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avtorebisagan 

bioqimia — es aris mecniereba, romelic  Seiswavlis cocxali  ujredisa da orga-

nizmebis qimiur Semadgenlobas, gardaqmnebs da im gzebsa da meqanizms, rac safuZ-

vlad udevs ujredSi maTi metabolizmis  mimdinareobas da am procesis regulire-

bas, rac zogadad organizmis cxovelqmedebas ganapirobebs. bioqimiis, rogorc mec-

nierebis Camoyalibeba moxda XIX saukunis miwurulsa da XX saukunis dasawyisSi. uSu-

alod termini `bioqimia~ mowodebuli iqna 1903 wels germaneli mecnieris k. neiber-

gis mier.  

bioqimia, pirobiTad sam nawilad iyofa: statikuri bioqimia, dinamikuri bioqimia 

da funqciuri bioqimia. statikuri bioqimiis  mizania Seiswavlos cocxali ujrede-

bis qimiuri Semadgenloba; dinamikuri bioqimia ganixilavs im qimiuri reaqciebisa da 

procesebis  erTobliobas da Tanmimdevrobas, romlebic mimdinareobs ujredSi da 

xorcieldeba organuli naerTebis rogorc sinTezis, aseve daSlis reaqciebiT. rac 

Seexeba funqciur bioqimias, is  Seiswavlis qimiuri nivTierebebis gardaqmnis rols 

ujredebis, qsovilebis, organoebisa da mTlianad organizmis funqciebis ganxorci-

elebaSi. 

bioqimiis, rogorc mecnierebis, ganviTarebaSi gansakuTrebiT mniSvnelovani da 

nayofieri  aRmoCnda XX saukune. am periodSi gamoikveTa bioqimiis axali mimarTule-

bebi. kerZod, molekuluri biologia, genuri inJineria, bioteqnologia, teqnikuri 

bioqimia da sxv. TiToeuli am mimarTulebis mniSvnelobisa da miRwevebis Sesaxeb ara-

erTi naSromia Seqmnili, romlebic calsaxad mowmobs, rom Tanamedrove bioqimiuri 

mecnierebis ganviTarebis gareSe warmoudgenelia  medicinis, farmakologiis, gene-

tikis da mecnierebis sxva mniSvnelovani dargebis ganviTareba. bioqimiuri mecniere-

bebi mWidro kavSirSia sxva sabunebismetyvelo mecnierebebTanac, kerZod, fizikas-

Tan, qimiasTan, agronomiasTan, kvebis teqnologiasTan da sxv. umWidrovesi kavSiria 

bioqimiasa da medicinis iseT fundamentur dargebs Soris, rogoricaa fiziologia, 

mikrobiologia, imunologia. gansakuTrebiT aRsaniSnavia bioqimiis mniSvneloba Ta-

namedrove klinikur medicinaSi. dRevandel dRes warmoudgenelia Tanamedrove sa-

medicino dawesebuleba bioqimiuri laboratoriis gareSe.  

bioqimiuri kvlevebis meTodebis daxvewam da klinikebSi farTod danergvam, 

mkvlevarebs saSualeba misca daedginaT sxvadasxva daavadebis mimdinareobis mole-

kuluri meqanizmebi, maTi warmoSobis mizezebi da gzebi. aseTi saxis gamokvlevebma 

daadastura, rom paTologiebis umravlesobis mizezs warmoadgens ujredSi mimdina-

re romelime konkretuli reaqciis cvlileba, rac, saboloo jamSi, aisaxeba organiz-

mSi mimdinare bioqimiur procesebze da garkveuli paTologiis mizezi xdeba. bioqi-

miuri procesebis cvlilebas mosdevs organizmis morfologiuri da fiziologiuri 

cvlilebebi.  

Tanamedrove  biosamedicino mecnierebebi, romlebic erTmaneTTan mWidrodaa 

dakavSirebuli, swavlobs funqciuri bioqimiis sakiTxebs organizmis normaluri da 

paTologiuri mdgomareobebis dros. nebismieri paTologiis gamosavlenad da aRmo-

safxvrelad aucilebelia am paTologiis molekuluri safuZvlebis zedmiwevniT ga-

mokvleva. swored am problemebis gadawyveta warmoadgens XXI saukunis bioqimiuri 

mecnierebebis erT-erT ZiriTad mizans.  

winamdebare saxelmZRvanelo `funqciuri bioqimia~ warmoadgens meore mcdelo-

bas am sakiTxis gadasawyvetad. masSi Setanili da gaTvaliswinebulia yvela is SeniS-

vna, rac pirveli gamocemis Semdgom iyo dagrovili. damatebulia mTeli rigi axali 
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Tavebi, xolo Zveli gafarTovda am periodSi miRebuli axali faqtobrivi samecnie-

ro monacemebis mixedviT.   

saxelmZRvanelo gaTvaliswinebulia iv. javaxiSvilis  Tbilisis saxelmwifo uni-

versitetis biologiisa da medicinis specialobis studentebisaTvis. vfiqrobT, 

rom axali   gamocema  xels Seuwyobs studentebisa da axalgazrda mecnierTa codnis 

gaRrmavebas da saSualebas miscems maT ifiqron praqtikul medicinaSi axali bioteq-

nologiebis danergvaze, maTi ganxorcielebis gzebsa da saSualebebze. vfiqrobT, 

rom saxelmZRvanelo sasargeblo iqneba ara marto studentebisa da axalgazrda mec-

nierTaTvis, aramed yvela im pirisaTvis, vinc dainteresebulia aRniSnuli proble-

matikiT. yvela arsebiT SeniSvnas avtorebi didi madlierebis grZnobiT miviRebT. 

dasasruls gvinda gulwrfeli madloba gadavuxadoT saxelmZRvanelos redaq-

tors b.m.d., prof. l. waqaZes    da recenzentebs — b.m.d., prof. d. miqelaZes da b.m.d., 

prof. r. solomonias, romelTa saqmiani SeniSvnebi SeZlebisdagvarad gaviTvaliswi-

neT saxelmZRvanelos Sedgenisas.        

               

                                                                                                                                   prof. n.  koSoriZe 

                                                                                                                                    b.d. q.  menabde 
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I. ujredi da ujreduli kompartmentebi 

yvela cocxali organizmis struqturuli agebulebisa da funqcionirebis  er-

Teuls ujredi warmoadgens (virusebis garda) (sur.I.1). ujredebi, romlebic warmoq-

mnis mcenareul da cxovelur organizmebs, gansxvavdeba erTmaneTisagan formiT, 

zomiT da agebulebiT. Tumca, gansxvavebis miuxedavad, avlenen msgavsebas iseTi pro-

cesebis realizaciaSi, rogoricaa nivTierebaTa cvla, zrda da ganviTareba. ujrede-

bi arsebobs damoukideblad (erTujrediani cxovelebi da mcenareebi) da rogorc 

mravalujrediani organizmis  elementaruli erTeuli, romlebic qmnis sxvadasxva 

qsovils. qsovilebis erToblioba ganapirobebs organoebis arsebobas, xolo orga-

noebis erToblioba qmnis organoTa sistemebs. swored organoTa sistemebis SeTan-

xmebuli moqmedeba warmoadgens erTiani  organizmis arsebobis safuZvels.  

 

 

 
 

 
suraTi I.1. cocxali  ujredi 

 

 

miuxedavad mcire zomisa, ujredi rTuli agebulebis warmonaqmnia, romelic 

sxvadasxva organelebiTaa warmodgenili. organelebis funqcionirebis Tavisebure-

ba ujreds aniWebs avtonomiurobasa da mravalferovnebas.  

yvela cxoveluri warmoSobis eukariotuli ujredi dayofilia funqciurad gan-

sxvavebul, membraniT SemosazRvrul sivrceebad — kompartmentebad, romlebsac  su-

bujredul warmonaqmnebs, anu organelebs uwodeben  (sur.I.1.). esenia birTvi, lizo-

somebi, endoplazmuri bade, goljis aparati, mitoqondriebi da peroqsisomebi. gar-

da struqturuli individualizmisa, ujreduli organelebi erTmaneTisagan gan-

sxvavdeba bioqimiuri parameterebiTac, rac ujreds funqciuri mravalferovnebis 

SesaZleblobas aZlevs. yoveli kompartmentis SigniT funqcionirebs gansxvavebuli 

fermentuli sistema, rac saSualebas aZlevs ujreds, erTdroulad awarmoos gan-

sxvavebuli bioqimiuri gardaqmnebi.  
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kompartmentis SigTavsi amovsebulia wylovani ariT, anu matriqsiT, romelsac 

aseve gansxvavebuli qimiuri Semadgenloba aqvs. isini gansxvavdeba  erTmaneTisagan 

ionebis da sxvadasxva organuli molekulebis (maT Soris cilebis) SemadgenlobiTa 

da raodenobiT. 

qimiuri Semadgenlobis araerTgvarovneba gansazRvravs im funqciur SesaZleb-

lobebs, rac konkretuli kompartmentisaTvis aris damaxasiaTebeli. Sesabamisad, 

gansxvavebulia calkeul kompartmentSi mimdinare bioqimiuri, metaboluri gzebic. 

magaliTad, limonmJava cikli mimdinareobs mxolod mitoqondriebSi, xolo gliko-

lizis procesi — citozolSi, dnm-is replikacia damaxasiaTebelia mxolod birTvisa 

da mitoqondriebisaTvis. zogierTi metaboluri gza gadanawilebulia or kompar-

tments Soris. kerZod, konkretuli metaboluri gzis Sualedi produqti SesaZlebe-

lia gadaadgildes erTi kompartmentidan meoreSi. aqedan gamomdinare, gansxvavebu-

lia kompartmentis fermentuli Semadgenloba da aqtivobac. 

I.1. biologiuri membranebi 

cocxali ujredi garemomcveli aredan gamoyofilia ujreduli membraniT — e.w. 

plazmuri membraniT. ujredis yoveli kompartmenti aseve SemosazRvrulia plazmu-

ri membranis analogiuri membraniT.  

ujredis membrana rTuli agebulebis, cila-lipiduri  warmonaqmnia (sur.I.2). is 

warmoadgens ara marto ujredis garemomcvel statistikur struqturas, aramed 

ares, sadac mimdinareobs mravalricxovani bioqimiuri procesebi (naerTebis SerCe-

vadi transporti, hormonebisa da sxva regulatoruli molekulebis dakavSireba, 

fermentuli reaqciebi da sxv.) (sur.I.3).  

 
 

suraTi I.2. ujredis membranis agebuleba 
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cnobilia membranis sxvadasxva tipi, romlebic erTmaneTisagan gansxvavdeba da-

kisrebuli funqciiT. membranis funqcia ganisazRvreba misi agebulebiT. biologiu-

ri membrana lipiduri biSrea, sadac lipidebi isea orientirebuli, rom maTi hidro-

foburi nawilebi erTmaneTTan urTierTqmedebs, rac saSualebas iZleva maqsimalu-

rad Semcirdes kontaqti wylian garemosTan an sxva polarul jgufebTan. 

lipidebis garda, membranaSi gvxvdeba aseve cilis molekulebic. maTgan zogier-

Ti mTlianadaa CaZiruli membranis ormag lipidur SreSi (integraluri cilebi), zo-

gi ki mimagrebulia membranis zedapirze (periferiuli cilebi). ormagi lipiduri 

Sris arseboba ujreduli membranis mravali Tvisebis safuZvelia (Txevadoba, elas-

tikuroba da sxv.). lipidebisa da cilebis garda, membranaSi gvxvdeba aseve glikop-

roteinebisa da gliko-lipidebis SemadgenlobaSi arsebuli naxSirwylebic.  

 

 
 

suraTi I.3. membranis funqciebi 

1 — ujredis sazRvari; 2 — metabolitebis transportis kontroli; 

3 — signalebis recepcia da gadacema; 4 — fermentuli reaqciebi; 

5 — mezobel ujredebTan kontaqti; 6 — citoConCxis Ruza 

 

membranuli lipidebi. membranaSi arsebuli lipidebi, ZiriTadad, fosfolipi-

debi, glikolipidebi da qolesterinia (sur.I.4). membranuli lipidebis struqturaSi 

ganasxvaveben or ubans: arapolarul, hidrofobur `kuds~ da polarul hidrofilur 

`Tavs~. aseTi ormagi bunebis naerTebs amfifiluri naerTebi ewodebaT. membranuli 

lipidebi warmoqmnian orSrian struqturas. TiToeuli Sre Sedgeba rTuli lipide-

bis — fosfolipidebisagan, romlebic isea ganlagebuli, rom molekulebis arapola-

ruli hidrofoburi `kudebi~ mWidro kavSirSia erTmaneTTan. aseve kontaqtirebs mo-

lekulis polaruli ubnebic. ori monoSre orientirebulia `kudi kudTan~ princi-

piT ise, rom warmoqmnil orSrian struqturas aqvs Sida arapolaruli nawili da ori 

zedapiruli polaruli nawili.  

miuxedavad imisa, rom lipidebis TiToeuli Sre orientirebulia erTnairad, ma-

Ti Semadgenloba ar aris identuri. magaliTad, eriTrocitebis plazmur membranaSi 

fosfatidilqolinis Semcveloba metia gare SreSi, xolo fosfatidilserini didi 

raodenobiT gvxvdeba membranis Sida SreSi. lipidebisa da cilebis SemadgenlobaSi 

arsebuli naxSirwylovani naSTebi ganlagebulia membranis gare zedapirze. membrane-

bi gansxvavdeba cilebis SemcvelobiTac. membranebis asimetriulobis xarisxi SesaZ-

lebelia Seicvalos ujredis sasicocxlo ciklis ganmavlobaSi.  
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suraTi I.4. membranuli lipidebi 

         

membranaSi lipidebis asimetria specialuri  transporterebiT miiRweva, rome-

lic awarmoebs lipidebis gadaadgilebas erTi Sridan meoreSi.  moZraoba xSirad kon-

centraciuli gradientis sawinaaRmdegod xorcieldeba. am transporterebis muSao-

ba energodamokidebuli procesia da ATP-is energiis xarjze xorciledeba. maT fli-

pazebi an aminofosfolipid-trans-lokazebi ewodeba. flipazebi specifikuria fos-

fatidilserinisa da fosfatidileTanolaminis mimarT da uzrunvelyofs am fosfo-

lipidebis transports. lipiduri transporteris funqcias asrulebs membranaSi 

arsebuli sxvadasxva cilovani molekulebic. magaliTad, eriTrocitebis membranaSi 

arsebobs e.w. wamlis mimarT rezistentuli asocirebuli cila, romelsac SeuZlia 

Seasrulos flipazas funqcia.  

membranis lipiduri Sre gansazRvravs membranis or ZiriTad Tvisebas: Zvradobas 

da mTlianobas. membranis agebuleba da mdgomareoba sxvadasxva faqtorzea damoki-

debuli. es faqtorebia: 

• fosfolipidebis qimiuri buneba; 

• fosfolipidebis koncentracia da sxva ingredientebis arseboba; 

• garemomcveli ares hidrofilurobis xarisxi;  

• temperatura da sxva mravali faqtori. 

iTvleba, rom  lipidebisagan warmoqmnili biSre Txevadi struqturaa, sadac li-

pidebs SeuZlia Seasrulos sami tipis moZraoba: a) segmentaluri, ris Sedegadac Sida 

Sris `Tavebi~ aRmoCndeba gareTa SreSi; b) wriuli moZraobebi; g) lateraluri difu-

zia (gadaadgileba membranis sibrtyeSi).  

amrigad, lipiduri biSrisaTvis damaxasiaTebelia dinamikuri mdgomareoba maRa-

li Zvradobis xarisxiT da, amave dros, sakmaod maRali simkvrive, rac uzrunvelyofs 

warmoqmnili struqturis mudmivobas. membranuli lipidebi mWidrod arian dakavSi-

rebuli membranis integralur cilebTan, rac mkveTrad zRudavs membranis am ubnis 

Zvradobas.  amis sapirispirod, periferiuli cilebi naklebad moqmedeben fosfoli-

pidebis jaWvebis Zvradobaze. Tavis mxriv, fosfolipidebic moqmedeben membranuli 

cilebis funqciaze. amis safuZvelia cilebis Tviseba ganicadon konformaciuli 

cvlileba, ris Sedegadac icvleba maTi mesameuli da meoTxeuli struqtura da, Se-

sabamisad, Tvisebebic. 

membranuli lipidebis simkvrive gansazRvravs cilovani molekulebis struqtu-

ruli gardaqmnis energias. fosfolipiduri fraqciebi, romlebic uzrunvelyofen 

ujredis membranis Txevadfazur mdgomareobas, ujredis cxovelqmedebis procesSi 

SesaZlebelia Seicvalos. magaliTad, stresul mdgomareobaSi sisxlSi hormonebis 
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momatebisas, SesaZlebelia gaZlierdes lipidebis  peroqsidaciis produqtebis war-

moqmnis siCqare, rac zrdis fosfolipidebis dazianebis xarisxs. amis Sedegad, mem-

branis gareTa SreSi iwyebs gamosvlas Sida Sris fosfolipidebi, rac, Tavis mxriv, 

cvlis membranis Tvisebebs. aRsaniSnavia, rom ujredis daberebis procesSi mimdina-

reobs Tavisufali radikalebis dagroveba da membranis Txevadfazuri mdgomareo-

bis ganmsazRvreli fosfolipidebis sinTezis Semcireba.  

membranebis lipiduri asimetria warmoiqmneba upiratesad imitom, rom lipidebi 

ufro moculobiTi polaruli `TavebiT~ miiswrafvis daikavos gareTa monoSre, vina-

idan iq meti farTobia polaruli `Tavis“ gansaTavseblad. fosfatidilqolinebi da 

sfingomielinebi lokalizebulia, upiratesad, gareTa monoSreSi, xolo fosfatidi-

leTanolaminebi da fosfatidilserinebi, ZiriTadad, Sida monoSreSi. 
biologiuri membranebis dinamikuri Tvisebebi ganpirobebulia lipiduri biSris 

denadobiT, radgan biSreSi arsebuli lipidebis molekulebs axasiaTebs sakmaod ma-

Rali Zvradoba. maT SeuZliaT ganaxorcielon sxvadasxva saxis moZraoba (sur I. 5 ).  

biSreSi mdebare lipiduri molekulis sxvadasxva nawilis molekulisSida  Zvra-

doba araerTgvarovania. yvelaze mcire ZvradobiT xasiaTdeba molekulis glicerinu-

li nawili, romelic warmoadgens erTgvar xist `Ruzas~, romelic xels uSlis (Semo-

farglavs) axlomdebare naxSirwylovani jaWvebis ubnebis moZraobas. biSris centris-

ken jaWvebis Zvradoba izrdeba da aRwevs maqsimums bolo meTiluri jgufebis ubanSi. 

lipiduri molekulis polaruli Tavi xasiaTdeba sakmaod maRali uZvradobiT. 

 

suraTi I. 5 . membranaSi lipidebis difuziis saxeebi: 

1. lateraluri difuzia; 2. transmembranuli gadasvla, 

anu flip-flopi; 3. brunviTi difuzia 

 

membranebis Txevadkristalur biSreSi lipidis molekulis calkeuli nawilebis 

erTmaneTis mimarT moZraobis garda, warmoebs aseve lipidis mTeli molekulis, ro-

gorc erTi mTlianis, gadaadgileba. es moZraobebia: molekulis aksialuri (biSris 

sibrtyis perpendikularuli) brunva Tavisi grZeli RerZis garSemo; molekulis qan-

qarisebri da tivtivasebri rxevebi biSreSi mis wonasworul mdgomareobasTan mimar-

TebiT; molekulis gadaadgileba biSris gaswvriv — lateraluri difuzia da mole-

kulis gadaxtoma biSris erTi mxaredan meoreze — flip-flopi. yvela es moZraoba 

xorcieldeba sxvadasxva siswrafiT. magaliTad, lipiduri molekulebis aksialuri 

brunva mimdinareobs Zalian swrafad daaxloebiT 1000-jer wamSi, maSin roca late-

raluri difuzia mimdinareobs bevrad nela —106-jer dRe-RameSi. flip-flopi lipi-

dur biSreSi mimdinareobs kidev ufro nela. kerZod, Cveulebriv, flip-flopis naxe-

varperiodi Seadgens ramodenime saaTs an dResac ki. Tumca zogierT membranaSi 

flip-flopis siCqare gacilebiT maRalia (naxevarperiodi 1-2 wT.), rac ganpirobebu-
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li unda iyos garkveuli integraluri cilebis monawileobiT lipidebis molekule-

bis gadatanaSi membranis erTi  mxaredan meoreze. 

lipiduri molekulebis  gadaadgilebas aZnelebs polaruli `Tavebi~. amitom li-

pidebs, romlebic moTavsebulia membranis Sida mxares, aqvs transmembranuli migra-

ciis SedarebiT maRali siCqare, vidre membranis gareTa Sris lipidebs. gareTa mo-

noSris lipidebi migrirebs gacilebiT nela an saerTod ar awarmoebs flip-flopis 

tipis moZraobebs. 

membranuli cilebi.  membranis SenebaSi monawile  cilebi lipidur SreSi ori sa-

SualebiT aris CarTuli: 

1. dakavSirebulia lipiduri biSris hidrofilur zedapirTan. esenia e.w. zeda-

piruli, periferiuli membranuli cilebi; 

2. CaZirulia biSris hidrofobur nawilSi — integraluri membranuli cilebi.   

zedapiruli cilebi aminomJavebis hidrofiluri radikalebiT arakovalentu-

rad aris dakavSirebuli lipidebis biSris hidrofilur jgufebTan. rac Seexeba in-

tegralur cilebs, isini erTmaneTisagan gansxvavdeba lipidebis hidrofobur SreSi 

CaZirvis xarisxiT. isini SesaZlebelia nawilobriv iyos CaZiruli membranaSi, an 

mTlianad gansWvalavdes mas (trans-membanuli cilebi). integraluri cilebis mem-

branaSi ganTavsebuli ubnebi didi raodenobiT Seicavs hidrofoburi radikalebis 

Semcvel aminomJavebs, romlebic uzrunvelyofs hidrofobur urTierTqmedebas mem-

branis lipidebTan. hidrofoburi urTierTqmedeba saSualebas aZlevs cilebs gaaC-

ndes garkveuli orientacia membranaSi. cilebis hidrofiluri nawili moklebulia 

hidrofobur SreSi gadaadgilebis SesaZleblobas. zogierTi membranuli cila kova-

lenturadaa dakavSirebuli monosaqaridebTan an oligosaqaridebTan (glikoprote-

inuli cilebi) (sur. I.2).  

cilis molekulebis didi zoma xels uSlis maT moZraobas membranaSi. ligandis 

dasakavSireblad da katalizuri an satransporto funqciis Sesasruleblad cilo-

vani molekula Seicavs specialur domenebs (ubnebs). zogierTi cilis amino- da kar-

boqsiboloebi moqceulia membranis erT mxares, zog SemTxvevaSi ki isini urTierTsa-

pirispiro mxaresaa ganlagebuli. membranuli cilebis erTi nawili mxolod erTi 

transmembranuli segmentisagan Sedgeba, romelic ZiriTadad α-spiraliT aris age-

buli. spirali, ZiriTadad hidrofoburi aminomJavebiTaa warmodgenili. zogierT 

transmembranul cilas ramdenime struqturuli segmenti aqvs. integraluri cile-

bis transmembranuli domenebi ZiriTadad α-spiralia, romelic warmoqmnis milako-

van struqturas. es struqtura gamtari arxis rols asrulebs. zogierT integra-

lur cilaSi gvxvdeba β-konformaciis domenebic.  

 

 
 

suraTi I.6. cilebis ganlageba membranaSi 
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membranis periferiuli cilebi ganlagebulia membranis zedapirze da maTi gamo-

yofa sakmaod iolia membranis mTlianobis darRvevis gareSe. zogierTi maTgani da-

kavSirebulia integralur cilebTan, xolo nawili membranis lipidebTan.  

cilebis nawili, romlebic endoplazmur retikulumSi sinTezdeba, iqve rCeba da 

emagreba membranas hidrofoburi urTierTqmedebiT. cilebis fiqsacia membranaSi 

SesaZlebelia ganxorcieldes aseve lipofiluri Ruzebis daxmarebiT (sur.I.6). vinai-

dan lipidebi membranis SreSia ganTavsebuli, periferiuli cila am gziT ukavSirde-

ba mTlian membranas. erT-erTi aseTi Ruzaa glikanTan dakavSirebuli fosfatidili-

nozitoli. glikani warmoadgens polisaqarids an oligosaqarids, romelic Sedgeba 

monosaqaridebisagan, romlebic erTmaneTTan dakavSirebulia 0-glikoziduri bme-

biT. glikani kovalenturadaa dakavSirebuli cilis karboqsilis jgufTan, xolo mis 

SemadgenlobaSi arsebuli glukozamini, Tavis mxriv, kovalenturad ukavSirdeba 

membranis fosfatidilinozitols, romlis cximovani mJavis naSTebi ganTavsebulia 

membranis lipidur SreSi. mimagrebis aseT formas glikozilfosfatidilinozitolu-

ri Ruza (GPI) ewodeba. dakavSirebis es forma iZleva SesaZleblobas gakontroldes 

cilebis Ruzidan gamoTavisuflebis da kvlav mimagrebis procesi, rac cilebis aqti-

vobis regulirebis erT-erTi saSualebaa. am jgufis cilebs miekuTvneba sxvadasxva 

adheziuri molekulebi (magaliTad, N-CAM da heparinsulfatglikani) (sur.I.7).   

 

suraTi I.7. lipiduri Ruzebi 

 

zogadad, membranul Ruzebs warmoadgens cximovani mJavebi (aciluri naSTebi) an 

izoprenoidebi. SesaZlebelia moxdes cilebis acilireba palmitinis (C16) an miristi-

nis (C14) mJavebiT an prenilireba farnezilTan (С15)  an geranilgeranilTan (С20).  

I.2. nivTierebebis transporti membranaSi 

lipiduri biSris gadalaxva nebismier molekulas SeuZlia, Tumca nivTierebis pa-

siuri difuziis siCqare, anu nivTierebis gadasvlis siCqare maRali koncentraciu-

li aridan dabal koncentraciul areSi, erTmaneTisagan mkveTrad gansxvavdeba. zo-

gierTi molekulisaTvis es procesi imden xans grZeldeba, rom SesaZlebelia vigu-

lisxmoT, rom am molekulebisaTvis lipiduri biSre praqtikulad ganuvladia. niv-

Tierebis difuziis siCqare membranaSi damokidebulia molekulis zomaze da lipi-

debSi mis xsnadobaze.  
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pasiuri transporti.  im SemTxvevaSi, Tu nivTiereba gadis membranas maRali kon-

centraciidan dabali koncentraciisken (koncentraciuli gradientis mimarTule-

biT) energiis xarjvis gareSe, aseT transports uwodeben pasiur transports, anu 

difuzias. ganasxvaveben ubralo (pasiur) difuzias da gaiolebul difuzias. 

ubralo difuziiT yvelaze iolad transportirdeba mcire zomis arapolaruli 

molekulebi, magaliTad О2, steroidebi, Tiroiduli hormonebi. mcire zomis pola-

ruli daumuxtavi molekulebi — СО2, NH3, Н2О, eTanoli da Sardovana aseve difundi-

rebs sakmaod maRali siCqariT. glicerinis difuzia mimdinareobs gacilebiT nela, 

xolo glukozisaTvis membrana praqtikulad ganuvladia (sur. I.8). membrana aseve ga-

nuvladia yvela damuxtuli molekulisaTvis, zomis miuxedavad. membranaSi maTi  

transporti SesaZlebelia specialuri cilovani molekulebis daxmarebiT, romle-

bic lipidur SreSi warmoqmnis arxebs (forebs). arxebi amovsebulia wyliT da maTSi 

gadaadgildeba garkveuli zomis naerTebi difuziiT an specifikuri cilagadamtane-

biT, romlebic SerCeviTad urTierTqmedebs garkveul ligandebTan da aiolebs maT 

gadatanas membranaSi (gaiolebuli difuzia).  

membranaSi nivTierebis difuzia ramdenime safexurs moicavs:  

1. membranis erT mxares arsebuli wyliani garemodan membranaSi Sesvla;   

2. membranis gadakveTa;   

3. membranidan meore mxares, axal garemoSi gamosvla.  

gaxsnili nivTiereba yovelTvis maRali koncentraciidan dabali koncentracii-

saken difundirebs.  difuziis siCqare ganisazRvreba formuliT: 

J=-D(δc/δχ), 

sadac: J — drois erTeulSi gadatanili nivTierebis raodenobaa;  

              D — difuziis koeficienti;  

              δc/δχ – nivTierebis qimiuri gradienti.  

membranis erT mxares nivTierebis koncentraciis mateba zrdis difuziis siCqa-

res. nivTierebis gadatana grZeldeba wonasworobis damyarebamde. gaxsnili nivTie-

rebis transporti wonasworobis damyarebis Semdgomac grZeldeba, Tumca ar xdeba 

misi akumulireba arcerT mxares. 

membranaSi arsebul arxebs warmoqmnis integraluri cilebi, romlebic ganWo-

lavs lipidur Sres da warmoqmnis wyliT amovsebul foras, romlis kedlebi amofe-

nilia cilis Semadgeneli aminomJavebiT.  

 
 

suraTi I.8. membranis ganvladoba sxvadasxva nivTierebisaTvis 
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im SemTxvevaSi, Tu arxebi ganasxvavebs gasatarebel nivTierebas mxolod zomis 

mixedviT da atarebs koncentraciuli gradientis mimarTulebiT yvela molekulas, 

romlis zoma arxis diametrze mcirea, maT araseleqtiur arxebs, anu forebs uwode-

ben. analogiuri forebi damaxasiaTebelia baqteriebisTvis, romelTa membranaSi 

gvxvdeba arxis warmomqmneli cilebi — porinebi. porinebis saSualebiT xdeba baqte-

riuli ujredebis ganTavisufleba metabolitebisgan da aseve maTTvis saWiro nivTi-

erebis absorbcia.   aseTi forebia mitoqondriebis membranebzec, sadac cila porini 

warmoqmnis hidrofilur arxs. masSi SeuZlia gavides yvela 10kdal.-ze mcire mole-

kula, maT Soris cilebic.  

seleqtiuri arxebi, rogorc wesi, monawileobs gansazRvruli ionebis gadatana-

Si. arxebis ionuri seleqtiuroba (SerCeviToba) ganisazRvreba arxis SemadgenlobaSi 

arsebuli damuxtuli aminomJavebiT. seleqtiuri arxis gaReba da daxurva regulir-

deba specifikuri regulatorebis koncentraciis cvlilebiT an transmembranuli 

eleqtroqimiuri potencialiT (sur.I.9). regulatoruli faqtoris zemoqmedeba iw-

vevs arxis warmomqmneli cilis konformaciul cvlilebebs, arxi iReba da ioni gadis 

koncentraciuli gradientis mimarTulebiT. 

  

 
suraTi I.9. regulirebadi arxi 

 

 

membranaSi gvxvdeba cilebis  gansakuTrebuli jgufi — e.w. translokazebi, rom-

lebic urTierTqmedebs specifikur ligandTan da uzrunvelyofs mis difuzias. ci-

la-arxebisagan gansxvavebiT, translokazebi ligandTan urTierTqmedebisas da ga-

datanis procesSi ganicdis konformaciul cvlilebebs. nivTierebebis gadatanas 

membranaSi translokazebis daxmarebiT gaiolebuli difuzia ewodeba. 

gaiolebuli difuziiT gadatana fermentuli reaqciebis analogiuria. tran-

slokazebisaTvis arsebobs ligandiT gajerebis koncentracia, romlis drosac li-

gandis dasakavSirebeli yvela centri dakavebulia da cilebi moqmedebs maqsimaluri 

siCqariT (Vmax). amitom nivTierebis gadatanis siCqare gaiolebuli difuziis dros 

damokidebulia ara marto koncentraciul gradientze, aramed cila-gadamtanebis 

raodenobaze. arsebobs translokazebi, romelTac gadaaqvT nivTiereba mxolod mem-

branis erTi mxaridan meoreze.  aseTi tipis transports uniporti ewodeba. am tipis 

translokazaa GLUT-1-translokaza, romelsac gadaaqvs glukoza sisxlis plazmidan 

membranis gavliT eriTrocitebSi (sur.I.10).  
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suraTi I.10. glukozis gaiolebuli difuzia  

(uniporti) translokazas daxmarebiT 

glukozis molekula (S) membranis gare zedapirze ukavSirdeba gadamtans — translokazas.  

iwyeba konformaciuli cvlilebebi da gadamtanis centri ixsneba ujredis SigniT.  

gadamtani kargavs Tvisobas glukozisadmi da igi gamoTavisufldeba ujredis SigniT.  

glukozis gamoTavisufleba iwvevs konformaciul cvlilebebs gadamtanSi,  

ris Sedegadac igi ubrundeba sawyis mdgomareobas. 

 

zogierT translokazas SeuZlia erTdroulad gadaitanos ori nivTiereba kon-

centraciuli gradientis mimarTulebiT. gadatanis am tips simporti ewodeba. gada-

tana SesaZlebelia urTierTsawinaaRmdego mimarTulebiTac ganxorcieldes da mas  

antiports uwodeben (sur.I.11).  

 

 

suraTi I.11. gaiolebuli difuziis tipebi 

 

aqtiuri transporti. ujredSi arsebobs specifikuri cilebi, romlebic aqtiu-

ri gziT axdens wyalSi xsnadi naerTebis gadaqaCvas dabali koncentraciidan maRali 

koncentraciis areSi. am process aqtiuri transporti ewodeba. procesi mimdinare-

obs cila-gadamtanebiT da moiTxovs energiis xarjvas. energiis aseT wyaros warmo-

adgens ATP-is an romelime sxva nukleozidtrifosfatis molekula (sur. I.12). tran-

sporterebs, romlebic energiis wyarod ATP-s moixmars, atf-azebi ewodeba. yvela 

cocxali ujredis membrana Seicavs Na+-isa da K+-is antiporters, romelic muSaobi-

saTvis iyenebs ATP-is hidrolizis Sedegad gamoyofil energias. mas Na+, K+-ATP-aza 

ewodeba. es transporteri 2α da 2β suberTeulebisagan Sedgeba, romelTaTvisac da-
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maxasiaTebelia rogorc atf-azuri, aseve translokaciuri aqtivoba. suberTeulebs 

aqvs fosforilirebisa da defosforilirebis unari. 

Na+,K+-ATP-azas garda, ZuZumwovrebis ujredebSi arsebobs Ca2+-ATP-aza. kalciumi 

mniSvnelovani ujredSida mesenjeria. is aregulirebs mraval ujredul process 

dawyebuli naxSirwylebis metabolizmidan, damTavrebuli kunTis SekumSviT. cito-

zolSi Ca2+-is koncentracia daaxloebiT 0,10 mikro-molia, rac ujredgare Ca2+-is 

koncentraciaze 10000-jer naklebia. Ca2+-is koncentracia citozolSi izrdeba en-

doplazmuri retikulumidan gamoTavisuflebis an plazmuri membranis Ca2+-arxebis 

gaxsnis Sedegad, rac koncentraciuli gradientiT xorcieldeba. citozolSi pir-

vandeli koncentraciis aRsadgenad arsebobs ori aqtiuri Ca2+-matransportirebeli 

ATP- aza (Ca2+–ATP-aza). erTi ATP-aza kalciumis ions kvlav endoplazmatur retiku-

lumSi gadadevnis, xolo meore — plazmuri membranis gareT.  

 
 

suraTi I.12. aqtiuri  transporti 

 

bevri daavadeba gamowveulia ujredis satransporto sistemebis defeqtiT. maga-

liTad, individebs, romlebsac nawlavebidan glukozis Sewova aqvT Semcirebuli, ar 

aqvT glukoza-transporteri. fruqtozis satransporto sistemis moSla iwvevs 

iseT paTologias, rogoricaa fruqtozis malabsorbciis sindromi. aminomJavebis 

Sewovis analogiuri defeqti aris hartnupis daavadebis mizezi.  

zogierTi baqteriis mier sinTezdeba da gamoiyofa naerTTa jgufi, romlebic 

ujredis plazmur membranaSi araorganuli ionebis translokacias aiolebs. am naer-

Tebs ionoforebi ewodeba (sur. I.13). ionoforebs miekuTvneba iseTi naerTebi, rogo-

ricaa valinomicini, gramicidini, monensini. 

meoreuli aqtiuri transporti. nivTierebis aqtiuri gadatana membranaSi Se-

saZlebelia sxva nivTierebis koncentraciuli gradientis energiis xarjze. gadam-

tans am SemTxvevaSi aqvs dakavSirebis specifikuri centrebi orive nivTierebisaT-

vis. gadasatani nivTierebis mierTeba da moSoreba iwvevs gadamtanis konformaciul 

cvlilebebs da, Sesabamisad, Tvisobis cvlilebas gadasatani nivTierebebisadmi. niv-

Tierebebis gadatana SesaZlebelia xdebodes rogorc erTi mimarTulebiT (meoreu-

li aqtiuri simporti), aseve urTierTsawinaaRmdego mimarTulebiT (meoreuli aqti-

uri antiporti). 
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suraTi I.13. ionofori valinomicini da 

masTan SeuRlebuli kaliumis transporti 

 

meoreuli aqtiuri simportiT mimdinareobs magaliTad, glukozis Sewova nawla-

vis ujredebiT da aseve, Tirkmlis ujredebiT pirveladi Sardidan glukozis da ami-

nomJavebis reabsorbcia (sur.I.14).   

meoreuli aqtiuri antiportis magaliTia Na+/Са2+-cvla, sadac Na-is ioni gadai-

taneba ujredSi koncentraciuli gradientis mimarTulebiT, xolo Са2+ ujredidan 

gamodis gradientis sawinaaRmdegod (sur.I.15). 

ujredebSi im ionis funqcias, romelic gadaitaneba koncentraciuli gradien-

tiT, umeteswilad, asrulebs Na+. koncentraciuli gradienti am SemTxvevaSi iqmneba 

Na+/K+-ATP-azas meSveobiT. Sesabamisad, am SemTxvevebSi energiis pirvelad wyaros 

warmoadgens  ATP. kerZod,  jer ATP-is hidrolizis energia transformirdeba Na+-is 

transmembranuli koncentraciuli gradientis energiad, xolo Semdeg am gradien-

tis energia gamoiyeneba membranaSi sxva nivTierebebis gadasatanad. 

 

 
             

sur.I.14. meoreuli aqtiuri simportis meqanizmi 

А - Na+ da glukoza ukavSirdeba translokazas sxvadasxva centrSi.   

Na+  Sedis ujredSi koncentraciuli gradientiT da Tan `qaCavs~ glukozas.  

roca Na+-is koncentracia ujredgare areSi iklebs, glukozis transporti ujredSi mcirdeba; 

B – Na+ -is ionebi  `gadmoiqaCeba~  ujredidan  Nа+,К+-АТP-azas meSveobiT. 
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Tirkmelzeda jirkvlebis tvinovani nivTierebis qromafinul ujredebSi, specia-

lur sekretorul granulebSi grovdeba hormonebi — adrenalini da noradrenalini. 

granulebis membrana Seicavs Н+-АТP-azas, romelsac gadaaqvs protonebi citozoli-

dan granulebSi. amis Sedegad iqmneba protonuli eleqtro-qimiuri potenciali. am 

eleqtroqimiuri potencialis energiis xarjze warmoebs hormonebis gadatana gra-

nulebis membranaSi. kerZod, granulidan koncentraciuli gradientiT gamosuli 

ori protonis sanacvlod, citozolidan granulebSi transportirdeba hormonis 

erTi molekula Tavisi koncentraciuli gradientis sawinaaRmdegod. 

 

 

sur.I.15. meoreuli aqtiuri antiportiT kalciumis  

ionebis Na+-damokidebuli transporti 

A. Na+/kalciumis ionebze damokidebuli gadamtani; 

B .Na+, К+-АТP-aza 

 

rogorc Cans, naxSirwylebis, aminomJavebis da zogierTi sxva metabolitis gada-

satanad membranebSi, meoreul aqtiur transports eniWeba upiratesoba gadatanis 

sxva meqanizmebTan SedarebiT.    

I.3. endocitozi da egzocitozi 

satransporto cilebi uzunvelyofs membranis gavliT mcire zomis polaruli 

molekulebis gadaadgilebas, magram maT ar SeuZliaT makromolekulebis (cilebi, 

nukleinis mJavebi, polisaqaridebis) gadatana. meqanizmi, romliTac xdeba aseTi ti-

pis molekulebis SeTviseba an maTi ujredidan gamoyofa, gansxvavdeba ionebisa da 

polaruli naerTebis transportis meqanizmisagan.  

endocitozi. naerTis gadatanas ujredgare aredan ujredSi plazmuri membranis 

garkveul nawilTan erTad, ewodeba endocitozi. endocitoziT ujredebs SeuZliaT 

didi zomis nawilakebis, magaliTad virusebis, baqteriebis STanTqma. am ujredebs 

fagocitebi ewodeba, xolo siTxisa da masSi gaxsnili nivTierebebis STanTqmas ewo-

deba pinocitozi.  

endocitozi iwyeba plazmuri membranis garkveul monakveTze, e. w. arSiian ormo-

ze  (sur.I.16). arSiiani ormoebi ikavebs membranis saerTo farTis 1-2%-s. ormoebi uj-

redSi izniqeba, membranas scildeba da qmnis arSiian vezikulebs (pinocitozuri buS-

tukebi), ris Semdegac awarmoebs endocitozs. pinocitarul vezikulebSi arsebuli 

naerTebi ar ereva ujredis sxva makromolekulebs. isini Tavis gzas lizosomebSi am-

Tavrebs, xolo vezikulis membranebis komponentebi, romlebic klatrins Seicavs, 
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plazmur membranaSi brundeba. endocitozi, romelic arSiian ormoSi arsebuli re-

ceptorebiT mimdinareobs, saSualebas aZlevs ujredebs ujredgare aredan STanTqan 

specifikuri naerTebi. 

 

 
 

suraTi I.16. egzocitozisa (a) da endocitozis (b) mimdinareoba 

    

makromolekulebi da sxva nawilakebi grovdeba ormoebSi, ris Semdegac xdeba ma-

Ti ujredSi CaZirva. sxvadasxva ormoSi sxvadasxva receptoria CaSenebuli. am proce-

sis magaliTia dabali simkvrivis lipoproteinebSi arsebuli qolesterinis moxved-

ra ujredSi.  

egzocitozi. zogierTi makromolekula, magaliTad, plazmis cilebi, saWmlis 

momnelebeli fermentebi da sxva molekulebi, romlebic sinTezirdeba ujredSi, sa-

Wiroebs sisxlSi an ujredSoris areSi sekretirebas. Tu membrana ganuvladia am mo-

lekulebisaTvis, maTi sekrecia mimdinareobs egzocitozis saSualebiT. sekrecii-

saTvis gankuTvnili molekulebi lokalizdeba vezikulebSi da rodesac moxdeba ve-

zikulebis Serwyma plazmur membranasTan, isini gamoiyofa ujredgare areSi.    

ganasxvaveben egzocitozis regulirebad da araregulirebad gzebs. arareguli-

rebadi sekrecia xasiaTdeba sekretirebadi cilebis uwyveti sinTeziT, maTi SefuT-

viT satransporto vezikulebSi da gadataniT plazmur membranasTan sekreciisaT-

vis. regulirebadi sekrecia gulisxmobs saeqsporto cilebis Senaxvas vezikulebSi 

da maT Serwymas membranasTan im SemTxvevaSi, roca ujredze moqmedebs specifikuri 

stimuli. regulirebadi sekreciiT mimdinareobs saWmlis momnelebeli fermentebis 

gamoyofa sakvebis monelebis procesSi, aseve hormonebis, neiromediatorebisa da bi-

ologiurad aqtiuri sxva naerTebis sekreciac.  

I.4.ujreduli organelebi 

birTvi. ujredis birTvi is adgilia, sadac lokalizebulia genetikuri informa-

cia dnm-is molekulebis saxiT da mimdinareobs replikaciis (dnm-is molekulis gaor-

mageba) da transkrifciis (rnm-is sinTezi) procesebi. is garSemortymulia ori membra-

niT, anu birTvis garsiT. birTvis gareTa membrana warmoadgens endoplazmuri badis 

gagrZelebas. birTvis garsi mdidaria sxvadasxva diametris zomis forebiT, romlebic 

uzrunvelyofs sxvadasxva nivTierebis kontrolirebad moZraobas or kompartments — 

birTvsa da citoplazmas Soris. Tavis mxriv, birTvic dayofilia kompartmentebad da 

maT Soris mimdinareobs nivTierebaTa kontrolirebadi dineba. erT-erT aseT kom-
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partments warmoadgens birTvaki. birTvSi didi raodenobiTaa cilebi da fermentebi, 

romlebic monawileobs  dnm-is reprikaciisa da aRdgenis procesSi.    

endoplazmuri bade. eukariotuli ujredis citoplazma Seicavs urTierTda-

kavSirebuli membranebis farTo qsels, romelic vrceldeba birTvidan plazmur mem-

branamde. am rTul struqturas endoplazmur bades uwodeben.  

is Sedgeba gluvi da  marcvlovani (xorkliani) membranebisagan. amis gaTvaliswi-

nebiT, ganasxvaveben gluv da marcvlovan endoplazmuri bades.  endoplazmuri badis 

membrana Semofarglavs endoplazmur sanaTurs (sivrces), sadac xdeba axlad sinTe-

zirebuli cilebis modificireba da mobilizacia sxvadasxva ujredul organelebsa 

da membranebSi gadasatanad, iq mimdinare procesebSi CasarTavad. endoplazmuri ba-

dis membranis marcvlovanebas ganapirobebs ribonukleoproteinuri bunebis warmo-

naqmnebi — ribosomebi. ujredis fraqcionirebis dros, endoplazmuri badis qseli 

iSleba da membranuli naSTebi gardaiqmneba mcire zomis vezikulebad, romlebsac 

mikrosomebi ewodeba. mikrosomebis gamoyofa SesaZlebelia diferencialuri cen-

trifugirebiT. mikrosomebi natiur, dauzianebel ujredSi ar arsebobs.  

marcvlovan endoplazmur badeze arsebuli ribosomebi monawileobs cilis sin-

TezSi. gluv endoplazmur badeze mimdinareobs lipidebis sinTezi. is didi raode-

nobiT Seicavs ferments — citoqrom P450-s, romlis daxmarebiT mimdinareobs sxva-

dasxva endogenuri da egzogenuri naerTebis hidroqsilireba. es fermenti mniSvne-

lovania zogierTi toqsikuri naerTebis gauvnebelyofisa da mocilebisaTvis. en-

doplazmuri bade, goljis aparatTan erTad, monawileobs sxvadasxva organelis (li-

zosomebi, peroqsisomebi) formirebaSi.  

goljis aparati. goljis aparati fenebad dalagebuli ormxrivSezneqili cis-

ternebis qselia, romelic pasuxismgebelia ujredidan mTeli rigi cilebis, maT So-

ris cilovani bunebis hormonebis, sisxlis plazmis cilebisa da momnelebeli fer-

mentebis mocilebaze. goljis aparatis fermentebi akatalizebs naxSirwylovani naS-

Tebis transportirebas glikoproteinebis Sesaqmnelad, aseve CarTulia axali mem-

branebis, lizosomebisa da peroqsisomebis formirebis procesSi.  

mitoqondria. cocxali ujredis umniSvnelovanes organels mitoqondria war-

moadgens. is rTuli agebulebis struqturaa, romlis Sida matriqsi SemosazRvru-

lia sruliad gansxvavebuli agebulebisa da bioqimiuri funqciis mqone ori membra-

niT.  Sida membrana warmoqmnis matriqsis SigniT mimarTul nakecebs — kristebs. kris-

tebi da matriqsi Seicavs adenozintrifosfatis (atf) sinTezisaTvis aucilebel 

fermentebs da uzrunvelyofs ujredisaTvis aucilebeli atf-is 90%-is warmoqmnas. 

mitoqondriis gare da Sida membrana gansxvavdeba rogorc fermentuli aqtivobiT, 

aseve funqciuradac. eleqtronuli satransporto sistemebi da JangviTi fosfori-

lirebis komponentebi Sida membranis nawilia. glikolizis Sedegad warmoqmnili pi-

ruvatis, cximovani mJavebisa da aminomJavebis daJangvis, aseve, Sardovanas sinTezis 

zogierTi reaqcia matriqsSia lokalizebuli. rac Seexeba gareTa membranas, igi mdi-

daria e.w. porinebiT, cilovani bunebis naerTebiT, romlebic sxvadasxva nivTierebis 

transports awarmoebs. mas gadamwyveti mniSvneloba aqvs ujredis daberebisa da 

programuli sikvdilis, e.w. apoptozis procesSi.  

mitoqondriebisaTvis damaxasiaTebelia sakuTari replikaciis procesi. maT Se-

madgenlobaSi arsebuli wriuli dnm Seicavs informacias uSualod mitoqondriuli 

cilebisa da zogierTi informaciuli rnm-is Sesaxeb. mitoqondriuli dnm zomiT baq-

teriuli dnm-is tolia, rac iZleva safuZvels vifiqroT, rom daaxloebiT 3 miliar-

di wlis win mitoqondia warmoadgenda baqterias, romlis aTviseba moxda ufro rTu-

li ujredebis mier da maT Soris Camoyalibda urTierTTanacxovrebis garkveuli 
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forma. aRsaniSnavia, rom mitoqondriebi memkvidreobiT dediseuli organizmebidan 

gadaecema. mitoqondriebSi arsebuli zogierTi cila sinTezdeba citozolSi da 

mxolod Semdgom transportirdeba mitoqondriaSi.  

lizosomebi subujreduli komponentebia, romlebic aqtiurad monawileobs uj-

redSida monelebisa da ujreduli komponentebis ganaxlebis procesSi. lizosoma 

erT-erTi yvelaze mcire zomis organoidia (diameti 1mkm), romelic erTSriani mem-

braniTaa garSemortymuli, rac saSualebas aZlevs lizosomur matriqss SeinarCunos 

mJave are (pH ~ 5.0). lizosomebSi vxvdebiT hidrolazebis jgufis fermentebs, rom-

lebic akatalizirebs hidrolizur reaqciebs. am fermentebis daxmarebiT rTuli, 

organuli naerTebi ixliCeba dabalmolekulur naerTebad. lizosomuri fermentebi 

sinTezirdeba marcvlovan endoplazmur badeze, saidanac goljis aparatSi gadaita-

neba, sadac xdeba lizosomis Camoyalibeba. lizosomas, romelic goljis aparatidan 

gamodis pirveladi lizosoma ewodeba. is Zalian mcire zomisaa da masSi monelebis 

procesi ar mimdinareobs.  lizosomaSi wyalbad-ionTa koncentracias gansazRvravs 

mis membranaSi arsebuli H+-tumbo da qloris ionuri arxebi. H+-tumbo citoplazmi-

dan tumbavs H+-ionebs da cvlis mas lizosomaSi arsebul natriumis ionebze. qloris 

arxiT mimdinareobs qlorionebis transportireba, ris Sedegadac lizosomaSi adgi-

li aqvs marilmJavas warmoqmnas da lizosomis SigTavsis gamJavianebas. lizosomebi 

monawileobs ujredSida monelebis procesSi, magaliTad, isini ineleben ujredis mi-

er garemodan aTvisebul nivTierebebs. am process heterofagia ewodeba. misi fun-

qciaa aseve citoplazmuri organelebis ganaxleba.  

peroqsosomebi. ujredebis umravlesobas aqvs organelebi, romlebsac peroqsi-

somebi ewodeba. peroqsisomebisaTvis damaxasiaTebelia wyalbadis zeJangis (H2O2) 
warmoqmnisa da utilizaciis unari. peroqsisomebSi identificirebulia 50-mde fer-

menti, romlebic monawileobs oqsidaciur (JanviT) da biosinTezur reaqciebSi. es 

organelebi aucilebelia grZeljaWviani cximovani mJavebis daJangvisaTvis. isini 

aseve Seicavs fermentebs, romlebic monawileobs D-aminomJavebisa da molekuluri 

Jangbadis gamoyenebiT sxvadasxva hidromJavebis daJangvaSi. mitoqondriebTan er-

Tad, peroqsisomebi Jangbadis mTavari momxmarebelia. maTSi arsebuli fermenebi mo-

lekulur Jangbads iyenebs zogierTi organuli substratidan wyalbadis Camosaci-

leblad, rasac Tan sdevs wyalbadis zeJangis (H2O2) warmoqmna.  

 
RH2 + O2 → R + H2O2 

 
warmoqmnili wyalbadis zeJangi gamoiyeneba sxvadasxva substratebis dasaJangad. 

aseTi substratebia fenolebi, WianWvelmJava, formaldehidi da eTanoli. 

 

H2O2 + R`H2 → R`+ 2H2O 
 

aqvT ra erT kompartmentSi rogorc wyalbadis zeJangis warmomqmneli, aseve misi 

utilizaciis sistemebi, ujredebi amiT icavs sakuTar Tavs H2O2-is toqsikuri efeq-

tisagan.   

citoConCxi. eukariotuli ujredebi Seicavs mikrotubulebs, gardamaval fila-

mentebsa da aqtinis filamentebs (mikrofilamentebs), romlebic qmnis ujredis cito-

ConCxs. citoplazmuri ConCxi monawileobas iRebs ujredis morfologiis SenarCune-

baSi, ujredSida transportSi, ujredis moZraobasa da dayofaSi. mikrotubulebi ci-

la tubulinis multimerebia, romlebic swrafad ikribeba  struqturebad da aseve 

swrafad iSleba.  
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II. ujreduli regulaciis molekuluri meqanizmi 

ujredSi mimdinare mravalricxovani procesebi regulirdeba specialuri regu-

latoruli sistemebis saSualebiT. zemoqmedebs ra ujredebis SesaZleblobaze, ur-

TierToba daamyaros erTmaneTTan, es sistemebi aCqarebs zogierT reaqciebs, xolo 

zogierTebs, piriqiT, anelebs. ujredSida regulatoruli sistemebi universaluri 

sistemebia. ujredis mier miRebuli sxvadasxva ujredSida da ujredgare signalebi 

transformirdeba am regulatoruli sistemebis mier, rac gulisxmobs specifikuri 

molekulebis koncentraciis lokalur cvlilebebs, ramac SesaZlebelia kardina-

lurad Secvalos ujredis funqcionirebis xarisxi.  

bioqimiuri reaqciebis mimdinareoba ujredebSi, organoebSi, qsovilebsa da sa-

bolood, mTlian organizmSi koordinirdeba imgvarad, rom organizmis calkeuli 

erTeuli funqcionirebs maqsimalurad optimalur reJimSi. XX saukunis 50-ian wleb-

Si, amerikelma mecnierma e.sazerlendma aRmoaCina axali nukleotidi — cikluri ade-

nozin-3’,5’-monofosfati (c-amf, cAMP). es aRmoCena, romelic nobelis premiiT iqna 

dajildoebuli, safuZvlad daedo koncefcias meoradi mesenjerebis Sesaxeb da sa-

bolood aisaxa bioqimiis axali dargis SeqmnaSi, romlis inglisuri dasaxelebaa `cell 

signaling~, anu `ujreduli signalizacia~. dargis kvlevis sagania ujredgare (pirve-

ladi) signalebiT ganpirobebuli ujreduli metabolizmis regulaciis molekulu-

ri meqanizmebi. xSir SemTxvevaSi, am terminis qveS gulisxmoben ujredgare signalis 

gadacemis (transduqcia) molekulur meqanizmebs. Tumca termini `cell signaling~ gu-

lisxmobs ara marto ujredSi signalis gadacemas, aramed movlenebis mTlian kom-

pleqss, maT Soris signalis gaZlierebas, Sesustebas da, sabolood, mis srul daT-

rgunvas.  

II.1.ujreduli signalis transduqciis zogadi gzebi 

ujredSi da, zogadad, mTlian organizmSi mimdinare bioqimiuri procesebis Se-

Tanxmebuloba adekvaturia garemomcvel aresTan, aseve garedan Semosuli informa-

ciis, energiisa da materiis nakadTan. miuxedavad imisa, rom ujredis plazmuri mem-

brana warmoadgens Txel Sres, is saimedo barieria sxvadasxva tipis molekulebisaT-

vis, maT Soris e.w. pirveladi mesenjerebisaTvis (ingl. `messenger~ – mauwyebeli, mac-

ne): hormonebis, neiromediatorebis da regulatoruli Tvisebis mqone sxvadasxva na-

erTebisaTvis. aRsaniSnavia, rom sasignalo molekulebis (pirveladi mesenjerebi) 

umravlesoba, rogorc hidrofiluri molekulebi, ver aRwevs ujredSi da mxolod 

urTierTqmedebs ujredis plazmuri membranis gare zedapirTan, ufro zustad, mem-

branis SemadgenlobaSi arsebul integralur cilovan molekulebTan — receptoreb-

Tan. mxolod steroidul da Tiroidul hormonebs, rogorc lipofilur moleku-

lebs, SeuZliaT gadalaxon plazmuri membrana da SeaRwion ujredSi, sadac cito- an 

nukleoplazmaSi lokalizebulia maTi  receptorebi  (sur. II.1). 
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suraTi II.1. receptorebis mravalferovneba 

 

molekulebi, romlebic inicirebs signalis transmembranul gadatanas (tran-

sduqcias), aaqtivebs receptorebs Zalian mcire, magaliTad 10-8М an ufro naklebi 

koncentraciis pirobebSi. aqtivirebuli receptori mosul  signals sxvadasxva gziT 

gadascems ujredSida samizneebs. im SemTxvevaSi, Tu samizne fermentia, maSin signali 

axdens misi aqtivobis modulirebas — aZlierebs an asustebs mis aqtivobas; im Sem-

TxvevaSi, roca samizne ionuri arxia, modulirdeba arxis gamtarebloba. orive Sem-

TxvevaSi efeqti gamoixateba romelime metaboluri stadiis aqtivobis an konkretu-

li ionis citoplazmuri koncentraciis cvlilebiT. swored es cvlilebebi warmo-

adgens  ujredul pasuxs.  

molekuluri manqanebi, romlebic uzrunvelyofs signalis gadacemas recepto-

ridan ujredSida samizneebze, Sedgeba ramdenime cilovani komponentisagan, romel-

Ta erToblioba qmnis e.w. signalis gadacemis kaskads. am procesSi, cilebis garda, 

monawileobs mcire zomis sxva molekulebic — meoradi Suamavlebi, anu mesenjerebi. 

nivTierebas, romelic warmoiqmneba ujredze pirveladi mesenjeris zemoqmedebis 

Sedegad da uSualod axorcielebs ujredSida efeqtebs, meoradi mesenjeri ewodeba. 

dReisaTvis cnobilia 5 ZiriTadi meoradi mesenjeri — cAMP-cikliuri adenozin-mo-

nofosfati, c-GMP- cikliuri guanozinmonofosfati, DAG-diacilgliceroli, IP3-

inozittrifosfati da Ca2+. meoradi mesenjeri xasiaTdeba ori ZiriTadi TvisebiT: 1. 

vinaidan meoradi mesenjerisaTvis aucilebelia citoplazmaSi difuziis maRali siCqa-

re, mas unda gaaCndes  mcire molekuluri masa; 2. aucilebelia is swrafad iSlebodes, an 

unda moxdes misi swrafi akumulireba specialur depoebSi, magaliTad Са2+-is 

SemTxvevaSi.  

mravalujredian organizmebSi gamoyofen signalebis aRqmisa da gadacemis or 

dones. I done gulisxmobs mTlian organizms, romelic iRebs informacias garemom-

cveli samyarodan SegrZnebis organoebis daxmarebiT. es organoebia: Tvalebi, yure-

bi da sxv. am SemTxvevaSi igulisxmeba e.w. sensoruli recepcia, romelic uzrunvel-

yofs talRovani bunebis informaciis miRebas (sinaTle, bgera, siTbo), xolo ynosvi-

sa da SegrZnebis organoebis SemTxvevaSi — qimiur signalebs. II done gulisxmobs mra-

valujrediani organizmis farglebSi ujredebis urTierTkavSirs erTmaneTTan. uj-

redebi erTmaneTTan, ZiriTadad, `laparakoben~ qimiuri signalebis eniT, romelic  

gansazRvravs cocxal ujredSi mimdinare  qimiuri reaqciebis erTobliobas. es reaq-

ciebi sakmaod mravalferovania da warmodgenilia rogorc sinTezuri (anaboluri), 
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aseve daSlis (kataboluri) reaqciebiT. maTi mimdinareoba mkacrad regulirebadia 

da am process  uSualod ujredi akontrolebs.  

biologiurad aqtiuri nivTierebebiT informaciis mimocvla cocxal organiz-

mebSi mimdinareobs endokrinuli, parakrinuli da autokrinuli regulaciis meqa-

nizmebiT. 

endokrinuli regulaciis SemTxvevaSi, aqtiuri naerTis (magaliTad, hormonis) 

gamoyofa xdeba specializirebuli ujredebis mier da isini mTel organizmSi sis-

xlis saSualebiT gadaitaneba. parakrinuli regulaciisas aseTi naerTi vrceldeba 

erTi organos farglebSi da amave organoSi xdeba misi efeqtis realizeba. aseT naer-

Tebs qsovilovan hormonebs uwodeben. qsovilovani hormonebis magaliTia neirot-

ransmiterebi, romlebic gamomuSavdeba neironebis mier. neirotransmiterebi samiz-

ne ujredebamde mcire manZilze gadaadgildeba. autokrinuli regulaciisas ujre-

dis mier gamoiyofa specifikuri nivTiereba, romelic warmoadgens amave ujredis 

gamaaqtivebel naerTs. mas aqtivatori ewodeba. aseTi naerTebi gvxvdeba imunur sis-

temasa da avTvisebian qsovilebSi.  

amrigad, biologiurad aqtiuri naerTi, romelic praqtikulad yvela ujredSi 

SeiZleba dasinTezirdes, vrceldeba organizmis gansazRvrul sivrceSi da ganapi-

robebs `mimRebi~ ujredebis — aqceptorebis koordinirebul muSaobas. aseTi signa-

lebis zemoqmedebiT mimdinareobs ujredSida metabolizmi, ujredebis gamravleba, 

genTa aqtivobis regulireba da kontroli, ujredebis diferencireba da sxva. sain-

formacio jaWvis erTi rgolis amovardna iwvevs ujreduli metabolizmis moSlas, 

rac dasabams aZlevs ujredSi paTologiuri procesebis Camoyalibebas.  

cnobilia sami ZiriTadi saSualeba, romliTac mimdinareobs ujredis mier gare-

dan mosuli signalebis miReba, anu recepcia: 

1. ujredis plazmuri membranis zedapirze arsebuli receptorebi; 

2. citoplazmaSi arsebuli receptoruli Tvisebis mqone cilovani bunebis mole-

kulebi; 

3. metabolur procesebSi monawile zogierTi fermentis aqtivobis cvlileba. 

plazmuri membranis receptorebis meSveobiT signalis transduqcia sam etapad 

mimdinareobs:  

I etapi — receptoris mier ujredgare sasignalo molekulis — e.w. ligandis mier-

Teba, rac cvlis receptoris struqturas. ligandis rols asrulebs hormonebi, nei-

rotransmiterebi, modulatorebi da sxv.  

II etapi — ligandis mierTebis Sedegad receptoris urTierTqmedeba e.w. efeqto-

rul cilasTan. efeqtoruli cilebi fermentebi an ionuri arxebia, romelTa aqtivo-

ba am urTierTqmedebis Sedegad icvleba. xSir SemTxvevaSi, receptori TviTon war-

moadgens efeqtorul molekulas;  

III etapi — efeqtoris gaaqtivebis Sedegad meoradi mesenjeris warmoqmna an mem-

branuli potencialis cvlileba. 

II.2. ujreduli pasuxis regulireba 

mosuli informaciis sapasuxod, receptoris mier warmoqmnili ujredSida efeq-

tis regulireba xorcieldeba ramdenime doneze: 

I. transkrifciis doneze — romlis drosac SesaZlebelia rogorc uSualod 

transkrifciis, aseve informaciuli rnm-is winamorbedis procesingis regulireba;  
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II. translaciis doneze — regulirdeba uSualod cilis an misi winamorbedis sin-

Tezis procesi; 

III.  regulacia cilis molekulis modificirebiT, romelic SesaZlebelia wari-

marTos ramdenime saSualebiT.  

cnobilia cilis molekulis modificirebis ramdenime gza, ris Sedegadac icvle-

ba ujredSi am cilis aqtivoba an raodenoba. molekulis modificirebis erT-erTi 

saSualebaa Seqcevadi modifikacia. amis magaliTia ferment glikogenfosforilazas 

fosforilireba, romelic katalizirdeba specifikuri fermentiT — proteinkinaza 

A-iT. proteinkinazebi fermentebis jgufia, romlebic axdens fosfaturi naSTis 

gadatanas ATP-dan romelime konkretul cilaze. ujredSi arsebobs am reaqciis Seb-

runebuli procesic — defosforilireba, romelic xorcieldeba fermentebis sxva 

jgufiT —  proteinfosfatazebiT. orive reaqcia (fosforilireba/defosforili-

reba) xSirad gvxvdeba ujredSi da warmoadgens process, romelic ganapirobebs sxva-

dasxva cilebis Tvisebebis Secvlas (sur. II.2).  

fosforilirebis garda, ujredSi arsebobs sxva saSualebac polipeptiduri mo-

lekulis Tvisebis Sesacvlelad, magaliTad, samizne cilaze hidrofoburi jgufebis 

mierTeba (cilovan molekulebze meTilis an acilis jgufebis gadatana).      

ujreduli aqtivobis cvlilebis kidev erTi saSualebaa ligandis zemoqmedebiT 

cilis molekulis katalizuri aqtivobis an misi romelime Tvisebis Secvla. am tipis 

ligandebis raodenoba sakmaod didia, Tumca sasignalo sistemebisaTvis gansakuTre-

biT mniSvnelovania meoradi mesenjerebi: cAMP, cGMP, DAG, IP3 da Ca2+. aRsaniSnavia, 

rom TiToeul maTgans SeuZlia moaxdinos am cilebis mafosforilirebeli fermen-

tis — Sesabamisi proteinkinazas aqtivobis regulireba da amiT Secvalos samizne ci-

lebis fosforilirebis procesis xarisxi.  

 

 
 

suraTi II.2. ujreduli cilebis aqtivobis regulacia   

fosforilirebiTa da defosforilirebiT 

cilebis fosforilireba iwvevs cilebis aqtivobis gaZlierebas an Semcirebas.  

cilebis fosforilireba xorcieldeba proteinkinazebiT, xolo defosforilireba —  

proteinfosfatazebi. proteinkinazas gadaaqvs fosfatis jgufi (Pi) АТP-dan cilis  

molekulis serinis, treoninis an Tirozinis naSTebze. es procesi Seqcevadad cvlis  

cilis struqturas da funqcias. fermentebis orive tipis — kinazebis da fosfatazebis  

aqtivoba regulirdeba sxvadasxva meoradi mesenjerebiT. 

 

ujredis aqtivobis regulireba SesaZlebelia aseve e.w. cila-cilovani urTier-

TqmedebiT. am tipiT regulirdeba ferment proteinkinaza A-s (cAMP-damokidebuli 

proteinkinaza) aqtivoba. fermentis molekula, romelic Sedgeba ori  regulatoru-

li da ori katalizuri suberTeulisagan, Tavisufal mdgomareobaSi araaqtiuria, 
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vinaidan tetrameris SemadgenlobaSi Semavali regulatoruli suberTeuli warmo-

adgens fermentis katalizuri suberTeulis inhibitors. cAMP-is arsebobisas tet-

rameri disocirdeba Semadgenel komponentebad, katalizuri suberTeulebi Tavi-

sufldeba inhibitorisagan da axdens samizne cilebis fosforilirebas (sur. II.3).  

 

 
 

suraTi II.3. proteinkinaza A-s aqtivacia cAMP-iT 

 

cilis molekulis kompartmentalizaciis cvlileba, anu misi adgilmdebareobis 

Secvla (magaliTad, gadaadgileba citoplazmidan membranaze an piriqiT) warmoad-

gens kidev erT mniSvnelovan saSualebas cilis Tvisebebis Sesacvlelad. amis magali-

Tia sakmaod gavrcelebuli cila p21ras, romelsac uSualo kavSiri aqvs adamianisa da 

cxovelebis ujredebis avTvisebian transformaciasTan. es exeba p21ras-is mutantur 

formebs, maSin roca am cilis normaluri forma monawileobs zogierTi sasignalo 

sistemis muSaobaSi, sadac pirvelad mesenjerad gvxvdeba ujredis gayofasa da dife-

rencirebaSi monawile zrdis faqtori. dadgenili iqna, rom p21ras, iRebs ra signals 

Sesabamisi receptoridan, gadadis aqtiur mdgomareobaSi, rac gamoixateba specia-

luri proteinkinazas — Raf-is gadataniT citoplazmidan membranaze da ujreduli 

metabolizmis SecvliT, rac iwvevs ujredSi apoptozuri procesis darRvevasa da 

mis avTvisebian gadagvarebas.  

II.3. receptorebis tipebi 

imisaTvis, rom ujredma miiRos informacia, aucilebelia, rom mas gaaCndes spe-

cialuri sistema, romliTac xdeba informaciis miReba — recepcia da misi Semdgomi 

gardaqmna — transduqcia. am mizans emsaxureba ujredis plazmur membranaSi arsebu-

li biologiuri informaciis damWeri da gadamamuSavebeli specialuri sistemebi. es 

sistemebia receptorebi, gadamtanebi (transporterebi), saqaCavebi (tumboebi) da ar-

xebi.  

cnobilia ujredis membranuli receptorebis sami ZiriTadi tipi:  

1.  receptorebi, romlebic dakavSirebulia  e.w. G-cilebTan — metabotropuli 

receptorebi;  

2. receptorebi, romlebic asocirebulia fermentuli aqtivobis mqone cileb-

Tan;   

3. receptorebi, romlebic warmoadgens ionur arxebs. 
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II.3.1. G-cilebTan dakavSirebuli  metabotropuli receptorebi 

miuxedavad ligandebis mravalferovnebisa, metabotropuli, G-cilebTan dakav-

Sirebuli receptorebisaTvis damaxasiaTebelia msgavsi struqtura. kerZod, yoveli 

maTgani warmoadgens monomerul, integralur membranul cilas, romlis polipepti-

duri jaWvi Svidi transmembranuli α-spiraliTaa warmodgenili. receptorze aRi-

niSneba ujredgare amino(H2N-)-terminaluri daboloeba, sami ujredgare, sami uj-

redSida maryuJi da ujredSida karboqsi (HOOC-)-terminaluri daboloeba. recep-

toris is ubani, romelic pasuxismgebelia pirvelad signalTan (ligandi) urTierTq-

medebaze, lokalizebulia membranis gareTa zedapirze, xolo ubani, romelic kon-

taqtirebs efeqtorul cilasTan — citoplazmur mxareze (sur.II.4). 

  

 

 
 

suraTi II.4. metabotropuli receptoris 

zogadi struqtura (Siegelbaum et al.-is mixedviT, 2011) 

 

metabotropuli, G-cilebTan dakavSirebuli receptorebisaTvis (GPCR - G-protein 

coupled receptors) pirveladi mesenjeris (ligandis) funqcias asrulebs asrulebs ci-

lebi, peptidebi, aminomJavebis warmoebulebi da sxv. amave tipis receptorebidan 

xdeba iseTi qimiuri signalebis gadacema, romelic aRiqmeba ynosvisa da gemovnebis 

sensoruli ujredebiT da fotoreceptorebiT. aRsaniSnavia, rom erTi da igive sig-

nalma SesaZlebelia inicireba gaukeTos sasignalo kaskads ramdenime GPCR-dan. 

dadgenilia, rom GPCR-is raodenoba organizmSi 200-ze metia.  
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cxrili  II. 1.  

G-cilebis monawileoba signalis transduqciis procesSi 

 

G-cila receptoris aqtivatori efeqtori sasignalo 

gza 

Ga adrenalini, noradrenalini, 

histamini, glukagoni, 

adrenokortikotropini, 

maluTeinizirebeli hormoni, 

folikul-mastimulirebeli 

hormoni, Tireotropuli 

hormoni 

adenilatciklaza, 

Ca2+- arxebi 
cAMP, 

Ca2+-is Sesvla 

ujredSi 

Geff surnelovani naerTebi    adenilatciklaza 
cAMP 

(ynosva) 

Gt (Cxirebi) fotoni cGMP-damokidebuli 

fosfodiesTeraza 
cGMP 

(mxedveloba) 

Ga2 
(kolbebi) 

fotoni cGMP-damokidebuli 

fosfodiesTeraza 

cGMP-feradi 

mxedveloba 

Gi1, Gi2, Gi3 noradrenalini, angiotenzini, 

opioidebi, prostaglandinebi, 

sxvadasxva peptidebi 

fosfolipaza C, 

fosfolipaza A, 

K+-arxebi 

cAMP, 
araqidonis 

mJava, 
inozitoltri

fosfati 

diacilglice

roli,Ca2+ 

 

Gq acetilqolini, adrenalini fosfolipaza C membranis 

polarizacia, 
inozitoltri

fosfati 

 

plazmuri membranis receptorebiT signalis transduqciis I etapia receptoris 

mier ujredgare sasignalo molekulis dakavSireba, rac cvlis mis Sinagan energias 

da struqturas. konformaciis am mdgomareobaSi receptors SeuZlia urTierTqme-

deba e.w. efeqtorul cilasTan. efeqtoruli cilebi  sasignalo cilebia (fermente-

bi an ionuri arxebi), romlebic aqtivdeba receptorTan urTierTqmedebis Sedegad. 

xSir SemTxvevaSi, uSualod receptoria efeqtoruli molekula. efeqtoris gaaqti-

veba, Tavis mxriv, iwvevs meoradi mesenjeris warmoqmnas an membranuli potencialis 

cvlilebas. receptorebis nawili pirdapir urTierTqmedebs efeqtorTan. Tumca 

gvxvdeba receptorebi, romelTa urTierTqmedeba efeqtorTan xorcieldeba Sema-

uRlebeli cilis saSualebiT.  mas GTP-damakavSirebel,  anu G-cilas uwodeben. 

nanaxia 20-mde sxvadasxva G-cila, magaliTad, Gs, Gi, Gq, Gg da sxv. TiToeuli maT-

gani sxvadasxva efeqtorul cilasTanaa dakavSirebuli da gansxvavebuli signalis 

transduqcias awarmoebs. magaliTad, Gs da Gi, romlebic Sesabamisad astimulirebs 

da ainhibirebs ferment adenilatciklazas; Gq, romelic aaqtivebs ferment fosfo-

lipaza С-s. sensorul ujredebSi, kerZod, fotoreceptorebSi gvxvdeba Gt-cila 

(transducini), gemovnebis receptorebSi — Gg da a.S.  
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II.3.1.1.  heterotrimeruli G-cilebi 

receptorTan dakavSirebuli G-cilebi heterotrimeruli, GDP/GTP-damakavSire-

beli cilebia, romlebic sami suberTeulisagan Sedgeba. esenia  α- (40-45 kdal.), αβ- 

(37 kdal.) da γ-suberTeulebi (8-10 dal.) (sur. II.5.).  

 
 

suraTi II.5.heterotrimeruli  G-cila 

 

signalis gadacemis zogadi sqema receptoridan G-cilaze moicavs Semdeg eta-

pebs (sur.II.6): 

1. ligandi ukavSirdeba membranul receptors. am dros G-cila araaqtiuria da 

dakavSirebulia GDP-Tan; 

2. ligandTan dakavSirebuli receptori urTierTqmedebs G-cilasTan, aaqti-

vebs mas da G-cila ukavSirdeba GTP-s;  

3. gaaqtivebuli G-cila urTierTqmedebs erT an ramdenime ujredSida fermen-

tTan (adenilatciklaza, guanilatciklaza, fosfolipaza С, А da  D) da cvlis maT 

aqtivobas. amave dros, G-cilas SeuZlia pirdapir moaxdinos ionuri arxis funqcio-

nirebis modulireba; 

4. efeqtoruli fermentebis aqtivobis cvlileba iwvevs erTi an ramdenime 

meoradi mesenjeris (cAMP, cGMP, DAG, IP3 da Ca2+) ujredSida raodenobis cvlilebas; 

5. meoradi mesenjeris ujredSida koncentraciis mateba an Semcireba gavlenas 

axdens masze damokidebuli erT an ramdenime proteinkinas aqtivobaze  da/ an ionur 

arxze; 
6. icvleba samizne cilebis fosforilirebis xarisxi, rac ganapirobebs ujre-

dis saboloo pasuxs.  

cnobilia 20 sxvadasxva  geni, romelic  akodirebs am  suberTeulebs. cilis fun-

qciasa da specifikurobas ZiriTadad gansazRvravs α-suberTeuli, Tumca yovelTvis 

ara. cilebis umravlesobaSi β da γ suberTeulebi mWidrod aris erTmaneTTan 

dakavSirebuli da qmnian erTian βγ-kompleqss. aRniSnuli kompleqsebi uzrunvel-

yofs α-suberTeulis lokalizacias da deaqtivacias, aseve aregulirebs recepto-

rebis Tvisobas gamaaqtivebeli ligandisadmi, aqveiTebs gdf-is Camocilebis SesaZ-

leblobas α-suberTeulidan (inaqtivirebuli mdgomareobis stabilizacia), xsnis 

К+-arxebs (miocitebSi) da xuravs Са2+-arxebs presinafsur membranaSi. isini aseve 

aaqtivebs fosfolipaza А2-sa da fosfolipaza С-s zogierT izoformas da areguli-

rebs receptoris Tvisobas agonistisadmi.   
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suraTi II.6. heterotrimeruli G-cila da mis  

mier inducirebuli signalis transduqcia 

A — receptorTan dakavSirebuli araaqtiuri  G-cila; 

B — ligandi ukavSirdeba receptors da iwvevs am ukanasknelis aqtivacias;  

gaaqtivebuli receptori urTierTqmedebs G-cilasTan, rac iwvevs mis  

konformaciul cvlilebebs da GDP-is Secvlas GTP-iT, rasac mosdevs  

G-cilis αβγ-trimeridan α-suberTeulis disocireba; 

C — α-suberTeuli urTierTqmedebs efeqtorTan, ris Semdegac  

xdeba meoradi mesenjeris warmoqmna. 

 

G-cilebi, Sesrulebuli samuSaos mixedviT, iyofa gamaaqtivebel (Gs) da Semakave-

bel (Gi) G-cilebad. orive SemTxvevaSi isini efeqtorul molekulebTan aris dakavSi-

rebuli. amrigad, rogorc sasignalo gzis gaaqtiureba, ise misi Caketva, damokidebu-

lia G-cilebis moqmedebis xasiaTze. zogierTi G-cila da misi monawileobiT warmoe-

buli transduqciis gzebi warmodgenilia cxrilSi II.1. es cilebi warmoadgens Suama-

vals 100-ze meti ujredgare regulatoruli nivTierebis receptorsa da ujredSida 

procesebs Soris. kerZod, ligandis dakavSireba receptorTan aaqtivebs G-cilas, 

romelic, Tavis mxriv, aaqtivebs an ainhibirebs ferments da/an iwvevs reaqciaTa 

jaWvs, romlis saboloo Sedegia konkretuli ujreduli efeqti.  
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suraTi II.7.   G-cilis aqtivacia da disociacia 

1. Cveulebriv mdgomareobaSi G-cila araaqtiuria da trimeris formiTaa warmodgenili,  

vinaidan maRalia  α-suberTeulis Tvisoba GDP-sadmi, rac zrdis aseve mis  

Tvisobas βγ-komplesisadmi ; 2. ligandis dakavSireba receptorTan ; 3.  

iwyeba receptoris struqturuli cvlileba, rac gadaecema G-cilas.  

4. struqturuli cvlilebebis Sedegad  α-suberTeulis Tvisoba  GDP-sadmi mcirdeba,  

xolo GTP-sadmi matulobs, ris gamoc α-suberTeulidan xdeba  GDP-is CamoSoreba da  

mis adgils ikavebs GTP ; 5. GTP-α-suberTeulis Tvisoba βγ-komplesisadmi mcirdeba,  

mTliani kompleqsis disociacia GTP-α-suberTeulad da βγ-kompleqsad ;  

6. gamoTavisuflebul   GTP-α-suberTeulSi mcirdeba α-suberTeulis Tvisoba GTP-sadmi,  

xolo GDP-isadmi matulobs, rasac mosdevs GDP-α-suberTeulis warmoqmna,  

romlis Tvisoba  βγ-komplesisadmi maRalia. am procesis saboloo etapze G-cila  

ubrundeba sawyis mdgomareobas (GDP-α-βγ- kompleqsi) 

 

GDP-Tan dakavSirebuli trimeruli G-cila araaqtiuria. misi urTierTqmedeba 

receptorTan iwvevs α-suberTeulis gadasvlas aqtiur formaSi, rac zrdis mis Tvi-

sobas GTP-sadmi, xolo GDP-sadmi amcirebs. aseve mcirdeba α-suberTeulis Tvisoba  

βγ-kompleqsisadmi. amis Sedegad gaaqtivebuli α-suberTeuli Tavisufldeba GDP-

gan, ikavSirebs GTP-s, disocirdeba βγ-dimerisagan da mxolod amis Semdgom, aseTi 

formiT (α-suberTeuli-GTP) urTierTqmedebs efeqtorul cilebTan (sur. II.7). 

receptorTan urTierTqmedebis Semdgom  GTP-α-suberTeulis  kompleqsSi mcirdeba 

α-suberTeulis  Tvisoba GTP-sadmi, xolo GDP-sadmi matulobs, ris gamoc GTP scil-

deba α-suberTeuls,  mis adgils ikavebs GDP da warmoiqmneba α-suberTeuli-GDP-is 

kompleqsi. am kompleqsSi  α-suberTeulis Tvisoba βγ-suberTeulisadmi matulobs, 

ris gamoc  G-cila ubrundeba sawyis mdgomareobas (GDP-α-βγ- kompleqsi).   

zogierTi G-cila uSualod, meoradi mesenjerebis monawileobis gareSe, aregu-

lirebs ionuri arxis muSaobas. magaliTad, acetilqolinis dakavSireba muskarinul 

М2-receptorTan gulsa da zogierT neironSi iwvevs sxvadasxva tipis К+-arxebis 

aqtivacias, rac gamowveulia G-cilis aqtivaciis Sedegad warmoqmnili βγ-dimeris 

damoukidebeli urTierTqmedebiT К+-arxebTan.   

gansxvavebulia G-cilebis receptorebi. Sesabamisad, gansxvavebulia maTi ligan-

debic da signalis transduqciis gzebic. magaliTad, suraTze II. 8. mocemulia sami 
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gansxvavebuli ligandi — noradrenalini, glutamati da dofamini da maTi Sesabamisi 

receptorebi, romlebic dakavSirebulia sxvadasxva tipis G-cilebTan. rogorc 

suraTidan Cans, noradrenalinisa da dofaminis SemTxvevaSi receptorTan ligandis 

dakavSirebas mosdevs efeqtoruli cilis — adenilatciklazas aqtivobis cvlileba. 

pirvel SemTxvevaSi xdeba fermentis gaaqtiveba, xolo meore SemTxvevaSi — 

inhibireba. magram orive SemTxvevaSi meoradi mesenjeris funqcias asrulebs cAMP. 

adenilatciklaza warmoadgens G-cilebiT gamowveuli signalis transduqciis 

dadebiTi da uaryofiTi kontrolis erT-erT ZiriTad maregulirebel ferments. da-

debiTi efeqtis SemTxvevaSi mastimulirebeli ligandis dakavSirebisas iwyeba αS-

tipis suberTeulis Semcveli G-cilebis aqtivacia (s — niSnavs stimulacias). amitom 

am tipis G-cilebs GS-cilebs uwodeben. sxva regulatoruli naerTebi, magaliTad, 

adrenalini, romelic ujredze moqmedebs α2-receptorebis saSualebiT, aseve ade-

nozini, romlis samiznea α1-receptori an dofamini, romelic zemoqmedebs Sesabamis 

D2-receptorze, piriqiT, iwvevs adenilatciklazas inhibirebas. es mainhibirebeli 

naerTebi aaqtivebs mainhibirebel Gi-cilebs, romlebisTvisac damaxasiaTebelia αi—

tipis suberTeuli (i-aRniSnavs inhibirebas). mainhibirebeli ligandis dakavSireba 

receptorTan iwvevs Αi-suberTeulis disociacias, romelic, Sesabamisad, awarmoebs 

adenilatciklazas aqtivobis daqveiTebas. amave dros, βγ-dimerebs SeuZliaT dau-

kavSirdnen Tavisufal αi-suberTeulebs, rac damatebiT amcirebs adenilatciklazas 

aqtivobas da aZlierebs mainhibirebeli ligandebis efeqts. 

 

 
 

suraTi II.8. heterotrimeruli cilebidan signalis 

transduqciis zogierTi gza 

neirotransmiterebi ukavSirdebian Sesabamis 1R, 2R da 3R receptors da 

iwveven G-cilebisa da meoradi mesenjerebis moqmedebis Semdgom aqtivacias. 

Gs, Gq da Gi — heterotrimeruli cilebis sami gansxvavebuli tipi 
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amrigad, rogorc aqtivacia, ise inhibicia aqtiuri procesia. kerZod, Gs-cila 

aZlierebs fermentis muSaobas, anu zrdis ujredSi cAMP-is Semcvelobas, xolo Gi — 

piriqiT, amcirebs mis aqtivobas da, Sesabamisad, cAMP-is raodenobasac. 

cnobilia  sxva ujredgare agonistebi, romelTa dakavSirebiT Sesabamis recep-

torTan xdeba gansxvavebuli efeqtoruli fermentebis, magaliTad, fosfolipaza C-

s  gaaqtiureba. am procesSi CarTulia specifikuri Gq-cila, romelic awarmoebs 

membranuli fosfolipidis — fosfatidil-ionozitol-4,5-difosfatis daSlas or 

ujredSida mesenjerad — inozitol-1,4,5-trifosfatad (IP3) da diacilglicerolad 

(DAG). IP3 ukavSirdeba ra specifikur ligand-damokidebul  Са2+-arxebs endoplazmatur 

retikulumsa da mitoqondriebze, iwvevs maT gaxsnas da, Sesabamisad, Са2+-is koncentra-

ciis zrdas, xolo diacilgliceroli ferment proteinkinaza С-s gaaqtivebiT —  

sxvadasxva tipis ujredul efeqts.  

G-cilebi, kerZod maTi ά-suberTeuli warmoadgens zogierTi baqteriis toqsinis 

samiznes, aseTia magaliTad, qolerisa da yivanaxvelis baqteriebi. amis mizezi toqsi-

nebiT α-suberTeulis aminomJavebis ribozilirebaa. ribozilirebis procesi auci-

lebelia α-suberTeulis gasaaqtiureblad. am tipis toqsinebisaTvis damaxasiaTebe-

lia ADP-ribozil-transferazuli aqtivoba (axdens ADP-ribozis mierTebas α-

suberTeulis gansazRvrul ubnebze), ris gamoc irRveva signalis transduqcia da 

ujredis funqcionireba. magaliTad, qoleris toqsini moqmedebs ra Gs-cilis ά-

suberTeulze, mudmivad axdens mis ribozilirebas, ris gamoc Gs-cila mudmivad im-

yofeba gaaqtivebul, anu  disocirebul mdgomareobaSi. yivanaxvelas toqsini aseve 

iwvevs ADP-ribozilirebas. Tumca am SemTxvevaSi   Gi-cilis modifikacia xels uSlis 

mis urTierTqmedebas Sesabamis receptorTan, ris gamoc receptoris aqtivacias ar 

mosdevs adenilatciklazas inhibireba.    

rogorc aRvniSneT, heterotrimeruli G-cilis urTierTqmedeba ligand-recep-

torul kompleqsTan iwvevs misi α-suberTeulis gaaqtivebas, xolo es ukanaskneli 

efeqtorul cilasTan urTierTqmedebiT ganapirobebs ujredSida sasignalo kas-

kadis mimarTulebas. GPCR-tipis sasignalo sistemebSi, adenilat-ciklazas garda, 

gvxvdeba sxva efeqtoruli molekulebic, magaliTad, fosfolipaza С (axdens mem-

branuli fosfatidilinozitolis hidrolizs DAG-ad da IP3-ad) da fosfodiesTera-

za (awarmoebs cGMP-isa da cAMP-isa ciklis gaxsnas da Sesabamisad, AMP da GMP-is 

warmoqmnas). efeqtoruli molekulis funqcias, zogierT SemTxvevaSi, asrulebs                   

K+-isa da Na+-is arxebic.  

II.3.1.2.  proteinkinazebi 

ujredSida sasignalo gzis erT-erT Semadgenel komponentad warmodgenilia 

fermentebis didi jgufi, romelic gaerTianebulia saerTo saxelwodebis qveS — 

proteinkinazebi. fermentebis es jgufi axorcielebs ATP-dan kidura fosfatis naS-

Tis gadatanas sxvadasxva cilebze (sur.II.9). fermentebis am jgufis katalizuri do-

menis aminomJavuri Semadgenlobis detaluri Seswavlis safuZvelze SesaZlebeli 

gaxda momxdariyo maTi klasificireba. dResdReobiT ganixileba proteinkinazebis 5 

ZiriTadi jgufi.   
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suraTi II.9. proteinkinazebis moqmedebis zogadi sqema 

 

proteinkinazebis I jgufSi gaerTianebulia  fermentebi, romelTa aqtivobis 

regulatorebia cAMP (proteinkinaza A), cGMP (proteinkinaza G), diacilglicero-

li, fosfolipidebi da Ca2+-is ionebi (proteinkinaza C). am jgufis proteinkinazebi 

axorcieleben fosfatis gadatanas samizne cilebis serinsa da treoninze. isini 

SesaZlebelia warmodgenili iyos monomeruli formiT (magaliTad, proteinkinaza 

C), sadac yvela regulatoruli elementi Tavmoyrilia erT polipeptidur jaWvSi. 

am jgufis sxva warmomadgenlebisaTvis  damaxasiaTebelia dimeruli (mag., cGMP-

damokidebuli proteinkinaza) an heterooligomeruli (mag., cAMP-damokidebuli 

proteinkinaza)  forma.  am jgufis proteinkinazebis aqtivoba regulirdeba meoradi 

mesenjerebiT (cAMP, cGMP, Ca2+, fosfolipidi), romelTa ujredSida koncentracia 

icvleba pirveladi mesenjerebis moqmedebiT.  

proteinkinazebis II jgufs warmoadgens Ca2+-kalmadulin-damokidebuli prote-

inkinazebi. am jgufSi Semavali fermentebi Sedgeba katalizuri da erTi an ramdenime 

regulatoruli suberTeulisagan. regulatoruli suberTeulis funqcias asru-

lebs cila kalmadulini, romelsac SeuZlia urTierTqmedeba katalizur suberTe-

ulTan da warmoadgens fermentis integralur nawils, magaliTad, fosforilazas 

kinazas SemTxvevaSi, an  urTierTqmedebs da aaqtiurebs katalizur suberTeuls gar-

kveul SemTxvevaSi (magaliTad, miozinis msubuqi jaWvebis kinaza). am jgufis zogier-

Ti warmomadgeneli qmnis rTul oligomerul kompleqsebs (Ca2+-kalmadulin-damoki-

debuli proteinkinaza II) da, xSir SemTxvevaSi, maTi aqtivoba damokidebulis cAMP-

is ujredSida koncentraciaze. ujredSi AMP-is koncentraciis mateba mianiSnebs  

ujredis energoresursebis klebas. amitom AMP, ukavSirdeba ra ferments, aaqtivebs 

gansazRvruli samizne cilebis fosforilirebas, romlebic, Tavis mxriv,  uzrun-

velyofen ujredSi energomoxmarebis Semcirebas.  

proteinkinazebis III jgufi sakmaod heterogenuli jgufia. am jgufis proteinki-

nazebs miekuTvneba  ciklindamokidebuli proteinkinazebi, mitogenebiT aqtivire-

buli proteinkinazebi (MAP-kinazebi) da fermentebi, romlebsac SuZliaT glikogen-

sinTazas fosforilireba da monawileobs glikogenis sinTezSi. III jgufis protein-

kinazebi monomerebia (mag. MAP-kinazebi) an warmoqmnis kompleqsebs specialuri re-

gulatoruli suberTeulebiT, magaliTad ciklindamokidebuli proteinkinazebi.  

proteinkinazebis aqtivoba regulirdeba sxvadasxva ujredSida metabolitebiT 

(mag. poliaminebi), aseve autofosforilirebiT an fosforilirebiT, romelsac 

axorcieleben specialuri proteinkinazebi. am SemTxvevaSi, proteinkinaza TviTon 

warmoadgens substraqts sxva proteinkinazasTvis, romlis aqtivoba, Tavis mxriv, 
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regulirdeba an fosforilirebiT,  an romelime ujredSida mesenjeris, magaliTad, 

cAMP-is an  Ca2+-is moqmedebiT.  

IV jgufi warmodgenilia sxvadasxva TirozinkinazebiT.  am jgufSi Sedis prote-

inkinazebi, romlebic axorcieleben fosforilirebas samizne cilebis Tirozinul 

naSTebze.  cnobilia ori tipis Tirozinkinazuli aqtivobis mqone proteinkinaza — 

xsnadi da membranuli. membranuli proteinkinazebi Sedgeba 3 ZiriTadi ubnisagan. 

fermentis erTi ubani, romelic lokalizebulia ujredis gare zedapirze, asrulebs 

receptoris funqcias sxvadasxva hormonisaTvis (mag., insulini, epidermaluri 

zrdis faqtori da sxv.). cilis Semdegi ubani uzrunvelyofs mis lokalizacias mem-

branaSi da  swor orientacias, xolo bolo, citozoluri ubani Seicavs katalizur 

domens, romelic uSualod axorcielebs samizne cilebis Tirozinuli naSTebis fos-

forilirebas. fosforilireba SesaZlebelia ganicados rogorc uSualod ferment-

receptorma, aseve sxva  substratulma cilebma. fosforilireba SesaZlebelia ma-

nam, sanam fermentis gare ubani kompleqsSia hormonTan.  

V jgufSi gaerTianebulia yvela danarCeni proteinkinaza, romlebic xSirad mo-

nomeruli fermentebia, romelTa aqtivoba regulirdeba dabalmolekuluri ujre-

duli metabolitebiT. am jgufis fermentebi xasiaTdebian gansakuTrebuli Sereuli 

specifikurobiT da SeuZliaT  ganaxorcielon fosforilireba rogorc serinisa da 

treoninis, aseve Tirozinis naSTebzec, magaliTad, МАР-kinazas kinaza. 

II.3.1.2.1. adenilatciklaza, cAMP, proteinkinaza A  da 

masTan dakavSirebuli signalis transduqcia 

zogierTi hormonisa da neirotransmiteris mier aRZruli ujredSida reaqciebi 

mimdinareobs cAMP-is koncentraciis zrdis fonze, romelic meorad mesenjerad ga-

moyeneba, ZiriTadad, G-cilasTan SeuRlebuli tipis receptorebisaTvis. am aRmoCe-

nas safuZveli daedo RviZlSi glikogenis daSlis procesze adrenalinisa da gluka-

gonis moqmedebis meqanizmis SeswavliT. dadginda, rom procesis ZiriTadi fermentia 

glikogenfosforilaza. fermenti aqtiurdeba fosforilirebiT, xolo inhibirdeba 

— defosforilirebiT. naCvenebi iqna, rom reaqciis Sedegad warmoiqmneboda araci-

lovani bunebis naerTi, romelic iwvevda ferment glikogenfosforilazas aqtivi-

rebas. es naerTi aRmoCnda cAMP. 

 
 

cikliuri adenozinmonofosfati (cAMP) 

 

es aRmoCena daedo safuZvlad Teorias, romelic damyarebulia cAMP-is, rogorc 

meoradi mesenjeris funqciaze. am Teoriis Tanaxmad, ujredSi bioqimiuri procese-

bis cvlilebisaTvis ar aris aucilebeli hormonis Sesvla ujredSi, es procesi 
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SezRudulia plazmuri membraniT da hormonis efeqtis realizeba xorcieldeba re-

ceptoris saSualebiT. efeqtis gadacema receptoridan ujredis SigniT warmoebs 

cAMP-is saSualebiT, romelic garedan mosul sasignalo informacias gadascems 

ujredis SigniT da paralelurad axdens am signalis gaZlierebasac. 

 

 
 

suraTi II.10. fermenti adenilatciklaza 

 

cAMP-is masinTezirebel ferments erTjaWviani glikoproteini (120 kdal.) — ade-

nilatciklaza warmoadgens. identificirebulia eqvsi geni, romlebic adenilatcik-

lazas sxvadasxva izoformebs asinTezirebs. cnobilia adenilat-ciklazas 9 izo-

forma. yoveli maTgani membranuli, integraluri cilaa, romlebsac membranis 12 

gamWoli domeni da ori katalizuri domeni aqvs (sur.II.10).  

meore fermenti, romelic aseve moqmedebs ujredSi cAMP-is raodenobaze — cAMP-
damokidebuli fosfodiesTerazaa. adenilatciklazasagan gansxvavebiT, fosfodi-

esTeraza axorcielebs cAMP-is hidrolizs: 

 
adenilatciklaza plazmuri membranis Sida mxares aris lokalizebuli, xolo 

fosfodiesTeraza, membranis garda, gvxvdeba ujredis sxva nawilebSic.  

cAMP-is, rogorc ujredSida mesenjeris funqciis realizireba ori gziT 

xorcieldeba: 

I. proteinkinazuli reaqciebis aqtivaciiT  — cAMP awarmoebs ujredis SigniT, 

citoplazmaSi arsebuli sxvadasxva cilebis, maT Soris fermentebis fosforilire-

bas, ris Sedegadac fermentebi aqtivirdeba da, Sesabamisad, iwyeba sxvadasxva bioqi-

miuri procesi;  

II. ionuri arxebis aqtivobis regulirebiT — es efeqti gamowveulia arxis Semad-

geneli cilebis fosforilirebiT, rasac mosdevs zogierT SemTxvevaSi arxis gaxsna, 

an piriqiT, arxis daketva.   

ujredSi gansakuTrebiT intensiurad I gza mimdinareobs.  

 cAMP-s ararsebobisas, proteinkinaza А warmodgenilia oTxi suberTeuliT: ori 

regulatoruli da ori katalizuri. ujredebis umetesobaSi katalizuri suberTeu-

li erTnairia, xolo regulatoruli suberTeulebi xasiaTdeba maRali specifiku-

robiT. regulatoruli suberTeulebis arsebobisas fermentis aqtivoba inhibire-

bulia da misi aqtivobis gamovlena damokidebulia regulatoruli suberTeulebis 

Camocilebaze kompleqsidan. fermentis aqtivacia mimdinareobs ujredSi cAMP-is 

koncentraciis umniSvnelo matebisas. TiToeuli regulatoruli suberTeuli  ikav-

Sirebs erT molekula cAMP-s, rac inducirebs regulatoruli suberTeulis kon-
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formaciul cvlilebs da amcirebs mis afinurobas katalizuri suberTeulisadmi, 

ris Sedegadac regulatoruli suberTeuli scildeba katalizurs da es ukanaskne-

li xdeba aqtivirebuli. aqtivirebuli katalizuri suberTeuli iwyebs samizne ci-

lebis serinisa da treoninis naSTebis fosforilirebas.  

proteinkinaza A-s da sxva proteinkinazebis aminomJavuri Semadgenlobis Seswav-

lisas vlindeba, rom miuxedavad mniSvnelovani gansxvavebisa maT regulatorul 

TvisebebSi, es fermentebi maRalhomologiuria cilis pirveladi struqturis Sua 

nawiliT. cilis es ubani Seicavs АТP-damakavSirebel domens da aqtiur centrs, 

romelic uzrunvelyofs fosfatis gadatanas АТP-dan cila aqceptorze. fermentis 

sxva ubnebi monawileobas iRebs kinazuri aqtivobis regulaciaSi.  

aseve Seswavlilia cAMP-damokidebuli proteinkinazas katalizuri suberTeu-

lis struqturac. katalizuri ubnis Sua nawili Sedgeba ori — mcire da didi nawili-

sagan. mcire nawili Seicavs specifikur ATP-damakavSirebel ubans, xolo didi — pep-

tidis damakavSirebel ubans.  

mravali proteinkinaza Seicavs aseve specifikur regulatorul ubans, romelic 

cnobilia rogorc fsevdosubstratuli domeni. aminomJavuri SemadgenlobiT is 

substratuli cilebis fosforilirebuli ubnebis analogiuria. fsevdosubstra-

tuli domeni, ukavSirdeba ra aqtiur centrs, ainhibirebs proteinkinazebis WeSmari-

ti substratebis fosforilirebas. 

II.3.1.2. 2. fosfolipaza C, proteinkinaza  

С da masTan dakavSirebuli sasignalo gzebi 

adenilatciklazas garda, ujredSi efeqtoruli cilis funqcias aseve asrulebs 

fermenti  fosfolipaza C (PLC). aRmoCenilia fermentis rogorc citoplazmuri, aseve 

membranuli forma. membranuli PLC dakavSirebulia G-cilasTan da am ciliT xdeba misi 

gaaqtiureba. fermenti aqtiurdeba aseve receptoruli TirozinkinazaTi da Ca-ione-

biT. PLC awarmoebs membranuli fosfolipidis  fosfatidilinozitol-4,5-difosfa-

tis daSlas da ori meoradi mesenjeris — diacilglicerolis (DAG) da inozittri-

fosfatis (IP3) warmoqmnas (sur.II.11). 

IP3. nanaxi iqna, rom IP3-is moqmedeba gamoixateba specialuri Ca2+-depoebidan am 

ionis gadmodinebaSi, ris gamoc citoplazmaSi izrdeba Ca2+-is koncentracia. Ca2+-

depoebis funqcias asrulebs endoplazmuri bade da mitoqondriebi. 

 
suraTi II.11. fosfolipaza C-iT  inducirebuli 

membranuli fosfolipidis hidrolizi 
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IP3 ukavSirdeba depoebze arsebul receptorebs, romlebic Tavis mxriv, Ca2+-arxs 

warmoadgens. arxebi IP3-is dakavSirebis Sedegad ixsneba da iwyeba depoebidan Ca2+-is 

gadmosvla citozolSi (sur. II.12). 

citoplazmaSi Ca2+-is koncentraciis mateba iwvevs mTeli rigi biologiuri da 

fiziologiuri procesebis CarTvas, vinaidan Ca-ioni Tavad asrulebs ujredSida me-

oradi mesenjeris funqcias. 

DAG. fosfolipaza C-s mier fosfatidilinozitolis hidrolizis Sedegad war-

moiqmneba meore, hidrofoburi bunebis ujredSida mesenjeric — diacilgliceroli 

(DAG), romelic ujredSida efeqtebs axorcielebs specifikuri fermentis — pro-

teinkinaza C-s gaaqtivebiT. araaqtiuri protein-kinaza C citozoluri fermentia. 

misi zogierTi izoforma Ca2+-damakavSirebel ubnebs Seicavs. citozolSi Ca2+-is 

raodenobis mateba proteinkinaza C-s membranasTan asocirebas, gaaqtiurebas da, Se-

sabamisad, sxvadasxva substratuli cilebis fosforilirebas da specifikur ujre-

dul pasuxebs iwvevs. protein-kinaza A-s analogiurad, proteinkinaza C monawileobs 

transkrifciuli faqtorebis makodirebeli genebis regulaciaSi, ionuri arxebisa 

da transporterebis, aseve sxvadasxva tipis proteinkinazebis fosforilirebasa da 

gaaqtiurebaSi. proteinkinaza C-s unari, akontrolos transkrifciuli faqtorebis 

fosforilireba, safuZvlad udevs mis rols ujredis zrdis regulirebaSi, dife-

rencirebasa da sxvadasxva ujredisa da qsovilis apoptozsa da nekrozSi.  

 

 
 

suraTi II.12. fosfolipaza C-s gaaqtiureba da misi monawileobiT  

aRZruli sasignalo kaskadi 

L – ligandi; PIP2 – fosfatidilinozitol-4,5-difosfati;  

PLC – fosfolipaza C; DAG — diacilgliceroli; IP3  – inozitfosfati 

 
fermentis molekula erTi polipeptiduri jaWviTaa warmodgenili da masze ga-

nasxvaveben katalizur, regulatorul da alosterul ubnebs. aqtivaciisas igi ukav-

Sirdeba membranas. am momentSi is jer kidev araaqtiuria. fermenti aqtivdeba mxo-

lod mas Semdeg, rac alosteriuli ubniT ukavSirdeba DAG-s.  
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suraTi II.13. diacilglicerolis metabolizmi 

 

DAG ormxriv metabolizms ganicdis, anu masze moqmedebs ori fermenti — dia-

cilglicerollipaza da diacilglicerolkinaza (sur.II.13). lipazuri gardaqmnis 

Sedegad DAG warmoqmnis monoacilglicerols, romelic sabolood hidrolizdeba 

glicerinad da cximovan mJavad (umetesad araqidonis mJavad). warmoqmnili araqido-

nis mJava sawyiss aZlevs mTel rig biologiurad aqtiur naerTebs, romlebsac, Tavis 

mxriv, SeuZliaT Seasrulon ujredSida mesenjerebis funqcia. diacilglicerolki-

nazas zemoqmedebiT warmoebs  DAG-is fosforilireba da warmoiqmneba fosfatidis 

mJava, romelic ara marto aris yvela ujreduli membranis Semadgeneli nawili, ara-

med warmoadgens Sualeduri rgols cximebisa da sxva fosfolipidebis biosinTezis 

procesSi. aseve fiqroben, rom fosfatidis mJava moqmedebs, rogorc meoradi mesen-

jeri.  

II.3.1.2.3.  sxva fosfolipazebi da maTTan dakavSirebuli sasignalo gzebi 

zogierTi agonisti G-cilis saSualebiT aaqtivebs ferment fosfolipaza А2-s 

(PLA2), romelic fosfolipaza C-s analogiurad, moqmedebs membranul fosfolipi-

debze.  PLA2 akatalizirebs diacilfosfoglicerididan me-2 mdgomareobaSi arsebu-

li cximovani mJavis Camocilebas, rasac mosdevs Tavisufali cximovani mJavisa da  

lizofosfolipidis warmoqmna (sur. II.14). cnobilia ramdenime tipis PLA2, maTgan 

gansakuTrebiT mniSvnelovania ori jgufi — sekretirebadi (ujredgare)  PLA2 da ci-

tozoluri PLA2. 

 
suraTi II.14. fosfolipaza A2-is moqmedeba membranul fosfolipidze 
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PLA2-is sekretirebadi formebi gamoyofilia futkris, krazanebisa da sxvadasxva 

saxeobis gvelis Sxamidan. isini aseve nanaxia ZuZumwovrebis yvela qsovilSi. am tipis 

fosfolipazebis aqtivobisaTvis aucilebelia kalciumis ioni.  

ujredSida, citoplazmuri  PLA2, iseve rogorc sekretirebadi izoforma, aqti-

vobisaTvis saWiroebs Ca2+-is ionebis arsebobas, Tumca struqturulad isini mkveT-

rad gansxvavdebian erTmaneTisagan. citoplazmuri PLA2, ZiriTadad, CarTulia uj-

redis iseT  sasignalo gzebSi, romlebic ganapirobeben ujredSi anTebiT procesebs. 

amis mizezia PLA2-is monawileobiT araqidonis mJavis warmoqmna, romelic, Tavis 

mxriv, iseTi sasignalo molekulebis winamorbedad iTvleba, rogoricaa leikotrie-

nebi da prostaglandinebi (sur.II.15).  

imis gamo, rom zogierT fosfolipids me-2 mdgomareobaSi aqvs araqidonis mJava, 

citoplazmaSi matulobs Tavisufali araqidonis mJavas raodenoba, romelic efeq-

toruli molekulaa. araqidonis mJava aseve warmoiqmneba diacilglicerolis daS-

lis Sedegad.   

 

suraTi II.15. araqidonis mJavisa da misgan 

regulatoruli naerTebis warmoqmnis sqema 

 

prostaglandinebi, prostaciklinebi da Tromboqsanebi sinTezirdeba araqido-

nis mJavisgan ciklooqsigenezuri gziT, xolo leikotrienebi — lipoqsigenezuri 

gziT (sur.II.16). cnobilia, rom glukokortikoidebis anTebis sawinaaRmdego efeqti 

ganpirobebulia swored fosfolipaza A2-is inhibirebiT. acetilsalicilis mJava 

(aspirini) da sxva arasteroiduli saSualebebi awarmoebs swored araqidonis mJavas 

gardaqmnis ciklooqsigenezuri gzis inhibirebas.  

 

suraTi II.16. araqidonis mJavis warmoqmnis  

receptor-damokidebuli meqanizmi 
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araqidonis mJavis warmoqmnis receptor-damokidebuli meqanizmi ganixileboda 

rogorc ori fermentis (PLC da PLA2) erTdrouli, kombinirebuli moqmedebis Sede-

gi. rogorc cnobilia, PLC awarmoebs diacilglicerolis warmoqmnas, romelic Sem-

dgomSi ferment digliceridlipazas moqmedebiT axdens Tavisufali araqidonis mJa-

vis gamoTavisuflebas. dResdReobiT damtkicebulia, rom araqidonis mJavis recep-

tor-damokidebuli gamoTavisufleba mimdinareobs, ZiriTadad, PLA2-s aqtivaciiT 

da mis pirvelad substrats warmoadgens fosfatidilqolini. aseve nanaxia, rom re-

ceptoridan PLA2-ze signalis gadacemaSi CarTulia G-cila.  

II.3.2. guanilatciklaza,  cGMP da masTan 

dakavSirebuli signalis transduqcia 

cAMP-is garda, ujredebSi identificirebulia aseve  meore cikliuri nukle-

otidi — 3’5’-guanozinmonofosfati (c-gmf, cGMP), romelic kunTovani da arakunTo-

vani SekumSvis, mxedvelobis signalis transduqciisa da sisxlis moculobis homeos-

tazis regulirebis mniSvnelovani mesenjeria. misi ujredSida done regulirdeba 

masinTezebeli (guanilatciklaza) da damSleli (cGMP-damokidebuli fosfodiesTe-

raza) fermentebis moqmedebiT: 

 

cnobilia ferment guanilatciklazas oTxi ZiriTadi forma, aqedan sami membra-

nasTanaa dakavSirebulia, xolo erTi — xsnadi, citozoluri. dadgenilia, rom 

fermentis membranuli formebi (mol. masa 180kdal.) sami ubnisagan Sedgeba — recep-

toruli (lokalizebulia plazmuri membranis gare zedapirze), Sidamembranuli do-

meni da katalizuri (sur. II.17). guanilatciklaza aRmoCenilia ZuZumwovrebis sxva-

dasxva organoSi (guli, filtvebi, Tirkmelebi, badura, nawlavebis endoTeliumi, 

Tirkmelzeda jirkvali da sxv.), rac miuTiTebs mis aqtiur monawileobaze ujredSi-

da metabolizmSi cGMP-is saSualebiT. 

 membranuli guanilaciklaza aqtivdeba Sesabamis receptorul ubanze ujred-

gare ligandebiT zemoqmedebisas. misi ligandebi moklejaWviani (18-20 aminomJavuri 

naSTi) peptidebia. magaliTad, winagulebis (atriuli) natriuretuli faqtori (ANF), 

Termostabiluri gramuaryofiTi baqteriebis toqsinebi da sxva. ANF sinTezirdeba 

winagulebis mier sisxlis moculobis zrdis sapasuxod, sisxliT xvdeba Tirkmeleb-

Si, aaqtivebs guanilatciklazas (Sesabamisad, zrdis cGMP-is Semcvelobas) da xels 

uwyobs Na+-isa da wylis eqskrecias organizmidan. sisxlZarRvebis gluvi kunTebi 

aseve Seicavs membranul guanilatciklazas, romlis daxmarebiT ANF iwvevs sis-

xlZarRvis gamafarToebel efeqts da xels uwyobs sisxlis wnevis dawevas. nawlavis 

epiTeliumis ujredebSi guanilatciklazuri sistemis aqtivatorad iTvleba sxva-

dasxva baqteriuli toqsinebi, rac iwvevs nawlavis mier wylis Sewovis Seferxebas da 

diareas.  
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suraTi II.17.  membranasTan asocirebuli da xsnadi guanilatciklaza 

 

xsnadi guanilatciklaza (152kdal.) warmoadgens hemis jgufis Semcvel fer-

ments, romelic ori gansxvavebuli suberTeulisagan Sedgeba (82 kdal. da 70 kdal). 

TiToeul suberTeulTan dakavSirebulia hemis erTi molekula. xsnadi guanilat-

ciklazas ligandia azotis oqsidi (NO), romelic hems ukavSirdeba. NO-s ararsebobi-

sas, guanilatciklazas aqtivoba Zalze dabalia. hemisa da NO-s  urTierTkavSiris Se-

degad iwyeba guanilatciklazas struqturuli cvlilebebi da aqtivobis zrda. am-

rigad, xsnadi guanilatciklazas aqtivobisa da, Sesabamisad, cGMP-is raodenobis ma-

teba dakavSirebulia ujredSi NO-s koncentraciis zrdasTan. misi aqtivobis regu-

lirebaSi monawileobas iRebs nitrovazodilatatorebi da Tavisufali radikalebi 

— lipidebis zeJanguri Jangvis produqtebi.  

guanilatciklazas gaaqtivebis Sedegad warmoqmnili cGMP, cAMP-is analogiu-

rad, Tavis efeqtebs ori gziT axorcielebs — proteinkinazebis aqtivaciiTa da io-

nuri arxebis muSaobis regulirebiT (sur. II.18).  

 

 
 

suraTi II.18. ujredSi guanilaciklazas moqmedebis meqanizmi 
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cGMP-damokidebuli proteinkinaza (proteinkinaza G) ZiriTadad gvxvdeba ci-

toplazmaSi. cAMP-damokidebuli proteinkinazebisagan gansxvavebiT, es fermenti ar 

Seicavs calke katalizur da calke regulatorul ubnebs. es ubnebi erT polipepti-

dur jaWvSia ganTavsebuli. fermentSi ori aseTi jaWvi gvxvdeba. cGMP-Tan dakavSi-

rebis Semdeg, mis molekulaSi iwyeba konformaciuli cvlilebebi, romelTa Sedegad 

katalizuri ubani Tavisufldeba da Seswevs unari moaxdinos substratuli cilebis 

fosforilireba (sur.II.19).  

 

 
 

suraTi II.19. cGMP-damokidebuli  

proteinkinazas sqematuri struqtura 

 

rogorc zemoT iyo aRniSnuli, cGMP Tavis efeqts proteinkinazebis aqtivaciis 

garda, axorcielebs aseve ionur arxebze zemoqmedebiTac. amis magaliTia cGMP-is 

moqmedeba fotoreceptorul ujredebze. am tipis ujredebSi cGMP, uSualod, yo-

velgvari proteinkinazuli aqtivaciis gareSe, aregulirebs Na+-is arxis muSaobas da 

am ionis ionis ujredSi Sesvlis process. 

II.3.3. fosfodiesTerazebi 

fermentebis jgufi fosfodiesTerazebi moqmedebs, rogorc cikliuri nukleo-

tidebis mier warmoqmnili sasignalo kaskadis uaryofiTi regulatorebi da warmod-

gens mniSvnelovan komponentebs ujredSida signalizaciis procesSi. fosfodiesTe-

razebi awarmoebs rogorc cAMP-is, aseve cGMP-is hidrolizs 5’- nukleotid — mono-

fosfatamde (sur. II. 20). cAMP-isa da cGMP-is hidrolizisaTvis fosfodiesTeraza 

saWiroebs Mg-is ionis arsebobas.  

ZuZumwovrebis organizmSi nanaxia  fosfodiesTerazas 50 izoformaze meti, rom-

lebic qmnis 11 jgufs. aqedan 3 jgufi (IV, VII da VIII) substratad iyenebs mxolod  

cAMP-s, 3  specifikuria mxolod cGMP-isadmi (V, VI da IX), xolo danarCeni jgufebi 

xasiaTdeba substratisadmi naklebi specifikurobiT.  

fosfodiesTerazas yvela izoforma msgavsi struqturuli agebulebiT xasiaT-

deba, kerZod  Sedgeba sami  ZiriTadi funqcionaluri  domenisagan: regulatoruli 

N-terminali, centraluri katalizuri domeni da regulatoruli  С-domeni. N-ter-

minaluri domeni monawileobs katalizuri centris regulaciaSi da am domenSia  ase-

ve ubani, sadac xdeba cikluri nukleotidebis dakavSireba da proteinkinazebiT 

fosforilireba, xolo С-domeni aucilebelia fermentis dimerizaciisaTvis. 
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suraTi II.20. cikliuri mononukleotidebis  

hidrolizi fosfodiesTerazebis izoformebiT 

 

fosfodiesTerazebis regulacia mimdinareobs sxvadasxva proteinkinaziT (А, B, 

G, MAP, Ca-CаM), Са2+-kalmaduliniTa da cGMP-iT. magaliTad, Ca2+-kalmadulinis kom-

pleqsi aCqarebs cAMP-isa da cGMP-is hidrolizs fosfodiesTeraza I-iT, xolo Ca-
kalmadulin-damokidebuli proteinkinaza, piriqiT, ainhibirebs cikliuri nukleo-

tidebis hidrolizs. 

II.3.4.  monomeruli G-cilebi 

cocxal ujredSi gvxvdeba GTP-damakavSirebeli cilebis gansakuTrebuli jgu-

fi, romlebsac monomeruli  GTP-damakavSirebeli cilebi ewodebaT. es jgufi aseve 

cnobilia, rogorc mcire G-cilebi. am jgufis cilebi mcire zomis peptidebia, mole-

kuluri woniT 20-25 kdal. cxrilSi 2 mocemulia G-cilebis ZiriTadi qveklasebi da 

maTi aqtivobiT gamowveuli ujreduli efeqtebi. 

 

cxrili II. 2. 

zogierTi monomeruli G-cila da maTi 

monawileobiT warmoebuli ujreduli efeqti 

 

monomeruli 
G-cilebis 
qveklasi 

ujreduli efeqti 

Ras- cila ujredis zrdisa da diferencirebis kontroli 

Rho- cila filamentebis polimerizaciisa da specializebul 
struqturebad maTi awyobis kontroli 

Rab- cila vezikulis membranasTan transportirebisa da 
gadaadgilebis kontroli 

ARF- cila vezikulebSi specifikuri cilebis awyobis konroli 

Ran- cila birTvuli forebiT rnm-isa da cilebis gadaadgileba
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am ojaxSi Semavali yvela cila erTjaWviani polipeptidebia (189 aminomJava) da 

dakavSirebulia plazmur membranasTan lipiduri (postranslaciuri) С-ubnebiT. am 

cilebisaTvis damaxasiaTebelia is, rom ikavSireben guaninur nukleotidebs (GTP da 

GDP) da axasiaTebT GTP-azuri aqtivoba. iseve rogorc heterotrimeruli G-cilebis 

SemTxvevaSi, monomeruli  G-cilebis gaaqtivebac  xdeba GTP-Tan maTi urTierTqmede-

biT. cilebis am jgufidan yvelaze kargad Seswavlilia  ras-genis mier sinTezirebuli 

Ras-cilebi, romlebic heterotrimeruli G-cilebis ά-suberTeulis msgavsia. es cilebi 

monawileobs ujredis gayofisa da diferencirebis procesSi. adamianis simsivneebis 

30% Seicavs ujredebs, sadac gaZlierebulia mutant Ras-onkogenebis eqspresia. 

Ras-cilebi, amave jgufis Rho-cilebTan erTad,  monawileoben signalis gadatana-

Si Tirozinkinazuli da zrdis faqtoris receptorebidan ujredSida efeqtorebze. 

Ras-cilebis mier warmoebuli procesebi gulisxmobs polipeptiduri jaWvis elon-

gacias, ujredebis proliferacias da diferencirebas, maT simsivnur gardaqmnas, 

citoConCxis aqtivobis kontrolsa da urTierTobas ujredgare matriqsTan, veziku-

lur transportsa da sekrecias. aqtiur mdgomareobaSi Ras-cila dakavSirebulia 

GTP-Tan, xolo araaqtiurSi — GDP-Tan (sur. II.21). 

 

 
suraTi II. 21. Ras-cilis aqtivacia da inaqtivacia 

 

Ras-cilaSi GDP-is Secvla GTP-iT stimulirdeba specifikuri guanin-nukleoti-

duri faqtoriT — GEF-iT (guanine nucleotide exchange factor – igive SOS), xolo GTP-isa 

GDP-iT - GTP-aza gamaaqtivebeli ciliT, e.w. GAP-iT (GTPase activating protein). amave 

dros, guanin-nukleotidis disociaciis cilovan inhibitors GDI-s (guanine nucleotide 

dissociation inhibitor) SeuZlia Ras-is gaCereba araaqtiur mdgomareobaSi, axdens ra 

guanin-nukleotidebis cvlis inhibirebas. 

Ras-is aqtivacia ganpirobebulia e.w. receptoruli Tirozinkinazebis gaaqtiu-

rebiT. zrdis faqtoris dakavSirebiT receptorTan iwvevs mis dakavSirebas e.w. adap-

torul  Grb2-cilasTan,  romelsac aqvs specifikuri ubnebi. es ubnebia SH2- da SH3-

omeni. (sur.II.22). am domenebis daxmarebiT, Grb2-cila urTierTqmedebs cila GEF-Tan. 

am urTierTqmedebiT Grb2-cila aRmoCndeba ujredis zedapiruli membranis Sida mxa-

reze, romelTanac, Tavis mxriv, farnezilis hidrofoburi naSTebiT dakavSirebulia 

Ras. am movlenis Sedegad iwyeba aqtiuri Ras-GTP-kompleqsis warmoqmna, romelic, Ta-

vis mxriv, urTierTqmedebs serin/treonin-kinazuri aqtivobis mqone proteinkinazu-

li aqtivobis mqone fermentTan – Raf-Tan. aRsaniSnavia, rom Ras ar zrdis Raf-is kata-

lizur aqtivobas, aramed axdens misi translokaciis Secvlas citozolidan membra-

naze, sadac es ukanaskneli awarmoebs membranasTan dakavSirebuli sxva cilebis fos-

forilirebas. Ras-is molekulis procesingis dros mimdinareobs misi farnezilire-

ba 186-e cisteinis molekulaze, ris Semdegac mas scildeba C-bolodan aminomJavebis 

garkveuli raodenoba da 186-e cisteini xdeba darCenili molekulis C-bolo. swo-

red cistenis es molekula ganicdis Semdgom palmitirebas, rac zrdis Ras-is mole-

kulis Tvisobas membranisadmi. 
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suraTi II.22.  monomeruli GTP-damakavSirebel  

cilebis moqmedebis meqanizmi 

A — adaptoruli cila Grb2-is gaaqtiureba da HS-domeniT  

misi urTierTqmedeba GEF-Tan;  B – Ras-is gaaqtivebaSi CarTuli cilebi;   

C – GDP/GTP-is cvlis meqanizmi 

 

am gziT gaaqtivebuli Ras-cila axdens serin-troninkinazuri aqtivobis mqone sa-

mizne cilis — Raf-is fosforilirebas da, Sesabamisad, gaaqtiurebas, romelic, Tavis 

mxriv, aaqtivebs meore samizne cilas, e.w. МЕК-s (Tirozin/ treoninkinaza). am ukanas-

knels ormagi specifikuroba axasiaTebs — awarmoebs treoninisa da Tirozinis fos-

forilirebas. misi samiznea fermenti ERK – ujredgare signalis regulirebis mito-

geniT aqtivirebadi kinaza (sur.II.23). 

 

 
suraTi II.23. Ras-ciliT ganpirobebuli sasignalo kaskadi 
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gaaqtiurebuli Ras-cila  zrdis GTP-is GDP-ad gardaqmnis intensivobas, rac, Tavis 

mxriv, aZlierebs e.w. mitogenebiT gaaqtivebuli proteinkinazebis, anu MAP-kinazuri 

kaskadis  muSaobas. MAP-kinazuri kaskadi monawileobs sxvadasxva samizne cilebis fos-

forilirebaSi. am cilebs Sorisaa citozoluri transkrifciuli faqtorebi, romle-

bic ujredis gayofisa da diferencirebis procesSi aris CarTuli. 

II.3.5.  fermentuli aqtivobis mqone receptorebi 

(katalizuri receptorebi) 

zogierTi hormoni da zrdis faqtori ujredgare aredan ukavSirdeba ujredis 

membranis zogierT receptorul cilas, romelTac aqvT fermentuli aqtivoba mem-

branis citoplazmur mxareze. am tipis receptorebs katalizuri receptorebi ewo-

deba (sur. II.24). maTi umetesoba warmoadgens monomerebs, romlebic pirvelad mesen-

jerTan dakavSirebis Sedegad ganicdis dimerizacias. katalizuri receptorebi Se-

saZlebelia iyos oligomerebic, romlebic warmodgenilia ramdenime sxvadasxva su-

berTeuliT, magaliTad insulinis receptori, romelic dimeris saxiT arsebobs, 

warmodgenilia ori receptoriT, romelic erTmaneTTan dakavSirebulia arakova-

lenturi kavSiriT. epidermaluri zrdis faqtoris receptori warmodgenilia cal-

keuli formebiT, romlebic dimers warmoqmnis mxolod ligandis dakavSirebis Sem-

dgom.   

 
 

suraTi II.24. katalizuri receptoris 

zogadi struqtura da moqmedebis meqanizmi 

 

zogadad,  am tipis receptorebisaTvis damaxasiaTebelia is, rom maTi monomeru-

li suberTeulis polipeptiduri jaWvi mxolod erTxel ganWolavs plazmur membra-

nas da warmoqmnis sam domens: ujredgare ligand-damakavSirebels, transmembranuls 

da interacelularuls, romelic Seicavs fermentuli aqtivobis mqone ubnebs.  

am jgufis receptorebi ganapirobeben signals mTeli rigi endogenuri naerTebi-

dan, maT Sorisaa insulini, epidermaluri zrdis faqtori (EGF), Trombocitaruli 

zrdis faqtori (PDGF) da sxv.  

aRmoCenilia mTeli rigi cilebisa, romlebic ukavSirdebian zrdis faqtoris ga-

aqtivebul receptors. miuxedavad gansxvavebuli struqturisa, es cilebi Seicaven 

or konservatul domens, romlebsac ewodebaT SH2- da SH3-domenebi (Sre homology 

region). am ubnebis daxmarebiT, es cilebi ukavSirdebian Sesabamis  receptors.  
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citoplazmur samizneebTan urTierTobis meqanizmiT Tirozinkinazuli recep-

torebi or jgufad iyofa. I jgufSi gaerTianebulia receptorebi, romelTa katali-

zuri ubani citoplazmur mxarezea ganTavsebuli da aqtivirdeba receptoris urTi-

erTqmedebiT ligandTan. am jgufis receptorebs miekuTvneba e.w. proteinTirozin-

kinazebis (receptoruli Tirozinkinazebi — ROR)sakmaod didi ojaxi, romlebsac 

aqvs autofosforilirebis, anu sakuTari Tavis fosforilirebis SesaZlebloba. 

fosforilirdeba receptoris molekulis Tirozinuli naSTebi, rasac mosdevs  Se-

sabamisi samizne cilebis Tirozinis naSTebis fosforilirebac. amave jgufis recep-

torebia proteinTirozinfosfatazuri aqtivobis mqone receptorebic, romlebic 

axdens fosforilirebuli samizne cilebis defosforilirebas. receptoruli pro-

teinTirozinkinazebi da proteinTirozinfosfatazebi CarTulia iseTi procesebSi, 

rogoricaa ujredis gayofa, diferencireba, imunuri pasuxis Camoyalibeba da sxv.  

iseTi agonisti, rogoricaa, magaliTad, nervis zrdis faqtori (NGF), astimuli-

rebs Sesabamisi receptoris  Tirozinproteinkinazul aqtivobas, rasac mosdevs Se-

sabamisi specifikuri cila-efeqtorebis Tirozinuli naSTebis fosforilirebac. 

zrdis faqtorebis receptorebis umravlesoba NGF-is dakavSirebis Sedegad, ganic-

dis dimerizacias, rac ganapirobebs receptoris Tirozinkinazuri aqtivobis gamov-

lenas. xSir SemTxvevaSi gaaqtivebuli receptorebi axdens autofosforilirebas. 

amave tipisaa insulinis receptoric, romelic ujredSi gvxvdeba disulfid-da-

kavSirebuli dimeris saxiT. insulinis urTierTqmedebiT iwyeba receptoris orive 

monomeris konformaciuli cvlilebebi, rac zrdis ligandis receptorTan dakavSi-

rebis process, aaqtiurebs receptoris Tirozinkinazur aqtivobas  da autofosfo-

rilirebas (sur. II.25).  

hormonis an zrdis faqtoris dakavSirebiT Sesabamis receptorTan iwyeba mrav-

laferovani ujreduli pasuxebi, maT Soris citoplazmaSi Са2+-ionis Sesvla, Na+/H+-

cvla, ujredSi aminomJavebis transportis intensivobis mateba, fosfolipaza С-s 

stimulireba da fosfatidilinozitolis hidrolizi. amave tipis receptorebia se-

rin-treoninkinazuri receptorebic, romlebic awarmoebs cilis serinisa da treo-

ninis naSTebis fosforilirebas.  

 
 

suraTi II.25. insulinis receptori da misi moqmedebis sqema 

 

katalizuri receptorebis II jgufs qmnis receptorebi, romlebsac fermentuli 

aqtivoba ar gaaCnia. Tumca garegani signalis arsebobisas isini iZenen Tvisebas dau-

kavSirdes citoplazmaSi  arsebul arareceptorul Tirozinkinazebs, romlebic Ta-
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visufal mdgomareobaSi araaqtiuria, xolo receptorTan dakavSirebis Sedegad aq-

tivirdeba da axdens receptoris fosforilirebas (sur.II.26). fosfaturi naSTebis 

mierTeba receptorze qmnis pirobebs sxva samizne cilebis dasakavSireblad, romle-

bic aseve ganicdis fosforilirebas da am gziT gadascems signals sasignalo kaska-

dis qveda safuxurze mdgom samizneebs. II jgufis receptorebs miekuTvneba is recep-

torebi, romlebic monawileobs imunuri pasuxis ganviTarebaSi, kerZod, sxvadasxva 

antigenebis, citokinebisa da interleikinebis receptorebi.  

am tipis receptorebis moqmedebis meqanizmi SesaZlebelia ganvixiloT citokine-

bis receptorebis magaliTze, romelic uSualod ar warmoadgens proteinkinazebs. 

aqtivaciis Semdgom receptorebi ujredSi arsebul TirozinkinazebTan warmoqmnis 

sasignalo kompleqsebs da am formiT monawileobs ujredSida efeqtebis warmoqmna-

Si. amrigad gamodis, rom isini ar warmoadgens Tirozinkinazuli aqtivobis mqone 

WeSmarit receptorebs da maT funqcias warmoadgens Tirozinkinazebis gaaqtiveba. 

araareceptorul Tirozinkinazebs, romelTa aqtivoba vlindeba mxolod Sesabamis 

receptorTan urTierTqmedebis Sedegad receptor-damokidebuli (arareceptoru-

li)  Tirozinkinazebi ewodeba.  

 

 
 

suraTi II.26. arareceptoruli Tirozinkinaza 

(receptor-damokidebuli)  interleikinis receptoris magaliTze 

 

 

am tipis Tirozinkinazebs miekuTvneba magaliTad, e.w.  JAK-kinazebi (ianuskinaze-

bi), romlebic  Cveulebri mdgomareobaSi araaqtiuria da maTi gaaqtiureba iwyeba Se-

sabamis receptorTan dakavSirebiT da am ukanasknelis autofisfirilirebiT. fos-

forilirebuli receptori ikavSirebs citoplazmaSi arsebul samizne cilebs — STAT 

— cilebs (ing. signal transducer and activator of transcription).    

gaaqtivebul receptorTan STAT-is dakavSirebis Sedegad xdeba am ukanasknelis 

fosforilireba JAK-kinazebiT da gaaqtiveba. gaaqtivebuli STAT-cilebi iwyebs di-

merizacias da aseTi formiT gadaadgildeba birTvSi, sadac inducirebs Sesabamisi 

genebis eqspresias (sur.II. 27). calkeuli receptoris specifikuroba nawilobriv da-

mokidebulia JAK-is an STAT-is ojaxis im warmomadgenlis specifikurobaze, rome-

lic qmnis sasignalo kompleqss (receptori — JAK-kinaza — STAT-cila).  
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suraTi II.27. receptor-damokidebuli 

TirozinkinazebiT warmoqmnili sasignalo kaskadi 

 

amrigad, sistema, romelic Sedgeba JAK-kinazis, receptorisa da sasignalo STAT-

cilisagan, ujredgare aredan  gadascems informacias uSualod birTvSi, meoradi 

mesenjeris monawileobis gareSe.  

II.3. 6. arxuli tipis receptorebi 

rogorc zemoT iyo aRniSnuli, membranuli receptorebis klass miekuTvneba ase-

ve receptorebi, romlebic ujredis membranaze qmnis specializebul ionur arxebs. 

maT arxuli receptorebi ewodebaT. am tipis receptorebi warmoadgens oligomerul 

cilebs, romlebic warmoqmnis ligandiT aqtivirebad ionur arxs. ligandis dakavSi-

rebas mosdevs arxis gaxsna iseTi ionebisaTvis, rogoricaa Na+, K+, Ca2+ an Cl-. am meqa-

nizmiT amagznebel signalebs gadascems iseTi neiromediatorebi, rogoricaa ace-

tilqolini, glutamati, γ-aminoerbos mJava da sxv. (sur. II.28).  

membranis ionur arxebs udidesi mniSvneloba aqvs ujredis sicocxlisaTvis. isi-

ni uzrunvelyofs ujredis mier nivTierebis, energiisa da informaciis cvlas gare-

momcvel aresTan. arxebiT iwyeba da yalibdeba agznebisa da Sekavebis procesi ner-

vul da kunTovan ujredebSi, isini aseve sxva receptorebTan erTad pasuxismgebelia 

garemomcveli aredan ujredis SigniT signalebis gadacemaze. ionuri arxebi monawi-

leobs aseve agznebuli neironidan sxva ujredebze agznebis sinafsur gadacemaSi.  
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suraTi II. 28. ujredis membranaSi CaSenebuli 

ionuri arxebi da maTi zogadi struqtura – 

(Horn R.-is mixedviT. Peering into the spark of life, Nature, 2011) 

 
ionuri arxebi — rTuli transmembranuli cilovani struqturebia, romlebic 

ramdenjerme gansWvalavs membranas da qmnis arxebs, e.w. forebs. arxuli cilebi Sed-

geba suberTeulebisagan, romlebic foris garda, Seicavs damatebiT sistemebs. es 

sistemebi monawileobs arxis gaRebaSi, daketvaSi, inaqtivaciaSi, SerCeviTobaSi, sig-

nalis recepciasa da regulaciaSi. ionuri arxebi Seicavs ara erT, aramed ramdenime 

ubans (saits), romlebic aucilebelia maregulirebeli nivTierebebis (ligandebis) 

dakavSirebisaTvis. amrigad, ionuri arxebi — integraluri cilebia, romlebic mem-

branaSi qmnis foras, romliTac xorcieldeba ujredsa da garemomcvel ares Soris 

K+, Na+, H+, Ca2+ , Cl--isa da wylis cvla.  

II.3. 6.1.  ionuri arxebis agebuleba 

Tanamedrove meTodebis gamoyenebam SesaZlebeli gaxada ionuri arxebis moleku-

luri sturuqturisa da maTi Semadgeneli elementebis funqciuri mniSvnelobis 

dadgena. aRmoCnda, rom praqtikulad nebismieri arxi Sedgeba ramdenime struqtu-

rul-funqciuri nawilisagan, romlebic pasuxismgebelia arxis gaRebaze, daxurvaze, 

seleqtiurobaze, inaqtivaciasa da regulaciaze. dadgenilia, rom arxis foris war-

momqmneli nawili warmodgenilia erTiani polipeptidiT, romelic organizirebu-

lia ramdenime identuri transmembranuli domeniT an Sedgeba cilis ramdenime su-

berTeulisagan, romlebic struturulad SesaZlebelia iyos erTnairi (homooligo-

meri) an araerTgvarovani (heterooligomeri). foris warmomqmneli suberTeuli 

warmodgenilia ramdenime transmembranuli Α-spiraluri segmentiT (sur. II.29). 

ionuri arxebi seleqtiurad atarebs ionebs, rac realizdeba arxis yvelaze viw-

ro nawiliT,  e.w. seleqtiur filtriT. magaliTad, kaTion-seleqtiuri arxebis fil-

trSi arsebobs uaryofiTad damuxtuli aminomJavuri naSTebi, romlebic izidavs da-

debiT muxtebs, xolo uaryofiTebs — ganizidavs.  

 

 
suraTi II. 29.  K+-is (A) da Ca2+-is (B) potencial-mgrZnobiare arxebi 
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ionuri arxebisaTvis damaxasiaTebelia struqturuli mravalferovneba da gar-

kveuli specifikuroba im ionis mimarT, romelsac is atarebs. magaliTad, plazmuri 

membranis Na+-is arxebSi Na-is ioni 10-jer ufro swrafad gadaitaneba, vidre K-is io-

ni. arxebi SesaZloa arsebobdes Ria an daxurul mdgomareobaSi. yoveli maTgani war-

modgenilia α-spiralisagan agebuli transmembranuli segmentisagan. arxis damxurav 

an gamReb cilas aqvs specifikuri sensoruli domeni. zogierTi arxis gaReba xdeba 

hidrofoburi bunebis sarqvelis gadanacvlebiT ionebis gamtari gzidan. sarqvlis 

segmentebis moZraobas ganapirobebs α-spiraluri segementebis moZraobis SesaZleb-

loba. maTi moZraoba sxvadasxva saxis meqanizmiTaa SesaZlebeli, maT Soris fizikuri 

faqtorebiTac (meqanikuri an siTburi).  

arxebis umetesoba xasiaTdeba SerCeviTobiT, anu seleqtiurobiT, rac gulis-

xmobs, rom garkveuli arxi atarebs mxolod romelime erT ions. am principis safuZ-

velze gamoyofen K+-, Na+-, H+-, Ca2+-, da Cl--is arxebs. arxis seleqtiurobas ganapiro-

bebs misi zoma, aseve gatarebuli ionis forma da zoma da ionis da arxis Sida zedapi-

ris muxti. Tumca cocxal sistemaSi gvxvdeba araseleqtiuri arxebic, romlebsac Se-

uZlia ramdenime ionis erTdrouli gatarebac. magaliTad, K+-isa da  Na+-is,  an K+-isa 

da Cl--is ionebis. amis garda arsebobs arxebi, romlebic atarebs yvela ions da aseve 

ufro msxvil molekulebsac.  

ionuri arxisTvis damaxasiaTebelia ori ZiriTadi mdgomareoba — gaRebuli da 

daketili. erTi mdgomareobidan meoreSi gadasvla praqtikulad myisierad mimdina-

reobs. arxis muSaobis Taviseburebas ganapirobebs is, rom igi ixsneba mxolod gan-

sazRvruli droiT. Cveulebriv, ionuri arxi gaxsnilia 1 milisekundis ganmavlobaSi. 

am process ganapirobebs ionur arxSi arsebuli e.w. WiSkari — specialuri ubani, ro-

melsac SeuZlia konformaciuli cvlilebebis ganxorcieleba da arxSi arsebuli 

foris gadaketva.  

ionuri arxis aqtivacia. aRmoCnda, rom zogierTi arxi sakmaod xSiradaa gaRebu-

li. isini ixsneba ujredis mosvenebul mdgomareobaSic. amrigad, Ria mdgomareobaSi 

yofnis albaToba am arxebisaTvis maRalia. zogierTi arxi piriqiT, am periodSi dake-

tilia. aseTi tipis arxebis aqtivacia Sesabamisi gamRizianebliT zrdis maTi gaRebis 

albaTobas. aqtivaciis meqanizmis mixedviT, amJamad cnobili ionuri arxebi iyofa 

oTx ZiriTad jgufad.  

I jgufs miekuTvneba zogierTi arxi, romelic specifikurad pasuxobs ujredis 

membranis fizikur cvlilebas. am tipis arxebia e.w. potencialmgrZnobiare arxebi, 

romlis magaliTia neironis membranis K+-, Na+-, Ca2+-arxebi. isini pasuxismgebelia 

moqmedebis potencialis Seqmnaze da  ixsneba membranaze gansazRvruli potencialis 

Seqmnis SemTxvevaSi (sur. II.30).  

arxebs, romlebic aqtivdeba fizikuri cvlilebebis dros miekuTvneba meqano-

mgrZnobiare arxebi. isini ixsneba ujredze meqanikuri zemoqmedebis SemTxvevaSi (uj-

redis membranis gawelva an deformacia).  

sxva jgufis arxebi ixsneba im SemTxvevaSi, roca garkveuli qimiuri nivTiereba 

aaqtivebs arxis molekulaze arsebul specialur damakavSirebel receptorul cen-

trebs. maT ligand-damakavSirebeli arxebi ewodeba. arxebis es jgufi or qvejgufad 

iyofa imis mixedviT, Tu sad mdebareobs es centri — ujredis SigniT, Tu ujredis ga-

reT. ujredgare signalebiT gaRebad ligand-aqtivirebad arxebs  ionotropul re-

ceptorebi ewodebaT. am qvejgufSi gaerTianebulia arxebi, romlebic mgrZnobelo-

bas amJRavnebs neiromediatorebis mimarT da uSualod monawileobs sinafsur 

struqturebSi mimdinare informaciis gadacemaSi.   
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suraTi II.30. ionuri arxebis aqtivaciis sxvadasxva meqanizmi 

I — potencial—mgrZnobiare arxi; II — ligand-mgrZnobiare arxi 

(ujredgare ligandi); III — ligand-mgrZnobiare arxi (ujredSida ligandi); 

IV — meqano-mgrZnobiare arxi 

 

ujredis citoplazmis mxridan aqtivirebad ligand-aqtivirebul arxebs miekuT-

vneba arxebi, romlebic mgrZnobiarea ujredSi specifikuri ionebisa da ujredSida 

ligandebis koncentraciul cvlilebebisadmi. magaliTad, Са2+-iT aqtivirebadi К+-is 

arxis gaaqtivebas iwvevs ujredSida Са2-ionis koncentraciis lokaluri cvlileba. 

es arxebi mniSvnelovan rols asrulebs moqmedebis potencialis dasrulebis Semdeg  

membranis depolarizaciisaTvis. Са-is ionebis garda, ujredSida ligandebis fun-

qcias asrulebs cikliuri nukleotidebic. magaliTad cGMP pasuxismgebelia Tvalis 

baduris ujredebSi Na-arxebis gaRebaze. am tipis arxebs principuli mniSvneloba 

aqvs mxedvelobiTi analizatoris funqcionirebisaTvis.  

aqtivaciis meqanizmis mixedviT, arxebis warmodgenili klasifikacia sakmaod pi-

robiTia, vinaidan zogierTi ionuri arxis aqtivireba SesaZlebelia mxolod ramdeni-

me aqtivatoris zemoqmedebis Sedegad. magaliTad, Са2+-aqtivirebadi K+-arxi mgrZno-

biarea aseve potencialis cvlilebebisadmi, xolo zogierTi potencial-aqtivireba-

di arxi mgrZnobelobas avlens ujredSi ligandis garkveuli koncentraciis arsebo-

bazec.  

aucilebelia calke iqnas ganxiluli ionuri arxebis arapirdapiri aqtivaciis me-

qanizmi plazmuri membranis metabotropuli receptorebiT. am tipis receptorebis 

moqmedebis meqanizmi detalurad iyo zemoT aRwerili (II.3.1). metabotropul recep-

torTan asocirebuli GTP-damakavSirebeli cilis α-suberTeuli aaqtivebs an ainhi-

birebs sxvadasxva ujredSida fermentebs, magaliTad, fosfolipaza А2-s (araqidonis 

mJavis gamoTavisufleba), adenilatciklazas (cAMP-is sinTezi АТP-dan), guanilat-

ciklazas (cGMP-is warmoqmna GTP-dan), fosfolipaza С (fosfatidilionozitolis 

hidrolizi inozitoltrifosfatad da diacilglicerolad). am procesebis parale-

lurad, ujredSi icvleba meoradi mesenjerebis — Са2+, cАМP, cGМP, IP3-sa da DAG Sem-

cveloba, rasac mosdevs Sesabamisi proteinkinazebis, kerZod, proteinkinaza A-s, 

proteinkinaza G-s, Са2+-kalmadulin-damokidebuli proteinkinazasa da fosfoli-

pid-damokidebuli proteinkinaza С-s aqtivacia, rac ganapirobebs ionuri arxebis 

Semadgeneli cilebis fosforilirebas da, Sesabamisad, maTi gaRebis an daketvis ini-

cirebas (sur. II.31).  

zogierT SemTxvevaSi, ionur arxebze uSualod zemoqmedebs G-cilis βγ-dimeri, 

romelic arxebis suberTeulebze pirdapiri zemoqmedebiT ganapirobebs maTi aqti-
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vobis stimulirebas an inhibirebas. ionotropuli receptorebisagan gansxvavebiT, 

metabotropul receptors Seswevs unari kontaqti daamyaros aTeulobiT G-cilas-

Tan, romlebic, Tavis mxriv, aaqtivebs sxvadasxva ferments, rac iwvevs ujreduli pa-

suxis mkveTr cvlilebebs. yovelive amas mosdevs uamravi ionuri arxis aqtivacia da 

xangrZlivi fiziologiuri efeqti. sayuradReboa, rom aqtivacia da deaqtivacia niS-

navs arxis gaxsnis albaTobis zrdas an daqveiTebas, da ara arxis Ria mdgomareobaSi 

yofnis drois gazrdas an Semcirebas.  

 
suraTi II. 31. ionuri arxebis arapirdapiri aqtivaciis meqanizmebi 

Ac – adenilatciklaza; Ca2+ – CaM – kalcium-kalmadulinis kompleqsi 

   

aqtivaciisa da deaqtivaciis procesebis garda, ionuri arxebis moqmedeba regu-

lirdeba aseve ori procesiT: 1. ionuri arxi gadadis iseT konformaciul mdgomare-

obaSi, roca Cveulebriv gamaaqtivirebel stimuls ar Seswevs SesaZlebloba moaxdi-

nos arxis gaxsna. potencial-mgrZnobare arxebisaTvis aseT mdgomareobas inaqtiva-

cia ewodeba. qimiuri stimulebisadmi mgrZnobiare arxebisaTvis am tipis mdgomareo-

bas ewodeba desensitizacia (desensibilizacia); 2. arxis muSaoba SesaZlebelia Sea-

ferxos romelime msxvilma molekulam (magaliTad, romelime toqsinma), romelic 

ukavSirdeba arxs da axdens foris dacobas. am tipis moqmedebis magaliTia zogierTi 

arxis moqmedebis blokireba magniumis an kadmiumis ionebiT. aRniSnuli kaTionebi 

ver gadis arxs, magram ukavSirdebia mas foris midamoebSi da amiT aferxebs sxva io-

nebis moZraobas.  

potencial-damokidebuli arxis moqmedebis safuZvlebi. vinaidan am tipis ar-

xis gaxsna dakavSirebulia moqmedebis potencialis SemcirebasTan, arxis gasaxsne-

lad aucilebelia maT stuqturaSi arsebul cilis molekulaSi damuxtuli struq-

turis arseboba, romelic depolarizaciis SemTxvevaSi icvlis mdgomareobas. erT-

erT aseT struqturas warmoadgens transmembranuli S4-spiraluri segmenti, rome-

lic ganWolavs membranas da, amave dros, Seicavs dadebiTad damuxtuli aminomJave-

bis naSTebs (lizini da arginini). iTvleba, rom es segmenti asrulebs potencial-

mgrZnobiare elementis funqcias, romelic akavSirebs membranul potencials WiS-

krul meqanizmTan (sur. II.32).  

arxis aqtivaciis tradiciuli modelis mixedviT, membranis depolarizacia iw-

vevs dadebiTi muxtebis gadaadgilebas ujredgare aresaken, ris gamoc S4-segmenti 

aseve gadaadgildeba amave mimarTulebiT. S4-is gadaadgilebas mosdevs cilovani mo-

lekulis konformaciis cvlileba da, Sesabamisad, arxis gaxsna. mosvenebis mdgoma-

reobaSi ujredSida uaryofiTi muxti izidavs segments citoplazmis mxares. arxis 
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struqturisa da moqmedebis meqanizmebis Tanamedrove meTodebiT Seswavlis Semdgom 

Seicvla tradiciuli warmodgena arxis muSaobis Sesaxeb. axali modelis mixedviT, 

potencial-mgrZnobiare S4-segmenti ganTavsebulia α-suberTeulis gare zedapirze 

da qmnis e.w. `niCabs~. mosvenebul mdgomareobaSi `niCbebi~ membranis siaxlovesaa, ris 

gamoc arxi konusiseburi formisaa. membranis depolarizaciis SemTxvevaSi S4-seg-

menti gadaadgildeba da ikavebs vertikalur mdgomareobas, rasac Tan sdevs muxte-

bis gadaadgilebac. amis gamo  α-suberTeuli iRebs cilindrul formas da arxi ixsne-

ba.  

 

 
 

suraTi II.32.  ionuri arxis aqtivaciis meqanizmi 

tradiciuli sqemis mixedviT (A) arxis yoveli suberTeulis meoTxe 

spirali damuxtulia dadebiTad (potencialis sensori) da moZraobs arxis 

SigniT membranis gare zedapirisken ise, rom tetrameri ar icvlis formas. 

axali modelis mixedviT (B) muxtis gadatana xdeba e.w. `niCbebiT~, 

romlebic moZraobs tetrameris gare zedapirze ise, 

rom cvlis mis formas (Jiangisa  da sxvaTa mixedviT, 2003). 

 

ionuri arxebis swrafi inaqtivaciis (N-inaqtivacia) asaxsnelad mowodebuli iqna 

e.w. `burTi da jaWvi~-is modeli, romlis mixedviT ujredSida mablokirebeli nawili 

— `burTi~, romelic citoplazmis mxridan arxTan dakavSirebulia cilovani moleku-

lebis jaWviT, Sedis arxis ubeSi da blokirebas ukeTebs ionebis moZraobas arxSi 

(sur. II.33). 

 

 
 

suraTi II. 33. ionuri arxis swrafi inaqtivacia 

(Nicholls et al., 2003-is mixedviT). 
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akvaporinebi — membranuli araionuri wylovani arxebi. ujredis membranSi io-

nuri arxebis garda, gvxvdeba aseve araionuri arxebic. magaliTad akvaporinebi — spe-

cialuri arxebi, romlebic atarebs wylis molekulebs. akvaporinebi warmoadgens 

membranul arxebs, Tumca formalurad, ar SeiZleba, rom maT ionuri arxebi ewodos.  

 

 
suraTi II. 34. akvaporini 

 

struqturulad arxis Semadgeneli cila — akvaporini warmoadgens cilindrul 

arxs, romlis gaswvriv moZraobs mxolod wylis molekula (sur. II.34). misi Semadgene-

li aminomJavebi isea ganlagebuli, rom maTgan Semnili eleqtro-statikuri veli ar-

xis centrSi mimarTulia sawinaaRmdego mimarTulebiT. amis gamo, arxSi moZravi 

wylis molekula iwyebs trials iseTi mimarTulebiT, rom arxis zeda da qveda nawil-

Si maTi dipoluri momentebi urTierTsapirispiro mimarTulebiTaa. 

molekulebis am tipis orientirebis Secvla xels uSlis akvaporinSi sxva ionebis 

SeRwevas. amave dros, akvaporinisaTvis damaxasiaTebelia gamtareblobis Zalian ma-

Rali xarisxi, kerZod erTi wamis ganmavlobaSi igi atarebs erT miliardamde wylis 

molekulas. amJamad rogorc mcenareul, aseve cxovelur organizmSi cnobilia 

wylovani arxebis 200-mde saxeoba,  maT Soris adamianSi — 11. akvaporinebis daxmare-

biT ujredebi ara marto aregulirebs moculobasa da Sinagan wnevas, aramed asru-

lebs iseT mniSvnelovan funqciasac, rogoricaa wylis Sewova cxoveluri organiz-

mebis TirkmelebiTa da mcenareebis fesvis bususebiT. akvaporinebi gansakuTrebul 

rols TamaSobs Tirkmlis normaluri funqcionirebis procesSi. aRmoCnda, rom Tir-

kmlis nefronebSi mimdinare reabsorbciis procesi xoriceldeba akvaporinebiT. am 

procesSi CarTulia akvaporinebis 7 izoforma, romlebic nefronisa da Semkrebi mi-

lakebis sxvadasxva ubnebSia ganlagebuli. akvaporinebis dabali Semcveloba da, Sesa-

bamisad, poliuria (Sardis Warbi eqskrecia) aRiniSneba uSaqro diabetis, hipokalie-

miisa da hiperkalciemiis dros. xSir SemTxvevaSi, uSaqro diabeti gamowveulia va-

zopresinze Tirkmlis reagirebis uunarobiT. savaraudod, es efeqti iwvevs akvapo-

rinebis Semcirebul eqspresias. uSaqro diabetis sxva SemTxvevaSi defeqti aRiniSne-

ba akvaporinis masinTezirebel genSi. gulis SegubebiTi ukmarisobis, RviZlis ciro-

zisa da orsulobis dros TirkmelSi akvaporinebis raodenoba izrdeba, rac zrdis 

ujredgare siTxis moculobas.  

II.3. 7.  kalciumis ioni, rogorc ujredSida mesenjeri 

ujredis sasicocxlo funqciebisa da rigi fiziologiuri procesebis Sesrule-

baSi gansakuTrebuli mniSvneloba aqvs citoplazmaSi Tavisufali kalciumis ionis 

(Ca2+) koncentracias.  koncentraciis momatebis an daklebis SemTxvevaSi irRveva uj-

redis normaluri funqcionireba da iwyeba mTeli rigi paTologiuri procesebi. es 

movlena damaxasiaTebelia rogorc agznebadi, aseve araagznebadi ujredebisaTvis. 
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amrigad, ujredSi Ca2+-is koncentraciis cvlilebas Sidaujreduli mesenjeruli 

funqcia akisria. kalciumis ioni monawileobas iRebs iseTi procesebis warmarTvaSi, 

rogoricaa SekumSva, hormonebisa da neirotransmiterebis sekrecia, ujredis gayo-

fa, genebis eqspresiis regulireba da sxv. ujredi sxvadasxva hormonebisa da nei-

rotransmiterebis moqmedebaze swored Ca2+-is raodenobis swrafi da xanmokle 

cvlilebiT pasuxobs. aRsaniSnavia, rom mesenjerul funqcias  Ca2+ Zalze mcire da 

mkacrad kontrolirebadi  koncentraciis pirobebSi axorcielebs da es meqanizmi 

sakmaod rTulia. Tavisufali kalciumis koncentracia umetes ujredebSi 10-7M-is 

tolia. citozolSi Ca2+-is raodenobis mateba 10-6-mde aaqtiurebs mis mier reguli-

rebad procesebs.  

eukariotuli ujredebi Seicavs  specializirebul sistemebs, romlebic aregu-

lirebs am ionis koncentracias ujredSi.   es sistemebi ujredis plazmur membrana-

ze, mitoqondriebsa da endoplazmur badezea warmodgenili. esenia Ca2+-arxebi,  Ca2+-

ATP-aza da Na+/Ca2+-cvla (surII.35). 

Ca2+-is Sesvla ujredSi koncentraciuli gradientis mimarTulebiT miiRweva 

Ca2+-arxebis, xolo ujredidan gamosvla Ca2+-ATP-azasa da Na+/Ca2+-cvlis daxmarebiT. 

ujredSida Ca2+-is koncentraciis dones ganapirobebs aseve mitoqondriuli da en-

doplazmuri kalcium-matransportirebeli sistemebi (Са2+ -АТР-aza da Ca2+-arxebi).    

 

 
 

suraTi II.35. ujredSi arsebuli Ca2+-transportirebis sistemebi 

 

ujredSi Ca2+-is koncentraciis matebis sapasuxod iwyeba iseTi procesebi, rogo-

ricaa neiromediatorebis gamoTavisufleba, glikogenis daSla adrenalinis zemoq-

medebiT kunTovan ujredebSi, kunTovani boWkoebis SekumSvadi aqtivobis mateba, 

apoptozi da sxva mniSvnelovani procesebi. am  procesebis darRveva mTeli rigi  pa-

Tologiis (gulis ukmarisoba, hipertonia da sxv.) mizezi xdeba.  Tumca  am ionis xan-

mokle mateba aucilebelia Са-damokidebuli fermentebis aqtivobis regulirebi-

saTvis iseTi faqtorebis sapasuxod, rogoricaa hormonebi, neiromediatorebi, an-

tigenebi da zrdis faqtorebi.  



 59

II.3.8.  kalciumis arxebi 

erT-erT mniSvnelovan membranul struqturas, romelic akontrolebs  Ca2+-is 

nakads membranis gavliT, warmoadgens Ca2+-arxebi. aqtivaciisas arxebi myisierad 

warmoqmnian ion-seleqtiur forebs, risi saSualebiTac Ca2+-iionebi aRwevs citop-

lazmaSi koncentraciuli gradientis mimarTulebiT. regulatoruli meqanizmis 

gaTvaliswinebiT cnobilia kalciumis arxebis sami ZiriTadi jgufi — potencial-

mgrZnobiare (voltage-operated channels – VOC),  receptor-regulirebadi (receptor-operated 

channels-ROC) da retikuluri kalciumis depoebis arxebi (store-operated channels-SOC) .  

potencial-mgrZnobiare kalciumis arxebi (VOC). am tipis Ca2+-is arxebisaTvis 

damaxasiaTebelia is, rom mosvenebis potencialis SemTxvevaSi (-70-80мВ) isini araaq-

tiur mdgomareobaSia da maTi gaaqtiveba iwyeba membranis depolarizaciisas. am ti-

pis arxebi, ZiriTadad, lokalizebulia im ujredebis plazmur membranaze, sadac 

kalciumi CarTulia sekreciis procesSi, magaliTad, agznebad da endokrinul ujre-

debSi. farmakologiuri nivTierebebisa da membranuli potencialisadmi mgrZnobe-

lobis mixedviT ganasxvaveben  VOC-is ramdenime tips. esenia L-, T-, N-da P-tipebi. 

L-tipis arxi (long-lasting channel) aqtivirebul mdgomareobas inarCunebs sakmaod 

xangrZlivi drois manZilze. maTi Tanmimdevruli gaxsna uzrunvelyofs kalciumis 

ionis xangrZliv nakads membranis gavliT ujredSi. am tipis arxebis damaxasiaTebeli   

Tvisebaa, maTi mgrZnobeloba dihidropiridinisa da sxva kalciumis antagonistebi-

sadmi. potencial-mgrZnobiare arxis zogadi strutura mocemulia suraTze II.36, sa-

idanac Cans, rom arxi Sedgeba 5 suberTeulisagan. esenia α1 (175 kd), α2 (143 kd), β (54 

kd), γ (30 kd) da δ (27 kd), romlebic erTmaneTTan arakovalenturad arian dakavSire-

buli. arxis SenebaSi monawileobs -S-S- xidaki, romelic erTmaneTTan akavSirebs α2  

da δ suberTeulebs.  gamtar arxs qmnis α1-suberTeuli, aqvea potencialis sensori da 

ubani, romelic ikavSirebs dihidropiridins. swored α1-suberTeuli warmoadgens 

arxis ZiriTad funqciur erTeuls da Sedgeba oTxi ganmeorebadi ubnisagan. TiToeu-

li ubani  eqvsi transmembranuli segmentisganaa aSenebuli. 

 

 cxrili II. 3. 

 

arxis tipi aqtivaciis 

zRurbli, мV

gavrceleba 

L   (xangrZlivi, neli 

moqmedebis) 

-10 ConCxis, gluvi da gulis kunTis 

ujredebi, endokrinuli 

ujredebi, zogierTi neironi 

Т (swrafi 

moqmedebis) 

-70 - -60 gulis kunTis ujredebi, 

endokrinuli ujredebi, 

neironebi 

N (neironuli) -40 - -30 mxolod neironebSi 

P/Q (purkinie) 
 

 mxolod neironebSi 

 

Т-tipis arxebi (transient channel), L-tipis arxebisagan gansxvavebiT,  ixsneba Sedare-

biT uaryofiTi potencialis SemTxvevaSi da swrafad inaqtivirdeba. maTi gaxsnisaT-
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vis aseve aucilebelia membranis  xanmokle hiperpolarizacia. am tipis arxebiT adgi-

li aqvs ionis swraf Sesvlas ujredSi.  arxebis es orive tipi ganapirobebs  Ca2+-is 

Sesvlasa da mis transports gulis kunTis ujredebSi. 

neironebSi aRmoCenilia Ca2+-is arxebis  gansxvavebuli  N-tipi (neuron  channel).  N-
arxebi aqtivirdebian membranuli potencialis maRali uaryofiTi mniSvnelobis 

mdgomareobidan Zlier depolarizaciaze  gadasvlis pirobebSi da aregulireben ne-

iromediatorebis sekrecias. presinafsur membranis daboloebaze  arsebuli am ti-

pis arxebis  inhibitoria noradrenalini.  

 

 
 

suraTi II.36.  potencial-mgrZnobiare  

(VOC) arxis sqematuri gamosaxuleba 

 

P/Q-tipis arxebi Tavdapirvelad aRmoCenili iqna purkinies neironebSi da igi na-

naxia aseve granularul ujredebsa da kalmaris gigantur aqsonSi. savaraudod, es 

arxebi aseve aregulirebs neiromediatorebis sekrecias.  

receptor-regulirebadi (ligand-mgrZnobiare) kalciumis arxebi (ROC). am 

jgufSi gaerTianebulia arxebi, sadac receptori an TviTon asrulebs arxis funqci-

as, an urTierTqmedebs arxis struqturasTan. am tipis arxis magaliTia nikotinuri 

qolinoreceptori, romelic warmoadgens araseleqtiur ionur arxs. arxi ganvladia 

Ca2+-isadmi, Tumca fiziologiur pirobebSi is ZiriTadad axdens Na+-isa da K+-is 

transportirebas. amave tips miekuTvneba aseve Ca2+arxebi, romlebic aqtivirdeba 

glutaminis mJaviTa (NMDA-receptori) da adeninuri nukleotidebiT (Р2-purinore-

ceptorebi).  
am tipis arxebi, Tavis mxriv, iyofa or qvejgufad. I qvejgufs warmoadgens arxebi, 

romelTa ligandia pirveladi mesenjeri, magaliTad glutaminis mJava (NMDA- da 

AMPA-receptori). II qvejgufs qmnis arxebi, romlebic aqtivdebian da ixsnebian  meo-

radi mesenjeriT (second messenger-operated channels-SMOC), magaliTad, cGMP cAMP da IP3. 

II qvejgufSi gaerTianebulia arxebi, romlebic warmodgenilia Ca2+-is ujredSida sa-

cavebSi (mitoqondriebi, endoplazmuri bade) da ixsnebian meoradi mesenjeris IP3-is 

daxmarebiT. 

am depoebis erT-erT funqcias warmoadgens maTSi Ca2+-is ionis akumulireba da 

saWiroebis SemTxvevaSi am sacavebidan ionis gamoTavisufleba. citozolSi Ca2+-is 

gamoTavisufleba xorcieldeba ligand-mgrZnobiare Ca2+-arxiT, romlebic, ZiriTa-
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dad, endoplazmur/sarkoplazmur retikulumSia lokalizebuli. am arxebis gaxsna 

xdeba im signalebis zegavleniT, romlebic ujredis zedapirze sxvadasxva recepto-

ris mieraa generirebuli. pirveli tipis arxi sakmaod gavrcelebuli arxia da igi 

mgrZnobelobas amJRavnebs inozittrifosfatis (IP3) mimarT. mas inozitoltrifos-

faturi receptori, anu IP3-damokidebuli arxi ewodeba (sur. II.37).  

rodesac fosfolipaza C romelime hormonis an neirotransmiteris moqmedebiT 

gaaqtiurdeba, igi iwyebs membranuli fosfolipidis — fosfatidilinozitolis daS-

las da, Sesabamisad, inozittrifosfatis warmoqmnas. meore tipis ligand-damokide-

buli Ca2+-is arxebi gvxvdeba ConCxisa da gulis kunTis ujredebSi da maT rianodinis 

receptori, anu rianodin-damokidebul Ca2+-is arxs uwodeben, rac ganpirobebulia 

masTan mcenareuli warmoSobis naerTis — rianodinis dakavSirebis unariT. gulis 

kunTSi rianodin-mgrZnobiare arxebi plazmuri membranis arxebiT Semosuli ionebiT 

ixsneba da am movlenas Ca2+-iT gamowveuli Ca2+-is gamoTavisufleba ewodeba. misgan 

gansxvavebiT, ConCxis kunTSi arsebuli rianodinis receptori ixsneba voltaJ-

mgrZnobiare Ca2+-is arxebTan cila-cilovani urTierTqmedebiT. 

 

 
 

suraTi II.37. IP3-damokidebuli kalciumis arxis moqmedeba 

 

ukumimarTulebiT Ca2+-is gamodevna ujredidan  mimdinareobs Ca2+-ATP-azas meS-

veobiT, an Na+/Ca2+ gacvliTi sistemiT. plazmuri membranis Ca2+-ATP-azas garda, 

cnobilia, aseve, endoplazmuri badisa da mitoqondriuli membranis Ca2+-ATP-azebic, 

romlebic axorcielebs Ca2+-is ionebis koncentrirebas Ca2+-sacavebSi. 

aRmoCnda, rom Ca-is ioni mesenjerul funqcias specialur cilebTan urTier-

Tqmedebis Sedegad iZens. am cilebs Ca2+-maregulirebeli cilebi ewodeba. aseT ci-

lebs miekuTvneba yvela is cila, romlis aqtivoba damokidebulia Tavisufali Ca2+-is 

koncentraciaze. es cilebia: kalmadulini, cila-S100, α-aqtini, kalpaini. am cilebi-

dan gansakuTrebiT sainteresoa kalmadulini. 

kalmadulini erTi polipeptiduri jaWvisagan Semdgari cilaa da aqvs specifi-

kuri struqtura. kerZod, mis molekulaSi SeiniSneba 4 spirali-maryuJi-spiralis 

mqone ubani. swored maryuJebTan xdeba Ca2+ -is dakavSireba (sur. II.38). 
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suraTi II. 38. cila kalmadulini da misi moqmedebis meqanizmi 

 

Ca2+-Tan dakavSirebis Sedegad icvleba kalmadulinis struqtura, rasac mosdevs 

misi urTierTqmedeba sxvadasxva sasignalo molekulasTan, maT Sorisaa serin-treo-

nin-damokidebuli proteinazebi, fosfatazebi da NO-sinTazebi. es procesi warmo-

adgens im ZiriTad meqanizms, romliTac momatebuli Ca2+ cvlis ujredis pasuxs. 

kalmadulini Sedis mraval cilasTan kompleqsSi da swored kalcium-kalmadulinis 

kompleqsebi aaqtivebs am cilebs. cilebis am jgufidan aRsaniSnavia Ca2+-kalmadu-

lin-damokidebuli proteinkinazebi. ganasxvaveben Ca2+-kalmadulin-damokidebuli 

proteinkinazebis 4 tips: I, II, III da IV. maTgan yvelaze gavrcelebulia II tipi. am tipis 

proteinkinaza gansakuTrebiT maRali aqtivobiT gvxvdeba Tavis tvinSi. misTvis da-

maxasiaTebelia autofosforilireba, ris Semdegac misi aqtivoba aRar aris damoki-

debuli Ca-is ionebze. ferments SeuZlia moaxdinos neiromediatoris gamoTavisuf-

lebis procesSi monawile cilebis (sinafsini I, mikromilakebTan asocirebuli cila 

da sxv.) fosforilireba.  

zogierTi farmakologiuri preparatis efeqti damokidebulia kalmadulinTan 

urTierTqmedebaze.  am urTierTqmedebis Sedegad iblokeba kalmadulinisa da Ca2+-is 

dakavSireba, Sesabamisad, samizne cilebis fosforilireba. aseTi preparatebia: kun-

Tis relaqsantebi, antidepresantebi da zogierTi anesTetiki. kalmadulinis msgavsi 

struqturisaa iseTi specifikuri cilebi, rogoricaa troponini-C, cila-S100, α-

aqtini da mravali sxva struqturuli da fermentuli qtivobis mqone cilebi. maga-

liTad,  troponini-C gvxvdeba mxolod gulisa da ConCxis kunTebSi da miozinTan er-

Tad CarTulia kunTis fibrilebis SekumSvis procesSi, cila-S100 warmoadgens  nei-

rospecifikur cilas da monawileobas iRebs daswavlisa da mexsierebis procesSi. 

II.3.9.  ujredSida receptorebi 

cximSi xsnadi biologiurad aqtiuri ligandebi, romlebsac SeuZliaT gadalaxon 

plazmuri membrana, Tavis moqmedebas axorcieleben ujredSida cilebis garkveuli 

jgufis, e.w. steroidebis receptorebis meSveobiT. steroidebis receptorebs mie-

kuTvneba glukokortikoidebis, mineralokortikoidebis, sasqeso hormonebis, Ti-

roiduli hormonebis da vitamini D-s receptorebi. vinaidan, ujredSida receptore-

bis aqtivacias Sesabamisi ligandebiT Tan sdevs samizne ujredebSi garkveuli gene-
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bis transkrifciis gaZliereba, amitom maT ligand-damokidebul  transkrifciis 

faqtorebsac  uwodeben. am tipis receptorebi erTi polipeptiduri jaWviTaa war-

modgenili, sadac sami funqciuri domeni aRiniSneba. esenia receptoris N-bolo ubani, 

romelic regulatoruli funqciis matarebelia da Sesabamisi ligandis ararsebobi-

sas dakavSirebulia specifikur cilebTan, romelTac siTburi Sokis cilebi — hsp 90 

ewodeba (ing. 90 kDa heat-shock protein); receptoris domeni, romelic dnm-s ukavSirde-

ba, ganTavsebulia cilis Sua nawilSi da Seicavs ubans, romelic yvela dnm-damakavSi-

rebeli cilebisaTvis saerToa da mas "zinc finger" ewodeba; liganddamakavSirebeli 

domeni, romelic receptoris bolozea ganTavsebuli. ligandis dakavSirebis Sede-

gad hsp 90-cila Tavisufldeba receptoridan, rac xsnis receptoris dnm-damakavSi-

rebel da transkrifciis gamaaqtivebel domenebs (sur.II.39). 

 

 
suraTi II.39. ujredSida receptoris struqtura 

 

vinaidan am klasis ligandebis moqmedebas Tan sdevs transkrifciis, translacii-

sa da cilis sinTezis intensivobis gazrda, Sesabamisad ujreduli pasuxi sakmaod ne-

lia da xSirad ramdenime saaTs Seadgens. iTvleboda, rom Tavisufali receptorebi 

lokalizebulia citozolSi da birTvSi xvdeba mxolod hormonTan dakavSirebis 

Semdgom. Tumca, dReisaTvis dadgenilia, rom Tavisufali steroidebis receptore-

bis umetesoba, ZiriTadad, birTvSia ganTavsebuli. gamonakliss warmoadgens gluko-

kortikoidebis receptorebi, romlebic Tavisufal mdgomareobaSi citoplazmaSi 

gvxvdeba.  

 

 
 

suraTi II.40. steroiduli hormonis moqmedebis meqanizmi  samizne ujredze 

S - steroiduli hormoni 

 



 64 

lipofiluri hormonebis yvela receptorisaTvis damaxasiaTebelia erTi ZiriTa-

di Tavisebureba — hormonTan urTierTqmedebamde isini araaqtiur, cila hsp90-Tanaa 

dakavSirebul mdgomareobaSia. hormonTan dakavSireba aTavisuflebs receptors  

hsp90-sgan da aaqtivebs. receptoris gaaqtiveba gulisxmobs maT dimerizacias. am for-

miT gaaaqtivebuli citoplazmuri da birTvuli receptorebi gadaadgildeba dnm-sa-

ken, sadac urTierTqmedebs dnm-is hormon-mgrZnobiare elementTan (hormone response 

elements, HREs) da qmnis masTan kompleqss. am formiT, hormon-receptoruli kompleqsi 

iZens SesaZleblobas, areguliros genebis transkrifciis procesi (sur. II. 40).  

amrigad, movlenebi, romelTa mizezia steroiduli an Tiroiduli hormonebis 

zemoqmedeba samizne ujredebze, mimdinareobs Semdegi TanamimdevrobiT:  

• difuziiT hormonis Sesvla ujredSi; 

• hormon-receptoris kompleqsis formireba;  

• disociacia siTburi Sokis cilebidan da receptoris dimerizacia; 

• dimeris dnm-saken gadaadgileba;  

• hormon-mgrZnobiare elementTan dakavSireba; 

• trankrifciuli kompleqsebis warmoqmna; 

• specifikuri i-rnm-is sinTezi; 

• i-rnm-iT kodirebuli cilebis sinTezi. 

II.3.10.  receptorebis moqmedebis acilebis gzebi 

ujreds aqvs sxvadasxva meqanizmi imisaTvis, raTa Sewyvitos an Seasustos pasuxi 

sasignalo molekulaze. am meqanizmebis amoqmedebiT ujredi ubrundeba sawyis, pres-

timulaciur mdgomareobas da amiT Tavs icavs konkretuli receptoris mier kon-

trolirebadi funqciis Warbi an araswori gaaqtivebisagan. es meqanizmebia:  

• ujredgare areSi sasignalo molekulebis — pirveladi mesenjerebis raode-

nobis Semcireba;  

• sasignalo molekulebis mier dakavebuli receptorebis internalizacia da 

degradacia;  

• receptoris swrafi degradacia, ris Semdegac igi aRaraa xelmisawvdomi sa-

signalo molekulisaTvis.  

umartivesi gza sasignalo molekulis raodenobrivi Semcirebaa. am meqanizmis 

siswrafes gansazRvravs sekretirebuli sasignalo molekulis stabiluroba da ase-

ve is, Tu ra manZilia sasignalo molekulis masekretirebel ujredsa da samizne uj-

reds Soris. vinaidan hormonebi ujredgare aris did moculobaSi sekretirdeba, Za-

lian Znelia signalis myisieri Sewyveta misi koncentraciis SemcirebiT. hormonis-

gan gansxvavebiT, neiromediatori, romelic sinafsuri gadacemis meqanizmSi monawi-

leobs da Zalze mcire manZilze gadaadgildeba, swrafad ganicdis sxvadasxva meqa-

nizmiT inaqtivirebas (ukuSTanTqma, inaqtivirebis fermentuli meqanizmi). ujredis 

mier signalis transduqciis Sewyveta an Sesusteba SesaZlebelia ganxorcieldes 

uSualod receptoris funqciuri regulirebis gziTac. es procesi cnobilia, ro-

gorc adaptacia da desensitizacia. sasignalo molekulasTan ganmeorebiTi urTi-

erTobisas, receptori sakuTari mgrZnobelobis, anu sensitiurobis adaptirebas ax-

dens. droTa ganmavlobaSi ujredi nakleb sensitiurobas amJRavnebs pirveladi me-



 65

senjeris im koncentraciis mimarT, romelic normalur SemTxvevaSi maqsimalur ga-

aqtivebas iwvevda. desensitizacia ramdenime mizeziT aris gamowveuli: 

I. mravali receptori sasignalo molekulasTan dakavSirebis Semdgom ganicdis 

internalizacias, anu sasignalo molekula-receptoruli kompleqsi erTveba endo-

somebSi, sadac iq arsebuli mJave reaqciis Sedegad disocirdeba. molekula-recep-

toruli kompleqsidan disocirebuli Tavisufali receptorebis mxolod nawili 

brundeba ukan, plazmur membranaze. Sesabamisad, Tavisufali receptorebis raode-

noba plazmur membranaze mcirdeba;  

II. desensitizaciis gacilebiT swrafi meqanizmia uSualod receptoris struq-

turuli cvlileba, rac ganapirobebs receptoris funqciur inaqtivirebas. aseTi 

araaqtiuri receptorebi rCeba plazmur membranaze da SesaZlebelia sasignalo mo-

lekulas daukavSirdes, magram maT ar gaaCnia SesaZlebloba moaxdinon signalis uj-

redSida transduqcia; 

III. pirveladi mesenjeris mier signalis warmoqmna iwvevs sxvadasxva cilovani mo-

lekulebis fosforilirebas. xSir SemTxvevaSi, am cilebs Sorisaa TviTon recepto-

ric, rac misi aqtivobis dakargvas an Semcirebas ganapirobebs.  
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III. organizmis funqcionirebis hormonaluri regulacia 

III.1.1. metabolizmis regulaciis ZiriTadi sistemebi 

mravalujrediani organizmis Taviseburebas warmoadgens qsovilebis diferen-

cireba, amave dros, calkeuli saxeobis qsovili Seguebulia Sesabamisi funqciis Ses-

rulebas, rac uzrunvelyofs organizmis gadarCenas da mudmivad cvalebad pirobeb-

Si adaptacias. imisaTvis, rom miliardobiT ujredisagan Seiqmnas erTiani, integri-

rebuli organizmi, romelsac SeuZlia TviTaRdgena, TviTwarmoqmna da adaptacia, 

aucilebelia mudmivad moqmedi ujredSorisi komunikacia. evoluciis procesSi mox-

da ori aseTi sakomunikacio sistemis formireba. es sistemebia nervuli da endokri-

nuli. endokrinuli sistema sainformacio signalis gadacemisaTvis ujredidan sxva 

ujredebze iyenebs  qimiur nivTierebebs — hormonebs (berZ. horma – gaRviZeba, aqtivi-

reba). hormonebi — specialuri maregulirebeli nivTierebebia, romlebic gamomu-

Savdeba erT konkretul qsovilSi, sisxlis saSualebiT transportirdeba sxvadasxva 

organoSi da zemoqmedebs am organoebis muSaobaze.  

rogorc cnobilia, nervuli impulsi vrceldeba aqsonis saSualebiT Zalian didi 

siswrafiT. magaliTad, muxlis martivi refleqsis gansaxorcieleblad saWiroa wa-

mis meaTedebi. amis sapirispirod, hormonaluri regulireba gacilebiT ufro xan-

grZlivia da misi kontrolis qveS imyofeba iseTi procesebi, romelTa regulirebi-

saTvis saWiroa wuTebi an saaTebi. ganasxvaveben hormonaluri regulaciis sam Ziri-

Tad formas:  

I. autokrinuls, roca hormoni moqmedebs im ujredze, sadac moxda misi gamomuSa-

veba;  

II. parakrinuls, roca hormoni moqmedebs imave qsovilis ujredebze, sadac igi 

gamomuSavda;  

III. endokrinuls — hormoni vrceldeba mTels organizmSi sisxlis saSualebiT da 

moqmedebs sxvadasxva organoebze.  

aseTi dayofa sakmaod pirobiTia da, xSir SemTxvevaSi, erTi da igive hormoni Se-

saZlebelia moqmedebdes rogorc parakrinulad, aseve endokrinulad (sur.III.1). 

Cveulebriv, hormonebi warmoiqmneba gansakuTrebul sekretorul ujredebSi, 

romlebic qmnis kompaqtur warmonaqmns — jirkvlebs, an ganlagebuli arian romelime 

organoSi calkeuli ujredebis an jgufebis saxiT. sekretoruli ujredebisaTvis 

damaxasiaTebelia garkveuli morfologiuri Tavisebureba.  

 
 

suraTi III.1. ujredSorisi regulaciis ZiriTadi formebi 
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yvelaze xSirad sinTezirebuli hormonebi grovdeba goljis kompleqsSi, sadac 

xdeba maTi SefuTva specializebul sekretorul vezikulebSi — granulebSi. saWiro-

ebis SemTxvevaSi, hormoniT datvirTuli granulebi gadaadgildeba citoplazmaSi 

plazmuri membranisaken, saidanac xdeba maTi gamoTavisufleba sisxlSi. aRsaniSnavia, 

rom am gziT yvela hormoni ar Tavisufldeba ujredidan. magaliTad, sasqeso hormo-

nebi sekretirdeba sisxlSi calkeuli molekulebis saxiT. hormonebis gamoTavisuf-

leba ar xdeba mudmivad, aramed mxolod im SemTxvevaSi, roca aris amis saWiroeba.  

cnobilia, rom hormonebis sinTezi da maTi sekrecia ar xdeba mxolod speciali-

zebul jirkvlebSi. zogierT SemTxvevaSi es procesi mimdinareobs organizmis sxva-

dasxva organosa da qsovilSi. magaliTad, hipoTalamusis neironebi gamoimuSavebs 

hormonalur faqtorebs (liberinebi, statinebi da sxva hormonebi), aseve hormons 

gamoyofs gulis kunTi (natriurezuli hormoni), limfocitebi (imunitetis mastimu-

lirebeli hormonebi) da nawlavis lorwovani garsis ujredebi.  

arsebobs garkveuli kriteriumebi, romelic unda daakmayofilos nivTierebam, 

raTa igi hormonad iqnas miCneuli. es kriteriumebia: 

hormoni gamoiyofa cocxali ujredidan; 

• hormonebi, iseve rogorc nebismieri fiziologiurad aqtiuri nivTiereba, xa-

siaTdeba Zlieri efeqtebiT da,  Sesabamisad,  gamoiyofa Zalian mcire raode-

nobiT; 

• hormoni gamoiyofa ujredidan ise, rom ar arRvevs mis struqturas da si-

cocxlisunarianobas; 

• hormoni xvdeba sisxlsa da ujredSoris areSi uSualod masekretirebeli uj-

redidan da endokrinul jirkvlebs ar gaaCnia gamomtani sadinarebi, garegani 

sekreciis jirkvlebisagan gansxvavebiT; 

• hormoni moqmedebs mxolod garkveul samizne  organoze, romelsac aqvs spe-

cialuri receptorebi Sesabamis hormonTan urTierTqmedebisaTvis; 

• hormoni ar warmoadgens energiis wyaros da samSeneblo masalas organizmis 

saWiroebisaTvis. 

mocemuli kriteriumebi sakmaod konkretulia, Tumca arsebobs garkveuli  gamo-

naklisebi. miuxedavad amisa, kriteriumebis daxmarebiT SesaZlebelia hormoni 

mkveTrad gaemijnos fermentebs, vitaminebs da sxva aqtiur nivTierebebs.   

hormonis zemoqmedebiT gamowveuli efeqtebi gansxvavebuli xasiaTisaa. ganasxva-

veben maregulirebeli, determinirebuli da permisuli xasiaTis efeqtebs. hormonis 

maregulirebeli efeqti ganisazRvreba misi gamaaqtivebeli an  Semakavebeli moqme-

debiT organizmis sistemebze, romelic xorcieldeba mTeli sicocxlis manZilze. 

maregulirebeli efeqtebi Seqcevadi efeqtebia. determinirebuli (programuli) 

efeqtebi Seuqcevadi efeqtebia da xorcieldeba sicocxlis garkveul, SedarebiT 

mokle periodSi, magaliTad, sqesobrivi momwifebis periodSi. hormonis permisiuli 

moqmedebis arsi mdgomareobs imaSi, rom konkretuli hormoni ar axdens gavlenas 

sxva romelime hormonis sekreciaze, magram aZlierebs mis efeqts. magaliTad, hor-

moni — Tiroqsini, mixedavad imisa, rom ar moqmedebs zrdis hormonis sinTezsa da 

sekreciaze,  aucilebelia am ukanasknelis efeqtebis normaluri gamovlenisaTvis. 

cxriliSi III. 1.  moyvanili  monacemebidan  Cans, rom  hormonebi zemoqmedebs  or-

ganizmis yvela funqciaze. meore mxriv, erTi da igive hormoni SesaZlebelia zemoq-

medebas axdendes organizmis ramdenime funqciaze.   
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cxrili III. 1. 

hormonebis ZiriTadi efeqtebi 

 

 

efeqtis tipi 

 

organizmze moqmedeba 

 

hormonis dasaxeleba 

 

kunTebis SekumSva oqsitocini, adrenalini 

sxvadasxva jirkvlis 

aqtivacia 

liberinebi, statinebi, 

adenokortikotropini da sxv. 

kanis pigmentacia melatonini 

wylisa da mineraluri 

marilebis  cvla 

aldosteroni, vazopresini, 

kalcitonini, paraTiroiduli 

hormoni da sxv. 

qceva sasqeso jirkvlis hormonebi, 

Tireoliberini, Tiroiduli 

hormonebi da sxv. 

 

 

 

maregulirebeli 

 

zrda zrdis hormoni, Tiroiduli  

hormonebi 

sqesobrivi momwifeba hipoTalamusis hormonebi, 

hipofizis zogierTi hormoni, 

sasqeso jirkvlis hormonebi 

 

determinirebuli  

sasqeso ujredebis 

gamoTavisufleba 

maluTeinizirebeli hormoni 

permisiuli  zrda da sqesobrivi  

momwifeba 

Tiroqsini aZlierebs zrdis 

hormonis moqmedebas 

 

 

amrigad, samizne ujredis da hormonis urTierTqmedeba damokidebulia imaze, 

aqvs Tu ara ujreds konkretuli hormonis Sesabamisi receptori. im SemTxvevaSi, Tu 

receptori arsebobs, ujredi moaxdens hormonze reagirebas, xolo receptoris 

ararsebobisas — hormonis maRali koncentraciis pirobebSic ki — ujredi ar reagi-

rebs. cnobilia hormonis ujredze zemoqmedebis ori principulad gansxvavebuli me-

qanizmi da es gansxvaveba damokidebulia imaze, Tu sad mdebareobs hormon-recepto-

ruli kompleqsi — ujredis gareT, plazmur membranaze, Tu ujredis SigniT.  

peptiduri hormonebi (adenokortikotropini, maluTeinizirebeli hormoni, in-

sulini da sxv.), romelTa molekuluri masa sakmaod didia, cudad ixsneba cximSi da, 

Sesabamisad, ver gadalaxavs plazmur membranas. maTi moqmedeba viTardeba swrafad, 

ramdenime wuTSi, magram grZeldeba mcire xniT. am jgufis hormonebi grovdeba sek-

retorul ujredebSi da saWiroebisas swrafad Tavisufldeba granulebidan. maTi 

Sesabamisi receptorebi ganlagebulia plazmur membranaze. am tipis recepciis Sem-

TxvevaSi mniSvnelovania ori momenti: hormonis moqmedebiT signalis gadacemis xasi-

aTi ujredis SigniT, da aseve, am signalis gaZlierebis meqanizmi.    
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suraTi  III.2. hormonaluri signalebis recepciis gzebi 

 

suraTze III.2. mocemulia hormonis zemoqmedebis magaliTi samizne-ujredis 

plazmuri membranis receptorTan, ris Sedegad icvleba receptoris struqtura da 

is urTierTqmedebs G-cilis molekulasTan. rogorc cnobilia,  es ukanaskneli aaq-

tivebs adenilatciklazas, romelic inicirebs ujredSida procesebis regulatoris 

cAMP-is sinTezs. cAMP gavlenas axdens ujredSi mimdinare reaqciebze ferment pro-

teinkinaza A-s gaaqtivebiT. cnobilia, rom proteinkinaza А akatalizirebs sxvadas-

xva cilebis fosforilirebas maRalenergetikuli fosfaturi naSTebis mierTebiT. 

am cilebidan zogierTi fermentia, xolo zogierTi — arxuli cila, romlebic awar-

moebs sxvadasxva ionis transportirebas orive mimarTulebiT. fosforilirebuli 

cilebis aqtivobis cvlas mosdevs ujredis moqmedebis Secvlac. mocemuli sqemis mi-

xedviT hormoni warmoadgens pirvelad mesenjers, xolo proteinkinaza А, romelic 

cvlis ujredis mravalricxovani cilebis moqmedebas — ujredSida efeqtors.  

principulad gansxvavebuli moqmedebis meqanizmi aqvs sxva jgufis hormonebs 

(steroidebi, farisebri jirkvlis hormonebi). es hormonebi cximSi xsnadi naerTebia, 

romlebic iolad gadalaxavs membranas da ukavSirdeba Sesabamis receptors, rome-

lic citoplazmaSia lokalizebuli. warmoqmnili hormon-receptoris kompleqsi ga-

daadgildeba birTvSi da ukavSirdeba dnm-is ubans, riTac irTveba gansazRvruli ge-

nebis muSaoba. am process mosdevs i-rnm-is warmoqmna da Sesabamisi cilebis sinTezi. 

aRwerili meqanizmi sakmaod nela mimdinareobs da, Sesabamisad, procesi xangrZlivia. 
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hormonebis fiziologiuri efeqti ganisazRvreba sxvadasxva faqtoriT. magali-

Tad, hormonis koncentraciiT, misi TvisobiT cila-gadamtanebis mimarT, samizne 

ujredis zedapirze receptorebis raodenobiTa da sxv. maTi sinTezi da sekrecia 

stimulirdeba centraluri nervuli sistemidan mosuli signalebiT. es signalebi 

neironebiT gadaecema hipoTalamuss, sadac stimulirdeba peptiduri bunebis rili-

zing-hormonebis (ing. `release~ — ganTavisufleba ) — liberinebisa da statinebis sin-

Tezi da sekrecia, romlebic Sesabamisad astimulirebs an ainhibirebs hipofizis wina 

wilis hormonebis sinTezsa da sekrecias. Tavis mxriv, hipofizis wina wilis hormone-

bi zemoqmedebas axdens periferiuli endokrinuli jirkvlebis  hormonebis warmoq-

mnaze, romlebic xvdeba sisxlis mimoqcevaSi da  am gziT urTierTqmedebs samizne uj-

redebTan.  
organizmSi hormonebis raodenobis SenarCuneba xorcieldeba uaryofiTi uku-

kavSiris meqanizmiT. samizne ujredebSi metabolitebis koncentraciis mateba aqvei-

Tebs periferiuli endokrinuli jirkvlebis moqmedebis intensivobas da amcirebs 

hormonebis sinTezsa da sekrecias. magaliTad, hipofizis hormonebis sinTezi da sek-

recia inhibirdeba periferiuli endokrinuli jirkvlebis hormonebiT. Tumca yvela 

endokrinuli jirkvlis muSaoba ar regulirdeba am meqanizmiT. hipofizis ukana wi-

lis hormonebi (vazopresini da oqsitocini) sinTezirdeba hipoTalamusSi winamor-

bedebis saxiT da inaxeba neirohipofizis terminalur aqsonebSi, xolo kuWqveSa jir-

kvlis hormonebis  sekrecia pirdapiraa damokidebuli sisxlSi glukozis koncen-

traciaze. 

hormonis molekulaSi (ZiriTadad exeba peptiduri bunebis hormonebs) ganasxva-

veben ramdenime konkretul ubans, romlebic monawileobs hormonaluri efeqtis re-

alizebaSi. kerZod, hormonis molekulaSi mniSvnelovania e.w. damagrebis ubani, anu 

haptoni, romlis saSualebiT hormoni emagreba hormonaluri moqmedebis adgils. 

uSualod haptoni biologiuri aqtivobiT ar xasiaTdeba. hormonis molekulis meore 

ubania aqtoni. swored aqtoni ganapirobebs hormonis biologiur efeqts samizne-

ujredze. dabolos, hormonaluri molekulis SemadgenlobaSi SesaZlebelia Sedio-

des rigi ubnebi, romlebic icavs mis molekulas sxvadasxva damSleli fermentebis 

zemoqmedebisagan da aZlierebs an asustebs hormonalur efeqts. am ubnebs aqceso-

ruli ubnebi ewodeba.  

III.1.2. hormonebis klasifikacia 

hormonebis klasifikacia emyareba maT qimiur agebulebas, biologiur aqtivoba-

sa da moqmedebis meqanizms. qimiuri agebulebis mixedviT hormonebi iyofa 3 jgufad: 

peptiduri (cilovani), steroiduli da aminomJavuri warmoSobis hormonebad (cxr. 

III.2). gamoyofen aseve meoTxe jgufsac — araqidonis mJavis warmoebulebi — prostag-

landinebi.   

biologiuri aqtivobis mixedviT hormonebi, aseve, ramdenime jgufadaa dayofili 

(cxr.III.3). biologiuri aqtivobis safuZvelze  hormonebis dayofa pirobiTia, vinai-

dan erTsa da imave hormons SeuZlia sxvadasxva funqciis realizeba. 
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cxrili  III. 2.  
 

hormonebis klasifikacia qimiuri agebulebis mixedviT 

 

peptiduri hormonebi steroidebi aminomJavebis 
nawarmebi 

adrenokortikotropuli hormoni      
(kortikotropini) 

aldosteroni adrenalini 

zrdis hormoni (somatotropini) kortizoli noradrenalini 

Tireotropuli hormoni (Tireotropini) kalcitrioli triiodTironini (Т3) 

laqtogenuri hormoni (prolaqtini) testosteroni Tiroqsini (Т4) 

maluTeinizirebeli hormoni estradioli  

folikul-mastimulirebeli hormoni progesteroni  

melanocit-mastimulirebeli hormoni   

qorionuli gonadotropini   

antidiurezuli hormoni (vazopresini)   

oqsitocini   

paraTireoduli hormoni (paraThormoni)   

kalcitonini   

insulini   

glukagoni   

 
 

cxrili  III. 3.  

 

hormonebis klasifikacia biologiuri funqciis mixedviT 

 

regulirebuli procesebi hormonebi 

naxSirwylebis, lipidebis, aminomJavebis 
cvla 

insulini, glukagoni, adrenalini, 
kortizoli, Tiroqsini, somatotropini 

wylisa da mineraluri marilebis cvla aldosteroni, vazopresini 

kalciumisa da fosforis cvla paraThormoni, kalcitonini, 
kalcitrioli 

reproduqciuli funqcia estradioli, testosteroni, 
progesteroni 

periferiuli endokrinuli jirkvlebis 
hormonebis sinTezi da sekrecia 

hipoTalamusis liberinebi da statinebi 
hipofizis tropuli hormonebi, 

hormonebis masinTezirebeli ujredebis 
metabolizmis cvlileba 

eikozanoidebi, histamini, sekretini, 
gastrini, somatostatini, citokinebi 
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III. 2. endokrinuli hormonebis agebuleba, 

biosinTezi da   biologiuri aqtivoba 

endokrinuli hormonebi warmoiqmneba specializebuli jirkvlebis ujredebSi, 

saidanac xdeba maTi sisxlSi sekrecia. es jirkvlebia hipoTalamusi, hipofizi, kuW-

qveSa jirkvlis langerharsis kunZulebi, Tiroiduli da paraTiroiduli jirkvle-

bi, Tirkmelzeda da sasqeso jirkvlebi. endokrinuli jirkvlebis umetesoba gamoi-

muSavebs ramdenime hormons, romlebic erTmaneTisagan gansxvavdeba rogorc agebu-

lebiT, aseve funqciiT.  

III.2.1. hipoTalamusis hormonebi 

rogorc cnobilia, hipoTalamusi mcire zomis warmonaqmnia Sua tvinSi.  mis Se-

madgenlobaSia  didi raodenobiT ujreduli grovebi, romlebic qmnis hipoTalamu-

sur birTvebs (30-ze meti birTvi) (sur. III.3).  maTi funqciaa tvinis neiroendokrinu-

li moqmedebisa da organizmis homeostazis regulireba.  

hipoTalamusi nervuli gzebiT dakavSirebulia cns-is  praqtikulad  yvela gayo-

filebasTan. masTan kavSirSia qerqi, hipokampi, naTxemi, tvinis Rero, zurgis tvini. 

hipofizTan erTad, hipoTalamusi qmnis hipoTalamo-hipofizarul sistemas, rome-

lic aregulirebs hipofizis hormonebis gamoyofas da, Sesabamisad, warmoadgens 

centralur damakavSirebel rgols nervul da endokrinul sistemebs Soris. hipoTa-

lamusis mier gamoyofili hormonebi da specifikuri neiropeptidebi aregulirebs 

iseT mniSvnelovan funqciebs, rogoricaa SimSilisa da wyurvilis SegrZneba, orga-

nizmis Termoregulacia, sqesobrivi qcevebi, Zil-RviZilis cikli (cirkaduli rit-

mebi). bolo wlebis kvlevebi adasturebs hipoTalamusis mniSvnelovan rols iseTi 

funqciebis regulirebaSi, rogoricaa mexsiereba da emociuri mdgomareoba.  

 
 

suraTi III.3. hipoTalamusi 
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hipoTalamusis yvela hormoni, romlebsac  rilizing-hormonebi ewodeba,  pepti-

duri bunebisaa da ganxorcielebuli aqtivobis mixedviT iyofa 3 jgufad (cxr. III. 4): 

liberinebi — astimulirebs hipofizis wina wilis hormonebis sekrecias, statinebi  — 

amuxruWebs hipofizis wina wilis hormonebis sekrecias da hipofizis ukana wilis 

hormonebi, romlebic marTalia sinTezirdeba hipoTalamusSi, magram inaxeba hipo-

fizSi  da Sesabamisi signalis arsebobis SemTxvevaSi, sekretirdeba sisxlSi hipofi-

zidan.  

 

cxrili  III. 4.  

 

hipoTalamusis hormonebis agebuleba da funqcia 

 

hipoTalamusuri hormoni struqtura funqcia 

Tireotropin-rilizing-

hormoni (Tireoliberini) 

peptidi astimulirebs 

Tireotropinisa da 

prolaqtinis sekrecias 

kortikotropin-rilizing - 

hormoni kortikoliberini) 

polipeptidi astimulirebs 

kortikotropinis sekrecias

gondotropin-rilizig-

hormoni (gonadoliberini) 

polipeptidi astimulirebs 

maluTeinizirebeli da 

folikul-mastimulirebeli 

hormonebis sekrecias 

somatotropin-rilizing-

hormoni (somatoliberini) 

polipeptidi  

(40-44kdal.) 

astimulirebs 

somatotropinis sekrecias 

somatostatini 

(somatotropin-

mainhibirebeli hormoni) 

polipeptidi ainhibirebs somatotropinis 

sekrecias 

prolaqtoliberini  prolaqtinis sekreciis 

stimulireba 

prolaqtostatini polipeptidi prolaqtinis sekreciis 

inhibireba 

 

Tireoliberini — tripeptidi, romelic sinTezirdeba hipoTalamusis paraven-

trikularuli birTvebis neirosekretorul ujredebSi 242 aminomJavisagan Semdga-

ri polipeptidis saxiT (preproTireoliberini). mas aqvs glutaminis mJavis, histi-

dinis, prolinamidisa da glicinis TanamimdevrobiT Seqmnili 6 ganmeorebiTi ubani 

(sur. III.4). sinTezirebuli polipeptiduri molekula Camoyalibebis procesSi garda-

iqmneba da misgan warmoqmneba Tireo-liberini. misi sinTezi naklebi intensivobiT 

mimdinareobs cns-is sxva ubnebSic, sadac is asrulebs neiromediatoris funqcias. 
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suraTi  III. 4. Tireoliberini 

 

hipofizis wina wilSi  Tireoliberini astimulirebs Tireotropinis sinTezs. 

Tireoliberinis dakavSirebiT hipofizis ujredebis plazmuri membranis recepto-

rebTan hipofizis ujredebSi matulobs cAMP-is koncentracia, rasac mosdevs Sesa-

bamisi ujreduli pasuxi. sisxlSi hormonis moqmedebis xangrZlivobis naxevarperio-

dia 3-4wT, ris Semdegac igi iSleba specifikuri proteazebis daxmarebiT.  

kortikotropin-rilizing-hormoni (kortikoliberini) – 41 aminomJavasgan 

agebuli peptidia da, iseve rogorc sxva peptiduri hormonebi, sinTezirdeba pro-

hormonis formiT. hipofizis wina wilSi kortikoliberini zrdis proopiomelano-

kortinis, adrenokortikotropinis, lipotropuli hormonis, melanocit-mastimu-

lirebeli hormonisa da β-endorfinis sekrecias. kortikoliberinis receptorebi 

ganTavsebulia samizne ujredebis plazmur membranaze da funqcionirebs adenilat-

ciklazuri sistemis saSualebiT.  

amave dros, kortikoliberi monawileobs zogierTi fsiqiuri funqciis Sesrule-

baSi. zogadad, misi moqmedeba cns-ze aisaxeba aqtivaciis da orientaciis reaqciebis 

gaZlierebaSi.  aseve  SiSis, SeSfoTebis, daZabulobis formirebasa da Zilisa da sqe-

sobrivi aqtivobis gauaresebis CamoyalibebaSi. hormonis koncentraciis xanmokle 

gazrda iwvevs organizmis mobilizacias stresis sapasuxod, xolo xangrZlivi dro-

iT koncentraciis zrdisas, aRiniSneba distresis ganviTareba, rac gamoixateba dep-

resiuli mdgomareobiT, uZilobiT, qronikuli SfoTviTa da organizmis gamofit-

viT.   

kortikoliberini, ZiriTadad, sinTezdeba hipoTalamusSi, Tumca igi aRmoCeni-

lia cns-is sxva ubnebSic, sadac neiromediatoris funqcias asrulebs, monawileobs 

ra sxvadasxva stresuli situaciebis sapasuxo reaqciebSi.  

gonadoliberini — peptiduri bunebis hormonia, romlis winamorbedi 92 aminom-

Javisagan Sedgeba. astimulirebs ori hipofizuri hormonis — folikul-mastimuli-

rebeli da maluTeinizirebeli hormonebis sinTezsa da sekrecias. gonadoliberinis 

sekrecia ar xdeba mudmivad, aramed is gamoiyofa porciebad, gansazRvruli drois 

intervaliT. 

gonadoliberinis Semcveli neironebi cns-is sxva ubnebSic gvxvdeba, sadac akon-

trolebs emociur da sqesobriv qcevebs. hormonis inaqtivacia mimdinareobs specia-

luri proteazebiT. gonadoliberini stimulirebs hipofizis wina wilis gonadot-

ropul ujredebs Sesabamis receptorebiT.  

somatotropin-rilizig-hormoni (somatoliberini) – somatoliberini 44 ami-

nomJavisagan Semdgari peptidia, romelic sinTezdeba hipoTalamusis neirosekreto-
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rul ujredebSi, saidanac portaluri sisxlis mimoqceviT xvdeba hipofizis wina 

wilSi da  astimulirebs somatotropinis sinTezsa da sekrecias. hipoTalamusis gar-

da, somatoliberini sinTezirdeba Tavis tvinis sxva ubnebSic, aseve kuWqveSa jir-

kvalSi, nawlavebsa da placentaSic. somatoliberinis gamoTavisufleba stimulir-

deba serotoniniTa da noradrenaliniT.  

somatoliberinis sinTezis inhibitoria somatotropini. misi sinTezi Zlierdeba 

stresul situaciaSi, fizikuri datvirTvisas da aseve ZilSi. igi gamoiyeneba klini-

kaSi hipofizis funqciis darRvevis diagnostirebisaTvis.  

somatostatini — Tavdapirvelad  gamoyofili iyo hipoTalamusidan, Tumca Sem-

dgom gairkva, rom hipoTalamusis garda, sinTezdeba kuWSi, nawlavebSi, periferiul 

nervul daboloebebSi, placentaSi, Tirkmelzeda jirkvalSi. somatostatini asru-

lebs hormonisa da mediatoris funqcias, monawileobs ra sekretoruli procesebis 

inhibirebaSi da gluvi kunTebis aqtivobis daqveiTebaSi. igi 14 aminomJavisagan Sed-

geba da cikluri struqtura aqvs, romelic disulfiduri bmebiTaa Seqmnili. biolo-

giuri aqtivobis matarebelia aseve 28 aminomJavisagan warmoqmnili peptidic, rome-

lic 14 aminomJavisagan agebuli formis winamorbedia. orive es forma sxvadasxva aq-

tivobiT xasiaTdeba. somatostatini-14  centralur nervul sistemaSi gvxvdeba, xo-

lo somatostatini-28 — nawlavebSi.  
somatostatini ainhibirebs zrdis hormonis, glukagonis, insulinis, kalcitoni-

nis, qolecistokininisa da paraThormonis, aseve pankreasis fermentebis, bikarbona-

tisa da naRvlis sekrecias.  

III.2.2.  hipofizis hormonebi 

hipofizi asekretirebs didi raodenobiT hormonebs, romlebic monawileobs 

sxvadasxva bioqimiur da fiziologiur procesebSi (organizmis zrda, nivTierebaTa 

cvla da reproduqtiuli funqcia). is mWidrodaa dakavSirebuli hipoTalamusTan da 

warmoadgens endokrinuli sistemis centralur organos (sur.III.5).  

 
 

suraTi III.5. hipoTalamo-hipofizuri sistema 
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hipofizi Sedgeba warmoSobiT da struqturiT  gansxvavebuli ori wilisagan: wi-

na wili — adenohipofizi da ukana wili — neirohipofizi. hopoTalamusis neirosek-

retorul birTvebTan erTad, hopofizi warmoqmnis hipoTalamo-hipofizarul sis-

temas, romelic akontrolebs periferiuli endokrinuli jirkvlebis moqmedebas.   

III. 2.2.1.  hipofizis wina wilis hormonebi 

  hipofizis wina wilSi (adenohipofizi) sinTezdeba e.w. tropuli hormonebi, rom-

lebic astimulirebs sxvadasxva periferiuli  endokrinuli jirkvlis hormonebis 

sekrecias, riTac ganapirobebs organizmSi metaboluri procesebis cvlilebas 

(cxr.III. 5.). isini qimiuri agebulebiT peptidebi an glikoproteinebia.  

  hipofizis wina wilis hormonebis sinTezi da sekrecia regulirdeba hipoTala-

musis hormonebiT, romlebic hipofizSi xvdeba sisxliT. Tavis mxriv, hipoTalamusi-

sa da hipofizis hormonebis sekrecia regulirdeba im hormonebiT, romelTa pro-

duqcias isini samizne jirkvlebSi astimulireben.  

cxrili III. 5.  
 

hipofizis wina wilis hormonebis agebuleba da biologiuri funqcia 

 

hormoni agebuleba biologiuri funqcia 

zrdis hormoni (FP), 
somatotropuli hormoni 

polipeptidi 

 

 

 

 

astimulirebs ConCxisa da 

rbili 

qsovilis zrdas. monawileobs 

energetikul da mineralur 

cvlaSi 

Tireotropini dimeri (αβ) astimulirebs iodTironinebis 

sinTezs 

prolaqtini polipeptidi astimulirebs laqtacias 

maluTeinizirebeli 

hormoni 
α-polipeptidi mdedrobiT organizmebSi 

inducirebs ovulacias 

folikul-

mastimulirebeli 

hormoni 

α-polipeptidi qalebSi astimulirebs 

folikulebis zrdas, 

mamakacebSi aspermatogenezs 

kortikotropini, 

adrenokortikotropuli 

hormoni 

polipeptidi astimulirebs Tirkmelzeda 

jirkvlis zrdasa da 

kortikosteroidebis sinTezs

β-lipotropini polipeptidi astimulirebs lipolizs 

 

somatotropini — sekretirdeba adenohipofizis ujredebis mier uwyvetad 20-30 

wT-is intervaliT. hormonis sekreciis gaZliereba aRiniSneba  Rrma Zilis fazaSi. 



 77

sekrecia stimulirdeba hipoTalamusuri somatoliberiniT, romlis moqmedebis me-

qanizmSi meoradi mesenjeris rols Са2+-ioni asrulebs.  

somatotropinis sekreciaze gavlenas axdens  hipoTalamusis meore hormonic — 

somatostatini. am ukanasknelis moqmedebiT mcirdeba adenohipofizis somatotro-

pul ujredebSi kalciumis koncentracia, rasac mosdevs somatotropinis sekreciis 

daqveiTeba. hormonis sekrecia izrdeba fizikuri datvirTvis, tramvebis, infeqcie-

bisa da SimSilobis Sedegad. 

somatotropinis produqcias astimulirebs vazopresini, glukagoni da estro-

genebi, somatotroful ujredebze somatoliberinis receptorebis raodenobis 

gazrdis meSveobiT. analogiuri efeqti aqvs dofamins, noradrenalins, endorfinebs 

da serotonins.   

efeqtorul  ujredze somatotropinis moqmedebis ZiriTadi  meqanizmia misi da-

kavSireba membranul receptorTan da Tirozinkinazuli aqtivoba, rasac mosdevs 

proteinkina С-s gaaqtiureba, Sesabamisi citoplazmuri cilebis fosforilireba da 

maTi aqtivacia. am cilebis fosforilirebis Sedegia transkrifciuli genebis sti-

mulireba da axali cilebis sinTezi.  

somatotropinis  specifikuri receptorebi nanaxia cximovan, kunTovan, xrti-

lovan da limfoidur qsovilSi, RviZlisa da kuWqveSa jirkvlis, aseve nawlavebis, 

tvinis, filtvebis, gulisa da Tirkmlis ujredebze. somatotropini  monawileobs 

organizmis zrdisa da ganviTarebis regulirebaSi. zrdis ra xrtilovani qsovilis 

sinTezs Zvlis epifizarul nawilSi, axalgazrda organizmSi hormonis zegavleniT 

stimulirdeba sxeulis zoma sigrZeSi, aseve Zvlis sigrZe da sisqe, izrdeba kunTova-

ni da SemaerTebeli qsovilis, aseve Sinagani organoebis masa (sur.III.6).  

somatotropinis  ZiriTadi efeqtebi nivTierebaTa cvlaze Semdegia:  

1. lipolizis procesis gaZliereba da cximovani qsovilis Semcireba;  

2. aminomJavebis SeTvisebisa da cilebis sinTezis gazrda, ris Sedegadac sxeulis 

masa izrdeba aracximovani qsovilis xarjze;  

3. glukoneogenezis aqtivacia da glukozis raodenobis zrda sisxlSi.     

hormonis efeqtebi ganpirobebulia specialuri hormonaluri bunebis  humora-

luri faqtorebiT (hormonebiT), romlebic sinTezdeba RviZlSi, aseve Tirkmelebsa 

da ZvalSi, am faqtorebs somatomedinebi ewodeba.  

 

 
 

suraTi III.6. somatotropinis moqmedebis meqanizmi 

adenohipofizSi sekretirebuli somatotropini gavlenas axdens zrdis procesze,  

astimulirebs ra ujredebSi aminomJavebis transportsa da cilebis sinTezs.  

somatotropinis efeqti ganpirobebulia RviZlSi sinTezirebuli insulinis msgavsi  

zrdis faqtorebiT, anu somatomedinebiT (IGF-I). GHRH – zrdis hormonis  

rilizing-hormoni; GH – zrdis hormoni (somatotropini) 
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gamomdinare iqidan, rom somatomedinebis efeqtebi nivTierebaTa cvlaze insu-

linis efeqtis msgavsia, xolo maTi struqtura proinsulinis struqturis analogi-

uria,  maT sxvanairad insulinis msgavs zrdis faqtorebsac uwodeben (insulin-like 

growth factors, IGFs). qimiurad gaSifrulia da dadgenilia ori ZiriTadi faqtoris — 

somatomedini A-s (IGF-II) da somatomedini C-s (IGF-I) moqmedebis meqanizmi. sisxlis 

plazmaSi nanaxia somatomedini B, Tumca misi funqcia jerjerobiT dadgenili ar 

aris.  IGF-I -faqtors aqvs ufro Zlieri efeqti zrdaze, vidre IGF-II-s da warmoadgens 

ZiriTad faqtors, romelic axorcielebs uaryofiT ukukavSirs somatoliberinisa 

da somatotropinis sekreciaze. sisxlSi IGF-I-is dabali Semcvelobis pirobebSi iz-

rdeba somatotropin-rilizing-hormonisa da somatotropinis sekrecia, xolo kon-

centraciis gazrdisas — mcirdeba.   

IGF-I-is zemoqmedeba xrtilovan qsovilze vlindeba sinTezirebul proteogli-

kanebSi sulfatebis CarTvis stimulaciiT, aseve rnm-isa da cilebis sinTezis aqtiva-

ciiT. amave dros, qondriocitebis diferencireba da aminomJavebis transportis 

gaZliereba uzrunvelyofilia somatotropiniT da ara somatomedinebiT.  
miuxedavad imisa, rom somatomedinebs insulinis msgavsi zrdis faqtorebi ewo-

deba, maTi receptorebi gansxvavdeba insulinis receptorebisagan. faqtorebis re-

ceptorebi lokalizebulia ara marto xrtilovan, aramed kunTovan da SemaerTebel 

qsovilSic, sadac monawileobas iRebs mitogenezsa da cilebis sinTezSi.   

somatotropinis moqmedeba ganpirobebulia misi dakavSirebiT Sesabamis recep-

torTan. somatotropinis receptori, romelic nanaxia TiTqmis yvela qsovilSi, war-

moadgens membranul  receptors erTi ujredgare domeniT, (ikavSirebs hormons), 

transmembranuli domeniT da ujredSida domeniT (emsaxureba signalis ujredSida 

gadacemas). receptoris aqtivacia iwyeba erTi molekula hormonis dakavSirebiT or 

receptorTan. am gziT warmoqmnili dimeruli molekula aucilebelia signalis uj-

redSida gadacemisaTvis. receptoris ZiriTadi samizne cilaa ianus-kinaza (JAK-2-Ti-

rozinkinazuri aqtivobis mqone cila), romelic gaaqtivebul receptorTan urTier-

TqmedebiT ganicdis fosforilirebas, rasac mosdevs Sesabamisi samizne cilebis 

fosforilirebac. aseT cilebs miekuTvneba  STAT (signal transducer and activator of 

transcription), adaptoruli cila She, mitogen-aqtivirebadi proteinkinazebi (MAPK), 

IGF-I da IGF-II cilebi.  am cilebis fosforilirebisa da, Sesabamisad, aqtivirebis Se-

degia genebis gaZlierebuli eqspresia (sur. III.7.). 

paTologiebi, romlis mizezia somatotropini, gamowveulia misi raodenobrivi 

cvlilebebiT an receptorebis arasrulfasovnebiT. zrdasrul adamianebSi hormo-

nis raodenobrivi mateba an egzogenurad xangrZlivi Seyvana iwvevs Zvlebis gamsxvi-

lebas, saxis deformirebas da enis zomebis gazrdas. daavadebas akromegalia ewode-

ba.  misi Tanmdevi garTulebebia kunTebis Zalis Sesusteba da qsovilebis mgrZnobe-

lobis gazrda insulinisadmi. daavadebis mizezia hipofizis wina wilis adenoma. ume-

tesad adenoma Cndeba zrdasrul asakSi, Tumca iSviaT SemTxvevaSi — adreul asakSic, 

rac xdeba e.w. gigantizmis mizezi.  

somatotropinis arasakmarisi raodenoba adreul asakSi dakavSirebulia geneti-

kur defeqtebTan, iwvevs zrdis SeCerebas (hipofizaruli nanizmi) da, xSir SemTxveva-

Si, sqesobrivi ganviTarebis Seferxebasac. zrdasrul asakSi hormonis deficitis mi-

zezia sxeulze cximovani Sris gazrda. napovnia Sesabamisi genebi HESX1da LHX3, rom-

lebic akontrolebs hipofizis ganviTarebas. am genebis mutacia iwvevs hormonis 

simcires an polifunqciur ukmarisobas. somatotropinis receptoris genis mutacia 

aris laronis sindromis mizezi. daavadebis niSnebia — zrdis mkveTri Seferxeba 
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(proporciuli nanizmi), saxis zomebis Semcireba da sxva gadaxrebi. avadmyofebs aRe-

niSnebaT sisxlSi hormonis maRali koncentracia, Tumca insulinis zrdis faqtori 

1-is dabali Semcveloba. daavadeba recesiul-autosomaluri tipisaa.  

 

 

 

suraTi III.7. somatotropinis moqmedebis meqanizmi 

somatotropinis dakavSireba specifikur membranul receptorTan iwvevs  

receptorTan asocirebuli Tirozinkinazas aqtivacias, rasac mosdevs mitogenebiT  

gaaqtivebuli proteinkinazas (MAPK)fosforilireba da aqtivacia,  

rac iwvevs Sesabamisi genebis transkrifcias da cilebis sinTezs 

 

prolaqtini — sinTezdeba hipofizis wina wilis laqtotroful ujredebSi pro-

hormonis saxiT (40kdal.). estrogenebis zemoqmedebiT am ujredebis raodenoba 

mkveTrad matulobs fexmZimobis periodSi. prolaqtini agebulebis mixedviT soma-

totropinis  msgavsia da Sedgeba 199 aminomJavisagan, romlebic qmnis erTpolipepti-

dur jaWvs sami disulfiduri bmiT.  
am hormonis efeqtebi dakavSirebulia gamravlebasTan. prolaqtinis ZiriTad sa-

mizne organos warmoadgens sarZeve jirkvlebi. is aucilebelia laqtaciisaTvis, ase-

ve astimulirebs sarZeve jirkvlebis zrdasa da ganviTarebas. am hormonis recepto-

rebi sarZeve jirkvlebis garda, nanaxia  TiTqmis yvela organoSi, Tumca prolaqti-

nis moqmedeba am receptorebze jerjerobiT ucnobia.  

mamakacebSi prolaqtini zrdis leidigis ujredebis mgrZnobelobas maluTeini-

zirebeli hormonisadmi da am gziT uzrunvelyofs testosteronis saWiro raodeno-

bas. TirkmelebSi hormoni amcirebs wylis eqskrecias da moqmedebs Na+-isa da К+-is 

ionebis reabsorbciaze. is aZlierebs imunitets.  
prolaqtinis sinTezi da sekrecia stimulirdeba TireoliberiniT, serotoni-

niT, oqsitociniT da acetilqoliniT, xolo mainhibirebel efeqts avlens dofamini. 

sxva hormonebis analogiurad, prolaqtini sekretirdeba sisxlSi garkveuli inter-

valebiT.  
Tireotropini — glikoproteinia, romlis molekuluri masaa 30kdal. igi sinTe-

zirdeba hipofizis wina wilis Tireotropul ujredebSi. Tireotropinis sekrecias 

astimulirebs Tireoliberini, xolo mainhibirebeli efeqti aqvs Tiroidul hormo-

nebs. hormonis sekreciis piki aRiniSneba Zilis win, xolo Ramis periodSi misi raode-

noba mcirdeba (sur.III.8).  
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Tireotropinis ZiriTadi biologiuri funqciaa farisebri jirkvlis iodTiro-

ninebis sinTezisa da sekreciis stimulireba. mas farisebr jirkvalze 2 tipis efeqti 

axasiaTebs. pirvel SemTxvevaSi efeqti vlindeba swrafad (ramdenime wuTis ganmav-

lobaSi) da moicavs iodTironinebis sinTezisa da sekreciis yvela stadias. meore 

SemTxvevaSi efeqtis gamosavlenad saWiroa ramdenime dRe. am tipis efeqtebs gane-

kuTvneba cilis, fosfolipidebisa da nukleinis mJavebis sinTezis stimulacia da 

Tiroiduli ujredebis zomisa da raodenobis zrda.  

G-klasis zogierTi imunoglobulini Tireotropinis receptorebTan urTier-

TqmedebiT imitirebs hormonis efeqts. am tipis imunoglobulinebi aRmoCenilia hi-

perTireoziT daavadebul pacientebSi. mastimulirebeli antisxeulebis garda, aR-

moCenilia antisxeulebi, romlebic iwvevs Tiroiduli jirkvlis ujredebis daSlas. 

am tipis antisxeulebis warmoqmna Tiroiduli jirkvlis funqciis moSlis erT-erTi 

xSiri mizezia.  
glikoproteinebis jgufis hormonebs miekuTvneba aseve hipofizis gonadotro-

puli hormonebi — maluTeinizirebeli hormoni da folikul-mastimulirebeli hor-

moni. aseve, qorionuli gonadotropini.  

 

 
 

suraTi III.8.  Tireotropinis moqmedeba Tiroidul jirkvalze 

 

maluTeinizirebeli hormoni  (luTeotropini —  lh, laT-dan luteum — yviTeli) 

— peptiduri hormoni, romelic sinTezdeba  hipofizis wina wilis gonadotropuli 

ujredebis mier. folikul-mastimulirebel hormonTan erTad monawileobs repro-

duqtiuli sistemis muSaobaSi. mdedrobiT organizmSi luTeotropini stimulirebs 

sakvercxeebiT estrogenebis sekrecias, xolo misi momatebuli koncentracia inici-

rebs ovulaciis process.  

luTeotropini rTuli glikoproteinuli cilaa (28.5kdal.), romelic ori α- da 

β-suberTeuliTaa warmodgenili. suberTeulebi erTmaneTTan disulfiduli xidaki-

Taa dakavSirebuli. TiToeul suberTeulTan dakavSirebulia naxSirwylovani naSTi.  

luTeotropinis sinTezi da sekrecia kontroldeba hipoTalamusis gonadolibe-

rinis mier. hormonis sekrecia ovulaciis gamomwvevia, romlis drosac adgili aqvs 

rogorc kvercxujredis gamoTavisuflebas, aseve luTeinizaciis processac, ker-
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Zod folikulis gardaqmnas yviTel sxeulad. es ukanaskneli hormon progesteronis 

sinTezisa da sekreciis adgilia.  

mamrobiT individebSi hormoni gavlenas axdens leidigis ujredebis formireba-

ze da, Sesabamisad, pasuxismgebelia testosteronis gamomuSavebaze. 

folikul-mastimulirebeli hormoni. hipofizis wina wilis peptiduri bunebis 

gonadotropuli hormonia, romelic gamomuSavdeba bazofilur ujredebSi. misi nak-

lebobisas mamrebSi aRiniSneba sasqeso jirkvlebis ganuviTarebloba, spermatogene-

zis Seferxeba, aseve zrdisa da ganviTarebis Seferxeba, rasac Tan sdevs meoreuli 

sasqeso niSnebis ganuviTarebloba. mdedrobiT individebSi aRiniSneba zrdisa da 

folikulebis momwifebis Seferxeba, aseve sarZeve jirkvlebis ganuviTarebloba da 

unayofoba. 

adrenokortikotropini (kortikotropini, ACTH) — peptiduri hormonia, ro-

melic sinTezdeba hipofizis wina wilis eozinofiluri ujredebis mier hipoTala-

musuri kortikoliberinis gavleniT. kortikotropini, iseve rogorc zogierTi sxva 

hormoni (melanocit-mastimulirebeli hormoni, lipotropini da endorfini) sinTe-

zirdeba winamorbedi cila proopiomelanokortinidan (sur.III. 9). is sekretirdeba 

impulsurad. stresul pirobebSi (travma, qimiuri naerTebiT intoqsikacia, fsiqiku-

ri travmebi, damwvroba) hormonis koncentracia sisxlSi  ramdenjerme izrdeba. 

 
suraTi III. 9.  adenokortikotropinisa da sxva biologiurad  

aqtiuri naerTebis  sinTezi proopiomelanokortinidan 

γ-MSH – melanocitmastimulirebeli hormoni; CLIP –  
kortikotropinis analogiuri Sualedi peptidi 

 

ACTH-is sekrecia regulirdeba ori gziT — nervuli da qimiuri. hormonis sekre-

cia iwyeba sxvadasxva stimulebis sapasuxod (mag., travma, emociuri stresi, farmako-

logiuri preparatebi, qimiuri an baqteriuli toqsinebi), aseve endogenuri naerTe-

bis zemoqmedebiT (mag., insulinis, Tiroqsinis, adrenalinisa da vazopresinis). es 

stimulebi aZlierebs hipoTalamusuri kortikotropin-rilizing-hormonis sinTez-

sa da gamoyofas.  
kortikotropini akontrolebs Tirkmelzeda jirkvlis hormonebis sinTezsa da 

sekrecias. is, ZiriTadad, moqmedebs glukokortikoidebis — kortizolis, kortizo-

nisa da kortikosteronis sinTezsa da sekreciaze. paralelurad aZlierebs andro-

genebis, estrogenebisa da progesteronis sinTezs, romelebsac SeiZleba hqondes 

rogorc qronikuli, aseve xanmokle xasiaTi. kortikotropinis moqmedebis meqaniz-

mis Sesaxeb ramdenime Teoriaa mowodebuli: 
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1. heinsis Teoria, romlis mixedviT hormoni zrdis adenilatciklazas aqtivobas, 

Sesabamisad, akatalizebs АТP-is gardamqmnas  cАМP-ad, romelic, Tavis mxriv, ax-

dens ferment fosforilazas gaaqtiurebas. fosforilaza Slis Tirkmelzeda 

jirkvlis ujredebis glikogens glukozo-1-fosfatad, romelic, sabolood, 

glukozo-6-fosfatad gardaiqmneba. es ukanaskneli erTveba pentozofosfatur 

ciklSi, iwvevs aRdgenili nikotinamid-adenindinukleotidfosfatis (NADPH2) 
warmoqmnas, romelic aucilebeli kofaqtoria qolesterinis gardaqmnisaTvis 

pregnenolonad, saidanac sabolood sinTezdeba steroiduli naerTebi;  

2. es Teoria pirveli Teoriis analogiuria, gansxvavebas warmoadgens mxolod  

NADPH2-is koncentraciis matebis mizezi. am Teoriis mixedviT, Tirkmelzeda 

jirkvalSi NADPH2-is koncentraciis matebis mizezia ara glikogenolizis gaaq-

tiureba, aramed glukozo-6-fosfatdehidrogenazas aqtivobis mateba;   
3. garenis mier mowodebuli TeoriiT, hormoni astimulirebs samizne ujredSi 

cАМP-is koncentraciis matebas adenilatciklazas gaaqtivebiT. cАМP urTier-

Tqmedebs citoplazmur proteinkinazasTan, rasac mosdevs misi disociacia da 

aqtiuri fermentis warmoqmna. Tavis mxriv, proteinkinaza aaqtiurebs riboso-

mebs da xels uwyobs specialuri cilis sinTezs, romelsac gadaaqvs Tavisufali 

qolesterini citoplazmidan mitoqondriebSi, sadac warmoebs misi gardaqmna 

pregnenolonidan da Semdgom kortikosteroidebad.   

amJamad miRebulia garenis Teoria, romelic xsnis hormonis moqmedebiT  korti-

koidebis gaZlierebul sinTezs. hormoni  inducirebs mitoqondriuli da mikroso-

muli fermentebis sinTezsac. 

procesis regulirebas ACTH awarmoebs ori gziT. cnobilia, rom steroidebis 

sinTezisaTvis aucilebeli qolesterinis 80% jirkvals miewodeba plazmidan. qo-

lesterinis gadatana Tirkmelzeda jirkvlis ujredebSi gacilebiT intensiurad 

mimdinareobs maRali simkvrivis lipoproteinebiT, vidre dabali simkvrivis lipop-

roteinebiT. ACTH SerCeviTad astimulirebs qolesterinis gadatanas Tirkmelzeda 

jirkvalSi maRali simkvrivis lipoproteinebiT. 

III. 2.2.2.  hipofizis Sua wilis hormonebi 

         melanocitmastimulirebeli hormonebi (melanotropebi, intermedinebi, 

MSH). hormonebi sinTezdeba adamianisa da xerxemliani cxovelebis hipofizis Sua 

wilSi da qimiuri SenebiT polipeptidebia.  

cnobilia MSH-is sami forma: 

• α  − melanocitmastimulirebeli hormoni (α - MSH); 
• β — melanocitmastimulirebeli hormoni (β - MSH); 
•  γ − melanocitmastimulirebeli hormoni (γ - MSH); 
samive forma warmoiqmneba saerTo cila-winamorbedidan — proopiomelanokor-

tinidan.  MSH astimulirebs melaninebis sinTezsa da sekrecias kanisa da Tmebis me-

lanocituri ujredebidan, aseve  Tvalis baduris pigmentacias. gansakuTrebuli 

gavlena pigmentaciaze aqvs α-MSH-s. is amfibiebsa da zogierT reptiliaSi iwvevs 

sibneleSi an muq zedapirze safaris gamuqebas, astimulirebs ra kanis melanoforeb-

Si melaninuri granulebis dispersias. adamianebSi MSH-s koncentraciis mateba aseve 

kanis gamuqebis mizezi xdeba. es procesi mimdinareobs, magaliTad, fexmZimobisas an 
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adisonis daavadebis dros, roca kortikotropuli hormonis paralelurad, matu-

lobs MSH-is raodenobac. adamianebi, romlebsac aqvT Ria feris Tma da kani, mokle-

buli arian mzeze garujvis SesaZleblobas MSH-is receptoris masinTezirebel gen-

Si arsebuli mutaciis gamo.  

cnobilia, rom MSH-is receptorebi dakavSirebulia G-cilebTan. ZuZumwovrebSi 

cnobilia  MSH-is 5 tipis receptori: 

• MC1 warmoadgens  ZiriTad cilas, romelic gansazRvravs kanisa da Tmis 

fers. is funqcionirebs melanocitebis zedapirze da aregulirebs melano-

genezs ZuZumwovrebSi. MC1-is moqmedebiT aRiZvreba rTuli sasignalo kaska-

di, romlis saboloo Sedegia Savi an yavisferi eumelaninis warmoqmna.  ZuZu-

mwovrebis umetesobaSi  sainformacio signali SeiZleba Seicvalos recep-

toris dakavSirebiT specifikur cila Asip-Tan (Agouti signal protein), romelic 

ainhibirebs MC1-s moqmedebas, rasac mosdevs  wiTeli an yviTeli feomelani-

nis warmoqmna;  

• MC2 — kortikotropuli hormonis receptoria da warmodgenilia Tirkmel-

zeda jirkvlis ujredebze. meoradi Suamavlis funqcias asrulebs cAMP; 

• MC3 — gvxvdeba sxvadasxva qsovilSi da monawileobs kvebiTi homeostazis 

regulirebaSi; 

• MC4 — aseve ikavSirebs α-MSH-s. damtkicebulia, rom receptori monawile-

obs kvebiTi qcevebis CamoyalibebaSi, nivTierebaTa cvlis regulirebasa da 

sqesobriv qcevebSi;  

• MC5  CarTulia garegani sekreciis jirkvlebis muSaobaSi.  

III.2.2.3.  hipoTalamo-hipofizuri sistemis 

moSliT gamowveuli zogierTi paTologia 

hipoTalamo-hipofizuri sistemis moSla xasiaTdeba mravalricxovani klinikuri 

gamovlinebebiT. sistemis hipofunqciis mizezi SesaZlebelia gaxdes tropuli hor-

monebis an romelime, konkretuli hormonis producirebis nawilobrivi an mTliani 

SeCereba. hipofizis tropuli hormonebis sinTezisa da sekreciis darRveva iwvevs 

periferiuli endokrinuli jirkvlebis funqciis daqveiTebas.  
hipofizis gonadotrofuli funqciis moSlis Sedegia sakvercxeebis ganuviTa-

rebloba, saSvilosnosa da sarZeve jirkvlebis atrofia, amenorea (menstrualuri 

ciklis darRveva). 

zrdis hormonis deficiti gansakuTrebiT saSiSia bavSvebSi. cnobilia adamianis 

zrdisa da ganviTarebis paTologiebis ramdenime tipi, romelTa mizezia zrdis hor-

monis sruli an nawilobrivi deficiti. 

hipofizuri nanizmi, anu qondriskacoba — (berZ. nanos — juja). organizmis 

zrdisa da fizikuri ganviTarebis darRvevis mizezia zrdis hormonis deficiti. hi-

pofizaruli nanizmis formebis umetesoba viTardeba zrdis hormonis genis mutaci-

is Sedegad. qondriskacobiT daavadebulTa umetesobas zrdis problemebis parale-

lurad uviTardebaT sxvadasxva endokrinuli darRvevebic. zogierT SemTxvevaSi, 

hormonis hiposekrecia SesaZlebelia gamowveuli iyos hipofizis somatotrofuli 

ujredebis autoimunuri paTologiebiT, qala-tvinovani dazianebebiT an radiaciiT.  
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laronis nanizmi viTardeba hepatocitebSi zrdis hormonis Sesabamisi recepto-

ris deficitis gamo da insulinis msgavsi zrdis faqtoris sinTezis daqveiTebiT. 

afrikeli pigmeebis qondriskacoba — darRveulia receptoridan hormonaluri 

signalis gadacemis procesi. am SemTxvevaSi zrdis hormonis koncentracia plazmaSi 

normaluria, xolo insulinis msgavsi zrdis faqtoris koncentracia mniSvnelovna-

daa Semcirebuli.  

zrdis hormonis hiperfunqcia viTardeba hipofizis ujredebis simsivnis Sem-

TxvevaSi, rasac mosdevs zrdis procesis gaaqtiveba. im SemTxvevaSi, Tu zrdis hor-

monis hiperfunqcia ganviTarda adreul asakSi, roca ar aris damTavrebuli gaZvale-

bis procesi, viTardeba gigantizmi, romlisTvisac damaxasiaTebelia Zvlebis, rbili 

qsovilebisa da organoebis proporciuli gazrda. zrdasrul asakSi zrdis hormonis 

hiperfunqcia iwvevs e.w. akromegalias  (berZ. akro — gansakuTrebuli, megas — didi), 

romlis drosac iwyeba sxeulis calkeuli nawilebis disproporciuli zrda, kerZod 

izrdeba saxis, xelis mtevnis, quslebis, Tavis qalis zomebi da aseve Sinagani organo-

ebi. akromegaliiT daavadebul pacientTa did nawilSi (40%) aRmoCenilia somatot-

rofuli ujredebis G-cilebis mutacia, ris gamoc es cila kargavs gtf-azur aqti-

vobas. amis Sedegia gaxangrZlivebuli adenilatciklazuri aqtivoba, rasac mosdevs 

c-amf-is Warbi produqcia da somatotropuli hormonis sekreciis gaZliereba.  
hipofizis mier hormonis gaZlierebuli produqciisas viTardeba daavadeba, ro-

melsac kuSingis sindromi ewodeba. sindromiT gamowveuli darRvevebi ganpirobebu-

lia steroidebis (glukokortikoidebi, mineralokortikoidebi) Warbi gamoyofiT. 

daavadebis safuZvels warmoadgens kortikotropinis sekreciis kontrolis meqa-

nizmis cvlileba. dofaminuri aqtivobis cvlilebis daqveiTebiT, romelic pasuxis-

mgebelia kortikotropin-rilizing-hormonisa da kortikotropuli hormonis sek-

reciis mainhibirebel efeqtze, irRveva hipoTalamo-hipofizarul-Tirkmelzeda 

sistema da kortikotropin-rilizing-hormon-kortikotropin-kortizolis sekre-

ciis ritmi; daavadebis procesSi Sewyvetilia ukukavSiriT regulirebis meqanizmi, 

rasac mosdevs kortizolis, kortiko-steronisa da aldosteronis gaZlierebuli 

sekrecia.  daavadeba viTardeba hipofizis adenomis SemTxvevaSi.  

gansxvavebuli meqanizmiT viTardeba adisonis daavadeba, romelic, kuSingis sin-

dromisagan gansxvavebiT, xasiaTdeba Tirkmelzeda jirkvlis hormonebis, pirvel 

rigSi, kortizolis simciriT. daavadebis mizezi xdeba Tirkmelzeda jirkvlis an hi-

pofizis nebismieri dazianeba, romlis drosac iklebs kortizolisa da aldostero-

nis sekrecia. 

III.2.2.4.  hipofizis ukana wilis hormonebi 

hipofizis ukana wilSi, anu neirohipofizSi sinTezdeba da sekretirdeba pepti-

duri bunebis hormonebis mTeli rigi, kerZod, asparotocini, vazopresini, vazoto-

cini, valitocini, glumitocini, izotocini, mezotocini da oqsitocini. maT Soris 

gansakuTrebiT mniSvnelovania ori hormoni — vazopresini  (antidiurezuli hormo-

ni) da oqsitocini  (sur.III.10). aRsaniSnavia, rom orive hormoni sinTezdeba hipoTa-

lamusis neironebSi, Semdgom transportirdeba hipofizSi, sadac inaxeba da saWiroe-

bis mixedviT sekretirdeba. orive hormoni sinTezdeba prohormonis saxiT,  romel-

Ta postranslaciuri modifikaciis Sedegad warmoiqmneba aqtiuri hormoni da tran-

sportuli peptidi neirofizini (oqsitocini + neirofizini I da vazopresini + nei-
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rofizini II). hormonebi hipofizSi transportirebisas arakovalenturad dakavSire-

bulia Sesabamis neirofizinTan. sisxlSi orive hormoni gvxvdeba Tavisufali saxiT.  
vazopresini. vazopresinis efeqti vlindeba misi dakavSirebiT ori tipis recep-

torTan. erTi maTgani ganTavsebulia sisxlZarRvebis gluv kunTebze da iwvevs maT 

SekumSvas, xolo meore tipis receptorebi gvxvdeba Tirkmlis ujredebis plazmur 

membranaze, romelTa gaaqtivebis Sedegad iwyeba im genebis eqspresia, romlebic mo-

nawileobs wylis reabsorbciis procesSi CarTuli cilebis sinTezSi.  

