas da orTonitroanizolis O-demeTi-

lirebas Trgunavs. SKF-mJava mxolod pirvel reaqcias ainhibirebs. garda amisa, SKF 525A plaz-

mis prokainesTerazas gacilebiT ufro efeqturad amuxruWebs, vidre mikrosomul prokaines-

Terazas, xolo SKF-mJava plazmis fermentze saerTod ar moqmedebs. 

miuxedavad imisa, rom inhibirebis meqanizmi srulad jer kidev araa cnobili, dadgenilia, 

rom SKF 525A eTilmorfinis N-demeTilirebas Trgunavs Sesabamisi fermentis aqtiuri ubnisT-

vis substratTan konkurenciis gziT. rogorc gamoirkva, am dros adgili ara aqvs arc JangviTi 

meqanizmebis gancalkevebas da arc membranuli ganvladobis Secvlas. amis sapirispirod, sak-

vebTan 4-dimeTilaminoazobenzolis xangrZlivi miRebisas cilis dabali Semcvelobisas, vir-

TagvebSi SesamCnevad iTrguneba ucxo naerTTa mikrosomuli metabolizmi da qveiTdeba RviZlis NADPH-oqsidazuri aqtivoba. 

mravali ucxo nivTiereba, romlebic mikrosomul fermentTa aqtivobebs Trgunaven, Tavis 

moqmedebaSi stimulirebis fazasac avlenen. mag., igive SKF 525A-s xangrZlivi Senaxvisas aRiric-

xeba mikrosomuli fermentebis momatebuli aqtivoba, rac axali fermentuli cilis sinTezis 

Sedegia, magram am nivTierebis Semdgomi ineqciiT “axalica” da “Zveli” fermentic erTnairad 

iTrguneba. 

sinergizmi. ucxo naerTebis metabolizmze sxva qsenobiotikebis damTrgunveli an mastimu-

lirebeli efeqtebi xSirad toqsikur da farmacevtul cvlilebebs iwvevs, anu erTi medikamen-

tis moqmedebaze SeiZleba gavlena moaxdinos meoris Seyvanam. es xdeba mravlobiTi qimioTera-

piisas an sakvebSi inseqticidis Tanamyofobisas. zogierTi meTilendioqsifenoluri naerTi, 

mag., piperonilbuToqsidi, romelic mikrosomul hidroqsilirebas ainhibirebs, sinergiul 

gavlenas axdens inseqticidebis toqsikur moqmedebaze. 

aseTi efeqti SeiZleba ucbad (mag., barbituratebis SemTxvevaSi), an mogvianebiT (mag., qlo-

rirebuli inseqticidebis moqmedebisas) gamovlindes da Seyvanis Sewyvetidan ramdenime Tvis 

ganmavlobaSi gagrZeldes. nivTierebisa da maTi sinergistis Seyvanis intervalebis cvliT 

SeiZleba sruliad sawinaaRmdego efeqtebis miReba, romelsac jer wamlis moqmedebis stimula-

ciasTan, xolo Semdgom ukuefeqtebis ganviTarebasTan mivyavarT.  
wamlebis sinergiuli moqmedeba gansakuTrebiT mniSvnelovania mravlobiTi qimioTerapiisas 

dozis dasadgenad. mag., fenobarbitonisa da difenilhidrantoinis SeTanawyoba gamoiyeneba ep-
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ilefsiis mkurnalobaSi. Tumca fenobarbitonis qronikuli Seyvana aCqarebs difenilhidantoi-

nis metabolizms da amis Sedegad aqveiTebs mis konvulsiebisadmi sawinaaRmdego moqmedebas. 

zustad aseve, fenobarbitali adamianSi zrdis dikumarinisa da grezeofulvinis, xolo fenil-

butazoni astimulirebs 4-aminoantipirinis metabolizms.  

wamlebis sinergizmi SeiZleba konkurenciis Sedegi iyos plazmis cilebTan dakavSirebis ad-

gilisaTvis. cilebTan mtkiced dakavSirebuli mJava bunebis medikamenti, mag., salicilmJava, 

tromeqsani, sulfonpirazoli da iofenoqsimJava SeiZleba Caenacvlos sxva preparatebs, rac 

sisxlSi da qsovilebSi sxva medikamentebis gazrdas iwvevs. gamomZevebel agents SeuZlia aqti-

uri sekreciis meqanizmiT Tirkmlis arxebiT gamoyofa da amiT ZiriTadi preparatis gamoyofis 

darRveva.  

medikamentis mimarT tolerantoba. ganmeorebiTi gamoyenebis Semdeg wamlebisadmi tole-

rantobis ganviTarebas ukavSireben barbituratebisa da zogierTi sxva daCqarebuli metabo-

lizmis mqone wamlis SemTxvevas da amdenad mis dezaqtivirebas, romelic mikrosomuli fermen-

tebis induqciiTaa gamowveuli. cnobilia, rom wamlebis unari _ daaCqaron sakuTari metabo-

lizmi, damaxasiaTebelia fenobarbitalis, heqsobarbitalis, fenilbutazonis, meprobamatis, 

tolbutamidis, qlorciklizinisa da sxvaTa mimarT.  

tolerantoba SeiZleba ganviTardes barbitalis mimarTac. es medikamenti sustad metabo-

lizdeba da, rogorc Cans, tolerantobis efeqts adgili aqvs im receptorebis mgrZnobiarobis 

cvlilebis gamo, romelzedac es wamali moqmedebs. meprobamatis mimarT tolerantoba Tada-

pirvelad am medikamentiT inducirebuli metabolizmis, xolo Semdgom cns-is reaqciis cvli-

lebis Sedegia. 

morfinis an kodeinis mimarT tolerantoba upirveles yovlisa maT metabolizmze pasuxism-

gebel organoTa reaqciis cvlilebebiTaa ganpirobebuli, ramdenadac virTagvebSi maTi ganmeo-

rebiTi Seyvana RviZlis mikrosomuli fermentebis araspecifikur daTrgunvas iwvevs.  

 

 

4.5 ucxo naerTTa gardaqmnebi RviZlSi 

 

adamianis organizmSi samkurnalo nivTierebaTa umravlesobis efeqturoba da maTi moqmede-

bis xangrZlivoba mniSvnelovanwiladaa damokidebuli Sesabamis gardaqmnaTa siCqareze. saWiro 

organomde (samiznemde) miRwevis Semdeg wamali Rrma gardaqmnas rom ar ganicdides, maSin mas 

moqmedebis gansazRvruli periodi eqneboda. sinamdvileSi ki samkurnalo preparatis didi na-

wili araaqtiur formebad gardaiqmneba da mxolod amis Semdeg tovebs organizms. saTanado 

gargaqmnebi sxvadasxva organoSi (kanSi, filtvebSi, nawlavebSi, TirkmelebSi) xorcieldeba, ma-

gram maTi umetesoba ZiriTadad mainc RviZlSi metabolizdeba. am organoSi mimdinare bioqimi-

uri degradaciis procesebs udidesi mniSvneloba aqvs rogorc wamlebiT mkurnalobis Terapia-

Si, aseve sxvadasxva ucxo nivTierebis mavne moqmedebisagan dacvaSi. biotransformaciis mTavar 

etaps Jangva warmoadgens, romelsac RviZlis hepatocitur ujredebSi arsebuli monooqsigena-

zuri fermentuli kompleqsi axorcielebs. aucileblad unda SevniSnoT, rom es fermentuli 

sistema, Tavisi maRalorganizebulobisa da sinatifis mxriv, Sesadarebel modelad iTvleba 

yvela eukariotuli organizmis Sesabamisi fermentuli sistemisaTvis. misi yvela komponenti 

membranul cilas warmoadgens. monooqsigenazas membranaSi CaSenebam evoluciurad mas mex-

uTeuli struqtura SesZina. amasTan erTad, igi saocari polifunqciurobiT xasiaTdeba. 

RviZli adamianis yvelaze mozrdili organoa. zrdasrul individSi misi wona 1.2 kg-s aRwevs. 

uaRresad mravalmxrivia misi funqciebi. is, upirveles yovlisa, mimRebi punqti da saWmlis mom-

nelebeli traqtidan SeRweul nivTierebaTa qimiuri gardaqmnebisa da ganawilebis centria. sak-

vebis gadamuSavebis produqtebi farTo karis veniT RviZlSi xvdeba. aqedan isini sxva ucxo 

naerTTebTan erTad sisxlidan qsovilebSi nawildeba da gardaiqmneba. zogierT SemTxvevaSi ad-

gili aqvs maT dagrovebas an sisxlis saSualebiT kvlav mimocvlas. RviZlSi xdeba samkurnalo 
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da ucxo naerTTa detoqsikacia. cxadia, pirvelive gavlaze RviZlSi nivTierebaTa yvela mole-

kula ar ganicdis srul garadqmnebs. wamlebi iseTi dozebiT iniSneba, rom maTma mniSvnelovanma 

nawilma RviZlidan organo-samiznemde ucvlelad miaRwios. srul degradacias isini mxolod 

RviZlSi mravaljeradi moxvedris Sedegad ganicdian (nax. 4.3). RviZlSi gamomuSavdeba naRvel-

ic, romelic wvril nawlavSi Caedineba. masTan erTad xdeba gadamuSavebuli nivTierebisa da me-

tabolizmis sxva narCenebis organizmidan gamoZeveba. 

 

nax. 4.3. samkurnalo nivTierebaTa gardaqmnis gzebi RviZlSi: 

gardauqmnel nivTierebaTa gza naCvenebia wvrili, xolo metabolizmis produqtTa gza _ 

msxvili isrebiT. samkurnalo preparati karis veniT xvdeba RviZlSi, Semdeg sisxlis saer-

To nakadiT aRwevs organo samiznemde da Semdgom kvlav RviZls ubrundeba. aq yoveli gav-

lisas preparatis garkveuli nawili araaqtiur produqtad gardaiqmneba, romelic naR-

velTan erTad nawlavis sanaTurSi gamoitaneba, an sisxliT TirkmelebSi xvdeba da Sard-

Tan erTad tovebs organizms. 

 

gardaqmnaTa umravlesoba, metad Tu naklebad, JangvasTanaa dakavSirebuli. nebismieri 

rTuli nivTiereba SeiZleba sxvadasxva gziT daiJangos. mag., barbituratebisa da sxva samkur-

nalo preparatebis gverdiTa alifaturi jaWvebi spirtebis warmoqmniT iJangeba. aromatul-

birTvian naerTebs, mag., policiklur naxSirwyalbadebs, hidroqsilis jgufi birTvSi uCndeba. 

sxva SemTxvevebSi mimdinareobs azotis, an Jangbadis atomTan dakavSirebuli alkiluri da ami-

nojgufebis mocileba, an sulfoqsidebis warmoqmna. JangvasTan SedarebiT, qsenobiotikTa aRd-

genis da hidrolizis reaqciebi RviZlSi iSviaTad mimdinareobs.  

koniugaciis reaqciebSi, rogorc am Tavis dasawyisSi aRiniSna, ucxo nivTiereba organizmis 

romelime bunebriv (endogenur) nivTierebas, mag., glukozis warmoebul glukuronis mJavas, 

aminomJava glicins, an tripeptid glutaTions uerTdeba. saTanado fermentebis Tanamyofobi-

sas es fiziologiuri agentebi advilad ikavSirebs nivTierebebs, romlebic karboqsilis, 

sulfhidrilis, aminis an hidroqsilis jgufebs Seicaven. imdenad, ramdenadac samkurnalwamlo 

saSualebebi Tavis sawyis formaSi swored amgvar jgufebs Seicavs, RviZli maT advilad da 

swrafad “uswordeba”, Tumca umravles SemTxvevaSi dakavSireba Jangvis, aRdgenis an hidroli-

samizne orga-

noebi 

RviZli 

Tirkmelebi 

nawlavebi 
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zis momdevno etaps warmoadgens. dakavSirebul nivTierebas TiTqmis yovelTvis dakarguli aqvs 

Tavisi farmakologiuri (aseve nebismieri sxva biologiuri) aqtiuroba. 

fermentuli sistemebi, romlebic yvela zemoTCamoTvlil gardaqmnebs akatalizeben, orga-

nizms specialurad samkurnalo preparatebis, an gacilebiT mogvianebiT gaCenil anTropoge-

nuli dambinZureblebisagan dacvis mizniT ar “gamougonia”. maTi adrindeli uZiriTadesi roli 

organizmisaTvis damaxasiaTebeli endogenuri substratebis gadamuSaveba unda yofiliyo. mag., 

RviZlis mikrosomuli fermentebi Jangaven steroidul hormonebs, qolesterols da cximmJa-

vebs. am Jangvis produqtebi Semdgom romelime nivTierebas, mag., glukuronmJavas ukavSirdebian 

da am saxiT toveben organizms. amis magaliTs SeiZleba warmoadgendes bilirubini-hemis Jangvis 

produqtebi (nivTiereba, romelic hemoglobins wiTel Seferilobas aZlevs). normalur piro-

bebSi, vidre organizmidan gamoidevneba, igi glukuronidad unda gardaiqmnas. axalSobilebSi 

ferment glukuronidtransferazas dabali aqtivobis gamo glukuronidebis warmoqmna, ro-

gorc wesi, nela mimdinareobs. amis gamo bilirubinis dakavSireba da gamoyofa SeiZleba arasak-

marisi aRmoCndes da seriozuli daavadebis mizezi gaxdes. 

dadgenilia, rom zrdasrulTan SedarebiT adamianis nayofi da axalSobili mravali samkur-

nalo preparatis mimarT gacilebiT mgrZnobiarea. zogierTi wamali placentaSi aRwevs da ami-

tom fexmZime qalebisaTvis maTi daniSvnisas saWiroa gansakuTrebuli sifrTxilis dacva. mSo-

biarobisas dedas Tu barbituratebi an morfini miecema, isini SeiZleba Cvilis qsovilSi da-

grovdnen da sunTqvis daTrgunva, zogjer ki sikvdili gamoiwvion. samkurnalo nivTierebaTa 

gardaqmnebze pasuxismgebeli meqanizmebi Tu arasakmarisad aqtiuria, maSin maTi efeqturoba da 

moqmedebis xangrZlivoba izrdeba. mag., axalSobil Tagvebs, romelTac saZile saSualebad heq-

sobarbitali (10 mg/kg) eZleodaT, 6 saaTze met xans eZinaT, maSin rodesac zrdasrul Tagvebs 

wonis erTeulze am preparatis 10-jer meti dozebis miRebisas erT saaTze meti ar ZinavT. 

samkurnalo preparatebis gardaqmnis siCqareebi sxvadasxva saxeobis organizmebSi gansxva-

vebulia. Sesabamisad, gansxvavebulia efeqturi dozebic. adamianSi anTebis sawinaaRmdego pre-

parati fenilbutazoli nela gardaiqmneba. sisxlis plazmaSi misi Semcveloba daaxloebiT 3 dReSi naxevrdeba. cxenSi, ZaRlSi, bocvrebSi, virTagvebSi da zRvis goWebSi amisaTvis 6 dRem-

dea saWiro. SesaZlebelia, rom sxvadasxva cxovelSi gansxvavebulad xdeba nivTierebis ganawi-

leba da calkeuli qsovili ama Tu im wamlis mimarT specifikur mgrZnobiarobas amJRavnebs. 

adamianSi samkurnalo nivTierebaTa gardaqmnebSi SemCneulia individualuri sxvaobebi da 

es gansakuTrebiT im preparatebis mimarT SeimCneva, romlebic RviZlis mikrosomuli fermente-

biT metabolizdebian. zogierT avadmyofSi samkurnalo preparati imdenad nela inaqtiurdeba, 

rom adgili aqvs medikamentozur toqsikozs, maSin roca zogierTi preparati imdenad swrafad 

icvleba, rom SeuZlebeli xdeba sisxlSi misi efeqturi dozis SenarCuneba. amitom wamlis da-

niSvnisas eqims uZneldeba winaswar ganWvritos mocemuli avadmyofisaTvis romeli dozaa uxi-

faTo da Terapiulad efeqturi. 

pirveli monacemebi imis Sesaxeb, rom RviZlis mikrosomuli fermentebi gansakuTrebul spe-

cializebuli tipis kompleqsebs warmoadgens, miRebul iqna gasuli saukunis 50-iani wlebis mi-

wuruls, j. miulerisa da j. mileris (viskonsinis universiteti) mier. am mkvlevarebma daad-

gines, rom aminoazosaRebavebi SeiZleba daiJangos (N-demeTilirdnen) RviZlis mikrosomebiT da 

amisaTvis aucilebelia molekuluri Jangbadi da aRdgenili NADPH. amis Semdeg, maleve b. bro-

dis jgufma (aSS-s gulisa da filtvebis daavadebaTa nacionaluri instituti) aCvena, rom igive 

faqtorebia saWiro zogierTi samkurnalo nivTierebis JangviTi gardaqmnebisaTvis, xolo 1957 w. h.meisonma (oregonis universitetis samedicino skola) gamoTqva mosazreba, rom am Jang-

viT reaqciebs RviZlSi fermentTa gansakuTrebuli jgufi, kerZod “Sereuli funqciis” oqsida-

zebi akatalizebs. es fermentuli kompleqsi substratis mimarT araspecifikuri, anu sxvadasxva 

tipis nivTierebaTa Jangvis unaris mqonea da amasTan, samkurnalo preparatis yoveli moleku-

lis daJangvas erTi molekula O  xmardeba. 
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sadReisod sayovelTaodaa miRebuli, rom RviZlis oqsigenazebi organizmisaTvis mraval 

potenciurad mavne nivTierebaTa detoqsikaciazea pasuxismgebeli da sxvadasxva qimiuri agen-

tebisagan organizmis dacvaSi centraluri pozicia ukavia. isini uaRresad inducibeluria, anu 

maTi aqtivoba Zlier izrdeba garemoSi arsebuli ucxo naerTebiTa da samkurnalo preparate-

biT zemoqmedebisas. yvela es nivTiereba am sistemis Jangvis substrats warmoadgens da kom-

pleqsis calkeul komponentebs astimulirebs. cnobilia, rom cxovelebSi samkurnalo nivTie-

rebaTa metabolizmis unari SeiZleba gazardos 200-ze meti dasaxelebis steroidulma hormon-

ma, farmacevtulma agentma, inseqticidma, kancerogenma da organizmisaTvis ucxo sxva 

nivTierebam. amave dros arsebobs nivTierebebi (mag., tyvia da sxva mZime metalebi), romlebic 

piriqiT, amuxruWeben Sereuli funqciis oqsidazebis aqtivobas, magram induqtorebTan Sedare-

biT isini arc ise mravalricxovania. garda amisa, citoqrom P450-Tan dakavSirebis mxriv wam-

lebsa da sxva qsenobiotikebs Soris Zlieri konkurencia vlindeba. 

fermentis induqciis sruliad gansxvavebuli efeqti miiReba fenobarbitaliT. virTagvebSi 

misi Seyvanisas RviZlis mikrosomebSi citoqrom P450-is raodenoba 3_4 jer izrdeba, xolo misi 

reduqtazis Semcveloba ormagdeba. amis Sedegad iseTi preparatebis inaqtivacia, rogorebic 

metadoni da eTilmorfinia, CveulebrivTan SedarebiT 3_4 jer ufro swrafad xorcieldeba. 

fenobarbitalis xangrZlivi miReba asustebs avadmyofze sxva medikamentebis gavlenas, radgan 

am dros isini swrafad inaqtivdebian. am induqtoris damawynarebeli (sedatiuri) dozebi sis-

xlis plazmaSi aqveiTeben fenilbutazonis, antipirinisa da fumarinuli antikoagulantebis 

koncentraciebs. Sesabamisad, mcirdeba am nivTierebaTa farmakologiuri moqmedebac. zusti 

dozireba gansakuTrebiT aucilebelia antikoagulantebiT mkurnalobisas. Tu avadmyofs se-

datiur saSualebad fenobarbitali eZleva, kumarinuli preparatebis gansazRvruli dozebi 

damakmayofilebel efeqts iZleva, magram fenobarbitalis Secvlis Semdeg organizmSi SeiZleba 

sisxldena ganviTardes, radgan citoqrom P450-Semcveli monooqsigenazas induqcia Sewydeba da 

antikoagulanti arc ise swrafad inaqtiurdeba. 

RviZlSi eTilis spirtis gardaqmna acetaldehidad am monooqsigenazis meSveobiT xor-

cieldeba. alkoholis intensiurad mimReb adamianebSi, rogorc wesi, citoqrom P450-is koncen-

tracia gazrdilia. amgvarad, spirtiani sasmelebis xSiri gamoyeneba aCqarebs mTeli rigi sam-

kurnalo saSualebebis metabolizms. amis Semdeg gasagebia, Tu ratom xdeba, rom fxizel mdgo-

mareobaSi myofi alkoholikebi ufro sustad eqvemdebarebian barbituratebisa da sxva saZile 

da damawynarebeli saSualebebis zemoqmedebas. amis sapirispirod, spirtis didi dozis erTje-

radi miReba amuxruWebs erTdroulad miRebuli wamlis inaqtivacias fermentisaTvis konku-

renciis gamo. alkoholisa da saZile saSualebis tvinze erTdroulad zemoqmedebam SeiZleba 

organizmis sikvdili gamoiwvios. 

samkurnalo nivTierebebiT mikrosomul fermentTa aqtivobebis stimulacia SesaZlebels 

xdis, damuSavdes meTodi iseTi darRvevebis samkurnalod, rodesac organizmSi Warbi raodeno-

biT grovdeba am fermentebiT gadasamuSavebeli nivTierebebi. mag., fenobarbitalis xangrZliv-

ma Seyvanam SeiZleba naRvlis nakadis qronikuli Sekavebis Sedegad daavadebulTa sisxlSi bili-

rubinis koncentraciis daqveiTeba gamoiwvios. axalSobilebSi farTod gavrcelebuli biliru-

binis maRali Semcvelobis Tavidan acileba SesaZlebelia, Tu mSobiarobamde ramdenime dRiT 

adre dedas mcire dozebiT fenobarbitali miecema. es preparati placentis gziT axalSobilis 

organizmSi xvdeba da astimulirebs im fermentul sistemas, romelic bilirubins glukuronm-

JavasTan akavSirebs.  

frinvelebsa da ZuZumwovrebSi halogenirebuli naxSirwyalbadebis jgufis inseqticidebi, 

mag., DDT, Zlier aaqtivebs samkurnalo preparatebisa da steroiduli sasqeso hormonebis meta-

bolizms. am ukanasknelTa daSliT SeiZleba nawilobriv aixsnas DDT-s gavleniT frinvelTa zo-

gierTi populaciis katastrofuli Semcireba. fenobarbitalis metabolizmis stimulaciisaT-

vis da misi Zilis momgvreli moqmedebis Sesamcireblad, rogorc minimum, DDT-s iseTi koncen-
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traciaa aucilebeli, romlis Sedegadac organizmSi inseqticidis Semcveloba 1 kg cximze 10_15 

mikrograms aRwevs. aseTi done arc Tu iSviaTad gvxvdeba adamianis cximovan qsovilSi. mikroso-

muli fermentebis mainducirebel inseqticidebs miekuTvnebian, agreTve, qlordani, eldrini 

da duldroni. sainteresoa, rom hiperonilbuToqsidi _ sinergisti, romelic inseqticidebs im 

mizniT emateba, rom daiZlios mwerebSi DDT-s sawinaaRmdegod gamomuSavebuli fermentuli 

dacva, aseve Trgunavs mikrosomul fermentTa aqtivobas ZuZumwovris RviZlSi. 

nivTierebaTa kidev erT jgufs, romelsac RviZlis mikrosomuli fermentebis inducirebis 

unari aqvs, poliqlorbifenilebi Seadgenen (ix. Tavi 1). poliqlorbifenilebi napovnia mravali 

frinvelisa da Tevzis, agreTve adamianis cximovan qsovilSi da qalis rZeSi. naCvenebia, rom 

sufTa poliqlorbifenilis an imersiuli zeTis sul mcire raodenobiTac ki (1 ml) cxovelis 

kanze datana SesamCnevad aaqtivebs RviZlis NADPH-damokidebul monooqsigenazas da aqveiTebs 

zoqsazolaminis (kunTis modunebis gamomwvevi saSualeba) farmakologiur moqmedebas. es Sede-

gi gviCvenebs, rom qimiuri preparatebiT adamianis kanis sul umniSvnelo daTxvrac ki mavne bi-

ologiuri SedegebiT SeiZleba damTavrdes. 

nivTierebaTa mTeli rigi, romlebTanac adamians xSirad uwevs Sexeba, kancerogenebs war-

moadgens. isini kanze, an saerTod organizmSi sxva gziT moxvedrisas simsivnur davadebas iwvevs. 

cxadia, rom nebismieri faqtori, romelic aseT nivTierebaTa metabolizms Trgunavs an astimu-

lirebs, simsivnis warmoqmnazec imoqmedebs. yvelaze gavrcelebul kancerogenebs miekuTvneba 

benzpireni, benzantraceni da maTi msgavsi policikluri aromatuli naxSirwyalbadebi. isini 

Sedian Tambaqos kvamlSi, didi qalaqebis dabinZurebul haerSi da Senwvar an Sebolil sakveb 

produqtebSi. kancerogenebis cvlaSi monawile erT-erT monooqsigenazas mis mier katalize-

buli JangviTi reaqciis tipis mixedviT arilhidroqsilazas uwodeben. es reaqciac NADPH-isa 

da molekuluri Jangbadis Tanamyofobas moiTxovs, magram igi ramdenadme gansxvavdeba samkur-

nalo preparatebiT inducirebuli oqsidazebisagan. sxvagvari aRmoCnda misi aramxolod araka-

talizuri, aramed speqtruli Tvisebebic: am oqsigenazas CO-iT aRdgenili citoqromi 

STanTqmis maqsimums 448 nm-ze, da ara 450 nm-ze avlens. policikluri naxSirwyalbadebis garda, 

amJamad cnobilia naerTTa mxolod erTi klasi, romelsac citoqrom P448-is inducirebis unari 

aqvs. esaa poliqlorbifenilebi, romelTac garkveulwilad citoqrom P450-Tan erTad cito-

qrom P448-is inducireba SeuZliaT. 

arilhidroqsilazur sistemas ganixilaven, rogorc simsivnis zogierTi formis warmoqmnis 

jaWvis erT-erT rgols. amis mizezi isaa, rom aRniSnuli fermentuli sistemiT policikluri 

naxSirwyalbadebis hidroqsilireba, gauvneblyofis nacvlad, maTi toqsikurobis zrdas iwvevs. 

am naerTebis gardaqmnis Sualedi produqtebi – epoqsidebi ufro kancerogenulia, vidre sawyi-

si formebi. kancerogenebis gardamqmneli fermentuli sistema organizmis mraval ubanSi imyo-

feba. misi induqcia aramarto RviZlSi, aramed kuW-nawlavis traqtSi, TirkmelebSi, filtvebSi 

da kanSi SeiZleba ganxorcieldes. sigaretis moweva iwvevs placentaSi arilhidroqsilazas in-

ducirebas. aramwevel mdedrebSi am tipis aqtivoba TiTqmis ar vlindeba. g. kelermanisa da misi 

TanamSromlebis (texasis universiteti) mier Catarebuli gamokvlevebi pirdapir miuTiTeben, 

rom qimiur kancerogenezSi arilhidroqsilazas induqcia arsebiT rols asrulebs. 

amgvarad, RviZlis mikrosomebis monooqsigenazuri sistema uSualodaa dakavSirebuli ada-

mianis janmrTelobaze moqmed procesebTan. aucilebelia gansazRvrul iqnas wamlebis ur-

TierTqmedebebi, ramdenadac Zalian xSirad avadmyofebs isini erTdroulad eniSnebaT. 
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4.6 qsenobiotikTa detoqsikacia mcenareSi 

 

bunebriv stresebs sadReisod mcenareebic ganicdian, romlebsac maTTvis ZiriTadad ada-

miani qmnis. es stresebi aRZrulni arian soflis meurneobaSi gamoyenebuli sxvadasxva pestici-

debiT, agreTve samrewvelo warmoebaTa narCenebiT da gamonabolqvi airebiT ekosistemis kom-

ponentTa dabinZurebis Sedegad. sabednierod mcenareebs unari aqvT gaumklavdnen amgvar stre-

sebs da maTze miyenebuli zianis miuxedavad sicocxles ganagrZoben. es unari nawilobriv 

ganpirobebulia mcenareul ujredSi arsebuli qsenobiotikTa degradaciis efeqturi sistemis 

arsebobiT, meore mxriv ki im fermentuli sistemis arsebobiT, romelsac toqsinebi aratoqsi-

kur, dakavSirebul mdgomareobaSi gadahyavT da saerTo metabolizmze kontrolis ganxorcie-

lebis saSualebas ar aZleven. (mag., cianiduri glikozidis formiT vakuolebSi konservdeba). 

mcenareebs SeuZliaT win aRudgnen mavne airebsac, romlebic maTi bageebidan SeiRweva. 

cxoveluri organizmebis msgavsad, mcenareSic detoqsikaciuri sistema identificirebuli 

da Seswavlilia Tanamedrove fizikur-qimiuri meTodebiT. gansakuTrebiT mniSvnelovani roli 

Seasrula niSandebuli qsenobiotikebis gamoyenebiT ganxorcielebulma kvlevebma. maTi saSua-

lebiT dadginda ama Tu im jgufis toqsikantis gardaqmnis SesaZlo gza da misi intensivobis  

xarisxi. 

sadReisod arsebuli mravalricxovani eqsperimentuli monacemebis safuZvelze dabejiTe-

biT SeiZleba davamtkicoT, rom ucxo naerTebis toqsikuri zemoqmedebisagan Tavdasacavad mce-

nare raime axali, specialuri meqanizmebis Camoyalibebas ar saWiroebs da igi detoqsikaciisaT-

vis iyenebs im bioqimiuri da fiziologiuri procesebis gansazRvrul anakrebs, romlebic nor-

malur cxovelqmedebaSi monawileoben. aseT procesebs warmoadgenen:  

− eqskrecia; 

− Sidaujredul naerTebTan toqsikuri naerTebis koniugacia da warmoqmnili koniugatebis 

Semdgomi kompartmentalizacia; 

− toqsikantebis degradacia ujredis standartul metabolitebamde da naxSirorJangamde. 

zemoaRniSnuli procesebis saSualebiT mcenareebi garemodan SeRweuli toqsikuri naerTe-

bis srul an nawilobriv gauvnebelyofas axdenen. swored am Tvisebebidan gamomdinare SemuSave-

bulia iseTi koncefciebi, rogoricaa "mwvane filtri", an "mwvane RviZli", romlebic warmoad-

genen samrewvelo ekologiuri teqnologiebis Teoriul safuZvels da cocxal organizmebze 

ucxo naerTebis toqsikuri moqmedebis Tavidan acilebis an maTi mniSvnelovnad SemcirebisaT-

vis gamoiyeneba. 

mcenareSi SeRweuli organuli qsenobiotikis "bedi" sqematurad nax. 4.4-zea warmodgenili. 

rogorc am sqemaze vxedavT, mcenareebisaTvis toqsikuri naerTebis negatiuri zemoqmedebisagan 

"Tavidan acilebis" yvelaze martiv xerxs eqskreciis procesi warmoadgens. eqskreciis arsi im-

aSi mdgomareobs, rom toqsikantis molekulebi ujredebis gverdis avliT, da Sesabamisad, Si-

daujreduli metaboluri gardaqmnebisagan Tavis aridebiT, apoplasturi gziT gadaadgilde-

bian da amgvarad gamoidevnebian mcenareuli organizmebidan. toqsikantis eliminaciis aseTi 

gza yvelaze martivia, magram misi ganxorcieleba SesaZlebelia mxolod maRali Zvradobis mqone 

(floemo-mobiluri an ambi-mobiluri) toqsikantebis didi koncentraciebis dros. ekologiuri 

TvalsazrisiT, eqskreciis naklovaneba isaa, rom toqsikanti ar ganicdis qimiur gardaqmnebs, 

amitom mTlianad inarCunebs qimiur struqturas da, maSasadame, toqsikur Tvisebebsac. 

ufro xSirad adgili aqvs qsenobiotikebis ujredebSi SeRwevas, ris Semdeg isini fermentul 

gardaqmnebs ganicdian da rac maTi toqsikurobis xarisxis Semcirebas iwvevs. dReisaTvis mce-

nareul ujredebSi toqsikuri naerTebis transformaciis sami Tanmimdevruli faza ganixileba, 

rac Tavi 3-Si iyo aRwerili. 

mcenareSi toqsikuri naerTis funqcionalizacias igive daniSnuleba aqvs, rasac cxovelur 

organizmSi: funqcionalizaciis Sedegad toqsikantis molekulebis polaroba da reaqciisuna-
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rianoba mniSvnelovnad izrdeba. idealuri iqneba SemTxveva, rodesac toqsikantis JangviTi de-

gradaciis Sedegad ujredis standartuli metabolitebi da dabalmolekuluri araorganuli 

naerTebi (mag., СО2, H2O, HCl, NH3) warmoiqmneba. am gziT mcenareuli ujredi axdens aramarto uc-

xo naerTebis toqsikurobis srul gauvnebelyofas, aramed maT naxSirbadis atomebs sakuTari 

plastikuri da energetikuli miznebisaTvis iyenebs. mcenareSi detoqsikaciuri procesis mTa-

var arss swored aseTi gardaqmnebis erToblioba warmoadgens. amdenad, SeiZleba ganvsazRvroT, 

rom qsenobiotikis detoqsikaciis procesi igivea, rac ucxo naerTis metabolizmi. sxva sityve-

biT rom vTqvaT, toqsikuri naerTis gauvnebelyofa im xarisxiT xdeba, ra donezec SeZlebs mce-

naris ujredi am naerTis metabolizebas, anu saerTo metabolizmSi mis CarTvas. 

eqskrecia

organuli
toqsikanti

funqcionalizacia toqsikanti fun-
qciuri jgufiT

CO2

gardauqmneli
toqsikanti

koniugacia

kompartmentalizacia

Rrma Jangva

koniugirebuli 
toqsikanti

toqsikantis xsnadi 
koniugati vakuolSi

toqsikantis uxsnadi koniugati
ujredis kedelSi

mcenareuli 
ujredi

 
nax. 4.4. organuli toqsikantis transformaciis gzebis sqema mcenareul ujredSi. 

 

mcenareul ujredSi qsenobiotikebis sruli degradacia, anu mineralizacia xorcieldeba 

mxolod toqsikantis dabali, e.w. metaboluri koncentraciebis dros, da amisaTvis gan-

sazRvruli droa saWiro. maRali koncentraciebis dros toqsikantis sruli mineralizacia ar 

xdeba, da am gziT ujredSi SeRweuli toqsikantis maqsimum 20% SeiZleba iSlebodes. toqsikuri 

naerTebis danarCeni nawili koniugacias ganicdis. 

koniugacia aris erT-erTi yvelaze gavrcelebuli TavdacviTi saSualeba, romelsac mce-

nare toqsikuri naerTebis zemoqmedebisas iyenebs. miuxedavad amisa, ver vityviT, rom es proce-

si mcenarisaTvis momgebiania energetikuli da fiziologiuri TvalsazrisiT. koniugaciis 

dros xdeba mcenarisaTvis araxelsayreli procesi _ ujredisaTvis funqciurad mniSvnelovani 

naerTebis xarjva, rac iwvevs garkveul deficits, amcirebs mcenareebis gamZleobas garemo pi-

robebis sxva araxelsayreli faqtorebis zemoqmedebisagan. Rrma degradaciisagan gansxvavebiT, 

koniugaciis dros qsenobiotikebi molekulis ZiriTad struqturas (mag., aromatul birTvs) 

inarCuneben, amitom maTi sruli gauvnebelyofa ar xdeba da toqsikuroba mxolod nawilobriv 

da droebiT aris dakarguli. arsebobs eqsperimentuli monacemebi, rom toqsikantebis Semcveli 

aridan normalur sakveb areze mcenareebis gadatanisas adgili aqvs toqsikantebis naSTebis 

TandaTanobiT mineralizacias.  

cxadia, rom koniugacia ekologiuri TvalsazrisiTac ar warmoadgens toqsikantebis gauv-

nebelyofis saukeTeso saSualebas. toqsikantebis "mSTanTqmeli" mcenareebi maTi matareblebi 

xdebian, vinaidan toqsikantebis umetesi nawili (Cveulebriv 50_70% an ufro metic) mcenareeb-

Si koniugatebis saxiT grovdeba. es aucileblad unda iyos gaTvaliswinebuli fitoremedia-

ciul teqnologiebSi mcenareebis gamoyenebis dros. toqsikuri nivTierebebis koniugatebi gan-

sakuTrebiT saSiSia kvebiT jaWvSi moxvedrisas: Tbilsisxliani organizmebis saWmlis momnele-

beli traqtis fermentebs SeuZliaT koniugatebis hidrolizuri daSla, ris Sedegadac 

gamoTavisufldebian toqsikantebi an maTi nawilobrivi gardaqmnis produqtebi, romlebic 

mTel rig SemTxvevebSi ufro toqsikurebi arian, vidre sawyisi qsenobiotikebi. amitom sasur-
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velia, rom fitoremediaciaSi gamoyenebul mcenareebs gaaCndeT maqsimalurad Zlieri fermen-

tuli sistemebi, romelTa saSualebiTac toqsikantebis Rrma degradacias ganaxorcieleben. 

aseTi mcenareebis seleqcia, an genur-inJineruli meTodebiT maTi Seqmna, uaxlesi fitoreme-

diaciuli teqnologiebis ZiriTad strategias warmoadgens.  

amdenad, koniugaciis dros mimdinare toqsikuri naerTis gauvnebelyofis procesi detoq-

sikacias, anu gauvnebelyofas sulac ar warmoadgens da igi im mizans emsaxureba, rom toqsikuri 

naerTebis metabolitebi mocilebul iqnas ujredis im ubnebidan, sadac sasicocxlod mniSvne-

lovani procesebi mimdinareobs. swored amitom koniugatebi, rogorc wesi, citoplazmaSi ar 

rCeba da III fazaSi isini ujredis garkveul nakveTurebSi gadaitaneba. mcenareebSi ucxo 

organul nivTierebaTa detoqsikaciis erT-erT mTavar process glukozidebis warmoqmna 

warmoadgens, romelic ferment glukoziltransferazas monawileobiT xorcieldeba. 

kofaqtorad am SemTxvevaSi Cveulebriv uridindifosfatglukoza gamoiyeneba. es gza 

cxovelebSi mimdinare detoqsikaciis ZiriTadi gzisagan ramdenadme gansxvavebulia, 

romelTaTvisac upiratesad glukuronidis an eTerificirebuli sulfatis warmoqmnaa 

damaxasiaTebeli. miuxedavad amisa, orive SemTxvevaSi mizani erTia: toqsinis inaqtivacia, 

izolireba da xsnad mdgomareobaSi gadayvana. III faza _ kompartmentalizacia _ umetes SemTxvevaSi toqsikuri naerTebis koniugatebis 

gansazRvrul ujredul nakveTurebSi (kompartmentebSi) dagrovebis saboloo etaps warmo-

adgens. rogorc wesi, ujredSi warmoqmnili sxnadi koniugatebi vakuolebSi akumulirdeba, 

xolo peqtinTan, ligninTan, hemicelulozasTan an sxva polisaqaridebTan bmuli uxsnadi 

koniugatebi ujredidan egzocitozuri procesiT gamodian da ujredis kedelsa da 

ujredSoris sivrceSi _ apoplastSi grovdeba. 
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Tavi 5. qsenobiotikTa detoqsikaciaSi monawile fermentebi  

da fermentuli sistemebi  
ujredSi mimdinare qsenobiotikis detoqsikaciis process, swori iqneba, Tu metabolizms 

vuwodebT, vinaidan is qimiuri reaqciebi, romlebic qsenobiotikebis transformaciisa da 

utilizaciis samive fazis ganmavlobaSi mimdinareobs, fermentul xasiaTs atareben. qseno-

biotikebis aryofnis dros, es fermentebi, Cveulebriv fiziologiur procesebSi monawileoben, 

romlebic tipiuria mcenareul ujredSi nivTierebaTa normaluri cvlisaTvis. 

toqsikuri naerTebis qimiuri modifikaciis sawyis reaqciebSi Semdegi fermentebi 

monawileoben: 

− oqsidazebi, romlebic akatalizeben hidroqsilirebas, demeTilirebas da sxva JangviT reaq-

ciebs (citoqrom P450-Semcveli monooqsigenazebi, peroqsidazebi, fenoloqsidazebi, askor-

batoqsidazebi, katalazebi da a.S.); 

− reduqtazebi, romlebic akatalizeben nitrojgufebis aRdgenas (nitroreduqtazebi); 
− dehalogenazebi, romlebic polihalogenirebuli toqsikuri naerTebidan halogenebis 

atomebis moxleCas axdenen; 

− esTerazebi, romlebic toqsikur naerTebSi eTeruli da esteruli bmebis hidrolizur 

gaxleCas akatalizeben. 

detoqsikaciis meore fazis procesebs _ Sidaujredul naerTebTan toqsikantebis koniu-

gaciis reaqciebs transferazebi (glutaTion S-transferaza, glukuronozil-transferaza, 

glukozil-transferaza da sxv.) akatalizeben. mcenareebSi mesame faza _ koniugatebis kompar-

tmentalizacia ATP-damakavSirebeli kaseturi transportiorebis (e.w. ACT-s) monawileobiT 

mimdinareobs. es fermentebi ZiriTadad vakuolebis tonoplastebzea lokalizebuli da sxvada-

sxva meoreuli metabolitebis vakuolebSi gadatanas emsaxureba. qsenobiotikebis qimiur 

struqturaze damokidebulebiT, toqsikuri naerTebis Sidaujreduli gardaqmnebi III fazis 

Semdegac SeiZleba gagrZeldes da am SemTxvevaSi sxva fermentebsac SeuZliaT miiRon mona-

wileoba. mag., vakuolebSi lokalizebuli glutaTionTan dakavSirebuli koniugatebi pepti-

dazebis zemoqmedebis Sedegad advilad gardaiqmneba cisteinTan dakavSirebul koniugatad. 

toqsikuri nivTierebebis Rrma gardaqmnis mravaletapian procesSi arapirdapir erTveba 

plastikuri, energetikuli da azotovani cvlis sxva mravali fermentic, romlebic mcenareul 

ujreds damatebiTi energiiT da aucilebeli endogenuri naerTebiT amarageben. 

 

 

5.1 funqcionalizaciaSi monawile fermentebi  
5.1.1 citoqrom P450-Semcveli monooqsigenazebi  

citoqrom P450-Semcveli monooqsigenaza (EC 1.14.14.1) endoplazmur membranebze lokali-

zebuli multifermentuli sistemaa, romelic mravlobiTi formebiTaa warmodgenili cxove-

lebSi, mcenareebsa da mikroorganizmebSi. igi organuli arapolaruli qsenobiotikebis 

hidroqsilirebis reaqcias axorcielebs da, amdenad, detoqsikaciis mTliani procesis mimdina-

reobazea pasuxismgebeli. citoqrom P450-Semcveli monooqsigenazebi Sereuli funqciis mqone 

oqsidazebs warmoadgenen, ramdenadac isini molekuluri Jangbadis erTi atomiT substratis 

arapolarul molekulas Jangaven, meore atoms ki wylis molekulamde aRadgenen (nax. 5.1). 

reaqciis Sedegad Jangbadatomi C_H, N_H an S_H bmaSi inergeba da hidroqsilirebul produqts 

warmoqmnis, romelic axladSeZenili funqciuri jgufis xarjze makoniugirebel naerTebs 

ukavSirdeba, an JangviTi degradaciis Semdgom reaqciebSi monawileobs. 
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nax. 5.1.  citoqrom P450-Semcveli monooqsigenazuri sistemis funqcionireba. R _ NAD(P)H-

citoqrom P450-reduqtaza; b5 _ citoqrom b5; P450 _ citoqrom P450; XH _ arapolaruli 

substrati (qsenobiotiki); XOH _ hidroqsilirebuli produqti. 

 

substratis molekulaSi Casanergi Jangbadatomi gaaqtiurebas saWiroebs, risTvisac mono-

oqsigenaza nikotinamiduri kofermentebis _ NADH-isa da NADPH-is aRmdgenel eqvivalentebs 

iyenebs. kofermentebidan eleqtronebis gadatana mikrosomuli NADH- da NADPH-specifikuri 

redoqs-jaWvebiT xorcieldeba, romlebic citoqromebTan _ b5-Tan da P450-Tan erTad erTian 

monooqsigenazur sistemas qmnian. eleqtronebis sawyisi da Sualeduri gadamtanebi iseT re-

doqs-potencialebs floben, rom terminalur komponentze citoqrom P450-ze gadatanisas 

eleqtroni TiTqmis izopotenciur velSi moZraobs, amitom qsenobiotikebis mikrosomuli Jang-

va ATP-s saxiT energiis realizaciasTan araa SeuRlebuli _ aq eleqtronebis energia uSualod 

hidroqsilirebis detoqsikaciur process xmardeba. aqve unda aRiniSnos, rom nikotinamiduri 

kofermentebis eleqtronebi redoqs-jaWvis sawyisi komponentidan _ NADPH-citoqrom P450-

reduqtazidan pirdapir citoqrom P450-zec gadadis da citoqrom b5-is, rogorc eleqtronebis 

Sualeduri gadamtanis monawileoba eleqtronTa transportSi aucilebeli ar aris. es cito-

qromuli mediatori maSinaa saWiro, rodesac monooqsigenazuri sistema eleqtronebs sxva re-

doqs-jaWvebidan, mag., mitoqondriuli eleqtronis satransporto sistemebidan iRebs.   
5.1.1.1 citoqrom P450-reduqtaza (EC 1.6.2.4)  

fermenti endoplazmuri membranis ZiriTadi redoqs-jaWvis sawyisi komponentia (xSirad 

aRniSnaven rogorc FP1-s). misi fiziologiuri roli NADPH-dan citoqrom P450-ze eleqtronTa 

gadatanaSi mdgomareobs, romelTac hemoproteini jer ferment-substratis kompleqsis, xolo 

Semdgom sammagi kompleqsis (fermenti–substrati_O2) Tanmimdevruli aRdgenisaTvis iyenebs. 

reduqtazis aqtivoba ormagdeba fenobarbitaliT da ar icvleba 3-meTilqolantreniT. misi 

sinTezi mikrosomul membranebze arsebul ribosomebSi xorcieldeba da Semdeg membranebze 

gadaitaneba. imyofeba ra membranis gare zedapirze, igi proteazebisadmi advilad misawvdomia. 

trifsini reduqtazas mikrosomuli cilis im nawils acilebs, romelic membranis gareTaa 

gamoSverili. am dros molekulis danarCeni nawilis solubilizeba ar xdeba. trifsiniT solu-

bilizebuli reduqtaza eleqtronuli aqceptorebis aRdgenis unars inarCunebs. homogenur 

mdgomareobamde fermenti SeiZleba gasufTavdes mikrosomuli fraqciis lipazebiT, ionuri da 

araionuri detergentebiT an maTi kombinaciiT damuSavebis gziT. gasufTavebis xarisxi am dros 100-s ar aRemateba. natriumis dodecilsulfatis Tanamyofobisas poliakrilamidis gelSi 

eleqtroforezisas mJRavndeba 79-80 kD molekuluri masis mqone cilis Sesabamisi ZiriTadi 

zoli. proteolizurad miRebuli fermentis molekuluri masa 71 kD-s ar aRemateba. gamoyofis 

xerxi mniSvnelovnad gansazRvravs reduqtazis katalizur maxasiaTeblebsac. mikrosomebidan 

detergentebiT solubilizebul ferments citoqrom P450-is aRdgenis unari aqvs, amitom aseT 
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ferments Cveulebriv iyeneben mahidroqsilirebeli sistemis rekonstruqciis dros, citoqrom P450-isa da fosfolipidis Tanamyofobisas. proteazebiT solubilizebul reduqtazis prepa-

ratebs eleqtronTa mxolod xelovnuri aqceptorebis aRdgena SeuZliaT, magram citoqrom P450-is aRdgenis unari dakarguli aqvT. trifsiniT solubilizebuli reduqtaza citoqrom b5-

s mxolod garemos maRali ionuri Zalis pirobebSi aRadgens, xolo detergentebiT miRebul 

flavoproteins hemoproteinis aRdgena marilTa dabali koncentraciebis drosac SeuZlia. 

reduqtazis im fragmentis specifikuri funqcia, romelic proteolizurad ar solubi-

lizdeba, bolomde garkveuli araa. garemos ionuri Zalis Semcirebisas fermentis xvedriTi 

aqtivobac mcirdeba. natiuri formiT reduqtaza dimers warmoadgens da ori suberTeulisagan 

Sedgeba. gamoyofis meTodis miuxedavad, reduqtaza erT polipeptidur jaWvze TiTo molekula FMN-s da FAD-s Seicavs. rogorc irkveva, orive flavini cilasTan araa kovalenturad dakavSi-

rebuli da amitom fermentisagan maTi moxleCa SeiZleba pH-is daqveiTebiT, an xsnaris maRali 

ionuri Zalisa da dabali temperaturis pirobebSi. reduqtazis molekulis stoqsis radiusi 4 nm-s aRwevs, xolo standartuli redoqs-potenciali _310 mV-is tolia. fermentis aminomJa-

vuri Semadgenlobis analizma aCvena, rom igi ~31%-mde hidrofobul aminomJavur naSTs, 

agreTve cisteinis 6 da triftofanis 1 naSTs Seicavs. Tiolur jgufebs, rogorc Cans, gark-

veuli roli unda gaaCndeT reduqtazisa da NADPH-is urTierTqmedebaSi. daJangul mdgoma-

reobaSi flavoproteinis STanTqmis speqtri xasiaTdeba STanTqmis sami maqsimumiT 277, 380 da 455 nm-ze da erTi mxariT 485 nm-ze. gansazRvrulia maRali sisufTavis fermentis eqstinqciis 

koeficienti 455 nm-ze da igi 10.7 mM-1.sm-1-is tolia. 

citoqrom P450-isagan gansxvavebiT, reduqtaza formaTa mravlobiTobas ar amJRavnebs. igi 

mkacrad specifikuria NADPH-is mimarT da Tanabari siCqariT aRadgens erT- da oreleqtronian 

aqceptorebs: citoqrom c-s, K3[Fe(CN)6]-s, diqlorfenolindofenols da zogierT saRebavs. 

neotetrazoliumis aRdgenis unari izolirebul ferments mxolod fosfatidilqolinis 

damatebis Semdeg uCndeba. sxva fosfolipidebi, kerZod, lecitinis uaxloesi analogi fosfa-

tidileTanolamini am SemTxvevaSi araefeqturia. NADPH-reduqtaza mniSvnelovan Tvisobas 

amJRavnebs citoqrom c-s mimarT, amitom fermentTa nomenklaturaSi igi xangrZlivi periodis 

ganmavlobaSi moixsenieboda rogorc NADPH-citoqrom c-reduqtaza. aqve unda SevniSnoT, rom 

mikrosomebSi citoqrom c-s Semcveloba mizerulia. eleqtronTa bunebrivi aqceptori sadRe-

isod jerac araa dadgenili. sayuradReboa is faqti, rom flavoproteinis Tvisoba citoqrom b5-is mimarT izrdeba da garemos ionuri Zalis gaormagebisas citoqrom c-s mimarT swrafvas 

utoldeba. 

aerobul pirobebSi NADPH-specifikur redoqs-jaWvSi eleqtronTa gadatanisas flavinis 

orive formis (FADH-isa da FADH2-is) erTdrouli aRdgena xdeba da maT Soris dinamikuri 

wonasworoba myardeba (nax. 5.2).  

NADPH
NADP

2FAD
2FADH

2FADH2
aRdgenili aqceptori

daJanguli aqceptori

NADPH
NADP

+

 

nax. 5.2. FAD-is aRdgenis reaqciis meqanizmi. 

 

aq centraluri problema NADPH-dan citoqrom P450-ze eleqtronebis gadatanaSi 

mdgomareobs. piridinnukleotidebi ori eleqtronis donorebs warmoadgenen, magram erTi 
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hemis Semcvel citoqrom P450-s mxolod erTi eleqtronis miReba SeuZlia. amdenad, cila, 

romelic NADPH-dan citoqrom P450-ze eleqtronTa gadatanas emsaxureba, erTdroulad unda 

flobdes ori eleqtronis aqceptorisa da erTi eleqtronis donoris Tvisebebs. es problema 

gadaWrilia NADPH-flavoproteinuli reduqtaziT. igi erTaderTi cnobili fermentia, rome-

lic kofaqtorebad erTdroulad Seicavs rogorc FAD-s, aseve FMN-s. reduqtaza NADPH-dan 

myisierad or eleqtrons Rebulobs, magram maT individualurad gadascems an rkina-gogir-

dovan cilas (mitoqondriaSi), an pirdapir citoqrom P450-s (mikrosomaSi), radgan am SemTx-

vevaSi eleqtronTa transportSi rkina-gogirdovani cilebis monawileoba azrs kargavs. FAD da FMN kofermentebi vitamin riboflavinis warmoebulebia da izoaloqsazinis birTvs 

Seicaven. maTi qimiuri buneba zustad Seesatyviseba zeviT ganxiluli procesis specifikas.  

roca srulad daJanguli flavinnukleotidi mxolod erT eleqtrons (wyalbadis erT atoms) 

ierTebs, warmoiqmneba izoaloqsazinis birTvis naxevrad aRdgenili (semiqinonuri) forma.  

maSasadame, igi SeiZleba imyofebodes daJangul, an erTi- da ori eleqtroniT aRdgenil  

mdgomareobebSi (nax. 5.3). 

C NHCN
N
NCH3CH3 O

OR
H

e + H+_ e + H+_C NHCN
N
NCH3CH3 O

OR

C NHCN
N
NCH3CH3 O

OR
H

H
_.

(daJanguli) (semiqinoni)

(aRdgenili)

FAD an FMN FAD an FMN 

FADH2 an FMNH2 

. .

 
nax. 5.3. FMN-isa da FAD-is izoaloqsazinis birTvi daJangul, semiqinonur (1 eleqtroniT aRd-

genil) an srulad (2 eleqtroniT) aRdgenil mdgomareobebSi. 

 

aRniSnuli garemoeba imas ganapirobebs, rom flavoproteinebis es klasi ufro mravalfe-

rovan reaqciebs akatalizebs, vidre piridinnukleotiduri dehidrogenazebi. 

reduqtazis molekulaSi FAD muSaobs, rogorc eleqtronebis „Sesasvleli“ kari, romelTac 

igi NADPH-idan iRebs. FMN „gamosasvlelia“, saidanac eleqtronebi individualurad (Tanmim-

devrulad, magram ara erTdroulad) gadaicema citoqrom P450-ze. amgvarad, ferments SeuZlia 

miiRos eleqtronebi NADPH-idan da isini „Seinaxos“ flavinis or kofaqtors Soris, vidre maT 

hemoproteins ar gadascems. 

citoqrom P450-ze meore eleqtroni SeiZleba gadatanil iqnas aramarto NADPH-reduq-

taziT, aramed citoqrom b5-iTac, romelic, Tavis mxriv, aRniSnuli reduqtaziT an mikroso-

masTan dakavSirebuli sxva flavoproteiniT _ NADPH-citoqrom b5-reduqtaziT aRdgeba. cito-

rom P450-is garda, NADPH-reduqtazas SeuZlia citoqrom b5-is dakavSireba da misi aRdgena. da-

kavSireba SeiZleba ganxorcieldes eleqtrostatikuri da hidrofobuli urTierTqmedebiT. NADPH-reduqtazisa da citoqrom b5-is monawileoba monooqsigenazur reaqciebSi sadReisod 

aRiarebuli faqtia. am SemTxvevaSi kvlav gansjis sagnad rCeba sakiTxi imis Sesaxeb, Tu ratom 

saWiroeben citoqrom b5-s specifikuri citoqrom P450-ebis mier katalizebuli reaqciebi. 
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flavinis naxevrad aRdgenil formas citoqrom c-sa da eleqtronTa sxva aqceptorebis aRd-

genis unari ar gaaCnia. am reaqciaSi aqtiur aRmdgenels mxolod FADH2 warmoadgens. meqanizmi, 

romliTac flavinebs Soris eleqtronTa Sidamolekuluri gacvla xdeba, sadReisod sakmaod 

detaluradaa Seswavlili. samagierod, kvlav bundovania reduqtaziT citoqrom P450-is aRdge-

nis meqanizmis buneba. 

reaqciis steqiometriis Seswavlam gamoavlina, rom 1 moli NADPH aRadgens 2 mol citoqrom c-s. reaqciis produqts NADP-s garda, FAD-ic warmoadgens. amdenad, substratis daJangvisa da 

aqceptoris aRdgenis procesSi flavini naxevrad aRdgenilidan srulad aRdgenil formaSi 

ciklur gadasvlebs ganicdis. reduqtazis sruli aRdgenis reaqciis Tanmimdevroba aseTia:  NADPHFAD_FMN FADH2_FMN FADH_FMNHFAD_FMNH2 NADPH FADH2_FMNH2
. . .

 
citoqrom P450-ze eleqtronebis gadatana FMNH2 →⋅FMNH-is katalizuri cikliT  

mimdinareobs. 

reduqtazis funqcionirebis Sesaxeb arsebobs gansxvavebuli monacemebic, romelTa Tanax-

adac fermentis molekula erT polipeptidur jaWvze (69 kD molekuluri masiT) 2 mol flavins 

Seicavs. aerobul pirobebSi NADPH-iT aRdgenisas flavinis erTi molekula gadadis semiqino-

nis stabilur neitralur formaSi da erT radikals Seicavs. flavoproteinis aRdgena oTx er-

Teleqtronian stadias moicavs da srulad aRdgenil ferments citoqrom P450-Tan uSualo 

urTierTqmedeba SeuZlia. 

miuxedavad imisa, rom gasufTavebuli flavoproteini JangbadTan Zalian nela reagirebs, 

membranaSi igi mniSvnelovani TviTdaJangvis unariT gamoirCeva da amitom sruli monooqsi-

genazuri sistemis muSaobisas masze adgili aqvs H2O2-is generirebas. maRali ionuri Zalis mqone 

garemoSi NADPH-specifikuri flavoproteinis, citoqrom b5-isa da Fe2+–EDTA-s kompleqsisagan 
advilad rekonstruirdeba NADPH-oqsidazuri sistema. naCvenebia am sistemis monawileobis Se-

saZlebloba azoreduqtazul reaqciebSi. garda amisa, gasufTavebul ferments SeuZlia azosa-

Rebavebis, kerZod, dimeTilaminoazobenzolis aRdgena. reaqciis kinetika da inhibitorebisadmi 

mgrZnobiaroba NADPH-citoqrom P450-reduqtazuli reaqciis adekvaturia. 

flavoproteini uSualo monawileobas unda Rebulobdes cximovan mJavaTa fermentul ze-

Jangur Jangvasa da meTilCanacvlebuli mesameuli iminebis azotis atomTa JangvaSi. arsebuli 

faqtebis analizis Sedegad Camoyalibebulia Sexeduleba, romlis Tanaxmadac NADPH-reduq-

taza mahidroqsilirebel sistemaSi Tavisi ZiriTadi funqciis _ eleqtronTa gadatanis garda, 

zogierT sxva oqsigenazur da reduqtazul reaqciebsac akatalizebs. NADPH-dan citoqrom P450-ze eleqtronebis transportisas ori cilis funqciur ur-

TierTqmedebas gansazRvravs aramxolod erTmaneTTan dakavSirebuli prosteTuli jgufebis 

fizikur-qimiuri Tvisebebi, aramed makromolekulebis konformaciuli mdgomareoba da TviT 

dakavSirebis tipic. rogorc dadginda, es parametrebi Tavis mxriv mesame komponents _ membra-

nul fosfolipidebs saWiroeben, romelTanac flavoproteini da hemoproteini funqciur 

klasters qmnian.  

 

5.1.1.2 NADH-citoqrom b5-reduqtaza (EC 1.6.2.2) 

endoplazmuri membranis eleqtronis satransporto meore sistema warmodgenilia NADH-

damokidebuli citoqrom b5-reduqtaziTa da citoqrom b5-iT. orive cila amfifiluri bune-

bisaa. aqve SevniSnavT, rom eleqtronTa gadatanis es gza ujredis yvelaze naklebad Seswavlil 

fermentul sistemas warmoadgens. arsebuli mravali hipoTezisa da varaudebis miuxedavad, misi 

WeSmariti funqciuri roli bolomde kvlavac Seucnobelia. 



146  

reduqtaza (xSirad aRniSnaven rogorc FP2-s) sufTa saxiT pirvelad gamoyofil iqna strit-

materisa da velikis mier 1957 wels. igi 1 mol apofermentze 1 mol FAD-s Seicavs. molekuluri 

masa damokidebulia solubilizaciis pirobebze da 38–41 kD-s Seadgens. masSi araa gamovlenili 

rkinis, an sxva romelime cvalebad valentiani metalis ionis arseboba. koferment–cilis 

urTierTqmedebas, rogorc irkveva, ganapirobebs Tirozinis naSTi, ramdenadac erTi fenilis 

jgufis iodireba am urTierTqmedebas absoluturad ablokirebs. safiqrebelia, rom apofer-

mentTan FAD-is SekavSirebaSi sulfhidriluri jgufebi ar monawileoben. p-qlormerku-

ribenzoatiT (sulfhidriluri SxamiT) an mersaliliT maTi blokireba flavinis mierTebaze ar 

moqmedebs. amave dros, samidan erT-erTi Tavisufali SH-jgufi gansazRvravs cilasTan NADH-is 

dakavSirebas. NADH–flavoproteinis kompleqsi apofermentis SH-jgufs icavs p-qlormerkuri-

benzoatisa da N-eTilmaleimidis moqmedebisagan. nikotinamiduri kofermentis aRdgenili 

forma aporeduqtazas gacilebiT mtkiced ukavSirdeba, vidre daJanguli forma. kompleqsis 

warmoqmnaSi monawileobs NADH-is fosforibozuli naSTi. steqiometria iTvaliswinebs fermen-

tis 1 molze NADH-is 1 mols. FAD-is aRdgena stereospecifikurad xorcieldeba wyalbadis pirdapiri gadataniT piridi-

nuli birTvis 4A-mdgomareobidan flavinze. eleqtronul aqceptorad fericianidis gamoyene-

bisas swored C_H-kavSiris gaxleCa warmoadgens reaqciis siCqaris malimitirebel stadias. 

Setutianebisas fermentis inaqtivacias Tan axlavs polipeptiduri jaWvis gafaSareba da 

triftofanis naSTisa da flavinis gadasvla membranis polarul fazaSi. cvlilebebs ganicdian 

cisteinisa da Tirozinis naSTebic, magram daSlas mxolod NADH-is damkavSirebeli centri 

ganicdis. 

ferments uaRresad dabali molekuluri aqtivoba gaaCnia Jangbadisa da citoqrom c-s, rog-

orc eleqtronuli aqceptorebis, da NADPH-is, rogorc eleqtronuli donoris mimarT. samagi-

erod, citoqrom b5-isa da K3[Fe(CN)6]-is mimarT misi molekuluri aqtivoba Zalian maRalia. 

gasufTavebul ferments neotetrazoliumis aRdgena ar SeuZlia, magram citoqrom b5-is 

damatebisas Cndeba NADH–neotetrazolium–reduqtazuli aqtivoba. citoqrom b5-is gavleniT 

diqlorfenolindofenolis aRdgenis siCqare ormagdeba, amitom mikrosomebSi NADH–diqlor-

fenolindifenol–reduqtazuli aqtivobis mxolod 50%-s akuTvneben flavoproteins. 

eleqtronebis aqceptorad O2-is gamoyenebisas flavoproteiniT NADH-is daJangvis siCqare 

Zalian dabalia da fericianidis Tanamyofobisas Jangvis siCqaris 0.01%-s utoldeba. umniSv-

neloa fermentiT NADPH-is daJangvis siCqarec fericianidisa da Jangbadis Tanamyofobisas 

(0.03%). arsebuli monacemebis safuZvelze SeiZleba gakeTdes daskvna, rom citoqrom b5-Tan da 

fericianidTan flavoproteinis urTierTqmedebis siCqare maRalia, JangbadTan ki Zlier susti, 

anu ferments ar aqvs TviTdaJangvis unari. eleqtronuli donorebis _ NADPH-isa da NADH-is 

mimarT flavoproteinis Tvisoba imdenad gansxvavebulia (molekulur aqtivobaTa Soris sxvao-

ba 3-4 rigisaa), rom fermenti NADH-isadmi absoluturad specifikurad SeiZleba CaiTvalos. NADH-citoqrom b5-reduqtazuli reaqciis meqanizmze SegviZlia vTqvaT Semdegi: citoqrom b5-is aRdgena erTeleqtroniani gadataniT xorcieldeba. Tavdapirvelad xdeba fermentisa da NADH-is kompleqsis formireba. reduqtazis piridinuli birTvi urTierTqmedebs apofermentis SH-jgufTan, xolo adenozindifosforibozis fosfati garkveul eleqtrofilur jgufs ukav-

Sirdeba. procesi Zalian swrafia da mTliani reaqciis siCqaris limitireba ar SeuZlia. mom-

devno stadiaze xdeba C_H bmis daSla da piridinuli birTvidan flavinze wyalbadatomis gada-

tana. es reaqcia gacilebiT nela mimdinareobs da mTeli procesis siCqaris limitireba SeuZlia. 

am mosazrebas isic adasturebs, rom NADH-is substratad gamoyenebisas reaqciis siCqaris kons-

tanta (68 moli.wm-1) korelaciaSia am piridinnukleotidis daJangvis jamuri reaqciis siCqar-

esTan (68.6 moli.wm-1). yvelaze sustadaa Seswavlili flavoproteinidan citoqrom b5-ze eleqt-
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ronis gadatanis stadia, maSin rodesac swored mas Tvlian NADH-citoqrom b5-reduqtazuli 

reaqciis siCqaremalimitirebel stadiad. membranis fosfolipidi urTierTqmedebas aadvilebs 

da reaqciis swraf msvlelobas uzrunvelyofs. NADH–fericianid–reduqtazul aqtivobaze 

fosfolipidi gavlenas ar axdens. 

triton X-100-iT damuSavebuli RviZlis mikrosomebidan gamoyofili reduqtaza tipiuri 

amfifiluri cilaa (43 kD molekuluri masiT) da 381 aminomJavur naSTs (detergentul fragm-

ents) Seicavs. proteazuli (katefsinazuri) damuSavebis Semdeg ferments 33 kD molekuluri 

masa aqvs da 292 aminomJavuri naSTiTaa warmodgenili. detergentul fermentSi arapolaruli 

aminomJavebis Semcveloba gacilebiT metia, vidre proteazulSi. detergentuli fermentis 

qimotrifsiniT damuSaveba 10 kD molekuluri masis mqone polipeptidis mocilebas iwvevs, 

romelic upiratesad hidrofobul aminomJavebs Seicavs. detergentuli fermenti wyalxsnarSi 

warmoqmnis 600 kD molekuluri masis agregatebs. NADH-isa da citoqrom b5-isadmi orive 

fermentis swrafva erTnairia (detergentuli da proteazuli fermentisadmi NADH-is SemTxve-

vaSi KM Sesabamisad aris 6.0 µM da 2.5 µM, xolo citoqrom b5-isaTvis _ KM Sesabamisad 45 µM-s da 10 µM-s Seadgens). miRebuli monacemebis safuZvelze SeiZleba imis mtkiceba, rom katalizurad 

aqtiur centrs molekulis hidrofobuli nawili Seicavs. swored aseTi saxiT iyo fermenti 

gamoyofili mikrosomidan proteazuli solubilizebiT. fermentis mTliani molekula amfifi-

luri cilaa, romlis arapolaruli nawili mxolod 25%-ia. am mdgomareobaSi fermenti amJRav-

nebs membranaSi CaSenebis gasaocar unars, kerZod, igi 100-jer aRemateba mis endogenur 

Semcvelobas. membranaSi CaSenebuli reduqtaza funqciurad aqtiuria da mtkiced ukavSirdeba 

mas hidrofobuli urTierTqmedebis ZalebiT. amave dros ferments membranis sibrtyeSi advil-

ad difundirebisa da citoqrom b5-is ramdenime molekulasTan dakavSirebis unari aqvs. xsnarsa 

da membranaSi reduqtazisa da citoqrom b5-is urTierTqmedebis erTnairi kinetika saSualebas 

gvaZlevs gavakeToT daskvna, rom membranaSi ar arsebobs flavoproteinisa da citoqrom b5-is 

specialuri kompleqsi. NADH-damokidebuli redoqs-jaWvis muSaoba mikrosomis Txevad fazaSi 

gadamtanTa SemTxveviT Sejaxebebs unda emyarebodes. 

dasasruls aRvniSnavT, rom gamoyofilia mocemuli flavoproteinis polimeruli forma 

molekuluri masiT 200–400 kD. dodecilsulfatis moqmedebiT es polimeri 35–39 kD moleku-

luri masis mqone suberTeulebad iSleba. reduqtazis monomeruli formisagan gansxvavebiT, 

polimeri citoqrom b5-is mimarT ufro moWarbebul Tvisobas amJRavnebs, vidre fericianidis 

mimarT, anu monomerTan SedarebiT reduqtazis polimeruli forma ufro „fiziologiuria“. 

  
5.1.1.3 citoqromi b5  

mikrosomul membranebSi arsebuli b-tipis citoqromuli cilebi sadReisod safuZv-

lianadaa Seswavlili. isini farTod arian gavrcelebuli sruliad gansxvavebul obieqtebSi. am 

jgufis warmomadgeneli citoqrom b5 identificirebulia RviZlisa da tvinis qsovilebSi, 

cximovan qsovilebSi, umaRles da umdables mcenareTa organoebSi, mikroorganizmebSi, 

anaerobulad mzard safuvrebSi da sxv. igi napovnia RviZlis ujredebis yvela membranaSi, 

mitoqondriis Sida membranis garda. citoqrom b5 mtkiced ukavSirdeba ujredis organelebs da 

amitom xsnadi formiT misi miReba mxolod fermentuli hidrolizis Sedegadaa SesaZlebeli. am 

SemTxvevaSi miRebuli hemoproteini ki cxadia, sruliadac ar Seesabameba natiuri cilis 

struqturas. 

mocemuli citoqromi gamoyofilia monomeris saxiT, romelsac 11–13 kD molekuluri masa 

gaaCnia. misi molekula 1 mol apofermentze 1 mol rkina–protoporfirin IX-s Seicavs. 

citoqrom b5 amfifaturi cilaa, romelSic hidrofobuli ubnis sidide ufro metia (mTeli 
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molekulis 25%), vidre flavoproteinSi. hidrofobuli nawili, romelic mTliani hemopro-

teinis ~35%-s Seadgens, membranaSia CaZiruli da gareT myofi cilis didi nawilisaTvis, NADPH-

citoqrom P450-reduqtazis msgavsad, damWeri „Ruzis“ rols asrulebs. daJanguli formiT 

hemoproteini kargad gamosaxul STanTqmis maqsimums 413 nm-ze avlens, xolo aRdgenili forma 

aseve kargad gamosaxul STanTqmis maqsimums 424, 525 da 556 nm-ebze amJRavnebs. 

gasufTavebuli hemoproteini aRdgeba diTionitiT, cisteiniT, askorbatiT da fermen-

tulad, NADH-citoqrom b5-reduqtaziT. igi iJangeba citoqrom c-Ti, FeCl2-iT da saTanado 

redoqs-potencialis mqone saRebavebiT. JangbadiT igi Zalian nela iJangeba. naxSirbadis 

monooqsidTan, azidTan da cianidTan es hemoproteini ar reagirebs, xolo mJavebisa da tute-

ebis zemoqmedebisadmi sakmaod mdgradia. naxSirbadis monooqsidi da cianidi, rogorc ligan-

debi, cila–hematohemis kompleqsSi rkinas koordinaciulad ukavSirdeba. miuxedavad imisa, rom 

es procesi rkinasTan koordinirebuli cilis jgufebis CanacvlebiT mTavrdeba, cianidSemcvel 

sistemas NADH-citoqrom b5-reduqtazasTan reagirebis unari mainc SenarCunebuli aqvs. 

membranaSi citoqrom b5-is aRdgenis pirobebis Seswavlam aCvena eleqtronTa gadatanis NADH-specifikuri sistemis komponentTa araklasteruli organizacia. rogorc irkveva, am re-

doqs-jaWvSi komponentebis urTierTqmedeba membranaSi maTi difuziuri ZvradobiTaa 

ganpirobebuli. 

citoqrom b5-is gasufTavebuli preparatebi pH 7.0-ze da 20°C-ze, upiratesad dabalspinuri 

kompleqsebis saxiT arsebobs. eleqtronul-paramagnituri rezonansis meTodiT preparatSi 

napovnia maRalspinuri kompleqsis minarevic, xolo pH 11.0-ze STanTqmis speqtrebi ZiriTadad 

maRalspinuri kompleqsebis Semcvelobas aCvenebs. 

sabolood dazustebulia citoqrom b5-is redoqs-potenciali. xangrZlivi drois manZilze 

iTvleboda, rom es sidide izolirebuli citoqromisaTvis pH 7.0-ze da 25°C-ze +20 mV-s Seesa-

bameboda. membranaSi CaSenebis Semdeg ki es mniSvneloba _30 mV-mde SeiZleboda daqveiTeuliyo. 

SemdgomSi Catarebulma gazomvebma sarwmunod aCvenes, rom orive SemTxvevaSi hemoproteinis 

redoqs-potenciali erTnairia da +25 mV-is tolia. maSasadame, citoqrom b5-is membranaSi 

CaSenebas misi molekuluri Tvisebebis iseTi Zlieri cvlilebebi ar axlavs, rasac misi redoqs-

potencialisa da TviTJangvis siCqaris Secvla SeuZlia. membranaSi citoqrom b5-is aRdgenis 

reaqciis limitirebas flavoproteinTan misi urTierTqmedebis siCqare unda axdendes. 

citoqrom b5-is molekulaSi erTi hemis jgufia, xolo prosteTul jgufs protohemi war-

moadgens, romelic porfirinis gverdiTi jaWviT araa cilasTan kovalenturad dakavSirebuli. 

SemJavebuli wyliani acetoniT damuSavebis Semdeg cilidan protohemis mocilebiT darCenil 

apocitoqrom b5-s sxva metaloporfirinebTan dakavSireba SeuZlia. meore mxriv, porfirinebi 

(metalis gareSe), an metaloporfirinebi, romlebSic metalis koordinaciuli ricxvi eqvsze 

naklebia, apocitoqrom b5-s sustad ukavSirdebian. yvela rekonstruirebuli cila–rkina-

porfirinis kompleqsi aRdgenas ganicdis NADH-citoqrom b5-reduqtazuli sistemiT. kobalt- 

da manganumporfirinis kompleqsebi eleqtronTa gadatanis reaqciebis konkurentuli inhibi-

torebi aRmoCnda. 

prosteTul jgufTan cilis urTierTqmedeba citoqrom b5-is mTliani stuqturis stabili-

zebas iwvevs. amasTan, dadginda, rom Sardovanas, pH-is dabali mniSvnelobebisa da trifsinis 

zemoqmedebis mimarT metaloporfirinis ciluri kompleqsebi apocitoqromTan SedarebiT nak-

leb mgrZnobiarea. 

detaluradaa Seswavlili citoqrom b5-is meoreuli da mesameuli struqturebi. protea-

zuli damuSavebis Sedegad gamoyofili citoqrom b5 erT polipeptidur jaWvze Tirozinis sam 

da triftofanis erT naSTs Seicavs. mis SedgenilobaSi ar aRmoCnda gogirdSemcveli aminomJa-

vebi. cnobilia, rom hemis rkina apofermentTan dakavSirebulia histidinis ori imidazoluri 

jgufiT. apofermentis nukleofiluri jgufebi da lizinis ε-aminojgufi hemis apofermentTan 
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dakavSirebaSi ar monawileobs. hemis rkinis liganduri urTierTqmedeba apofermentTan Zlier 

waagavs amgvar urTierTqmedebas mioglobinis molekulaSi, Tumca am cilaTa funqciebi erTma-

neTisagan mkveTrad gansxvavdeba. sxvadasxva fizikuri meTodebis (kristalografiuli rentge-

nostruqturuli analizis, cirkularuli diqroizmisa da optikuri brunvis dispersiis) ga-

moyenebam SesaZlebeli gaxada mocemuli hemoproteinis sivrcobrivi konformaciis srulad re-

konstruqcia 0.28 nm-is sizustiT. naCvenebi iqna, rom molekulaSi arsebobs polipeptiduri 

jaWvebis meoreuli struqturisaTvis damaxasiaTebeli yvela tipi: ~18% spiraluri, 42% β-

mwyobri struqtura da 40% mouwesrigebeli polipeptiduri jaWvebi. citoqrom b5-is molekula 

elifsoiduria 2.5×2.5×3.2 nm zomebiT. hemi mTlianad molekulis hidrofobuli sivrcis SigniT 

imyofeba da mxolod propionmJavas naSTi gamodis apofermentis zedapirze. protohemis ci-

lasTan pH-damokidebuli urTierTqmedebis gamokvleviT SesaZlebeli gaxda dadgeniliyo, rom 

histidinis sul mcire, erTi naSTi mainc rkinasTanaa koordinirebuli. es mosazreba miRebul 

iqna cilis damuSavebiT diazotirebuli sulfanilis mJavaTi. am dros imidazolis erTi jgufi 

modifikacias ganicdis da amis Sedegad apocitoqrom b5 hemTan dakavSirebis unars kargavs. 

garda amisa, dadgenil iqna, rom: 

1. arc TioeTeruli da arc Tioluri jgufebi rkinasTan urTierTqmedebaSi ar Sedis im ubra-

lo mizezis gamo, rom citoqrom b5-is SemadgenlobaSi araa meTionini da cisteini;  

2. koordinaciaSi ar monawileobs lizinis ε-aminojgufebic, ramdenadac acetilireba gavle-

nas ar axdens rkinasTan cilis dakavSirebis unarze;  

3. SesaZlebelia Tirozinis yvela naSTis iodizireba. miuxedavad amisa, es gavlenas ar axdens 

cilasTan prosteTuli jgufis dakavSirebis unarze. 

lizinis rva naSTisa da cilis α-aminojgufebis suqcinireba, iseve rogorc am jgufebis 

acetilireba, molekulis speqtrul da fermentul Tvisebebze gavlenas ar axdens. imisagan 

damoukideblad, rom aseTi damuSavebis Semdeg pH 7-ze dadebiTi muxti uaryofiTiT icvleba, 

modificirebuli apocitoqrom b5 protohemTan mainc rekombinirdeba da hemoproteinis 

Tvisebebis mqone produqti warmoiqmneba. gansxvavebuli Sedegebi iqna miRebuli apocitoqrom b5-is pikrinis mJavaTi damuSavebisas. yvela aminojgufis trinitrofenilirebiT miiReba prepa-

rati, romelic protohems sustad ukavSirdeba da aseT modificirebul kompleqss NADH-

citoqrom b5-reduqtazasTan reaqciaSi Sesvla aRar SeuZlia. sainteresoa is gansxvavebebi, 

romelsac citoqrom b5 amJRavnebs qimiuri da fermentuli zemoqmedebis mimarT. mag., miuxe-

davad imisa, rom SedarebiT advilad mimdinareobs lizinis aminojgufis modifikacia, cila 

sakmaod mdgradia trifsinis zemoqmedebis mimarT. 

RviZlidan gamoyofili hemoproteinis preparatis kvlevam ori citoqrom b5-is Semcveloba 

aCvena, romlebic erTmaneTisagan eleqtroforezuli da DEAE-celulozaze qromatografiuli 

ZvradobiT gansxvavdebian. mesame citoqrom b5, romelic pirveli orisagan gamoirCeva, 

mitoqondriis gare membranidanaa gamoyofili. sadReisod mitoqondriaSi identificirebulia 

citoqrom b5-is sami forma, romlebic erTmaneTisagan membranul struqturebTan kavSiris 

simtkiciTa da imunologiuri TvisebebiT gansxvavdebian. warmoadgenen Tu ara gamoyofili 

citoqrom b5-is preparatebi proteazuli hidrolizis produqtebs, an mJRavndeba Tu ara maTi 

heterogenuroba, jerjerobiT kvlavac daudgenelia. am mimarTulebiT sayuradRebo kvleva 

Caateres iaponelma specialistebma itom da satom. maT pirvelebma aCvenes, rom citoqrom b5-s 

Tu detergentuli solubilizebiT gamovyofT da ara proteazulad, maSin miiReba monomeri, 

romelsac Cveulebriv hemoproteinze orjer meti (24–26 kD) molekuluri masa eqneba. es 

monomeri Zlier hidrofobulia da polimerizaciis mimarT maRali swrafva aqvs, risi Tavidan 

acilebac 4.5 molarobis SardovaniT SeiZleba. aRniSnul avtorTa Tanaxmad, proteazuli 

damuSavebiT solubilizebas ganicdis citoqrom b5-is mxolod fermentulad aqtiuri nawili. 

molekulis meore, hidrofobuli nawili ki membranaSi rCeba da cila-lipidur kompleqsTan 
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mTliani molekulis dakavSirebazea pasuxismgebeli. amis sapirispirod, detergents membrani-

dan hemoproteini srulad gamoaqvs. 

sakiTxi amJamad im warmodgenebis sasargeblod wydeba, romlis Tanaxmadac proteazulad an 

lipazurad miRebuli 11–13 kD molekuluri masis mqone citoqromi mTliani molekulis fermen-

tulad aqtiur fragments warmoadgens. amdenad, RviZlis mikrosomebSi orgvari citoqrom b5-is 

arseboba da misi heterogenuloba nakleb sarwmuno xdeba. 

membranaSi citoqrom b5-is damatebiTi raodenobiT CaSenebisas misi aRdgenis siCqare ki ar 

mcirdeba, aramed izrdeba. am faqtis axsna SeiZleba, Tu davuSvebT, rom CaSenebis Sedegad 

citoqromis molekulebs Soris manZili imaze ufro mokldeba, rac urTierTSejaxebebisa da 

eleqtronebis gadasacemadaa aucilebeli. pronaziT damuSavebis Semdeg citoqrom b5 srulad 

scildeba membranas da amis Sedegad misi aRdgenis siCqare mkveTrad qveiTdeba. rogorc Cans, es 

imis mizezia, rom flavoproteinis „ganzaveba“ da molekulaTaSorisi manZilebis gazrda xdeba. NADH-redoqs-jaWvs Tu membranaSi gadamtanTa SemTxveviTi dajaxebebis principiT momuSave 

sistemad ganvixilavT, es midgoma eqsperimentulad damajereblad dasabuTdeba.    
5.1.1.4 citoqrom P450 aRnagoba da Tvisebebi  

citoqrom P450 hemSemcveli proteinebis ojaxs miekuTvneba. mas ZuZumwovarTa yvela tipis 

ujredi Seicavs momwifebuli eriTrocitebisa da ConCxis kunTebis garda. igi farTodaa gavr-

celebuli mcenareul da mikrobul samyaroSi; gvxvdeba prokariotebSic. fermenti akatalizebs 

sxvadasxva struqturis mqone komponentebis Jangvas. substratebs warmoadgenen rogorc endo-

genurad sinTezirebuli naerTebi (sterolebi, cximovani mJavebi, prostaglandinebi, leiko-

trienebi da sxv.), aseve qsenobiotikebi. mcenarisa da mikroorganizmebis citoqrom P450-is mier 

organul qsenobiotikTa Jangvis unars sul ufro xSirad iyeneben garemos remediaciuli 

miznebisaTvis. 

natiuri formiT citoqrom P450-is membranidan solubilizacia xangrZlivi periodis 

ganmavlobaSi ver xerxdeboda. amis mizezi misi uaRresad maRali labilurobaa, ris gamoc igi 

advilad gardaiqmneba (ganicdis konversias) araaqtiur citoqrom P420-ad. konversia mxolod 

solubilizaciisas ar SeiniSneba. mas adgili aqvs membranaze neitralur marilTa maRali 

koncentraciebiT, trifsiniT, lipolecitiniT, p-qlormerkuribenzoatiT, organul gamxsnele-

biTa da sxva naerTebiT zemoqmedebisas. arc erTi maTgani membranidan fermentis solubi-

lizacias ar iwvevs. fermentis monomeris molekuluri masa pH 9.5-ze ~150 kD-s Seadgens. 

aerobul pirobebSi orive citoqromi diTionitiT srulad aRdgeba. gacilebiT naklebi 

xarisxiT aRdgena SeiniSneba NADPH-iT da TiTqmis ar aRadgens NADH. rogorc aerobul, aseve 

anaerobul pirobebSi aseve araefeqturia askorbati. 

diTionitiT aRdgenis Semdeg citoqrom P450-s ori eleqtronis miReba SeuZlia, rac imaze 

miuTiTebs, rom hemoproteinSi hemuri rkinis garda, eleqtronis kidev erTi aqceptori 

arsebobs. 

eleqtronis satransporto sistemebSi citoqrom P450-is formebi terminaluri aqceptoris 

rols asruleben. es sistemebi ZiriTadad endoplazmur da mitoqondriul membranebSia. iseve, 

rogorc yvela sxva citoqromi, P450-ic rkina-porfirinis prosteTul jgufs Seicavs da amiT 

igi hemoglobinisa da mioglobinis msgavsia. porfirinis birTvs Seicavs aramarto hemSemcveli 

fermentebi, aramed mwvane mcenareTa qlorofilebic. igi tetrapiroluri naerTis _ porfi-

rinis sawyisi warmoebulia. gansakuTrebiT farTodaa gavrcelebuli protoporfirinebi. maTi 

molekulebi Sedgeba oTxi meTilis, ori vinilis jgufebisagan da propionmJavas naSTisagan. 

ramdenadac protoporfirinebi sami gansxvavebuli saxis Canacvlebuls Seicavs, maT SeuZliaT 

TxuTmeti izomeruli formiT arseboba, gverdiTi jaWvis rva SesaZlo mdgomareobaSi 
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Canacvlebulebis ganlagebis rigisagan damokidebulebiT. am izomerebidan sayuradReboa 

protoporfirin IX, romelsac citoqrom P450 Seicavs. mogvyavs porfirinis, protoporfirin IX-isa da prosteTuli jgufis struqturuli formulebi. 
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CH3
NN

CH2CH2OOC
N N

CH2CH2 COO

FeCHO
citoqromebis prosteTuli jgufi (hemi-A)

 

protoporfirini „oTxbirTvian“ kompleqsebs warmoqmnis rkinis, magniumis, TuTiis, kobal-

tisa da spilenZis ionebTan. protoporfirinis xelatur kompleqss Fe(II)-Tan protohemi, anu 

ubralod hemi ewodeba. analogiuri kompleqsi Fe(III)-Tan heminis, anu hematinis saxelwodebas 

atarebs. hemSi porfirinis oTxi liganduri jgufi rkinasTan warmoqmnis kompleqss, romelsac 

brtyeli aRnagoba aqvs, xolo rkinis mexuTe da meeqvse koordinaciuli kavSiri porfirinis 

birTvis sibrtyis perpendikularulia. mioglobinSi da hemoglobinSi mexuTe mdgomareoba 

dakavebulia histidinis imidazoluri jgufiT, xolo meeqvse Caunacvlebeli rCeba an Jangba-

diTaa dakavebuli. yvela cnobili citoqromis hemis rkina dakavSirebulia porfirinis birTvis 

pirolis oTx azotis atomTan. mexuTe aqsialuri (perpendikularul mdgomareobaSi myofi) li-

gandi masTan cisteinis naSTis merkaptiduli jgufiT kavSirdeba, xolo meeqvse SeiZleba sxva 

ligandiT (mag., JangbadiT, naxSirbadis monooqsidiT, cianidiT da a.S.) iyos Canacvlebuli. 

bunebrivia, hemoproteinebis koordinaciuli kompleqsis fizikuri maxasiaTeblebi damokide-

buli unda iyos mexuTe da meeqvse ligandebze, romlebic hemis prosteTul jgufs 

gansazRvraven. 

citoqrom P450-Si mexuTe da meeqvse ligandebis buneba sabolood araa dadgenili. cnobi-

lia, rom sistemebi, sadac mexuTe ligands gogirdis atomi, xolo meeqvses _ imidazolis azoti 

warmoadgens, yvelaze optimaluri modelebia, romlebic hemoproteinis speqtrul Tvisebebs 
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amJRavneben. swored es ligandebi Cainacvleba sulfhidriluri SxamebiTa da citoqrom P450-is 

specifikuri inhibitoriT _ meTiraponiT. 

citoqrom P450-is mier katalizuri ciklis ganxorcielebisas NAD(P)H-is aRmdgeneli eqvi-

valentebiT fermentis aRdgenis siCqares mniSvnelovnad gansazRvravs hemoproteinis aqtiur 

centrSi myofi rkinis ionis spinuri mdgomareoba. arCeven mis maRal- da dabalspinur 

mdgomareobebs. 

rogorc cnobilia, Fe2+-s 5 sxvadasxva sivrculi orientaciis mqone 3d orbitalze 6 eleqt-

roni gaaCnia. 3dxy orbitali urTierTsapirispiro spinis mqone or eleqtrons Seicavs, xolo 

danarCeni orbitalebi erTnairi spinis mqone TiTo eleqtroniTaa dakavebuli. rodesac oqta-

edrul struqturaSi Fe2+ 6 ligandiTaa garemoculi, maSin ligandebis oqtaedruli velis 

gavleniT 3d orbitalebi gansxvavebuli energiis mqone eg da t2g qvedoneebad ixliCeba. am dros 

eleqtronebis gadanawileba aRniSnul qvedoneebze damokidebulia ligandebis oqtaedruli 

velis siZliereze. ganvixiloT ori zRvruli SemTxveva (nax. 5.4): 

1. susti oqtaedruli velis SemTxvevaSi, romelsac, mag., [Fe(H2O)6]2+ kompleqsSi Fe2+-is garSemo 

ganlagebuli wylis molekulebi qmnian, maRali energiis eg-qvedoneze ganlagdebian 3dx2-y2 da 3dz2 orbitalebis eleqtronebi, romlebic ligandebTan σ-bmebs warmoqmnian, xolo 3dxy, 3dzy 
da 3dxz orbitalebidan dabali energiis t2g-qvedoneze gadasuli eleqtronebi π-bmebis 

damyarebaSi iReben monawileobas. amasTan, orive qvedoneze eleqtronebi isea orientire-

buli, rom maTi spinuri qvanturi ricxvebis jami maqsimaluria da +2-s aRwevs. aseTi 

garemocvis dros Fe2+ maRalspinur mdgomareobaSia. 

2. Zlieri oqtaedruli velis SemTxvevaSi, mag., [Fe(CN)6]4- kompleqsSi eqvsive eleqtroni dabali 

energiis t2g-qvedonezea gadasuli. isini urTierTsapirispiro mimarTulebiT ganlagdebian. 

Sesabamisad, am eleqtronebis spinuri qvanturi ricxvebis jami minimaluri, nulis toli 

iqneba. am kompleqsSi Fe2+ dabalspinur mdgomareobaSi imyofeba. 
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nax. 5.4. rkinis (II) ionis spinuri mdgomareobebi (ganmarteba ixileT teqstSi). 

dadgenilia, rom citoqrom P450-is daJanguli forma sxvadasxva obieqtebSi orive spinuri 

formis narevis saxiTaa. energetikulad es mdgomareobebi Zlier ar gansxvavdebian da gare faq-

torTa gavleniT erTmaneTSi gadasvla SeuZliaT. 

rkinis ionTa valentobis Seqcevadi cvlileba [Fe(II) Fe(III)] citoqroms saSualebas aZlevs 

Seasrulos Tavisi WeSmariti, eleqtronTa gadatanis funqcia. substratis mierTeba citoqrom P450-is hemis rkinis eleqtronuli Rrublis SeSfoTebas iwvevs. amis gamo misi redoqs-potenci-

ali (_170 mV) ufro dadebiTi xdeba, vidre substratis gareSea (_270 mV). es garemoeba, Tavis 

mxriv, SesaZlebels xdis, rom citoqrom P450 aRdges NADPH-is eleqtronebiT, romelsac mas 

flavoproteini _ NADPH-citoqrom P450-reduqtaza awvdis. 
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hidroqsilirebisaTvis hemis rkina +2-mde unda iyos aRdgenili, raTa man Jangbadis mierTeba 

SeZlos. monooqsigenirebisaTvis ori eleqtronia saWiro da maT citoqrom P450 erTmaneTisagan 

damoukideblad Rebulobs. pirveli eleqtroni hemTan Jangbadis SekavSirebas xmardeba, xolo 

meore _ Jangbadis gaaqtiurebas. 

citoqrom P450-is spinur mdgomareobebs kargad asaxavs optikuri speqtrebi da eleqtron-

paramagnituri rezonansis (epr) anizotropuli signali. naCvenebia, rom 390 nm-ze hemopro-

teinis STanTqmas maRalspinuri, xolo 420 nm-ze _ dabalspinuri mdgomareobebi ganapirobeben. 

dabalspinuri formisaTvis damaxasiaTebel epr-speqtrs SedarebiT viwro zolebi aqvs da g-
faqtori 1.81-is, 2.24-isa da 2.42-is tolia. maRalspinur formas g-faqtoris 1.7-is, 3.7-isa da 8-

is toli mniSvnelobebi Seesabameba. 

citoqrom P450-isaTvis dasaxelebul maCvenebelTa dadgena safuZvels qmnis hemoproteinis 

JangbadTan, aRmdgenel agentebTan, substratTan da inhibitorebTan urTierTqmedebis meqani-

zmis asaxsnelad. dabal- da maRalspinur citoqrom P450-is narevze zogierTi substratis 

damatebisas SeiniSneba hemoproteinis maRalspinur mdgomareobaSi gadasvla. 

citoqrom P450-is araaqtiur P420-ad konversias Tan axlavs maRalspinuri signalis aRZvra 6.0-is toli g-faqtoriT. dadgenilia, rom citoqrom P420 SeiZleba arsebobdes sam mdgomare-

obaSi STanTqmis erTnairi speqtrebiT, magram gansxvavebuli spinuri mdgomareobebiT. 

citoqrom P450-is P420-ad konversia sxvadasxva agentebiT zemoqmedebisas xdeba. arsebobs 

nivTierebebi, romelTac citoqrom P420-is P450-ad rekonversia SeuZliaT. maT miekuTvnebian, 

mag., eTilenglikoli da polieTilenglikoli, maTi monoeTileTerTa xsnarebi da sxv. 

analogiuri gardaqmnis mniSvnelovani efeqtebiT xasiaTdebian propilenglikoli, ribotoli, 

glukoza, saqaroza, sorbitali da dimeTilsulfoqsidi. 

citoqrom P420-isagan gansxvavebiT, daJangul citoqrom P450-s ramdenadme atipiuri 

absoluturi speqtri gaaCnia. 415, 535 da 570 nm-ze STanTqmis Cveulebrivi zolebis garda, rac 

rkinis dabalspinuri mdgomareobisTvisaa damaxasiaTebeli, Cndeba agreTve axali farTo zoli 650-nm-is olqSi. 

citoqrom P450-is anomaluri optikuri Tvisebebi membranaSi misi lokalizaciis 

TaviseburebebiTaa ganpirobebuli. am hemoproteinis solubilizeba da citoqrom P420-ad mis 

gardaqmnas protohemis normaluri speqtruli cvlilebebi axasiaTebs. D(+)-qafuris Semcvel 

areze gazrdili Pseudomonas putida-s kulturidan SesaZlebeli gaxda citoqrom P450-is 

kristaluri saxiT miReba. rogorc Cans, mikrosomul membranaSi citoqromis molekulebi isea 

ganlagebuli, rom hemuri dajgufebebi erTmaneTis gverdiTaa da maT urTierTqmedeba 

SeuZliaT. 

citoqrom P450-s CO-s dakavSireba mxolod aRdgenil formaSi SeuZlia. amasTan, Cndeba 

STanTqmis erTi maqsimumi 450-nm-ze. naxSirbadis monooqsidTan misi Tvisoba Zlier maRalia 

(KCO=1.3 µM). speqtrs gaaCnia mxaric 424 nm-ze. xilul olqSi CO-s gareSe aRdgenili hemopro-

teinis STanTqmis unari imis dadasturebaa, rom oTaxis temperaturaze igi maRalspinur 

mdgomareobaSi imyofeba. daJangul formaSi cila arsebobs rogorc maRal-, aseve dabalspinur 

mdgomareobebSi (nax. 5.5). 

alkilizocianidebi citoqrom P450-is rogorc daJangul, aseve aRdgenil formas uerT-

debian. am dros daJanguli hemoproteini mxolod erT STanTqmis maqsimums iZleva 434 nm-ze, 

xolo aRdgenils ori STanTqmis maqsimumi axasiaTebs 430 da 455 nm-ze. zolebis intensivobis 

Tanafardoba buferis ionur Zalaze da pH-zea damokidebuli. am ukanasknelis gazrdisas 430 nm-

ze STanTqmis pikic izrdeba. kompleqsis disociaciis konstanta ganisazRvreba alkilizo-

cianidSi Canacvlebulis lipofilurobis Sesabamisad: rac metad hidrofobulia alkilis 

jgufi, miT ufro mtkiced ukavSirdeba alkilizocianidi citoqrom P450-s. 
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nax. 5.5. RviZlis mikrosomebis citoqrom P450-is STanTqmis speqtrebi. 

1. daJanguli forma;  

2. aRdgenili forma;  

3. aRdgenili da CO-sTan kompleqsirebuli forma. 