 

 
 

suraTi III. 10.  neirohipofizis hormonebi 

A- vazopresini;  B- oqsitocini 

 
antidiurezuli hormone, anu vazopresini 9 aminomJavas naSTisagan Semdgari pep-

tidia (1100 dal.).  is sinTezdeba hipoTalamusis neironebSi winamorbedis — prepro-

hormonis saxiT, romelic goljis aparatSi prohormonad yalibdeba. neirosekreto-

ruli granulebiT prohormoni gadaitaneba hipofizis ukana wilis (neirohipofizis) 

nervul daboloebebSi. granulebis transportirebis procesSi mimdinareobs pro-

hormonis procesingi, ris Sedegadac igi hormonad da satransporto cila — neiro-

fizinad iSleba. vazopresinisa da neirofizinis Semcveli granulebi aqsonis termi-

nalebSi inaxeba, saidanac Sesabamisi stimulis sapasuxod xdeba maTi sisxlSi sekre-

tireba. vazopresinis sekreciis stimulia sisxlSi Na+-ionis koncentraciisa da uj-

redgare siTxis wnevis mateba. Zlieri ofldenis, wylis arasakmarisi an marilebis di-

di raodenobiT miRebisas hipoTalamusis osmoreceptorebi aregistrirebs sisxlis 

osmosuli wnevis matebas. warmoqmnili nervuli impulsebi gadaecema hipofizis uka-

na wils, rac iwvevs vazopresinis gamoTavisuflebas. vazopresinis sekrecia xdeba 

aseve winagulis baroreceptorebidan wamosuli signalebis sapasuxodac.  

vazopresinisadmi mgrZnobiare receptorebi ori tipisaa: V1 da V2. orive tipis 

receptori warmoadgens klasikur membranul receptors, romelic G-cilasTanaa 

dakavSirebuli.   

cnobilia V1-receptoris ori jgufi V1A  da V1B(V3), romlebic dakavSirebulia Gq-
cilebTan da astimulirebs fosfolipazur-kalciumis meqanizmiT hormonaluri 

signalis gadacemas.  

V1A-receptorebi lokalizebulia sisxlZarRvebis gluv kunTebsa da RviZlSi, 

aseve cns-Si.  maTTan vazopresinis dakavSireba iwvevs fosfolipaza С-s aqtivacias 

da diacilglicerolisa da inozitoltrifosfatis warmoqmnas. hormoni ujredSida 

kalciumis koncentraciis matebiT monawileobs gluvi kunTebis SekumSvaSi. V1A-
receptorebi  aseve nanaxia miocitebSi, Tavis tvinSi, sakvercxeebsa da nervul 

kvanZebSi.  vazopresini V1A-receptorebis meSveobiT amaRlebs Sinagani organoebis, 
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gansakuTrebiT gulis kunTis  gluvi kunTebis tonuss, ris Sedegadac izrdeba arte-

riuli wneva.    

V1B (V3)-receptorebi eqspresirdeba adenohipofizSi da Tavis tvinSi, sadac va-

zopresini asrulebs neiromediatoris funqcias. isini pasuxs ageben  stresisadmi 

adaptaciaze (qceviTi da neiroendokrinuli). aseve,  V1B receptorebi monawileobas 

iRebs zogierTi fsiqiatriuli mdgomareobis ganviTarebaSi (magaliTad, depresiis). 

gulis miocitebSi hormonisa da V1-receptoris urTierTqmedeba warmoadgens kun-

Tebis SekumSvis mizezs. hormonis SekumSvadi efeqti vlindeba misi maRali koncen-

traciebis pirobebSi. vinaidan vazopresinis Tvisoba V2-receptorisadmi gacilebiT 

maRalia, vidre V1-receptorisadmi, fiziologiur pirobebSi, ZiriTadad, vlindeba 

misi antidiuretuli moqmedeba. 

V2-receporebi, romlebic gansazRvravs vazopresinis ZiriTad fiziologiur 

efeqtebs, aRmoCenilia Tirkmlis Semkrebi milakebisa da distaluri arxebis ujre-

debis membranaze. vazopresinis ararsebobis SemTxvevaSi Sardi ar koncentrirdeba 

da gamoiyofa didi raodenobiT, dRe-RameSi daaxloebiT 20l (normaSi 1,5-2,0l). va-

zopresinis dakavSireba samizne ujredis V2-receptorTan astimulirebs adenilat-

ciklazas da aaqtivebs proteinkinaza А-s. Tavis mxriv, proteinkinaza А fosforili-

rebis gziT aaqtivebs Tirkmlis arxis ujredebis membranul cilas — akvaporin 2-s, 

romelic warmoqmnis wylis arxs, saidanac xdeba wylis reabsorbcia da maRalkoncen-

trirebuli Sardis (antidiurezi) warmoqmna (sur.III.11.). am efeqtis gamo ewodeba va-

zopresins  antidiurezuli hormoni. 

vazopresinis deficiti, rac gamowveulia hipofizis ukana wilis disfunqciiT, 

aseve hormonaluri signalis gadacemis darRveviT, uSaqro diabetis ganviTarebis 

ZiriTadi mizezia. am pirobebSi mimdinareobs wylis araregulirebadi eqskrecia, ris 

Sedegadac SesaZlebelia ganviTardes organizmis dehidratacia. uSaqro diabetis 

ganviTarebis ZiriTadi mizezia hipoTalamusSi preprohormonis sinTezis genetiku-

ri defeqtebi, aseve prohormonis procesingisa da transportirebis procesis de-

feqtebi da hipoTalamusis an neirohipofizis dazianebebi (mag. qala-tvinis travma, 

simsivne, iSemia). nefrogenuli uSaqro diabetis gamomwvevia V2-receptoris genis 

memkvidruli mutacia, ris Sedegadac Tikmlis ujredebi kargavs hormonze reagire-

bis unars. uSaqro diabetisaTvis damaxasiaTebelia e.w. poliuria — didi raodenobiT 

dabali simkvrivis Sardis gamoyofa. vazopresinis sekreciis daqveiTebas mosdevs 

wyalze moTxovnis gazrda.  

oqsitocini — hipoTalamusis hormonia, romelic sinTezis Semdgom transpor-

tirdeba hipofizSi, sadac xdeba misi deponireba da Semdgom sisxlSi gamoyofa. mas 

aqvs peptiduri buneba.  hormoni astimulirebs saSvilosnos gluvi kunTebis Sekum-

Svas, aseve aqtiurad monawileobs laqtaciis procesSic.  

laqtaciis procesSi oqsiticini iwvevs mioepiTeluri ujredebis SekumSvas, ris 

Sedegadac, mimdinareobs  prolaqtiniT stimulirebuli gamomuSavebuli  rZis gamo-

yofa.  

oqsitocini astimulirebs kunTebis aqtivobas. misi daxmarebiT adgili aqvs saS-

vilosnos yelis kunTebis SekumSvas, riTac hormoni xels uwyobs mSobiarobis pro-

cess. misTvis damaxasiaTebelia sustad gamoxatuli antidiurezuli, vazopresinuli 

efeqti.  

bolo wlebia,  oqsitocins akavSireben autizmis paTologiasTan da SesaZlebelia 

igi gamoyenebuli iyos, rogorc efeqturi samkurnalo saSualeba am daavadebasTan 

sabrZolvelad.  
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sur. III.11. vazopresinis moqmedeba Tirkmlis arxis ujredebze 

1 — vazopresini ukavSirdeba membranul receptors,   

iwvevs adenilatciklazas (Ac) gaaqtivebas da cAMP-is warmoqmnas; 

2 — cAMP aaqtivebs proteinkinazas, rac iwvevs cilebis fosforilirebas; 

3 — fosforilirebuli cilebi awarmoebs cila akvaporinis genis transkrifcias; 

4 — xdeba akvaporinis CaSeneba Tirkmlis arxebis ujredebis membranaSi 

III.2.3. melatonini 

epifizi (jalRuziseburi sxeuli) warmoadgens girCis formis mcire danamats, 

romelic ZuZumwovrebis Tavis tvinis naxevarsferoebs Soris, siRrmeSia lokalize-

buli (sur. III.12). mis mier sekretirdeba melatonini, romlis wyaroa aminomJava 

triftofani. 

epifizis garda, melatoninis sekrecia xorcieldeba araendokrinul ujredeb-

Sic: poxier ujredebSi, limfocitebSi, TrombocitebSi, TimusSi, kuWqveSa jirkval-

Si, Tvalis baduraSi, aseve zogierT endoTelialur ujredSi. hormoni melatonini 

aRmoCenili iyo 1958 wels b. lerneris mier. melatoninis maqsimaluri done sisxlSi 

Ramis saaTebSi eqspresirdeba, xolo minimaluri  — dRis ganmavlobaSi. hormoni gamo-

muSavdeba epifizis sekretorul ujredebSi — pinealocitebSi.   epifizSi sinTezire-

buli melatonini sekretirdeba sisxlsa da zurgis tvinis siTxeSi (liqvorSi), ris 

Semdegac grovdeba hipoTalamusSi. amis garda, melatonini aRmoCenilia SardSi, ner-

wyvsa da amniotur siTxeSi.  

 
 

suraTi III.12.  epifizi 
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adamianis organizmSi melatonini sinTezdeba aminomJava triftofanidan, rome-

lic monawileobs neiromediatoris — serotoninis sinTezSi. naCvenebia, rom mela-

tonini warmoadgens serotoninis indolur warmoebuls da sinTezdeba fermentebis 

N-acetiltransferazas da hidroqsiindol-0-meTiltransferazas zemoqmedebiT 

(sur. III.13). melatonini transportirdeba Sratis albuminiT, xolo albuminidan gan-

Tavisuflebis Semdeg ukavSirdeba Sesabamis receptors samizne ujredis membranaze 

an birTvSi. melatoninis hidrolizi xdeba RviZlSi da eqskretirdeba SardiT meta-

bolitis   6-hidroqsimelatoninsulfatis saxiT.  

melatoninis sekrecia damokidebulia dReRamur ritmze, kerZod Warbi sinaTle 

aqveiTebs mis warmoqmnas, xolo ganaTebis mcire intensivoba zrdis mis sinTezsa da 

sekrecias. adamianSi Ramis saaTebSi dasinTezirebuli melatoninis raodenoba misi 

dRiuri normis 70%-s Seadgens.    

melatoninis biologiuri aqtivoba ganpirobebulia misi zemoqmedebiT Sesabamis 

receptorebTan. dResdReobiT ZuZumwovrebSi identificirebulia melatoninis mem-

branuli receptoris 2 tipi — МТ1, romelic eqspresirdeba hipofizis wina wilis 

ujredebsa da hipoTalamusis birTvebSi da МТ2 – eqspresirdeba tvinis sxva ubnebSi, 

Tvalis badurasa da filtvebSi. frinvelebSi, amfibiebSi da TevzebSi nanaxia mesame 

tipis receptori MT3. melatoninis receptorebi miekuTvneba G-cilebTan dakavSi-

rebuli receptorebis jgufs.  bolo wlebia aRmoCenilia melatoninis birTvuli re-

ceptoric RZR/ROR (sur.III.14).  

 
 

suraTi III.13. melatoninis sinTezi 
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melatoninis dakavSireba receptorTan iwvevs ramdenime sasignalo gzis gaaqtiu-

rebas. MT1-receptoris aqtivacias mosdevs adeniklatciklazas moqmedebis daqvei-

Teba da cAMP-is raodenobrivi Semcireba, rac, Tavis mxriv amcirebs ferment PKA-s 

aqtivobas da cilebis fosforilirebis xarisxs. 

fosforilirebad cilebs Soris moiazreba cila CREB (c-AMP response element-

binding protein; e.w.c-amf damokidebuli transkrifciuli faqtori), romlis gaaqtiu-

rebas mosdevs garkveuli genebis transkrifcia. MT1 receptori aseve aaqtiurebs 

ferment fosfolipaza C-s (PLC), rac iwvevs ionuri arxebis cilebis fosforilire-

bas, maT gaaqtiurebas da ionuri nakadis regulirebas ujredSi. melatoninis dakav-

Sireba MT2-receptorTan amcirebs ferment guanilatciklazas aqtivobas da, 

Sesabamisad, cGMP-is sinTezs. MT2-Tan dakavSirebiT melatoninis efeqti PLC-s aqti-

vobaze dadebiTi xasiaTisaa, rac gamoixateba  ionuri arxebis moqmedebis gaaqtiure-

biT.   

 

 
 

suraTi III.14. melatoninis receptorebis moqmedeba 

PKA – proteinkinazaA; PKC – proteinkinaza C; PLC – fosfolipaza   

C; CREB – cAMP –damokidebuli transkrifciuli faqtori;   

P-CREB – fosforilirebuli cAMP – damokidebuli transkrifciuli faqtori 

 

melatoninis ZiriTad efeqts warmoadgens Zilis regulacia. is monawileobs cir-

kaduli ritmis SeqmnaSi: uSualod zemoqmedebs ujredebze da cvlis im hormonebis 

sekreciis dones, romelTa koncentracia damokidebulia dRe-Ramis garkveul dro-

ze. melatoninis gamomuSavebis procesis cvlileba dakavSirebulia cirkaduli rit-

mebis darRvevasTan da garkveul paTologiebTan.  

melatonini aneitralebs JangviTi procesebis Sedegebs, romlebic warmoadgens 

daberebisa da ujredis daRupvis ZiriTad mizezs. melatoninis mniSvnelovani  fun-

qciaa  misi antioqsidanturi aqtivoba. es Tviseba,  ZiriTadad, mimarTulia dnm-is 

dacvisaken.  

melatoninis sekrecia regulirdeba sinaTliT gamowveuli signaliT, romelic 

aRwevs Tvalidan, ainhibirebs epifizis aqtivobas da, Sesabamisad, melatoninis gamo-

yofasac. sibnelis dros xdeba hormonis gamoyofis stimulireba. amis mizezia sibne-
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leSi noradrenalinis sekreciis gaZliereba, romelic, Tavis mxriv, astimulirebs 

cAMP-is warmoqmnas pinealocitebis (epifizis ujredebi) membranaze arsebuli re-

ceptorebis stimulirebis gziT. am dros mimdinareobs ferment-acetiltransfera-

zas sinTezi da serotonini gardaqmneba N-acetilserotoninad, xolo es ukanaskneli 

— melatoninad.  

III.2.4.   farisebri jirkvlis hormonebi 

farisebr jirkvalSi sinTezdeba aminomJava Tirozinis iodirebiT warmoebuli  

hormonebi — iodTironinebi. esenia 3,5,3'-triiodTironini (Т3) da 3,5,3',5'—tetraiod-

Tironini (Т4), anu Tiroqsini (sur. III. 15).  

Tiroidul hormonebs udidesi mniSvneloba aqvs organizmisaTvis — isini astimu-

lirebs organizmis zrdasa da qsovilebis diferencirebas, zrdis  ujredis moTxov-

nilebas Jangbadze, zrdis arteriul wnevas, gulis kunTis SekumSvis Zalas, organiz-

mis temperaturas da aZlierebs organizmSi nivTierebaTa cvlas. aseve,  Tiroiduli 

hormonebi CarTulia genebis eqspresiis regulirebaSi. 

 

 
 

suraTi III.15. farisebri jirkvlis hormonebis struqtura 

 

Tiroiduli hormonebis moqmedebiT sisxlSi matulobs glukozis Semcveloba, 

Zlierdeba  RviZlSi glukoneogenezi da ferxdeba glikogenis sinTezi RviZlsa da 

kunTebSi. aaqtivebs ra glikolizis fermentebs, Tiroiduli hormonebi xels uwyobs 

ujredis mier glukozis STanTqmasa da moxmarebas. amis paralelurad, Zlierdeba  

lipolizis procesi  da ferxdeba cximebis warmoqmna da deponireba.  

mcire koncentraciebis pirobebSi Tiroiduli hormonebisaTvis damaxasiaTebe-

lia cilebze anaboluri zemoqmedebis unari. maTi moqmedebiT izrdeba cilebis sin-

Tezis intensivoba. maRal koncentraciebSi am procesze maTi efeqti sapirispiroa — 

iwvevs katabolur zemoqmedebas.   

iodTironinebis biosinTezi. iodTironinebi sinTezdeba farisebri jirkvlis 

folikulebSi, glikoproteinis — Tireoglobulinis (Тг) SemadgenlobaSi.  
Tireoglobulini sinTezdeba marcvlovani endoplazmuri badis ribosomebze 

preTireoglobulinis formiT, ris Semdegac gadaitaneba endoplazmuri badis cis-

ternebSi, sadac xdeba misi meoreuli da mesameuli struqturis formireba. cister-

nebidan Tireoglobulini transportirdeba goljis aparatze, erTveba sekretoru-

li granulebis SemadgenlobaSi da am formiT sekretirdeba ujredgare koloidSi, 
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sadac mimdinareobs Tirozinis naSTebis iodireba da iodTironinebis warmoqmna. es 

procesi ramdenime etaps moicavs (sur.III.15.).  

iodis  transporti  farisebr jirkvalSi. organizmSi iodi sakvebiTa da wyliT 

xvdeba. masze dReRamuri moTxovna 150-200mkg-s Seadgens. am raodenobis 25-30%-s mo-

ixmars farisebri jirkvali. iodis transporti jirkvlis ujredebSi energodamoki-

debuli procesia da mimdinareobs specialuri satransporto cilis monawileobiT 

eleqtroqimiuri gradientis sapirispirod (jirkvalSi I--is koncentraciis Sefarde-

ba sisxlis plazmis I--is koncentraciasTan Seadgens 25:1). iodid-gadamtani cilis 

moqmedeba SeuRlebulia Nа+,К+-ATP-azasTan.  

iodis daJangva. I--is daJangva I+-ad mimdinareobs ferment Tireoperoqsidazisa 

da Н2О2-is monawileobiT. daJanguli iodi urTierTqmedebs Tireo-globulinis Ti-

rozinis naSTebTan. reaqciis Sedegad warmoiqmneba monoiodTirozini da diiodTi-

rozini. ori molekula diiodTironinis kondensirebiT miiReba iodTironini (Т4), 
xolo diiodTironinisa da monoiodTironinis kondensirebiT — triiodTironini 

(Т3). iodTireoglobulini endocitozis saSualebiT transportirdeba koloididan 

folikulur ujredSi da iq hidrolizdeba lizosomuri fermentebiT, ris Sedegadac 

Tavisufldeba Т3 da Т4 (sur.III. 16). dRe-RameSi sekretirdeba 80-100 mkg Т4 da 5 mkg Т3.  

Т3 – iodTironinebis ZiriTadi biologiurad aqtiuri formaa; misi Tvisoba 

samizne ujredis receptorisadmi 10-jer metia, vidre Т4-is. periferiul qsovilSi 

Т4-is deiodirebiT warmoiqmneba Т3-is e.w. reversiuli forma, romelic mTlianadaa 

moklebuli biologiur aqtivobas. iodTironinebis metabolizmi gulisxmobs maT de-

iodirebas, dezaminirebas an dekarboqsilirebas. katabolizmis produqtebi RviZlSi 

koniugirdeba glukuronis mJavasTan, sekretirdeba naRvelSi da am formiT xvdeba 

nawlavSi, saidanac kvlav Seiwoveba, ganicdis deiodirebas TirkmelebSi da gamoiyo-

fa SardTan erTad.  

 

 
 

suraTi III.16. iodTironinebis sinTezi 

ribosomebze sinTezirebuli Tireoglobulini miitaneba goljis aparatze,  

Semdgom gadaitaneba koloidSi, sadac xdeba misi Senaxva da Tirozinis naSTebis iodireba.  

iodTironinebis warmoqmna momdinareobs ramdenime etapad: iodis transporti jirkvlis  

ujredebSi, iodis daJangva, Tirozinis naSTebis iodireba, iodTironinebis warmoqmna;  

iodTironinebis transporti sisxlSi. 
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iodTironinebis transporti da metabolizmi. iodTironinebis naxevarze meti 

cirkulirebs sisxlSi specilur satransporto cilebTan kompleqsSi. es cilebia: 

Tiroqsin-damakavSirebeli globulini (Tdg) da Tiroqsin-damakavSirebeli prealbu-

mini (Tdpa). Tdg warmoadgens ZiriTad satransporto cilas da aseve maTi deponire-

bis formas. mas axasiaTebs maRali Tvisoba Т3-sa da Т4-sadmi da Cveulebriv pirobebSi 

ikavSirebs am hormonebis mTel raodenobas (sur. III.17.).  

 

 
 

suraTi III.17. iodis daJangva da hormonebis transportireba (vikipedia) 

 

 

iodTironinebis moqmedebis meqanizmi da funqcia. iodTironinebis ZiriTadi 

efeqti ganpirobebulia maTi urTierTqmedebiT maRalspecifikur receptorTan, ro-

melic hormonTan kompleqsSi mudmivad imyofeba ujredis birTvSi, urTierTqmedebs 

dnm-is gansazRvrul ubanTan da monawileobs genebis eqspresiaSi (sur.III.18). arse-

bobs mosazreba imis Sesaxebac, rom plazmur membranaze gvxvdeba  iodTironinebi-

sadmi dabali Tvisobis mqone  receptorebic, romelTa funqcia mxolod samizne uj-

redis siaxloves  hormonis dakavebaa.  

fiziologiuri koncentraciis pirobebSi iodTironinebi aCqarebs cilebis sin-

Tezs, astimulirebs ujredis zrdisa da diferencirebis procesebs. amave dros Т3 

astimulirebs zrdis hormonis genis transkrifcias. cxovelebSi Т3-is deficitis pi-

robebSi hipofizis ujredebi kargavs zrdis hormonis sinTezis unars. Zalian maRali 

koncentraciis pirobebSi is aferxebs cilebis sinTezs da astimulirebs katabolur 

reaqciebs. iodTironinebis metaboluri efeqtebi, ZiriTadad, energetikul metabo-

lizms exeba, rac vlindeba ujredebis mier Jangbadis gaZlierebuli moxmarebaSi.  

farisebri jirkvlis hormonebi aucilebelia adamianis normaluri ganviTarebi-

saTvis. hipoTireozi axalSobilebSi iwvevs kretinizmis ganviTarebas, rac vlindeba 

mravalricxovani Tandayolili darRvevebiT da Seuqcevadi, mZime formis gonebrivi 

CamorCenilobiT.  
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suraTi III.18. Tiroiduli hormonis moqmedebis meqanizmi 

 

hipoTireozi zrdasrul individebSi viTardeba iodTironinebis naklebobis Sem-

TxvevaSi. Cveulebriv, daavadeba dakavSirebulia farisebri jirkvlis arasrulfaso-

van funqcionirebasTan, Tumca SesaZlebelia ganviTardes aseve hipofizisa da hipo-

Talamusis daavadebebis SemTxvevaSic. hipoTireozis yvelaze mZime formaa e.w. miqsi-

dema, romelic mimdinareobs kanis SeSupebis fonze. SeSupebis mizezia glukozami-

noglikanebisa da wylis Warbi raodenobis dagroveba. glukozaminoglikanebis si-

Warbe iwvevs ujredSorisi matriqsis struqturis Secvlas, aZlierebs mis hidrofi-

lurobas da natriumis ionis SeboWvas, rasac mosdevs wylis Sekaveba. daavadebis da-

maxasiaTebeli niSnebia gulis kunTis SekumSvis dasusteba, Zilianoba, kanis simSra-

le. es simptomebi viTardeba nivTierebaTa cvlisa da glikolizis siCqaris Semcire-

bis, glikogenisa da cximebis mobilizacis da kunTovani masis Semcirebis gamo. moz-

rdil adamianebSi hipoTireozis mizezs xSirad warmoadgens qronikuli autoimunu-

ri Tireoditi, risi Sedegicaa iodTironinebis sinTezis darRveva (haSimotos daava-

deba).  
hipoTireozi aseve SesaZlebelia ganviTardes organizmSi arasakmarisi iodis mi-

wodebiT, rasac endemuri Ciyvi ewodeba. endemuri Ciyvi xSirad gvxvdeba im pirebSi, 

romlebic cxovroben regionebSi, sadac wyali da niadagi Raribia iodiT. im SemTxve-

vaSi, Tu iodis miwodeba oganizmSi Semcirebulia, aseve mcirdeba iodTironinebis 

sinTezic, rasac mosdevs hipofizidan Tireotropuli hormonis gaZlierebuli sek-

recia da farisebri jirkvlis zomebis kompensatoruli mateba, Tumca iodTironine-

bis produqcia am SemTxvevaSi ar izrdeba.  
hiperTireozi viTardeba iodTironinebis gaZlierebuli  produqciisas. difu-

zur-toqsikuri Ciyvi farisebri jirkvlis yvelaze gavrcelebuli daavadebaa, rom-

lisTvisac damaxasiaTebelia farisebri jirkvlis gadideba, iodTironinebis moma-

tebuli koncentracia da Tireotoqsikozi, aseve nivTierebaTa cvlis gaZliereba, 

gulis cemis gaxSireba, kunTuri sisuste, sxeulis wonis dakleba (miuxedavad gaZli-

erebuli madisa), oflianoba, temperaturis mateba.  

greivsis daavadeba viTardeba Tireoiduri antigenebis mimarT antisxeulebis 

warmoqmnis Sedegad. erT-erTi maTgani (IgG) imitirebs Tireotropinis moqmedebas, 

urTierTqmedebs ra Tireotropinis receptorebTan, risi Sedegia jirkvlis difu-

zuri zrda da Т3-isa da Т4-is arakontrolirebuli produqcia.  
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III.2.5.   Tirkmelzeda jirkvlis qerqovani Sris hormonebi 

(kortikosteroidebi) 

Tirkmelzeda jirkvalSi sinTezdeba 40-ze meti sxvadasxva steroidi, romlebic 

erTmaneTisagan gansxvavdeba struqturiT da aqtivobiT. maT kortikosteroidebs 

uwodeben.  kortikosteroidebis biologiuri funqcia mravalmxrivia da moqmedebis 

farTo speqtriT gamoirCeva. kortikosteroidebis moqmedebis meqanizmSi mniSvne-

lovani faqtoria maTi urTierTqmedeba specifikur receptorebTan, romlebic lo-

kalizebulia citozolSi an birTvSi. am hormonebiT warmoebuli regulireba gulis-

xmobs cilebisa da fermentebis raodenobis cvlas, rac miiRweva samizne ujredebSi 

genebis transkrifciis regulirebiT.  biologiurad aqtiuri kortikosteroidebi 

gaerTianebulia 3 ZiriTad klasSi. esenia — glukokortikoidebi, mineralokortiko-

idebi da androgenebi.   

glukokortikoidebis efeqtebi Zalze mravalferovania, yvelaze mniSvnelovania 

glukoneogenezis stimulacia. adamianis ZiriTadi glukokortikoidia kortizoli.  

mineralokortikoidebi aucilebelia organizmSi  Na+-isa da K+-is donis Sesanar-

Cuneblad. am klasis yvelaze aqtiuri hormonia aldosteroni.  
androgenebi warmoiqmneba Tirkmelzeda jirkvlis qerqSi winamorbedebis saxiT. 

gansakuTrebiT aqtiuria dehidroepiandrosteroni, xolo yvelaze susti — andros-

tendioni. yvelaze Zlieri androgeni — testosteroni Tirkmelzeda jirkvalSi sin-

Tezdeba mcire raodenobiT. 

  

 
 

suraTi III.19. kortikosteroidebis sinTezis ZiriTadi etapebi 

 

yvela kortikosteroidis saerTo winamorbedia pregnenoloni, romelic  warmo-

iqmneba mitoqondriebSi qolesterinidan, ferment hidroqsilazas monawileobiT 

(sur. III.19).  

pregnenolonis Semdgomi gardaqmna mimdinareobs sxvadasxva hidroqsilazebiT 

molekuluri Jangbadisa da NADPH2-is monawileobiT. procesSi CarTul fermentebs 
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axasiaTebs sxvadasxva ujreduli lokalizacia. Tirkmelzeda jirkvlis qerqSi gana-

saxvaveben 3 tipis ujredebs, romlebic warmoqmnis sam Sres, anu zonas: gorglise-

burs, badiseburs da koniseburs. Tu romel steroidad gardaiqneba pregnenoloni, 

damokidebulia sxvadasxva tipis ujredSi arsebul fermentebsa da hidroqsilire-

bis reaqciebis Tanmimdevrobaze. magaliTad, aldosteronis sinTezisaTvis aucile-

beli fermentebi gvxvdeba mxolod gorglisebur zonaSi, xolo glukokortikoide-

bisa da androgenebis sinTezSi monawile fermentebi — konisebur da badisebur zo-

nebSi.  

kortizolis biosinTezi. kortizoli biologiurad aqtiuri glukokor-tikoi-

dia. is sekretirdeba Tirkmelzeda jirkvlis qerqSi adrenokor-tikotropuli hor-

monis gavleniT. misi sinTezi xdeba dabali simkvrivis lipoproteinebis Semadgenlo-

baSi arsebuli qolesterinidan, romelic ujredebs miewodeba sisxliT an sinTezde-

ba ujredebSi  arsebuli acetil-CоА-dan (sur.III.20).  

kortizoli warmoadgens organizmSi naxSirwylebis cvlis regulators da, aseve, 

monawileobs stresuli reaqciebis Camoyalibebis procesSi. hormonisaTvis damaxa-

siaTebelia ritmuli sekrecia: misi maqsimaluri koncentracia aRiniSneba dilis saa-

TebSi, xolo minimaluri — saRamos.  

kortizolis sinTezi iwyeba mitoqondriebidan transportirebuli pregnenolo-

nis gardaqmniT progesteronad. reaqcia mimdinareobs koniseburi zonis ujredebis 

citozolSi, reaqciis katalizatoria 3-β-hidroqsi-steroid-dehidrogenaza. endop-

lazmur badeSi 17-α-hidroqsilazas monawileobiT progesteroni hidroqsilirdeba 

da warmoiqmneba 17-hidroqsiprogesteroni. igive fermenti akatalizebs pregneno-

lonis gardaqmnas 17-hidroqsipregnenolonad, saidanac 17,20-liazas moqmedebiT 

warmoiqmneba dehidroepiandrosteroni. 17-hidroqsiprogesteroni kortizolis wi-

namorbedia, xolo dehidroepiandrosteroni — androgenebis. Semdgom 17-progeste-

roni hidroqsilirdeba 21-hidroqsilazaTi (P450-C21), romelic lokalizebulia en-

doplazmuri badis membranebze da miiReba 11-dezoqsikortizoli. es ukanaskneli 

 

 
 

suraTi III.20 kortizolis sinTezis mimdinareoba 
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gadaitaneba mitoqondriis Sida membranaze, sadac hidroqsilirdeba Р450-с11-is daxma-

rebiT da warmoiqmneba kortizoli.  

kortizolis sinTezi da sekrecia stimulirdeba stresis, tramvis, infeqciisa da 

sisxlSi glukozis koncentraciis Semcirebis sapasuxod. sisxlSi kortizolis kon-

centraciis mateba aferxebs kortikoliberinisa da adrenokortikotropuli hor-

monebis sinTezs.  

kortizolis zemoqmedebiT samizne ujredebSi sinTezirebul cilebs Soris  

hormonis efeqtebis realizaciaSi umniSvnelovanes rols asrulebs aneqsinebis (li-

pokortinebi)  jgufis cilebi. es ukanaskneli, gamodis ra ujredidan, ukavSirdeba 

amave ujredis membranaze ganTavsebul receptorebs (autokrinuli regulacia), rac 

iwvevs iseTi fermentis aqtivobis inhibirebas, rogoricaa fosfolipaza А. lipo-

kortinebs aqvs am fermentze uSualo zemoqmedebis SesaZleblobac, rac wyvets  uj-

redSi iseTi naerTebis sinTezs, rogoricaa prostaglandinebi da leikotrienebi. 

kortizolis SesaZlebloba, Seamciros ujredis membranis ganvladoba da aseve misi 

anTebis sawinaaRmdego efeqti, ganpirobebulia kortizolis mier leikotrienebis 

sinTezis inhibirebiT (sur. III.21).   

 

 
 

suraTi III.21. samizne ujredebze kortizolis moqmedebis sqema 

aRwevs ra ujredSi, hormonis molekula urTierTqmedebs citoplazmur receptorTan,  

xolo Semdgom — birTvulTan. genomze zemoqmedebis Sedegia —  

axali cilebis sinTezis aqtivacia, maT Soris ujredSida fermentebis,  

rac cvlis nivTierebaTa cvlas. kortizolis zemoqmedebiT dasinTezebul  

cilebs Soris aRsaniSnavia lipokortinebi. es ukanaskneli an gamodis ujredidan  

da autokrinuli gziT moqmedebs membranul receptorze, an zemoqmedebs uSualod  

ujredis SigniT. lipokortinis ZiriTadi efeqtia — membranuli fermentis —  

fosfolipaza А-s, prostaglandinebisa da leikotrienebis warmoqmnis inhibireba 

 

sisxlis plazmaSi kortizoli imyofeba globularul cila transkortinTan 

kompleqsSi. transkortini sinTezdeba RviZlSi da misi stimulireba xdeba estroge-

nebiT. kortizoli astimulirebs RviZlSi glukozis warmoqmnas, aZlierebs ra glu-

koneogenezsa da erTdroulad zrdis periferiul qsovilebSi aminomJavebis gamoTa-

visuflebas, romlebic warmoadgenen glukoneogenezis substratebs. RviZlSi kor-

tizoli inducirebs aminomJavebis katabolizmSi monawile fermentebis sinTezs. ama-

ve dros, is aZlierebs glikogenis sinTezs da ainhibirebs periferiul qsovilSi 
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glukozis moxmarebas. kortizolis es efeqti vlindeba, ZiriTadad, SimSilisa da in-

sulinis deficitis dros.  
glukokortikoidebis gavlena cilebisa da nukleinis mJavebze orgvaria: RviZ-

lSi kortizoli, ZiriTadad, avlens anabolur efeqtebs — astimulirebs nuleinis 

mJavebisa da cilebis sinTezs. kunTebSi, limfoidur da cximovan qsovilSi, kanSi da 

ZvlebSi kortizoli amuxruWebs sinTezur reaqciebs da astimulirebs rnm-isa da ci-

lebis daSlas.  
maRali koncentraciis pirobebSi glukokortikoidebi Trgunavs imunur reaqci-

ebs, iwvevs ra limfocitebis daRupvas; aseve inducirebs lipokortinebis sinTezs, 

romlebic, Tavis mxriv, iwvevs fosfolipaza А2-is inhibirebas da amcirebs amiT anTe-

biTi mediatorebis — prostaglandinebisa da leikotrienebis warmoqmnas. glukoko-

tikoidebis maRali koncentracia iwvevs fibroblastebis zrdisa da diferencire-

bis Seferxebas, aseve kolagenisa da fibroneqtinis sinTezs. glukokortikoidebi 

monawileobs travmiT, infeqciiTa da qirurgiuli CareviT gamowveuli stresis fi-

ziologiur pasuxebSi.  

mineralokortikoidebis biosinTezi. qolesterinis pregnenolonad gardaqmna 

Tirkmelzeda jirkvlis gorglovan SreSic xdeba, Sedegad miiReba progesteroni. 

Tavdapirvelad progesteroni hidroqsilirdeba da warmoqmnis 11-dezoqsikorti-

kosterons, xolo Semdgomi hidroqsilirebis Sedegad warmoiqmneba kortikostero-

ni, romlisTvisac damaxasiaTebelia mineralokortikoiduli aqtivoba.  

mineralokortikoidebi astimulirebs wylis reabsorbcias Tirkmlis distalur 

arxebsa da Semkreb milakebSi. amave dros, xels uwyobs К+-isa da NH4
+-is sekrecias 

TirkmelebSi, saofle da sanerwyve jirkvlebSi. adamianis yvelaze aqtiuri minera-

lokortikoidia aldosteroni.  

aldosteronis sinTezi da sekrecia stimulirdeba sisxlSi Na+-is dabali da К+-
is maRali koncentraciis pirobebSi. mis sekreciaze gavlenas axdens prosta-glandi-

nebi da adrenokortikotropuli hormoni, aseve renin-angiotenzuri sistema.  
aldosterons ar aqvs specifikuri gadamtani, is gadaitaneba albuminiT. hormoni 

swrafad STainTqmeba RviZliT, sadac gardaiqmneba tetrahidro-3-glu-kuronidad 

da am formiT eqskretirdeba SardTan erTad.  

 

 
 

suraTi III.22. aldosteronis moqmedebis meqanizmi 

aldosteroni urTierTqmedebs ujredSida receptorebTan da stimulirebs  

cilebis sinTezs: 1 — aZlierebs Na+-is reabsorbcias Sardidan; 2 — inducirebs krebsis ciklis 

fermentebis sinTezs, romlebic uzrunvelyofs АТP-is produqcias;  

3 — aaqtivebs Nа+,К+—ATP-azas, romlis saSualebiTac SenarCunebulia  

ujredSida natriumis dabali da kaliumis maRali Semcveloba 
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samizne ujredebSi hormoni urTierTqmedebs receptorTan, romelic gvxvdeba 

birTvSic da citoplazmaSic. warmoqmnili hormon-receptoruli kompleqsi ukav-

Sirdeba dnm-is garkveul ubans da cvlis specifikuri genebis transkrifciis siCqa-

res. aldosteronis moqmedebis Sedegia specifikuri cilebis induqcia. es cilebia: 

a)Na+-is transporterebi, romlebic awarmoebs ionis transportirebas Tirkmlis ar-

xis sanaTuridan arxis epiTelur ujredebSi; b) Nа+,К+–ATP-azebi, romlebic uzrun-

velyofs natriumis gadatanas Tirkmlis arxis ujredebidan ujredSoris sivrceSi, 

xolo К+-is — sapirispiro mimarTulebiT; g) Ca2+-gadamtanebi, romlebic uzrunvel-

yofs ionis gadatanas Tirkmlis arxis ujredebidan pirvelad SardSi; d) mitoqondi-

uli krebsis ciklis fermentebi, romlebic astimulirebs ionebis aqtiuri tran-

sportisaTvis aucilebeli ATP-is warmoqmnas (sur. III. 22).  

aldosteroniT inducirebuli cilebis biologiuri efeqtia natriumis ionis 

reabsorbciis gazrda nefronis arxebSi, rac iwvevs Na+-is SeCerebas organizmSi da 

K+-is eqskrecias.  

III.2.6.   renin-angiotenzuri sistema 

aldosteronis sinTezis regulacia mimdinareobs renin-angiotenzuri sistemiT. 

renini proteolizuri fermentia, romelic sinTezirdeba Tirkmlis aferentuli 

(Semomtani) arteriebis ujredebSi (sur. III.23). 

 

 
 

suraTi III.23. renin-angiotenzin-aldosteronis sistema 

1 – renini, akatalizebs angiotenzinogenis gardaqmnas angiotenzin I-ad;  

2 — angiotenzini I gardaiqmneba angiotenzin II-ad agf-s moqmedebiT;  

3 – angiotenzini II astimulirebs aldosteronis sinTezsa da sekrecias;  

4 — angiostenini II iwvevs periferiuli arteriebis Seviwroebas;  

5 — aldosteroni astimulirebs Na+-is reabsorbcias da К+-is eqskrecias 

 

es ujredebi gansakuTrebiT mgrZnobiarea TirkmelebSi wnevis Semcirebisadmi. 

arteriuli wnevis (sisxlis wneva, romelic aRiricxeba arteriebze) Semcirebis para-

lelurad (sisxldena, siTxis dakargva, NaCl-is koncentraciis daqveiTeba) gorgle-

bis aferentul arteriolebSi mimdinareobs perfuziuli wnevis Semcireba (sisxlis 

wneva, romelic uzrunvelyofs sisxlis gadaadgilebas gulis koro-nalur arteri-
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ebSi) da, Sesabamisad, reninis gamoTavisuflebis stimulacia. renini gamomuSavdeba 

Tirkmlis gorglebis arteriolebis kedlis ujredebSi, saidanac xvdeba sisxlsa da 

limfaSi. reninis moqmedeba gamoixateba angiotenzinogenze zemoqmedebiT, romelic 

misi substratia. angiotenzinogeni α2-glubulinia 400-ze meti aminomJavuri naSTiT. 

angiotenzinogenis warmoqmna mimdinareobs RviZlSi da es procesi stimulirdeba 

glukokortikoidebiTa da estrogenebiT. renini awarmoebs angiotenzinogenis N-

bolodan dekapeptidis Camocilebas da angiotenzin I-is warmoqmnas, romelsac bio-

logiuri aqtivoba ar gaaCnia. ferment karboqsidipeptidilpeptidazas, anu angio-

tenzin-gardamqmneli fermentis (agf) moqmedebiT (fermenti aseve aRmoCenilia en-

doTeliur ujredebSi, filtvebsa da sisxlis plazmaSi) angiotenzin I-s С-bolodan 

scildeba 2 aminomJava da igi gardaiqmneba angiotenzini II-ad. angiotenzini II pepti-

duri bunebis hormonia, romelic iwvevs vazokonstriqcias (sisxlZarRvebis Seviw-

roeba), wnevis matebas da aldosteronis gamoTavisuflebas jirkvlis ujredebidan. 

angiotenzinis efeqti ganpirobebulia Tirkmelzeda jirkvlis qerqis gorglova-

ni zonis ujredebze arsebul receptorebTan urTierTqmedebiT da,  Sesabamisad, 

ujredis SigniT diacilglicerolisa da inozittrifosfatis koncentraciis cvli-

lebiT, rasac mosdevs Ca-ionis gamoTavisufleba endoplazmuri badidan, proteinki-

naza С-s aqtivacia da aldosteronis sekrecia.  siTxis saerTo moculobis Semcireba, 

magaliTad, sisxldenis, Rebinebis an faRaraTis SemTxvevaSi, iwvevs reninis gamoTa-

visuflebas. amas xels uwyobs aseve winagulis baroreceptorebidan mosuli impul-

sebi, rac gamowveulia sisxlZarRvSi siTxis raodenobis SemcirebiT. amis Sedegad, 

izrdeba angiotenzini II-is stimulatoris — aldosteronis sekrecia.  

aldosteronis momatebuli koncentracia sisxlSi iwvevs natriumis Sekavebas, 

rac warmoadgens hipoTalamusis osmoreceptorebis stimulators da, Sesabamisad, 

hipofizis wina wilidan adrenokortikotropuli hormonis stimulaciis mizezs, 

rac, Tavis mxriv, astimulirebs Semkrebi milakebidan wylis reabsorbcias. angio-ten-

zini, romelic xasiaTdeba Semaviwroebeli efeqtiT, iwvevs arteriuli wnevis awevasa 

da wyurvilis SegrZnebis zrdas. siTxis raodenobisa da wnevis matebiT renin-angio-

tenzuri sistemis aqtivacia klebulobs, rasac Tan sdevs aldosteronis sekrecia da 

sisxlis moculobis aRdgena.  

III.2.7.Tirkmelzeda jirkvlis qerqovani Sris hormonebis 

metabolizmis moSliT gamowveuli paTologiebi 

aldosteronis hipersekreciiT gamowveul daavadebas hiperaldosteronizmi 

ewodeba. pirveladi hiperaldosteronizmis (konis sindromi) daavadebis ZiriTadi 

mizezia Tirkmelzeda jirkvlis adenoma an aldosteronis masinTezebeli ujredebis 

hipertrofia. pirveladi hiperaldosteronizmis dros aldosteronis siWarbe iw-

vevs Tirkmlis arxebiT natriumis reabsorbciis matebas. natriumis koncentraciis 

gazrda plazmaSi warmoadgens stimuls antidiurezuli hormonis sekreciisaTvis. 

amave dros, izrdeba K+-, Mg2+- da H+-is ionebis gamoyofa organizmidan, ris Sedega-

dac viTardeba hipernatriemia, rac, Tavis mxriv, hipertoniisa da Sesiebis mizezi 

xdeba; aseve adgili aqvs hopokaliemiis ganviTarebas, rac kunTovani sisustis mize-

zia.  
meoradi hiperaldosteronizmis mizezia reninis da angiotenzini II-is momatebu-

li raodenoba, rac astimulirebs Tirkmelzeda jirkvals da iwvevs aldosteronis 
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sinTezis gaaqtivebas. meoradi hiperaldosteronizmi gvxvdeba gacilebiT ufro xSi-

rad, vidre pirveladi, rac gamowveulia mTeli rigi organoebis funqciuri mdgoma-

reobis moSliT (mag., gulis ukmarisoba, Tirkmlebis qronikuli daavadebebi da sxv.), 

romlis drosac aRiniSneba reninisa da angiotenzini II-is koncentraciis mateba, rac, 

Tavis mxriv, astimulirebs Tirkmelzeda jirkvlis qerqs da, Sesabamisad, iwvevs al-

dosteronis Warbi raodenobiT warmoqmnas.  

Tirkmelzeda jirkvlis ukmarisobis niSnebi ganpirobebulia glukokortikoide-

bisa da mineralokortikoidebis deficitiT.  
Tirkmelzeda jirkvlis mwvave ukmarisoba warmoadgens sicocxlisaTvis saSiS 

mdgomareobas, vinaidan am dros mimdinareobs yvela saxis metabolizmisa da aseve 

adaptaciuri procesebis sruli dekompensacia. igi vlindeba sisxlZarRvebis ko-

lafsiT, mkveTri adinamiiT, gonebis dakargviT. aseTi mdgomareoba warmoiqmneba 

eleqtolitebis cvlis darRvevis gamo, rasac mosdevs Na+-isa da Сl--is ionebis dakar-

gva SardiT da ujredgare siTxis dakargviT gamowveuli gauwyloeba, plazmasa da 

ujredebSi К+-is Semcvelobis zrda, ris Sedegadac irRveva miokardiumis SekumSvis 

unari. naxSirwylebis cvlis moSlis maniSnebelia sisxlSi Saqris Semcvelobis daqve-

iTeba da RviZlsa da kunTebSi glikogenis raodenobis Semcireba.  
Tirkmelzeda jirkvlis qerqis mwvave ukmarisoba SesaZlebelia iyos qronikuli 

daavadebis Sedegi, is aseve uviTardebaT pacientebs, romlebic sxvadasxva araendok-

rinuli daavadebebis samkurnalod xangrZlivi drois ganmavlobaSi Rebulobdnen 

glukokortikoidul preparatebs. xangrZlivi droiT glukokortikoidebis miRebis 

SemTxvevaSi qveiTdeba hipoTalamo-hipofizur-Tirkmelzeda sistemis funqcia da 

viTardeba Tirkmelzeda jirkvlis atrofia. hormonaluri preparatebis mkveTri 

Semcirebis SemTxvevaSi, aseve, viTardeba Tirkmelzeda jirkvlis mwvave ukmarisoba 

(e.w. `Secvlis~ sindromi).  
Tirkmelzeda jirkvlis pirveladi ukmarisobis (adisonis daavadeba) mizezia 

jirkvlis tuberkuloziT an autoimunuri procesebiT dazianeba. ZiriTadi kliniku-

ri gamoxatulebaa sxeulis masis Semcireba, sisuste, madis dakargva da kanis hiper-

pigmentacia (`brinjaos daavadeba~). kanis hiperpigmentacias iwvevs adrenokorti-

kotropuli hormonis winamorbedis — proopiomelanokortinisa da melanocismasti-

mulirebeli hormonis Warbi producireba.  
Tirkmelzeda jirkvlis meoradi ukmarisoba adrenokortikotropuli hormonis 

deficitis Sedegia, rac, Tavis mxriv, simsivniT an infeqciuri daavadebiT hipofizis 

dazianebis Sedegia.  
glukokortikoidebis hiperproduqcia (hiperkorticizmi) SesaZlebelia ganvi-

Tardes hipofizis simsivniT daavadebis Sedegad adrenokortikotropuli hormonis 

siWarbis gamo (kuSingis daavadeba) an sxva ujredebis (bronqebi, Timusi, kuWqveSa 

jirkvali) simsivnis SemTxvevaSi. daavadeba viTardeba Tikmelzeda jirkvlis simsiv-

nis Sedegadac kortizolis gaZlierebuli sinTezis SemTxvevaSi (kuSingis sindromi).  

III.2.8.   Tirkmelzeda jirkvlis tvinovani Sris hormonebi 

Tirkmelzeda jirkvlis tvinovani Sris qromafinuri ujredebi pregangliuri ne-

ironebis stimulaciis sapasuxod iwyebs kateqolaminebis — dofaminis, adrenalinisa 

da noradrenalinis producirebas. kateqolaminebis umravlesobis winamorbedia ami-

nomJava Tirozini.  
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kateqolaminebis sinTezi mimdinareobs Tirkmelzeda jirkvlis tvinovani Sris 

ujredebis citoplazmasa da granulebSi (sur. III.24).  

granulebSive xdeba kateqolaminebis damaragebac, sadac isini xvdeba АТP-damoki-

debuli transportiT da aq inaxeba АТP-Tan kompleqsSi. sxvadasxva granu-lebi sxva-

dasxva kateqolaminebs Seicavs: zogierTi mxolod adrenalins, sxvebi — noradrena-

lins, aseve gvxvdeba granulebi, sadac warmodgenilia rogorc adrenalini, aseve no-

radrenalinic. hormonebis sekrecia granulebidan mimdinareobs egzocitoziT. 

 

 
 

suraTi III.24. kateqolaminebis sinTezi 

 

simpaTikuri nervebisagan gansxvavebiT, Tirkmelzeda jirkvlis ujredebs ar ga-

aCnia kateqolaminebis ukuSTanTqmis meqanizmi. plazmaSi kateqolaminebi warmoqmnis 

aramtkice kavSirebs albuminTan. adrenalini, ZiriTadad, transportirdeba RviZlsa 

da ConCxis kunTebSi, mxolod mcire raodenobiT gamoiyofa SardTan erTad.  

kateqolaminebi pirdapir an iribad zrdis endokrinuli jirkvlebis aqtivobas, 

astimulirebs hipoTalamussa da hipofizs. fizikuri datvirTvis dros maTi Semcve-

loba sisxlSi matulobs. intensiuri fizikuri datvirTvisas sxeulis momatebuli 

temperatura, aCqarebuli gulis cema da sxva simptomebi ganpirobebulia sisxlSi ka-

taqolaminebis Warbi raodenobis sekreciiT.  

kateqolaminebi samizne ujredebze moqmedebs plazmur membranaze ganTavsebuli 

adrenerguli receptorebis saSualebiT. gamoyofen aseTi receptorebis 2 jgufs: α 

da β. yvela adrenoreceptori warmoadgens G-cilasTan dakavSirebul receptors.  ka-

teqolaminebis receptorebi glikoproteinebia, romlebsac aqvs agonistebisa da an-

tagonistebis mimarT gansxvavebuli Tvisoba da samizne ujredSi signals gadascems 

sxvadasxva meoradi mesenjeris saSualebiT, rac ganapirobebs maT gansxvavebul gavle-

nas samizne ujredis metabolizmze. ganasxvaveben adrenoreceptorebis ramdenime 

jgufs, romlebic gansxvavdeba gamowveuli efeqtebiT, lokalizaciiT da aseve afinu-

robiT sxvadasxva naerTebis mimarT. es receptorebia α1-, α2-, β1-, β2 da β3  (sur. III.25). 

• α1- da  β1-receptorebi lokalizebulia, ZiriTadad, postsinafsur membrana-

ze da reagirebs noradrenalinis zemoqmedebaze, romelic gamoiyofa nervu-

li daboloebebidan.  α1 — receptorebi lokalizebulia arteriolebSi, misi 

stimulireba iwvevs arteriebis spazmebs da wnevis matebas. β1 — receptorebi 

lokalizebulia gulSi. maT stimulacias mosdevs gulis muSaobis sixSiris 

da aseve wnevis mateba. am tipis receptorebi gvxvdeba aseve TirkmelebSic.   

• α2- da β2-receptorebi warmoadgens arasinafsur receptorebs, Tumca 

gvxvdeba, aseve, presinafsur membranazec. α2-receptorebze moqmedebs ro-
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gorc adrenalini, aseve noradrenalinic. β2-receptorebi mgrZnobelobas 

amJRavnebs, ZiriTadad, adrenalinis mimarT. presinafsuri membranis α2-re-

ceptorebze noradrenalini moqmedebs uaryofiTi ukavSiris principiT — 

ainhibirebs sakuTar gamoyofas.      

• β3 – receptorebi gvxvdeba cximovan qsovilSi, romelTa stimulacia aZlie-

rebs lipolizis process, energiis gamoTavisuflebas da aseve, siTbos pro-

duqciis matebas.   
 

 
 

suraTi III.25. adrenerguli receptorebis moqmedebis meqanizmi 

adrenalini da noradrenalini warmoadgens α1-, α2- da β-adrenerguli receptorebis 

ligandebs. α1-receptors ukavSirdeba Gq-cilis α-suberTeuli, rasac mosdevs ujredSida 

kalciumis koncentraciis mateba, magaliTad, gluvi kunTis SekumSva. 

α2-adreneoreceptorTan dakavSirebulia Gi-cilis α-suberTeuli, rac iwvevs cAMP-is 

koncentraciis Semcirebas da gluvi kunTebis SekumSvas. β-receptors ukavSirdeba 

suberTeuli, romelic iwvevs cAMP-is  ujredSida koncentraciis matebas, magaliTad, 

gulis kunTis SekumSvas, gluvi kunTis modunebas da glikogenolizis stimulirebas 

 

Tirkmelzeda jirkvlis tvinovani nivTierebis ZiriTadi paTologiaa — feoqro-

mocitoma, romelic klinikurad vlindeba ganmeorebadi Tavis tkivilebiT, gulis 

cemis aCqarebiT, oflianobiT, momatebuli arteriuli wneviT da specifikuri, Sec-

vlili ujreduli metabolizmiT. β2-agonistebi (fenoteroli, salbutamoli, terbu-

talini da sxv. ) warmoadgens erT-erT yvelaze efeqtur bronqolitikur saSualebas, 

romlebic afarToebs bronqiolebs da, Sesabamisad, warmoadgens yvelaze efeqtur 

samkurnalo saSualebas iseTi daavadebis samkurnalod, rogoricaa bronqialuri as-

Tma.   

III.2.9. winagulis natriuretuli faqtori 

gulis, rogorc endokrinuli organos funqcia pirvelad aRmoCenili iyo1985 

wels, roca de boldma da misma kolegebma Seiswavles virTagvis winagulis eqstraq-

tis natriuretuli moqmedeba. cnobilia ramdenime hormonaluri Tvisebis mqone na-

erTi, romlebic sekretirdeba winagulebidan da erTmaneTisagan gansxvavdeba ami-

nomJavuri SemadgenlobiT. winagulis natriuretuli faqtori (wnf)  peptiduri hor-

monia, romelic sinTezdeba da inaxeba kardiomiocitebSi prohormonis firmiT (Zi-
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riTadad, marjvena winagulSi). ZiriTadi faqtori, romelic aregulirebs wnf-is sek-

recias — arteriuli wnevis matebaa, Tumca sxva stimulebis (plazmis osmomolarobis 

mateba, gulis ritmis gaZliereba, sisxlSi kateqolaminebisa da glukokortikoide-

bis raodenobis momateba) sapasuxodac aRiniSneba misi sekreciis gaZliereba.  hor-

monis ZiriTadi samiznea — Tirkmelebi, Tirkmelzeda jirkvali da periferiuli ar-

teriebi.  

wnf-is moqmedeba xorcieldeba specialuri receptorebiT, romlebic aRmoCeni-

lia Tirkmlis qerqis ujredebze, arteriebis gluv kunTebze, Tirkmelzeda jir-

kvlis qerqSi, hipofizSi, aseve filtvebSi, RviZlSi, wvril nawlavebSi, Tromboci-

tebsa da farisebri jirkvlis ujredebSi. plazmuri membranis wnf-is receptorebi 

warmoadgens katalizur receptorebs, romlebsac aqvs guanilatciklazuri aqtivo-

ba.  wnf-is dakavSireba receptorTan iwvevs guanilatciklazuri aqtivobis matebas 

da GTP-dan cGMP-is warmoqmnas. wnf-is moqmedebiT inhibirdeba reninisa da aldoste-

ronis warmoqmna da sekrecia. wnf-is saboloo efeqtia Na+-is da wylis eqstraqciis 

gazrda da sisxlis wnevis Semcireba (sur.III.26). wnf-s Cveulebriv ganixilaven, ro-

gorc angiotenzini II-is antagonists.  

natriuretiuli faqtoris garda, winagulebis mier gamoiyofa sxva peptidebic, 

romlebic zrdis arteiul wnevas da axasiaTebs antidiurezuli efeqti. isini CarTu-

lia iseTi procesebis regulaciaSi, rogoricaa wyurvili da marilovani balansis 

SenarCuneba. mcire raodenobiT gulSi sinTezdeba da sekretirdeba somatostatini, 

angiotenzini II da relaqsini.  

 

 
 

suraTi III.26. wnf-is moqmedebiT gamowveuli efeqtebi 

1 — ainhibirebs reninis gamoyofas; 2 — ainhibirebs aldosteronis sekrecias;  

3 — ainhibirebs adrenokortikotropinis sekrecias;  

4 — iwvevs sisxlZarRvebis relaqsacias. 

III.2.10.   kuWqveSa jirkvlis hormonebi 

kuWqveSa jirkvali organizmSi or ZiriTad funqcias asrulebs: egzokrinuls da 

endokrinuls. egzokrinuli funqcia uzrunvelyofs saWmlis momnelebeli fermen-

tebis sinTezsa da sekrecias. endokrinul funqcias asrulebs kuWqveSa jirkvlis 

langerhansis kunZulebis ujredebi. langerhansis kunZulebSi ganasxvaveben 4 tipis 

ujreds, romlebic sxvadasxva hormons asekretirebs. esenia: А(α-)-ujredebi, romle-
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bic asekretirebs glukagons, В(β) — insulins, D(δ) — somatostatins da F-ujredebi, 

romlebic asekretirebs pankreasul polipeptids.  

III.2.10.1.  insulini — agebuleba, sinTezi da sekrecia 

insulini orjaWviani polipeptidia, romlis А-jaWvi Seicavs 21 aminomJavur 

naSTs, xolo В – jaWvi — 30-s. orive jaWvi erTmaneTTan ori disulfiduri bmiTaa da-

kavSirebuli (sur.III.27).   

insulinis molekula Seicavs aseve Sidamolekulur disulfidur xidaks, rome-

lic А — jaWvSi akavSirebs VI da XI aminomJavebs. zogierTi cxovelis insulins aqvs 

adamianis insulinis msgavsi pirveladi struqtura. magaliTad, xaris insulini 

adamianis insulinisagan gansxvavdeba sami aminomJaviT, xolo Roris insulini — erTi 

aminomJaviT.  

insulinis biosinTezi moicavs ori araaqtiuri winamorbedis — preproinsulini-

sa da proinsulinis warmoqmnas, romlebic Tanamimdevruli proteoliziT gardaiq-

mneba aqtiur insulinad. preproinsulinis biosinTezi iwyeba poliribosomebze sa-

signalo peptidis SeqmniT. sasignalo peptidi xvdeba endoplazmur badeze, sadac 

mimdinareobs polipeptidis dagrZeleba. sinTezis damTavrebis Semdeg preproinsu-

lini Tavisufldeba endoplazmuri badidan, ganicdis garkveul struqturul cvli-

lebebs  da gardaiqmneba proinsulinad. 

 

 
 

suraTi III. 27. adamianis insulinis molekula 

 

goljis aparatSi moxvedrili proinsulini specifikuri proteazebis zemoqme-

debiT  iSleba insulinad (51 aminomJava) da С-peptidad (31 aminomJava). insulinic da 

С-peptidic erTveba sekretoruli granulebis SemadgenlobaSi. plazmur membranas-

Tan momwifebuli granulebis Serwymis Sedegad, orive komponenti sekretirdeba uj-

redgare areSi. insulinis daSla, ZiriTadad, mimdinareobs RviZlSi, ferment insu-

linazas moqmedebiT. 
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insulinis sekreciis ZiriTadi regulatoria glukoza. sisxlSi arsebuli glu-

koza aregulirebs rogorc insulinis makodirebeli genis, aseve im cilebis genebis 

eqspresias, romlebic CarTulia energetikul cvlaSi. genebis eqspresiis siCqareze 

glukozis moqmedeba SesaZlebelia iyos pirdapiri (roca glukoza uSualod urTi-

erTqmedebs transkrifciis faqtorebze), an meoradi — misi zemoqmedeba insulinisa 

da glukagonis sekreciaze. glukoziT stimulaciisas insulini Tavisufldeba sek-

retoruli granulebidan.  

insulinis sinTezi da sekrecia ar warmoadgens urTierTdakavSirebul process. 

im dros, roca hormonis sinTezis stimulatoria glukoza, misi sekrecia Са2+-damo-

kidebuli procesia da Са2+-is deficitisas, procesi ferxdeba.  

insulinis sekrecia, romelic sisxlSi arsebuli glukozis zemoqmedebiT mimdi-

nareobs, orfaziani procesia. pirvel rigSi aucilebelia, rom glukoza moxvdes β-

ujredebSi, rac glukozis transporterebis — GLU1-isa da, ZiriTadad, GLU-2-is mo-

nawileobiT xorcieldeba, ris Sedegadac glukozis koncentracia ujredSi uTanab-

rdeba mis koncentracias sisxlSi. ujredSi moxvedrili glukoza ganicdis fosfo-

rilirebas ferment glukokinazaTi (IV tipis heqsokinaza). glukokinaza eqspresir-

deba mxolod im ujredebSi, romlebic monawileobs glukozis metabolizmSi. ker-

Zod, hepatocitebsa da kuWqveSa jirkvlis β-ujredebSi. β-ujredebSi glukokinazas 

fosforilirebas mosdevs АТP-is koncentraciis Semcireba, АТP- mgrZnobiare K+-ar-

xebis inhibireba da ujredis membranis depolarizireba. depolarizaciis Sedegad 

ixsneba potencial-mgrZnobiare Са2+-arxebi  da ujredSi matulobs Са2+-is koncen-

tracia. es ukanaskneli, aaqtivebs fosfolipaza А2-sa da С-s, xels uwyobs araqidonis 

mJavis, DAG-isa da IP3-is warmoqmnas. rogorc cnobilia, IP3-is warmoqmna, Tavis mxriv,  

ganapirobebs kalciumis mobilizacias ujredSida depoebidan da, Sesabamisad, Са2+- 
is koncentraciis Semdgom zrdas (sur. III.28). 

adrenalini α2-receptorebis saSualebiT aferxebs insulinis sekrecias. saWmlis 

momnelebeli arxis hormonebi (sekretini, qolecistokinini da kuWis mainhibirebeli 

hormoni – GIP – Gastric inhibitory polypeptide), adrenalinisagan gansxvavebiT, amcirebs in-

sulinis sekrecias. zrdis hormonis, kortizolisa da estrogenebis maRali 

Semcveloba, aseve, astimulirebs insulinis gadmosvlas sisxlSi.  
 

 
 

suraTi III.28. insulinis sekrecia 

 

insulini ZiriTadi anaboluri hormonia, romelic monawileobs ujreduli meta-

bolizmis regulaciaSi, glukozis, aminomJavebis, ionebis transportsa da cilebis 

sinTezSi, aseve zemoqmedebs replikaciisa da transkrifciis procesebze.  

insulini amuxruWebs RviZlSi glukozis warmoqmnas glikogenidan (glikogeno-

lizi) da sxva biologiuri naerTebidan (glikoneogenezi). is astimulirebs cximebis 
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dagrovebas cximovan qsovilSi, lipidebis sinTezs, xels uSlis maT daSlas da keto-

nuri sxeulebis warmoqmnas.   

insulinis erT-erTi mniSvnelovani funqciaa misi dadebiTi gavlena ujredSi 

glukozis transportze, romelic mimdinareobs specialuri cila-gadamtanebiT. 

insuliniT regulirebadi gadamtani (GLUT-4) gvxvdeba mxolod kunTebsa da cxi-

movan qsovilSi. insulinis ararsebobisas GLUT-4 citoplazmur vezikulebSia Tav-

moyrili. hormonis zegavleniT vezikulebi plazmur membranaze inacvlebs, sadac 

axorcielebs glukozis transports. hormonis Semcirebis an ararsebobis pirobebSi 

GLUT-4 citoplazmaSi brundeba da glukozis transporti wydeba (sur.III.29).   

hepatocitebSi insulini inducirebs glukokinazas sinTezs. fosforilirebis 

Sedegad  Tavisufali glukozis koncentracia ujredebSi mcirdeba, rac xels uwy-

obs mis transports sisxlidan koncentraciuli gradientis mimarTulebiT.  
insulini astimulirebs ujredebSi glukozis utilizacias sxvadasxva gziT. 

glukozis 50% gamoiyeneba glikolizis procesSi, 30-40% gardaiqmneba cximebad, xo-

lo 10% grovdeba glikogenSi. am procesebis saerTo Sedegia sisxlSi glukozis kon-

centraciis Semcireba.  

 

 
 

suraTi III.29. insuliniT stimulirebuli glukozis transporti ujredebSi 

 

insulinis gavlena glukozis metabolizmze xorcieldeba glikolizis fermen-

tebis glukokinazas, fosfofruqtokinazas da piruvatkinazas aqtivobis gazrdiT. 

kunTebSi insulini aaqtivebs heqsokinaza II-s. RviZlsa da kunTebSi insulini ferment 

fosfodiesTerazas aqtivobis daqveiTebiT amcirebs cAMP-is raodenobas. is aseve 

aaqtivebs fosfatazebs, romlebic axdens glikogensinTazas defosforilirebas, 

rasac Tan sdevs glikogenis sinTezi da misi daSlis Seferxeba. yvela es efeqti vlin-

deba swrafad, ramdenime wamis an wuTis ganmavlobaSi. ainhibirebs ra fosfoenolpi-

ruvatkarboqsikinazas, insulini aseve gvevlineba rogorc glukoneogenezis Sema-

ferxebeli faqtori. 

insulinis gavlena cximebis metabolizmze. RviZlsa da cximovan qsovilSi in-

sulini astimulirebs cximebis sinTezs, amaragebs ra am process aucilebeli sub-

stratebiT (acetil-CоА, α-glicerofosfati da NADPH). adipocitebSi insulini 

aaqtivebs acetil-CоА-karboqsilazas da lipoproteinlipazas da inducirebs cximo-
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vani mJavebis sinTazas. is cximovan qsovilSi xels uSlis cximebis mobilizacias fer-

ment fosfatazas gaaqtivebiT, romelic, Tavis mxriv,  axdens triacilglicerolli-

pazas defosforilirebas da amiT inaqtivirebs am hormonmgrZnobiare ferments. am-

rigad, insulinis gavleniT mcirdeba sisxlSi cirkulirebadi cximovani mJavebis 

koncentracia. is aseve astimulirebs neitraluri aminomJavebis moxmarebas kunTeb-

Si da cilebis sinTezs RviZlSi, kunTebsa da gulSi.  

insulinis zegavleniT Zlierdeba qsovilTa kulturebSi ujredebis prolifera-

cia. is, savaraudod, aseve monawileobs in vivo zrdis procesSi.  

insulinis moqmedeba iwyeba misi dakavSirebiT samizne ujredis plazmur membra-

naze arsebul specifikur glikoproteinul receptorTan (sur.III.30). insulinis re-

ceptorebi aRmoCenilia TiTqmis yvela tipis ujredze, Tumca maTi yvelaze didi ra-

odenoba gvxvdeba hepatocitebsa da cximovan qsovilSi.  

insulinis receptori (IR) mudmivad sinTezdeba da iSleba. plazmaSi insulinis 

raodenobis matebisas (magaliTad, organizmSi Warbi cximis arsebobis SemTxvevaSi) 

receptorebis raodenoba SesaZlebelia Semcirdes, rac amcirebs samizne-ujredebis 

mgrZnobelobas insulinisadmi. es procesi SesaZlebelia gaxdes II tipis Saqriani dia-

betis mizezi.  

 

 
 

suraTi III.30. insulinis receptori 

 

ujredebis mgrZnobelobis dakargvas hormonisadmi (desensitizacias) gansazR-

vravs 2 meqanizmi. kerZod, I gulisxmobs receptorebis dakargvas maTi internaliza-

ciis Sedegad. insulin-receptoruli kompleqsi endocitozis gziT xvdeba ujredis 

SigniT. receptorebis nawili lizosomebSi iSleba, xolo nawili brundeba plazmur 

membranaze. II meqanizmi gulisxmobs receptoris fosforilirebis Sedegad mis modi-

fikacias, rac amcirebs mis Tvisobas insulinisadmi.  

IR miekuTvneba Tirozinkinazuli aqtivobis mqone receptorebis jgufs. IR-is 

autofosforilireba Tirozinis naSTebze iwvevs ujredSida cilebis — insulinis 

receptoris substratebis (IRS) fosforilirebas. cnobilia ramdenime aseTi sub-

strati: IRS-1, IRS-2 da STAT-is ojaxis zogierTi cila. 
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insulinis signalze ujredis sapasuxo reaqciisaTvis gadamwyveti mniSvne-loba 

aqvs IRS-1-s. is fosfoproteinia, romlis serinis, Tirozinisa da treoninis naSTebis 

garkveuli nawili fosforilirebulia. insuliniT stumulaciis sapasuxod IRS-1-is 

fosforilirebis xarisxi matulobs, rac aniWebs mas sxva citozolur cilebTan ur-

TierTqmedebis SesaZleblobas da rasac mosdevs garkveuli sasignalo gzebis stimu-

lacia. am procesis mizania specifikuri proteinkinazebis gaaqtiveba. proteinkina-

zebis gaaqtiurebis Sedegad xdeba transkrifciis faqtorebisa da sxvadasxva fer-

mentebis fosforilireba, rac, Tavis mxriv, insulinis efeqtis safuZvelia (sur. 

III.31).  

 

 
suraTi III.31. insulinis receptoris moqmedebis meqanizmi 

 

insulinis sinTezis an am procesis  regulaciis darRvevisas mcirdeba misi Sem-

cveloba sisxlSi da viTardeba daavadeba, romelsac Saqriani diabeti ewodeba.  Saq-

riani diabeti — endokrinuli sistemis daavadebaa, romelic ganpirobebulia orga-

nizmSi insulinis absoluturi an nawilobrivi ukmarisobiT, ris Sedegadac viTarde-

ba hiperglikemia (sisxlSi glukozis Semcvelobis mateba). daavadebisaTvis damaxasi-

aTebelia naxSirwylebis, cximebisa da cilebis cvlis mniSvnelovani darRvevebi. ga-

nasxvaveben Saqriani diabetis or ZiriTad tips: I da II tipis Saqrian diabets.  

I tipis Saqriani diabeti viTardeba kuWqveSa jirkvlis ujredebis progresireba-

di daSlis Sedegad, rac iwvevs insulinis warmoqmnis daqveiTebas da hiperglikemiis 

ganviTarebas.  

II tipis Saqriani diabetis mizezia insulinis normaluri gamomuSavebis pirobebSi 

qsovilebis mgrZnobelobis daqveiTeba am hormonisadmi, gansakuTrebiT es exeba kun-

Tovan da cximovan qsovilebs, risi mizezic, xSir SemTxvevaSi, insulinis receptore-

bis dazianebaa.   

insulinis naklebobis (I tipis Saqriani diabeti) an samizne ujredisa da  insuli-

nis urTierTqmedebis  darRvevisas (II tipis Saqriani diabeti) adgili aqvs glukozis 

didi raodenobiT dagrovebas sisxlSi,  im dros, roca organizmis ujredebi ganic-

dis glukozis (energiis ZiriTadi wyaros) deficits.  

insulinoma — kuWqveSa jirkvlis keTilTvisebiani warmonaqmnia, romelic ukon-

trolod asekretirebs sisxlSi insulins, rac iwvevs hipoglikemiis ganviTarebas.   
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III.2.10.2.  glukagoni 

glukagoni erTjaWviani peptidia, romlis sinTezi mimdinareobs langerhansis α-

ujredebsa da nawlavis neiroendokrinul ujredebSi. araaqtiuri winamorbedi 

proglukagoni nawilobrivi proteolizis Sedegad gardaiqmneba ramdenime pepti-

dad. kuWqveSa jirkvlis Α-ujredebis mTavari peptidia glukagoni.   

glukagonis sekrecia regulirdeba sisxlSi glukozis, insulinis, aminomJavebisa  

da cximovani mJavebis raodenobiT. glukoza glukagonis sekreciis Zlieri inhibito-

ria. aminomJavebis umravlesoba astimulirebs rogorc glukagonis, aseve insulinis 

sekrecias. es faqti kargad xsnis, Tu ratom ar uviTardeba adamians mxolod cilova-

ni sakvebis miRebis Sedegad  insuliniT gamowveuli hipoglikemia. amave dros, gluka-

gonis sekrecia imyofeba vegataturi nervuli sistemis kontrolis qveS.  

glukagons specifikuri satransporto cila ar gaaCnia. misi daSla xdeba RviZ-

lSi specifikuri proteazebiT. glukagonis efeqtebi, ZiriTadad, insulinis efeqte-

bis sawinaaRmdegoa. misi samiznea RviZli da cximovani qsovili. ukavSirdeba ra uj-

redebis plazmuri membranis receptorebs, glukagoni zrdis cAMP-is Semcvelobas, 

rasac mosdevs hepatocitebSi glikogenis fosforilazas aqtivacia da glikogensin-

Tazas inhibireba (sur.III.32).  
glukagoni aseve zrdis glukoneogenezis siCqares, aaqtivebs ra iseT fermentebs, 

rogoricaa glukozo-6-fosfataza, fosfoenolpiruvatkarboqsi-kinaza, fruqto-

zo-1,6-difosfataza. cximovan qsovilSi glukagoni adenilat-ciklazuri kaskadis 

saSualebiT astimulirebs triacilglicerolebis lipazas da, Sesabamisad, lipoli-

zis process.  

 

 
 

suraTi III.32. glukagonis moqmedebis meqanizmi 

 

Saqriani diabetis SemTxvevaSi, insulinis naklebobis paralelurad, aRiniSneba 

glukagonis gaZlierebuli produqcia. swored sisxlSi  glukagonis  momatebuli ra-

odenobaa hiperglikemiis mizezi. glukagonis moqmedebis meqanizmi naTlad Cans insu-

lin-damokidebuli Saqriani diabetis  mkurnalobisas. aseT pirobebSi hiperglikemi-
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is SeCereba SesaZlebelia glukagonis raodenobis SemcirebiT sisxlSi. amisaTvis pa-

cientebs eniSnebaT somatostatini, romelic Trgunavs glukagonis warmoqmnasa da 

sekrecias. Sedegad, insulinis naklebobis pirobebSi, Saqris Semcveloba sisxlSi Za-

lian mcired aRemateba normalur maCvenebels.  

III.2.11. kalciumisa da fosfatebis 

cvlaSi monawile hormonebi 

 organizmSi kalciumis ZiriTad depos warmoadgens Zvlebi, sadac misi mTliani 

raodenobis  99% hidroqsiapatitis [Са10(РО4)6(ОН)2Н2О] saxiT aris warmodgenili, xo-

lo 1% fosfatebis marilebis formiTac gvxvdeba, romelTac SeuZlia Sevides mimoq-

cevaSi da Seasrulos buferis roli plazmaSi kalciumis koncentraciis cvlilebi-

sas. Ca2+-is mniSvnelovani fondia plazmaSi arsebuli kalciumi, sadac is xvdeba naw-

lavebidan da Zvlebidan. kalciumi ara marto Zvlebis struqturuli komponentia, 

aramed asrulebs gadamwyvet funqcias iseT procesebSi, rogoricaa kunTis SekumSva, 

membranis ganvladoba kaliumisa da natriumis ionebisaTvis, xels uwyobs hormonebis 

sekrecias, ionuri saqaCebis moqmedebas da sisxlis Sededebis process. amave dros, is 

umniSvnelovanesi ujredSida mesenjeria.  

ujredSi Ca2+-is koncentracia damokidebulia mis raodenobaze ujredis gareT. 

janmrTeli adamianis sisxlis plazmaSi Ca2+-is koncentracia Seadgens 2,12-2,6 mmol-

/l-ze. is plazmaSi sxvadasxva formiT gvxvdeba: ionizirebuli, cilebTan dakavSire-

buli da aradisocirebuli — citratTan, sulfatTan, fosfatTan da karbonatTan 

kompleqsSi. biologiuri aqtivobiT xasiaTdeba mxolod ionizirebuli Ca2+, romlis 

koncentraciaa 1,1-1,3 mmoli/l. Ca2+-is koncentraciis cvlilebas Tan sdevs sxvadas-

xva procesis aqtivobis cvlilebac. kerZod, nervuli da kunTovani ujredebis agzne-

badobis sididisa da hormonaluri metabolizmis cvlilebebi da fermentebis aqti-

vobis Semcireba an mateba. Ca2+-is cvlis ZiriTadi regulatorebia paraThormoni, 

kalcitrioli da kalcitonini.  

paraThormoni. paraThormoni (paraTireoiduli hormoni) erTjaWviani poli-

peptidia (9,5kdal.), romlis moqmedeba mimarTulia sisxlis plazmaSi Ca2+-is ionis 

koncentraciis matebisa da amis sapirispirod, fosfatis koncentraciis Semcirebis-

ken. is sinTezirdeba paraTiroidul jirkvalSi winamorbedis — preprohormonis sa-

xiT, romelic 115 aminomJavur naSTs Seicavs. endoplazmur badeSi mas scildeba 25-ami-

nomJaviani sasignalo peptidi. warmoqmnili prehormoni transportirdeba goljis 

aparatSi, sadac mimdinareobs srulfasovani hormonis formireba. paraThormoni 

ifuTeba da inaxeba sekretorul vezikulebSi.  

paraThormonis sekrecia regulirdeba plazmaSi Ca2+-is ionebis raodenobiT.  

hormoni sekretirdeba sisxlSi ionis koncentraciis Semcirebis sapasuxod.  
paraTireoiduli hormonis samizne organoebia Zvlebi da Tirkmelebi, sadac lo-

kalizebulia specifikuri receptorebi, romlebic urTierTqmedebs hormonTan da 

inicirebs signalis kaskads, rasac mosdevs adenilatciklazuri sistemis gaaqtiveba.  

cAMP-is momatebuli raodenoba astimulirebs ujredSida maragebidan Ca2+-is mobi-

lizacias, romelic iwvevs specifikuri kinazebis gaaqtivebas, xolo maTi daxmarebiT 

warmoebs specifikuri genebis transkrifciis gamomwvevi cilebis fosforilireba 

da gaaqtiveba.  
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paraThormonis moqmedebis meqanizmi Zvlovan qsovilze xorcieldeba cAMP-

damokidebuli proteinkinazebis, fosfolipaza С-s, diacilglicerolis, inozit-

trifosfatebisa da Са-ionebis saSualebiT. am procesis Sedegia tute fosfatazas 

gaaqtiveba, axali Zvlovani qsovilis warmoqmna da Zvlis mineralizaciis mateba.  

Zvlovan qsovilSi hormonis receptorebi osteoblastebsa da osteocitebzea 

ganlagebuli. paraThormonis dakavSireba osteoblastebis receptorTan  iwvevs in-

sulinis msgavsi zrdis faqtori 1-is ( IGF-1) da citokinebis sekrecias, romlebic as-

timulirebs osteoklastebis metabolizms. kerZod, iwyeba tute fosfatazasa da ko-

lagenazas aqtivacia, romlebic urTierTqmedebs Zvlovan matriqsTan, iwvevs mis CaS-

las, ris Sedegadac xdeba Zvlidan ujredgare areSi Са2+-isa da fosfatebis mobili-

zacia (sur. III.33).  cnobilia hormonis 2 tipis receptori — PTH1R da PTH2R. PTH1R-
receptori warmoadgens hormonis klasikur receptors, romelic gvxvdeba Zvlis 

qsovilsa da Tirkmlis ujredebze da monawileobs Ca-is ionis homeostazis 

regulirebaSi, adenilatciklazasa  da fosfolipaza  С-ze zemoqmedebis meSveobiT.  

PTH2R-receptori eqspresirdeba  nervul sistemaSi, pankreasisa da placentis ujre-

debSi.  

paraThormoni aRadgens Са2+-is normalur dones ujredgare siTxeSi pirdapiri 

zemoqmedebiT Zvalsa da Tirkmelebze, amave dros is moqmedebs SemovliTi gziTac, 

kerZod, nawlavebis lorwovan garsze urTierTqmedebiT zrdis nawlavebidan Са2+-is 

Sewovis intensivobas. amcirebs ra Tirkmelebidan fosfatebis reabsorbcias, paraT-

hormoni xels uwyobs ujredgare siTxeSi fosfatebis koncentraciis zrdas.  

paraThormonis sinTezisa da misi sekreciis darRveva mTeli rigi paTologiis mi-

zezi xdeba. paTologiebs Soris ganixileba hiper- da hipoTireozebi.  

 

 
 

suraTi III.33. paraThormonis biologiuri moqmedeba 

 

pirveladi hiperparaTireozis dros hiperkalciemiis sapasuxod irRveva paraT-

hormonis sekreciis meqanizmi. daavadebis mizezia paraTiroiduli jirkvlis simsiv-

ne (80%) an jirkvlis difuzuri hiperplazia, zogierT SemTxvevaSi jirkvlis kibo 

(20%). paraThormonis Warbi sekrecia iwvevs kalciumisa da fosfatebis mobilizaci-
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is gazrdas Zvlidan, Tirkmelebidan kalciumis reabsorbcias da fosfatebis gamo-

devnas, ris Sedegad viTardeba hiperkalciemia, romelsac SeuZlia Seamciros nerv-

kunTovani agznebadoba. avadmyofebisaTvis damaxasiaTebelia zogadi da kunTovani 

sisuste, swrafi daRliloba da kunTebis tkivilebi, matulobs xerxemlis, TeZosa da 

mxris motexilobebis riski. fosfatebisa da kalciumis ionebis koncentraciis mate-

ba Tirkmlis arxebSi SesaZlebelia gaxdes TirkmelebSi qvebis gaCenisa da hiperfos-

faturiisa da hipofosfatemiis mizezi.  

meoradi hiperparaTireozi viTardeba Tirkmlis qronikuli ukmarisobis da D-
vitaminis deficitis SemTxvevaSi. mimdinareobs hipokalciemiiT, romelic dakavSi-

rebulia nawlavebiT kalciumis Sewovis darRvevasTan. am ukanasknelis mizezia dazi-

anebuli Tirkmelebis mier kalcitriolis warmoqmnis Semcireba. am SemTxvevaSi, mar-

Talia matulobs paraThormonis sekrecia, magram misi momatebuli raodenoba ver 

uzrunvelyofs sisxlSi kalciumis ionebis koncentraciis normalizirebas, rac, 

aseve, kalcitriolis sinTezisa da nawlavebidan kalciumis Sewovis SemcirebiTaa 

ganpirobebuli. hipokalciemiis paralelurad SeiniSneba hiperfosfatemia. avadmyo-

febs uviTardebaT ConCxis dazianeba (osteoporozi). zogierT SemTxvevaSi paraT-

hormonis hipersekrecia akompensirebs hipokalciemias da viTardeba hiperkalciemia 

(mesameuli hiperparaTireozi).  
hipoparaTireozis ZiriTadi simptomia hipokalciemia, risi mizezicaa paraTiro-

iduli jirkvlis ukmarisoba. sisxlSi kalciumis koncentraciis Semcireba iwvevs 

nevrologiur, ofTalmologiur da gul-sisxlZarRvTa sistemis darRvevebs da Sema-

erTebeli qsovilis dazianebas. avadmyofebs aReniSnebaT nerv-kunTovani gamtareb-

lobis zrda, sasunTqi kunTebisa da diafragmis krunCxvebi da laringospazmebi.  

kalcitrioli. iseve, rogorc sxva steroiduli hormonebi, kalcitrioli 

sinTezirdeba qolesterolidan. hormonis moqmedeba mimarTulia sisxlis plazmaSi 

Ca2+-is koncentraciis matebaze.  

kanSi 7-dehidroqolesteroli (provitamini D3) ultraiisferi gamosxivebis ze-

moqmedebiT gardaiqmneba kalcitriolis winamorbedad — qolekalciferolad (vit. 

D3) (sur. III. 34). vitamini D3-is wyaroa sakvebic. epidermisSi qolekalciferoli ukav-

Sirdeba vitamini D-s gadamtan cilas — transkalciferins, xvdeba sisxlSi, gadaita-

neba RviZlSi da gardaiqmneba kalcidiolad. es ukanaskneli transportirdeba Tir-

kmelebSi da misgan kalcitrioli (1,25(OH)2D3) – vitamini D3-is aqtiuri forma warmo-

iqmneba.  
TirkmelebSi mimdinare hidroqsilirebis reaqcia katalizirdeba mito-qondriu-

li 1α-hidroqsilazaTi. paraThormoni astimulirebs ferments da am gziT axdens 

1,25(OH)2D3-is sinTezs. sisxlSi fosfatebisa da Са2+-is dabali Semcveloba aCqarebs 

kalcitriolis sinTezs.  
kalcitrioli moqmedebs wvril nawlavebze, Tirkmelebsa da Zvlebze. sxva stero-

iduli hormonebis msgavsad, is ukavSirdeba samizne ujredebis ujredSida recepto-

rebs. warmoiqmneba hormon-receptoruli kompleqsi, romelic urTierTqmedebs 

qromatinTan da iwvevs struqturuli genebis transkrifcias. magaliTad, nawlavis 

ujredebSi kalcitrioli inducirebs Са2+-gadamtani cilebis sinTezs, romlebic uz-

runvelyofs kalciumisa da fosfatebis Sewovas nawlavis sanaTuridan epiTelur 

ujredebSi da Semdgom maT transports ujredidan sisxlSi. kalcitriolis nakle-

bobisas irRveva kalciumis fosfatisa da kristaluri hidroqsiapatitebis warmoq-

mna Zvlovan qsovilSi, rac raqitisa da osteomalciis Camoyalibebas uwyobs xels.  
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suraTi III. 34. kalcitriolis sinTezi 

 

kalcitonini. kalcitonini peptidia, romelic 32 aminomJavisagan Sedgeba. is 

sinTezdeba farisebri jirkvlis parafolikuluri ujredebis da paraTiroiduli 

jirkvlis C-ujredebis mier cila-winamorbedis formiT. kalcitoninis sekrecia 

izrdeba sisxlSi Са2+-is koncentraciis matebisas da mcirdeba amave ionis koncen-

traciis Semcirebisas. kalcitonini paraThormonis antagonistia. is ainhibirebs 

Са2+-is gamoTavisuflebas Zvlovani qsovilidan da amcirebs osteoklastebis aqti-

vobas. amave dros, aqveiTebs kalciumis reabsorbcias Tirkmlis arxebiT da aZlie-

rebs maT eqskrecias SardiT.  

III.2.12. reproduqciuli funqciis hormonebi 

organizmis reproduqciuli funqcia regulirdeba sasqeso hormonebiT: mamro-

biTi — testosteroniT da mdedrobiTi — estrogenebiTa da progestinebiT. sasqeso 

hormonebis sinTezi da sekrecia, Tavis mxriv, kontroldeba folikul-mastimulire-

beli (fmh) da maluTeinizirebeli (lh) hormonebiT. orive hormonis warmoqmna sti-

mulirdeba hipoTalamusuri gonadotropin-rilizing-hormoniT, romlis sekrecia 

mimdinareobs epizodurad, rac ganapirobebs fmh-isa da lh-is sekreciis impulsur 

xasiaTs. qalebSi estrogenebi da progesteroni ukukavSiris meqanizmiT moqmedebs 

lh-sa da fmh-is sekreciaze. mamakacebSi testosteroni da estrogeni, romelic war-

moiqmneba leidigis ujredebSi testosteronis metabolizmis Sedegad, ainhibirebs 

gonadoliberinisa da hipofizis gonadotropuli hormonebis sinTezs.  
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fmh da lh ukavSirdeba sakvercxeebisa da saTesleebis samizne ujredebis membra-

nul receptorebs, rac iwvevs adenilatciklazuri sistemis aqtivacias da cAMP-is 

warmoqmnas. ukanaskneli aaqtivebs proteikinazas, romelic axdens im cilebis fos-

forilirebas, romlebic ganapirobebs fmh-isa da lh-is efeqtebs.  

qalebSi lh astimulirebs yviTeli sxeulis mier progesteronis, xolo mamaka-

cebSi — leidigis intersticialuri ujredebis mier testosteronis warmoqmnas. fmh 

aCqarebs sakvercxeebSi folikulebis Camoyalibebas da estrogenebis wamoqmnas, xo-

lo sertolis ujredebSi — spermatogenezs.  

mamrobiTi sasqeso hormonebi — androgenebi. androgenebi gamomuSavdeba Ziri-

Tadad mamrobiT sasqeso jirkvlebSi — saTesleebis leidigis ujredebSi (95%). mcire 

raodenoba warmoiqmneba Tirkmelzeda jirkvlis qerqSic (sur.III.35).  

androgenebis sinTezis gza saTesleebsa da Tirkmelzeda jirkvlis qerqSi erTna-

iria. maTi winamorbedia qolesteroli, romelic miewodeba sisxlis plazmidan daba-

li simkvrivis lipoproteinebiT, an sinTezirdeba jirkvlebSi acetil-koA-dan 

(sur.III.36). 

 

 
 

suraTi III.35. mamrobiTi sasqeso hormonebi 

 

testosteroni. pregnenolonis gardaqmna testosteronad katalizdeba xuTi 

mikrosomuli fermentiT da mimdinareobs ori gziT: dehidroepiandrosteronis an 

progesteronis warmoqmniT. hormoni cirkulirebs albuminebTan da specialur, sas-

qeso hormonebis damakavSirebel globulinebTan dakavSirebuli formiT. hormonis 

mxolod mcire nawili transportirdeba Tavisufali saxiT da hormonis swored es 

forma xasiaTdeba maRali biologiuri aqtivobiT.  

saTesleebSi, winamdebare jirkvalSi, kansa da garegan sasqeso organoebSi tes-

tosteroni warmoadgens gacilebiT aqtiuri hormonis — dihidritesto-steronis wi-

namorbeds. gardaqmna, romelSic monawileobs testosteronis daaxloebiT 4%, mim-

dinareobs ferment NADPH-damokidebuli 5-α-reduqtazas monawileobiT. zogierT 

periferiul qsovilSi testosteroni gardaiqmneba estradiolad. leidigis ujre-

debSi testosteronis gardaqmnis gverdiTi produqtia estradioli da progestero-

ni, Tumca maTi funqcia mamakacis ganviTarebaSi ucnobia.  
testosteronis samizneebia spermatogoniebi, kunTebi, Zvlebi, Tirkmelebi da 

tvini. androgenebi ujredis SigniT receptorTan warmoqmnian kompleqss, romelic 

ukavSirdeba qromatinis garkveul ubans, aaqtivebs specifikur genebs da am gziT 

ganapirobebs biologiur efeqtebs. 
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suraTi. III.36. sasqeso hormonebis sinTezi 

sasqeso hormonebis winamorbedia qolesteroli. pregnenolonis  

warmoqmna xdeba qolesterolidan gverdiTi jaWvis CamoSorebiT (1).  

pregnenolonis gardaqmna testosteronad SesaZlebelia 2 gziT:  

progesteronis (2) da dehidroepiandrosteronis (3) warmoqmniT.  

testosteroni dihidrotestosteronis winamorbedia (4). sakvercxeebSi sinTezdeba  

mdedrobiTi sasqeso hormonebi estrogenebi (17β-estradioli) da progesteroni.  

androgenebis aromatizacia mimdinareobs aromatazuli kompleqsiT (5),  

romelic Seicavs citoqrom Р450- oqsidazas da am procesSi monawileobs О2 da NADPH. 

 
mdedrobiTi sasqeso hormonebi. sakvercxeebSi sinTezdeba mdedrobiTi sasqeso 

hormonebi — estrogenebi da progestinebi, gansakuTrebulad aqtiuria 17β-estradi-

oli da progesteroni (sur.III.37).  

adreul asakSi Camouyalibebeli sakvercxeebi gamoimuSavebs mcire raodenobis 

hormonebs, amitom estrogenebis koncentracia sisxlSi dabalia. yoveli menstrua-

luri ciklis dasawyisSi fmh-isa da lh-is sekrecia iwvevs pirveladi folikulebis 

warmoqmnas. momwifebuli folikula asekretirebs estrogenebs, romlebic ukukavSi-

ris meqanizmiT ainhibirebs fmh-is sekrecias. (sur.III.38). 

 
 

suraTi III.37. mdedrobiTi sasqeso hormonebi 

 

folikulebis momwifebis paralelurad, estradiolis koncentracia izrdeba, 

hipofizaluri ujredebis mgrZnobeloba gonadoliberinisadmi matulobs da estra-

dioli dadebiTi kavSiris meqanizmiT zrdis fmh-isa da lh-is sekrecias. lh-s sekre-

ciis mateba iwvevs ovulacias — kvercxujredis gamoTavisuflebas folikulidan. 
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ovulaciis Sedegad folikulis ujredebi gardaiqmneba yviTel sxeulad, romelic 

iwyebs mTavari hormonis — progesteronis gamomuSavebas. 

Tu moxda ganayofiereba, yviTeli sxeuli agrZelebs funqcionirebas da proges-

teronis sekrecias, Tumca fexmZimobis gviandel etapebze progesteroni ZiriTadad 

producirdeba placentis mier. im SemTxvevaSi, Tu ar moxda ganayofiereba, sisxlSi 

progesteronis maRali koncentracia uaryofiTi ukukavSiris meqanizmiT ainhibi-

rebs hipoTalamo-hipofizuri sistemis aqtivobas, rasac mosdevs lh-isa da fmh-is 

sekreciis Seferxeba, yviTeli sxeuli iSleba, steroidebis produqcia sakvercxee-

biT mcirdeba da iwyeba menstruacia.  

estrogenebi ukavSirdeba ujredSida receptorebs da, sxva steroidebis analo-

giurad, aregulirebs struqturuli genebis transkrifcias. iTvleba, rom estroge-

nebi inducirebs 50-ze meti cilis sinTezs, romlebic gansazRvravs estrogenebis 

fiziologiur efeqts. estrogenebi astimulirebs im qsovilebis ganviTarebas, rom-

lebic monawileobs gamravlebaSi, gansazRvravs mdedrobiTi meoradi sasqeso niSne-

bis ganviTarebas, aregulirebs progesteronis receptoris genis transkrifcias. ma-

Ti moqmedebiT saSvilosnos proliferaciuli epiTeliumi gardaiqmneba sekretoru-

lad, rac ganapirobebs ganayofierebuli kvercxujredis implantacias. estrogene-

bis efeqti moicavs aseve qalebis kanisa da sisxlZarRvebis normalur struqturul 

ganviTarebas, xels uwyobs azotis Jangis warmoqmnas gluv kuTebSi. estrogenebi as-

timulirebs Tiroiduli da sasqeso hormonebis satransporto cilebisa da sisxlis 

Sededebis II, VII, IX da X faqtorebis sinTezs da amcirebs antiTrombini III-is koncen-

tracias, moqmedebs qolesterinis cvlazec, amcirebs ra mis koncentracias sisxlSi.  
 

 
 

suraTi III.38. mdedrobiTi sasqeso hormonebis sekreciis regulireba 

gonadotropin-rilizing-hormoni astimulirebs fmh-isa da lh-is sekrecias,  

romlebic estrogenebTan da progesteronTan erTad aregulirebs sqesobriv cikls.  

estradioli da progesteroni ukukavSiris meqanizmiT aregulirebs  

fmh-isa da lh-is sinTezsa da sekrecias 

 

progesteronis warmoqmna. menstrualur periodSi yviTeli sxeulis mier warmoq-

mnili progesteroni fexmZimobis periodSi sinTezdeba placentaluri ujredebi-

Tac. misi warmoqmna xdeba Tirkmelzeda jirkvalSic. cnobilia estrogenebis recep-

toris ori tipi — PRA da PRB. orive forma kodirebulia erTi da imave geniT  da aqvs 

identuri agebuleba. PRA ZiriTadad  gvxvdeba birTvSi, xolo  PRB — citoplazmaSi 

(sur.III.39). 
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suraTi III.39. progesteronis receptorebi 

 

RviZlSi progesteroni koniugirdeba glukuronis mJavasTan da am saxiT gamoiyo-

fa SardTan erTad. progesteronis moqmedeba, ZiriTadad, mimarTulia organizmis 

reproduqtiul funqciaze. maRal koncentraciebSi is urTierTqmedebs receptor-

Tan, romelic lokalizebulia Tirkmlis arxis ujredebSi da am gziT konkurirebs 

aldosteronTan. konkurentuli inhibirebis Sedegad aldosteroni kargavs natriu-

mis reabsorbciis unars. progesterons aseve SeuZlia zemoqmedeba cns-zec, iwvevs ra 

premenstrualur periodSi zogierTi qceviTi maxasiaTeblis cvlilebas.  

III.2.13. leptini da grelini 

organizmis sxeulis masa da energetikuli cvla regulirdeba mravalricxovani 

centraluri da periferiuli  mediatorebiT. am procesebis regulirebaSi centra-

luri adgili peptiduri bunebis hormonebs — leptinsa da grelins uWiravs, romle-

bic am procesebze rogorc antagonisturi, aseve sinerguli efeqtebiT xasiaTdeba. 

dadgenilia, rom sxeulis masis koordinireba hipoTalamusiT xorcieldeba. hipoTa-

lamusis, rogorc energetikuli cvlis koordinatoris rolis dadgena SesaZlebeli 

gaxda XX saukunis 40-ian wlebSi.  eqsperimentulad nanaxi iyo, rom mRrnelebSi hipo-

Talamusis lateraluri ubnis eleqtruli dazianeba iwvevda anoreqsiasa da sxeulis 

masis Semcirebas im dros, roca hipoTalamusis ventromedialuri birTvebis dazia-

nebiT viTardeboda sapirospiro efeqti, kerZod, sxeulis masis gazrda da paTolo-

giuri simsuqne. am dakvirvebebze dayrdnobiT Camoyalibebuli iyo koncefcia, rom-

lis Tanaxmad hipoTalamusis  lateraluri ubani da ventromedialuri birTvebi war-

moadgens SimSilisa da simaZRris centrebs. Tumca hipoTalamusis am ubnebis efeqte-

bis axsna ver moxda manam, sanam 1982 wels ar iqna aRmoCenili da Seswavlili axali me-

diatori, romelic CarTulia energetikul cvlaSi. es mediatori aRmoCnda neiro-

peptidi Y.   
hipoTalamusis birTvebi Seicavs neironebs, romlebsac mkacrad gansazRvruli 

funqciebi aqvs. es saSualebas aZlevs hipoTalamuss moaxdinos tvinis sxvadasxva ub-

nebidan, sisxlis mimoqcevidan da saWmlis momnelebeli arxidan mosuli informaciis 

integrireba da uzrunvelyos balansis SeinarCuneba daxarjul da warmoebul ener-

gias Soris. 

rkaluri birTvebi, romlebsac ekuTvnis prioritetuli roli madis regulire-

bis signalebis integraciaSi, ganlagebulia hipoTalamusis fuZeSi. rkaliseburi 

birTvebis neironebis sxeulebi eqspresirdeba sxvadasxva hormonebisa da neiromedi-

atorebis receptorebTan, romlebic monawileobs madis regulirebaSi. rkalisebur 
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birTvebSi ganasxvaveben ori saxis neironebs. erTni producirebs neiropeptid Y-s  

da agutis analogiur cilas (aac, cila aguti axlaxan aRmoCenili cilebis jgufis 

proteinia, romlebic moqmedebs, rogorc melanokortinuli hormonebis inhibito-

rebi),  xolo meoreni — propiomelanokortins (pomk)  da kokain-amfetamin-regulire-

bad transkripts  (kart).  

neiropeptidi Y, romlis SemadgenlobaSia  36 aminomJava, warmoadgens sakmaod 

mZlavr faqtors. misi Seyvana iwvevs madis gazrdas da wonis mkveTr matebas, Tumca 

misi moqmedebiT gamowveuli efeqti SedarebiT xanmoklea. cnobilia neiropeptidi Y-s 

receptorebis 6 warmomadgeneli: Y1, Y2, Y3, Y4, Y5 da Y6. es receptorebi miekuTvneba 

G-cilebTan dakavSirebuli receptorebis jgufs, romlebsac 7 transmembranuli 

fragmenti aqvs. neiropeptid Y-s SedarebiT xanmokle moqmedebisagan  gansxvavebiT, 

aac-s efeqti gacilebiT xangrZlivia — misgan gamowveuli hiperfagia TiTqmis mTeli 

kvira grZeldeba. amrigad, hipoTalamusis rkaliseburi birTvebis neironebi, romle-

bic Seicavs neiropeptid Y-s da agutis analogiur cilas, astimulirebs  sakvebis mi-

Rebas da, sabolood, zrdis anabolur procesebs, im dros, roca proopiomelano-

kortini da kokain-amfetamin-regulirebadi transkrifti, piriqiT, aqveiTebs sakve-

bis moxmarebis process, anu aqvs kataboluri efeqtebi.  

cila leptini (16kdal.) aRmoCenili iyo 1994 wels, rogorc ob-genis produqti. 

hormone, ZiriTadad, sekretirdeba adipocitebis, aseve placentis, sarZeve jir-

kvlebis epiTeliumis da kuWis lorwovani garsis mier.  adipocitis zoma gadamwyveti 

faqtoria leptinis sinTezisaTvis: msxvili cximovani ujredebi Seicavs gacilebiT 

met hormons, vidre mcire zomis adipocitebi. leptinis Semcveloba sisxlSi kore-

lirebs cximis depoebis moculobasTan. mRrnelebSi hormonis koncentracia matu-

lobs sakvebis miRebidan ramdenime saaTSi, adamianSi — ramdenime dRis Semdeg, xolo 

misis kleba aRiniSneba SimSilis dawyebidan ramdenime saaTSi. leptini warmoadgens 

energetikuli maragis iniciators (sur. III.40). ob-genis mutacia mRrnelebsa da adami-

anSi iwvevs hiperfagias, cximovani maragis gazrdas da hipogonadizms. 

 

 
 

suraTi III.40. leptinis moqmedeba 

 

leptinis receptori ob-R miekuTvneba citokinuri receptorebis superklass, 

sadac gaerTianebulia interleikinebis, zrdis hormonis, prolaqtinisa da insuli-

nis msgavsi faqtorebis receptorebi. cnobilia leptinis receptorebis ramdenime 

izoforma: ob-Ra, ob-Rb, ob-Rc, ob-Rd, ob-Rf. mxolod ob-Rb—izoformas aqvs ujredSida 

grZeli domeni, romelic aucilebelia leptinis efeqtebis gansaxorcieleblad. ob-

Rb-izoformis ujredSida domenis dakavSireba citoplazmur JAK-2 Tirozinkinazas-
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Tan (janus-kinaza 2) iwvevs signalis gadamtani cilis da transkrifciis aqtivatoris — 

STAT-is fosforilirebas. cnobilia, rom STAT-is ojaxSi Sedis 8 cila, saidanac 

STAT3 identificirebulia, rogorc  leptinis signalis transduqtori. fosfori-

lirebis Semdgom STAT3 translocirdeba birTvSi, sadac mimdinareobs Sesabamisi ge-

nebis transkrifcia (sur. III.41. ).  

ob-Rb-receptorebi lokalizebulia hipoTalamusis rkalisebur, para-ventriku-

larul da vendromedialur  birTvebSi.  leptinis receptorebis  mokle izoformebi 

eqspresirdeba tvinis sisxlZarRvebis endoTeliumSi, aseve periferiul organoebsa 

da qsovilebSi — TirkmelebSi, RviZlSi, filtvebSi, sadac, savaraudod, axorcielebs 

satransporto funcias.  

iseve, rogorc ob-genis mutacia, hormonis receptoris mutaciac  sakmaod iSvia-

Tad gvxvdeba, rac vlindeba hiperfagiiT, cximovani qsovilis masis matebiT, rac mim-

dinareobs Tireotropuli da somatotropuli hormonebis sekreciis moSlis fonze. 

hipoTalamusis rkalisebur birTvebSi leptini ainhibirebs neiropeptid Y-sa da agu-

tis analogiuri cilis Semcveli neironebis aqtivobas da astimulirebs pomk-sa da  

kart-is masekretirebeli neironebis aqtivobas. leptinis efeqtebis potenciuri me-

diatorebi SesaZlebelia iyos kortikoliberini, qolecistokinini, glukagon-ana-

logiuri peptidi-1 da  serotonini.  

 

 
 

suraTi III.41.  sasignalo kaskadi, romelic gaSvebulia   leptinis moqmedebiT 

JAK – ianus kinaza; STAT – Tirozinkinazas substratuli cila; 

L – leptini; R – receptori 

    

1999 w. aRmoCenilia amave procesebSi CarTuli meore harmonic — grelini. Tavda-

pirvelad is aRwerili iyo rogorc zrdis hormonis mZlavri stimulatori. Semdgom-

Si damtkicda, rom grelini homeostazze axdens mTel rig mniSvnelovan efeqtebs: 

1. SimSilis grZnobis gaZliereba da sakvebis  moTxovnis stimulireba; 

2. kuWisa da  Tormetgoja nawlavis motoruli funqciis  gaZliereba;  

3. reproduqtiuli organoebis aqtivobis daqveiTeba;  

4. Zil-RviZilis ciklisa da qceviTi reaqciebis regulireba;  
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5. kardioproteqtoruli moqmedeba;  

6. prolaqtinis, adrenokortikotropuli hormonis da antidiurezuli hormonis 

sekreciis stimulireba.  

dResdReobiT aRiarebulia, rom grelini warmoadgens energiis deficitis indi-

kators.  

grelini cilovani bunebis hormonia, romelic 28 aminomJvisagan Sedgeba da, Ziri-

Tadad, sinTezdeba kuWis parietalur ujredebSi. axalSobilebSi grelinis Semcve-

loba umniSvneloa, Tumca asakis zrdasTan erTad, isic izrdeba.  

grelinis Semcveloba cns-Si minimaluria. imunohistoqimiuri meTodiT hipoTa-

lamusis rkalisebur birTvSi aRmoCenilia grelin-masinTezirebeli neironebis mci-

re raodenoba. hormoni aseve sinTezdeba hipofizSi, filtvebSi, nawlavebSi, kuWqveSa 

jirkvalSi, placentaSi, sakvercxeebsa da TirkmelebSi. 

grelinisaTvis damaxasiaTebelia unikaluri postranslaciuri modifikacia — 

me-3 mdgomareobaSi myofi serinis hidroqsilis jgufi ganicdis eTerifikacias oq-

tanis mJaviT, rac, savaraudod, gansazRvravs mis biologiur aqtivobasac. sisxlsa 

da kuWSi grelini ori formiT arsebobs: aqtiuri, romelic dakavSirebulia oqtanis 

mJavasTan da araaqtiuri — dezacilirebuli forma. sisxlis plazmaSi hormonis de-

zacilirebuli forma gacilebiT didi raodenobiT gvxvdeba, Tumca es forma hormo-

nalur Tvisebebs moklebulia. grelinis receptori miekuTvneba G-cilasTan dakav-

Sirebuli receptorebis klass. dResdReobiT cnobilia receptoris ori izoforma: 

GHSR-la (7 transmembranuli fragmentiT) da GHSR-lb (5 trans-membranuli fragmen-

tiT). grelinis ZiriTadi efeqtebi xorcieldeba misi dakavSirebiT GHSR-lb-recep-

torTan. grelinis receptori lokalizebulia imave hipoTalamusur struqturebSi, 

sadac gvxvdeba leptinis receptoric. hipoTalamusis garda grelinis receptorebi 

gvxvdeba aseve hipokampSi, adenohipofizSi, Sav substanciaSi, mogrZo tvinSi  da peri-

feriul qsovilebSi.  

adamianSi grelinis done matulobs uSualod sakvebis miRebis win, xolo miRebis 

Semdeg — iklebs, rac adasturebs, rom grelini warmoadgens energetikuli cvlis 

xanmokle indikators da signals sakvebis misaRebad. gadasuqebis Sedegad grelinis 

koncentracia qveiTdeba, xolo kaxeqsiis SemTxvevaSi, piriqiT — matulobs.  

grelinis moqmedeba ganisazRvreba hipoTalamusis im neironebiT, romlebic Car-

Tulia kvebiT qcevebSi. hipoTalamusis rkaliseburi birTvebi umniSvnelovanesi 

struqturebia leptinisa da grelinis efeqtebis integraciis procesSi. leptinisa-

gan gansxvavebiT, grelini maRla swevs neiropeptid Y-s Semcveli ujredebis anabo-

lur aqtivobas da aqveiTebs pomk/kart-is maproducirebeli neironebis katabolur 

efeqtebs.  

III.2.14. mkerdukana jirkvlis hormonebi 

mkerdukana jirkvali — Timusi warmoadgens sxvadasxva organizmis, maT Soris, 

adamianis specializebul organos (jirkvals),  sadac mimdinareobs imunuri sistemis 

T-ujredebis momwifeba da diferencireba.  mravalwlianma kvlevebma aCvena, rom am 

jirkvlis funqcionirebazea damokidebuli ZuZumwovrebis sicocxle. misi funqcio-

nireba ganapirobebs imunuri sistemis moqmedebas mTeli cxovrebis ganmavlobaSi, 

radgan, TimusSi moxvedris Semdeg, Zvlis tvinis Rerovani ujredebidan warmoqmnili 

imunuri ujredebi ganicdis diferencirebas da gardaiqmneba Т-limfocitebad, rom-
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lebsac SeuZliaT virusebis, sxvadasxva infeqciebisa da autoimunuri daavadebis wi-

naaRmdeg brZola. es procesi gansakuTrebiT intensiurad mimdinareobs adreul 

asakSi (adamianis SemTxvevaSi es periodi Seadgens dabadebidan 2-3 wels da maqsimalu-

ria 5 wlisTvis). asakis matebasTan erTad, Timusis funqcionireba iklebs da ocdaa-

Ti wlisaTvis  maqsimaluradaa Semcirebuli, ris Semdegac is mTlianad qreba. aseve, 

Timusi asinTezirebs da awarmoebs sxvadasxva hormonis sekreciasac. is or ZiriTad 

funqcias asrulebs:  

1. cxovelebis dabadebisTanave TimusSi iwyeba limfoiduri ujredebis warmoq-

mna, romlebic transportirdeba periferiul qsovilebSi, upirvelesad limfoidur 

kvanZebsa da elenTaSi, sadac uzrunvelyofs im ujredebis populaciis warmoqmnas, 

romelTa funqcionireba aucilebelia imunologiuri reaqciebisaTvis. 

2. Timusi awarmoebs im hormonebis sinTezsa da sekrecias, romlebic moqmedebs 

zogierTi limfoiduri ujredis ganviTarebasa da momwifebaze.  

Timusi mcire zomis organoa, masiT 15 gramamde. axalSobilebSi misi sigrZe daax-

loebiT 5sm-ia, xolo sigane — 4sm. asakTan erTad is ganicdis involucias (ukuganvi-

Tareba)  gacximovnebis xarjze. is tvinovani da qerqovani SriT aris warmodgenili. 

tvinovan SreSi SeiniSneba specializebuli epiTelialuri struqturebis — haselis 

sxeulebis arseboba. aqvea aRmoCenili makrofagebi, fibroblastebi da e.w. mioiduri 

ujredebi, romlebic Seicavs antigenebs.  

miuxedavad sakmao interesisa, Timusis biologiuri roli dadgenili iyo mxo-

lod 1961 wels, roca naCvenebi iyo, rom axalSobilebSi misi amokveTa dabadebidan 24 

saaTSi iwvevda imunuri reaqciebis mniSvnelovan cvlilebebs, aseve limfoiduri 

qsovilis atrofias da adreul sikvdils, risi mizezicaa e.w. vasting-sindromi (gamo-

fitvis sindromi), romlisTvisac damaxasiaTebelia sxvadasxva formis infeqciuri 

daavadebebis arakontrolirebadi ganviTareba. 

dReisaTvis dadgenilia, rom Timusi funqcionirebs rogorc organo, romelic 

producirebs limfoidur ujredebs da, aseve, warmoadgens endokrinul jirkvals, 

romelic sekretirebs hormonebs. Timusis mier sekretirebuli hormonebi gavlenas 

axdenen limfoidur sistemaze. amave dros, TimusSi nanaxia hormoni kalcitoninic, 

romelic, rogorc cnobilia, sinTezdeba Tiroidul da paraTiroidul jirkvlebSi. 

es sami jirkvali erTiani embrionaluri warmoSobisaa da Timusis struqturis dazi-

aneba iwvevs danarCeni ori jirkvlis ganviTarebisa da aqtivobis cvlilebebs.  

cnobilia, rom TimusSi sinTezdeba ramdenime hormoni, romelTagan TiToeuli 

aregulirebs erT an ramdenime imunologiur process. es hormonebi moqmedebs sxva-

dasxva tipis limfoidur ujredebze. am hormonebis moqmedebis xasiaTi mocemulia 

cxrilSi III. 6.  

am hormonebs Soris gansakuTrebiT mniSvnelovania polipeptiduri bunebis faq-

tori Timozini (12500 dal.) — ori araidenturi suberTeulisagan Semdgari agregati, 

romlebic ar Seicavs naxSirwylebs da lipidebs; hormoni sekretirdeba jirkvlis 

retikuloepiTeluri ujredebis mier. misi Seyvana cxovelebSi, romlebsac Catare-

buli aqvT Timusis eqtomia, dabla swevs vasting-sindromis xarisxs, zrdis sisxlSi 

limfocitebis raodenobasa da maTi sicocxlis xangrZlivobas. amave dros, is aZlie-

rebs ujredul imunitets.   
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cxrili III. 6. 

 

Timusis mier sekretirebuli hormonebis Tvisebebi 

 

produqti qimiuri buneba biologiuri aqtivoba 

Timozini 

 

polipeptidi 

 
T-ujredebis  sapasuxo reaqciebi, 

limfoiduri ujredebSi dnm-is 

sinTezi da proliferacia 

α1 - Timozini polipeptidi aqtiuria umetes SemTxvevaSi 

homeostatiuri Ti-

musuri hormoni 

glikoproteini akth-sa da gonadotropinebis anta-

gonisti 

Timusuri  humoraluri 

faqtori 

polipeptidi T-ujredebis SesaZleblobis aRdgena 

adekvaturi sapasuxo reaqciebisadmi

Timopoetini I da II polipeptidi nerv-kunTovani gadacemis darRveva 

Sratis Timusuri 

faqtori 

polipeptidi T-ujredebis SesaZleblobis aRdgena 

adekvaturi sapasuxo reaqciebisadmi

plazmis Timusuri 

faqtori 

polipeptidi T-ujredebis SesaZleblobis aRdgena 

adekvaturi sapasuxo reaqciebisadmi 

limfocit-mastimu-

lirebeli hormoni 

polipeptidi iwvevs limfocitozs, axalSobilebSi 

antisxeulebis sinTezis gaZlierebas

Timosterini 

 

steroidis 

analogiuri 

axalSobil virTagvebSi, romlebsac 

amoWrili aqvT Timusi, aRadgens 

antigenebze sapasuxo reaqciebs 

 

Timusis hormonia, aseve, cilovani bunebis Timopoetinic, romelic CarTulia Т-
limfocitebis diferencirebis procesSi. cnobilia am hormonis sami forma — 

α − (75kdal. ), β − (51kdal. )  da γ − (39 kdal.) Timopoetinebi, romlebic sxvadasxva uj-

redSi eqspresirdeba. φορμα warmodgenilia  limfocitebis birTvebSi, xolo β — da γ-

formebi — birTvis membranaSi.  Timusis funqcia da misi  hormonebis sekrecia regu-

lirdeba glukokortikoidebiT — Tirkmelzeda jirkvlis hormonebiT, interfero-

nebiT, limfokinebiT da interleikinebiT, romlebic gamomuSavdeba imunuri siste-

mis sxva ujredebis mier. glukokortikoidebi aqveiTebs imunuri sistemis funqcio-

nirebas da, aseve, Timusis sxva funqciebsac, rasac mosdevs misi atrofia. epifizis 

hormonebi anelebs Timusis involucias. analogiurad moqmedebs masze hormoni me-

latoninic.  

III.2.15. gastroenteropankreasuli endokrinuli 

sistema da kuW-nawlavis traqtis hormonebi 

gastroenteropankreasuli endokrinuli sistema endokrinuli sistemis nawilia, 

romelic warmodgenilia saWmlis momnelebel  sistemaSi calkeuli, gafantuli en-

dokrinuli  ujredebiT — apudocitebiT da peptiderguli neironebiT, romlebic 

producirebs peptiduri bunebis hormonebs. cnobilia apudocitebis — saWmlis mom-

nelebeli traqtis hormonebis  masekretirebeli ujredebis  2 tipi: saWmlis momne-

lebeli sistemis neironebi da amave sistemaSi gabneuli endokrinuli ujredebi.    
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kuW-nawlavis traqtis apudocitebis umravlesoba ganTavsebulia kuWSi, wvril 

nawlavSi da kuWqveSa jirkvalSi. am ujredebis mcire raodenoba gvxvdeba aseve say-

lapavSi da msxvil nawlavSi. maTi funqciaa regulatoruli polipeptidebis sinTezi 

da sekrecia, romlebic gamoirCeva hormonaluri efeqtiT saWmlis momnelebeli sis-

temis organoebis moqmedebaze. kerZod, isini zemoqmedebas axdens iseT funqciaze, 

rogoricaa sekretoruli funqcia, Sewova, nawlavebis motorika, sisxliT momarage-

ba da, zogadad, nivTierebaTa cvla. klasikuri, Cveulebrivi hormonebisagan gansxva-

vebiT, apudocitebis mier sekretirebuli hormonebi gamoirCeva  rigi Tavisebure-

biT. kerZod, maTi sinTezi da sekrecia regulirdeba gansxvavebuli faqtorebiT 

(kuW-nawlavis traqtis SigTavsis рН, moculoba, qimiuri Semadgenloba da tempera-

tura).   

aminomJavuri Semadgenlobisa da Tanamimdevrobis mixedviT identificirebulia 

kuW-nawlavis traqtis hormonebis 3 jgufi: gastrinis (gastrini, qolecistokinini), 

sekretinis (enteroglukagoni, vazoaqtiuri intestinaluri polipeptidi, kuWis ma-

inhibirebeli peptidi da sxv.) da pankreasuli polipeptidis jgufi (pankreasuli pep-

tidi da neiropeptidi Y). hormonebis nawili, kerZod, substancia Р, somatostatini, 

motilini, neirotenzini da sxva ar miekuTvneba arc erT jgufs. klasikuri hormone-

bisagan gansxvavebiT, romlebic moqmedebs humoraluri gziT, kuW-nawlavis traqtis 

hormonebi garemomcvel ujredebze zemoqmedebs parakrinuli gziTac. maTi moqmede-

bis meqanizmi samizne ujredebze sxva polipeptiduri hormonebis analogiuria: hor-

monis zemoqmedebiT samizne ujredis specifikur membranul receptorTan iwyeba 

adenilatciklazuri sistemis aqtivacia, romelic ganapirobebs am hormonisaTvis 

damaxasiaTebeli moqmedebis xasiaTs samizne ujredis metabolizmze. kuW-nawlavis 

traqtis  sxva-dasxva paTologia gamowveulia am hormonebis produqciis darRveviT, 

aseve samizne ujredebis mgrZnobelobis SecvliT hormonebisadmi da, iSviaT Sem-

TxvevaSi, ganpirobebulia  am darRvevebis paTogenetikuri mizezebiT.   

gastrini warmoiqmneba kuWis antraluri nawilis, Tormetgoja da wvrili nawla-

vis zeda nawilis ujredebiT.  cnobilia hormonis 6 molekuluri forma. maTgan mniS-

vnelovania gastrini-17 da gastrini-34 (Sedgeba Sesabamisad, 17 da 34 aminomJavis naS-

Tisagan). gastrinis gamoyofis stimulireba xdeba sakvebis miRebiT gamowveuli ku-

Wis gawelviT. sekreciis inhibirebis faqtoria kuWis SigTavsis SemJaveba. gastrinis 

ZiriTadi fiziologiuri efeqtia  pepsinisa da marilmJavas sekreciis stimulireba, 

aseve kuWis, Tormetgoja nawlavisa da kuWqveSa jirkvlis moqmedebis regulireba.  

hormonis siWarbe (hipergastrinemia) vlindeba iseTi daavadebis dros, rogoricaa 

zolinger-elisonis sindromi, Tormetgoja nawlavis wylulovani daavadeba, RviZ-

lisa da Tirkmlis ukmarisoba.  

qolecistokinini producirdeba wvril nawlavSi. is monawileobs pankreasuli 

fermentebisa da naRvlis gamoyofis procesSi. cnobilia qolecistokininis sami 

izoforma, kerZod 39, 33 da 8 aminomJavisagan Semdgari. gansakuTrebiT maRali bio-

logiuri aqtivobiT xasiaTdeba qolecistokinini -8.   

sekretini gamomuSavdeba Tormetgoja nawlavis lorwovani garsis mier da warmo-

adgens 27 aminomJavisagan Semdgar peptids. hormonis sekreciis stimulatoria Tor-

metgoja nawlavis SigTavsis SemJaveba, xolo inhibireba xdeba SigTavsis gatutiane-

bis pirobebSi.  sekretinis ZiriTadi efeqtia pankreasis jirkvlis mier wylisa da bi-

karbonatebis sekreciis stimulireba.   

vazoaqtiuri intestinaluri peptidi (VIP) gamomuSavdeba wvril nawlavSi, is 

aRmoCenilia aseve kuW-nawlavis traqtis neironebSi, Sedgeba 28 aminomJavis naSTisa-

gan. fiziologiur pirobebSi hormoni astimulirebs nawlavisa da pankreasis mier 
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wylis sekrecias, amave dros, amcirebs marilmJavas warmoqmnas, aseve axdens gluvi 

kunTebisa da naRvlis buStis  modunebas.  

gastromainhibirebeli polipeptidi (GIP) gamomuSavdeba, ZiriTadad, wvrili da 

Tormetgoja nawlavis mier da Sedgeba 42 aminomJavis naSTisagan. GIP-is sekrecia  

stimulirdeba lipidebis, glukozisa da zogierTi aminomJavis moxvedriT  Tormet-

goja nawlavSi.  

enteroglukagoni warmoiqmneba, ZiriTadad, swor da msxvil nawlavSi da monawi-

leobs nawlavebis moqmedebis regulirebaSi. polipeptidi agebulia 69 aminomJavisa-

gan da misi sekreciis stimulatoria nawlavebis SigTavsSi arsebuli lipidebi da nax-

Sirwylebi.  
pankreasuli peptidi aRmoCenilia pankreasis langerhansis kunZulebSi. sakvebis 

miReba warmoadgens hormonis sekreciis stimulators. fiziologiuri koncentra-

ciis pirobebSi pankreasuli peptidi ainhibirebs pankreasis sekretorul funqcias, 

aseve naRvlis wvenis sekrecias da kuW-nawlavis traqtis motorul Tvisebebs. misi 

producirebis Semcireba aRiniSneba qronikuli pankreatitisa da pankreasis kisto-

zuri fibrozis SemTxvevaSi.  

motilini sinTezdeba wvrili nawlavis lorwovan garsSi da Sedgeba 22 aminomJa-

vis naSTisagan. motilinis gamoTavisufleba xdeba sakvebis miRebis dros. am hormo-

nis ZiriTadi efeqti mdgomareobs kuW-nawlavis traqtis motoruli funqciebis gaZ-

lierebaSi.  
neirotenzini sinTezdeba wvril nawlavSi, is aseve aRmoCenilia pankreasis jir-

kvalSi. neirotenzini agebulia 13 aminomJavuri naSTisagan. hormonis sekreciis sti-

mulatoria cximovani qsovili. misi fiziologiuri roli naklebadaa Seswavlili. 

cnobilia, rom neirotenzini iwvevs sisxlZarRvebis gafarToebas, gluvi kunTebis 

SekumSvas, kuWis sekreciisa da motorikis daqveiTebas.  

zemoganxiluli hormonebis garda, apudocitebiT xdeba sxva hormonebis sinTezi 

da sekreciac, romlebic aseve CarTulia am sistemis funqcionirebaSi da mniSvnelo-

van rols asrulebs. cxrilSi III.7. moyvanilia kuW-nawlavis traqtis ujredebis mier 

sinTezirebuli hormonebis ZiriTadi Tvisebebi da maT mier ganxorcielebuli fun-

qciebi.  

 

cxrili III. 7. 
 

kuW-nawlavis traqtis zogierTi hormonis daxasiaTeba 

 

hormonis da-

saxeleba 

gamomuSave-

bis adgili 

endokrinu-

li ujrede-

bi 

hormonis moqmedebis efeqti 

somatosta-

tini 

kuWi, nawlavis 

proqsimalu-

ri nawili, 

kuWqveSa jir-

kvali 

D-ujredebi aferxebs insulinis, glukagonisa 

da kuW-nawlavis traqtis zogier-

Ti hormonis gamoyofas; aferxebs 

kuWis  parietaluri da pankreasis 

acinaruli ujredebis aqtivobas 

bombezini kuWi, wvrili 

nawlavis 

proqsimalu-

ri nawili 

Р-ujredebi 
 

astimulirebs gastrinis sekreci-

as, aZlierebs naRvlis buStis Se-

kumSvas,  pankreasis fermentebis 

gamoyofas 
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enkefalinebi 

(endorfine-

bi) 

wvrili nawla-

vis proqsima-

luri nawili, 

pankreasi 

L- ujredebi aferxebs pankreasis fermentebis 

sekrecias, aZlierebs kuWis moto-

rikas 

substancia Р 
 

wvrili nawla-

vi 
ЕС1-ujredebi aZlierebs nawlavebis motorul 

Tvisebebs da nerwyvis gamoyofas, 

aferxebs insulinis sekrecias 

enterogas-

troni 

Tormetgoja 

nawlavi 
ЕС1-ujredebi aferxebs kuWis sekretorul da 

motorul Tvisebebs 

serotonini 

 

kuW-nawlavis 

arxi 
ЕС1 da ЕС2 -
ujredebi 

aferxebs marilmJavas sekrecias, 

aZlierebs pepsinis gamoTavisuf-

lebas,  astimulirebs pankreasis 

fermentebis, naRvlis da nawlave-

bis sekrecias 

histamini kuW-nawlavis 

arxi 
ЕС1 da ЕС2 -
ujredebi 

astimulirebs kuWisa da 

pankreasis wvenis sekrecias, 

afarToebs sisxlZarRvebs, 

astimulirebs kuWisa da 

nawlavebis motorikas 
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IV. nervuli sistemis   

funqcionirebis molekuluri safuZvlebi 

IV.1. nervuli qsovilis morfologiuri da qimiuri Taviseburebani 

nervuli qsovili warmoadgens nervuli ujredebisa da neirogliis urTierTkav-

SiriT Seqmnil struqturas, romelic asrulebs signalis aRqmis, sapasuxo impulsis 

warmoqmnisa da misi gadacemis specifikur funqcias (sur. IV.1). nervuli qsovili ner-

vuli sistemis safuZvelia, romelic aregulirebs yvela qsovilisa da organos muSa-

obas, uzrunvelyofs maT integracias organizmSi da kavSirs garemomcvel aresTan. 

nervuli sistema aseve uzrunvelyofs organizmSi yvela sasicocxlo procesebis ko-

ordinirebas da organizmis urTierTobas gare samyarosTan.  

anatomiurad nervuli sistema iyofa centralur da periferiul nawilebad.  cen-

tralur nervul sistemas (cns) miekuTvneba Tavisa da zurgis tvini, xolo periferi-

uli nervuli sistema (pns) aerTianebs periferiul nervul kvanZebs, nervul Reroeb-

sa da nervul daboloebebs. Tavis tvinSi ganasxvaveben rux da TeTr nivTierebas. ru-

xi nivTierebis didi nawili tvinis zedapirsa da naTxemSia ganTavsebuli da qmnis  

tvinis qerqs. misi mcire nawili gvxvdeba tvinis Reros mravalricxovan birTvebSi.    

nervuli qsovili Sedgeba neironuli da gliuri ujredebisagan (neiroglia). nei-

ronebi — nervuli qsovilis ZiriTadi komponentebia, romlebic warmoadgens nervu-

li sistemis maRalspecifikur ujredebs da pasuxismgebelia signalis recepciaze, 

impulsis warmoqmnaze, gatarebaze da gadacemaze sxva neironebze, aseve kunTebisa da 

sekretoruli ujredebis funqcionirebaze. neironebi gamoyofs neiromediatorebs, 

romliTac xdeba informaciis gadacema sxva ujredebze.  

neiroglia axorcielebs trofikul, sayrden, sekretorul da damcav funqciebs, 

riTac uzrunvelyofs nervuli ujredebis arsebobas da funqcionirebas.   

 

 
 

suraTi IV.1. nervuli qsovili 

(https://openstaxcollege.org/textbooks/anatomy-and-physiology/adapt-is mixedviT; 2011) 
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IV.1.1. neironi 

neironi morfologiurad da funqciurad damoukidebeli erTeulia. is gamona-

zardebiT (aqsonebi da dendritebi) qmnis refleqsur rkals da axorcielebs kon-

taqts sxva neironebTan da qsovilebis ujredebTan.  refleqsur rkalSi Sesrulebu-

li funqciis mixedviT ganasxvaveben aferentul (mgrZnobiare), asocirebul da efe-

rentul (efeqtorul) neironebs. aferentuli neironebi aRiqvams sasignalo impul-

sebs, xolo asocirebuli neironebi uzrunvelyofs neironebs Soris kavSirebis dam-

yarebas. refleqsuri rkali warmoadgens neironebis jaWvs, romlebic dakavSirebu-

lia erTmaneTTan sinafsebiT da uzrunvelyofs nervuli impulsis gatarebas neiro-

nis receptoridan momuSave organos eferentul daboloebebamde. neironebi gamo-

irCeva formebisa da zomebis mravalferovnebiT. suraTze IV.2 mocemulia neironis 

agebulebis sqema. sxva ujredebisagan gansxvavebiT, neironisaTvis damaxasiaTebelia 

erTi grZeli aqsonisa da erTi an ramdenime mokle dendritis arseboba. gamonazarde-

bis raodenobis mixedviT ganasxvaveben unipolarul neironebs, romlisTvisac dama-

xasiaTebelia mxolod erTi aqsoni (umaRles cxovelebsa da adamianSi ar gvxvdeba), 

bipolaruls, romlebsac aqvs erTi aqsoni da erTi dendriti da multipolarul nei-

ronebs erTi aqsoniTa da mravali dendritiT. neironebis umravlesoba multipola-

rulia da maTi formebi gansakuTrebuli mravalferovnebiT gamoirCeva.  

aqsoni da misi kolateralebi itoteba ramdenime totad, romlebsac teloden-

dronebi  ewodeba. aqsonSi gvxvdeba mitoqondriebi, neirotubulinebi da neirofi-

lamentebi, sakmaod kargadaa ganviTarebuli endoplazmuri badec.    

dendritebi Seicaven imave organelebs, rac gvxvdeba nervuli ujredis sxeulSi. 

kerZod, granularul endoplazmur bades, polisomebsa da mitoqondriebs.  neironis 

sxeulis centrSi moTavsebulia birTvi. iSviaTad gvxvdeba or- da mravalbirTviani 

neironebi. birTvSi erTi, iSviaTad ori-sami birTvakia. neironebis funqciuri aqti-

vobis matebas Tan sdevs birTvakebis zomis zrda.  

  

 
suraTi IV.2. multipolaruli neironebi 

 

neironis plazmur membranas (plazmolema) aqvs impulsis aRqmis, generirebisa da 

gatarebis unari. mis struqturul komponentebs Seadgens cilebi, romlebic fun-

qcionirebs, rogorc seleqtiuri ionuri arxebi da receptorebi. isini uzrunvel-

yofs neironis reaqcias specifikur stimulze. mosvenebul neironSi transmembranu-

li potencialis sidide 60-80 mV-ia. 
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neironebSi kargadaa ganviTarebuli goljis aparati. mas marcvlebis, Zafebis an 

rgolebis forma aqvs. goljis aparatis buStukebi axdens granularul endoplaz-

mur badeze sinTezirebuli cilebis transportirebas plazmuri membranisaken (in-

tegraluri membranuli cilebi), terminalebisaken (neiropeptidebi) an lizosomebi-

saken (lizosomuri hidrolazebi). mitoqondriebi neirons uzrunvelyofs energiiT, 

xolo lizosomebi monawileobs ujredis sxvadasxva kompartmentis, maT Soris, re-

ceptoruli cilebis fermentul daSlaSi.  

citoConCxis elementebidan neironis citoplazmaSi gvxvdeba neirofilamentebi 

(diametriT 125 nm) da mikromilakebi e.w.  neirotubulebi (diametriT 24-27 nm). 

 

 
 

suraTi IV.3. neirofilamentebisa da  

neirotubulebis lokalizacia sinafsSi 

 

neirofilamentis konebi (neirofibrilebi) neironis sxeulSi warmoqmnis bades 

(sur. IV.3). eukariotul ujredebSi neirofilamenti warmoadgens supramolekulas, 

romelic Sedgeba erTi tipis cilebisagan. cilovani monomerebi erTmaneTTan dakav-

Sirebulia susti arakovalenturi urTierTqmedebiT. neirofilamentebi warmodge-

nilia aqtinis monomerebisagan agebuli ori jaWviT, romlebic qmnis plazmur mem-

branasTan koncentrirebul spirals da pasuxismgebelia ujredis formaze. isini 

aseve monawileobs ujredebSoris urTierTobasa (adheziuri kontaqtebis warmoqmna) 

da  signalebis gadacemaSi. neirofilamentebi CarTulia vezikulur da aqsonalur 

transportSic (sur.IV.4).  
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suraTi IV.4. neirofilamentisa  da neirotubulas agebuleba 

  

mikromilakebi (neirotubulebi) ujredSida cilindruli formis cilovani 

struqturebia, romelic Sedis citoConCxis SemadgenlobaSi. cilindris SigniT 

gvxvdeba siRrue, xolo kedels qmnis cila tubulinis dimerebi. mikromilakis erTi 

bolo mudmivad ikavSirebs Tavisufal tubulins, xolo meore bolodan xdeba maTi 

mocileba.  mikromilakebi  mudmivad  ganicdis polimerizacias da depolimerizaci-

as. ujredSi isini asrulebs `relsebis~ funqcias sxvadasxva nawilakis transporti-

rebisas. maT zedapirze gadaadgileba SeuZlia membranul vezikulebs da mitoqon-

driebs. am procesSi CarTulia cilebis gansakuTrebuli jgufi, romelTac motoru-

li cilebi ewodeba. ganasxvaveben motoruli cilebis or formas: dineinebs da  kine-

zinebs. am  procesSi  gamoiyeneba АТP-is hidroliziT gamoTavisuflebuli energia. 

IV.1.2. glia 

neironebi maRalspecifikuri ujredebia, romlebic funqcionirebs da arsebobs 

mkacrad gansazRvrul garemoSi. aseTi garemos arsebobas uzrunvelyofs neiroglia, 

romlis ZiriTadi funqciebia sayrdeni, trofikuli, damcavi da sekretoruli. is 

aseve ganapirobebs neironis garemomcveli aris mudmivobas. ganasxvaveben cns-isa da 

pns-is gliur ujredebs.   

nervul sistemaSi gliuri ujredebis raodenoba 10-jer metia neironebze da tvi-

nis moculobis 50% uWiravs. ZiriTadad gvxvdeba ori tipis gliuri ujredebi: mik-

roglia da makroglia.  

makroglia, romelic warmoiqmneba glioblastebisgan, asrulebs sayrden, ganma-

calkevebel, trofikul da sekretorul funqcias. ganasxvaveben makrogliis ramde-

nime formas — astrocitebi, oligodendrocitebi da ependimaluri ujredebi, rom-

lebsac moixseneben saerTo saxeliT — neiroglia   (sur. IV.5).  

ependocitebiT amofenilia Tavis tvinis siRrueebi da zurgis tvinis centralu-

ri arxi. ependocitebi cilindruli formis ujredebia, romlebic warmoqmnis epiTe-

luri tipis Sres. ependiocitebis citoplazma Seicavs didi raodenobiT mitoqon-

driebs, goljis aparats da sustad ganviTarebul endoplazmur bades.  

astrocitebi  mravali gamonazardis mqone ujredebia, romlebic Raribia orga-

nelebiT. ganasxvaveben protoplazmur astrocitebs, romlebic lokalizebulia 

cns-is rux nivTierebaSi da boWkosebur astrocitebs, romlebic gvxvdeba TeTr niv-

TierebaSi. astrocitebi ganapirobebs hematoencefaluri barieris morfologiasa 
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da funqcias. misgan gamosuli morCebi miemarTeba centraluri nervuli sistemis ga-

reTa zedapirisaken, sadac ukavSirdeba sxva ujredebs da qmnis anatomiur kompleq-

sebs, romlebic kapilarul doneze uzrunvelyofs daxuruli barierebis arsebobas 

da nervuli sistemis izolirebas. yovelive es xels uSlis tvinSi wyalSi xsnadi da-

balmolekuluri naerTebis pasiur Sesvlas da warmoadgens hematoencefaluri bari-

eris safuZvels. aseTi molekulebi tvinSi Sedis mxolod im SemTxvevaSi, Tu arsebobs 

maTi membranuli gadamtanebi (transporterebi). astrocitebis ZiriTadi funqciaa 

neironebis mikrogaremos stabilurobis SenarCuneba. 

astrocitebisaTvis damaxasiaTebelia maRali membranuli  potenciali, romelic  

K+-is ionebis koncentraciis sxvaobiTaa ganpirobebuli. dadgenilia, rom astroci-

tebi Seicavs neirotransmiterebis receptorebsac, ris gamoc neironuli signali 

gadaecema ara marto sxva neirons, aramed astrocitebsac. garda amisa, astrocitebs 

SeuZlia neironuli aqtivobis sapasuxod gamoavlinos eleqtruli pasuxebi. neiro-

nulma aqtivobam SesaZlebelia warmoqmnas nela gavrcelebadi astrocituli Ca2+-is 

talRebi. aRmoCnda, rom  gliur ujredebSi Ca2+-is raodenobrivi mateba iwvevs am io-

nis matebas garemomcvel neironebSic, rac miuTiTebs  gliuri ujredebis monawile-

obaze informaciis gardaqmnisa da gadacemis procesSic. Tumca, gliidan neironze 

signalis gadacemis meqanizmi detalurad Seswavlili ar aris.  

 

 
 

suraTi IV.5. Tavis tvinis gliuri ujredebi 

 

oligodendrocitebs axasiaTebs mcire zomis birTvi da mcire raodenobis gamo-

nazardi. oligodendrocitebi lokalizebulia neironis sxeulTan rogorc TeTr, 

aseve rux nivTierebaSi. TeTri nivTierebis mielinizirebul nervul boWkoebSi oli-

godendrocitebis plazmuri membrana warmoqmnis mielinur Sres. maTi citoplazma 

mdidaria mitoqondriebiT, axasiaTebs ganviTarebuli goljis aparati, granularu-

li endoplazmuri bade da didi raodenobiT mikrotubulebi. oligodendrocitebis 

mTavari funqciaa mielinis warmoqmna. oligodendrocitebi gars ertymis aqsonebs, 

rogorc izolatorebi da amiT uzrunvelyofs  signalis gadacemis efeqturobasa da 

siswrafes.   
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neirogliis garda, nervul sistemaSi gvxvdeba sxva tipis gliuri ujredebic — 

rezidentuli makrofagebi, romelTa erTobliobas mikroglias uwodeben. mikrogli-

uri ujredebi ar warmoadgens nervul qsovils, vinaidan aqvs mezodermaluri warmo-

Soba. es ujredebi wvrili, wanazardebiani ujredebia, romlebic gabneulia TeTr da 

rux nivTierebaSi da xasiaTdeba fagocitozis unariT.  

mikroglia cns-is gliis specializirebuli fagocituri ujredebia, romlebic 

awarmoebs infeqciuri agentebis gauvnebelyofas. mikroglia warmoiqmneba sisxlis 

monocitebidan da, Sesabamisad, mezodermaluri warmoSobisaa. anTebiTi procesis 

dros mikrogliis ujredebi aqtivdeba, rac gamoixateba maTi mkveTri morfologiu-

ri cvlilebebiT. kerZod, ujredebze xdeba ameboiduri gamonazardebis warmoqmna. 

zurgisa da Tavis tvini warmoadgens imunurad dacul organoebs, vinaidan gamo-

yofilia hematoencefaluri barieriT, romelic ewinaaRmdegeba infeqciaTa umrav-

lesobisa da aseve, qimiuri agentebis SeRwevas nervul qsovilSi. magram im SemTxveva-

Si, Tu infeqciurma agentebma mainc gadalaxa barieri, procesSi erTveba mikroglia, 

romelic sakmaod swrafad da efeqturad axdens maT ganeitralebas. tvinis qsovilSi 

antisxeulebis ararsebobis gamo (vinaidan antisxeulebi didi zomebis gamo ver aR-

wevs hematoencefalur barierSi), mikroglia awarmoebs ucxo sxeulebis amocnobas 

da maT STanTqmas, risTvisac is moqmedebs rogorc antigen-amomcnobi ujredi. pro-

cesi Zalze swrafia da Tavidanaa acilebuli tvinis ujredebis dazianeba. mikroglia 

sxvadasxva agentebs Seicnobs specializebuli membranuli receptorebiT. misma mo-

matebulma aqtivobam SesaZlebelia gamoiwvios sapirispiro efeqti, kerZod, paTo-

logiuri neirotoqsikuroba, rac savaraudod, mTeli rigi neirodegeneraciuli da-

aavadebebis (alcheimeri, parkinsoni da sxv.) mizezi SeiZleba gaxdes. mikrogliuri 

ujredebis maRali mgrZnobeloba ganpirobebulia K+-ioniT warmoqmnili potencial-

Ta sxvaobiT, romlis SeqmnaSi CarTulia mikrogliis ujredebze arsebuli K+-arxebi, 

romlebic gamoirCeva maRali mgrZnobelobiT am ionis koncentraciis umciresi 

cvlilebisadmi.  

mikrogliis sawyisia Zvlis tvinSi arsebuli mieloiduri ujredebi. mikrogliis 

Camoyalibebis procesi mimdinareobs organizmis ganviTarebis adreul stadiaze. mi-

eloiduri ujredebi migrirebs Zvlis tvinidan cns-Si, sadac xdeba maTi diferenci-

reba da mikrogliur ujredebad Camoyalibeba.  

mikrogliis mier ucxo nawilakebis gauvnebelyofa mimdinareobs fagocitoziTa 

da citotoqsikuri meqanizmiT. mikrogliis ujredebi, sxva fagocituri ujredebisa-

gan gansxvavebiT, xasiaTdeba ganaxlebis maRali siCqariT da inarCunebs Tavis raode-

nobas manam, sanam imyofeba mosvenebul mdgomareobaSi. mikrogliis gaaqtivebis Sem-

TxvevaSi, ujredebi swrafad ganicdis proliferacias. mikrogliis mravalferovani 

funqciebidan mniSvnelovania mwmendavi funqcia, citotoqsikuroba da ujredgare 

signalebis gadacema.  

mwmendavi funqcia. mikrogliis ujredebi ameboiduri moZraobiT regularulad 

ikvlevs garemo ares da reagirebs  mcired cvlilebebzec ki. moZraobis es forma Se-

saZleblobas aZlevs am ujredebs Seicnos ucxo sxeuli, dazianebuli an apoptozuri 

ujredebi, an dnm-is fragmentebi, ris sapasuxodac swrafad ganicados stimulireba 

da moaxdinos maTi fagocitozi. amave dros, organizmis ganviTarebis adreul stadi-

aze mikrogliis ujredebi tvins acilebs arasaWiro, zedmet ujredebs. mikrogliis 

mwmendav funqciaze metyvelebs isic, rom misi yvelaze didi raodenoba nanaxia tvi-

nis im ubnebSi, sadac, ZiriTadad, warmodgenilia mkvdari an apoptozuri ujredebi, 

magaliTad tvinis korteqsSi. 
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citotoqsikuroba. mikroglia axdens sxvadasxva citotoqsikuri nivTierebis 

(mag., H2O2-isa da NO-s) sekrecias. cnobilia, rom es naerTebi azianebs ujredebs da 

iwvevs maT sikvdils. mikrogliis mier sekretirdeba aseve rigi proteazebi, romle-

bic iwvevs ujredis damazianebeli cilebis katabolizms. citotoqsikurobis mizania 

daazianos inficirebuli neironi, virusi an baqteria, magram amave Tvisebis gamo  Se-

saZlebelia daziandes jansaRi neironebic. amis Sedegad warmoqmnili anTebiTi pasu-

xi xSirad iwvevs neironebis didi masStabiT dazianebas da, Sesabamisad, mikrogliis 

gamofitvas da gaqrobas.  

ujredgare signalis gadacema. mikrogliis ujredebi Tavis funqcias asrulebs 

mTeli rigi ujredgare sasignalo molekulebis meSveobiT, romlebic  saSalebas aZ-

levs erT ujreds kavSiri daamyaros sxva ujredebTan, kerZod, astrocitebTan, nei-

ronebTan da T-ujredebTan. mikrogliis ujredebis mier sinTezirebul naerTebs 

Soris aRsaniSnavia citokini — γ-interferoni  (INF-γ), romelic gamoiyofa ujredga-

re areSi da iwvevs sasignalo kaskadis gaaqtiurebas, rasac mosdevs axlomdebare mik-

rogliuri ujredebis aqtivacia. sasignalo molekulebs miekuTvneba aseve mikrog-

liis mier sinTezirebuli meore citokinic — simsivnis nekrozis  α-faqtori (TNF-α, 

e.w.  kaxeqsini), romelic monawileobs nervuli qsovilis ujredebis apoptozSi.   

IV.1.3. mielini 

mielinuri garsi warmoadgens maRalorganizirebul mravalSrian struqturas, 

romelic cns-Si warmoiqmneba oligodendrocitebis membranidan, xolo pns-Si e.w. 

Svanis ujredebidan (sur. IV.6). mielinis funqciaa aqsonis izolacia, nervuli impul-

sis gadacemis siCqaris gazrda da ionuri nakadis SenarCuneba. yovelive es xels uwy-

obs energiis mniSvnelovan ekonomias. nervuli impulsis gatarebis siCqaris gazrda 

xdeba mielinis wyvetilobis gamo, rac ganpirobebulia aqsonis mielinur garsze e.w. 

ranvies Seviwroebis arsebobiT. 

 

 
 

suraTi IV.6. mielinuri garsiT  

dafaruli nervuli boWkoebi  

(R. Kessel &   R. Kardon- is foto) 

 

 

 

 

wylis Semcveloba mielinSi daaxloebiT 40%-ia. sxva ujredebisagan gansxvavebiT, 

masSi lipidebi 70%-ia, xolo cilebi — 30%.  

mielinis lipidebi. cxrilSi IV.1.  mocemulia zogierTi ZuZumwovris (adamiani, 

xari, virTagva) mielinis lipiduri Semadgenloba da procentuli Semcveloba. mie-

linis tipuri komponentia cerebrozidebi, romlebic mniSvnelovan rols asrulebs 

misi stabilizaciis procesSi. mielinisaTvis aseve damaxasiaTebelia ZiriTadi lipi-

debis, qolesterinisa da saerTo galaqtolipidebis maRali Semcveloba. dadgenilia, 

rom Tavis tvinis qolesterinis 70% mielinSi gvxvdeba. qolesterinis maRali Sem-

cveloba tvinSi, gansakuTrebiT mielinSi, ganapirobebs nervuli qsovilis ZiriTad 

funqcias — nervuli impulsis generirebasa da gatarebas. aseve neironis membranidan 
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ionebis gadinebis Semcirebas. mielinis mniSvnelovan qimiur komponents warmoadgens 

fosfatidil-qolini.  mielinis SemadgenlobaSi Sedis aseve polifosfatidilinozi-

tebi, maTgan trifosfoinozitidi saerTo fosforis 4-6% Seadgens. ZuZumwovrebis 

mielini Seicavs 0.1-0.3% gangliozidebs. mielinSi tvinis ujredebis membranasTan Se-

darebiT, metia monosialogangliozidi. zogierTi organizmis mielinSi, maT Soris 

adamianebSic, gvxvdeba unikaluri gangliozidi sialogalaqtozilceramidi- 4. 

pns-isa da cns-is mielinis lipidebi xarisxobrivad msgavsia, Tumca maT Soris ra-

odenobrivi sxvaobaa. pns-is mielini Seicavs ufro mcire raodenobis cerebrozideb-

sa da sulfatidebs da didi raodenobiT sfingomielins, vidre cns-is mielini.  

mielinis cilebi.  cns-is mielinis cilovani Semadgenloba, Tavis tvinis sxva uj-

redebis membranasTan SedarebiT, sakmaod martivia da, ZiriTadad, warmodgenilia 

proteolipidebiTa da fuZe cilebiT, romlebic cilebis saerTo raodenobis 60-

80%-ia. Zalian mcire raodenobiT gvxvdeba glikoproteinebi. cns-is mielinis Semad-

genlobaSi gvxvdeba iseTi unikaluri cilovani molekulebi, rogoricaa dadebiTad 

damuxtuli mielinis kaTionuri cila (myelin basic protein, MBP) da mielinis proteoli-

piduri cila (myelin proteolipid  protein, PLP). es cilebi ZuZumwovrebis cns-is mielinis 

ZiriTadi Semadgeneli komponentebia.   

mielinis proteolipidi PLP, romelic cnobilia rogorc folCis cila, ixsneba 

organul gamxsnelebSi. misi molekuluri masa 30kdal-ia. PLP-s molekulis  Semadgen-

lobaSia sami cximovani mJava — palmitinis, oleinis da stearinis, romlebic aminom-

Javebis radikalebTan dakavSirebulia eTeruli bmebiT. 

cns-is mielini mcire raodenobiT Seicavs proteolipid DM20-s (mol. masa 

20kdal), romelic  warmoiqmneba cila PLP-dan 35 aminomJavas naSTis CamocilebiT. 

iTvleba, rom DM20 CarTulia oligodendrocitebis diferencirebis procesSi. 

mielinis kaTionuri cila (MBP) yuradRebas iqcevs antigenuri TvisebebiT. MBP-

is cxovelebSi Seyvana iwvevs autoimunur reaqcias, romelsac eqsperimentuli aler-

giuli encefalomieliti ewodeba da warmoadgens mZime neiro-degeneraciuli daava-

debis — gafantuli sklerozis models.  

ferment 2,3-cikliuri nukleotid-3-fosfodiesTerazas  (CNP) Semcveloba mie-

linSi mxolod ramdenime procentia. is ar aris mielinis mTavari komponenti da nana-

xia mxolod mielinuri garsis garkveul monakveTebSi. fermenti lokalizebulia ci-

toplazmaSi, Tumca misi garkveuli nawili dakavSirebulia membranis citoConCxTan – 

F-aqtinTan da tubulinTan. CNP-is savaraudo funciaa citoConCxis struquturis 

regulireba. 

mielin-asocirebuli glikoproteini (MAG) (100kdal.) mielinis minoruli kompo-

nentia, gvxvdeba mcire raodenobiT cns-Si. MAG-s aqvs erTi transmembranuli dome-

ni, romelic acalkevebs molekulis glikozilirebul ujredgare nawils ujredSi-

da domenisagan. misi struqtura neironis adheziuri cilis – NCAM-is analogiuria. 

MAG imunoglobulinebis superojaxis warmomadgenelia. damtkicebulia misi mona-

wileoba adheziisa da informaciis gadacemis procesebSi aqsolemasa da mielin-war-

momqmnel oligodendrocitebs Soris. cns-is mielinis sxva cilebs Soris aRsaniSna-

via aseve minoruli transmembranuli cila mielin-oligodendrocituli glikopro-

teini (Myelinoligodendrocytic glicoprotein, MOG). MAG-sgan gansxvavebiT, romelic loka-

lizebulia mielinis Sida Sreebze, MOG gvxvdeba zedapirul Sreebze, ris gamoc mo-

nawileobs oligodendrocitebze ujredgare informaciis gadacemaSi.  
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cxrili IV. 1  

 

sxvadasxva ZuZumwovris Tavis tvinis  cilovani  da lipiduri Semadgenloba da 

%-uli Semcveloba (Quarles, Macklin, Morell-is mixedviT, 2006) 
 

mielini ruxi 

nivTiereba 

 

 

komponenti  

ada-

miani 

 

xari

 

vir-

Tagva 

 

xari

 

vir-

Tagva

 

TeTri 

nivTiereba 

(adamiani) 

 

Tagvis 

Tavis 

tvini 

cila 30.0 24.7 29.5 39.0 39.5 55.3 56.9 

saerTo lipidebi 70.0 75.3 70.5 54.9 55.5 32.7 37.0 

qolesterini 27.7 28.1 27.3 27.5 23.6 22.0 23.0 

cerebrozidebi 22.7 24.0 23.7 19.8 22.5 5.6 14.6 

saerTo 

galaqtolipidebi 

27.5 29.3 31.5 26.4 28.6 7.3 21.3 

fosfatidil-

eTanol- 

amini 

15.6 17.4 16.7 14.9 13.6 22.7 19.8 

fosfatidil-

qolini 

11.2 10.9 11.3 12.8 12.9 26.7 22.0 

sfingomielini 7.9 7.1 3.2 7.7 6.7 6.9 3.8 

fosfatidil-

serini 

4.8 6.5 7.0 7.9 11.4 8.7 7.2 

fosfatidil-

inoziti 

0.6 0.8 1.2 0.9 0.9 2.7 2.4 

plazmalogeni 12.3 14.1 14.1 11.2 12.2 8.8 11.6 

 

pns-is mielini Seicavs rogorc unikalur cilebs, aseve ramdenime cilas, rome-

lic  gvxvdeba cns-Sic.  

P0 — pns-is mielinis ZiriTadi cilaa (30kdal.), romelic pns-is mielinis cilebis 

naxevars Seadgens. miuxedavad imisa, rom igi gansxvavdeba PLP-sgan aminomJavuri Se-

madgenlobiT, orive monawileobs mielinis formirebis procesSi.  

periferiuli mielini Seicavs glikoproteins (22kdal.), romelsac periferiuli 

mielinuri cila 22 (PMP-22) ewodeba. is saerTo cilebis raodenobis mxolod 5%-s 

Seadgens. PMP-22-s aqvs oTxi transmembranuli da erTi glikozilirebuli domeni. 

mas ara aqvs mniSvnelovani struqturuli roli, Tumca PMPPMP-22-is makodirebeli 

genis anomalia adamianSi iwvevs  zogierTi memkvidreobiTi nevropaTologiuri daa-

vadebis ganviTarebas. 

mielinis qimiuri Semadgenlobisa da struqturis cvlilebebma SesaZlebelia ga-

moiwvios nervuli sistemis zogierTi autoimunuri daavadeba. magaliTad, miastenia 

da gafantuli sklerozi. 

gafantuli sklerozis ZiriTadi mizezia nervuli ujredis demielinizacia. mie-

linTanaa dakavSirebuli sxvadasxva nevropaTiuri daavadebebis ganviTarebac. in-

feqciebi, metabolizmis genetikuri darRvevebi, intoqsikacia da araswori kvebiTi 

reJimi is ZiriTadi faqtorebia, romlebsac SeuZlia daavadebis provocireba.  



 135

xSir SemTxvevaSi, demielinizacia gamowveulia ara uSualod mielinizaciis proce-

sis darRveviT, aramed meoradi mizeziT. magaliTad, iseTi daavadeba, rogoricaa fe-

nilketonuria, xasiaTdeba mielinis garsis darRveviT, Tumca misi mizezia ferment fe-

nilalanin-hidroqsilazas defeqtiT gamowveuli aminomJava fenilalaninis metabo-

lizmis darRveva, rac iwvevs fenilalaninis metabolizmis blokirebas da didi raode-

nobiT fenilpiroyurZenmJavas dagrovebas. 

Sarko-mari-tusas daavadeba (peronealuri amiotrofia) — memkvidreobiTi daava-

debaa da xasiaTdeba periferiuli nervuli boWkoebis degeneraciiT. umetes SemTxve-

vaSi dadgenilia genetikuri defeqtebi, romlebic, rogorc wesi, dakavSirebulia mi-

elinSi cilis sinTezis darRvevasTan. daavadeba, ZiriTadad, vlindeba 10-20 wlis 

asakSi da xasiaTdeba siarulis maneris SecvliT, sirbilis gaZnelebiT, sisustiT  da 

terfis deformaciiT. Tumca, daavadebis mravalwliani mimdinareobac ki aZlevs pa-

cients saSualebas imoZraos damoukideblad.  

didi xnis manZilze iTvleboda, rom mielini inertuli garsia, romelsac ar gaaC-

nia bioqimiuri funqcia. bolo wlebSi mielinSi aRmoCenilia didi raodenobiT fer-

mentebi, romlebic CarTulia mielinis komponentebis sinTezsa da metabolizmSi. 

maTgan zogierTi monawileobs fosfoinozitidebis metabolizmSic. aseTebia maga-

liTad, fosfatidilinozitolkinaza, difosfatidilino-zitolkinaza, Sesabamisi 

fosfatazebi da digliceridkinazebi. aseve dadasturebulia mielinSi muskarinuli 

qolinerguli receptorebis, G-cilebis, fosfolipaza C-s, fosfolipaza D-s da 

proteinkinaza C-s arsebobac.  

IV.1.4. nervuli qsovilis specifikuri  cilebi 

neironebisa da gliuri ujredebis cilebi adamianisa da cxovelebis sxva organo-

ebisa da qsovilebis cilebis analogiuria, Tumca gvxvdeba mravalricxovani jgufi 

e.w. neirospecifikuri cilebisa, romlebic eqspresirdeba mxolod nervul qsovilSi 

da asrulebs specifikur funqcias. amJamad identificirebuli neirospecifikuri 

cilebis didi nawili gliko- an lipoproteinia, romlebic monawileobs sinafsuri 

aparatis muSaobaSi, receptorebis struqturisa da  neironuli ansamblebis Camoya-

libebaSi (adheziuri molekulebi), ontogenezSi, aseve  mexsierebis formirebasa da 

sxva procesebSi. 

nervuli qsovilis cilebis specifikuroba ganisazRvreba ramdenime kriteriu-

miT: 

1. cilis arseboba ZiriTadad an mxolod nervul qsovilSi;  

2. cila monawileobas unda iRebdes nervuli qsovilisaTvis specifikuri funqciis 

realizaciaSi (mag.,  nervuli impulsebis generacia da gatareba, sinafsuri apara-

tis muSaoba, daswavlisa da xangrZlivi mexsierebis formireba da sxv.); 

3. mWidro korelaciis arseboba cilis biologiur aqtivobasa da nervuli sistemis 

funqcionalur mdgomareobas Soris. 

neirospecifikuri cilebis arseboba ganpirobebulia tvinSi genebis eqspresiis 

TaviseburebebiT. cnobilia, rom nervul qsovilSi aqtiuria genebis 8-10%, rac gan-

sakuTrebiT maRalia organizmis sxva qsovilebTan SedarebiT, sadac Cveulebriv 

funqcionirebs genebis saerTo raodenobis mxolod 2-4%. nervul ujredSi aseve ma-

Ralia rnm-is Semcvelobac. rnm/dnm saSualo sidide  SesaZlebelia 50-s aRwevdes, im 

dros, roca es sidide iseT metabolurad aqtiur organoebSi, rogoricaa RviZli, 

Tirkmelebi, kuWqveSa jirkvali saSualod Seadgens 2.0-4.0. am sididis maRali maCve-



 136 

nebeli ganpirobebulia tvinSi r-rnm-is maRali koncentraciiT, rac miuTiTebs ci-

lis sinTezisaTvis aucilebeli Zlieri ribosomuli aparatis arsebobaze. 

nervul  qsovilSi cilebis aseTi mravalferovneba ganpirobebulia i-rnm-ebis 

mravalgvarobiT. miuxedavad imisa, rom i-rnm-is raodenoba saerTo rnm-is raodeno-

bis mxolod 5%-ia, calkeul neironebSi an gliur ujredebSi SesaZlebelia eqspre-

sirdes genebis Zalian didi ricxvi, ris gamoc i-rnm-ebis variantebis raodenoba sag-

rZnoblad maRalia.  

molekuluri klonirebis meTodebis gamoyenebiT SesaZlebeli gaxda tvinSi sin-

Tezirebuli i-rnm-ebi dayofiliyo oTx jgufad. I jgufis i-rnm (daaxloebiT 18%) eq-

spresirdeba yvela qsovilSi erTnairi intensivobiT; II jgufis i-rnm (26%) aseve eq-

spresirdeba yvela qsovilSi, Tumca sxvadasxva xarisxiT. savaraudod, am ori jgufis 

i-rnm-ebi uzrunvelyofs yvela qsovilisaTvis saerTo cilebis sinTezs, romlebic 

monawileobs organizmis sasicocxlo funqciebSi. III jgufis i-rnm (daaxloebiT 30%) 

warmoadgens neirospecifikur rnm-s, romlebic ar aris aRmoCenili sxva qsovilebSi. 

IV jgufs (daaxloebiT 26%) miekuTvneba gansakuTrebuli neirospecifikuri i-rnm-     

ebi, romelTa raodenoba mTlian tvinSi Zalian mcirea da maTi aRmoCena SesaZlebelia 

mxolod calkeul struqturul warmonaqmnebSi an neironebis populaciebSi maRal-

mgrZnobiare meTodebis gamoyenebiT. amrigad, tvinSi sinTezirebuli i-rnm-ebis naxe-

vari warmoadgens neirospecifikur i-rnm-ebs, romlebic uzrunvelyofs am qsovilis 

cilovani speqtris Taviseburebas. dReisaTvis gamovlenilia 200-ze meti neirospe-

cifikuri cila. 

arafermentuli neirospecifikuri Ca2+-damakavSirebeli cilebi. nervuli sis-

temis mravali cila ama Tu im gziT urTierTqmedebs Ca-is ionTan da aregulirebs am 

ionis koncentraciasa da mis transports. es cilebi swored am gziT monawileobs 

sxvadasxva specifikur procesSi. zogierTi maTgani, struqturuli Taviseburebe-

biT miekuTvneba aneqsinebs, romelTaTvisac damaxasiaTebelia grZeli konservatuli 

aminomJavuri Tanamimdevroba da e.w. `EF-xeli~— 12-14 aminomJavisagan Semdgari mar-

yuJi, romelic ikavSirebs  Ca2+-ions. 

aneqsinebis jgufs miekuTvneba pirvelad aRmoCenili neirospecifikuri cila-

S100 (cilis saxelwodeba warmodgeba  misi Tvisebidan  darCes xsnarSi amoniumis sul-

fatiT 100%-iani gajerebis SemTxvevaSic). cila- S100 aRmoCenilia TiTqmis yvela 

ZuZumwovris Tavis tvinSi. sxva qsovilebSi igi praqtikulad ar aris. Taviseburia am 

cilis aminomJavuri Semadgenloba — didi raodenobiT Seicavs mJave aminomJavebs 

(36%  glutaminis mJavaa, xolo 22 % — asparaginis mJava). amiTaa gamowveuli cila-

S100-is Zlieri mJave Tvisebebi. igi ZiriTadad lokalizebulia astrocitebSi. oli-

godendrocitebSi misi Semcveloba mcirea, xolo neironebSi — mxolod 10-15%-ia. am 

cilis ZiriTadi masa (85%) Tavmoyrilia  citoplazmaSi, xolo danarCeni (15%) — 

membranul struqturebSi.  

cila S100-is Semcveloba  tvinSi matulobs daswavlisas da pirobiTi refleqse-

bis formirebisas. Tumca, jerjerobiT misi monawileoba mexsierebis procesSi  bo-

lomde araa garkveuli. am cilis funqcia SesaZlebelia iyos Ca-is ionis daWera da am 

gziT ionuri arxebis moqmedebis regulireba.  

nervul qsovilSi maRalia aseve, cila kalmadulinis — Ca-is ionis raodenobisa 

da misgan wamosuli efeqtebis  umniSvnelovanesi regulatoris raodenobac (60mkmo-

li). is gvxvdeba sakmao raodenobiT sxva qsovilebSic da, Sesabamisad, am cilis mi-

kuTvneba neirospecifikuri cilebis jgufisadmi pirobiTia, Tumca, misi roli ner-

vuli sistemis funqcionirebaSi  erTob mniSvnelovania: is monawileobs proteinki-
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nazebisa da sxva fermentebis aqtivaciaSi Ca-ionebis daxmarebiT. es dabalmoleku-

luri cila sakmaod konservatuli da stabiluria da Seicavs ionis dakavSirebis 4 

centrs. misi aqtivobis erT-erTi inhibitoria qlorpromazini — neiroleptiki, ro-

melic gamoiyeneba Sizofreniis sindromis samkurnalod. kalmadulinis funqcia 

kontroldeba ori ciliT. erT-erTia kalcineirini. es cila ori suberTeulisagan 

Sedgeba da aqvs maRali Tvisoba kalmadulinisadmi. misi zemoqmedebiT aRiniSneba 

kalmadulinis aqtivobis inhibireba. kalcineirinisaTvis damaxasiaTebelia protein-

fosfatazuri aqtivoba, amave dros, is iwvevs proteinfosfatazebis aqtivobis inhi-

birebas.  meore cila lipoproteinuli bunebis cilaa, romlis SenebaSi monawileobs 

fosfomiristini (fosforilirebuli cximovani mJava — miristini), ris gamoc mas io-

lad SeuZlia CaerTos membranis SemadgenlobaSi. miristini iolad fosforilirdeba 

proteinkinaza C-s meSveobiT. defosforilirebuli fosfomiristini ukavSirdeba 

kalmadulins da axdens mis rezervirebas, xolo fosforilirebuli — aaqtivebs da 

aTavisuflebs mas.  

jerjerobiT ucnobia kidev erTi kalcium-damakavSirebeli cilis — sialogli-

koproteini GP-350-is funqcia. esaa dabalmolekuluri cila, glutaminisa da aspara-

ginis mJavebis maRali SemcvelobiT. xsnad formaSi GP-350 lokalibulia neironebsa 

da aqsonebSi, xolo membranuli GP-350 — sinaptosomebSi.  

gansakuTrebul interess iwvevs neirospecifikuri cila B-50. igi warmoadgens 

plazmuri membranis erT-erT ZiriTad fosforilirebad cilas. B-50 ZiriTadad 

gvxvdeba presinafsur membranebSi. is warmoadgens endogenur substrats diacil-

glicerodamokidebuli  da Ca2+-damokidebuli proteinkinaza C-Tvis. am fermentis 

aqtivatorebi  astimulirebs sinafsur gadacemas.  

sinafsur gadacemaSi monawileobas iRebs kidev erTi neirospecifikuri cila —

fodrini. fodrini warmoadgens glutamaterguli sinafsebis maRalmolekulur 

(230kdal.) struqturul cilas. fodrinis funqciuri roli mdgomareobs glutama-

tis  receptorebis blokirebaSi. mowodebulia hipoTeza, romlis mixedviT Ca2+-is 

koncentraciis mateba postsinafsuri membranis siaxloves aaqtivebs Ca2+-damokide-

bul proteinkinazas —kalpains, romelic Slis fodrins, ris Sedegadac xdeba gluta-

matis receptorebis ganTavisufleba,  maTi gaaqtiureba da sinafsis gamtarianobis 

zrda.  

arc ise didi xnis win, imunoqimiuri meTodebiT aRmoCenili iyo axali fosfopro-

teini F1-20, romelic lokalizebulia Tavis tvinis sinafsebSi. naCvenebia, rom es 

fosfoproteini, iseve rogorc fodrini, warmoadgens kalpainis substrats.  

zogierTi neirospecifikuri cila, romlebic axdens membranis mdgomareobis mo-

dulirebas, xasiaTdeba kaTionuri  TvisebebiT. aseT cilebs miekuTvneba sinafsinebi.  

maTi fosforilireba-defosforilirebis procesebi mWidrodaa dakavSirebuli  si-

nafsuri vezikulebis funqcionirebaTan. defosforilirebuli sinafsini dakavSi-

rebulia vezikulebis membranasTan, rac uzrunvelyofs am ukanasknelebis Tvisobis 

matebas aqtinuri filamentebisadmi da, Sesabamisad,  sarezervo vezikulebis raode-

nobis zrdas. sinafsinebis fosforilireba, romelic iwyeba terminalSi Ca2+-is kon-

centraciis momatebisas kalmadulin-damokidebuli proteinkinazebis monawileo-

biT, amcirebs sinafsinebis Tvisobas vezikulebis membranisadmi, aTavisuflebs maT 

aqtinuri filamentebisagan, xels uwyobs vezikulebis Serwymas  presinafsur membra-

nasTan da mediatoris gamoTavisuflebas. 
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suraTi IV.7.sinafsinis monawileoba vezikulebis egzocitozSi 

CaM/kinaza – kalmadulin-damokidebuli proteinkinaza; 

Ca/CaM — kalcium-kalmadulinis kompleqsi 

 

nervuli qsovilis SekumSvadi da citoConCxis cilebi. nervuli qsovilisaT-

vis specifikuri  SekumSvadi cilebi uzrunvelyofs nervuli qsovilis dinamikuro-

basa da meqanikur moZraobas. kerZod, es cilebi monawileobs specifikuri struqtu-

rebis — mikromilakebis (neirotubulebis), neirofilamentebisa da sxva pre- da pos-

tsinafsuri warmonaqmnebis TviTawyobisa da degradaciis procesebSi, aseve, neiro-

nebis sivrciTi mdgomareobis dafiqsirebasa da modulaciaSi. 

neirotubulebi da neirofilamentebi warmoadgens nervuli ujredebis umniSvne-

lovanes struqturul warmonaqmnebs, romlebsac aqvs  ujreduli ConCxis funqcia  

da SeuZlia SekumSva. es warmonaqmnebi monawileobs ujredebis organelebis, nuklei-

nis mJavebis, cilebisa da lipidebis pirdapir da  retrogradul transportSi. amave 

dros, isini monawileobas iRebs neironis sxeulis sxvadasxva organelebs Soris me-

tabolitebis moZraobaSi.   

mikromilakebi (neirotubulebi) cilindruli formis warmonaqmnebia. neirotu-

bulebis cilebis ZiriTad masas qmnis cila neirotubulini, romlis wili tvinis 

xsnadi cilebis raodenobis15%-ia.  

neirotubulini warmoadgens dimers, ori  suberTeuliT — α-tubulini da β-tu-

bulini. mikromilakebSi neirotubulini spiraluri polimeria, romelic 10-14 mole-

kula neirotubulinisagan Sedgeba. polimeris formireba mimdinareobs GTP-is daS-

lis energiis xarjze. uSualod neirotubulins aqvs GTP-azuri aqtivoba. mikromila-

kebis awyoba da daSla mimdinareobs Zalian swrafad. awyobis procesi  iTrguneba 

kolxiciniT. 

 
 

suraTi IV. 8. neirotubulebi da neirofilamentebi neironis aqsonSi 

(Nature Reviews/molecular Cell biology, 2015) 
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neirofilamentebi warmoiqmneba spiralurad daxveuli Zafiseburi warmonaqmne-

bisagan. neirofilamentebis SemadgenlobaSi gvxvdeba didi raodenobiT aqtomiozi-

nis msgavsi cilebi, romlebic monawileobs aqsonalur transportsa da mediatore-

bis gamoTavisuflebis procesSi. am cilebs miekuTvneba neirostenini, romelic ori 

cilisgan — neirinisa da steninisagan Sedgeba. neirosteninisaTvis damaxasiaTebelia 

Ca2+-iT da Mg2+-iT aqtivirebadi ATP-azuri aqtivoba.  

IV.2. sinafsi 

IV.2.1. sinafsebi nervul sistemaSi 

termini `sinafsi~ SemoRebulia XIX saukunis dasasruls C. Seringtonis mier. am 

terminis qveS igulisxmeba struqtura,  romelic ganapirobebs signalis gadacemas 

aqsonis daboloebebidan efeqtorze — neironze, kunTovan boWkoze, an sekretorul 

ujredze. igi aRniSnavs im ubans, romelic pasuxismgebelia ujredebs Soris signale-

bis gacvlis procesze. struqturulad arsebobs ramdenime saxis sinafsi, magram yo-

vel maTgans erTi ZiriTadi funqcia akisria — neirotransmiterebis gamoyofa da ma-

Ti deteqcia. nervuli impulsi moZraobs erTi mimarTulebiT — presinafsidan pos-

tsinafsze. signalis gadacema erTi neironidan meoreze SesaZlebelia ganxorciel-

des ori gziT — moqmedebis potencialiTa da specialuli qimiuri molekulebiT, e.w. 

neirotransmiterebiT.  

 

 
 

suraTi IV.9.  qimiuri sinafsi 

 

amis Sesabamisad, sinafsic ori tipisaa — qimiuri (sur.IV.9) da eleqtruli 

(sur.IV.10), romlebsac gansxvavebuli struqtura aqvs.  

eleqtruli sinafsi iqmneba or neirons, an neironsa da sxva agznebad ujreds So-

ris napralis saxiT da Seicavs mxolod am struqturisaTvis damaxasiaTebel elemen-
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tebs. napralebs Soris manZili 2-20 nm-ia. eleqtrul sinafsebSi ori ujredi erTma-

neTTan dakavSirebulia cilovani arxebiT — koneqsonebiT (sur. IV.10). calkeuli ko-

neqsoni, Tavis mxriv, warmodgenilia eqvsi cilovani suberTeuliT — koneqsiniT. 

eleqtruli sinafsebis arseboba dadasturebulia neirogliaSic.  

qimiuri sinafsisagan gansxvavebiT, romelic warmoadgens informaciis erTi mi-

marTulebiT gamtarebel struqturas, eleqtrul sinafss Seswevs unari sainforma-

cio signali gaataros orive mimarTulebiT. koneqsonebisagan agebuli membranaTa-

Sorisi arxebi uzrunvelyofs ionebisa da mcire molekulebis gatarebas.  

 

 
suraTi IV.10. eleqtruli sinafsi koneqsonebiT 

 

eleqtruli sinafsebisaTvis damaxasiaTebelia sinafsuri dayovnebis ararseboba, 

signalis gatareba orive mimarTulebiT, presinafsuri membranis potencialisagan 

damoukideblad signalis gadacema da mdgradoba Ca-isa da Mg-is ionebisadmi, daba-

li temperaturisa da zogierTi farmakologiuri zemoqmedebisadmi. eleqtruli si-

nafsebis Tvisebebi ganapirobebs maT funqcias sxvadasxva organizmSi. ionebis aseTi 

pirdapiri gadasvla uzrunvelyofs nervuli signalis gadacemas praqtikulad da-

yovnebis gareSe, rac ganapirobebs garedan mosuli signalisa da motoruli aqtivo-

bis sinqronizacias. Tavis tvinis Reros neironebs, romlebic generirebs ritmul 

eleqtrul impulsebs da uzrunvelyofs sunTqvis process, aseTi struqturebis  ar-

sebobis Sedegad SeuZlia moaxdinos am procesis sinqronizacia. am tipis neironebi 

napovnia aseve Tavis tvinis qerqSi, Talamussa da naTxemSi.   

eleqtruli sinafsebisagan gansxvavebiT, xerxemliani organizmebis nervul sis-

temaSi gansakuTrebiT didi raodenobiT gvxvdeba qimiuri sinafsebi (sur. IV.7). qimi-

ur sinafsSi nervuli impulsi iwvevs presinafsuri daboloebebidan qimiuri Suamav-

lis neirotransmiteris gamoTavisuflebas, romelic difundirebs sinafsur nap-

ralSi (10-50nm) da urTierTqmedebs postsinafsuri membranis receptorul cileb-

Tan, rasac mosdevs postsinafsuri potencialis generireba. qimiuri gadacema uz-

runvelyofs signalis gatarebas mxolod erTi mimarTulebiT da mis modulacias 

(signalis gaZlierebas da aseve, erT postsinafsur ujredze mravali signalis kon-

vergencias), rac iZleva rTuli fiziologiuri funqciebis (daswavla, mexsiereba da 

sxv.) formirebis SesaZleblobas.  

qimiuri sinafsis struqturuli Taviseburebebidan aRsaniSnavia ganieri sinaf-

suri naprali, mediatorebiT  amovsebuli vezikulebi da postsinafsze mravalricx-

ovani qemomgrZnobiare arxebis (amagznebel sinafsSi — Na+-Tvis, xolo SemakavebelSi 

— Cl --Tvis) arseboba. 
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IV.2.2. neirotransmiterebi 

neirotransmiteri neironidan neironze an neironidan efeqtorul ujredze sig-

nalis  qimiuri gadamcemia. maTi daxmarebiT SesaZlebelia Tavis tvinSi   calkeuli 

neironebis gaerTianeba sasicocxlod aucilebeli da mravalricxovani funqciis Se-

sasruleblad. neirotransmiterebi iyofa neiromediatorebad da  neiromodulato-

rebad.  

neiromediatori (mediatori) — biologiurad aqtiuri nivTierebaa, romelic sek-

retirdeba nervuli daboloebebis mier da uzrunvelyofs nervuli agznebis gadace-

mas sinafsSi.  aRsaniSnavia, rom sinafsSi agzneba gadaecema lokaluri, amagznebeli 

postsinafsuri potencialis da ara nervuli impulsis saxiT. mediatoris funqcia 

SesaZlebelia Seasrulos sxvadasxva nivTierebam. cnobilia 30-ze meti mediatori, 

Tumca mxolod 7 maTgani miekuTvneba e.w. `klasikur~ mediators. esenia glutaminis 

mJava (glutamati), acetilqolini, noradrenalini, dofamini, serotonini, gama-ami-

noerbos mJava (gaem) da glicini (sur.IV.11). mediatori urTierTqmedebs postsinaf-

sur membranaze lokalizebul ionotropul receptorTan, romelic warmoadgens 

ionuri arxis Semadgenel komponents. mediatori xsnis ionur arxs da amiT iwvevs io-

nebis transmembranul nakads. Sesabamisad, ionuri arxiT Semosuli natriumis an kal-

ciumis dadebiTi ionebi iwveven membranis depolarizacias (agznebas), qloris uaryo-

fiTi ionebi  — hiperpolarizacias (Sekavebas).  

naerTebis sakmaod didi jgufi, romelic, aseve, gamoiyofa nervuli daboloebe-

bis mier da moqmedebs maT samizneebze warmoadgens neiromodulatorebs (modula-

torebs). mediatorisagan gansxvavebiT, modulatori ukavSirdeba metabotropul 

receptors, romelic ionuri arxisgan gancalkevebulia da SesaZlebelia lokalize-

buli iyos membranis nebismier adgilas. modulatoris dakavSirebiT  metabotropul 

receptorTan iwyeba G-cilis aqtivacia da, Sesabamisad, ujredis SigniT konkretuli 

bioqimiuri reaqciebis kaskadi. am gziT adgili aqvs ujredis mdgomareobis moduli-

rebas. cnobilia, rom zogierTi mediatori moqmedebs rogorc modulatoric, maga-

liTad, serotonini da acetilqolini.  

 
 

suraTi IV.11. neiromediatorisa da  

neiromodulatorebis moqmedeba samizne ujredze 

samizne ujredze neiromediatori moqmedebs arxul-ionotropul  

receptorebze zemoqmedebiT, rasac mosdevs arxebis gaxsna da membranuli  

potencialis cvlileba;  neiromodulatoris zemoqmedeba xorcieldeba  

metabotropul receptorebze zemoqmedebiT, rac iwvevs ujreduli  

metabolizmis cvlilebas da xangrZliv ujredul pasuxs 
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neirotransmiterebis umravlesoba sinTezdeba neironebSi. sinTezis Semdgom 

isini transportirdeba sinafsur vezikulebSi, sadac akumulirdeba Н+–АТP-azas 

mier АТP-is hidrolizis Sedegad gamoTavisuflebuli energiis xarjze  vezikuleb-

Si, romlebic ganTavsebulia nervul daboloebeSi, neirotransmiterebis koncen-

tracia Zalian maRalia (100-500 mmoli)  (sur. IV.12.A). roca nervis gaswvriv gavrce-

lebuli moqmedebis potenciali miaRwevs vezikulebis ganTavsebis zonas, ixsneba po-

tencial-damokidebuli Са2+-arxebi da Са-is ionebi iwyebs nervul ujredSi Semos-

vlas, rac iwvevs vezikulebidan sinafsur arxSi  neirotransmiteris gamoTavisuf-

lebas (sur. IV.12. B, C).  

 
 

suraTi IV.12.  neirotransmiteris gamoTavisufleba  

vezikulidan da gadmosvla sinafsur arxSi 

А – mosvenebis mdgomareoba; a – neirotransmiteriani vezikulebi,  

b — Sesabamisi receptorebi; B – nervul daboloebaSi moqmedebis potencialis  

mosvla da Ca2+-is ionebis Semosvla terminalSi; C — neirotranmiteris  

gamoTavisufleba vezikulebidan sinafsSi da misi urTierTqmedeba  

postrinafsuri ujredis Sesabamis receptorebTan 

 

qimiuri agebulebis mixedviT  neirotransmiterebi iyofa  xuT klasad:  

1. biologiuri aqtivobis mqone aminomJavebi;  

2. aminebi da maTi warmoebulebi;  

3. neiropeptidebi;  

4. nukleotidebi da nukleozidebi; 

5. steroiduli warmoSobis naerTebi. 

yvela neirotransmiteri difundirebs sinafsur arxSi da ukavSirdeba postsi-

nafsuri ujredis plazmuri membranis gareTa zedapirze arsebul receptorebs. nei-

rotransmiteri-receptoris kompleqsis warmoqmna cvlis ujredis funqciur mdgo-

mareobas. amrigad, neirotransmiteris efeqtis warmosaqmnelad ar aris saWiro am 

ukanasknelis SeRweva ujredSi — ujredSi xvdeba ara neirotransmiteri, aramed sig-

nali, romelic warmoiqmneba misi dakavSirebiT receptorTan.  signalis aRqma, gar-

daqmna, gaZliereba da gadacema ujredis SigniT mimdinareobs signal-transduqto-

ruli sistemebis saSualebiT. rogorc ukve iyo aRniSnuli, neiromediatorebis re-

ceptorebi, ZiriTadad, swrafi moqmedebis ionotropul receptorebia (ionuri arxe-

bi, magaliTad Na+-is an Сl–-is arxebi), xolo neiromodulatorebis efeqtebi realiz-

deba gacilebiT rTuli signal-transduqtoruli sistemebiT, romlebic Seicavs sa-

kuTriv receptors, GTP-damakavSirebel G-cilas, efeqtorul ferments, Са 2+-is an К +-is 
arxebs da  meorad mesenjerebs.  

signalebis realizaciis gansxvavebuli meqanizebmi gansazRvravs neirotransmi-

terebis moqmedebis xangrZlivobasac: neiromediatorebi moqmedebs milisekundebSi 

(ujredis swrafi pasuxi), xolo neiromodulatorebi — wamebSi an wuTebSi.  neirot-
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ransmiterebis inaqtivireba sinafsSi yvelaze xSirad wydeba presinafsuri neirone-

biT an gliiT (aminomJavebi, monoaminebi) maTi Na+-damokidebuli ukuSTanTqmiT da 

Semdgomi SesvliT presinafsur vezikulebSi. SesaZlebelia aseve neirotransmitere-

bis inaqtivacia fermentuli metabolizmiT uSualod sinafsSi (mag., acetilqolini 

iSleba sinafsur arxSi acetilqo-linesTerazaTi) an sinafsis gareT mimdinare di-

fuziiT (kateqolaminebi).    

amagznebeli aminomJavebi aucilebelia Tavis tvinis iseTi funqciebis gansaxor-

cieleblad, rogoricaa tonusis SenarCuneba, sifxizle, fsiqologiuri da fizikuri 

aqtivoba, qcevebis regulireba, daswavla, mexsiereba da tkivilis impulsebis aRqma. 

amagznebel mediatorebs miekuTvneba acetilqolini, romelic awarmoebs ionotro-

puli N-qolinoreceptorebis gaaqtivebas Na+-is arxebis gaxsniT (sur. IV.13. A). am re-

ceptorebis saSualebiT acetilqolini monawileobs Tavis tvinis bazaluri gangli-

ebis iseT funqciebSi, romlebic dakavSirebulia moZraobis aqtivobisa da kunTis 

tonusis regulirebasTan. amave dros, periferiul nervul sistemaSi acetilqolini 

N-qolinoreceptorebis saSualebiT astimulirebs vegetatiur gangliebs da iwvevs 

ConCxis kunTebis SekumSvas.  

Tavis tvinis ZiriTadi Semakavebeli neiromediatoria γ-aminoerbos mJava (gaem). 

is warmoiqmneba glutamatis dekarboqsilirebiT. gaem-is dakavSireba ionotropul  

gaemA-receptorebTan (es receptori, Tavis mxriv, warmoadgens Cl--is arxs) iwvevs ar-

xebis gaxsnas da Cl--is ionis swraf Sesvlas postsinafsur neironSi, membranis hiper-

polarizacias  da Sekavebis process  (sur.IV.13.B). iseTi farmakologiuri prepara-

tebi, rogoricaa barbituratebi da benzodiazepinebi iwvevs gaemA-receptoris aqti-

vacias. am nerTebis farmakologiuri efeqtebi (damamSvidebeli, saZile da narkolo-

giuri) swored am procesiTaa ganpirobebuli.   

 

 
suraTi IV.13. neiromediatoris zemoqmedeba  

postsinafsuri ujredis receptorebTan 

А – amagznebeli neiromediatoriT postsinafsuri membranis 

 Na +-arxebis gaxsna, depolarizacia da moqmedebis potencialis generacia; 

B – postsinafsuri neironebis  Сl –-is arxebis gaxsna mainhibirebeli  

mediatoriT da ujredis membranis hiperpolarizacia.  

a – gama-aminoerbos mJavas an glicinis vezikulebi, b — receptorebi 

 

neiromediatorebis balansis nebismierma darRvevam SesaZlebelia gamoiwvios Ta-

vis tvinis normaluri muSaobis cvlileba. zogierTi farmakologiuri preparatis 

efeqti am balansis  aRdgenaa. magaliTad, epilefsiis sawinaaRmdego wamlebi astimu-

lirebs gaemA–receptors, rac iwvevs amagznebeli da Semakavebeli mediatorebis ba-

lansis regulirebas. iseTi daavadeba, rogoricaa tetanusi, romlis gamomwvevia te-
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tanusis toqsini,  TiSavs gaemA—receptoris moqmedebas. amis gamo gamaaqtivebeli 

neiromediatorebi xangrZlivad moqmedebs receptorebze da iwvevs momatebul ag-

znebadobas, rasac mosdevs krunCxvebi. zurgis tvinis ZiriTadi mainhibirebeli nei-

romediatori — aminomJava glicini moqmedebs analogiuri meqanizmiT, xolo mis an-

tagonists warmoadgens indolis alkaloidi — striqnini (C21H22N2O2). am ukanaskne-

liT mowamvlisas, wydeba glicinis Semakavebeli moqmedeba, ris Sedegadac amagznebe-

li mediatorebis efeqti Zalze mkveTradaa gamoxatuli. yovelive amas mosdevs xan-

grZlivi krunCxvebis ganviTareba da, sabolood, sikvdili.   

neiromodulatorebs ganekuTvneba zemoaRwerili yvela neiromediatoric, roca 

maTi efeqtebi xorcieldeba ara ionotropuli, aramed metabotropuli receptore-

bis saSualebiT. magaliTad, acetilqolini М-qolinoreceptorebis saSualebiT 

rTavs sami saxis signal-transduqtorul sistemas, romlebic amcirebs cAMP-is rao-

denobas da iwvevs lipiduri bunebis meoradi mesenjerebis da Са-is ionis dagrove-

bas. М-qolinoreceptorebis saSualebiT acetilqolini astimulirebs pirobiTi 

refleqsebis warmoqmnas mexsierebis procesSi. dadgenilia, rom alcheimeris daava-

debisas qolinerguli neironebis adreuli daRupva mimdinareobs mexsierebis gaua-

resebis fonze. amave receptorebis daxmarebiT acetilqolini monawileobs zurgis 

tvinis motoneironebisa da Sinagani organoebis parasimpaTikuri nervebis  aqtivobis 

realizaciaSi.  

gaem da misi sinTezuri agonistebi Sesabamisi gaem B-receptoris  monawileobiT 

aqveiTebs Tavis tvinis aqtivobas, rac gamowveulia sami gansxvavebuli G-damokide-

buli sasignalo sistemiT. am efeqtis mizezia Са2+-isa da cAMP-is koncentraciis 

kleba, rac iwvevs sxvadasxva neirotransmiteris gamoTavisuflebis inhibirebas; pa-

ralelurad mimdinareobs К +-is arxebis gaxsna da ionis gamosvla neironidan, rasac 

mosdevs neironis hiperpolarizacia da Sekaveba.  

neiromodulatorebis raodenoba Tavis tvinSi sakmaod didia. magaliTd, proges-

teronidan (yviTeli sxeulisa da placentis steroiduli hormoni) warmoiqmneba 

tvinis gamaaqtivebeli modulatorebi —  neirosteroidebi. Cveulebrivi steroidu-

li hormonebisagan gansxvavebiT, neirosteroidebi ver aRwevs birTvSi da ver ukav-

Sirdeba birTvul receptorebs. maTi moqmedebis Sedegia  neironis gaemA-recepto-

ris gaaqtiveba. neirosteroidebis raodenobis Semcireba menstrualuri ciklis 

dawyebamde ori kviriT adre e.w. wina-menstrualuri sindromis (momatebuli gaRizi-

anebadoba) ganviTarebis mizezi xdeba, xolo maTi didi raodenobiT warmoqmna fex-

mZimobis periodSi xels uwyobs Tavis tvinis agznebadobis Semcirebas.   

sasignalo sistemebi gavlenas axdens zogierTi sxva mainhibirebeli modulato-

ris moqmedebaze, maT Soris, nukleoziduri bunebis neirotransmiterze — adenozin-

ze. А1-receptorebis saSualebiT adenozini amcirebs neironebSi Са2+-is koncentra-

cias, rac, Tavis mxriv, ainhibirebs sxvadasxva neirotransmiterebis gamoTavisufle-

bas, aqveiTebs Tavis tvinis tonuss, iwvevs moTenTilobas da uxalisobas. yavasa da 

CaiSi arsebuli kofeini axdens adenozinis receptorebis blokirebas, rac xels uS-

lis maTi mainhibirebeli moqmedebis realizebas.   

simpaTiko-adrenerguli sistemis funqcionirebisaTvis  gansakuTrebiT mniSvne-

lovania monoaminebis warmomadgenlebi: kateqolaminebi (dofamini, noradrenalini, 

adrenalini) da indolilalkinaminebi. kateqolaminebi sinTezdeba aminomJava Tiro-

zinidan. sinTezis malimitirebeli fermentis Tirozin-hidroqsilazas aqtivoba ma-

tulobs cAMP-proteinkinazuli sistemis moqmedebiT. kateqolaminebis warmomadge-

neli dofamini Tavisufldeba, ZiriTadad, Tavis tvinis bazaluri birTvebis sinaf-
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sebSi, noradrenalini — sampaTikuri nervebis daboloebebsa da tvinis ReroSi, xolo 

adrenalini sekretirdeba Tirkmelzeda jirkvlis tvinovani Sridan. dofamini Sema-

kavebeli modulatoria, romelic xsnis amagznebeli mediatoris — acetilqolinis 

efeqtebs.  

asakovan adamianebSi gavrcelebuli daavadeba — parkinsonizmi gamowveulia do-

faminis masinTezebeli neironebis daRupviT, rac, Tavis mxriv, xels uwyobs acetil-

qolinis aqtivobis Warb gamovlenas. parkinsonizmis samkurnalod SemuSavebuli spe-

cialuri preparatebi aZlierebs dofaminis sinTezs an warmoadgens dofaminuri re-

ceptorebis agonistebs. mravali narkotikuli nivTiereba ainhibirebs neironebiT 

dofaminis ukuSTanTqmas, rac iwvevs sinafsSi misi Warbi raodenobiT dagrovebas.  

dofaminis raodenobrivi cvlilebis mizezi xdeba kidev erTi nevrologiuri daa-

vadeba —  Sizofrenia. mis  gamomwvev mizezad miCneulia receptorebze dofaminis ze-

moqmedebis zrda, razec miuTiTebs daavadebis samkurnalod gamoyenebuli prepara-

tebis — neiroleptikebis mier dofaminuri receptorebis blokireba.  

nivTiereba neirotransmiterebs rom mivakuTvnoT, amisaTvis is garkveul krite-

riumebs unda akmyofilebdes: 

1. naerTi unda arsebobdes Sesabamis neironSi da nervul daboloebaSi;  

2. neironi unda Seicavdes am naerTis sinTezisaTvis aucilebel fermentebs da 

unda arsebobdes misi gamoTavisuflebis meqanizmi;  

3. neironis stimulirebisas unda xdebodes am nivTierebis sekrecia;  

4. unda arsebobdes am naerTis inaqtivaciis meqanizmi; 

5. unda arsebobdes am naerTisaTvis specifikuri receptorebi rogorc presi-

nafsze, aseve postsinafsze. 

neirotransmiteris moqmedebaSi gamoirCeva Semdegi ZiriTadi stadiebi: 

1. neirotransmiteris sinTezi; 

2. neirotransmiteriT vezikulis datvirTva; 

3. depolarizaciis dros vezikulis Serwyma presinafsur membranasTan da nei-

rotransmiteris gamoTavisufleba; 

4. neirotransmiteris difuzia postsinafsuri membranisaken; 

5. neirotransmiterebis dakavSireba postsinafsuri membranis specifikur re-

ceptorebTan da cvlilebebi ionuri arxebisa da fermentuli sistemebis muSaobaSi; 

6. neirotransmiterebis inaqtivacia. 

neiromediatorebisagan gansxvavebiT, neiromodulatorebi moqmedebs ara marto 

postsinafsur membranaze, aramed neironis sxva nawilebzec, maT Soris, ujredis Sig-

niTac. termini `neiromodulatori~ gacilebiT farTo mcnebaa, vidre `neiromedia-

tori~. xSir SemTxvevaSi, mediatori warmoadgens modulatorsac. magaliTad, simpa-

Tikuri nervuli daboloebebidan gamoTavisuflebuli noradrenalini moqmedebs, 

rogorc neiromediatori α1-adrenoreceptoebze da rogorc neiromodulatori  α2-

adrenoreceptoebze. 

naerTebi, romlebic axorcielebs mediatorul funqciebs, erTmaneTisagan gan-

sxvavdeba ara marto qimiuri agebulebiT, aramed imiTac, Tu nervuli ujredis ro-

mel kompartmentSi xdeba maTi sinTezi. klasikuri dabalmolekuluri mediatorebi 

sinTezirdeba terminalSi da Senaxvisa da gamoTavisuflebisaTvis ifuTeba mcire 

zomis sinafsur vezikulebSi (50nm diametris). aseTi tipis naerTebs miekuTvneba 

azotis Jangi, romelic sinTezdeba terminalSi, magram vinaidan SeuZlebelia misi Se-

fuTva vezikulebSi, maSinve xdeba misi difundireba nervuli daboloebebidan. pep-

tiduri neiromediatorebi sinTezdeba neironis centralur nawilSi, ifuTeba didi 

zomis vezikulebSi (100-200nm diametri) da transportirdeba aqsonaluri transpor-
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tiT nervuli daboloebebisaken. acetilqolini da kateqolaminebi sinTezdeba sis-

xlSi cirkulirebadi winamorbedebisagan. aminomJavuri mediatorebi da peptidebi 

warmoiqmneba glukozidan. rogorc cnobilia, neironebi (umaRlesi organizmebisa da 

adamianis sxva ujredebic) ver axdens triftofanis sinTezs. amitom, serotoninis sin-

TezisaTvis aucilebelia triftofanis gaadvilebuli transporti sisxlidan tvinSi. 

triftofani, iseve rogorc sxva neitraluri aminomJavebi (fenilalanini, leicini, me-

Tionini), tvinSi transportirdeba transporteris saSualebiT. amrigad, ZiriTadi 

faqtori, romelic gansazRvravs serotoninis dones aris sakvebSi triftofanis rao-

denoba. magaliTad, moxaliseebs, romlebic ikvebebodnen triftofaniT Raribi sakve-

biT, aReniSnebodaT agresiuli qcevebi da Zil-RviZilis ciklis darRveva, rac gamow-

veulia Tavis tvinSi serotoninis da, Sesabamisad, melatoninis SemcirebiT. 

IV.2.3. sinafsuri gadacemis etapebi 

sinafsuri gadacemis procesi iwyeba nervuli impulsis mosvliT nervul dabo-

loebebze. membranuli potencialis Secvla presinafsur membranaze iwvevs potenci-

al-damokidebuli Ca2+-arxebis gaxsnas da koncentraciuli gradientiT Ca-ionebis 

swraf Sesvlas presinafsur terminalSi.      

Ca2+-is koncentraciis gazrda warmoadgens kaskaduri reaqciebis `trigers~ (Cam-

rTveli, gamSvebi, ingl.-dan Trigger — sasxleti meqanizmi),  rasac mosdevs sinafsuri 

vezikulebis gadaadgileba presinafsuri membranisaken, maTi membranebis urTier-

TSerwyma da, sabolood, neiromediatoris gadmosvla sinafsur arxSi egzocitozis 

gziT. sinafsur arxSi moxvedrili mediatori difundirebs postsinafsuri membrani-

saken da ukavSirdeba Sesabamis receptors. mediatorisa da receptoris urTierTda-

kavSirebiT icvleba postsinafsur membranaze arsebuli arxebis mdgomareoba — medi-

atoris xasiaTisagan damokidebulebiT isini ixsneba an iketeba, rasac mosdevs ione-

bis nakadis mimarTulebis da postsinafsuri neironis membranuli potencialis Sec-

vla (Semcireba an gazrda). 

yvela qimiur sinafsSi neiromediatorebis molekulebis gamoyofa mimdinareobs 

kvantebis saxiT. Teoriis Tanaxmad, romelic damticebuli iyo b. katcis mier, neiro-

mediatorebis gamoTavisuflebis procesi aris elementaruli reaqciebis jami, sa-

dac calkeuli reaqcia warmoadgens neiromediatoris erTi kvantis gamoTavisufle-

bas. roca presinafsuri membranis potenciali mosvenebis potencialis tolia, anu, 

roca presinafsur daboloebebTan ar midis nervuli impulsi, neiromediatoris 

kvantebi mainc Tavisufldeba, magram spontanurad da dabali siCqariT. postsinaf-

suri membranis pasuxi aseT calkeul kvantebze miniaturuli postsinafsuri poten-

cialis warmoqmnaa, romelsac nerv-kunTovani sinafsis SemTxvevaSi daboloebis mini-

aturuli potenciali ewodeba. presinafsuri membranis depolarizacias mosdevs 

kvantebis didi raodenobis sinqronuli gamoTavisufleba, postsinafsur membranaze 

e.w. daboloebis potencialis warmoqmna da postsinafsur ujredSi moqmedebis po-

tencialis generacia. presinafsuri daboloebebidan kvantebis gamoTavisuflebis 

albaToba dakavSirebulia potencial-damokidebuli Са2+-arxebis gaxsnaze da Са2+-is 

Sesvlaze presinafsur daboloebebSi.   

nervuli sistemis muSoba damyarebulia nervuli ujredebis urTierTqmedebaze, 

romlis ZiriTadi funqciaa informaciis miReba, Senaxva, gadamuSaveba da gadacema.  

nervul sistemaSi informaciis nakadi warmodgenilia specifikuri eleqtruli sig-
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nalebiT, xolo informaciis gadacema neironidan neironze an sxva momuSave ujred-

ze mimdinareobs sinafsebis saSualebiT.  

qimiuri sinafsis agebuleba da moqmedeba warmodgenilia suraTze IV.14. neirome-

diatoris winamorbedi neironSi an mis daboloebaSi xvdeba sisxlidan an zurgis tvi-

nis  siTxidan, neiromediatorad CamoyalibebisaTvis ganicdis bioqimiur gardaqmnas 

specialuri fermentebiT da transportirdeba sinafsur vezikulebSi aqtiuri 

transportis saSualebiT. 

neiromediatoris gamoTavisuflebis CamrTvel meqanizms warmoadgens presinaf-

sur daboloebaze moqmedebis potencialis arseboba, rasac mosdevs citoplazmaSi 

kalciumis ionebis Sesvla,  maTi dakavSireba egzocitozis procesSi monawile ci-

lebTan da presinafsuri da vezikulis membranebis urTierTSerwyma. neiromediato-

rebi vezikulebidan gamoTavisuflebis (egzocitozis) Sedegad xvdeba sinafsur nap-

ralSi, difundirebs postsinafsuri membranisaken da urTierTqmedebs postsinaf-

sur membranaze arsebul receptorebTan (sur.IV.15.B). 

sxvadasxva mediatorebisaTvis sxvadasxva tipis receptorebi arsebobs, romle-

bic mTeli rigi TvisebebiT gansxvavdeba erTmaneTisagan. rogorc zemoT iyo ganxi-

luli, neiromediatorebis receptorebi ori tipisaa — ionotropuli da metabotro-

puli. ionotropuli receptorebis SemTxvevaSi mediator-receptoruli kompleqsis 

warmoqmnis Sedegia ionuri arxebis gaxsna da postsinafsuri membranis ganvladobis 

cvla Na+-, K+-, Ca2+- da Cl--is ionebisaTvisTvis, rasac mosdevs lokaluri hiperpola-

rizacia da depolarizacia, xolo metabotropuli receptorebis SemTxvevaSi media-

tor-receptoruli kompleqsis warmoqmnis Sedegia metaboluri procesebis cvli-

leba ujredSida mesenjerebis daxmarebiT.   

receptorebi gvxvdeba aseve presinafsur membranazec. presinafsuri membranis re-

ceptorebi neirotransmiterebTan urTierTqmedebiT aregulirebs egzocitozis pro-

cess. daskvniT etapze neirotransmiterebis molekulebi presinafsur napralSi iSleba 

specialuri fermentebiT an xdeba maTi ukuSTanTqma aqtiuri transportiT mimdinare 

endocitoziT presinafsuri membraniT an neirogliuri ujredebiT. resinTezis Semdeg 

neiromediators kvlav SeuZlia monawileoba miiRos sinafsur gadacemaSi.  

 

 
 

suraTi IV.14.   qimiuri sinafsis moqmedebis meqanizmi 

A — neiromediatoris egzocitozisaTvis momzadebis etapebi; 

B – qimiuri sinafsis moqmedebis meqanizmi 
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nebismieri neiromediatori presinafsuri neironis daboloebaSi SefuTulia 

vezikulebis SemadgenlobaSi. nervul daboloebebSi, ZiriTadad, gvxvdeba ori tipis 

sekretoruli vezikulebi — wvrili sinafsuri vezikulebi diametriT 50 nm-mde, 

romlebic Seicavs klasikur neiromediatorebs da msxvili vezikulebi (100nm-mde), 

romlebic amovsebulia peptiduri bunebis neiromediatorebiT. sinafsuri veziku-

lebi warmoiqmneba neironis sxeulis endoplazmuri badisa da goljis aparatis cis-

ternebSi (sur.IV.13). 

sinafsur vezikulebSi transmiteris maRali koncentracia (daaxloebiT 100 mmo-

li/l) miiRweva vezikulis membranaSi arsebuli aqtiuri satransporto sistemebiT. 

vezikulis membranis protonuli tumboebiT warmoqmnili eleqtroqimiuri gradien-

ti uzrunvelyofs transmiteris aqtiur transports citoplazmidan. mediatorTan 

erTad vezikulaSi gvxvdeba aseve ATP, ionebi da fermentebi. 

   

 
 

suraTi   IV.15. neirotransmiteris sinTezi da vezikulebis warmoqmna 

А –neirotransmiterebis biosinTezi. I. vezikulebi, peptiduri transmiterebi  

da fermentebi sinTezdeba  neironis sxeulSi da Tavisufldeba goljis aparatidan; 

II. vezikulebi gadaadgildeba aqsonSi swrafi aqsonaluri transportiT.  

peptiduri neirotransmiterebi ukve vezikulebSia moqceuli; III. arapeptiduri  

neirotransmi-terebis sinTezi mimdinareobs uSualod nervul daboloebebSi da  

aqve xdeba maTi transportireba vezikulaSi. B – egzocitozis procesi 

 

neiropeptidebis sinTezi mimdinareobs iseve, rogorc Cveulebrivi peptidebis, 

anu procesi xorcieldeba ribosomebze  maTi Semdgomi transportirebiT endoplaz-

mur badeze. goljis aparatis cisternebSi xdeba sinTezirebuli proteinebis prote-

olizuri daSla fragmentebad da aqtiuri peptidebis warmoqmna, romlebic erTveba 

vezikulaSi. am procesis Sedegad warmoqmnili sxvadasxva peptidebi SesaZlebelia 

sxvadasxva vezikulaSi moxvdes.  neironebSi sxvadasxva mediatoris sinTezi mimdina-

rebs erTmaneTis paralelurad da, Sesabamisad, neironul daboloebebSi sxvadasxva 

mediatori xvdeba.  
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IV.2.4. neiromediatorebis gamoTavisuflebis meqanizmi 

neirotransmiterebis gamoTavisufleba ori gziT aris SesaZlebeli: kvantebiT 

da arakvanturad. dadgenilia, rom arakvanturi gziT neirotransmiteris gamoTavi-

sufleba SedarebiT iSviaTad xdeba. isini umetesad kvantebis, anu porciebis saxiT 

gamoTavisufldeba. am dros adgili aqvs sinafsuri vezikulebis egzocitozs. 

arsebobs  sinafsur arxSi mediatoris kvantebiT gamoTavisuflebis ori meqaniz-

mi. pirveli meqanizmi warmoadgens klasikur egzocitozs, romlis drosac adgili 

aqvs vezikulis SigTavsis (mediatori, АTPP, ionebi, asocirebuli cilebi, fermente-

bi da sxv.) srul gamoTavisuflebas, romelic mimdinareobs vezikulis membranis `Ca-

SenebiT~ postsinafsur membranaSi. am SemTxvevaSi, sinafsur arxSi xvdeba vezikulis 

SigTavsis  sruli Semadgenloba.  

meore meqanizmia mediatoris egzocitozi sruli Serwymis gareSe (e.w. `kiss and 

run~-is meqanizmi). procesisaTvis damaxasiaTebelia presinafsur membranaSi droebi-

Ti foris (arxis) formireba, romelic akavSirebs vezikulis SigTavss sinafsur ar-

xTan. am pirobebSi, vezikulidan mediatori  sinafsur arxSi difundirebas iwyebs im 

SemTxvevaSi, Tu fora gaxsnilia. vezikula presinafsur membranasTan yoveli kontaq-

tis dros kargavs Tavisi SigTavsis mxolod garkveul nawils da mas SeuZlia mraval-

jeradad miiRos monawileoba am procesSi. vezikulis forisTvis damaxasiaTebelia 

seleqtiuroba, ris gamoc SigTavsis ingredientebis garkveuli  nawili sinafsur nap-

ralSi ver gadmodis. 

 

 

 

 

 

 
suraTi IV.16.sinafsis aqtiuri zona 

 

 

 

 

 

centralur da nerv-kunTovan sinafsSi egzocitozi xorcieldeba specializire-

bul presinafsur struqturaSi — aqtiur zonaSi, sadac Tavmoyrilia ionuri arxebi, 

vezikulebi, egzocitozis procesSi monawile specialuri cilebi da citoConCxis 

elementebi. sxvadasxva sinafsSi aqtiuri zonis organizaciis ZiriTadi elementebi 

erTnairia (sur. IV.16).  

iTvleba, rom aqtiur zonaSi sinafsuri vezikulebis monawileobiT xorcieldeba 

5 ZiriTadi procesi: 1. vezikulebis transporti (mobilizacia) presinafsuri membra-

nis aqtiuri zonis siaxloves, romelic xorcieldeba citoConCxis elementebiTa da 

specialuri cilebiT;  2. SekavSireba sinafsis aqtiur zonasTan, anu e.w. dokireba; 3. 

vezikulebis momzadeba egzocitozisaTvis (praimingi), rac gulisxmobs procesSi 

monawile cilovani kompleqsis transformacias. am dros vezikula mzadaa mediato-

rebisagan dasaclelad da elodeba mxolod treminalSi Ca2+-is ionebis Semosvlas; 4. 

vezikulis membranis Serwyma plazmur membranasTan (egzocitozi) da mediatoris 

gadmosvla sinafsur napralSi. am procesis ganxorcielebisaTvis aucilebelia po-
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tencial-damokidebuli Са2+-arxebis gaxsna da Са2+-is ionebis koncentraciis gazrda 

vezikulis midamoebSi; 5. vezikulebis reciklizacia endocitozis saSualebiT da mi-

si Semdgomi  datvirTva mediatoriT  (sur.IV.17). 

   

 
 

suraTi IV.17. sinafsuri vezikulebis funqcionirebis  5 ZiriTadietapi 

1. vezikulebis transporti aqtiuri zonis siaxloves; 2. vezikulebis dokireba aqtiur zonasTan; 

3. vezikulebis momzadeba (praimingi) egzocitozisaTvis; 4. egzocitozi — vezikulis membranis 

Serwyma plazmur membranasTan; 5. vezikulebis reciklizacia endocitozis saSualebiT. 

 

 

neiromediatorebis sekreciis ZiriTadi struqturuli elementia e.w. sekreto-

soma, romelic gulisxmobs aqtiur zonaSi arsebul sinafsur vezikulas, Са2+-arxs da 

egzo- da endocitozisaTvis aucilebel cilebs (sur.IV.18).   

 

 
 

suraTi IV.18.  sekretosoma 

 

sekretosomebis raodenoba damokidebulia aqtiuri zonis zomaze da misi raode-

noba ramdenime aTeuls Seadgens. TiToeul sekretosomas SeuZlia egzocitozis gan-

xorcieleba. moqmedebis potencialis neironze mosvlis Sedegad, potenciali aRwevs 

nervul daboloebebs, rac iwvevs presinafsuri zonis depolarizacias. depolariza-

cia gamowveulia ara marto Na+-is SesvliT ujredSi, aramed aqsonis daboloebaze 

arsebuli potencial-mgrZnobiare Ca2+- arxebis gaxsniT, ris Sedegadac Ca2+-is ionebi 

iwyebs Sesvlas sinafsur daboloebaSi — sinafsur terminalSi.   mosvenebul mdgoma-

reobaSi arsebuli Ca2+-is koncentracia, romelic Zalian dabalia (daaxloebiT  10-7 М), 

arxebis gaxsnis Sedegad mkveTrad matulobs. amavdroulad, damatebiT Ca2+-ionebi 

iwyebs gadmosvlas endoplazmuri badis Ca2+-depoebidanac. saWiroa garkveuli dro 

(daaxloebiT 0.2 milisekundi) imisaTvis, raTa citoplazmaSi Ca2+-ionis koncentra-

ciam miaRwios im sidides, romelic aucilebelia presinafsuri zonis depolariza-

ciisaTvis. 
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IV.2.5. mediatorebis egzo- da endocitozSi monawile cilebi 

vezikulebis egzo- da endocitozSi monawile ZiriTadi cilebi yvela organizmSi 

praqtikulad erTnairia (sur. IV.19). am cilebis mniSvnelobasa da rolze metyvelebs 

is faqti, rom swored isini warmoadgens zogierTi toqsikuri naerTis samiznes. ase-

Tebia, magaliTad, botulizmisa da tetanusis toqsinebi.   

 

 
 

suraTi IV.19. vezikulebis egzocitozSi monawile cilebis  

lokalizacia presinafsur da vezikulur membranebze 

 

sinafsuri vezikulebis funqcionirebaSi monawile ZiriTadi cilebia: 

1. sinaftotagmini (65kd) — tetrameri, vezikulasTan asocirebuli cila. igi Zi-

riTad Са2+-sensorad iTvleba; sinafsur terminalSi Са-is ionis matebisas sinafto-

tagmini  icvlis struqturas, urTierTqmedebs presinafsur membranasTan, risac 

mosdevs vezikulis dafiqsireba presinafsur membranasTan; monawileobs neiromedi-

atorebis sekreciis procesSi; 

2. sinaftobrevini (vesicle associated membrane protein, VAMP) — (18kd), mcire zomis 

transmembranuli cila, romelic asocirebulia vezikulur membranasTan; sintaqsin-

Tan da SNAP-25-Tan (Synaptosomal-associated protein 25) erTad monawileobs SNARE-komp-

leqsis (SNAP-Receptor-kompleqsis) formorebaSi. SNARE-kompleqsi warmodgenilia 

oTxi cilovani spiraliT. aqedan erTi spirali swored sinaftobrevinia;  

3. sinafsini — vezikuluri fosfoproteini (87kd),  monawileobs vezikulebis mo-

bilizaciaSi, akavSirebs erTmaneTTan citoConCxis elementebsa da vezikulebs; de-

fosforilirebuli formiT sinafsini dakavSirebulia vezikulasTan da iwvevs aqti-

nis polimerizacias, xolo fosforilirebuli sinafsini, piriqiT,  aqtinis gancal-

kevebas vezikulisagan. defosforilirebuli sinafsini akavebs vezikulas, xolo 

fosforilirebuli, piriqiT, warmoadgens mediatoris gamoTavisuflebis erT-erT 

stimuls; 

4. sintaqsini — (35kd) presinafsuri transmembranuli cila. misi molekula 3 do-

menisagan Sedgeba: regulatoruli N-domeni (Habc); kompleqsis warmomqmneli SNARE-

domeni da transmembranuli C-bolo domeni  (sur.  IV.20).  
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suraTi IV.20. sintaqsini da misi moqmedebis meqanizmi  

(J. Rizo & Th. Südhof, 2002-is mixedviT) 

 

regulatoruli domeni warmodgenilia sami α-spiraliT. `daxurul~ konformaci-

aSi regulatoruli domeni xuravs SNARE-domens, riTac blokavs mis urTierTqmede-

bas SNARE-kompleqsis sxva cilebTan. sinataqsinis aseTi moqmedeba gamowveulia am 

procesSi monawile sxva cilebiT, magaliTad Munc18-iT (mammalian uncoordinated-18). 

`Ria~ konformaciaSi sintaqsini monawileobs SNARE-kompleqsis SeqmnaSi. misi dakav-

Sireba sinaftotagminTan kalcium-damokidebuli procesia;  

5. RаbЗ — (20-25kd) GTP-damakavSirebeli, dabalmolekuluri cila, aregulirebs 

meqanizms,  romelic zRudavs aqtiur zonaSi mediatoris gamoTavisuflebas erT 

kvantad. GDP-dakavSirebuli formiT igi araaqtiuria, gaaqtiureba xdeba GTP-Tan 

dakavSirebisas; 

6. NSF — N-eTil-maleimid-mgrZnobiare faqtori — oTx suberTeuliani citozo-

luri cila (76kd), aqvs АТP-azuri aqtivoba da uzrunvelyofs energiiT sxvadasxva 

ujredSida process, romelTa drosac xdeba membranebis Serwyma da egzo- da endo-

citozi; 

7. SNАР-25 — sinaftosom-asocirebuli presinafsuri membranis  cila. sinaftob-

revinTan  da sintaqsinTan erTad qmnis egzocitozisaTvis aucilebel SNАRE-kom-

pleqss.  

dadgenilia, rom ujredSida transportis  procesi universaluria rogorc eu-

kariotuli, aseve prokariotuli organizmebisaTvis, maT Soris adamianisaTvisac. am 

procesis asaxsnelad mowodebuli iqna e.w. SNARE-hipoTeza.  hipoTezis arsi mdgoma-

reobs imaSi, rom egzocitozis gansaxorcieleblad vezikuluri da presinafsuri 

membranis cilebisgan iqmneba cilovani kompleqsebi: v-SNARE — vezikuluri SNАР-re-

ceptori; t-SNARE — presinafsuri membranuli receptori, romelic, Tavis mxriv, 

warmoadgens v-SNARE-is samiznes. am proceSi CarTulia aseve citozoluri cila NSF 

da SNАР (NSF-is adaptoruli cila). vezikulebis SekavSireba (dokireba) presinaf-

sur membranasTan xorcieldeba v-SNARE-isa da t-SNARE-is urTierTkomplementaro-

bis xarjze, romlebic urTierTqmedeben erTmaneTTan `antigen-antisxeulis~ prin-

cipiT. kontaqtis Semdgeg xdeba erTiani SNARE-kompleqsis warmoqmna. SNARE-kom-

pleqsi da masTan asocirebuli Са2+-arxi warmoadgens RerZs, romelic citozoluri  

SNАР-cilis  receptoria, xolo es ukanaskneli, Tavis mxriv, ierTebs aseve citozi-

lur NSF-s. NSF-is mier АТP-is  hidrolizi  iwvevs kompleqsis reorganizacias, rasac 



 153

mosdevs vezikulis praimingi da Semdgom, misi Serwyma presinafsur membranasTan 

(sur.III.21).  

mediatorebis egzocitozis procesSi CarTulia cotiConCxis cilebic, romleb-

Tanac sinafsuri vezikulebi dafiqsirebulia cila sinafsinis daxmarebiT. sinafsi-

ni, romelic lokalizebulia vezikulis membranaze citoplazmis mxridan, ukavSir-

deba speqtrins, xolo es ukanaskneli F-aqtins. am urTierTobis procesSi monawile-

obs aseve  vezikuluri cila sinaftobrevini da presinafsuri membranis cila sintaq-

sini.  

 

 
suraTi IV.21. SNARE-hipoTeza da egzocitozis ZiriTadi cilebi 

А — hipoTezis ZiriTadi principi, B — egzocitozis cilebis monawileoba procesSi 

 

moqmedebis potencialis mosvlis da terminalSi Ca2+-is saWiro koncentraciis  

miRwevis Semdeg, iwyeba ori procesi: 1. Ca2+-is ioni urTierTqmedebs presinafsur 

membranasTan ukve dakavSirebuli vezikulis membranis cila sinaftotagminTan (aseT 

pirobebSi vezikula `wevs~ presinafsur membranaze), rac iwvevs vezikulis membranis 

gaxsnas. amis paralelurad, cila sinaftofizini ukavSirdeba presinafsuri membra-

nis ucnob cilas, rac iwvevs foris warmoqmnas. swored am foriT xdeba mediatorebis 

gadmoRvra sinafsur napralSi — egzocitozi, romelic, Tavis mxriv, regulirdeba 

cila  Rab3А-iT. erT vezikulaSi Tavmoyrilia neirotransmiteris daaxloebiT 6000-

8000 molekula. mediatoris es raodenoba Seadgens erT kvants. saerTo jamSi, sinaf-

sur napralSi gamoTavisuflebis Semdgom, transmiteris lokaluri koncentracia 

maRalia da Seadgens ramdenime milimols. 2. presinafsur daboloebebSi Ca2+-ionis 

maRali koncentracia aaqtivebs kalmadulin-damokidebul proteinkinaza II-s (СаМ-

kinazaII). presinafsur daboloebebSi es fermenti aaqtiurebs sinafsins, ris Sedega-

dac transmiteriT datvirTuli vezikulebi Tavisufldeba citoConCxisgan da gada-

adgildeba presinafsur membranaSi axali ciklis gansaxorcieleblad.  

amrigad, NSF-is monawileobiT mimdinare АТP-is hidroliziT xdeba vezikulebis 

praimingi, xolo kalciumis ionebis Sesvla warmoadgens kompleqsis destabilizaci-

is gamomwvev faqtors, rasac, Tavis mxriv, mosdevs egzocitozis procesi. zogadad, 

movlenebis Tanamimdevroba aqtiur zonasTan vezikulis mosvlidan praimingamde Se-

saZlebelia gamoisaxos Semdegnairad:   

v-SNARE + t-SNARE → vezikulebis SekavSireba  → v- SNARE + t-SNARE + SNAP → 
vezikulebis praimingi 

vezikulisa da presinafsuri membranebis urTierTSewymis gadamwvet momentad 

iTvleba am membranebze arsebuli e.w. `nawnavebi~, romelic oTxi α-spiraliT aris 
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warmodgenili  (e.w. elva-Camketi) (sur.IV.22). `nawnavebi~ iZleva lipiduri Sreebis 

SerwymisaTvis aucilebel energias. gasaTvaliswinebelia aseve is momentic, rom li-

piduri Sreebi warmodgenilia didi raodenobiT uaryofiTad damuxtuli fosfoli-

pidebiT, romlebic erTmaneTs sakmaod Zlierad ganizidavs. 

 

 
  

suraTi IV.22. vezikuluri membranisa  da presinafsuri  

membranis cilebiT warmoqmnili `elva-Camketi~ 

IV.2.6. Ca2+-is arxebis roli neirotransmiterebis egzocitozSi 

aRmoCenilia eqvsi tipis potencial-damokidebuli Ca2+-arxi, romlebic erTmane-

Tisagan gansxvavdeba molekuluri struqturiT, TvisebebiT, farmakologiuri 

mgrZnobelobiT da lokalizaciiT. kalciumis neironuli arxebi warmoadgens sami 

suberTeulisagan Semdgar struqturas. arxis dakavSirebiT sintaqsinTan da SNАР-

25-Tan warmoiqmneba  struqtura, romelic uzrunvelyofs vezikulebis SekavSirebas 

aqtiur zonasTan da, aseve, icavs maT daugegmavi egzocitozisagan. arxi da sekreto-

ruli aparati moqmedebs, rogorc erTiani sistema da es urTierTqmedeba ganapiro-

bebs arxis Tvisebebs.  

nervuli daboloebebis depolarizaciis sapasuxod iwyeba arxebis gaxsna, ionebis 

Sedineba terminalSi, maTi urTierTqmedeba cilebTan da mediatorebis egzocitozi-

sa da gamoTavisuflebis inicireba. egzocitozis ganxorcielebisaTvis aucilebe-

lia vezikulis siaxloves kalciumis ionebis maRali koncentraciis Seqmna xanmokle 

periodis ganmavlobaSi.   kalciumis ionebis xanmokle `Rrubels~, sadac misi koncen-

tracia 100mkm/l-ia, uwodeben Са2+-mikrodomens. vezikulebi eqvemdebareba egzoci-

tozs mxolod im SemTxvevaSi, Tu Са2+-is sensorebi mikrodomenis SigniT iqneba moq-

ceuli, risi miRwevac SesaZlebelia, Tu Са2+-arxebi dakavSirebuli iqneba aqtiur 

zonasTan SekavSirebul vezikulebTan. Са2+-ionebis Sesvla erTmaneTis siaxloves 

ganlagebuli arxebis saSualebiT qmnis ubans, sadac ionis koncentracia maRalia da 
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am ubans Са2+-makrodomeni ewodeba. Са2+-makrodomens SeuZlia moqmedebaSi moiyvanos 

mis mezoblad ganlagebuli aqtiuri zonebi.  

ionis ujredSida koncentraciis SenarCunebaSi monawileobas iRebs sxvadasxva 

buferuli sistema, romelTa moqmedebiT xdeba Semosuli ionis mxolod 0.1-2%-is da-

toveba Tavisufali saxiT. aseve, am procesSi monawileobs mitoqondriebi, endop-

lazmuri retikulumi, vezikulebi da sxv. am struqturebs SeuZla ara marto moaxdi-

nos ionis swrafi utilizacia, aramed citoplazmaSi misi gamoTavisuflebis xarjze 

SeinarCunos lokalurad ionis maRali Semcveloba. amrigad, makrodomenis arsebo-

bis xangrZlivoba ufro metia, vidre ionis ujredSi Sesvlis dros, rac uzrunvel-

yofs mediatoris gamoTavisuflebis maRal xarisxs.     

IV.2.7. aqsonaluri transporti 

membranuli da citoplazmuri komponentebi, romlebic warmoiqmneba neironis 

sxeulisa da dendritebis proqsimaluri nawilis masinTezirebel aparatSi,  sinaf-

samde misaRwevad unda gadanawildes aqsonis saSualebiT, anu  neironebis aqsonalu-

ri morCebi, garda imisa, rom pasuxismgebelia moqmedebis potencialis gadacemaze 

neironis sxeulidan sinafsamde, aseve warmoadgens gzas, romliTac xorcieldeba au-

cileblad mniSvnelovani biologiuri masalis transportireba neironis somasa da 

sinafss Soris. es procesi aucilebelia nervuli ujredis  normaluri funqcionire-

bisaTvis. aqsoniT  neironis sxeulidan da dendritebis proqsimaluri nawilidan 

transportirdeba mitoqondriebi, sxvadasxva vezikulebi, sasignalo molekulebi, 

zrdis faqtorebi, cilovani kompleqsebi, citoConCxis komponentebi da Na+- da K+-
arxebic ki. am transportirebis saboloo punqtebs warmoadgens aqsonis garkveuli 

ubnebi da sinafsebis aqtiuri zonebi. Tavis mxriv, sinafsebis aredan neironis somi-

saken warmoebs neirotrofuli signalebis (anu nervuli qsovilis regulatoruli 

cilebis, rogoricaa mag., nervebis zrdis faqtori – NGF, tvinis neirotrofuli 

faqtori — BDNF, gliuri neirotrofuli faqtori — GDNF, neirocitokinebi da sxv.) 
transportireba. am gziT ganxorcielebuli  ukukavSiriT  nervuli qsovili `iRebs 

Setyobinebas~  samiznis mdgomareobis Sesaxeb. 

amavdroulad, aqsonebis sigrZe imdenad didia (zogierTis SesaZlebelia iyos 1m 

an meti), rom difuziiT nivTierebaTa gadaadgileba nervuli daboloebebisaken an 

ukan, praqtikulad SeuZlebelia.  am procesis ganxorcielebas awarmoebs gansakuT-

rebuli meqanizmi — aqsonaluri transporti.  

cnobilia aqsonaluri transportirebis ramdenime tipi. ujreduli organelebi 

da mitoqondriebi SedarebiT swrafad transportirdeba e.w. swrafi aqsonaluri 

transportiT. citoplazmaSi gaxsnili nivTierebebi, magaliTad cilebi, gadaadgil-

deba neli aqsonaluri transportiT. ZuZumwovrebSi swrafi aqsonaluri transpor-

tis siCqarea daaxloebiT 400mm/24sT, xolo nelis — 1mm/24sT. am siCqariT zurgis tvi-

nis motoneironebis somidan sinafsuri vezikulebis transportirebisaTvis nerv-

kunTovan daboloebebSi saWiroa daaxloebiT 2,5 dRe. 

aqsonaluri transportirebisaTvis aucilebelia energia da ujredSida Са2+-is 

arseboba. citoConCxis elementebi, kerZod, mikromilakebi qmnis specialur warmo-

naqmnebs, romelTa gaswvriv xdeba sxvadasxva organelebis gadaadgileba (sur. IV.23).  

organoidebis damagreba mikromilakebze mimdinareobs imis analogiurad, rogorc 
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es xdeba ConCxis kunTis msxvil da wvril filamentebs Soris urTierTqmedebis 

dros; organoidebis moZraobis dawyebis signalis mimcemi Са2+-is ionebia.   

aqsonaluri transporti xorcieldeba ori mimarTulebiT. transports neironis 

sxeulidan terminalamde ewodeba anterograduli aqsonaluri transporti, xolo 

sawinaaRmdego mimarTulebiT — retrograduli aqsonaluri transporti. anterog-

raduli transportirebiT xdeba sinafsur daboloebebSi sinafsuri vezikulebisa 

da im fermentebis raodenobis aRdgena, romlebic monawileobs neiromediatorebis 

sinTezSi. retrograduli transportirebiT mimdinareobs carieli vezikulebis 

dabruneba somaSi, sadac lizosomebiT xorcieldeba maTi membranis degradacia.  

xSir SemTxvevaSi, neirotransmiteris sinTezi mimdinareobs presinafsur daboloe-

baSi. am procesisaTvis aucilebeli fermentebi sinTezdeba neironis sxeulSi da ase-

ve aqsonaluri transportiT miitaneba sinafsur daboloebebSi.  

 

 
suraTi IV.23. aqsonaluri transporti (Natura Rewies,  2006) 

 

dadgenilia, rom ujreduli organelebis moZraoba xorcieldeba maTi mierTebiT 

mikromilakebTan da Semdgomi gadaadgilebiT maT gaswvriv, ATP-is energiis gamoye-

nebiT. mikromilakebisaTvis damaxasiaTebelia polaruloba, romelic mniSvnelova-

nia ori cilis — kinezinisa da dineinis muSaobisaTvis. es cilebi aqtiuradaa CarTu-

li aqsonaluri transportirebis procesSi. maTTan organelebis dakavSireba xorci-

eldeba organelebze an vezikulebis zedapirze arsebuli receptorebis meSveobiT.  

aqsonebis sigrZisa da diametris zomebi, iseve, rogorc im masalis raodenoba, 

romelic transportirdeba aqsoniT, metyvelebs satransporto sistemaSi xarveze-

bisa da Secdomebis warmoqmnis SesaZleblobaze. mravali neirodegeneraciuli daava-

debis warmoSoba dakavSirebulia am sistemis muSaobaSi arsebul darRvevebTan. 

IV.2.8. neirotransmiterebis gardaqmna 

egzocitozis Sedegad presinafsur arxSi moxvedrili neirotransmiteri SesaZ-

lebelia qimiurad daiSalos araaqtiur komponentebad, an moxdes misi ukuSTanTqmiT 

mocileba presinafsuri daboloebebiT. cns-is gliis ujredebi aseve monawileobs 

transmiterebis STanTqmaSi. neirotransmiteri inaqtivirebis meqanizmi damokidebu-

lia sinafsis tipze da neirotransmiteris qimiur bunebaze. magaliTad, acetilqo-

lini swrafad iSleba acetilqolinesTerazas monawileobiT, ris Sedegadac warmoiq-

mneba Tavisufali acetilis naSTi da qolini. es ukanaskneli kvlav STainTqmeba pre-

sinafsuri daboloebebiT da gamoiyeneba acetilqolinis sinTezSi (sur.IV.24). 



 157

am etapze SesaZlebelia qolinerguli sinafsebis farmakologiuri regulireba. 

acetilqolinesTerazas moqmedebis inhibirdeba xdeba sxvadasxva naerTebiT, magali-

Tad, ezeriniT, ris Sedegadac gamoTavisuflebuli acetilqolinis moqmedeba xan-

grZlivdeba. samedicino praqtikaSi es procesi gamoiyeneba narkozis Semdgomi kun-

Tis relaqsaciisas. am meTodiT SesaZlebeli xdeba kunTis tonusis swrafi aRdgena.  

presinafsur daboloebebSi reapTeikis (ukuSTanTqma) saSualebiT xdeba transmi-

teris fragmentebis (magaliTad, qolins), an neirotransmiteris mTliani molekulis 

(serotoninis SemTxvevaSi) dabruneba. amisaTvis gamoiyeneba presinafsuri membranis 

transporterebi.  

garkveuli fsiqofarmakologiuri naerTebis efeqti swored am meqanizmzea da-

fuZnebuli. magaliTad, iseTi antidepresanti, rogoricaa imipramini, awarmoebs ad-

renergul sinafsebSi kateqolaminebis ukuSTanTqmis blokirebas da am gziT zrdis 

neirotransmiteris efeqturobas. 

am tipis naerTebs ukuSTanTqmis blokatorebi ewodeba da xSirad gamoiyeneba 

fsiqofarmakologiaSi. sinafsSi transmiteris Sesabamisi receptori gvxvdeba ara 

marto postsinafsze, aramed presinafszec. maT autoreceptorebi ewodeba. sinafsis 

tipidan gamomdinare, autoreceptorze transmiteris zemoqmedebiT, neirotransmi-

teris gamoTavisuflebis procesi Zlierdeba, an piriqiT, wydeba (pozitiuri da nega-

tiuri ukukavSiri). autoreceptorebze SesaZlebelia gavlena iqonios aseve presi-

nafsSi Semosulma Ca2+-is ionebmac.    

 

 
 

suraTi IV.24. acetilqolinis sinTezi da inaqtivireba 

IV.2.9. sinafsuri gadacemis postsinafsuri etapi 

roca laparakia organizmis  mediatorebis saerTo raodenobaze, saxeldeba aTeu-

lobiT qimiuri naerTi. rogorc zemoT iyo aRniSnuli, imisaTvis, rom nivTierebas me-

diatori ewodos, igi unda akmayofilebdes mTel rig kriteriumebs.              

xSir SemTxvevaSi, mediatorebs aerTianeben modulatorebTan, romlebic pirda-

pir ar monawileobs signalis gadacemaSi erTi neironidan meoreze, magram SeuZlia 

sagrZnoblad gazardos an Seamciros am procesis intensivoba. cxrilSi IV. 2. mocemu-

lia im naerTebis CamonaTvali, romelTa mediatoruli funqcia zustadaa dadgenili.  
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IV.3. transmiterebis tipebi da maTi moqmedebis meqanizmi 

acetilqolini. warmoadgens mediators yvela mamoZravebeli neironisaTvis da 

cns-is mravali interneironuli sistemebisaTvis, aseve parasimpaTikuri nervuli 

sistemis neironebisTvisac.  

arsebobs acetilqolin-mgrZnobiare receptorebis (qolinerguli receptorebi) 

ori tipi: receptorebi, romlebic acetilqolinis garda, damatebiT mgrZnobiare 

arian nikotinisadmi — e.w. nikotinuri receptorebi da receptorebi, romlebic 

mgrZnobelobas amJRavneben muskarinis mimarT — muskarinuli receptorebi. nikoti-

nuri receptorebi ionotropuli receptorebia, xolo muskarinuli — metabotro-

puli (sur.IV.25). 

 

 
 

suraTi IV.25.  acetilqolinis nikotinuri da metabotropuli receptorebi 

 

muskarinul receptorebSi transmiteris dakavSirebis adgili da ionuri arxi 

sxvadasxva adgilasaa lokalizebuli. es recetorebi dakavSirebulia G-cilebTan, 

rac  maT sinafsis funqciaze zemoqmedebis damatebiT saSualebas aZlevs. am tipis re-

ceptorebisaTvis specifikuri konkurentuli inhibitoria mcenareuli alkaloidi 

atropini.  muskarinuli receptoriT ganxorcielebuli sinafsuri gadacema sakmaod 

nelia.  

nikotinuri receptoris agebuleba tipuri ionotropuli receptorebis analo-

giuria. dasaxeleba warmoqmnila  receptoris mgrZnobelobidan nikotinis mimarT, 

romelic ukavSirdeba receptoris α-suberTeuls da aRebs 2α, β, δ  da ε-suberTeule-

bisagan agebul araspecifikur kaTionur arxs. nerv-kunTovan sistemaSi acetilqo-

lini moqmedebs nikotinuri qolinerguli receptorebiT da iwvevs ConCxis kunTebis 

SekumSvas. igi aseve gadascems signalebs nervul sistemaSi. nikotinuri receptorebi 

warmoadgens araspecifikur ionur arxebs, romlebic atarebs Na+-sa da K+-s. recep-

toris antagonistia preparati tubokurarini. 

glutamati. ZuZumwovrebis tvinis ZiriTadi amagznebeli mediatoria glutama-

ti, romelic neiromediatoris funqcias asrulebs tvinis sinafsebis daaxloebiT 

75%-Si. acetilqolinisagan gansxvavebiT, romelsac SeuZlia Seasrulos rogorc 

amagznebeli, aseve Semakavebeli funqcia, glutamati mxolod amagznebeli mediato-

ria. is sinafsebSi asrulebs transmiterisa da, aseve, kotransmiteris (SeuZlia vezi-

kulebSi arsebobdes sxva neirotransmiterTan, magaliTad, glicinTan erTad) fun-

qcias. am tipis sinafsebi warmoqmnis umniSvnelovanes amagznebel sistemebs da Car-

Tulia daswavlis procesSi. glutamati pirdapiri gziT xsnis kaTionur ionur ar-
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xebs. sinafsebi, romlebic neirotransmiterad xmarobs glutamats, gavrcelebulia 

wina tvinsa da hipokampSi.  

glutamatis gamoTavisufleba damokidebulia presinafsSi Ca2+-is koncentracia-

ze. Tumca, sinafsuri gadacemis dasruleba xdeba ara glutamatis fermentuli daS-

liT, aramed misi ukuSTanTqmis meqanizmiT, romelic xorcieldeba presinafsur mem-

branaSi arsebuli transporterebiT. am procesSi aseve monawileobs astrogliac.  

cnobilia glutamatis 3 postsinafsuri ionotropuli  da erTi metabotropuli 

(mGLuR) receptori, romlis funqcionireba regulirdeba IP3/DAG-is sistemiT. mGluR 

swrafadmoqmedi ionotropuli receptorisagan gansxvavebiT, uzrunvelyofs nel re-

aqciebs glutamatergul signalebze. cnobilia  am tipis 8 receptori. yvela maTgani 

struqturulad miekuTvneba G-cilebTan SeuRlebul receptorebs (sur.IV.26).  

centralur da periferiul nervul sistemaSi mGluR asrulebs mravalferovan 

funqciebs. isini monawileoben iseT mniSvnelovan procesebSi, rogoricaa daswavla, 

mexsiereba, tkivilis aRqma. receptorebi gvxvdeba hipokampis, naTxemisa da qerqis 

rogorc pre-, aseve postsinafsur neironebze. mGluR-ebi aaqtiveben iseT ujredSida 

sasignalo kaskadebs, romlebic iwvevs sxvadasxva cilebis modificirebas, magali-

Tad, ionuri arxebis cilebs, rasac Tan sdevs sinafsis funqciuri mdgomareobis 

cvlileba.  