 

hemoproteinis erT-erT saintereso Tvisebas is warmoadgens, rom igi Tavis substratebTan 

da inhibitorebTan speqtrofotometrulad advilad registrirebad kompleqsebs warmoqmnis. 

mikrosomul membranebSi aseT kompleqsTa warmoqmnis gamosavlenad sazRvraven STanTqmis di-

ferenciul speqtrebs, anu erTmaneTs udareben kompleqsisa da Tavisufali hemoproteinis STa-

nTqmis speqtrebs. speqtrul cvlilebebs sam _ I, II da modificirebul-II tipebad yofen (subs-

tratebic, romlebic am cvlilebebs iwveven, Sesabamisad igive sam tipad iyofa). 

heqsobarbitali, 3-meTilqolantreni da mravali sxva substrati „I-tipis“ cvlilebebs iwve-

ven. am dros 390 nm-ze STanTqma izrdeba, xolo 420 nm-ze _ qveiTdeba (nax. 5.6). I-tipis speqtruli 

cvlilebebi miiReba substratis molekulis hidrofobuli nawilis urTierTqmedebiT hemopro-

teinis dabalspinur rkinasTan, romelic maRalspinur mdgomareobaSi gadadis. Tvlian, rom am 

tipis gadasvla realurad asaxavs hemoproteinsa da metabolizebad qsenobiotiks Soris kata-

lizurad aqtiuri kompleqsis formirebas. mniSvnelovania xazi gaesvas im garemoebas, rom fer-

ment-substratis hidrofobuli urTierTqmedeba citoqrom P450-is molekulaSi substratis 

damkavSirebeli ubnis arapolarul bunebas mowmobs da varaudoben, rom es ubani hemoproteinis 

apofermentis lipoproteinul nawils warmoadgens. I-tipis substratebTan dakavSirebisas 

hemoproteinis redoqs-potenciali _300-dan _230 mV-mde izrdeba da amis gamo eleqtronis sat-

ransporto jaWvSi misi aRdgena advildeba. 

„II-tipis“ speqtruli cvlileba xasiaTdeba STanTqmis maqsimumiT 425_435 nm-ze. sruli efeq-

tis misaRwevad imaze meti substratis damateba xdeba saWiro, rac misi steqiometriiTaa naCve-

nebi. I-tipis substratebisaTvis 390 nm-ze arsebuli zolis wanacvlebas Tan sdevs speqtris xil-

ul nawilSi cvlilebebis aRZvra, rac sistemis maRalspinuri Tvisebebis gaZlierebaze miuTi-

Tebs. STanTqmis zolis grZeltalRiani olqisaken gadanacvleba, rac II-tipis substratebiTaa 

gamowveuli, sistemis dabalspinur bunebas adasturebs. speqtruli cvlilebebis meore tipi 

ferihemoqromis formirebasTan unda iyos dakavSirebuli. II-tipis speqtruli cvlilebebis 

aRZvra xdeba substratis aminojgufis urTierTqmedebisas hemis rkinasTan, romelic maRal- da 

dabalspinur mdgomareobaSi imyofeba. am dros adgili aqvs maRalspinuri formis dabalspi-

nurSi gadasvlas da 420 nm-is olqSi STanTqmis zolis warmoqmnas.  
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nax. 5.6. STanTqmis diferenciuli speqtrebi RviZlis mikrosomebze substratTa damatebisas. 

a. heqsabarbitaliT inducirebuli „I-tipis“ cvlileba;  

b. aniliniT gamowveuli „II-tipis“ cvlileba. 

 

arsebobs speqtruli cvlilebebis tipi STanTqmis maqsimumiT 390 da 420 nm-ze. faqtiurad 

igi I-tipis speqtrul cvlilebaTa sarkisebr gamosaxulebas warmoadgens da amitom mas „modi-

ficirebul II-tips“ akuTvneben (literaturaSi igi inversiuli an reversiuli speqtris saxel-

wodebiTacaa cnobili). aseTi cvlileba substratis hidroqsilis jgufisa da maRalspinuri 

rkinis urTierTqmedebis Sedegia. am dros STanTqmis maqsimumis 394 nm-dan 416 nm-ze gadaweva 

xdeba. 

qsenobiotikebTan da endogenur substratebTan citoqrom P450-is Tvisobas hemoprotein-

substratis kompleqsis disociaciis konstanta (KS) axasiaTebs. es substratis is koncentra-

ciaa, romelic speqtruli cvlilebebis naxevrad maqsimaluri amplitudis misaRebadaa aucile-

beli. arsebobs mkacri Sesabamisoba citoqrom P450-is Tvisobis xarisxsa da substratTa 

(aliluri jgufebis Semcveli barbituritebis gamoklebiT) lipofilur Tvisebebs Soris. amas 

mowmoben eqsperimentebi, romlebmac qlorwarmoebuli da aromatuli naxSirwyalbadebisadmi 

citoqrom P450-is Tvisobis zrdasa da maTi molekulebis hidrofilurobis Semcirebas Soris 

pirdapiri kavSiris arseboba gamoavlines. sarwmunodaa naCvenebi fosfatidilqolinis gavle-

niT hidrofobuli qsenobiotikisadmi maRali sisufTavis mqone citoqrom P450-is Tvisobis 

zrda. fermentis mier II-tipis substratTa dakavSireba mikrosomuli membranis hidrofobul 

ubanSi xorcieldeba, romelic fosfolipidTa naxSirwyalbadovani jaWvebiTaa naSenebi. II-tipis 

substratTa dakavSirebac fosfolipidebze damokidebul citoqrom P450-is hidrofobuli 

garemocvis nawilSi xdeba. 

membranis fosfolipiduri komponentis dazianeba gansxvavebulad cvlis I- da II-tipis subs-

tratTa rogorc dakavSirebas, aseve metabolizms, radgan cnobilia, rom fosfolipidebi da 

kerZod, fosfatidilqolini, aucilebelia orive tipis substratTa mikrosomuli hidroqsili-

rebisaTvis. safiqrebelia, rom orive tipis substratebisaTvis monooqsigenazaSi sivrcobrivad 

gamijnuli aqtiuri centrebi membranis sxvadasxva hidrofobul zonebTan kavSirSi imyofebian. 

dezoqsiqolatis mzardi koncentraciebi lipoproteinuli membranebis hidrofobul 

kavSirebze moqmedebs da fosfolipidTa im hidrofobuli jgufebis „deekranizacias“ iwvevs, 

romlebic hemoproteinis speqtrul Tvisebebs ganapirobeben. amasTan dakavSirebiT gasakviri 

ar unda iyos monacemebi dezoqsiqolatiT II-tipis substratis _ anilinis dakavSirebisa da 

metabolizmis inhibirebis Sesaxeb. rogorc cnobilia, am substratis mierTeba citoqrom P450-

is hemis Semcvel lipofilur nawilSi xdeba, xolo konstruirebul monooqsigenazur sistemaSi 

misi p-hidroqsilireba moiTxovs „lipiduri faqtoris“ Tanamyofobas, romelic identi-
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ficirebulia, rogorc fosfatidilqolini. dezoqsiqolatiT hemuri jgufis hidrofobuli 

sivrcis dazianebas mowmoben eTilizocianiduri diferenciuli speqtrebi, romlebic mikroso-

mul suspenziaSi aRniSnuli detergentis Seyvanis Semdegaa miRebuli.  

ar SeiZleba ar aRiniSnos erTi, metad sayuradRebo faqti: 0.01% koncentraciiT dezoqsiqo-

lati TviTon warmoadgens I-tipis substrats da citoqrom P450-isadmi maRali swrafva gaaCnia. 

amitom igi konkurentuli meqanizmiT efeqturad ainhibirebs I-tipis sxva substratis _ aminopi-

rinis dakavSirebas da zrdis NADPH-citoqrom P450-reduqtazis sawyis siCqares. 0.03%-ze 

maRali koncentraciisas dezoqsiqolati ukve aminopirinis dakavSirebisa da metabolizmis 

arakonkurentul inhibitorad gvevlineba. paralelurad igi Trgunavs citoqrom P450-isa da 

aminopirinTan misi kompleqsis NADPH-damokidebul fermentul aRdgenas. 

SeiZleba davaskvnaT, rom I-tipis substratebisaTvis „damakavSirebeli cila“ _ NADPH-

citoqrom P450-reduqtaza mkacr damokidebulebas amJRavnebs garemomcveli fosfolipidebisa 

da maT mier warmoqmnili hidrofobuli zonis mimarT. dezoqsiqolatis unari _ Seasustos memb-

ranaSi cila-lipiduri hidrofobuli urTierTqmedeba, am detergentis mainhibirebel efeqts 

gansazRvravs, rac I-tipis substratebisa da NADPH-citoqrom P450-reduqtazis dakavSirebis 

ubnebTan hidrofobuli zonebis dazianebiT vlindeba. 

sxvadasxva reagentebi, rogorebicaa Sardovana, qlorhidrati, guanidini, detergentebi da 

fosfolipidebi, citoqrom P450-is P420-ad konversias iwveven. gardaqmna mimdinareobs maril-

Ta koncentrirebul xsnarebSic da agreTve pH-is gadawevisas mJava an fuZe mxares. citoqrom P420-sac gaaCnia dabalspinuri kompleqsis iseTive speqtri, rogoric saerTod b-tipis cito-

qromebisTvisaa damaxasiaTebeli. 

citoqrom P450-is konversiisas aRZruli speqtruli cvlilebebic im nivTierebaTa bunebi-

Taa ganpirobebuli, romlebic am gadasvlas iwveven. Catarebulma gamokvlevebma aCvena, rom 

citoqrom P450-Si hemi arsebiTad cilis hidrofobul ubanTanaa dakavSirebuli. SedarebiT 

naklebadaa cnobili im nivTierebaTa buneba, romlebic rkinis atomTanaa koordinirebuli. 

daJanguli citoqrom P450 iZleva epr-speqtrs, romelsac ferihemis dabalspinuri sistemis 

specifikuri niSnebi gaaCnia. g-faqtori (1.91, 2.25, 2.40) axlos dgas ferihemis, ferihemoglobin-

isa da ferimioglobinis kompleqsTa g-faqtorebTan. miuxedavad amisa, im jgufebis WeSmariti 

buneba, romlebic hems ukavSirdebian, mainc ucnobi rCeba. 

aRdgenil mdgomareobaSi citoqrom P450 maRalspinur kompleqss warmoqmnis da, rogorc 

Cans, misi mexuTe da meeqvse koordinaciuli mdebareoba vakanturia, an dakavebulia rkinasTan 

Zlier sustad bmuli jgufebiT. aseTi struqtura Zlier gansxvavdeba aRdgenili citoqrom P420-isagan. iseve rogorc daJangulSi, aRdgenil formaSic igi dabalspinur kompleqss 

warmoadgens, romelic, savaraudod, Zlieri velis mqone or ligands Seicavs. I-tipis substratebis damatebisas daJanguli citoqrom P450-is maRalspinur mdgoma-

reobaSi gadasvla rkinis ionsa da merkaptidul jgufTan trans-mdgomareobaSi myof ligands 

Soris manZilis zrdas iwvevs konformaciuli cvlilebebis gamo. amasTan, rkina gamodis porfi-

rinis birTvis sibrtyidan gogirdis atomis mimarTulebiT. II-tipis substratebi _ piriqiT, 

aZeveben ra rkinasTan koordinirebul cilis jgufebs, pirdapir ukavSirdebian cisteinis 

naSTis mimarT trans-mdgomareobaSi myof centralur atoms da dabalspinur kompleqsebs 

warmoqmnian. 

arsebobs gansxvavebuli interpretaciac citoqrom P450-is daJanguli formis speqtrebze I-
tipis nivTierebaTa gavlenis Sesaxeb: Tvlian, rom am nivTierebaTa damateba iseT konfor-

maciul cvlilebebs iwvevs, romlebic koordinaciuli kompleqsis bunebasac cvlian. am tipis 

nivTierebaTa Tanamyofobisas metalsa da gogirdis atomebs Soris manZili izrdeba. am Teoriis 

momxreebi miiCneven, rom naxSirbadis monooqsidi koordinaciuli adgilidan aZevebs merkap-

tidul jgufs. amis Sedegad miiReba kompleqsi, sadac metali gamosulia porfirinis sibrt-



157  

yidan CO-s mimarTulebiT, xolo trans-mdgomareoba an srulebiT araa dakavebuli raime jgu-

fiT, an dakavebulia metalTan sustad bmuli ligandiT. imisaTvis, rom fermentulma sistemam 

normaluri (katalizuri) funqcionireba SeZlos, aucilebelia hemTan Jangbadis aseTive 

dakavSireba moxdes. 

uaRresad mniSvnelovania is, rom gansxvavebuli speqtruli cvlilebebis mqone kompleq-

sebis warmoqmna erTnairi intensivobiT mimdinareobs rogorc daJangul, aseve aRdgenil hemo-

proteinTan da is eleqtronul-donorul da eleqtronul-aqceptorul Tvisebebs cvlis. 

amasTan, nivTierebebi, romlebic pirveli tipis speqtrul cvlilebebs iwveven, eleqtronTa 

gadamtan jaWvSi citoqrom P450-isa da substratis kompleqsis aRdgenas aCqareben, maSin rode-

sac speqtruli cvlilebebis meore tipis gamomwvevi naerTebi sawinaaRmdegod moqmedeben. komp-

leqsis warmoqmnisas aramarto citoqrom P450-is, aramed TviT substratis eleqtronuli 

struqturac icvleba. citoqrom P450-is aRdgenis reaqcia mahidroqsilirebel jaWvSi „viwro 

adgilad“, anu siCqaremalimitirebel stadiad iTvleba, romelic qsenobiotikebis mTliani 

biodegradaciis maregulirebel ubans warmoadgens. 

Jangbadisadmi maRali swrafva (KM=0.1–2 mM) da TviTJangvis maRali unari (meore rigis 

reaqciis siCqaris konstanta 2–4 · 10  M · წმ , naxevardaJangvis siCqare 300 wm-1) ganapirobebs 

aerobul mdgomareobaSi aRdgenisas citoqrom P450-is stacionaruli mdgomareobis dabal 

dones. 

Tavisi parametrebiT hemoproteini citoqromoqsidazas waagavs. misgan gansxvavebiT am 

ferments CO-sadmi gacilebiT maRali Tvisoba aqvs. citoqromoqsidazis 50%-iT inhibir-

ebisaTvis saWiroa, rom fardoba CO2 : O2 10-is toli iyos, maSin rodesac citoqrom P450-isaTvis 

es koeficienti 1-is tolia. 

hemoproteinis sxva Taviseburebebidan SeiZleba aRiniSnos epr-is anizotropuli unari. 

adreul gamokvlevebSi dabalspinuri signalis gaCenas mikrosomebSi Fex-komponentis arsebobiT 

xsnidnen. Semdgomma eqsperimentebma aCvena, rom signali citoqrom P450-s ekuTvnis. solubili-

zaciisas hemoproteinis citoqrom P420-is formaSi gadasvlas xSirad Tan axlavs 6.0 g-

faqtoris mqone maRalspinuri mdgomareobis Seqmna. am dros 2.25 g-faqtoriani signali 

citoqrom P420-s SenarCunebuli aqvs, amitom Fex-is Semcvelobis dasadgenad Catarebuli 

gazomvebi orive hemoproteinis jamur odenobas asaxavda. citoqrom P420-s SeuZlia sami: β, γ da 

σ mdgomareobiT arseboba. isini STanTqmis erTnairi speqtrebiT, magram gansxvavebuli spinuri 

mdgomareobebiT xasiaTdebian. citoqrom P450-is inaqtivacias Tan axlavs natiuri formidan (α-

mdgomareobidan) β- da γ-formebis gavliT σ-maRalspinur mdgomareobaSi gadasvla. gansakuT-

rebiT advilad es gadasvla sulfhidriluri Sxamebis moqmedebisas xorcieldeba. amJamad 

sxvadasxva obieqtebSi citoqrom P450-is maRal- da dabalspinuri formebis narevis saxiT 

arseboba eWvs aRar iwvevs. Cveulebriv pirobebSi meore forma, rogorc ufro mdgradi, 

upiratesadaa warmodgenili. meTilqolantreni RviZlSi mxolod maRalspinuri formis citoq-

rom P450-is Semcvelobas zrdis, fenobarbitali ki orive formas, magram gansakuTrebiT 

dabalspinur formas ainducirebs. 

uaRresad mniSvnelovania membranuli fosfolipidebis roli citiqrom P450-is funqcioni-

rebaSi, kerZod, hemoproteinis substratTan dakavSirebisa da eleqtronTa aqceptirebis 

procesebSi. mravalricxovani gamokvlevebi adastureben im faqts, rom citoqrom P450-is 

membranaSi CaSenebiT realurad izrdeba misi hidroqsilazuri aqtivoba. membranis fosfoli-

pidebze hemoproteinis Tvisebebis damokidebuleba TvalsaCinod gamoixateba citoqrom P450-is 

speqtruli analiziT.  

hemoproteinis unikaluri Tviseba _ aRdgenil mdgomareobaSi CO-s dakavSireba da 450 nm-ze 

STanTqmis unaris mqone kompleqsis warmoqmna, mis natiur formas axasiaTebs. membranis sxva-
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dasxva reagentebiT damuSavebisas, rodesac b-tipis sxva hemoproteinebi Tavis natiur speqt-

rebs mainc inarCuneben, citoqrom P450-s katalizuri aqtivoba sruliad ekargeba. fermentis 

araaqtiur citoqrom P420-ad konversia, rasac fosfolipidebis Semtevi agentebi iwveven, imis 

naTeli dadasturebaa, rom citoqrom P450-is speqtruli Tvisebebi mikrosomuli fosfolipi-

debiTaa srulad ganpirobebuli. 

miCneulia, rom citoqrom P450-is gamokveTil labilurobas mikrosomul membranaSi hemis 

hidrofobuli garemocva gansazRvravs, romelic TviT hemoproteinis garkveuli konformaci-

iTa da membranis lipiduri komponentiTaa uzrunvelyofili. dadgenil iqna agreTve isic, rom P420-is warmoqmna pirdapir kavSirSi araa citoqrom P450-is solubilizaciasTan, ramdenadac 

gamovlinda, rom citoqrom P420, romelic mikrosomuli fraqciis fosfolipaza C-sTan inkubi-

rebis Sedegad warmoiqmneba, mikrosomasTan bmuli rCeba. 

citoqrom P450-is P420-ad konversiaze monacemebis kritikulma analizma SesaZlebeli gaxa-

da dadgeniliyo, rom yvela SemTxvevaSi igi warmoadgens garemomcvel fosfolipidebTan hemis 

hidrofobuli urTierTqmedebis darRvevis Sedegs. efeqtur reagentTa mravalferovneba uaR-

resad arTulebs konversiis WeSmariti meqanizmis dazustebas. rogorc Cans, konkretuli 

reagentisagan damokidebulebiT Setevis wertils warmoadgens an lipidi, an lipidTan asocire-

buli cila. 3 M koncentraciis guanidini fosfolipidze zemoqmedebis gareSe efeqturad azia-

nebs cilovan struqturas. am dros adgili aqvs 450 nm-ze STanTqmis pikis TandaTanobiT 

Semcirebas. paralelurad 420 nm-ze Cndeba axali mzardi piki, anu xdeba citoqrom P450-is 

„fosfolipidur-damokidebuli“ konversia da P450-is Semcvelobis klebasa da P420-is zrdas 

Soris gansazRvruli steqiometruli damokidebuleba myardeba. 

eqsperimentebSi C da D-fosfolipazebis gamoyenebiT miRebuli Sedegebi imaze miuTiTeben, 

rom fosfolipidTa polaruli jgufebi citoqrom P450-is natiuri mdgomareobis Senar-

CunebaSi monawileobas ar Rebuloben. am funqcias upiratesad maTi arapolaruli naxSir-

wyalbaduri jaWvebi floben, ramdenadac mikrosomul membranaSi Txevad hidrofobul ubnebs 

qmnian da integralur cilebTan, maT Soris citoqrom P450-Tan hidrofobulad urTierT-

qmedeben. aRniSnulTan dakavSirebiT garkveul interess iwvevs citoqrom P450-is speqtruli 

Tvisebebis stabilizebaSi mikrosomebis fosfolipiduri matriqsis cximovani mJavas kompo-

nentis rolis garkveva.  

samwuxarod, fosfolipazebis gamoyenebis, rogorc specifikuri meTodis mniSvneloba 

sagrZnoblad Semcirda mas Semdeg, rac A da C fosfolipazebisaTvis dadginda, rom maT mier 

gamowveuli hidrolizis produqtebi (lipofosfolipidebi da cximovani mJavebi) mkveTrad 

gamoxatuli detergentuli Tvisebebis matarebeli naerTebia. meore mxriv, gacilebiT srul-

fasovani aRmoCnda testad lipidTa zeJanguri Jangvis reaqciebis gamoyeneba, radgan cnobili 

gaxda, rom am reaqciaTa substratebs warmoadgens fosfatidileTanolaminsa da fosfatidil-

qolinSi β-poziciaSi myofi poliujeri cximovani mJavebi. 

aRniSnulTan dakavSirebiT yuradRebas imsaxurebs is gamokvlevebi, romlebic miznad isa-

xavdnen mikrosomebis sxvadasxva preparatebSi citoqrom P450-is speqtrul maxasiaTeblebze 

lipidTa zeJanguri Jangvis gavlenis dadgenas. aRmoCnda, rom intaqtur mikrosomebSi siste-

mebis _ NADPH + ADP-Fe3+-isa da askorbati + ADP-Fe3+-is saSualebiT lipidTa zeJanguri Jangvis 

gaZlierebas Tan axlavs 450 nm-ze STanTqmis pikis kleba da Zlieri eqstinqciis aRZvra 420 nm-ze. 

sainkubacio areSi adgili aqvs lipiduri peroqsidaciis produqtis _ malonis dialdehidis 

dagrovebas, xolo reaqciis msvleloba xasiaTdeboda Jangbadis moxmarebis maRali siCqariT. am 

dros mikrosomuli suspenziis STanTqmis maqsimumi 520 nm-ze gadainacvlebs, rac zeJanguri 

Jangvis gaaqtiurebis fonze, fosfolipiduri komponentis dazianebis gamo membranuli struq-

turis nawilobriv dezintegraciaze miuTiTebs. lipiduri peroqsidaciis pirobebSi hemopro-

teinis aqtivobis daqveiTeba mikrosomuli membranis hidrofobuli ubnebis struqturaTa 
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rRvevis Sedegia. sayuradReboa is garemoeba, rom membranaSi ujer cximovan mJavaTa hidro-

zeJangebis (lipidTa peroqsidaciis Sualedi produqtebis) warmoqmna membranaTa ganvladobas 

zrdis da amis mizezi membranis gare, hidrofiluri Srisaken aRniSnul nivTierebaTa maRal-

polaruli jgufebis orientaciaa. wylovani fazisaken mikrosomuli membranis ganvladobis 

gaZliereba, gansakuTrebiT im zonisaken, romelic citoqrom P450-is garemocvas qmnis, P420-ad 

misi konversiis mizezs warmoadgens. unda aRiniSnos erTi faqtic: lipidur peroqsidacias 

ganicdis ormagi bmebis maRali Semcvelobis mqone cximovani mJavebis (araqidonisa da eikozo-

heqsenis) mxolod 15%. es imas niSnavs, rom fosfolipiduri matriqsis poliujer mJavaTa Zlier 

mcire nawilia „pasuxismgebeli“ membranadakavSirebuli citoqrom P450-is natiuri speqtruli 

Tvisebebis SenarCunebaze. 

alifaturi spirtebiTa da detergentebiT mikrosomebis damuSaveba mniSvnelovnad aqvei-

Tebs citoqrom P450-is hemis garemomcveli sivrcis hidrofobulobas. natriumis dezoqsiqo-

latis Tanamyofobisas 455 nm-ze STanTqmis piki mcirdeba, rac imas mowmobs, rom detergenti 

citoqromis hemis Semcveli hidrofobuli siRruis „dehermetizacias“ iwvevs, ris Sedegadac es 

jgufi wylovani fazisaTvis xelmisawvdomi xdeba. 

natriumis qolatiT citoqrom P450-is konversia SeiZleba acilebul iqnas sareaqcio areSi 

glicerinis an sxva mravalatomiani spirtis damatebiT. am monacemebze dayrdnobiT postu-

lirebul iqna, rom mocemuli citoqromi tipiur lipoproteins warmoadgens. ufro metic: 

eleqtronul-spinuri rezonansis meTodiT miRebuli Sedegebi imaze miuTiTeben, rom fosfo-

lipidi funqcionirebs, rogorc citoqrom P450-is hemuri jgufis ligandi. 

citoqrom P450-is fizikur-qimiuri Tvisebebis kvlevaSi erT-erT saintereso problemas 

citoqrom P420-dan misi rekonversiis unari warmoadgens. es gadasvla damokidebulia tempe-

raturaze, pH-ze, natriumis qolatis koncentraciaze, inkubaciis droze, magram ara garemos 

ionur Zalaze. garda amisa, nawilobrivi (30%-mde) rekonversia SeiniSneba xangrZlivi diali-

zisas iseTi xsnaris mimarT, romelic detergents ar Seicavs. citoqrom P420-is erT-erTi 

Tavisebureba imaSi mdgomareobs, rom mis (da ara citoqrom P450-is) hems SeuZlia daikavSiros 

albumini, ris Sedegadac igi aRar iZleva speqtris 420 nm-ze damaxasiaTebel STanTqmis piks. 

sadReisod saboloo pasuxi ar gagvaCnia kiTxvaze, Tu ra faqtorebi gansazRvraven 

citoqrom P450-is natiur speqtrul Tvisebebs solubilizebuli fermentis gasufTavebis 

procesSi lipidisagan misi gancalkevebis Semdeg. am SemTxvevaSi sakamaToa TviT „gancalkevebis“ 

(„gamijvnis“) faqti, radgan cnobilia, rom fosfatidilqolinisa da fosfatidileTanolaminis 90%-iT mocileba hemoproteinis speqtruli maxasiaTeblebis cvlilebebs ar iwvevs. arsebobs 

monacemebi imis Sesaxeb, rom fosfolipidebi, romlebic citoqrom P450-is hemuri jgufisaTvis 

hidrofobul garemocvas uzrunvelyofen, Tavisi fizikur-qimiuri TvisebebiT gansxvavdebian 

membranis fosfolipiduri matriqsis darCenili nawilisagan da maTi raodenoba mikrosomebSi 

fosfolipidTa saerTo Semcvelobis 15_20%-s ar aRemateba. 

monooqsigenazuri sistemiT substratTa JangviT metabolizms aucileblad win uswrebs 

mikrosomuli membranis lipidur matriqsSi maTi SeRweva. fosfolipidur an cilur komponen-

tebTan qsenobiotikis dakavSireba korelaciaSia membranaze am ukanasknelis zemoqmedebis 

xangrZlivobasTan. mag., Tu axlad miRebul mikrosomas maSinve davamatebT [14C][36Cl]-halotans 

(1,1,1-triqlor-2-brom-2-qloreTans), es halogennawarmi cilis arc erT fraqcias ar 

daukavSirdeba. samagierod, radioaqtiuri niSani CaerTveba fosfatidilqolinisa da fosfati-

dileTanolaminis fraqciaSi. sapirospiro Sedegi miiReba, Tu aRniSnul qsenobiotiks cxovels 

mikrosomebis miRebamde 12 sT-iT adre SevuyvanT _ am dros radioaqtiuri niSani dakavSirebuli 

aRmoCndeba cilebTan, magram ara fosfolipidebTan. 

citoqrom P450-Tan mTeli rigi cikluri da alifaturi naxSirwyalbadebis mier katali-

zurad aqtiuri kompleqsis warmoqmnas gansazRvravs substratTa unari, datovon membranis 
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polaruli faza da fosfolipidTa naxSirwyalbadovani jaWvebiT warmoqmnil arapolarul 

fazaSi gadaadgildnen, sadac hemoproteini _ citoqrom P450 imyofeba. 

ferment-substratis kompleqsis warmoqmnisaTvis arsebuli ganawilebis modeli Tavis 

safuZvelSive iTvaliswinebs citoqrom P450-Tan qsenobiotikis hidrofobul urTierTq-

medebas. aseTi urTierTqmedebis arsebobiT SeiZleba aixsnas kompleqsSi alkanebis dakavSirebis 

simtkice dabal temperaturaze, an, naxSirwyalbadebis SemTxvevaSi kompleqsis simtkice maTi 

jaWvis sigrZesTan dakavSirebiT. aRmoCnda, rom naxSirwyalbaduri radikalis sigrZe gansaz-

Rvravs cximovani mJavas dakavSirebis xarisxsa da misi ω-hidroqsilirebis intensivobas. am 

mxriv optimaluri mniSvnelobebi miRebulia miristinis (C-14) mJavasaTvis, maSin rodesac 10 an 

ufro naklebi naxSirbadatomTa Semcveli mJavebi praqtikulad ω-hidroqsilirebis gziT ar 

metabolizdebian, radgan isini „simoklis“ gamo membranis hidrofobul ubnamde (citoqrom P450-mde) ver aRweven. 

 

 

5.1.1.5 citoqrom P450-iT katalizebuli monooqsigenazuri cikli  
citoqrom P450-iT katalizebuli monooqsigenirebis reaqcia cikluri meqanizmiT xorciel-

deba, romelic monooqsigenazuri ciklis saxelwodebiTaa cnobili (nax. 5.7). ganvixiloT misi 

calkeuli stadiebi. 
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nax. 5.7. citoqrom P450-is moqmedebis meqanizmi _ monooqsigenazuri cikli. 

 

pirvel stadiaze citoqrom P450-is hemi, romelic daJangul (Fe+3) mdgomareobaSia, subst-

ratis molekulas ikavSirebs da warmoiqmneba ferment-substratis kompleqsi (sqemaze Fe+3_XH), 
romelsac fericitoqrom P450-s uwodeben. fericitoqrom-substratis kommpleqsis warmoqmnas 
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Tan sdevs hemoproteinis STanTqmis diferenciuli speqtris da spinuri mdgomareobis 

cvlilebebi, rac, rogorc aRvniSneT, substratis TvisebebiTaa gamowveuli. spinuri mdgoma-

reoba, Tavis mxriv, fermentis redoqs-potencialis mniSvnelobas gansazRvravs, kerZod, heminu-

ri rkina dabalspinuridan (jamuri spini +1/2) maRalspinurSi (jamuri spini +5/2) gadadis, 

fericitoqrom P450-is redoqs-potenciali ki _ 300 mV-dan +170 mV-mde izrdeba. potencialis 

aseTi mniSvnelobis gamo Termodinamikurad xelsayreli xdeba NAD(P)H-is aRmdgeneli eqviva-

lentebis fericitoqromze gadasvla. 

meore stadiaze ferment-substratis kompleqsi pirveli eleqtroniT aRdgeba da miiReba 

ferocitoqrom P450 (sqemaze Fe+2_XH). pirveli eleqtronis aqceptireba ar warmoadgens hidro-

qsilirebis mTliani procesis siCqaremalimitirebel stadias. naCvenebia, rom sistema, sadac 

hemi I tipis substratTanaa dakavSirebuli, maRalspinur mdgomareobaSi imyofeba, da Sesabami-

sad maRali redoqs-potenciali gaaCnia, redoqs-partniorad NADPH-citoqrom P450-reduqta-

zas irCevs. aqve unda aRiniSnos, rom aRdgenil mdgomareobaSi hemi advilad ikavSirebs 

naxSirbadis monooqsids, romelTanac fotodisocirebad kompleqss warmoqmnis. aRniSnuli 

Tvisebis gamo CO citoqrom P450-is specifikur inhibitorad iTvleba. 

mesame stadiaze ferocitoqrom-substratis kompleqsi molekulur Jangbads ikavSirebs da 

warmoiqmneba oqsicitoqrom P450 (sqemaze O ._Fe+3_XH). es procesi ciklis yvelaze swrafi eta-

pia. miRebuli sammagi kompleqsi stabilurobiT gamoirCeva da gamoyofilia izolirebuli 

saxiT. oqsicitoqromis sammagi kompleqsis Seswavlam cxadyo, rom oqsihemoglobinis analo-

giurad, eleqtronuli simkvrive Jangbadis atomebzea gadanacvlebuli. amis gamo hemis rkina 

daJangul mdgomareobaSi imyofeba. sammagma kompleqsma SeiZleba ganicados dispropor-

cionireba superoqsiduli anion-radikalis warmoqmniT. araa gamoricxuli, rom ferment-

substratulma kompleqsma Jangbadis molekulis nacvlad wyalbadis zeJangidan an organuli 

hidrozeJangebidan aRdgenili Jangbadatomebi daikavSiros. 
meoTxe stadiaze adgili aqvs sammagi kompleqsis aRdgenas NADPH- an NADH-specifikuri 

redoqs-jaWvidan miRebuli meore eleqtroniT da oqsicitoqromidan warmoiqmneba peroqsi-

citoqrom P450 (sqemaze O ._Fe+3_XH). rekonstruirebuli sistemebis kvlevisas dadgenilia, rom 

citoqrom P450-is funqcionirebisaTvis sakmarisia mxolod NADPH-damokidebuli flavopro-

teini. es miuTiTebs NADPH-citoqrom P450-reduqtazis unarze, uzrunvelyos citoqrom P450 

orive aucilebeli eleqtroniT. sammagi kompleqsis aRdgenaSi NADPH-is da citoqrom b5-is 

monawileobaze arsebuli mravalricxovani eqsperimentuli monacemebidan gamomdinare, NADH-

specifikuri reduqtazis rolis mTlianad gamoricxva ar SeiZleba. unda aRiniSnos, rom zogi-

erTi mkvlevari meore aRmdgeneli eleqtronis miwodebaSi NADH-citoqrom P450-reduqtazas 

upiratesobasac ki aniWebs. monooqsigenirebis reaqciaSi orive redoqs-jaWvis monawileobas 

adasturebs e.w. sinergizmis movlenac, rodesac NADPH : NADH-is garkveuli Tanafardobisas 

Jangvis siCqare gacilebiT Warbobs calke aRebuli nikotinamiduri kofermentebis moqmedebis 

SemTxvevaSi miRebuli siCqareebis ariTmetikul jams. mag., Cvens laboratoriaSi Catarebuli 

eqsperimentebiT naCvenebia, rom dimeTilanilinis SemTxvevaSi sinergizmis maqsimaluri efeqti NADPH-isa da NADH-is 4 : 1 Tanafardobisas miiReba. rogorc Cans, nikotinamiduri kofermen-

tebis aseTi moluri Sefardebisas NADPH- da NADH-damokidebul mikrosomul redoqs-siste-

mebs Soris optimaluri SeTanawyoba myardeba.  

mexuTe stadiaze peroqsicitoqrom P450-is sammagi kompleqsi iSleba. am dros ori eleqt-

roniT aRdgenili Jangbadis molekulidan generirebuli superoqsiduli anion-radikalis erTi 

atomi ierTebs NAD(P)H-is Jangvisas miRebul or protons da wylis molekulas warmoqmnis. 

Jangbadis meore atomi e.w. mahidroqsilirebeli nawilakis saxiT urTierTqmedebs substratTan, 

inergeba mis molekulaSi da hidroqsilirebul produqts warmoqmnis. 

meeqvse stadiaze xdeba hidroqsilirebuli produqtis mocileba fermentis aqtiuri cent-
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ridan. am dros citoqrom P450-is hemi kvlav daJangul mdgomareobas ubrundeba da mas 

substratis axali molekulis mierTeba SeuZlia.  
sadReisod cnobilia, rom monooqsigenazuri reaqcia arcTu ise swrafia – ciklis sruli 

ganxorcielebisaTvis 1-dan 10 wm-mdea saWiro. swored amitom qsenobiotikebisa da endogenur 

naerTTa metabolizmSi citoqrom P450-damokidebuli etapi TiTqmis yovelTvis siCqaris 

malimitirebel rgols warmoadgens. TviT ciklSi yvelaze nelia meoTxe stadia, rodesac 

oqsicitoqrom P450 meore eleqtroniT unda aRdges. reaqciis ganxorcielebisaTvis am dros 

yvela pirobaa Seqmnili: aqtiur centrSi imyofeba substratic da Jangbadic. saWiroa mxolod 

energiis damatebiTi ulufa meore eleqtronis saxiT, raTa aqtivaciis energiam im zRvars 

miaRwios, romelic aucilebelia Jangbadis atomis substratis molekulaSi Casanergad.   
5.1.1.6 citoqrom P450-is mravlobiTi formebi  

da nomenklatura  
bioqimiis zogadi principebidan gamomdinare, fermentebis substratuli specifikuroba 

SeiZleba iyos absoluturi (erTi fermenti _ erTi substrati) an farTo (erTi fermenti – 

mravali substrati, romlebsac gansazRvruli saerTo Tviseba gaaCniaT). fermentTa umrav-

lesobisaTvis damaxasiaTebelia maRali specifikuroba. isini Cveulebriv urTierTqmedeben 

mxolod erT substratTan da erT reaqcias akatalizeben. arsebobs fermentebi, romlebic mkac-

rad gansazRvruli qimiuri jgufebis Semcvel nivTierebebTan urTierTqmedeben. am Tvalsaz-

risiT citoqrom P450-is mravlobiTi formebi, rogorc fermentebi, bioqimiaSi uprecendento 

movlenas warmoadgenen. citoqrom P450-is substratebis speqtri imdenad mravalferovania (maT 

Cven II da III TavebSi mimovixilavT), rom Zneli warmosadgenia, amdeni sxvadasxvagvari qimiuri 

struqturebis naerTebis Jangva mxolod erTi izoformis mier katalizdebodes. amitom cito-

qrom P450-is kvlevis sawyisi etapebidanve warmoiSva mosazreba, rom es hemoproteini ramdenime 

izoformis saxiT arsebobs. hipoTeza pirvel rigSi citoqrom P450-is induqtorebis mravalgva-

robas eyrdnoboda _ im nivTierebebis saerTo raodenoba, romlebic citoqrom P450-Semcveli 

monooqsigenazas induqcias iwveven, ramdenime aseuls aRwevda. es nivTierebebi gansxvavdeba 

rogorc qimiuri bunebis, ise biologiuri moqmedebis mixedviT. induqtorebis erTaderTi 

saerTo Tvisebaa lipofiluri buneba, rac Tavis mxriv, citomembranebSi maT SerCeviTad SeRwe-

vas da ujredis endoplazmur badeSi dagrovebis unars ganapirobebs. es, Tavis mxriv, xels 

uwyobs induqcias: rac ufro didxans imyofeba substrati organizmSi, miT ufro xangrZlivia 

misi fermentTan kontaqti da, Sesabamisad, ufro maRalia induqciis xarisxi. savaraudoa, rom 

induqciis movlena garemo pirobebTan organizmis Seguebis erT-erT meqanizms warmoadgens, 

ramdenadac am dros izrdeba qsenobiotikebis metabolizmis siCqare da ufro efeqturi xdeba 

maTi gauvnebelyofis (detoqsikaciis) procesi. 
monooqsigenazuri sistemis molekuluri organizaciis zogadi principebis ganxilvisas 

usaTuod wina planze gamodis sakiTxi imis Sesaxeb, Tu ra simravliT arseboben da riT gansxvav-

debian an emsgavsebian erTmaneTs citoqrom P450-is izoformebi. kvlevis sawyis stadiaze 

dominirebda Sexeduleba, rom qsenobiotikTa Jangvis yvela reaqciaSi monawileobs Zlier 

farTo substratuli specifikurobis mqone erTi hemoproteini. SemdgomSi es Sexeduleba imis 

sasargeblod Seicvala, rom arsebobs gamokveTili specifikurobis mqone citoqrom P450-is 

mravlobiTi formebi. mag., Tirkmelzeda jirkvlis mitoqondriebisa da mikrosomebis fraqciebi 

Seicaven hemoproteinebs, romlebic sterolebs sxvadasxva mdgomareobaSi Jangaven. mikroso-

muli citoqrom P450 sterolis gverdiTi jaWvis C-21 mdgomareobas Jangavs; mitoqondriebi 2 

hemoproteins Seicaven, romelTagan erTi qolesterols gverdiT jaWvs acilebs C-20 da C-22 

mdgomareobebSi, xolo meore _ dezoqsikortikosterols Jangavs 11β- da 18-e mdgomareobebSi.  
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mravalwliani kvlevebis safuZvelze Camoyalibda zogadi xasiaTis mqone debulebebi:  

1. citoqrom P450 warmoadgens b-tipis CO-damkavSirebel hemoproteins, romelic bunebaSi 

mravlobiTi formiT arsebobs; 

2. citoqrom P450-is mravlobiTi formebi polipeptidur jaWvSi aminomJavaTa gansazRvruli 

TanmimdevrobiT xasiaTdebian, rac imaze miuTiTebs, rom maTi biosinTezi sxvadasxva genebiT 

kontroldeba; 

3. arsebobs iseTi substratebi, romelTa specifikuri metabolizmi citoqrom P450-is gan-

sazRvruli formebiT katalizdeba. amis paralelurad, substratTa umravlesobisaTvis 

fermentTa mkacrad dadgenili specifikuroba ar arsebobs, Tumca hemoproteinis sxvadasxva 

formebiT maTi gardaqmnis siCqareebi xSirad gansxvavebulia; 

4. citoqrom P450-is izoformebs SeiZleba erTnairi molekuluri masebi da aRdgenil mdgoma-

reobaSi CO-kompleqsis STanTqmis erTnairi maqsimumebi gaaCndeT, magram isini genetikurad 
sxvadasxva cilebs warmoadgendnen.  

yovelive aman citoqrom P450-is kvlevaSi axali nomenklaturis Semotanis aucileblobis sa-

kiTxi daayena. genetikisa da molekuluri biologiis ganviTarebam pirobebi Seqmna naTeli gamx-

dariyo citoqrom P450-is klasifikaciaSi arsebuli bundovaneba. problemis gadawyvetaSi sa-

wyis kriteriumebs sayovelTaod cnobili biologiuri kanonzomierebebi warmoadgenen. ro-

gorc cnobilia, genebi gansazRvraven ujredis regulatoruli meqanizmebis arsebobas, xolo es 

meqanizmebi genSi kodirebuli fermentiT realizdeba. ujredSi ganuwyvetlad mimdinareobs 

ramdenime genis transkripcia, Tumca genomis nawili SeiZleba arc gamovlindes. faqtorebs, 

romlebic ganapirobeben ribosomebze fermentis sinTezis siCqares transkripciis doneze rnm-

is molekulebis degradaciis siCqareebi alimitireben. amgvarad, aregulireben ra fermentebis 

biosinTezs, genebi akontroleben gansazRvrul metabolur reaqciebs. es gamoixata mtkicebu-

lebaSi: “erTi geni _ erTi fermenti”. aqedan gamomdinare, citoqrom P450-is sxvadasxva izofor-

mebis biosinTezi unda imyofebodes genetikuri kontrolis qveS da es izoformebi erTmaneTi-

sagan mxolod aminomJavuri TanmimdevrobiT unda gansxvavdebodnen. maTi nawili unda iyos 

konstituciuri, e.i. warmoiqmnebodes imis miuxedavad, Tu ra pirobebSi imyofeba ujredi; nawi-

li ki induqciuri, e.i. warmodgenili unda iyos kvalis saxiT da gansazRvrul dones aRwevdes 

endogenuri an egzogenuri substratebis Tanamyofobisas. citoqrom P450-is zogierTi izo-

formisaTvis SeimCneva e.w. imprintingis movlena, romlis arsi imaSi mdgomareobs, rom neonata-

lur periodSi induqtoris (fenobarbitalis) Seyvanisas cxovelis RviZlSi hemoproteinis Sesa-

bamisi mniSvnelobebi SenarCunebulia sqesobrivi simwifis miRwevamde. am SemTxvevaSi adgili 

aqvs fermentis Seuqcevad induqcias. unda aRiniSnos, rom konstituciuri fermentebis izo-

formebis nawils axasiaTebs induqciuri bunebac, nawils ki ara. amitom citoqrom P450-is izo-

formebisaTvis damaxasiaTebeli Taviseburebaa genTa eqspresia. calkeuli genebis transkrip-

ciuli aqtivoba iwyeba organizmis ganviTarebis sxvadasxva stadiebze da damokidebulia cxo-

velis sqesze, saxeobasa da qsovilis tipze. zogierTi genis transkripciisaTvis aRmoCenilia 

fenobarbital-mgrZnobiare promotori, romelic Seicavs dadebiT da uaryofiT maregulire-

bel elementebs. maT SeiZleba warmoadgendes specifikuri cila, romelic fosforileburi 

formiT moqmedebs, rogorc promotoris dadebiTi, xolo defosforileburi formiT _ ro-

gorc uaryofiTi elementi. dadgenilia, rom glukokortikoidebs, zrdis, sqesobriv da Ti-

reoidul hormonebs genebis eqspresiis mniSvnelovani modulirebis unari gaaCnia. 

sadReisod genebis raodenoba, romlebSic citoqrom P450-is izoformebia kodirebuli, 500-

mdea. isini eukariotebis 85 saxeobaSi (xerxemlianebi, uxerxemloebi, mcenareebi, sokoebi) da 20 
saxeobis prokariotebSia aRmoCenili (ix. cxrili 5.1). citoqrom P450-is izofermentebis klasi-

fikaciisaTvis gaiTvaliswines fermentis aminomJavuri Sedgenilobis msgavsebis principi da 
genebis saerTo warmomavlobis kanonzomierebebi.  
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cxrili 5.1 

sxvadasxva taqsonomiuri jgufebis organizmebis citoqrom P450-is  

ojaxebis saerTo daxasiaTeba 

CYP 1 xerxemlianebSi: inducirdeba dioqsiniT; monawileobs 

policikluri naxSirwyalbadebis, heterocikluri 

naerTebis, aromatuli aminebis metabolizmSi CYP 2 xerxemlianebSi da uxerxemloebSi: monawileobs wamlebis 

da garemos dambinZureblebis metabolizmSi CYP 3 xerxemlianebSi: monawileobs wamlebis da garemos dam-

binZureblebis metabolizmSi 

CYP 4 xerxemlianebSi: monawileobs cximovani mJavebis 

hidroqsilirebaSi; uxerxemloebSi: funqcia 

jerjerobiT ucnobia 

CYP 5 xerxemlianebSi: tromboqsansinTaza; 

mwerebSi: monawileobs mcenareuli warmoSobis 

naerTebis da pesticidebis metabolizmSi CYP 6 mwerebSi: monawileobs mcenareuli warmoSobis naerTe-

bis da pesticidebis metabolizmSi CYP 7A xerxemlianebSi: qolesterin 7a-hidroqsilaza CYP 7B xerxemlianebSi: funqcia jerjerobiT ucnobia CYP 8 xerxemlianebSi: prostaciklinsinTaza CYP 9 mwerebSi: funqcia jerjerobiT ucnobia CYP 10 moluskebi: mitoqondriuli fermentebi CYP 11 xerxemlianebSi: qolesterinis gverdiTi jaWvis Jangva, 

steroid 11-b-hidroqsilaza da aldosteron sinTaza 

(mitoqondriebSi) CYP 12 mwerebSi: mitoqondriuli fermentebi CYP 13 nematodebSi CYP 14 nematodebSi CYP 15 nematodebSi CYP 16 nematodebSi CYP 17 xerxemlianebSi: steroid 7a-hidroqsilaza CYP 18 mwerebSi CYP 19 xerxemlianebSi: androgenebis aromatizacia CYP 21 xerxemlianebSi: steroid 21-hidroqsilaza CYP 24 xerxemlianebSi: steroid 24-hidroqsilaza 

(mitoqondriebSi) CYP 27 xerxemlianebSi: steroid 27-hidroqsilaza 

(mitoqondriebSi) CYP 51 cxovelebi, mcenareebi, safuvrebi, sokoebi: sterolis 

biosinTezi CYP 52 safuvrebi: alkanebis hidroqsilireba CYP 53 – CYP 62 sokoebi CYP 71 – CYP 92 mcenareebi CYP 73  mcenareebi: dariCinmJava 4-hidroqsilaza CYP 101 – CYP 118 baqteriebi 

 

  



165  

amJamad arsebobs citoqrom P450-ebis genebis 120 ojaxi, romelTagan 11-s yvela ZuZumwovris 

dnm-Si vxvdebiT (ix. cxrili 5.1). (am monacemTa bazis ganaxleba mudmivad xdeba da maTi gacnoba 

internetis saSualebiT SeiZleba) mag., „ojaxi 1“ _ policikluri aromatuli naerTebiT, maT 

Soris 3-meTilqolantreniT inducirebad citoqrom P450-ebs moicavs, xolo „ojaxi 3“-is 

warmomadgenlebi sterolebiT inducirdeba. „ojaxi 2“ aerTianebs ramdenime qveojaxs, mag., 

„qveojax 2B“-Si fenobarbitaliT inducirebuli hemoproteinebia, xolo „qveojax 2E“-s izo-

formebisaTvis induqtori eTanolia. zogjer, moxerxebulobisaTvis, ojaxisTvis iseTi nomeria 

SerCeuli, rom igi fermentis specifikur aqtivobas ukavSirdeba. mag., „ojaxi 11“ Seicavs 

citoqrom P450-ebs, romlebsac steroid-11-β-hidroqsilazuri aqtivoba gaaCniaT. asevea dano-

mrili „ojaxi 17“ (steroid-17-α-hidroqsilaza), „ojaxi 21“ (steroid 21-hidroqsilaza) da sxv. 

Tumca, rogorc aRvniSneT, ojaxebsa da qveojaxebSi izoformebi erTiandeba ara substratuli 

specifikurobis, aramed genetikuri homologiurobis xarisxis mixedviT. 

unda aRiniSnos, rom citoqrom P450-is yvela mkvlevari sixaruliT ar Sexvedria axal 

klasifikacias da aRniSnaven, rom igi mosaxmarad arc ise martivia, rogorc erTi SexedviT Cans. 

pirvel rigSi, mouxerxebelia, rom zogierT gens ukve miniWebuli hqonda trivialuri saxel-

wodeba da mxolod Semdeg dadginda maTi roli citoqrom P450-is kodirebaSi. mag., geni Eig17-1, 
romlebic gvxvdeba mwerebSi (Drosophila melanogaster) da mcenareebSi (Arabidopsis thaliana) warmo-

adgens gens Cyp18, e.i. gamodis, rom Eig17-1 da Cyp18 oficialuri sinonimebia, rac klasifi-

kaciisaTvis miuRebelia. aseve xSiria gaugebroba publikaciebSi, radgan bevri mkvlevari kvlav 

hemoproteinebis Zvel nomenklaturas iyenebs, romelic citoqrom P450-is izoformebis saxeob-

riv Taviseburebebzea dafuZnebuli: mag., ixmareba bocvris citoqrom P450olf 1, mis nacvlad 

gamoyenebul unda iqnas CYP2C16, virTagvis citoqrom P450II C16-is nacvlad _ CYP2C16. steroid-

hidroqsilazebSi citoqromebi Р450c11b1, Р450cb1, Р450arom unda dasaxeldnen, rogorc CYP11B1, CYP11B2 da CYP17.  
molekuluri biologiis Tanamedrove meTodebi genetikuri elementebiT manipulaciis 

saSualebas iZleva. erT-erTi aseTi meTodia in vitro pirobebSi konstruirebuli dnm-is rekombi-

nirebuli molekulebis klonirebiT genebis Canergva. am dros miRebuli dnm-is hibriduli 

molekula SemdgomSi SeiZleba klonirebul iqnas in vivo pirobebSi. axali meTodologia (PCR _ Polymerase chain reaction _polimerazuli jaWvuri reaqcia) saSualebas iZleva didi raodenobiT 

gamoiyos dnm-is individualuri fragmentebi (genebi) nebismieri wyarodan. swored aseTi meTo-

debiT iqna miRebuli citoqrom P450-is iseTi izoformebi, romlebic bunebrivi izoformebi-

sagan aminomJavuri TanmimdevrobiT gansxvavdebian. aseT SemTxvevaSi rekomendirebulia Semdegi 

nomenklaturis gamoyeneba: jer unda mieTiTos citoqrom P450-is bunebrivi izoforma, Semdeg 

abreviatura X###Y, romelic gviCvenebs, rom cilis ### ubanSi X aminomJava Secvlilia Y-iT. 

magaliTad, aRniSvna CYP1A1I426V gviCvenebs, rom CYP1A1 izoformaSi izoleicini (aRiniSneba I-
T) 426-e mdgomareobaSi Secvlilia valiniT (aRiniSneba V-Ti).  

citoqrom P450-is izoformebze mravalmxrivi informaciis dagrovebam xeli Seuwyo 

Seqmniliyo filogenetikuri xe, romelic aRwerda am cilebis evolucias. cnobilia, rom filo-

genetikurad dacilebuli saxeobebis erTi da igive tipis fermentebs saerTo struqturuli 

fragmentebi gaaCniaT, Tumca mniSvnelovnad gansxvavdebian aminomJavuri TanmimdevrobiT. aseT 

cilebs, rogorc wesi, aqtiuri centris ubanSi erTnairi aminomJavuri Tanmimdevroba aqvT. 

rogorc Cans, am ubanSi nebismieri cvlileba arRvevs steriul Sesabamisobas substratTan, an 

iwvevs im prosTetuli jgufis dakargvas, romelic katalizur procesSi monawileobs. aqedan 

gamomdinare, aminomJavuri Tanmimdevrobis divergenciis mixedviT SesaZlebelia kodonebSi 

momxdari mutaciebis raodenobis gamoTvla da amiT advilad fasdeba modificirebuli niSan-

Tvisebebis memkvidrulad gadacema. rogorc Cans, mutaciis tempi, romelic aminomJavur 
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TanmimdevrobaSi mJRavndeba, droSi cvalebadia da gansxvavebulia sxvadasxva ojaxebisaTvis. 

arsebobs ramdenime sqema, romlebic aCveneben naTesaur kavSirebs citoqrom P450-is cal-

keul ojaxebs Soris. [275-278]. maTgan yvelaze farTod aRiarebul sqemaSi ZiriTadi ojaxebi da 

calkeuli izoformebi gayofilia rva (I_VIII) jgufad, romlebic TanmimdevrobiTaa erTmaneT-

Tan dakavSirebuli. am kavSiris safuZvelia polipeptiduri jaWvebis homologiuroba. I jgufs 

(5 geni) miekuTvneba 4 hemoproteini, romlebic gvxvdeba xerxemliani cxovelebis organizmebSi 

da 1 _ mwerebSi (CYP18). II jgufi warmodgenilia 13 genisgan Semdgari klasteris saxiT da mxo-

lod mcenareebSia gavrcelebuli. III jgufis (6 geni) hemoproteinebi damaxasiaTebelia uxer-

xemloebisaTvis. IV jgufs (5 geni) miekuTvneba citoqrom P450-ebi, romlebic prokariotebsa da 

eukariotebSi cximovani mJavebis Jangvas akatalizeben. V jgufis 7 genSi kodirebulia mito-

qondriuli citoqrom P450-ebi, romelTa ZiriTad funqciasac steroidebis Jangva warmoadgens. VI jgufi aerTianebs mcenareuli hemoproteinis 4 gens. VII jgufis 6 geni miekuTvneba sokoebs, 

xolo VIII jgufSi (7 geni) Tavmoyrilia sxvadasxva taqsonomiuri jgufebis warmomadgeneli or-

ganizmebis citoqrom P450-ebi. sainteresoa, rom am ojaxis warmomadgenlis CYP19 geni, romelic 

ZuZumwovrebSi gvxvdeba da akodirebs aromatazas (aromatuli birTvis mJangav citorom P450-s), 

mcenare Arabidopsis thaliana-s (wiwmaturas) CYP86A1-is genis homologiuria. taqsonomiurad 

gansxvavebuli organizmebis citoqrom P450-ebis homologiurobis kargi magaliTia soko Neu-

rospora-s CYP54, romelic akodirebs steroid 14-demeTilazas da gavrcelebulia cxovelebSic, 

mcenareebSic, sokoebsa da safuvrebSic. cxadia, rom baqteriidan adamianamde citoqrom P450-is 

genebs erTi saerTo winapari hyavT.  

unda aRiniSnos, rom citoqrom P450-is genebis aseTi filogenetikuri ganlagebisas adgili 

ar moiZebna baqteria Pseudomonas putida-s CYP101 hemoproteinisaTvis, arada swored es cito-

qrom P450 iqna pirvelad gamoyofili kristaluri saxiT da citoqrom P450-is katalizuri Tvi-

sebebi swored am fermentzea pirvelad Seswavlili. garda amisa am filogenetikur sqemaSi ve-

rafriT moiZebna adgili NO-sinTazasTvis, romelic Tavisi katalizuri aqtivobiT citoqrom P450-is analogiuria. NO-sinTazas aminomJavuri Tanmimdevrobis kompiuterulma analizma aCve-

na, rom es fermenti ar aris citoqrom P450-is superojaxis wevri. aRmoCnda, rom igi C-bolos 

domenis Sedgenilobis mixedviT _ citoqrom c reduqtazas ojaxs “enaTesaveba”. SesaZloa, rom 

funqciisa da Sedgenilobis aseTi Seusabamoba evoluciis procesSi momxdari divergenciis  

Sedegia. 
moyvanili faqtebi imaze migvaniSneben, rom baqteriebis, mcenareebisa da cxovelebis diver-

genciisas 2 miliardi wlis win momxdarma evoluciurma cvlilebebma citoqrom P450-is ZiriTad 

struqturul-funqciur Taviseburebebs mniSvnelovani kvali ar daamCnia. es is etapia, rodesac 

evoluciis erT-erTi yvalze ufro kritikuli _ efeqturi aerobuli metabolizmis Camoyali-

bebis stadia mimdinareobda, rasac mitoqondriebis warmoqmna mohyva. 

qromosomebSi citoqrom P450-is genebis ganlagebis Seswavlam aCvena, rom zogjer izofor-

mebis makodirebeli genebi erTsa da imave qromosomaSia lokalizebuli. mag., CYP1A1 da CYP1A2 
adamianis me-15 qromosomaSi erTmaneTis axlos, erT klasterSia “Cawerili”. aseT SemTxvevaSi 

saxelwodebis miniWebisas rekomendebulia miTiTebul iqnas, romel ojaxs ekuTnis es klasteri, 

e.i. am SemTvevaSi klasteris saxelwodeba iqneba “CYP1A klasteri”, xolo genis adgilmdebareo-

bis miniSnebisaTvis gamoyenebuli unda iyos molekulur biologiaSi miRebuli aRniSvnebi, mag., CYP1A 15q22-qter (MPI).  
klasterebis warmoqmnas mkvlevarebi dnm-s duplikaciis Sedegad diploiduri ujredebis 

warmoqmnas ukavSireben, rac 400 milioni wlis ganmavlobaSi xdeboda. aseTi duplikaciis  

Sedegad diploidur ujredebSi TiToeuli fermentisaTvis oris nacvlad oTxi genia. Semdeg  

generaciebSi genTa TiToeuli wyvili erTmaneTisgan damoukideblad SeiZleba icvlebodes: er-



167  

Ti wyvili darCes ucvleli, meorem ki mutacia ganicados. amis Sedegad meore wyvili igive funq-

ciis ferments daasinTezebs, rasac pirveli, magram gansxvaveba specifikur aqtivobaSi  
gamovlindeba.  

klasikuri genetikuri kvlevebiT dadginda, rom SesaZlebelia adgili hqondes genTa trans-

lokacias _ qromosomis erTi nawilis sxva qromosomaSi gadatanas. cxadia, evoluciur procesSi 

citoqrom P450-is genTa duplikaciis dros aseT translokaciasac eqneboda adgili. aseTi tra-

nslokaciis magaliTad asaxeleben adamianis genebs, romlebic citoqrom P450-is erT ojaxs 

qmnian: СYP2B (19g13.1-13.2), CYP2C (19g12-g13.2) da CYP2D (10g24.1-24.3). aseTivea citoqrom P450-is 

yvelaze “Zveli” geni СYP51, romelic warmodgenilia Sesabamisi klasteriT adamianis me-7 qro-

mosomaSi da aseve ori fsevdogeniT me-3 da me-13 qromosomebSi.  

citoqrom P450-is izoformebs saxeobrivi specifikurobac axasiaTebT. mag., Р4501В1 adamian-

Si pasuxismgebelia izoformaze, romelic eToqsirezorcinis O-demeTilirebas akatalizebs, 

magram Tagvebsa da virTagvebSi es izoforma aRniSnuli reaqciis mimarT absoluturad  

araaqtiuria.  

citoqrom P450-is izoformebis mravlobiToba inhibitorebis mravalferovnebasac ganapi-

robebs. amJamad citoqrom P450-is inhibitorebi, moqmedebis meqanizmis mixedviT, 4 jgufad 

iyofa: 

a jgufis inhibitorebi moqmedeben hemTan kompleqswarmoqmnis doneze, kerZod, aseTia CO, 
romelic specifikurad ukavSirdeba hems, amitom igi yvela izoformisaTvis universaluria;  

b jgufis inhibitorebi SKF-525A (β-dieTilaminoeTildifenilpropilacetati), piperonil 

buToqsidi, meTiraponi da sxvebi moqmedeben reaqciis meqanizmis doneze da substratis msgav-

sad ukavSirdebian aqtiur centrs, magram ar gardaiqmnebian. am jgufis inhibitorebis moqmede-

bis efeqti xanmoklea; 

c jgufis inhibitorebi moqmedeben hemis biosinTezis doneze. mag., porfobilinogeni Trgu-

navs feroxelatazas (hemis sinTetazas); glicini da suqcinil CoA erTad ablokireben ferment 

δ-aminolevulinmJava-sinTetazas da a.S. metad mravalmxrivi efeqti aqvs am jgufis warmomadge-

nel kidev erT inhibitors – kobaltis (II) ions. Co2+ ainhibirebs δ-aminolevulinmJava-sinTe-

tazas da feroxelatazas. igi xels uSlis hemis normalur asocirebas apocitoqrom P450-Tan da 

amasTanave astimulirebs hemis degradaciaSi monawile ferments – hemoqsigenazas; 

d jgufis inhibitorebi warmoadgenen agentebs, romlebic hemis destruqciis doneze moqme-

deben. mag., alilizopropilacetamidi reagirebs citoqrom P450-Tan da warmoqmnis epoqsids, 

romelic hemis destruqcias iwvevs, aseTive efeqti gaaCnia oTxqlorian naxSirbadsac, romelic 

citoqrom P450-isaTvis „gamanadgurebeli“ substratia, radgan hemisaTvis „saSiS“ triqlorme-

Tilis Tavisufal radikals generirebs. hemis destruqtoria agreTve zogierTi mZime metalis 

ionic, kerZod, Cd2+. 

qsenobioqimiisaTvis sainteresoa is izoformebi, romlebic ucxo naerTTa JangvaSi monawi-

leoben. pirvel rigSi, aseTi izoformaa P4501А1, romelic policikluri aromatuli naxSir-

wyalbadebis konformaciulad daxuruli ubnebis hidroqsilirebas axorcielebs. am reaqciis 

Sedegad arenebis iseTi epoqsidebi warmoiqmneba, romlebic epoqsihidrolazebis saSualebiT 

aRar gardaiqmnebian Sesabamis diolebad. amis gamo reaqciisunariani metabolitebi Semdgom 

gardaqmnebs aRar ganicdian da iqmneba imis albaToba, rom isini kovalenturad daukavSirdnen 

cilebsa da nukleinis mJavebs. yovelive es ganapirobebs aseTi metabolitebis citotoqsikur, 

mutagenur da kancerogenul moqmedebas. analogiuri moqmedebis metabolitebi warmoiqmneba Р4501А2-is mier policikluri aromatuli aminebis Jangvis Sedegadac. rac Seexeba izoformas Р4501В1, substratuli specifikurobiT is axloa Р4501А1-Tan. citotoqsikuri naerTebis for-

mireba xdeba citoqrom Р4502Е1-is mier benzolis, stirolis, oTxqloriani naxSirbadis, qlo-
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roformis, diqlormeTanis, qlorvinilis, eTilkarbamatis da akrilonitrilis Jangvis Sedega-

dac. sainteresoa, rom inhalaciuri anesTetiki (mag., narkozisaTvis gamoyenebuli qlorofor-

mi) swored am izoformis saSualebiT CasunTqvidan 3 wamSi hepatotoqsikuri metabolitebi  

warmoiqmneba. citoqrom Р4502Е1-s ukavSireben eTanolis Jangvis katalizebasac,  

ramdenadac es izoforma alkoholdehidrogenazas msgavsad eTanolidan acetaldehids  

warmoqmnis.  

mcenareebSi yvelaze ukeT Seswavlilia CYP76B1, romelic klasikuri fermentTa klasifika-

ciis mixedviT dariCinmJava-4-hidroqsilazas (EC 1.14.14.1) warmoadgens. es citoqrom P450 aqti-

urad akatalizebs mravali toqsikuri naerTis, maT Soris sxvadasxva qimiuri bunebis herbici-

debis metabolur gardaqmnebs. saerTod, mcenareebSi aRmoCenilia 120-mde dnm-is Tanmimdevro-

ba, romlebSic kodirebulia citoqrom P450. es mcenareebia: xorbali (Triticum vulgare), avokado (Percea anericana), badrijani (Solanium melongela), katapitna (Nepeta racemosa), gvelis suro (Catha-

ranthus roseus), pitna (Mentha piperita), quTquTa (Thlaspi arvense), wiwmati (Arabidopsis thaliana), simindi 

(Zea mays), miwavaSla (Hellianthus tuberosus), maSa-lobio (Vigna radiata), ionja (Medicago sativa), mze-

sumzira (Helianthus annuus), barda (Pisum sativum), seli (Linum usitatissimum), gvaiula (Parthenium ar-

gentatum), petunia (Petunia hybrida), jadvari (Phalaenopsis sp. hibridi SM9108), sorgo (Sorghum bico-

lor), kowaxuri (Berberis stolonifera), mindvris mdogvi (Brassica campestris), cercvi (Vicia faba), Tambaqo 

(Nicotiana tabacum), soia (Glycine Max) da sxv.   
5.1.1.7 citoqrom P450-is formaTa induqcia  

sadReisod miRebulia, rom citoqrom P450-is mravlobiTi formebis induqcia sami modelis 

mixedviT xdeba [288]: I _ benzpirenis modeli _ aseT induqcias iwveven 3-meTilqolantrenis tipis induqtorebi: 

romlebSic Sedis TviT 3-meTilqolantreni, benzpireni, benzantraceni, 2,3,7,8-tetra-

qlordibenzo-p-dioqsini, tetraqlorbenzoli, β-naftoflavoni da sxv.; II _ fenobarbitalis modeli _ am jgufs miekuTvneba: TviTon fenobarbitali, barbitali, 

Tiopentali, aldrini, dieldrini, poliqlorirebuli bifenilebi, reptaqlori da sxv.; III _ qlofibratis modeli _ am tipis induqtorebia: safroli, izosafroli, pregnenoloni, 16α-

karbonitrili, aroqlori, heqsaqlorbenzoli da sxv. 

mikrosomul fermentTa induqtorebad yvelaze xSirad fenobarbitali da sxva barbi-

turatebi gamoiyeneba. maTi efeqti xasiaTdeba endoplazmuri membranebis raodenobisa da 

cilebSi aminomJavebis CarTvis siCqaris zrdiT. es efeqti gansakuTrebiT mkveTrad gluv 

membranebSia gamosaxuli. fenobarbitaliT cxovelis winaswari damuSavebis Semdeg miRebul 

mikrosomul fraqciaSi cilis Semcveloba TiTqmis gasammagebulia. aseTi mikrosomebisaTvis 

damaxasiaTebelia agreTve mravali qsenobiotikis, kerZod, benzfetaminisa da aminopirinis N-
demeTilirebis reaqciaTa gaZliereba. garda amisa, adgili aqvs citoqrom P450-is raodenobis 

mniSvnelovan matebas da igi cxovelSi fenobarbitalis Seyvanis sixSireze, cxovelis saxeobaze, 

sqesze da sxva damatebiT faqtorebzea damokidebuli. dadgenilia isic, rom substratTa 

metabolizmis specifikurobas mxolod citoqrom P450, da ara monooqsigenazuri sistemis sxva 

romelime komponenti gansazRvravs. 
mikrosomuli monooqsigenazuri sistemis mZlavri stimulatoria 3-meTilqolantreni. in vivo 

pirobebSi gamoyenebisas citologiuri maxasiaTeblebis cvlilebebiT da zogierTi qseno-

biotikis metabolizmis specifikiT es induqtori fenobarbitalisagan arsebiTad gansxvavdeba. 3-meTilqolantreniT inducirdeba hemoproteini, romelsac CO-aRdgenil mdgomareobaSi STa-

nTqmis maqsimumi speqtris mokletalRiani olqisaken (448 nm-ze) odnav win aqvs gadaweuli. Tav-
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dapirvelad varaudobdnen, rom speqtris aseTi cvlileba citoqrom P450-isa da 3-meTilqolan-

trenis urTierTqmedebas unda gamoewvia. SemdgomSi es varaudi ar dadasturda da am individu-

alurma hemoproteinma citoqrom P448-is saxelwodeba miiRo. 3-meTilqolantreniT induci-

rebuli citoqrom P448-is metaboluri aqtivobis yvelaze damaxasiaTebel Tvisebas benzpirenis 

hidroqsilirebis siCqaris mkveTri zrda warmoadgens. rac Seexeba β-naftoflavons, SeiZleba 

dabejiTebiT iTqvas, rom mocemuli qsenobiotiki induqciis iseTive efeqts iZleva, rogorsac 3-meTilqolantreni, xolo poliqlorirebuli bifenilebis warmomadgeneli aroklor 1254-is 

induqciuri efeqti fenobarbitalisa da 3-meTilqolantrenis erTdrouli moqmedebiT aRZru-

li efeqtis identuria. meTilqolantrenuli tipis induqtorebia sxva policikluri aromatu-

li naxSirwyalbadebic. analogiuri unari aRmoaCndaT poliqlorirebul bifenilebs da zo-

gierT qlorirebul dibenzodioqsins. gamokvlevebma aCvenes, rom am nivTierebaTa induqciis 

efeqts molekulaSi qloris atomis mdgomareoba gansazRvravs. meTilqolantrenuli tipis 

Zlieri induqtoria 2,3,7,8-tetraqlordibenzo-p-dioqsini. meTilqolantrenuli efeqtis mi-

saRebad sakmarisia am qsenobiotikis 4 rigiT (10 000-jer) ufro naklebi koncentracia. 

izosafroliT inducirdeba individualuri hemoproteini, romelsac eleqtroforezuli 

ZvradobiT Sualeduri mdgomareoba ukavia fenobarbitaliTa da meTilqolantreniT inducire-

bul hemoproteinebs Soris. mas citoqrom P450d ewoda. am hemoproteinis ganmasxvavebel Tvise-

bad is iTvleba, rom gamoiyofa izosafrolis metabolizmis produqtebTan kompleqsSi. igi aka-

talizebs cikloheqsanis, eTilbenzolisa da p-nitroanizolis JangviT gardaqmnebs. 

zogierTi sinTezuri steroli in vivo zemoqmedebisas astimulirebs mikrosomul reaqciebs 

da zrdis citoqrom P450-is raodenobas. pregnenolon-16α-karbonitriliT induqcia ar mie-

kuTvneba arc fenobarbitalur da arc meTilqolantrenul tips. speqtrulad gansazRvruli 

hemoproteini fenobarbitaliT inducirebulis identuri aRmoCnda, magram misgan gansxvavebu-

lad aaqtiurebda benzpirenis hidroqsilirebisa da eTilmorfinis N-demeTilirebis reaqciebs. 

maSasadame, sarwmunod SeiZleba iTqvas, rom mikrosomebSi fermentul aqtivobaTa induqciis 

saerTo suraTi, romelic mravali qsenobiotikis zemoqmedebis Sedegia, upirveles yovlisa, ci-

toqrom P450-is gansxvavebuli formebis biosinTezze daiyvaneba. 

rekonstruirebul sistemebSi ama Tu im qsenobiotikis metabolizmis Seswavlisas sakiTxi ar 

dgas imis Sesaxeb, Tu konkretulad citoqrom P450-is romeli forma axorcielebs mas, radgan es 

piroba winaswar TviT eqsperimentatoris mieraa dazustebuli. organos an organizmis doneze 

mTliani mikrosomebis kvlevisas ki sakiTxi gacilebiT rTuladaa, radgan metabolur reaqcieb-

Si citoqrom P450-is ramdenime izoformas SeuZlia erTdroulad CarTva da mocemuli qsenobi-

otikis JangviT degradaciaSi TiToeuli am formis Tanamonawileobis donis dadgenas uaRresad 

didi mniSvneloba eniWeba.  

molekuluri masebis zrdisa da Sesabamisad, SDS-eleqtroforezuli Zvradobis Semcirebis 

mixedviT hemoproteinis yvela cnobil izoformas (maT aRniSnaven, rogorc LM) aseTi saxiT  

alageben: 

1. konstituciuri qvefraqcia – citoqrom P450LM1; 2. fenobarbitaliT inducirebuli qvefraqcia – citoqrom P450LM2; 
3. konstituciuri qvefraqcia – citoqrom P450LM3; 4. 3-meTilqolantreniT an β-naftoflavoniT inducirebuli qvefraqcia – citoqrom P450LM4; 
5. 2,3,7,8-tetraqlordibenzo-p-dioqsiniT inducirebuli qvefraqcia – citoqrom P450LM6. 

hemoproteinis CamoTvlili izoformebi speqtruli da sxva maxasiaTeblebiT Zlier 

gansxvavdebian erTmaneTisagan. mag., citoqrom P450LM2-isagan P450LM4 imiT gansxvavdeba, rom igi 

ar ikavSirebs mikrosomuli Jangvis iseT tipiur substratebs, rogorebic benzoli, cikloheq-

sani an antipirinia. zogierTi qsenobiotiki (anilini, naftalini, dimeTilanilini) citoqrom P450LM4-s advilad ukavSirdeba, magram am izoformiT praqtikulad ar iJangeba. am faqts xsnian 
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citoqrom P450LM4-is kompleqsTa ori dabalspinuri formis arsebobiT, romlebiTac ligande-

bis (qsenobiotikebis) intensiuri dakavSireba mimdinareobs, magram Jangvis procesis Tvalsa-

zrisiT es ligandebi substratebs ar warmoadgenen. anilini, piridini, imidazoli da, SesaZloa, 

sxva organuli azotSemcveli fuZeebi warmoqmnian dabalspinur kompleqsebs, romlebTanac 

ukve SesaZlebelia molekuluri Jangbadis, an organuli hidrozeJangis dakavSireba, raTa Ca-

moTvlili substratebis (ligandebis) Jangva ganxorcieldes. naftalins da dimeTilanilins 

SeuZliaT citoqrom P450LM4-Tan urTierTqmedeba da maRalspinuri kompleqsis warmoqmna, ro-

melSic ligandebi porfirinuli birTvis sibrtyis gaswvrivaa ganlagebuli. miuxedavad amisa, 

maTi Jangva ar xdeba, radgan I-tipis substratTa damakavSirebeli ubnebi induqtoriT an misi 

metabolitebiTaa dakavebuli. citoqromebis – P450LM2-isa da P450LM4-is konformaciuli gansx-

vavebebi wriuli diqroizmis meTodiTaa dadgenili. aRmoCnda, rom P450LM4-is formis hemi ufro 

mWidro hidrofobuli „jibiTaa“ garemoculi. hemoproteiniT aRniSnul formaTa struqturu-

li gansxvavebebi Sesabamisad did sxvaobebs iwveven maT substratul specifikurobaSi, katali-

zur aqtivobasa da imunoqimiur TvisebebSi. 

induqciis dros citoqrom P450-is formireba warimarTeba cilis sinTezisa da misi “momwi-

febis”, hemis warmoqmnisa da apofermentTan misi dakavSirebis gziT. dadgenilia, rom qsenobi-

otik-induqtoris moqmedebiT represoruli cila genis represorul ubanSi gadainacvlebs, rac 

cilis sinTezs inicirebs. citoqrom P450-is apofermentis sinTezis es momenti yvela organiz-

misaTvis saerToa, Tumca meqanizmis calkeul detalebs Soris mniSvnelovani gansxvavebebia. 

rac Seexeba hemis sinTezs, cxovelebis, safuvrebisa da baqteriebisagan gansxvavebiT, umaRles 

mcenareebSi es procesi mxolod glutamat-damokidebuli gziT mimdinareobs da ara 5-alanin-

sinTazas saSualebiT.   
5.1.2 peroqsidazebi 

 

peroqsidaza (EC 1.11.1.7) farTod gavrcelebuli fermentia, romelic aRmoCenilia yvela 

mwvane mcenareSi, sokoebsa da aerobul baqteriebSi. Sesabamisad, peroqsidazis mravlobiTi 

formebi funqciebis mravalferovnebas amJRavneben, monawileoben mTel rig fiziologiur da 

detoqsikaciur procesebSi: hormonalur regulaciaSi, lignifikaciaSi, stresul situaciebze 

sapasuxo reaqciebSi, ujreds icaven infeqciisagan, hidrozeJangebisagan, maT Soris sxvadasxva 

reaqciebis Sedegad warmoqmnili wyalbadis zeJangisagan, rac yvela fotosinTezuri mcena-

risTvisaa damaxasiaTebeli. peroqsidaza mcenareebSi yvela qsovilSi gvxvdeba, fermenti 

lokalizebulia ujredis kedelSi, vakuolebSi, tonoplastebSi, endoplazmuri retikulumisa 

da plazmalemis membranebSi. 

peroqsidaza akatalizebs reaqcias, romelSic substratis dasaJangad wyalbadis zeJangSi 

arsebuli Jangbadis aqtiuri forma gamoiyeneba: RH2 + H2O2 →2H2O + R 
fermenti erTi polipeptiduri jaWvisagan Sedgeba da protoporfirin IX-s saxiT hemis erT 

struqturul erTeuls Seicavs. mcenareuli peroqsidazebisTvis, cxovelurisagan gansxva-

vebiT, damaxasiaTebelia apofermenti, romlis daaxloebiT 25%-s naxSirwylovani fragmenti 

warmoadgens. es naxSirwylovani naSTi peroqsidazebis molekulas icavs proteolizisagan da 

xels uwyobs fermentis katalizurad aqtiuri konformaciis SenarCunebas. 

cnobilia, rom peroqsidazebi mraval Tavisufal-radikalur reaqcias akatalizeben. natiur 

mdgomareobaSi fermenti samvalentian hemur rkinas Seicavs (nax. 5.8). wyalbadis zeJangis 

dakavSirebis Sedegad hemi ori eleqtroniT iJangeba. aqtiuri centris uSualo siaxloveSi 

ganlagebuli fuZe bunebis mqone ori aminomJavas _ argininisa (Arg38) da histidinis (His42) naS-

Tebi katalizuri aqtis am stadiaze wyalbadis zeJangis aqtivaciaSi erTvebian. His42 Tavda-
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pirvelad moqmedebs, rogorc protonis aqceptori (fuZuri katalizatori), xolo Semdeg, 

neitralur pH-ze, donoris rolSi gamodis (mJavuri katalizatori). es xels uwyobs hemTan 

bmuli zeJangis molekulaSi protonis gadacemas Jangbadis α-dan β-atomisaken. amis Sedegad 

zeJangSi O–O bma maqsimalurad polarizdeba, ris gamoc heteroliturad ixliCeba da oqso-

ferili (peroqsidazis I mdgomareoba) formirdeba. am dros Arg38 histidinis pKa-s mniSvnelobas 

amcirebs da es ukanaskneli fermentis aqtiur centrSi damatebiT uerTdeba wyalbadis zeJangis 

molekulas. oqsoferili, romelic hemis porfirinul birTvSi oTxvalentian rkinas Seicavs, 

stabilizebul kationur radikals warmoadgens. oqsoferili dasaJangi substratis ori mole-

kuliT or etapad aRdgeba. pirvel stadiaze, oqsoferili kation-radikalis meSveobiT 

substratidan erTi eleqtronis moxleCas axdens da feril-formaSi (peroqsidazis II mdgo-

mareobaSi) gadadis. am dros radikali da dadebiTi muxti neitraldeba, magram rkina kvlav 

oTxvalentian mdgomareobaSi rCeba. Semdeg etapze substratis sxva molekulidan meore 

eleqtroni ixliCeba, hemis rkina samvalentian mdgomareobamde aRdgeba da warmoiqmneba feril-

forma, e.i. fermenti e.w. "mosvenebul" mdgomareobaSi gadadis. feril-formis wyalbadis 

zeJangTan urTierTmoqmedebis SemTxvevaSi katalizurad inaqtivirebuli ferik-superoqsi-

duli forma (peroqsidazis III mdgomareoba) warmoiqmneba, romelSic hemis samvalentiani rkina 

superoqsidul radikalTan aris dakavSirebuli. 

Fe3+ Fe4+O

Fe3+
H2O2 OH2

H2O2 OH2

RH

RHR  
R  

Fe4+O O   

.+

2

"mosvenebuli" mdgomareoba I mdgomareoba

II mdgomareoba
III mdgomareoba

ferik-superoqsiduli

forma

feril-forma

ferik-forma oqsoferil-forma

 
nax. 5.8. peroqsidazis moqmedebis meqanizmi. 

 

peroqsidaziT katalizebuli reaqciis Sedegad warmoqmnili R. Tavisufali radikalis 

Semcvel produqts sxva nivTierebebis, maT Soris qsenobiotikebis daJangvac SeuZlia. 

mcenareuli peroqsidazebis analogiurad, JangviT reaqciebSi monawileoben mikroorga-

nizmebis peroqsidazebi: lignin-peroqsidaza da manganum-damokidebuli peroqsidaza (Mn-pero-

qsidaza). sxvadasxva naerTebis Jangvis garda, saTanado eleqtronebis donorebis Tanaobisas 

lignin-peroqsidaza aRdgeniT reaqciebSic iRebs monawileobas. 

zogierTi mkvlevaris TvalsazrisiT mcenareebSi organuli toqsikuri naerTebis ZiriTadi 

nawili peroqsidazebiT iJangeba. es hipoTeza eqsperimentulad dasabuTebul Semdeg mosaz-

rebebs eyrdnoba: mcenareebSi peroqsidaza farTod aris gavrcelebuli; aqvT maRali Tvisoba 

sxvadasxva qimiuri struqturis mqone organuli qsenobiotikebis mimarT; gaaCniaT univer-

saluri substratuli specifikuroba. es Taviseburebebi gansazRvravs peroqsidazis aqtiur 

monawileobas detoqsikaciuri procesebis farTo diapazonSi. qsenobiotikebis hidroqsi-

lirebis reaqciebSi mcenareuli peroqsidazebis monawileobaze mravali faqti miuTiTebs, mag., 

sxvadasxva mcenareebis peroqsidazebs SeuZliaT daJangon N,N-dimeTilanilini, 3,4-benzpireni, 
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4-nitro-o-fenilendiamini, 4-qloranilidi, fenoli, aminofluoreni, paraoqsiacetanilidi, 

dieTilstilbestroli, hidroqsibuTiltoluoli, hidroqsianizolebi da a.S. triTiumiT niSa-

ndebuli meTilis jgufis Semcveli [C3H3] TNT-s gamoyenebiT naCvenebia, rom pirSuSxas peroq-

sidazis sufTa preparats SeuZlia iseTi Znelad dasaJangi jgufic ki daJangos, rogorsac TNT-s 

meTilis jgufi warmoadgens. 
  

5.1.2.1 citoqrom P450-is peroqsidazuli aqtivoba 

 

monooqsigenazuri ciklis meoTxe stadia sxva mxrivac SeiZleba CaiTvalos mTavar, sakvanZo 

ubnad citoqrom P450-is funqcionirebisas, Tu gaviTvaliswinebT, rom es hemoproteini mono-

oqsigenirebis ZiriTadi procesis garda, oqsidazur da peroqsidazul reaqciebsac akata-

lizebs (nax. 5.9).  
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-
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nax. 5.9. citoqrom P450-iT katalizebuli monooqsigenazuri, oqsidazuri da peroqsidazuli 

ciklebi. 

 

sqemidan vxedavT, rom monooqsigenazuri, oqsidazuri da peroqsidazuli funqciebis 

SesrulebisaTvis „gzaTa gasayari“ swored oqsicitoqromis sammagi kompleqsia. rogorc zeviT 

aRiniSna, meore eleqtroniT aRdgenis SemTxvevaSi oqsicitoqrom P450 monooqsigenazur ciklSi 

ganagrZobs fuqcionirebas. es kompleqsi SeiZleba daiSalos da misi disproporcionirebiT 

miiReba superoqsiduli nawilaki, romelsac unari Seswevs imoqmedos protonebTan da wyal-

badis zeJangi warmoqmnas, an endogenuri substratebi (mag., lipidebi) organul hidroze-

Jangebad daJangos. am SemTxvevaSi citoqrom P450 moqmedebs, rogorc oqsidaza. garda amisa, 

oqsicitoqromis daSlisas gamoTavisuflebul hems SeuZlia wyalbadis zeJangis an organuli 

hidrozeJangebis dakavSireba da maTi aqtiuri Jangbadis wyarod gamoyeneba garkveuli RH-is 

tipis substratebis dasaJangad. cxadia, am SemTxvevaSi citoqrom P450 peroqsidazul aqtivobas 

gamoamJRavnebs. 

daaxloebiT 10_15 wlis win mkvlevarTa gacxovelebuli yuradReba citoqrom P450-is kidev 

erTma Taviseburebam miiqcia. aRmoCnda, rom hemoproteini arRvevs tradiciul Sexedulebas 

imis Sesaxeb, rom reaqciis dasasruls fermentebi cvlilebebs ar ganicdian. rogorc irkveva, 

katalizuri ciklis ganxorcielebis Sedegad citoqrom P450 da zogierTi sxva fermenti (mag., 

superoqsiddismutaza, glukozooqsidaza, qsantinoqsidaza, qloroperoqsidaza, glutaTion-
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peroqsidaza da sxv.) qimiur modifikacias ganicdian, rac maTi inaqtivaciiT gamoixateba. es 

movlena „TviTinaqtivaciis“ saxelwodebiTaa cnobili da im fermentebs axasiaTebT, romlebic 

katalizuri aqtivobis Sedegad sxvadasxva Tavisufal radikalebs _ Jangbadis aqtiur formebs 

an reaqciisunarian intermediatebs generireben.  

arsebobs mosazreba, rom mcenareuli citoqrom P450 qimiuri modifikaciis Semdeg funqci-

onirebs, rogorc peroqsidaza. es fenomeni dawvrilebiT iqneba ganxiluli qveTavSi 6.5. 

 

 

5.1.3 fenoloqsidazebi  
fenoloqsidaza (EC 1.14.18.1) spilenZis Semcveli metalofermentia, romelic farTodaa 

gavrcelebuli mikroorganizmebSi, mcenareebSi, mwerebsa da cxovelur organizmebSi. es fer-

menti sakvanZo rols asrulebs iseT procesebSi, rogoricaa nayofebis da bostneulis 

pigmentireba. mcenareebSi fermenti warmodgenilia mravlobiTi formebiT, romlebic gvxvdeba 

aqtiur an latentur mdgomareobaSi. fenoloqsidazebis mier katalizebuli reaqciebi ori 

tipisaa (nax. 5.10): 

− monooqsigenazuri, anu monofenolazuri reaqcia _ monofenolebis o-hidroqsilireba;  

− dehidrogenazuri, anu difenolazuri reaqcia _ o-difenolebis o-qinonebamde Jangva.  

O2
OH OHR

OH
R
monofenoli

+ + 2 H +  H2Oo−monofenolaza

o-difenoli  OH OHR O2
O OR+2 +  H2O2

o-difenoli

o-difenolaza

o-qinoni  
nax. 5.10. mcenareebis fenoloqsidazebis mier katalizebuli monofenolazuri da difenola-

zuri reaqciebi.  

 

monofenolazuri da difenolazuri katalizuri reaqciebi xSirad arafermentul proce-

sebTanaa SeuRlebuli, mag., o-qinonebis formirebas mohyveba arafermentuli kondensaciis reaq-

ciebi, romlis Sedegadac pigmentebi warmoiqmneba. 

fenoloqsidazis moqmedebis SesaZlo meqanizmi Seswavlilia bazidialuri sokos _ Agaricus 

bisporus Tirozinazis magaliTze. es fermenti fenoloqsidazebis tipiuri warmomadgenelia da 

sami- met-, deoqsi- da oqsi-formebis saxiT arsebobs. fermentis aqtiuri centri orbirTviania 

(nax. 5.11). TiToeuli birTvis spilenZis ioni histidinis naSTebis azotis sami atomis garemoc-

vaSi imyofeba. swored spilenZis ionebis valentobiT gansxvavdebian erTmaneTisagan fenol-

oqsidazis formebi, kerZod, met- da oqsi-formebSi spilenZis ionebi orvalentiania, xolo 

deoqsi-forma erTvalentian spilenZs Seicavs. substratTan (mag., o-difenolTan) dakavSireba 

mxolod met- da oqsi-formebs SeuZliaT, xolo deoqsi-formas aseTi unari ar gaaCnia. 

molekuluri Jangbadi, romelic fenolebis JangvaSi monawileobs, piriqiT, mxolod Tavisufal 

deoqsi-formas ukavSirdeba. 

 о-difenolazuri reaqcia substratis dakavSirebiT iwyeba. am dros fermentis met-formis 

(sqemaze _ Emet) erT-erT spilenZis (II) ions ukavSirdeba о-difenoli, romelic aqtiuri centris 
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sibrtyis mimarT perpendikularul (aqsialur) pozicias ikavebs. process Tan axlavs о-

difenolis hidroqsilis jgufebidan fermentis aqtiur centrze protonebis gadasvla. 

pirveli maTgani apofermentze (sqemaze aRniSnulia, rogorc B) gadadis, xolo meore _ 

histidinis naSTis azotis atomze, romelic meore spilenZis (II) ionidan Tavisufldeba. amis 

Semdeg iwyeba о-difenolis Jangvis reaqcia: eleqtronebi substratidan spilenZis (II) ionebze 

gadadian, ris Sedegadac о-qinoni warmoiqmneba, xolo fermenti deoqsi-formaSi gadadis 

(sqemaze _ Edeoxy). am formas aqvs orbirTviani aqtiuri centri, sadac metalebis ionebi 

erTvalentian mdgomareobaSia. deoqsi-forma swrafad ikavSirebs Jangbadis molekulas da 

fermenti oqsi-formaSi gadadis, romelsac, iseve rogorc met-formas, о-difenolis molekulis 

mierTebisa da Jangvis unari gaaCnia. 
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nax. 5.11. fenoloqsidazis moqmedebis meqanizmi.  

fenoloqsidazis oqsi-formas, о-difenolis garda, monofenolis mierTebac SeuZlia. am 

SemTxvevaSi fermenti monofenolazur aqtivobas amJRavnebs. rogorc nax. 5.12-ze warmodgenili 

sqemidan Cans, fermentis erTsa da igive izoformas rogorc difenolazuri, aseve 

monofenolazuri aqtivobis gamovlena SeuZlia.  

naCvenebia, rom zogierT mcenareSi fenoloqsidazis aqtivobis tipi damokidebulia 

fermentis mravlobiTi formebis molekulur masaze, kerZod, dabali molekuluri masis mqone 

formebi (14, 21, 28, 35, 42, 55 da 70 kD) amJRavneben orive _ monofenolazur da difenolazur 

aqtivobas, xolo molekuluri masis zrdasTan erTad, 118 da 250 kD masis mqone formebs mxolod 

difenolazuri aqtivobis gamovlena SeuZliaT. es movlena aixsneba dabalmolekuluri 

formebis asociaciis dros aqtiuri centris steriuli gadafarviT, rac xels uSlis 

monofenolebis dakavSirebas oligomerul, maRalmolekulur formebTan. 
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nax. 5.12. fenoloqsidazis difenolazuri da monofenolazuri reaqciebis meqanizmi. 

 

ZiriTadi funqciis _ fenoluri naerTebis JangvaSi monawileobis garda, fenoloqsidazas 

SeuZlia agreTve aqtiurad CaerTos organuli qsenobiotikebis JangviT degradaciaSi. am dros 

fermentis moqmedebis meqanizmi, qsenobiotikebis qimiur bunebazea damokidebulebi. Tu 

qsenobiotiki fenoluri bunebisaa, maSin is SeiZleba aRmoCndes fermentis substrati da 

uSualod daiJangeba orive gziT _ monofenolazuri da difenolazuri reaqciebiT. sxva 

SemTxvevaSi, e.i. Tu qsenobiotiki fenoloqsidazis substrati ar aRmoCndeba, savaraudoa, rom 

qsenobiotikis Jangva endogenur fenolebTan TanadaJangvis meqanizmiT warimarTeba. mag., 

naCvenebia, rom ispanaxis fenoloqsidaza efeqturad Jangavs aromatul naxSirwyalbadebs 

benzols da toluols, ris Sedegadac qinonebi warmoiqmneba. procesi mniSvnelovnad stimu-

lirdeba sainkubacio areSi fenoloqsidazis substratis _ pirokatexinis SetaniT. mocemul 

SemTxvevaSi fermenti endogenuri fenolis daJangviT semi-qinons da qinons warmoqmnis, 

romlebsac maRali Jangva-aRdgeniTi potenciali gaaCniaT (nax. 5.13). semi-qinons SuZlia 

molekuluri Jangbadis gaaqtiureba da misgan Jangbadis aqtiuri formebis formireba. am 

formebs _ superoqsidul anion-radikalsa O .  da hidroqsilis radikals (HO .) organuli 

qsenobiotikebis Jangvis unari gaaCniaT. amrigad, fenoloqsidaza aqtiurad monawileobs 

organuli qsenobiotikebis detoqsikaciis procesSi, ris safuZvelsac Jangbadis Tavisufali 

radikalebis formirebiT mimdinare TanadaJangvis meqanizmi warmoadgens.  
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nax. 5.13. benzolis TanadaJangvis meqanizmi о-difenolis fenoloqsidaziT Jangvis procesSi.  

savaraudoa, rom analogiuri meqanizmiT iJangeba nitrobenzoli m-nitrofenolad, agreTve [C3H3] TNT-s meTilis jgufi, rac naCvenebia Cais foTlebidan gamoyofili fenoloqsidazis 

fermentuli preparatis magaliTze. 

qsenobiotikebis JangviT procesebSi mcenareuli fenoloqsidazebis monawileobis Sesaxeb 

monacemebi sakmaod mcirea. am TvalsazrisiT ukeTesadaa Seswavlili bazidialuri sokoebis 

lakazebi (p-fenoloqsidazebi). dadgenilia, rom lakazebi monawileoben mravali alifaturi da 

aromatuli naxSirwyalbadebis degradaciaSi, agreTve alkenebis JangvaSi. naCvenebia, rom soko 

Trametes versicolor-idan gamoyofili lakazis nedli eqstraqti Jangavs 3,4-benzpirens, antracens, 

qrizens, fenantrens, acenafens da sxva policiklur aromatul naxSirwyalbadebs. am toqsikuri 

naerTebis JangviTi procesebis intensivoba izrdeba lakazebis substratebis _ fenolis, 

anilinis, 4-oqsibenzoinis mJavas da 4-hidroqsibenzilis spirtis Tanaobisas. qsenobiotikebis 

TanadaJangvis procesSi es substratebi mediatorebis rols asruleben. rodesac mediatoris 

redoqs-potenciali (Eh) 0.9 V-ze naklebia, Jangvis reaqciis siCqare mediatorebis Eh-is 

mniSvnelobis zrdis pirdapir proporciulad izrdeba, xolo Tu mediatoris redoqs-poten-

ciali 0.9 V-s aRemateba, maSin reaqciis siCqare klebulobs. fenoloqsidazebis bunebrivi 

naerTebi: meTionini, cisteini, aRdgenili glutaTioni da sxv., romlebic mediatorebis rols 

asruleben, agreTve astimulireben qsenobiotikebis Jangvas. es monacemebi imaze miuTiTeben, 

rom о-difenoloqsidazis msgavsad, policiklur aromatul naxSirwyalbadebs lakazac 

TanadaJangvis meqanizmiT Jangavs. 