 

 
 

suraTi IV.26. glutamatis metabotropuli receptori 

         

glutamatisadmi mgrZnobiare  ionotropuli receptorebia NMDA-receptori 

(mgrZnobelobas amJRavnebs N-meTil-D-aspartatisadmi), AMPA-receptori (mgrZno-

biarea α-amino-3-hidroqsi-5-meTil-4-izoqsazolpropionis mJavasadmi) da kainaturi 

receptori (mgrZnobelobas amJRavebs kainis mJavasadmi). am receptorebis ligande-

bia glutaminis mJava da asparaginis mJava. NMDA-receptoris aqtivaciisaTvis aseve 

aucilebelia glicini, xolo mis blokators warmoadgens ketamini da sxva analogiu-

ri naerTebi.  

NMDA-receptors SeuZlia aqtiur mdgomareobaSi imyofebodes mxolod ramdeni-

me aseuli milisekundis ganmavlobaSi. am periodSi receptori uzrunvelyofs ro-

gorc ujredis depolarizacias, aseve didi raodenobiT kalciumis ionis Sesvlas 

ujredSi, vinaidan receptoris ionuri arxi xasiaTdeba Са2+-is maRali gamtareblo-

biT. ionuri arxiT Semosul kalciums SeuZlia aamoqmedos mTeli rigi sinTezuri re-

aqciebi, `daaswavlos~ neirons da aseve, CaerTos mexsierebis formirebis procesSi. 
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cxrili IV.  2. 

 

nervuli sistemis neiromediatorebi, maTi funqcia  

da maTi cvlis moSliTb gamowveuli paTologiebi 

 

mediatori lokalizacia funqcia mediatoris 

cvlis moSliT 

gamowveuli 

paTologia 

 

aminebi 

 

acetilqolini 

 

nerv-kunTovani 

sinafsi, vegetatiuri 

nervuli sistemis 

gangliebi, tvinis 

qerqi, badura, 

Tirkmelzeda 

jirkvali 

motoruli 

funqcia, tkivili, 

swavla da 

mexsiereba 

 miastenia, 

demencia,     

vegetatiuri 

darRvevebi 

dofamini hipoTalamusi da Sua 

tvini, proeqtireba 

bazalur gangliebSi, 

limbur sistemasa da 

tvinis qerqSi. 

simpaTikuri 

gangliebi, badura 

moZraobiTi 

funqciebis 

kontroli, emocia 

 

parkinsonis 

daavadeba, 

Sizofrenia 

 

 

noradrenalini tvinis Rero, 

proeqtirdeba qerqSi, 

hipoTalamusSi, 

naTxemSi da zurgis 

tvinSi. nervuli 

daboloebebi 

Zil-RviZilis 

cikli, emocia 

depresia, 

halucinacia, 

Zilis moSla 

serotonini tvinis Reros 

birTvebi, badura.  

proeqtireba tvinis 

qerqSi, 

hipoTalamusSi, 

naTxemSi, zurgis 

tvinSi 

emocia, Zili, 

neiro-

endokrinuli 

regulacia 

depresia, 

halucinacia, 

Zilis moSla 

histamini hipoTalamusi, 

proeqtirebiT tvinis 

qerqSi, naTxemis 

bazaluri gangliebi, 

zurgis tvini 

Zili, tkivili, 

sqesobrivi 

moqmedeba 

vegetatiuri 

darRvevebi 
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cxrili IV. 2. (gagrZeleba) 

 

struqturulad receptori warmoadgens ori suberTelisagan (NR1 da NR2)  

agebul tetramers. araaqtiuri receptoris arxi Caketilia Mg2+-is ioniT (sur. IV.27). 

ionis mocileba xdeba postsinafsuri membranis depolarizaciis SemTxvevaSi. amav-

droulad, receptoris funqcionirebisaTvis aucilebelia sinafsur arxSi 

glutamatis moxvedra. receptoris aseTi aqtivacia iwvevs ionuri arxis gaxsnas, ro-

melic seleqtiuria kaTionebisadmi, rac iwvevs ujedSi didi raodenobiT  Na+-is da  

SedarebiT mcire Ca+2-is moxvedras, xol K+-is ioni tovebs ujreds. 

 

aminomJavebi 

 

glutamati Tavis tvinis qerqi, 

bazaluri gangliebi, 

naTxemi, 

hipoTalamusi, 

tvinis Rero, zurgis 

tvinis, badura 

 

cns-is ZiriTadi 

amagznebeli 

mediatori,  

akontrolebs 

moZraobas da 

sensorul 

funqciebs 

 

epilefsia, motoruli 

darRvevebi, 

mexsierebis darRveva, 

degeneraciuli 

darRvevebi 

 

 

glicini 

 

zurgis tvini, badura 

 

 

Sekaveba 

 

krunCxviTi sindromi 

 

γ-

aminoerbos 

mJava 

 

  

Sekaveba 

 

qorea, krunCxviTi 

sindromi, depresia 

 

purinebi 

 

 
ATP 

 

Tavis tvinis unagiri, 

zurgis tvini, 

aferentuli da 

simpaTikuri 

neironebi 

 

 

Sinagani 

organoebis 

kontroli 

 

tkivilis 

mgrZnobelobis 

darRveva, 

sisxlZarRvovani 

darRvevebi 

 

adenozini 

 

purinergul 

sistemebSi 

warmoadgens ATP-is 

 hidrolizis 

produqts 

 

tvinis 

hiperagznebis 

adenozinerguli  

Semakavebeli 

 

krunCxviTi 

mdgomareoba 
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suraTi IV.27. glutamatis ionotropuli NMDA-receptori 

 

normaluri membranuli potencialis (-70mV) pirobebSi Mg-is ioniT blokirebul 

NMDA-receptors glutamatiT aqtivaciis miuxedavad, ar gaaCnia, arc depolariza-

ciis da arc ujredSida kalciumis signalis generaciis SesaZlebloba. Mg-is ionisa-

gan receptoris ganTavisufleba SesaZlebelia mxolod AMPA-receptorebiT gamow-

veuli depolarizaciis Sedegad. AMPA- receptoris ionuri arxi ar aris mgrZnobia-

re Mg-is ionisadmi, Riaa mxolod ramdenime milisekundis ganmavlobaSi, ris Semde-

gac swrafad gadadis iseT mdgomareobaSi, roca aRar avlens mgrZnobelobas gluta-

matisadmi. aseTi mcire dro sakmarisia imisaTvis, raTa Seiqmnas membranaze iseTi po-

tencialis sxvaoba, romelic moxsnis NMDA-receptoridan Mg2+-is mainhibirebel 

efeqts. rogorc wesi, AMPA- da NMDA- receptorebi gvxvdeba erT nervul ujredze.  

amrigad, presinafsuri neironidan gamoTavisuflebuli glutamati ukavSirdeba 

АМРА- da NMDA-receptorebs erTdroulad. ligandis dakavSireba iwvevs АМРА-re-

ceptorebis gaxsnas da Na+-is Sesvlas ujredSi, rasac mosdevs membranis depolari-

zacia. meore mxriv, NMDA-receptorebi depolarizaciis dasawyisSi ar ixsneba, 

vinaidan blokirebulia Mg-ionebiT. Tumca, АМРА-receptorebiT Semosuli Na-is 

ionis moqmedebiT potenciali mcirdeba imdenad, rom is sakmarisi xdeba, raTa NMDA-

receptorebi ganTavisufldes Mg2+-isagan, rac iwvevs arxis gaxsnas da Ca2+-is Semodi-

nebas ujredSi (sur.IV.28).  

 

 
 

suraTi IV.28. NMDA- da АМРА-receptorebis funqcionireba 
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NMDA-receptorebi Ca2+-is ionebTan erTad atarebs Na+-sac. Semosuli Ca2+-is 

ionebi ganapirobebs АМРА-receptoris efeqtebs, kerZod, ferment kalmadulin-da-

mokidebuli proteinkinaza II-is (CaMKII) fosforilirebas, rac, Tavis mxriv, iwvevs 

АМРА-receptoris suberTeulebis fosforilirebas da, Sesabamisad, ionuri arxis 

gamtareblobis zrdas, rac ganapirobebs Na-is ionebis ujredSi Sedinebisa da depo-

larizaciis  gaZlierebas.  

glutamatis transporterebi aRmoCenilia neironul da gliur membranebze. maTi 

saSualebiT xdeba glutamatis mocileba ujredgare sivrcidan. tvinis dazianebis an 

daavadebis dros transporterebis muSaoba SesaZlebelia warimarTos sawinaaRmdego 

mimarTulebiT, rac iwvevs glutamatis dagrovebas ujredis gareT. am procesis Se-

degad, ujredSi matulobs NMDA-receptorebiT  ganpirobebuli Ca2+-is koncentra-

cia, rasac mosdevs ujredis dazianeba da daRupva — e.w. eqscitoqsikuroba. nervuli 

ujredis daRupvisas xdeba mitoqondriebSi kalciumis ionis Sedinebis gazrdiT 

gamowveuli, Glu/Ca2+-proapoptozuri genebis transkrifciuli faqtorebis gaaqtive-

ba, an antiapoptozuri genebis transkrifciis Semcireba.  

eqsaitotoqsikuroba, romelic gamowveulia glutamatis gamoTavisuflebis gaz-

rdiT an misi ukuSTanqmis meqanizmis moSliT, SeiniSneba tvinis iSemiis dros, rome-

lic asocirebulia insultTan, aseve iseTi daavadebebisas, rogoricaa amiotropuli 

sklerozi, latirizmi, autizmi, gonebrivi CamorCenilobis zogierTi forma da al-

cheimeris daavadeba. amis sapirispirod, glutamatis gamoTavisuflebis Semcireba 

damaxasiaTebelia fenilketonuriis dros, rac, Sesabamisad, iwvevs  glutamaturi 

receptorebis makodirebeli genebis eqspresias. glutaminis mJava monawileobs epi-

lefsiuri xasiaTis krunCxvebis realizaciaSic, rac glutamatis zemoqmedebiT kal-

ciumis potencial-mgrZnobiare arxebis gaxsnis gamo xdeba. 

glutamatur sistemas dReisaTvis  miaweren aseve gansazRvrul rols iseTi daa-

vadebebis CamoyalibebaSi, rogoricaa Sizofrenia da depresia. gansakuTrebiT aqti-

urad Seiswavleba Sizofreniis molekuluri meqanizmebi, romlebic emyareba NMDA-
receptorebis hipofunqcias. iseTi naerTebis gamoyeneba, rogoricaa fenciklini, 

romelic warmoadgens NMDA-receptoris antagonists, iwvevs Sizofreniis simpto-

mebis ganviTarebas. amave dros, NMDA-receptoris dazianebisas imunoanTebiTi meqa-

nizmiT (anti-NMDA-receptoruli encefaliti) vlindeba  mwvave Sizofreniis 

klinikuri suraTi. iTvleba, rom depresiis paTogenezSi gadamwyveti mniSvneloba 

eniWeba glutamaterguli neirotransmisiis gaaqtivebas, risi damamtkicebeli faq-

tia  ketaminis erTjeradi zemoqmedebiT eqsperimentuli depresiis mkurnaloba.    

γ-aminoerbos mJava (gaem - GABA). gaem warmoiqmneba glutamatidan ferment glu-

tamat-dekarboqsilazas zemoqmedebiT. sinafsuri vezikulebidan egzocitozis Sem-

dgom gaem urTierTqmedebs rogorc ionotropuli (GABAA, GABAC) aseve metabotro-

puli (GABAB) tipis receptorebTan.   

gaem-is orive ionotropuli receptori GABAA da GABAC asocirebulia С1--is 

arxebTan, rac, Tavis mxriv, Сl--is mimarT membranis ganvladobis gazrdisa da  hiper-

polarizaciis mizezi xdeba (sur.IV.29). barbituratebi (preparatebi, romlebic gamo-

iyeneba narkozisaTvis), steroiduli anesTeTikebi da benzodiazepimebis jgufis 

trankvilizatorebi (damamSvidebeli saSualebebi, magaliTad, diazepami) zrdis 

GABAA receptoris am efeqts. 
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suraTi IV.29. gaem-is ionotropuli  receptorebi — GABAA  da GABAC 

 

GABAA receptori warmoadgens ligand-damokidebul ionur arxs nervuli siste-

mis qimiur sinafsebSi. gaem-is dakavSirebis saitis garda, receptorze aRiniSneba 

alosteriuli segmentebi, romlebic ikavSireben benzodiazepinebs, barbituratebs, 

eTanols, furosemids, neirosteroidebs da pikrotoqsins. uSualod arxi agebulia 

ramdenime suberTeulisagan. erT-erTi suberTeuli ikavSirebs gaem-s, meores SeuZ-

lia damatebiT daikavSiros benzodiazepini, mesame suberTeuls ukavSirdeba barbi-

turati da aseve gvxvdeba suberTeuli, romelsac ukavSirdeba steroidi. suberTeu-

lebs aqvs sxvadasxva qimiuri Tvisebebi, rac ganapirobebs sxvadasxva farmakologi-

ur efeqtebs. magaliTad, bikukulini (Dicentre cucullaria-dan gamoyofili nerTi, rome-

lic gamoiyeneba xelovnuri krunCxvebis gamosawvevad) warmoadgens GABAA-recepto-

ris konkurentul blokators, Tumca ar moqmedebs GABAC- receptorze. 

GABAC-receptori miekuTvneba ligand-damokidebuli ionuri arxebis nikotinoi-

duri receptorebis jgufs. am jgufis receptorebi struqturulad yvela identu-

ria da warmodgenilia pentameris formiT. TiToeul suberTeuls aqvs didi zomis 

ujredgare N-bolo domeni, oTxi transmembranuli domeni da variabeluri ujred-

Sida maryuJi III da IV transmembranul domenebs Soris.  arxis foris kedeli warmoq-

mnilia II transmembranuli domeniT. am domenis aminomJavuri naSTebis sumaruli mux-

ti gansazRvravs arxSi kaTioni gaivlis Tu anioni. ujredSida maryuJiT receptori 

ukavSirdeba citoConCxs. ujredgare domenze  lokalizebulia ligandis damakavSi-

rebeli ubani. GABAC-receptori Sedgeba ρ-suberTeulebisagan. mniSvnelovani gansx-

vaveba GABAA  da GABAC receptorebs Soris aris is, rom  GABAA — receptori swra-

fad aqtivirdeba da aseve swrafad desensitizirdeba im dros, roca GABAC-s aqtiva-

cias sWirdeba ufro meti dro da naklebad ganicdis desensitizirebas.  

GABAB-receptori metabotropuli G-cilasTan dakavSirebuli receptoria, ro-

melic  am cilis saSualebiT ukavSirdeba ujredis K+-arxebs. igi warmodgenilia ori 

R1 da R2  suberTeuliT. TiToeul suberTeuls aqvs didi zomis N-bolo, romelTa-

nac dakavSirebulia Svidi transmembranuli domeni da ujredSida С-bolo. am tipis 

yvela receptorisaTvis damaxasiaTebelia aqtivaciis identuri meqanizmi (sur. 

IV.30). 
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suraTiIV. 30. gaem-is metabotropuli GABAB-receptori 

 

GABAB-receptori gvxvdeba rogorc pre-, aseve postsinafsze. igi  G-cilebisa da 

adenilatciklazuri sistemis saSualebiT dakavSirebulia К+-is da Са2+-is arxebTan. 

presinafsuri GABAB-receptorebi xuravs Са2+-is arxebs da amiT aferxebs mediato-

ris gamoTavisuflebas.   

gaem-is moqmedeba postsinafsur receptorebze wydeba misi ukuSTanTqmis Sede-

gad, romelic mimdinareobs presinafsur daboloebebsa da gliur ujredebze arse-

buli transporterebiT.      

glicini. aminomJava glicini Semakavebel sinafsebSi asrulebs transmiteris 

funqcias da moqmedebs rogorc neiromediatori. misi receptori, iseve, rogorc 

sxva ionotropuli receptorebi, warmoadgens oligomers da agebulia α da β suber-

Teulebisagan. glicinuri Semakavebeli sinafsebi didi raodenobiT gvxvdeba tvinis 

Rerosa da zurgis tvinSi. glicini, iseve rogorc gaem, realizaciisaTvis iyenebs Cl--
is arxebis aqtivaciis meqanizms, riTac miiRweva membranis hiperpolarizacia. recep-

toris specifikur blokators warmoadgens striqnini, romlis Seyvana organizmSi 

iwvevs  Zlieri krunCxvebis ganviTarebas. am dros, zurgis tvinSi praqtikulad ar 

aRiniSneba Sekavebis procesi. miuxedavad imisa, rom glicini ar asrulebs gadamwyvet 

Semakavebel rols Tavis tvinis funqcionirebaSi, igi warmoadgens principulad 

mniSvnelovan agents glutamatis NMDA-receptorebis aqtivaciisaTvis. NMDA-re-

ceptorebis aqtivaciisaTvis saWiroa glicinis mikroraodenoba. amitom, Tavis tvi-

nis ujredgare areSi misi Semcveloba ar aris didi. glicinis moqmedebis acileba 

warmoebs ukuSTanTqmiT.  

biogenuri aminebi. biogenur aminebs miekuTvneba kateqolaminebi (adrenalini, 

noradrenalini, dofamini), serotonini da histamini.  

adrenerguli sinafsebi. es termini gamoiyeneba im sinafsebis dasaxasiaTeblad, 

romlebic Seicavs kateqolaminebs — adrenalins an noradrenalins. kateqolaminebis 

sinTezi iwyeba aminomJava Tirozinidan, romelic neironSi xvdeba sisxlidan. sinTe-

zis procesi mimdinareobs rogorc neironis sxeulSi, aseve mis daboloebebSi.  egzo-

citozisa da receptorTan urTierTqmedebis Semdeg, noradrenalini wyvets moqme-

debas  ukuSTanTqmiT presinafsur daboloebebSi, sadac ferment monoaminooqsida-

zas (mao) zemoqmedebiT iSleba, xolo kateqol-0-meTiltransferazas zemoqmedebiT 

xdeba misi inaqtivacia.  

dReisaTvis gamoyofen adrenoreceptorebis ramodenime ZiriTad tips — α1 , α2,  β1, 

β2, da β3. TiToeuli tipi ramodenime qvetipiTaa warmodgenili, romlebic erTmaneTi-

sagan gansxvavdeba kinetikuri TvisebebiTa da meoradi mesenjeruli sistemebiT 

(sur. IV.31, cxr.3). 
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suraTi IV.31. noradrenalinis moqmedeba postsinafsur  

membranaze da misi efeqtebis  realizebis gzebi 

IP3-inozittrifosfati, DAG – diacilgliceroli,  

 cAMP – cikliuri adenozinmonofosfati, G-cila. 

 

α1-receptorebi zemoqmedebs arxebis funqcionirebaze  IP3-is saSualebiT da maTi 

aqtivaciiT warmoebs Са2+-is ionebis ujredSida koncentraciis mateba, rasac mos-

devs meoradi mesenjeris — cAMP-is koncentraciis Semcireba da Sesabamisi efeqte-

bis gamovlena. amis sapirispirod, β-adrenoreceptorebis aqtivacia, magaliTad, 

naTxemis purkinies ujredebSi cAMP-is koncentraciis gazrdis xarjze, iwvevs memb-

ranis ganvladobis gazrdas Na-is ionebis mimarT, rac, Tavis mxriv, membranis depo-

larizaciis mizezi xdeba.   

noradrenalini, romelic neirotransmiteris funqcias asrulebs cns-Si, sin-

Tezdeba, ZiriTadad, Sua tvinis ubnis (locus coeruleus) neironebis mier, romelTa rao-

denoba mxolod ramdenime aseulia. miuxedavad am neironebis simcirisa, maTi aqsone-

bi cns-Si gvxvdeba yvelgan. noradrenalinis moqmedebis efeqtebi miiRweva imis xar-

jze, rom igi aqtiurad difundirebs da aqvs modulatoruli efeqti sxva neironeb-

ze. kerZod, noradrenalini zemoqmedebs iseT procesebze, rogoricaa daswavla, 

tvinSi informaciis gadamuSaveba, tkivilis endogenuri Semcireba, Zilis regulire-

ba (serotoninTan erTad, noradrenalini monawileobs biologiur cirkadianul 

ritmSi — Zil-RviZilis procesSi, pasuxismgebelia ra gaRviZebis reaqciaze). perife-

riul nervul sistemaSi noradrenalini warmoadgens mniSvnelovan transmiters sim-

paTikur postgangliur daboloebebSi, magaliTad, gulsa da gluv kunTovan qsovi-

lebSi. rac Seexeba adrenalins, igi cns-is mxolod zogierT sinafsSi ganixileba 

transmiterad .  

cxrili IV.3 

α1, α2 -adrenoreceptorebisa da  

β1-3 adrenoreceptorebis zogierTi maxasiaTebeli 

dasaxeleba α1A-D Α2A-D β1-3 

seleqtiuri 

agonistebi 

cirazolini,metoqsamini, 

fenilepfrini 
guanbenzini, p-

aminoklonidini

izoproterenoli

seleqtiuri 

antagonistebi 

orinantini,  indoramini 

prazozini 

ioqimbini alprenololi, 

propanololi, 

pindololi 

moqmedebis 

meqanizmi 
IP3/DAG ↑    

↑ 
cAMP↓, Ca 2+(G) ↓,  

K+(G)↑ 
cAMP↑ 

SeniSvna: IP3 — inozittrifosfati, DAG – diacilgliceroli,  cAMP – cikliuri 

adenozinmonofosfati, G – G-cila. 
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serotonini. serotonini, anu 5-hidroqsitriftamini (5-HT) biogenuri aminia, 

romelic asrulebs rogorc neirotransmiterul, ise hormonalur funqcias. is far-

Todaa gavrcelebuli cns-Si. serotoninerguli neironebi, ZiriTadad, gvxvdeba tvi-

nis ReroSi, saidanac proeqtirdeba zurgis tvinSi, aseve naTxemSi, limbur sistemaSi, 

qerqSi da bazalur gangliebSi. postsinafsur membranaze aRmoCenilia serotoninis 

receptorebi, romlebic, ZiriTadad, meoradi mesenjerebis saSualebiT, xsnis К+-is 

da Са2+-is arxebs. serotoninis moqmedeba mTavrdeba presinafsur ubanSi ganxorcie-

lebuli ukuSTanTqmiT.  

serotoninis receptorebi rogorc metabotropuli, aseve ionotropuli tipisaa. 

cnobilia serotoninis receptorebis 7 tipi (5-HT 1-7), aqedan mxolod erTia ionot-

ropuli, danarCenebi — metabotropulia, romlebic G-cilebTanaa dakavSirebuli. 

dadgenilia metabotropuli receptorebis msgavseba noradrenalinis receptoreb-

Tan.  

5-НТ1-receptori dakavSirebulia G-cilasTan da adenilatciklazur sistemas-

Tan, xolo 5НТ2-receptorisaTvis meorad mesenjers warmoadgens IP3 da DAG. sero-

tonin-receptoruli kompleqsis warmoqmna iwvevs Са2+-is da К+-is arxebis aqtivobis 

modulacias. kerZod, 5НТ1-receptoris SemTxvevaSi К+-arxebis ganvladoba izrdeba, 

xolo Са2+-arxebis — mcirdeba. 5-HT5-receptoris SemTxvevaSi piriqiT, mcirdeba К+-

arxebis aqtivoba, xolo Са2+-is izrdeba (cxr.IV.4). 

serotoninis urTierToba presinafsur receptorebTan aregulirebs sinafsis 

muSaobas, xolo moqmedebis dro ganisazRvreba misi ukuSTanTqmiT nervuli dabolo-

ebebis mier, sadac xdeba daJangva ferment monoamino-oqsidazaTi.  

serotoninerguli neironebis yvelaze didi koncentrireba SeiniSneba Sua tvin-

Si, romlis neironebis aqsonebi warmoqmnis sinafsebs wina tvinis, naTxemis da zurgis 

tvins neironebTan. amave dros, aRiniSneba  paralelizmi noradrenergul neironeb-

Tan. iTvleba, rom serotonini, noradrenalinTan erTad CarTulia Zil-RviZlis cik-

lis regulirebis procesSi.  

 

cxrili IV. 4. 

 

serotoninis receptorebi da maT mier ganxorcielebuli efeqtebi 

 

 

receptori 

 

tipi 

 

moqmedebis meqanizmi 

 

5-HT1 Gi/Go-Tan dakavSirebuli cAMP-is  raodenobis Semcireba 

5-HT2 Gq/Go-Tan dakavSirebuli IP3-s da DAG-is raodenobis mateba 

5-HT3 ligand-mgrZnobiare Na+- 

da K+-arxebi 

membranis depolarizacia 

5-HT4 Gs -Tan dakavSirebuli cAMP-is  raodenobis mateba 

5-HT5 Gi-Tan dakavSirebuli adenilatciklazis aqtivobis 

inhibireba 

5-HT6 Gs -Tan dakavSirebuli cAMP-is  raodenobis mateba 

5-HT7 Gs -Tan dakavSirebuli cAMP-is  raodenobis mateba 
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serotoninis egzocitozi da urTierTqmedeba receptorebTan, romlebic asoci-

rebulia G-cilebTan da cAMP-sistemasTan, an fosfolipaza С-Tan, iwvevs К+-is da 

Са2+-is arxebis gamtarobis modulirebas.  

dofamini. gamomuSavdeba adamianisa da cxovelebis Tavis tvinSi. is hormonis 

funqciasac asrulebs, vinaidan aseve sinTezdeba Tirkmelzeda jirkvlis tvinovan 

SreSi, Tumca misi transportireba sisxlidan tvinSi ar xdeba. qimiuri bunebis mixed-

viT dofamini miekuTvneba kateqolaminebs da warmoadgens noradrenalinisa da adre-

nalinis winamorbeds. dofaminis wyaroa aminomJava Tirozini, xolo masinTezirebeli 

fermenti — Tirozin-hidroqsilaza.  

dofamini, rogorc neirotransmiteri zemoqmedebs iseT procesebze, rogoricaa 

motivacia da daswavla. Cveulebriv, dofamini didi raodenobiT gamomuSavdeba pozi-

tiuri mdgomareobis da aseve, narkotikebis zemoqmedebisas. is asrulebs gansakuT-

rebul rols kognituri moqmedebis uzrunvelyofisaTvis. dofaminerguli gadace-

mis darRveva zogierTi neirodegeneraciuli paTologiis mizezi xdeba (mag., parkin-

sonis daavadeba).  

rogorc neirotransmiterebis umravlesobisaTvis, dofaminisTvisac arsebobs 

misi gamoyofis stimulatorebi. kerZod, sxvadasxva narkotikis organizmSi moxvedra 

5-10jer zrdis tvinSi dofaminis gamomuSavebasa da gamoyofas, rac saSualebas aZ-

levs am narkotikebis momxmareblebs xelovnurad miiRon damakmayofilebeli Seg-

rZnebebi. magaliTad, amfetamini pirdapir astimulirebs dofaminis gamoyofas, moq-

medebs ra mis transportirebaze. sxva narkotikebi, magaliTad, kokaini da zogierTi 

fsiqostimulatori, axdens dofaminis ukuSTanTqmis procesis blokirebas, riTac 

zrdis mis koncentracias sinafsur napralSi. morfini da nikotini imitirebs natu-

raluri neiromediatorebis moqmedebas, xolo alkoholi ainhibirebs dofaminis an-

tagonistebis moqmedebas. im SemTxvevaSi, Tu pacienti didi xnis ganmavlobaSi ganag-

rZnobs am tipis preparatebis moxmarebas, misi tvini adaptirebas ganicdis dofaminis 

xelovnurad gazrdili koncentraciis mimarT, gamoyofs ra ufro mcire raodenobis 

mediators da amcirebs receptorebis raodenobas, rac narkomanisaTvis saWiro 

efeqtis misaRwevad miRebuli dozis gazrdis mizezi xdeba. qimiuri tolerantobis 

Semdgomi ganviTareba, sabolood, iwvevs Tavis tvinSi metaboluri procesebis seri-

ozul darRvevebs.     

arsebobs rigi farmakologiuri preparatebi, romlebic piriqiT, aqveiTebs do-

faminerguli  gadacemis intensivobas, magaliTad, iseTi antifsiqotropuli saSua-

lebebi, rogoricaa aminazini, haloperidoli, klozapini da sxv. 

iseTi fsiqikuri daavadebis dros, rogoricaa Sizofrenia da obsesiur-kompul-

siuri darRveva, Tavis tvinis zogierT ubanSi (magaliTad, limbur sistemaSi) aRiniS-

neba dofaminerguli aqtivobis mateba, xolo parkinsonizmi dakavSirebulia dofami-

nis raodenobis klebasTan nigrostriatumSi (Savi substancia). dofaminis raodeno-

bis daqveiTeba Tavis tvinis  wina ubnebsa da qerqqveSa warmonaqmnebSi dakavSirebu-

lia normaluri daberebis procesTan.  

cnobilia dofaminis 5 receptori (D1, D2, D3, D4, D5), romlebic dakavSirebulia 

G-cilasTan da mniSvnelovan rols asrulebs cns-is funcionirebaSi. struqturuli, 

bioqimiuri da farmakologiuri maxsiaTeblebis mixedviT dofaminis receptorebs 

yofen 2 jgufad: D1-is analogiur (D1, D5)  da  D2-is analogiur receptorebad (D2, 

D3, D4). TiToeuli maTgani dakavSirebuliaa konkretul G-cilasTan (sur.IV.32). 
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suraTi IV.32.  dofaminis receptorebi da maTi sasignalo gzebi 

 

D1-tipis receptorebisaTvis damaxasiaTebelia urTierTkavSiri Gαs-cilebTan 

da, Sesabamisad, adenilatciklazas gaaqtivebasTan. am tipis receptorebi gvxvdeba 

mxolod postsinafsur membranaSi. D2-tipis receptorebi  (D2, D3 da D4) ukavSirdeba 

Gi-cilebs da iwvevs adenilatciklazas inhibirebas. D2-tipis receptorebi, D1 tipi-

sagan gansxvavebiT,  gvxvdeba presinafsur membranaSic. 

dofaminis receptorebi warmodgenilia rogorc cns-Si, aseve periferiul orga-

noebSi. dofaminis Semcveli neironebis raodenoba Tavis tvinSi ar aris maRali. isini 

qmnis ramdenime ZiriTad dofaminergul gzas: nigrostriatuls, mezolimburs, mezo-

kortikalurs da tuberoinfundibularuls.  

histamini.  monoamini histamini warmoiqmneba aminomJava histidinis dekarboqsi-

lirebiT. histaminerguli neironebi koncentrirebulia hipoTalamusis mcire na-

wilSi, Tumca maTi gamonazardebi gvxvdeba cns-is mraval ubanSi. histaminerguli si-

nafsebis Taviseburebaa maTi difuzuri xasiaTi (mkacrad gansazRvruli formirebis 

gareSe), ris Sedegadac gamoyofili histamini moqmedebs ara marto neironze, aramed 

gliur ujredebze da tvinis sisxlZarRvebze. histamini gavlenas axdens iseT proce-

sebze, rogoricaa kunTis aqtivoba, metaboluri procesebi tvinSi, seqsualuri ur-

TierTobebi da sxv. histamini swrafad iSleba ferment histaminazas daxmarebiT, ro-

melic wyvets mis moqmedebas periferiul qsovilebSi. am fermentis aqtivoba tvinSi 

Zalian dabalia, rac axangrZlivebs histaminis, rogorc neiromediatoris moqmede-

bas samizne ujredebze. tvinSi histaminis inaqtivacia SesaZlebelia histamin-meTil-

transferazaTic.  

cnobilia histaminis receptorebis sami tipi – Н1, H2, Н3. aqedan Н1 da Н2-recep-

torebi aRmoCenilia sasunTq da gul-sisxlZarRvTa sistemaSi, kuW-nawlavis traqtis 

lorwovan garsSi, nervul qsovilSi, Tavis tvinSi da endokrinul jirkvlebSi, aseve, 

poxier ujredebsa da leikocitebSi. histaminis receptorebi likalizebulia plaz-

muri membranis gare zedapirze. Н3-receptorebi,  Н1- da Н2-receptorebisagan gan-

sxvavebiT, romlebic gvxvdeba postsinafsur membranaze, lokalizebulia presinaf-

surze. iTvleba, rom receptorebi akontrolebs histaminis sinTezsa da gamoTavi-

suflebas. amrigad, histaminis gavlena mimarTulia tvinis zogad aqtivobaze, ker-

Zod, energetikul SesaZleblobebze. amave dros, cns-Si histamini warmoadgens hipo-

Talamusis relizing-faqtorebis aqtivators, romlebic monawileobs hipofizis 

tropuli hormonebis warmoqmnaSi. Tavis tvinis zogierT neironSi histamini moqme-

debs, rogorc modulatori — cvlis  sxva neiromediatorebis efeqtebs. H1-recepto-

ri dakavSirebulia fosfolipaza С-Tan da moqmedebs fosfoinozitur cvlaze, xolo 

Н2-receptori astimulirebs adenilatciklazur sistemas.   



 

 170 

adenozintrifosformJava (АТP). arc ise didi xnis win dadginda, rom ujreduli 

aqtivaciis dros АТP-s SeuZlia ujredgare areSi gamoyofa. misi yvelaze maRali kon-

centraciis (150 mmoli-mde) wyarod iTvleba Sinagani sekreciis jirkvlebis sekre-

toruli granulebi da nervuli daboloebebis neirotransmiterebiT datvirTuli 

vezikulebi.  amitom, sekretoruli procesis dros, ujredis garemomcvel areSi, ne-

irotransmiteris koncentraciis lokaluri zrdis paralelurad, mimdinareobs 

АТP-is ujredgare koncentraciis matebac. magaliTad, nervuli ujredis daboloe-

bebi, romlebic aregulirebs kunTis muSaobas, acetilqolinis sekreciis paralelu-

rad gamoyofs АТP-sac. egzogenuri АТP-is zemoqmedebiT gluv kunTebze an neironeb-

Si iwyeba ionuri denis da, Sesabamisad, agznebis warmoqmna, amis mizezia ionebis moZ-

raoba ujredgare aredan ujredis SigniT.  

dadgenilia, rom sxvadasxva tipis ujredebi Seicavs ujredgare АТP-is Sesabamis 

receptorebs. АТP-is receptorebi ganekuTvneba e.w. purinuli receptorebis jgufs. 

isini gamoirCeva mravalferovnebiT da maTi raodenoba klasikuri hormonebisa da 

neirotransmiterebis receptorebze gacilebiT didia. aseTi mravalferovneba gva-

fiqrebinebs, rom erTi da igive naerTma SesaZlebelia gamoiwvios specifikuri signa-

li imis mixedviT, Tu ra tipis receptorTan urTierTqmedebs. АТP-is receptorebi 

iyofa 2 jgufad (sur.IV.33):   

I. ionotropuli  Р2X-receptorebi, romlebic warmoadgens Na+-isa da Ca2+-is 

arxebs. es arxebi ixsneba im SemTxvevaSi, Tu ujredgare aredan maTze moqmedebs АТP.  

II. Р2Y-receptorebi, romelTanac АТP-is dakavSirebiT iwyeba sasiganlo kaskadi, 

rasac mosdevs  ujredSida depoebidan kalciumis gamoTavisufleba, misi citoplaz-

muri koncentraciis mateba da kunTis xanmokle SekumSva. Р2Y-is aqtivaciam SesaZle-

belia inicireba gaukeTos ujredSoris urTierTqmedebebs da genuri aqtivobis 

cvlilebas, rac iwvevs ukve xangrZliv efeqtebs, magaliTad, ujredebis prolifera-

cias.          

umetes SemTxvevaSi, sasignalo gzis pirveli fermentia fosfolipaza С, romelic 

Slis membranis fosfolipids aqtiur warmoebulebad, xolo Semdgom proteinkinaza 

С, romelic awarmoebs samizne cilebis fosforilirebas. Р2Х-sa da Р2Y-is aqtivacii-

saTvis saWiro АТP-is koncentracia 1000-jer naklebia ujredis SigniT arsebul kon-

centraciaze.   

 

 
 

suraTi IV.33. ATP-is receptorebi da maTi sasignalo gzebi 

 

dadgenilia, rom Tavis tvinis zogierT ubanSi neironidan meore neironze signa-

lis gadacemisas amagznebeli neirotransmiteris rols swored АТP asrulebs. 

amrigad, АТP miekuTvneba iseTi transmiterebis jgufs, rogoricaa glutamati, ace-

tilqolini, dofamini, serotonini. АТP-is transmisia zurgis tvinSi mimdinareobs 
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gaemTan paralelurad. miuxedavad imisa, rom maTi gamoTavisufleba xdeba erTi da 

imave neironidan, АТP asrulebs amagznebeli, xolo gaem  Semakavebeli transmiteris 

rols. periferiul obieqtebs, sadac АТP amagznebeli neirogadamcemia, warmoadgens 

Sardis buSti da Teslgamomyofi ujredebi. nervuli daboloebebidan gamoTavisuf-

lebuli АТP, maTi gluvkunTovani ujredebis Zlieri stimulatoria.  

gansakuTrebiT yuradsaRebia АТP-is roli tkivilis warmoqmnis meqanizmSi. dad-

genilia, rom nervuli daboloebebi, romlebic pasuxismgebelia tkivilis signalis 

formirebaze, gansakuTrebul mgrZnobelobas amJRavnebs АТP-is dabali koncentra-

ciis mimarT. АТP-is moqmedebis Sedegad am daboloebebSi warmoiqmneba eleqtruli 

signalebi, romelTac miaqvT informacia tvinis Sesabamis ubnebSi e.w. `nocicepturi~ 

sistemis saSualebiT. iTvleba, rom swored АТP-is monawileobiT yalibdeba, magali-

Tad, kbilis tkivili.  

nocicepturi sistema (laT. nocere – dazianeba, cepere — aRqma) monawileobs adamian-

sa da cxovelebSi tkivilis formirebis procesSi. is axorcielebs sxvadasxva damazi-

anebeli gamRizianeblis aRqmas, gatarebas da informaciis gadamuSavebas. am proces-

Si monawilebas iRebs nociceptorebi — periferiuli sensoruli neironebi aqsoniTa 

da dendritebiT, romlebic aqtivirdeba damazianebeli stimulebiT. nociceptore-

bis periferiuli nervuli daboloebebi farTodaa gavrcelebuli kanSi, kunTebSi, 

Sinagan organoebSi, kanqveSa qsovilSi, saxsrebSi. es receptorebi SesaZlebelia ga-

Riziandes meqanikuri (Cxvleta, dartyma) an temperaturuli (gacxeleba, gadaciveba), 

aseve qimiuri naerTebis stimulebiT. nociceptorebs aqvs araerTgvarovani mgrZno-

beloba Termul, qimiur da meqanikur faqtorebze. kerZod, zogierTi maTgani aqtiv-

deba mxolod qimiuri stimuliT, sxvebi meqanikuri da/an temperaturuli zemoqmede-

bisas.  

opioidebi da opioiduri receptorebi. opioidebi naerTebia, romlebsac Ses-

wevs unari organizmSi daukavSirdes opioidur receptorebs, romlebic, ZiriTadad, 

lokalizebulia cns-Si da kuW-nawlavis traqtSi. opioidebs, romlebic xasiaTdeba 

struqturuli msgavsebiT morfinTan, opiatebi ewodeba.  opioidebis moqmedeba or-

ganizmze  xasiaTdeba analgetikuri da sedatiuri efeqtebiT, sasunTqi centris aq-

tivobis xvelebiTi refleqsebis daTrgunviT, nawlavis peristaltikis daqveiTebiT.   

endogenuri opioidebi (endorfinebi, enkefalinebi, dinorfinebi) miekuTvneba 

peptiduri bunebis neirotransmiterebs. opiaturi transmiteruli sistemis mniSvne-

lovan elements warmoadgens Sesabamisi receptorebi. opiaturi receptorebi mie-

kuTvneba metabotropuli receptorebis jgufs, romlebic Tavis efeqts axorcie-

lebs, ZiriTadad, adenilatciklazuri sistemis saSualebiT, Tumca arsebobs monace-

mebi opioidebis zemoqmedebisa  Ca2+-arxebze da aseve Na+/K+—cvlaze.  

opioidebis erT-erTi jgufi —  endorfinebi polipeptiduri naerTebia, romle-

bic Tavisi moqmedebiT opiatebis (morfinis msgavsi naerTebi) analogiuria. isini ga-

momuSavdeba cns-is  neironebSi da, opiatebis analogiurad,  xasiaTdeba tkivilis 

Semcirebis unariTa da moqmedebs organizmis  emociur mdgomareobaze.  endorfinebi 

warmoiqmneba da gamomuSavdeba hipofizSi beta-lipotrofinisagan (hipofizis wina 

wilis hormoni). iTvleba, rom endorfinebi akontrolebs endokrinuli jirkvlebis 

moqmedebas. maTi maRali Semcveloba adamianis organizmSi iwvevs eiforiuli mdgoma-

reobis ganviTarebas.   

pirveli opioiduri peptidebi (opiaturi receptorebis endogenuri ligandebi) 

gamoyofili iyo 1975 wels ZuZumwovrebis tvinidan. maT enkefalinebi uwodes. eseni 

iyo leicin-enkefalini (H2N-Tyr-Gly-Gly-Phe-Leu-COOH) da meTionin-enkefalini (H2N-
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Tyr-Gly-Gly-Phe-Met-COOH). Semdgom hipofizisa da hipoTalamusis eqstraqtidan gamo-

yofili iyo sxva opioiduri bunebis peptidebic — endorfinebi. yvela maTgani mole-

kulis  N-boloze Seicavs enkefalinis naSTs. isini sinTezdeba didi zomis cila-wina-

morbedebis saxiT, saidanac Tavisufldeba proteolizuri reaqciis Sedegad.  

azotis oqsidi (NO), rogorc transmiteri. azotis oqsidi parakrinuli media-

toria, romelic gamoiyofa endoTeluri ujredebisa da zogierTi neironis mier. NO 

swrafad iJangeba, Sesabamisad, misi biologiuri arseboba ramdenime wami grZeldeba 

da amitom, is moqmedebs misi gamoyofis siaxloves mdebare ujredebze. NO astimuli-

rebs samizne ujredebSi xsnad guanilatciklazas da, Sesabamisad, ganapirobebs 

cGMP-is koncentraciis zrdas  da proteinkinaza G-s aqtivacias. azotis oqsidi 

vrceldeba difuziis gziT da es procesi sakmaod  swrafia. informaciis gadatanis 

es gza gansakuTrebul rols asrulebs cns-Si. is monawileobs tvinis ganviTarebaSi, 

formirebasa da daberebaSi,  aseve daswavlis, mexsierebis da sxva mniSvnelovan pro-

cesebSi. 

NO sinTezdeba aminomJava L-argininidan ferment NO-sinTazas moqmedebiT. NO-
sinTazebi qmnis fermentebis jgufs, romlebic gansxvavdeba aminomJavuri Semadgen-

lobiT da aqtivobis regulirebis meqanizmiT. gamoyofen NO-sinTazebis 3 tips. NO-

sinTazas I tipi gvxvdeba tvinis neironebSi da mas neironaluri konstitutiuri izo-

forma ewodeba. konstitutiuri sinTazas aqtivoba gansakuTrebiT maRalia naTxemis 

neironebsa da astrogliaSi. NO-sinTaza II pirvelad gamoyofili iyo makrofagebi-

dan. is ZiriTadad gvxvdeba xsnadi formiT da warmoadgens inducibelur ferments. 

dadgenilia, rom fermenti aRmoCenilia makrofagebSi da zogierT gliur ujredSi, 

magaliTad, tvinis mikrogliaSi. III tipis NO-sinTaza damaxasiaTebelia endoTeluri 

ujredebisaTvis. is iseve, rogorc I tipis NO-sinTaza, xasiaTdeba kalmadulinTan 

kavSiriT da misi aqtivoba damokidebulia ujredSida Ca2+-is koncentraciaze. es 

izoforma aRmoCenilia hipokampSi. is  gvxvdeba rogorc xsnadi, aseve membranasTan 

dakavSirebuli formiT. mis lokalizacias plazmur membranaSi gadamwyveti mniSvne-

loba eniWeba signalis transduqciis meqanizmSi. amave dros, III tipis NO-sinTazas Se-

uZlia uSualod moaxdinos fermentebis da ionuri arxebis  cilovani molekulebis 

nitrozilireba da am gziT Secvalos maTi aqtivoba. 

 

 
 

suraTi IV. 34. NO-s ujredSida moqmedebis meqanizmi 

 

ujredSida NO-s koncentraciis gazrda iwvevs guanilatciklazas aqtivobis da 

cGMP-is koncentraciis matebas, ferment adenozindifosforibozotransferazas  

(АDP-transferaza) aqtivacias da, aseve, ujredSi peroqsinitritebis (OONO-) war-
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moqmnas. NO-s saboloo ujredSida efeqtebi warmodgenilia suraTze IV.34. amave 

dros, NO-s SeuZlia ujredgare areSi difundireba da mezobel ujredebze zemo-

qmedeba. 

naxSirbadis oqsidi (СO). naxSirbadis oqsidi miekuTvneba gazuri bunebis Sua-

mavlebs, romlebic monawileobs  ujredSoris neironalur kavSirebSi. СО fiziolo-

giur pirobebSi warmoiqmneba ferment hemooqsigenazas monawileobiT, romelic ax-

dens hemis porfirinis rgolis gaxleCas СО-mde da biliverdinamde. cnobilia fer-

mentis ori izoforma. hemooqsigenaza I gvxvdeba RviZlsa da elenTaSi, romelic pa-

suxismgebelia sisxlis daberebuli ujredebis hemis daSlaSi, xolo meore izoforma 

eqspresirdeba tvinSi.    

СО-s qimiuri da biologiuri Tvisebebi NO-s msgavsia, mas SeuZlia ujredis 

membranis gavliT ujredSi moxvedra da guanilatciklazas aqtivacia, rasac mosdevs 

cGMP-s warmoqmna, romelic, Tavis mxriv, aaqtivebs proteinkinaza G-s. savaraudoa 

СО-s monawileoba iseT procesebSi, rogoricaa xangrZlivi potencialis SenarCuneba 

hipokampSi, nukleotid-damokidebuli arxebis regulireba zogierT neironSi da 

gluvi kunTebis Ca2+-damokidebuli K+-arxebis aqtivacia.  

IV.4. nervuli sistemis daavadebebi 

IV.4.1. neirodegeneraciuli daavadebebi 

neirodegeneraciuli daavadebebi iseTi daavadebebia, romlebic warmoiqmneba nei-

ronebis progresirebadi degeneraciisa da daRupvis Sedegad, rac ganapirobebs cns-is 

garkveul struqturebs Soris kavSiris gawyvetas da disbalanss Sesabamisi neirot-

ransmiterebis sinTezsa da gamoyofas Soris. yovelive es gamoixateba mexsierebis, 

moZraobis koordinaciisa da adamianis azrovnebis SesaZleblobebis darRvevebiT. 

alcheimeris daavadeba. neirodegeneraciuli daavadebebis klasikur magaliTs 

alcheimeris daavadeba (ad) warmoadgens, romelic dReisaTvis ganukurnebel sneule-

baTa rigs miekuTvneba. miiCneva, rom rig SemTxvevaSi mas genetikuri safuZvlebi aqvs 

da SesaZlebelia misi memkvidreobiT — genebiT gadacema. pirvelad aseTi geni gamoyo-

fili iqna 1995 wels me-14 qromosomidan da mas preselini (siberis wina geni) ewoda.    

daavadebis ZiriTadi niSania inteleqtualuri funqciebis progresirebadi gaua-

reseba (demencia) da mexsierebis dakargva. ad-is ZiriTad morfologiur suraTs war-

moadgens Seuqcevadi degeneraciuli cvlilebebi tvinis garkveul ubnebSi, kerZod, 

qerqsa da hipokampSi. es cvlilebebi ramdenime niSniT gamoixateba:  

1) neironebis difuziuri dakargva;  

2) ujredgare cilebis grovebis gaCena, romlebic garSemortymulia distrofiu-

li neiritebiT. am grovebs amiloiduri, anu seniluri laqebi ewodeba;  

3) ujredSida cilebis, e.w. neirofibriluri gorglebis dagroveba. es gorglebi 

warmoadgens dawyvilebul spiralur filamentebs, romlebic warmoiqmneba mikromi-

lakebTan asocirebuli cilis, e.w. tau-cilis hiperfosforilirebis Sedegad (sur.IV.35).  

struqturuli cvlilebebis paralelurad, aRiniSneba mniSvnelovani bio-qimiu-

ri cvlilebebic. magaliTad, ad-is dros ziandeba tvinis qerqisa da hipokampis qoli-

nerguli struqturebi, rac mimdinareobs ferment qolinacetiltransferazas aqti-

vobis daqveiTebis fonze. 
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suraTi IV.35.   alcheimeris daavadebiT dazianebuli tvinis qsovili 

 

aranakleb mniSvnelovania alcheimeris daavadebis procesSi neironebis dakargva 

da gansakuTrebiT sinafsebis raodenobis Semcireba tvinis qerqSi.  mecnierebis um-

ravlesoba Tanxmdeba imaze, rom sinafsuri disfunqcia, sinafsebis CaSla da maTi ra-

odenobis Semcireba (rac am daavadebis winapirobebia), warmoadgens daavadebisaTvis 

damaxasiaTebeli kognituri (laT.-dan cognitio  — Semecneba, Seswavla — gonebrivi aR-

qmisa da garemo informaciis gadamuSavebis unari) darRvevebis ZiriTad mizezs. Tum-

ca, ucnobi rCeba sakiTxi imis Sesaxeb, Tu ra warmoadgens tvinSi paTologiuri sinaf-

suri cvlilebebis inicirebis mizezs.  

dReisaTvis arsebobs ori ZiriTadi Teoria, romelic aRwers am daavadebis ganvi-

Tarebis meqanizmebs — amiloiduri Teoria d tau-hipoTeza.  

tau-hipoTezis Tanaxmad, alcheimeris daavadeba iwyeba tvinis neironebSi cilova-

ni CanarTebis dagrovebiT. zogierTi cilovani molekula iZens gansxvavebul siv-

rciT konformacias, ris gamoc xdeba uxsnadi.   ad-is dros aseTi cilis rolSi gamo-

dis β-amiloidis winamorbedi – АРР. aseTi paTogenuri cilis warmoqmnis mizezi Se-

saZlebelia iyos sxvadasxva, Tumca, yvela faqti miuTiTebs am procesSi ferment β-

sekretazas monawileobze. normaSi fermenti α-sekretaza acalkevebs cila amiloi-

didan  fragments, romelic normalur SemTxvevaSi monawileobs sxvadasxva saxis nei-

ronul procesebSi. daavadebis dros gamocalkaveba xdeba `araswori~ β- da γ-sekre-

tazebiT da warmoqmnili amiloiduri fragmenti iwyebs dagrovebas neironis garSemo 

da amiT arRvevs mis funqciebs. am procesSi fermentebis konkurentebad gamodis 

sxvadasxva endogenuri naerTi, magaliTad, insulini. analogiuri efeqtiT xasiaTde-

ba e.w. prionuli cilebic (prioni — anomaluri mesameuli struqturis mqone cilova-

ni struqtura), romlebic axdens β-sekretazas blokirebas da amiT xels uSlis β-

amiloidis warmoqmnas.  

amave dros, amiloidis produqtebi iwvevs e.w. tau-cilis fosforilirebis induq-

cias, romlis Zafebi ukavSirdeba erTmaneTs da   neironis SigniT warmoqmnis  neiro-

fibrilarul cilebs. es cilebi, Tavis mxriv, iwvevs mikromlakebis dezintegracias 

da satransporto sistemis moSlas — kolafss.   

yvelaze gavrcelebul mosazrebad rCeba alcheimeris daavadebis `amiloiduri~ 

Teoria, romlis mixedviT tvinis neironebis disfunqciis da daRupvis, neirofibri-

laruli degeneraciis, mikrogliis aqtivaciis da sxva paTologiuri cvlilebebis 

inicirebis mizezi β-amiloiduri (β-A) agregatebia. es idea pirvelad wamoyenebuli 

iqna daaxloebiT 15 wlis win da dRemde iTvleba yvelaze realur Teoriad.     

bolo dros gansakuTrebuli yuradReba eTmoba ara β-A-s agregatebs, aramed mis 

arafibrilarul an oligomerul mdgomareobas (`uxilavi amiloidi~). daavadebis  mi-

zezebisadmi midgomis aseTi cvlilebis mizezi gaxda is, rom senilur laqebSi agre-

cilovani 

CanarTebi 
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girebuli da fibrilaruli β-A-s formebis arsebobisas ar mJRavndeba dadebiTi ko-

relacia kognituri funqciis klebasTan, maSin roca, xsnadi forma  gamoirCeva toq-

sikurobiT. amave dros, xsnadi β-A-s oligomerebis arsebobis SemTxvevaSi mJRavndeba 

dadebiTi korelacia daavadebis pirvelad simptomebTan.  

β-amiloidi warmoiqmneba transmembranuli cila АРР-dan (β-Amyloid Precursor 

Protein) ori proteolizuri daSlis Sedegad. β-APP warmoadgens amiloidis winamor-

bed transmembranul cilas, romelic Sedgeba 695-700 aminomJavuri naSTisagan. misi 

N-bolo fragmenti ujredgare areSia, xolo molekulis C-bolo citoplazmiskenaa 

moqceuli. dReisaTvis cnobilia am cilis 3 izoforma (β-APP770, β-APP751 da β-APP695), 
romlebic gansxvavdeba erTmaneTisagan glikozilirebis xarisxiT. isini sinTezdeba 

evoluciuri ganviTarebis sxvadasxva safexurze mdgomi cxovelebis ujredebSi. Ta-

vis tvinSi ZiriTadad warmodgenilia β-APP-s mokle izoforma β-APP695. adamianis 

Tavis tvinis qerqSi am formebis raodenobrivi Semcveloba Seadgens β-APP770:β-

APP751:β-APP695=1:10:20. cnobilia β-APP-s monaTesave cilebis jgufi, romlebsac β-APP-

msgavsi cilebi ewodeba (APLP). aRwerilia am cilebis ori izoforma — APLP1 da 

APLP2, romlebic erTmaneTisagan pirveladi struqturiT gansxvavdeba. aRsaniSnavia, 

rom mRrnelebSi (virTagvebi, Tagvebi), romelTa tvinSi ar SeiniSneba alcheimeris 

daavadebisaTvis damaxasiaTebeli β-A agregatebi, aminomJavebis Tanamimdevroba β-

APP-s im ubanSi, romelic Seesabameba β-A-peptids, gansxvavdeba adamianis β-A-pepti-

disagan sami aminomJaviT. mRrnelebis Β-A-molekulaSi histidinis Secvla argininiT 

ukargavs β-A-s TuTiis ionebis dakavSirebis unars, rac aucilebelia peptidis 

molekulis agregaciis inicirebisa da Semdgom fibrilebis warmoqmnisaTvis. 

Cveulebriv pirobebSi, β-A-peptidi monawileobs neironTaSorisi kontaqtebis 

warmoqmnaSi da CarTulia mexsierebis procesSi. daavadebis dros misi cvla irRveva, 

ris Sedegadac proteolizuri daSlis dros molekulis Sua nawilidan warmoiqmneba 

potenciurad toqsikuri 42-aminomJaviani peptidi — β-amiloidi (βA). Tavdapirvelad 

АРР iSleba aspartatuli aqtivobis mqone proteaziT — β-sekretaziT (BACE1 – β-site 

APP-cleaving enzyme). daSlis reaqciis Sedegad warmoiqmneba АРР-cilis Tavisufali N-
bolo da  hidrofoburi transmembranuli domeni (sur.IV.36). 

 

 
 

suraTi IV.36. proteazebi, amiloidis winamorbedi 

cila da alcheimeris daavadeba ( S.D. Buckingham-is mixedviT) 
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meore proteolizis Sedegad xdeba transmembranuli domenidan β-A-s gamoTavi-

sufleba. es gaugebari Sidamembranuli daSla, romelsac RIP-s uwodeben (regulated 

intramembrane proteolysis) xorcieldeba γ-sekretazaTi. fermentuli aqtivobis gamosav-

lenad aucilebelia,  rom γ-sekretazasTan  asocirebuli iyos am procesSi monawile 

kidev erTi cilovani molekula — preselini (sur.IV.36).  preselinebi integraluri 

membranuli cilebia klasikuri aspartatuli proteolizuri aqtivobiT (iseve ro-

gorc pepsini, renini da katepsini). preselinebis ojaxi warmodgenilia ori monaTesa-

ve cilovani molekuliT — PS1 da PS2. am ojaxSi, aseve, gaerTianebulia sxva protei-

nebic, magaliTad sasignalo peptidaza, romlis funqciaa membranasTan dakavSirebu-

li sasignalo cilebis CamoSoreba. preselinebis garda γ-sekretazas aqtivobis ga-

movlenisaTvis aucilebelia sxva aqtiuri cilovani molekulebic, magaliTad nikas-

trini, Aph-1 (anterior pharynx defective-1) da Pen-2 (presenilin enhancer-2). am cilebis eqspre-

sia zrdis γ-sekretazul aqtivobas. Tumca, ucnobia ra rols asrulebs es cilebi γ-

sekretazuli kompleqsis formirebasa da mis Semdgom funqcionirebaSi.   

specifikuri fermentebiT ganxorcielebuli  proteolizis Sedegad APP iSleba 

da warmoiqmneba biologiurad aqtiuri produtebi.  xsnadi, didi zomis fragmentebi 

sAPPα da sAPPβ, romelic warmoiqmneba α- an β-sekretazas moqmedebiT, mniSvnelovan 

rols TamaSobs nervuli ujredebis proliferaciasa da ganviTarebaSi. kerZod, α-

sekretazas zemoqmedebiT miRebuli sAPPα xasiaTdeba ara marto neiroproteqtoru-

li TvisebebiT, aramed misTvis damaxasiaTebelia epidermaluri zrdis faqtoris 

Tvisebebic. is aseve xels uwyobs mexsierebisa da daswavlis formirebas. sAPPβ-s aqvs 

neiroproteqtoruli Tvisebebi da warmoadgens γ-sekretazas substrats, romlis 

moqmedebiT warmoiqmneba 40 da  42-naSTiani β-A-s fragmentebi da mokle citoplazmu-

ri fragmenti  (sur.IV.37).  

amrigad, APP-s metabolizmi SesaZlebelia ganxorcieldes rogorc  araamiloi-

dogenuri (Α-sekretazas moqmedebiT), aseve amiloidogenuri (toqsikuri) gziT β- da 

γ-sekretazebis monawileobiT. vinaidan α-sekretaza awarmoebs APP gaxleCas, es gza 

icavs ujredebs β-A-peptidis warmoqmnisagan. Sesabamisad, α-sekretazas aqtivobis 

mateba SesaZlebelia ganxiluli iyos, rogorc alcheimeris daavadebis profilaqti-

kis erT-erTi SesaZlebeli gza.  

 

 
 

suraTiIV.37.  α-, β- da γ-sekretazebi da maT mier amiloidis 

winamorbedi cilis proteolizuri daSla 
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ujredis SigniT, nervuli daboloebebis gaswvriv da aseve ujredgare areSi  ami-

loiduri peptidis koncentraciis kontroli xorcieldeba fermentebiT, romlebic 

monawileobs β-A-s metabolizmSi. im fermentebis Tvisebebisa da funqciebis kvleva, 

romlebic dakavSirebulia amiloiduri peptidis degradaciasTan gansakuTrebiT 

mniSvnelovania.  cnobilia, rom fiziologiur pirobebSi tvinis qsovilSi β-A-s deg-

radacia xorcieldeba endogenuri bioqimiuri gzebiT, kerZod, tvinis proteazebiT 

— nepriliziniT, endoTelin-makonvertirebeli fermentiT (ECE-1), insulin-madegra-

direbeli fermentiT (insulizini) da plazminiT, romlebsac SeuZlia gamoiwvios β-A 

degradacia, rogorc in vitro, ise in vivo. aRniSnuli fermentebis es Tviseba uzrunvel-

yofs tvins bunebrivi dacviT β-A-s dagrovebisagan. paTologiur pirobebSi amilo-

id-madegradirebeli fermentebis eqspresiis an aqtivobis daqveiTebas SesaZlebelia 

mohyves β-APP-s dagroveba da alcheimeris daavadebis ganviTareba.  

β-A-is toqsikuri efeqti ar aris damokidebuli uSualod neironSi Jangbadis aq-

tiuri formebis arsebobaze, Tumca cnobilia, rom neirodegeneraciuli procesebi 

neironebSi mimdinareobs JangviTi stresis fonze. SesaZlebelia, rom neironSi Jan-

gviTi stresis warmoqmnis mizezi damokidebuli iyos im faqtorebze, romlebic in-

ducirebs daavadebas. amaze miuTiTebs aluminis SesaZlo monawileoba alcheimeris 

daavadebis ganviTarebaSi. epidemiologiurma gamokvlevebma aCvena, rom daavadebis 

SemTxvevaTa sixSire korelaciaSia niadagsa da produqtebSi aluminis dagrovebas-

Tan. amave dros, dadginda, rom seniluri laqebis siaxloves, aseve aRiniSneba alumi-

nis koncentraciuli mateba. amis gaTvaliswinebiT, gaCnda mosazreba, rom aluminma 

SesaZlebelia provocireba gaukeTos β-amiloidis winamorbedi cilis `araswor~ me-

tabolizms. Tumca, neiroqimiurma eqsperimentebma ver daadastures aluminis toq-

sikuri zemoqmedeba neironebis metabolizmze — arasasurvel efeqts iwvevda alumi-

nis is dozebi, romelic gacilebiT aRemateba am metalis Semcvelobas wyalsa da sak-

veb produqtebSi. bolo monacemebis gaTvaliswinebiT, miuxedavad imisa, rom TviTon 

alumini warmoadgens sakmaod inertul metals da iwvevs ujredis sikvdils mxolod 

maRal koncentraciebSi (100mkm-ze meti), JangviTi stresis gamomwvev faqtorebTan 

erTad is mkveTrad zrdis ujredis nekrozis SesaZleblobas. naCvenebi iyo, rom alu-

mini aZlierebs NMDA-s eqsaitoqsikurobas. amave dros, es efeqti miiRweva sakmaod 

mcire droSi. SesaZlebelia, aluminis moqmedeba aqtiur neironebze  gacilebiT uf-

ro toqsikuria, vidre mosvenebul mdgomareobaSi myofi neironebis SemTxvevaSi. imis 

gaTvaliswinebiT, rom tvinis neironebi xasiaTdeba mudmivad maRali aqtivobiT, 

aluminis toqsikuroba am pirobebSi,  savaraudod, gacilebiT maRalia, vidre in vitro 
cdebSi.  

bolo xanebSi naCvenebi iyo, rom preselinebi modulirebs endoplazmaturi de-

poebidan kalciumis ionebis gamoTavisuflebis process. miuxedavad imisa, rom uSua-

lod preselinebSi ar aRiniSneba Ca2+-damakavSirebeli ubnebis arseboba, maT SeuZli-

aT urTierTqmedeba  kalcium-mgrZnobiare cilebTan — kalsenilinTan, sorcinTan da 

kalmirinTan. kalciumis ujredSida homeostazis am tipis regulireba arRvevs nei-

ronebSi glutamatis STanTqmis process, rac iZleva saSualebas vivaraudoT, rom sa-

signalo Ca2+-is destabilizacia mniSvnelovan rols asrulebs neironebis daRupvaSi 

da alcheimeris daavadebis ganviTarebaSi.  

sainteresoa, rom alcheimeris daavadebis amiloiduri Teoria aTeuli wlis gan-

mavlobaSi ver damkvidrda neirofibrilaruli Teoriis momxreebis gamo, romelTa 

azriT, swored es warmonaqmnebia daavadebis ZiriTadi gamomwvevi mizezi. daavade-

bulTa Tavis tvinSi marTlac warmoiqmneba e.w. tau-cilis mWidro jaWvebi mikrofib-
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rilebTan. tau-cila warmoadgens specifikur proteins, romelic neironis sxeulSi 

da morCebSi ukavSirdeba mikromilakebs, axdens maT stabilizacias da amiT uzrun-

velyofs aqsonaluri transportis normalizacias (sur.IV.38A). am cilis Tviseba mo-

axdinos mikromilakebis stabilizacia, aixsneba mis molekulaSi garkveuli raode-

nobis fosfatebis jgufis arsebobiT.  

 

 
suraTi IV.38. tau-cila 

A-tau-cilis struqturuli gamosaxuleba; 

B-tau-cilis fosforilireba da defosforilireba 

 

 

tau-cilis fosforilireba mimdinareobs specifikuri kinazebis daxmarebiT 212-e 

da 422-e serinis naSTze, aseve 214-e Tirozinze, xolo defosforilireba — fosfata-

zebiT (sur.IV.38B).  

daavadebis procesSi aRiniSneba tau-cilis hiperfosforilireba, rac arRvevs am 

cilis normalur struqturas da, Sesabamisad, mikromilakebis stabilizacias, risi 

Sedegicaa hiperfosforilirebuli  tau-cilis neirofibrilaruli grovebis warmoq-

mna neironSi, mikromilakebis destabilizacia da sabolood neironis daRupva 

(sur.IV.39).   

erTaderTi sawinaaRmdego argumenti amiloiduri Teoriis momxreebisagan iyo 

is, rom tau-cilovani neirofibrilebi ar aris specifikuri alcheimeris daavadebi-

saTvis da isini gvxvdeba sxva paTologiebis SemTxvevaSic. neirofibrilaruli for-

miT tau-cila kargavs Tavis funqciebs da iZens neirotoqsikur Tvisebebs. 

 

 
 

suraTi IV.39. fosforilirebuli da defosforilirebuli tau-cila 

 

mravali wlis ganmavlobaSi davis sagans warmoadgenda sakiTxi imis Sesaxeb, Tu 

romelia pirveladi — seniluri laqebi, Tu neirofibrilaruli gorglebi. arcTu ise 

didi xnis win, sadavo sakiTxi sabolood gadawyda — dadgenili iqna, rom β-amiloidi 

astimulirebs tau-cilebis hiperfosforilirebas, fibrilebis warmoqmnas da, Sesaba-

misad, neirodegeneraciul cvlilebebsac, rac miiRweva specifikuri kinazuri aqti-
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vobis mqone fermentiT. es ukanaskneli, Tavis mxriv, iwvevs tau-cilebis gaZlierebul 

fosfoforilirebas. fosforilirebuli tau-cila kargavs unars daukavSirdes mik-

romilakebs da amiT moaxdinos maTi stabilizireba. mikromilakebi iSleba da neiro-

nebSi fosforilirebuli tau-cilebis xarjze, Cndeba neirofilamenturi warmonaq-

mnebi.  

parkinsonis daavadeba. parkinsonis daavadeba nela mimdinare, progresirebadi 

qronikuli daavadebaa, romelic viTardeba umetesad ufrosi asakis adamianebSi. daa-

vadeba gamowveulia neiromediator dofaminis masinTezebeli neironebis progresi-

rebadi daRupviT Sav substanciaSi. daavadebis simptomebia: kunTovani rigiduloba, 

tremori, hipokinezia  (organizmis gansakuTrebuli mdgomareoba, romelic gamowve-

ulia moZraobis aqtivobis ukmarisobiT) da posturaluri aramdgradoba (klinikuri 

sindromi,  romelic xasiaTdeba wonasworobis SenarCunebis darRvevaSi ama Tu im po-

zis Secvlis dros). 

uneblie moZraobebis kontroli xorcieldeba Tavis tvinis qerqis Sublis wiliT, 

saidanac nervuli impulsebi gadaecema kidurebs. Suamavlis rols neironebsa da si-

nafsebs Soris asrulebs qimiuri transmiterebi, romelTa Soris umniSvnelovanesia 

acetilqolini. kontrolirebadi moZraobebis aqtSi CarTulia, aseve, piramidaluri 

sistema. procesis erTianobisaTvis mniSvnelovania kontroli ara marto kontroli-

rebad, aramed uneblie moZraobebzec. am funqcias asrulebs eqstrapiramidaluri 

sistema, romelic uzrunvelyofs SesaZleblobas Sewyvitos dawyebuli moZraoba. es 

sistema aerTianebs bazaluri gangliebis struqturebs, romlebic ganlagebulia 

mogrZo tvinis sazRvrebs gareT (aqedan warmodgeba termini — eqstrapiramidaluri 

sistema). neirotransmiteris funqcias, romelic monawileobs moZraobis kontrol-

ze, asrulebs dofamini. parkinsonis daavadebis safuZvelia dofaminerguli neiro-

nebis degeneracia. dofaminerguli neironebis funqciis darRveva iwvevs disbalanss 

Semaferxebel (dofaminur) da amagznebel (acetilqolinur) neirotransmiterebs So-

ris, rac klinikurad vlindeba parkinsonis daavadebis formiT.  daavadebisas yvela-

ze metad ziandeba Savi substanciis ujredebi, romlebic akontrolebs uneblie moZ-

raobebsa da maT xasiaTs. daavadebis dasawyisSi xdeba daRupuli neironebis kompensi-

reba sxva neironebiT, magram roca  daRupuli neironebis ricxvi aRwevs 50-80%-s, Ta-

vis tvinis dauzianebeli ubnebi veRar axerxebs samuSaos Sesrulebas. am momentidan 

tvinis ubnebi, romlebic CarTulia moZraobiT aqtivobaSi, maT Soris bazaluri gan-

glia, Talamusi da Tavis tvinis qerqi, veRar axerxebs SeTanxmebul moqmedebas da 

moZraoba xdeba arakontrolirebadi.  

parkinsonis daavadebis mkurnaloba, romelic mdgomareobs neirotransmitere-

bis darRveuli disbalansis aRdgenaSi, SesaZlebelia mimarTuli iyos tvinSi an do-

faminis raodenobis matebaze an acetilqolinis donis Semcirebaze. 

parkinsonis daavadeba viTardeba Savi substanciis dofaminerguli neironebis 

degeneraciis Sedegad. dofamini gamomuSavdeba da grovdeba presinafsuri neirone-

bis sinafsur vezikulebSi da Semdgom, nervuli impulsis zemoqmedebiT, Tavisuf-

ldeba sinafsur arxSi, sadac ukavSirdeba postsinafsuri neironis membranaze arse-

bul Sesabamis dofaminergul receptorebs. reaqciaTa am jaWvs mosdevs nervuli im-

pulsis Semdgomi gatareba postsinafsuri neironis mier. 

parkinsonis daavadebiT gardacvlili pacientebis Sav substanciaSi aRmoCenilia 

cilovani grovebi — levis sxeulebi (saxeli ewoda maTi aRmomCeni germaneli paTo-

logoanatomis pativacemad). analogiuri warmonaqmnebi damaxasiaTebelia aseve al-

cheimeris daavadebasa da hantingtonis qoreasaTvisac. es klasterebi warmoadgens 

destruqciuli cvlilebebis mizezs, Tu piriqiT, asrulebs damcvelobiT funcias, 
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kerZod, xels uSlis neironisaTvis toqsikuri cilebis gavrcelebas mTels ujredSi 

(akoncentrirebs neironisaTvis toqsikur cilebs da amiT zRudavs maT gavrcelebas 

ujredSi) — jerjerobiT ucnobia. arsebobs mosazreba, rom cilebis klasterizaciis 

mizezis axsna SesaZlebelia gaxdes parkinsonis  daavadebis molekuluri meqanizme-

bis dadgenis safuZveli.  

daavadebis mimdinareobis procesSi sayuradReboa ori ujredSida movlena: ci-

lebis sivrciTi struqturebis Camoyalibeba da maTi eliminacia. cilebi sinTezdeba 

ujredSi aminomJavebisagan agebuli polimerebis saxiT. sinTezis dasrulebis Sem-

dgom cilovani molekulebi iRebs kompaqturi mesameuli struqturis mqone globu-

lis formas specialuri molekulebis — Saperonebis daxmarebiT. konfiguraciada-

karguli cilebisaTvis Tavdapirveli struqturis aRdgena isev SaperonebiT mimdi-

nareobs. Saperonebi cilebis jgufia, romelTa funqcias warmoadgens sxva cilebis 

swori natiuri mesameuli an meoTxeuli sruqturis aRdgena da aseve, cilovani kom-

pleqsebis warmoqmna da maTi disociacia. Saperonebi pirvelad aRmoCenili iqna 1978 

wels. isini gvxvdeba yvela cocxal organizmSi da maTi moqmedebis meqanizmi mdgoma-

reobs cilebTan arakovalenturad dakavSirebasa da maT `gaxsnaSi~ АТP-is hidroli-

zis Sedegad  warmoqmnili  energiis xarjze.  

im SemTxvevaSi, Tu raime mizezis gamo Saperonuli sistema gamova mwyobridan, 

araswored dalagebuli cilebi xdeba  e.w. ubiqvitin-proteasomuli sistemis samiz-

neebi. kerZod, Tavdapirvelad anomaluri konformaciis cilebs ukavSirdeba mcire 

zomis cila — ubiqvitini (process ubiqvitinireba ewodeba). pirvel ubiqvitinire-

bul molekulas ukavSirdeba meore da a.S. es procesi grZeldeba manam, sanam struq-

turadakarguli cilis gaswvriv  ar warmoiqmneba jaWvi, romelic iTvleba signalad 

proteasomebisaTvis (nervuli ujredebis `damlagebeli~), rom maT daiwyon anomalu-

ri cilis daSla Semadgenel aminomJavebad. Tavis tvinSi arasworad SefuTuli cile-

bis (levis sxeulebi) grovebis arseboba iTvleba parkinsonis daavadebis utyuar niS-

nad. amrigad, araswori konformaciis cilebis warmoqmna warmoadgens parkinsonis 

daavadebis sawyis etaps. rogorc aRvniSneT, dauzianebel ujredSi cilovani mole-

kulebis swor sivrciT konformacias uzrunvelyofs Saperonebi (sur. IV.40).  

 
suraTi IV.40. SaperonebiTa da proteasomebiT 

defeqturi cilis moqmedebis acileba 
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im SemTxvevaSi, roca cilebi ewyoba araswori konformaciiT (sur. IV.40а), an gar-

kveuli mizezebis gamo kargavs swor konformacias, Saperonebi asworebs situacias 

(sur. IV.40b). Tu Saperonuli sistema ar muSaobs, cila rCeba araswor konformaciaSi 

(sur. IV.40c) da proteasomebi Slis mas manam, sanam isini zians miayenebs ujreds. es 

procesi Semdegnairad mimdinareobs: Tavdapirvelad, specialuri cila — parkinis 

daxmarebiT ubiqvitini ukavSirdeba araswori konformaciis cilas. ubiqvitinebisa-

gan Semdgari jaWvi iZleva signals proteasomebis moqmedebisaTvis, romelic Slis 

cilas Semadgenel aminomJavebad, romlebsac, SemdgomSi, isev ujredi iyenebs.  par-

kinsonizmiT daavadebulebis proteasomuli sistema ar muSaobs. am SemTxvevaSi, 

araswori konformaciis cilebi grovdeba neironebSi, vinaidan Saperonebi ver as-

wrebs cilebis normalizebas, xolo proteasomebi — maT daSlas, ris Sedegadac nei-

ronebi iRupeba. aseTi anomaliis  gamomwvevia mutaciebi or genSi, erTi akodirebs 

cila sinukleins, xolo meore — parkins (sur.IV.41).  

 

 
 

suraTi IV.41.  cila parkinisa da sinukleinis 

monawileoba levis sxeulebis formirebaSi 

 

parkinsonis daavadeba SesaZloa gamoiwvios Zalian iSviaTma mutaciam cila-si-

nukleinis makodirebel genSi. mutanturi cila iZens iseT sivrciT konformacias, 

romlis drosac proteasomas ar SeuZlia misi daSla (sur.IV.41а). anomaluri cilebi 

grovdeba klasterebad — levis sxeulebad (sur.IV.41b). Tavdapirvelad klasterebi 

aZlevs ujreds garkveul upiratesobas, kerZod, isini iRupeba ufro gvian, vidre im 

SemTxvevaSi, Tu araswori konformaciis cilebi gadanawilebuli iqneboda mTel nei-

ronSi.  

mutantur parkins ar SeuZlia daukavSiros ubiqvitini dasaSlel cilebs, ris ga-

moc proteasomebiT isini veRar iSleba (sur.IV.41а). aseTi cilebis raodenoba ujred-

Si droTa ganmavlobaSi matulobs, isini warmoqmnis levis sxeulebs da neironi swra-

fad iRupeba (sur. IV.41b) . 
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neironebis Seswavlam aCvena, rom cila parkini, romelic aregulirebs ferment 

monoaminooqsidazas (mao) gamomuSavebas, xels uwyobs dofaminis daSlas. geni PARK2, 
romelic akodirebs parkins,  zrdis monoaminooqsidazas aqtivobas da dofaminis de-

ficits. fermentis koncentraciis matebas  Tan sdevs JangviTi stresi da ujredebis 

daRupva, ris Sedegadac cvlilebebi  Seuqcevadi xasiaTis  xdeba.  

hangtingtonis daavadeba.  hangtingtonis daavadeba, anu rogorc mas uwodeben 

hangtingtonis qorea (berZnulad "choreia" – cekvas niSnavs) erT-erTi yvelaze mZime 

da progresirebadi neirodegeneraciuli daavadebaa. daavadeba xasiaTdeba uneblie, 

swrafi da araregulirebadi moZraobebiT,  romlebic warmoiqmneba sxvadasxva kunTe-

bis muSaobiT. daavadeba SesaZlebelia ganviTardes nebismier asakSi — bavSvobaSic da 

70 wels zemoT, Tumca yvelaze xSirad simptomebi Cndeba 30-50 wlis asakSi da mimdina-

reobs fsiqikuri darRvevebis fonze (demencia, depresia, romelsac Tan axlavs emo-

ciuri kontrolis darRvevebi, xSiri gaRizianebisa da agresiis fonze). daavadebis 

xangrZlivoba saSualod 15 welia.  

hangtingtonis daavadebis damaxasiaTebeli niSania striatumis (zoliani sxeu-

lis) dazianeba, rac vlindeba gaem-erguli neironebis daRupviT. amave dros, qoli-

nerguli neironebi rCeba SedarebiT dauzianebeli. bazalur birTvebSi mniSvnelov-

nadaa Semcirebuli gaem-is koncentracia da ferment glutamat-dekarboqsilazas 

(monawileobs gaem-is warmoqmnaSi glutaminis mJavidan) aqtivoba. Semcirebulia ase-

ve sxva neiromediatorebis, magaliTad, enkefalinebisa da Р-nivTierebis koncentra-

ciac.   

daavadebis gamomwvevia mutacia  cila hangtintinis (Htt) makodirebel genSi, ro-

melic lokalizebulia me-4 qromosomis mokle mxarze. geni Seicavs ganmeorebad tri-

nukleotidur CAG-Tanamimdevrobebs, romlebic akodirebs hangtintinis Semadgen-

lobaSi glutaminis arsebobas. am mizezis gamo hangtingtonis da mis msgavs daavade-

bebs (spinobulbaruli kunTovani atrofia, spinocerebraluri ataqsia da sxv.) po-

liglutaminuri davadebebi ewodeba. am tipis daavadebebis dros dnm-is molekulaSi 

warmoiqmneba mravaljeradad ganmeorebadi CAG-Tanamimdevrobebi, rac iwvevs dasin-

Tezebul cilaSi poliglutaminis Semcveli ubnebis warmoqmnas. hangtingtonis daa-

vadebisaTvis damaxasiaTebelia neironis birTvSi (zogierT SemTxvevaSi sxva adgila-

sac) uxsnadi, dadebiTi imunoreaqciuli mutanturi cilebis (Seicavs 74 poligluta-

minur ganmeorebas) arseboba.  arsebobs mosazreba, rom poliglutaminuri jaWvebis 

arseboba Trgunavs mitoqondriebis funqcionirebas da zogierTi, energetikul me-

tabolizmSi monawile fermentis, magaliTad, gliceraldehidfosfatdehidrogena-

zas aqtivobas. aseve arsebobs monacemebi daavadebis dros neironebSi mimdinare gaZ-

lierebuli apoptozuri procesebis Sesaxeb. Tumca, urTierTqmedebis xasiaTi agre-

gatebis warmoqmnaSi monawile intermediatebis struqturul cvlilebebsa da im 

stadias Soris, roca es struqturebi azianebs ujreds da warmoqmnis agregatebs, 

aseve neironalur disfunqciasa da ujredis daRupvas Soris — ucnobia.  

daavadebis adreul stadiaze ujreduli defeqtebis dagrovebis acileba mimdi-

nareobs Saperonebis — siTburi Sokis cilebis (Heat shock proteins, Hsp) daxmarebiT. 

zogierT Saperons, magaliTad Hsp70 da Hsp40, SeuZlia daukavSirdes birTvul agre-

gatebs.  modelebze Catarebuli cdebiT nanaxia, rom Hsp70 da Hsp40-is eqspresia amci-

rebs birTvuli agregatebis warmoqmnas da maT citotoqsikur efeqtebs. aseve, mcir-

deba neironebis daRupvis intensivobac. aRsaniSnavia, rom ujredul cila TRiC-s Se-

uZlia urTierTqmedeba uSualod hangtintinis poliglutaminur ubanTan da misi ag-

regaciis SeCereba, xolo TRiC-is gaZlierebuli eqspresia Trgunavs ara marto cilis 
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agregatebis warmoqmnas, aramed anelebs neironuli ujredebis daRupvis processac.  

poliglutaminuri daavadebebis SemTxvevaSi SaperonebiT citotoqsikurobis daqve-

iTebis da neironebis daRupvis acilebis meqanizmi jerjerobiT ucnobia.  

neirodegeneraciul daavadebebs miekuTvneba, aseve, sxva daavadebebic, romle-

bic naklebi sixSiriT gvxvdeba. zogierTi maTgani memkvidreobiT xasiaTs atarebs. am 

daavadebebs miekuTvneba niman-pikis daavadeba, turetis sindromi, gverdiTi amiot-

rofuli sklerozi da sxv.  

turetis sindromi. daavadeba vlindeba 2-14 wlis asakSi saxis kunTebis, kisris, 

zeda da qveda kidurebis uneblie moZraobebiT, sasunTqi sistemisa da metyvelebis 

procesSi monawile kunTebis hiperkineziT, rasac mosdevs inteleqtis daqveiTeba da 

sxvadasxva paTologiuri emociuri gamovlinebebi. sindromis warmoqmna dakavSire-

bulia  zolian sxeulSi iseTi nierotransmiterebis Warbi gamomuSavebiT, rogori-

caa noradrenalini da dofamini. amave dros, SeiniSneba nervuli impulsebis gatare-

bis siCqaris zrda aferentul gzebSic.  

niman-pikis daavadeba — memkvidreobiTi tipis daavadebaa (lipidozi), rac gamow-

veulia ferment sfingomielinazas raodenobis klebiT. fermenti lokalizebulia 

lizosomebSi da misi simcire iwvevs sfingomielinisa da sxva lipidebis dagrovebas 

RviZlSi, limfur kvanZebSi, elenTasa da Tavis tvinis neironebSi. daavadebisaTvis 

damaxasiaTebelia gonebrivi ganviTarebis Seferxeba, kidurebis kunTebis rigidu-

loba da epilefsiuri movlenebi.  

prionuli neirodegeneraciuli daavadebebi. prionuli daavadebebis gamomwve-

via infeqciuri agentebis gansakuTrebuli jgufi, romlebic warmodgenilia mxolod 

dabalmolekuluri cilovani molekulebiT (27-30kdal) da ar Seicavs nukleinis mJa-

vebs. yvela prionuli daavadebisaTvis damaxasiaTebelia cns-is msgavsi dazianebebi, 

rac vlindeba neironis sxeulis, aqsonis, dendritebis, aseve, astrocitebisa da oli-

godendrocitebis progresirebadi vakuolizaciiT, astrogliis proliferaciiTa 

da moculobis gazrdiT, rac sabolood mTavrdeba ruxi nivTierebis Rrublisebur 

struqturad gardaqmniT da e.w. Rrubliseburi  encefalopaTiebis CamoyalibebiT. 

ZuZumwovrebSi prionebi iwveven iseT daavadebebs, rogoricaa transmisiuri Rrub-

liseburi encefalopaTia, maT Soris  ganixileba msxvilfexa saqonlis Rrublisebu-

ri encefalopaTia adamianSi prionuli daavadebebia — kreitcfeldt-iakobsis daava-

deba, gertsman-Strausles-Seinkeris sindromi, fataluri ojaxuri uZiloba da ku-

ru. yvela prionuli daavadeba iwvevs Tavis tvinisa da sxva nervuli qsovilis dazia-

nebas da dResdReobiT ar eqvemdebareba mkurnalobas da mTavrdeba letalurad. 

prionebi, Cveulebrivi infeqciuri agentebisagan (virusebi, baqteriebi, sokoebi, 

umartivesebi) gansxvavebiT, ar Seicavs genetikur aparats (ar gaaCniaT nukleinis 

mJavebi), Tumca, savaraudod, SeuZliaT gamravleba da zemoqmedeba organizmze. isini 

gansakuTrebiT gamZleni arian gareSe faqtorebisadmi: maTze ar moqmedebs 8000 C-mde 

gacxeleba, ultraiisferi gamosxiveba, maionizirebeli radiacia, ultrabgerebi, 

iseTi Zlieri antiseptikebi, rogoricaa formaldehidi da glutaraldehidi. prio-

nebi iCenen gamZleobas ujreduli proteazebis mimarT da amrigad, maT dagrovebas 

xels ar uSlis  lizosomuri fermentebi. prionebs SeswevT unari gazardon Tavisi 

raodenoba da amisaTvis iyeneben cocxal ujreds. am TvisebiT prioni virusis msgav-

sia.   

prioni anomaluri mesameuli struqturis cilaa, romelic akatalizebs homolo-

giuri, ujredis normaluri cilis konformaciul cvlilebebs. Cvulebriv, nomalu-

ri cilis gardaqmnas prionul cilad Tan axlavs misi α-spiralis gardaqmna  β-konfi-

guraciad (sur.IV.42).  
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suraTi IV. 42. normaluri da anomaluri PrP-cila 
 

am gziT warmoqmnil cilis molekulas, rogorc wesi, SeuZlia  cilebis sxva mo-

lekulebis gadawyobac. amgvarad, iwyeba jaWvuri reaqcia, romlis drosac warmoiq-

mneba arasworad dalagebuli cilebis didi raodenoba. prionebi erTaderTi infeq-

ciuri agentebia, romlebic mravldebian nukleinis mJavebis monawileobis gareSe. 

Tumca sakiTxi imis Sesaxeb, ramdenad wamoadgens prionebi sicocxlis formas, dRes-

dReobiT Riad rCeba.    

prionuli daavadebebis (ing. proteinaceous infectious particles – cilovani infeqciuri 

nawilebi), rogorc infeqciuri daavadebebis kvleva daiwyo mas Semdeg, rac irlandi-

elma mecnierma-veterinarma sigurdsonma yuradReba miaqcia Txebisa da cxvrebis uC-

veulo daavadebas — cxovelebs ewyebodaT Zlieri qavili, romelsac Tan erTvoda 

moZraobis koordinaciis darRveva da sxva, cns-is paTologiebisaTvis  damaxasiaTe-

beli darRvevebi. daavadeba yvela SemTxvevaSi mTavrdeboda letalurad.  

daavadebis gamomwvevia cila PrP. misi normaluri mesameuli struqtura  iwodeba 

PrPC-ad (ing. dasaxelebidan cellular – ujreduli), xolo infeqciuri, anomaluri forma 

PrPSc-ad (ing. dasax. scrape – fxaWna, xexva). PrPC ZuZumwovrebis ujredebSi membranuli 

cilaa, romelic adamianSi kodirdeba PRNP-geniT. igi Sedgeba 208 aminomJavuri naS-

Tisagan da misi molekuluri masa 36kdal-ia. PrPC-is struqturaSi  ganirCeva N-bolo 

ubani da globularuli domeni, romelic Sedgeba sami − σπιραλισαγαν da orjaWviani  

antiparaleluri β-struqturisagan. membranasTan dakavSirebis mixedviT cnobilia 

PrPC-is ramdenime forma: ori transmembranuli da erTi membranasTan glikolipidu-

ri RuziT dakavSirebuli forma. 

sxva xsnadi cilebisagan gansxvavebiT, prionebi ileqebian maRali siCqariT cen-

trifugirebisas, rac warmoadgens standartul tests maTi aRmoCenisaTvis. PrPC   xa-

siaTdeba maRali TvisobiT orvalentiani spilenZis kaTionebis mimarT.  am faqtis 

mniSvneloba ucnobia, Tumca fiqroben, rom dakavSirebuli unda iyos mis struqtu-

rasTan an funqciasTan. arsebobs monacemebi imis Sesaxeb, rom PrPC asrulebs mniSvne-

lovan rols ujredebis Sewebebisa da ujredSida signalebis gadacemis procesSi da, 

amrigad, SesaZlebelia CarTuli iyos tvinis ujredebis sakomunikacio qselSi. iT-

vleba, rom is monawileobas iRebs aseve neironebis aqsonebis mielinuri garsis kon-

formaciuli mdgomareobis SenarCunebSi. amave dros, SesaZlebelia PrP-cila warmo-

adgendes spilenZis ionebis gadamtans ujredgare aredan nervuli ujredebis ci-

toplazmaSi. rogorc cnobilia, spilenZi Sedis citoqromoqsidazas Semadgenloba-

Si, romelic CarTulia mitoqondriuli sunTqvis jaWvis funqcionirebaSi da, amri-

gad, warmoadgens ujredis energiis generaciisaTvis aucilebel komponents. gamoT-

qmulia mosazreba PrP-cilis monawileobis Sesaxeb apoptozis induqciis gamomwvevi 

sasignalo kaskadis funqcionirebaSic.  



 

 185

PrP Tavisi TvisebebiT miekuTvneba amiloiduri cilebis jgufs, romelTa Semad-

genlobaSi Sedis β-amiloidi (alcheimeris daavadeba), hangtingtini (hangtintonis 

daavadeba), α-sinukleini (parkinsonis daavadeba) da mravali sxva cila, romlebic iw-

vevs neirodegeneraciul da sxva amiloidur paTologias. iseve, rogorc sxva amilo-

idur cilebs, PrP-sac axasiaTebs Tviseba imyofebodes or konformaciul mdgomare-

obaSi: xsnad PrPC formaSi (normalur SemTxvevaSi aseTi formiT gvxvdeba cns-Si) da 

uxsnadi, proteazasadmi gamZle amiloiduri PrPSc-fibrilebis formiT. Tumca, sxva 

amiloiduri cilebisagan gansxvavebiT, misTvis damaxasiaTebelia gansakuTrebuli 

Tviseba — mis fibrilebs an fibrilebis fragmentebs SeuZlia erTi individidan gada-

vides meoreze, rogorc infeqciuri agenti. isini sinTezdeba marcvlovan endoplaz-

mur retikulumSi, gadadis goljis aparatSi, Semdgom, egzocitoziT gadaitaneba 

ujredis membranasTan da ukavSirdeba ujreds intrasticialurad (ujredgare mxri-

dan). garkveuli xnis Semdgom PrP cila brundeba ujredSi da Semdeg kvlav gadaitane-

ba ujredis zedapirze. TiToeuli aseTi ciklis Sesrulebas sWirdeba erTi saaTi.  

prionis infeqciur PrPSc izoformas SeuZlia konformaciuli cvlilebebis xarj-

ze  gardaqmnas normaluri  PrPC  Tavis msgavs formad, rac cvlis am ukanasknelis ur-

TierTobis xasiaTs sxva cilebTan. miuxedavad imisa, rom sabolood ar aris detalu-

rad dadgenili PrPSc-is sivrciTi struqtura, iTvleba, rom mis molekulaSi α-spira-

lis magivrad Warbobs β-struqtura. aseTi arastandartuli izoformebi erTiande-

bian amiloidur boWkoebad, romlebic grovdebian da qmnian CanarTebs. Tumca ucno-

bia, warmoadgenen es CanarTebi dazianebis mizezs, Tu paTologiis gverdiT pro-

duqts. TiToeuli boWkos daboloeba, Tavis mxriv, warmoadgens `falias~, romelze-

dac magrdeba Tavisufali PrPSc cilis molekula, rac zrdis fibrilis zomas.   

pirveli hipoTeza, romelic xsnida sxva molekulebis daxmarebis gareSe prione-

bis garavlebas, iyo heterodimeruli modeli. am hipoTezis mixedviT, PrPSc-is erTi 

molekula ukavSirdeba PrPC-is erT molekulas da akatalizebs am  ukanasknelis ga-

dasvlas prionul (PrPSc) formaSi. amis Semdgom ori PrPSc molekula scildeba erTma-

neTs da damoukideblad ganagrZnobs sxva PrPC-ebis gadayvanas PrPSc-Si (sur. IV.43). 

heterotrimerul modelis alternatiur modelad iTvleba fibrilaruli mode-

li, romelic gulisxmobs, rom  PrPSc arsebobs mxolod fibrilebis saxiT, romlis 

boloebi ikavSireben PrPС-s, romelic gardaiqmneba PrPSc-ad. daavadebis ganviTarebis 

paralelurad aRiniSneba PrPSc-is raodenobis zrda, rac SesaZlebelia aixsnas fibri-

lebis `gatexviT~ Saperonuli cilebis daxmarebiT, romlebic Cveulebriv asufTave-

ben ujreds agregirebuli cilebisagan.  

 
 

suraTi IV.43. PrPSc-is warmoqmnis heterodimeruli (A) da fibrilaruli (B) modelebi 
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gverdiTi amiotrofuli sklerozi. progresirebadi, qronikuli fataluri da-

avadebaa, romelic xasiaTdeba centraluri da periferiuli motoneironebis dazia-

nebiT. gverdiTi amiotrofuli sklerozi miekuTvneba mamoZravebeli neironebis da-

avadebis jgufs, roca SerCeviTad ziandeba centraluri (qerqovani) da periferiuli 

mamoZravebeli neironebi. iTvleba, rom daavadebis mizezia Cu/Zn-damokidebuli su-

perosiddismutazas (sod-1) masinTezirebel genSi momxdari mutaciebi.  

gverdiTi amiotrofuli sklerozis  SemTxvevaSi motoneironebSi swrafad iSle-

ba citoConCxi. aqsonebSi xSirad SeiniSneba neirofilamenturi grovebis gafarToe-

bebi, Tumca ar aris nanaxi cvlilebebi intersticialur da  damxmare sayrden qso-

vilSi (astrocitebi, oligodendrocitebi) da mikrogliaSi. gverdiTi amiotrofuli 

sklerozis damaxasiaTebeli Tvisebaa mxolod motoneironebis dazianeba. cns-is sxva 

struqturebis neironebSi  cvlilebebi ar  aRiniSneba, Tuca SeiniSneba  ubiqvitinis 

grovebi (degeneraciis niSani). daavadebis procesSi sxva neironebis CarTulobaze 

metyvelebs aseve cvlilebebi glukozis metabolizmSi.   SesaZlebelia, rom neirone-

bis daRupvis mizezi iyos amagznebeli mediatori glutamati. am mediatoris toqsi-

kuri moqmedebisagan neironebi daculia sod-1-iT, fermentiT, romelic uzrunvel-

yofs superoqsidis radikalis gauvnebelyofas.  

IV.4.2. nervuli sistemis autoimunuri daavadebebi 

autoimunuri daavadebebis mizezia im meqanizmis darRveva, romlis daxmarebiTac 

moqmedebs organizmis imunuri sistema. am paTologiebis klasikuri magaliTia mias-

tenia da gafantuli sklerozi.  

gafantuli sklerozi. gafantuli sklerozi qronikuli autoimunuri daavade-

baa, romlis drosac ziandeba Tavis tvinisa da zurgis tvinis  nervuli boWkoebis mi-

elinuri garsi. mielinuri garsis dazianeba xorcieldeba imunuri ujredebiT, rasac 

sabolod mosdevs neironis daRupva. miuxedavad imisa, rom termini `sklerozis~ qveS 

igulisxmeba xandazmul asakSi mexsierebis darRveva, dasaxeleba `gafantuli skle-

rozi~ ar aris kavSirSi arc xandazmulobasTan  da arc mexsierebis darRvevebTan. ga-

fantuli sklerozisaTvis damaxasiaTebelia mTels nervul sistemaze mravlobiTi 

(gafantuli) kerebis arseboba — nervuli qsovilis Canacvleba SemaerTebeli qsovi-

liT da, Sesabamisad, nawiburebis (sklerozuli struqturebis) warmoqmna. 

daavadeba Tavs iCens axalgazrda da saSualo asakSi (15-40weli). daavadebis Tavise-

burebaa nervuli sistemis sxvadasxva ganyofilebis erTdrouli dazianeba, rasac mos-

devs gansxvavebuli paTologiuri nevrologiuri simptomebi. daavadebis morfologi-

uri safuZvelia Tavis tvinisa da zurgis tvinSi mielinis dazianeba. Sedegad, warmoebs 

gafantuli sklerozuli laqebis gaCena. laqebis zoma ramdenime milimetridan ramde-

nime santimetramdea. daavadebis progresirebasTan erTad izrdeba laqebis zomac. 

gafantuli sklerozis ganviTarebis mizezi zustad cnobili ar aris. dReisaTvis 

yvelaze miRebulia mosazreba imis Sesaxeb, rom daavadeba SesaZlebelia viTardebodes 

sxvadasxva arasasurveli gare da Sida faqtorebis zemoqmedebiT. arasasurvel gare 

faqtorebs miekuTvneba virusuli da baqteriuli infeqciebi, toqsikuri naerTebisa 

da radiaciis zemoqmedeba, kvebis Tavisebureba, travmebi, xSiri stresuli situaciebi.  

miastenia gravisi. miasteniis mizezia nerv-kunTovani gadacemis Sesusteba. ner-

v-kunTovani gadacemis neirotransmiters warmoadgens acetilqolini. daavadebul 

pacientTa 90%-is SardSi aRiniSneba postsinafsur membranaze ganTavsebuli ace-

tilqolinis nikotinuri receptoris mimarT warmoqmnili antisxeulebi, romlebic 
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urTierTqmedebs receptorTan da  iwvevs maTi acetilqolinTan dakavSirebis unaris 

Semcirebas, an darRvevebs ionebis transportirebaSi. pacientebSi aseve Semcirebu-

lia uSualod receptorebis raodenobac. daavadebis gamomwvevi mizezebi ucnobia. 

endokrinuli jirkvali Timusi, romelic monawileobs antisxeulebis warmoqmnaSi, 

CarTulia daavadebis ganviTarebis procesSi. TimusSi nanaxia acetilqolinis io-

notropuli receptoris antisxeulebi. pacientebma, daavadebis bunebidan gamomdi-

nare, SesaZlebelia Caitaron mxolod erTi saxis mkurnaloba, kerZod, moaxdinon 

ferment acetilqolinesTerazas aqtivobis inhibireba. amisaTvis iyeneben piridos-

tigminis bromids. acetilqolinerTerazas inhibireba iwvevs acetilqolinis raode-

nobis matebas da, Sesabamisad, acetilqolinuri stimulis gaZlierebas. mkurnalobis 

sxva SesaZleblobaa imunosupresiuli medikamentebis da steroidebis miReba an Ti-

musis qirurgiuli amokveTa.  

miastenia gravisis garda, samedicino praqtikaSi xSirad gvxvdeba aseve autoimu-

nuri daavadeba, romelsac lambert-itonis miasTeniuri sindromi ewodeba. daavade-

bis mizezs warmoadgens organizmSi presinafsuri membranis potencialdamokidebu-

li Ca2+-arxebis mimarT antisxeulebis gamomuSaveba. rogorc cnobilia, ujredis de-

polarizacia iwvevs maT gaxsnas da sinafsur terminalSi Ca-is ionebis raodenobis 

matebas, rasac Cveulebriv mosdevs sinafsuri vezikulebis presinafsur membranas-

Tan Sewyma da neirotransmiterebis sinafsur napralSi gadmosvla. am arxebis mimarT 

antisxeulebis warmoqmna nerv-kunTovani sinafsebis neironebSi axdens Ca2+-arxebis 

muSaobis blokirebas, ris gamoc ioni ver xvdeba sinafsur terminalSi da, Sesabami-

sad, ver asrulebs Tavis funqcias. acetilqolinis raodenoba, romelic nerv-kun-

Tovani sinafsis ZiriTadi neirotransmiteria, maqsimalurad mcirdeba. neirotran-

smiteris koncentraciis Semcirebis Sedegad kunTSi ar xdeba moqmedebis potencia-

lis warmoqmna da kunTis muSaoba minimalizdeba.  

Sizofrenia. Sizofrenia (Zv. berZnulidan  σχίζω – vapob da φρήν – goneba) poli-

morfuli fsiqikuri darRveva an fsiqikuri darRvevebis jgufia, romelic dakavSi-

rebulia azrovnebis procesebis da emociuri reaqciebis moSlasTan.  avadmyofobis 

yvelaze xSiri gamovlinebebia smeniTi halucinaciebi, paranoidaluri an fantasti-

kuri bodva, aseve, metyvelebisa da azrovnebis dezorganizebuloba mniSvnelovani 

socialuri disfunqciisa da muSaobis unaris darRvevis fonze. Sizofreniis gamom-

wvevi mizezebi ucnobia, Tumca ganixileba sxvadasxva faqtorebi, kerZod, fsiqolo-

giuri, socialuri, anatomiuri, bioqimiuri da sxva, romlebic savaraudod ganapiro-

bebs am paTologiis warmoqmnas. fiqroben, rom Sizofreniis CamoyalibebaSi CarTu-

lia Tavis tvinis prefrontaluri qerqisa da saferTqlis zeda da Sida qerqis wile-

bi, aseve hipokampi. 

arsebobs Sizofreniis bioqimiuri meqanizmebis sxvadasxva Teoria. kerZod, ganixi-

leba acetilqolinis, noradrenalinis, opiatebis, peptidebisa da sxvadasxva biolo-

giurad aqtiuri molekulebis monawileoba am daavadebis formirebaSi. Tumca, bolo 

xanebSi mecnierTa yuradReba miipyro dofaminma. gairkva, rom SizofreniiT daavade-

buli pacientebi, romlebic samkurnalod iyenebdnen neiroleptikur preparatebs, 

avaddebodnen parkinsonizmiT, rac, savaraudod, gamowveuli unda iyos am preparate-

bis gavleniT dofaminis raodenobaze. Sizofreniis dofaminuri Teoriis mixedviT, 

daavadebis mizezia hiperdofaminergia (im dros, roca parkinsonizmi ganixileba, ro-

gorc hipodofaminerguli mdgomareoba). dofaminis raodenobis gazrdis paralelu-

rad, qsovilebSi gazrdilia aseve dofaminis D2-tipis receptorebis raodenobac. daa-

vadebis samkurnalod gamoyenebuli farmakologiuri perparatebi, ZiriTadad, ori ka-

tegoriisaa — tipuri (qlorpromazini, haloperidoli da sxv.) da atipuri (klozapini, 
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risperidoni da sxv.) antifsiqozuri preparatebi. am  preparatebis moqmedebis meqa-

nizmi gansxvavebulia. haloperidolis farmakologiuri efeqti ganisazRvreba misi 

urTierTqmedebiT dofaminis D2-receptorTan. haloperidolisa da misi msgavsi prepa-

ratebis moqmedeba ganpirobebulia maTi supresoruli efeqtiT receptoris aqtivo-

baze, kerZod, mastabilizebeli zegavleniT araaqtiur D2-receptorze.  

sapirispiro efeqts iwvevs farmakologiuri preparati klozapini, romelic 

mniSvnelovnad aZlierebs dofaminis gamoTavisuflebas Tavis tvinis prefronta-

lur ubanSi da adrenoreceptorebis antagonistia. es efeqti SesaZlebelia, aseve, 

iwvevdes dofaminis raodenobis gazrdasac. 

Sizofreniis mkurnalobaSi gansakuTrebuli interesi gamoiwvia glutamatma da 

daavadebis mimdinareobisas misi NMDA-receptoris raodenobis Semcirebam. dadge-

nilia, rom Sizofreniis dros Tavis tvinSi araadekvaturadaa Semcirebuli NMDA-
receptoris raodenoba. is nivTierebebi, romlebic iwveven glutamaturi aqtivobis 

Semcirebas (fenciklidini, ketamini), Sizofreniismagvar simptomebis mizezi xdeba. 

is faqti, rom glutamats SeuZlia gavlena moaxdinos dofaminergul sistemaze da 

orive es sistema dakavSirebulia SizofreniasTan, metyvelebs glutamaturi sasig-

nalo gzebis monawileobaze daavadebis CamoyalibebaSi.  

IV.5. sensoruli procesebi 

IV.5.1. mxedvelobis procesis molekuluri meqanizmi 

mxedveloba — cocxali organizmebis arsebobis aucilebeli Semadgeneli nawilia. 

mxedvelobis procesi mimdinareobs Tvalis saSualebiT, romelsac rTuli agebule-

ba aqvs (sur.IV.44). 

mxedvelobis procesSi TvalSi Sesuli sinaTlis sxivi gaivlis rqovanas, wina ka-

meras, romelic Seicavs e.w. wylovan nams, brols, minisebur sxeuls da sabolood 

fokusirdeba baduraze. badura tvinis nawilia, romelic mas gamoeyo evoluciis ad-

reul stadiebze da dakavSirebulia tvinTan mxedvelobis nervis saSualebiT. badu-

ra Seicavs 125 milionamde sinaTlisadmi mgrZnobiare, e.w. fotoreceptorul ujre-

debs — Cxirebsa da kolbebs. 

 
 

suraTi IV.44. adamianis Tvali 
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fotoreceptoruli ujredebis ZiriTadi funqciaa sinaTlis impulsis generire-

ba eleqtrul signalad. baduraze warmoqmnili eleqtruli signali mxedvelobis 

nervis saSualebiT gadaecema specializebul ujredebs, romlebic tvinis siRrmeSi 

qmnis e.w. lateralur sxeuls, saidanac signali xvdeba tvinis qerqis mxedvelobis 

ubanSi.  

IV.5.1.1. fotoreceptoruli ujredebi 

badura mxedvelobis sistemis umniSvnelovanesi struqturaa, romelic sinaTlis 

sxivs gardaqmnis nervul signalad, rac warmoadgens mxedvelobis safuZvels. adamia-

nis badura firfitis formis warmonaqmnia, daaxloebiT milimetris meoTxedi sisqis, 

romelic Sedgeba nervuli ujredebis sxeulis sami Srisagan. Sreebi erTmaneTisagan 

gamoyofilia sinafsebis ori feniT. ujredebis ukana zedapiris Sre Seicavs sinaT-

lis mgrZnobiare receptorebs: Cxirebs da kolbebs (sur. IV.45). Cxirebi (daaxloebiT 

120 mln) pasuxismgebelia mxedvelobaze susti ganaTebis pirobebSi da iTiSeba kaSka-

Sa sinaTlze. kolbebi funqcionirebs mxolod kaSkaSa sinaTleze  da pasuxismgeblia 

ferad mxedvelobaze. 

 

 
suraTi IV.45. baduris fragmenti sami SriT (by Montgomery; 1995) 

 

fotoreceptoruli molekulebi signalis saxiT aRiqvams sinaTlis kvants. signa-

lis gadacemis principi fotoreceptorebsa da neironul ujredebSi msgavsia. Cxire-

bi  maRal mgrZnobelobas avlens sinaTlis signalisadmi da Zlieri ganaTebis piro-

bebSi ganicdis desensibilizacias. kaSkaSa sinaTlis pirobebSi mxedvelobis procesi 

uzrunvelyofilia kolbebiT (daaxloebiT 7 milioni). isini pasuxismgebelia mocu-

lobiT gamosaxulebazec, sagnebis gadaadgilebaze da aseve gamosaxulebis ferze. 

kolbebi Seicavs pigmentebs, romlebic STanTqavs sinaTlis sxivis sxvadasxva 

speqtrs. adamianis baduraze ganasxvaveben sami tipis kolbebs, romlebic STanTqavs 

xiluli sinaTlis sxivis speqtris mokle, saSualo da grZel talRebs. pigmentebis 

aseTi gansxvaveba safuZvlad udevs ferad mxedvelobas. susti ganaTebis pirobebSi 

kolbebi ar iRebs signals, ris gamoc Tvali ver aRiqvams ferad obieqts. 

Cxirebis receptoruli membrana Sedgeba izolirebuli diskebisagan, romlebic 

ar exeba plazmur membranas (sur. IV.46). amrigad, CxirebSi signalis gadacemisaTvis 

diskidan plazmur membranaze aucilebelia hidrofiluri qimiuri Suamavali.  

rogorc Cxirebi, aseve kolbebi pirobiTad iyofa or segmentad: gare da Sida. ci-

lindruli formis gare segmenti (sigrZe 10-50mkm, diametri 1-6 mkm) Seicavs fotore-
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ceptorebs, xolo Sida segmenti emsaxureba energiis generacias da Seicavs speciali-

zirebul aparats, romelic asinTezebs signalis gadacemaSi monawile Suamavals. Si-

da segmentidan formirdeba sinafsuri daboloeba, saidanac signali gadaecema ner-

vul boWkos.   

 

 
 

suraTi IV.46.  sinaTle-mgrZnobiare ujredebis struqtura 

 

amrigad, fotoreceptoruli ujredebi Sedgeba gare segmentisagan, Sida segmen-

tisagan da presinafsuri daboloebisagan. xerxemliani cxovelebis foto-recepto-

rebi (uxerxemloebisagan gansxvavebiT), fotomgrZnobiare gare segmentiT ganlage-

bulia sinaTlis sapirispiro mxares. amitom gare segmentamde misaRwevad, sinaTle 

gadis baduris nervul Sres. Tvalis aseTi agebuleba, savaraudod, dakavSirebulia 

Tvalis pigmentis regeneraciis efeqtur bioqimiur  procesebTan da gare segmentis 

uwyvet ganaxlebasTan.  

struqturulad Cxirebis gare segmenti warmoadgens ramdenime aseuli mWidrod 

SefuTuli, membranuli warmonaqmnebis — fotoreceptorebis grovas, romelic Sei-

cavs didi raodenobiT mxedvelobis receptors — rodofsins. rodofsini morfolo-

giurad da eleqtrulad gamoyofilia Cxiris gare segmentis plazmuri membranisagan. 

is warmoiqmneba gare segmentis bazalur nawilSi, rogorc Cxirebis plazmuri membra-

nis nakecebi. axalwarmoqmnili diskebi Tavdapirvelad ar aris gamoyofili plazmu-

ri membranisagan, Tumca formirebis procesSi diskebi plazmur membranas gamoeyofa 

da xdeba maTi izolireba. diskebis raodenoba   ramdenime aseulidan (dRis cxove-

lebSi) ramdenime aTasamdea (cxovelebSi, romlebic susti ganaTebis pirobebSi bi-

nadroben). kolbebis diskebi, Cxirebisagan gansxvavebiT, ontogenezis procesSi ar 

eyofa plazmur membranas da warmoadgens plazmuri membranis nakecebs. kolbebis ga-

re segmenti ramdenjerme naklebia Cxirebis gare segmentze. gare segmentebis ganax-

leba mudmivad mimdinareobs. segmentis bazalur mxareSi, diskebis warmoqmnis para-

lelurad, mis apikalur nawilSi xdeba Zveli diskebis mowyveta da Semdgom maTi fa-

gocitozi. fotoreceptoruli membranebis ganaxleba sxvadasxva organizmebSi gan-

sxvavebuli siCqariT mimdinareobs da varirebs 5-7 dRidan 80 dRemde.   

Sida segmenti gare segmentTan dakavSirebulia wvrili, cilindruli fexiT. Sida 

segmenti Seicavs ujredis metabolizmSi monawile aparats, maT Soris didi raodeno-

biT mitoqondriebs (romlebic uzrunvelyofs ujreds energiiT) da cilebis sinTez-

Si monawile goljis aparats. ujredis am nawilSi mimdinareobs yvela sinTezuri re-
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aqcia, maT Soris fotoreceptoruli diskebis sinTezic. aqvea lokalizebuli sakma-

od msxvili birTvi. 

fotomgrZnobiare ujredis presinafsuri daboloeba (kolbis `fexi~ da Cxiris 

`sferula~) axorcielebs kontaqts baduris nervul ujredebTan. presinafsur dabo-

loebaSi gvxvdeba sinafsuri zoli, romlis garSemo didi raodenobiTaa neiromedia-

torebiT  (glutamati) mdidari sinafsuri vezikulebi. 

fotoreceptoruli diski warmoadgens ori orSriani membranisgan agebul 

struqturas, romelic orientirebulia Cxiris sigrZivi RerZis gaswvriv. maTi ori-

entacia gare segmentSi uzrunvelyofilia citoConCxis cilebiT. diskis membrana 

tipuri biologiuri membranaa, romelic warmoqmnilia lipiduri biSrisagan, sadac 

CaZirulia cilebis molekulebi. masSi lipidebis Semcveloba 40%-ia, xolo cilebis 

— 60%. ZuZumwovrebis fotoreceptoruli membranis erT-erTi Taviseburebaa misi 

dabali siblante. masSi Semavali lipidebis 80%-s Seadgens poliujeri cximovani 

mJavebi (maTgan 70% fosfatidileTanolaminia). membranaSi qolesterini mcire rao-

denobiTaa (daaxloebiT 2%), rac ganapirobebs membranis dabal siblantes.  

mxedvelobis pigmentebi — fotoreceptorul membranaze lokalizebuli cilebi-

a, romlis SemadgenlobaSi Sedis glikoproteinuli bunebis opsini da qromoforuli 

nawili. xerxemlianebisa da uxerxemloebis, aseve adamianis  opsini erTmaneTisagan 

gansxvavebulia, xolo qromoforuli nawili identuria — warmodgenilia retinalis 

izoformiT — 11-cis-retinaliT (vitamin A-s aldehidi).  

IV.5.1.2.  fotorecepcia 

rodofsinis struqtura.  mxedvelobis pigmenti rodofsini warmoadgens integ-

ralur cilas (40kdal.). dadgenilia rodofsinis aminomJavuri Semadgenlobac, maga-

liTad, xaris Tvalis rodofsini 347 aminomJaviTaa warmodgenili. misi struqtura 

mocemulia suraTze IV. 47A. is 7 transmembranuli α-spiralisagan Sedgeba (ТМ1-ТМ7), 
romlebic erTmaneTTan diskis Sida  3 da 4 citoplazmuri maryuJiTaa dakavSirebu-

li. polipeptidis N-bolo diskis SigniTaa moqceuli, xolo С-bolo — citoplazmaSi. 

N-bolo glikozirilebulia, rac aucilebelia misi mesameuli struqturis formi-

rebisaTvis, membranaSi moqceul ubanSi lokalizebulia retinali, romelic kova-

lenturadaa dakavSirebuli opsinis molekulasTan. 

rodofsinis fotolizi. sibneleSi adaptirebuli baduris moxvedrisas sinaT-

leze, swrafad xdeba misi feris Secvla — wiTeli feridan  igi xdeba Ria yviTeli, rac 

gamowveulia mxedvelobis pigmentis fotolizis procesiT. es mravalstadiuri pro-

cesi safuZvlad udevs mxedvelobis meqanizms. rodofsinis fotolizis sqema moce-

mulia suraTze IV.47B. procesi ramdenime stadiisagan Sedgeba. pirvel stadiaze 11-

cis-retinali gardaiqmneba trans-retinalad. am dros xdeba rodofsinis  gadasvla 

fotorodofsinSi. procesis  saboloo produqtia metarodofsini II, romelic iSle-

ba opsinad da trans-retinalad.  

mxedvelobis ujredSi mimdinare yvela procesi, romelsac mosdevs mis membrana-

ze fotodenis generacia, SeiZleba pirobiTad or damoukidebel etapad daiyos: I 
etapi,  romelic mimdinareobs ujredis diskTaSoris sivrceSi da  xdeba rodofsinis 

agzneba da misi urTierTqmedeba transducinTan (T-Cxirebis G-cilaa); II etapi, rom-

lis drosac mimdinareobs fermentebis — fosfodiesTerazasa da guanilatciklazas  

aqtivacia da inaqtivacia. procesi mTavrdeba mxedvelobis ujredis citoplazmaSi 
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cGMP-is koncentraciis cvlilebiT. Tavis mxriv, fotofermentuli procesebi moi-

cavs  aqtivaciur da inaqtivaciur stadiebs. aqtivaciuri procesebi iwvevs ujredSi  

cGMP-is koncentraciis Semcirebas, xolo inaqtivaciuri  — rodofsinis aRdgenas da 

cGMP-is koncentraciis gazrdas sawyis mdgomareobamde. II etapi mimdinareobs mxed-

velobis ujredis plazmur membranaze da am dros xdeba ori mniSvnelovani movlena: 

cGMP-is urTierTqmedeba cGMP-regulirebad arxebTan da Ca2+-is ujredSida koncen-

traciis cvlileba sinaTle- da potencial-mgrZnobiare Na+/Ca2+/K+-gadamtanis saSua-

lebiT, romlebic lokalizebulia ujredebis plazmur membranaSi. gadamtanebi  

awarmoeben  Са2+-is gadaqaCvas gare segmentidan mas Semdeg, rac sinaTlis kvantis da-

cemis Sedegad citoplazmaSi ecema cGMP-is koncentracia, iketeba arxebi da wydeba 

gare segmentSi Са2+-is Sesvla.  swored meore etapze xdeba ujredSida potencialis 

cvlileba, rac warmoadgens sensorul signals.  

 

 

 
suraTi IV.47.  rodofsini 

rodofsinis lokalizacia diskis membranaSi (A) da fotolizis procesi (B) 

 

fototransduqciis procesi iwyeba sinaTlis  sxivis dacemiT rodofsinis mole-

kulaze, ris Sedegadac rodofsinis molekula mTeli rigi Sualeduri produqtebis 

gavlis Semdeg gadadis aqtiur mdgomareobaSi — gardaiqmneba metarodofsini II-ad.  

agznebuli rodofsini  (metarodofsini II) aaqtivebs cila transducins, romelic, 

Tavis mxriv, ukavSirdeba ferment fosfodiesTerazas, riTac zrdis am ukanasknelis 

fermentul aqtivobas, rac gulisxmobs cGMP-is hidrolizis gaaqtivebas da, Sesaba-

misad,  cGMP-is koncentraciis swraf daqveiTebas. transducini/fosfodiesTerazu-

li kompleqsis katalizuri aqtivobis zrda iwvevs cGMP-damokidebuli membranuli 

kaTionuri arxebis daketvas, rasac mosdevs  membranis hiperpolarizacia da foto-

receptoruli ujredidan mediatoris gamoTavisufleba (sur.IV.48). 

am dros mimdinare aqtivaciuri reaqciaTa kaskadi iwvevs Semavali signalis mra-

valjerad gaZlierebas, rac miiRweva sami transduqciuri procesiT: 

1. rodofsinis erTi aqtivirebuli molekula aaqtivebs ramdenime aseul tran-

sducinis (Gt) molekulas; 
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2. calkeuli transducini/fosfodiesTerazuli kompleqsis warmoqmna, aseve, 

iwvevs didi raodenobiT  cGMP-is molekulis hidrolizs; 

3. cGMP-is koncentraciis Semcirebas mosdevs didi raodenobiT specifikuri 

kaTionuri arxebis funqcionirebis Secvla.  

mxedvelobis kaskadis cila — transducini (T) G-cilis analogiuri heterotri-

meruli cilaa (80kdal)  da Sedgeba sami suberTeulisagan — α, β da γ. sibneleSi α-su-

berTeuli  dakavSirebulia GDP-Tan. aqtivirebuli rodofsini ukavSirdeba ra tran-

sducins, akatalizebs GDP-is Secvlas GTP-iT, rasac mosdevs kompleqsis disociacia 

rodofsinad, αGTP-ad da βγ-suberTeulad. metarodofsini II mTeli ciklis  manZilze 

aswrebs moaxdinos 500-mde aseTi reaqciis katalizi.  

fotorecefciis procesis Semdgom stadiaze gaaqtivebuli transducinis mole-

kula ukavSirdeba efeqtorul ferments — fosfodiesTerazas (PDE) da uzrunvel-

yofs mis aqtivacias, rac  gulisxmobs ujredSi arsebuli cGMP-is hidrolizur 

gardaqmnas GMP-ad. inaqtivirebul mdgomareobaSi PDE sami suberTeulisagan Semdga-

ri kompleqsia (α-, β- da γ-suberTeulebi). fermentis γ-suberTeuli (γPDE) funqcioni-

rebs, rogorc fosfodiesTerazuli aqtivobis inhibitori. PDE-s urTierTqmedeba α-

GTP-Tan iwvevs inhibitoruli γPDE -suberTeulis Camocilebas. ganTavisuflebul 

αβPDE-s axasiaTebs maRali katalizuri aqtivoba, rac saSualebas iZleva moxdes 2000-

mde cGMP-is molekulis  hidrolizi. amrigad, fermentuli reaqciebis Sedegia yovel 

STanTqmul erT fotonze, daaxloebiT 500000-mde cGMP-is hidrolizi. aqtivaciis bo-

lo etapze plazmuri membranis  cGMP-damokidebuli kaTionuri arxebi ixureba.  

kaTionuri arxebi, romlebic lokalizebulia gare segmentis plazmur membrana-

Si, cvlis kaTionebis gatarebis xarisxs sinaTle-damokidebuli procesiT, vinaidan 

SeuZlia daukavSirdes cGMP-s, romlis koncentracia damokidebulia fotorecep-

toruli ujredis funqciur mdgomareobaze.   

Na+/K+,Ca2+-gadamtani 215 kdal. molekuluri masis cilaa, romelic lokalizebu-

lia gare segmentis plazmur membranaze. misi funqcia mdgomareobs im Ca2+-is ionebis 

gadmoqaCvaSi ujredSida aredan ujredgare areSi, romelic moxvda citoplazmaSi 

ujredSoris sivrcidan sibneleSi gaxsnili arxebis daxmarebiT.   

sinaTleSi, roca arxebi daketilia, gadamtanis muSaobis Sedegad, kalciumis kon-

centracia citozolSi klebulobs, rac, Tavis mxriv, warmoadgens signals fotoag-

znebuli ujredis relaqsaciisaTvis.  

inaqtivacia.  inaqtivaciis procesi warmoadgens reaqciaTa erTobliobas, rom-

lebic iwvevs membranuli potencialis aRdgenas. inaqtivacia uzrunvelyofilia sami 

ZiriTadi procesiT: 

1. rodofsinis aqtiuri formis gamorTva;  

2. aqtiuri transducini/fosfodiesTerazuli kompleqsis gamorTva;  

3. cGMP-is sawyisi koncentraciis aRdgena da, Sesabamisad, specifikuri arxebis 

gaxsna. 

rodofsinis aqtiuri produqtis — metarodofsini II-is sicocxlis xangrZlivoba 

ramdenime wuTia, amitom metarodofsini II-is gardaqmna araaqtiur produqtad (anu 

produqtad, romelic ver axdens transducinis aqtivacias) saWiroebs specialuri 

meqanizmis arsebobas. es meqanizmia rodofsinis fotofosforilireba da misi dakav-

Sireba specifikur cila arestinTan. sibneleSi rodofsini warmoadgens glikopro-

teids, romelTanac citoplazmuri mxridan dakavSirebulia ori oligosaqariduli 

jaWvi. rodofsinis ganaTeba iwvevs mis damatebiT fosforilirebas.  
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suraTi IV.48. mxedvelobiTi kaskadis aqtivaciis sqema 

A. `sibnelis~ periodSi rodosini araaqtiuria (R). transducinis α-suberTeuli imyofeba kom-

pleqsSi GDP-Tan da dakavSirebulia β,γ-suberTeulis dimerTan (Тβγ). cGMP-damokidebuli fosfo-

diesTeraza (PDE) heterotetrameria, romelic Sedgeba ori homologiuri α- da β-suberTeulebi-

sagan (PDEαβ) da ori identuri γ-suberTeulebisgan, romlebic warmoadgenen fermentis Sidamole-

kulur inhibitors, igi aseve araaqtiuria.  guanilatciklaza (Gc) uzrunvelyofs ujredSi cGMP-

is maRal koncentracias. plazmuri membranis cGMP-damokidebuli kaTionuri arxebi Riaa da Na+-s 

da Ca2+-s SeuZliaT ujredgare aredan citozolSi difundireba. Ca2+-is ujredSida koncentracia 

SenarCunebulia mudmiv doneze plazmuri membranis Na+/Ca2+,K+-kaTiongadamtaniT.  

B. sinaTlis kvantis STanTqmis Sedegad rodofsini gadadis aqtiur mdgomareobaSi (R→  R*). aqtiu-

ri R* ukavSirdeba transducins da inducirebs Тα-Tan dakavSirebuli GDP-is cvlas GTP-iT.  

C. kompleqsi R*–(Тα–GTP)–Тβγ disocirdeba R*-ad, Тβγ-ad da aqtiuri Тα*–GTP-ad, ris Semdgomac R*-s 

SeuZlia moaxdinos T-is  sxva molekulis aqtivireba.  

D. Тα*–GTP-kompleqsi aaqtivebs PDE-s (PDEα,β* ), romelic axdens didi raodenobiT cGMP-is mole-

kulebis hidrolizs. cGMP-is ujredSida koncentraciis Semcireba iwvevs cGMP-damokidebuli 

arxebis daxurvas, rasac mosdevs plazmuri membranis hiperpolarizacia (by Liang et al., 2004-). 

 
suraTi IV.49. rodofsinkinazasa da cila arestinis  

moqmedeba rodofsinze (Nature Reviews, 2010) 

 

rodofsinis fosforilireba xdeba specifikuri fermentiT rodofsin-kinazaTi. 

fosforilirebis procesi nawilobriv inhibirdeba T-GTP-iT. fosforilireba gav-

lenas axdens mxolod rodofsinis dakavSirebaze Т-GDP-Tan da ara transducinis aq-

tivaciaze da Т-GDP-is Т-GTP-ad gardaqmnaze. fosforilirebul rodofsinTan ares-

tinis dakavSireba ainhibirebs mis urTierTqmedebas transducinTan da aseve  ro-

dofsinis defosforilirebis process (sur.IV.49).  
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IV.5.2. ynosvis neiroqimiuri safuZvlebi 

qemokomunikacia (urTierToba sunis saSualebiT) biokomunikaciis  erT-erTi 

yvelaze gavrcelebuli variantia. cnobilia, rom qemokomunikaciis upiretesoba 

sxva sensorul sistemebasTan mimarTebaSi aris is, rom sunis molekulebi SesaZlebe-

lia aRiqmebodes xangrZlivi drois ganmavlobaSi. qemokomunikaciis xerxebi mraval-

ferovania: sunis gadatana garkveul sagnebze, misi gavrceleba garemo areSi, sunis 

molekulebis mudmivi sekrecia da maTi gadatana sakuTar sxeulze da a.S.  

qemokomunikacia xorcieldeba feromonebis sekreciis meSveobiT. feromonebi — 

nivTierebebi, romlebic gamoiyofa garemomcvel areSi da iwvevs garkveul fizio-

logiur reaqciebs. feromonebi, rogorc wesi,  warmoadgens airovan naerTebs mcire 

molekuluri masiT, rac xels uwyobs maT gavrcelebas. suni aris saxeobaspecifiku-

ric da individualuric. magaliTad, adamianebSi gamovlenilia 20-ze meti feromoni. 

ZuZumwovar cxovelebs (adamianis CaTvliT) aqvT ynosvis specialuri organoebi, 

risi saSualebiTac xdeba feromonebis aRqma da Sedegad, sxvadasxva sasicocxlod 

aucilebeli informaciis miReba (mag., garemoSi orientireba).  

xerxemlianebis umravlesobis ynosvis receptorebs warmoadgens nervuli ujre-

debi — ynosvis neironebi, romlisganac formirdeba sensoruli epiTeliumi. am tipis 

neironebi aqsonis saSualebiT dakavSirebulia centralur nervul sistemasTan da 

warmodgenilia nervuli ujredebiT, romlebic ixsneba uSualod garemomcvel areSi. 

sensoruli epiTeliumis gare zedapiri warmoadgens ujredebisagan Semdgar mozai-

kur struqturas, romliTac garemoculia ynosvis neironebis gamsxvilebuli dabo-

loebebi (sur.IV.50). 

 

 
 

suraTi IV.50.  sensoruli epiTeliumis agebuleba 

 

TiToeul ynosvis neirons aqvs wamwamebiT dafaruli Tavi. wamwamebi lorwoSia 

ganlagebuli da garedan faravs ynosvis epiTeliums. neironis wamwamis sigrZe 0.25-

0.30mkm-ia. epiTeliumis SeqmnaSi mniSvnelovan rols asrulebs specialuri sekreto-

ruli warmonaqmnebi — boumenis jirkvlebi, romlebic gamoimuSavebs lorwos. lorwo 

pirveli aRiqvams sunis molekulebs. cilovani molekulebi, romlebic reagirebs su-

nis signalze, ganlagebulia wamwamebis zedapirze. mocimcime (wamwamovani) epiTeliu-

mis zedapiris cilebidan gansakuTrebiT mniSvnelovania fosfatazuri aqtivobis  

mqone cilebi (awarmoebs fosfoeTeruli bmebis hidrolizs), romlebic katalizuri 

aqtivobiT gamoirCeva рН-7,5-9.0 farglebSi. maT tute fosfatazebi ewodeba. am fer-
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mentebis aqtivobis Sedegad mimdinareobs ynosviT aRqmaSi  CarTuli bioqimiuri re-

aqciebis inicireba da Sewyveta maTi fosforilirebisa da defosforilirebis saSua-

lebiT. fosfatazuri reaqciebi ganapirobeben fosformJavas monoeTerebis hidro-

lizs  Semdegi reaqciis  mixedviT:   

R–O–PO H2+ H2O  →  R–OH + H3РО4 
sensorul epiTeliumSi aRmoCenilia ori tipis aseTi fosfataza: xsnadi, rome-

lic ZiriTadad gvxvdeba  lorwoSi da dakavSirebulia sensoruli epiTeliumis gare 

zedapirTan. es ukanaskneli uSualod urTierTqmedebs ynosvis neironis recepto-

rebTan. xsnadi fosfataza sekretirdeba boumenis jirkvlebiT, sadac aseve xdeba 

sxvadasxva satransporto cilebis sinTezic. satransporto cilebis saSualebiT 

mimdinareobs wyalSi uxsnadi sunis molekulebis — odorantebis gadatana.  

lorwos qimiuri Semcveloba mravalferovnia. aq gvxvdeba tute fosfatazebi, es-

Terazebi, lipazebi, citoqromi Р450, struqturuli cilebi, glikoproteinebi, muko-

polisaqaridebi, aseve  K+-, Na+-, Ca2+-, Cl--ionebi. lorwos struqturuli safuZvelia 

glikoproteinebi. lorwo uzrunvelyofs molekulis mitacebas gazuri fazidan. am 

dros xdeba sunis molekulebis pirveladi diferencireba.  

dadgenilia, rom ynosviTi recefcia xorcieldeba adrenerguli receptoris 

moqmedebis analogiuri meqanizmiT (ix. II.3.1.1). ynosvis receptorebi, adrenerguli 

receptorebis msgavsad, membranuli receptorebia da ganlagebulia nervuli ujre-

debis wamwamebze. isini, adrenalinis receptorebis analogiurad, iyenebs cilebis 

or tips — integralurs da periferiuls. integralur cilebs aqvs molekula-stimu-

lis damakavSirebeli pirveladi centri membranis gare zedapirze. periferiuli ci-

lebi e.w. G-cilebi (kompleqsi, romelic sami cilisagan Sedgeba — Gα,Gβ,Gγ) ganlagebu-

lia membranis Sida mxares. molekula-stimulis integralur cilaze fizikuri ad-

sorbciis Semdeg, G-cilis daxmarebiT ujredis SigniT iwyeba bioqimiuri reaqciebis 

kaskadi.  Tavdapirvelad, molekula-stimuli ukavSirdeba integralur cilas da iw-

vevs mis konformaciul cvlilebebs. es cvlilebebi exeba cilis im nawilsac, romel-

Tanac dakavSirebulia G-cila. integraluri, receptoruli cila gadadis I (araaqti-

uri) mdgomareobidan II (aqtiuri)  mdgomareobaSi.   

 

 
suraTi IV.51.  ynosvis receptoris agebuleba da moqmedebis meqanizmi 

A – araaqtiuri mdgomareba. receptori Tavisufalia odorantisagan, romelic TO-kompleq-

sSia. G-cila warmoadgens erTian Gαβγ-kompleqss, sadac Gα  dakavSirebulia GDP-Tan. adenilatcik-

laza (Ac) araaqtiuria.  

B — aqtiuri mdgomareoba. receptori dakavSirebulia odorantTan, romelic gadmovida sat-

ransporto cilidan, rasac mosdevs Gα-suberTeulSi GDP-is Secvla GTP-iT.  amis Semdeg xdeba Gα-

suberTeulis gamocalkeveba G-kompleqsidan da axali kompleqsis Seqmna adenilatciklazasTan.  

Gα-suberTeulTan kontaqtis Sedegad adenilatciklaza gadadis aqtiur mdgomareobaSi. 
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membranaSi CaSenebuli cilovani kompleqsebi IIG da IIIG xasiaTdeba gansxvavebuli 

struqturis kontaqtebiT, rac aisaxeba maTi disociaciis unarze.   

sabolood, adrenoreceptoebis analogiurad, Gα-suberTeuli aaqtivebs efeq-

torul cilas (am SemTxvevaSi adenilatciklazas), rasac mosdevs cAMP-is raodeno-

bis zrda, proteinkinazuli reaqciebis aqtivacia da Sesabamisi cilebis fosforili-

reba, kerZod, adgili aqvs arxuli cilebis gaaqtivebas da kaTionuri arxebis gaxsnas 

(sur. IV.51). fosforilirebuli cilebis defosforilireba warmoebs ferment fos-

fatazas monawileobiT.  

IV.5.3. gemovnebis receptorebis moqmedebis meqanizmi 

gemovnebisa da ynosvis aRqmis meqanizmebi identuria, vinaidan orive procesi aq-

tivdeba gare sivrcidan Semosuli qimiuri stimulebiT. gemovnebis stimulebi, ro-

gorc wesi, moqmedebs G-cilebTan dakavSirebul receptorebze da am urTierTqmede-

bis xasiaTi ynosvis receptorebis moqmedebis analogiuria. amave dros, gemovnebis 

zogierTi stimuli (marilebi da mJavebi) moqmedebs uSualod receptoruli ujrede-

bis membranul ganvladobaze.  

gemovnebis receptorebi lokalizebulia enis zedapirze ganlagebul neiroepi-

Telur ujredebze. ynosvis receptorebisagan gansxvavebiT, maT ar gaaCnia aqsonebi 

da qmnis qimiur sinafsebs aferentul neironebTan.  

 

 
 

 

suraTi IV.52.  qemoreceptoruli ujredis aqtivacia 

 

ujredSi ganasxvaveben apikalur da lateralur nawilebs. apikalur nawilSi 

gvxvdeba gemovnebis gadamcemis arxebi (mlaSe da mJave) da receptorebi, romlebic 

dakavSirebulia G-cilebTan (tkbili, mware, aminomJavebi). potencial-damokidebuli 

Nа+-, K+- da Ca2+-arxebi ganapirobebs neiromediatoris gamoTavisuflebas ujredis 

neirobazaluri ganyofilebis presinafsuri nawilidan. aqvea gluvi endoplazmuri 

bade, sadac deponirebulia Ca2+. mTavari neiromediatoria serotonini. misi recep-

torebi gvxvdeba postsinafsSi, romelic warmoiqmneba aferentuli nervuli termi-

naliT. lateraluri nawilis membranaSi CaSenebulia Ca2+-is TRPM5-arxebi, romlebic 
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aZlierebs G-cilasTan dakavSirebuli ujredis receptorganpirobebul depolari-

zacias (sur.IV.52).              

qemosensoruli aRqmis sawyisi stadia iwyeba gemovnebis ujredebze, romelTa api-

kalur nawilze ganlagebulia receptorebi. simlaSis an simJavis aRqma mimdinareobs 

Na+-is an protonebis moqmedebiT specifikur arxebze, kerZod,  amiloridspecifikur 

Na+-arxebze (romliTac xdeba simlaSis aRqma) da H+-mgrZnobiare arxebze  (romlebic 

aRiqvams simJaves). gemovnebis ujredSi ama Tu im muxtis moxvedra iwvevs ujredis 

membranis depolarizacias. depolarizaciis Sedegad iwyeba ujredis bazolatera-

lur nawilSi ganlagebuli potencial-mgrZnobiare Na+- da Ca2+-arxebis aqtivireba, 

mediatorebis gamoTavisufleba gemovnebis ujredis bazalur nawilSi da moqmedebis 

potencialis generacia.  

adamianisa da ZuZumwovrebis receptorebi, romlebic aRiqvams naxSirwylebsa da 

aminomJavebs, Svidi transmembranuli domeniT aris warmodgenili da dakavSirebulia G-

cilebTan. sitkbos aRqma xorcieldeba e.w. T1R3 da T1R2  receptorebiT, xolo aminomJa-

vebis (ZiriTadad glutamatis) — T1R3 da T1R1 receptorebiT. T1R1 da T1R2 receptorebi 

nanaxia receptoruli ujredis sxvadasxva nawilSi. Saqris an msgavsi stimulis dakavSi-

reba T1R3/T1R2-receptorTan axdens reaqciaTa kaskadis inicirebas, romelic G-ciliTaa 

ganpirobebuli, iwvevs ferment fosfolipaza C-s aqtivacias da, Sesabamisad, IP3-is 

koncentraciis da e.w. TRP-Ca2+-arxebis aqtivobis (specifikuri TRPM5-arxebi) zrdas, 

rasac mosdevs ujredSida Ca2+-is koncentraciis mateba. T1R1/T1R3-receptori pasuxis-

mgebelia cilis SemadgenlobaSi arsebuli 20 L-aminomJavis (da ara D-aminomJavebis) aR-

qmaze. aminomJavuri signalis transduqcia xorcieldeba imave receptoriT da iseTive 

sasignalo kaskadiT, rac Saqrebis SemTxvevaSi (sur.IV.53). 

 

suraTi IV.53.   gemovnebis receptorebis moqmedebis molekuluri meqanizmi 

amilorid-mgrZnobiare Na+-is da protonuli arxebi uzrunvelyofs, Sesabamisad, simlaSis da 

simJavis aRqmas. orive SemTxvevaSi arxebis muSaobis aqtivacia iwvevs ujredis depolarizacias. 

sitkbosa da aminomJavebis (umami) aRqmaSi monawilebs G-cilebTan dakavSirebuli receptorebi. 

sitkbos aRqmis SemTxvevaSi, heteromeruli receptoruli kompleqsi α-suberTeuliT gadascems 

signals fosfolipazas С2-s, Ca2+-is TRPM5-receptorebis Semdgomi gaaqtiurebiTa da inozitol-

trifosfatebis monawileobiT. es arxebi, aseve, ixsneba gemovnebis ujredebis aminomJavebiT  gaaq-

tiurebisas, Tumca am SemTxvevaSi heteromeruli receptoruli kompleqsi Sedgeba  T1R1 da T1R3 

suberTeulebisagan. simwaris aRqma xorcieldeba T2R receptoruli kompleqsiT, romelic dakav-

Sirebulia cila gastducinTan, romelic ar aris nanaxi naxSirwylebisa  da aminomJavebze moreagi-

re qemoreceptorul ujredebSi. 
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G-cilebTan dakavSirebuli receptoria aseve T2R, romelic pasuxismgebelia mwa-

re gemos aRqmaze. cnobilia am receptoris 30-mde qvetipi, romlebic sxvadasxva ge-

nebiT aris kodirebuli. es receptorebi imave ujredebSia, sadac gvxvdeba T1R1, T1R2 

an T1R3 receptorebi. mware signalis aRqma tkbili da aminomJavebis gemos gadacemis 

meqanizmis msgavsia da mimdinareobs gemovnebis ujredebisaTvis damaxasiaTebeli G-
cilis — gustducinis saSualebiT. es cila 90%-iT transducinis analogiuria.  

sxvadasxva produqtSi (xorci, yveli da sxv.) gvxvdeba Tavisufali glutaminis 

mJava (glutamati). glutamatis gemo gadaecema G-cilasTan dakavSirebuli glutama-

tis metabotropuli receptoriT. swored es receptorebi aRiqvams gemos, romelsac 

umamis uwodeben. umami cilovani naerTebis gemoa, e.w. `mexuTe gemo~, romelic tra-

diciulad gamoiyeneba iaponur samzareuloSi da aRmosavleTis sxva qveynebSi. `uma-

mis~ SegrZnebas warmoqmnis natriumis glutamati da sxva aminomJavebi. imis gamo, rom 

adamianis enas aqvs L-glutaminis receptorebi, mecnierebi Tvlian, rom umamis gemo 

gansxvavebulia mlaSe gemosagan.  umami warmoadgens zogierTi yvelis, soios sousis,   

brokolis, kaklis, pomidoris, zogierTi sokos da Termulad damuSavebuli xorcis 

gemos mniSvnelovan komponents.      

stimulaciisas, gemovnebis ujredebi awarmoebs receptoruli potencialis ge-

nerirebas, romelic sinafsuri gadacemis meSveobiT,  nervebis aferentuli boWkoe-

biT gadaecema Tavis tvins impulsebis saxiT.    

IV.6. mexsierebis molekuluri meqanizmebi 

mexsierebis neiroqimiuri da molekuluri meqanizmebis kvleva gansakuTrebuli 

intensivobiT mimdinareobs bolo ramdenime aTeuli welia. miuxedavad eqsperimen-

tuli masalis uzarmazari moculobisa,  teqnikis mudmivi srulyofisa da warmatebe-

bisa, romelic miRweulia am kuTxiT, jer kidev gaucemelia pasuxebi kiTxvebis far-

To speqtrze. imis cda, rom Seqmniliyo erTiani mwyobri Teoria, romelic pasuxs gas-

cemda mexsierebis procesis sakiTxebs, uamrav winaaRmdegobas awydeba. is garemoeba, 

rom SeZenili codna ar gadaecema memkvidreobiT da axal Taobas uwevs misi xelaxla 

Seswavla, iZleva safuZvels CaiTvalos, rom daswavla warmoadgens axali neironaT-

Sorisi kavSirebis warmoqmnis process, xolo informaciis damaxsovreba aaqtivebs am 

kavSirebs.  Tanamedrove nieroqimia ar aris mzad imisaTvis, rom warmoadginos erTia-

ni, ara urTierTgamomricxavi postulatebis Semcveli Teoria, romelic aRwers, Tu 

rogor xdeba gare samyaros analizi cocxal tvinSi. dResdReobiT SesaZlebelia 

mxolod im problemebis aRwera, romelTa gadasawyvetad mecnierebi intensiurad mu-

Saoben.  

IV.6.1.biologiuri mexsierebis formebi 

biologiuri mexsiereba mravalferovania. igi damaxasiaTebelia aramarto tvinis 

ujredebisaTvis. magaliTad, imunuri sistema didi xnis ganmavlobaSi (xSir SemTxve-

vaSi, mTeli sicocxlis manZilze) imaxsovrebs informacias organizmSi moxvedrili 

ucxo antigenis Sesaxeb. am antigenTan ganmeorebiTi Sexvedrisas imunuri sistema 

rTavs antisxeulis warmoqmnis reaqcias, rac saSualebas iZleva swrafad da efeqtu-

rad iqnas Tavidan acilebuli mocemuli infeqcia. imunurma sistemam `icis~, Tu ro-
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gor unda moaxdinos reagireba cnobil faqtorze, xolo ucnob agentTan urTier-

Tqmedebisas saWiroa moqmedebis strategiis xelaxali SemuSaveba. nervul sistemas, 

imunurisagan gansxvavebiT, SeuZlia Seiswavlos qcevis strategia axal garemoebebSi, 

romelic damyarebulia `sasicocxlo gamocdilebaze~, rac iZleva saSualebas gamo-

muSavdes efeqturi reaqcia ucnob gamRizianebelze.  

mexsierebis molekuluri meqanizmebis Seswavlisac, aucilebelia pasuxi gaices 

Semdeg ZiriTad sakiTxebs: romeli metaboluri cvlilebebi mimdinareobs neironeb-

Si garegan gamRizianebelTan urTierTqmedebisas, romlebic iZleva saSualebas da-

vimaxsovroT miRebuli informacia garkveuli drois (xandaxan xangrZlivi droiT) 

ganmavlobaSi; rogori saxiT xdeba miRebuli informaciis Senaxva; rogor xdeba misi 

analizi? 

adreul asakSi aqtiuri daswavlis procesSi SeiniSneba cvlilebebi neironebis 

struqturaSi, diddeba sinafsuri kontaqtebis simkvrive, izrdeba Sefardeba gliur 

da neironul ujredebs Soris. Znelia gancalkeveba tvinis momwifebis procesisas 

mimdinare cvlilebebsa da struqturul cvlilebebs Soris, romelic damaxasiaTe-

belia mexsierebisaTvis.  

didi xania cnobilia, rom dnm-is sinTezis inhibitorebi ar moqmedebs mexsiereba-

ze, im dros, roca transkrifciisa da translaciis inhibitorebi auaresebs damax-

sovrebis process. es imas xom ar niSnavs, rom tvinis neironebis garkveuli cilebi 

warmoadgens mexsierebis matareblebs? 

tvini isea organizebuli, rom ZiriTadi funqciebi, romelic dakavSirebulia ga-

re signalebis aRqmaze da maTze reaqciaze, lokalizebulia Tavis tvinis qerqis gan-

sazRvrul ubnebSi. aqedan gamodis, rom SeZenili reaqciebis gamomuSaveba (pirobiTi 

refleqsebi) unda warmoadgendes qerqis garkveul centrebs Soris  e.w. `kavSirebis 

Sekvras~. am centrebis eqsperimentuli dazianeba, savaraudod, unda Slides mexsie-

rebas pirobiTi refleqsebis Sesaxeb. Tumca, eqsperimentulma neirofiziologiam 

daagrova mravlricxovani faqtebi imis Sesaxeb, rom SeZenili mexsiereba ganawilebu-

lia tvinis garkveul ubnebSi da ar aris koncentrirebuli mxolod im nawilSi, rome-

lic pasuxismgebelia ama Tu im funqciaze. miuxedavad amisa, tvinSi nanaxia ubnebi, 

romelTa funqcia uSualod ukavSirdeba mexsierebis procesebs. es ubnebia hipokampi 

da nuSiseburi kompleqsi (amigdala), aseve Talamusis Sua xazis birTvebi. cnm-is 

cvlilebebis erTobliobas, romelic dakavSirebulia informaciis fiqsaciasTan en-

grama ewodeba.  

axali informaciis damaxsovrebis procesis aRwerisaTvis, xSir SemTxvevaSi, mi-

marTaven iseT terminebs, rogoricaa xanmokle mexsiereba da xangrZlivi mexsiereba. 

xanmokle mexsierebis SemTxvevaSi informacia inaxeba ramdenime wamidan aTeul wu-

Tamde, maSin roca, xangrZlivi mexsierebisas individs informacia SesaZlebelia mTe-

li cxovrebis manZilze gahyves. imisaTvis, rom xanmokle mexsiereba gaxdes xangrZli-

vi, aucilebelia e.w. konsolidaciis procesi.  

xanmokle mexsiereba, romelic axdens sxvadasxva grZnobis organoebidan mosuli 

informaciis analizs da mis gadamuSavebas, realizdeba sinafsuri kontaqtebis saSu-

alebiT. dro, romlis ganmavlobaSi mimdinareobs es procesebi, ar emTxveva im dros, 

romelic aucilebelia axali makromolekulebis sinTezisaTvis. mosazreba mtkicde-

ba xanmokle mexsierebis inhibirebiT sinafsuri inhibitorebiT da misi aramgrZnobe-

lobiT cilisa da rnm-is sinTezis inhibitorebiT. konsolidaciis dro mooiTxovs 

gacilebiT met vadas. savaraudoa, rom am periodis xangrZlivobaze moqmedebs ro-

gorc informaciis xarisxi, aseve tvinis mdgomareoba. informacia, romelsac tvini 

CaTvlis aramniSvnelovnad, ar ganicdis konsolidacias da waiSleba mexsierebidan. 
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rCeba sakiTxi, rogor xdeba informaciis mniSvnelobis Sefaseba da rogoria konso-

lidaciis procesis nioroqimiuri meqanizmi.  

daswavla mWidro kavSirSia plastikurobasTan — sinafsuri kontaqtebis SesaZ-

leblobasTan funqciuri gadawyobisaTvis, romelic mimdinareobs neironebis aqti-

vobis sinqronizaciisa da axali neironaTSorisi kontaqtebis warmoqmnisas. plasti-

kurobis gamovlena ganpirobebulia specifikuri cilebis sinTeziT, romlebic asru-

lebs garkveul funqciebs, magaliTad, receptoruls. am procesis erT-erTi monawi-

lea cila S-100, romelic gansakuTrebiT didi raodenobiTaa Tavis tvinSi. misi Sem-

cveloba tvinSi, sxva qsovilebTan SedarebiT, gacilebiT didia. is akumulirdeba 

gliur ujredebSi sinafsuri kontaqtebis siaxloves. cila S-100-is Semcveloba ma-

tulobs daswavlidan 1 sT-is Semdeg, maqsimums aRwevs 3-6sT-is Semdgom da ase rCeba 

ramdenime dRis ganmavlobaSi. am cilis antisxeulebis Seyvana tvinis parkuWebSi ar-

Rvevs cxovelebSi daswavlis process. zemoT moyvanili monacemebi iZleva saSuale-

bas vivaraudoT, rom cila S-100 monawileobs neironTaSorisi kavSirebis warmoqmnis 

procesSi.  

IV.6.2. nervuli sistemis plastikurobis molekuluri meqanizmi 

nervuli sistemis plastikuroba gulisxmobs neironebis SesaZleblobas moaxdi-

nos funqcionirebis cvla garegani faqtorebis zemoqmedebiT. plastikurobis meqa-

nizmebi mravalferovania. ganvixiloT ZiriTadi principebi glutamaterguli siste-

mis magaliTze. rogorc zemoT iyo aRniSnuli, glutamatergul sinafsebSi erTdro-

ulad aRmoCenilia erTmaneTisagan Tvisobrivad gansxvavebuli receptorebi — ro-

gorc ionotropuli, aseve metabotropuli. gaRizianebis sapasuxod glutamatis ga-

moTavisuflebis Sedegad xdeba kainaturi da AMPA-aqtivirebadi ionotropuli re-

ceptorebis aqtivacia, rac iwvevs postsinafsuri membranis depolarizacias. movene-

bis potencialis toli transmembranuli potencialis arsebobisas, NMDA-recepto-

rebi glutamatiT ar aqtivirdeba, vinaidan receptoris ionuri arxebi blokirebu-

lia Mg2+-iT. sinafsur membranaze depolarizaciis dawyebisas magniumis ioni tovebs 

arxs, rac mkveTrad zrdis receptoris Tvisobas glutamatisadmi. NMDA-recepto-

rebis aqtivacias mosdevs Ca2+-is Sesvla ujredSi am receptoris ionuri arxiT. kal-

ciumis Sesvla xorcieldeba aseve potencialdamokidebuli Ca2+-arxebiT, romlebic 

aqtivirdeba kainaturi da AMPA-glutamaturi receptorebis moqmedebiT.  am proce-

sebis erTobliobis Sedegad postsinafsuri zonis membranebis ubanSi izrdeba kal-

ciumis ionebis Semcveloba. es signali sakmaod sustia imisaTvis, rom Seicvalos 

sxvadasxva fermentebis aqtivoba, romlebic aqtivirdeba Ca2+-is ioniT. Tumca, es 

efeqti sakmarisia imisaTvis, rom gaaqtivdes fermenti fosfolipaza C, romlis 

substratia fosfatidilinozitoli. am ukanasknelis daSla iwvevs endoplazmuri 

retikulumidan kalciumis ionis gamoTavisuflebas.  

amrigad, ionotropuli receptorebis aqtivacia ara marto iwvevs postsinafsu-

ri membranis depolarizacias, aramed qmnis pirobebs ionizirebuli kalciumis kon-

centraciis matebisaTvis. amave dros, glutamati aaqtivebs metabotropul recep-

torebsac, rac iwvevs G-cilebis aqtivacias, rasac mosdevs kinazebis aqtivobis 

zrda. es ukanasknelebi, Tavis mxriv, awarmoebs sxvadasxva samizne cilebis fosfori-

lirebas, maT Soris ionotropuli receptorebisac, rac iwvevs am struqturebis aq-

tivobis modificirebas.  
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amave dros, presinafsur membranaze lokalizebuli glutamaturi receptore-

bic urTierTqmedebs glutamatTan. am zonis metabotropuli receptorebi dakavSi-

rebulia sinafsuri napralidan glutamatis mocilebis sistemis aqtivaciasTan, ro-

melic moqmedebs glutamatis ukuSTanTqmis principiT. es procesi damokidebulia 

Na+-saqaCis aqtivobaze da warmoadgens meorad aqtiur transports.  

presinafsur membranaze arsebuli NMDA-receptorebis aqtivaciac iwvevs kal-

ciumis ionis raodenobis matebas presinafsur daboloebebSi, rasac Tan sdevs sinaf-

suri vezikulebis Serwyma membranasTan da mediatoris gadmoRvra sinafsur napral-

Si.  

im dros, roca adgili aqvs amagznebeli impulsebis mosvlas da Tavisufali kal-

ciumis ionis koncentraciis matebas garkveul sididemde, SeiniSneba Ca2+-damokide-

buli proteinkinaziT cila kalpainis aqtivacia, rac, Tavis mxriv, ganapirobebs 

struqturuli cila fodrinis daSlas. es ukanaskneli axdens glutamaturi recep-

torebis maskirebas da xels uSlis maT urTierTqmedebas glutamatTan. amrigad, ag-

znebis procesSi mediatoris gamoTavisufleba sinafsur arxSi xels uwyobs mraval-

ferovani procesebis ganviTarebas, romelTa realizacias SesaZlebelia mohyves 

signalis gaZliereba an piriqiT, Sesusteba (SeCereba). sinafsi muSaobs mravalvarian-

tiani principiT da yovel momentSi signalis realizaciis gza damokidebulia mra-

valricxovan faqtorebze (sur.IV.54). 

 

 
 

suraTi IV.54. glutamaterguli sinafsi, rogorc mravalvariantiani sistema 

sinafsur napralSi glutamatis gadmoRvris Semdeg, SesaZlebelia misi dakavSireba 

postsinafsuri membranis ionotropul an metabotropul receptorebTan; amave dros, 

SesaZlebelia, rogorc pirdapiri zemoqmedeba Na+- da Ca2 -arxebze, aseve zemoqmedeba 

fosfolipaza C-s da adenilatciklazas saSualebiT, rac sabolood iwvevs Ca2+-is gadmosvlas 

ujredSida depoebidan da cAMP-is sinTezs. amave dros, SesaZlebelia glutamatis zemoqmedeba 

presinafsuri membranis an gliuri ujredis membranis receptorebTan, rac, Tavis mxriv, iwvevs 

mediatoris sinTezis modulacias da mis gamoTavisuflebas. 

 

am SesaZleblobebis ricxvSia sinafsis TviTrealizireba im signalis gadacemaze, 

romelic aRmoCnda gaZlierebuli. aseT process xangrZlivi potenciacia (Longterm 

potentiation — LTP) ewodeba.  procesis arsi mdgomareobs imaSi, rom xangrZlivi, maRal-

xarisxiani gaRizianebisas nervuli ujredebis pasuxi mosul impulsebze Zlierdeba. 
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es movlena warmoadgens sinafsuri plastikurobis erT mxares, romlis safuZvelia 

neironaluri ujredis molekuluri mexsiereba. xangrZlivi potenciaciis periodi 

mimdinareobs garkveuli neironuli cilebis fosforilirebiT specifikuri prote-

inkinazebis meSveobiT.  

kalciumis ionis raodenobis matebis erT-erT Sedegs warmoadgens Ca2+-damokide-

buli fermentebis (kalpaini, fosfolipazebi, Ca2+/kalmadulin-damokidebuli pro-

teinkinazebi) aqtivacia. zogierTi maTgani (NADPH-oqsidaza, NO-sinTaza da sxv.) da-

kavSirebulia Jangbadis aqtiuri formebisa da azotis  warmoqmnasTan. Sedegad, aqti-

virebul neironebSi adgili aqvs Tavisufali radikalebis dagrovebas, romlebic ga-

nixileba, rogorc metabolizmis meoradi mesenjerebi. Tavisufali radikalebis 

moqmedebis mniSvnelovan (da ara erTaderT) Sedegs warmoadgens e.w. adreuli pasuxis 

genebis aqtivacia. am genebis aqtivacia Tavisufali radikalebis signalze dgeba 5-

10wT-is Semdeg da grZeldeba ramdenime saaTi. am genebis ricxvSi Sedis c-fos, c-jun, c-

junB, zif/268  da sxvebi. isini akodirebs transkrifciis specifikuri cila-regulato-

rebis mravalricxovan ojaxebs.   

myisieri pasuxis genebis aqtivacia mimdinareobs birTvuli faqtoris NF-kB-s mo-

nawileobiT, romelic moqmedebis ganxorcielebisaTvis birTvis membranis gavliT 

xvdeba birTvis matriqsSi. am gadaadgilebis xelisSemSlelia is garemoeba, rom faq-

tori, romelsac dimeruli struqtura aqvs (Sedgeba ori cilovani molekulisagan — 

p50  da p60), citoplazmaSi imyofeba kompleqsSi cilovan inhibitorTan, ris gamoc  

moklebulia birTvSi gadaadgilebis SesaZleblobas. inhibitoruli cila, Tavis 

mxriv, warmoadgens substrats specifikuri protein-kinazasTvis. am fermentis ze-

moqmedebiT xdeba kompleqsis disociacia. inhibitorisagan Tavisufali NF-kB iZens 

birTvSi transportirebis SesaZleblobas. proteinkinazas aqtivatorad, am SemTxve-

vaSi, gamodis wyalbadis zeJangi. swored amitom, Tavisufali radikalebis didi rao-

denoba iwvevs adreuli pasuxis  genebis aqtivacias. c-fos-is aqtivacias SeuZlia gamo-

iwvios neitrofinebis sinTezi da axali neironebisa da sinafsebis warmoqmna. xan-

grZlivi potenciacia, romelic gamowveulia hipokampis maRali sixSiris stimulaci-

iT, iwvevs zif/268-is aqtivacias, romelic akodirebs Zn2+-mgrZnobiare dnm-damakavSi-

rebel cilas (sur.IV.55). 

erT-erTi pirvelTagani, romelic Seecada 1949 wels garkveuliyo tvinis mier in-

formaciis analizSi da SeemuSavebina qcevis erTiani strategia, iyo s. hebi. man ga-

moTqva mosazreba, rom am amocanis gadasawyvetad tvinSi unda moxdes neironebis 

funqciuri asociacia, kerZod lokaluri neironTaSorisi qselis warmoqmna. am mo-

sazrebis dazusteba da Semdgomi gaRrmaveba moxda 1961 wels m. rozenblatis mier, 

romelmac SeimuSava hipoTaza `Unsupervised correlation base learning~. misi mosazrebiT, ne-

ironebis muxtis generaciiT SesaZlebelia maTi moqmedebis sinqronizacia TviTawyo-

bis gziT. Tanamedrove nieoroqimia amtkicebs SesaZleblobas calkeuli neironebis 

sinqronizaciisa erTian meqanizmad. Tanamedrove meTodologiis gamoyenebiT dam-

tkicebulia, rom erTi sinafsis gaRizianeba SesaZlebelia gavrceldes sakmao man-

Zilze, e.w. glutamaturi talRis warmoqmniT. aseTi talRis warmoqmnis pirobaa sig-

nalebis ganmeorebadoba gansazRvruli sixSiris reJimiT. glutamaturi transpor-

teris inhibireba zrdis sinqronizaciis procesSi neironebis CarTvis sixSires.  

glutamaturi sistemis garda, romelsac pirdapiri kavSiri aqvs daswavlis (mex-

sierebis) procesTan, mexsierebis formirebis procesSi CarTulia tvinis sxva siste-

mebic. cnobilia, rom daswavlis procesi dadebiT korelaciaSia qolinacetiltran-

sferazasTan, xolo fermentTan, romelic axdens am mediatoris hidrolizs — ace-
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tilqolinesTeraza — gamovlenilia uaryofiTi korelacia. qolinacetiltransfe-

razas inhibitorebi arRvevs daswavlis process, xolo qolinesTerazas inhibitore-

bi, piriqiT, xels uwyobs refleqsebis gamomuSavebas.  

mexsierebis formirebaSi CarTulia aseve noradrenalini da serotonini. pirobi-

Ti refleqsis Camoyalibebisas, rac mimdinareobs uaryofiTi gamaZlierebliT (eleq-

troSokis TandaswrebiT), xdeba noradrenerguli sistemis aqtivacia, xolo dadebi-

Ti gamaZliereblis SemTxvevaSi (kvebiTi) noradrenalinis metabolizmi sustdeba. se-

rotonini, piriqiT, xels uwyobs  pirobiTi refleqsis Cemoyalibebas dadebiTi gamaZ-

liereblis pirobebSi da uaryofiTad moqmedebs damcavi reaqciebis Camoyalibebaze. 

amrigad, mexsierebis konsolidaciis procesSi noradrenalini da serotonini warmo-

adgens antagonistebs da darRvevebi, rac SesaZlebelia gamowveuli iyos serotoni-

nis siWarbiT, kompensirdeba noradrenerguli sistemiT.  

 

 
 

suraTi IV.55.  NF-kB-s aqtivacia Jangbadis aqtiuri formebiT 

aqtiuri birTvuli faqtori NF-kB warmoiqmneba specifikuri proteinkinazaTi,  

romlis kofaqtoria wyalbadis zeJangi. amitom, aqtiuri radikalebi da antioqsidantebi, 

moqmedebs ra specifikur proteinkinazaze (da, Sesabamisad, NF-kB-ze), zemoqmedebas axdens 

citokinebis da adheziuri cilebis sinTezsa da proliferaciul procesebze 

 

dofaminis roli mexsierebis procesSi mravalfaqtoriani xasiaTisaa. erTi mxriv, 

dadgenilia misi mastimulirebeli efeqti uaryofiTi gamaZlierebliT gamowveuli 

pirobiTi refleqsebis gamomuSavebaze. meore mxriv, is aferxebs neironuli cilebis 

fosforilirebas da aZlierebs fosfoinozitebis cvlas. savaraudoa, rom dofami-

nerguli sistema monawileobs mexsierebis konsolidaciaSi.  

neiropeptidebi, romlebic gamoiyofa sinafsebis agznebis procesSi, aseve Car-

Tulia mexsierebis formirebaSi. vazoaqtiuri intestinaluri peptidi zrdis qoli-

noreceptorebis Tvisobas mediatorisadmi ramdenime aTasjer, xels uwyobs ra qo-

linerguli sistemis funqcionirebas. hormoni vazopresini da, aseve, adreno-korti-

kotropuli hormoni mudmivad funqcionirebs Tavis tvinSi, rogorc mexsierebis 

procesis regulatorebi.  

mexsierebis arapeptiduri stimulatorebi praqtikulad ar aris cnobili. gamo-

naklisia orotati da piracetami. ukanaskneli warmoadgens gama-aminoerbos mJavas 
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analogs da miekuTvneba e.w. nootropul preparatebs, romelTa funqciaa  Tavis 

tvinSi sisxlis mimoqcevis gaZliereba.  

XX saukunis dasasrulsa da XXI saukunis dasawyisSi gaCnda axali meTodebi, ro-

melTa daxmarebiT SesaZlebeli gaxda damtkicebuliyo satransporto rnm-is dabal-

molekuluri fragmentebis monawileoba konsolidaciis procesSi. axalma faqtebma 

saSualeba misca mecnierebs gadaesinjaT koncefcia dnm-is armonawileobis Sesaxeb 

xangrZlivi mexsierebis Camoyalibebis meqanizmebSi. tvinis qsovilSi rnm-damokide-

buli dnm-polimerazas aRmoCena da misi aqtivobis dadebiTi korelacia  daswavlis 

procesTan miuTiTebs dnm-is monawileobze mexsierebis formirebis procesSi. aR-

moCnda, rom kvebiTi pirobiTi refleqsebis Camoyalibeba mkveTrad aaqtivebs dnm-is 

garkveul ubnebs (genebs, romlebic pasuxismgebelia specifikuri cilebis sinTez-

ze). amave dros, dadgenilia, rom dnm-is aqtivacia ZiriTadad exeba dnm-is im ubnebs, 

romlebic genomSi iSviaTad meordeba. es movlena aRiniSneba rogorc birTvul, aseve 

mitoqondriul dnm-Si. faqtorebi, romlebic Trgunavs mexsierebas, amave dros amci-

rebs am procesebis intensivobasac.   
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V. sisxlis bioqimia 

sisxli Txevadi SemaerTebeli qsovilia, romelsac cocxal organizmSi umniSvne-

lovanesi funqciebi akisria. organizmSi mimdinare bioqimiuri procesebis mraval-

ferovnebis miuxedavad, TiToeuli maTganis xarisxi sabolood sisxlze aisaxeba. uj-

reduli reaqciebis produqtebis umravlesoba toqsikuria, magram organizmis Sina-

gani garemo amiT ar icvleba da igi praqtikulad mudmivi rCeba. am procesSi sisxls 

gadamwveti mniSvneloba ekisreba. sisxlis mier Sesrulebuli funqciebi mravalfe-

rovania da TiToeuli maTganis moSlam, SesaZlebelia letalur Sedegamde migviyva-

nos.  

sisxli ori ZiriTadi nawilisagan Sedgeba. esaa Txevadi are, anu sisxlis plazma 

da masSi suspenzirebuli formiani elementebi — sisxlis ujredebi. sisxlis ujrede-

bi sami saxisaa: eriTrocitebi, leikocitebi da Trombocitebi. TiToeul maTgans 

gansazRvruli funqcia akisria. kerZod, sisxlis wiTeli ujredebi — eriTrocitebi 

monawileobs sunTqviTi da trofikuli funqciis realizebaSi; leikocitebi CarTu-

lia organizmis damcvelobiTi (imunuri) sistemis funqcionirebaSi, xolo Trombo-

citebi mniSvnelovan rols TamaSobs sisxlis Sededebis procesSi. zogadad, sisxlis 

fundamentaluri roli organizmis homeostazis SenarCunebaSi mdgomareobs.   

sisxlis TiTqmis yvela funqcia (specialuri ujreduli funqciebis, mag., Jangba-

dis gadatani da imunologiuri dacvis gamoklebiT)  xorcieldeba plazmiT an misi 

komponentebiT. sisxlis ZiriTadi funqciebia: 

1. monawileoba sunTqvis procesSi, rac gulisxmobs  O2-is transports filtvebi-

dan qsovilebSi, xolo CO2-isas — qsovilebidan filtvebSi; 

2. miRebuli sakvebi nivTierebebis transporti calkeul ujredebamde; 

3. organizmSi mimdinare metabolizmis saboloo produqtebis gadatana  Tirkme-

lebSi, filtvebSi, kanSi, nawlavebSi maTi Semdgomi  gamoyofisaTvis; 

4. organizmis tute-mJavuri wonasworobis uzrunvelyofa; 

5. wylis balansis regulacia;   

6. sxeulis temperaturis regulireba siTbos ganawilebis   gziT; 

7. infeqciebisagan dacva — xorcieldeba leikocitebiT da plazmaSi cirkulire-

badi antisxeulebiT; 

8. hormonebis transporti da metabolizmis regulireba; 

9. sxvadasxva metabolitebis transporti.  

zrdasruli adamianis sisxlis saerTo moculoba 5-6 litria, rac organizmis sa-

erTo masis daaxloebiT 8%-s Seadgens. sisxli Sedgeba rogorc araorganuli, aseve 

organuli nivTierebebisagan. organuli naerTebidan sisxlSi gvxvdeba cilebi, nax-

Sirwylebi, lipidebi, aseve sxvadasxva vitamini da hormoni. araorganuli nivTiere-

bebi, ZiriTadad, warmodgenilia sxvadasxva marilebiT.  

V.1. sisxlis plazma 

plazma sisxlis Txevadi nawilia, romelsac sisxlis 52-61% uWiravs.  sisxlis 

plazmaSi  Setivtivebulia formiani elementebi.  
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cxrili V. 1. 

 

adamianis sisxlis plazmis ZiriTadi araorganuli komponentebi 

 

anionebi koncentracia 

mkg/100ml 

kaTionebi koncentracia 

mkg/100ml 

bikarbonatebi 

 

qloridebi 

 

fosfatebi 

 

sulfatebi 

 

iodi 

24-30 

 

100-110 

 

1,6-2,7 

 

0,7-1,5 

 

8-15 

kalciumi 

 

magniumi 

 

kaliumi 

 

natriumi 

 

rkina 

 

spilenZi 

4,5-5,6 

 

1,6-2,2 

 

3,8-5,4 

 

132-150 

 

50-180 

 

80-160 

 

sisxlis plazmis pH-maCvenebeli mkacrad gansazRvruli sididea da Seadgens 7.36. 

plazmis  90-93% wyalia, cilebi (albuminebi, globulinebi, fibrinogeni) Seadgenen 

6.6-8.5%-s, xolo danarCeni  1.5-3.5% sxva organuli da mineraluri nivTierebebia. 

wylisa da eleqtrolitebis Semcveloba plazmaSi praqtikulad iseTivea, rogorc 

yvela ujredSoris  siTxeSi (cxr.V.1). cilebis saerTo raodenoba plazmaSi 7—7,5 

g/100 ml-ia. cilebi Seadgens plazmis myari nivTierebebis ZiriTad nawils. sisxlis 

plazmis cilebi martivi da rTuli (glikoproteinebi, lipoproteinebi da sxv.) 

cilebis narevia, romlebic ileqeba natriumis an amoniumis sulfatis sxvadasxva 

koncentraciisas.  

V.1.1. sisxlis plazmis cilebi 

sisxlis plazmis siblantes ganapirobebs masSi cilebis maRali Semcveloba, rom-

lebic erTmaneTisagan gansxvavdeba, rogorc molekulis masiTa da zomiT, aseve mas-

ze dakisrebuli funqciebiT.  

sisxlis plazmis cilebis funqciebi sakmaod mravalferovania, kerZod: 

1. akisria satransporto funqcia, rac gulisxmobs maT monawileobas sxvadasxva, 

SedarebiT dabalmolekuluri naerTebis transporSi nawlavebidan an specialuri 

sacavebidan samizne ujredebamde; 

2. ganapirobebs sisxlis osmosur wnevas, romelsac onkozuri wneva ewodeba;  

3. akisria damcvelobiT funqcia. magaliTad, plazmis cila fibrinogeni CarTu-

lia sisxlis Sededebis procesSi, riTac Tavidanaa acilebuli sisxlis dakargvis sa-

SiSroeba.  

plazmis cilebisaTvis damaxasiaTebelia rigi Tvisebebi, kerZod, maTi umravle-

soba sinTezdeba RviZlSi. gamonakliss warmoadgens γ-globulini da zogierTi sxva 

cila, romlebic sxva ujredebSic sinTezdeba (magaliTad, endoTelur ujredebSi). 

isini plazmaSi moxvedramde sakmaod rTul gzas gadis.  kerZod, sinTezdeba ra mem-

branasTan dakavSirebul polisomebSi, xvdeba xorkliani endoplazmuri badeSi, Sem-

dgom — gluv endoplazmur badeSi, goljis aparatSi da, sabolood, sekretoruli ve-
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zikulebidan sekretirdeba plazmaSi. isini sinTezdeba, rogorc winamorbedebi da 

mTeli rigi cvlilebebiT gardaiqmneba srulfasovan cilebad, romelTa didi nawili 

glikoproteinuli bunebisaa. 

umetes SemTxvevaSi, plazmaSi cilebis Semcveloba mudmivia, Tumca garkveuli 

procesebis mimdinareobis paralelurad, maTi raodenoba icvleba. magaliTad, C-re-

aqtiuli cilis raodenoba izrdeba anTebiTi procesebis dros.  

albumini. plazmaSi yvelaze didi raodenobiT gvxvdeba albumini.  misi koncen-

tracia plazmaSi metia, vidre globulinebisa da fibronogenis, molekuluri masa ki 

piriqiT, yvelaze naklebia (69kdal.). swored albumini ganapirobebs ZiriTadad sis-

xlZarRvebSi koloidur-osmosuri wnevis warmoqmnas. albumini sinTezdeba RviZlSi 

da misi erTaderTi polipeptiduri jaWvi Sedgeba 610 aminomJavas naSTisagan. RviZ-

lis daavadebebis an cilovani sakvebis deficitisas am cilis sinTezi sagrZnoblad 

mcirdeba. albumins aqvs gacilebiT simetriuli forma, vidre γ-glubulinsa da 

fibrinogens, amitom misi xsnaris siblante gacilebiT naklebia, vidre fibrinogenis 

an γ-glubulinis xsnarebisa. es Tviseba gansakuTrebiT mniSvnelovania gulis kunTis 

muSaobisaTvis (sur.V.1).  

 

 
 

suraTi  V. 1. albuminis molekula 

 

plazmis albumini gadamtani molekulacaa. is mniSvnelovan rols asrulebs sxva-

dasxva naerTis transportirebis procesSi, romelTagan mravali wyalSi uxsnadia. is 

awarmoebs bilirubinis, cximovani mJavebis, mravali samkurnalo preparatis da zogi-

erTi qimiuri elementis transports. plazmis albumini aucilebelia lipidebis nor-

maluri metabolizmisaTvis.  hipoalbuminemiis dros (albuminis dabali koncentracia 

SratSi), romelic Tan sdevs RviZlisa da Tirkmelebis daavadebebs, adgili aqvs rbili 

qsovilebis SeSupebas, rac dakavSirebulia sisxlZarRvebSi koloidur-osmosuri wne-

vis SemcirebasTan. iseTi iSviaTi daavadeba, rogoricaa analbuminemia, gamowveulia 

plazmaSi albuminebis naklebobiT, rac ganapirobebs sisxlSi qolesterinis, fosfog-

liceridebisa da lipoproteinebis raodenobis matebas. gansakuTrebiT mniSvnelova-

nia albuminis roli Tavisufali cximovani mJavebis transportirebaSi RviZlidan pe-

riferiul qsovilebamde. albumini aseve CarTulia bilirubinis gadatanaSi sisxlidan 

RviZlSi, saidanac mimdinareobs misi saboloo eqskrecia. sisxlis plazmaSi iseTi na-

erTebis koncentracia, rogoricaa steroiduli hormonebi, Tavisufali aminomJavebi 

da Ca2+-is ionebi, regulirdeba maTi dakavSirebis xarisxiT albuminTan. igi aseve mona-

wileobs mravali farmakologiuri preparatis efeqtis gamovlenaSi.  

plazmis glikoproteinebi. cilebis es jgufi Seicavs kovalenturad dakavSire-

bul oligosaqaridebis fragmentebs. es cilebi Cndeba α1 da α2 globulinebis fraq-

ciebSi. glikoproteinebs Soris arsebobs mravali specifikuri cila, romlebic 

sxvadasxva funqciebiT xasiaTdeba.   
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suraTi V.  2. sisxlis plazmis cilebis eleqtroforegrama 

(zemoT) da  misi grafikuli gamosaxuleba (qvemoT) 

 

sisxlis plazma, normalur SemTxvevaSi, Seicavs mTel rig fermentebs, kerZod, 

fosfatazebs, lipazebs, laqtatdehidrogenazas, amilazas, feroqsidazas (ceru-

loplazmins) da sxv.  qsovilebis dazianebisas an membranebis struqturis darRvevi-

sas, plazmaSi iwyeba ujredSida fermentebis gamoTavisufleba. am dros maTi katali-

zuri aqtivoba SesaZlebelia gamoyenebuli iyos, rogorc qsovilebis dazianebis xa-

risxis raodenobrivi maCvenebeli. klinikur medicinaSi gansakuTrebiT mniSvnelova-

nia SratSi iseTi fermentebis aqtivobis gansazRvra, rogoricaa transaminazebi, 

kreatinkinazebi da mJave fosfatazebi. 

plazmaSi cirkulirebs polipeptiduri hormonebic. hidrofobuli steroidebi 

da 1,25 dihidroqsivitamini D3 cirkulirebs bmuli saxiT (transportirdeba speci-

fikuri gadamtanebiT). 

globulinebi.  sisxlis plazmaSi gvxvdeba cilovani molekulebi — globuline-

bi, romlebic warmodgenilia  α-, β- da γ-izoformebiT. globulinebis klasifikacia 

damyarebulia maT eleqtroforezul Zvradobaze (sur. V.2). 

α-globulinebis jgufs aRniSnaven, rogorc α1- da α2-globulinebs, imis mixedviT, 

Tu rogoria maTi eleqtroforezuli Zvradoba. zogierTi maTganis funqcia ucnobia. 

aseTia, magaliTad mJave α1-globulini, romelic xasiaTdeba naxSirwylebis gansa-

kuTrebuli maRali SemcelobiT (42%). aseve ucnobia amave jgufis warmomadgenlis — 

α2-fetoglobulinis funqciac. misi koncentracia gansakuTrebiT maRalia organiz-

mis Canasaxovan periodSi, xolo dabadebis Semdgom es maCvenebeli mcirdeba.  

zogierTi α2-globulini proteazebis inhibitoria. am jgufis cilebs miekuTvneba 

aseve α1-antitripsini, α2-makroglobulini da inter-α-tripsinis inhibitori. cnobi-

lia, rom es inhibitorebi mniSvnelovan rols TamaSobs sisxlis Sededebis procesSi.  

haptoglobini aseve plazmis glikoproteinia, romelic ujredgare arsebul he-

moglobins ukavSirdeba aramtkice kavSirebiT. Tavisufali hemoglobini advilad ga-

dis Tirkmlis gorglebSi da xSirad ileqeba. Tavisi didi zomebis gamo, haptoglo-

bin-hemoglobinis kompleqsi gorglebSi ver gadaadgildeba, amitom gadaitaneba 

RviZlSi da aq iwyeba misi katabolizmi. haptoglobinis saSualebiT aicileba Tir-

kmlebiT hemoglobinis dakargva, riTac uzrunvelyofilia hemSi arsebuli rkinis ma-

ragis SenarCuneba. 

haptoglobinis done plazmaSi cvalebadia da mas diagnostikuri mniSvneloba 

aqvs. anTebiTi procesebis SemTxvevaSi misi raodenoba mniSvnelovnadaa gazrdili. 



 

 210 

ceruloplazmini  ά-globulinia da plazmaSi arsebuli  spilenZis 90% mis Semad-

genlobaSia. erTi molekula ceruloplazmini 6 atom spilenZs ikavSirebs, ris gamoc 

masTan dakavSirebuli spilenZi mimocvlas ar ganicdis, xolo danarCeni 10% ukav-

Sirdeba albumins. qsovilebSi swored albuminTan dakavSirebuli spilenZis mimoc-

vla mimdinareobs. ceruloplazmini uzrunvelyofs qsovilebSi, gansakuTrebiT 

RviZlSi, spilenZis raodenobis mudmivobas. iseTi iSviaTi memkvidruli daavadeba, 

rogoricaa vilsonis daavadeba, gamowveulia sisxlis plazmaSi ceruloplazminis 

raodenobis SemcirebiT. amis paralelurad, tvinsa da RviZlSi adgili aqvs spilen-

Zis raodenobis matebas, rasac Tan sdevs rigi nevrologiuri simptomebi da RviZlis 

dazianeba.  

ceruloplazmins aqvs fermentuli aqtivoba, igi Cu-damokidebuli oqsidazaa, 

romelic aaqtivebs Fe2+-is daJangvas Fe3+-mde. ceruloplazminis fermentuli aqtivo-

bis daxmarebiT, aseve, Zlierdeba rkinis dakavSireba transferinTan. 

β-globulinebi. β-globulinebis fraqcia Sedgeba sxvadasxva cilebisagan, maT 

Soris gvxvdeba lipoproteinebic. β-globulinebis ZiriTad cilas transferini  

warmoadgens. miuxedavad imisa, rom mas SeuZlia daikavSiros Cu2+ da Zn2+, mis ZiriTad 

funqcias warmoadgens rkinis ionis dakavSireba da transportireba qsovilebSi. 

transferini aseve monawileobs sisxlis plazmaSi Tavisufali rkinis ionis raode-

nobis regulaciaSi. organizmisTvis gacilebiT gaadvilebulia Fe2+-is Sewova, magram 

rkina orvalentiani mxolod cxovelur sakvebSia, xolo mcenareul sakvebSi igi sam-

valentiania. kuWSi mimdinareobs Fe3+-is gardaqmna Fe2+-ad da am procesSi  CarTulia 

kuWis wveni. rkinis Sewova aqtiuri procesia da igi Tormetgoja nawlavSi xdeba. is 

rkina, romelic ar STainTqmeba, ukavSirdeba transferins da gadaitaneba utiliza-

ciis adgilisaken — umTavresad Zvlis tvinSi. 

dRis ganmavlobaSi 200 milioni sisxlis wiTeli ujredi iSleba da 25 mg-mde rkina 

Tavisufldeba. Tavisufali rkina toqsikuria, magram transferinTan dakavSirebiT 

misi toqsikuroba  ispoba. transferinis erTi molekula 2 ion rkinas ikavSirebs. uj-

redebis zedapirze gvxvdeba transferinis receptori. receptorTan dakavSirebis 

Sedegad warmoiqmneba receptor-transferinis kompleqsi, romelic endocitozis 

saSualebiT gadaitaneba ujredis SigniT, saidanac xvdeba lizosomebSi. aq arsebuli 

mJave pH uzrunvelyofs rkinis gamoTavisuflebas  transferinidan. receptor-

transferinis kompleqsi rkinis gareSe plazmur membranas ubrundeba, transferini 

receptors scildeba da plazmaSi gadadis, sadac is kvlav rkinis ions ikavSirebs da 

cikli meordeba (sur.V. 3). 

feritini,  aseve, monawileobs rkinis metabolizmSi. transferinisagan gansxvave-

biT, igi rkinis Semnaxveli cilaa, romelic saWiroebis SemTxvevaSi gascems rkinis 

ions. feritinis molekulas rkinis gareSe apo-feritini ewodeba. apo-feritinis mo-

lekuluri wonaa  440kdal. da 3000-4500 rkinis ions ikavSirebs.  

hemosiderini.  es cilovani molekula naklebadaa Seswavlili. savaradod, igi fe-

ritinis degradaciis Sedegad warmoiqmneba da Seicavs rkinis ions.  

C-reaqtiuli cilis  raodenoba janmrTeli adamianis plazmaSi 1mg/100ml-ia, 

Tumca mwvave infeqciebis dros misi koncentracia matulobs. am cilis funqcia sak-

maod bundovania. iTvleba, rom igi xels uwyobs fagocitozis process. 
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suraTi V. 3. samvalentiani rkinis gardaqmna orvalentian rkinad 

 

β2-mikroglobulis raodenoba sisxlis plazmaSi Zalian mcirea. mcire moleku-

luri zomebis gamo, igi iolad gadadis SardSi.  

γ-globulinebi anu, imunoglobulinebi. plazmis mniSvnelovani komponentebia 

imunoglobulinebi, romlebic γ-globulinebs miekuTvneba. imunoglobulinebi, anu 

antisxeulebi sinTezdeba B-limfocitebis an B-limfocitebisagan warmoqmnili 

plazmaturi ujredebis — plazmocitebis mier. antisxeulebi maRali specifikuro-

biT ukavSirdeba sxva molekulebis antigenur determinantebs. 

imunoglobulinebis yvela molekula Sedgeba ori identuri msubuqi L (ingl. 

Light) da ori identuri mZime H (ingl. Heavy) polipeptiduri jaWvisagan, romlebic 

disulfiduri bmebis saSualebiT qmnis tetramers (L2H2). yoveli jaWvi SeiZleba pi-

robiTad davyoT specifikur domenebad, anu ubnebad, romelTac aqvs gansazRvruli 

struqtura da funqciuri mniSvneloba. msubuqi jaWvis naxevars, romelic Seicavs 

karboqsilur bolos, uwodeben konstantur ubans (CL), xolo N-bolo naxevars — va-

riabelur ubans (VL). mZime jaWvis daaxloebiT 1/4-s, romelic Seicavs N-bolos, 

miakuTvneben H-jaWvis variabelur ubans (VH), danarCeni ¾ konstanturi ubnebia (CH1, 

CH2 da CH3). imunoglobulinis is ubani, romelic ukavSirdeba specifikur antigens, 

formirdeba msubuqi da mZime jaWvebis variabeluri ubnebidan, anu VH da VL domene-

bidan. es domenebi globularuli warmonaqmnebia meoreuli da mesameuli struqtu-

riT (e.w. zemeoreuli struqtura).  

imunoglobulinis molekulis fermentuli gaxleCisas papainiT, warmoiqmneba 

ori antigen-damakavSirebeli fragmenti (Fab) da erTi kristalizebadi  fragmenti 

(Fc). molekulis ubans, romelic moTavsebulia  CH1  da  CH2  domenebs Soris, uwode-

ben saxsrul ubans  (sur.V.4). 

arsebobs msubuqi jaWvebis ori ZiriTadi tipi: kapa (κ) da lambda (λ), romlebic 

erTmaneTisagan gansxvavdeba CL ubnis struqturiT. calkeuli imunoglobulinis mo-

lekula Seicavs or κ-, an or  λ-jaWvs, da arasodes ar Seicavs erTdroulad κ-  da λ-

jaWvebs. adamianis imunoglobulinebis SemadgenlobaSi ufro xSirad Sedis  κ-jaWvebi. 
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adamianSi aRmoCenilia H-jaWvebis xuTi saxeoba (klasi), romlebic erTmaneTisa-

gan gansxvavdeba CH-ubnebis struqturiT. es klasebi aRiniSneba berZnuli asoebiT γ, 

α,  μ, δ  da ε. maTi molekuluri masa meryeobs 50-75 kdal-mde.  μ da ε-jaWvebi Seicavs 

oTx-oTx konstantur ubans, maSin roca sxva jaWvebis SemadgenlobaSi sam aseTi uba-

nia. mZime jaWvis tipi gansazRvravs imunoglobulinis klass da, Sesabamisad, mis dam-

cvelobiT funqciebsac. arsebobs imunoglobulinis xuTi klasi IgG, IgA, IgM, IgD da 

IgE. C-ubnebSi arsebuli mciredi gansxvavebebis safuZvelze,  H-jaWvebis zogierTi 

klasi SeiZleba daiyos qveklasebad. 

 

 

 
 

suraTi V. 4. imunoglobulinis struqturuli agebuleba 

 

imunoglobulinebis variabeluri ubnebi, romlebic Sedgeba VH da VL  domenebisa-

gan, Zlier heterogenulia. ar arsebobs (sxvadasxva individebSi) ori variabeluri 

ubani, romlebic identuria aminomJavuri Tanmimdevrobis mixedviT. amave dros arse-

bobs struqturulad msgavsi ubnebi. aminomJavuri Tanmimdevrobis homologiurobis 

xarisxis mixedviT, maTi dayofa SeiZleba sam jgufad: Vk — jgufi (κ-jaWvebisaTvis), Vλ 

– jgufi (λ-jaWvebisaTvis) da VH – jgufi (H-jaWvebisaTvis). amrigad, variabeluri ub-

nebis struqturaSi arsebobs ramdenime SedarebiT mudmivi ubani, romlebic gansazR-

vravs jgufebsa da qvejgufebs. sxvadasxva msubuqi da mZime jaWvebis variabeluri ub-

nebis Sedarebisas dadginda, rom SedarebiT aravariabelur ubnebs Soris gvxvdeba hi-

pervariabeluri ubnebi. msubuq jaWvebSi aseTi ubani samia, mZime jaWvebSi — oTxi. 

imunoglobulinebis molekulebis mZime jaWvebis konstanturi ubnebi, gansakuT-

rebiT CH2  da CH3   (aseve   CH4 ubnebi   IgM -  da  IgE-Si), romlebic qmnis Fc-fragments, pa-

suxismgebelia imunoglobulinebis damcvelobiTi funqciebze, romlebic specifiku-

ria mocemuli klasisaTvis. zogierTi imunoglobulini, mag., IgA, arsebobs mxolod 

tetrameruli formiT. sxva imunoglobulinebi (IgA da IgM)  qmnis oligomerebs ufro 

maRali xarisxiT, romlebic Seicavs or an sam (IgA)  an xuT (IgM) tetramers (sur. V.5). 
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suraTi V. 5. imunoglobulinebis sxvadasxva klasis struqtura 

 

imunoglobulinebis mZime da msubuqi jaWvebi sinTezdeba calkeuli molekule-

bis saxiT da Semdeg, B-ujredebSi an plazmocitebSi am molekulebidan warmoiqmneba 

`zrdasruli~ imunoglobulinebi. yvela imunoglobulini (gamonaklisis gareSe) 

glikoproteinia. 

imunoglobulinis yoveli msubuqi jaWvi produqtia sul mcire sami calkeuli 

struqturuli genisa: 1. variabeluri ubnis (VL) geni; 2. SemaerTebeli ubnis geni;        

3. konstanturi ubnis (CL) geni. yoveli mZime jaWvi produqtia sul mcire oTxi sxva-

dasxva genisa: 1. variabeluri ubnis (VH) geni; 2. gansxvavebulobis geni; 3. SemaerTebe-

li ubnis geni; 4. konstanturi ubnis (CH) geni. amrigad, klasikuri sqema `erTi geni — 

erTi cila~ am SemTxvevaSi araa misaRebi. 

yovel individs aqvs unari awarmoos antisxeulebis sinTezi daaxloebiT erTi mi-

lioni sxvadasxva antigenis winaaRmdeg. antisxeulebis aseTi mravalferovneba ganpi-

robebulia imunoglobulinebis yoveli jaWvis warmoqmnaSi monawile sxvadasxva 

struqturuli genis kombinaciebiT, aseve VH- da VL-ubnebis genebSi somaturi muta-

ciebis maRali sixSiriT. 

cnobilia daavadebebi, romelTa drosac izrdeba imunoglobulinebis gansazR-

vruli klasebis an gansazRvruli molekulebis produqcia. magaliTad, plazmuri 

ujredebis klonaluri simsivnis warmoqmnisas (e.w. mieloma) swored am procesebs 

aqvs adgili. amis sapirispirod, hipogamaglobulinemiis dros mcirdeba imunoglo-

bulinebis mxolod romelime erTi klasis (mag., IgA an IgG), an erTdroulad yvela 

klasis (IgA, IgD, IgE, IgG, IgM) sinTezi. imunoglobulinebis raodenobis cvlilebebi, 

TiTqmis yovelTvis, ganpirobebulia maTi sinTezis siCqaris an maTi sekreciis dar-

RveviT. am cvlilebebis mizezebi erTob mravalricxovania.  

imunoglobulinebis sxvadaxva klasi gansxvavebul procesebSia CarTuli da sxva-

dasxva funqcia akisria. magaliTad, IgA-klasis imunoglobulinebi upiratesad. 

lorwovan sekretebSi (bronqialuri, nawlavuri sekretebi, rZe, cremli) gvxvdeba. am 

klasis imunoglobulinebi organizms icavs virusuli da baqteriuli paTogenebisa-

gan  organizmSi SeWris sawyis etapze, sanam ar moxdeba maTi moxvedra sisxlis plaz-

masa da sxva Sida sivrceebSi. 

IgM-klasis imunoglobulinebi, ZiriTadad, gvxvdeba sisxlis plazmaSi. ucxo an-

tigenebis moqmedebis Sedegad, pirveli antisxeulebi, romelTa warmoqmna iwyeba or-

ganizmSi, IgM-klasis imunoglobulinebia. maTi monawileobiT mimdinareobs mikro-

organizmebis fagocitozi. am procesSi monawileobs makrofagebi da leikocitebi. 

sisxlis plazmaSi aseve gvxvdeba IgG-klasis imunoglobulinebic. am klasis imunog-

lobulinebis sinTezi, ucxo antigenebis sapasuxod, ufro did periods moicavs. am 
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cilebis koncentracia plazmaSi ufro maRalia, vidre IgM-imunoglobulinebis. maTi 

funqciac fagocitozis procesis aqtivaciaa.  

IgD da IgE-klasis imunoglobulinebis biologiuri funqcia ucnobia. Tumca cno-

bilia, rom IgE-klasis imunoglobulinebi mniSvnelovan rols TamaSobs iseT alergi-

ul reaqciebSi, rogoricaa anafilaqsiuri Soki, WinWris cieba da asTma. 

sisxlis plazmis cilebs ganekuTvneba aseve  hemoglobini (ix. Tavi VII.8.) — rTuli 

globularuli cila, romelic prosTetuli jgufis saxiT Seicavs hems — ciklur 

tetrapirols  (porfirinis rgols da Fe2+ ionebs).    

V.1.2. sisxlis plazmis lipidebi 

sisxlSi lipidebidan, ZiriTadad, warmodgenilia triacilgliceridebi, qoles-

terini da qolesterinis eTerebi. maTi wyalSi cudi xsnadobidan gamomdinare, isini 

sisxlSi, ZiriTadad, gvxvdeba makromolekulebis, kerZod lipoproteinebis Semad-

genlobaSi. plazmuri lipoproteinebi xels uwyobs lipidebis metabolizms da tran-

sportirebas qsovilebSi. cnobilia lipoproteinebis 5 jgufi, romelTa dayofas sa-

vuZvlad udevs am molekulebis simkvrive. esenia maRali simkvrivis lipoproteinebi 

(HDL), saSualo simkvrivis lipoproteinebi (IDL), dabali simkvrivis lipoproteinebi 

(LDL), Zalian dabali simkvrivis lipoproteinebi (VLDL) da qilomikronebi. yoveli 

maTganisaTvis damaxasiaTebelia SemadgenlobaSi fosfolipidisa da erTi an ramde-

nime saxis cilis molekulis, e.w. apoproteinis arseboba. sisxlis plazmis lipopro-

teinebis eleqtroforezis dros miiReba oTxi fraqcia: α-, β- da pre-β-lipoprotei-

nebi (β1-lipoproteinebi) da aseve gamoiyofa qilomikronebis fraqcia, romelsac 

eleqtroforezuli Zvradoba ar axasiaTebs (uZravia da eleqtroforezis dros 

startis adgilze rCeba). qilomikronebi wvrildispersiuli nawilakebia, romlebic 

ar ixsneba sisxlis plazmaSi da imyofeba emulgirebul mdgomareobaSi. sisxlis 

plazmis lipoproteinebi erTmaneTisagan aseve gansxvavdeba simkvriviT, molekulu-

ri masiT, molekulebis zomiT da qimiuri SemadgenlobiT (cilebis, fosfolipidebi-

sa da qolesterinis) da  SemcvelobiT. lipoproteinebSi rac metia cilis molekule-

bi (procentulad), miT metia  maTi simkvrive. dadgenilia, rom simkvrivis mixedviT 

lipoproteinebi iyofa Zalian dabali simkvrivis (Zds, ingl. VLDL – Very low density 

lipoproteins – d=0,95-1,006), Sualeduri simkvrivis (Ssl, ingl. IDL – Intermediate density 

lipoproteins – d=1,006-1,019), dabali simkvrivis (dsl, ingl. LDL – Low density lipoproteins – 

d=1,019-1,063), maRali simkvrivis (msl, ingl. HDL – Higl density lipoproteins d=1,063-1,210) 

lipoproteinebad da qilomikronebad (sur. V.6). HDL fraqcia ultracentrifugire-

bisas iyofa or — HDL da  HDL-2 fraqciebad. aRmoCnda, rom α-lipoproteinebis fraqcia 

warmodgenilia maRali simkvrivis lipoproteinebiT (HDL), β-lipoproteinebis 

fraqcia — dabali (LDL)  da Sualeduri (IDL) simkvrivis lipoproteinebiT, xolo pre-

β-lipoproteinebis fraqcia — Zalian dabali simkvrivis lipoproteinebiT (VLDL). 

α-lipoproteinebi (msl), sxva fraqciebTan SedarebiT, Seicavs yvelaze meti rao-

denobiT cilas da fosfolipidebs, xolo qolesterini maTSi SedarebiT naklebi ra-

odenobiTaa. qilomikronebi ki piriqiT, yvelaze meti raodenobiT Seicavs triacil-

glicerolebs, rac dakavSirebulia maT satransporto funqciasTan. sisxlis plaz-

mis sxvadasxva saxeobis lipoproteinebis funqciebi mocemulia  cxrilSi V.2. 
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suraTi V.6. sisxlis plazmis lipoproteinebSi 

cilebisa da lipidebis Semcveloba 

          

 

 

cxrili V. 2. 

 

sisxlis plazmis lipoproteinebis funqciebi 

 

lipoproteini zomebi 

(nm) 

funqcia 

maRali simkvrivis 

lipoproteinebi (HDL) 
8-11 

qolesterinis transporti periferiuli 

qsovilebidan RviZlSi 

dabali simkvrivis li-

poproteinebi  (LDL) 18-26 

qolesterinis, triacilgliceridebis da 

fosfolipidebis transporti RviZlidan 

periferiul qsovilebSi 

Sualeduri simkvrivis li-

poproteinebi (IDL) 25-35 

qolesterinis, triacilgliceridebis da 

fosfolipidebis transporti RviZlidan 

periferiul qsovilebSi 

Zalian dabali simkvrivis 

lipoproteinebi (VLDL) 30-80 

qolesterinis, triacilgliceridebis da 

fosfolipidebis transporti RviZlidan 

periferiul qsovilebSi 

qilomikronebi 

75-1200 

sakvebiT miRebuli qolesterinisa da cxi-

movani mJavebis transporti nawlavebidan 

periferiul qsovilebSi da RviZlSi 

           

sisxlis plazmis lipoproteinebs damaxasiaTebeli struqtura aqvs. SigniTa 

nawili (birTvi) Sedgeba arapolaruli lipidebisagan — triacilgli-ceridebisa da 

eTerificirebuli qolesterolisagan. birTvi garSemortymulia fosfolipidebisa 

da qolesterolisagan Semdgari erTSriani garsiT. maTi polaruli Tavebi garsis 

gareTaa mimarTuli da uSualo kavSirSia proteinebTan an lipoproteinebis gare-

momcveli wylis molekulebTan. lipoproteinis cilovani komponenti SeiZleba 

integrirebuli iyos fosfolipidur garsSi an mis zedapirze iyos moTavsebuli 

(sur.V. 7.). 

 
 



 

 216 

 
 

suraTi V.7. lipoproteinis struqturuli modeli 

 

qilomikronebi msxvili sferosebri da msubuqi warmonaqmnebia, romelTa formi-

reba xdeba wvril nawlavebSi egzogenuri lipidebis Sewovis procesSi. qilomikrone-

bi sinTezdeba nawlavebis ujredebiT da sekretirdeba limfur ZarRvebSi, saidanac 

xvdeba sisxlSi.  didi zomis gamo, qilomikronebi iwvevs Zlier Suqfantvas da amitom 

sisxlis plazmas sakvebis miRebis Semdeg (postprandialuri plazma) yovelTvis axa-

siaTebs opalescencia, romlis intensivoba kvebiT miRebuli cximebis raodenobazea 

damokidebuli. 

warmoqmnil qilomikronebSi 85% trigliceridebia, ris gamoc isini Zdsl-Tan 

erTad mikuTvneba trigliceridebiT mdidar lipoproteinebs. qilomikronebis Se-

madgenlobaSi aseve Sedis qolesterini da qolesterinis eTerebi. qilomikronebis 

sekreciis dros maT zedapirs nawilobriv faravs apolipo-protein B-s (lipoprote-

inebis cilovani komponenti) erT-erTi izoforma (ApoB-48), romelic uzrunvelyofs 

qilomikronebis stabilurobas cirkulaciis procesSi. limfaSi, Semdeg ki sisxlSi 

msl-Tan erTad cirkulirebisas,  formirebad  qilomikronebze  gadaitaneba  apoli-

poproteinebi C da E (ApoC da ApoE), rasac mosdevs zrdasruli  qilomikronebis gax-

leCa ferment lipoproteinlipazas moqmedebiT. am procesSi warmoqmnili Tavisufa-

li cximovani mJavebi transportirdeba qsovilebSi (cximovani qsovili, kunTebi da 

sxv.), sadac gamoiyeneba energetikuli procesebisaTvis. Warbi warmoqmnisas, Tavisu-

fali cximovani mJavebi erTveba cximovan qsovilSi, ganicdis  eTerificirebas, isev 

gardaiqmneba trigliceridebad da am formiT deponirdeba. lipoproteinlipazas aq-

tivatori ApoC ubrundeba msl-ebs. procesis Sedegad qilomikronis nawilakis zoma 

mcirdeba da igi gadaiqceva naSTad da swrafad STainTqmeva RviZliT. STanTqmis pro-

cesSi monawileobs ApoE, romelic endoTeliumis Sesabamis receptorTan urTier-

TqmedebiT, uzrunvelyofs qilomikronis naSTis Semdgomi endocitozs hepatoci-

tebSi.  swored hepatocitebSi warmoebs qilomikronebis saboloo degradacia. para-

lelurad RviZli asinTezebs Zdsl-ebs. amgvarad, qilomikronebi uzrunvelyofs sak-

vebi lipidebis gadatanas nawlavebidan RviZlSi. adamianis sisxlis plazmis lipop-

roteinebis qimiuri Semadgenloba mocemulia cxrilSi V. 3. 

lipoproteinebis cilovan komponents apolipoproteini ewodeba. dReisaTvis 

cnobilia apolipoproteinebis (Apo) Svidi tipi — A, B, C, D, E, F da G, romlebic er-
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TmaneTisgan gansxvavdeba aminomJavuri SemadgenlobiT, meoreul struqturaSi pe-

rioduli konformaciebis procentuli SemcvelobiT, molekuluri masiT, imunuri 

TvisebebiTa da funqciebiT. lipoproteinis molekula SeiZleba Seicavdes erT an 

met Apo-s. zogierTi tipis Apo iyofa qvetipad (ApoAI, ApoAII da sxv.) (cxr.V.4). ApoD 

(20kd), ApoF (30kd) da ApoG (72kd) msl-is lipoproteinebis minoruli apolipoprote-

inebia Apo-ebis jaWvis mniSvnelovani nawili  α-spiralia. spiralizebuli segmentebis 

umetesobaSi aminomJavaTa Tanmimdevroba iseTia, rom yoveli III  an IV aminomJavas ra-

dikali polaruli (damuxtuli) an arapolarulia. amitom spiralizebuli segmentis 

zedapiric polaruli an arapolarulia. Apo-s am segmentis damuxtuli zedapiri ad-

vilad urTierTqmedebs fosfolipiduri garsis polarul zedapirTan da arakova-

lenturad ukavSirdeba mas, ris Sedegadac lipoproteinis cilovani nawili qmnis pe-

riferiul apolipoproteins. Apo-ebs spiralizebuli segmentis arapolaruli zeda-

piri urTierTqmedebs hidrofobul birTvSi myofi cximovan mJavebis arapolarul 

kudebTan da Sedegad, cilis es nawili iZireba birTvSi. klinikuri diagnozis dasmi-

sas, mniSvnelovania lipoproteinebis 4 jgufi: 

1) qilomikronebi, romlebic warmoiqmneba nawlavebSi triacilglicerolebis Se-

wovisas; 

2) Zdsl anu pre-β-lipoproteinebi, romlebic warmoiqmneba RviZlSi da CarTulia  

triacilglicerolebis transportSi; 

3) dsl, anu β-lipoproteinebi, romlebic warmoadgens Zdsl-is katabolizmis sa-

boloo produqts; 

4) msl anu α-lipoproteinebi, romlebic monawileobs  qilomikronebis, Zdsl-is 

da qolesterinis metabolizmSi. 

V.1.3.  sisxlis plazmis lipoproteinebis 

cvlilebiT gamowveuli paTologiebi 

sxvadasxva daavadebis dros sisxlis plazmaSi SeiZleba Seicvalos rogorc li-

poproteinebis saerTo, ise maTi calkeuli fraqciebis raodenoba, rasac garkveuli 

diagnostikuri mniSvneloba aqvs. magaliTad, RviZlis cximovani gadagvarebis erT-

erTi mizezia ferment lipoproteinlipazas moqmedebiT qilomikronebidan da sxva 

lipoproteinebidan triacilgliceridebis gamoTavisufleba da maTi Semdgomi hid-

rolizi, aseve Zdsl-is sinTezis an sekreciis moSla, rac, Tavis mxriv, SesaZlebelia 

gamowveuli iyos Zdsl-is warmoqmnisaTvis aucilebeli apolipoproteinebis sinTe-

zis darRveviT. sisxlis plazmaSi lipoproteinebis koncentraciis matebas hiperli-

poproteinemia ewodeba, xolo klebas — hipolipoproteinemia. lipoproteinebis ra-

odenobrivi Tanafardobis cvlilebas sisxlis plazmaSi dislipoproteinemia ewode-

ba. yvela es darRveva SesaZlebelia iyos pirveladi da meoradi. 

pirveladi hiper- da hipolipoproteinemiis mizezia lipoproteinebis  sinTezis, 

transportirebisa da katabolizmis procesebSi monawile fermentebis genetikuri 

defeqtebi. 
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cxrili V.  3. 

 

adamianis sisxlis plazmis lipoproteinebis  

daxasiaTeba da qimiuri Semadgenloba 

 
Semadgenloba 

saerTo lipidebi 

qolesterini (%) 

 

 

lipopr

oteini 

 

 

simkvrive 

 

 

mol. 

masa 

 

 

dia- 

metri 

(nm) 

 

 

cila 

(%) 

 

     

lipidebi 

(%) 

tri-

gli-

ceri-

debi 

(%) 

fos

fo-

lip

ide-

bi 

(%) 

eTerifi-

cirebuli 

Tavi-

sufa-

li 

Tavi-

sufali 

cximovani 

mJavebi 

(%) 

qilomi-

kronebi 

< 0.95 109-1010 90-
1000 

1 - 3 97-99 84-89 7-9 3-5 1-3  

VLDL 0.95-1.006 5.106-5.106 30-90 15-10 90-95 50-65 15-20 10-15 5-10 1 

IDL 1.006-1.019 4.5 x106 25-30 15-20 80-85 30 22 22 8 1 

LDL 1.019- 1.063 2 .106 20-25 20-25 75-80 7-10 15-20 35-40 7-10 1 

HDL 1.063-1.210 3.105 7-13 45-50 50-55 3-5 25-30 12 4 6 

 

 

cxrili V.  4. 

     

adamianis sisxlis plazmis apolipoproteinebi 

 
apolipo-

proteini 

lipoproteini, romelSic is 

gvxvdeba 

mol. masa 

(kd) 

 

aminomJa-vebis 

raodenoba 

meoreuli struqturis 

konformacia 

ApoA-I HDL, qilomikronebi 28,3 243 α-spirali — 70%, 

β-struqt. — 10% 

ApoA-II HDL, qilomikronebi 17,3 dimeria  

77+77 
α-spirali — 49% 

ApoB-100 LDL, VLDL, IDL 550 4536 α-spirali — 25%, 

β-struqt. — 37% 

ApoB-48 qilomikronebi 260 2153 — 

ApoC-I VLDL,   HDL 6,6 57 α-spirali — 55% 

ApoC-II VLDL, HDL, qilomikronebi 8,8 78 α-spirali — 23% 

ApoC-III VLDL, IDL, HDL, qilomikroni 8,75 79 α-spirali — 22% 

ApoD HDL subfraqciebi 20 — — 

ApoE  VLDL, IDL, HDL,        

 qilomikroni  

33 — — 

ApoF HDL subfraqciebi 30 — — 

ApoG HDL subfraqciebi 72 — — 

 

meoreuli hiper- da hipolipoproteinemia viTardeba sxvadasxva daavadebis 

dros, romlebic xasiaTdeba lipoproteinebis  cvlis moSliT. 

fredriqsonis klasifikaciis mixedviT cnobilia pirveladi (memkvidreobiTi, 

anu ojaxuri) hiperlipoproteinemiebis 5 tipi: 

I tipi — hiperqilomikronemia, romelic xasiaTdeba sisxlSi didi raodenobiT qi-

lomikronebis arsebobiT, Zdsl-is raodenoba normaluria an umniSvnelodaa momate-

buli, xolo dsl-is da msl-is raodenoba Semcirebulia. daavadebis mizezia cximovan 
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qsovilSi lipoproteinlipazas memkvidreobiTi deficiti, ris gamoc moSlilia qi-

lomikronebis katabolizmis procesi. am darRvevis dros SesaZlebelia ganviTardes 

hepatosplenomegalia. 

II tipi — hiper-β-lipoproteinemia — xasiaTdeba sisxlSi didi odenobis β-lipop-

roteinebis (dsl-is) SemcvelobiT. momatebulia qolesterinis raodenoba (hiperqo-

lesterolemia), xolo Zdsl-is da triacilglicerolebis Semcveloba — normaluria. 

am darRvevis mizezia qsovilebSi dsl-is receptorebis memkvidreobiTi defeqti, 

ris gamoc Semcirebulia dsl-is daSlis siCqare. am darRvevisas maRalia aTeroskle-

rozis (gansakuTrebiT koronaluri sisxlZarRvebis aTerosklerozis) ganviTarebis 

riski. 

III tipi — dis- β-lipoproteinemia — pre-β (Zdsl) — β-lipoproteinebis (dsl) rao-

denobis mkveTri matebis gamo sisxlis plazmis eleqtro-foregramaze xdeba am fraq-

ciebis zolebis Serwyma, ris gamoc mas `farTozolian~ lipoproteinemiasac uwode-

ben. am dros sisxlSi aseve momatebulia qolesterinisa da triacelgliceridebis 

raodenobac, risi mizezia — Zdsl-Si apolipoprotein E-s erT-erTi izoformis Apo2-

is Semcvelobis mkveTri mateba, romlisTvisac damaxasiaTebelia, rom igi ar urTier-

Tqmedebs Apo-s receptorebTan. am defeqtis mqone individebSi xSiria koronaluri 

arteriebis adreuli aTerosklerozi. 

IV tipi — hiper-pre-β-lipoproteinemia. daavadebas Tan axlavs hiper-triacil-

glicerilemia, normaluria an momatebulia qolesterinis raodenobac. es darRveva 

damaxasiaTebelia Saqriani diabetis, alkoholizmis, simsuqnisa da gulis koronalu-

ri sisxlZarRvebis daavadebebisaTvis. mizezi — gamoukvlevia. 

V tipi — hiper-pre-Β-lipoproteinemia qilomikronemiiT. sisxlSi mkveTradaa mo-

matebuli Zdsl-is da qilomikronebis raodenoba. aRiniSneba triacilgliceridebis 

raodenobis mkveTri matebac, xolo dsl-is da msl-is koncentracia Semcirebulia. 

am darRvevis mqone individebSi xSiria Saqriani diabeti, hepatopaTia da nefropaTia. 

pirveladi  hipolipoproteinemiebi gamomwvevi mizezis mixedviT SesaZlebelia 

daiyos 3 tipad: 

I tipi — abetalipoproteinemia. autosomur-recesuli tipis memkvidreobiTi daa-

vadebaa, romelic xasiaTdeba sisxlis plazmaSi β-lipoproteinebis (dsl-is) ararse-

bobiT. misi mizezia nawlavebSi da RviZlSi Apo-s sinTezis defeqti. sisxlSi mkveTra-

daa Semcirebuli acilglicerolebis koncentracia, vinaidan ar warmoebs qilomik-

ronebisa da Zdsl-is warmoqmna. 

II tipi — hipobetalipoproteinemia. sisxlis plazmaSi Semcirebulia dsl-is kon-

centracia, magram qilomikronebis warmoqmna xorcieldeba. procesis mizezia RviZ-

lSi Apo B-s sinTezis daqveiTeba. 

III tipi — α-lipoproteinis ukmarisoba (tanjeris daavadeba) recesiuli tipis mem-

kvidreobiTi daavadebaa, romlis drosac sisxlSi mkveTradaa Semcirebuli msl-is 

koncentracia. qsovilebSi aRiniSneba qolesterinis eTerebis dagroveba. daavadebas 

Tan axlavs hepatomegalia (RviZlis gadideba) da splenomegalia (elenTis gadideba). 

am daavadebisas qilomikronebisa da Zdsl-is sinTezi da sekrecia normalurad mim-

dinareobs. msl-is ukmarisobis mizezia ApoC II-is sinTezis defeqti (ApoC II aaqti-

vebs lipoproteinlipazas da amiT xels uwyobs msl-is warmoqmnas). 

aTerosklerozis bioqimia. aTerosklerozi (berZn.-dan ἀθέρος — rbilobi da  

σκληρός — myari, mkvrivi) — arteriebis qronikuli daavadebaa, romelic warmoiqmneba 

lipiduri cvlis darRvevis dros. am dros xdeba qolesterinisa da lipoproteine-

bis aTerogenuli fraqciebis daleqva sisxlZarRvebis intimaSi (sisxlZarRvis Sida 
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garsi, romelic Sedgeba endoTeliumis Srisagan da SemaerTebeli qsovilis fenisa-

gan — subendoTeliumisagan), rasac mosdevs danaleqebisagan aTeromatozuri fola-

qebis formireba. SemaerTebeli qsovilis Semdgomi Cazrda aTeromatozur folaqeb-

Si (sklerozi) da sisxlZarRvebis kedlis kalcinozi iwvevs sisxlZarRvis sanaTuris 

deformacias, daviwroebas da mis daxSobas. 

dReisaTvis aTerosklerozis warmoqmnis mizezebis Sesaxeb erTiani Teoria ar 

arsebobs, Tumca gamoTqmulia sxvadasxva mosazreba:  

• lipoproteiduli infiltraciis Teoria — pirveladia lipoproteinebis dag-

roveba sisxlZarRvis kedelSi; 

• endoTeliumis disfunqciis Teoria — pirveladia endoTeliumisa da misi me-

diatorebis damcvelobiTi Tvisebebis darRveva; 

• autoimunuri Teoria — pirveladia makrofagebisa da leikocitebis funqciis 

darRvevebi; 

• monoklonaluri Teoria — pirveladia gluvkunTovani ujredebis paTologi-

uri klonis warmoqmna; 

• virusuli Teoria — pirveladia endoTeliumis virusuli dazianeba  

• ( herpesi, citomegalovirusi da sxv.); 

• zeJanguri Teoria — pirveladia antioqsidanturi sistemis darRvevebi; 

• genetikuri Teoria — pirveladia sisxlZarRvis kedlis memkvidreobiTi de-

feqti; 

• qlamidozuri Teoria — pirveladia sisxlZarRvis kedlis dazianeba qlamidie-

biT, ZiriTadad Chlamydia pneumoniae-Ti; 

• hormonaluri Teoria — gonadotropuli da adrenokortikotropuli hormo-

nebis raodenobis asakobrivi mateba iwvevs qolesterinis saSeni  masalis gaZ-

lierebul sinTezs.  

1913 w. n. aniCkovma wamoayena aTerosklerozis qolesterinuli hipoTeza — 

`uqolesterinod — ar aris aTerosklerozi~. maRali simkvrivis lipoproteinebs, 

romlebsac gamoaqvT qolesterini ujredidan, ewodeba antiaTerogenebi. rac metia 

msl-is koncentracia, miT naklebia aTeroskleroziT daavadebis riski. dabali sim-

kvrivis lipoproteinebs (Zdsl da dsl), romlebsac moaqvT ujredSi qolesterini, 

ewodeba aTerogenebi. aTerosklerozi viTardeba lipoproteiebis cvlis darRvevi-

sas, romlis drosac adgili aqvs aTerogenuli lipoproteinebis raodenobis moma-

tebas. fredriqsonis klasifikaciis mixedviT, am kuTxiT gansakuTrebiT sainteresoa 

hiperlipoproteinemiis IIa, IIb, III da IV tipi. cnobilia II tipis homozigoturi da he-

terozigoturi formebi. hiperqolesterinemiis homozigoturi forma gvxvdeba 

1:1000000 sixSiriT (dsl-is koncentracia sisxlSi normaze eqvsjer metia; avadmyo-

febi iRupebian 20 wlis asakSi gul-sisxlZarRvTa daavadebebiT). heterozigoturi 

forma gvxv-deba sixSiriT 1: 500 (dsl-is koncentracia momatebulia 2-3-jer; gul-

sisxlZarRvTa dazianeba viTardeba 35 wlis asakSi).  

aTerogenuli dsl-is sisxlSi dagrovebis ZiriTadi mizezia dsl-is receptoris 

defeqti, ris Sedegad dsl aRwevs sisxlZarRvis kedlis ujredebSi araregulireba-

di gziT da rasac mosdevs aTerosklerozuli folaqebis formireba. ganvixiloT da-

naleqebis warmoqmnis meqanizmi endoTeliumis ujredebis dazianebis pirobebSi. da-

zianebuli endoTeliumis saSualebiT sisxlZarRvis kedelSi aRwevs Trombocitebi 

da dsl, aseve makrofagebi. Trombocitebi sekretirebs zrdis faqtors, romlebic 

awarmoebs gluvi kunTovani ujredebis proliferacias. gluvi kunTis ujredebi da 

makrofagebi araspecifikuri endocitoziT STanTqavs dsl-s, rasac mosdevs qoles-
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terinis eTerebis dagroveba — e.w. qsantomuri, anu qafiseburi ujredebis warmoqmna. 

am ujredebis Semdgomi datvirTva qolesteriniT iwvevs maT daSlas. gamoTavisuf-

lebuli qolesterinis eTerebis kristalebi aRizianebs SemaerTebel qsovils, dazi-

anebis xarisxis matebasTan erTad viTardeba laqebi. aTerosklerozis diagnostiki-

sas ixmareba aTerogenurobis indeqsi (AI).  

 
 

normaSi aTerogenurobis indeqsi 3,0-3,5-is tolia. 

aTerosklerozis dros darRveulia qilomikronebisa da Zdsl-is lipolizi,  qo-

lesterinisa da msl-is ukutransportis sistemis muSaoba da sisxlis plazmaSi li-

poproteinebis metabolizmi. erTi mxriv, dsl-is raodenobis da maTSi qolesterinis 

Semcvelobis zrda, xolo meore mxriv, msl-is koncentraciis kleba, xels uwyobs 

aTerosklerozuli folaqebis formirebas da gulis iSemiuri daavadebis ganviTare-

bas. naCvenebia pirdapiri kavSiri dsl-is qolesterinis raodenobis zrdasa da gulis 

iSemiuri daavadebis Camoyalibebas Soris. qolesterinis Zalian maRali raodenobi-

sas gulis iSemiuri daavadeba SeiZleba ganviTardes axalgazrdebSi, im SemTxvevaSic 

ki, Tu ar arsebobs sxva riskfaqtorebi. aTerosklerozis ganviTarebis riskfaqto-

rebia: 

• — Tambaqos weva; 

• — hiperlipoproteinemia; 

• — arteriuli hipertenzia; 

• — Saqriani diabeti; 

• — Warbi wona; 

• —  naklebadmoZravi cxovrebis stili; 

• —  emociuri daZabuloba; 

• —  alkoholis moxmareba; 

• —  araswori kveba; 

• —  memkvidruli ganwyoba; 

• —  postmenopauza; 

• —  hiperfibrinogenemia; 

• —  homocisteinuria. 

mkurnalobam, romelic mimarTulia dsl-is qolesterinis donis klebisa da msl-

is qolesterinis donis matebisaken, SesaZlebelia Seanelos gulis iSemiuri daavade-

bis ganviTareba. 

aTerogenuli lipoproteinebi, Tavdapirvelad, grovdeba intimaSi proteogli-

kanebTan dakavSirebis gziT. lipiduri laqebis CamoyalibebaSi mniSvnelovan rols 

TamaSobs heparansulfatebis didi raodenoba, sxva glikozamino-glikanebTan, ker-

Zod, keratansulfatebsa da qondriotinsulfatebTan SedarebiT. intimaSi prote-

oglikanebTan dakavSirebul lipoproteinebs aqvT unari monawileoba miiRon ara-

fermentuli glikozilirebis da JangviT reaqciebSi. intimaSi, plazmisagan gansxva-

vebiT, cotaa antioqsidantebis raodenoba, amitom warmoiqmneba daJanguli dsl-is 

narevi. amasTanave iJangeba rogorc lipiduri, aseve cilovani komponentebi. lipide-

bis daJangvisas warmoiqmneba hidrozeJangebi, lizofosfolipidebi, oqsisterfine-

bi da aldehidebi. apoproteinebis daJangva iwvevs peptiduri bmebis rRvevas da ami-



 

 222 

nomJavebis gverdiTi jaWvebis SeerTebas (Cveulebriv, lizinis β-aminojgufebis) 

cximovani mJavebis zeJanguri Jangvis produqtebTan (4-hidroqsinonenalTan da ma-

lonis dialdehidTan). Saqriani diabetisas arsebuli mdgradi hiperglikemia xels 

uwyobs apolipoproteinebis da intimis sakuTari cilebis arafermentul glikozi-

lirebas, rac aseve arRvevs maT funqciebs da aCqarebs aTerogenezs. 

modificirebuli lipoproteinebis STanTqmisas makrofagebi gamoyofs citoki-

nebs da zrdis faqtorebs, romlebic xels uwyobs aTeromatozuri folaqis warmoq-

mnas. zogierTi citokini da zrdis faqtori astimulirebs gluvkunTovani ujrede-

bis dayofas da ujredSorisi nivTierebis sinTezs, romelic grovdeba aTeromato-

zur folaqSi. sxva citokinebi, gansakuTrebiT γ-interferoni, amuxruWebs gluvkun-

Tovani ujredebis dayofas da kolagenis sinTezs. iseTi faqtorebi, rogoricaa in-

terleikini da simsivnis nekrozis faqtori (TNF) iwvevs intimaSi Trombocitaruli 

zrdis faqtoris da fibroblastebis zrdis faqtoris gamomuSavebas, rac Tavis 

rols TamaSobs aTeromatozuri folaqebis Semdgom bedSi. amgvarad, warmoebs aTe-

rogenezis damaCqarebeli da Semakavebeli faqtorebis rTuli urTierTqmedeba. am 

procesSi gansakuTrebiT mniSvnelovania aracilovani mediatorebis roli. aqtivi-

rebuli makrofagebi da sisxlZarRvebis kedlis ujredebi (endoTeliaruli da gluv-

kunTovani) gamoimuSavebs Jangbadis Tavisufal radikalebs, romlebic astimulirebs 

gluvkunTovani ujredebis proliferacias, aZlierebs citokinebis sinTezs, boWavs  

NO-s. meore mxriv, aqtivirebul makrofagebs aqvs unari inducirebadi NO-sinTazas 

sinTezis. es maRalefeqturi fermenti awarmoebs NO-s maRali, potenciurad toqsiku-

ri koncentraciebis sinTezs, gansxvavebiT NO-s mcire koncentraciisa, romelic 

warmoiqmneba fermentis konstituciuri formis — endoTelialuri NO-sinTazas meS-

veobiT. makrofagebis garda, dazianebuli intimadan qolesterinis moSorebaSi mona-

wileobs msl-ebi, romlebic uzrunvelyofs qolesterinis e.w. ukutransports.  

eqsperimentulad damtkicebulia mkafio ukudamokidebuleba msl-is qoleste-

rinis koncentraciasa da gulis iSemiuri daavadebis Camoyalibebis risks Soris. me-

nopauzamde asakis qalebSi msl-is qolesterinis koncentracia ufro maRalia, vidre 

igive asakis mamakacebSi. amitom, am faqtis wyalobiT, qalebi ufro iSviaTad avadde-

bian aTeroskleroziT. eqsperimentulad dadasturebulia, rom msl-s aqvs unari mo-

aSoros qolesterini qsantomuri ujredebidan. 

V.2. sisxlis wiTeli ujredebi — eriTrocitebi 

V.2.1. eriTrocitebis qimiuri Semadgenlobis Tavisebureba 

eriTrocitebis funqcia qsovilebSi Jangbadis transportireba da iq warmoebuli 

metabolizmis Sedegad warmoqmnili CO2-is moSorebaa. am ujredebs Zalian martivi age-

buleba aqvs — eriTrocitebSi ar gvxvdeba mitoqondriebi, lizosomebi, goljis apara-

ti. zrdasruli eriTrocitebi  ar Seicavs birTvs. atf-is wyaros warmoadgens gliko-

lizis procesi. eriTrocitebis cilebis 95%-s hemoglobini Seadgens. hemoglobini 

rkinaSemcveli cilaa, sadac rkina, funqciuri mdgomareobidan gamomdinare, ar icvlis 

valentobas da mudmivad orvalentiania. janmrTeli mamakacis 1 mkl sisxlSi  daaxloe-

biT 4,6-6,2 milioni eriTrocitia, xolo qalis sisxlSi — 4,2-5,4 milioni. eriTrocitebis 

sicocxlis xangrZlivoba 120 dRea. axalgazrda eriTrocitebs jer kidev aqvs riboso-

mebi da endoplazmuri badis elementebi. maT retikulocitebs uwodeben.  
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suraTi V.8.  adamianis sisxlis eriTrociti 

 

 

specifikuri struqturisa da funqciis gamo, eriTrocitebSi mimdinare metabo-

lizmi Zalze specifikuria. am ujredebis energiis wyaroa glukoza, romelic eriT-

rocitSi xvdeba gaiolebuli difuziiT  glukozis transporterebis, anu translo-

kazebis saSualebiT (sur.V.9). isini moklebulia mitoqondriebs da energiis warmoq-

mnis erTaderTi saSualebaa glikolizi, romlis saboloo produqtia laqtati (rZis 

mJava).  

 

 
 

suraTi V.9. glukozis transporteri eriTrocitis membranaSi 

1. glukoza ukavSirdeba Tavisufal, gaxsnil transporters;  

2. transporteri icvlis struqturas;  

3. transporteris struqturis cvlilebas mosdevs  

glukozis Sesvla eriTrocitis citozolSi 

 

eriTrocitebSi sakmaod intensiurad mimdinareobs naxSirwylebis gardaqmnis 

pentozofosfaturi gza, romlis saboloo produqtia aRdgenili NADPH2. eriTro-

citebis struqturisa da funqciis realizeba mniSvnelovnadaa damokidebuli ione-

bisa da wylis balansis mudmivobaze, amitom is mdidaria mravalgvari transporte-

riT, romelTa saSualebiTac SenarCunebulia ionebisa da wylis ucvleli raodeno-

ba. eriTrocitebSi ar mimdinareobs anaboluri reaqciebi, kerZod, ar xdeba lipide-

bis, glikogenis, nukleinis mJavebisa da cximovani mJavebis sinTezi. isini mxolod 

nukleotidebis metabolizmis zogierT ferments Seicavs. am ujredebis sicocxlis 

bolo stadiaze iwyeba hemoglobinis degradacia cila globinad da hemad. globini 
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iSleba Semadgenel aminomJavebad, xolo hemidan gamoiyofa rkina, romelic Semdgom 

kvlav gamoiyeneba. darCenili komponentebidan warmoiqmneba pigmenti bilirubini. 

eriTrocitebis membrana, sxva ujredebis plazmuri membranebis msgavsad, agebu-

lia lipidebis biSrisagan. membranis lipidebis 25%-s Seadgens qolesterini, 60% 

fosfogliceridebia, 5-10% glikolipidebi da mcire raodenobiT qolesterinis 

eTerebi. fosfolipidebidan gvxvdeba fosfatidilqolini, sfingomielini da fos-

fatidileTanolamini. eriTrocitis membrana warmoadgens kompozitur struqtu-

ras, romlis safuZvels warmoadgens fosfolipiduri Sre, romelic gamsWvalulia 

integraluri cilebiT (sur.V.10). integraluri cilebis garda, gvxvdeba periferiu-

li cilebic.  

 
 

suraTi V. 10. eriTrocitaruli membranis sqematuri gamosaxuleba 

glikoforini C – transmembranuli glikoproteini, gansazRvravs  

eriTrocitebis membranis antigenur da receptorul Tvisebebs;  

cila zoli-3 — anionmatransportirebeli cila, masTan citozolis mxridan  

asocirebulia  zoli 4.2. speqtrini, aqtini axdenen citoConCxis formirebas  

ujredis Sida mxridan. speqtrini α- da  β-jaWvis mqone heterodimeri.  

ankirini akavSirebs cila zoli-3-s citoConCxTan 

 

eriTrocitis membranaze aRmoCenilia makromelekulebis asociaciebi, romleb-

sac ewodeba  cila zoli 4.1-is da  cila zoli 4.3-is kompleqsebi. amJamad  SemoTavaze-

bulia citoConCxis Semadgeneli makromolekulebisa da transmembranuli cilebis 

organizaciuli modeli cila 4.1.-is monawileobiT (sur.V.10). horizontalurad es 

cila urTierTqmedebs aqtinTan, speqtrinTan da cila p55-Tan, es ukanaskneli gan-

sazRvravs sakvanZo kavSirebs membranasa da citoConCxis komponentebs Soris.  

eriTrocitebis citoConCxis struqturul komponentebs warmoadgens cila 

speqtrini, ankirini, cila zoli 4.1, zoli 4.2 da zoli 4.9. aseve gvxvdeba aqtinic.  

eriTrocitis membranis mTavar integralur cilebs warmoadgens glikoforini da 

anion-gamcvleli cila (e.w. zoli 3). am ukanasknelis C-bolo ujredgare mxaresaa 

moqceuli, xolo N-bolo — citoplazmisaken. zoli-3 dimeris saxiTaa warmodgenili, 

romelic qmnis e.w. `gvirabs~. am gvirabis saSualebiT qloris ioni icvleba bikarbo-

natze. cilis N-terminalur boloze xdeba sxvadasxva cilovani molekulebis dakav-

Sireba, magaliTad, hemoglobinis an glikolizis fermentebis. 
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glikoforini eriTrocitis membranuli sialoproteinia, romelic oTxi izo-

formiTaa warmodgenili, kerZod, A, B, C da D. aqedan, eriTrocitebis membranSi 

gvxvdeba am cilis  A da B  izoformebi. maT aqvs membranis ganmWvalavi erTi ubani, 

romelic ά-spiraliTaa warmodgenili. glikoforinebis C-bolo eriTrocitebis ci-

toplazmiskenaa miqceuli, xolo N-bolo — ujredgareT. C-bolo ukavSirdeba peri-

feriul, e.w. 4.1.-cilas.  

sisxlis cirkulaciis procesSi eriTrocitebs sxvadasxva `xvrelebSi~ uwevs gaZ-

roma. am ujredebis formis mudmivoba da elastikuroba mniSvnelovania, raTa maT Se-

inarCunon ormxriv-Cazneqiloba, rac aucilebelia gazebis mimocvlisaTvis. swored 

eriTrocitebis periferiuli membranuli cilebi gansazRvravs eriTrocitebis 

formasa da elastikurobas.  

periferiul cilebs miekuTvneba citoConCxis mTavari cila speqtrini. is ori 

polipeptidisagan Sedgeba: speqtrini 1 (ά-jaWvi) da speqtrini 2 (β-jaWvi). es jaWvebi 

erTmaneTTan antiparaleluradaa ganlagebuli da qmnis dimerebs. speqtrini gan-

sazRvravs eriTrocitebis membranis moqnilobas (sur.V.11). speqtrinze aRiniSneba 

oTxi damakavSirebeli ubani: asociaciis, cila ankirinTan dakavSirebis, aqtinTan da-

kavSirebis da cila 4.1-Tan dakavSirebis.  

periferiul cilebs ganekuTvneba cila ankirinic. ankirini piramidis formis ci-

laa, romelic, erTi mxriv, urTierTqmedebs speqtrinTan, xolo meore mxriv, integ-

ralur cila — zoli 3-Tan. am kompleqsis saSualebiT speqtrini mWidrod aris dakav-

Sirebuli eriTrocitis membranasTan. 

 
 

suraTi V.11. α da β speqtriniT  Seqmnili dimeruli struqtura 

 

amave jgufis cilebs miekuTvneba aqtini, romelic spiraluri, mokle — aqtinuri 

filamentebiTaa warmodgenili da cila 4.1. cila 4.1. globularuli cilaa. is ukav-

Sirdeba speqtrins aqtin-damakavSirebeli ubnis siaxloves. amrigad, iqmneba sammagi 

kompleqsi speqtrini — cila 4.1. — ankirini. 

eriTrocitebis membranuli cilebisa da citoConCxis urTierTdakavSirebis sa-

fuZvels qmnis globularuli cila 4.1. romelic vertikalurad urTierTqmedebs 

transmembranuli cila glikoforinis citoplazmur domenTan da cila zoli 3-Tan. 

cila 4.1.-is ZiriTadi funqciaa eriTrocitebis membranis meqanikuri Tvisebebisa da 

deformirebis gansazRvra. gamoTqmulia mosazreba, rom am kompleqsis darRveva iw-

vevs eriTrocitebis membranis arastabilurobas. 

cila zoli 3 monawileobs eriTrocitis membranis integraluri da periferiuli 

cilovani kompleqsebis formirebaSi. dadgenilia, rom tetrameruli cila zoli 3 

dakavSirebulia ankirinTan, romelic, Tavis mxriv, urTierTqmedebs speqtrinTan. 
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cila zoli 3-is or  citoplazmur domens aqvs xsnadi cilebis dakavSirebis saitebi.  

amave dros, N-terminalur domens aqvs dezoqsihemoglobinisa da glikolizis 

sxvadasxva fermentis dakavSirebis saitebic. C-terminaluri ubani ikavSirebs karbo-

anhidraza II-s, rasac Tan sdevs ori movlena: naxSirorJangis (CO2) STanTqma da Jan-

gbadis gamoTavisufleba hemoglobinidan. maRali oqsigenaciis pirobebSi, glikoli-

zis fermentebis dakavSireba cila zoli 3-Tan iwvevs glikolizis procesis inhibi-

rebas. dabali oqsigenaciisas dezoqsi-hemoglobinis urTierTqmedebas cila zoli 

3-Tan mosdevs glikolizis gaZliereba.  

eriTrocitebis membranis mdgradobas ganapirobebs ramdenime ZiriTadi rgoli, 

romelic Sedgeba sxvadasxva cilebisagan. maT Sorisaa heterodimeruli cila aduci-

nic.  aducini kalmadulin — dakavSirebadi cilaa da, Cveulebriv, monawileobs kavSi-

rebis warmoqmnaSi speqtrinsa da aqtins Soris. eriTrocitebis membranaSi is akavSi-

rebs speqtrinsa da  fosfatidilqolinis  molekulebs.  

eritrocitis memranaSi nanaxia membranuli cilebis gansakuTrebuli jgufi — 

transporterebi. iseTi cnobili transporterebis garda, rogoricaa Nа+, К+-АТP-aza 

da  Са2+-АТP-aza, nanaxia Na+/K+/2Cl--kotransporteri da  glukozis transporteri. 

aris mosazreba imis Sesaxeb, rom eriTrocitis membranaSi gvxvdeba aseve H+/laqtat-

kotransporteri da aminomJavebisa da oligopeptidebis transporterebi.  

eriTrocitebis membranaSi dadasturebulia akvaporini 1-is arseboba. naCvenebia, 

rom eriTrocitebis membranaSi   naxSirorJangis transportirebaSi monawileobs ara 

marto HCO3
-/Cl– transporteri, aramed akvaporinic da es ukanaskneli ganixileba, 

rogorc  CO2-is ZiriTadi  matransportirebeli sistema.  

eriTrocitebisaTvis aRmoCenilia kaliumis gamosvlis specifikuri gza — e.w. 