 

 

5.1.4 esTerazebi  
toqsikuri organuli naerTebis hidrolizis reaqciebi serinuli hidrolazebiT kataliz-

deba. aseTi fermentebia: karboqsilesTeraza (EC 3.1.1.1), arilesTeraza (EC 3.1.1.2), lizo-

fosfolipaza (EC 3.1.1.5), acilesTeraza (EC 3.1.1.6), acilglicerollipaza (EC 3.1.1.23), 

acilnitrathidrolaza (EC 3.1.1.28), palmitol-CoA-hidrolaza (EC 3.1.2.2), amidaza (EC 3.5.1.4), 
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acil-arilamidaza (EC 3.5.1.13) da a.S. aseve unda aRiniSnos fosfatazebis (EC 3.1.3) qveqveklasis 

fermentebi, romlebic monawileoben fosfororganuli toqsikantebis hidrolizSi. substra-

tuli specifikuroba esTerazebs saSualebas aZlevs aqtiurad miiRon monawileoba lipofi-

luri qsenobiotikebis detoqsikaciis pirvel fazaSi. 

dadgenilia, rom xorbali 12-mde esTerazas Seicavs. maTgan erT-erTi specifikuria iseTi 

substratebis mimarT, romlebic esTeris spirtul naSTSi 6_8 naxSirbadatomiani jaWvis mqone 

radikals Seicaven. aRmoCnda, rom esTerazebis es forma aqtiurad monawileobs esTeruli tipis 

qsenobiotikis _ bis-(2-eTilheqsil)ftalatis hidrolizSi (nax. 5.14). aRniSnuli naerTi 

gamoiyeneba plastmasebis warmoebaSi, rogorc damarbilebeli saSualeba (plasticizeri) da 

erT-erT farTod gavrcelebul ekotoqsikants warmoadgens.  
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2-eTil-heqsanol-1   nax. 5.14. ftalis mJavas esTeris hidrolizuri gaxleCa umaRlesi mcenareebis esTerazebiT.  
esTerazebi efeqturad ahidrolizeben p-nitrofenilacetatis da α-naftilacetatis tipis 

modelur qsenobiotikebs. sxvadasxva mcenareebis esTerazebis aqtivobis Sedareba uCvenebs, rom 

modeluri qsenobiotikebis mimarT aqtivoba yvelaze maRalia xorbalSi, Tumca amave dros 

sarevelebSi _ velur Svriasa da venaxis melakudaSi (Alopecurus myosuroides) esTeraza ufro 

aqtiurad pesticidebis esTerebis (meTil-diklofopis, bromoqsiniloqtanoatis da bina-

pakrilis) hidrolizs akatalizebs. aseTi gansxvaveba gamowveulia mcenareebSi esTerazebis 

sxvadasxva formebis arsebobiT. yvela gamokvleul sarevelebSi dominantur formebs fuZe 

esTerazebi (pI > 5.0) warmoadgenen, romlebic pesticidebis mimarT maRali TvisobiT xasiaT-

debian, xolo xorbalSi funqcionirebs mJava esTeraza (pI 4.6), romelsac piriqiT, yvelaze 

maRali aqtivoba α-naftilacetatis mimarT aqvs da pesticidebis mimarT specifikurobas ar 

amJRavnebs. 

marcvlovani kulturebisa da sarevelebis hidrolizuri fermentebis ojaxi mniSvnelovan 

rols asruleben rogorc Sidaujredul metabolur procesebSi, aseve herbicidebis aqtiva-

ciaSic (zogierTi esTeruli tipis herbicidi Tavis aqtivobas mxolod hidrolizuri daSlis 

Semdeg amJRavnebs). mag., serinuli hidrolazebis ojaxis warmomadgeneli _ karboqsilesTeraza, 

Sesabamisi esTeruli winamorbedebis hidrolizis Sedegad aaqtiurebs herbicidebs _ ariloqsi-

fenoqsipropionatebs. es esTeraza identificirebulia melakudaSi, sarevelaSi, romelic 

CrdiloeT evropaSi marcvlovan kulturebs did problemebs uqmnis. aRniSnuli fermenti 

klonirebuli da eqspresirebulia Pichia pastoris-s safuarSi. aRmoCnda, esTeraza formirdeba am 

gen-modificirebuli Stamis Rrma kultivirebis Sedegad, rogorc araujreduli produqti. am 

fermentis klonireba mcenareebSicaa ganzraxuli.   
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5.1.5 reduqtazebi  
pirveladi gardaqmna zogierTi qsenobiotikisaTvis aRdgeniT reaqcias warmoadgens. aseT 

toqsikantebs warmoadgenen erTi mxriv nitrojgufebis Semcveli naerTebi (nitrobenzoli, 

dinitrobenzoli, feTqebadi nivTierebebi _ TNT, nitroglicerini, RDX, HMX da sxv.), meore 

mxriv ki polihalogenirebuli naxSirwyalbadebi (qlorirebuli alkanebi, alkenebi, arenebi, 

bifenilebi da a.S.).  

mraval organizmebSi TNT amonidinitrotoluolebamde da/an diaminonitrotoluolamde 

aRdgeba. nitroaromatuli toqsikantebis mineralizaciis unaris mqone zogierTi mikroor-

ganizmi TNT-s ufro Rrmad _ triaminotoluolamde aRadgens, romelic Semdgom SedarebiT 

advilad iJangeba oqsidazebiT. nitro-jgufebis aRdgenis reaqciebs nitroreduqtazebi 

akatalizeben.  

qlorirebul naxSirwyalbadebSi halogenis atomi mJangveli fermentebisaTvis miuwvdomels 

xdis alifaturi jaWvis an aromatuli birTvis naxSirbadatomebs, amitom am naerTebis pirvelad 

gardaqmnebs xSirad aRdgeniTi dehalogenireba warmoadgens, ris Semdegac halogenisagan gan-

Tavisuflebuli naxSirbadovani ConCxi gacilebiT advilad eqvemdebareba JangviT gardaqmnebs. 

aRdgeniTi dehalogenirebis reaqciebi dehalogenazebiT katalizdeba.  

fermentebi, romlebic akatalizeben TNT-s tipis feTqebadi nivTierebebis nitrojgufebis 

aRdgenas, e.w. araspecifikur NAD(P)H-damokidebul nitroreduqtazebs (EC 1.6.6) warmoadgenen. 

es fermentebi aRmoCenilia yvela biologiur obieqtSi: cxovelebSi, mcenareebsa da mikro-

organizmebSi. maTgan yvelaze ukeT Seswavlilia Enterobacter cloacae nitroreduqtaza. misi apo-

fermenti or monomers Seicavs, romlebic dimers warmoqmnian. dimeris zedapirTan dakavSi-

rebulia flavinmononukleotidis ori prosTeturi jgufi. am nukleotidis ori kofaqtoris 

saSualebiT fermenti NADH-idan da/an NADPH-idan aRmdgenel eqvivalentebs Rebulobs. 

Cveulebriv, Tavisufal daJangul flavins brtyeli konfiguracia gaaCnia, magram daJangul 

nitroreduqtazaSi flavinis birTvi 16°-iani kuTxiT moxril konformacias iRebs. aseTi daxris 

arseboba xels uwyobs daJanguli fermentis aRdgenas flavinis birTvze ori eleqtronis 

gadataniT, ris Sedegadac daxriloba 25°-mde izrdeba. fermentis aseTi aRdgenisaTvis 

aucilebelia ori eleqtroni, radgan erTeleqtroniani aRdgenis Semdeg warmoiqmneba flavinis 

semi-qinonuri forma, romelic aqtiuri centris moxrili konformaciis gamo arastabiluria, 

vinaidan semi-qinonuri formis xangrZlivi SenarCuneba mxolod brtyeli konfiguraciis dros 

aris SesaZlebeli. 

nitroreduqtazebi gansakuTrebiT mniSvnelovania iseTi aromatuli nitro-naerTebis 

gauvnebelyofisaTvis, rogorebicaa feTqebadi naerTebi: TNT, RDX da HMX. TNT-s toqsikuroba 

da mutagenuroba gamowveulia nitro-jgufebis arsebobiT, agreTve Sualeduri naerTebis 

nitrozo- da hidroqsilaminuri jgufebiT. naCvenebia, rom nitro-jgufebis amino-jgufebamde 

sruli aRdgena mutagenur efeqts, da Sesabamisad, mocemuli nivTierebis toqsikurobas mniSv-

nelovnad amcirebs. 

nitroreduqtaziT TNT-s aRdgena ganpirobebulia TviT toqsikantis qimiuri struqturiT. 

azotis atoms TNT-s nitro-jgufebSi Jangbadatomebis maRali eleqtrouaryofiTobis gamo 

nawilobriv dadebiTi muxti gaaCnia. Sesabamisad, es muxti da, agreTve TviT azotis mniSvne-

lovani eleqtrouaryofiToba am nitro-jgufebs advilad aRdgenis unars aniWeben. meore 

mxriv, TNT-s aromatuli birTvis delokalizebuli eleqtronebi nitro-jgufebTan miizidebian 

da, birTvi eleqtrofiluri xdeba. 

nitroreduqtaza TNT-s nitro-jgufebis aRdgenisaTvis, eleqtronebis wyarod aRdgenil 

piridinnukleotidebs (NADH-sa da NADPH-s) iyenebs. arsebobs nitroreduqtazebis ori tipi 

(nax. 5.15): I tipis nitroreduqtazebi, romlebic funqcionireben cxovelebSi, mcenareebsa da 

zogierT mikroorganizmebSi (mag., baqteriebis warmomadgenlebSi Bacillus, Staphylococcus, Pseudo-
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monas da aqtinomicetebSi), TiToeuli nitro-jgufebis aRdgenas sam etapad axorcieleben. 

TiToeul etapze oreleqtroniani aRdgena xdeba da Sualedur produqtebad TNT-s nitrozo- 

da hidroqsilamino-warmoebulebi miiReba. mTlianad es procesi Tavisufali radikalebis 

warmoqmnis gareSe mimdinareobs. I tipis nitroreduqtazebi ar arian mgrZnobiare Jangbadis 

mimarT, e.i. SeuZliaT imoqmedon rogorc aerobul, aseve anaerobul pirobebSi. II tipis nitro-

reduqtazebi (romlebic gamovlenilia virTagvas RviZlis mikrosomebSi, da agreTve Escherichia 

coli-sa da Clostridium-is calkeul kulturebSi) mxolod anaerobul pirobebSi funqcionireben. 

maT mier katalizebul reaqciaSi gansxvavebulia pirveli etapi, romlis drosac TNT-s erTeleq-

troniani aRdgena xdeba da nitro-anion-radikali warmoiqmneba, Semdeg ki aRdgeniTi procesi 

I tipis nitroreduqtazis analogiurad mimdinareobs. aerobul pirobebSi swored es, pirveli 

stadia Seqcevadi xdeba, vinaidan nitro-anion-radikali molekulur JangbadTan reagirebisas TNT-s warmoqmniT iSleba, xolo Jangbadidan superoqsiduli anion-radikali generirdeba.  
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nax. 5.15. ori tipis nitroreduqtazebis moqmedebis meqanizmi. 

 

unda aRiniSnos, rom TNT-s pirveli nitro-jgufis (2 an 4-is mdgomareobaSi) aRdgenis reaq-

cia bevrad swrafad mimdinareobs, vidre danarCeni jgufebisa, radganac nitro-jgufis gar-

daqmna aminur jgufad nitro-aromatul birTvSi eleqtronul deficits amcirebs, Sesabamisad, 

eleqtrofilurobac mcirdeba da danarCeni nitro-jgufebis aRdgenisaTvis saWiroa ufro da-

bali Jangva-aRdgeniTi potenciali. 

aminamde aRdgenis garda, nitroreduqtazebi akatalizeben agreTve TNT-s molekulebidan о-

nitro-jgufis mocilebas (nax. 5.16). rogorc zemoT aRiniSna, TNT-s aromatul birTvSi eleqt-

ronebis deficiti nukleofilur Setevas astimulirebs. amis gamo aromatul birTvze SeiZleba 

moxvdes ara eleqtroni, aramed aRdgenili piridinnukleotidebisagan moxleCili hidrid-

anioni. aseT SemTxvevaSi TNT-dan warmoiqmneba meizenheimeris kompleqsis tipis araaromatuli 

struqtura. am kompleqsidan nitrit-anionis moxleCiT 2,4-dinitrotoluolis formireba xde-

ba. unda aRiniSnos agreTve, rom aRwerili procesi ufro damaxasiaTebelia anaerobuli pirobe-

bisaTvis, xolo aerobul pirobebSi nitro-jgufebis aRdgena xdeba. 
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nax. 5.16. nitroreduqtaziT TNT-s denitrirebis meqanizmi.  
mcenareebi, romlebic feTqebadi nivTierebebiT dabinZurebuli niadagebis da gruntis 

wylebis fitoremediaciisaTvis gamoiyeneba, aucileblad unda Seicavdnen maRalaqtiur ni-

troreduqtazebs. wyalxsnaridan TNT-s SeTvisebis sxvadasxva unaris mqone mcenareebis ni-

troreduqtazuli aqtivobis Sedareba aCvenebs, rom rac ufro maRalia mcenaris nitroredu-

qtazuli aqtivoba, miT ufro swrafad xdeba TNT-s asimilireba. es Sedegebi saSualebas iZleva 

vivaraudoT, rom nitroreduqtazis aqtivoba SeiZleba gamoviyenoT TNT-Ti dabinZurebuli ga-

remos fitoremediaciisaTvis mcenareebis SerCevis bioqimiur kriteriumad. dadgenilia agreT-

ve, rom TNT-s fermentuli gardaqmnebis Sedegad ZiriTadad monoaminowarmoebulebis (2-amino-4,6-dinitrotoluolis da 4-amino-2,6-dinitrotoluolis) formireba xdeba, romlebic upira-

tesad (zogierT SemTxvevaSi 60%-mde) mcenareuli ujredis uxsnad biopolimerebTan (mag., hemi-

celulozasTan da ligninTan) koniugireben da ujredis kedelSi grovdebian. TNT-Ti dabinZurebuli niadagebis fitoremediaciaSi, Zalian efeqturia mcenareebisa da mi-

kroorganizmebis konsorciumebis monawileoba _ remediaciis procesis sawyis etapze maRalaq-

tiuri nitroreduqtazis mqone baqteriebs SeuZliaT niadagSi TNT-dan monoaminodinitroto-

luolebi da diaminotoluolebi warmoqmnan, romlebic mcenareebiT advilad amoiwvlileba 

niadagidan. mag., aseT fitoremediaciul sistemas qmnian Pseudomonas-is baqteriuli kultura da 

balaxovani mcenare _ swori Svriela (Bromus erectus). arsebobs agreTve alternatiuli perspeq-

tiva _ baqteriuli nitroreduqtazebis genebis mqone transgenuri mcenareebis gamoyeneba. 

  
5.1.6 dehalogenazebi  

dioqsinebis, poliqlorirebuli bifenilebis, qlorirebuli gamxsnelebis, qlororganuli 

pesticidebisa da sxva halogen-Semcveli organuli qsenobiotikebis detoqsikaciis sawyis 

stadias halogenis atomis mocileba, anu dehalogenireba warmoadgens. am gziT haloge-

nirebuli toqsikantisagan naklebad toqsikuri produqti miiReba, romelic SemdgomSi gacile-

biT advilad degradirdeba, vidre sawyisi naerTi. dehalogenirebis procesi SeiZleba warimar-

Tos rogorc JangviTi, aseve aRdgeniTi reaqciebis saSualebiT. aRdgeniTi dehalogenireba 

mimdinareobs rogorc aerobul, aseve anaerobul pirobebSi da es procesi specifikuri fermen-

tebis _ dehalogenazebis saSualebiT katalizdeba. dehalogenaza sakvanZo fermentia e.w. halo-

respiratorul sunTqvaSi, romelic damaxasiaTebelia zogierTi gramdadebiTi baqteri-

ebisaTvis, agreTve δ- da ε-proteobaqteriisaTvis. es mikroorganizmebi qloralkenebs (triqlo-

reTilens, tetraqloreTilens) da qloraromatul naerTebs (qlorfenolebs, 3-qlorbenzois 

mJavas) eleqtronebis terminalur aqceptorad iyeneben da dehalogenirebiT gamoTavisuf-

lebuli metaboluri energiis akumulirebas axdenen.  

cnobilia, rom zogierT mcenares (soia, samyura, xorbali da sxv.) unari Seswevs ganaxor-

cielos poliqlorirebuli bifenilebis dehalogenireba. am dros procesis specifikurobas 
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qloris atomebis raodenoba da aromatul birTvSi maT mier dakavebuli pozicia gansazRvravs. 

wylis mcenare kanaduri elodea (Elodea canadensis) triqloreTilens baqteriebis msgavsad 

dehalogenazis saSualebiT gardaqmnis (nax. 5.17). aRmoCnda, rom am mcenareSi ferments aromat-

uli qlornawarmis substratad gamoyeneba ar SeuZlia. 

C CCl
Cl

Cl
H C CCl

H
Cl
H

triqloreTileni

2 H +   HCl
cis-1,2-diqloreTileni

dehalogenaza

 
nax. 5.17. kanadur elodeaSi triqloreTilenis gardaqmna dehalogenaziT.  

hibriduli verxvi igive triqloreTilenis transformaciis dros metabolitebad triqlor-

ZmarmJavas, diqlorZmarmJavasa da triqloreTanols warmoqmnis, e.i. am mcenareSi qlorirebuli 

toqsikanti JangviTi degradaciis gziT gardaiqmneba. dadgenilia, rom am SemTxvevaSi procesi 

mikrosomuli citoqrom P450-iT katalizdeba.   
5.2 qsenobiotikTa koniugaciaSi monawile fermentebi 

 
detoqsikaciur procesebSi koniugaciis reaqciebs akatalizeben fermentebi, romlebic 

klasificirdebian, rogorc transferazebi (EC 2). es reaqciebi qsenobiotikebis funqciona-

lizaciis Semdgomi procesebia. Sesabamisad, transformaciis am, meore fazis dros, mcenareuli 

ujredis endogenur naerTebTan ucxo nivTierebebis dakavSireba xdeba. am procesSi calkeuli 

fermentis monawileoba ganisazRvreba qsenobiotikebis qimiuri bunebiT da Sesabamisi endoge-

nuri naerTebis arsebobiT. dReisaTvis arsebuli monacemebis Tanaxmad, koniugaciis procesebs 

Semdegi fermentebi akatalizeben: glutaTion S-transferaza (EC 2.8.1.5), O-glukozil-transfe-

raza (EC 2.4.1.7), N-glukozil-transferaza (EC 2.4.1.71), N-malonil-transferaza (EC 2.3.1.114), 

putrescin N-meTil-transferaza (EC 2.1.1.53) da zogierTi sxva. bunebriv pirobebSi es ferme-

ntebi ujreds nivTierebaTa normaluri cvlisaTvis esaWiroeba, magram toqsikuri naerTebis 

arsebobisas isini detoqsikaciur procesebSi erTvebian. yvela endogenur nivTierebas, 

romlebic koniugaciisaTvis gamoiyeneba, hidrofiluri buneba aqvs, amdenad, koniugaciis Sede-

gad organuli toqsikantebis lipofiluroba mniSvnelovnad mcirdeba. aseT koniugatebs 

citoplazmaSi gadaadgilebis maRali unari gaaCniaT, amitom isini kompartmentalizaciis fazis 

dros advilad transportirdebian vakuolebsa da ujredis kedlebSi. 

farTo specifikurobis mqone fermentebis jgufi _ glutaTion S-transferazebi (gluta-

Tion S-alkiltransferaza, glutaTion S-aril-transferaza, glutaTion S-arilalkil-trans-

feraza, S-(hidroqsialkil)glutaTion-liaza da sxv.) eleqtrofiluri toqsikuri nivTierebe-

bis aRdgenil glutaTionTan SeerTebis reaqciebs akatalizeben. glutaTion S-transferazebi 

kodirebulia genebis mravalferovani ojaxiT da 6 klasad iyofian. mcenareebSi gvxvdeba glu-

taTion S-transferazis π, τ, θ, ζ da λ klasebi. es fermenti qsenobiotikis (an misi transforma-

ciis Sualeduri produqtis) funqciur jgufsa da glutaTionis cisteinis naSTis SH-jgufebs 

Soris reaqcias axorcielebs, ris Sedegadac gogirdis atoms qsenobiotiki kovalenturi bmiT 

ukavSirdeba (nax. 5.18). 

glutaTion S-transferaza _ ujreduli sistemis universaluri instrumentia qsenobio-

tikebis utilizaciisaTvis aramarto mcenareebSi, aramed sxva organizmebSic. naCvenebia, rom 

fermenti monawileobs herbicidebis farTo speqtris koniugaciaSi: FOE 5043 (flufenaceti), 

trisulfuroni, qlorimuron-eTili, acetoqlori, metolaqlori, alaqlori, atrazini, safene-
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rebi, fluorodifeni da mravali sxv. unda aRiniSnos, rom ferments SeuZlia glutaTionTan da-

akavSiros rogorc organuli toqsikantebi, ise mZime metalebi: Pb, Zn, Cd, Mn, Cu da sxv. 
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nax. 5.18. qsenobiotikebis koniugacia glutaTionTan. 

 

koniugaciaSi monawile transferazebis meore jgufi _ glukoziltrasferazebi _ glukoza-

sa da qsenobiotikebis funqciur jgufebs Soris reaqciebs akatalizeben. aseT funqciur jgufs 

xSirad hidroqsili an amino-jgufi warmoadgens. glukozasTan maTi koniugacia Sesabamisad O-
glukoziltrasferazisa da N-glukoziltrasferazis saSualebiT xorcieldeba. orive fer-

menti herbicidebis (mag., 2,4-D-s, safenerebis) da mTeli rigi organuli toqsikantebis (mag., 3,4-

diqloranilinis, 4-nitrofenolis, 2,4,5-triqlorfenolis) moqmedebiT inducirdeba. 

SesaZlebelia, rom sxvadasxva mcenareebSi erTi da igive qsenobiotikis koniugacia gansxva-

vebuli transferazebiT warimarTos. mag., soiis da wiwmatis fesvis qsovilis kulturebSi 3,4-

diqloranilinis metabolizmis Seswavlam uCvena, rom soiis ujredebSi qsenobiotiki koniugir-

deba malonilTan N-maloniltransferazis saSualebiT, xolo wiwmatis ujredebSi glukozas-

Tan SeerTebis reaqcias N-glukoziltransferaza akatalizebs (nax. 5.19). 
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nax. 5.19. mcenareebSi 3,4-diqloranilinis koniugaciis SesaZlebeli gzebi. 

 

mcenareebSi inseqticid DDT-s metabolizmis raodenobrivi SeswavliT saintereso Sedegebia 

miRebuli. rogorc cnobilia, es toqsikuri naerTi winaswar iJangeba 2,2-bis(4-qlorfe-

nil)ZmarmJavamde, xolo Semdeg glukozasTan koniugirdeba da O-glukozids warmoqmnis. am 

ukanasknel reaqcias O-glukoziltransferaza akatalizebs. gamoTvlilia, soiis ujredebis 1 

grami (nedli masa), Seicavs imden O-glukoziltransferazas, ramdensac 1 saaTis ganmavlobaSi 855 mkg DDT-s metabolizmis Sualeduri produqtebis koniugacia SeuZlia. udavoa, rom aseTi 

saxis eqsperimentebi mcenareuli fermentebis ekologiuri potencialis raodenobrivi Sefa-

sebis saSualebas iZleva. 
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Tavi 6. biomembranebi. 

aRnagoba, Semadgenloba da nivTierebaTa transporti 

 

6.1 biomembrana _ ujredis struqturuli da funqciuri erTeuli 

 

membranuli sistema ujredisaTvis sasicocxlod mniSvnelovan struqturul da funqci-

onalur erTeuls warmoadgens. plazmuri membrana ujreds garemosagan ganamxoloebs da amas-

Tan erTad, maRalSerCeviTi unaris mqone ganvladobis bariers qmnis. membranaSi uamravi satra-

nsporto cila_fermentebia, romlebic Sidaujreduli SigTavsis metnaklebad mudmiv moleku-

lur da ionur Semadgenlobas uzrunvelyofen. Sida membranebs miekuTvneba mitoqondriebis, 

qloroplastebis membranuli sistemebi da agreTve endoplazmuri retikulumi goljis apa-

ratTan erTad. isini aranakleb mniSvnelovan rols asruleben rogorc metaboluri procesebis 

ganxorcielebaSi, aseve maT marTvasa da regulirebaSi. am membranebiT eukariotuli ujredebis 

SigTavsi calkeul nakveTurebad iyofa da am gziT saTanado Sidaujreduli “mikroklimati” ya-

libdeba. ujredis homeostazis SenarCuneba, nivTierebaTa SerCeviTi transporti, specifikuri 

receptorebiT garedan signalis miReba, nervuli impulsis gatareba, hormonebze ujredis rea-

gireba, baqteriaTa moZraoba kvebis wyaroebisaken, esaa is metad arasruli CamonaTvali, rom-

lebSic es membranebi monawileoben da ujredis cxovelmyofelobas ganapirobeben. 

mravali fermenti Tavis katalizur aqtivobas mxolod membranaSi CaSenebis, anu mexuTeuli 

struqturis SeZenis Semdeg avlens. amgvarad, membrana fermentTaTvis aramarto dammagrebeli 

Stativis (“SemduRebeli cementis”), aramed maTi aqtiurobisaTvis aucilebel kofaqtorul 

funqciasac asrulebs. membranaTa uzogades daniSnulebas struqturisa da funqciis mTlia-

nobis SenarCuneba warmoadgens. 

qsenobioqimiuri TvalsazrisiT gansakuTrebiT sayuradReboa endoplazmuri retikulumis 

membranebi, ramdenadac maTSi lokalizebulia is fermentuli sistemebi, romlebic ucxo naerT-

Ta JangviT degradacias axorcieleben. aq centraluri pozicia citoqrom P450-Semcvel eleq-

tronTa Tavisufal satransporto sistemas ukavia. membranis hidrofobuli garemo am multi-

fermentuli sistemisaTvis optimaluri samoqmedo area. misi TiToeuli warmomadgeneli Sesa-

niSnavad “agnebs” da “utevs” qsenobiotikis molekulis “mowyvlad” ubnebs. dadgenilia agreTve, 

rom endoplazmur membranebSi xorcieldeba upiratesad meore, ujredisaTvis metad arsebiTi _ 

ujer cximovan mJavaTa zeJanguri Jangvis procesic. 

sxva subujreduli warmonaqmnebisagan gansxvavebiT, romlebic nebismier ujredSi erTsa da 

imave funqcias asruleben (mag., cilebisa da nukleinmJavebis biosinTezi birTvsa da ribo-

somebSi, energiis gardaqmna da akumulacia mitoqondriebSi, ujreduli SigTavsisa da garedan 

SeTvisebuli maRalmolekuluri qimiuri masalis daSla lizosomebSi da a.S.), endoplazmuri 

membranebi sruliad sxvadasxva funqciebis matarebel sistemas warmoadgens. mag., kunTovan qso-

vilSi igi agznebisa da SekumSvis procesTa SeuRlebas axorcielebs; kuWqveSa jirkvalSi es mem-

brana uSualod monawileobs pankreatuli cila-fermentebis sinTezsa da transportSi; Tirk-

melzeda jirkvalSi steroiduli hormonebis metabolizmSia CarTuli, xolo RviZlSi ZiriTa-

dad samkurnalo nivTierebebisa da garedan moxvedrili sxva qsenobiotikebis gauvneblobas 

emsaxureba. 

aucilebeblia aRiniSnos, rom cxovelis sxvadasxva organoebis, agreTve mcenarisa da zogi-

erTi umartivesi organizmis endoplazmuri membranebi morfologiurad saocrad msgavsia. 

gansxvaveba mxolod qimiur komponentTa raodenobriv TanafardobaSi mdgomareobs, sxvadsxva 

qsovilis endoplazmuri membranebis morfologiuri msgavsebis sapirispirod, mkveTri kon-

trastia am struqturaTa fermentul specializaciebs Soris. SeiZleba dabejiTebiT iTqvas, 

rom ar arsebobs ori organo, romelTac endoplazmuri membranebis erTnairi fermentuli ana-

krebi gaaCniaT. 
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6.2 endoplazmuri membranebis morfologia 

 

ujredis hialoplazmaSi (ZiriTadad plazmaSi) diferencirebulia arastruqturirebuli 

substancia _ matriqsi da Sidaujreduli membranuli sistema. eleqtronuli mikroskopiiT na-

naxia, rom igi mTel endoplazmur zonas moicavs da amitom mikuTvnebuli aqvs endoplzmuri re-

tikulumis, anu endoplazmuri badis saxelwodeba. difereciuli centrifugirebisas 105_150 
aTas g-ze), endoplazmuri membranebi naxevargamtar, sferuli formis proteoliposomur (ci-

lisa da cximis Semcvel) buStebad ikvrebian, romlebSic Sida da gare zedapirebi isevea orien-

tirebuli, rogorc in vivo membranebSi. imis gamo, rom sinaTlis mikroskopSi am nawilakebis da-

naxva SeuZlebelia, maT mikrosomebi (mikrosxeulebi) ewoda (nax. 6.1_6.2). 

 

nax. 6.1. mikrosomuli preparatebi RviZlidan:  

a) mTliani mikrosomuli fraqcia; x _ xorkliani zedapiris mqone buStebi; g _ gluvi zedapiris 

mqone buStebi (yvela suraTi gadidebulia 75 000-jer);  

b) 145 000 g-ze 3 sT-is ganmavlobaSi centrifugirebiT miRebuli fraqcia, pirveli mikrosomuli 

fraqciis (40 000g × 22 wT) mocilebis Semdeg. SeiniSneba gluvi zedapiris mqone buStebis upira-

tesoba (×75 000).  

g) subfraqcia afskis saxiT (flotacia), romelic maRali simkvrivis saqarozaSi ganmeorebiTi 

centrifugirebis Sedegad miiReba da gamosaxulia foto b-ze; warmodgenilia mxolod gluvi 

zedapiris mqone elementebi  (×150 000). 

zogierTi mkvlevari rekomendacias ar aZlevs terminebis _ “ujreduli membranebisa” da 

“mikrosomebis’ gamoyenebas da maT nacvlad SemoTavazebulia “plazmuri membranebisa” da “ci-

tomembranebis” (xorklianis, gluvis) cnebebi. ukanasknels akuTvneben agreTve goljis kom-

pleqss da birTvul membranas, romelic morfologiuri da citoqimiuri monacemebis Tanaxmad, 

citomembranebis nawilad SeiZleba CaiTvalon. 
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daaxloebiT tolia _ am qvefraqciebSi Tanabrad nawildebian fosfolipidebic da qoleste-

rolic, rac mikrosomuli membranebis qimiuri Semadgenlobis homogenurobaze metyvelebs. am-

denad, endoplazmuri membranebi da mikrosomebi morfologiurad da funqciurad erTmaneTis 

eqvivalenturi struqturebia. 

sxvadasxva tonurobisa da ionuri Zalis mqone garemoSi mikrosomuli nawilaki tipiuri os-

mometriviT iqceva. is advilad atarebs 660 D-mde molekuluri masis neitralur da dadebiTad 

damuxtul nawilakebs. acetatis da malonatis anionebisaTvis mikrosomuli membrana ganuvla-

dia, rac mis zedapirze mniSvnelovani sididis mqone uaryofiTi muxtis arsebobaze miuTiTebs. 

amasve adasturebs eleqtroforezisas mikrosomebis anodisaken Zvradoba. 0.25M saqarozis xsnarSi gamoyofili mikrosomuli preparati 0.35% K -s, 0.147% Na -s, 0.043% Ca -s da 0.422% Mo -s Seicavs. orvalentiani kationebi membranebs SedarebiT mtkiced 

da xistad ukavSirdeba da amitom mikrosomaTa Zlier agregacias iwvevs, Tumca membranis mole-

kuluri struqturis stabilizebaSi ar monawileobs. mikrosomuli fraqciis miRebisas gansa-

kuTrebuli yuradReba eqceva imas, rom suspenziaSi nawilakTa agregacia minimumamde iqnas day-

vanili. amitom sakvlevad mikrosomuli cilis optimalur koncentraciad 4_5 mg/ml-ia miCneu-

li. agregaciis Tavidan asacileblad fraqciis miRebis stadiaze eridebian ionTa maRali 

koncentraciebisa da hipotonuri xsnarebis gamoyenebas. xSirad am mizniT mikroforovan fil-

trebsac iyeneben. 

 

 

6.2.1 endoplazmuri membranis qimiuri Semadgenloba 

 

endoplazmuri membranis qimiuri Semadgenloba ZiriTadad cnobilia. am mxriv plazmuri da 

ujredSida membranebi arsebiTad erTmaneTis msgavsia. orive maTgani cilebisa da cximismagvari 

(lipiduri) nivTierebebisagan Sedgebian. ZuZumwovarTa ujreduli membranebi mcire raodeno-

bis naxSirwylebsac Seicavs, romlebic cilebTan da lipidebTanaa dakavSirebuli da Sesabamis 

glikoproteinul kompleqsebs warmoqmnian. 

cxovelisa da mcenaris endoplazmur membranebze lokalizebulia farTo speqtris fermen-

tebi da fermentuli sistemebi. maTSi xorcieldeba uamravi cilis, fosfolipidisa da trigli-

ceridis sinTezi. sorbirebuli da aramembranuli cilebis Semcveloba mniSvnelovnadaa damo-

kidebuli membranuli fraqciis gamoyofis meTodze. rac Seexeba fosfolipidebs, nebismier 

SemTxvevaSi maTi Semcveloba mudmivia. swored amitom mravali mkvlevari Tvlis, rom yvela sax-

is biologiuri membranis Seswavlisas fermentTa xvedriTi aqtivobebi unda gamoisaxebodes ara 

cilebTan, aramed fosfolipidebTan fardobiT. sorbirebuli cilebis mocilebis Semdeg ci-

la/fosfolipidis masuri fardoba xorklian membranebSi ~3.5-is, xolo gluv membranebSi 3.1-is 

tolia. fosfolipidi/cilis fardobis gansazRvriT dadgenilia, rom orive tipis membranisaT-

vis igi TiTqmis mudmivia. garda amisa, orive tipis membranis fosfolipiduri fraqcia ZiriTa-

dad fosfatidilqoliniT (~54%), fosfatidileTanolaminiT (~25%), fosfatidilseriniT 

(~6%), fosfatidilinozitiT (~4%) da agreTve sfingomieliniT (~5%) aris warmodgenili. erT-

nairia orive tipis membranaSi cximovani mJavebis (palmitinis, stearinis, oleinis, linolis, 

araqidonis da sxv.) raodenobac. samagierod, fosfolipidis erTeulze gluvi membranebi orjer 

met qolesterols da 1.4-jer met vitamin K-s Seicaven. 

 

 

6.3 endoplazmuri membranebis lipiduri komponenti 

 

membranebi lipiduri bunebis warmonaqmnebia (berZn. “lipos”-cximi), esaa nivTierebaTa sak-

maod didi jgufi, romelsac dabalmolekulur organul naerTebs akuTvneben. cxoveluri, mce-

nareuli da mikrobuli ujredebidan isini arapolaruli gamxsnelebiT (qloroformiT, eTeriT 
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an benzoliT) eqstragirdebian. organizmisaTvis lipidebs kardinaluri mniSvneloba aqvT, ram-

denadac araumcires xuT ZiriTad funqcias asruleben: 

1. warmoadgenen biologiuri membranebis aucilebel struqturul-funqcionalur kompo-

nentebs; 

2. warmoadgenen formas, romlis saxiTac metaboluri sawvavis maragi deponirdeba; 

3. warmoadgenen formas, romlis saxiTac es sawvavi transportirdeba;  

4. asruleben Termoregulatorul funqciebs; 

5. monawileoben ujreduli ganvladobis regulaciisa da adsorbciul procesebSi. 

lipidebi Semadgenlobis mravalferovnebiT gamoirCevian. xSirad am klass akuTvneben ste-

rolebs, terpenebs, prostaglandinebs da a.S. cximovan mJavebTan erTad membranebSi imyofebian 

qimiurad bmuli spirtebi, azotovani fuZeebi, naxSirwylebi da sxv. 

Tavisi specifikuri bunebidan gamomdinare, wylovan fazaSi, agreTve wylisa da haeris ga-

myof zedapirze lipidebi arakovalenturi urTierTqmedebiT gigantur agregatebs warmoqm-

nian, romlebic garkveuli azriT “biopolimerebad” SeiZleba CaiTvalon. amdenad, cilebTan, 

nukleinmJavebTan da naxSirwylebTan erTad membranul lipidebs “did oTxeulSi” damsaxure-

buli adgili eTmobaT. 

membranuli lipidebis mniSvnelovan jgufs miekuTvnebian fosfolipidebi. sxvagvarad maT 

glicerofosfolipidebs, glicerofosfatebs da fosfogliceridebsac uwodeben. isini gli-

cerinisa da maRalmolekulur cximovan mJavaTa ori naSTis esTerebia da amdenad digliceri-

debs warmoadgenen. mesame cximovani mJavas adgils fosfaturi jgufi ikavebs, romelTanac 

Cveulebriv wyalSi xsnadi naSTia mierTebuli. membranebSi am tipis xuTi fosfolipidia iden-

tificirebuli: Tavisufali fosfaturi jgufis Semcveli fosfatidis mJava da oTxi fosfoli-

pidi, romlebSic fosfatur jgufTan qolini, inoziti B-jgufis vitaminebia, eTanolamini ki 

aminospirtia. amgvarad, fosfolipidTa molekulebi polaruli “Tavisa” da ori arapolaruli 

naxSirwyalbadovani “kudisagan” Sedgebian. amitom maT amfifilur (amfipatur) lipidebsac 

uwodeben (nax. 6.3). esaa ori sapirispiro Tvisebis _ hidrofobulis (aciluri jgufis xarjze) 

da hidrofiluris (mTavari polaruli jgufis) erTdrouli Semcvelobis mqone molekula. “Ta-

visa” da “kudis” SeerTebis adgils, rasac “xerxemals” uwodeben (k. foqsi), glicerinis naSTi 

warmoadgens. cximovan mJavaTa ori naSTi, romelTaganac erTi aucileblad najeri (mag., stea-

rinmJava), meore ki ujeria (mag., oleinisa an linolis mJavaTa naSTebi), aeTerificireben gli-

cerolis pirvel da meore hidroqsilis jgufs. mesame hidroqsilis jgufi rTuleTerovan kav-

Sirs warmoqmnis fosformJavasTan. fosfolipidebi erTmaneTisagan gansxvavdebian α-jgufis 

zomiT, formiT, polarobiTa da muxtis sididiT. maTi yvelanairi variacia gavlenas axdens mem-

branuli sistemis struqturaze. 

yvela fosfogliceridis saerTo struqturul fragments glicerofosfati warmoadgens. 

igi erT asimetriul naxSirbads Seicavs da SeiZleba iyos an D-glicero-1-fosfati, an L-

glicero-3-fosfati. amasTan dakavSirebiT miRebulia, rom glicerinis warmoebulTa stereo-

qimiuri klasifikacia aigos naxSirbadatomTa stereospecifikuri numeraciis (SemoklebiT Sn) 

safuZvelze. am numeraciis Sesabamisad nivTierebis proeqciul formulaSi meorad hidroqsi-

lis jgufs marcxniv aTavseben. glicerofosformJavas izomeri, romelic bunebriv fosfogli-

ceridebSi gvxvdeba, miekuTvneba L-rigs da mas Sn-glicero-3-fosformJava ewodeba.  

CCH2OHHOH CH2O P OHOH
O

Sn-glicero-3-fosformJava  
glicerofosfatSi ori danarCeni hidroqsilis jgufi naxSirwyalbadovani radikaliTaa Ca-

nacvlebuli, romelic glicerins eTeruli an esteruli bmiT ukavSirdeba. 
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nax. 6.3. tipiuri fosfogliceridis _ fosfa-

tidilqolinis struqtura. es amfipaturi 

lipiduri molekula hidrofilur “Tavs” da 

or hidrofobul “kuds” Seicavs, romelTaga-

nac erTi najeria (marcxniv), meore ujeri 

(marjvniv). pirvel SemTxvevaSi wyalbadis 

atomebi mierTebulia naxSirbadis yvela Ta-

visufal kavSirTan, xolo meoreSi am kavSire-

bis nawili gamouyenebeli rCeba.  

glicerofosfolipidebis umartivesi warmomadgenelia fosfatidmJava, romlis moleku-

laSic fosfaturi jgufi mxolod glicerinis naSTTanaa dakavSirebuli. Tavisufali saxiT igi 

umniSvnelo raodenobiT gvxvdeba: 

C O CO CH2 O CO R
CH2 O POOH OHH

fosfatidmJava 

(1,2-diacil-sn-glicerofosformJava)

R1

 

es nivTiereba fosfogliceridebis biosinTezSi mTavari winamorbedia. 

mcenareuli da cxoveluri qsovilebidan gamoyofilia da identificirebulia glicero-

fosfolipidebis mTeli rigi. mogvyavs zogierTi maTganis molekuluri aRnagobis formulebi 

(yvela formulaSi R-naxSirwyalbadovani radikali). 
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CH2 CH2OC O CO CH2 O CO
CH2 O POO

H
fosfatidilqolini 

(1,2-diacil-sn-glicerofosfoqolini)

R2
R1

_ CH2N (CH3)3+

 

CH2 CH2 NH2
C O CO CH2 O CO

CH2 O POOH
H O

fosfatidileTanolamini 

(1,2-diacil-sn-glicerofosfoeTanolamini)

R2
R1

 

C O CO CH2 O CO
CH2 O POOH OH CH2

CHOHCH2OH
fosfatidilglicerini 

(1,2-diacil-sn-glicero-3-fosfo-1-sn-glicerini)

R2
R1

 

C O CO CH2 O CO
CH2 O POOH OH OH OHOH OH

OH
fosfatidilinoziti 

(3-sn-fosfatidil-sn-1-mioinoziti)

R2 R1

 

sufTa fosfolipidebi moTeTro cviliseburi nivTierebebia. haerTan Sexebisas isini muqde-

bian, rac fosfolipidis ujeri cximovani mJavas komponentebis JangbadTan urTierTqmedebis 

Sedegia. am dros sxvadasxva zeJanguri tipis naerTi warmoiqmneba. fosfogliceridebi advilad 

ixsnebian qloroform-spirtis narevSi. uwylo acetonSi susti xsnadoba gaaCniaT, xolo wyalSi 

upiratesad micelebis (umciresi agregatebis) saxiTaa. 

yvela sxva lipidTan SedarebiT, fosfogliceridebs mkafiod gamosaxuli polaroba gaaCnia. pH 7.0-ze maTi fosfaturi jgufi yovelTvis uaryofiT muxts atarebs. am jgufis naerTebisTvis pK′ (disociaciis moCvenebiTi konstantis aTobiTi logariTmis Sebrunebuli sidide), 1_2-is 

sazRvrebSia. es mudmiva gansxvavdeba disociaciis WeSmariti Termodinamikuli konstantisagan 

(K). igi Sesworebulia sistemis idealuri mdgomareobidan iseTi gadaxrebis gaTvaliswinebiT, 

romelic SeiZleba koncentraciul da ionur ZalaTa faqtorebiT iyos gamowveuli. pK′-is mniSv-

nelobebi Zlieri mJavebis SemTxvevaSi 3-ze dabalia, xolo Zlieri fuZeTaTvis 11-ze maRali. 

miuxedavad imisa, rom fosfatidilinozitis, fosfatidilglicerinis da fosfatidilSa-

qrebis x-jgufebs (ix. nax. 6.3) eleqtruli muxti ar gaaCnia, isini mainc Zlier polarulebia. 

fosfatidilqolinisa da fosfatidileTanolaminis x-jgufebi pH 7.0-ze dadebiT muxts ata-

rebs, ramdenadac maTi aminojgufebisaTvis pK′ Sesabamisad 13-isa da 10-is tolia. amgvarad, pH 7.0-ze es ori fosfogliceridi bipolarul cvinterionebs warmoadgens da maTi jamuri muxti 

nulis tolia. fosfatidilserinis x-jgufi CH CH NH COOH  α-aminojgufs (pK′=10) da kar-
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boqsilis jgufs (pK′=3) Seicavs. maSasadame, pH 7.0-ze am fosfogliceridis molekulas ori ua-

ryofiTi da erTi dadebiTi muxti aqvs, e.i. uaryofiTi jamuri muxtis matarebelia. 

fosfogliceridebis rbili tute hidrolizisas cximovan mJavaTa mocileba xdeba, magram 

sawyisi molekulis glicerofosfospirtuli RerZi ar icvleba. aseT pirobebSi mag., fosfati-

dilqolinis hidroliziT glicerol-3-fosforilqolini miiReba. Zlier tute areSi hidro-

lizisas fosfoglicerids scildeba rogorc orive cximovani mJavas naSTi, aseve X OH spirti. 

glicerinsa da fosformJavas Soris kavSiri tute hidrolizisadmi SedarebiT mdgradia. amitom 

aseTi hidrolizisas kidev erTi produqti _ gliceroli-3-fosfati warmoiqmneba, romelic 

Semdgom mJava hidrolizs ganicdis. 

fosfogliceridebis hidrolizis ganxorcieleba SeiZleba specifikuri fermentebiT _ 

fosfolipazebiT (nax. 6.4) moxdes. 

CO
CO

POO
CHO

_

fosfolipaza A
fosfolipaza B

fosfolipaza C fosfolipaza D

R2
H2CO R1

H2CO OCH2CH2N (CH3)3+
 

nax. 6.4. fosfatidilqolinis molekulaSi arsebuli kavSirebi, romlebsac fosfolipazebi 

“utevs”. 

 

es zemoqmedeba Zlier efeqturia am nivTierebaTa struqturis dasadgenad. A-klasis fos-

folipazebi, romelTac zogierTi gvelis da futkris Sxami Seicavs, specifikurad akatalizebs 

meore mdgomareobaSi myof cximovan mJavas mocilebas. miRebuli produqtebi diizofosfati-

dis saxelwodebiTaa cnobili. normalur ujredsa da qsovilebSi es nivTiereba ar gvxvdeba. igi 

toqsikuria da membranaTa daSlas iwvevs. fosfolipaza-β akatalizebs meore (an orive) cximmJa-

vas naSTis mocilebis reaqcias. am fermentiT fosfatidilqolinis damuSavebisas glicerol-3-

fosforilqolini miiReba. fosfolipaza C ahidrolizebs glicerinsa da fosformJavas Soris 

kavSirs, xolo fosfolipaza D acilebs x-jgufebs. hidrolizis produqti fosfatidis mJavaa. 
fosfolipidi membranis aramarto struqturul elements warmoadgens, aramed mniSvnelo-

van fiziologiur da bioqimiur funqciasac asrulebs. mag., araqidonis mJava, romelic 20-

naxSirbadatomiani jaWvisa da 4 ormagi kavSirisagan Sedgeba, fosfolipiduri molekulis Se-

madgenlobaSi Sedis da iseTi mZlavri fiziologiuri Suamavlebis winamorbeds warmoadgens, 

rogorebic prostaglandinebi, tromboqsanebi da leikotrienebia. plazmur membranaSi imyofe-

ba sami inozitolSemcveli fosfolipidi, romelTagan erT-erTi _ fosfatidilinozitoli-4,5-

difosfati mniSvnelovan rols asrulebs membranuli receptoridan ujredis SigniT signalis 

gadacemaSi. 

membranuli lipidebis meore mniSvnelovani klasi sfingolipidebia. isinic polarul “Tavs” 

da or arapolarul “kuds” Seicaven, magram ar gaaCniaT glicerinis naSTi. maTi molekulebi er-

Ti grZeljaWviani aminospirtis _ sfingozinis (an misi warmoebulis) da polaruli “Tavis” 

spirtis erTi naSTisagan Sedgeba. polaruli “Tavi” mierTebulia sfingozinis hidroqsilis 

jgufTan, xolo cximovani mJava aminojgufTan amidur kavSirs qmnis. arsebobs sfingolipidebis 

sami qveklasi: sfingomielinebi, cerebrozidebi da gangliozidebi. sfingomielinebi Seicaven 

fosfors, maSin rodesac cerebrozidebSi da gangliozidebSi igi ar gvxvdeba. amis gamo sfingo-
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mielinebs fosfogliceridebTan erTad fosfolipidebs akuTvneben. maTi eleqtruli muxti 

daaxloebiT erTnairia. sfingomielinebs cxoveluri ujredebis membranaTa umetesoba Seicavs. 

gansakuTrebiT mdidaria am nivTierebebiT nervuli boWkos mielinuri garsebi. 

CH3 (CH2)12 CH CH CHOH CHN HCO R
CH2 O P OO

O CH2 CH2 N CH3
CH3
CH3

cximmJavas naSTi

fosforilqolinis

naSTi

_

sfingomielini

+

 

cerebrozidebi eleqtrul muxts ar atareben, ramdenadac maTi polaruli “Tavebi” eleq-

troneitralur jgufebs Seicaven: 

Saqris naSTi

glukoza an galaqtoza

CH3 (CH2)12 CH CH CH CH C CH2OH OH
N HCO

cerebrozidi

cximmJavas

naSTi
R1

 

maTi damaxasiaTebeli Tvisebaa polarul “TavSi” Saqris erTi an ramdenime naSTis Semcvelo-

ba. amis gamo maT glikosfingolipidebsac uwodeben. (“gliko” aRniSnavs, rom naerTSi naxSirwy-

lovani komponentia).  

galaqtocerebrozidebs umTavresad tvinis ujredebis membranebi, xolo glukocerebrozi-

debs sxva (aranervuli) ujredebi Seicaven. 

gacilebiT rTuli aRnagobis sfingolipidebs miekuTvnebian gangliozidebi: 

O CH CH CNH
OH
CH H
CHCH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH3

C OCH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH3

HOCH2OH

OHH
H HHOHOCH2OH

H OH
O

H
H HH

HOCH2OH
H NH
OH

H
H HH
C OCH3

OOCH2OH
H OH

OOH
H

H HHOH

OCHOH

H
COO

H
HHOHH

CHOHCH2OH

NHCCH3 O

O

N-acetil-D-galaqtozamini D-galaqtoza

_
D-galaqtoza

D-glukoza

N-acetilneiraminis mJava

polaruli

a

arapolaruli kudebigangliozidi  
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maTi Zalian msxvili polaruli “Tavebi” Saqris ramdenime naSTisagan Sedgeba. am sfingoli-

pidisaTvis damaxasiaTebelia kidura mdgomareobaSi N-acetilneiraminomJavas ramdenime naSTis 

arseboba, romelsac pH 7.0-ze uaryofiTi muxti gaaCnia. amave naSTebis Tanamyofoba gamovleni-

lia agreTve zogierTi membranuli glikoproteinebis oligosaqaridul gverdiTa jaWvebSi. 

tvinis rux nivTierebaSi gangliozidebis Semcveloba membranuli lipidebis 6%-s aRwevs. isini 

mniSvnelovani komponentebia, romlebic specifikuri receptoruli ubnebis membranaTa zeda-

pirze arian ganlagebulni. am ubnebze erTi nervuli ujredidan meoreze impulsis qimiuri ga-

dacemisas neiromediatoris dakavSireba xdeba. 

 

 

6.3.1 fosfolipidebis ganawileba  

da maTi Sidamembranuli orientacia 

 

orjaWviani amfifiluri (amfipaturi) molekulebis mniSvnelovan fizikur Tvisebas wylian 

garemoSi ormagi Sris warmoqmnisadmi midrekileba warmoadgens. Sres gaaCnia calkeuli 

buStebis (vezikulebis) an firfitiseburi (lamelaruli) struqturis saxe. amfifiluri 

molekulebi maTSi ise erTiandebian, rom polaruli “Tavebi” wylovan fazasTan kontaqtireben, 

xolo naxSirwyalbaduri “kudebi” erTad ikribeba da uwylo fazas warmoqmnis. amgvarad, 

fosfolipidTa molekulebi membranis ormag SreSi erTmaneTis “zurgSeqceviTaa” ganlagebuli. 

biSre erTmaneTisagan acalkevebs buStis SigTavss da garemos. 

v. porterisa da f. grendelis mier gazomilia eriTrocitebidan eqstragirebuli monoSris 

minimaluri farTobi, romelic  TiTqmis orjer aRemateba ujredis zedapiris saerTo farTobs. 

amis safuZvelze aRniSnulma mkvlevarebma daaskvnes, rom ujredul membranaSi lipidebi 

bimolekulur Sres warmoqmnis. aqve unda SevniSnoT, rom maT mier daSvebul iqna garkveuli 

uzustoba, radgan lipidTa eqstraqcia ganaxorcieles acetoniT, romelic lipidebs 

arasrulad eqstragirebs da amitom zedapiris farTobis xelovnurad daqveiTebuli Sefasebis 

saSualebas iZleva. miuxedavad amisa, saboloo daskvna mainc swori aRmoCnda, radgan sruliad 

SemTxveviT daSvebulma uzustobebma erTmaneTis kompensacia moaxdina. amitom warmodgena imis 

Sesaxeb, rom biologiur membranaTa struqturul safuZvels biomolekuluri lipiduri Sre 

qmnis, sadReisod sayovelTaod cnobil faqtadaa aRiarebuli. misi arsebobis mkacri 

dadastureba mogvianebiT miRebul iqna membranaTa kvleviT rentgenis sxivebis difraqciis 

meTodiT. erTjaWviani amfifiluri molekulebi wylovan fazaSi globulur micelebs, da ara 

biSriani struqturebs warmoqmnian. 

biSreSi lipidTa molekulebis Tvisebebi Zlieraa damokidebuli temperaturaze. sakmarisad 

dabal temperaturaze lipiduri Sre myari kristalismagvari sxeulis msgavsia. am SemTxvevaSi 

lipiduri molekulebi membranis sibrtyeSi TiTqmis ar gadaadgildeba. temperaturis awevasTan 

erTad SeimCneva biSris Tvisebebis mkveTri Secvla. cvlilebebi temperaturis iseT viwro 

intervalSi xorcieldeba, rom im fazur gadasvlebs mogvagonebs, romelsac adgili aqvs myari 

sxeulis lRobisas. gadasvlis temperaturis zeviT biSre Tavisi qceviT ufro siTxes waagavs. 

lipiduri molekulebi am dros membranis sibrtyeSi swrafi gadaadgilebis (lateraluri 

difuziis) unars iZens. temperaturebi, romelTa drosac aseTi gadasvlebi xdeba, 

damokidebulia TviT biSris lipidur Semadgenlobazec. ujeri cximovani mJavebis maRali 

Semcvelobisas Tburi gadasvlebi SedarebiT dabal temperaturaze xdeba. 

molekulur doneze biSris struqturaze sruli warmodgenis misaRebad da membranis 

funqciebTan misi kavSiris dasadgenad iyeneben meTodebs, romlebic saSualebas iZleva 

Secnobil iqnas calkeuli naxSirwyalbaduri jaWvis SefuTvis Taviseburebebi da maTi 

dinamikuri Tvisebebi. yvelaze srulyofili meTodebia rentgenostruqturuli analizi, 

eleqtronul-paramagnituri (epr) da birTvuli magnituri rezonansi (bmr). am meTodebiT 

miRebulma Sedegebma SesaZlebeli gaxada Seqmniliyo lipiduri biSris zusti modeli. 
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struqturuli mravalferovnebis miuxedavad, biomembranaTa lipidebi erTiani principiT 

arian nagebi. maTi saSualebiT membranaTa formireba evoluciis erT-erT yvelaze mniSvnelovan 

monapovrad SeiZleba CavTvaloT. garemomcveli membraniT Sidaujreduli sivrcis dacvis 

garda, ujredSi maT mier warmoqmnil calkeul komponentebs katabolizmis mizandasaxuli 

msvlelobis ganxorcieleba SeuZliaT. es komponentebi sakuTari, specifikur funqciebTan 

adaptirebuli membranebiT arian warmodgenili. 

cnobilia, rom membranaTa ZiriTad komponentebs gaaCniaT struqturaTa warmoqmnis unari. 

am kuTxiT problemis dayenebisas ki, upirveles yovlisa, wina planze fosfolipidebi gamodis, 

romelTac membranis struqturirebisaTvis SesaniSnavad “morgebuli” amfifiloba gaaCniaT. 

metaboluri procesebis kontrolSi am nivTierebebs maRali potencialis mqone specifikuri 

fiziologiuri unari aqvs. membranul struqturebSi wonasworobidan maT yovel gadaxras an 

ukmarobas aucileblad raime paTologiasTan (mag., simsuqnesTan, diabetTan, ketoacidozTan, 

aTerosklerozTan da sxv.) aqvs pirdapiri kavSiri. amfifiluroba lipiduri kompleqsis moqni-

lobis faqtoria. 

amfifilebs miekuTvneba integraluri (Sinagani) da periferiuli (e.w. adheziuri) cilebic. 

fosfatidilinozitoli am cilebisaTvis lipiduri simagris rols asrulebs. membranadakav-

Sirebuli cilebi (fermentebi) qimiur gardaqmnaTa maRalwesrigianobas mxolod lipiduri 

komponentebis garemocvis pirobebSi aRwevs. 

biomembranaSi molekulaTa orientaciisaTvis yvelaze mniSvnelovani Zalis moqmedeba niv-

TierebaTa swored amfifilur Tvisebas efuZneba da mas “amfifilur Zalas” uwodeben. rogorc 

irkveva, fosfolipidebis molekulaTa es amfifiluri unari warmoadgens membranaSi maTi 

organizebuli orientaciis ZiriTad maxasiaTebels. membranul struqturaSi fosfolipidebis 

hidrofobuli jaWvebi erTmaneTs susti molekulaTaSorisi ZalebiT (van-der-vaalsis) ukav-

Sirdeba. es Zalebi sinergiulad jamdeba da erT mTlian, sakmaod Zlier “orientirebul Zalas” 

warmoadgens, mag., fosfatidilqolinisaTvis igi 92.5 kj·moli-1-is tolia. 

rogorc aRniSnuli iyo, fosfolipidebis erTi aciluri jgufi ujeria. meore poziciaSi 

ZiriTadad maRali rigis cximmJavebis (oleinis an linolis) poliujeri jaWvebia warmodgenili. 

fosfolipidis molekulis aRnagobaSi aciluri jaWvis cis- an trans-konfiguraciebis rolze 

msjeloba sakmaod Znelia. lipiduri molekulis qcevis Sesaxeb damajerebel da srulyofil 

informacias lengmiuris mier SemoTavazebuli e.w. “balansis teqnika” iZleva, romlis mixed-

viTac fosfolipidis amfifiluri molekulebi wylis zedapirisadmi vertikalur pozicias 

ikavebs, misken hidrofiluri TavebiT aris miqceuli da faSarad ukavSirdeba cilovan Sres. 

aseTi wyoba cximovani SigTavsiT gamovsebul “sendviCs” SeiZleba SevadaroT. 

Tanamedrove warmodgenebiT biomembranebi Txevad-mozaikuri (Txevad-kristaluri) struq-

turis mqonea. am modelis mixedviT membrana orientirebuli, organzomilebiani amfifiluri 

cilebisa da lipidebisagan Semdgar blant “xsnars” warmoadgens. drois nebismier momentSi igi 

Termodinamikur wonasworobaSi imyofeba. 

balansis teqnika saSualebas iZleva gaizomos is saWiro Zala, romelic lipidurma mole-

kulebma unda ganaviTaron paraleluri orientaciis SesanarCuneblad da dadgindes agreTve 

TiToeuli molekulis mier dakavebuli farTobi. 

lipiduri komponentebi endoplazmur membranebSi asimetruli ganawilebis princips emor-

Cileba. fosfolipazebis hidrolizuri moqmedebisadmi fosfolipidebis mgrZnobiarobis saf-

uZvelze Seqmnilia membranis vertikalur WrilSi maTi asimetriuli ganlagebis modeli  

(nax. 6.5). 

biologiuri membranebi funqciuri asimetriiTac xasiaTdeba, ramdenadac isini garsmoi-

caven ujredis gansxvavebul komponentebs. dadgenili faqtia, rom membranis asimetria biSris 

or zedapirs Soris lipidebisa da sxva komponentebis gansxvavebul ganawilebazec isaxeba. mag., 

qolinSemcveli fosfolipidebi membranis ormagi biSris erT mxares imyofeba. adamianis 

eriTrocitebSi es fosfolipidebi ZiriTadad biSris gare zedapirze lokalizdeba, maSin ro-
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desac fosfatidileTanolamini, fosfatidilserini da fosfatidilinoziti upiratesad Sida 

zedapirs ukavSirdeba. 50
25

50
25

jamuri fosfolipidebi

gareT

sfingomielini

fosfatidilqolini

fosfatidilserini

fosfatidileTanolamini

SigniT

_

_

_

_  
nax. 6.5. endoplazmuri membranebis ganiv WrilSi fosfolipidebis asimetriuli ganawileba. 

 

fosfolipidTa asimetriuli ganlagebis dadgena mas Semdeg moxerxda, rac SesaZlebeli 

gaxda “sruliad gadmobrunebuli” membranuli buStebis miReba. sadReisod gamokvleul yvela 

membranaSi fosfolipidebi asimetriuladaa ganawilebuli. Tvlian, rom membranaSi myofi 

qolesterolic aseve asimetriulad nawildeba da upiratesad monoSris gare zedapirze 

Tavsdeba. miuxedavad amisa, fosfolipidebisa da qolesterolis asimetria yovelTvis 

absoluturi araa. xSirad, magram ara yovelTvis, isini gareSe ormagi Sris erT mxares arian 

dakavSirebuli. glikolipidebi absoluturad asimetriulad nawildeba, ramdenadac isini 

yovelTvis membranis citoplazmur mxares ganlagdebian. 

lipidebi ormagi Sris sibrtyeSi sakmaod maRali ZvradobiT gamoirCeva. miuxedavad amisa, 

maTi molekulebis membranebs Soris Sida gadaadgildeba (“flip-flopi”) SedarebiT neli 

procesia. modelur sistemebSi aseTi gadamoZravebis siCqare ganisazRvreba fosfolipidebis 

koncentraciiT, romelsac Tavis mxriv specializebuli cila-fermentebi akontrolebs. mono-

Sris SigniT fosfolipidebis molekulebi cvlis unars praqtikulad ar amJRavneben. 

“flip-flopis” siCqare zogadad ramdenime wuTidan (swrafad mzard baqterialur 

membranebSi) ramdenime dRemde (virusebis garsSi) varirebs. eriTrocitebis fosfatidil-

qolini membranaSi gadaadgilebis 8-saaTiani naxevarperiodiT xasiaTdeba. SesaZloa, rom amis 

mizezi ormagi Sris srulad gamWoli cilebia, romlebic mniSvnelovnad aqveiTeben lipidTa 

gadaadgilebis process. 

membranis iseT mniSvnelovan fizikur parametrs, rogoric misi siblantea, ZiriTadad 

lipiduri molekulebis sakuTari sigrZivi RerZis garSemo brunva da Senelebuli lateraluri 

difuzia ganapirobebs, radgan “flip-flopi” am SemTxvevaSi naklebad efeqturia. 

 

 

6.3.2 fazuri gadasvlebi lipidur biSreSi 

 

fosfolipidebis mniSvnelovani Tviseba imaSi mdgomareobs, rom ormag SreSi isini 

Txevadkristalur mdgomareobaSia. maT or ganzomilebaSi gadaadgileba SeuZliaT, ise, rom 

WeSmariti lRoba ar ganicadon. amdenad Txevadkristaluri mdgomareoba warmoadgens struq-

turul safuZvels, romelic mowesrigebuli karkasis SigniT membranis komponentTa Zvradobas 

uzrunvelyofs. 
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fosfolipidebs myari gelidan Txevadkristalur mdgomareobaSi fazuri gadasvla axa-

siaTebs. iseve, rogorc sxva mdgomareobis cvlilebisas, es gadasvlac siTbur efeqtTanaa 

dakavSirebuli. fazuri gadasvla warmoebs kooperatiulad, mocemuli fosfolipidisaTvis 

gansazRvrul temperaturaze. mag., dipalmitoil-fosfatidilqolini (ori najeri cximovani 

mJavas jaWviT, romelTagan TiToeuli 16 naxSirbadatomisgan Sedgeba), fazur gadasvlas 42°C-

ze ganicdis. 

srulad najeri cximmJavebis mqone nebismieri fosfolipidisaTvis fazuri gadasvlis 

temperatura jaWvis sigrZis zrdasTan erTad matulobs. fosfolipidTa cximmJavebis jaWvebSi 

cis-konfiguraciis Tundac erTi ormagi kavSiris arsebobisas, fazuri gadasvlis temperatura 

mkveTrad qveiTdeba. ZuZumwovarTa ujredebis bunebriv fosfolipidTa umravlesoba sul 

mcire, erT ormag bmas mainc Seicavs. amitom maTi fazuri gadasvlis temperatura sxeulis 

temperaturasTan SedarebiT dabalia. 

fazur gadasvlaze Zlier zegavlenas axdens fosfolipidis “Tavi”. fosfatidileTanol-

aminisa da fosfatidilqolinisaTvis, romelTa Semadgenloba cximmJavebis mxriv erTnairia, 

fazuri gadasvlis temperaturis sxvaoba 20°C-s aRwevs. N-meTilis jgufebis Sualeduri ricx-

vis Semcvel analogebs aseve Sualeduri fazuri gadasvlis temperatura gaaCniaT. es parametri 

membranebSi orvalentian metalTa ionebis (Ca  da Mg ) Tanamyofobis drosac izrdeba. 

erTi tipis fosfolipidTa Semcveli sistemebisaTvis fazuri gadasvlis monacemebi naTel 

warmodgenas ar iZlevian imaze, Tu ra xdeba bunebriv membranebSi, romlebic sxvadasxva fosfo-

lipidTa rTul narevs warmoadgenen. mag., eriTrocitis membrana sul mcire 20 gansxvavebul 

fosfatidilqolins Seicavs. amasTan, bunebrivi membranebis SemadgenlobaSi Sedian qoleste-

rolica da cilebic. 

fosfolipidTa narevebs komponentTa gansxvavebuli urTierTSerevis gansxvavebuli xaris-

xi gaaCnia. narevSi, sadac komponentebi fazuri gadasvlis temperaturebiT erTmaneTisagan 

Zlier gansxvavdeba, SeiniSneba ori, erTmaneTisagan damoukidebeli fazuri gadasvla. es imis 

maCvenebelia, rom Txevadkristalur da gelis mdgomareobaSi myofi fosfolipidebi or 

calkeul fazas namdvilad warmoqmnis. aqedan ki gamomdinareobs, rom fosfolipidur biSreSi 

SeiZleba fazaTa lateraluri dacalkeveba xdebodes. 

 

 

6.3.3 ormagi Sris denadoba da Zvradoba 

 

membranaTa umravlesobisaTvis damaxasiaTebelia ara xisti, statikuri, aramed dinamikuri 

da Zvradi struqtura. “denadoba” da “Zvradoba” SedarebiT ganusazRvreli cnebebia, romelTac 

Cveulebriv membranebisa da misi komponentebis TvisebaTa dasaxasiaTeblad iyeneben. 

denadoba aris cneba, romelic membranis siblantes asaxavs. siblante, Tavis mxriv, Zvra-

dobiTaa ganpirobebuli. rac Seexeba fosfolipidebs, maTi Zvradoba ori, Sidamolekuluri da 

molekulaTSorisi moZraobiT xasiaTdeba. pirveli ZiriTadad sami saxis moZraobas moicavs: 

1. brunvas an vibracias yoveli C_C bmis mimarT cximmJavaTa jaWvSi (segmentTa moZraoba); 

2. mTliani molekulis brunvas im grZeli RerZis garSemo, romelic ormagi Sris sibrtyisadmi 

perpendikularulia; 

3. cximmJavaTa jaWvebis qanqarisebur moZraobas. 

molekulaTSorisi moZraoba warmoadgens fosfolipidebis mTliani molekulebis latera-

lur difuzias da, rogorc Cans, lipidis erTi molekulis meoriT Secvlis gziT xorcieldeba. 

CamoTvlil moZraobaTa saxeebi drois erTi da imave SkaliT ar iTvleba. mag., segmentTa 

moZraoba Zlier swrafad (10 10  wm-1) xdeba, maSin rodesac lateraluri difuzia gacilebiT 

nela (ciklis siCqare ~10  wm-1) mimdinareobs. 

dakvirvebebma aCvenes, rom ormagi Sris centraluri nawili ufro maRali denadobiT 

xasiaTdeba, vidre cximovan mJavaTa jaWvebis is ubnebi, romlebic fosfolipidTa molekulebis 
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polarul “TavebTan” uSualo siaxloveSi imyofebian. aqedan miRebulia daskvna, rom unda 

arsebobdes modelur da bunebriv membranaTa ganivad denadobis gradienti. 

membranis struqturis denadi mozaikuri modelis hipoTeza iTvaliswinebs uwyveti fosfo-

lipiduri biSris arsebobas, romlis SigniTac cilebi advilad gadaadgildeba. miuxedavad 

amisa, bolo periodSi Catarebuli gamokvlevebiT aSkara gaxda, rom yvela cilas ar gaaCnia 

Tavisufali gadaadgilebis unari da zogierTi maTganis Zvradoba sakmaod SezRudulia. 

dasaSvebia kidev ori SesaZlo garemoeba: 

1. lipiduri biSris zogierTi ubani naklebad denadia, vidre lipidTa biSris ZiriTadi masa; 

2. membranis calkeul ubnebze lipidebi ormagi biSris saxiT ar lagdeba. 

aRniSnulis miuxedavad, membranis mozaikuri modeli mainc Zlier sasargeblo aRmoCnda, 

radgan mas SeiZleba savsebiT daefuZnos damatebiTi monacemebi membranaTa struqturuli 

organizaciis Sesaxeb, romlebic momavalSi iqneba mopovebuli. 

 

 

6.4 endoplazmuri membranebis steroiduli komponentebi.  

qolesteroli 

 

sterolebi SeiZleba ganvixiloT, rogorc tetracikluri terpenebis warmoebulebi. aqve 

mogvyavs qolesterolis molekuluri formula, naxSirbadatomebis numeraciiT (nax. 6.6). 

rogorc vxedavT, molekula Seicavs: oTx (A, B, C da D) kondensirebul birTvs _ perhid-

rociklopentanfenantrens; erT hidroqsilis jgufs C-3-mdgomareobaSi; ormag bmas C-5 da C-6 
atomebs Soris; ciklTan mierTebul meTilis jgufebs C-10 da C-13 poziciebSi da bolos D-

birTvTan me-17-e poziciaSi dakavSirebul rvawevrian gantotvil naxSirwyalbadovan jaWvs: 

OH
H3C CH3CH3

CH3

123 4 5 6 78910
11 12 1314 15161718

19
2021 2422 23 25 26

27
A B C D

qolesteroli

H3C

 

nax. 6.6. qolesterolis molekuluri formula naxSirbadatomebis numeraciiT. 

 

me-18 da me-19 naxSirbadatomebi SeiZleba cikluri sistemis sibrtyis zemoT an qvemoT 

ganlagdes. qolesterolSi orive meTilis jgufi sibrtyis zemoTaa da e.w. β-konfiguracias 

qmnis. 

steroidebis alifatur nawilSi sxvadasxva struqturuli Taviseburebebi gvxvdeba: mag., 

mcenareuli steroidebidan β-sitosterolis 24-e naxSirbadatoms eTilis jgufi aqvs mier-

Tebuli; stigmasterolis 22-e da 24-e naxSirbadatomebs Soris ormagi bmaa; xolo 24-naxSir-

badatomTan eTilis jgufia; brasikasterols 24-e mdgomareobaSi meTilis jgufi aqvs 

dakavSirebuli da a.S. Canacvlebuli jgufebi molekulaSi transmeTilirebis reaqciaTa Sede-

gad xvdebian. qolesterols 24-e mdgomareobaSi aseTi damatebiTi alkiluri Canacvlebuli ar 

gaaCnia. igi membranis biSreSi isea ganTavsebuli, rom misi hidroqsilis jgufi zedapirzea, 

xolo hidrofobuli fragmenti membranis siRrmeSia CaZiruli. am sterolis birTvuli 

struqturisaTvis damaxasiaTebelia maRali sixiste, maSin rodesac gverdiT alkilur jgufebs 

SedarebiT Tavisuflad moZraoba SeuZliaT. fosfolipidur biSreSi misi Tanamyofoba membra-

nas nakleb moqnilobas da nakleb ganvladobis unars sZens. 
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sterolebis biosinTezis msvleloba rogorc cxovelebSi, aseve mcenareebSic msgavsi gziT 

xorcieldeba. orive SemTxvevaSi sawyis metabolitad mevalonmJava iTvleba, romelic ujredSi 

ZmarmJavadan iwarmoeba da SemdgomSi sevalensa (dihidrotriterpens) da sxva izoprenoidul 

nivTierebas aZlevs dasabams:  

C CH2COOHCH2C
CH3OH

HOH2
mevalonmJava

 

skvaleni xuTnaxSirbadatomiani izoprenuli erTeulebisagan Sedgeba: 

skvalenis naxSirbadatomTa ConCxi
 

qolesterolis mTliani molekulac izoprenuli erTeulebisaganaa naSenebi. skvalenis 

ciklizaciis pirveli produqti cxovelSi lanosteroli, xolo mcenareSi cikloartenolia, 

romlidanac Semdgom sxva sterolebi iwarmoeba. qolesterolis molekulis rogorc kondensi-

rebuli oTxbirTviani, aseve gverdiTi alifaturi fragmenti skvalenidanaa warmoqmnili. 

qolesteroliT gansakuTrebiT mdidaria cxoveluri produqtebi. naRvlis kenWovani warmo-

naqmnebi xSirad mxolod misgan Sedgeba. didi raodenobiT Sedis igi centralur da periferiul 

nervul qsovilSi, kvercxis lipidebSi da kanis cximebSi. nervul qsovilTa umravlesobaSi 

qolesterolis mniSvnelovani nawili molekulis A-birTvis C-3 hidroqsiliT grZeljaWvian 

cximovan mJavas ukavSirdeba da esTerebs (qolesteridebs) warmoqmnis. sisxlis plazmis jamuri 

qolesterolis 70_75% eTerificirebulia. janmrTeli adamianis plazmaSi misi koncentracia 15_20 mg/l-s Seadgens. sisxlSi am sterolis wyalTan SedarebiT bevrad maRali xsnadoba 

plazmaSi arsebuli lipoproteinebiTaa ganpirobebuli. maT unari aqvT daikavSiron da xsnad 

mdgomareobaSi gadaiyvanon qolesteroli. qolesterols eTerebis warmoqmnis sxva meqanizmi 

fosfatidilqolinis transeTerifikaciaSi mdgomareobs: 

fosfatidilqolini + qolesteroli lizofosfatidilqolini + qolesterolis eTeri

 

TavisufalTan SedarebiT, eTerificirebuli qolesteroli gardaqmnebisadmi ufro 

mobiluria, Tumca membranebSi igi upiratesad Tavisufali formiT gvxvdeba da mniSvnelovan 

rols asrulebs maT ZvradobaSi. es yvelaze ukeTesad sufTa fosfolipidis Semcvel 

dispersiul sistemebSi mJRavndeba. misi raodenobis gazrdisas fazuri gadasvla ufro nakleb 

mkveTri xdeba. dipalmitoilfosfatidilqolinis fazuri gadasvla nulamde ecema, roca 

qolesterolis koncentracia 30-dan 50%mde izrdeba. 50%-is zeviT fosfolipidi gamok-

ristalebas iwyebs. qolesterolis ~20%-iani Semcvelobisas damatebiTi farTo fazuri gadasv-

la Cndeba, rasac biSreSi qolesteroliT mdidari ubnebis gaCenas ukavSireben, e.i. plazmur 

membranebSi qolesteroli heterogenulad nawildeba. 

qolesterols xSirad denadobis regulatoris funqcias akuTvneben, radgan igi fazuri ga-

dasvlis faruli siTbos daqveiTebas iwvevs. Tvlian, rom qolesteroli zrdis cximmJavaTa jaW-

vebis Zvradobas fazuri gadasvlis temperaturaze qveviT da amcirebs maT Zvradobas fazuri 

gadasvlis temperaturaze zeviT.  
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ZuZumwovrebis membranebi mkafiod gamosaxul fazur gadasvlas ar amJRavneben. amis mizezs 

maTSi qolesterolis Tanamyofoba apirobebs. qsovilovani kulturebis ujredebi Tu gam-

ravldeba qolinis analogebze, romlebic Sesabamis fosfolipidTa fazuri gadasvlis tempera-

turas zrdian, maSin ujredTa cximJavebis Semadgenloba ufro ujeri xdeba. uaRresad mniSv-

nelovania membranuli lipidebis SenarCuneba fazuri gadasvlis temperaturaze ufro maRla. 

mag., sarkoplazmur retikulumSi lipidTa naxSirbadwyalbadovani jaWvebis 3%-ze naklebi 1°C-

zec ki gelis mdgomareobaSi imyofeba. 

grZeli naxSirbadwyalbadovani “kudiT” da mcire hidrofiluri “TaviT” qolesteroli is 

aucilebeli komponentia, romelic siblantis gazrdis gziT membranis Txevad-mozaikur struq-

turas astabilurebs. “aradenad” biSreSi qolesteroli aqveiTebs “Txevad” mdgomareobaSi 

membranis fazuri gadasvlis energias. misi hidroqsilis jgufi wyalbaduri bmiT ukavSirdeba 

ori mezobeli fosfolipidis esTerul jgufebs. kavSiris es zona biSris hidrofobul nawils 

(“sendviCis” SigTavss) icavs garemomcveli polaruli sivrcisagan. 

qolesterolisa da fosfolipidis Tanafardoba izrdeba membranaTa asakSi SesvlasTan 

dakavSirebiT. amis gamo mcirdeba cximSi sxnadi substratebisaTvis membranebTan dakavSirebis 

ubanTa ricxvi. “xandazmul” membranebSi qolesteroli da ergosteroli aqveiTeben glukozisa 

da mravalatomiani spirtebis ganvladobasac. 

qolesterolis ukmarobis kompensacias Tavisze fosfolipidebi iReben. iSemiuri daavade-

bebisas mag., adgili aqvs aseT efeqts. miuxedavac imisa, rom yvela steroluri hormoni qoles-

terolidanaa nawarmoebi, maT mainc Zlier gansxvavebuli fiziologiuri Tvisebebi gaaCniaT, 

rac specifikurad vlindeba spermatogenezSi, laqtaciaSi, mineraluri balansis (gansakuT-

rebiT kalciumisa da fosforis) SenarCunebaSi, cximSi xsnadi vitaminebis absorbciaSi, 

energetikul metabolizmSi da sxva procesebSi. 

xangrZlivi periodis ganmavlobaSi qolesteroli tipiur cxovelur sterolad miiCneoda. 

amJamad misi arseboba dadgenilia baqteriebSi da maTTan naTesaurad axlo myof lurj-mwvane 

wyalmcenareebSi. umaRlesi mcenareebi mas mcire raodenobiT Seicaven. gamonakliss warmoad-

gens Teslis zeTebi da yvavilis mtveri. 

sterolebi mcenareSi sakmaod aqtiur metabolitebs warmoadgenen. qolesteroli winamor-

bedi nivTierebaa karotinoidebis, steroluri sapogeninebis, alkaloidebis, fitohormonebisa 

da sxvaTa biosinTezSi. am gardaqmnaTa dros molekulis cikluri komponenti ucvleli rCeba. 

gverdiTi alifaturi nawili cxovelebis msgavsad mcenareSic SeiZleba ornaxSirbadatomiani 

fragmentiT damokldes, ris Sedegadac pregnenoloni da proJesteroli miiReba. 

Catarebulia gamokvleva mcenaris (vazis _ Vitis vinifera da iuka didebulis _ Iukka georiusa) 

foTlebSi 4-14C-qolesterolis esterifikaciis da misi JangviTi gardaqmnebis raodenobrivi 

cvlilebebis dasadgenad (m. gordeziani, v. boboxiZe, 1978 w.). aRmoCnda, rom palmitati da stea-

rati sagrZnoblad aCqarebs egzogenuri qolesterolis esterifikacias, xolo ATP, ATP+cAMP 

glutaTioni esterifikaciasTan erTad aZlierebs metabolurad aqtiuri naerTebis (80%-ian 

eTanolSi xsnadi fraqciis) warmoqmnas. miRebuli Sedegebis safuZvelze gakeTebul iqna daskvna, 

rom umaRles mcenareebSi egzogenuri qolesteroli ganicdis esterifikacias, alifaturi 

rigis standartul naerTebamde iJangeba da agreTve mtkice lipoproteinul da glikolipidur 

kompleqsebsac warmoqmnis. 

miTiTebuli reaqciebis fiziologiuri azri ZiriTadad sterolis naxSirbadatomTa plas-

tikuri miznebisaTvis gamoyenebaSi mdgomareobs. unda aRiniSnos, rom ZuZumwovarTa qsovilebis 

fermentul sistemebs qolesterolis alifaturi fragmentis SerCeviTad daJangvis unari aqvT, 

ris Sedegadac naRvlis mJavebi da steroluri hormonebi miiReba. rac Seexeba mcenares, 

cnobilia, rom maTSi aRniSnuli procesebis jamuri siCqare damokidebulia TviT am nivTierebis 

zemoqmedebis xangrZlivobaze, kvebis reJimze, fiziologiur mdgomareobaze, vegetaciis 

fazaze da sxv. 
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mikroorganizmTa zogierTi saxeoba damatebul qolesterols ramdenime Tvis ganmavlobaSi 

Slis, maSin rodesac Aspergilus weklii-s Sereuli kulturebi am nivTierebis aciklur produq-

tebad gardaqmnas 4_6 saaTs andomeben. Jangvis produqtebs mikroorganizmebi gareT gamoyofen. 

 

 

6.5 endoplazmuri membranebis ciluri komponenti 

  

membranuli lipidebi ganvladobis bariers Tu qmnian da amiT ujredis kompartmentebs 

erTmaneTisagan acalkeveben, cilebi membranaTa iseT funqcias axorcielebs, rogorebicaa 

nivTierebaTa molekulebisa da ionTa transporti, uamravi katalizuri reaqciebis warmarTva, 

informaciis gadacema, energiis generireba da misi akumulacia da sxv. membranuli lipidebi am 

cilebis mier uaRresad mniSvnelovan funqciaTa Sesasruleblad aucilebel optimalur gare-

mos qmnis.  

plazmuri membranebi, romlebic maRali aqtivobiT gamoirCevian da sxvadasxva tumboebs, 

arxebs, receptorebs da fermentebs Seicaven, aseve cilebis mravalferovani anakrebiT gamoir-

Cevian. aq membranis masis 50%-s cilebi Seadgens. membranebi, romlebic energiis warmoqmnas 

emsaxureba, cilebis maRali SemcvelobiT (75%-mde) gamoirCeva. maT mitoqondriebisa da 

qloroplastebis Sinagani membranebi miekuTvneba. 

sadReisod mravali membranuli cilaa solubilizebuli da sufTa saxiT miRebuli. zogier-

Ti maTgani Tavis aqtivobas detergentTan xsnarSi inarCunebs, zogierTi ki (mag., fitore-

ceptoruli cila _ rodofsini) STanTqmis maqsimums ar icvlis, damoukideblad imisa, igi 

detergentis xsnarSi imyofeba, Tu natiur membranaSia. zogierTi cilis membranidan gamoyofa 

SeiZleba rbili damuSavebiT (mag., maRali ionuri Zalis mqone NaCl-is xsnariT eqstragirebiT) 

moxdes. sxva cilebi ufro mtkiced arian membranasTan dakavSirebuli da maTi gamocalkeveba 

SeiZleba mxolod detergentiT an romelime organuli gamxsneliT ganxorcieldes. kavSiris 

simtkicisagan damokidebulebiT membranul cilebs or farTo jgufad yofen (nax. 6.7). pirvels 

miekuTvneba e.w. periferiuli anu garegani cilebi, romlebic gansxvavebuli pH-is an ionuri 

Zalis mqone kompleqswarmomqneli agentis (mag., EDTA-s) buferuli xsnarebiT damuSavebisas 

(recxvisas) naleqszeda siTxeSi gadadian. meTodebi, romlebic membranebidan periferiuli 

cilebis gamosayofad gamoiyeneba, arRveven polarul an ionur urTierTqmedebas, ris 

safuZvelzec ori daskvnis gakeTeba SeiZleba: 

1. periferiuli cilebi ormagi Sris zedapirTan kontaqts polaruli an damuxtuli jgufebiT 

(wyalbaduri bmebiT an eleqtrostatikuri ZalebiT) amyarebs. mag., xsnadi cila _ citoqrom c 
mitoqondriis Sida membranis gare zedapirzea lokalizebuli da marilTa mzardi 

koncentraciebiT damuSavebisas am organelidan Tavisufldeba. garda amisa, mravali 

periferiuli cila cxoveluri ujredis e.w. “citoConCxis” komponents warmoadgens da 

SekumSvad elementebTanaa dakavSirebuli, romlebic erToblivad ujredis formas da mis 

moZraobas uzrunvelyofen; 

2. baqteriuli da mcenareuli ujredebisagan gansxvavebiT, romelTac xisti garegani kedeli 

gaaCniaT (rac ujreds formasa da struqturis simtkices aniWebs), cxoveluri ujredebi 

“ekzoConCxis” warmoqmnis unars moklebulni arian. isini Sinagan karkass eyrdnobian, 

romelic maTTvis swored am “citoConCxs” warmoadgens. misi molekuluri buneba sakmaod 

detalurad eriTrocitebSia Seswavlili. maTi ujreduli ConCxi periferiuli cilebisagan 

Sedgeba, romlebic plazmuri membranis citoplazmisaken miqceul mxares imyofebian. isini 

eriTrocitebs formas unarCuneben da mis elastiurobas aZliereben, rac sisxlis am 

elementebs iseT kapilarebSi gasvlis unars sZenen, romelTa diametric maTze naklebia.  

3. cilebis meore jgufi integraluri, anu Sinagani cilebia, romlebic mravalricxovan 

kavSirebs qmnian membranuli lipidebis naxSirbadur jaWvebTan da amitom maTi gamoyofa 
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mxolod iseTi agentebis saSualebiT SeiZleba, romlebic arapolarul urTierTqmedebebSi 

konkurentulad monawileoben. maTi gamonTavisuflebisaTvis ormagi Sris fosfolipiduri 

struqturis darRvevaa aucilebeli. 

 

nax. 6.7. membranis (4.5 nm sisqis) lipiduri biSre. meore komponents warmoadgenen cilebi, 

romlebsac or jgufad yofen: pirveli (a) imyofeba membranis zedapirze (an zedapiris 

mosazRvred). es e.w. periferiuli cilebia; meore _ CaZirulia lipidur biSreSi. am 

SemTxvevaSi cilis molekula an membranis gansazRvrul siRrmes aRwevs (b), an mTlianad 

ganWolavs mas (g). es ukanasknelni integralur cilebs miekuTvneba. 

 

integraluri cilebi Tavisi aRnagobiT didi mravalferovnebiT gamoirCevian. aseve mraval-

mxrivia maTi funqciebic, kerZod, isini asruleben hidrolizuri fermentebis, ujredis zeda-

piris receptorebis, eleqtronTa satransporto sistemis Jangva-aRdgeniTi komponentebis, 

specifikuri gadamtanebis da a.S. rols. 

zogierTi integraluri cila erTdroulad Seicavs hidrofobul da hidrofilur ubnebs. 

aseTi cilis saukeTeso magaliTia citoqrom b5. es garemoeba saSualebas gvaZlevs miviRoT, rom 

am integralur cilas amfifiluri struqtura aqvs. miuxedavad amisa, aucilebelia SevniSnoT, 

rom yvela integralur cilaSi ar gvxvdeba hidrofobuli aminomJavuri naSTebis raodenobrivi 

siWarbe, rogorc amas adgili aqvs, mag., baqteriorodopsinSi. amfifiluri integraluri cile-

bis solubulizacia detergentebis saSualebiT SeiZleba ganxorcieldes, xolo cilasTan 

kompleqsirebuli detergentis mocileba SeiZleba gel-filtraciiT, simkvrivis gradientSi 

centrifugirebiT an dializiT. zogierTi integraluri cila detergentis mocilebis Semdeg 

uxsnad Senadeds, zogierTi ki garkveuli zomis micelebs warmoqmnis. 

membranis biSreSi integraluri cilebi asimetriuladaa ganlagebuli. histologiuri 

gamokvlevebiT miRebulia, rom glikozilis jgufis Semcveli integraluri cilis naxSir-

wylovani ubani ganlagebulia an ujredis zedapirze, an endoplazmuri retikulumis siRruis 

SigniT. zogierTi integraluri cilis erTi makromolekula biSres mravaljeradad kveTavs. 

mag., sarkoplazmuri retikulumis Ca ATP-aza membranas ramdenjerme (~6_7-jer) ganWolavs, 

rasac didi mniSvneloba aqvs misi ZiriTadi _ ionuri arxis funqciis SesrulebaSi. bolo 

periodis monacemebis Tanaxmad, membranaTa periferiuli cilebi xSirad mierTebulia integ-

raluri cilebis zedapirTan. Tavis mxriv, isini ormagi Sris SigniT integraluri cilebis 

Zvradobas aregulireben. 

 

 

 6.6 cila _ lipiduri biSris dinamikuri modeli 

 

membranebi konsistenciiT Txevadi zeTebis msgavsia da, rogorc erTmaneTSi areuli wyali 

da zeTi, Semdgom TandaTanobiT or gaSualebul fenad iyofa. fosfolipidebis molekulaTa 

“kudebi” iswrafvian wylisagan moSorebuli mdgomareobisken da Sesabamisad membranis orive 
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zedapiris hidrofobul fazas qmnian, xolo molekulis wyalSi xsnadi “Tavebi” am or zedapirs 

Soris arian “Camalulni” da hidrofilur fazas qmnian. 

garegani da citoplazmuri cilebi Tu wyliT arian garemoculi, integraluri cilebi 

absoluturad sxva garemoSi imyofeba. wyalTan maTi molekulebis mxolod nawilia SexebaSi, 

meore nawili ki faqtiurad cximSia “CaZiruli”. imisaTvis, rom aseT orgvar garemoSi stabi-

luroba iqnas SenarCunebuli, cilac iseTive amfifaturi unda iyos, rogoric lipidia. wylis 

mxares miqceuli zedapirisaken unda Warbobdes iseTi hidrofiluri aminomJavuri naSTebi, 

rogoric lizini, arginini, histidini, asparaginis da glutaminis mJavebi, serini da treoninia. 

lipidur biSreSi CaZiruli molekulis nawili upiratesad hidrofobul aminomJavebs unda 

Seicavdes. rac ufro Rrmadaa cilis molekula lipidis ormag biSreSi CaZiruli, miT ufro 

mcirea wylisaken miqceuli im zedapiris farTobi, romelzedac hidrofiluri aminomJavebia 

ganTavsebuli. amitom gasakviri araa, rom integraluri cilebi gacilebiT mcire raodenobis 

hidrofilur aminomJavebs Seicavs. 

membranaTa es mokle daxasiaTeba swori, magram arasrulia. bolo 3-4 aTwleulis ganmav-

lobaSi warmoebulma gamokvlevebma aCvena, rom membranebi sulac araa statikuri warmonaqmnebi, 

ramdenadac rogorc lipidebis, aseve cilis molekulebi, membranebSi mniSvnelovani ZvradobiT 

xasiaTdeba. 

qimiuri da eleqtronul-mikroskopiuli meTodebiT Semowmebam, agreTve sinTezuri fosfo-

lipiduri biSreebisa da natiuri membranebis TvisebaTa urTierTSejerebam a. singersa da g. 

nikolsons (1972 w.) saSualeba misca, SeeqmnaT membranaTa Senebis dinamikuri modeli, romelic 

Cvens mier ukve naxsenebi Txevad-mozaikuri modelis saxelwodebas atarebs. am modelis Tanax-

mad, membranis ZiriTad uwyvet nawils anu matriqss lipiduri biSre warmoadgens. ujredisaTvis 

Cveulebriv fiziologiur temperaturaze matriqsi SeiZleba iyos “Txevadi” an “myari”, da es 

ZiriTadad damokidebulia lipiduri molekulis “kudis” warmomqneli naxSirwyalbadovani 

jaWvebis xarisxze (najer da ujer cximovan mJavebs Soris gansazRvrul Tanafardobaze), anu 

imaze, Tu ramdenad sruladaa gamoyenebuli am jaWvebSi wyalbadis mierTebis unaris mqone 

“vakanturi” adgilebi. ZuZumwovarTa ujredebis membranebSi lipidTa mniSvnelovani nawili 

ujer jaWvebs ukavia, amitom ormagi Sris lRobis temperatura sxeulis normalur tempe-

raturaze naklebia da es Sre “Txevad” mdgomareobaSi imyofeba. amasTan, lipiduri molekulis 

“kudebs” Tavisuflad moZraoba SeuZlia. modelis mixedviT biSris centralur nawilSi hidro-

fobuli aminomJavuri jgufebis xarjze membranis integraluri cilebi TiTqmis “gaxsnilia”. es 

cilebi, romelTac fermentebi da transportuli cilebi miekuTvneba, mxolod im SemTxvevaSi 

amJRavnebs aqtivobas, Tu biSris hidrofobuli zonis SigniT arian, sadac aqtivobisaTvis 

aucilebel sivrcul konformacias iZens. periferiuli cilebis zedapirze myofi hidrofi-

luri jgufebi membranis zedapirisaken eleqtrostatikuri ZalebiT miizidebian. kovalenturi 

kavSirebi arc biSreSi lipidur molekulebs Soris da arc biSris lipidebsa da cilebs Soris ar 

warmoiqmneba. 

Txevad-mozaikuri modelidan gamomdinareobs, rom membranul cilebs lateralur sibrt-

yeSi gadaadgileba SeuZliaT. aseTi viTareba zogierT mkvlevars xatovnad aqvs warmodgenili: 

periferiuli cilebi biSris lipiduri “okeanis zedapirze dacuravs”, xolo integraluri 

cilebi, aisbergebis msgavsad, biSris naxSirwyalbadovan Sua fenaSia CaZiruli. 

cilebis lateralur sibrtyeSi gadamoZravebis unari SeiZleba izRudebodes funqciurad 

dakavSirebuli cilebis urTierTmizidvisa da klasterebis arsebobis gamo (ix. qveTavi 6.6.2), 

rasac, saboloo jamSi, Tan axlavs lipidur biSreSi membranuli cilebis mozaikuri ganawileba. 

varaudoben, rom membranul cilaTa klasterebic garkveuli doniT lateralurad moZraoben. 

rogorc Cans es procesi udevs safuZvlad e.w. “kepings”, anu gansazRvruli membranuli cilebis 

gadaadgilebas specifikur ubnebSi anu zonebSi, romlebic zogierTi tipis ujredebisTvisaa 

damaxasiaTebeli. 

singer-nikolsonis modeli saSualebas iZleva daxasiaTdes membranaTa mravali fizikur-
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qimiuri Tu biologiuri Tviseba. man sayovelTao aRiareba moipova, rogorc membranebSi 

cilebisa da lipidebis SefuTvis yvelaze SesaZlo axsnam. 

lipidTa Zvradobis xarisxi epr-speqtroskopiis meTodiTaa Seswavlili (mak-koneli da 

grifitsi). amisaTvis lipidis naxSirwyalbadovan “kudSi” (e.w. molekula-zondSi) erT-erT 

naxSirbadatoms uerTeben sasignalo jgufs (paramagnitur niSans). am mizniT yvelaze xSirad 

nitroqsili gamoiyeneba, romelsac gauwyvilebeli eleqtroni aqvs. mocemul SemTxvevaSi mole-

kula-zondad gamoiyeneboda stearinmJava an fosfolipidi da sasignalo jgufi Cveulebriv 

dakavSirebuli iyo “kudSi” me-5, me-12 an me-16 naxSirbadatomTan. aseTi moniSnuli molekulebis 

garkveuli ricxvi Seiyvaneboda sakvlevi membranis ormag lipidur SreSi. aq isini iseve kargad 

lagdebian, rogorc biSris sakuTari molekulebi. mierTebuli sasignalo jgufi moZraobisadmi 

Zlier mgrZnobiarea da epr-speqtrSi signalis formis mixedviT Seucdomlad SeiZleba 

gamovlindes “kudis” im ubnis nebismieri gadaadgileba, sadac niSania mimagrebuli. gansxvave-

bul ubnebze aseTi jgufebis mierTebiT SeiZleba ganisazRvros lipidis ormagi Sris sxvadasxva 

siRrmeSi cximovan mJavaTa Zvradobis xarisxi. am meTodiT dadgenil iqna, rom lipidur fenaSi 

arsebobs moqnilobis gradienti. lipidis molekulaSi yvelaze mcired moqnili “kudis” is ubani 

aRmoCnda, romelic “TavTan” yvelaze axlos imyofeba, anu membranis zedapirTan. yvelaze didi 

moqniloba “kudis” wverebisTvisaa damaxasiaTebeli, anu ormagi Sris Sua zonis siaxloves.  

lipidis yvela molekula araa Zvradi. biSreSi CaZiruli cilis molekulebi zRudavs maT 

mezoblad myof lipidis molekulaTa Zvradobas. aRmoCnda, rom fermentis molekula efeqtu-

rad afiqsirebs mis mosazRvre lipids da Tavis irgvliv uZravi lipidur molekulaTa monoSres 

warmoqmnis. cilasTan aseT mWidrod asocirebul Sres “mosazRvre lipidi” ewoda. unda iTqvas, 

rom monoSre zustad lipidis im raodenobas Seicavs, ramdenic fermentis sruli aqtivobis 

gamovlinebisTvisaa aucilebeli. mTliani lipidebis Tu ra nawils Seadgens es uZravi 

mosazRvre lipidi, mocemul membranaSi CaZiruli cilis molekulaTa ricxvzea damokidebuli. 

lateraluri gadaadgileba rom ufro saalbaToa, vidre vertikaluri, amas membranis simet-

riuli konfiguraciis mdgradoba mowmobs. marTlac, imisaTvis, rom romelime Sinagani cilis 

molekulam membranis meore mxareze gadatanis mizniT lipiduri Sris mTlian hidrofobul 

zonaSi Tavisi “gare” hidrofiluri bolo “gadaisrolos”, energetikuli TvalsazrisiT mas es 

ioli ar unda daujdes. lipidur molekulas amisaTvis ufro mcire energia dasWirdeba, magram 

sasignalo jgufis matarebel fosfolipidebze Catarebulma cdebma aCvenes, rom es mcire 

lipiduri molekulebic ki iSviaTad xvdeba bimolekuluri Sris erTi mxridan meoreze. 

lipidebi da cilebi membranaSi Tu Tavisuflad gadaadgildeba, maSin SeiZleboda gvefiqra, 

rom mis mTlian zedapirze es ori komponenti SemTxveviTad nawildeba. mraval membranaSi saqme 

sul sxvagvaradaa. mag., nawlavis amomfen plazmur membranaSi glikoproteinebi Tavmoyrilia 

nawlavis sanaTurisaken miqceuli mxarisaken, xolo natriumis gadamtani cilebi ujredis 

sawinaaRmdego mxares koncentrirdeba. fiziologiur temperaturaze integraluri cilebi 

siTburi moZraobis xarjze biSris gaswvriv difundirebs. Tu CavTvliT, rom am gadaadgilebas 

mxolod saTburi moZraoba ganapirobebs, maSin savaraudoa, rom saboloo jamSi, cilebi da 

lipidebi biSreSi Tanabrad unda ganlagdes, rac sinamdviles ar Seesabameba. membranis 

aRnagobis asimetriuloba gulisxmobs, rom Txevad-mozaikur sistemaSi siTburi energiiT 

gamowveuli moZraobis garda, ciluri da lipiduri komponentebi mimarTul moZraobasac 

asruleben. swored amis Sedegia, rom membranaSi isini araTanabrad nawildebian, ris gamoc 

SeiZleba Semdegi struqturebi warmoqmnan: 

− lipiduri klasterebi _ lipidebis narevSi maTi dajgufeba qimiuri Semadgenlobis mixedviT 

xdeba. fazuri gadasvlis maRali temperaturis mqone lipidebi e.w. β-fazas, xolo ufro 

dabali fazuri temperaturis lipidebi Lβ-fazas qmnis. aseT fazur ganawilebaze mniSvne-

lovan rols orvalentiani ionebisa da qolesterolis Tanamyofoba asrulebs; 

− cilovani klasterebi _ membranuli cilebi erTmaneTTan iseT proteinul ansamblebs war-
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moqmnis, romlebic membranaSi droebiT an mudmivad funqcionireben. mag., halobaqteriis 

kulturaSi baqteriorodofsinis molekulebi klasterebadaa koncentrirebuli, romlebic 

heqsagonalur meserSi lagdebian. im SemTxvevaSi, rodesac ujredebs Soris viwro naprali 

Cndeba, kontaqtis zonaSi adgili aqvs globuluri suberTeulebis koncentrirebas, romle-

bic heqsagonalur struqturas qmnian. cilovani klasterebis warmoqmna membranis mxolod 

mkacrad gansazRvrul ubnebSi xdeba, sadac lipidebis Zvradoba Zlier Semcirebulia. 

cilebis urTierTqmedebas hidrofobuli, ionuri, wyalbaduri da kovalenturi bmebi 

uzrunvelyofs. 