Ca2+-damokidebuli K+-gaJonva. am efeqtze pasuxismgebelia specifikuri membranuli 

arxuli cila – Gardos-s arxi, romlis aqtivatorad iTvleba Ca2+-is ionebi. Ca2+-

damokidebuli K+-arxebis funqcias warmoadgens misi monawileoba eriTrocitebis 

apoptozis procesSi (sur.V.12). am arxis funqcionireba iwyeba Ca2+-is araseleqtiuri 

arxis aqtivaciiT, kalciumis SesvliT citozolSi da am ionis koncentraciis mate-

biT, rasac mosdevs ferment skramblazas gaaqtiureba, eriTrocitis membranaSi fos-

fatidil-serinis asimetriis rRveva, eriTrocitebidan  Ca2+-damokidebuli K+-gamos-

vla da maTi apoptozi. procesis stimulatorad iTvleba eriTrocitebze osmosuri 

zemoqmedeba da aseve JangviTi procesebis gaaqtiveba, rasac mosdevs maTi agregacia 

da, sabolood, daRupva. 

 

 
suraTi V.12. K+-is gaJonva eriTrocitebidan  

da maTi momzadeba apoptozisaTvis 
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membranuli cilebis garda, eriTrociti sakmao raodenobiT Seicavs aseve cito-

zolur cilebsac. hemoglobinis garda, identificirebulia 750 sxvadasxva citozo-

luri cila. maTgan yuradRebas ipyrobs cilebis klasterebi, romlebsac ROD Box 

(Repair Or Destroy) klasteri ewodeba. es klasteri Seicavs cilebs, romlebic ATP-is 

energiis xarjze monawileoben eriTrocitebis dazianebuli cilebis aRdgenaSi. ROD 

Box-klasteris SemadgenlobaSia Saperonebi, siTburi Sokis cilebi da sxva cilovani 

molekulebi. 

V.2.2. eriTropoezi 

eriTrocitebis warmoqmna — eriTropoezi Zvlis tvinSi mimdinareobs. procesis 

aqtivators glikoproteinuri bunebis hormoni — eriTropoetini warmoadgens. es 

ukanaskneli TirkmelebSi sinTezdeba da iqidan xvdeba sisxlSi. sisxlidan eriTro-

poetini Zvlis tvinSi transportirdeba, sadac specifikuri receptoris saSuale-

biT moqmedebs eriTrocitebis winamorbed ujredebze — eriTroidebze, ris Sedegad 

iwyeba eriTroidebis proliferacia da diferencireba, rasac sabolood mosdevs 

eriTrocitebis warmoqmna (sur.V.13).  
 

 
suraTi V. 13. eriTropoetinis gavlena sisxlis warmoqmnis procesze 

 

eriTropoetini eriTropoezis procesis fiziologiuri stimulatoria. is aaq-

tivebs mitozs da winamorbedi ujredebidan eriTrocitebis momwifebas. Tirkmele-

bidan eriTropoetinis sekrecia stimulirdeba sisxlis dakargvis, sxvadasxva for-

mis anemiebis, Tirkmlis iSemiisa da hipoqsiuri mdgomareobisas.  eriTropoetinis 

sekreciis Zlieri stimulatoria glukokortikoidebi, rac iZleva saSualebas moima-

tos hemoglobinis raodenobam da gaZlierdes JangbadiT momaragebis procesi   

stresuli mdgomareobis dros. eriTropoetini aZlierebs Zvlis tvinis mier rkinis, 

spilenZis, vitamin B12-isa da foliumis mJavis moxmarebas, rasac mosdevs am ionebis  

raodenobis Semcireba sisxlis plazmaSi.  

zrdasruli eriTrocitebi Raribia metaboluri procesebiT. maTSi funqcioni-

rebs mxolod is cilebi, romlebic ganviTarebis adreul stadiaze warmoiqmna. nax-

Sirwylebis gardaqmna da, Sesabamisad, atf-is sinTezi glikolizis saSualebiT xde-
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ba. aqve moqmedebs naxSirwylebis metabolizmis pentozofosfaturi gzac, romelic 

uzrunvelyofs eriTrocitebs nadf2-iT. eriTrocitebSi mimdinareobs, aseve, cxi-

movani mJavebis ganaxlebac. eriTrocitebSi aqtiuria iseTi fermentebi, rogoricaa 

mJave fosfataza, adenilatkinaza, glikolizis fermentebi da sxv. TiToeuli maTga-

nis deficiti garkveuli paTologiis mizezi SeiZleba gaxdes. eriTrocitebs, sis-

xlwarmomqmnel qsovilTan erTad, uwodeben eriTrons. 

eriTropoezis normaluri warmarTvisaTvis aucilebelia orvalentiani rkinis 

ionebi da rigi vitaminebi. kerZod: 

vitamini В12 (ciankobalamini) — monawileobs proeriTroblastebSi  (eriTrocite-

bis birTviani formebi) mimdinare dnm-is sinTezSi. iTvleba, rom  vitamini В12 xels 

uwyobs  cila globinis sinTezs. vitamini В12 organizmSi xvdeba sakvebTan erTad. mas 

sisxlis warmoqmnis garegan faqtors (kaslis garegan faqtors)  uwodeben. sisxlis 

plazmaSi vitamini В12 ukavSirdeba plazmis cilebs da warmoqmnis cila-В12 vitaminis 

kompleqss, romelic deponirdeba RviZlSi. В12 vitamini aZlierebs Zvlis tvinis sis-

xlmbad funqcias, aseve, nervuli qsovilisa da saWmlis momnelebeli sistemis fun-

qciebs. Tu irRveva В12 vitaminis cilebTan dakavSirebis da/an Sewovis procesebi, 

viTardeba В12-deficituri megaloblasturi, anu perniciozuri anemia. 

foliumis mJava (vitamini В9) — В12 vitaminTan erTad, monawileobs proeriTrob-

lastebis dnm-is replikaciaSi. is aucilebelia axali ujredebis normaluri warmoq-

mnisa da ganviTarebisaTvis. foliumis mJavis ukmarisobisas, pirvel rigSi, ziandeba 

Zvlis tvini, ris Sedegadac eriTropoezis procesSi warmoqmnili eriTrocitebi iz-

rdeba zomaSi, warmoqmnis megaloblastebs da viTardeba megaloblasturi anemiis 

forma, romelsac makrocituli  megaloblasturi anemia ewodeba.  

vitamini В2 (riboflavini) — aucilebelia eriTrocitebis lipiduri stromis 

formirebisaTvis. 

vitamini В6 (piridoqsini) — monawileobs hemoglobinis hemis warmoqmnaSi. 

vitamini E (α-tokoferoli) da vitamini PP (pantoTeinis mJava) — icavs eriTroci-

tebis lipidur garss hemolizisagan. 

vitamini C (askorbinis mJava) — aZlierebs foliumis mJavis moqmedebas da axdens 

nawlavebidan rkinis Sewovis stimulirebas. 

eriTrocitebis normaluri funqcionirebisaTvis aucilebelia saWiro raodeno-

bis rkinis ionis arseboba, romelsac  organizmi iRebs sakvebTan erTad da eriTroci-

tebis daSlis Sedegad gamoTavisuflebuli hemoglobinidan. sakvebiT adamianis orga-

nizmi, ZiriTadad, iRebs samvalentian rkinas (Fe3+), romelsac ar Seswevs nawlavis ked-

lebis barieris gadalaxvis unari. vitamini C ganapirobebs samvalentiani rkinis 

orvalentian ionad gardaqmnas da amiT uzrunvelyofs rkinis ganvladobas nawlavis 

kedelSi. garda amisa, vitamini C aiolebs sisxliT rkinis transportirebas RviZlSi, 

Zvlis tvinsa da elenTaSi.  vitamini C da rkinis ioni urTierTdakavSirebulia nivTie-

rebaTa cvlis sxvadasxva reaqciebSi. aseTi Zlieri urTierTdamokidebulebis gamo,  

organizmSi rkinis deficiti xSirad viTardeba C vitaminis deficitis Sedegad. orva-

lentiani rkinis Sewova mimdinareobs Tormetgoja nawlavSi da mlivi nawlavis proqsi-

malur segmentSi. Sewovis stimulacias axdens gastroferini (kuWis lorwovani garsis 

mier sinTezirebadi proteini) da androgenebi (mamakacis sasqeso hormonebi).  

rkinis orvalentiani ionis SewovisaTvis aucilebelia e.w. kaslis Sinagani faq-

tori (glikomukoproteidi), kompleqsuri SenaerTi, romlis SemadgenlobaSi Sedis 

pepsinogenis papsinad gardaqmnis Sedegad Camocilebuli peptidebi da mukoidebi, 

romelic gamoiyofa kuWis lorwovani garsis ujredebisagan — mukocitebisagan. kom-
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pleqsis mukoiduri nawili icavs kompleqss saWmlis momnelebeli fermentebis hid-

rolizisagan da nawlavis baqteriebisagan, xolo cilovani nawili ganapirobebs mis 

fiziologiur aqtivobas. kaslis Sinagani faqtoris ZiriTadi funqciaa vitamin B12-
Tan labiluri kompleqsis warmoqmna, romelic Seiwoveba nawlavis epiTeliumis mier. 

Sewovis procesi Zlierdeba kalciumis ionebis, bikarbonatebisa da kuWqveSa jir-

kvlis fermentebis mier. sisxlis plazmaSi vitamini B12 ukavSirdeba plazmis cilebs 

da warmoqmnis cila-vitamin B12-is kompleqss, romelic deponirdeba RviZlSi.  

kaslis Sinagani faqtoris sekrecia SesaZlebelia Semcirdes an mTlianad Sewydes 

kuW-nawlavis sistemis dazianebisas (mag., anTebiTi procesebis, onkologiuri warmonaq-

mnebis da sxva SemTxvevaSi.), kuWis an wvrili nawlavis nawilobrivi rezeqciisas da a.S. 

Sewovili rkina cila transferinis meSveobiT sisxlis plazmiT transportirde-

ba Zvlis tvinSi, sadac erTveba hemoglobinis molekulaSi, xolo misi Warbi raode-

noba deponirdeba RviZlSi  cila feritinTan SenaerTis saxiT. 

normaluri eriTropoezisaTvis rkinis garda, aucilebelia sxva mikroelemente-

bi, kerZod: 

spilenZi — xels uWyobs rkinis Sewovas nawlavebSi da mis CarTvas hemis struqtu-

raSi. 

nikeli da kobalti — monawileobs hemoglobinis da rkinis utilizaciaSi monawi-

le hemis Semcveli molekulebis sinTezSi. 

TuTia — Sedis eriTrocitebis ferment karboanhidrazis  SemadgenlobaSi. misi 

ukmarisoba iwvevs leikopenias. 

seleni — urTierTqmedebs ra E-vitaminTan, ganapirobebs eriTrocitebis membra-

nis dacvas Tavisufali radikalebis zemoqmedebisagan.  

momwifebuli eriTrocitebi sisxlSi cirkulirebs 100-200 dRe. maTi daSla mim-

dinareobs RviZlSi, elenTasa da Zvlis tvinSi mononuklearuli fagocitaruli sis-

temis meSveobiT. eriTrocitebis daSlis produqtebi, aseve, warmoadgens sisxlwar-

moqmnis procesis stimulatorebs. 

V.2.3. eriTropoezis darRveviT gamowveuli paTologiebi 

anemia ewodeba iseT mdgomareobas, romelic gamoirCeva sisxlSi eriTrocitebis 

Semcirebuli raodenobiT da, Sesabamisad, hemoglobinis daqveiTeuli koncentraci-

iT. anemiebi gamowveulia didi raodenobiT sisxlis dakargviT, eriTropoezis mimdi-

nareobis darRveviT an sxva mizeziT. anemia SesaZlebelia iyos memkvidruli an SeZe-

nili. ganasxvaveben anemiis ramodenime formas.  

kvebiTi warmoSobis anemia. am formis anemiisaTvis damaxasiaTebelia gansakuTre-

biT didi zomis eriTrocitebis arseboba. am tipis anemiis mizezi SesaZlebelia iyos 

organizmSi iseTi vitaminebis nakleboba, rogoricaa vitamini B12 (ciankobalamini) da 

foliumis mJava. magaliTad, B12-deficituri anemia, anu megaloblasturi pernicio-

zuri anemia (laT. perniciosus — damRupveli, saxifaTo) (adison-birmeris daavadeba) — 

esaa paTologia, romelic ganpirobebulia sisxlwarmoqmnis procesis darRveviT, 

rac dakavSirebulia organizmSi B12-vitaminisa da foliumis mJavis ukmarisobasTan.  

B12-vitaminis naklebobisadmi gansakuTrebiT mgrZnobiarea Zvlis tvini da nervuli 

sistemis qsovilebi. es sindromi xasiaTdeba Zvlis tvinSi didi raodenobiT didi zo-

mis moumwifebeli eriTrocitebis winamorbedebis (megaloblastebis) warmoqmniT. 

anemia SesaZlebelia gamowveuli iyos B12-vitaminis da foliumis mJavis sakvebiT ara-
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sakmarisi miRebiT, kuWis parietaruli ujredebis mier kaslis Sinagani faqtoris 

arasakmarisi gamomuSavebiT da sxva mizezebiT. B12-vitaminis deficitisas anemiuri 

suraTis fonze (an mis garaSe) SesaZlebelia ganviTardes nevrologiuri darRvevebi, 

rac ganpirobebulia B12-vitaminis deficitiT gamowveuli cximovani mJavebis sinTe-

zis darRveviT. SesaZlebelia ganviTardes nervuli ujredebis demielinizaciac da 

maTi Seuqcevadi daRupva. aseTi paTologiis simptomebia kidurebis gaSeSeba an 

Cxvletis SegrZnebebi da ataqsia.  B12-deficituri anemiis dadgenili mizezebia: 

• sakvebSi B12-vitaminis ukmarisoba; 

• nawlavebis aSliloba; 

• kuWis mJavianobis klebis gamomwvevi samedicino preparatebis xangrZlivi ga-

moyeneba; 

• gastroeqtomia; 

• kaslis Sinagani faqtoris an kuWis parietaruli ujredebis autoimunuri da-

zianeba; 

• kuWis kedelze toqsikuri zemoqmedeba; 

• kuWis kibo; 

• memkvidreobiTi defeqti, romelic gadaecema autosomur-recesiurad. 

eriTrocitebis daSlis daCqarebiT gamowveuli anemiebi. am tipis anemiebis ga-

momwvevia iseTi daavadebebi, rogoricaa malaria da mwvave cieba. daavadeba aseve Se-

saZlebelia ganviTardes SeuTavsebeli sisxlis gadasxmisas an axalSobilebSi eriT-

roblastozis SemTxvevaSi. eriTroblastozi xasiaTdeba eriTloblastebisa da sxva 

moumwifebeli sisxlis wiTeli ujredebis gamravlebiT Zvlis tvinis gareT da maTi 

didi raodenobiT sisxlSi. daavadeba viTardeba dedisa da nayofis sisxlis SeuTav-

seblobis an zogierTi infeqciuri da memkvidruli daavadebis Sedegad aseve, avita-

minozebis SemTxvevaSic. yvelaze mkafiod eriTroblastozi vlindeba dedisa da na-

yofis sisxlis SeuTavseblobisas rezusfaqtoris gamo.  

methemoglobinemia. eriTrocitebi, sxva ujredebTan SedarebiT, imyofeba iseT 

areSi, sadac Jangbadis koncentracia Zalian maRalia. amis gamo, isini ufro mgrZno-

biarea sxvadasxva damJangavebisadmi. eriTrocitebis mier Jangbadis moxmarebis xa-

risxi Zalian dabalia da, ZiriTadad, dakavSirebulia hemoglobinis methemoglobi-

nad daJangvasTan. yoveldRiurad saerTo hemoglobinis 0,5% iJangeba da warmoqmnis 

methemoglobins. am procesis katalizatoria fermenti met-hemoglobinreduqtaza, 

romlis kofaqtoria nadH. hemoglobinis daJangvisas atf ar warmoiqmneba. procesi 

mimdinareobs didi raodenobiT superoqsiduri ionis (O-
2) warmoqmniT: 

Hb + O2 ↔ Hb......O2 ↔MetHb+ O-
2 + 

O-
2-is moSoreba eriTrocitidan xdeba ferment superoqsiddismutazas (sod) dax-

marebiT.  

anemiebi SesaZloa gamowveuli iyos ara marto eriTrocitebis struqturuli 

cvlilebebiT, aramed mimdinare metabolizmis darRveviTac. es upiratesad exeba im 

fermentebis aqtivobis cvlilebas, romlebic gansakuTrebiT mniSvnelovania eriT-

rocitebSi mimdinare bioqimiuri reaqciebisaTvis. aRniSnuli paTologiebi, umetes 

SemTxvevaSi, memkvidruli xasiaTisaa.  

piruvatkinazas ukmarisoba — recesiuli memkvidruli daavadebaa, romlis Sede-

gia mZime formis anemia. piruvatis warmoqmnis Semcirebis Sedegad aRiniSneba 2,3-di-

fosfogliceratis raodenobis mateba.  
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triozofosfatizomerazas ukmarisoba — iSviaTi recesiuli tipis memkvidruli 

daavadeba, romelic dakavSirebulia glikolizis procesis ferment triozofosfa-

tizomerazas deficitTan. 

aseve cnobilia anemiebi, romlebic gamowveulia glukozofosfatizomerazas, 

fosfofruqtokinazas, 2,3-difosfogliceratmutazas da fosfogliceratkinazas 

ukmarisobiT. 

V.3. leikocitebi 

leikocitebi (sisxlis TeTri ujredebi) adamianisa da cxovelebis sisxlis ara-

erTgvarovani jgufia, romlebic gansxvavdebian erTmaneTisagan agebulebiT, fun-

qciiT da warmoqmnis adgiliT. maTi saerTo Tvisebaa birTvis arseboba da damoukide-

beli Seferilobis ararseboba.    

leikocitebis ZiriTadi funqciaa damcvelobiT reaqciebSi monawileoba. isini 

gadamwyvet rols asruleben organizmis specifikur da araspecifikur dacvaSi ga-

regani da Sinagani agentebisagan. leikocitebis yvela formas Seswevs aqtiuri moZ-

raobis unari da advilad SeuZlia gadalaxos kapilaris kedeli da SeaRwios ujred-

Soris sivrceSi, sadac axdenen ucxo nawilakebis STanTqmasa da monelebas. am pro-

cess fagocitozi ewodeba, xolo procesis ganmaxorcielebel ujredebs — fagoci-

tebi. axdenen ra ucxo sxeulebis gauvnebelyofasa da ujredebis  dazianebas, am pro-

cesSi didi raodenobiT leikociti iRupeba. Cirqi, romelic warmoiqmneba organiz-

mSi anTebiTi procesis dros, daRupuli leikocitebis grovebia.   

adamianis 1 mkl sisxlSi daaxloebiT 4000-10000 leikocitia. eriTrocitebisagan 

gansxvavebiT, leikocitebis raodenoba ar aris mudmivi da icvleba organizmis  fun-

qciuri mdgomareobis Sesabamisad. leikocitebis raodenobaze damokidebulebiT, 

arCeven or paTologiur mdgomareobas, kerZod, leikocitozs (leikocitebis rao-

denoba 1mkl sisxlSi 10000-ze metia) da leikopenias (leikocitebis raodenoba 4000-

ze naklebia). leikocitebis sicocxlis xangrZlivoba sakmaod mcirea da ramdenime 

saaTidan ramdenime dRemde grZeldeba.  

leikocitebi mdidaria iseTi fermentebiT, rogoricaa proteazebi, peptidazebi, li-

pazebi, dezoqsiribonukleazebi da sxv. maTi didi nawili (50%-ze meti) ujredSoris siv-

rceSi, sisxlZarRvebis gareTaa,  30%-ze meti — Zvlis tvinSi. sisxlis saSualebiT leiko-

citebi warmoqmnis adgilidan (Zvlis tvini da limfuri qsovili) im qsovilamde gadaita-

neba, sadac maTi yofnis saWiroebaa. ganasxvaveben leikocitebis 3 tips: granulocitebs 

(50-79%),  limfocitebs (25-40%) da  monocitebs,  anu  makrofagebs (4-8 %) (sur.V.14). 

 

 
suraTi V. 14. leikocitebis klasifikacia 
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granulocitebi  — ramdenime saxisaa, kerZod ganasxvaveben  neitrofilebs, eozi-

nofilebs da bazofilebs (sur.V.15).  

neitrofilebi  imunuri sistemis ujredebia, romlebic icaven organzms sxvadas-

xva infeqciuri agentebisagan maTi aqtiuri STanTqmiT (fagocitozi) da aseve iwveven 

maT ganadgurebas Jangbadis aqtiuri formebis gamoyenebiT. saxelwodeba iwarmoeba 

neitrofilebis SeRebvis Taviseburebidan. kerZod, romanovskis meTodiT SeRebvi-

sas, isini intensiurad iRebebian rogorc mJave saRebaviT — eoziniT, aseve fuZe saRe-

bavebiT. SeRebvis mixedviT, neitrofilebi gansxvavdebian eozinofilebisagan, rom-

lebic iRebebian mxolod eoziniT, aseve bazofilebisagan, romlebic iRebebian tute 

saRebavebiT.  

momwifebuli neitrofilebisaTvis damaxasiaTebelia segmenturi birTvis arse-

boba. isini warmoadgens tipur fagocitebs, kerZod maTTvis damaxasiaTebelia adhe-

ziuroba, moZraoba, qemotaqsis SesaZlebloba, aseve ucxo nawilakebis (mgaliTad, 

baqteriebis)  STanTqmis unari. maTi ricxvi mkveTrad izrdeba mwvave infeqciuri daa-

vadebebisas. isini awarmoeben baqteriebisa da qsovilebis daSlis produqtebis fa-

gocitozs da sakuTari lizosomuri fermentebiT axdenen maT utilizacias. Cirqi 

ZiriTadad warmodgenilia neitrofilebiT. neitrofilebis daSlisas gamoTavisuf-

lebuli lizosomuri fermentebiT iwyeba garemomcveli qsovilebis `darbileba~, 

anu Cirqis keris formirebis procesi, e.w. abscesi. neitrofilebi CarTulia, aseve,  

sisxlis Sededebis procesSic. 

 

 
 

suraTi V.15. sisxlis granulocitebi 

 

fagocitozis procesSi neitrofilebis fermentebis nawili gadmoedineba uj-

redSoris areSi, rac am ubanSi iwvevs qsovilebis liziss da anTebiTi keris warmoq-

mnas. neitrofilebSi sinTezdeba biologiurad aqtiuri naerTi interleikini I.  da-

zianebuli kerisaken neitrofilebis moZraobis dawyebis mizezi SesaZlebelia gaxdes 

baqteriebidan gamoyofili denaturirebuli cilebi an zedapiris hidrofiluri na-

wilakebi. zogierTi daavadebis dros neitrofilebis aqtivoba irRveva. isini aqti-

virdebian ara marto uSualo kontaqtiT paTogenur mikroorganizmebTan, aramed 

alergenebTan urTierTqmedebiTac, aseve aTerosklerozis da autoimunuri daava-

debebis SemTxvevaSic da aseT pirobebSi SeuZliaT moaxdinon sakuTari organizmis 

qsovilebis dazianeba.  

eozinofilebs, neitrofilebis msgavsad, axasiaTebT fagocitozis unari. maTi 

raodenoba izrdeba alergiuli reaqciebisa da e.w. autoimunuri daavadebebisas, ro-

melTa drosac organizmSi gamomuSavdeba antisxeulebi sakuTari ujredebis mimarT. 

eozinofilebis granulebi mdidaria mJave fosfatazebiT, peroqsidazaTi, β-gluku-

ronidazaTi da fosfolipazaTi. 

bazofilebi — sisxlSi cirkulirebadi ujredebia. isini gansakuTrebul aqtivo-

bas avlens alergiuli da anafilaqsiuri reaqciebisas. bazofilebisaTvis damaxasia-

Tebelia heparinis gamoyofis unari, riTac aqtivdeba SratSi lipolizis procesi 
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(lipidebis daSla). bazofilebis zedapirze aRmoCenilia γ-specifikuri receptore-

bi, romelTa daxmarebiTac xdeba γ-globulinis dakavSireba. 

limfocitebi — imunuri sistemis mTavari ujredebia, romlebic uzrunvelyofs 

humoralur imunitets, ujredul imunitets (kontaqturi urTierTqmedeba samizne 

ujredebTan), aseve aregulirebs sxva tipis ujredebis moqmedebas. normalur Sem-

TxvevaSi, zrdasruli adamianis sisxlSi limfocitebis raodenoba leikocitebis 

mTeli raodenobis 20-35%-ia. amasTanave, sisxlSi Tavisuflad cirkulirebs limfo-

citebis mxolod 2%, xolo danarCeni 98% — qsovilebSia (sur.V.16). 

 

 
 

suraTi V. 16. adamianis limfociti 

        
morfologiuri TvalsazrisiT, limfocitebs yofen or tipad: didi granularuli 

limfocitebi (e.w. NK-ujredebi) da limfoiduri rigis aqtiurad dayofadi ujredebi 

— limfoblastebi, imunoblastebi da mcire limfocitebi (T- da B-ujredebi). 

funqciuri niSnebiT ganasxvaveben limfocitebis sam tips: B-ujredebs, T-

ujredebs da NK-ujredebs. 

B-ujredebi, anu B-limfocitebi amoicnobs ucxo struqturebs (antigenebs) da am 

dros gamoimuSavebs specifikur antisxeulebs — cilovan molekulebs, romlebic 

mimarTulia konkretuli ucxo sxeulebis winaaRmdeg. es ujredebi mniSvnelovan 

rols asruleben humoraluri imunitetis uzrunvelyofaSi. antigenTan kontaqtis 

an T-ujredebiT stimulaciis dros zogierTi B-limfociti gardaiqmneba plazmur 

ujredad, romelsac SeuZlia antisxeulis producireba. xSir SemTxvevaSi, am ujre-

debis hiperaqtiuroba autoimunuri da alergiuri daavadebebis mizezi xdeba.   

T-limfocitebi (T-ujredebi) viTardebian TimusSi winamorbedi ujredebidan —

preTimocitebidan. TimusSi T-limfocitebi diferencirdeba da iZens Т-ujredul 

receptorebs (TCR). T-limfocitebi asrulebs mniSvnelovan rols SeZenili imunuri 

pasuxis realizebaSi. kerZod, uzrunvelyofs ucxo antigenis Semcveli ujredebis 

Secnobasa da ganadgurebas, aZlierebs monocitebsa da NK-ujredebs, aseve monawile-

obs imunoglobulinebis  izotipebis gadarTvaSi (cnobilia, rom imunuri pasuxis 

sawyis etapze  B-ujredebi asinTezebs IgM, xolo Semdeg iwyebs IgG, IgE, IgA-s produ-

cirebas). cnobilia T-limfocitebis ori tipi — T-kilerebi  da T-halperebi.  

T-kilerebis, anu citotoqsikuri T-limfocitebis — CTL (ing. killer – mkvleli)  
mTavari funqciaa sakuTari organizmis dazianebuli ujredebis ganadgureba. maTi 

samiznea iseTi ujredebi, romlebic dazianebulia ujredSida parazitebiT (viruse-

bi, zogierTi baqteria), aseve, simsivnuri ujredebi. maT ZiriTad ganmasxvavebel ni-

Sans warmoadgens zedapirze CD8-receptoris arseboba. T-kilerebi Seicnobs anti-

gens maTi urTierTqmedebiT CD8-receptorTan (sur.V.17).  
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T-halperebi (ing. helper – damxmare) iseTi T-limfocitebia, romelTa mTavari fun-

qciaa imunuri pasuxis gaZliereba. isini pirdapiri kontaqtiT aaqtivebs  T-kilerebs, 

B-limfocitebs, monocitebs, NK-ujredebs. gaaqtiveba xdeba aseve humoraluri 

gziT, kerZod   T-halperebis mier citokinebis gamoyofiT. maTi ZiriTadi ganmasxve-

beli niSania zedapirze CD4-receptoris arseboba (sur.V.17).  

 

 
 

suraTi V.17. T-kilerebisa da T-halperebis moqmedebis meqanizmi 

 

T-kilerebi da T-halperebi gaerTianebulia e.w. efeqtoruli T-limfocitebis 

jgufSi, romlebic uSualod arian pasuxismgebeli imunur pasuxze. amave dros, cno-

bilia limfocitebis jgufi, romlebsac regulatoruli T-limfocitebi ewodebaT. 

maTi funqciaa efeqtoruli T-limfocitebis aqtivobis regulireba. am jgufis uj-

redebis moqmedebis Sedegad organizmi daculia mTeli rigi autoimunuri daavade-

bebisagan. efeqtoruli limfocitebis aqtivobis regulireba warmoebs rogorc uSu-

alo kontaqtiT regulatorul limfocitTan, aseve am ukanasknelis mier sekretire-

buli citokinebis saSualebiT.  

granularuli limfocitebis calke jgufia bunebrivi kileri limfocitebi — 

NK-ujredebi (Natural killer cells), romelTaTvisac damaxasiaTebelia citotoqsikuroba 

simsivnuri da virusiT dazianebuli ujredebisadmi. am ujredebs ar gaaCnia ujredu-

li receptorebi, CD3 da zedapiruli imunoglobulinebi, Tumca maT zedapirze 

aRiniSneba CD16 da  CD56 markerebi.  NK-ujredebis ZiriTadi funqciaa im ujredebis 

ganadgureba, romelTa zedapirze ar aRiniSneba histoSeTavsebadobis mTavari kom-

pleqsis — MHC-is (major histocompatibi-lity complex) arseboba da miuwvdomelia T-kilere-

bisaTvis. MHC-is raodenobrivi Semcireba ujredis zedapirze SesaZlebelia warmo-

adgendes simsivnis an virusis (papilomis da Sidsis) Sedegs. NK-ujredebi, axorcie-

lebs kontrols organizmis ujredebis xarisxze. maT aqvT unari daangrion ujrede-

bi, romlebic Tavisi TvisebebiT gansxvavdebian normaluri ujredebisagan, magali-

Tad, simsivnuri ujredebi. 

NK-ujredebis SesaZlebloba, Seicnos samizne ujredis zedapirze `Tavisi~ da 

`sxvisi~, ganisazRvreba mis zedapirze receptorebis rTuli sistemis arsebobiT, ro-

melic Seicnobs sakuTari organizmis ujredebs. amave dros, maTTvis specifikuria 
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e.w. stress-inducirebadi ujreduli ligandebisadmi receptorebis arseboba. aRniS-

nuli ligandebi miuTiTeben ujredis dazianebis arsebobas. aseT receptorebs mie-

kuTvneba  e.w. citotoqsikurobis bunebrivi receptorebi (natural cytotoxicity receptors) – 

NCRs. es receptorebi xels uwyoben NK-ujredebis citotoqsikurobis aqtivacias.  

cnobilia  NK-ujredebis ramdenime tipis receptori. esenia citokinuri, Fc —, 

regulatoruli  receptorebi.  

citokinebi gansakuTrebul rols asruleben NK-ujredebis gaaqtivebis proces-

Si. gamomdinare iqidan, rom es molekulebi sekretirdebian virusiT dainficirebu-

li ujredebis mier, isini asruleben sasignalo funqcias  NK-ujredebisaTvis viru-

suli paTogenebis arsebobis pirobebSi. aqtivaciis procesSi monawileoben iseTi 

citokinebi, rogoricaa IL-12, IL-15, IL-18, IL-2 da CCL5.   

NK-ujredebs, iseve rogorc makrofagebs, neitrofilebsa da poxier ujredebs, 

aqvs Fc-tipis receptorebi, romlebic aqtivirdebian antisxeulis Fc-fragmentTan 

urTierTqmedebisas, rac NK-ujredebs aZlevs saSualebas  ganaxorcielon Seteva 

inficirebul ujredze humoraluri pasuxis paralelurad da moaxdinon am ujre-

debis lizisi antisxeuldamokidebuli citotoqsikuri moqmedebiT.  

imisaTvis, raTa daculi iyos dauzianebeli ujredi NK-ujredebis Tavdasxmisa-

gan, am ukanasknelis zedapirze arsebobs e.w. regulatoruli (gamaaqtivebeli da ma-

inhibirebeli) receptorebis sistema (inhibitory NK cell receptors). es receptorebi 2 

tipisaa: C-tipis  leqtinuri receptorebis homologebi (killer lectin-like receptors-

KLRs) da receptorebi, romlebic Seicavs imunoglobulinis analogiur domens (killer 

cell immunoglobulin -like receptors  – KIRs) . regulatoruli receptorebi, ukavSirdeba ra 

dauzianebel MHC-s, inducirebs inhibitorul signals, rac, Tavis mxriv, aferxebs 

NK-s aqtivobas (sur.V.18).  

 

 
 

suraTi V.18. NK-ujredebis gamaaqtivebeli    

da mainhibirebeli signalebis moqmedeba 

 

NK-ujredebi citotoqsikuri ujredebia. maT citoplazmaSi SeiniSneba granu-

lebis arseboba, romlebic amovsebulia perforiniTa da proteazebiT. perforini 

gamoiyofa infeqciuri ujredis midamoebSi da warmoqmnis foras am ujredis membra-

naSi, romlis gavliT dainficirebul ujredSi xvdeba proteaza da sxva fermentebi, 

romlebic iwveven ujredis liziss an apoptozs.  
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NK-ujredebis Semcveloba saerTo limfocitebis 5-20%-ia, maSin, roca B-

limfocitebi 8-20 %-ia, xolo T-kilerebisa — 65-80 %. 
monocitebi, anu makrofagebi — msxvili erTbirTviani leikocitia. maTi raode-

noba sisxlSi 0,2-0,9X109-is tolia. es ujredebi mdidaria sxvadasxva hidrolizuri 

fermentebiT, romlebic lizosomebSia lokalizebuli. maT mier ganxorcielebuli 

fagocitozi xasiaTdeba cilovani bunebis antigenebis aqtiuri proteoliziT. mak-

rofagebSi sinTezdeba aseve sisxlis Sededebis, komplementis sistemisa da tran-

sportis procesSi monawile cilebi (transferini, transkobalamini), maregulirebe-

li nivTierebebi (prostaglandinebi, leikotrienebi), baqteriebis, virusebisa da 

simsivnuri ujredebis gamravlebis mainhibirebeli faqtorebi, limfocitebis, fib-

roblastebisa da TviT makrofagebis gayofis stimulatorebi da inhibitorebi. mak-

rofagebSi sinTezirebul naerTebs monokinebi ewodeba. makrofagebi monawileobs 

defeqturi ujredebis naSTebis mocilebis da antisimsivnur procesebSi, aseve isini 

aqtiuradaa CarTuli qsovilTa regeneraciaSi. makrofagebis membranaze gvxvdeba 

imunoglobulinebis, C-reaqtiuli cilis, T- da B-limfocitebis da sxva receptorebi.  

makrofagebi asinTezirebs da asekretirebs iseT aqtiur fermentebs, rogoricaa 

lizocimi, plazminogenis aqtivatori, proteinazebi, glukozidazebi, properdini 

da uamrav sxva cilovan da aracilovan bunebis naerTs.  

V.4. Trombocitebi 

Trombocitebi mcire (2-4mmk) zomis ubirTvo, sferuli ujredebia. normalur fi-

ziologiur pirobebSi Trombocitebis raodenoba 1 mkl sisxlSiv150 000-300 000-ia. 

ganasxvaveben Trombocitebis 5 formas: axalgazrda (0-0.8%), zrdasruli (90.3-

95.1%), daberebuli (2.2-5.6%), gaRizianebuli (2.2-5.6%)  da degeneratiuli (0-0.2%) 

(sur. V.19).  

 

 
 

suraTi V.19. Trombociti 

 

Trombocitebi ramdenime ZiriTad funqcias asrulebs: 

1. monawileobs Trombocituli agregatebis (pirveladi sacobi) formi rebaSi, 

romelic xuravs sisxlZarRvis dazianebul adgils; 

2. maTi zedapiri gamoiyeneba sisxlis plazmuri Sededebis ZiriTadi reaqciebis 

daCqarebisaTvis; 
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3. Trombocitebi gadamwyvet rols asrulebs dazianebuli qsovilebis Sexorce-

basa da regeneraciaSi, axdens am qsovilebSi sxvadasxva tipis zrdis faqtore-

bis sekretirebas, romlebic astimulirebs dazianebuli ujredebis gayofasa 

da zrdas; 

4. aqvs damcvelobiTi funqcia, rac gulisxmobs organizmSi moxvedrili baqte-

riebis Sewebebas (aglutinacias).   

Trombocitebis raodenobis Semcirebam SesaZlebelia gamoiwvios sisxldena, xo-

lo misi raodenobis mateba sisxlis koltis (Trombi) warmoqmnis mizezi xdeba da ise-

Ti paTologiebis safuZvels warmoadgens, rogoricaa insulti, miokardiumis infar-

qti, filtvis embolia, sisxlZarRvis dacoba  da sxv. 

Trombocitebis arasrulfasovan funqcionirebas TrombocitopaTia ewodeba, 

rac gulisxmobs Trombocitebis raodenobis Semcirebas (Trombocitopenia), gaz-

rdas (Trombocitozi) an funqciuri aqtivobis moSlas (Trombostenia).   

Trombocitebis Taviseburebas warmoadgens aqtivaciis unari — axal, Seuqcevad  

mdgomareobaSi gadasvlis SesaZlebloba. aqtivaciis stimulatori SesaZlebelia 

gaxdes garemo ares nebismieri cvlileba, ubralo meqanikuri daZabulobis CaTvliT. 

Tumca, Trombocitebis ZiriTad fiziologiur aqtivatorad iTvleba kolageni (uj-

redgare matriqsis ZiriTadi cila), Trombini (Sededebis plazmuri sistemis ZiriTa-

di cila), ADP, romelic gamoiyofa daSlili ujredebidan an uSualod Trombocite-

bidan da Tromboqsani (uSualod Trombocitebis mier gamoyofili meoradi aqtiva-

tori). gaaqtivebuli Trombocitebi ewebeba dazianebis adgilas (adhezia), an erTma-

neTs (agregacia), rasac mosdevs sacobis warmoqmna da dazianebuli adgilis daxurva 

(sur.V.20).  

 

 

suraTi V.20. Trombocitebis gaaqtiureba, adhezia da agregacia 

 

Cveulebriv mdgomareobaSi Trombocitis membrana ar axdens sisxlis Sededebis 

reaqcias. membranis SemadgenlobaSi arsebuli uaryofiTad damuxtuli fosfati-

dilserini Tavmoyrilia membranis Sida mxares, xolo fosfatidilqolini, romelic 

lokalizebulia membranis gare zedapirze, Sededebis faqtorebs ikavSirebs Zalian 

Znelad. Sededebis zogierT faqtors SeuZlia daukavSirdes araaqtiur Trombocits, 

Tumca ar xdeba aqtiuri fermentuli kompleqsebis Camoyalibeba. 

savaraudod, Trombocitebis aqtivacia iwvevs ferment skramblazas gaaqtiure-

bas, romelic iwyebs uryofiTad damuxtuli fosfolipidebis specifikur, ormxriv 
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da ATP-damoukidebel gadaadgilebas membranaSi. am procesis Sedegad membranis ori-

ve SreSi fosfatidilqolinis koncentracia Tanabrdeba. amis paralelurad, gaaqti-

urebis Sedegad iwyeba membranis gare Sris sxvadasxva transmembranuli cilebis kon-

formaciuli cvlilebebi, ris gamoc es molekulebi iZenen Tvisebas — specifikurad 

daukavSirdnen  sisxlis Sededebis faqtorebs. Zlieri efeqtis gamowvevis SesaZleb-

loba aqvT mxolod Trombinsa da kolagens. SedarebiT susti aqtivatorebi, magali-

Tad ADP, monawileobas Rebuloben Zlieri aqtivatorebis muSaobaSi. maT ar SeuZli-

aT damoukideblad fosfatidilserinis lokalizaciis Secvla membranaSi da maTi 

funqciaa mxolod Trombocitebis formis Secvla da maTi agregacia.    

V.5. komplementis sistema 

komplementis sistema — esaa sisxlSi mudmivad arsebuli rTuli cilebis kom-

pleqsi. ufro zustad, proteolizuri fermentebis kaskaduri sistema, romelic em-

saxureba organizmis humoralur dacvas ucxo agentebisagan. es sistema monawileobs 

organizmis imunuri pasuxis realizaciaSi da warmoadgens rogorc Tandayolili, 

aseve SeZenili imunitetis mniSvnelovan komponents.  

XIX saukunis bolos dadginda, rom sisxlis Srati Seicavs ucnob `faqtors~, ro-

melsac aqvs baqteriociduli Tvisebebi. 1896 wels belgielma imunologma da baqte-

riologma Jiul bordem aCvena, rom SratSi arsebobs ori sxvadasxva nivTiereba — 

Termostabiluri faqtori da Termolabiluri faqtori, romelTa erToblivi moqme-

deba iwvevs baqteriebis liziss.  rogorc aRmoCnda,  Termostabiluri faqtori moq-

medebda mxolod garkveuli mikroorganizmebis winaaRmdeg, maSin, roca Termolabi-

lur faqtors gaaCnda araspecifikuri antibaqteriuli aqtivoba.  Termolabilur 

faqtors, mogvianebiT, erlixis mier ewoda komplementi. erlixis Teoriis Tanaxmad, 

imunur reaqciebze pasuxismgebel ujredebs  membranis zedapirze gansazRvruli an-

tigenebisadmi aqvs receptorebi.  am receptorebs dRes `antisxeulebs~ uwodeben. 

receptorebi ukavSirdeba gansazRvrul antigens da, aseve, sisxlis Sratis Termo-

labilur antibaqteriul komponents. sisxlis es komponenti, erlixis Teoriis mi-

xedviT, warmoadgens imunuri sistemis ujredebis `damatebas~. swored amis gamo, 

sisxlis Sratis Termolabilur faqtors erlixma uwoda `komplementi~ (ingl. 

complement – damateba). am Teoriis mixedviT,  arsebobs mravali komplementi, romel-

Tagan TiToeuli ukavSirdeba Tavis receptors, iseve, rogorc receptori ukavSir-

deba specifikur ligands. am mosazrebis sawinaaRmdegod, borde Tvlida, rom `dama-

teba~ mxolod erTi tipisaa. XX saukunis dasawyisSi gairkva, rom komplementi aqtiv-

deba rogorc specifikuri antisxeulebiT, aseve damoukideblad, araspecifikurad. 

dReisaTvis cnobilia, rom komplementi esaa plazmuri cilebis sistema, rome-

lic Seicavs 20-mde erTmaneTTan urTierTmoqmed komponents: C1 (sami proteinisagan 

Semdgari kompleqsi), C2, C3, …, C9, faqtor B-s, faqtor D-sa da rig regulatoruli 

cilebs. yvela es komponenti sisxlSi da qsovilovan siTxeSi cirkulirebadi xsnadi 

cilebia mol. masiT 24 000-dan 400 000-mde daltoni. komplementis cilebi sinTezde-

ba, ZiriTadad, RviZlSi da Seadgens sisxlis plazmis mTliani globulinuri fraqci-

is mxolod 5%-s. maTi umetesoba araaqtiuria manam, sanam ar iqneba moyvanili moqme-

debaSi imunuri pasuxis Sedegad (antisxeulebis monawileobiT) an uSualod SeWrili 

mikroorganizmiT (ix. qvemoT). 
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komplementis aqtivaciis erT-erTi SesaZlebeli Sedegia e.w. gviani (terminalu-

ri) komponentebis (С5, С6, С7, С8 da С9) Tanmimdevruli gaerTianeba erTian cilovan 

kompleqsad, romelic iwvevs organizmSi SemoWrili mikroorganizmis ujredebis li-

ziss. am kompleqss lizisuri. anu membranebis Semtevi kompleqsi ewodeba. gviani kom-

ponentebis agregaciisa da, Sesabamisad, membranis Semtevi kompleqsis warmoqmnisaT-

vis aucilebelia e.w. adreuli komponentebis (С1, С2, С3, С4, faqtori В da faqtori D) 
Tanmimdevruli,  proteolizuri reaqciebi. adreuli komponentebis umetesoba pro-

fermentia, romelTa  Tanmimdevruli aqtivacia xdeba proteolizis gziT. rodesac 

romelime es profermenti specifikurad ixliCeba, is xdeba aqtiuri proteolizuri 

fermenti, romelic, Tavis mxriv, iwvevs Semdegi profermentis gaxleCvas da, Sesaba-

misad, gaaqtiurebas da a.S. vinaidan aqtivirebuli komponentebis umravlesoba mtki-

ced ukavSirdeba membranebs, am procesebis umetesoba mimdinareobs ujredebis zeda-

pirze. aRwerili proteolizuri kaskadis centraluri komponentia С3. misi aqtiva-

cia proteolizis saSualebiT warmoadgens komplementis aqtivaciis mTliani jaWvis 

mTavar reaqcias. 

komplementis sistema muSaobs, rogorc reaqciebis bioqimiuri kaskadi. misi aqti-

vacia SesaZlebelia sami gziT: klasikuri, alternatiuli da leqtinuri gzebiT. aq-

tivaciis yoveli gza axdens ferment C3-konvertazas (C3 komponentis gamxleCi fer-

mentis) gaaqtivebas  sxvadasxva saSualebiT. klasikuri gza, romelic evoluciurad 

yvelaze axali gzaa, aqtivaciisaTvis saWiroebs antisxeulebs, xolo  alternatiuli 

da leqtinuri gzebis gaaqtiureba SesaZlebelia antigenebiT, antisxeulebis Tandas-

wrebis gareSe.  samive SeTxvevaSi komplementis aqtivaciis Sedegi erTnairia:  C3-

konvertaza axdens C3-komponentis hidrolizs C3a da C3b molekulebad,  romlebic 

aucilebelia imisaTvis, raTa daiwyos komplementis sistemis momdevno elementebis 

aqtivacia  da hidrolizuri reaqciebis kaskadis CarTva.  

klasikuri gza iwyeba С1- kompleqsis gaaqtivebiT. kompleqsi ar aris erTgvarovani 

da Seicavs С1q-s, С1r-s da С1s-s molekulebs. С1q-s saSualebiT С1  kompleqsi ukavSir-

deba antigenebTan dakavSirebul М da G klasis imunoglobulinebs  (sur.V. 21). С1q-is 
heqsameruli molekula formiT gauSleli titebis konis msgavsia, romlis butonebs 

aqvs antisxeulebis Fc-ubnis (e.w. kristalizebadi fragmenti) dakavSirebis unari. am 

gzis inicirebisaTvis sakmarisia mxolod erTi molekula IgM.  IgG-s molekulebiT aq-

tivacia naklebad efeqturia da saWiroebs IgG-s molekulebis did raodenobas.   

 
 

 
 

suraTi V. 21. C1-antigen-antisxeulis kompleqsi 
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С1q pirdapir ukavSirdeba paTogenis zedapirs, rac iwvevs misi molekulis kon-

formaciul cvlilebebs da am kompleqsSi Semavali serinuli proteazas (С1r- mole-

kulis) aqtivacias. С1r molekulebi xleCen С1s molekulas, romelic aseve serinuli 

proteazaa (sur.V.22).  

 

 
 

suraTi V. 22. komplementis sistemis aqtivaciis klasikuri gza 

 

Semdgom  С1 kompleqsi ukavSirdeba С2 da С4 faqtorebs da xleCs maT  С2а da С4b 

molekulebis warmoqmniT. С2а da С4b ukavSirdeba erTmaneTs paTogenis zedapirze da 

warmoqmnian klasikuri gzis C3-konvertazas (С4b2а). C3-konvertazas warmoqmna iw-

vevs C3-is daxleCas С3а-ad da С4b2а. С3b,   С2а-sa da С4b-sTan erTad,  warmoqmnis kla-

sikuri gzis C5-konvertazas. C5 ixliCeba С5а-ad da С5b-ad. С5b rCeba membranaze da 

ukavSirdeba С4b2а3b-kompleqss, rasac mosdevs am kompleqsis urTierTqmedeba С6, С7, 

С8 da С9 molekulebTan. es molekulebi am procesis Sedegad polimerizirdebian da 

warmoiqmnian  membranis gamWolav milaks, riTac irRveva osmosuri balansi da tur-

goris Sedegad baqteria skdeba. komplementis aqtivaciis klasikuri gzis Sedegad 

xdeba nebismieri ucxo  ujredis ganadgureba.  

alternatiuli gza irTveba С3- faqtoris hidroliziT pirdapir  paTogenis ze-

dapirze. alternatiuli gzis warmarTvaSi monawileobs В da D faqtorebi. maTi dax-

marebiT warmoebs СЗbВb fermentis (alternatiuli gzis C3-konvertaza) warmoqmna. 

am fermentis stabilizacias da mis xangrZliv funqcionirebas uzrunvelyofs cila 

P (fermenti dekarboqsilirebis  glicindehidrogenaza). miRebuli PСЗbВb-kompleq-

si aaqtivebs C3-s, rasac mosdevs C5-konvertazas da  membranis Semtevi kompleqsis 

warmoqmna.  

komplementis terminaluri komponentebis Semdgomi aqtivacia mimdinareobs ise-

ve, rogorc komplementis aqtivaciis klasikuri gzis dros. rodesac mikrobebi xvde-

bian organizmSi, membranaze iwyeba СЗbВb-kompleqsis dagroveba, romelic uerTdeba 

С5-s, rasac mosdevs am ukanasknelis gaxleCa C5a-ad da C5b-ad. C5b rCeba membranaze. 

Semdgom erTiandeba С6, С7, С8 da С9 komponentebi, iwyeba С9-s polimerizacia (18 mo-

lekula ukavSirdeba erTmaneTs), klasikuri gzis analogiurad warmoiqmneba baqte-
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riis membranis gamWolavi milaki, romlis monawileobiT xdeba wyali gadaiqaCeba baq-

teriaSi. sabolood, skdeba da kvdeba (sur.V. 23). 

alternatiuli gza gansxvavdeba klasikurisagan Semdegi monacemebiT: komple-

mentis sistemis aqtivaciisas ar aris saWiro imunuri kompleqsebis warmoqmna. aqti-

vacia xdeba komplementis С1, С2, da С4 komponentebis monawileobis gareSe. amave 

dros,  alternatiuli gza iwyebs moqmedebas antigenebis gamoCenisTanave — misi aqti-

vatorebi SeiZleba iyos baqteriuli polisaqaridebi da lipopolisaqaridebi (mito-

genebi), virusuli nawilakebi, simsivnuri ujredebi.   

 

 
 

suraTi V. 23. komplementis sistemis moqmedebis  alternatiuli gza 

 

leqtinuri (manozuri) gza komplementis sistemis aqtivaciis kidev erTi cnobili 

gzaa, romlis CarTvisTvis gamoiyeneba manozaspecifikuri leqtini (MBL) — proteini, 

romelic aqtivaciis klasikuri gzis C1q komponentis msgavsia. sxvadasxvagvari daava-

debis gamomwvevi mikroorganizmis membranebze igi ukavSirdeba  membranis Semadgen-

lobaSi arsebul naxSirwyal manozis naSTebs da sxva Saqrebs, rac iZleva  am paTogene-

bis amocnobis saSualebas. MBL — Sratis cilaa, romelic ganekuTvneba koleqtinebis 

jgufs, sinTezdeba upiratesad RviZlSi da SeuZlia komplementis kaskadis aqtivireba 

uSualod paTogenis zedapirTan dakavSirebiT. MBL ori domenisagan Semdgari cilaa: 

globularuli domeni, romelic ikavSirebs manozas da fibrilaruli  (kolagenis 

msgavsi) domeni, romelic  axdens am cilis polimerizacias. fibrilarul domenebs So-
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ris urTierTqmedebiT warmoiqmneba oligomeri, romelic paTogenis kedlis garda, 

ikavSirebs aseve or serinul proteazebs — MASP-I-s da MASP-II-s, romlebic klasikuri 

gzis C1r da C1s molekulebis msgavsia. paTogenis kedelTan dakavSirebis Semdgom, 

proteazebi aqtivirdebian da axdenen komplementis sistemis C4 da C2 komponentebis 

gaxleCas C4a, C4b, C2a da C2b-is warmoqmniT. C4b da C2a paTogenis zedapirze 

warmoqmnis C3-konvertazas, xolo C4a  da C2b warmoadgens qemoantraqtantebs, romle-

bic axdenen imunuri sistemis ujredebis mizidvas (sur.V.24).  

cnobilia, rom  komplementis sistemas Semdegi funqciebi akisria: 

1. opsonizirebis funqcia. opsonizacia (Zv. berZn. ὀψώνιον — sakvebiT momarageba) 

esaa procesi, rodesac antisxeulebi (IgA, IgG), manozaspecifikuri leqtini, komple-

mentis sistemis aqtivaciis Sualeduri produqtebi, C3b, C4b, iC3b da sxva e.w. opsoni-

nebi adsorbirdeba  mikroorganizmebisa da sxva ucxo sxeulebis zedapirze, riTac 

astimulirebs da aiolebs am nawilakebis fagocitozs. antisxeulebi ukavSirdeba pa-

Togens Fab-fragmentiT, xolo Fc-fragmenti SeiZleba daukavSirdes fagocitebis 

specifikur receptorebs. fagocitebis garda,  amgvari receptorebi aqvs leikoci-

tebs (monocitebs, neitrofilebs, eozinofilebs, bunebriv qilerebs), romlebic ar 

awarmoeben paTogenebis fagocitozs da fagocitebTan dakavSirebis sapasuxod asin-

Tezeben citokinebs an gamoyofen toqsikur naerTebs, romlebic klavs opsonirebul 

ujredebs. es procesi iwvevs anTebas da azianebs mezobel janmrTel ujredebs. fa-

gocitirebadi ujredebis zedapirze С3b-s receptorebis arseboba aZlierebs maT 

dakavSirebas opsonizirebul baqteriebTan da aaqtivebs maTi STanTqmis process; 
 

 

suraTi V.24. komplementis aqtivaciis 

leqtinuri gza da misi kavSiri sxva gzebTan 
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 2.  imunuri kompleqsebis solubilizacia, rac gulisxmobs kompleqsis gaxsnas 

С3b molekuliT. komplementis ukmarisobisas viTardeba iseTi imunokompleqsuri 

paTologia, rogoricaa sistemuri wiTeli mgluras msgavsi mdgomareoba; 

 3. anTebiT procesebSi monawileoba. komplementis sistemis aqtivacia (С3 da С5 
faqtorebis gaxleCva) iwvevs qsovilovani bazofilebidan (poxieri ujredebidan, anu 

mastocitebidan, anu labrocitebidan) da sisxlis bazofiluri granulocitebidan 

biologiurad aqtiuri naerTebis, kerZod histaminis, serotoninisa da bradikininis 

gamoTavisuflebas. es naerTebi astimulirebs anTebiT reaqcias. С5а fragmenti da 

komplementis aqtivaciis sxva produqtebi xels uwyobs qemotaqsiss, neitrofilebis 

agregacias da dagranulirebas da Jangbadis Tavisufali radikalebis warmoqmnas. 

С3а fragmenti aseve aZlierebs qemotaqsiss da iwvevs neitrofilebis migracias, ama-

ve dros, inducirebs neitrofilebis mimagrebas sisxlZarRvis endoTeliumTan da 

maT  gaaqtivebas, iwvevs ra maTSi respiratorul afeTqebasa da degranulacias. amave 

dros, astimulirebs neitrofilebiT leikotrienebis producirebas; 

4. citotoqsikuri, anu lizisuri funqcia. komplementis sistemis aqtivaciis sa-

boloo stadiaze, komplementis gviani (C3b, C5b, C6,C7, C8 da umTavresad C9) 

komponentebisgan warmoiqmneba membranis  Semtevi kompleqsi (MAC, — membrane attack 

complex), romelic axorcielebs Setevas baqteriul an nebismier sxva ucxo ujredze 

da angrevs maT. membranaze Semtevi kompleqsi — es aris baqteriuli ujredis plaz-

mur membranaSi warmoqmnili  arxi (fora). 

komplementis sistema, miuxedavad misi mniSvnelobisa, SeiZleba iyos saSiSi sa-

kuTriv organizmis qsovilebisaTvis, amitom saWiroa misi aqtivaciis mkacrad regu-

lireba. komplementis sistemis komponentebis umetesoba aqtiuria mxolod kompleq-

sis SemadgenlobaSi, amasTanave, maTi aqtiuri formebis arsebobis xangrZlivoba Zli-

er moklea. Tu am drois ganmavlobaSi isini ar Sexvdeba kompleqsis Semdegom kompo-

nents, aqtiuri formebi kargavs kavSirs kompleqsTan da gardaiqmneba araaqtiur 

formebad. 

Tu romelime komponentis koncentracia zRvrulze (kritikulze) dabalia, kom-

plementis sistemis muSaobas ar mosdevs fiziologiuri Sedegebi. komplementis sis-

temis muSaoba regulirdeba specialuri cilebiT, romlebic sisxlis plazmaSia bev-

rad meti koncentraciiT, vidre Tavad komplementis sistemis cilebi. es cilebi ase-

ve ganlagebulia organizmis ujredebis membranebze da icavs maT komplementis sis-

temis cilebis Tavdasxmisagan. organizmSi arsebuli komplementis aqtivaciis regu-

latoruli meqanizmebi ZiriTadad moqmedebs sam wertilSi: 

1. С1. С1-is inhibitori akontrolebs komplementis sistemis aqtivaciis klasi-

kur da leqtinur gzebs. moqmedebs ori gziT: is zRudavs С4 da С2 komponentebis moq-

medebas C1r- da С1s-proteazebis inhibirebis saSualebiT da, aseve, TiSavs leqtinur 

gzas MASP fermentebis moSorebiT MBP-kompleqsidan; 

2. С3-konvertaza. С3-konvertazas sicocxlis xangrZlivobas amcirebs daSlis 

damaCqarebeli faqtorebi. zogierTi maTgani sakuTari ujredebis zedapirzea gan-

lagebuli,  magaliTad, DAF (daSlis damaCqarebeli faqtori — Decay-accelerating factor) 

da CR1 (komplementis receptori 1 – complement receptor 1). isini zemoqmedebs komple-

mentis sistemis aqtivaciis rogorc klasikuri, aseve alternatiuli gzebis  C3-

konvertazebze. DAF aCqarebs alternatiuli gzis C3-konvertazas daSlas. CR1 

(C3b/C4b receptori) mdebareobs, ZiriTadad, eriTrocitebis zedapirze da pasuxis-

mgebelia sisxlis plazmidan opsonizirebuli imunuri kompleqsebis moSorebaze. 

sxva regulatoruli cilebi sinTezdeba RviZlSi  da araaqtiur mdgomareobaSi gax-
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snilia sisxlSi. faqtori I — serinuli proteazaa, romelic xleCs C3b-s da C4b-s. Ñ4-

damakavSirebeli proteini (C4BP) xleCs С4-s da xels uwyobs faqtor I-s gaxliCos 

C4b. faqtori H ukavSirdeba glikozaminoglikanebs, romlebic aris sakuTari ujre-

debis zedapirze, magram ar aris paTogenebis ujredebze. es proteini warmoadgens 

faqtori I-is kofaqtors da aseve ainhibirebs C3bBb-s aqtivobas; 

3. С9.  restriqciisa (CD59) da SezRudvis homologiuri faqtorebi ainhibirebs 

Ñ9-komponentis polimerizacias membranis Semtevi kompleqsis warmoqmnisas da xels 

uSlis mis formirebas. 

komplementis sistema did rols TamaSobs imunitetTan dakavSirebuli mravali 

daavadebis ganviTarebaSi. imunuri kompleqsebis  daavadebebisas komplementis sis-

tema provocirebas ukeTebs anTebiT process ZiriTadad ori gziT: 

1. imunur kompleqsebze fiqsirebul C3b da C4b faqtorebs ukavSirdeba leiko-

citebiT aqtivirebadi da am kompleqsebis dagrovebis adgilebSi moziduli anafila-

toqsinebi. ase iwyeba qsovilebis dazianeba gudpasCeris sindromis (sistemuri kapi-

lariti, upiratesad, filtvebisa da Tirkmelebis dazianebiT, rac gamoixateba hemo-

ragiul pnevmoniasa da glomeuro-nefritSi, Sesabamisad) dros. am daavadebis eqspe-

rimentul modelebSi anTebiTi reaqciis Casaqrobad sakmarisia sisxlSi komplemen-

tis an neitrofilebis raodenobis Semcireba. C3b faqtori gaxleCvisas warmoqmnis 

С3a faqtors, romelsac aqvs unari gamoiwvios  Zvlis tvinidan neitrofilebis mig-

racia da amgvarad gaxdes leikocitozis mizezi; 

2. membranis Semtevi kompleqsi, organizmis sakuTari ujredebis membranebSi Ca-

nergvisas, azianebs membranas. am dros warmoebs araqidonis mJavas metabolitebis — 

prostaglandinebis gamoTavisufleba, riTac ganpirobebulia qsovilebis dazianeba 

membranozuli nefritisas, romelic eqsperimentebSi SesaZlebelia iyos gamowveuli 

subepiTelialuri antigenebis antisxeulebiT. am SemTxvevaSi, anTebiT process ver 

Trgunavs neitrofilebis moSoreba, magram anTeba saerTod ar viTardeba cxoveleb-

Si C5 faqtoris deficitiT. 

komplementis raodenobis zrda an kleba sisxlSi vlindeba iseTi daavadebebisas, 

rogoricaa autoimunuri da onkologiuri daavadebebi. komplementis preparatebi 

(zRvis goWis sisxlis Srati) gamoiyeneba diagnostikaSi komplementis dakavSirebis 

reaqciis Catarebisas, sisxlSi antisxeulebis raodenobis dasadgenad, kerZod vaser-

manis reaqciis Casatareblad. 

V.6. sisxlis jgufebi 

adamianis eriTrocitebis membrana Seicavs 300-ze met sxvadasxva antigenur de-

terminants, romelTa molekuluri agebuleba kodirebulia Sesabamisi qromosome-

bis genebiT. termini `sisxlis jgufi~ gulisxmobs eriTrocitaruli antigenebis 

sistemas, romlebic kontroldeba gansazRvruli genebiT. magaliTad, ABO sistemaSi 

A, B da O (noli). termini `sisxlis tipi~ asaxavs mis antigenur fenotips (mTlian 

antigenur `portrets~, anu antigenur profils), anu sisxlis jgufis antigenuri 

maxasiaTeblebis erTobliobas. esaa sisxlis jgufis memkvidreobiT gadacemuli 

genebis mTeli kompleqsis serologiuri gamoxatuleba. 

adamianis sisxlis jgufebis ori umniSvnelovanesi klasifikaciaa ABO-sistema da 

rezussistema. cnobilia, aseve, sxva antigenebis 46 klasi, romelTa umetesoba 

gvxvdeba gacilebiT iSviaTad, vidre  ABO-   da rezusfaqtori. 
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ABO-sistema SemoTavazebuli iyo avstrieli imunologis karl landSteinis mier 

1900 wels. dReisaTvis cnobilia am sistemis aleluri genebis ramodenime jgufi, 

esenia A1, A2, B da  O. am alelebis genuri lokusi mdebareobs me-9 qromosomis grZel 

mxarze. pirveli sami genis (A1, A2 da B) ZiriTad produqtebs warmoadgens specifiku-

ri fermentebi — glikoziltransferazebi. am fermentebis meSveobiT warmoebs N-

acetil-D-galaqtozaminis (A1- da A2-tipis glikozil-transferazebis SemTxvevaSi) 

da D-galaqtozas (B-tipis glikoziltransferazas SemTxvevaSi) gadatana eriTroci-

tebis membranis glikolipidebisa da glikoproteinebis naxSirwylovani nawilis α-

damakavSirebel ubnebze. am ubnebs zedapiruli antigenebi, anu aglutinogenebi 

ewodeba. imis mixedviT, Tu romeli SaqriT xdeba eriTrocitebis membranis glikoli-

pidebisa da glikoproteinebis naxSirwylovani nawilis α-damakavSirebel ubnis gli-

kozirileba — N-acetil-D-galaqtozaminiT Tu D-galaqtozaTi, Sesabamisad ganasxva-

veben  A da B aglutinogenebs (sur. V.25). 

amave dros, adamianis sisxlis plazmaSi arsebobs α-  da β-aglutininebi — antisxeu-

lebi, romlebic awarmoebs sisxlis ujredebis, baqteriebis da rigi sxva antigenuri 

nawilakebis aglutinacias (agglutinatio-Sewebeba), rac gulisxmobs sisxlis ujredebis, 

baqteriebis da sxv. Sewebebasa da daleqvas, anu aglutinaciis reaqcias.  α-aglutinine-

bi iwvevs A-aglutinogenebis, xolo β-aglutininebi — B aglutinogenebis aglutinaci-

as. aqedan gamomdinare, adamianis sisxlSi arasodes ar gvxvdeba erTad α-aglutinini 

da A-aglutinogenis Semcveli eriTrocitebi, iseve, rogorc β-aglutinini da B-aglu-

tinogenis Semcveli eriTrocitebi. arsebobs aglutininebisa da aglutinogenebis 

mxolod oTxi dasaSvebi kombinacia, romelic gansazRvravs adamianis sisxlis jgufs: 

• aglutinogenebi araa,  gvxvdeba mxolod α- da β-aglutinini - (0)- I jgufi; 

• A-aglutinogeni da β-aglutinini — (A)-II jgufi; 

• B- aglutinogeni da  α-aglutinini — (B)-III jgufi; 

• A-aglutinogeni da B- aglutinogeni,  aglutininebi araa — (AB)-IV jgufi. 

rezussistema (sistema Rh). sisxlis rezusi esaa antigeni (aglutinogeni), romelic 

A- da B-aglutinogenebis msgavsad mdebareobs eriTrocitebis zedapirze. es sistema 

aRmoCenili iqna k. landSteineris da a. vaineris mier 1940 wels. evropelebis daaxloe-

biT 85%-is, aziatebisa da indielebis 99%-is sisxli Seicavs am antigens da, Sesabami-

sad, isini rezusdadebiTebi arian. danarCeni evropelebis (15%) da afrikelebis 7%-is 

sisxli ar Seicavs am aglutinogens da, Sesabamisad, isini rezusuaryofiTebi arian.  

 

 
 

suraTi V.25.  aglutinogenebis oligosaqaridebi, romlebic  

pasuxismgebelia ABO-sistemis sisxlis jgufebze 
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sisxlis rezusi mniSvnelovan rols asrulebs e.w. axalSobilebis hemolizuri 

siyviTlis CamoyalibebaSi, romelic gamowveulia rezuskonfliqtiT imunizebul de-

dasa da nayofis eriTrocitebs Soris. cnobilia, rom sisxlis rezusi rTuli siste-

maa, romelic moicavs 40-ze met antigens. es antigenebi aRiniSneba ricxvebiT, asoebi-

Ta da simboloebiT. yvelaze xSirad vxvdebiT D- (85 %), С- (70 %), Е- (30 %) da е- (80 %) 
tipis rezusantigenebs. swored am antigenebs aqvs yvelaze metad gamoxatuli anti-

genuroba. rezussistemas normalur SemTxvevaSi ar aqvs Sesabamisi aglutininebi, 

Tumca, isini SeiZleba gaCndes, Tu rezusuaryofiTi sisxlis mqone adamians gadavus-

xavT rezusdadebiT sisxls. 

dResdReobiT Seswavlili da daxasiaTebulia aTeulobiT sisxlis jgufebis an-

tigenuri sistema. esenia dafis, kelis, kidis, luisis da sxv. Seswavlili sisxlis 

jgufebis antigenuri sistemebis raodenoba mudmivad izrdeba.  

kelis  (Kell) sistema  Sedgeba ori antigenisagan (К, k), romlebic qmnis sisxlis sam 

jgufs (К-К, К-k, k-k). maT SeuZlia gamoiwvios sensibilizacia (sensibilisation – mgrZnobi-

are), rac  gulisxmobs organizmis mgrZnobelobis matebas gamRizianeblebis mimarT 

da  iwvevs alergiul reaqcias  orsulobisas an/da sisxlis gadasxmis SemTxvevaSi. es 

antigenebi warmoadgens axalSobilebis hemolizuri daavadebis da hemotransfuziu-

ri   garTulebebis mizezs.   

kidis (Kidd) sistema Sedgeba ori antigenisagan, romlebic qmnis sisxlis sam 

jgufs:  lk (a+b-);  lk (A+b+) da lk (a-b+). kidis sistemis antigenebs aseve aqvs izoimunuri 

Tvisebebi da SeuZlia gamoiwvios axalSobilebis hemolizuri daavadeba da hemot-

ransfuziuri garTulebebi.  

dafis (Duffy) sistema Sedgeba ori antigenisagan, romlebic qmnis sisxlis sam 

jgufs: Fy (a+b-); Fy (a+b+) da Fy (a-b+). dafis sistemis antigenebs, iSviaT SemTxvevebSi, 

SeuZlia gamoiwvios sensibilizacia da hemotransfuziuri garTulebebi. 

MNSs sistema warmoadgens rTul sistemas, romelic Sedgeba sisxlis 9 jgufisa-

gan. am sistemis antigenebi sakmaod aqtiuria da SeuZliaT izoimunuri antisxeule-

bis warmoqmna, anu sisxlis SeuTavsebloba gadasxmisas. cnobilia axalSobilebis he-

molizuri daavadebis SemTxvevebi, romelic gamowveulia am sistemis antigenebis mi-

marT gamomuSavebuli antisxeulebiT. 

langeraisis da junioris sistema. 2012 wels amerikelma mecnierebma vermontis 

universitetidan iaponel da frang kolegebTan erTad aRmoaCines ori axali, 

`damatebiTi~ sisxlis jgufi, romlebis Seicavs or cilas eriTrocitebis membranis 

zedapirze. es cilebia ABCB6 da ABCG2, romlebic ganekuTvneba satransporto ci-

lebis jgufs. isini monawileobs metabolitebisa da ionebis gadatanaSi ujredSi da 

piriqiT, ujredidan garemomcvel areSi. 

vel-uaryofiTi jgufi pirvelad aRmoCenili iyo 1950-iani wlebis dasawyisSi, 

rodesac mZimed daavadebul pacients ganmeorebiTi sisxlis gadasxmis Semdeg ganu-

viTarda donoris sisxlis SeuTavseblobis mZime reaqcia. sagazeTo statiebSi paci-

ents misis vels uwodebdnen. Semdgom dadginda, rom sisxlis pirveli gadasxmis Sem-

deg pacientis sisxlSi gamomuSavda antisxeulebi ucnobi molekulis mimarT. reaq-

ciis gamomwvevi nivTierebis dadgena ver xerxdeboda, xolo sisxlis axal jgufs, am 

SemTxvevis aRsaniSnavad, uwodes vel-uaryofiTi jgufi. dRevandeli statistikis 

Tanaxmad, sisxlis es jgufi gvxvdeba 2500 adamianidan erTSi. 2013 wels mecnierebma 

vermontis universitetidan SesZles am nivTierebis identificireba. aRmoCnda, rom 

esaa cilovani molekula, romelsac SMIM1 ewodeba. SMIM1-cilis aRmoCenam Seswav-

lili sisxlis jgufebis raodenoba 33-mde gazarda. 
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AB0 sisxlis jgufebis SeTavsebadobis Teoria warmoiqmna meore msoflio omis 

periodSi, donoruli sisxlis katastrofuli ukmarisobis dros. am Teoriis Tanax-

mad sisxlis donorebs da recipientebs unda hqondeT `SeTavsebadi~ sisxlis jgufe-

bi. XX saukunis Sua periodSi iTvleboda, rom 0(I)Rh-jgufis sisxli SeTavsebadia 

nebismier sxva jgufis sisxlTan. adamianebi sisxlis 0(I)Rh- jgufiT iTvlebodnen 

universalur donorebad. dReisaTvis aseTi hemotransfuziebi dasaSvebia mxolod 

ukidures SemTxvevebSi da mxolod 500ml odenobiT. qvemoT moyvanili suraTi V. 26  

da cxrili V. 5 gviCvenebs Tu romeli jgufis sisxlis mqone adamianebs SeeZloT sis-

xlis gacema/miReba. magaliTad, A(II)Rh-jgufis sisxlis mqone adamians SeuZlia sis-

xlis miReba 0(I)Rh− an  A(II)Rh− sisxlis jgufis mqone adamianebisagan da sisxlis ga-

dasxma AB(IV)Rh+, AB(IV)Rh−, A(II)Rh+ an A(II)Rh−sisxlis jgufebis mqone adamianebi-

saTvis. 

 

 

 

suraTi V. 26.   sisxlis gadasxmis sqema  

ABO sistemis sisxlis jgufebisaTvis 

 

I (0)  jgufis sisxlis plazmaSi eriTrocitebis A da B antigenebi  ar arsebobs, an 

maTi raodenoba Zalzed mcirea. amitom Tvlidnen, rom I jgufis sisxli SesaZlebelia 

gadaesxas sxva sisxlis jgufebis mqone pacientebs nebismieri raodenobiT. Tumca I 

jgufis sisxlis plazmaSi gvxvdeba α da β- aglutininebi, ris gamoc es plazma SesaZ-

lebelia gadaesxas recipients mxolod SezRuduli raodenobiT, rasac mosdevs do-

noris aglutininebis ganzaveba recipientis plazmiT, ris gamoc aglutinacia ar mim-

dinareobs (otenbergis wesi). IV(AB) sisxlis jgufis mqone adamianebis plazmaSi ag-

lutininebi ar aris, amitom IVsisxlis jgufis plazma SesaZlebelia gadaesxas nebis-

mieri sisxlis jgufs. 

dResdReobiT naTelia, rom antigenebis sxva sistemebs sisxlis gadasxmisas SeuZ-

lia gamoiwvios arasasurveli Sedegebi. aqedan gamomdinare, sisxlis gadasxmis samsa-

xuris erT-erTi ZiriTadi strategia unda iyos yoveli adamianis sakuTari sisxlis 

formiani elementebis winaswari kriokonservaciis sistemis Seqmna.  
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cxriliV.  5. 

sisxlis jgufebis SeTavsebadobis cxrili ABO sistemaSi 

 

donori 

recipienti 

O(I) Rh− 
O(I) 
Rh+ 

A(II) 
Rh− 

A(II) 
Rh+ 

B(III) 
Rh− 

B(III) 
Rh+ 

AB(IV) 
Rh− 

AB(IV) 
Rh+ 

O(I) Rh-         

O(I) Rh+         

A(II) Rh-         

A(II) Rh+         

B(III) Rh−         

B(III) Rh+         

AB(IV) Rh-         

AB(IV) Rh+         

niSniT   aRniSnulia SeTavsebadi kombinaciebi. 

 

klinikur praqtikaSi sisxlis jgufebs gansazRvraven monoklonaluri antisxeu-

lebis meSveobiT, ris drosac sakvlevi sisxlis jgufis eriTrocitebs ureven stan-

dartuli monoklonalur antisxeulebis (anti-A da anti-B coliklonebi) wveTs  

TeTr firfitaze an specialur planSetze. aramkafio aglutinaciis reaqciis Sem-

TxvevaSi da aseve, Tu sakvlevi sisxlis jgufi savaraudod aris AB(IV), kontroli-

saTvis umateben izotonuri xsnaris erT wveTs. sareaqcio firfitaze eriTrocite-

bisa da coliklonebis raodenobrivi Sefardebaa 1/10. aglutinaciis reaqciis Sedegi 

fasdeba sami wuTis Semdeg: 

• Tu aglutinaciis reaqcia mJRavndeba mxolod anti-A coliklonebTan, sak-

vlevi sisxli miekuTvneba A(II) jgufs;. 

• Tu aglutinaciis reaqcia mJRavndeba mxolod anti-B coliklonebTan, sak-

vlevi sisxli miekuTvneba B(III) jgufs; 

• Tu aglutinaciis reaqcia ar mJRavndeba arc anti-A da arc anti-B coliklo-

nebTan, sakvlevi sisxli miekuTvneba 0(I) jgufs; 

• Tu aglutinaciis reaqcia mJRavndeba rogorc anti-A, aseve anti-B coliklo-

nebTan, sakvlevi sisxli miekuTvneba AB(IV) jgufs. 

rig SemTxvevebSi gamovlenilia urTierTkavSiri sisxlis jgufebsa da zogierTi 

daavadebis ganviTarebis riskTan (daavadebisadmi midrekilebasTan). magaliTad, har-
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vardis universitetis mecnierTa jgufis mier 2012 wels gamoqveynebuli monacemebis 

Tanaxmad, adamianebi sisxlis jgufebiT A(II), B(III) da AB(IV) avlenen ufro met midre-

kilebas gul-sisxlZarRvTa sistemis daavadebebisadmi, vidre adamianebi, romelTa 

sisxlis jgufia 0(I).                

sxva kvlevebis Tanaxmad, adamianebi B(III) sisxlis jgufiT bevrad iSviaTad infi-

cirdebian Savi WiriT. aseve, arsebobs monacemebi urTierTdamokidebulebis Sesaxeb 

sisxlis jgufebsa da sxva infeqciur daavadebebs (tuberkulozi, gripi da sxv.) So-

ris. B(III) sisxlis jgufis mqone individebSi bevrad xSiria riski nervuli sistemis 

iseTi  mZime daavadebis ganviTarebisadmi, rogoricaa  parkinsonis sindromi. rasak-

virvelia, sisxlis jgufi TavisTavad ar niSnavs, rom adamiani aucileblad daavadde-

ba misi sisxlis jgufisaTvis `damaxasiaTebeli~ daavadebiT. janmrTeloba ganisazR-

vreba mravali faqtoriT da sisxlis jgufi mxolod erT-erTi markeria. dResdReo-

biT Seqmnilia gansazRvrul daavadebebsa da sisxlis jgufebs Soris korelaciis mo-

nacemTa bazebi.  

V.7. sisxlis Sededeba 

sisxlis Sededeba — organizmis umniSvnelovanesi Tvisebaa, rac gulisxmobs pasu-

xismgeblobas sisxldenis SeCerebaze sisxlZarRvis dazianebis SemTxvevaSi. sisxlis 

Sededebis, anu sisxlis koagulaciis procesi warmoadgens upiratesad proferment-

fermentul kaskads, sadac profermentebi gadadis aqtiur mdgomareobaSi da iZens 

sisxlis Sededebis sxva faqtorebis gaaaqtivebis SesaZleblobas. am procesSi monawi-

leobs molekulebi, romelsac Sededebis faqtorebs uwodeben. isini  gvxvdeba  ro-

gorc plazmaSi, aseve TrombocitebSi.  

faqtorebis umravlesoba cilebia, Tumca am procesSi CarTulia Ca2+- ioni da zo-

gierTi organuli naerTic. cilovani faqtorebi gvxvdeba rogorc sisxlis plazmaSi, 

aseve TrombocitebSic. plazmur araaqtiur faqtorebs aRniSnaven romauli cifre-

biT (cxr.V.6). aqtiur faqtors emateba sufiqsi — `а~  maTgan gansxvavebiT, Tromboci-

tul faqtorebs  aRniSnaven arabuli cif-rebiT (cxr.V.7). cnobilia 13 plazmuri da 

22 Trombocituli faqtori.  
Tanamedrove Sexeduleba sisxlis agregatuli sistemis moqmedebis regulaciis 

Sesaxeb moicavs sam ZiriTad  meqanizms: 

• hemostazs, romelic uzrunvelyofs sisxldenis SeCerebas sisxlis koltis — 

Trombis warmoqmniT;  

• antikoagulaciur (antiSemadedebeli) meqanizms, romliTac SenarCunebulia  

sisxlis Txevadi mdgomareoba; 

• fibrinolizs, romlis daxmarebiT xdeba Trombis gaxsna da  sisxlZarRvis sa-

naTuris aRdgena (rekanalizacia).  
Cveulebriv, gacilebiT efeqturia antiSemadedebeli meqanizmi, Tumca, saWiroe-

bis SemTxvevaSi, fiziologiuri balansi gadaxrilia koagulaciis  mxares. 

cnobilia hemostazis ori meqanizmi: 

• sisxlZarRvovan-Trombocituli (pirveladi, mikrocirkulaciuri); 

• koagulaciuri (meoradi). 
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cxrili V.6. 

 

sisxlis SededebaSi monawile plazmuri faqtorebi da maTi funqcia 

 
faqtori dasaxeleba  Tvisebebi da funqcia  ukmarisobis sindromi 

I fibrinogeni xsnadi cila, fibrinis 

winamorbedi 

afibrinohemia, 

fibrinogenis ukmarisoba 

II proTrombini α1-globulini, Trombinis (proteazas) 

profermenti 

hipoproTrombinemia 

III qsovilovani 

Tromboplastini-

qsovilovani 

faqtori 

fosfoproteini; aqtiuria garegani 

Sededebis sistemaSi 

 

IV kalciumi (Ca2+) aucilebelia umetesoba faqtorebis 

aqtivaciisaTvis 

 

V proakcelerini xsnadi b-globulini, ukavSirdeba 

Trombocitebis membranas; aqtivir-deba 

IIa faqtoriT da Са2+; warmoadgens  

proTrombinis aqtivators 

parahemofilia, 

hipoproakcelerinemia 

VII prokonvertini α1-globulini, profermenti; faqtori III  

da Са2+-Tan erTad aaqtivebs faqtor X-s 

hipoprokonvertinemia 

VIII antihemofi-

liuri 

globulini 

b2-globulini, warmoqmnis kompleqss 

vilebrandis faqtorTan; aqtivirdeba 

faqtoriT IIa da Са2+; faqtori VIIIa 

warmoadgens kofaqtors  faqtori X-is 

gardaqmnaSi 

hemofilia А (klasikuri 

hemofilia); vilebrandis 

sindromi 

IX kristmasis 

faqtori 
α1-globulini, kontaqt-mgrZnobiare 

profermenti (proteaza);  faqtori IXа 

firfitebis 3 faqtorTan, VIIIa da Са2+ 

erTad  aaqtivevs Sinagani sistemis  X 

faqtors 

hemofilia B 

X stiuart-

praueris 

faqtori 

α1-globulini, profermenti; pro-

Trombinis aqtivaciis komponenti 

faqtoris ukmarisoba 

XI Tromboplas-

tinis plazmuri 

winamorbedi 

γ-globulini, kontaqt-mgrZnobiare 

profermenti (proteaza); Са2+ erTad  

aaqtivevs IX faqtors 

Tromboplastinis 

ukmarisoba 

XII hagemanis 

faqtori 
b-globulini, kontaqt-mgrZnobiare 

profermenti (icvlis formas zedapirTan 

kontaqtisas); aqtivdeba kalikreiniT. 

aaqtivebs XI faqtors 

faqtoris ukmarisoba 

XIII fibrin-

mastabilizi-

rebeli faqtori 

b-globulini, profermenti (transami-

daza); faqtori XIIIa  iwvevs fibrinis 

Zafebis gadaxlarTvas 

faqtoris ukmarisoba 

 prekalikreini 

fletCeris 

faqtori 

b-globulini, profermenti (pro-teaza); 

aqtivirdeba XIIa faqtoriT; aaqtivebs XII 

da XI faqtorebs 

klinikurad ar vlindeba 

 maRalmoleku-

luri kininogeni 

(fitjeraldis fa-

qtori, anu  

uiliamsis 

faqtori, anu 

floJekis 

faqtori) 

α1 – globulini; CarTulia XII da XI 

faqtorebis kontaqtur aqtivaciaSi 

klinikurad ar vlindeba 
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cxrili  V.7. 

 

sisxlis SededebaSi monawile Trombocituli  faqtorebi 

 
faqtori dasaxeleba Tvisebebi da funqcia 

faqtori 1  monawileobs proTrombinazas warmoqmnaSi da 

aCqarebs Trombinis warmoqmnas proTrombinidan; 

imyofeba araaqtiur mdgomareobaSi, aqtiur 

formaSi gadasayvanad aucilebelai Trombinis 

kvali 

faqtori 2 Trombinis aqcelaratori; 

fibrinoplastikuri 

faqtori 

 

faqtori 3 

membranuli 

fosfolipiduri 

faqtori 

Trombocituli 

Tromboplastini 

 

lipoproteidi; asrulebs matricis rols 

koagulaciis plazmuri faqtorebisaTvis aqtiuri 

kompleqsebis warmosaqmnelad. TvisebebiT membra-

nuli kefalinis identuria. aucilebelia 

endogenuri proTrombinazas warmoqmnisaTvis. 

gamoyofa xdeba Trombocitebis agregaciisas 

faqtori 4 antiheparinuli faqtori aneitralebs plazmis heparinul aqtivobas. 

Trombocitebidan mis gamoTavisuflebas xels 

uwyobs Trombini. Trombocitebis raodenobis 

Semcireba zrdis sisxlis mgrZnobelobas 

heparinisadmi 

faqtori 5  TvisebebiT fibrinogenis msgavsia; Tavisufldeba 

Trombocitebidan Trombinis zemoqmedebiT; 

monawileobs Trombocitebis agregaciaSi da amiT 

xels uwyobs mkvrivi Trombis Seqmnas 

faqtori 6 faqtori VIII-s antigeni — 

vilebrandis faqtori 

monawileobs Trombocitebis adheziaSi 

faqtori 7 antiTromboplastinuri  

faqtori 

aferxebs aqtiuri proTrombinazas warmoqmnas da 

proTrombinis gardaqmnas Trombinad; heparinis 

arsebobiT misi antikogulaciuri moqmedeba 

Zlierdeba 

faqtori 8 retraqtozimi Trombocitebis SekumSvadi cila — 

Trombostenini,  kunTis aqtimiozinis msgavsi; 

SekumSvisas xdeba koltis retraqcia, ra drosac  

Trombocitebi  da, Sesabamisad, fibrinis 

boWkoebi uaxlovdeba erTmaneTs, kolti 

uwylovdeba da xdeba mkvrivi 

faqtori 9 serotonini, 

sisxlZarRvis SekumSvadi 

faqtori 

Trombocitebi mdidrdeba serotoniniT kuW-

nawlavis traqtisa da RviZlis sisxlZarRvSi 

gavlisas, romlis gamoTavisufleba xdeba 

agregaciis dros. serotoninisaTvis 

damaxasiaTebelia Tvisebebia — sisxlZarRvis 

Semaviwrovebeli, heparinis antagonisti 

faqtori 10 koTromboplastini, 

Tromboplastinis 

aqtivatori 

xels uwyobs proTrombinis gardaqmnas Trombinad 

Ca2+-is ionebisa da faqtori V-is arsebobisas 

faqtori 11 fibrinmastabilizi-

rebeli faqtori 

monawileobs fibrinis stabilizaciaSi — misi 

zemoqmedebiT mimdinareobs xsnadi fibrinis 

gadayvana uxsnadSi 

faqtori 12 adf — Trombocitebis 

agregaciis faqtori 

Trombocitebis zedapirze gamosvlisas, xels 

uwyobs rogorc  maT urTierTSewebebas, aseve 

dazianebul zedapirTan Sewebebas 
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hemostazis sisxlZarRvovan-Trombocituli meqanizmi uzrunvelyofs  sisxlde-

nis SeCerebas wvril sisxlZarRvebSi, sadac sisxlis wneva dabalia  da sisxlZarRvis 

sanaTuri mcirea (100mkm-mde). aseT pirobebSi sisxldenis SeCereba SesaZlebelia ga-

moiwvios Semdegma faqtorebma: 

• sisxlZarRvis kedlis SekumSvam; 

• Trombocitaruli Trombis warmoqmnam; 

• orive procesis erTdroulma moqmedebam. 

V.7.1. sisxlZarRvovan-Trombocitaruli hemostazi 

janmrTel organizmSi wvrili sisxlZarRvebidan sisxldena Cerdeba 1-3 wuTSi. am 

tipis pirveladi hemostazi mTlianad ganpirobebulia sisxlZarRvebis SekumSvasa da 

maT meqanikur dacobaze Trombocitebis agregatebiT — `TeTri TrombiT~.  

rogorc cnobilia, Trombocitebi (sisxlis firfitebi) warmoadgenen ubirTvo, 

1-4mkm-mde diametris ujredebs, romlebic warmoiqmneba Zvlis wiTel tvinSi  arsebu-

li megakariocitebis citoplazmidan. erTi megakariocitidan SesaZlebelia warmo-

iqmnas daaxloebiT 1000-mde Trombociti, romlebic cirkulireben sisxlSi 5-11 dRe 

da Semdeg iSlebian elenTaSi. sisxlSi Trombocitebi araaqtiur mdgomareobaSia. ma-

Ti aqtivacia iwyeba ujredis zedapirisa da  Sededebis zogierTi faqtoris urTier-

TmoqmedebiT. gaaqtivebuli Trombocitebi gamoyofen cilovan naerTebs, sxvadasxva 

fermentebs, ionebs da bioloiurad aqtiur faqtorebs, romelic aucilebelia he-

mostazisaTvis.  

normaluri endoTeliumi moqmedebs, rogorc mZlavri antikoagulanturi zeda-

piri, romelic ar aaqtivebs sisxlis SededebaSi monawile cilebs. Tumca stimulaci-

is an travmis Sedegad endoTeliumi transformirdeba prokoagulantur zedapirad, 

rasac mosdevs Trombocitebis adhezia (urTierTSewebeba) kolagenis boWkoebTan.  

procesi ganpirobebulia oligomeruli glikoproteiniT, romelsac Seicavs  suben-

doTeliumi  da  Trombocitebi — vilenbrandis faqtoriT (sur. V. 26 A). es faqtori 

gvxvdeba aseve plazmaSic, sadac masTan dakavSirebulia  Sededebis VIII faqtori (an-

tihemofiliuri globulini). vilenbrandis faqtori warmoqmnis xidakebs subendo-

Teliur struqturebsa da Trombocitebis membranaSi arsebul specifikur recep-

torebs (glikoproteini Ib) (sur.V.26 B,C) Soris.  

pacientebs, romelTaTvisac damaxasiaTebelia glikoproteini Ib-s memkvidruli 

deficiti, darRveuli aqvT Trombocitebis adheziis SesaZlebloba (bernar-sulies 

daavadeba). analogiuri TvisebebiT xasiaTdeba is cvlilebebic, rac gamowveuli vi-

lebrandis faqtoris deficitis SemTxvevaSi (vilebrandis daavadeba).   
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suraTi V. 26. sisxlZarRvovan-Trombocitaruli hemostazis etapebi 

A –Trombocitebis aqtivacia kolagenisa (К)  da vilebrandis faqtoriT (vf); 

B- Trombocitebis adhezia dazianebuli sisxlZarRvis subendoTeliumze; 

C – xidakebis warmoqmna kolagenis boWkoebsa da Trombocitebis Ib-receptors Soris; 

D–dazianebuli qsovilidan biologiurad aqtiuri naerTebis  

ADP-is, kateqolaminebisa (CА) da serotoninis (S )gamoTavisufleba. 

 

procesis sawyis etapze mimdinareobs Trombocitebis aqtivacia. kerZod,  icvle-

ba maTi forma (sur. V. 26 A) — isini  gardaiqmnebian  mrgval ujredebad ekliseburi ga-

monazardebiT, romelTa daxmarebiT ukavSirdebian sxva Trombocitebs — iwyeba maTi 

agregacia. endoTeliuri kolageni da lokalurad warmoqmnili Trombini aiZulebs  

Sewebebul Trombocitebs moaxdinon granulebis SigTavsSi arsebuli biologiurad 

aqtiuri naerTebis sekretireba (sur. 26. D ). magaliTad, vilenbradis faqtoris, ro-

melic aZlierebs adhezias da, aseve, sisxlZarRvebis Semaviwrovebeli naerTebi, ker-

Zod serotonini, kateqolaminebi da Trombocitaruli zrdis faqtori (Tzf), ro-

melTa moqmedebiT  sisxlZarRvis sanaTuri viwrovdeba, iketeba kolagenis boWkoeb-

Tan  Sewebebuli TrombocitebiT  Seqmnili `TeTri TrombiT~ da sisxldena mcirdeba 

(sur.V.27).  

 
suraTi V. 27. `TeTri TrombiT~ Caketili 

dazianebuli sisxlZarRvi 
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kolageni da Trombini astimulireben Trombocituli membranis  fosfolipazebs 

da  aTavisufleben fosfolipiduri Sridan araqidonis mJavas.  es ukanaskneli fer-

ment ciklooqsigenazas moqmedebiT gardaiqmneba PGH2- da PGG2-prostaglandinebad, 

saidanac sabolood warmoiqneba  Tromboqsani TXA2  da Tromboqsani  TXB2 (sur.V.28).  

prostaglandinebi, TXA2 da Trombocitebis granulidan gamoyofili ADP Trom-

bocitebis gamaaqtiurebel faqtorTan (Tgz) erTad, inicireben cirkulirebadi 

Trombocitebis Seuqcevad agregacias da dazianebuli monakveTis dacobas `TeTri 

TrombiT~. Tavis mxriv, Tromboqsani TXA2 aZlierebs sisxlZarRvebis Seviwroebas. 

Trombocitebis Seuqcevadi agregaciisaTvis aucilebelia cila fibrinogenis 

arseboba. igi ara marto fibrinis winamorbeds warmoadgens, romlis daxmarebiT  war-

moiqmneba bade, aramed Sedis specifikur reaqciaSi Trombocitebis receptorebTan 

— IIb da IIIa glikoproteinTan, romlebic uzrunvelyofen maT urTierTqmedebas en-

doTeliumTan arsebul fibroneqtinTan, rac, Tavis mxriv, ganapirobebs adheziis 

process.  avadmyofebs, romelTaTvisac damaxasiaTebelia IIb da IIIa glikoproteine-

bis simcire, aReniSnebaT gaZlierebuli sisxldena, Tumca sisxlSi Trombocitebis 

raodenoba normaSia (glancman-negelis Trombostenia).  

 

 
 

suraTi V. 28. fosfolipaza A2-isa da Tromboqsani  

TXA2-is monawileoba Trombocitebis adheziasa da agregaciaSi 

 

Trombocitaruli sacobis warmoqmnis Sedegad, mis zedapirze iwyeba agregirebu-

li Trombocitebis dezagregacia  sxvadasxva dezagregantebiT. esenia  prostacik-

lini PGI2, azotis oqsidi (NO) adenozindifosfatazebi (ADP-aza) da sxv.  

aseTi tipis Trombocitaruli sacobi arasakmarisia imisaTvis, rom  didxans Sea-

Ceros sisxldena da aRadginos dazianebuli sisxlZarRvi, magram sakmarisia imisaT-

vis, raTa daiwyos hemostazi da sabolood Sewydes sisxldenis procesi.  
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Trombocitebis  raodenobis Semcirebis (Trombocitopenia) an maTi struqturis 

rRvevisas (TrombocitopaTia) SesaZlebelia e.w. hemoragiuli sindromis ganviTare-

ba. Trombocitozi (Trombocitebis raodenobrivi mateba) qmnis pirobebs hiperkoa-

gulaciisa da Trombozebis ganviTarebisaTvis.  

Trombocitebis agregacia  gare dazianebebis arqonis SemTxvevaSic ki, sisxlZar-

Rvis garsis endoTeliumis damazianebeli faqtoria. Trombozebis Tavidan asaci-

leblad iniSneba preparatebi, romlebic Trgunaven Trombocitebis agregacias — an-

tiagregantebi. magaliTad, acetilsalicilis mJava (aspirini) seleqtiurad da Seuq-

cevadad axdens ferment ciklooqsi-genazas acetilirebas, romelic akatalizirebs 

prostaglandinebis biosinTezis I etaps. msgavsi efeqtebi axasiaTebs sxva analogiur  

preparatebsac.  

V.7.2. koagulaciuri hemostazi 

mas Semdeg,  rac warmoiqmneba Trombocitaruli kolti, sisxlZarRvebis Sekum-

Svis xarisxi mcirdeba, rasac SeiZleba mohyves koltis gamorecxva da sisxldenis ga-

naxleba. Tumca, am droisaTvis procesSi erTveba fibrinis koagulacia, rac uzrun-

velyofs dazianebuli sisxlZarRvis mWidro dacobas  e.w. wiTeli TrombiT, romlis 

SemadgenlobaSia ara marto Trombocitebi, aramed sisxlis sxva ujredebic, magali-

Tad eriTrocitebi (sur. V. 29). 

   

         suraTi V. 29. sisxlis  wiTeli Trombi 

 

mudmivi hemostatikuri sacobi formirdeba sisxlis Sededebis aqtivaciis pro-

cesSi ferment Trombinis warmoqmniT. Trombini asrulebs mniSvnelovan rols saco-

bis ara marto warmoqmnis, aramed zrdisa da lokalizaciis procesSi. is iwvevs Trom-

bocitebis Seuqcevad agregacias da fibrinis  Cawyobas sisxlZarRvis travmis adgi-

las warmoqmnil Trombocitul agregatebSi. Trombini (faqtori II) warmoadgens sis-

xlis Sededebis sistemis umniSvnelovanes komponents. igi miekuTvneba hidrolaze-

bis jgufis fermentebs (serinuli proteaza) da akatalizirebs im peptiduri kavSi-

rebis hidrolizs, romlebic warmoiqmneba argininisa da lizinis naSTebisagan.  

Trombini warmoiqmneba misi winamorbedi cilisgan — proTrombinisgan ferment 

Trombokinazas  moqmedebiT (sur.V.30). fibrino-Trombocituli bade warmoadgens 

struqturul bariers, romlis daxmarebiT SemdgomSi aRkveTilia sisxlZarRvidan 

sisxlis gamosvla da misi warmoqmniT iwyeba qsovilis reparaciis procesi.   
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sisxlis Sededebis sistema erTmaneTTan dakavSirebuli reaqciebis jaWvia, rome-

lic mimdinareobs proteolituri fermentebis daxmarebiT.  am procesis yvela sta-

diaze profermenti  (fermentis araaqtiuri forma — winamorbedi) gardaiqmneba Sesa-

bamis serinul proteazad. serinuli proteazebi axdenen peptiduri bmis hidrolizs 

im aqtiur centrSi, romlis safuZvels  warmoadgens aminomJava serini. cameti cila 

(Sededebis faqtorebi) Seadgenen Sededebis sistemas (cxr. V.6). am procesSi monawile  

Svidi maTgani aqtivirdeba serinul proteazamde (faqtori XII, XI, IX, X, VII, II da preka-

likreini), sami warmoadgens reaqciis kofaqtors (faqtori V, VIII da maRalmoleku-

luri kininogeni), erTi — receptors (qsovilovani faqtori — faqtori III) da kidev 

erTi — transglutaminazas (faqtori XIII) dabolos,  fibrinogeni  (faqtori I), rome-

lic sisxlis Sededebis procesis saboloo produqtis — fibrinis substratia.  

 

suraTi V. 30. Trombinis warmoqmna  

proTrombinidan da misi gavlena fibrinogenze 

 

Sededebis II, VII, IX, X faqtorebis da Sededebis ori inhibitoris (proteini C da S) 

gaaqtiurebisaTvis aucilebelia glutaminis mJavas terminaluri naSTebis karboqsi-

lireba. es procesi moiTxovs vitamin K-s arsebobas. am vitaminis deficitisas, RviZ-

lSi gvxvdeba mxolod am faqtorebis araaqtiuri winamorbedebi. vitamini K-s roli 

mdgomareobs araaqtiuri winamorbedebis N-boloze arsebuli glutaminis mJavas naS-

Tebis gadayvaniT  γ -karboqsiglutaminis mJavas naSTebSi, rac maTi gaaqtivebis wina-

pirobas warmoadgens. cilis molekulaSi am naSTebis gaCena iZleva Ca2+-is dakavSire-

bisa da membranul fosfolipidebTan urTierTqmedebis SesaZleblobas, rac faqto-

rebis gaaqtiurebisaTvis gansakuTrebiT mniSvnelovania. vitaminis garda, procesi 

saWiroebs  Ca2+-is ionis arsebobasac (sur.V.31).  

sisxlis Sededebis Tanamedrove Teoriis safuZvlebi Camoyalibda XIX saukunis 

bolos. 1964 w. mecnierTa jgufis mier (Davie, Ratnoff, Macfarlane)  mowodebuli iqna sis-

xlis Sededebis klasikuri modeli, romelic emyareba  koagulaciur reaqciaTa kas-

kads (`CanCqers~). procesis  iniciaciis meqanizmi oria — garegani da Sinagani gza.  

klasikuri modelis mixedviT,  sisxlis Sededebis faqtorebis umravlesoba sis-

xlSi cirkulirebs araaqtiuri formiT. koagulaciis stimulatoris (trigeri) gaCe-

na iwvevs reaqciaTa kaskads, romelic mTavrdeba uxsnadi fibrinis boWkoebis warmoq-

mniT. trigeri SesaZlebelia iyos endogenuri (sisxlZarRvis SigniT) an egzogenuri 

(qsovilebidan mowodebuli). 
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suraTi V. 31.plazmis  faqtorze  

karboqsiglutaminuri naSTis warmoqmna 

 
aqtivaciis Sinagani gza  ganisazRvreba rogorc koagulacia, romelic inicirde-

ba  mxolod sisxlZarRvebSi arsebuli komponentebiT. roca sisxlis Sededeba iwyeba 

dazianebuli sisxlZarRvis ujredebidan an SemaerTebeli qsovilidan gamoyofili 

fosfolipoproteinebiT, laparakia sisxlis Sededebis garegan gzaze. aqtivaciis 

wyaros miuxedavad, hemostazis sistemis amoqmedebis Sedegia faqtori Xa-s warmoq-

mna, romelic uzrunvelyofs proTrombinis gardaqmnas Trombinad da, Sesabamisad, 

fibrinis warmoqmnas fibrinogenidan. amrigad, rogorc vxedavT rogorc Sinagani, 

aseve garegani gzebi ikveTeba  erT saerTo — sisxlis Sededebis zogad gzaze.  

in vivo sisxlis Sededebis aqtivaciis  ZiriTad  gzad iTvleba garegani gza (sur.V. 

32). am gzis komponentebia qsovilovani Tromboplastini (faqtori III, qsovilovani 

proTrombinaza), misi inhibitori  da plazmuri faqtori VII (prokonvertini). faqto-

ri III warmoadgens Sidamembranul glikoproteins (47kdal.). igi ar aris sisxlSi ma-

nam, sanam ar warmoiqmneba proteazebi an ar moxdeba ujredebis dazianeba. faqtori III 

(proTrombinaza) warmoadgens rTul kompleqss, romelic Sedgeba  Xa da Va faqtore-

bisagan da misi formireba xdeba Trombocitebis membranis fosfolipidur Sreze 

Ca2+-is arsebobisas (sur.V.33).     

 
 

suraTi V. 32. sisxlis Sededebis garegani gza  

da fibrinogenis gardaqmna fibrinad 

1, 2 – membranuli kompleqsis faqtori  VIIa aaqtivebs faqtorebs  

IX da X da warmoiqmneba aqtiuri faqtorebi IXa da Xa; 3 — IX a-VIIIa-Ca2+  

kompleqsi faqtor X-s (warmoiqmneba aqtiuri faqtori X a);  4,5 – Ха-Vа-Са2+  
kompleqsis (proTrombinaza)   gardaqmnis proTrombins (faqtori II) Trombinad  

(faqtori IIа)  aaqtivebs VII faqtors dadebiTi ukukavSiriT; 6-10 — Trombini (faqtori IIа)  

gardaqmnis fibrinogens fibrinad, aaqtivebs faqtorebs  V, VII, VIII da  XIII 
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suraTi V. 33. membranuli kompleqsi — proTrombinaza 

1 — Trombocitis membrana; 2 — receptorTan dakavSirebuli faqtori V; 

3 — karboqsiglutamatis karboqsilis jgufebi; 4 — proTrombini 

 

 

qsovilovani faqtori funqcionirebs rogorc kofaqtori/receptori, romelic 

aaqtivebs faqtors VII.  am faqtoris aqtivacias mosdevs misi aqtiuri centris gaxsna. 

faqtori VII-is aqtivacia SesaZlebelia sxva serinuli proteazebis moqmedebiTac 

(Trombini, faqtori XIIa, Xa da IXa). kompleqsi qsovilovani faqtori/faqtori 

VIIa/Ca2+ moqmedebs or substraze: faqtor X-ze (saerTo gzis gaSveba) da faqtor IX-ze 

(Sinagani gzis gaSveba).  

sisxlis Sededebis aqtivaciis Sinagani gza. Sinagani gzis komponentebad iT-

vleba faqtorebi XII, XI, IX, VIII, kofaqtorebi — maRalmolekuluri kininogeni da 

prekalikreini da aseve maTi inhibitorebi. Sinagani gza irTveba endoTeliumis dazi-

anebisas, roca sisxlZarRvebis kedelze (magaliTad, kolagenis) uaryofiTi muxtebi 

Cndeba (sur. V. 34). moqmedebs ra aseT zedapirTan, aqtivdeba faqtori XII da warmoiq-

mneba faqtori XIIa. es ukanaskneli aaqtivebs faqtor XI-s da gardaqmnis prekalikre-

ins kalikreinad, romelic, Tavis mxriv, aaqtivebs faqtor XII-s. faqtor XII-isa da 

prekalikreinis urTierTaqtivacia gamoirCeva maRali siswrafiT, rac uzrunvel-

yofs aqtivaciis sistemis mravaljerad gaZlierebas.  faqtori XII da prekalikreini 

ukavSirdebian gamaaqtiurebel zedapirs maRalmolekuluri kininogenis saSuale-

biT, romlis gareSe am  profermentebis aqtivacia ar xdeba. dakavSirebuli maRalmo-

lekuluri kininogeni SesaZlebelia daiSalos kalikreiniT an zedapirTan dakavSire-

buli XIIa-iT da  moaxdinos prekalikreini/faqtori XII sistemis aqtivacia.  

faqtori XIa  aaqtivebs faqtor IX-s. faqtori IX-s aqtivacia aseve SesaZlebelia 

kompleqsiT faqtori VIIa/faqtori III (garegani gzis kaskadis gadakveTa). gaaqtivebu-

li faqtori IXa Trombocitebis zedapirze damagrebisa da faqtori X-is gardaqmni-

saTvis faqtor Xa-ad,  saWiroebs kalciumis ionebisa da kofaqtoris (faqtori VIII) 

arsebobas (Sinagani gzidan saerTo gzaze gadasvla). faqtori VIII-s  aqtivacia xdeba 

TrombiniT da aseve faqtorebiT  IXa da Xa. igi cirkulirebs sisxlSi vilenbrandis 

faqtorTan erTad. vilebrandis faqtorTan dakavSireba astabilizebs faqtor VIII-s 

da xels uwyobs mis transportirebas. 
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suraTi V.34. sisxlis Sededebis garegani da 

Sinagani gzebis gadakveTa da saerTo gzis gaSveba 

mmk — maRalmolekuluri kininogeni;  1 –endoTeliumTan kontaqtiT faqtori  

XII gardaqmnis prekalikreins kalikreinad; 2 — kalikreini — mmk-komplesis  

kalikreini nawilobrivi proteoliziT aaqtivebs faqtors XII; 3 — XIIa-mmk —kompleqsSi  

Semavali faqtori XIIа aaqtivebs faqtors XI;   4 — gaaqtivebuli faqtori  gardaqmnis 

prekalikreins kalikreinad dadebiTi ukukavSiris meqanizmiT;  

5 — XIa-mmk-kompleqsSi Semavali faqtori  XIa aaqtivebs  faqtors IX;   

6 —  IXа-VIIIа-Са2+ - membranuli kompleqsis faqtori IXа aaqtivebs faqtors  

X;; 7, 8 – VIIа-qsovilovani faqtori -Са2+ -membranuli kompleqsis  faqtori VII aaqtivebs  

faqtorebs IX da X; 9 –protrombinazuli kompleqsis faqtori Xa aaqtivebs   

faqtors II (proTrombins);   10, 11 – faqtori IIа (Trombini) gardaqmnis fibrinogens  

fibrinad da aaqtivebs faqtors XIII (transglutamidaza); 12 — faqtori  

XIIIa akatalizirebs amiduri bmebis warmoqmnas fibrinSi 

 

 

sisxlis Sededebis saerTo gza (Trombinisa da fibrinis warmoqmna).  sisxlis 

Sededebis garegani da Sinagani gzebi erTmaneTs kveTen faqtor X-is aqtivaciis pro-

cesSi da faqtori Xa-s warmoqmniT iwyeba saerTo gza, romlis Semdgomi stadiaa   
faqtor V-s aqtivireba. fosfolipidur matricaze (Trombocitaruli faqtori 3) 

kompleqsi Xa- Va-Ca2+ warmoadgens  proTrombinazas, romelic, Tavis mxriv,  proT-

rombinis gamaaqtiveblad iTvleba (sur. V.34). 

Trombini (faqtori IIa) warmoadgens peptidazas, romlis moqmedebiT xdeba fibri-

nogenis hidrolizi da fibrinis warmoqmna. fibrinogeni (faqtori I) sami wyvili arai-

denturi polipeptiduri jaWvisagan Semdgari rTuli glikoproteinia, romelic 

qmnis 3 tipis jaWvs: 2Aα , 2Ββ da 2γ.  jaWvebi erTmaneTTan disulfiduri xidakebiTaa 

dakavSirebuli (sur. V.35). 2A da 2Β jaWvebi uaryofiTadaa damuxtuli, rac ewinaaR-

mdegeba fibrinogenis agregacias.  



 

 260 

 
 

suraTi V. 35. fibrinogenis molekula 

 

Trombini axdens fibrinogenis molekulaSi arginini-glicinuri kavSirebis CaS-

las, rasac mosdevs ori peptidis (fibrinopeptidi А da fibrino-peptidi B)  da fib-

rinis monomeris miReba. fibrinis monomerebidan warmoiqmneba polimerebi, romle-

bic erTmaneTTan dakavSirebulia wyalbaduri bmebiT (xsnadi fibrin-monomeruli 

kompleqsebi) (sur.V.36).  

amave dros, Trombini aaqtivebs faqtor XIII-s (transglutaminaza), romelic Ca2+-
is  arsebobis pirobebSi akavSirebs polimerebis gverdiT jaWvebSi arsebul lizinisa 

da glicinis naSTebs amiduri kavSirebiT, risi daxmarebiT warmoiqmneba uxsnadi fib-

rinuli Zafebis bade (fibrini II), romelic sakmaod mWidroa da SeuZlia  travmis ad-

gilas SeaCeros Trombocituli masa (sur.V.37). 

 
 

suraTi V. 36. uxsnadi fibrinis polimeris warmoqmna 

 

am stadiaze fibrinis boWkoebiT Seqmnili samganzomilebiani bade, romelic aCe-

rebs didi raodenobiT sisxlis ujredebsa da firfitebs,  mainc  SedarebiT faSaria. 

saboloo formas is iRebs retraqciis Sedegad: ramdenime saaTis Semdgom fibrinis 

boWkoebi ikumSeba da misgan xdeba siTxis (Sratis)  gamodevna. koltis adgilas rCeba 

mWidro wiTeli Trombi, romelic Sedgeba fibrinis boWkoebisa da sisxlis ujrede-

bisagan. am procesSi CarTulia Trombocitebis SemadgenlobaSi arsebuli Trombos-

tenini — cila, romelic atf-is energiis xarjze ikumSeba. retraqciis daxmarebiT 

kolti xdeba ufro mkvrivi da uzrunvelyofs Wrilobis kideebis mizidvas, rac aio-

lebs mis Caketvas SemaerTebeli qsovilis ujredebiT.  
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suraTi 37. fibrinis monomerebSi  

amiduri kavSirebis Seqmna 

 

 

serinuli proteazebis inhibitorebi. sisxlis Sededebis sistema mkacrad kon-

troldeba proteolizur reaqciebis inhibitorebiT, romlebic uzrunvelyofen 

sisxlis dacvas Trombis warmoqmnisagan. sisxlis Sededebis faqtorebis ZiriTad in-

hibitorebs miekuTvneba antiTrombini III (heparinuli faqtori I), heparinuli kofaq-

tori, protein C, proteini S, qsovilovani faqtoris inhibitori, proteaza neqsini-

1, C1-inhibitori, α1-antitrifsini da α2-makroglobulini. maTi umravlesoba, qsovi-

lovani faqtoris inhibitorisa  da α2-makroglobulinis garda, miekuTvneba serpine-

bis  (serinuli proteazebis inhibitori) jgufs.   

antiTrombini III — sisxlis plazmis cila, romelic inaqtivirebs serinul prote-

azebs, kerZod Trombins, faqtorebs IXa, Xa, XIIa, aseve plazminsa da kalikreins. an-

tiTrombini III warmoqmnis kompleqss fermentebTan, ris Sedegadac isini kargaven aq-

tivobas. misi aqtivatoria heparini. sisxls heparini miewodeba poxieri ujredebi-

dan. urTierTqmedebs ra inhibitorTan da cvlis mis konformacias, heparini  zrdis 

am ukanasknelis Tvisobas proteazebisadmi (sur. V.38). amave dros, heparini asrulebs 

fibrinolizis aqtivatoris rols da xels uwyobs sisxlis koltis gaxsnas.  

 

suraTi V. 38 . antiTrombini III-iT  

serinuli proteazebis inhibireba 
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suraTi V.39.  antikoagulaciuri sistema 

1 — Trombini (IIa) warmoqmnis membranul kompleqss TrombomodulinTan; 

2 — membranul kompleqsis   (IIa-Trombomodulini — Ca2+ ) SemadgenlobaSi 

arsebuli  Trombini aaqtivebs protein C-s; 3 — Ca – S – Ca2+ membranul kompleqsSi  

arsebuli  aqtivirebuli protein C (Ca) wyvets faqtor V a da VIIIa-Si  

arsebul peptidur bmebs da gardaqmnis maT araqtiur peptidebad. 

 
proteazebis inhibitoria aseve qsovilovani faqtoris inhibitori  — e.w. anti-

konvertini, romelic sinTezdeba endoTeliumSi da lokalizdeba plazmuri membra-

nis zedapirze. is warmoqmnis kompleqss faqtorTan Xa, romelic ukavSirdeba membra-

nis fosfolipidebsa da qsovilovan faqtors. antikonvertinTan dakavSirebiT ar 

xdeba VIIа-qsovilovani faqtori — Са2+-is kompleqsis warmoqmna da Sesabamisad, X da 

IX faqtorebis aqtivacia. analogiuri efeqtiT xasiaTdeba aseve α2-makroglobulini 

da  α1-antitrifsini. es ukanaskneli ainhibirebs Trombins, faqtors XIa, kalikreinsa 

da urokinazas. 

proteini C — vitamini К-damokidebuli cilaa, romelic sinTezdeba hepatocite-

bis mier. is cirkulirebs sisxlSi araaqtiuri formiT da aqtivirdeba mcire raode-

nobis TrombiniT. reaqcias aCqarebs Trombomodulini — endoTeluri ujredebis ze-

dapiruli cila. TrombomodulinTan kompleqsSi Trombini iZens antikoagulantur 

Tvisebebs da aaqtivebs  protein C-s. es ukanaskneli kofaqtoris — proteini S-is ar-

sebobisas Slis da inaqtivirebs faqtorebs Va da VIIIa   (sur.V. 39). proteini C da pro-

teini S  warmoadgens sisxlis Sededebis mniSvnelovan modulatorebs  da maTi Tanda-

yolili defeqti dakavSirebulia mZime formis Trombozuli tipis darRvevebTan 

V.8. fibrinolizi 

sisxlis koltis gaxsnis process fibrinolizi ewodeba. fibrinolizi hemosta-

zis sistemis ganuyofeli nawilia da yovelTvis Tan axlavs sisxlis Sededebas. es 

procesi organizmis mniSvnelovani TavdacviTi reaqciaa, romlis daxmarebiT aRkve-

Tilia sisxlZarRvis gadaketva fibrinis koltiT.  

fibrinolizis ZiriTadi principia fibrinis daSla sisxlis plazmaSi arsebuli 

plazminiT, romelic, Tavis mxriv, warmoiqmneba araaqtiuri winamorbedisagan — 

plazminogenisgan. es ukanaskneli aqtivirdeba sisxlis Sededebis dawyebis momentSi. 

cnobilia fibrinolizis ori ZiriTadi komponenti: plazmis fibrinolizuri aqtivo-

ba da ujreduli fibrinolizi.  

plazmis fibrinolizuri sistema Sedgeba plazminogenisgan (profermenti), plaz-

minisgan (fermenti), plazminogenis aqtivatorebisa da Sesabamisi inhibitorebisagan. 

fibrinolizuri sistemis aqtivaciis Sedegad adgili aqvs plazminis warmoqmnas  

plazminogenisgan. plazminis aqtivacia uzrunvelyofilia meqanizmiT, romelic sis-
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xlis Sededebis garegani da Sinagani gzis analogiuria. igi warmoadgens serinul 

proteazas. plazminis Trombolizuri moqmedeba ganpirobebulia misi TvisobiT fib-

rinisadmi. igi acilebs fibrinidan xsnad peptidebs, romlebic aferxeben Trombinis 

moqmedebas da, amgvarad, ewinaaRmdegebian fibrinis damatebiT warmoqmnas (sur.V.40).  

 

 

suraTi V.40. sisxlis fibrinolizuri sistema 

1 — plazminogenis aqtivatorebi (plazminogenis qsovilovani aqtivatori —pqa, kalikreini, 

urokinaza, faqtori XIIa) preteolizurad gardaiqmneba plazminad; 

2 — plazminis zemoqmedebiT fibrini hidrolizirdeba da warmoqmnis xsnad peptidebs; 

3 — pqa- xvdeba sisxlis mimoqcevaSi da inhibirdeba I da II tipis  inhibitorebiT; 

4 — plazmini inhibirebs serinuli proteazebis araspecifikur inhibitorebs 

 

plazminogenis gardaqmnis reaqcia plazminad katalizdeba proteolizuri  fer-

mentebiT: plazminogenis qsovilovani aqtivatoriT (pqa), urokinaziT, faqtoriT XIIa 

da kalikreiniT.   

V.9. sisxlis Sededebis defeqtebi 

vinaidan Trombocitebi monawileobs sisxlis Sededebis procesis sxvadasxva 

etapze, iseTi paTologiebi, rogoricaa Trombocitopenia (Trombocitebis raode-

nobis Semcireba) da Trombostenia (funqciurad arasrulfasovani Trombocitebis 

gamomuSaveba), iwvevs sisxlis Sededebis procesis sxvadasxva darRvevebs. 

sisxlis Sededebis procesi xSirad irRveva RviZlis sxvadaxva daavadebis Sem-

TxvevaSic. procesi aseve ferxdeba K vitaminis naklebobisas. K vitaminis endogenu-

ri deficiti, xSir SemTxvevaSi, aRiniSneba nawlavebSi cximebis Sewovis inhibirebisas.  

memkvidruli daavadeba — hemofilia SesaZlebelia gamowveuli iyos sxvadasxva 

faqtoriT (travmuli, spontanuri). daavadebis klasikuri forma — hemofilia A X-

qromosomasTan SeWiduli recesiuli darRvevaa da misTvis damaxasiaTebelia VIII 

faqtoris (antihemofiluri glubulini) deficiti. daavadeba gvxvdeba 10000-dan 1 

mamakacSi. daavadebis sxva forma — hemofilia gamowveulia IX faqtoris disfunqci-

iT. hemofiliiT daavadebulTa mkurnaloba gacilebiT efeqturi gaxda mas Semdeg, 

rac moxerxda VIII faqtoris genis klonireba. sufTa cila SesaZlebelia SeviyvanoT 

pacientebSi yovelgvari safrTxis gareSe. 

Sinagani gzis komponenetebi moicavs XII faqtors (hagemanis faqtori), XI faq-

tors, prekalikreinsa da kininogens. memkvidruli darRvevebi TiToeul maTganSi au-

tosomur-recesiulia da ukavSirdeba Tromboplastinis funqcionirebas.   

zogierTi hemoragiuli daavadeba da maTTan dakavSirebuli bioqimiuri darRve-

vebi mocemulia cxrilSi V.8.   
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cxrili V.8. 

hemoragiuli daavadebebi da maTTan dakavSirebuli darRvevebi 

 

 

klinikuri maCveneblebi  
 

daavadeba 

faqtori, 
romlis 

ukmarisoba 
iwvevs 

daavadebas 

sisxldenis 
xangrZli-

voba 

Sededebis dro aqtivire-
buli 

nawilobrivi 
Tromboplas
tinuri dro 

proTrombi-
nuli dro 

afibrino-
genemia 

I varirebs Sededeba ar xdeba Sededeba ar 
xdeba 

Sededeba ar 
xdeba 

hipopro-
trom-

binemia 

II 
 

normaluri normaluri — 
gaxangrZlivebuli

varirebs xangrZlivi 

parahe-
mofilia 

V normaluri gaxangrZlivebuli gaxangrZli-
vebuli 

gaxangrZli-
vebuli 

faqtori 
VII-is 

ukmari-
soba 

VII normaluri normaluri normaluri gaxangrZli-
vebuli 

hemofi-
lia A 

VIII normaluri normaluri — 
gaxangrZlivebuli

xangrZlivi normaluri 

vilebra-
ndis 

daavadeba 

VIII xangrZlivi varirebs varirebs normaluri 

krist-
masis 

daavadeba, 
hemofi-

lia B 

IX normaluri normaluri — 
gaxangrZlivebuli

gaxangrZli-
vebuli 

normaluri 

stiuar-
tis 

faqtoris 
ukmari-

soba 

X normaluri normaluri — 
gaxangrZlivebuli

gaxangrZli-
vebuli 

gaxangrZli-
vebuli 

faqtori 
XI-is 

ukmari-
soba 

XI varirebs normaluri — 
gaxangrZlivebuli

gaxangrZli-
vebuli 

normaluri 

hagemanis 
simptomi    

XII normaluri gaxangrZlivebuli gaxangrZli-
vebuli 

normaluri 

fibrinis 
mastabili

zebeli 
faqtoris 

ukmari-
soba 

XIII normaluri normaluri normaluri normaluri 

flet-
Ceris 

simptomi 

prekali-
kreini 

normaluri gaxangrZlivebuli gaxangrZli-
vebuli 

normaluri 

ficje-
raldis 

simptomi 

maRalmol.  

kininogeni   

normaluri gaxangrZlivebuli gaxangrZli-
vebuli 

normaluri 
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VI. kunTovani qsovilis bioqimia 

xerxemlian cxovelebSi ganasxvaveben 3 tipis kunTovan qsovils — ConCxis ganiv-

zolian kunTovan qsovils, gluvkunTovan qsovils  da gulis kunTovan qsovils. Con-

Cxisa da gulis kunTi ganivzoliania, Tumca gulis kunTisaTvis damaxasiaTebelia 

rogorc struqturuli, aseve molekuluri Tavisebure-bebi, ris gamoc igi damouki-

debel erTeuladaa miCneuli.  

kunTovani qsovilis ZiriTadi funqciaa — moZraobis uzrunvelyofa SekumSvisa 

da Semdgomi modunebis saSualebiT, rac xorcieldeba qimiuri energiis meqanikur 

energiad gardaqmnis meSveobiT.  

VI.1.  ganivzoliani kunTi 

VI.1.1. ganivzoliani kunTis morfologiuri organizacia 

ganivzolian kunTebs, ConCxis kunTebis garda, miekuTvneba enisa da saylapavi mi-

lis zeda nawilis kunTebi. ganivzoliani kunTi Sedgeba mravalricxovani wagrZele-

buli kunTovani ujredebisagan, anu boWkoebisagan. kunTovani boWko ganixileba, ro-

gorc giganturi zomis mravalbirTviani ujredi, romelic dafarulia elastikuri 

garsiT — sarkolemiT.  

boWkos diametri, Cveulebriv, Seadgens 10-100mkm, xolo sigrZe Seesabameba kunTis 

sigrZes. TiToeuli boWkos naxevrad Txevad sarkoplazmaSi  konebis saxiT ganlagebu-

lia  SekumSvadi aparati — mravalricxovani Zafiseburi warmonaqmni — miofibrilebi 

(maTi sisqe daaxloebiT 1mkm-ia), romlebsac aqvs ganivzoliani daxazuloba.  miofibri-

la Zafiseburi struqturaa da Sedgeba sarkomerebisagan. calkeuli sarkomeris  sig-

rZe daaxloebiT 2mkm-ia. sarkomerebi erTmaneTisagan gamoyofilia Z-firfitiT. 

kunTis boWkos sarkoplazmaSi didi raodenobiTaa ribosomebi, sarko-plazmuri 

retikulumis milakebi da cisternebi, sxvadasxva vakuolebi.  ujredis struqturu-

li komponentebidan kunTis sarkoplazma gansakuTrebiT mdidaria mitoqondriebiT. 

kunTis boWkos sarkoplazmaSi didi raodenobiT vxvdebiT glikogens, ATP-s, gliko-

lizis fermentebs da sxvadasxva  eleqtrolitebs (sur. VI.1).  

 
suraTi VI.1 ganivzoliani kunTovani boWko 

miofibrilis SekumSvadi erTeulia sarkomeri (sur.VI.2), romelic Sedgeba ori tipis 

Zafiseburi warmonaqmnisagan e.w. filamentebisagan: wvrili filamentebisagan, romelic cila 

aqtiniT aris warmodgenili da msxvili filamentebisagan, romlis Semadgenelia cila miozini. 

aqtinuri filamen-tebis boloebi damagrebulia Z-firfitaze. firfitis SemadgenlobaSia α-
aqtinini — cila, romelsac ukavSirdeba wvrili, aqtinuri filamentebi.  
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suraTi VI.2.  sarkomeris agebuleba 

 

miozinuri filamentebi ar ukavSirdeba Z-disks, Tumca fiqroben, rom is erTi bo-

loTi urTierTqmedebs cila titinTan (koneqtini). titini ganivzoliani kunTis ci-

laa da lokalizebulia miozinsa da Z-disks Soris (sur.VI.3). titini, romelic Sedge-

ba 34350 aminomJavisagan, erT-erTi yvelaze didi zomis cilaa da misi molekuluri 

masa 3 milionamde daltons aRwevs. titinis molekulisaTvis damaxasiaTebelia da-

magrebis ubnebi kunTis sxvadasxva cilebTan. mutacia titinis genSi iwvevs iseT pa-

Tologiebs, rogoricaa memkvidruli hipertrofuli kardiomiopaTia  da progresi-

rebadi mioSis kunTovani distrofia.  

 

 

 
 

suraTi VI.3. titinisa da nebulinis lokalizacia sarkomerSi 

 
aqtinur filamentebTan dakavSirebulia sxva damxmare cilebic, magaliTad, ne-

bulini (giganturi cilovani molakula, romelic kunTebSi asocirebulia wvril fi-

lamentur ZafebTan ). nebulinic giganturi zomis cilaa molekuluri masiT 500-

800kdal. Tavis mxriv, miofibrila iqmneba sigrZivi mimarTulebiT periodulad gan-

meorebadi, erTgvarovani struqturebiT. swored es struqturebi aZlevs ConCxis 
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kunTis boWkos ganivzolianobas, rasac ganapirobebs am struqturaSi lokalizebu-

li cilovani molekulebis optikuri araerTgvarovneba.  

mikroskopSi daTvalierebisas miofibrilebSi aRiniSneba ganmeorebadi bneli da 

naTeli zolebi – A diski da I diski. mosvenebul mdgomareobaSi A diskis sigrZe 1,6 

mkm-ia, I diskis — 1,0 mkm. A diskis centraluri nawili mikroskopSi naklebad mkvrivi 

Cans da am ubans H-zona ewodeba. es zona SuaSi gayofilia M-xaziT. I-diskis SuaSi moq-

ceulia Z-firfita. or Z-firfitas Soris ganTavsebuli nawili warmoadgens  swored 

sarkomers (sur.V.2 da V.3).  

rogorc zemoT aRiniSna,  miofibrila ori tipis sigrZiv Zafs, e.w. filaments Sei-

cavs. I tipis filamenti, romelic cila miozinisagan Sedgeba,  moTavsebulia uwyve-

tad  diskis erTi bolodan meoremde. II tipis filamentebia  wvrili filamentebi, 

romlebic grZeldeba I-diskis mTel sigrZeze, Sedis  A-diskSi da bolovdeba H-zona-

ze. es filamenti Seicavs 3 tipis cilas — aqtins, tropomiozinsa da troponins. 

msxvili da wvrili filamentebi erTmaneTTan msxvili filamentebidan gamozrdili 

ganivi xidakebiT — miozinuri TavebiT urTierTqmedebs.  

kunTis SekumSvisas filamentebis sigrZe ar icvleba, mokldeba mxolod H-zona 

da I-diski, vinaidan xdeba msxvili da wvrili Zafebis erTmaneTs Soris Secureba. Za-

febis SecurebisaTvis aucilebel qimiur energias atf-is hidrolizi iZleva.  

VI.1.2. ConCxis kunTis qimiuri Semadgenloba 

ConCxis kunTSi yvelaze didi raodenobiT gvxvdeba wyali (75%). kunTis mSrali 

naSTi, romelic saerTo raodenobis 20%-ia, ZiriTadad, warmodge-nilia cilebiT. 

cilebis garda, kunTSi, aseve, vxvdebiT didi raodenobiT glikogensa da sxva naxSir-

wylebs,  lipidebs, organuli da araorganuli mJavebis marilebs da sxv. 

aracilovani azotSemcveli naerTebi. ConCxis kunTebi Seicavs mTel rig mniS-

vnelovan azotSemcvel naerTebs: adeninis nukleotidebs (АТP, АDP, АМP), araadeni-

nur nukleotidebs (GTP, UTP, CTP), kreatinfosfats, kreatins, cila keratins, dipep-

tid anserins, Tavisufal aminomJavebs da sxv. adeninis nukleotidebis Semcveloba 

gansxvavebulia,  maTgan yvelaze didi raodenobiT gvxvdeba АТP. kreatinsa da krea-

tinfosfatze modis kunTis aracilovani azotis 60%. kreatinfosfati da kreatini 

monawileobas iRebs energetikul procesebSi, romlebic dakavSirebulia kunTis Se-

kumSvasTan. azotovan naerTebs miekuTvneba aseve dipeptidebi karnozini da anseri-

ni. es naerTebi uSualod ar iRebs monawileobas SekumSvis procesSi, Tumca zrdis 

kunTovani boWkos ionuri saqaCebis efeqturobas.  Tavisufali aminomJavebidan Con-

Cxis kunTebSi gansakuTrebiT maRalia glutaminis mJavisa (1,2g/kg) da glutaminis 

(0.8-1.0g/kg) Semcveloba.  

kunTis qsovilis ujreduli membranebis SemadgenlobaSi  gvxvdeba sxvadasxva 

fosfogliceridebi: fosfatidilqolini, fosfatidileTanolamini, fosfatidil-

serini da sxv. garda struqturuli funqciisa, fosfogliceridebi monawileobs 

mTel rig metabolur procesebSi, magaliTad, qsovilovan sunTqvaSi, rogorc am 

procesis substratebi.   

sxva azotovani naerTebidan  kunTis qsovilSi warmodgenilia Sardovana, Sardis 

mJava, adenini, guanini, qsantini da hipoqsantini, romelTa raodenoba sakmaod mcirea 

da, rogorc wesi, warmoadgenen azotovani naerTebis cvlis Sualed an saboloo pro-

duqtebs. 
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araazotovani naerTebi.  araazotovani naerTebidan kunTis Semadgenlo-baSi Zi-

riTadad gvxvdeba glikogeni, romlis Semcveloba meryeobs 0.3-dan 2.0%-mde. kunTeb-

Si Tavisufali glukozis raodenoba Zalze mcirea. metabo-lizmis procesSi gluko-

zidan da aseve Tavisufali aminomJavebidan warmoiqmneba rZis mJava  da piroyurZen-

mJava. sxvadasxva raodenobiT gvxvdeba aseve qolesterinic. 

araorganuli marilebis Semcveloba kunTSi gansxvavebulia. kaTionebidan yvela-

ze didi raodenobiTaa kaliumi da natriumi. mniSvnelovnad mcirea kunTebSi magniu-

mis, kalciumisa da rkinis Semcveloba. aseve gvxvdeba sxvadasxva mikroelementebi: 

kobalti, alumini, nikeli, bori, TuTia da sxv.      

VI.1.2.1. kunTis cilebi 

kunTovani qsovilis cilebi iyofa sam ZiriTad jgufad. esenia: sarkoplazmuri 

(35%), miofibrilaruli  (45%) da stromis (20%) cilebi.  

sarkoplazmis cilebi proteinebia, romlebic kargad ixsneba dabali ionuri 

Zalis mqone marilxsnarebSi. am jgufis cilebia globulini X da miogeni. globulini 

X-Si igulisxmeba globulinis Tvisebis mqone cilebis fraqcia. termini `miogeni~ 

aseve gulisxmobs sxvadasxva proteinebis erTobliobas, romlebsac aqvs fermentu-

li aqtivoba. magaliTad, glikolizis fermentebi. sarkoplazmur cilebs miekuTvne-

ba mioglobini da sxvadasxva cilafermentebi, romlebic monawileobs qsovilovan 

sunTqvaSi, JangviT fosforilirebaSi, azotovani da lipiduri bunebis mqone naer-

Tebis metabolizmsa da sxva procesebSi.  

ganivzoliani kunTis stromis cilebi, ZiriTadad, warmodgenilia kolagenisa da 

elastinis saxiT.  

miofibrilaruli cilebis jgufSi gaerTianebulia miozini da aqtini, romlebic 

qmnis rTuli agebulebis aqtomiozinur kompleqss, aseve e.w. regulatoruli cilebi 

— tropomiozini, troponini da α- da β-aqtinini, romlebic, aqtomiozinur kompleq-

sTan erTad, monawileobs SekumSvis procesSi.  

miozinebi — mikrofilamentebis Semadgeneli cilebis ojaxia. cnobilia Tormeti 

tipis miozini, romlebic sxvadasxva organizmSi gvxvdeba.   TiToeuli maTgani Sedge-

ba mZime (H) da msubuqi (L) jaWvebisagan, romelTa raodenoba damokidebulia miozinis 

tipze. miozinis molekulis struqturaSi ganasxvaveben or ZiriTad ubans. esaa Tavi 

da kudi (sur.VI.4). miozinis mZime jaWvs aqvs dakavSirebis ori saiti — aqtinTan da 

ATP-sTan. Tavebis raodenobis mixedviT miozinebi iyofa tradiciul orTavian mio-

zinebad da aratradiciul erTTavian miozinebad (sur.VI.5).  

tradiciuli, ganivzoliani kunTis boWkos miozini eleqtronul mikroskopebSi 

Cxiris formisaa ori globularuli TaviT Cxiris erT boloze. iTvleba, rom miozi-

nis SemadgenlobaSi arsebuli ori polipeptiduri jaWvi erTmaneTTan spiraluradaa 

daxveuli. miozinis analogiuri cilebi nanaxia umartivesi organizmebis SoltebSi, 

wamwamebsa da sxva mamoZravebel struqturebSi.  
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suraTi VI.4. miozinis agebuleba 

 

miozinebis umetesobis molekula Sedgeba Tavis, yelisa da kudisagan.  adamianisa 

da umaRlesi organizmebis kunTebSi warmodgenilia miozini II — kunTis miozini, ro-

melsac tradiciuli agebuleba aqvs. igi orjaWviani (TiToeuli jaWvis masa 200kdal-

tonia), msxvili fibrilaruli cilaa ori sferuli TaviT erT boloze. misi saerTo 

molekuluri wonaa 460kdal. is rTuli agebulebisaa da mis SemadenlobaSi Sedis er-

Ti wyvili mZime (H-jaWvi) da ori wyvili msubuqi jaWvi (L-jaWvi). msubuqi jaWvebi aso-

cirebulia mZime jaWvebTan Tavisa da kudis dakavSirebis midamoSi. msubuqi jaWvebi 

erTnairi ar aris — erTs ewodeba ZiriTadi msubuqi jaWvi, xolo meores — mareguli-

rebeli jaWvi. TiToeuli mZime jaWvi or msubuq jaWvTan erTad qmnis globulur 

struqturas.  

 

suraTiVI.5. cila miozinis struqturuli mravalferovneba 
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amrigad, miozinis calkeuli molekula Sedgeba ori nawilisagan — grZeli kudi, 

romelsac ά-spiralis forma aqvs da globularuli Tavisagan. orive jaWvis kudebi 

erTmaneTzea daxveuli da iqmneba e.w. superspirali. amrigad, miozinis molekulas 

aqvs ori Tavi da erTi orjaWvianikudi.  

arakunTovani miozini I gvxvdeba sxvadasxva ujredebSi, maT Soris xerxemliani 

cxovelebis gluv kunTovan ujredebSi. arakunTovani miozini I SesaZlebelia iyos 

ori an erTTaviani, anu tradiciuli da aratradiciuli. igi monawileobs vezikule-

bis transportirebaSi.  

miozini III ar aris zustad Seswavlili cila. igi aRmoCenilia drozofilas zogi-

erT qsovilSi da, savaraudod, monawileobs fototransduqciis procesSi. adamianis 

ujredis genomis gaSifvrisas aRmoCenili iqna miozin III-is analogiuri cilis Sesaba-

misi geni MYO3A. TviTon cila nanaxia Tvalis badurasa da yuris lokokinaSi. 

miozini V warmoadgens aratradiciul miozins, romelic funqcionirebs rogorc 

dimeri. igi gadaadgildeba aqtinis Zafebis gaswvriv. miozini V, savaraudod, mniSvne-

lovania vezikulebis gadasaadgileblad ujredis centridan periferiaze.  

specifikuri proteazuli fermentebis, magaliTad, trifsinis daxmarebiT, mio-

zinis molekula ixliCeba specifikur adgilebSi da warmoiqmneba ori fragmenti — 

mZime merimiozini (Tavi da mokle kudi) da msubuqi merimiozini (darCenili kudis na-

wili). fiziologiur pirobebSi in vitro agregaciis unari mxolod msubuq merimiozins 

aqvs, riTac mtkicdeba, rom agregacia misi mTavari funqciaa. Tavis mocilebis Sem-

TxvevaSi (magaliTad, papainis daxmarebiT) warmoiqmneba ori sxvadasxva fragmenti, 

kerZod, Zafiseburi S-2 da globularuli S-1 fragmenti. aqedan ATP-azuri aqtivoba 

damaxasiaTebelia mxolod S-1 globuluri fragmentisaTvis.  

aqtini — ConCxis boWkoebis erT-erTi mTavari cilaa da misi Semcveloba kunTis 

cilebis daaxloebiT 20-25%-ia. is sinTezdeba 42kdal. masis mqone globularuli ci-

lis — G-aqtinis saxiT. G-aqtinis molekulebis agregaciis Sedegad iqmneba fibrila-

ruli, anu F–aqtini, romelic miozinTan erTad monawileobs kunTis ZiriTadi Sekum-

Svadi elementis — sarkomeris aqtomiozinuri kompleqsis warmoqmnaSi (sur. VI.6).  

 

 
suraTi VI.6. F- aqtinis molekula 

 

G-aqtinis struqturaSi ganasxvaveben ATP-isa da orvalentiani Mg+-is damakavSi-

rebel ubans. G-aqtinis TiToeul molekulas ukavSirdeba erTi molekula АТP. Mg2+-

is damatebiT G-aqtini swrafad polimerizdeba (process Tan axlavs araorganuli 

fosfatis warmoqmna) da warmoiqmneba orjaWviani spirali — F-aqtini, romelTanac 

dakavSirebulia АТP-is hidroliziT warmoqmnili ADP (sur. VI.7). magniumis ionis 

konkurentia kalciumi. F-aqtini warmoiqmneba mas Semdeg, rac Seiqmneba G-aqtini-АТP-

Mg2+-is kompleqsi. aqtini nanaxia yvela eukariotul ujredSi, sadac am cilis kon-

centracia 100 mkmoli/l-mdea.  



 

 271

 
suraTi VI.7. G-aqtinis polimerizacia 

 
kunTis SekumSvis garda, aqtini monawileobas iRebs sxva mniSvnelovan ujredul 

procesebSi, kerZod, ujredis dayofaSi, vezikulebisa da organoidebis moZraobaSi, 

ujreduli signalebis gadacemaSi da sxv. xerxemlian cxovelebSi ganasxvaveben aqti-

nis sam ZiriTad izoformas — α, β da γ. α-aqtini, romelic nanaxia kunTovan qsovilSi, 

warmoadgens SekumSvadi aparatis ZiriTad elements. β da γ aqtini  gvxvdeba ujredis 

citoConCxSi, rogorc ujredSida moZraobis komponenti.  

aqtinisa da miozinis garda kunTebisaTvis aseve damaxasiaTebelia sxva specifi-

kuri cilebis — tropomiozinisa da troponinis arsebobac.  

tropomiozini. 70kdal-is fibrilaruli cilaa, romelic warmoadgens ori ara-

erTgvarovani (daaxloebiT 35kdal.) suberTeulisagan Semdgar Cxirisebur moleku-

las da monawileobs `Tavi-kudTan~ konfiguraciis mqone agregatebis SeqmnaSi 

(sur.VI.8). tropomiozini ganTavsebulia F-aqtinis monomerebisagan Semdgari spira-

lis  RarSi. tropomiozinis TiToeuli molekula urTierTqmedebs aqtinis Svid mo-

nomerTan da xels uwyobs wvrili aqtinuri filamentebis stabilizacias, aqtinisa da 

miozinis urTierTqmedebas da signalis transmisias.  

 

 
suraTi VI. 8. tropomiozini 

 

troponini — regulatoruli globularuli cilaa, Sedgeba sami araerTgvarova-

ni suberTeulisagan. gvxveba ConCxis kunTebsa da gulis kunTSi, Tumca ar aris gluv 

kunTSi. misi suberTeulebi araerTgvarovania.  esenia troponini C (TnC), troponini I 

(TnI) da troponini T (TnT), romelTa masebi, Sesabamisad, 18, 23 da 37kdal-ia (sur. VI. 9).  
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suraTi VI.9. troponinis suberTeulebi da maTi ganlageba 

 

troponini dakavSirebulia tropomiozinTan da moTavsebulia kunTis boWkoSi 

aqtinuri Zafebis RarebSi. modunebul kunTSi tropomioziniT xdeba aqtinTan miozi-

nis Tavis mierTebis blokireba. kunTze moqmedebis potencialis moqmedebis Sedegad, 

rac astimulirebs mis SekumSvas, iwyeba sarkoplazmuri retikulumis kalciumis ar-

xebis gaxsna da Ca2+-is gamosvla sarkoplazmaSi. Ca2+-is ionis garkveuli nawili ukav-

Sirdeba troponins da iwvevs mis struqturul cvlilebebs, ris Sedegad tropomio-

zini ise gadaadgileba, rom miozinis Tavs SeeZleba aqtinTan dakavSireba, rasac mos-

devs kunTis SekumSva (sur.VI.10).  

 

 
 

suraTi VI.10. kunTis cilebis urTierTganlageba  

da  monawileoba kunTis SekumSvaSi 
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rogorc aRiniSna, troponini gvxvdeba ConCxisa da gulis kunTSi, Tumca am cilis 

zogierTi elementi sxvadasxva tipis kunTebSi gansxvavebulia. ZiriTadi gansxvaveba 

mdgomareobs imaSi, rom  ConCxis kunTis TnC ikavSirebs oTx kalciums, xolo gulis 

kunTis — sams.   

gansxvavebulia troponinis calkeuli suberTeulebis funqciac. magaliTad,  

TnT-suberTeulis ZiriTadi funqciaa tropomiozinTan kavSiris damyareba, TnI-

suberTeulis — aqtinis miozinTan dakavSirebis inhibireba, xolo TnC warmoadgens 

kalmadulinis msgavs cilas da ikavSirebs Ca2+-s. TnI-suberTeuli ganTavsebulia TnC-

suberTeulis centraluri ubnis garSemo spiraluri xveulebis saxiT da warmoqmnis 

e.w. `keps~. TnI-suberTeuli mWidro kavSirSia TnC-suberTeulTan, roca es ukanaskne-

li mTlianadaa gajerebuli Ca2+-iT.  

TnC-suberTeulisaTvis, kalmadulinis msgavsad, damaxasiaTebelia Ca2+-is dama-

kavSirebeli oTxi ubani. ori maTgani ganTavsebulia mis C-terminalur nawilSi da, 

savaraudod, yovelTvis dakavebulia orvalentiani metalis ionebiT. mosvenebul 

mdgomareobaSi TnI-suberTeuls aqvs iseTi konfiguracia, romelic xels uSlis mio-

zinis dakavSirebas aqtinTan da, amgvarad, icavs kunTs SekumSvisagan. agznebis Sede-

gad ujredSi matulobs kalciumis raodenoba, rac xels uwyobs mis dakavSirebas 

TnC-suberTeulis N-terminalur boloebTan. aseT pirobebSi TnI-suberTeuli Ziri-

Tadad dakavSirebulia TnC-s kepian struqturasTan, rac xelmisawvdoms xdis aqti-

nis  miozin-damakavSirebel ubnebs miozinTan urTierTqmedebisaTvis.  

VI.1.3. ganivzoliani kunTis SekumSvis meqanizmi 

ConCxis kunTis SekumSva iwyeba nerv-kunTovani sinafsis saSualebiT nervuli im-

pulsis gadacemiTa da neiromediatoris — acetilqolinis gamoTavisuflebiT. pos-

tsinafsuri membrana didi raodenobiT Seicavs acetilqolinis liganddamokidebul 

receptorebs, rac iwvevs acetilqolinis dakavSirebasa da maT gaxsnas da saSualebas 

aZlevs Na+-is ions SeaRwios ujredis SigniT da gamoiwvios membranis depolarizacia. 

ganivzoliani kunTis SekumSva — es aris miozinis globularuli Tavebis aqtin-

Tan dakavSirebisa da mocilebis procesi. es procesi aseve ganixileba, rogorc gani-

vi xidakebis aSenebisa da dangrevis procesi da 5 ZiriTadi etapisagan Sedgeba 

(sur.VI.11) 

I. mosvenebul mdgomareobaSi miozinis Tavs SeuZlia moaxdinos ATP-is hidroli-

zi ADP-ad da araorganul fosforad (vinaidan mas aqvs ATP-azuri aqtivoba), magram 

ar SeuZlia maTi gamoTavisufleba, ris gamoc rogorc ADP, ase araorganuli fosfo-

ri (Pi) masTan dakavSirebuli rCeba da miiReba e.w. `maRali energiis konformaciaSi~ 

myofi kompleqsi miozini — ADP—Pi; 

II. kunTis SekumSvis stimulaciisas miozinis S-1 Tavi ukavSirdeba aqtins (vinaidan 

am konformaciaSi aqtini xdeba xelmisawvdomi miozinis TavisaTvis) da warmoiqmneba 

axali kompleqi — aqtini - miozini —ADP— Pi. 

am stadiaze kunTis boWkoebSi imatebs Ca2+-is raodenoba, rac gamowveulia depo-

larizaciis Sedegad potencialdamokidebuli Ca2+-is arxebis gaxsniTa da ionis gad-

mosvliT ujredSida depoebidan; 

III. aqtini-miozini—ADP–Pi kompleqsidan fosfors SeuZlia gamoTavisufleba, rac 

iwvevs energetikuli dartymis inicirebas. amas mosdevs ADP-is gamoyofac. amis sapa-
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suxod, miozinis TavSi iwyeba konformaciuli cvlilebebi, rac iwvevs F-aqtinis 

gadaqaCvas sarkomeris centrisaken 10nm-is sigrZeze. miozini aseT mdgomareobaSi 

yofnisas dabali energiis matarebelia da mas aRniSnaven rogorc aqtin-miozins; 

IV. sarkoplazmaSi arsebuli Tavisufali ATP ukavSirdeba aqtin-miozinis kom-

pleqss (vinaidan izrdeba miozinis Tvisoba ATP-sadmi) da warmoiqmneba aqtin-mio-

zin- ATP kompleqsi; 

V. miozin-ATP-is kompleqss  aqvs dabali Tvisoba aqtinisadmi, ris gamoc xdeba am 

kompleqsidan aqtinis mocileba.  

Semdgomi axali cikli iwyeba isev ATP-is hidroliziT, kvlav warmoiqmneba maRa-

lenergetikuli konformacia da cikli meordeba.  

 
 

suraTi VI.11.  ganivzoliani kunTis SekumSva 

I. maRali energiis miozini; II.ADP da fosfori scildeba miozins;  

III. dabali energiis miozini; IV. ATP-is hidrolizi ADP-ad da fosforad. 

 

amrigad,  rogorc Cans,  ATP-is hidrolizi — es aris is ZiriTadi Zala, romelic 

warmarTavs kunTis modunebisa da SekumSvis cikls. energetikuli dartymas ki war-

moqmnis is konformaciuli cvlilebebi, romelic warmoebs miozinis TavSi. Tu ATP-

is ujredSida koncentracia daeca, ver xerxdeba aqtinis disociacia da moduneba. 

swored amiT aixsneba sikvdilis Semdgomi sxeulis e.w. gvamuri gaSeSeba.  

VI.1.4. ganivzoliani kunTis SekumSvis procesis regulacia 

kunTis boWkoebis SekumSvas axorcielebs mamoZravebeli neironebi, romlebic 

nerv-kunTovan sinafsSi gamoyofs neiromediators — acetilqolins. acetilqolinis 

dakavSireba postsinafsuri membranis  qolinergul receptorebTan iwvevs membranu-

li ionuri arxebis gaxsnas da ujredis membranis depolarizacias (moqmedebis poten-
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cialis warmoqmna). moqmedebis potenciali swrafad vrceldeba nerv-kunTovani Se-

erTebidan yvela mimarTulebiT, rac iwvevs kunTovani boWkos agznebas da ramdenime 

milisekundSi kunTovani boWkos SekumSvis zemoT ganxiluli ciklis realizebas.  

sxvadasxva organos kunTovani boWkoebi xasiaTdeba SekumSvisa da modunebis re-

gulaciis sxvadasxva meqanizmiT,  Tumca yvelgan gadamwyveti regulatoruli roli 

Ca2+-is ionebs eniWeba. dadgenilia, rom ConCxis kunTis boWkos miofibrilebis АТP-

Tan urTierTqmedeba da SekumSva SesaZlebelia mxolod Ca2+-is garkveuli koncen-

traciis pirobebSi, kerZod 10-5-10-6M-is dros. ionis koncentraciis dawevisas 10-7-mde 

an ufro dabla, АТP-is arsebobis pirobebSi boWkoebi kargavs damoklebisa da daZa-

bulobis SesaZleblobas. Tanamedrove monacemebiT, modunebis periodSi Ca2+-is daba-

li koncentraciis  SenarCuneba ganpirobebulia  misi dakavSirebiT sarkoplazmuri 

badis e.w. T-sistemis SemadgenlobaSi arsebul specifikur Ca2+-damakavSirebel cila 

kalsekvestrinTan, romelsac, mJave aminomJavebis maRali Semcvelobis gamo, SeuZlia 

mWidrod daikavSiros Ca2+-is ioni (sur. VI. 12.). cila iWers  Ca2+-is ionebs SekumSvis 

Semdgom, sarkoplazmaturi retikulumis cisternebSi, im dros, roca am ionis kon-

centracia cisternebSi gacilebiT maRalia, vidre citoplazmaSi. kalsekvestrinis 

TiToeul molekulas SeuZlia daikavSiros 18-50 Ca2+-is ioni.  es procesi xorciel-

deba kalsekvestrinis molekulis zedapiruli muxtebis daxmarebiT. identificire-

bulia kalsekvestrinis 2 izoforma: gulis izoforma -kalsekvestrini- 2/CASQ2 da 

ConCxis kunTebis izoforma — kalsekvestrini-1/CASQ1. Ca2+-is dakavSirebiT kalsek-

vestrini ganicdis struqturul cvlilebebs. Sedegad, warmoebs misi fosforilire-

ba specifikuri fermentiT — kazein-kinaza-2-iT.  

Ca2+-ionebis dakavSireba sarkoplazmuri retikulumis milakebisa da cisterne-

bis qselis mier ar warmoadgens ubralo adsorbcias. es aris aqtiuri fiziologiuri 

procesi, romelic xorcieldeba sarkoplazmuri Ca2+-damokidebuli ATP-azas (Са2+-

АТP-aza) mier, АТP-is hidroliziT gamoTavisuflebuli energiis xarjze. amave dros, 

SeiniSneba Taviseburi procesi: miofibrilebidan Ca2+-is gadmoqaCva stimulirdeba 

amave ioniT. am meqanizms kalciumis saqaCi ewodeba. cocxali kunTis moduneba maSin, 

roca ATP-is koncentracia jer kidev sakmaod maRalia, aixsneba Ca2+-is koncentraci-

is SemcirebiT miofibrilebSi swored kalciumis saqaCis moqmedebiT.  

 

 

suraTi VI.12. kunTis boWkos sarkoplazmuri  retikulumi 

(http://bcs.whfreeman.com/thelifewire/content/chp47/4702001.html) 
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moqmedebis potencialis gadatanas sarkoplazmur retikulumze xels uwyobs 

mikromilakebis sistema, e.w. Т-milakebi (Т-tubulebi), romelic warmoadgens ujredis 

kunTovani boWkos plazmuri membranis — sarkolemis gagrZelebas. sarkoplazmaSi Т-

milakebi mWidro kavSirSia miofibrilebTan. plazmuri membranis depolarizacia Т-

milakebis daxmarebiT gadaecema potencial-mgrZnobiare  membranul cilas (SR-foot-

protein). Т-milakebi garSemoxveulia miofibrilebze. maTi funqciaa impulsis gadata-

na ujredis zedapiridan (sarkolemidan) sarkoplazmur retikulumze. am sistemis 

funqcionirebis Sedegia sarkoplazmuri retukulumidan kalciumis ionis gamosvla 

aqtinuri da miozinuri filamentebis sivrceSi. amrigad, SekumSvis procesis gamSvebi 

meqanizmia Ca2+-is gamosvla sarkoplazmaSi da misi koncentraciis mateba (sur.VI.13).    

 

 
 

suraTi VI.13. T-milakebis struqtura da moqmedebis meqanizmi 

kunTis boWko agznebulia motoruli nerviT, rasac mosdevs moqmedebis  

potencialis warmoqmna, romelic vrceldeba sarkolemis zedapirze da  

milakovani sistemis daxmarebiT boWkos siRrmeSi. potencial-mgrZnobiare  

receptori membranis depolarizaciis Sedegad icvlis struqturas da aaqtivebs  

sarkoplazmuri retikulumze arsebul rianodinis receptors, romlis daxmarebiT   

Ca 2 + gamodis SR-dan. amis Semdgom Ca 2 + ukavSirdeba troponins da iwyeba SekumSvis  

procesis aqtivacia (Jurkat-Rott and Lehmann-Horn-is mixedviT 2005).  
 

moduneba. modunebis procesi iwyeba maSin, roca sarkoplazmis SigniT kalciumis 

koncentracia mcirdeba. am process ganapirobebs Ca2+–ATP-aza, romelic gadaqaCavs 

Warbi kalciumis ions sarkoplazmuri retikulumis cisternebSi. TnC-4Ca-kompleqsi 

kargavs kalciums, rasac Tan sdev misi urTierTqmedeba tropomiozinTan. ATP-is ar-

sebobis pirobebSi miozinis Tavi scildeba aqtins da kunTi dundeba — gadadis mosve-

nebul mdgomareobaSi. amrigad, kalciumi alosteriulad akontrolebs kunTis Se-

kumSvis meqanizms. 

modunebis procesSi kunTis boWkoSi troponinisa da tropomiozinis kompleqsi 

ewinaaRmdegeba miozinis Tavis dakavSirebas aqtinTan. samedicino praqtikaSi xSirad 

vxvdebiT SemTxvevebs, roca saanesTezio preparatebis miRebis Semdgom viTardeba 

mZime reaqcia, rasac avTvisebian hiperTermias uwodeben. daavadeba gamoixateba Con-

Cxis kunTebis gaSeSebiT, hipermetabolizmiTa da maRali sicxiT. am movlenis Ziri-

Tad mizezs warmoadgens citozolSi  Ca2+-is ionis  maRali Semcveloba. mkurnaloba 



 

 277

warmoebs iseTi preparatebiT (mag., dantroleniT), romlebic ainhibirebs sarkop-

lazmuri retikulumidan citozolSi Ca2+-is gadmosvlis process. Ca2+-is maRali 

Semcveloba SesaZlebelia ganpirobebuli iyos mutaciuri cvlilebebiT Ca2+-ATP-

azas an Ca2+-is arxis molekulebSi.  

VI.1.5. ConCxis kunTis energiis wyaroebi 

cnobilia, rom ujredis cxovelqmedebisaTvis umniSvnelovanesi faqtoria ener-

getikuli homeostazi, anu adenozinmonofosfatis koncentraciuli balansis mud-

mivobis SenarCuneba. ujredSi ATP-is moxmareba mudmiv wonasworobaSi unda iyos mis 

sinTezTan. winaaRmdeg SemTxevaSi iwyeba energodeficiti, romlis xangrZlivi dro-

iT SenarCunebas rogorc ujredisaTvis, aseve mTliani organizmisaTvis, letaluri 

Sedegi moaqvs. es procesi gansakuTrebiT SesamCnevia maRali energomoxmarebis uj-

redebisaTvis, maT Soris, kunTovani ujredebisTvisac. ATP-is raodenobis SenarCu-

neba sakmaod rTuli procesia da amisaTvis ujredebSi, maT Soris, kunTis boWkoSi 

arsebobs metaboluri gzebi, romlebic funqcionirebs sarkoplazmasa da mitoqon-

driebSi da safexurebrivi katabolizmis Sedegad, ADP-is fosforilirebis gziT, 

uzrunvelyofs ATP-is sinTezsa da mis raodenobriv SenarCunebas.  

kunTSi ATP  SesaZlebelia ramdenime gziT warmoiqmnas: 1) glikoliziT; 2) Jangvi-

Ti fosforilirebiT; 3) kreatinfosfatidan; 4) ori molekula ADP-dan adenilatki-

nazuri (miokinazuri) reaqciebis Sedegad. kunTSi arsebuli ATP-is raodenoba sakma-

risia mxolod energiis misawodeblad 1-2 wamis ganmavlobaSi, amis Semdeg aucilebe-

lia, rom ujredma kvlav Seavsos energiis maragi. ConCxis kunTebis, gulisa da nervu-

li qsovilis ujredebSi gvxvdeba organuli fosfaturi naerTebi, romelebic Sei-

cavs maRalenergetikul fosfatur bmebs. am naerTebidan yvelaze mniSvnelovania 

fosfokreatini. fosfokreatini warmoiqmneba kreatinis fosforilirebiT ferment 

kreatin-kinazas  mitoqondriuli izoformis zemoqmedebiT. misi daSlis Sedegad Ta-

visufldeba 10kkal/moli energia, romelic gamoiyeneba ATP-is resinTezisaTvis. es 

ukanaskneli reaqcia mimdinareobs sarkoplazmaSi kreatin-kinazas  citozoluri 

izoformis monawileobiT. kunTis boWkoebSi ATP-is maragis daqveiTeba iwvevs fos-

fokreatinis daSlas, xolo ATP-is koncentraciis mateba — mis sinTezs kreatinidan. 

kreatinfosfati ConCxis kunTSi (sxva tipis kunTovan qsovilSic) asrulebs makroer-

guli fosfaturi jgufebis ara marto sacavis rols, aramed warmoadgens JangviTi 

fosforilirebis Sedegad warmoqmnili makroerguli fosfaturi kavSirebis satran-

sporto formasac. mitoqondriis matriqsSi sinTezirebuli АTP gadaitaneba krea-

tinkinazas mitoqondriuli izoformis aqtiur centrze specifikuri АTP-А-tran-

slokazas daxmarebiT.  

kreatinkinazas mitoqondriuli izoforma ganTavsebulia mitoqondriuli Sida 

membranis gareTa zedapirze. membranaTaSoris sivrceSi (Mg2+-is ionebis Tanaobisas) 

kreatinis arsebobisas warmoiqmneba sammagi ferment-substratuli kompleqsi — 

kreatini/kretinkinaza/АTP-Mg2+, romelic Semdgom iSleba kreatinfosfatad da 

АDP–Mg2+-ad. kreatinfosfati difundirebs citoplazmaSi, sadac mimdinareobs АDP-

is refosforilireba (sur.VI.14).  
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suraTi VI.14. kreatinkinazuli sistemis moqmedebis meqanizmi 

Cr  – kreatini, PCr – fosfokreatini, CCK – kreatinkinazas kunTovani  

(am SemTxvevaSi citozoluri) izoforma, MiCK – mitoqondriuli kreatinkinaza 

 

fermenti adenilatkinaza, uzrunvelyofs ATP-is maragis Sevsebas Semdegi reaq-

ciiT: 

2ADP↔ ATP + AMP 

atf-is gamofitvis yvelaze TvalsaCino Sedegia gvamuri gaSeSebis mdgomareoba, 

rasac Tan axlavs kalciumis ionis ujredSida koncentraciis ukontrolo cvlile-

bebi da aqtin-miozin-ADP-is kompleqsis mudmivi arseboba (rogorc cnobilia, am kom-

pleqsis dasaSlelad aucilebelia ATP).  

VI.1.6. bioqimiuri cvlilebebi 

ConCxis kunTebis paTologiebisas 

ConCxis kunTebis ZiriTadi funqciaa moZraoba. kunTebis funqciaSi ganixileba 

aseve maTi monawileoba periferiuli sisxlis gulSi dabrunebis procesSi. amave 

dros, organizmis gadacivebisas kunTebi asrulebs Termo-regulatrul funqcia-

sac.  
ConCxis kunTebis daavadebebs Soris yvelaze gavrcelebulia ganivzoliani kun-

Tebis distrofia (miopaTia) da anTeba (mioziti). kunTebi aseve SesaZlebelia gaxdes 

rigi simsivneebis wyaro. miopaTiebs Soris gansakuTrebul interess iwvevs progre-

sirebadi kunTovani distrofia (progresirebadi miopaTia) da miopaTia miasteniis 

dros.  

 progresirebadi kunTovani distrofia (progresirebadi miopaTia) gulisxmobs 

ganivzoliani kunTis pirvelad memkvidrul qronikul daavadebebs (pirveladi ewo-

deba imitom, rom am daavadebis dros ar aRiniSneba zurgis tvinisa da periferiuli 

nervebis dazianebebi). daavadebisaTvis damaxasiaTebelia zrdadi, simetriuli xasia-

Tis kunTebis atrofia, romelic mimdinareobs progresirebadi kunTovani sisustiT, 
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risi saboloo Sedegia mTliani uZraoba. daavadebis etiologia da paTogenezi nakle-

badaa Seswavlili. ganixileba sarkoplazmuri retikulumis struqturuli cilebisa 

da fermentebis anomaliebi. daavadebis maniSnebelia sisxlis plazmaSi kunTis ujre-

debisaTvis damaxasiaTebeli fermentebis aqtivobis mateba da aseve kreatinuria.    

progresirebadi kunTovani distrofiisa da sxva daavadebebisas, romlebic dakavSi-

rebulia kunTovani qsovilis rRvevasTan xSirad aRiniSneba cvlilebebi kunTis fos-

folipidur SemadgenlobaSic: mniSvnelovnad klebulobs fosfatidilqolinisa da 

fosfati-dileTanolaminis Semcveloba, xolo sfingomielinisa da lizofos-fati-

dilqolinis raodenoba, piriqiT, matulobs.  dResdReobiT cvlilebebis meqanizmi 

ucnobia. ucnobia aseve am cvlilebebis mniSvneloba kunTovani distrofiebis paTo-

genezSi.   

miuxedavad mravalricxovani kvlevebisa da faqtobrivi masalis siuxvisa,  krea-

tinuriis mizezebis sakiTxi kunTis daavadebebis dros ar SeiZleba CaiTvalos sabo-

lood gadawyvetilad. iTvleba, rom miopaTiiT daavadebul pacientebisaTvis dama-

xasiaTebeli kreatinuriis mizezia ConCxis kunTebSi kreatinis  fiqsaciisa (Sekave-

bis) da misi fosforilirebis procesis darRveva. Tu darRveulia kreatinfosfatis 

sinTezis procesi, Sesabamisad ar warmoiqmneba kreatininic da, Sesabamisad, am uka-

nasknelis Semcveloba SardSi mkveTradaa daqveiTebuli.  kreatinuriisa da kreati-

ninis sinTezis daqveiTeba xdeba SardSi kreatinuri maxasiaTeblis (kreatini/kreati-

nini) gazrdis mizezi (sur. VI.15).  

 

 
suraTi VI.15. kreatinis metabolizmis darRvevis Sedegebi 

 

memkvidruli, asakobrivi, sqesobrivi da aseve lokalizaciis aspeqtebis gaTva-

liswinebiT gamoyofilia progresirebadi kunTovani distrofiis 3 ZiriTadi forma: 

diuSenis, erbasa da leicenis tipi. am formebis distrofiis SemTxvevaSi daavadebis 

morfologiuri suraTi Zalian msgavsia.  

diuSenis kunTovani distrofia Cveulebrivad vlindeba 3-5 wlis asakSi. Tavda-

pirvelad ziandeba  TeZos Zvlis kunTebi. Semdgom dazianeba gadadis mxris kunTebsa 

da, sabolood, mTlian sxeulze. erbis kunTovani distrofia viTardeba sqesobrivi 

momwifebis periodSi. daavadebis dros ziandeba ZiriTadad mkerdisa da mxris kunTe-

bi, zogjer saxis kunTebic  (miopaTiuri saxe — gluvi Subli, Tvalebis  quTuToebis 

arasruli daxuWva, sqeli tuCebi).   
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kunTis boWkos ultrastruqturis cvlilebebi detaluradaa Seswavlili  diu-

Senis  distrofiis SemTxvevaSi. daavadebis dasawyisSi aRiniSneba sarkoplazmuri re-

tikulumis gafarToeba, miofibrilebis destruqcia, fibrilaTaSorisi sivrcis ga-

farToeba, sadac gazrdilia glikogenis  Semcveloba. daavadebis gvian stadiaze mio-

fibrilebi ganicdis fragmentaciasa da dezorganizacias. xdeba mitoqondriebis ga-

jirjveba, T-sistemis gafarToeba. kunTovan boWkoebSi izrdeba lipiduri CanarTe-

bisa da glikogenis raodenoba. daavadebis bolo etapze kunTovani boWkoebi mkvriv-

deba. danekrozirebuli boWkoebis garSemo Cndeba makrofagebi da cximovani ujre-

debi.   

daavadebebi, romlebic gamowveulia kunTebSi energetikuli metabolizmis dar-

RveviT. ConCxis kunTebSi energiis ori ZiriTadi wyaroa, esenia glukoza da cximova-

ni mJavebi. Sesabamisad, romelime maTganis utilizaciis procesis darRveva iwvevs 

kunTebis sxvadasxva daavadebas. gansakuTrebiT am daavadebebis mZime formaa kunTo-

vani tkivilis sindromi, ramac SesaZlebelia gamoiwvios mZime formis rabdomiolizi 

da mioglobinuria.  

glikogenozi (glikogenis dagrovebis daavadeba) da glikolitikuri defeqtebi.  

cnobilia glikogenis cvlis moSlis 4 tipi (II, III, IV da V) da aseve glikolizis dar-

Rvevis 4 forma (VII, IX, X da XI), romlebic xasiaTdeba ConCxis kunTebis funqcionire-

bis mniSvnelovani cvlilebebiT.  

kunTebis daavadebebis umravlesobisaTvis (progresirebadi kunTovani distro-

fia, kunTebis distrofia, polimioziti da sxv.) damaxasiaTebelia kunTebSi miofib-

rilebis cilebis raodenobis mkveTri daqveiTeba, aseve stromisa da zogierTi sar-

koplazmuri cilebis, maT Soris mioalbuminis koncentraciis mkveTri zrda. cile-

bis fraqciuli Semadgenlobis cvlilebebis paralelurad, kunTebSi SeiniSneba АТP-

isa da kreatinfosfatis koncentraciis Semcirebac. 

kunTis qsovilis paTologiebisas SeiniSneba garkveuli korelacia kunTis fer-

mentebis aqtivobaSic: mcirdeba sarkoplazmuri fermentebis aqtivoba, mcired qve-

iTdeba mitoqondriuli fermentebis aqtivoba  da mkveTrad matulobs lizosomuri 

fermentebis aqtiuroba. amave dros, kunTovani sistemis mravali paTologiisas iwye-

ba cvlilebebi adenilatciklazur sistemaSi — kunTovan qsovilSi mcirdeba cAMP-is 

raodenoba, fosfodiesTerazas  aqtivobis matebis fonze. aseve darRveulia adrena-

liniT adenilat-ciklazas gaaqtiurebis procesic. 

VI.2. gluvi kunTi 

VI.2.1. gluvi kunTis ujredis morfologiuri Tavisebureba 

gluvi kunTebi SekumSvadi qsovilia, romelic Sedgeba ara boWkoebisagan, aramed 

ujredebisagan, romlebsac ar gaaCnia ganivzoliani struqtura. 

zogierT uxerxemlo cxovelSi gluvi kunTebiTaa warmodgenili organizmis yve-

la  mamoZravebeli kunTi. xerxemlian cxovelebSi gluvi kunTebi Sedis Sinagani or-

ganoebis SemadgenlobaSi. kerZod, gluvi kunTebi gvxvdeba nawlavebSi, sisxlZarRve-

bis kedlebSi, sasunTq sistemaSi, gamomyof da sasqeso organoebSi, aseve jirkvlebSi.  
gluvi kunTis struqturul erTeuls warmoadgens ovaluri an momrgvalo for-

mis kunTovani ujredi, romlebic erTmaneTTan dakavSirebulia SemaerTebeli qsovi-

liT. es ukanaskneli ZiriTadad kolageniTaa warmodgenili. ujredebi erTmaneTis 
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paraleluradaa ganlagebuli, rac qmnis kunTovan Sreebs. modunebuli gluvi kunTo-

vani  ujredis sigrZe 20-500mkm-ia, xolo diametri 2-5mkm (sur.VI.16).  

gluv kunTs ganivzolianis msgavsi agebuleba aqvs, Tumca sarkomerebis Tavisebu-

ri ganlagebis gamo ar iqmneba ganivzolianoba. SekumSvadi aparati warmodgenilia mi-

ofibrilebiT, romelic ZiriTadad Seicavs aqtins. miozini 10-jer naklebia, vidre 

ganivzolian kunTebSi.  

 
suraTi VI.16. gluvi kunTis ujredi 

 

gluvi kunTovani ujredebi erTmaneTTan dakavSirebulia neqsusebiTa da gamona-

zardebiT. neqsusi ori ujredis plazmuri membranis kontaqtis adgilia diametriT 

0.5-3 mkm, xolo manZili membranebs Soris 2-3mkm-ia (sur. VI.17). neqsusebis warmoqmnaSi 

monawileobs cilovani molekulebi — koneqsonebi, romlebic Seicavs hidrofilur 

arxebs. maTi daxmarebiT xdeba ionebisa da dabalmolekuluri naerTebis cvla mezo-

bel ujredebs Soris.  

 

 
 

suraTi VI.17. neqsusi 

 

gluv kunTSi agzneba vrceldeba sakmaod nela, rac ganapirobebs kunTis xan-

grZlivi SekumSvis da modunebis  periodebs. gluvi da ganivzoliani kunTebis Sekum-

Svis meqanizmi ZiriTadad erTnairia, Tumca gansxvavebulia maTi moqmedebis regula-

cia.  

gluvi kunTis ujredebi inervirdeba vegetaturi nervuli boWkoebiT. simpaTiku-

ri da parasimpaTikuri inervaciis funqciaa gluvi kunTis moqmedebis cvlileba. er-

Ti vegetatiuri nervis stimulireba aZlierebs gluvi kunTis aqtivobas, xolo sxva 

nervis — asustebs.  
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VI.2.2. gluvi kunTis SekumSva 

gluvi kunTis SekumSvad aqtivobas gansakuTrebuli mniSvneloba eniWeba orga-

nizmis iseTi sistemebis funqcionirebaSi, rogoricaa gul-sisxlZarRvTa, sasunTqi, 

saWmlis momnelebeli, mxedvelobis, gamomyofi da reproduqciuli sistemebi. gluvi 

kunTis ujredebi Seicavs aqtins, miozins da tropomiozins, Tumca ar gvxvdeba tro-

ponini, mis magivrad warmodgenilia cila kalmadulini, romelic Tavis Tavze iRebs 

regulatoris rols. ConCxis ganivzolian kunTSi tropomiozini aqtin-miozinis ur-

TierTqmedebis funqcias asrulebs, gluv kunTSi  misi funqcia ucnobia. gluv kun-

TSi gvxvdeba aseve sxva damxmare cilebic, magaliTad, kaldesmoni da kalponini, rom-

lebic aseve regulatorul funqcias asrulebs.  

gluv kunTebSi, iseve, rogorc ConCxis kunTebSi, SekumSvis procesi aqtivdeba 

kalciumis ionebiT, magram am ionebis wyaro gansxvavebulia. kerZod, sarkoplazma-

turi retikulumi, romelic uzrunvelyofs Ca2+-is praqtikulad mTel raodenobas 

ganivzoliani kunTis SekumSvisaTvis, gluvi kunTebis umetesobaSi Zlier sustadaa 

ganviTarebuli. amitom, gluvi kunTebis ujredebSi Ca2+-is TiTqmis mTeli raodenoba, 

romelic iwvevs SekumSvas, Sedis ujredgare siTxidan moqmedebis potencialis an sxva 

stimulis zemoqmedebiT.  gluvi kunTis SekumSvis procesis ZiriTadi momentebia:  

1. miozinis fosforilirebuli msubuqi jaWvi astimulirebs miozini-Mg2+-ATP-
azas, romelic energiiT uzrunvelyofs SekumSvis process; 

2. miozinis msubuqi jaWvis fosforilireba mimdinareobs specifikuri fermen-

tiT — miozinis msubuqi jaWvis kinaziT (MLCK); 

3. Ca2+-kalmadulinis kompleqsi (Ca2+-CaM) aaqtivebs MLCK-s; 

4. Tavis mxriv, Ca2+-CaM-kompleqsis warmoqmna damokidebulia Ca2+-is ujredSida 

koncentraciaze. gluvi kunTis ujredSida Ca2+, romelsac gadamwyveti mniSvneloba 

akisria kunTis SekumSvaSi, ujredSi xvdeba ujredSida rezervuaridan — sarkoplaz-

muri retikulumidan an ujredgare aredan  plazmuri membranis gavliT. plazmuri  

membranis an sarkoplazmuri retikulumis Ca2+-arxebis gaxsna ganpirobebulia sxva-

dasxva faqtorebiT; 

5. SekumSvis procesi wydeba an mcirdeba ferment miozinfosfatazas moqmedebiT 

an Ca2+-is gamosvliT ujredidan ujredgare areSi  (sur.VI.18.).  

 

 
 

suraTi VI.18. kalciumis monawileoba gluvi kunTis SekumSvis procesSi 

cAMP-cikliuri adenozinmonofosfati ;  SR-sarkoplazmuri retikulumi; 

MLCK -miozinis msubuqi jaWvis kinaza 
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roca miozini dakavSirebulia F-aqtinTan, troponinebis ararsebobis gamo, mio-

zinis Tavis ATP-azuri aqtivoba Zlier daqveiTebulia. amiT gluvi kunTi gansxvavde-

ba ganivzolianisagan, sadac miozinis Tavebs axasiaTebT maRali ATP-azuri aqtivoba. 

gluvi kunTis miozini Seicavs msubuq jaWvs (p-jaWvi), romelic xels uSlis miozinis 

Tavis dakavSirebas F-aqtinTan. imisaTvis, rom p-jaWvma dauSvas F-aqtinis mier miozi-

nis Tavis ATP-azas amuSaveba, saWiroa misi winaswari gaaqtiveba (fosforilirebiT). 

am gziT warmoqmnili ATP-azuri aqtivoba iwvevs ATP-is hidrolizs daaxloebiT 10-

jer nela, vidre ganivzolian kunTSi. p-jaWvis fosforilireba ganapirobebs aqtini-

sa da miozinis dakavSireba-daSorebis cikls gluv kunTSi (sur.VI.19).  

 

 
 

suraTi VI.19. gluvi kunTis SekumSvisa da modunebis meqanizmi 

VI.2.3. gluvi kunTis SekumSvis regulireba 

aRmoCnda, rom gluvi kunTis SekumSvis regulirebaSi ufro meti bioqimiuri pro-

cesia CarTuli, vidre ganivzoliani kunTis SemTxvevaSi. es procesebi regulirdeba 

sxvadasxva hormoniTa da iseTi naerTebiT, rogoricaa magaliTad, azotis Jangi (NO). 
aseTi mravalmxrivi urTierTqmedeba gluv kunTs aniWebs sxvadasxva simZlavriT Se-

kumSvis unars da am mdgomareobis xangrZlivad SenarCunebis SesaZleblobas.  

gluvi kunTis SekumSva iwyeba mxolod mas Semdeg, roca gluv ujredSi Sesrule-

bulia Semdegi pirobebi:  

1. sarkoplazmuri Ca2+-is koncentracia daqveiTebulia; 

2. Ca2+-is koncentraciis kleba iwvevs kalmadulin-4Ca2+-kompleqsis daSlas; 
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3. kalmadulin-4Ca2+-kompleqsis daSla, Tavis mxriv, ganapirobebs p-jaWvis kina-

zas (MLCK)  inhibirebas, ris Sedegadac miozinis msubuqi jaWvi (p-jaWvi) defosfori-

lirebulia;  

4. defosforilirebuli p-jaWvis arseboba, romelic, Tavis mxriv, ainhibirebs 

miozinis Tavebis ATP-azur aqtivobas, xels uSlis miozinis Tavebis dakavSirebas F-

aqtinTan;  

5. miozinis Tavi moSorebulia  F-aqtins da, Sesabamisad, ar SeuZlia masTan urTi-

erTqmedeba.  

gluvi kunTis Sekumva regulirebadi procesia, romelSic hormonebisa da azotis 

oqsidis garda CarTulia, c-GMP da naxSirbadis monoqsidi (CO), Tumca CO-iT gluvi 

kunTis SekumSvis regulirebis Sesaxeb pirdapiri monacemebi ar arsebobs da daskvne-

bi dafuZnebulia am procesis Sedegebze dakvirvebiT. cnobilia, rom CO-s warmoqmna 

ZuZumwovari cxovelebis ujredebSi ganpirobebulia ferment hemoqsigenazas  moqme-

debiT, romelic akatalizebs protoporfirin IX-Si rkinis daJangvas, rasac mosdevs 

biliverdinis, Fe2+-sa da CO-s warmoqmna. CO zemoqmedebs ra Ca2+-damokidebul K+-ar-

xebze, iwvevs membranis hiperpolarizacias, romelic, Tavis mxriv, moqmedebs poten-

cial-damokidebul Ca2+-is arxebze. amrigad, Cans, rom CO-s gavlena Ca2+-is ujerdSi-

da koncentraciaze ar aris  mniSvnelovani.  

gansakuTrebiT mniSvnelovania NO-s gavlena sisxlZarRvebis gluvi kunTebis aq-

tivobaze. cnobilia, rom NO sinTezirdeba sisxlZarRvebis endoTelur ujredebSi 

aminomJava argininidan ferment NO-sinTazas moqmedebiT samizne ujredTan axlos 

(sur.VI.20). es aucilebeli momentia, radgan NO  warmoadgens airs da aqvs arsebobis 

xanmokle periodi.  

 
suraTi VI.20. azotis Jangis (NO) sinTezi 

 

cnobilia, rom  sinTezirebuli NO-s samiznea gluvi kunTis  ujredebis fermenti 

guanilatciklaza, romlis aqtivoba NO-sTan urTierTqmedebis Sedegad ramdenime 

aseuljer izrdeba. es procesi iwvevs ujredSi cGMP-is raodenobis zrdas da, cito-

zolSi kalciumis ionis raodenobis Semcirebas da Sesabamisad, miozinsa da aqtins 

Soris kavSiris Sesustebas, rac xels uwyobs relaqsaciis sapasuxo reaqcias da, Sesa-

bamisad, sisxlZarRvebis gafarToebas (sur.VI.21). aRsaniSnavia, rom kunTis moduneba 

gamowveulia ara ujredSida procesebiT, aramed dakavSirebulia gare faqtorebze.  

sisxlZarRvebis kedlis  Semadgenel gluv kunTebze NO-s gamafarToebeli moqme-

debis aRmoCenam SesaZlebeli gaxada koronaluri arteriebis spazmis  yvelaze gav-

rcelebuli da efeqturi samkurnalo preparatis — nitroglicerinis moqmedebis me-
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qanizmis dadgena. preparatis organizmSi moxvedrisa da daSlis Sedegad warmoiqmne-

ba NO, romelic iwvevs gulis sisxlZarRvebis gafarToebas da am mizeziT gamowveuli 

tkivilis moxsnas.  

azotis oqsids gansakuTrebuli mniSvneloba aqvs aseve tvinis sisxlis mimoqce-

vis regulaciaSi. cnobilia tvinis sisxlZarRvebis sanaTuris regulirebaSi monawi-

le  NO-s ramdenime wyaro. esenia sisxlZarRvebis endoTeliumi, NO-sinTazas Semcve-

li neironebi da astrocitebi. Tavis tvinis romelime ubnis neironebis aqtivacias 

mosdevs NO-sinTazas Semcveli neironebis an astrocitebis agzneba da NO-s warmoq-

mna, romelic iwyebs am ujredidan gamoyofas.  ujredidan gamoyofili NO iwvevs sis-

xlZarRvebis lokalur gafarToebas. NO-sTanaa aseve dakavSirebuli e.w. septikuri 

Sokis ganviTareba, rac gamowveulia sisxlSi cirkulirebuli mikrobebiT, romlebic 

mkveTrad aaqtiveben endoTeliumSi NO-s sinTezs da, Sesabamisad, wvrili sisxlZar-

Rvebis xangrZliv da Zlier gafarToebas. 

 

 
 

suraTi VI.21. azotis Jangis moqmedebis meqanizmi gluv kunTze 

Gc – guanilatciklaza;  GTP –guanozintrifosfati;    cGMP – cikliuri  

guanozinmonofosfati;   MLCP – fosforilirebuli miozinis msubuqi jaWvi;  

MLC –   defosforilirebuli miozinis msubuqi jaWvi; PDE – fosfodiesTeraza 

 

endoTeliumSi warmoqmnili NO ewinaaRmdegeba leikocitebis da sisxlis firfi-

tebis Sewebebas endoTeliumze da maT agregacias. aseTi zemoqmedeba SesaZlebelia 

mniSvnelovani iyos Trombebis ganviTarebis adreul stadiaze da sisxlZarRvebis 

aTerosklerozul dazianebaze. NO-s monawileoba aTerosklerozuli dazianebis 

procesSi SesaZlebelia gamowveuli iyos misi moqmedebis sxva aspeqtiTac. kerZod, 

azotis Jangis  SesaZleblobaze mogvevlinos, rogorc zrdis inhibitoruli faqto-

ri, romelic xels uSlis sisxlZarRvebis kedlis gluvi kunTebis proliferacias.   

ConCxis kunTebSi NO, zemoqmedebs ra sarkoplazmur retikulumze, gavlenas ax-

dens SekumSvis procesze Ca2+-arxebis moqmedebis modulirebis meSveobiT.  
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VI.3. gulis kunTi 

VI.3.1. gulis kunTis zogadi daxasiaTeba 

kardiomiociti (miociti)  — gulis kunTovani qsovilis ZiriTadi ujredia. Ti-

Toeuli ujredi, romelsac cilindruli, wagrZelebuli forma aqvs, dafarulia 

rTuli agebulebis membraniT — sarkolemiT. ujredis SigTavsi amovsebulia citop-

lazmiT — sarkoplazmiT, sadac ujredis organelebia ganTavsebuli. sarkoplazmaSi 

gvxvdeba Zafiseburi SekumSvadi elementebi — miofibrilebi, romlebic ganivi xaze-

biTaa daserili. miocitebis miofibrilebi ganivzoliani ConCxis kunTis miofibri-

lebis analogiuria.   

ujredebis daboloebebs Soris warmodgenilia gamsxvilebuli warmonaqmni ga-

farToebuli sarkolemis saxiT — e.w. Cadgmuli diski (sur.VI.22.), romlis  zogierTi 

ubnisaTvis, damaxasiaTebelia  ionebis maRali gamtarebloba, rac aiolebs ujredis 

eleqtruli aqtivobis warmoqmnas.  

miocitis sarkolema Cazneqilia sarkoplazmaSi da qmnis milakebis rTul siste-

mas (Т-milakebi, ganivi milakebi), romelsac  sarkotubularul sistema ewodeba. uj-

redis centrSi ganTavsebulia erTi an ori birTvi. sarkolemasTan  da aseve miofib-

rilebs Soris gvxvdeba didi raodenobiT mitoqondriebi, romlebic ikavebs mioci-

tebis 25-30%-s.   

 

 
 

suraTi VI.22. kardiomiocitis struqturuli agebulebis sqema 

 

kardiomiocitis mniSvnelovan organoids warmoadgens sarkoplazmuri retiku-

lumi — endoplazmuri retikulumis specifikuri forma. sarkoplazmuri retikulu-

mi mWidro kavSirSia, erTi mxriv, miofibrilebTan,  xolo meore mxriv — sarkotubu-

larul sistemasTan. miocitebis sarkoplazmur retikulumze ganasxvaveben or na-

wils. erTi nawili agebulia sarkoplazmuri retiklumis arxebisagan, romlebic 

qmnis mrgvali formis siRrueebs da ganTavsebulia sarkolemis Sida zedapirze an 

kontaqtirebs Т-milakebTan. sarkoplazmuri retikulumis gafarToebul nawils 

ewodeba sarkoplazmuri cisternebi. cisternebis funqciaa kalciumis dagroveba da 

gamoTavisufleba specialuri arxebis saSualebiT. sarkoplazmuri retikulumis me-

ore nawilia gaswvrivi, anu badiseburi sarkoplazmuri retikulumi, romelic Sedge-

ba datotvili milakebisagan da awarmoebs Ca2+-is aqtiur transports citozolidan. 
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Ca2+-is koncentracia citozolSi cvladi sididea, uzrunvelyofs aqtinisa da miozi-

nis Zafebis urTierTqmedebas da, Sesabamisad, miofibrilebis SekumSvas an modune-

bas.  

Cadgmuli diskebis daxmarebiT, miokardis erTi boWkos aqtivacia iolad gadae-

cema sxva boWkoebs, ris gamoc isini sinqronulad funqcionirebs. hipoqsiis an Jan-

gbadiT Raribi gazis SesunTqvis SemTxvevaSi, SeiniSneba Cadgmuli diskebis gafarTo-

eba. aseTma gafarToebam SesaZlebelia gamoiwvios erTi ujredidan meore ujredze 

eleqtruli impulsis gadacemis blokireba. 

zogadad, miociti rTuli agebulebis struqturaa, romelic, funqciuri daniS-

nulebis mixedviT, Seicavs elementebis 4 ZiriTad jgufs: 

1 — sarkolemas  sarkoplazmur retikulumTan erTad, romelic awarmoebs depo-

larizaciisa da repolarizaciis procesebs, aseve SekumSva — modunebis Tanxvedras 

da ujredgare da ujredSida areebs Soris nivTierebaTa cvlas;  

2 — SekumSvad, kontraqtilur cilebs — aqtins, miozins, troponinsa da tropomi-

ozins, romlebic pasuxismgebelia ujredis SekumSvis meqanizmze; 

3 — mitoqondriebs, romlebic uzrunvelyofs am procesebis energetikas; 

4 — birTvebsa da ribosomebs, sadac inaxeba genetikuri informacia da mimdinare-

obs ujredis struqturebis reparaciuli procesebi.  

miocitis sigrZe normaSi 40-100 mkm-ia, xolo diametri 10-20mkm. mTel sigrZeze 

ujreds gasdevs ganivzoliani konebi — miofibrilebi. miocitebis 50% swored mio-

fibrilebs uWiravT. sarkoplazmaSi didi raodenobiT gvxvdeba mitoqondriebi da 

membranuli warmoSobis sarkoplazmuri ganivi arxebi. miofibrilebi Seicaven 200-

dan 1000-mde miofilamentebs — aqtinis wvril da miozinis sqel Zafebs. miofibrilis 

ganivzolianoba ganpirobebulia aqtinisa da miozinis sivrcobrivi urTierTmdeba-

reobiT. kardiomiocitebis miofibrilebi, iseve rogorc ConCxis ganivzoliani boW-

koebi,  Sedgeba ganmeorebadi struqturuli da funciuri erTeulebisagan — sarko-

merebisagan.  miocitebi gulis masis 50%-s Seadgens.  

miocitebi garSemortymulia kolagenuri SemaerTebeli qsoviliT, romelic qmnis 

ujredgare matriqss. kolagenis Warbi raodenoba diastoluri disfunqciis gamom-

wvevia. miocitebis garSemo arsebuli SemaerTebeli qsovili mdidaria kapilarebiTa 

da postganglionaluri aramielinizirebuli nervebiT. nervebi bolovdeba msxlise-

buri warmonaqmnebiT, romelic Seicavs neirotransmiterebis (acetilqolini, no-

radrenalini) Semcvel granulebs. neirotransmiterebis moqmedeba realizdeba kar-

diomiocitebis membranis zedapiruli receptorebiT. acetilqolinis Semcveli nei-

ronebi, ZiriTadad, lokalizebulia winagulSi, xolo noradrenalinis — parkuWebSi.   

rodesac agznebis talRa aRwevs T-milakebs, aq arsebuli Ca2+-is arxebi ujredga-

re aredan ujredis SigniT atarebs mcire raodenobiT Ca2+-ionebs, rasac mosdevs ga-

cilebiT didi raodenobis Ca2+-is gadmosrola sarkoplazmuri retikulumidan, aq 

arsebuli Ca2+-is arxebiT. am movlenas kalciumiT inducirebuli Ca2+-is gamoTavi-

sufleba ewodeba. am procesis Sedegad gulis kunTi ikumSeba. ukumimarTulebiT 

Ca2+-is sarkoplazmur retikulumSi dabrunebisas, piriqiT, kunTi dundeba. 

kardiomiocitis gansakuTrebuli organoidia sarkoplazmuri retikulumi, ro-

melic mWidro kavSirSia, erTi mxriv, miofilamentebTan, xolo meore mxriv, sarko-

tubularul sistemasTan (sur.VI. 23.). sarkoplazmuri retikulumi monawileobs ci-

tozoluri Ca2+-is ionis Senaxvasa da saWiroebis dros ukan, citoplazmaSi dabrune-

baSi. morfologiurad, sarkoplazmuri retikulumi SemosazRvrulia orSriani li-

piduri membraniT da igi praqtikulad sarkoplazmis identuria. Ca2+-is arxebi gan-
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lagebulia cisternebze, retikulumis gafarToebul nawilSi,  T-milakebis siaxlo-

ves.  

sarkoplazmuri retikulumis meore nawili agebulia datotvili milakebiT da 

monawileobs Ca2+-is ukuSTanTqmasa da SenaxvaSi. ionebis STanTqmis procesi mimdina-

reobs ATP-damokidebuli Ca2+-saqaCiT, romelsac SERCA ewodeba (sarcoendoplasmic 

reticulum Ca2+-ATPase). SERCA-s aqtivoba matulobs miocitis  adrenerguli stimula-

ciis pasuxad. STanTqmis Semdgom Ca2+-is ioni inaxeba sarkoplazmur retikulumSi ma-

Rali koncentraciiT e.w. cilovan depoebTan kavSirSi,  am SemTxvevaSi cila kalsek-

vestrinTan dakavSirebuli formiT.  

sarkolema — rTuli da dinamikuri struqturaa, romelic Sedgeba gareTa Sris-

gan — glikokaliqsisgan da Sida Srisgan — uSualod membranisagan. es ukanaskneli 

agebulia lipidebis orSriani matriqsiT, sadac CaSenebulia sxvadasxva cilis mole-

kulebi. membranaSi arsebuli cilebi, ZiriTadad, glikoproteinuli bunebisaa (sur. 

VI.24.). glikokaliqsi warmodgenilia faSari gare fenisa da SedarebiT mkvrivi Sida 

fenisagan da Sedgeba oligosaqaridebisa da glikoproteinebis karbohidratebis 

jaWvebisagan. sarkolemis glikoproteinebi funqcionirebs rogorc ionebis arxebi 

an gadamtanebi, aqvea neirotransmiterebisa da hormonebis receptorebi da  sxvadas-

xva fermentebi, kerZod Na+-K+-АТР-aza, adenilatciklaza, guanilatciklaza da sxva. 

  

 
suraTi VI.23. kardiomiocitis sarkoplazmuri retikulumis agebuleba 

 

sarkolemis ZiriTadi funqciaa Na+, К+, Мg2+ da Са2+-is transmembranuli gradien-

tis generacia da Senaxva, romelic aucilebelia agznebis mimdinareobisa da kardio-

miocitSi ujredSida Са2+-is koncentraciis regulirebisaTvis. sarkolemis hidro-

foburi, cximovani mJavebisagan agebuli Sre barieris funqcias asrulebs hidrofi-

luri ionebisaTvis, ris Sedegadac iqmneba koncentraciuli gradienti. 

transmembranuli koncentraciuli gradientis veqtorebi Na+-isa da Са2+-isaTvis  

mimarTulia ujredis SigniT, xolo К+-isaTvis piriqiT, ujredidan gareT. am ionebis 

gadatana membranaSi xorcieldeba specialuri gadamtanebiT an potencial-damoki-

debuli membranuli arxebiT. К+-isa da Na+-is SemTxvevaSi, ionuri gradienti iqmneba 

Na+,K+-ATP-azas aqtivaciiT, romelic АТР-is hidrolizis gziT uzrunvelyofs Na+—

is transports ujredidan gareT, xolo K+-isas ujredis SigniT (Na,K-tumbo). Са2+-is 

ionis SemTxvevaSi membranuli transporterebi gamoiyenebs im energias, romelic 

gamoTavisufldeba Na+-is Sesvlisas ujredSi koncentraciuli gradientiT. sqema-
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turad SesaZlebelia imis varaudi, rom Na+-isa da Са2+-is moZraoba ujredis SigniT, 

xolo К+-isa ujredis gareT mimdinareobs koncentraciuli eleqtroqimiuri gradi-

entiT ionuri arxebis saSualebiT energiis xarjvis gareSe, romelTa daxurva da 

gaReba damokidebulia transmembranul eleqtrul potencialze. gradientis aRdge-

na warmoebs membranuli gadamtanebiT da am dros gamoiyeneba energia am ionebis gra-

dientis gadasalaxad. pirveli procesi mimdinareobs SedarebiT swrafad, xolo meo-

re —  SedarebiT nela.   

 

 
suraTi VI.24. kardiomiocitis membrana 

 

membranuli struqturebis aseve mniSvnelovani funqciaa hormonaluri da nei-

rotransmiteruli signalebis transformacia, romelic xorcieldeba Semdegi Tana-

mimdevrobiT: 

hormoni/mediatori→receptori→adenilatciklaza/ guanilatciklaza → cAMP, cGMP 

 

bunebrivi agonistebis an maTi analogebis moqmedeba kardiomiocitebis α- da β-
adrenergul an histaminur receptorebTan iwvevs kompleqsis Seqmnas membranis ade-

nilatciklazasTan, romelic akatalizirebs cAMP-is warmoqmnas. aqve gvxvdeba qo-

linerguli receptorebic, romlebic ligandiT gaaqtivebisas qmnis kompleqss gua-

nilatciklazasTan da akatalizirebs cGMP-is sinTezs. amJamad cGMP-is roli gulis 

kunTSi naklebadaa Seswavlili, Tumca arsebobs monacemebi misi zemoqmedebisa gli-

kogenolizur ciklze, sarkoplazmur retikulumze, miofibrilebsa da uSualod 

sarkolemaze ujredSida cAMP-is koncentraciis cvlilebis gziT. zogadad, cikli-

uri nukleotidebi kardiomiocitebze zemoqmedebs cilebis fosforilirebisa da, 

Sesabamisad, fermentebis aqtivaciis saSualebiT. magaliTad, adrenerguli recep-

torebis stimulaciisas cAMP-is raodenobis gazrdis paralelurad, aRiniSneba 

proteinkinazebis aqtivacia, rasac mosdevs kalciumis arxebis maxloblad lokali-

zebuli  cilebis gaaqtiureba da, Sesabamisad, arxis gaxsnis regulireba.  

VI.3.2. gulis kunTis qimiuri Semadgenlobis Taviseburebani 

qimiuri SemadgenlobiT gulis kunTi gansxvavdeba ganivzoliani da gluvi kunTe-

bisagan da am maxasiaTebliT mas gardamavali mdgomareoba uWiravs ConCxsa da gluv 

kunTebs Soris. magaliTad, azotis Semcveloba miokardiumSi gacilebiT naklebia, 

vidre ConCxis kunTebSi. miofibrilaruli cilebis koncenracia gulis kunTSi nak-
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lebia, vidre ConCis kunTSi da metia, vidre gluv kunTSi. SeiniSneba aseve gansxvave-

bebi sarkoplazmuri retikulumis cilebis SemcvelobaSic. gluvi kunTisa da mioci-

tebis sarkoplazma procentulad met mioalbumis Seicavs, vidre ganivzoliani kun-

Ti. glikogenis SemcvelobiTac gulis kunTis ujredebs gardamavali mdgomareoba 

uWiravT ConCxisa da gluv kunTebs Soris.   

АTP-is raodenoba gulis kunTis ujredebSi naklebia (2.60 mkmoli), vidre ganiv-

zolianSi (4.42 mkmoli), Tumca gluv kunTze metia (1.38 mkmoli). miuxedavad amisa, mi-

ocitebi moixmars gacilebiT met АTP-s, ris gamoc АTP-is resinTezi miocitebSi uf-

ro intensiurad mimdinareobs. Tbilsisxliani cxovelebisa da adamianis gulis kun-

TSi maRali energiis Semcveli fosfaturi naerTebis warmoqmnis ZiriTadi gza Jan-

gviTi fosforilirebaa. naxSirwylebis anaerobuli gardaqmnis gziT (glikoliziT) 

regenerirebuli АTP-is mniSvneloba adamianis gulis kunTis muSaobisaTvis minima-

luria. amitom miocitebi gansakuTrebiT mgrZnobiarea Jangbadis naklebobisadmi. mi-

ocitebis metabolizmis Taviseburebaa is, rom am SemTxvevaSi aranaxSirwylovani na-

erTebis aerobul daJangvas gacilebiT didi mniSvneloba aqvs, vidre ConCxis kunTeb-

Si. miRebuli Jangbadis mxolod 30—35%  gamoiyeneba naxSirwylebisa da maTi gardaq-

mnis produqtebis daJangvisaTvis. gulis kunTis ZiriTadi sunTqviTi substratia 

cximovani mJavebi. aranaxSirwylovani naerTebis daJangva uzrunvelyofs miokardis 

mier moxmarebuli energiis 65-70%-s. Tavisufali cximovani mJavebidan gulis kunTi-

saTvis gansakuTrebiT mniSvnelovania oleinis mJava.   

АTP-is resinTezSi centraluri adgili uWiravs transfosforilirebis process 

АTP-sa da kreatinfosfats Soris. reaqcia mimdinareobs kreatinkinazas monawileo-

biT. АTP-is resinTezis kreatinkinazuli gza gansakuTrebiT swrafi da maqsimalu-

rad efeqturia (erT molekula kreatinfosfatidan erTi АTP-is molekula warmoiq-

mneba).  

VI.3.3. gulis kunTis SekumSva 

gulis kunTi ritmulad ikumSeba gulSive warmoqmnili impulsebis Sedegad. im-

pulsis transmisiaSi monawileobs sarkomerebs Soris arsebuli napralebi, romle-

bic signalis ufro swrafi gavrcelebis saSualebas iZleva. Cveulebriv, TiToeul 

SekumSvas Soris periodi ufro didia, vidre ConCxis kunTebSi, magram is SeiZleba Se-

icvalos hormonebisa da sxva garegani Tu Sinagani faqtorebis zemoqmedebiT.  

gulis kunTSi ganivi xidakebi ori — Zlieri da susti kavSiris formiT gvxvdeba. 

Са2+-is ionis Semosvla da urTierTqmedeba kontraqtilur cilebTan warmoadgens ga-

damwyvet moments SekumSva-modunebis procesSi. Са2+-is ionis Semdgomi urTierTqme-

deba ТрС-Tan da ТрI-is gamoTavisufleba uzrunvelyofs Zlieri kavSiris formas. 

ionis koncentraciis zrdis paralelurad Zlieri forma iwyebs dominirebas.  Tumca, 

im SemTxvevaSi Tu mudmivad iarsebebs Zlieri kavSiris forma, kontraqtiluri 

cilebi veRar SeZlebs modunebas. gamoiTqva mosazreba, rom ATP-is urTierTqmedeba 

miozinis TavebTan iwvevs xidakebis gadayvanas susti kavSiris formaSi im Sem-

TxvevaSic ki, roca Са2+-is koncentracia maRalia.  xolo roca ATP iSleba ADP-ad da 

araorganul fosfatad (Pi), dominirebas iwyebs Zlieri kavSiris forma.   

gulis kunTis muSaobaSi, ConCxis kunTebisagan gansxvavebiT, gadamwyveti mniSvne-

loba cAMP-s da adrenergul sistemas akisria. cAMP monawileobs ujredSida Са2+-is  

donis regulirebaSi proteinkinazuli reaqciebis saSualebiT. kerZod, am tipis re-
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aqciebiT mimdinareobs sxvadasxva satransporto da arxuli cilebisa da tropomio-

zin-troponinuli sistemis fosforilirebis procesi, rac, Tavis mxriv, moqmedebs 

Са2+-is ionis ujredSida raodenobaze da am ionebiT gamowveul ujredul pasuxebze. 

rogorc zemoT iyo aRniSnuli, kardiomiocitebis sarkoplazmuri retikulumi 

ori tipis arxebisagan Sedgeba, romelTa urTierTdakavSirebiT iqmneba erTiani sis-

tema: ganivi arxebi anu e.w Т-milakebi (tubulebi), romlebic sarkolemis gagrZelebas 

warmoadgens Z-zolis midamoSi da gaswvrivi arxebi, anu L-tubulebi, romlebic 

gasdevs kardiomiocitis yovel miofibrilas. Z-zolis midamoSi ganivi arxebi qmnis 

gafarToebul daboloebebs — cisternebs, romlebic kontaqtirebs Т-tubulebTan. 

cisternebis dakavSirebiT Z-zolis midamoSi Т-tubulebTan iqmneba e.w. triada. swo-

red am adgilas xdeba impulsis gadacema, romelic vrceldeba sarkolemaze da iwvevs 

mezobeli sarkomerebis sinqronul depolarizacias. sarkoplazmuri retikulumis 

ZiriTadi da erTaderTi funqciaa, gulis muSaobis ciklis fazebze damokidebule-

biT, citoplazmaSi Са2+-is koncentraciuli cvlilebebis modulireba. sarkoplaz-

mur retikulums aqvs SesaZlebloba moaxdinos kalciumis ionis gadaadgileba kon-

centraciuli gradienis sawinaaRmdegod im  energiis xarjze, romelic ganTavisuf-

ldeba  АТР-is hidrolizis Sedegad.  

Ca2+-is ioni monawileobs aqtinuri da miozinuri Zafebis muSaobaSi. citozoli 

Seicavs specifikur fermentebs, romlebic ganapirobebs qimiuri potenciuri ener-

giis gardaqmnas kunTis muSaobis kinetikur energiad. roca eleqtruli agznebis 

talRa miaRwevs Т-milaks, masze ganlagebuli Ca2+-arxebi iwyebs SedarebiT mcire ra-

odenobis ionis gatarebas, raTa, saboloo jamSi, moxdes sarkoplazmuri retikulu-

midan citoplazmaSi am ionis didi raodenobis gamoTavisufleba, ris Sedegad iwyeba 

miokardis SekumSva. Ca2+-is ukutransporti sarkoplazmur retikulumSi ganapiro-

bebs miokardis modunebas. Ca2+-is gamoTavisufleba citoplazmaSi xorcieldeba spe-

cialuri arxebiT, romlebsac  rianodinis receptorebs  uwodeben. swored es arxebia 

ganlagebulia sarkoplazmaturi retikulumis gafarToebul nawilSi Т-milakebis 

siaxloves. 

ZiriTadi molekulebi, romlebic SekumSva-modunebis ciklSi monawileobs ori 

ZiriTadi kontraqtiluri cilaa: wvrili aqtinuri filamenti da msxvili miozinuri 

filamenti. ukavSirdeba ra troponin С-s, Ca2+-is ionebi xsnis troponini I-iT gamow-

veul blokirebas da inicirebs SekumSvis cikls. SekumSvis procesi iseTive princi-

piT mimdinareobs, rogorc ganivzolian kunTebSi (sur. VI.25).  

kalciumis Sesvla inicirebs urTierTqmedebas troponinis komponentebs Soris, 

rac aZlevs saSualebas tropomiozinis molekulas gadaadgildes da uzrunvelyos 

Zlieri kavSirebis forma, rac, Tavis mxriv,  SekumSvis safuZvelia. wvrili filamen-

tebi warmodgenilia spiraluri formis ori aqtinuri nawiliT. maT Soris lokalize-

bulia tropomiozini, romelsac Camketis funqcia akisria. Tanabari intervaliT 

(38,5nm) am spiralTan damagrebulia sami regulatoruli cila — troponinuri kom-

pleqsis Semadgeneli cilebi. am kompleqsis erT-erTi komponenti — ТрС, aqtivdeba 

sarkoplazmuri retikulumidan ganTavisuflebuli  kalciumiT, ris Sedegadac iwye-

ba ganivi xidakebis moqmedebis cikli. Tu kalciumis koncentracia citozilSi mci-

rea, tropomiozini iseT konformaciaSia, rom ver axdens aqtinTan urTierTqmedebas 

da, Sesabamisad, ganivi xidakebis umetesoba blokirebulia (sur. VI. 26). 
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suraTi VI.25.  kardiomiocitis SekumSvis procesis  inicireba Ca2+-is ionebiT 

SR –sarkoplazmuri retikulumi,    RyR – rianodinis gadamtani,   

NCX – Na, Ca – gadamtani (Kathyjo A. Jackson and al., 2000) 

 

mas Semdeg, rac sarkoplazmuri retikulumidan iwyeba ionebis gadmosvla citop-

lazmaSi, gaaqtivebuli ТрС mWidrod ukavSirdeba mainhibirebel molekulas, kerZod 

TpI-s. miokardis SekumSvis procesSi is gadaadgildeba wvril filamentze, rac xsnis 

Seferxebas, romelsac iwvevs tropomiozini aqtinisa da miozinis urTierTqmedebi-

sas. amgvarad, susti, anu blokirebuli ganivi xidakebi gadadis Zlieri kavSiris for-

maSi, rac iwvevs ganivi xidakebis ciklis dawyebas. es kavSirebi uzrunvelyofs  tro-

pomiozinis Semdgom gadaadgilebas. yoveli miozinuri Tavi warmoadgens miozinis 

mZime jaWvis terminalur nawils. amJamad arsebuli monacemebis mixedviT, SekumSvis 

procesSi swored miozinis Tavi icvlis konformacias. orTaviani miozinis Tavs aqvs 

АТP-damakavSirebeli jibe  (nukleotiduri jibe). АТP da misi daSlis produqtebi 

(АDP, Pi) swored nukleotidur jibes ukavSirdeba.  

 

 
 

suraTi VI.26. SekumSvadi cilebis  urTierTganlageba  

kardiomiocitSi (Kathyjo A. Jackson and al., 2000) 

 

SekumSvis procesSi filamentebi srialebs erTmaneTSi ise, rom aqtinisa da mio-

zinis filamentebis sigrZe ar icvleba. srialis procesSi isini izidavs  ZiriTadi 

kontraqtikuri erTeulis — sarkomeris orive bolos. eleqtronul mikroskopSi 

Cans, rom sarkomeri orive mxridan SemosazRvrulia Z-zoliT, romelzec aqtinuri 

filamentebia damagrebuli. miozinis filamentebi miemarTeba sarkomeris centri-

dan orive mxares Z-zolis mimarTulebiT, Tumca mas ar uerTdeba. aqtinuri filamen-
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tebis centrisaken moZraobis paralelurad, isini erTmaneTisaken Z-zolebsac izi-

davs, ris Sedegadac sarkomeri mokldeba. am procesis energiiT uzrunvelyofa xde-

ba ATP-is hidroliziT gamoyofili energiis xarjze.  

VI.3.4. Ca2+-is transporti miocitebSi 

kalciumi gansakuTrebul rols asrulebs gulis kunTis SekumSvisa da modunebis 

procesSi. misi transporti miocitebSi sami meqanizmiT xorcieldeba. kerZod, ioni 

citoplazmaSi Sedis Ca2+-is arxebiT, xolo gamodis Na+/Ca2+-cvliTa da ferment Ca2+-

atf-azas moqmedebiT. Tanamedrove Sexeduleba miocitebSi Ca2+is ionis moZraobis 

Sesaxeb emyareba sarkoplazmaturi retikulumidan kalcium-inducirebul Ca2+-is 

ionis gamoTavisuflebis (CICR)  meqanizms, romlis mixedviT gulis ciklis dros Se-

darebiT mcire raodenobis Ca2+-is ioni, e.w. trigeruli kalciumi, Sedis da maleve 

tovebs kardiomiocitebs, Tumca, amavdroulad gacilebiT didi raodenobis ioni 

Tavisufldeba sarkoplazmuri retikulumidan da aseve ukanve STainTqmeba. iTvleba, 

rom depolarizaciis yoveli talRa, romelic vrceldeba Т-milakebze, xsnis masze 

arsebul L-tipis neli moqmedebis   Ca2+-arxs, raTa am ukanaskneliT Sesulma ionma ga-

moiwvios amave ionis gacilebiT didi raodenobis gamodevna uSualod sarkoplazmur 

retikulumze mdebare rianodinis receptoris (RyR) daxmarebiT (sur. VI.27).  

kalciumi ujredis citoplazmaSi sarkoplazmuri retikulumidan RyR-is garda 

xvdeba arxiT, romelic asocirebulia inozitol-3-fosfatad (IP3R). orive arxis aq-

tivatoria proteinkinazebi А, С da Ca2+-kalmadulin-damokidebuli proteinkinaza.     

rianodinis receptorebi (RyR) gvxvdeba agznebad qsovilebSi, kerZod kunTebsa da 

neironebSi. saxelwodeba warmosdgeba mcenareuli alkaloididan — rianodinidan, ro-

melic xasiaTdeba maRali TvisobiT am receptorisadmi.  cnobilia receptoris ramde-

nime izoforma: 

• RyR1 gvxvdeba mxolod ConCxis kunTebSi; 

• RyR2 — gulis kunTSi; 

• RyR3   farTodaa warmodgenili tvinSi; 

• TevzebSi aRmoCenilia receptoris meoTxe tipi — RyR4. 
 

 
 

suraTi VI.27. kalciumis ionis moZraoba kardiomiocitebSi 
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rianodinis receptorebs ormagi funqcia aqvs:1. dakavSirebulia sarkoplazmuri 

retikulumis kalcium-gamoTavisuflebis arxebTan; 2. warmoadgens cilovan sayrdens, 

sadac ganTavsebulia ZiriTadi regulatoruli cilebi. magaliTad, mastabilizirebe-

li cila FKBP-12.6, romelic fosforilirebis sapasuxod aregulirebs uaxloesi RyR-

is gaxsnas. am receptoris Taviseburebas warmoadgens is, rom igi miemarTeba sarkop-

lazmuri retikulumidan T-milakebisaken da qmnis masTan kompleqss. am kompleqsis 

daniSnulebaa Ca2+-is gamoTavisufleba da sivrcis Sevseba sarkolazmur retikulmsa 

da  T-milakebis Soris. RyR-is receptorebi Sekrebilia jgufebad da TiToeul jgufSi 

50-300 receptoria. zomiT receptori  sakmaod didia da aseTi oTxi receptori qmnis 

megakompleqss, romlis SigniTac ganTavsebulia kalciumis gamoTavisuflebis arxi. 

jgufurad ganlagebuli rianodinis receptorebis gaReba da daxurva erTdroulad 

mimdinareobs. mas Semdeg, rac depolarizaciis talRa miaRwevs T-milakebs da gaixsne-

ba L-tipis arxebi, Са2+-ioni xvdeba miocitebSi da aRwevs retikulumisa da RyR-is Sema-

erTebel ubans. amis Sedegad icvleba RyR-is molekuluri konfiguracia, romelic 

xsnis Ca2+-is gamoTavisuflebis arxs, raTa moxdes am ionis gadmosvla citozolSi.  es 

procesi gansakuTrebiT mniSvnelovania SekumSvisas. ConCxis kunTebSi RyR1 lokalize-

bulia sarkoplazmuri retikulumis cisternebze da iTvleba, rom  misi grZeli e.w. 

`kudi~ kontaqtirebs plazmalemaze arsebul potencial-mgrZnobiare Ca2+-arxTan, ro-

melsac dihidropiridinis receptori (DHPR)  ewodeba (sur.VI.28). receptori lokali-

zebulia T-milakebze. dadgenilia, rom DHPR gvxvdeba rogorc ConCxis kunTebSi, aseve 

gulis kunTSi. potencialis cvlileba milakis membranaze iwvevs DHPR-is konforma-

ciul cvlilebebs, gadaecema RyR-s, rac iwvevs am ukanasknelis gaxsnas da Ca2+-is ionis 

gadmosvlas sarkoplazmaSi.  

 

 
 

suraTi VI.28.  rianodinisa da dihidropiridinis 

receptorebis urTierTganlageba 

RyR – rianodinis receptori; DHPR – dihidropiridinis receptori 

 

iTvleba, rom ConCxis kunTis DHPR-sa da RyR-s Soris arsebobs fizikuri kontaq-

ti, rac ganapirobebs depolarizaciis  pasuxad  kunTis myisierad meqanikur Sekum-

Svas (milisekundi). gulis kunTSi da gluv kunTebSi DHPR-sa da RyR-s Soris aseTi 

mWidro kavSiri ar arsebobs. DHPR-iT Semosuli kalciumis ionis daxmarebiT xdeba 

Ca2+-is koncentraciis mateba sarkoplazmaSi, rac, Tavis mxriv, aaqtivebs  RyR-s, xde-

ba arxis  gaxsna da warmoebs  ufro didi raodenobiT kalciumis ionis gadmosvla 

sarkoplazmaSi (Ca2+-inducirebuli Ca2+-is gamoTavisufleba).  
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rianodinis receptori sakmaod axlosaa lokalizebuli mitoqondriebTan da Ca2-

is gamoTavisufleba sarkoplazmaturi retikulumidan aseve aregulirebs ATP-is 

warmoqmnas gulis kunTis ujredebSi.  

rianodinis receptorebTan sxvadasxva funqciis cilebia dakavSirebuli. magali-

Tad, RyR2-s luminaluri mxridan ukavSirdeba sxvadasxva damxmare cila, romlebic 

monawileobs receptoris meoTxeuli struqturis SeqmnaSi. esenia kalsekvestrini, 

triadini, janqtini da cila FKBP-12.6.  

SekumSvaSi monawile Ca2+-is raodenobis 10% miocitebSi xvdeba ujredgare aredan, 

xolo 90%-s Seadgens sarkoplazmuri retikulumidan gadmosuli kalciumi.  amrigad, 

depolarizaciis Sedegad citozolSi gamoTavisufldeba Ca2+-is gacilebiT didi rao-

denoba miocitebSi moxvedrili mcire raodenobis ionis sapasuxod. es procesi gaci-

lebiT maRali xarisxiT zrdis citozolSi Ca2+-is koncentracias, rac aZlierebs am 

ionebis troponin С-Tan urTierTqmedebis xarisxs. es ukanaskneli, rogorc cnobilia, 

warmoadgens SekumSvis iniciators.  

kalciumis arxebi transmembranuli, rTuli agebulebis cilebia, romlebic  ram-

denime suberTeulisagan Sedgeba. am arxebiT gadaadgildeba aseve natriumisa  da 

wyalbadis ionebi. rogorc cnobilia, Ca2+-arxebi ori tipisaa — potencial-damokide-

buli da ligand-damokidebuli. potencial-damokidebuli arxebis muSaoba regulir-

deba membranaze arsebuli eleqtruli potencialiT. meore SemTxvevaSi, ionebis naka-

dis regulirebas axdens specifikuri agonistebi (acetilqolini, kateqolaminebi, se-

rotonini, histamini da sxv.) maTi urTierTqmedebiT Sesabamis receptorebTan.  dRes-

dReobiT cnobilia Ca2+-is ramdenime tipis arxi (L, T, N, P, Q, R), romlebsac aqvs sxva-

dasxva Tvisebebi (gamtaroba, gaRebis xangrZlivoba da sxv.) da qsovilovani lokaliza-

cia.  maTgan gul-sisxlZarRvTa sistemaSi gvxvdeba L, T da R tipis arxebi. maTgan mio-

kardiumisaTvis gansakuTrebiT mniSvnelovania L- da T-tipis arxebi.   

L-tipis arxebi  (long-lаsting, large-capacitance) nela aqtivdeba ujredis membranis de-

polarizaciisas, ganapirobebs Ca2+-is nel Sesvlas ujredSi da neli potencialis 

formirebas. am tipis arxebi gvxvdeba miocitebSi, gulis gamtar sistemebSi, arteriu-

li sisxlZarRvebis gluv kunTebSi, bronqebSi, SardsawveTsa da  saWmlis momnelebel 

traqtSi.  

neli moqmedebis kalciumis arxi Seqmnilia didi zomis α1-suberTeulisagan, ro-

melic TviTon qmnis arxs da SedarebiT mcire zomis damatebiTi α2, β, γ, δ-suberTeu-

lebisagan (sur.VI.29).  α-suberTeulebi uzrunvelyofs SerCeviTobas Ca2+-is mimarT 

da Seicavs  eleqtrul sensors. β-suberTeuli gansazRvravs arxis aqtivobis kineti-

kas (gaReba, daketva, inaqtivacia), xolo danarCeni suberTeulebi monawileobs arxis 

struqturis SeqmnaSi. 

 

 

suraTi VI. 29.  L-tipis  Ca2+-is arxi (Ion Channel & Transporter Laboratory) 

 



 

 296 

L-tipis arxebis muSaobaze zegavlenas axdens kalmadulin-damokidebuli prote-

inkinaza, romelic awarmoebs misi Semadgeneli suberTeulebis fosforilirebas, ri-

Tac aZlierebs mis funqcias.  amave dros, SesaZlebelia kalmadulinis pirdapiri ze-

moqmedeba L-arxebze, misi dakavSirebiT arxis ujredSida ubanTan, rasac mosdevs ar-

xis mgrZnobelobis gazrda ujredSida Ca2+-is mimarT. Ca2+-s Seswevs unari daukavSir-

des arxis ujredSida nawilis С-bolos. es meqanizmi uzrunvelyofs arxis inhibire-

bas citoplazmaSi kalciumis koncentraciis gazrdisas.   

T-tipis arxebi (T — Transient — tranzitoruli — swrafi, xanmokle — igulisxmeba 

arxis gaxsnis xangrZlivoba). swrafi moqmedebis arxebia. maT dabalzRurblian arxeb-

sac uwodeben, vinaidan ixsneba dabali potencialis SemTxvevaSi, kerZod, roca po-

tencialTa sxvaoba 40mV-ia. misgan gansxvavebiT L-tipis Ca2+-is arxi miekuTvneba ma-

RalzRurblian arxs — ixsneba 20 mV-is dros. T-tipis arxebi lokalizebulia plaz-

malemaze da  mniSvnelovan rols asrulebs gulis kunTis SekumSvis generaciaSi. ama-

ve dros, monawileobs winagulsa da parkuWSi impulsis gatarebis regulaciaSi. mio-

citebSi T-tipis Ca2+-is arxebis raodenoba naklebia. savaraudod, maTi moqmedeba 

vlindeba ujredSida Ca2+-is donis gazrdis sawyis stadiaze. 

am tipis arxebis muSaoba regulirdeba c-AMP-iTa da c-GMP-iT. pirveli maTgani 

axdens maTi muSaobis stimulirebas arxis cilebis fosforilirebis xarjze, xolo 

meore — inhibirebas.  

Ca2+-atf-aza. kardiomiocitebSi Ca2+-is raodenobis regulirebaSi arxebTan er-

Tad aqtiuradaa CarTuli  Ca2+-ATP-azac, romlis moqmedeba damokidebulia ATP-is 

hidroliziT gamoTavisuflebul energiaze.  

kunTis modunebis dasawyebad aucilebelia citoplazmidan Ca2+-is mocileba da 

misi xelaxali akumulireba sarkoplazmur retikulumSi an ujredidan ujredgare 

areSi gamosvla. modunebis procesSi kunTis ujredebSi citoplazmidan Ca2+-is 

gamodevnaze pasuxismgebelia sarkoplazmuri retikulumis membranaSi CaSenebuli 

fermenti Са2+-АТP-aza (Са2+-tumbo). sxvanairad mas SERCA-s uwodeben (Sarco(Endo)plas-

mic Reticulum Calcium ATPase). is ganekuTvneba ionuri tipis satransporto ATP-azebs. 

amave tipis atf-azebs miekuTvneba aseve plazmuri membranis Са2+-АТP-aza, N+,K+-ATP-

aza, H+,K+- ATP-aza da sxv.   

kalciumis akumulireba sarkoplazmur retikulumSi mimdinareobs SERCA-s saSu-

alebiT.  misi aqtivoba matulobs adrenerguli stimulaciiT. STanTqmis Semdgom 

Ca2+-is ioni sarkoplazmur retikulumSi inaxeba specializebul cila-deposTan da-

kavSirebuli formiT. am cilas kalsekvestrini ewodeba. sarkoplazmaSi gamoTavi-

suflebuli ioni ukavSirdeba ujredSida Ca2+-damakavSirebel regulatorul ci-

lebs da am formiT iwvevs sxvadasxva bioqimiuri procesebis aqtivacias an inhibire-

bas. miocitebSi kalciumi ukavSirdeba troponin C-s, rac iwvevs aqtomiozinis ATP-
azuri aqtivobis gaZlierebas da kunTis SekumSvas.  

cnobilia SERCA-s ramdenime izoforma. maTgan gansakuTrebiT mniSvnelovania 

kardialuri izoforma SERCA 2 (115kdal). igi Sedgeba citoplazmisaken moqceuli 

hidrofiluri domenisagan da transmembranuli domenebisagan. es ukanaskneli, Tavis 

mxriv, aSenebulia aTi hidrofoburi α-spiraluri ubnisagan. hidrofiluri domeni 

uzrunvelyofs ATP-is dakavSirebasa da hidrolizs, xolo transmembranul domenSi 

xdeba Ca2+-is dakavSireba da misi transportireba sarkoplazmuri membranis gavliT 

sarkoplazmur retikulumSi. citoplazmaSi Ca-is ionis umniSvnelo matebac ki, iw-

vevs SERCA-s aqtivacias da ionis transports citoplazmidan sarkoplazmur 
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retikulumSi. yovel hidrolizirebul molekula ATP-ze gadaitaneba 2 kalciumis 

ioni. energiis wyaros warmoadgens glikolizis Sedegad warmoqmnili ATP.  nanaxia 

mniSvnelovani kavSiri gulis aqtiurobasa da SERCA-s funqcionirebas Soris. 

   

 
suraTi VI.30. sarkoplazmuri retikulumis 

Са2+-АТP-azasa da fosfolambanis  urTierTganlageba 

 

miocitebis sarkoplazmur retikulumSi arsebuli SERCA2 gansxvavdeba ConCxis 

kunTebSi arsebuli SERCA1-gan. ZiriTadi ganmasxvavebeli niSania, rom SERCA2 sar-

koplazmuri retikulumis membranaSi mtkiced ukavSirdeba regulatorul cilas 

fosfolambans, romelic Cveulebriv pirobebSi (defosforilirebuli) Са2+-АТP-

azas inhibitoria (sur.VI.30). 

fosfolambani oligomeruli cilaa, romelic Sedgeba xuTi erTnairi polipep-

tiduri jaWvisagan. TiToeuli jaWvis molekuluri masa 5kdal.-ia. molekulis cito-

zolisaken mimarTul N-boloze ganlagebulia dadebiTad damuxtuli aminomJavebis 

naSTebi, romelebic pasuxismgebelia am cilis urTierTqmedebaze Са2+-АТP-azas ci-

toplazmur domenTan. aqve gvxvdeba serinisa da treoninis naSTebic, romlebsac aqvs 

fosforilirebis unari cAMP-damokidebuli- da Ca2+-kalmadulindamokidebuli 

proteinkinazebiT (sur.VI.31).  

 

 
 

suraTiVI.31. fosfolambanis aqtivobisa da gulis kunTis  

muSaobis intensivobis cvlileba b-adrenerguli sistemiT 
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am naSTebis fosforilirebiT kompensirdeba fosfolambanis citoplazmuri do-

menis dadebiTi muxti da irRveva misi urTierTqmedebis xasiaTi  Са2+-АТP-azasTan. 

savaraudod, mosvenebul mdgomareobaSi gulis kunTis sarkoplazmuri retikulimis 

Са2+-АТP-aza mniSvnelovnad (Tumca ara mTlianad) inhibirebulia fosfolambaniT. 

darCenili aqtivoba sakmarisia imisaTvis, rom citoplazmaSi SenarCundes Са2+-is 

dabali koncentracia. Са2+-is koncentraciis matebisas fosfolambani ganicdis fos-

forilirebas Ca2+-kalmadulin-damokidebuli proteinkinazaTi, rac iwvevs Са2+-АТP-

azas aqtivacias. analogiuri situacia SeiniSneba gulis adrenerguli stimulaciis 

SemTxvevaSic: adrenalinis dakavSireba b-adrenergul receptorebTan iwvevs adeni-

latciklazas gaaqtiurebas, cAMP-is dagrovebas, cAMP-damokidebuli proteinkina-

zas gaaqtiurebas da fosfolambanis fosforilirebas. fosforilirebuli fosfo-

lambani xsnis sarkoplazmuri  retikulumis Са2+-АТP-azas inhibirebas, rasac mos-

devs miokardiumis relaqsacia. 

Na+/Ca2+ cvla. miocitebidan Ca2+-is udidesi nawili swored Na+/Ca2+ cvliT gamo-

dis ujredgare areSi. mosvenebul mdgomareobaSi myof miocitebSi es procesi iZle-

va imis SesaZleblobas, rom ujredis SigniT SenarCundes Ca2+-is dabali done. yovel 

1 kalciumze icvleba 3Na+-is ioni. aseTi tipis mimocvla mosvenebuli mdgomareobi-

saTvisaa damaxasiaTebeli, magram agznebis dros am process SeuZlia Sebrunebuli mi-

marTulebiT moqmedebac. kerZod, agznebisas ujredSida Na+-is koncentraciis 

gazrda iwvevs ujredSida Ca2+-is koncentraciis zrdasac. am movlenas dadebiTi io-

notropuli efeqti ewodeba. am efeqtis gamo miokardiumis SekumSvis procesi gaZli-

erebulia. magaliTad, preparati digitalisi, romelic gamoiyeneba gulis ukmariso-

bisas, warmoadgens Na+,K+-ATP-azas inhibitors, ris Sedegadac ujredis Signidan uj-

redgare areSi ferxdeba Na+-is gamosvla, rasac mosdevs misi ujredSida koncentra-

ciis gazrda, rac, Tavis mxriv, zrdis Ca2+-is ujreSida koncentraciasac. pasuxad vi-

RebT gulis kunTis SekumSvis Zalis zrdas, rac gulis ukmarisobis daZlevis saSua-

lebaa.  

zogadad, gulis kunTi mdidaria sxvadasxva ionuri (Na+, K+, Ca2+ da sxv.) arxebiT. 

am arxebis makodirebel genebSi momxdari mutaciebi  warmoadgens sxvadasxva daava-

debis mizezs. aseT daavadebebs miekuTvneba hiperkaliemiuri perioduli dambla 

(natriumis arxis paTologia), Tandayolili miotonia (qloris arxis paTologia), hi-

pokaliemiuri perioduli dambla (kalciumis arxis paTologia) da sxv. 

VI.3.5. gulis kunTis paTologiebi 

gulisTvis damaxasiaTebelia mTeli rigi paTologiuri mdgomareoba, romelic 

sxvadasxva mizeziT aris ganpirobebuli. es mizezebi sakmaod mravalferovania da mo-

icavs rogorc uSualod SekumSvadi cilebis funqcionirebaSi momxdar cvlilebebs, 

aseve receptorul sistemebsac. 

gulis ukmarisoba.  gulis ukmarisoba warmoadgens paTologias, romlis dro-

sac guli ver tumbavs im raodenobiT sisxls, rac aucilebelia periferiuli qsovi-

lebisaTvis. daavadeba gamowveulia miokardis kunTebis SesustebiT an gulis kedlis 

elastikurobis dakargviT. gulis ukmarisobis SemTxvevaSi darRveulia sisxlis mi-

moqcevis procesi, ris Sedegadac veRar xerxdeba normis farglebSi organizmis qso-

vilebis momarageba JangbadiTa da sakvebi naerTebiT. gulis ukmarisobas Tan axlavs 

kardiomiocitebis adaptacia, romelic mimarTulia iseTi maxasiaTeblis SenarCune-



 

 299

bisaTvis, rogoricaa gulis wuTmoculoba. adaptaciis Sedegia miokardiumis hiper-

trofia, rasac mosdevs SekumSvadi qsovilis gadideba da simpaTikuri nervebis pro-

duqtiulobis momateba. gansakuTrebiT es exeba adrenalinisa da noradrenalinis ga-

moTavisuflebas, rac TavisTavad zrdis miokardiumis SekumSvis xasiaTs. gulis uk-

marisobis dasawyisSi adaptaciuri movlenebi SesaZlebelia adekvaturi iyos gulis 

normaluri kumSvadobis SesanarCuneblad, Tumca, sabolood, mainc xdeba gulis 

wuTmoculobis Semcireba. es movlena gansakuTrebiT kargad Cans β-adrenerguli 

receptorebis moqmedebiT gamowveuli sasignalo sistemebis muSaobaSi.  

normalur gulis kunTis ujredebSi adrenalini aaqtivebs β1- da β2-adrenergul 

receptorebTan dakavSirebul G-cilebs. orive es receptori SeuRlebulia mastimu-

lirebel GS-cilebTan, rasac Sesabamisad mosdevs adenilatciklazuri aqtivobisa da 

cAMP-is raodenobrivi mateba da proteinkinaza A-s gaaqtiureba, rac, Tavis mxriv, 

iwvevs L-tipis Ca2+-arxebisa da fosfolambanis (es ukanaskneli warmoadgens sarkopla-

muri retikulumis Ca2+-ATP-azas alosteriul regulators) fosforilirebas. Ca2+-
arxebis fosforilirebis Sedegad izrdeba dro, romlis ganmavlobaSic depolariza-

ciis Sedegad arxi Ria rCeba da ganapirobebs Ca2+-ionis maqsimalur Sedinebas ujredSi. 

defosforilirebuli fosfolambani Ca2+-ATP-azas inhibitoria. inhibitoruli efeq-

ti sustdeba misi fosforilirebiT, rasac mosdevs sarkoplazmaturi retikulumis 

mier Ca2+-ionebis gadatumbvis siCqaris gazrda. plazmuri membraniT ujredSi Ca2+-io-

nebis gaZlierebuli Sedineba (L-arxebis fosforilirebis Sedegad) da iqidan amave 

ionis sarkoplazmur retikulumSi gadasvla, ganapirobebs Ca2+-iT inducurebul Ca2+-

is gamoTavisuflebas. amrigad, adrenerguli sistemis stimulaciisas, TiToeuli 

moqmedebis Sesrulebis Sedegad  ufro meti Ca2+-ioni gamoTavisufldeba, rac kidev 

ufro aZlierebs SekumSvis xarisxs (dadebiTi ionotropuli efeqti) da zrdis  

gadatumbuli sisxlis raodenobas. am procesis Sedegad, SekumSvisa da modunebis 

cikli gacilebiT swrafad mimdinareobs. yovelive es moiTxovs energiis did dana-

xarjs da, Sesabamisad, Jangbadisa da metabolitebis (cximovani mJavebi, glukoza) 

miwodebis gazrdas. 

Tu xdeba adrenoerguli receptorebis funqciuri aqtivobis darRveva an maTi 

blokireba receptorebis sasignalo cilebis ama Tu im  cvlilebis gamo, zemoaRweri-

li procesi irRveva da viTardeba gulis SegubebiTi ukmarisoba.  

guli ganuwyvetliv da riTmulad ikumSeba da dundeba. gulis kunTSi arsebuli 

potencial-damokidebuli arxebi, iseve rogorc sxva qsovilis arxebi, agznebis Sem-

dgom moiTxovs garkveul dros aRdgenisaTvis. am procesis darRveva dakavSirebu-

lia iseTi problemebis ganviTarebasTan, rogoricaa ariTmiebi da fibrilacia. mio-

citebSi agznebis dasawyisia Na+-is arxebis gaxsna da Na+-is Sedineba ujredSi, rac 

depolarizaciis gamomwvevia. am dros ixsneba K+-is arxebi da iwyeba K+-is gamosvla 

ujredgare areSi. am arxebis gaReba mniSvnelovania moqmedebis potencialis gamosa-

TiSad. gulis kunTis am arxebis defeqtebma SesaZlebelia uecari sikvdili gamoiwvi-

os, gansakuTrebiT fizikurad aqtiur axalgazrdebSi.   

kardiomiopaTia. kardiomiopaTia warmoadgens gulis kunTis pirvelad daavade-

bas, romlis 3 tipia cnobili. esenia hipertrofuli, dilataciuri da restriqciu-

li. yvela es forma SesaZlebelia iyos rogorc memkvidruli, aseve SeZenili.  

hipertrofuli kardiomiopaTiebi. heterogenuli daavadebaa, romlisTvisac da-

maxasiaTebelia gulis marcxena parkuWis masis gazrda. es ukanaskneli ganpirobebu-

lia ujredebis zomis gazrdiT. gulis kunTis masis gazrdas mosdevs gulis kunTis 

gasqeleba. daavadebuli gulis mier xdeba sisxlis Zlieri gadaqaCva da yalibdeba e.w. 
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hipertrofiuli kardiomiopaTia. daavadeba sxvadasxva asakSi SeiZleba gamomJRav-

ndes, am SemTxvevaSi xSiria uecari sikvdilic.  

identificirebulia 7 geni, romlebic pasuxismgebelia aRniSnuli paTologiebis 

Camoyalibebaze da yoveli maTgani akodirebs sarkomeris SekumSvad cilebs (cxr.VI.1.) 

TiToeuli am genis mutacia cvlis eqokardiologiur suraTs. magaliTad, gulis 

troponini T-s mutaciisas gulis parkuWis sisqe normaSia, magram yvelaze didi riski 

uecari sikvdilisa swored am mutaciasTanaa dakavSirebuli.  