− cila-lipidis kompleqsi _ cilebisa da lipidebis siTburi moZraobis miuxedavad, maT unari 

aqvT warmoqmnan dimerebi, romlebic Tavisi SemadgenlobiTa da TvisebebiT mezobeli ubne-

bisagan gansxvavdebian. lipiduri Sris iseTi maxasiaTeblebi, rogorebicaa cximmJavaTa 

jaWvebis mdgomareoba, polaruli ubnis buneba, lipidis molekulis SefuTva da a.S. membra-

nuli cilebis dakavSirebas gansazRvraven da membranaSi cilebis ganawilebaze axdenen 

gavlenas. 

amgvarad, erTi jgufis membranebSi cilebis sivrcobrivi ganlageba metnaklebad xistadaa 

fiqsirebuli, xolo sxvebSi is cvalebadia da araujreduli faqtorebiT regulirdeba.  

 

 

6.6.1 cila-lipiduri urTierTqmedeba endoplazmur membranebSi 

 

membranaSi cilebisa da lipidebis urTierTqmedebis Zalebis WeSmariti bunebis Sesaxeb 

monacemebi sakmaod winaaRmdegobrivia. am procesSi ZiriTadad lipidebisa da fermentebis 

urTierTqmedeba igulisxmeba. 

membranebTan urTierTobis mixedviT cilebis Taviseburi klasifikaciac ki arsebobs, rom-

lis Tanaxmadac isini sam _ hidrofobul, amfifilur da sorbirebul cilebad iyofian. pirveli 

jgufi membranaSi Rrma “CaZirviT” xasiaTdeba da amas membranis Zlier ganviTarebuli hidro-

fobuli zedapiri gansazRvravs. ATP-azebi, citoqrom c-oqsidazebi, baqteriorodofsini, 

citoqrom P450 am jgufis tipiur proteinebs warmoadgenen. meore jgufis cilebs struqtu-

rulad da funqciurad mkveTrad gansxvavebuli ara umcires ori fragmentis Semcveloba 

axasiaTebs. maTgan erTi rogorc wesi, zomiT ufro mcirea da membranasTan dakavSirebazea 

pasuxismgebeli. Tavisi fizikur-qimiuri TvisebebiT igi axlosaa hidrofobul cilebTan. meore 

fragmenti, romelic katalizuri aqtivobis matarebelia, wylovan fazaSi imyofeba da 

gansxvavdeba hidrofobuli proteinebisagan. misi katalizuri aqtivoba fosfolipidis Tanam-

yofobas ar saWiroebs da amdenad arc membranidan gamocalkevebisas kargavs mas. am jgufis 

tipiuri warmomadgenlebia citoqrom b5 da NAD(P)H-specifikuri flavoproteinebi. mesame 

jgufis cilebi membranaSi ar arian “CaZiruli” (“CaRrmavebuli”) da mxolod misi zedapiris 

damuxtul ubnebze sorbirdeba. rogorc irkveva, mravalkomponentiani fermentuli sistemebis 

Camoyalibebisa da maTi aqtivobis regulaciaSi membranaze cilis sorbcia umniSvnelovanesi 

berketis rols asrulebs. fermentTa am jgufs miekuTvneba mitoqondriuli membranis NADPH-

specifikuri monooqsigenazuli sistema.  

solubilizebul mdgomareobaSi citoqrom P450-s hidroqsilazuri aqtivoba daqveiTebuli 

aqvs. gasufTavebuli hemoproteinis liposomur membranaSi CaSenebisas kvlav izrdeba misi 

monooqsigenazuri da gansakuTrebiT peroqsidazuli aqtivoba. fermentul reaqtivacias Tan ar 

axlavs raime SesamCnevi konformaciuli cvlilebebi. ar arsebobs raime garkveuli korelacia 

hemoproteinis molekulaSi α-spiralis Semcvelobis cvlilebebsa da liposomur membranaSi 

misi aqtivobis matebas Soris. es faqti ewinaaRmdegeba Sexedulebas imis Sesaxeb, rom xsnad 

mdgomareobaSi myofi fermentis meoradi struqtura arsebiTad gansxvavdeba membranasTan 

dakavSirebuli cilis struqturisagan. 

cnobilia, rom proteazebiT xangrZlivi damuSavebis SemTxvevaSic ki membranis mTlianoba ar 
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irRveva da mxolod garegani Txeli osmiofiluri fena ~30%-iT solubilizacias ganicdis. es 

miuTiTebs endoplazmur membranebSi hidrofobuli barieris arsebobaze, romelic membranis 

SigTavss proteazuli “Setevisadmi” Seuvals xdis. eleqtronul-mikroskopuli analizic adas-

turebs, rom proteazebis zemoqmedebisas membrana Tavis natiurobas inarCunebs. meore mxriv, 

fosfolipaza A-s moqmedeba membranis fragmentacias da mTeli rigi cilebis solubilizebas 

iwvevs. analogiur efeqts amJRavneben detergentebic. ionebis moqmedeba membranis natiuri 

struqturis SenarCunebaSi arsebiTi araa. 10% wylis Semcveli acetoniT lipidebis mocileba 

endoplazmuri membranebis srul rRvevas iwvevs. yvela es faqti imaze miuTiTebs, rom 

mitoqondriis Sida membranisagan gansxvavebiT, endoplazmuri membranebis struqturul 

mTlianobas gansazRvravs ara cila-ciluri hidrofobuli, aramed cila-lipiduri an lipid-

lipiduri hidrofobuli urTierTqmedeba. unda aRiniSnos, rom membranis damuSaveba fosfo-

lipaza C-Ti, rac fosfolipidebis mxolod damuxtuli jgufebis mocilebas iwvevs, cvlis 

endoplazmuri membranebis struqturas, magram mis natiur bunebas ucvlelad tovebs. am dros 

adgili aqvs membranis sisqis 50-60 nm-dan 75 nm-mde gazrdas, rac sainkubacio xsnarSi fosfo-

lipidebis damatebisas Seqcevadad normalizdeba. paralelurad sakontrolo dones ubrundeba 

fermentTa aqtivobebi da maTi kinetikuri parametrebi, romlebic kontrolirebadi delipi-

dizaciiT iyo gamowveuli. fosfolipazebis gamoyenebiT miRebuli Sedegebi cila-lipiduri 

kompleqsebis iseT SefuTvas adasturebs, romelSic fosfolipidebis molekulebi intaqtur 

membranebSic ki hidrolizisadmi maRal mgrZnobiarobas avlens. 

udavod sayuradReboa heidonisa da Tanaavt. gamokvlevebi, ronlebmac aCvenes, rom zedapi-

rul cilebsa da lipidur biSres Soris Zlieri hidrofobuli urTierTqmedeba arsebobs. amis 

Semdeg fosfolipidTa molekulebis hidrofobuli “kudebi” membranis zedapirisadmi ise 

orientirdeba, rom biSris sisqe Semcirebas ganicdis. amasTan izrdeba biSris zedapirze 

fosfolipidis yoveli molekulis mier dakavebuli xvedriTi farTobi. garda amisa, savsebiT 

SesaZlebelia, rom fosfolipidis yvela polaruli dajgufeba ar iyos ciliT ekranirebuli. 

swored am ciliT daucvel ubnebs uteven C da D fosfolipazebi. fosfolipidebis polarul 

jgufebsa da maT membranul cilis molekulebs Soris darCenili “xvrelebi” fosfolipidebs 

fosfolipaza A-s samizned xdis. 

igive avtorebis mier dadgenilia, rom 21 nm sisqis mqone endoplazmuri membranebis biSreSi 

fosfolipidis molekulis xvedriTi farTobi 98 nm2-s unda Seadgendes. es asec unda iyos, raTa 4.5 · 10  molekula fosfolipidma (RviZlis hepatocitebisaTvis fosfolipidebis molekulaTa 

ricxvi 1 mg cilaze) 0.44 m2 zedapiris farTobis mqone biSre warmoqmnas. moyvanili sidide savse-

biT realuria; igi optimalurad “jdeba” fosfolipidebis xvedriTi farTobis diapazonSi, 

romelic sxva biologiuri membranebisTvisaa gamoTvlili da Seesabameba eleqtronuli mikros-

kopiiT gamoTvlil endoplazmuri membranebis lipiduri biSris sisqes. gamoiTqva varaudi, rom 

fosfolipiduri jgufis nawili uSualodaa gamosuli membranis zedapirze da ar aris ciliT 

daculi. am jgufebis raodenobaze msjeloba SeiZleba fosfolipidebze fosfolipaza C-s 

moqmedebis efeqturobiT, romelic yvela fosfolipidis araumetes 70%-is hidrolizs iwvevs. 

maSasadame, ciliT daucveli polaruli fosfolipidebis maqsimaluri ricxvi maTi saerTo 

raodenobis 70%-s ar unda aRematebodes, rac mikrosomuli cilis 1 mg-ze jamuri farTobidan 0.14 m2-s Seadgens da erTi polaruli jgufis saSualo xvedriT farTobs, anu 48 nm2-s 

Seesabameba. 

yovelive zemoTqmulma safuZveli Seqmna membranaSi arsebuli lipid-damokidebuli, anu 

lipidis momTxovni fermentebi gamoyofiliyo calke jgufad. maT qcevaze ori mosazreba 

arsebobs: pirvelis Tanaxmad, fermentTa aqtivobaze gavlenas axdens lipiduri garemocva, 

romelic saSualebas iZleva, fermenti katalizurad momgebiani formiT arsebobdes. am 

mosazrebis Tanaxmad, lipidebis Semadgenlobis cvlileba an membranis sruli delipidizacia 

(destruqcia) cilis molekulis struqturis da, Sesabamisad, katalizuri aqtivobis Secvlas 
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iwvevs. meore Tvalsazrisi wina planze ayenebs ferment-substratis kompleqis warmoqmnaSi 

membranis lipiduri fazis siblantis rols. es Tvalsazrisi problemas ramdenadme 

gansxvavebuli aspeqtiT ganixilavs: Tvlis, rom lipiduri garemocvis cvlileba fermentuli 

reaqciis maqsimalur siCqareze da K -ze principulad ar moqmedebs; samagierod icvleba hilis 

koeficienti (fermentuli reaqciis siCqaris damokidebuleba efeqtoris koncentraciaze). 

sxvagvarad rom iTqvas, lipidebi zemoqmedebas axdenen ZiriTadad membranadakavSirebuli 

fermentebis ara katalizur, aramed alosterul centrze. am Tvalsazrisis momxreebi miiCneven, 

rom lipiduri komponentebis siblante fermentTa suberTeulebis struqturul mdgomareobas 

ganapirobebs da siblantis cvlileba gamomwvevi mizezis miuxedavad, rogorc eukariotebSi, 

aseve prokariotebSi membranuli fermentebis regulaciis zogad meqanizms warmoadgens. 

unda aRiniSnos, rom ganxilul midgomaSi ar aris gaTvaliswinebuli gansazRvruli lipide-

bisaTvis fermentis molekulaSi specifikuri lipidTan damakavSirebeli centrebis arseboba. 

amitom zogierTi mkvlevari Tvlis, rom lipid-damokidebul fermentebs gaaCniaT lipidebTan, 

rogorc alosterul efeqtorebTan dasakavSirebeli sakuTari gansakuTrebuli centri. mtki-

ceba imis Sesaxeb, rom lipidebi alosteruli efeqtorebia, eyrdnoba monacemebs, romlebic 

fermentTa reaqtivaciasa da gansazRvrul fosfolipidTa Semcvelobas Soris mWidro kavSirze 

miuTiTeben. iseve rogorc sxva alosteruli efeqtorebi, lipidebic gavlenas axdens aramxo-

lod fermentuli reaqciis siCqareze, aramed sxva efeqtorebis mimarT fermentTa mgrZnobi-

arobazec. Tu davuSvebT, rom fosfolipidis saSualo molekuluri masa ~800 kD-is, xolo 

cilis saSualo molekuluri masa ~50000 kD-is tolia, miviRebT, rom membranuli cilis yovel 

molekulaze fosfolipidis ~23 molekula modis. am fardobis mudmivoba TavisTavad warmoad-

gens garkveuli maregulirebeli moqmedebis gamovlenas, romelic membranaSi fosfolipidTa 

biosinTezis doneze unda xorcieldebodes. 

 

 
6.6.2 endoplazmuri membranis mJangvel sistemaTa  

“klasteruli” wyobis hipoTeza 

 

arsebobs monacemebi, romelTa mixedviTac endoplazmur membranebSi ganlagebulia “klas-

teris” principiT organizebuli ubnebi, rac membranasTan xistad dakavSirebul fermentul 

kompleqsebs gulisxmobs. mis SemadgenlobaSi erTveba fosfolipidebis molekulaTa garkveuli 

nawilic, romlebic Tavisi maxasiaTeblebiT membranul lipidTa ZiriTadi masidan ramdenadme 

gansxvavdeba.  

naCvenebi iqna, rom mikrosomuli NADPH-specifikuri flavoproteinebidan citoqrom P450-

ze aRmdgenel eqvivalentTa transportisaTvis aucilebel pirobas fosfolipiduri komponen-

tis Tanamyofoba warmoadgens. miRebuli Sedegebi ZiriTadad eyrdnoba hidroqsilirebas da 

reduqtazul reaqciebze mersalilis (SH-jgufebis blokatoris) inhibitorul moqmedebas. 

garda amisa, gamovlenila citoqrom P450-isa da flavoproteinis molekulebs Soris zusti 

Tanafardoba, romelic Sesabamisad 20:1-is an 12:1-is toli aRmoCnda. 

mersaliliT damuSavebuli mikrosomebiT citoqrom P450-is sruli fondis Senelebuli 

aRdgena, agreTve flavoproteinisa da hemoproteinis membranaSi CaSenebisadmi swrafva, am ori 

komponentis klasterad Camoyalibebas ufro adasturebs, vidre uaryofs. arsebuli hipoTezis 

Tanaxmad, mikrosomul membranaSi imyofeba sustad Zvradi gadamtanebis fondi, an “daumTav-

rebeli Senebis mqone” klasterebi, romlebSic axali, damatebiTi redoqs-komponentebis 

Semdgomi CaSeneba SeiZleba ganxorcieldes. gamoTqmulia varaudi, rom NADPH-specifikuri 

Jangvis sistemis moZravi komponentebi metaboluri TvalsazrisiT gadamwyvet rols ar unda 

asrulebdnen da maTi efeqturobis zrda mxolod membranasTan sakmaod mtkiced dakavSirebuli 

kompleqsis, anu klasterul struqturad Camoyalibebis Sedegad miiRweva. 
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membranuli redoqs-jaWvebis klasteruli Senebis hipoTezidan gamomdinare, saWiro xdeba 

sxva kuTxiT SevxedoT xsnad an membranul struqturaSi am sistemaTa rekonstruqcias. bolo 

periodSi damuSavebuli meTodebis gamoyenebiT SesaZlebeli gaxda mikrosomuli redoqs-siste-

mis maRali sisufTavis mqone komponentebis miReba, romelTac qsenobiotikebisa da hormonebis 

warmatebuli metabolizebis unari gaaCniaT. am komponentTa daxmarebiT redoqs-sistemaTa 

rekonstruirebisas metad saintereso Taviseburebas avlens cximmJavaTa gansazRvruli 

Semadgenlobis mqone lecitinis Tanamyofoba. es fosfolipidi membranaSi eleqtronTa gadam-

tanebis irgvliv TiTqmis specifikur hidrofobul garemocvas qmnis da mTlian kompleqss 

klasteris msgavs organizacias aniWebs. meore mxriv, xsnad sistemaSi kompleqsis warmoqmna 

TviT lecitinis Tanamyofobis pirobebSic ki ar SeiniSneba. 

citoqrom P450, romelic detergentiT damuSavebisas araqtiur citoqrom P420-Si gadadis, 

membranadakavSirebul rekonstruirebul hidroqsilazur sistemaSi CamontaJebisas nawilob-

riv rekonvertirdeba. “klasteridan” solubilizebis Semdeg hemoproteinis umetesi nawili 

(~88%) citoqrom P450-is saxiTaa. am pirobebSi glicerinis damatebiT fosfolipidebTan cito-

qromis bmis hidrofobuli garemocvis SenarCuneba xdeba, rac fermentis hemur jgufebs 

detergentebis moqmedebisadmi Seuvals xdis. sayuradReboa, rom TviTawyobis Sedegad miRebul 

preparatebSi pirdapiri gansazRvriT da ara NADPH-is koncentraciis Semcirebis siCqariT, 

mkafiod registrirdeba NADPH-citoqrom P450 reduqtaza, rac imas adasturebs, rom 

rekonstruirebul kompleqsur struqturaSi nawilobriv mainc SenarCunebulia flavopro-

teinisa da citoqromis damakavSirebeli ubani. 

TviTawyobis an solubilizaciis procesSi citoqrom P450-is speqtruli Tvisebisa da fer-

mentuli aqtivobis SenarCuneba, jer kidev ar niSnavs maRalefeqturi mahidroqsilirebeli 

sistemis miRebas. mikrosomebSi NADPH-specifikuri sistemis “klasteruli” organizaciis arse-

bobis hipoTeza cxadyofs mxolod imas, rom detergentiT membranuli struqturis solubi-

lizacia “klasteruli” ubnebis ngrevas iwvevs. safiqrebelia, rom fosfolipidebis is mcire 

fondi, romelic membranaSi redoqs-komponentTa specifikur organizacias uzrunvelyofs, 

solubilizebul fraqciaSi SedarebiT Tanabrad nawildeba da Semdgomi TviTawyobisas 

adrindeli rekonstruirebis unari aRar gaaCnia. es mosazreba Semdegi eqsperimentiTaa 

ilustrirebuli: miRebul iqna rekonstruirebuli sistema, romelic Seicavda natriumis 

qolatiT solubulizebul da trifsiniT damuSavebul mikrosomebs (Sesabamisad 1:1 da 1:3 

TanafardobebiT). miRebuli preparati gansxvavdeboda citoqrom P450-isa da misi reduqtazis 

TanafardobiTac. miuxedavad amisa, yvela maTgans sawyis preparatTan SedarebiT 15_20%-iT 

SenarCunebuli aRmoaCndaT 3,4-benz(a)pirenis metabolizebis unari.  

sadReisod arsebuli faqtebis ganzogadebis safuZvelze SeiZleba gakeTdes daskvna, rom 

arc citoqrom P450-is citoqrom P420-ad konversiis SezRudva, arc hidroqsilazuri sistemis 

calkeuli komponentebiT rekonstruirebuli sistemis “gamdidreba” jerjerobiT Tavisi 

maxasiaTeblebiT ar iZleva sawyis mikrosomebTan miaxloebul models. rogorc Cans, ZiriTadi 

siZnele iseTi “klasteruli” struqturis optimalurad rekonstruirebaa, romelic erTdro-

ulad Seicavs NADPH-specifikur flavoproteins, citoqrom P450-s da fosfolipidTa specifi-

kur anakrebs. swored esaa imis mizezi, rom zogierTi mkvlevari kategoriulad uaryofs 

endoplazmur membranaSi “klasterTa” warmoqmnis SesaZleblobas. 

rekonstruqciis Catareba iseT areSi, romelic sxvadasxva individualur fosfolipids an 

lipoproteinebs Seicavs, saSualebas mogvcemda mivaxlovebodiT mikrosomul membranebSi 

“klasterul” ubnebze realuri warmomadgenlebis Camoyalibebas. mikrosomaSi arsebuli Jangvis 

ori NAD(P)H-damokidebuli redoqs-jaWvi membranul struqturaSi gansxvavebuladaa 

CamontaJebuli. kerZod, qsenobiotikebis NADPH-damokidebuli Jangvis sistema rogorc Cans 

“klasteruli” struqturiTaa organizebuli, rac saSualebas iZleva miRweul iqnas substrat-

Ta hidroqsilirebis maRalefeqturoba. 



207  

6.7 membranuli transporti 

 

yvela sxva Ria Termodinamikur sistemaTa msgavsad, ujredic gamudmebiT axorcielebs 

garemosTan nivTierebaTa cvlas. es procesi xorcieldeba membranuli sistemis mier SesaniSnavi 

unaris flobis gamo _ SerCeviTad gaataros nivTierebebi. zogadad am unars ganvladobas 

uwodeben, da igi nivTierebaTa ujredSi modinebis, an gadinebis (transportis) kinetikas da 

stacionarul pirobebSi ujredsa da garemos Soris nivTierebaTa ganawilebas moicavs. metabo-

lur procesTa umravlesoba, ujredsa da qsovilovan siTxeSi nivTierebaTa moZraoba, energiisa 

da biopotencialebis generireba _ organuladaa dakavSirebuli ganvladobasTan. misi meqaniz-

mebis codna gansakuTrebiT mniSvnelovania medicinis, kerZod, farmakologiisa da toqsiko-

logiisaTvis, radgan yvela samkurnalwamlo saSualebebisa da toqsikantebis mier gamovlenili 

efeqti maT ganvladobazea damokidebuli.  

ujredisaken an ujredidan molekulebisa da ionebis gadatana plazmur membranebSi arsebu-

li specifikuri satransporto sistemebiT kontroldeba. isini aregulireben ujredis 

moculobas da rxevebis metad viwro diapazonSi astabilizeben ionTa ujredSida Semadgenlo-

bas, garemodan wvlilaven da ujredSi akoncentrireben energiisaTvis saWiro nivTierebebs, 

qmnian gradientebs, rac aucilebelia membranuli potencialis aRsaZvrelad, inarCuneben 

agznebadobis unars da sxv. ansxvaveben membranuli transportis Semdeg tipebs: 

1. araeleqtrolitebisa da ionebis pasiuri transporti _ am SemTxvevaSi araeleqtrolitis 

gadatana qimiuri potencialis gradientiT, xolo ionTa gadatana _ eleqtroqimiuri poten-

cialis gradientiTaa ganpirobebuli. pasiuri transporti lipidur biSreSi SeiZleba 

difuziis gziT ganxorcieldes. igi SeiZleba Semsubuqebuli difuziis gziT, anu gadamta-

nebisa da arxebis saSualebiTac mimdinareobs. 

2. aqtiuri transporti _ araeleqtrolitebisa da ionebis gadatana qimiuri da eleqtroqi-

miuri gradientis sawinaaRmdegod. transportis es saxe energiis xarjvasTanaa SeuRlebuli. 

3. ekzo- da endocitozi _ transporti, romelic membranis arqiteqturis cvlilebebTanaa 

dakavSirebuli. 

aqtiuria Tu pasiuri transportis procesi, damokidebulia transportirebadi nivTierebis 

Tavisufali energiis cvlilebaze. I-dan me-II nakveTurSi (nax. 6.8) transportirebas Tu arada-

muxtuli gaxsnili nivTiereba ganicdis, maSin misi gadatanis Tavisufali energia SeiZleba ase 

gamovsaxoT: ∆G RTlg CC 2.303RTlg CC  

sadac ∆G _ Tavisufali energiis cvlilebaa, CI da CII I da me-II-e nakveTurSi nivTierebis 

koncentraciaa, R _ airis mudmivaa, T _ absoluturi temperaturaa. 1 2
a b

I II I II

 

nax. 6.8. a. transportirebadi nivTierebis sawyisi mdgomareoba; b. molekulebis ganawileba 

wonasworobis damyarebis Semdeg.  1. membranaSi transportirebadi molekulebi; 2. transportirebadi molekulebisaTvis 

ganvladi membrana; I da II _ membranis ganmxoloebuli molekulebi. 

 

ionis transportis SemTxvevaSi Tavisufali energiis cvlileba Semdegnairad gamoisaxeba: 

∆G RTlg CC ZF∆φ 
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sadac Z _ ionis muxtia, ∆φ _ potencialTa transmembranuli sxvaobaa, F _ faradeis ricxvia. 

∆G Tu dadebiTi sididea, maSin transporti aqtiuria, xolo misi uaryofiTi mniSvnelobisas 

transporti pasiurad xorcieldeba.  

  

 

6.7.1 nivTierebaTa difuzia lipidur biSreSi 

 

am meqnizmiT nivTierebebi ujreduli membranebis lipidur fazaSi koncentraciuli 

gradientis Sesabamisad SeiRwevian. am dros ucxo nivTiereba SerCeviTi ganvladobis unars ar 

flobs da amitom maTi umravlesoba ujredSi pasiuri difuziis meqanizmiT xvdeba. procesi 

Tburi energiiTaa ganpirobebuli. es calmxrivi, TviTneburi Seuqcevadi kinetikuri procesia, 

romelic sistemaSi saboloo koncentraciis gaTanabrebas iwvevs. aseTi zogadi ganmarteba 

SeiZleba gamoyenebul iqnas nebismieri nivTierebis mimarT, romelic ki homogenur garemoSi 

imyofeba. zogjer am process SeRwevas uwodeben. esec kinetikuri procesia, romlis 

intensivobac lipidur barierSi nivTierebis SeRwvis siCqariT izomeba. 

ZiriTadi Termodinamikuri principi, romelic membranul sistemaSi transportirebadi 

molekulebis stacionarul ganawilebas iTvaliswinebs, imaSi mdgomareobs, rom mocemuli 

nivTierebis qimiuri potenciali (µ) membranis orive mxareze toli unda iyos. ganxilul 

sistemaSi (nax. 6.8) membrana erTmaneTisagan anmxoloebs masSi ganvlad gaxsnili b _ nivTierebis 

Semcvel or nakveTurs. am nivTierebis qimiuri potenciali I _ nakveTurSi µIB-s, xolo me-II-e 

nakveTurSi _ µIIB-s tolia. I _ nakveTuridan me-II-e nakveTurSi d  _ moli nivTierebis gadatanas 

Tan axlavs sistemis Tavisufali energiis cvlileba sididiT: dG µ µ d  

spontanuri (pasiuri) transporti wydeba da sistema Termodinamikur wonasworobaSi modis, 

roca  µ µ  

anu Termodinamikuri wonasworobis mdgomareobaSi or xsnarSi araeleqtrolitis 

koncentracia erTnairia.  

lipidur membranaSi nivTierebis difuziis raodenobrivi aRwerisaTvis gamoiyeneba 

nakadisaTvis SemoRebuli teorelis formula: 

nakadi = Zvradoba × koncentracia × sruli mamoZravebeli Zala 

nivTierebis nakadSi (Y) igulisxmeba misi raodenoba (molebSi), romelic drois erTeulSi 

moZraobis perpendikularuli farTobis erTeulSi gadis (nakadis ganzomilebaa  

moli · m-2 · wm-1) 

Y 1A · dndt  

sadac A _ farTobia; dn/dt _ molebis ricxvia, romelic drois erTeulSi A farTobSi 

gadaitaneba. martivi difuziis aRsawerad sruli mamoZravebeli ZalisaTvis teorelis 

gantolebaSi minusi niSniT Setanilia qimiuri potencialis gradienti, romelic membranaSi 

transportirebisas dµ/dx - warmoebulis tolia (x _ gadazomilia membranis zedapiris 

perpendikularul RerZze). membranis Sida zedapirze x=0, xolo gareze _ x-d. amdenad, teorelis 

formula Semdeg saxes iRebs: 1A · dndt Vc dµdx 
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sadac V _ Zvradobaa; c _ x-wertilSi, drois t momentSi nivTierebis koncentracia. Tu 

gaviTvaliswinebT, rom qimiuri potenciali µ µ° RTlgc (sadac µ° _ standartuli qimiuri 

potencialia) da mis am mniSvnelobas teorelis formulaSi SevitanT, miviRebT: 1A · dndt VcRT ddx  

ramdenadac d dcc , 
amitom 1A · dndt RTV dcdx RTV-s Tu difuziis D _ koeficientiT gamovsaxavT (ganzomileba _ sm2 · წმ ), miviRebT 

difuziisTvis fikis pirvel gantolebas: 1A · dndt D dcdx  ანუ  Y D dcdx 

membranaSi stacionaruli transportisas koncentraciidan warmoebuls sxvaobiT cvlian, 

romelic membranis d sisqes ganekuTvneba: Y D c cd  

sadac c  da c  membranis or zedapirze transportirebadi nivTierebis koncentraciebia. 

maT xSirad cvlian nivTierebaTa koncentraciebiT wyalxsnarSi (c -iTa da c -iT) ganawilebis 

koeficientis (β) gamoyenebiT: c βc  da c βc . 

Y DBd c c DBd c c  

an Y P c c , sadac P _ ganvladobis koeficientia.  

iseve, rogorc difuziis koeficients, ganvladobis koeficientsac Cveulebriv membranis 

sisqis erTeulebSi gamosaxaven, rac siCqaris ganzomilebas (sm/wm) emTxveva. ganvladobis 

koeficientiT ganisazRvreba fiziologiaSi da farmakologiaSi membranis ganvladoba da e.w. 

arekvlis koeficienti, romelic fardobiTi sididea da membranaSi osmosur SeRwevasTanaa 

dakavSirebuli. 

membranuli ganvladoba ori faqtoriT ganisazRvreba: wyalxsnarsa da membranas Soris 

nivTierebis ganawilebis koeficientiT (β) da membranaSi difuziis koeficientiT (D). P-

koeficienti SeiZleba dadgenil iqnas, Tu gaizomeba nakadi (Y) da cnobilia koncentraciuli 

sxvaoba c c . 

xsnaris is fena, romelic uSualod membranas exeba, sakmao intensivobiT ar ireva da amitom 

membranaSi am mxridan transportirebadi nivTierebis koncentracia gansxvavdeba xsnaris 

siRrmeSi arsebuli koncentraciisagan. es ki Tavis mxriv imas iwvevs, rom membranis sxvadasxva 

mxareze koncentraciuli sxvaoba ufro naklebia, vidre membranis sxvadasxva mxareze xsnarebis 

koncentraciebia. amasTan dakavSirebiT, nakadis mniSvnelobidan da xsnarTa koncentraciebidan 

uSualod gazomili ganvladobis koeficienti SeiZleba mcdari aRmoCndes. membranis SexebaSi 

myofi, Seurevadi fena, SeiZleba ganxilul iqnas, rogorc ganvladobis damatebiTi barieri. 

biologiur membranebSi daumuxtavi molekulebi martivi difuziis, an gaSualebuli 

transportis sxvadasxva meqanizmebiT transportirdeba. im SemTxvevaSi, rodesac gaSualebuli 

transporti energiis dauxarjavad mimdinareobs, saqme gvaqvs gaadvilebul difuziasTan. igi 

membranuli cilebiT xorcieldeba, romelTac unari aqvT “Seicnon” da membranaSi gadaitanon 
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konkretuli nivTierebebi. am procesisaTvis damaxasiaTebelia stereospecifikuroba anu 

gadaaqvT oridan mxolod erTi stereoizomeri. mag., membranebSi Saqrebis mxolod D-izomerebi 

da L-aminomJavebi aRwevs. 

specifikurobis garda, gaadvilebuli difuziis meqanizmisaTvis damaxasiaTebelia gaje-

rebis fenomeni. igi imaSi vlindeba, rom transportis siCqare transportirebadi nivTierebis 

koncentraciis zrdasTan erTad izrdeba mxolod Vmax-is raime zRvruli mniSvnelobis miRwe-

vamde. Semdgom igi koncentraciisagan damoukidebeli xdeba. ujredSi SesaRwevi nivTiereba S  

membranis gare mxareze gadamtanTan x  kompleqss warmoqmnis, romelic membranaSi gadis. mis 

Sida mxareze xdeba kompleqsis daSla da nivTierebis gamoTavisufleba. procesi SeiZleba 

Semdegi reaqciebiT aRiweros: S S  S S  S S   
indeqsebi 0 da i Sesabamisad membranis gare da Sida zedapirebs aRniSnaven. 

Semsubuqebuli difuziis SemTxvevaSi nivTierebis calmxriv mimarTuli nakadi Semdegi 

gantolebiT xasiaTdeba: 

Y Y SK S  

sadac Y  _ nivTierebis nakadia; xolo Y  _ nivTierebis gadatanis limitirebuli nakadia; [S] 
_ transportirebadi nivTierebis koncentraciaa da K  _ ki konstantaa. 

es gantoleba mixaelis-menTenis gantolebis msgavsia, romelic fermentul kinetikaSi 

gamoiyeneba. K  _ konstantac mixaelisis konstantas Seesabameba. rodesac Y Y /2, igi 

substratis koncentraciis tolia. 

cila-gadamtanebis muSaobis molekuluri meqanizmebi jerjerobiT ucnobia. maT xSirad 

ganixilaven rogorc transmembranul cilebs, romelTac lipidur biSreSi molekulis gada-

tanisas Seqcevadi konformaciuli cvlilebebis unari aqvT.  

literaturaSi arsebuli zogierTi gamonaklisis miuxedavad, SeiZleba mainc misaRebad 

miviCnioT, rom rac ufro hidrofobulia nivTiereba da Sesabamisad rac metia misi ganawilebis 

koeficienti, miT maRalia biologiur membranaSi misi SeRwevis unari. nivTierebebi, romelTac 

normalur metabolitebTan struqturuli msgavseba gaaCniaT, organizmSi SeiZleba sxva gzebiT 

gadaadgildnen da amitom maTi STanTqmis maxasiaTeblebi gansxvavdeba im nivTierebaTa maxa-

siaTeblebisgan, romlebic pasiuri difuziis gziT STainTqmeba. miuxedavad amisa, nivTierebaTa 

umravlesobisaTvis, romlebic garemos dacvis TvalsazrisiT mniSvnelovania, pasiuri difuzia 

STanTqmis ZiriTad meqanizms warmoadgens.  

rodesac STanTqmis siCqare nivTierebis ganawilebis koeficientiT ganisazRvreba, maSin 

mJavebisa da fuZeebis STanTqmis unari garemos im pH-sa da pK -ze iqneba damokidebuli, romel-

Sic STanTqma xorcieldeba. neitralur an ionizebul mJavas, Tundac araprotonirebul fuZes 

ganawilebis maRali koeficientebi gaaCniaT da amitom isini membranaSi SemRwev nivTierebebs 

SeiZleba mivakuTvnoT.  

organizmTa umravlesobaSi garemos pH (mag., kuWSi an wvril nawlavSi) SedarebiT mudmivi 

sididea. am pirobebSi STanTqma faqtiurad nivTierebis mxolod pK -sididezea damokidebuli, 

rac mis neitralur an damuxtul formaSi arsebobas gansazRvravs. martivi difuziis gziT 

qsenobiotikTa transportis dros membranaSi advilad mxolod cximSi xsnadi araionizebuli 

molekulebi gadis. amgvarad, araeleqtrolitebi lipidebSi maTi xsnadobis Sesabamisad, xolo 
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eleqtrolitebi _ ionizaciis xarisxis da lipidebSi araionizebuli molekulebis xsnadobis 

Sesabamisad transportirdebian. organuli eleqtrolitis ionizaciis xarisxi nivTierebis 

disociaciis konstantas K  da garemos pH-is funqcias warmoadgens da SeiZleba miaxloebiT 

gamoTvlil iqnas hendersonis damokidebulebiT: 

mJavebi: PK pH log cc  

fuZeebi:  PK pH log cc  

sadac c    da c  Sesabamisad molekuluri da ionizebuli formebis koncentraciebia. 

or sistemas pH-is erTnairi mniSvnelobebi Tu gaaCniaT (mag., sisxlis plazmas da zurgtvi-

novan siTxes), maSin qsenobiotikTa koncentracia membranis orive mxareze Tanabari iqneba. 

membranis gansxvavebul mxareebze Tu sxvadasxva pH-ia (rasac adgili aqvs, mag., kuWsa da nawla-

vebis sanaTurSi), saerTo koncentraciac gansxvavebuli iqneba, ramdenadac pH gansazRvravs 

nivTierebis im raodenobas (wils), romelic ionizdeba, xolo am formiT naerTs membranaSi 

gaRwevis unari ar gaaCnia. kuWis wvenSi anilini ZiriTadad ionizebul formaSi imyofeba, xolo 

plazmaSi upiratesad araionizebulia. amitom anilini plazmidan kuWis lorwovani garsis 

gavliT kuWis wvenSi transportirebs. analogiurad benzois mJava, romelic plazmaSi 

upiratesad ionizebul formaSi, xolo kuWis wvenSi araionizebul mdgomareobaSia, kuWis mier 

Seiwoveba. wvril nawlavSi SigTavss pH daaxloebiT 6.5 aqvs, xolo xaoTaSoris sivrceSi 

wyalbadionTa sekreciis gamo daaxloebiT 5.3-s Seadgens. pH-is aseTi mniSvnelobebisas Tumca 

anilini ufro mcired ionizebulia, vidre benzois mJava, orive naerTi nawlavis lorwovanaSi 

advilad aRwevs. 

msgavsi damokidebuleba SeiniSneba nivTierebaTa STanTqmisas foTlebis zedapiris mier. 

amasTan foTlis gare hidrofobuli safari mniSvnelovan gavlenas axdens nivTierebis STanT-

qmaze. fenoqsiZmarmJavas sxvadasxva warmoebulebis STanTqmis Seswavlam uCvenes, rom naklebad 

polaruli warmoebulebi, mag., rTuli eTerebi SedarebiT advilad adsorbirdebian. mJava da 

aminis marili STanTqmisas srulad disocirdebian. meore mxriv, im garemos hidrofilurobis 

gamo, romelSic mcenaris SigniT nivTierebis gadatana xdeba, STanTqmuli rTuli eTerebi 

gacilebiT nela nawildeba, vidre mJavebi da marilebi.  

 

 

6.7.2 aqtiuri transporti  

 

es procesi matareblis (gadamtanis) monawileobiT mimdinareobs. mxolod aqtiuri gadatana 

ramdenadme uCveuloa imiT, rom ujredis SigniT zogierTi nivTierebis anionis dagroveba 

SeiZleba koncentraciuli gradientis sapirispiro mimarTulebiT xorcieldebodes. am pro-

cesSi ujredi energias xarjavs da amdenad, nivTierebis gadatana ATP-s moxmarebasTanaa 

dakavSirebuli. aqtiuri gadatanis meqanizmi uaRresad specifikuria da nivTierebis Warbad 

dagrovebas iwvevs.  

erT-erTi yvelaze mniSvnelovani da farTod gavrcelebuli aqtiuri transportuli 

sistema pasuxismgebelia ujredul membranaSi Na -isa da K -is ionTa gadatanaze. es sistema 

cnobilia, rogorc Na ,K -tumbo da garemosTan SedarebiT ujredis SigniT K -is maRali da Na -is dabali koncentraciebis SenarCunebas uzrunvelyofs. am ionTa transports uaRresad 

didi fiziologiuri roli gaaCnia. mosvenebul mdgomareobaSi masze ixarjeba ujredSi warmo-

qmnili ATP-s mesamedze meti. Na -isa da K -is aqtiuri transporti aucilebelia nervuli da 
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kunTovani ujredebis eleqtruli agznebadobis SesanarCuneblad; garda amisa, mamoZravebel 

Zalad emsaxureba Saqrebis, aminomJavebis da agreTve Ca -is ionebis transports. 1957 w. i. skoum aRmoaCina fermenti, romelic ATP-s hidrolizs iwvevs Mg -is Semcvel 

garemoSi Na -isa da K -is ionebis damatebisas. am ferments Na ,K -ATP-aza ewoda; 

ATP H O     , ,    ADP Pარაორგ. H  

skoum dauSva, rom Na ,K -ATP-aza warmoadgens Na ,K -is tumbos integralur nawils da ATP-s hidrolizi energiiT uzrunvelyofs Na -isa da K -is aqtiur transports. procesi 

Semdegnairad xorcieldeba: Na ,K -ATP-aza ATP-iT fosforildeba. fosforilebis ubans 

warmoadgens aspartatis naSTi. Semdgom K -is Tanamyofobisas xdeba Sualedi fosforilebuli 

produqtis E P  hidrolizi. fosforilebis reaqcias K  ar sWirdeba, xolo defosfori-

lebas _ arc Na  da arc Mg . 

E ATP    ,     E P ADP E P H O          E P 

funqcionirebisas tumbo sul mcire or gansxvavebul E  da E  konformacias Rebulobs (nax. 6.9). mTlianad Na -isa da K -is transportSi da masTan SeuRlebul ATP-s hidrolizSi 

fermentis araumcires oTxi konformaciuli forma (E1, E1_P, E2_P da E2) monawileobs.  
Na

+
Mg

2+

K
+

E1 E1-P

E2 E2-P

H2OPi

ATP ADP

 

nax. 6.9. Na , K -ATP-azas konformaciis cvlilebebi aqtiuri transportis dros. 

 Na , K -ovani tumbos struqtura jer araa ise saTanadod Seswavlili, rom detalurad iqnas 

aRwerili misi moqmedebis meqanizmi. o. iardeckis mier warmodgenili molekulis Tanaxmad, 

tumbod moqmedi cilis struqtura sam pirobas unda akmayofilebdes: 1. cila iseT siRrues 

unda Seicavdes, rom masSi mcire zomis molekula an ioni gaetios; 2. cila or konformaciaSi 

unda arsebobdes. erTi maTganis siRrue ujredis SigniT mimarTul mxares unda iyos gaxsnili, 

xolo meoresi _ sawinaaRmdego mimarTulebiT unda iRebodes; 3. konformaciebs gansxvavebuli 

swrafva (Tvisoba) unda hqondeT transportirebadi komponentebis mimarT.  

aqtiuri transportiT warmoqmnili eleqtroqimiuri gradienti energiiT uzrunvelyofs 

aminomJavebisa da Saqrebis membranul transports. mravali aqtiuri gadatanis procesi araa 

damokidebuli ATP-s hidrolizze da eleqtroqimiuri gradientiT uSualodaa SeuRlebuli 

ionTa nakadTan. transportis am saxes meoradi aqtiuri transporti ewodeba. mraval cxovelur 

ujredSi glukozis SeRweva ganpirobebulia masTan natriumis erTdrouli gadataniT. 

natriumis ioni da glukoza ukavSirdebian specifikur cilas da ujredSi erTad SeiRwevian.  

mravali plazmuri membranis SemadgenlobaSi Sedis transportuli sistema, romelic Na -

isa da H -is transmembranul cvlas axorcielebs. fiziologiur pirobebSi sistemaSi Na /H -

is cvlas Na -is ionebis SedinebasTan SeTanawyobiT eleqtroqimiuri gradientis sawinaaRmdego 

mimarTulebiT ujredidan gamoaqvs H -ioni. 
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6.7.2.1 ionuri transportis meqanizmebi membranebSi 

 

membranaSi ionTa transportisaTvis aucilebelia, rogorc gadatanis gzebis, aseve 

mamoZravebeli Zalebis arseboba. es ukanaskneli SeiZleba iyos koncentraciuli gradienti, 

eleqtruli potenciali, metaboluri energia an am faqtorTa garkveuli kombinacia. 

nebismieri transportuli procesis ganxilvisas bunebrivad ismeba kiTxvebi: 

1. kveTs Tu ara mocemuli ioni membranas individualurad, an misi transporti SeuRlebulia 

Tu ara sxva ionis gadatanasTan? 

2. SeuRlebulia Tu ara erTmaneTTan membranaSi ionebisa da muxtis gadatana? 

transportul process, romelSic erTi ioni monawileobs uniports uwodeben (nax. 6.10). 

misi magaliTia mitoqondriul membranaSi Ca -is gadatana, an lipidur biSreSi protonTa 

gadatana iseTi agentebis Tanamyofobisas, rogoric, mag., dinitrofenolia. transportuli 

procesi, romelic ori an ramdenime ionis erTi mimarTulebiT SeuRlebul gadatanisas 

xorcieldeba, simporti anu kotransporti ewodeba. mTel rig SemTxvevebSi protonebTan 

metabolitebis simporti baqteriaTa plazmur membranebSi SeiniSneba. ionTa transports, 

romelic mtkicedaa SeuRlebuli sawinaaRmdego mimarTulebiT sxva nivTierebaTa 

gadatanasTan, antiports anu gacvliT difuzias uwodeben. aseTi transportis magaliTia Na /H -antiporti mitoqondriis Sida membranaSi da ionofor nigericiniT katalizebuli K /H -antiporti biSreSi. gacvliT transportSi erT-erTi ioni Tu H  an OH -ia, SeuZlebeli 

xdeba nivTierebis simportis H -is an antiportis OH -is transportisagan garCeva. mag., 

mitoqondriebSi fosfatis gadatana SeiZleba warmodgenili iyos Pi/OH -antiportiT an H /Pi-
simportiT. 

ADP + Pi

ATPnH +

H +
H +

H+
(1) uniporti

(2) simporti

(3) antiporti

(1) eleqtro-

neitraluri 

gadatana 

(2) eleqtrogenuri

 gadatana

(1) metabolizmTan uSualod araSeuRlebuli gadatana

(a- da b-  variantebidan nebismieri)

(2) metabolizmTan SeuRlebuli gadatana

an

a.

b.

 g.

H-acetati
an

an

laqtoza

O2nH substrati+

ADP 3 _ATP 4_

Ca2 +

Na+
Na+

Ca2 +

 

nax. 6.10. ionTa satransporto sistemebis klasifikacia. 

 
membranaSi nivTierebis gadatanas muxtis gadatana Tu ar axlavs, aseT transports 

eleqtroneitralurs uwodeben. transporti eleqtroneitraluria aradamuxtuli nivTierebis 

gadatanisas, kationebisa da anionebis simportisas an gansxvavebuli muxtis mqone ori ionis 

antiportisas. ukanasknelis magaliTia K /H  antiporti, romelsac nigericini akatalizebs. 
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muxtis gadatanasTan dakavSirebul transports Cveulebriv eleqtrogenurs (“potencialis 

Semqmnels”), an eleqtroforezuls (“arsebuli potencialis gamomyenebels”) uwodeben. 

ramdenadac am terminebs zogadad erTsa da imave procesisaTvis iyeneben, SeiZleba visar-

gebloT saerTo terminiT _ “eleqtruli”. 

Zalian mniSvnelovania, rom ar agverios molekulur doneze transportul sistemaTa 

eleqtruli balansi da membranaSi ionTa jamuri gadatanis saerTo eleqtroneitraloba, 

romelic imiT ganisazRvreba, rom ar SeiZleba dadebiTi da uaryofiTi muxtebis mniSvnelovani 

odenobebiT dayofa didi membranuli potencialis aRZvris gareSe. mag., 1 g mitoqondriis Sida 

membranebze 1 nmoli muxtis dayofa 200 mV-ze met potencials qmnis. miuxedavad amisa, K ar 

warmoadgens winaaRmdegobas molekulur doneze calkeuli eleqtrogenuli procesebis 

arsebobisaTvis manamde, vidre isini erTmaneTis kompensirebas axdenen. unda aRiniSnos, rom 

SemauRlebel membranaSi eleqtroneitraluri antiporteris muSaobis Sedegi saerTod ar 

emTxveva imave ionebisaTvis ori eleqtrogenuli uniporteris moqmedebas. 

transportisa da metabolizmis mtkice SeuRleba miiRweva ionuri tumboebis muSaobis 

Sedegad, romlebic qemiosmosuri koncefciis ZiriTad berketebs warmoadgenen. aseT procesebs 

yvelaze ukeTesad Seesatyviseba termini “aqtiuri transporti”, mxolod igi ar SeiZleba 

gamoviyenoT koncentraciuli gradientis sawinaaRmdego mimarTulebiT ionTa nebismieri 

gadatanis sinonimad. ionTa dagroveba SeiZleba xdebodes ionuri tumboebis monawileobis 

gareSec, an membranuli potencialis (an SeuRlebulad simportiT an antiportiT) xarjze. mag., 

sarkoplazmur retikulumSi Ca -s SeuZlia dagrovdes ionuri tumbos (Ca -ATP-azas) muSaobis 

Sedegad, an mitoqondriebis membranuli potencialis Sedegad. pirvel SemTxvevaSi transporti 

“aqtiurad” mimdinareobs, mitoqondriebSi ki Ca  eleqtroqimiuri gradientiT gadamoZrav-

deba. ionTa transportisa da metabolizmis SeuRlebis specifikur molekulur meqanizmebs 

jgufTa translokaciis hipoTeza axasiaTebs. 

cxovelTa mraval saxeobaTa warmomadgenlebis ujredTa plazmuri membranebi Na -isa da H -is transmembranuli cvlis satransporto sistemas Seicavs. igi napovnia kvercxujredSi, 

spermatozoidSi, eriTrocitebSi, limfocitebSi, kapilarebis endoTeliur ujredebSi, ConCxis 

kunTovan boWkoebSi, miokardiocitebSi, neironebSi, astrogliaSi, fibroblastebSi da sxv. 

fiziologiur pirobebSi Na /H -cvlis sistemas H -ionebi gamoyavT eleqtroqimiuri gradien-

tis sawinaaRmdegod ujredis gareT da es procesi Na -is ujredSi SeRwevasTanaa SeuRlebuli.  

eleqtroqimiuri protonuli gradienti gansakuTrebul mniSvnelobas iZens nivTierebaTa 

transportisas baqteriul ujredebSi. yvela baqteria membranaze generirebs protonebis 

mamoZravebel Zalas (∆μH -s), romelsac citoqromebTan dakavSirebuli eleqtronTa gadatani-

sas, ATP-s hidrolizisas da ganaTebisas ujredidan protonebis gareT “gamomqaCavi” baqteri-

orodofsinis sistemebi qmnian. ∆µH FE 2.3RT∆pH 

naxazze 6.11 mocemulia baqteriuli ujredebis yvela SesaZlo satransporto sistemebi.  

yvelaze kargadaa Seswavlili simportis baqteriuli sistema, romelsac Esherichia coli-s 

ujredSi laqtoza Seaqvs. ZuZumwovarTa nawlavebis qveda nawilis am binadrebSi gamomuSavda 

laqtozis koncentrirebis maRalefeqturi meqanizmi. disaqaridis tumbosaTvis saWiro 

komponenti warmodgenilia erTi, 30 000 molekuleuri masis mqone polipeptiduri jaWviT da mas 

laqtozis permeazas uwodeben. Saqris molekulis transporti ujredSi protonebis 

moZraobasTanaa SeuRlebuli. sxva metabolitebic aseve SeiRweva baqterialur ujredebSi erT 

an randenime protonTan erTad specialur cila-gadamtanTa monawileobiT. am gziT 

transportirdeba ujredSi mravali Saqari da aminomJava. natriumis ionebi baqteriuli 

ujredebidan gamoitaneba Na /H  antiportis meqanizmiT, romelic aq eukariotuli ujredebiT Na K -ATP-azas cvlis. 
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nax.  6.11. baqteriuli membranebis satransporto sistemebi. 

marcxena nawilSi warmodgenilia sistemebi, romlebic baqteriuli ujredebis membra-

nebze protonmamoZravebel Zalas generireben: 1. mitoqondriebis msgavsi sunTqvis 

cilebis sistema; 2. galobaqteriebis membranebSi arsebuli baqteriorodofsini; 3. pro-

tonuli tumbos ATP-azuri komponenti. marjvniv warmodgenilia: 4. simportis; 5. uni-

portis; 6. antiportis da 7. pasiuri transportis sistemebi. 

 

simporti araa tumboebis erTaderTi tipi, romelic Saqrebis transports axorcielebs. 

zogierT baqteriaSi Saqrebis dagroveba SeuRlebulia ujredSi maT Secvlasa da 

fosforilebasTan. amis Sedegad SeRweuli glukoza glukozo-6-fosfatad gardaiqmneba. 

 

 

6.7.2.2 membranebiT ionebis ganvladobis modelireba 

  

biSriani ubnebis dabali ganvladoba hidrofobul zonaSi ionTa gadatanis maRali aqtiva-

ciis energiiT aris ganpirobebuli. aqedan gamomdinare, Tu muxti  delokalizebulia da membra-

naSi misi gadatanisas biSresa da muxts Soris kontaqti ar myardeba, maSin misi ganvladoba SeiZ-

leba mkveTrad gaizardos. swored aseTi suraTi fiqsirdeba mikroorganizmebis mier gamomu-

Savebuli zogierTi antibiotikisa da qimiuri sinTezis gziT miRebuli naerTebis zemoqmed-

ebisas. orgvar _ ionTa Zvradi gadamtanebisa an membranaSi arxebis warmomqmnel nivTierebebs, 

ionoforebi ewodaT. maTi molekuluri masa Cveulebriv 500-dan 2000-mdea. ionoforis 

molekulas gaaCnia gare hidrofobuli zedapiri, ris gamoc igi lipidSi advilad ixsneba da Sida 

hidrofiluri nawili, romelic ions ikavSirebs. ar arsebobs raime sarwmuno mtkicebuleba imis 

Sesaxeb, rom bunebrivi SemauRlebeli membranebi ionoforebs Seicaven, magram maT eqsperi-

mentul kvlevaSi es nivTierebebi udavod Seucvlelia. 

ionTa moZrav gadamtan da arxTa warmomqmnel ionoforebs erTmaneTisagan Semdegnairad 

ansxvaveben: zomaven transportuli antibiotikis Semcveli xelovnuri lipiduri biSris ionuri 

gamtareblobis temperaturaze damokidebulebas; amasTan, iseT temperaturul intervals iRe-

ben, romelic lipiduri fazis gadasvlis temperaturul diapazons Seesabameba. am dros membra-

nis naxSirwyalbadovani Suaweli faqtiurad myaridan srulad Txevad mdgomareobaSi gadadis. 

arxis warmomqneli ionofori membranaSi ar difundirdeba da amitom, naxSirwyalbadovani Sris 

“gaTxevadeba_Sededeba” gavlenas ar axdens misi saSualebiT ionTa transportirebaze. sxva 

situaciaa moZravi gadamtanebis SemTxvevaSi, rodesac matransportirebeli aqtivobis gamosav-

lenad naxSirwyalbadovan biSreSi isini aucileblad difundirebis unars unda flobdnen da am 

Sris gamyarebisas maTi es Tviseba mniSvnelovnad unda qveiTdebodes. am or meqanizms Soris 

gansxvaveba eqsperimentulad dadasturda protonTa iseTi aratransportirebadi muxtis 

gadamtani antibiotikebis gamoyenebiT, rogorebicaa Zvradi gadamtani valinomicini da 

arxwarmomqmneli antibiotiki gramicidini A. valinomicin-Semcveli orSriani membranis ganvla-
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doba misi gaTxevadebisas 100-jer izrdeba, xolo amave pirobebSi gramicidini A-s transpor-

tuli aqtivoba araviTar cvlilebebs ar ganicdis. valinomicini membranaSi advilad difundi-

rebs da wamSi ~1000 ionis transports axorcielebs. ionebisadmi igi Zlier maRal SerCeviTobas 

amJRavnebs da mis funqcionirebaze uaryofiT gavlenas axdens membranis siblante. amis sapiris-

pirod, gramicidin A-s dabali ionseleqtiuroba aqvs, Tumca Zlier swrafad funqcionirebs da 

erTi arxi wamSi ~107 ionis transports axorcielebs.  

valinomicini monawileobs Cs -is, Rb -is K -isa da Na -is uniportSi. K -sTan SedarebiT am 

antibiotiks Na -is transportirebis 104-jer naklebi unari aqvs. aseTi mkveTri gansxvavebis 

mizezi imaSi unda mdgomareobdes, rom K  ufro sustad izidavs wyals. Na -is ionis irgvliv 

hidratuli garsis warmoqmnis Tavisufali energia K -sTan SedarebiT 67 kjouli/moliT 

naklebia. angariSgasawevia valinomicinis molekulis moqnilobac. K -is xelatireba safexu-

rebriv process warmoadgens, romlis msvlelobis Sedegadac ionis hidratuli garsidan wylis 

molekulebi antibiotikis Jangbadis atomebiT Tanmimdevrulad idevnebian. Streptomyces-dan 

gamoyofili valinomicini struqturiT depsipeptidia da hidroqsilisa da aminomJavaTa mona-

cvleobiTi Tanmimdevrobisagan Sedgeba. masTan dakavSirebuli ioni Tavis hidratul garss 

kargavs. imis gamo, rom es ionofori daumuxtavia da ionizebul dajgufebebs ar atarebs, ionTan 

kompleqsirebisas misi muxti ionis muxtis toli xdeba. mitoqondriebis, qloroplastebis da 

xelovnuri biSreebis SemTxvevaSi valinomicini efeqturia 10 M-is koncentraciiT, xolo 

baqteriebSi misi efeqturoba ramdenadme naklebia. 

gramicidini A biSreSi sicocxlis xanmokle unaris mqone, gamtar dimers ayalibebs. es 

damaxasiaTebelia arxis warmomqneli ionoforisaTvis, romelsac protonebis, monovalenturi 

kaTionebisa da NH -isadmi dabali seleqturoba gaaCnia. arxebiT ionebi ise gadaitaneba, rom 

isini Tavis hidratul garss ar kargaven. arxis gamtarebloba mxolod difuziis siCqariTaa 

limitirebuli.  

gadamtanebs, romlebic protonebs sxva ionebTan gacvlis gziT atransportireben, miekuTv-

neba nigericini. igi xazovani molekulaa da heterociklur JangbadSemcvel birTvebsa da 

hidroqsilis jgufebs Seicavs. membranaSi igi ciklizacias ganicdis da valinomicinis msgavs 

struqturas warmoqmnis, romelSic Jangbadis atomebi hidrofobul ubnebs qmnian. valinomi-

cinisagan gansxvavebiT nigericini kaTionis dakavSirebisas protons kargavs. amis Sedegad miiR-

eba neitraluri kompleqsi, romelic Semdgom rogorc Zvradi gadamtani membranaSi difun-

dirdeba. nigericini Zvradia agreTve Tavisufal protonirebul formaSi. Cveulebriv mas 

iyeneben anionebis transportis Sesaswavlad da agreTve SemauRlebel membranebze pH-gradi-

entis gansasazRvrad. iTvleba, rom nigericini aqveiTebs membranaze ∆pH-s. sinamdvileSi igi 

mxolod aTanabrebs K -isa da H -is gradientebs da amdenad gradientis saboloo mniSvneloba 

eqsperimentis pirobebzea damokidebuli. 

saWiroa ganvixiloT protonuli gadamtanebi – gamTiSvelebi, romlebic proton-donorul 

an proton-aqceptorul jgufebs Seicaven da membranis gadakveTa protonirebuli mJavis an 

koniugirebuli fuZis formiT SeuZliaT (nax. 6.12). kveTen ra membranas maqoseburad, 

gamTiSvelebi protonTa eleqtrogenul uniports akatalizeben da protonebis mimarT membra-

nis winaaRmdegobas aqveiTeben. unda aRiniSnos, rom zogierTi nivTierebis gamTiSveli moqme-

deba qemiosmosuri Teoriis Seqmnamde didi xniT adre iyo cnobili. mas Semdeg, rac dadginda, 

rom aseT nivTierebaTa umravlesoba aqveiTebs lipiduri biSris protonul winaaRmdegobas, es 

faqti qemiosmosuri hipoTezis sasargeblo mniSvnelovan argumentad iqca qimiuri SeuRlebis 

hipoTezis sawinaaRmdegod, romelic Tvlida, rom gamTiSvelebis specifikuri unari maRal-

energetikuli intermediatis hidrolizebaSi mdgomareobs. 

transportuli cilebi. SemauRlebel membranebSi nivTierebaTa transportis makatalize-

beli ciluri sistemebis Tvisebebi Zlier gansxvavdeba biSris ubnebis Tvisebebisagan. trans-
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portul cilebs mravali iseTi Tviseba gaaCnia, romelic saerTod fermentebisTvisaa damaxasi-

aTebeli: stereospecifikurobis gamomJRavneba, xSirad SesaZlebelia maTi specifikuri inhibi-

reba da isini genetikurad determinirebuli arian. bolo garemoeba SeuZlebels xdis biSreSi 

transportisaTvis misaReb ganzogadebas. mag., mitoqondriaSi FCCP Tu protonul gamtareb-

lobas ainducirebs, darwmunebiT ar SeiZleba iTqvas, rom mas igive efeqti eqneba qloroplas-

tebis, baqteriebis an xelovnuri biSris SemTxvevaSic. FCCP-sagan gansxvavebiT transportuli 

cila SeiZleba specifikuri iyos aramxolod mocemuli organelisTvis, aramed gansazRvruli 

qsovilis organelisTvisac. mag., citratis gadamtani arsebobs RviZlis mitoqondriaSi, sadac 

igi cximovan mJavaTa sinTezis Sualed produqtTa gadatanaSic monawileobs, magram igi ar 

gvxvdeba gulis mitoqondriebSi. arsebobs mtkicebulebebi, rom ciluri transportuli siste-

mebisaTvis damaxasiaTebeli unda iyos gajerebis kinetika. zogierT SemTxvevaSi es SeiZleba 

sworic iyos, magram mTlianobaSi transportul procesTa kinetika imdenad rTulia (gansakuT-

rebiT Tu isini membranul potencialze arian damokidebuli), rom maTi interpretaciisas didi 

sifrTxilea saWiro.  

NOF3C N C
CN

CN

H+H+

FCCPH FCCPH

FCPP FCPP
__

_+

_

N N
H

C
CN

CN
OF3C

FCCP

FCCP FCCP
 

nax. 6.12. membranaSi protonTa uniportis makatalizebeli protonuli gadamtani. 

protonuli gadamtanebi (gamTiSvelebi) – es lipofiluri susti mJaveebia, romlebic 

lipidur biSres ganWolaven rogorc protonirebuli, aseve deprotonirebuli formiT. 

membranaze protonuli eleqtroqimiuri potenciali Tu arsebobs, maSin gadamtani pro-

tonis transports da potencialis gabnevas akatalizebs. FCCP -membranuli potencialis 

xarjze dadebiTad damuxtuli mxarisken moZraobs, xolo FCCPH membranaze arsebuli pH-

gradientis xarjze gadaitaneba fuZe pH-is mqone moculobis mimarTulebiT. FCCP-tipis 

gamTiSvelebi mravali tipis membranaze muSaoben 10 -dan 10 M -mde koncentraciebiT.  

 

nivTierebaTa transportSi cilebis monawileobis yvelaze sarwmuno arguments specifi-

kuri inhibitorebis arseboba warmoadgens. mag., xangrZlivi periodis ganmavlobaSi iTvleboda, 

rom piruvati mitoqondriaSi biSris gavliT xvdeba. es savsebiT mosalodnelic iyo, radgan igi 

susti monokarbonmJavaa. miuxedavad amisa, gamovlinda, rom cainohidroqsicinamati specifiku-

rad ainhibirebs am nivTierebis transports. es faqti aRmoCnda damamtkicebeli argumenti 

piruvatis gadamatanis arsebobis Sesaxeb.  

transportuli cilebi mravalnairi meToduri midgomebiT aris Seswavlili. swored aman 

ganapiroba maTi saxelwodebebis siuxve (gadamtanebi, permeazebi, porterebi, translokazebi da 

sxv.). 
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6.8 endo- da ekzocitozi 

 

ujredisaTvis aucilebelma mcire zomis molekulebma araujreduli garemodan ujredSi 

cila-gadamtanebis an cilebisgan formirebuli forebiT SeiZleba SeaRwion. SedarebiT msxvili 

molekulebi da nawilakebi ujredSi srulad gansxvavebuli gziT xvdeba, romelic endocitozis 

saxelwodebiTaa cnobili. am dros plazmuri membrana gars evleba ujredis mier “dasapyrob” 

masalas da igi membraniT SemosazRvruli buStis “tyveobaSi” xvdeba.  

endocitozis sami varianti arsebobs: 

1. fagocitozi (berZn. “fago” _ STanTqma da “cito” _ ujredi) zogadbiologiuri mniSvne-

lobis movlenas warmoadgens. umartivesebSi ki kvebis ZiriTadi saSualebaa. SedarebiT maRal-

organizebul cxovelebSi ki igi damcvel funqcias asrulebs, romlesac specializebuli 

ujredebi – mikrofagebi (neitrofiluri da eozinofiluri leikocitebi) da makrofagebi 

(retikulo-histiocitaruli sistemis ujredebi) axorcielebs.  

adamianisa da umaRles cxovelTa organizmebSi fagocitozis obieqtebs Zalian xSirad sxva-

dasxva mikroorganizmebi, mkvdari ujredebi an maTi fragmentebi, agreTve ucxo mikrosxeulebi 

warmoadgens. fagocitisa da fagocitirebadi obieqtis TvisebaTa Tanafardobisagan damokide-

bulebiT sxvadasxva pirobebSi procesi gansxvavebulad mimdinareobs, mag., zogierTi mikroor-

ganizmi mafagocitirebeli ujredebis mier aramarto STainTqmeba, aramed moineleba kidec 

(dasrulebuli fagocitozi). sxva SemTxvevaSi mxolod STanTqma xdeba mikrobuli cxovelmyo-

felobis SenarCunebiT (dausrulebeli fagocitozi). iseTi ucxo sxeulebi, rogoric, mag., 

naxSiris mtveria, intensiurad STainTqmeba, magram ar moineleba. garda amisa, fagocitirebis 

unari mxolod gansazRvruli zomis obieqtebs gaaCniaT. 

fagocitozi oTxi Tanmimdevruli stadiisagan Sedgeba: 1. fagocitisa da mafagocitirebadi 

obieqtis daaxloeba pirvelis ameboiduri moZraobis saSualebiT. es mniSvnelovanwilad 

fagocitis qemotaqsisiT ganisazRvreba, romelsac igi mafagocitirebadi obieqtis mimarT 

avlens; 2. atraqciis stadia, anu fagocitis mWidro kontaqti da mafagocitirebadi obieqtis 

zedapirze misi damagreba (nax. 6.13); 3. STanTqma da 4.  moneleba. 

zogi mkvlevari Tvlis, rom oTxi dasaxelebuli stadiidan pirveli maTgani aucilebeli 

araa, radgan xSir SemTxvevebSi ujredis fagocitarul aqtivobasa da ama Tu im agentis mimarT 

misi qemotropuli moqmedebis mgrZnobiarobisadmi pirdapiri Sesabamisoba ar arsebobs. 

dasaSvebadaa miCneuli, rom fagocitisa da fagocitozis obieqtis daaxloeba rogorc xsnarSi 

Setivnarebuli nawilakebis martivi dajaxebis Sedegia. 

 

nax. 6.13. makrofagis fsevdopodiebiT (“cru fexebiT”) ujredis fragmentis “dapyroba”. ×25 000. 
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atraqciis stadiis meqanizmis axsnas wminda fizikur-qimiuri kanonzomierebebiT cdiloben. 

maT Soris did mniSvnelobas aniWeben fagocitisa da mafagocitirebadi obieqtis sasazRvro 

zedapirebis daWimulobas. amaSi mniSvnelovan rols garemoSi (kerZod, cilurSi) nivTierebebis 

arseboba (an ararseboba) unda asrulebdes, romelsac kontaqtSi myofi obieqtebis zedapirebis 

TvisebaTa Secvla SeuZlia. sxva faqtorebs Soris, romlebic atraqcias apirobeben, fagocitis 

citoplazmis siblantesa da mafagocitirebadi obieqtisa da fagocitis zedapirul muxts 

asaxeleben. 

fagocitis mier fagocitozis obieqtis STanTqmis stadias rac Seexeba, arsebuli Sedegebi 

eleqtronuli mikroskopiis monacemebs eyrdnoba, romlis Tanaxmadac fagocitis 

citoplazmaSi fagocitirebuli substanciis “CaZirva” oridan erTi gziT xorcieldeba: 

pirveli maTganisas maTi urTierTSexebis adgilas fagocitis plazmuri garsi invaginacias 

ganicdis (nax. 6.14). rogorc Cans, es dakavSirebulia zedapiruli daWimulobis lokalur, an sxva 

romelime fizikur-qimiur cvlilebasTan. 

 

nax. 6.14. eriTrocitis fragmentis (naCvenebia isriT) STanTqma fagocitis plazmuri garsis 

invaginaciis gziT. e _ eriTrociti, p _ pinocitozuri buStebi. ×42 000.  

 

maT arsebobas adasturebs plazmuri garsis im ubnebis eleqtronuli simkvrivis 

cvlilebebi, romlebic mafagocitirebel obieqtTan kontaqtireben. erTdroulad invaginaciis 

monakveTi Rrmavdeba da sul ufro swvdeba fagocitis citoplazmis siRrmul fenebs. 

invaginaciis dawyebasTan erTad ujreduli garsis Tavisufali kideebi (fsevdopodiebi) 

erTdebian. amis Sedegad fagocitirebuli nawilaki da misi plazmuri membranis garemomcveli 

ubani Tavisuflad Tavsdeba citoplazmaSi. ase STainTqmebian filtvebSi eriTrocitebi  

(nax. 6.15). 

STanTqmis meore gza SeiniSneba, mag., adamianisa da zogierTi laboratoriuli cxovelis 

(zRvis goWebis) leikocitebiT stafilokokebis fagocitozisas. am dros leikocituri 

plazmuri garsi da misi mimdebare citoplazmuri fena stafilokokebTan kontaqtis ubanze 

fsevdopodiur warmonaqmnebs (“cru fexebs”) iZleva. es ukanaknelni sul ufro mWidrod exvevian 

mikrobebs, romlebic Semdgom garsSemoxveuli plazmuri garsis ubnebTan erTad fagocitis 

citoplazmaSi iZirebian, anu TandaTanobiT scildebian ujredis zedapirs. CaZiruli plazmuri 

garsebi sakvebis momnelebel vakuolebad gardaiqmnebian, romlebSic mikrobebi arian 

Tavmoyrili. 
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nax. 6.15. eriTrocitisa da misi ori fragmentis Semcveli sakvebis momnelebeli vakuolis 

warmoqmna fsevdopodiebis monawileobiT. r _ ribosomebi; p _ pinocitozuri buStebi;  

f _ feritinis fragmenti. ×42 000. 

 

analogirad fagocitirdebian eriTrocitebi da sxva ujredebic: maTi fragmentebis 

irgvliv makrofagebi fsevdopodiebs ayalibeben da am ukanasknelTa kideebis Serwymis 

(Caketvis) Semdeg warmoiqmneba Sidaujreduli vakuoli fragmentTa SigTavsiT. amgvarad, 

fagocitirebuli sxeulis “dapyroba” am SemTxvevaSic upiratesad zedapiridan SemTxveviTi 

gziT mimdinareobs, da ara CaZirviT, rac invaginaciisas xdeba da romelic SedarebiT gvian 

registrirdeba. procesi endoplazmuri badis elementebisa da goljis aparatisagan mniSvnelo-

van manZilze mimdinareobs, rac imis safuZvelia, rom am organoidebs miekuTvnos Sidauj-

reduli sakvebis momnelebeli vakuolebis warmoqmnaSi monawileobis funqcia. 

arsebobs monacemebi, rom mikrobTa fagocitozi ufro internsiurad mimdinareobs sisxlis 

SratSi, vidre fiziologiur xsnarSi. amas imiT xsnian, rom Sratis cilebTan kontaqtisas 

izrdeba fagocitozis zedapirTan mikrobTa SeWiduloba. mocemuli efeqti ganpirobebulia 

swored fagocitozs daqvemdebarebuli mikrobebiT, radgan maTi da fagocitebis (leiko-

citebis) SratiT calkeulad damuSavebisas da Semdgom fiziologiuri xsnariT garecxvisas, 

fagocitozi stimulirdeba SratiT mxolod mikrobebze da ara leikocitebze zemoqmedebisas. 

am aspeqtSi saTanado yuradReba eTmoba mafagocitirebeli ujredebis aerobuli sunTqvis 

rolis garkvevasac. dadgenilia, rom polimorfulbirTviani leikocitebi da bocvris mono-

nuklearebi 1 mg ujredis mSral wonaze saaTSi 4_6 mm3 Jangbads STanTqaven. virTagvebisa da 

zRvis goWebis leikocitebisaTvis Jangbadis es raodenoba 9_16 mm3-s Seadgens. neitrofiluri 

leikocitebis mier Jangbadis moxmareba TiToeulis mier 2_3 baqteriis STanTqmisas 10_20%-iT, 

xolo 10_20 baqteriis STanTqmisas 100_200%-iT izrdeba. amgvarad, arsebobs garkveuli 

paralelizmi sunTqvis intensivobasa da fagocitozs Soris. muclis Rrudan aRebuli leiko-

citebisa da makrofagebis mafagocitirebeli unari mkveTrad iTrguneba glikolizis inhibito-

rebis (iodacetatisa da natriumis ftoridis) Tanamyofobisas. garda amisa, sainkubacio xsnarSi 

glukozis SeyvaniT (gansakuTrebiT insulinTan konbinaciisas) leikocitebisa da makrofagebis 

es Tviseba mniSvnelovnad stimulirdeba. am dros adgili aqvs rZemJavas gaZlierebul produ-

cirebasac. yovelive aRniSnuli faqtebi imis dadasturebaa, rom muclis Rrus mikro- da makro-

fagebi fagocitozisaTvis aucilebel energias srulad Tu ara, upiratesad glikolizidan 

iReben. 
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fagocitozis procesis Semdgomi msvleloba damokidebulia mafagocitirebeli ujredis 

cxovelmyofelobasa da STanTqmuli obieqtebis Tvisebebze. erT SemTxvevaSi fagocitirebul 

obieqts potenciurad SeuZlia fagocitiT moneldes, da maSin fagocitozis mesame faza meoTxe 

_ monelebis fazaSi gadadis. am damamTavrebel stadiaSi uamravi fermentebi monawileoben. 

2. pinocitozis (berZn. “pino” _ Sesma, daleva) saSualebiT ujredis mier araujreduli 

siTxis araspecifikuri “dapyroba” xdeba: siTxis mcire wveTi garemoicveba danaoWebuli 

membraniT da TandaTanobiT ujredis Sida sivrceSi gadadis. imav droulad ujredis SigniT 

xvdebian ionebi da mcire molekulebi, romlebic mocemuli siTxis wveTSi iyvnen gaxsnili. 

dakvirvebebma aCvenes, rom pinocitozi iwyeba makrofagebSi membranuli gamonaSverebis 

warmoqmniT, romlebic ramdenadme fsevdopodiebs gvagoneben. gaxangrZlivebuli aqtiuri 

moZraobiT gajirjvebuli membranebi Tavisi boloebiT erTmaneTs uaxlovdebian da sul ufro 

zRudaven maT Soris myof siTxis wveTs. rodesac boloebi erTdebian, wveTi ukve makrofagis 

citoplazmaSia moqceuli (nax. 6.16). 

 

nax. 6.16. sisxlis kapilarebis endoTeliumis citoplazmis naoWebiT pinocitozuri buStebis 

warmoqmnis Tanmimdevruli stadiebi. 

 

pinocitozis sawyisi stadia ujredis garsis zedapirze nivTierebis martiv adsorbciaSi 

mdgomareobs. damuxtuli nawilakebis adsorbcia ujreduli garsis zedapirul daWimulobas 

aqveiTebs. amis niSania amebaSi wvrilnaoWiani SeWmuWvna. bioqomiuri TvalsazrisiT es procesi 

unda CaiTvalos rogorc aqtiuri, radgan muxruWdeba metabolizmis inhibitorebiT da damoki-

debulia temperaturaze da garemos pH-ze. 

imyofeba ra Tavdapirvelad citoplazmis periferiul fenebSi, pinocitozuri buSti 

Semdgom birTvisken inacvlebs. amasTan, isini Cveulebriv ikumSebian (dehidratirdebian). 

amdenad maTi simkvrive droisagan damokidebulebiT izrdeba. garda amisa, SeiniSneba wvrili 

pinocitozuri buStebis SeerTeba. ujredSi “tranzitulad” gadaadgilebisas buStebSi 

arsebuli nivTierebebi raime garkveul cvlilebebs ar unda ganicdidnen. sxva SemTxvevebSi 

pinocitozuri buStebi lizosomebs erwymis, da masSi myofi nivTierebebi ukve fermentuli 

kontrolis qveS xvdeba. 

3. endocitozis mesame tipi maRalspecifikuria. igi membranuli cila-receptorebiTaa 

gaSualebuli. receptorSi imyofeba dakavSirebis ubani, romelic specialuradaa “morgebuli” 

ama Tu im cilas an mcire nawilakis ligandze. receptorebiT gaSualebuli endocitozis gziT 

ujredSi uaRresad mravalricxovani ligandebi xvdebian. cilebis SeRwevis aseTi gza pirvelad 

k. porterma da t. rotma aRweres 1964 wels. 

endocitozis saSualebiT cxovelur ujredebSi xvdeba membranaTa sinTezisaTvis 

aucilebebli qolesteroli da citoqromebis sinTezisaTvis aucilebeli rkinis ionebi. erTic 

da meorec rTuli komponentebis saxiT sisxliT gadaitaneba. qolesteroli eTerebis saxiT 20 

nm diametris nawilakebis “gulguls” warmoqmnis, romelTac dabali simkvrivis lipoproteinebs 

(dsl) uwodeben. rkinis ionebi sisxlSi transportuli cilis – transferinis molekulasTan 

dakavSirebuli formiTaa. endocitozis gziT ujredSi aRwevs proliferaciis mastimu-

lirebeli zrdis ciluri faqtorebi. cxoveluri ujredis gare zedapirze ewyoba specifikuri 
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cila-receptorebi, romlebic dsl-s, transferins da sxva molekulebs ikavSireben. aseTi 

kompleqsebi membranaSi lateraluri difuziiT vrceldeba. 

ekzocitozi sekreciis saboloo stadias warmoadgens. am gziT sekretoruli ujredebi 

gamoyofen mravalricxovan produqts, kerZod, nervuli terminalebi _ mediatorul nivTi-

erebebs, saWmlis momnelebeli jirkvlebis ujredebi _ momnelebel fermentebs, endokrinuli 

ujredebi _ Sesabamis hormonebs da a.S.  

 

 

6.9 membranuli ganvladobis kvlevis meTodebi 

  

ujreduli ganvladobis kvlevisa da SefasebisaTvis sadReisod Semdeg ZiriTad meTodebs 

iyeneben: osmosurs, indikatoruls, qimiurs, radioaqtiuri izotopebisa da eleqtrogamta-

robis gansazRvris meTodebs. 

osmosuri meTodi efuZneba dakvirvebas sxvadasxva koncentraciis hipertonul xsnarSi 

ujredis moculobis kinetikis cvlilebebze. rodesac ujreds sakvlevi nivTierebis Semcvel 

hipertonul xsnarSi aTavseben, misgan gamosuli wylis xarjze misi moculoba mcirdeba. 

ujredSi SeRweuli sakvlevi nivTierebis Tanabarzomierad mcirdeba ujredsa da garemos Soris 

osmosuri wnevis sxvaoba da ujredi Tavis sawyis moculobas ibrunebs. ujredis moculobis 

aRdgenis siCqareze dakvirvebiT SeiZleba masSi nivTierebis SeRwevis siCqareze msjeloba. 

aRniSnul procesTa obieqturi registraciis mizniT iyeneben Setivnarebuli ujredebis cent-

rifugirebas da maTi jamuri moculoba ganisazRvreba fotometrulad, agreTve ujredebisa da 

suspenziuri siTxis gardatexis maCveneblis cvlilebebis gansazRvris saSualebiT. mocemuli 

meTodis nakli imaSi mdgomareobs, rom misi gamoyeneba SeiZleba mxolod calkeul da sakmaod 

msxvil ujredebze (wyalmcenareebze da eriTrocitebze). garda amisa, es meTodi ar SeiZleba 

gamoyenebul iqnas Saqrebisa da aminomJavebis ganvladobis kvlevaSi, radgan maTi maRali 

koncentraciebi ujredSi ganuvladia, xolo mcire koncentraciebisas Znelia ujredis 

moculobis cvlilebebis dafiqsireba. 

indikatoruli meTodi efuZneba ujreduli SigTavsis Seferilobis Secvlas sxvadasxva 

nivTierebis damatebisas. ujredSi jer indikatori SehyavT da Semdeg mas sakvlevi nivTierebis 

xsnarSi aTavseben. am nivTierebis ujredSi SeRwevisas SeimCneva Seferva. Tu sakvlevi nivTiereba  

TviTon Seferilia, indikatoris Seyvanis saWiroeba aRaraa. mocemuli meTodis nakli imaSi 

mdgomareobs, rom saRebavis dabali koncentraciis gamovlena Znelia, xolo maRali koncen-

traciebi xSirad toqsikur zemoqmedebas amJRavneben. garda amisa, es meTodi mxolod Tvisobriv 

pasuxs iZleva, anu dgindeba, moxda Tu ara nivTierebis SeRweva. 

qimiuri meTodebis gamoyenebisas tardeba TvisebiTi da raodenobrivi analizi: dgindeba 

ujredsa da garemoSi nivTierebis Semcveloba. ujredi Tavsdeba sakvlevi nivTierebis xsnarSi 

da drois garkveul monakveTSi ganisazRvreba mocemuli nivTierebis koncentracia rogorc 

xsnarSi, aseve ujredSi. meTodi gansakuTrebiT karg Sedegebs iZleva msxvili ujredebis 

SemTxvevaSi.  

radioaqtiuri izotopebis meTodis gamoyenebisas sakvlevi nivTiereba iniSneba romelime 

radioaqtiuri izotopiT, anu nivTierebis molekulaSi CarTaven radioaqtiur (moniSnul) 

atoms. sakvlevi nivTiereba Tu atomis an ionebis saxiTaa, maSin mas pirdapir radioaqtiuri 

izotopiT cvlian. ujredSi SeRwevis Semdeg misi registrireba SeiZleba radioaqtiuri mTvle-

lis daxmarebiT. ujredis radioaqtivoba SeRweuli nivTierebis raodenobis proporciulia; 

amitom es meTodi raodenobriv Sedegebs iZleva. ujredidan garemoSi nivTierebis nakadis 

gazomvisas masSi winaswar SeyavT moniSnuli nivTiereba. procedura xorcieldeba an 

mikroineqciiT an radioaqtiuri nivTierebis Semcvel xsnarSi obieqtis winaswari kultivi-

rebiT. ujreduli ganvladobis kvlevaSi izotopuri meTodi sakmaod zusti da srulyofilia. 

igi saSualebas iZleva gamoyenebul iqnas nivTierebis dabali koncentraciebi, rac ujreduli 
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cxovelmyofelobis darRvevas ar iwvevs. am meTodis gansakuTrebuli Rirseba imaSi 

mdgomareobs, rom igi metad moxerxebulia nivTierebis SeRwevisa da gamoyofis kinetikis 

Sesaswavlad. kvleva SeiZleba Catardes bunebriv pirobebSi, roca ujredi stacionarul 

mdgomareobaSi imyofeba.  

eleqtrogamtarobis gazomvis meTodi gamoiyeneba ujredebis ionebisaTvis ganvladobis 

kvlevaSi. Zneli araa makroskopuli biSris eleqtrogamtarobis gansazRvra, Tu membranis orive 

mxares eleqtrodebs movaTavsebT (nax. 6.17).  

1

2

3

4

+_

 

nax. 6.17. brtyeli orSriani membranis eleqtrogamtarobis Sesaswavli eqsperimentuli  

danadgari. 

1. orSriani membrana;  2. eleqtrodebi;  3. eleqtruli gazomvebis xelsawyo;  4. denis sworkuTxovani impulsebis wyaro. 

 

am SeTxvevaSi membranaSi gamavali denisa da modebuli Zabvisagan damokidebulebiT SeiZleba 

dadgindes ionuri ganvladoba. gansazRvrul pirobebSi, mag., cvladi denis mcire sixSireebisas 

eleqtrogamtaroba membranuli ganvladobis zomas warmoadgens. orSriani membranebis miReba 

daamuSaves p. miulerma da d. rudinma. lipidis xsnarSi (mag., fosfatidilqolinis xsnari dekan-

Si), romlisganac mzaddeba membrana, Cayofen wvril funjs. Semdeg mis boloze mortymiT xsnars 

asxureben or wylovan xsnars Soris arsebul tixarSi. amis Sedegad tixris xvreli ifareba 

spontanurad warmoqmnili Txeli lipiduri afskiT. Warbi lipidi xvrelis kideebTan grovdeba. 

brtyeli orSriani membranis formirebisTvis mxolod ramdenime wuTia saWiro.   
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Tavi 7. qsenobiotikTa oqsigenazuri Jangvis  

regulatoruli meqanizmebi 

 
 monooqsigenazuri Jangvisas regulirebis arsebuli doneebi ujredSi 

 

citoqrom P450-Semcveli monooqsigenazuri sistemis fuqcionirebaTa Taviseburebebis 

gaTvaliswinebiT SeiZleba gamosaxeldes misi regulaciis doneebi: 

− regulacia membranul doneze – mocemuli monooqsigenaza WeSmaritad membranuli 

fermentuli kompleqsia da amdenad misi katalizuri aqtivoba organuladaa dakavSirebuli 

mikrosomuli membranebis rogorc struqturul organizaciaze, aseve TviT maTSi mimdinare 

procesebze; 

− regulacia aRmdgeneli eqvivalentebis doneze – katalizuri ciklis Sesrulebisas 

citoqrom P450 substratSi Casanerg Jangbads aRmdgeneli eqvivalentebis saSualebiT 

aaqtiurebs, amitom qsenobiotikTa Jangva TavisTavad damokidebuli unda iyos yvela im 

eleqtronis satransporto sistemaze, romelTac citoqrom P450-is saTanado eleqtro-

nebiT uzrunvelyofa SeuZliaT;  

− regulacia substratul doneze – citoqrom P450 specifikuria hidrofobuli substra-

tebis mimarT, amitom misi Tvisoba romelime konkretuli qsenobiotikis mimarT am 

ukanasknelis hidrofobulobis xarisxzea damokidebuli; 

− regulacia induqciis doneze – citoqrom P450 inducirebadi cilaa, ujredSi misi 

Semcveloba mkveTrad izrdeba sxvadasxva faqtorTa (mag., qsenobiotikebis an paTogenebis 

moqmedebiT, ganaTebis reJimiT da sxv.) gavleniT; 

− regulacia citoqrom P450-is qimiuri modifikaciis doneze – induqciis sapirispirod, 

ujredSi SeiZleba adgili hqondes citoqrom P450-is inaqtivacias an transformacias, rac 

mis mier generirebuli Tavisufali radikalebis fermentze zemoqmedebis Sedegia.  
 

7.1 monooqsigenazebis regulacia membranul doneze 

 

rTul membranadakavSirebul fermentul sistemaTa specifikuri moqmedebis regulaciaSi 

uaRresad didi roli eniWeba biologiuri membranebis fosfolipidur komponentebs. karga 

xania, rac Cveni warmodgenebi gascda im arsebul sqemebs, romelTa mixedviTac biomembranaTa 

saerTo konstruqciaSi am klasis naerTebs mxolod struqturul (“Stativis” an “misamagrebeli 

blokis”) adgils uTmobdnen. amJamad CvenTvis cnobilia, rom maT sxva, gacilebiT mravalmxrivi 

datvirTva gaaCniaT; kerZod, dadgenilia, rom fosfolipidis saerTo fondis garkveul fraq-

cias kofaqtoruli funqciac SeiZleba gaaCndes. am nivTierebaTa amfifaturi buneba amis 

mtkicebis garkveul safuZvels gvaZlevs. mogvyavs is arasruli CamonaTvali (Tu ar CavTvliT 

kidev iseT funqciebs, romlebic mkvlevarTa yuradRebis miRma darCa), romelTa erTianoba 

fosfolipidTa monawileobiT aRZruli mravali efeqtis axsnis saSualebas iZleva: 

− cilebis aqtiuri konformaciis Seqmna da stabilizacia; 

− fermentul kompleqsebSi calkeul komponentTa agregacia; 

− membranaTa yvela damaxasiaTebeli Tvisebebis (seleqtiuri ganvladobis, kooperatiuli 

efeqtebisa da a.S.) mqone Caketili uwyveti struqturis warmoqmnis unari; 

− membranaSi mimdinare reaqciebisaTvis optimaluri hidrofobuli garemos Seqmna; 

− cximSi xsnadi nivTierebebis transporti da sxv. 

endoplazmuri retikulumis “araSemauRlebel” (energiis aragenerirebad) membranebs rac 

SeexebaT, cnobilia, rom isini fosfolipiduri masalis simdidriT, maTi maRali denadobiT, 

membranis sigrZivi dagegmarebis mxriv heterogenuli ganawilebiT, xolo ganivi dagegmarebiT 
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asimetriulobiT xasiaTdebian. amasTan erTad, TvalsaCinodaa gamokveTili mikrosomul fos-

folipidebsa da monooqsigenazebs Soris cila-lipiduri urTierTqmedebis ganmsazRvreli 

roli. gansakuTrebiT xazgasasmelia is garemoeba, rom arsebobs sarwmuno mtkicebulebebi mo-

nooqsigenazuri reaqciebis kinetikis TaviseburebaTa Sesabamisobaze, romelic damaxasiaTebe-

lia mxolod bifazuri sistemisaTvis _ lipidi-wyali.  

hidroqsilirebis rTuli procesis praqtikulad yvela stadiaze fosfolipidebis moqmede-

bis punqtebi safuZvlianadaa gaanalizebuli liaxoviCisa da cirlovis monografiasa da mimox-

ilviT statiaSi. zogadi suraTi ase gamoiyureba (nax. 7.1): 

S
CO
S

S
CO

b5
C

FP2 NADH

"X"

SOH
glukuronidi

H2O O2

FP1 NADPHP_4503+
_S
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nax. 7.1. membranuli fosfolipidebis monawileoba monooqsigenazuri sistemis funqcionire-

baSi. isrebiT naCvenebia fosfolipid-damokidebuli monooqsigenazis komponentebi da 

reaqciebi. 

 

− fosfolipidebi membranasTan dakavSirebuli monooqsigenazebisa da maTi fragmentebisaTvis 

hidrofobul garemocvas qmnian; 

− fosfolipidebi xels uwyoben hidrofobuli substratebis citoqrom P450-Tan dakav-

Sirebas; 

− fosfolipidebi optimalur pirobebs qmnian citoqrom P450-isa da NADPH-citoqrom P450-

reduqtazas urTierTqmedebisaTvis; 

− fosfolipidebi gavlenas axdenen mikrosomul redoqs-jaWvSi eleqtronTa transportze. 

sadReisod ar gagvaCnia sarwmuno monacemebi fosfolipidebis monawileobis Sesaxeb hi-

droqsilirebis procesis iseT yvelaze idumalebiT mocul stadiaSi, rogoric substratSi 

gaaqtivebuli Jangbadis Canergvaa.  

arsebuli monacemebis safuZvelze dabejiTebiT SeiZleba iTqvas, rom fosfolipidebis erT-

erTi uZiriTadesi funqcia citoqrom P450-is stabilizaciaa. evoluciuri ganviTarebis gan-

sazRvrul safexurze membranaSi CaSenebis procesma ferments substratis gareSe aqtiuri kon-

formaciis SenarCunebis unari SesZina. amasTan dakavSirebiT maSinve ibadeba bunebrivi kiTxva 

molekuluri organizaciis im TaviseburebaTa Sesaxeb, romlebic membranul da wyalSi xsnad 

citoqrom P450-Semcvel monooqsigenazur sistemebs axasiaTebT: molekulur-organizaciuli 

TvalsazrisiT hemoproteinis membranaSi CaSenebam gamoiwvia Tu ara monooqsigenazas raime axa-

li formis Camoyalibeba? principSi, SesaZlebelia fermentul sistemaTa ori tipis organiza-

cia. pirvelis Tanaxmad, membranaSi arsebobs gansazRvruli steqiometriis mqone mtkice mra-

valkomponentiani kompleqsebi da eleqtronTa gadatana mxolod aseTi “klasterebis” SigniT 

SeiZleba xdebodes. meore tipi iTvaliswinebs membranaSi yvela gadamtanis uwesrigo ganawile-

bas, romlebic Tavisi Zvradobis gamo mis sibrtyeSi advilad difundireben. SemTxveviTi dajax-
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ebebisas SeiniSneba eleqtronTa gadatana. am dros bunebrivia muxtis gadamtani Sesabamisi bina-

ruli kompleqsebis warmoqmna. maTi sicocxlis xangrZlivoba Tu ufro mcirea moreagire mole-

kulebis birTvebs Soris eleqtruli muxtis gadatanis drosTan SedarebiT, maSin aseTi reaq-

ciebi difuziur-malimitirebadi iqnebian. winaaRmdeg SemTxvevaSi reaqcia difuziaze damoki-

debuli aRar iqneba. 

urTierTmoqmed molekulaTa saerTo raodenobasTan SedarebiT, kompleqsebis ricxvi maTi 

warmoqmnis konstantis sididezea damokidebuli. imis gamo, rom endoplazmuri retikulumis 

membrana Txevadkristalur struqturas warmoadgens da masSi cilis molekulebs lateraluri 

Zvradobis unari aqvT, konstanta, romelic gadamtanTa erTmaneTis mimarT swrafvas axasiaTebs, 

membranaSi fermentuli sistemis molekulur organizacias unda axasiaTebdes. samwuxarod, mi-

krosomul membranaSi eleqtronTa gadamtanebisaTvis am sididis raodenobrivi Sefaseba jerac 

ar ganxorcielebula da amitom oqsigenazuri sistemis molekuluri organizaciis problema 

kvlav gadauwyveteli rCeba. 

mikrosomebis membranebSi monooqsigenazuri sistemis wyobis Sesaxeb sxvadasxvagvari va-

raudebi arseboben; ase mag., ori gadamtanisaTvis, kerZod NADPH-specifikuri flavoproteini-

sa da citoqrom P450-isaTvis miRebulia, rom isini membranaSi Tavisuflad difundireben da 

mtkice xangrZliv sicocxlisunarian kompleqsebs ar warmoqmnian. oqsigenazuri sistemis ori 

sxva komponentisaTvis monacemebi imdenad winaaRmdegobrivia, rom saboloo daskvnebis gakeTe-

bis saSualebas ar iZlevian. gamokvlevaTa umetesoba aris imis Sesaxeb, rom unda arsebobdes NADPH-specifikuri flavoproteinisa da citoqrom P450-is ramdenime molekulisgan warmoqm-

nili mtkice fermentuli klasteri. rekonstruirebul proteoliposomebze Catarebuli cdebi 

ki gadamtanTa Tavisuflad difundirebis sasargeblod metyveleben. naCvenebia, rom aseT sis-

temaSi eleqtronTa gadatanis siCqare NADPH-specifikuri flavoproteinisa da citoqrom P450-is binaruli kompleqsis koncentraciiTaa ganpirobebuli. 

ganxilul warmodgenaTa sisworis Sesamowmeblad Seswavlil iqna mikrosomul oqsigenazur 

sistemaSi eleqtronTa gadatanis siCqaris damokidebuleba lipiduri biSris mikrosiblanteze. 

gamomdinare im mosazrebidan, rom membranaSi qolesterolis CaSeneba-mocilebiT fosfolipi-

duri membranis mikrosiblante Seicvleboda, SesaZlebeli gaxdeboda gamovleniliyo eleq-

tronTa gadatanis difuziaze damokidebuli reaqciebi da agreTve is gadamtanebi, romlebic 

membranaSi funqcionireben, rogorc Tavisuflad difundirebadi cilebi. 

SeCerebuli nakadis meTodiT gamokvleul iqna citoqromebis _ b5-isa da P450-is NAD(P)H-

damokidebuli aRdgena. naxazze 7.2 moyvanili monacemebi gviCveneben membranis mikrosiblantis 

cvlilebebis gavlenas citoqrom b5-is NADH-damokidebuli aRdgenis siCqareze.  

gamovlenilia ukudamokidebuleba lipiduri biSris mikrosiblantesa da NADH-citoqrom b5-reduqtazuli reaqciis siCqaris konstantas Soris. qolesterolis CaSenebis difuziis koe-

ficientis Semcirebas 2.4.10-8-dan 1.5.10-8sm2.wm-1-mde (anu 1.6-jer) Tan sdevs am reaqciis siCqaris 

konstantas Semcireba 3.103-dan 5.103moli-1.wm-1-mde (mrudi 2). qolesterolis mocilebisas mem-

branis mikrosiblantis daqveiTebas Tan axlavs difuziis 3.3.10-3sm2.wm-1-mde (anu 1.4-jer) da, Se-

sabamisad, reaqciis siCqaris konstantas gazrda 15.103moli-1.wm-1-mde (mrudi 3). am reaqciisagan 

gansxvavebiT, NADH-citoqrom P450-reduqtazas aqtivoba membranis mikrosiblanteze damoki-

debuli ar aRmoCnda. amgvarad, NADPH-citoqrom P450-reduqtazuli reaqcia damokidebulia 

difuziaze, xolo NADH-citoqrom P450-reduqtazuli ki _ ara. es Sedegi SeiZleba ganxilul 

iqnas, rogorc pirdapiri eqsperimentuli dadastureba Jangvis jaWvis ori sawyisi komponentis 

_ NADH : flavoproteinisa da citoqrom b5-is lateraluri Zvradobis Sesaxeb. es monacemebi 

sarwmunod gviCveneben membranaSi am gadamtanTa uwesrigo ganawilebas. NADH-citoqrom P450-

reduqtazuli reaqciis siCqareze biSris mikrosiblantis araefeqturoba imaze metyvelebs, 

rom es reaqcia araa difuziaze damokidebuli. am reaqciis SedarebiT dabali siCqare (siCqareTa 
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konstantebs Soris sxvaoba 3 rigiT ufro maRalia), gvafiqrebinebs, rom am SemTxvevaSi limiti-

rebad stadias citoqrom b5-is hemuri rkinidan citoqrom P450-is hemur rkinaze eleqtronebis 

gadatana unda warmoadgendes.  
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nax. 7.2. citoqromebis _ b5-isa (a) da P450-is (b) NADH-damokidebuli aRdgena virTagvas RviZlis 

mikrosomebSi lipiduri biSris gansxvavebuli mikrosiblantisas.  

1. sakontrolo mikrosomebi;  

2. mikrosomebi CaSenebuli qolesteroliT;  

3. mikrosomebi mocilebuli qolesteroliT. 

substratad NADPH-is gamoyenebisas lipidis mikrosiblanteze aRniSnul hemoproteinTa 

aRdgenis siCqaris damokidebulebis Seswavlam zustad iseTive kanonzomiereba gamoavlina, 

rogorsac NADH-is SemTxvevaSi hqonda adgili (nax. 7.3). NADPH-citoqrom b5-reduqtazuli reaq-

ciis siCqare damokidebuli aRmoCnda mikrosiblanteze, xolo NADPH-citoqrom P450-reduq-

tazuli _ ara. am reaqciebis siCqareTa konstantebi araumetes erTi rigiT gansxvavdebian 

erTmaneTisagan. 
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nax. 7.3. citoqromebis _ b5-isa (a) da P450-is (b) NADPH-damokidebuli aRdgena virTagvas RviZ-

lis mikrosomebSi lipiduri biSris gansxvavebuli mikrosiblantisas. 

1. sakontrolo mikrosomebi;  

2. mikrosomebi CaSenebuli qolesteroliT;  

3. mikrosomebi mocilebuli qolesteroliT. 

amgvarad, NADPH-specifikuri flavoproteinisagan, citoqromebis b5-isa da P450-isagan 

ufro mosalodnelia mtkice xangrZlivsicocxliani kompleqsebis warmoqmna, vidre am flavo-

proteinisa da citoqrom b5-isagan. 

fosfolipidebis fizikurma mdgomareobam SeiZleba Zlier imoqmedos aramxolod Jangvis 

siCqareze, aramed mTliani procesis malimitirebeli stadiis Secvlac ki gamoiwvios. am SemTx-

vevaSi mniSvnelovania temperaturuli faqtori. 
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srul mikrosomul sistemaSi, romelic yvela komponents, agreTve NADPH-s da O2-s Seicavs, 

mravali substratis Jangvis siCqaris konstantas temperaturaze damokidebulebam aCvena, rom 

Jangvis aqtivaciis energia mkveTrad icvleba 18_25°C temperaturisas. am temperaturis zeviT 

mTeli rigi substratebis Jangva xasiaTdeba aqtivaciis energiiT, romelic 33_50 kj.moli-1-is 

sazRvrebSi imyofeba, maSin rodesac mravali substratis aqtivaciis energia 18_25°C-is qveviT 80_104 kj.moli-1-mde izrdeba. am temperaturaze areniusis grafikebze Cndeba moxriloba, da igi 

dakavSirebuli ar aris citoqrom P450-is an reduqtazis mdgomareobis cvlilebebze: xsnarSi an 

liposomebSi individualuri citoqrom P450-is monawileobiT hidrozeJanguri Jangvis reaq-

ciis temperaturuli sxvaoba aqtivaciis energiis mxolod erTi sididiT xasiaTdeba. reduq-

tazas Jangvis aqtivaciis energia 50_59 kj.moli-1-is tolia da farTo temperaturul interval-

Si raime mniSvnelovan cvlilebebs ar ganicdis. areniusis damokidebulebebze arsebuli moxri-

loba mTlianadaa dakavSirebuli mikrosomuli fosfolipidebis fazur gadasvlebTan, rac 

zegavlenas axdens reduqtazisa da citoqrom P450-is urTierTqmedebaze. fosfolipidebis fa-

zuri gadasvlis wertilze dabali temperaturisas (18_25°C-ze), reduqtazisa da citoqrom P450-is xistad organizebul kompleqsSi hemoproteinis aRdgena SeiZleba Jangvis mTliani pro-

cesis siCqaris malimitirebeli stadiac ki aRmoCndes; fazuri gadasvlis wertilis zeviT ci-

toqrom P450-is aRdgenis procesi advildeba misi da reduqtazis gazrdili Zvradobis gamo. 

aseTi suraTi SeiniSneba aramxolod RviZlis mikrosomuli Jangvisas, aramed bocvris filtve-

bis mikrosomebSi naftalinis Jangvis SemTxvevaSic. maSasadame, mikrosomul procesebze membra-

nuli fosfolipidebis zemoqmedeba “fizikur” xasiaTs atarebs. igi dakavSirebulia maT Txevad-

kristaluridan Txevad mdgomareobaSi gadasvlasTan, rodesac izrdeba mahidroqsilirebeli 

kompleqsis komponentTa lateraluri difuzia. 

mikrosomul Jangvaze fosfolipidebis gavlenis molekuluri meqanizmebis Seswavla gaci-

lebiT mosaxerxebelia rekonstruirebul sistemaze, sadac SeiZleba icvlebodnen vezikulebis, 

micelebis da liposomebis warmomqmneli fosfolipidebis koncentraciebi da qimiuri buneba. 

rogorc wesi loposomebSi an rekonstruqciisas fosfolipidebis Semcvel sistemaSi citoqrom P450-is CarTva, am ukanasknelis katalizuri aqtivobis gazrdas iwvevs, rac arsebiTad fosfo-

lipiduri vezikulis bunebazea damokidebuli. naCvenebia mag., rom citoqrom P450LM2 gansakuT-

rebiT aqtiuria jamuri mikrosomuli fosfolipidebis, an aramembranuli dilauroilfosfa-

tidilqolinis Tanamyofobisas. rekonstruirebul sistemebSi did rols asrulebs fosfoli-

pidis muxti. uaryofiTad damuxtuli fosfolipidebis aqtivoba Tanabar pirobebSi neitralur 

fosfolipidebTan SedarebiT gacilebiT metia. p-nitroanizolis O-demeTilirebis reaqciaSi 

citoqrom P450LM2-is aqtivoba uaryofiTad damuxtuli fosfolipiduri vezikulebis eleqt-

roforezuli Zvradobis pirdapirproporciulia. 

gel-filtraciis meTodisa da 14C-dilauroilglicero-3-fosforilqolinis gamoyenebiT 

naCvenebia, rom citoqrom P450LM2-is suberTeuli fosfolipidis 22 molekulas ikavSirebs, da 

aseTi kompleqsis disociaciis konstanta 7.10-6 molis tolia. am pirobebSi micelebis warmoqmnis 

kritikuli konstanta 4.5.10-5 mols udris. rekonstruirebul sistemebSi fosfolipidebi didi 

siWarbiTaa da amdenad yovelTvis daculia micelebis warmoqmnis pirobebi. am SemTxvevaSi 

fosfolipidebis zegavlena or _ molekulur da zemolekulur doneze xorcieldeba: moleku-

lur dones gansazRvravs hemoproteinis erTi molekulis mier 22 molekula fosfolipidis 

mierTeba; zemolekuluri done micelaruli katalizis efeqtebiT mJRavndeba _ fosfoli-

piduri vezikulebi aadvileben citoqrom P450-is reduqtazasTan da agreTve hemoproteinis 

substratTan dakavSirebas. es viTareba nawilobriv migviTiTebs rekonstruirebul sistemebSi 

fosfolipidebis arsebobis aucileblobas masSi CaSenebuli citoqrom P450-is maRali 

katalizuri aqtivobis gamosamJRavneblad. xsnarebTan SedarebiT micelarul sistemebs sxva 

upiratesobebic gaaCniaT: fosfolipiduri micelebi aCqareben reduqtaziT citoqrom P450-is 
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aRdgenas; micelaSi katalazis faqtori xSirad gadamwyvetia, magram arc am faqtorebiT 

amoiwureba fosfolipidebis roli, radgan isini Zlier da mravalmxriv zegavlenas axdenen 

TviT hemoproteinze, rodesac sistemaSi Sesabamisi reduqtaza ar imyofeba. 

ingelman-sandbergis mier Seswavlilia fosfolipidebis gavlena individualur citoqrom P450-is reaqciebze. natriumis periodatis Tanamyofobisas androstedionis 6β-hidroqsili-

rebis siCqare 2.5-jer izrdeboda fosfolipid-citoqromis Tanafardobisas 10 : 1. am mkvle-

varma gamoTqva varaudi imis Sesaxeb, rom gamoyenebuli fosfatidilqolini, fosfatidileT-

anolamini da fosfatidilserini mniSvnelovnad unda gansazRvravdnen citoqrom P450-is 

aqtiur konformacias. 

aRniSnuli monacemebis safuZvelze SemdgomSi metelicasa da misi Tanaavt. mier gamokvleul 

iqna sxvadasxva fosfolipidis gavlena citoqrom P450LM2-is monawileobiT kumolis hidroze-

JangiT substratTa Jangvaze. fosfolipidis citoqrom P450LM2-Tan 30 da meti moluri Tanafa-

rdobisas fosfatidilserini, fosfatidilinoziti da lizofosfatidilqolini naftalinisa 

da anilinis Jangvis siCqares 3_4-jer zrdidnen maSin, rodesac fosfatidilqolini da sfingo-

mielini imave koncentraciebiT aRniSnuli substratebis Jangvis siCqareze ar moqmedebdnen. 

rac Seexeba mikrosomebidan miRebul cximovan mJavebs, isini am reaqciebis inhibirebasac ki 

axdendnen. maSasadame, anilinis, naftalinisa da dimeTilanilinis hidrozeJangur JangvaSi 

citoqrom P450LM2-is individualur reaqciaze gamaaqtiurebel moqmedebas avlenen mJava, da ara 

neitraluri fosfolipidebi. aRniSnulidan gamomdinareobs sagulisxmo daskvna: citoqrom P450-is aqtivaciaSi mniSvnelovan rols asrulebs fosfolipidis muxti. amasTan dakavSirebiT 

Catarebulia saintereso gamokvlevebi, romlebic citoqrom P450-is spinur formaTa wonaswo-

robaze fosfolipidebis pirdapir gavlenas exeba. naCvenebia, rom neitraluri fosfolipidebi 

zrdian citoqrom P450-is maRalspinuri formis Semcvelobas, rac speqtrebSi STanTqmis maqsi-

mumiT 382_390 nm-ebze da minimumiT 417_418 nm-ebze dasturdeba. rac Seexeba mJava fosfo-

lipidebs, isini iwveven speqtrul cvlilebebs maqsimumebiT 435_440 da minimumebiT 416_419 nm-

ebze; e.i. lipidi gavlenas axdens mxolod hemoproteinis spinur mdgomareobaze.  

Cvens laboratoriaSi mcenareul (soiasa da simindis lebnebis) Txel anaTlebze naCvenebia 

triton X-100-is damTrgunveli (65_85%-iT) moqmedeba aminopirinis, dimeTilanilinis N-

demeTilirebaze da anilinis p-hidroqsilirebaze; N-demeTilazuri aqtivobis sruli da p-

hidroqsilazuri aqtivobis 60%-iT aRdgena fosfatidilqolinis (“nedli” lecitinis saxiT) 

damatebiT moxerxda. sayuradReboa erTi faqti: fosfolipidis mastimulirebeli efeqti 

absoluturad erTnairia sainkubacio xsnarSi detergentTan erTad misi Setanisas (inhibireba 

aRar SeiniSneba) da detergentuli inhibirebis miRebis Semdegac. aqedan gamomdinare, fosfa-

tidilqolinis moqmedebas ornairi axsna miveciT: 1). detergentTan erTad Tanamyofobisas es 

fosfolipidi mJangveli fermentuli sistemis irgvliv lipid-damokidebul hidrofobul 

garemocvas qmnis da hemoproteinis aqtiur centrs detergentisadmi Seuvals xdis;  2). inhibirebis Semdeg fosfolipidi, rogorc Cans, fermentis aqtiuri hidrofobuli ubnebidan 

aZevebs detergents da mis irgvliv kvlav hidrofobul garemocvas aRadgens. 

amgvarad, mikrosomebis lipiduri komponentis funqcias, upirveles yovlisa, citoqrom P450-is konformaciul relaqsaciaze zegavlena warmoadgens. garda amisa, lipidebi zrdian 

ferment-substratis kompleqsis mdgradobas; xels uwyoben am hemoproteinisa da misi reduq-

tazis kompleqsirebas da astabilizeben mas; keTilsasurvel garemos qmnian Jangvis proce-

sebisaTvis da hidrofobul zonaSi substratTa koncentrirebas axorcieleben; uzrunvel-

yofen monooqsigenazuri sistemis komponentTa optimalur lateralur Zvradobas da a.S. 

zogadad rom iTqvas, citoqrom P450-ze da mTlian monooqsigenazur sistemaze fosfolipi-

debis gavlena uaRresad mravalwaxnagaa da rogorc molekulur, aseve zemolekulur doneze 

xorcieldeba. 
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7.1.1 membranuli fosfolipidebis gavlena citoqrom P450-is  

meoreul struqturasa da aqtivobaze 

 

citoqrom P450-Semcveli monooqsigenazuri sistemis mniSvnelovani Tavisebureba hidro-

fobuli Tvisebebis flobaa, rac membranaSi misi CaSenebis saSualebas iZleva. amasTan dakav-

SirebiT bunebrivad ibadeba kiTxvebi: rogoria membranis roli hemoproteinis funqcionirebaSi 

da raSi mdgomareobs am evoluciuri gamogonebis biologiuri azri? ra doniT SeiZleba am 

ferments mivusadagoT sxva fermentebisadmi (mag., ATP-azebisadmi an dehidrogenazebisadmi) 

sayovelTaod aRiarebuli warmodgenebi, romelTa Tanaxmadac membranis fosfolipidebs 

wylovan fazaSi araaqtiuri formiT myofi fermentebi konformaciulad aqtiur mdgomareobaSi 

gadahyavT? 

mocemul kiTxvebze sapasuxod Seswavlil iqna α-spiralis Semcveloba maRali sisufTavis 

izolirebul da fosfolipidur biSreSi CaSenebul hemoproteinSi. paralelurad ganisaz-

Rvreboda citoqrom P450-is hidroqsilazuri aqtivoba reaqciebSi, romlebSic aqtiuri Jang-

badis donorad kumolis hidrozeJangi gamoiyeneboda. aRmoCnda, rom izolirebul citoqrom P450-s xsnarSi gacilebiT naklebi hidroqsilazuri aqtivoba gaaCnia, vidre gasufTavebis 

Semdeg xelovnur liposomur membranaSi CaSenebul mikrosomul hemoproteins. am dros 

fermentis reaqtivireba da sawyisi hidroqsilazuri aqtivobis sruli aRdgena xdeba. amasTan, 

misi konformaciis arsebiT cvlilebebs adgili ar aqvs. korelacia ar vlindeba cilis mole-

kulaSi α-spiralis Semcvelobis cvlilebasa da liposomur membranaSi CaSenebisas misi aqti-

vobis zrdas Soris. es monacemebi im warmodgenis sawinaaRmdegod metyveleben, romlis 

Tanaxmadac am membranuli cilis konformaciaSi unda arsebobdes mniSvnelovani gansxvavebebi 

solubilizebul da membranadakavSirebul mdgomareobaSi. aqedan gamomdinare, fosfolipidis 

reaqtivaciul unars Sesabamisad sxva axsna unda miscemoda. 

hemoproteinis Tvisebebze fosfolipiduri biSris gavlenis sistematurma kvlevam aCvena, 

rom membranaSi citoqrom P450-is CaSenebisas cilis molekulis sixiste izrdeba. xsnarTan Seda-

rebiT xelovnur membranaSi CaSenebuli hemoproteini aRdgenisas, an II-tipis substratTan 

dakavSirebisas Tavis konformaciul mdgomareobas gacilebiT naklebad icvlis. 

mkveTrad izrdeba lipidur biSreSi CaSenebuli hemoproteinis Termostabilurobac. pro-

teoliposomebSi TiTqmis sruladaa gamqrali xsnarSi arsebuli, fermentisaTvis damaxasi-

aTebeli fazuri denaturaciuli gadasvla; e.i. membranaSi fermentis CaSenebas Tan axlavs 

hemoproteinis molekulis stabilizacia da misi konformaciuli Zvradobis Semcireba. 

hemoproteinze fosfolipiduri biSris mastabilizebeli moqmedebis efeqti naTlad 

uCvenebs fermentis xsnadi formidan membranulze gadasvlis uaRresad did mniSvnelobas. 

citoqrom P450 labilur, swrafad inaqtivirebad fermentebs ganekuTvneba. izolirebul 

hemoproteins xsnarSi aRdgenil mdgomareobaSi inaqtivaciis umaRlesi siCqare gaaCnia. subst-

ratis damatebiT inaqtivaciis siCqare umniSvnelod mcirdeba. membranis SemadgenlobaSi 

hemoproteini Zlier stabiluria rogorc aRdgenil, aseve daJangul mdgomareobaSi. mastabi-

lizebeli moqmedebis modelireba advilad SeiZleba izolirebul hemoproteinze fosfolipi-

debis damatebiT. amasTan, naTlad Cndeba maTi specifikuroba. damcveli efeqti gaaCnia mikro-

somuli fosfolipidebis narevs da fosfatidileTanolamins. aseT cdebSi fosfatidilqolins 

damcveli unari ar gaaCnia, magram Tu hemoproteini winaswaraa CaSenebuli fosfatidil-

qolinur liposomaSi, maSin am fosfolipidsac eqneba gamosaxuli damcveli moqmedeba. am 

Sedegebis axsna SeiZleba, Tu davuSvebT, rom fosfolipidis muxti moqmedebs mxolod cito-

qromTan misi urTierTqmedebis siCqareze. uaryofiTad damuxtuli fosfolipidebi cilasTan 

ufro swrafad urTierTqmedeben. fosfatidileTanolamin-citoqrom P450-is kompleqsis war-

moqmna swrafad xdeba da amitom am fosfolipidis mastabilizebeli moqmedebac ucbad, 

citoqrom P450-is Semcvel xsnarSi misi CamatebisTanave vlindeba. fosfatidilqolinis SemTx-
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vevaSi aucilebelia winaswari inkubacia, romlis drosac cila unda CaSendes fosfolipidur 

biSreSi da mxolod amis Semdeg lecitinic gamoamJRavnebs Tavis damcvel moqmedebas. 

eukariotul ujredebSi hemoproteinis membranuli forma SeiZleba arsebobdes substratis 

gareSe. prokariotebSi xsnadi citoqrom P450 substratis gareSe swraf inaqtivacias ganicdis, 

da Sesabamisad, substratis koncentraciis Semcirebisas iSleba. eukariotebSi arsebobs am 

sistemis aqtivobis regulirebis sxva SesaZleblobebic. ujredSi hemoproteinis Semcveloba ar 

Semcirdeba masSi hidroqsilirebis substratis koncentraciis daqveiTebisas, anu 

fosfolipidis daxmarebiT citoqromi „gamodis“ substratis mxridan kontrolidan.   
7.1.2 membranuli fosfolipidebis monawileoba NADPH-citoqrom  

P450-reduqtazisa da citoqrom P450-is urTierTqmedebaSi 

 

endoplazmur membranebSi arsebuli ZiriTadi redoqs-jaWvi, romelic NADPH-is mimarT 

mkacr specifikurobas amJRavnebs, fosfolipidur matriqsTanaa dakavSirebuli. jaWvis sawyisi 

komponentis _ NADPH-damokidebuli flavoproteinis aqtivobas Cveulebriv afaseben an egzo-

genurad damatebuli eleqtronTa aqceptorebis, an endogenuri aqceptoris _ citoqrom P450-

is aRdgenis siCqareebis mixedviT. meore kriteriumi yvelaze sarwmunod asaxavs mono-

oqsigenazuri tipis reaqciebSi flavoproteinis monawileobas. 

anaerobul pirobebSi citoqrom P450-is aRdgenis siCqaris gazomva im faqts emyareba, rom-

lis Tanaxmadac hemoproteinis mier eleqtronTa aqceptirebis siCqare (konstanta _ 10_20 wT-1) 

gacilebiT naklebia aRdgenili citoqromis CO-sTan urTierTqmedebis siCqareze (konstanta _ 1.7.104 wT-1). erTi katalizuri ciklis Sesasruleblad monooqsigenaza or eleqtrons saWiroebs 

da pirveli eleqtronis aqceptireba mowmdeba anaerobul pirobebSi citoqrom P450-is CO-sTan 

kompleqsis warmoqmniT. 

mikrosomul suspenziaSi NADPH-is damateba citoqrom P450-is srul aRdgenas iwvevs. amas-

Tan, reduqtazuli reaqcia orfazianobiT xasiaTdeba. pirveli (swrafi) faza 1_2 wm-s ikavebs da 

anaerobiozis siRrmeze damokidebuli araa. am stadiaze citoqrom P450-is aRdgenis siCqare 

oTaxis temperaturaze 2-dan 8 nmoli.wm-1 mg cilaze Seadgens. 

meore stadiaze citoqrom P450-is aRdgenis siCqare Zlier dabalia. misi dafiqsireba ramde-

nime wuTis ganmavlobaSi SeiZleba. es stadia mikrosomul suspenziaSi Jangbadis Semcvelobazea 

damokidebuli, romelsac hemoproteinis kvlav daJangva da reaqciaSi monawile citoqrom P450-
is molekulaTa raodenobis Semcireba SeuZlia. NADPH-citoqrom P450-reduqtazuli reaqciis 

orfazianoba SeiZleba aixsnas ori mizeziT: 

1. substratTan dakavSirebuli da Tavisufali citoqrom P450-is aRdgenis gansxvavebuli 

siCqareebiT; 

2. mikrosomul fraqciaSi hemoproteinis sxvadasxva formebis arsebobiT, romelTac subst-

ratisa da reduqtazis mimarT gansxvavebuli Tvisoba gaaCniaT. I-tipis substratebis dakavSireba reduqtazuli reaqciis sawyisi fazis siCqaris mniSvne-

lovan zrdas iwvevs. amasTan, reaqciis swraf fazaSi aRdgenili citoqrom P450-is raodenoba 

korelaciaSia hemoprotein_substratis kompleqsis SemcvelobasTan. varaudoben, rom citoq-

romTan I-tipis substratTa dakavSirebis Sedegad hemoproteinis eleqtronuli struqtura 

iseT cvlilebebs ganicdis, romelic aumjobesebs mis mier eleqtronis aqceptirebis unars da 

aCqarebs reduqtazuli reaqciis msvlelobas. 

substratis Tanamyofobisas NADPH-reduqtazuli reaqciis aCqareba SeiZleba aixsnas cito-

qrom P450-is redoqs-potencialis matebiT, an reduqtazis aqtivaciis energiis daqveiTebiT. es 

imiT unda iyos gamowveuli, rom hemoproteini da misi reduqtaza „kompartmentalizebulia“ 
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membranis fosfolipiduri matriqsis izolirebul zonaSi, romlisTvisac damaxasiaTebelia 

temperaturuli fazuri gadasvlebi. amitom am zonas reduqtazis aqtivaciis energiis Semci-

rebis unari unda gaaCndes. Tavis mxriv, I-tipis substratebic membranuli fosfolipidebis 

temperaturuli fazuri gadasvlebis Semcirebis unars floben. amitom reduqtazuli reaqciis 

sawyis siCqareze substratTa mastimulirebeli moqmedeba eWvs ar unda iwvevdes. amis 

sasargeblod mowmobs monacemebi fosfolipidur matriqsSi substratebis mier inducirebuli 

konformaciuli cvlilebebis Sesaxeb, romelTa Sedegadac izrdeba citoqromisa da misi 

reduqtazis efeqtur SejaxebaTa ricxvi. I-tipis substratebiT NADPH-reduqtazuli reaqciis stabilizaciis fenomenis gadauWar-

beblad Sefaseba Zalian Znelia, radgan monooqsigenazuri sistemiT mravali qsenobiotikis 

(pirvel rigSi barbituratebisa da pirazolinebis warmoebulebis) hidroqsilirebis intensi-

voba arsebiTad damokidebulia citoqrom P450-substratis kompleqsis NADPH-reduqtaziT 

aRdgenaze. 

hidroqsilirebis reaqciebze mastimulirebel gavlenas axdens Mg2+. aRmoCnda, rom am efeq-

tis arsi NADPH-reduqtazis gaaqtiurebaSi mdgomareobs. garda amisa, SeniSnulia D2O-s mainhi-

birebeli moqmedeba reduqtazuli reaqciis siCqareze da eTilmorfinis N-demeTilirebaze. 

xanmokle moqmedebis barbituratebis SemTxvevaSi, romelTa koncentraciebic mkurnalobis 

dros 5.10-5 M-s ar aRemateba, reduqtazuli reaqciis aqtivoba mniSvnelovan faqtors warmo-

adgens maTi metabolizmis regulaciaSi. RviZlSi wamlebis metabolizmis SeswavliT dadginda, 

rom aminopirinis N-demeTilireba mWidro korelaciaSia NADPH-citoqrom P450-reduqtazuli 

reaqciis aqtivobasTan da ara TviT citoqrom P450-is raodenobasTan. korelaciis gamovlenis 

mizniT Catarebulia SedarebiTi analizi NADPH-reduqtazuli reaqciis siCqares, sxvadasxva 

substratTa hidroqsilirebasa da am procesTa aqtivaciis energiebs Soris. aRmoCnda, rom 

aminopirinis N-demeTilirebis maqsimaluri siCqare (7 nmoli.wT-1 mg cilaze, 37°C-ze) da am 

procesis aqtivaciis energia (53.6 kj/moli), NADPH-reduqtazuli reaqciis imave maCveneblebs 

utoldeba (Vmax=7.26 nmoli.wT-1 mg cilaze, aqtivaciis energia _ 53.3 kj/moli). es monacemebi 

sarwmuno mtkicebulebaa imis Sesaxeb, rom reduqtazuli reaqcia aminopirinis metabolizmis 

siCqaremalimitirebeli rgolia. 

ganxiluli faqtebi gansakuTrebul azrs SeiZenen, Tu reduqtazis funqcionirebaSi fosfo-

lipiduri komponentis rols gaviTvaliswinebT. fermenti maRal mgrZnobiarobas amJRavnebs 

mikrosomebis fosfolipiduri biSris da maT mier warmoqmnili hidrofobuli zonebis yovel-

gvari dazianebis mimarT. SeniSnulia reduqtazuli aqtivobis mkveTri daTrgunva fosfoli-

pazebis C-sa da D-s, triton X-100-isa da dimeTilsulfoqsidis dabali koncentraciebis gamo-

yenebisas. cnobilia reduqtazaze sawinaaRmdego efeqtis magaliTebic, romlebic gamowveulia 

mikrosomis fosfolipiduri komponentis hidrofobulobis zrdiT Mg2+-is Tanamyofobisas. 

rekonstruirebuli monooqsigenazuri sistemis funqcionirebaSi fosfatidilqolinis ro-

lis Seswavlam aCvena misi absoluturi aucilebloba citoqrom P450–CO-kompleqsze eleqtro-

nebis gadatanaSi. lecitinze damokidebuli aRmoCnda NADPH-reduqtazuli reaqciis swrafi 

(sawyisi) faza, romelic izolirebuli citoqrom P450-is maqsimalur aqtivobasTanaa SeuRle-

buli. safiqrebelia, rom es damokidebuleba dakavSirebulia citoqromis mier eleqtronTa 

aqceptirebis unarTan, radgan aRwerilia citoqrom P450-is aRdgenis SesaZlebloba qsan-

tin/qsantinoqsidazuri sistemiT, mxolod fosfotidilqolinis Tanamyofobisas. TavisTavad 

substratis misaerTeblad citoqrom P450 fosfolipids uSualod namdvilad ar saWiroebs, 

magram misi gavleniT izrdeba fermentis substratTan Tvisoba. fermentis konformaciuli 

cvlileba inducirdeba fosfolipidis an substratis ganawilebiT arawylovan fazaSi. wamlebis 

metabolizmis kvlevisas naCvenebi iqna lipidebis monawileoba substratis ganawilebaze 

mikrosomebsa da wyalxsnarebs Soris. dadgenil iqna agreTve, rom buferisa da heptanis xsnarSi 
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N,N-dimeTilaminis umuxto warmoebulebi umTavresad hidrofobul, muxtianebi ki wylovan 

fazaSi nawildeba. 

substratis ganawilebis koeficientis gansazRvrisas aRmoCnda, rom igi damokidebulia 

lipidis koncentraciaze; garda amisa, citoqrom P450-is aRdgenis xarisxic korelaciaSia lipi-

dis koncentraciasTan, rac imaze miuTiTebs, rom es ukanaskneli gavlenas axdens citoqrom P450-substratis kompleqsis warmoqmnaze. dasaSvebadaa miCneuli lecitinis araspecifikuri 

rolic, romelic xsnadi monooqsigenazuri sistemis komponentTa efeqturi urTierTqme-

debisaTvis aucilebeli hidrofobuli zonis SeqmnaSi mdgomareobs. es varaudi, upirveles yov-

lisa, gamomdinareobs im ufro hidrofobul dioleil- da dilauroil-fosfatidilqolinebis 

Semcvel sistemaTa umaRlesi aqtivobebidan, romlebic RviZlis lecitinebis SemadgenlobaSi ar 

Sedian. dadgenilia, rom zogierT detergents, romlebic wylovan fazaSi maRalhidrofobuli 

Sida zedapiris mqone micelebs warmoqmnian, unari aqvT rekonstruirebul sistemaSi Secvalon 

fosfolipidebi. amasTan dakavSirebiT gasaTvaliswinebelia, rom xsnad rekonstruirebul 

sistemaSi, sadac lecitinis Tanamyofobisas membranismagvari struqturebi ar warmoiqmnebian, 

monooqsigenazisa da fosfolipidebisagan Semdgari, advilad disocirebadi kompleqsebis arse-

boba mainc savsebiT saalbaToa. 

sayuradReboa, rom rekonstruirebuli monooqsigenazuri sistemis amoqmedeba mxolod 

detergentebis saSualebiT gamoyofil reduqtazas SeuZlia. izolirebuli fermentis trif-

siniT damuSaveba reduqtazas am Tvisebas ukargavs, magram citoqrom c-s aRdgenis unars 

unarCunebs. naCvenebia, rom proteolizi ferments polipeptiduri jaWvis nawils acilebs. 

Tvlian, rom reduqtazis molekulis es nawili fosfolipidur matriqsSi Taviseburi „Ruzis“ 

rols asrulebs da NADPH-reduqtazas membranaSi lateraluri gadamoZravebis saSualebas 

aZlevs. gamovlenilia erTi, metad sayuradRebo faqtic: mikrosomul membranaSi SesaZlebelia 

detergentuli reduqtazis damatebiTi CaSeneba. amis Sedegad monooqsigenazis katalizuri 

aqtivoba mniSvnelovnad izrdeba. amasTan dakavSirebiT Camoyalibebulia reduqtazisa da 

citoqrom P450-is kompleqsis e.w. „xisti“ organizaciisa da urTierTqmedebis alternatiuli 

sqema, romelSic flavoproteinis erT molekulaze hemoproteinis 12_20 molekula modis. 

mocemuli fermentebi membranaSi Tu marTlac iZlevian steqiometrul kompleqss, maSin maTi 

Tanafardoba yvela SemTxvevaSi mudmivi unda iyos. miuxedavad amisa, monooqsigenazuri sis-

temis komponentebze amis Tqma ar SeiZleba. mag., axaldabadebul virTagvebSi NADPH-citoqrom P450-reduqtaza ufro adre Cndeba, vidre citoqrom P450. cxovelSi fenobarbitalis Seyvanis 

Semdeg reduqtazis Semcveloba RviZlSi dauyovnebliv matulobs, maSin rodesac citoqrom P450-is raodenobis zrda mxolod ineqciidan 5 sT-is Semdeg iwyeba. es faqtebi ar gamoricxaven 

kompleqsebis arsebobis SesaZleblobas. kompleqsis calkeul komponentebs SeuZliaT 

erTmaneTisagan damoukideblad sinTezireba, xolo kompleqsebad maTi „Segroveba“ SeiZleba 

mogvianebiT moxdes. 

Catarebul eqsperimentul monacemebze dayrdnobiT stieri, sakmeni da estabruki mividnen 

daskvnamde, romlis Tanaxmadac citoqrom P450 reduqtazianad lokalizebulia mikrosomuli 

fosfolipidebis „specializebul“ zonaSi, romelic fosfolipiduri matriqsis ZiriTadi masi-

sagan gansxvavdeba Tavisi dabali aqtivobiT da Txevadkristaluridan Txevad mdgomareobaSi 

fazur gadasvlas ganicdis. navaraudebia, rom am zonaSi imyofeba mikrosomuli fosfolipidis 

araumetes 20%-isa, romlebic monooqsigenazis komponentebs Soris kontaqtis damyarebis gar-

da, citoqrom P450-isaken lipofiluri substratebis lateralur difuziasac uzrunvelyofen. 

igive avtorTa mier miRebuli monacemebis safuZvelze warmodgenil iqna mikrosomul memb-

ranaSi monooqsigenazuri kompleqsis organizaciis modeli. citoqrom P450-isa da NADPH-cito-

qrom P450-reduqtazis cnobili molekuluri masebidan gamomdinare, kompleqsSi am kompon-

entTa molekuluri Tanafardoba 20 : 1-is tolia. gamoTvlilia, rom swraf fazaSi citoqrom 
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P450-is 50%-iT aRsadgenad dabal temperaturaze aucilebelia reduqtazis yoveli molekulis 8_12 molekula citoqromiT garemocva. Ffosfolipidur matriqsSi monooqsigenazuri sistemis 

komponentTa am kompleqss mogvianebiT, rogorc aRniSnuli iyo, „klasteri“ ewoda. varaudoben, 

rom temperaturis cvlilebisas „klasteris“ zoma varirebs kompleqsis SigniT da gareT 

citoqrom P450-is molekulaTa cvlis gansxvavebuli siCqaris gamo. 

reduqtazuli reaqciis neli fazis Sefasebisas im garemoebas iTvaliswineben, rom igi axasi-

aTebs reduqtazisagan mocilebuli (e.i. „klasteris“ gareT myofi) citoqrom P450-is aRdgenas 

da Tvlian, rom hemoproteinis mocemuli molekulebisaTvis SesaZlebelia mikrosomul fosfo-

lipidebSi lateraluri difuzia. neli fazis maRali aqtivaciis energia (fazuri gadasvlis 

zeviT temperaturaze), rogorc Cans, unda aixsnas „klasteris“ SigniT da gareT citoqrom P450-

is molekulebis cvliT. 

saWirod migvaCnia mokled SevexoT fosfolipidebis monawileobas estabrukisa da hil-

denbrandtis sqemis Semdgom reaqciebSi. monooqsigenazur reaqciebSi NADH-isa da NADPH-is 

calkeulad an erTdroulad gamoyenebisas citoqrom b5-is Jangva-aRdgenis kinetikis analizma 

SesaZlebeli gaxada gakeTebuliyo daskvna, rom am citoqromis aRdgenili forma aris sammagi 

kompleqsisaTvis meore eleqtronis aucilebeli donori. amasTan, rekonstruirebul sistemaze 

da mikrosomul membranebSi redoqs-jaWvebis ganlagebis sqemebze pirdapiri monacemebis Tanax-

mad miRebulia, rom fosfolipiduri komponenti saWiroa b5-sa da P450-s Soris urTierT-

qmedebisaTvis. 

rekonstruirebul monooqsigenazur sistemaSi naCvenebia, rom mahidroqsilirebel agents 

superoqsiduli anion-radikali O .  warmoadgens. misi monawileoba aseT sistemaSi mowmdeba 

dismutazis (eriTrokupreinis) da taironis (superoqsiduli radikalebis damWeris) gamoye-

nebiT. NADPH-iTa da citoqrom P450-reduqtaziT, agreTve qsantin/qsantioqsidazuri sistemiT 

an arafermentuli fotoqimiuri sistemis (riboflavinisa da meTioninis Semcveli) super-

oqsidis generacia erTnairad moiTxovs fosfolipidis aucilebel Tanamyofobas. garda amisa, 

arseboben monacemebi, romlebic uCveneben fosfolipidebis mniSvnelovan rols glukuronil-

transferazuli fermentiT monooqsigenazuri reaqciis produqtTa gamoyofaSi.   
7.1.3 NADPH-citoqrom b5-reduqtazisa da citoqrom b5-is  

fosfolipiddamokidebuleba  NADH-specifikuri flavoproteinis aqtivoba Cveulebriv fasdeba fericianidis an cito-

qrom c-s aRdgenis siCqariT. es reaqciebi gansxvavebul mgrZnobiarobas amJRavneben im agentebis 

mimarT, romlebic mikrosomebSi hidrofobuli urTierTqmedebis dazianebas iwveven. mag., mik-

rosomuli fraqciis acetoniT damuSaveba NADH-citoqrom c-reduqtazul aqtivobas 80_85%-iT 

Trgunavs. aseT fraqciaze ultrabgeriT damuSavebuli fosfolipiduri micelebis damateba, 

romelic 70%-mde fosfatidilqolins Seicavs, reduqtazis aramarto srul aRdgenas, aramed 

sawyisTan SedarebiT gaoTxmagebul stimulacias iwvevs. 

fericianidTan mimarTebaSi fermentis aqtivoba 10_15%-iT qveiTdeba trifsiniT damuSa-

vebisas da praqtikulad ar icvleba C da D tipis fosfolipazebis Tanamyofobisas. aqtivobis 

∼30%-iani vardna SeiniSneba natriumis dezoqsiqolatiT, buTanoliTa da triton X-100-iT 

zemoqmedebisas. mxolod fosfolipaza A iwvevs fericianidis NADH-damokidebuli aRdgenis 

reaqciis siCqaris orjer daqveiTebas. aRniSnuli fermentuli aqtivobis gaZliereba ar xdeba 

sainkubacio xsnarSi fosfolipidebis damatebiT. es faqtebi membranaSi NADH-damJangveli 

redoqs-jaWvis ganiv ganlagebaze (anu fosfolipiduri matriqsis gadakveTaze) miuTiTeben. 
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dezoqsiqolatis Semcvel gelze qromatografiis saSualebiT miRebul fosfolipidebi-

sagan Tavisufal mikrosomul fraqciaSi citoqrom b5-is aRdgenis siCqare 80%-iTaa inhibi-

rebuli. mikrosomebis saerTo fraqciidan miRebuli fosfolipidebisagan momzadebuli 

liposomebis damateba ki fermentis srul reaqtivacias iwvevs. 

reduqtazis qemotrifsiniT an katefsiniT damuSavebisas ferments scildeba polipepti-

duri fragmentebi, romlebic 65%-ze met hidrofobuli aminomJavebis naSTebs Seicaven. 

sayuradReboa erTi garemoeba: e.w. P-reduqtaza (molekuluri masa 28 kD), romelic membranidan 

solubilizebulia kobras SxamSi arsebuli fosfolipazebis nareviT, mikrosomaSi CaSenebis 

unars ar amJRavnebs da citoqrom b5-is mimarT sust reduqtazul aqtivobas flobs. meore 

mxriv, nebismieri sxva saSualebiT solubilizebuli fermenti NADH-isa da citoqrom b5-is 

mimarT erTnairi TvisobiT xasiaTdeba. miRebuli Sedegebi imaze metyveleben, rom NADH-cito-

qrom b5-reduqtazis amfipaturi molekulis katalizurad aqtiuri centri membranis hidro-

filur nawilSi imyofeba. 

moyvanili faqtebi da agreTve D-reduqtazis (triton X-1000-isa da dezoqsiqolatis 

nareviT solubilizebuli fermenti, molekuluri masiT 45 kD) unari, erTnairad efeqturad 

imoqmedos gamoyofil da membranasTan bmul citoqrom b5-Tan, saSualebas iZlevian gakeTdes 

daskvna, rom fermentis es forma natiuria. misi arapolaruli nawili molekulis 25%-s 

Seadgens da unari aqvs mikrosomul membranaSi im raodenobiT CaSendes, rac ori rigiT 

aRemateba mis endogenur Semcvelobas. naCvenebia, rom mikrosomuli membranis fosfolipidebi 

warmoadgenen adgils, romelsac ukavSirdebian rogorc endogenuri, aseve damatebiT 

CaSenebuli reduqtazebi. ufro metic, fosfolipidebi gansazRvraven fermentis maqsimalurad 

dakavSirebis dones, mis funqciur identurobas endogenur reduqtazasTan da citoqrom b5-is 

dakavSirebis saerTo wertilebisaTvis konkurencias. 

mikrosomuli membranidan katefsiniT reduqtazis mocilebisas supernatantSi citoqrom b5-is 6%-ze meti ar gadmodis. 50%-ze naklebi reduqtazis mocilebisas NADH-iT citoqrom b5-is 

aRdgeniT sawyisi (swrafi) siCqare ar icvleba, magram mniSvnelovnad qveiTdeba xsnarSi reduq-

tazis gadasvlis zrdasTan erTad. maSasadame, NADH-citoqrom b5-reduqtaza da citoqrom b5 
membranaSi unda qmnidnen „mtkice kompleqsebs“, romelTagan TiToeuli 5 molekula reduqtazas 

da 50 molekula citoqroms Seicavs. N-eTilmaleimidiT reduqtazis 90%-iani inaqtivaciis 

drosac ki citoqrom b5 dabali siCqariT, magram mainc srul aRdgenas ganicdis. ufro metic, 

endogenur reduqtazas SeuZlia eleqtronebis maRali siCqariT gadacema mikrosomul membra-

naSi maqsimalurad CaSenebuli egzogenuri citoqrom b5-is araumetes 60%-ze. es monacemebi ki 

TavisTavad uaryofen raime „kompleqsis“ arsebobas da pirdapir miuTiTeben, rom reduqtazas 

„tivtivas“ msgavsad membranis gaswvriv lateraluri moZraoba SeuZlia da citoqrom b5-Tan misi 

urTierTqmedeba SemTxveviT dajaxebebzea damokidebuli. 

literaturaSi gvxvdeba monacemebi membranaSi citoqrom b5-is lateraluri difuziis SesaZ-

leblobis Sesaxeb. es varaudi mtkicdeba hemoproteinis aRdgenis siCqaris gazrdiT mikroso-

maSi misi damatebiTi CaSenebis Semdeg. am dros mrudze, romelic gviCvenebs aRdgenis siCqaris 

konstantis damokidebulebas temperaturis Sebrunebul mniSvnelobasTan, texili Cndeba. 

amasTan, reduqtazuli reaqciis aqtivaciis energiis uaRresad dabali mniSvneloba (28 

kj/moli), citoqrom b5-is aRdgenis difuziur bunebaze miuTiTebs. arsebobs imis mcdelobac, 

rom citoqrom b5-isaTvis ganisazRvros lateraluri difuziis koeficienti. amasTan dakavSi-

rebiT pirobiTad miRebul iqna mikrosomuli buStis saSualo farTobi _ 12.6 · 10 sm2-is, 

buStis moculoba _ 1.26 · 10  sm3-is, citoqrom b5-isa da misi reduqtazis jamuri radiusi 3 · 10  sm-is tolad da am monacemebze dayrdnobiT gamoangariSebulia aRniSnuli sidide, rome-

lic 10°C-ze 0.92 · 10  sm2/wm udris. citoqrom b5-isa da reduqtazis molekulaTa efeqturi 

dajaxebebis wilis gaTvaliswinebiT lateraluri difuziis koeficientis WeSmariti mniSv-
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neloba 3 · 10  sm2/wm-is toli aRmoCnda. saWiroa xazi gaesvas im garemoebas, rom citoqrom b5-is 

lateraluri difuzia fosfolipiduri matriqsis denadobis kidev erTi gamovlenaa, 

ramdenadac am hemoproteinisaTvis lateraluri difuziis koeficienti mikrosomul fosfoli-

pidebTan SedarebiT 100-jer naklebia. garkveuli azriT SeiZleba iTqvas, rom hemoproteinis 

molekulebis lateraluri difuziis siCqare sruladaa uzrunvelyofili „gamxsnelis“, anu 

fosfolipidis molekulebis lateraluri difuziis siCqariT. 

sadReisod SeuZlebelia amomwuravad vupasuxoT kiTxvas, Tu ra funqciuri datvirTva aqvs 

endoplazmur membranaSi citoqrom b5-s da saerTod, NADH-specifikur redoqs-jaWvs. arsebobs 

monacemebi imis Sesaxeb, rom citoqrom b5 monawileobs cximovan mJavaTa desaturaciis reaqci-

ebSi da rom am citoqroms sxva xsnadi gadamtanebis dauxmareblad SeuZlia ganaxorcielos 

eleqtronTa membranaTaSorisi gadatana. monooqsigenazuri sistemis funqcionirebis sqemaSi 

(nax. 7.7) citoqrom b5-s daTmobili aqvs sammag kompleqsSi _ citoqrom P450-substrati_Jangbadi 

meore eleqtronis „Semomtanis“ roli. arCakovs da mis TanamSromlebs miRebuli aqvT sarwmuno 

monacemebi citoqrom b5-is monawileobis Sesaxeb NADPH-is JangvasTan qsenobiotikTa hidroqsi-

lirebis SeuRlebul reaqciebSi.  

cnobilia, rom citoqrom b5 gacilebiT advilad solubilizdeba proteazuli damuSavebiT, 

vidre organuli gamxsnelebiT, triton X-1000-iT an A tipis fosfolipaziT. fosfolipaza C 

saerTod ar moqmedebs mikrosomebSi citoqrom b5-is Semcvelobaze. P-reduqtazasTan dakavSirebuli citoqrom b5 (P-b5) 11 kD molekuluri masis mqone monomeri 

aRmoCnda, romelsac mikrosomul membranaSi CaSenebis unari ar gaaCnia. naCvenebi iqna, rom igi 

citoqrom b5-is molekulis nawils warmoadgens, Seicavs hems da pasuxismgebelia donorul-

aqceptorul urTierTqmedebaze. natiuri saxiT D-b5 gamoyofilia detergentebis gamoyenebiT. 

igi 141 aminomJavur naSTs Seicavs da 16.7 kD molekuluri masa gaaCnia; wyalxsnarebSi agregacias 

ganicdis da oqtameris formas iRebs, romlis molekuluri masa ∼120 kD-ia. specialurad 

Catarebuli gamokvlevebiT SesaZlebeli gaxda dadgeniliyo, rom triton X-100-Tan citoqrom b5-is „delipidizebuli“ xsnadi kompleqsebis warmoqmnisas detergenti citoqromis hidrofo-

bul da ara hidrofilur globulur nawils ukavSirdeba. trifsiniT damuSavebisas citoqrom b5-s scildeba katalizurad aqtiuri polipeptiduri komponenti, romelic 97 aminomJavur 

naSTs Seicavs. damatebiTi komponenti 44 aminomJavuri naSTis Semcvelia, romelTagan 60% 

arapolarulia. 

citoqrom b5-isa da fosfolipidebis urTierTqmedebaze gansakuTrebiT saintereso 

monacemebi iqna mopovebuli hemoproteinis hidrofobuli komponentis aRmoCenis Semdeg. 

swored es komponenti, romelsac ∼4 kD molekuluri masa aqvs, warmoadgens hidrofobul 

„kuds“, romliTac D-b5 membranas emagreba. amasTan, mikrosomuli suspenziis ultrabgeriT da 

homogenizebiT Semdgomi damuSavebisas es komponenti supernatantSi ar gadadis. 

citoqrom b5-isaTvis damaxasiaTebelia unari, CaSendes mikrosomaSi hemoproteinis endo-

genur SemcvelobasTan SedarebiT 5–20-jeradi siWarbiT. damatebiT CaSenebuli citoqromis 

dakavSirebis ubnebi fosfolipidebi aRmoCndnen. amfipaturi cilis damatebiTi dakavSirebis 

fenomeni SeiZleba biomembranebis Senebis „mozaikuri“ modeliT aixsnas. misi Teoria 

iTvaliswinebs fosfolipiduri matriqsis gansxvavebuli ubnebis (zonebis) SesaZleblobas, 

sxvadasxva temperaturaze fazuri gadasvlebi ganaxorcielon. rogorc irkveva, konkretul 

pirobebSi biomembranebSi fosfolipidebi SeiZleba imyofebodnen „lateraluri gamyofi fazis“ 

mdgomareobaSi, rodesac Txevadkristaluri da Txevadi zonebis Tanafardoba matriqsis 

garkveuli ubnebis lateralur „kumSvas“ gansazRvravs. Tvlian, rom lateraluri gamyofi faza 

da lateraluri kumSva ganapirobeben cilis molekulis aramarto konformaciul cvlilebebs, 

aramed biomembranebSi maT damatebiT CaSenebas. 
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hidrofobul polipeptidur fragmentSi arsebuli triftofanis fluorescenciis unaris 

gamoyenebiT dadgenil iqna, rom erTi molekula citoqrom b5-is dakavSirebisaTvis fosfati-

dilqolinis araumcires 35 molekulaa saWiro. es cila/lipidis woniTi Tanafardobis 0.5 

koeficients Seesabameba. garemos temperaturis cvlilebisas citoqrom b5-lecitinis kompleq-

sis fluorescenciis cvlilebam SesaZlebeli gaxada gamoTqmuliyo mosazreba, rom hemopro-

teinis hidrofobuli nawili aqtiurad asocirdeba mikrosomuli lecitinebis cximovani 

mJavebis naSTebTan.  

 

 
7.1.4 oqsigenazebi da lipidebi membranebSi erTian dinamikur  

sistemas warmoadgenen 

 

endoplazmur membranebSi arsebuli qsenobiotikTa mJangveli fermentebi Tavis aqtivobas 

ar kargaven marilTa maRali koncentraciebiT an xelatorebiT damuSavebisas. reagentebi, 

romlebic cilis molekulis konfiguracias arRveven (Sardovana, guanidini), an maT hidrolizs 

iwveven (trifsini), fermentTa solubilizacias ver axdenen. mxolod iseTi detergentebi, 

romlebsac membranis lipidur matriqsTan uaRresad mtkiced dakavSirebuli cilebi xsnad 

mdgomareobaSi gadahyavT (Na-is qolati da dezoqsiqolati, triton X-100 da tvin-80), axdenen am 

fermentul sistemaTa calkeuli komponentebis solubilizacias. aqedan cxadi xdeba, rom 

endoplazmuri membranebis sunTqviTi jaWvis komponentebi garegan, periferiul cilebs ar 

miekuTvneba. isini ZiriTadi, integraluri cila-fermentebia, romlebic membranis siRrmeSi 

iWrebian da mtkice kontaqts amyareben mis fosfolipidur matriqsTan. 

mikrosomul redoqs-sistemaTa cxovelmyofelobaSi fosfolipidebis gadamwyvet mniSvne-

lobaze miuTiTebs maTi gavleniT sxvadasxva qsenobiotikebis metabolizmis reaqtivacia. 

reagentebi, romlebic uaryofiTad moqmedeben membranaTa hidrofobul Tvisebebze, rogorc 

wesi, aqveiTeben masSi myof mJangvel fermentTa aqtivobebsac. am viTarebaSi egzogenurad 

damatebul fosfatidilqolins unari aqvs sakontrolo donemde aRadginos zogierTi pro-

cesis siCqare, mag., Na-is dezoqsiqolatiT daqveiTebuli aminopirinis N-demeTilirebis reaq-

cia, an buTanoliTa da acetoniT daTrgunuli 3,4-benzpirenis daqveiTebuli hidroqsilireba. 

Cvens laboratoriaSi naCvenebia mcenareSi triton X-100-is damTrgunveli (65–85%-iT) 

moqmedeba aminopirinis, dimeTilanilinis N-demeTilirebaze da anilinis p-hidroqsilirebaze. 

es Sedegi imaze miuTiTebs, rom solubilizebul mdgomareobaSi mcenareuli endoplazmuri 

membranebis monooqsigenazur sistemas aRniSnul qsenobiotikTa Jangvis unari dakarguli aqvs. N-demeTilazuri aqtivobis sruli da hidroqsilazuri aqtivobis ∼60%-iT aRdgena xdeba 

„nedli“ lecitinis (kvercxidan miRebuli qolesterolSemcveli fosfatidilqolinis) dama-

tebiT. am SemTxvevaSi metad mniSvnelovania erTi faqti: fosfolipidis efeqti absoluturad 

erTnairia sainkubacio xsnarSi detergentTan erTad misi Setanisas da detergentuli inhibi-

rebis miRebis Semdegac. aqedan gamomdinare, fosfatidilqolinis moqmedebas ormagi axsna mive-

ciT: 1. detergentTan erTad Tanamyofobisas es fosfolipidi mJangveli fermentis irgvliv 

lipiddamokidebul hidrofobul garemocvas qmnis da mis aqtiur centrs detergentisadmi 

Seuvals xdis; 2. inhibirebis Sedegad fosfolipidi, rogorc Cans, fermentis aqtiur, hidro-

fobul ubnebs aTavisuflebs dakavSirebuli detergentisagan da kvlav qmnis mis irgvliv 

lipidur garemocvas. am mosazrebas adasturebs monacemebi cila-lipiduri urTierTqmedebisas 

membranul hemoproteinTan mtkiced dakavSirebuli detergentis mocilebis Sesaxeb. 

mTel rig laboratoriebSi naCvenebia, rom rekonstruirebul proteoliposomebSi (sinTe-

zur mikrosomebSi) samkurnalo preparatebis, hormonebis, cximovani mJavebis, najeri naxSir-

wyalbadebisa da kancerogenebis metabolizeba mxolod lipiduri bunebis mqone Termosta-

biluri faqtoris Tanamyofobisas xorcieldeba da igi identificirebulia rogorc fosfa-
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tidilqolini. gamosaxul reaqtivaciul unars flobs rogorc „nedli“, aseve sinTezuri 

lecitini. 

mikrosomebis damuSavebisas ultrabgeriT, maRali koncentraciis marilebis xsnarebiT an 

gayinva-gaTbobiT NADPH-citoqrom P450-reduqtazis membranidan solubilizeba ar xdeba. 

mxolod proteolizuri fermentebiT, lipaziT an detergentebiT zemoqmedebisas xdeba membra-

naTa sxva komponentebisagan misi izolireba. iTvleba, rom intaqtursa da fenobarbitaliT an 

qolantreniT inducirebul da Semdeg izolirebul NADPH-specifikur flavoproteins Soris 

arsebiTi gansxvaveba ar aris. 

proteoliziT da detergentiT gamoyofili flavoproteinebi erTmaneTisagan molekuluri 

masebiT gansxvavdebian. detergentiT miRebuli fermentis molekuluri masa ∼8 kD-iT metia. 

amasTan dakavSirebiT gamoTqmulia mosazreba, rom flavoproteini mikrosomul membranas ukav-

Sirdeba Tavisi hidrofobuli nawiliT, romelic 50_100 aminomJavur (upiratesad arapolarul) 

naSTs Seicavs da mikrosomebis proteolizurad damuSavebisas ferments mxolod hidrofiluri 

nawili wydeba, hidrofobuli ki membranis siRrmeSi rCeba. proteolizisagan gansxvavebiT 

detergenti saSualebas iZleva fermenti gamoyofil iqnas Tavis „hidrofobul kudTan“ erTad. 

Semdgomma gamokvlevebma aCvenes, rom flavoproteinis hidrofobuli „kudi“ arsebiT rols 

ar asrulebs flavinebis Jangvisas aRZrul speqtrul cvlilebebSi, eleqtronis aqceptorTa 

aRdgenasa da ferment-inhibitoris urTierTqmedebaSi. yvela es Tviseba fermentis hidrofi-

luri nawilis funqcia aRmoCnda. dadginda isic, rom fermenti, romelic proteolizuradaa 

miRebuli, rekonstruirebul membranaSi Semdgomi „CaSenebisas“ qsenobiotikTa gardaqmnis 

unars veRar amJRavnebs. samagierod, rekonstruirebul sistemaSi „CaSenebuli“ detergentuli 

flavoproteini aqtiurad monawileobs qsenobiotikTa JangviT katabolizmSi da am Tvisebas 

kargavs trifsiniT damuSavebisas, Tumca lipidebis Jangvis unari SenarCunebuli aqvs. 

rac Seexeba mikrosomuli sunTqviTi jaWvis terminalur komponents _ citoqrom P450-s, igi 

gamoyofis manipulaciebis mimarT sakmaod mdgradia. eleqtroforezulad homogenur mdgoma-

reobaSi gamoyofili fermentis monomeri, romlis molekuluri masa 49 kD-is tolia, 409 

aminomJavur naSTs Seicavs da maTgan 50% arapolarulia. maSasadame, fermenti erT-erT yvelaze 

hidrofobul membranul cilas warmoadgens. solubilizebuli fermentis mikrosomul membra-

naSi „CamontaJebisas“ misi mJangveli unari mkveTrad izrdeba. amJamad dadgenilia, rom 

fermenti Tavisi substratebisagan lipiduri „barieriTaa“ ganmxoloebuli. amitom Jangvas win 

uZRvis lipidur matriqsSi substratTa SeRwevis aqti. mTeli rigi cikluri da alifaturi 

naxSirwyalbadebis unari, warmoqmnan citoqrom P450-Tan katalizurad aqtiuri kompleqsi, 

damokidebulia im siCqareze, romliTac es qsenobiotikebi toveben membranis polarul fazas da 

gadaadgildebian arapolarulisaken, romelic fosfolipidebis naxSirwyalbadovani jaWvebi-

Taa warmodgenili da romelSic citoqrom P450 imyofeba. 

maSasadame, rodesac organul naerTTa biotransformaciaze vmsjelobT, am procesSi vgu-

lisxmobT substratis membranaSi SeRwevis, citoqrom P450-is molekulis hidrofobul ubneb-

Tan misi dakavSirebis, membranis lipid-cilovan kompleqsTan mikrosomuli gadamtanebis mimag-

rebis da eleqtronTa transportis reduqtazuli reaqciebis mTlian Tanmimdevrobas. 

monooqsigenazur reaqciaTa substratebi gacilebiT intensiurad ukavSirdebian ujer 

fosfolipidebs (mag., nedl lecitins), vidre najers (mag., dipalmitoillecitins). citoqrom P450 da misi reduqtaza lokalizebulia fosfolipidebis „specializebul“ zonaSi, romelic 

SedarebiT araaqtiur mdgomareobaSi imyofeba, vidre fosfolipiduri matriqsis ZiriTadi masa. 

am zonisaTvis damaxasiaTebelia fazuri gadasvla Txevad-kristaluridan Txevad mdgomare-

obaSi. varaudoben, rom am zonaSi 20%-mde mikrosomuli fosfolipidi imyofeba. isini aramarto 

monooqsigenazuri sistemis calkeul komponentTa urTierTkontaqts amyareben, aramed 

citoqrom P450-isaken lipiduri substratebis lateralur difuziasac uzrunvelyofen. 
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molekuluri organizaciis ra upiratesobas iZleva wyalSi xsnad formebTan SedarebiT 

monooqsigenazuri sistemis membranaSi evoluciuri CamontaJeba? principSi SesaZlebelia am 

fermentul sistemaTa organizaciis ori tipis arseboba: pirvelia, garkveuli steqiometriis 

mqone, mtkice, mravalkomponentiani fermentuli sistemebis membranaSi funqcionireba. eleqt-

ronTa gadatana SesaZlebelia mxolod aseTi „klasteris“ SigniT. modeli, romelsac „klaste-

rul organizacias“ uwodeben, reduqtazisa da citoqrom P450-is molekulebs Soris xist 

kavSirs iTvaliswinebs. mikrosomul membranasTan maqsimalurad miaxloebul sistemebze Cata-

rebulma cdebma saWiro gaxada monooqsigenazuri sistemis funqciuri integraciis arsebobis 

aRiareba. naCvenebi iqna, rom citoqrom P450 mikrosomul membranaSi warmoqmnis ara umcires ori 

molekulisagan Semdgar kompleqss. nanaxia kompleqsis warmoqmnis SesaZlebloba hemoproteinsa 

da Sesabamis reduqtazas Soris TanafardobiT 2 : 1. aseTi binaruli kompleqsis arseboba marT-

lac gamovlenilia integrirebul mikrosomebSi. aRmoCnda, rom misi warmoqmna 0°C-zec ki xdeba, 

rodesac molekulaTa moZraobis siCqare mniSvnelovnadaa daqveiTebuli. aqedan SeiZleba 

gakeTdes daskvna, rom hemoproteini da misi reduqtaza membranaSi uSualo siaxloveSi 

imyofebian. iTvleba, rom qsenobiotikTa degradaciaSi oqsigenazaTa klasteruli organizacia 

am fermentul sistemas umaRles katalizur aqtivobas aniWebs. arsebobs monacemebi, rom 

fosfatidilqolini klasteruli kompleqsis aucilebeli Semadgeneli komponentia. 

monooqsigenazebis molekuluri organizaciis meore tipi ferment-substratis urTierTq-

medebaSi gulisxmobs endoplazmur membranebSi gadamtanebis SemTxveviT Sejaxebebs (latera-

lur difuzias). rekonstruirebul aramembranul sistemebze da agreTve gadamtanebiT „aRWur-

vil“ liposomebze Catarebuli cdebiT, SesaZlebeli gaxda am tipis realurad arsebobis dad-

gena. cxadi gaxda, rom gadamtanebi metad Zvradia, advilad difundireben membranis sibrtyeSi 

da SemTxveviTi dajaxebisas adgili aqvs eleqtronis gadatanas. amasTan, bunebrivia, warmo-

iqmneba muxtis gadamtani Sesabamisi binaruli kompleqsebi. imis gamo, rom endoplazmuri 

membranebi Txevadkristaluri struqturisaa, romelSic cilis molekulebs lateraluri moZ-

raoba SeuZlia, swored amitom gadamtanebis erTmaneTTan Tvisobis maxasiaTebeli konstanta 

unda iyos is sidide, romelic membranaSi fermentul sistemaTa molekulur organizacias 

gansazRvravs. sadReisod, ramdenadac CvenTvis cnobilia, endoplazmur membranebSi eleqt-

ronTa gadamtanebisaTvis am sididis raodenobrivi Sefaseba ar momxdara. amitom monooqsi-

genazuri sistemis molekuluri organizaciis problema isev gadauWrelia. amasTan dakavSi-

rebiT intensiuri kvleva Catarda lipiduri biSris mikrosiblanteze eleqtronTa gadatanis 

siCqaris damokidebulebis gamosavlenad. sawyis kriteriumad iqca is varaudi, rom membranis 

fosfolipiduri komponentis mikrosiblantis daqveiTebisas (rac mikrosomidan qoleste-

rolis mocilebiT miiRweva), SesaZlebeli gaxdeboda dadgeniliyo difuziaze damokidebuli 

eleqtronTa gadatanis reaqciebi da am gziT gamovleniliyo eleqtronis gadamtani Tavisufali 

difuziis unaris mqone cila. 

aRniSnuli midgomiT cnobili gaxda, rom NAD(P)H-citoqrom b5-reduqtazuli reaqcia 

damokidebulia difuziis siCqareze, NAD(P)H-citoqrom P450-reduqtazuli ki ara. es Sedegebi 

SeiZleba ganxilul iqnas, rogorc NADH-damokidebuli JangviTi jaWvis ori sawyisi kompo-

nentis _ flavoproteinis da citoqrom b5-is lateraluri Zvradobis pirdapiri eqsperimen-

tuli dadastureba. isini sarwmunod gviCvenebs membranaSi am gadamtanTa uwesrigo ganawilebas. 

maSasadame, citoqrom P450-isa da NADPH-specifikuri flavoproteinis SemTxvevaSi adgili 

unda hqondes SedarebiT mtkice kompleqsis warmoqmnas, vidre am flavoproteinisa da 

citoqrom b5-is SemTxvevaSia. ganxiluli Sedegebi gvafiqrebinebs, rom membranuli da wyalSi 

xsnadi monooqsigenazuri sistemebis molekulur organizaciaSi principuli gansxvaveba ar 

arsebobs.   
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7.1.5 lipidTa peroqsidaciaSi da qsenobiotikTa oqsigenirebaSi membranis  

erTi da igive eleqtronTa satransporto sistema monawileobs 

 

fosfolipidTa ujeri rigis cximovani mJavebis fermentuli zeJanguri Jangva reaqciaTa im 

erT gansakuTrebul klass warmoadgens, romelic endoplazmur membranebSi lokalizebuli 

fermentuli kompleqsebiT xorcieldeba. gansakuTrebul mniSvnelobas iZens am procesSi mik-

rosomuli NADPH-specifikuri flavoproteinisa da citoqrom P450-is monawileobis sakiTxi. 

pirveli monacemebi imis Sesaxeb, rom lipidTa peroqsidacia da qsenobiotikTa Jangva 

erTidaimave fermentebiT katalizdeba, ernstersa da mis TanamSromlebs ekuTvnis. am daskv-

namde avtorebi Semdeg faqtebze dayrdnobiT mividnen: 

1. qsenobiotikTa Jangvis produqtebi ainhibireben lipidTa zeJangur Jangvas; 

2. mikrosomuli preparatebis „daberebisas“, rodesac qsenobiotikTa Jangvis mkveTri daqve-

iTeba xdeba, ixsneba am produqtTa mier NADPH-damokidebuli zeJanguri Jangvis inhibireba. 

aRniSnuli faqtebis asaxsnelad avtorTa mier wamoyenebul iqna hipoTeza, romlis Tanaxma-

dac orive procesSi monawileobs NADPH-is damJangavi eleqtronis transportis saerTo 

fermentuli sistema. axlad gamoyofil mikrosomebSi qsenobiotikebi am sistemaze „baton-

debian“, ris gamoc NADPH-is ZiriTadi fondi maT degradaciaSia CarTuli, xolo lipidTa 

zeJanguri Jangva daTrgunulia. „monopolirebis“ efeqti ar SeiniSneba „asakovan“ mikroso-

mebSi da NADPH-is mJangavi sistema aqtiurad monawileobs lipidur peroqsidaciaSi. 

sadReisod mopovebuli eqsperimentuli monacemebi adastureben NADPH-specifikuri fla-

voproteinis gadamwyvet rols membranuli lipidebis zeJangur JangvaSi. igi warmatebiT 

akatalizebs am process ADP–Fe2+-isa da EDTA–Fe2+-is kompleqsebTan Tanamyofobisas. orive 

SemTxvevaSi adgili aqvs reaqciis saboloo produqtis _ malonis dialdehidis erTnairi rao-

denobiT dagrovebas. rogorc irkveva, mikrosomebSi lokalizebulia lipidTa peroqsidaciis, 

sul mcire, sami fermentuli sistema, romlebic daaxloebiT erTnairi siCqariT, magram gansxva-

vebuli steqiometriiT axorcieleben zeJangur Jangvas, radgan TiToeul maTgans fardobis [O2] : [malonis dialdehidi] sxvadasxva mniSvneloba gaaCnia. samidan ori sistema dakavSirebulia NADPH-specifikur, xolo erTi – NADH-specifikur flavoproteinis funqcionirebasTan. pirve-

lis Taviseburebas is warmoadgens, rom mas gaaCnia Zlier stabiluri aRdgenili mdgomareoba, 

ris gamoc funqcionirebs rogorc erTeleqtroniani gadamtani da advilad gadadis mTlianad 

aRdgenil mdgomareobaSi. 

unda aRiniSnos, rom flavoproteinis katalizuri aqtivoba erTnairia xsnarsa da fosfo-

lipidur biSreSi. es amfifiluri cilebisaTvis damaxasiaTebeli Tvisebaa, rac imaSi mdgoma-

reobs, rom isini konformaciuli cvlilebebis mimarT mdgradobas amJRavneben wylidan lipi-

dur fazaSi gadasvlisas. igive xdeba citoqromebis b5-isa da P450-is SemTxvevaSi. am ukanasknels 

membranaSi funqcionirebisas konformaciuli cvlilebebi ar sWirdeba, radgan mis aqtiur 

centrs organizebuli mdgradi sistema aqvs, rac agreTve misi moqmedebis safuZvelsac 

warmoadgens. 

detergentiT solubilizebuli NADPH-specifikuri flavoproteini rekonstruirebul 

sistemebSi CaSenebisas funqciurad aqtiuria rogorc qsenobiotikebis metabolizmSi, aseve 

lipidTa peroqsidacaSi. am faqts wina planze gamoyavs aRniSnul reaqciebSi fermentis hidro-

fobuli fragmentis roli. eWvgareSea, rom am komponents arsebiTi mniSvneloba aqvs flavo-

proteinis funqciis realizaciaSi. ucnobi rCeba mxolod is, monawileobs Tu ara igi fermentis 

membranasTan dakavSirebisa da misi gansazRvruli sivrcobrivi orientaciis CamoyalibebaSi, Tu 

katalizuri Tvisebebic gaaCnia. 

RviZlis mikrosomebidan gamoyofili flavoproteinis xelovnur liposomaSi CaSenebis Sem-

deg lipidTa zeJanguri Jangvis igive done registrirdeba. es Sedegi TavisTavad imaze 

metyvelebs, rom es fermenti araa zeJanguri Jangvis malimitirebeli faqtori. 
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detergenti, romelic endoplazmur membranebSi lipid-cilur da lipid-lipidur urTie-

rTqmedebaTa cvlilebebs iwvevs, rkinis ionebisaTvis dakavSirebis ubanTa ricxvsac cvlis. 

rogorc aRniSnuli iyo, membranasTan dakavSirebuli rkinis ionebi radikalwarmoqmnis cent-

rebs qmnian da lipidur fazaSi jaWvuri reaqciebis ganviTarebas iwyeben. safiqrebelia, rom 

anionuri detergentebi zrdian rkinis ionTa dakavSirebis centrTa ricxvs da am gziT lipidTa 

peroqsidacias aZliereben. kationuri detergenti _ acetiltrimeTilamoniumbromidi sapiris-

piro efeqts avlens, xolo araionuri detergenti _ triton X-100 – peroqsidaciis siCqareze 

praqtikulad ar moqmedebs. es Sedegebi membranul struqturebSi lipidTa zeJangur Jangvaze 

hidrofobuli erTierTqmedebis cvlilebebis maregulirebeli gavlenis saukeTeso magaliTs 

warmoadgens. 

arseboben monacemebi, romlebic lipidTa fermentul zeJangur JangvaSi da qsenobiotikTa 

hidroqsilirebaSi NADPH-specifikuri flavoproteinis udavo monawileobaze miuTiTeben. 

maTi analizi saSualebas iZleva gakeTdes Semdegi daskvnebi: 

1. orive procesi maRalspecifikuria NADPH-is mimarT; 

2. NADPH-citoqrom P450-reduqtazis konkurentuli inhibitori _ daJanguli NADP efeqturad 

Trgunavs lipidTa fermentul zeJangur Jangvas da qsenobiotikTa hidroqsilirebas; 

3. arsebobs sruli Sesabamisoba sxvadasxva tipis membranebSi NADPH-citoqrom P450 reduqta-

zul aqtivobasa da lipidTa fermentul zeJangur Jangvas Soris; 

4. fermentuli reaqciis samive tipi _ NADPH-citoqrom P450-is Jangva-aRdgena, NADPH-damoki-

debuli hidroqsilireba da NADPH-damokidebuli lipidTa fermentuli zeJanguri Jangva 

substratis mimarT erTnairad stereospecifikuria; 

5. NADPH-specifikuri flavoproteinisadmi Zlier maRali Tvisobis mqone xelovnuri aqcep-

tori menadioni (vitamini K3) erTnairad efeqturad Trgunavs NADPH-damokidebul proce-

sebs – dimeTilanilinis Jangvasa da lipidTa peroqsidacias; 

6. NADPH-is oqsidoreduqcia, qsenobiotikTa Jangva da lipidTa fermentuli zeJanguri Jangva 

uaRresad mgrZnobiarea proteazebis moqmedebis mimarT. flavoproteinis solubilizacia 

mikrosomuli membranebis trifsiniTa da pronaziT xanmokle damuSavebisas hidroqsilire-

bisa da lipidTa peroqsidaciis mkveTr inhibirebas axdens; 

7. eleqtronTa gadatanis NADPH-specifikuri sistema da lipidTa fermentuli zeJanguri 

Jangva mikrosomuli membranis im saerTo fragmentebSia lokalizebuli, romlebic fraq-

ciis ultrabgeriT an izoamilis spirtiT damuSavebisas miiReba. 

CamoTvlili argumentebis miuxedavad, arsebobs faqtebi, romelTa Tanaxmadac orive pro-

cesis gansaxorcieleblad flavoproteinis garda, saWiroa eleqtronis gadamtani sxva kompo-

nentebis arsebobac. sakmarisia aRiniSnos, rom es fermenti membranis zedapirzea ganlagebuli 

da masTan dasakavSireblad gamoiyeneba ara lipidebi, aramed membranuli cilebis aminomJavuri 

naSTebi (amis mizezia proteazebis maRali masolubilizebeli aqtivoba). membranul cilebTan 

susti kontaqti gvafiqrebinebs, rom zeJanguri Jangvis iniciaciaSi flavoproteini uSualod 

ar monawileobs. amisaTvis saWiroa radikalebis warmomqmnel centrebsa da fermentul zeJan-

gur Jangvas Soris sivrcobrivi siaxlove. amitom Tvlian, rom lipidTa fermentuli peroqsida-

ciis warmatebiT ganxorcielebisaTvis NADPH-specifikuri flavoproteini aucilebelia, ma-

gram procesis iniciacia mainc ara am pirvel komponentTan, aramed ufro moSorebiT, sadRac 

Sualed an saboloo ubanze xdeba. 

endoplazmur membranebSi NADPH-specifikuri eleqtronis satransporto jaWvis momdevno 

komponenti sabolood cnobili araa. varaudoben, rom flavoproteinsa da citoqrom P450-s So-

ris aqceptoris yvelaze Seucvlel komponents arahemuri, feredoqsinis msgavsi rkinis Semc-

veli cila unda warmoadgendes, romelic zogierT rekonstruirebul sistemaSi marTlac efeq-

turad funqcionirebs. am cilis arseboba dadgenilia Tirkmelzeda jirkvlis mitoqondrul 

membranaSi. RviZlis mikrosomul fraqciaSi aseTi cilis identifikaciis yvela mcdeloba uSe-
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dego aRmoCnda. amitom, sadReisod iTvleba, rom mJangveli sistemis am ubanze citoqrom b5 
funqcionirebs. 

endoplazmuri membranebis NADPH-specifikuri redoqs-sistemis calkeuli komponentis 

TvisebaTa ganxilva ar iZleva romelime maTganze lipidTa peroqsidaciis zusti lokalizaciis 

dadgenis saSualebas, radgan Tavisufali radikalebi, romlebic zeJangur Jangvas inicireben, 

SeiZleba warmoiqmnan rogorc sawyis (TviTJangvadi flavinis), aseve terminalur (citoqrom P450-is) ubnebze. miTumetes Znelia am procesSi eleqtronis satransporto jaWvis Sualeduri 

ubnis rolze msjeloba. 

axla ganvixiloT NADPH-specifikuri redoqs-sistemis saboloo eleqtronuli aqceptoris, 

citoqrom P450-is SesaZlo monawileoba lipidTa fermentul zeJangur JangvaSi. amTaviTve unda 

iTqvas, rom mTeli rigi mkvlevarebisa uaryofs am faqts da amis safuZvlad asaxeleben sakmaod 

damajerebel arguments: aRniSnuli hemoproteinis klasikuri inhibitori _ naxSirbadis mo-

nooqsidi fermentul zeJangur Jangvaze araviTar gavlenas ar axdens. ra Tqma unda, es argumen-

ti samarTliani iqneboda im SemTxvevaSi, Tu CavTvliT, rom zeJanguri JangvisaTvis aucilebe-

lia eleqtronis gadatana hemoproteinis hemur ubanze. amasTan, gasaTvaliswinebelia citoqrom P450-is sami metad sayuradRebo Tavisebureba: 

1. apofermentis SH-jgufebi, rogorc ligandebi, monawileoben hemuri rkinis dakavSirebaSi; 

2. fermenti lokalizebulia membranis hidrofobul zonaSi, anu zeJanguri Jangvis substrat-

Ta uSualo siaxloveSi; 

3. citoqrom P450 warmoadgens redoqs-sistemis im komponents, romelzec yvelaze metadaa mo-

salodneli Tavisufali radikalebis warmoqmna. hidroqsilis radikalebTan erTad gamo-

ricxuli araa organuli radikalebis, kerZod, aminomJavaTa radikalebis generirebac. yo-

velive zemoTqmulis gaTvaliswinebiT arCakovma warmoadgina lipidTa fermentul zeJangur 

JangvaSi citoqrom P450-is monawileobis ramdenadme uCveulo meqanizmis sqema (nax. 7.4). 

qsenobiotikis

hidroqsilireba

eleqtronis 

gadatanis jaWvi

hemisFe
SH

FePP

O2

lipidTa 

zeJanguri Jangva

citoqrom P450-is 

apofermenti

a.

b. eleqtronis 

gadatanis jaWvi SH

O2

hemisFe
citoqrom P450-is 

apofermenti

 
nax. 7.4. citoqrom P450-is monawileoba qsenobiotikTa hidroqsilirebisa (a) da lipidTa fer-

mentuli zeJanguri Jangvis reaqciebSi (b) (ganmarteba ix. teqstSi). 
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am mkvlevaris Tanaxmad, hemoproteinis aqtiur centrSi myof apofermentis SH-jgufTan 

rkinis pirofosfatis dakavSirebisas xdeba Tavisufali radikalebis generirebadi axali cen-

tris Camoyalibeba (sqemaze FePP), romlis aqtivobac naxSirbadis monooqsidiT ar inhibirdeba. 

am SemTxvevaSi citoqrom P450 funqcionirebs ara rogorc hemoproteini, aramed rogorc arahe-

muri gogirdSemcveli rkinaproteini. mikrosomebis eleqtronebis satrnsporto sistemaSi ci-

toqrom P450 warmoadgens im erTaderT gadamtans, romelsac aqtiur centrSi SH-jgufi gaaCnia 

da eleqtronis gadatanaSi monawileobis miReba SeuZlia. zeJanguri Jangvis fermentuli siste-

ma ki mgrZnobiarea SH-jgufebis iseTi Sxamebis mimarT, rogoric p-qlormerkuribenzoati, HgCl2 
da mersalilia. rogorc Cans, SH-jgufi lipidur peroqsidaciaSi mxolod endogenur rkinasTan 

kompleqsirebisas erTveba. arafermentul, askorbatdamokidebul zeJangur JangvaSi SH-jgu-

febis raime roli gamoricxulia, radgan es procesi sulfhidriluri jgufebis Sxamebis mimarT 

aramgrZnobiarea. 

soiis nazardebidan miRebul mikrosomul fraqciaze Cvens laboratoriaSi Catarebuli 

gamokvlevebiT dadgenilia, rom lipoperoqsidaciis rogorc fermentuli, aseve arafermen-

tuli procesi qsenobiotikis (dimeTilanilinis) Jangvis gaZlierebas iwvevs. Fe2+-isa da NADPH-
is Tanamyofobisas lipidTa zeJanguri Jangvis orive reaqcia TiTqmis sinergiulad jamdeba. 

paralelurad adgili aqvs fraqciis N-demeTilazuri aqtivobis zrdas. fosfatidilqolini, 

romelsac antioqsidanturi Tvisebebi gaaCnia, lipidTa zeJanguri Jangvis inhibirebasTan 

erTad aRniSnuli qsenobiotikis N-demeTilirebas astimulirebs. fosfatidileTanolamins 

aseTi gamokveTili moqmedeba ar gaaCnia. rogorc Cans, misi naxSirwyalbadovani naSTis ujeri 

bmebi TviTon warmoadgens Tavisufali radikalebisaTvis moxerxebul samiznes, razec 

miuTiTebs lipoperoqsidaciis erT-erTi saboloo produqtis – malonis dialdehidis dagro-

veba sareaqcio areSi. miRebuli monacemebis safuZvelze dasaSvebad miviCnieT mosazreba, rom 

qsenobiotikis Jangvis procesi radikalur stadias Seicavs, Tumca igi lipiduri peroqsi-

daciisadmi damoukideblobiT xasiaTdeba. 

arsebiTia membranis hidrofobul zonaSi citoqrom P450-is lokalizaciis faqtoric: 

danarCeni gadamtanebisagan gansxvavebiT, misi solubilizacia mxolod lipazebiTa da 

detergentebiT xerxdeba. hemoproteini membranasTan mtkiced bmuli fermentia da misTvis 

daculia Tavisufali radikalebis iniciaciis centrebisa da zeJanguri Jangvis substratTa 

sivrcobrivi siaxlovis piroba. fermentul zeJangur JangvaSi citoqrom P450-is monawileobaze 

miuTiTebs am procesis daTrgunva hemoproteinis iseTi specifikuri inhibitorebiT, 

rogorebic SKF-S25A (β,β-dieTilaminoeTildifenilpropilacetati) da nikotinamidia. 

amgvarad, arsebul monacemebze dayrdnobiT SegviZlia miviRoT, rom: 

1. endoplazmur membranebSi arsebobs lipidTa zeJanguri Jangvis ori sistema, romelic erT-

maneTisagan principulad gansxvavdeba iniciaciis stadiiT. NADPH-specifikuri sistemis 

SemTxvevaSi radikalwarmomqmneli centrebi _ rkinis (II) ionebi eleqtronis gadamtani jaW-

viT fermentulad aRdgeba, xolo arafermentul sistemaSi rkinis aRdgena askorbatiT an Se-

saferisi redoqs-potencialis mqone sxva aRmdgeneliT xdeba; 

2. orive procesis kinetika da steqiometria imis sasargeblod metyvelebs, rom am reaqciaTa 

ganviTarebas erTiani, radikaluri-jaWvuri meqanizmi udevs safuZvlad; 

3. Fe2+ an Fe3+ ukavSirdeba cilis garkveul funqciur jgufs, ris Sedegadac es ukanaskneli ra-

dikalebis warmoqmnis (reaqciis iniciacia) centri xdeba. lipidTa fermentuli zeJanguri 

Jangvis SemTxvevaSi aseTi jgufi SeiZleba iyos citoqrom P450-is aqtiur centrSi arsebuli 

sulfhidriluri jgufi, xolo arafermentul zeJangur JangvaSi es roli SeiZleba Seasru-

lon im membranuli cilebis funqciurma jgufebma, romlebic hidrofobuli fazidan ar  

solubilizdeba.  
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7.2 monooqsigenazuri sistemis regulacia aRmdgeneli  

eqvivalentebis doneze  

 

7.2.1 urTierTqmedeba eleqtron-satransporto gzebs Soris  

 

mikrosomul NADH- da NADPH-specifikur redoqs-jaWvebis urTierTqmedebaSi ZiriTadad 

maT Soris aRmdgeneli eqvivalentebis cvla da hidroqsilirebis aqtis ganxorcielebaSi Ti-

Toeuli maTganis Tanamonawileobis donis gansazRvra igulisxmeba. gansakuTrebiT mniSvnelo-

vania eleqtronTa gadatanis meqanizmisa da am procesSi citoqrom b5-is rolis garkveva. amTa-

viTve aRvniSnavT, rom uamravi gamokvlevebis Sedegad dagrovili faqtebi imis sasargelod me-

tyveleben, rom: 1. NADH-is Jangvis jaWvidan NADPH-is Jangvis jaWvze adgili aqvs aRmdgeneli eqvivalentebis 

gadatanas;  2. NADH-citoqrom b5-reduqtaza uSualod monawileobs qsenobiotikTa hidroqsilirebaSi. 

pirveli argumentis eqsperimentuli dadastureba aRdgenili NADH-iT dimeTilanilinis NADPH-damokidebuli hidroqsilirebis (N-demeTilirebis) stimulaciaa. sainkubacio xsnarSi NADPH-is dabali (KM-is rigis) koncentraciebisas, NADH-is damateba mniSvnelovnad aCqarebs 

dimeTilanilinisa da eTilmorfinis N-demeTilirebis reaqciebs. es Sedegi saSualebas iZleva 

miRebul iqnas, rom NADH-is Jangvis procesSi misi reducirebadi eqvivalentebi SeiZleba 

moxvdnen NADPH-is redoqs-jaWvSi da rodesac es ukanaskneli sruladaa gajerebuli Tavisi 

substratiT, mastimulirebeli gavlena moaxdinos hidroqsilirebis reaqciaze. Semdgom dadge-

nil iqna, rom NADH-is mastimulirebeli efeqti vlindeba NADPH-is rogorc dabali, aseve maRa-

li koncentraciebisas da agreTve NADPH-generirebadi sistemis (glukozisa da glukozo-6-

fosfatdehidrogenazis narevis) damatebisas. am faqtebze dayrdnobiT estabrukma da Tanam-

Sromlebma (1971 w.), xolo cota mogvianebiT arCakovma da TanamSromlebma (1974 w.) warmoadgines NAD(P)H-sistemaTa monawileobis sqemebi citoqrom P450-is mier ganxorcielebul hidroqsili-

rebis reaqciebSi. saWirod vTvliT TvalsaCinoebisaTvis moviyvanoT orive sqema (nax. 7.5 da 7.6). 

e_
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NADPH FP1 citoqrom  P450

NADH FP2 citoqrom b5

S
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+ +

CO 450+ +hγO2
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nax. 7.5. eleqtronebis gadatana endoplazmuri retikulumis membranebSi (estabrukis mixed-

viT). R _ ujeri cximovani mJavaa, S – hidroqsilirebis substratia. 
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NADPH FP1 citoqrom b5 citoqrom P450
NADH FP2 citoqrom b5

S O2

H2OSOH
 

nax. 7.6. redoqs-jaWvebs Soris reducirebadi eqvivalentebis cvlis SesaZlo gzebi (arCakovis 

mixedviT). sruli isrebiT aRniSnulia eleqtronTa yvelaze savaraudo cvlis gzebi. 

 

rogorc vxedavT, am or sqemas Soris principuli gansxvavebaa. nax. 7.5-ze mocemul sqemaze 

araa dakonkretebuli flavoproteinisa da citoqrom P450-s Soris arsebuli Sualeduri ga-

damtani da igi daudgenel X-komponentad iTvleba. nax. 7.6-ze warmodgenili sqemis Tanaxmad ki 

am ubanze funqcionirebs citoqrom b5-is qvefraqcia, romelic mikrosomebSi am hemoproteinis 

saerTo Semcvelobis 20_30%-s ar aRemateba. 

estabrukis sqemis mixedviT eleqtronTa gadatanis NADPH-isa da NADH-is redoqs-jaWvebi 

damoukideblad funqcionireben. NADPH-is Jangvis sistema citoqrom P450-is aRdgenisaTvis 

saWiro pirvel eleqtrons, xolo NADH-is Jangvis gza citoqrom b5-is gavliT Jangbadis gaaqti-

vebisaTvis saWiro meore eleqtrons iZleva. arCakovis sqemis mixedviT ki eleqtronTa gadata-

nis orive gzas saerTo ubani gaaCnia da yovel jaWvs hidroqsilirebisaTvis aucilebeli orive 

eleqtroniT uzrunvelyofs. 

arsebuli faqtebi jerjerobiT ar iZlevian romelime sqemis utyuarobis srul garantias.  

nikotinamiduri kofermentebis Tanamyofobisas hemoproteinis aRdgenis siCqaris gazomva 

saSualebas iZleva, dadgindes redoqs-jaWvebis SigniT eleqtronTa gadatanis siCqareebis 

konstantebi, agreTve NADH-is Jangvis jaWvidan NADPH-is Jangvis jaWvze eleqtronTa gadatanis 

reaqciis siCqareTa konstantebi. am SemTxvevaSi SeuZlebelia gaizomos mxolod NADPH-specifi-

kuri redoqs-jaWvidan NADH-is Jangvis jaWvze eleqtronis gadatanis siCqare. miuxedavad amisa, NADPH-iT citoqrom b5-is aRdgenis mrudi gviCvenebs, rom es siCqare sakmaod maRalia da NADPH-

is Jangvis jaWvSi citoqrom b5-is aRdgenis siCqaresTan savsebiT Sesadarebeli sididea. am 

mrudze ar Cndeba „gadatexis wertilebi”, romliTac SeiZleboda NADPH-sadmi specifikuri 

flavoprotein-reduqtaziT citoqrom b5-is ori qvefraqciis gansxvavebuli siCqariT aRdgena 

eCvenebinaT. safiqrebelia, rom NADPH-specifikuri flavoproteiniT orive citoqromi erT-

nairi siCqariT aRdgeba, anu NADPH-is Jangvis jaWvidan NADH-is Jangvis jaWvze eleqtronTa ga-

datana mimdinareobs imave, an ufro meti siCqariT, rac TviT NADPH-is Jangvis jaWvSi citoqrom b5-is aRdgenas gaaCnia. vinaidan NADH-is Jangvis jaWvSi citoqrom b5-is Semcveloba NADPH-is 

Jangvis jaWvTan SedarebiT gacilebiT maRalia, amitom NADPH-is Jangvis jaWvidan NADH-is Jang-

vis JaWvze eleqtronTa gadatanis reaqciis siCqaris konstanta ar SeiZleba NADPH-citoqrom b5-

reduqtazuli reaqciis siCqaris konstantaze naklebi iyos. 

redoqs-jaWvebs Soris eleqtronTa gadanawilebis zusti ubnebis dasadgenad Seswavlil iq-

na ferment pronazas efeqturoba: dabali koncentraciebisas mas NADPH-specifikuri flavo-

proteinis SerCeviTi solubilizebisa da amdenad, citoqromebis b5-isa da P450-is aRdgenis siC-

qareze zemoqmedebis unari gaaCnia. sainkubacio narevSi pronazis damatebisas mniSvnelovnad 

qveiTdeba NADPH-iT citoqrom b5-is aRdgenis reaqciis siCqare, magram praqtikulad ar icvleba NADH-iT misi aRdgena. amgvarad, Tu NADH-is Tanamyofobisas citoqrom P450-is aRdgena NADH-

redoqs-jaWvidan NADPH-is Jangvis jaWvze eleqtronebis gadasvlis Sedegia, maSin mikrosomebis 

pronaziT damuSavebas am reaqciis iseTive inhibireba unda gamoewvia, rogorsac eleqtronTa 
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NADPH-specifikuri gadatanis sxva reaqciebi ganicdian. amis sapirispirod aRmoCnda, rom mi-

krosomebis proteazuli damuSaveba NADH-citoqrom P450-reduqtazul reaqciaze ar moqme-

debs. es Sedegi TavisTavad gamoricxavs NADPH-specifikuri flavoproteinis monawileobas 

eleqtronTa saboloo gadatanaSi NADH-is Jangvis jaWvidan NADPH-is Jangvis jaWvze. sxvagva-

rad rom iTqvas, redoqs-jaWvebs Soris eleqtronTa gadanawileba warmoebs ara sawyis _ flavo-

proteinul ubanze, aramed momdevno _ citoqromebis doneze. amis sasargeblod metyvelebs is 

faqtic, rom mikrosomebSi araa identificirebuli NADH + NADP → NAD + NADPH reaqciis maka-

talizebeli fermenti _ transdehidrogenaza. 

analogiuri Sedegebi iqna miRebuli dimeTilanilinis N-demeTilirebis reaqciis siCqareze 

propilgalatis mainhibirebeli moqmedebis SeswavliTac, rodesac kosubstratebad NADPH da NADH gamoiyeneboda. es nivTiereba urTierTqmedebs da Trgunavs NADPH-specifikur flavo-

proteins. NADH-is Jangvis jaWvidan NADPH-is Jangvis jaWvSi eleqtronTa gadatana sawyis fla-

voproteinul ubanze rom xdebodes, aRniSnul inhibitors unda moexsna NADPH-is TanamyofobiT 

inducirebul demeTilirebis reaqciaze NADH-is mastimulirebeli moqmedeba. garda amisa, pro-

pilgalats unda daeTrguna NADH-is Tanamyofobisas citoqromebis _ b5-isa da P450-is aRdgenis 

siCqare. Catarebulma gamokvlevebma aCvenes, rom es inhibitori absoluturad araefeqturia NADH-damokidebuli reaqciebis mimarT. 

mikrosomebis or sunTqviT jaWvs Soris eleqtronTa cvlis SesaZlo punqti, rogorc Cans, 

citoqrom b5-is donea. amasTan, yovelTvis ar xdeba eleqtronTa gadatana FP2-dan citoqrom P450-ze. mZlavri NADH-citoqrom b5-reduqtazuli sistemis arsebobisas NADH-is Jangvis jaWvSi 

citoqrom b5 mTlianad aRdgenil mdgomareobaSia da mxolod NADH-is siWarbisas SeiZleba 

eleqtronis gadatanis es gza CairTos: NADH → FP2 → citoqrom P450. 
arsebobs eqsperimentuli monacemebi, romlebic mikrosomebSi aseTi fermentuli kompleq-

sis funqcionirebas adastureben. Tumca NADH-citoqrom P450-reduqtazis gamoyofili prepa-

rati citoqrom b5-s mxolod kvalis saxiT Seicavs. 

ganxiluli faqtebidan gamomdinare, unda aRiniSnos, rom NADPH-is Jangvis jaWvidan NADH-is 

Jangvis jaWvze reducirebadi eqvivalentebis gadatana SeiZleba xdebodes an am ukanasknelSi 

myofi citoqrom b5-is NADPH-specifikuri flavoproteiniT uSualo aRdgenis gziT, an am cito-

qromze eleqtronTa gadataniT NADPH-damokidebuli gziT citoqrom b5-dan. am reaqciis siC-

qare NADPH-is Jangvis jaWvSi citoqrom b5-is aRdgenis siCqaris tolia. NADH-specifikuri jaWvidan NADPH-is Jangvis jaWvze eleqtronTa gadasatanad SeiZleba ga-

moirCes sami yvelaze SesaZlo gza:  1. uSualod NADH-specifikuri flavoproteinidan citoqrom P450-ze;  2. uSualod NADH-damokidebuli gzis citoqrom b5-dan citoqrom P450-ze;  3. NADH-is Jangvis jaWvis citoqrom b5-dan NADPH-is Jangvis gziT citoqrom b5-ze.  

am reaqciaTa siCqareebi Zlier mcirea. 

warmodgenil sqemebs saerTo is gaaCniaT, rom oriveSi daSvebulia citoqrom b5-dan cito-

qrom P450-ze eleqtronTa uSualo gadatanis SesaZlebloba. NADH-redoqs-jaWvidan citoqrom P450-hidroqsilazur sistemaze citoqrom b5-is saSualebiT eleqtronTa gadatana amJamad da-

dasturebul faqtad SeiZleba miviCnioT. 

amgvarad, SegviZlia sarwmunod miviRoT, rom NADH-is JangviT jaWvSi ar arsebobs eleq-

tronTa terminaluri autooqsidabeluri aqceptori. am jaWvSi citoqrom b5 mudmivad aRdge-

nil mdgomareobaSi imyofeba da eleqtronTa Taviseburi koleqtoris rols asrulebs, saidanac 

aRmdgeneli eqvivalentebis gadineba SeiZleba ganxorcieldes an mikrosomebis NADPH-damoki-

debuli redoqs-jaWviT, an mitoqondriis citoqromoqsidazuli sistemiT, romelzec momdevno 

paragrafSi gveqneba saubari. 
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7.2.2 eleqtronTa transmembranuli cvla mikrosomasa  

da mitoqondrias Soris   
eleqtronTa transmembranuli migracia sayovelTaod cnobili faqtia. konkretul SemTxve-

vebSi reducirebadi eqvivalentebis membranaTa Soris gadatana SeiZleba ganxorcieldes or me-

zobel mikrosomul membranas Soris, or mitoqondriul membranas Soris, an mikrosomul da mi-

toqondriul membranebs Soris. membranuli qsenobioqimiisaTvis gansakuTrebiT sayuradRebosa 

da sainteresos mesame SemTxveva warmoadgens, radgan: 1. mitoqondriidan mikrosomaze, kerZod, NADPH-specifikur redoqs-jaWvze eleqtronTa ga-

dasvlas Tan axlavs am ukanasknelis JangviTi unaris gaZliereba da Sesabamisad, qsenobiotikTa 

mTliani biodegradaciis procesis sawyisi, siCqaremalimitirebeli stadiis _ hidroqsilirebis 

reaqciis siCqaris mniSvnelovani zrda. maSasadame, am SemTxvevaSi adgili aqvs mitoqondriis 

mxridan qsenobiotikTa JangviTi gardaqmnebis regulacias aRmdgeneli eqvivalentebis doneze. 

literaturaSi es fenomeni „mitoqondriuli kontrolis” saxelwodebiT moixsenieba. am regu-

latoruli meqanizmis kidev erTi biologiuri mniSvneloba imaSi mdgomareobs, rom endoplaz-

mur membranebSi qsenobiotikTa Jangvis gaZlierebiT, mitoqondria Tavs izRvevs maRali kon-

centraciebiT masSi ucxo nivTierebebis moxvedrisagan, romlebic sunTqviTi jaWvis (citoqro-

moqsidazuri sistemis, gansakuTrebiT pirveli kompleqsis _ NADH-CoQ-reduqtazis) Zlier inhi-

birebasa da energetikuli cvlidan mitoqondriis gamoTiSvas iwvevs. 2. mikrosomuli NADPH-specifikuri Jangvis jaWvidan mitoqondriaze redoqs-eqvivalentebis 

gadataniT aqtiurdeba citoqromoqsidazuri sistema, rac energetikuli SeuRlebisa da mito-

qondriis (mTlianad ujredis) energetikuli statusis zrdaSi mdgomareobs. aseTi funqciis 

SeZeniT mikrosomuli Jangvis sistema, sxva metaboluri gzebis analogiurad, „srul uflebebSia 

aRdgenili” energetikuli da plastiuri cvlis TvalsazrisiT. aq mniSvnelovania meore gare-

moebac: mitoqondriis Sida membrana eqstramitoqondriuli NADPH-isaTvis ganuvladia; amitom 

energetikuli saWiroebebisaTvis misi aRdgenili eqvivalentebis aseTi uSualo da pirdapiri 

gamoyeneba SeuZlebelia. im SemTxvevaSi, rodesac mikrosomuli NADPH-specifikuri jaWvi qse-

nobiotikis hidroqsilirebiT araa dakavebuli (misi citoqrom b5 „moclilia”), mas am nikotina-

miduri kofermentis Tavisufali, hidroqsilirebasTan araSeuRlebuli Jangva da misi aRmdge-

neli eqvivalentebis mitoqondriaze gadacema ZaluZs. maSasadame, NADPH-is Tavisufalma Jang-

vam SeiZleba mikrosomisa da mitoqondriis energetikuli SeuRleba ganaxorcielos. cxadia, am 

SemTxvevaSi saxeze gveqneba NADPH-is eleqtronebis mitoqondriuli realizaciis kidev erTi 

alternatiuli gza.   
7.2.3 mitoqondriuli kontroli 

 

pirvelad igi RviZlis hepatocitebSi iqna gamovlenili (sinti, Senkmani da sxv., 1972_1973 
w.w.) da misi arsi mitoqondriuli Jangvis substratebiT citoqrom P450-is I-tipis qsenobiotik-

Ta hidroqsilirebis stimulaciaSi mdgomareobs. sxvagvarad rom vTqvaT, mitoqondriebi en-

doplazmur membranebSi ucxo naerTTa biotransformaciis ujreduli kontrolis adgils war-

moadgenen. mitoqondriebisa da mikrosomebis kombinirebul sistemaSi am kontrolis gansaxor-

cieleblad ori yvelaze SesaZlo meqanizmi ikveTeba:  1. mitoqondriidan mikrosomaze reducirebadi eqvivalentebis gadatana ori (mitoqondriuli 

da mikrosomuli) citoqrom b5-is saSualebiT, risTvisac aucilebeli pirobaa orive tipis 

membranul struqturaTa uSualo kontaqti;  2. piridinnukleotidebis gaSualebuli gadatana malat-aspartatuli da izocitratuli Sun-

tirebiT (maqoseburi meqanizmiT), rodesac Sidamitoqondriul NADH-s mikrosomul hidroq-
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silirebaSi monawileobis miReba SeuZlia citoqrom P450-substratis kompleqsze eleqtro-

nis gadatanis gziT.  

maSasadame, mitoqondriuli kontrolis ganxorcielebisas mikrosomis eleqtronTa sa-

transporto sistema qsenobiotikTa JangviTi degradaciisaTvis saWiro energias mitoqondrie-

bidan iRebs ara ATP-s qimiuri energiis, aramed saTanado energiis mqone eleqtronebis saxiT. 

mitoqondriul kontrols struqturuli aspeqtebic gaaCnia. eleqtronuli mikroskopiiT 

naCvenebia, rom kombinirebul sistemaSi piruvatis damatebisas endoplazmuri retikulumis 

membranebi vezikulebad gardaiqmnebian da mitoqondriis garSemo orientirdebian. am dros, ro-

gorc Cans, aucilebeli xdeba „moclili” citoqrom b5-is didi raodenobiT gamoyeneba, raTa mo-

Zebnil iqnas membranul struqturaTa sakontaqto adgilebi am ubnebze redoqs-potencialebis 

swrafad gasaTanabreblad. eleqtronTa transmembranuli gadatana mitoqondriuli filamen-

tis erTganzomilebian da endoplazmuri badis cisternaTa organzomilebian sivrceSi difu-

ziis gaZlierebis pirobebs qmnis. safiqrebelia, rom ujredis sxvadasxva ubnebSi redoqs-

potencialebi am gziT ufro swrafad Tanabrdeba, vidre citozolis samganzomilebian sivrceSi 

metabolitebisa da kofaqtorebis Tavisufali difuziiT. 

cxovelur qsovilSi mitoqondriuli kontrolis realuri arseboba momdevno wlebSi sxva 

avtorTa mierac iqna dadasturebuli. procesis regulatorul meqanizms dRes Semdegi axsna 

aqvs: qsenobiotikis maRali koncentracia, romelmac citoqrom P450 srulad gaajera, mito-

qondriaSi SeiRweva da sunTqviTi jaWvis inhibirebas iwvevs. am pirobebSi adgili aqvs mitoqon-

driidan mikrosomaze citoqrom P450-is maqsimaluri funqcionirebisaTvis saWiro aRmdgeneli 

eqvivalentebis damatebiTi nakadis warmoqmnas. amis Sedegad izrdeba qsenobiotikis Jangvis siC-

qare, ris Sedegadac mitoqondriul sunTqvaze misi mablokirebeli moqmedeba moixsneba. safi-

qrebelia, rom mitoqondriis NADH-dehidrogenazidan (sunTqviTi jaWvis I ansamblidan) eleq-

tronTa transmembranul gadatanaSi CarTulia citoqrom b5-is orive (mitoqondriis gare mem-

branisa da mikrosomis) qvefraqcia. am varauds adasturebs erTi mxriv, mitoqondriul kont-

rolSi suqcinatis (sunTqviTi jaWvis II ansamblis substratis) absoluturi araefeqturoba, 

xolo meore mxriv, qsenobiotikis Jangvis gaZliereba I kompleqsis inhibitorebiT _ rotenoniTa 

da amitaliT. qsenobiotikTa JangvaSi aseTi daxvewili regulatoruli meqanizmis arsebobis 

miuxedavad, mainc iTvleba, rom eleqtronTa mitoqondriuli wyaro hidroqsilirebis procesi-

saTvis mainc damxmarea da im wyarosTan SedarebiT, romelsac mikrosomuli NADPH-damoki-

debuli eleqtronTa satransporto gza warmoadgens, meorexarisxovania. 

yovelive zemoTqmuli SegviZlia warmovidginoT sqematurad (nax. 7.7), romelSic gaTvalis-

winebulia mitoqondriul kontrolSi izocitratuli da malat-aspartatuli maqoseburi meqa-

nizmebis monawileobac. 

ra viTareba gvaqvs am mimarTebiT mcenareul ujredSi? Cvens laboratoriaSi, upirveles 

yovlisa, Seiswavleboda qsenobiotikis (dimeTilanilinis) gavlena mitoqondriebSi suqcinatisa 

da izocitratis Jangvaze. aRmoCnda, rom pirvelis Jangvis siCqare 1/3-iT qveiTdeba, magram 

sunTqviTi kontroli ucvleli rCeba. ufro Zlier inhibirebas ganicdis izocitratis Jangva. am 

procesis siCqare naxevrdeba, xolo sunTqviTi kontrolis mniSvneloba 3-dan 2.5-mde mcirdeba. 

maSasadame, dimeTilanilini udavod inhibitorulad moqmedebs sunTqviTi jaWvis, da gansaku-

TrebiT, misi I kompleqsis funqcionirebaze.  

mcenaris mikrosomebisa da mitoqondriebis kombinirebul sistemaSi dimeTilanilinis N-

demeTilireba Zlierdeba malatis, izocitratis da suqcinatis damatebiT, e.i. dimeTilanili-

nis mikrosomuli Jangva mitoqondriuli kontrolis qveS imyofeba. sayuradReboa, rom es efeq-

ti vlindeba kombinirebul sistemaSi, magram ara mTlian qsovilSi. 
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nax. 7.7. qsenobiotikebis hidroqsilirebis „mitoqondriuli kontrolis” savaraudo sqema. 

punqtiriT mocemulia qsenobiotikis mainhibirebeli moqmedeba sunTqviT jaWvze. 