 

cxrili VI.1. 

hipertrofuli kardiomiopaTiebis gamomwvevi genebi 

 

 cila qromosoma 

1. gulis β-miozinis mZime jaWvi XIV 

2. gulis T-troponini I 

3. ά-tropomiozinis geni XV 

4. gulis miozinis damakavSirebeli cila XI 

5. miozinis msubuqi jaWvi XIX 

6. miozinis maregulirebeli msubuqi jaWvi XIX 

7. gulis I-troponini  XIX 

  

gulis β-miozinis mZime jaWvSi sxvadasaxva mutacia gansxvavebul klinikur su-

raTs ganapirobebs. magaliTad, 403-e argininis Canacvleba glutaminiT ueWveli sik-

vdilis mizezia, 606-e valinis Canacvleba meTioniniT gacilebiT msubuq paTologias 

iwvevs. sxvadasxva mutaciebi sxvadasxva bioqimiuri procesebis defeqturobas gana-

pirobebs. magaliTad, β-miozinis mZime jaWvSi 403-e argininis Canacvleba glutami-

niT iwvevs filamentebis Securebis siCqaris 80%-iT Semcirebas. 

gulis funqciis SesaZlo cvlilebebia miozin-aqtinis urTierTqmedebisas war-

moqmnili Zalis Semcireba, miozinis araswori mimagreba sarkomerSi an tropomiozi-

nisa da troponinis suberTeulebis romelime funqciis moSla.        

dilataciuri kardiomiopaTiebi pirveladi paTologiebia da maTTvis damaxasi-

aTebelia marcxena parkuWis dilatacia, gazrdili moculoba da sistoluri dis-

funqcia. guli gawelili da Txelia, parkuWebi ivseba zedmeti sisxliT, romlis efeq-

turi gadatumbva mas aRar SeuZlia. 

dilataciuri miopaTiebis umetesobis mizezs memkvidruli, autosomuri darRve-

vevi warmoadgens, aseve gvxvdeba darRvevebi, romlebsac mitoqondriuli an X-SeWi-

duli xasiaTi aqvs. am tipis daavadebaTa didi nawili SeZenilia da gamowveulia mio-

karditebiT an wamlebis toqsikurobiT. am mdgomareobis mizezi SesaZlebelia iyos 

defeqturi aqtini. miuxedavad imisa, rom aqtinis molekula sakmaod konservatoru-

lia, mainc arsebobs sxvadasxva genis mier eqspresirebuli aqtinis ramdenime izo-

forma. eqvsidan xuTi izoforma gvxvdeba ConCxisa da gulis ujredebSi. mozrdili 

adamianis gulis miocitebSi aqtinis daaxloebiT 80% specialuri kardiuli izo-

formebis eqspresiis Sedegia. mutaciebma SesaZlebelia gamoiwvios seriozuli Sede-

gebi. mutaciebis mizezia calkeuli aminomJavebis Canacvleba.  

dilataciuri kardiomiopaTiebis CamoyalibebaSi savaraudod monawileobs ci-

toConCxis cilebi. aseT cilebs miekuTvneba distrofini, distrofin-asocirebuli 

glikoproteinuli kompleqti (dagk), vinkulini da   aqtini. distrofini citoConCxis 

didi zomis cilaa (427kd), igi sarkolemis Sida mxaresaa lokalizebuli da dakavSi-

rebulia cila vinkulinTan da speqtrinTan. kidura N-aminoboloTi igi ukavSirdeba 
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didi zomis transmembranul glikoproteinul kompleqss — dagk-s. am kompleqsis zo-

gierTi komponenti, Tavis mxriv, dakavSirebulia ujredgare matriqsTan. distrofi-

ni mniSvnelovan rols asrulebs kavSiris damyarebaSi Sinagan aqtinur citoConCxsa 

da garegan bazalur membranebs Soris. 

savaraudod, dagk sam ZiriTad funqcias asrulebs: ganapirobebs membranis stabi-

lurobas, Zalis gadacemas (igi SesaZlebelia monawileobdes ujredis SigniT war-

moqmnili SekumSvis ujredgare gadacemaSi) da warmoqmnis specializebul membranul 

struqturebs.  

cila distrofinis mutaciebiT ganapirobebulia iseT paTologiebi, rogoricaa di-

uqenis kunTovani distrofia, bekeris kunTovani distrofia da X-SeWiduli dilataci-

uri kardiomiopaTia. es ukanaskneli mamrobiTi sqesis individebSi adreuli asakidan 

vlindeba, xolo qalebSi 50 wlis asakis zemoT da nela progresirebs. dagk-is mutaciebi 

damaxasiaTebelia ara marto gulis, aramed sxva kunTebis paTologiebTanac. magaliTad, 

kidurebis sartylis distrofiasTan, Tandayolil kunTovan distrofiasTan da sxv.       

aRsaniSnavia, rom kardiomiopaTiebi, citoConCxis cilebis mutaciebis garda, SesaZ-

lebelia ganpirobebuli iyos aseve im metaboluri procesebis darRveviT, romlebic 

gulis kunTs amaragebs energiiT. aseT procesebs miekuTvneba cximovani mJavebis daJan-

gva da JangviTi fosforilireba.        

atriul-septumuri defeqtebi da transkrifciuli faqtorebi. zogierTi muta-

cia moqmedebs gulis struqturis Camoyalibebaze da ganapirobebas defeqturi foris 

warmoqmnas mis kedelSi an ZgideSi. gulis ganviTareba da Camoyalibeba rTuli procesia. 

nayofis ganviTarebisas gulSi or sakans, anu atriums Soris SeiniSneba erTi an ramdeni-

me fora. dabadebisas es forebi ixureba, Tumca zogierT SemTxvevaSi forebis daxurvas 

ramdenime kvira an Tve sWirdeba. 1500 axalSobils Soris erTSi es forebi ufro didia 

da meti, vidre unda iyos. aseT defeqtebs atriul-septumuri defeqtebi ewodeba da ma-

Ti gamosworeba SesaZlebelia mxolod qirurgiuli meTodebiT.           

gulis iSemiuri daavadeba. gulis iSemiuri daavadebis dros aRiniSneba sisxlis na-

kadis Semcireba, rac koronalur arteriebSi warmoqmnili cvlilebebiTaa ganpirobebu-

li.  gulis iSemiuri daavadebis mizezs warmoadgens aTerosklerozi da koronaluri 

arteriebis sanaTuris Seviwroeba aTerosklerozuli folaqebis gamo. gulis ukmari-

sobis Sedegia miokardiumis infarqtic. 

iSemiuri miokardiumisaTvis damaxasiaTebelia JangviTi fosforilebis Semcireba 

da anaerobuli cvlis mateba. glikogenolizis da glikolizis intensivobis adreuli 

mateba gulis kunTSi arsebuli glikogenisa da glukozis xarjze mimdinareobs. parale-

lurad, kateqolaminebisa da cAMP-is ujredSida koncentraciis mateba, Tavis mxriv, as-

timulirebs fosforilazas aqtiuri formis — fosforilaza α-s warmoqmnas da gliko-

lizis  fermentis fosfofruqtikinazas aqtivacias. Tumca maqsimalurad gaZlierebul 

anaerobul metabolizms ar SeuZlia xangrZlivad daicvas dazianebuli miokardi, Zali-

an male glikogenis maragi iwureba, xolo ujredSida acidozis gamo, romelic inhibi-

rebs fosfofruqtokinazas,  glikolizi neldeba. 

mitoqondriebSi JangviTi fosforilirebis darRvevis Sedegad АTP-sa da krea-

tinfosfokinazas Semcveloba mkveTrad klebulobs. am mdgomareobis sawyisi gamovle-

naa membranuli gamtarobis darRveva, rac iwvevs ujredidan ionebis, maT Soris К+-isa da 

aseve fermentebis gamodevnas. energetikuli resursebis deficiti, ionuri Semcvelo-

bis cvlileba  da  ujredSida kalciumis raodenobis makontrolirebeli membranuli 

`rezervebis~ darRveva ganapirobebs kunTis ujredis funqciuri aqtivobis Seferxebas 

da maT TandaTanobiT sikvdils. amave periodSi aRiniSneba cvlilebebi miokardiumis 

cilebis SemadgenlobaSic (miofibrilaruli cilebis raodenobis mkveTri Semcireba da 
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stromis cilebis dagroveba). darRvevebi naxSirwylebis, cilebisa da lipidebis (Tavi-

sufali cximovani mJavebi ki ar iJangeba, aramed erTveba trigliceridebSi) cvlaSi mio-

kardiumis infarqtis dros gamoixateba poulibs gulis kunTis cximovani infiltraci-

is saxiT.  

iSemiis Sedegad  warmoqmnili dazianebis xarisxi, fermentebis aqtivobis daqveiTeba 

da Sesabamisi fermentebis aqtivobis zrda sisxlis plazmaSi (magaliTad, kreatinkinaza) 

mniSvnelovnad korelireben erTmaneTTan. aRsaniSnavia, rom miokardiumis infarqtis 

diagnostikisaTvis gansakuTrebiT mniSvnelovania iseTi fermentebis aqtivobis gan-

sazRvra sisxlis plazmaSi, rogoricaa kratinkinaza, aspartataminotransferaza da 

laqtatdehidrogenaza.  bolo wlebia dadginda rom sisxlis plazmaSi iseTi specifiku-

ri cilebis gansazRvra, rogoricaa mioglobini, troponini da sxv. warmoadgens Zalzed 

mgrZnobiare adreul tests miokardiumis dazianebis dasadgenad.  

stenokardia da miokardiumis infarqti. tkivils gulmkerdis areSi, asocire-

buls miokardiumis Seqcevad iSemiasTan, ewodeba stenokardia. tkivilis mizezia gulis 

kunTSi sisxlis miwodebasa da moTxovnilebas Soris arsebuli disbalansi. rac ZiriTa-

dad, gamowveulia koronaluri arteriebis SeviwrovebiT. pacientisaTvis damaxasiaTe-

belia mZime, moWeriTi xasiaTis tkivilebi gulmkerdis Zvlis ukan, romelic xSirad ga-

daecema mxarSi da mklavSi, an ybasa da kiserSi. procesSi CarTuli koronaluri arteri-

ebi daxSulia aTerosklerozis Sedegad (anu amofenilia cximovani CanarTebiT) an Seviw-

roebulia spazmis gamo. infarqti viTardeba im SemTxvevaSi, Tu iSemia SenarCundeba sak-

marisad didi xnis ganmavlobaSi, rac iwvevs gulis kunTis dazianebas (nekrozs). Seviw-

roebul adgilas warmoiqmneba sisxlis kolti, rac sruliad axSobs sisxlZarRvs. in-

farqtis dros iwyeba qsovilis kvdoma da tkivili ufro xangrZlivia.  

nitroglicerini da misi msgavsi preparatebi iniSneba tkivilis mosaxsnelad, Tumca 

SesaZlebelia isini gamoyenebuli iqnan profilaqtikuri mizniTac. cnobilia, rom nit-

roglicerinis efeqti gamowveulia arteriebis gafarToebiT, Jangbadis miwodebis ga-

umjobesebiTa da gulis kunTis ujredebidan rZis mJavas gamodevniT. nitroglicerinis 

daSliT gamoyofili azotis oqsidi adunebs gluv kunTs da, aqedan gamomdinare, iwvevs 

venodilatacias. es amcirebs arteriul wnevas da xels uwyobs sisxlis dagrovebas ve-

nebSi. am efeqtis Sedegia gulSi sisxlis dabrunebis daqveiTeba da, Sesabamisad, gadmo-

satumbi sisxlis moculobis Semcireba, rac, Tavis mxriv, amcirebs energiaze moTxovni-

lebas. procesis saboloo efeqtia gulis mier Jangbadis moTxovnilebis daqveiTeba da 

dazianebuli sisxlZarRvis gavliT JangbadiT momaragebis dabalanseba.  
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VII. sasunTqi sistemis bioqimia 

VII.1. sasunTqi sistemis organoebi 

sasunTqi sistemis organoebi  uzrunvelyofs organizmSi Jangbadis miwodebas da 

naxSirorJangis  gamoyofas. sunTqvis organoebs miekuTvneba cxviris Rru, cxvir-xa-

xa, xorxi, traqea, bronqebi da filtvebi. gazTa cvlaSi monawileobs filtvebi, xolo 

danarCeni organoebi warmoqmnis haergamtar gzebs. cxviris Rru, cxvirxaxa da xorxi 

qmnis zeda sasunTq gzebs, xolo traqea da bronqebi — qveda sasunTq gzebs.  

traqea uzrunvelyofs haeris gatarebas bronqebSi da ukan. igi milis formis or-

ganoa sigrZiT 9-15sm, xolo diametri 15-20mm-s aRwevs. mkerdis IV-V malebis midamoSi 

traqea iyofa or — marjvena da marcxena bronqad.  traqea Sedgeba 16-20 xrtilovani 

naxevarrgolisagan, romlebic erTmaneTTan myesebiTaa SeerTebuli. cxviris Rrudan  

CasunTquli haeri xorxis da Semdeg traqeis gavliT xvdeba filtvebSi, sadac   war-

moebs gazTa cvla filtvebis parenqimaSi arsebul haersa da filtvebis sisxlZar-

RvebSi gamdinare sisxls Soris (sur.VII.1).  

ZuZumwovrebis umravlesobis TiToeuli  filtvi  dayofilia wilebad.  marjvena 

filtvSi  sami wilia, xolo marcxenaSi — ori. wilebi, Tavis mxriv, iyofa segmentebad, 

segmentebi wilakebad, xolo wilakebi Sedgeba acinusebisagan. filtvis TiToeul wi-

lakSi 15-18 acinusia. acinusebi erTmaneTisagan gamoyofilia SemaerTebeli qsovi-

lis SreebiT. calkeuli acinusi Seicavs didi odenobiT alveols (400-600). TiToeul 

filtvSi acinusebis raodenoba 150000-s aRwevs.  (sur.VII.1).  

filtvebis `ConCxs~ bronqebi warmoadgens, romlebic traqeis gayofis Sedegad 

warmoiqmneba. mTavari bronqi, iyofa wvril, meorad bronqebad, romlebic, Tavis 

mxriv, ufro wvril mesame da meoTxe rigis bronqebad iyofa. es ukanasknelebi gada-

dis sasunTq bronqiolebSi, romlebic mTavrdeba e.w. alveoluri bronqiolebiT. 

bronqiolebis bolos ganTavsebulia alveolebi. swored bronqiolebi Tavisi gan-

StoebebiT (filtvebis alveoluri xe) warmoqmnis filtvis acinuss (sur. VII.2).    

 
suraTi VII.1.  sasunTqi sistemis sqematuri gamosaxuleba 

(http://www.eurolab.ua/anatomy/104/) 
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sunTqva regulirdeba CasunTqvisa da amosunTqvis centris mier, romelic mog-

rZo tvinSi mdebareobs. receptorebi, romelTa daxmarebiTac xdeba sunTqvis regu-

lireba, ganTavsebulia sisxlZarRvebze (qemoreceptorebi, romlebic reagirebs nax-

SirorJangis koncentraciis cvlilebebze da SedarebiT naklebad Jangbadis koncen-

traciis cvlilebebze). es receptorebi aseve gvxvdeba bronqebis kedlebze (barore-

ceptorebi, romlebic reagirebs bronqebSi wnevis cvlilebebze). zogierTi recep-

toruli zona, romelTa daxmarebiTac xdeba sunTqvis regulireba, gvxvdeba gare da 

Sida saZile arteriebis gayofis adgilas e.w. karotidul sinusSi. 

sicocxlisaTvis aucilebel energias organizmi iRebs sunTqvis gziT miRebuli 

Jangbadis meSveobiT ganxorcielebuli sakvebi nivTierebebis biologiuri daJangvis 

xarjze. 

sasunTqi sistemis mTavari funqciaa organizmis momarageba JangbadiT da naxSi-

rorJangis gamoyofa organizmidan. amasTanave, sasunTqi gzebi uzrunvelyofs Casun-

Tquli haeris gatarebas, gaTbobas, datenianebasa da gasufTavebas.  

         

 

suraTi VII.2.  filtvis acinusis sqematuri gamosaxuleba 

(http://www.eurolab.ua/anatomy/104/) 

 

gazTa cvla mimdinareobs filtvebis respiratorul ganyofilebaSi, filtvebis 

alveolebSi da mdgomareobs CO2-is difuziaSi eriTrocitebidan alveolebSi da O2-
is difuziaSi sapirispiro mimarTulebiT, kerZod alveolebidan sisxlSi. gazebis 

difuziis siCqare ganisazRvreba maTi parcialuri wneviT (pCO2 da  pO2). eriTroci-

tebSi naxSirorJangis ZiriTadi satransporto formaa karbhemoglobini, xolo sis-

xlis plazmaSi — karbonioni (HCO3
–), romelic warmoiqmneba naxSirmJavas spontanuri 

disociaciis Sedegad: 

H2CO3↔ H+ + HCO3
– 

reaqciis mimarTuleba damokidebulia pCO2-ze. amitom, periferiul qsovilebSi, 

sadac pCO2 maRalia, reaqcia mimarTulia H2CO3-is sinTezisaken, xolo filtvebSi, 

sadac pCO2 dabalia (amosunTqvisas  CO2-is moSorebis gamo), reaqcia mimarTulia  CO2-

isa da H2O-is warmoqmnisaken. gazTa cvlis gansaxorcieleblad aucilebelia fer-

ment karboanhidrazas Tanaoba, romelic akatalizebs Seqcevad reaqcias: 

H+ + HCO3
– ↔ CO2 + H2O 
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karboanhidraza eqspresirdeba eriTrocitebSi, endoTeliocitebsa da I tipis 

alveocitebSi.  CO2-is difuzia am ujredebis membranebSi xorcieldeba wylis  arxe-

bis — akvaporinebis (AQP) meSveobiT. amitom, am procesis mimdinareobisaTvis auci-

lebelia wylis mudmivi dineba eriTrocitebSi, endoTeliocitebsa da I tipis alveo-

citebSi. arxebis arseboba CO2-isaTvis ganapirobebs ujredebis maRal gamtarobas am 

gazisaTvis (25-jer metia, vidre JangbadisaTvis). Jangbadi difundirebs ujredebis 

fosfolipiduri membranebis gavliT (sur. VII. 3). 

 

 

suraTi VII.3.    CO2-isa da  H2O-is transporti eriTrocitebis,  

endoTeliocitebisa da I tipis alveocitebis membranebSi. 

AQP — akvaporini 

VII.2. alveolebi da alveolebis satransporto meqanizmi 

sasunTqi aparatis bolo ganyofilebas buStis formis alveola warmoadgens, ro-

melic ixsneba alveolur sadinarSi. swored alveolebi monawileobs sunTqviT aq-

tSi, filtvis kapilarebTan gazTa cvlis ganxorcielebis meSveobiT (sur.VII. 4).  

 
 

suraTi VII.4. alveoli 

A. — alveolis agebuleba: 1. alveoli; 2. respiratoruli epiTeluri ujredi  

— I tipis alveociti; 3. epiTelis bazaluri membrana; 4. sisxlis kapilaris endoTeliociti; 
5. endoTeliocitis bazaluri membrana; 6. alveolTa-Sorisi SemaerTebeli qsovili;  

7. alveolis garsSemomfeni  elastikuri boWko. B. — eleqtronuli mikroskopiT  

gadaRebuli suraTi: 1. I tipis alveocitebi; 2,3. alveocitis da kapilaris bazaluri  

membranebi; 4. endoTeliociti; 5. granulociti kapilaris sanaTurSi; 

6. sisxlis sahaero barieri;  7. surfaq-tanti. 
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alveolebis kedeli Sedgeba ramodenime tipis ujredisagan. esenia — I tipis alve-

ocitebi (axorcielebs gazTa cvlas, awarmoebs ionebisa da wylis transports); II ti-

pis alveocitebi (asinTezebs da asekretirebs surfaqtants, awarmoebs wylisa da io-

nebis reabsorbcias); alveoluri makrofagebi (axorcielebs baqteriebis, virusebisa 

da detritis fagocitozs); fibroblastebi (asinTezerebs ujredgare matriqsis 

iseT komponentebs, rogoricaa kolageni, elastini da sxv.); pericitebi da sxva ujre-

debi (sur. VII. 3). 

I tipis alveocitebi xasiaTdeba mkvrivi formiT da faravs alveolebis farTobis 

95%-s.  I tipis alveociti axorcielebs gazTa cvlas, romelic ar moiTxovs energiis 

xarjvas. amitom, am ujredebSi ATP-is wyaroa anaerobuli glikolizi. I tipis alveo-

citebSi eqspresirdeba akvaporini AQP1, romelic monawileobs membranis gavliT   

CO2-is difuzis procesSi. I tipis alveocitebs Soris arsebuli mkvrivi ujredSori-

si SenaerTebi uzrunvelyofs membranuli proteinebis asimetriul ganawilebas. mem-

branaSi gvxvdeba ionseleqtiuri arxebi, romlebic aregulirebs Na-isa da Cl-is ione-

bis gadatanas. mkvrivi naerTebis ganvladoba regulirdeba citoConCxiT da Ca2+-is 

koncentraciiT. ionebis kvaldakval transcelularulad difundirebs wyalic 

(sur. VII.5). 

 

 

 

suraTi VII. 5. Jangbadis, naxSirorJangis, 

wylis da ionebis transporti I tipis alveocitebiT 

        

II tipis alveocitebis mTavari funqciaa Na-is ionebis reabsorbcia. es samuSao 

moiTxovs energiis did danaxarjebs. amitom, II tipis alveocitebi energias iRebs ae-

robuli procesis meSveobiT. Na-is ionebis kvaldakval, paracelularulad (ujred-

Soris sivrceSi) transportirdeba Cl-is ionebi, xolo transcelularulad (ujred-

Si) — wyali.       

II tipis alveocitebi kuburi formisaa, romlis apikaluri membrana yaeTovani 

arSiiTaa warmodgenili, sadac  eqspresirdeba epiTelialuri Na+- arxi (ENaC), xolo 

bazolateralur membranaSi  Na+, K+-ATP-aza(sur. VII.6).  

ENaC – epiTelialuri natriumis arxi Sedgeba α, β  da γ suberTeulebisagan. α-su-

berTeuli sinTezdeba konstituciurad (regulaciis gareSe, mudmivad), xolo β-  da 

γ-suberTeulebis sinTezi regulirdeba aldosteroniT, transkripciis doneze.   

ENaC uzrunvelyofs Na+-is pasiur gadatanas alveocitebSi koncentraciuli gradi-

entis mimarTulebiT (sur. VII.  7). 
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suraTi VII.6.  ionebis transporti II tipis alveocitebiT 

 

 
suraTi VII. 7.  II tipis alveocitebis epiTelialuri Na+-is arxi (ENaC) 

 

3Na+/2K+-ATP-aza axorcielebs citoplazmidan ujredSoris areSi (intersticium-

Si)  Na+-is energodamokidebul gadatanas bazolateraluri membranis gavliT, kon-

centraciuli gradientis sawinaaRmdegod. Na+,K+-ATP-aza Sedgeba α- da β-suberTeu-

lebisagan. α-suberTeuli konstituciuria, xolo β-suberTeulis sinTezi regulir-

deba transkripciis doneze (sur.VII. 8). 

 
suraTi.VII.8.  II tipis alveocitebis Na+,K+-ATP-aza 
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ionebis transportis siCqare II tipis alveocitebSi ganisazRvreba ENaC-is rao-

denobiT da Na+,K+-ATP-azas aqtivobiT. am faqtorebis moqmedebis  regulireba xor-

cieldeba transkripciul da posttranskripciul doneebze. ionebis transportis 

ZiriTadi regulatorebia adrenalini, kortizoli, aldosteroni,  superoqsidis ra-

dikali (O2•-) da atriuli natriuretuli peptidi (ANP). 

adrenalini β-adrenoreceptorebis meSveobiT uzrunvelyofs ENaC-is swraf in-

ternalizacias apikalur membranaSi, risTvisac sasignalo ligandreceptoruli 

kompleqsi erTveba endosomebSi, sadac iq arsebuli mJave reaqciis Sedegad disocir-

deba. nawili Tavisufali receptorebisa ukan, plazmur membranaSi brundeba. amri-

gad, Tavisufali receptorebis raodenoba plazmur membranaze mcirdeba. Na+,K+-

ATP-azas internalizacia warmoebs bazolateralur membranaSi, ris Sedegad swra-

fad izrdeba Na+-is reabsorbciis procesi (sur. VII.9.). 

kortizoli da aldosteroni mineralokortikosteroidebis receptorebze ze-

moqmedebis Sedegad aregulirebs ENaC-is α-suberTeulisa da Na+,K+-ATP-azas β-sub-

erTeulis m-rnm-ebis transkripciis siCqares. 

 
suraTi VII.9. ionebisa da siTxis transporti alveolebis epiTeliumSi 

(alveoluri arxebisa da transporterebis modeli) 

1. I tipis alveociti; 2. II tipis alveociti; HSC (highly  selective Na+-channel) — 

maRali seleqtiurobis Na+-is arxi; NSC (nonselective  cation channel)- araseleqtiuri 

kaTionuri arxi; AQP5 — akvaporini; CFTR  (Cystic fibrosis transmembrane regulator) kistozuri 

(cistozuri) fibrozis transmembranuli regulatori 

 

ANP sinTezdeba da sekretirdeba marcxena winagulis kardiomiocitebis mier da 

CarTulia  sisxlis moculobis da wnevis  regulirebaSi. ANP, Sesabamisi receptore-

bis meSveobiT, iwvevs c-GMP-is producirebis zrdas, rac aqveiTebs ENaC-isa da 

Na+,K+-ATP-azas aqtivobas. amrigad, ANP warmoadgens mniSvnelovan faqtors filtve-

bis normaluri funqcionirebisaTvis da misi cvlilebebi SeiniSneba mTli rigi paTo-

logiebis SemTxvevaSi, magaliTad, SeSupebis da `SegubebiTi pnevmoniis~, aseve,  guli-

sa da saxsrebis daavadebebisas. 

kortizolisa da aldosteronis funqcionalur antagonists  warmoadgens supe-

roqsidis radikali (O2•–), romelic ujredebSi producirdeba mitoqondriebs mier  hi-

poqsiis sapasuxod. igi transkripciis faqtoris NF-κB-s meSveobiT axdens ENaC-is α-

suberTeulisa da Na+,K+-ATP-azas β-suberTeulis m-rnm-ebis transkripciis inhibirebas. 

K+-is arxebi mniSvnelovan rols TamaSobs bronqebis ganvladobis regulaciaSi. 

maTi meSveobiT xorcieldeba ujredebidan kaliumis ionebis gamosvla, rac iwvevs 

membranebis hiperpolarizacias. dReisaTvis bronqebisa da alveolebis epiTeliumis 
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ujredebSi aRwerilia K+-is arxebis 40-mde tipi. maTi umetesobis funqcia jerjero-

biT ucnobia. bronqebSi warmodgenilia K+-is arxebis 4 tipi — potencialdamokidebu-

li, ligand-damokidebuli, Ca2+-aqtivirebadi da atf-mgrZnobiare. gansakuTrebuli 

mniSvneloba eniWeba didi gamtareblobis Ca2+-aqtivirebad K+-is arxebs. dadgenilia, 

rom am arxebiT K+-is gamosvla ujredidan warmoadgens agonistebisa da meTilqsan-

tinebis (alkaloidebi. maT ricxvs miekuTvneba kofeini, paraqsantini, Teofilini, 

Teobromini da sxv.; warmoadgenen neirostimulatorul saSualebebs; aris fosfodi-

esTerazas inhibitorebi; adenozinis konkurentuli antagonistebi;  spazmolitike-

bi) bronqodilataciuri moqmedebis erT-erTi meqanizmis safuZvels. es ganpirobe-

bulia c-amf-damokidebuli proteinkinazaTi K+-is arxebis fosforilirebiT. garda 

amisa, adrenoreceptorebi uSualod aaqtivebs K+-is arxebs G-cilebis meSveobiT. 

dResdReobiT cnobilia atf-mgrZnobiare da Ca2+-aqtivirebadi K+-is arxebis speci-

fikuri aqtivatorebi (kromokalimi, nikorandili, pinacidili — antihipertenziuli, 

vazodilataciuri preparatebi). eqsperimentaluri da klinikuri kvlevebiT dadge-

nilia, rom es preparatebi xasiaTdeba bronqogamafarToebeli moqmedebiT da efeq-

turia asTmis Ramis Setevebis aRsakveTad.  

VII.3. surfaqtanti — funqcia da Semadgenloba 

surfaqtanti warmoadgens II tipis alveocitebis — pnevmocitebis  mier sinTezi-

rebul  da sekretirebul zedapirul, aqtiuri  naerTebis (fosfolipidebis, cilebis 

da polisaqaridebis) narevs (cxrili VII. 1). qimiuri SemadgenlobiT surfaqtanti Sed-

geba fosfolipidebis (85%), cilebisa (10%) da polisaqaridebisagan (5%). aqtiuri 

zedapiruli daWimulobis gamo, surfaqtanti amcirebs alveolebSi zedapirul daWi-

mulobas da xels uSlis mis `Caqcevas~. misi aseTi maRali zedapiruli daWimuloba 

gamowveulia surfaqtantSi dipalmitoilfosfatidilqolinis arsebobiT. es ukanas-

kneli warmoiqmneba nayofis filtvebSi mSobiarobis win. surfaqtanturi sistema ar 

aris ganviTarebuli naadrevad dabadebul bavSvebSi, rac xSir SemTxvevaSi maTi da-

Rupvis mizezi xdeba. es sistema xels uwyobs filtvebs Jangbadis Sewovasa da SeTvi-

sebaSi. misi dazianeba SesaZlebelia moxdes travmebis, maT Soris qimiuri da Termu-

li, aseve zogierTi daavadebis SemTxvevaSi.  

 

cxrili VII. 1 

filtvebis surfaqtantis Semadgenloba 

fosfolipidebi — 85% neitraluri lipidebi — 5% 

fosfatidilqolini 7.3% 
qolesterini, Tavisufali cximovani 

mJavebi 

dipalmitoil fosfatidilqolini  47.0 % cilebi — 10% 

ujeri fosfatidilqolini  29.3 % surfaqtantis proteini A 

fosfatidil gliceroli 11.6 %  surfaqtantis proteini B 

fosfatidil inozitoli 3.9 % surfaqtantis proteini C 

fosfatidil eTanolamini 3.3 %   surfaqtantis proteini D 

sfingomielini 1.5 % sxva 

sxva  3.4 %    
surfaqtantis cilebis zusti 

Semadgenloba dReisaTvis ucnobia 
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alveoluri epiTeliumis zedapirze ganTavsebuli surfaqtanti Seicavs or fa-

zas — e.w. hipofazas da apofazas. hipofaza (qveda faza) Sedgeba tubularuli mieli-

nisagan, romelsac axasiaTebs mesriseburi agebuleba da asworebs epiTeliumis zeda-

pirul uswormasworobebs. apofaza fosfolipidebis monomolekuluri zedapiruli 

apkia, romelic hidrofobuli ubnebiT mimarTulia alveolebis sanaTurisaken. sur-

faqtanti amcirebs zedapirul daWimulobas da xels uSlis alveolebis kedlebis Se-

webebas. misi sinTezi inducirdeba kortizoliT. surfaqtantis komponentebia iseTi 

specifikuri cilebi, rogoricaa  SP-A, SP-B, SP-C da SP-D.   

SP-A da SP-D proteinebi ganekuTvneba e.w. koleqtinebis jgufs, romlebsac aqvs 

baqteriebis zedapiruli naxSirwylebis specifikurad amoicnobis unari (kerZod, 

manozisa da N-acetilglukozaminis naSTebis) da SeuZlia maTTan dakavSireba, ris 

Semdgomac iwyeba fagocitozi  alveoluri makrofagebiT. amrigad, surfaqtantis 

SP-A da SP-D cilebi uzrunvelyofs organizmis araspecifikur, antimikrobul dac-

vas. SP-B da SP-C proteinebis funqcias warmoadgens fosfolipiduri apkis stabi-

lizacia.          

surfaqtanti mudmivad gamomuSavdeba alveoluri epiTeliumis ujredebiT da 

misi naxevardaSlis periodia 12-16 sT. alveolebis epiTelialur Sreze surfaqtan-

tis daSreveba qmnis damatebiT difuziur garemos alveolurkapilaruli membrani-

saTvis, romlis gadalaxva uwevs gazebs. surfaqtantis xarjze izrdeba manZili gaze-

bis difuziisaTvis, rac iwvevs koncentraciuli gradientis umniSvnelo Semcirebas 

alveolur-kapilarul membranaze. surfaqtantis gareSe saerTod SeuZlebeli iqne-

boda sunTqva, radgan alveoluri epiTeliumisaTvis damaxasiaTebeli mniSvnelovani 

zedapiruli daWimulobis zemoqmedebis Sedegad adgili eqneboda alveolebis ked-

lebis Sewebebas da alveolebis e.w.  CafuSvas.          

surfaqtanti amcirebs alveolebis kedlebis zedapirul daWimulobas TiTqmis 

nulovan mniSvnelobamde, rac Tavis mxriv: 

1. qmnis filtvebis gaxsnis SesaZleblobas axalSobilis pirvelsave CasunTqvisas; 

2. xels uSlis ateleqtazis  (filtvis Cavardna) ganviTarebas amosunTqvisas; 

3.  uzrunvelyofs zrdasruli adamianis filtvis qsovilis elastikurobasa da 

respiratoruli zonis stabilurobas; 

4.  aregulirebs alveoluri zedapiridan wylis aorTqlebis intensivobas da 

Jangbadis absorbciis siCqares airi-siTxe fazebis gayofis sazRvarze. 

surfaqtantis, ENaC-isa da Na+,K+- ATP -azas suberTeulebis sinTezi iwyeba orsu-

lobis 28-e kviridan. amitom, naadrevi mSobiaroba axalSobilisaTvis saxifaToa, sxva 

mizezebTan erTad, sunTqvis ukmarisobis ganviTarebis saSiSroebis gamoc. 

filtvebis surfaqtantis metabolizmis darRvevebi mniSvnelovan rols Tama-

Sobs iseTi daavadebebis paTogenezSi, rogoricaa axalSobilebisa da zrdasrulebis 

mZime pnevmoniebi, filtvebis tuberkulozi, sasunTqi gzebis Termoqimiuri dam-

wvrobebi, silikozi da mravali sxva.   

surfaqtantis funqciebia:   

1. alveolebis epiTeliumis mfaravi qsovilovani siTxis apkis zedapiruli daWi-

mulobis Semcireba, rac xels uwyobs alveolebis zedapiris gasworebas da xels uS-

lis maTi kedlebis Sewebebas sunTqvisas; 

2. baqteriociduli; 

3. imunomodulatoruli; 

4. alveoluri makrofagebis aqtivobis stimulireba; 

5. SeSupebis sawinaaRmdego barieris Seqmna, rac xels uSlis intersticiumidan 

alveolebis sanaTurSi siTxis SeRwevas. 
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VII.4. alveoluri makrofagebi 

sisxlis makrofagebi warmoadgens organizmis mononuklearuli fagocitebis sa-

erTo sistemis erT-erT komponents, romlebic warmoiqmneba Zvlis tvinis Rerovani 

ujredebisagan. Rerovani ujredebis gayofiT producirdeba  monocitebis winamor-

bedebi — monoblastebi da promonocitebi. monocitebi cirkulirebs sisxliT da na-

wilobriv xvdeba filtvis intersticialur qsovilSi, sadac garkveuli xniT araaq-

tiur mdgomareobaSi imyofeba. diferencirebis induqtoris arsebobis SemTxvevaSi  

isini aqtivirdeba, gadaadgildeba respiratoruli da bronqialuri epiTelis zeda-

pirze, sadac gaivlis momwifebis garkveul stadiebs, gardaiqmneba ra Sesabamisad 

bronqialur makrofagebad da alveolur makrofagebad. am ujredebis ZiriTadi fun-

qciaa STanTqmiTi funqciis realizireba, rac gulisxmobs maT mier ucxo materiis 

STanTqmas. warmoadgens ra organizmis bunebriv rezistentul faqtors, isini pirve-

li Sedis kontaqtSi mikrobebTan da abiogenur agentebTan, anu uzrunvelyofs fil-

tvis amomfeni epiTeliumis sterilurobas.   ucxo nivTierebis umetesoba, aseve, daS-

lili ujreduli fragmentebi, praqtikulad, mTlianad moineleba makrofagebis fa-

gosomuli vakuolebis koniugaciiT lizosomebTan, romlebSic didi raodenobiTaa 

proteolituri fermentebi (sur.VII.10).  

filtvis makrofagebisaTvis damaxasiaTebelia mJave fosfatazas, araspecifiku-

ri esTerazas, katefsinebis, fosfolipazas А2-is, aseve krebsis ciklis fermentebis 

Semcveloba. amave dros cnobilia, rom zogierTi infeqciuri daavadebis gamomwvevs 

didxans SeuZlia gauZlos alveoluri makrofagebis moqmedebas, vinaidan maTi ujre-

dis kedeli maRalgamZleobas iCens lizosomuri fermentebis mimarT. aseT baqteri-

ebs miekuTvneba tuberkulozis gamomwvevi mikobaqteriac (М. tuberculosis).  
filtvebis makrofagebis energetikuli procesebi. ZiriTadad, ganpirobebulia 

maT mitoqondriebSi mimdinare lipoproteinebis JangviTi fosforilirebiT. aqvea 

lokalizebuli superoqsiddismutaza — fermenti, romelic  akatalizirebs single-

turi Jangbadis dismutacias. es procesi ganasxvavebs filtvis makrofagebs polimor-

fulbirTviani leikocitebisagan, romelic energetikul moTxovnilebebs ikmayofi-

lebs, ZiriTadad, glikolizis gziT. am SemTxvevaSi substratis daSla mimdinareobs 

citozolSi da ferment peroqsidazas monawileobiT warmoqmnili wyalbadis zeJangi 

warmoadgens im ZiriTad saSualebas, romliTac makrofagi moqmedebs baqteriaze.  

 
suraTi VII.10. alveoluri makrofagebi (Dr. Richard Kessel & Dr. Randy, 2011) 

 

alveolur makrofagebs aqvs unari Tavisuflad gadaadgildes alveolebSi, mag-

ram isini ZiriTadad koncentrirdeba II tipis alveocitebis maxloblad. alveoluri 

makrofagebi awarmoebs induqciuri NO-sinTazas (iNOS)  eqspresias. iNOS  asinTezebs 

citotoqsikur NO-s, romelic axdens baqteriebis, virusebis da simsivnuri ujrede-

bis neitralizacias. 
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VII.5. sasunTqi sistemis  lorwos Tvisebebi da Semadgenloba 

sasunTqi gzebis Sida zedapiri dafarulia lorwos Txeli feniT. lorwo Seicavs 

wyalSi gaxsnil  Na+, Cl–, K+, Ca2+, mucinebs, sulfatirebul proteoglikanebs, surfaq-

tants, lizocims  da sekretorul imunoglobulin A-s (IgA). lorwos  Semadgeneli 

sxvadasxva komponenti sinTezdeba  sasunTqi gzebis sxvadasxva ubansa da filtvebis 

respiratorul  ganyofilebaSi. sasunTqi gzebis  zedapiruli lorwosaTvis damaxa-

siaTebelia gansazRvruli Tvisebebi, rac ganapirobebs mis ZiriTad funqcias. es Tvi-

sebebia lorwos reologia (denadoba) da adheziuroba.  

lorwos reologiuri Tvisebebi ganisazRvreba sulfatirebuli proteoglikane-

bisa da Ca2+-is koncentraciebis SefardebiT. Ca2+-is koncentraciis mateba lorwoSi 

arRvevs lorwos denadobas. sulfatirebuli proteoglikanebis sinTezi regulir-

deba A vitaminiT. amitom, vitamin A-s deficiti organizmSi iwvevs lorwos kliren-

sis darRvevas, Sesabamisad, baqteriebis gamravlebas da anTebiT process. 

lorwos adheziuroba pirdapirproporciuladaa damokidebuli Cl–-isa da sur-

faqtantis Semcvelobaze. zedapiruli epiTeliumi aregulirebs lorwos reologi-

ur da adheziur Tvisebebs ionebis SerCeviTi readsorbciis, surfaqtantis sekreci-

is da lorwosqveSa jirkvlebis parakrinuli regulaciis meSveobiT. 

lorwo mudmivad gadaadgildeba wamwamovani epiTeliumis wamwamebis moZraobis 

daxmarebiT. sasunTqi gzebi unda ganvixiloT, rogorc reabsorbirebadi monakveTi 

(reabsorbciis maqsimumiT cxvir-xaxaSi), xolo filtvebis respiratoruli ganyofi-

leba, rogorc sekretirebadi monakveTi. amitom, siTxis mimarTuli dineba qveda gan-

yofilebebidan zeda ganyofilebebSi ganpirobebulia mxolod sekretirebadi da re-

adsorbirebadi elementebis ganawilebiT. 

lorwos qveda SreSi gamovlenilia lorwosqveSa jirkvlebi, romlebic   oTxi ti-

pis ujredebiTaa warmodgenili. es ujredebia: serocitebi, mukocitebi, zedapiruli 

epiTeliocitebi da kambialuri ujredebi. 

jirkvlis fundaluri nawili warmodgenilia serozuli ujredebiT (serocite-

biT), romlebic asekretirebs Cl-isa da Na-is ionebs, wyals, lizocims, laqtoferins 

da sekretorul IgA-s. sekrecia iwyeba Cl--is arxis gaxsniT. jirkvlis sanaTurSi Sema-

vali Cl- uzrunvelyofs potencialTa transepiTelur sxvaobas Na+-is ionis tran-

sportirebisaTvis. serozuli ujredebis mier xdeba ferment lizocimis sekrecia, 

romelic arRvevs baqteriebis ujredis kedels da axdens baqteriis gauvnebelyofas.  

serocitebis mier sinTezirebuli glikoproteini laqtoferini ikavSirebs rkinis 

ionebs, romelic lorwoSi Cndeba epiTeliumis ujredebis da baqteriebis daSlisas. 

imis gaTvaliswinebiT, rom Tavisufali rkina toqsikuria ujredebisaTvis, laqto-

ferinis moqmedeba mimarTulia am ionis  neitralizaciisaken. 

mukocitebSi mimdinareobs Ca-ionebTan kondensirebuli mucinebis sinTezi, rom-

lis sekrecia regulirdeba kistozuri fibrozis transmembranuli regulatoriT 

(CFTR – Cystic fibrosis transmembrane regulator). kistozuri fibrozi (cistozuri fibrozi, 

mukoviscidozi) sistemuri daavadebaa, romelic gamowveulia CFTR-is genis mutaci-

iT da xasiaTdeba garegani sekreciis jirkvlebis dazianebiT, sasunTqi organoebisa 

da saWmlis momnelebeli traqtis funqciebis mZime darRvevebiT. 

CFTR warmoadgens  ujredebis apikaluri membranis Cl--is arxs. kistozuri fibro-

zis dros gamovlenilia am arxis defeqturoba. CFTR  aqtivdeba c-AMP-is sinTezis da 

Ca2+-is koncentraciis matebis sapasuxod. is 1480 aminoJavuri naSTisagan agebuli 
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polipeptidia, romelic normalur SemTxvevaSi sinTezdeba marcvlovani endoplaz-

maturi retikulumis ribosomebze, Semdeg xdeba misi  glikozilireba goljis apa-

ratSi da aseTi saxiT erTveba  ujredis apikalur membranaSi, sadac funqcionirebs, 

rogorc cAMP-damokidebuli Cl--is arxi. garda amisa, CFTR aregulirebs sxva ionuri 

arxebis (upiratesad Na+-is arxis) muSaobasac.  

CFTR-genis mutaciis (delta 508 mutacia) Sedegad irRveva cilis procesingi, 

cila iSleba citoplazmaSi da amitom ar xdeba misi CarTva apikalur membranaSi. 

CFTR-genis sxva mutaciebis dros cilis procesingi ar aris darRveuli, ris Sedega-

dac  is CarTulia membranis struqturaSi, Tumca  araswori struqturis gamo ar xde-

ba misi funqcionireba, an funqcionirebs cudad (sur.VII.11). 

kistozuri fibrozis transmembranuli regulatori, rogorc ukve aRvniSneT,  

zemoqmedebs sxva ionuri arxebis ganvladobaze. kerZod, is aqveiTebs apikaluri mem-

branis Na+-is arxebis ganvladobas, riTic cvlis ujredSi Na+-is Sesvlisa da ujre-

didan sasunTqi gzebis sanaTurSi Cl--is gamosvlis Tanafardobas (Cl--is gamosvlis sa-

sargeblod). amgvarad, CFTR-is defeqtebi iwvevs erTdroulad qloris ionis sekre-

ciis daqveiTebas da natriumis ionis Warbi odenobiT SeRwevas ujredSi. arxis gan-

vladoba regulirdeba proteinkinaza A-s da proteinkinaza C-s meSveobiT. amave 

dros, mukoviscidozisas, natriumis ionis Warbi odenobiT Sesvla ujredSi damaxa-

siaTebelia epiTeliumis mxolod im tipebisaTvis, sadac xdeba wylis intensiuri Se-

wova. yvela es procesi iwvevs transepiTelialuri potencialis (potencialTa sxva-

oba epiTeliumis lorwovan da serozul zedapirebs Soris) zrdas. transepiTelia-

luri potencialis es cvlileba mukoviscidozis damaxasiaTebeli niSania da gamoi-

yeneba daavadebis diagnostirebisaTvis. 

mukoviscidozis dros aseve darRveulia saWmlis momnelebeli sistemis zogier-

Ti funqcia. kuWqveSa jirkvalSi, sadinrebis amomfeni ujredebis apikalur membrana-

Si cila-regulatoris ararsebobis gamo, irRveva Сl-/НСО3
- kotransporti, rasac mos-

devs НСО3
--is sekreciis Semcireba. amis paralelurad, Semcirebulia aseve Na-ionebi-

sa da H2O-s sekreciac. pankreasis wvenis siblante mniSvnelovnad matulobs, rac 

qmnis jirkvlis sadinaris daxSobis da am jirkvalSi sinTezirebuli fermentebis Se-

kavebisa da kistebis warmoqmnis saSiSroebas. sabolood, es procesi iwvevs jirkvlis 

parenqimis daSlas. analogiuri procesi mimdinareobs bronqebSic, sadac lorwos hi-

perproduqcias mosdevs wvrili bronqebis daxSoba, rac xels uwyobs infeqciuri 

agentebis dagrovebas. 

 
suraTiVII.11. kistozuri fibrozis paTologia mukocitebSi 

A — normaluri ujredi; B — mukoviscidozi, CFTR cila iSleba  

citoplazmaSi da amitom ar xdeba misi CarTva apikalur membranaSi; 

C — mukoviscidozi, CFTR cilis procesingi ar aris darRveuli, ris Sedegadac  is 

CarTulia membranis struqturaSi, Tumca  araswori struqturis gamo ar xdeba misi 

funqcionireba, an funqcionirebs cudad; 

1— goljis aparati; 2 —marcvlovani endoplazmaturi retikulumi. 
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lorwos Semadgenlobis regulireba xorcieldeba specializebuli ujredebis —

zedapiruli epiTeliocitebis mier, romelic  fenotipurad  II tipis alveocitebis 

msgavsia. am ujredebSi xdeba aseve ENaC-is,  Na+,K+-ATP-azas  da surfaqtantis masin-

Tezirebeli fermentebis eqspresiac. zedapiruli epiTeliumi aregulirebs lorwos 

ionur Semadgenlobas, lorwosqveSa jirkvlebis muSaobas da, amave dros,  asrulebs 

imunomodulatorul funqciasac.  

VII.6. sasunTqi sistemis antivirusuli da damcvelobiTi funqcia 

baqteriebis garda, romelTa winaaRmdegac mimarTulia yvela zemoT CamoTvlili 

damcvelobiTi faqtori, zogadad sasunTqi sistema, kerZod, sasunTqi gzebis epiTe-

liumi, Tavisi strategiuli mdebareobis gamo, mudmiv kontaqtSia virusebTan. amis 

gamo, evoluciurad gamomuSavda antivirusuli dacvis universaluri meqanizmebi. es 

meqanizmi gulisxmobs specifikuri qemokinebis gamomuSavebas, romlebic eqspresir-

debian da sekretirdebian T — ujredebis aqtivaciisas (RANTES – Regulated on Activation, 

Normal T Cell Expressed and Secreted). am tipis qemokinebs miekuTvneba citokinebi. cito-

kinebi mcire zomis informaciuli peptiduri molekulebia da maTi masa ar aRemateba 

30kdal. igi sekretirdeba erTi ujredis zedapirze da urTierTqmedebs mis gverdiT 

mdgomi ujredis receptorTan. am meqanizmis saSualebiT gadaecema  informaciuli 

signali, romelic dasabams aZlevs mezobel ujredSi Semdgom reaqciebs. citokine-

bis ZiriTadi producentebia limfocitebi. limfocitebis garda, isini sekretirde-

ba aseve makrofagebis, endoTeliumis, maT Soris bronqebis zedapiruli epiTelioci-

tebis mierac. epiTeliocitis inficirebisas, virusuli cilebis zemoqmedebiT iwye-

ba RANTES cilis sinTezi da sekrecia.  RANTES cilis sinTezsa da replikacias blo-

kirebas ukeTebs glukokortikoidebi.  

γ-interferoni (IFNγ) glikoproteinia, romelic sekretirdeba T-limfocitebiT 

da aseve, virusebiT inficirebuli bronqebis epiTelialuri ujredebiT. IFNγ-is sin-

Tezi regulirdeba transkripciis doneze, xolo misi sekrecia iwyeba virusis repli-

kaciis dawyebisTanave. IFNγ awarmoebs mezobeli, arainficirebuli ujredebis mem-

branaze ujreduli adheziis molekulebis (ICAM-1 – Intercellular Adhesion Molecule 1),  

iNOS-as, aseve sxvadasxva interleikinis (IL-1, IL-10 da sxv.) sinTezisa da sekreciis in-

ducirebas, rac uzrunvelyofs arainficirebuli epiTeliocitebis dacvas.   

filtvis qsovilis JangbadTan kontaqti ganapirobebs antioqsidaciuri fermen-

tebis producirebis aucileblobas. amasTanave, filtvebSi sinTezdeba da funqcio-

nirebs antioqsidaciuri fermentebis gansakuTrebuli, ujredgare (eqstracelula-

ruli) izoformebi — ec-sod (eqstracelularuli superoqsiddismutaza)  da ec-gp 

(eqstracelularuli glutaTionper-oqsidaza). ecsod aneitralebs Jangbadis aqti-

ur formebs sasunTqi gzebisa da alveolebis kedlebSi, xolo ec-gp — surfaqtantSi 

da bronqialur lorwoSi. 

ec-sod eqspresirdeba bronqebis epiTeliumSi, filtvebis sisxlZarRvebis endo-

TeliumSi, II tipis alveocitebSi da alveolur makrofagebSi. ec-sod dakavSirebu-

lia   sisxlZarRvebis, sasunTqi gzebis da alveolebis kedlebis eqstracelularul 

matriqsTan. am fermentis Taviseburebaa liziniTa da argininiT mdidari specialuri 

heparin-damakavSirebeli ubnis arseboba. es ubani ganapirobebs ec-sod-as fiqsacias 

ujredSoris matriqsSi. anTebisas leikocitebisa da makrofagebis proteolizuri 

fermentebis gavleniT xdeba fermentidan heparin-damakavSirebel ubanis Camocile-



 

 315

ba, rac aqveiTebs filtvis qsovilis SesaZleblobas awarmoos Jangbadis aqtiuri 

formebis inaqtivacia da, Sesabamisad, aZlierebs dazianebis xarisxs. 

ec-gp-as ZiriTadi wyaroa bronqebis epiTeliocitebi da makrofagebi. ec-gp xsna-

di cilaa da warmoadgens bronqebis lorwosa da filtvebis respiratoruli ganyo-

filebis surfaqtantis fiziologiur komponents. ec-sod-is analogiurad, ec-gp  

aneitralebs Jangbadis aqtiur formebs sasunTqi sistemis aRniSnul ubnebSi. 

VII.7. gazTa cvla filtvebsa da qsovilebSi 

Jangbadis raodenoba, romelic Sedis CasunTquli haeriT alveolur sivrceSi, 

drois erTeulSi, sunTqvis stacionalur pirobebSi, tolia Jangbadis im raodenobi-

sa, romelic drois am monakveTSi gadadis alveolebidan filtvebis kapilarebis sis-

xlSi. swored es faqti uzrunvelyofs Jangbadis koncentraciis (da parcialuri wne-

vis) mudmivobas alveolur sivrceSi. filtvebis gazTa cvlis es kanonzomiereba da-

maxasiaTebelia naxSirorJangisaTvisac. kerZod, naxSirorJangis  raodenoba, Sesuli 

alveolebSi Sereuli venuri sisxlidan, romelic miedineba filtvebis kapilarebSi, 

tolia naxSirorJangis raodenobisa, romelic Tavisufldeba alveoluri sivrcidan 

amosunTqul haerTan erTad. 

adamianis organizmSi,  mosvenebul mdgomareobaSi Jangbadis Semcvelobis  sxvao-

ba arteriul da venur sisxls Soris Seadgens 45-55 ml O2 / 1l sisxlze, xolo, sxvaoba 

naxSirorJangis SemTxvevaSi es sidide tolia 40-50ml CO2/ 1l sisxlze. es niSnavs, 

rom yovel litr sisxlSi, romelic miedineba filtvebis kapilarebSi, alveoluri 

sivrcidan Sedis daaxloebiT 50ml O2, xolo sisxlidan alveolebSi gadadis daaxlo-

ebiT 45ml CO2. amasTanave, alveolebis ventilaciis monawileobiT O2-isa da  CO2-is 

koncentracia alveolur haerSi praqtikulad rCeba mudmivi.   

gazTa cvla filtvebSi moicavs ramdenime etaps: 

1. Jangbadis gadatanas alveolebidan sisxlSi;     

2.  Jangbadis gadatana sisxlidan qsovilebSi; 

3. qsovilebidan sisxlSi naxSirorJangis gadatana; 

4.  naxSirorJangis gadatana sisxlidan alveolebSi.  

alveolur haers da filtvebis kapilarebis sisxls erTmaneTisagan hyofs e.w. al-

veolur-kapilaruli membrana, romlis sisqe 0.3-2.0 mkm-ia. am membranis safuZvels 

qmnis alveoluri epiTeliumi da kapilaruli endoTeliumi. TiToeuli maTgani gan-

lagebulia sakuTar bazalur membranaze, rac uzrunvelyofs alveolisa da sis-

xlZarRvis Sida zedapiris uwyveti fenis arsebobas. epiTelialur da endoTelia-

lur bazalur membranebs Soris mdebareobs intersticiumi. calkeul ubnebSi baza-

luri membranebi praqtikulad exeba erTmaneTs (sur.VII.12).  

alveolur-kapilaruli membrana alveolebis Sida mxridan dafarulia alveolu-

ri siTxiT. ori fazis (siTxe — alveolebis gazi) kontaqtis areSi, warmoiqmneba zeda-

piruli Sre, rac mTeli rigi movlenebis mizezi xdeba. am movlenebs Sorisaa e.w. faza-

TaSorisi daZabuloba filtvebis alveolebSi, romelic  filtvebis elastikurobis 

mTavari mizezia. 
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suraTi VII.12.  alveolur-kapilaruli membranis ganivi sqematuri Wrili 

 

filtvis elastikuroba regulirdeba zedapiruli movlenebiT. Tavis mxriv, ze-

dapiruli movlenebis regulireba xdeba surfaqtantebiT, romelTa sinTezi, rezer-

vireba da saWiroebis SemTxvevaSi sekretireba mimdinareobs II tipis alveocitebiT.    

kapilaruli Rrus mxridan alveolur-kapilaruli membrana exeba sisxls. amgva-

rad, gazebis difuzia xorcieldeba alveolur-kapilaruli membranis, sisxlis 

plazmis, eriTrocitebis membranisa da eriTrocitebis Sinagani ares gavliT. am gza-

ze gazebis mamoZravebel Zalas warmoadgens TiToeuli maTganis koncentraciuli 

gradienti.  

gazTa cvla alveolur-kapilarul membranaSi warmoebs difuziis kanonebis mi-

xedviT, magram gazebis gaxsnisas siTxeSi, difuziis procesis siCqare mkveTrad ece-

ma. es sidide  pirdapirproporciulia membranis orive mxares arsebuli misi parcia-

luri wnevis sxvaobisa da ukuproporciulia difuziis winaaRmdegobisa. ukanaskneli  

sidide (difuziis winaaRmdegoba) ganisazRvreba gazis gadasalaxi membranis sisqiT, 

gazTa cvlis farTobiT, gazis difuziis koeficientiT (damokidebulia gazis mole-

kulur wonasa da garemo aris temperaturaze) da membranis biologiur siTxeebSi ga-

zis xsnadobis koeficientiT. 

qsovilebi moixmars filtvebidan arteriul sisxlSi moxvedrili Jangbadis na-

wils. Jangbadis am raodenobas, gamoxatuls procentebSi, ewodeba Jangbadis utili-

zaciis koeficienti (Juk). mosvenebul mdgomareobaSi, organizmisaTvis Juk organiz-

mSi moxvedrili Jangbadis  daaxloebiT 30-40%-is tolia. amasTanave, sxvadasxva qso-

vilSi Jangbadis moxmareba sagrZnoblad gansxvavebulia. magaliTad, miokardiumSi, 

tvinis rux nivTierebaSi da RviZlSi Juk Seadgens 40-60 %-s. mosvenebul mdgomareo-

baSi, tvinis ruxi nivTierebiT (kerZod, didi naxevarsferoebis qerqiT) wuTSi moix-

mareba 0.08-dan 0.1 ml-mde O2/1g qsovilze, xolo tvinis TeTr nivTierebaSi moxmareba 

8-10-jer naklebia. Tirkmelebis qerqovani SrisTvis  O2-is saSualo moxmareba daax-

loebiT 20-jer metia, vidre Tirkmelebis tvinovani nivTierebis Sida ubnebisaTvis.  

mZime fizikuri datvirTvis pirobebSi, ConCxis kunTis ujredebsa da miocitebSi  Juk 

90%-s aRwevs. 

qsovilebSi Sesuli Jangbadi mitoqondriebSi lokalizebuli specifikuri fer-

mentebis monawileobiT gamoiyeneba ujredebSi mimdinare JangviTi procesebisaTvis. 

ujredebSi Jangva-aRdgeniTi procesebis normaluri warmarTvisaTvis aucilebelia, 

rom mitoqondriebis ubanSi PO2 iyos aranakleb 0.1-1mm s.sv.-isa. am sidides ewodeba 

mitoqondriebSi Jangbadis kritikuli daZabuloba. vinaidan O2-is erTaderT re-

zervs qsovilTa umetesobaSi warmoadgens O2-is fizikurad gaxsnili fraqcia (kun-
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Tis qsovilSi — oqsigenirebuli mioglobini), sisxlidan qsovilebisaTvis O2-is miwo-

debis Semcireba iwvevs O2-ze moTxovnilebis daukmayofilebas, rasac mosdevs Jan-

gviTi procesebis Seferxeba. 

filtvebis sisxliT momaragebis procesi regulirdeba humoralurad. humora-

luri kontrolis realizebaSi kateqolaminebi da acetilqolini bevrad nakleb 

rols TamaSobs, vidre igive nivTierebebi sisxlis mimoqcevis did wreSi. sisxlSi 

acetilqolinis koncentraciis matebas Tan axlavs filtvebis sisxlZarRvebis zomi-

eri dilatacia. 

filtvebis sisxlis mimoqcevis humoralur regulaciaSi gadamwyveti mniSvnelo-

ba eniWeba serotonins, histamins, angiotenzin II-s da prostaglandin F-s. maTi kon-

centraciis matebas sisxlis mimoqcevis mcire wreSi, mosdevs filtvebis sisxlZar-

Rvebis Seviwroeba da filtvebis arteriaSi wnevis aweva. filtvebis sisxliT momara-

gebis regulirebaSi gansazRvrul rols TamaSobs alveoluri haeris Semadgenlobis 

cvlilebac. kerZod, Jangbadis Semcvelobis Semcireba CasunTqul haerSi da, Sesaba-

misad, alveolur haerSi, aseve iwvevs filtvebis sisxlZarRvebis Seviwroebas da 

filtvebis arteriaSi wnevis matebas, maSin, roca sisxlis mimoqcevis didi wris sis-

xlZarRvebi hipoqsiis sapasuxod — farTovdeba. 

VII.8.  hemoglobini 

hemoglobinis apoproteini, anu cilovani nawili — globini Sedgeba oTxi poli-

peptiduri jaWvisagan. normalur hemoglobinSi cilovani suberTeulebi SesaZlebe-

lia warmodgenili iyos sxvadasxva tipis polipeptiduri jaWviT: α, β, γ, δ, ε, ξ (Sesaba-

misad,  alfa, beta, gama delta, epsilon, qsi). hemoglobinis molekulaSi Sedis ori 

gansxvavebuli tipis oTxi jaWvi. hemoglobinis yvelaze gavrcelebuli formaa  HbA, 

romelic warmodgenilia 2α  da  2 β jaWviT.  
hemoglobinis TiToeul jaWvTan dakavSirebulia erTi aracilovani nawili — he-

mi, romlis SemadgenlobaSi Sedis porfirinuli rgoli da Fe2+-is ioni. rkinis ioni 

porfirinis rgolTan dakavSirebulia ori koordinaciuli da ori kovalenturi 

bmiT. amrigad, hemoglobinis molekula Seicavs 4 hems da, Sesabamisad, 4 molekula 

Jangbadis dakavSireba SeuZlia. globinSi 574 aminomJavuri naSTia, aqedan 141 aminom-

Javuri naSTi α-jaWvebSia, xolo β-jaWvebi Seicavs 146 aminomJavur naSTs TiToeuli. 

erTi α da erTi β jaWvi (αβ) qmnis globinis molekulis simetriul naxevars — suber-

Teuls (sur. VII.13). 
hemoglobinisaTvis damaxasiaTebelia saxeobrivi da tipobrivi specifikuroba. 

saxeobrivi specifikurobis Sedegia is, rom sxvadasxva saxeobis cxovelisa da adamia-

nis globini erTmaneTisagan gansxvavdeba aminomJavuri SemadgenlobiT (mag., adamia-

nis globini ar Seicavs aminomJava izoleicins, xolo ZaRlis globinSi misi raodeno-

ba 1,36%-s aRwevs). tipobrivi specifikuroba gulisxmobs individis ganviTarebis 

sxvadasxva stadiaze hemoglobinis gansxvavebuli tipebis arsebobas, romlebic  Cve-

ulebrivi hemoglobinisagan gansxvavdeba aminomJavuri SemadgenlobiT. 
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suraTi VII.13.  hemoglobinis molekulis struqturuli modeli 

 

rogorc zemoT iyo aRniSneuli, zrdasruli adamianis hemoglobini (HbA) war-

modgenilia 2α da 2β jaWviT (α2β2). sisxlSi mcire raodenobiT gvxvdeba, aseve,  mino-

ruli hemoglobinic (HbA2), romelic saerTo hemoglobinis  2%-ia. minoruli hemog-

lobini warmodgenilia 2α2σ-jaWvebisagan. normalur hemoglobins miekuTvneba aseve 

fetaluri hemoglobini (HbF- 2α2γ)   da primitiuli (Canasaxis hemoglobini HbP — α2ε2). 

HbP gvxvdeba adamianis 7-12 kviris embrionSi. embrionuli ganviTarebis me-3 Tvidan 

iwyeba  HbF-is warmoqmna. bavSvis  dabadebis Semdeg HbF TandaTan icvleba HbA-iT da 

4-5 Tvis bavSvis sisxlSi HbF-is raodenoba mxolod 1-2%-ia. yvela danarCeni hemog-

lobini ganixileba, rogorc paTologiuri hemoglobinebi (mag., HbS-α2s2 — namgliseb-

ri anemiis hemoglobini). 

hemoglobinebi gvxvdeba xerxemliani organizmebis eriTrocitebSi, sadac or 

mniSvnelovan biologiur funqcias asrulebs: 1. gadaaqvs O2 filtvebidan periferi-

ul qsovilebSi da 2. gadaaqvs CO2 da protonebi periferiuli qsovilebidan sasunTq 

organoebSi,  organizmidan maTi Semdgomi gamoyofisaTvis. 

hemoglobinis tetrameruli molekula ikavSirebs 4 molekula Jangbads. hemog-

lobinis JangbadiT gajerebis mruds sigmoiduri forma aqvs (sur.VII.14). hemoglobi-

nis mier O2-is dakavSirebis unari damokidebulia imaze, aris Tu ara tetramerSi O2-is 

sxva molekula. Tu tetramerSi gvxvdeba O2, maSin Semdgomi O2-is molekulebis mier-

Teba ioldeba. aqedan gamomdinare, hemoglobinisaTvis damaxasiaTebelia kooperati-

uli dakavSirebis kinetika, romlis meSveobiTac is ikavSirebs O2-is maqsimalur rao-

denobas filtvebSi da gascems aseve maqsimalur raodenobas periferiul qsovileb-

Si iq arsebuli  Po2-is pirobebSi. 

hemoglobinis Tvisoba O2-isadmi xasiaTdeba P50  sididiT, rac gulisxmobs Po2-is im 

maCvenebels, romlis drosac xdeba O2-iT hemoglobinis 50%-ani gajereba. P50-is mniS-

vneloba sxvadasxva organizmSi gansxvavebulia, magram yvela SemTxvevaSi is aRemate-

ba Po2-is mniSvnelobas Sesabamisi organizmis periferiul qsovilebSi. ase, magali-

Tad, HbA-saTvis  P50 tolia 26 mm s.s.-s, xolo HbF-isaTvis P50 Seadgens 20 mm s.s. am sxva-

obis meSveobiT nayofis HbF JangbadiT maragdeba placentarul sisxlSi arsebuli 

HbA-sgan. 
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suraTi VII.14.  hemoglobinis JangbadiT gajerebis mrudi 

 

hemoglobinis molekulaSi polipeptiduri jaWvebis (suberTeulebis) termina-

luri karboqsi- da aminoboloebis sapirispiro niSniT damuxtul jgufebs Soris 

warmoqmneba arakovalenturi, eleqtrostatikuri mizidulobiT ganpirobebuli bme-

bi (ionuri bmebi), romlebsac marilis xidakebs uwodeben. hemoglobinis molekulaSi 

rva aseTi xidaki warmoiqmneba. amis gamo hemoglobins, romelic ar aris O2-Tan 

dakavSirebuli (deoqsihemoglobini) xisti, `daZabuli~ struqtura aqvs da mis am 

formas T-formas (ingl. Tense — daZabuli) uwodeben. mTlianad, oqsigenirebul he-

moglobins (oqsihemoglobini)  R-forma aqvs (Relaxed – modunebuli).  

O2-is mierTebas Tan sdevs marilis xidakebis gawyveta, rac xels uwyobs Jangbadis 

momdevno molekulebis dakavSirebas. aRniSnuli cvlilebebi mniSvnelovnad moqme-

debs hemoglobinis meoreul, mesameul da gansakuTrebiT meoTxeuli struqturis 

konformaciebze. am dros xdeba αβ-kompleqsis Semobruneba meore wyvili αβ-s 

mimarT, ise rom es iwvevs tetrameris kompaqturobis zrdas da danarCeni hemebis 

Tvisobis gazrdas O2-is mimarT. hemoglobinis oqsigenirebas, iseve rogorc mioglo-

binisa, Tan sdevs struqturuli cvlilebebi hemis jgufis garSemo. oqsigenirebis 

procesSi rkinis atomi, romelic dezoqsihemoglobinSi hemis rgolis sibrtyidan 

amoweulia 0.06 nm-iT, iwevs am sibrtyisaken. Fe2+-is kvaldakval hemisaken gadaadgil-

deba proqsimaluri histidinic (HisF8) da masTan dakavSirebuli mezobeli aminomJa-

vebis naSTebic. 

Jangbadis TiToeuli molekulis mierTebisas, hemoglobinis Tvisoba (swrafva)  

Jangbadisadmi izrdeba. sagulisxmoa, rom T-formaSi hemoglobinis Tvisoba Jangba-

disadmi 300-jer naklebia, vidre R-formaSi. T- da R-formaSi arsebuli hemoglobinis 

meoTxeuli struqtura erTmaneTisagan gansxvavebulia. kerZod, R-formaSi hemog-

lobinis molekula ar Seicavs marilis xidakebs.  αβ wyvilebis gadaadgilebis gamo 

igi ufro kompaqturi xdeba, vidre T-formaSi iyo da hemoglobinis molekulis cen-

trSi arsebuli Rrus diametric mcirdeba. es yvelaferi qmnis STabeWdilebas,  TiT-

qos hemoglobinis molekula `sunTqavs~. JangbadTan dakavSirebis Sedegad igi ikum-

Seba (`CaisunTqavs~ Jangbads), xolo Jangbadis gamonTavisuflebis Sedegad — far-

Tovdeba (`amoisunTqavs~ Jangbads). 

hemoglobins ara marto O2 gadaaqvs filtvebidan periferiul qsovilebSi, ara-

med axdens  CO2-isa da H+-is transports periferiul qsovilebidan filtvebSi. ro-

gorc CO2-is, ise H+-is koncentraciis mateba amcirebs hemoglobinis Tvisobas Jan-
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gbadisadmi, rac xels uwyobs oqsihemoglobinis disociacias da Jangbadis gamoTavi-

suflebas  (R-forma → T-forma). 

hemoglobini ikavSirebs CO2-s Jangbadis gamoTavisuflebisTanave. qsovilebSi 

warmoqmnili CO2-is daaxloebiT 15% gadaitaneba hemoglobinis molekulebiT. da-

narCeni 85% eriTrocitebSi arsebuli karboanhidrazas zemoqmedebiT gardaiqmneba 

naxSirmJavad. naxSirmJava swrafad disocirdeba bikarbonatis ionad da protonad. 

wonasworoba disociaciis mxaresaa gadaxrili (sur. VII.15).    

 
imisaTvis, rom Tavidan iqnas acilebuli am procesis Sedegad sisxlis mJaviano-

bis saxifaTo zrda, arsebobs buferuli sistema, romelsac aqvs Warbi protonebis 

STanTqmis SesaZlebloba. hemoglobini ikavSirebs or protons yovel gamonTavisuf-

lebul oTx molekula Jangbadze da ganapirobebs sisxlis buferul tevadobas. fil-

tvebSi mimdinareobs sapirispiro procesi — Jangbadis dakavSirebas dezoqsihemog-

lobinTan Tan sdevs protonebis gamoTavisufleba, romlebic ukavSirdeba bikarbo-

natis ionebs da warmoiqmneba naxSirmJava. amis Semdgom, fermenti karboanhidraza 

akatalizebs naxSirmJavas gardaqmnas naxSirorJangad, romelic amoisunTqeba fil-

tvebidan. amrigad, Jangbadis mierTeba dezoqsihemoglobinTan mWidrodaa dakavSire-

buli CO2-is amosunTqvasTan. es Seqcevadi movlena cnobilia verigoboris efeqtis 

saxeliT.  

 
suraTi VII.15.  gazTa cvla sisxlsa da qsovilebs Soris 

 

efeqtis arsi mdgomareobs imaSi, rom oqsihemoglobinis disociaciis xarisxi da-

mokidebulia alveolur haersa da sisxlSi naxSirorJangis parcialuri wnevis sidi-

deze. kerZod, naxSirorJangis parcialuri wnevis klebisas Jangbadis Tvisoba hemog-

lobinisadmi izrdeba, rac aZnelebs Jangbadis gamoTavisuflebas oqsihemoglobini-

dan da mis gadasvlas kapilarebidan qsovilebSi. boris efeqti damaxasiaTebelia 

tetrameruli hemoglobinisaTvis da ganpirobebulia hemi/hemuri urTierTqmede-

biT, rac safuZvlad udevs kooperatiul efeqtebs. protonebi, romlebic pasuxis-

mgebelia boris efeqtze, gamoTavisufldeba marilis xidakebis daSlis Sedegad da 

ganapirobebs hemoglobinis T-formasTan O2-is mierTebas. protonebi gamoiyofa β-
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jaWvebis terminaluri (146-e) histidinis naSTebis azotis atomebisagan da gadaswevs 

wonasworobas naxSirmJavas warmoqmnisaken, romelic karboanhidrazaTi iSleba CO2-
is warmoqmniT.  

Jangbadis gamoTavisuflebisas, piriqiT, R-formidan kvlav formirdeba T-

struqtura misTvis damaxasiaTebeli marilis xidakebiT. marilis xidakebis warmoq-

mnisas protonebi ukavSirdeba β-jaWvebis terminaluri histidinis (146-e) naSTebs. 

xidakebis warmoqmna xels uwyobs Jangbadis gamoTavisuflebas hemoglobinidan 

(R→T). maSasadame, protonebis koncentraciis mateba xels uwyobs Jangbadis gamoTa-

visuflebas, xolo Jangbadis koncentraciis mateba astimulirebs protonebis gamo-

Tavisuflebas. periferiul qsovilebSi Jangbadis ukmarisoba iwvevs 2,3-difosfog-

liceratis (2,3-dfg — glikolizis Sualeduri produqtis — 1,3 dfg-is warmoebulia) 

dagrovebas. 

hemoglobinis tetrameri ikavSirebs erT molekula 2,3-dfg-s, romelic Tavsdeba 

T-formaSi myofi hemoglobinis β-jaWvebs Soris. misi dakavSireba warmoebs marilis 

xidakebis warmoqmniT 2,3-dfg-s Jangbadis atomebsa da orive β-jaWvis aminomJavebis 

naSTebis radikalebs Soris (Val NA1 da LisEF6-is aminojgufebi, HisH21-is imidazolis 

birTvi). amrigad 2,3-dfg awarmoebs hemoglobinis dezoqsigenirebuli T-formis sta-

bilizacias β-jaWvebs Soris ganivi bmebis warmoqmniT. es aris damatebiTi marilis 

xidakebi, romlebic unda daiSalos hemoglobinis T-dan R-formaSi gadasvlisas. 

fetalur hemoglobins (HbF) 2,3-dfg ukavSirdeba naklebad mtkiced, vidre HbA-s, 

vinaidan HbF-is β-jaWvSi H21 wertilSi gvxvdeba ara histidini, aramed serini, romel-

sac ar SeuZlia marilis xidakebis warmoqmna. amis gamo 2,3-dfg naklebad axdens gav-

lenas HbF-is T-formis stabilizaciaze da, Sesabamisad, HbF-s aqvs Jangbadisadmi me-

ti Tvisoba, vidre HbA-s 

eriTrocitebSi 2,3-dfg-is maregulirebeli zegavlena hemoglobinis Tvisobaze 

Jangbadis mimarT damokidebulia O2-is  Po2-ze filtvebSi. mas Semdeg, rac janmrTeli 

adamiani adis, magaliTad 4000 m-ze zRvis donidan, pirveli saaTebis ganmavlobaSi 

2,3-dfg-is koncentracia mis eriTrocitebSi izrdeba. am dros izrdeba hemoglobini 

+ 2,3-dfg raodenoba, rac iwvevs hemoglobinis Tvisobis klebas Jangbadisadmi. ami-

tom, did simaRleze 2,3-dfg-s dakavSireba hemoglobinTan xels uwyobs O2-is gamoyo-

fas hemoglobinidan periferiul qsovilebSi. aseTive suraTia hipoqsiis (paTologi-

uri mdgomareoba, Jangbadis ukmarisoba, romelic ganpirobebuli sasunTqi organoe-

bis daavadebebiT an darRvevebiT sisxlis mimoqcevaSi) drosac. 

2,3-dfg-is arseboba Zlier mniSvnelovania hemoglobinidan periferiul qsovi-

lebSi O2-is normaluri gamoTavisuflebisaTvis. 

zogierTi frinvelis eriTrocitebSi 2,3-dfg-is nacvlad gvxvdeba inozitolheq-

safosfati, romelic 2,3-dfg-ze metad amcirebs hemoglobinis Tvisobas O2 -isadmi. 

hemoglobinis R → T  an T →  R  gadasvlebis gamSvebi meqanizmia rkinis atomis ga-

daadgileba hemis rgolis sibrtyeSi an sibrtyidan. am procesebis warmarTvisaTvis 

saWiro Tavisufali energiis (3000 kal/mol-mde) wyaros warmoadgens sxvadasxva faq-

torebi, magaliTad eleqtrostatikuri faqtorebi. Fe2+-atomis sul mciredi gadaad-

gilebac ki hemis (porfirinis) birTvis mimarT iwvevs hemoglobinis molekulis mniS-

vnelovan konformaciul cvlilebebs da gadamwyvet zemoqmedebas axdens hemoglo-

binis molekulis sapasuxo reaqciaze garemo aredan mosul signalze. 

cnobilia hemoglobinis or forma — fiziologiuri da paTologiuri. hemoglo-

binis fiziologiuri formebia:  
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1. HbР – primitiuli (embrionuli) hemoglobin, Seicavs 2ξ- da 2ε-jaWvs, gvxvdeba 7-

12 kvirian embrionSi;   

2. HbF – fetaluri hemoglobini (2α- da 2γ-jaWvi, Cndeba embrionuli ganviTarebis 

me-12 kviris Semdgom;   

3. HbA – zrdasruli  hemoglobini (2α- 2β), romlis Semcveloba 98%-ia. Canasaxovan 

organizmSi gvxvdeba embrionuli ganviTarebis III Tvis Semdeg da dabadebisas 

Seadgens mTeli hemoglobinis 80%-s;   

4. HbA2 – zrdasruli  hemoglobini (2α- 2 δ ), misi Semcveloba 2%-ia;   

5. HbO2 – oqsihemoglobini, warmoiqmneba Jangbadis dakavSirebiT hemoglobinTan 

filtvebSi, filtvis venaSi misi Semcveloba 94-98%-ia; 

6. HbCO2 – karbohemoglobini; warmoiqmneba qsovilebSi naxSirorJangis 

dakavSirebiT. venur sisxlSi misi Semcveloba 15-20%-ia.  
paTologiuri hemoglobinis formebia: 

1. HbS – namgliseburi anemiis hemoglobini; 

2. MetHb – methemoglobini, Seicavs samvalentian rkinis ions (orvalentianis ma-

givrad). aseTi forma, Cveulebriv, warmoiqmneba spontanurad, Tumca ujredis fer-

mentuli SesaZleblobebi sakmarisia misi aRdgenisaTvis. sulfanilamidebis, nitra-

tebiTa da nitritebiT mdidari sakvebis miRebis, aseve askorbinis mJavas (vitamini C) 

simciris  SemTxvevaSi, Cqardeba Fe2+-is gadasvla Fe3+-Si. warmoqmnil methemoglobins 

ar gaaCnia Jangbadis dakavSirebis SesaZlebloba; 

3. Hb-CO-karboqsihemoglobini, warmoiqmneba SesunTqul haerSi naxSirJangis 

(СО) arsebobisas. is yovelTvis gvxvdeba sisxlSi mcire koncentraciebiT, Tumca misi 

wili icvleba garemo pirobebis Sesabamisad. СО warmoadgens hem-Semcveli fermente-

bis aqtiur inhibitors, kerZod misi arsebobis pirobebSi inhibirebulia sunTqvis 

jaWvis fermentis — citoqromoqsidazas  (IV kompleqsi) aqtivoba; 

4. HbA1С – glikozilirebuli hemoglobini. misi koncentracia matulobs qroni-

kuli hiperglikemiisas.  

VII.9.  sasunTqi sistemis zogierTi  

daavadeba da maTi bioqimiuri aspeqtebi 

sasunTqi sistemis daavadebaTa didi nawili dakavSirebulia respiratorul in-

feqciebTan, romlebic iwvevs organizmis funqciuri mdgomareobis moSlas, ganapi-

robebs adaptaciis darRvevas da paTologiis qronikuli formis Camoyalibebas. daa-

vadebebis ganviTarebis paTogenezSi arCeven sistemur da lokalur anTebiT proce-

sebs, romlebic warmoiqmneba flogogenuri (anTebiTi) agentebis gavleniT, erTmane-

Tisagan damoukideblad, magram dinamikaSi avlens gamoxatul urTierTpotencire-

bad moqmedebas. 

filtvebis abscesi  (abscesirebadi pnevmonia) — es aris met-naklebad SemosazR-

vruli siRruis warmoqmna filtvebis qsovilSi, qsovilis Cirqovani daSlis Sedegad. 

am paTologiis gamomwvevia sxvadasxva mikroorganizmebi (umetesad oqrosferi sta-

filokokebi). daavadebisaTvis damaxasiaTebelia organizmis saerTo da adgilobrivi 

dacviTi funqciebis daqveiTeba, filtvebsa da bronqebSi ucxo sxeulebis, lorwos 

da sxv. moxvedris Sedegad. avadmyofobis ganviTarebas xels uwyobs Saqriani diabe-

ti, aseve sxvadasxva infeqcia da bronqebis drenaJuli funqciis moSla, glukokor-

tikoidebis, citostatikebis da imunodepresantebis xangrZlivi miReba. 
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bronqialuri asTma (Zv. berZnulidan — ἆσθμα —mZime sunTqva, qoSini)— sasunTqi 

gzebis qronikuli anTebiTi daavadebaa, sxvadasxva ujreduli elementebis monawi-

leobiT. sakvanZo rgols warmoadgens bronqialuri obstruqcia (bronqebis sanaTu-

ris Seviwroeba), romelic ganpirobebulia specifikuri imunologiuri (sensibili-

zacia da alergia) an araspecifikuri meqanizmebiT. daavadeba vlindeba stveniTi xa-

siaTis xixinebis, qoSinis, mkerdSi Segubebis SegrZnebis da xvelebis ganmeorebadi 

epizodiT. bronqialuri obstruqcia Seqcevadia nawilobriv an mTlianad, spontanu-

rad an mkurnalobis gavleniT. mkurnalobisaTvis iyeneben simptomatur prepara-

tebs, romlebic gankuTvnilia Setevebis kupirebisaTvis. aseve, iyeneben sabaziso Te-

rapiis preparatebs, romlebic zemoqmedebs daavadebis paTogenezur meqanizmze. 

bronqiti — sasunTqi sistemis daavadebaa, romlis drosac anTebiT procesSi 

CarTulia bronqebi. arCeven bronqitis mwvave da qronikul formebs. mwvave bronqi-

tis mizezi, umetes SemTxvevaSi, aris virusuli an baqteriuli infeqcia. am SemTxveva-

Si saWiroa antibiotikebiT mkurnaloba. qronikuli bronqiti SesaZlebelia ganvi-

Tardes, rogorc mwvave bronqitis garTulebis an arainfeqciuri gamaRizianebeli 

faqtorebis (mag., mtveris) xangrZlivi zemoqmedebis Sedegad. zogierT SemTxvevaSi, 

bronqitis dros, bronqebis lorwovani garsis SeSupebis gamo, viTardeba bronqebis 

daxSoba da yalibdeba obstruqciuli bronqiti. bronqitis mkurnaloba damokidebu-

lia provocirebad faqtorebze, daavadebis mimdinareobis xasiaTsa da daavadebis 

formaze. 

bronqoeqtazia — es aris SeZenili daavadeba, romelic xasiaTdeba qronikuli 

Cirqovani procesiT Seuqcevadad Secvlil (gafarToebuli da deformirebuli) da 

funqciurad arasrulfasovan bronqebSi, upiratesad filtvebis qveda ganyofileba-

Si. daavadebis mizezebi dadgenili araa. dadgenilia, rom sxva daavadebebi (tuberku-

lozi, abcesi da sxv.) ar inicirebs mis ganviTarebas. avaddebian upiratesad bavSvebi 

da axalgazrdebi (ufro xSirad mamrobiTi sqesis). 

filtvismieri gulis ukmarisoba — paTologiuri mdgomareoba, romelic xasi-

aTdeba sunTqvis ukmarisobisa da sisxlis mimoqcevis darRvevis SexamebiT avadmyo-

febSi, romelTac aqvT filtvebis paTologia. daavadebis Tanamedrove saxelwodebaa 

dekompensirebuli filtvismieri guli. daavadebis ganviTarebisas adgili aqvs gu-

lis marjvena ganyofilebebis gadidebas da gafarToebas, sisxlis mimoqcevis mcire 

wreSi arterialuri wnevis matebis gamo. Tavis mxriv, sisxlis mimoqcevis mcire wreSi 

arterialuri wnevis mateba gamowveulia bronqebis da filtvebis daavadebis, fil-

tvebis sisxlZarRvebis dazianebis, an gulmkerdis deformaciis mizeziT. 

mwvave filtvismieri guli — klinikuri simptomokompleqsia, romelic yalib-

deba, upirveles yovlisa, filtvebis arteriis Tromboemboliis ganviTarebis Sede-

gad. aseve, gul-sisxlZarRvTa da sasunTqi sistemis zogierTi paTologiis dros. 

filtvebis arteriis Tromboembolia yvelaze xSirad aRiniSneba avadmofebSi gul-

sisxlZarRvTa sistemis iseTi daavadebebiT, rogoricaa wina-gulebis fibrilacia 

(mocimcime ariTmia), gulis iSemiuri daavadeba, hipertonia, gulis revmatuli manke-

bi, fleboTrombozebi da sxv. 

qronikuli filtvismieri guli — yalibdeba wlebis ganmavlobaSi da sawyis sta-

diaze mimdinareobs gulis ukmarisobis gareSe. droTa ganmavlobaSi viTardeba de-

kompensacia. 

plevriti — plevraluri firfitebis anTeba, maT zedapirze fibrinis gamoleq-

viT (mSrali plevriti — fibrozuli), an plevralur RruSi sxvadasxva xasiaTis eqsu-

datis dagrovebiT (eqsudaciuri plevriti — serozuli, serozo-fibrozuli, Cirqo-

vani, hemoragiuli). plevritis gamomwvevi mizezi SeiZleba iyos sxvadasxva infeqcia, 
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gulmkerdis travmebi, simsivneebi da sxv. plevriti SesaZlebelia ganviTardes, ro-

gorc damoukidebeli daavadeba (pirveladi), magram, umetes SemTxvevaSi, is aris Se-

degi filtvebSi mimdinare mwvave da qronikuli paTologiuri procesebisa (meora-

di). etiologiis TvalsazrisiT plevriti SeiZleba iyos baqteriuli, virusuli da 

alergiuli. ukanasknel wlebSi aRiniSneba umeteswilad araspecifikuri etiologiis 

plevritebis ganviTareba. simptomebia — sunTqvasTan dakavSirebuli tkivilebi gul-

mkerdis areSi, xveleba, temperaturis mateba, qoSini da sxv. 

pnevmonia (filtvebis anTeba) — rogorc wesi, esaa infeqciuri warmomavlobis 

filtvebis qsovilis anTeba. am dros upiratesad mimdinareobs alveolebis da fil-

tvebis intersticialuri qsovilis dazianeba. termini `pnevmonia~ aerTianebs daava-

debaTa did jgufs, romelTagan TiToeuls aqvs sakuTari etiologia, paTogenezi, 

klinikuri suraTi, rendgenologiuri niSnebi, laboratoriuli kvlevebis damaxasia-

Tebeli monacemebi da Terapiis Taviseburebani. pnevmonia SesaZlebelia mimdinare-

obdes, rogorc damoukidebeli daavadeba sxva avadmyofobis garTuleba. 

filtvebis qsovilis arainfeqciur anTebiT procesebs, Cveulebriv, uwodeben 

pnevmonitebs an alveolitebs (Tu upiratesad dazianebulia filtvebis respirato-

ruli ganyofilebebi). amgvari aseptikuri anTebiTi procesebis fonze xSirad viTar-

deba baqteriuli, virusuli an sokovani pnevmonia. mkurnalobis ZiriTadi meTodia 

antibaqteriuli Terapia. dagvianebuli diagnostireba da antibaqteriuli Terapiis 

dagvianeba (8 saaTze meti) auaresebs daavadebis prognozs. SesaZlebelia dadges le-

taluri Sedegic. 

tuberkulozi (laT.-dan tuberculum — borcvaki) adamianisa da cxovelebis far-

Tod gavrcelebuli infeqciuri daavadebaa. daavadebis gamomwvevi mizezia mikobaq-

teriebis sxvadasxva saxeoba (umTavresad koxis Cxirebi — Mycobacterium tuberculosis). 
tuberkulozi, Cveulebriv, azianebs filtvebs da iSviaTad exeba sxva organoebsa da 

sistemebs. Mycobacterium tuberculosis gadaecema haer-wveTovani gziT avadmyofis lapa-

rakisas, xvelebisas da ceminebisas. xSirad, mikobaqteriebiT inficirebis Semdeg, da-

avadeba mimdinareobs usimptomo, faruli formiT. faruli infeqciis daaxloebiT 

aTi SemTxvevidan erTi sabolood gadadis aqtiur formaSi. tuberkulozis klasiku-

ri simptomebia — xangrZlivi sveli xvela, zogjer sisxlis TanxlebiT, romelic 

Cndeba SedarebiT gvian stadiebze; cieb-cxeleba; sisuste; Ramis oflianoba da sxeu-

lis wonis mniSvnelovani kleba. 

filtvebis sisxlZarRvebis embolia (filtvis arteriis Tromboembolia) — 

filtvebis sisxlZarRvebis sadinrebis mwvave daxSoba TrombebiT (romelic warmoiq-

mneba venozur sistemaSi) an sxva Trombozuli masaliT (emulgirebuli cximebis wve-

Tebi, haeris buStukebi, simsivnuri ujredebi, parazitebi da sxv.). emboliis gamom-

wvev sxvadasxva nawilakebs embolebi ewodeba. Trombis warmosaqmnelad saWiroa sami 

piroba: 

• sisxlZarRvis kedlis dazianeba; 

• am adgilze sisxlis dinebis Seneleba; 

• sisxlis Sededebis intensivobis zrda. 

venebis kedlebi SesaZlebelia daziandes anTebiTi daavadebebisas, intravenuri 

ineqciebisas, travmebis dros. sisxlis dinebis Senelebis pirobebi viTardeba gulis 

ukmarisobisas, xangrZlivi iZulebiTi uZraobisas (mag., xangrZlivi woliTi reJimi). 

sisxlis Sededebis unaris matebas iwvevs sisxlis Sededebis sistemis zogierTi mem-

kvidruli daRveva, Casaxvis sawinaaRmdego oraluri preparatebis miReba, Sidsi. yve-

laze saSiSia Trombebi, romlebic erTi boloTi mimagrebulia sisxlZarRvis kedel-

ze, xolo meore bolo Tavisuflad dacuravs venis sanaTurSi. mciredi Zalis zemoq-
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medebiT (xveleba, mkveTri moZraoba, daZabva da sxv.) Trombi swydeba kedels  da sis-

xlis nakadiT, Rru venis, marjvena winagulis da marjvena parkuWis gavliT xvdeba 

filtvebis arteriaSi. zogjer, arteriis kedlebze Senarcxebisas, Trombi iSleba 

ufro mcire zomis Trombebad, romlebic axSobs filtvebis sisxlZarRvebis wvril 

ganStoebebs. yvelaze xSirad, filtvebis arteriis Tromboemboliis mizezi xdeba 

Trombebi,  romlebic warmoiqmneba  qveda kidurebis Rrma venebSi. SedarebiT iSvia-

Tad es Trombebi aris menjis, muclis Rrus, zeda kidurebis da gulis marjvena nawi-

lebis venebidan. filtvebis arteriis ganStoebebis daxSoba didi raodenobis Trom-

bebis arsebobisas iwvevs filtvebis sisxlZarRvebSi wnevis matebas; izrdeba marjve-

na parkuWis datvirTva da viTardeba gulis ukmarisoba. marjvena parkuWis mtumbavi 

funqciis daqveiTeba iwvevs sisxlis arasakmaris miwodebas marcxena parkuWSi, mcir-

deba arteriebSi da aortaSi moxvedrili sisxlis raodenoba. Sedegad, warmoebs sis-

xlis wnevis mkveTri vardna da viTardeba Soki. yovelive amas, SesaZlebelia Tan 

sdevdes marjvena parkuWis miokardiumis infarqti da filtvebis ateleqtazi.   

filtvis arteriis Tromboemboliis simptomebi damokidebulia procesis masiu-

robaze, aseve, gul-sisxlZarRvTa sistemis da filtvebis funqciur mdgomareobaze. 

filtvebis arteriis Tromboemboliis yvelaze xSiri gamovlinebaa qoSini da gaxSi-

rebuli sunTqva. qoSini warmoiqmneba moulodnelad. avadmyofi ukeT grZnobs Tavs 

dawolil mdgomareobaSi. gulmkerdis areSi aReniSneba sxvadasxva xasiaTis tkivili. 

SesaZlebelia ganviTardes cianozi (lurji Seferiloba vlindeba tuCebze, cxvirsa 

da yurebze) an simkrTale. filtvebSi ismineba xixini, gulis aris zemoT — sistolu-

ri xmauri. eleqtro-kardiogramaze Cans mwvave filtvuri gulis niSnebi, xolo eqo-

kardiogramaze — Trombebi gulis marjvena ganyofilebebsa da filtvebis arterieb-

Si. aseve aRiniSneba marjvena parkuWis funqciis moSlis niSnebi. rendgenogramaze 

aRiniSneba cvlilebebi filtvebSi. 

respiratoruli daavadebebis paTogenezuri safuZveli ganpirobebulia ara mar-

to organizmis imunologiuri aqtivobis cvlilebiT, aramed mTeli homeostazis 

cvlilebiTac. Tanamedrove mosazrebebis mixedviT, sistemuri anTebiTi sindromis 

buneba mdgomareobs rigi procesebis ganviTarebis SeTavsebasa da TanmimdevrobaSi. 

es procesi iwyeba sisxlis anTebiTi ujredebis generalizirebuli aqtivaciiT, ra-

sac mosdevs sisxlSi Tavisufali radikalebis, anTebis winamorbedi citokinebis da 

qemokinebis warmoqmna da dagroveba, dislipidemiis ganviTareba da lokaluri anTe-

bis gaZliereba. 

am TvalsazrisiT, klinikur praqtikaSi perspeqtiulia e.w. `metaboluri~ mimar-

Tuleba, romlis mizania metaboluri procesebis darRvevebis analizi sxvadasxva 

doneze, rac warmoadgens mravali daavadebis Camoyalibebis safuZvels an fons. 

adamianis organizmis metabolizmis erT-erT centralur rgols warmoadgens 

cilebis cvla. cilebis metabolizmis darRveva anTebiTi procesebisas xasiaTdeba 

proteolizis matebiTa da, Sesabamisad, cilebis sinTezis SemcirebiT. am darRvevaTa 

mTavari mizezi ganisazRvreba ramodenime faqtoriT, romelTa Soris erT-erTi wam-

yvania dazianebuli parenqimuli ujredebidan, stromis ujredebidan da leikocite-

bidan proteolizuri fermentebis masiuri gamoTavisufleba. am fermentebis aqti-

voba maRalia, radgan proteazebis umetesobisaTvis katalizuri optimumi aris pH-is 

mJave diapazonSi, xolo anTebis keraSi adgili aqvs metabolur acidozs. Sedegad aq-

tivdeba Tavisufalradikaluri da zeJanguri reaqciebi, romelTac Tan sdevs li-

poproteinebis destruqcia. lipoproteinebis destruqciisas gamoyofili protei-

nuli nawili iSleba da/an denaturirdeba. mniSvnelovania agreTve filogenuri agen-

tis pirdapiri paTogenuri zemoqmedeba fermentul proteolizze.   
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cilebis metabolizmis darRvevis sawyisi etapia filogenuri faqtoriT daziane-

buli ujredebis membranis destruqcia, rasc mosdevs imunuri reaqciebis (maT Soris 

imunopaTologiuri reaqciebis) aqtivacia da sakuTari daRupuli ujredebis cile-

bis, aseve infeqciuri agentis cilebis destruqcia. imunitetis ujreduli da humo-

raluri meqanizmebis CarTva uzrunvelyofs antigenurad ucxo struqturebis des-

truqcias da eliminacias. proteolizis produqtebi warmoadgens substratebs uj-

redis axali komponentebis sinTezisaTvis, dazianebulis sanacvlod. 

aucilebelia aRiniSnos, rom sasunTqi sistemis organoTa daavadebebis paToge-

nezis ZiriTad rgols warmoadgens hipoqsia, romelic bioqimiuri TvalsazrisiT 

aris organizmis qsovilebSi substratebis Jangvis darRveva, rasac mivyavarT sis-

xlSi biogenuri aminebis Semcvelobis gazrdasTan. biogenuri aminebis dagrovebas da 

maTi toqsikuri zemoqmedebis gamovlinebas Tan sdevs dekarboqsilazebis aqtivobis 

gaZliereba da oqsidazebis aqtivobis Seferxeba. Sedegad, warmoiqmneba Tavisufali 

amoniaki. 

sasunTqi sistemis daavadebaTa paTogenezSi mniSvnelovan faqtors warmoadgens  

ara marto cilebis cvlis darRveva, aramed, aseve, lipidebis zeJanguri Jangvis 

(lzJ) aqtivacia, Tavisufali radikalebis warmoqmna, romelic iwvevs lizosomebis 

destabilizacias da filtvebisa da sisxlZarRvebis intimis (intima — arteriis an ve-

nis Sida Sre, romelic mdebareobs elastikuri membranis qveS) ujredebis dazianebas, 

aseve, sisxlis reologiis (denadobis) gauaresebas.  

 

 
suraTi VII. 16.  O2-is zemoqmedeba filtvis neiroepiTeluri organos  

ujredebze da ujreduli pasuxebi hipoqsiaze (sqematuri modeli) 
ujreduli pasuxebi hipoqsiaze (1) da filtvis neiroepiTeluri organos  

ujredebSi arsebuli sxvadasxva O2-sensorebi (2), maT Soris NADPH-damokidebuli  

da NADPH-damoukidebeli meqanizmebi da K+-is arxis aqtivobis cvlilebebi (3). 

hipoqsia iwvevs voltaJ-daWiSkruli an Ca2+-iT aqtivirebadi K+-is arxebis inhibirebas (3);  

amas mosdevs, Sesabamisad, membranis depolarizacia (4) da voltaJ-daWiSkruli Ca2+-is  

arxebis aqtivacia (5); iwyeba Ca2+-is Semodineba ujredSi (6),  

rasac mosdevs neirotransmiteris gamoTavisufleba (7). 



 

 327

lipoproteinebis TiToeuli klasi asrulebs mkacrad gansazRvrul funqcias. 

mag., pnevmoniiT daavadebul pacientebSi, avadmyofobis pikze, mcirdeba qolesteri-

nis koncentracia sisxlSi, rasac Tan axlavs lecitinisa da α-lipoproteinebis kon-

centraciis mateba da β-lipoproteinebis koncentraciis kleba. mwvave pnevmoniis 

ganviTarebisas, neitrofilebis membranaSi mniSvnelovnad mcirdeba fosfolipide-

bis advilad daJangvadi fraqciebis (fosfatidileTanolamini, fosfatidilserini) 

Semcveloba. amave dros, limfocitebis membranaSi am fosfolipidebis Semcveloba, 

piriqiT, izrdeba. 

rac Seexeba granulocitebs, romelTa fagocitozis funqciis safuZvels warmo-

adgens e.w. `sunTqviTi afeTqeba~, maT funqcionirebaSi, pirvel yovlisa, CarTulia 

fosfolipidebi poliujeri cximovani mJavebis maRali SemcvelobiT. SesaZlebelia, 

leikocitozi da lipiproteinemiebi urTierTdamokidebulia energetikulad: erTi 

mxriv, neitrofilebi gamoiyeneben lizolecitins da cximovan mJavebs membranebis 

ganaxlebisaTvis, meore mxriv, membranebis ganaxlebis siCqare ganpirobebulia lim-

focitebis reaqtiulobis xarisxiT. sabolood ar aris gamoricxuli erTgvari 

`mankieri wris~ Camoyalibeba: maRali simkvrivis lipoproteinebis fraqciis Semci-

reba aqveiTebs maT damcvelobiT SesaZleblobebs, riTac kidev metad aqtiurdeba 

lipidebis zeJanguri Jangva, rac, Tavis mxriv, iwvevs receptoruli da ujredSoris 

urTierTobebis destabilizacias. lJz produqtebis warmoqmna da dagroveba bio-

logiur membranebSi  sabolood iwvevs membranebis funqciis mniSvnelovan Secvlas 

da  darRvevasac ki. amave dros, maRali biologiuri aqtivobis gamo, gansakuTrebiT 

Zlier zemoqmedebas axdenen aldehidebi da dialdehidebi. mag., avadmyofebSi mwvave 

anTebis maCveneblebiT (sialis mJavebi, seromukoidi, C-reaqtiuli cila, leikocite-

bi), sisxlis plazmasa da eriTrocitebSi aRiniSneba malonis dialdehidis Semcvelo-

bis mniSvnelovani cvlilebabi. 

cilebisa da lipidebis cvlasTan organizmSi pirdapiraa dakavSirebuli naxSir-

wylebisa da mineralebis cvla. anTebis keraSi naxSirwylebis metabolizmi ganicdis 

mniSvnelovan da damaxasiaTebel cvlilebebs, rac gamoixateba glikolizis proce-

sis gaaqtiurebaSi. glikolizis aqtivacias Tan axlavs ujredebsa da ujredSoris 

siTxeSi am procesis Sualeduri produqtebis Warbad dagroveba, maT Soris, piruva-

tisa da laqtatis. es iwvevs metaboluri acidozis  Camoyalibebas. anTebiTi proce-

sis dros, naxSirwylebis metabolizmis darRvevis mizezebs pirvelyovlisa warmoad-

gens membranuli aparatisa da mitoqondrialuri fermentebis dazianeba, romelic 

viTardeba filogenuri agentebis zemoqmedebiT. filogenuri agenti, Tavis mxriv, 

iwvevs anTebiT process, romlis drosac aqtivdeba an warmoiqmneba membranebze da 

mitoqondrialur fermentebze  zemoqmedi iseTi faqtorebi, rogoricaa Tavisufali 

radikalebi, zeJanguri naerTebi, lizosomuri hidrolazebi, Warbi Н-onebi da sxv. 

am procesSi, aseve, mniSvnelovan rols asrulebs Са²+-is koncentraciis zrda, 

rac iwvevs JangviTi fosforilirebis gaTiSvas. erT-erT mniSvnelovan faqtors ase-

ve warmoadgens ujredebSi ADP-is, AMP-is da araorganuli fosfatis raodenobis 

zrda, rac iwvevs glikolizis malimitirebeli (sakvanZo) fermentebis aqtivacias. 

amasTan dakavSirebiT, anTebis keraSi izrdeba ATP-is glikolizuri resinTezis 

xvedriTi wona. Jangbadis STanTqmis gaZliereba, qsovilovani sunTqvis procesSi 

glukozis daJangvis efeqturobis klebasTan erTad, iwvevs qsovilebSi ATP-is rao-

denobis klebas. glikolizis procesSi warmoqmnil ATP-s (Tumca arasakmarisi ode-

nobiT) mainc SeuZlia ujredebSi energodamokidebuli procesebis (gansakuTrebiT 

ionebis transportis, kunTebis SekumSvis, anTebis keraSi histologiuri elemente-
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bis sicocxlisunarianobis da cxovelmyofelobis SenarCunebis) uzrunvelyofa. an-

Tebis sawyis etapze (rodesac mitoqondriebis umetesobas SenarCunebuli aqvs 

struqturuli mTlianoba, xolo maT fermentebs — kinetikuri aqtivoba) qsovelebis 

normalur an normasTan miaxlovebul oqsigenizaciis aRdgenas Tan  sdevs qsovilo-

vani sunTqvis swrafi normalizeba, glikolizis procesis intensivobis Semcireba 

da, Sesabamisad, ujreduli procesebis energetikuli uzrunvelyofis normaliza-

cia. 

zemoT aRwerili sisxlis bioqimiuri maxasiaTeblebis yvela cvlileba zemoqme-

debs organizmis homeostazur potencialze, romlis erT-erTi mniSvnelovani nawi-

lia bioelementebis srulfasovani Semadgenloba. bioelementebi warmoadgens ara 

marto filtvebis adgilobrivi dacvis sistemebis komponentebs, aramed monawile-

obs, anTebiTi procesis ganviTarebisas, ujredebis funqcionaluri aqtivobisa da 

imunuri pasuxis kontrolSi. biosubstratebis elementurma Semadgenlobam SesaZle-

belia gamoavlinos paTologiis ganviTarebis stadiebi avadmyofobis gamomJRavne-

bamde. arsebobs mravali monacemi TuTiis rolis Sesaxeb mwvave anTebis formirebis 

paTogenezSi, nukleinis mJavebis sinTezis regulaciis da Т-limfocitebis stimula-

ciis gziT. in vitro da in vivo Catarebuli gamokvlevebi cxadyofs, rom TuTiisa da 

spilenZis deficitze yvelaze met mgrZnobelobas avlens Т-qilerebi, Т-helperebi, 

makrofagebi da neitrofilebi, xolo B-limfocitebis mgrZnobeloba am elementebis 

deficitisadmi naklebadaa gamoxatuli. yovelive es ganapirobebs Sinagani organoe-

bis, maT Soris filtvebis, infeqciur dazianebas. aseve dadgenilia, rom recidireba-

di bronqitiT daavadebuli bavSvebis sisxlis SratSi aRiniSneba TuTiis koncentra-

ciis kleba da neitrofiluri granulocitebiT Jangbadis aqtiuri formebis genera-

cia. yuradsaRebia monacemebi bioelementebis unaris Sesaxeb akontrolos lJz-is da 

antioqsidanturi sistemis aqtivoba. cnobilia, rom spilenZi, TuTia, rkina da manga-

numi Sedis antioqsidanturi sistemis iseTi fermentebis SemadgenlobaSi, rogori-

caa superoqsiddismutaza, glutaTionoqsidaza, katalaza da ceruloplazmini, xo-

lo maTi deficiti iwvevs qsovilebSi Tavisufali radikalebis dagrovebas Т- da В-
ujredebis disbalanss da qsenobiotikebis metabolizmis fermentebis depresias. 

filtvebis qsovilSi, anTebiTi procesis pikze, aseve aRiniSneba bromis, qromis, 

stronciumisa da molibdenis koncentraciis mniSvnelovani kleba. 

zemoT moyvanili faqtebi mianiSnebs, rom aucilebelia axali midgomebis Zieba sa-

sunTqi sistemis daavadebaTa paTogenezis SeswavlaSi, ujredul da subujredul 

doneze homeostazuri darRvevebis koreqciisa da, aseve, klinikamdeli diagnosti-

kis meTodebis SemuSavebaSi. yovelive es saSualebas mogvcems vawarmooT minimaluri 

metaboluri darRvevebis korelireba, riTac miiRweva daavadebis ganviTarebis ku-

pireba. anTebiTi procesebis ganviTarebis mwvave periodSi pacientebis reabilita-

ciis axali meTodebis SemuSveba saSualebas mogvcems procentulad SevamciroT daa-

vadebebis gaxangrZlivebuli formebi da Tavidan aviciloT maTi qronikul forme-

bad Camoyalibeba (qronizacia) (cxr.VII. 2). 
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cxrili VII. 2 

sasunTqi sistemis daavadebebi da maTi  

diagnostirebisaTvis saWiro bioqimiuri kvlevebi 

 

 

daavadeba  

 

aucilebeli gamokvlevebi 

 

damatebiTi 

gamokvlevebi 

filtvis abcesi saerTo cila da cilovani fraqciebi,  

mwvave fazis cilebi 

lipoproteinebis 

fraqciebi, 

qolesterini, 

suqcinatdehidro

genaza 

bronqialuri 

asTma 

saerTo cila da cilovani fraqciebi,  

mwvave fazis cilebi 
17-oqsikortikost

eroidebi (SardSi), 

17- 

kortikosteroide

bi, c-AMP 

mwvave bronqiti saerTo cila da cilovani fraqciebi,  

mwvave fazis cilebi 
 

bronqoeqtazia  saerTo cila da cilovani fraqciebi,  

mwvave fazis cilebi, fibrinogeni 
 

filtvismieri 

gulis 

ukmarisoba 

saerTo cila da cilovani fraqciebi, 

laqtatdehidrogenaza da misi 

izoformebi 

rZemJava,  

eleqtrolitebi 

(K+, Na+, Cl-) 
 

plevriti 

sialis mJavebi, glikoproteinebi,  

saerTo cila da cilovani fraqciebi,  

cila da laqtatdehidrogenaza 

plevralur siTxeSi 

 

 

 

pnevmonia 

mwvave:  saerTo cila da cilovani 

fraqciebi, mwvave fazis cilebi, 

laqtatdehidrogenaza da misi 

izofermentebi, 

sialis mJavebi, glikoproteinebi 
qronikuli:   saerTo cila da cilovani 

fraqciebi,  mwvave fazis cilebi, 

laqtatdehidrogenaza da misi 

zofermentebi 

2,3-difosfoglice

rati, 

lipoproteinebi 

 
 

tuberkulozi saerTo cila da cilovani fraqciebi, 

sialis mJavebi, glikoproteinebi 
 

filtvebis 

sisxlZarRvebis 

embolia 

kreatinkinaza da misi izofermentebi, 

laqtatdehidrogenaza da misi  

izoformebi, glikoproteinebi 

bilirubini, 

glikoproteinebi, 

sialis mJavebi 
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VIII. saWmlis momnelebeli sistemis bioqimia 

sakvebis moneleba gulisxmobs sakvebis meqanikur da qimiur damuSavebas saWmlis 

momnelebel arxSi (sur.VIII.1) es sakmaod rTuli procesia, romlis drosac mimdinare-

obs sakvebSi Semavali makromolekulebis daSla SedarebiT mcire zomis molekule-

bad — monomerebad.  

 

 
suraTi VIII.1. saWmlis momnelebeli sistema 

 

am procesSi monawileobas iRebs saWmlis momnelebeli (hidrolizuri) fermente-

bi, romelTa moqmedebis Sedegad, sakvebiT miRebuli maRalmolekuluri organuli 

naerTebisgan (polisaqaridebi, lipidebi, cilebi) warmoqmnili monomerebi Seiwoveba 

nawlavis kedlis ujredebis mier da xvdeba organizmis Txevad garemoSi — sisxlsa da 

limfaSi. amgvarad, sakvebis moneleba gulisxmobs organizmis mier miRebuli sakvebis 

gadamuSavebas da SeTvisebas.  

sakvebis monelebis procesSi monawile fermentebis gamomuSaveba da sekrecia 

xdeba sanerwyve jirkvlebis, aseve kuWisa da pankreasis specializirebuli ujrede-

bis (acinuri ujredebi) mier. jirkvlebis garda, procesSi CarTulia aseve wvrili 

nawlavis epiTeliumis ujredebi — enterocitebi. enterocitebiT xdeba darCenili 

dimerebisa da oligomerebis saboloo daSla monomerebad da maTi Sewova. saWmlis 

momnelebeli fermentebis sekrecias egzokrinuli sekrecia ewodeba, vinaidan fer-

mentebis gamoTavisufleba xdeba specialur sanaTurSi. saWmlis momnelebeli fer-

mentebi sinTezdeba araaqtiuri profermentebis e.w. zimogenebis saxiT da inaxeba 

Semnaxvel vezikulebSi (zimogenuri vezikulebi). sekreciisaTvis saWiro stimulis 

arsebobis SemTxvevaSi zimogenuri vezikulebi gadaadgildeba plazmuri membranisa-

ken da ixsneba sanaTurSi. momnelebeli fermentis gaaqtiureba xdeba mxolod maTi 

ujredidan gamoTavisuflebis Semdgom. fermenebis sekrecia regulirebadi proce-

sia da mimdinareobs sxvadasxva eleqtrolitis monawileobiT. eleqtrolitebi uz-
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runvelyofs sisxlidan jirkvlis sadinarebSi wylis gadatanas, rac ganapirobebs 

fermentebis xsnadobas da maT transports sakvebis momnelebel arxSi. fermentebis 

sekreciis regulirebaSi CarTulia sekretagogebi — endogenuri naerTebi, romle-

bic astimulirebs saWmlis momnelebeli sistemis moqmedebas. sekretagogebi biolo-

giurad aqtiuri naerTebia, romlebic  urTierTqmedebs egzokrinuli ujredebis ze-

dapirze arsebul receptorebTan. sekretagogebis rols asrulebs neirotransmite-

rebi, hormonebi, farmakologiuri preparatebi da zogierTi baqteriis toqsini. re-

ceptorTan sekretagogis dakavSirebiT warmoqmnili signali gadaecema ujredis 

SigniT da iwvevs zimogenuri granulebis SigTavsis gamoTavisuflebas sanaTurSi. 

sekreciis mTavari sasignalo gzebia fosfolipaza C-s gaaqtivebiT inozitol-1,4,5-

trifosfatisa da diacilglicerolis gamoTavisufleba da, Sesabamisad, ujredis 

SigTavsSi Ca2+-is raodenobis matebiT inducirebuli proteinkinaza C-s aqtivireba. 

es ukanaskneli adenilatciklazuri an guanilatciklazuri sistemis amuSavebiT iw-

vevs Sesabamisad,  cAMP-is an cGMP-is raodenobis matebas.  

acetilqolini erT-erTi mniSvnelovani sekretagogia. is xels uwyobs nerwyvisa 

da kuWis wvenis sekrecias nervuli sistemis meSveobiT. egzokrinuli ujredebis ace-

tilqolinis receptori muskarinuli tipisaa. receptori stimulirdeba muskarinis 

mJaviT da iblokeba atropiniT. atropinis am Tvisebazea damyarebuli misi, rogorc 

piris Rrus gamosaSrobi naerTis gamoyeneba stomatologiuri samuSaoebis Catarebi-

sas.  

histamini da serotonini aseve sekretagogebia, romlebic moqmedebs parakrinu-

lad, anu mezobel ujredebze. histamini sinTezdeba kuWis lorwovanas e.w. enteroq-

romafinul ujredebSi, xolo serotonini — nawlavis kedelSi difuzurad gabneul 

specializirebul ujredebSi.  

histaminis moqmedebiT Zlierdeba marilmJavas sekrecia, risTvisac is urTier-

Tqmedebs specifikur H2-receptorTan. H2-receptoris antagonistebi gamoiyeneba, 

rogorc antaciduri preparatebi. serotonini aZlierebs nawlavis mier NaCl-is sek-

recias da, amave dros,  moqmedebs rogorc neirotransmiteri.  

sekretagogebs miekuTvneba aseve zogierTi peptidi, maTgan nawili moqmedebs ro-

gorc hormoni. aseTi tipis hormonebi sinTezdeba epiTeluri endokrinuli ujrede-

bis mier. maTgan aRsaniSnavia qolecistokinini da gastrini. 

gastrini kuWis G-ujredebis mier gamomuSavebuli hormonia. misi sinTezi aseve 

warmoebs kuWqveSa jirkvlis D-ujredebSic. igi ukavSirdeba kuWis parietalur uj-

redebze ganTavsebul gastrinis metabotropul receptorebs, romelTa efeqtebis 

realizeba mimdinareobs  adenilatciklazuri sistemiT. am procesis Sedegia kuWis 

parietaluri ujredebis mier kuWis wvenis da gansakuTrebiT marilmJavas sekreciis 

gaZliereba. is aseve aZlierebs kuWis mTavari ujredebis mier pepsinis sekreciasac, 

rac  kuWis wvenis momatebul mJavianobasTan erTad uzrunvelyofs pepsinis moqmede-

bisaTvis aucilebeli optimaluri pH-is warmoqmnas. amave dros, misi moqmedebiT 

gazrdilia bikarbonatebisa da lorwos gamoyofa kuWis lorwovani garsis mier, rac 

uzrunvelyofs kuWis ujredebis dacvas marilmJavasa da pepsinis zemoqmedebisagan. 

gastrini amuxruWebs kuWis SigTavsis daSlas, riTac gaxangrZlivebulia sakvebis 

gundaze marilmJavasa da pepsinis moqmedebis dro. gastrinisadmi mgrZnobiare re-

ceptorebi aseve nanaxia Tormetgoja da wvril nawlavSic. misi zemoqmedebiT Zlier-

deba sekretinis, qolecistokininisa, somatostatinisa da mTeli rigi hormonaluri 

aqtivobis mqone nawlavuri da pankreasuli peptidebisa da fermentebis sekrecia.   

gastrinis sekrecia mkveTrad matulobs kuWis an pankreasis jirkvlis simsivnis 

Sedegad. aRniSnuli efeqti kuWis lorwovani garsis hiperplaziisa da hipertrofiis  
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mizezi xdeba. gastrinis sekreciis mcire mateba aseve aRiniSneba Helicobacter pylori-iT  

dainficirebis drosac, rac sakmarisi SeiZleba aRmoCndes kuWis an Tormetgoja naw-

lavis gastritis an wylulovani daavadebebis ganviTarebisaTvis. hormonis sekrecia 

aseve matulobs stresuli situaciebis SemTxvevaSi.  

Tormetgoja da wvrili nawlavis proqsimaluri nawilis ujredebis mier sekre-

tirdeba peptidi qolecistokinini. misi sekreciis stimulatoria wvril nawlavSi 

moxvedrili sakvebi gundis SemadgenlobaSi arsebuli cilebi da cximebi. am peptidis 

zemoqmedebiT Zlierdeba naRvlis wvenis gamoyofa. igi aseve astimulirebs  pankrea-

suli wvenis sekreciasac.  saWmlis momnelebel arxSi qolecistokinini producirde-

ba Tormetgoja nawlavis lorwovani garsis I-ujredebisa da wvrili nawlavis proq-

simaluri nawilis mier. is astimulirebs naRvlis buStis gluvi kunTebis SekumSvas, 

rac iwvevs naRvlis wvenis gadadenas Tormetgoja nawlavSi. qoleciskokinini zrdis 

kuWqveSa jirkvlis sekrecias da xels uSlis qimusis gadasvlas Tormetgoja nawlav-

Si, rac, Tavis mxriv, axangrZlivebs sakvebi gundis yofnas kuWSi da zrdis pankreasisa 

da marilmJavas moqmedebis efeqts. qolecistokinini warmoadgens kuWis amomfeni 

ujredebis mier marilmJavas sekreciis blokators. qolecostokininis inhibitoria 

somatostatini.  

analogiuri sekretoruli funqciis matarebelia aseve sekretinic —  polipepti-

di, romelic gamoiyofa wvrili nawlavis sxvadasxva endokrinuli ujredebis mier. 

misi sekrecia gansakuTrebiT Zlierdeba mas Semdeg, rac nawlavis SigTavsis pH-

sidide 5-ze naklebi xdeba. misi mTavari funqciaa NaHCO3-iT mdidari pankreasuli 

wvenis sekreciis stimulireba. es procesi aucilebelia kuWis mJave reaqciis gasane-

itraleblad Tormetgoja nawlavSi.  

VIII.1. sakvebis moneleba piris RruSi 

sakvebis monelebis procesi piris RruSi iwyeba, sadac xdeba sakvebis meqanikuri 

damuSaveba. es procesi astimulirebs  piris Rrus egzokrinul jirkvlebs, romle-

bic gamoyofs nerwyvs. nerwyvi — ufero siTxea, romelic sekretirdeba sami wyvili 

msxvili (enisqveSa, ybisqveSa da ybayura) da uamravi wvrili sanerwyve jirkvlebis mi-

er. nerwyvi asvelebs sakvebs da uzrunvelyofs  gemovnebiTi SegrZnebebis warmoq-

mnas, aseve monawileobs sakvebi gundis SeqmnaSi, riTac xels uwyobs ylapvis process. 

mas aqvs baqteriociduli Tvisebebi, rac ganpirobebulia masSi lizocimis arsebo-

biT. lizocimi hidrolazebis jgufis fermentia,  romelic axdens baqteriebis ked-

lis peptidoglikanis hidrolizur daSlas. cnobilia, rom peptidoglikanebi 

gvxvdeba mxolod  baqteriuli ujredis kedlis  SemadgenlobaSi da asrulebs meqani-

kur, damcvelobiT da antigenur funqciebs. peptidoglikanebis struqturuli er-

Teulia N-acetilglukozaminisa da N-acetilmuramis  mJavebiT warmoqmnili  hete-

ropolimeri, romlebic gakerilia mokle peptiduri jaWvebiT (sur.VIII.2).  

nerwyvis 95% wyalia, xolo 5% mSrali nivTiereba. mSrali nivTierebebi warmod-

genilia organuli da araorganuli naerTebiT. nerwyvSi gvxvdeba cilovani moleku-

lebi (albuminebi, globulinebi), sxvadasxva fermentebi da sxv. ylapvis refleqsis 

koordinireba xdeba mogrZo tvinSi arsebuli ylapvis centris mier. ylapvis ref-

leqsis warmoqmnaSi monawileobs receptorebi, romlebic gabneulia xaxis lorwovan 

garsSi. ylapvis procesis koordinirebaSi monawileobs aseve ena da sasa, romlebic 

xels uSlis sakvebis moxvedras cxviris siRruesa da traqeaSi.  
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suraTi VIII.2. peptidoglikani baqteriuli ujredis  

membranaSi da masze nerwyvis lizocimis moqmedeba 

 

saWmlis momnelebeli fermentebidan nerwyvi gansakuTrebiT mdidaria naxSir-

wylebis damSleli fermentebiT — α-amilazaTi  da maltazaTi. am fermentebis zemoq-

medebiT iwyeba piris RruSi moxvedrili sakvebis gundis Semadgeneli polisaqaridu-

li naxSirwylovani komponentebis (saxamebeli, glikogeni) nawilobrivi daSla Seda-

rebiT dabalmolekulur komponentebad — deqstranebad. nerwyvSi aseve warmodgeni-

lia cximis damSleli enis lipaza (triacilglicerollipaza). es ukanaskneli gamoi-

yofa enis ebneris ujredebidan da moqmedebs iseT cximebze, romlebic mokle naxSir-

badovani jaWvis mqone cximovan mJavebs Seicavs (magaliTad, rZis cximebze). Tumca 

aRsaniSnavia, rom am fermentis moqmedebiT iSleba sakvebSi Semavali cximebis Zalze 

umniSvnelo nawili. nerwyvis pH sidide meryeobs 5.6-7.6-is farglebSi.  

VIII.2. sakvebis moneleba kuWSi 

sakvebi piris Rrudan xvdeba kuWSi, sadac igi Semdgom qimiur da meqanikur zemoq-

medebas ganicdis. sakvebis meqanikuri damuSaveba uzrunvelyofilia kuWis motoru-

li moqmedebiT, xolo qimiuri — kuWis wvenis fermentebiT. danawevrebuli da qimiu-

rad damuSavebuli sakvebis masa, kuWis wvenTan erTad, qmnis Txevad an naxevradTxe-

vad qimuss. kuWi Semdeg funqciebs asrulebs: sekretoruls, motoruls, eqskreto-

ruls, inkretoruls (gastrinisa da histaminis warmoqmna), homeostaturs, igi aseve 

monawileobs hemopoezSi (gamoimuSavebs kaslis faqtors).  

kuWis sekretoruli funqcia. kuWis sekretoruli funqcia uzrunvelyofilia 

lorwovan garsSi arsebuli jirkvlebiT. jirkvlebi warmodgenilia mTavari, parie-

taluri (amomfeni), damatebiTi  ujredebiTa da mukocitebiT. mTavar ujredebSi 

xdeba pepsinogenis gamomuSaveba, parietalurSi — marilmJavis, xolo damatebiT uj-

redebsa da mukocitebSi — mukoiduri sekreti — e.w. lorwo. lorwo, ZiriTadad, ori 

tipis naerTebisagan Sedgeba. esenia glukozaminoglikanebi da proteoglikanebi.  

kuWis wvenis Semcveloba da Tvisebebi. zrdasrul adamianSi dRe-Ramis ganmav-

lobaSi gamomuSavdeba da gamoiyofa daaxloebiT 2.0-2.5 l kuWis wveni. mas mJave reaq-

cia  aqvs (рН 1,5- 1,8). misi Semadgenlobis 99% wyalia, xolo 1% mSrali nivTiereba. 

mSrali naSTi warmodgenilia organuli da araorganuli naerTebiT. kuWis wvenis Zi-

riTadi araorganuli komponentia marilmJava, romelic gvxvdeba rogorc Tavisufa-

li, aseve proteinebTan dakavSirebuli formiT. kuWSi marilmJava mTel rig funqci-

ebs asrulebs. esenia: 1. xels uwyobs kuWSi cilebis denaturacias da gajirjvebas, 
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rac aiolebs maT Semdgom daSlas pepsiniT; 2. aaqtivebs pepsinogens da gardaqmnis mas 

pepsinad; 3. qmnis mJave ares, romelic aucilebelia kuWis wvenis fermentebis moqme-

debisaTvis; 4. uzrunvelyofs kuWis wvenis baqteriocidul moqmedebas; 5. xels uwy-

obs sakvebis evakuacias kuWidan; 6. aaqtivebs pankreasul sekrecias.  

marilmJavas warmoqmna xdeba kuWis jirkvlebis parietaluri (amomfeni) ujrede-

bis mier. es ujredebi xasiaTdeba mitoqondriebis simravliT, romlebic ganlagebu-

lia ujredSida arxebis gaswvriv. 

marilmJavas sekreciis aqtivacia midinareobs sekretagogebis — histaminis, gas-

trinisa da acetilqolinis zemoqmedebiT. parietaluri ujredis zedapirze ganla-

gebul receptorTan sekretagogis urTierTqmedebis Semdgom xdeba Sesabamisi G-ci-

lebis gaaqtiveba. parietalur ujredebze gvxvdeba histaminis H2-receptorebi,  

muskarinuli M3-receptorebi acetilqolinisaTvis da qolecistokininis  B-tipis 

receptorebi (CCK-B)  gastrinisaTvis.  

acetilqolinis da gastrinis receptorebis moqmedeba xorcieldeba im G-cile-

bis aqtivaciis meSveobiT, romlebic aaqtivebs fosfolipaza C-s da, Sesabamisad, 

xdeba inozitoltrifosfatisa (IP3) da diacilglicerolis (DAG) warmoqmna. IP3 iw-

vevs Ca2+-is gamosvlas endoplazmaturi retikulumidan, xolo DAG aaqtivebs pro-

teinkinaza C-s, romelic awarmoebs sxvadasxva substratuli cilebis fosforilire-

bas da, Sesabamisad, zemoqmedebs maT funqcionalur aqtivobaze.  

H2-receptorebTan histaminis dakavSirebis Semdgom,  G-cilebis meSveobiT aqtiv-

deba adenilatciklaza da Sedegad  warmoebs c-amf-is ujredSida koncentraciis ma-

teba.  c-amf aaqtivebs proteinkinaza A-s, romelic awarmoebs sxvadasxva samizne ci-

lebis fosforilirebas. proteinkinaza A-s erT-erTi identificirebuli samiznea 

Cl--is arxi. in vitro cdebSi dadgenilia, rom am proteinkinazaTi Cl--is arxis fosfori-

lireba iwvevs arxis gamtareblobis zrdas. 

marilmJavas sekrecia mimdinareobs  glikogenolizuri da glikolizuri aqtivo-

bis gazrdis fonze. Sedegad izrdeba piruvatis warmoqmna. acetil-CoA-mde da CO2-

mde piruvatis JangviTi dekarboqsilirebas Tan sdevs citoplazmaSi nadH2-is dag-

roveba, romelic gamoiyeneba HCl-is sekreciisas H+-is generirebisaTvis. 

amave dros, kuWis lorwovan garsSi, trigliceridlipazas zemoqmedebiT, trig-

liceridebis daSla da warmoqmnili cximovani mJavebis Semdgomi utilizacia, uz-

runvelyofs eleqtronebis gadamtan mitoqondrialur jaWvSi aRmdgeneli ekviva-

lentebis 3-4-jer met modinebas. rogorc aerobuli glikolizi, aseve cximovani mJa-

vebis daJangva inicirdeba Sesabamisi fermentebis c-amf-damokidebuli fosforili-

rebiT. es fermentebi uzrunvelyofs krebsis ciklSi acetil-CoA-s da, Sesabamisad, 

aRmdgeni ekvivalentebis generirebas mitoqondriul sunTqvis jaWvSi. Ca2+ warmoad-

gens НС1-is sekreciis  aucilebel elements. c-amf-damokidebuli fosforilireba 

uzrunvelyofs kuWis karboanhidrazas aqtivacias. `karboanhidrazuli~ Teoriis mi-

xedviT, marilmJavas sinTezisaTvis aucilebeli Н+ miiReba СО2-is hidrataciiT da 

warmoqmnili naxSirmJavas (Н2СО3) Semdgomi spontanuri disociaciiT. karboanhidra-

za Н2СО3-is warmoqmnis reaqciis katalizatoria. parietaluri ujredebis muSaobas 

Tan sdevs Н-is ionebis masiuri dakargva da, Sesabamisad, didi raodenobiT hidroqsi-

lis ionebis (ОН-) dagroveba, romelTac aqvT unari daazianon ujreduli struqtu-

rebi. swored am ionebis neitralizeba aris karboanhidrazas mTavari funqcia. war-

moqmnili hidrokarbonatis ionebi eleqtroneitraluri meqanizmiT gamodis sis-

xlSi, xolo mis sanacvlod sisxlidan ujredSi Semodis Cl-. marilJavas masekretire-
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beli ujredebis gare membranaze warmodgenilia H+,K–ATP-aza — membranuli sistema, 

romelic awarmoebs kuWis pirveladi sekretidan К+-is transportirebas, parieta-

lur ujredSi arsebuli Н+-is ionis sanacvlod. marilmJavas warmoqmnisa da sekreci-

is sqema mocemulia suraTze VIII.3.  

 
suraTi VIII.3. marilmJavas warmoqna da sekrecia 

1. karboanhidraza; 2. Н+/К+-atf-aza; 3. anionebis gadamtani; 4. qloris arxi 

marilmJavas sekreciis periodSi mitoqondriebi mTeli masiT gars exveva sekre-

torul arxebs da maTi membranebi erwymis erTmaneTs. warmoiqmneba mitoqondriul-

sekretoruli kompleqsebi, sadac Н-ionebi uSualod aqceptirdeba sekretoruli 

membranis H+,K–ATP-azaTi da transportirdeba ujredidan. amrigad, parietaluri 

ujredebis mJavawarmomqmneli funqcia xorcieldeba fosforilireba-defosfori-

lirebis procesis da mitoqondriuli JangviTi sistemis arsebobis wyalobiT. aseve, 

sekretoruli membranis H+,K–ATP-azas meSveobiT, romelic gadaqaCavs protonebs 

ujredidan atf-is energiis xarjze. parietaluri ujredebis arxebSi wyali Sedis 

osmosis gziT. saboloo sekreti, romelic xvdeba arxebSi Sicavs 155 mmol/l-ze НСl-s, 

15 mmol/l-ze kaliunims qlorids da Zalze mcire odenobiT natriumis qlorids. 

kuWis wvenis SemadgenlobaSi gvxvdeba araorganuli naerTebic: qloridebi,  bi-

karbonatebi, sulfatebi, fosfatebi, natriumis, kaliumis, magniumis, kalciumis io-

nebi da sxv. organuli naerTebidan kuWis wvenSi gvxvdeba proteolituri da arapro-

teolituri fermentebi. pepsinebis (proteolituri)  jgufis fermentebidan gansa-

kuTrebiT mniSvnelovania pepsini A, romlis moqmedebis areals hidrofoburi da 

aromatuli aminomJavebiT warmoqmnili peptiduri bmebi warmoadgens (sur. VIII.4).  

  

 
 

suraTi VIII.4. pepsiniT cilis molekulis daSla 

 

pepsini kuWis sanaTurSi sekretirdeba araaqtiuri pepsinogenis  formiT. pepsino-

genis N-terminaluri bolodan 46-aminomJaviani naSTis CamoSorebiT warmoiqmneba aq-

tiuri fermenti. warmoqmnili pepsinis erTi molekula aaqtivebs pepsinogenis sxva mo-

lekulebs, raTa maTgan kvlav warmoiqmnas aqtiuri pepsinis molekulebi (sur. VIII.5). am 

process autokatalizi ewodeba. pepsini miekuTvneba endopeptidazebis jgufis fer-

mentebs, anu igi awarmoebs cilebisa da peptidebis Sidamolekuluri bmebis gawyvetas.  
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suraTi VIII.5. pepsinogenis gardaqmna pepsinad 

 

pepsinis maqsimaluri aqtivoba vlindeba pH-1.5-2.0 farglebSi, rac kuWis SigTav-

sis pH-is tolia. pepsinis moqmedebiT cilebi iSleba didi zomis peptidebad.  

Cvil bavSvTa kuWis wvenSi gvxvdeba cilis damSleli meore fermentic, romelsac 

renini (qimozini) ewodeba. misi aqtivobis optimumia pH-4.0. am fermentis gamaaqtive-

beli faqtoria Ca2+-ioni. renini monawileobs rZis cilis — kazeinis gardaqmnaSi, ker-

Zod,  misi moqmedebiT mimdinareobs rZis SexaWovebis procesi. 

kuWis wvenSi gvxvdeba aseve araproteolituri fermentebic. kuWis lipaza nakle-

bad aqtiuria da zemoqmedebs mxolod emulgirebul cximebze. kuWis lipazas ZiriTa-

di  samiznea rZis SemadgenlobaSi arsebuli emulgirebuli cximebi. kuWis lipazas 

pН-optimumi 5.0-5.5-is farglebSia, rac ar emTxveva kuWis wvenis pН-optimums, rome-

lic sakvebis monelebis procesSi sekretirebuli marilmJavas gamo mkveTrad mJave 

bunebisaa. kuWSi aseve grZeldeba naxSirwylebis daSlac nerwyvis fermentebis ze-

moqmedebiT, vinaidan sakvebis gundis saboloo gajirjveba marilmJaviT xangrZlivi 

procesia da am xnis ganmavlobaSi (daaxloebiT 40 wT) nerwyvis fermentebi ganag-

rZobs moqmedebas.  

kuWis wvenis SemadgenlobaSia lizocimi, romelic uzrunvelyofs mis baqterio-

cidul Tvisebebs. kuWSi gamomuSavdeba gastromukoproteidi — kaslis faqtori.  

faqtori warmoqmnis kompleqss vitamin В12-Tan, rac uzrunvelyofs vitaminis Sewo-

vas nawlavebis epiTeliumiT.   

VIII.3. sakvebis moneleba Tormetgoja nawlavSi 

piris Rrusa da kuWSi dawyebuli sakvebi naerTebis monelebisa da daSlis proce-

si grZeldeba Tormetgoja nawlavSi. Tormetgoja nawlavi  wvrili nawlavis pirveli 

ganyofilebaa, romelic kuWidan gamoyofilia kuWis sarqveliT. misi sigrZe 25-30sm-

ia. kuWis garda, Tormetgoja nawlavi dakavSirebulia kuWqveSa jirkvalTan (pankre-

asTan), RviZlTan da naRvlis buStTan. miuxedavad imisa, rom Tormetgoja nawlavi 

ganixileba rogorc calke organo, igi mainc warmoadgens wvrili nawlavis ganyofi-

lebas (sur.VIII. 6). 
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suraTi VIII.6. Tormetgoja nawlavis 

ganlageba saWmlis momnelebel sistemaSi 

 

Tormetgoja nawlavs aqvs sarqveli — e.w. odis sfinqteri, romlis daxmarebiTac 

is gamoyofilia kuWqveSa jirkvlidan da naRvlis sadinaridan.  

Tormetgoja nawlavs sami ZiriTadi funqcia akisria: 

• qimusis mJavianobis Semcireba; 

• pankreasuli fermentebisa da naRvlis sekreciis iniciacia da regulireba; 

• ukukavSiri kuWTan — kuWis winakaris gaReba da daxurva. 

rogorc zemoT iyo ganxiluli, kuWis mier xdeba sakvebis mxolod nawilobrivi 

gadamuSaveba, romlisTvisac igi iyenebs marilmJavas. kuWis sarqvelis gaRebis Sem-

TxvevaSi, sakvebi qimusi gadadis Tormetgoja nawlavSi, magram qimusi Seicavs ara 

mxolod naxevrad gadamuSavebul sakvebs, aramed marilmJavasac. amrigad, Tormetgo-

ja nawlavSi xvdeba ara marto sanaxevrod gadamuSavebuli sakvebi, aramed marilmJa-

vac. wvrili nawlavi Tavisi funqciis SesrulebisaTvis saWiroebs tute ares. swored 

am funqcias asrulebs Tormegoja nawlavi — dabla swevs qimusis mJavianobis xarisxs.  

kuWSi ar xdeba sakvebSi Semavali nebismieri komponentis gadamuSaveba. kerZod, 

mas ar SeuZlia cximebis emulgireba da daSla (Tu ar CavTliT kuWis lipazas). cximis 

emulgirebisa da gaxsnisaTvis organizmi gamoyofs naRvlis wvens. misi gamoyofis au-

cileblobas da raodenobas gansazRvravs Tormetgoja nawlavi. aseve, qimusis mJavi-

anobisa da qimiuri Semadgenlobis gaTvaliswinebiT, xdeba pankreasuli fermentebis 

gamoyofac. iseTi pankreasuli fermentebi, rogoricaa amilaza, lipaza, proteaza, 

romlebic gamoiyofa kuWqveSa jirkvlis mier, monawileoben naxSirwylebis, cximebi-

sa da cilebis gadamuSavebaSi.  

sakvebis moneleba Tormetgoja nawlavSi or etapad mimdinareobs. I etapze xdeba 

momnelebeli fermentebis aqtivacia. kerZod, trifsinogenidan warmoiqmneba trif-

sini, romelic Semdgom axdens qimotrifsinogenis aqtivacias qimotrifsinad. II etap-

ze ukve iwyeba saWmlis monelebis procesi.  

VIII.3.1. cilebis daSla Tormetgoja nawlavSi 

Tormetgoja nawlavSi mimdinare saWmlis momnelebel procesSi monawileobs 

kuWqveSa jirkvlis (pankreasis) mier gamomuSavebuli fermentebi. maTi daxmarebiT  

mimdinareobs sakvebSi Semavali cilebis, naxSirwylebis, lipidebisa da nukleinis 

mJavebis daSla. es fermentebi Tormetgoja nawlavSi xvdeba pankreasuli wvenis saS-
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ualebiT. pankreasis wveni ufero, gamWirvale, tute reaqciis mqone siTxea. dRe-Ra-

meSi gamoiyofa daaxloebiT 500-800ml wveni. igi mdidaria profermentebiT, romle-

bic cilis damSleli aqtiuri fermentebis winamorbedebs warmoadgens. pankreasis 

jirkvlidan araaqtiuri zimogenis formiT sekretirdeba cilis momnelebeli fer-

mentebi — tripsini, qimotripsini, elastaza da karboqsipeptidaza. kuWqveSa jir-

kvlidan tripsini sekretirdeba araaqtiuri tripsinogenis formiT. misi gaaqtiure-

bisaTvis aucilebelia ferment enterokinazas (enteropeptidazas) Tanaoba. es uka-

naskneli  gamomuSavdeba Tormetgoja nawlavis epiTeluri ujredebis mier da awar-

moebs tripsinogenidan aqtiuri tripsinis warmoqmnas. amisaTvis tripsinogenis N-

bolodan xdeba heqsapeptidis Camocileba da aqtiuri trifsinis Camoyalibeba. war-

moqmnili tripsini, Tavis mxriv, awarmoebs axali tripsinogenis molekulidan sxva 

trifsinis molekulebis warmoqmnas da aseve moqmedebs sxva profermentebzec. ker-

Zod, axorcielebs iseTi fermentebis warmoqmnas, rogoricaa qimotripsini, elasta-

za, karboqsipeptidaza  (sur. VIII.7). aRniSnuli fermentebi aqtiuria mxolod pH-8.0-

8.6 pirobebSi. pankreasis wvenis fermenti elastaza, romelic aseve araaqtiuri for-

miT — proelastazas saxiT gamoiyofa da romelsac aseve tripsini aaqtivebs, awarmo-

ebs sakvebSi Semavali iseTi cilebis daSlas, rogorebicaa elastini da kolageni. 

pankreasuli wvenis sekreciaze gavlenas sxvadasxva naerTebi axdens. magaliTad, 

Tormetgoja nawlavis lorwovan garsSi warmoqmnili hormoni prosekretini, rome-

lic sakveb gundasTan erTad moxvedrili kuWis wvenis marilmJavas zemoqmedebiT 

gardaiqmneba aqtiur hormonad — sekretinad. sekretini Seiwoveba sisxlSi da miita-

neba kuWqveSa jirkvalSi, sadac iwvevs pankreasuli wvenis sekreciis gaZlierebas.  

sekretinis sisxlSi gadasvlas xels uwyobs sxvadasxva meqanikuri da qimiuri gamRi-

zianeblebi, maT Soris ZiriTadia kuWis wvenis marilmJava, romelic sakveb gundasTan 

erTad xvdeba Tormetgoja nawlavSi. marilmJavas garda, sekretinis gamomuSavebaze 

moqmedebs sxvadasxva organuli da araorganuli mJavebi, aseve cilebi, naxSirwylebi 

da cximebi. pankreasis wvenis raodenoba da Semadgenloba icvleba sekretinis raode-

nobis da aseve kuWqveSa jirkvlis ujredebis funqciuri mdgomareobis mixedviT.  

 

 
suraTi VIII.7. enterokinaza da autokatalizi 

 

saboloo jamSi, tripsinisa da qimotripsinis saSualebiT kuWSi dawyebuli cile-

bis daSlis procesi grZeldeba da warmoiqmneba dabalmolekuluri peptidebi da 

mcire raodenobiT Tavisufali aminomJavebi. miRebul peptidebze moqmedebs pankre-

asis wvenis mesame fermenti — karboqsipeptidaza, romelic peptidis C-bolodan sa-
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TiTaod acilebs calkeul aminomJavebs. Tormetgoja nawlavSi karboqsipeptidaza 

eqspresirdeba ori izoformis saxiT — karboqsipeptidaza A  da karboqsipeptidaza 

B. karboqsipeptidaza A aSorebs peptidebidan yvela C-kidura aminomJavas naSTs, 

garda argininisa, lizinisa, prolinisa da hidroqsiprolinisa. karboqsipeptidaza B 

xliCavs mxolod argininis da lizinis C-kidura naSTebs. 

vinaidan pankreasis wveni Raribia aminopeptidazuri aqtivobiT, miRebuli di- da 

oligopeptidebis saboloo moneleba damokidebulia wvrili nawlavis fermentebze. 

am fermentebis moqmedebis Sedegad nawlavis xaoiani kidis zedapirze warmoiqmneba 

Tavisufali aminomJavebi da di- da tripeptidebi, romlebic transportirdeba Sesa-

bamisi transportuli sistemebiT. transportirebuli di- da tripeptidebi ujredSi 

moxvedrisTanave hidrolizirdeba da mxolod amis Semdeg tovebs ujreds. amitom, 

sakvebis miRebis Semdeg portul sisxlSi cirkulirebs mxolod Tavisufali aminom-

Javebi. 

VIII.3.2. lipidebis daSla Tormetgoja nawlavSi 

rogorc zemoT iyo ganxiluli, lipidebis daSla iwyeba enis lipazas zemoqmede-

biT, Tumca lipidebis udidesi nawili ganicdis gardaqmnas Tormetgoja nawlavSi 

pankreasis jirkvlis mier sekretirebuli lipidebis damSleli pankreasuli lipaze-

bis zemoqmedebiT. am procesSi monawileobs bikarbonatis ionebi da naRvlis wveni. 

pankreasuli wvenis bikarbonatebi aneitralebs kuWidan gadmosul marilmJavas da 

xels uwyobs neitraluri garemos Seqmnas, romelic aucilebelia saWmlis damSleli 

iseTi fermentebis moqmedebisaTvis, rogoricaa pankreasuli lipaza, esTeraza da 

fosfolipaza A. 
pankreasuli lipaza awarmoebs im lipidebis daSlas, romlebic Seicaven  10 da 

met naxSirbadSemcvel cximovan mJavebs (sur.VIII.8).   daSlis produqebia Tavisufali 

cximovani mJavebi da mono-acilglicerolebi. fermentis mier warmoebuli hidro-

lizi mimdinareobs emulgireuli cximovani wveTebis wyali/lipidis gamyof zeda-

pirze an naRvlis mJavebis micelebze. aRmoCnda, rom nawlavis sanaTurSi arsebuli 

naRvlis mJavebi, ainhibireben ferments. am efeqtis Tavidan asacileblad pankreasis 

wveni Seicavs meore ferments — kolipazas, romelic ukavSirdeba lipazasa da mice-

lis zedapirs da amiT xels uSlis lipazas inhibirebas. kolipaza mcire zomis cilo-

vani molekulaa (12 kdal.) da sekretirdeba profermentis — prokolipazas formiT. 

araaqtiuri formis gardaqmna aqtiur kolipazad mimdinareobs  trifsinis zemoqme-

debiT mis N-boloze.   

 

 
 

suraTi VIII.8. pankreasuli lipazas moqmedeba 
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fosfolipidebis hidrolizs Tormetgoja nawlavSi awarmoebs  fosfolipaza A2, 
romelic axdens 2-mdgomareobaSi myofi aciluri jaWvis gawyvetas. reaqciis Sedegad 

warmoiqmneba 2-lizofosfolipidi da romelime cximovani mJava (SesaZlebelia ara-

qidonis mJavis warmoqmnac). reaqcia grZeldeba ferment lizofosfolipazas moqme-

debiT, romelic acilebs meore cximovan mJavas. procesis saboloo produqtia gli-

cerinTan dakavSirebuli fosforilirebuli romelime azotovani fuZe (qolini, 

eTanolamini an serini) (sur. VIII.9). 

naRvlis mJavebi  — qolesterinidan warmoebuli  qolanis mJavis  (С23Н39СООН) mono-

karbo-hidroqsimJavebia. ZiriTadi naRvlis mJavebi, romlebic cirkulirebs organiz-

mSi da  producirdeba RviZlSi  ( e.w. pirveladi naRvlis mJavebi)  qolis mJava da qenode-

zoqsiqolis mJavaa (sur.  VIII.10). pirveladi naRvlis mJavebis garda, aseve arsebobs meo-

radi naRvlis mJavebi, romlebic warmoiqmneba pirveladi naRvlis mJavebisgan msxvil 

nawlavSi nawlavis mikrofloris daxmarebiT. esenia dezoqsiqolis, litoqolis, alo-

qolisa da ursodeoqsiqolis mJavebi. meoradi naRvlis mJavebidan enteroheparul cir-

kulaciaSi, ZiriTadad, monawileobs dezoqsiqolis mJava, romelic Seiwoveba sisxlSi 

da sekretirdeba RviZlSi, saidanac kvlav xvdeba  naRvlis wvenis SemadgenlobaSi. 

hepatocitebSi  qolesterinidan sinTezirebuli pirveladi naRvlis mJavebi  (qolis 

mJava, dezoqsiqolis da qenodezoqsiqolis mJava) ganicdis koniugirebas glicinTan an 

taurinTan,  ris Sedegadac warmoiqmneba glikoqolis mJava, glikodezoqsiqolis, gli-

koqenodezoqsiqolis, tauroqolis, taurodezoqsiqolisa da tauroqenodezoqsiqo-

lis mJavebi. am formiT naRvlis mJavebi naRvlis gamomyofi gzebiT grovdeba naRvlis 

buStSi (sur.VIII.11). naRvlis mJavebis koniugacia uzrunvelyofs maT mdgradobas рН-is 

dabali sididis pirobebSi naRvlis sadinarebsa da Tormetgoja nawlavSi. naRveli Sei-

cavs didi raodenobiT natriumsa da kaliums, ris gamoc misi reaqcia tutea.   

 

 
suraTi VIII.9. fosfolipaza A2-iT 

ganxorcielebuli fosfolipidis hidrolizi 

 

sakvebiT gaRizianebis Semdgom iwyeba naRvlis buStis refreqtoruli SekumSva da 

naRvlis mJavebi naRvlis wvenTan erTad xvdeba Tormetgoja nawlavSi. meoradi naRvlis 

mJavebi (dezoqsiqolisa da lipoqolis mJavebi) warmoiqmneba pirveladi naRvlis mJave-

bidan (qolisa da qenodezoqsiqolis  mJavebi) msxvil nawlavSi arsebuli anaerobuli 

baqteriebis (ZiriTadad laqtobaqteriebis) daxmarebiT. msxvil nawlavSi xdeba naRvlis 

mJavebis saerTo raodenobis 90%-is reabsorbcia, ris Sedegadac isini xvdebian sisxlSi, 
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karis venis saSualebiT ukan RviZlSi brundeba da kvlav sekretirdeba naRvlis buStSi. 

am movlenas enteroheparuli cirkulacia ewodeba (sur.VIII.12).  

 

 
 

suraTi VIII.10. naRvlis mJavebi 

 

Tormetgoja nawlavSi sakvebidan moxvedril lipidebze, pankreasuli lipazas 

garda, moqmedebs  araspecifikuri lipidesTerazac. pankreasuli lipazasagan gansxva-

vebiT, misi aqtivobisaTvis aucilebelia naRvlis mJavebis arseboba. rac Seexeba fos-

folipidebis hidrolizs, am procesSi CarTulia specifikuri fermenti fosfolipaza 

A2, romlis aqtivobisaTvis aseve aucilebelia naRvlis mJavebi. am fermentebisa da 

naRvlis mJavebis zemoqmedebiT lipidebi ganicdis hidrolizur daSlas, romlis sa-

boloo produqtebi Seiwoveba sisxlSi da transportirdeba daniSnulebis adgilas, 

sadac erTveba ujredul metabolizmSi — xdeba axali lipidebis sinTezi (anaboluri 

reaqciebi) an erTveba energetikul metabolizmSi (kataboluri reaqciebi).  

  

 

suraTi VIII.11. qolesterinidan koniugirebuli 

naRvlis mJavebis warmoqmnis procesi 
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suraTi VIII.12. enteroheparuli cirkulacia 

VIII.3.3. naxSirwylebis  daSla Tormetgoja nawlavSi 

sakvebiT miRebuli naSirwylebi uzrunvelyofs organizmis dRiuri kaloriuli 

moTxovnilebis ZiriTad nawils. adamiani sakvebad iRebs mono-, di- da polisaqari-

debs (cxr. VIII. 1).  

naxSirwylebis moneleba iwyeba piris RruSi, sadac nerwyvSi arsebuli naxSir-

wylebis damSleli fermentebi amilaza da maltaza moqmedeben, kerZod amilaza awar-

moebs saxameblisa da glikogenis hidrolizs, xolo maltaza — disaqarid maltozas 

daSlas. saxamebeli da glikogeni nerwyvis fermentebiT nawilobriv iSleba da da-

balmolekulur polisaqaridebs — deqstranebs warmoqmnis. cnobilia amilazas sami 

forma, romlebic erTmaneTisagan gansxvavdeba maTi aqtivobiT gamowveuli procese-

bis saboloo produqtebiT. esenia α-amilaza, β-amilaza da γ-amilaza. α-amilaza Slis 

polisaqaridebSi Sida α- 1,4-bmebs, amitom mas xSirad moixsenieben rogorc endoami-

lazas. α-amilazas aqtiur centrSi gvxvdeba Са2+-ioni, romelic aucilebelia misi aq-

tivobis gamovlenisaTvis. β-amilazas moqmedebiT saxameblidan xdeba disaqarid mal-

tozas Camocileba. igi gvxvdeba mcenareul organizmebSi, sadac asrulebs mniSvne-

lovan rols sarezervo saxameblis mobilizaciaSi. γ-amilaza awarmoebs poligliko-

ziduri jaWvidan kidura glukozis naSTebis Camocilebas. ganasxvaveben mJave da ne-

itralur  γ-amilazas. gansxvavebis safuZvelia is are, romelSic es fermenti funqci-

onirebs. nerwyvSi gvxvdeba α-amilaza. am fermentis moqmedebiT mimdinareobs saxa-

meblisa da glikogenis daSlis pirveli etapi. reaqciis Sedegad warmoiqmneba deq-

stranebi (mcire raodenobiT warmoiqmneba aseve maltozac), ris Semdegac sakvebi 

gunda gadaedineba kuWSi.  

 

cxrili VIII. 1. 

sakvebis Semadgeneli naxSirwylebi 

 

naxSirwyali wyaro 

fruqtoza xili, Tafli 

glukoza xili, Tafli, yurZeni 

amilopeqtini kartofili, brinji 

amiloza xorbali, puri 

saqaroza sufris Saqari 

trehaloza soko 

laqtoza rZe, rZis produqtebi 

rafinoza parkosani mcenareebi 



 

 343

saxamebeli mcenareuli warmoSobis ZiriTadi naxSirwylovani produqtia. mis 

struqturaSi vxvdebiT didi raodenobiT α-1,4-glikoziduri bmebiT dakavSirebul 

glukozis molekulebis sworxazovan jaWvebs (amiloza) da mcire raodenobiT α-1,6-

glikoziduri bmebiT warmoqmnil ganStoebul jaWvebs (amilopeqtini). glikogeni 

cxoveluri warmoSobis polisaqaridia da struqturulad amilopeqtinis msgavsia. 

gansxvaveba ganStoebebis raodenobaSia (metia glikogenSi). amilopeqtinisa da gli-

kogenis 1-6glukoziduri bmebis gawyveta mimdinareobs  specifikuri amilo-1,6-glu-

kozidazasa da oligo-1,6-glukozidazas moqmedebiT.  

saxameblis monelebisaTvis nerwyvis amilazaze gacilebiT mniSvnelovania pan-

kreasis α-amilaza. am fermentis produqtebia disaqaridi maltoza, trisaqaridebi 

da deqstrinebi. 

di- da oligosaqaridebis saboloo hidrolizi mimdinareobs wvril nawlavebSi 

sanaTuris epiTeluri ujredebis zedapirze arsebuli fermentebis mier. fermente-

bis am jgufs miekuTvneba oligosaqaridazebi, romlebic xleCen oligosaqariduli 

jaWvidan erT monosaqarids.  

di-, oligo- da polisaqaridebi, romelTa hidrolizi ver xerxdeba α-amilaziT an 

nawlavis zedapiris fermentebiT, ver adsorbirdebian. aseTi formiT es naerTebi 

xvdeba nawlavis qveda traqtSi da iq arsebuli baqteriuli fermentebis daxmarebiT 

ganicdis Semdgom gardaqmnas. warmoqmnili monosaqaridebi pirvel rigSi, moixmareba 

uSualod am baqteriebis mier. kerZod, isini erTveba baqteriebis ujredSi mimdinare 

anaerobul cvlaSi. am procesis saboloo produqtebad ganixileba daSlis iseTi 

produqtebi, rogoricaa laqtati, wyalbadi, meTani da naxSirbadis oqsidi (CO2). am 

naerTebis Warbi raodenobiT dagrovebis SemTxvevaSi SesaZlebelia ganviTardes 

siTxis sekrecia, nawlavuri motorikis gaZliereba da spazmebi. Seberiloba, rome-

lic Tan axlavs parkosani mcenareebis miRebas, gamowveulia oligosaqaridebiT, 

romlebsac ver Slis adamianis nawlavuri fermentebi. 

VIII.4. sakvebi produqtebis Sewova saWmlis momnelebel arxSi 

VIII.4.1. aminomJavebis Sewova da am procesis 

darRveviT gamowveuli paTologiebi 

cilebis daSlis Sedegad warmoqmnili aminomJavebis Sewova nawlavis sanaTuridan 

enterocitebSi, iseve rogorc sisxlidan sxvadasxva qsovilSi, xorcieldeba ori me-

qanizmiT: meoradi aqtiuri transportiT da γ-glutamiluri transportuli siste-

miT.  

wvrili nawlavisaTvis damaxasiaTebelia Tavisufali aminomJavebis, di- da tri-

peptidebis Sewovis sakmaod maRali unari. cilebis daSlis Sedegad miRebuli aminom-

Javebis Sewova nawlavis enterocitebis mier mimdinareobs meoradi aqtiuri tran-

sportis saSualebiT specialuri transporteris daxmarebiT. aminomJavebis umrav-

lesoba ujredSi transportirdeba Na+-is ionTan erTad simportulad. energiis wya-

rod gamoiyeneba ATP (sur.VIII.13).  
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suraTi VIII.13. aminomJavebis Sewova nawlavis epiTelSi 

 

natriumis ararsebobis  pirobebSi aminomJavebis Sewova aRar mimdinareobs. dRes-

dReobiT cnobilia aminomJavebis 5 specifikuri satransporto sistema. TiToeuli 

maTgani funqcionirebs damoukideblad da awarmoebs garkveuli aminomJavis tran-

sportirebas: 

• neitraluri, mokle gverdiTi jaWvis mqone aminomJavebis transporteri (ala-

nini, serini, treonini); 

• neitraluri, grZeli gverdiTi jaWvis mqone aminomJavebis transporteri (va-

lini, leicini, izoleicini); 

• kaTionuri radikalebis mqone aminomJavebi (lizini, arginini); 

• anionuri radikalebis mqone aminomJavebi (glutaminisa da asparaginis mJave-

bi); 

• iminomJavebi  (prolini, oqsiprolini). 

aminomJavebis specifikuri satransporto sistema, romelic axdens zogierTi ne-

itraluri aminomJavis transports nawlavebSi, Tirkmelebsa da, savaraudod, tvin-

Sic, cnobilia rogorc γ-glutamiluri cikli (sur.VIII.14).  

 
 

suraTi VIII. 14.  γ-glutamiluri cikli 

satransporto sistema Sedgeba erTi membranuli da xuTi citoplazmuri  

fermentisagan. ujredSi aminomJavebis gadatana xorcieldeba γ-glutamiltransferaziT,  

ris Semdegac aminomJava Tavisufldeba, xolo γ-glutamiluri naSTi ramdenime stadiis  

gavlis Semdeg gardaiqmneba glutaTionad, romelsac SeuZlia daikavSiros  

Semdgomi aminomJava. Е1 – γ -glutaTiontransferaza; Е2 – у-glutaTionciklotransferaza;  

Е3 – peptidaza; Е4 — oqsiprolinaza; Е5 — γ-glutamilcisteinsinTeTaza; Е6 – glutaTionsinTaza. 
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mis funqcionirebaSi CarTulia 6 fermenti, romelTaganac erTi membranulia, xo-

lo danarCeni — citozoluri. am procesSi centraluri mniSvnelobisaa membranuli 

fermenti γ-glutamiltransferaza, romelic awarmoebs glutaTionidan (tripepti-

di — γ-glutamil-cisteinil-glicini, gvxvdeba yvela ujredSi) γ-glutamiluri jgu-

fis gadanacvlebas gadasatan aminomJavaze da warmoqmnili kompleqsis Semdgom 

transportirebas ujredSi. γ-glutamilur naSTTan dakavSirebul aminomJavaze, ro-

melic aRmoCndeba ujredSi, moqmedebs  fermenti glutamilciklotransferaza, ro-

melic axdens kompleqsidan γ-glutamiluri jgufis Camocilebas. darCenili dipep-

tidi — cisteinil-glicini ferment peptidazas zemoqmedebiT iSleba or aminomJavad 

— cisteinad da glicinad. am sami reaqciis Sedegad warmoebs aminomJavis erTi mole-

kulis gadatana ujredSi. Semdgomi 3 reaqcia uzrunvelyofs glutaTionis regene-

racias, ris Sedegadac cikli meordeba mravaljeradad. ujredSi erTi molekula 

aminomJavis transportirebisaTvis  ixarjeba 3 molekula АТP.  

SeuTvisebeli aminomJavebis nawili msxvil nawlavebSi arsebuli baqteriebis mi-

er gamomuSavebuli fermentebis gavleniT iwyebs lpobas da warmoqmnis e.w. lpobis 

produqtebs. esenia meTani, wyalbadi, gogirdwyalbadi, karbomJavebi, spirtebi, fe-

nolebi, skatoli, indoli da sxva toqsikuri naerTebi.  

baqteriuli fermentebis gavleniT aminomJavebi, ZiriTadad, ganicdis dekarboq-

silirebas. magaliTad, lizinis dekarboqsilirebiT warmoiqmneba kadaverini, orni-

tinidan — putrescini da sxv (sur.VIII.15) .  

 
 

suraTi VIII. 15. msxvil nawlavSi Tavisufali 

aminomJavebis dekarboqsilirebis produqtebi 

 

toqsikuri naerTebia fenoli, krezoli, indoli da skatoli, romlebic, Tavis 

mxriv,  warmoiqmneba aromatuli aminomJavebis dekarboqsilirebiT. miRebuli toqsi-

kuri produqtebi karis veniT xvdeba RviZlSi, sadac mimdinareobs maTi gauvnebel-

yofa. 

msxvil nawlavSi, am naerTebis garda, warmoqmneba amoniakic, romelic aseve karis 

veniT miitaneba RviZlSi, sadac Sardovanas ciklis saSualebiT mimdinareobs misi ga-

uvnebelyofa. mTeli rigi paTologiisas, roca adgili aqvs RviZlis funqciebis moS-

las, amoniaki gadadis sisxlSi, rasac mosdevs misi koncentraciis mateba da e.w. hepa-

tikuri komis ganviTareba. 

cilebis monelebisa da aminomJavebis Sewovis meqanizmis darRveva SesaZlebelia 

gamowveuli iyos Semdegi mizeziT: 1. pepsinis deficitiT, romelic gamowveulia ku-

Wis nawilobrivi rezeqciiT, rac amcirebs sekretirebuli pepsinogenis raodenobas; 

2. pepsinis deficitiT, romelic gamowveulia kuWSi marilmJavas simciris Sedegad  

pepsinogenis pepsinad gardaqmnis procesis daqveiTebiT; 3. trifsinis, enteropepti-

dazasa da karboqsipeptidazas deficitiT, rogorc Sedegi kuWSi рН-sididis gazrdi-

sa; 4. mTeli rigi paTologiebiT, romelTa drosac daqveiTebulia arahidrolizire-
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buli cilebisa da peptidebis Sewova nawlavis mier, ris Sedegadac iwyeba  maTi masiu-

ri lpobis procesi, rasac mosdevs organizmis  intoqsikacia sisxlSi aminomJavebis 

raodenobis Semcirebis fonze; 5. aminomJavebis Sewovis procesis darRveviT, am pro-

cesSi monawile nebismieri fermentis deficitisas.  

aminomJavebis cvlis moSlasTan dakavSirebuli paTologiebi, ZiriTadad,  ori 

tipisaa.  pirveli gulisxmobs aminomJavebis Sidaujreduli metabolizmis normidan 

gadaxras, am procesSi monawile fermentebis deficitis gamo. es darRvevebi ZiriTa-

dad memkvidruli tipisaa. paTologiebis meore tipi dakavSirebulia Tirkmlis epi-

Teluri ujredebis dazianebasTan, ris Sedegadac darRveulia Tirkmlis ujredebiT 

aminomJavebis reabsorbciis procesi.   

glicinuria. daavadebis mizezia Tirkmlis milakebis ujredebiT glicinis reab-

sorbciis procesis moSla, rasac Tan sdevs organizmidan SardiT didi raodenobiT 

glicinis gamoyofa.  

cistinuria. glicinuriis analogiurad, darRveulia TirkmelebSi cistinisa da 

zogierTi sxva aminomJavas (lizini, arginini, ornitini) reabsorbcia. SardSi momate-

bulia cistinis koncentracia, rasac Tan sdevs sxva aminomJavebis raodenobrivi ma-

tebac. vinaidan cistini wyalSi cudad xsnadia, daavadeba mimdinareobs TirkmelebSi 

cistinuri kenWebis warmoqmnis fonze. cistinuria xSirad letaluri SedegiT mTav-

rdeba. 

cistinozi, anu abderhalden-fankonis sindromi. daavadebisaTvis damaxasiaTebe-

lia elenTaSi, Zvlis tvinSi, limfur kvanZebSi, SemaerTebel da nervul qsovilSi, 

Tvalis rqovanaSi da sxva qsovilSi cistinis kristalebis dagroveba, rac am qsovi-

lebis funqciis moSlas iwvevs. iTvleba, rom cistinozis mizezia lizosomebSi cis-

tinis membranuli transportis darRveva.  

pirveladi hiperoqsaluria. daavadebis mizezia glicinis dezaminirebis proce-

sis darRveva da oqsalatis warmoqmna. Warbi oqsalati gamoiyofa SardTan erTad, xo-

lo TirkmelebSi adgili aqvs oqsaloacetatis kenWebis warmoqmnas. avadmyofebi 

iRupebian adreul asakSi Tirkmlis ukmarisobiT.  

homocisteinuria. daavadeba gvxvdeba axalSobilebSi. misi mizezia ferment cis-

taTionsinTazas deficiti, ris gamoc blokirebulia meTioninis metabolizmi. amis 

gamo sisxlSi momatebulia meTioninis koncentracia, xolo SardTan erTad xdeba ho-

mocisteinisa da S-adenozilmeTioninis didi raodenobiT gamoyofa. homocisteinu-

riisaTvis damaxasiaTebelia gonebrivi CamorCeniloba, Trombozebi, mxedvelobis 

funqciis moSla. 

nekerCxlis wvenis daavadeba aseve axalSobilebSi gvxvdeba. daavadebas iwvevs gan-

Stoebuli naxSirbadovani jaWvis mqone aminomJavebis (valini, izoleicini, leicini) 

transaminirebis Sedegad warmoqmnili ketomJavebis dekarboqsilirebis procesSi 

monawile fermentis dekarboqsilazas aqtivobis Semcireba, ris gamoc sisxlSi 

mkveTradaa gazrdili maTi raodenoba. aseve gazrdilia am aminomJavebisa da maTgan 

warmoqmnili ketomJavebis raodenoba SardSic, rac Sards nekerCxlis wvenis suns aZ-

levs. aqedan warmodgeba daavadebis saxelwodeba. 

alkaptonuria memkvidruli daavadebaa, romlis mizezia Tirozinis metaboliz-

mis Sedegad warmoqmnili homogentizinis mJavas daJangvaSi monawile fermentis ho-

mogentizinatoqsidazas deficiti, ris gamoc homogentizinati ar iJangeba da pirda-

pir SardSi gamoiyofa. daavadeba vlindeba axalSobilebSi. avadmyofis Sardi dayov-

nebisas xdeba yavisferi, risi mizezi homogenzitinatis daJangviT warmoqmnili al-

kaptoqromia. daavadebisaTvis aseve damaxasiaTebelia oqronozis sindromic (yuris, 

cxviris xrtilovani nawilebis da skleris yviTeli Seferiloba).  
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fenilketonuria recesiuli daavadebaa, romelic axalSobilebSi gvxvdeba. misi 

mizezia RviZlsa da sxva qsovilebSi fenilalaninis daJangvaSi monawile fermentis 

fenilalanin-4-monooqsigenazas deficiti. am SemTxvevaSi, fenilalanini ar gardaiq-

mneba aminomJava Tirozinad. igi minoruli gziT dezaminirdeba da misgan fenilpiru-

vati warmoiqmneba. es ukanaskneli, Tavis mxriv, kvlav gardaiqmneba da sxvadasxva 

produqts iZleva. amitom, fenilketonuriis dros SardSi ZiriTadad gamoiyofa fe-

nilpiruvati. daavadebis dros bavSvebs uviTardebaT Wkuasustobis forma 

(Oligophrenia phenylpyruvica), romlis damaxasiaTebeli niSnebia gonebrivi CamorCenilo-

ba, gulyrebi, fsiqozi da SardSi didi raodenobiT fenilpiruvatis an fenilalani-

nis arseboba.  

hartnupis daavadeba recesiuli tipis memkvidruli daavadebaa. misi gamomwvevi 

mizezi sabolood ar aris dadgenili. iTvleba, rom daavadeba dakavSirebulia trif-

tofanis metabolizmis moSlasTan, kerZod, blokirebulia am procesis sawyisi sta-

diebi, ris gamoc triftofani daJangvis nacvlad ganicdis dezaminirdebas da didi 

raodenobiT warmoiqmneba indolilpiruvati da indolilacetati, romlebic gamoi-

yofa SardTan erTad. triftofanis metabolizmis cvlilebis paralelurad, mimdi-

nareobs nikotinis mJavas sinTezis Semcirebac, rasac Tan sdevs pelagras damaxasia-

Tebeli simptomebis ganviTareba. daavadeba mimdinareobs gonebrivi CamorCenilobi-

sa da fsiqikuri moSlilobis fonze.  

I tipis Tirozinemia, anu Tirozinozi. daavadebis mizezia ferment fumarilace-

toacetathidrolazas deficiti, ris gamoc blokirebulia aminomJava Tirozinis ka-

tabolizmis bolo stadiebi. organizmSi grovdeba Tirozini da misi gardaqmnis Sua-

ledi produqtebi, romlebic gavlenas axdens sxvadasxva qsovilSi arsebuli fermen-

tebisa da matransportirebeli sistemebis aqtivobaze. Warbi Tirozini organizmi-

dan gamoiyofa SardiT.  Tirozinozi axalSobilebSi vlindeba RebinebiT, faRara-

TiT, raqitiT. daavadebisaTvis damaxasiaTebelia RviZlis cirozisa da Tirkmlis mi-

lakebis disfunqciis ganviTareba. mkurnalobis Cautareblobis SemTxvevaSi, bavSve-

bi 6-8 Tvis asakSi iRupebian. 

II tipis Tirozinemia, anu raixner-hanhartis sindromi. daavadebis mizezia Tiro-

zinis trasaminirebaSi monawile RviZlis citoplazmuri fermentis Tirozinaminot-

ransferazas memkvidruli deficiti. sisxlSi momatebulia Tirozinis,  ρ-hidroqsi-

fenil-piruvatis da am ukanasknelis gardaqmnis produqtebi. daavadebis klinikuri 

niSnebia Tvalebisa da kanis dazianeba da gonebrivi CamorCeniloba. 

VIII.4.2. lipidebis Sewova da am procesis 

darRveviT gamowveuli paTologiebi 

trigliceridebisa da maTi daSlis produqtebis Sewova. sakvebiT miRebuli 

lipidebis 90%-s neitraluri cximebi — trigliceridebi Seadgens, romelTa daSla, 

rogorc cnobilia, mimdinareobs Tormetgoja nawlavSi. aRsaniSnavia, rom am cxime-

bis mcire nawilis hidrolizi kuWSic mimdinareobs enis lipazas  monawileobiT, Tum-

ca am procesis wvlili cximebis monelebis procesSi umniSvneloa.   

lipidebis hidrolizis produqtebi — umaRlesi cximovani mJavebi, 2-monoacil-

glicerolebi, qolesterini da aseve naRvlis mJavebis marilebi wvrili nawlavis sa-

naTurSi warmoqmnis struqturebs, romelTac Sereuli micela ewodeba. micela age-

bulia imgvarad, rom misi  Semadgeneli molekulebis hidrofoburi nawili mimarTu-

lia micelis SigniT, xolo hidrofiluri — gareT, ris Sedegadac micela kargad ix-
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sneba wvrili nawlavis SigTavsis wylian fazaSi. micelebis stabilurobas ganapiro-

bebs naRvlis mJavebis marilebi. nawlavis SigTavsSi arsebuli micelebi gadaitaneba 

nawlavis Semwov zedapirze, ris Semdgomac  micelebis lipiduri komponentebi di-

fundirebs membranis gavliT ujredebSi. lipidebis hidrolizis produqtebTan er-

Tad, Seiwoveba aseve cximSi xsnadi  A, D, Е da К vitaminebi da naRvlis mJavebis mari-

lebi. SemdgomSi  naRvlis mJavebi karis veniT xvdeba RviZlSi, sekretirdeba naRvlis 

buStSi da kvlav monawileobs cximebis emulgirebis procesSi. naRvlis mJavebis mier 

gavlil am gzas enteroheparuli cirkulacia ewodeba. naRvlis mJavebis TiToeuli 

molekula dRe-Ramis ganmavlobaSi gadis 5-8 cikls da maTi mTliani raodenobis  

mxolod 5% gamoiyofa fekalur masebTan erTad.  

saSualo da mokle jaWvebis mqone cximovani mJavebis Semcveli cximebis, magali-

Tad, rZis lipidebis Sewova mimdinareobs micelebis monawileobis gareSe. am tipis 

cximovani mJavebi lorwovani garsis ujredebidan xvdeba sisxlSi, ukavSirdeba plaz-

mis albumins da transportirdeba RviZlSi.  

cximebis resinTezi wvrili nawlavis lorwovan garsSi. Sewovis Semdgom, cxi-

mebis hidrolizis produqtebi, kerZod, cximovani mJavebi da 2-monoacilglicero-

lebi, nawlavis lorwovani garsis ujredebSi erTveba trigliceridebis resinTezis 

procesSi (sur. VIII.16). cximovani mJavebi am procesSi erTveba mxolod aqtiuri for-

miT. maTi gaaqtiureba xdeba koA-SH-iT. amrigad, resinTezis pirveli stadiaa cximo-

vani mJavebis aqtivacia:  

CоА-SH + RCOOH + АТP → R-CO ~ CоА + АМP + Н4Р2О7. 

reaqciis katalizatoria fermenti acil- CоА -sinTeTaza (Tiokinaza). warmoqmni-

li acil-CоА  monawileobs  2-monoacilglicerolis eTerifikaciaSi, ris Sedegadac 

Tavdapirvelad warmoiqmneba diacilgliceroli, xolo Semdgom triacilglicero-

li. cximebis resinTezi katalizdeba Sesabamisi aciltransferazebiT. cximebis re-

sinTezSi monawileobas iRebs grZeli jaWvis mqone cximovani mJavebi. aRsaniSnavia, 

rom am procesSi CarTulia ara mxolod sakvebiT miRebuli, aramed organizmSi dasin-

Tezebuli cximovani mJavebic.  lorwovani garsis ujredebSi aseve aqtiurad mimdina-

reobs sisxlSi arsebuli lipidebis satranspoto struqturebis — lipoproteinebis 

formirebisaTvis aucilebeli glicerofosfolipidebis sinTezic.     

qolesterinis Sewova. qolesterinis Sewova mimdinareobs wvril nawlavSi. orga-

nizmSi qolesterinis wyaroebia: egzogenuri qolesterini, romelic miewodeba sakve-

biT (0.3-0.5 g/dRe-RameSi) da naRvlis wvenSi arsebuli naRvlis qolesterini (dRe-Ra-

meSi gamoiyofa 1-2g araeTerificirebuli qolesterini). eTerificirebuli  qoles-

terini ganicdis pankreasul wvenSi arsebuli  fermentis — qolesterolesTerazas 

(qolesterolhidrolazas)  zemoqmedebas, iSleba qolesterinad da cximovan mJave-

bad da am formiT erTveba micelebis SemadgenlobaSi. nawlavSi xvdeba 1.8-2.5 g endo-

genuri da egzogenuri qolesterini. aqedan daaxloebiT 0.5 g gamoiyofa fekalur ma-

sebTan erTad. qolesterinis ZiriTadi nawili araeTerificirebuli, micelebSi ar-

sebuli formiT,  Seiwoveba wvrili nawlavis mier naRvlis mJavebTan, cximovan mJaveb-

Tan, monogliceridebTan da fosfolipidebTan erTad.  

qilomikronebis warmoqmna da transporti. wvrili nawlavis epiTelur ujre-

debSi resinTezirebuli trigliceridebi da fosfolipidebi, aseve qolesterini, 

ukavSirdeba cilovan molekulebs (apoproteinebs) da warmoqmnis SedarebiT stabi-

lur lipoproteinul kompleqsur warmonaqmnebs — qilomikronebs (sur.VI.17). maT Se-

madgenlobaSia 2% cilebi, 7% — fosfolipidebi, 8% — qolesterini da misi eTerebi 
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da 80%-ze meti trigliceridebi. qilomikronebis diametri meryeobs 0.1-0.5 mkm-is 

farglebSi. didi zomis gamo qilomikronebs ar SeuZlia nawlavis endoTeluri ujre-

debidan sisxlis kapilarSi moxvedra, ris gamoc isini Tavdapirvelad difundirebs 

limfur sistemaSi, saidanac xvdeba sisxlis mimoqcevaSi.  

 

 
 

suraTi VI.17. qilomikroni 

 

qilomikronebis zedapirze gvxvdeba apolipoprotein B-s izoforma ApoB-48, ro-

melic nawilobriv faravs maT zedapirs da uzrunvelyofs am struqturis stabilu-

robas cirkulaciis procesSi. limfaSi, Semdeg ki sisxlSi cirkulirebisas,  formi-

rebad qilomikronebze maRali simkvrivis lipoproteinebidan (msl)  gadaitaneba ase-

ve sxva  apoproteinebi, kerZod C-II da E (ApoCII da ApoE),  ris Semdegac formorebuli  

qilomikronebi ferment lipoproteinlipazas zemoqmedebiT ixliCeba. am procesSi 

warmoqmnili cximovani mJava Sedis qsovilebSi (cximovani qsovili, kunTebi da sxv.), 

sadac daJangvisas SeiZleba gamoyenebuli iyos, rogorc energiis wyaro. Warbi rao-

denobiT warmoqmnisas, Tavisufali cximovani mJavebi erTveba cximovan qsovilSi, sa-

dac eTerificirdeba, isev gardaiqmneba trigliceridebad da am formiT deponirde-

ba, xolo ApoC-II ubrundeba msl-ebs (sur.VIII.18). 

sabolood, qilomikronis nawilakis zoma mcirdeba da igi gardaiqmneba narCen qi-

lomikronad.  es ukanaskneli  swrafad STainTqmeba RviZlis mier.  STanTqmis process 

ganapirobebs qilomikronis apoliproteinis ApoE-s dakavSireba endoTeliumis  Se-

sabamis receptorTan  da  warmoqmnili kompleqsis endocitozi. qilomikronebis sa-

boloo degradacia da  qolesterinis gamoTavisufleba mimdinareobs hepatociteb-

Si. paralelurad, RviZli asinTezebs Zdsl-ebs. amgvarad, qilomikronebi uzrunvel-

yofs sakvebi lipidebis gadatanas (transports) nawlavebidan RviZlsa da sxva qsovi-

lebSi.  

amrigad, qilomikronebis daxmarebiT mimdinareobs nawlavebidan egzogenuri 

trigliceridebis, qolesterinis da fosfolipidebis transporti.  sakvebis miRebi-

dan 1-2sT-is Semdeg SeiniSneba e.w. alimentaruli hiperlipemia. es ukanaskneli war-

moadgens fiziologiur movlenas da xasiaTdeba, pirvel rigSi, sisxlSi triglice-

ridebis koncentraciis matebiT da qilomikronebis gamoCeniT. alimentaruli hiper-

lipemiis piki miiRweva sakvebis miRebidan 4-6sT-is Semdeg. Cveulebriv, 10-12sT-is 

Semdeg sisxlSi trigliceridebis Semcveloba normas ubrundeba, xolo qilomikro-

nebi — qreba.  
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suraTiVIII.18.   organizmSi  qilomikronebis metabolizmi 

1. qilomikronis formireba wvrili nawlavis epiTelur ujredSi;  

2. qilomikronis transportireba limfaSi; 3. qilomikronebis transportireba  

limfidan sisxlSi; 4. sisxlSi msl-dan qilomikronebze ApoC-II—isa  da ApoE -is gadatana;  

5. ferment lipoproteinlipazas moqmedebiT qilomikronebSi arsebuli triacilglicerolis 

daSla cximovan mJavad da glicerinad; 6. narCeni qilomikronebis warmoqmna;  

7. narCeni qilomikronis dakavSireba hepatocitebze arsebul receptorTan, qilomikroni- 

receptoruli kompleqsis daSla lizosomuri fermentebiT da Tavisufali qolesterinis, 

cximovani mJavebisa da glicerinis wamoqmna; 8.  ferment lipoproteinlipazas moqmedebiT 

wamoqmnili cximovani mJavis transporti kunTSi; 9. procesSi gamoTavisuflebuli glicerinis 

transporti RviZlSi; 10. kunTSi moxvedrili cximovani mJavebis daJangva;  

11. cximovan qsovilSi moxvedrili cximovani mJavebis monawileoba trigliceridebis sinTezSi. 

 

 

Zalian dabali da dabali simkvrivis lipoproteinebis metabolizmi  Zdsl-isa  

da dsl-is ZiriTadi apoproteini B-100 (Apo-B100) sinTezirdeba  hepatocitebis gra-

nularul endoplazmur badeze. gluv endoplazmur badeze, sadac  mimdinaroebs li-

piduri komponentebis sinTezi, aseve xdeba Zdsl-is awyoba. am procesis stimuls 

warmoadgens araeTerificirebuli cximovani mJavebis koncentraciis mateba. es uka-

nasknelni RviZlSi xvdeba sisxliT, an  iqve sinTezdeba. swored araTererificirebu-

li cximovani mJavebi warmoadgens trigliceridebis ZiriTad wyaros. informacia  

araeTerificirebuli cximovani mJavebisa da trigliceridebis Sesaxeb Sesabamisi sa-

signalo gzebiT gadaecema granularul endoplazmur badeze arsebul ribosomebs, 

rac, Tavis mxriv, warmoadgens signals Apo-B100 cilis sinTezis dasawyebad. dasinTe-

zebuli cila erTveba granularuli endoplazmuri badis membranaSi. mas Semdeg, rac 

cila urTierTqmedebs fosfolipidebTan, membranidan xdeba garkveuli ubnis gamo-

yofa, romelic aris swored lipoproteinuli nawilakebis winamorbedi.  Semdgom 

etapze cila-fosfolipiduri kompleqsi xvdeba gluv endoplazmatur badeSi, sadac 

urTierTqmedebs trigliceridebTan da eTerificirebul qolesterinTan, ris Sem-

degac mTeli rigi struqturuli gardaqmnebis  Sedegad formirdeba e.w. daumTavre-



 

 351

beli lipoproteinebi. isini goljis aparatis arxebis daxmarebiT xvdeba sekreto-

rul vezikulebSi, romelTa daxmarebiT gadaadgildeba ujredis zedapirisken da eg-

zocitozis gziT gamoiyofa dises (perisinusoidul) sivrceSi, xolo am ukanaskneli-

dan sinusoidis sivrceSi, sadac xdeba msl-dan apoproteini C-s gadmotana da sabo-

lood  Zdsl-is formireba (sur.VIII.19).  

 
 

suraTi VIII.19.  Zalian dabali simkvrivis  

lipoproteinebis warmoqmna hepatocitSi 

1. hepatocitis birTvi; 2. granularuli endoplazmuri bade;  

3. gluvi endoplazmuri bade, sadac xdeba lipidebis sinTezi da  

daumTavrebeli Zdsl-is warmoqmna; 4. goljis aparati;  

5.  sekretirebuli vezikula daumTavrebel Zdsl-iT;  

6.  daumTavrebeli Zdsl dises sivrceSi; 7. apoliproteini C-s gadatana  

msl-dan daumTavrebel  Zdsl-ze; 8. formirebuli Zdsl 

 

adamianSi β-lipoproteinebis (dabali simkvrivis lipoproteinebis  — dsl) Ziri-

Tadi masa warmoiqmneba sisxlis plazmaSi Zdsl-dan ferment lipoproteinlipazas 

zemoqmedebiT. am procesSi Tavdapirvelad warmoiqmneba Sualeduri produqti, rom-

lis sicocxlis xangrZlivoba Zalian mcirea (mokle xangrZlivobis lipoproteini), 

xolo Semdgom  xdeba dsl-is formireba, romelic Raribia trigliceridebiT da mdi-

daria qolesteriniT.  

maRali simkvrivis lipoproteinebis (msl) metabolizmi. msl uzrunvelyofs 

qolesterinis ukutransports sxvadasxva qsovilebidan RviZlSi. axlad warmoqmni-

li msl Seicavs apoprotein  А1-sa da А2-s, aseve АpoC-s.  АpoA1 sinTezirdeba RviZlSi 

da aseve nawlavebSi, sadac Sedis qilomikronebis SemadgenlobaSi, Tumca, Semdgom 

gadaitaneba msl-ze. АpoC sinTezirdeba RviZlSi, gamoiyofa sisxlSi da amis Semdeg 

gadaitaneba msl-ze. axlad warmoqmnili msl waagavs disks. mas aqvs fosfolipiduri 

biSre, romelic Seicavs Tavisufal qolesterinsa da apoproteinebs. АpoA1 — fer-

ment lecitin-qolesterin-aciltransferazas aqtivatoria. sisxlis plazmaSi es 

fermenti dakavSirebulia msl-is zedapirTan da akatalizirebs reaqcias msl-is 

fosfolipidsa da Tavisufal qolesterins Soris. reaqciis Sedegad warmoiqmneba 

qolesterinis eTeri da lizolecitini (sur.VIII. 20). 

qolesterinis arapolaruli eTerebi gadaadgildeba nawilakis SigniT, xolo ga-

moTavisuflebul adgils ikavebs axali Tavisufali qolesterinis molekulebi. war-

moqmnili lizolecitini, Tavis mxriv, ukavSirdeba sisxlis albumins. am procesis Se-

degad, msl  iZens sferul formas. Semdgom stadiebze eTerificirebuli qolesteri-
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ni specialuri ciliT, romelsac qolesterinis eTeris gadamtani (apoproteini D) 

ewodeba, msl-dan gadaitaneba Zdsl, dsl-sa da qilomikronebze. amis sanacvlod, 

msl-ze gamoTavisuflebul adgils ikavebs fosfolipidi da trigliceridi. msl-is 

STanTqma xorcieldeba RviZlis ujredebis mier receptoruli endocitoziT. pro-

cesSi monawileobs  apoproteini Е-s receptori  (sur.VIII.21).  

 

 
  

suraTi VIII.20. qolesterinis eTeris warmoqmna 

 

klinikuri diagnozis dasmisas, fiziologiuri TvalsazrisiT mniSvnelovania 

lipoproteinebis 4 jgufi: 

1. qilomikronebi, romlebic warmoiqmneba nawlavebSi triacilglicerolebis 

Sewovisas; 

2. Zdsl, anu pre-β-lipoproteinebi, romlebic warmoiqmneba RviZlSi da awarmo-

ebs triacilglicerolebis transports periferiul qsovilSi; 

3. dsl, anu β-lipoproteinebi, romlebic warmoadgens Zdsl-is katabolizmis 

saboloo produqts; 

4. msl anu α-lipoproteinebi, romlebic monawileobs qilomikronebis, Zdsl-is 

da aseve, qolesterinis metabolizmSi. 

sxvadasxva daavadebis dros sisxlis plazmaSi SeiZleba Seicvalos rogorc li-

poproteinebis saerTo, ise maTi calkeuli fraqciebis raodenoba, rasac garkveuli 

diagnostikuri mniSvneloba aqvs. magaliTad, RviZlis cximovani gadagvarebis erT-

erTi mizezia ferment lipoproteinlipazas moqmedebiT qilomikronebidan da sxva 

lipoproteinebidan triacilgliceridebis gamoTavisufleba da maTi Semdgomi hid-

rolizi, aseve Zdsl-is sinTezis an sekreciis moSla. Zdsl-is sinTezis moSla, Tavis 

mxriv, SeiZleba gamowveuli iyos maTi warmoqmnisaTvis aucilebeli apoproteinebis 

(apolipoproteinebis) sinTezis darRveviT. sisxlis plazmaSi lipoproteinebis kon-

centraciis matebas hiperlipoproteinemia ewodeba, daklebas — hipolipoproteine-

mia, xolo lipoproteinebis raodenobrivi Tanafardobis cvlilebas —  dislipopro-

teinemia. yvela es darRveva SeiZleba iyos pirveladi an meoradi. 
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suraTi VIII.21.  maRali simkvrivis lipoproteinebis gardaqmna 

1. hepatocitebSi mimdinare ApoA1-is sinTezi; 2. hepatocitebSi axladwarmoqmnili  

diskiseburi msl, romlis fosfolipidur zedapirze ganlagebulia  

qolesterinisa da Apo1-s molekulebi; 3. diskiseburi msl-is transportireba sisxlSi;  

4. sisxlis kapilari; 5.  Apo1-iT ferment lecitinqolesterin-aciltransferazas  (lqat) 

aqtivacia; 6. gaaqtivebuli fermentiT qolesterini-fosfolipiduri kompleqsis daSla 

lizolecitinad da qolesterinis eTerad ( 7); 8. diskiseburi msl-is struqtruli  

cvlileba da sferoseburi struqturis warmoqmna; 9. qolesterinis eTeris  

gadaadgileba msl-is siRrmeSi; 10. msl-is fosfolipidur Sreze axali qolesterinis  

molekula ikavebs eTerificirebuli qolesterinis adgils 

 

pirveladi hiper- da hipolipoproteinemiis mizezia lipoproteinebis sinTezis, 

transportirebisa da katabolizmis procesebSi monawile fermentebis genetikuri 

defeqtebi. 

meoreuli hiper- da hipolipoproteinemia viTardeba iseTi daavadebis dros, ro-

melic xasiaTdeba lipoproteinebis cvlis moSliT. 

d. fredriqsonis klasifikaciis mixedviT pirveladi (memkvidreobiTi anu ojaxu-

ri) hiperlipoproteinemiebi, Tavis mxriv, iyofa 5 ZiriTad tipad: 

I tipi — hiperqilomikronemia — xasiaTdeba sisxlSi didi raodenobiT qilomikro-

nebis arsebobiT, Zdsl-is raodenoba normaluria an umniSvnelodaa momatebuli, xo-

lo dsl-is da msl-is raodenoba Semcirebulia. daavadebis mizezia cximovan qsovil-

Si ferment lipoproteinlipazas memkvidreobiTi deficiti, ris gamoc darRveulia 

qilomikronebis katabolizmi. am darRvevis dros SesaZlebelia ganviTardes hepa-

tosplenomegalia. 

II tipi — hiper-β-lipoproteinemia — xasiaTdeba sisxlSi didi odenobis β-lipop-

roteinebis (dsl-is) SemcvelobiT. momatebulia qolesterinis raodenoba (hiperqo-

lesterolemia), xolo Zdsl-is da triacilglicerolebis Semcveloba — normaluria. 

am darRvevis mizezia qsovilebSi dsl-is receptorebis memkvidreobiTi defeqti, 

ris gamoc daqveiTebulia dsl-is daSlis siCqare. daavadeba xasiaTdeba aTeroskle-

rozis (gansakuTrebiT koronaluri sisxlZarRvebis aTerosklerozis) ganviTarebis 

maRali riskiT. 

III tipi — dis (pre)- β—lipoproteinemia — β-lipoproteinebis (dsl) raodenobis 

mkveTri matebis gamo sisxlis plazmaSi, eleqtroforegramaze xdeba am fraqciebis 

zolebis Serwyma, ris gamoc am tipis  lipoproteinemias `farTozolian~ lipoprote-

inemiasac uwodeben. am dros sisxlSi aseve momatebulia qolesterinisa da triacel-

gliceridebis raodenobac, risi mizezia Zdsl-is  apolipoprotein E2, romelic ver 

urTierTqmedebs receptorebTan, rasac mosdevs apolipoprotein E2-is Semcvelobis 
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mkveTri mateba. am defeqtis mqone individebSi xSiria koronaluri arteriebis adre-

uli aTerosklerozi. 

IV tipi — hiper-pre-β-lipoproteinemia — daavadebas  Tan axlavs hipertriacil-

glicerilemia, normaluria an momatebulia qolesterinis raodenobac. es darRveva 

damaxasiaTebelia Saqriani diabetis, alkoholizmis, simsuqnisa da gulis koronalu-

ri sisxlZarRvebis daavadebebisaTvis. daavadebis mizezi  ucnobia. 

V tipi — hiper-pre-β-lipoproteinemia qilomikronemiiT — sisxlSi Zdsl-isa da 

qilomikronebis raodenobis mkveTri mateba. daavadebisaTvis damaxasiaTebelia 

dsl-is da msl-is koncentraciis Semcirebis fonze triacilgliceridebis raodeno-

bis mkveTri matebac. am darRvevis mqone individebSi xSiria Saqriani diabeti, hepa-

topaTia da nefropaTia. 

pirveladi  hipolipoproteinemiebi gamomwvevi mizezis mixedviT SeiZleba daiyos 

3 tipad: 

I tipi — abetalipoproteinemia. autosomur-recesuli tipis memkvidreobiTi daa-

vadebaa, romelic xasiaTdeba sisxlis plazmaSi β-lipoproteinebis (dsl-is) ararse-

bobiT. misi mizezia nawlavebSi da RviZlSi apoproteinebis sinTezis defeqti. sis-

xlSi mkveTradaa Semcirebuli acilglicerolebis koncentracia, vinaidan ar warmo-

ebs qilomikronebisa da Zdsl-is warmoqmna. 

II tipi — hipobetalipoproteinemia. sisxlis plazmaSi Semcirebulia dsl-is kon-

centracia, magram qilomikronebis warmoqmna xorcieldeba. daavadebis mizezia 

RviZlSi apoproteinebis sinTezis daqveiTeba. 

III tipi — α-lipoproteinis ukmarisoba (tanjeris daavadeba) — esaa autosomur-

recesiuli tipis memkvidreobiTi daavadeba, romlis drosac sisxlSi mkveTradaa 

Semcirebuli msl-is koncentracia. qsovilebSi aRiniSneba qolesterinis eTerebis 

dagroveba. vlindeba hepatomegalia (RviJlis gadideba) da splenomegalia (elenTis 

gadideba). daavadebisas qilomikronebisa da Zdsl-is sinTezi da sekrecia normalu-

rad mimdinareobs. msl-is ukmarisobis mizezia ApoC II-is sinTezis defeqti (ApoC II 

aaqtivebs lipoproteinlipazas da amiT xels uwyobs msl-is warmoqmnas). 

aTerosklerozis bioqimia. aTerosklerozi (berZn.-dan ἀθέρος — rbilobi, da  

σκληρός — myari, mkvrivi) — arteriebis qronikuli daavadebaa, romelic warmoiqmneba 

lipiduri cvlis darRvevis dros. am dros xdeba qolesterinisa da lipoproteine-

bis aTerogenuli fraqciebis daleqva sisxlZarRvebis intimaSi (sisxlZarRvis Sida 

garsi, romelic Sedgeba endoTeliumis Srisagan da SemaerTebelqsovilovani fenisa-

gan — subendoTeliumisagan). danaleqebi formirdeba aTeromatozuri folaqebis sa-

xiT. SemaerTebeli qsovilis Semdgomi Cazrda aTeromatozuri folaqebis midamoSi 

dazianebuli sisxlZarRvis kedelSi (sklerozi) da sisxlZarRvebis kedlis kalcino-

zi iwvevs sisxlZarRvis sanaTuris deformacias da, xSir SemTxvevaSi, daviwrovebas 

obliteraciamdec (daxSobamde) ki. 

dReisaTvis aTerosklerozis warmoqmnis mizezebis Sesaxeb erTiani Teoria ar 

arsebobs. gamoTqmulia sxvadasxva varianti da maTi Sexameba: 

 — lipoproteiduli infiltraciis Teoria — pirveladia lipoproteinebis dag-

roveba sisxlZarRvis kedelSi; 

 — endoTeliumis disfunqciis Teoria — pirveladia endoTeliumisa da misi medi-

atorebis damcvelobiTi Tvisebebis darRveva; 

 — autoimunuri Teoria — pirveladia makrofagebisa da leikocitebis funqciis 

darRvevebi; 
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— monoklonaluri Teoria — pirveladia gluvkunTovani ujredebis paTologiu-

ri klonis warmoqmna; 

— virusuli Teoria — pirveladia endoTeliumis virusuli dazianeba (herpesi, 

citomegalovirusi da sxv.); 

— zeJanguri Teoria — pirveladia antioqsidanturi sistemis darRvevebi; 

— genetikuri Teoria — pirveladia sisxlZarRvis kedlis memkvidreobiTi defeq-

ti; 

— qlamidozuri Teoria — pirveladia sisxlZarRvis kedlis dazianeba qlamidie-

biT, ZiriTadad Chlamydia pneumoniae-Ti; 

 — hormonaluri Teoria — gonadotropuli da adrenokortikotropuli hormo-

nebis donis asakobrivi mateba iwvevs qolesterinis saSeni  masalis gaZlierebul sin-

Tezs.  

1913 w. n. aniCkovma wamoayena aTerosklerozis qolesterinuli hipoTeza — 

`uqolesterinod ar aris aTerosklerozi~. maRali simkvrivis lipoproteinebs, rom-

lebsac gamoaqvT qolesterini ujredidan, ewodeba antiaTerogenebi. rac metia msl-

is koncentracia, miT naklebia aTeroskleroziT daavadebis riski. dabali simkvri-

vis lipoproteinebs (Zdsl da dsl), romlebsac moaqvT ujredSi qolesterini, ewo-

debaT aTerogenebi. aTerosklerozi viTardeba lipoproteinebis cvlis darRvevi-

sas, romlis drosac adgili aqvs aTerogenuli lipoproteinebis raodenobis moma-

tebas. fredriqsonis klasifikaciis mixedviT, am kuTxiT gansakuTrebiT sainteresoa 

hiperlipoproteinemiis IIa, IIb, III da IV tipi. tipi II arsebobs homozigoturi (a) da he-

terozigoturi (b). hiperqolesterinemiis homozigoturi forma gvxvdeba 1:1000000 

sixSiriT (dsl-is koncentracia sisxlSi normaze eqvsjer metia; avadmyofebi iRupe-

bian 20 wlis asakSi gul-sisxlZarRvTa daavadebebiT). heterozigoturi forma 

gvxvdeba sixSiriT 1:500 (dsl-is koncentracia momatebulia 2-3-jer; gul-sisxlZar-

RvTa dazianeba viTardeba 35 wlis asakSi). hiperlipoproteinemiis IV tipi dakavSire-

bulia asakTan dakavSirebuli lipidebis cvlis moSliT, rasac Tan sdevs Zdsl-is 

dagroveba. 

aTerogenuli dsl-is sisxlSi dagrovebis ZiriTadi mizezia dsl-is receptoris 

defeqti. amis Sedegad dsl aRwevs sisxlZarRvis kedlis ujredebSi araregulireba-

di gziT, rasac mosdevs aTerosklerozuli danaleqebis formireba. ganvixiloT da-

naleqebis warmoqmnis meqanizmi endoTeliumis ujredebis dazianebis pirobebSi. da-

zianebuli endoTeliumis saSualebiT sisxlZarRvis kedelSi aRwevs Trombocitebi 

da dsl, aseve makrofagebi. Trombocitebi asekretirebs zrdis faqtors, romlebic 

awarmoebs gluvi kunTovani ujredebis proliferacias. gluvi kunTis ujredebi da 

makrofagebi araspecifikuri endocitoziT STanTqavs dsl-s, rasac mosdevs qoles-

terinis eTerebis dagroveba — e.w. qsantomuri, anu qafiseburi ujredebis warmoqmna. 

am ujredebis Semdgomi datvirTva qolesteriniT iwvevs maT daSlas. gamoTavisuf-

lebuli qolesterinis eTerebis kristalebi aRizianebs SemaerTebel qsovils. dazi-

anebis xarisxis matebasTan erTad viTardeba lipiduri laqebi. aTerosklerozis di-

agnostikisas ixmareba aTerogenurobis indeqsi (ai). ai = (saerTo qolesterini — msl-

is SemadgenlobaSi arsebuli qolesterini): msl-is SemadgenlobaSi arsebuli qoles-

terini.  normaSi aTerogenurobis indeqsi tolia 3,0-3,5-is. 

aTerosklerozis dros darRveulia qilomikronebisa da Zdsl-is lipolizi,  qo-

lesterinisa da msl-is ukutransportis sistemis muSaoba da sisxlis plazmaSi li-

poproteinebis metabolizmi. erTi mxriv, dsl-is raodenobis da maTSi qolesterinis 

Semcvelobis zrda, xolo meore mxriv, msl-is koncentraciis kleba, xels uwyobs 

aTerosklerozuli folaqebis formirebas da gulis iSemiuri daavadebis ganviTare-
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bas. naCvenebia pirdapiri kavSiri dsl-is qolesterinis raodenobis zrdasa da gulis 

iSemiuri daavadebis Camoyalibebas Soris. qolesterinis Zalian maRali raodenobi-

sas gulis iSemiuri daavadeba SeiZleba ganviTardes axalgazrdebSi, im SemTxvevaSic 

ki, Tu ar arsebobs sxva riskfaqtorebi. aTerosklerozis ganviTarebis riskfaqto-

rebia: 

 Tambaqos weva; 

 hiperlipoproteinemia (saerTo qolesterini >5 mmoli/l, dsl > 3mmoli/l); 

 arteriuli hipertenzia (sistoluri art. wneva >140 mm s.s., diastoluri art. 

wneva >90 mm s.s.); 

 Saqriani diabeti; 

 Warbi wona; 

 naklebmoZravi cxovrebis stili; 

 emociuri daZabuloba; 

 alkoholis moxmareba; 

 araswori kveba; 

 memkvidruli ganwyoba; 

 postmenopauza; 

 hiperfibrinogenemia; 

 homocisteinuria. 

mkurnalobam, romelic mimarTulia dsl-is qolesterinis donis klebisa da msl-

is qolesterinis donis matebisaken, SesaZlebelia Seanelos gulis iSemiuri daavade-

bis ganviTareba. 

aTerogenuli lipoproteinebi Tavidan grovdeba intimaSi proteoglikanebTan 

dakavSirebis xarjze. lipiduri laqebis CamoyalibebaSi mniSvnelovan rols Tama-

Sobs heparansulfatebis didi raodenoba, sxva glikozami-noglikanebTan, kerZod, 

keratansulfatebsa da qondriotinsulfatebTan SedarebiT. intimaSi proteoglika-

nebTan dakavSirebul lipoproteinebs aqvs unari monawileoba miiRos arafermentu-

li glikozilirebis da JangviT reaqciebSi. intimaSi, plazmisagan gansxvavebiT, co-

taa antioqsidantebis raodenoba, amitom warmoiqmneba daJanguli dsl-is narevi. 

amasTanave iJangeba rogorc lipiduri, aseve cilovani komponentebi. lipidebis da-

Jangvisas warmoiqmneba hidrozeJangebi, lizofosfolipidebi da aldehidebi. apop-

roteinebis daJangva iwvevs peptiduri bmebis rRvevas da aminomJavebis gverdiTi 

jaWvebis SeerTebas (Cveulebriv lizinis β-aminojgufebis) cximovani mJavebis zeJan-

guri Jangvis produqtebTan (4-hidroqsinonenalTan da malonis dialdehidTan). 

mdgradi hiperglikemia Saqriani diabetisas, xels uwyobs apolipoproteinebis da in-

timis sakuTari cilebis arafermentul glikozilirebas, rac aseve arRvevs maT fun-

qciebs da aCqarebs aTerogenezs. 

modificirebuli lipoproteinebis STanTqmisas makrofagebi gamoyofs citoki-

nebs da sxvadasxva zrdis faqtorebs, romlebic xels uwyobs aTeromatozuri fola-

qis warmoqmnas. zogierTi citokini da zrdis faqtori astimulirebs gluvkunTovani 

ujredebis dayofas da ujredSorisi nivTierebis sinTezs, romelic grovdeba aTe-

romatozur folaqSi. sxva citokinebi, gansakuTrebiT γ-interferoni aqtivirebuli 

T-limfocitebidan, amuxruWebs gluvkunTovani ujredebis dayofas da kolagenis 

sinTezs. iseTi faqtorebi, rogoricaa interleikini-1 (ingl. — Interleukin-1, IL-1) da 

simsivnis nekrozis faqtori (ingl. —  tumor necrosis factor, TNF) iwvevs intimaSi zrdis 

Trombocitaruli faqtoris da fibroblastebis zrdis faqtoris gamomuSavebas, 

rac TamaSobs Tavis rols aTeromatozuri folaqebis Semdgom bedSi. amgvarad, war-



 

 357

moebs aTerogenezis damaCqarebeli da Semakavebeli faqtorebis rTuli urTierTqme-

deba. am procesSi didi roli aracilovan mediatorebsac akisria. aqtivirebuli mak-

rofagebi da sisxlZarRvebis kedlis ujredebi (endoTeliaruli da gluvkunTovani) 

gamoimuSavebs Jangbadis Tavisufal radikalebs, romlebic astimulirebs gluvkun-

Tovani ujredebis proliferacias, aZlierebs citokinebis sinTezs, boWavs NO-s. 

meore mxriv, aqtivirebul makrofagebs aqvs unari inducirebadi NO-sinTazas sinTe-

zis.  es maRalefeqturi fermenti gamoimuSavebs NO-s maRal, potenciurad toqsikur 

koncentraciebSi, gansxvavebiT NO-s mcire koncentraciisa, romelic warmoiqmneba 

fermentis konstituciuri formis — endoTelialuri NO-sinTazas meSveobiT. mak-

rofagebis garda, dazianebuli intimidan qolesterinis moSorebaSi monawileobs 

msl-ebi, romlebic uzrunvelyofs qolesterinis e.w. ukutransports.  

eqsperimentulad damtkicebulia mkafio ukudamokidebuleba msl-is qoleste-

rinis koncentraciasa da gulis iSemiuri daavadebis Camoyalibebis risks Soris. rep-

roduqciul asakSi myof qalebSi msl-is qolesterinis koncentracia ufro maRalia, 

vidre igive asakis mamakacebSi. amitom, am faqtis wyalobiT, qalebi ufro iSviaTad 

avaddebian aTeroskleroziT. eqsperimentulad dadasturebulia, rom msl-s aqvs 

unari moaSoros qolesterini qsantomuri ujredebidan. 

lipidebis metabolizmis moSliT gamowveuli paTologiebi. kuWqveSa jir-

kvlis anTebis (pankreatitis) Sedegad pankreasuli lipazas sekreciis an aqtivobis 

daqveiTeba, an nawlavis sanaTurSi naRvlis wvenis arasakmarisi raodenobis miwode-

bis Sedegad  cximebis emulgirebis xarisxis daqveiTeba, iwvevs cximebis monelebisa 

da Sewovis darRvevas da fekalur masebSi cximebis gaCenas (steatorea). am procesis 

gaxangrZlivebiT qveiTdeba sakvebis iseTi aucilebeli komponentebis Sewova, rogo-

ricaa cximSi xsnadi vitaminebi da polienuri cximovani mJavebi, rasac mosdevs hipo-

vitaminozis ganviTareba misTvis damaxasiaTebeli simptomebiT. magaliTad, K-vita-

minis naklebobisas adgili aqvs sisxlis Sededebis siCqaris daqveiTebas da  sisxlde-

nas; А-vitaminis ukmarisobisas qveiTdeba mxedveloba, gansakuTrebiT sibneleSi 

(`qaTmis sibrmave~). 

karnitinis ukmarisoba. karnitinis ukmarisoba, ZiriTadad, gvxvdeba bavSvebSi, 

gansakuTrebiT dRenaklulebSi. misi mizezi bolomde garkveuli ar aris. iTvleba, 

rom daavadeba SesaZlebelia ganviTardes organizmSi karnitinis arasakmarisi rao-

denobiT biosinTezis dros. aseve organizmidan didi raodenobiT karnitinis dakar-

gvis SemTxvevaSic, magaliTad, hemodializis Sedegad. karnitinis ukmarisobisaTvis 

damaxasiaTebelia kunTebis sisuste, krunCxvebi, hipoglikemia. cximovani mJavebis mi-

toqondriebSi SeRwevisa da iq mimdinare maTi β-daJangvis darRvevis gamo, mcirdeba 

glukoneogenezisa da ketogenezis mimdinareobis intensivoba. sisxlis plazmaSi Se-

sabamisad matulobs Tavisufali cximovani mJavebis koncentracia, xolo kunTebSi 

adgili aqvs trigliceridebis dagrovebas. 

dikarbonmJavebis aciduria. amis mizezia mitoqondriebSi mokle naxSirbadovani 

jaWvis mqone cximovani mJavebis β-daJangvaSi monawile fermentis acil-koA—dehid-

rogenazas deficiti. daJangvis am formis blokirebis gamo, cximovani mJavebi erTve-

ba ώ-daJangvaSi, ris gamoc didi raodenobiT xdeba dikarbonmJavebis warmoqmna, rom-

lebic gamoiyofa SardTan erTad.  

refsunis daavadeba. daavadebis dros ZiriTadad nervul qsovilsa da sisxlis 

plazmaSi didi raodenobiT grovdeba fitanmJava, romelic qlorofilis Semadgene-

li komponentis — fitolis metabolizmis produqtia. fitoli organizmSi xvdeba 

mcenareuli sakvebidan. fitanmJava gvxvdeba rZisa da cxoveluri cximebis Semadgen-

lobaSic. fitanmJavas β-daJangva iwyeba mxolod mas Semdeg, rac winaswar moxdeba 
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misi α-daJangva. β-daJangvis Sedegad warmoiqmneba sami molekula propionil-koA, 

sami molekula acetil-koA da izobuTiril-koA. daavadebis mizezia α-daJangvaSi 

monawile fermentuli sistemis memkvidruli deficiti, ris gamoc organizmSi grov-

deba didi raodenobiT fitanmJava, rac iwvevs mZime paTologiuri cvlilebebis gan-

viTarebas.  

cximovani mJavebis metabolizmis moSlis garda, paTologiebis gamomwvevia aseve li-

pidebis calkeuli jgufebis gardaqmnisa da transportirebis darRvevis Sedegad ga-

mowveuli cvlilebebi. am daavadebaTa nawili memkvidruli tipisaa. 

goSes daavadeba. daavadebis mizezia lizosomuri fermentis β-glukoce-rebrozi-

dazas deficiti. fermenti akatalizirebs glukocerebrozidebis daSlas glukozad 

da ceramidad. fermentis ukmarisobisas retikulur-endoTelialur ujredebSi didi 

raodenobiT grovdeba dauSleli gluko-cerebrozidebi, rac zogierT organos qso-

vilebSi (RviZli, elenTa, limfuri kvanZebi, Zvlis tvini) iwvevs e.w. goSes ujredebis 

warmoqmnas. es didi zomis, ovaluri an mrgvali ujredebia, romlebic erT an ramdeni-

me birTvs Seicavs da aqvs qafiseburi citoplazma. klinikuri suraTebia hepatomega-

lia, splenomegalia (elenTa, xSir SemTxvevaSi, muclis 3/4-s Seadgens), cxviridan sis-

xlis dena, kanze hemoragiuli gamonayari, leikocitopenia da Trombo-citopenia, 

Zvlebis destruqcia, rasac xSirad sdevs motexilobebi, gonebrivi CamorCeniloba, 

krunCxvebi da dambala. 

niman-pikis daavadeba. daavadebis mizezia endoTelialuri sistemis ujredebsa 

da sxva qsovilebSi sfingomielinis damSleli fermentis sfingomielinazas defici-

ti. am paTologiisas ziandeba centraluri nervuli sistema, elenTa, RviZli, Zvlis 

tvini da filtvebi. am qsovilebis ujredebSi grovdeba sfingomielini, rasac mos-

devs qafiseburi citoplazmis mqone ujredebis warmoqmna, sadac didi raodenobiTaa 

dagrovili sfingomielini. am ujredebs nimanpikis ujredebi ewodeba. daavadeba 

vlindeba dabadebisTanave, rasac Tan sdevs filtvebis anTeba, osteoporozi, lim-

furi kvanZebis gadideba, kansa da lorwovan garsebze ruxi feris pigmentacia, enasa 

da RrZilebze melnisferi laqebi, fsiqikuri degradacia, siyrue, anemia, leikoci-

tozi da Trombocitopenia. avadmyofobis diagnozis dasasmelad aucilebelia lei-

kocitebsa da kanis fibroblastebSi ferment sfingo-mielinazas aqtivobis dadgena.  

tei-saqsis daavadeba. daavadebis mizezia RviZlis, elenTis da centraluri ner-

vuli sistemis ujredebSi lizosomuri fermentis heqsozamidinazas izoformis de-

ficiti. fermenti akatalizebs gangliozidebis molekulaSi N-acetilgalaqtozami-

nis naSTis mowyvetas. daavadebis SemTxvevaSi, Tavis tvinis rux nivTierebaSi, RviZ-

lsa da elenTaSi didi raodenobiT grovdeba gangliozidebi, rac am organoebis da-

zianebis mizezia. daavadeba vlindeba apaTiiT, gonebrivi ganviTarebis SeferxebiT, 

krunCxvebiT, xmaurisadmi momatebuli mgrZnobelobiT, mxedvelobis gauaresebiT. 

mxedvelobis nervis atrofiis Sedegad avadmyofi brmavdeba. daavadebidan 2-3 weli-

wadSi pacientebi iRupebian. 

aRsaniSnavia, rom lizosomuri fermentis β-galaqtozidazas deficitis SemTxve-

vaSi viTardeba e.w. generalizebuli gangliozidozi. garda amisa, cnobilia sxva ti-

pis sfingolipidozebic, romelTa mizezi sxvadasxva fermentis deficitia. magali-

Tad fabris daavadebis mizezia ferment α-galaqtozidazas deficiti, krabes daava-

debisa — galaqtocerebrozidazas, farbes daavadebisa — ceramidazas, sendhofis da-

avadebisa da  heqsozamidinazas deficiti.  
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VIII.4.3. naxSirwylebis Sewova da am procesis 

darRveviT gamowveuli paTologiebi 

di- da polisaqaridebis monelebis Sedegad, ZiriTadad, warmoiqmneba monosaqa-

ridebi — glukoza, galaqtoza da fruqtoza, romelTa Sewova xorcieldeba ori 

gziT: pasiuri da aqtiuri transportiT. es procesebi mimdinareobs swor nawlavSi. 

mxolod pasiuri difuziiT xdeba fruqtozis Sewova, anu procesi mimdinareobs kon-

centraciuli gradientis mimarTulebiT nawlavis xaoebiT da misi siCqare sakmaod 

dabalia. pasiuri difuziiT Seiwoveba aseve manoza da pentozebic.  

 

 
 

suraTi VIII.22.  nawlavis epiTeliumis mier glukozis Sewova 

 

glukoza da galaqtoza Seiwoveba rogorc pasiuri, aseve aqtiuri gziT. nawlavis 

xaoebis membranaSi aRmoCenilia glukozis transporteri, romelic uniportis saSu-

alebiT moqmedebs, ar saWiroebs Na-ionebs da pasiuri difuziis gziT uzrunvelyofs 

glukozis Sewovas. transporteri moqmedebs maSin, roca glukozis koncentracia 

nawlavis sanaTurSi metia, vidre enterocitebSi. Cveulebriv, enterocitebSi glu-

kozis koncentracia aRemateba mis koncentracias sanaTurSi, amitom am SemTxvevaSi 

mimdinareobs glukozis aqtiuri transporti. am tipis transporteris muSaoba sim-

portulad mimdinareobs da glukozasTan erTad nawlavis sanaTuridan enteroci-

tebSi gadaitaneba aseve Na+. procesis mimdinareobisaTvis aucilebeli energia mi-

iReba ATP-is hidroliziT. reaqciaSi monawileobas iRebs fermenti Na+,K+–ATP-aza. 

fermentis moqmedebiT Na-is ioni enterocitebidan ukan gamodis da mis magivrad Se-

dis K-is ioni (sur.VIII.22). enterocitebidan gamosuli Na+ kvlav sanaTurSi xvdeba da 

glukozis sxva molekulebis Sewovis procesSi iRebs monawileobas. es procesi mim-

dinareobs naxSirwylebiT mdidari sakvebis miRebis Semdgom. glukozis Sewova Ziri-

Tadad aqtiuri transportiT xdeba.  
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adamianis mravali daavadeba naxSirwylebis cvlis moSliTaa ganpirobebuli. maT 

Sorisaa, rogorc ujredSida metabolizmis cvlilebebiT, aseve ujredgare gardaq-

mnisa da Sewovis procesebis darRveviT ganpirobebuli paTologiebi. 

miuxedavad imisa, rom ujredi ganuwyvetliv saWiroebs da moixmars glukozas, 

rogorc cxovelqmedebisaTvis aucilebel energetikul masalas, misi raodenoba 

sisxlSi mainc mudmivia da igi 3,3-5,5 mmol/l-s (60-100mg%) Seadgens. glukozis rao-

denobis mudmivobis SenarCuneba sakmaod mZlavri regulatoruli meqanizmiT xorci-

eldeba. miuxedavad amisa, sxvadasxva paTologiis dros glukozis raodenoba sis-

xlSi matulobs an piriqiT, klebulobs. sisxlSi glukozis koncentraciis zrdas (6,6 

mmol/l-ze meti) hiperglikemia ewodeba, xolo Semcirebas (3 mmol/l-ze naklebi) — 

hipoglikemia.  

hiperglikemia. arsebobs hiperglikemiis ramdenime forma, romelic SeiZleba 

sxvadasxva mizeziT iyos gamowveuli: 

pankreasuli hiperglikemia gvxvdeba Saqriani diabetis dros. misi mizezia orga-

nizmSi insulinis raodenobis nakleboba. am SemTxvevaSi pankreasis langerhansis kun-

Zulebis β-ujredebis mier Semcirebulia insulinis gamomuSaveba, rasac Tan sdevs 

RviZlSi glikogenis daSlis procesis gaZliereba da didi raodenobiT Tavisufali 

glukozis sisxlSi gadasvla (hiperglikemia). hiperglikemia, Tavis mxriv, xels uwy-

obs glukozis periferiuli moxmarebis Semcirebas. daavadebis gamomwvevia pankrea-

sis sxvadasxva daavadeba (pankreatiti, nekrozi da sxv.), romlebic azianebs β-ujre-

debs. 

hormonuli hiperglikemia. zogierTi endokrinuli jirkvlis (hipofizi, fari-

sebri, Tirkmelzeda) dazianeba iwvevs am jirkvlebis mier im hormonebis Warbi rao-

denobiT gamomuSavebas, romlebic moqmedebs insulinis sinTezisa da sekreciis pro-

cesze, kerZod iwvevs mis Semcirebas. aseT hormonebs miekuTvneba Tiroqsini, adrena-

lini da glukokortikoidebi. 

RviZliseuli hiperglikemia. RviZlis zogierTi daavadebis dros darRveulia 

RviZlis parenqima, rac iwvevs RviZlSi glikogenis dagrovebis procesis moSlas. 

nervuli hiperglikemia. centraluri nervuli sistemis dazianeba (travma, sim-

sivne, toqsikuri dazianeba) an simpaTikuri nervis gaRizianeba iwvevs RviZlSi gli-

kogenis gaZlierebul daSlas, rasac mosdevs sisxlSi glukozis raodenobis mniSvne-

lovani zrda da hiperglikemiis ganviTareba. nervuli hiperglikemiis mizezi aseve 

SesaZlebelia iyos emociuri faqtorebic (Zlieri fsiqikuri agzneba, aRelveba, SiSi, 

sixaruli), rasac mosdevs Tirkmelzeda jirkvlidan adrenalinis Warbi raodenobiT 

sekrecia da, Sesabamisad, hiperglikemia. am tipis emociuri hiperglikemia paTolo-

giuri ar aris da emociuri faqtoris moxsnis Semdgom sisxlSi glukozis raodenoba 

swrafadve normalizdeba.  

alimenturi hiperglikemia viTardeba naxSirwylebiT mdidari sakvebis miRebisas. 

sakvebis miRebidan 2-3 saaTSi glukozis raodenoba kvlav normas ubrundeba. alimen-

turi hiperglikemia ar aris paTologiuri.  

glukozuria. SardSi Saqris arsebobas glukozuria ewodeba. janmrTeli adamia-

nis SardSi naxSirwylebi umniSvnelo raodenobiTaa da misi raodenobis momateba 

garkveuli paTologiis Camoyalibebis niSania. glukozuriis mizezi SesaZlebelia 

iyos sisxlSi glukozis koncentraciis mateba (hiperglikemia) an glukozisadmi Tir-

kmelebis zRurblis Semcireba. 

hiperglikemiiT ganpirobebuli glukozuria viTardeba im SemTxvevaSi, roca sis-

xlSi Saqris raodenoba Zalze maRalia (8,8 mmol/l-ze meti). cnobilia, rom Tirkmelebs 

SeuZlia glukozis Sekaveba im SemTxvevaSi, Tu misi koncentracia 8,8 mmoli/l an masze 
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naklebia. Tu sisxlSi glukozis raodenoba am niSnulze metia, Tirkmlis milakebs aRar 

SeswevT glukozis reabsorbciis unari da glukoza gadadis SardSi. maSasadame, gluko-

zuria viTardeba im dros, roca adgili aqvs hiperglikemias. hiperglikemiiT gamowveu-

li glukozuriac SesaZlebelia iyos pankreasuli da eqstrapankreasuli formebis. Tum-

ca hiperglikemiis garda, glukozuria SesaZlebelia gamowveuli iyos aseve Tirkmlis 

zRurblis SemcirebiTac, rasac renuli. anu Tirkmliseuli glukozuria ewodeba. aseTi 

tipis daavadebis SemTxvevaSi, glukozuria mimdinareobs hiperglikemiis gareSe. 

Saqriani diabeti. Saqriani diabetis Camoyalebebas xels uwyobs ramdenime faq-

tori, kerZod: 

1. pankreasis β-ujredebis gadagvareba, ris gamoc organizmSi viTardeba insu-

linis nakleboba; 

2. darRveulia proinsulinis insulinad gardaqmnis procesi; 

3. sinTezirebul insulins ar gaaCnia sakmarisi biologiuri aqtivoba; 

4. organizmSi momatebulia ferment insulinazas aqtivoba, rasac mosdevs insu-

linis aqtiuri daSla. 

Saqriani diabetis klinikuri suraTia poliuria (Sardis didi raodenobiT gamo-

yofa), polidifsia (gaZlierebuli wyurvili), hiperglikemia, glukozuria da sxv. di-

abetis SemTxvevaSi glukozis raodenoba sisxlSi 11-24 mmoli/l da metia. amis mize-

zia insulinis ukmarisobis fonze glikogenis mobilizacia RviZlsa da kunTebSi. ama-

ve dros, miuxedavad qsovilebSi sisxliT mitanili glukozis raodenobis matebisa, 

maTi ujredSi moxvedris albaToba Semcirebulia. sisxlSi glukozis Warbi raode-

nobis miuxedavad, ujredebi ganicdis glukozis deficits, ris Sedegadac iwyeba uj-

redebis qemoreceptorebis gaRizianeba da maTSi sxvadasxva tipis signalebis war-

moqmna. signalebi gadaecema centralur nervul sistemas, rac iwevevs RviZlSi gli-

kogenis daSlas, rasac mosdevs sisxlSi glukozis isedac momatebul raodenobis 

ufro gazrda.  

cnobilia, rom insulini warmoadgens RviZlis specifikuri fermentis glukoki-

nazas induqtors. fermenti axorcielebs glukozis fosforilirebis process. in-

sulinis naklebobisas mcirdeba fermentis rogorc raodenoba, aseve aqtivobac, ris 

Sedegadac Seferxebulia glukozis fosforilirebisa da glikogenis molekulaSi 

misi CarTvis procesi. 

insulini glukoneogenezis procesSi (glukozis warmoqmna aranaxSirwyalbado-

vani naerTebidan) monawile zogierTi fermentis represoria, ris gamoc diabetis 

dros adgili aqvs glukoneogenezis intensivobis matebas. amis gamo sakvebidan nax-

Sirwylovani produqtebis amoReba didad ar moqmedebs sisxlSi naxSirwylebis rao-

denobis Semcvelobaze, radgan glukozis sinTezSi erTveba sakvebiT miRebuli sxva 

komponentebic.  

Saqriani diabetis SemTxvevaSi darRveulia ara marto glukozis, aramed cximebi-

sa da cilebis cvlac. qsovilebSi glukozis energetikuli funqciis wilis Semcireba 

zrdis cximebis mobilizaciisa da daSlis procesebis, e.w. lipolizis intensivobas. 

amis Sedegad adgili aqvs didi raodenobiT acetil-CoA-s warmoqmnas, romlis nawili 

erTveba krebsis ciklSi, xolo didi nawili ki ketosxeulebad da qolesterinad gar-

daiqmneba. procesis saboloo Sedegia hiperqolesterolemia, hiperketonemia da ace-

tonuria.  

Saqriani diabetisaTvis aseve damaxasiaTebelia cilebis cvlis moSlac, kerZod, 

Seferxebulia rogorc anaboluri reaqciebi (maT Soris Semcirebulia albuminebisa 

da globulinebis sinTezi), aseve kataboluri procesebic, rac ganpirobebulia 

energiis simciriT.  
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hipoglikemia.  paTologiuri mdgomareoba, romlisTvisac damaxasiaTebelia sis-

xlSi glukozis koncentraciis daqveiTeba 3.5mmoli/l-ze dabla, rasac Tan axlavs 

hipoglikemiuri sindromis ganviTareba.  daavadebis mizezi sxvadasxvaa. magaliTad, 

insuliniT da Saqris damwevi preparatebiT mkurnaloba, sakvebis arasakmarisi an 

dagvianebuli miReba, mZime fizikuri Sroma, alkoholis gadaWarbebuli miReba da 

mravali sxv. hipoglikemiis ganviTarebis meqanizmi misi etiologiisagan damokidebu-

lebiT sxvadasxvaa. magaliTad, alkoholis didi raodenobiT miRebis SemTxvevaSi 

eTanolis metabolizmi RviZlSi katalizirdeba fermentiT — alkoholdehidrogena-

zaTi, romlis kofermentia nikotinamidadenindinukleotidi (NADH), romelic aseve 

aucilebelia glukoneogenezis warmarTvisaTvis. eTanolis didi raodenobiT miReba 

swrafad amcirebs NADH-is raodenobas, rasac Tan sdevs RviZlSi glukoneogenezis 

procesis daqveiTeba.   

calkeuli naxSirwylebis cvlis moSla. glukozis cvlis moSlis garda, cnobi-

lia calkeuli naxSirwylis metabolizmis moSliT gamowveuli paTologiebi, romle-

bic sxvadaxva daavadebis Camoyalibebis mizezi xdeba. maT Sorisaa iseTi naxSirwyle-

bi, rogoricaa fruqtoza, galaqtoza da sxv.  

fruqtozis Tandayolili autanloba. daavadebis mizezia RviZlSi, Tirkmelebsa da 

nawlavis ujredebSi fruqtozis cvlaSi monawile fermentis ketoza-1-fosfataldo-

lazas ararseboba, ris gamoc fruqtoza didi raodenobiT grovdeba, ZiriTadad, RviZ-

lis ujredebSi da iwvevs maT gadagvarebas. naxSirwylebis cvlis sxva fermentebi norma-

lurad funqcionirebs. daavadeba ZiriTadad Cvil bavSvebSi vlindeba mas Semdeg, rac 

isini Sereul kvebaze gadayavT. misi simptomebia: Rebineba, krunCxvebi, Tirkmlisa da 

RviZlis dazianeba. 

esenciuri fruqtozuria. daavadeba xSir SemTxvevaSi usimptomod mimdinareobs. 

daavadebis  mizezia RviZlis ujredebSi ferment fruqtokinazas deficiti.  

galaqtozemia memkvidruli tipis mZime daavadebaa, romlis drosac sisxlSi moma-

tebulia galaqtozisa da galaqtoza-1-fosfatis raodenoba, rasac Tan sdevs galaq-

tozuria. daavadebis mizezia RviZlSi ferment heqsozo-1-fosfaturidiltransfe-

razas ukmarisoba, romlis daxmarebiTac galaqtoza gardaiqmneba glukozad. sis-

xlSi Saqris raodenoba 11,1-16,6 mmol/l-ia, Tumca hiperglikemia ar aRiniSneba, vina-

idan Saqris udidesi wili modis galaqtozaze. fosforilirebuli galaqtoza grov-

deba Tvalis, nervuli qsovilis, RviZlis da sxva organoebis qsovilebSi, rac si-

cocxlisaTvis saSiSia. galaqtozis momatebuli raodenoba iwvevs glikolizis fer-

mentebis blokirebas da, Sesabamisad, hipoglikemiis ganviTarebas.  

organizmSi galaqtozis glukozad gardaqmnis sxva gzac arsebobs — fermenti uri-

dildifosfogalaqtoza-pirofosforilaza akatalizirebs reaqcias:  

galaqtozo-1-fosfati ↔ uridildifosfogalaqtoza (UDPGal) 
reaqcia mimdinareobs uridiltrifosfatidan pirofosfatis gamoyofis Tan-

xlebiT. warmoqmnili UDPGal ferment epimerazas monawileobiT ganicdis epimeriza-

cias da warmoiqmneba UDPGal-is epimeruli forma — UDPGalc.  

UDPGal ↔ UDPGalc 
galaqtozis es forma ferment glukoza-1-fosfaturidiltransferazas monawile-

obiT urTierTqmedebs pirofosfatTan (PiPi) da reaqciis Sedegad warmoiqmneba gluko-

za-1-fosfati, romelic iolad erTveba glukozis metabolizmSi. aRmoCnda, rom fer-

menti uridildifosfogalaqtoza-pirofosforilazas aqtivoba axalSobilebSi Zalze 

mcirea. asakis matebis paralelurad adgili aqvs fermentuli aqtivobis zrdasac, rac 

xels uwyobs daavadebis gankurnebas. 
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VIII.5.  RviZli 

VIII.5.1.  RviZlis struqtura da funqciebi 

RviZli xerxemliani  organizmis, maT Soris adamianis, yvelaze msxvili jirkva-

lia (sur. VIII.23).  zrdasruli janmrTeli adamianis RviZlis wona saSualod 1,5 kg-ia. 

sisxlis 70%-ze meti adamianis RviZlSi karis venis saSualebiT Sedis, xolo danarCe-

ni — RviZlis arteriebiT. nivTierebaTa umetesi nawili, romelic organizmSi xvdeba 

saWmlis momnelebeli traqtidan, karis veniT xvdeba RviZlSi. gamonaklisia lipide-

bi, romelTa transporti limfuri sistemis saSualebiT mimdinareobs. RviZlSi war-

moebs STanTqmuli nivTierebebis metabolizmi da maTi gadanawileba organizmis 

sxvadasxva qsovilSi. RviZlSi mimdinareobs naRvlis mJavebis sinTezi, ris gamoc 

RviZli aqtiurad monawileobs sakvebis monelebaSi. RviZlSi aseve mimdinareobs bio-

logiurad mniSvnelovani iseTi naerTebis biosinTezi, rogoricaa: Sardovana, cal-

keuli aminomJavebi, azotovani fuZeebi da sxv. is mravali hormonis inaqtivaciis ad-

gilia. RviZlSi mimdinareobs sxvadasxva toqsikur da ucxo naerTTa, e.w. qsenobioti-

kebis detoqsikaciac.  

 

 
 

suraTi VIII.23. RviZli 

 

RviZlis mravalferovani funqcia ganpirobebulia misi struqturisa da sisxlis 

mimoqcevis specifikurobiT. RviZli SeiZleba garkveul anatomiur barierad CaiTva-

los. organos ganlageba metad mosaxerxebelia imisaTvis, rom man mravalricxovani 

metaboluri da antitoqsikuri funqcia Seasrulos. RviZlis parenqimis ZiriTad mik-

roskopul erTeuls klasikuri wilaki warmoadgens (sur. VIII.24).  karis venisa da 

RviZlis arteriis ganStoebebidan sisxli Sedis wilakebSi da gansakuTrebuli Sene-

bis mqone hemokapilarebSi (sinusiodebSi) miedineba. sinusoidebis endoTeliumi fo-

rovania da ZiriTadad (~ 90%) moklebulia bazalur membranas, ris Sedegad, sisxlSi 

arsebuli makromolekulebi daubrkoleblad gadis perivaskulur, e.w. dises sivrce-

Si, sadac kontaqtirebs hepatocitebis mikroxaoebTan. sinusoidebi da hepatocite-

bis mier warmoqmnili trabekulebi miemarTeba wilakis SuaSi ganlagebuli centra-

luri venisaken. trabekulebis rTuli struqturuli arqiteqtonikis meSveobiT yo-

veli hepatociti erTi nawiliT SexebaSia sinusoidebTan, xolo meore nawiliT — mo-

sazRvre hepatocitTan. mezobel hepatocitebs Soris warmoiqmneba naRvlis kapila-
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rebi. normalur RviZlSi ar xdeba sisxlisa da naRvlis urTierTSexeba. amgvarad, ga-

mijnulia organos `endokrinuli~ da `egzokrinuli~ funqciebi. naRvlis kapilarebi 

erTiandeba naRvlis sadinrebad. karis venisa da RviZlis arteriis ganStoebebisagan 

gansxvavebiT, naRvlis sadinarebisa da limfuri sisxlZarRvebis SigTavsi gamoedine-

ba wilakidan. Sesabamisad, naRveli miedineba sisxlis dinebis sawinaaRmdego mimar-

TulebiT.  

naRvlis buStSi dagrovebuli naRveli Caedineba Tormetgoja nawlavSi, sadac as-

rulebs saWmlis momnelebel funqcias. RviZlSi gavlili sisxli miemarTeba sawina-

aRmdego mimarTulebiT, kerZod, centraluri venebidan wilakqveSa venebSi da bo-

los, RviZlis venebis meSveobiT, qvemo Rru venaSi Caedineba. 

hepatocitebis ultrastruqtura warmodgenilia morfologiuri erTeuliT, 

romelic aucilebelia maTi funqcionirebisaTvis. metaboluri funqciis energeti-

kuli uzrunvelyofa xorcieldeba mravalricxovani mitoqondriis meSveobiT. yo-

vel hepatocitSi aTasi da meti mitoqondriaa. aseve kargad aris ganviTarebuli xor-

kliani da gluvi endoplazmuri badeebi. es SesaZlebels xdis ara marto dasinTezir-

des da transportirdes didi raodenobiT cilebi da lipidebi, aramed warmoqmneba 

organizmisTvis metad mniSvnelovani lipoproteinebic. cilis aqtiur sinTezze miu-

TiTebs agreTve citoplazmaSi ganlagebuli Tavisufali da membranasTan SekavSire-

buli poliribosomebis simravlec. RviZlSi arsebuli glikogenis maragi warmodge-

nilia granulebis saxiT. 

 

 
 

suraTi VIII.24. RviZlis wilakis struqturuli gamosaxuleba 

 
hepatocitebis garda, RviZlis ujreduli komponentebidan aRsaniSnavia sinuso-

idebis kedlebis warmomqmneli Cveulebrivi endoTeliocitebi, fiqsirebuli makro-

fagebi, anu kupferis ujredebi da lipocitebi. kupferis ujredebis funqcias war-

moadgens sisxlis moberebuli arafunqcionirebadi ujredebis STanTqma da gadamu-

Saveba. amave dros mimdinareobs  hemoglobinis  daSlac, ris Sedegadac globinuri 

jaWvebi utilizirdeba, xolo hemi iSleba rkinad da bilirubinad (sur.VIII.25).  
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suraTi VIII.25.  kupferis ujredebi 

 

lipocitebi, anu e.w. itos ujredebi (varskvlaviseburi ujredebi), romlebic si-

nusoidalur sivrceSia (sur.VIII.26), gvxvdeba or — aqtiur da mosvenebul mdgomareo-

baSi. aqtiur mdgomareobaSi itos ujredebis ZiriTadi funqciaa monawileoba fibri-

nogenezSi — dazianebul RviZlSi kvanZebis warmoqmnaSi. dauzianebel RviZlSi itos 

ujredebi mosvenebul mdgomareobaSia. aseT mdgomareobaSi maT ramdenime gamona-

zardi aqvs, romlebiTac gars exvevა sinusoidur kapilarebs. itos ujredebis Tavi-

seburebas warmoadgens maT citoplazmaSi vitamin А-s maragebis arseboba cximovani 

wveTebis saxiT. mosvenebuli itos ujredebis raodenoba RviZlis ujredebis 5-8%-s 

Seadgens.  

RviZlis dazianebis SemTxvevaSi itos ujredebi gadadis aqtiur mdgomareobaSi, 

rac gulisxmobs maT proliferacias, qemotaqss, SekumSvadobas, vitamin A-s maragis 

dakargvas da ujredebis wamoqmnas, romlebic struqturulad miofibroblastomebs 

waagavs. itos ujredebis aqtivacia gamoixateba axali genebis (α-SMA, ICAM-1), qemo-

kinebisa da citokinebis momatebuli raodenobiT. aqtivacias Tan axlavs ujredgare 

matriqsis cilebis produqcia. RviZlis Sexorcebis finaluri stadiaa am ujredebis 

gaZlierebuli apoptozi, ris Semdegac maTi raodenoba mkveTrad mcirdeba.    

 

      
suraTi VIII. 26. itos (varskvlaviseburi) ujredebi 

HSC – itos ujredebi; PC – hepatocitebi; 

EC – sinusoidebis epiTelialuri ujredebi; 

S -sinusoidebi; KC –kufleris ujredebi 

კუპფერის 

უჯრედები 
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RviZlis struqturis stabiluroba ganpirobebulia boWkovani SemaerTebeli 

qsoviliT. zogierTi paTologiis dros, magaliTad, cirozis SemTxvevaSi,  RviZlSi 

SemaerTebelqsovilovani elementebis Semcveloba izrdeba, ZiriTadad kolagenis 

xarjze, ramac SeiZleba gamoiwvios sisxlZarRvebze zewola da naRvlis gadinebis 

darRveva. am dros gansakuTrebiT ziandeba portuli sisxlis mimoqceva. 

xerxemlianTa RviZlis TiTqmis yvela ujredSi gvxvdeba metabolizmis is ZiriTa-

di fermentebi, romlebic aqtiurad monawileobs iseT mniSvnelovan meqanizmebSi, 

rogoricaa energiis mobilizacia ATP-is molekulaSi, glikogenisa da lipidebis ma-

ragis ganaxleba, cilebisa da nukleinis mJavebis Semcvelobis stabilurobis uzrun-

velyofa da sxva mniSvnelovani procesebi. RviZli gamoirCeva metaboluri procese-

bis gansakuTrebuli moqnilobiTa da farTo diapazoniT. praqtikulad, organizmSi 

RviZli asrulebs `gamanawilebeli centris~ da `detoqsikatoris~ funqcias. RviZ-

lis ZiriTadi funqciebi warmodgenilia cxrilSi VIII.2. 