 

limonmJavas ciklis intermediatebis mastimulirebeli moqmedeba CamorCeba NADPH-is 

efeqts. amasTan, NADPH-iT miRweuli qsenobiotikis Jangvis stimulacia mitoqondriis sub-

stratTa damatebisas aRar izrdeba, e.i. sainkubacio suspenziaSi egzogenurad damatebuli NADPH-is Tanamyofobisas, mitoqondriuli kontroli azrs kargavs da ixsneba. mniSvnelovania 

isic, rom qsenobiotikis dasaJangad saWiro eleqtronebi citoqrom P450-ma SeiZleba calkeu-

lad miiRos an mxolod NADPH-dan, an mxolod mitoqondriidan, magram upiratesoba pirvels 

eniWeba. 

cdebis calke seriaSi kombinirebul sistemas citoqromoqsidazis dasablokad natriumis 

azids vamatebdiT. am dros mitoqondriidan mikrosomaze eleqtronTa migraciisaTvis optima-

luri pirobebi iqmneba. procesis intensivobas amjerad citoqromebis P450-isa da b5-is aRdge-

nis kinetikiT vafasebdiT. mitoqondriul Jangvis substratebTan SedarebiT, NADPH-is moqme-

debis efeqti am SemTxvevaSic ufro maRali aRmoCnda. unda aRiniSnos, rom orive citoqromis 

aRdgenis doneebi yvela variantSi erTmaneTTan korelaciaSia, rac mitoqondriul kontrolSi 

citoqrom b5-is uSualo monawileobaze miuTiTebs. 

miRebuli Sedegebidan yuradRebas imsaxurebs N-demeTilirebaze suqcinatis mastimulire-

beli moqmedeba, rac procesSi sunTqviTi jaWvis II kompleqsis (suqcinatdehidrogenazis) mona-

wileobis maCvenebelia. rogorc Cans, am kompleqsidan eleqtronebi pirdapir xvdebian mikroso-

mebis NADPH-specifikur JangviT jaWvze. am faqts adasturebs suqcinatdehidrogenazis inhi-

bitorebis _ malonatisa da oqsaloacetatis damTrgunveli moqmedeba mikrosomuli 

citoqromebis aRdgenaze. garda amisa, suqcinatis efeqti aramgrZnobiare aRmoCnda rotenonis 

moqmedebis mimarT, rac imis maCvenebelia, rom am dros migraciaSi sunTqviTi jaWvis I kompleqsi 

ar monawileobs. 

mitoqondriebidan mikrosomebze eleqtronebis gadatanis intensivoba damokidebulia Jang-

visa da fosforilebis SeuRlebis xarisxze. Cven SevZeliT gveCvenebina, rom citoqrom P450-is 

aRdgenis maRali siCqare dabali energetikuli SeuRlebis, an Jangvisa da fosforilebis 2,4-

dinitrofenoliT gaTiSvisas miiReba. ADP-s damatebiT SeuRlebis gazrdisas piriqiT, hemopro-
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teinis aRdgenis siCqare muxruWdeba. maSasadame, mitoqondriidan mikrosomaze eleqtronebis 

migraciis erT-erT aucilebel pirobas sunTqviT jaWvSi eleqtronebis Tavisufali nakadis ar-

seboba warmoadgens. 

savsebiT misaRebia, rom mitoqondriidan mikrosomaze eleqtronebis gadatanaSi erTdrou-

lad sunTqviTi jaWvis I, II da III kompleqsebi monawileoben, magram energetikuli TvalsazrisiT 

ufro xelsayrelia, rom eleqtronTa migracia II da III kompleqsidan xdebodes, radgan aq eleq-

trons SedarebiT dabali energia aqvs. rac Seexeba I kompleqsidan mikrosomebze eleqtronTa 

pirdapir gadatanas, igi iZulebiTi gza unda iyos, romelic III kompleqsis blokirebisas iwyebs 

funqcionirebas. mitoqondriuli kontrolis ganxorcielebaSi cianid-rezistentuli sunTqvis 

sistemebic SeiZleba monawileobdnen, radgan maT bc1-kompleqsze eleqtronTa uSualo Semota-

nis unari aqvT.   
7.2.4 NADPH-is Tavisufali Jangva mikrosomebSi   

cxoveluri qsovilisa da baqteriebis monooqsigenazebisagan gansxvavebiT, RviZlis cito-

qrom P450 arc erT substrats ar Jangavs sruli SeuRlebiT da NADPH-is redoqs-eqvivalentebis 

xarjva yovelTvis araa dakavSirebuli qsenobiotikis hidroqsilirebasTan. misi garkveuli na-

wili sxva oqsidazur reaqciebs xmardeba. nikotinamiduri kofermentis aseT Jangvas Tavisufa-

li ewodeba. 

mTel rig kvleviT centrebSi, da maT Soris Cvens laboratoriaSic, naCvenebi iqna, rom reaq-

ciaSi _ SH2 + NADPH + H+ + O2 → SHOH + NADP + H2O, eqsperimentulad miRebuli monacemebi ara-

sodes pasuxoben steqiometrias: NADPH : SH2 : O2 = 1 : 1 : 1. aRmoCnda, rom eleqtronuli donoris 

molekulaTa nawili im Jangbadis aRdgenas xmardeba, romlis substratSi Canergvac ar xdeba. am 

movlenas _ gaTiSvas, xolo substratebs, romelTa Tanamyofobis drosac es movlena SeiniSneba, 

gamTiSvelebs uwodeben. 

gaTiSvis efeqts Cveulebriv ukavSireben sxvadasxva substratuli specifikurobis mqone 

citoqrom P450-is mravlobiTi formebis arsebobas, radgan mraval oqsidazur reaqciaSi, rom-

lebic Tavisufali Jangvis sistemebs miekuTvnebian, O2-is aRdgena am hemoproteiniT kataliz-

deba. am dros NADPH-is redoqs-eqvivalentebi sxvadasxva oqsidazur reaqciebze nawildeba,  

sadac eleqtronul donors O2 warmoadgens. am ukanasknelis nawili aqtiur formebad (superoq-

sidad da peroqsidad) aRdgeba, nawili ki endogenuri substratis Jangvas xmardeba. 

egzogenuri substratis gareSe mikrosomebSi NADPH-is Tavisufali Jangva oTxi sxvadasxva 

gziT SeiZleba warimarTos: NADPH + 2O2NADPH + H  + O22NADPH + 2H  + O2NADPH + H  + O2 + XH
NADP + H  + 2O2_+NADP + H2O2+

+ 2NADP + 2H2O+ NADP + XOH + H2O
(1)(2)(3)(4)

.

 

pirveli sami _ oqsidazuri reaqciaa, meoTxe _ monooqsigenazuri meqanizmiT endogenuri 

substratis (XH) Jangvaa. pirvel reaqciaSi 2 moli •−2O -is warmoqmnaze 1 moli NADPH ixarjeba. H2O2-is warmoqmnisas NADPH eqvimolurad iJangeba, xolo misi siWarbe, romelic •−2O -isa da H2O2-

is warmoqmnaze ar ixarjeba, wylis warmoqmnas xmardeba. egzogenuri substratebis Tanamyofo-

bisas citoqrom P450-s sami tipis oqsidazuri reaqciis katalizeba SeuZlia. amocana aq imaSi 

mdgomareobs, rom gairkves am reaqciebidan romeli mimdinareobs namdvilad mikrosomebSi da 

rogoria TiToeuli maTganis wili Jangbadis aqtivaciis saerTo reaqciaSi. 
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Cvens laboratoriaSi inhibitoruli analiziT sarwmunod iqna naCvenebi, rom mcenaris mi-

krosomebSi NADPH-is Tavisufali Jangva ramdenime oqsidazuri reaqciiT xorcieldeba. maTi 

daTrgunva mxolod naxSirbadis monooqsidis, natriumis azidis da p-qlormerkuribenzoatis 

erToblivi moqmedebiT miiReba. maSasadame, mikrosomebSi NADPH specifikuri (citoqrom P450-

damokidebuli) da araspecifikuri (Fe3+-isa da SH-jgufebis Semcvel fermentebze damokidebu-

li) gzebiT iJangeba. azidiT araspecifikuri gzis inhibireba NADPH-citoqrom P450-

reduqtazis aqtivobis zrdas iwvevs. amasTan, qsenobiotikis monooqsigenirebasTan SeuRlebu-

li NADPH-is Jangva yovelTvis Tavisufal Jangvaze ufro maRali siCqariT mimdinareobs. es Se-

degebi imaze miuTiTeben, rom NADPH-is momxmarebel specifikur da araspecifikur oqsidazebs 

Soris martivi konkurencia arsebobs, rac eleqtronuli aqceptorebis gansxvavebuli redoqs-

potencialebiT unda iyos ganpirobebuli. qsenobiotikis Tanamyofobisas NADPH-is moxmarebis 

siCqaris zrda imis maCvenebelia, rom citoqrom P450-is substratTan dakavSireba specifikuri 

Jangvis gzis gaZlierebas iwvevs, sadac nikotinamiduri kofermentis mTeli aRmdgeneli poten-

ciali qsenobiotikis Jangvas xmardeba. 

mcenaris mikrosomul fraqciaSi NADPH-is mzardi koncentraciebis Setanisas jer gajere-

bis momenti, Semdeg ki Jangvis siCqaris daqveiTeba davafiqsireT. gansazRvrul koncentra-

ciamde NADPH-is Tavisufali Jangva mixaelis-menTenis gantolebas emorCileba (KM=0.2 mM), anu 

klasikur fermentul reaqcias warmoadgens. NADPH-is gamjerebeli koncentraciebisas TviT 

kofermentiT miRebuli inhibireba misi daJanguli formiT an Tavisufali Jangvis romelime 

produqtiT unda iyos gamowveuli. es movlena citoqrom P450-is inaqtivaciis Sedegi araa, rad-

gan Seqmnil situaciaSi hemoproteini monooqsigenazur aqtivobas inarCunebs (fraqcia maRali 

siCqariT Jangavs dimeTilanilins). safiqrebelia, rom NADPH-is siWarbisas moqmedebaSi modis 

garkveuli regulatoruli meqanizmi, romlis saSualebiTac NADPH-is aRmdgeneli eqvivalen-

tebis ufro racionaluri realizacia xdeba. aseTi meqanizmis arsebobas sxva monacemebic adas-

tureben: anaerobul pirobebSi NADPH-is Tavisufali Jangvis Sewyvetisas, Jangbadis deficitis 

dadgomisTanave, nikotinamiduri kofermentis daJanguli formis aRdgena SeiniSneba. NADPH-is 

amgvari „ukuaRdgena” gansakuTrebiT mkafiod sareaqcio areSi NADP+-is damatebisas SeiniSneba. 

aseT suraTs adgili ara aqvs citoqrom c-s an K3[Fe(CN)6]-is saSualebiT mikrosomuli redoqs-

jaWvis Suntirebisas da naxSirbadis monooqsidiT an meTiraponiT citoqrom P450-is blokire-

bisas. es Sedegebi Tavis mxriv imaze miuTiTeben, rom regulirebis aRniSnuli meqanizmis amoqme-

debaSi monooqsigenazuri sistemis yvela komponenti monawileobs. 

gamoricxuli araa, rom NADPH-is racionalur xarjvas eleqtronebis ucnobi, lipidis an qi-

nonis tipis aqceptori warmoadgendes, romlis funqciac NADPH-is eleqtronebis dasaJang sub-

stratze gadatanaSi mdgomareobs. es hipoTeza sqematurad SeiZleba Semdegnairad warmovidgi-

noT (nax. 7.8). NADPH
aRdgenili

aqceptori

daJanguli

aqceptori NADP +

O2 H2O
aRdgenili

aqceptori

daJanguli

aqceptori
substrati

daJanguli

substrati
+ + +

+
+

+
 

nax. 7.8. NADPH-is aRmdgeneli eqvivalentebis xarjvis regulaciis savaraudo meqanizmi. 

 

sqemaze Seqcevadi reaqciis wonasworobis erT romelime mxares gadaxras aqceptoris, sub-

stratis an Jangbadis koncentraciuli cvlilebebi unda ganapirobebdes. mag., Jangbadis defi-

citisas kofermentsa da aqceptors Soris reaqcia NADPH-is aRdgenis mxares (marjvnidan 

marcxniv) unda mimdinareobdes. substratis dabali koncentraciisas aqceptoris aRdgenis 

Semdeg wonasworoba myardeba, rac substratiT inhibirebis msgavs kinetikur suraTs iZleva.  
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amgvarad, mcenareul mikrosomebSi unda moqmedebdes regulatoruli meqanizmi, romelic NADPH-is Tavisufali Jangvisas misi aRmdgeneli eqvivalentebis gansazRvruli fondis Senar-

Cunebas uzrunvelyofs. am SemTxvevaSi qsenobiotikis ujredSi SeRweva im regulatorul sig-

nals warmoadgens, romlis saSualebiTac NADPH-is aRdgeniTi potenciali monooqsigenazuri 

sistemis mier qsenobiotikebis SeuRlebul JangvaSi moixmareba.   
7.3 monooqsigenazuri sistemis aqtivobis  

substratuli regulacia   
uaRresad farTo substratuli specifikurobis mqone citoqrom P450-is katalizuri aqti-

vobis „samiznes” lipofiluri (hidrofobuli) bunebis mqone naerTebi warmoadgenen, romlebic 

SesaZloa iyvnen rogorc Sidaujreduli warmoSobis, aseve qsenobiotikebi. aqedan gamomdinare, 

citoqrom P450-is saerTo fondi SeiZleba gaiyos „endogenur” (fiziologiur) da „egzogenur” 

(detoqsikaciur) reaqciebSi monawileobis mixedviT. adre arsebobda Sexeduleba, romlis mix-

edviTac ujredSi funqcionirebs citoqrom P450-is sxvadasxva _ specifikuri (mag., fenoluri 

naerTebis biosinTezSi monawile) da araspecifikuri (qsenobiotikebis detoqsikaciaSi mona-

wile) formebi. aqve unda SevniSnoT, rom am mosazrebis avtorTa mcdelobas, gamoevlinaT da 

amgvarad erTmaneTisagan gaemijnaT citoqrom P450-is formebi, romlebic calkeuli procese-

bis mimarT specifikurobas gamoamJRavnebdnen, sasurveli Sedegi ar mohyolia.  

Cveni TvalsazrisiT, principulad warmoudgenelia, rom ujredSi winaswar, cal-calke ar-

sebobdes specialurad qsenobiotikis JangvisaTvis da „endogenuri” cvlisaTvis gankuTvnili 

hemoproteinis formebi. es, upirveles yovlisa, ewinaaRmdegeba cocxali ujredisaTvis damax-

asiaTebel fundamentur, ekonomiurobis princips. amasTan dakavSirebiT, saWirod CavTvaleT 

dagvedgina, fiziologiur da detoqsikaciur procesebSi citoqrom P450-is gansxvavebuli 

formebi monawileoben, Tu arsebobs hemoproteinis saerTo fondi, romelsac orive reJimSi 

funqcionirebis unari gaaCnia. 

Cvens laboratoriaSi naCvenebi iqna, rom qsenobiotikTa detoqsikaciaSi da endogenuri 

cvlis procesebSi SeiZleba citoqrom P450-is erTi da igive izoforma monawileobdes. amis da-

sadgenad soias (Glycine hispida) 10-dRiani nazardebis fesvebidan miRebul mikrosomul fraqciaSi 

SeviswavleT fenoluri naerTebis biosinTezsa (endogenuri cvlis modeli) da dimeTilanilinis 

Jangvis (detoqsikaciis modeli) reaqciebs Soris citoqrom P450-is raodenobrivi ganawilebebi. 

aRmoCnda, rom mikrosomul suspenziaSi am ori procesis erTdrouli msvlelobisas adgili aqvs 

orive procesis damuxruWebas. amasTan, fenolebis biosiTezis sawyisi nivTierebis – trans-

dariCinmJavas citoqrom P450-damokidebuli hidroqsilireba 75–80%-iT, xolo dimeTilanili-

nis aseve citoqrom P450-damokidebuli N-demeTilireba mxolod 15–25%-iT iTrguneba. NADPH-

damokidebuli Jangvis Km-sidideebis Sedarebam da kinetikurma analizma gviCvena, rom dariCinm-

Javasagan gansxvavebiT dimeTilanilinis mimarT hemoproteins 3.5-jer maRali swrafva gaaCnia 
da dimeTilanilini konkurentulad ainhibirebs dariCinmJava-4-hidroqsilazas (nax. 7.9). 

fenilalaninisa da trans-dariCinmJavas radioaqtiuri preparatebis gamoyenebiT dadgenil 
iqna, rom dimeTilanilini erTnairi intensivobiT Trgunavs aramarto biosinTezis am sawyisi 

substratebis gardaqmnas, aramed fenolur naerTTa jamur reaqciaSi 4-3H-fenilalaninisa da 4-14C-trans-dariCinmJavas radioaqtiuri niSnis CarTvasac. dimeTilanilinis garda citoqrom P450-is biosinTezur (dariCinmJava-4-hidroqsilazur) aqtivobaze gavlenas axdenen sxva qseno-

biotikebic (nax. 7.10). sayuradReboa, rom qsenobiotikis mainhibirebeli moqmedeba korelaciaSi 

imyofeba fermentis substratisadmi Tvisobisa da am ukanasknelTa hidrofobulobis xarisxis 

sidideebTan.  
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DMA(Km=0.7.10-6 M)

CA(Km=2.5.10-6 M)
1/VO2

1/[S]  

 

nax. 7.9. mikrosomul fraqciaSi dimeTilanilinisa (DMA) da trans-dariCinmJavas (CA) NADPH-

damokidebuli Jangvis kinetika lainuiver-berkis koordinatebSi. (sainkubacio xsnari: 3 
ml; 2 mg/ml mikrosomuli cila, 1/15-fosfatis buferi pH 7.4, NADPH _ 6 µM). 

 

 
nax. 7.10. eqsperimentuli monacemebi citoqrom P450-is “endogenuridan” “egzogenur” cvlaze 

gadarTvis Sesaxeb. wriuli diagramebiT (marcxniv) naCvenebia, rogor Trgunavs Ti-

Toeuli qsenobiotiki “endogenur” process – dariCinmJavas hidroqsilirebas. aqve di-

agramebze (marjvniv) moyvanilia am qsenobiotikebis hidrofobulobis xarisxis (heqsan-

sa da wyals Soris ganawilebis koeficientis) da citoqrom P450-is mimarT maTi Tviso-

bis (1/Km) sidideebi. suraTidan vxedavT, rom rac ufro hidrofobulia substrati da 
metia misi fermentTan Tvisoba, miT ufro meti citoqrom P450 gadaerTveba saerTo Si-

daujreduli fondidan qsenobiotikis hidroqsilirebaze. 

 

amgvarad, sarwmunod SeiZleba CaiTvalos, rom qsenobiotikis Jangva organuladaa dakavSi-

rebuli citoqrom P450-damokidebul Sidaujredul procesebTan. am urTierTobis arsi imaSi 

mdgomareobs, rom “endogenuri” naerTis gardaqmnaSi monawile hemoproteins ucxo naerTis de-

toqsikaciis katalizebac SeuZlia. 
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qsenobiotikis ujredSi SeRweva im adaptur-regulatorul signals warmoadgens, romelic 

monooqsigenazas “endogenuridan” “egzogenur” cvlaze gadarTvas apirobebs. 

ra bunebisaa es signali? rogor xdeba qsenobiotikis “Secnoba”? cxadia, am kiTxvaze pasuxebi 

TviT qsenobiotikis fizikur-qimiur TvisebebSi unda veZioT. amis Sesamowmeblad SeviswavleT 

gansxvavebuli qimiuri bunebis substratebis NADPH-damokidebuli Jangvis kinetika. sakvlev 

nivTierebad gamoviyeneT citoqrom P450-damokidebuli dealkilirebis da aromatuli birTvis 

hidroqsilirebis substratebi – dimeTilanilini da aminopirini (N-demeTilireba), p-nitroani-

zoli (O-demeTilireba) da aromatuli hidroqsilirebisaTvis SerCeul iqna CanacvlebulbirT-

viani (dariCinmJava, anilini) da kondensirebul birTviani (benzpireni) naerTebi. 

miRebuli Sedegebidan upirveles yovlisa yuradRebas imsaxurebs is faqti, rom TiToeuli 

substrati Jangvis maqsimalur siCqares mxolod misTvis damaxasiaTebel koncentraciaze aRw-

evs. amaSi mJRavndeba substratTa individualoba. Vmax-is mniSvnelobebis mixedviT ki maT Soris 

didi sxvaoba ar aris. JangviTi procesebis grafikebis lainuiver-berkis koordinatebSi gamo-

saxvisas konkurentuli inhibirebis klasikuri suraTi miiReba. es ki imas niSnavs, rom qimiur 

Tvisebebsa da JangviTi reaqciis tipis gansxvavebis miuxedavad substratebs Soris fermentis 

aqtiuri centrisaTvis martivi konkurencia arsebobs. es konkurencia Tavis mxriv substrate-

bis fizikur Tvisebebze, kerZod maT hidrofobulobis xarisxze aRmoCnda damokidebuli. 

hidrofobulobis xarisxisa da fermentisadmi swrafvis zrdis mixedviT sakvlevi substra-

tebi Semdegi TanmimdevrobiT ganlagdnen: 

N HH CH CHCOOH O CH3 N CH3CH3N N
NCH3 CH3CH3

CH3

p-nitro-

anizoli

N,N-dimeTil-

anilini
amino-

pirini

anilini dariCin-

mJava

3,4-benzpireni

< < < < <

 

sayuradReboa, rom am or sidides Soris mxolod martivi korelacia ki ar vlindeba, aramed 

fermentis substratisadmi Tvisobis sidide wrfiv damokidebulebaSia substratis hidrofo-

bulobis xarisxidan kuburi fesvis mniSvnelobasTan. es ki imaze miuTiTebs, rom molekulis po-

laroba warmoadgens erT-erT (da ara erTaderT) ZiriTad parametrs im Tvisebebidan, romlebic 

citoqrom P450-Semcveli monooqsigenazas mier nivTierebis Jangvas ganapirobeben. sxva malimi-

tirebel faqtorebs unda miekuTvnebodes substratSi is qimiuri bma, romelic hidroqsilire-

bisas iSleba; lipidebTan da fermentis aqtiur centrebTan ganlagebul aminomJavas naSTebTan 

substratis molekulis urTierTqmedeba da a.S. 

angariSgasawevia is faqtic, rom zemoTaRniSnul kanonzomierebas erTnairad emorCileba 

rogorc qsenobiotikebi, aseve mcenareuli citoqrom P450-is bunebrivi endogenuri substra-

tebi. rogorc Cans, hemoproteinis mier nivTierebis substratad Secnoba xdeba misi fizikur-

qimiuri Tvisebebis da ara misi endogenuri Tu egzogenuri warmoSobis mixedviT. 

citoqrom P450-is substratuli specifikurobis fenomeni mniSvnelovnad ganisazRvreba 

TviT fermentis aqtiuri centris Taviseburi aRnagobiT. sadReisod dadgenilia, rom cito-

qrom P450-is hemi krateris magvari struqturis mqone apofermentis siRrmeSi mdebareobs da 

aqtiuri centris Fe2+-dan wylis fazamde manZili 1.4 nm-s aRwevs. hemi wylis fazisagan daSore-

bulia hidrofobuli jibiT, romelic daviwroebasTan erTad hidrofobulobis mzard gra-

dients qmnis. aseTi gradienti SeiZleba warmoqmnan fosfolipidebma, an apocitoqromis Semad-

genlobaSi myofma hidrofobuli aminomJavebis naSTebma. gradientis daniSnulebaa substratis 
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gadatana wylidan fermentis aqtiuri centris mimarTulebiT. lipofiluri substrati, cito-

qrom P450-Tan miaxloebisTanave, magnitiviT miizideba am gradientis mier, advilad moswydeba 

wylis fazas da hemoproteinis aqtiuri centrisaken gadaitaneba. amasTan, rac metad hidrofo-

bulia substrati, miT ufro swrafad miaRwevs igi aqtiur centrs da Sesabamisad, maRali iqneba 

misi Tvisoba fermentis mimarT. monooqsigenazuri ciklis ganxorcielebis Semdeg Jangvis pro-

duqti, sawyis substratTan SedarebiT, ukve polarul molekulas warmoadgens, amitom misi mo-

lekula igive gradientis arsebobis gamo gamoidevneba citoqrom P450-is aqtiuri centridan. 

xatovani Sedareba rom vixmaroT, polaruli produqti TiTebSua moqceuli alublis kurkis 

msgavsad dasxlteba aqtiuri centridan da wylovan fazaSi gadainacvlebs.   
7.4 citoqrom P450-is regulacia induqciis doneze  

citoqrom P450-is raodenobis regulacia SesaZlebelia misi induqciiT. mcenareul ujredSi 

citoqrom P450-is induqciis faqtorebia monooqsigenazas substratebi, paTogenebi, dazianeba-

dabereba da ganaTeba. 
qsenobiotikebi mcenareuli citoqrom P450-is Zlier induqtorebs warmoadgenen. miwavaSlas 

tuberebis anaTlebSi naCvenebia eTanolis, fenobarbitalis, sxvadasxva herbicidebis moqmede-

biT gamowveuli citoqrom P450-is Semcvelobis zrda. unda aRiniSnos, rom fenobarbitali, ro-

gorc induqtori, gansxvavebulad moqmedebs citoqrom P450-is substratul specifiurobaze. 

mag., Tu dariCinmJava-4-hidroqsilazuri aqtivoba 1.5-jer izrdeba, laurinmJavas SidajaWvuri 

hidroqsilirebis intensivoba 26-jer matulobs. sainteresoa agreTve, rom ZuZumwovrebis 

laurinmJava-ω-hidroqsilazas specifikuri induqtori _ qlofibrati mcenareebSi igive mJavas 

SidajaWvur hidroqsilazas inducirebs. qsenobiotikiT induqcia induqtoris qimiuri bunebisa 

da koncentraciis garda, damokidebulia preinkubaciis periodze, mcenaris saxeobaze, mis or-

ganoze, asakze, ganaTebaze da sxva faqtorebze. 
Cvens laboratoriaSi miRebuli eqsperimentuli Sedegebis mixedviT, citoqrom P450-is in-

duqtorebs warmoadgenen rogorc endogenuri (dariCinmJava), ise egzogenuri (dimeTilanilini, 3,4-benzpireni) substratebi. qsenobiotikebis induqciuri efeqti gacilebiT aRemateba dari-

CinmJavaTi miRebul Sedegs. es endogenuri substrati 72-sT-iani preinkubaciis Semdeg citoq-

romebis P450-is da P420-is matebas mxolod 1.3_1.4-jer iwvevs. drois igive monakveTSi dimeTi-

lanilinis moqmedebiT citoqrom P450-is Semcveloba sakontrolo variantTan SedarebiT 3_4-

jer izrdeba.  

gansxvavebul efeqts amJRavnebs 3,4-benzpireni. misi moqmedebiT citoqrom P450-is zrda 

TiTqmis ar SeiniSneba, maSin rodesac citoqrom P420-is mkveTr matebas aqvs adgili. miuxedavad 

amisa, induqtorze gazrdil mcenareebSi citoqromebis P450-is da P420-is jamuri Semcveloba 

erTnairad izrdeba. safiqrebelia, rom Tavdapirvelad adgili aqvs qsenobiotikis moqmedebiT 

citoqrom P450-is induqcias, xolo Semdeg inducirebuli hemoproteinis P420-ad konversia 

xdeba. aRniSnuli mosazrebis sasargeblod metyvelebs dimeTilanilinisa da 3,4-benzpirenis 

induqciuri efeqtebisa da maTi Jangvis Sedegad warmoqmnili metabolitebis reaqciis-

unarianobis Sedareba. aRmoCnda, rom 3,4-benzpirenis NADPH-damokidebuli mikrosomuli 

Jangvis Sedegad formirdeba Sesabamisi diolebi da qinonebi. Tavis mxriv, cnobilia, rom 

qinonebs nairgvari Jangbadovani radikalebis generirebis unari aqvT. dimeTilanilinis Jangvis 

arc erTi SesaZlo produqti (monomeTilanilini, anilini, p-hidroqsidimeTilanilini da sxv.) 

ar iZleva aseT „agresiul“ produqtebs. igives adasturebs 3,4-benzpirenisa da dimeTil-

anilinis hidroqsilirebis paralelurad mimdinare lipidTa zeJanguri Jangvis intensivoba, 
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romelic 3,4-benzpirenis Jangvisas 3-jer ufro metad stimulirdeba, vidre dimeTilanilinis 

SemTxvevaSi.  

amrigad, 3,4-benzpirenis Jangvis dros warmoqmnili reaqciisunariani intermediatebi indu-

cirebuli citoqrom P450-is P420-ad gardaqmnas iwveven da citoqrom P450-is mimarT 3,4-

benzpirenis induqciuri aqtivoba mkafiod imitom ar vlindeba, rom efeqti fermentis 

inaqtivaciiTaa ekranirebuli.  

sxvagvarad rom iTqvas, qsenobiotikebis induqciuri efeqti mniSvnelovnadaa damokidebuli 

maTi Jangvis produqtebis qimiur bunebaze. rac ufro naklebia radikalwarmoqnis unari, miT 

metad gamoiwveven isini citoqrom P450-is Semcvelobis zrdas. 

mcenareuli citoqrom P450-is induqtorebia misi endogenuri substratebic, rasac mowmobs 

maSa-lobios aRmonacenebSi induqciis Seswavla. naCvenebia, rom dariCinmJava 1.8-jer, xolo 

geranioli 2.7-jer iwvevs citoqrom P450-is matebas. induqciis efeqti Zlier blokirdeba 

cikloheqsimidis an levulinatis Tanaobisas cilis da hemis sinTezis daTrgunvis gamo. 
induqtoris rolis Sesruleba SeuZlia zogierTi liTonis ionsac. miwavaSlas tuberebis 

anaTlebSi miRebulia citoqrom P450-is induqcia Mn2+- da Fe3+-ionebiT. aseTive efeqtia miRe-

buli kartofilis norC fesvebze HgCl2 da CdSO4-is moqmedebiT: hemoproteinis raodenoba Cd2+-

ionebiT 50%-iT, xolo Hg2+-ionebiT - 100%-iT izrdeboda.  
paTogenuri sokoebi an elicitorebi (paTogenuri an arapaTogenuri sokoebidan miRebuli 

sxvadasxva fraqciebi) dasnebovnebul mcenareSi citoqrom P450-is matebas iwveven. citoqrom P450-Semcveli monooqsigenazebi akatalizeben flavonoiduri da terpenoiduli fitoaleq-

sinebis biosinTezs. amdenad, citoqrom P450-is induqcia mocemul SemTxvevaSi paTogenebis 

toqsinebis moqmedebaze mcenaris sapasuxo reaqcias warmoadgens. paTogenebiT an elici-

torebiT induqcia specifikuria. mag., Phytophtora megaspermas-is elicitori gansxvavebulad 

moqmedebs oxraxuSis ujredul kulturaSi fenilpropanoiduri gzis citoqrom P450-damoki-

debul aqtivobebze. miRebulia, rom inducirebadia am biosinTezis mTavari fermenti _ dariCin-

mJava 4-hidroqsilaza, agreTve Sikimat-3'-hidroqsilaza, xolo flavonoid-3'-hidroqsilaza ar 

inducirdeba. induqciuri efeqtebi aRwerilia sxva SemTxvevebSic. dazianeba an "dabereba", e.i. 

mcenareuli qsovilebis anaTlebis inkubacia tenian atmosferoSi an kargad aerirebul xsna-

rebSi, mravalricxovani procesebis, maT Soris JangviTi fermentebis biosinTezis aqtivacias 

iwvevs. am dros inducirdeba citoqrom P450-ic, rasac cxadyofs dariCinmJava-4-hidroqsilazas 

mateba miwavaSlas anaTlebis "daberebisas". sainteresoa, rom qsenobiotikiT induqciisas, 

"daberebis" SemTxvevaSic dariCinmJava-4-hidroqsilazasTan erTad, laurinmJavas SidajaWvuri 

hidroqsilazac inducirdeba. 
citoqrom P450-is sinaTliT induqcia pirvelad naCvenebi iqna bardis eTiolirebuli nazar-

debis mokletalRiani TeTri sinaTliT dasxivebis Sedegad, dariCinmJava-4-hidroqsilazas 

aqtivobis 5-jeradi matebis magaliTze. SemdgomSi igive efeqti aRmoaCnda grZeltalRiani 

wiTeli sinaTlis impulsebsac, amasTanave aRmoCnda, rom dariCinmJava-4-hidroqsilazas zrdis 

fonze citoqrom P450-is jamuri Semcveloba mxolod umniSvnelod imatebs. analogiuri efeqti 

SeiniSneba cximovan mJavaTa hidroqsilazebis mimarTac: mikrosomuli hidroqsilazebis 

mTliani raodenoba mcirdeba kidevac, Tumca am dros ω-hidroqsilazuri avtivoba gazrdilia.  
unda aRiniSnos, rom hemoproteinis sinaTliT induqciasTan dakavSirebiT erTmaneTisagan 

radikalurad gansxvavebuli eqsperimentuli monacemebi arsebobs. mag., sibneleSi gazrdili 

oxraxuSis ujredul kulturaSi citoqrom P450-is raodenoba araregistrirebadia, xolo 24 

sT-iani dasxivebis Semdeg maqsimums aRwevs. amis sapirispirod naCvenebia, rom maSa-lobios 

samdRiani nazardebis sinaTleze gadatanisas citoqrom P450-is raodenoba swrafad klebu-

lobs, rac sinaTleze hemis ngreviTaa gamowveuli. naTesebis sibneleSi dabruneba kidev erTxel 
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iwvevs citoqrom P450-is dagrovebas. aseTi urTierTgamomricxavi monacemebis arseboba imiT 

aixsneba, rom citoqrom P450-is yvela izoforma araa sinaTliT inducirebadi.  
Cveni monacemebis mixedviT, sinaTleze gazrdili mcenaris mikrosomebis STanTqmis speqtrSi, 434_438 nm-is ubanSi, intensiuri STanTqmis maqsimumi Cndeba. es piki iwvevs 420 da 450 nm-ebze 

maqsimumebis gadafarvas, rac citoqromebis raodenobriv gansazRvras aZnelebs. savaraudoa, 

rom aseTi eqstinqcia swored im nawilakebs axasiaTebT, romlebic sinaTleze citoqrom P450-is 

hemis daSlis Sedegad warmoiqmnebian. eTiolirebul mcenareebSi, romelTa fesvebi bunebrivTan 

ufro miaxloebul pirobebSi viTardebian, citoqromuli komponentebis Semcveloba yovelTvis 

metia, vidre sinaTleze gazrdil imave asakis mcenareebSi.   
7.5 monooqsigenirebis regulacia citoqrom P450-is qimiuri  

modifikaciis doneze  
fermentebze arsebuli tradiciuli Sexeduleba imis Sesaxeb, rom katalizuri aqtis da-

srulebis Sedegad isini cvlilebebs ar ganicdian, ukanaskneli ori aTeuli wlis manZilze kri-

tikulad iqna gadasinjuli. aRmoCnda, rom mravali fermenti reaqciis msvlelobisas qimiur 

modifikacias ganicdis da es gansakuTrebiT im fermentebs exebaT, romelTa funqcionirebac 

Tavisufali radikalebis, Jangbadis aqtiuri formebis da reaqciisunariani intermediatebis 

generirebas an realizacias ukavSirdebian. modifikacia, upirveles yovlisa, inaqtivaciaSi 

vlindeba (cxrili 7.1). es movlena “TviTinaqtivaciis” saxelwodebiTaa cnobili. 

cxrili 7.1 

katalizis procesSi Jangbadis aqtiuri formebiT 

fermentTa qimiuri modifikacia 

fermentebi 
inaqtivaciis 

gamomwvevi agenti 
qimiuri modifikaciis mizezi 

citoqromi P450 2B4 H2O2 cisteinis da meTioninis Jangva, 

hemis dakargva CuZn-superoqsiddismutaza H2O2 histidinis Jangva Fe-superoqsiddismutaza H2O2 triftofanis, histidinisa da 

cisteinis Jangva D-glukozoqsidaza H2O2 triftofanis, histidinisa da 

cisteinis Jangva 

qsantinoqsidaza H2O2 triftofanis, histidinisa da 

cisteinis Jangva 

qlorperoqsidaza H2O2 triftofanis, histidinisa da 

cisteinis Jangva 

laqtoperoqsidaza  triftofanis, histidinisa da 

cisteinis Jangva 

glutaTionperoqsidaza  triftofanis, histidinisa da 

cisteinis Jangva 

mieloperoqsidaza H2O2, ClO_ meTioninis, Tirozinis Jangva NADH-oqsidaza H2O2, ClO_ hemis dakargva 

 

Tavisufali radikalebis dagroveba ujredisaTvis gansakuTrebiT saxifaToa, radgan isini 

mravali paTologiuri procesis iniciacias iwveven. rodesac maTi koncentracia saSiS zRvars 

aWarbebs da ujredidan mocileba SeuZlebeli xdeba, ujredi apoptozs, anu winaswar daprog-

•HO
−•2O
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ramebul “TviTmkvlelobas” mimarTavs. termini “apoptozi” (berZn. “foTolcvena”) SesaniSnavad 

gamoxatavs movlenis arss. mTeli rigi procesebis CarTvis Sedegad dazianebuli ujredi ki ar 

nekrozdeba, aramed ganlevas ganicdis. organelebi iSleba, makromolekulebi hidrolizdeba da 

isini sxva ujredebis mier sakveb da samSeneblo masalad gamoiyeneba. 

fermentTa TviTinaqtivaciis movlena SeiZleba ganxilul iqnas, rogorc “apoptozi 

fermentul doneze”, ramdenadac am dros Tavisufali radikalebis generatori fermenti 

TviTon gamodis mwyobridan da ujredisaTvis arasasurveli intermediatebis warmoqmna safuZ-

velSive ispoba. aqve unda aRvniSnoT amJamad arsebuli, sakmaod damajerebeli mosazreba imis 

Sesaxeb, rom modifikaciis gziT makromolekulebis inaqtivacia CarTuli unda iyos Sidauj-

reduli cilebis brunvis meqanizmSi, romlis saSualebiTac ujredidan maTi molekulebis 

mocileba regulirdeba. es garemoeba uaRresad mniSvnelovania yvela im situaciisaTvis, 

romelic qsenobiotikebisa da sxvadasxva wamlebis Warbi raodenobis organizmidan gamodev-

nasTanaa dakavSirebuli. fermentTa inaqtivaciis molekuluri meqanizmi da ujredSi misi 

WeSmariti roli jer kidev safuZvlian Seswavlas moiTxovs. am mimarTebiT mogvepoveba Semdegi 

faqtebi: Jangbadis aqtiuri formebiT mravali fermenti JangviT modifikacias ganicdis; 

inaqtivacia SeiZleba ganxorcieldes fermentulad, qimiurad an radiolizurad generirebuli 

reaqciisunariani Jangbadis formebiT; Jangbadovani radikalebi cilis aqtiur centrTan axlos 

myofi aminomJavuri naSTebis modifikaciis unars amJRavneben da es reaqcia metad 

specifikuria; aqtiuri centris axlos aRZrulma struqturulma cvlilebebma konformaciuli 

Zvrebi da proteolizisadmi mgrZnobiarobis gazrda SeiZleba gamoiwvion.  

ZuZumwovrebis ujredebSi Jangbadis aqtiuri formebis mTavari producentebia membranuli NADPH-oqsidazebi da mitoqondriebis eleqtron-satransporto jaWvebis komponentebi. Jangba-

dis aqtiuri formebi garkveul fiziologiuri rols asruleben citoqrom P450-iT mdidar 

qsovilebsa da ujredebSi: hepatocitebSi, epiTeliur ujredebSi da endoTeliocitebSi. naCve-

nebia, rom anTebiTi procesebisas da iSemiiT gamowveuli JangviTi stresis dros Jangbadis 

aqtiuri formebis generacia mniSvnelovania sisxlZarRvebis tonusis regulaciisaTvis, sxvada-

sxva biologiuri procesebis mediatorebisa da regulatorebis biosinTezis warmarTvisaTvis. 

magram umetes SemTxvevebSi Jangbadis aqtiuri formebis warmoqmna saziano procesebis 

inicirebas iwvevs, mag., alkoholis qronikuli moxmarebisas es agresiuli nawilakebi citoqrom Р450 2Е-is katalizuri aqtiurobis Sedegad RviZlis cirozis ganviTarebas iwveven. citoqrom P450-is mkvlevarTa erT-erTi avtoritetuli jgufi (v. liaxoviCi da misi TanamSromlebi _ 

ruseTis mecnierebaTa akademiis cimbiris filialidan) Tvlis, rom mikrosomuli monooqsi-

genazebis mier Jangbadis aqtiuri formebis warmoqmna TviT qsenobiotikebis metabolizmSi 
monawile fermentuli sistemebis funqcionirebisaTvisaa mniSvnelovani, ramdenadac am dros 
xorcieldeba citoqrom P450-is sapirispiro, anu negatiuri regulacia, inducirdeba 
qsenobiotikebis meore metabolizmis fazis (koniugaciis) fermentebi, izrdeba ujredebis 

antioqsidanturi dacva.   

citoqrom P450-is sapirispiro, anu negatiuri regulacia (e.w. downregulation) Jangbadis 

aqtiuri formebis monawilebiT SeiZleba mimdinareobdes transkripciul doneze, birTvuli NF1-faqtoris inaqtivaciiT, an proteasomuri degradaciis gaZlierebiT. cnobilia, rom 

glukokortikoidebi, anTebis sawinaaRmdego citokinebi (simsivnis nekrozis α-faqtori, γ-
interferoni, interleikinebi), zrdis faqtorebi da baqteriuli lipopolisaqaridebi ainhi-

bireben citoqrom P450-is mravali izoformis (CYP1A, CYP3A, CYP2B, CYP2Е) genebis eqspresias, 

rac Jangbadis aqtiuri formebis generaciis gaZlierebisas NF1-faqtoris inhibirebiT realiz-

deba. NF1-faqtori sinergiulad moqmedebs policikluri aromatuli naxSirwyalbadebis AhR-
receptorTan. igi Seicavs cisteinis naSTs (Cys427), romlis daJangvis SemTxvevaSic NF1-
faqtori veRar ukavSirdeba dnm-s Sesabamis regulatorul ubans. amas adasturebs Semdegi 

faqtebi: wyalbadis zeJangis an katalazas inhibitoris _ 3-amino-1,2,4-triazolis damateba 
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virTagvebis hepatocitebze, romlebic inkubirdebian induqciisaTvis xelisSemwyob pirobebSi 

(fenobarbitalis Semcvel areSi), iwvevs citoqrom P450-is izoformis _ CYP2B1-is translaciaSi 

monawile matriculi rnm-is raodenobis mkveTr Semcirebas, xolo 5 mM N-acetilcisteinis 

damateba piriqiT, 5_10-jer zrdis induqciis xarisxs.  

Jangbadis aqtiuri formebis produqcia mikrosomuli monooqsigenazebis mier mravali ci-

lis, maT Soris citoqrom P450-is JangviT modifikacias iwvevs. Jangbadis aqtiuri formebis mi-

marT gansakuTrebiT maRalmgrZnobiare izoformaa CYP2E1, romelic sxva izoformebTan (CYP1A1, CYP1A2, CYP2B1, CYP2B2 da CYP3A) SedarebiT gacilebiT xanmokle sicocxlisunariano-

biT xasiaTdeba. virTagvis RviZlis mikrosomebSi JangviTi substratis ararsebobisas CYP2E1 
izoformis Semcveloba 6_7 sT-Si naxevrdeba, xolo eTanolis damatebis SemTxvevaSi naxevar-

daSlis periodi 37 sT-mde xangrZlivdeba. CYP2E1-is degradacias aCqarebs NADPH (1 mM), xolo 

antioqsidantebi troloqsi (50 µM) da α-tokoferoli (20 µM), iseve rogorc rkinis ionebis xe-

latorebi mag., deferoqsamini (40 µM) xels uwyoben mikrosomebSi hemoproteinis natiuri for-

miT SenarCunebas.  

katalizuri ciklis procesSi citoqrom P450-is inaqtivacia sxvadasxva meqanizmiT SeiZleba 

ganxorcieldes (nax. 7.11). 

ROH RH

O2

Fe 3+

OH2
RHFe 3+

RHFe 2+
RH(FeO2) 2+RH(FeO2) 1+

NADPNADPH+
e_e_

C ORR CR OH,R H R SO O, ,
R OOR,  ROOH, ,

(peroqsi kompleqsi)

(oqsi kompleqsi).., H2O2, HO, H2OO2._

 

nax. 7.11. oqsidazur reaqciebSi aqtiuri intermediatebis warmoqmna. RH – substrati;  Fe – citoqrom P450-is hemuri rkina. 

 

pirveli meqanizmi am hemoproteinis peroqsi-kompleqsis daSlis Sedegad aqtiuri droebiTi 

substratebis warmoqmnasTanaa dakavSirebuli. aseT reaqciisunarian intermediatebs miekuTv-

neba Tavisufali organuli radikalebi, epoqsidebi, N-oqsidebi, S-oqsidebi, aldehidebi, 

ketonebi da sxv. isini Tavis mxriv kovalenturad ukavSirdebian apocitoqrom P450-s da mis 

modifikacias iwveven. inaqtivaciis es meqanizmi SeiniSneba e.w. “gamanadgurebeli” substratebis 

Jangvisas, romlebic Seuqcevadad an TiTqmis Seuqcevadad ainhibireben ferments. substratis 

reaqciisunariani jgufebis aqtivacias Tan sdevs prosTetul jgufTan an apofermentTan kova-

lenturad dakavSirebuli reaqciisunariani metabolitebis formireba. substratebs, romle-
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bic citoqrom P450-is aseTi gziT inaqtivacias iwveven, “gamanadgurebeli” substratebi ewo-

debaT (mag., qloramfenikoli ukavSirdeba apofermentis lizinis naSTs; paraTioni, qloro-

formi ukavSirdebian cisteins da a.S.). isini fermentisadmi maRal specifikurobas avlenen. 

citoqrom P450-is inaqtivaciis meore meqanizmi dakavSirebulia katalizur ciklSi fermen-

tis aqtiur centrze Jangbadis aqtiuri formebis (
−•2O -is, 

•HO -isa da H2O2-is) generirebasTan. es 

SeiZleba araSeuRlebuli monooqsigenazuri reaqciebis Sedegic iyos, rodesac NADPH-is 

aRmdgeneli eqvivalentebi arasrulad xmardeba endogenuri Tu egzogenuri naerTebis 

hidroqsilirebas. superoqsiduli anionis generireba ZiriTadad citoqrom P450-is preroga-

tivaa, radgan am procesSi sxva mikrosomuli gadamtanebis wvlili Zalian mcirea. citoqrom P450 upiratesad mis aqtiur centrze formirebuli H2O2-iT inaqtivirdeba, maSin rodesac 
−•2O -

is dismutaciiT miRebuli H2O2 inaqtivaciis umniSvnelo efeqts iZleva. 

saerTod, substratis qimiuri bunebidan gamomdinare, citoqrom P450-is inaqtivacia sami 

gziT SeiZleba ganxorcieldes. esenia: 1) apofermentTan metabolitebis Seuqcevadi dakav-

Sireba; 2) metabolitebis hemis rkinasTan TiTqmis Seuqcevadi dakavSireba; 3) hemis alkilireba 

an destruqcia. pirveli da mesame SeiZleba kombinirebuli iyos. hemis modifikacia misi 

Semdgomi dazianebiT, Seqcevad inaqtivacias iwvevs, maSin rodesac apofermentis modifikacia 

Seuqcevadia. 

amgvarad, “gamanadgurebeli” substratebis Jangvisas citoqrom P450-is inaqtivacias 

warmoqmnili reaqciisunariani intermediatebi (Jangbadis nawilobriv aRdgenili formebi) 

axdenen, romlebic hemis an apofermentis qimiur modifikacias axorcieleben. inaqtivacia ufro 

xSirad hemis degradaciis Sedegia, vidre apoproteinis destruqcia. aRniSnul gamokvlevebSi 

citoqrom P450-is P420-ad konversia ar daregistrirda. amasTan dakavSirebiT, ar SeiZleba 

gverdi avuaroT im gansxvavebuli monacemebis ganxilvas, romlebic arCakovis laboratoriaSia 

mopovebuli: diTionitiT reducirebuli izolirebuli citoqrom P450-is izoforma 2B4 swraf 

inaqtivacias ganicdis autooqsidaciisas warmoqmnili Jangbadis aqtiuri tipebiT da es inaqti-

vacia araaqtiur citoqrom P420-ad konversiaSi gadasvlis fonze mimdinareobs. mikrosomuli an 

liposomaSi CaSenebuli citoqrom P450 metad stabiluria feri- da fero-mdgomareobebSi. 

aqedan gamomdinare, gamoiTqva mosazreba, rom citoqrom P450-is inaqtivaciisaTvis aucile-

belia Tavisufal-radikaluri safexuri, xolo citoqrom P420-ad konversia misi degradaciis 

Sualed safexurad SeiZleba CaiTvalos, radgan igi sakmaod arastabiluria da O2-is Tanamyo-

fobisas advilad kargavs hems. 

oqsidazur da oqsigenazur reaqciebSi formirebuli H2O2-iT hemis daJangva an dazianeba 

“gasaRebis” rols asrulebs citoqrom P450-is inaqtivaciaSi. mravali fermenti oqsidazuri 

sistemebiT ganicdis inaqtivacias. maT Sorisaa TviT citoqrom P450, NAD(P)H-oqsidazebi, qsan-

tinoqsidaza da arafermentuli sistemebi, romlebic Seicaven askorbats, O2-s da Fe(III)-s an Fe(II)-s. sakmaod detaluradaa Seswavlili baqteriuli glutaminsinTetazas JangviTi inaqtiva-

ciis meqanizmi. naCvenebia, rom inaqtivacia damokidebulia O2-isa da NAD(P)H-is Tanamyofobaze: 

stimulirebas ganicdis Fe(III)-iT da inhibirdeba katalaziT, Mn(II)-iT an EDTA-iT. sisteme-

bisaTvis, romlebic arahemuri rkinis cilas (feredoqsins, putidaredoqsins) Seicaven, 

inaqtivacia inhibirdeba dimeTilsulfoqsidisa da manitolis tipis radikalebiT. dadgenilia, 

rom am fermentis JangviTi modifikacia asocirebulia erT suberTeulze histidinis erTi 

naSTis dakargvasTan da karbonilis jgufis gaCenasTan. fermentis Semdgomi Jangva meore 

histidinis dazianebas iwvevs, magram inaqtivacia ar exeba meTioninis an SH-jgufebis daJangvas. 

reaqciisunarianobis mxriv Jangbadis aqtivaciis produqtebi erTmaneTisagan gansxvavdeba. 

TavisTavad H2O2 da 
−•2O  ar arian Zlieri damJangvelebi. 

−•2O -s dabali redoqs-potenciali gaaC-

nia, xolo H2O2 SedarebiT stabiluria. amdenad safiqrebelia, rom makromolekulebs isini 
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efeqturad pirdapir ver uteven. amave dros cnobilia 
−•2O -is inaqtivaciuri unari iseT 

fermentebTan urTierTqmedebisas, rogoricaa katalaza, peroqsidaza, transferaza, laqtat-

dehidrogenaza da sxv. aSkaraa agreTve makromolekulebze 
−•2O -is pirdapiri destruqciuli 

moqmedeba. amitom safiqrebelia, rom inaqtivaciis procesSi ZiriTad damJangvels 
•HO -radi-

kali warmoadgens, romelic H2O2-dan haber-veisisa da fentonis reaqciis Sedegad miiReba: 

H2O2  +  O2 O2  +  HO  +  OH  _.._
jamurad:

.Fe  +  HO  +  OH3+ _Fe  +  H2O22+ Fe  +  O22+Fe  +  O23+

 
hidroqsil-radikalebma, romelTac metad xanmokle sicocxlisunarianoba aqvT, SeiZleba 

imoqmedon, rogorc Zlierma damJangvelebma uSualod maTi generirebis adgilze, maSin rodesac H2O2 da 
−•2O  formirebis adgilidan difuziis gziT did manZilze gadaadgildebian. H2O2-ma SeiZ-

leba gaiaros ujredul da Sidaujredul membranul barierSi, xolo 
−•2O  difuzias mxolod 

specifikuri aniongamtari arxebis gavliT axerxebs. superoqsid-anioni metad reaqciisunariani 

xdeba hidrofobul an metalTan koordinirebul ubnebSi. misi Tanamyofobisas hidroqsilis 

radikalebi cilebis fragmentacias iwveven. O2-s SeuZlia 
•HO -damokidebuli Jangvis pirvelad 

produqtebTan urTierTqmedeba, rac makromolekulebis destruqcias iwvevs. 

citoqrom P450-is inaqtivacias sagrZnoblad amcireben fosfolipidebi da maTi es efeqti 

damokidebuli araa membranebSi fosfolipidebis Semadgenlobaze. inaqtivacia sustdeba anae-

robul pirobebSi da aseve naxSirbadis monooqsidis an citoqrom b5-is Tanamyofobisas.  

hemis alkilirebiT gamowveuli inaqtivaciis erT-erTi TvalsaCino magaliTia bocvris RviZ-

lis mikrosomebSi dodecinmJavas citoqrom P450-damokidebuli Jangva. am dros warmoqmnili 

aqtiuri intermediati _ keteni hemis acilirebas iwvevs, rac citoqrom P450-is inaqtivaciis 

mizezi xdeba. amasTan dakavSirebiT uaRresad sayuradRebo Sedegebi miiRes helvigma da 

Tanaavt., rodesac maT analogiuri gamokvlevebi Caatares cercvidan miRebul citoqrom P450-

ze da daadgines, rom cxovelurisagan gansxvavebiT, mcenareSi inaqtivaciis mTavari mizezi 

fermentis aqtiur centrSi hemTan axlos myofi erT-erTi aminomJavas (savaraudod, cisteinis 

an histidinis) nukleofiluri naSTis acilirebaa (nax. 7.12). 

amgvarad, cxoveluri da mcenareuli citoqrom P450-is dodecinmJavaTi TviTinaqtivaciis 

procesSi erTi arsebiTi gansxvaveba vlindeba: cxovelur hemoproteinSi qimiur modifikacias 

hemi ganicdis, xolo mcenareulSi apofermenti. cxovelur citoqrom P450-Si hemi am dros sru-

lad iSleba, fermenti mwyobridan gamodis da amis Sedegad kargavs Tavis katalizur aqtivobas. 

sxva viTarebaa gamovlenili mcenareul citoqrom P450-is SemTxvevaSi. Cvens laboratoriaSi 

Catarebulma kvlevebma damajereblad gviCvenes, rom hemoproteini inaqtivacias ganicdis 

rogorc monooqsigenaza, magram imavdroulad maRal peroqsidazul aqtivobas amJRavnebs. 

sxvagvarad rom iTqvas, garkveul pirobebSi qimiuri modifikaciis Sedegad monooqsigenazas 

aqtiuri centri peroqsidazas aqtiuri centris analogad transformirdeba. gamovlenil 

efeqts adgili aqvs rogorc mikrosomul fraqciaSi (in vitro pirobebSi), aseve mTlian mcenareul 

qsovilSi (in vivo pirobebSi). 

katalizur reaqciebSi mniSvnelovani roli peroqsidazas xuT Jangva-aRdgeniT mdgomare-

obas ekuTvnis. esenia aRdgenili (Fe+2 anu martivad, mdgomareoba 2), daJanguli (Fe+3 anu 3), I 
kompleqsi (Fe+5 anu 5), II kompleqsi (Fe+4 anu 4) dabolos, mdgomareoba Fe+6 (oqsiperoqsidazaSi), 

romelic aRdgenili fermentis molekulur JangbadTan urTierTqmedebiT miiReba. CvenTvis 

sayuradReboa I da II kompleqsebi. 
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nax. 7.12. citoqrom P450-is inaqtivaciis savaraudo sqema helvigis da Tanaavt. mixedviT. verti-

kaluri StrixiT naCvenebia mcenareuli citoqrom P450-is qimiuri modifikaciis Sede-

gad aminomJavas naSTTan warmoqmnili acilis jgufi, xolo horizontaluri StrixiT _ 

cxoveluri citoqrom P450-is hemTan warmoqmnili acilis jgufi. 

 I kompleqsi (mwvane feris) xasiaTdeba STanTqmis maqsimumebiT 407- da 658 nm-ebze. jorjis 

hipoTezis Tanaxmad wyalbadis zeJangTan fermentis urTierTqmedebisas hemis rkina +3-dan 

daJangulobis Zlier maRal (+5) mdgomareobaSi gadadis da amis Sedegad oqso-ionebi FeO3+ 

(oqsenoidis analogi) warmoiqmneba. I kompleqsis warmoqmnis kinetika safuZvlianadaa Seswavlili Cansis klasikuri gamokvle-

vebiT. mis mier peroqsidazisa da H2O2-is urTierTqmedeba Semdegi martivi reaqciiT SeiZleba 

gamoisaxos: 

FeOH2  FeO  3+ +  H2O2 K3.5 3+ +  2H2O (1)
 

am SemTxvevaSi fermentis porfirini da mexuTe aqsialuri ligandi sibrtyis qveviT imyo-

febian, xolo reaqciis siCqaris konstanta (K3) bimolekulur pirdapir reaqcias da peroqsi-

dazas Jangvis mdgomareobis +3-dan +5-mde cvlilebas axasiaTebs. es reaqcia sinamdvileSi arc 

ise martivia, rogorc zeviTaa gamosaxuli: procesis malimitirebel stadias win uswrebs 

wonasworobis damyareba, xolo TviT procesi SeiZleba mravali stadiisagan Sedgebodes. H2O2-Tan an sxva damJangvelebTan peroqsidazas urTierTqmedebis siCqare pH-ze praqtiku-

lad araa damokidebuli. katalazasTan ZmarmJavas zeJangis urTierTqmedebis Seswavlam aCvena, 

rom mJavas aradisocirebuli forma fermentTan gacilebiT swrafad reagirebs, vidre misi 

anioni. peroqsidazasTan H2O2-is reaqciisas ar SeiZleba gamoiricxos 
−2HO -is upiratesi monawi-

leoba, ramdenadac es anioni ufro Zlieri ligandia.
 
 I kompleqsis eleqtronuli struqtura didi xnis ganmavlobaSi diskusiis sagans warmoad-

genda, vidre mesbaueris speqtroskopulma gamokvlevebma I da II kompleqsebSi rkinis ionis 

mdgomareobis analogia ar daadastures. am monacemebis Tanaxmad, Fe+5-is formaluri mdgoma-

reobidan gansxvavebiT, I kompleqsSi Fe+4 mdgomareoba realizdeba, radgan rkinis ioni erT 
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eleqtrons hemis porfirinis birTvidan iRebs, romelic I kompleqsSi kation-radikalis (RO+) 

saxiT imyofeba. dolfinma aCvena, rom peroqsidazisa da katalazas I kompleqsebis STanTqmis 

speqtrebi mTeli rigi metalporfirinuli kompleqsebis π-kation-radikalebis speqtrebis 

analogiuria, anu Jangvis maRali xarisxis mdgomareobaSi myofi rkinis arseboba SeiZleba 

aixsnas porfirinis birTvis da rkinis atomze lokalizebul eleqtronebis spinuri urTierT-

qmedebiT. amgvarad, peroqsidazas I kompleqsSi erTi mJangveli eqvivalenti rkinis ionzea 

lokalizebuli, xolo meore _ hemoproteinis porfirinis birTvze. sayuradReboa, rom citoq-

rom c-peroqsidazaSi erTi mJangveli eqvivalenti fermentis aqtiuri centris erT-erT 

aminomJavur naSTzea lokalizebuli da ara porfirinul birTvze, rogorc peroqsidazaSia. II kompleqsi, anu mdgomareoba 4 (wiTeli feris) xasiaTdeba STanTqmis maqsimumebiT 417, 530 

da 561 nm-ebze. igi miiReba H2O2-Tan peroqsidazas urTierTqmedebisas sxvadasxva aRmdgenelebis 

(aromatuli aminebis, fenolebis, askorbatis, ferocitoqrom c-s, ferocianidis, iodidis, 

nitritisa da sxv.) Tanamyofobisas. or ukanasknel aRmdgenelTan reaqcias Tan axlavs protonis 

moxmareba. varaudoben, rom II kompleqss feril-ionis (FeO2+) struqtura gaaCnia da +4 Jangvis 

xarisxis rkinis (II) ions Seicavs. amas adasturebs mesbaueris speqtrebic. II kompleqsi 

radikaluri meqanizmiT reagirebs aRmdgenelTa molekulebTan da sawyis ferments Fe+3 Jangvis 

xarisxiT ubrundeba. II kompleqsis warmoqmnisa da moxmarebis zogierT kanonzomierebas gamosa-

xavs me-2 da me-3 gardaqmnebi: FeO  FeO  
FeO  

(2)
I kompleqsi II kompleqsi (3)

2+ +  H2O  +  AH.
3+Fe  +  H2O  +  AH.3+ +  AH2

2+ +  AH2
 

zogierTi mkvlevari peroqsidazebisa da sxva hemoproteinebis hemuri rkinis maRal daJan-

gul mdgomareobis arsebobas undoblobiT ekideba, Tumca rkinis ionisaTvis aseTi mdgomareo-

bebi araorganul qimiaSi sakmaod kargadaa cnobili. FeO2+ da FeO3+ ionebi arseboben mJava xsna-

rebSi da Sesabamis kationebs, xolo tute xsnarebSi Sesabamis hidroqsidebs warmoqmnian. perfe-

ritioni FeO  da ferationi FeO  rkinis +4 da +6 mdgomareobebiT xasiaTdebian da 

arseboben tute areSi, maSin rodesac mJava areSi isini swrafad iSlebian Jangbadis gamoyofiT. 

peroqsidazebSi rkinis maRali valenturi mdgomareobis stabilizaciaSi did rols asruleben 

misi liganduri garemocva da aqtiuri centris aminomJavuri naSTebi. ase mag., pirSuSxas peroq-

sidazas II kompleqsSi Fe+4 mdgomareoba Semdegnairadaa stabilizebuli: erTi mJangveli eqviva-

lenti rkinis atomze, xolo meore porfirinis birTvzea lokalizebuli, romelic π-kation-

radikalis saxiT arsebobs. naCvenebia aseTi radikalis warmoqmna pirSuSxas cink-peroqsidazaSi. 
misi daJangvisas K2IrCl6-iT, erTi eqvivalentiT Raribi peroqsidaza miiReba, romlis STanTqmis 

speqtri peroqsidazebis I kompleqsis msgavsia, xolo epr-signali 2g-faqtoriT xasiaTdeba. da-

Janguli cink-peroqsidaza SeiZleba xelaxla aRdges sawyis mdgomareobamde K3IrCl6-iT. rkinis 

maRalvalenturi mdgomareobis stabilizaciaSi arsebiTi roli SeiZleba Seasrulos fermentis 

aqtiurma centrma. mag., citoqrom c-peroqsidazas I kompleqsi stabilizebulia fermentis aq-

tiuri centris aminomJavebis naSTebis Tavisufali radikalebiT. I kompleqsis warmoqmnasa da 

stabilizaciaSi, sul cota, citoqrom c-peroqsidazas aqtiuri centris oTxi aminomJavuri na-

STi mainc monawileobs: distaluri histidini-52, arginini-48, proqsimaluri histidini-174 da 

distaluri triftofani-51. 

arsebobs monacemebi imis Sesaxeb, rom fermentis Sualedi formebis (I da II kompleqsebis) 

substratebTan urTierTqmedebis dros adgili aqvs peroqsidazas, wyalbadis zeJangsa da subs-

trats Soris sammagi kompleqsis warmoqmnas, citoqrom P450-is katalizuri ciklis msgavsad. 



264  

mkvlevarTa ramdenime jgufma miiRo oqsenoidis, anu I da II kompleqsebis analogebi, rom-

lebsac aramarto fermentTa Sualeduri kompleqsebis struqturis imitacia, aramed maTTvis 

damaxasiaTebel reaqciebSi monawileobac SeuZliaT. 

miRebulia citoqrom P450-is, peroqsidazisa da katalazas II kompleqsis struqturuli da 

funqciuri analogebi. zogierTi rkinis (III) porfirinebis orbirTvuli zeJanguri kompleqsebi N-meTilimidazolis, piridinis an piperidinis moqmedebisas [PFeIV=O]2+-tipis naerTebad gar-

daiqmneba. am SemTxvevaSi ori SesaZlo reaqcia mimdinareobs: 2PFeIII_OO_FeIIIP → 2PFeIII_O_FeIIIP + O2    (4)  2PFeIII_OO_FeIIIP + 2B → 2[BPFeIV=O]      (5)  

sadac, B – piridini, piperidini an N-meTilimidazolia. [BPFeIV=O]-Si rkinis ionis mdgomareoba I da II kompleqsebSi misi mdgomareobis analogiuria 

(cxrili 7.2). 

cxrili 7.2 

citoqrom P450-isa da misi kompleqsebis struqturuli modelebi 

modeluri sistema modelis daxasiaTeba OEP_FeIIICl 2+-iodozo-

metaqsiloli 

oqsenoidis, anu citoqrom P450-is kompleqs I-is, 

katalazisa da peroqsidazas modeli: [FeV=O]3+ 

PFe_OO_FeP + N-meTil-

imidazoli [PFeIV=O] 
citoqrom P450-is kompleqs II-is, katalazisa da 

peroqsidazas modeli: [FeIV=O]2+ 

 

sadac OEP _ 2,3,7,8,12,13,17,18-oqtaeTilporfirinis dianionia. 

 1972 wels o’braienis laboratoriaSi pirvelad iqna naCvenebi, rom citoqrom P450-s peroq-

sidazas Tvisebebi gaaCnia. fermenti sterolebis hidrozeJangebis spirtebad aRdgenas akata-

lizebs wyalbadis iseTi donoris Tanamyofobisas, rogoric N,N,N,N’-tetrameTil-p-fenilen-

diaminia (TMPD). am SemTxvevaSi peroqsidazul aqtivobaze gavlenas ar axdenen CO, azoti, EDTA 

da 2-fenil-2-propanoli. mxolod mcire mainhibirebel (20%-iT) moqmedebas avlenda natriumis 

azidi. mikrosomebis 80°C-mde gacxelebiT peroqsidazuli aqtivoba 95%-iT qveiTdeboda. 

RviZlis mikrosomebis peroqsidazul reaqciebze damTrgunvel moqmedebas amJRavneben mik-

rosomuli redoqs-jaWvis substratebi, kerZod, I tipis substratebi: androstendioni, testos-

teroni, 17β-estradioli, aminopirini, heqsobarbitali da linolis mJava. maT mier gamowveuli 

inhibireba 65_34%-s aRwevs, maSin rodesac II tipis substratebi _ anilini, imidazoli, piridini, 

kortikosteroli da n-oqtilamini peroqsidazul aqtivobas 83_50%-iT aqveiTeben. aRmoCnda 

agreTve, rom sxva hemSemcveli naerTebisagan (hematini, methemoglobini, citoqromi c, citoq-

rom P420) gansxvavebiT yvelaze maRali peroqsidazuli aqtivoba citoqrom P450-s gaaCnia. 

citoqrom P450-is peroqsidazul reaqciebSi wyalbadis donorebad SeiZleba gamoyenebul 

iqnas NADH an NADPH. eqsperimentul monacemTa erToblioba imaze miuTiTebs, rom peroqsida-

zul aqtivobas citoqrom P450-is daJanguli forma flobs. am aqtivobas CO imitom ar ainhi-

birebs, rom igi kompleqsirebas mxolod hemoproteinis aRdgenil formasTan ganicdis. gamoT-

qmulia mosazreba, rom hidrozeJangebTan citoqrom P450-is urTierTqmedebisas warmoiqmneba 

peroqsidazas I kompleqsis analogiuri forma, romelSic hemuri rkina SeiZleba Jangvis maRal 

xarisxSi imyofebodes:  
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P450_Fe3+ ROOH ROH
TMPD NAD(P)H P450_Fe5+ (6)

 

cnobilia, rom pirveladi alifaturi spirtebi peroqsidazas substratebs ar warmoadgenen. 

miuxedavad amisa, virTagvas RviZlis mikrosomebi da maRali sisufTavis citoqrom P450 akata-

lizebs spirtebis aldehidebamde Jangvis reaqciebs. kumilis hidrozeJangiT da citoqrom P450-

is an katalazas monawileobiT spirtebis daJangvis unari alifaturi radikalis zomis zrdis 

mixedviT mcirdeba. citoqrom P450 gansakuTrebiT efeqtur katalizators warmoadgens kumi-

lis hidrozeJangiT eTanolis daJangvaSi, maSin rodesac citoqrom c, hemoglobini da pero-

qsidaza spirtis Jangvas praqtikulad ar axorcieleben. fenobarbitaliT mikrosomebis induq-

cia 5-jer zrdis kumilis hidrozeJangiT eTanolis Jangvas.  

arasasurveli damatebiTi procesi, romelic Tan axlavs mravali substratis hidroze-

Jangur Jangvas, TviT am naerTebis mxridan citoqrom P450-is destruqciaa. kumilisa da 

mesameuli buTilis hidrozeJangebi aramarto citoqrom P450-s, aramed mikrosomul jaWvSi 

eleqtronTa transportis mniSvnelovan komponents _ citoqrom b5-sac Slian. 

arCakovisa da misi TanamS. mier Catarebul iqna gamokvleva, romelic miznad isaxavda mikro-

somuli Jangvis tipiuri substratis _ N,N-dimeTilanilinis (DMA-s) monooqsigenazuri meqaniz-

miT Jangvis Seswavlas, anu DMA-sTan kompleqsSi citoqrom P450-iT stimulirebuli aRdgenis 

gavlenis dadgenas am substratis N-demeTilirebis, p-hidroqsilirebisa da N-Jangvis reaqci-

aTa siCqareebze. NADPH-citoqrom P450-reduqtazuli reaqciis mastimulirebel faqtorad 

gamoiyeneboda Mg2+-is ionebi. aseTi midgoma sakmaod originaluri iyo hidroqsilirebis 

meqanizmSi kompleqsis aRdgenis reaqciis rolis srulad gamosavlenad: hidroqsilirebis jaWv-

Si reduqtazuli reaqcia Tu marTlac malimitirebelia, maSin Mg2+-is daxmarebiT misi siCqaris 

gazrdas erTi substratis Jangvis samive tipis reaqciis stimulireba unda moexdina. am 

SemTxvevaSi substratad DMA-s gamoyeneba amis srul saSualebas iZleva. misi gardaqmnis 

SesaZlo gzebi mocemulia sqemaze (nax. 7.13). 

NCH3 CH3 NCH3 CH3

NCH3 CH3

OH

NH CH3

O
NADPH + O2

N,N-dimeTilanilini(DMA) N-oqsid-N,N-dimeTilanilini

N-monomeTilanilini

N,N-dimeTil-p-aminofenoli

+ CH2ON-demeTilireba

N-Jangva

p-hidroqsilireba

+ H2O

+ H2O
 

nax. 7.13. dimeTilanilinis Jangvis gzebi RviZlis mikrosomebSi. 
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Mg2+-is sxvadasxva koncentraciebis moqmedebis Seswavlam DMA-s N-demeTilirebasa da p-

hidroqsilirebaze gansxvavebuli mastimulirebeli efeqtebi gamoavlina. aqtivaciis koefici-

entebi Sesabamisad 1.5 da 2.2-s Seadgenda. N-demeTilirebis maqsimaluri stimulacia miiRweoda 15 mmoli MgCl2-is Tanamyofobisas. p-hidroqsilirebisaTvis aucilebeli aRmoCnda Mg2+-is ufro 

maRali koncentraciebi. rac Seexeba DMA-s N-Jangvas, masze am metalis gamaaqtiurebeli 

moqmedeba ar gamovlinda da am Sedegs avtorebma orgvari axsna misces: demeTilireba da 

hidroqsilireba an NADPH-specifikuri flavoproteinis meSveobiT ar xorcieldeba, an N-
JangvaSi sxva, Mg2+-isadmi aramgrZnobiare flavoproteini monawileobs. DMA-s peroqsidazuli gziT Jangvis procesi neiloris mieraa Seswavlili. am avtors deta-

lurad aqvT ganxiluli cdis msvleloba da Cvenc aq ucvlelad mogvaqvs misi aRwera (nax. 7.14). 

N(CH3)2
N(CH3)2

N(CH3)2

(CH3)2N N(CH3)2

C6H5N(CH3)2, CH3COOH
C6H5N(CH3)2, CH3COOH
C6H5N(CH3)2, CH3COOH

(CH3)2N N(CH3)2
(CH3)2N N(CH3)2

dimeTilanilini

lurji Seferiloba

narinjisferi

IV ++

+
yviTeli

. I

-Si+
-Si+
-Si+

ufero

II
+

mwvane

III

I a

 

nax. 7.14. dimeTilanilinis peroqsidazuli meqanizmiT Jangva. 

 

ZmarmJavaSi (pH 4.5) ganzavebul DMA-s xsnars emateboda fermenti da H2O2. sareaqcio are jer 

yviTldeboda (I stadia), magram male Seferiloba muq mwvaneSi gadadioda (II stadia). warmoiqm-

neboda cisferi naleqi, xolo xsnari mwvanedan mewamul-lurj Seferilobas iRebda. mwvane 

xsnars Tu Warbad daemateboda wyalbadis zeJangi da peroqsidaza, Cndeboda Jolosferi, rome-

lic swrafad brundeboda mwvane ferSi (III stadia). 

Jangvis damTavrebis Semdeg naleqi ifiltreboda da calkeuli komponentebi qromatog-

rafiiT calkevdeboda. kvalis saxiT bevri Seferili nivTiereba gamovlinda, xolo ZiriTad 

produqts TMPD warmoadgenda (gavixsenoT, rom es nivTiereba, sterolebis peroqsidazuli 

meqanizmiT JangvaSi wyalbadis donoris rols asrulebs). 

sqemaSi moyvanili II naerTis warmosaqmnelad, romelic DMA-s p-mdgomareobidan wyalbadis 

mocilebis Sedegad miiReba, aRniSnulma mkvlevarebma ori alternatuli meqanizmi warmoad-

gines: maTgan umartivesis Tanaxmad, Tavdapirvelad generirdeba I naerTis Tavisufali radika-

lebi, romlebic tetrameTilbenzidins (II-s) warmoqmnian. meore meqanizmi gulisxmobs, rom 

reaqciis pirvel stadias warmoadgens dimeTilanilinidan eleqtronis mogleja da ion-radika-

lis (I-is) warmoqmna. aseT nawilakebs protonTa eliminirebiT SeuZliaT gaormageba da H-is 

mocileba. rogorc ar unda iyos, swrafad qrobadi yviTeli Seferiloba (I stadia) SesaZloa 

labiluri radikaluri nawilakebis (I-isa da II-is) TanamyofobiT iyos ganpirobebuli. 

warmoqmnili TMPD-s nawili naleqad gamoyofas aswrebs, maSin, rodesac darCenili nawili 
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Semdgom Jangvas ganicdis. marTlac, ganzavebul ZmarmJavaSi am naerTis peroqsidazuli Jangvis 

substratad gamoyenebisas, pirveldawyebiTi momwvano-yviTeli Seferiloba muq mwvane Seferi-

lobaSi gadadioda. Semdgomi JangviT xsnari narinjisfer Seferilobas iRebda. amgvarad, SeiniS-

neboda igive Seferilobebi, rogorsac adgili hqonda DMA-s Jangvisas II da III stadiebze. 

xsnaris mwvane feri ganpirobebulia III kation-radikalis TanamyofobiT, romelic TMPD-dan 

eleqtronis mowyvetisas warmoiqmneba. Semdgomi Jangvisas kidev erTi eleqtroni ixarjeba, ris 

Sedegadac IV-is qinoiduri struqtura miiReba. masze gadasvla dakavSirebulia rezonansis 

SesaZleblobaTa SemcirebasTan da amitom Tan unda sdevdes feris intensiur matebas. varau-

doben, rom IV stadiaze narinjisferi Seferiloba ganpirobebulia IV-is dikationiT, romelic 

Sualedi naerTis rols TamaSobs mcire raodenobis Seferil nivTierebaTa warmoqmnaSi da 

romlebic TavisTavad muxtis gadamtan kompleqsebs warmoadgenen. sayuradReboa erTi faqti: DMA-s arc monooqsigenazur da arc peroqsidazul JangviT gardaqmnebSi oqsidazuri siste-

mebis Mg2+-iT gaaqtivebis SemTxvevaSic ki ar figurirebs am substratis N-Jangvis Semdeg N-
oqsidis warmoqmna. rogorc zeviT aRiniSna, N-JangvaSi monawile flavoproteini aramgrZno-

biarea magniumis ionebis mimarT. 

Cvens mier dadgenilia, rom praqtikulad yvela is JangviTi procesi, romelic mikrosomebSi 

mimdinareobs, met-naklebi xarisxiT citoqrom P450-is araaqtiur citoqrom P420-ad Seuqcevad 

konversias iwvevs. simindis 7-dRiani aRmonacenebis fesvebSi mikrosomebis citoqromuli 

komponentebis Semadgenlobis Seswavlam aCvena, rom masSi ZiriTadad citoqrom P450 domini-

rebs. mikrosomebis “asakSi SesvlasTan” (7_9 dRiani) dakavSirebiT SeiniSneba citoqrom P450-is 

Semcireba da citoqrom P420-is Semcvelobis zrda, rasac imavdroulad fraqciaSi peroqsida-

zuli aqtivobis ganuxreli zrdac Tan axlavs (nax. 7.15). analogiuri suraTi SeiniSnaeba 

“axalgazrda” (7_9 dRiani) nazardebidan gamoyofili mikrosomuli fraqciis 120 wT-iani 

intensiuri aeraciisas: citoqromebis P420/P450-is Tanafardobis 5-jer zrdas peroqsidazuli 

aqtivobis 1.5-jer mateba Seesabameba (nax. 7.16). 
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nax. 7.15. mikrosomebSi citoqrom P450-isa 
da P420-is Semcvelobis da peroqsida-

zuli aqtivobis cvlilebebi mcenaris 
asakisagan damokidebulebiT. 1 _ citoqrom P450;  2 _ citoqrom P420;  3 _ peroqsidazuli aqtivoba. 

 

 

“xandazmuli” (14-dRiani) mcenareebidan gamoyofili mikrosomebisa da pirSuSxas peroqsi-

dazuli preparatis speqtrulma analizma maTi absoluturi identuroba dagvidastura, ker-

Zod, orive STanTqmis maqsimums 420 nm-ze amJRavnebs, xolo diTionitiT aRdgenisas maqsimumis 432 nm-ze wanacvleba xdeba. wyalbadis zeJangs hemi kvlav daJangul mdgomareobaSi gadahyavs. 

analogiuri speqtrebi gaaCniaT naxSirbadis monoqsidiT aRdgenil maT kompleqsebsac. aqedan 

gamomdinare, naTeli xdeba, rom mikrosomaSi arsebobs hemoproteini, romlis hemis mdgomareoba 

peroqsidazas hemis identuria. 
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nax. 7.16. citoqromebis P420/P450-is 
Tanafardobisagan damokidebulebiT. 
peroqsidazuli aqtivobis cvlilebebi 
mikrosomebis 120 wT-iani aeraciis 
pirobebSi.  1 _ peroqsidazuli aqtivoba;  2 _ P420/P450. 
 

gel-filtraciuli qromatografiis analiziT dadginda, rom mikrosomuli fraqcia or 

hemoproteins Seicavs, romelTagan peroqsidazuli aqtivoba mxolod ∼100 kD molekuluri 

masis mqones gaaCnia (nax. 7.17). cilis es masa ar Seesabameba peroqsidazis fermentuli cilis 

preparatis molekulur masas (40 kD). meore, SedarebiT dabali molekuluri masis (10_15 kD) 

mqone hemoproteini citoqrom b5-s warmoadgens. fraqciaSi identificirebulia arahemuri 

cilac (∼30_40 kD), savaraudod _ NADPH-citoqrom P450-reduqtaza.  
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nax. 7.17. mikrosomuli fraqciis 

gelfiltraciis qromatograma.  1 _ A280;  2 _ A432;  3 _ peroqsidazuli aqtivoba.  

sveti _ 50×1.6 sm;  

geli _ ULTROGEL AcA 44;  
eluenti _ 0.05% Na-SDS 1/30 M 
fosfatis buferSi (pH 7.4). 

monooqsigenazuri meqanizmis peroqsidazuliT Senacvlebis suraTi savsebiT aSkarad 

gamoikveTa flavonoidebis mikrosomuli Jangvis SeswavliT. am mizniT Cvens mier gamocdil iqna 

meToqsilirebis gansxvavebuli xarisxis mqone oTxi flavonoidi. maTi SerCeva im mosazrebiT 
moxda, rom ori maTgani (nobileteni da 5-OH-nobiletini) unda daJanguliyo monooqsigenirebiT 
(O-demeTilirebiT), xolo ori (limocitrini da kvercetini), romlebic ukve hidroqsilirebul 
produqtebs warmoadgenen, peroqsidazuli Jangvis meqanizmiT unda gardaqmniliyvnen. garda 
amisa, cxovelur obieqtebSi es nivTierebebi monooqsigenazebis mZlavr induqtorebad 
iTvlebian. 

O
OOCH

OCHOCHOCHOC
CO

O
OOH

OCHOHOCHOH
nobiletini

(5,6,7,8,3',4'-heqsameToqsiflavoni)

limocitrini

(3,5,7,4'-tetraoqsi-8,3'-dimeToqsiflavoni)

3
3

3

3H3
H3

33
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O
OOH

OHOHOHO
OOH

OCHOCHOCHOC
CO

5-OH-nobiletini

(5-oqsi-6,7,8,3',4'-pentameToqsiflavoni)

kvercetini

(3,5,7,3',4'-pentaoqsiflavoni)

3
3

3H3
H3

 
nobiletini da 5-OH-nobiletini mikrosomebSi mxolod NADPH-is Tanamyofobisas iJangebian 

(nax. 7.18). amis Sedegad sareaqcio areSi adgili aqvs formaldehidis dagrovebas. kosubstratad H2O2-is gamoyeneba mocemuli reaqciis msvlelobaze gavlenas ar axdens, e.i. aRniSnuli 
flavonoidebidan meTilis jgufis mocileba monooqsigenirebis gziT xorcieldeba. kinetikuri 
mrudis platoze gasvlis Semdeg NADPH-is ganmeorebiTi damateba registrirebad cvlilebebs 
aRar iZleva. es imaze miuTiTebs, rom am momentSi O-demeTilirebis substrati mTlianadaa 
daxarjuli da reaqcia damTavrebulia. warmoqmnili produqtebis Semdgomi Jangva (misi 
koncentraciis Semcireba) am SemTxvevaSi ukve H2O2-damokidebuli xdeba, anu monooqsi-

genirebuli flavonoidi amjerad ukve peroqsidazas substratadaa gadaqceuli. limocitrinisa 
da kvercetinis NADPH-damokidebuli Jangva mikrosomul fraqciaSi saerTod ar xorcieldeba 
da reaqcia mxolod H2O2-is TanamyofobiT mimdinareobs (kvercetinis Jangvis mrudi mocemulia 
nax. 7.19-ze).  

NADPH

A365NADPH

dro, wT
10 20

1.0

2.0
H2O2

30
 

 

 

nax. 7.18. nobiletinis Jangva eTiolire-

buli simindis 7-dRiani nazardebis fes-

vebis mikrosomebSi. sainkubacio xsnaris 
(3 ml) Semadgenloba: 1/15M fosfatis 
buferi pH 7.4; 0.33 mg/ml mikrosomuli 
cila; 100 µM NADPH; 15 µM H2O2; 25 µM 
nobiletini. 

 

NADPHA365

dro, wT
10 20

0.5
1.0 H2O2

 

 

 

nax. 7.19. kvercetinis Jangva eTiolire-

bul simindis 14-dRiani nazardebis fes-

vebis mikrosomebSi. sainkubacio xsnaris 
(3 ml) Semadgenloba: 1/15 M fosfatis 
buferi pH 7.4; 0.33 mg/ml mikrosomuli 
cila: 100 µM NADPH; 15 µM H2O2, 25 µM 
kvercetini. 

 

amgvarad, mcenareul mikrosomebSi meToqsilirebuli flavonoidebi monooqsigenazuri, 

xolo hidroqsilirebuli _ peroqsidazuli meqanizmebiT gardaqmnebian. am ori reaqciis Tan-

mimdevruli Senacvleba citoqrom P450-is qimiuri modifikaciis anu araaqtiur citoqrom P420-

ad misi konversiis Sedegia.  
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citoqrom P450-is iseT qimiur modifikacias, romlis drosac adgili aqvs fermentuli 

moqmedebis meqanizmis Senacvlebas, ufro esadageba termini “transformacia”, radgan igi 

ukeTesad asaxavs movlenis arss. 

citoqrom P450-is qimiur modifikaciaSi mniSvnelovan adgils ikavebs NADPH-is Tavisufali 

(hidroqsilirebasTan araSeuRlebuli) Jangva. am procesis msvlelobas citoqromebis P420/P450-is Tanafardobis 10-jer zrda da peroqsidazuli aqtivobis 1.8-jer zrda Seesabameba. 

aseve, mikrosomul membranaSi intensiuri lipoperoqsidaciisas peroqsidazuli aqtivoba 

ormagdeba. citoqrom P450-is peroqsidazad maqsimaluri transformacia miiReba mikrosomuli 

Jangvis substratis _ 3,4-benzpirenis gardaqmnisas, rodesac P420/P450 Tanafardobis 25-jer 

zrdisas peroqsidazuli aqtivoba sammagdeba. SedarebiT dabali xarisxis transformacia 

axlavs mikrosomuli redoqs-jaWvis meore tipiuri substratis _ dimeTilanilinis Jangvas 

(monacemebi diagramebis saxiT warmodgenilia nax. 7.20-ze). 

 

 

nax. 7.20. simindis 7-dRiani eTiolirebuli nazardebis mikrosomebSi peroqsidazuli aqtivo-

bebis cvlilebebi aeraciisa da sxvadasxva substratebis Jangvisas. 

 

miRebuli Sedegebis asaxsnelad Cvens mier gamoTqmul iqna mosazreba, rom citoqrom P450-is 

amgvar transformacias sainkubacio areSi warmoqmnili Tavisufali radikalebi unda iwvevdnen. 

cnobilia, mag., rom NADPH-is Tavisufali Jangvis procesi oTxi gansxvavebuli gziT SeiZleba 

warimarTos (ix. qveTavi 7.2.4). 

pirveli sami reaqcia oqsidazuria, xolo meoTxe hipoTezuri endogenuri substratis (XH) 

monooqsigenazuri meqanizmiT Jangvas asaxavs. pirveli reaqciis Sedegad superoqsiduli anion-

radikali 
−•2O  warmoiqmneba. mikrosomuli fraqciis aeraciisas Jangbadis mudmivi miwodeba 

aCqarebs sareaqcio areSi endogenuri NADPH-isa da substratebis Jangvas. imis gamo, rom am 

ukanasknelTa raodenoba uaRresad limitirebulia, Sesabamisad efeqtic dabalia. am mosazrebis 

Sesamowmeblad SevecadeT gamogvevlina is aqtiuri intermediati, romelic citoqrom P450-is 

citoqrom P420-Si gadasvlas iwvevs da monooqsigenazuri aqtivobis peroqsidazuliT Secvlas 

ganapirobebs; kerZod, SevecadeT dagvedgina, aris Tu ara es nawilaki superoqsiduli anion-

radikali, romelic, rogorc cnobilia, zogierTi substratis Jangvisas uSualod citoqrom P450-is aqtiur centrze generirdeba. am mizniT Cvens mier Catarebul iqna eqsperimenti: 

mikrosomul fraqciaSi TanmimdevrobiT Segvqonda NADPH, 3,4-benzpireni, taironi (4,5-dihid-

0

1

2

3

4

5

6

ko
nt

r
o
l
i

ae
r
ac
ia

N
A
D
P
H
-i
s

T
av
is
u
f
al

i

Ja
ng
va

l
ip
o
pe
r
o
qs
id
ac
ia

3,
4
-b
en
z
pi
r
en
is

Ja
ng
va

N
,N
-

d
im
eT
il

an
il

in
is

Ja
ng
va
 

P4
20

/P
45

0

0

50

100

150

200

250

300

350

pe
r
o
qs
id

az
u
l
i 
aq
t
iv
o
ba
, 
%

citoqromebis P420/P450 Tanafardoba peroqsidazuli aqtivoba 
N N

NN
A

D
PH

 



271  

roqsi-1,3-disulfomJava), katalaza (EC 1.11.1.6) da am pirobebSi polarografiulad vakvir-

debodiT Jangbadis cvlilebebis dinamikas (nax. 7.21).  

polarografiuli mrudidan Cans, rom pirveli ori naerTis damatebisas registrirdeba 

Jangbadis STanTqma, xolo taironi, romelic superoqsiddismutazas (EC 1.15.1.1) dabalmole-

kuluri, membranaSi ganvladi analogia da superoqsiduli anion-radikalebis damWerad iTv-

leba (2H++2 −•2O →H2O2+O2), Jangbadis moxmarebis mrudis mimarTulebis mkveTr cvlilebas iwvevs, 

rac Jangbadis gamoyofis maCvenebelia. analogiuri efeqti gaaCnia katalazasac, romlis moqme-

debiTac warmoqmnili wyalbadis zeJangi aseve iSleba Jangbadis gamoyofiT (2H2O2 → H2O + O2). 

0

5
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20
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250 500 750 1000 1250

Jangbadis koncentracia, nM

dro,wT

katalaza

taironi

3,4-benzpireni

NADPH

0

 
nax. 7.21. simindis eTiolirebuli nazardebis mikrosomuli fraqciis mier 3,4-benzpirenis NADPH-damokidebuli Jangvis polarograma. 0.067 M KH2PO4-Na2HPO4 buferi, pH 7.4;K3,4-

benzpireni _ 0.01 mM; NADPH – 0.24 mM, mikrosomuli fraqcia 1.0 mg/ml. 
 

am eqsperimentiT (Tumca arapirdapiri gziT) dasturdeba, rom 3,4-benzpirenis NADPH-

damokidebuli Jangvisas marTlac adgili aqvs superoqsiduli radikalebis warmoqmnas, rom-

lebic moqmedeben citoqrom P450-is hemze da mis Tvisobriv da raodenobriv cvlilebebs 

iwveven. 

taironi da katalaza gamocdil iqna N,N-dimeTilanilinis NADPH-damokidebuli Jangvisa da Fe2+-iT inicirebuli mikrosomuli arafermentuli lipoperoqsidaciis procesis mimarTac: arc 
erT SemTxvevaSi adgili ar aqvs Jangbadis gamoyofas; e.i. aRniSnul procesSi superoqsiduli 
radikalebi ar generirdebian. rogoc Cans, lipidTa zeJanguri Jangvisas Jangbadis sxva tipis 
aqtiuri formebi warmoiqmnebian. 

citoqrom P450-is peroqsidazad transformiaciis procesi aSkarad SeiniSneba mcenaris 
asakSi SesvlasTan dakavSirebiTac. simindis 7-dRiani eTiolirebuli nazardebis fesvebidan 
miRebul mikrosomul fraqciaSi citoqrom P450-is raodenoba da, Sesabamisad, monooqsige-

nazuri aqtivoba maqsimaluria. momdevno dReebSi citoqromi P450 citoqrom P420-ad Seuqcevad 
konversias ganicdis, rasac paralelurad Tan axlavs peroqsidazuli aqtivobis zrda. 7-

dRianTan SedarebiT 14-dRiani nazardebis mikrosomebSi P420/P450 Tanafardoba 30-32-jer, 

xolo peroqsidazuli aqtivoba 5-6-jeraa gazrdili. 

bunebrivia, asakze damokidebul citoqrom P450-is transformacias Tan unda axldes cito-

qrom P450-damokidebuli biosinTezuri procesebis intensivobis cvlilebebic. am sakiTxis 

kvlevisas, Sidaujreduli procesis modelad SerCeul iqna ligninis biosinTezis fenil-
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propanoiduri gza, romelSic ramdenime citoqrom P450-Semcveli monooqsigenaza monawileobs. 

maTgan umTavresia dariCinmJava-4-hidroqsilaza, romelic fenilalanin-amiak-liazasTan 

erTad biosinTezis umniSvnelovanes ferments warmoadgens. kvlevis mizans Seadgenda imis 

dadgena, Tu rogor icvleba aRniSnuli procesis intensivoba citoqrom P450-is transfor-

maciis pirobebSi. amisaTvis Seiswavleboda biosinTezSi monawile zemoTaRniSnuli fermentebis 

aqtivoba 7- da 14-dRiani nazardebis mikrosomebSi. aRmoCnda, rom 7-dRianTan SedarebiT 14-

dRiani nazardebis mikrosomebSi orive fermentis aqtivoba mkveTrad mcirdeba, e.i. citoqrom P450-is transformaciis pirobebSi mikrosomebSi wydeba dariCinmJavas hidroqsilirebiT 

mimdinare metaboluri gza, rasac Tan axlavs wina, amiak-liazuri reaqciis blokirebac.  

eTiolirebul nazardebSi, sadac fotosinTezi gamoricxulia, ligninis biosinTezi mniSvne-

lovnad unda iyos damokidebuli citoqrom P450-is aqtivobaze, ramdenadac am procesSi erT-

erTi siCqare-malimitirebeli stadia _ dariCinmJavas p-kumarmJavad gardaqmna citoqrom P450-

Semcveli monooqsigenaziT _ dariCinmJava-4-hidroqsilaziT (CYP73) katalizdeba. rodesac 
mcenaris zrdas Tan sdevs citoqrom P450-is transformacia, cxadia, lignifikaciis procesic 
unda Seicvalos. amis dasadgenad vakvirdebodiT ligninis fraqciaSi radioaqtiuri (4-14C) dari-

CinmJavas niSandebuli naxSirbadis CarTvas. aRmoCnda, rom ligninSi 14C-is CarTva maqsimaluria 7-9 dRis intervalSi, Semdeg ki mkveTrad mcirdeba (nax. 7.22).  

ligninSi radioaqtiuri niSnis CarTvis Semcirebis periodi mcenaris asakTan dakavSirebul 

citoqrom P450-is transformacias emTxveva. am eqsperimentis Sedegebi gviCveneben, rom cito-

qrom P450-is transformacia bunebrivi procesia da im bioqimiuri reaqciebis intensivobis 

daqveiTebas iwvevs, romlebic am hemoproteiniT katalizdebian. 

nax. 7.22. ligninis fraqciaSi 

dariCinmJavas 14C-niSnis CarTvis 

dinamika simindis eTiolire-

buli nazardebis asakTan damo-

kidebulebiT. 