 

 

 

cxrili VIII. 2. 

RviZlis ZiriTadi funqciebi 

 

aqtiuri procesi monawileobis xasiaTi 

naxSirwylebis cvla glukoneogenezi;  glikogenis sinTezi da daSla 

cximebis cvla 

 

cximovani mJavebis sinTezi; qolesterinis sinTezi da 

misi gamoyvana organizmidan; lipoproteinebis sinTezi; 

ketogenezi; naRvlis mJavebis sinTezi; D- vitaminis  

25-hidroqsilireba 

hormonebis cvla steroiduli hormonebis metabolizmi da gamoyvana 

organizmidan; polipeptiduri hormonebis metabolizmi 

cilebis cvla 

 

sisxlis plazmis cilebis sinTezi  (koagulaciis 

zogierTi faqtoris CaTvliT, magram ara 

imunoglobulinebi);  Sardovanas sinTezi 

wamlebi da ucxo 

nivTierebani 

metabolizmi da eqskrecia 

deponireba vitamini  A;  vitamini B12;  rkinis ioni 

bilirubinis 

metabolizmi da 

eqskrecia 

 

 

VIII.5.2. naxSirwylebis metabolizmi RviZlSi 

RviZls aqvs glukozis gamoyenebis sxvadasxvagvari SesaZlebloba. RviZlSi mox-

vedrili Tavisufali D-glukozas didi nawili ATP-is xarjze ferment glukokinazas 

(heqsokinaza) moqmedebiT fosforilirdeba da warmoiqmneba glukozo-6-fosfati. 

aseve, sakvebiT miRebuli D-fruqtoza, D-galaqtoza da D-manoza rigi fermentebis 

zemoqmedebiT gardaiqmneba glukozo-6-fosfatad. 
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organizmis funqciuri mdgomareobidan gamomdinare, glukozo-6-fosfatis me-

tabolizmi RviZlSi SeiZleba warimarTos ramdenime mimarTulebiT: 

1. D -glukozo-6-fosfati    fosfataza     D -glukoza + fosfatis naSTi 

am gziT warmoqmnili Tavisufali D-glukoza sisxlis nakadiT miewodeba  sxva 

qsovilebs. glukozo-6-fosfatis gardaqmnis es gza gansakuTrebiT mniSvnelovania 

sisxlSi glukozis mudmivi donis SesanarCuneblad, rac ganapirobebs Tavis tvinisa 

da sxva qsovilebis energiiT maqsimalur uzrunvelyofas. 

2. Tavisufali glukozo-6-fosfati fermentebis fosfoglukomutazasa da gli-

kogensinTeTazas moqmedebiT erTveba  glikogenis molekulaSi, ris Sedegadac am 

ukanasknelis molekula grZeldeba.  

 
 3. eqvsnaxSirbadiani glukozo-6-fosfati warmoqmnis samnaxSirbadian piruvats, 

romelic ferment piruvatdehidrogenazas zemoqmedebiT gardaiqmneba acetil-CoA-
ad, romelic Semdgom gardaqmnas agrZelebs limonmJavas ciklSi. igi aseve moixmareba 

cximovani mJavebisa da qolesterinis sinTezisaTvis. cximovani mJavebi ki, Tavis 

mxriv, gamoiyeneba triacilglicerolebisa da fosfolipidebis sinTezSi. cximebi 

da fosfolipidebi, plazmis lipoproteinebis saxiT, nawilobriv transportirdeba 

sxva ujredebSi, sadac xdeba maTi Semdgomi metabolizmi.    

4. glukozo-6-fosfati pentozofosfaturi gzis sawyisi substratia. am proces-

Si warmoiqmneba NADPH (nikotinamidadenindinukleotidfosfati), romelic moixma-

reba cximovani mJavebisa da qolesterolis biosinTezSi.   

zemoT aRniSnulidan gamomdinare, organizmis moTxovnis Sesabamisad, fermente-

bisa da hormonebis zemoqmedebiT, RviZlSi warmoebs glukozisa da misi metaboliz-

mis Sualedi produqtebis nakadebis gadanawileba. RviZli naxSirwylebis erT-erTi 

mniSvnelovani samarago organoa. ZuZumwovarTa saxeobisagan damokidebulebiT, 

RviZlSi glikogenis raodenoba sxeulis saerTo masis 2-8%-is farglebSi meryeobs.  

nebismieri nivTiereba, romelic iwvevs RviZlSi glikogenis raodenobis zrdas, 

ganixileba, rogorc glukozo-6-fosfatis wyaro, amitom terminebi: `glikogenuri~ 

da `glukogenuri~, Tavisi arsiT, sinonimebia. glikogenur nivTierebebs miekuTvneba 

ara marto heqsozebi, aramed `glikogenuri~ aminomJavebi, glicerini, glikolizis 

Sualeduri produqtebi da iseTi mravalatomiani spirtebic ki, rogoricaa sorbiti 

da inoziti. 

RviZlSi mimdinare glikogenis degradacia, anu glikogenolizi da sinTezi — 

glikogenezi praqtikulad ar gansxvavdeba sxva qsovilebSi mimdinare am procesebis-

gan,  Tumca gansxvaveba aRiniSneba RviZlis da sxva qsovilebis glikogenis masinTeze-

beli fermentebis struqturaSi. 

glikogenis daniSnuleba energiis Senaxvaa. glikogeni kunTebsa da RviZlSi sru-

liad sxvadasxva mizniT inaxeba. kunTis glikogeni warmoadgens sawvavs damaragebuli 

ATP-is produqciisaTvis, xolo RviZlSi igi glukozas maragia sisxlSi am ukanaskne-

lis koncentraciis SesanarCuneblad.  

adamianebSi gamovlenilia rigi daavadebebisa  glikogenozis saxelwodebiT, rom-

lebic glikogenis metabolizmSi monawile fermentebis moqmedebis darRvevebTanaa 
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dakavSirebuli. maTi umetesoba ganpirobebulia genuri mutaciebiT. sabednierod, 

genetikuri darRvevebi yovelTvis ar mTavrdeba letalurad, Tumca xSirad daavade-

ba rTulad mimdinareobs (cxr.VIII.3). es defeqtebi iwvevs sxvadasxva qsovilSi gliko-

genis dagrovebis darRvevas, gansakuTrebiT RviZlsa da kunTebSi. glikogenozebi xa-

siaTdeba qsovilSi glikogenis siWarbiT an misi ukmarisobiT. dReisaTvis gamovleni-

lia 9 tipis glikogenozi, aqedan RviZlSi gvxvdeba 7 tipi. 

I. girkes daavadeba dakavSirebulia glukozo-6-fosfatis metabolizmis darRve-

vasTan. kerZod, am daavadebisas RviZlSi, Tirkmelebsa da gulis kunTSi Warbi raode-

nobiT grovdeba glikogeni. misi daSla SeCerebulia ferment glukoza-6-fosfata-

zas deficitis gamo. avadmyofs SeiZleba ar gaaCndes fermenti an glukoza-6-fosfa-

tis transporteri. daavadebis simptomuri niSnebia: fiziuri ganuviTarebloba, 

RviZlis Zlieri gadideba, hipoglikemia, gaxSirebuli hipoglikemiuri krizebi, or-

ganizmis insulinisadmi mgrZnobelobis gazrda, sisxlSi ketonuri acidozi, hiper-

qolesterinemia, imunuri sistemis funqciis sagrZnobi daqveiTeba da amis Sedegad, 

infeqciuri daavadebebisadmi winaaRmdegobis gawevis unaris Semcireba.  

 

cxriliVIII. 3.     

glikogenis metabolizmis darRvevebiT gamowveuli daavadebebi 

 

d
az

i
an

e
b

i
s

 

t
i

p
i

 

defeqturi 

fermenti 
glikogenis struqtura organo 

daavadebis 

saxelwodeba 

I 
glukozo-6-

fosfataza 
normaluri 

RviZli, 

Tirkmeli 
girkes daavadeba 

II α-1,4-glukozidaza normaluri 

RviZli, 

sxva 

organo 

pompes daavadeba 

III 
amilo-1,6-

glukozidaza 

anomaluri, gare  

jaWvebi araa an  

damoklebulia 

RviZli, 

guli, 

kunTi 

koris daavadeba 

     IV 
amilo-(1,4→-1,6)-

transglikozilaza 

anomaluri, grZeli  

Sida da gare jaWvebi 
RviZli 

andersenis 

daavadeba 

    V 
kunTis 

glikogenfos-

forilaza 

normaluri kunTebi 
mak-ardl-Smid-

pirsonis daavadeba

    VI 
RviZlis 

glikogenfosfori-

laza 

normaluri 

RviZli, 

leikocite

bi 

hersis daavadeba 

   VII 
kunTis 

fosfofruqto-

kinaza 

normaluri kunTebi — 

  VIII 
kunTis  

glikogenfos-

forilaza 

normaluri RviZli — 

    IX 
RviZlis 

glikogensinTaza 

SezRuduli  

raodenobis 
RviZli — 
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II. pompes (pompe-biSofis) daavadebis gamomwvevi mizezia lizosomuri fermentis 

α1,4-glukozidazas ararseboba, rac vlindeba glikogenis dagrovebiT. daavadebis 

dros aseve aRiniSneba gulis hipertrofiac, rac gulis kunTSi didi raodenobiT 

glikogenis dagrovebiTaa gamowveuli. daavadeba ZiriTadad vlindeba adreul asakSi 

(bavSvebSi 2-6 Tvemde). simptomurad aRiniSneba umadoba, ar xdeba wonaSi mateba, vi-

Tardeba xuTviTi tipis  Setevebi, cianozi, ena hipertrofirebulia, SeiZleba ganvi-

Tardes SeSupeba. bavSvi distrofiulia, guli — giganturi, gulis muSaobis ritmi aC-

qarebulia. Sedegi Cveulebriv, letaluria. 

III.  koris daavadeba  I tipis msgavsia, im gansxvavebiT, rom avadmyofoba naklebi 

simwvaviT mimdinareobs. misi gamomwvevi mizezia ferment amilo-1,6-glukozidazas 

nakleboba.        

IV.  andersenis daavadeba ferment amilo-(1,4-1,6)-transglikozidazas (glikoge-

nis damtotavi enzimi) mutaciis Sedegia. am dros aqtiurad vlindeba RviZlis prog-

resirebadi cirozi. Sedegi letaluria 2 wlis asakamde. 

V. mak-ardlis daavadeba dakavSirebulia kunTis glikogenfosforilazas defeq-

tTan.  

VI. hersis daavadeba dakavSirebulia RviZlis glikogenfosforilazas defeq-

tTan. simptomurad avadmyofoba mimdinareobs ise, rogorc girkes daavadeba (tipi I), 

Tumca naklebi simwvaviT. 

VII.  taruis daavadeba dakavSirebulia ferment miofosfofruqtokinazas ukmari-

sobasTan. fermentis defeqti nanaxia kunTebsa da eriTrocitebSi.   

VIII. Tompsonis daavadeba gvxvdeba iSviaTad. fermentis defeqti nanaxia RviZlsa 

da Tavis tvinSi.  

IX. hagis daavadeba. defeqti gamovlenilia RviZlSi. pacientebs aReniSnebaT hepa-

tomegalia.  

bolo xanebia glikogenozebis tipebis  raodenoba gaizarda da 12-s miaRwia.  

RviZlSi moxvedrili glukoza gamoiyeneba pentozofosfatur ciklSi NADP-is 

warmosaqmnelad. es ukanaskneli saWiroa sxvadasxva aRdgeniTi reaqciebisaTvis. ker-

Zod, aRdgenili glutaTionis donis SesanarCuneblad, endoplazmuri badis mraval-

ricxovani fermentuli sistemebis mier katalizirebuli reaqciebisaTvis, nukleo-

tidebis sinTezis uzrunvelsayofad da sxva. glukoza aseve gamoiyeneba glukuron-

mJavas metabolizmSi, romelic, Tavis mxriv, uzrunvelyofs detoqsikaciis process. 

RviZlSi mimdinare glikolizis procesi, romelic glukozidan iwyeba, warmoadgens 

gaaqtivebuli ZmarmJavas (acetil-CoA) wyaros, es ukanaskneli aucilebelia limon-

mJava ciklis sruli daJangvisa da cximovani mJavebis sinTezisaTvis. RviZli aseve 

gardaqmnis samnaxSirbadian naerTebs (piruvati, laqtati, alanini) glukoneogenezu-

ri gziT glukozad, raTa daakmayofilos, pirvel rigSi, Tavis tvinisa da aseve, sxva 

qsovilebis moTxovnileba glukozaze, rogorc energetikul molekulaze.  

VIII.5.3.  aminomJavebis metabolizmi RviZlSi 

aminomJavebis gardaqmna RviZlSi xuTi ZiriTadi mimarTulebiT warmoebs. RviZ-

lidan aminomJavebis nawili ucvlelad gadadis sisxlSi da gadaitaneba sxva qsovi-

lebsa da organoebSi, sadac gamoiyeneba, rogorc `saSeni blokebi~ ama Tu im qsovili-

saTvis damaxasiaTebeli specifikuri cilebis biosinTezisaTvis. Tavad RviZlSic in-

tensiurad mimdinareobs aminomJavebis gamoyeneba RviZlis specifikuri cilebis da-
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/an sisxlis plazmis cilebis biosinTezisaTvis. sagulisxmoa, rom sisxlis plazmis 

cilebis umetesoba swored RviZlSi sinTezdeba. 

aminomJavebi, romelic ar iyo gamoyenebuli cilebis sinTezSi, ganicdis dezami-

nirebas,  maTi naxSirwylovani ConCxi   limonmJavas ciklSi erTveba da warmoiqmneba 

Sualeduri produqtebis mravalsaxeoba. aris SesaZlebloba, rom aminomJavebi glu-

koneogenezis gziT moxmardes glukozis sinTezs. aminomJavebis dezaminirebis pro-

cesSi gamoTavisuflebuli amoniaki erTveba RviZlSi mimdinare Sardovanas sinTezis 

ciklSi.  

RviZlSi Semosuli aminomJavebis 30% alaninze modis, rac imiT aixsneba, rom kun-

Tovani cilebis daSlisas, warmoqmnili aminomJavebis umetesoba maSinve gardaiqneba 

piruvatad an Tavdapirvelad oqsaloacetatad da Semdeg piruvatad. es ukanaskneli, 

aminomJavebidan aminojgufis mierTebis xarjze,  swored alanins warmoqmnis. alani-

ni kunTebidan sisxlis saSualebiT miitaneba RviZlSi, sadac kvlav piruvatad garda-

iqneba. es ukanaskneli nawilobriv  iJangeba, da aseve erTveba glukoneogenezis pro-

cesSi. Sesabamisad, arsebobs movlenebis Semdegi Tanamimdevroba (e.w. glukozo-ala-

ninuri cikli): kunTis glukoza → kunTis piruvati → alanini kunTebSi →alanini 

RviZlSi → RviZlis piruvati → glukoza RviZlSi → glukoza kunTebSi (sur.VIII.27). 

am ciklis saSualebiT ar xdeba kunTebSi glukozis raodenobrivi mateba, Tumca misi 

daxmarebiT xdeba aminuri azotis transportireba kunTidan RviZlSi.  

cnobilia, rom aminomJavebi warmoadgens nukleotidebis, azotovani fuZeebis, 

porfirinebis, hormonebisa da sxva azotSemcveli naerTebis winamorbedebs. yvela es 

reaqcia RviZlSi mimdinareobs. 

 

 
suraTi VIII.27. glukozo-alaninuri cikli 

 

RviZlis funqciis Sesafaseblad gamoyenebulia zogierTi fermentis aqtivobis 

maCvenebeli. am fermentebis ricxvs ganekuTvneba aspartat- da alaninaminotransfe-

razebi (ASAT da ALAT, Sesabamisad), tute fosfataza (tf) da γ-glutamiltransfera-

za (ggt).  

plazmaSi aminotransferazuli (transaminazuri) aqtivobis zrda metyvelebs 

RviZlis ujredebis dazianebaze. hepatitiT daavadebul pacientebSi es maCvenebeli 

SeiZleba 20-jer aRematebodes normis zeda zRvars. qolestazis dros, fermentis in-

duqciis Sedegad, plazmaSi matulobs tf-as aqtivoba. am movlenis meqanizmi ucnobia. 

mZime obstruqciuli siyviTlisas tf-as aqtivoba plazmaSi SeiZleba 10-jer aRemate-

bodes normis zeda zRvars. ggt-as aqtivoba izrdeba plazmaSi hepatocitebis dazia-

nebis da qolestazis SemTxvevaSi. 
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VIII.5.4. cximovani mJavebis metabolizmi RviZlSi 

RviZlSi cximovani mJavebis metabolizmis ramdenime gza aris Seswavlili. proce-

si iwyeba Tavisufali cximovani mJavebis gaaqtivebiT, raSic monawileobs CoA-SH da 

ATP. reaqciis  Sedegad warmoiqmneba gaaqtivebuli cximovani mJava (acil-CoA), rome-

lic Semdgomi daJangviT Tavisufal acetil-CoA-s (CH3CO-CoA) warmoqmnis. es uka-

naskneli SeiZleba CaerTos sinTezur reaqciebSi, an katabolizirdes limonmJavas 

ciklSi da moxmardes JangviT fosforilirebas sunTqvis jaWvSi, rasac mosdevs ATP-

is gaZlierebuli sinTezi. rogorc Cans, cximovani mJavebi RviZlis energetikuli 

cvlis erT-erTi ZiriTadi substratia. cximovani mJavebis daJangvis dros gamoTavi-

suflebuli acetil-CoA-s xarjze SeiZleba moxdes qolesterolis an ketonuri sxe-

ulebis, kerZod, acetoacetatisa da D-β-hidroqsibuTiratis sinTezi, romlebic sis-

xliT gadaitaneba periferiul qsovilebSi, sadac isini limonmJava ciklSi iJangeba. 

ketonuri sxeulebi ganixileba, rogorc acetiluri jgufebis satransporto forma. 

periferiuli qsovilebis energetikaSi maTi wili sakmaod didia. magaliTad, gulis 

kunTis energetikuli moTxovnilebis erTi mesamedis dakmayofileba ketonuri sxeu-

lebis xarjze xdeba. 

aRsaniSnavia isic, rom RviZlSi cximovani mJavebidan warmoiqmneba sisxlis plaz-

mis lipoproteinebi. maT formirebaSi upiratesad monawileobs Sratis albumini. 

lipoproteinebi sisxliT gadaitaneba gulisa da ConCxis kunTebSi, sadac mimdinare-

obs maTi metabolizmi.  

RviZlis cximovani gadagvareba. RviZlis ujredebSi triacilgliceridebis dag-

rovebiT viTardeba RviZlis cximovani gadagvareba da cirozi.  

RviZlis cximovani gadagvarebis mravali mizezi arsebobs. upirveles yovlisa 

aRsaniSnavia, rom RviZlis ujredebSi triacilgliceridebis dagroveba ZiriTadad 

damokidebulia sisxlSi Tavisufali cximovani mJavebis raodenobis matebaze. am Sem-

TxvevaSi cximovani mJavebi RviZlSi eTerificirdeba da neitraluri cximebis saxiT 

grovdeba. Tavisufali cximovani mJavebis raodenobis gazrdis mizezi SesaZlebelia 

iyos cximovani depoebidan triacilglicerolebis mobilizacia (mag., SimSilis, Saq-

riani diabetis da zogierTi endokrinuli daavadebisas), an ferment lipoprotein-

lipazas moqmedebiT qilomikronebidan triacilglicerolebis gamoTavisufleba da 

maTi Semdgomi hidrolizi. 

cximovani gadagvarebis mizezia aseve RviZlis ujredebSi lipoproteinnebis (Zi-

riTadad Zalian dabali simkvrivis — VLDL) sinTezis an sekreciis moSla. Tavis mxriv, 

VLDL-s sinTezis moSla xSirad gamowveulia VLDL-is sinTezisaTvis aucilebeli apo-

lipoproteinebis warmoqmnis procesis darRveviT, ris gamoc  ver xerxdeba maTi war-

moqmna da triacilglicerolebis gadasvla sisxlSi, rasac mosdevs RviZlSi maTi 

dagroveba da Sesabamisad, RviZlis cximovani gadagvareba.  

RviZlis cximovani gadagvareba viTardeba fosfolipidebis sinTezis moSlis Sem-

TxvevaSic, magaliTad, organizmis qoliniT arasakmarisi momaragebis da misi biosin-

Tezis darRvevisas. qolinis biosinTezisaTvis aucilebeli meTilis jgufebis dono-

ris funqcias asrulebs S-adenozil-meTionini. fosfolipidebis ukmarisobis dros 

RviZlis ujredebSi fosfolipidebis Semcveli plazmis lipoproteinebi ar warmoiq-

mneba da Sesabamisad, Seferxebulia RviZlSi arsebuli triacilglicerolebis sis-

xlSi gadatana, rasac mosdevs maTi   didi raodenobiT dagroveba.  

RviZlis cximovani gadagvareba SesaZlebelia ganviTardes qronikuli alkoho-

lizmis da zogierTi nivTierebiT mowamvlis Sedegadac.  
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VIII.5.5. plazmis cilebi — RviZlis 

funqciuri mdgomareobis maCveneblebi 

 RviZlSi mimdinareobs sisxlis plazmis specifikuri cilebis sinTezi.  am cilebis 

raodenoba RviZlis funqciuri mdgomareobis maCvenebelia. magaliTad, sisxlis plaz-

mis albumini sinTezdeba RviZlSi da amitom, misi koncentracia plazmaSi nawilobriv 

asaxavs RviZlis funqciur mdgomareobas. albuminis koncentracia plazmaSi iklebs 

RviZlis qronikuli daavadebebisas, aseve mwvave hepatitis adreul stadiebze.  

SratSi proTrombinis moqmedebis drois gansazRvra warmoadgens tests plazmis 

Sededebis aqtivobis Sesafaseblad da gamoxatavs K-vitaminze damokidebuli Sede-

debis faqtorebis (sinTezdeba RviZlSi) aqtivobas. proTrombinis drois gazrda xSi-

rad RviZlis mwvave daavadebis adreuli niSania, Tumca aseve SeiZleba iyos K-vitami-

nis ukmarisobis Sedegic. 

 

cxrili VIII.4. 

 

RviZlis daavadebebis sadiagnostiko plazmis cilebi 

 

cila paTologiuri mdgomareoba 
koncentraciis 

cvlileba 

albumini RviZlis qronikuli daavadeba klebulobs 

γ-globulinebi autoimunuri cirozi matulobs 

a1-antitripsini a1-antitripsinis ukmarisobiT 

gamowveuli cirozi 

↓ klebulobs 

cerulo-

plazmini 

vilsonis daavadeba klebulobs ↓ 

fetoproteini hepatocelularuli karcinoma mniSvnelovnad 

klebulobs↑ 

transferini hemoqromatozi normaSia,  magram rki-

niT gajereba aRwevs 

100%-s 

 

imunoglobulinebis koncentraciis poliklonuri zrda, xSir SemTxvevaSi, dakavSi-

rebulia cirozTan, gansakuTrebiT maSin, roca daavadeba autoimunuria da is SeiZleba 

plazmaSi saerTo cilis momatebis fonze mimdinareobdes. 

RviZlis sxvadasxva daavadebisas plazmis cilebis koncentraciis diagnostiku-

rad mniSvnelovani clilebebi mocemulia cxrilSi VIII.4. 

VIII.5.6. naRvlis mJavebis metabolizmi RviZlSi 

rogorc zemoT iyo ganxiluli (Tavi VIII.3), RviZlis erT-erTi umniSvnelovanesi 

funqciaa naRvlis mJavebis sinTezi. dReisaTvis cnobilia naRvlis mJavebis biosinTezis 

ori gza: I — klasiuri (neitraluri) da II — mJavuri.  
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naRvlis mJavebis biosinTezis mJavuri gza iwyeba qolesterolis (qolesterinis) 

hidroqsilirebiT. reaqcias akatalizebs oqsisterol-7α-hidroqsilaza. reaqciis Se-

degad warmoiqmneba 27-hidroqsiqolesteroli. es gza gansakuTrebiT mniSvnelovania 

bavSvebisaTvis.  

naRvlis mJavebis biosinTezis neitraluri gzis pirveli etapia qolesterolis 7α-

hidroqsilireba (sur.VIII.11). reaqcias akatalizebs mikrosomuli fermenti 7α-hidro-

qsilaza. fermenti tipuri monooqsigenazaa da saWiroebs citoqrom P450-is, NADPH-isa 

da molekuluri Jangbadis Tanaobas. C-vitaminis naklebobisas aRiniSneba reaqciis siC-

qaris daqveiTeba. Sesabamisad, mcirdeba naRvlis mJavebis sinTezi da izrdeba qoleste-

rolis raodenoba, rac warmoadgens iseTi mZime daavadebis mizezs, rogoricaa aTeros-

klerozi. 7α-hidroqsiqolesterolis warmoqmnis Semdeg, naRvlis mJavebis biosinTezi 

ori mimarTulebiT mimdinareobs. erTi mxriv, xdeba qolil-CoA-s sinTezi, xolo, meore 

mxriv, qenodezoqsiqolil-CoA-s warmoqmna. reaqciis Semdgom etapze miRebuli naerTe-

bi koniugirebs taurinTan an glicinTan da warmoqmnis taurinis da glicinis koniuga-

tebs, romlebic naRvelSi gadadis. tauro- da glikoqolis mJavebi iseve, rogorc tau-

ro- da glikoqenodezoqsiqolis mJavebi — pirveladi naRvlis mJavebia (sur.VIII.28). aRsa-

niSnavia, rom pirveladi naRvlis mJavebis glicinis koniugatebi raodenobrivad samjer 

aRemateba taurinis koniugatebs. naRvelTan erTad, pirveladi naRvlis mJavebi xvdeba 

nawlavebSi, sadac nawlavis baqteriebis zemoqmedebiT ganicdis dekoniugacias da 7α-

dehidroqsilirebas. Sedegad, warmoiqmneba meoradi naRvlis mJavebi, kerZod qolis mJa-

vasagan — dezoqsiqolis mJava, xolo qenodezoqsiqolis mJavasagan — litoqolis mJava  

(sur. VIII.28).  

rogorc zemoT iyo aRniSnuli, nawlavebSi moxvedrili naRvlis mJavebis 98% por-

tuli cirkulaciiT ubrundeba RviZls. gamonakliss warmoadgens litoqolis mJava, 

romelic cudi xsnadobis gamo ar Seiwoveba. rogorc cnobilia, am gzas  enterul-hepa-

ruli cirkulacia wodeba .  

qolesteroli da naRvlis mJavebi naRvlis Semadgeneli naerTebia. naRveli — moyvi-

Talo-yavisferi Txevadi sekretia, romelic RviZlis ujredebidan gamoiyofa.  naRvlis 

warmoqmna iwyeba hepatocitebis mier wylis, naRvlis mJavebisa da naRvlis pigmente-

bis (bilirubini da misi koniugatebi) aqtiuri sekreciiT. Sedegad, naRvlis sadina-

rebSi iqmneba e.w. pirveladi naRveli.  

naRvelisa da sisxlis plazmis urTierTqmedebis Sedegad myardeba eleqtroli-

turi wonasworoba plazmasa da naRvels Soris. amrigad, naRvlis warmoqmnisas moqme-

debs ori meqanizmi — filtracia da sekrecia. naRvelSi SeiZleba gamovyoT nivTiere-

baTa ori ZiriTadi jgufi: 

I — nivTierebebi, romelTa koncentracia naRvelsa da plazmaSi mcired gansxvav-

deba (Na+, K+, kreatinini da sxva); 
II — nivTierebebi, romelTa koncentracia naRvelSi bevrad aRemateba maT koncen-

tracias sisxlis plazmaSi (bilirubini, naRvlis mJavebi da sxva). 

naRveli didi raodenobiT Seicavs Na+-s da K+-s, misi pH-sidide tutea. savarau-

doa, rom naRvlis mJavebi da maTi koniugatebi naRvelSi marilis formiT unda iyos 

warmodgenili. naRvlis mJavebis naklebobis dros warmoiqmneba naRvlis qvebi. naR-

vlis qvebis intensiur warmoqmnas adgili aqvs naRvlis eqskreciis Sekavebisa da in-

feqciebis dros. magaliTad, cnobilia baqteriebiT gaaqtivebuli fermenti β-glu-

kuronidaza, romelic xels uwyobs bilirubinis koniugatebis daSlas. Tavis mxriv, 

gamoTavisuflebuli arakoniugirebuli bilirubini naRvlis qvebis warmoqmnis sau-

keTeso substratia. 
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suraTi VIII.28. meoreuli naRvlis mJavebis warmoqmna 

 

 

naRvlis qvebi, upiratesad, Sedgeba bilirubinTan da kalciumis marilebTan sxva-

dasxva proporciiT dakavSirebuli qolesterolis naerTebisagan. qolesteroli 

naRvelSi xsnad mdgomareobaSia, naRvlis mJavebis aqtiuri zedapiruli Tvisebebisa 

da fosfatidilqolinis (lecitinis) wyalobiT. am komponentebis Tanafardobis 

cvlilebebi provocirebs naRvlis qvebis warmoqmnas. garda amisa, qvebi, romlebic 

Sedgeba bilirubinis diglukuronidisagan, SeiZleba warmoiqmnas qronikuli hemo-

lizuri anemiiT daavadebul pacientebSi. naRvlis qvebi SeiZleba ar vlindebodes 

klinikurad, magram isini xSirad iwvevs diskomforts da naRvlis sadinarebis ob-

struqcias, xels uwyobs qolecistitis, qolangitisa da pankreatitis ganviTarebas. 

naRvelSi aRmoCenilia mTeli rigi fermentebi, romelTagan aRsaniSnavia tute 

fosfataza (RviZlis). naRvlis gadinebis darRvevisas, fermentis aqtivoba mkveTrad 

matulobs sisxlis SratSi. sisxlis SratSi aseve gvxvdeba Zvlovani warmoSobis tute 

fosfatazac, romelic osteoblastebSi sinTezdeba. SratSi am formis tute fosfa-

tazas aqtivoba matulobs Zvlebis dazianebisas, amitom diagnostikisTvis mniSvne-

lovania dadgenil iqnes, tute fosfatazas romel izoformasTan gvaqvs saqme. naR-

vlis mJavebis metabolizmis darRveva mTeli rigi paTologiebis mizezi xdeba.  

celvegeris sindromi — mitoqondriebis struqturis dazianebisa da peroqsiso-

mebis ararsebobis Sedegad darRveulia qolisa da dezoqsiqolis mJavebis sinTezi. 

daavadebisaTvis damaxasiaTebelia mZime formis hipotonia, kidurebis zrdis dar-

Rveva, gonebrivi CamorCeniloba, gulis mankis ganviTareba, siyviTle da sxva darRve-

vebi. sisxlSi aRiniSneba proTrombinisa da fibrinogenis donis daqveiTeba da ami-

notransferazuli aqtivobis mateba.  

progresirebadi RviZlis qolestezi (bileris daavadeba) xasiaTdeba naRvlis 

mJavebisa da bilirubinis SeWriT naRvlis gamtari milakebis ujredis membranaSi  da 

vlindeba dabadebidan 10 TveSi kanis qaviliT, siyviTliT, hepatosplenomegaliiT da 

sxva simptomebiT. bioqimiuri analizisas sisxlSi vlindeba naRvlis mJavebis, tute 

fosfatazas aqtivobisa da citozoluri markerebis mateba qolesterinisa da lipi-

debis raodenobrivi Semcirebis fonze. paralelurad aRiniSneba zrdis SeCereba da 

raqiti. daavadebuli pacientebis sicocxlis xangrZlivoba 2-17 welia. 
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memkvidruli limfodema recidiuli qolestaziT  daavadebis SemTxvevaSi vlin-

deba defeqtebi qveda kidurebis limfur ZarRvebsa da RviZlSi naRvlis mJavebisa da 

bilirubinis  gaZlierebuli sinTezi. daavadebis sawyisi niSnebia — cieba, steatorea 

da siyviTle, xolo asakis matebasTan erTad izrdeba qveda kidurebis limfodema da 

anemia.  sisxlSi registrirdeba bilirubinis, qolesterinis, tute fosfatazasa da 

citozoluri fermentebis raodenobrivi mateba.   

THCA-sindromi (3α,7α,12α-trihidroqsikoprostanis mJavas sindromi). sindromis 

safuZvelia naRvlis mJavebis metabolizmis blokada. daavadeba vlindeba qolesta-

ziT, hepatosplenomegaliiT, swrafad ganviTarebadi RviZlis ciroziT. sisxlisa da 

naRvlis bioqimiur analizSi vlindeba 3α,7α,12α-trihidroqsikoprostanis mJavas 

dagroveba (normalur SemTxvevaSi 3α,7α,12α-trihidroqsikoprostanis mJava metabo-

lizirdeba). mkurnalobis Terapiuli meTodebi ar arsebobs, letaluri Sedegi dgeba 

sicocxlis pirvelive wlebSi.   

VIII.5.7. pigmentebis cvla 

pigmentebis cvla organizmis Seferili, rTuli qimiuri Senebis mqone organuli 

naerTebis warmoqmnis, gardaqmnisa da daSlis procesebis erTobliobaa. cxoveluri 

organizmis ZiriTadi pigmentebia porfirinebi, qromoproteidebi, melaninebi da sxv.  

iseTi pigmentebi, rogoricaa hemoglobini, mioglobini da citoqromebi, prosTe-

tuli jgufis saxiT Seicavs rkinaSemcvel porfirinis kompleqss. porfirinebi hemis 

biosinTezis Sualedi produqtebia, xolo naRvlis pigmentebi — bilirubini da misi 

koniugatebi warmoadgens hemis daSlis Sedegad warmoqmnil naerTebs. amrigad, por-

firinis Semcveli pigmentebis cvla —  hemis metabolizmia.  

 

 
 

suraTi VIII.29.  hemis biosinTezis I stadia 
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hemis biosinTezi. hemi rkinaSemcveli tetrahidropiroluri naerTia. misi bio-

sinTezi, ZiriTadad, mimdinareobs Zvlis tvinSi (85%) da naklebi intensivobiT RviZ-

lSi. hemis sinTezSi monawileobs mitoqondriebi da citoplazma. tetrahidropiro-

luri rgolis sinTezi iwyeba mitoqondriaSi. limonmJava ciklis Sualedi produqti 

suqcinil-CоА kondensirdeba aminomJava glicinTan, rasac mosdevs 5-aminolevuli-

natis warmoqmna. es ukanaskneli mitoqondriidan gadadis citoplazmaSi, sadac ori 

molekulidan kondensaciis gziT warmoiqmneba porfobilinogeni, romelic Seicavs 

pirolur rgols  (sur.VIII.29). 

biosinTezis Semdgom stadiebze xdeba porfirinisaTvis damaxasiaTebeli tetra-

piroluri struqturis warmoqmna. oTxi molekula porfobilinogenis dakavSirebiT 

da NH2-jgufis CamocilebiT warmoiqmneba uroporfirinogeni III. am Sualeduri meta-

bolitis warmoqmnisaTvis aucilebelia fermenti uroporfirinogen III-sinTaza, rom-

lis ararsebobisas iqmneba `araswori~ izomeri — uroporfirinogeni I (sur. VIII.30).  

 

 
 

suraTi VIII.30. hemis sinTezis damamTavrebeli stadiebi 

 

uroporfirogeni III-is tetrapiroluri struqtura gansxvavdeba hemis struqtu-

risagan. magaliTad, uroporfirogeni III-Si ar gvxvdeba rkinis atomi, xolo rgoli 

TerTmeti ormagi bmis magivrad Seicavs mxolod rvas. amave dros,  rgoli Seicavs da-

muxtul gverdiT jaWvebs (4 acetatis da 4 propionatis naSTebi). vinaidan hemi ci-

lebSi funqcionirebs arapolarul garemocvaSi, aucilebelia polaruli gverdiTi 

jaWvebis gardaqmna naklebad polarulad. Tavdapirvelad oTxi acetatis naSTi de-

karboqsilirdeba  da gardaiqmneba meTilis jgufad.  warmoqmnili koproporfirino-

geni III kvlav brundeba mitoqondriebSi, sadac ganicdis Semdgom gardaqmnas mito-

qondriebis membranaSi arsebuli fermentebiT. gverdiTi jaWvebis Semdgomi modifi-

kaciiT warmoiqmneba protoporfirinogeni IX.   

hemis biosinTezis Semdgom stadiebze daJangvis xarjze molekulaSi warmoiqmne-

ba π-eleqtronuli sistema, romelic aniWebs hems wiTel Seferilobas. dasasruls, 
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specifikuri fermentiT — feroxelatazaTi, molekulaSi erTveba orvalentiani rki-

nis atomi. am gziT warmoqmnili hemi erTveba hemoglobinis da mioglobinis Semadgen-

lobaSi, sadac is dakavSirebulia arakovalenturad, xolo citoqrom С-sTan — kova-

lenturad (sur.VIII.31).  

   suraTi VIII.31.  hemi 

 

hemis katabolizmi. eriTrocitebis sicocxlis xangrZlivoba xanmoklea (daax-

loebiT 120 dRe). fiziologiur pirobebSi zrdasruli adamianis organizmSi dRe-Ra-

meSi iSleba daaxloebiT 1-2x1011eriTrociti. maTi katabolizmi ZiriTadad mimdina-

reobs elenTaSi, limfur kvanZebSi, Zvlis tvinsa da RviZlSi. eriTrocitebis  dabe-

rebisas mcirdeba plazmuri membranis glikoproteinebis SemadgenlobaSi sialis 

mJavebis Semcveloba.  eriTrocitebis membranuli glikoproteinebis Secvlili nax-

Sirwylovani komponentebi ukavSirdeba retikuloendoTelialuri sistemis ujre-

debis receptorebs da endocitozis saSualebiT `iZireba~ am ujredebSi, sadac iwye-

ba maTi katabolizmi. am procesis pirveli stadiaa hemoglobinis daSla hemad da 

globinad, rasac mosdevs lizosomebSi arsebuli fermentebiT globinis hidrolizi.   

hemis katabolizmis pirveli reaqcia mimdinareobs NADPH-damokidebuli hemoq-

sigenazaTi. fermenti lokalizebulia endoplazmuri retikulumis membranaSi, mik-

rosomuli Jangvis eleqtromatransportirebeli jaWvis siaxloves, rasac mosdevs 

biliverdinis (yviTeli pigmenti) da naxSirbadis monooqsidis (СО) warmoqmna. rkinis 

ionebi, romlebic gamoTavisufldeba hemis daSlisas SesaZlebelia gamoyenebuli 

iyos sxva rkinaSemcveli cilebis sinTezisaTvis. biliverdini aRdgeba biliru-

binamde NADPH-damokidebuli biliverdinreduqtazaTi. bilirubini warmoiqmneba 

ara marto hemoglobinis,  aramed sxva hemSemcveli cilebis daSlisas. maT ricxvSia 

citoqromebi da mioglobini. warmoqmnili bilirubini (elenTa, Zvlis tvini) cudad 

ixsneba wyalSi, ris gamoc sisxliT misi transportireba RviZlSi warmoebs albumin-

Tan kompleqsis formiT (sur.VIII.32).  

 

 
 

suraTi VIII.32. hemoglobinis cvla RviZlSi 
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RviZlSi sisxliT mitanili `albumin-bilirubinis~ kompleqsi hepatocitebis 

plazmur membranaze moxvedrisas disocirdeba da hepatocitebSi xvdeba gaiolebu-

li difuziiT. am procesSi monawileobs ori gadamtani cila — ligandini da protei-

ni-Z. hepatocitebis endoplazmur retikulumze bilirubini ukavSirdeba glukuro-

nis mJavas (koniugaciis reaqcia). mas aqvs 2 karboqsilis jgufi, Sesabamisad, SeuZlia 

daikavSiros 2 molekula glukuronis mJava, ris Sedegadac warmoiqmneba wyalSi xsna-

di koniugati — bilirubinis diglukuronidi — e.w koniugirebeli, anu pirdapiri bi-

lirubini. glukuronis mJavis donoria UGP-glukuronati. specifikuri fermentebi 

— UGP-glukuroniltransferazebi akatalizirebs bilirubinis mono- da digluku-

ronidebis warmoqmnas. 

koniugirebuli bilirubini ATP-damokidebuli procesiT gadaedineba naRvlis 

gamomtan sadinarSi, xolo Semdgom nawlavSi, sadac baqteriuli β-glukuronidazaTi 

gardaiqmneba Tavisufal bilirubinad. amrigad, sisxlSi erTdroulad arsebobs bi-

lirubinis ori forma: Tavisufali,  romelic xvdeba retikuloendoTeluri siste-

midan da dakavSirebuli, romelic xvdeba naRvlis sadinarebidan.  

nawlavSi moxvedrili bilirubini ganicdis mikrofloris fermentebis zemoqme-

debas, ris Sedegadac warmoiqmneba mezobilirubini da urobilinogeni.  am ukanaskne-

lebis garkveuli nawili  Seiwoveba da sisxliT kvlav xvdeba RviZlSi, xolo msxvil 

nawlavSi darCenili nawili mikrofloris fermentebis daxmarebiT aRdgeba sterko-

bilinogenamde, romelic gamoiyofa organizmidan. 

hemis masinTezebeli fermentebis genebSi mutaciuri darRvevebi iwvevs daavade-

bebs, romelTac porfiriebi ewodeba. 

normalur pirobebSi dRe-RameSi SardTan erTad gamoiyofa daaxloebiT 0,05 mg 

porfirini. SardSi porfirinebis raodenobis matebas porfirinuria (porfiria) ewo-

deba. porfiriis mizezi SeiZleba gaxdes hemis biosinTezSi monawile romelime fer-

mentis defeqti.  

porfiriebis dros aRiniSneba Tandayolili metaboluri darRvevebi, romlebic 

ganpirobebulia mutaciebiT hemis masinTezebeli fermentebis genebSi. porfiriebi 

araa farTod gavrcelebuli daavadebebi, Tumca sxvadasxva saxis fsiqikuri darRve-

vebisas aucilebelia maTi gaTvaliswineba. aRwerilia porfiriebis eqvsi mTavari ti-

pi. TiToeuli maTgani ganpirobebulia porfirinebis sinTezSi monawile sxvadasxva 

fermentis mutaciiT. eqvsive tipis daavadebebisaTvis damaxasiaTebelia sxvadasxva 

intensivobis abdominuri tkivilebi, neirofsiqikuri darRvevebi da fotosensitiu-

roba. fotosensitiuroba — es aris reaqcia 400 nm talRis sigrZis xilul sinaTleze. 

am dros xdeba porfirinebis `agzneba~, isini urTierTqmedebs molekulur Jangbad-

Tan, ris Sedegadac warmoiqmneba Jangbadis radikalebi. radikalebi azianebs lizo-

somebs da ujredis sxva organelebs. dazianebuli lizosomebidan gamoiyofa madeg-

radirebeli fermentebi, romlebic iwvevs kanis sxvadasxva dazianebas, maT Soris ga-

urkveveli etiologiis kanis iarebs. porfiriis tipis mixedviT, rig SemTxvevaSi, es 

simptomi SeiZleba ar iyos gamovlenili. porfiriebis Sedegad umTavresad ziandeba 

is organoebi da ujredebi, romlebSic aqtiurad mimdinareobs hemis sinTezi. ase ma-

galiTad, hemoglobini aqtiurad sinTezdeba Zvlis tvinSi, xolo citoqromi P450 — 

RviZlSi. am niSniT porfiriebi iyofa sam tipad: eriTropoezuli, heparuli da Sere-

uli. 

eriTropoezuli porfiriis dros hemis biosinTezi blokirebulia Zvlis tvinSi, 

romelic Cveulebriv didi raodenobiT hemoglobins asinTezebs, xolo heparuli 

porfiriis SemTxvevaSi — RviZlSi, romelic Cveulebriv SemTxvevaSi asinTezebs sxva 
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hemoproteins, kerZod citoqrom P450-s. cnobilia memkvidreobiTi (pirveladi) por-

firiebis eqvs tipi. 

mwvave xangamoSvebiTi porfiria heparuli porfiriaa da vlindeba sqesobrivi 

momwifebis Semdgom. misi mizezia RviZlis ujredebSi ferment uroporfirinogen-I-

sinTazas deficiti. defeqturi fermenti Tavisi aqtivobis mxolod 50%-s avlens, 

ris gamoc Seferxebulia uroporfirogenis — hemis sinTezis procesis Sualeduri 

produqtis warmoqmna. avadmyofs aReniSneba periodulad ganmeorebadi tkivilebi 

da fsiqikuri aSliloba. Tumca ar SeiniSneba fotodermatozi. daavadebis provoci-

reba SesaZlebelia sxvadasxva medikamentebiT da steroiduli hormonebiT.  

Tandayolili eriTropoezuri porfiria. misi mizezia eriTropoezur ujredeb-

Si ferment uroporfirinogen-III-sinTazas genetikuri deficiti, ris Sedgadac por-

fobilinogenidan didi raodenobiT warmoiqmneba uroporfirogeni I, romelic ar 

warmoadgens hemis winamorbeds. Tandayolili eriTropoezuri porfiriis dros 

klinikurad gamoxatulia wiTeli Sardi, fotodermatozi da hemolizuri anemia. 

kanis mogvianebiTi porfiria heparuli porfiriaa. daavadebis mizezia RviZlis 

ujredebSi ferment uriporfirinogenkarboqsilazas deficiti. daavadeba vlindeba 

RviZlis alkoholuri dazianebis SemTxvevaSi. ZiriTadi simptomia kanis fotom-

grZnobelobis momateba, rac fotodermatozis gamomwvevi mizezi xdeba.  

memkvidreobiTi koproporfiria heparuli porfiriaa, romlis mizezia ferment 

koproporfironogenoqsidazas nawilobrivi deficiti. es mitoqondriuli fermenti 

akatalizebs koproporfironogenidan protoporfironogen I-is warmoqmnas. am fer-

mentis ukmarisobisas Warbi raodenobis koproporfironogeni gamoiyofa SardiT, 

ris gamoc Sards wiTeli Seferiloba axasiaTebs. daavadebis Sedegad ujredebSi Sem-

cirebulia hemis raodenoba. daavadeba mimdinareobs abdominuri tkivilebiTa da ne-

irofsiqikuri moSlilobiT. damaxasiaTebelia aseve fotodermatozic. 

laqovani porfiria heparuli porfiriaa, romlis mizezia mitoqondriuli fer-

mentis protoporfirinogenoqsidazas nawilobrivi ukmarisoba. am SemTxvevaSi mcir-

deba hemis Sidaujreduli koncentracia. SardSi momatebulia uroporfirinisa da 

koproporfirinis raodenoba. avadmyofisaTvis damaxasiaTebelia fotodermatozi, 

kani ifareba wiTeli laqebiT. stresuli mdgomareoba iwvevs hemis biosinTezis wina-

morbedebis Warb warmoqmnas, rasac Tan sdevs specifikuri simptomebi (fotoderma-

tozi, abdominaluri tkivilebi, fsiqikuri moSliloba). arastresul mdgomareobaSi 

simptomebi ar vlindeba.  

protoporfiria Sereuli tipis porfiriaa, romlis mizezia mitoqondriebSi 

ferment hemsinTazas ukmarisoba. am SemTxvevaSi eriTrocitebi da ganavali didi ra-

odenobiT Seicavs protoporfirin IX-s. avadmyofisaTvis damaxasiaTebelia foto-

dermatozi, wiTeli feris gamonayari, romelic advilad Cirqdeba. 

SeZenil, anu meoreul porfiriebs miekuTvneba intoqsikaciuri porfiria, rom-

lis mizezia sxvadasxva preparatis (aspirini, veronali, sulfonali da sxv.) didi ra-

odenobiT miReba, rac vlindeba porfirinebis siWarbiT. intoqsikaciuri porfiria 

SesaZlebelia ganviTardes tyviisa da sxva mZime metalebis ionebiT mowamvlisas, vi-

naidan es ionebi ainhibirebs hemis sinTezis fermentebs.  

 bilirubinis metabolizmis darRvevebi sxvadasxva paTologiis Camoyalibebis mi-

zezi xdeba. normalur mdgomareobaSi sisxlSi bilirubinis done 17,1 mkmol/l-s ar 

aRemateba. metabolizmis darRvevisas sisxlSi bilirubinis raodenoba matulobs, 

anu adgili aqvs hiperbilirubinemias. 

hiperbilirubinemia SeiZleba gamowveuli iyos ramdenime mizeziT: 
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1.  bilirubini warmoiqmneba Warbi raodenobiT da RviZli normaluri funqcioni-

rebisas ver axerxebs mis gamoyofas;   

2. bilirubini warmoiqmneba normaluri raodenobiT, magram, RviZlis dazianebis 

gamo ver xerxdeba saWiro intensivobiT misi gamoyofa.            

3. RviZlis gamomyofi sadinrebi meqanikuradaa dazianebuli da daxSuli. aseT pi-

robebSi sisxlSi Warbi raodenobiT grovdeba bilirubini, xdeba misi difuzia qsovi-

lebSi da Sedegad viRebT siyviTles — kanis safari da koniuqtivebi ifereba yviT-

lad. 

hiperbilirubinemiis gamomwvevi mizezidan gamomdinare, arCeven siyviTlis sam 

saxes:  

1. preheparuli, anu hemolizuri siyviTle, romlis gamomwvevi mizezia eriTro-

citebis Tandayolili membranopaTiebi. am dros xdeba eriTrocitebis Warbi raode-

nobis daSla da RviZli veRar aswrebs mis metabolizms. 

2. heparuli, anu hepatocelaruli siyviTle SeiZleba gamowveuli iyos sxvadas-

xva paTologiiT: 

a) RviZlSi anTebiTi procesis Sedegad irRveva bilirubinis metabolizmis samive 

safexuri — sisxlidan misi eliminacia, koniugacia da gamoyofa. aseTi procesebi 

aRiniSneba RviZlis toqsikuri dazianebisas da RviZlis cirozis dros, roca sis-

xlSi izrdeba Tavisufali da koniugirebuli bilirubinis raodenoba; 

b) udf-glukuronidtransferazas Tandayolili defeqtis gamo darRveulia bi-

lirubinis koniugacia; 

g) darRveulia hepatocitebiT bilirubinis STanTqma da gamoyofa, rac SeiZleba 

ganpirobebuli iyos satransporto sistemebis cilebis genetikuri defeqtiT. 

 3. postheparuli, anu qolestazuri siyviTle vlindeba naRvlis gzebis daxSobis, 

anu maTi obstruqciis dros. amitom siyviTlis am saxes xSirad obstruqciul siyviT-

les uwodeben. am dros Seferxebulia RviZlidan bilirubinis koniugatebis gamoyofa. 

siyviTlis tipis gansazRvris klinikuri indikatoria urobilinogeni. normalur 

SemTxvevebSi urobilinogeni SardSi kvalis saxiTaa. SardSi urobilinogenis ararse-

boba miuTiTebs obstruqciul siyviTleze, radgan bilirubinis koniugatebi, naR-

vlis gzebis daxSobis gamo, ver aRwevs nawlavebamde da, Sesabamisad, ar xdeba maTi 

gardaqmna urobilinogenad. SardSi urobilinogenis Warbi raodenoba miuTiTebs he-

molizur siyviTleze, vinaidan bilirubinis Warbi raodenobiT warmoqmna iwvevs naw-

lavebSi urobilinogenis gaZlierebul produqcias. 

RviZlis paTologiur mdgomareobaze msjeloben agreTve sisxlis Sratis fer-

mentebis aqtivobis mixedviTac. kerZod, daavadebisas sisxlSi matulobs aspartata-

minotransferazasa (ASAT) da alaninaminotransferazas (ALAT) aqtivoba. orive fer-

menti didi raodenobiTaa RviZlSi da ujredebis dazianebisas Warbi raodenobiT 

xvdeba sisxlSi. RviZlis paTologiebis dros aseve matulobs laqtatdehidrogena-

zas aqtivoba, magram vinaidan es fermenti organizmis TiTqmis yvela ujredSia, mas 

RviZlis daavadebebisas ar eniWeba specifikuri mniSvneloba.  

rogorc aRvniSneT, hiperbilirubinemiis dros sisxlSi SeiZleba momatebuli 

iyos bmuli (koniugirebuli) an arakoniugirebuli bilirubinis done, an orive er-

Tdroulad. arakoniugirebuli hiperbilirubinemiis gamomwvevi mizezi hemolizuri 

anemiaa. Tu am paTologias Tan erTvis heparuli sistemis defeqtebi, maSin mkveTrad 

vlindeba arakoniugirebuli hiperbilirubinemia. arakoniugirebuli hiperbiliru-

binemia xSirad vlindeba axalSobilebSic `fiziologiuri siyviTlis~ saxiT. am dros 

adgili aqvs gaZlierebul hemolizs, heparuli sistema jer kidev `moumwifebelia~ 

bilirubinis normalurad STanTqmis, koniugaciisa da gamoyofisaTvis. paralelu-
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rad SeiZleba gamovlenil iqnes UDP-glukuronidazas aqtivobis daqveiTeba an/da 

substratis — UDP-glukuronis mJavas arasakmarisi raodenobiT arseboba. Tu arako-

niugirebuli bilirubinis done aRemateba albuminTan misi dakavSirebis zRvars (20-

25 mg/dl), is SeiZleba gavides hematoencefalur barierSi. Sedegad viTardeba toq-

sikuri encefalopaTia, rac iwvevs gonebriv CamorCenilobas. bilirubinis metabo-

luri sistemis induqciis unariT xasiaTdeba fenobarbitali, romlis intraperito-

naluri Seyvana siyviTliT daavadebul axalSobilebSi sakmaod efeqtur saSualebad 

iTvleba. RviZlis mier arakoniugirebuli bilirubinis gamoyofis procesi SeiZleba 

gaaqtiurdes fotoTerapiiTac (xilul sinaTleze eqspozicia). 

arakoniugirebuli hiperbilirubinemia zogjer vlindeba Jilber-lerbules sin-

dromis saxiTac. es aris genetikuri daavadeba, romlis gamomwvevi mizezia defeqti 

glukuroniltransferazas warmoqmnaSi. daavadebisTvis damaxasiaTebelia siyviT-

lis periodulad ganviTareba. 

arakoniugirebuli hiperbilirubinemiis gamomwvevi mizezi SeiZleba iyos agreT-

ve ara hemolizuri anemia, aramed ferment UDP-glukuronil-transferazas memkvid-

ruli deficitic. es paTologia krigler-naiaris sindromis I tipis saxeliTaa cno-

bili. rogorc wesi, daavadeba letaluri SedegiT mTavrdeba sicocxlis pirveli 15 

Tvis ganmavlobaSi. 

krigler-naiaris sindromis II tipic memkvidruli daavadebaa. am SemTxvevaSi bi-

lirubinis koniugaciuri sistemis defeqti ufro naklebadaa gamoxatuli. kerZod, 

aRiniSneba ferment glukuroniltransferazas nawilobrivi deficiti. naRvelSi 

gvxvdeba bilirubinis monoglukuronidebi. am sindromiT daavadebuli pacientebis 

mkurnaloba fenobarbitaliT (UDP-glukuroniltransferazas induqtori), rome-

lic efeqturad aqveiTebs bilirubinis dones sisxlSi, iZleva dadebiT Sedegs. 

arakoniugirebuli hiperbilirubinemia SeiZleba gamowveuli iyos toqsin-induq-

cirebuli RviZlis disfunqciiT. aseTi toqsinebis ricxvs miekuTvneba qlorofor-

mi, naxSirbadis tetraqloridi, acetaminofeni da sxva. am paTologias toqsikuri hi-

perbilirubinemia ewodeba. 

koniugirebuli bilirubinemiis dros aRiniSneba RviZlis an naRvlis gzebis dax-

Soba (obstruqcia). sadinrebis daxSobis gamo bilirubinis diglukuronidis gamoyo-

fa ferxdeba, ris gamoc xdeba sisxlsa da limfaSi misi xelaxali Sewova. Sedegad, 

vlindeba bilirubinis diglukuronidis Tanaoba SardSic. 

koniugirebuli bilirubinemiis autosomur recesiul paTologias adgili aqvs 

qronikuli idiopaTiuri siyviTlis, anu dabin-jonsonis sindromis dros, rodesac 

darRveulia koniugirebuli bilirubinis biliaruli eqskrecia. paTologia vlinde-

ba bavSvobis asakSi. mizezi heparuli defeqti unda iyos. samwuxarod, daavadebis eti-

ologia jer kidev araa saTanadod Seswavlili. 

qronikuli koniugirebuli bilirubinemia vlindeba rotosis sindromis saxiTac, 

romlis drosac ar aRiniSneba hepatocitebSi pigmentis dagroveba. aseT pirobebSi 

RviZlis histologiuri suraTi normaluria. paTologiis gamomwvevi mizezi jerje-

robiT daudgenelia. 

koniugirebul bilirubinemiis gaxangrZlivebisas, bilirubini kovalenturad 

ukavSirdeba albumins. plazmis Cveulebriv koniugirebul bilirubinTan SedarebiT, 

bilirubinis es fraqcia gamoirCeva naxevardaSlis didi periodiT. amis gamo, ob-

struqciuli siyviTlisas gamojanmrTelebis fazis drosac ki, zogierT SemTxvevaSi, 

kani kvlav rCeba yviTlad Seferili, maSinac ki, roca plazmis koniugirebuli bili-

rubinis done normas aRwevs. 
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VIII.5.8. hormonebis metabolizmi RviZlSi 

hormonTa umetesobis metaboluri gardaqmna RviZlSi mimdinareobs. RviZli war-

moadgens mTavar organos, romelic aregulirebs hormonis dones sisxlSi. magali-

TisaTvis SeiZleba ganvixiloT RviZlSi Tiroqsinisa da triiodTironinis metabo-

lizmi. RviZlis aminotransferazas zemoqmedebiT xdeba am hormonebidan aminojgu-

febis CamoSoreba. aminotransferazas aseve SeuZlia substratad mono- da diiodTi-

roninis gamoyeneba. warmoqmnili nivTierebebi (piruvatis analogebi), ise, rogorc 

hormonebis nawili, RviZlSi ganicdis deiodirebas. RviZlSi agreTve mimdinareobs 

hormonis sulfaturi eTerebisa da glukoziduronidebis warmoqmnac. koniugatebi 

gamoiyofa naRvelTan erTad da Semdgom, nawlavis floris baqteriebis zegavleniT 

ganicdis hidrolizs. Sedegad warmoebs Tavisufali Tiroqsinisa da triiodTironi-

nis kvlavwarmoqmna. gamoTavisuflebuli hormoni Seiwoveba da gadadis sisxlSi. baq-

teriuli dekarboqsilazebis zemoqmedebiT, nawlavebSi xdeba hormonebis nawilob-

rivi dakargva. 

amrigad, RviZlSi warmoebs iodirebuli Tireoiduli hormonebis metabolizmi de-

iodirebis, aminojgufebis CamoSorebisa da Tironinuli birTvis daSlis gziT. Sem-

dgomSi Tireoiduli hormonebi, ise, rogorc zogierTi maTi metaboliti, koniugaciis 

gziT ukavSirdeba glukuronis mJavas da Sidaheparuli cirkulaciiT xvdeba sisxlSi. 

gansakuTrebul SemTxvevebSi SesaZlebelia koniugacia sulfatTan an meTilireba. 

VIII.5.9.  qsenobiotikebis detoqsikacia RviZlSi 

naerTebs, romlebsac organizmi iRebs sakvebidan, kanidan an filtvebidan da ar 

gamoiyenebs energetikuli da plastikuri miznebisaTvis, qsenobiotikebi ewodeba.  es 

naerTebi, rogorc wesi, hidrofobuli, toqsikuri nivTierebebia da aucilebelia ma-

Ti organizmidan gamodevna. maTi toqsikurobis Semcirebisa da xsnadobis matebisaT-

vis isini ganicdis detoqsikacias, rac mdgomareobs maT qimiur modifikaciasa da 

organizmidan gamodevnaSi.  

 
 

suraTi VIII.33.   qsenobiotikebis   metabolizmi  da organizmidan gamodevna 

R- koniugirebis procesSi gamoyenebuli radikali (glutaTioni, glukuronis mJava da sxv.) 
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• pirveli fazis reaqciebSi hidrofoburi nivTiereba ganicdis modificirebas 

umetes SemTxvevaSi hidroqsilirebis saSualebiT; 

• meore fazaSi mimdinareobs koniugaciis reaqcia.  

 

 
 

suraTi VIII.33. monooqsigenazuri sistemis struqturuli organizacia 

RH – citoqromi Р450-is substrati. eleqtronebis donors  

warmoadgens NADPH, romelic iJangeba citoqrom Р450-reduqtaziT 

 

gauvnebelyofis pirveli faza. es faza aucilebelia hidrofoburi naerTebis ga-

uvnebelyofisaTvis, vinaidan isini cudad idevneba organizmidan da amitom SesaZle-

belia maTi dagroveba lipidebiT mdidar qsovilebSi (cximovani qsovili, ujredis 

membranebi, nervuli qsovili). am fazaSi es naerTebi ganicdis iseT gardaqmnebs, ro-

goricaa hidroqsilireba, aRdgena, dezaminireba, hidrolizi da sxv.  

praqtikulad yvela qsovilis endoplazmuri retikulumis membranebSi lokali-

zebulia specifikuri sistema, romelsac mikrosomuli Jangvis (monooqsigenazuri) 

sistema ewodeba. es sistema pasuxismgebelia I fazis mimdinareobaze. monooqsigena-

zuri sistema gansakuTrebiT aqtiuria RviZlSi. zogierTi qsovilis ujredebSi (ma-

galiTad, Tirkmelzeda jirkvlis qerqSi) JangviTi sistema lokalizebulia mitoqon-

driis membranaSi.  ZiriTadi fermentebi, romlebic monawileobs JangviTi sistemis 

muSaobaSi aris hemoproteinuli bunebis citoqromi  Р450 da flavoproteini citoq-

rom Р450-reduqtaza. am ukanasknelis kofaqtorebia FAD da FMN . 

citoqrom  Р450-s SeuZlia daukavSirdes lipofiluri bunebis RH- nivTierebis aq-

tiur centrs da molekulur Jangbads. cnobilia, rom Jangbadis erTi atomi ierTebs 

or eleqtrons da gadadis О2--formaSi. am SemTxvevaSi eleqtronebisa da protonebis 

donors warmoadgens NADPН+Н+,  romelic iJangeba citoqrom Р450-reduqtazaTi. 

warmoqmnili О2- urTierTqmedebs protonebTan da warmoqmnis  wyalis: О2-+ 2Н+→ Н2О.  

Jangbadis meore atomi erTveba RH naerTSi hidroqsilis jgufis warmoqmniT. RH-
naerTis hidroqsilirebis sumaruli reaqcia mikrosomuli Jangvis fermentebiT 

SesaZlebelia gamoisaxos Semdegnairad: 

RH +O2 + NADPH+H+→ROH+H2O+NADP+ 

hidroqsilirebis Sedegad izrdeba hidrofoburi naerTis xsnadobis maCvenebe-

li,  rac amcirebs mis toqsikurobas, aadvilebs Semdgom inaqtivacias da organizmi-

dan gamodevnas.  

citoqromi Р450-sTvis damaxasiaTebelia SedarebiTi substratuli specifikuro-

ba. cnobilia misi sxvadasxva izoforma, romelTaganac TiToeuli urTierTqmedebs 

sxvadasxva, magram struqturulad msgavs qsenobiotikTan. citoqromi Р450-is sub-

stratebi SesaZlebeli iyos rogorc egzo-, aseve endogenuri lipofiluri naerTebi, 
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xolo maTi gardaqmnis produqtebi SesaZlebelia monawileobdes normalur metabo-

lur procesebSi. am tipis citoqromebiT xdeba iseTi farmakologiuri preparatebis 

biotransformacia, romlebic hidrofobur mdgomareobaSi ver gamoidevneba orga-

nizmidan. 

gauvnebelyofis meore faza — koniugacia.  koniugacia gulisxmobs pirveli fa-

zis dros warmoqmnil funqciur jgufebTan sxvadasxva molekulebis an jgufebis mi-

erTebas, rac aseve zrdis qsenobiotikebis hidrofilurobas da amcirebs toqsiku-

robis xarisxs. koniugacia SesaZlebelia warimarTis iseT naerTebTan dakavSirebiT, 

rogoricaa glicini, glukuronati, sulfati, acetati, meTilis jgufi, glutaTio-

ni.  

koniugaciis procesSi monawileobs sxvadasxva transferazebi. warmoqmnili pro-

duqtebi, rogorc wesi, kargad xsnadi naerTebia da iolad gamoidevneba organizmi-

dan naRveliT da SardiT. magaliTad, uridindifosfo-transferazebi, romlebic 

lokalizebulia endoplazmur retikulumSi, akavSirebs gasauvnebelsayof naerTs 

glukuronis mJavasTan. procesis sumaruli reaqcia Semdegia: 

ROH + UDP-C6P9O6  →RO- C6P9O6 + UDP 

citoplazmuri sulfotransferaza akatalizirebs qsenobiotikur naerTebze 

sulfatis naSTis mierTebas: 

ROH + fosfoadenozinfosfosulfati →RO-SO3H + fosfoadenozinfosfati 

qsenobiotikebis gauvnebelyofis procesSi gansakuTrebuli adgili uWiravs 

ferment glutaTiontransferazas. es fermenti gvxvdeba yvela organizmsa da qso-

vilSi da mniSvnelovan rols asrulebs iseTi endogenuri metabolitebis gauvnebel-

yofaSi, rogoricaa zogierTi steroiduli hormoni, prostaglandinebi, bilirubini, 

naRvlis mJavebi, lipidebis zeJanguri Jangvis produqtebi da sxv. glutaTiontran-

sferazaTi qsenobiotikebis gauvnebelyofis procesi sami gziT xorcieldeba: 

I. substratis glutaTionTan koniugacia: 

      R + GSH → GSRH 

II. nukleofiluri Canacvleba: 

      RX + GSH → GSR + HX 

III. peroqsidebis aRdgena spirtebamde ferment glutaTionperoqsidazas  moqme-

debiT: 

      R-HC-O-OH + 2GSH → R-HC-OH + GSSG+H2O  

sadac GSSG daJanguli  glutaTionia. 

zogierT SemTxvevaSi, qsenobiotikebis gauvnebelyofis dros warmoqmnili meta-

bolitebi gacilebiT toqsikuria, vidre sawyisi formebi. am naerTebis gauvnebelyo-

fa swored glutaTiontransferazaTi mimdinareobs.  

 
 

suraTi VIII.34. krezolisa da fenolis  

warmoqmna baqteriebis daxmarebiT 

E- baqteriuli fermenti 
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aminomJavebis katabolizmis produqtebis gauvnebelyofa. aminomJavebi, romle-

bic ar Seiwoveba nawlavebSi, gamoiyeneba nawlavis mikrofloris mier. mikroorga-

nizmebis fermentebi gardaqmnis aminomJavebs aminebad, fenolebad, indolad, skato-

lad da  organizmisaTvis toqsikur sxva naerTebad. am process cilebis lpobis pro-

cesi ewodeba. procesis safuZvels warmoadgens aminomJavebis dekarboqsilireba  da 

dezaminireba. lpobis produqtebi nawilobriv Seiwoveba nawlavebis mier da sisxlis 

saSualebiT xvdeba RviZlSi.  

baqteriuli fermentebis zemoqmedebiT aminomJava Tirozinidan gverdiTi jaWvis 

CamocilebiT SesaZlebelia warmoiqmnas fenoli an krezoli (sur.VIII.34). 

am naerTebis nawili karis venis daxmarebiT xvdeba RviZlSi, sadac ganicdis ori 

tipis  koniugacias: sulfatirebas da  glukuronirebas. wamoqmnili fenoli da kre-

zoli koniugirdeba fosfoadenozinfosfo-sulfatTan  ferment sulfotransfera-

zas monawileobiT (sur.VIII.35).  

 

 

 
 

suraTi VIII.35. fenolisa da krezolis koniugacia 

Е – sulfotransferaza; PAPS – fosfoadenozinfosfosulfati; 

PAP –fosfoadenozinfosfati. 

 
 

nawlavebSi aminomJava triftofanidan mikroorganizmebis daxmarebiT warmoiq-

mneba indoli da skatoli (sur.VIII.36) 

orive es naerTi hidrofoburi bunebisaa da RviZlSi maTi gauvnebelyofa mimdi-

nareobs or etapad: sawyis etapze  indoli mikrosomuli Jangvis saSualebiT iZens 

hidroqsilis jgufs da gardaiqmneba indoqsilad, xolo  Semdgom stadiaze indoqsi-

li urTierTqmedebs PAPS–Tan da warmoqmnis indoqsilgogirdmJavas, romlis kaliu-

mis marils cxoveluri indikani ewodeba. am ukanasknelis SardSi arseboba gamoiyene-

ba RviZlSi mimdinare detoqsikaciis procesis Sesafaseblad (sur.VIII.37). 

farmakologiuri preparatebis biotransformacia. organizmze preparatebis  

samkurnalo moqmedeba mkacrad dozirebulia da zemoqmedebis Semdgom aucilebelia 

maTi inaqtivacia da organizmidan gamodevna. maTi inaqtivaciis procesi, iseve ro-

gorc toqsikuri naerTebis SemTxvevaSi, ZiriTadad or etapad mimdinareobs: 

1 etapi — qimiuri modifikacia endoplazmuri sistemis monooqsigenazuri siste-

mis daxmarebiT (mikrosomuli Jangva); 
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2 etapi — preparatebis koniugacia glicinTan, acetatTan, glukuronis mJavas-

Tan, sulfatTan, glutaTionTan da sxv. (sur. VIII.38).   

 

 
 

suraTi VIII.36. baqteriebis zemoqmedebiT mimdinare   

triftofanis katabolizmi 

Е – baqteriuli fermentebi 

 
 

 
 

suraTi VIII.37. indolis gauvnebelyofa 

Е – sulfotransferaza; PAPS – fosfoadenozinfosfosulfati; 

PAP –fosfoadenozinfosfati. 

 

miRebuli naerTebis koniugacia mimdinareobs Sesabamisi transferazebis daxma-

rebiT. cnobilia, rom zogierTi preparatis sistematuri miRebisas aucilebelia ma-

Ti dozebis gazrda, vinaidan maTi zemoqmedebis intensivoba organizmze mcirdeba.  

efeqti gamowveulia imiT, rom es preparatebi, iseve rogorc yvela organizmisaTvis 

ucxo naerTi, inducirebs monooqsigenazuli sistemis fermentebis sinTezs da koni-

ugaciis reaqciebs.  es movlena udevs safuZvlad organizmis SeCvevas zogierTi pre-

paratisa da Sxamisadmi. gansakuTrebiT mniSvnelovania organizmisaTvis iseTi naer-

Tis gauvnebelyofis procesi, rogoricaa eTanoli (spirti). eTanoli sinTezirdeba 

uSualod adamianis organizmSi an miiReba sakvebTan erTad. endogenuri eTanolis 

koncentracia sisxlSi Seadgens 0.0004-0.001g/l. misi  wyaroa: 

• glukozis gardaqmna:  glukoza  →piruvati → acetaldehidi →eTanoli; 

• nawlavis miklofloriT warmoebuli naxSirwylebis spirtuli duRili.  
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suraTi VIII.38. zogierTi farmakologiuri preparatis modifikacia 

 

egzogenuri eTanolis wyaroa spirtiani sasmelebi da zogierTi sakvebi produq-

ti. egzogenuri eTanoli swrafad Seiwoveba sisxlSi da misi Semdgomi metabolizmi 

grZeldeba sxvadasxva organoSi, magram am procesis ZiriTadi adgili RviZlia (70-

90%). mcire koncentraciis SemTxvevaSi eTanoli iJangeba NAD-damokidebuli dehid-

rogenazebiT (sur. VIII.39).  

reaqciis Sedegad miRebuli ZmarmJava gardaiqmneba acetil-CoA-ad, romelic 

warmoadgens eTanolis metabolizmis saboloo produqts. Tavis mxriv,  acetil-CoA 

iJangeba limonmJava ciklSi, xolo siWarbis SemTxvevaSi RviZlSi gamoiyeneba cximo-

vani mJavebis, cximebisa da qolesterinis sinTezisaTvis.  

 
suraTi VIII.39. eTanolis daJangva NAD-damokidebuli dehidrogenazebiT 

 

eTanolis biologiuri efeqtebi mravalferovania: fiziko-qimiuri, membranot-

ropuli, metaboluri, narkotikuli, toqsikuri da karcerogenuli. eTanoli zrdis 

hemotoencefaluri barieris ganvladobas, aRwevs Tavis tvinSi da azianebs  ujrede-

bis struqturasa da funqciebs. Tumca gacilebiT toqsikuri efeqtis mqonea eTano-

lis metabolizmis produqti acetaldehidi, romelsac SeuZlia urTierTqmedeba ci-
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lebis, fermentebis da receptorebis funqciur jgufebTan, riTac irRveva maTi 

funqcia. acetal-dehidi warmoadgens NADH-dehidrogenazebis inhibitors da aqvei-

Tebs hemoglobinis mier Jangbadis transportirebis process, rac iwvevs energeti-

kuli metabolizmis da, Sesabamisad,  ATP-is sinTezis moSlas, aseve,  sxva gverdiT 

movlenebs.  

egzogenuri eTanolis didi raodenobis SemTxvevaSi inducirdeba e.w. mikrosomu-

li eTanol-damJangavi sistema (MEOS), sadac ZiriTad rols asrulebs citoqromi 

P450-is izofermenti citoqromi Р450-II-Е1. am dros eTanolis daJangva mimdinareobs 

Semdegi sqemis mixedviT: 

C2H5OH +NADPH+H+ +O2  → CH3CHO + NADP+ + 2H2O 
warmoqmnili acetaldehidi Semdgom iJangeba acetaldehiddehidrogenazaTi. 

amave dros, citoqromi P450-II-E1 akatalizebs Jangbadis aqtiuri formebis warmoq-

mnas, romlebic astimulirebs lipidebis zeJangur Jangvas da iwvevs ujredebis mem-

branis dazianebas.   

VIII.5.10.  RviZlis paTologiebi 

RviZlis paTologiebidan gansakuTrebiT xSirad gvxvdeba hepatiti RviZlis uj-

redebis dazianebiT; cirozi, romlis drosac fibrozuli qsovilis gaZlierebuli 

warmoqmna iwvevs RviZlis qsovilis danaoWebas, hepatocelularuli funqciis daqve-

iTebas da naRvlis nakadis obstruqcias; simsivneebi, ufro xSirad meoradi warmoSo-

bis, magaliTad: msxvili nawlavis, kuWis da bronqebis simsivneebis metastazebi. RviZ-

lis paTologiebiT daavadebul pacientebs xSirad damaxasiaTebeli simptomebi da 

niSnebi aqvT. Tumca, klinikuri gamovlinebebi SeiZleba iyos araspecifikuri da ami-

tom, zogierT pacientSi RviZlis daavadeba SeiZleba SemTxveviT iyos aRmoCenili. 

vinaidan RviZli da biliaruli sistema mWidrodaa urTierTdakavSirebuli, naRvlis 

gamomyofi sistemis RviZlgare daavadebebs SeiZleba RviZlis daavadebebisTvis da-

maxasiaTebeli klinikuri gamovlineba hqondes. aseve, am daavadebebma SeiZleba gamo-

iwvios meoradi efeqtebi RviZlze. magaliTad, naRvlis saerTo sadinris obstruqci-

as SesaZlebelia mohyves siyviTle da Tu es mdgomareoba gaxangrZlivda, ganviTar-

des cirozis erT-erTi forma. 

RviZlis daavadebebs Soris gansakuTrebul yuradRebas imsaxurebs virusuli he-

patiti. daavadebas safuZvlad udevs RviZlis mwvave anTeba da nekrozi, romelic ga-

mowveulia A, B, C, D, E da G formis hepatitis virusebiT. hepatiti  oralur-fekalu-

ri gziT gadaecema, xolo hepatitis B da C virusebi vrceldeba intravenuli gziT an 

mWidro personaluri kontaqtiT. daavadebis simptomebi SeiZleba sakmaod sustad 

iyos gamoxatuli maSin, roca farulad mimdinareobs RviZlis ujredebis nekrozi, 

subujreduli struqturebis dazianeba, endoplazmuri retikulumis hiperplazia, 

sinusoiduri da mezenqimuri ujredebis proliferacia da sxva. am dros irRveva 

portuli sisxlis mimoqceva da hepatocitebisTvis damaxasiaTebeli metaboluri 

procesebi. ujredebis daSlas Tan sdevs sisxlis nakadSi RviZlis fermentebis — ala-

ninaminotransferazasa da aspartataminotransferazas gadasvla. Sedegad, iseve, 

rogorc hepatocitebis dazianebis sxva SemTxvevebSic, sisxlis SratSi am fermente-

bis aqtivoba mkveTrad izrdeba. daavadebis siRrmis Sesafaseblad gamoiyeneba am 

fermentebis aqtivobis Sefardebis maCvenebeli (ALAT/ASAT), e.w. de ritisis koefi-

cienti. normaSi es koeficienti bevrad metia erTze. virusuli hepatitis dros ki es 
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maCvenebeli erTs uaxlovdeba an erTze dabalia. hepatocitebis nekrozis gamo sis-

xlSi izrdeba mitoqondriuli fermentebis, kerZod, glutamatdehidrogenazas aq-

tivobac. Secvlilia aseve sisxlSi cilebis raodenoba — RviZlSi cilebis masinTezi-

rebeli funqciis daqveiTebis gamo, klebulobs albuminebis raodenoba, xolo mezen-

qimuri qsovilis gaaqtivebasTan dakavSirebiT, izrdeba imunoglobulinebis raode-

noba. xSirad adgili aqvs hiperlipidemiasac, rac gamowveulia triacil-gliceride-

bisa da fosfolipidebis raodenobis gazrdiT. aRwerili cvlilebebi damaxasiaTebe-

lia virusuli hepatitis yvela tipisaTvis. maTi diferencireba SeiZleba mxolod 

daavadebis gamomwvevi virusis lipoproteinuli kompleqsis (antigenis) gansazR-

vriT. 

hepatiti C-s SemTxvevaSi mwvave infeqciebs iSviaTad aqvs adgili. xSir SemTxveva-

Si daavadebis gamovlena ar xdeba aTi-oci wlis ganmavlobaSic ki. daavadeba Seum-

Cnevlad iwyeba, Tumca mogvianebiT SeiZleba swrafad ganviTardes cirozi da masTan 

dakavSirebuli garTulebebi.  

zemoT CamoTvlili virusebis garda, hepatitis gamomwvev agentebs ganekuTvneba 

epStein-baris virusi da citomegalovirusi. mwvave hepatiti SeiZleba gamoiwvios 

mravalma toqsinma da preparatebmac, romlebic Seicavs alkohols, paracetamols 

da oTxqlorian naxSirbads. 

umetes SemTxvevaSi virusuli hepatiti ikurneba mTlianad. mZime SemTxvevebSi Se-

saZlebelia ganviTardes RviZlis ukmarisoba, Tumca pacientebi, romlebmac gadai-

tanes mwvave periodi, bolos da bolos srulad gamojanmrTeldebian da transamina-

zuri aqtivoba 10-12 kviris Semdeg ecema normamde. B da C virusebiT inficirebis zo-

gierT SemTxvevaSi transaminazuri aqtivoba rCeba maRali, antigenemia SenarCunebu-

lia da daavadeba gadadis qronikul formaSi.  

qronikuli hepatiti ganisazRvreba, rogorc RviZlis anTeba. misi mizezi SeiZle-

ba iyos RviZlis autoimunuri dazianeba, hepatitis B da C virusebiT qronikuli in-

ficireba, alkoholi, wamlebi da narkotikebi. arsebobs qronikuli hepatitis ramde-

nime histologiuri tipi, romlebic gansazRvravs daavadebis prognozs. qronikuli 

mdgradi hepatitisas prognozi saimedoa. qronikuli aqtiuri hepatiti SeiZleba da-

eqvemdebaros mkurnalobas imuno-depresantebiT an antivirusuli preparatebiT, 

magram ZiriTadad is progresirebs cirozisken. yvela SemTxvevaSi gazrdilia plaz-

mis transaminazuri aqtivoba, rac metyvelebs RviZlis ujredebis dazianebis uwyvet 

procesze. tute fosfatazas aqtivoba, Cveulebriv, normaSia. plazmis albuminis 

koncentracia da proTrombinis dro, rogorc wesi, Secvlilia qronikuli aqtiuri 

hepatitisas, xolo mdgradi qronikuli hepatitis dros ar icvleba. 

cirozi. cirozis mizezebi SeiZleba iyos qronikuli alkoholizmi, autoimunuri 

daavadebebi, hepatitis B da C virusebi, sxvadasxva Tandayolili darRvevebi, maga-

liTad vilsonis daavadeba, hemoqromatozi an α1-antitripsinis ukmarisoba. RviZlis 

funqciuri rezervis gamo, metaboluri da klinikuri anomaliebi SeiZleba ar gamom-

JRavndes daavadebis gvian stadiebamde. mTeli am xnis ganmavlobaSi cirozs uwode-

ben `kompensirebuls~. 

dekompensirebuli cirozisa da mwvave hepatitis mZime formas xSirad Tan axlavs 

encefalopaTia, romelic xasiaTdeba gonebisa da umaRlesi nervuli moqmedebis dar-

RvevebiT. encefalopaTiis ganviTarebasTan kavSirSia amiaki, romelic grovdeba Sar-

dovanas sinTezis darRvevisas.  

qronikuli alkoholizmis SemTxvevaSi RviZlSi xSirad grovdeba cximi, ramac Se-

iZleba gamoiwvios RviZlis gadideba, romelsac Tan axlavs plazmaSi transaminazuri 

aqtivobis zomieri gazrda.  alkoholuri cirozis gviani stadiis erT-erTi garTu-
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lebaa Tirkmelebis ukmarisoba, romelic SeiZleba ganviTardes milakebis mwvave nek-

rozis formiT, rogorc sisxlCaqcevebis an infeqciebisas. 

simsivneebi da infiltraciebi. RviZli aris adgili, sadac warmoiqmneba avTvise-

biani simsivneebis metastazebi. RviZlis pirveladi simsivneebi dakavSirebulia ci-

rozTan  da sxvadasxva kancerogenis moqmedebasTan. pirveladi hepatocelularuli 

karcinomiT daavadebuli pacientebis 70%-Si vlindeba α-fetoproteinis momatebu-

li koncentracia plazmaSi. infiltraciuli mdgomareobebi, romlebic moqmedebs 

RviZlis funqciaze, moicavs limfomebs da amiloidozebs. aseTi daavadebebis mqone 

pacientebs, iseve, rogorc RviZlis simsivnian avadmyofebs, xSirad ar axasiaTebT 

siyviTle. erTaderTi bioqimiuri gadaxra SeiZleba iyos sisxlis plazmaSi tf-as aq-

tivobis zrda. 

qolestazi. Tu siyviTle ganpirobebulia koniugirebuli bilirubiniT, SesaZlo 

diagnozia hepatocelularuli daavadeba da Sida- da gare- RviZlovani qolestazi, 

anu situacia, romlis drosac Tormetgoja nawlavSi gadadis naRvlis arasakmarisi 

raodenoba. am mdgomareobisTvis damaxasiaTebelia tute fosfatazas maRali aqti-

voba plazmaSi. Sida- da gareRviZlovani qolestazis diferencirebisTvis aucilebe-

lia pacientis ultrabgeriTi skanireba, izotopuri vizualizacia, qsovilebis his-

tologiuri gamokvleva biofsiis daxmarebiT da specialuri radiologiuri kvleve-

bi. 

RviZlis swrafad ganviTarebadi ukmarisoba. es klinikuri sindromi viTardeba 

RviZlis ujredebis masiuri nekrozisas. sabednierod, es xdeba iSviaTad, virusuli 

hepatitis an paracetamoliT mowamvlis Sedegad. RviZlis dazianeba am SemTxvevaSi 

potenciurad Seqcevadia, radgan mas regeneraciis mniSvnelovani unari aqvs, magram 

warmoqmnili metaboluri darRvevebi Zlieria da prognozi araa sasurveli. garda 

amisa, RviZlis swrafad ganviTarebad ukmarisobas xSirad Tan axlavs Tirkmelebis 

ukmarisoba. am daavadebis metaboluri gamovlinebebia mZime hiponatriemia, hipokal-

ciemia da hipoglikemia. irRveva wyalbadis ionebis homeostazi. laqtatidan gluko--

neogenezis ukmarisoba SeiZleba gaxdes mizezi laqtaturi acidozisa, romelic SeiZ-

leba SeniRbuli iyos respiratoruli (sunTqviTi) alkaloziT, rac gamowveulia 

sunTqvis centris toqsinebiT stimulaciiT. Tavis tvinis Rerovani nawilis genera-

lizebuli depresia iwvevs sunTqvis gaCerebas. zogierT SemTxvevaSi upiratesia me-

taboluri alkalozi, nawilobriv gamowveuli kaliumis ionebis Warbi raodenobis 

SardSi gamoyofiT (ujredebiT kaliumis dakargvisa da meoradi aldosteronizmis 

Sedegad) da nawilobriv, sisxlSi tute naerTebis (mag., amoniakis) dagrovebiT. 
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IX. Sard-sasqeso sistemis bioqimia 

adamianisa da xerxemliani cxovelebis Sardis gamomyofi sistema mWidro kavSir-

Sia sasqeso sistemis ganviTarebasa da funqcionirebasTan. amitom,  am or sistemas 

xSirad aRweren erTad, rogorc Sard-sasqeso sistemas.  

IX.1. Sardis warmoqmnis da gamoyofis  molekuluri meqanizmi  

Sardis gamomyofi sistema uzrunvelyofs organizmidan azotis cvlis saboloo 

produqtebis, ucxo da toqsikuri naerTebis, aseve Warbi organuli da araorganuli 

nivTierebebis gamoyofas. amis garda, Sardis gamomyofi sistema monawileobs cile-

bisa da naxSirwylebis cvlaSi, aseve iseTi  biologiurad aqtiuri  naerTebis warmoq-

mnaSi, romlebic aregulirebs arteriuli  wnevis dones, Tirkmelzeda jirkvlebiT 

aldosteronis sekreciis intensivobas da eriTrocitebis warmoqmnis siCqares. Sar-

dis gamomyofi sistema  aseve monawileobs mineraluri nivTierebebisa da  wylis  ba-

lansis  regulirebaSi da, Sesabamisad, CarTulia  organizmis Sinagani homeostazis 

SenarCunebis procesSi. 

ZuZumwovari organizmebis da maT Soris adamianis Sardis gamomyofi sistema Sed-

geba organoebisagan, romlebic axdens Sardis formirebas, dagrovebasa da gamoyo-

fas. kerZod, warmodgenilia wyvili TirkmeliT, ori SardsadeniT, Sardis buStiTa 

da Sardis gamomyofi arxiT. 

IX.1.1. Tirkmeli — struqtura da funqcia 

Tirkmeli — organizmis mTavari sekretoruli wyvili organoa, romelic ramde-

nime ZiriTad funqcias asrulebs. esenia organizmSi mimdinare metaboluri procese-

bis saboloo produqtebis eqskrecia, ujredgare siTxis moculobisa da Semadgen-

lobis mudmivobis uzrunvelyofa, azotovani narCenebis gamoyofa, organizmis siTx-

is osmosuri wnevis SenarCuneba, sisxlis wnevis regulireba, eriTropoezis stimu-

lireba da sxv. Tirkmelebis mier plazmis komponentebidan gamomuSavebul siTxes 

Sardi ewodeba. Sardis Semadgenloba da moculoba, sxva sekretebisagan gansxvavebiT, 

SeiZleba meryeobdes farTo diapazonSi, rac imis maCvenebelia, rom  Tirkmelebs   Se-

uZlia Secvalos Sardis Semadgenloba organizmSi mimdinare procesebis Sesabamisad. 

Tirkmeli Sedgeba mkvrivi kafsulisagan, parenqimisagan da Sardis Semkrebi da ga-

momyofi sistemisagan (sur.IX.1A). Tirkmlis parenqima warmodgenilia garegani qer-

qovani da Sida tvinovani SriT. Sardis damgrovebeli sistema Sedgeba Tirkmlis fia-

lebisagan, romlebic erTiandeba Tirkmlis TasSi, romelic uSualod gadadis Sar-

dsawveTSi. 

Tirkmlis morfofunqciur erTeuls warmoadgens nefroni — specifikuri 

struqtura, romelic asrulebs Sardwarmoqmnis process (sur.IX.1B). TiToeul Tir-

kmelSi 1mln-ze meti nefronia. 
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suraTi IX.1. A – Tirkmlis struqturuli agebuleba;    B–nefronis agebuleba 

 

ZuZumwovrebis nefronSi gamoyofen Tirkmlovan (malpigis) sxeuls, romelic, Ta-

vis mxriv, Sedgeba kapilaruli gorglisa da orSriani kafsulisagan (boumenis kafsu-

la) da nefronis milakebis sistemas (sur.IX.1B). gorglis kafsulidan gamodis Tir-

kmlovani arxi, romelic qerqovan SreSi qmnis nefronis milakis proqsimalur na-

wils, xolo es ukanaskneli gadadis nefronis maryuJSi, romelsac henles maryuJi 

ewodeba. maryuJSi gamoyofen daRmaval da aRmaval milakebs. aRmavali nawili grZel-

deba distaluri milakiT, romelic, Tavis mxriv, uerTdeba Semkreb arxs (milaks). 

sisxlZarRvovani gorgali Seicavs 50-160 kapilars, romlebic Semosuli arterio-

lis gagrZelebebs warmoadgens. kapilarebs Soris gvxvdeba specializirebuli ujre-

debi — mezanqiocitebi. kapilarebi erTiandeba da qmnis e.w. gamomtan arteriols. ka-

pilarebze Semoxveulia Tirkmlis gorglis orSriani kapsulis   Sida kedeli, rome-

lic warmoqmnilia epiTeluri ujredebisagan — podocitebisagan. kapsulis Sida da 

gare kedlebs Soris gvxvdeba kafsulis sivrce. 

ZuZumwovrebis TirkmelSi ganasxvaveben ori tipis nefrons: qerqovans (85%), rom-

lis Tirkmlovani sxeuli lokalizebulia qerqovan nivTierebaSi da iuqstamedula-

ruls (15%), romlis gorglebi ganlagebulia qerqovani da tvinovani nivTierebebis 

sazRvarze, xolo maryuJebi aRmavali da daRmavali nawilebiT — tvinovan nivTierebaSi.   

TirkmelebSi mimdinareobs ori saxis  procesi: 1. Sardwarmoqmna (eqskretoruli 

funqcia) da 2. sisxlSi hormonebisa da biologiurad aqtiuri naerTebis gamoTavi-

sufleba (inkretoruli funqcia). 

IX.1.2 . Sardis warmoqmnis procesi 

Sardi warmoiqmneba TiToeul nefronSi mimdinare sami ZiriTadi procesis Sede-

gad (sur. IX.2):  

1. Tirkmlis gorglebSi mimdinare glomeruluri filtracia;  

2. siTxis da masSi gaxsnili nivTierebebis reabsorbcia proqsimalur da  dista-

lur milakSi, henles maryuJsa  da Semgrovebel milakebSi;  

3. SerCeviTi sekrecia proqsimaluri da distaluri milakebis sanaTurebSi.  
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IX.2. Sardis warmoqmnis ZiriTadi sqema 

1 — filtracia; 2 — reabsorbcia; 3 — sekrecia; 4 —Sardis gamoyofa 

IX.1.2.1. gorglovani filtracia 

Sardis warmoqmnis sawyisi etapia glomeruluri filtracia: boumenis kafsulaSi 

arsebuli sisxlis kapilaruli gorglidan kafsulis siRrueSi sisxlis Txevadi nawi-

lis pasiuri gafiltvra. gorglovani filtracia xorcieldeba glomerulur fil-

trSi fiziko-qimiuri da biologiuri faqtorebis zemoqmedebiT.  

glomeruluri filtri iqmneba sami  ZiriTadi komponentisagan: sisxlis kapila-

rebis endoTeliumis, bazaluri membranis da kafsulis visceraluri furclis epi-

Teliumis ujredebis —  podocitebisagan  (sur. IX.3). 

 
 

suraTi  IX. 3. glomeruluri filtri 

A – boumenis kafsula;  B – glumerularuli filtris mikrostruqtura 
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kapilarebis endoTeliumis ujredebs Soris gvxvdeba carieli sivrceebi, romle-

bic qmnis xvrelebs. maTi diametri 100nm-ia. kapilaris endoTeliumis zedapiri war-

modgenilia uaryofiTad damuxtuli glikoproteinebiT agebuli gansakuTrebuli 

feniT, romelic xels uSlis sisxlis formiani ujredebisa da didi zomis molekule-

bis, maT Soris cilebis moxvedras endoTeliumis Sris qveS arsebul bazalur membra-

naze. filtris ZiriTadi nawilia bazaluri membrana, romelic ewinaaRmdegeba sis-

xlis plazmidan msxvili molekulebis  (cilebis) moxvedras filtratSi. aRsaniSnavi-

a, rom am procesSi membranis xvrelis zomis garda, mniSvnelovania aseve bazaluri 

membranis uaryofiTi muxtic, romelic xels uSlis uaryofiTad damuxtuli mole-

kulebis, magaliTad, sisxlis plazmis albuminis SeRwevas filtratSi. aseTi aqtiuri 

moqmedebis Sedegad,  bazaluri membranis ujredebi swrafad iRupeba da moiTxovs aq-

tiur ganaxlebas. bazaluri membranis SeqmnaSi monawileobs kolageni IV, laminini da 
cila nidogeni. filtris mesame Sres qmnis podocitebis gamonazardebi, romelTa 

Soris rCeba ujredebisagan  Tavisufali sivrce. am sivrcis diametri  daaxloebiT 

10nm-ia. igi  dafarulia glikokaliqsiT, ris gamoc sabolood  warmoiqmneba xvreli 

radiusiT 3nm. aRsaniSnavia, rom filtris es nawilic uaryofiTi muxtis matarebelia.  

filtraciuli membranis funqcionirebaSi mniSvnelovania e.w. mezenhialuri uj-

redebic. mezenhialuri ujredebi xasiaTdeba fagocitaruli TvisebebiT —  maT  mier 

xdeba makromolekulebis STanTqma.  

am tipis membranul xvrelebSi gadis naerTebi, romelTa molekuluri masa 5500 

dal.-ze naklebia. rac metia gasafiltri molekulis masa, miT ufro naklebad ifil-

treba konkretuli molekula. magaliTad, hemoglobinis (molekuluri masa 64500dal.) 

filtraciuli SesaZlebloba  mxolod 3%-ia, xolo albuminis (molekuluri masa — 

69000dal.) — 1%-ze naklebi. molekulebis gavla filtrSi gaZnelebulia ara marto 

maTi zomiT, aramed  foris kedlis uaryofiTi muxtiTac. aqedan gamomdinare, uaryo-

fiTad damuxtuli molekulebi ifiltreba gacilebiT naklebi xarisxiT, xolo dade-

biTad damuxtulebi — ufro metad, vidre eleqtroneitraluri molekulebi. swored 

plazmis cilebis umravlesobaSi  uaryofiTi muxtis simravle  qmnis winaaRmdegobas 

imisaTvis, raTa maT ver gadalaxon barieri.  filtraciuli uaryofiTi muxti  warmo-

adgens bariers mxolod makromolekulebisaTvis da ar moqmedebs  araorganul io-

nebsa da dabalmolekulur naerTebze.  

amrigad, fiziologiur pirobebSi forebis zoma gansazRvravs gorglovani fil-

tratis Semcvelobas. normalur pirobebSi, filtratSi, romelsac  pirvelad Sardi 

ewodeba,  SesaZlebelia aRmoCndes yvela is nivTiereba, romelic plazmaSi gvxvdeba, 

cilebis garda. zogierTi paTologiis SemTxvevaSi Tirkmlis filtris membranis gan-

vladoba izrdeba, rasac Sesabamisad, mosdevs filtratis Semadgenlobis cvlileba. 

ganvladobis zrda warmoadgens ZiriTad mizezs iseTi daavadebebisas, rogoricaa 

proteinuria da albuminuria.  gorglovani filtratis TiTqmis yvela cila reabsor-

birdeba proqsimaluri milakebis ujredebiT. am procesebis Sedegad, normalur Sem-

TxvevaSi, SardiT cilis eqskrecia minimaluria da ar aRemateba 150 mg-s dRe-RameSi. 

filtratis raodenoba da misi warmoqmnis siCqare damokidebulia filtraciul 

wnevasa da filtraciis koeficientze. Tumca, zogadad, filtracia mimdinareobs 

energiis xarjvis gareSe da warmoadgens nivTierebaTa transportis pasiur formas. 

gorglovani (glomeruluri) filtraciis siCqare (gfs) ganisazRvreba sxvadasxva 

faqtoriT, kerZod, sxvaobiT gorglebis kapilarebSi sisxlis wnevasa da nefronis 

sanaTurSi hidrostatikur wnevas Soris, bazaluri membranis mdgomareobiTa da 

gorglebis ricxviT. es sidide daaxloebiT 120 ml/wT-ia (170 l/dRe-Rame). gamomdi-

nare iqidan, rom  dRe-RameSi warmoiqmneba mxolod 1-2 l Sardi, cxadia, rom pirvela-
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di Sardis moculoba daaxloebiT 100-jer aRemateba saboloo Sardis produqcias.  

filtraciis siCqare damokidebulia filtraciul wnevaze, romelic ganisazRvreba 

Semdegi formuliT: 

filtraciuli wneva = kapilaruli wneva — (onkozuri wneva + Sidakafsulis wneva) 

rogorc Cans, filtraciis procesisaTvis aucilebelia kapilarebSi sisxlis 

hidrostatikuri wneva meti iyos onkozuri da Sidakafsularul wnevaTa jamze. niv-

Tierebebi, romlebic aZlierebs sisxlis mimoqcevas TirkmelebSi, magaliTad, Teob-

romini, Teofilini da sxv., xasiaTdeba Sardmdeni TvisebebiT.  

gorglovani filtraciis efeqturobis  SefasebisaTvis gamoiyeneba e.w. gawmendis 

koeficienti — klirensi. nivTierebis klirensi aris plazmis is moculoba, romelic 

mTlianad iwmindeba romelime nivTierebisagan drois garkveul erTeulSi. plazmaSi 

arsebuli TiToeuli nivTierebisaTvis damaxasiaTebelia sakuTari klirensi (anu 

gawmendis dro).  

gorglovani filtraciis siCqaris dasadgenad iyeneben aratoqsikur inertul 

nivTierebebs, romlebic ar aris dakavSirebuli plazmis cilebTan, filtraciis 

gziT Tavisuflad gadis  membranis forebs da ar xdeba maTi reabsorbcia da sekreci-

a. aseT naerTebad iTvleba inulini, endogenuri kreatinini da sxv. gorglovani fil-

traciis siCqare izomeba mililitri/wuTSi erTeulSi  da  Cveulebriv pirobebSi es 

sidide raodenobrivad inulinis klirenss uTanabrdeba: 

Cin =Uin – PinV, 

sadac: Cin — inulinis klirensia, anu gorglovani filtraciis siCqare;  

Uin — inulinis koncentracia SardSi; 

Pin – inulinis koncentracia  sisxlis plazmaSi; 

V — Sardis raodenoba (ml/wT). 

gorglovani filtraciis siCqare regulirebadi sididea da am procesSi mniSvne-

lovan rols asrulebs ori regulaciuri meqanizmi: miogenuri da arxul-gorglova-

ni ukukavSiri.  

miogenuri meqanizmi sisxlZarRvovani  sistemis sxva ubnebSi mimdinare meqanizmis 

analogiuria.  misi principi mdgomareobs imaSi, rom Semomavali da gamomavali arte-

riolebis  gluvi kunTebi  ikumSeba arteriuli wnevis matebisas, rasac mosdevs gor-

glovani filtraciis  Semcireba.  

arxul-gorglovani ukukavSiris meqanizmi gacilebiT rTuli regulaciuri pro-

cesia da gulisxmobs, rom filtraciis siCqaris zrda, romlis mizezi TirkmelebSi 

arteriuli wnevis zrdaa, iwvevs siTxis dinebis gazrdas nefronis milakebSi, rasac 

mosdevs adenozinis gamoyofa, romelic, Tavis mxriv, vazodilataciuri efeqtiT xa-

siaTdeba. meore mxriv, adenozinis efeqti aferentul arteriebze sapirispiroa. ker-

Zod, misi moqmedebiT arteriebis kedlis gluvi kunTebi ikumSeba, rasac mosdevs 

gorglovani filtraciis intensivobis Semcireba.   

gorglebis aferentuli (Semomavali) da eferentuli (gamomavali) arteriolebi 

inervirdeba simpaTikuri nervuli sistemiT. noradrenalini, romelic gamoiyofa am 

nervebis daboloebaze, moqmedebs α-adrenergul receptorebze da iwvevs arterio-

lebis SekumSvas. Sesabamisad,  gorglovani filtraciis siCqare mcirdeba. 

simpaTikuri nervebi β-adrenoreceptorebis saSualebiT astimulirebs reninis 

sekrecias, rasac mosdevs angiotenzini II-is koncentraciis zrda. angiotenzini II, 

romelic iwvevs arteriolebis SekumSvas, amcirebs gorglovani filtraciis inten-

sivobas. aRsaniSnavia, rom mezanhialur ujedebs aqvs angiotenzini II-is receptore-

bi, romelic fosfolipaza C— inozitol-1,4,5-trifosfaturi meqanizmis saSuale-
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biT iwvevs mezanhiocitebis SekumSvas, rac aseve amcirebs  filtraciis intensivobas. 

gorglovani filtraciis intensivobis Semcireba SeiniSneba aseve vazopresinis ze-

moqmedebiTac.   

Tirkmlis simpaTikuri nervebis aqtivobis zrda da angiotenzini II-is produciis 

mateba xels uwyobs prostaglandinebis — arteriolebis vazo-dilatatorebis sin-

Tezs, rac  arteriolebis gafarToebas da gorglovani filtraciis siCqaris matebas 

iwvevs. msgavsi efeqti aRiniSneba aseve acetil-qolinis, dofaminis da  azotis oqsi-

dis  (NO) moqmedebiTac. koncentraciaze damokidebuli efeqtebi SeiniSneba sisxlSi 

cirkulirebadi kateqolaminebis zemoqmedebiTac. maTi maRali koncentracia ganapi-

robebs Semomtani arteriolebis Seviwroebas, rasac Tan sdevs gorglovani filtra-

ciis intensivobis Semcireba, xolo maTi SedarebiT dabali koncentracia iwvevs sa-

pirispiro efeqts —  gamomtani arteriolebis Seviwroebas, rac zrdis filtraciis 

siCqares.  

filtraciis procesis regulaciuri TvisebiT gamoirCeva winagulis natriure-

tuli peptidic, romelic ganapirobebs aferentuli arteriolebis dilatacias da 

eferentuli arteriolebis Seviwroebas, rac zrdis gorglovani filtraciis siCqa-

res. amas xels uwyobs winagulis natriuretuli peptidis zemoqmedeba mezanhialur 

ujredebzec. kerZod, SeiniSneba ujredebis moduneba, gorglebSi sisxlis mimoqce-

vis gaaqtiureba da, Sesabamisad, gorglovani filtraciis intensivobis gazrda.  

XI.1.2.2. reabsorbciis procesis Tavisebureba  

pirveladi Sardi Tirkmlis arxebsa da milakebSi gavlisas, saboloo Sardad gar-

daqmnamde ganicdis mniSvnelovan cvlilebebs. gansxvaveba aRiniSneba ara marto rao-

denobaSi (180l-dan rCeba 1-1.5l), aramed xarisxSic. organizmisTvis aucilebeli zo-

gierTi nivTiereba qreba Sardidan an reabsorbciis Sedegad maTi Semcveloba mniS-

vnelovnad mcirdeba, xolo zogierTis, piriqiT, mravaljeradad izrdeba — isini 

koncentrirdeba wylis reabsorbciis Sedegad. saboloo SardSi aseve Cndeba nivTiere-

bebi, romlebic ar Canda pirvelad SardSi. amis mizezi sxvadasxva naerTis sekreciaa.  

warmoqmnili gorglovani filtrati (pirveladi Sardi) gaedineba proqsimalur 

milakebSi, sadac misi didi nawili ganicdis ukuSewovas — reabsorbcias. normalur 

SemTxvevaSi mTeli glukoza, aminomJavebi, kaliumi, bikarbonati, aseve natriumis io-

nebis da wylis 75% reabsorbirdeba.  maTi ukuSewova gansxvavebuli meqanizmebiT 

xorcieldeba. reabsorbciis procesSi pirveladi Sardidan warmoiqmneba meoradi, 

anu saboloo Sardi, romelic xvdeba ra Tirkmlis fialebSi, SardsawveTis saSuale-

biT gadadis Sardis buStSi, saidanac sabolood gamoiyofa organizmidan.  

milakovani reabsorbcia (nivTierebebis moZraoba milakebis sanaTuridan sis-

xlSi) mimdinareobs yvela ganyofilebaSi, Tumca milakis sxvadasxva nawilSi am pro-

cesis meqanizmi ar aris erTnairi.  cnobilia reabsorbciis ori gza — ujredis gav-

liT (transujreduli) da ujredebsSorisi  (paraujreduli). transujreduli gzis 

dros ionebi, magaliTad,  Na+ da Cl- Tanamimdevrulad gadalaxavs apikalur da bazo-

lateralur membranas da am gziT xvdeba sisxlSi. paraujreduli gziT reabsorbcii-

sas es ionebi moZraobs mezobel ujredebs Soris arsebuli ujredgare gzebiT. tran-

sujreduli gziT ionebis transportis siCqare damokidebulia eleqtroqimiur gra-

dientze, ionur arxebsa da  membranul  transporterebze, xolo  paraujreduli gziT 

ionebis reabsorbciis mamoZravebeli Zalaa mxolod eletroqimiuri gradienti.  
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wylis reabsorbcia.  wylis reabsorbciis procesi mimdinareobs nefronis yvela 

ganyofilebaSi. milakebis epiTelur ujredebSi arsebobs specialuri sistema wylis 

transportirebisaTvis — e.w. wylis forebi, romlebic agebulia specializirebuli 

cilovani molekulebiT — akvaporinebiT. dResdReobiT gamoyofilia akvaporinebi, 

romlebic uzrunvelyofs mxolod wylis ganvladobas da akvagliceroporinebi, 

romlebic wyalTan erTad atarebs glicerins, Sardovanas da sxva molekulebs. proq-

simaluri milakebisa da henles maryuJis daRmavali muxlisaTvis damaxasiaTebelia 

AQP1 akvaporinis arseboba.  am tipis akvaporinebi gvxvdeba ujredebis apikalur da 

bazolateralur  membranebSi.  Semkreb milakebSi gvxvdeba 3 tipis akvaporini: AQP2, 

AQP3 da AQP4 . AQP2 lokalizebulia apikalur membranebSi. bazolateralur membrana-

Si gvxvdeba   aseve akvagliceroporinebic.  

wylis reabsorbcias safuZvlad udevs osmosuri procesi. wyali reabsorbirdeba 

ionebis kvaldakval. ZiriTadi ioni, romelic uzrunvelyofs wylis pasiur Sewovas 

aris natriumi. sxva naerTebis (glukoza, aminomJavebi da sxv.) reabsorbcia, romelic 

xorcieldeba nefronis am nawilSi, aseve xels uwyobs wylis Sewovas.  wylis Sewova 

grZeldeba distalur milakebSi, Tumca es procesi ar aris damokidebuli natriumis 

ionebze da mTlianad regulardeba antidiuretuli hormoniT.  

wylis reabsorbciis sidide (RH2O) ganisazRvreba sxvaobiT gorglovani filtra-

ciis siCqaresa (Cin) da saboloo Sardis raodenobas Soris  da gamoisaxeba procente-

biT gorglovani filtraciis  siCqaris mimarT:  

RH2O=Cin – V/Cinx 100%, 

sadac:  Cin — inulinis klirensia, anu gorglovani filtraciis siCqare;   

                      V — Sardis raodenoba (ml/wT). 

Cveulebriv, wylis reabsorbciis sidide 98-99%-ia. wylis reabsorbciis Semcire-

bis  mizezebia: 

- hormonaluri regulaciis darRveva (aldosteronisa da hipofizis ukana wilis 

hormonis — vazopresinis produqciis darRveva, rac vlindeba uSaqro diabetis gan-

viTarebiT); 

- akvaporinebis arasakmarisi raodenoba; 

- Tirkmlis denervacia; 

- adrenoblokatorebis Seyvana organizmSi; 

- milakebis epiTeliumis anTeba da distrofiuli cvlilebebi; 

- pirvelad SardSi iseTi nivTierebebis raodenobis mateba, romlebic zrdis mis 

osmosur koncentracias (glukoza, Sardovana da sxv.). 

Na+-is reabsorbcia nefronis sxvadasxva ganyofilebaSi.  Na+-is trans-ujreduli 

reabsorbcia nefronis yvela segmentSi erTnairia da moicavs or safexurs. I safexuri 

gulisxmobs Na+-is pasiur Sesvlas ujredSi milakis ujredebis apikaluri membranis 

gavliT (vinaidan ujredSida Na+-is koncentracia mcirea da ujredis potenciali mila-

kis sanaTurTan SedarebiT uaryofiTia). II safexuria  Na+-is aqtiuri gamodevna 

ujredidan bazolateralur membranaSi arsebuli Na+/ К+-АТP-azas monawileobiT.  

proqsimalur klaknil milakebSi Na+ milakis  sanaTuridan ujredSi xvdeba eleq-

troqimiuri gradientiT cila-gadamtanebis saSualebiT, romlebsac Na+-Tan erTad 

ujredSi erTdroulad gadaaqvT glukoza, aseve aminomJavebi, fosfati da zogierTi 

sxva nivTiereba (sur. IX. 4A). amave procesSi monawileobs Na+/Н+-antiportuli 

gadamtanic, romlis moqmedeba ganapirobebs bikarbonatis ionis (HCOO3
-) reabsorbcia-

sac. am procesSi monawile transporterebis umravlesoba eleqtrogenuria, ris gamoc 

milakis sanaTurSi warmoiqmneba uaryofiTi muxtis siWarbe, rac ganapirobebs arxis qve-
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da nawilSi Cl--is reabsorbirebas. cnobilia, rom  nivTierebis reabsorbciis Sedegad 

myardeba osmosuri sxvaoba milakis sanaTursa da intersticialur siTxes Soris, rom-

lis osmosuri wneva izrdeba, rasac mosdevs wylis gadmosvla sanaTuridan osmosuri 

gradientisaken. gadmosul wyals pasiuriad Tan moaqvs masSi gaxsnili nivTierebebic.  

amrigad, Na+-is reabsorbcia proqsimalur klaknil milakebSi xorcieldeba ori 

gziT. I gulisxmobs am procesSi Na+/Н+-antiportuli gadamtanis monawileobas, rom-

lis daxmarebiT yovel reabsorbirebul erT Na+-ze arxis sanaTurSi gamoiyofa erTi 

Н+-ioni, romelic, Tavis mxriv,  CarTulia bikarbonatis (HCO3
-) reabsorbciis meqa-

nizmSi; II procesSi monawileobs mTeli rigi Na+-gadamtanebi, romlebic am ionis gar-

da ikavSirebs da gadaitans ujredSi glukozas, neitralur an mJave aminomJavebs, 

fosfats, sulfats, galaqtozas, laqtats, citrats da sxva nivTierebebs. am SemTxve-

vaSi Na+ moZraobs ujredSi eleqtroqimiuri gradientis mimarTulebiT, xolo zemo-

CamoTvlili nivTierebebi — gradientis sawinaaRmdegod. aRsaniSnavia, rom natriu-

mis SeRweva ujredSi yvela SemTxvevaSi pasiuri procesia da ar moiTxovs energias.  

distalur swor milakSi (henles maryuJis aRmavali milaki) reabsorbciis proce-

si xorcieldeba cila-gadamtanebis saSualebiT, romlebic lokalizebulia ujre-

dis apikalur membranaze. maT erTdroulad gadaaqvs 1Na+, 1К+  da 2Cl-, xolo  mamoZra-

vebeli  Zalaa Na+/К+-АТP-azas  monawileobiT Semnili Na+-is gradienti (sur. IX. 4B).  

ujredis luminalur mxareze lokalizebuli arxebiT xdeba К+-is difuzia ukan, 

milakis sanaTurSi (recirkulacia), rasac mosdevs luminaluri membranis hiperpo-

larizacia. amave dros, К+-is arseboba sanaTurSi qmnis transepiTelialur potenci-

als, romlis drosac sanaTurSi arsebuli siTxe intensticialur siTxesTan Sedare-

biT dadebiTi muxtis matarebelia. am potencialis moqmedebiT Na+ da aseve sxva kaTi-

onebi SesaZlebelia reabsorbirdes pasiurad,  kaTionebis gamtari arxebiT.  

  

 
 

suraTi IX.4.  Na+-is  reabsorbciis  modelebi nefronis  sxvadasxva  ubanSi 

А — proqsimaluri klaknili milaki;  B – distaluri aRmavali milaki; 

C – distaluri klaknili milaki;  D — qerqis damakavSirebeli  milaki 
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distalur klaknil milakSi Na+-is reabsorbcia grZeldeba Cl--Tan erTad (sur. IX. 

4C). orive es ioni sanaTuridan ujredSi xvdeba meoradi aqtiuri transportis 

meSveobiT, rac uzrunvelyofs Na+-isa da Cl--is erTdroul gadatanas. NaCl Sedis 

ujredSi membanaSi lokalizebuli  specifikuri TSC-gadamtaniT (thiazid-sensitive co-

transporter), xolo bazolateralur mxareze arsebuli Na+/К+-АТP-azas  monawileobiT 

aqtiurad gamodis ujredidan. TSC-gadamtanis aqtivoba regulirdeba aldostero-

niT.  qerqis Semkrebi milakebis ujredebSi Na+ xvdeba Na+-arxebiT (sur. IX. 4D).  

Cl--is reabsorbcia nefronis sxvadasxva ganyofilebaSi. qlori proqsimalur 

klaknil milakSi reabsorbirdeba, ZiriTadad, ujredSorisi gziT. milakis dasawyis-

Si, sadac misi koncentracia 115 mmol/l-ia, reabsorbcia mimdinareobs wylis reab-

sorbciis paralelurad (sur. IX. 5А). filtraciis kvaldakval,  Cl--is koncentracia 

izrdeba, vinaidan milakidan adgili aqvs wylisa  da Na+-is gamosvlas. am dros,  Cl--is 

koncentracia milakis sanaTurSi 135 mmol/l-s aRwevs, anu ufro metia, vidre inter-

sticialur siTxeSi, rac xdeba mamoZravebeli Zala am ionis ujredSorisi difuzii-

saTvis milakidan sisxlis kapilarisaken. amrigad, Cl--s SeuZlia datovos proqsima-

luri klaknili  milaki qimiuri gradientis saSualebiT epiTelur ujredebs Soris 

arsebuli mWidro kontaqtebis gavliT (ujredebsSorisi difuzia). am tipis difuzi-

is daxmarebiT iqmneba transepiTeluri potenciali, sadac milakis SigTavsi dadebi-

Ti muxtis matarebelia, rac uzrunvelyofs kaTionebis (Na+, К+, Ca2+ da Mg2+)  ujre-

debsSoris reabsorbcias.  

proqsimalur swor milakSi Cl- reabsorbirdeba  rogorc ujredSorisi gziT  Na+-

Tan erTad, aseve gadamtanis daxmarebiT (sur. IX. 5B). ujredis luminalur membranaze 

nanaxia Cl--is specifikuri gadamtani pendrini, romelic awarmoebs Cl--is gacvlas Wi-

anWvelmJavas marilebze —  formiatebze (HCOO-). ujredis membrana ganvladia Wian-

WvelmJavasTvis (HCOOH).  NHE3-gadamtanis  (sodium–hydrogen exchanger 3; Na+/H+ anti-

porteri) monawileobiT, romlis aqtivoba xels uwyobs formiatebis cirkulacias 

luminalur membranaSi, Cl- grovdeba  ujredSi. bazolateraleuri membranis gavliT 

ujredSi dagrovili Cl-  ujreds tovebs specifikuri  arxebisa da К+/Cl--gadamtanis 

daxmarebiT.  

distalur swor milakSi (henles maryuJis msxvili aRmavali nawili) reabsorbci-

is  procesi xorcieldeba cila-gadamtanis mier, romelic lokalizebulia epiTelu-

ri ujredis apikalur membranaze da gadaaqvs erTdroulad  1Na+, 1К+ da 2Cl- (sur. IX. 

5C). mamoZravebel Zalas am SemTxvevaSic bazaluri membranis Na+/К+-АТP-azas 

monawileobiT Seqmnili Na+-is gradienti warmoadgens. ujredSi dagrovebuli  Cl--is 

gamosvla ujredidan SesaZlebelia bazalur membranaze arsebuli CLC-Кb-tipis ar-

xiTac (Chloride channel Kb, aseve cnobilia, rogorc CLCNKB arxi).   

reabsorbcia distalur swor milakebSi xasiaTdeba Na+-is reabsorbciis maRali 

aqtivobiTac, rac qmnis Na+-is grandients. es ukanaskneli gamoiyeneba  Cl--isa da К+-is 

meoradi aqtiuri transportisaTvis. arxebis daxmarebiT К+ difundirebs ukan sana-

TurSi, xolo  Cl- — sisxlZarRvebisaken. К+-is difuzia ujredidan iwvevs luminaluri 

membranis hiperpolarizacias. amave dros, К+-is arseboba milakis sanaTurSi aZlie-

rebs transepiTelur potencials, romlis drosac siTxe sanaTurSi intersticia-

lur siTxesTan SedarebiT damuxtulia dadebiTad.  amis gamo, iseTi ionebi, rogori-

caa Na+, К+, Ca2+ da Mg2+ reabsorbirdeba pasiurad. amrigad, adgili aqvs NaCl-is 

aqtiur reabsorbcias, romelsac pasiurad misdevs sxva kaTionebi (Na+-is CaTvliT). 
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suraTi IX.5. Cl-is transporti nefronis sxvadasxva ganyofilebaSi 

А – Cl--is reabsorbcia proqsimalur klaknil milakSi; B – Cl--is reabsorbcia 

swor proqsimalur milakSi; C – Cl--is reabsorbcia distalur swor milakSi 

(henles maryuJis aRmavali milaki); D – Cl--is reabsorbcia distalur klaknil 

milakSi; E – Cl--is reabsorbcia qerqovan Semkreb arxSi; F – Cl- is reabsorbcia 

qerqovani Semkrebi arxis Cadgmul ujredebSi 

 

 

distalur klaknil milakSi (sur. IX. 5D) grZeldeba Na+-isa da Cl-is reabsorbcia, 

romelic  ufro metad Cainacvleba Sardovanas reabsorbciiT. es ukanaskneli dista-

lur klaknil milaks miewodeba Tirkmlis tvinovani Sridan. NaCl milakis  sanaTuri-

dan distaluri klaknili milakis ujredebSi gadadis meoradi aqtiuri transportis 

meqanizmiT, rac ganapirobebs Na+-isa da Cl--is erTdroul meorad aqtiur tran-

sports (kotransporti, cila-gadamtani TSC). Na+-is ujredSi Sesvla iwvevs lumina-

luri membranis depolarizacias, rac aZlierebs К+-is sekrecias da xels uwyobs 

transepiTeluri potencialis warmoqmnas, es ganapirobebs Cl--is reabsorbcias. pro-

cesi xorcieldeba distaluri klaknili milakis ujredebis luminalur membranaze 

lokalizebuli Na+-is da Cl--is gadamtanis daxmarebiT. amave dros,  bazalur membra-

naze ganTavsebul  Na+/ К+-АТP-azas aqtiurad gamohyavs  Na+ ujredidan da amiT qmnis 
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eleqtroqimiur gradients, romelic uzrunvelyofs Na+–is Sesvlas ujredSi 

luminaluri membraniT. Cl- ujredidan gamodis Cl--is arxiT.  

qerqis Semkreb milakebSi (sur. IX. 5.E,F) Cl- SesaZlebelia reabsorbirdes qimiuri 

gradientis sapirispirod, amitom NaCl-is koncentracia saboloo SardSi SesaZlebe-

lia  Semcirdes ramdenime milimolamde. 

K+-is reabsorbcia, ZiriTadad, mimdinareobs gorglovani filtratis proqsima-

lur milakebSi gavlisas, xolo distalur milakebSi warmoebs Sardis K+-is didi 

nawilis sekretireba. proqsimalur milakebSi K+-is reabsorbcia mimdinareobs aqti-

uri transportiT, xolo misi sekrecia distalur milakebSi xorcieldeba K+/Na+-

cvlis saSualebiT. Na+-is reabsorbciis darRvevisas (mag., Tirkmelzeda jirkvlis 

qerqis ukmarisobisas), K+-is sekrecia mcirdeba da SeiZleba ganviTardes hiperkalie-

mia. amgvarad, Na+/K+-cvla distalur milakebSi aldosteroniT kontrolirebadi Na+-
is reabsorbciis procesis nawilia. am meqanizmis normaluri funqcionireba uzrun-

velyofs yoveldRiurad daaxloebiT 25 miliekvivalenti K+-is gamoyofas im Sem-

TxvevaSic ki, Tu ar warmoebs K+-is Seyvana, an plazmaSi misi koncentracia dabalia. 

Tirkmelzeda jirkvlis qerqis hiperaqtivobisas, Na+-is gaZlierebuli reabsorbcia 

iwvevs K+-is gaZlierebul gamoyofas, rac qmnis organizmSi hipokaliemiis saSiSroe-

bas. 

glukozis reabsorbcia. TirkmelebSi glukoza praqtikulad mTlianad reab-

sorbirdeba da  es procesi  mimdinareobs proqsimalur milakSi (sur.IX.6).  

proqsimaluri klaknili milakis S1-segmentSi moqmedebs meoradi aqtiuri tran-

sportis meqanizmi, romelic xorcieldeba cila-gadamtaniT SGLT2 (sodium/glucose 

cotransporter 2), romelsac aqvs dabali afinuroba glukozisadmi. mas erTdroulad ga-

daaqvs Na+ da glukoza SefardebiT 1:1. am gadamtanis saSualebiT proqsimaluri 

klaknili milakis bolos reabsorbirebulia gafiltruli glukozis 95%.  proqsima-

luri milakis swori milakis S3 segmentis apikalur membranaze aRmoCenilia  gluko-

zis kidev erTi gadamtani SGLT1 , romelic xasiaTdeba maRali TvisobiT glukozi-

sadmi da yovel erT molekula glukozaze gadaaqvs  2Na+.   
glukozis moxvedra sisxlis kapilarebSi pasiuri procesia,  raSic monawileobs 

GLUT2-gadamtani. is gaadvilebuli difuziiT axdens glukozis gadatanas ukan sis-

xlSi. mas aseve gadaaqvs galaqtoza da fruqtoza. galaqtoza sanaTuridan ujredSi 

xvdeba meoradi aqtiuri transportiT SGLT1-is daxmarebiT, xolo fruqtoza — 

pasiurad GLUT5-gadamtaniT.  

aminomJavebis reabsorbcia. cnobilia, rom gafiltruli aminomJavebis 98% re-

absorbirdeba. aminomJavebisaTvis arsebobs sxvadasxva cila-gadamtanebi, romlebic 

specifikuria struqturulad msgavsi L-aminomJavebis calkeuli jgufebisadmi (sur. 

IX. 7). magaliTad, proqsimaluri milakis epiTeliumSi cnobilia cila-gadamtanebi, 

romlebic axorcielebs Na+-isa da Semdegi aminomJavebis erTdroul gadatanas: 1. anionuri aminomJavebi L-glutamati da L-aspartati (2 Na+/1aminomJava); 2. neitraluri L-aminomJavebis umravlesoba (2 Na+/1aminomJava);  3. prolini; 4. β-aminomJavebi (taurini, β-alanini da sxv.).   
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suraTi IX.6. glukozis transporti 

 

gadamtanebis  daxmarebiT, aminomJavebis koncentracia ujredis SigniT, sisxlis 

plazmasTan SedarebiT, ramdenjerme matulobs, rac saSualebas iZleva moxdes ujre-

didan maTi gamosvla intersticialur sivrceSi pasiurad (gaadvilebuli difuzia) 

sxvadasxva gadamtanebiT.  

kaTionuri aminomJavebi (arginini, lizini, ornitini)  ujredSi xvdeba rogorc  

pasiurad, aseve meoradi aqtiuri transportiT Na+-ionTan erTad. am tipis gadamta-

nebs aseve gadaaqvs cisteini da sxva neitraluri aminomJavebic.  

 

 
 

suraTi IX.7.  aminomJavebis transporti 

 

oligopeptidebisa da cilebis reabsorbcia. peptidebis reabsorbcia SesaZle-

belia warimarTos rogorc daSlili, aseve dauSleli formiT. zogierTi di- da tri-

peptidi (magaliTad, karnozini) gamZlea milakis sanaTuris peptidazebis moqmedebis 
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mimarT. maTTvis proqsimaluri milakis ujredebis apikalur membranSi funqcioni-

rebs ori gadamtani, romlebic uzrunvelyofs peptidis da H+-is gadatanas (kotran-

sporti) ujredSi: PерT1 da PерT2. maTi daxmarebiT dipeptidebi meoradi aqtiuri 

transportis daxmarebiT SesaZlebelia transportirdes ujredSi Na+-is gradientis 

mimarTulebiT (sur. IX. 8). aseTi peptidebi Semadgenel aminomJavebad iSleba ujre-

dis SigniT.  

mokle jaWvis mqone peptidebisaTvis cnobilia reabsorbciis kidev erTi gza. 

kerZod, proqsimaluri milakis ujredebis membranaze nanaxia aminopeptidazebis, en-

dopeptidazebisa da γ-glutamiltransferazas (γ-GT), maRali aqtivoba, romelic 

moqmedebs  nefronis sanaTurSi. am fermentebis moqmedebiT milakis sanaTurSi adi-

li aqvs  peptidebis swrafad daSlas Semadgenel aminomJavebad.   

 

 
 

suraTi IX.8.  oligopeptidebis reabsorbcia 

 

didi zomis cilebisaTvis gorglovani filtri ganuvladia, gansakuTrebiT Tu 

isini damuxtulia uaryofiTad. pirvelad SardSi moxvedris SemTxvevaSi, cilebis 

reabsorbcia  mimdinareobs proqsimalur milakebSi endocitozis gziT, romelic 

iwyeba mas Semdeg, rac cilebi urTierTqmedebs specifikur receptorul kompleq-

sebTan. es procesi energodamokidebulia da moiTxovs АТP-is hidrolizs. cilebi 

urTierTqmedebs  receptorebTan, am formiT gadaadgildeba ujredebis mikroxaoe-

bisaken, sadac xdeba maTi gardaqmna  ujredSida endosomebad. es ukanasknelebi er-

wymis lizosomebs da lizosomuri proteazebiT iSleba aminomJavebad. warmoqmnili  

aminomJavebi gadamtanebis saSualebiT reabsorbirdeba. am procesis mimdinareobi-

sas, cilebTan erTad reabsorbirdeba sxvadasxva vitamini (retinoli, kobalamini, 

qolekalciferoli).   

Sardovanasa da amiakis  transporti.  NH3-is  gamodevnas organizmidan safuZ-

vlad udevs difuziis principi. amiaki epiTeliumSi xvdeba aminomJavebis cvlis Sede-

gad, ZiriTadad glutaminis cvlisas. amiaki kargad ixsneba cximSi da iolad xvdeba 

SardSi membranis gavliT.  SardSi wyalbadis kaTionis arsebobis gamo amiaki wonaswo-

robaSia amoniumis ionTan.  
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NH3 + H+→NH4
+ 

amiakisagan gansxvavebiT, amoniumis ioni Znelad gadis membranaSi da ukavSirdeba 

ra anionebs, gamoiyofa SardTan erTad. amrigad, mJave Sardi, romelic Seicavs didi 

raodenobis H+-s, xels uwyobs amiakis  eqskrecias.  

proqsimaluri milaki ganvladia SardovanasTvis, amitom am segmentis damTavre-

bamde pasiurad reabsorbirdeba gafiltruli Sardovanas daaxloebiT naxevari (sur. 

IX. 9А). vinaidan henles maryuJi CaZirulia SardovaniT mdidar Tirkmlis tvinovani 

nivTierebis intersticiumSi, Sardovana transportirdeba intersticiumidan hen-

les maryuJis wvril daRmaval milakSi, romlis kedelSi lokalizebulia Sardovanas 

II tipis gadamtani  — UT2 (Urea Transporter).  
henles maryuJis aRmaval segmentSi Sardovana transportirdeba difuziiT pasi-

urad koncentraciuli gradientis mimarTulebiT. intersticialur sivrceSi Sar-

dovanas koncentracia aRemateba mis Semcvelobas henles maryuJis aRmavali milakis 

sanaTurSi. 

nefronis sxva segmentebi (henles maryuJis msxvili aRmavali da distaluri arxe-

bi, aseve qerqovani da gare Semkrebi arxi) ganuvladia SardovanasTvis, amitom misi 

Semcveloba nefronis sanaTurSi izrdeba am segmentebSi wylis reabsorbciis para-

lelurad.  Sardovanasadmi ganvladia mxolod Semkrebi milakebis qveda ganyofile-

bis kedlebi. swored am nawilebis ujredebis apikalur membranaze lokalizebulia 

gadamtani UT1, xolo bazolateralur membranaze — gadamtani UT4.  maTi daxmarebiT 

Sardovana Semkrebi milakebis sanaTuridan qimiuri gradientis mimarTulebiT gada-

itaneba ujredSi, xolo aqedan tvinovani nivTierebis intersticiumSi (sur.IX.9В).  

sabolood mimdinareobs Sardovanas cirkulacia henles maryuJis wvril daRmaval 

da aRmaval segmentebsa da Semkreb milaks Soris, romelic lokalizebulia Tir-

kmlis tvinovani nivTierebis siRrmeSi (sur. IX. 9C,D).  

 

 
 

suraTi IX.9. Sardovanas transporti da reabsorbciis meqanizmi 
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Semkrebi milakis modularuli ganyofilebidan, sadac Zalian maRalia Sardova-

nas ganvladoba, gansakuTrebiT antidiurezuli hormonis Tanaobisas, Sardovana 

koncentraciuli gradientiT pasiurad Sedis Tirkmlis tvinovan nivTierebaSi, sa-

dac misi koncentracia imdenad izrdeba, rom aRemateba mis Semcvelobas daRmaval 

wvril da aRmaval milakebSi, romlebic ganvladia Sardovanasadmi.   

nefronis Semdgomi ganyofilebebi — henles maryuJis msxvili segmenti, distalu-

ri da Semkrebi milakebis didi nawili, ganuvladia Sardovanasadmi, ris gamoc mas ar 

SeuZlia nefronis am nawilebis datoveba da monawileobs Sardis koncentrirebis 

procesSi. es procesi grZeldeba manam, sanam Sardi ar datovebs organizms.   

reabsorbciis garda,  Tirkmlis milakebSi mimdinareobs zogierTi ionisa da niv-

Tierebis  sekreciac. sekrecia — es aris procesi, romelic mimarTulia nivTierebe-

bis aqtiur gadatanaze sisxlidan milakebis ujredebis gavliT SardSi (organuli, 

ucxo naerTebi, Sualedi metabolitebi, eleqtrolitebi da sxv.). sekrecia SesaZle-

belia iyos aqtiuri, anu gamoyenebuli iyos satransporto sistemebi da ATP-is ener-

gia da aseve pasiuric. magaliTad, kaliumis ionis SemTxvevaSi.  

IX.1.3. Tirkmelebis funqciuri 

mdgomareobis bioqimiuri maxasiaTeblebi 

rogorc zemoT iyo aRniSnuli, TirkmelebSi sisxlis gavlis Sedegad sisxlidan 

ama Tu im nivTierebis moSorebis procesis intensivoba xasiaTdeba Sesabamisi nivTie-

rebis klirensiT, anu gasufTavebis koeficientiT. im nivTierebis klirensi, romlis 

koncentracia plazmasa da gorglovan filtratSi erTnairia, romelic ar reabsor-

birdebada ar ganicdis metabolizms Tirkmelebis milakebSi (milakebis epiTeliumSi), 

miRebulia gorglovani filtraciis siCqaris sazomad. aseT moTxovnebs akmayofilebs 

inulini (mcenareuli polisaqaridi, romelic agebulia β-2,1 bmebiT dakavSirebuli 

fruqtozis 27-35 monomerisagan da erTi α-D-glukozis naSTisagan polimeris bolo-

Si). mamakacebSi inulinis klirensi tolia 125 ml/wT sxeulis zedapiris 1,73 m2-ze (es 

sidide SedarebiT dabalia qalebisTvis). maSasadame, nebismieri nivTiereba, romelic 

araa plazmis cilebTan dakavSirebuli, srulad ifiltreba gorglebSi, magram aqvs 

klirensis ufro dabali mniSvneloba, vidre inulins, readsorbirdeba gorglovani 

filtratidan Tirkmelebis milakebSi. aseTi nivTierebebis ricxvs ganekuTvneba: Na+, 

Cl-, K+, H2O, glukoza, Sardovana, aminomJavebi da Sardis mJava. nebismieri nivTiereba, 

romlis klirensi metia inulinis klirensze — sekretirdeba SardSi milakebis ujre-

debis mier. am nivTierebaTa ricxvs ganekuTvneba NH4
+, H+, N1-meTil-nikotinamidi, 

penicilini, n-aminohipuris mJava, fenolsulfoftaleini da sxv. 

n-aminohipuris mJavas (n-ahm) milakovani sekrecia imdenad Zlieria, rom plazmaSi 

misi zomieri koncentraciisas Tirkmlis venis sisxlSi igi metad umniSvnelo raode-

nobiT rCeba. am pirobebSi n-ahm-as klirensi warmoadgens Tirkmelebis gavliT plaz-

mis saerTo dinebis sazoms. es sidide daaxloebiT 650 ml/wT-ia sxeulis 1,73 m2 far-

Tobze. inulinis klirensis fardobas n-ahm-as klirensTan ewodeba filtraciis wili 

da normalur SemTxvevaSi, igi daaxloebiT 18%-is tolia. 

Tirkmelebis eqskretoruli funqciis maxasiaTebeli parametria,  aseve, satran-

sporto maqsimumi (Tm). es aris Tirkmelebis maqsimaluri unari, awarmoon ama Tu im 

nivTierebis reabsorbcia an sekrecia. magaliTad, vinaidan glukozis eqskrecia praq-

tikulad ar xdeba, Tu misi koncentracia plazmaSi tolia 0,1%-is (100 mg/%, anu 100 
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mg/100 ml), Tirkmelebis proqsimalur milakebSi unda mimdinareobdes 125 mg gluko-

zis reabsorbcia 1 wT-Si plazmaSi glukozis donis 0,4%-mde gazrdisas, glukozis 

sruli reabsorbciisaTvis gorglovani filtraciis siCqare (klirensi) unda iyos 

500 mg/wT. magram am pirobebSi glukozis sruli reabsorbcia ar xdeba da igi gamoi-

yofa 200 mg/wT siCqariT. sxvaoba (300 mg/wT) Seesabameba maqsimalur siCqares, romli-

Tac Tirkmelebs SeuZliaT glukozis reabsorbcia. es sidide aRiniSneba, rogorc Tm 

glukozisTvis. 

Tirkmelebis funqciur testebSi inulinis klirensis dasadgenad aucilebelia 

pacientebis sisxlSi misi Seyvana. klinikur praqtikaSi am testis gamoyeneba mizanSe-

wonili araa inulinis araendogenuri bunebis gamo. amitom, Cveulebriv, awarmoeben 

kreatininis klirensis gansazRvras. kreatinini endogenuri nivTierebaa, romelic 

aris sisxlSi normalur SemTxvevaSi da gamoiyofa organizmidan gorglovani fil-

traciis procesis gavlis Sedegad. 

kreatinini, ZiriTadad, warmoiqmneba kunTebis kreatinfosfatis gardaqmnis Se-

degad.  misi dRe-Ramis produqcia SedarebiT mudmivia da normalur SemTxvevaSi da-

mokidebulia mxolod kunTebis saerTo masaze. zrdasrul adamianebSi, kreatininis 

klirensi daaxloebiT 120 ml/wT-ia, sxeulis zedapiris 1,73 m2-ze. 

kreatinini aqtiurad sekretirdeba Tirkmelebis milakebiT, amitom kreatininis 

klirensi aRemateba gfs-is WeSmarit maCvenebels. es sxvaoba umniSvneloa, Tu gfs nor-

mis farglebSia, magram Tu igi dabalia (<10 ml/wT), kreatininis saerTo eqskreciaSi 

mniSvnelovani wvlili Seaqvs milakovan sekrecias. amitom gfs, romelic gansazRvru-

lia kreatininis klirensiT, SecdomiT Cans maRali. agreTve, kreatininis klirensis 

gamosaTvlelad saWiroa kreatininis koncentraciis orjer da Sardis moculobis er-

Txel gansazRvra. am gazomvebidan TiToeuli iZleva Tavis cdomilebas, ramac SeiZle-

ba mniSvnelovnad imoqmedos saboloo Sedegis sizusteze. im SemTxvevaSic ki, Tu paci-

enti kargad asrulebs yvela rekomendacias da gamokvlevebi Catarebulia idealur 

pirobebSi, kreatininis klirensis gazomvebis variaciis koeficientma SeiZleba miaR-

wios 10%-s, xolo Cveulebriv SemTxvevebSi es sidide 2-3-jer ufro maRalia. 

Cveulebriv, filtraciis siCqaris zusti gazomva iSviaTadaa saWiro. zusti ana-

lizebis saWiroebis maCveneblebi Semdegia: Tirkmelebis potenciuri donorebis ga-

mokvlevebi; gamokvlevebi iseTi pacientebisa, romlebsac aReniSnebaT Tirkmelebis 

funqciis minimaluri darRvevebi; sawyisi dozirebis gansazRvra potenciurad toq-

sikuri wamlisa, romelic organizmidan TirkmelebiT gamoiyofa. avadmyofTa umete-

sobisTvis, romelTac dadgenili aqvT Tirkmelebis daavadeba, kreatininis kliren-

sis xelmeored gansazRvra saWiro araa. rogorc wesi, Tirkmelebis funqcia am Sem-

TxvevebSi SeiZleba maRali sarwmunoobiT Sefasdes plazmaSi kreatininis koncen-

traciis seriuli gansazRvrebiT. 

glomeruluri funqciis yvelaze saimedo da martivi bioqimiuri testia kreati-

ninis koncentraciis gansazRvra sisxlis plazmaSi. sakvebad Semwvari xorcis gamoye-

neba iwvevs plazmaSi kreatininis koncentraciis matebas 30%-iT sakvebis miRebidan 7 

sT-is ganmavlobaSi, amitom sisxlis sinjebis aReba rekomendebulia diliT uzmoze. 

plazmaSi kreatininis koncentraciis mcire da droebiT matebas iwvevs Zlieri fizi-

kuri datvirTva. es maCvenebeli damokidebulia kunTebis masaze, amitom kreatininis 

koncentracia 120 mkmol /l SeiZleba normaluri iyos axalgazrda aTletisTvis, mag-

ram gamxdari, 70 wlis qalbatonisTvis Tirkmelebis funqciuri moSlis maCvenebelia 

(Tumca araa aucilebeli amas klinikurad yuradsaRebi mniSvneloba hqondes). 

mozrdilebSi kreatininis koncentraciis normaluri mniSvneloba meryeobs 60-

120 mkmoli/l farglebSi. amavdroulad, calkeul individSi es maCvenebeli varirebs 
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dRiTidRe gacilebiT nakleb farglebSi. klirensis gamosaTvleli formulis Tanax-

mad, gfs-is sidide plazmaSi kreatininis koncentraciis ukuproporciulia. 

kreatininis koncentraciis cvlilebebi plazmaSi SeiZleba xdebodes Tirkmele-

bis mdgomareobisgan damoukideblad, kunTebis masis cvlilebis Sedegad. kreatini-

nis koncentracia klebulobs SimSilis an xangrZlivi avadmyofobis Sedegad. aseve, 

qirurgiuli operaciebis Semdeg an kortikosteroidebiT mkurnalobisas. koncen-

traciis matebas adgili aqvs normaluri kvebis aRdgenisas. Tumca am mizezebiT ga-

mowveuli kreatininis koncentraciis cvlilebebi iSviaTad iwvevs diagnostikur 

Secdomebs. 

orsulobisas gfs izrdeba, rac Cveulebriv kompensirdeba amave periodisaTvis 

damaxasiaTebeli kreatininis sinTezis gaZlierebiT, rac iwvevs plazmaSi kreatini-

nis koncentraciis klebas. 

Tirkmelebis glomeruluri funqciis maxasiaTeblad xSirad iyeneben plazmaSi 

Sardovanas koncentraciis maCveneblebs. Sardovana sinTezdeba RviZlSi, upirate-

sad, rogorc aminomJavebis dezaminirebis produqti. misi gamoyofa SardiT — azotis 

eqskreciis ZiriTadi gzaa. Sardovana sisxlidan ifiltreba gorglebSi, xolo mila-

kebSi mimdinareobs mniSvnelovani raodenobiT misi pasiuri reabsorbcia. am process 

ufro intensiuri xasiaTi aqvs Sardis nakadis dabali siCqarisas. 

Sardovanas sinTezi izrdeba cilebis didi raodenobiT miRebisas, kataboluri 

mdgomareobebis pirobebSi da aminomJavebisa da cilebis Sewovisas kuW-nawlavuri 

sisxldenis Semdeg. Sardovanas sinTezis klebas adgili aqvs mcire raodenobiT ci-

lebiT kvebisas da zogjer RviZlis daavadebebis SemTxvevaSi. plazmaSi Sardovanas 

koncentracia izrdeba organizmis gauwyloebis pirobebSi, vinaidan Tirkmelebis mi-

lakebSi am dros mimdinareobs gaZlierebuli pasiuri reabsorbcia im SemTxvevaSic 

ki, Tu Tirkmelebi normalurad funqcionirebs. 

faqtorebi, romlebic zegavlenas axdens sisxlis plazmaSi Sardovanasa da krea-

tininis koncentraciis fardobaze, mocemulia cxrilSi IX.1. Sardovanas koncentra-

ciis cvlilebebi plazmaSi Tirkmelebis ukmarisobis maCvenebelia, Tumca sanam aRmo-

Cenil cvlilebebs mivawerT Tirkmelebis funqciis darRvevas, aucileblad unda 

ganvixiloT am cvlilebebis araTirkmlovani SesaZleblobebi. 

            

         cxrili IX. 1.  

plazmaSi Sardovanasa da kreatininis koncentraciis 

anomaluri Tanafardobis mizezebi 

 

momateba dakleba 

didi raodenobiT cilebis miReba cilebis mcire raodenoba sakvebSi 

kuW-nawlavis sisxldena hemodializi 

hiperkataboluri mdgomareobebi RviZlis mZime daavadebebi 

gauwylovneba  

Sardis Segubeba  

kunTebis masis Semcireba  

amputacia  

kreatininis daqveiTebuli sinTezi, sxva 

faqtorebi moqmedebs ZiriTadad 

Sardovanas koncentraciaze 
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aseve yuradsaRebia, rom Sardovana advilad difundirebs dializatoris membra-

nebSi da amitom, dializis Catarebisas, plazmaSi Sardovanas koncentraciis kleba 

ar SeiZleba CaiTvalos sisxlidan sxva toqsikuri nivTierebebis moSorebis saimedo 

maCveneblad. 

gfs-is karg maCvenebels warmoadgens sisxlis plazmaSi β2-mikroglobulinis kon-

centraciis sidide. janmrTel adamianebSi es maCvenebeli araa damokidebuli dieta-

ze da kunTebis masaze. β2-mikroglobulini mcire zomis peptidia (12kdal.). is gvxvde-

ba ujredebis umetesobis zedapirze, xolo plazmaSi misi koncentracia sakmaod mci-

rea. es cila srulad ifiltreba gorglebSi, xolo reabsorbirdeba da katabolizde-

ba Tirkmelebis proqsimaluri milakebis ujredebiT. plazmaSi β2-mikroglobulinis 

koncentracia izrdeba zogierTi simsivnuri daavadebisa da anTebiTi procesebis 

dros. radgan β2-mikroglobulini reabsorbirdeba da iSleba Tirkmelebis milakebSi, 

misi eqskreciis gazomva radioimunuri meTodebiT warmoadgens Tirkmelebis milake-

bis mTlianobis Sefasebis mgrZnobiare, Tumca Zvirad Rirebul saSualebas. 

Tu klinikaSi aris radioaqtiur izotopebTan muSaobis SesaZlebloba, gfs-is 

gansasazRvrad saukeTeso saSualebaa avirCioT meTodebi, romlebic emyareba SICr-iT 

niSandebul edta-s (eTilendiamintetraacetatis) an 99mTc-iT niSandebul dtpa-s (di-

eTilentriaminpentaacetati) Seyvanas. es nivTierebebi srulad ifiltreba Tirkme-

lebis gorglebSi, ar sekretirdeba da ar reabsorbirdeba milakebSi. izotopis Sey-

vanis Semdeg iReben sisxlis seriul sinjebs da gfs gamoiTvleba plazmis radioaqti-

urobis klebis siCqaridan gamomdinare, vinaidan es kleba gamowveulia Tirkmelebis 

meSveobiT izotopis organizmidan gamoyofiT. 

gorglebis mTlianobis darRveva iwvevs iseTi didi molekulebis filtracias, 

romlebic Cveulebriv kavdeba TirkmelebiT, rasac mosdevs proteinuria. Tumca 

proteinuria SeiZleba sxva mizezebiTac iyos gamowveuli.          

gorglebis Zlieri dazianebisas SardSi Cndeba eriTrocitebi (hematuria). hema-

turiis gamomwvevi mizezi SeiZleba iyos Sardgamtari gzebis nebismieri ubnis dazia-

neba, magram glomeruluri darRvevebisas eriTrocitebs xSirad aqvs anomaluri 

forma. Tu SardSi warmoqmnili naleqi Seicavs eriTrocitebis Senawebebs (ujredebi, 

romlebic moTavsebulia cilis msgavs matriqsSi), udavoa, rom glomeruluri fun-

qcia darRveulia. 

Tirkmelebis milakebis funqciis testireba tardeba ufro iSviaTad, vidre gor-

glovani funqciis sididis gansazRvra. glukozuria pacientebSi, romelTa plazmaSi 

glukozis normaluri koncentraciaa, miuTiTebs Tirkmelebis proqsimaluri mila-

kebis funqciis moSlaze. es darRveva SeiZleba iyos izolirebuli (Tirkmlovani 

glukozuria) an warmoadgendes milakebis generalizebuli defeqtis nawils (fanko-

nis sindromi). milakebis zogierTi defeqtis gamomJRavnebuli niSani SeiZleba iyos 

aminomJavebis koncentraciis mateba SardSi (gamovlena xdeba aminomJavebis qroma-

tografiiT). proqsimaluri milakebis acidozis gamosavlenad SeiZleba saWiro gax-

des testebis Catareba am milakebiT bikarbonatis reabsorbciaze. distaluri mila-

kebis funqciis Sesafaseblad farTod gamoiyeneba testi wylis deprivaciiT (Tir-

kmelebis koncentraciis unaris Semowmeba) da testebi Sardis SemJavebiT, romlebic 

gamoiyeneba distaluri milakebis acidozis diagnostirebisaTvis. 
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IX.1.4. Tirkmelebis endokrinuli funqcia 

rogorc aRiniSna, Tirkmelebi, eqskretorul da metabolur funqciebTan erTad, 

axorcielebs mniSvnelovan endokrinul funqciebsac. kerZod, isini warmoadgens ise-

Ti hormonebis warmoqmnis adgils, rogorebicaa eriTropoetini da kalcitrioli. 

aseve iRebs aqtiur monawileobas hormon angiotenzinis metabolizmSi,  ferment re-

ninis sekreciis gziT.  

                      

 
 

kalcitrioli (vitamin  D-s aqtiuri forma, romelic aregulirebs fosfatebisa 

da kalciumis ionis cvlas organizmSi) sinTezdeba Tirkmelebis proqsimaluri mila-

kebis ujredebis mitoqondriebSi kalcidiolidan С-1 naxSirbadis hidroqsilirebis 

gziT. es procesi mimdinareobs ferment hidroqsilazas (kalcidiol-1-monooqsige-

nazas) zemoqmedebiT da regulirdeba paraThormoniT (sur. IX.10).    

kalcitriolis ZiriTadi funqcia nawlavebSi Ca2+-ionebis Sewovis aqtivaciaa. 

hormoni astimulirebs Sewovis samive etaps: ujredebis xaoebiani zedapiriT ionis 

dakavebas, kalciumis Sidaujredul transportsa da kalciumis gamoTavisuflebas 

bazolateraluri membranidan ujredSoris areSi. 

kalcitriolis zemoqmedeba nawlavebis epiTelur ujredebze gamoixateba ente-

rocitebiT specialuri Ca2+-damakavSirebeli da matransportirebeli cilebis sin-

Tezis stimulaciaSi. kalcitrioli aseve zrdis nawlavebSi fosfatebis Sewovas. 

TirkmelebSi kalcitriolis efeqti gamoixateba milakovani epiTeliumiT fosfate-

bisa da kalciumis reabsorbciis stimulaciaSi. is aseve gavlenas axdens Zvlovan 

qsovilze. kerZod, hormonis zemoqmedebiT xdeba osteoblastebis pirdapiri stimu-

lireba da Zvlis qsovilis uzrunvelyofa nawlavebiT Sewovili kalciumiT, rac aaq-

tivebs Zvlebis zrdasa da mineralizacias. sxvadasxva qsovilebis (sarZeve jirkvali, 

endokrinuli jirkvlebi, nervuli qsovili) ujredebis membranebze arsebul Sesaba-

mis receptorebze zemoqmedebiT kalcitrioli iwvevs meoradi mesenjeris — diacil-

glicerolis (DAG) warmoqmnas da proteinkinaza C-s aqtivacias. aseve, kalcitrioli 

zegavlenas axdens ujredebSi cAMP-isa da cGMP-is raodeobriv Semcvelobaze. 
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suraTi IX.10. renin-angiotenzin-aldosteronis sistema 

 

kalcitriolis metabolizmis darRvevebi mizezia iseTi daavadebis, rogoricaa 

raqiti, romelic dakavSirebulia Zvlovani qsovilis arasakmaris mineralizacias-

Tan. daavadebis SemTxvevaSi aRiniSneba mzardi Zvlebis boloebze kalciumis fosfa-

tis arasakmarisi daSreveba, rac gamowveulia kalciumis deficitiT, risi mizezi Se-

saZlebelia iyos: 

1. sakvebis racionSi vitamin D3-is nakleboba; 

2. wvril nawlavSi vitamin D3-is Sewovis darRveva; 

3. kalcitriolis winamorbedebis sinTezis daqveiTeba mzeze arasakmarisi droiT 

yofnis gamo; 

4. ferment kalcidiol-1-monooqsigenazas defeqti; 

5. samizne ujredebSi kalcitriolis receptorebis defeqti. 

yovelive es iwvevs nawlavebSi  kalciumis Sewovis daqveiTebas, Sesabamisad, misi 

koncentraciis klebas sisxlSi da Zvlebidan kalciumis ionebis mobilizacias. 

eriTropoetini — glikoproteinuli hormonia, romelic warmoiqmneba RviZlsa 

da TirkmelebSi (intersticialuri fibroblastebis mier). es hormoni akontrolebs 

Zvlovani qsovilis Rerovani ujredebis diferencirebas. eriTropoetinis sekrecia 

stimulirdeba hipoqsiis (pO2↓) dros. ramdenime saaTis ganmavlobaSi hormoni uzrun-

velyofs Zvlis tvinis aradiferencirebuli ujredebis gardaqmnas eriTrocitebad 

(eriTropoezi). Sedegad, eriTrocitebis raodenoba sisxlSi matulobs. Tirkmele-

bis funqciis moSla iwvevs eriTropoetinis sekreciis Semcirebas da anemiis ganviTa-

rebas.     
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eriTropoetinis sekrecia TirkmelebiT Zlierdeba glukokortikoidebis zemoq-

medebiT, rac uzrunvelyofs hemoglobinis donisa da, Sesabamisad, sisxliT qsovile-

bis JangbadiT momaragebis zrdas stresuli mdgomareobebis pirobebSi. hemoglobi-

nis done da eriTrocitebis raodenoba sisxlSi izrdeba egzogenuri eriTropoeti-

nis Seyvanidan ramodenime saaTSi. 

eriTropoetini astimulirebs Zvlis tviniT rkinis, spilenZis, B12 vitaminis, 

foliumis mJavisa da misi warmoebulebis moxmarebas, rac iwvevs sisxlis plazmaSi 

rkinis, spilenZis da B12 vitaminis raodenobis klebas, aseve satransporto cilebis — 

feritinisa da transkobalaminis donis Semcirebas. eriTropoetini zrdis arteri-

ul wnevas, aseve sisxlis siblantes eritrocitaruli masisa da sisxlis plazmis Se-

fardebis gazrdis xarjze. 

eriTropoetinis sinTezis ganmsazRvrel faqtors warmoadgens Jangbadis reJimi 

mTel organizmsa da kerZod TirkmelebSi. am funqciis Semsrulebel struqturul 

erTeuls warmoadgens hemSemcveli cila — citoqromi. misi oqsiforma ainhibirebs 

TirkmelebSi e.w. hipoqsiiT inducirebadi faqtoris — HIF-1-is (Hypoxia-inducible factor, 

HIF) gamomuSavebas. es faqtori sinTezdeba TirkmelebSi wnevis 40-dan — 20 mm sin. sv.-

mde dawevisas. citoqromis aRdgenili forma iwvevs HIF-1-is aqtivobis zrdas, ris Se-

degadac iwyeba eriTropoetinis eqspresia. kerZod, warmoebs fosfolipazas aqtiva-

cia, rac, Tavis mxriv, iwvevs prostaglandinebis aqtivobis zrdas, ris Sedegadac 

xdeba eriTropoetinis gamomuSavebis stimulireba. 

Tirkmelebis  aqtiuri monawileoba organizmis hormonaluri statusis reguli-

rebaSi kargad Cans iseTi sistemis funqcionirebis magaliTze, rogoricaa renin-an-

giotenzuri  sistema, romelic wina TavebSi iyo detalurad ganxiluli (ix. III.2.6.). 

renini (angiotenzinaza) renin-angiotenzinuri sistemis komponentia, romelic 

warmoadgens adamianisa da xerxemliani cxovelebis proteolizur ferments. is ga-

momuSavdeba Tirkmlis gorglebis arteriolebis kedlis specializirebuli ujre-

debis mier, saidanac xvdeba sisxlsa da limfaSi. misi sekrecia kontroldeba tradi-

ciuli hormonaluri ukukavSiris principiT. misi samiznea sisxlis glikoproteini — 

angiotenzinogeni, romelic ZiriTadad sinTezdeba RviZlSi da iqidan sekretirdeba 

sisxlSi. renini axdens angiotenzinogenis molekulaSi ori leicinisagan Semdgari 

peptiduri kavSiris hidrolizs. am procesis Sedegad warmoiqmneba araaqtiuri deka-

peptidi angiotenzini I, romelic angiotenzin-makonvertirebeli fermentis moqme-

debiT gardaiqmneba aqtiur hormonad — angiotenzin II-ad. es ukanaskneli axdens sis-

xlZarRvebis Seviwroebas da, amave dros, astimulirebs Tirkmelzeda jirkvlebis mi-

er aldosteronis sekrecias. es ori efeqti arteriuli wnevis gazrdis mizezi xdeba. 

angiotenzinisaTvis damaxasiaTebelia pirdapiri gavlena proqsimalur milakebze, 

rac zrdis natriumis Sekavebas. zogadad, angiotenzini aZlierebs glomeruluri 

filtraciis siCqares Tirkmlis eferentuli arteriolebis Seviwroebis da Tirkme-

lebSi wnevis gazrdis xarjze (sur. IX.10.). 

IX.1.5. Tirkmlis daavadebebi 

Tirkmlis funqciis ukmarisoba SeiZleba swrafad ganviTardes da gamoiwvios 

Tirkmelebis mwvave ukmarisobis sindromi. aseTi darRvevebi potenciurad Seqceva-

dia: Tu pacientma gadaitana mwvave Seteva, Tirkmelebis normaluri funqcia SeiZle-

ba aRdges. Tirkmelebis qronikuli ukmarisoba viTardeba TandaTanobiT, xSirad 

mravali wlis ganmavlobaSi. es Seuqcevadi procesia da bolos terminalur stadias 



 

 412 

aRwevs. terminalur stadiaze pacientis sicocxlis SesanarCuneblad saWiroa an xan-

grZlivi mkurnaloba Tirkmelebis funqciis CanacvlebiT (dializi), an Tirkmlis 

transplantacia. 

terminiT `glomerulonefriti~ aRniSnaven Tirkmelebis daavadebaTa jgufs, ro-

melic xasiaTdeba Tirkmelebis gorglebSi (glomerulebSi) paTologiuri cvlile-

bebiT, romelsac imunologiuri safuZveli aqvs. glomerulonefriti SesaZlebelia 

gamomJRavndes sxvadasxvanairad: rogorc mwvave nefrotuli sindromi — hematuri-

iT, hipertenziiTa da SeSupebiT; rogorc Tirkmelebis mwvave an qronikuli ukmari-

soba, an rogorc proteinuria, romelic iwvevs e.w. nefrotul sindroms (proteinu-

ria, hipoproteinemia da SeSupeba). 

arsebobs mravali daavadeba, romelTa mizezia Tirkmelebis milakebis funqcie-

bis moSla. Tumca am daavadebaTa umetesoba iSviaTad gvxvdeba. maTi metaboluri da 

klinikuri Sedegebi icvleba trivialuridan (mag., izolirebuli Tirkmlovani glu-

kozuria) mZimemde (mag., cistinuria). 

Tirkmlovani hipertonia. garda imisa, rom Tirkmelebi mniSvnelovan rols Tama-

Sobs ujredgare siTxis moculobisa da Semadgenlobis SenarCunebaSi, isini aseve mo-

nawileobs wnevis homeostatikur kontrolSic. adamianebSi hipertoniis zogierTi 

forma dakavSirebulia sxvadasxva Tirkmlovan darRvevasTan. ZaRlebSi hipertoniis 

gamowveva SesaZlebelia Tirkmelebis arteriebis nawilobrivi gadaketviT, rac iw-

vevs Tirkmelebis sisxlis mimoqcevis SezRudvas. es procedura efeqturia Tirkme-

lebis denervaciis Semdegac, rac migvaniSnebs eqsperimentuli hipertoniis am tipis 

paTogenezis humorul meqanizmze. rogorc cnobilia, fermenti renini (aspartil-

proteinaza), romelic  sinTezdeba da sekretirdeba Tirkmlebidan, aqtiuradaa Car-

Tuli hormon angiotenzini II-is warmoqmnaSi. es ukanaskneli ganapirobebs esencia-

luri hipertoniis ganviTarebas. angiotenzini II swrafad iSleba peptidazebiT, rom-

lebic aqtiuria yvela qsovilSi, gansakuTrebiT nawlavebsa da TirkmelebSi. reninis 

warmoqmna da gamoyofa xorcieldeba e.w. iugstaglomeruluri aparatiT, sadac aR-

moCenilia specifikuri baroreceptorebi, rac am sistemas aniWebs arteriuli wnevis 

homeostatikuri kontrolis SesaZleblobas. garda amisa, sisxlis moculobis kleba 

da aseve, ujredgare Na+-is an K+-is koncentraciis Semcireba, moqmedebs rogorc 

stimulatorebi. es faqtorebi, simpaTikuri nervuli sistemis monawileobiT, ganapi-

robebs reninis sinTezisa da gamoyofis gaZlierebas. angiotenzini II aseve moqmedebs 

uSualod Tirkmelzeda jirkvalze da iwvevs aldosteronis sekreciis stimulacias. 

Sedegad mimdinareobs Na+-is Sekaveba.  

Tirkmelebis mwvave ukmarisoba. es daavadeba xasiaTdeba Tirkmelebis funqciis 

swrafi gauaresebiT, rac iwvevs Sardovanas, kreatininis, H+-isa da metabolizmis 

sxva produqtebis Sekavebas da xSirad (magram ara yovelTvis) oligurias (<400 ml 

Sardi dRe-RameSi). Tumca aseTi darRvevebi potenciurad Seqcevadia, maTi Sedegebi 

homeostatikuri meqanizmebisaTvis imdenad seriozulia, rom Tirkmelebis mwvave uk-

marisobis dros sikvdilianoba sakmaod maRalia. amasTanave, Tirkmelebis mwvave uk-

marisoba xSirad uviTardebaT im pacientebs, romlebic ukve mZime avadmyofebi arian. 

Tirkmelebis mwvave ukmarisoba pirobiTad iyofa sam kategoriad imis mixedviT, 

Tu rogori saxis dazianebiTaa gamowveuli. esenia: prerenaluri (TirkmelebSi sis-

xlis mimoqcevis daqveiTeba); intrarenaluri (Tirkmelebis dazianeba); postrenalu-

ri (Sardgamtari gzebis obstruqcia). 

termini `uremia~ (Sardis arseboba sisxlSi) xSirad gamoiyeneba, rogorc sinonimi 

terminisa `Tirkmelebis ukmarisoba~ (rogorc mwvave, aseve qronikuli).  



 

 413

Tirkmelebis mwvave prerenaluri ukmarisoba viTardeba Tirkmelebis sisxliT 

arasakmarisi momaragebisas, rac SeiZleba gamowveuli iyos sisxldeniT, damwvrobe-

biT, siTxis dakargviT, gulis ukmarisobiT an hipotenziiT, rac iwvevs Tirkmelebis 

hiperfuzias da gfs-is klebas. Tirkmelebis hiperfuzia iwvevs Zlier renalur vazo-

konstruqcias, romelsac Tan sdevs sisxlis dinebis gadanawileba TirkmelebSi, rac 

iwvevs gfs-is klebas, Tirkmelebis milakebis funqciis SenarCunebis fonze. Tu pre-

renalur uremias ar vumkurnalebT, igi SeiZleba ganviTardes intrarenalur uremi-

amde (Tirkmelebis milakebis mwvave nekrozi). movlenaTa amgvari ganviTareba SeiZle-

ba aviciloT Tavidan, Tu Tirkmelebis perfuzia aRdgeba manamde, sanam maTSi ganvi-

Tardeba struqturuli cvlilebebi. 

Tirkmelebis mwvave prerenaluri ukmarisoba aris normaluri fiziologiuri 

reaqcia sisxlis wnevis klebaze (hipovolemia). renin-angiotenzin-aldosteronuli 

sistemis stimulacia da vazopresinis sekrecia iwvevs mcire moculobis Zlier kon-

centrirebuli Sardis warmoqmnas, romelic xasiaTdeba Na+-is dabali SemcvelobiT. 

Tirkmelebis milakebis funqcia ar irRveva, magram gfs-is Semcireba iwvevs sxvadas-

xva nivTierebebis, kerZod, Sardovanasa da kreatininis Sekavebas (Cveulebriv, Sar-

dovana da kreatinini ifiltreba da eqskretirdeba). distalur milakebSi Na+-is ga-

dasvlis Semcireba arRvevs wyalbadisa da kaliumis ionebis eqskrecias, amitom Tir-

kmelebis mwvave ukmarisobis damaxasiaTebeli niSnebia: acidozi (wyalbad-ionTa kon-

centraciis mateba) da hiperkaliemia. 

Tirkmelebis mwvave intrarenuli ukmarisoba SeiZleba warmoiqmnas organizmis 

sxvadasxva mdgomareobisas (cxr. IX.3). SemTxvevebis umetesoba Sedegia an nefrotoq-

sinebis moqmedebisa, an Tirkmelebis iSemiis. orive mizezs mivyavarT Tirkmelebis mi-

lakebis nekrozamde. intrarenuli uremiis SedarebiT iSviaTi mizezebia Tirkmele-

bis specifikuri daavadebebi, romlebic iwvevs Tirkmelebis Zlier dazianebas. in-

trarenuli uremiis paTogenezi bolomde gasagebi araa da yovel calkeul SemTxve-

vaSi mniSvnelovani SeiZleba iyos sxvadasxva faqtori. 

Tirkmelebis mwvave ukmarisobisas anamnezSi xSirad aris mZime travmebi, qirur-

giul CarevasTan dakavSirebuli sisxldenebi, sefsisi an potenciurad nefrotoqsi-

kuri wamlebis miReba. prerenaluri uremiis dros Sardi koncentrirebulia, magram, 

dazianebis ganviTarebis Semdeg, Tirkmelebis milakebi kargavs Sardis koncentrire-

bis unars da Sardis ionuri Semadgenloba uaxlovdeba plazmisas. am dros yovel-

Tvis viTardeba proteinuria, xolo Sardi, masSi sisxlidan gadmosuli hemSemcveli 

pigmentebis gamo, iRebs muq fers. 

Tirkmelebis mwvave ukmarisobisaTvis damaxasiaTebeli sisxlis plazmaSi mimdi-

nare bioqimiuri cvlilebebi moyvanilia cxrilSi IX.4. aseT SemTxvevebSi Cveulebri-

via hiponatriemia. mis ganviTarebas iwvevs iseTi faqtorebi, rogoricaa JangviTi me-

tabolizmis procesSi wylis gaZlierebuli warmoqmna, wylis xangrZlivi miReba an 

siTxis gaumarTleblad didi odenobiT Seyvana, wylis gamoyofis Semcireba da, SesaZ-

lebelia, gaxsnili nivTierebebis dakargva ujredebis mier. 

hiperkaliemia viTardeba kaliumis eqskreciis Semcirebis Sedegad, rac SeTavse-

bulia ujredebidan ujredgare siTxeSi kaliumis gamosvlasTan (qsovilebis dazia-

nebisas) da ujredebSi darCenili wyalbadis ionebis ujredSida buferulobasTan. 

wyalbadis ionebis Semcirebuli eqskrecia iwvevs ararespiratorul acidozs. fos-

fatis Sekaveba da ujredSida fosfatis gadineba intersticialur siTxeSi iwvevs hi-

perfosfatemias, romelic ainhibirebs 25-hidroqsiqolekalciferolis 1-hidroqsi-

lirebas kalcitriolis warmoqmniT. Sedegad, plazmaSi mcirdeba kalcitriolis 

koncentracia, ris gamoc Zvlis qsovili xdeba rezistentuli paraTireoiduli hor-
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monis mimarT. warmoiqmneba hipokalciemiis tendencia. garda amisa, aseT SemTxveveb-

Si, magniumis eqskreciis Semcirebis gamo, misi koncentracia plazmaSi izrdeba. 

Tu pacienti gadaitans avadmyofobis mwvave fazas, ramdenime dReSi an kviraSi 

(saSualod 10-11 dRe) diurezi, rogorc wesi, iwyebs matebas, rac niSnavs diurezuli 

fazis dawyebas. gfs izrdeba, magram Tirkmelebis milakebis funqciis mniSvnelovani 

gaumjobeseba sawyis etapze ar xdeba. 

 

cxrili IX.3.  

 

Tirkmelebis mwvave intrarenaluri ukmarisoba 

 

mizezebi magaliTebi 

Tirkmelebis specifikuri daavadebebi da 

aseve sistemuri daavadebebi, romlebic 

exeba Tirkmelebs 

progresirebadi glomerulonefriti; 

sistemuri wiTeli mglura 

nefrotoqsikuri nivTierebebi 

aminoglikozidebi; cisplatini; 

cefalosporinebi; wamlebi da 

toqsinebi 

Tirkmlebis hiperfuzia 

hipotenzia;  sisxldena;  sefsisi; 

damwvrobebi; xangrZlivi dawolis 

sindromi 

intrarenaluri obstruqcia bens-jonsis cila 

 

 

Sardis Semadgenloba uaxlovdeba ucilo plazmis Semadgenlobas. am fazis dros 

Sardis dRe-Ramis moculoba SeiZleba aRematebodes 5 l-s. SardSi ionebis maRali 

koncentraciis gamo, warmoiqmneba gauwyloebisa da kaliumisa da natriumis dakar-

gvis riski. diurezuli fazis dawyeba niSnavs avadmyofis klinikuri mdgomareobis 

gaumjobesebas, Tumca am periodSi Sardovanasa da kreatininis koncentracia plaz-

maSi ar mcirdeba, vinaidan gfs jer kidev dabalia da araa sakmarisi am nivTierebebis 

Warbi raodenobis gamosayvanad. Sardovanas maRali koncentracia plazmaSi da, Sesa-

bamisad, gorglovan filtratSi, astimulirebs diurezs osmosuri meqanizmebis sa-

SualebiT. Tirkmelebis milakebis funqciis aRdgenamde SenarCunebulia acidozi. am 

fazaSi SesaZlebelia plazmaSi kalciumis koncentraciis zrda, gansakuTrebiT e.w. 

zewolis sindromis dros (dazianebuli kunTebidan kalciumis gamosvlis gamo). 

plazmaSi paraTireoiduli hormonis koncentraciis droebiTi momateba axdens kal-

citriolis sinTezis stimulacias da aseve SeiZleba gamoiwvios hiperkalciemiac. 

aRdgenis fazaSi, rodesac Tirkmelebis milakebis ujredebi TandaTanobiT rege-

nerirdeba da milakebis funqcia aRdgeba, diurezi klebulobs da Tirkmelebis fun-

qciis sxvadasxva darRveva qreba. pacientebi, romlebmac gadaitanes avadmyofobis 

mwvave faza, Cveulebriv, sruliad gamojanmrTeldebian. 

Tirkmelebis mwvave ukmarisobis Zalian mZime SemTxvevebisas adgili aqvs Tirkme-

lebis qerqis nekrozs da Tirkmelebis funqcia aRar eqvemdebareba aRdgenas. 

Tirkmelebis mwvave postrenaluri ukmarisobis dros xdeba Tirkmlis milakebis 

xelmeored dazianeba. amis mizezia Sardis gamoyofis gzaze arsebuli winaaRmdego-

bebiT gamowveuli hidrostatikuri wnevis zrda, rac ewinaaRmdegeba glomerulur 

filtracias. am mdgomareobis gaxangrZliveba iwvevs milakebis dazianebas. efeqti 

SeiZleba gamoiwvios qviSis arsebobam TirkmelebSi, winamdebare jirkvlis gadide-
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bam, Sardis gamomyofi gzebis simsivneebma da retroperitonulma fibrozma. xSir 

SemTxvevaSi efeqti cvladi an arasrulia da, Sesabamisad, Sardis warmoqmna SeiZleba 

iyos normaluri, xolo gamoyofa — Warbi. postrenaluri ukmarisobisas Tirkmelebis 

dazianebis Seqcevadobis xarisxi damokidebulia obstruqciis xangrZlivobaze. mwva-

ve obstruqciisas Tirkmelebis funqciis aRdgenis albaToba ufro maRalia. 

Tirkmlebis qronikuli ukmarisoba. mravali paTologiuri procesi iwvevs Tir-

kmelebis funqciis progresirebad da Seuqcevad moSlas, rac ganpirobebulia fun-

qcionirebadi nefronebis raodenobis klebiT. pacientebSi simptomebi SeiZleba ar 

gamovlindes manam, sanam gfs ar daecema 15 ml/wT-mde da ufro qvemoT. mkurnalobis 

gareSe avadmyofoba progresirebs Tirkmelebis terminalur ukmarisobamde, romlis 

drosac konservatoruli Terapia aRar aris efeqturi. am SemTxvevaSi pacientis si-

cocxlis gadasarCenad aucilebelia dializi an Tirkmlis transplantacia. drois 

monakveTi avadmyofobis pirvel niSnebsa da bolo stadias Soris SeiZleba iyos sxva-

dasxva xangrZlivobis — ramdenime kviridan ramdenime wlamde. Tirkmelebis qroniku-

li ukmarisobis mqone pacientebis ZiriTadi paTologiuri da klinikuri simptomebi 

erTnairia imis miuxedavad, Tu ra aris daavadebis mizezi. 

cxrili IX.4. 

bioqimiuri cvlilebebi sisxlis plazmaSi 

Tirkmelebis mwvave ukmarisobis dros 

 

 

 

 

 

 

 

 

 

 

 

terminaluri ukmarisobis mniSvnelovani metaboluri maCveneblebi mocemulia 

cxrilSi IX. 4. da IX. 5. marTalia, Sardis koncentrirebis procesi darRveulia, mag-

ram poliuria arasodes ar aris Zlieri (araumetes 4 l dReSi), vinaidan gfs Zlier 

dabalia. Sardis xvedriTi wona praqtikulad mudmivia. natriumis balansi Cveuleb-

riv SenarCunebulia manam, sanam gfs ar mcirdeba 20 ml/wT-mde. avadmyofTa umeteso-

baSi vlindeba natriumis SenarCunebis tendencia, Tumca mZime SemTxvevebSi, adgili 

aqvs Tirkmelebis mier Na+-is dakargvas — e.w. `gaumarilebis sindroms.~  

hiperkaliemia — Tirkmelebis qronikuli ukmarisobis gviani gamovlinebaa. igi Se-

iZleba provocirebuli iyos Tirkmelebis funqciis uecari gauaresebiT an kaliumis 

Semcveli diuretikebis gaumarTlebeli gamoyenebiT. 

qronikuli ukmarisobisas pacientebSi vlindeba acidozis ganviTarebis tenden-

cia. Sardis buferuli SesaZleblobebi uaresdeba fosfatis eqskreciis da amiakis 

sinTezis Semcirebis gamo. xSirad  mcirdeba nefronTa SesaZlebloba sisxlSi para-

Tireoiduli hormonis momatebuli koncentraciis gamo, reabsorbcia gaukeTos ga-

filtrul bikarbonats. marTalia, plazmaSi H+-is koncentracia gazrdilia, xolo 

bikarbonatisa — Semcirebuli. es cvlilebebi progresirebs nela, Zvlis qsovilSi 

wyalbadis ionebis Warbi raodenobis gamo. 

momateba dakleba 

kaliumi 

wyalbadis ionebi 

Sardovana 

Sardis mJava 

marilebi 

kreatinini 

fosfati 

magniumi 

natriumi 

bikarbonati 

kalciumi 
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cxrili IX.5. 

 

Tirkmelebis qronikuli ukmarisobis klinikuri maxasiaTeblebi 

 

nevrologiuri 

moduneba,  periferiuli neiropaTia 

gul-sisxlZarRvovani 

anemia, hipertenzia, perikarditi

ConCx-kunTovani 

arasakmarisi zrda, tkivilebi 

ZvlebSi, miopaTia 

kanis 

qavili, sifermkrTale, purpura

kuW-nawlavuri 

anoreqsia, Rebineba, kuW-nawlavuri 

sisxldenebi 

Sard-sasqeso 

Ramis Sardis gamoyofa, 

impotencia 

 

Tirkmelebis qronikuli ukmarisobisas pacientebis umetesobaSi viTardeba hipo-

kalciemia, romelic garkveuli drois mere iwvevs osteodistrofias. Zvlebis am daa-

vadebis paTogenezi sakmaod rTulia. fosfatis Sekaveba qmnis hiperfosfatemiis ten-

dencias, rac aferxebs kalcitriolis sinTezs da iwvevs hipokalciemias. amis Sedegad 

izrdeba paraTireoiduli hormonis sekrecia (meoradi hiperparaTireozi). paraTire-

oiduli hormonis Warbi raodenoba amcirebs fosfatis reabsorbcias yvela nefronSi. 

sabolood, fosfatis eqskreciis malimitirebeli faqtori xdeba gfs-is Semcireba. 

amis Sedegia mdgradi hiperfosfatemia. Tu fosfatis koncentracia imdenad maRalia, 

rom aRemateba kalciumisa da fosfatis xsnadobis namravls ([Ca2+]x[Paraorg.]), SeiZleba 

ganviTardes metastazuri kalcifikacia. es paTologia gansakuTrebiT SesamCnevia 

sisxlZarRvebsa da ZvlebSi, sadac warmoiqmneba sklerotuli naleqebi. Tirkmelebis 

ukmarisobis Sors wasuli formis dros, funqcirebadi qsovilis moculobis kleba 

aseve xels uwyobs kalcitriolis produqciis Semcirebas. Zvlis qsovilSi warmoqni-

li darRvevebis sxva mniSvnelovan mizezs warmoadgens Zvlebis mier wyalbadis ionebis 

dabufereba, rac iwvevs demineralizacias. 

kalcitriolis sinTezze zemoqmedebis garda, Tirkmelebis qronikuli ukmariso-

bis endokrinuli Sedegebia testosteronisa da estrogenebis sinTezis Semcireba, 

gadaxrebi farisebri jirkvlis funqciaSi, glukozisadmi tolerantobis darRveva 

hiperinsulinemiis fonze, rac gamowveulia insulinisadmi rezistentulobiT. amas-

Tanave, insulin-damokidebuli diabetiTa da Tirkmelebis paTologiebiT erTdrou-

lad daavadebul pacientebSi insulinis moTxovna xSirad Semcirebulia, vinaidan 

mimdinareobs insulinis metabolizireba TirkmelebiT. 

nefrotuli sindromi. Tu cilis didi raodenoba eqskretirdeba SardSi (5 g-ze 

meti dRe-RameSi), pacients SeiZleba ganuviTardes  hipoproteinemia. RviZlSi mimdi-

nareobs didi raodenobiT cilis sinTezi, magram endocitozis Semdeg filtrireba-

di cilis ZiriTadi nawili katabolizdeba Tirkmelebis milakebis ujredebiT da am-

gvarad Sordeba sisxlis nakads, Tumca ar eqskretirdeba SardiT. nefrotuli sin-

dromis warmoqmnis pirobebi mocemulia cxrilSi IX.6. 

proteinuriis done yovelTvis araa Tirkmelebis daavadebis simZimis maCvenebe-

li. magaliTad, minimaluri glomerulonefritis dros proteinuriis done SeiZleba 

iyos ufro maRali, vidre pacientebSi Tirkmelebis gorglebis ufro agresiuli da-

zianebebiT. minimaluri glomerulonefriti xSirad eqvemdebareba kortikosteroi-

debiT an imunosupresiuli preparatebiT mkurnalobas. glomerulonefritis sxva 

tipebi, rogorc wesi, mkurnalobisadmi ufro mdgradia. 
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cilebis dakargvis mkurnaloba, Cveulebriv, xdeba cilebis maRali da marilebis 

dabali Semcvelobis dietiT, Tumca daqveiTebuli mada da sakvebi nivTierebebis Se-

wovis darRveva, nawlavebis SeSupebis gamo, amcirebs am mkurnalobis efeqturobas. 

Tu nefrotul sindroms Tan axlavs Tirkmelebis ukmarisoba, cilebiT mdidari sak-

vebi sifrTxiliT unda davniSnoT. mniSvnelovania, ar gamoviwvioT Zlier swrafi di-

urezi, vinaidan Sedegad SeiZleba miviRoT hipovolemia da, Sesabamisad, Tirkmelebis 

funqciis moSla. aseve Tavidan unda aviciloT organizmis gaRaribeba kaliumiT. 

aseT SemTxvevebSi diuretikis saxiT mizanSewonilia spironolaqtonis daniSvna, ase-

ve damatebiT SeiZleba dainiSnos Tiazidebi da furosemidi. sasicocxlod mniSvne-

lovania infeqciebis Tavidan aSoreba. am mizniT xSirad atareben antibiotikebiT 

profilaqtikas. Trombozebis Tavidan asacileblad, romlebic Tirkmelebis venebis 

dazianebis gamo iwvevs proteinuriis gaZlierebas, aucilebelia antikoagulantebis 

profilaqtikuri gamoyeneba. 

 

cxrili IX. 6. 

 

Tirkmelebis daavadebis terminaluri 

stadiis metaboluri da bioqimiuri Sedegebi 

 

bioqimiuri cvlilebebi plazmaSi
metaboluri cvlilebebi 

momatebulia daklebulia 

Sardis koncentrirebis da ganzavebis 

darRveva 

kaliumi natriumi 

eleqtrolitebisa da wyalbadis ionebis 

homeostazis darRveva 

Sardovana 

kreatinini 

bikarbonati 

kalciumi 

metabolizmis produqtebis gamoyofis 

Sekaveba 

wyalbadis ionebi 

fosfati 

magniumi 

 

 D  vitaminis metabolizmis darRveva   

eriTropoetinis sinTezis Semcireba   

 

Tirkmelebis milakebis dazianebebi. dazianebebi Tirkmelebis milakebSi SeiZleba 

iyos Tandayolili an SeZenili. am darRvevebma SeiZleba gamoiwvios erTi an ramdeni-

me funqciis moSla. Tandayolili darRvevebi iSviaTia, magram maTi klinikuri Sede-

gebi dakavSirebulia organizmis mier iseTi nivTierebebis dakargvasTan, romlebic 

normalur SemTxvevebSi nawilobriv an mTlianad readsorbirdeba milakebSi. 

fankonis sindromi warmoadgens Tirkmelebis milakebis funqciis generalize-

bul moSlas, romelic xasiaTdeba glukozuriiT, SardSi aminomJavebis arsebobiT, 

fosfaturiiTa da acidoziT. is SeiZleba warmoiqmnas meoradad sxvadasxva paTolo-

giuri mdgomareobis Sedegad (cxr. IX. 7). erT-erTi aseTi daavadebaa cistinozi, anu 

liniak-fankonis daavadeba. cistinozi iSviaTi Tandayolili daavadebaa, romelic 

gamowveulia lizosomebidan cistinis transportis darRveviT. es iwvevs cistinis 

dagrovebas da kristalebis saxiT mis gamoyofas mraval qsovilSi, maT Soris Tirkme-

lebSic. cistinoziT daavadebuli axalSobilebi cudad viTardebian. maT uviTarde-

baT raqiti da poliuria TandarTuli gauwylovnebiT, rac Tirkmelebis ukmarisobis 

mizezia. am daavadebis specifikuri mkurnaloba ar arsebobs. cistinozi ar unda ag-

verios cistinuriaSi (Tirkmelebis milakebSi satransporto procesebis darRveva). 
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fankonis sindromi SeiZleba ganuviTardes axalgazrda zrdasrul adamianebsac. daa-

vadeba memkvidreobiTia, Tumca defeqtis buneba araa garkveuli. 

Tirkmelebis milakovani acidozi (Tma). arsebobs Tirkmelebis milakovani acido-

zis ramdenime tipi. maT Soris gansakuTrebiT gavrcelebulia I da IV tipis Tma. proqsi-

maluri Tma (II tipi), romelic viTardeba bikarbonatis reabsorbciis darRvevis Sede-

gad, warmoadgens fankonis sindromis komponents, Tumca zogjer viTardeba, rogorc 

izolirebuli fenomeni. am tipis gardamavali forma damaxasiaTebelia CvilebisTvis.  

distaluri (I tipi), anu klasikuri Tma gvxvdeba ufro xSirad. is SeiZleba iyos 

rogorc Tandayolili, aseve SeZenili. magaliTad, meorad hiperkalciemiasTan an au-

toimunur daavadebebTan mimarTebaSi. Tma-is am tipis dros defeqti exeba wyalbadis 

ionebis eqskrecias, ris gamoc Sardi ar aris xolme SemJavebuli. am daavadebis Sede-

gebis ricxvs ganekuTvneba osteomalacia, hiperkalciuria, nefrokalcinozi, Tir-

kmelebis qvebi da xSirad hipokaliemia. mkurnaloba mdgomareobs bikarbonatis gamo-

yenebaSi iseTi dozebiT, romelic sakmarisia organizmis mier warmoebuli wyalbadis 

ionebis normaluri raodenobis (1-3 mg sxeulis masis 1 kg-ze dRe-RameSi) dabufere-

bisaTvis da kaliumis damatebiT SeyvanaSi. 

 

cxrili IX.7.  

 

nefrotuli sindromi: mizezebi, klinikuri da bioqimiuri maCveneblebi 

 

klinikuri da bioqimiuri maxasiaTeblebi 
mizezebi 

maxasiaTebeli meqanizmi 

minimaluri 

glomerulonefriti 

proteinuria gorglebis dazianeba 

membranuli 

glomerulonefriti: 

idiopaTuri 

SeSupeba albuminis dabali 

koncentracia SratSi, 

meoradi 

hiperaldosteronizmi 

dakavSirebuli 

karcinomasTan, samkurnalo 

preparatebTan an 

infeqciebTan (mag., malaria an 

hepatiti) 

infeqciebisadmi 

gazrdili 

mgrZnobeloba 

imunoglobulinebisa da 

komplementis dabali 

koncentraciebi plazmaSi 

sistemuri wiTeli mglura Trombozebisadmi 

midrekileba 

hiperfibrinogenemia da 

dabali antiTrombin III 

glomerulonefritis sxva 

formebi 

hiperlipidemia apolipoproteinebis 

sinTezis gazrda. 

                     

yvelaze xSirad gvxvdeba IV tipis Tma. is dakavSirebulia hipoaldosteroniz-

mTan, romelic meoradia Tirkmelzeda jirkvlebisa da Tirkmelebis daavadebebis mi-

marT, rasac Tan sdevs reninis sekreciis Semcireba (hiporeninemuri hipoaldoste-

ronizmi, mag., diabeturi nefropaTia) an rezistentuloba aldosteronisadmi (mag., 

obstruqciuli nefropaTia). sxvebisgan gansxvavebiT, Tma-is es tipi dakavSirebulia 

hiperkaliemiasTan. Sardi SeiZleba iyos maqsimalurad SemJavebuli, oRond mxolod 

sistemuri acidozis xarjze. klinikuri gamovlinebani Seesabameba darRvevis Ziri-

Tad mizezs. mkurnaloba unda warimarTos daavadebis mizezis aRmofxvrisa da hiper-

kaliemiis koreqciis mimarTulebiT. 
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cxrili IX.8. 

 

fankonis sindromis mizezebi 

 

idiopaTiuri memkvidreobiTi metaboluri daavadeba: 

cistinozi (liniak-fankonis daavadeba) 

galaqtozemia 

fruqtozis gadautanloba 

glikogenis dagrovebis defeqtebi 

Tirozinemia 

vilsonis daavadeba 

nefrotoqsinebi: 

mZime metalebi 

wamlebi 

paraproteinemia 

 

hipofosfatemiuri raqiti. es mdgomareoba, romelic agreTve cnobilia rezis-

tentuli raqitis saxeliT, gadaecema memkvidrulad, dominanturi, X-qromosomasTan 

SeWiduli geniT. raqitis es mZime forma viTardeba Tirkmelebis milakebiT fosfa-

tis reabsorbciis darRvevisas. is ar ikurneba mxolod D vitaminiT (uzarmazari 

dozebiTac ki), magram efeqturad eqvemdebareba mkurnalobas, romelic gulisxmobs 

fosfaturi preparatebisa da D vitaminis 1α-hidroqsilirebuli warmoebulis er-

Tobliv miRebas. 

hipofosfatemiuri raqiti ar unda agverios vitamin-damokidebul raqitSi, ro-

melic gadaecema memkvidreobiT autosomur-recesiuli genebiT. 

IX.1.6. Sardi — Tvisebebi da Semadgenloba 

vinaidan Sardis warmoqmnis siCqare da misi Semadgenloba damokidebulia diure-

zis cvlilebebze, kunTebis aqtivobaze, saWmlis monelebasa da emociebzec ki, Sar-

dis analizebi Cveulebriv tardeba dRe-Ramis (24 sT-Si Segrovil) Sardze. 

dRe-Ramis Sardis normaluri bioqimiuri maxasiaTeblebi moyvanilia cxrilSi 

IX.9. am komponentebis garda, normaluri Sardi Seicavs aseve mTeli rigi organuli 

da araorganuli SenaerTebis mcire raodenobasac. 

IX.1.6.1. Sardis SemJaveba 

mZime acidosis SemTxvevaSi, wyalbad-ionTa koncentracia SardSi SeiZleba 1000-

jer aRematebodes mis koncentracias plazmaSi. SemJavebis procesi iwyeba Tirkmele-

bis proqsimalur milakebSi da mTavrdeba distalur da Semkreb milakebSi. Sardis 

SemJavebis ZiriTadi meqanizmi ganpirobebulia Tirkmelebis milakebSi kaTionebis 

cvliT.  

am meqanizmis mixedviT, distaluri milakebis ujredebSi mimdinare metaboliz-

mis procesSi warmoqmneba CO2, romlis hidrataciiT ferment karboanhidrazas mona-

wileobiT miiReba H2CO3. es ukanaskneli disocirdeba H+-ad da HCO3
--is ionebad. 
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Tirkmlis milakis sanaTurisaken arsebuli ujredis membranis gavliT H+ icvleba mi-

lakis sanaTurSi gamdinare Sardis Na+-Tan, romelic difundirebs ujredSi da iq 

arsebul HCO3
--ionebTan erTad gadaadgildeba ujredis sapirispiro,  sisxlZarRvis 

sanaTurisken mimarTuli membranisaken (sur. IX. 4 A; IX. 11.). membranis gavliT ionebi 

xvdeba sisxlZarRvis sanaTurSi gamdinare venur sisxlSi. 

analogiuri meqanizmiT (Na+-Tan cvlis gziT) mimdinareobs K+-is sekrecia 

distaluri arxebiT. karboanhidrazas inhibicia iwvevs Sardis Setutianebas, Na+-is 

reabsorbciis Semcirebas da SardSi K+-is koncentraciis 3-5-jer gazrdas. K+-is 

deficitis SemTxvevaSi, roca K+-is sekrecia SedarebiT SezRudulia, Sardis SemJave-

bis procesi sagrZnoblad Zlierdeba, gamoiyofa mJave Sardi dabali K+-is koncen-

traciiT, xolo amis paralelurad,  HCO3
--is koncentracia plazmaSi izrdeba 50-60 

miliekvivalenti/ l-mde. am procesis sapirispirod, K+-is didi raodenobiT gamoyo-

fisas, warmoiqmneba tute Sardi. sunTqviTi acidozis dros, rodesac PCO2 wneva 

plazmasa da ujredebSi momatebulia, Sardi mJavea da masSi K+-is koncentracia daba-

lia. sunTqviTi alkalozisas Sardi tutea, xolo K+-is koncentracia ki — maRali.  

 

cxrili IX.9. 

 

janmrTeli, zrdasruli adamianis 

dRe-Ramis Sardis Semadgenlobis saSualo maCveneblebi 

 

komponenti 
raodenoba 

g-Si 

raodenoba 

miliekviv.-Si 
S/p* 

natriumi 2-4 100-200 0.8-1.5 

kaliumi 1.5-2 50-70 10-15 

magniumi 0.1-0.2 8-16  

kalciumi 0.1-0.3 2.5-7.5  

rkina 0.0002   

wyalbadis ionebi  4·10-8-4·10-6 1-100 

Sardis mJava 0.08-0.2   20 

aminomJavebi 0.08-0.15    

hipuris mJava 0.04-0.08    

qloridi  100-250 0.8-2 

bikarbonati  0-50 0-2 

fosfati 0.7-1.6  20-50 25 

araorganuli 

sulfati 

0.6-1.8 S 40-120 50 

organuli sulfati 0.06-0.2 S   

Sardovana 6-18   35 

kreatinini 0.3-0.8   70 

peptidebi 0.3-0.7    

amoniaki 0.4-1.0  30-75  

 

S/p* — SardSi nivTierebis koncentraciis fardoba mis koncentraciasTan plazmaSi. 
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suraTi IX.11. Sardis SemJavebis sqema 

 

es monacemebi saSualebas iZleva davaskvnaT, rom SesaZlebelia arsebobdes 

konkurencia K+-sa da H+-s Soris Na+-Tan cvlis meqanizmis romeliRac komponentTan 

mimarTebaSi. swored es konkurencia unda iyos aldosteroniT Na+-is reabsorbciis 

procesis regulaciis erT-erTi mizezi. Sardis SemJaveba ar xdeba aldosteronis 

ararsebobis SemTxvevaSi da Zlierdeba misi Seyvanis an momatebuli sekreciisas, 

magaliTad Tirkmelzeda jirkvlebis simsivnis dros. 

Cveulebriv, Tirkmelebi gamoyofen Zlier mcire raodenobis HCO3
--s. misi kon-

centracia SardSi pH-6.0-is pirobebSi umniSvneloa. HCO3
--is reabsorbcia mimdinare-

obs rogorc pasiurad, aseve Na+/ H+-cvlis Sedegad, Sardis SemJavebis procesSi. es 

meqanizmi uzrunvelyofs mTeli HCO3
--is reabsorbcias, Tu misi koncentracia plaz-

maSi 24 — 28 miliekvivalenti/l-ia. plazmaSi HCO3
--is ufro maRali koncentraciisas, 

ionis praqtikulad mTeli Warbi raodenoba rCeba SardSi, rac iwvevs tute Sardis 

warmoqmnas. aseT pirobebSi gamoyofili gatutianebuli Sardi Seicavs 250 mili-

ekv./l-mde HCO3
--s. 

Sardis SemJavebis procesSi Tirkmelebis milakebis epiTeliumis funqcias 

gansazRvravs H+-isa da K+-is ujredSida koncentracia. dabali PCO2-is pirobebSi 

(sunTqviTi alkalozi) KHCO3/H2CO3 Sefardeba ujredSi momatebulia. H+-ioni mcire 

raodenobiTaa, xolo K+-is koncentracia normaluria da gamoiyofa K+-is Semcveli 

tute Sardi. rodesac PCO2 maRalia (sunTqviTi acidozi), ujredSida CO2-is koncen-

tracia gazrdilia da, Sesabamisad, maRalia H+- ionTa koncentraciac, rasac mosdevs 

mJave Sardis gamoyofa. K+-is koncentraciis momateba plazmaSi, magaliTad KCl-is 

Seyvanis Sedegad, iwvevs K+-is ujredSida koncentraciis gazrdas. Warbi K+ konkuri-

rebs ujredis protonebTan da Sardi tute xdeba. amis sapirispirod, organizmSi ka-

liumis Semcvelobis klebisas, adgili aqvs Sardis mJavianobis matebas. procesi mim-

dinareobs zemoaRwerili meqanizmis Sebrunebulad. 

normalur SemTxvevebSi, miRebuli sakvebis saxeobaze damokidebulebiT, Sardis 

pH meryeobs 4,6-8,0 farglebSi, rZis dietaze myofi adamianebis Sardis pH daaxloe-

biT 6,0-ia maSin, roca vegetarianelTa Sardis pH 8,0-s uaxlovdeba. mZime acidozis 

dros Sardis pH SeiZleba 4,6-ze dabali iyos, xolo alkalozis SemTxvevaSi misi pH 
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aRemateba 7,4-s. garda sunTqviTi acidozisa da alkalozisa, Sardis pH-is anomaluri 

mniSvnelobebi vlindeba metaboluri acidozis da metaboluri alkalozis SemTxve-

vaSic. am darRvevebis meqanizmi bevrad ufro rTulia, vidre sunTqviTi acidozis an 

alkalozis (cxr. IX. 10).  

Tirkmelebis arteriul da venur sisxlSi glutaminis koncentraciis sxvaobis 

gansazRvrisas daadgines, rom acidozian ZaRlebSi Sardis amiakis 2/3 warmoiqmneba 

arteriuli sisxlis glutaminis amiduri azotisagan. alkalozis dros glutamini 

praqtikulad ar Sordeba sisxlis plazmas. Sardis amiakis danarCeni 1/3-is wyaroa 

aminomJavebis α-aminojgufis azoti.  

TirkmelebSi acidozi zegavlenas axdens glutaminis mitoqondriul transpor-

tze. vinaidan glutamini fosfat-damokidebuli glutaminazas substratia, gluta-

minis transportis aqtivaciis Sedegad mimdinareobs amiakis gaZlierebuli warmoq-

mna (sur. IX.12). 

amgvarad, metaboluri acidozis dros SardSi amiakis gazrdili raodenobiT ga-

moyofa asaxavs kompleqsuri bioqimiuri regulatoruli meqanizmis funqcionirebas. 

am procesSi fermentis meSveobiT produqtis warmoqmnis siCqare regulirdeba sub-

stratis miwodebis siCqariT. 

 

cxrili XI. 10. 

faqtorebi, romlebic ganapirobebs Sardis pH-sidides 

 

plazma 
Tirkmelebis arxebis 

epiTeliumis ujredebi 
Sardi 

 

[H2CO3] [HCO3
-] [K+] [H2CO3] [HCO3

-] [H+] [K+] [HCO3
-] [H+] 

sunTqviTi 

alkalozi 
↓ - ↑ ↓ - ↓ ↑ ↑ ↓ 

sunTqviTi 

acidozi 
↑ - ↓ ↑ - ↑ ↓ ↓ ↑ 

kaliumis 

Seyvana 

- - ↑ - - - ↑ ↑ ↓ 

kaliumis 

ukmarisoba 

- - ↓ - - - ↓ ↓ ↑ 

metaboluri 

alkalozi 
↑ ↑ ↓ ↑ ↑ ↓ ↑ ↑ ↓ 

metaboluri 

acidozi 
↓ ↓ ↑ ↓ ↓ ↑ ↑ ↓ ↑ 

 

dasaSvebia, rom milakebis epiTeliumis gavliT SardSi difuzirdeba ara NH4
+, 

aramed NH3, romelic neitraldeba zemoT aRweril procesSi gamoyofili H+-ioniT. 

H+-is koncentracia SardSi iklebs, rasac SesaZlebelia mohyves Na+/H+-cvlis inten-

sivobis gazrda. amasTanave, Na+ brundeba venur sisxlSi (sur. IX.9.). 

Tu xdeba NH3-is da ara NH4
+-is difuzia, maSin myardeba koncentraciis ufro ma-

Rali gradienti, rac xels uwyobs NH3-is eqskrecias. im SemTxvevaSi, Tu siTxe 

Tirkmelebis milakebis sanaTurSi tutea, NH4
+-is warmoqmna iTrguneba, xolo NH3-is 

difuzia da eqskrecia SezRudulia, vinaidan am pirobebSi misi wonasworuli koncen-

tracia dabali unda iyos. H+-is koncentracia SardSi aris erTaderTi faqtori, ro-

melic aregulirebs amoniakis gamoyofas. acidozis dros maRali simJavis Sardis 

mudmivi warmoqmnis miuxedavad, saWiroa ramdenime dRe, raTa daiwyos NH3-is maqsima-

luri raodenobiT gamoyofa. es faqti SeiZleba nawilobriv dakavSirebuli iyos qro-

nikuli acidozis pirobebSi RviZlis glutaminazas an aminotransferazas aqtivobis 



 

 423

`adaptirebul~ gazrdasTan. Tumca, metaboluri acidozis dros RviZlis glutami-

nazas aqtivobis zrda ar aris sakmao mizezi amiakis momatebuli gamoyofisaTvis. 

adaptaciis meqanizmi ucnobia. Sesalebelia am meqanizmis funqcionirebaSi garkveul 

rols TamaSobdes Tirkmelzeda jirkvlebis qerqi, radgan adrenaleqtomirebul 

cxovelebSi NH4Cl-is Seyvanis Semdeg gamoiyofa amiakis naklebi raodenoba, vidre sa-

kontrolo cxovelebSi. 

 

 
 

suraTi IX.12. SardSi amiakis gamoyofa 

IX.1.6.2.  Sardis Tvisebebi 

Sardis moculoba. janmrTeli, zrdasruli adamiani dRe-RameSi gamoyofs 600 ml-

dan 2500 ml-mde Sards. Sardis ufro didi raodenobiT gamoyofa Cveulebriv, avad-

myofobis (Saqriani diabetis, uSaqro diabetis, nefritis da sxv.) simptomia. Sardis 

moculoba damokidebulia miRebuli siTxis raodenobaze. yava an Cai (meTilqsantinis 

Semcvelobis gamo), alkoholi (eTanolis Semcvelobis gamo), aferxebs ra antidiure-

zuli hormonis gamoyofas, iwvevs Sardis moculobis zrdas. Tirkmelebis sxvadasxva 

daavadebis adreul stadiaze, aseve Saqriani diabetisas adgili aqvs nikturias, anu 

Ramis 12-saaTian periodSi 500 ml-ze meti moculobis dabali xvedriTi wonis (1,018) 

Sardis warmoqmnas. Tirkmelebis daavadebebis Semdgomi ganviTarebisas, rodesac 

Tirkmelebis funqcia seriozulad irRveva, nikturia klebulobs da SeiZleba ganvi-

Tardes oliguria (Sardis moculobis anomaliuri Semcireba). daavadebis bolo sta-

diaze SesaZlebelia Sardis gamoyofis saerTod Sewyveta, anu viTardeba anuria. 

oliguria warmoiqmneba agreTve gauwyloebisas, gulis ukmarisobisas da zogierTi 

saxis cieb-cxelebis dros. 

Sardis feri. normaluri Sardi qarvisferia, misi mTavari pigmentia uroqromi, 

SenaerTi, romelic warmoiqmneba urobilinis an urobilinogenis urTierTqmedebiT 

jerjerobiT daudgeneli struqturis mqone peptidTan. Sardi SeiZleba Seicavdes 

sxva pigmentebsac, magaliTad, uroeriTrins (iTvleba, rom is warmoiqmneba melaninis 

metabolizmis procesSi) da uroporfinebs. es pigmentebi normalur SardSi umniS-

vnelo raodenobiTaa. kvalis saxiT Sardi Seicavs riboflavins. 
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Segubebis SemTxvevaSi Sardi iRebs muq fers urobilinogenis daJangvis gamo. ara-

normalurad muqi Sardi gamoiyofa bilirubinis eqskreciisas. bilirubinuria (pir-

dapiri reaqcia) vlindeba obturaciuli siyviTlis yvela formisas da Tirkmlovani 

warmoSobis siyviTleebis umetesobis SemTxvevaSi. SardSi didi raodenobiT porfi-

rinebis moxvedrisas misi Seferiloba aseve muqdeba. 

Sardis normaluri naleqebi. axladgamoyofili Sardi, rogorc wesi, gamWvirva-

lea. dayovnebis Semdeg zogjer warmoiqmneba fifqisebri naleqi, romelic Cveuleb-

riv, nukleoproteinebis an mukoproteinebis mcire raodenobebisgan Sedgeba. naleqi 

SeiZleba warmoiqmnas aseve Sardgamtari gzebis epiTeliumis ujredebisagan. Tu Sar-

dis pH-sidide tutea, SesaZlebelia kalciumis fosfatebisa da amonium-magniumis 

fosfatebis gamoleqva. zogjer gamoileqeba oqsalatebi da uratebi, romlebic Sar-

dis SemJavebisas ixsneba. mJave SardSi SeiZleba gamoileqos Sardis mJava. 

Sardis simkvrive. SardSi arsebuli sxvadasxva nivTierebis koncentracia qmnis 

Sardis osmomolarul koncentracias, romelic normalur SemTxvevebSi meryeobs 

50-1400 miliosmomoli/l farglebSi. bavSvebSi Tirkmelebis muSaobis intensivoba 

SedarebiT naklebia da Sardis osmomolaruli koncentracia meryeobs 100-800 mili-

osmomoli/l farglebSi. 

Sardis osmolaroba da, Sesabamisad, xvedriTi wona icvleba Sardis moculobis 

ukuproporciulad. dabali xvedriTi wonis Sardis gamoyofa damaxasiaTebelia iseTi 

daavadebebisaTvis, rogoricaa: nefrogenuli uSaqro diabeti, kranialuri uSaqro di-

abeti, Tirkmlebis qronikuli ukmarisoba, Tirkmelebis arxebis pirveladi dazianeba. 

dabali xvedriTi wonis Sardis warmoqmna dakavSirebuli unda iyos hiperkalciemias-

Tan da hipokaliemiasTan. aseve, dabali xvedriTi wonis Sardis warmoqmnas iwvevs li-

Tiumis Semcveli preparatebi. 

nefrogenuli uSaqro diabetisas vazopresinis sekrecia normaluria, magram de-

feqti aqvT mis receptorebs an moSlilia postreceptoruli procesis erT-erTi 

rgoli. vazopresinis moqmedebis efeqturobaze zegavlenas axdens agreTve hiper-

kalciemia da hipokaliemia, radgan vazopresinis signalis gadacema damokidebulia 

cAMP-ze. 

maRali xvedriTi wonis Sardi gamoiyofa organizmis mdgomareobebisas, romle-

bic dakavSirebula gauwyloebis procesTan (pirRebineba, Zlieri oflianoba, diarea 

da sxv.). 

IX.1.6.3. Sardis araorganuli komponentebi 

Sardis anionebi. Sardis mTavar anions warmoadgens qlori. iseTi dietis dros, 

romelic gulisxmobs marilis mcire moxmarebas, Cl- SeiZleba srulad gaqres Sardi-

dan. Cl--is maqsimaluri raodenoba, romelic SardiT gamoiyofa, ar aris dadgenili, 

Tumca misi koncentracia SeiZleba aRwevdes daaxloebiT 340 miliekv./l. 

fosforis koncentracia SardSi aseve damokidebulia sakveb racionze. acido-

zis, alkalozis, pirveladi da meoreuli hiperparaTireoidozis dros fosfatebis 

koncentracia SardSi izrdeba. SardSi misi koncentraciis Semcirebas adgili aqvs 

Tirkmelebis dazianebisas, fexmZimobisas (nayofis mier fosfatebis moxmarebis ga-

mo), diareis dros (nawlavebSi maTi absorbciis darRvevis gamo). glukozis an insu-

linis Seyvana agreTve iwvevs fosfatebis gamoyofis droebiT Semcirebas, vinaidan am 

dros plazmaSi mcirdeba fosfatebis koncentracia. 
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gogirdi SardSi warmodgenilia SO4
--ionebis saxiT (80%). gogirdis Semcveloba 

SardSi arsebul cilebSi gogirdSemcveli aminomJavebis raodenobazea damokidebu-

li. SO4
--is mniSvnelovani raodenoba SardSi warmodgenilia oligosaqaridebisa da 

fenoluri naerTebis eTerebis saxiT.  

Sardis kaTionebi. Sardis ZiriTad kaTionebs natriumi da kaliumi warmoadgens. 

SardSi arsebuli Na+-is koncentracia meryeobs 2,0-4,0 g/dRe-RameSi farglebSi, xo-

lo K+-isa — 1,5-2,0 g/dRe-RameSi farglebSi. es maCveneblebi, bunebrivia, damokidebu-

lia plazmaSi Na+-isa da K+-is koncentraciebze. Tu sakvebi Raribia, an ar Seicavs Na+-s, 

SardiT gamoyofili am ionis raodenoba dRe-RameSi 50 mg-ze naklebia. amave dros, K+-
is Semcveloba iSviaTad ecema 1 g/dRe-RameSi maCvenebelze qvemoT. am kaTionebis 

koncentraciis maqsimaluri zRvari dadgenili ar aris, Tumca arsebuli maqsimalu-

ri maCveneblebia: Na+-sTvis daaxloebiT 340 miliekvivalenti/l, xolo K+-sTvis daax-

loebiT 200 miliekvivalenti/l. es koncentraciebi SardSi aRiniSneba didi raode-

nobiT hipertonuli xsnarebis Seyvanis Sedegad. 

SedarebiT mcire raodenobiTaa SardSi Ca2+ da Mg2+. maTi koncentraciaa 0,1-0,3 

g/dRe-RameSi. am ionebis koncentraciis mateba sisxlis plazmaSi, aseve zrdis maT ga-

moyofas SardSi. 

amoniumis ionis raodenoba SardSi SeiZleba icvlebodes Zlier mcire koncen-

traciebidan (alkalozisas), amoniumis azotis 5 g-mde dRe-RameSi (mZime acidozis 

dros). NH4
+-is koncentracia SardSi, normalur SemTxvevaSi meryeobs 0,5-1,0 g (35-70 

miliekvivalenti)/dRe-RameSi farglebSi. 

IX.1.6.4. Sardis organuli komponentebi 

Sardovanas gamoyofa uSualodaa damokidebuli azotis saerTo moxmarebaze da 

saSualo simkacris dietis dros misi raodenoba SardSi meryeobs 12-36 g/dRe-RameSi 

farglebSi. Sardovanas azoti gamoyofili azotis saerTo raodenobis 90%-ia. 

Cveulebrivi sakvebis miRebisas SardiT yoveldRiurad gamoiyofa 0,7g Sardis 

mJava. es maCvenebeli iSviaTad ecema 0,5-0,6 g/dRe-RameSi sidideze dabla. amasTanave, 

Sardis mJavas koncentracia SardSi SeiZleba gaizardos 1 g da meti/dRe-RameSi maC-

veneblamde, Tu miRebuli sakvebi produqtebi Seicavs didi raodenobiT nukleopro-

teinebs. Sardis mJavas didi raodenobiT gamoyofa mimdinareobs leikemiis, policis-

temiis, hepatitebisa da podagris dros. msgavsi suraTi mJRavndeba organizmSi aspi-

rinis, kortikosteroidebis an probenecidis Seyvanis Semdeg. imis gamo, rom Sardis 

mJava da misi marilebi cudad xsnadi SenaerTebia, isini naleqis saxiT gamoiyofa dag-

rovebul SardSi an warmoqmnis qvebs Sardsadeni gzebis qveda ganyofilebebSi. 

kreatininis raodenoba SardSi uSualodaa dakavSirebuli individis kunTebis ma-

sis zomebTan da es sidide TiTqmis mudmivia. es kavSiri gamoisaxeba kreatininis koe-

ficientiT (24 sT-Si gamoyofili kreatininis raodenoba mg-Si, sxeulis masis 1 kg-

ze). normalur SemTxvevebSi kreatininis koeficienti 18—32 (mamakacebSi) da 10—25 

(qalebSi) farglebSia. is dabalia msuqani da asTenuri adamianebisaTvis da maRalia 

ganviTarebuli muskulaturis mqone saSualo simaRlis adamianebisaTvis. 

kreatinis gamoyofa ufro regularulad mimdinareobs CvilebSi, vidre zrdas-

rul adamianebSi. qalebi gamoyofen met kreatins da nakleb kreatininis, vidre mama-

kacebi. kreatinis gamoyofa matulobs fexmZimobisa da fexmZimobis Semdgom perodSi. 

kunTebis masis Semcirebisas, xangrZlivi uaryofiTi azotovani balansis Sedegad, 
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kreatinis koncentracia SardSi matulobs, xolo kreatininisa — mcirdeba. amasTana-

ve aRsaniSnavia, rom am ori naerTis jamuri koncentracia SardSi ZiriTadad mudmi-

via. xangrZlivi uaryofiTi azotovani balansi viTardeba SimSilobis, diabetis, hi-

perTireozisa da cieb-cxelebis dros. kunTebis atrofiisas (kunTovani distrofiis 

sxvadasxva formebis SemTxvevaSi) adgili aqvs aseve, kreatinis gamoyofis matebas da 

kreatininis gamoyofis klebas. kreatinis didi dozebiT Seyvana iwvevs SardSi krea-

tinis koncentraciis umniSvnelo matebas, maSin, roca Seyvanili kreatinini ukleb-

liv gamoiyofa SardTan erTad. 

hipuronis mJava (benzoilglicini) pirvelad aRmoCenil iqna cxenis SardSi. nor-

malur SemTxvevaSi, hipuronis mJavas koncentracia SardSi dRe-RameSi 0,7 g-ia. miRe-

buli sakvebi produqtebis SemadgenlobaSi arsebuli benzoinis mJava gamoiyofa hi-

puronis mJavas saxiT. benzois mJavas Seicavs xili da kenkra. is aseve gamoiyeneba kon-

servantad konservirebuli sakvebis momzadebisas. vinaidan hipuronis mJavas sinTe-

zi RviZlSi mimdinareobs, benzois mJavas Seyvanis Semdeg hipuronis mJavis gamoyofis 

siCqaris dadgena gamoiyeneba RviZlis funqciuri sinjisaTvis. 

indikani, romelic warmoadgens indolis neitralizaciis produqts, SardSi 

Cndeba nawlavebSi triftofanze baqteriebis zemoqmedebis Sedegad. am procesSi 

warmoiqmneba indoli, romelic absorbirdeba da iJangeba RviZlSi indoqsilis war-

moqmniT. es ukanaskneli RviZlSi uerTdeba sulfats da warmoqmnili eTeri K+-is ma-

rilis saxiT gadadis SardSi 5-25 mg/dRe-RameSi odenobiT. indikanis koncentraciis 

zrdas SardSi adgili aqvs aqlorhidriisas (kuWis wvenis baqteriociduli moqmede-

bis daqveiTebis gamo), nawlavebis gauvalobis, paralitikuri ileusisa da obturaci-

uli siyviTlis dros. 

urobilinogeni Sardis normaluri pigmentis — urobilinis winamorbedia. norma-

lur SardSi urobilinogenis koncentracia umniSvneloa. misi raodenoba SardSi ma-

tulobs hemolizTan dakavSirebuli daavadebebis ganviTarebisas. 

glukoziduronidebi Sardis normaluri komponentebia. metabolizmis procesSi 

warmoqmnili an organizmSi Seyvanili mravali nivTiereba SardSi nawilobriv gluko-

ziduronidebis saxiT gamoiyofa (mag., menToli, fenoli, morfini, aspirini, sxvadas-

xva steroiduli hormoni). zogierTi es naerTi SardSi SeiZleba gamoiyos sulfatu-

ri eTerebis saxiTac. 

zemoT ganxiluli nivTierebebis garda normaluri Sardi mcire koncentraciiT 

Seicavs sxva organul naerTebs — wyalSi xsnad vitaminebs, hipofizis peptidur hor-

monebs da zogierTi endokrinuli jirkvlis hormonebs an maTi metabolizmis pro-

duqtebs. aseve kvalis saxiT normalur SardSi gvxvdeba ionebi: Cu2+, ZN2+, Co2+, F+, 

Mn2+, I+, Hg+ da Pb+. 

IX.1.6.5. Sardis paTologiuri komponentebi 

aminoaciduria. Tirkmlovani aminoaciduria SeiZleba ganviTardes plazmaSi ami-

nomJavebis normaluri koncentraciis fonze, Tirkmelebis milakebSi reabsorbciis 

darRvevis Sedegad (mag., hartnapis daavadeba da cistinuria). aminomJavebis Warbi ga-

moyofa SeiZleba iyos meoradic, plazmaSi aminomJavebis koncentraciis matebis ga-

mo, rodesac Tirkmelebis milakebis satransporto meqanizmis aqtivoba aRwevs maqsi-

mums (mag., fenilketonuriisas).  

cistinuria gvxvdeba 7000-dan erT axalSobilSi. cistinis, ornitinis, argininisa 

da lizinis darRveuli reabsorbciis Sedegad adgili aqvs am aminomJavebis eqskreci-
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as SardSi. TavisTavad, am aminomJavebis dakargva ar iwvevs mniSvnelovan darRvevebs, 

magram cistini, romelic  SedarebiT cudad ixsneba, TirkmelebSi qvebis warmoqmnis 

mizezi xdeba. 

glikozuriebi ewodeba  SardSi reducirebadi Saqris uCveulod did raodenobas.  

es saerTo saxelwodeba gamoiyeneba im SemTxvevaSi, Tu ucnobia, romeli SaqriTaa gan-

pirobebuli naxSirwylebis maRali Semcveloba SardSi. Tu Saqari zustadaa identifi-

cirebuli, iyeneben ufro konkretul terminebs — glukozuria, fruqtozuria da sxv. 

glukozuria. axladgamoyofili Sardi, Cveulebriv, Seicavs 10-20 mg glukozas 

100 ml-ze. glukozis maRali koncentracia SardSi vlindeba anesTeziisa da asfiqsi-

is Semdeg, aseve sxvadasxva emociuri mdgomareobisas. hiperTireoziT daavadebulTa 

25%-s aReniSneba glukozuria. Tirkmlovani glukozuria periodulad vlindeba 

praqtikulad janmrTel adamianebSi da aseve Tirkmelebis milakebis funqciis zogi-

erTi darRvevisas. glukozuria ZiriTadad Saqriani diabetis Sedegia. diabetiT daa-

vadebulTa SardSi glukozis koncentracia meryeobs 0,5-dan 12%-mde (50-120 mg/dl). 

glukozuriis meqanizmi ganxilulia zemoT. aqve aRsaniSnavia, rom fexmZimeTa daax-

loebiT 15%-Si aRiniSneba glukozuria hiperglikemiis gareSe. 

pentozuria. arsebobs pentozuriis ramdenime tipi. alimentaruli pentozuria 

vlindeba uzomod didi raodenobiT xilisa da xilis wvenebis miRebisas. am pirobebSi 

SardSi xdeba im pentozebis (mag., arabinozis) gamoyofa, romlebic Sedis miRebuli 

xilis SemadgenlobaSi. idiopaTiuri pentozuria Tandayolili daavadebaa, romlis 

drosac L-qsilulozis dehidrogenazas ararsebobis gamo SardSi gamoiyofa L-

qsiluloza. klinikuri gamovlineba am darRvevas ar axasiaTebs da, rogorc Cans, si-

cocxlisaTvis saSiSi araa. vinaidan qsiluloza aRadgens Cu2+-ionebs glukozaze 

swrafad, qsilulozuriiT daavadebul pacientebSi sinji reducirebad Saqarze yo-

velTvis dadebiTia, ris gamoc SeiZleba pentozuria SecdomiT Saqrian diabetad 

iyos miCneuli. 

laqtozuria zomieri formebiT xSirad aRiniSneba meZuZur qalebSi, Tumca fex-

mZimobis dros igi iSviaTad vlindeba. 

galaqtozuria galaqtozemiis Sedegia. es aris iSviaTi memkvidruli daavadeba, 

romelic vlindeba axalSobilebSi, adreul etapze. am daavadebisas galaqtoza Sar-

dSi Cndeba Cvilebis rZiT kvebisas (rZe galaqtozas Semcvli ZiriTadi produqtia), 

Tumca mozrdil, galaqtozuriiT daavadebul bavSvebSi mkacri, ugalaqtozo dietis 

dacvisas, galaqtoza SardSi ar vlindeba. 

fruqtozuria iSviaTi daavadebaa. fruqtozis gamovlena SardSi SeiZleba iyos 

Tirkmelebis metabolizmis genetikuri xasiaTis darRvevebis Sedegi. fruqtozuria 

idiopaTiur pentozuriaze ufro iSviaTad gvxvdeba. 

proteinuria. normalur SemTxvevaSi Tirkmelebis gorglebi awarmoeben 7-10 g 

cilis filtracias dRe-RameSi, magram TiTqmis srulad es cilebi eqvemdebareba 

ukuSewovas endocitozis gziT da proqsimalur milakebSi Semdgom katabolizebas. 

normalur SardSi cilebis raodenoba ar aRemateba 150 mg-s dRe-RameSi. am raodeno-

bis daaxloebiT naxevars Seadgens uromodulini (tama-xorsfalis cila). meore naxe-

vari warmodgenilia albuminebis (35 mg), globulinebis, Sardsadeni gzebis lorwova-

ni garsebis glikoproteinebis da mukoproteinebis saxiT. tama-xorsfalis cila 

glikoproteinia, romelic sekretirdeba Tirkmelebis milakebis ujredebiT. prote-

inuriis meqanizmebi warmodgenilia cxrilSi IX.11. 

proteinuriis dros SardSi Cndeba, ZiriTadad, Sratis albumini da globulinebi. 

proteinuriis mizezi upiratesad aris Tirkmelebis daavadebebi, mag., mwvave glome-

rulonefriti, qronikuli glomerulonefritis adreuli stadiebi, nefrozuli 
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sindromi da toqsikozi fexmZimobisas. albuminuria aseve aRiniSneba gulis ukmari-

sobisas, cieb-cxelebis dros, anemiebisas, RviZlis daavadebebis an gulis sxvadasxva 

anomaliis dros. 

proteinuriis eqstraTirkmlovani mizezebis ricxvs aseve ganekuTvneba damwvro-

bebi da mniSvnelovani fizikuri datvirTvebi. xangrZlivi dgomis an siarulis Sede-

gad, praqtikulad janmrTel adamianebSi SesaZlebelia gamovlindes e.w. orTostati-

kuri proteinuria. es aris keTilTvisebiani darRveva, romelic uviTardeba axal-

gazrdebis daaxloebiT 5%-s. asakis matebasTan erTad am mdgomareobis sixSire kle-

bulobs. orTostatikuri proteinuria aris Tirkmelebis venebSi hidrostatikuri 

wnevis matebis Sedegi, rac, Tavis mxriv, gamowveulia qveda Rru venaze RviZlis dawo-

lis gaZlierebiT. proteinuriis am formas klinikuri mniSvneloba ar gaaCnia. 

Tirkmelebis milakebSi arsebuli dazianebis Sedegad warmoqmnili proteinuriis 

dros SardSi Warbobs dabali molekuluri masis mqone cilebi, romlebic ifiltre-

ba, magram ar readsorbirdeba. glomeruluri warmoSobis proteinuriisas SardSi 

gvxvdeba ufro didi molekuluri masis cilebi. 

mravlobiTi mielomiT daavadebulTa Sardi Seicavs e.w. bens-jonsis cilas, rome-

lic naleqis saxiT gamoiyofa Sardis gacxelebisas 50oC-mde da isev ixsneba duRilis 

dros. bens-jonsis proteinuriis gamosavlenad saukeTeso saSualebaa koncentrire-

buli Sardis eleqtroforezi. 

Sardis sxva `anomaliuri~ komponentebi. Tu metabolizmis procesSi warmoq-

mnili sxvadasxva nivTierebis koncentracia plazmaSi metad maRalia, es nivTierebe-

bi SeiZleba gamovlindes SardSi. aseT nivTierebaTa ricxvs ganekuTvneba ketonuri 

sxeulebi (acetoZmarmJava, Β-oqsierbos mJava, acetoni), romlebic SardSi Cndeba keto-

zis dros; bilirubini — hepatoceluluri an obturaciuli siyviTleebisas; urobi-

linogeni — daavadebebisas, romelTac Tan sdevs hemolizi; homogentizinis mJava — 

alkaptonuriis dros; cistini da sxva aminomJavebi (upiratesad lizini, arginini da 

ornitini) — cistinuriisas (ix. zemoT) da Tirkmelebis zogierTi sxva daavadebisas, 

magaliTad, fankonis sindromis (ix. zemoT) dros. 

           

cxrili IX. 11.  

 

proteinuriis meqanizmebi 

 

meqanizmi daavadebis mizezi 

Warbi gamoyofa 

 

plazmis dabalmolekuluri cilebis maRali koncentracia, 

romlebic ifiltrebian im raodenobiT, rac aRemateba 

Tirkmelebis milakebis reabsorbciis unars, magaliTad, 

bens-jonsis cila 

glomeruluri 

meqanizmi 

 

gorglebis gamtarobis gazrda konkretuli cilisaTvis, 

magaliTad, albuminisaTvis 

arxovani meqanizmi 

 

glomerulebiT gafiltruli cilis darRveuli an zRvruli 

reabsorbcia 

sekretoruli 

meqanizmi 

 

TirkmelebiT an Sardsadeni gzebis epiTeliumiT cilis 

sekrecia, magaliTad, uromodulinis 
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normaluri Sardi Seicavs mcire raodenobiT (300 mkg-mde dRe-RameSi) porfirine-

bi I-s. maTi gamoyofa 10-20-jer izrdeba RviZlis daavadebebisas da perniciozuri ane-

miis (laT.-dan perniciosus – damRupveli, saSiSi. misi sinonimebia B12-deficituri anemia, 

megaloblasturi anemia, adison-birmeris daavadeba)   dros. Tandayolili porfiria 

genetikuri daavadebaa, romelic xasiaTdeba porfirinebi I-is hiperproduqciiT. am 

daavadebisas uroporfirini I da koproporfirini I ar metabolizdeba, grovdeba rbil 

qsovilebSi, Zvlebsa da kbilebSi. am nivTierebaTa narevis 100 mg-mde SeiZleba gamoi-

yos SardSi yoveldRiurad. mwvave porfiria xasiaTdeba didi raodenobiT uroporfi-

rini III-isa da korpoporfirini III-is gamoyofiT. amave dros gamoiyofa didi raodeno-

biT porfobilinogeni da sxva naerTebi, romlebic warmoiqmneba aRniSnuli porfiri-

nebis metabolizmis procesSi. koproporfirini III-is gamoyofa SardSi damaxasiaTebe-

lia, agreTve, tyviiT mowamvlis SemTxvevebisTvis. 

Sardis konkrementebi. Sardis qvebi, anu konkrementebi SeiZleba warmoiqmneba 

Sardis gajerebiT iseTi SenaerTebiT, romelTac aqvs kristalizaciis unari. aseTi 

qvebis TiTqmis mesamedi Sedgeba Ca3(PO4)2,  MgNH4PO4, CaCO3  an maTi narevisagan. qvebis 

warmoqmna xSirad ganpirobebulia Sardis qronikuli gatutianebiT. gatutianebis 

mizezia baqteriuli infeqciebi (baqteriebis fermentebi awarmoebs Sardovanas hid-

rolizs amiakis warmoqniT). Sardis qvebiT daavadebuli pacientebis 25%-s aReniSne-

ba hiperkalciuria, romelic viTardeba hiperparaTireozmisa da osteoporozis (ga-

mowveuli uZraobiT), aseve sakvebSi Ca2+-is aranormalurad maRali Semcvelobis 

dros. aRsaniSnavia, rom mravali pacienti kalciumis Semcveli konkrementebiT, ar 

aris daavadebuli hiperkalciemiiT. maT umetesobas axasiaTebT nawlavebSi kalciu-

mis gaZlierebuli absorbcia.  

TirkmelebSi qvebis warmoqmnas xels uwyobs hiperoqsaluria. pirveladi hipe-

roqsaluria iSviaTi memkvidruli metaboluri daavadebaa. aRwerilia misi ori tipi, 

romelTaTvis damaxasiaTebelia oqsalatis sinTezis gaZliereba RviZlSi. 

I tipis hiperoqsaluria dakavSirebulia SardiT mJaunmJavasa da glikolis mJavas 

gaZlierebul eqskreciasTan. am daavadebisas, umetes SemTxvevaSi, viTardeba Tirkme-

lebis ukmarisoba. I tipis hiperoqsaluria ufro ioli daavadebaa, romlis drosac 

SardiT gamoiyofa didi raodenobiT mJaunmJava da glicerinis mJava, xolo Tirkme-

lebis ukmarisoba ar viTardeba. oqsaluriis dros mJaunmJavas Warbi raodenobis 

warmoqmna dakavSirebulia glicinis metabolizmis memkvidrul darRvevasTan. am 

dros organizmSi sinTezirebuli praqtikulad mTeli glicini iJangeba glioqsilis 

mJavidan mJaunmJavamde. Tirkmelebis qvebis daaxloebiT naxevari Sedgeba an kalciu-

mis oqsalatisagan sufTa saxiT, an misi narevisagan zemoT aRniSnul marilebTan. Se-

darebiT iSviaTad gvxvdeba uxsnadi organuli naerTebisagan warmoqmnili qvebi. po-

dagriT daavadebulebSi, rogorc wesi, gvxvdeba Sardis mJavadan warmoqmnili qvebi. 

aseve iSviaTad gvxvdeba qsantinuri qvebi. cistinuriiT daavadebulebSi aRiniSneba 

cistinis naleqebi. faqtorebi, romlebic ganapirobebs qvebis warmoqmnas da klini-

kur praqtikaSi SedarebiT xSirad gamovlinebadi konkrementebis tipebi CamoTvli-

lia cxrilSi IX.12. 
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cxrili IX.12. 

 

Tirkmlis qvebi — Semadgenloba, faqtorebi, romlebic 

ganapirobeben maT warmoqmnas da gamosavleni bioqimiuri kvlevebi 

 

faqtorebi, romlebic ganapirobebs konkrementebis 

warmoqmnas: 

gauwyloeba 

Sardis stabiluri gatutianeba 

hiperkalciuria 

hiperoqsaluria 

hiperurikozuria 

Sardgamomyofi gzebis infeqcia 

Sardis Segubeba (obstruqciis gamo) 

kristalizaciis inhibitorebis ukmarisoba SardSi 

konkrementebis Semadgenloba: 

kalciumis oqsalati (fosfatiT an ufosfatod) 

kalciumis fosfati 

magniumisa da amoniumis fosfati (`sammagi~ fosfati) 

Sardis mJava 

cistini 

bioqimiuri kvlevebi: 

plazma: 

kalciumi 

urati 

fosfati 

 

Sardi: 

qvebis analizi 

pH-is dadgena 

testi cistinze 

kalciumis, oqsalatisa da uratis dRe-Ramis 

eqskrecia 

testi Sardis SemJavebaze 

 

IX.2. sasqeso sistemis bioqimia 

ZuZumwovari cxovelebisa da adamianis sasqeso, anu reproduqciuli sistema — 

esaa funqciuri TviTregulirebadi sistema, romelic Seguebulia garemo arisa da 

Tavad organizmis mdgomareobis cvlilebebs. 

reproduqciuli sistema asrulebs gamravlebis funqcias. sasqeso jirkvlebi 

(gonadebi) — saTesleebi da sakvercxeebi bifunqcionaluri organoebia, romlebic 

gamoimuSavebs sasqeso ujredebs (spermatozoidebs da kvercxujredebs)  da sasqeso 

hormonebs. sasqeso hormonebi aregulirebs rogorc Tavad reproduqciuli siste-

mis, aseve sxva organoTa sistemebis moqmedebas. saTesleebSi warmoiqmneba testoste-

roni, xolo sakvercxeebSi — estrogenebi da progestinebi. sasqeso hormonebis sin-

Tezi da sekrecia kontroldeba hipofizis gonadotropuli hormonebiT, kerZod, 

folikul-mastimulirebeli hormoniT (FSH – follicle stimulating hormone) da maluTeini-

zirebeli hormoniTa (LH – Luteinizing hormone) da prolaqtiniT. es sami hormoni, rome-

lic sinTezdeba hipofizis wina wilis mier, aucilebelia reproduqciuli sistemis 
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normaluri funqcionirebisaTvis. isini gadamwyvet rols asrulebs sakvercxeebis 

muSaobaSi, aregulirebs folikulebis warmoqmnasa da momwifebas, axorcielebs ste-

roidogenezs, sakvercxeebis momwifebas, ovulacias da yviTeli sxeulis warmoqmnas 

(ix. Tavi III. 2. 2). 
sasqeso jirkvlebis normaluri funqcionireba aucilebelia gamravlebisaTvis 

da, Sesabamisad, saxeobebis gadarCenisaTvis. reproduqciuli procesis fiziologi-

isa da bioqimiis codna safuZvlad udevs reproduqciuli sistemis mravali paTolo-

giis gankurnebis da kontracepciis axali midgomebis SemuSavebas. sasqeso hormone-

bi, Tavisi ZiriTadi funqciis (gamravlebaze zemoqmedeba) garda, monawileobs orga-

nizmSi mimdinare sxva mniSvnelovan procesebSic. magaliTad, maT aqvs anaboluri ze-

moqmedebis unari da amitom aucilebelia nivTierebaTa cvlis xelSewyobisaTvis sxva 

organoebSi, magaliTad kanSi, Zvlebsa da kunTebSi. 

yvela steroiduli hormonis, maT Soris  androgenebis (mamakacis sasqeso hormo-

nebi) da estrogenebis (qalis sasqeso hormonebi), winamorbeds (prekursors) warmo-

adgens pregnenoloni, romelic, Tavis mxriv, warmoiqmneba qolesterinidan, misi 

gverdiTi jaWvis moxleCis Sedegad (ix. III. 3.2). 

qolesterini sasqeso jirkvlebis qsovilebSi 2 gziT aRwevs. esenia sisxlis plaz-

midan dabali simkvrivis lipoproteinebis (LDL) daxmarebiT, an sinTezdeba TviTon 

jirkvlebSi acetil-koA-dan. qolesterolidan pregnenolonis warmoqmna erTnai-

rad mimdinareobs Tirkmelzeda jirkvlebSi, saTesleebsa da sakvercxeebSi. Tumca, 

saTesleebsa da sakvercxeebSi reaqcias astimulirebs maluTeinizirebeli hormoni 

(LH), xolo Tirkmelzeda jirkvebSi — adrenokortikotropuli hormoni (ACTH) 

(sur.IX.13). LH  ukavSirdeba ra samizne ujredebis plazmuri membranis Sesabamis re-

ceptorebs, iwvevs cAMP-is Sidaujreduli koncentraciis matebas da, Sesabamisad, 

qolesterinis gardaqmnis aqtivacias. qolesterinis gardaqmnis procesi mimdinare-

obs yvela steroid-producirebad  qsovilSi da iTvleba, rom swored es reaqciaa 

steroidogenezis siCqaris malimitirebeli reaqcia. vinaidan, fermenti, romelic 

akatalizebs qolesterolis gverdiTi jaWvis  CamoSorebas, lokalizebulia upira-

tesad mitoqondrialur fraqciaSi, steroidebis sinTezisaTvis aucilebelia qo-

lesterinis transporti citozolidan mitoqondriebSi. aqedan gamomdinare, qoles-

terinis transportis regulacia mniSvnelovan rols TamaSobs steroiduli hormo-

nebis, maT Soris sasqeso hormonebis  biosinTezis kontrolSi.  

 

 
 

suraTi IX.13. qolesterinis gardaqmna pregnenolonad 
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IX.2.1. hormonebis monawileoba mamrobiTi 

sasqeso jirkvlebis funqcionirebaSi 

mamrobiTi sasqeso jirkvlebi Tavis funqciebs asrulebs sami tipis specializi-

rebuli ujredebiT:  

1. spermatogoniebiT;  

2. leidigis (intersticialuri) ujredebiT, romlebic gabneulia xveul saTesle 

arxebs Soris arsebul SemaerTebel qsovilSi. es ujredebi LH-is zemoqmedebis sapa-

suxod producirebs testosterons; leidigis ujredebi didi raodenobiT Seicavs  3 

β-hidroqsi-steroid-dehidrogenazas, ferments, romelic akatalizebs testoste-

ronis biosinTezis sakvanZo etaps;  

3. sertolis ujredebiT, romlebic qmnis saTesle arxebis bazalur membranas. am 

ujredebiT xdeba im naerTebis warmoqmna, romelic aucilebelia sasqeso ujredebis 

diferencirebisa da momwifebisaTvis. kerZod, FSH-is zemoqmedebiT isini asinTeze-

ben e.w. androgenebis damakavSirebel cilas  (ABH). 

ABH glikoproteinia, romelsac SeuZlia testosteronis dakavSireba. igi sin-

Tezdeba sertolis ujredebSi da am procesis stimulatoria maluTeinizirebeli 

hormoni — LH. ABH sekretirdeba saTesle arxebis sanaTurSi, rasac mosdevs testos-

teronis gadmotana sinTezis adgilidan, kerZod leidigis ujredebidan spermatoge-

nezis   mimdinareobis adgilas (sur.IX.14).  

rogorc aRiniSna, testosteronis wyaros warmoadgens qolesterinis gardaq-

mniT miRebuli  pregnenoloni. procesi mimdinareobs xuTi mikrosomaluri fermen-

tis monawileobiT. esenia: 1. 3 β -hidroqsi-steroid-dehidro-genaza;  2.  Δ5,4-izomera-

za; 3. 17α-hidroqsilaza; 4. C17-20-liaza da 5. 17β -hid-roqsisteroiddehidrogenaza. 

reaqciebis Sesabamisi Tanmimdevroba, romelsac testosteronis biosinTezis pro-

gesteronul gzas uwodeben, naCvenebia suraTze IX. 15.A.  
pregnenolonis gardaqmna testosteronad SesaZlebelia warimarTos, aseve de-

hidroepiandrosteronuli gziTac (sur. IX.15.B). fiqroben, rom adamianis saTesleeb-

Si upiratesoba pirvel  gzas aqvs.  