 

  
7.5.1 NADPH-citoqrom P450-reduqtazas SesaZlo funqciebi  

citoqrom P450-is peroqsidazad transformaciis Semdeg  
citoqrom P450-is qimiuri modifikaciis Sedegad cxadia, monooqsigenazuri sistemis danar-

Ceni komponentebi axal funqciur datvirTvas unda iZendnen. Cvens mier dadgenil iqna, rom am 

hemoproteinis peroqsidazad transformirebis fonze NADPH-citoqrom P450-reduqtaza aqti-

vobis maRal dones mainc inarCunebs (nax. 7.23), miuxedavad imisa, rom peroqsidazuli aqtivobis 

gamovlenaSi masze generirebuli superoqsiduli radikalebi ar monawileoben. aRniSnulidan 

gamomdinare, bunebrivad ibadeba kiTxva: Seqmnil viTarebaSi ra funqciur rols asrulebs NADPH-citoqrom P450-reduqtaza? 
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nax. 7.23. mikrosomebSi citoqrom P450-is Semcvelobisa da NADPH-citoqrom P450-reduqtazuli 

aqtivobis cvlilebebi mcenaris asakisagan damokidebulebiT.  

 1 _ citoqrom P450; 2 _ NADPH-citoqrom P450-reduqtazuli aqtivoba. 

 

aRmoCnda, rom reduqtazaze generirebuli 
−•2O  upiratesad lipidur peroqsidaciaSia Car-

Tuli (nax. 7.24). rogorc gamoirkva, lipidTa zeJangur Jangvas citoqrom P450 superoqsiduli 

radikalebis generatorad sWirdeba da hemoproteinis modifikaciis SemTxvevaSi am funqcias 

mTlianad reduqtaza iTavsebs. garda amisa, Cven SevZeliT gveCvenebina, rom lipidur peroqsi-

dacias reduqtazuli aqtivobis mxolod naxevari (50%-mde) xmardeba da es savsebiT sakmarisia 

aRniSnuli procesis normaluri msvlelobisaTvis (nax. 7.24). reduqtazas darCenili enzimuri 

simZlavre mikrosomuli redoqs-jaWvis sawyisi komponentebis saSualebiT ujredis energe-

tikul procesebs emsaxureba. aseTi kavSiris ganxorcieleba mikrosomidan mitoqondriaze 

eleqtronTa transmembranuli migraciis gziTaa SesaZlebeli. 

e

e e
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NADPH
NADPH-citoqrom P450-reduqtaza

energetikuli 

procesebi 50%

lipidebis zeJanguri 

Jangva 50%

transformacia
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._O2

citoqrom P450
_

_
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nax. 7.24. NADPH-citoqrom P450-reduqtazas SesaZlo funqciebi citoqrom P450-is transfor-

mirebis pirobebSi. eleqtronis transportis is gza, romelic am dros aRar 

funqcionirebs, gadaxazulia. 

 

mcenaris ujredSi mikrosomebidan mitoqondriaze eleqtronebis gadatanis SesaZlo gzebis 

arsebobisa da meqanizmebis dasadgenad Cven farTo eqsperimentuli kvleva CavatareT. cdebis 

erT seriaSi mikrosomul fraqcias vainkubirebdiT NADPH-Tan, raTa redoqs-jaWvis kompo-

nentebi winaswar aRdgeniliyvnen (nax. 7.25). nikotinamiduri kofermentis srul xarjvas vafa-

sebdiT 340 nm-ze misi STanTqmis maqsimumis SemcirebiT. citoqrom b5-is aRdgenis maqsimumis 

miRwevis Semdeg mikrosomebs vamatebdiT mitoqondriebis fraqcias. citoqrom b5-is Jangvis 
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paralelurad am SemTxvevaSi SeiniSneboda citoqromebis c1c-isa da aa3-s aRdgena. maSasadame, 

ujredis am organelaTa uSualo kontaqtisas mikrosomidan mitoqondriaze redoqs-eqviva-

lentebis transmembranuli migracia xorcieldeba da am procesSi pirdapir arian CarTuli 

mikrosomuli NADPH-citoqrom P450-reduqtaza da citoqromi b5. aqve unda SevniSnoT, rom 

cxovelur obieqtebSi mikrosomebsa da mitoqondriebs Soris reducirebadi eqvivalentebis 

ormxrivi transmembranuli migracia da masSi am organelaTa citoqrom b5-ebis SesaZlo monawi-

leoba gamovlenilia gasuli saukunis 70_80-ian wlebSi. 

 

nax. 7.25. mikrosomuli da mitoqondriuli citoqromebisa da NADPH-is aRdgenis kinetika kombi-

nirebul sistemaSi mitoqondria + mikrosoma. 

 

ganxiluli monacemebi yovelgvar safuZvels gvaZleven misaRebad CavTvaloT mosazreba imis 

Sesaxeb, rom citoqrom P450 yovelTvis ar warmoadgens mikrosomuli redoqs-jaWvis mudmiv 

terminalur komponents da saerTod, monooqsigenazuri sistema membranaSi, Cveulebriv, diso-

cirebuli, da ara erT kompleqsad Sekruli agregatis saxiT unda arsebobdes. rogorc Cans, NADPH-citoqrom P450-reduqtazasTan da citoqrom b5-Tan dakavSireba da monooqsigenazur 

sistemaSi gaerTianeba mas Semdeg xdeba, rodesac citoqrom P450 substrats ikavSirebs da 

Tanmimdevrulad ferment-substratis pirveli an sammagi kompleqsis meore eleqtroniT 

aRdgena xdeba saWiro. am hemoproteinTan endogenuri an egzogenuri substratis dakavSireba im 

regulatorul signals warmoadgens, romlis Sedegadac disocirebul mdgomareobaSi myofi 

redoqs-jaWvis komponentebisagan monooqsigenazuri kompleqsi yalibdeba. sxva SemTxvevaSi, 

rodesac amis saWiroeba araa (mag., NADPH Tavisuflad iJangeba, citoqrom P450 substrats ar 

Jangavs, an peroqsidazadaa transformirebuli), NADPH-citoqrom P450-reduqtazasaTvis eleq-
tronis aqceptoris funqcia SeiZleba citoqromoqsidazurma sistemam Seasrulos. amisaTvis 

aucilebelia ujredSi mikrosomebisa da mitoqondriebis uSualo kontaqti da am SemTxvevaSi 

eleqtronTa gadatana am ori struqturuli warmonaqmnis b-tipis citoqromebis gziT ganxor-

cieldeba. imis gamo, rom mikrosomuli citoqrom b5-is redoqs-potenciali (+24 mV) yvelaze 

axlosaa mitoqondriuli citoqrom b-s redoqs-potencialTan, aRmdgeneli eqvivalentebis am 

gadatanas ar unda axldes energiis raime SesamCnevi kargva. 

cnobilia, rom Zn2+ (10  M) sunTqviTi jaWvis III kompleqsSi b da c1 citoqromebs Soris 

arsebuli FeSIII-klasteris blokirebas iwvevs. amitom mcenaridan miRebul mikrosomebisa da 

mitoqondriebis kombinirebul sistemaze dayenebul Cvens cdebSi movelodiT, rom citoqrom b-

Zn2+
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ze eleqtronebis migraciisas Zn2+ daaqveiTebda citoqromebis c1c-sa da aa3-is aRdgenis siCqares. 

sinamdvileSi miviReT sapirispiro Sedegebi: Zn2+-is moqmedebis Sedegad adgili hqonda mito-

qondriul citoqromebze eleqtronTa gadatanis siCqaris SesamCnev zrdas (nax. 7.25). amasTan 

dakavSirebiT gamovTqviT varaudi, rom sunTqviTi jaWvis FeSIII-klasteris blokirebisas SeiZ-

leba eleqtronis satransporto gzis Suntireba moxdes da eleqtronebi mitoqondriuli 

citoqrom b-s gverdis avliT, mikrosomuli citoqrom b5-idan uSualod c1c- da aa3-citoq-

romebze moxvdnen (nax. 7.26). am SemTxvevaSic Sualed gadamtanad perimitoqondriuli citoqrom b5 unda funqcionirebdes. 

amrigad, citoqrom P450-is peroqsidazad qimiuri modifikaciisas NADPH-citoqrom P450-

reduqtaza da citoqrom b5 axal, energetikul funqcias iZenen, rac mitoqondriuli sunTqvis 

jaWvis aRmdgeneli eqvivalentebiT damatebiT uzrunvelyofaSi mdgomareobs. qsenobiotikis 

ujredSi moxvedrisas NADPH-is mikrosomuli Jangvis SeuRlebuli sistema energetikulidan 

kvlav detoqsikaciur reJims ubrundeba. NADPH
citoqrom  b5 modificirebuli

citoqrom  P450
mikrosoma

mitoqondria

citoqromb FeSIII
klasteri

citoqromc1 citoqromc citoqroma citoqroma3

I kompleqsiNADPH-CoQ-reduqtaza

NADPH-citoqromP450-reduqtaza

perimitoqondriuli citoqrom b5

 

nax. 7.26.  mikrosomuli redoqs-jaWvidan mitoqondriaze eleqtronebis migraciis SesaZlo gze-

bi. daStrixuli isriT aRniSnulia Zn2+-iT blokirebuli ubani. 

 

qimiuri modifikaciis gziT citoqrom P450-is peroqsidazad transformacia ujredis saer-

To detoqsikaciur potencials ki ar amcirebs, aramed garkveulwilad aZlierebs kidevac. am 

dros monooqsigenazas peroqsidaza enacvleba, romelic qsenobiotikebis JangviT degradaciaSi 

aranakleb rols asrulebs. saqme imaSia, rom zogierTi mkvlevaris TvalsazrisiT mcenareebSi 

organuli toqsikuri naerTebis ZiriTadi nawili peroqsidazebiT iJangeba. es hipoTeza 

eqsperimentulad dasabuTebul Semdeg mosazrebebs eyrdnoba:  

_ mcenareebSi peroqsidazas farTo gavrcelebas; 

_ fermentis maRal swrafvas sxvadasxva qimiuri struqturis mqone organuli qsenobioti-

kebis mimarT;  

_ universalur substratul specifikurobas.  

es Taviseburebebi gansazRvravs peroqsidazas aqtiur monawileobas mTel rig detoqsi-

kaciur procesebSi. qsenobiotikebis hidroqsilirebis reaqciebSi mcenareuli peroqsidazebis 

monawileobaze mravali faqti miuTiTebs, mag., sxvadasxva mcenareebis peroqsidazebs SeuZliaT 
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daJangon N,N-dimeTilanilini, 3,4-benzpireni, 4-nitro-o-fenilendiamini, 4-qloranilini, feno-

li, aminofluoreni, paraoqsiacetanilidi, dieTilstilbestroli, hidroqsibuTiltoluoli, 

hidroqsianizolebi da sxv. triTiumiT niSandebuli meTilis jgufis Semcveli [C3H3] TNT-s 

gamoyenebiT naCvenebia, rom pirSuSxas peroqsidazas sufTa preparats SeuZlia iseTi Znelad 

dasaJangi jgufic ki daJangos, rogorsac TNT-s meTilis jgufi warmoadgens.  
mravali ucxo naerTis Jangvis dasawyisSi citoqrom P450-s SeuZlia funqcionireba, rogorc 

monooqsigenazas, SemdgomSi ki Jangva gaagrZelos peroqsidazad transformirebulma hemopro-

teinma. am SemTxvevaSi qsenobiotikis degradacia fermentTa urTierTSenacvlebis principiT 

xorcieldeba. Cvens laboratoriaSi naCvenebi iqna, rom qsenobiotikTa Jangvis procesSi 

erTmaneTs SeiZleba Seenacvlon aramxolod monooqsigenaza da peroqsidaza, aramed 

fenoloqsidazac. am fermentebis koordinirebuli moqmedeba mravali ucxo naerTis JangviTi 

degradaciis procesis mTavar regulatorul meqanizms unda warmoadgendes. 

ganxiluli faqtebis Sejerebas erT mniSvnelovan daskvnamde mivyavarT: 

cxoveluri ujredebisagan gansxvavebiT, romelSic Tavisufali radikalebi hemis modifika-

ciis da misi Semdgomi destruqciis gziT citoqrom P450-is srul inaqtivacias iwveven, mcena-

reul ujredSi am hemoproteinis qimiuri modifikacia ise xorcieldeba, rom citoqrom P450 

Tavis katalizur aqtivobas peroqsidazas saxiT inarCunebs. e.i. mcenareuli fermenti mxolod 

Tvisobriv gardaqmnas _ transformacias ganicdis. am dros citoqrom P450-damokidebuli Sida-

ujreduli metaboluri procesebis intensivoba qveiTdeba. citoqrom P450-is transformaciis 

Sedegad monooqsigenazuri sistemis Semadgenel komponentebs Soris adre arsebuli funqciuri 

kavSiri wydeba da isini axal funqciebs iZenen. aseTi transformaciiT mcenareuli ujredi, 

erTi mxriv, cxoveluris msgavsad Tavidan icilebs agresiuli intermediatebis generators _ 

citoqrom P450-s, meore mxriv, cxovelurisagan gansxvavebiT, amave ferments peroqsidazas 

funqcias aniWebs. am gziT ujredi iZens ferments, romelsac erTdroulad qsenobiotikebis 

Jangva da agresiuli H O -is likvidacia SeuZlia. swored amaSi unda mdgomareobdes qimiuri 

modifikaciis gziT citoqrom P450-is transformaciis biologiuri azri.  
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Tavi 8. Tavisufali radikalebi, Jangbadis aqtiuri formebi (Jaf),  

ujredis antioqsidanturi dacvis sistemebi 

 

8.1 Tavisufali radikalebi, nomenklatura da klasifikacia 

 

Tavisufal radikalebs uwodeben molekulebs an mis nawils, romelTac molekulur an ato-

mur gare orbitalze gauwyvilebeli eleqtronebi gaaCniaT. imis gamo, rom sxvadasxva atomebTan 

an molekulebTan urTierTqmedebisas miiswrafian Seivson eleqtronuli deficiti, an gascen 

“zedmeti” eleqtroni, isini maRali qimiuri aqtivobiT xasiaTdebian da sxvadasxva substratebis 

Jangvisas umarTavi jaWvuri reaqciebis inicirebis unari gaaCniaT. garda amisa, gauwyvilebeli 

eleqtronis arseboba sistemas magnitur moments aniWebs, rac am eleqtronis arakompensirebu-

li spiniTaa ganpirobebuli. spini, anu meqanikuri momenti (I) asaxavs nawilakis (Tavisufali ra-

dikalis) moZraobis raodenobis moments da ganisazRvreba formuliT I = h/2π, sadac h _ plankis 

mudmivaa (6.62 · 10  ergi · wm). Tavisufali radikali erT (monoradikali) an or (biradikali) 

gauwyvilebel eleqtrons SeiZleba Seicavdes. arseboben neitraluri da damuxtuli ion-

radikalebi. uaryofiTad damuxtulebs anion-radikalebs, xolo dadebiTad damuxtulebs – ka-

tion-radikalebs uwodeben. orive tipis radikali erTeleqtroniani Jangva-aRdgeniTi reaqcie-

biT miiReba, rac “mSobeli” molekulis Tavisufal savalento orbitalze axali eleqtronis 

“gaCeniT”, an piriqiT eleqtronuli wyvilidan erTis mocilebiT mimdinareobs. Cveulebriv, 

aseTi erTeleqtroniani reaqciebi cvalebadi valentobis mqone metalTa ionebis aucilebeli 

monawileobiT xorcieldeba. gacilebiT iSviaTad radikalebi warmoiqmnebian homolizurad, 

romlis drosac qimiuri kavSirebis rRvevis Sedegad TiTo gauwyvilebel eleqtroniani ori na-

wilaki miiReba. aseT viTarebas adgili aqvs, mag., biologiur obieqtebze xisti ultraiisferi 

gamosxivebiT zemoqmedebisas. 

bioradikalebisaTvis amJamad gamoiyenebian rogorc trivialuri, aseve sistematuri saxel-

wodebebi. araorganuli qimiis nomenklaturis damdgeni saerTaSoriso komisiis (iupak-is) 

gadawyvetilebis Tanaxmad, rekomendirebulia araorganuli da organuli radikalebis siste-

maturi dasaxelebis ori varianti: koordinaciuli da CanacvlebiTi nomenklatura. organuli 

radikalebis sistematuri dasaxelebisas ufro moxerxebulia CanacvlebiTi nomenklatura, 

xolo koordinaciuli nomenklatura upiratesad organuli radikalebisaTvis gamoiyeneba. 

axali nomenklaturuli moTxovnebis Sesabamisad aucilebeli aRaraa “radikalis” win “Tavi-

sufali” daiweros. mocemuli nawilakis radikaluri bunebis Sesaxeb CanacvlebiTi nomenkla-

turis mixedviT gamoiyeneba daboloeba “-ili”. mag., 
•RO  da OH•

-radikalebs gaaCniaT 

saxelwodeba “alkoqsili” da “hidroqsili”. koordinaciuli nomenklaturis Sesabamisad qimi-

uri nawilakis radikalur bunebaze miuTiTebs wertili frCxilebSi, romelic radikalis 

dasaxelebis indeqsis marjvena zeda mxareze ismeba. radikali Tu damuxtulia, iwereba arabuli 

cifri, romelic muxtis aRniSvnas win uswrebs. garda amisa, wyalbadisa da nebismieri sxva 

atomis Semcvel muxtis matarebel homoatomur radikalur nawilakebs gaaCniaT dasaxeleba 

daboloebiT “-idi”. mag., O . saWiroa ase Caiweros: “dioqsid ')'1( −•  da ewodos “dioqsid anion-

radikali”, Tumca farTod gamoiyeneba damkvidrebuli termini: “Jangbadis anion-radikali”. 

dasaSvebia agreTve trivialuri saxelwodebis “superoqsidiT” sargebloba. iupak-is nomenkla-

turis Sesabamisad 
•ROO -radikals rekomendirebulia ewodos “alkildioqsidi”, magram 

daSvebulia alternatuli dasaxelebac – “alkilperoqsidi”. molekulur Jangbads “dioqsi-

gens”, xolo ozons “trioqsigens” uwodeben.  

bioradikalebis monawileobiT mimdinare qimiuri reaqciebis Sedegad organizmSi warmo-

iqmnebian Zlier aqtiuri molekuluri naerTebi: wyalbadis zeJangi, hipoqloriti, nitroqsili, 

lipidTa hidrozeJangebi da mTeli rigi maTi msgavsi nivtierebebi. radikalebTan erTad aseTma 

aqtiurma molekulebma inglisurenovan literaturaSi daimkvidres “reactive species”-s saxelwo-
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deba, rac aqtiur formebs niSnavs. radikalebisa da aqtiuri molekulebis mTlianobis 

sinonimad gamoiyeneba “bioradikalebis” saxelwodeba. 

b. halivelma (1999 w.) SemoiRo bioradikalebis klasifikacia (nax. 8.1), romlis Tanaxmadac 

isini sam ZiriTad jgufad iyofian; esenia aqtiuri formebi: Jangbadis (Jaf), azotis (aaf) da 

qloris (qaf).  

aqtiuri formebi

Jangbadis lipidebis azotis qloris

pirveladi

radikalebi

reaqtiuli

molekulebi

meoradi

radikalebi

superoqsidi nitroqsidi

hipoqloriti
peroqsi-

nitriti
lipohidro-

peroqsidebi

wyalbadis

peroqsidi

singleturi

Jangbadi

OO NO. ._

O2 HOOH LOOH ONOO ClO_1

OH L LO LOO
hidroqsilis

radikali

alkili alkoqsili dioqsili

. . . .

lipidebis radikalebi  

nax. 8.1. bioradikalebis klasifikacia. 

 

yoveli aseTi jgufi moicavs pirvelad radikalebs, romlebic organizmSi fermentuli an 

arafermentuli reaqciebis Sedegad warmoiqmnebian, agreTve cocxal sistemebze sxvadasxva ga-

reSe faqtorebis zemoqmedebisas da pirveladi radikalebis monawileobiT warmoqmnili aqti-

uri molekulebi da meoradi radikalebi. garda amisa, SemoTavazebulia, rom calke jgufad iq-

nas gamoyofili lipidTa aqtiuri formebi.  

arsebobs i. vladimirovis (1992 w.) mier warmodgenili adamianis organizmSi arsebuli radi-

kalebis metad saintereso klasifikacia, romlis Tanaxmadac yvela radikali SeiZleba daiyos 

bunebrivad da ucxod (nax. 8.2). 

radikalebi adamianis organizmSi

bunebrivi ucxo warmoSobis

pirveladi

mesameuli

meoreuli

radiacia qsenobiotiki

ultraiisferi sxivebi,

lazeruli dasxiveba

semiqinonebi

superoqsidi

nitroqsidi

hidroqsili

lipidebis

radikalebi

antioqsidantebis

radikalebi

wylisa da 

biomolekulebis

radikalebi
qromoforebis

molekulebis

radikalebi

toqsikuri

naerTebis

radikalebi

 

nax. 8.2. adamianis organizmSi myofi radikalebis klasifikacia. 

 

bunebrivi radikalebi Tavis mxriv iyofian pirveladad (yvela bunebrivi radikali, cxrili 8.1), meoradad (damazianebeli radikalebi, cxrili 8.2) da mesameulad (antioqsidantebis  

radikalebi).  
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cxrili 8.1 

organizmSi warmoqmnili pirveladi radikalebi 

 

radikalis 

saxelwodeba 

radikalis 

struqtura 

radikalis warmomqmneli  

fermentuli sistema 

radikalis biologiuri 

funqcia 

superoqsidi −•OO  NADPH-oqsidaza antimikrobuli dacva 

nitroqsidi NO•
 NO-sinTaza 

ZarRvebis momadunebe-

li faqtori 

semiubiqinoni 
•HQ  eleqtronTa gadatanis jaWvi eleqtronTa gadamtani 

 

cxrili 8.2 

meoradi radikalebi 

 

dasaxeleba struqtura warmoiqmneba reaqciaSi 

hidroqsilis radikali OH•
 

Fe HOOH → Fe HO  OH•
 Fe ClO → Fe Cl  OH•

 

lipiduri radikali 

•LO  Fe LOOH → Fe HO  •LO  

•LOO  •LO LH → LOH  •L  
 •L O → •LOO  

 

pirveladi radikalebis warmoqmna gansazRvruli fermentuli sistemebis monawileobiT 

xorcieldeba. isini organizmisaTvis sasargeblo funqciebs emsaxurebian. pirveladi radikale-

bisagan, mag., superoqsidisagan, agreTve sxva reaqciebis Sedegad organizmSi SeiZleba uaRresad 

aqtiuri molekuluri naerTebi – Jaf, aaf da qaf warmoiqmnan. cvalebadi valentobis mqone 

metalTa ionebis (upirveles yovlisa Fe -is) moqmedebiT am nivTierebaTagan meoradi radika-

lebiT (mag., hidroqsilisa da lipidebis) sxva radikalebi generirdeba, romlebic ujredis 

struqturebze gamanadgureblad moqmedeben.  

 

 

8.1.1 bioradikalebis kvlevis meTodebi 

 

maRali reaqciisunarianobis gamo Cveulebrivi qimiuri meTodebiT bioradikalebis kvleva 

SeuZlebelia. iseTi standartuli midgomebi, rogoric, mag., eleqtroforezi da qromatogra-

fiaa, am SemTxvevaSi absoluturad usargebloa. miuxedavad imisa, rom bioqimiuri analizebi sa-

Sualebas iZlevian ganisazRvros im reaqciebis saboloo produqtebi, romlebSic bioradikale-

bis monawileoba ivaraudeba, mainc yovelTvis pasuxisgaucemeli rCeba kiTxva: saxeldobr, ro-

meli radikalebi monawileobs mocemul reaqciaSi. aseTi sakiTxebis gadawyvetaSi mniSvnelovani 

aRmoCnda inhibitoruli analizi da kerZod fermenti superoqsiddismutaza (SOD), romelic 

TiTqmis naxevari saukunis win aRmoaCines j. makkordma da i. fridoviCma. am aRmoCenam bioqimi-

kosTa warmodgenebSi namdvili revolucia moaxdina. rogorc aRmoCnda SOD ori superoqsiduri 

radikalis urTierTqmedebas (dismutacias) akatalizebs wyalbadis zeJangisa da molekuluri 

Jangbadis warmoqmniT. amgvarad, organizmSi Tu arsebobs (da namdvilad arsebobs) fermenti, 

romelic Jangbadis aqtiur anion-radikalebs spobs, naTeli xdeba maTi realuri arseboba da 

garkveuli mizezebis gamo organizmidan aucilebel mocilebas saWiroeben. manamde aravis ufi-

qria, rom cocxal organizmSi aramarto “namdvili” molekulebi, aramed maTi “namsxvrevebic” 

(Tavisufali radikalebi) funqcionirebs. TandaTanobiT SOD-ma farTo gamoyeneba hpova yvela 

kvlevaSi, romelSic ki superoqsidis monawileoba iyo mosalodneli. es exeboda aramarto indi-
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vidualuri bioqimiuri reaqciis, aramed laboratoriul cxovelebSi da adamianSi ama Tu im pa-

Tologiis ganviTarebis kvlevas. SOD-is damateba Tu amuxruWebs Sesaswavl process, es niSnavs, 

rom mis msvlelobaSi Jangbadis superoqsid anion-radikali monawileobs da gamosavleni rCeba 

kerZod, procesis romel stadias ukavSirdeba igi. 

inhibitoruli analizi warmatebiT gamoiyeneba reaqciaTa Sesaswavlad, romlebSic sxva ra-

dikalebi monawileoben. ase mag., lipidebis Jangvis jaWvuri reaqciis Seswavlisas iyeneben li-

piduri radikalebis cximSixsnad “damWerebs”, romlebic Jangvis jaWvs warmarTaven. aseTi dam-

Werebis ricxvs miekuTvnebian tokoferoli (vitamini E) da zogierTi iseTi sinTezuri naerTi, 

rogoric mesameuli-buTilhidroqsitoluolia (ionoli). wyalSi xsnadi radikalebi efeqturad 

“ipyrobian” askorbin- an SardmJavebiT. hidroqsilradikalebis (
•HO ) “damWerad” iyeneben mani-

tols, an benzois mJavas. aqve gasaTvaliswinebelia is garemoebac, rom damWerebi yovelTvis ar 

xasiaTdebian maRali specifikurobiT. mravali maTgani reagirebs aramxolod radikalebTan, 

aramed sxva sakmaod aqtiur molekulebTanac. 

bioradikalebis SeswavlaSi warmatebiT gamoiyenebian kvlevis biofizikuri meTodebi, ro-

melTagan pirvel rigSi eleqtronul-paramagnituri rezonansisa (epr-is) da qemiluminescen-

ciis (ql) meTodebi SeiZleba davasaxeloT. 

epr-meTodiT pirvelad dadginda Tavisufali radikalebis arseboba (i. zavorski, 1944 w.). 

mas Semdeg iwyeba qimiur da biologiur sistemebSi maTi rolis nayofieri Seswavla. am ukanask-

nelSi es meTodi 1954 wels pirvelad amerikelma mkvlevarebma komonerma, taunsendma da haikma 

gamoiyenes. dadgenil iqna, rom aramxolod Jangva-aRdgeniTi reaqciebi, aramed bioqimiur pro-

cesTa umravlesoba organizmSi valenturad najer molekulaTa fragmentebis _ Tavisufali 

radikalebis monawileobiT mimdinareobs. 

epr-meTodi saSualebas iZleva detaluri monacemebi movipovoT TviT radikalis struqtu-

ris Sesaxeb. gauwyvilebeli eleqtronis magnituri momentis urTierTqmedeba molekulis birT-

vis magnitur momentTan rezonansuli zolis ramdenime zolad daSlas iwvevs. isini epr-

signalis zenatif struqturas gansazRvraven. es struqtura da g-faqtoris sidide epr-

speqtris mniSvnelovan maxasiaTeblebs warmoadgenen. Tavisufali radikalebis umravlesobis  g-faqtoris mniSvneloba Zlier axlos dgas Tavisufali spinis g-faqtorTan, romelic 2.0023-is 

tolia. epr-speqtris erT-erT ZiriTad maxasiaTeblad signalis naxevarsiganec (∆H) iTvleba. 

signalis formis analizis safuZvelze epr-meTodiT SeiZleba ganisazRvros aramarto gau-

wyvilebeli eleqtronebis raodenoba, aramed gakeTdes Sesabamisi daskvnac myari sxeulis me-

serTan an xsnarSi siTxis nawilakebTan eleqtronis urTierTqmedebis Sesaxeb. epr-speqtris si-

farTovis mixedviT SeiZleba vimsjeloT mraval centrebs Soris eleqtronTa cvlis xarisxze, 

delokalizaciasa da Zvradobaze. TviT speqtris mdgomareobiT, anu misi g-faqtoriT SeiZleba 

Sefasdes eleqtronTa spin-orbitaluri momentis wvlili. epr-meTodis damuSavebam SesaZle-

beli gaxada uSualod gazomiliyo fermentuli Jangvis msvlelobaSi Tavisufali radikalebis 

warmoqmna. pirvelive kvlevebSi aRmoCnda, rom normalurad metabolizebadi mcenareuli da 

cxoveluri qsovilebi 1 g mSral masaze 10 10  moli koncentraciis Tavisufal radikalebs 

Seicaven.  

saWiroa aRvniSnoT, rom epr-meTodis mgrZnobiaroba xSirad arasakmarisia. biologiur sis-

temebSi amis mizezia Jangbadis an lipiduri radikalebis warmoqmnis siCqaresTan SedarebiT ma-

Ti qrobis uaRresad maRali siCqare. amitom drois mocemul momentSi radikalebis staciona-

ruli koncentracia Zlier mcirea. am SemTxvevaSi mdgomareobidan gamosvla e.w. “spinuri damWe-

rebis” gamoyenebiT xerxdeba. Sesaswavl obieqtSi (ujredul suspenziaSi, qsovilis homogenatSi 

an xsnarSi, romlebSic reaqcia Tavisufali radikalebis monawileobiT mimdinareobs), amateben 

nivTierebebs, romelTac spinuri damWerebi ewodebaT. mag., hidroqsilis radikalebis damWerad 

fenilbuTilnitrons (fbn-s) iyeneben: 
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CH N CH3
CH3
CH3 OH N CH3

CH3
CH3+OH.

hidroqsilis

radikali

O O.

spinuri aduqtifbn

8.1
 

urTierTqmedebisas damWeri ikavSirebs radikals da axali stabiluri radikali warmoiqmne-

ba, romelmac “spinuri aduqtis” (ingl. add-damateba) saxelwodeba miiRo. sxvadasxva radikale-

bis spinuri aduqtebis epr-signalebi Tavisi formiT advilad gamoirCevian, rac sakvlev siste-

maSi warmoqmnili radikalebis identifikaciis saSualebas iZlevian. 

 biologiuri obieqtebis kvlevaSi epr-meTodis gamoyenebis SezRudvis meore mizezi imaSi 

mdgomareobs, rom bioobieqtebi didi raodenobiT wyals Seicaven, romelsac maRali dieleq-

truli mudmiva aqvs da intensiurad STanTqavs radikalebs. es garemoeba amcirebs radiospeq-

trometris mgrZnobiarobas. amis gamo biologiuri obieqtebis Txevadi azotis temperaturaze 

liofilurad Srobas mimarTaven. 

cocxal dauzianebel biosistemebSi, romlebic normalur cxovelmyofelobas amJRavneben, 

Tavisufali radikalebi umjobesia Seswavlil iqnas ql-meTodiT. rogorc cnobilia, es movle-

na (agznebuli naTeba) Tan axlavs egzoTermuli tipis JangviT reaqciebs. isini ZiriTadad jaW-

vuri reaqciebia da radikaluri meqanizmiT xasiaTdebian. procesi mimdinareobs bioradikale-

bis rekombinaciisas gamoTavisuflebuli energiis xarjze, xolo naTebis intensivoba rekombi-

naciis siCqaris, anu stacionalur reJimSi misi inicirebis siCqaris proporciulia. saqme imaSia, 

rom ql-is meTodiT uSualod ganisazRvreba ara radikalebis koncentracia, aramed maTi war-

moqmnis siCqare. zogad SemTxvevaSi ql-is gamomwvev radikalwarmomqmnel reaqcias Semdegi saxe 

aqvs: 

.k1 k2 ke P + fotoniR *P  
8.2 

naTebis intensivoba (ICL) bolo reaqciis proporciulia: I K · k P           8.3 

sadac K _ koeficienti mocemuli kvanturi gamosavlisa da speqtris mqone naerTebisadmi 

xelsawyos mgrZnobiarobas axasiaTebs. ]R[ •
-radikalebis gardaqmnis reaqciis maRali siCqaris 

gamo, sistemaSi myisierad myardeba stacionaruli mdgomareoba, rodesac yvela Tanmimdevrul 

reaqciaTa siCqareebi gaTanabrebulia. aqedan cxadi sdeba, rom ql-is intensivoba ν1 _ 

radikalebis warmoqmnis siCqaris proporciulia: I K · k P K · ν            8.4 

sxva Tanabari pirobebisaTvis radikalebis warmoqmnis siCqaresa da maT stacionarul kon-

centraciebs Soris pirdapiri damokidebuleba arsebobs, radenadac  I K · ν K · k ]R[ •
          8.5 

amgvarad, rogorc epr-is, aseve ql-is meTodic sistemaSi radikalebis stacionarul kon-

centracias asaxavs da Semdegi gantolebiT SeiZleba ganisazRvros: K · ν K · k ]R[ •
, saidanac ]R[ •  ν /k         8.6 

epr-meTodiT (iseve rogorc speqtroskopiis sxva- an fluorometriis meTodebiT) izomeba 

swored nivTierebis (fluorometriiT ]R[ •
-radikalebis) stacionaruli koncentraciebi. radi-

kalTa reaqtiulobis zrdisas (anu k -s zrdisas) ]R[ •
-sidide vardnas ganicdis da masTan erTad 

mcirdeba registrirebadi signalic. im SemTxvevaSic ki, Tu aqtiuri radikalebi Warbad war-

moiqmnebian, k -is maRali mniSvnelobis gamo isini ar gamoCndebian. ql-is intensivoba piriqiT, 
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damokidebuli ar aris radikalTa reaqciisunarianobaze, ramdenadac radikalTa reaqtiulobis 

zrdisas erTdroulad da imave zomiT qveiTdeba radikalTa stacionaruli koncentracia, maTi 

warmoebuli mudmivi rCeba, xolo masTan erTad ql-is intensivobis cvlilebebi ar xdeba (gan-

toleba 8.5.). sxvagvarad rom iTqvas ql-is meTodiT registrirdeba yvelaze aqtiuri radika-

lebic ki, romelTa koncentracia sistemaSi usazRvrod mcirea da amaSi mdgomareobs sxva meTo-

debTan SedarebiT misi unikaluroba da upiratesoba. rac ufro aqtiuria radikali, miT ufro 

Znelia epr-iT misi uSualo gamovlena, maSin rodesac ql-is meTodisaTvisac ki es SezRudva ar 

arsebobs.  

 

 

8.2 molekuluri Jangbadi da misi aqtiuri formebi (Jaf) 

 

ori miliardi wlis win dedamiwaze molekuluri Jangbadis gamoCenam daaCqara organizmTa 

evoluciis procesi. energiis generacia-realizaciis ufro efeqturi meqanizmebis Camoyalibe-

bam ganapiroba is, rom organizmebi, romelTac eleqtronebis saboloo aqceptorad Jangbadi 

airCies, cocxali materiis upirates formebad iqcnen da sadResod biosferos ZiriTadad isini 

SemorCnen. cxovelebis, mcenareebis da baqteriebis energetikul cvlaSi Jangbads sawyisi pozi-

cia ukavia, ramdenadac misi saSualebiT xorcieldeba ujredSi organul naerTTa umravlesobis 

Jangva. Jangbads mxolod is SedarebiT mcirericxovani saxeobebi uvlian gverds, romlebic 

anaerobul pirobebSi Tavis energetikul moTxovnebs duRilis xarjze ivseben. anaerobulTan 

SedarebiT aerobuli Jangvis tipis upiratesoba metad TvalsaCinoa. romelime konkretuli 

substratis JangbadiT daJangvisas gamoyofili energia ramdenimejer aRemateba igive nivTie-

rebis sxva nebismieri duRilisas gamoyofil energias. amis SesaniSnavi magaliTia piruvatis da-

Jangva limonmJavas ciklSi da misi gamoyeneba duRilis iseT gavrcelebul procesSi, rogoric 

glikolizia. Tanafardobebs gansazRvravs wyvilebis _ Jangbadi/wyali (+0.82 V) da piruva-

ti/rZemJava (_0.19 V) Jangva-aRdgeniTi potencialTa sxvaobebi. Tu gaviTvaliswinebT, rom 

sunTqvisa da duRilis ZiriTadi substratebis potencialebi 0.7 V-is toli, an masze odnav me-

tia, maSin sunTqvisaTvis mJangvelisa da aRmdgenelis potencialTa maqsimaluri sxvaoba 0.7 V + 0.8 2 V =1.5 2 V -is, xolo glikolizisaTvis 0.7 V + 0.19V =1.5 V -is toli iqneba. aerobuli 

sunTqvis anaerobulTan SedarebiT upiratesoba im garemoebam ganapiroba, rom maRali energe-

tikuli gamosavlianobis miuxedavad, molekuluri Jangbadi organuli molekulebis mimarT 

praqtikulad inertulia. sxvagvarad rom iTqvas, JangbadiT organuli nivTierebebis Jangva ki-

netikurad Senelebuli, magram Termodinamikurad momgebiani Seuqcevadi procesia. am garemoe-

bas TviT Jangbadis molekuluri aRnagoba gansazRvravs.  

molekuluri Jangbadi mcire zomis neitraluri molekulaa. ZiriTad mdgomareobaSi igi 

tripleturi eleqtronuli konfiguraciiT arsebobs, romlisTvisac P*-gamTiSvel orbitalze 

toli energiis mqone ori paralelurspiniani gauwyvilebeli eleqtronis arsebobaa damaxasia-

Tebeli (hundis wesi). am SemTxvevaSi igi paramagnitur biradikals ( ΣgO ) warmoadgens, anu Jang-

badis ori gauwyvilebeli eleqtronidan TiToeuls jamuri spinis naxevari mniSvneloba aqvs da 

mis ZiriTad 2s+1=3 tripletur mdgomareobas ganapirobebs (cxrili 8.3).  

aseTi mdgomareoba arasakmarisad reaqciisunariania. es orive eleqtroni gamTiSveli (gam-

faSaravebeli) orbitalidan Tu Secvlil (gadagvarebul) energetikul p-orbitalze gadava, 

antiparalelurspiniani diamagnituri Jangbadi, anu agznebuli (singleturi) mdgomareoba ∆gO  

miiReba. am mdgomareobis energia ~23kkal/moliT aRemateba paramagnituri Jangbadis energias. 

singletur mdgomareobaSi Jangbadi erT Tavisufal da erT Sevsebul p-orbitals Seicavs, rac 

eleqtronTa Zlier aqceptorebTan mis donorul Tvisebebs ganapirobebs. am mxriv damaxasiaTe-

belia misi naerTebi dienebTan. Jangbadis neitraluri molekula Cveulebriv upiratesobas 

ujredis hidrofobul garemocvas aniWebs (sistemaSi cximi/wyali Jangbadi cximSi daaxloebiT 
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10-jer metia); amitom fosfolipidebisa da lipoproteinebisagan naSenebi membranebi Jangbadis 

SesaRwevad araviTar winaaRmdegobas ar warmoadgenen, anu membranas Jangbadisagan araviTari 

dacva ar esaWiroeba.  

cxrili 8.3 

molekuluri Jangbadis eleqtronuli struqtura ZiriTad, agznebul  

da nawilobriv aRdgenil mdgomareobaSi 

orbitali 

ZiriTadi 

mdgomareoba 

ΣgO  

singleturi Jangbadi 
superoq-

sidi 
−•2O  

peroqsidi 
−22O  

∆gO  Σg  σ 2p 
     π 2p 

    

p2•π  
    

p2•σ  
     σ 2s 
     

s2•σ  
     σ 1s 
     

s1•σ  
     

 

biologiuri TvalsazrisiT uaRresad mniSvnelovania, rom Jangbadis molekulas Tanmimde-

vrulad oTxi eleqtroniT aRdgena SeuZlia, romlebic gamTiSvel orbitalebze Tavsdebian (nax. 8.3). rac metia aseTi orbitalebis ricxvi, miT ufro sustdeba kavSiris simtkice da miT ufro 

matulobs Jangbadis atomTa Soris manZili. 

 

H2O2

2O
2H2OHO2. HO. + H2ORO2-is

analogi

. ROOH-is

analogi

O2 + e _O2 + e_

H+
O2 + e _2_

2H+ 3H+
+ e _ 2_

4H+
O + O_. _ 2_

 
nax. 8.3. Jangbadis molekulis Tanmimdevruli oTxeleqtroniani aRdgena. 

 

ZiriTad mdgomareobaSi erTi eleqtronis mierTebiT superoqsiduri anion-radikali  )O( 2−•  warmoiqmneba, romelic mravali zeJanguri naerTis SemadgenlobaSi Sedis. es eleqtroni 

gamTiSvel orbitalze Tavsdeba da kavSiris rigs 1/2-iT amcirebs. misi eleqtronuli aRnagoba 

ase gamoisaxeba: O O  
. .. ... ... . . _   

es anioni eleqtronTa kent ricxvs flobs da erTi erTmagi da erTi sameleqtroniani 

kavSirisagan Semdgar sistemas warmoadgens, rac zeJanguri naerTebis paramagnetizmTan 

SesabamisobaSia. molekulur JangbadTan SedarebiT superoqsidi naklebad mtkicea, magram 

aprotonul gamxsnelebSi xangrZlivad arseboba SeuZlia.  
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Jangbadis molekulis mier ori eleqtronis, an superoqsidis mier erTi eleqtronis 

mierTebis Sedegad 
−22O -is ormuxtiani anioni warmoiqmneba, romelic agreTve zeJangebis 

SemadgenlobaSi gvxvdeba. orive process Tan axlavs energiis moxmareba (pirvel SemTxvevaSi _ 110kkal/moli, xolo meoreSi _ 130±3 kkal/moli). superoqsidisagan gansxvavebiT 
−22O -is anioni 

zeJangebis mxolod kristalur meserSi arsebobs, sadac igi didi atomuri radiusis mqone 

kationebiTaa stabilizebuli. am anionis warmoqmna SesaZlebelia wylian garemoSi: H O →2H O 56 kkal/moli   8.7 

−22O -is eleqtronuli aRnagoba SeiZleba ase warmovidginoT: 

O O  
.. 2 _.... ..

 

gamTiSvel orbitalze ori eleqtronis ganTavseba kavSiris rigs erTeulamde amcirebs. or-

muxtiani zeJanguri anioni wyvil eleqtronTa sistemas warmoadgens da erTmag kavSirs qmnis. 

superoqsidTan SedarebiT igi naklebad mtkicea da yvelaze didi bmis sigrZe (1.49 Å) gaaCnia. 
−•2O  

da 
−22O  ujredisaTvis potenciur toqsikantebs warmoadgenen, radgan upiratesad lipidebis 

ujer cximovan mJavaTa naSTebs uteven da membranaTa dazianebas iwveven. 

molekuluri JangbadiT organuli naerTebis Jangvis reaqciebi sami Semdegi gantolebiT ga-

moisaxeba: 

•• +→+ 22 HORORH
    

8.8 

−+ •+→+ 22 ORHORH
    

8.9 
222 OHR2ORH2 +→+ •

    
8.10 

organul nivTierebaTa didi umravlesoba fiziologiur pirobebSi am sami reaqciiT maTi 

Zlieri endoTermulobis gamo Znelad iJangeba. H_O2 kavSiris simtkice ~50 kkal/mol-s, xolo 8.8-reaqciiT daSlili R_H kavSiris simtkice ~90 kkal/mol-s Seadgens. cxadia, es reaqcia Se-

samCnevi siCqariT ar warimarTeba. aminebSi N_H bmis energia da spirtebSi O_H bmis energia ua-

xlovdeba naxSirwyalbadebSi R_H bmis energiis mniSvnelobas, amitom 8.8-reaqciiT Jangbadis 

urTierTqmedeba aminebTan da spirtebTan aseve Senelebulad xorcieldeba. zogierT SemTxve-

vaSi naxSirwyalbadebTan, aminebTan da fenolebTan molekuluri Jangbadis urTierTqmedebisas 

registrirdeba Tavisufali radikalebis generireba. am reaqciaTa aqtivaciis energia 25-40 

kkal/molis sazRvrebSi icvleba, maSin rodesac RviZlis mikrosomuli fermentebiT naxSir-

wyalbadebis Jangvis aqtivaciis energia 10_17 kkal/mol-s ar aRemateba. monooqsigenazebis ti-

piuri substratis – cikloheqsanis Jangva katalizatoris gareSe uaRresad Senelebulad xor-

cieldeba. mTel rig SemTxvevebSi JangbadTan aminebis urTierTqmedebis malimitirebeli stadia 

aminidan Jangbadze eleqtronis gadatana (reaqcia 8.9.) SeiZleba iyos. nanaxia, rom pirveladi da 

meoradi aminebi JangbadiT iJangebian ara H-atomebis mowyvetis, aramed eleqtronis gadatanis 

gziT. naxSirwyalbadebisa da fenolebis SemTxvevaSi procesi upiratesad pirveli reaqciiT 

xorcieldeba. amasTan dakavSirebiT unda aRiniSnos, rom nivTierebaTaTvis, romelTa C_H kav-

Siris simtkice 90 kkal/mol-ze naklebia, navaraudebia jaWvis Casaxvis trimolekuluri reaqcia 

(reaqcia 8.10). zogierT SemTxvevaSi am reaqciis msvleloba eqsperimentulad marTlacaa dadas-

turebuli. aseTi reaqciiT urTierTqmedeben JangbadTan cikloheqsani, tetralini da dekali-

ni. trimolekuluri reaqcia aqtivaciis energiis gacilebiT dabali mniSvnelobiT xasiaTdeba, 

vidre Jangbadis naxSirwyalbadebTan bimolekuluri urTierTqmedeba. 

amgvarad, SeiZleba iTqvas, rom sxvadasxva substratebTan Jangbadis pirdapiri ur-

TierTqmedeba 8.8_8.10 reaqciebiT fiziologiur pirobebSi uaRresad gaZnelebulia. miuxeda-

vad amisa, es sulac ar niSnavs imas, rom biologiur sistemebSi 8.9 da 8.10 reaqciebi saerTod ar 
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xorcieldebian. am reaqciaTa endoTermuloba SeiZleba arsebiTad iqnas daqveiTebuli Tu war-

moqmnili 
•R -radikali an RH -kation-radikali gauwyvilebeli eleqtronis mqone mdgrad de-

lokalizebul sistemas warmoadgenen. amis magaliTad SeiZleba moviyvanoT bioobieqtebSi sru-

lad aRdgenili flavinis (FH2-is) daJangva, romelic JangbadTan radikaluri meqanizmiT reagi-

rebs: pirvelad semiqinoni (nivTierebaTa safexurebrivi Jangvisas generirebuli SedarebiT 

mdgradi )FH( •
-tipis Sualedi produqti) da superoqsidi warmoiqmneba, xolo Semdgom es uka-

naskneli srulad Jangavs flavins: AH2 + O2 AH + HO2. 8.118.12AH + HO2. A + H2O2
. _

. _  
es reaqciebi arafermentulad mimdinareoben oTaxis temperaturaze, ramdenadac miRebuli 

flavosemiqinoni izoaloqsazinis birTvSi gauwyvilebeli eleqtronis delokalizaciis wyalo-

biT mdgrad naerTs warmoadgens. gasakviri araa, rom mravali oqsigenaza prosteTul jgufad 

flavins Seicavs. es aadvilebs tripleturi JangbadiT singleturi flavinis molekulasTan 

urTierTqmedebas, ris Sedegadac mdgradi flavosemiqinoni da )O( 2−• -is anioni warmoiqmneba. 

aqve unda SevniSnoT, rom JangbadiT Jangvis produqti- H2O2 singletur mdgomareobaSi myof 

naerTs warmoadgens. aseve singletur mdgomareobaSi imyofeba oqsigenazas yvela substrati. 

tripleturi Jangbadis pirdapiri reaqcia singletur mdgomareobaSi myof molekulebTan da 

reaqciis singleturi produqtebis miReba spin-akrZaluli procesia da amitom igi ar SeiZleba 

Cveulebriv pirobebSi Sesabamisi katalizatorebis, mag., oqsigenazebis gareSe warimarTos. 

singleturi Jangbadi . Jangbadis molekulis mier energiis STanTqmisa da agznebis p*-

gamTiSveli molekuluri orbitalis erT-erTi eleqtronis spinis orientacia sapirispirod 

icvleba da antiparaleluri spinis mqone eleqtronebi Cndeba (cxrili 8.3). aseT agznebul 

mdgomareobas singleturi ewodeba da molekula maRali qimiuri aqtivobiT xasiaTdeba, ramde-

nedac is spinuri SezRudvebia moxsnili, romelsac paulis principi iTvaliswinebs. bunebaSi 

singleturi Jangbadis ori forma ( ∆g-isa da Σg -is) arsebobs, Tumca agznebuli mdgomareobis 

meore formas biologiuri mniSvneloba ar gaaCnia, radgan imaze Zlier mcire xniT arsebobs, rac 

garemomcvel molekulebTan urTierTqmedebisTvisaa saWiro da swrafad gardaiqmneba ∆g-

formad (aRiniSneba Cveulebriv O -iT). 

 singleturi Jangbadis warmoqmnis ramdenime gza arsebobs, romelTagan mniSvnelovania  

Semdegi: 

1. wyalbadis zeJangis an zogierTi ozonidis daSla; 

2. endozeJangebis an superoqsiduri anionis daSla; 

3. peroqsiacetilnitrilis daSla; 

4. neodimuri lazeriT tripleturi Jangbadis dasxiveba. 

mraval reaqciaSi warmoqmnisa da monawileobis gamo O -s bioqimiur literaturaSi xSirad 

aqtiur mJangvel agentad moixsenieben. ase mag., igi monawileobas iRebs mikroorganizmebSi (As-

pergillus flavus) mimdinare dioqsigenazur reaqciebSi, xolo warmoiqmneba aromatuli qsenobioti-

kebis mikrosomuli hidrosilirebisas, kataliziT wyalbadis peroqsidis daSlisas, qsantinoq-

sidaza – qsantinis sistemaSi da sxv. singleturi Jangbadi organizmSi SeiZleba generirdes fo-

tosensibilizatorebis monawileobiT an fermentTa (mieloperoqsidazas) daxmarebiT. 

specifikuri damWerebis gamoyenebiT dadgenil iqna, rom igi SeiZleba warmoiqmnas 
−•2O -isa da H2O2-is urTierTqmedebiT, an Jangbadis anion-radikalis spontanuri dismutaciiT. orive 

SemTxvevaSi singleturi Jangbadis gamosavali uaRresad mcirea da amitom 
−•2O -is citotoqsi-

kuri moqmedebis realizaciaSi am reaqciebs SeiZleba mxolod meorexarisxovani mniSvneloba 

gaaCndeT. arcTu iSviaTad RviZlis mikrosomebis, NADPH-isa da O2-is Semcveli sistemis mier ga-
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movlenil qemiluminescencias Jangbadis am aqtiuri formis arsebobas miaweren. qemilumines-

cenciis movlenas adgili aqvs agreTve qafuris mahidroqsilirebeli citoqrom P450-is auto-

Jangvis drosac, da amas superoqsidis rekombinaciisas warmoqmnil singletur Jangbads  

ukavSireben: 

H2O2 + 'O22O2 2H+. _

 

8.13 

tripleturisagan gansxvavebiT singletur Jangbads uCveulo reaqciebSi monawileoba axa-

siaTebs. mag., oTaxis temperaturaze igi maRali siCqariT reagirebs alkenebTan da alkilur ze-

Jangs warmoqmnis:  

C C CHR2RRR C C CR2RRHOOR +   'O 2 8.14 

es reaqcia araradikaluri meqanizmiT mimdinareobs, maSin rodesac tripleturi Jangbadi 

alkenebTan radikalur-jaWvuri meqanizmiT reagirebs. singleturi Jangbadi pirdapiri reaq-

ciiT endozeJangebis warmoqmnis unars amJRavnebs: 

OO +   'O 2 8.15 

eqsperimentulad dadgenilia singleturi Jangbadis monawileoba lipidTa zeJangur Jangva-

Si. maRali mJangvelobiTi aqtivobis gamo mas poliujeri cximovani mJavebis ormag kavSirebSi 

Canergva da Sesabamisi hidroperoqsidebis warmoqmna SeuZlia. lipidTa zeJangur JangvaSi O -is 

roli meoradi inicirebis xarjze jaWvuri radikaluri reaqciebis ganviTarebaSi mdgomareobs. 

Jangvis gamo singleturi Jangbadi azianebs cilebs (kanis epiTeliumis kolagens, katalazas, SOD-s) da dnm-s (guaniduri fuZis modifikaciis Sedegad). igi mniSvnelovan rols asrulebs mra-

vali paTologiuri procesis (kataraqtis, iSemia-reperfuziis sindromis da a.S,) ganviTarebaSi. 

Tavisi maRali reaqciisunarianobis miuxedavad mravali mkvlevari ∆O -s mainc ar miiCnevs 

oqsigenazur reaqciebSi monawile aqtiur mJangvel agentad. am Tvalsazrisis sasargeblod 

ramdenime sagulisxmo argumenti saxeldeba: 

1. tripleturidan O -is generaciisaTvis ~22 kkal/moli energiaa aucilebeli. arcerT fer-

mentul sistemas ar ZaluZs tripleturi Jangbadis aqtivaciisaTvis aseTi raodenobis ener-

giis gaReba; 

2. singleturi Jangbadi ubralod ar reagirebs alkanebTan da mraval aromatul naerTTan, 

romlebic monooqsigenazebis tipiur substratebad iTvlebian; 

3. singleturi Jangbadi iseT specifikur zeJangebs warmoqmnis, romlebic fermentul peroq-

sidaciul procesebSi saerTod ar vlindebian;  

4. qemiluminescenciis meTodiT biologiur obieqtebSi singleturi Jangbadis aRmoCena upira-

tesad superoqsiduri anionebis rekombinaciasTanaa dakavSirebuli. 

aRniSnulidan gamomdinare, savaraudoa, rom singleturi Jangbadis, rogorc damJangavi 

agentis roli biosistemebSi nakleb mosalodnelia. igi im damatebiTi reaqciebis produqti 

ufro unda iyos, romlebic biologiuri Jangvis reaqciebis Tanamdevni arian da Semdgom oqsige-

nazebisaTvis aradamaxasiaTebel reaqciebSi monawileoben. 

superoqsiduri anion-radikali )O( 2−• . molekuluri Jangbadis monawileobiT mimdinare Ta-

visufalradikalur procesebSi gasaRebi pozicia Jangbadis anion-radikals, anu superoqsids 

ukavia. misi generireba qsovilebSi registrirebulia flavinSemcvel sistemaTa Jangvisas da 

citoqrom P450-is autooqsidaciisas. igi tripleturi Jangbadidan monovalenturi aRdgenis 

gziT miiReba: 
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..O O O O. . monovalenturi aRdgena .                                   8.16 p*-gamTiSvel orbitalze superoqsidi erT damatebiT eleqtrons Seicavs. Jangbadis cnobil 

aRdgenil formebTan SedarebiT igi Tavisi bunebiT gansakuTrebulad reaqciisunarian agents 

ar warmoadgens da upiratesad amfoterul Jangva-aRdgeniT Tvisebebs avlens, anu erTdrou-

lad gaaCnia ionuri da radikaluri Tvisebebi. superoqsidi “rbili” polifunqciuri reagentia: 

flobs JangviT da aRdgeniT aqtivobebs. igi advilad aZlevs eleqtrons zogierT aqceptors, 

mag., citoqrom c-s, tetranitromeTans da sxv. mniSvnelovania misi aRmdgeni unari tripleturi 

Jangbadisa da hidroqsilis radikalis (
•HO -s) erTdrouli generaciis reaqciaSi: 

++− +Σ→+• 2332 FeFeO           8.17 

aRdgenili metali urTierTqmedebs wyalbadis zeJangTan hidroqsilis radikalisa da hid-

roqsilis ionis warmoqmniT: 

−++ ++→+ • HOHOFeOHFe 3222          8.18 

hidroqsilis radikalTan reagirebisas superoqsidi singletur Jangbadad gardaiqmneba: 

−− +∆→+ •• HOO'HOO 22                  8.19 

superoqsidis amfoteroba mniSvnelovanwiladaa damokidebuli garemoze da misi es Tviseba 

gacilebiT mkafiod aprotonul arapolarul gamxsnelebSi mJRavndeba, sadac igi Zlier nuk-

leofilur agentad gvevlineba da nukleofiluri Canacvlebis reaqciaSi Sesvlis unari aqvs:
 
 

−− +÷→+ XVRVX:R                 8.20 

am tipis reaqcia mimdinareobs mag., superoqsidis urTierTqmedebisas diacilperoqsidebTan 

da fosfolipidebTan. bolo SemTxvevaSi superoqsidi eTerul bmas utevs da cximovan mJavas 

naSTis mocilebas axorcielebs. nukleofiluri Setevis stadia superoqsidiT disulfiduri 

naerTebis Jangvis sawyis etaps warmoadgens. 

superoqsid anion-radikali e.w. brenstedis Zlieri fuZis Tvisebebsac avlens, anu protone-

bis aqtiuri aqceptoria. aprotonul garemoSi igi 8.21 reaqciis Sesabamisad hidroperoqside-

bis, Tiolebis, qloroformisa da wylis molekulebis deprotonirebas axorcielebs: 

−− +→+ •• ROHOOROH 22      8.21 

gansakuTrebuli yuradReba daeTmo gamokvlevebs, sadac Seiswavleboda superoqsidis ur-

TierTqmedeba ZiriTad bunebriv antioqsidantebTan _ α-tokoferolTan da askorbinmJavasTan. 

naCvenebi iqna, rom α-tokoferoli (α-TH) iJangeba 
−•2O -generirebadi sistemiT. Tumca Semdgomma 

gamokvlevebma aCvenes, rom superoqsidi α-TH-Tan reagirebs ara eleqtronis pirdapiri gadata-

nis, aramed protonis gadatanis (deprotonirebis) gziT, anu adgili aqvs mJava-fuZur ur-

TierTqmedebas, romlis drosac superoqsidi funqcionirebs rogorc brenstedis fuZe. war-

moqmnili substratis anioni molekuluri JangbadiT erTeleqtroniani meqanizmiT iJangeba: 

 

•• +−α→−α+ −− 22 HOTTHO     8.22 

2222 OHOHOO +→+ −− ••      8.23 

−−α+ TO2 •• −α+− TO2     8.24 
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rogorc Cans, α-tokoferols ar ZaluZs Jangbadis anion-radikalis damWeri iyos, radgan 

reaqcia 8.22 Zlier Senelebulia K 0.59 M · წმ  da rac ufro mniSvnelovania, ujredis hi-

drofobul zonaSi, kerZod membranebSi α-tokoferolTan 
−•2O -is urTierTqmedebas Jangbadis 

gacilebiT aqtiur anion-radikalis protorinebuli formis warmoqmnasTan mivyavarT. 

mTeli rigi eqsperimentuli monacemebisa mowmoben, rom aprotonul garemoSi deprotoni-

rebis meqanizmiT xorcieldeba reaqcia superoqsidsa da askorbinmJavasac Soris. mxolod wy-

lian garemoSi, rogorc Cans, maT Soris adgili aqvs WeSmarit Jangva-aRdgeniT urTierTqmede-

bas: wyalbadis atomisa da protonis gadatanas askorbinmJavadan (askorbat-ionis pH-is fizi-

ologiuri mniSvneloba pKα 4.2) 
−2O -ze: 

2222 OHAO)HAH(H +→++∆ −−+− ••      8.25 

es Sedegi gvafiqrebinebs, rom askorbinmJavas erT-erT funqcias organizmSi Jangbadis 

anion-radikalis detoqsikacia unda warmoadgendes. 

organuli molekulebis JangvaSi Jangbadis anion-radikalis monawileobis meqanizmis kvle-

viT dadginda, rom superoqsidze eleqtronis pirdapiri gadatana mxolod zogierTi substra-

tis, mag., natriumis sulfinatis RSO  Na  tipis naerTebis Jangvisas xdeba. principSi, organul 

molekulaTa, mag., Tiolebisa da kateqolebis daJangva madeprotonirebeli meqanizmiT mimdina-

reobs. nukleotidebis SemTxvevaSi Jangva peroqsiduli radikalebis warmoqmnis gziT xor-

cieldeba. 

wylian garemoSi superoqsidis qimiuri aqtivoba, kerZod misi mJangvelobiTi Tvisebebi ga-

cilebiT sustadaa gamoxatuli. hidrofilur garemocvaSi igi ZiriTadad aRmdgenelis rolSi 

gvevlineba. naCvenebia, rom 
−•2O  advilad aRadgens paranitrotetrazoliums. am reaqciis siCqa-

ris konstanta pH 7.0-ze 6.7 · 10  M · წმ -is, xolo pH 10-ze 10  M · წმ -is tolia. aRdgenis ma-

Rali siCqaris gamo es nivTiereba 
−•2O -is erT-erT yvelaze gavrcelebul indikators warmoad-

gens. meore farTod gamoyenebul indikators ferilcitoqromi c miekuTvneba. am reaqciis siC-

qaris konstanta pH-is fiziologiuri mniSvnelobebisas 2.6 · 10  M · წმ -s Seadgens. fermentTa 

aqtiur centrebSi arsebul rkinisa da spilenZis ionebis garda, Jangbadis anion-radikalebs un-

ari aqvT aRadginon Tavisufali metalebi da maTi dabalmolekuluri kompleqsebi.  

jer kidev 1954 w. herSmanisa da jilbertis mier gamoiTqva varaudi imis Sesaxeb, rom Jangba-

dis mravali toqsikuri efeqti organizmSi ganpirobebulia misi radikalebiT. mogvianebiT es 

hipoTeza, romelic amJamad cnobilia, rogorc Jangbadis toqsikurobis superoqsiduri Teo-

ria, ganviTarebul iqna fridoviCis mier. sxvadasxva paTologiebis ganviTarebaSi Jangbadis 

anion-radikalis monawileoba miRebul faqtad iqca, Tumca am fenomenis konkretuli meqanizme-

bis Sesaxeb sakiTxi isev intensiuri kvlevisa da diskusiis sagania. arsebuli warmodgenebis 

araerTmniSvnelovneba imiTaa ganpirobebuli, rom mikrogaremocvis kerZo SemTxvevebisagan da-

mokidebulebiT Jangbadis anion-radikali SeiZleba qimiur reaqciaTa farTo wreSi iyos Car-

Tuli. amis sasargeblod metyveleben eqsperimentuli monacemebi, romelTa Tanaxmadac 
−•2O -is 

citotoqsikuri moqmedeba gaSualebulia aqtiuri Jangbadis iseTi formebis warmoqmnasTan, 

rogorebicaa Jangbadis protonirebuli anion-radikalebi )HO( 2• , singleturi Jangbadi ( O ), 

feril FeOH  da perferil (
−+ •− 23 OFe  an 22 OFe −+

) ionebi, hidroqsilis radikali ( OH•
), peroq-

sinitriti ONOO  da sxv. amdenad, 
−•2O -generirebadi sistemis Tanamyofobisas ujredis dazia-

neba da kvdoma ar SeiZleba cilebTan, lipidebTan da nukleinmJavebTan misi pirdapiri zemoqme-

debis Sedegi iyos. Tavisi susti mJangvelunarianobis gamo fiziologiur pirobebSi 
−•2O -s mxo-

lod iseTi nivTierebebisagan SeuZlia eleqtronis aqceptireba, romlebic Jangvis Sedegad 

mdgrad radikalebs iZlevian. ufro metic, superoqsidi ver Jangavs monooqsigenazas iseTi ti-
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piur substrat-qsenobiotikebs, rogorebicaa alkanebi, alkenebi da aromatuli naerTebi. ami-

tom imis aRiarebas, rom fermentul sistemebSi 
−•2O  SeiZleba mahidroqsilirebeli agentobis 

realur pretendents warmoadgendes, sruli fizikur-qimiuri dasabuTeba ar gaaCnia. superoq-

sidi praqtikulad inertulia dauJangavi lipidebis mimarTac. 

yovelive zemoTqmulis miuxedavad, ar SeiZleba gverdi avuaroT organizmisaTvis superoq-

sidis zogierT dadebiT Tvisebas: rogorc bolo periodis gamokvlevebi gviCveneben, adamianis 

organizmSi garkveuli ujredebi producireben ra 
−•2O -s, misgan warmoebul reaqciisunarian 

molekulebs iyeneben rogorc antibiotikur “iaraRs” paTogenuri mikroorganizmebis mosaspo-

bad. garda amisa, mraval Sidaujredul procesTa regulaciaSi igi sasignalo molekulis rols 

asrulebs.  

perhidroqsiluri radikali )HO( 2•  superoqsidTan SedarebiT ufro aqtiuri da Zlieri dam-

Jangvelia. Tumca isic inarCunebs amfoterul Tvisebebs, anu gansazRvrul pirobebSi aRmdge-

nelis funqciasac asrulebs: 

+++ ++→+• 2232 FeOHFeHO     8.26 

imis gamo, rom  eleqtrul muxts ar atarebs, igi advilad inergeba membranis lipidur 

SreSi. modeluri cdebiT naCvenebia, rom wyal-spirtian garemoSi(70% eTanoli) pH 2-ze •2HO -s 

protonis mocilebiT ujer cximovan mJavaTa zeJanguri Jangvis inicireba SeuZlia: 

222 OHLHOLH +→+ ••
     8.27 

•• →+ LOOOL 2        8.28 

•• +→+ LLOOHLHLOO      8.29 

reaqcia 8.27-is siCqaris konstanta mniSvnelovnad uTmobs igive pirobebSi -is sponta-

nuri dismutaciis siCqaris konstantas 8.7 · 10  M · წმ . garda amisa, Jangbadis anion-radi-

kalis protonireba ZiriTadad membranis uSualo siaxloves mimdinareobs (aq citoplazmasTan 

SedarebiT pH-is mniSvnelobaSi sxvaoba daaxloebiT sam erTeuls aRwevs) da amitom  swra-

fad “jdeba” lipidur SreSi, sadac cximovan mJavaTa maRali koncentraciebi 8.27-8.29 reaqcie-

bis maqsimalur siCqares uzrunvelyofen. 

fiziologiur pirobebSi -s ar ZaluZs daJangos alkanebi da aromatuli naxSirwyalba-

debi Sesabamis reaqciaTa maRali endoTermulobis gamo. amitom •2HO  am nivTierebebTan mxolod 

maRal temperaturaze (80°-ze zeviT) reagirebs. 

naxSirwyalbadebisa da JangbadSemcveli naerTebis inicirebul Jangvis reaqciebSi 
•2HO -

radikalis analogad zeJanguri _ 
•2RO -tipis radikali iTvleba, Tumca biologiuri Jangvis 

reaqciebSi arcerTi maTgani ar warmoadgens qsenobiotikTa mahidroqsilirebel agents. -sa 

da  nawilakebs mxolod im substratebTan SeuZliaT urTierTqmedeba, romlebic Cveu-

lebriv pirobebSi wyalbadis atomis mocilebis gziT mdgrad nawilakebs warmoqmnian. - 

radikalebi aqtiur intermediatebs warmoadgenen naxSirwyalbadebis, spirtebis da eTerebis 

Jangvis reaqciebSi, romlebic fiziologiurTan SedarebiT gacilebiT maRal temperaturaze 

xorcieldebian. 

wyalbadis zeJangi  Jangbadis aqtiuri formaa da uaryofiT muxts atarebs. mas Cveu-

lebriv gamosaxaven rogorc “wyalbadis zeJangs”, ramdenadac biologiur sistemebSi misi war-

moqmnisas superoqsidis uaryofiTi muxti ori protoniT neitraldeba. 

•2HO

•2HO
•2HO

•2HO

•2HO
•2RO

•2RO
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O O
O O

monovalenturi aRdgena

superoqsidi.

H H wyalbadis zeJangi

.. 2H+

....  

sqemidan Cans, rom wyalbadis zeJangi molekuluri Jangbadis aRdgenis meore stadiaze mii-

Reba, anu igi tripleturi Jangbadis oreleqtroniani aRdgenis produqts warmoadgens. H O  

saSualo siZlieris damJangvelia, Tumca fiziologiur pirobebSi cvalebadi valentobis mqone 

ionebis Semcveli katalizatorebis gareSe mJangvelis funqcias ver asrulebs. Cveulebriv pi-

robebSi misi homolizuri daSlisas 
•HO  radikali ar miiReba, radgan HO_OH kavSiris simtkice 51.2±0.4 kkal/mol-s ar aRemateba. wyalbadis zeJangidan radikalebis generireba 100°-ze met 

temperaturas, dasxivebas an cvalebadi valentobis metalTa kompleqsebis Tanamyofobas saWi-

roebs. varaudoben, rom garkveul pirobebSi H O  SeiZleba maRalreaqciisunariani eleqtro-

filuri HO  nawilakis wyaro gaxdes:  

HOOH H2O + HOH+ +
 

        8.30 

Tavisufali saxiT aseTi nawilaki ar arsebobs, radgan misi warmoqmna didi energiis xarjvas 

iTxovs. amdenad mJangvel agentad HO -ionis miCneva safuZvels moklebulia. 

organuli hidrozeJangebis msgavsad wyalbadis zeJangi SeiZleba aqtiuri intermediati 

iyos mxolod katalizatorebis Tanamyofobisas. am SemTxvevaSi radikalebi haber-veisis reaq-

ciebiT inicirdebian: 

+−+ ++→+ • 2MHOROMROOH      8.31 

+++ ++→+ • MHROMROOH 22      8.32 

gansakuTrebiT detaluradaa Seswavlili wyalxsnarebSi rkinis ionebiTa da misi kompleqse-

biT wyalbadis zeJangis daSla. es rTuli procesi Semdegi reaqciebiT SeiZleba aRiweros: 

•+→+ +−+ 2223 HOFeHOFe    8.33 

•++→+ −++ HOHOFeOHFe 3222    8.34 

•• +→+ 2222 HOOHOHHO    8.35 

−++ +→+ • 2322 HOFeHOFe    8.36 

2223 OHFeHOFe ++→+ +++ •    8.37 

•2HO −+ + 2OH    8.38 

2223 OFeOFe +→+ +−+ •    8.39 

wyalbadis zeJangi mravali biologiur procesSi warmoiqmneba. am reaqciebs gansakuT-

rebuli yuradRebis moqceva esaWiroeba, radgan Zalian xSirad saWiro xdeba metabolur 

procesTan msvlelobis normalizebis mizniT maTgan Tavdacva. meore mxriv, H O  advilad gadis 

ujredul membranaSi, sadac mravali fermenti mis aucilebel Tanamyofobas saWiroebs. 

hidroqsilis radikali (
•HO ) uaRresad reaqciisunariani agentia da yvela dabalmole-

kuluri organuli naerTebis, agreTve cilebis, nukleinmJavebis da sxva biopolimerebis 

daJangva, aseve lipidTa zeJanguri Jangvis inicireba SeuZlia.  

In vivo pirobebSi radikali umTavresad rkiniT katalizebuli haber-veisis reaqciiT war-

moiqmneba, romelic ori elementaruli reaqciis _ fentonisa da 
−•2O -iT samvalentiani rkinis 

aRdgenis erTobliobas warmoadgens: 

•HO
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+−+ ++→+ • 3222 FeHOHOFeOH   8.40
2223 OFeOFe +→+ +−+ •  8.41

2222 OHOHOOOH ++→+ −− ••  8.42
wyalbadis zeJangSi arsebuli Jangbad- Jangbadis kavSiris gasaxleCad daJangulobis um-

dables xarisxSi arsebuli rkinis ionia saWiro, romelic ujredSi am mizniT yovelTvis imyofe-

ba. zrdasruli adamianis organizmi 4 g-mde rkinas Seicavs. misi mniSvnelovani nawili hemoglo-

binis, mioglobinis, citoqromebisa da fermentTa prosTetuli jgufebis SemadgenlobaSi 

Sedis. rkinis mcire nawili matransportirebad da madeponirebad cilebSi an ATP-sa da FTP-s ti-

pis dabalmolekulur xelatorebTanaa dakavSirebuli. rkinis mxolod ukiduresad mcire nawi-

li Tavisufali saxiT mommaragebel da mautilizebad sistemaTa Soris mudmiv moZraobaSi imyo-

feba. rkinis swored es minimaluri nawilia CarTuli haber-veisis reaqciaSi. 

fiziologiur pirobebSi  radikali aqtiurad utevs alkanebSi, alkenebSi da aromatuli 

naxSirwyalbadebis gverdiT jaWvebSi arsebul nebismier C_H bmebs: 

•HO  + R_H → R + H_OH     8.43 

es reaqcia yvela variantSi egzoTermulia, radgan warmoqmnili H_OH kavSiris simtkice 119 

kkal/mol-s Seadgens, romelic R_H kavSiris simtkicis daZlevis energias 10_25 kkal/mol-iT 

aRemateba. Seteva advilad xorcieldeba mesameul, SedarebiT Znelad meoreul da kidev ufro 

Znelad pirvelad C_H bmebze: 

•• →+ HORRHO       8.44 

•HOR  SeiZleba Semdgom metalis ionebiT an JangbadiT daiJangos. pirvel SemTxvevaSi eleq-

troni metalis ionze, xolo meore SemTxvevaSi Jangbadze gadaitaneba, da superoqsidi war-

moiqmneba. or radikals erTmaneTTanac SeuZliaT urTierTqmedeba, ris Sedegadac stabiluri 

daJanguli produqti da wyali miiReba: 

→+ •• HORHOR R_R + 2H2O      8.45 

aromatul naerTebTan ara wyalbadis atomis moxleCa, aramed umdgradi cikloheqsadie-

niluri radikalebis warmoqmniT reagirebs. es ukanasknelni advilad iJangebian sxva radikale-

biT an molekuluri JangbadiT: 

X
OHHH X

OHHOOHO2
C6H5X

(Fe3+) XC6H4OH + H2O (Fe2+ + H+)
XC6H4OH + HO2.

.

HO.

HO.

 

8.45 

H-atomis moxleCisa da aromatul naerTebTan mierTebis reaqciebSi -radikalis maRali 

reaqciuli unari avtors mZlavr argumentad miaCnia biologiur JangvaSi misi SesaZlo aqtiuri 

rolis sawinaaRmdegod. maTi azriT cocxali ujredisaTvis aseTi nawilakis arseboba SeuTavse-

belia, ramdenedac mas nebismier qimiur kavSirze gansakuTrebuli araseleqtiurobiT SeuZlia 

Setevis ganxorcieleba. 
•HO -s mimarT gansakuTrebiT mgrZnobiareni arian cila-fermentis is 

ubnebi, romlebic gogirdSemcvel aminomJavebs Seicaven.  

xelatorTan rkinis kompleqsis warmoqmnam SeiZleba Secvalos Fe /Fe  wyvilis Jangva-

aRdgeniTi potenciali da Sesabamisad gaadvilos an piriqiT gaaZnelos 8.40 da 8.41 reaqciebis 

msvleloba. garda amisa, ligandi SeiZleba -radikalis damWerad iqces, romlis efeqturoba 

•HO

•HO

•HO

•HO
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damokidebuli iqneba saTanado reaqciis siCqaris konstantas mniSvnelobaze da warmoqmnili 

kompleqsis geometriaze. mag., albumini ikavSirebs rkinisa da spilenZis ionebs, romlebic aRd-

genas ganicdian da muSaobas iwyeben rogorc fentonis reagenti. reaqciis Sedegad miRebuli 

hidroqsilis radikali urTierTqmedebs cilis molekulebTan, anu adgili aqvs biologiurad 

umniSvnelo “sait-specifikur” reaqcias, xolo albumini funqcionirebs rogorc “samsxverplo” 

antioqsidanti.  

amJamad dadgenil faqtad iTvleba, rom mTel rig dabalmolekulur ligandebTan, magali-

Tad EDTA-sTan an nukleotidebTan rkinis kompleqsi haber-veisis reaqcias ufro efeqturad 

akatalizebs, vidre Tavisufali rkina. sxva cilebTan, mag., uTeroferinTan an elenTis mJavad 

fosfatazasTan dakavSirebul rkinis ionebs aRdgenisa da haber-veisis reaqciis katalizis ua-

nri aqvs. amasTan igi ligandTan dakavSirebuli rCeba. feritinSi deponirebuli rkina aseve aka-

talizebs wyalbadis peroqsidis daSlas. warmoqmnili hidroqsilis radikali monawileobs fe-

ritinis hemosiderinad degragaciaSi. zogierTi agenti (Jangbadis anion-radikali, askorbinm-

Java, polihidroqsipirimidinebi) feritinis molekulidan Fe -is ionebis mobilizebas axdenen 

da fentonis reaqciiT citotoqsikur procesebSi rTaven. arsebobs varaudi, romlis Tanaxma-

dac es meqanizmi gansakuTrebiT arTritebis ganviTarebaSi iCens Tavs. 

sadReisod sarwmuno monacemebi mogvepoveba imis Sesaxeb, rom haber-veisis reaqcia udevs 

safuZvlad simsivnis sawinaaRmdego adriamicinisa da sxva antraciklinuri antibiotikebis, 

agreTve, azbestebis kancerogenul moqmedebas. hidroqsilis radikali gasaReb rols asrulebs 

anTebiT procesebSi. miuxedavad amisa, arseboben faqtebic, romlebic eWvis qveS ayeneben am 

reaqciis mniSvnelobas da paTogenetikur procesebSi hidroqsilis radikalis monawileobas. 

erT-erTi maTgani, romelsac SeiZleba “paradoqsuli” vuwodoT, 
•HO -radikalis gansakuTrebiT 

maRal qimiur aqtivobaSi mdgomareobs da miiCnevs, rom warmoqmnis adgilidan realizaciis ad-

gilamde -s SeuZlia sakuTari diametris 5_10-is tol manZilze gadaadgileba. amasTan, ne-

bismier molekulas an makromolekulis fragmentsac ki, romelsac funqciuri datvirTva ar 

gaaCnia, antioqsidantis rolis Sesruleba SeuZlia. es garemoeba mniSvnelovnad zRudavs -s 

SesaZleblobebs ireagiros poliujer lipidebTan, nukleinmJavebTan an fermentTa aqtiur 

centrebTan. amitom, biologiur sistemebSi ufro gamosaxuli paTogenetikuri moqmedeba iseT 

agents eqneba, romelsac hidroqsilis radikalze naklebi aqtivoba aqvs, magram sakmarisi iqneba 

imisaTvis, rom SerCeviTad da swrafad ireagiros mniSvnelovan advildasaJang substratebTan.  

oqsenoidi. Rrma da yovelmxrivi analizis Sedegad hamiltonma (1973 w.) gansacvifrebeli 

analogia gamoavlina oqsigenazur reaqciasa da karbenebisa da nitrenebis reaqciebs Soris. amis 

safuZvelze man gamoTqva mosazreba, rom ferment monooqsigenazas (zogierTi dioqsigenazas 

CaTvliT) Jangbadi substratze gadaaqvs karbenuli da nitrenuli meqanizmebis msgavsad e.w. oq-

sinoiduri meqanizmiT.  

karbenebi CR  da nitrenebi (NR) mTel rig qimiur procesebSi maRalreaqciisunarian Sua-

ledur formebs warmoadgenen. konfiguraciis Seucvlelad maT mravali alkanis gauaqtivebel 

kavSirebSi SeuZliaT Canergva: 

HC CR2HC+ CR2
 

8.47 

arsebobs imis mravalricxovani magaliTi, rodesac monooqsigenaza Jangbadis atoms nergavs 

alkanis molekulaSi spirtis warmoqmniT sawyisi konfiguraciis SenarCunebis pirobebSi: 

HC OHCmonooqsigenaza+ O2
 

8.48 

karbenebi uerTdebian alkenebs ciklopropanebis warmoqmniT: 

•HO
•HO
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RR
+ CR2

 

8.49 

analogiurad xorcieldeba monooqsigenaziT katalizebuli alkenebis epoqsidireba: O
monooqsigenaza+ O2

 

8.50 

cnobilia, rom karbenebi advilad reagireben aromatul naerTebTan alkilbenzolebisa da 

norkaradienis warmoqmniT, romlebic cikloheptatrienebTan wonasworobaSi imyofebian: 

X RRX
RRX

CHR2
X+ CR2

 

8.51 

mravali oqsigenaza akatalizebs aromatuli naerTebis gardaqmnas fenolebad da arenJan-

gebad, romlebic oqsepinebTan wonasworobaSi imyofebian: 

X
OH

X OHHX O+ O2 + 22
 

8.52 

karbenebisa da oqsigenazebis reaqciaTa analogiam ganapiroba, rom karbenebi mravali oqsi-

genazas Soreul modelad iqnen miCneuli. 

karbenebisa da nitrenebis maRal reaqciisunarianobas naxSirbadisa da azotis atomTa gare 

garsze Sesabamisad eqvsi eleqtronis arseboba ganapirobebs da mravalferovan airfazur da 

Txevadfazur reaqciebSi maT monawileobas uzrunvelyofs. mravali oqsigenazas reaqciebTan 

analogiam hamiltoni im daskvnamde miiyvana, rom am fermentebiT katalizebul reaqciebSi 

aqtiur mJangvel nawilaks gare Sreze eqvsi eleqtronis mqone Jangbadis atomi unda warmo-

adgendes, ara Tavisufali, aramed oqsenoiduri nawilakis saxiT. aqedan cxadi xdeba, rom 

sxvadasxva SemTxvevebSi oqsenoids gansxvavebuli struqtura SeiZleba gaaCndes da es bunebri-

vicaa, radgan ar SeiZleba citoqrom P450-isa da flavoproteinebis Semcvel fermentul sis-

temebs Jangbadis erTnairi aqtiuri formebi gadahqondeT. pirvel SemTxvevaSi oqsenoids hemu-

ri rkina-Jangbadis erTi eleqtroniT aRdgenili kompleqsi, an misi gardaqmnis produqti war-

moadgens, romelic O_O kavSiris daSlis Sedegad miiReba; meore SemTxvevaSi oqsenoidi SeiZleba 

flavinis hidrozeJangi, an misi gardaqmnis produqti iyos, romelic substratSi Casanerg 

nawilakze eleqtronis deficitiT xasiaTdeba. 

citoqrom P450-iT da sxva hemSemcveli cilebiT Jangbadis gaaqtivebis Teoriuli inter-

pretacia Fe O -is struqturis sasargeblod metyvelebs, romelSic Jangbadis atomebi 

erTmaneTTan 120°-ian kuTxes qmnian. es nawilaki ki gardamaval mdgomareobaSi substrats hemi-

dan mocilebul Jangbadis atoms gadascems: 
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Fe O  → Fe O O 1S 2S P P            8.53 

arsebobs monacemebi, romelTa Tanaxmadac oqsenoidi SeiZleba iyos nawilaki, romelic O_O 

kavSiris winaswari daSlis Sedegad warmoiqmneba. am dros adgili aqvs wylis molekulis gamon-

Tavisuflebas. am mosazrebis sasargeblod mowmobs daJanguli citoqrom P450-is katalizuri 

aqtivoba iodozobenzolis Tanamyofobisas, romelsac Jangbadis mxolod erTi atomis 

donoroba SeuZlia da am SemTxvevaSi Teoriulad oqsenoidi ar SeiZleba Jangbadis or atoms 

Seicavdes.  

Znelia upiratesoba mieniWos oqsenoiduri nawilakis romelime erT formas da arcaa 

safuZveli imis mtkicebisaTvis, rom oqsenoidi erTaderTi da universaluri mJangveli nawi-

lakia. savaraudod mxolod is gvrCeba, rom Jangbadi substrats gadaecema gardamavali 

mdgomareobis mqone nawilakebi, romlebic Jangbadis aqtiuri formis stabilizebas axdenen da 

aseT nawilaks oqsenoidi SeiZleba warmoadgendes.  

 

 

8.3 azotis monooqsidi 

 

erT-erTi mniSvnelovani Tavisufali radikali, romelsac adamiani da cxoveli gamo-

imuSavebs, azotis monooqsidia. organizmSi misi SesaZlo generaciis Sesaxeb pirveli publi-

kaciebi 1987 w. gamoCnda (s. monkado-inglisi da l. iniari _ aSS), romelTa Tanaxmadac 

sisxlZarRvebis gluv kunTebze acetilqolinis, bradikininisa da sxva vazodilatorebis gavle-

na am kunTebis endoTelialuri ujredebis mier hemSemcveli fermentiT _ NO-sinTaziT (EC 1.14.13.39) warmoqmnili faqtoris (e.w. “modunebis faqtoris”) moqmedebis Sedegia. igi iden-

tificirda rogorc NO da fiziologiur pirobebSi airad mdgomareobaSi imyofeba. mas sawyisi 

pozicia ukavia sisxlZarRvebis tonusisa da sisxlis wnevis regulaciaSi. misi ukmaroba hipe-

ronias, siWarbe ki _ hipotonias iwvevs. swored am faqtoris metabolizmis darRveva iwvevs 

sisxlis wnevasTan dakavSirebul sxva daavadebebsac. am aRmoCenis Semdeg mravalricxovani 

gamokvlevebiT SesaZlebeli gaxda dadgeniliyo, rom NO moqmedebis uaRresad farTo speqtris 

mqone biologiur mediators warmoadgens. sisxlis wnevis regulirebis garda NO monawileobas 

iRebs kuWis motorikaSi, sunTqvaSi, sinapsur gadacemaSi, maxsovrobaSi, Zvlis tvinis ujredebis 

zrda-ganviTarebaSi, Wrilobebis SexorcebaSi da sxv. mcire zoma da muxtis uqonloba 

uzrunvelyofs membranebsa da subujredul struqturebSi azotis monooqsidis maRal 

ganvladobas, xolo gauwyvilebeli spinis mqone erTi eleqtronis arseboba aqtiuri reaqci-

isunariani bioradikalis Tvisebas ganapirobebs. 

adamianis organizmSi 
•NO (anu ON =•

)-radikali fermentulad aminomJava L-argininidan 

warmoiqmneba. am reaqcias NO-sinTetaza akatalizebs. fermentis kofaqtorad FAD, FMN, 

tetrahidrobiofterini (TGB), kalmodulini da kalciumis ionebi gamoiyenebian. varaudoben, 

rom es agentebi mniSvnelovan rols asruleben fermentis aqtivobis regulaciaSic. amJamad NO-

sinTetazas sami tipi, anu sami izofermentia cnobili, romlebic sxvadasxva genebiT kodir-

debian, magram gaaCniaT aminomJavaTa Tanmimdevrobis garkveuli homologia. NO-sinTetazas I-
tipi tvinis neironebSi imyofeba da arcTu iSviaTad neironalur konstituciur sinTetazasac 

uwodeben. gansakuTrebiT maRalia misi Semcveloba naTxemSi da astrogliaSi. fermenti ori 

erTnairi suberTeulisagan Semdgar homodimers warmoadgens da TiToeuli suberTeulis 

molekuluri masa 160 kDa-s Seadgens. igi Ca -is ionebis monawileobiT regulirdeba. NO-

sinTetazas II tipi pirvelad makrofagebidan iqna gamoyofili. isic homodimers warmoadgens da 130 kDa molekuluri masa gaaCnia. fermenti upiratesad xsnadi formiTaa da inducirebuli 

bunebisaa. igi SedarebiT naklebadaa damokidebuli Ca -is ionebze da kalmodulinze. NO-
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sinTetazas III tipi endoTelialuri ujredebisTvisaa damaxasiaTebeli. misi molekuluri masa 133 kDa-s Seadgens. es izofermenti, iseve rogorc I-tipis NO- sinTetaza Seqcevadad ikavSirebs 

kalmodulins da misi aqtivoba Ca -is ionebis Sidaujredul koncentraciazea damokidebuli. 

am tipis NO-sinTetazas tvinis neironebic Seicaven. igi SeiZleba arsebobdes rogorc xsnadi, 

aseve membranadakavSirebuli formiT. plazmur membranasTan dakavSirebuli forma rogorc 

Cans arsebiT rols TamaSobs sisxlis moZraobis regulaciaSi da regulatoruli centrebidan 

efeqtorebze Sesabamisi signalebis gadacemis (transduqciis) meqanizmSi. 

wyalxsnarSi ON =•
 radikali Zlier swrafad urTierTqmedebs Jangbadis anion-radikalTan. 

reaqciis siCqaris konstanta 3.7 · 10  M · წმ -is tolia. reaqciis Sedegad miiReba maRal-

toqsikuri intermediati – peroqsinitriti; 

N O + O O + H O N O O OH.. +
peroqsinitriti

 

varaudoben, rom NO-s maRali citotoqsikuri moqmedeba am reaqciiTaa ganpirobebuli. 

peroqsinitriti SeiZleba daiSalos OH•
-radikalebis warmoqmniT: 

O N O  + OHO N O OH ..
8.55  

dadgenilia, rom peroqsinitriti aqtiurad monawileobs aTerosklerozis ganviTarebaSi, 

anTebiTi procesebisas ujredebisa da qsovilebis dazianebaSi, sefsisSi da iSemia-reper-

fuziaSi. ujredTa dazianeba gansakuTrebiT intensiurad mimdinareobs peroqsinitritisa da 

hidroqsilis radikalebis erTdroul generirebisas. kargia, Tu )OON( 2−+=•
-sistemis moqmedeba 

mimarTulia paTogenuri mikroorganizmebis winaaRmdeg da cudia, Tu igi sakuTar ujredebsa da 

qsovilebze moqmedebs. amitom sisxlis nakadis im ubnebSi, sadac ON =•
 gamoiyofa, rogorc 

sisxlis wnevis aucilebeli regulatori, iq superoqsiduri radikali ar unda imyofebodes. 

amisaTvis am ubnebSi sinTezirdeba superoqsiddismutaza (SOD).  

 

 

8.4 qlorSemcveli radikalebi 

 

fiziologiur pirobebSi sisxlis TeTri ujredebis _ neitrofilebis granulocitebSi 

adgili aqvs wyalbadis zeJangis monawileobiT daJangvis gziT qloris anionidan hipoqloritis 

sinTezs. reaqcias akatalizebs hem-Semcveli fermenti – mieloperoqsidaza (EC 1.11.1.7): 

H O Cl         H O ClO                        8.56 

warmoqmnili hipoqlorit-anioni Zlieri damJangvelia da araspecifikuri baqteriociduli 

moqmedebiT gamoirCeva. amitom rogorc erT-erTi biociduri faqtori (Jangbadis aqtiuri 

forma), igi baqteriuli da sokovani daavadebisagan organizmis dacvas axorcielebs. pirdapiri 

citotoqsikuri moqmedebis garda, wyalbadis zeJangTan hipoqloritis urTierTqmedebisas 

gamoiyofa Jangbadi maRaltoqsikur singletur mdgomareobaSi: 

ClO H O         Cl H O ∆O                       8.57 

Tavisi baqteriociduli aqtivobis miuxedavad, neitrofilur MP-s mravali anTebiTi daava-

debisas (fibrozis, revmatoiduli arTritis da sxv.) qsovilTa dazianebac SeuZlia. misi Semcve-
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loba sisxlSi gazrdilia arteriebSi mimdinare anTebiTi procesisas, romelic xSirad 

ZarRvebis kedelSi cximgrovebis daSliTa da Semdgomi tromboziT mTavrdeba. fermentis es 

Tviseba infarqtisa da insultis riskis erT-erT yvelaze zust diagnostikur parametrad 

iTvleba. 

daaxloebiT oTxi aTeuli wlis win Camoyalibda Sexeduleba tetraqlormeTanis toqsikuri 

efeqtis Tavisufalradikaluri bunebis Sesaxeb. eqsperimentulad naCvenebi iqna CCl -is 

intoqsikaciisas Tavisufali radikalebis inicireba da lipidTa zeJanguri Jangvis produqTa 

dagroveba. virTagvis RviZlis mikrosomul fraqciaSi NADPH-isa da CCl -is erTdrouli 

damateba aZlierebda lipidTa peroqsidacias, rac Tavis mxriv triqlormeTiluri radikalebis 

inicirebas iwvevda. arsebobs mravali moncemi imis Sesaxeb, rom CCl -is metabolur gardaqmnebSi 

mTavar rols RviZlis monooqsigenazuri sistema asrulebs. imis gamo, rom naxSirbad-qloris 

kavSiri molekulaSi Zlier polarizebulia, dadebiTi muxtis mqone naxSirbadi citoqrom P450-

is aqtiuri centridan advilad iRebs eleqtrons. amis Sedegad aRdgenili intermediatis Semd-

gomi homolizuri daSliT •3CCl  
miiReba: 

−−− +→→+ •• ClCClCCleCCl 344          8.58 

tetraqlormeTilis radikalis warmoqmna dadasturebul iqna epr-meTodiT specifikuri 

spinuri damWerebis gamoyenebiT RviZlis mikrosomebSi in vivo pirobebSi. 

poliujer cximovan mJavebTan •3CCl -is urTierTqmedebis kinetikis gamokvlevam daadgina, 

rom Jangbadis monawileobisas qlormeTilis radikalisaTvis damaxasiaTebeli epr-signalis 

intensivoba mkeTrad qveiTdeba. amis safuZvelze postulirebul iqna, rom aerobul pirobebSi 

•3CCl  advilad reagirebs JangbadTan da am reaqciis Sedegad zeJanguri radikali )OCCl( 23 •  

miiReba. maRali qimiuri aqtivobis gamo am radikalis identificireba ver moxerxda, Tumca 

naCvenebi iqna, rom igi Zlier swrafad reagirebs poliujer cximovan mJavebTan da kidev ufro 

aqtiurad urTierTqmedebs sxvadasxva antioqsidantebTan (askorbinmJavasTan, β-karotinTan, α-

tokoferolTan da prometazanTan).  

sxvadasxva substratebTan •23OCCl  radikali •3CCl -Tan SedarebiT mniSvnelovnad swrafad 

reagirebs. garda amisa, poliujer cximovan mJavebTan da aRniSnul antioqsidantebTan •3CCl  

praqtikulad erTnairi siCqariT urTierTqmedebs. amitom α-tokoferoli da prometazani Tu 

efeqturad ainhibireben •23OCCl -is poliujer cximovan mJavebTan reaqcias, am substratTa •3CCl -

Tan urTierTqmedebaze arsebiT gavlenas ver axdenen.  

tetraqlormeTanis metabolizmis procesSi warmoqmnili •3CCl  da •23OCCl  radikalebi 

wyalbadis mocilebisa da haloalkilirebis gziT Semdgomi metabolizmis procesebSi erT-

vebian. im SemTxvevaSi, Tu wyalbadis donors membranuli fosfolipidebis poliujeri acilebi 

warmoadgenen, miRebuli radikalebi lipidTa zeJanguri Jangvis reaqciebs inicireben. halo-

alkilirebis reaqciis Sedegad miRebuli triqlormeTiluri jgufebi kovalenturad ukavSir-

deba sxvadasxva molekulebs: lipidebs, nukleinmJavebs, pirimidinul da purinul jgufebs. 

varaudoben, rom wyalbadis mocilebaSi umTavresad •23OCCl -radikali, xolo haloalkilirebaSi 

_ •3CCl -radikali monawileobs.  

oTxqloriani naxSirbadis toqsikuri moqmedebis realizaciaSi lipidTa zeJanguri Jangvisa 

da haloalkilirebis (kovalenturad dakavSirebis) procesTa rolis gasarkvevad in vivo 

pirobebSi gamoyenebul iqna am procesebze SerCeviTad moqmedi nivTierebebi. kerZod, am mxriv 

saintereso aRmoCnda benzoqinonis warmoebulebi, romelTa struqturuli formulebi moce-

mulia nax. 8.4-ze.  
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nax. 8.4. 1,2-benzoqinonis warmoebulebis struqturuli formulebi, romlebic RviZlSi oTx-

qloriani naxSirbadiT inicirebul Tavisufal-radikaluri procesebis inhibitorebs 

warmoadgenen. 

 

es nivTierebebi lipidTa fermentul- da askorbatdamokidebuli (arafermentul) zeJanguri 

Jangvis pirobebSi mkafiod gamosaxul antioqsidantur moqmedebas amJRavneben. isini aseve 

ainhibireben RviZlis mikrosomebis Semcvel modelur sistemebSi oTxqloriani naxSirbadiT 

inicirebul Tavisufal-radikalur procesebs. amave dros lipidTa peroqsidaciaSi da 

haloalkilirebaSi maTi inhibirebis efeqturoba arsebiTad gansxvavebulia. 

cnobilia, rom CCl -is hepatotoqsikuri moqmedebis erT-erT samiznes RviZlis endop-

lazmuri retikulumis mahidroqsilirebeli fermentebi warmoadgenen. naCvenebia mag., rom CCl -is peroraluri Seyvana (1 ml/kg sxeulis masaze) ukve ori saaTis Semdeg citoqrom P450-is 

Semcvelobis 50%-iT vardnas iwvevs. ufro meti xarisxiT qveiTdeba mikrosomuli Jangvis 

efeqturoba, kerZod, anilinis hidroqsilireba da srulad iTrguneba RviZlis mikrosomebiT 

TviT CCl -is metaboluri aqtivobis unari. oTxqloriani naxSirbadis moqmedebis aseTi Sedegi 

citoqrom P450-is struqturuli da funqciuri heterogenurobis mizezi unda iyos, 

ramdenadac TvalsaCinoa, rom inaqtivacias upirveles yovlisa citoqrom P450-is is forma 

ganicdis, romelic halogenCanacvlebuli naxSirwyalbadebis metabolizms akatalizebs. 

 

 

8.5 lipidTa Tavisufal-radikaluri (zeJanguri) Jangva 

 

membranebSi lipidebSi arsebul cximovan mJavaTa Jangvis ori gza arsebobs. pirveli e.w. β-

Jangva ZiriTadad mitoqondriebSi xorcieldeba. energomomaragebis TvalsazrisiT es ujredis 

erT-erTi umniSvnelovanesi msxvilmasStaburi procesia. cximebi naxSirwylebTan SedarebiT 

metad aRdgenil naxSirbadatomebs Seicaven. amitom maTi sruli daJangvisaTvis ufro meti 

Jangbadi ixarjeba da Sesabamisad wvis meti energiac gamoiyofa. amis gamo triacil-

glicerilebis Senaxva-momarageba naxSirwylebTan SedarebiT energetikulad ufro momgebiania.  

lipidTa Jangvis meore gza zeJangebis (peroqsidebis) generacias moicavs. procesi 

absoluturad membranulia da upiratesad ujredis mikrosomul fraqciaSi xorcieldeba. 

SedarebiT naklebi intensivobiT xasiaTdeba es procesi mitoqondriul da lizosomur 

membranebSi. 

zeJangebi umdgradi naerTebia da maTi daSlisas adgili aqvs Jangbadis aqtiuri formebis 

(Jaf) warmoqmnas. biologiurad es uaRresad mniSvnelovania, radgan fosfolipidebis cximovan 

mJavaTa naSTebSi zeJanguri dajgufebebis gaCenas iseTi efeqtebis aRZvra SeuZlia, rogore-

bicaa membranaTa dazianeba, ionebisa da araeleqtrolitebisadmi misi ganvladobis cvlileba, 

membranadakavSirebuli fermentuli kompleqsebis inaqtivacia da sxva. 

 lipidTa zeJanguri Jangva damaxasiaTebelia yvela normaluri metabolizmis mqone qsovi-

lisaTvis. rac ufro aqtiurad xorcieldeba nivTierebaTa cvla, miT maRalia lipoperoqsi-
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daciis done. arsebobs mosazreba (Tumca jer kidev sadiskusio) imis Sesaxeb, rom es procesi 

membranaTa mudmivi TviTganaxlebisTvisaa saWiro da gansakuTrebiT intensiurad im membranebSi 

mimdinareobs, romlebic eleqtronTa satransporto sistemebs Seicaven. Cveni mxriv SevniSnavT, 

rom lipoperoqsidacia upiratesad im membranebisTvisaa damaxasiaTebeli, romlebSic energe-

tikulad araSeuRlebuli Jangvis sistemebia lokalizebuli. 

endoplazmur membranebSi lipidTa zeJanguri Jangvis ori, principulad gansxvavebuli 

sistema funqcionirebs. Tavisi msvlelobisaTvis pirveli NADPH-s, pirofosfats da rkinis (II) 
ionebs saWiroebs. es e.w. NADPH-damokidebuli Jangvaa. igi SeTbobiTa da sulfhidriluri jgu-

febis SxamiT _ p-qlormerkurobenzoatiT iTrguneba. meore sistema askorbatdamokidebuli 

arafermentuli zeJanguri Jangva, am faqtorebis mimarT aramgrZnobiarea da askorbatis garda 

misTvis Fe -ia aucilebeli. maSasadame, pirvel SemTxvevaSi molekuluri Jangbadis 

gasaaqtiveblad Fe _NADPH-is, xolo meoreSi ki Fe -askorbatis kompleqsi gamoiyeneba. 

lipidTa zeJangebis warmoqmnis procesi im Tavisufalradikaluri jaWvuri meqanizmiT 

xorcieldeba, romlebic nebismieri organuli naerTis uSualo Jangvis reaqciebisTvisaa 

damaxasiaTebeli. procesi mxolod im SemTxvevaSi daiwyeba, Tu sistemaSi Tavisufali radika-

lebi gaCndebian. molekuluri JangbadiT orvalentiani rkinis daJangvisas warmoiqmneba 
•2HO -is 

radikali: 

•+→++ +++ 2322 HOFeHOFe
    

8.59 

maRali reaqciisunarianobis gamo warmoqmnili radikali garemomcvel cximovan mJavebTan 

reagirebs da naxSirwyalbadovani 
•L -tipis radikali miiReba:  

•• +→+ LOHHOLH 222      
8.60 

am ori reaqciiT iwyeba Jangvis jaWvuri procesi. igi ramdenime stadiad mimdinareobs; esenia 

inicirebis, gagrZelebis, ganStoebisa da Sewyvetis stadiebi (nax. 8.5; 8.6): 

.HOLH
HOH LOO LOO LOOH L LOO

jaWvis inicireba

jaWvis gawyveta

jaWvis gagrZeleba

. . .
LH OO

.

 

nax. 8.5. lipidTa Jangvis araganStoebuli jaWvuri reaqcia. 

Fe2+ Fe3+
.HOLH

HOH LOO LOO LOOH L LOO

axali jaWvis

warmoqmna

jaWvis 

gantotva

. . .
LH OO

.

LO.

L.

LOO.

OO
LOHLH

 

nax. 8.6. lipidTa Jangvis ganStoebuli jaWvuri reaqcia. 
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jaWvuri reaqciis inicirebisas membranis lipidur SreSi an lipoproteinSi inergeba Tavi-

sufali radikali. yvelaze xSirad es hidroqsilis radikalia. Tavisi mcire zomisa da umuxto-

bis gamo mas unari aqvs CaaRwios lipidis hidrofobuli fenis siRrueSi da qimiur urTierTqme-

debaSi Sevides poliujer cximovan mJavebTan (LH-Tan). amdros adgili aqvs lipiduri radikale-

bis warmoqmnas: 

•• +→+ LOHLHHO 2     
8.61 

lipiduri radikali ( •L ) reaqciaSi Sedis areSi gaxsnil molekulur JangbadTan da lipoze-

Janguri radikali ( •LOO ) warmoiqmneba: 

•• →+ LOOOOL
     

8.62 

miRebuli radikali erT-erT mezobel fosfolipidis molekulas utevs, ris Sedegadac li-

pidis hidrozeJangi (LOOH) da axali radikali warmoiqmneba: 

•• +→+ LLOOHLHLOO     8.63 

lipidTa peroqsidaciis mniSvnelovani aCqareba SeiniSneba mcire raodenobis orvalentiani 

rkinis Tanamyofobisas, romelic lipidis hidrozeJangebTan urTierTqmedebs da jaWvis 

ganStoebas axorcielebs (nax. 8.6).  

•++→+ −++ LOHOFeLOOHFe 32
   

8.64 

warmoqmnili 
•LO -radikali lipidTa Jangvis axali jaWvis inicirebas iwvevs: ;LLOHLHLO •• +→+

 
→→+ •• LOOOL 2 da a.S.

 8.65
biologiur membranebSi jaWvebi SeiZleba aTeulobiT da ufro meti rgolisagan Sedgebodes, 

magram bolos da bolos igi wydeba. Tavisufali radikalebi ujeri cximovani mJavebis sul axal-

axal molekulebTan rom reagirebdnen, maSin Jangbadis sakmarisad uzrunvelyofis pirobebSi 

erTaderTi radikalic ki mocemul nimuSSi arsebul yvela cximovan mJavas zeJangad 

gardaqmnida. sinamdvileSi es ase ar xdeba, radgan adgili aqvs radikalebis “Caqrobas”. 

Tavisufal radikalTa mniSvnelovani Tviseba imaSi mdgomareobs, rom ramdenjerac ar unda 

moxdes cximovan mJavaTa molekulebTan urTierTqmedeba, maTi ricxvi mainc ucvleli rCeba 

(Tavisufali valentobis mouspoblobis principi). mTliani procesis siCqares zeJanguri 

radikalebisa da lipidTa molekulebis neli urTierTqmedebis reaqcia gansazRvravs. 

radikalebis “Caqrobas” im SemTxvevaSi eqneba adgili, Tu isini urTierTqmedeben an  

_ antioqsidantebTan (AnH), mag., tokoferolTan 

•• +→+ AnLOOHAnHLOO
    

8.66 

an  

_ cvalebadi valentobis metalebTan (mag., Fe -Tan mJava areSi) 

+++ +→++• 32 FeLOOHHFeLOO     8.67 

+++ +→++• 32 FeLHHFeL
     

8.68 

an 

-erTmaneTTan 

→+ •• LL   

→+ •• LLO2  molekuluri produqtebi                                                                               8.69 

→+ •• 22 LOLO   
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bolo reaqcia gansakuTrebiT sainteresoa, ramdenadac mis msvlelobas Tan axlavs naTeba 

(qemiluminescencia). ”zusti” naTebis intensivoba erTmniSvenlovnad asaxavs sakvlev 

biologiur masalaSi lipiduri peroqsidaciis siCqares. amitom qemiluminescenciis gazomvas 

xSirad iyeneben sxvadasxva obieqtebSi lipidTa zeJanguri Jangvis Seswavlisas. 

organizmSi Tavisufali radikalebis Semcvelobis zrdas Tan axlavs ”JangviTi stresi” 

(h.zisi, 1991 w.). esaa pro- da antioqsidanturi balansis darRveva pirvelis sasargeblod, 

romelsac ziani moaqvs. igi dnm-is defeqturi fuZeebis, cilebisa da lipidebis peroqsidaciis 

produqtebis dagrovebaSi, agreTve, antioqsidantebis donis vardnaSi vlindeba, romelic 

prooqsidantebisadmi (maT Soris Fe -isa an H O -is mimarT) gazrdil amTviseblobas ukavSir-

deba. termini ”oqsidaturi stresi” iseve rogorc ”prooqsidantebisa” da ”antioqsidantebis” 

cnebebi sakmaod ganusazRvrelia, radgan gaugebaria sad mTavrdeba balansi da iwyeba 

disbalansi. konkretul situaciebSi ”Jaf”-isa da ”oqsidaturi stresis” cnebebs SeuZliaT 

ufro mkafiod aRweron sistemis mdgomareoba. mag., ”Jaf”-is gavleniT fagocitebis stimuli-

rebaSi Cveulebriv gulisxmoben am dros Jangbadis, azotis, qloris aqtiuri formebis, agreTve 

lipiduri radikalebisa da hidroperoqsidebis erTobliv gamoyofas, xolo oqsidatur stresSi 

_ am prtoduqtebiT sxva ujredebis dazianebas.  

SedarebiT detaluradaa Seswavlili lipidTa zeJanguri Jangvis pirdapiri moqmedebis sami 

Sedegi:  

upirveles yovlisa lipidTa peroqsidacias Tan axlavs membranuli cilebis Tioluri 

(sulfhidriluri) jgufebis (Pv) Jangva. es SeiZleba lipidTa Tavisufal radikalebTan SH-

jgufebis arafermentuli reaqciis Sedegi iyos; amasTan, warmoiqmnebian sulfhidriluri 

radikalebi, romelTaganac Semdgom disulfidebi miiRebian, an urTierTqmedeben JangbadTan 

sulfonmJavas warmoebulebis warmoqmniT: 

•• ++→+− SPvLHLSHPv
     

8.70 

2121 PvSSPvSPvSPv −−→−+− ••

    
8.71 

                                           
→−→+− •• 22 SOPvOSPv  molekuluri warmoebulebi

 8.72 

membranuli cilebis Tioluri jgufebis daJangva defeqtebs iwvevs ujredisa da mito-

qondriebis membranul forebSi. eleqtruli potencialis sxvaobis moqmedebiT aseTi forebiT 

ujredSi natriumis, xolo mitoqondriebSi kaliumis ionebi iwyeben Sesvlas. amis Sedegad 

izrdeba maTi osmosuri wneva da gajirjveba, rac Tavis mxriv ujredisa da mitoqondriebis 

membranaTa kidev ufro met dazianebebs iwvevs. 

lipidTa peroqsidaciis meore Sedegi imasTanaa dakavSirebuli, rom zeJanguri Jangvis 

produqtebs lipiduri biSris ionuri ganvladobis uSualod gazrdis unari aqvT. naCvenebia 

mag., rom lipidTa zeJanguri Jangvis produqtebi membranis lipidur fazas wyalbadisa da 

kalciumis ionebisadmi ganvlads xdian. es imas iwvevs, rom mitoqondriebSi Jangvisa da 

fosforilebis gaTiSva xdeba, xolo ujredi energetikuli SimSilis (ATP-s ukmarobis) piro-

bebSi xvdeba. amavdroulad citozolSi kalciumis ionebi iwyeben mitoqondriidan gamosvlas, 

romlebic ujredul struqturebs azianeben. 

peroqsidaciis mesame (da SesaZlo yvelaze mniSvnelovani) Sedegi lipiduri biSris stabi-

lurobis daqveiTebaa, ramac sakuTari potencialiT membranis eleqtruli garRveva SeiZleba 

gamoiwvios da mTlianad daukargos mas barieruli funqcia. 

arseboben sarwmuno monacemebi imis Sesaxeb, rom zeJanguri Jangvis aqtivacia mravali daava-

debisTvisaa damaxasiaTebeli. aseTebia mag., kunTebis distrofia (diuSeris daavadeba) parkin-

sonis daavadeba, romlis drosac aTerosklerozisa da simsivnis ganviTarebisas zeJanguri 

Jangva tvinis Rerovan nawilSi nervul ujredebs Slis. aseTive situaciaa miokardis mkvebav 

sisxlZarRvSi trombis warmoqmnisas, romlis formirebac ZarRvis sanaTuris okluzias 
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(daxSobas) da miokardis garkveul ubanSi iSemiis ganviTarebas ukavSirdeba (qsovilis hipoqsia). 

trombis daSlis droul samkurnalo RonisZiebebs qsovilis JangbadiT momaragebis aRdgena 

(reoqsigenacia) SeuZlia, Tumca am momentSi mkveTrad izrdeba Jaf-is generacia, rasac 

ujredTa dazianeba mosdevs.  

lipidTa zeJanguri Jangvis Sedegad qsovilTa struqturis cvlilebebi gansakuTrebiT 

kanze SeiniSneba. asakTan dakavSirebiT masze pigmenturi laqebi Cndeba. am pigments lipo-

fuscins uwodeben, romelic lipidebisa da cilebis narevs warmoadgens, sadac isini 

erTmaneTTan ganiv-kovalenturi bmebiT arian dakavSirebulni. es pigmenti lizosomuri fermen-

tebiT fagocitirdeba, magram ar hidrolizdeba da amitom ujredSi grovdeba da maTi 

funqciebis rRvevas iwvevs. 

 

 

8.6 bioradikalebis arafiziologiuri producireba. CoQ-s radikali 

 

arsebobs bioradikalebis arafiziologiuri producirebis ramdenime meqanizmi: 

− eleqtronul-satransporto jaWvis komponentebidan Jangbadisaken eleqtronebis gaJonva 

anu bioradikalebis generaciis mitoqondriuli meqanizmi, romelsac arsebiTi mniSvneloba 

aqvs; 

− monooqsigenazebiTa da sxva zogierTi oqsidoreduqtaziT mraval qsenobiotikTa biotrans-

formacia, anu bioradikalebis warmoqmnis aramitoqondriuli meqanizmi, romelic sxvadasxva 

da xSirad specifikur rols asrulebs gansakuTrebiT organizmis daberebisa da asakTan 

dakavSirebul paTogenur procesebSi. 

bioradikalebis generacias adgili aqvs organul naerTTa da upirveles yovlisa fenolebis 

Jangvisasac. gasuli saukunis 60-iani wlebis dasasruls cnobili gaxda, rom Tavisufali da 

cilebSi Semavali biologiurad mniSvnelovani flavinebis, agreTve adrenalinis, noradre-

nalinis da sxva biogenuri aminebis molekuluri JangbadiT autoJangva jaWvur Tavisufal-

radikalur process warmoadgens, romlis intermediatebic Sesabamisi fenolebis (semiqino-

nebis) radikaluri metabolitebi da Jangbadis superoqsidia. Tvlian, rom normaSi endogenuri 

fenolebis autodaJangvas bioradikalebis generaciaSi arsebiTi roli ar unda gaaCndes; Tumca 

gasaTvaliswinebelia isic, rom garkveul pirobebSi, mag., emocionaluri stresisas, rodesac 

kateqolaminebis producireba Zlierdeba, bioradikalebis warmoqmna SeiZleba paTologiuri 

cvlilebebis erT-erTi mizezi gaxdes.  

mitoqondriebSi Tavisufali radikalebi eleqtronTa satransporto jaWvSi Semadgenel 

komponentTa Tanmimdevruli Jangvis reaqciebiT warmoiqmnebian (nax. 8.7_8.9), da amdenad maTi 

generacia bunebrivia sunTqvis intensivobaze iqneba damokidebuli. gansakuTrebiT mniSvnelo-

vania Jaf-is warmoqmnis ori ZiriTadi reaqcia: Jangbadidan superoqsidanionis miReba da misi 

dismutacia Mn_SOD-is saSualebiT, ris Sedegadac H O  warmoiqmneba. es ukanaskneli Semdgom Fe -is Tanamyofobisas fentonis reaqciiT (ix. reaqcia 8.40) uaRresad reaqciisunarian hidroq-

silis radikals iZleva. organizmis asakSi SesvlasTan dakavSirebiT am procesis roli izrdeba, 

ramdenadac siberisas rkinis ionebis Semcveloba matulobs. Jaf-is generacia praqtikulad 

sunTqviT jaWvSi Semavali yvela kompleqsis (ansamblis) _ NADH-dehidrogenazul (kompleqsi-I), 
suqcinatdehidrogenazul (kompleqsi-II), CoQ-citoqrom c-reduqtazul (kompleqsi-III) da 

citoqrom c-oqsidazur (kompleqsi-IV) doneze SeiZleba ganxorcieldes, romlebic ki erTeleq-

tronian transports emsaxurebian. procesi realizdeba imis miuxedavad, rom citoqromebi da 

sunTqviTi jaWvis sxva redoqs-gadamtanebi molekulur JangbadTan uSualod ar urTierT-

qmedeben. am SemTxvevaSi superoqsid anion-radikalad misi erTeleqtroniani aRdgena yvelaze 

realuri kompleqs III-Si ubiqinonis (CoQ-s) donezea.  
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O2

FAD
NADH FMN (6 FeSklast.) QH

QQH
(1 FeSklast.)FAD

(3 FeSklast.)

I

I

I I HOHaa3cc1FeSklast.b566
b562

cximovani mJavebi

suqcinati

 

nax. 8.7. mitoqondriis sunTqvis jaWvis Seneba. ujredSi substratTa Jangvis damamTavrebel 

etapze eleqtronebi NADH-dan O -ze gadaitanebian. jaWvis SemadgenlobaSi Sedian 

flavoproteinebi, arahemuri rkinis kompleqsebi, ubiqinoni da hemoproteinebi 

(citoqromebi).  

O2

O2

sunTqvis substratebi

citoqrom c

NAD (NADH)ATP
ATP
ATP

KoQ

H2O

H2O2 HOO2

. .

I
II
III

IV
NAD-dehidrogenazuli kompleqsi

suqcinatdehidrogenazuli kompleqsiKoQ-citoqromoqsidaza

citoqrom c-oqsidaza

e_
e_
e_
e_ IIIIIIIV

_

 

nax. 8.8. mitoqondriis sunTqvis jaWvSi Jaf-is producireba. 

•→++ + 22 HOHeO
   (perhidroqsilis radikali) 

••

−
+ →→ 22 OHHO

  (superoqsidis radikali) 

2222 OHeHO →++ +
−
•

  (wyalbadis peroqsidi) 

•+→+ − HOOHeOH 22   (hidroqsilis radikali) OHHeHO 2→++ +•

 

nax. 8.9. reaqciaTa Tanmimdevroba, romlebic Jangbadis erTeleqtroniani aRdgeniTa da Jaf-

is warmoqmniT mimdinareoben. 

ubiqinonebi (nax. 8.10) cximSi xsnadi kofermentebia, romlebic upiratesad eukariotuli 

ujredebis mitoqondriebSi imyofebian da maTi yvelaze maRali Semcveloba energiis 

maqsimalurad momTxovn organoebisTvis aris damaxasiaTebeli (guli, RviZli). qimiuri bunebiT 

igi E- da K-vitaminebis molekulaTa Senebis msgavsia: 
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O
O OH

OHCH3
CH3

CH3
(CH2 CH CCH3CH2)nH

 

nax. 8.10. koferment Q-s (ubiqinonis) struqtura. 

 

ubiqinoni warmoadgens 2,3-dimeToqsi,-5-meTil-1,4-benziqinons, romelsac me-6 mdgomare-

obaSi gverdiTa izoprenuli jaWvi ukavSirdeba. maTi ricxvi jaWvSi sxvadasxva organizmSi 6-dan 10-mdea (mag., Sacharomyces cevevisiae-s ujredebi CoQ6-s, Esherichia coli _ CoQ8-s, mRrRnelebi _ CoQ9-s, 

xolo ZuZumwovrebi da maT Soris adamiani _ CoQ10-s Seicaven). 

koferment Q-s NADPH-dehidrogenazuli da suqcinatdehidrogenazuli kompleqsebidan 

eleqtronebi kompleqs III-ze gadmoaqvT. sunTqviT jaWvSi erTi eleqtronis gadatanis reaqci-

aTa TanmimdevrobaSi damatebiT produqtebad warmoqmnili Jaf fiziologiuri koncentra-

ciebiT mniSvnelovan procesebSi monawileoben.  

koenzimi Q advilad aRdgeba Tavisufalradikalur – semiqinonur · QH  formad, romelic CoQ-s regeneraciis Sualed produqts warmoadgens. swored am ukanasknelis mier xdeba arafer-

mentulad molekulur Jangbadze eleqtronis ”gadasrola” da superoqsiduri anion-radikalis 

warmoqmna. semiqinonis miReba SeiZleba moxdes ubiqinolis (ubiqinonis hidroqinonuri forma-QH ) erTeleqtroniani daJangviT (nax. 8.11).  

CH3OCH3
O O

O
CH3 (CH2 CH CCH3CH2)

__

CH3OCH3
O O

O
CH3 (CH2 CH CCH3CH2)

__

__
++

CH3OCH3
O OH

OH
CH3 (CH2 CH CCH3CH2)

_

ubiqinoni (Q)
6-10H

e+e
semiqinonis anioni ( Q    )

6-10H
.

.

_e+e+2H 2H_

ubiqinoni (QH2)
6-10H

 

nax. 8.11. Q→QH -iT Tavisufalradikaluri intermediatis (semiqinonis) warmoqmna. 

 

mitoqondriis Sida membranis sunTqviTi jaWvis garda Jaf-is generirebis wyarod bioge-

nuri aminebis JangviTi dezaminireba SeiZleba CaiTvalos, romelsac mitoqondriis gare 
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membranis flavinSemcveli monoaminoqsidaza (EC 1.4.3.4) akatalizebs. rogorc arsebuli monace-

mebi gviCveneben, aq warmoebul Jaf-s arsebiTi wvlili SeaqvT mitoqondriul matriqssa da 

citozols Soris koncentraciuli gradientis stabiluri mdgomareobis SenarCunebaSi. 

In vivo pirobebSi mitoqondriis struqturul-funqciuri cvlilebebisas (klasikuri maga-

liTi iSemia-reperfuziis sindromi) Jangbadis anion-radikalisa da wyalbadis zeJangis arafi-

ziologiuri induqciis mniSvnelovani zrda xdeba. citozolsa da birTvTan SedarebiT 

mitoqondriaSi maTi koncentracia 5-10-jer ufro maRalia. membranaSi isini advilad 

difundirdebian da am organelis matriqsis JangviTi defeqtebis gamosawvevad xelsayrel 

pirobebs qmnian. arsebobs mosazreba, rom H O -is hiperproduqciisas mitoqondriebSi 

molekulaTSorisi urTierTqmedebebis rRvevas da Sida membranis dazianebas aqvs adgili. 

gasaTvaliswinebelia isic, rom eleqtronebis gaJonva aramarto ubiqinonis molekulebidan, 

aramed citoqromebidanac SeiZleba moxdes. aRniSnuli sindromisas Jangbadis deficitiT 

(iSemiiT) gamowveuli JangviTi fosforilebis Sesusteba xels uwyobs sunTqviTi jaWvis 

komponentebidan eleqtronebis gaJonvas, xolo sisxlis moZraobisa da Jangbadis donis 

aRdgenis Semdeg Jaf-is gaZlierebuli producireba grZeldeba. amis Sedegad viTardeba 

JangviTi stresi da intensivdeba lipidTa zeJanguri Jangva, rac kidev ufro amZimebs iSemiis 

Sedegebs, rogorc mitoqondriebSi, aseve mTlian ujredebsa da qsovilebSi. arsebobs 

eqsperimentuli monacemebi iSemiisas lipidTa peroqsidaciis produqtebis dagrovebis Sesaxeb 

reperfuziisas (reoqsigenaciisas) RviZlSi, miokardis kunTSi da Tavis tvinSi. iSemia-

reperfuziis destruqciul moqmedebaSi Tavisufal-radikaluri procesebis aqtiur monawi-

leobaze miuTiTebs gansxvavebuli struqturis mqone antioqsidantebis (α-tokoferolis, 

manitolis, 1,4-dihidropiridinis da o-benzoqinonis) saukeTeso Terapiuli moqmedeba. dadebiT 

Sedegebs iZleva SOD-is dabalmolekuluri analogebi da bunebrivi anatioqsidantebis Semcveli 

dieta. 

Jaf-is damazianebeli moqmedebisadmi gansakuTrebiT mowyvladia mitoqondriuli dnm, 

romelic Jaf-is generirebad centrebTan uSualo siaxloveSi imyofeba, da birTvuli dnm-sagan 

gansxvavebiT daculi araa histonuri cilebiT. Jaf mitoqondriul dnm-Si mutaciebis ricxvs 

zrdis da amis gamo iTrguneba aerobuli sunTqva, ramdenadac wydeba eleqtronul-satranspor-

to jaWvis cila-gadamtanebis normaluri kodireba.  

 

 

8.7 Jaf-is generacia monooqsigenazur sistemaSi 

 

Jaf-is aramitoqondriuli wyaroebidan upirveles yovlisa yuradRebas mikrosomebis 

(endoplazmuri membranebis) monooqsigenazuri sistema imsaxurebs. adamianSi am sistemis 

ZiriTadi komponentis _ citoqrom P450-is superojaxi (CYP) 57 funqciurad aqtiuri geniTa da 58 fsevdogeniTaa warmodgenili. maTgan qsenobiotikTa (kerZod, medikamentebis) polivalen-

tur JangvaSi gansakuTrebuli wvlili mis oTx _ CYP1-CYP4 ojaxobas Seicavs. qsenobiotikTa 

gardaqmnebis erT-erTi yvelaze realuri varianti gulisxmobs, rom metabolizmis Sualedi 

(meoradi) produqtebi Tavisufalradikaluri bunebis arian, ramdenadac maTi molekulis gare 

energetikul orbitalebs gauwyvilebeli eleqtronebi euflebian. amis Sedegad metaboliti 

gansakuTrebulad aqtiuri xdeba da mravalferovan reaqciebSi Sesvlis unars iZens. ucxo 

naerTebi, romlebic Jangva-aRdgeniT ciklSi ar Sedian, Tavisufal radikalebs ar warmoqmnian. 

mravali qsenobiotikis (mag., adriamicinis, nitrofuranTionis, paraqvatisa da sxv.) 

metabolizmis procesSi Sualedi Tavisufali radikalebis warmoqmna NADPH-damokidebuli 

citoqrom P450-reduqtazas (EN 1.6.2.4) monawileobiT xdeba: 
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O
OO OH

OH
O

OHCO CH2OH
OO OH

OH
O

OHCO CH2OH
-glukozaminiH3C

adriamicini

-glukozaminiH3C .
adriamicinis aRdgenili 

radikaluri forma
 

8.73 

NHNOO2N CH N O
O NHNOO2N CH N O

O
nitrofuranTioni

.

nitrofuranTionis aRdgenili

radikaluri forma  

8.74 
N N CH3CH3 N N CH3CH3

paraqvati

.

paraqvatis aRdgenili

radikaluri forma

+ .

 

8.75 
Jangbadis Tanamyofobisas aRdgenili radikalebi swrafad iJangebian. eleqtronebi maTgan 

Jangbadis molekulaze gadadian, ris Sedegadac superoqsidi da sxva Jaf-ebi warmoiqmnebian. 

maSasadame, Tavisufali radikalebis warmoqmnis ZiriTadi gza qsenobiotikebis fermentuli 

metabolizmia, romelsac citoqrom P450 axorcielebs, xolo aRmdgenelad Cveulebriv NADPH 

gamoiyeneba. 

monooqsigenazuri sistemis am ori komponentis (reduqtazisa da hemoproteinis) membranaSi 

CaSenebam mniSvnelovnad gazarda NADPH-is Jangvisa da citoqrom P450-is aRdgenis reaqciaTa 

SeuRlebis xarisxi. garda amisa, mocemul hemoproteins SesaZlebloba mieca gamoavlinos 

oqsidazuri aqtivoba da O  aRadginos 
−•2O -mde, H O -mde da OH•

-mde. ufro metic, mas unari 

aqvs ifunqcioniros rogorc WeSmaritma oTxeleqtronianma oqsidazam wylis molekulis 

warmoqmniT: 

++ +→++ NADP2OH2H2NADPH2O 22     
8.76 

peroqsidazuli aqtivobis gamovlenisas Jangvis reaqciebSi citoqrom P450 kosubstratad NAD(P)H-is nacvlad organul- an wyalbadis zeJangs iyenebs. 

substratis molekulaSi gaaqtivebuli Jangbadis Canergva citoqrom P450-is hemis 

SemadgenlobaSi myofi rkinis ionebis cikluri Jangva-aRdgeniTi gardaqmnebis Sedegad 

xorcieldeba (nax. 8.12). 

meqanizmi, romlis Sedegadac citoqrom P450 NADPH-dan iRebs eleqtronebs, mis 

Sidaujredul lokalizaciazea damokidebuli. eukariotebis endoplazmur retikulumSi sadac 

am klasis hemoproteinebis ZiriTadi fondi imyofeba, eleqtroni flavoprotein-NADPH-P450-

reduqtaziTa da citoqrom P450-iT miiwodeba. erT molekula reduqtazas eleqtronebiT 

ramdenime gansxvavebuli citoqrom P450-is uzrunvelyofa SeuZlia. mitoqondriebSi, sadac 

citoqrom P450 hormonebis biosinTezsa da vitamin D-s metabolizmSi monawileobs, eleqt-

ronebi masze ori cilis _ feredoqsinisa da feredoreduqtazas daxmarebiT gadaitanebian. 

safiqrebelia, rom citoqrom P450-is Semcvel mikrosomul sistemaSi Jaf-is warmoqmna “NADPH-

citoqrom P450-reduqtaza-citoqrom b5-is” ubanze, agreTve reaqciuli peroqso Fe _O  da 

hidroperoqsokompleqsis Fe _HO , Fe _HO  daSlisas unda xdebodes. am mosazrebasTan 

SesabamisobaSia is faqtic, rom NO-radikalebi, romlebic mikrosomebSi O -Tan dakavSi-
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rebisaTvis hemTan konkurireben, CYP2E1-is aqtivobisa da O· _H O -is radikalebis generacias 

aqtiurad ainhibireben. citoqrom P450-is hemis JangviTi gardaqmnebis ciklSi wylis mole-

kulebis mocilebis Sedegad SeiZleba Fe _O ·tipis reaqciuli radikaluri kompleqsebi 

warmoiqmnan, romlebic aseve SeiZleba Jaf-is wyaro iyos, Tumca maTi registrireba sakmaod 

rTulia da amitom maTi arsebobis sakiTxi kvlavac Riad rCeba.  

O2

O2O2O2

_
O

RH + H+

ROHH2O
nH+

HO2 O2 + H +H2O2H2O + OH.

.

NADPH
NADPH-citoqrom P450-reduqtaza

citoqrom b5

citoqrom b5
NADH-citoqrom P450-reduqtaza

NADH
[Fe  ]3+
[Fe  ]2+

[Fe       ]3+O2_
[Fe          ]2+OOH

_

1
H + e_

e_

 

nax. 8.12. NADPH-citoqrom P450-damokidebul monooqsigenazur sistemaSi substratis (RH) 

hidroqsilireba da Jaf-is warmoqmna.  

 

citoqrom P450-iT Jaf-is producireba mraval faqtorzea damokidebuli da maTgan mniSv-

nelovania TviT hemoproteinis izoformebi, mikrogaremocva, garemos pH, O -is koncentracia, 

aRmdgenelisa da Jangvis substratis Tamanyofoba da sxv. mikrosomebSi Jaf-is (H O -isa da 

-is) maqsimaluri producireba SeiniSneba sainkubacio narevis Tavze airad fazaSi Jangbadis 20%-iani Semcvelobisas. O -is ufro maRali koncentraciebi aqveiTeben NADPH-citoqrom P450-
reduqtazas aqtivobas da citoqrom P450-is hemis SemadgenlobaSi myofi rkinis ionebis 

aRdgenas. 

adamianis RviZlis mikrosomebSi citoqrom P450-is sxvadasxva izoformebi Jaf-is 

generirebis analizma NADPH-is Jangvisa da 
•2O -is warmoqmnas Soris Semdegi kanonzomiereba 

gamoavlina: CYP3A4> CYP1A1> CYP1A2 ≥ CYP2B6    8.77 

gaangariSeba 1 mg cilaze Tu iwarmoeba, adamianTan SedarebiT virTagvis RviZlis mikroso-

mebi 3-5-jer naklebs 
−•2O -sa da H O -s generireben, xolo gaangariSeba Tu citoqrom P450-is 

Semcvelobaze iwarmoeba, Jaf-is producireba erTmaneTis toli iqneba. varaudoben, rom 

peroqsikompleqsis Fe _O·  daSlisas upiratesad superoqsiduri anioni )O( 2−•  da singleturi 

Jangbadi O  warmoiqmneba, maSin rodesac hidroqsi peroqsikompleqsis Fe _HO  daSlisas 

Jaf-is ufro aRdgenili formebi (H O  da 
•HO ) miiRebian. 

citoqrom P450-damokidebuli monooqsigenazuri reaqciis katalizur ciklSi Jaf-is gene-

raciis faqti bunebrivad badebs kiTxvas: gaaCnia Tu ara mas raime biologiuri mizadasaxuloba, 

Tu ubralod damatebiT efeqts warmoadgens? am sakiTxTan dakavSirebiT ganixileba 

•HO
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mosazrebebi, romelTa Tanaxmadac monooqsigenazur reaqciebSi Jaf-is maRalreaqtiuli 

formebis ( O  da ) producireba ujreds saSualebas aZlevs moaxdinos yvela organuli 

naerTis metabolizeba, ramdenadac Jaf-is nebismieri C_C da C_H-kavSirebis daSla SeuZliaT. 

Jaf-is generireba monooqsigenazebis moqmedebas araspecifikurobis maRal xarisxs aniWebs. 

amis mizezia is, rom fermentis izoformebs qsenobiotikTa farTo speqtris metabolizeba 

ZaluZT. aqedan gamomdinare, mniSvnelovania monooqsigenazur reaqciebSi Jaf-is generaciis 

fiziologiuri rolis garkveva. gansakuTrebiT sainteresoa es sakiTxi im organoebisa da 

qsovilebisaTvis, romelTac citoqrom P450-is maRali Semcveloba axasiaTebT. maT 

miekuTvnebian RviZlis hepatocitebi, kuW-nawlavis traqtisa da Tirkmelebis epiTeliaruli 

ujredebi, endoTeliocitebi da sxv.  

iSemia-reperfuziisas ganviTarebuli JangviTi stresis an anTebiTi procesebis dros 

monooqsigenazebiT Jaf-is producireba SeiZleba gadamwyveti aRmoCndes sisxlZarRvebis 

tonusisa da mediatorebis sinTezis regulaciaSi. citoqrom P450 2E-iT Jaf-is generacia hepa-

tocitebis Tavisufalradikaluri dazianebisas da alkoholis qronikuli moxmarebisas SeiZ-

leba RviZlis cirozis ganviTarebis mizezi gaxdes. garda amisa, monooqsigenazebiT Jaf-is 

warmoqmna garkveul pirobebSi SeiZleba saziano Seiqmnas TviT ucxo naerTTa metabolizmSi 

monawile fermentebis funqcionirebisaTvis, kerZod, citoqrom P450-is ukunegatiuri regula-

ciisaTvis, qsenobiotikTa metabolizmis e.w. me-2 fazis fermentTa induqciisaTvis da ujredTa 

antioqsidanturi dacvisaTvis.  

JangviTi modifikaciisa da ujredSi moxvedrili qsenobiotikis molekulaSi Jangbadis 

atomis Canergvis gziT toqsikanti SeiZleba kancerogenuli gaxdes. aseT nivTierebaTa 

detoqsikaciisaTvis gamoiyenebian qsenobiotikTa biotransfomaciis me-2 fazis fermentebi: 

glutaTion S-transferazebi, uridinfosfat-glukuroniltransferazebi, NAD(P)H: qinono-

qsidoreduqtazebi, homoqsigenaza-1 da sxv., romlebic ucxo naerTis reaqtiuli eleqtro-

filuri da nukleofiluri jgufebis glutaTionTan koniugirebas axorcieleben da miRebuli 

ufro hidrofiluri produqtebi organizmidan advilad idevnebian. 

Jaf-is monawileobiT JangviTi stresis pirobebSi citoqrom P450-is ukunegatiuri regu-

lacia (down-regulation) SeiZleba transkrifciis doneze ganxorcieldes birTvuli NF1-

faqtoris (nuclear factor) inaqtivaciis, an fermentTa proteosmosuri degradaciis gziT. gliko-

kortikoidebi, proanTebiTi citokinebi (α-simsivnis nekrozis faqtori, interferoni, 1,6,11-

interleikinebi), zrdis faqtorebi da baqteriuli lipopolisaqaridebi ainhibireben citoqrom P450-is mravali izoformis (CYP1A-s, CYP3A-s, CYP2B-s, CYP2E da sxv.) genis eqspresias. es 

moqmedeba SeiZleba realizdes Jaf-is gaZlierebuli warmoqmniT da redoqsmgrZnobiare FN1 

faqtoris inaqtivaciiT. citoqrom P450-is izoformebis genebis eqspresiis regulaciaSi FN1 

sinergiulad moqmedebs policikluri aromatuli naxSirwyalbadebis (AhR) receptorTan, 

romelic Tavis struqturaSi cisteinis naSTs (Cys 427) Seicavs da misi daJangvisas dnm-is 

regulatorul saitTan FN1-is dakavSireba sustdeba. amis Sesabamisad fenobarbitalSemcvel 

garemoSi hepatocitebze H O -is an katalazas inhibitoris (3-amino-1,2,4-triazolis) damateba 

amcirebs, xolo N-acetilcisteinis (5 mM) damateba 5_10-jer zrdis CYP2B1-is mrnm-is dones. 

mikrosomuli monooqsigenazebiT Jaf-is producireba cilebis, maT Soris TviT citoqrom P450-is JangviT modifikacias da degradacias iwvevs. Jangvis substratis aryofnisas virTagvis 

RviZlis mikrosomebSi CYP2E1-is degradacia or fazad mimdinareobs da 6_7 saaTis ganmavlobaSi 

misi Semcveloba naxevrdeba. eTanolis Tanamyofoba citoqromis 50%-iani destruqciis peri-

ods 37 saaTamde axangrZlivebs. adamianis RviZlidan miRebul mikrosomul fraqciaSi 1 mM NADPH CYP2E1-is degradaciis siCqares zrdis; antioqsidantebi _ triloqsi (50 mkM) da α-

tokoferoli (20 mkM), agreTve rkinis ionebis xelatorebi _ diferoqsamini (40 mkM) da EDTA 

•HO
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(100 mkM) CYP2E1-is daSlas aneleben. transkripciis FN1-faqtoriT moqmedebisa da proteo-

somuri degradaciis gaZlierebis garda Jaf-s SeuZlia citoqrom P450-isa da sxva fermentebis 

eqspresia daaqveiTos, romelTa genebis transkrifciuli aqtivoba AhR-iT kontroldeba.  CYP2E1-is saSualebiT Jaf-is producireba lipidTa peroqsidacias aaqtivebs, rac Tavis 

mxriv hepatocitebis dazianebas da RviZlis cirozis ganviTarebas iwvevs. hepatocitebSi SOD-is 

gazrdili eqspresia icavs maT Jaf-is toqsikuri zemoqmedebisagan. CYP2E1-is gazrdil eqspre-

siasTan dakavSirebul citodestruqciaSi antioqsidantebi (vitaminebi E da C, triloqsi) sxva-

dasxva eqsperimentul modelebSi damcvel moqmedebas avlenen. Jaf-is generaciisa da Tavi-

sufalradikaluri procesebis induqciis saSualebiT citoqrom P450-is izoformebs SeuZliaT 

monawileoba miiRon samkurnalo preparatebis (paracetamolis, diklofenakis, galotanis, 

dihidralazinis, karbamazepinis, fenoqsiZmarmJavas, takrinis, kokainis da sxv.) hepatotoqsikur 

moqmedebaSi.  

amgvarad, monooqsigenazebis unari _ efeqturad warmoqmnan Jaf, saSualebas iZleva fer-

mentTa es klasi mravali ujreduli funqciisa da paTologiuri procesebis mniSvnelovan 

regulatorebad iqnan miCneuli. monooqsigenazebis destruqciul da regulatorul moqme-

debas didi mniSvneloba eniWeba RviZlis sxvadasxva daavadebebSi hepatitebSi, fibrozSi), 

anTebiT procesebSi, gulis iSemiur dazianebebSi. sadReisod adamianze ucxo naerTTa agresi-

uli zemoqmedebis pirobebSi es problema gansakuTrebul aqtivobas iZens da ueWvelad 

safuZvlian kvlevas moiTxovs.  

 

 

8.8 ujredis antiradikaluri dacvis sistemebi 

 

normalur ujredSi Tavisufali radikalebi mudmivad generirdebian. maTi moqmedebis zonis 

lokalizebisa da gauvneblobis mizniT aerobul organizmebs evoluciis procesSi fermen-

tebisa da dabalmolekuluri naerTebis saxiT dacvis rTuli sistema CamouyalibdaT. maTTvis 

rogorc wesi kompleqsuri moqmedeba da erTmaneTis gaZlierebaa damaxasiaTebeli. ujreduli 

homeostazi ZiriTadad radikalwarmoqmnisa da maTi realizaciis siCqareTa tolobis xarjzea 

SenarCunebuli. antioqsidanturi dacvis meqanizmebis moSlisas, an radikalwarmoqmnis 

procesTa aqtivaciisas, romelic dacvis SesaZleblobebs aRemateba, SeiZleba nekrozi 

ganviTardes.  

iseve rogorc TviT radikalebis warmoqmna, antiradikaluri meqanizmebic fermentul da 

arafermentul procesebs eyrdnobian. radikalTa arakatalizebuli gardaqmnis umartivesi 

magaliTi maTi hidrolizuri daSlaa. es reaqcia safuZvlad udevs mravali wyalSi xsnadi reaq-

ciisunariani produqtis (mag., acilhalidebis, epoqsidebis, karbokationebis, izocianatebis, 

episulfoniumionebis da sxv.) neitralizacias. radikalebis “gauvneblobis” yvelaze 

mniSvnelovan arafermentul reaqcias bunebriv an sinTezur antioqsidantebTan urTierT-

qmedeba warmoadgens. maTi saSualebiT ixsneba “JangviTi stresi” (biomolekulebis gaZli-

erebuli oqsidaciuri dazianeba, rac organizmis disfunqcias iwvevs), romelsac sawyisi pozi-

cia ukavia mraval daavadebaTa (mag., aTerosklerozis, gulis iSemiis, diabeturi angiopaTiis, 

neirodegeneraciuli da autoimunuri paTologiebis, kibos, kataraqtisa da sxv.) ganviTarebaSi. 

yvela antioqsidantis moqmedeba SeiZleba maTi arapirdapiri (gaSualebuli) da pirdapiri 

(mimarTuli) moqmedebis mixedviT dajgufdes. arapirdapiri moqmedebis antioqsidantebi Tavi-

sufalradikaluri Jangvis intensivobis daTrgunvas mxolod biologiur obieqtebSi (calke-

uli organodan mTlian organizmamde) axorcieleben. In vitro pirobebSi isini araefeqturni 

arian. maTi moqmedebis meqanizmi metad mravalmxrivia, romelTaganac mniSvnelovani mainc 

Semdegia: 

− antioqsidanturi Tvisebebis mqone fermentTa aqtivacia (reaqtivacia); 
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− organizmSi Jaf-is warmomqmnel reaqciaTa daTrgunva; 

− Jangvis Tavisufalradikaluri reaqciebis gadaweva SedarebiT naklebreaqciisunariani 

produqtebis warmoqmnis mxares; 

− antioqsidanturi dacvisa da dazianebis reparaciis makodirebeli cilebis genTa 

seleqciuri induqcia; 

− nivTierebaTa cvlis normalizacia da a.S. 

paTologiebis yvela SemTxvevaSi Tavisufalradikaluri Jangvis intensivoba praqtikulad 

ama Tu im doniT gazrdilia. amitom bunebrivia, rom organizmSi nivTierebaTa cvlis 

konkretuli procesis normalizaciam Jaf-is warmoqmnisa da Tavisufalradikaluri reaqci-

ebis daTrgunva unda gamoiwvios. amgvarad, organizmSi metaboluri procesebis manorma-

lizebel nebismier nivTierebas antioqsidanturi unari eqneba. 

pirdapiri moqmedebis antioqsidantebs uSualo antiradikaluri Tvisebebi gaaCniaT da maTi 

gamovlena advilad SeiZleba in vitro testebSi. aseT antioqsidantebs sazRvraven rogorc subs-

tancias, romelic substratTan Sesadarebeli koncentraciebiT gamoyenebisas aqveiTeben an 

savsebiT zRudaven mocemuli substratis Jangvas. farTod gamoyenebuli samkurnalo prepara-

tebis did nawili antioqsidantebis am jgufs miekuTvneba. maTi pirdapiri moqmedeba mciredaa 

damokidebuli organizmis metabolur sistemaTa funqcionalur mdgomareobaze. 

sadReisod pirdapiri moqmedebis antioqsidantebis sayovelTaod miRebuli klasifikacia 

ar arsebobs. umartivesi midgoma am nivTierebaTa wylovan da lipidur fazebSi xsnadobas emya-

reba da amitom maT or jgufad – lipofilurebad (mag., tokoferoli, retinoli, bilirubini) da 

hidrofilurebad (askorbati, SardmJava, cisteini) yofen (nax. 8.13). 
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O2 O2
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Fe3+O2
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nax. 8.13. wylovani (marcxniv) da lipiduri (marjvniv) fazis antioqsidantebi. 

 

es klasifikacia imaze miuTiTebs, Tu ujredis romel kompartmentSi (lipidurSi Tu wylo-

van fazaSi) koncentrirdeba upiratesad efeqturad moqmedi esa Tu is antioqsidanti. arsebuli 

klasifikacia antioqsidantebs ar ajgufebs maTi moqmedebis meqanizmis mixedviT. 

fenolebisa da nivTierebaTa am jgufis antioqsidanturi moqmedebis ZiriTad meqanizms maT 

molekulaSi arsebuli erT an ramdenime fenoluri jgufis advilZvrad wyalbadTan lipidTa 

zeJanguri Jangvisas warmoqmnili peroqsi ( •ROO ) da alkoqsi ( •RO ) radikalebis urTierTq-

medeba warmoadgens. 

gansakuTrebuli efeqturobiT gamoirCevian e.w. “steriulad gaZnelebuli” fenolebi, 

romelTa aromatul birTvSi OH-jgufis mezoblad sivrcobrivad rTuli Camnacvlebelia 

Seyvanili. fenoluri antioqsidantebi Jaf-ebTan Zlier sustad reagireben. zogierT maTgans 

(mag., flavonoidebs) metalTa kationebis xelatirebis unari aqvT da antioqsidant-kompleqs-

warmomqmnelebis rolSi gamodian. garkveul pirobebSi fenolur antioqsidantebs prooqsi-

danturi (oqsidaciis gamaZlierebeli) Tvisebebic gaaCniaT. sadReisod dadgenilia fenoluri 
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antioqsidantebis prooqsidanturi efeqtis damokidebuleba antioqsidantis koncentraciaze, 

Tavisufalradikaluri Jangvis intensivobaze, procesis xangrZlivobaze da areSi gardamavali 

valentobis mqone metalebis (Fe, Cu, Mn) Tanamyofobaze. 

moqmedebis meqanizmis mravalferovnebiT gamoirCevian porfirinebi: protonTa donorebi, 

kompleqswarmomqmnelebi, katalizatorebi (xSirad metalis kationebTan kompleqsis saxiT). 

maTi tipiuri warmomadgenelia bilirubini. 

calke aRniSvnas imsaxureben Tavisufal radikalTa damWerebi da kompleqswarmomqmnelebi _ 

xelatorebi. antioqsidantTa pirvel jgufs ganekuTvnebian nivTierebebi, romlebic Tavisufal 

radikalebTan urTierTqmedebisas SezRuduli reaqciis unaris mqone aduqtebs warmoqmnian. 

maTi warmomadgenlebia nitronebi, kerZod, fenil-mesameuli-buTilnitroni, romelic efeqtu-

rad ikavSirebs superoqsidisa da hidroqsilis radikalebs. cxovelebze Catarebuli eqsperi-

mentebiT naCvenebia nitronebis proteqtoruli moqmedeba centraluri nervuli sistemis 

JangviTi dazianebisas. 

xelatorebi mxolod metal-damokidebuli Tavisufalradikalur Jangvas ainhibireben. maTi 

moqmedebis meqanizmis arsi im gardamavali valentobis mqone metalTa dakavSirebaa, romlebic 

Jaf-ebis warmoqmnis reaqciebs akatalizeben. warmoqmnili kompleqsebis unari _ monawileoba 

miiRon Tavisufalradikaluri Jangvis reaqciebSi, mraval faqtorzea damokidebuli. eqsperi-

mentis pirobebisgan gamomdinare maT SeuZliaT gamoamJRavnon rogorc anti-, aseve prooqsi-

danturi Tvisebebi. mag., liposomebSi lipidTa zeJanguri Jangvisas eTilendiamin-

tetraZmarmJava (EDTA) axangrZlivebs qemiluminescenciis latentur periods, rac mis antio-

qsidantur moqmedebaze miuTiTebs. meore mxriv, H O -is, organuli hidroperoqsidebis an 

askorbatis Tanamyofobisas EDTA-Tan rkinis kompleqsi Sesabamis kationebTan SedarebiT 

mkveTrad zrdis hidroqsilis radikalis warmoqmnas. EDTA-s garda xelatorebis ZiriTadi 

warmomadgenlebia trilon B, verseni, karnozini, karvediloli, zogierTi flavonoidi da sxv. 

 

 

8.8.1 fermenti-antioqsidantebi 

 

antimJangveli dacvis sistemis erT-erT uZiriTades ferments superoqsiddismutaza (SOD, EC 1.15.1.1) warmoadgens, romelic Jangbadis anion-radikalis disproporcionirebis reaqcias 

akatalizebs: 

222 OHOOHH2OO +→++ +−− ••

    
8.78 

fermentis aqtivoba pirvelad (1969 w.) makkordisa da fridoviCis mier iqna gamovlenili. maT 

SeZles eCvenebinaT, rom (8.78)-reaqciis daCqareba spilenZ-Semcveli cilis _ eriTrokupreinis 

(hemokupreinis) fiziologiur funqcias warmoadgens, romelic jer kidev 1938 wlidan iyo 

cnobili. imis gamo, rom fermenti cinksac Seicavs, mas spilenZ-cink-Semcveli superoqsid-

dismutaza (Cu_Zn_SOD) ewoda. igi ori suberTeulisagan Sedgeba, romelTagan TiToeuls 16300 mkM molekuluri masa gaaCnia. (8.78)-reaqciis siCqaris konstanta 2 · 10  M · წმ -is rigisaa da 4.8_10.2-is intervalSi pH-is maCvenebelze araa damokidebuli. SedarebiT mogvianebiT aRmoCe-

nil iqna manganum- da rkina-Semcveli fermentebi. Cu_Zn_SOD-s yvela eukariotuli ujredi 

Seicavs da aq igi ZiriTadad citozolSi imyofeba. fermentis garkveuli raodenoba 

lizosomebSi da peroqsisomebSia lokalizebuli. rkina-Semcveli SOD mxolod prokariotebSia 

identificirebuli. manganum-SOD-c prokariotebis mitoqondriebSia lokalizebuli; Tumca 

eukariotuli Mn-SOD-is winamorbedi citozolSi sinTezirdeba da mitoqondriebSi misi 

mxolod polipeptiduri fragmenti gadadis.  

gamoyofili da gamokvleulia SOD-is e.w. eqstracelularuli formac. igi plazmaSi, lim-

faSi da sinovialur siTxeSi ZiriTadad izofermentis saxiTaa warmodgenili da 4 suber-
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Teulisagan Semdgar glikoproteids warmoadgens. maRali molekuluri masis garda, 

eqstracelularuli SOD-is suberTeuli citoplazmuri Cu_Zn_SOD-isagan gansxvavdeba amino-

mJavuri SemadgenlobiT, antigenuri TvisebebiTa da genuri lokusiT, romelic apofermentis 

aminomJavur Tanmimdevrobas kodirebs. eqstracelularuli SOD-is katalizuri aqtivoba 

citoplazmurTan SedarebiT gacilebiT dabalia.  

heparin-sefarozaze afinuri dayofisas eqstracelularuli SOD sam _ A, B da C-fraqciebad 

iyofa. A-fraqcias heparinisadmi swrafva ar gaaCnia; B-fraqcias sustad, xolo C-fraqcias 

heparinisadmi kargad gamoxatuli Tvisoba aqvs. heparinis garda, C-fraqcia sxva glikozamino-

glikanebsac ikavSirebs. 

cxovelis calkeul qsovilebsa da ujredebSi SOD-is izofermentebis Semcveloba erTma-

neTisagan mniSvnelovnad gansxvavdeba. Cu_Zn_SOD-is yvelaze maRali done gamovlenilia 

RviZlSi (350 mkg/g qsovilis masaze), TirkmelebSi (185 mkg/g qsovilis masaze da kuWqveSa 

jirkvalSi (105 mkg/g qsovilis masaze). gulSi, tvinSi da eriTrocitebSi am izofermentis rao-

denoba 60_70 mkg/g qsovilis masas ar aRemateba. yvelaze mcire raodenobiT igi kunTovan da 

cximovan qsovilebSia. 

asakTan dakavSirebiT RviZlSi, gulSi da tvinSi SOD-is xvedriTi aqtivoba qveiTdeba, Tumca 

es vardna fermentis raodenobrivi Semcvelobis zrdiT kompensirdeba. xvedriTi aqtivobis 

Semcirebis erT-erT mizezad arafermentuli glikozilirebis Sedegad misi postranslaciuri 

modifikacia saxeldeba. 

Jangbadis anion-radikalis disproporcionirebis Sedegad warmoqmnili wyalbadis 

peroqsidi (reaqcia 8.78), SeiZleba ori fermentiT _ katalaziT da glutaTionperoqsidaziT 

utilizdes. 

katalaza (EC 1.11.1.6) wyalbadis zeJangs molekulur Jangbadad da wylad Slis: 2H O  → 2H O O      8.79 

fermentis maqsimaluri katalizuri aqtivoba gamovlenilia RviZlSi, sisxlSi (eriTro-

citebSi) da TirkmelebSi. Tavis tvinSi igi praqtikulad araa identificirebuli. aRsaniSnavia, 

rom katalazas aqtivoba gansakuTrebiT maRalia; kerZod, erT molekula ferments wamSi 44 000 

molekula wyalbadis peroqsidis daSla SeuZlia. misi Tanamyofobisas 8.78 reaqcias aqtivaciis 

energia TiTqmis ar esaWiroeba da misi siCqare substratis fermentis aqtiuri centrisaken 

difuziis siCqariT fasdeba. miuxedavad amisa katalaza k -is Zlier maRali mniSvnelobiT 

xasiaTdeba da wyalbadis zeJangis daSla efeqturad mxolod misi maRali koncentraciebisas 

xorcieldeba. amitom ujredSi maqsimaluri katalizuri aqtivoba damaxasiaTebelia H O -is 

maRali producirebis (mag., peroqsisomebSi) ubnebisaTvis. sakuTari substratis mniSvnelovani 

koncentraciebisagan katalazas dacvas rogorc Cans NADPH uzrunvelyofs. katalazas 

tetrameruli molekulis yovel suberTeuls TiTo molekula NADPH-is dakavSirebis unari 

aqvs, rimelic xels uSlis H O -is moqmedebiT fermentis araaqtiuri formis warmoqmnas. 

glutaTionperoqsidaza (EC 1.11.1.9) ujredSi wyalbadis peroqsidis detoqsikaciaSi wamyvan 

rols asrulebs. es fermenti, romelic eriTrocitebSi hemoglobinis H O -is mavne zemoqme-

debisagan icavs, pirvelad 1957 wels milsis mieraa napovni. amJamad cnobilia, rom “klasikuri” 

glutaTionperoqsidazas molekula identuri suberTeulebisagan Semdgar tetramers 

warmoadgens da mTliani molekulis masa 85 kDa-is tolia. fermentis yoveli suberTeuli 

selencisteinis saxiT erT atom selens Seicavs. wyalbadis donorad fermenti mxolod 

aRdgenil glutaTions iyenebs, magram aRsadgeni substratisadmi farTo specifikuroba gaaCnia 

da H O -is garda (reaqcia 8.80), sxvadasxva organuli hidroperoqsidebis, maT ricxvSi 

Tavisufali poliujeri cximovani mJavebis hidroperoqsidebis aRdgenis katalizeba SeuZlia 

(reaqcia 8.81). 
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2GSH H O  → GSSG 2H O     8.80 2GSH ROOH → GSSG ROH H O     8.81 

poliujer cximovan mJavaTa hidroperoqsiduli jgufebi selen-Semcveli glutaTion-

peroqsidazasaTvis substrats ar warmoadgenen. am fermentis moqmedebis kinetika ormagi 

Canacvlebis, anu ping-pongis meqanizms Seesabameba da jamuri reaqciebi (gantolebebi 8.80 an 8.81) mTeli rigi elementaruli stadiebisagan Sedgebian: E_Cy sSe H ROOH → E_Cy sSeOH ROH   8.82 E_Cy sSeOH GSH → E_Cy sSe_SG  H O    8.83 E_Cy sSe_SG GSH → E_Cy sSe H GSSG   8.84 

RviZlis glutaTionperoqsidazas reaqciis meore rigis siCqareTa moCvenebiTi konstantebi K  sxvadasxva hidroperoqsidebisaTvis TiTqmis Tanabaria. organizmis sxvadasxva qsovilebs am 

fermentis Semcveloba Semdegi rigiT mcirdeba: 

RviZli > eriTrocitebi > Tirkmelebi > kuWi > filtvebi = tvini > plazma > kunTebi 8.85 

glutaTionperoqsidazas aqtivobis 75% ujredis citoplazmaSi ganisazRvreba. fermentis 

danarCeni nawili mitoqondriebSi lokalizdeba. sisxlis plazmaSi arsebuli izofermenti 

Sidaujredulisagan imunologiurad gansxvavdeba. gareujreduli SOD-is msgavsad plazmuri 

formis apofermenti glikoproteins warmoadgens. naCvenebia, rom arsebobs glutaTion-

peroqsidazas aqtivobaTa asakobrivi da dReRamuri (cirkaduli) gansxvavebebi. gulSi dadgeni-

lia fermentis aqtivobis daqveiTebis periodi, roca lipidTa zeJanguri Jangva gaaqtivebas 

ganicdis. 

organizmSi glutaTionperoqsidazas aqtivobis done uaRresad mgrZnobiarea organizmis 

seleniT uzrunvelyofis gamo. ramdenime kviris ganmavlobaSi Se-deficitur dietaze cxovelTa 

Senaxvisas am fermentis aqtivoba mkveTrad qveiTdeba da Sesabamisi imunoreaqtiuli cilis 

donis Semcirebis proporciulia. aqtivobis daqveiTeba sxvadasxva qsovilSi araerTgvarovania. 

selenis deficitisadmi mgrZnobiarobis mixedviT isini Semdegi rigiT lagdebian: 

plazma > RviZli > Tirkmelebi > guli = filtvebi > eriTrocitebi   8.86 Se-deficitur dietaze myof cxovelebSi kuWqveS selenis (selenitis an selenomeTioninis 

saxiT) erTjeradi Seyvanisas plazmaSi, kuWSi da RviZlSi 48 saaTis ganmavlobaSi fermentis 

aqtivoba normalizdeba. fermentis molekulaSi selenis CarTvis Sesaxeb ori mosazreba arse-

bobs: pirvelis Tanaxmad seleni modificirebs araqtiur cila-winamorbeds ukve misi sinTezis 

dasrulebis Semdeg (posttranslaciuri CarTva); meore mosazrebis Tanaxmad cilis molekulaSi Se-is CarTva normaluri translaciuri procesis msvlelobisas xdeba. 

mocemul etapze glutaTionperoqsidazas antioqsidantur rols or aspeqtSi ganixilaven: 

1. ferments unari aqvs aRadginos wyalbadis zeJangi da saSualebas ar aZlevs mas CaerTos 

fentonis reaqciaSi da inicirebis stadiaze Tavisufalradikaluri procesebi daainhibiros;  

2. glutaTionperoqsidaza aRadgens ra poliujer cximovan mJavaTa hidrozeJangebs, jaWvis 

gantotvis stadiaze blokavs Tavisufalradikalur procesebs. 

imis gamo, rom “klasikur” glutaTionperoqsidazas biomembranebSi myof cximovan mJavaTa 

hidroperoqsidebis aRdgena ar SeuZlia, misi damcvelobiTi moqmedebis realizaciisaTvis 

aucilebelia fosfolipaza A -is Tanamyofoba, romelic fosfolipidebis winaswar hidrolizs 

axorcielebs. am reaqciis warmarTvas is garemoebac uwyobs xels, rom fosfolipaza A -iT 

daJanguli cximovani mJavebi aradaJangulTan SedarebiT swrafad scildebian membranas. garda 

amisa, TviT fosfolipaza A  Tavisufalradikaluri Jangvis produqtebiT aqtivdeba. gluta-
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Tionperoqsidaza organizmSi funqcionirebs aramarto rogorc antioqsidanturi sistemis 

komponenti, aramed prostaglandinebisa da leikotrienebis biosinTezSic monawileobs. 

“klasikuri” selen-damokidebuli glutaTionperoqsidazas garda, organizmSi arseboben 

sxva fermentebic, romlebic msgavs funqciebs atareben. maT miekuTvnebian gluta-

Tiontransferazebi (EC 2.5.1.18). mravalricxovan eleqtrofilur substratebTan glutaTionis 

koniugaciis reaqciasTan erTad, es fermentebi organuli hidroperoqsidebis, maT Soris 

fosfolipidebis peroqsidebis, endoperoqsidebis (epoqsidebis) aRdgenis reaqciebsac 

akatalizeben. wyalbadis hidroperoqsidis mimarT isini araqtiurni arian. imis gamo, rom 

glutaTiontransferazebi Se-s ar Seicaven, maT xSirad selen-damokidebul glutaTion-

peroqsidazebsac uwodeben. yvelaze maRali aqtivoba am ferments RviZlSi gaaCnia. gacilebiT 

naklebia fermentis Semcveloba filtvebsa da gulSi. glutaTiontransferaza gamoyofilia 

agreTve eriTrocitebidan da kanis ujredebidan. hepatocitebSi glutaTiontransferazas 80% 

(mTliani xsnadi cilis 10%) citoplazmaSi imyofeba. fermentis danarCeni nawili Tanabari 

odenobebiT imyofeba mikrosomebSi, mitoqondriis gare membranasa da birTvSi. citoplazmuri 

glutaTiontransferaza warmoadgens izofermentebis ojaxobas, romelsac pH-is mniSvne-

lobisagan damokidebulebiT sam, fuZur, neitralur da mJaur klasebad yofen. yvela izoforma 

erTnair an heterogenul dimerebs Seicaven da ~25 kDa molekuluri masa gaaCniaT. sawyisi 

suberTeulebis katalizuri Tvisebebis mniSvnelovani gansxvavebebi izoformaTa farTo 

speqtris arsebobas ganapirobeben. selen-deficitur dietaze cxovelTa Senaxvisas yvela 

izofermentis aqtivobis zrda SeiniSneba, rac rogorc Cans, qsovilebSi glutaTion-

peroqsidazas donis Semcirebis kompensatoruli reaqcia unda iyos. Tumca am ukanasknelis 

antioqsidanturi funqciis sruli kompensacia am SemTxvevaSi ar xdeba. 

glutaTionperoqsidazas ojaxoba filogenetikurad erT-erT uZveles cilebs miekuTvneba. 

am fermentTa yvelaze konservatiuli fragmenti maTi katalizuri centria, romelic 

selencisteinis, triftofanisa da glutaminisagan Sedgeba. maTi maRali filogenetikuri 

mdgradoba Tavisi funqciebis idealur SesrulebaSi isaxeba, romelic erTeleqtronian 

gadatanas da radikaluri an sxva maRalreaqtiuli intermediatebis warmoqmnas gamoricxavs. 

sxvadasxva glutaTionperoqsidazas efeqturi funqcionirebisaTvis, rogorc aRniSnuli 

iyo, aRdgenili glutaTionis aucilebeli Tanamyofobaa. es tripeptidi sinTezdeba RviZlSi, 

saidanac Semdgom sxvadasxva organoebsa da qsovilebSi transportirdeba. aq igi cilebis 

disulfiduri jgufebisa da dihidroaskorbinmJavas aRdgenas uzrunvelyofs. glutaTion-

transferazas monawileobiT RviZlSi glutaTioni eleqtrofilur naerTebTan koniugatebs 

warmoqmnis da SardTan erTad maT gamoyofaSi monawileobs. monomeruli glutaTion-

peroqsidaza hidroperoqsidis aRdgenas 1_3 mM koncentraciis glutaTionis Semcvelobisas 

axorcielebs. amisaTvis ujredebSi igi umTavresad aRdgenil formaSi unda imyofebodes. 

eriTrocitebSi mag., GSH/GSSG-fardoba 10-s uaxlovdeba. fardobis es done SenarCunebulia 

ferment glutaTionreduqtaziT (EC 1.6.4.2), romelic Semdeg reaqcias akatalizebs: GSSG NADPH H →2GSH NADP     8.87 

glutaTionreduqtazas erTaderT substrats in vivo NADPH warmoadgens. mozrdil eriTro-

citebSi misi regeneracia mxolod pentozofosfaturi ciklis glukozo-6-fosfatdehidro-

genazuli (EC 1.1.1.49) reaqciiT xdeba. amitom es fermenti eriTrocitebSi funqcionirebs 

rogorc antioqsidanturi dacvis mniSvnelovani elementi. arseboben mravalricxovani eqsperi-

mentuli mtkicebulebebi imis Sesaxeb, rom glukozo-6-fosfatdehidrogenazas genetikurad 

ganpirobebuli deficiti korelirebs eriTrocitebis mgrZnobiarobasTan qsenobiotikebis 

hemolizuri moqmedebis, baqteriuli da virusuli infeqciebis da stresis mimarT.   
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8.8.2 dabalmolekuluri antioqsidantebi 

 

dabalmolekuluri antioqsidantebis klasi mravalferovan naerTebs moicavs. isini 

erTmaneTisagan struqturiTa da warmoSobis wyaroebiT gansxvavdebian. maT miekuTvnebian 

glutaTioni, askorbin- da SardmJavebi, Sardovana, lipiduri fazis dabalmolekuluri 

antioqsidantebi da sxv. gansakuTrebuli roli eniWebaT Tavisufalradikalur procesebSi 

jaWvis gawyvetiT inaqtivaciis gamomwvev Sida- da gareujredul damWerebs. radikalebis 

efeqtur “dampyroblebs” warmoadgenen fenoluri antioqsidantebi, kerZod martivi fenolebi, 

naftolebi da aromatuli naerTebis sxva oqsiwarmoebulebi. amJamad gamoyofilia ranodenime 

aTasi fenoluri naerTi, romelTa Sorisac gamokveTili antioqsidanturi moqmedebiT 

xasiaTdebian E da K vitaminebi, ubiqinonebi, triftofani, fenilalanini, agreTve mcenareuli 

da cxoveluri pigmentebis umravlesoba, karotinoidebi, flavonoidebi, fenolkarbonmJavebi 

da sxv. Znelia Sefasdes arafermentuli dabalmolekuluri antioqsidantebis mniSvneloba, 

gansakuTrebiT JangviTi stresisas, rodesac Tavisufali radikalebiT fermentTa konsti-

tuciuri fondis swrafi “gaRaribeba” xdeba da maTi de novo sinTezisaTvis mniSvnelovani droa 

saWiro. yvela zeviT CamoTvlili nivTiereba erTiandeba saerTo saxelwodebiT – “bioantio-

qsidantebi”. am terminis SemoReba im garemoebiTaa ganpirobebuli, rom biologiur obieqtebSi 

arseboben naerTebi, romlebic sxvadasxva modelur sistemasa Tu mTlianad organizmSi 

ainhibireben Tavisufalradikalur reaqciebs, magram martiv qimiur sistemebSi ar (an) gaaCniaT 

aseTi reaqciebis damuxruWebis unari, anu klasikur antioqsidantebs ar warmoadgenen.  

sadReiosod cnobili bioantioqsidantebi moqmedebis meqanizmiT SeiZleba Semdegnairad 

klasificirdnen: 

− klasikuri antioqsidantebi (jaWvuri Tavisufalradikaluri procesebis gamwyveti agen-

tebi); 

− Tavisufalradikaluri reaqciebis iniciatorebis damWerebi; 

− xelatorebi (rkinis ionebis damakavSirebeli agentebi);  

− antiJangviTi dacvis fermentTa kofaqtorebi, dabalmolekuluri komponentebi an maTi 

winamorbedebi. 

jaWvis gamwyvet agentebs warmoadgenen fenolur naerTTa umravlesoba. isini urTierT-

qmedeben peroqsidul radikalebTan (reaqcia 8.88) da jaWvuri Tavisufalradikaluri Jangvis 

ganviTarebas zRudaven (reaqciebi 8.89 da 8.90):  

•• +→+ PhOROOHPhOHROO     8.88 

•• +→+ RROOHRHROO      8.89 

•• →−+ ROOOOR       8.90 8.88 reaqciis Sedegad miRebuli fenoqsilis radikali rezonansulad stabilur 

struqturas warmoadgens da Tavisufalradikaluri reaqciis jaWvis gagrZelebis unari ar 

gaaCnia, Tumca mas kidev erT peroqsidul radikalTan urTierTqmedeba SeuZlia: 

→+ −• IOROO molekuluri produqtebi 8.91
wyalSi xsnad antiradikalur agentebs, mag., askorbinmJavas fenoqsiradikalis sawyis feno-

lad aRdgena SeuZlia.  

biologiur sistemebSi antioqsidantebis efeqturoba mTel rig faqtorebzea damokidebuli 

da maT Soris peroqsiduli radikalebis mimarT damokidebulebaze. imisaTvis, rom SedarebiT 

mcire koncentraciisas antioqsidantma poliujeri cximovani mJavebisa da sxva advildasaJangi 

substratebis Jangvis acileba moaxerxon, 8.88 reaqciis siCqaris konstanta , 8.89 reaqciis 

siCqaris konstantaze  gacilebiT meti unda iyos, anu . yvelaze aqtiur bunebriv an-
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tioqsidants rogorc irkveva tokoferoli warmoadgens. es nivTiereba tokolis (2-meTil-2-

(4.8.12-trimeTil-ridecil)-qroman-6-ol) meTilwarmoebulia da xSirad E-vitamins uwodeben, 

rac sul zusti araa, radgan mcenareuli nedleulidan gamoyofili preparatebi tokolis sxva 

meTilur warmoebulebsac Seicaven, romelTac aseve gaaCniaT E-vitaminuri aqtivoba. isini erT-

maneTisagan aromatul birTvSi meTilis jgufebis ricxviTa da ganlagebiT gansxvavdebian: 

CH3O
OH

CH3 CH3 CH3 CH3H H
1

2 3
α-tokoferoli-(1_CH3, 2_CH3, 3_CH3)
β-tokoferoli-(1_CH3, 2_H, 3_CH3)
γ-tokoferoli-(1_H, 2_CH3, 3_CH3,)
δ-tokoferoli-(1_H, 2_H, 3_CH3,)  

adamianisa da cxovelis organizmSi vitamini E umTavresad α-tokoferolis saxiTaa warmod-

genili. sxva tokoferolebi mniSvnelovnad mcire raodenobiT arian napovni. normaSi vitamin E-

s done sisxlis SratSi 0.8-dan 1.5 mg/100 ml-ze meryeobs. eriTrocitebSi mxolod α-

tokoferoli gvxvdeba, romelic ZiriTadad plazmur membranebzea lokalizebuli. RviZlSi vi-

tamin E-s Semcveloba 200±25 mkg/g.qsovilze Seadgens. amasTan Sidaujreduli α-tokoferolis 

¾ Tanabradaa ganawilebuli endoplazmur retikulumSi, mitoqondriebsa da citozols Soris. ~8%-mde igi hepatocitebis birTvebSi imyofeba. 

tokoferolebis antioqsidanturi aqtivoba mcirdeba rigSi _ α, β, γ, δ. es maCvenebeli raode-

nobrivad SeiZleba K -sididiT Sefasdes. α-tokoferolisTvis alkilperoqsidul radikalTan 

urTierTqmedebis reaqciis siCqaris konstanta sxvadasxva monacemiT 1.5 · 10  M · წმ -3.2 ·10  M · წმ -s Seadgens. es mniSvnelobebi gazomilia reaqciebisaTvis, romlebic homogenur 

sistemebSi mimdinareoben da arapolarul gamxsnelebs Seicaven. heterogenuli sistemebisaT-

vis, romlebSic dasaJangi lipidebi biSriani an mravalSriani liposomebis saxiT arian struq-

turirebuli, tokoferolebisa da sxva fenolebis antioqsidanturi aqtivoba arsebiTad daq-

veiTebulia. mag., am pirobebSi α-tokoferoli 500-jer ufro naklebaqtiuria, vidre qlorben-

zolSi lipidTa Jangvisas. am movlenis mizezi rogorc Cans arapolaruli garemocvidan wylovan 

fazaSi peroqsiduli radikalebis “amoyvinTvis” (gamodevnis) efeqti warmoadgens. amis Sedegad 

antioqsidantebis molekulebi radikalebTan polarul garemoSi urTierTqmedeben, sadac wy-

lis Zlieri solvataciuri gavlena hidroqsilis jgufis wyalbadis atomis “Zvradobas” aqvei-

Tebs. membranebSi α-tokoferolis SedarebiT dabali antioqsidanturi aqtivoba SesaZloa da-

kavSirebulia misi molekulis gazrdili sixistiT, rac gverdiTi fitoluri jaWvis arsebobi-

Taa ganpirobebuli. naCvenebia mag., rom biologiur membranebSi in vivo α-tokoferolisa da 

fitoluri jaWvis gansxvavebuli sigrZis mqone misi analogebis unari lipidTa zeJanguri Jang-

vis inhibirebaSi miT ufro naklebia, rac metia fitoluri jaWvis sigrZe. 

modelur sistemebSi α-tokoferolisa da sxva antioqsidantebis antimJangvelobiTi unari 

damokidebulia mainicirebeli agentis bunebaze, radikalebis warmoqmnis adgilsa da siCqareze. 

mag., alkilperoqsidebis garda, α-tokoferoli advilad reagirebs alkoqsilur )RO( •
 radi-

kalTan, romelic meoradi inicirebis reaqciaSi warmoiqmneba: 

+−+ ++→+ • 32 FeOHROFeROOH     8.92 
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•• +→+ IOROHIOHRO      8.93 

Tumca alkoqsiluri radikalebiT poliujeri lipidebis Jangvis inicirebisas α-tokofe-

rolis antioqsidanturi efeqturoba (reaqcia 8.94) umniSvneloa, ramdenadac K  mcired aRe-

mateba K -is mniSvnelobas: 

•• +→+ RROHRHRO      8.94 

varaudoben, rom Tavisufali radikalebis sakmaod intensiuri inicirebisas α-

tokoferolTan maTi reaqcia or stadiad mimdinareobs. pirvel stadiaze wyalbadis atomis 

moxleCa xdeba α-tokoperoqsil-radikalis warmoqmniT (reaqcia 8.95), xolo Semdgom α-

tokoferil-qinoni warmoiqmneba (reaqcia 8.96). am ukanasknelis generireba eqsperimentuladaa 

dadasturebuli. 

O
CH3

CH3CH3
OH

CH3
C6H32 O

CH3

CH3CH3
O

CH3
C6H32

ROO .
.1

 

8.94 

O
CH3

CH3CH3
O

CH3
C6H32 O

CH3

CH3CH3
O

CH3
C6H32

.

2ROO.

 

8.95 
aRniSnulis miuxedavad, arsebobs mosazreba imis Sesaxeb, rom α-tokoferoqsil-radikalis 

sxva radikalebTan urTierTqmedebisas ara α-tokoferilqinoni, aramed Sesabamisi aduqti 

warmoiqmneba. 

alkilperoqsiduli radikalebis generaciis dabali siCqareebisas α-tokoperoqsil-

radikalebs erTmaneTTan urTierTqmedeba da dimeruli formebis warmoqmna SeuZliaT. bio-

logiur sistemebSi α-tokoferoqsil-radikalis askorbinmJavasTan, cisteinTan an aRdgenil 

glutaTionTan reaqciis Sedegad SesaZlebelia sawyisi α-tokoferolis regenerireba. 

gansazRvrulia Sesabamisi reaqciis siCqaris konstanta, romelic 1.55 · 10  M · წმ -is tolia. 

cisteiniTa da glutaTioniT α-tokoferoqsil-radikalis aRdgenis siCqare askorbinmJavasTan 

SedarebiT erTi rigiT naklebia, magram Tu gaviTvaliswinebT aRdgenili glutaTionis 

organizmSi maRal Semcvelobas, es nivTiereba askorbinmJavasaTvis SeiZleba ganxilul iqnas 

rogorc mniSvnelovani magenerirebeli agenti. ufro metic, eqsperimentuli monacemebi 

miuTiTeben, rom arsebobs ciluri bunebis faqtori, anu fermenti, romelic α-tokoperoqsi-

radikalis aRdgenil glutaTionTan reaqcias akatalizebs.  

zeviT ganxiluli radikaluri reaqciebis garda, α-tokoferoli efeqturad axorcielebs 

singleturi Jangbadis detoqsikacias. es procesi ori tipis reaqcias moicavs: fizikur 

“Caqrobas”, romlis drosac α-tokoferolis Jangva ar xdeba, da qimiur urTierTqmedebas, 

romelic misi JangviT mimdinareobs. polarul da gansakuTrebiT arapolarul gamxsnelebSi 

fizikur Caqrobas upiratesoba aqvs, ramdenadac am reaqciis siCqaris konstanta (gamxsnelis 

tipisagan damokidebulebiT 1_8 · 10  M · წმ ) mniSvnelovnad aRemateba singleturi JangbadiT 

α-tokoferolis Jangvis siCqaris konstantas (1_4 · 10  M · წმ ). 
bolo periodSi gansakuTrebuli yuradReba eTmoba dabali simkvrivis lipoproteinebSi α-

tokoferolisa da sxva bunebrivi antioqsidantebis Semcvelobas, ramdenadac maTi JangviTi 

modifikacia sawyis poziciadaa miCneuli aTerosklerozis ganviTarebaSi. naCvenebia, rom  
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α-tokoferolis Semcveloba erT molekula lipoproteinze 6 molekulas Seadgens da es 200_300-jer aRemateba sxva antioqsidantebis (γ-tokoferolis, karotinoidebis da ubiqinon Q -is) Semcvelobas. dabali simkvrivis lipoproteinebis in vitro Jangvisas, tokoferoli, 

romlis Semcvelobac maTi JangviTi rezistentobis ganmsazRvrelia, pirvel rigSi ixarjeba. 

organizmis antioqsidanturi dacvis sistemaSi da mTeli rigi daavadebebisas, romelTac 

Tavisufalradikaluri reaqciebis aqtivacia axasiaTebT, α-tokoferolis roli uaRresad 

maRalefeqturia. 

vitamin C (askorbinmJava) wyalSi advilxsnadi antioqsidantia. sisxlis plazmaSi polimor-

fulbirTviani leikocitebiT, an peroqsiduli radikalebis generirebadi sistemiT inicire-

buli fosfolipidebis, triacilgliceridebis da qolesterolis eTerebis Jangva mxolod 

endogenuri askorbinmJavas sruli utilizaciis Semdeg SeiniSneba, im dros roca SardmJava, 

bilirubini, α-tokoferoli da aRdgenili glutaTioni SedarebiT maRali koncentraciebiT 

mainc arian SemorCenili. garda amisa, askorbinmJava Jangbadis anion-radikalis saukeTeso 

damWers warmoadgens. modelur sistemebSi rkinis an sxva cvalebadi valentobis mqone metalTa 

ionebis Tanamyofobisas, askorbinmJavas prooqsidanturi moqmedebis gamovlenac SeuZlia 

(fentonis reaqciaSi rTavs Fe -is ionebs). askorbinmJavas pro- da antioqsidantur TvisebaTa 

balansi prooqsidanturi moqmedebis upiratesobiT xasiaTdeba. 

maRali antioqsidanturi aqtivoba gaaCnia zogierT hormons, kerZod fenoluri jgufis 

Semcvel estrogenebs (mdedrobiT sasqeso hormonebs) – estradiols, estriols da estrons. am 

nivTierebaTa qimiuri modifikacia da JangviTi stresis ganviTarebisas miRebuli warmoebu-

lebis antiJangviTi da damcveli moqmedebis kvleva SeiZleba perspeqtiul mimarTulebad iqces 

axali _ endogenur analogebTan SedarebiT ufro efeqturi antioqsidantebis Sesaqmnelad. 

fenoluri naerTebisagan gansxvavebiT biologiurad aqtiur qinonebs _ ubiqinons (koenzim Q-s) da vitaminebs K -s (filoqinons), K -s (menaqinons) da K -s (menadions) Tavis struqturaSi 

“moZravi” wyalbadis atomi ar gaaCniaT, raTa Tavisufalradikalur urTierTqmedebaSi Sesvla 

SesZlebodaT. miuxedavad amisa, arsebuli eqsperimentuli monacemebi imaze miuTiTeben, rom 

ubiqinonsa da K-jgufis vitaminebs efeqturi potencialuri antioqsidanturi Tvisebebi aqvT 

da amis gamo biologiur membranebs Tavisufalradikaluri damazianebeli moqmedebisagan 

icaven. dadgenilia, rom antioqsidantur Tvisebebs am nivTierebaTa aRdgenili formebi 

floben, radgan ujredSi sxvadasxva flavoproteinebiT katalizebul Jangva-aRdgeniTi reaq-

ciebis Sedegad mudmiv regeneracias ganicdian. Tavisufal radikalebTan aRdgenili formebis 

reaqciaTa siCqaris konstantebi mniSvnelovnad aRemateba qinonebis Sesabamisi parametris 

sidideebs. mag., aRdgenili K-vitaminis reaqcias alkilperoqsidul radikalTan 5.8 · 10  M ·
წმ -is toli reaqciis siCqaris konstanta gaaCnia. 

gamosaxuli biologiuri aqtivobiT gamoirCevian sinTeturi qinonebi da maT ricxvSi o-

benzoqinonis warmoebulebi. es nivTierebebi saukeTeso damcvel efeqts avlenen Tavis tvinis, 

gulis, Tirkmelebis iSemiisa da reperfuziisas. o-benzoqinonis warmoebulebi mitoqondriebisa 

da mikrosomebis eleqtronis-satransporto jaWvis komponentebiT advilad aRdgebian dioqsi-

benzolad, romelTac unari aqvT Tavisufal radikalebs gadascen hidroqsilis jgufis 

wyalbadatomebi. 

bolo periodSi gansakuTrebuli yuradReba eTmoba mcenareuli warmoSobis yvelaze gavr-

celebuli polifenoluri naerTebis – flavonoidebis antioqsidanturi aqtivobis kvlevas da 

am Tvisebaze dayrdnobiT maTi farTo praqtikuli gamoyenebis perspeqtivebs. amdenad, Sedar-

ebiT detalurad warmovadgenT arsebul informacias. 

cxrilSi 8.4 mocemulia flavonoidebis ZiriTadi klasebis mniSvnelovani warmomadgenlebi 

da maTi struqturuli formulebi. 
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cxrili 8.4  

flavonoidebis ZiriTadi klasebi 

 

flavonoidebis 

klasi 
aglikonebi glikozidebi (galatebi) 

flavonebi 

OH OHO
OH

OH
O

2
3456

7
2' 3' 4'5'6'8

luteolini  OHO
OH

OH
O

2
3456

7
2' 3' 4'5'6'8

apigenini
 

OH OHO
OH

R
O

2
3456

7
2' 3' 4'5'6'8

luteolini-7-glukozidi R-O-glukoza
 

flavonolebi 

OH OHO
OH

OH
OHO

kvercetini

2
3456

7
2' 3' 4'5'6'8

 OHO
OH

OH
OHO

kempferoli

2
3456

7
2' 3' 4'5'6'8

 OHO
OH

OH
OHO

OH

morini

2
3456

7 2' 3' 4'5'6'8

 

OHO
OH

OH
OO

OH

ruTini

(3-ramnoglukozil kvercetini)

2
3456

7 2' 3' 4'5'6'8
-ruTinoza

  
OHO

OH
OH

OO

OH

kvercetini

2
3456

7 2' 3' 4'5'6'8
-ramnoza

 

 

flavonoidebi (laT. flavus-yviTeli) Tavdapirvelad P-vitaminuri aqtivobis mqone naerTe-

bad iqnen identificirebuli. jer kidev gasuli saukunis 30-ian wlebSi gamoCenilma ungrelma 

bioqimikosma sent-diordim TanamSromlebTan erTad pirvelebma aRweres P-jgufis vitaminebi 

da daadgines maTi polifenoluri buneba. momdevno wlebSi naCvenebi iqna, rom flavonoidebi 

mkafiod gamoxatul antialergiul, antikancerogenul, agreTve anTebisa da virussawinaaRmde-

go Tvisebebs floben da rom xandazmuli adamianebis dietaSi maTi maRali Semcvelobis pro-

duqtTa (Cai, vaSli, xaxvi) CarTva sagrZnoblad aqveiTebs gulis koronalur da sisxlZarRvTa 
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daavadebebis risk-faqtors. mwvane mcenareebSi isini fotosinTezis sinaTlis fazis zogierT 

reaqciaSi monawileoben da eleqtronTa transportis katalizs, agreTve fotofosforilebas-

Tan dakavSirebul ionuri arxebis funqciebis regulacias axorcieleben. garda amisa, warmoad-

genen ra ultraiisferi da xiluli sxivebis mSTanTqmelebs, mcenareebi maT sinaTlis filtre-

bad iyeneben da qloroplastebs fotodinamiuri dazianebisagan icaven. 

flavonoidebis biologiuri aqtivobis erT-erT Taviseburebas organizmSi im potenciuri 

samizneebis farTo speqtri warmoadgens, romlebzec isini axdenen zemoqmedebas. araviTar eWvs 

ar iwvevs is, rom maTi biologiuri aqtivobis mravalferovneba molekulaSi arsebuli reaqti-

uli hidroqsilisa da karbonilis jgufebis arsebobiTaa ganpirobebuli. biologiur sistemeb-

Si am nivTierebebs sxvadasxva qinonebad gardaqmnis unari aqvT. am ukanasknelT cila-

fermentebis specifikur funqcionalur jgufebTan urTierTqmedeba SeuZliaT, ris gamoc ic-

vleba maTi rogorc mikrosomuli struqtura, aseve katalizuri Tvisebebi. am mxriv gansaku-

TrebiT aqtiuri flavonoidebis aglikonebia; Tumca mcenareSi myofi da adamianis organizmSi 

moxvedrili flavonoidebis umravlesoba glikozidebis saxiTaa. esaa flavonoidebis (agliko-

nebis) molekulebi, romlebic hidroqsilis jgufebiT sxvadasxva mono da oligosaqaridebiTaa 

glikozirebuli. flavonoidebs meTilireba da acetilirebac SeuZliaT. 

termini “P-vitaminuri aqtivoba” upirveles yovlisa gulisxmobs polifenolebis unars 

Seamciros sisxlis kapilaris kedlis ganvladoba da simyife. meore mxriv ki mTeli rigi parame-

trebiT flavonoidebi ar SeiZleba mikuTvnebul iqnan vitaminebTan. saqme imaSia, rom vitamini P 

efeqturad Trgunavs ferment gialuronidazas, romelic kapilarebis kedlebis gafaSaravebisa 

da ganvladobis zrdis xelSemwyobi nivTierebis – hialuronmJavas hidrolizur daSlas akata-

lizebs. ramdenadme mogvianebiT Camoyalibda P-vitaminuri aqtivobis antioqsidanturi hipo-

Teza. mis pirveldawyebiT variantSi nagulisxmevi iyo, rom flavonoidebi Jangvisagan icaven 

“WeSmarit” kapilargamamagrebel agentebs, romelTac askorbinmJava da adrenalini miekuTvne-

bian. Tumca modelur cdebSi flavonoidebTan askorbinmJavisa da adrenalinis erTdroulad 

moqmedebisas sinergizmis efeqtis miReba ver moxerxda. amave dros naCvenebi iqna, rom flavo-

noidebi Jangbadisa da azotis aqtiuri formebis intensiur damWerebs warmoadgenen. aqedan ga-

momdinare, Tanamedrove SexedulebebiT anTebiTi procesebisas P-vitaminur efeqtSi mniSvne-

lovani wili Seaqvs flavonoidebis pirdapir antioqsidantur moqmedebas, romelic kapilaris 

kedlis struqturas bioradikalebis damazianebeli gavlenisagan icavs. 

sadReisod sayovelTaodaa miRebuli biologiur sistemebSi flavonoidebis antioqsidan-

turi moqmedebis Semdegi sami molekuluri meqanizmis arseboba: 

− reaqciebi bioradikalebTan (antiradikaluri moqmedeba); 

− cvalebadi valentobis mqone metalTa ionebis dakavSireba (maxelatirebeli moqmedeba); 

− prooqsidanturi fermentebis inhibireba. 

modelur sistemaSi, romelzec hidroqsilis radikalebis wyarod wylis sonolizi (akus-

tikuri disociacia), xolo dasaJang substratad fosfolipiduri liposomebi gamoiyeneboda, 

gamokvleul iqna yurZnis (vitis finfera) marcvlebidan miRebuli procianidinebis antiradikaluri 

aqtivoba. aRmoCnda, rom am nivTierebebs α-tokoferolTan SedarebiT mniSvnelovnad Zlieri 

antiradikaluri moqmedeba gaaCniaT aramxolod lipidebis Tavisufalradikaluri (zeJanguri) 

Jangvis iniciatorebisadmi, aramed jaWvis gagrZelebisa da terminaciis stadiaze warmoqmnili 

alkoqsiluri da alkilzeJanguri radikalebisadmi mimarTebaSi. 

dabali aRmdgeneli potencialis wyalobiT flavonoidebis umravlesoba advilad erTveba 

sxvadasxva radikalebTan erTeleqtronian reaqciebSi. radiolizisa da epr-speqtroskopiis 

meTodTa gamoyenebiT ganisazRvra maRali qimiuri aqtivobis mqone hidroqsilisa da sxva 

radikalebTan flavonoidebis reaqciis siCqaris konstantebi, qimiurad SedarebiT naklebad 

aqtiuri Jangbadis anion-radikalis mimarT am parametris dadgena teqnikuri sirTuleebis gamo 

zogierT SemTxvevaSi ar xerxdeboda (cxrili 8.5). 
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cxrili 8.5  

flavonoidebis reaqciaTa siCqaris konstantebis mniSvnelobebi sxvadasxva radikalTan 

urTierTqmedebisas (gazomilia impulsuri radiolizis meTodis gamoyenebiT) 

 

flavonoidebi 
OH•

  K, 10 M · წმ 3N•
  K, 10 M · წმ −•2O

 K, 10  M · წმ  

dehidrokvercetini 103 43 - 

kvercetini 51 66 4.7 

(-)-epikatexini 64 51 6.8 

luteolini 130 41 - 

kempferoli 141 88 - 

epikateqin-galati - - 43 

 

cxrilSi 8.5 moyvanili monacemebi saSualebas gvaZleven gavakeToT daskvna imis Sesaxeb, rom 

flavonoid-aglikonebi Tavisufali radikalebis efeqtur damWerebs warmoadgenen da wyalSi 

xsnad mniSvnelovan antioqsidant askorbinmJavasTan SedarebiT sagrZnob upiratesobas 

amJRavneben. amasTan, uaRresad sagulisxmoa flavonoidebis antioqsidantur Tvisebebsa da maT 

struqturas Soris kavSiris dadgena.  

flavonoidebis struqturaSi imyofebian Canacvlebulebi (hidroqsilis jgufebi), romelic 

advilad iJangebian dabali aRdgeniTi potencialis mqone sxvadsxva agentiT. maTi seleqtiuri 

(SerCeviTi) Jangva iwvevs struqturiT da speqtruli TvisebebiT erTmaneTTan axlo myofi 

produqtebis warmoqmnas. sxvadasxva oqsidantebisaTvis pirvelad samiznes flavonoidebis B-

birTvis hidroqsiluri (kateqoluri) jgufebi warmoadgens (nax. 8.14). maTi JangviT sicocxlis 

xanmokle periodis mqone semiqinonuri anion-radikali da Semdgom Sesabamisi orToqinonebi 

miiRebian. aqve unda SevniSnoT, rom B-birTvis kateqoluri jgufi oqsidantebis moqmedebisadmi 

ara erTaderTi SesaZlo samiznea. B-birTvSi kateqoluri jgufebis arsebobis miuxedavad 

flavonoidebis aglikonebis daJangva Sualedi produqtebis warmoqmnas iwvevs, romlebic 325 

nm-ze STanTqmis maqsimumis mqone qloroforms Seicaven. rac flavonebs da flavonol-3-

glikozidebs SeexebaT, romelTa molekulebis C_3-Tan hidroqsilis jgufebs ar Seicaven an 

Canacvlebulia, maTi Jangvisas aseTi produqtebis warmoqmna ar SeiniSneba. es faqti safiq-

rebels xdis, rom C_3 mdgomareobaSi arsebul hidroqsilis jgufs SeuZlia rTul Sidamo-

lekulur gardaqmnaTa procesSi CarTva, romelic B-birTvis hidroqsilze oqsidantebis 

SeteviTaa inicirebuli. aseT gardaqmnaTa SesaZlo meqanizmi 8.97 gantolebiTaa warmodgenili. C_3 mdgomareobaSi hidroqsilis arseboba mniSvnelovnad zrdis flavonoidebis antira-

dikalur aqtivobas. cnobilia, rom C_3-hidroqsiSemcveli flavonoidebisa da dihidro-

flavonolebis molekulebs brtyeli aRnagoba aqvT, maSin rodesac flavonebis da dihidro-

flavonebis B-birTvi molekulis danarCeni nawilis mimarT daxveulia. molekulis brtyeli 

konfiguracia ganapirobebs gauwyvilebeli eleqtronis delokalizacias, zrdis fenoqsira-

dikalis stabilurobas da amiT antiradikalur Tvisebebs aZlierebs. Jangbadis anion-

radikalis mimarT flavonoidebis antiradikaluri Tvisebebi maT struqturaSi hidroqsilis 

jgufebis ricxvis zrdasTan erTad matulobs. ase magaliTad, maRali antiradikaluri aqtivoba 

gamovlenilia epigalokatexin-galatisaTvis, romelsac galirebis (C -naSTTan galmJavas 

mierTebis) Sedegad damatebiTi hidroqsilis jgufebi uCndeba. amis sapirispirod, ramdenadac 

glikozilireba kvercetinis qimiurad aqtiur jgufebs ablokirebs, misi glikozidi-rutini 

Zlier daqveiTebul antiradikalur aqtivobas amJRavnebs. 
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nax. 8.14. B-birTvis kateqolur jgufze radikaluri SeteviT inicirebuli, Sidamolekuluri 

gardaqmnebis SesaZlo meqanizmi. 

 

flavonoidebis mTeli rigi, romelTac kateqoluri jgufi da B-birTvSi (epigalokatexin-

galati) an A-birTvSi (kvercetagetini) damatebiTi hidroqsili gaaCnia, NO-s Tanamyofobisas 

prooqsidantur moqmedebas avlenen, da plazmiduri dnm-is in vitro dazianebas iwveven. amasTan, 

calkeulad arc NO-s da arc flavonoids msgavsi efeqti ar gaaCniaT. 

kateqoluri jgufisa da 2,3-ormagi kavSiris Semcveli B-birTvis mqone flavonoidebis 

prooqsidanturi moqmedeba SeiZleba gaZlierdes askorbinmJavasTan urTierTqmedebis Sedegad. 

es imiTaa ganpirobebuli, rom mocemul flavonoidebs ufro maRali redoqs-potenciali aqvT, 

vidre askorbinmJavas da misi askorbil-radikalad daJanagva SeuZliaT. Tavis mxriv mole-

kuluri JangbadiT askorbil-radikalis Semdgomi daJangva Jaf-is warmoqmnas iwvevs. dihidro-

kvercetins, romelsac 2,3-mdgomareobaSi ormagi kavSiri ar gaaCnia, piriqiT, SedarebiT dabali 

Jangvis potenciali aqvs da askorbil-radikalis aRdgena SeuZlia. amitom igi e.w. askorbat-

damcvel funqcias asrulebs. amis Sesaxeb mosazreba postulirebuli iyo jer kidev sent-

diordis mier.   
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