 
 

suraTi IX.14. testosteronis transportirebis sqema 
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testosteronis dReRamuri sekrecia mamakacebSi daaxloebiT 5 mg-ia da SenarCu-

nebulia organizmis mTeli sicocxlis ganmavlobaSi. cnobilia, rom testosteronis 

saerTo raodenobis mxolod 2% transportirdeba sisxlSi Tavisufal mdgomareoba-

Si da swored es molekulebi avlens biologiur aqtivobas. ZiriTadad,  hormoni cir-

kulirebs sisxlSi sisxlis plazmis cilebTan bmul mdgomareobaSi. es cilebia — al-

bumini (40%) da sasqeso hormonebis damakavSirebeli specifikuri р-globulini (e. w. 

seqs-hormon-damakavSirebeli globulini SHBG).  
es ukanaskneli ikavSirebs testosterons maRali TvisobiT  da misi sinTezis ad-

gilia RviZli. hiperTireozisa da RviZlis zogierTi daavadebis dros SHBG-is pro-

duqcia estrogenebis moqmedebiT Zlierdeba. albumini da SHBG ikavSireben sisxlSi 

arsebuli testosteronis 97-99%-s. Tavisufali, biologiurad aqtiuri  hormonis 

Semcveloba sisxlSi Zalze mcirea. savaraudoa, mis ZiriTad funqcias warmoadgens 

plazmaSi Tavisufali testosteronis raodenobis SezRudva. testosteroni  SHBG-s 

ukavSirdeba ufro maRali TvisobiT, vidre estradioli. amitom, am cilis raodenob-

rivi cvlileba gacilebiT maRali xarisxiT aisaxeba testosteronze, vidre estra-

diolze.    
 

 
suraTi IX.15. pregnenolonidan  testosteronis warmoqmna 

A – progesteronuli gza;   B –dehidroepiandrosteronuli gza 

 

saTesle arxebSi, winamdebare jirkvalSi, kansa da garegan sasqeso organoebSi 

testosteronis metabolizmis Sedegad mimdinareobs Zlieri biologiurad aqtiuri 

naerTis — dihidrotestosteronis sinTezi. dihidrotes-tosteroni warmoiqmneba 

testosteronis A-rgolis aRdgenis Sedegad, ferment 5α-reduqtazas zemoqmedebiT. 

fermentis kofermentia NADPH (sur. IX.16). dihidrotestosteronis Tvisoba andro-

genuli receptorebisadmi gacilebiT didia, vidre testosteronis. 

winamdebare jirkvlis — prostatis qsovilSi testosteronidan dihidrotes-

tosteronis warmoqmnis  momatebasTanaa  dakavSirebuli prostatis hipertrofia  da    

hiperplazia, prostatis adenomis ganviTareba da prostatis kibos Camoyalibebis 

albaTobis mateba. dihidrotestosteronis warmoqmnis mateba Tmebis folikulebSi 

iwvevs sxeulis WarbTmianobas da/an Tavis Tmis cvenis `mamakacur~ tips orive sqesis 

individebSi. 
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testosteronidan  dihidrotestosteronis warmoqmnis klebasTan, an mis arwar-

moqmnasTanaa dakavSirebuli androgenebisadmi rezistentulobis sindromis (e.w. mo-

risis sindromi, teqstikularuli feminizaciis sindromi — Androgen insensitivity 

syndrome – AIS — sqesobrivi ganviTarebis  endokrinuli darRveva, romelic gamowveu-

lia androgenuli receptoris genis mutaciiT) erT-erTi formis ganviTareba, ker-

Zod qsovilebis ugrZnobloba testosteronisadmi.  

saTesleebSi aseve xdeba qalis sasqeso hormonis —17 β-estradiolis  (E2) gamomu-

Saveba, romlis raodenoba, marTalia sakmaod mcirea, magram Zalze mniSvnelovania 

organizmisaTvis. E2-is didi nawili — esaa testosteronisa da misi winamorbedi an-

drostendionis periferiuli aromatizaciis Sedegi. E2-is sinTezSi monawileobs le-

idigisa da sertolis ujredebi da aseve saTesle arxebic. misi roli mamakacebSi 

dadgenili araa, Tumca SesaZlebelia, rom  hormoni monawileobas iRebdes FSH-is re-

gulaciis meqanizmebSi. mamakacebis sisxlis plazmaSi E2-is siWarbe vlindeba e.w. pu-

bertatuli an postpubertatuli ginekomastiisas (ymawvilobis periodis an Semdgo-

mi asakis mamakacebSi sarZeve jirkvlebis gadideba endokrinuli darRvevebis gamo) 

da aseve, RviZlis qronikuli daavadebebis, an hiperTireozisas. 

mamrobiTi sasqeso hormonebis sinTezi da sekrecia regulirdeba hipoTalamus-

hipofizaruli sistemis  uaryofiTi ukukavSiris meqanizmiT (metaboluri gzis blo-

kireba reaqciis produqtiT). cnobilia, rom  LH-is da FSH-is sekrecia stimulirdeba 

hipoTalamusis gonadotropin-mastimulirebeli hormonis (gonadotropini, gona-

doliberini — GnRH) mier. testosteroni astimulirebs spermatogenezs da ainhibi-

rebs gonadoliberinisa  (GnRH) da maluTeinizirebeli LH-is sinTezsa da sekrecias. 

 
 

suraTi IX.16. dihidrotestosteronisa da estradiolis warmoqmna 

 

androgenebis sekrecia sqesobriv momwifebamde periodSi Trgunavs GnRH-is sek-

recias. sqesobrivi momwifebisas hipofizaruli ujredebi xdeba naklebadmgrZnobia-

re sisxlSi cirkulirebadi androgenebis mainhibirebeli zemoqmedebisadmi. mgrZnobe-

lobis amgvari dakargva iwvevs GnRH-isa da FSH-is ciklurad impulsur gamoTavisuf-

lebas. LH ukavSirdeba ra leidigis ujredebis receptorebs, astimulirebs testos-

teronis sinTezsa da sekrecias, xolo folikul-mastimulirebeli hormoni saTes-

leebSi sertolis ujredebis receptorebTan urTierTqmedebiT, astimulirebs 
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spermatogenezis process. testosteronis raodenobrivi mateba uaryofiTi ukukav-

Siris meqanizmiT hipofizisa da hipoTalamusis doneze, amcirebs LH-is sekretoru-

li impulsebis sixSires. FSH-is sekreciis Sekaveba adenohipofiziT warmoebs cila 

inhibiniT, romelic gamomuSavdeba sertolis ujredebis mier (sur. IX.17). FSH asti-

mulirebs am cilis sinTezs, romelic uaryofiTi ukukavSiris meqnizmiT amuxruWebs 

FSH-is Semdgom sekrecias. 

testosteronis samizneebia embrionaluri volfis struqturebi (embrionis 

struqturebi, romlebidanac yalibdeba mamakacis Sinagani sasqeso organoebi), sper-

matogoniebi, kunTebi, Zvlebi, Tirkmelebi, tvini. sxva steroiduli hormonebis 

msgavsad, androgenebi ujredis SigniT warmoqmnis kompleqss receptorTan, rome-

lic ukavSirdeba qromatinis garkveul ubans, aaqtivebs specifikur genebs, romelTa 

cilovani produqtebi ganapirobebs androgenebis biologiur efeqtebs. 

 

 
 

suraTi IX.17. mamrobiTi sasqeso hormonebis sinTezisa da sekreciis regulacia 

 

androgenebis fiziologiuri moqmedeba gansxvavebulia organizmis sicocxlis 

sxvadasxva periodSi. embrionebSi androgenebis zemoqmedebiT volfis sadinridan 

warmoiqmneba saTesle jirkvlis danamati, saTesle arxi da saTesle buStuki. mamro-

biTi sqesis nayofSi warmoebs tvinis maskulinizacia. vinaidan organizmSi androge-

nebs axasiaTebs Zlieri anaboluri zemoqmedeba da astimulirebs ujredul dayofas, 

maTi momatebuli done prepubertatul (sqesobriv momwifebamde) periodSi iwvevs 

sxeulis zomebis naxtomiseul matebas, kunTebis da Zvlebis zrdas, amasTanave, xels 

uwyobs simaRlis zrdis SeCerebas, vinaidan astimulirebs grZeli Zvlebis epifize-

bis Sezrdas maT milebTan. androgenebi ganapirobebs kanisa da Tmebis struqturis 

Secvlas, xmis tembris dawevas, xmis iogebis gasqelebas da cximovani jirkvlebis sek-

retorul funqcias. 
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IX.2.2. mdedrobiTi  sasqeso sistemis 

funqcionirebis Tavisebureba 

mdedrobiTi sasqeso sistemis funqcia dakavSirebulia  procesebTan (fexmZimoba, 

mSobiaroba), romlis saboloo Sedegia STamomavlobis miReba. mdedrobiTi repro-

duqciuli sistema warmodgenilia sakvercxeebiTa da saSvilosnoTi da, aseve, am sis-

temis moqmedebis meqanizmis maregulirebeli neirohumoraluri sistemiT.  

xerxemliani organizmebis, kerZod ZuZumwovrebis da maT Soris adamianis repro-

duqtiuli periodi ramdenime etapisagan Sedgeba. esenia: Canasaxovani, axalSobilo-

bis, bavSvobis, sqesobrivi momwifebis, prepubertatuli da pubertatuli etapebi. 

sabolood dgeba e.w. menopauza (saboloo menstrualuri cikli) da postmenopauza. 

menopauzis etaps win uZRvis e.w. premenopauzis etapi, romelsac klimaqteriuli pe-

riodi ewodeba. am periodSi sakvercxeebi kargaven funqcias, aRiniSneba im hormone-

bis disbalansi, romlebic CarTulia reproduqciuli funqciis regulaciaSi. rep-

roduqciuli sistemis Camoyalibebis maCvenebelia menstrualuri ciklis arseboba.  

menstrualuri  cikli gulisxmobs mdedrobiTi organizmis reproduqciul sis-

temaSi  mimdinare cvlilebebs, romlebsac ciklurad ganmeorebadi xasiaTi aqvs. am 

cvlilebebs menstrualuri cikli ewodeba. am ciklis ganmavlobaSi sakvercxeebSi 

mimdinareobs kvercxujredis momwifeba, xolo ganayofierebis SemTxvevaSi — Canasa-

xis implantacia saSvilosnos lorwovan garsSi.  

menstrualur cikls ori faza aqvs: I faza — folikulinuri, II faza —luteinuri. I 

fazis dros adgili aqvs folikulebis zrdas (folikulo-genezs) da kvercxujredis 

momwifebas, rasac mosdevs ovulacia — folikulis mTlianobis darRveveva da kver-

cxujredis moxvedra muclis RruSi. II fazis dros darRveuli folikulis magivrad 

warmoiqmneba e.w. yviTeli sxeuli.  

adamianis dabadebis momentSi mas daaxloebiT 2 mln-mde moumwifebeli foliku-

la aqvs, romlebic ganicdis cvlilebebs mTeli sicocxlis manZilze da mxolod Zal-

ze mcire nawili gaivlis srul cikls, ris Sedegadac adgili aqvs momwifebuli fo-

likulis da, Sesabamisad, yviTeli sxeulis warmoqmnas. erTi menstrualuri ciklis 

manZilze, rogorc wesi, mwifdeba mxolod kvercxujrediani folikula. didi raode-

nobis folikulebis momwifebas mosdevs mravalCanasaxovani makeoba. folikuloge-

nezSi ganasxvaveben promodialur, preantralur, antralur da dominantur foli-

kulebs (sur. IX.18). promordialuri folikula warmoadgens moumwifebel kvercxu-

jreds, romelic garSemortymulia folikuluri da granulozuri (marcvlovani) 

epiTeliumiT. garedan folikula dafarulia SemaerTebeli teka-ujredebiT. men-

strualuri ciklis periodSi 3-dan 30-mde  promordialuri folikula gardaiqmneba 

preantralurSi.  

preantraluri, anu pirveladi folikula zomiT promordialur folikulaze 

didia, risi mizezicaa granulozuri Sris proliferacia. antraluri, anu meoradi 

folikulebi zomaSi izrdeba da axdens folikuluri siTxis producirebas, romlis 

dagrovebiT warmoiqmneba kvercxujredis siRrue.  

dominanturi (preevulatoriuli) folikula gamoiyofa ciklis VIII dRes antra-

luri folikulebidan. is yvelaze didia da misi diametri 20nm-s aRwevs.  dominantu-

ri fulikula mdidaria granulozuri da teka-ujredebiT. dominanturi folikulis 

zrdis paralelurad mwifdeba kvercxujredic (oociti), sadac xdeba meiozis pro-

cesi. dominanturi folikulis warmoqmnis paralelurad mimdinareobs danarCeni 

rekrutirebuli (ganviTarebadawyebuli) folikulebis ukuganviTareba. am stadie-
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bis gavlis Semdgom xdeba dominanturi folikulis gaxleCa — ovulacia da momwife-

buli kvercxujredis gamosvla muclis RruSi. procesi mimdinareobs dazianebuli 

sisxlis kapilarebidan sisxldenis fonze. kvercxujredis gamosvlis Semdgom foli-

kulis siRrueSi adgili aqvs kapilarebis Cazrdas, granulozuri ujredis luteini-

zacias —izrdeba maTi citoplazmis moculoba da Cndeba lipiduri CanarTebi — war-

moiqmneba yviTeli sxeuli.  es ukanaskneli aqtiuri warmonaqmnia, romelic menstrua-

luri ciklis xangrZlivobis miuxedavad funqcionirebs garkveuli xani. im SemTxve-

vaSi, Tu ar moxda ganayofiereba, yviTeli sxeuli regresirdeba. 

 
suraTi.IX.18. sakvercxe (A) da folikula (B) 

A. sakvercxis agebuleba: 1 — Canasaxovani epiTeliumi; 

2 — garsi; 3 — sakvercxis sisxlZarRvebi; 4 — primordialuri folikala; 

5 — treantraluri folikula; 6 — antraluri folikula; 

7 — preovulaciuri folikula; 8 — ovulacia; 9 — yviTeli sxeuli. 

B. momwifebuli folikula: 1 — oociti; granulezuri ujredebi; 

3 — Teka ujredebi; 4 — bazaluri membrana. 

 

folikulebis zrda, ganviTareba da yviTeli sxeulis warmoqmna mimdinareobs 

sasqeso hormonebis producirebis xarjze rogorc folikulebis granulozuri, 

aseve teka-ujredebis mier.   

sasqeso steroidul hormonebs miekuTvneba estrogenebi, progesteroni da an-

drogenebi. maTi 90% dakavSirebul formaSia da mxolod darCenili 10% biologiu-

rad aqtiuria.   

cnobilia estrogenebis sami fraqcia: estradioli, estrioli da estroni. gansa-

kuTrebul maRal aqtivobas avlens estradioli, xolo yvelaze dabal aqtiuria — es-

troni. sasqeso hormonebis raodenoba menstrualuri ciklis mTel manZilze icvle-

ba, rac gamowveulia granularuli ujredebis aqtivobiT. folikulis zrdis para-

lelurad, yvela sasqeso hormonis sinTezi izrdeba. es gansakuTrebiT exeba estra-

diols. menstrualuri ciklis dawyebamde yviTeli sxeulis ujredebidan iwyeba pro-

gesteronis gamoyofa. androgenebi warmoiqmneba sakvercxis teka-ujredebSi da maTi 

Semcveloba mTeli menstrualuri ciklis manZilze ar icvleba.  

amrigad, folikulebis momwifebis fazaSi mimdinareobs ZiriTadad estrogenebis 

sekrecia, xolo yviTeli sxeulis warmoqmnisas — progesteronis. sakvercxeebSi  sin-

Tezirebuli sasqeso hormonebis is  ujredebi, sadac aRiniSneba am hormonebis Sesa-

bamisi receptorebis arseboba. aseTi ujredebi sxvadasxva qsovilsa da organoSi 

gvxvdeba. esenia sasqeso organoebi (saSvilosno, sarZeve jirkvlebi), Zvlis Rrubli-

seburi nivTiereba, tvini, sasxlZarRvebis endoTeliumi da gluvi kunTebi, miokar-

diumi, kani da sxva.  
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sasqeso hormonebi gansazRvraven ara marto reproduqciuli sistemis funqcio-

nalur mdgomareobas, aramed zemoqmedeben sxva organoebze da qsovilebze, sadac 

aRiniSneba maTi receptorebis arseboba da  aqtiurad moqmedeben am organoebSi mim-

dinare nivTierebaTa cvlaze. receptorebi aris citoplazmuri da birTvuli. ci-

toplazmuri receptorebi maRalspecifikuria estrogenebis, progesteronisa da 

testosteronis mimarT. rac Seexeba birTvul receptorebs, isini aseve aqceptireben 

sxva hormonebsac, kerZod aminopeptidebs, insulinsa da glukagons.  

kanis ujredebSi estradiolisa da testosteronis moqmedebiT aqtivdeba kola-

genis sinTezi, rac xels uwyobs mis elastikurobas. momatebuli cximianoba, foli-

kulitebi, forianoba da Tmianoba asocirdeba androgenebis gaZlierebuli zemoqme-

debiT. Zvlovan qsovilSi estrogenebi, progesteroni da testosteroni icaven 

Zvlovan qsovils rezorbciisagan. amave dros, estrogenebisa da androgenebis ba-

lansi gansazRvravs metabolizmis aqtivobasa da cximovani qsovilis ganawilebas 

mTlian organizmSi. aRsaniSnavia, rom sasqeso hormonebi modulirebs Termoregula-

ciis hipoTalamusuri centris muSaobas.  

sasqeso hormonebis garda, sakvercxeebi aseve gamoimuSaveben da gamoyofen bio-

logiurad aqtiur sxva naerTebsac: prostaglandinebs, relaqsins, epidermalur  

zrdis faqtors da insulinis msgavs zrdis faqtorebs. iTvleba, rom swored zrdis 

faqtorebi uwyoben xels folikulebis zrdas da momwifebas, aseve dominanturi fo-

likulis seleqcias.  

ovulaciis procesSi gansakuTrebiT mniSvnelovania folikulis siTxis proteo-

lizuri fermentebi, kolagenaza, oqsitocini, relaqsini da prosta-glandinebi, ker-

Zod prostaglandini F2 da prostaglandini Е2. avlens ra sisxlZarRvebis Semaviwro-

vebel moqmedebas, prostaglandini F2-is gavleniT adgili aqvs sakverxeebis spira-

luri arteriebis Seviwroebas, rasac mosdevs iSemiuri movlenebi. amave dros, igi 

xels uwyobs saSvilosnos SekumSvas da, Sesabamisad, misi lorwovani garsis CamoSo-

rebas. menstrualuri ciklis dros prostaglandinebis gamoyofis gaZliereba ukav-

Sirdeba zogierTi lizosomuri fermentebis gamoTavisuflebas.     
saSvilosnos lorwovani garsis (endometriumis) cvlilebebi. menstrualuri 

ciklis dros saSvilosnos amomfeni lorwovani garsi scildeba da estrogenebis 

moqmedebiT gadadis e.w. proliferaciul, xolo progesteronis zemoqmedebiT — sek-

reciis fazaSi, romlis drosac estrogenebis receptorebis ricxvi klebulobs da 

proliferacia Seferxebulia. progesteronis zemoqmedebT saSvilosnos kedlis uj-

redebSi Cndeba glikogenSemcveli vokuolebi, xolo jirkvlebSi — sekreti, rome-

lic Seicavs glikogens, glikoproteinebsa da glukozaminoglikanebs.   

im SemTxvevaSi, Tu ar moxdeba ganayofiereba, adgili aqvs yviTeli sxeulis  invo-

lucias. sisxlSi estrogenebisa da progesteronis Semcveloba klebulobs, rac xels 

uwyobs menstrualuri ciklis mimdinareobas.  

gansakuTrebiT maRali aqtivobiT xasiaTdeba 17β-estradioli da progesteroni 

(ix. sur. III. 33.).  

Tanamedrove monacemebis Tanaxmad, sakvercxeebSi estrogenebis warmoqmnis pro-

cesi gulisxmobs androgenebis (kerZod, androstendionis) gamomuSavebas foliku-

lebis teka-ujredebsa da granulozis ujredebSi (folikularuli epiTeliumis 

marcvlovani Sris ujredebi) da maT Semdgom aromatizacias. 

teka-ujredebSi sinTezdeba LH-is receptorebi, xolo FSH-is receptorebi war-

moiqmneba granulozur ujredebSi. teka-ujredebis receptorebTan dakavSirebis Se-

degad, LH aaqtivebs ferments, romelic akatalizebs qolesterolis gverdiTi jaW-

vis moxleCas da mis gardaqmnas pregnenolonad, rasac mosdevs sakvercxeebis ZiriTa-



 

 439

di androgenis — androstendionis warmoqmna. FSH urTierTqmedebs granulozis uj-

redebis receptorebTan da Sedegad, aaqtivebs am ujredebSi arsebul aromatazul 

fermentul kompleqss, rac iwvevs teka-ujredebiT gamomuSavebuli androgenebis 

estrogenebad gardaqmnis procesis stimulirebas. androstendioni gardaiqmneba es-

tronad, testosteroni — estradiolad, xolo maTi 16-hidroqsiwarmoebulebi — 16-

oqsiestronad da estriolad (sur IX.19) androgenebis aromatizacia warmoebs hid-

roqsilirebis sami reaqciis Sedegad, romlebic xorcieldeba О2-isa da nadf H-is mo-

nawileobiT. 

uSualod teka-ujredebSi sinTezdeba estrogenebis Zalian mcire raodenoba. es-

trogenebis mniSvnelovani nawili producirdeba yviTel sxeulSi, fetoplacenta-

rul kompleqsSi (fexmZimobis dros), Tirkmelzeda jirkvlebis qerqSi, cximovan uj-

redebSi, RviZlSi, kanSi da sxva qsovilebSi, sadac vlindeba momatebuli aromatazu-

li aqtivoba. 

 

suraTi IX.19. mdedrobiTi sasqeso hormonebis warmoqmna 

granulezis ujredebSi SesaZlebelia dasinTezdes naklebad aqtiuri estrogeni 

— estroni, xolo sisxlSi estronidan warmoiqmneba kidev naklebad aqtiuri estrio-

li. RviZlSi β-estradioli inaqtivdeba aromatuli rgolis C2-atomis hidroqsili-

rebis da gogirdmJavasa da glukuronis mJavasTan koniugatebis warmoqmnis Sedegad. 

koniugatebi gamoiyofa organizmidan SardiT an naRvelTan erTad. 

sisxlSi cirkulirebadi estrogenebis daaxloebiT 95% dakavSirebulia satran-

sporto cilebTan — albuminTan da seqs-hormondamakavSirebel cilasTan. biologi-

ur aqtivobas amJRavnebs mxolod estrogenebis Tavisufali formebi. 

reproduqciuli funqciis regulireba. reproduqciuli sistemis regulireba 

ganisazRvreba neiroendokrinuli sistemis urTierTobiT. neiroendokrinuli sis-

tema gulisxmobs rogorc, centralur, aseve periferiul, efeqtorul struturebs. 

urTierToba Sinagani sekreciis jirkvlebisa da samizne organoebis moqmedebas So-

ris pirvel rigSi ganisazRvreba am ujredebze Sesabamisi specifikuri  receptore-

bis arsebobiT (sur.IX.20). 

prepubertatul periodSi moumwifebeli sakvercxeebi gamoimuSavebs hormonebis 

mcire raodenobas, ris gamoc, estrogenebis koncentracia sisxlSi dabalia. puber-

tatul periodSi hipoTalamo-hipofizaruli sistemis mgrZnobeloba LH-isa da FSH-

is zemoqmedebisadmi dabalia. GnRH-is impulsuri sekrecia iwvevs LH-isa da FSH-is 

sekreciis dReRamuri riTmis Camoyalibebas. yoveli menstrualuri ciklis dasawyis-

Si LH-isa da FSH-is sekrecia iwvevs pirveladi folikulebis ganviTarebas. momwife-

buli folikuli, LH-is (romelic astimulirebs androgenebis sekrecias teka-ujre-

debiT) da FSH-is (romelic astimulirebs androgenebis aromatizacias) erToblivi 
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moqmedebiT asekretirebs estrogenebs, romlebic uaryofiTi ukukavSiris meqaniz-

miT Trgunavs FSH-is sekrecias. FSH-is koncentracia sisxlSi rCeba dabali cila in-

hibiniT (gamomuSavdeba sakvercxeebiT) am hormonis sekreciis inhibirebis gamo.  

yovelive zemoTqmulidan gamomdinare, GnRH astimulirebs LH-isa da FSH-is sek-

recias, romlebic estrogenTan da progesteronTan erTad aregulirebs sqesobriv 

cikls qalebSi. estradioli da progesteroni uaryofiTi ukukavSiris meqanizmiT 

aregulirebs LH-isa da FSH-is sinTezsa da sekrecias (sur. XI.15). folikulis momwi-

febasTan (folikularuli faza) erTad, estradiolis koncentracia matulobs, hi-

pofizaruli ujredebis mgrZnobeloba gonadoliberinisadmi izrdeba da estradio-

li dadebiTi ukukavSiris meqanizmiT iwvevs  LH-isa da FSH-is sekreciis gaaqtivebas. 

LH-is sekreciis mateba ganapirobebs ovulacias — kvercxujredis gamoTavisuf-

lebas gamskdari folikulidan. ovulaciis Semdeg granulezis ujredebi gardaiq-

mneba yviTel sxeulad, romelic estradiolis garda, iwyebs sul ufro meti proges-

teronis (progestinis) — luTeinuri fazis ZiriTadi hormonis gamomuSavebas.  

dafexmZimebis SemTxvevaSi yviTeli sxeuli agrZelebs funqcionirebas da pro-

gesteronis sekrecias. amasTanave, unda aRiniSnos, rom fexmZimobis ufro gvian eta-

pebze progesteroni ZiriTadad producirdeba placentiT. Tu ganayofiereba ar 

xdeba, sisxlis plazmaSi progesteronis maRali koncentracia, uaryofiTi ukukavSi-

ris meqanizmiT, Trgunavs hipoTalamo-hipofizaruli sistemis aqtivobas, muxruWde-

ba LH-isa da FSH-is sekrecia, yviTeli sxeuli iSleba da, Sesabamisad, iklebs steroi-

debis sinTezi da sekrecia kvercxujredebiT. Sedegad iwyeba menstruacia, romelic 

grZeldeba saSualod 5 dRe, ris Semdegac warmoebs endometriumis axali zedapiru-

li Sris formireba da axali ciklis dawyeba. 

estrogenebi ukavSirdeba ujredSida receptorebs da sxva steroiduli hormo-

nebis msgavsad, aregulirebs struqturuli genebis transkripcias. iTvleba, rom es-

trogenebi inducirebs 50-ze meti sxvadasxva cilis sinTezs, romlebic monawileobs 

estrogenebis fiziologiuri efeqtebis gamovlenaSi. 

estrogenebi astimulirebs gamravlebaSi monawile qsovilebis ganviTarebas, gan-

sazRvravs qalis meoradi sasqeso niSnebis Camoyalibebas, aregulirebs progestinis 

receptoris genis transkripcias. luTeinur fazaSi, estrogenebis da progestinebis 

zegavleniT, proliferatiuli endometriumi (saSvilosnos epiTeliumi) gardaiqmne-

ba sekretolur epiTeliumad, riTac amzadebs saSvilosnos epiTeliums ganayofie-

rebuli kvercxujredis implantaciisaTvis. 

 

 
 

suraTi IX.20.  mdedrobiTi sasqeso hormonebis sekreciis regulacia 
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F2α prostaglandinTan erTad, estrogenebi mSobiarobis dros zrdis miometriu-

mis mgrZnobelobas oqsitocinisadmi. aseve, axdens anabolur zemoqmedebas Zvlebsa 

da xrtilebze, xels uwyobs kanisa da sisxlZarRvebis normaluri struqturis Senar-

Cunebas qalebSi, inducirebs azotis oqsidis warmoqmnas gluvi kunTebis sisxlZar-

RvebSi, rac iwvevs maT gafarToebas da aZlierebs siTbos gacemas. estrogenebi asti-

mulirebs Tireoiduli da sasqeso hormonebis satransporto cilebis sinTezs, aseve 

SeuZlia sisxlis Sededebis II, VII, IX da X faqtorebis inducireba da antiTrombini III-

is koncentraciis Semcireba. 

estrogenebi zemoqmedebs lipidebis cvlaze. kerZod, estrogenebiT gamowveuli 

maRali simkvrivis lipoproteinebis (HDL) sinTezis siCqaris zrda da dabali sim-

kvrivis lipoproteinebis (LDL) sinTezis inhibireba iwvevs sisxlSi qolesterinis 

Semcvelobis klebas. 

progesteroni, romelic umeteswilad yviTel sxeulSi luTeinur fazaSi, men-

struaciis dros warmoiqmneba, aseve sekretirdeba orsulobisas fetoplacentaru-

li kompleqsiT. mcire raodenobiT is gamomuSavdeba mamakacebisa da qalebis orga-

nizmSi Tirkmelzeda jirkvlebis qerqSic. menstrualuri ciklis folikularul fa-

zaSi progesteronis koncentracia sisxlis plazmaSi, Cveulebriv, ar aRemateba 5 

nmoli/l koncentracias, xolo luTeinur fazaSi izrdeba 40-50 nmoli/l-mde. sis-

xlSi progesteroni ukavSirdeba satransporto globulins transkortins da albu-

mins. hormonis mxolod 2% imyofeba Tavisufal biologiurad aqtiur formaSi. sa-

mizne ujredebSi difundirebisas, progesteroni ukavSirdeba specifikur birTvul 

receptors, xolo warmoqmnili hormon-receptoruli kompleqsi urTierTqmedebs 

dnm-is promotorul ubanTan da aaqtivebs genebis transkripcias. sisxlSi progeste-

ronis naxevarsicocxlis xangrZlivoba Seadgens 5 wT-s. RviZlSi warmoebs progeste-

ronis koniugacia glukuronis mJavasTan da SardiT gamoyofa. progesteronis moqme-

deba, upiratesad, mimarTulia organizmis reproduqciul sistemaze — misi aqtivoba, 

ZiriTadad, vlindeba fexmZimobis periodSi, ris gamoc progesterons orsulobis 

hormons uwodeben. maRali koncentraciisas progesteroni urTierTqmedebs Tirkme-

lebis arxebSi lokalizebul receptorebTan da am gziT konkurirebs aldosteron-

Tan. konkurentuli inhibirebis Sedegad, aldosteroni kargavs natriumis readsor-

bciis stimulaciis unars. 

progesterons aseve SeuZlia zemoqmedeba cns-ze. kerZod, premenstruaciul pe-

riodSi is gansazRvravs qcevis zogierT Taviseburebas. 

IX.2.3. sasqeso sistemis hormonebis 

sinTezisa da  sekreciis moSlis mizezebi 

sasqeso hormonebis metabolizmi warmoadgens natif da rTul process, romelic 

advilad ganicdis sxvadasxva faqtoris zemoqmedebas, romelic iwvevs seriozul 

darRvevebs sasqeso hormonebis cvlaSi. 

estrogenebis metabolizmis darRveva xdeba garemo aris arasasurveli faqtore-

bis da genetikuri winaswarganwyobis urTierTqmedebis Sedegad. genetikuri faqto-

rebidan SeiZleba aRvniSnoT im genebis polimorfizmebi, romlebic akodirebs de-

toqsikaciis procesis pirveli da meore fazis fermentebis biosinTezs (CYP 1A1, 

CYP 1B1, CYP 3A4, COMT, MTHFR, GST da sxv.). garemo aris arasasurveli faqtorebi-

dan aRsaniSnavia: 
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1. sigaretis moweva — iwvevs citoqrom Р450-is aqtivobis daqveiTebas, romelic, 

Tavis mxriv, pasuxismgebelia estrogenebidan 2-hidroqsiestrogenebis warmoqmnaze. 

es ukanasknelebi aucilebelia qalis organizmisaTvis premenopauzis periodSi. gar-

da amisa, moweva iwvevs oqsidaciur stress, rac ganapirobebs 2-hidroqsi- da 4-hid-

roqsiestrogenebis gardaqmnas 2- da 4-semikvinonebad da kvinonebad, romelTac aqvs 

kancerogenuli Tvisebebi da zemoqmedebs saSvilosnos, sarZeve jirkvlisa da sak-

vercxeebis qsovilebze; 

2. hormonaluri kontraceptivebisa da qalis sasqeso hormonebis miReba samkur-

nalo miznebiT — samwuxarod, gayidvaSi arsebuli hormonaluri preparatebis umete-

soba sinTeTikuri bunebisaa. sinTeTikuri hormonebi organizmSi gardaiqmneba naer-

Tebad, romlebic potenciurad kancerogenuli moqmedebisaa. garda amisa, sinTeti-

kuri hormonebi aqveiTebs organizmis detoqsaciur SesaZleblobebs. Sedegad, isini 

grovdeba organizmSi, ramac SesaZlebelia gamoiwvios qalis reproduqciuli siste-

mis daavadebani da zrdis sarZeve jirkvlis kibos risks; 

3. insekticidebi — es toqsikuri naerTebi SesaZlebelia moxvdes organizmSi yo-

facxovrebaSi maTi gamoyenebisas, sakvebiT an inhalaciis gziT. maTi organizmSi mox-

vedra iwvevs citoqrom Р450-is blokirebas. Sedegad, estrogenebi gardaiqmneba 16-

hidroqsi- da 4-hidroqsi-estrogenebad. aseTi metabolitebis dagroveba qsovilebSi 

saSvilosnosa da sarZeve jirkvalSi simsivnis winamorbedi daavadebebis ganviTare-

bis mizezi xdeba; 

4. hormonebi sakveb produqtebSi — sakveb produqtebTan erTad adamianis orga-

nizmi moxvedrisas, hormonebi Seiwoveba saWmlis momnelebeli traqtidan da konku-

rentulad urTierTqmedebs saSvilosnos, sarZeve jirkvlisa da sakvercxeebis hor-

monebis receptorebTan; 

5. Warbi wona — xels uwyobs organizmSi estrogenebis dagrovebas. amis mizezia is, 

rom cximovani ujredisi Seicavs didi raodenobiT ferment aromatazas, romelic 

Tirkmelzeda jirkvlebSi sinTezirebul androgenebs gardaqmnis estrogenebad. qa-

lebSi estrogenebis siWarbe aris iseTi daavadebebis gamomwvevi mizezi, rogoricaa 

endometriozi, saSvilosnos fibromioma, endometriumis polipebi, saSvilosnos ye-

lis displazia, fibrozul-kistozuri mastopaTia da sxv.; 

6. ftalatebi — esaa toqsikuri naerTebi, romlebsac Seicavs yvela plastmasuri 

nawarmi da polimeruli sayofacxovrebo saSualebebi (celofani, produqtebis Sesa-

fuTi apkebi, polieTilenis paketebi, haeris aromatizaciis saSualebebi, polirole-

bi, saRebavebi, laqebi da a.S.). ftalatebs aqvs estrogenebis receptorebTan urTier-

Tqmedebis unari, riTac xels uSlis estrogenebis zemoqmedebis ganxorcielebas; 

7. sxvadasxva saxis stresi; 

8. bioelementebisa da vitaminebis deficiti — mravali vitamini da minerali war-

moadgens im fermentebis kofaqtorebs, romlebic iRebs monawileobas organizmSi 

estrogenebis gardaqmnis procesebSi. am naerTebis deficitisas, fermentebis gau-

marTavi muSaoba xdeba mizezi organizmSi  estrogenebis Warbi odenobiT dagrovebi-

sa, rac, Tavis mxriv, sxvadasxva daavadebis mizezi xdeba. magaliTad, organizmSi be-

ta-karotinis (A vitaminis winamorbedi), foliumis mJavas da/an selenis ukmarisoba, 

zrdis saSvilosnos yelis displaziis ganviTarebis risks. 

9. naklebad moZravi cxovrebis stili — dadgenilia, rom fizikuri datvirTva as-

timulirebs estrogenebis 2-hidroqsilirebas da detoqsikacias.  

arsebobs mcdari mosazreba, rom hormonaluri darRvevebi mxolod qalebis 

xvedria. es sruliadac ar Seesabameba sinamdviles. dadgenilia. rom mamakacTa jan-
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mrTeloba da gansakuTrebiT potencia, bevradaa damokidebuli hormonalur fonze 

da endokrinuli sistemis mdgomareobaze. 

mamakacebSi hormonaluri bunebis yvelaze gavrcelebuli problemaa testoste-

ronis arasamarisi raodenoba (hipogonadizmi). hipogonadizmi umeteswilad dakavSi-

rebulia WarbwonianobasTan. dResdReobiT Warbwonianoba ara marto samedicino 

problemaa, aramed umetes wilad socialuri. ZiriTadi paTofiziologiuri meqaniz-

mebi, romlebic iwvevs am paTologias sakmaod kargadaa Seswavlili: 

1. cximovan qsovilSi,  aromatazas aqtivobis zrdis gamo,  izrdeba testostero-

nis gardaqmnis intensivoba estradiolad da estronad; 

2. icvleba testosteronis metabolizmi RviZlSi, RviZlis araalkoholuri gacx-

imovnebis da steatohepatitis (anTebiTi procesi RviZlis qsovilSi, misi cximovani 

gadagvarebisas) fonze; 

3. RviZlSi seqs-damakavSirebeli globulinis sinTezis darRveva, ris Sedegadac 

sisxlSi klebulobs Tavisufali testosteronis koncentracia; 

4. 5Α-reduqtazas aqtivobis kleba, rac iwvevs dehidrotestosteronis warmoq-

mnis Semcirebas; 

5. stresuli faqtorebisadmi mgrZnobelobis zrdis Sedegad, prolaqtinis kon-

centraciis mateba, testosteronis koncentraciis Semcireba qveda zRvrul normam-

de da  LH-is aqtivobis kleba, rac uSualod  moqmedebs spermatogenezze da iwvevs am 

procesis darRvevebs. 

testosteronis sinTezis darRveva SesaZlebelia gamowveuli iyos saTesleebis 

meqanikuri dazianebiT, saTesleebis qsovilis anTebiT, hipofizis iSemiuri an simsiv-

nuri daavadebiT da somaturi daavadebebis farTo speqtriT (aiv-infeqcia, Saqriani 

diabeti, Tirkmelebis ukmarisoba, farisebri jirkvlis paTologiebi, anemia, avTvi-

sebiani simsivneebi). zogierTi preparatis miReba, alhokolis Warbi moxmareba da 

narkotikebi aseve iwvevs mamakacebis hormonaluri fonis moSlas. 

sasqeso hormonebi mniSvnelovan zemoqmedebas axdens nivTierebaTa cvlaze cns-

Sic, rac gamoixateba adamianis qcevebis SecvlaSi. androgenebi da estrogenebi ze-

moqmedebs yoveli sqesisaTvis damaxasiaTebel seqsualur qcevebze. yvelasaTvis 

cnobilia Tu rogor icvleba bavSvebis fsiqika da qceva pubertatul periodSi. amaSi 

umeteswilad `damnaSavea~ sasqeso hormonebi, romelTa sekrecia am periodSi mkveT-

radaa momatebuli. sasqeso jirkvlebis endokrinuli funqciis TandaTanobiTi Se-

sustebis dros, e.w. klimakterul periodSi, aseve SesaZlebelia fsiqikis droebiTi 

Secvla. darRvevebis aseT kompleqss  klimaqteruli nevrozebi ewodeba.           
yovelive zemoTqmulidan gamomdinare, cxadia, rom sasqeso hormonebis zemoqme-

deba adamianis organizmis sxvadasxva sistemaze  metad rTuli da mravalmxrivi pro-

cesia.  
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X. SemaerTebeli qsovilis bioqimia 

X.1. SemaerTebeli qsovilis struqturuli Tavisebureba 

SemaerTebeli qsovili cocxali organizmis yvela organoSi gvxvdeba, sadac mas 

ZiriTadad damxmare funqcia akisria (sayrdeni, damcvelobiTi, trofikuli). Semaer-

Tebeli  qsovili ZiriTadad mezenqimaluri warmoSobisaa. kanqveSa ujredisis faSari 

qsovili, derma (sakuTriv kani), Zvali da kbilebi, myesebi da iogebi, kunTebSorisi 

fascialuri apkebi da parenqimuli organoebis (RviZli, kunTebi) Sidaorganuli 

stroma, neiroglia da peritoniumi (muclis serozuli garsi) — yoveli maTgani  Sema-

erTebeli qsovilia (sur.X.1). 

 

 
suraTi X.1. SemaerTebeli qsovili 

A – faSari SemaerTebeli qsovili;  B — mkvrivi SemaerTebeli qsovili; 

C – Zvlovani SemaerTebeli qsovili; D – xrtilovani SemaerTebeli qsovili; 

E – Txevadi SemaerTebeli qsovili — sisxli 

 

SemaerTebeli qsovili Seadgens ZuZumwovari cxovelebis, maT Soris adamianis 

organizmis 50%-s. cnobilia misi  3 ZiriTadi tipi: 

• sakuTriv SemaerTebeli qsovili; 

• xrtilovani SemaerTebeli qsovili; 

• Zvlovani SemaerTebeli qsovili. 

SemaerTebel qsovilSi ganasxvaveben ujredSoris (ZiriTad) nivTierebas, ujredul 

elementebs da boWkovan struqturebs. aRsaniSnavia, rom SemaerTebel qsovilSi ujred-

Sorisi nivTiereba gacilebiT didi raodenobiTaa, vidre ujreduli elementebi. 

SemaerTebeli qsovilis yvela tipi, maTi morfologiuri, qimiuri Semadgenlobi-

sa da Tvisobrivi nairsaxeobebis miuxedavad, erTiani principiTaa agebuli, kerZod: 

I. nebismieri sxva qsovilis analogiurad, is Seicavs ujredebs (qondrocitebi, 

fibroblastebi, makrofagebi da poxieri ujredebi), Tumca sxva qsovilebTan Sedare-

biT mcire raodenobiT, ujredSorisi (ZiriTadi) nivTierebis — matriqsis  Semcvelo-

ba ki sakmaod maRalia; 
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II. SemaerTebeli qsovilis matriqsSi gvxvdeba uxsnadi Zafisebri boWkovani (fib-

riluri) struqtura, romelsac qmnis oTxi tipis nivTiereba — kolageni, elastini, 

arakolagenuri struqturuli glikoproteinebi da proteoglikanebi. 

X.2. ujredSorisi matriqsi 

ujredSorisi  nivTiereba (matriqsi) — makromolekulebis struqturirebuli 

kompleqsia, romelic gars akravs SemaerTebeli qsovilis ujredebs da uzrunvel-

yofs maT ganviTarebas, organizacias, proliferacias da metabolizms. is ramdenime 

mniSvnelovan funqcias asrulebs: warmoqmnis organoebisa da qsovilebis SemaerTe-

bel safuZvels, akavSirebs erTmaneTTan ujredebs, monawileobs qsovilis meqaniku-

ri simtkicisa da turgoris, aseve maRalspecifikuri struqturebis — Zvlebis, 

xrtilebis, myesebisa da sxv. SeqmnaSi. matriqsis ZiriTadi komponentebia struqtu-

ruli cilebi — kolageni da elastini, glukozaminoglikanebi, proteoglikanebi, 

aseve arakolagenuri cilebi, kerod fibroneqtini, laminini, osteoneqtini da sxv. 

ujredSorisi niTiereba Jeleseburi warmonaqmnia, rac aixsneba misi qimiuri Se-

madgenlobiT. is hidratirebuli gelia, romlis 30% maRalmolekuluri naerTebia, 

xolo danarCen 70%-s Seadgens wyali. maRalmolekulur nivTerebebs qmnis cilebi da 

naxSirwylebi. naxSirwylebidan aRsaniSnavia heteropolisaqariduli bunebis gliko-

zaminoglikanebi (gag), romlebic  disaqariduli  bunebis monomerebiTaa warmodgeni-

li. monomerebis agebulebiT ganasxvaveben  7 tipis gag-s: 

• hialuronis mJava; 

• qondriotin -4-sulfati; 

• qondriotin -6-sulfati; 

• dermatansulfati; 

• keratansulfati; 

• heparansulfati; 

• heparini. 

sxvadasxva tipis gag-is monomerebi erTnairi principiTaa agebuli. maT Semadgen-

lobaSi Sedis  β-D-glukuronis mJava an β-D -iduronis mJava: 

 
 

gag-is meore komponentia heqsozamini, kerZod glukozamini an galaqtozamini, 

Tumca ufro xSirad gvxvdeba maTi acetiluri nawarmebi — β-D-N-acetilglukozamini 

da β-D-N-acetilgalaqtozamini. 

hialuronis mJava. misi monomeria glukuronis mJava da N-acetil-glukozamini.  

hialuronis mJava gvxvdeba rogorc Tavisufali saxiT, aseve rTuli agregatebis Se-

madgenlobaSi. igi erTadaerTi gag-ia, romelic ar ganicdis sulfatirebas da ar aris 

dakavSirebuli ZiriTad cilasTan. gvxvdeba rogorc cxovelur organizmebSi, aseve 
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baqteriebSic. misi struqtura sxva glikozaminoglikanebTan SedarebiT martivia, zo-

mebi ki xSirad 105-107 kdaltons aRwevs. didi masa, eleqtruli Tvisebebi da xsnarSi di-

di moculobis dakavebis SesaZlebloba ganapirobebs mis sapox da amortizatorul 

Tvisebas. igi gvxvdeba sinovialur siTxeSi, minisebur sxeulSi, WiplarSi  da sxv. 

 

 

 
       

qondriotin-sulfatebi.  yvelaze metad gavrcelebuli gag-ia, romlis  Semadgen-

lobaSi gvxvdeba gogirdmJavas naSTi. cnobilia qondriotin-sulfatebis 2 forma: 

qondriotin-4-sulfati da qondriotin-6-sulfati, romlebic erTmaneTisagan gan-

sxvavdeba gogirdmJavas naSTis adgilmdebareobiT. monomeri agebulia glukuronis 

mJavasa da N-acetil-galaqtoz-aminsulfatisagan. gvxvdeba saxsrebis, myesebis, io-

gebis da aortis kedlis SemadgenlobaSi, aseve Tirkmelebisa da filtvebis ZiriTadi 

Semadgeneli komponentebia.  

dermatan-sulfati. misi monomeri agebulia iduronis mJavasa da galaqtozamin-

4-sulfatisagan. dermatan-sulfati xrtilovani qsovilis erT-erTi ZiriTadi kom-

ponentia, Tumca misi biologiuri roli sakmaod bundovania.  
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keratan-sulfati.  misi  monomeria galaqtoza da N-acetilglukozamin-6-sulfa-

ti. gvxvdeba Zvlovan da xrtilovan qsovilebSi, aseve rqovanaSi. glikanuri jaWvis 

erTi bolo dakavSirebulia cilasTan, romelsac ZiriTadi cila ewodeba (ingl. 

sityvidan —`core protein~). ZiriTadi cila warmoadgens ujredis zedapiris garkveul  

nawils an ujredgare matriqsis komponents. keratan-sulfatis struqturisa da sin-

Tezis darRvevebi aRiniSneba mTeli rigi paTologiebis SemTxvevaSi.  

 

 
 

heparini da heparansulfati. heparinis molekula warmodgenilia ramdenime po-

lisaqariduli jaWviT, romlebic erTmaneTTan dakavSirebulia saerTo cilovani 

birTviT. polisaqariduli jaWvis safuZvelia ganmeorebadi disaqaridi — glukoza-

mini da uronis mJava, romlebic erTmaneTTan 1-4-glukoziduri bmebiTaa dakavSire-

buli. glukozaminis naSTebis umravlesoba amino- da hidroqsilis jgufebzea sul-

fatirebuli, xolo mcire nawili — acetilirebuli.   

 
heparini sinTezdeba poxier ujredebSi, romlebic didi raodenobiTaa RviZlSi, 

filtvebSi, sisxlZarRvebis kedlebSi da asrulebs endogenuri antigoagulantis 

rols. is rogorc in vivo, ise in vito pirobebSi sisxlis koagulaciis inhibitorTan — 

antiTrombin III-Tan dakavSirebiT xels uSlis Semadedebeli faqtoris aqtivacias.  

yvela glikozaminoglikanis grZeli polisaqariduli jaWvi faSari globulebis 

formisaa (ar gaaCnia kompaqturi wyoba) da ikavebs did moculobas. gag hidrofilu-

ri naerTebia, romlebic Seicavs didi raodenobiT hidroqsilis jgufebs da gaCnia 

mniSvnelovani uaryofiTi muxti. uaryofiTi muxtis siWarbe xels uwyobs didi rao-



 

 448 

denobiT kaliumis, natriumis, kalciumisa da magniumis dadebiTi muxtebis dakavSi-

rebas, rac aseve zrdis wylis mierTebasac.    

glikozaminoglikanebi Sedis rTuli cilebis SemadgenlobaSi, romlebsac pro-

teoglikanebi ewodeba. proteoglikanebSi gag-is Semcveloba 95%-ia, xolo  darCeni-

li 5% — cilaa. cilovani da aracilovani komponentebi erTmaneTTan dakavSirebu-

lia mtkice kovalenturi kavSirebiT. cilovani komponentis funqcias asrulebs e.w.   

ZiriTadi cila (core protein). erT molekula ZiriTad cilas SeuZlia daikavSiros 100-

mde gag.  ujredSi proteo-glikanebi, Tavis mxriv, dakavSirebulia hialuronis mJa-

vasTan, rac iZleva imis saSualebas, rom warmoiqmnas rTuli kompleqsi — proteog-

likanuri agregatebi. arigad, kompleqsis SemadgenlobaSi Sedis hialuronis mJava, 

specialuri damakavSirebeli cilebi da proteoglikanebi (sur.X. 2).  

 

 
 

suraTi X.2.  proteoglikanuri agregati 

 

proteoglikanur agregatebSi sulfatirebuli proteoglikanebis hidrataciis 

unari ganapirobebs maT urTierTganzidvas. amitom kompleqsebi ikavebs maqsimalur 

farTobs. amave mizeziT xdeba TviT kompleqsebis erTmaneTisagan ganzidvac, ris ga-

moc maTi saerTo moculoba bevrad aRemateba Tavad kompleqsebis moculobas. gare-

mo wnevis zrdis SemTxvevaSi, kompleqsebi uaxlovdeba erTmaneTs da molekulaTaSo-

risi Sualedebidan xdeba wylis gamodevna. wnevis normalizaciis Semdeg kompleqsi 

ubrundeba sawyis mdgomareobas. kompleqsebis es Tviseba ganapirobebs matriqsis 

amortizaciis unars. glikozaminoglikanebTan wylis dakavSirebis Sedegad warmoiq-

mneba geli, romelic zRudavs ujredSorisi nivTierebis difuzias da ganvladobas. 

ganvladoba da difuzia matulobs ferment hialuronidazaTi hialuronis mJavas 

daSlis Sedegad. hialuronidaza gamoiyofa zogierTi mikroorganizmidan da xels 

uwyobs paTogenuri mikroorganizmebis SeWras qsovilSi (airovani gangrenisa da Cir-

qovani infeqciebis paTogenebi).  

proteoglikanebisaTvis sulfatirebis procesi uaRresad mniSvnelovania da 

bevr mis Tvisebas ganapirobebs. procesi moicavs araorganuli gogirdis gadatanas 

ujredSi plazmuri membranis transporteris daxmarebiT da mis Semdgom transfor-

mirebas fosfoadenozinfosfosulfatad (PAPS) ferment PAPS-sinTeTazas monawile-

obiT. SemdgomSi PAPS ferment sulfotransferazas mier gadaitaneba goljis apa-

ratSi Semdgomi utilizaciisaTvis.  

cnobilia sami autosomur-recesiuli daavadeba, romelic gamowveulia sulfa-

tis transporteris makodirebeli genis mutaciiT. esenia distrofiuli displazia 

(DTD), II tipis atelosteogenezi (AOII) da 1B tipis aqondrogenezi (1B-ACG). DTD-is 

mqone pacientebi xasiaTdebian disproporciuli, mokle aRnagobiT da saxsrebis ge-

neralizebuli displaziiT, magram  aqvT cxovrebis normaluri xangrZlivoba; ACG-

1B pacientebisaTvis damaxasiaTebelia ukiduresad mokle kidurebi da torsi; AOII 

qondriodisplazia perinatalur periodSive fatalurad mTavrdeba. ferment PAPS-
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sinTeTazas defeqtis Sedegad gamowveuli genetikuri darRvevebi aRmoCenilia cxo-

velebSi da adamianSic (e.w. spondiloepimetafizialuri distrofiis pakistanuri 

tipi, romelsac axasiaTebs mokle da moRunuli qveda kidurebi, muxlis saxsrebis ga-

dideba da naadrevad dawyebuli saxsrebis degeneraciuli cvlilebebi). es mutaciebi 

naTlad aCvenebs postranslaciuri modificirebis mniSvnelobas proteoglikanebis 

funqcionirebaSi, gansakuTrebiT sayrden-mamoZravebeli sistemis ganviTarebasa da 

SenarCunebaSi.  

glikozaminoglikanebis, rogorc polivalenturi anionebis unari, daikavSiros 

natriumisa da sxva kaTionebis didi raodenoba, ganapirobebs maT monawileobas ione-

bisa da wylis cvlaSi. aseTi qimiuri agebuleba uzrunvelyofs garkveuli diametris 

mqone forebiani molekuluri saceris arsebobas, rac saSualebas iZleva ganxorci-

eldes sxvadasxva naerTisa da metabolitis transportireba. foris zoma damokide-

bulia gag-is tipze.   

proteoglikanebis  SemadgenlobaSi arsebuli cilovani komponentis sinTezi mim-

dinareobs endoplazmur retikulumTan dakavSirebul ribosomebze. peptiduri jaW-

vis elongacia warmoebs endoplazmuri retikulumis siRrueSi, sadac aseve xdeba pro-

teoglikanebis naxSirwylovani nawilis sinTezic. oligosaqaridebi sinTezirebul 

cilas ukavSirdeba aminomJava serinis naSTebis hidroqsilis jgufebiT. retikulumis 

RruSi sinTezis procesSi aseve xdeba proteoglikanis naxSirwylovani komponentis 

sulfatirebac. mSenebare molekulebi inacvlebs goljis aparatisaken da egzocito-

zis gziT erTveba sekretorul granulebSi. erT polipeptidur jaWvs Tanmimdevru-

lad ukavSirdeba glikozaminoglikanebi da warmoiqmneba jagrisis msgavsi warmonaq-

mni. ujredSoris matriqsSi iqmneba kompleqsebi, sadac hialuronis mJavasTan dakavSi-

rebulia sxva proteoglikanebis molekulebi. 

X.3. SemaerTebeli qsovilis glikoproteinebi 

SemaerTebeli qsovilis matriqsSi proteoglikanebis garda, gvxvdeba glikopro-

teinebic, romlebic mniSvnelovan rols asrulebs ujredSorisi matriqsis struq-

turul organizaciaSi. maTi naxSirwylovani komponenti 10-15 monomerisagan warmoq-

mnili oligosaqaridia. monomeruli erTeulebia manoza, meTilirebuli ramnoza, 

fukoza, arabinosa da qsiloza. TiToeuli oligosaqaridis boloSi vxvdebiT kidev 

erT monosaqarids — sialis mJavas (neiraminis mJavas acil-warmoebuls). anTebiTi 

procesebis dros sisxlSi sialis mJavas raodenobis mateba ujredSorisi matriqsis 

daSlis maCvenebelia.  
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SemaerTebeli qsovilis glikoproteinebi ori tipisaa: xsnadi da uxsnadi. xsnadi 

glikoproteinebidan yvelaze ukeT Seswavlilia cila fibroneqtini, romlis mole-

kuluri masa 440kdaltonia. igi Sedgeba ori polipeptiduri jaWvisagan, romlebic 

erTmaneTTan disulfiduri bmebiTaa dakavSirebuli (sur. X.3). 

 

 
 

suraTi X.3. fibroneqtinis molekulis struqtura 

 

fibroneqtinis molekulas aqvs specialuri centrebi proteoglikanebis, boWko-

vani struqturebisa da ujredis membranis glikolipidebis dasakavSireblad. ami-

tom mas molekulur webosac uwodeben. is Cveulebriv fibroblastebis zedapirzea 

lokalizebuli da monawileobs yvela ujreduli struqturebis adheziaSi. cnobi-

lia, rom simsivnuri daavadebebis SemTxvevaSi fibroneqtinis raodenoba klebulobs, 

rac xels uwyobs simsivnis metastazirebas. plazmaSi fibroneqtinis raodenoba aseve 

mcirdeba sxvadasxva saxis travmebisas, xolo Wrilobebis Sexorcebisas ki, piriqiT, 

misi koncentracia plazmaSi mkveTrad matulobs. fibroneqtini didi raodenobiT 

gvxvdeba organizmis im ubnebSi, sadac mimdinareobs aqtiuri morfogenezi, ujrede-

bis migracia da anTebiTi procesebi. 

 

 
suraTi X.4. fibroneqtinis monawileoba ujredSida 

komponentebis ujredgare matriqsTan adheziaSi 

 

fibroneqtini uzrunvelyofs matriqsis, araujreduli struqturebisa da ujre-

debis gaerTianebas. is gvxvdeba rogorc plazmuri membranebis zedapirze, ise baza-

lur membranebSi, SemaerTebeli qsovilis ujredSoris nivTierebasa da sisxlis 

plazmaSi. misi roli ZiriTadad ganisazRvreba ujredSorisi matriqsis komponente-

bis gaerTianebaSi erTiani qsovilis saxiT, rac ganpirobebulia misi struqturiT.  
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fibroneqtinze ferment transglutaminazas moqmedebiT, romelic cilis mole-

kulebSi akatalizebs glutaminisa da lizinis naSTebis dezaminirebas, xdeba fibro-

neqtinis molekulebis gadabma da maTi dakavSireba kolagenTan, plazmur membranas-

Tan da matriqsis araujredul elementebTan (sur.X.4). is gavlenas axdens ujredTa 

diferenciaciaze, ujredis formis cvlilebaze, citoConCxis Camoyalibebasa da uj-

redebis migraciaze.  

uxsnad glikoproteinebs miekuTvneba adheziuri glikoproteinebis jgufis ci-

lebi — lamininebi, romlebic warmoadgens bazaluri membranis mniSvnelovan kompo-

nentebs da asrulebs mravalferovan funqciebs, kerZod monawileobs ujredis dife-

rencirebaSi, migraciasa da ujredebis urTierTdakavSirebaSi. struqturulad la-

mininebi heterotrimerebia, romlebic agebulia α-, β- da γ-jaWvebisagan (sur.X.5).   
calkeuli jaWvis masinTezebeli genebis mutacia ganpirobebs  mTel rig paTologi-

ebs.  

 

 
 

suraTi X. 5. cila   laminini 
 

am formis struqturuli organizacia ganapirobebs lamininebis Tvisebas daukav-

Sirdes ujredis membranas da ujredgare matriqsis molekulebs da, Sesabamisad, mo-

nawileoba miiRos qsovilisa da organos formirebaSi.   

lamininebis ojaxis cilebi  organizmis yvela qsovilis ujredgare matriqsis au-

cilebeli struqturuli komponentia da maTi arseboba uzrunvelyofs qsovilebis 

sicocxlisunarianobas. defeqturi lamininis arseboba ganapirobebs kunTovani qso-

vilis distrofias, araswor Tirkmlovan filtracias (nefrozuli sindromi) da sxva 

tipis paTologiebs. 

nidogeni (entaqtini) — bazaluri membranis sulfatirebuli glikoproteinia, 

romelic qmnis lamininTan mtkice, arakovalentur kompleqss. mas aseve SeuZlia ur-

Tierqmedeba kolagen IV-Tan. nidogenis molekula warmodgenilia erTi polipepti-

duri jaWviT, romelic Seicavs sam globularul domens (sur. X. 6). erTi domeniT igi 

ukavSirdeba laminins, xolo meore domeniT kolagen IV-s.  
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suraTi X.6. nidogeniT Seqmnili kompleqsi 

 

 

 

 

 

 

amgvarad, nidogens SeuZlia Seasrulos damakavSirebeli xidis roli ujredgare 

matriqsis sxvadasxva komponentebs Soris da monawileoba miiRos laminini-nidogeni-

kolagenis sammagi kompleqsebis warmoqmnaSi. amave dros, mas aqvs ujredis zedapir-

Tan urTierTqmedebis SesaZleblobac. 

X.4. SemaerTebeli qsovilis boWkovani struqturebi 

ujredSoris matriqsSi gvxvdeba 2 tipis boWkovani struqtura — kolagenuri da 

elastinuri boWkoebi. maTi ZiriTadi komponentia uxsnadi cila kolageni. 

kolageni. SemaerTebeli qsovilis uxsnadi Zafebi Sedgeba cila kolagenisagan, 

romelic uzrunvelyofs qsovilebisa da organoebis struqturul ConCxs da farTo-

daa gavrcelebuli cxovelebisa da adamianis organizmSi. organoebis fiziologiuri 

efeqtebi maRali xarisxiTaa damokidebuli kolagenze. igi fibrilaruli cilaa, ro-

melic gvxvdeba cxoveluri organizmis sxvadasxva tipis SemaerTebel qsovilebSi 

(myesebSi, ZvalSi, xrtilSi, dermasa da sxv.) da gansazRvravs maT simtkicesa da elas-

tikurobas. kolageni  ZuZumwovari organizmebis yvelaze gavrcelebuli cilaa da 

saerTo cilebis 25-35%-ia, anu mTeli sxeulis masis daaxloebiT 6%. dResdReobiT 

Seswavlilia kolagenis 28 tipi, romlebic kodirdeba sxvadasxva genebiT (am genebis 

raodenoba 40-ze metia). es tipiebi gansxvavdeba erTmaneTisagan aminomJavuri Semad-

genlobiT, aseve modificirebis xarisxiT — hidroqsilirebis an glikozilirebis in-

tensivobiT. yvela tipis kolagenisaTvis damaxasiaTebelia 1 an meti domenis arsebo-

ba, romelic warmodgenilia sammagi spiraliT. kolagenebis saerTo raodenobis 90%-

ze meti modis I, II, III da IV tipis kolagenze.   

kolagenis sinTezis darRvevebi da struqturis cvlileba iwvevs mTeli rigi or-

ganoebis disfunqcias, maT Soris kardiovaskularuli sistemis (aortisa da arteri-

uli anevrizmebi, gulis sarqvelebis funqciis moSla), Zvlis (simyife da advilad 

mtvrevadoba), kanis (cudi Sexorceba da uCveulo Wimvadoba), saxsrebis (hipermobi-

luroba da arTritebi) daavadebebs. kolagenisaTvis damaxasiaTebelia postransla-

ciuri modificirebis farTo speqtri, rac pirdapir moqmedebs mis struqturasa da 

funqciaze, xolo modificirebis procesSi warmoqmnili sxvadasxva tipis defeqtebi 

seriozuli daavadebebis safuZveli xdeba. 

kolagenis makodirebeli genebi ramdenime qromosomazea ganlagebuli da igi sin-

Tezdeba sxvadasxva qsovilSi. kolagenebis aminomJavuri Tanmimdevroba gansxvavebu-
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lia,  Tumca yovel maTganSi Warbobs alanini, glicini da prolini (cxr. VII.1). kolage-

ni sxva cilebisagan gansxvavdeba iseTi aratipuri aminomJavebis arsebobiTac, rogo-

ricaa 4-hidroqsiprolini, 3-hidroqsiprolini da hidroqsilizini. 

 

cxrili X.1. 
sxvadasxva tipis  kolagenis ganawileba qsovilebSi 

 

kolagenis 

tipi 

makodirebeli 

genebi 
SemaerTebeli qsovilis saxeoba 

I COL1A1, COL1A2 kani, Zvali, iogebi, gulis sarqvelebi, nawlavisa 

da saSvilosnos yelis kedeli, myesebi, rqovana 

II COL2A1 xrtili, malebSorisi diskebi, minisebri sxeuli 

III COL3A1 kardiovaskuluri sistema, embrionis kani, 

retikuluri boWkoebi 

IV COL4A1-COL4A6 bazaluri membrana 

V COL5A1-COL5A3 im qsovilebis minoruli komponentebi, romlebic 

Seicaven I da II tipis kolagens (kani, rqovana, 

Zvali, xrtili, malaTaSorisi diskebi, placenta) 

VI COL4A1-COL4A6 xrtili, sisxlZarRvebi, myesebi, kani, 

saSvilosno, filtvebi, Tirkmelebi 

VII COL7A1 amnionuri siTxe, kani, saylapavi, rqovana  

VIII COL8A1-COL8A2 rqovana, sisxlZarRvebi, endoTeliumi 

IX COL9A1-COL9A3 qsovilebi, romlebic Seicaven II tipis kolagens 

X COL10A1 hipertrofirebuli xrtilebi 

XI COL11A1-
COL11A2 

qsovilebi, romlebic Seicaven II tipis kolagens 

XII COL12A1 qsovilebi, romlebic Seicaven I tipis kolagens 

XIII COL13A1 sxvadasxva qsovili 

XIV COL14A1 qsovilebi, romlebic Seicaven I tipis kolagens 

XV COL15A1 sxvadasxva qsovili 

XVI COL16A1 sxvadasxva  qsovili 

XVII COL17A1 kanis hemidesmosomebi 

XVIII COL18A1 sxvadasxva  qsovili 

XIX COL19A1 miosarkomis  ujredebi 

 

kolagenuri boWkoebi warmodgenilia fibrilebiT, romlebic, Tavis mxriv, Seica-

ven gaWimul mdgomareobaSi erTmaneTTan boloebiT dakavSirebuli tropokolagenis 

molekulebs. aRsaniSnavia, rom cnebebi `kolagenuri boWko~ da `kolageni~ gansxvave-

buli Sinaarsis matarebelia. `kolagenuri boWko~ morfologiuri cnebaa da gulis-

xmobs heterogenul warmonaqmns, romelic cila kolagenis garda, Seicavs sxva qimi-

ur komponentebsac.  
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suraTi X.7. kolagenis molekulis struqtura 

 

kolagenis molekula warmodgenilia sami peptiduri jaWviT (sammagi spirali). 

TiToeuli jaWvi Sedgeba daaxloebiT 1000 aminomJavas naSTisagan. yoveli jaWvi spi-

raliseburia. sami spirali qmnis mWidro meore rigis spirals, romelSic jaWvebi pa-

raleluradaa ganTavsebuli. TiToeuli jaWvis molekuluri masa daaxloebiT 120 

kdaltonia (sur. X.7). kolagenis jaWvebis aminomJavuri Semadgenloba gansazRvravs 

kolagenis tips, romelic damaxasiaTebelia sxvadasxva SemaerTebeli qsovilisaTvis.  

kolagenis sinTezi mimdinareobs fibroblastebSi Tavisufali aminomJavebisagan. 

Tavdapirvelad sinTezdeba kolagenis maRalmolekuluri winamorbedi — prokola-

geni, sadac yoveli jaWvis C- da N- boloebSi gvxvdeba damatebiTi jaWvebi. kolagenis 

sammagi spiralis awyoba iwyeba TiToeuli jaWvis sinTezis damTavrebis Semdgom, ro-

melic poliribosomebze mimdinareobs. aqve xdeba kolagenisaTvis damaxasiaTebeli 

hidroqsiprolinisa da hidroqsilizinis naSTebis warmoqmna prolinisa da lizinis 

hidroqsilirebis gziT. am reaqciaSi monawileobs α-ketoglutarati (α-ketogluta-

minis mJava) da molekuluri Jangbadi (O2). kofaqtorebis saxiT reaqciaSi CarTulia 

askorbinis mJava (C vitamini) da orvalentiani rkinis ionebi (Fe2+). reaqcias akatali-

zebs oqsigenazebis jgufis fermentebi, kerZod, prolin-hidroqsilaza da lizin-

hidroqsilaza (sur.X.8). hidroqsiprolinis hidroqsilis jgufi monawileobs wyal-

baduri bmebis warmoqmnaSi da qmnis ganiv nakerebs, riTac xels uwyobs kolagenis sam-

jaWviani struqturis stabilizacias.  

 

 
suraTi X.8. oqsiprolinisa da oqsilizinis sinTezi 
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hidroqsilirebis reaqciis Semdeg oqsilizinis hidroqsilis jgufs ukavSirdeba 

galaqtoza an galaqtozilglukoza. reaqcias akatalizebs specifikuri nukleotid-

naxSirwyal-glikozil-transferaza. naxSirwylovani jgufebis roli jer kidev araa 

sabolood garkveuli, Tumca cnobilia, rom ferment lizin-hidroqsilazas defici-

ti adamianis organizmSi vlindeba memkvidruli daavadebis — elers-danlosis sin-

dromis saxiT.  

kolagenis  biosinTezi 8 etapad mimdinareobs (sur.X.9): 

I  etapi — sinTezdeba winamorbedi molekula —preprokolageni;  

II etapi — preprokolageni transportirdeba endoplazmuri retikulumis arxeb-

Si, sadac garkveuli aminomJavuri Semadgenlobis CamocilebiT mimdinareobs proko-

lagenis  warmoqmna; 

 III etapi — prokolagenis molekulaSi arsebuli lizinisa da prolinis naSTebi ga-

nicdis daJangvas fermentebis prolil-hidroqsilazasa da lizil-hidroqsilazas 

monawileobiT. vitamini C-s naklebobisas sinTezdeba kolagenis defeqturi moleku-

la, rac iseTi daavadebis  gamomwvevi mizezi xdeba, rogoricaa suravandi; 

IV etapi — prokolagenis posttranslaciuri modifikacia (prokolagenis mole-

kulis glikozilireba ferment glikoziltransferazas monawileobiT, rac gulis-

xmobs glukozis an galaqtozis gadatanas oqsilizinis hidroqsilis jgufze); 

V etapi —  sammagi spiralis formireba polipeptiduri jaWvebSi arsebuli ciste-

inis naSTebis HS-jgufebis daxmarebiT, romlebic warmoqmnian kavSirebs molekulis 

SigniT (e.w. tropokolagenis — xsnadi kolagenis molekulis formireba);  

VI etapi — tropokolagenis sekretireba ujredgare areSi, sadac amino- da kar-

boqsiproteinazebis daxmarebiT mimdinareobs garkveuli aminomJavuri Semadgenlo-

bis Camocileba;  

VII etapi — tropokolagenis molekulebis  boloebis kovalenturi `gakerva~ da 

uxsnadi kolagenis molekulis warmoqmna. procesSi CarTulia fermenti liziloqsi-

daza (flavometaloproteini, romlis SemadgenlobaSia FAD da Cu2+). reaqcia gulis-

xmobs aminomJava lizinis radikalis daJangvas da  dezaminirebas Semdgomi aldehi-

duri jgufis warmoqmniT. fibrilebis mxolod mravaljeradi `gakerviT~ kolageni 

iZens Tavis unikalur simtkices da  gardaiqmneba boWkod, romelsac ar gaaCnia gaWim-

vis SesaZlebloba. lizil-oqsidaza Cu2+-damokidebuli fermentia, amitom organiz-

mSi spilenZis naklebobisas momatebulia xsnadi kolagenis (tropokolagenis) rao-

denoba, ris gamoc SemaerTebeli qsovili kargavs simtkices;  

VIII etapi  — uxsnadi kolagenis molekulebis asociacia. 

natiuri kolageni hidrolizdeba ferment kolagenazaTi — matriqsuli metalopro-

teinazaTi, romelic molekulas Slis or fragmentad (molekulis 1/4 da 3/4  nawilad). 

kolagenaza miekuTvneba ujredSorisi matriqsis fermentebs, romlebic sekretirdeba 

sxvadasxva tipis ujredebis mier da monawileobs ara marto kolagenis, aramed lamini-

nis, fibroneqtinis da matriqsis sxvadasxva struqturuli cilebis degradaciaSi. Cveu-

lebriv mdgomareobaSi es fermentebi ujredebSi mcire raodenobiTaa da isini miekuT-

vneba inducibelur fermentebs, romlebic kontroldeba transkrifciis doneze  iseTi 

regulatoruli molekulebiT, rogoricaa citokinebi, estrogenebi, progesteroni da 

sxv.   
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suraTi X.9.  kolagenis molekulis sinTezi da momwifeba 

metaloproteinazebi asrulebs mniSvnelovan rols sxvadasxva paTolo- giis Ca-

moyalibebaSi. magaliTad, am fermentebis maRali aqtivoba iwvevs hematoencefaluri 

barieris CaSlas, saxsrebis xrtilis destruqcias  arTritebisa da osteoarTrite-

bis dros, aseve gul-sisxlZarRvTa sistemis paTologias, romelic dakavSirebulia 

sisxlZarRvebis elastikurobis dakargvasTan. fermentis  dabali aqtivobis SemTxve-

vaSi iwyeba qsovilebis fibrozi da araadekvaturi imunuri pasuxi. zogierT paToge-

nur baqterias SeuZlia  maRali aqtivobis kolagenazas gamomuSaveba, rac xels uwy-

obs maT invazias da paTogenuri procesebis gavrcelebas.  

zogierTi memkvidreobiTi daavadeba dakavSirebulia sxvadasxva tipis kolagenis 

defeqtTan. am daavadebebs kolagenozebi ewodeba. cnobilia ramdenime tipis kola-

genozi: 

I tipi — arasrulfasovani osteogenezi, romlisTvisac damaxasiaTebelia Zvlis 

mtvrevadoba, kbilebis anomalia, saxsrebis hiperelastikuroba; 

II tipi  — qondrodisplazia da stikleris sindromi, romelic mimdinareobs kola-

genis sinTezis darRveviT minisebur sxeulSi; 

III tipi — elers-danlosis sindromi (kanis, sisxlZarRvebis da swori nawlavis da-

zianeba), aortis ojaxuri anevrizma da progresirebadi miopaTia; 

IV tipi — alportis sindromi Tirkmlis filtraciuli funqciis dazianebiT; 

VII tipi — bulezuri epidermolizi, romelic mimdinareobs kanze advilad dazia-

nebadi da erozirebadi buStukebis warmoqmniT; 

IX tipi —  mravaljeradi epifizaluri displazia.  

ujredgare matriqsis fibrilebis warmoqmnaSi monawileobas iRebs ramdenime 

tipis kolageni, esenia I, II, III, V da XI tipis kolagenebi.  

elastini  —  im boWkoebis ZiriTadi struqturuli komponentia, romlebic gvxvdeba 

maRali elastikuri Tvisebebis mqone qsovilebSi (sisxlZarRvebi, myesebi, filtvebi). am 

qsovilebisaTvis damaxasiaTebelia datvirTvisas gaWimvis maRali xarisxi da misi mox-

snis SemTxvevaSi  sawyisi zomis swrafi aRdgenis unari (sur. X.10).    
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elastini glikoproteinia (70kdal.), romelic Seicavs 800-mde aminomJavas naSTs; 

aqedan 70%-s Seadgens hidrofoburi aminomJavebi. elastinis molekulaSi, yvela sxva 

cilisagan gansxvavebiT, gvxvdeba araspecifikuri aminomJavebi — desmozini  da misi izo-

meri izodesmozini. elastinis natiuri boWkoebi aSenebulia mcire, sferuli mole-

kulebisagan, romlebic erTmaneTTan dakavSirebulia desmoziniTa da izodesmozi-

niT, romelTa struqtura iZleva imis saSualebas, rom isini erTdroulad  daukavSir-

des oTx peptidur jaWvs. swored amiT aixsneba elastinis unikaluri unari — gaiWimos 

ori mimarTulebiT. elastinis hidrolizatSi gamovlenilia kidev erTi uCveulo ami-

nomJava — lizinnorleicini. es ukanaskneli, desmozinTan da izodesmozinTan erTad, 

uzrunvelyofs elastinis molekulaSi ganivi bmebis formirebas.  

elastini, iseve, rogorc kolageni, proteoglikanebi, glikoproteinebi da gli-

kozaminoglikanebi, sinTezdeba fibroblastebSi. Tavdapirvelad warmoiqmneba elas-

tinis winamorbedi — xsnadi tropoelastini ganivi bmebis gareSe, romelic Semdeg 

gardaiqmneba ganivi bmebis mqone uxsnad elastinad. 

 
 

 
suraTi X.10. kanis (A), aortis (B) da xrtilovani 

qsovilis (C)  elastinuri boWkoebi 
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elastinis daSlaSi monawilebs leikocitebis fermenti elastaza. igi endopepti-

dazuri aqtivobis fermentia, romelic axdens aseve  ujredgare matriqsis sxva ci-

lebis daSlasac, kerZod proteoglikanebis, hemoglobinis, kolagenis da imunoglo-

bulinebis. misi aqtivobis inhibitoria cila α1-antitrifsini (α1-АТ). α1-АТ sinTezde-

ba RviZlSi da misi aqtivoba gamovlenilia ZiriTadad sisxlSi. qsovilebSi α1-АТ sin-

Tezdeba makrofagebis mier. 

desmozinis, izodesmozinisa da lizinnorleicinis warmoqmnis darRveva aqvei-

Tebs qsovilebis elastikur Tvisebebs. elastinis struqturuli cvlilebebi SesaZ-

lebelia ganpirobebuli iyos ferment liziloqsidazas memkvidruli  an SeZenili 

defeqtebiT, aseve spilenZis deficitiT. elastinis struqturuli cvlilebebi 

vlindeba gul-sisxlZarRvTa sistemis iseTi paTologiebis SemTxvevaSi, rogoricaa 

anevrizma da aortis gaxleCa, aseve defeqtebi  gulis sarqvelebSi, pnevmonia da fil-

tvis emfizema. 

X.5. SemaerTebeli qsovilis  paTologiebi 

SemaerTebeli qsovilis paTologiebs Soris gansakuTrebuli adgili uWiravs 

revmatiul daavadebebs, romelTa dros ziandeba SemaerTebeli qsovilis boWkoebi, 

ujredebi da ujredSorisi nivTiereba. revmatiul daavadebebs ganekuTvneba: revma-

tizmi, revmatiuli arTriti, sistemuri wiTeli mglura, sistemuri sklerodermia, 

dermatomioziti da sxva. SemaerTebeli qsovilis sistemuri pirveladi dazianeba, 

upiratesad, dakavSirebulia imunogenezis darRvevasTan, rac morfologiurad 

vlindeba SemaerTebeli qsovilis araujreduli komponentebis (ZiriTadad kolage-

nuri boWkoebis da cila kolagenis) gadagvarebasTan. 

calkeuli revmatiuli daavadeba mniSvnelovnad gansxvavdeba erTmaneTisagan 

klinikuri suraTisa da etiologiis mixedviT. amave dros, paTogenuri meqanizmebis 

erTiani safuZveli ganapirobebs bioqimiuri darRvevebis erTgvarobas. kerZod, 

upirveles yovlisa, aRiniSneba anTebiTi procesis bioqimiuri niSnebi: disproteine-

mia (γ- da α-globulinebis da seromukoidis donis momateba, C-reaqtiuli cilis war-

moCena, α1-antitripsinis da α1-glikoproteinis raodenobis mateba sisxlSi), hipoal-

buminemia, eriTrocitebis daleqvis siCqarisa da fibrinogenis donis gazrda, gli-

kozaminoglikanebisa da hidroqsiprolinis raodenobis mateba SardSi, sisxlis Srat-

Si N-acetil-neiraminis mJavas da cilasTan dakavSirebuli heqsozebis koncentraci-

is mateba. yvela es maCvenebeli mniSvnelobas iZens daavadebis simZimis Sefasebisa da 

efeqturi mkurnalobis TvalsazrisiT. 

revmatizmi, garda zemoT aRniSnuli cvlilebebisa, xasiaTdeba streptokokebis 

antistreptolizinuri da antistreptokinazuli antisxeulebis Semcvelobis mate-

biT. dasaSvebia ferment dnm-azas mimarT antisxeulebis matebac. revmatiuli proce-

sis bioqimiuri maCveneblebi warmodgenilia cxrilSi VIII. 2. 

revmatiuli arTriti gamoirCeva SratSi revmatizmuli faqtorebis maRali tit-

riT. aRiniSneba imunoglobulin M-is mimarT antisxeulebis arsebobac. revmatiuli 

arTritis mniSvnelovani maCvenebelia SardSi hidroqsiprolinis Semcvelobis mate-

ba. 

dermatomioziti xasiaTdeba kunTovani qsovilis destruqciiT. aRiniSneba krea-

tinuria, kreatinfosfokinazas aqtivobis mateba, aldolazas aqtivacia, transfera-

zas aqtivobis mateba da tranzitoruli proteinuria. 



 

 459

sistemuri wiTeli mglura xasiaTdeba antinuklealuri faqtoris  gamovleniT. 

am dros aRiniSneba mTeli rigi ujredebis, lizosomebis, mitoqondriebis, nukleop-

roteinebis, kardiolipidebisa da sisxlis Sededebis faqtorebis mimarT antisxeu-

lebis warmoqmna, ris Sedegadac formirdeba antisxeulebis cirkulirebadi imunuri 

kompleqsebi, romlebic fiqsirdeba Tirkmlis bazalur membranaze, kanSi, lorwovan 

da serozul garsebze da, rogorc anTebiTi reaqciis iniciaciis komponenti, iwvevs 

maT dazianebas. laboratoriuli monacemebis mixedviT, sistemuri wiTeli mgluras 

dros hemoglobinis done mcirdeba, matulobs eriTrocitebis daleqvis siCqare (I 

xarisxi — 16-20-mde; II — 30-40-mde da III — 45 da meti mm/sT), aRiniSneba hipoalbuminemia 

(cilis saerTo koncentracia 30-35%-iT mcirdeba), hipergamaglobulinemia (cilis 

saerTo koncentracia globulinebis xarjze 20-40%-iT matulobs), ecema komplemen-

tis aqtivoba. dazianebis xarisxis miuxedavad, fibrinogenis Semcveloba izrdeba da 

rCeba daaxloebiT mudmiv doneze.  

 

cxrili VII.2. 
 

revmatiuli daavadebebis ZiriTadi bioqimiuri maCveneblebi 

                                                                                                                                                                                                    

# bioqimiuri maCvenebeli normaluri maCveneblis sidide 

1 cilasTan bmuli heqsozebi 0,6-1,3 g/l Sratze 

2 N-acetil neiraminis mJava 0,56-0,74 g/l Sratze 

3 
antistreptolizinis titri 

30-100 erTeuli/ml Sratze bavSvebSi 

70-200 erTeuli/ml Sratze mozrdilebSi 

4 antisxeulebi I xarisxis titri 

5 saerTo hidroqsiprolini 120-200 mkmoli/24 sT 

6 Tavisufali 

hidroqsiprolini 

saerTo hidroqsiprolinis raodenobis  

5-10% 

 

miRebulia, rom fibroblastebiT xdeba damatebuli fermentebis STanTqma da ka-

taboluri gzis normalizacia lizosomebSi maTi akumulaciis Semdeg. fermentebis 

STanTqma xorcieldeba fibroblastis zedapirze arsebuli specifikuri recepto-

rebiT. mukopolisaqaridozebis dros lizosomuri fermentebis nakleboba iwvevs 

RviZlSi, elenTaSi, ZvalSi, kansa da nervul sistemaSi mravali metabolitis dagro-

vebas, ris Sedegadac xdeba Sesabamisi organoebis gadideba, RviZlisa da kanis struq-

turis darRveva, SeiZleba ganviTardes gonebrivi CamorCeniloba da sxva. mukopoli-

saqaridozebi memkvidruli autosomur-recesiuli daavadebebia. maT Soris yvelaze 

ukeT Seswavlilia hanter-Seiesa da hanteris sindromebi. aRniSnuli daavadebebis 

amocnobisaTvis saWiroa: 1) SardSi glikozaminoglikanebis gansazRvra; 2) sxvadasxva 

enzimis aqtivobis gansazRvra leikocitebSi, fibroblastebsa da zogjer SratSic. 

specialuri mizniT axdenen qsovilis biofsias da ikvleven dagrovili glikozami-

noglikanebis fraqciebs eleqtroforezulad. aRsaniSnavia, rom am daavadebaTa di-

agnostika SesaZlebelia orsuli qalebis amnionuri siTxis ujredebSi prenataluri 

sadiagnostiko fermentebis aqtivobis mixedviTac. 

rogorc cnobilia, proteoglikanebis daSla mimdinareobs specifikuri protei-

nazebis, glukozidazebis, deacetilazebisa da sulfatazebis Tanmimdevruli mona-

wileobiT. cnobilia rigi memkvidruli daavadebebi, romlebic gamowveulia prote-

oglikanebis SemadgenlobaSi arsebuli oligosaqaridebis raodenobrivi cvlilebe-

biT. maT mukopolisaqaridozebi ewodeba. mukopolisaqaridozebis ZiriTad mizezs 
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warmoadgens oligosaqaridebis Warbi raodenobiT dagroveba da eqskrecia, rasac 

aRniSnuli hidrolazebis deficiti iwvevs. es fermentebi pasuxismgebelia dermata-

nis da/an heparan-sulfatis daSlaze, amitom fermentebis deficiti iwvevs dermata-

nis da heparansulfatis didi raodenobiT dagrovebas  (cxr. VII.3.). 

 

cxrili VII.3. 

 

mukopolisaqaridozebis gamomwvevi bioqimiuri defeqtebi 

 

sindromi metaboliti SardSi defeqturi fermenti 

hanteris sindromi 

 

heparansulfati; 

dermatansulfati 

iduronatsulfataza 

 

hurler-Seies sindromi 

 

heparansulfati; 

dermatansulfati 
α-sulfataza 

 

maroteuqs-lamis 

sindromi 

dermatansulfati N-acetilglukozamin-

sulfataza 

mukolipozi VII 

 

heparansulfati; 

dermatansulfati 

β-glukuronidaza 

 

sanfilipos sindromi (A) heparansulfati heparansulfamidaza 

sanfilipos sindromi (B) heparansulfati N-glukozamidaza 

sanfilipos sindromi (C) 
 

heparansulfati 

 
N-acetil-glukoz-ami- 

nid-acetil-

transferaza 

sanfilipos sindromi (D) heparansulfati N-glukozamin-6-

sulfa-taza 

marquos sindromi (A) keratan/qondriotinsulfa

ti 

galaqtoz-6-sulfataza

marquos sindromi (B) keratansulfati β-galaqtozidaza 

slais sindromi heparansulfati;  

dermatan-sulfati; 

qondriotin-4-sulfati;  

qondriotin -6-sulfati 

β-glukuronidaza 

 

proteoglikanebis Semadgenloba cxovelur ujredebSi kanonzomierad icvleba 

asakTan damokidebulebiT. magaliTad, keratansulfatebis raodenoba asakis matebas-

Tan erTad izrdeba, qondroitinsulfatisa da hialuronis mJavas raodenoba ki  xrti-

lebSi, malaTaSoris diskebsa da kanSi — piriqiT, asakis matebasTan erTad mcirdeba. 

Saqriani diabetis dros, avadmyofebis mgrZnobeloba infeqciebisadmi izrdeba, iare-

bis Sexorcebis unari qveiTdeba da aRiniSneba sisxlZarRvebis degeneraciis gaZlie-

reba, rac SeiZleba ganpirobebuli iyos organizmis mier glikozaminoglikanebis sin-

Tezis unaris daTrgunviT.  

aris mosazreba, rom hialuronis mJava aaqtivebs simsivnuri ujredebis migracias 

ujredgare areSi. simsivnuri daavadebisas aRiniSneba fibroblastebiT hialuronis 

mJavas sinTezis gaZliereba, riTac ioldeba simsivnuri ujredebis gavrceleba. sim-

sivnis zogierTi formis dros ujredebis zedapirze heparansulfatis raodenoba 

mcirdeba, ris gamoc ver xerxdeba am ujredebis adhezia. aRsaniSnavia is faqtic, rom 
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arteriebis aTerosklerozuli dazianebisas dermatansulfatis koncentracia ma-

tulobs. 

mravalricxovani literaturuli monacemebis arsebobis miuxedavad, proteog-

likanebis biosinTezis hormonaluri kontroli dReisaTvis jer kidev araa saTana-

dod Seswavlili. 

X.6. kani 

ZuZumwovrebis da maT Soris, adamianis safarveli — kani  rTuli struqturaa, 

romelic agebulia sami ZiriTadi Srisagan. esenia epidermisi, derma da kanqveSa cxi-

movani Sre  (sur. X.11). kani rTuli struqturaa ara marto morfologiurad, aramed 

qimiuradac. is sxvadasxva tipis qimiuri nivTierebebiTaa warmodgenili da aqedan  

69-70% wyalia.      

kanis ujredebis normaluri cxovelqmedeba mimdinareobs organizmis ionuri Se-

madgenlobisa da siTxeebis pH-is mudmivobis pirobebSi. kanis mSrali wonis 0.5-1% mi-

neraluri nivTierebebia. is kaTionebis (Na+, K+, Ca2+ da Mg2+) mniSvnelovani depoa. 

Ca2+-is ionebTan erTad, Na+-is ionebi monawileobs wylisa da eleqtrolitebis da 

mJave-tutovani wonasworobis regulaciaSi. kanSi Na+-is ionebi ZiriTadad gvxvdeba 

ujredSoris areSi, xolo K+-is ionebi — ujredebis citoplazmaSi. kalciumi ZiriTa-

dad warmodgenilia dermaSi da is aqtiuradaa CarTuli prostaglandinebis sinTez-

Si. Mg2+ warmoadgens ujredSida kaTions, romliTac gansakuTrebiT mdidaria epi-

dermisi. is monawileobas iRebs fosforilirebis reaqciebSi, rogorc sxvadasxva ki-

nazebis aqtivatori.  

 

suraTi X.11. kanis struqturuli agebuleba 

gansakuTrebul rols organizmis biologiur sistemebSi da, maT Soris, kanSic, 

asrulebs fosfatebi. fosfori ZiriTadad gvxvdeba organul SenaerTebSi — fosfo-

lipidebSi, nukleoproteidebSi, adenozinfosfatebSi da sxv. gogirdi Sedis aminom-

Javebis  cisteinisa da meTioninis SemadgenlobaSi, romlebic monawileobs cila ke-

ratinis warmoqmnaSi. keratini ZiriTadad warmodgenilia kanis rqovan garsSi, frCxi-

lebsa da TmebSi.  
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kanis normaluri funqcionirebisaTvis gansakuTrebiT mniSvnelovania iseTi mik-

roelementebi, rogoricaa spilenZi, TuTia da rkina, romlebic warmoadgens fermen-

tebis da vitaminebis Semadgenel qimiur komponentebs da asrulebs mniSvnelovan 

rols biologiuri procesebis aqtivaciaSi. magaliTad, spilenZi monawileobs mela-

ninis sinTezSi, elastinisa da kolagenis cvlasa da keratinizaciis procesebSi. 

kanis mniSvnelovan qimiur komponents warmoadgens mis SemadgenlobaSi arsebuli 

sxvadasxva struqtruli cilebi — kolageni, elastini, retikulini da keratini. ka-

nis ZiriTadi struqturuli cila kolageni Sedis dermis SemadgenlobaSi (kanis 

mSrali wonis 70%), xolo elastini da retikulini, romlebic SedarebiT mcire rao-

denobiTaa, warmoadgens retikuluri da elastinuri boWkoebis ZiriTad safuZvels. 

keratini rqovani garsis safuZvelia. misi sinTezi iwyeba bazalur keratinocitebSi 

prekeratinis saxiT, romlis molekuluri masa keratinTan SedarebiT, gacilebiT 

mcirea. amave dros, prekeratini ar Seicavs Sida- da jaWvTaSoris disulfidur 

bmebs, rac keratinisaTvis aris damaxasiaTebeli da aniWebs am ukanasknels simtkice-

sa da uxsnadobas. rqovani garsis qveda fenebSi specifikuri fermentebis daxmarebiT 

prekeratini gardaiqmneba keratinad.  

keratini miekuTvneba fibrilaruli cilebis jgufs, romelTaTvisac damaxasia-

Tebelia meqanikuri simtkice. keratinisagan Sedgeba kanis epidermisis iseTi warmo-

naqmnebi, rogoricaa Tma, frCxilebi, bumbuli da sxv. am jgufs miekuTvneba aseve ci-

la citokeratini, romelic warmoqmnis epiTeluri ujredebis ujredSida cito-

ConCxs. keratinebi iyofa or jgufad: α-keratinebad (aqvs α-spiralis konformacia) 

da β-keratinebad (aqvs β-struqtura). keratinebi didi raodenobiT Seicavs cistei-

nis naSTebs (15%). α-keratinis struqturuli komponentia protofibrilebi (diamet-

ri 2nm), romlebic warmoqmnilia sami superspiralizirebuli polipeptidiT. parale-

lurad ganlagebuli cxra protofibrila warmoqmnis mikrofibrilas (8nm), xolo 

mikrofibrilebis konebisgan warmoiqmneba makrofibrilebi (200nm), romlebic avsebs 

ujredis SigTavss (sur. X.12). keratinis filamentebis agregacia mimdinareobs cila 

filagrinis monawileobiT.  

β-keratinis meqanikuri simtkice uzrunvelyofilia mravalricxovani disulfi-

duri kavSirebiT. am kavSirebis gawyveta gacxelebiT an sxvadasxva reagentis moqme-

debiT iwvevs α-keratinis molekulis disociacias da misi molekulis sigrZis Semci-

rebas (swored am movlenas aqvs adgili Salis nawarmis garecxvisas, roca isini zoma-

Si pataravdeba). 

 

 
suraTi X.12. α−keratini 
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β-keratinebidan yvelaze kargad Seswavlilia  cila fibrioni, romelic gamoiyo-

fa TuTis abreSumxvevias jirkvlebis mier. β-keratini  α-keratinisagan gansxvavdeba 

disulfiduri jgufebis ararsebobiT. misi molekulis stabilizacia ganpirobebu-

lia ionuri kavSirebiTa da hidrofoburi urTierTqmedebiT.  β-keratins aqvs garkve-

uli meqanikuri simtkice, Tumca is naklebad elastikuria, vidre α-keratini. mis mo-

lekulaSi ar gvxvdeba cisteini da meTionini. 

cilis daSlis produqtebis (Sardovana, Sardis mJava, aminomJavebi, amoniaki da 

sxv.) raodenoba kanSi daaxloebiT samjer aRemateba maT Semcvelobas sisxlSi. ro-

gorc sxva qsovilebSi, kanis ujredebis mniSvnelovan nawils ikavebs nukleoprotei-

nebi da nukleinis mJavebi. kanSi dnm da rnm  ZiriTadad gvxvdeba epidermisSi.  

kanSi mimdinareobs naxSirwylovani cvlis daaxloebiT 20%. epidermisSi gluko-

zis koncentracia Seadgens daaxloebiT 30-60mg%-s, xolo glikogenisa — 70-80mg%-s. 

mcire raodenobis miuxedavad, glikogeni warmoadgens mniSvnelovan energetikul 

wyaros kanis ujredebis gayofisa da garqovanebisaTvis. glikozaminoglikanebi xels 

uwyobs ujredebis urTierqmedebas da maT dakavSirebas. kanis struqturisa da fun-

qciebis realizaciaSi gansakuTrebiT mniSvnelovania hialuronis mJava, qondrio-

tinsulfatebi da heparini. glikozaminoglikanebis rogorc raodenobrivi, aseve 

struqturuli cvlileba zrdis kanis ujredebis ganvladobas mikrobebisa da sxva-

dasxva toqsinebis mimarT.  

rogorc kani, aseve misi zedapiri Seicavs sxvadasxva lipids. epidermisis lipi-

debSi 20% Tavisufali cximovani mJavebia, 17% trigliceridebi, 6% mono- da digli-

ceridebi da 16% qolesterini. kanqveSa cximovani Sris ZiriTad masas Seadgens neit-

raluri cximebi.   

kani Seicavs didi raodenobiT iseT fermentebs, rogoricaa amilaza, fosfori-

laza, aldolaza, laqtatdehidrogenaza, suqcinatdehidrogenaza, citoqromoqsi-

daza, transaminaza, arginaza, lipaza, Tirozinaza da sxv.  

kanSi didi raodenobiT gvxvdeba antigenebi. sxvadasxva daavadebebisas, gansakuT-

rebiT kanis paTologiebisas, maT mimarT xdeba antisxeulebisa da autoantisxeule-

bis gamomuSaveba, romelTa gansazRvras sadiagnostiko mniSvneloba aqvs.  

kanis funqciebi. kanis ZiriTadi funqciebia: garemo ares da sxeuls Soris damca-

vi barieris Seqmna, imunuri da receptoruli funqciebis ganxorcieleba, aseve Ter-

moregulacia, sekretoruli, eqskretoruli, resorbciuli  da sasunTqi funqciebis 

realizeba.  

kanis damcavi funqcia gulisxmobs organizmis dacvas garegani dazianebebisagan  

da ganpirobebulia epidermisis reparaciiT, dermis boWkovani struqturebis elasti-

kurobiT da maTi meqanikuri gamZleobiT, aseve kanqveSa cximovani Sris buferuli Tvi-

sebebiT. kanis damcavi funqciis rolis realizaciaSi gansakuTrebuli mniSvneloba 

akisria epidermiss. am Sris mniSvnelovani komponentis — rqovani garsis simtkice da 

elastikuroba ganpirobebulia sxvadasxva cilebiTa da lipidebiT. kanis damcavi fun-

qcia radiaciuli zemoqmedebisagan pirvel rigSi realizdeba rqovani garsiT, rome-

lic aferxebs infrawiTel gamosxivebas srulad, xolo ultraiisfers — nawilobriv. 

kans ultraiisferi radiaciisagan dasacavad aqvs  ori barieri: 1. melaninuri barieri 

epidermisSi; 2. proteoglikanuri barieri, romelic koncentrirebulia rqovan SreSi. 

TiToeuli maTganis moqmedeba mimarTulia dnm-iTa da ujredis sxva komponentebiT 

sxivebis adsorbciis Semcirebisaken. kanSi arsebul pigment melanins aqvs sinaTlis 

sxivis farTo speqtris (200-2400nm) STanTqmis unari, riTac icavs ujredebs  sinaTlis 

sxivebis Warbi zemoqmedebisagan. melanini sinTezdeba epidermisis Sris bazalur fena-

Si. mis sinTezze aseve moqmedebs hipofizis melanocit-mastimulirebeli hormoni.  
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melanini 

 

melanini warmoiqmneba aminomJava Tirozis daJangvis produqtebis polimeriza-

ciiT epidermisis specializirebul ujredebSi — melanocitebSi. melaniniT savse 

granulebi — melanosomebi melanocitebis gamonazardebis daxmarebiT transpor-

tirdeba  da gadaecema keratinocitebs, sadac melanini moqmedebs filtris princi-

piT da axdens ultraiisferi sxivebis STanTqmas. mzis sxivebis gavleniT melaninis 

sinTezi Zlierdeba, rac Tavis mxriv vlindeba adamianis kanis garujviT. amrigad, 

mziT garujvis efeqti  funqcionaluri melanocitebisa da  masSi sinTezirebuli me-

laninis raodenobis matebaSia. amave dros, mzis sxivebis qronikuli da xangrZlivi 

zemoqmedebisas iwyeba epidermisis gasqeleba da sxivuri elastozisa da keratozis, 

aseve kanis simsivnuri gadagvarebis ganviTareba.   

kani warmoadgens bunebriv da mudmiv sabinadro ares sxvadasxva mikroorganizme-

bisaTvis: baqteriebis, sokoebis da virusebisaTvis, vinaidan misi zedapiri Seicavs 

mravalricxovan cximovan da cilovan ingredientebs, romlebic aucilebelia am or-

ganizmebis arsebobisaTvis. amave dros, is ganuvladia sxvadasxva paTogenuri mikro-

organizmebisaTvis. kanis baqteriociduli Tvisebebi ganpirobebulia keratinis, ka-

nis cximisa da oflis mJave reaqciiT (рН 3,5-6,7). amave dros, procesSi gansakuTrebiT 

mniSvnelovania rqovani Sris mTlianoba  da aseve cximovani da saofle jirkvlebis 

sekreti. mikrobebis SeRwevas epidermisis SreebSi Tan axlavs leikocitebis migracia 

sisxlZarRvebidan, maTi gadaadgileba dermasa da epidermisSi da  damcvelobiTi an-

TebiTi reaqciis formireba. 

kani mniSvnelovan rols asrulebs imunur procesebSic. kanis imunuri sistemis 

ZiriTad  elementebs warmoadgens keratinocitebi da epidermaluri Т-limfocitebi. 

keratinocitebi xels uwyobs Т-limfocitebis momwifebas ferment dezoqsinukleo-

tiltransferazas  zemoqmedebiT. adamianis kanis Т-limfocitebis umravlesoba gan-

Tavsebulia dermaSi. imunuri darRvevebi mniSvnelovan rols TamaSobs kanis sxvadas-

xva daavadebis (alergoder-matozebis, fsoriazis, kanis avTvisebiani limfomisa da 

sxv.) ganviTarebaSi.  

kanis funqciebis ganxilvisas, gansakuTrebul yuradRebas ipyrobs misi recepto-

ruli funqcia, romelic realizdeba mravalricxovani nervuli receptoriT. kanis 

receptorebiT xdeba tkivilis, taqtiluri (vibracia, wneva) da temperaturuli (si-

cive, siTbo) gamRizianeblebis zemoqmedebis aRqma. kani nervebiT dakavSirebulia 

centralur da vegetatiur nervul sistemasTan da mudmivad reagirebs garemo are-

dan, cns-idan da Sinagani organoebidan mosul sxvadasxva gamRizianebelze. cnobi-
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lia funqciurad specifikuri aferentuli receptorebis sami jgufi: meqanorecep-

torebi,  Termoreceptorebi da tkivilis receptorebi. periferiuli nervebi, rom-

lebic kanSi bolovdeba, klasikuri neirotransmiterebis (noradrenalini, acetil-

qolini) garda, Seicavs sxvadasxva neiropeptidebs, magaliTad substancia Р-s, vazo-

aqtiuri intestinalur peptids, somatostatins, neiropeptid V-s da bombezins.  

kanis Termomaregulirebeli funqcia xorcieldeba mis mier siTbos STanTqmiTa da 

gamoyofiT. am procesSi gadamwyveti roli akisria sisxlis mimoqcevis cvlilebas. vi-

naidan kanisaTvis damaxasiaTebelia vaskularizaciis  maRali xarisxi, garemo aris 

temperaturis mateba iwvevs kanis sisxlZarRvebis gafarToebas da maTSi  sisxlis mo-

culobis zrdas (zogierT SemTxvevaSi 1l-mde). garemoSi temperaturis daqveiTebas 

Tan axlavs sisxlZarRvebis  Seviwroeba da siTbos gacemis mkveTri Semcireba.   

kanis sxvadasxva funqcias Soris, gansakuTrebuli adgili uWiravs kanis sekreto-

rul funqcias, romelic xorcieldeba cximovani da saofle jirkvlebiT. kanis cximi 

rTuli Semcvelobis cximovani nivTierebaa, romlis SemadgenlobaSi Sedis Tavisufa-

li cximovani mJavebi, aseve qolesterinTan eTerificirebuli cximovani mJavebi, 

glicerini, mcire raodenobis naxSirwylebi, Tavisufali qolesterini da azot- da 

fosforSemcveli naerTebis mcire raodenoba. kanis cximis masterilizirebeli moq-

medeba ganpirobebulia masSi didi raodenobis Tavisufali cximovani mJavebis arse-

bobiT. cximovani jirkvlebis funqcionireba regulirdeba nervuli sistemiTa da en-

dokrinuli sistemis hormonebiT. kanis zedapirze, cximisa da oflis SereviT warmo-

iqmneba cximovan-wylovani emulsia, romelic mniSvnelovan rols asrulebs kanis fi-

ziologiuri mdgomareobis SenarCunebaSi.  

oflis gamoyofa da misi aorTqleba sxeulis zedapiridan uzrunvelyofs orga-

nizmis gagrilebas. rodesac oflis gamoyofa ar aris intensiuri, saofle jirkvlebi 

gamoyofs praqtikulad sufTa wyals. am SeumCneveli oflianobisas (perspiration insensi-

bilis) dRe-RameSi gamoiyofa daaxloebiT 600-700 ml ofli. organuli da araorganuli 

nivTierebebis mcire raodenoba, romelic grovdeba aseT pirobebSi kanze, ZiriTadad 

gamoiyofa cximovani jirkvlebiT. oflis gamoyofis intensivobis gazrdisas, oflis 

moculoba da Semadgenloba icvleba da damokidebulia aorTqlebis siswrafeze, mi-

Rebuli siTxis raodenobaze, garemo ares temperaturasa  da tenianobaze,  aseve hor-

monalur faqtorebze. `SesamCnevi~ oflis moculoba da marilovani Semadgenloba 

damokidebulia individis aklimatizaciaze. adamianebi, romlebic ar arian SeCveuli 

cxel da nestian atmosferos, aseT pirobebSi,  gamoyofen didi raodenobis da mari-

lebis maRali Semcvelobis ofls, sadac Na+-isa da Cl--is koncentracia 75 mili-

ekv./l-s aRwevs. aklimatizirebuli individebi gamoyofen naklebi raodenobiT 

ofls, marilebis dabali koncentraciiT. oflianobisas siTxis didi raodenobis 

arakompensirebulma dakargvam SesaZlebelia gamoiwvios  sisxlis moculobis hiper-

tonuli Semcireba. marilebis dakargva warmoadgens krunCxvebis warmoqmnis mizezs 

meSaxteebsa da cecxlfareSebSi. Tandayolili kistozuri daavadebisas, romlis 

drosac srulad an nawilobriv ziandeba sxeulis jirkvlovani epiTelialuri 

struqturebi, ofli da cremlebi xasiaTdeba NaCl-is maRali SemcvelobiT. normalu-

ri maCveneblebisagan gansxvaveba imdenad SesamCnevia, rom SesaZlebelia gamoyenebul 

iqnas diagnostikur maxasiaTeblad. cxel amindSi aseT avadmyofebs SeiZleba ganuvi-

Tardes mdgomareoba, romelic adisonis daavadebis mwvave Setevis msgavsia. es ganpi-

robebulia Na+-is didi raodenobis dakargviT. mdgomareobis gamosworeba SesaZle-

belia organizmSi NaCl-is SeyvaniT. mcire SesamCnevi oflis gamoyofisas aracilova-

ni azotSemcveli SenaerTebis koncentracia oflSi ramdenjerme maRalia, vidre 
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plazmaSi. rogorc Cans, amis mizezi oflidan wylis aorTqlebaa. amasTanave, saofle 

jirkvlebs SeuZlia aseve aqtiurad  moaxdinos rZis mJavas koncentrireba. aTlete-

bis oflSi rZis mJavas koncentracia mniSvnelovnad aRemateba mis koncentracias 

plazmasa da SardSi. oflis xvedriTi masa icvleba 1,002-1,005 farglebSi, xolo pH - 

4,5-7,5 farglebSi. 

kanis eqskretoruli funqcia dakavSirebulia mis sekretorul funqciasTan da 

xorcieldeba cximovani da saofle jirkvlebis mier. maT mier gamoyofili organuli 

da araorganuli nerTebis raodenoba  (mineraluri cvlis produqtebi, naxSirwyle-

bi, vitaminebi, hormonebi, mikroelementebi da wyali) damokidebulia sxvadasxva faq-

torze, maT Soris sqesze da asakze. RviZlisa da Tirkmelebis ukmarisobis dros kanis 

daxmarebiT  xdeba iseTi naerTebis gamoyofis gaZliereba, romlebic, Cveulebriv pi-

robebSi, gamoiyofa SardiT (acetoni, naRvlis pigmentebi da sxv.). 

X.7. Zvlovani  SemaerTebeli qsovili 

Zvlovani qsovili SemaerTebeli qsovilis specializirebuli tipia, romelic 

xerxemlian cxovelebSi mniSvnelovan funqciebs asrulebs.  

Zvali rTuli agebulebis organoa. igi dafarulia ZvalsazrdeliT (periosti), 

romelic ZiriTadad warmoqmnilia mkvrivi boWkovani SemaerTebeli qsoviliT, sadac 

ganasxvaveben or Sres: gareTa Sres — boWkovan Sres da Sida Sres — osteogenur Sres, 

romelic Seicavs osteoblastebs. kolagenuri boWkoebi akavSireben Zvals Zvalsaz-

rdelasTan. Zvalsazrdela asrulebs ara marto trofikul funqcias, aramed monawi-

leobs Zvlis zrdasa da regeneraciSi (sur.X.13).  

 

 
 

suraTi X.13. Zvlis qsovili 

 

organizmSi mudmivad mimdinareobs Zvlis qsovilis ganaxleba  da am procesSi aq-

tiurad aris CarTuli Zvlovani qsovilis sxvadasxva ujredebi., cnobilia Zvlis 

qsovilis ujredebis 4 tipi — osteocitebi, osteoblastebi, osteoklastebi da  

Zvlis mezenqimaluri aradiferencirebuli ujredebi  (sur. X.14).    

Zvlis mezenqimaluri aradiferencirebuli ujredebi, ZiriTadad, lokalizebu-

lia Zvalsazrdelas Sida mxares da aseve Zvlis yvela siRruis amomfen zedapirze. 
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maT amomfeni ujredebi  ewodebaT. am ujredebidan SesaZlebelia warmoiqmnas Zvlis 

axali ujredebi — osteoblastebi da osteoklastebi. am ujredebs osteogenur uj-

redebsac uwodeben.   

osteoblastebi axalgazrda osteowarmomqmenli ujredebia, romlebic asinTe-

zebs ujredSoris nivTierebas — matriqss. ujreSorisi nivTierebis dagrovebis para-

lelurad, adgili aqvs osteoblastebis gardaqmnas ostiocitebad. osteoblastebi 

mdidaria goljis aparatiT, endoplazmuri badiTa da ribosomebiT. maTi mraval-

ricxovani gamonazardebi kontaqtirebs rogorc erTmaneTTan, aseve osteocitebis 

gamonazardebTan. maT funqcias warmoadgens kalciumis marilebis Calageba Zvlis 

qsovilis matriqsSi (matriqsis kalcifikacia).  

 

 
suraTi X.14. Zvlis ujredebi 

A.osteoblastebi: 1 —  birTvi; 2 — citoplazma; 3 — osteodi; 4 — endoplazmuri bade; 

B:1 — gamonazardebi; 2 — endoplazmuri bade; 3 — birTvi;   4 – badiseburi aparati; 

5 — mitoqondria; 6 —osteoiduri nivTiereba; C – osteoklastebi 

 
osteoblastebi ZiriTadad gvxvdeba Zvlis zeda da Sida zedapirze Zvlis warmom-

qmnel zonebSi. isini sakmaod didi raodenobiT Seicavs glikogensa da glukozas. asa-

kis matebasTan erTad am naerTebis raodenoba osteoblastebSi 2-3-jer  mcirdeba. 

ATP-is sinTezi ZiriTadad glikolizis procesSi xdeba. ujredebSi mimdinareobs 

citratuli ciklis reaqciebi. sinTezirebuli citrati SemdgomSi gamoiyeneba  Ca2+-

is dasakavSireblad, romelic Semdgom mineralizaciis procesSi erTveba.  

osteoblastebSi sinTezdeba Zvlis umTavresi cilebi, zrdis faqtorebi da ci-

tokinebi, romlebic pasuxismgebelia axali Zvlis matriqsis Camoyalibebaze da Sem-

dgom mineralizaciaze. matriqsis mineralizaciis procesi kontroldeba osteob-

lastebis zedapirul membranaSi kalciumisa da fosforis ganvladobis siCqariT. 

vinaidan osteoblastebis funqcias warmoadgens organuli ujredgare matriq-

sis Seqmna, es ujredebi didi raodenobiT Seicavs cilis sinTezisaTvis  aucilebel 

rnm-s. osteoblastebi aqtiurad asinTezirebs da ujredgare sivrceSi gamoyofs 

glicerofosfolipidebs, romlebsac SeuZlia Ca2+-is dakavSireba  da mineralizaci-

is procesSi monawileoba. aqve xdeba kolagenis fibrilebis, proteoglikanebisa da 

glikozaminoglikanebis sinTezic. isini aseve uzrunvelyofs hidroqsiapatitebis 

kristalebis zrdas.  

osteocitebi — gantotvili ujredebia, romlebic erTmaneTTan kontaqtirebs 

gamonazardebis saSualebiT. isini urTierTqmedebs aseve Zvlovani qsovilis sxva 

ujredebTanac.  
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osteoklastebi — didi zomis, mravalbirTviani, mrgvali formis ujredebia, ro-

melTa winamorbedia Zvlis tvinis mcireddiferencirebadi ujredebi, aseve sisxlis 

monocitebi. osteoklastebis ZiriTadi funqciaa Zvlovani qsovilis rezorbcia. am 

ujredebis diametri 90 mkm da metia, xolo mis citozolSi 3-dan ramdenime aTeuli 

birTvia. warmoiqmneba makrofagebisagan da CarTulia Zvlis daSlis procesSi. oste-

oklastebi axorcielebs Zvlovani qsovilis rekonstruqciisa da  ganaxlebis uwyvet 

process, ConCxis zrdasa da ganviTarebas, Zvlebis simtkicesa da elastikurobas. am 

ujredebis damSleli moqmedeba Zvlovan qsovilze dakavSirebulia am ujredebiT 

naxSirorJangis gamoyofaze, romelic ferment karboanhidrazas zemoqmedebiT iZle-

va naxSirmJavas, romelsac aqvs kalciumis marilebis gaxsnis  unari (sur.X.15). re-

zorbciis procesis realizaciisaTvis aucilebelia osteoblastebis mier ferment 

kolagenazas sekrecia, romelic uzrunvelyofs  osteoklastebis wvdomas  Zvlis mi-

neralur matriqsTan.    

osteoklastebi pasuxismgebelia Zvlis demineralizaciaze. maT aqvs membranis 

dakbiluli ubani, romelic mniSvnelovan rols asrulebs am procesSi. dakbiluli 

sazRvris gavliT ferment H+-atf-azas protonebi gadaaqvs demineralizaciis uban-

Si, sadac pH sakmaod dabalia (meryeobs pH-4-is farglebSi), rac kidev ufro aZlie-

rebs protonebis Semdgom gadatanas. amis gamo hidroqsiapatitebis xsnadoba izrde-

ba da iwyeba demineralizacia. 

 

 
 

suraTi X.15. osteroklastebiT mimdinare  reabsorbcia 

 

dabali pH optimaluria lizosomuri proteazebisTvisac, rac  iwvevs matriqsu-

li cilebis intensiur daSlas. osteoblastebisa da osteoklastebis aqtivobis far-

dobiT xdeba Zvlis Semadgenlobis stabilurobis uzrunvelyofa. 

Zvlovani qsovilis ujredSorisi nivTereba warmodgenilia  ujredSorisi mat-

riqsiT, romelic agebulia kolagenuri boWkoebiT (90-95%) da mineraluri nivTere-

bebiT (5-10%). kolagenuri boWkoebi ganapirobeben Zvlebis simtkicesa da elastiku-

robas.  ujredSorisi matriqsis ZiriTadi nivTiereba  Sedgeba ujredgare  siTxisa-

gan, glikoproteinebisa da proteo-glikanebisagan, romlebic monawileobs araorga-

nuli ionebis gadaadgilebasa da ganawilebaSi. mineraluri nivTiereba  warmodgeni-

lia kristalebiT, ZiriTadad hidroqsiapatitebiT — Ca10(PO4)6(OH)2. ZvalSi nanaxia 

Mg2+, Na+, K+, SO4
2-, HCO3- da sxva ionebi, romlebic monawileobs kristalebis warmoq-
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mnaSi. Zvlis mineralizacia dakavSirebulia Zvlovani qsovilis glikoproteinebsa 

da ostaoblastebis aqtivobasTan.  

formirebul mkvriv ZvalSi matriqsis 90-95% kolagenia, umniSvnelo raodenobiT 

gvxvdeba proteoglikanebic. Zvlovani matriqsis kolagenuri fibrilebi warmoqmni-

lia I tipis kolagenisagan, Tumca gvxvdeba V, XI da XII tipis kolagenebis kvalic.  

Zvlovan qsovilSi kolageni I Seicavs monosaqaridebis warmoebulebs da aqvs ufro 

mcire raodenobis ganivi nakerebi.  misi propeptidis bolo fosforilirebulia.  

arakolagenuri cilebi. Zvlis qsovili Seicavs aseve arakolagenur cilebsac, Zi-

riTadad glikoproteinebsa da proteoglikanebs (sur.X16). 

 

 
suraTi X.16.  arakolagenuri cilebis Semcveloba 

Zvlovani qsovilis ujredgare matriqsSi 

 

arakolagenuri cilebis 10% proteoglikanebia. Tavdapirvelad sinTezirdeba 

didi zomis qondriotin-Semcveli proteoglikani, romelic Zvlis qsovilis formi-

rebasTan erTad iSleba da iZleva or, mcire zomis proteoglikans: dekorins da big-

likans. orive proteoglikani monawileobs mineralizirebuli matriqsis formire-

baSi. kerZod, aaqtivebs  ujredebis diferencirebisa da proliferaciis procesebs, 

aseve monawileobs mineralebis Calagebis procesSi, ganapirobebs mineraluri kris-

talebis morfologias da organuli matriqsis elementebis urTierTqmedebas.  

pirvelad sinTezdeba dermatansulfatis Semcveli biglikani, romelic moqme-

debs ujredebis proliferaciis procesze, xolo mineralizaciis fazaSi Cndeba qon-

driotinsulfatis Semcveli biglikani. dekorini sinTezdeba mogvianebiT. iTvleba, 

rom dekorinis monawileobiT mimdinareobs kolagenis molekulebis `Sesworeba~ da 

kolagenuri fibrilebis diametris regulireba. Zvlis formirebis procesSi orive 

cila producirdeba osteoblastebis mier, xolo roca es ujredebi gardaiqmneba 

osteocitebad, sinTezdeba mxolod biglikani.  

Zvlovani matriqsidan gamoyofilia aseve sxva tipis proteoglikanebic, romel-

Ta funqcia ZiriTadad receptorulia da maTi daxmarebiT xdeba zrdis faqtorebis 

dakavSireba ujredebTan. am tipis molekulebi membranaSia lokalizebuli an damag-

rebulia membranaze fosfoinozitoluri kavSirebiT. Zvlovan qsovilSi aseve 

gvxvdeba hialuronidazac. savaraudod, is am qsovilis morfogenezis procesSia 

CarTuli.  
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Zvlovan qsovilSi proteoglikanebis garda, gvxvdeba aseve didi raodenobiT 

sxvadasxva glikoproteinic (cxr. X.4). rogorc wesi, es cilebi sinTezdeba ostaob-

lastebiT,  SeuZlia daikavSiros fosfatebi an kalciumi da am gziT monawileobs mat-

riqsis mineralizaciis procesSi. ukavSirdeba ra ujredebs, kolagenebsa da prote-

oglikanebs, glikoproteinebi aseve CarTulia Zvlovani qsovilis molekuluri kom-

pleqsebis fomirebaSic.  

Zvali Seicavs rogorc organul, aseve araorganul nivTierebebs. Zvlis minera-

luri nawili umTavresad kalciumis fosfatisagan — Ca3(PO4)2 Sedgeba. ZvalSi aseve 

warmodgenilia karbonatebi (CaCO3-is saxiT), ftoridebi da sxva. organizmSi arsebu-

li Mg2+-is udidesi nawili, Na+-is meoTxedi da K+-is mcire raodenoba agreTve Zvleb-

Sia warmodgenili. Zvali Seicavs araorganuli fosforis did raodenobas. Zvlis 

kristalebi hidroqsiapatitebisaganaa — Ca10(PO4)6(OH)2 warmoqmnili. hidroqsiapati-

tebis kristalebs aqvs firfitebis an wkirebis forma. Zvlis saerTo moculobis 1/4 

araorganuli komponentebiTaa amovsebuli, xolo danarCeni nawili organul mat-

riqss ukavia. 

 

 

cxrili X.4. 

Zvlovani qsovilis specifikuri glikoproteinebi 

 

cila Tvisebebi da funqcia 

osteoneqtini glikofosfoproteini, monawileobs  Са2+-is dakavSirebaSi 

tute fosfataza tute areSi organuli naerTebidan fosfatis CamoSorebas 

 

 

Trombospondini 

sami identuri suberTeulisagan aSenebuli cila, romlebic 

dakavSirebulia-S-S- xidakebiT. TiToeuls aqvs sxvadasxva  

domeni, romliTac igi ukavSirdeba Zvlovani matriqsis 

cilebs. amave dros, molekulis N-boloze vxvdebiT 

Tanamimdevrobas, romelic uzrunvelyofs ujredebis 

damagrebas. Trombospondinisa da ujredis zedapiris 

receptoris urTierTqmedeba ganpirobebulia Ca2+-is 

koncentraciiT. sinTezirdeba osteoblastebSi 

fibroneqtini ukavSirdeba ujredebis zedapirs, fibrins, heparins, kolagens. 

Zvlovan qsovilSi sinTezdeba osteogenezis adreul stadiaze 

da  gvxvdeba mineralizebul matriqsSi 

osteopontini glikofosfoproteini, monawileobs ujredebis adheziaSi 

Zvlis mJave 

glikoproteini-

75 

lipoproteini, Seicavs sialis mJavas da fosfatis naSTebs 

SeuZlia Ca2+-is dakavSireba. gvxvdeba aseve dentinSi da 

xtilovan qsovilSi. inhibirebs Zvlis rezorbcias 

mJave 

sialoproteini 

adheziuri glikoproteini, misi 50% naxSirwyalia 

matriqsuli Gla-
cila 

Seicavs 7-karboqsiglutaminis mJavis 5 naSTs; SeuZlia 

urTierTqmedeba hidroqsiapatitTan. Cndeba Zvlovani 

qsovilis ganviTarebis adreul stadiaze; nanaxia aseve sxva 

qsovilebSi 

osteokalcini sinTezdeba osteoblastebSi, Seicavs 7-karboqsi-glutaminis 

mJavis 3 naSTs; urTierTqmedebs hidroqsiapatitTan; 
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lokalizebulia Zvlovani qsovilis ujredgare matriqsSi 

proteini -S Seicavs 7-karboqsiglutaminis mJavis naSTebs; sinTezdeba 

ZiriTadad RviZlSi. ucnobia, Zvlis romel ujredebSi xdeba 

misi sinTezi.  savaraudoa misi monawileoba Zvlis qsovilis 

metabolizmSi. misi deficitisas aRiniSneba ConCxis 

cvlilebebi 

 
 qsovilis warmoqmna iwyeba fibroblastebsa da osteoblasttebSi (mezenqimuri 

ujredebi) kolagenis fibrilebis sinTeziT, romelic gamoiyofa garmomcvel areSi. 

amis Sedegad, kolagenis fibrilebi aRmoCndeba matriqsSi, romelic Seicavs prote-

oglikanebsa da glikozaminoglikanebs. mineraluri naerTebis akumulacia xdeba ma-

rilebiT gadajerebuli Txevadi fazidan. Zvlis mineraluri `karkasis~ kristalebis 

warmoqmna inducirdeba Cveulebrivi samjaWviani kolageniT. mineraluri kristalu-

ri badis formireba iwyeba kolagenur fibrilebs Soris ubanSi. amis Semdeg krista-

lebi Tavad xdeba kolagenis boWkoebs Soris sivrceSi hidroqsiapatitis dagrovebis 

nukleaciis centri. termini `nukleacia~ niSnavs iseTi zedapiris Seqmnas, romelzec 

iolad SeiZleba moxdes kristaluri badis formireba. Zvali ar aris mineralebis 

statikuri depo. is dinamikuri struqturaa, romelic mudmivad ganicdis ganaxle-

bas. am procesSi monawileobs osteoklastebi da osteoblastebi.  

cnobilia, rom organizmSi D vitaminis naklebobis gamo axalSobilebSi viTarde-

ba raqiti. rogorc cnobilia, vitamini D dioqsiqolekalciferolis winamorbeds 

warmoadgens. vinaidan dioqsiqolekalciferolis Tanaobisas Zlierdeba nawlavebSi 

Ca2+-is Sewova, D vitaminis nakleboba upirvelesad vlindeba sisxlSi Ca2+-is koncen-

traciis klebiT. D vitaminiT intoqsikaciisas, piriqiT, aRiniSneba Zvlebis ganleva 

da Sedegad, Ca2+-is koncentraciis gazrda sisxlSi. es efeqti ganapirobebs Tirkme-

lebSi dioqsiqole-kalciferolis warmoqmnas, rasac mosdevs Ca2+-isa da fosforis 

marilebis raodenobis mniSvnelovani zrda SardSi da TirkmelebSi qvebis warmoqmna.  

Zvlis formirebaze gavlenas axdens agreTve vitamini A, romlis nakleboba iwvevs 

ConCxis zrdis SeCerebas. A vitaminis Warbi raodenobisas ki SeimCneva Zvlebis de-

formacia. es movlenebi, savaraudod, xrtilis SemadgenlobaSi arsebuli qondroi-

tinsulfatis hidrolizuri daSliT unda iyos ganpirobebuli. 

ConCxis normalur formirebaSi monawileobs askorbinis mJavac (C vitamini). C vi-

taminis naklebobisas, mezenqimur ujredebSi ar sinTezdeba normaluri kolageni, 

ris gamoc irRveva mineralizaciis procesi. 

ZvlebSi Ca2+-isa da araorganuli fosforis metabolizmis regulaciaSi mniSvne-

lovan rols asrulebs zogierTi tipis prostaglandini (PGE1) da paraTiroiduli 

jirkvlis hormonebi — paraThormoni da kalcitonini. 

ZvalSi mimdinare metabolizmis darRvevis Sedegad xSirad SeimCneva Zvlis qsovi-

lis intensiuri zrda, ris Sedegadac warmoiqmneba aranormalurad sqeli da mkvrivi 

Zvlebi. es anomaliebi gamovlenil iqna qronikuli hipoparaTireozisa da qronikuli 

tetaniis dros. Zvlebis gaZlierebuli zrda mimdinareobs agreTve hipertrofiuli 

osteoarTritis pirobebSic. es daavadeba sakmaod gavrcelebulia da upiratesad 

vlindeba ormoc wels gadacilebul adamianebSi. piriqiT, Zvlebis nawilobrivi ganle-

va SeiZleba ganviTardes Zvlovani matriqsis mineralizaciis darRvevebis Sedegad 

(osteomalacia), an matriqsis araswori formirebisas (osteoporozi). osteoporozis 
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dros xdeba Zvlis qsovilis generalizebuli, progresuli Semcireba moculobaSi da 

ConCxis mtvrevadobis gazrda. gansakuTrebiT xSiria barZayis Zvlis Tavis motexilo-

ba. osteoporozi upiratesad vlindeba menopauzis Semdgom periodSi estrogenuli 

aqtivobis daqveiTebisas. osteoporozis mizezi SeiZleba iyos C vitaminis nakleboba 

da araracionaluri kveba, ris Sedegadac irRveva osteoblastebSi kolagenis warmoq-

mnis procesi. 

hiperparaTireozi iwvevs osteoklastebis aqtivobis stimulacias, rac vlindeba 

Zvlebis araTanabar dazianebaSi. Sedegad, zogierT ZvalSi warmoiqmneba Rruebi. es 

daavadeba fibrozuli ostitis saxeliTaa cnobili. 

bavSvebSi gvxvdeba Tandayolili qronikuli daavadeba — Tandayolili hipofos-

fataza, romlis etiologia jer araa saTanadod Seswavlili. am daavadebis mqone pa-

cientebs axasiaTebT Zvlebis arasruli formireba. histologiuri cvlilebebi ra-

qitisaTvis damaxasiaTebeli niSnebis msgavsia. daavadeba mimdinareobs tute fosfa-

tazas dabali aqtivobis fonze. 

araswori osteogenezi Tandayolili, memkvidruli daavadebaa da xasiaTdeba 

Zvlebis maRali mtvrevadobiT. am daavadebis dros, SemaerTebeli qsovilis defici-

tis gamo, sklera Zlier Txevadi da gamWvirvalea, xSirad xasiaTdeba cisferi Sefe-

rilobiT. aRwerilia araswori osteogenezis 4 tipi: msubuqi, farTo (eqstensiuri), 

mZime da cvladi. am oTxi tipidan axalSobilebSi yvelaze saSiSia farTo tipis aras-

wori osteogenezi. daavadebuli bavSvebi ibadebian Zvlebis mravlobiTi motexilo-

biT, xSirad Sedegi SeiZleba letaluric iyos. araswori osteogenezi sxvadasxva ge-

nuri mutaciebiTaa ganpirobebuli. mutaciebis gamo mcirdeba kolagenis warmoqmna, 

an aRiniSneba misi struqturuli defeqtebi. Sedegad warmoiqmneba aranormaluri 

boWkoebi, rac iwvevs Zvlebis sisustes. 

osteopetrozi (marmarilos davadeba) xasiaTdeba Zvlebis momatebuli simkvri-

viT. Zvlis qsovili moklebulia demineralizaciis unars. daavadeba genuri mutacie-

bis Sedegia. 

X.8  xrtilovani SemaerTebeli qsovili 

xrtili SemaerTebeli qsovilis erT-erTi saxea, gamoirCeva mtkice, elastikuri 

ujredSorisi nivTierebiT, romelic warmoqmnilia specifikuri ujredebis — qon-

drocitebis garSemo. Zvlovani qsovilisagan xrtilovani qsovili gansxvavdeba imiT, 

rom masSi ar gvxvdeba nervebi da sisxlZarRvebi.  is sakveb komponentebs sinoviuri 

qsovilidan iRebs. amave dros, xrtili  xasiaTdeba komponentebis neli, magram mud-

mivi ganaxlebis unariT. xrtilis mTavari cilovani komponentia II tipis kolageni, 

Tumca mis SedgenilobaSi vxvdebiT sxva tipis proteinebsac. adamianis organizmSi 

gamoyofen sami saxis xrtilovan qsovils: hialinurs, elastikurs da boWkoseburs. 

klasifikacias safuZvlad udevs  ujredSorisi nivTierebis agebuleba, kerZod, ko-

lagenuri da elastinuri boWkoebis raodenobis Sefardeba. magaliTad, elastikuri 

xrtili, upiratesad, elastins Seicavs, xolo fibroelastikuri — I tipis kolagens. 

xrtilis SemadgenlobaSi aseve warmodgenilia proteoglikanebi, romlebic mniSvne-

lovan rols asrulebs mis funqcionirebaSi. xrtilis mTavari proteoglikania agre-

kani. is sxvadasxva izoformebis saxiT gvxvdeba. agrekanisaTvis damaxasiaTebelia 

specifikuri struqtura, romelic qondriotinsulfatis, keratansulfatisa da  hi-

aluronis mJavis saxiTaa warmodgenili.  jaWvebi dakavSirebulia cilovan birTvTan.  

agrekans gansakuTrebuli roli eniWeba hialinuri xrtilis funqcionirebaSi.  
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xrtilSi identificirebulia sxva glikoproteinebic, romlebic agrikanTan Se-

darebiT, martivi struqturiT xasiaTdeba. 

xrtilovani qsovilis daavadebebidan aRsaniSnavia qondrodisplaziebi. qondro-

displaziebs ganekuTvneba stiklreis sindromi, romlisTvisac damaxasiaTebelia 

saxsris xrtilebisa da Tvalis baduras degeneracia. aqondroplaziac qondrodis-

plaziebis erT-erTi saxeobaa. es aris qondriskacobis erT-erTi farTod gavrcele-

buli forma. daavadeba memkvidruli autosomur-dominanturi tipisaa. 

xrtilovani qsovilis daavadebaTa ricxvs SeiZleba mivakuTvnoT podagrac. Sar-

dis mJava warmoadgens purinuli nukleotidebis metabolizmis produqts. pH-is fizi-

ologiuri mniSvnelobebisas, Sardis mJavas 98% ionizebul mdgomareobaSia, anu war-

modgenilia uratis ionis saxiT. ujredSoris siTxeSi, romlis ZiriTad kaTions nat-

riumi warmoadgens, Sardis mJava natriumis uratis xsnaris saxiTaa. es marili xasiaT-

deba mcire xsnadobiT. ujredSorisi siTxis gajereba natriumis uratiT warmoebs im 

SemTxvevaSic ki, Tu uratis koncentracia mxolod mcired aRemateba normis far-

glebs. amis gamo adamianebSi, romelTac axasiaTebT hiperurikemia, SeiniSneba natriu-

mis uratis kristalebis warmoqmnis tendencia. am procesis naTeli gamovlinebaa po-

dagra, romlis drosac kristalebi warmoiqmneba xrtilebSi, sinoviur garsSi da sax-

srebis sinoviur siTxeSi. podagris ganviTarebis riski izrdeba plazmaSi uratis kon-

centraciis matebasTan erTad (cxr. X. 5.). udavoa, rom SemaerTebel qsovilSi natri-

umis uratis kristalebis dagrovebaze gavlenas axdens mravali faqtori. hiperuri-

kemiiT daavadebul pacientebSi yovelTvis ar viTardeba podagra (85% aseT pacien-

tebSi mTeli cxovrebis manZilze podagris araviTari simptomi ar mJRavndeba), mag-

ram hiperurikemia aris aucilebeli winapiroba podagris ganviTarebisTvis. podag-

ris warmoqmna SeiZleba provocirebuli iyos uratis koncentraciis uecari cvli-

lebiT (rogorc gazrdiT, aseve SemcirebiT). natriumis uratis xsnadoba swrafad 

klebulobs temperaturis dawevisas, amiT nawilobriv SeiZleba aixsnas periferiuli 

saxsrebis ufro xSiri dazianebis tendencia, vinaidan maT axasiaTebT ufro dabali 

saxsarSida temperatura. 

 

cxrili X.5. 

podagris ganviTarebis riski plazmaSi uratis 

koncentraciaze damokidebulebiT 

 

podagris ganviTarebis riski (%) Sardis mJavas (uratis) 

koncentracia plazmaSi 

(mmoli/l) 
mamakacebi qalebi 

<0,41 2 3 

0,42-0,47 17 17 

0,48-0,53 25 

>0,54 90 

aseTi koncentraciebi qalebSi 

Zalian iSviaTia, amitom 

monacemebi arasakmarisia 

 

tradiciulad ansxvaveben podagris or tips: pirvelads (idiopaTiurs) da meo-

rads (Tu aris  raime daavadeba, romelic iwvevs hiperurikemias). magram meoradi po-

dagra SedarebiT  iSviaTad viTardeba. arsebobs memkvidreobiTi midrekileba podag-

risa da hiperurikemiis ganviTarebisadmi. am mimarTulebiT Catarebulma kvlevebma 

cxadyo, rom pirveladi podagris umetes SemTxvevebSi metabolizmis aranairi dar-

Rveva ar mJRavndeba. pacientebis daaxloebiT 90%-Si Sardis mJavas gamoyofa Zalian 
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dabalia, plazmaSi mis koncentraciasTan SedarebiT, xolo 10%-s axasiaTebs Sardis 

mJavas Warbi warmoqmna. dieturi faqtorebi da alkoholi SemTxvevaTa naxevarSi aZ-

lierebs hiperurikemias. am mizezebis aRmofxvras SeuZlia mcired dawios sisxlSi 

uratis koncentracia, magram Cveulebriv is mainc maRali rCeba. podagra iSviaTad 

Cndeba qalebSi predmenstrualur periodSi, maT sisxlSi uratis saSualo koncen-

tracia bevrad dabalia imave asakis mamakacebTan SedarebiT. menopauzis Semdeg po-

dagris gavrceleba mniSvnelovnad matulobs. 

podagris diagnozi ismeba klinikuri niSnebis safuZvelze, xolo hiperurikemia am-

yarebs dasaSveb diagnozs. sinoviur siTxeSi natriumis uratis tofusebis an krista-

lebis aRmoCena sabolood amtkicebs diagnozs. natriumis uratis kristalebi aris ne-

itrofilebSi, aqvT tipuri nemsisebri forma da sigrZeSi aRwevs 2-10 mkm-s. saxsrebSi 

formirebadi natriumis kristalebi, neitrofilebiT maTi STanTqmis Semdeg, azianebs 

maT lizosomebs da iwvevs ujredebis daSlas. Tavisufali superoqsiduri radikale-

bis warmoqmna da lizosomebis fermentebis saxsris RruSi gamoTavisufleba iwvevs 

Zlier anTebiT reaqcias. interleikini-1-is monocitebidan da qsoviluri makrofage-

bidan gamoTavisufleba uzrunvelyofs damatebiT anTebiT stimuls. 

mwvave podagris samkurnalod efeqturad gamoiyeneba anTebis sawinaaRmdego 

preparatebi (indometacini yvelaze efeqturia), Tumca isini ar axdens gavlenas hi-

perurikemiaze. 

podagris bunebriv ganviTarebaSi aRweren oTx stadias: I — usimptomo hiperuri-

kemia; II — mwvave podagra; III — Setevebs Soris podagra; IV — qronikuli tofusuri po-

dagra. usimptomo hiperurikemia SeiZleba mimdinareobdes mravali wlis ganmavloba-

Si, sanam mwvave Seteva ar iqneba provocirebuli raime faqtoriT (mag., travmiT an ga-

daxrebiT dietaSi). Semdeg dgeba stadia (Setevebs Soris podagra), romelic xasiaT-

deba usimptomo periodebisa (romelic SeiZleba gagrZeldes Tveebi da wlebi) da 

mwvave Setevebis monacvleobiT, mkurnalobis gareSe SemTxvevaSi SeiZleba gadaizar-

dos qronikul tofusur podagraSi. sabednierod, tofusuri podagra dResdReobiT 

iSviaTad gvxvdeba. is uviTardebaT ZiriTadad xandazmul qalebs, romlebic mravali 

wlis ganmavlobaSi iReben diuretikebs. 

aRwerilia nivTierebaTa cvlis darRvevis zogierTi iSviaTi memkvidruli daava-

deba, romlebic iwvevs hiperurikemiasa da podagras (cxr. X. 6.). yvela am daavadebis 

dros hiperurikemia aris Sardis mJavas sinTezis gaZlierebis Sedegi. 

podagra erTaderTi kristaluri artopaTia ar aris. saxsarSi kalciumis piro-

fosfatis naleqebis dagrovebam SeiZleba Seqmnas podagris klinikuri suraTi (fsev-

dopodagra) da gamoiwvios qondrokalcinozi (saxsris xrtilSi kalciumis dagrove-

ba). fsevdopodagra memkvidruli daavadebaa da warmoiqmneba hiperparaTireozis, he-

moqromatozis an nivTierebaTa cvlis sxva darRvevebis fonze. kalciumis pirofos-

fatis kristalebi rombiseburi formisaa. 

 

cxrili  X.6. 

hiperurikemiis gamomwvevi nivTierebaTa 

cvlis darRvevis memkvidruli daavadebebi 

 

fermentis anomalia Sedegebi 

hipoqsantin-guaninfosforibozil-

transferazas deficiti (leSa-

naixenis sindromi da naklebad mZime 

variantebi) 

mcirdeba purinebis xelmeore 

utilizacia da amgvarad izrdeba 

Sardis mJavas sinTezi 
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glukozo-6-fosfatazas deficiti  

 (I tipis glikogenis dagroveba) 

1) glukozo-6-fosfatis metaboliz-

mis gaZliereba pentozofosfaturi 

gziT zrdis ribozo-6-fosfatis 

warmoqmnas, romelic warmoadgens 

substrats purinuli nukleotidebis 

sinTezisaTvis; 

2) hiperlaqtatemia amcirebs Sardis 

mJavas sekrecias Tirkmelebis arxebSi 

fosforibozilpirofosfatsinTeta-

zas gazrdili aqtivoba 

fosforibozilpirofosfati aris 

purinuli nukleotidebis sinTezis 

substrati, agreTve aaqtivebs 

ferments, romelic zRudavs reaqciis 

siCqares 

X.9. kbilebi 

kbili Sedgeba kalcificirebuli qsovilis sami Srisagan. kbilis Rru amovsebu-

lia pulpiT, romelSic sisxlZarRvebi da nervuli daboloebebia. pulpa garemocu-

lia dentiniT — ZiriTadi kalcificirebuli qsoviliT. kbilis gare nawilze dentini 

dafarulia emaliT. ybaSi Cafluli kbilis fesvebi dafarulia cementiT. cementi 

struqturulad Zvlis msgavsia. dentinis 75%-s mineralebi Seadgens. Tavad emali ki 

mtkice da mkvrivi qsovilia, romlis 98% mineralebia. maTgan aRsaniSnavia magniumi, 

natriumi, kaliumi da qlori (cxr. X.7.). dentinisa da cementis organuli matriqsi 

Zvlis matriqsis msgavsia. embrionuli emalis fibrilaruli cila mdidaria proli-

niTa da oqsiliziniT. emalis formirebis procesSi jer warmoiqmneba cilovani mat-

riqsi, romelic Semdgom ganicdis mineralizacias. sabolood formirebul emalSi 

Tavisufali cila praqtikulad ar rCeba — is umniSvnelo raodenobiT dabalmoleku-

luri peptidebis saxiTaa warmodgenili. maT amalogeninebi ewodeba. maTi ZiriTadi 

funqcia mdgomareobs uxsnadi organuli matriqsis SeqmnaSi, romelic Semdgom ga-

nicdis mineralizacias.  

 

cxrili X.7. 

 
kbilis qsovilebis qimiuri Semadgenloba 

 

qimiuri naerTi emali dentini cementi 

wyali 2% 13% 32% 

organuli naerTebi 2% 18% 22% 

mineraluri naSTebi 96% 69% 46% 

kalciumi 36% 35.3% 35.3% 

fosfori 17% 17.1% 17.1% 

karbonatis naSTi 2.5% 4.5% 4.4% 

ftori 0.02% 0.04% 0.02% 
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emalis SemadgenlobaSi gvxvdeba glukozamino-glikanebi da citrati.  hidroqsi-

apatitis kristalebi emalSi bevrad ufro didi zomisaa, vidre dentinSi, cementSi an 

ZvalSi. amrigad, emali ufro metadaa mineralizerebuli, vidre Zvali. zogadad, ema-

lis metabolizmis Taviseburebad miiCneva nivTierebaTa metabolizmis sakmaod daba-

li siCqare.  

mineraluri nivTierebebis cvla kbilebSi SedarebiT nela mimdinareobs, rac 

xels uwyobs maT struqturul stabilurobas iseT pirobebSic ki, roca iqmneba sa-

fuZveli dekalcifikaciisaTvis, magaliTad, orsulobis an avitaminozebis SemTxve-

vaSi. 

dentini, emalisagan gansxvavebiT, Seicavs didi raodenobiT sialoproteinebs (ara-

kolagenuri cilebi). mineralizaciis xarisxiT is Zvlovani qsovilis analogiuria. mi-

neralur komponentSi gvxvdeba didi raodenobiT hidroqsiapatiti da magniumis io-

ni. dentinSi aris aseve ftoridis marilebic. organuli naerTebidan dentini  mdida-

ria qondriotin-sulfatebiT, hialuronis mJaviT da kolageniT. kariesis SemTxveva-

Si dentinSi sagrZnoblad matulobs glukozaminoglikanebis raodenobac.    

kbilSi gvxvdeba gansakuTrebuli tipis SemaerTebeli qsovili — pulpa, romelic 

embrionalur SemaerTebel qsovils mogvagonebs. is  xasiaTdeba maRali metaboluri 

aqtivobiT, rac gamowveulia masSi didi raodenobiT sxvadasxva fermentis arsebo-

biT. pulpis ujreduli erTeulia fibroblastebi. nivTiereba warmodgenilia gli-

koproteinebiTa da glukozamino-glikanebiT. pulpis boWkovan struqturas qmnis 

kolagenuri boWkoebi. pulpis ZiriTadi funqciaa dentinis formireba da misi uz-

runvelyofa metaboluri procesebiT.  
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XI. organizmis ujredgare siTxeebi 

siTxeebi, ZiriTadad marilebisa da sxvadasxva nerTebis wyalxsnarebi, Seadgenen 

cocxali organizmis daaxloebiT 60%-s. maTi didi nawili ujredebSia da ujredSida 

siTxeebi ewodeba, xolo daaxloebiT 1/3 — ujredgare sivrceSi da qmnis e.w. ujredga-

re ares. ujredgare are mudmiv moZrobaSia. kerZod, igi ereva sisxls da Semdgom di-

fuziiT kapilaris kedlebis gavliT gamodis da qsovilovan siTxes uerTdeba.   

ujredgare siTxes didi mniSvneloba aqvs ujredebis, qsovilebis, organoebisa 

da, Sesabamisad, mTeli organizmis funqcionirebisaTvis da mas sxvadasxva funqcia 

akisria. es funqciebia: 

1. sakvebi nivTierebebiT (glukoza, cximovani mJavebi, aminomJavebi), JangbadiTa 

da sxvadasxva makro-da mikroelementebiT ujredebis momarageba;   
2. ujredebTan hormonebisa da sxvadasxva regulatoruli Tvisebis mqone nivTie-

rebebis transportireba;  

3. ujreduli metabolizmis saboloo produqtebis (sxvadasxva toqsikuri an 

gauvnebelyofili naerTebis, aseve СО2) gamoyofa.       
organoebis umetesobaSi ujredgare ares warmoadgens intersticialuri siTxe, 

romelic, Tavis mxriv, ujredgare siTxeebis sistemis nawilia. am siTxeebs Soris da-

makavSirebeli rgolis funqcias sisxlis plazma asrulebs. ujredgare siTxeebs ase-

ve ganekuTvneba limfa (warmoiqmneba qsoviluri siTxeebis filtraciiT limfur kapi-

larebSi) da rigi ujredgare siTxeebi, romlebic asrulebs specialur funqciebs da 

gamomuSavdeba sxvadasxva organosa Tu qsovilis mier (Tvali, SemaerTebeli qsovili, 

kani, centraluri nervuli sistema, kuW-nawlavis traqti da sarZeve jirkvlebi). 

XI.1. organizmSi mimdinare kapilaruli cvla 

kapilarebSi mimdinare siTxis gacvlis (intersticialur siTxesa da plazmas So-

ris) meqanizmi cnobilia starlingis hipoTezis saxeliT. am hipoTezis mixedviT, ka-

pilaris gaswvriv, nebismier wertilSi hidrostatikur wnevaze ukuqmedebs plazmis 

cilebis osmosuri wneva. qsovilebis wneva da sisxlis sadinarebis gareT arsebuli 

cilebis osmosuri wneva ugulebelyofilia maTi simciris gamo. Tu plazma da misgan 

miRebuli aracilovani filtrati (intersticialuri siTxis modeli) gayofilia 

membraniT, romelic ganvladia yvela gaxsnili nivTierebisaTvis, plazmis cilebis 

garda, es ukanaskneli qmnis efeqtur osmosur wnevas (sin. sv. 30 mm.). es sidide Seda-

rebiT naklebia kapilaris arteriul boloze arsebuli wnevis maCvenebelze da odnav 

metia venur boloze arsebul hidrostatikur wnevaze. Sesabamisad, SeiZleba CaiTva-

los, rom sisxlis gavlisas kapilaris arteriul nawilSi moxdeba siTxis garkveuli 

odenobis dakargva, romelic gaedineba kapilaris kedelSi. es danakargi aRdgeba sis-

xlis nakadis gavlisas kapilaris venur monakveTSi. kapilaris gaswvriv wneva (P) ne-

bismier adgilze, romelic gansazRvravs kapilaris kedelSi siTxis dinebis mimarTu-

lebas, SeiZleba gamoiTvalos formuliT:  

P= (P1 + P2) -  (P3 + P4), 

sadac : P1  wnevaa  sisxlZarRvebSi;   

P2— osmosuri wneva sisxlZarRvis gareT;   

P3 — wneva sisxlZarRvis gareT;   
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P4 — osmosuri wneva sisxlZarRvSi. 

Tu procesebi gawonasworebulia, maSin kapilarebSi Semavali siTxis moculoba 

tolia venebSi Sesuli moculobisa. qsovilTa umetesobaSi siTxis aseTi gadaadgile-

ba kapilaris kedelSi Seesatyviseba kapilarebSi gamdinare plazmis moculobis daax-

loebiT 2%-s.  iTvleboda, rom amgvarad xorcieldeba wylisa da gaxsnili nivTiere-

bebis cvla kapilarebis gavliT. magram, es mosazreba ar Seesabameba kapilarebis gav-

liT plazmasa da intersticialur siTxes Soris mimdinare wylisa da gaxsnili nivTi-

erebebis cvlis did siCqares. kapilarebSi Semavali da gamomavali wylis, eleqtro-

litebis da mcire organuli molekulebis difuziis siCqare 10 — 100-jer aRemateba 

plazmis dinebis siCqares. difuziis siCqare icvleba nawilakTa zomis ukuproporci-

ulad. es faqti miuTiTebs, rom kapilarebis membranis forebi moqmedebs molekulu-

ri `sacris~ analogiurad. Na+-is ioni difundirebs daaxloebiT 2-jer swrafad, vid-

re glukoza da 10-jer swrafad, vidre inulini. normaluri siCqaris pirobebSi, 

plazmis cilebi ver aRwevs kapilarebis kedlebSi, magram Tu siCqare ecema, cilebis 

difuziis siCqare mniSvnelovanad izrdeba. eleqtronul-mikroskopiuli analizi-

dan Cans didi zomis molekulebis SesamCnevi gadaadgileba kapilarebis ujredebis 

gavliT an SedarebiT msxvili sisxlZarRvebis amomfen endoTelialur ujredebs So-

ris. endoTelialuri ujredebisaTvis damaxasiaTebelia SekumSva-modunebis riTmu-

loba, rac ganpirobebulia maT membranaSi aqtinisa da miozinis arsebobiT. amgvari 

procesiT SesaZlebelia membranuli arxebis warmoqmna, romelTa gavliTac gaxsnili 

nivTierebebi gadadis sisxlZarRvTa sistemidan intersticialur kompartmentSi. 

cximSi xsnadi nivTierebebis (mag., O2, NO da dieTilis eTeri) gadatana mimdinareobs 

ise swrafad, rom SesaZlebelia maTi gadaadgileba kapilarebis kedlis ujredebis 

membranis lipidur ubnebSi.  procesi mimdinareobs difuziis saSualebiT. nivTiere-

baTa gadaadgileba kapilarebis kedlebSi didi siswrafiT xdeba da masSi ar aris Car-

Tuli siTxis filtracia, romelic hidrostatikuri da osmosuri wnevis Sedegia. ka-

pilarebis arteriul boloze arsebuli hidrodinamikuri wnevis mTavar funqcias 

warmoadgens siTxis gadaadgileba kapilarebSi da ara misi iZulebiTi gatareba kapi-

laris kedelSi. amave dros, forebis arsebobis wyalobiT, filtracia warmoebs im 

SemTxvevaSi, rodesac ar aris winaaRmdegobis faqtori da siTxis raodenoba, rome-

lic gaedineba kapilarebidan filtraciisa da difuziis meSveobiT, bevrad aRemate-

ba mis Semosvlas mxolod difuziis xarjze. kompensaciis faqtors warmoadgens 

plazmis cilebis efeqturi osmosuri wneva. amave dros, orive mimarTulebiT gada-

adgilebuli siTxis moculoba faqtobrivad erTnairia. sisxlZarRvovan da ujred-

Soris kompartmentebs Soris siTxis balansis cvlileba iwvevs or klinikurad mniS-

vnelovan Sedegs — Soks da SeSupebas. 

Soki — cirkulaciis darRveva, romelic warmoiqmneba sisxlis mimoqcevis siste-

midan siTxis dakargvis Sedegad, rac SeiZleba gamowveuli iyos sisxldeniT an kapi-

larebis ganvladobis gazrdiT. pacientebSi, romelTac miiRes Zlieri damwvroba an 

seriozuli travma, an gadaitanes rTuli operacia, kapilarebi ganvladi xdeba plaz-

mis cilebisaTvis, rasac mosdevs ujredSoris sivrceSi albuminis Semcveli siTxis 

didi moculobis gadaadgileba da, Sesabamisad, sisxlis moculobis kleba. sisxliT 

momaragebisa da Jangbadis miwodebis daqveiTebis gamo, kapilarebis ganvladoba ki-

dev ufro irRveva. am pirobebSi RviZlidan SesaZlebelia feritinis gamoyofa, rac 

iwvevs sisxlis wnevis Semdgom klebas, rac gamojanmrTelebas Zlier aferxebs da 

procesi SesaZlebelia letalurad damTavrdes. aseT mdgomareobas Seuqcevadi Soki 

ewodeba. 
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SeSupeba — mdgomareobaa, romlis drosac mimdinareobs sisxlZarRvebis gareT 

siTxis didi raodenobiT dagroveba. SeSupeba viTardeba sisxlis mimoqcevis sistemi-

dan siTxis transudaciasa da am sistemaSi mis dabrunebas Soris balansis darRvevis 

Sedegad. SeSupebis ganviTarebis mizezia plazmaSi albuminis koncentraciis kleba, 

rac gamowveulia misi sinTezis SemcirebiT (arasrulfasovani kveba an RviZlis daa-

vadebebi), an dakargvis siCqaris zrdiT (albuminuria nefrozis dros). hipoalbumi-

nemiis SemTxvevaSi sisxlis osmosuri wnevis klebas mosdevs cirkulaciis sistemidan 

siTxis gamosvla da sisxlis moculobis Semcireba, rac, Sesabamisad, aldosteronis 

(hormoni, romelic xels uwyobs marilis dakavebas sisxlSi) sekreciis gazrdas iw-

vevs. yovelive amis Sedegad izrdeba Sratis osmosuri wneva, rasac mosdevs  wyurvi-

lis gaZliereba. es ukanaskneli, Tavis mxriv, vazopresinis sekreciis zrdas uwyobs 

xels, ris gamoc Zlierdeba wylis moxmareba da mcirdeba misi gamoyofa. qsovilebSi 

dagrovili wyali da marilebi warmoqmnis SeSupebas. `kvebiTi~ warmoSobis SeSupeba 

hipoalbuminemiis garda, ganpirobebulia sxva mniSvnelovani faqtorebiT. magali-

Tad, e.w.  ascituri siTxe, romelic grovdeba muclis RruSi RviZlis mZime daziane-

bebisas, savaraudod, warmoiqmneba hipoalbuminemiisa da karis venis sistemaSi sis-

xlis wnevis matebis urTierTSerwymis Sedegad. ascituri siTxis dagrovebis mizezi 

SesaZlebelia gamowveuli iyos aseve gulis garkveuli tipis daavadebebisas, magali-

Tad, gulis ukmarisobis Sedegad.  

XI.2. intersticialuri siTxe, 

sinovialuri siTxe da limfa 

ZuZumwovari organizmebis saerTo moculobis daaxloebiT meeqvsedi warmodge-

nilia ujredSorisi (intersticialuri) sivrciT, romelic amovsebulia siTxiT. am 

siTxes  intersticialuri siTxe ewodeba. ujredSoris sivrceSi siTxe xvdeba sis-

xlZarRvebis kapilarebidan filtraciisa da difuziis saSualebiT. mis Semadgenlo-

baSia daaxloebiT yvela is  nivTiereba, romelic gvxvdeba sisxlis plazmaSi, gamonak-

lisia cilis molekulebi. es molekulebi imdenad didia, rom ar SeuZlia kapilaris 

endoTeliumSi arsebuli forebis gavla. amis mizeziT, intersticialur siTxSi ci-

lebis Semcveloba Zalze mcirea. intersticialuri siTxe ganTavsebulia proteog-

likanur boWkoebs Soris arsebul umcires sivrceebSi da mas gelis Tvisebebi axasia-

Tebs (sur. XI. 1).  

 

 
 

suraTi XI.1. ujredSorisi sivrce 

(Guyton & Hall. Textbook of Medical Physiology, 12th ed., 2006) 
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proteoglikanuri boWkoebisa da intersticialuri siTxisagan Semdgar xsnars  

qsovilovan gels uwodeben. vinaidan proteoglikanuri boWkoebi qmnian faSar, 

wvrilforovan bades, gamxsnelis da sxva molekulebis Tavisufali moZraoba SezRu-

dulia. amis magivrad, calkeuli molekulebis transporti qsovilovan gelSi xor-

cieldeba ubralo difuziis daxmarebiT.  difuziis maRali siCqare da ujredebsa da 

kapilarebs Soris manZilis simcire saSualebas aZlevs ara marto wyals, aramed 

eleqtrolitebs, sakveb nivTierebas, Jangbads, naxSirorJangs, metabolizmis sabo-

loo produqtebsa da sxva nivTierebebs gaiaron intersticialur sivrceSi. 

limfa. terminebi limfa da intersticialuri siTxe xSirad ixmareba, rogorc 

urTierTSecvladi. Tumca, vinaidan intersticialuri siTxis zusti buneba gansazR-

vruli araa, mizanSewonilia termini limfa gamoyenebuli iqnas limfur sadinarebSi 

arsebuli siTxisaTvis. yoveldRiurad normaluri, janmrTeli adamianis sisxlis ka-

lapotSi Caedineba 1-2 litramde limfa. limfis eleqtrolituri Semadgenloba gan-

sxvavdeba plazmis Semadgenlobisagan. cilis Semcveloba limfaSi meryeobs misi war-

moqmnis wyaroze damokidebulebiT. kisris sadinarebis limfa Seicavs 3%-mde cilas, 

kanqveSa limfa — 0,25%-s, xolo RviZlis limfaSi cilis Semcveloba 6%-s aRwevs. 

limfaSi albuminebis raodenobis Sefardeba globulinebTan, gacilebiT maRalia, 

vidre plazmaSi da meryeobs 3:1-dan 5:1-mde farglebSi. limfa aseve Sicavs fibrino-

gens da proTrombins, rac uzrunvelyofs misi Sededebis unars. 

sinovialuri siTxe saxsrebSi arsebuli siTxea. eleqtrolituri Semadgenlobis 

mixedviT sinovialuri siTxe Seesabameba plazmis transudats. is Seicavs proteog-

likanebs, romelTa wyaroa sinovialuri garsis ujredebi. normalur SemTxvevaSi si-

novialuri siTxis pH 7,3 — 7,4-ia; xvedriTi masa daaxloebiT 1,01-is tolia, xolo ci-

lis Semcveloba daaxloebiT 1%-ia; albuminebis raodenobis Sefardeba globuline-

bis raodenobasTan, 4,0-is farglebSia. sinovialur siTxeSi fibrinogeni ar gvxvdeba, 

xolo aracilovani azotovani SenaerTebis koncentracia, plazmasTan SedarebiT, 

sakmaod dabalia. sinovialur siTxeSi lipidebi Cveulebriv ar aris, xolo glukozis 

koncentracia cvalebadia. sinovialur siTxeSi hialuronis mJavas maRali Semcve-

loba (0,85%) ganapirobebs mis maRal siblantes. saxsrebis anTebiTi daavadebebisas, 

kerZod, revmatiuli arTritisas, adgili aqvs hialuronis mJavas raodenobisa da sa-

Sualo molekuluri masis klebas, rac miuTiTebs am naerTis mniSvnelovan rolze. 

sinovialuri siTxesa da plazmas Soris mimdinareobs eleqtrolitebisa da advi-

lad difuzirebadi nivTierebebis cvla, maSin, roca didi zomis nawilakebi saxsreb-

sSida aredan SeiZleba gamovides mxolod limfuri sadinarebiT. amgvarad, sinovia-

luri siTxe warmoadgens intersticialuri siTxis nawils da ara sekretoruli aqti-

vobis produqts. 

intersticialuri siTxe warmoiqmneba plazmidan wylisa da masSi gaxsnili nivTi-

erebebis difuziiTa da am nivTierebebisaTvis kapilarebis kedlebis ganvladobiT. 

ujredSida da ujredgare siTxeebis SemadgenlobaSi ZiriTadi gansxvaveba gamoixa-

teba im meqanizmis funqcionirebaSi, romlis wyalobiTac metabolizmis procesSi ga-

moTavisuflebuli energia SeiZleba gamoyenebuli iyos rigi ujredSida komponente-

bis koncentraciuli gradientis SesanarCuneblad. miuxedavad nivTierebebis uj-

redgare da ujredSida koncentraciebis mudmivobisa, garkveul pirobebSi mimdina-

reobs sekreciis procesi. am process axorcielebs ujredebi, romlebic specifiku-

ri svetebis saxiTaa ganlagebuli. erTi mxridan es ujredebi irecxeba intersticia-

luri siTxiT, vitaminebiT an plazmiT, xolo meore mxridan sxva Semadgenlobis siTx-

iT. gansxvaveba am siTxeebis SemadgenlobaSi ar aixsneba arc spontanuri difuziiT, 

arc osmosiT an ganvladobiT. osmosuri, eleqtro-qimiuri an hidrostatikuri gra-
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dientis sawinaaRmdegod ganxorcielebuli sekreciis procesi saWiroebs metabo-

lizmis procesSi gamoTavisuflebuli energiis gamoyenebas. sekrecia xasiaTdeba 

Semdegi ZiriTadi niSnebiT: 1. is iTrguneba ujredis metabolizmis darRvevebisas 

(cianidiT an ftoridiT mowamvlisas); 2. kaTionebi da anionebi gadaitaneba erTdro-

ulad, ekvivalenturi raodenobiT da erTi mimarTulebiT, donanis wonasworobis 

moTxovnebis darRveviT; 3. amave meqanizmiT gadaitaneba araeleqtrolitebi; 4. uj-

redebi erTmaneTis mimarT ganlagebulia imgvarad, rom sekretirebadi siTxe, Cveu-

lebriv, gamodis arxiT da am arxis SigniT arsebuli wneva ar aris damokidebuli ar-

teriul wnevaze.  

ZuZumwovrebSi sekretebis ricxvs ganekuTvneba rZe, ofli, cremlebi, zurgis 

tvinis siTxe, wylovani nami da saWmlis momnelebeli traqtis siTxeebi. nawlavebis 

lorwovan garsebSi mimdinare SerCeviTi Sewova, wylisa da gaxsnili nivTierebebis 

ukuSewova Tirkmelebis milakebSi da Tirkmelebis distaluri milakebis sanaTurSi 

mimdinare sekrecia ganixileba, rogorc sekreciis saxeebi. sekreciis yvelaze sain-

tereso magaliTebad SeiZleba davasaxeloT kuWSi 0,16N HCl-is warmoqmna, oflis 

jirkvlebis mier TiTqmis sufTa wylis gamoyofa da Na+-is da glukozis ukuSewova 

Sardidan. yovel calkeul SemTxvevaSi es procesebi realizdeba im meqanizmebis wya-

lobiT, romelTac ujredebi gamoiyenebs Tavisi Sinagani Semcvelobis mudmivobis Se-

sanarCuneblad.  cnobilia sekreciis ZiriTadi meqanizmebis sxvadasxva tipi. ujre-

debSi, romlebSic aqtiurad mimdinareobs cilis sinTezi da sekrecia, Zlieradaa 

ganviTarebuli endoplazmaturi retikulumi. swored aq mimdinareobs sekretireba-

di cilebis, magaliTad zimogenebis da hormonebis sinTezi. Semdeg isini gadaitaneba 

goljis aparatSi, sadac xvdeba makondensirebel vakuolebSi, romlebic warmoqmni-

lia goljis aparatis buStukebisagan. rogorc endoplazmaturi retikulumis mik-

rosomebi, aseve goljis aparatis membranebi xasiaTdeba specifikuri fermentebis 

arsebobiT, romelTac Seswevs am cilebis modificirebis unari. vakuolebSi sekre-

toruli masala koncentrirdeba an kondensirdeba, rac iwvevs mkvrivi granulebis 

warmoqmnas. vakuolebi, romlebic Seicavs aseT granulebs, gadaadgildeba ujredis 

zedapirisaken da tovebs ujreds egzocitozis meSveobiT. sekreciis aseTi mimdina-

reoba damaxasiaTebelia ara marto saWmlis momnelebeli traqtis cilebisaTvis, 

aramed nerwyvis da SemaerTebeli qsovilis glikoproteinebisaTvisac, aseve zogier-

Ti cilovani hormonis da rigi dabalmolekuluri SenaerTis (mag., adrenalini) sek-

reciisaTvis. sekretirebad ujredebSi, sekreciis signalis bunebisagan (nervuli im-

pulsi, hormonis an wamlis moqmedeba) damoukideblad, xSirad SeiniSneba Ca2+-is kon-

centraciis zrda da c-amf-is ujredSida donis cvlileba. sekrecia SeiZleba inhi-

birdes iseTi agentebiT, rogoricaa kolxicini. kolxicini anadgurebs mikromila-

kebs, romlebic garkveul rols TamaSobs ujredis garsisaken sekretoruli granu-

lebis moZraobaSi. 

ujredebi, romelTa mTavar funqcias warmoadgens ionebis sekrecia, xasiaTdeba 

SedarebiT naklebad ganviTarebuli endoplazmaturi retikulumiTa da goljis apa-

ratiT. kuWis lorwovani garsis gamomfeni ujredebSi, romlebic awarmoeben Cl-is 

sekrecias, sadinaris mxares mimarTuli ujredis zedapiri mniSvnelovnadaa gazrdi-

li mravali mikroxaosa da CaRrmavebebis, e.w. kanalikulebis wyalobiT. wyalbadis 

ionebi ujredidan arxis sanaTurSi sekretirdeba aqtiuri transportis meqanizmiT. 

amomfeni ujredebi Seicavs didi raodenobiT didi zomis mitoqondriebs mraval-

ricxovani kristebiT, romlebSic maRalia JangviTi reaqciebis makatalizebeli fer-

mentebis koncentracia. am tipis sekretoruli meqanizmi funqcionirebs aseve Tir-

kmelebis milakebis ujredebSic. 
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XI.3. zurgis tvinis siTxe 

zurgis tvinis siTxe warmoiqmneba qoroidalur wnulSi da ukan brundeba sisxlSi 

welis areSi arsebuli sisxlZarRvebiT. centraluri nervuli sistemis (cns) ujre-

debis mxolod mcire raodenoba aris uSualo SexebaSi am siTxesTan. cns-is sxva uj-

redebi ikvebeba sisxlZarRvebiT. janmrTeli adamianis zurgis tvinis siTxis saerTo 

moculoba daaxloebiT 125 ml-ia, ganaxleba warmoebs yovel 3-4 saaTSi. qirurgiuli 

drenaJirebisas SesaZlebelia dReSi ramdenime litri zurgis tvinis siTxis miReba. 

zurgis tvinis siTxis Semadgenloba mowmobs, rom is ZiriTadad warmoadgens plazmis 

transudats an ultrafiltrats. welis aredan an parkuWebidan aRebuli siTxe yo-

velTvis aris osmosur wonasworobaSi plazmasTan da Seicavs 15-40 mg-mde cilas 100 

ml-ze, xolo albuminebisa da globulinebis koncentraciis Sefardeba 4-is tolia.  

zurgis tvinis siTxeSi plazmis lipidebi ar gvxvdeba. plazmis ultrafiltratsa 

da zurgis tvinis siTxes SemadgenlobaSi arsebuli gansxvavebebi mowmobs, rom am 

siTxis warmoqmna mimdinareobs qoroidaluri wnuliT ganxorcielebuli sekreciiT. 

zurgis tvinis siTxisa da plazmis kaTionebisa da anionebis jamuri raodenobebis Se-

fardeba Seesabameba hibs-donanis wonasworobas, Tumca am ionebis ganawileba gansx-

vavebulia (cxr. XI.1).  

 

cxrili XI.  1.  

 

mTavari eleqtrolitebis koncentraciis maCveneblebi ujredgare siTxeebSi 

 

miliekv. /l wyalze ujredgare 

siTxe 

 

pH Na+ K+ Ca2+ Cl - HCO3
- 

cila 

mg/ 

100ml 

sxva  

naerT-

ebi 

mili-

ekv./ l 

plazma 7,3-7,4 144 4,5 5,0 103 28 6-8 % orga-

nuli 

mJavebi

intersticialu

ri siTxe 

7,4 135 3,3 3,5 105 30 <250  

sinovialuri 

siTxe 

7,3-7,4 142 4 — 117 25 1%  

zurgis tvinis 

siTxe 

7,4 146 3,5-4,0 3,0 125 25 15-40  

wylovani nami 7,4 140 4,7 3,5 108 28 50  

cremlebi 7,0-7,4 142 3-6 — 155 5-25 750  

ofli 4,5-7,5 <85 3-6 3-5 <85 0-10 kvali  

nerwyvi 6,4-7,0 20-40 15-25 3-8 20-40 10-20 cvladi  

kuWis wveni <1,0 0 7  162   H+    155

kuWis lorwo 7,4-7,5 145 5 — 115 30 cvladi  

kuWis Sereuli 

sekreti 

1-2 20-60 6-7 — 145 0 cvladi H+    60-

120 

pankreasis 

wveni 

7-8 148 7 6 80 80 cvladi  
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wvrili 

nawlavis wveni 

7,2-7,8 142 7-10 — 105 30 cvladi  

naRvlis buStis 

naRveli 

5,6-7,2 130 7-10 — 40-90 0-15 cvladi na-

Rvlis 

mJavebi 

40-60 

RviZlis 

naRveli 

7,4-8,0 145 5 5 75-110 25-40 cvladi na-

Rvlis 

mJavebi 

10-20 

 

magaliTad, zurgis tvinis siTxis Na+-is koncentracia faqtiurad tolia plaz-

mis Na+-is koncentraciisa, maSin roca Ka+-is koncentracia mniSvnelovnad dabalia. 

amasTanave, zurgis tvinis siTxeSi Cl-is koncentracia metia plazmaSi amave ionis 

koncentraciaze, xolo  HCO3
- -is ki orive siTxeSi identuria.                                          

Tavisufali CO2-is koncentracia zurgis tvinis siTxeSi ucnobia, Tumca iTvle-

ba, rom misi raodenoba daaxloebiT tolia misi koncentraciisa venur sisxlSi. Ca2+-

is koncentracia zurgis tvinis siTxeSi mudmivia da mcired icvleba plazmaSi am io-

nis koncentraciis cvlilebisas. es gansakuTrebiT SesamCnevia parafarisebri jir-

kvlis simsivnian pacientebSi, romelTa plazmaSi Ca2+-is koncentracia maRalia, ma-

Sin, roca zurgis tvinis siTxeSi — normaluria.  glukozis koncentracia zurgis tvi-

nis siTxeSi plazmasTan SedarebiT  dabalia, magram igi imatebs an mcirdeba sisxlSi 

glukozis koncentraciis Sesabamisi cvlilebebisas. aracilovani azotSemcveli na-

erTebis Semcveloba zurgis tvinis siTxeSi yovelTvis mniSvnelovnad dabalia, vidre 

plazmaSi.  

XI.4. wylovani nami 

wylovani nami avsebs Tvalis wina sakans, uzrunvelyofs TvalisSida wnevis mudmi-

vobis SenarCunebas da aseve,  kvebavs arasisxlZarRvovan rqovanasa da brols. misi 

moculoba varirebs sxvadasxva saxeobis cxovelebSi Tvalis kaklis zomasa da wina 

saknis siRrmeze damokidebulebiT. adamianis TvalSi wylovani namis moculoba daax-

loebiT 0,25 ml-ia, igi xasiaTdeba cilebis dabali SemcvelobiT (0,05%). albuminebi-

sa da globulinebis koncentraciis Sefardeba igivea, rac sisxlis plazmaSi. difu-

ziis unaris mqone nivTierebebis koncentracia wylovan namSi ar gansxvavdeba maTi 

koncentraciisagan sisxlis plazmaSi. gamonakliss warmoadgens askorbinis mJava, 

romlis koncentracia wylovan namSi 20- jer metia, vidre plazmaSi.  

wylovani nami sekretirdeba ciliaruli sxeuliT, Tvalis ukana saknidan xvdeba 

Tvalis wina sakanSi da gamoidevneba Slemis arxis gavliT. eleqtrolitebis cvla Zi-

riTadad warmoebs siTxis gavlisas TvalSi gacvliTi difuziis gziT minisebr sxeul-

Tan, ferad garsTan, ciliarul kunTTan, rqovanasTan da brolTan. siTxis gamomtani 

arxebis daxSoba iwvevs Tvalis Sida wnevis matebas, rasac mivyavarT iseTi paTologi-

is ganviTarebamde, rogoricaa glaukoma. Tu movaSorebT normalur wylovan nams, 

Tvalis wina sakani swrafad ivseba siTxiT, romelsac plazmoiduri wylovani nami 

ewodeba. es siTxe Seicavs didi raodenobiT cilebs. proceduris gameorebisas, siTx-

e, romelic avsebs wina sakans, nel-nela xdeba plazmisagan ganurCeveli. Tvalis ukana 
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sakani Sevsebulia e.w. minisebri namiT, romelic Sedgeba minisebri sxeulis (kolage-

nuri matricis) Semavsebeli, baduriT sekretirebadi hialuronis mJavasagan. gaxsni-

li nivTierebebis cvla minisebr sxeulsa da sisxls Soris xorcieldeba baduris gav-

liT. aseTive cvla nawilobriv mimdinareobs wylovan namTan Tvalis wina sakanSi. di-

fuziis gziT nivTierebebis cvlasTan erTad adgili aqvs rigi ionebis (organuli 

anionebis, iodidis da sxv.) aqtiur transports minisebri sxeulidan. 

XI.5. ofli 

oflis gamoyofa da misi aorTqleba sxeulis zedapiridan uzrunvelyofs orga-

nizmis gagrilebas. rodesac oflis gamoyofa ar aris intensiuri, saofle jirkvlebi 

gamoyofs praqtikulad sufTa wyals. am SeumCneveli oflianobisas (perspiration insensi-

bilis) dRe-RameSi gamoiyofa daaxloebiT 600-700 ml ofli. organuli da araorganuli 

nivTierebebis mcire raodenoba, romelic grovdeba kanze aseT pirobebSi, gamoiyofa 

ZiriTadad qonis jirkvlebiT, vidre saofle jirkvlebiT. oflis gamoyofis inten-

sivobis gazrdisas, oflis moculoba da Semadgenloba cvalebadia da ganisazRvreba 

aorTqlebis siswrafiT, miRebuli siTxis raodenobiT, garemo ares temperaturiTa 

da sinestiT da hormonaluri faqtorebiT. `SesamCnevi~ oflis gamoyofis moculoba 

da marilovani Semadgenloba damokidebulia individis aklimatizaciaze. adamianebi, 

romlebic ar arian SeCveuli cxel da nestian atmosferos, aseT pirobebSi, gamoyo-

fen didi raodenobis da marilebis maRali Semcvelobis ofls. Na+-isa da Cl+-is 

koncentracia aRwevs 75 miliekv./l-s. aklimatizirebuli individebi gamoyofen nak-

lebi raodenobiT ofls, marilebis dabali koncentraciiT. siTxis didi raodenobis 

arakompensirebulma dakargvam oflianobisas SesaZlebelia gamoiwvios moculobis 

hipertonuli Semcireba. marilebis dakargva warmoadgens krunCxvebis warmoqmnis mi-

zezs meSaxteebsa da cecxlfareSebSi. Tandayolili kistozuri daavadebisas, rom-

lis drosac srulad an nawilobriv ziandeba sxeulis jirkvlovani epiTelialuri 

struqturebi, ofli da cremlebi xasiaTdeba NaCl-is maRali SemcvelobiT. normalu-

ri maCveneblebisagan gansxvaveba imdenad didia, rom SesaZlebelia gamoyenebul iqnas 

diagnostikur maxasiaTeblad. cxel amindSi aseT avadmyofebs SeiZleba ganuviTar-

des mdgomareoba, romelic adisonis daavadebis mwvave Setevis msgavsia. es ganpiro-

bebulia Na+-is dakargviT. mdgomareobis gamosworeba SesaZlebelia organizmSi NaCl-
is SeyvaniT. mcire SesamCnevi oflis gamoyofisas aracilovani azotSemcvel Senaer-

Tebis koncentracia oflSi ramdenadme maRalia, vidre plazmaSi. es aixsneba, ro-

gorc Cans, oflidan wylis aorTqlebiT. amasTanave, saofle jirkvlebs SeuZlia aseve 

aqtiurad awarmoos rZis mJavas koncentrireba. aTletebis oflSi rZis mJavas koncen-

tracia mniSvnelovnad aRemateba mis koncentracias plazmasa da SardSi. oflis xved-

riTi masa icvleba 1,002-1,005 farglebSi, xolo pH — 4,5-7,5 farglebSi. 

XI.6. cremli 

siTxe, romelic normalur pirobebSi asvelebs rqovanas zedapirs, warmoadgens 

sacremle jirkvlebisa da damxmare qonis jirkvlebis Sereul sekrets da mas cremli 

ewodeba. vinaidan, sifxizlis periodSi rqovana urTierTqmedebs haerTan, misi zedapi-

ridan warmoebs siTxis mudmivi aorTqleba, rac iwvevs cremlis siTxis koncentrire-
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bas. difuziis unaris mqone azotovani SenaerTebisa da eleqtrolitebis koncentra-

cia cremlSi utoldeba plazmaSi maT koncentracias. cilis koncentracia Cveuleb-

riv 0,6-dan 0,8 g-mdea 100 ml-Si, xolo albuminebisa da globulinebis Sefardeba 2-is 

tolia. cremlSi arsebuli cilebi amcirebs mis zedapirul daWimulobas, risi daxma-

rebiTac SesaZlebeli xdeba epiTeliaruli zedapiris danamva. daaxloebiT 8mkm sisqis 

siTxis apkis arseboba ganapirobebs rqovanas epiTeliumis mikroskopuli araerTgva-

rovnebis aRmofxvras, rac uzrunvelyofs sruliad gluvi zedapiris warmoqmnas da 

Sedegad, Tvalis optikuri Tvisebebis mniSvnelovan gaumjobesebas. es apki agreTve 

icavs Tvals ucxo nawilakebiT (mtveri an haerSi arsebuli baqteriebi) dazianebisagan. 

cremlebis gansakuTrebul komponents warmoadgens fermenti lizocimi, romelic 

icavs rqovanas infeqciuri agentebisagan. kerZod, misi meSveobiT katalizdeba haerSi 

arsebuli mravali kokis ujreduli kedlis SemadgenlobaSi Semavali zogierTi muko-

peptidis hidrolizi. 

XI.7. rZe da xseni 

mucladyofnis periodSi  embrioni sakveb nivTierebebs iRebs dedisagan placen-

tis meSveobiT. dabadebis Semdgom, axalSobilis organizms sakvebi nivTierebebi mie-

wodeba rZiT, romelsac gamoimuSavebs dedis sarZeve jirkvlebi. sarZeve jirkvlebis 

momzadeba laqtaciisaTvis iwyeba orsulobis adreul vadebSi, xolo rZis sekrecia, 

Cveulebriv, iwyeba orsulobis bolos. es procesebi imyofeba hormonaluri kon-

trolis qveS.  

rZe unikaluri produqtia, romelic Seicavs organizmisaTvis aucilebeli bu-

nebrivi nivTierebebis TiTqmis mTel nakrebs. amis gamo rZe moixmareba yvela asakis 

adamianis mier da misgan amzadeben mniSvnelovan sakveb produqtebs. rZe Sicavs ci-

lebs, lipidebs, naxSirwylebs, mineralur marilebs, vitaminebs da sxv. im komponen-

tebidan, romlebic araa sakmarisi rZeSi srulfasovani kvebisaTvis, aRsaniSnavia 

rkina, spilenZi, vitamini C da vitamini D. rZis gansakuTrebuli sakvebi Tvisebebi ga-

nisazRvreba masSi zogierTi maRali kvebiTi Rirebulebis mqone cilebis, agreTve 

laqtozasa da moklejaWviani cximovani mJavebis Semcveli acilgliceridebis arse-

bobiT. rZe gamoirCeva aseve kalciumisa da fosfatis maRali SemcvelobiTac.  

marTalia, rZis saerTo Semcveloba TiTqmis erTnairia yvela ZuZumwovarSi, zo-

gierTi Semadgeneli nawilis koncentracia mniSvnelovnad icvleba saxeobidan saxeo-

bamde. sxvadasxva saxeobis cxovelebis rZis Semadgenlobis Sedareba saSualebas iZ-

leva gamovlindes urTierTkavSiri naSieris zrdis siCqaresa da rZeSi cilis Semcve-

lobas Soris (cxr. XI.2). laqtaciis dawyebidan naSieris zrdasTan erTad icvleba 

rZis Semadgenlobac.  
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cxrili XI. 2.   

ZuZumwovarTa axalSobilebis zrdis siCqare da rZis Semadgenloba 

                                       

               

   

          

 

 

 

 

  

cxrilSi XI.3. mocemulia qalisa da Zroxis rZis Semadgenloba. ZiriTadi gansxva-

veba imaSia, rom Zroxis rZeSi aRiniSneba araorganuli nivTierebebis da cilebis uf-

ro maRali Semcveloba, maSin roca qalis rZeSi metia naxSirwylebis raodenoba. imi-

saTvis, rom Zroxis rZe gamoyenebuli iyos bavSvis sakvebad, mas anzaveben wyliT, ci-

lisa da mineraluri marilebis koncentraciis Sesamcireblad da umateben laqtozas 

an sxva naxSirwylebs iseTi raodenobiT, romelic Seesabameba maT koncentracias qa-

lis rZeSi. 

rZis TeTri feri ganpirobebulia nawilobriv lipidebis emulsiiTa da nawilob-

riv rZis cilis — kazeinis kalciumis marilis maRali SemcvelobiT. zogjer warmoq-

mnili yviTeli feri miuTiTebs rZeSi karotinuli pigmentebis arsebobaze. axali 

rZis pH Cveulebriv aris 6,6 — 6,8. arasterilizebuli rZe swrafad mJavdeba mikroor-

ganizmebiT gamowveuli duRilis gamo. 

araorganuli komponentebis raodenoba qalisa da Zroxis rZeSi TiTqmis erTnai-

ria (cxr. XI.4). maRali SemcvelobiT gamoirCeva kalciumi, fosfori, kaliumi, qlori. 

rZe, rogorc sakvebi produqti, SeiZleba CaiTvalos kalciumisa da fosforis idea-

lur wyarod. es elementebi aucilebelia yvela ujredisaTvis da didi raodenobiT 

gamoiyeneba Zvlebisa da kbilebis warmoqmnisas.  

 

cxrili XI. 3  

qalisa da Zroxis rZis Semadgenloba 

 

 

 

  

 

 

 

 

 

 

saxeoba axalSobilis masis 

gaorma-gebis  

dro, (sT) 

cilis 

Semcveloba, 

% 

mineraluri 

nivTierebebi (%) 

adamiani 180 1,6 0,2 

cxeni 60 2,0 0,4 

Zroxa 47 3,5 0,7 

Txa 19 4,3 0,8 

Rori 18 5,9 0,8 

cxvari 10 6,5 0,8 

ZaRli 8 7,1 1,3 

bocveri 6 10,4 2,5 

Semadgeneli nawili qalis rZe, % Zroxis rZe, % 

wyali 87,5 87 

myari naSTi 12,5 13 

cilebi 1,0 — 1,5 3,0 — 4,0 

lipidebi 3,0 — 4,0 3,5 — 5,0 

naxSirwylebi 7,0 — 7,5 4,5 — 5,0 

mineraluri nivTierebebi 0,2 0,75 
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cxrili XI.4. 

 

mineraluri nivTierebebis ganawileba rZeSi, % 

 

                 

 

 

 

sarZeve jirkvlis sekretoruli aqtivobis wyalobiT miiRweva mniSvnelovani gan-

sxvaveba sisxlisa da rZis araorganuli komponentebis koncentracias Soris. natriu-

mis da qloris  Semcveloba rZeSi gacilebiT naklebia, vidre plazmaSi, maSin roca, 

kalciumis, kaliumis, magniumis da fosfatis koncentracia mniSvnelovnad maRalia. 

disaqaridi laqtoza, romlis SemadgenlobaSi Sedis galaqtoza da glukoza, 

gvxvdeba mxolod rZeSi. is warmoiqmneba sarZeve jirkvalSi sisxlis glukozisagan. 

rZis lipidebi ZiriTadad triacilgliceridebiTaa warmodgenili. Zroxis rZis 

cximi Seicavs wyvili ricxvis C-atomis mqone najer cximovan mJavebs. mTeli cximis 

10%-s Seadgens mokle jaWviani cximovani mJavebis acilgliceridebi. dominirebad 

cximovan mJavebs warmoadgens oleinis (32 %), palmitinis (15%), miristinis (20%), 

stearinis (15%) da laurinis (6 %) mJavebi. gvxvdeba agreTve fosfogliceridebic da 

qolesterinic. qalis rZis cximi ar Seicavs moklejaWvian cximovan mJavebs, riTac 

gansxvavdeba Zroxis rZis cximisagan. sxva cximovani mJavebis raodenoba qalisa da 

Zroxis rZeSi msgavsia.        

rZe mdidaria A vitaminiTa da riboflaviniT. SedarebiT mcire raodenobiTaa vi-

tamini C, vitamini D, Tiamini, pantoTeinis mJava da niacini. pasterizaciis Sedegad C 

vitaminis umetesi nawili iSleba. 

Zroxis rZis ZiriTad cilas kazeini warmoadgens. mis wilze modis cilovani azo-

tis daaxloebiT 80 %. gausufTavebeli kazeini warmoadgens msgavsi struqturis 

ramdenime cilis narevs. am cilebs aRniSnaven, rogorc α- , β- , γ- da æ -kazeinebs.�α- 

da �β- kazeinebi mdidaria fosfatiT, romelic ZiriTadad fosfo-serinuli naSTebis 

saxiTaa warmodgenili. Zroxis rZis β-kazeini agebulia aminomJavebis 209�naSTisagan 

(mol. masa 23000 dal.). isini Zlierad gamoxatuli hidrofobuli xasiaTisaa da ar Se-

icavs cisteinsa da cistins. maT ar gaaCnia mesameuli struqtura da xsnarSi naxev-

radmowesrigebuli gorglebis saxiT gvxvdeba. es cilebi momarjvebulia swrafi 

proteolizisaTvis da, Sesabamisad, warmoadgens aminomJavebis karg wyaros. rZis ori 

mniSvnelovani komponenti — fosfori da kalciumi dakavSirebulia kazeinTan. fos-

fatTan erTad kazeinebTan kovalenturad dakavSirebulia polisaqaridebi, romle-

bic Seicavs galaqtozas, galaqtozamins da N-acetil-neiraminis mJavas. kazeinis mo-

nelebis pirvel stadiaze igi pepsinis moqmedebiT gardaiqmneba parakazeinad. 

rZis Sratis cilebi iseve mravalricxovania, rogorc sisxlis Sratis. Zroxis 

rZis Sratis ZiriTad cilas beta-laqtoglobulini warmoadgens. es cila  rZis Sra-

tis mTeli cilebis 50-60%-s Seadgens da aRmoCenilia mxolod mcoxnelebis rZeSi. 

rZis SratSi aseve gvxvdeba laqtozis sinTezisaTvis aucilebeli cila — laqtalbu-

mini. Sratis cilebis 10% imunoglobulinebia.  

rZeSi mravali fermentia: laqtoperoqsidaza, proteinaza, qsantinoqsidaza, da 

sxv. vinaidan, rZis tute fosfataza gacxelebisas inaqtivirdeba ufro nela, vidre 

iRupeba baqteriebi, rZis fosfatazuri aqtivobis gansazRvra gamoiyeneba pasteri-

zaciis efeqturobis Sesamowmeblad.  

wyaro Ca2+ Mg2+ Na+ K+ Cl- 
qalis rZe 16,7 2,2 5,3 23,5 16,5 

Zroxis rZe 16,8 1,7 5,3 20,7 13,6 
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qalis rZe Seicavs ufro naklebi raodenobiT cilas, vidre Zroxis rZe. kazeini 

Seadgens cilebis mxolod 40%-s,  60% — Sratis cilebia. qalis rZis kazeinebis Semad-

genloba Zroxis rZis kazeinebis Semadgenlobis msgavsia. qalis rZis sxva cilebi nak-

lebadaa daxasiaTebuli. rZe Seicavs mcire raodenobiT albumins, romelic imuno-

logiurad identuria sisxlis Sratis albuminisa. rZis imunoglobulinuri fraqcia 

mdidaria IgA-iT.   

xseni,  romelic gamoiyofa mSobiarobis Semdeg ramdenime dRis ganmavlobaSi, fizi-

kuri da biologiuri TvisebebiT mniSvnelovnad gansxvavdeba Cveulebrivi rZisagan. 

aduRebisas axali rZe ar deddeba, magram mis zedapirze warmoiqmneba apki, romelic Sei-

cavs kazeins da Ca2+-marilebs, xolo xsenis aduRebisas warmoiqmneba masiuri koagulan-

ti. es sxvaoba fizikur TvisebebSi ganpirobebulia cilebis bevrad maRali Semcvelo-

biT xsenSi da maTi ramdenadme gansxvavebuli SemadgenlobiT. xsenis cilebis umetesoba 

imunoglobulinebia (40-55 %-mde). maT ricxvs ganekuTvneba yvela antisxeuli, romelic 

gamovlenilia dedis sisxlSi. laqtaciis dawyebidan ramodenime dReSi xsenis rZed gar-

daqmnis procesSi, cilebis Semadgenlobisa da raodenobis ZiriTadi cvlileba mdgoma-

reobs imunoglobulinebis raodenobis mniSvnelovan SemcirebaSi. Zroxis xsenis lipi-

debi Cveulebriv muqi yviTeli an narinjisferia, rac ganpirobebulia masSi β-karoti-

niT (vitaminis winamorbedi). xseni Seicavs 50-100-jer met β-karotins, vidre Cveulebri-

vi rZe. rZesTan SedarebiT, xsenSi didi raodenobiTaa riboflavini, niacinamidi da sxva 

vitaminebi. aqedan gamomdinare, xsenis moxmareba mniSvnelovnad zrdis axalSobili Zu-

Zumwovaris sicocxlisunarianobas. 
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XII. organizmis sapasuxo reaqciebi sxvadasxva  

garegan da Sinagan zemoqmedebaze 

XII.1. anTebiTi procesi 

anTeba — organizmis kompleqsuri, adgilobrivi reaqciaa iseT zemoqmedebaze, 

romelic iwvevs ujredis homeostazis darRvevas da mimarTulia sawyisi mdgomareo-

bis aRdgenisken. anTeba paTologiuri procesia, romelic viTardeba vaskularizi-

rebul organoebsa da qsovilebSi nebismieri dazianebis Sedegad. anTebis procesi mi-

marTulia im agentis gauvnebelyofisaken, romelmac gamoiwvia es dazianeba da emsa-

xureba  dazianebuli qsovilis aRdgenas. anTebiTi procesi sam fazad mimdinareobs: I 

— alteracia; II — eqsudacia da infiltracia; III — proliferacia. 

alteraciis faza moicavs ujredis dazianebasa da mTel rig procesebs, ujredis 

kvdomis CaTvliT. ujredebis dazianebis mraval mizezTagan umniSvnelovanesia iSe-

mia — Jangbadis miwodebis Semcireba. alteraciis pirvel stadiaze, romelsac Seqce-

vadi cvlilebebis stadia ewodeba, aRiniSneba ujredisaTvis Jangbadisa da substra-

tebis miwodebis Semcireba, metaboluri produqtebis gamoyofis Seneleba, energe-

tikuli balansis darRveva da sxva. Jangbadis nakleboba iwvevs eleqtronebis tran-

sportirebis daqveiTebas sunTqvis jaWvSi, ris Sedegadac irRveva protonuli gra-

dienti da xdeba ATP-is sinTezis Sekaveba. amis paralelurad, daqveiTebulia Ca2+-is 

transporti mitoqondriebSi da gazrdilia mitoqondriebidan Na+-is gamodevna. ro-

gorc cnobilia, citoplazmaSi Ca2+-is dagrovebiT aqtivdeba mTeli rigi proteinki-

nazuli aqtivobis mqone fermentebi, maT Soris proteinkinaza A, rasac mosdevs   

araaqtiuri fosforilaza b-s gardaqmna aqtiur fosforilaza a-d. Sedegad aqtivde-

ba glikolizis procesi. Warbad dagrovili piruvati ver aswrebs acetil-ko-A-ad 

srulad gardaqmnas da aRiniSneba laqtatisa (rZis mJava) da H+-is Warbi raodenobiT 

dagroveba. pH-is maCvenebeli mcirdeba, warmoiqmneba mJave are, ris gamoc kidev uf-

ro mcirdeba ATP-is raodenoba, izrdeba membranebis ganvladoba da Zlierdeba ione-

bis pasiuri transporti membranebSi. mitoqondriebidan, K+-Tan erTad, ujredSoris 

sivrceSi gadadis H2O. wylis raodenobis Semcirebis gamo xdeba endoplazmuri reti-

kulumis gafaSreba da cilis sinTezis inhibireba. am droisaTvis lizosomebi jer ki-

dev ar eqvemdebareba struqturul cvlilebebs da Jangbadis miwodebis aRdgenis Se-

degad ujreduli metabolizmi normalizdeba. am SemTxvevaSi struqturuli cvli-

lebebi qreba. 

Tu droulad ar moxerxda qsovilebis uzrunvelyofa JangbadiT, iwyeba altera-

ciis meore, e.w. Seuqcevadi cvlilebebis stadia. mitoqondriuli membranebidan ga-

moTavisufldeba fosfatidebi da warmoiqmneba liposomis msgavsi multimembranu-

li struqturebi. ribosomebi scildeba endoplazmuri retikulumis membranas, ci-

toplazmuri membrana ganvladi xdeba makromolekulebisTvis (cilebi da fermente-

bi) da izrdeba  lizosomebis moculoba. 

am procesebis Semdeg iwyeba alteraciis mesame — nekrozis stadia. am stadiaze 

mimdinareobs ujredis struqturebis dezintegrireba, aRiniSneba dnm-is da rnm-is 

molekulebis daxleCa lizosomebidan gamoTavisuflebuli hidrolazebis zemoqme-

debiT. citoplazmuri struqturebis membranebis fragmentaciis Semdeg, spontanu-
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rad warmoiqmneba milakovani warmonaqmnebi, xolo am ukanasknelidan — mravalSriani 

struqturebi, rasac Tan sdevs ujredis saboloo kvdoma. alteraciis fazaSi mimdi-

nare molekuluri procesebis Tanmimdevroba sqematuria da varirebs mavne faqtor-

Ta bunebasa da organizmis funqciur mdgomareobaze damokidebulebiT. 

eqsudaciis da infiltraciis fazaSi iwyeba e.w. qemotaqsisi. dazianebul qsovil-

Si aRwevs specializebuli fagocituri ujredebi, romelTa moqmedebiT warmoebs 

dazianebuli an mkvdari ujredebis utilizacia. am procesSi monawileobs agreTve 

neitrofilebi, monocitebi da mastocitebi, anu poxieri ujredebi. 

anTebiTi eqsudaciis da infiltraciis faza iwyeba poxieri ujredebidan hista-

minisa da heparinis gamoTavisuflebiT. histamini iwvevs sisxlZarRvebis gafarToe-

bas da maTi kedlebis ganvladobis gazrdas. hepariniT xdeba dazianebuli ujredebi-

dan gadmosuli ZiriTadi cilebis SekavSireba, rac amcirebs maT uaryofiT gavlenas 

citoplazmur membranaze. mastocitebidan gamoyofili serotonini, koncentracia-

ze damokidebulebiT, dazianebis zonaSi iwvevs dilatacias an vazokonstriqcias. 

dazianebuli ujredebidan gamoTavisuflebuli lizosomuri hidrolazebiT mim-

dinareobs  SemaerTebeli qsovilis struqturuli komponentebis daSla, xolo sis-

xlis α2-globulinebidan — kininebis warmoqmna, romlebic axangrZlivebs sisxlZar-

Rvebis momatebul ganvladobas. sisxlZarRvebis gazrdili ganvladobis Sedegad, an-

Tebis keraSi iwyeba fibrinogenis, Trombocitebis, imunoglobulinebisa da komple-

mentis nawilis gamoyofa. fibrinogeni gardaiqmneba fibrinad, zRudavs anTebis ke-

ras da xels uwyobs Trombocitebis agregacias, ris Sedegad, sabolood warmoiqmne-

ba Trombebi. araqidonis mJavadan, romelic fosfolipidebis hidrolizis Sedegad 

gamoTavisufldeba, warmoiqmneba prostaglandinebi, romlebic,  kininebis analogi-

urad, zrdis sisxlZarRvebis ganvladobas. dazianebuli ujredebidan gamosuli ma-

Ralmolekuluri komponentebis dezagregacia anTebis keraSi iwvevs osmosuri wne-

vis zrdas. amis Sedegad izrdeba wylis miwodeba da viTardeba SeSupebebi. wyalTan 

erTad anTebis keraSi plazmidan Sedis hidrolazebis inhibitorebi da imunoglobu-

linebi, romlebic komplementis sistemasTan erTad uzrunvelyofs imunuri reaqci-

ebis mimdinareobas. makrofagebiT warmoebuli fagocitozis Sedegad anTebis kera 

Tavisufldeba ujredebis daSlis produqtebisagan. es aris proliferaciis fazis 

dawyebis winapiroba. 

proliferaciis, anu anTebiTi reparaciis faza, eqsudatis bunebidan gamomdina-

re, SeiZleba warimarTos ori gziT: daRupuli ujredebi icvleba imave saxisa da fun-

qciis axali ujredebiT, an daRupul ujredebs Caanacvlebs SemaerTebeli qsovili 

(nawiburi). am procesSi monawileobs endoTeliumis ujredebi, fibrocitebi, fib-

roblastebi da specializebuli ujredebi, romlebic specifikuria mocemuli orga-

nosa Tu qsovilisaTvis. am dros xdeba nukleotidebisa da ribonukleinis mJavebis 

biosinTezis gaaqtiveba, izrdeba cilebis sinTezis intensivoba, Zlierdeba fosfo-

lipidebis dagroveba da energowarmoebis procesebi. 

anTebis dros metabolizmi icvleba ara marto dazianebis zonaSi, aramed sxva or-

ganoebsa da qsovilebSic, rasac Tan sdevs cocxali sistemebis funqciis darRveva. 

mTavari organo, romelic reagirebs qsovilTa alteraciaze, RviZlia. aq sinTezire-

buli da sisxlis nakadSi gadasuli cilebi ganapirobebs anTebiTi procesis mimdina-

reobas. sisxlSi maTi Semcvelobis cvlileba migvaniSnebs organizmSi anTebiTi pro-

cesis arsebobaze, amis gamo am cilebs mwvave fazis reaqtantebs uwodeben. maT 

ricxvs miekuTvneba: mJave α1-glikoproteini, anu orozomukoidi (normalur SemTxve-

vaSi plazmaSi misi raodenoba 0,2-0,4 g/l-ia), α2-antitripsini (2-4 g/l) da C-reaqtiu-

li cila (<0,01 g/l). am cilebis molekuluri masebi albuminebis molekuluri mase-
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bis msgavsia, amitom anTebis dros maTi saerTo raodenobis mateba iwvevs eriTroci-

tebis daleqvis siCqaris zrdas, rac SeiZleba erT-erTi diagnostikuri saSualeba 

iyos. 

zogadad, anTebiTi reaqciis damaxasiaTebeli bioqimiuri maCvenebelia sisxlSi 

disproteinemia, romelic gamoixateba hiperhemoglobinemiiT, α2-globulinebisa da 

seromukoidis koncentraciis matebiTa da hipoalbuminemiiT. 

XII.2. apoptozi 

apoptozi (Zv. berZn.-dan ἀπόπτωσις – foTlebis Camocvena)  — ujredebis kvdomis 

genetikurad daprogramirebuli regulirebadi procesia. apoptozis Sedegadad uj-

redi fragmentirdeba calkeul apoptozur sxeulakebad, romlebic SemosazRvru-

lia plazmuri membraniT. daRupuli ujredis es fragmentebi, Cveulebriv, swrafad 

(saSualod 90 wuTSi) fagocitirdeba makrofagebiT an mezobeli ujredebiT, anTebi-

Ti reaqciis ganviTarebis gverdis avliT (sur. XII.1).  

apoptozis  erT-erTi ZiriTadi funqciaa defeqturi (dazianebuli, mutanturi, 

inficirebuli) ujredebis ganadgureba. amasTanave, mravalujredian organizmebSi 

apoptozi monawileobs diferencirebisa da morfogenezis procesebSi, ujredebis 

homeostazis SenarCunebaSi, imunuri sistemis ganviTarebisa da funqcionirebis 

mniSvnelovani aspeqtebis uzrunvelyofaSi. 

 

 
 

suraTi XII.1. ujredis programirebuli sikvdili — apoptozi 

1.apoptosomebis warmoqmna; citoConCxis destruqcia; 

qromatinis kondensacia;  ujredis SeWmuxvna; 2. birTvis fragmentacia; 

citoConCxis  CaSla; plazmur membranaze buStukebis gaCena; 

3. apoptozuri sxeulebis gaCena da maTi fagocitozi 

 

apoptozi gvxvdeba yvela eukariotSi, dawyebuli erTujrediani umartivesebi-

dan, damTavrebuli umaRlesi organizmebiT. prokariotebis daprogramebul sik-

vdilSi monawileobs eukariotebis apoptozis cilebis analogebi. savaraudod, evo-

luciurad apoptozi warmoiqmna prokariotebSi da dafiqsirda erTujredian euka-

riotebSi populaciebis virusebisagan dacvis meqanizmis rolSi. mravalujrediani 

organizmebis gaCenasTan erTad, ujreduli daprogramebuli sikvdilis meqanizmi 

daixvewa da paTogenebisagan dacvasTan erTad, emsaxureba ujredis mniSvnelovani 
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sasicocxlo funqciebis realizebas. kerZod, apoptozis meSveobiT mimdinareobs 

ujredebisa da qsovilebis diferencirebis regulacia embriogenezisa da postem-

brionaluri ganviTarebis procesSi, aseve imunuri sistemis daberebuli, an mutage-

nuri faqtorebiT dazianebuli ujredebis eliminireba. 

kvlevebi daprogramebuli ujreuli sikvdilis sakiTxebze mimdinareobs 1960 

wlidan. termini `apoptozi~ pirvelad gamoiyenes britanelma mkvlevarebma j. kerim, 

e. uailim da a. kerim. pirvelebi apoptozis molekuluri meqanizmebis Seswavlas Se-

udgnen s. breneri, j. salsoni da r. xorvici. samive mecnieri 2002 wels dajildovda 

nobelis premiiT apoptozis meqanizmebis kvlevis sakiTxebSi miRweuli warmatebebi-

saTvis. dResdReobiT dadgenilia eukariotul ujredebSi apoptozis realizaciis 

ZiriTadi meqanizmebi, aqtiurad mimdinareobs kvlevebi apoptozis regulatorebisa 

da aqtivatorebis Sesaxeb, aseve, apoptozis SesaZlo gamoyenebis Sesaxeb onkologiu-

ri, autoimunuri da neirodegeneraciuli daavadebebis samkurnalod. 

apoptozis procesi pirobiTad SeiZleba daiyos sam fazad: sasignalo (induqto-

ruli), efeqtorul da degradaciul (egzekuciuri, anu destruqciuli) fazebad.  

sasignalo faza. apoptozis iniciacia SeiZleba warimarTos ujredgare an Sida-

ujreduli faqtorebiT. magaliTad, hipoqsiis, hiperoqsiis, sxvadasxva qimiuri da 

fizikuri agentebis zemoqmedebiT, Sesabamisi receptorebis urTierTdakavSirebiT,  

ujreduli ciklis sasignalo gzisa da aseve metabolizmis darRveviT  da sxv. miuxe-

davad mainicirebeli faqtorebis mravalferovnebisa, gamoyofen apoptozis signa-

lis  transduqciis (gadacemis) 2 ZiriTad gzas: 1. receptor-damokidebul sasignalo 

gzas, ujredis sikvdilis receptorebis monawileobiT da 2. mitoqondriuls. 

XII.2.1. apoptozis receptor-damokidebuli sasignalo gza 

apoptozis procesi xSirad (gansakuTrebiT ZuZumwovrebSi) iwyeba specifikuri  

ujredgare ligandebis urTierTqmedebiT ujredis membranul receptorebTan. re-

ceptorebs, romlebic iRebs signals ujredis daRupvis Sesaxeb, sikvdilis recepto-

rebi ewodeba. es receptorebi miekuTvneba TNF — receptorebis superojaxs (tumor 

necrosis factor receptor – TNFR , simsivnis nekrozis faqtoris receptori). sikvdilis re-

ceptorebidan gansakuTrebiT detaluradaa Seswavlili CD95 – receptori (cnobi-

lia aseve Fas-is an APO-1-is saxelwodebiT) da receptori TNFR1 (e.w. p55 an CD120a). 

sikvdilis receptorebs miekuTvneba aseve CARI, DR3 (death receptor 3 – sikvdilis re-

ceptori 3), DR4 da DR5  (sur. XII.2).   

 

 
 

suraTi XII.2. sikvdilis receptorebi 
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yvela sikvdilis receptori warmoadgens transmembranul cilas, romlisTvisac 

damaxasiaTebelia 80 aminomJavisagan Semdgari identuri transmembranuli domeni. am 

Tanamimdevrobas sikvdilis domeni ewodeba (death domain – DD). am domenis arseboba 

aucilebelia apoptozis signalis transduqciisaTvis. yvela receptors aqvs Sesaba-

misi ligandi, magaliTad CD95L, TNF, Apo3L, Apo2L da a.S. ligandebi trimeruli cile-

bia, romlebic sinTezdeba amave ujredSi an mis mezobel ujredSi. receptorebis uj-

redgare ubnebis  urTierTqmedeba  ligandebTan iwvevs maT  trimerizacias, rac gu-

lisxmobs sami receptoris molekulis  erTad `gakervas~ da am gziT maT gaaqtivebas. 

am formiT gaaqtivebul trimerul receptors  SeuZlia urTierTqmedeba ujredSi 

arsebul specifikur cilasTan, romelsac  adaptoruli cila ewodeba. CD95-recep-

torisaTvis (Fas/APO-1) adaptors warmoadgens cila-FADD (Fas-associated DD-protein – 

cila, romelic urTierTqmedebs Fas-receptoris sikvdilis domenTan). iseTi recep-

torebisaTvis, rogoricaa TNFR1da DR3, adaptoria TRADD (TNFR1-associated DD-protein  

– cila, romelic urTierTqmedebs TNFR1-receptoris sikvdilis domenTan) . 

receptorTan asocirebuli adaptori iwyebs gaaqtivebas da urTierTqmedebs e.w. 

efeqtorul molekulebTan  — prokaspazebTan —  sainiciacio  fermentebis — kaspaze-

bis araaqtiur winamorbedebTan. kaspazebi (caspase – cysteine-dependent aspartate specific 

protease) — cisteinuri proteazebis jgufis fermentebia, romlebic axdens asparta-

tis naSTebis Semdgomi peptiduri bmebis gawyvetas. 

dResdReobiT adamianis organizmSi aRwerilia 11 kaspaza, aqedan  7 maTgani Car-

Tulia apoptozis procesSi, 3 monawileobs anTebiTi citokinebis aqtivaciaSi, xolo 

erTi  — keratinocitebis diferencirebaSi. apoptozis procesSi sxvadasxva kaspaza 

gansxvavebul funqcias asrulebs. imis mixedviT, Tu romel stadiaze erTveba es ci-

lebi apoptozis kaskadSi, ganasxvaveben kaspazebis 2 jgufs  — iniciatoruls da efeq-

toruls. iniciatorul kaspazebs  miekuTvneba kaspaza 8,9 da 10, xolo efeqtoruls — 

kaspaza 3 da7.  

aRsaniSnavia, rom yvela  kaspaza Tavdapirvelad warmoiqmneba araaqtiuri for-

miT da aqtivdeba iniciatoruli kaspazebiT, rac gulisxmobs maTi molekulidan  

mcire zomis ubnis Camocilebas. Tavis mxriv, iniciatoruli kaspazas gaaqtiureba 

mimdinareobs ufro rTuli meqanizmiT — specializirebuli cilovani kompleqsebiT  

— apoptosomebiT.  es ukanaskneli warmoadgens meoTxeuli struqturis mqone cilas, 

romelic warmoiqmneba ujredSi apoptozis dros. apoptosomebis awyoba iwyeba im 

SemTxvevaSi, Tu adgili aqvs romelime Sinagani an garegani stimulis sapasuxod mi-

toqondriebidan citoqromi c-s gamosvlas citozolSi. warmoqmnili apoptosoma 

aaqtivebs iniciatorul kaspazebs, romlebic, Tavis mxriv, rTavs apoptozuri reaq-

ciebis kaskads.  

rogorc aRiniSna, kaspazebi warmoiqmneba winamorbedebis — prokaspazebis (32 — 56 

kd) aqtivaciis Sedegad. uSualod prokaspazebi  3 domeniT aris warmodgenili. esenia 

regulatoruli N-kidura domeni (prodomeni), didi domeni (17 — 21 kd) da mcire do-

meni (10 -13 kd). prokaspazebis aqtivacia mimdinareobs proteolizuri procesingis 

gziT: samive domeni ixliCeba, gamocalkevdeba prodomeni, xolo didi da mcire dome-

nebi asocirdeba heterodimeris warmoqmniT. ori heterodimeri Semdgom qmnis tet-

ramers — srulyofil aqtiur kaspazas ori katalizuri ubniT (sur. XII.3). kaspazebis 

aqtivacia xdeba ZiriTadad ori gziT: membranuli receptorebis da mitoqondriebis 

saSualebiT.  
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suraTi  XII.   3.  aqtiuri kaspazas warmoqmna 

prokaspazas proteolizuri gaxleCvis gziT 

 

pirveli kaspaza, romelic aRmoCenili iyo Nematode C. elegans-Si, iyo Ced-3 (Cell 

Death-3). mis homologs ZuZumwovrebSi warmoadgens e.w. inter-leikin-1-alfa-gardam-

qmneli fermenti (ICE – interleukin-1alfa-converting enzyme, kaspaza-1 ). iniciatoruli kas-

pazebi (kaspaza 2, 8 da 10) xleCs da aaqtivebs efeqtorul kaspazebs (magaliTad, kaspa-

za-3-s). efeqtoruli   kaspazis aqtivacia iwvevs proteolizuri reaqciebis kaskadis 

CarTvas, rasac mivyavarT ujredis daRupvamde. am procesSi erTi saxis kaspazebi aaq-

tivebs sxva kaspazebs, anu adgili aqvs signalis amplifikacias. efeqtoruli kaspaze-

bis aqtivacias iniciatoruli kaspazebiT ewodeba transaqtivacia. sainciacio kaspa-

zebi aqtivdeba avtoaqtivaciiT, romelic mimdinareobs ramdenime prokaspazas ur-

TierTqmedebis Sedegad( sur.  XII.4). 

 

 
 

suraTi XII. 4.  sainciacio (yviTeli) da efeqtoruli  

(cisferi) kaspazebis funqcialuri urTierTqmedebebi 

kaspaza 2 (mwvane) arsebobs ori izomeris saxiT —  

sainciacio da apoptozis damrTgunveli formiT. 
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`ligandi — receptori — adaptori — efeqtori~ urTierTqmedebis jaWvis warmoq-

mnis Sedegad yalibdeba agregatebi, sadac warmoebs kaspazebis aqtivacia. am agrega-

tebs apoptosomebi,  apoptosomuri Saperonebi, an sikvdilis mainducirebeli sasig-

nalo kompleqsebi (DISC – death-inducing signaling complex) ewodeba. apoptosomis magali-

Tia agregati FasL-Fas-FADD-prokaspaza-8, sadac xdeba aqtiuri kaspaza-8-s warmoqmna.  

sikvdilis receptoris, adaptorisa da efeqtoris urTierTqmedeba erTmaneTTan 

mimdinareobs struqturulad msgavsi domenebiT. es domenebia DD-, DED-  da CARD - 

domeni. DD (sikvdilis domeni) monawileobs Fas-receptoris urTierTqmedebaSi 

FADD-adaptorTan da  TNFR1- da DR3-receptoris urTierTqmedebaSi TRADD-adap-

torTan. DED-domenis saSualebiT xorcieldeba urTierTqmedeba FADD-adaptorisa 

prokaspaza 8- da 10-Tan. CARD-domeni (caspase activation and recruitment domain – kaspazas 

aqtivaciisa da rekrutirebis domeni) – monawileobs RAIDD-adaptoris urTierTqme-

debaSi prokaspaza 2-Tan.  

sikvdilis receptorebis saSualebiT SesaZlebelia sami mainicirebeli kaspazas 

gaaqtiveba. esenia kaspaza — 2, -8 da -10. gaaqtivebuli mainicirebeli kaspazebi Sem-

dgomSi erTveba efeqtoruli kaspazebis aqtivaciaSi (sur. XII.5).  

 

 

 

suraTi XII. 5.  CD95 - , TNFR1  - da DR3 – 
sikvdilis receptorebiT apoptozis signalis gadacema 

 

efeqtoruli kaspazebis aqtivacia iwvevs sxvadasxva Sedegs. magaliTad, kaspaza-9 

angrevs birTvis forebs, rac iwvevs birTvSi kaspaza-3-is da kaspaza-7-is SeRwevas.  

kaspaza-3  specifikurad aaqtivebs  ferment endonukleaza CAD-s, romelic proli-

feraciul ujredSi garkveul urTierTobaSia  endonukleazas inhibitorTan ICAD-

Tan (Inhibitor of Caspase Activated DNAse). ujredSi aqtiuri kaspaza-3 xleCs fermentis 

inhibitors, rac aTavisuflebs endonukleazas inhibitorisagan. fermentis gaaqti-

veba iwvevs qromosomuli dnm-is degradacias da qromatinis kondensacias. dnm-is 
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degradaciaSi monawileobs Са2+- da Mg2+-damokidebuli endonukleazebi. amis Sede-

gad, ujredSi arsebuli dnm iSleba 180-200 wyvili nukleotidis zomis fragmente-

bad. apoptozis mniSvnelovani bioqimiuri gamoxatulebaa apoptozuri ujredis ze-

dapirze misi fagocitozisaTvis aucilebeli markerebis gamoCena. es movlena miiR-

weva membranaSi arsebuli fosfolipidis — fosfatidilserinis gadaadgilebiT   uj-

redis Sida zedapiridan membranis gare zedapirze. fosfatidilserini erT-erTi Zi-

riTadi ligandia fagocitebis mier samizne ujredis amosacnobad. aRsaniSnavia, rom 

membranis zedapirze eqspresirdeba aramxolod fosfatidilserini. am  dros membra-

nis zedapirze Cndeba sxva cilebic, magaliTad, aneqsini V, romelsac xSirad iyeneben 

rogorc apoptozis markers. xSir SemTxvevaSi, aseTi ujredebis membranis zedapirze 

eqspresirdeba aseve  adheziuri glipoproteini Trombospondini -1.    

endonukleazas gaaqtiureba ar aris kaspaza 3-is mxolod erTaderTi funqcia. mi-

si gaaqtiureba aseve iwvevs citoConCxis reorganizacias da ujredSi apoptozuri 

sxeulis warmoqmnas.  

kaspazebis gaaqtivebis Sedegad ujredSi iwyeba apoptozisaTvis damaxasiaTebeli 

cilebis masiuri daSla da peptidebis aqtiuri jvaredini dakavSireba. es procesi 

mimdinareobs ferment  qsovilovani transglutaminazas gaZlierebuli eqsperesiisa 

da aqtivaciis Sedegad. apoptozis bolo etapia apoptozuri ujredebis daWera fa-

gocitebiT. am fazis markerebia fosfolipidebis struqturis Secvla da membranis 

zedapirze fosfatidil-serinis warmoCena. ujredebi, romlebic ganicdis apop-

tozs, swrafad fagocitirdeba makrofagebiT.  

XII.2.2. apoptozis mitoqondrialuri sasignalo gza 

ZuZumwovrebSi apoptozis formebis umetesoba realizdeba mitoqondrialuri 

sasignalo gziT da ara sikvdilis receptorebis meSveobiT.  apoptozis  mitoqondri-

aluri sasignalo gza iwyeba mas Semdeg, rac mitoqondriebis membranaTSoris sivrci-

dan citoplazmaSi  gamosvlas iwyebs apoptogenuri cilebi. es procesi, savaraudod, 

unda xorcieldebodes ori gziT: 1. mitoqondrialuri membranis dazianebis (gawyve-

tis) Sedegad an 2. mitoqondriis membranaze maRali gamtareblobis arxebis gaxsniT.  

apoptozis  mitoqondrialuri sasignalo gzis sakvanZo etapia mitoqondriebis mem-

branis gamtareblobis zrda. am movlenas MOMP ewodeba (Mitochondrial Outer Membrane 

Permeabilization). MOMP-is matebaSi mniSvnelovan rols TamaSobs apoptozuri Bcl-2 (B-

cell lymphoma 2), Bax  (Bcl-2-associated X protein) da Bak ( Bcl-2 homologous antagonist/killer) ci-

lebi. es cilebi mitoqondriebis gareTa membranaSi CaSenebis Sedegad ganicdis oli-

gomerizacias, ris gamoc, savaraudod, irRveva mitoqondriebis membranis mTliano-

ba. am procesis meqanizmi jerjerobiT ucnobia. MOMP-is mimdinareobisas  mitoqon-

driebis membranaTSoris sivrcidan citozolSi gadmodis apoptozSi monawile xsna-

di cilebi — citoqromi c,  prokaspazebi  -2, -3 da -9, aseve flavoproteinuri bunebis 

cila - AIF (apoptosis inducing factor – apatozis inducirebis faqtori) (sur.XII.6).  
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suraTi XII.6. apoptozis mitoqondrialuri gzis sqematuri suraTi 

 

gareTa membranis gaxleCis savaraudo mizezia ujredSi kalciumis ionis raode-

nobis zrda da, Sesabamisad,  mitoqondrialuri matriqsis moculobis gazrda,  mito-

qondrialuri forebis gaxsna, matriqsSi citoplazmidan wylis Sesvla, Sesabamisad, 

membranuli potencialis daqveiTeba da mitoqondriebis gajirjveba,  rasac mosdevs 

citiplazmaSi citoqromi c-s gadmosvla. citoqromi c-s gamosvla  mitoqondriidan  

SesaZlebelia moxdes ara marto kalciumis koncentraciis zrdis sapasuxod, aramed 

im SemTxvevaSic, roca procesi kontrolirdeba Bcl-2 cilebiT. swored es cilebi 

aregulirebs apoptozs mitoqondriul doneze. am cilebis moqmedebis meqanizmi ur-

TierTsapirispiroa. maTi  erTi jgufi, kerZod Bcl-2, Bcl-xL, Bcl-w, Mcl-1, Al da Boo 

xels uwyobs ujredebis daRupvas, meore jgufis cilebs (Вах, Bad, Bok, Bcl-xS, Bak, Bid, 

Bik, Bim, Krk, Mtd), piriqiT, am procesis sawinaaRmdego efeqti axasiaTebs. magaliTad, 

citozoluri cila Bid ixliCeba kaspaza-8-iT, romelic, Tavis mxriv, aqtivdeba sik-

vdilis receptorebiT da lizosomuri fermentebiT — kateqsinebiT. am ukanasknele-

bis citozolSi gamosvla stumulirdeba TviTon kaspaza-8-iT. gaaqtivebuli Bid 

(tBid) cvlis sxva cilis, kerZod, proapoptozuri Вах-is konformacias, ris Semdegac 

es ukanaskneli erTveba mitoqondriis gare membranaSi, sadac axdens porinTan kom-

pleqsis formirebas da gamtari arxis warmoqmnas, rasac mosdevs citoqoromi с-s da 

sxva proapoptozuri cilebis gamosvla citozolSi. magram im SemTxvevaSi, Tu pro-

cesSi CarTulia Bcl-2, romelic moqmedebs rogorc antioqsidanti, citoqromis ga-

mosvla blokirebulia (sur. XII.6).  

forebis gaxsna stimulirdeba iseTi faqtorebiT, rogoricaa araorganuli fos-

fati,  HS-reagentebi (nivTierebebi, romlebic zemoqmedebs sxva naerTebze  da iwvevs 

maTi HS-jgufebis daJangvas), Jangbadis aqtiuri formebi, Ca2+-is Semcvelobis zrda 

citoplazmaSi, JangviTi fosforilirebis gaTiSva, ATP-is mitoqondrialuri Suntis  

gamofitva da sxv. ujredis citoplazmaSi gadmosuli citoqromi c monawileobs 

apoptosomis formirebaSi cila  Apaf-1-Tan ( Apoptosis Protease Activating Factor-1 – apop-

tozuri proteaza-1-is aqtivirebis faqtori) erTad. imisaTvis, rom Apaf-1 daukav-

Sirdes citoqrom c-s, is winaswar ganicdis ATP-is energiis xarjze garkveul kon-

formaciul cvlilebebs.  

am cvlilebebis gamo  Apaf-1-is CARD-domeni xelmisawvdomi xdeba prokaspaza-9-

saTvis. sabolood, iwyeba transformirebuli Apaf-1-is aranakleb 8 suberTeulis 
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oligomerizireba citoqrom c-sa da prokaspaza 9-s monawileobiT.  amgvarad, iqmneba 

apoptosoma, romelic warmoqmnis aqtiur kaspaza-9-s. Tavis mxriv, gaaqtivebuli kas-

paza-9 ukavSirdeba da aaqtivebs prokaspaza-3-s, rasac mosdevs  efeqtoruli kaspa-

za-3-is warmoqmna (sur.XII.7).  

 

 
suraTi XII. 7.  `citoqromi c -Apaf-1- CARD —prokaspaza 9~-iT  

Seqmnili apoptosomis modeli 

am gziT gaaqtivebuli kaspaza -9 rekrutirebs prokaspaza -3-s,  

romelic, Tavis mxriv, aqtivdeba kaspaza-3-mde 

 

mitoqondriis membranaTaSorisi sivrcidan citoqromi c-sTan erTad gamoTavi-

sulebuli flavoproteini AIF warmoadgens apoptozis efeqtors, romelic moqme-

debs kaspazebisagan damoukideblad. kerZod, ujredis birTvSi moxvedrisas, AIF iw-

vevs qromatinis kondensacias da aaqtivebs endonukleazebs, romlebic iwyebs  dnm-is 

fragmentacias. eqsperimentul monacemebze dayrdnobiT dadgenilia, rom apoptozi, 

romelic mimdinareobs AIF-is Tanaobisas, ar wydeba kaspazebis inhibitoris zemoqme-

debiT.  

apoptozis efeqtorebis ricxvs aseve miakuTvneben kalpainebs — citozolur Ca2+-iT 

aqtivirebad cisteinur proteazebs. maTi roli apoptozis procesSi jerjerobiT 

sustadaa Seswavlili.  

XII.2.3. apoptozis induqciis sxva gzebi 

unda aRiniSnos, rom apoptozis realizaciis ori ZiriTadi sasignalo gzis (re-

ceptor-damokidebuli da mitoqondrialuri) garda, procesi SesaZloa warimarTos 

maTi kombinirebuli moqmedebis Sedegad (sur.XII.8). arsebobs apoptozis iniciaciis 

naklebad gavrcelebuli meqanizmebic. magaliTad, endoplazmur retikulumSi loka-

lizebuli prokaspaza-12-is aqtivaciis xarjze. es procesi ganpirobebulia Ca2+-is 

ujredSida homeostazis darRvevebiT.  apoptozis aqtivacia aseve, SesaZlebelia da-

kavSirebuli iyos ujredebis adheziis darRvevasTanac. 
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suraTi XII.8. ujredis apoptozis zogadi sqema 

 

apoptozis induqciis faqtorad SesaZlebelia ganxiluli iyos, aseve, inficire-

bul ujredebze citotoqsiuri T-limfocitebis Seteva. am ukanasknelebs Fas-recep-

toris aqtivaciis garda, aqvs unari inficirebuli ujredis membranis siaxloves mo-

axdinos perforinis (citotoqsikuri cilebi, romlebsac Seicavs T-limfocitebisa 

da NK-limfocitebis granulebi) sekretireba. sekretirebuli perforini iwyebs po-

limerizebas da  warmoqmnis transmembranul arxebs, romelTa saSualebiT ujredSi 

Sedis  limfotoqsini-alfa da serinuli proteazebis (granzimebis) narevi. Semdeg, 

granzimi B  aaqtivebs kaspaza-3-s, rac, Tavis mxriv, rTavs kaspazur kaskads. 

efeqtoruli fazis ganmavlobaSi iniciaciis sxvadasxva gza Tavs iyris apopto-

zis erT saerTo gzaSi, rac iwvevs sxvadasxva cila-efeqtorebisa da maTi mareguli-

rebeli cila-modulatorebis kaskadis aqtivacias (sur.XII.8) .  

molekularul doneze apoptozis erT-erTi Sedegia dnm-is fragmentacia nukle-

azebis monawileobiT. Tavdapirvelad warmoiqmneba dnm-is msxvili fragmentebi (30 

000 — 70 000 nukleotidi), romlebic SemdgomSi nukleosomaTaSoris ubnebSi iyofa 

ufro patara monakveTebad.  

apoptozis aseve mniSvnelovani Sedegia plazmuri membranis gareTa mxares speci-

fikuri markerebis eqspresia, romlebic amoicnoba fagocitirebadi ujredebiT. es 

markerebia: Trombospodini da fosfatidilserini.  

momakvdavi ujredis fagozitozSi monawile signalebi pirobiTad SeiZleba dai-

yos sam jgufad: `SemWame~, `ar SemWamo~  da `mipove~. kritikuli signali `SemWame~ war-

moiqmneba fosfatidilserinis eqsternalizaciisas. Cveulebriv, fosfatidilserini 

lokalizdeba plazmaturi membranis Sida Sreze. am mdgomareobas uzrunvelyofs 

fermenti ATP-damokidebuli flipaza, romelic ganapirobebs fosfolipidis gada-

adgilebas plazmuri membranis gareTa Sridan Sida Sreze. apoptozis dros, fosfa-

tidilserini, piriqiT, kaspazebis zemoqmedebiT gadaadgildeba sapirispiro mimar-

TulebiT — plazmuri membranis gareTa Sreze. aq is asocirdeba iseT cilebTan, ro-
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goricaa aneqsini I da MFG-E8, romlebic monawileobs fagocitirebadi ujredebis 

urTierTqmedebaSi Sesabamis receptorebTan. 

apoptozis procesSi aseve iklebs `ar SemWamo~ signalebis (CD31) intensivoba, 

rac damaxasiaTebelia normaluri  fagocitebisa da ujredebis umetesobisaTvis.  

signalebis mesame jgufi — `mipove~ (lizofosfatidilqolini) producerdeba 

momakvdavi ujrediT fagocitebis misazidad. Tavis mxriv, efeqtoruli kaspazebi 

aaqtivebs fosfolipaza A-s, romelic monawileobs lizofosfatidilqolinis war-

moqmnaSi. 

XII.2.4. apoptozis regulacia    

apoptozis mitoqondrialuri gzis ZiriTad regulatorebs warmoadgens Bcl-2-

ojaxis cilebi. Bcl-2 ujredSida cilovani faqtoria, romelic Trgunavs apoptozs 

sxvadasxva ujredul sistemaSi. is aregulirebs ujredul sikvdils, akontrolebs 

ra mitoqondriis membranis gavladobas. Bcl-2 kaspazebis inhibitoria, vinaidan xels 

uSlis citoqromi c-s gamosvlas mitoqondriidan citoplazmaSi da amave dros,  ikav-

Sirebs apoptozis aqtivator APAF1-s. is gadamwyvet gavlenas  axdens mitoqondrie-

bis gareTa membranis ganvladobis (MOMP) cvlilebaze.  Bcl-2 cilebis ojaxSi arCeven 

proapoptozur da antiapoptozur cilebs. struqturuli da funqciuri gansxvave-

bebis safuZvelze gamoyofen Bcl-2 cilebis sam qvejgufs: 

• antiapoptozuri Bcl-2 cilebi, romlebic Seicavs 4 BH-domens (BH1-4 cilebi). 

es cilebia: Bcl-2, Bcl-xL, Bcl-W, Mсl-1, A1, Boo/Diva; 

• proapoptozuri Bcl-2 cilebi, romlebic Seicavs 3 BH-domens (BH123-cilebi). 

es cilebia:   Вах, Bak, Bok/Mtd; 

• Bcl-2 cilebi, romlebic Seicavs mxolod  BH3-domens (BH3-cilebi). am cilebs 

SeuZlia Seasrulos apoptozis aqtivatorebis an represorebis roli. es cilebia:  

Bid, Bad, Bim, Bmf, Bik, Hrk, Blk, Nip3, BNip3/Nix, Puma, Noxa. 

MOMP-is  zrdaSi mniSvnelovan rols asrulebs apoptozuri Bcl-2 cilebis ori 

warmomadgeneli — Вах da Bak. erTveba ra mitoqondriebis gareTa membranaSi, Вах da 

Bak ganicdis oligomerizacias, rasac savaraudod mosdevs mitoqondriis gareTa 

membranis mTlianobis rRveva, Tumca am procesis meqanizmi jerjerobiT ucnobia. 

Вах da Bak cilebis funqcionireba damokidebulia maT winaswar aqtivaciaze sxva ci-

lebiT (mag., Bid da Bim), romlebic ganekuTvneba BH3-cilebis qvejgufs. meore mxriv, 

Вах-isa da Bak-is funqcionireba SesaZlebelia daiblokos sxva, antiapoptozuri Bcl-

2 cilebis sxva warmomadgenlebiT: Bcl-xL, Mсl-1 da sxv. Tavis mxriv, antiapoptozuri 

cilebi aseve  SeiZleba daiblokos cila-depresorebiT (mag.,  Bad), romelic ganekuT-

vneba aseve BH3-cilebis qvejgufs. sabolood miiRweva MOMP-is kombinirebuli re-

gulacia da, Sesabamisad, apoptozis regulacia apoptozuri da antiapoptozuri ci-

lebis, aseve BH3 cila-aqtivatorebisa da cila-depresorebis urTierTqmedebiT. 

BH3-cilebis funqciis regulacia xorcieldeba transkripciis doneze, sxva cileb-

Tan urTierTqmedebisas da aseve sxvadasxva modifikaciis dros. 

dadgenilia, rom cila Bid warmoadgens damakavSirebel rgols apoptozis recep-

tor-damokidebul da mitoqondrialur gzebs Soris. ujredis sikvdilis recepto-

rebis meSveobiT gaaqtivebul inicirebad kaspaza 8-s aqvs unari gaaaqtivos cila Bid. 
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Semdeg, cila Bid monawileobs Bax da Bak cilebis aqtivaciaSi, romlebic rTavs 

apoptozis mitoqondrialur gzas. arsebobs monacemebi imis Sesaxeb, rom Bcl-2 ojaxis  

cilebs aqvs unari gamovides adapterebis rolSi, romlebic  ukavSirdeba  apoptozis 

procesSi monawile cilebs. magaliTad,  Bcl-xL cilas  SeuZlia APAF-1-is prokaspaza-

9-sTan dakavSirebis inhibireba, riTac iTrguneba kaspaza-9-s aqtivacia. 

apoptozis cilebis inhibitorebi (inhibitors of apoptosis proteins, IAPs) pirvelad 

aRmoCenili iyo bakulovirusebSi. amis Semdgom, IAP-is homologebi gamovlenili iyo 

yvela eukariotSi — safuvrebidan ZuZumwovrebamde.  IAP-is struqturaSi  gamoyofen 

1-dan 3-mde 70 aminomJavuri naSTisagan Seqmnil N-bolo BIR-domens (baculoviruses 

inhibitor of apoptosis repeat domains). amasTanave, X-qromosomuli XIAP da ujreduli 

cIAP1,2  (cellular IAP) Seicavs С-bolo RING- domens (interesting new gene). 
apoptozis cilebis inhibitorebis ZiriTadi roli mdgomareobs kaspazebis -3, -7, 

da -9 funqcionirebis  daTrgunvaSi. am dros BIR-domenebi ikavSirebs kaspazebis aq-

tiur saitebs, xolo RING-domenebi monawileobs kaspazebis degradaciaSi ubiqvitin-

ligazuri aqtivobis xarjze. IAP-is moqmedeba iTrguneba iseTi regulatorebiT, ro-

goricaa Smac/DIABLO da  Omi/HtrA2, romlebic Tavisufldeba mitoqondriebis mem-

branaTSorisi sivrcidan. garda amisa, kaspazebs -3 da-9 damoukidebladac SeuZlia 

XIAP-is gaxleCa. 

FLIP  (FLICE-inhibitory protein – FADD-like interleukin-1 beta-converting enzyme-is mainhibi-

rebeli cila) aris kaspaza-8-s ujredSida inhibitori, romelic blokavs apoptozis 

signalis gadacemas sikvdilis receptorebis saSualebiT. FLIP-is moqmedebebi urTi-

erTsawinaaRmdegoa, vinaidan misi maRali eqspresia an ainhibirebs, an  piriqiT, aaqti-

vebs apoptozs. 

XII.2.5. sikvdilis receptorebidan signalis  

gadacemis alternatiuli  gzebi 

TNFR1 an DR3 sikvdilis receptorebis aqtivacia iwvevs ori alternatiuli gzi-

dan erT-erTis CarTvas. erTi maTgani mTavrdeba apoptoziT, xolo meore winaaRmde-

gobas uwevs apoptozis induqcias. saqme imaSia, rom adapteri TRADD, romelic dakav-

Sirebulia TNFR1 da DR3 receptorebTan, prokaspaza-8-s aqtivaciasTan erTad, mona-

wileobs transkripciis birTvuli faqtorebis NF-kB  (nuclear factor kappa B – kapa B 

birTvuli faqtori) da JNK/AP-1 (JNK, Jun-N-bolo kinaza, romelic warmoadgens mi-

togen-aqtivirebadi kinazuri gzis komponents, romelsac mivyavarT AP-1 transkrip-

ciis faqtoris aqtivaciamde) aqtivaciaSic. NF-kB da JNK/AP-1 faqtorebi, Tavis 

mxriv, akontrolebs iseTi cilovani regulatorebis  sinTezs, romlebic blokire-

bas ukeTebs kaspaza-8-s  aqtivacias, romelic inducirebulia TNF-iT  an  Anpo3L-iT, 

rac, Tavis mxriv, Trgunavs  sikvdilis receptorebiT ganpirobebul apoptozs. apop-

tozis am gzaSi damatebiT regulatorebad gvevlineba  e.w. `cru~ DcR-receptorebi, 

romlebic konkurencias uwevs DR4-  da DR5-receptorebs Apo2L- ligandis dakavSire-

bisaTvis. DcR1-receptori — ujreduli zedapiruli cilaa, romelsac saerTod ar 

aqvs citoplazmuri kudi, xolo  DcR2-is kudi mniSvnelovnadaa damoklebuli. orive 

receptori (DcR1 da DcR2) DR4- da DR5-receptorebTan struqturuli msgavsebis 

gamo Trgunavs apoptozis aqtivacias  Apo2L - ligandiT. 
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normalur ujredebSi gvxvdeba cila-p53, romelic, rogorc wesi, araaqtiur, la-

tentur formaSia. misi aqtivacia iwyeba dnm-is dazianebis sapasuxod, romelic gamow-

veulia ultraiisferi an gama-gamosxivebiT, onkogenebis hipereqspresiiT, virusuli 

infeqciiT, stresiT, hipo- da hiperTermiiT da sxv. aqtivirebuli p53 koordinacias 

ukeTebs dnm-is reparaciis process da aseve dnm-is Suqcevadi dazianebis an ujredu-

li ciklis regulaciis darRvevis SemTxvevaSi,  aregulirebs apoptozis rigi aqtiva-

tori genebis  transkripcias. is aseve monawileobs apoptozis CarTvaSi sikvdilis re-

ceptorebis stimulaciis gziT. dnm-is dazianebis sapasuxod, p53-is raodenobis  zrda, 

iwvevs apoptozs kanis ujredebSi, nawlavebis epiTeliumis ujredebSi da sxv.  

XII.2.6. apoptozis roli ujredul homeostazsa da morfogenezSi 

mravalujredian  organizmSi apoptozis erT-erTi mTavari funqciaa  ujreduli 

homeostazis mudmivobis xelSewyoba. am dros xdeba sxvadasxva tipis ujredebis swo-

ri raodenobrivi Sefardebis, populaciis SigniT ujredebis saxesxvaobis seleqciis 

da genetikurad defeqturi ujredebis moSorebis uzrunvelyofa. zrdasrul orga-

nizmSi daprogramebuli ujreduli sikvdili, romelic awonasworebs mitozur dayo-

fas,  uzrunvelyofs qsovilebis ganaxlebas ujredebis balansirebuli raodenobis 

uzrunvelyofis gziT. 
gansakuTrebiT mniSvnelovania apoptozis roli formawarmomqmnel procesebSi, 

qsovilTa da organoebis sxvadasxva nawilebis  diferencirebaSi. cxovelebSi calke-

uli organoebis an maTi nawilebis morfogenezSi apoptozis roli naTlad Cans em-

briogenezis procesSi. magaliTad, amfibiebis Canasaxebis mier  kudis dakargva an hi-

poqordis atrofia aixsneba mTliani ujreduli populaciebis masobrivi apoptoziT. 

meore mxriv, ukve zrdasrul organizmSi hormondamokidebuli qsovilebis atrofia, 

Sesabamisi hormonebis koncentraciis daqveiTebis pirobebSi, aseve ganpirobebulia 

apoptoziT. magaliTad, amgvari procesebi periodulad mimdinareobs qalebis sasqe-

so organoebSi menstrualuri ciklis dros, an mamakacebis winamdebare jirkvalSi, 

androgenebis koncentraciis klebisas. 

apoptozis roli imunur procesebSi. cxovelebis imunur sistemaSi daprograme-

buli ujreduli sikvdili uzrunvelyofs imunitetis mTel rig sasicocxlod  mniS-

vnelovan funqcias. apoptozis procesi udevs safuZvlad T- da  B-limfocitebis po-

zitiuri da negatiuri seleqciis process, riTac uzrunvelyofilia antigen-speci-

fikuri klonebis sicocxlis SenarCuneba da autoreaqtiuli limfocitebis Semdgo-

mi gamomuSaveba. seleqciis orive etapze ujredebi, romlebmac ver gaiara gadarCeva, 

iRupeba apoptozis Sedegad. 

aseve mniSvnelovania daprogramebuli ujreduli sikvdilis roli cito-toqsi-

kuri Т-  da НК-ujredebis efeqtoruli funqciis realizebaSi. am ujredebs  aqvs una-

ri SeuSvas samizne-ujredebSi serinuli proteazebi (granzimebi), romlebic rTavs 

apoptozis meqanizms. garda amisa, citotoqsikuri Т-limfocitebi inicirebs ujre-

dis sikvdils samizne ujredebis zedapirze arsebuli sikvdilis receporebis aqti-

vaciis meSveobiT. 

apoptozis kidev erTi funqcia imunuri sistemis CarCoebSi aris `imuno-logiu-

rad priviligirebuli~ zonebis (mag., Tvalis an saTesleebis Sida are) izolacia. am 

dros ujredebi, romlebic asrulebs barierul funqcias, inicirebs efeqtoruli Т-
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limfocitebis (ujredebi, romlebic migrirebs `barierul~ qsovilebSi) receptor-

damokidebul apoptozs.  

apoptozis roli daberebis procesebSi. varaudi apoptozuri sikvdilis rolis 

Sesaxeb daberebis procesebSi, gamoTqmuli iyo 1982 wels. gairkva, rom ujredebis 

mraval tips axasiaTebs apoptozis asak-damokidebuli disregulaciis formebi. ma-

galiTad,  daberebis procesSi myof organizmSi izrdeba mgrZnobeloba apoptozis 

induqciisadmi ujredebis Semdeg tipebSi: hepatocitebSi, kardiomiocitebSi, makro-

fagebSi, megakariocitebSi, neironebSi, oocitebSi, Т-limfocitebSi, qondriociteb-

Si, endoTeliocitebSi. amave dros, fibroblastebSi adgili aqvs apoptozisadmi 

mgrZnobelobis Semcirebas, maSin, roca keratinocitebSi apoptozisadmi mgrZnobe-

loba saerTod ar icvleba. 
dReisaTvis arsebobs ori mosazreba  apoptozis kavSiris Sesaxeb daberebis pro-

cesebTan. erTi versiis Tanaxmad, normaluri (homeostazuri) apoptozuri procese-

bi SesaZlebelia monawileobdes asakobrivi paTologiebis da daberebis fenotipebis 

ganviTarebaSi. magaliTad, postmitozuri ujredebis (kardiomiocitebis, neirone-

bis) apoptozur sikvdilTan dakavSirebulia gulis kunTis daberebis procesebi an 

asakobrivi neirodegeneraciuli paTologiebis ganviTareba.  imunuri sistemis dabe-

rebas aseve ukavSireben leikocitebis sxvadasxva tipis daprogramebul sikvdils, 

romelic dakavSirebulia sxvadasxva asakSi  pro- da antiapoptozuri faqtorebis Se-

fardebis cvlilebasTan. asakobrivi xrtilovani degeneracia korelirebs qondrio-

citebis apoptozis donis zrdasTan Tagvebisa da virTagvebis saxsrebis xrtilebSi. 

analogiuri Sedegebia nanaxi adamianis daberebisas malaTSoris diskebSic. 

meore mosazrebis  Tanaxmad, daberebuli ujredebis dagroveba qsovilebSi aix-

sneba apoptozisadmi asakobrivi rezistentulobiT. magaliTisaTvis ganixileba da-

berebis procesSi myofi fibroblastebis mdgradoba apoptozisadmi, rasac, sabolo-

od, mivyavarT normaluri fibroblastebis naadrev daberebamde da SemaerTebeli 

qsovilis funqciebis SesaZlo darRvevamde. 

apoptozis darRvevebiT gamowveuli paTologiebi. apoptozis darRvevebiT ga-

mowveuli paTologiebis farTo speqtris mqone organizmebi iRupebian ontogenezis 

adreul stadiebze. organizmis ganviTarebis ufro gvian stadiebze warmoqmnili 

apoptozis darRvevebi iwvevs sxvadasxva paTologias. paTologiuri procesebi vi-

Tardeba, rogorc apoptozis anomaliuri daTrgunvisas, aseve misi anomaliuri gaZ-

lierebis SemTxvevaSi.  

apoptozis gaZlierebis SemTxvevaSi viTardeba aplaziebi da degeneraciuli pro-

cesebi. amave mizezTanaa dakavSirebuli qsovilebis defeqtebiT gamowveuli zogier-

Ti simaxinje. apoptozis gaZlierebasTan dakavSirebul daavadebaTa erT-erTi jgu-

fia sisxlis sistemis paTologiebi. yvelaze xSirad paTologiuri procesebi viTar-

deba Zvlis tvinSi eriTrocitebis daRupvis Sedegad, risi mizezic maTi winamorbedi 

ujredebis apoptozia. daRupvis mizezia maTi sicocxlisTvis aucilebeli faqtore-

bis ukmarisoba. paTologiis es tipi iwvevs aplastikur anemias, rkinis, folatebisa 

da vitamin B12-is deficitiT gamowveuli anemiebis ganviTarebas, aseve Trombocito-

peniebs, limfopeniebsa da neitropeniebs.  

zogierTi infeqciuri daavadebis progresireba SesaZlebelia dakavSirebuli 

iyos apoptozis gaZlierebasTan. am SemTxvevaSi, daprogramebuli ujreduli sikvdi-

lis  induqtorebi aris baqteriuli endo- da egzotoqsinebi. masiuri apoptozi vi-

Tardeba sefsisis dros. limfocitebis daRupva apoptozis meSveobiT dadebiT kore-

laciaSia Sidsis swraf progresirebasTan. 
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apoptozis anomaliuri gaZlierebiT gamowveuli  paTologiebis calke jgufs Se-

adgens nervuli sistemis daavadebebi, romlebic ganpirobebulia apoptozis Sedegad 

nervuli qsovilis gansazRvruli ubnebis atrofiiT. magaliTad, aseTi daavadebebia  

gverdiTi amiotrofuli sklerozi, alcheimeris daavadeba, spinaluri kunTovani 

atrofia da sxv. 

infarqtis ganviTarebis adreul periodSi apoptozi warmoadgens miocitebis da-

Rupvis upirates formas. eqsperimentul monacemebze dayrdnobiT, dadgenilia, rom 

kardiomiocitebis daprogramirebuli sikvdili SesaZlebelia ganpirobebuli iyos 

hipoqsiiT, iSemiiT, ujredis Ca2+-iT gadatvirTviT, anTebiT, toqsinebiT. toqsikuri 

(maT Soris alkoholuri) hepatitis ganviTarebis  procesSi ZiriTadi roli aseve 

apoptozs ekuTvnis. 

apoptozis gaZlierebiT ganpirobebuli paTologiuri procesebis  nawili indu-

cirdeba garegani paTogenuri faqtorebiT. apoptozis progresireba xdeba ionizi-

rebadi radiaciis gavleniT. am dros upiratesad iRupeba limfoiduri ujredebi da 

viTardeba imunuri ukmarisoba. analogiur Sedegebs iZleva mravali qimioTerapiuli 

preparati, romlebic gamoiyeneba simsivneebis mkurnalobisas da hormonebi, romle-

bic gamoiyeneba sxvadasxva daavadebis samkurnalod. 

apoptozis ukmarisobisas progresirebs autoimunuri procesebi da avTvisebiani  

axalwarmonaqmnebi. apoptozis dasustebasTan dakavSirebul daavadebaTa pirvel 

jgufs warmoadgens virusuli daavadebebi. normalur SemTxvevaSi, virusebiT infici-

rebuli ujredebi iRupeba receptor-damokidebuli apoptozis Sedegad. amiT izRu-

deba virusis gavrceleba. amave dros, zogierT viruss aqvs unari daarRvios apopto-

zis meqanizmis normaluri regulacia, an ufro metic, aqtiurad Sewyvitos apoptozi. 

ujredis daprogramirebuli sikvdilis virusuli blokada, savaraudod, dafuZnebu-

lia virusiT gamowveul IAP-is, Bcl-2 cilis da apoptozis sxva inhibitorebis sinTezze. 

mwerebis bakulovirusebi axdens apoptozis blokirebas IAP-is eqspresiis xarjze, ro-

melic, Tavis mxriv, ainhibirebs iniciatoruli da efeqtoruli kaspazebis aqtivobas. 

amave dros bakulovirusebi awarmoebs cila p35-is eqspresias, romelic ikavSirebs da 

ainhibirebs aqtiur kaspazebs. ZuZumwovarTa virusebi iwvevs apoptozis blokirebas 

antiapoptozuri Bcl-2 ojaxis cilebis sinTezis gziT. amasTanave, ZuZumwovarTa viru-

sebi xSirad wyvets apoptozis process, romelic inicirebulia imunuri sistemis uj-

redebiT. magaliTad, yvavilis virusi awarmoebs serpinebs, romlebic blokavs granzim 

B-s da kaspaza-8-s. Sedegad, inficirebuli ujredi xdeba daculi citotoqsikuri lim-

focitebis zemoqmedebisagan da Tavidan iSorebs apoptozs. herpesis virusi awarmoebs 

cila v-FLIP-s, romelic blokavs receptor-damokidebul apoptozs. 

apoptozis  dasustebasTan dakavSirebul daavadebaTa calke jgufs qmnis avTvi-

sebiani simsivneebi. am paTologiebis mizezia cila p53-is makodirebeli genis soma-

turi mutaciebi. apoptozis daTrgunvis meqanizmi aseve SesaZlebelia dakavSirebu-

li iyos Bcl-2 genis momatebul eqspresiasTan an mutaciasTan. dadgenilia, rom berki-

tis limfomis da folikularuli limfomebis zogierTi formis dros xdeba Bcl-2 ge-

nis rekombinacia. 

apoptozis dasustebasTan dakavSirebul daavadebaTa mesame jgufia autoimunu-

ri daavadebebi. autoimunuri paTologiis ZiriTadi niSania organizmis imunuri re-

aqcia, romelic mimarTulia sakuTari qsovilebis da ujredebis winaaRmdeg. amis mi-

zezi SesaZlebelia iyos darRveva l-limfocitebis negatiuri seleqciis programaSi. 

Т-limfocitebis apoptozis daqveiTeba iZleva Т-limfocitebis autoreaqtiuli 

klonebis gadarCenis saSualebas.  
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XII.3. onkogenezis molekuluri safuZvlebi         

simsivneebi warmoadgens genuri daavadebebis jgufs, romelic xasiaTdeba ara-

kontrolirebadi ujreduli proliferaciiT. organizmSi gavrcelebis xasiaTis mi-

xedviT maT yofen 2 jgufad:  

• keTilTvisebian (lokalur) simsivneebad, romelsac ar SeuZlia gavrceleba 

mezobel qsovilebSi; 

• avTvisebian simsivneebad, romlebsac Seswevs unari, gavrceldes garkveul 

qsovilebSi (invazia) an/da sxeulis sxva nawilebSi da aZlevs dasabams meoreul sim-

sivnes (metastazireba).  
simsivneebi klasificirdeba aseve im qsovilebisa da ujredebis tipebis mixedviT, 

saidanac moxda maTi warmoqmna: 

• karcinomebi — eqtodermaluri an endodermaluri warmoSobis simsivneebi; 

• sarkomebi — mezodemaluri ujredebidan warmoqmnili simsivneebi; 

• hemoblastozebi (leikozebi da limfozebi) — sisxlmbadi an limfuri qsovi-

lis kambialuri ujredebidan warmoqmnili simsivneebi. 

simsivnis warmoqmnis ZiriTadi mizezia radiacia, qimiuri kancerogenebi da viru-

sebi. virusebis, rogorc onkologiuri daavadebebis gamomwvevi mizezebis, Seswavlam 

safuZveli misca e.w. onkogenuri Teoriis Seqmas, romelmac SesaZlebeli gaxada ax-

sniliyo is meqanizmebi, romelTa meSveobiTac sxvadasxva agenti iwvevs normaluri 

ujredis gardaqmnas simsivnur ujredad.  

XII.3.1. simsivnuri zrdis gamomwvevi  agentebi 

adamianebis simsivnuri daavadebebis 80% garemo faqtorebis zemoqmedebis Sede-

gia. agentebi, romlebic xels uwyobs kancerogenezis ganviTarebas, SesaZlebelia 3 

jgufad davyoT: gamosxiveba, qimiuri SenaerTebi da virusebi. 

gamosxiveba. dadgenilia, rom ultraiisferi gamosxiveba da aseve γ- sxivebi av-

lens mutagenur da kancerogenul zemoqmedebas. isini azianebs dnm-is molekulas 

ramdenime gziT. gamosxivebis zemoqmedebiT adgili aqvs polinukleotiduri jaWvi-

dan azotovani fuZeebis Camocilebas da apu- rinizirebuli da apirimidinizirebuli 

ubnebis warmoqmnas, rasac mosdevs dnm-is molekulis rRveva an piriqiT, mis moleku-

laSi nakerebis warmoqmna.   

pirdapiri zemoqmedebis garda, γ-sxivebi iwvevs qsovilSi Tavisufali radikale-

bis (О2
2-, ОН-, ОН•, da sxv.) warmoqmnis inicirebas, romelTa zemoqmedeba dnm-ze an sxva 

makromolekulebze azianebs genetikur aparats da cvlis ujredSi matriculi sin-

Tezis mimdinareobas.    

qimiuri kancerogenezi. kancerogenuli TvisebebiT xasiaTdeba mravali qimiuri 

nivTiereba. RviZlSi am naerTebis umravlesoba xvdeba, rogorc prokancerogenuli 

naerTi, anu warmoadgens nivTierebas, romelsac ar Seswevs unari zemoqmedeba moax-

dinos ujredis genetikur aparatze. Tumca, damatebiTi metaboluri modifikaciebis 

Semdgom, isini gardaiqmneba kancerogenebad — naerTebad, romlebic urTierTqme-

debs nukleinis mJavebTan da cilebTan, riTac cvlis ujredis regulatoruli meqa-

nizmebis muSaobas da iwvevs simsivnur zrdas. ujredebis simsivnur transformacias 

qimiuri naerTebis zemoqmedebiT qimiuri kancerogenezi ewodeba.  
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dadgenilia, rom detoqsikaciis fermentebs, romlebic monawileobs prokance-

rogenebis metabolizmSi, axasiaTebs polimorfizmis Zalian maRali xarisxi. maTi 

calkeuli izoformebi xasiaTdeba dabali aqtivobiT. individebs, aseTi fermentuli 

variantebiT, axasiaTebT prokancerogenebis metabolizmis dabali siCqare da isini 

aswreben organizmidan  maT gamodevnas ise, rom ar xdeba prokancerogenebis gardaq-

mna kancerogenebad.  

mosvenebul ujredSi dnm ormagspiraliania, sadac azotovani fuZeebi daculia 

damazianebeli agentebis zemoqmedebisagan. Tumca, replikaciis procesSi polinuk-

leotiduri jaWvis mgrZnobeloba kancerogenebisadmi matulobs, rasac mosdevs uj-

redis dazianeba. dazianebuli ujredi Semdgom viTardeba sxvadasxva gziT (sur.  XII. 9) 

 

 
 

suraTi XII.9. kancerogeniT ujredis dnm-is dazianebis  Sedegebi 

 

policikluri aromatuli naxSirwyalbadebi gvxvdeba naxSirisa da navTobpro-

duqtebis arasruli wvis Sedegad gamoyofil produqtebSi, aseve damwvar cximSi da 

Tambaqos kvamlSi. am naerTebs SeuZlia daukavSirdes purinul fuZeebs mxolod mas 

Semdeg, rac moxdeba maTi fermentuli aqtivacia monooqsigenazebiT, citoqrom Р450-
is monawileobiT. es fermentebi akatalizebs epoqsidebis warmoqmnas, romlebic Sem-

dgom gardaiqmneba diolebad, epoqsidhidrolazebis daxmarebiT. epoqsidebi, rom-

lebisTvisac damaxiaTebelia  maRali reaqciisunarianoba, urTierTqmedebs dnm-is 

molekulis nukleofilur jgufebTan (sur. XII. 10).  

aromatuli aminebi. aromatul aminebs miekuTvneba naerTebi, romlebic gamoiye-

neba  anilinis saRabavebisa da rezinis warmoebisaTvis. maTTan kontaqti iwvevs  Sar-

dis buStis simsivnis ganviTarebas. am jgufis naerTebis erT-erTi warmomadgenelia  

2-naftilamini, romlis qimiuri gardaqmna — ZiriTadad, RviZlSi mimdinareobs.  

kancerogeni 2-amino-1-naftoli warmoiqmneba 2-naftilaminis hidroqsilirebiT. 

RviZlSi is urTierTqmedebs 3-fosfoadenozil-5-fosfosulfatTan da iZleva neit-

ralur produqts, romelic swrafad gamoiyofa SardiT. amave dros, SardSi koniuga-

tebis garkveuli nawili ganicdis aq arsebuli hidrolazebis zemoqmedebas. kvlav 

warmoqmnili 2-amino-1-naftoli kancerogenia, romelic iwvevs Sardis buStis sim-

sivnes.   
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suraTi XII. 10. kancerogenebis warmoqmna 

nitroaminebi warmoiqmneba organizmSi meoradi alifaturi aminebis urTier-

TqmedebiT nitritebTan. meoradi aminebi da nitritebi sakvebis mudmivi komponente-

bia. nitroaminebis sinTezi mimdinareobs cxoveluri sakvebisa da Tevzis produqte-

bis Termulad damuSavebis (Sewvis) procesSi. isini warmoiqmneba aseve mwvane mcenare-

ebSic.  

nitroaminebis metabolizmi, mikrosomaluri Jangvis sistemis monawileobiT, iw-

vevs meTildiazoniumis ionis warmoqmnas, romelsac SeuZlia ujredSi dnm-is meTi-

lireba da am gziT axdens avTvisebiani simsivnis warmoqmnis provocirebas (sur. XII. 

11). nitroaminebisa da dnm-is urTierTqmedebis ZiriTadi produqtia N7-meTilgua-

nin—dnm, Tumca gacilebiT Zlieri kancerogenuli efeqtiT xasiaTdeba am urTier-

Tqmedebis minoruli produqti О6-meTilirebuli guanin —dnm. 

 

 

suraTi XII.11. nitroaminebis metabolizmis produqtebiT dnm-is meTilireba 
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dnm-isa da rnm-is Semcveli virusebi. monacemebi simsivnuri zrdis procesSi vi-

rusebis monawileobis Sesaxeb jer kidev XX saukunis dasawyisSi gaCnda. 1908 w. SesaZ-

lebeli gaxda qaTmebSi leikozis gamowveva simsivnuri ujredebis eqstraqtiT, xolo 

1910 w.-s  r. rausma aRwera pirveli onkogenuri virusi, romelsac SeeZlo qaTmebSi 

sarkomis gamowveva. 1968 w. rusma mecnierma l. zilberma Camoayaliba simsivnis viru-

sul-genetikuri Teoria onkogenuri  virusebis monawileobiT. miuxedavad imisa, rom 

virusuli kancerogenezi Tavdapirvelad aRwerili iyo mxolod frinvelebsa da 

cxovelebSi, bolo wlebSi miRebuli monacemebi adasturebs virusebis monawileobas 

simsivneebis warmoqmnaSi adamianis organizmSi. magaliTad, dnm-Semcveli epStein-ba-

ris virusi adamianSi iwvevs berkitis limfomis, kanisa da genitaliebis kibos ganvi-

Tarebas, xolo adamianis imunodeficitis rnm-Semcveli virusi — sarkomis ganviTa-

rebas.  

dnm-Semcveli virusebi nawilobriv an mTlianad erTveba adamianis genomis Semad-

genlobaSi, ris Sedegadac birTvSi wamoqmnili cilebi arRvevs ujreduli ciklis 

regulirebis meqanizms. dnm-Semcvel onkovirusebs, zemoT CamoTvlilis garda, mie-

kuTvneba aseve herpesis virusi, adenovirusi, Cutyvavilas gamomwvevi virusi da sxv. 

rogorc wesi, es virusebi mxolod milioni SemTxvevidan erTSi iwvevs ujredebis av-

Tvisebian transformacias. meore mxriv, dnm-Semcveli hepatiti В-s virusi warmoad-

gens RviZlis simsivnis mizezs, ris Sedegadac yovelwliurad iRupeba daaxloebiT 

500 000 adamiani.  aqve aRsaniSnavia, rom adamianis inficireba xdeba simsivnis warmoq-

mnamde 20-25 wliT adre.  

rnm-Semcveli virusebi, xvdeba adamianis organizmSi, awarmoebs dnm-is sinTezs 

ukutranskriptazas daxmarebiT da nawilobriv an mTlianad axdens mis CarTvas euka-

riotebis genomSi provirusebis (latenturi virusi) saxiT.  

1976 w. rekombinantuli dnm-is teqnikis gamoyenebiT gaiSifra rausis sarkomis vi-

rusis genomi (sur. XII.12). yvela virusisaTvis saerTo sami Cveulebrivi genis garda 

aRmoCenili iyo geni, romelic pasuxismgebelia avTvisebian transformaciaze. mas 

src-onkogeni ewoda.  naCvenebia, rom roca src-onkogeni erTveba normaluri qsovilo-

vani kulturebis ujredebis genomSi, es ujredebi kargavs kontaqturi Seferxebis 

unars da iZens ujredebis transformirebis SesaZleblobas.   

memkvidruli ganwyoba.  memkvidruli cvlilebebi genomSi asrulebs gansakuTre-

bul rols kancerogenezis procesSi. magaliTad, bavSvebSi, romlebsac aqvT midreki-

leba retinoblastomisaken (Tvalis baduris avTvisebiani simsivne), daaxloebiT 

40%-is SemTxvevaSi es daavadeba atarebs ojaxur xasiaTs. analogiurad memkvidruli 

xasiaTisaa msxvili nawlavis polipozi. praqtikulad yvela SemTxvevaSi mowifulo-

bis asakSi am pacientebs uviTardebaT adenokarcinoma.   

qromosomuli dnm-is arastabiluroba SesaZlebelia gamowveuli iyos fermentu-

li reparaciis defeqtiT. magaliTad, es darRveva aReniSnebaT pigmenturi qsero-

dermiiT daavadebul pacientebs. daavadeba, xSir SemTxvevaSi, vlindeba karcinomis 

ganviTarebiT kanis im ubnebze, romlbic ziandeba ultraiisferi gamosxivebiT.  
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suraTi XII. 12. rausis sarkomis virusis struqtura 

LTR-grZeli, damaboloebeli ganmeorebebia (ing. long terminal repeats), romlebic  

Seicavs promotorebs, romlebsac ukavSirdeba  rnm-polimeraza; gag, pol, env – genebi,  

romlebic akodirebs virusul cilebs; src – geni, romelic akodirebs Tirozinul  

proteinkinazas, romelic iwvevs kontaqturi Seferxebis darRvevas (ujredebis gayofis 

Seferxeba, maT Soris fizikuri kontaqtiT) da ujredebis transformacias. ukutranskriptaza  —  

fermenti, romelic asinTezirebs dnm-is molekulas rnm-is matricaze. am fermentis aqtivobiT 

virusis genetikuri masala maspinZlis ujredSi gardaiqmneba orjaWvian  

rgolur dnm-ad, romelsac SeuZlia CaerTos adamianis genomSi. 

XII.3.2. simsivnuri ujredebis daxasiaTeba 

diferencirebuli ujredebi moqceulia qsovilis sazRvrebSi da kontaqturi  Se-

ferxebis wesebis gaTvaliswinebiT, ar iWreba sxva qsovilebSi. transformaciis Sem-

TxvevaSi es wesi irRveva. simsivnuri ujredebi, rogorc wesi, mrgvali da varskvlavi-

seburi formisaa da ufro msxvilia, vidre normaluri. maTSi darRveulia birTvul-

citoplazmuri Sefardeba, adgili aqvT poliploidias an aneuploidias. maT SeuZli-

aT zrda ise, rom ar daukavSirdnen zedapirs, vinaidan daqveiTebuli aqvT adheziis 

unari da ar SeuZliaT  qsovilovani multifenis warmoqmna.   

simsivnuri ujredis metabolizmis Taviseburebani. simsivnuri ujredebis meta-

bolizmSi aRiniSneba mTeli rigi Tavisebureba, romlebic mas garkveul upirateso-

bas aniWebs,  normalur ujredTan SedarebiT. simsivnur ujredebSi: 

• izrdeba ribonukleotid-reduqtazas aqtivoba da mcirdeba pirimidinuli da 

purinuli nukleotidebis katabolizmi. Sesabamisad, Zlierdeba dnm-isa da rnm-is 

sinTezi;  

• izrdeba glikolizis (rogoc aerobuli, aseve anaerobuli) siCqare. sxvadasxva 

simsivnisaTvis damaxasiaTebeli laqtatis sekreciis mateba `varburgis efeqtis~ sa-

xeliTaa cnobili. anaerobuli glikolizis intensificireba, savaraudod, gamowveu-

lia simsivnuri ujredis swrafi zrdiT, sisxlZarRvebis kapilarebiT  susti uzrun-

velyofis fonze. dadgenilia, rom rac naklebadaa diferencirebuli simsivne da rac 

metia misi zrdis siCqare, miT ufro intensiurad mimdinareobs anaerobuli gliko-

lizi da miT naklebia JangviTi fosforilirebis xarisxi; 
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• sxvadasxva cilebisa da fermentebis izofermentul speqtrSi izrdeba feta-

luri formebis Semcveloba. magaliTad, naxSirwylebis cvlaSi monawile fosfof-

ruqtokinaza, romelic ar inhibirdeba atf-iT da citratiT, aseve laqtatdehidro-

genaza, romelic gamoirCeva Zalian maRali aqtivobiT. 
aseTi cvlilebebi uzrunvelyofs simsivnuri ujredis Zalian maRal Tvisobas 

glukozisadmi da mis SesaZleblobas, moaxdinos glukozis asimilireba sisxlSi misi 

Zalian dabali  Semcvelobis dros. analogiuri Zvrebi izofermentul speqtrSi aRi-

niSneba sxva naerTebis cvlaSiac. es aZlevs simsivnur ujreds saSualebas, rom kon-

kurencia gauwios mis garemomcvel qsovilebs sasicocxlod aucilebeli mniSvnelo-

vani metabolitebis mopovebaSi.  

ujredebi asinTezirebs da xSirad asekretirebs sisxlSi embrionalur cilebsa 

da antigenebs, magaliTad α-fetoproteins, karcinoembrionalur antigens da sxv. 

maTSi Cndeba aseve embrionaluri qsovilisaTvis damaxasiaTebeli maRalaqtiuri 

fermenti telomeraza. rogorc cnobilia, adamianisa da cxovelebis qromosomebis 

daboloebebze ganlagebulia aTasobiT maRalkonservatuli ganmeorebebi TTAGGG, 
romlebsac telomerebi ewodeba. telomerebis saSualebiT qromosoma ukavSirdeba 

birTvis garss da icavs mas daSlisa da rekombinaciebisagan. yoveli replikaciis Sem-

dgom,  telomeris sigrZe mokledeba daaxloebiT 120 wyvili fuZiT. somaturi ujre-

disaTvis telomeris damokleba replikometris funqcias asrulebs. mas Semdeg, rac 

telomeri miaRwevs  kritikul zomas, ujredebi kargavs gayofis unars, berdeba da 

iwyeba maTi apoptozi.   

simsivnur da embrionalur qsovilebSi fermenti telomeraza dnm-is 3’-boloze 

iwyebs telomeris aRdgenas sawyis sigrZemde. am fermentis moqmedebiT wydeba ujre-

debis dabareba da isini xdeba `ukvdavi~.  

ujredebis transformacias mosdevs cvlilebebi plazmuri membranis glikopro-

teinebisa da glikosfingolipidebis oligosaqariduli jaWvebis SemadgenlobaSi da 

struqturuli cvlilebebi, rac sabolood cvlis membranis ganvladobasa da muxts. 

kerZod, mcirdeba adheziuri molekulebis integrirebuli receptorebis sinTezi 

da icvleba maTi struqtura, rac damaxasiaTebelia sismsivnuri ujredebisaTvis.  

amave dros, SeiniSneba zogierTi proteazas, kolagenazasa da glikozidazas sek-

recia, rac iwvevs kolagenis, sxvadasxva cilebisa da ujredgare matriqsis glikoza-

minoglikanebis daSlas da xels uwyobs simsivnis invazias mezobel qsovilebsa da 

sisxlZarRvebSi. Zlierdeba aseve angiogenezis faqtorebis sinTezi, rac astimuli-

rebs im sisxlZarRvebis ganviTarebas, romlebic amaragebs simsivnur ujredebs sak-

vebi nivTierebebiT.   

normaluri da simsivnuri ujredebis zrda da ganviTareba iwyeba ujredze zrdis 

faqtorebis zemoqmedebiT.  moqmedebs ra ujredis zedapirul, Tu ujredSida recep-

torebze, isini astimulirebs ujredSi movlenaTa jaWvs, romelic iwvevs im genebis 

aqtivacias, romlebic pasuxismgebelia ujredis zrdasa da ganviTarebaze (sur. XII.13.).  
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suraTi XII.13 . zrdis faqtorebis moqmedeba ujredze 
zrdis faqtori ukavSirdeba membranul an ujredSida receptorebs. 

А – zrdis faqtori iwvevs cilebis fosforilirebas uSualo zemoqmedebiT  

Tiro-zinkinazul receptorze an proteinkinazebis gaaqtiurebiT adenilatkinazuri an 

fosfatidilinozituri kaskadis saSualebiT. fosforilirebuli cilebi aaqtivebs 

transkrifciul faqtorebs, romlebic axdens axali i-rnm-isa da  cilebis sinTezs. 

B – zrdis faqtori Sedis ujredSi, ujredSida receptorTan kompleqsSi xvdeba birTvSi, 

aaqtivebs trasnkrifciul genebs, romlebic astimulirebs ujredis zrdas.  genebs,  

romlebic akodirebs zrdis faqtorebs (I), cila receptorebs (II), signalis transduqtorebs  

(III) da transkrifciul faqtorebs — protoonkogenebi ewodeba.  struqturis  

SecvliT protoonkigenebi xdeba onkogenebi da iwvevs anomaliur zrdas.  

1 — G-cila; 2 — fermentebi, romlebic asinTezebs meorad mesenjerebs:  

adenilatciklazas, fosfolipaza С-s da guanilatciklazas 

 

aSkaraa, rom im SemTxvevaSi, Tu mutaciis Sedegad Secvlilia is genebi, romlebic 

akodirebs receptorebs, signalis transduqtorebsa da transkripciul  faqtorebs, 

maSin kontrolirebadi zrda icvleba ukontrolo ganusazRvreli proliferaciiT.   

simsivnur ujredebSi izrdeba zogierTi hormonisa da zrdis faqtoris sinTezi da 

sekrecia. simsivne iZens avtonomiuri zrdis SesaZleblobas ujreduli zrdis meqa-

nizmis gadayvaniT parakrinul an autokrinul  regulaciaze. autokrinuli meqaniz-

mis SemTxvevaSi, simsivnis ujredebi asinTezebs zrdis faqtorebs da maT recepto-

rebs, an  onkocilebs, romlebic warmoadgens zrdis faqtorebis, an maTi receptore-

bis analogebs. es ukanasknelebi, urTierTqmedebs ra erTmaneTTan, iwvevs ujredis 

zrdisa da gayofis autostimulacias. parakrinuli regulacia gulisxmobs erTi uj-

redis mier gamomuSavebuli zrdis faqtoris moqmedebas mis mezoblad mdebare uj-

redze.  

onkogenebi, protoonkogenebi  da supresoruli genebi. mravali wlis ganmavlo-

baSi ar iyo cnobili, Tu saidan da ratom gauCnda virusebs genebi, romlebic iwvevs 
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simsivnur zrdas. Tavdapirvelad iTvleboda, rom aseTi genebi miekuTvneba virusul 

genoms. Tumca 1989 wels cdebiT, romelic tardeboda virusuli  da cxoveluri uj-

redebis dnm-ebis hibridizaciiT, dadgeili iqna, rom onkogenebi ar aris specifiku-

ri virusebisaTvis da isini miRebulia im ujredisagan, sadac virusebi binadrobs.  

arsebobis periodSi virusuli genomis SemadgenlobaSi moqceuli cxoveluri da ada-

mianis Sesabamisi genebi ganicdida mravlaricxovan mutacias da amgvarad SeiZina on-

kogenuri Tvisebebi. imisaTvis, rom ganvasxvaoT maspinZeli organizmis normaluri 

geni virusuli onkogenisagan, maTTvis SemoRebulia dasaxeleba protoonkogeni.  

protoonkogenebis jgufSi gaerTianda virusebi, romlebic akodirebs zrdisa da 

ganviTarebaSi monawile   cilebs (zrdis faqtorebs), transkrifciul faqtorebs da 

aseve  receptorul cilebs.    

Cveulebriv, onkogenebs aRniSnaven sami laTinuri asoTi Seqmnili kodiT, rome-

lic miuTiTebs im obieqts, saidanac onkogeni aris gamoyofili. magaliTad, onkogeni 

ras miuTiTebs gens, romelic pirvelad gamoyofili iyo virTagvas sarkomidan (rat 

sarcomas). zogierT SemTxvevaSi samasoiani kodis Semdgom gvxvdeba rigiTobis aRmniS-

vneli aso an cifri. magaliTad, eriTroblastomis virusidan identificirebulia 

genebi:  erb A, romelic warmoadgens Tiroiduli hormonis receptoris virusul ana-

logs da erb В, romelic epidermaluri zrdis faqtoris analogia. onkogenis aRniSvna-

Si ricxvis damateba mianiSnebs  im faqts, rom genebi warmoadgens erTi ojaxis wevrebs, 

xolo nomeri — konkretuli genis adgilia am ojaxSi. magaliTad,  bdl 1, bcl 2 da a.S.   

virusuli onkogenebis aRsaniSnad samasoiani dasaxelebis win iwereba aso v (virus- 

virusi), xolo ujreduli onkogenebisaTvis ixmareba aso с (cell-ujredi), magaliTad,  

v-onc da с-оnс. 
simsivnis geni-supresorebis aRsaniSnad, romlebic ainhibirebs ujredis zrdasa 

da gayofas, SemoRebulia aseve mravalgvari nomeklatura. 2- an 3-asoiani kodis gar-

da, zogierT SemTxvevaSi, miuTiTeben aseve cilovani produqtis zomas. magaliTad 

geni р53 ewodeba imitom, rom igi asinTezebs cilas molekuluri masiT 53kd. analogi-

urad, genebis Sesabamisi cilovani produqtebi iseve aRiniSneba, rogorc geni, Tumca 

didi asoTi. magaliTad, geni ras akodirebs cila Ras-s, geni  р53  — cila Р53-s.  

virusuli onkogenebis Seswavlam aCvena, rom maTgan 50%-ze meti akodirebs 

Tirozinul proteinkinazebs (TK), xolo danarCenebi Seicavs informacias iseTi 

funqciurad aqtiuri cilebis Sesaxeb, rogoricaa Trombocitebis zrdis faqtori, 

epidermaluri zrdis faqtori (EGF) da am faqtoris receptori, aseve informacias 

dnm- da gtf-damakavSirebeli da sxva regulatoruli cilebis Sesaxeb.  

ganvixiloT cilebis is ZiriTadi warmomadgenlebi, romelTa kodireba xdeba on-

kogenebiT: 

Tirozinuli proteinkinazebi. am jgufs miekuTvneba: frinvelebis eriTroblas-

tozis virusis  erb-B onkogeni, romelic  akodirebs epidermisis zrdis faqtoris β-
suberTeulis identur cilas, aseve Trombocitebis zrdis faqtorisa da insulinis 

msgavsi I da II faqtorebis receptorebis homologebs. Sir-geni, romelic gamoyofilia 

rausis sarkomis virusidan, akodirebs cila РР60-s, romelic xasiaTdeba Tirozinki-

nazuli aqtivobiT. is axdens glikolizis zogierTi fermentis fosforilirebas da 

aCqarebs glukozis moxmarebas transformirebuli ujredebis mier, arRvevs ujre-

dis kontaqtur Seferxebas da astimulirebs ujredebis transformirebas. 

Tirozinkinazul jgufs onkogenebis garda miekuTvneba trotoonkogenebi (insu-

linis receptori, epiTeluri zrdis faqtoris receptori, Trombocitebis zrdis 

faqtoris receptori). aRsaniSnavia, rom miuxedavad imisa, rom zogierTi cila xasi-
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aTdeba Tirozinkinazuli aqtivobiT, normalur ujredebSi fosfoTirozinis rao-

denoba Zalian mcirea (yvela fosforilirebuli aminomJavis mxolod 1%). qsovilis 

gardaqmnisas simsivnur qsovilad, Tirozinkinazuri aqtivoba mkveTrad matulobs, 

xolo fosfoTirozinis raodenoba sagrZnoblad izrdeba.  

Ras-onkogenebi. onkocilebis kodireba aseve xdeba ras-genebiTac. ras-protoonko-

genebi Seicavs informacias Ras-cilebis ojaxze, romlebic warmoadgens G-cilebis 

gansakuTrebul jgufs. G-cilebis analogiurad, es cilebi ikavSirebs GTP-s da maT 

axasiaTebs GTP-azuri aqtivoba, Tumca G-cilebisagan gansxvavebiT, romlebsac oli-

gomeruli αβγ-struqtura aqvs, Ras-cilebi monomeruli cilebia. isini monawileobs 

signalebis transduqciaSi, romlebsac iRebs ujredis membranuli receptorebidan 

da lokalizebulia ra membranis Sida zedapirze, mWidrod kontaqtirebs membranul 

cilebTan da fosfolipidebTan. damtkicebulia Ras-cilebis monawileoba citoCon-

Cxis struqturis SecvlaSi, endo- da egzocitozis regulaciaSi, mitogenuri signa-

lebis realizaciaSi da im cilebis aqtivaciaSi,  romlebic  axdens genebis transkrip-

cias. Ras-onkocilebi, romlebic warmoiqmneba GTP-damakavSirebeli domenebis muta-

ciebiT, xasiaTdeba Zalian dabali GTP-azuri aqtivobiT. Sedegad, adenilatciklaza 

da fosfolipaza С rCeba aqtivirebul mdgomareobaSi ufro metxans, vidre Cveuleb-

riv mdgomareobaSi da, amrigad, uzrunvelyofs ufro xangrZlivi signalis gatare-

bas.  

birTvuli onkocilebi. birTvuli onkogenebis jgufSi gaerTianebulia  jun, fos, 

myc, myb da erb А genebi.  onkocilebi, romlebic warmoiqmneba am genebis eqspresiiT, 

ukavSirdeba dnm-is garkveul Tanamimdevrobebs da moqmedebs rogorc transkrifci-

uli faqtorebi. magaliTad, iseTi onkocilebi, rogoricaa Jun da Fos, warmoqmnis di-

mers, romelic ukavSirdeba dnm-s.  Erb А warmoadgens Tiroiduli hormonis recep-

toris Secvlil formas, romelic aseve ukavSirdeba dnm-is molekulaSi specifikur 

Tanamimdevrobas.  

simsivnuri supresorebis roli ujredis metabolizmSi. normaluri da simsivnu-

ri ujredebis Serwymisas warmoiqmneba hibriduli ujredebi, romlebic, rogorc we-

si, ar xasiaTdeba avTvisebianobiT. aqedan gamomdinare, daadgines, rom normalur 

ujredebSi arsebobs genebi, romelTa cilovani produqtebi aferxebs ujredis rep-

likaciur potencials da xels uSlis simsivnis ganviTarebas. am genebs simsivnis ge-

ni-supresorebi, anu antionkogenebi ewoda. dadgenilia, rom avTvisebiani transfor-

maciisas  am genebis funqcia darRveulia, rasac mosdevs ujreduli proliferaciis 

kontrolis darRveva.  dResdReobiT aRwerilia 10-ze meti simsivnis geni-supresori 

(rbl, р53, р21, р16, р15, wtl da sxv.), romlebic akodirebs ujredebis anomaliuri zrdisa 

da transformirebis mainhibirebel cilebs.  

rb1 geni. am genis produqtia birTvuli cila (105kdal.), romelic monawileobs 

ujredis gadasvlaSi mosvenebis G0 fazidan dnm-is sinTezis mosamzadebl G-fazaSi. 

cila Rbl, ciklin-damokidebuli kinazebis msgavsad, ganicdis modificirebas fosfo-

rilirebiTa da defosforilirebiT. defosforilirebul mdgomareobaSi mas SeuZ-

lia daikavSiros da moaxdinos transkrifciuli faqtoris E2F-is inaqtivireba, ro-

melic, Tavis mxriv, aZlierebs zrdisa da stimulaciis gamomwvevi  iseTi cilebisa da 

fermentebis eqspresias, rogoricaa dnm-polimeraza α,  MYC, CDC2 da zogierTi sxva. 

(sur.  XII.14.).  

ciklin-damokidebuli proteinkinazebis msgavsi cila ganicdis modificirebas 

fosforilirebisa da defosforilirebis gziT. defosforilirebul mdgomareoba-

Si mas SeuZlia daukavSirdes transkrifciul faqtors da moaxdinos  misi inaqtivi-
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reba, rac, Tavis mxriv, aZlierebs zrdis mastimulirebeli cilebisa da fermentebis 

(dnm polimeraza da sxv.) eqspresias. normalur SemTxvevaSi, roca ujredi Sedis S-fa-

zaSi da iwyebs dnm-is gaormagebas, Rbl-cila fosforilirebulia da veRar aferxebs 

ujredul cikls.  

 

 
suraTi XII. 14. cila Rb1-is moqmedebis meqanizmi 

E2F – transkrifciis faqtori, romelic aZlierebs ujredis zrdisa da gayofis  

maregulirebeli rigi cilebisa da fermentebis transkrifcias. ukavSirdeba  

ra E2F-s, cila supresori Rb1 ainhibirebs ujredebis momzadebas mitozisaTvis.   

Rb1-cilis hiperfosforilirebul da mutantur formebs ar axasiaTebs Tvisoba  

E2F-sadmi, ris gamoc is ver aferxebs ujredis zrdas. 

 

geni  р53 akodirebs birTvul fosfoproteins (53kdal.), romelic aferxebs ujre-

dis Sesvlas S-fazaSi da dnm-is amplikaciasa da mutaciebs. iTvleba, rom cila P53-is  

fiziologiuri funqcia mdgomareobs im ujredebis G1- da G2-fazebSi SeCerebaSi, 

romlebsac aqvs dazianebuli dnm, manam, sanam ar moxdeba am dazianebebis aRmofxvra. 

im SemTxvevaSi, Tu reparaciul sistemas ar SeuZlia defeqtebis aRmofxvra dnm-is 

struqturaSi, es cila uzrunvelyofs apoptozis meqanizmis CarTvas da Sedegad, da-

zianebuli ujredis ganadgurebas. adamianis  P53- cila Seicavs 393 aminomJavas naSTs 

da 3 domens: 1. N-bolo, romelic mdidaria dikarbomJavebiT da monawileobs tran-

skrifciis procesis regulirebaSi; 2. centraluri domeni, romelic CarTulia dnm-

is dakavSirebis procesSi; 3. С-bolo, romelic pasuxismgebelia am cilis oligome-

ruli struqturis Seqmnaze. P53-cila funqcionirebs tetrameris formiT da ukav-

Sirdeba dnm-is regulatorul ubnebs. misi ZiriTadi funqcia realizdeba birTvSi. 

р53-geni mudmivad transkrifcirdeba da translirdeba, Tumca sinTezirebuli cila 

proteosomebSi  swrafad ganicdis ubiqvitinirebiT degradacias. amitom, ujredSi 

misi raodenoba sakmaod mcirea. am cilis aqtivacia sxvadasxva stresis da dazianebis 

sapasuxod ZiriTadad mimdinareobs posttranslaciur doneze misi degradaciis Se-

nelebis sapasuxod, rac miiRweva mTeli rigi regulatoruli cilebis monawileobiT. 

araaqtiuri P53 warmodgenilia citozolSi, xolo aqtivaciisas misi lokalizacia 

icvleba da eqspresirdeba birTvSi. cilis aqtivaciis paralelurad, izrdeba misi 

stabilurobac. aqtivaciasa da mis stabilurobaSi ZiriTadi roli ekuTvnis cila 
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Mdm2-s. misi aqtivobis cvlileba aRiniSneba fosforilirebis doneSi da warmoad-

gens kidev erT saSualebas am cilis aqtivobis Sesacvlelad. is aris substrati sxva-

dasxva ujreduli kinazebisaTvis, magaliTad, proteinkinazebisaTvis, romlebic aaq-

tivebs mis dakavSirebas dnm-Tan, aseve kazein-kinaza 2-saTvis, МАР-kinazebisaTvis da 

sxv. birTvis garda, P53-cila nanaxia citoplazmaSic. is birTvSi xvdeba specialuri 

cilovani transporteris daxmarebiT.   

P53-cilis aqtivaciis gamomwvevi  stimulebia: dnm-is uSualo dazianeba, geneti-

kuri aparatis muSaobis moSla, magaliTad, TiTistaras Zafebis, Tavisufali ribo-

nukleotidebis Semcireba, hipoqsia, siTburi Soki, NO-is maRali koncentracia, 

ionizirebadi gamosxiveba da sxv. cnobilia uamravi geni, romlebsac Seswevs unari 

daikavSiros P53- cila da am gziT moaxdinos eqspresiis cvlileba. maT ricxvSia geni, 

romelic awarmoebs ciklin-damokidebuli kinazebis inhibitoris  — cila Р21-is sin-

Tezs. Р21-isadmi mgrZnobiarea genebi bcl-2 da bах, romlebic akodirebs apoptozis 

procesis regulatorul cilebs. apoptozi aqtivdeba im SemTxvevaSi, roca Р53 

ukavSirdeba bcl-2 da bах genebis regulatorul ubnebs, ris Sedegadac antiapoptozu-

ri geni bcl 2-is eqspresia klebulobs, xolo pro-apoptozuris geni bах-is eqspresia — 

izrdeba. aaqtivebs ra im genebs, romlebic monawileobs ujredebis programirebuli 

daRupvis procesSi, Р53 aCqarebs potenciurad saSiSi da  dazianebuli ujredebis da-

Rupvas, romlebsac SeuZlia transformireba. dadgenilia, rom ujredebis zrdasa da 

diferencirebaSi monawileobs 100-ze meti geni da simsivnis 10-mde  gen-supresori.  

protoonkogenebis gardaqmna onkogenebad.  dResdReobiT cnobilia protoonko-

genebis onkogenebad gardaqmnis 5 ZiriTadi meqanizmi, romelic emyareba struqtu-

ruli genebis dazianebas, an eqspresiis  donis cvlilebas. maTgan erT-erTia  dnm-is 

molekulaSi axali protomerebis CarTva. cnobilia, rom dnm- an rnm-Semcveli viru-

sebi integrirdeba maspinZeli ujredis dnm-Tan provirusebis formiT, romelTa 

dnm-s orive boloSi aqvs sakmaod grZeli ganmeorebebi — LTR, romlebic asrulebs 

transkrifciis promoterebis rols (sur. XII.15.). magaliTad, wiwilis В-limfocite-

bis dazianeba frinvelis leikozis zogierTi formis virusiT, iwvevs provirusis 

CarTvas с-mус-genis siaxloves, rasac mosdevs am genis aqtivireba, misi transkrifci-

is zrda da  mус-i-rnm-is didi raodenobiT warmoqmna, Sesabamisi translaciuri pro-

cesebiT. zogierT SemTxvevaSi, provirusi erTveba dnm-is molekulaSi genis win an 

mis Semdeg, an SesaZlebelia is saerTod orientirebuli iyos sawinaaRmdego mimar-

TulebiT. miuxedavad amisa, с-mус-geni iwyebs aqtivirebas. es efeqti amtkicebs, rom 

provirusSi gvaqvs enhanseruli Tanamimdevrobebi, romlebic zrdis genis eqspresi-

as.  

protoonkogenebis gardaqmna onkogenebad SesaZlebelia e.w. wertilovani muta-

ciebiT. onkogeni c-ras, romelic Tavdapirvelad aRmoCenili iyo zogierT retrovi-

rusSi, akodirebs cilas molekuluri masiT 21kdal. am cilas Р21 ewoda. normaluri 

ujredebidan c-ras- protoonkogenis da naRvlis buStis simsivnuri ujredebidan  c-ras 

– onkogenis Tanamimdevrobis Seswavlam aCvena, rom es genebi erTmaneTisagan  gan-

sxvavdeba erTi azotovani fuZiT, xolo Sesabamisi cilebi erTi aminomJaviT me-12 

mdgomareobaSi. 

analogiuri monacemebi iqna miRebuli c-ras-onkogenis kvlevisas sxva simsivneebis 

SemTxvevaSic. yvela SemTxvevaSi Sedegebi iyo analogiuri: onkogenis struqturaSi 

aRmoCenilia erTi wertilovani mutacia, Tumca mutaciis mdebareoba SesaZlebelia 

iyos gansxvavebuli. miuxedavad amisa, am mutaciis Sedegad icvleba dakodirebuli 
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cilis konformacia da qveiTdeba misi gtf-azuri aqtivoba. mutaciuri cila iwvevs 

adenilatciklazas xangrZliv stimulacias, Sedegad, ujredSi cAMP-is koncentra-

ciis zrdas da cAMP-damokidebuli proteinkinazebis aqtivacias.  

 

 

 
suraTi   XII. 15. adamianis genomSi enhanseruli 

Tanamimdevrobis Semcveli provirusis CarTva 

                       

 

aRmoCenilia mutaciebi, romlebic iwvevs citozoluri Tirozinkinazebisa da se-

rin/treonin-proteinkinazebis aqtivacias, ris Sedegadac aqtivdeba fosfolipaza 

С-s izoforma, romelic rTavs signalis gadacemis inozitolfosfatur gzas da aaq-

tivebs im transkrifciul faqtorebs, romlebic astimulirebs ujredebis proli-

feraciasa da gayofas.   

sarZeve jirkvlebisa da sakvercxeebis karcinomaSi aRmoCenilia onkogeni erbB2 

anu nеu, romelic warmoadgens epidermaluri zrdis faqtoris receptoris homo-

logs. receptoris molekula 3 domeniTaa warmodgenili: ujredgare, anu recepto-

ruli domeni; membranis ganmWvalavi domeni da ujredSida domeni, romlisTvisac da-

maxasiaTebelia Tirozinkinazuli aqtivoba. transformaciis ganmavlobaSi recepto-

ris es geni amplificirdeba da kargavs domens, romelic pasuxismgebelia zrdis faq-

toris dakavSirebaze. amis Sedegad, ujredSi warmoiqmneba cila, romlisTvisac dama-

xasiaTebelia araregulirebuli Tirozinkinazuli aqtivoba da astimulirebs mito-

genur  ujredSida procesebs. 

simsivnur ujredebSi xSirad aqvs adgili e.w. qromosomul translokaciebs. — 

kerZod,  erTi qromosomis fragmentis CarTvas meore qromosomaSi, ra drosac adgi-

li aqvs protoonkogenis gaaqtivebas (sur.  XII.16.).  
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suraTi XII.16. qromosomuli translokacia 

 

mravalsafexuriani kancerogenezis Teoria. erT-erT yvelaze gavrcelebul av-

Tvisebian simsivnes miekuTvneba swori nawlavis simsivne. am etiologiis daavadebe-

bis umravlesoba iwyeba keTilTvisebiani simsivnis warmoqmniT, romelsac  adenoma 

ewodeba. simsivnis warmoqmnas win uswrebs 5-7 mutacia onkogenebSi  da simsivnis gen-

supresorebSi, dnm-is hipomeTilireba da darRvevebi dnm-reparaciul sistemebSi. 

adreul procesad miiCneva aseve mutacia simsivnis gen-supresorSi, romelic loka-

lizebulia V qromosomaSi. mas  fар-geni ewodeba. procesis adreul stadiaze mimdina-

reobs dnm-is meTilirebis xarisxis mateba da  XII qromosomaze ras-onkogenis aqtiva-

cia, rac xels uwyobs adenomis zrdas. defeqtebi reparaciul sistemaSi, geni-supre-

sorebis inaqtivacia an dakargva iwvevs genetikur arastabilurobas da avTvisebiani 

simsivnis Camoyalibebas.  
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XIII. ujredis funqcionirebisaTvis  

aucilebeli molekulebi da elementebi  

cocxali ujredis normaluri cxovelqmedebisaTvis ZiriTadi organuli nivTie-

rebebis (cilebi, lipidebi, naxSirwylebi) garda, aucilebelia dabalmolekuluri na-

erTebisa da mineraluri komponentebis arseboba. organuli naerTebis analogiu-

rad, ujredis es komponentebi aucilebelia ujredSi warmoebuli bioqimiuri pro-

cesebis warmarTvisaTvis da maTi nakleboba an ararseboba SeiZleba mTeli rigi pa-

Tologiis mizezi gaxdes. am paTologiebis nawili, xSir SemTxvevaSi, organizmisaT-

vis letalurad mTavrdeba.  

XIII.1. wyali 

XX saukunis 60-ian wlebSi nobelis premiis lauriatma, gamoCenilma bioqimikosma 

albert sent-jorjma warmoTqva cnobili fraza: `biologiam daiviwya wylis roli an 

saerTod ar ifiqra masze~, riTac xazi gausva wylis molekulebis rols cocxali 

sistemisaTvis. cocxali organizmis ZiriTadi substancia — wyali ganixileba, ro-

gorc TiTqmis neitraluri gamxsneli, sadac mimdinareobs bioqimiuri reaqciebi da 

romlis saSualebiTac  xdeba sxvadasxva nivTierebebis transportireba rogorc uj-

redSi, aseve garemomcvel areSi. iTvleboda, rom wyali organizmSi saWiroze metia, 

xolo danakargis  (ofliT, SardiT, amosunTquli haeriT) Sevseba advilad kompensir-

deba nebismieri xsnariT, romelic Seicavs wyals.  

dadgenilia, rom organizmSi wyali maRalorganizirebulia, anu misi mniSvnelo-

vani nawili dakavSirebulia biologiur molekulebTan, rac mianiSnebs mis umniSvne-

lovanes rolze ujredis struqturuli organizaciis formirebis procesSi. para-

lelurad, wyali uSualodaa CarTuli nivTierebaTa cvlaSi, rac sabolood sicocx-

lis safuZvels warmoadgens. nivTierebaTa cvlis warmoeba uwyvetad saWiroebs ener-

giis miwodebas, romlis produqciaSic wyals aseve gadamwyveti mniSvneloba eniWeba.  

cnobilia, rom ujredSi mimdinare energetikuli procesebis mniSvnelovani nawi-

li uzrunvelyofilia ATP-iT (adenozintrifosfati) — universaluri energetikuli 

molekuliT. ATP-is molekulebi Seicaven advilad xelmisawvdom energias. misi daS-

lisas gamoTavisuflebuli  energia gadaecema saWiro adgilas da saWiro dros. cxo-

velqmedebis nebismieri aqtis gansaxorcieleblad ATP-is molekula iSleba or 

fragmentad — ADP-s molekulad da fosformJavas naSTad. daSlis am process safuZ-

vlad udevs hidrolizi. energia Tavisufldeba ATP-isa da wylis molekulebis SeuR-

lebuli daSlis Sedegad. im SemTxvevaSi, Tu es procesi gaZnelebulia,  ATP-is mole-

kulis energiis realizeba SeuZlebelia. 

wyali — cocxali organizmis Sinagani garemos safuZveli — universaluri gam-

xsneli da nivTierebis gadamtania. organizmSi wyali umniSvnelovanes funqciebs as-

rulebs: 

• igi akavSirebs cocxal organizms garemo aresTan, uzrunvelyofs sxvadasxva 

naerTis organizmSi moxvedras da misgan gamodevnas; 

• monawileobs bioqimiur reaqciebSi (hidrolizi, dehidratacia da sxv.); 
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• CarTulia  TermoregulaciaSi, nivTierebaTa cvlis humoralur regulireba-

Si (hormonebis transportireba) da a.S., riTac aZlevs organizms saSualebas, imoqme-

dos rogorc erTianma sistemam.  

wylis Semcveloba cocxal organizmebSi gansxvavebulia. magaliTad,  cxoveluri 

organizmis Sinagan organebSi  misi raodenoba 70-85%-s aRwevs (adamianis Tavis tvi-

nis qerqSi — 85%, kanSi — 72%.) gamonakliss warmoadgens kbilis minanqari, sadac mxo-

lod 3%-ia da Zvlovani qsovili (10%). warmodgenili ricxvebi miuTiTebs, rom wylis 

raodenoba intensiurad momuSave organoSi gacilebiT didia. 

arsebuli Jangbadis atomis Warbi eleqtronebis gamo, wylis molekulaSi H – O 
bmis eleqtruli wyvili Jangbadiskenaa gadaxrili. amis gamo bma polarulia, rac iw-

vevs wyalbadis atomebis dadebiTi muxtis, xolo Jangbadis atomebis uaryofiTi mux-

tis siWarbes da dipolis warmoqmnas, romelic polusebze dadebiTad da uaryofiTa-

daa damuxtuli. vinaidan Jangbadis birTvis masa da muxti gacilebiT didia wyalba-

dis birTvze, eleqtronuli Rrubeli gadaweulia Jangbadis birTvisaken, rasac mos-

devs wyalbadis birTvis `gaSiSvleba~. eleqtronul Rrubels axasiaTebs araerTgva-

rovani simkvrive. wyalbadis birTvis siaxloves eleqtronuli Rrubeli naklebad 

mkvrivia, xolo sawinaaRmdego mxares, Jangbadis birTvis siaxloves — piriqiT, Sei-

niSneba eleqtronuli Rrublis simkvrivis siWarbe. swored aseTi struqtura ganapi-

robebs wylis molekulis polarulobas (sur. XIII.1). 

 
suraTi XIII.1. wylis molekulis struqtura da wyalbaduri bmebi 

 

wyali dipoluri molekulaa. aseTi struqturis gamo igi kargi gamxsnelia da mas-

Si iolad disocirdeba eleqtrolitebi. wyalSi xsnadobis mixedviT naerTebi iyofa 

or jgufad. naerTebs, romlebic kargad ixsneba wyalSi, hidrofiluri naerTebi ewo-

deba, xolo wyalSi uxsnad naerTebs — hidrofoburi. wylis am Tvisebebs ganapirobebs 

mis molekulaSi e.w. wyalbaduri bmebis arseboba. wyalbaduri bma warmoiqmneba wylis 

erTi molekulis uaryofiTad damuxtul Jangbadis atomsa da meore molekulis da-

debiTad damuxtul wyalbadis atoms Soris arsebuli mizidulobis Sedegad.  

wyalbaduri bma, sxva cnobil qimiur bmebTan SedarebiT, sakmaod sustia. wyalba-

duri bmebi ganapirobebs wylis molekulebis asociacias. wylis erT molekulas Se-

uZlia oTxi wyalbaduri bmis warmoqmna. aqedan, or bmas warmoqmnis Jangbadis atomi, 

xolo danarCenebs — wyalbadis atomebi. wylis erTi molekula mezobel oTx moleku-

lasTan asocirebuli mxolod myar mdgomareobaSi, anu yinulis cxaurSi gvxvdeba. 

Txevad mdgomareobaSi wylis molekula sxva 3,4 molekulasTanaa dakavSirebuli. es 

imiTaa ganpirobebuli, rom Txevad mdgomareobaSi wylis molekulebi gamudmebul 

moZraobaSia, ris gamoc mudmivad xdeba am bmebis gawyveta da kvlavwarmoqmna.  

wyalbaduri bmebi warmoiqmneba aramarto wylis molekulebs Soris. aseTi bmebi 

gvxvdeba wylisa da spirtis molekulebs Sorisac. 
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wylis didi siTbotevadobis daxmarebiT adamianis organizms eZleva saSualeba 

sxeulis temperaturis momatebis gareSe STanTqos didi raodenobiT siTbo. aor-

Tqlebis maRali siTbos gamo, adamianis organizms aseve Seswevs unari wylis mcire 

raodenobis aorTqlebiT gamoyos didi raodenobiT energia. orive es Tviseba gadam-

wyvet rols asrulebs garemo pirobebisagan damoukideblad sxeulis temperaturis 

mudmivobis SenarCunebaSi.  

  

cxrili XIII. 1. 

 

organizmSi wylis Semcvelobis raodenobrivi cvlilebebi 

 

 

 

 

wyali organizmSi arsebuli nivTierebebis idealuri gamxsnelia. is xels uwyobs 

eleqtrolitebis disociacias ujredsa da biologiur siTxeebSi. is warmoadgens 

ares, sadac mimdinareobs nivTierebaTa cvla. wylis saSualebiT xdeba biologiurad 

aqtiuri naerTebis transportireba. misi daxmarebiT aseve warmoebs amave naerTebis 

gadanawileba qsovilebsa da ujredebSi. wylis saSualebiT mimdinareobs nivTiereba-

Ta cvlis saboloo produqtebis gamoyofac. is Tavadaa ujredSi mimdinare procese-

bis monawile. wyali monawileobs ujredis makromolekulebis struqturebis SeqmnaSi. 

cocxal organizmSi wyalis Semcveloba gacilebiT metia sxva nivTierebebis rao-

denobaze. zrdasruli adamianis sxeulis masis 60-65%-s wyali warmoadgens. amasTana-

ve, misi Semcveloba ar aris mudmivi organizmis sxvadasxva mdgomareobaze damokide-

bulebiT. rac ufro axalgazrdaa organizmi, miT metia masSi wylis raodenoba. rac 

metia organizmSi cximi, miT naklebia masSi wylis Semcveloba. 

adamianis organizmSi wyali sxvadasxva saxiTaa warmodgenili. arCeven ujredSi 

arsebul wyals, romelsac intracelularuli wyali ewodeba, da ujredgare, anu eq-

stracelularul wyals. intracelularuli wyali sxeulis masis 40-45%-s, xolo eq-

stracelularuli — 20%-s Seadgens. eqstracelularuli wyali, Tavis mxriv, iyofa 

intersticiul (ujredSorisi) da ZarRvebSida  wylad. 

adamianis organizmis sxvadasxva biologiuri siTxeebi da qsovilebi aseve sxva-

dasxva raodenobiT wyals Seicavs. magaliTad, nerwyvSi wylis Semcveloba 99%-ia; ku-

Wis wvenSi — 99,3%; zurgis tvinis siTxeSi — 98,9%; plazmaSi — 90-91%. rac ufro ma-

Raldiferencirebulia organo da rac ufro rTul funqcias asrulebs, miT metia 

masSi wylis Semcveloba. magaliTad, nervuli sistemis rux nivTierebaSi wyali didi 

raodenobiTaa, xolo periferiul nervebSi ki mcire. 

asaki sxeulis 

masis % 

2 Tvis embrioni 97 

3 Tvis embrioni 96 

5 Tvis embrioni 88 

9 Tvis embrioni 84 

axalSobili 80 

6-8 Tve 72-76 

1 weli 70 

1-5 weli 65-68 

10 weli 60-65 
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dRe-RameSi zrdasrul adamians sWirdeba sxeulis masis yovel 1 kg-ze daaxloebiT 

30-49 ml wyali, e.i. 70 kg wonis adamians dRe-RameSi esaWiroeba 2500-3000 ml. wyali. rac 

ufro axalgazrdaa organizmi, miT metia misi moTxovnileba wyalze da piriqiT. 

adamiani wyals iRebs per os, xolo organizmidan gamoyofs ZiriTadad SardTan 

erTad. dRe-RameSi organizmidan gamoyofili wyali aRemateba miRebuls, vinaidan 

mas emateba naxSirwylebis, cilebisa da cximebis daJangvis Sedegad warmoqmnili 

metaboluri wyalic. wylis raodenobis nawili Sardis garda gamoiyofa oflis da 

filtvebis saSualebiTac. 

wylis Sewova, ZiriTadad, xdeba nawlavebidan, rasac xels uwyobs sisxlis 

gacilebiT maRali osmosuri wneva, nawlavis SigTavsTan SedarebiT. wylis cvlis re-

gulaciaSi monawileobs centraluri nervuli sistema, Tirkmelebi, Sinagani sekre-

ciis jirkvlebi da sxva sistemebi. 

XIII.1.1. wylis cvlis moSliT gamowveuli paTologiebi 

wylis cvlis moSla sxvadasxva faqtorebma SeiZleba gamoiwvios: esenia: regulaci-

uri meqanizmebis moSla, Sinagani sekreciis jirkvlebis funqciis darRveva, centra-

luri nervuli sistemis dazianeba da sxva. amis mixedviT ganasxvaveben hiperhidrata-

cias (organizmSi wylis dagroveba) an dehidratacias (wylis raodenobis dakargva).  

hiperhidratacia viTardeba siTxis didi raodenobiT miRebis an organizmidan 

arasakmarisi raodenobiT gamodevnisas. amis mixedviT ganasxvaveben hiperhidrataci-

is sam saxes: ujredgare, ujredSida da zogadi. 

1. ujredgare hiperhidratacia (hiperhidria) xasiaTdeba ujredSoris sivrceSi 

siTxis moculobis matebiT. is SeiZleba gamowveuli iyos sisxlis onkozuri wnevis 

SemcirebiT. magaliTad, sisxlSi cilebis raodenobis Semcirebis — hipoproteinemiis 

Sedegad mcirdeba sisxlis osmosuri wneva. hipoproteinemia SesaZlebelia ganviTar-

des nefritis dros, roca avadmyofi didi raodenobiT kargavs cilebs SardTan er-

Tad; aseve RviZlis mZime daavadebebisas, romlis drosac RviZlSi mcirdeba sisxlis 

cilebis (mag., albuminebis) sinTezi. sisxlis osmosuri wnevis Semcirebisas Seferxe-

bulia ujredSorisi sivrcidan wylis gadasvla plazmaSi. amis Sedegad ujredSoris 

sivrceSi matulobs siTxis moculoba — viTardeba e.w. SeSupeba. daavadeba aseve Se-

saZlebelia gamoiwvios gulis ukmarisobamac. 

2. ujredSida hiperhidratacia SeiZleba gamoiwvios organizmSi Warbi marilebis 

Seyvanam, aseve didi raodenobiT wylis miRebam da misma arasakmarisma gamodevnam or-

ganizmidan (nevropaTiebis, Tirkmelzeda jirkvlis ukmarisobis da sxv. SemTxveveb-

Si), rasac mosdevs e.w. `wyliT intoqsikacia~, romlis niSnebia: Tavis tkivili, depre-

sia, fsiqikuri moSliloba, krunCxvebi, koma, Tavis tvinis SeSupeba da sxv. aseT avad-

myofebs saerTod ar aqvT wyurvilis SegrZneba. 

3. zogadi hiperhidrataciisas wyali grovdeba rogorc ujredSigniT, aseve uj-

redgare areSi. daavadeba aRiniSneba sisxlis mimoqcevis darRvevisa da RviZlis ci-

rozis dros. xSirad daavadeba viTardeba umarilo dietis SemTxvevaSi. 

dehidratacia viTardeba organizmSi wylis arasakmarisi raodenobiT moxvedris 

an didi raodenobiT dakargvis Sedegad. arsebobs sami saxis dehidratacia: ujredga-

re (eqstracelularuli), ujredSida (intraceluluri) da zogadi. 

eqstracelularuli, anu hipoosmoluri dehidratacia viTardeba organizmis mi-

er marilebis didi raodenobiT dakargvisas — xangrZlivi Rebinebis, Zlieri ofliano-

bis, faRaraTis, kuWis xangrZlivi gamorecxvis da sxv. msgavsi mdgomareobebisas. orga-
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nizmis mier marilebis dakargva iwvevs ujredgare areSi eleqtrolitebis da, Sesaba-

misad, wnevis Semcirebas. amis gamo ujredis SigniT, ujredgare aresTan SedarebiT, 

wneva matulobs da wyali ujredgare aredan gadadis ujredis SigniT, rasac mosdevs 

ujredSida hiperhidratacia. amrigad, ujredgareTa dehidratacias mosdevs ujred-

gareTa siTxis moculobis Semcireba da ujredebis hiperhidratacia. aseT avadmyo-

febs aReniSnebaT kanisa da lorwovani garsebis simSrale, maT saerTod ar gaaCniaT 

wyurvilis grZnoba. aseT pacientebs mkurnaloben natriumis qloridis izotonuri 

(0,9%) xsnariT. 

intraceluluri, anu hiperosmoluri dehidratacia viTardeba maSin, roca avad-

myofi wyals ufro meti raodenobiT kargavs, vidre marilebs, ris gamoc ujredgare-

Ta siTxeSi matulobs marilebis Semcveloba da, Sesabamisad, ujredgareTa siTxis 

osmosuri wneva. es iwvevs wylis gamosvlas ujredis Signidan ujredgare areSi, ris 

gamoc viTardeba ujredSida dehidratacia. 

hiperosmoluri dehidratacia viTardeba saylapavi milis stenozebis, nafrite-

bis, Saqriani da uSaqro diabetisas. klinikurad vlindeba kanis, enisa da lorwovani 

garsebis simSraliT, magram hipoosmoluri dehidrataciisagan gansxvavebiT, avad-

myofs aqvs Zlieri wyurvili. am saxis dehidratacia xSirad aRiniSneba ZuZumwovar 

bavSvebSi. 

zogadi, anu izoosmoluri dehidratacia viTardeba wylis miRebis Sewyvetis da 

wylisa da masTan erTad marilebis didi raodenobiT dakargvisas. zogadi dehidra-

tacia aRiniSneba saWmlis momnelebel traqtze operaciuli Carevisas, Zlieri faRa-

raTisa da oflianobis, aseve damwvrobis SemTxvevaSi. axalSobilebi sicocxlis pir-

vel dReebSi kargaven sxeulis masis daaxloebiT 10%-s. es gamowveulia, erTi mxriv, 

kataboluri procesebis gaZlierebiT da, meore mxriv, wylis uaryofiTi balansiT. 

nayofadyofnis periodSi kansa da kunTebSi Warbad deponirebuli wyali sococxlis 

pirvelive dReebSi iwyebs organizmidan gamoyofas. ujredSorisi da ujredSida wya-

li gadadis sisxlis plazmaSi da gareT gamoiyofa TirkmelebiT. am movlenas axalSo-

bilebis fiziologiuri dehidratacia ewodeba. es movlena ar aris saSiSi da igi erTi 

kviris Semdeg qreba. 

XIII.2. vitaminebi 

XIX s.-is meore naxevarSi dadginda, rom sakvebi nivTierebebis kvebiTi Rirebule-

ba ganisazRvreba maTSi cilebis, cximebis, naxSirwylebis, mineraluri marilebis da 

wylis SemcvelobiT. amasTanave, praqtika cxadyofda, rom didi raodenobiT sakvebis 

miReba yovelTvis ver uzrunvelyofda kvebasTan dakavSirebuli zogierTi daavade-

bis Tavidan acilebas. 1880 w. rusi mecnieris luninis mier Catarda eqsperimentebis 

seria, romelic cxadyofda, rom SeuZlebelia iseTi TeTri Tagvebis gadarCena, rom-

lebic imyofebian xelovnuri rZis dietaze (rZe Seicavda cilebs, cxims, Saqars, mine-

ralur marilebsa da wyals). amave dros, Tagvebi, romlebic ikvebebodnen naturalu-

ri, axali rZiT, ar iRupebodnen. luninis mier pirvelad gamoiTqva mosazreba, rom 

rZeSi kazeinis, cximis, laqtozis da marilebis garda unda iyos sxva nivTierebebic, 

romlebic ganapirobeben cocxali organizmis normalur ganviTarebas. 1890 w. igive 

cdebi, dietis gansxvavebuli variantiT, Catarebul iqna mecnier sosinis mier da ga-

keTda analogiuri daskvnebi. eqim eikmanis mier, romelic akvirdeboda kunZul iavas 

cixeebis tusaRebis janmrTelobas, dadgenil iqna, rom gasufTavebuli (qerqis gare-

Se) brinjiT kvebisas 40 adamianidan erTs uviTardeboda daavadeba beri-beri, maSin 
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roca gaurCeveli qerqiani brinjiT kvebisas es daavadeba uviTardeboda 10 000-dan 

erT adamians. 1911 w. polonelma mecnierma funkma brinjis qerqidan gamoyo organu-

li nivTiereba, romelic Seicavda aminojgufs da aferxebda beri-beris ganviTare-

bas. funkma am nivTierebas `vitamini~  (laT. `vita~ — cxovreba) uwoda.  

vitaminebi — sakvebis Seucvleli komponentebia, romlebic masSi mcire odenobiT 

Semcvelobisas uzrunvelyofen organizmSi bioqimiuri da fiziologiuri procese-

bis normalur mimdinareobas, vinaidan iReben monawileobas nivTierebaTa cvlis re-

gulaciaSi. amave dros, vitaminebi ar gamoiyeneba organizmis plastikuri da energe-

tikuli saWiroebisaTvis. adamiani dRe-RameSi iRebs daaxloebiT 600 g sakvebs (mSral 

nivTierebaze gadaangariSebiT). am raodenobidan vitaminebis wili 100-200 mg-ia. 

vitaminebis erTiani nomenklatura didi xnis ganmavlobaSi ar iyo miRebuli. dRe-

isaTvis arsebobs vitaminebis klasifikaciis ramodenime varianti: 

1) mak-kolumis winadadebiT (1913 w.) maT aRniSnaven laTinuri asoebiT A, B, C, D, E, 

K da sxv.  

2) saxelwodeba fiziologiuri moqmedebis mixedviT — im avadmyofobis saxels, 

romelsac Tavidan agvacilebs an gankurnavs esa Tu is vitamini, umateben winsarTs 

`anti~ (antiskorbutinuli, antihemoragiuli, antisteriluri da sxv.). 

3) qimiuri saxelwodeba. 

1974 wels miRebulia vitaminebis saerTaSoriso klasifikacia: 

wyalSi xsnadi vitaminebi: B1 — Tiamini, antinevrozuli; B2 — riboflavini, zrdis 

vitamini; B5 — panToteinis mJava, antidermatituli; B3 (PP) — nikotinis mJava, antipe-

lagruli; B6 — piridoqsoli, antidermatituli; B12 — ciankobalamini, antianemiuri; 

Bc — foliumis mJava, antianemiuri; H — biotini, antiseboreuli; C — askorbinis mJava, 

antiskorbutuli; P — rutini, kapilargamamagrebeli. 

cximSi xsnadi vitaminebi: A — retinoli, antiqseroftalmuri; D — kalcifero-

li, antiraqituli; E — tokoferoli, antisteriluri; K — nafToqinoni, antihemora-

giuli. 

vitaminis msgavsi nivTierebani: qolini, lipois mJava, orotis mJava, vitamini 

B15, inoziti, paraaminobenzois mJava, vitamini U. 

vitaminebis biologiuri moqmedeba umetesad gamoixateba maTi monawileobiT 

sxvadasxva fermentul reaqciebSi kofermentebis saxiT (kofermentuli funqcia). 

cnobilia wyalSi xsnadi vitaminebis antivitaminebi. es aris vitaminebis analoge-

bi, romlebic avlenen vitaminebis sawinaaRmdego moqmedebas (mag., Tiaminis antivita-

mins warmoadgens oqsiTiamini). cximSi xsnadi vitaminebidan antivitaminebi aqvs mxo-

lod vitamin K-s. esenia kumarinis warmoebulebi — dikumarini, varfarini, tromeqsa-

ni.  

sakvebSi vitaminebis arasakmarisi raodenoba iwvevs daavadebebs, romelTac hipo-

vitaminozebi ewodeba. sakvebSi erTi vitaminis ukmarisoba iwvevs avitaminozs, ram-

denime vitaminis ukmarisoba — polihipovitaminozs, xolo vitaminebis ararseboba 

sakvebSi — poliavitaminozs. vitaminebis didi raodenobiT Seyvanisas organizmSi 

(rogoc wesi, cximSi xsnadi vitaminebis) SeiZleba ganviTardes hipervitaminozi. same-

dicino praqtikaSi ufro xSirad gvxvdeba hipovitaminozebi, romelTa mizezi SeiZ-

leba iyos: sakveb produqtebSi vitaminebis ukmarisoba; vitaminebis Sewovis darRve-

vebi; vitaminebis metabolizmis darRvevebi; zogierTi vitaminis gamomuSavebeli naw-

lavis mikrofloris cxovelmyofelobis daqveiTeba, antibiotikebisa da sulfani-

lamiduri preparatebis peroraluri miReba. 
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XIII.2.1. cximSi xsnadi vitaminebi 

vitamini A (retinoli, antiqseroftalmuri faqtori) warmoadgens poliizop-

renoids, romelic Seicavs cikloheqsanur rgols. vitamin A-s jgufSi Sedis retino-

li, retinali da retinis mJava. mxolod retinols aqvs vitamin A-s sruli funqcia. 

termini `retinoidebi~ gulisxmobs retinolis rogorc bunebriv, aseve sinTetikur 

formebs. A vitaminis mcenareuli winamorbedia β-karotini, romelsac axasiaTebs 

vitamin A-s aqtivobis 1/6. 

retinolis eTerebi ixsneba 

sakvebis cximebSi, rasac mos-

devs maTi emulgireba naRvlis 

mJavebiT da nawlavis epiTeliu-

miT Sewova. Sewovili β-karoti-

ni iSleba retinalis or mole-

kulad, romlebic epiTeliumis 

ujredebSi aRdgeba retinolad. 

retinolis umetesi raodenoba ganicdis esTerifikacias najeri cximovani mJavebiT. 

da qilomikronebiT limfis gavliT xvdeba sisxlSi. lipolizuri gardaqmnis Sedegad 

qilomikronebi STainTqmeba RviZliT, sadac A vitamini inaxeba eTerebis saxiT. peri-

feriul qsovilebSi transportirebisTvis retinolis eTerebi hidrolizdeba da ga-

moTavisuflebuli retinoli sisxlis plazmaSi ukavSirdeba e.w. plazmis retinol-

damakavSirebel proteins (prdp). periferiul ujredebSi moxvedrisas retinoli 

ukavSirdeba ujredebis retinol-damakavSirebel proteins (urdp). vitamini A-s 

toqsikuri gavlena mJRavndeba vitaminis Tavisufali formis dagrovebisas, anu ma-

Sin, roca prdp-s raodenoba arasakmarisia. retinoli da retinali urTierTgardaiq-

mneba nad+-damokidebul dehidrogenazebiT an reduqtazebiT. rac Seexeba retinis 

mJavas, igi ar ganicdis gardaqmnas. swored amis gamo retinis mJava xels uwyobs qso-

vilebis diferencirebas da zrdas, magram ver Secvlis retinals, romelic mxedve-

lobis procesSi monawileobs, an retinols, romelic monawileobs reproduqtiuli 

organoebis funqcionirebaSi. 

retinolis moqmedeba msgavsia ujredSi hormonebis moqmedebisa — ujredSi SeR-

wevis Semdeg is uerTdeba birTvis cilebs da axdens gansazRvruli genebis eqspresi-

is regulacias. retinoli aucilebelia normaluri reproduqciuli funqciebis gan-

saxorcieleblad. 

retinali monawileobs mxedvelobis procesSi. 11-cis-retinali ukavSirdeba ci-

la opsins da warmoqmnis rodopsins. sinaTleze rodopsini disocirdeba da cis-re-

tinali gadadis trans- mdgomareobaSi. reaqcias Tan axlavs Cxirebis membranebis 

konformaciuli cvlilebebi da Sedegad kalciumis arxebis gaxsna. kalciumis ione-

bis swrafi Sesvla ujredSi axdens nervuli impulsis inicirebas, romelic mxedve-

lobis nervs gadaecema. meoreuli aRqmisaTvis (anu sibneleSi) trans-retinali aR-

dgeba alkoholdehidrogenazaTi trans-retinolad (am SemTxvevaSi SesaZlebelia A 

vitaminis raodenobis Semcireba), romelic izomerizirdeba (SesaZlebelia A vitami-

nis raodenobis aRdgena). cis-retinoli iJangeba cis-retinalis warmoqmniT, rome-

lic opsinTan SeerTebis Sedegad warmoqmnis rodopsins. amis Semdeg SuqmgrZnobelo-

bis sistema mzadaa Semdgomi sinaTlis kvantis misaRebad. 

retinis mJava monawileobs glikoproteinebis sinTezSi, aZlierebs qsovilebis 

diferencirebas da zrdas. 
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retinoidebs aqvs antisimsivnuri aqtivoba da asustebs kancerogenebis moqmede-

bas. 

β-karotini Zlieri antioqsidantia da SeuZlia peroqsiduli Tavisufali radika-

lebis (ROO-) gauvnebelyofa Jangbadis dabali parcialuri wnevis mqone qsovilebSi. 

vitamini A-s wyaroa cxoveluri warmoSobis produqtebi (RviZli, Tirkmelebi, ka-

raqi, Tevzis qoni). vitamini A2-is biologiuri aqtivoba ZuZumwovrebisTvis vitamini 

A-s aqtivobis 40%-s Seadgens. mcenareebSi aris pigmentebi — α, β da γ-karotinebi 

(stafilo, tomati), romlebic warmoadgens A-vitaminis winamorbedebs. vitamini A-s 

sadReRamiso moTxovnileba adamianisTvis 1-2,5 mg-ia (5000-7000 ME). 1 ME Seesabameba 

0,344 mkg retinolacetats. nawilobriv es moTxovnileba SeiZleba anazRaurdes ka-

rotinis xarjze (2-5 mg). 1 mg karotini Seesabameba 0,67 mg retinols. 

ramdenadac vitamini A RviZlSi maragdeba, deficiti SesaZlebelia ganviTardes 

mxolod vitaminis armiRebis gaxangrZlivebiT. deficitis msubuqi formaa foliku-

luri hiperkeratozi (uxeSi keratinizirebuli kani), anemia (miuxedavad imisa, rom rki-

nis miReba adekvaturia) da infeqciebisa da  simsivneebisadmi midrekilebis gazrda. vi-

tamini A-s hipovitaminozi vlindeba hemeralopiis saxiT (qaTmis sibrmave). es aris 

vitamini A-s naklebobis adreuli niSani: adamiani normalurad xedavs dRis sinaTleze 

da Zalian cudad bindSi. avitaminozi xasiaTdeba sxeulis masis klebiT, zrdis Sewyve-

tiT, epiTeliumis proliferaciiTa da garqovanebiT, kanisa da lorwovani garsebis 

simSraliT, epiTeliumis aqercvliT, reproduqciuli funqciis darRvevebiT. Tvalis 

rqovanas simSrales qseroftalmia ewodeba (aqedanaa vitamini A-s saxelwodeba — 

antiqseroftalmuri faqtori). saSarde gzebis da nawlavebis epiTeliumis dazianeba 

iwvevs anTebiT procesebs. vitamini A-s ukmarisobis umniSvnelovanes mizezs warmoad-

gens lipidebis Sewovisa da transportis darRvevebi. 

vitamini A-s didi dozebiT organizmSi Seyvana iwvevs hipervitaminozs. toqsiku-

ri dozebia 1.000.000 — 6.000.000 ME. mwvave hipervitaminozis dros Cvil bavSvebSi iz-

rdeba Tavis qalis Sida wneva, uZiloba icvleba moTenTilobiT, gamoburculia yif-

libandi. 1-4 wlamde bavSvebSi qronikuli intoqsikaciis niSnebia gaRizianebadoba, 

saWmlisadmi gulgriloba, gaxdoma, Tmis simSrale, dacvena, naxeTqebi kanze (xelis-

gulebi, terfebi), seborea, RviZlis da elenTis gadideba. 

vitamini D (kalciferoli, antiraqituli faqtori). mcenareuli produqtebi 

Seicavs ergosterins, romelic ultraiisferi sxivebis zemoqmedebiT gardaiqmneba 

D2-vitaminad (ergokalciferoli). cxovelur qsovilebSi gavrcelebulia 7-dehid-

ro-qolesterini, romelic ultraiisferi sxivebiT dasxivebisas gardaiqmneba vita-

min D3-ad (qolekalciferoli).  

sakvebiT miRebuli vitamini D STainTqmeba micelebis SemadgenlobaSi. sisxlSi 

vitamini D transportirdeba specifikuri satransporto globulinebiT. hepatoci-

tebSi vitamini D ganicdis hidroqsilirebas 25-hidroqsi-qolekalciferolis (25-

OH-D3) warmoqmniT. es aris vitamini D-s mTavari sarezervo forma RviZlSi da satran-

sporto forma sisxlSi. 

25-OH-D3-is nawili monawileobs RviZlis Sida cirkulaciaSi, iseve, rogorc naR-

vlis mJavebi. am procesis darRvevisas SeiZleba warmoiqmnas D vitaminis deficiti. 

TirkmelebSi, placentasa da ZvlebSi 25-OH-D3 SeiZleba hidroqsilirdes I mdgomare-

obaSi 1,25-dihidroqsiqolekalciferolis (1,25-(OH)2D), anu kalcitriolis warmo-

qmniT. 
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kalcitriolis warmoeba regulir-

deba misive koncentraciiT, paraThor-

monis da Sratis fosfatebis meSveobiT. 

kalcitrioli moqmedebs ujredSida 

moqmedebis hormonebis analogiurad. is 

enterocitebis membranaSi gradientis 

sawinaaRmdegod Ca2+-is ionis gadaadgi-

lebis erTaderTi regulatoria. kal-

citriolis meSveobiT xdeba enteroci-

tebSi kalciumdamakavSirebeli cilis 

biosinTezis stimulireba, rac uzrun-

velyofs kalciumisa da fosfatebis Se-

wovas wvril nawlavSi. vitamini D3 aZli-

erebs fosfatebis reabsorbcias Tirkmlis milakebSi, rac uzrunvelyofs kalciumi-

sa da fosforis normaluri Tanafardobis SenarCunebas plazmasa da ujredSoris 

sivrceebSi. Tirkmlis qronikuli ukmarisobis dros ganviTarebuli movlenebi iwve-

ven Tirkmlismier osteodistrofias. Tirkmlis ukmarisoba SeuZlebels xdis 1,25-

(OH)2D-is produqcias da amgvarad, Zvlis kalciumi Sratis kalciumis erTaderTi 

wyaro xdeba. mogvianebiT stadiebze situacias arTulebs Tirkmlis mier fosfate-

bis intensiuri Sekaveba, rac hiperfosfatemias iwvevs. SratSi fosforis done imde-

nad maRalia, metastazuri kalcifikaciis (rbili qsovilebis kalcifikacia) mizezi 

xdeba, rac ufro amcirebs SratSi kalciumis raodenobas. hiperfosfatemia da hipo-

kalciemia astimulireben paraThormonis sekrecias, rac, Tavis mxriv, kidev ufro 

aCqarebs Zvlebis ganlevas. vitamini D-s an misi aqtiuri metabolitebis maRali doze-

biT Seyvana ar aris sakmarisi, vinaidan hiperfosfatemia da hipokalciemia iwvevs me-

tastazuri kalcifikaciis ufro metad ganviTarebas. Sratis kalciumis donis ko-

leqcia SesaZlebelia sakvebiT miRebuli kalciumiT da/an fosfatebis Semamcirebe-

li TerapiiT. yvelaze xSirad gamoiyeneba fosfatebis Semakavebeli antacidebi, rom-

lebic fosfats gardaqmnis adsorbciisaTvis gamousadegar formad. peroralurad 

miRebuli 1,25-(OH)2D efeqturia nawlavebis lorwovan garsSi kalciumis absorbciis 

stimulaciisaTvis, magram igi mniSvnelovani raodenobiT ver xvdeba periferiul 

cirkularul sistemaSi. amrigad, Zlieri hiperparaTiroidizmis dros, xSir SemTxve-

vaSi, saWiro xdeba 1,25-(OH)2D-is intravenurad Seyvana. amJamad mimdinareobs rigi 

kalcimimeturi preparatebis kvleva, romlebic ukavSirdebian paraTiroiduli jir-

kvlis membranaze arsebul kalciumis sensorebs da amiT amcirebs paraTiroiduli 

hormonis produqciasa da sekrecias.  

vitamini D-s wyaroa Tevzis qoni, Tevzebisa da cxovelebis RviZli, naRebis kara-

qi, kvercxis guli, rZe. moTxovnileba D vitaminze damokidebulia organizmis asakze 

da mdgomareobaze da Seadgens 12-25 mkg (500-1000) dRe-RameSi. D vitaminis ukmariso-

bisas bavSvebSi viTardeba raqiti, rasac Tan sdevs Zvlebis mineralizaciis darRveva, 

kbilebis gviani ganviTareba, kunTebis hipotonia. mozrdilebSi D vitaminis ukmari-

sobisas iwyeba osteoporozi. D-hipovitaminozis profilaqtikisTvis iyeneben kanisa 

da sakvebis ultraiisfer dasxivebas. D vitaminis zedmeti dozebis miRebis SemTxve-

vaSi (dozebi aWarbebs samkurnalos 2-3-aTasjer), viTardeba hipervitaminozi. bav-

SvebSi D-hipervitaminozis Sedegebia: zrdis SeCereba, gulisreva, gaxdoma, momate-

buli arteriuli wneva, agzneba — gardamavali CabJirebaSi. amis safuZvelia hiper-

kalciemia da Sinagani organoebis kalcifikacia. 
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vitamini E (tokoferoli) — es aris bunebrivi naerTebis jgufi — tokolis war-

moebulebi. igi Seiwoveba nawlavebSi da qilomikronebis SemadgenlobiT limfidan 

xvdeba sisxlsa da Semdgom qsovilebSi, romelTa kapilarebSi moqmedebs specifikuri 

fermentebi — lipoproteinlipazebi. RviZlSi tokoferoli qilomikronebiT xvdeba, 

saidanac transportirdeba periferiul qsovilebSi dabali simkvrivis lipoprotei-

nebis saSualebiT da sabolood cximovan qsovilSi deponirdeba. 

 
vitamini E grovdeba ujredebis membranebSi da moqmedebs, rogorc antioqsidan-

ti, rac gamoixateba Tavisufali radikalebis warmomqmneli procesebis reaqciebis 

jaWvis gawyvetiT. Sedegad, xeli eSleba fosfolipidebis poliujeri cximovani mJa-

vebis peroqsidacias. am dros xdeba fenoluri wyalbadis gadatana ujeri cximovani 

mJavis zeJangis Tavisufal radikalze. tokoferolis gardaqmnis produqti, rome-

lic ar Seicavs Tavisufal radikals, koniugirdeba glukuronis mJavasTan RviZlSi 

da gamoiyofa naRvelTan erTad. aqedan gamomdinare, vitamini E, sxva vitaminebisgan 

gansxvavebiT, ar gamoiyeneba xelmeored da Tavisi moqmedebis Semdeg icvleba toko-

ferolis axali molekulebiT. tokoferolis antioqsidanturi moqmedeba efeqtu-

ria Jangbadis maRali koncentraciis dros. amis gamo igi gvxvdeba iseTi ujredebis 

membranebSi, sadac Jangbadis parcialuri wneva maRalia (eriTrocitebis membranebi, 

respiratoruli organoebis ujredebi). moTxovnileba E vitaminze izrdeba sakvebad 

ujeri cximovani mJavebis gamoyenebisas. vitamini E da seleni (Se) moqmedebs, rogorc 

sinergistebi. seleni Sedis ferment glutaTionperoqsidazas SemadgenlobaSi, ro-

melic auvnebelyofs peroqsidul radikalebs. igi aseve aucilebelia kuWqveSa jir-

kvlis normaluri funqcionirebisTvis. kuWqveSa jirkvlis funqciis moSlisas ir-

Rveva lipidebis monelebis da Sewovis procesi da vitamini E-s meoradi Sewova. vita-

mini E monawileobas iRebs SH-Semcveli fermentebis funqcionirebaSi, moqmedebs CoQ-s 

biosinTezze, monawileobs mitoqondriebis sunTqviT jaWvSi eleqtronebis gadata-

nis meqanizmebSi. E vitaminis wyaroa mcenareuli zeTebi, marcvlovani kulturebi, 

askilis nayofi, salaTa, kombosto. dReRamuri moTxovnileba 20-30 mg-ia. 

vitamin E-s deficitisas irRveva spermatozoidebis warmoSobis procesi mamaka-

cebSi da nayofis ganviTareba qalebSi. viTardeba reproduqciuli organoebis ujre-

debis degeneratiuli cvlilebebi, kunTovani distrofia, zurgis tvinis ujredebis 

degeneratiuli cvlilebebi, RviZlis cximovani gadagvareba, dislipoproteinemie-

bi. axalSobilebSi SeiZleba ganviTardes anemia, amitom sasurvelia vitamin E-s miRe-

ba orsulobisa da laqtaciis periodSi. anemia viTardeba hemoglobinis produqciis 

da eriTrocitebis sicocxlis xangrZlivobis Semcirebis gamo. E-hipovitaminozi vi-

Tardeba lipidebis monelebisa da Sewovis darRvevisas, romlis saboloo Sedegia 

nevrologiuri daavadebebi. 
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rogorc maRali, aseve dabali temperatura iwvevs vitamin E-s daSlas. samkurna-

lo praqtikaSi miRebulia A da E vitaminebis erToblivi gamoyeneba. 

vitamini K (filoqinoni, antihemoragiuli faqtori). K vitamini warmoadgens 

2-meTil-1,4 naftoqinonis warmoebuls, romelic me-3 mdgomareobaSi Seicavs gver-

diT jaWvs (fitols). K1 vitamini gamoyofilia ionjidan. vitamini K2 gamoyofilia 

gaxrwnili Tevzis fqvilidan da K1 vitaminisgan gansxvavdeba gverdiTi jaWvis Sene-

biT, romelic warmoadgens farnezildigeranils. vitamini K3 (sinTezuri) ar Seicavs 

gverdiT jaWvs me-3 mdgomareobaSi. mis safuZvelze Seiqmna wyalSi xsnadi preparati 

vikasoli (2-meTil-1,4 naftoqinonis natriumis marilis bisulfituri warmoebuli).  

bunebrivi K jgufis vitaminebis (naftoqinonebis) SewovisaTvis saWiroa naRvlis 

mJavebi. sisxlSi isini xvdeba limfidan qilomikronebis SemadgenlobaSi. vikasolis 

SewovisTvis naRvlis mJavebi saWiro ar aris da is pirdapir xvdeba karis venasa da 

RviZlSi. K vitamini jer akumulirdeba RviZlSi, magram swrafadve ixarjeba. vitamini 

K-s deficitis mTavari mizezi misi mcire adsorbciaa.  

 
K vitamini astimulirebs sisxlis Sededebis oTxi cilovani faqtoris (II-proT-

rombini; VII-prokonvertini; IX-kristmanis faqtori, anu antihemofiluri globuli-

ni; X-stiuart-praueris faqtori) sinTezs. igi moqmedebs, rogorc ferment karboq-

silazas kofaqtori proTrombinis glutaminuri naSTebis posttranslaciuri modi-

fikaciis etapze. proTrombini Seicavs 10 naSTs, romlebic karboqsilirdeba vitamin 

K-damokidebuli karboqsilazaTi da Semdeg xelatirdeba kalciumiT, rac mniSvne-

lovania sisxlis SededebisTvis. karboqsilirebis reaqcia saWiroebs CO2-isa da vita-

min K-s aRdgenili formis monawileobas. K-s karboqsilazuri reaqciis produqtis 

aRdgenis cikli (qinoiduri forma gadadis hidroqinoidurSi) mimdinareobs endop-

lazmur retikulumSi. am ciklSi centraluri adgili ukavia or reduqtazul reaq-

cias (pirvelSi gamoiyeneba diTioluri aRmdgeneli, meoreSi — nadf-damokidebuli 

reduqtaza). pirveli reaqcia mgrZnobiarea antikoagulantebis (dikumarolebi, maga-

liTad, varfarini) mainhibirebeli moqmedebisadmi, amitom K vitaminis umTavresi Te-

rapiuli gamoyeneba xdeba dikumaroluri antikoagulantebis zedmeti dozebis miRe-

bisas. cnobilia K vitaminis monawileoba JangviT fosforilirebaSi, aseve igi xasi-

aTdeba mravalmxrivi anaboluri moqmedebiT.  

K vitaminis wyaros nawlavis mikroflora warmoadgens. dReRamuri moTxovnile-

ba 0,2-0,3 mg-ia. SesaZlebelia naftoqinonebis miReba sakvebiT (ispanaxi, gogra, kom-

bosto, cxovelTa RviZli, circelis nayofi). nawlavis normaluri mikrofloris pi-

robebSi K vitaminis deficiti mozrdilebSi ar gvxvdeba. hipovitaminozis ZiriTadi 

mizezebia: nawlavebis sterilizacia antibiotikebiT da sulfanilamiduri prepara-

tebiT. cnobilia  vitaminis deficiti axalSobilebSi, risi mizezia is, rom vitamini 

placentaSi ver gadis, xolo nawlavebi jer steriluria. mSobiarobis Semdeg K vita-
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minis Semcveloba plazmaSi klebulobs, magram sakvebis miRebis Semdeg normas ub-

rundeba. isev aRdgeba. proTrombinis dabali Semcvelobisas SesaZlebelia e.w. hemo-

ragiuli sindromis ganviTareba. K-hipovitaminozi gvxvdeba absorbciis Semcirebis, 

hepatobilaruli da pankreatuli sistemebis disfunqciisa da nawlavis lorwovanis 

atrofiis SemTxvevaSi. K-hipovitaminozis ZiriTadi gamovlinebebi dakavSirebulia 

SidasisxlZarRvovani sisxlis Sededebis darRvevasTan da sisxldenasTan. mkurnalo-

ba xdeba preparat vikasoliT.  

XIII.2.2. wyalSi xsnadi vitaminebi 

vitamini C (askorbinis mJava). askorbinis mJava warmoadgens laqtons. am Senaer-

Tis mJave Tvisebebi ganpirobebulia ori enoluri hidroqsiliT, romlebsac aqvs di-

sociaciis unari (gansakuTrebiT me-3 mdgomareobaSi). askorbinis mJavas vitaminuri 

aqtivoba ganisazRvreba laqtonuri rgolis arsebobiT. misi gaSlis Semdeg (2,3 dike-

togulonis mJava) vitaminuri aqtivoba qreba. askorbinis mJava Seqcevadad gardaiq-

mneba dehidroaskorbinis mJavad, romelic C vitaminis satransporto formas warmo-

adgens.  

askorbinis mJava monawileobs ujredis Jangva-aRdgeniTi potencialis (Eo) 

warmoqmnaSi da, Sesabamisad, moqmedebs rigi fermentebis aqtivobaze. `askorbinis mJava — 

dehidroaskorbinis mJava~ sistemis Eo tolia 0,08 voltisa, amitom askorbinis mJava SeiZ-

leba monawileobdes citoqromi c-s da a-s, aseve Jangbadis da nitratebis aRdgenaSi. 

vitamini C icavs hemoglobins daJangvisagan; monawileobs kolagenis sinTezSi, xels uwy-

obs SemaerTebeli qsovilis qondroitinsulfatebis biosinTezs; monawileobas iRebs Ti-

rozinis cvlaSi (monawileobs adrenalinis biosinTezSi dofaminis hidroqsilirebis 

etapze da icavs adrenalins daJangvisagan; monawileobs Tirozinis cvlis procesSi n-oq-

sifenilpiroyurZnis mJavas daJangvis etapze homogentizinis mJavas warmoqmniTa da misi 

daJangviT), aseve naRvlis mJavebis warmoqmnaSi, maTi winamorbedis 7α-hidroqsilirebis 

etapze; monawileobs folis mJavas sinTezSi da, aqedan gamomdinare, nukleinis mJavebis 

cvlaSi da ribozis dezoqsiribozad gardaqmnis procesSi; aseve iribad CarTuli asis-

xlwarmoqmnis aqtivaciaSi, regeneraciul procesebSi da rkinis Sewovis gaaqtivebaSi. 

Tirkmelzeda jirkvlis qerqi Seicavs didi raodenobiT askorbinis mJavas, romelic ga-

moiyeneba kortikosteroiduli hormonebis biosinTezSi. es procesi Zlierdeba korti-

kotropiniT. vitamini C moqmedebs, rogorc mTavari wyalSi xsnadi antioqsidanti da Se-

uZlia sakvebis miRebisas nitrozaminebis (kancerogenebia) warmoqmnis inhibireba.       

yovelive zemoTqmulidan gamomdinare, vita-

mini C-s fiziologiuri efeqtebia: 1. araspecifi-

kuri rezistentulobis  gazrda; 2. regeneraciu-

li procesebisa da sisxlwarmoqmnis aqtivacia; 3. 

daZabulobis pirobebSi organizmis mTeli rigi 

sistemebis funqciis SenarCunebis xelSewyoba. 

C vitaminis wyaroebia: zafxulSi — askili, Sa-

vi mocxari, circeli, mwvane xaxvi, mJauna, kenkra; 

zamTarSi — xaxvi, kombosto, kartofili, kenkra 

(Termuli damuSavebis gareSe). ar SeiZleba C vi-

taminis Senaxva tenian garemoSi da sinaTleze. 

dRe-Ramis moxmareba Seadgens 70-120 mg-s. 
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C vitaminis ukmarisobisas viTardeba daavadeba suravandi (skorbuti). am daava-

debis niSnebia: saerTo sisuste, daRliloba, organizmis mdgradobis (rezistento-

bis) daqveiTeba, RrZilebis sisxldena, sisxlCaqcevebi (sisxlZarRvebis simyifis ga-

mo), Zvlebis simyife, kbilebis gaZlierebuli kariesi, regeneracuili procesebis 

daTrgunva, anemiis ganviTareba. 

vitamini P (ganvladobis vitamini). vitamini P — es aris nivTierebaTa jgufi, 

romlebic warmoadgens flavonis (difenilpropanis ConCxi, anu ori aromatuli rgo-

li dakavSirebuli samqlornaxSirbadis alifaturi fragmentiT) warmoebulebs.  

vitamini P-s biologiuri moqmedeba gan-

pirobebulia misi kavSiriT askorbinis mJa-

vasTan. igi icavs askorbinis mJavas dehidro-

askorbinis mJavad gardaqmnisagan da gluta-

Tionis monawileobiT aseve aRadgens dehid-

roaskorbinis mJavas askorbinis mJavamde. 

aris monacemebi vitamini P-s monawileobis 

Sesaxeb qsovilur sunTqvaSi. vitamini P, hia-

luronidazas aqtivobis Sekavebis xarjze, 

aregulirebs kapilarebis kedlebis ganvla-

dobas. bioflavonoidebi wyalSi xsnadi an-

tioqsidantebia, maTTvis aseve damaxasiaTe-

belia hipolipidemuri moqmedeba. vitamini P-s wyaroebia iseTi produqtebi, romle-

bic Seicavs C vitamins. dReRamuri moTxovnilebaa 30-50 mg. P-hipovitaminozis sura-

Ti C-hipovitaminozis msgavsia.  

vitamini B1 (Tiamini, antinevrituli faqtori). Tiaminis qimiur Senebas safuZ-

vlad udevs struqtura, romelic Sedgeba meTilis xidiT SeerTebuli pirimidinis 

da Tiazolis rgolebisagan. ZiriTad Tvisebebs avlens meoTxeuli azoti, ris gamoc 

mJave areSi warmoiqmneba Tiaminqloridi. mJave areSi Tiamini avlens mdgradobas da 

uZlebs gaxurebas 1400C-mde. tute areSi swrafad iSleba. atf-damokidebuli Tiamin-

difosfotransferazas meSveobiT (umeteswilad Tavis tvinSi, RviZlSi) Tiamini gar-

daiqmneba Tiamindifosfatad, anu Tiaminpirofosfatad (aqtiuri forma). 

Tiaminpirofosfati, rogorc kofermenti, monawileobs or umniSvnelovanes 

reaqciaSi: 

1) α-ketomJavebis JangviTi dekarboqsilireba (piruvati, α-ketoglutarati, gan-

totvilradikaliani aminomJavebis — leicini, izoleicini, valini — ketoanalogebi). 

am reaqciebs centraluri adgili ukavia katabolizmis saerTo procesSi. 

2) pentozofosfaturi gzis transketolazuri reaqciebi. am reaqciebSi monawile-

obs pentozofosfatebi, romlebic aucilebelia nukleotidebis biosinTezisTvis. 

B1 vitaminis wyaroa marcvleuli da 

parkosani kulturebis Teslis kani, Savi 

puri, wiwibura, mwvane barda. cxovelTa 

organizmSi vitamini B1  didi raodenobi-

Taa RviZlSi, TirkmelebSi, gulis kunTSi, 

Tavis tvinSi. dReRamuri moTxovnileba 2-3 

mg-ia. 

B1-hipovitaminozis dros viTardeba 

daavadeba beri-beri. aRwerilia am daavadebis oTxi tipi: 1. mSrali beri-beri (nervu-

li simptomatika da polinevritebi); 2. notio beri-beri (viTardeba SeSupebebi da se-
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rozuli gamonadenebi); 3. mwvaved mimdinare beri-beri (gulis kunTis dazianebebi); 4. 

Sereuli formis beri-beri (zemoT CamoTvlili yvela sindromi gamoxatulia sxva-

dasxva xarisxiT). daavadebisaTvis damaxasiaTebelia mravalgvari metaboluri dar-

Rveva. pirvel rigSi xdeba piruvatis, pentozofosfatebis da gantotvilradikalia-

ni aminomJavebis ketoanalogebis dagroveba nervul qsovilSi. Semdgom viTardeba 

periferiuli neiropaTiebi (kanis ubnebis gaSeSeba, Cxvleta, qavili), madis dakargva, 

gamofitva. Semdeg etapze mimdinareobs degeneratiuli cvlilebebi nervul, gul-

sisxlZarRvTa da kunTovan sistemebSi, fiziologiuri da reparaciuli regeneraci-

is procesebis gauareseba. 

Tiaminis deficitTanaa dakavSirebuli aseve vernikes encefalopaTia. igi gvxvde-

ba qronikuli alkoholizmiT daavadebul adamianebSi. B1 hipovitaminozs iwvevs er-

Tferovani maRalnaxSirwylovani kveba (Saqari, gasufTavebuli brinji, TeTri fqvi-

li). hipovitaminuri mdgomareobis mkurnalobisaTvis iyeneben Tiaminis qloris an 

bromis marilebs da Tiaminfosfats (kokarboqsilaza). Tiaminis didi dozebiT da 

xangrZlivad Seyvanisas SeiZleba ganviTardes B1 hipervitaminozi. Sedegad viTarde-

ba alergiuli reaqciebi (gamonayari, qavili, sunTqvis gaZneleba, krunCxvebi). 

vitamini B2 (riboflavini, zrdis vitamini). riboflavinis molekulis safuZvels 

warmoadgens heterocikluri SenaerTi — izoaloqsazani (benzoluri, pirazinuli da 

pirimidinuli rgolebis erToblioba), romelTanac me-9 mdgomareobaSi mierTebulia 

spirti ribitoli. riboflavini kargad ixsneba wyalSi, mdgradia mJave xsnarebSi, advi-

lad iSleba neitralur da tute areSi. riboflavini mgrZnobelobas avlens xiluli 

da ultraiisferi sxivebisadmi da SedarebiT advilad eqvemdebareba SeqceviT aRdge-

nas. igi ierTebs wyalbads ormagi bmebis adgilze (I da X mdgomareoba) da narinjisfer-

yviTeli xsnaridan gardaiqmneba ufero leikoformad. riboflavinis es Tviseba (advi-

lad aRdgena da daJangva) safuZvlad udevs B2 vitaminis biologiur moqmedebas. 

qsovilebSi riboflavini Sedis flavinuri fermentebis — flavo-proteidebis 

SemadgenlobaSi prosTetuli jgufis saxiT (apofermentTan dakavSirebulia me-3 

mdgomareobis azotiT). kofaqtorul funqcias riboflavini asrulebs fmn-is da 

fad-is saxiT. fmn sinTezirdeba Tavisufali riboflavinidan, flavokinazas da atf-

is monawileobiT. flavinnukleo-tidfosforilazas (fad-sinTetaza) daxmarebiT 

fad sinTezdeba fmn-dan da atf-dan. 

ganasxvaveben reaqciebis or tips, romlebic katalizdeba flavoproteidebiT: 1. 

martiv sunTqviT sistemebSi monawileoba (substratis pirdapiri daJangva JangbadiT, 

masze wyalbadis atomebis gadatana H2O2-is warmoqmniT da energiis gamoyofiT siTbos 

saxiT): am tipis reaqciebs akatalizebs L- da D- aminomJavebis oqsidazebi, qsantinoqsi-

daza da aldehiddehidrogenaza. 2. rTul sunTqviT 

sistemebSi monawileoba (eleqtronebis transporti-

reba mitoqondriis Sida membranaze). am reaqciebis ka-

talizatoria fermenti suqcinatdehidrogenaza, gli-

cerol-3-fosfatdehidrogenaza, nadH-dehidrogena-

za, dihidrolipoildehidrogenaza, acil-koA-dehid-

rogenaza. 

B2 vitaminis wyaroa RviZli, Tirkmelebi, guli, 

rZe, safuari. dReRamuri moTxovnileba 2-4 mg-s Sead-

gens. 

B2 da PP vitaminebis daficitisas viTardeba pe-

lagra. dermatitis bevri simptomi qreba am vitamine-
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biT Terapiis Sexamebisas. B2 hipovitaminozis dros adamianebSi viTardeba xeilozi 

(piris kuTxeebis dazianeba), angularuli stomatiti, glositi (enis anTeba), 

Tvalebis dazianeba (fotofobia, keratiti), rqovanaSi sisxlZarRvebis Sezrda, 

(kataraqta). SesaZlebelia gulis kunTis metaboluri darRvevebi da anemiebi. B2 

vitaminis mwvave avitaminozis dros misalodnelia komis ganviTareba. riboflaviniT 

mdidaria rZe, xorci, kvercxi da sinTezdeba marcvleuli produqtebi.  

vitamini PP (nikotinamidi, nikotinis mJava, niacini, antipelagruli faqto-

ri, vitamini B3) warmoadgens piridinis SenaerTs. misi saxelwodeba niSnavs "preventive 

pellagra" — pelagris Tavidan acileba (prevencia). 

PP vitaminis cvlaSi wamyvani roli eniWeba nad+-is da 

nadf+-is biosinTezs. am kofermentebis saSualebiT xdeba 

 vitaminis biologiuri funqciebis realizeba. PP vitami-

nis kofermentuli formebis warmoqmnisaTvis cnobilia 

sami ZiriTadi wyaro: 1. sakvebis nikotinamidi, romelic 

dezaminirebis Sedegad gardaiqmneba nikotinis mJavad; 2. 

sakvebis nikotinis mJava, romlisagan warmoiqmneba niko-

tinatmononukleotidi (nmn); 3. sakvebis triftofani. uj-

redebis citozolSi rigi fermentuli stadiebis gavliT, 

romelTaTvis aucilebelia B6 vitamini, warmoiqmneba qinolinis mJava da misgan — nmn. 

nikotinamiduri nukleotidebi asrulebs kofermentul funqcias ori tipis reaqci-

ebSi: 1) nad+ Sedis im dehidrogenazebis SemadgenlobaSi, romlebic akatalizebs pi-

ruvatis Jangva-aRdgeniTi gardaqmnis reaqciebs (glikolizi). aseve, izocitratis, α-

ketoglutaratis da malatis Jangva-aRdgeniT gardaqmnebs (limonmJava cikli). es 

reaqciebi ZiriTadad lokalizebulia mitoqondriebSi da emsaxureba energiis ga-

monTavisuflebas iq mimdinare JangviTi fosforilirebis procesSi. 2) nadf+ Sedis 

dehidrogenazebis (reduqtazebis) SemadgenlobaSi, romlebic umetesad lokalize-

bulia citozolSi an endoplazmur retikulumSi da emsaxureba aRdgeniT sinTezur 

reaqciebs (pentozofosfaturi gzis nadf-damokidebuli dehidrogenazebi, cximova-

ni mJavebisa da qolesterinis sinTezi, naRvlis mJavebisa da kortikosteroiduli 

hormonebis biosinTezi).      

PP vitaminis wyaroebia: ZuZumwovarTa RviZli, Tirkmelebi, guli, xorci, Tevzi, 

marcvlovnebi da parkosnebi, bostneuli. didi raodenobiTaa niacinia marcvleulis 

kanSi da safuarSi. dRe-Ramuri moTxovnilebaa 15-25 mg. 

vitaminis ukmarisoba viTardeba Semdeg SemTxvevebSi: 1. simindiT mudmivi kvebi-

sas. simindSi niacini bmuli formiTaa — niacitinis saxiT; 2. mudmivi kvebisas sorgo-

Ti, romlis marcvlebi Seicavs leicinis maRal koncentracias. leicini warmoadgens 

triftofanis nad+-ad gardaqmnis reaqciis ZiriTadi fermentis — qinolinfosfori-

boziltransferazas inhibitors; 3. B6 vitaminis da misi kofermentuli formis — pi-

ridoqsalfosfatis deficitis dros, romelic aucilebelia triftofanis qinolis 

mJavad gardasaqmnelad; 4. tuberkulozis sawinaaRmdego preparatis — izoniazidis 

xangrZlivad miRebisas; 5. simsivnuri karcinoiduli sindromisas (SesaZlebelia 

triptofanis gaZlierebuli gardaqmna serotoninad da ara nad+-ad); 6. hartnupis 

daavadebis dros (triptofanis absorbciis darRveva). 

PP, B6 da B2 SeuRlebuli hipovitaminozis dros viTardeba daavadeba pelagra, 

romlisTvisac damaxasiaTebelia sami ZiriTadi simptomi: 1. kanis dazianeba — derma-

titi; 2. kuW-nawlavis traqtis dazianeba — diarea; 3. nervuli moqmedebis darRvevebi 

— demencia. am dros warmoiqmneba mravalgvari metaboluri darRveva. 
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organizmidan PP vitamini gamoiyofa meTilnikotinamidis saxiT, SardTan erTad. 

amis gamo hipovitaminozis ararsebobis dros mizanSewonili araa nikotinamidis di-

di dozebis daniSvna, radgan misi gamoyofisaTvis saWiroa meTilis jgufi. am dros 

SeiZleba dairRves meTilirebis da trans-meTilirebis procesebi da warmoiSvas li-

potropuli nivTierebebis ukmarisoba. nikotinis mJava (magram ara nikotinamidi) di-

di dozebiT (gramebSi) gamoiyeneba aTerosklerozis samkurnalod. Tvlian, rom niko-

tinis mJava aZlierebs dabali simkvrivis lipoproteinebis katabolizms. amasTanave, 

kardiologiur avadmyofebs dabali arteriuli wneviT ar uniSnaven niacins, radgan 

mas hipotonuri vazodilaciuri moqmedeba axasiaTebs. PP vitaminis antivitaminebia: 

3-acetilpiridini, 6-aminonikotinamidi, izoniazidi (moqmedebs, rogorc nadis ana-

logi). 

vitamini B6 (piridoqsini, antidermatituli faqtori) Seicavs sam warmoebuls, 

romelTac aqvs vitaminuri aqtivoba: piridoqsoli, piridoqsali, piridoqsamini. pi-

ridoqsalis da piridoqsaminis fosforilirebuli warmoebulebi asruleben B6 vi-

taminis kofermentul funqcias. 

B6 vitaminis fosforilirebuli da arafosfori-

lirebuli formebi Seiwoveba nawlavebiT. am dros 

warmoebs arafosforilirebuli formebis fosfo-

rilireba. piridoqsalfosfati sisxlis plazmaSi 

vitaminis mTavari satransporto formaa. dRei-

saTvis cnobilia 20-ze meti piridoqsal-damoki-

debuli fermenti, romelTa specifikuroba gani-

sazRvreba apofermentebiT. piridoqsalfosfati 

warmoadgens aminotransferazebis prosTetiul 

jgufs, romlebic akatalizebs aminojgufis Seqcevad gadatanas aminomJavadan α ke-

tomJavaze (aminomJavebis warmoqmna, arapirdapiri dezaminireba da aminomJavebis aR-

dgeniTi aminireba). piridoqsalfosfatis monawileobiT mimdinareobs aminomJavebis 

dekarboqsilireba, rasac mivyavarT biogenuri aminebis warmoqmnamde (dekarboqsi-

lazebis prosTetuli jgufia). kunTis fosforilazas (dimeri) SemadgenlobaSi yo-

vel monomerze modis piridoqsalfosfatis 1 moli. iTvleba, rom piridoqsalfos-

fati monawileobs glikogenis fosforilazur daSlaSi (kunTis fosforilaza Sei-

cavs vitamini B6-is mTeli maragis 70-80%-s). 

B6 vitaminis wyaroebia: ludis safuari, cxoveluri RviZli, guli, Tirkmelebi, 

xorci, Tevzi, marcvleulTa Tesli, fetvi, lobio, axali mwvane wiwaka. vitamini 

farTodaa gavrcelebuli bunebaSi, sinTezdeba mcenareebis da mikroorganizmebis 

mier, aseve nawlavis mikrofloriT. dRe-Ramuri moTxovnilebaa 2-3 mg; orsulTaTvis 

— 6-7 mg. 

vinaidan B6 vitamini sinTezdeba nawlavis mikrofloriT, misi deficiti iSviaTia. 

hipovitaminozi viTardeba nawlavis mikrofloraze antibiotikebisa da sulfanila-

miduri preparatebis moqmedebiT, Cvil ZuZumwovar bavSvebSi, romelTa dedebma amo-

wures vitamini B6-is maragi kontraceptivebis xangrZlivi peroraluri miRebiT (B6 

vitamini cotaa rZeSi), alkoholizmiT daavadebul pacientebSi, tuberkulozis sawi-

naaRmdego preparatis — izoniazidis xangrZlivi miRebisas, vinaidan igi piridoq-

salTan warmoqmnis hidrazons, romelic swrafad eqskretirdeba. B6 vitaminis defi-

citi iwvevs dermatitebs, stomatits, glosits, koniunqtivits, hipoqromul anemias, 

zrdis SeCerebas. piridoqsinis ukmarisoba xSirad SeiniSneba pelagris drosac.     
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vitamini B5 (pantoTeinis mJava,  antidermatituli faqtori) Sedgeba β-alanini-

sa da α,γ-dihidroqsi-β,β-dimeTilerbos mJavasagan, romlebic peptiduri bmiTaa 

dakavSirebuli. 

pantoTeinis mJava warmoadgens 

blant RiayviTel siTxes, romelic kar-

gad ixsneba wyalSi. is aramdgradi da 

advilad hidrolizirebadi naerTia. 

hidrolizi xdeba peptiduri bmis ad-

gilze susti mJavebis da tuteebis ze-

moqmedebiT.           

pantoTeinis mJavas biologiuri moqmedeba realizdeba koferment A-s saSuale-

biT, romlis SemadgenlobaSic igi Sedis. fosfopanteTeini — vitamini B3-is kofer-

mentuli formaa; 4-fosfopanteTeini — koenzim A-sa da acilgadamtani cilis pros-

tetuli jgufia. vinaidan koA-s molekulis reaqciul nawils SH-jgufi warmoad-

gens, miRebulia koferment A-s Semoklebuli aRniSvna — koA-SH. pantoTeinis mJava 

koA-SH-s formiT monawileobs mraval bioqimiur reaqciaSi. koA-SH-s sulfhidri-

luri jgufi emsaxureba aciluri naSTebis gadatanas. 

koA-SH monawileobs naxSirwylebis cvlaSi — piruvatis JangviTi dekarboqsili-

reba acetil-koA-s warmoqmniT da α-ketoglutaratis (2-oqsoglutaratis) gardaq-

mna suqcinil-koA-ad koA-SH-s daxmarebiT mimdinareobs. igi aseve monawileobs cxi-

movani mJavebis β-daJangvaSi, maTi aqtivaciis im etapze, roca xdeba acetil-koA-s 

warmoqmna. acetil-koA-s saxiT acetilis naSTi gadaitaneba qolinze da warmoiqmne-

ba mediatori — acetilqolini. suqcinil-koA-s formiT xdeba porfirinebis sinTe-

zis inicireba. cximovani mJavebis biosinTezis procesSi metabolitebis gadamtanis 

rols palmitatsinTazur kompleqsSi asrulebs 4-fosfopantoTeini. acetil-koA ga-

moiyeneba ketonuri sxeulebis sinTezSi, aseve qolesterinisa da steroiduli hor-

monebis sinTezis procesebSi. 

acetil-koA-s centraluri adgili uWiravs naxSirwylebis, aminomJavebisa da 

cximovani mJavebis cvlis urTierTkavSiris procesebSi. es aris katabolizmis saer-

To gzis centraluri metaboliti. 

pantoTeinis mJavas wyaroebia cxoveluri warmoSobis kvebis produqtebi — RviZ-

li, Tirkmelebi, kvercxi, xorci, rZe da sxv. aseve mcenareuli kvebis produqtebi — 

kartofili, kombosto, xili da sxv. dReRamuri moTxovnileba zustad ar aris dadge-

nili da daaxloebiT Seadgens 10-15 mg-s. 

imis gamo, rom vitamini B3 didi raodenobiTaa warmodgenili TiTqmis yvela sak-

veb produqtSi, B3-avitaminozi praqtikulad ar gvxvdeba. B3-hipovitaminozi SeiZle-

ba gamowveuli iyos metaboluri darRvevebiT. hipovitaminuri simptomatika erTob 

mravalferovania: dermatitebi, nevritebi, saWmlis momnelebeli traqtis lorwova-

ni garsebis wylulebi, steroiduli hormonebis produqciis darRvevebi. 

vitamini H (biotini, antiseboreuli faqtori) — es aris pirveli nivTiereba, 

romelic ganisazRvra, rogorc mikroorganizmebisaTvis aucilebeli zrdis faqto-

ri. 1916 w.-s aRmoCenil iqna umi kvercxis cilis toqsikuri moqmedeba virTagvebSi. 

sakveb racionSi RviZlis an safuaris damateba am efeqts xsnida. toqsikozis ganviTa-

rebis xelisSemSlel faqtors vitamini H, biotini (berZn. `bios~ — sicocxle) uwodes. 

umi kvercxis cilaSi aRmoCnda glikoproteini avidini, romelsac aqvs  unari daikav-

Siros biotini da warmoqmnas wyalSi uxsnadi kompleqsi. es kompleqsi ar moineleba 

saWmlis momnelebel traqtSi, rac iwvevs H-avitaminozis ganviTarebas. biotinis mo-
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lekula Sedgeba imidazolisa da Tiofenis rgolebisagan, romlebic molekulis he-

terociklur nawils warmoadgenen. gverdiTi jaWvi valerianis mJaviTaa warmodgeni-

li. biotini — specifikuri oligomeruli fermentebis komponentia. es fermentebi 

akatalizeben karboqsilirebis reaqciebs. karboqsiluri jgufi uerTdeba biotinis 

molekulis azots I mdgomareobaSi da warmoqmnis holoferments (karboqsibiotini--

fermenti). reaqciis am etapze saWiroa HCO3
--is, atf-is, Mg2+-is da acetil-koA-s 

monawileoba. acetil-koA aseve warmoadgens alosterul efeqtors, rasac mosdevs 

aqtiuri karboqsiluri jgufis gadatana reaqci-

is substratze. 

fermenti piruvatkarboqsilaza akatalizebs 

samnaxSirbadiani winamorbedebis (triozebis) gar-

daqmnas glukozad (gluko-neogenezis procesSi). 

am reaqciis modulatoria acetil-koA, anu misi si-

Warbis SemTxvevaSi xdeba piruvatis karboqsilire-

bis stimulacia. acetil-koA-karboqsilaza akata-

lizebs malonil-koA-s warmoqmnis reaqcias. malo-

nil-koA ki TamaSobs wamyvan rols cximovani mJave-

bis biosinTezSi. propionatis suqcinatad gardasaqmnelad aucilebelia karboqsilire-

bis etapi, romelic katalizdeba propionil-koA-karboqsilazaTi. es aris naxSirbada-

tomTa mokle jaWvis mqone cximovani mJavebis da naxSirbadis atomebis kenti ricxvis 

mqone cximovani mJavebis daSlis produqtebis metabolizmis mTavari gza. gansakuTre-

buli mniSvneloba am gzas aqvs nawlavis mikroflorisa da mTeli organizmis urTier-

TqmedebisaTvis. 

biotini didi raodenobiTaa saqonlis RviZlSi, gulSi, kvercxis gulSi, lobioSi, 

soioSi, yvavilovan kombostosa da sxv. vitamini sinTezdeba nawlavis mikrofloriT. 

sadReRamiso moTxovnilebaa 150-200 mkg. 

H-avitaminozi adamianebSi ar gvxvdeba. hipovitaminozi warmoiqmneba im fermen-

tis memkvidreobiTi defeqtisas, romelic biotins aerTebs apofermentis lizinis 

naTSebTan. hipovitaminozi iwvevs biotinuri ukmarisobis sindroms, rac gamoixateba 

biotindamokidebuli fermentebis substratebis (laqtati, β-meTilkrotonati, β-

hidroqsiizovaleriati, β-hidroqsipropionati) dagrovebiT SardSi. aseTi defeqtis 

mqone bavSvebSi viTardeba imunodeficituri daavadebebi. H vitaminis ukmarisoba Se-

iZleba gamowveuli iyos nawlavis mikrofloris daTrgunviT antibiotikebisa da 

sulfanilamiduri preparatebis xangrZlivi moxmarebisas. H-hipovitaminozis gamov-

linebebia dermatiti, seborea, gameloteba, dambla. 

foliumis mJava (folacini) —warmoadgens naerTs, romelic agebulia pteridi-

nis warmoebulis, paraaminobenzoinis mJavas (pabm) da glutaminis mJavasagan. cxovel-

Ta ujredebs ara aqvT unari pabm-as sinTezisa da glutamatis pteris mJavasTan mier-

Tebisa, amitom foliumis mJava sakvebis esencialuri (Seucvleli) komponentia. swo-

red amitom iTvleba, rom foliumis mJava vitaminia. mcenareebSi foliumis mJava war-

moadgens koniugats, romelic Seicavs glutamatis Svid naSTs. cxovelur RviZlSi 

igi warmodgenilia pentaglutamiluri koniugatis saxiT. nawlavebSi gadamuSavebi-

sas foliumis mJava exliCeba bunebriv koniugatebs da ise Seiwoveba. nawlavebis uj-

redebSi xdeba foliumis mJavas hidrireba nadfH-damokidebul folatreduqtaziT, 

jer warmoiqmneba 7,8-dihidrofolati, xolo Semdgom etapze 5,6,7,8-tetrahidrofo-

lati (thfm). thfm foliumis mJavas kofermentuli formaa. igi warmoadgens iseTi 
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erTnaxSirbadiani jgufebis gadamtans, rogorebicaa O=C-H, -CH2OH, -CH=NH, -CH3, 

=CH2, HCOO—. es jgufebi ukavSirdeba azots atoms me-5 da me-10 mdgomareobaSi. 

N5-formil-thfm — folinikur mJavadaa wodebuli. igi warmoadgens foliumis 

mJavas derivatebis mTavar formas sisxlSi. foliumis mJava TamaSobs mniSvnelovan 

rols glicinis, serinis, glutamatis, histidinis, betainisa da qolinis metaboliz-

mSi. misi warmoebulebi monawileoben biosinTezur reaqciebSi, romlis saboloo na-

erTebs warmoadgens purinis ConCxi Timini. umdables organizmebSi foliumis mJava 

aucilebelia N-formilmeTioninis warmosaqmnelad, romelic warmoadgens sainicia-

cio aminomJavas cilebis sinTezis procesSi. 

foliumis mJavas wyaroa salaTi, kombosto, 

stafilo, pomidori, xaxvi. dRe-Ramis moTxovni-

lebaa 50-200 mkg. 

foliumis mJavas naklebobisas viTardeba mega-

loblasturi anemia (sisxlSi Cndeba birTvis Sem-

cveli eriTrocitebi — megaloblastebi anu mega-

locitebi). mkurnaloba SesaZlebelia preparat 

folacinis meSveobiT — 200 mg-mde per os an 10-20 mg 

intravenurad. B12 vitaminTan Sexamebis SemTxveva-

Si doza klebulobs. 

vitamini B12 (ciankobalamini) — erTaderTi 

metaloSemcveli (kobalti) vitaminia. masSi oTxi piroluri rgoli dakavSirebulia 

meTilenuri xidakebiT.  

centrSi kobaltis atomia. rgolebis am sistemas korini ewodeba. B12 vitaminSi 

kobalti samvalentiania da dakavSirebulia — CN-jgufTan. mTel struqturas cian-

kobalamins an kobalamins uwodeben. iTvleba, rom cianid-ioni artefaqts warmoad-

gens da misi arseboba gamoyofis meTodzea damokidebuli. B12 vitaminis koenzimuri 

formebi cianidis nacvlad Seicavs adenozilur an meTilur jgufebs. 

kobalaminebia: 

R-CN — ciankobalamini (sawarmoo forma) 

R-OH — hidroqsikobalamini 

R-CH3 — meTilkobalamini 

R-5’-dezoqsiadenozini — adenozilkobalamini 

kobalaminebi wyalSi xsnadi, Termostabi-

luri da mJavebis mimarT mdgradi naerTebia. 

kobalamin-damakavSirebeli cilebi cnobilia, 

rogorc `R-proteinebi~. maTi sekrecia xdeba 

sanerwyve jirkvlebiTa da kuWiT. R-proteine-

bi  ikavSirebs kobalaminebs mJave pH-is piro-

bebSi. R-proteinebi Cveulebriv iSleba pan-

kreasuli proteazebiT.  

vitamini B12-is absorbciisaTvis kuWSi sa-

Wiroa B12 vitaminis winaswari ganTavisufleba 

HCl-is daxmarebiT. amitom, B12 vitaminis orga-

nizmSi mosaxvedrad aucilebelia kuWis wvenis 

normaluri mJavianoba da kuWqveSa jirkvlis 

normaluri funqcionireba. R-proteinebisgan 
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     B12-meTiltransferaza 

ganTavisuflebis Semdeg kobalaminebi ukavSirdeba e.w. kastlis Sinagan faqtors 

(dabalmolekuluri specifikuri glikoproteini, sekretirdeba parientaluri uj-

redebiT) da kompleqsis formiT gadakveTs lorwovan garss. sisxlis plazmaSi B12 vi-

tamini Tavisufldeba kastlis Sinagani faqtorisagan da ukavSirdeba transportul 

cilas — transkobalamin II-s. sisxlis plazmasa da RviZlSi aseve arsebobs trans-koba-

lamin I. es cila asrulebs unikalur funqcias — misi saSualebiT xdeba wyalSi xsnadi 

B12 vitaminis rezervireba RviZlsa da sisxlis plazmaSi (cirkulirebadi rezervi). 

sisxlSi ZiriTadi satransporto formaa meTilkobalamini. ujredebis plazmuri 

membranis zedapirze kobalamini ukavSirdeba receptors da Semdeg xdeba misi inter-

nalizeba. ujredebis citozolSi Tavisufali vitamini gardaiqmneba hidroqsilko-

balaminad da meTilkobalaminad, xolo mitoqondriebSi — adenozilkobalaminad. 

kastlis Sinagani faqtoris ararsebobis SemTxvevaSi B12 vitaminis absorbcia ar xde-

ba. aseT SemTxvevaSi misi Seyvana xdeba parenteralurad.  

cxoveluri qsovilebis ujredebis mitoqondriebSi mimdinareobs L-meTilmalo-

nil-koA-s gardaqmna suqcinil-koA-d. reaqciis fermentia L-meTilmalonil-koA 

mutaza, xolo kofermenti 5’-dezoqsiadenozilkobalamini. es aris glukoneogenezis 

mTavari reaqcia. meTilmalonis mJava Cndeba perniciozuli anemiiT daavadebulTa 

SardSi da qreba B12 vitaminiT mkurnalobis Sedegad. perniciozuli B12 — deficituri 

anemiisaTvis damaxasiaTebeli nevrologiuri simptomebi dakavSirebulia meTilma-

lonis mJavas dagrovebasTan. 

ujredebis citozolSi meTilkobalamini warmoadgens homocisteinis meTioni-

nad da meTil-thfm-is thfm-ad urTierTdakavSirebuli gardaqmnebis reaqciebis ko-

ferments: 

 

                       N5-meTil-thfm                                                      meTil-B12 + thfm  

 

                             homocisteini + meTil-B12                           meTionini + B12  

 

es reaqcia mniSvnelovania meTilirebisa da transmeTilirebis procesebisaTvis 

(meTioninis sinTezi, purinis da pirimidinis fuZeebis sinTezi da sxv.). B12 vitaminis 

deficitis dros folis mJava mudmivad imyofeba N5-meTil-thfm formaSi (foluri 

xafangi), ris gamoc darRveulia erTnaxSirbadiani fragmentebis gadatanis procesi. 

yovelive amas mivyavarT Timidilatisa da dnm-is sinTezis darRvevamde. B12 vitamini 

aucilebelia D-ribonukleotidebis gardasaqmnelad dezoqsi-D-ribonukleotidebad. 

am reaqcias prokariotebSi akatalizebs specifikuri ribonukleotidreduqtaza. B12 

vitaminis Seyvanis Semdeg thfm Tavisufldeba foluri xafangidan, normalizdeba dnm-

is biosinTezi, rac, Tavis mxriv, moqmedebs eriTropoezze (izrdeba eriTrocitebis 

raodenoba). 

B12 vitaminis wyaroa RviZli, rZe, kvercxis guli da sxv. igi ar gvxvdeba mcenareeb-

Si. misi sinTezi warmoebs mikroorganizmebis mier, magaliTad Streptomyces-is jgufis 

organizmebiT, ris gamoc warmoadgens Tanmdev produqts streptomicinis miRebis 

procesSi. B12 vitamini aseve sinTezirdeba nawlavis mikrofloriT. sadReRamiso 

moTxovnilebaa 2-5 mkg. 

B12 vitaminis ukmarisoba SesaZlebelia kuWis simsivneebisa da gastro-eqtomiisas. 

rogorc wesi, B12 hipovitaminozis ganviTarebis mizezi aris kastlis Sinagani faqto-

ris sruli an nawilobrivi ukmarisoba. B12 vitaminis deficitis dros viTardeba 

perniciozuli anemia, irRveva meTioninisa da dnm-is sinTezi, aseve darRveulia 
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eriTropoezis procesic, SardSi Tavs iCens homocisteinuria da meTilmalonilaci-

duria. meoradad viTardeba nevrologiuri darRvevebi. 

XIII.2.3. vitaminis msgavsi nivTierebebi 

 

lipois mJava (6,8-diTiooqtanis mJava) cxim-

Si xsnadi naerTia, magram TiaminpirofosfatTan 

kompleqsSi wyalSi xsnadia. lipois mJava monawi-

leobs piruvatis da α-ketoglutaratis JangviT 

dekarboqsilirebaSi. 

paraaminobenzois mJava Sedis folis mJavas 

SemadgenlobaSi, warmoadgens zrdis da mikro-

organizmebis gamravlebis faqtors. paraamino-

benzois mJavas (pabm) moqmedebas safuZvlad 

udevs folis mJavas sinTezis stimulacia, ris 

Sedegadac xdeba purinebisa da pirimidinebis bi-

osinTezis aqtivacia. pabm avlens antihipoqsiur, 

antiaTerogenul moqmedebas, xels uSlis adrenalinis daJangvas, dadebiTad moqme-

debs farisebri jirkvlis funqciaze. 

qolini mcire raodenobiT SeiZleba warmo-

iqmnas organizmSi, magram garkveul pirobebSi 

xdeba sakvebis esencialuri faqtori. qolinis 

ukmarisoba Cveulebriv meoradi movlenaa. misi 

pirveladi mizezi cilovani ukmarisoba an cile-

bis katabolizmis da saWmlis momnelebel traq-

tSi aminomJavebis Sewovis darRvevaa. 

qolinis ukmarisoba iwvevs RviZlis cximovan gadagvarebas, degeneraciul cvli-

lebebs TirkmelebSi, sisxlis Sededebis daqveiTebas, rac dakavSirebulia V faqto-

ris (proaqcelerini) sinTezis darRvevasTan. qolini aucilebelia fosfolipidebis, 

lipoproteinebis, membranebisa da acetilqolinis sinTezisaTvis. 

inoziti (inozitoli) — cikloheqsanis eqvsatomiani 

spirtia. biologiuri aqtivobiT xasiaTdeba inozitis 

mxolod erTi optikurad araaqtiuri izomeri — mezoi-

noziti. avitaminozi adamianebSi ar aris aRwerili. 

inoziti moqmedebs, rogorc lipotropuli agenti 

qolinTan erTad, monawileobs fosfatidis mJavasa da 

fosfatidilinozitolebis biosinTezSi. fosfatidi-

linozitolebi warmoadgens meorad ujredSida Suamav-

lebs rigi hormonebis moqmedebisas, xels uwyobs Ca2+-is 

gamoTavisuflebas. inozitoli aucilebelia tvinis 

fosfolipidebis sinTezisTvis, xolo tokoferolTan kompleqsSi kunTebSi kreati-

nis momaragebisaTvis. inozitolis wyaroebia safuari, rZe, Txili, xili. inozitis 

nakleboba cxovelebSi vlindeba zrdis SewyvetiT, balanis cveniT, nervul-trofi-

kuli darRvevebiT, nawlavis peristaltikis moSliT. 
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orotis mJava miekuTvneba vitaminismagvar nivTierebebs misi unaris gamo — 

gaaZlieros mikroorganizmebisa da umaRlesi cxovelebis zrda. qimiuri agebulebiT 

igi warmoadgens uracil-4-karbonis an 2,6-dioqsipiri-midin-4-karbonis mJavas. 

ZuZumwovrebsa da frinvelebSi is sinTezdeba 

askorbinis mJavasa da karbamoilfosfatisagan da 

monawileobs pirimidinuli nukleotidebis da, Sesa-

bamisad, nukleinis mJavebis sinTezSi. nukleinis 

mJavebis cvlaze zemoqmedebis Sedegad orotis mJa-

vas eriTropoezisa da leikopoezis gaZlierebis 

unari aqvs. aseve, is axdens RviZlsa da gulSi rege-

neraciuli procesebis stimulacias. 

vitamini B15 (pangamis mJava) warmoadgens glu-

konidimeTilaminoacetats. B15 vitaminis moqmedeba 

gamoixateba Jangbaduri SimSilisadmi mdgradobis 

matebasa da qsovilebiT Jangbadis utilizaciis gaZ-

lierebaSi, aseve fizikuri datvirTvisas qsovileb-

Si laqtatis Warbi raodenobiT dagrovebis Tavidan 

acilebasa da RviZlis glikogenuri rezervebis SenarCunebaSi. 

B15 vitaminis zemoqmedebiT xdeba RviZlis cximovani infiltraciis Seneleba, eq-

sperimentuli aTerosklerozis ganviTarebis damuxruWeba, kreatinisa da kreatin-

fosfatis gaZlierebuli warmoqmna, Tirkmelzeda jirkvlebis qerqSi hormonebis 

warmoqmnis gaZliereba, Zlierdeba detoqsikuri 

efeqti. 

vitamini U (S-meTilmeTionini, wylulis sawi-

naaRmdego faqtori) vitaminis msgavs nivTierebebs 

ganekuTvneba imis gamo, rom igi gvxvdeba sakveb pro-

duqtebSi da axdens zemoqmedebas zogierTi mikro-

organizmis zrdaze. kuWis da Tormetgoja nawlavis 

wylulis, wylulovani kolitis da gastritis mkur-

naloba xdeba U vitaminiT. 

U vitaminis moqmedebis meqanizmi mdgomareobs SemdegSi: sulfonidis jgufi mdi-

daria energiiT da rigi biosinTezuri procesebisTvis warmoadgens Tavisufali me-

Tiluri jgufebis donors. maT ricxvs miekuTvneba procesebi, romlebic uzrunvel-

yofs saWmlis momnelebeli traqtis lorwovanis regeneracias. 

XIII.3. ujredis ZiriTadi makro- da mikroelementebi 

cocxali organizmis erT-erTi ZiriTadi Tvisebaa qimiuri Semadgenlobis msgav-

seba. miuxedavad imisa, Tu romeli tipis an klasis warmomadgenelia esa Tu is  orga-

nizmi, maTi ujredebis SemadgenlobaSi erTi da igive qimiuri elementebi gvxvdeba. 

sxvadasxva ujredis qimiuri Semadgenlobis aseTi msgavseba miuTiTebs evoluciurad 

maT erTian warmoSobaze.  

ujredSi aRmoCenilia daaxloebiT 90-mde qimiuri elementi. elementi, romelic 

mxolod cocxali sistemisaTvis aris damaxasiaTebeli, ar arsebobs, rac cocxali da 

aracocxali bunebis erTianobas amtkicebs. Tumca, sxvadasxva elementis raodenob-

rivi Semcveloba cocxal organizmebsa da maT garemomcvel aracocxal bunebaSi gan-
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sxvavebulia. cocxali ujredis SemadgenlobaSi arsebuli qimiuri elementebi, rao-

denobrivi Semcvelobis mixedviT iyofama kroelementebad da mikroelementebad. 

biologiuri aqtivobis mqone yvela organuli naerTis ZiriTadi komponentia Jan-

gbadi, naxSirbadi, wyalbadi da azoti. magaliTad, lipidi da naxSirwyali Seicavs 

wyalbads, naxSirbadsa da Jangbads, xolo cilebis da nukleinis mJavebis Semadgen-

lobaSi, maT garda gvxvdeba azoti. am oTx elementze modis ujredis masis 98% da 

maT makroelementebi ewodebaT. makroelementebis jgufs miekuTvneba aseve fosfo-

ri, gogirdi, magniumi, natriumi, kalciumi, rkina da qlori. es qimiuri elementebi 

warmoadgens yvela cocxali organizmis aucilebel qimiur komponents. TiToeuli 

maTganis Semcveloba ujredSi 0,1 — 0,01%-s Seadgens. 

ujredSi iseTi qimiuri elementebis raodenoba, rogoricaa spilenZi, manganumi, 

kobalti, TuTia, aseve bori, ftori, seleni, alumini, siliciumi da iodi, Zalian mci-

rea da Seadgens ujredis saerTo masis 0,01%. maT mikroelementebs uwodeben.  

kalciumi (Ca) — organizmSi yvelaze didi raodenobiT warmodgenili mineralia. 

misi didi nawili ZvalSia, magram Zvlis gareT arsebuli Ca2+-is mcire raodenoba um-

niSvnelovanes rols asrulebs ujredebisa da mTeli organizmis funqcionirebaSi. 

is saWiroa uamravi fermentis katalizuri aqtivobis gamosavlenad, zogierT hormo-

naluri pasuxis realizebisaTvis. kalciumi, aseve, aucilebelia sisxlis Sededebi-

saTvis, rogorc erT-erTi faqtori; kunTis SekumSvisaTvis da nerv-kunTovani gaRi-

zianebis normalurad warmarTvisaTvis. ujredSi da ujredgare areSi Ca2+-is 

raodenoba mkacrad regulirebadi da sicocxlisaTvis metad mniSvnelovani sididea. 

es sidide regulirdeba sxvadasxva faqtorebiT. arsebobs Ca2+-is homeostazis kon-

trolis sistema, romelSiac CarTulia iseTi hormonebi, rogoricaa paraThormoni 

(astimulirebs Zvlis rezorbcias) da 1,25-dihidrooqsiqole-kalciferoli (xels 

uwyobs nawlavebidan Ca2+-is absorbcias). gansakuTrebiT mniSvnelovania kalciumis 

roli nervuli daboloebidan efeqtorze agznebis gadacemis procesSi. rogorc ga-

irkva, dakavSirebuli kalciumi Tavisufldeba da aseTi formiT aaqtivebs im fermen-

tul sistemebs, romlebic aregulirebs efeqtorul molekulaSi mimdinare proce-

sebs. Ca2+-is deficitis simptomebi Zlier waagavs vitamini D-s deficitiT gamowveu-

li daavadebebis simptomebs. 

fosfori (P). cocxal organizmSi ujredSi arsebuli fosfori warmodgenilia  

araorganuli marilebis saxiT, aseve gvxvdeba rogorc organuli   naerTebis erT-er-

Ti komponenti. gansakuTrebul yuradRebas ipyrobs fosforis Semcveli organuli 

naerTebi, romlebic makroergul, e.w. energiis maragis Semcvel bmas Seicavs. am naer-

Tebis daSlis dros gamoTavisuflebuli energia uSualod gamoiyeneba ujredis mier 

sasicocxlo funqciebis Sesasruleblad. energiis es forma aseve moixmareba ujred-

Si mimdinare sxvadasxva sinTezuri (anaboluri) reaqciebis warmarTvisaTvis.  

magniumis (Mg) roli cxoveluri ujredis funqcionirebaSi ganisazRvreba misi 

aqtiuri monawileobiT sxvadasxva fermentebis SenebaSi, gansakuTrebiT im fermente-

bisa, romlebic CarTulia naxSirwylebis metabolizmSi. magniumis deficiti viTar-

deba alkoholizmis, zogierTi Sardmdeni preparatis miRebisas da metaboluri aci-

dozis dros. Mg2+-is deficitis ZiriTadi simptomebia sisuste, kankali da gulis 

ariTmia. Mg2+-is damatebiT miReba xels uSlis TirkmelebSi kalciumis oqsalatis 

kenWebis Camoyalibebas, amcirebs arteriuli sisxlis wnevas. arsebobs ukudamokide-

buleba sakvebiT Mg2+-is miRebasa da insultis risks Soris.  

natriumi (Na) da kaliumi (K). cxoveluri organizmebis qsovilebSi natriumis 

raodenoba kaliumis raodenobaze metia. am ionebis gadanawilebas ujredgare da uj-
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redSida sivrceSi gadamwyveti mniSvneloba aqvs ujredis sasicocxlo funqciebis 

realizebaSi. am ionebis araTanabari gadanawileba ujredis agznebadobisa da bioe-

leqtrul movlenebis arsebobis ZiriTadi qvakuTxedia.  

rkina (Fe) yvela organizmisTvis aucilebel elements warmoadgens. cxovelTa 

organizmisaTvis rkina saWiroa srulfasovani hemoglobinis sinTezisaTvis. is aseve 

warmoadgens JangviT fosforilirebaSi monawile cilebis aucilebel struqturul 

komponents. rkinis deficitis yvelaze gavrcelebuli simptomia mikrocituli hi-

poqromuli anemia. rkinis deficiti aseve dakavSirebulia imunokompetenturobis 

daqveiTebasTan. rkinis saWarbisas viTardeba iSviaTi daavadeba — e.w. hemoqromato-

zi, romlis drosac rkina didi raodenobiT grovdeba qsovilebSi, rac iwvevs RviZ-

lis, pankreasisa da gulis disfunqcias, aseve kanis pigmentaciis Secvlas.  

gogirdi (S). cxovelur ujredSi gogirdi warmodgenilia an rogorc araorganu-

li naerTi, an dakavSirebulia organul radikalebTan. organul naerTebSi gogirdi 

warmodgenilia sulfhidrilis an sulfat-anionebis saxiT. organuli gogirdi mona-

wileobas iRebs mravali naerTis SenebaSi. es naerTebia lipois mJava, koenzimi A, qon-

driotinis mJava, aminomJavebi cisteini da meTionini, cisteinis gardaqmnis produq-

ti taurini, tripeptidi glutaTioni, hormoni insulini da sxv. ujredisaTvis gansa-

kuTrebuli mniSvneloba aqvs sulfhidrilis jgufebs (-SH), romlebic monawileobs 

Jangva-aRdgeniT procesebSi.  

iodi (I). sakvebiT miRebuli iodi Seiwoveba da gadaitaneba farisebr jirkvalSi, 

sadac is inaxeba da gamoiyeneba triiodTironinisa da Tiroqsinis sinTezisaTvis.  

TuTia (Zn)  warmoadgens 300-mde metalofermentis katalizuri centris nawils 

(rnm- da dnm-polimerazebi, tute fosfatazebi, karboanhidraza). amave dros, TuTia 

zogierTi cilis molekulaSi qmnis e.w. `TuTiis TiTebs~, romelTa daxmarebiT cile-

bi ukavSirdeba dnm-s (transkrifciuli faqtorebi). TuTiis deficiti bavSvebSi 

vlindeba neli zrdiTa da sqesobrivi ganviTarebis darRveviT. bavSvebsa da mozrdi-

lebSi TuTiis deficiti iwvevs Wrilobebis Sexorcebis Seferxebas da dermatits. 

TuTias Seicavs aseve nerwyvis Semadgneli cila gustini, romelic monawileobas 

iRebs gemovnebis bolqvebis ganviTarebaSi. TuTia aseve aucilebelia monocitebisa 

da T-uj-redebis mier citokinebis warmoqmnisaTvis. TuTiis deficiti dakavSirebu-

lia organizmis imunuri funqciis moSlasTan. TuTiis deficits adgili aqvs alko-

holizmiT daavadebul pacientebSi. igi aqtiurad gamoiyeneba Wrilobebis Sesaxor-

ceblad da kuWis wylulis samkurnalod. 

spilenZi (Cu). spilenZi Sedis Zalian bevri mniSvnelovani cilisa da fermentis 

SemadgenlobaSi. esenia ceruloplazmini, citoqrom C oqsidaza, superoqsiddismu-

taza, peroqsidoqsidaza da sxv. am fermentebis funqciidan gamomdinare, spilenZi 

CarTulia iseT procesebSi, rogoricaa elastinisa da kolagenis, aseve SemaerTebe-

li qsovilis sxva cilebis sinTezi, organizmis antioqsidanturi statusis Seqmna da 

funqcionireba, autoimunuri daavadebebis simptomebis daqveiTeba, mikrobuli toq-

sinebis SeboWva da antibiotikebis efeqtis gaZliereba. nervul sistemaSi, kerZod 

Tavis tvinSi, spilenZi aucilebelia membranuli fosfolipidebis sinTezisaTvis. 

amave dros, is icavs mielins degradaciisagan da amiT xels uwyobs nervuli boWkos 

funqcionirebas, aseve monawileobs neiromediatorebis moqmedebis regulaciaSi. 

spilenZi monawileobas iRebs cximebis da  naxSirwylebis hidrolizSi, prostaglan-

dinebis sinTezSi da, amave dros, warmoadgens insulinis aqtivators da misi moqmede-

bis regulators. amis paralelurad, spilenZi ganapirobebs naxSirwylebisa da cile-

bis utilizacias. is aqtiuradaa CarTuli eriTrocitebis  warmoqmnaSi. spilenZi 
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xels uwyobs rkinis gadmosvlas rezervebidan  da mis SeTvisebas da, Sesabamisad,  he-

moglobinis gamomuSavebas. spilenZi aZlierebs organizmis winaaRmdegobas infeqci-

ebisadmi da aucilebelia vitamini C-s utilizaciisaTvis. spilenZis deficiti vlin-

deba mTeli rigi sindromebis CamoyalibebiT. es simptomebia anemia, hiperqoleste-

rolemia, Zvlebis demineralizacia, leikopenia, nervuli qsovilis demienilizacia 

da msxvili arteriebis simyife. spilenZis deficiti SedarebiT iSviaTia da viTarde-

ba TuTiis Warbi raodenobiT miRebisas (TuTia da spilenZi absorbciis procesSi er-

TmaneTis konkurentebia) da menkes daavadebis (sakmaod iSviaTi memkvidruli daava-

deba) dros. xSirad gvxvdeba organizmSi spilenZis Warbi raodenobiT dagrovebis 

faqtebic (vilsonis daavadeba).  

seleni (Se). seleni Sedis iseTi fermentebis aqtiur centrSi, rogoricaa gluta-

Tionperoqsidaza, Tioredoqsinreduqtaza da sxv. es cilebi Seicavs erT an met se-

lenocisteinis naSTebs, romlebic cilis molekulaSi erTveba postranslaciuri 

procesis meSveobiT. adamianis organizmSi selenis raodenoba 10-14mg-ia, misi didi 

nawili koncentrirebulia RviZlSi, TirkmelebSi, pankreasSi, gulSi, sakvercxeebsa 

da saTesleebSi. organizmSi seleni urTierTqmedebs vitaminebTan, fermentebTan da 

biologiur membranebTan da aseTi formiT monawileobs cilebis, naxSirwylebisa da 

cximebis cvlaSi, aseve, Jangva-aRdgeniT procesebSi. seleni warmoadgens organizmi-

saTvis aucilebeli 30-mde sxvadasxva nivTierebis Semadgenel komponents. is xels 

uwyobs triiodTironinebis warmoqmnas. seleni vitamini E-sa da iodis sinergistia. 

misi deficitisas iodis SeTviseba Seferxebulia. igi iTvleba erT-erT mZlavr anti-

karcerogenad.  

kobalti (Co)  monawileobs antianemiuri faqtoris — vitamin B12-is SenebaSi. misi 

nakleboba anemiis gamomwvevia. is monawileobs sisxlis warmoqmnis procesSi, nervu-

li sistemis funqcionirebaSi, sxvadasxva fermentul reaqciebSi. adamianis yovelRi-

uri moTxovnileba kobaltze dReSi 0.007-0.015mg-ia.  
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terminebis ganmartebiTi leqsikoni 

adhezia ujreduli — ujredebis Tviseba daukavSirdes erTmaneTs da aseve sxva-

dasxva substrats, rac ganpirobebulia membranasTan dakavSirebuli  specifikuri 

cilebiT — adhezinebiT. adhezinebi, xSir SemTxvevaSi, ganWolavs membranas da ukav-

Sirdeba citoConCxs. arsebobs ujreduli adheziis ori tipi: ujredi-ujredgare 

matriqsi da ujredi-ujredi. adheziuri cilebia: integrinebi (funqcionirebs, ro-

gorc ujred-substratuli, aseve ujredSorisi receptorebi), seleqtinebi (uzrun-

velyofs leikocitebis adhezias endoTelur ujredebTan), kadgerinebi (Ca2+-damo-

kidebuli ujredSorisi cilebi), imunoglobulinebis adheziuri receptorebi (gan-

sakuTrebiT mniSvnelovania embriogenezis procesSi, Wrilobebis Sexorcebisas da 

imunur pasuxebSi). ujreduli adheziis SerCeviTobis darRveva safuZvlad udevs 

simsivnuri ujredebis metastazirebas.  

alfa-1-mJave glikoproteini (orozomukoidi) — anTebis ganviTarebis maCvene-

beli cila. adamianis organizmSi es cila sxvadasxva  funqcias asrulebs: axorcie-

lebs limfocitebis pasuxis supresias zogierT mitogenze, xels uwyobs fibroblas-

tebis zrdas, axasiaTebs antiheparinuli aqtivoba da, aseve, axdens Trombocitebis 

agregaciis inhibirebas. orozomukoidis Semcveloba izrdeba sxvadasxva infeqciis, 

simsivnuri procesis, qirurgiuli Carevis SemTxvevaSi. nanaxia garkveuli korelacia 

orozomukoidis, kreatinkinazas da laqtatdehidrogenazas Semcvelobasa da mio-

kardiumis infarqtis mimdinareobas Soris.  

alfa-1 antitrifsini — glikoproteini, romelic sinTezdeba RviZlSi. aferxebs 

trifsinis, qemotrifsinis, elastazas, kalikreinis, katefsinebis da sxva qsovilova-

ni proteazebis moqmedebas. alafa-1-antitrifsinis deficiti iwvevs proteazuli 

fermentebis dagrovebas da qsovilebis dazianebas.  

alportis sindromi — memkvidreobiTi daavadeba, xasiaTdeba Tirkmlis funqci-

is progresirebadi daqveiTebiT, romelic mimdinareobs mxedvelobisa da smenis pa-

TologiiT. dadgenilia, rom daavadebis Camoyalibebaze pasuxismgebelia X qromoso-

maze lokalizebuli geni. daavadebis mizezia IV tipis kolagenis struqturuli 

cvlileba, rasac mosdevs Tirkmlovani arxis kedlis, Sida yuris da TvalSi brolis 

kapsulis  defeqtebi.  

amfifiloba — nivTierebis Tviseba, mis molekulaSi erTdroulad arsebobdes 

rogorc lipofiluri (hidrofobuli), aseve lipofoburi ((hidrofiluri) ubnebi.   

aneqsinebi (annexins) — Са2+-damokidebuli fosfolipid-damakavSirebeli ujre-

duli cilebi, romlebic nanaxia eukariotul organizmebSi (cxovelebi, mcenareebi 

da sokoebi zogierTi maTgani (aneqsini 1, aneqsini 2 da aneqsini 5) ujredgare areSic, 

magaliTad sisxlSi. Tumca ar aris dadgenili ujredidan sisxlSi am cilis tran-

sportirebis meqanizmi. aneqsini cnobilia saxelwodebiT lipokortini. misi ligan-

debia cila S-100, citoConCxTan asocirebuli sxvadasxva cilebi, nukleinis mJavebi 

da naxSirwylebi (ZiriTadad glukozaminoglikanebi). a. monawileobs sxvadasxva pro-

cesebSi rogorc ujredis SigniT, aseve gareT: sisxlis Sededebis inhibirebaSi, endo- 

da egzocitozSi, ujredebis proliferaciasa da diferencirebaSi, membranis gavliT 

ionebis transportsa da sxv. anaqsini V-s aqvs maRali Tvisoba fosfatidilserini-

sadmi — apoptozis markerisadmi, rac gamoiyeneba eqsperimentebSi apoptozuri uj-

redebis gansazRvrisaTvis.   ainhibirebs ferment fosfolipaza A2-s. 

anoreqsia — sindromi, romelic mdgomareobs madis srul dakargvaSi. a. mimdina-

reobs metaboluri daavadebebis, infeqciebis, saWmlis momnelebeli sistemis dazia-
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nebis da sxva mizezebiT.  xSir SemTxvevaSi a. iwvevs cilovan da energetikul ukmari-

sobas.  

anserini (meTilkarnozini  С10Н16N4О3) — bunebrivi dipeptidi. iTvleba, rom a. 

warmoiqmneba xerxemliani cxovelebis kunTSi  karnozinis meTilirebiT. sxva orga-

noebsa da qsovilebSi ar gvxvdeba an Zalian mcire raodenobiTaa. a. dakavSirebulia 

kunTis fiziologiur funqciasTan: kunTovan qsovilSi misi warmoqmna  dadebiT ko-

relaciaSia droSi maTi SekumSviTi funqciis realizirebasTan; kunTebSi, romlebic 

gamoirCevian maRali funqciuri datvirTviT, xasiaTdebian a. maRali SemcvelobiT. 

kunTovani aqtivobis daqveiTeba rigi paTologiebis dros iwvevs a. raodenobriv Sem-

cirebas. igi moqmedebs kunTovan qsovilSi mimdinare  naxSirwylovan da JangviT me-

tabolizmze, inarCunebs ra am ujredebis Tvisebas warmoqmnas maRali energetikuli 

fosforuli SenaerTebi, aseve SeinarCunos kunTis ujreduli struqturebi im cvli-

lebebisas, romlebic Tan axlavs qsovilebis daberebas.  

antitrifsini-α-1-cila, romelic gamomuSavdeba RviZlSi. is exmareba organizms 

fermentebis inaqtivaciaSi, Tumca mis ZiriTad funqcias warmoadgens filtvebis 

dacva  ferment elastazasagan. es ukanaskneli sinTezdeba neitrofilebis mier  da-

zianebis da anTebis sapasuxod. elastaza Slis fermentebs, romlebic Semdgom gada-

muSavdeba organizmis mier. im SemTxvevaSi, Tu misi aqtivoba ar kontroldeba alfa-

antitrifsiniT, igi iwyebs filtvis qsovilis daSlas. antitrifsini alfas sinTezi 

regulirdeba proteazebis inhibitoris — serpin-1-iT.  

aplastikuri anemia — sisxlis daavadeba, romelic gamoixateba Zvlis tvinSi uj-

redebis zrdisa da ganviTarebis mkveTri SezRudviT an mTlianad SewyvetiT. daava-

debisaTvis damaxasiaTebelia anemia, leikopenia, Trombocitopenia da limfopenia. 

daavadeba viTardeba sxvadasxva faqtorebis, kerZod, maionizirebeli gamosxivebis 

da  qimiuri naerTebis (benzoli, oqros marilebi, dariSxanis, zogierTi farmakologi-

uri preparatis, magaliTad, levomicetinis, qlorpromazini da sxv.) zemoqmedebiT.  

aplazia — romelime organos an misi konkretuli nawilis Tandayolili ararse-

boba. a. viTardeba Canasaxovan periodSi sxvadasxva qimiuri an  genetikuri  faqtore-

bis zemoqmedebiT. kenti organoebis, magaliTad, tvinis aplazias  Tan sdevs  cxovel-

qmedebis darRveva, rasac, xSir SemTxvevaSi, mosdevs nayofis daRupva. igi xSir Sem-

TxvevaSi ganixileba, rogorc atrofiis gamovlena.  

ateleqtazi — filtvis wilis Cavardna. cnobilia misi ramdenime forma, kerZod 

totaluri, subtotaluri da keriTi. aseve ganasxvaveben pirvelad da SeZenil for-

mebs. pirveladi a. SemTxvevaSi axalSobilebs filtvebi mTlianad, an nawilobriv ar 

uswordebaT, alveolis sanaTurebi Cavardnilia, ris gamoc ar xdeba haeris Sesvla. 

igi SesaZlebelia gamowveuli iyos sasunTqi gzebis dacobiT lorwoTi an surfaqtan-

tis arasruli gamomuSavebiT.  

bakulovirusi — virusebis ojaxi, romlebic iwveven virusul daavadebebs mwe-

rebSi, uvnebelia adamianisa da sxva TbilsisxlianebisaTvis.   

biglikani — mcire zomis,   leicinis ganmeorebebiT mdidari proteoglikani, ro-

melic nanaxia sxvadasxva qsovilis ujredgare areebSi (Zvali, myesi, xrtili). adami-

anSi b. kodirebulia BGN geniT, romelic lokalizebulia X qromosomaze. termini 

`biglikani~ Semovida mas Semdeg, rac aRmoCnda, rom igi Seicavs 2 gag-s. manamde igi 

iwodeboda, rogorc proteoglikani I (PG-I). 
biliaruli sistema — naRvlis sadinarebisa da sfinqterebis sistema, romelic 

aregulirebs naRvlis dinebas organizmSi.   

bombezini — 14 aminomJavisagan Seqmnili neiropeptidi. cnobilia misi peptiduri 

homologebi: neiromedini B da gastroliberini. misi receptorebi aRmoCenilia Ta-
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vis tvinSi. rogorc nebismieri endogenuri warmoSobis autokrinuli, parakrinuli 

da endokrinuli nivTiereba, b. sxva biologiurad aqtiur endogenur nivTierebebTan 

urTiereTqmedebiT monawileobs organizmis sxvadasxva struqturul da funqciur 

organizaciaSi. kerZod, b. stimulireben kuW-nawlavis traqtis G-ujredebSi gastri-

nis sinTezsa da mis sekrecias. qolecistokininis analogiurad, b. da misi analogebi 

iwveven simaZRris SegrZnebis Camoyalibebas.   

gastroferini — glikoproteini, sinTezirdeba kuWis lorwovani ujredebis mi-

er. ikavSirebs rkinis ions. xels uwyobs am ionis Sewovis process, icilebs ra uxsna-

di Fe2- is marilebis warmoqmnas Tormetgoja nawlavSi. 

glaukoma — mxedvelobis organos mZime daavadeba. dReisaTvis glaukomas uwode-

ben Tvalis qronikul daavadebas, romelic xasiaTdeba mudmivi an periodulad ganme-

orebadi SidaTvalis wnevis matebiTa da SidaTvalis siTxis gamdinare gzebis moS-

liT. amgvarad, glaukoma aerTianebs daavadebebis sakmaod did jgufs, romelTaTvi-

sac damaxasiaTebelia Semdegi niSnebi:  maRali TvalisSida wneva, mxedvelobis nervis 

boWkoebis dazianeba, rasac sabolood mosdevs misi atrofia da glaukomisaTvis da-

maxasiaTebeli mxedvelobiTi funqciis darRveva.  

glikani — poli- an oligosaqaridi, polimeri, romelic Sedgeba monosaqariduli 

rgolisagan, romlebic erTmaneTs ukavSirdebian 0-glikoziduri bmiT. magaliTad, 

celuloza warmoadgens glikans, romelic Sedgeba beta-1,4-D-glukozisagan, xolo 

qitini — beta -1,4- N- acetil-D — gluko-zaminisagan. glikanebi, romelTa Semadgen-

lobaSia erTnairi naxSirwylovani rgolebi (homopolisaqaridebi) iwodebian ro-

gorc homopoliglikanebi. im SemTxvevaSi, Tu jaWvi agebulia gansxvavebuli naxSir-

wylovani rgolebisagan (heteropolisaqaridebi), warmoqmnian heteroglikanebs.  

glikogensinTaza — fermenti, romelic axorcielebs 1-4- glikoziduri bmis war-

moqmnas uridin-aqtivirebul (UDPGlc)  glukozasa da glikogenis molekulis bolo 

glukozas Soris,  rasac Tan sdevs UDP-is gamoTavisufleba. am reaqciisaTvis auci-

lebelia faliis saxiT glikogenis molekulis arseboba. ujredSi g. ori formiT 

gvxvdeba — fosforilirebuli an defosforilirebuli. aqtiuri defosforilire-

buli glikogensinTaza a  SesaZlebelia inaqtivirdes glikogensinTaza b-s warmoq-

mniT fosforilirebis daxmarebiT, romelic xorcieldeba 5 sxvadasxva proteinkina-

zas daxmarebiT 7 serinul naSTze.  fosforilirebis Svidive ubani ganTavsebulia 

fermentis 4 identur suberTeulze. 2 proteinkinaza Ca2+/kalmadulin-damokidebu-

lia. erTi maTgani — fosforilazas kinazaa, xolo meore — cAMP-damokidebuli pro-

teinkinaza. danarCeni sami cnobilia, rogorc glikogensinTazas kinaza 3-, 4- da 5.  

glikolizi — glukozis daJangvis procesi, romlis drosac erTi molekula 

glukozidan warmoiqmneba ori molekula piroyurZnis mJava. glikolizi Sedgeba 

fermentuli reaqciebis Tanamimdevruli jaWvisagan  da mimdinareobs energiis Senax-

viT ATP-isa da NADH2-is molekulis formiT. igi warmoadgens glukozis kataboliz-

mis universalur gzas, romelic gvxvdeba cocxal ujredSi. sumaruli formiT g. ga-

moisaxeba Semdegi  reaqciiT: glukoza + 2NAD+ + 2ADP + 2Pi→ 2piruvati + 2NADH + 

2H+ + 2ATP + 2H2O. procesisaTvis ar aris saWiro Jangbadis arseboba. aerobul piro-

bebSi piroyurZenmJava dekarboqsilirdeba, uerTdeba koferment A-s da am formiT 

erTveba limonmJava ciklSi. anaerobul pirobebSi igi ganicdis Semdgom gardaqmnas 

duRilis formiT.  

glutamatdehidrogenaza (L-glutamat: NAD-oqsidoreduqtaza) – fermenti, ro-

melic akatalizebs  glutamatis α-ketoglutaris mJavad gardamnis Sebrunebul 

reaqcias. limonmJava ciklis  α-ketoglutamatis stadiaze SesaZlebelia adgili 
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hqondes ketomJavis gamosvlas ciklidan da mis gardaqmnas L-glutaminis mJavad Ta-

visufali amiakis aminirebis xarjze an gadaaminirebis Sebrunebuli reaqciiT. am 

fermentis aracilovani komponentia  NAD  an NADP.   

glutaTionperoqsidazebi (Glutathione peroxidase-GP)- fermentebis jgufi, rome-

lic icavs organizms JangviTi dazianebisagan. g. akatalizebs lipiduri zeJangebis 

aRdgenas spirtebamde da wyalbadis peroqsidis aRdenas wylamde. cnobilia ramdeni-

me geni, romlebic akodirebs sxvadasxva izoformebs, romlebic erTmaneTisagan gan-

sxvavdebian lokalizaciiT ujredSi. struqturulad warmoadgenen selen-Semcvel 

tetramerul glikoproteinebs. yvelaze gavrcelebuli izoformaa GP1, romelic 

gvxvdeba ZuZumwovrebis  yvela qsovilis ujredebis citozolSi. misi substratia 

wyalbadis zeJangi. GP4-s aqvs gansakuTrebuli mniSvneloba lipidebis peroqsidebis 

metabolizmSi. igi aseve eqspresirdeba ZuZumwovrebis yvela ujredSi. GP2 eqspresir-

deba nawlavis ujredebSi da warmoadgens ujredgare ferments; GP3 aseve ujredgare 

fermentia da warmodgenilia plazmaSi. adamianis organizmSi identificirebulia 

fermentis 8 izoforma. g. akatalizebs  Semdeg reaqcias: 2GSH + H2O2 → GS-SG + 2H2O.  

glutaTiontransferaza — antioqsidanturi sistemis multifunqciuri fermen-

tebis jgufi, romlebic  iyeneben aRdgenil glutaTions (GSH) hidrofoburi naer-

Tebis metabolizmisaTvis da akatalizireben reaqcias: RX + GSH = HX + GS-SG. cnobi-

lia g., romelic urTierTqmedebs kaTionebTan (RviZli, nawlavi, Tirkmeli) da anio-

nebTan (Tavis tvini, elenTa, filtvebi, placenta, eriTrocitebi).  ZiriTadad loka-

lizebulia citozolsa da endoplazmur retikulumSi, Tumca gvxvdeba aseve bir-

Tvsa da mitoqondriebSic.  

dekorini — mcire zomis (90-140kdal.) proteiglikani, romelic mdidaria aminom-

Java leiciniT. Sedgeba cilovani birTvisagan, romelic Seicavs leicinur gameore-

bebs da qondriotinsulfatsa da dermatansulfats. igi dakavSirebulia cila big-

likanTan. rogorc fiqroben, dekorini da biglikani, warmoadgenen genebis duplika-

ciis produqts. SemaerTebeli qsovilis es komponenti dakavSirebulia kolagenur 

boWkoebTan da gansakuTrebul rols asrulebs matriqsis awyobis procesSi.  

demencia — SeZenili Wkuasustoba, SemecnebiTi Semoqmedebis dakargva. gonebrivi 

ganuviTareblobisagan (oligofrenia) gansxvavebiT, d. fsiqikuri funqciebis CaSlaa, 

risi mizezic tvinis dazianebaa. 

detriti — wvrili (ramdenime mkm-dan ramdenime santimetramde) mcenareuli da 

cxoveluri organizmebis gauxrwneli nawilakebi an maTi nawarmebi, romlebic Setiv-

tivebulia wyalSi an daleqilia fskerze.  

distrofini — kunTovani ujredis citoplazmis struqturuli cila. warmoad-

gens distrofin-asocirebuli glikoproteinuli kompleqsis aucilebel kompo-

nents (dag-kompleqsi). es kompleqsi akavSirebs kunTis boWkos citoConCxs ujredga-

re matriqsTan. dag-kompleqsi aseve cnobilia rogorc kostameri. kompleqsSi dis-

trofinTan asocirebulia mravali kunTovani cila, magaliTad, distobrevini, sine-

mini, sarkoglikani, distroglikani da sarkospani. igi Sedgeba 4 domenisagan da misi 

molekuluri masa 427kdal. misi geni adamianis genomis erT-erT yvelaze grZeli ge-

nia (2.5 milioni nukleotiduri wyvili). d. roli gamoixateba energiis STanTqmaSi 

(kunTis SekumSvis procesSi d. molekulis zoma icvleba da misi fenovani struqtura 

asrulebs zambaris funqcias, rac saSualebas iZleva daicvas miocitis membrana War-

bi meqanikuri datvirTviT gamowveuli dazianebisagan), zogierTi procesis regula-

ciaSi (kalciumis Semcvelobis mudmivoba da kunTis zrdis kontroli) da aseve dag-

kompleqsis formirebaSi.  nanaxi iqna, rom d. deficiti warmoadgens iseTi daavadebis 
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mizezs, rogoricaa kunTovani distrofia. normalur pirobebSi kunTovan boWkoSi d. 

Semcveloba mcirea, Tumca misi ararseboba an cvlileba iwvevs iseT mZime da mourCe-

nil daavadebas, rogoricaa kunTis distrofia, romlis drosac mimdinareobs kun-

Tovani boWkoebis nekrozi.   

domenebi  SH2- da SH3 – signalis gadacemis procesSi monawile  mravali cili-

saTvis damaxasiaTebelia struqturaSi e.w. SH2- da SH3-domenebis arseboba. SH2 kom-

paqturi globularuli domenia, romelic urTierTqmedebs fosforilirebuli Ti-

rozinis Semcvel cilebTan, SH2-domenis SemadgenlobSia 100 aminomJavuri naSTi. igi 

aRmoCenilia  sxvadasxva zrdis faqtoris, fosfolipaza С-s molekulaSi. am domenis 

funqciaa fermentis mimarTva substratisaken da ferment-substratuli urTier-

Tqmedebis gaioleba. orive domeni amJRavnebs maRal specifikurobas gansazRvruli 

aminomJavuri Tanamimdevrobebisadmi. mag., SH2-saTvis damaxasiaTebelia im Tanamim-

devrobis amocnoba da dakavSireba, romelic Seicavs fosfoTirozins. xSirad 

gvxvdeba iseTi cilis molekula, sadac ori SH2-domenia. SH3-domeni ukavSirdeba 

mokle (10 aminomJavuri naSTi) konservatul Tanamimdevrobebs, romlebic mdidaria 

proliniT. amgvarad, Cans, rom SH2—da SH3—domenebis funqciaa cila-cilovani ur-

TierTqmedebis warmarTva. 

egzocitozi — eukariotul ujredebSi egzocitozis procesi gulisxmobs, uj-

redSida vezikulebis (membranuli buStukebis) Serwymas ujredis plazmur membra-

nasTan. e. dros sekretoruli vezikulebis SigTavsi gamoiyofa ujredgare sivrceSi, 

xolo membrana erwymeba ujredis membranas. praqtikulad, yvela makromolekula 

(cilebi, peptiduri hormonebi da sxv.) ujredidan gamoiyofa am gziT. prokariotebSi 

egzocitozis vezikuluri meqanizmi ar gvxvdeba. am ujredebSi egzocitozi ewodeba 

cilebis CaSenebas membranaSi da gamoyofas ujredidan garemo areSi an periplazmur 

sivrceSi am formiT. egzocitozi asrulebs 3 ZiriTad funqcias: 1. im lipidebis mi-

wodebas ujredis membranasTan, romelic aucilebelia ujredis zrdisaTvis; 2. uj-

redidan sxvadasxva naerTebis gamoyofas, magaliTad, metabolizmis toqsikuri pro-

duqtebis an sasignalo molekulebis (hormonebi an neiromediatorebi); 3. ujredis 

membranasTan funqciurad mniSvnelovani cilebis, magaliTad, receptorebTan cila-

transporterebis mitana.  

elers-danlosis sindromi — memkvidruli tipis SemaerTebeli qsovilis  daava-

debebis  jgufi, rac gamowveulia defeqtiT kolagenis sinTezSi. mutaciebze damoki-

debulebiT  daavadeba SesaZlebelia warimarTos msubuqad da an  gaxdes sicocxli-

saTvis saSiSi. mkurnalobas ar eqvemdebareba.  

eliminacia — biologiaSi niSnavs calkeuli an mTeli jgufi organizmebis da-

Rupvas bunebrivi mizezebis Sedegad. aqedan gamomdinre, es termini aseve ixmareba 

zogierTi molekulis raodenobrivi Semcvelobis Semcirebis aRsaniSnavad. magali-

Tad, cilebis eliminacia gulisxmobs cilis molekulis degradacias da maT gaqro-

bas ujredSi mimdinare zogierTi paTologiuri procesis Sedegad.  

endocitozi — ujredgare Semcvelobis STanTqma (internalizacia), romelic 

xorcieldeba membranuli vezikulebis warmoqmnis gziT. misi saSualebiT ujredi Re-

bulobs sasicocxlo  funqciebisaTvis aucilebel hidrofilur masalas, romelsac 

sxva gziT ar Seswevs unari gadaloxos plazmuri membrana. ganasxvaveben ramdenime 

tips: fagacitozs, pinocitozs da receptor-damokidebul endocitozs.  

endonukleazebi — fermentebi, romlebic xleCen fosfodieTerul kavSirs po-

lipeptiduri jaWvis SigniT. cnobilia am fermentebis ramdenime jgufi, magaliTad, 

restriqzaciis endonukleaza (restriqtaza) xleCs dnm-s gansazRvrul adgilebSi. 
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endoTeliumi — mezodermaluri warmoSobis epiTelis erT-erTi nairsaxeoba. 

warmodgenilia ujredebis erTi SriT, romlebic amofenen sxeulis zogierT siRru-

es, magaliTad, gulis siRrues, sisxlZarRvebs da limfur sadinrebs.  

endosoma — membranuli ujredSida organeli, vezikulis erT-erTi tipi, rome-

lic warmoiqmneba endocituri buStukebis SerwymiT. momwifebuli e. zomaa 300-400nm. 

mas Semdeg, rac warmoiqmneba endocitozis procesSi plazmuri membranidan, maTi um-

ravlesoba transportirdeba ujredis SigniT, sadac erwymian iq arsebul endoso-

mebs, an xdeba maTi SemJaveba protonuli H-АТP-azas mier. momwifebis procesSi e. ga-

dis ramdenime stadias da gardaiqmneba lizosomad. sawyisi plazmuri membrana  SesaZ-

lebelia dabrundes ukan momdevno gamoyenebisaTvis (recirkulacia). mravali mem-

branuli receptori substratis dakavSirebis Semdgom internalizirdeba endoso-

mis SemadgenlobaSi. es procesi Tavdapirvelad iTvleboda rogorc receptoris 

degradacia an misi recirkulacia. Tumca dResdReobiT miiCneva, rom e.-Si maTi lo-

kalizacia SesaZlebelia asrulebdes gansakuTrebul rols signalis gadacemis pro-

cesSi. magaliTad, cnobilia, rom epidermalur zrdis faqtors SeuZlia signalis ga-

dacema myisierad, rac daukavSirdeba  receptors plazmur membranaze,  Tumca misi 

aqtivoba gansakuTrebiT e.-Si. amave dros, ganixileba mosazreba imis Sesaxeb, rom ga-

aqtivebul receptors membranaze da endosomebSi SesaZlebelia Seswevs unari Car-

Tos gansxvavebuli sasignalo gza. ganasxvaveben 3 tipis endosomas: adreuls (pirve-

ladi), gvians da recirkulirebuls. misi Camoyalibebisa da momwifebis procesSi gan-

sakuTrebiT mniSvnelovania H-ATP-azas roli.   

enteroqromafinuli ujredebi — saWmlis momnelebeli traqtis epiTelis amom-

feni Sris ujredebi,  romlebic gamoyofen mravalricxovan hormonebs, maT Soris se-

rotonins. sekreciis garda, aseve xdeba serotoninis sinTezic da misi damaragebac. 

adamianis organizmSi dasinTezebuli serotoninis 90% swored am ujredbSi  sinTez-

deba. 

eriTropoezi — hemopoezis (sisxlwarmoqmnis) erT-erTi forma, romlis drosac 

warmoiqmneba sisxlis wiTeli ujredebi — eriTrocitebi. eriTropoezi stimulirde-

ba qsovilebSi Jangbadis miwodebis SemcirebiT, romelic deteqtirdeba Tirkmele-

biT. Tirkmelebi qsovilovani hipoqsiis sapasuxod warmoqmnian hormon eriTropoe-

tins, romelic,  Tavis mxriv, astimulirebs eriTrocitebis warmoqnas — eriTropo-

ezs.  

eriTropoetini — Tirkmlis mier sinTezirebuli glikoproteinuli hormoni. 

warmoadgens eriTropoezis stimulators. aaqtivebs mitozs da eriTrocitebis mom-

wifebas winamorbedi ujredebidan.  

vernikes daavadeba — Sua tvinisa da hipoTalamusis  mwvave dazianeba В1vitaminis 

deficitis Sedegad. 

vilsonis daavadeba — am daavadebas mozardebisa da axalgazrdebis daavadeba-

sac uwodeben. klinikurad ar vlindeba xuT wlamde. daavadebis gamovlena ZiriTadad 

xdeba 15 wlisTvis. daavadebis SemTxvevaSi mimdinare paTologiur procesebSi Car-

Tulia RviZli, maT Soris iseTebSic, visac aseve aReniSnebaT nevrologiuri simpto-

mebic. daavadeba aseve azianebs Tvalebs, saxsrebs, Tirkmelebs da iwvevs eriTroci-

tebis hemolizs. pacientebs SesaZlebelia ganuviTardes RviZlis cirozi, nevrolo-

giuri darRvevebi (tremori, qorea), ofTalmologiuri problemebi,  fsiqikuri sta-

tusis darRvevebi, hemolizuri anemia.  

Tirkmlovani glukozuria — daavadeba, romelic viTardeba Tirkmlis milakebSi 

glukozis transportis darRveviT. daavadebis dros  gaZlierebulia glukozis eq-

skrecia. daavadeba SeiZleba ganviTardes rogorc damoukideblad, aseve milakebis  
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sxva daavadebebis SemTxvevaSi.  T.g. ar aris damokidebuli dietaze — Sardis yvela 

porcia, maT Soris Ramis Sardi, Seicavs Saqars, kerZod glukozas. daavadebis mizezi 

sxvadasxvaa, maT Soris proqsimaluri milakebis Semcireba; im sistemis funqciuri 

aqtivobis daqveiTeba, romelic pasuxismgebelia glukozis transportze;  Tirkmlis 

milakebis ujredebis membranis gamtareblobis daqveiTeba; specifikuri glukozis 

membranuli  transporteris aqtivobis daqveiTeba.  

Trombospondini 1 — Trombospondinebis ojaxis warmomadgeneli, adheziuri ci-

la, romelic aregulirebs ujredebSoris urTierTqmedebas  da aseve maT urTier-

Tobas ujredgare matriqsTan. sinTezis Semdgom T.-is molekulebi erTiandebian da 

qmnian homotrimerebs da am saxiT urTierTqmedeben sxvadasxva receptorebTan, maT 

Soris  CD36, CD47 da integrinebTan.  

TuTiis TiTebi (zinc  finger) — cilovani struqturis tipi, romelic stabilizdeba 

TuTiis erTi an ori ioniT, romelic aminomJavur naSTebTan dakavSirebulia koor-

dinaciuli bmebiT. rogorc wesi, TuTiis TiTi Seicavs 20-mde aminomJavas, xolo Tu-

Tiis ioni ikavSirebs 2 histidins da 2 cisteins. T.T. warmoadgens cilovan moduls, 

romelic urTierTqmedebs dnm-Tan, rnm-Tan, sxva cilebTan da mcire zomis moleku-

lebTan. TuTiis TiTebis struqturis mqone cilebi, ZiriTadad, dnm-damakavSirebe-

li transkrifciuli faqtorebia.  

imuniteti — organizmis winaaRmdegoba infeqciebisa da ucxo organizmebis inva-

ziebisadmi (maT Soris daavadebis gamomwvevi mikroorganizmebisadmi), aseve ucxo 

nerTebis zemoqmedebisadmi, romlebsac aqvs antigenuri Tvisebebi. zogierT SemTxve-

vaSi,  imunuri reaqciebi aseve warmoiqmneba organizmSi sakuTari ujredebisadmi.   

indikani — indoqsilgogirdmJavas marili. sinTezdeba cxoveluri organizmis 

RviZlSi gogirdSemcveli naerTebidan, romlebic warmoiqmneba cilovani gogirdis 

(cisteinis) daJangviT da indolis daJangviT miRebuli indoqsilidan. normalur pi-

robebSi indikanis Semcveloba SardSi umniSvneloa, Tumca nawlavebSi mimdinare 

lpobiTi procesebis (magaliTad, wvrili nawlavis gauvaloba), aseve avTvisebiani 

simsivneebis dros cilebis gaZlierebuli daSlisas  misi raodenoba sagrZnoblad ma-

tulobs. aseT pirobebSi i. raodenobriv gansazRvras diagnostikuri mniSvneloba 

eniWeba.  

interferonebi — organizmSi SeWrili virusebis sapasuxod  ujredebis mier  sin-

Tezirebuli da gamoyofili, msgavsi Tvisebebis mqone cilebis jgufi. i. daxmarebiT 

ujredebi xdebian virusebis mimarT aramgrZnobiare. adamianis interferonebi iyofa 

jgufebad, romlebsac safuZvlad udevs ujredis is tipi, sadac xdeba maTi warmoq-

mna. esenia:  a, β da γ. interferonis produqcia  ZuZumwovrebis ujredebSi  iwyeba vi-

rusuli infeqciis sapasuxod. i. gamodis ujredis gareT da Sedis kontaqtSi mezo-

bel ujredebTan, rasac mosdevs iseTi cvlilebebi, rac xels uSlis virusis gamrav-

lebas.  

interleikinebi —  citokinebis jgufi, romlebic sinTezdeba ZiriTadad leiko-

citebis mier. aseve warmoiqmnebian mononuklearuli fagocitebisa da sxva ujrede-

bis mierac. i. warmoadgenen imunuri sistemis nawils. cnobilia 15-mde interleikini, 

romlebic sxvadasxva procesSi arian CarTulebi.  

interleikini 1 — citokinebis jgufis warmomadgeneli, anTebisa da imunitetis 

mediatori, sinTezdeba sxvadasxva ujredis mier, pirvel rigSi, gaaqtivebuli makro-

fagebiT, keratinocitebiT, stimulirebuli B-ujredebiTa da fibroblastebiT. 

cnobilia i. ori izoforma α daβ. orive sinTezdeba winamorbedis saxiT da maTi gar-

daqmna srulfasovan cilad xdeba mas Semdeg, rac masze moqmedebs an kaspaza-1, an e.w.  
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intelleikin1-makonventirebeli fermenti (ICE). orive izoformas aqvs β-struqtu-

ra, romelic warmoqmnis cilindris formis cilas.   

intersticialuri siTxe (qsovilovani siTxe) — warmodgenilia xerxemliani or-

ganizmebis  ujredSoris sivrceSi.  sisxlsa da limfasTan erTad, qmnis organizmis 

Sinagan ares. i.s.-dan ujredebi iReben sakveb nivTierebas da aqve gamoyofen metabo-

lizmis saboloo produqtebs. i.s. warmoiqmneba sisxlis plazmisa da qsovilebis uj-

redebis filtraciis Sedegad. siTxe ZiriTadad dakavSirebulia cilebTan da aqvs ge-

lis forma. vinaidan wyali ZiriTadad dakavSirebul mdgomareobaSia, igi Zalian nela 

moZraobs. am SemTxvevaSi ZiriTad mamoZravebel Zalas warmoadgens difuzia. difun-

direbs ara marto wyali, aramed ujreduli cvlis produtebi, gazebi (02da СО2)  da 

eleqtrolitebi.    

intersticialuri sivrce (ujredSorisi sivrce) — sivrce ujredebs Soris, 

romelic amovsebulia intersticialuri (ujredebsSorisi) siTxiT. ujredSorisi 

sivrce, siTxis garda, Seicavs ori saxis myar sruqturas — kolagenur boWkoebsa da 

proteoglikanur Zafebs. ujredSoris sivrceSi siTxe xvdeba sisxlZarRvis kapila-

ridan filtraciisa da difuziis gziT. siTxe Seicavs TiTqmis yvela im nivTierebas, 

romelic warmodgenilia sisxlis plazmaSi. gamonakliss warmodgens cilebi, romel-

Ta molekulis zomebi xels uSlis maT gavlas kapilaris endoTeliumis forebSi.  

ionotropuli efeqti — gulis SekumSvis Zalis cvlileba. es sidide SesaZlebe-

lia iyos dadebiTi an uaryofiT.  

kaldesmoni — kalmadulin-damakavSirebeli cila. gluv kunTebSi k. inhibirebs 

miozinis  ATP-azur aqtivobas. 

kalsekvestrini — ConCxis kunTebis cila, romelic lokalizebulia sarkoplaz-

muri retikulumis terminalur cisternebSi. k mJave cilaa da terminalSi misi Sem-

cveloba iq arsebuli cilebis 20%-s Seadgens. misTvis damaxasiaTebelia dabali Tvi-

sobis mqone kalcium-damakavSirebeli centrebis didi raodenoba (40-ze meti), rac 

xdeba imis mizezi, rom terminalur cisternebSi didi raodenobiTaa am ionis Semcve-

loba. iTvleba, rom cisternebSi Са2+-atf-azas moqmedebis Sedegad moxvedrili ioni 

swored am cilasTanaa dakavSirebuli. erTi molekula k. ikavSirebs Са2+-is sam ions 

da warmoadgens Са2+-bufers sarkoplazmur retikulumSi. igi ZiriTadad lokalize-

bulia rianodin-mgrZnobiare Са2+-arxebis siaxloves. amdenad, kalsekvestrini war-

moadgens ara marto Са2+-bufers terminalur cisternebSi, aramed monawileobs aseve 

am ionis koncentrirebaSi Са2+-arxebis siaxloves, rac zrdis Са2+-is gamoTavisufle-

bis siCqares.  

kalcineirini — Са 2+-kalmaduliniT aqtivirebuli serin-treonin-fosfataza, 

monawileobs sasignalo gzebSi, romelic aucilebelia genebis regulirebisaTvis, 

aseve sxvadasxva tipis ujredebis biologiur pasuxze  gare stimulaciaze.   Са 2+-is 

donis aweva citoplazmaSi mimdinareobs 2 Са 2+-damokidebuli fermentis kalmadu-

linisa da kalcineirinis aqtivaciiT. es ukanaskneli, warmoadgens kalmadulin-damo-

kidebuli serin-treonin-fosfatazas da ferments, romelic akontrolobs NFAT-

cilebis aqtivobas. ukavSirdeba ra NFAT-cilebis regulatorul suberTeuls, k. ax-

dens maT defosforilirebas da inicirebs maT translokacias birTvSi, dnm-Tan da-

kavSirebas da sxvadasxva genebis transkrifcias. k. heterodimeria, romelic Sedgeba 

katalizuri (59kdal.) da Ca++-damakavSirebeli regulatoruli (19kdal) suberTeu-

lisagan. amave dros, katalizur suberTeulSi warmodgenilia kalmadulinis dama-

kavSirebeli ubanic da autoinhibitoruli ubani, romlis moSoreba iwvevs kalcinei-

rinis permanentul aqtivacias. autoinhibitouli domeni warmoqmnis maryuWs, rome-
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lic faravs katalizur domens da amiT xels uSlis mis urTierTqmedebas NFAT-Tan. 

kalcineirinis raodenoba zogierTi neirodegeneraciuli cvlilebebis dros daqve-

iTebulia.  

kancerogenezi — simsivnis warmoqmnisa da ganviTarebis rTuli, mravalsafexu-

riani paTofiziologiuri procesi. 

kapilari — adamianisa da cxovelebis yvelaze wvrili sisxlZarRvi, romlis saSu-

alo diametri 5-10mkm-ia. akavSirebs ra erTmaneTTan arteriebsa da venebs, monawile-

oben sisxlsa da qsovilebs Soris mimdinare nivTierebaTa cvlaSi. k. kedlebi er-

TSriania da agebulia endoTeliumis ujredebiT, rac saSualebas iZleva Jangbadis, 

wylis, lipidebis da sxva naerTebis gavlas drois mcire monakveTSi.  organizmis 

cxovelqmedebis Sedegad gamoyofili produqtebi (naxSirbadis dioqsidi da Sardo-

vana) aseve kapilaris kedlis gavliT gadadian sisxlSi, rac iZleva SesaZleblobas, 

moxdes maTi transportireba gamoyofis adgilebSi. k. kedlis gamtareblobaze ze-

moqmedebas axdenen citokinebi.  

karnitini (L-carnitine, vitamini Bt, igive vitamini B11) – B-jgufis vitaminebis mo-

naTesave bunebrivi nivTiereba, romelic organizmSi asrulebs mTel rig mniSvnelo-

van funqciebs, maT Soris  aqtiuradaa CarTuli  cximis dawvis procesSi. damtkicebu-

lia, rom k. daxmarebiT mimdinareobs grZeli jaWvis mqone cximovani mJavebis tran-

sporti mitoqondriul matriqsSi. ZuZumwovrebis, maT Soris, adamianis organizmSi 

gvxvdeba kunTebsa da RviZlSi.  

karnozini (β-alanini-L-histidini) — dipeptidi, maRali koncentraciebiT nanaxia 

kunTsa da tvinis qsovilebSi. dadasturebulia k. antioqsidanturi Tvisebebi, ker-

Zod misi monawileoba Jangbadis aqtiuri formebis acilebis procesSi. 

kaslis  Sinagani faqtori — glukomukoproteidi, kompleqsuri SenaerTi, Sedge-

ba peptidebisagan, romlebic scildeba pepsinogens am ukanasknelis gardaqmnisas 

pepsinad, xolo mukoidi — sekretia, romelic gamoiyofa kuWis lorwovani garsis uj-

redebis — mukocitebis mier.  kompleqsis mukoiduri nawili icavs mas  saWmlis momne-

lebeli fermentebis hidrolizisagan da nawlavis baqteriebis mier utilizaciisa-

gan. cilovani nawili gansazRvravs kompleqsis fiziologiur aqtivobas.  kaslis Si-

nagani faqtoris ZiriTadi roli mdgomareobs vitamin B12-Tan labiluri kompleqsis 

SeqmnaSi, romelic Seiwoveba swori nawlavis epiTeliumis ujredebis mier. Sewovis 

procesi Zlierdeba kalciumis ionebis, bikarbonatebisa da kuWqveSa jirkvlis fer-

mentebis  arsebobisas. sisxlis plazmaSi vitamini ukavSirdeba plazmis cilebs, war-

moqmnis ra cila-vitaminur kompleqss, xolo es ukanaskneli deponirdeba RviZlSi.  

kazeini — rTuli cila, romelic warmoiqmneba winamorbedisagan (kazeinogenisa-

gan) rZis SexaWovebis procesSi. k. rZeSi imyofeba dakavSirebuli formiT Ca-is mari-

lebTan (kalciumis kazeinati). misi Sededeba mimdinareobs proteolizuri fermen-

tebis, mJavebis, rZemJava baqteriebis saSualebiT. k. rZis, yvelis, xaWos da sxva rZis 

produqtebis  erT-erTi ZiriTadi cilaa. is ar gvxvdeba sisxlSi da sinTezdeba sar-

Zeve jirkvalSi sisxlSi arsebuli Tavisufali aminomJavebisagan. iseve rogorv sxva 

cilebi, iSleba Termuli damuSavebiT +450 C-ze.  

kazeinkinaza2 (casein kinase 2) — maRalkonservatuli polifunqciuri serin/treo-

ninkinaza, asrulebs umniSvnelovanes rols eukariotul organizmebSi mimdinare 

procesebSi ujredebis proliferaciisa da diferencirebidan dawyebuli daRupvis 

CaTvliT. fermenti eqspresirdeba yvela ujredSi da misi maRali aqtivoba gansakuT-

rebiT damaxasiaTebelia simsivnuri ujredebisaTvis. sxva regulatoruli cilebisa-

gan gansxvavebiT, k. yovelTvis imyofeba aqtiur konformaciaSi. gansakuTrebiT mniS-

vnelovania k. antiapoptouri funqcia: igi aregulirebs ujredebis sicocxlisuna-
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rianobas sxvadasxva doneze, kerZod xels uwyobs dnm-is reparacias, moqmedebs NF-B, 

Wnt, PI3K/Akt da JAK–STAT sasignalo kaskadze, urTierTqmedebs SaperonebTan, aaqti-

vebs antiapoptozur da inaqtivirebs proapoptozur cilebs, maT Soris kaspazebs. am 

fermentiT ganxorcielebuli fosforilirebis mravalferovneba uzrunvelyofs 

simsivnuri ujredebis sicocxlisunarianobas. am Tvisebebis gamo, k. ganixileba, ro-

gorc erT-erTi antisimsivnuri Terapiuli samizne.  

keratinociti — eqtodermaluri warmoSobis epiTeluri qsovilis ujredi, rom-

lis Sualedi filamentebi warmodgenilia cila keratiniT. keratinocitebi Seadge-

nen ZuZumwovrebis kanis epidermisis ZiriTad masas. am ujredebis diferencireba 

warmoadgens garqovanebis procesis safuZvels.  

ketomJavebis JangviTi dekarboqsilireba — procesis Sedegad adgili aqvs ke-

tomJavis jaWvis Semcirebas erTi atomi naxSirbadiT da mimdinareobs fermentuli 

sistemis saSualebiT. magaliTad, mTeli rigi gardaqmnebis Sedegad piroyurZenmJava, 

romelic warmoadgens naxSirwylebis gardaqmnis produqts, erTveba limonmJava cik-

lSi dekarboqsilirebis da Tanamimdevruli dehidrirebis Sedegad warmoqmnili 

produqtis — acetil-koA- is formiT. procesSi monawileobs Tiamindifosfati. Sem-

dgom reaqciebSi CarTulia fermenti piruvatdehidrogenaza, aseve daJanguli lipo-

is mJava, NAD+  da FAD+.  

kvanti — romelime konkretuli sididis ganuyofeli porcia (raodenoba). 

kininebi — biologiuad aqtiuri nivTierebaTa (peptidebi) jgufi cxovelisa da 

adamianis sisxlSi. axasiaTebT mravalmxrivi moqmedeba — iwveven kunTebis modunebas, 

zrdian kapilarebis ganvladobas. aseve monawileoben tkivilis aRqmis procesSi da 

sxv. am naerTebis ZiriTadi  warmomadgenelia bradikinini.  

kokain-amfetamin-regulirebadi transkrifti  (CART) — sxvadasxva biologiu-

ri efeqtis mqone neiropeptidi. farTod eqspresirdeba cns da periferiul nervul 

sistemaSi, Tumca gansakuTrebiT maRali SemcvelobiT gamoirCeva hipoTalamusi.   sa-

varaudod, CarTulia energetikuli homeostazis regulaciaSi. urTierTqmedebs ma-

dis regulaciis centralur procesebSi.  CART-is eqspresia hipoTalamusSi regu-

lirdeba zogierTi periferiuli faqtoriT, maT Soris cximovani qsovilis hormo-

niT leptiniT. naCvenebia, rom CART-is Seyvana aqveiTebs madas da astumulirebs 

energiis moxmarebas.  

kooperatiuloba — movlena bioqimiaSi, romelic damaxasiaTebelia im fermente-

bisa da receptorebisaTvis, romlebsac aqvs mravalricxovani damakavSirebeli sai-

tebi. k. damaxasiaTebelia aseve didi zomis, mravalricxovani identuri suberTeule-

bis mqone  molekulebisaTvis (dnm, cilebi, fosfolipidebi).  roca substrati ukav-

Sirdeba fermentis erTi suberTeulis aqtiur centrs, danarCeni suberTeulebi aq-

tivirdebian. ligandebs SeiZleba gaaCndeT arakooperatiuli, dadebiTi an uaryofi-

Ti kooperatiulobis efeqti. dadebiTi kooperatiulobis magaliTia O2-is mierTeba 

hemoglobinze. uaryofiTi k. magaliTia gliceraldehid-3-fosfatisa da gliceral-

dehid-3-fosfatdehidrogenazas urTierTqmedeba. 

kreatini — azotSemcveli karbomJva, romelic gvxvdeba xerxemlian organizmeb-

Si. monawileobs kunTebsa da nervul ujredebSi mimdinare energetikul cvlaSi. war-

moiqmneba kreatinfosfatidan ferment kreatinkinazas monawileobiT. rogorc ener-

getikuli maragi, xels uwyobs АТP/АDP donis SenarCunebas im ujredebSi, sadac au-

cilebeliaАТP-is maRali koncentraciis  SenarCuneba. fosfokreatinkinazuli sis-

tema ujredSi moqmedebs rogorc energiis ujredSida gadamcemi sistema im adgile-

bidan, sadac xdeba energiis damarageba АТP-is saxiT (mitoqondriebi da citoplazma-
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Si glikolizis reaqciebi) im adgilebSi, romlebic am energias moixmaren (magaliTad, 

miofibrilebi kunTis SekumSvis procesSi, an sarkoplazmuri retukulumi, sadac 

xdeba kalciumis Sedineba da iq misi Senaxva).   

kreatinini — kreatin-fosfaturi reaqciis sboloo produqti. igi warmoiqmneba 

kunTebSi da Semdgom gamoiyofa sisxlSi. k. monawileobs kunTebisa da sxva qsovile-

bis  energetikul cvlaSi. organizmidan k. gamoiyofa Tirkmelebidan SardTan erTad. 

amitom igi warmoadgens Tirkmlis moqmedebis  mniSvnelovan markers.   

leqtinebi — cilebi (ZiriTadad glikoproteinebi), romlebsac aqvs unari maRal-

specifikurad daikavSiros ujredis zedapirze arsebuli naxSirwylovani naSTebi da 

moaxdinos am ujredebis aglutinacia. l. xSir SemTxvevaSi monawileoben ujredebis 

amocnobaSi, magaliTad zogierTi paTogenuri mikroorganizmi iyenebs leqtinebs da-

zianebuli organizmis ujredebTan dasakavSireblad. Tavdapirvelad l. gamoyofili 

iqna mcenareTa Teslebidan, Tumca isini nanaxia umetesoba cxovelur organizmebSic. 

maT SeuZliaT eriTrocitebis aglutinacia, da aseve axasiaTebT SerCeviTi mitogene-

zuri aqtivoba sisxlis zogierTi ujreduli populaciebis mimarT.   

limfocitebi — imunuri sistemis ujredebi, romlebic warmoadgenen leikoci-

tebis, kerZod granulocitebis saxesxvaobas. limfocitebi limfuri sistemis Ziri-

Tadi ujredebia, romlebic gansazRvraven humoralur imunitets, ujredul imuni-

tets da aseve aregulireben  sxva tipis ujredebis moqmedebas. zrdasruli adamianis 

organizmis leikocitebis 25-40% limfocitebia (500-1500ujredi/1mkl). 

limfotoqsini — α — citokini simsivnis zrdis nekrozis faqtorebis superoja-

xidan, monawileobs limfoidur organogenezSi da ujredebis diferencirebaSi. ad-

re iwodeboda, rogorc simsivnis nekrozis faqtori β. homotrimeruli molekulaa 

da warmoadgens ligands Semdegi receptorebisaTvis: TNFRSF1A/TNFR1, TNFRSF1B/TNFBR 

da  TNFRSF14/HVEM. amave dros, mas SeuZlia urTierTqmedeba limfotoqsin-betas-

Tan da heterotrimerebis warmoqmna, romlebic ukavSirdebian TNFRSF3/LTBR recep-

tors. limfotoqsini-α sinTezdeba limfocitebis mier da citotoqsikuria umete-

soba simsivnis ujredebisaTvis.    

limfuri kvanZebi — imunuri sistemis periferiuli organoebi, romlebic ganla-

gebulia limfuri ZarRvebis gaswvriv. yovel kvanZSi ganasxvaveben qerqovan da tvi-

novan nivTierebas. qerqovan nivTierebaSi gvxvdeba В-damokidebuli zona da Т-damo-

kidebuli zona, xolo tvinovan nivTierebaSi mxolod  Т-damokidebuli zona.  

limonmJava cikli (krebsis cikli, trikarbomJavebis cikli) — katabolizmis 

saerTo gzis centraluri bioqimiuri procesi, romlis drosac acetiluri naSTebi 

(СН3СО–) mokldeba naxSiris orJangamde (CO2). erTi ciklis ganmavlobaSi warmoiqmne-

ba 2 CO2, 3 NADH2, 1 FADH2 da 1 GТP (АТP). NADH -sa da FADH2-ze arsebuli eleqtrone-

bi SemdgomSi gadaitaneba sunTqvis jaWvze, sadac JangviTi fosforilirebis xarjze 

warmoiqmneba АТФ. l.c. warmoadgens sunTqvis procesis sakvanZo etaps yvela im uj-

redisaTvis, romlebic moixmaren Jangbads, amave dros igi aris Sualedi etapi gli-

kolizsa da eleqtromatransportirebel jaWvs Soris. amave dros, mas plastikuri 

funqciac ekisreba. kerZod, igi mniSvnelovani wyaroa winamorbedi molekulebisaT-

vis, saidanac sxva bioqimiuri gardaqmnebis Sedegad sinTezdeba ujredis cxovelqme-

debisaTvis aucilebeli naerTebi, magaliTad aminomJavebi, naxSirwylebi, cxomovani 

mJavebi da sxv. eukariotul ujredebSi  procesi mimdinareobs mitoqondriebSi, xo-

lo baqteriebSi — citozolSi.  

lipoproteinebi — rTuli cilebis klasi, romelTa prosTetuli jgufi warmod-

genilia romelime lipidiT. l. SemadgenlobaSi SeiZleba gvxvdebodes Tavisufali 
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cximovani mJavebi, neitraluri cximebi, fosfolipidebi da qolesteridebi. l war-

moadgenen kompleqss, romelic agebulia cilebisagan (apoliproteinebisa da lipi-

debisagan, romelTa Soris kavSiri xorcieldeba hidrofoburi da eleqtrostatiku-

ri urTierTqmedebiT. l. iyofa Tavisufal, anu wyalSi xsnad (plazmis lipoprotei-

nebi) da uxsnad, e.w. struqturul (ujredis membranis SemadgenlobaSi arsebul) li-

poproteinebad. rac metia l.-Si cilis Semcveloba, miT maRalia maTi simkvrive. 

lipoproteinlipaza — lipazebis klasis fermenti, romelic axorcielebs trig-

liceridebis da lipoproteinebis daSlas da amiT aregulirebs lipidebis dones 

sisxlSi.   sinTezdeba umetesoba qsovilSi, RviZlis garda, sadac gvxvdeba specifi-

kuri RviZlis lipaza. am fermentiT gansakuTrebiT mdidaria gulis  da ConCxis kun-

Tis ujredebi da cxomovani qsovili.  

megaloblastuli anemia  - ix. perniciozuli anemia.  

membranis  Semtevi kompleqsi (MAC — membrane attack complex) — komplementis 

klasikuri da alternatiuli gzis С5-konvertaza ukavSirdeba С5-komponents da 

xleCs mas С5а da С5b-ad. С5b ukavSirdeba С6-s da warmoqmnili С5b6-kompleqsi scil-

deba С5-konvertazas. mas Semdgom, rac С5b6-kompleqsi ukavSirdeba С7-s, formirdeba 

hidrofoburi kompleqsi  С5b67, romelic fiqsirdeba ujredis membranaze. С8, rome-

lic receptirdeba faqtor С5b-Tan, ganWvalavs membranas  da amiT uzrunvelyofs 

С9-s polimerizacias (nС9)  da transmembranuli arxis warmoqmnas.   
menkesis daavadeba — spilenZis ujreduli transportis darRveva, romlis dro-

sac aRiniSneba zrdis Seferxeba, nervuli sistemis paTologia da  Tmis Reroebis spe-

cifikuri daxveva. am simptomebis kompleqss iwvevs ATP7A-genSi momxdari mutacia. 

swored es geni akodirebs specifikur АТP-azas, romelic monawileobs spilenZis 

SeTvisebaSi sakvebidan da am ionis gadatanaSi ujredebSi.  

mikroglubulini  β2 — dabalmolekuluri cila, romelic gvxvdeba birTviani 

ujredebis zedapirze, rogorc histoSeTavsebadobis (HLA) mTavari kompleqsis msu-

buqi jaWvi. miuxedavad imisa, rom es cila gvxvdeba yvela ujredis zedapirze, misi 

Semcveloba sisxlSi ZiriTadad gamoxatavs limfocitebis proliferacias, sadac mi-

si raodenoba sakmaod maRalia. zrdasrul adamianebSi misi produqciis siCqare Ziri-

Tadad mudmivia, igi eliminirdeba TirkmelebSi, sadac igi ifiltreba da Semdgom re-

absorbirdeba da katabolizirdeba Tirkmlis proqsimalur arxebSi. misi Semcveloba 

sisxlSi  matulobs  Tirkmlis  ukmarisobis dros.  

mikrosomuli eTanol-damJangavi sistema (MEOS) — organizmSi alkoholis me-

tabolizmis erT-erTi gza, romelic moicavs mTel rig fermentebs. es sistema uz-

runvelyofs ara marto spirtis, aramed sxva ucxo nerTebis da produqtebis daJan-

gvasac, romlebic warmoiqmneba organizmSi. acetaldehidi, romelic  eTanolze ga-

cilebiT metad toqsikuria, warmoiqmneba RviZlSi acetaldehiddehidrogenazasa da 

MEOS-is  moqmedebiT da  ganapirobebs eTanolis toqsikuri efeqtis mniSvnelovan na-

wils. es gza organizmSi irTveba mxolod maSin, roca eTanolis Semcveloba sisxlSi 

Zalian maRalia. adamianSi am sistemis fermentebis induqcia  iwyeba mxolod  spirtis 

xangrZlivi da sistemuri moxmarebis pirobebSi.  

mikrosomuli Jangva — qsenobiotikebisa da zogierTi endogenuri naerTis bi-

otransformaciis procesis pirveli fazis reaqciebis erToblioba, romelic mimdi-

nareobs hepatocitebis endoplazmuri retikulumis membranis fermentuli siste-

miT  citoqromi Р450-is monawileobiT. reaqciis arsi mdgomareobs R-H tipis naerTis 

hidroqsilirebaSi Jangbadis molekulis erTi atomis monawileobiT, romlis meore 

atomi wyalbadis protonTan urTierTqmedebiT  warmoqmnis wylis molekulas. wyal-
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badis protonis donoria aRdgenili NADPH+H+. amrigad, icvleba sawyisi nivTiere-

bis struqtura da Sesabamisad, misi Tvisebebic. hidroqsilireba saSualebas iZleva 

daiwyos gauvnebelyofis meore faza — koniugaciis reaqcia, romlis mimdinareobisas 

Seqmnil funqciur jgufTan moxdeba endogenuri naerTis sxva molekulebis mierTeba.   
miogeni — kunTovani cilebis fraqcia, romelic advilad ixsneba wyalSi. Tvise-

bebiT m. albuminis msgavsia, Tumca am ukanasknelisagan gansxvavdeba SedarebiT mcire 

eleqtoforezuli ZvradobiT. am fraqciaSi Semavali cilebis didi nawili xasiaTde-

ba fermentuli aqtivobiT.   

mioSis progresireba kunTovani distrofia — daavadeba pirvelad aRwerili 

iqna 1986 wels  Miyoshi-isa da Tanaav. mier. daavadeba iwyeba 16-dan 20 wlamde asakSi. 

paTologiur procesebSi Tavdapirvelad erTveba fexis kunTebi, gansakuTrebiT wvi-

vis  ukana kunTebi. daavadebis progresirebasTan erTad ziandeba  mxris kunTebic, 

Tumca xelebisa da fexebis distaluri nawilis wvrili kunTebi rCeba dauzianebeli. 

daavadeba progresirdeba nela da ar amcirebs pacientis sicocxlis xangrZlivobas. 

yvela daavadebuls (preklinikur gamovlemamdec) aReniSneba ferment kreatinkina-

zas  raodenobis 4-5-jeradi mateba. daavadebulebis kunTovani boWkoebis biofsiaSi 

nanaxia kunTovani dazianebis niSnebi — nekrozi, kunTovani boWkoebis regeneracia da 

filamenturi struqturebis dezorganizacia. daavadeba autosomur-recesiulia da, 

umetes SemTxvevaSi, aRiniSneba cila disfelinis genSi wertilovani mutacia. cila 

disfelinis (2080 aminom. naSTi) funqcia dResdReobiT bolomde ar aris dadgenili. 

cilis struqturaSi nanaxia ubnebi, romlebic uzrunvelyofen mis dakavSirebas sar-

koplazmuri retikulumis struqturebTan da birTvul membranasTan.  

mitogenebiT  aqtivirebuli proteinkinazebi (MAP-kinazebi, МАРК) – mitogene-

biT aqtivirebadi kanazebi, pasuxoben araujreduli mitogenebis stimulebs da are-

gulireben sxvadasxva ujredul procesebs (genebis eqspresia, ujredebis gayofa da 

diferencireba, aseve apoptozi). MAP-kinazebi CarTulia sxvadasxva arabirTvuli 

cilebis — onkogenebis produqtebis muSaobaSi. ujredgare stimulebs mosdevs fer-

mentis gaaqtiureba sasignalo kaskadiT, romlis komponentebia МАРК, МАРКК (МАР2К)  

da МАРККК (МАР3К). МАР3К aqtivirdeba ujredgare stimuliT da axdens МАР2К-is 

fosforilirebas. es ukanaskneli aseve fosforilirebis gziT awarmoebs МАРК-is 

gaaqtivebas.   

monociti — msxvili, Camoyalibebuli erTbirTviani leikociti.  iseve rogorc 

leikocitebs, monocitebs aqvs arasegmenturi birTvi. monociti periferiuli sis-

xlis yvelaze aqtiuri fagocitia, romlis citoplazma gansakuTrebiT mdidaria li-

zosomebiT. isini sisxlSi Cerdebian 2-3 dRe, ris Semdegac gadadian qsovilebSi, sa-

dac gardaiqmnebian qsovilovan makrofagebad — histiocitebad. isini aseve warmoad-

genen langerharsis ujredebis, mikrogliisa da im ujredebis winamorbedebs, visTvi-

sac  damaxasiaTebelia gadamuSavebis SesaZlebloba. monocitebi warmoiqmneba Zvlis 

tvinSi da ara retikulo-endoTeliarul sistemaSi, rogorc es iTvleboda adre. 

awarmoeben ra citotoqsinebs, interleikinebs, interferonsa da simsivnis nekrozis 

faqtors,  aqvT antisimsivnuri, antivirusuli, antimikrobuli  Tvisebebi.  

muskarini — alkaloidi, romelic gvxvdeba sokoebSi. saxelwodeba warmodgeba 

wiTeli buzis laTinuri dasaxelebisagan. am organizmebSi m. Semcveloba 0.02%-ze 

naklebia. muskarini SerCeviTad aRagznebs qolinergul receptorebs, romlebic gan-

lagebulia qolinerguli nervebis daboloebasTan arsebuli sxvadasxva organos uj-

redebis postsinafsur membrnaze. swored amitom, aseT receptorebs М-receptore-

bi, anu muskarinuli receptorebi ewodeba.  naerTebs, romlebic axdenen aseTi recep-
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torebis agznebas М-qolinomimetikebi ewodebaT, xolo naerTebs, romlebis Trguna-

ven maT aqtivobas — М-qolinoblokatorebi. qolinoblokatoris warmomadgenelia 

stropini.  

nebulini — giganturi cila molek. masiT 500-800kdal. gvxvdeba kunTovan qso-

vilSi.  asocirebulia ConCxis kunTis wvril filamentebTan da uzrunvelyofs maT 

meqanikur stabilurobas. n. struqturaSi aRiniSneba 35 aminomJavisagan Semdgari 

ganmeorebadi ubnebi, romlebic, savaraudod, monawileoben aqtin-damakavSirebeli 

zonebis SeqmnaSi. igi ganTavsebulia aqtinuri Zafis centrSi da gamodis e.w. yalibis 

rolSi, romelzedac xdeba mkacrad gansazRvruli zomis aqtinuri filamentebis 

formireba.   

neiropeptidi Y – gamoyofili iqna, rogorc pankreasuli peptidebis jgufis 

warmomadgeneli, Tumca aRmoCenili iyo aseve hipoTalamussa da tvinis kortikalur 

ubnebSi. dakavSirebulia kvebiTi da seqsualuri xasiaTis qcevebTan, aseve adamianis 

nevrologiur da fsiqikur darRvevebTan. zemoqmedebas axdens hipofizuri hormone-

bis gamoyofaze, monawileobs kardiovaskularuli pasuxebis modulaciaSi. Tir-

kmelzeda jirkvalSi nanaxia noradrenalinTan erTad. hipoTalamusuri neiropepti-

di Y warmoadgens kvebiTi aqtivobis mZlavr stimulators. misi sinTezisa da sekre-

ciis daTrgunva xorcieldeba leptiniT. mis aqtivobaze gansakuTrebiT Zlieri ze-

gavleniT xasiaTdeba leptini. savaraudod, n. Warbi sekrecia warmoadgens hipoTala-

musuri simsuqnis erT-erT savaraudo mizezs. igi aZlierebs SimSilis grZnobas, moq-

medebs ra hipoTalamusis simaZRrisa da SimSilis centrebze. misi gavleniT irRveva 

sqesobrivi funqciebic.   

oligofrenia — Tandayolili an adreul asakSi SeZenili gonebrivi ganuviTareb-

loba, rac gamoixateba inteleqtis darRveviT. o. mizezia Tavis tvinis paTologia, 

rac iwvevs socialur dezadaptacias. daavadeba vlindeba, pirvel rigSi, gonebriv 

ganuviTareblobaSi, aseve emociebSi, metyvelebasa da motorikaSi.  

onkogeni — geni, romelic gansazRvravs ujredis simsivnur Tvisebebs.  

opsoninebi — nebismieri nivTiereba, romelsac SeuZlia daikavSiros baqteria da 

antigenebi fagocitebiT, raTa moaxdinos SemdgomSi maTi fagocitozi. opsoninebia 

antisxeulebi (IgA, IgG), manozo-specifikuri leqtinebi da komplementis aqtivaciis 

Sualedi produqtebi C3b, C4b, iC3b. opsonizaciis efeqtis safuZvelia mononuklea-

rul fagocitebze IgG-is Fc-fragmentisaTvis specialuri receptoris arseboba. op-

sonizaciis SesaZlebloba aqvs aseve fibroneqtins, C-reaqtiul cilas da sxv.   

opsonizacia — opsoninebis adsorbciis procesi mikroorganizmebsa da sxvadas-

xva ucxo nawilakebze, rac astimulirebs da aiolebs maT fagocitozs. opsoninebis 

funqcias asrulebs antisxeulebi da komplementi. antisxeulebi ukavSirdeba paTo-

gens Fab-fragmentiT, xolo Fc-fragmenti, Tavis mxriv,  dakavSirebulia fagocitis 

receptorTan. fagocitebis garda, aseTi receptorebi damaxasiaTebelia leikoci-

tebisTvisac, romlebic marTalia ver axdenen fagocitozs, Tumca paTogenis sapasu-

xod, asinTezeben citokinebs da gamoyofen toqsikur naerTebs, romlebic klaven op-

sonizirebul ujredebs. am process ewodeba anTeba da igi azianebs mezobel, jan-

mrTel ujredebsac.  

osteomalacia — sistemuri daavadeba, romelic xasiaTdeba Zvlovan qsovilSi mi-

neralizaciis naklebobiT. SesaZlebelia ganpirobebuli iyos vitamin D-s  naklebo-

biT, aseve mikro-da makroelementebis deficitiT, rac  aris mizezi TirkmelebSi mim-

dinare  gaZlierebuli filtraciiT an nawlavebSi mimdinare Sewovis procesis dar-
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RveviT. o. dros  izrdeba Zvlovani nivTierebis saerTo moculoba, Tumca misi mine-

ralizaciis xarisxi mcirdeba.  

osteoneqtini (ВМ-40, SPARC, secreted protein acidic and rich in cysteine) – cisteiniT 

mdidari mJave cila. Sedgeba 4 domenisagan, saidanac 2-s SeuZlia Са2+-is dakavSireba. 

naCvenebia o.-iT endoTelialuri ujredebisaTvis  G1-S-fazis inhibireba.  

perforinebi — citotoqsikuri cilebis jgufi, romlebic gvxvdeba Т-limfoci-

ebsa da NK-ujredebSi. p. molekulebi, romlebsac gamoyofen limfocitebi, xvdebian 

samizne ujredis citoplazmaSi da qmnian foras, rasac mosdevs ujredis lizisi an 

apoptozi. p. aqvs rogorc struqturuli, aseve funciuri msgavseba komplementis 

sistemis C9 molekulasTan.  

perniciozuli anemia (megaloblastuli anemia, avTvisebiani sisxlnaklebo-

ba) — daavadeba, romelic gamowveulia organizmSi B12 vitaminisa da foliumis mJavis  

naklebobiT. am vitaminis naklebobisadmi gansakuTrebiT mgrZnobiarea Zvlis tvini 

da nervuli sistemis qsovilebi. daavadebis gamomwvevi ramdenome mizezia. esenia: 

sakvebSi B12 vitaminis nakleboba, nawlavis funqcionirebis moSla, kaslis Sinagani 

faqtoris autoimunuri dazianeba, samedicino preparatebis xangrZlivi miReba, rom-

lebic dabla sweven kuWis mJavianobas da sxv.  

pinocitozi — ujredis mier garemomcveli aredan xsnadi fazis STanTqma, rome-

lic Seicavs masSi gaxsnil nivTierebebs, maT Soris cilebs, polisaqaridebs da sxv. 

pinocitozis dros ujredis membranidan ujredis SigniT xdeba mcire zomis buStu-

kebis — endosomebis mowyveta, romelic fagosomebze mcirea. warmoqmnis Semdeg, en-

dosomas uaxlovdeba pirveladi lizosoma da ori membrana erwymis erTmaneTs. war-

moqmnil organelas meoradi lizosoma ewodeba. p.-is process mudmivad axorcielebs 

yvela eukariotuli ujredi.   

perforinebi — citotoqsikuri cilebi, romelsac Seicavs Т- da NK-limfocite-

bis (bunebrivi kilerebi) granulebi. limfocitebis mier gamoyofili p. aRweven sa-

mizne ujredis citoplazmaSi, uerTdebian erTmaneTs da qmnian foras. perforinis 

im ubans, romelic aRwevs membranaSi, ewodeba perforinis membranis Semtevi kom-

pleqsi (MACPF). p. aqvs garkveuli struqturuli da funqciuri msgavseba komplemen-

ti C9-s komponentebTan. iseve rogorc C9, p. qmnis transmembranul arxebs da SeuZ-

lia araSerCevaTad moaxdinos sxvadasxva tipis samizne ujredebis ganadgureba. p. 

erT-erTi mTavari citotoqsikuri cilaa da warmoadgens aseve ujreduli lizisis 

ZiriTad efeqtors, romelic xorcieldeba Т-limfocitebis da sxva bunebrivi kile-

rebis  mier.  

plazmociti — ZiriTadi ujredebi, romlebic adaminis organizmSi producire-

ben antisxeulebs. warmoadgenen limfocitebis ganviTarebis bolo etaps. p. imyofe-

bian Zvlis tvinSi, elenTasa limfur kvanZebSi. iTvleba, rom Zvlis tvinis p. cocx-

loben gacilebiT xangrZlivad da funqcionireben ramdenime aTwleuli.  

peostaglandinebi — fiziologiurad aqtiuri lipiduri bunebis naerTebis jgu-

fi, romelic warmoiqmneba organizmSi fermentuli gziT zogierTi Seucvleli cxi-

movani mJavisagan da Seicavs 20-naxSirbadian jaWvs.  p. warmoadgens garkveuli fizi-

ologiuri efeqtis mqone  mediatorebs. p. TromboqsanebTan da prostaciklinebTan 

erTad warmoqmnis prostanoidebis klass, romelic, Tavis mxriv, Sedis eikoanoide-

bis jgufSi.  iTvleboda, rom sinTezis Semdeg p. gamodian ujredidan pasiuri difu-

ziis gziT, vinaidan aqvs maRali lipofiluri Tvisebebi. Tumca, mogvianebiT  gamoyo-

fili iqna prostaglandinebis cila-gadamtani (PGT, SLCO2A1), romelic ganapiro-

bebs p. ujredul STanTqmas. maTi sekrecia xorcieldeba sxva ciliT — multidrug resis-
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tance protein 4(MRP4, ABCC4). SesaZlebelia, rom ap procesSi CarTuli iyos aqamde 

ucnobi gadamtanic.   
proteasoma — msxvili, multisuberTeuliani struqturis mqone proteaza, ro-

melic gvxvdeba eukariotul ujredebsa  da zogierT baqteriaSi. eukariotul uj-

redSi proteasoma warmodgenilia birTvsa da citoplazmaSic. ZiriTad funqcias 

warmoadgens arasaWiro da dazianebuli cilebis  degradacia peptidebad (4-25 ami-

nomJavuri naSTi), romlebic sabolood iSlebian calkeul aminomJavebad. ujredSi-

da cilebis 80-90%-is degradacia mimdinareobs proteasomebis daxmarebiT. imisaT-

vis, raTa es procesi ganxorcieldes, saWiroa am cilebis moniSvna cila ubiqvitinis 

daxmarebiT. procesis katalizatoria fermenti ubiqvitin-ligaza. ubiqvitinis pir-

veli molekulis dakavSireba samizne cilasTan warmoadgens signals ubiqvitinis 

Semdgomi molekulis dakavSirebisaTvis.  procesis Sedegad cilasTan dakavSirebu-

li aRmoCndeba poliubiqvitinuri jaWvi, romelic, Tavis mxriv, ukavSirdeba protea-

somas da uzrunvelyofs samizne cilis daSla. am sistemas cilebis ubiqvitin-damo-

kidebuli degradacia ewodeba.  

protoonkogeni — ujredis geni, romelic mastimulirebel  gavlenas axdens uj-

redis gayofis procesze maTi eqspresiis Sedegad gamoyofili specifikuri produq-

tebis saSualebiT. dResdReobiT detaluradaa Seswavlili ras-jgufis protoonko-

genebis (HRAS, KRAS2) karcerogenezuli aqtivoba. sxvadasxva onkologiuri daavade-

bebis dros (pankreasis jirkvlis da Sardis buStis kibo da sxv.) registrirdeba am ge-

nebis aqtivobis mniSvnelovani mateba.  

rabdomiolizi — miopaTiis ukiduresi xarisxis forma, romelic xasiaTdeba kun-

Tovani qsovilis rRveviT, kreatinkinazas da mioglobinis donis mkveTri matebiT da 

mioglobinuriiT, aseve Tirkmlis ukmarisobis ganviTarebiT. daavadebis diagnosti-

kuri suraTia kreatinkinazas, aldolazasa da laqtatdehidrogenazas raodenobrivi 

Semcvelobis mateba sisxlSi, aseve aRiniSneba kaliumisa da fosforis Semcvelobis 

momatebac.   

receptor-ganpirobebuli endocitozi — aqtiuri, specifikuri procesi, rom-

lis drosac ujredis membrana iRuneba ujredis SigniT da warmoqmnis specifikur 

ormos, romlis ujredSida mxare Seicavs adaptorul cilebs (klatrini, adaptini da 

sxv.). makromolekulebi, romlebic ukavSirdebian ujredgare specifikur recep-

tors, Sedian ujredSi gacilebiT maRali siCqariT, vidre pinocitozis SemTxvevaSi. 

membranis gare zedapiri Seicavs specifikur receptorebs, magaliTad, dabali sim-

kvrivis lipoproteinebis receptorebs.  ujredgare aredan ligandis dakavSireba 

iwvevs ormoebidan ujredSida vezikulebis warmoqmnas. r.g. endocitozi irTveba mas 

Semdeg, roca dgeba saWiroeba Sesabamisi ligandis, magaliTad, dsl-is kontrolire-

badi da swrafi STanTqmisaTvis. buStukebi swrafad kargaven membranas da erwymian 

erTmaneTs, qmnian ra ufro didi zomis buStukebs — endosomebs, rasac mosdevs maTi 

Serwyma ukve pirvelad lizosomebTan da meoreuli lizosomebis formireba. magali-

Tad, roca dgeba ujredis membranis sinTezisaTvis qolesterinis saWiroeba, isini 

eqspesireben dsl-s plazmur membranaze. qolesteriniTa da qolesterinis eTerebiT 

mdidari dsl, ukavSirdeba ra Sesabamis receptors, swrafad axorcielebs qoleste-

riniT ujredis momaragebas.  

relaqsini — ZuZumwovrebis, maT Soris adamianis hormoni, romelic gamomuSavde-

ba sakvercxeebsa da placentaSi. r. polipeptidia (6000dal.), Sedgeba erTmaneTis to-

li  A da B jaWvebisagan, romlebic kovalenturad arian erTmaneTTan dakavSirebu-

li. sinTezirdeba winamorbedis — preprorelaqsinis saxiT, romlis gardaqmna srul-
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fasovan hormonad xdeba mas Semdeg, rac mas scildeba e.w. sasignalo peptidi da mox-

deba ori jaWvis urTierTdakavSireba.  

restriqcia — orjaWviani dnm-is molekulis daWra specifikuri fermentebiT — 

endonukleazebiT. 

retikulo-endoTelialuri sistema (makrofagebis sistema) — ujredTa siste-

ma, romelic gabneulia organizmis sxvadasxva nawilSi, aqvs barieruli da fagocita-

ruli funqcia. am sistemis maRali koncentracia aRiniSneba elenTaSi, Zvlis tvinsa 

da limfur kvanZebSi. misi ZiriTadi Semadgeneli elementebia histiocitebi — qsovi-

lovani fagocitebi (makrofagebi). amave sistemis ujredebs miekuTvneba limfoidu-

ri kvanZebis, elenTis, RviZlis, Zvlis tvinis, limfuri sadinarebisa da sisxlZarRve-

bis  gare Sris retikuluri da endoTeluri ujredebi da kufleris ujredebi. aseve 

faSari SemaerTebeli qsovilis histiocitebi — makrofagebi. am ujredebis ZiriTadi 

damaxasiaTebeli niSnebia: 1. sisxlSi arsebuli sxvadasxva nivTierebis  STanTqma da 

citoplazmaSi dagroveba; 2. daavadebis gamomwvevi mikrobebis fagocitozi da maTi 

ujredSida gauvnebelyofa; 3. sisxlis dabarebuli ujredebis daSla da daSlis pro-

duqtebis Semdgomi gamoyeneba; 4. sisxlis ujredebis warmoqmna, sadac sawyis masalas 

warmoadgens retikuluri ujredi; 5. aqtiuri monawileoba imunitetSi antisxeule-

bis warmoqmnis gziT. am sistemis aqtivobis xarisxze damokidebuli mravali daavade-

bis, gansakuTrebiT infeqciuris mimdinareoba.  

sarkotubularuli sistema — miocitis milakovani sistemebis erToblioba, ro-

melic axorcielebs sarkolemis struqturul-funciur urTierTqmedebas sarkop-

lazmaSi ganlagebul miofibrilebTan.  

septikuri Soki — sicocxlisaTvis saSiSi mZime infeqciuri daavadebebis garTu-

leba, romelic xasiaTdeba qsovilebis perfuziis daqveiTebiT, rac, Tavis mxriv, ar-

Rvevs Jangbadisa da sxva sakvebi nivTierebebis transportirebas qsovilebSi da ra-

sac mosdevs e.w. poliorganuli ukmarisobis  sindromis ganviTareba. yvelaze xSirad 

septikuri Soki gvxvdeba bavSvebsa da xandazmulebSi, aseve imonodeficitis mqone 

pirebSi. letaluri SemTxveva fiqsirdeba 25-50%-Si.  

serpinebi (serine protease inhibitor-is Semoklebuli varianti  Serpins) – cilebis 

jgufi, romlebisTvisac damaxasiaTebelia erTmaneTTan garkveuli struqturuli 

msgavseba da awarmoeben  serinuli proteazebis inhibirebas.   

sialis mJavebi (NANA) —  neiraminis mJavis  N- da O-Canacvlebuli nawarmebi (mo-

nosaqaridi, cxra naxSirbadisagan Semdgari jaWviT). farTodaa gavrcelebuli cxo-

veluri organizmis sxvadasxva qsovilSi, Tumca aseve gvxvdeba mcenareebSic, baqte-

riebsa da sokoebSi. nanaxia NANA-is 30-mde sxvadasxva warmoebuli. sialis mJavebi 

warmoadgenen glikanebisa da glikolipidebis mniSvnelovan struqturul erTeuls. 

maTi tipuri mdebareobaa  N- da  O-glikanebisa da gangliozidebis daboloeba. NANA-

is am tipis lokalizacia cxoveluri glipoproteinebis naxSirwylovan jaWvze uz-

runvelyofs am ukanasknelis cirkulacias sisxlSi, ise rom ar xdeba maTi STanTqma 

RviZlis ujredebiT.  Sedian ra cxoveluri ujredebis polimerebis SemadgenlobaSi, 

NANA didwilad gansazRvravs maTi ujredebis zedapiris Tvisebebs. magaliTad, im-

yofeba ra glikoproteinebisa da glikolipidebis oligosaqaridebis jaWvis bolo-

ze, NANA axdens biopoliperebis antigenuri determinantebis maskirebas. aqvs gansa-

kuTrebuli mniSvneloba iseT paTologiur procesebSi, rogoricaa anTeba, imunuri 

pasuxi, karcerogenezi (NANA monawileobs sisxlZarRvebSi metastazirebis proces-

Si), virusebis, baqteriebisa da sokoebis organizmSi SeWraSi da a.S. simsivnis metas-

tazirebuli ujredebi gamoirCevian im glikoproteinebis  maRali eqspresiiT, rom-

lebic Seicaven  sialis mJavebs. swored sialis mJavebis maRali eqspresia ujredis 
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zedapirze ganapirobebs uaryofiTi muxtis Seqmnas, romelic moqmedebs ujredis 

membranaze. am procesis Sedegad, janmrTeli ujredebi ganizidaven erTmaneTs, rac 

xels uwyobs metastazebs moxvdes sisxlSi. dadgenili iqna, rom sialis mJava warmo-

adgens ujredis zedapirze virusebis receptors da iSleba ferment neiraminidazas 

moqmedebiT. swored es Tviseba udevs safuZvlad zogierTi gripis sawinaaRmdego 

preparatis  (zanamiviri, oseltamiviri) moqmedebas, romlebic warmoadgenen sialis 

mJavebis analogs da amiT xels uSlian virusis SeWras ujredSi, axdenen ra neiramini-

dazas inhibirebas.  

simsivnis nekrozis faqtori (tumor necrosis factor, TNF) – ujredgare cila, mraval-

funqciuri proanTebiTi da apoptozis gamomwvevi  citokini, sinTezdeba, ZiriTadad, 

monocitebisa da makrofagebis mier. moqmedebs lipidur metabolizmze, koagulacia-

ze, insulinisadmi mgrZnobelobaze, endoTeliumis funqcionirebaze, astimulirebs 

interferonis producias, aaqtivebs leikocitebs, ujredSida parazitebisa da vi-

rusebisagan dacvis erT-erTi ZiriTadi faqtori. sinTezdeba rogorc membranuli 

cila (26kdal. 223 aminomJava). specifikuri metaloproteazebis  (ADAM17), zemoqme-

debiT scildeba membana-damakavSirebeli fragmenti da warmoiqmneba cilis xsnadi 

forma (157 aminomJava). cilis aqtiur formad iTvleba homotrimeri, romelic diso-

ciaciisas kargavs aqtivobas. es procesi mimdinareobs  mas Semdeg, rac TNF ukavSir-

deba Sesabamis receptors da oligomerizirdeba, rac aucilebelia sasignalo kaska-

dis gasaSvebad.  

sinergizmi — ori nivTierebis gaerTianebuli moqmedeba procesze, romelic war-

moadgens gacilebiT Zlier efeqts, vidre TiToeulisa calke. am procesSi monawile 

nivTierebebs sinergistebi ewodebaT.  

sinerguli moqmedeba — ori an meti faqtoris jamuri efeqti, romelic xasiaT-

deba imiT, rom es efeqti aRemateba calkeuli faqtorebis mier ganxorcielebul 

efeqtebs.  

singleturi Jangbadi — normaSi Jangbadi (О2) imyofeba stabilur, e.w. triple-

tur mdgomareobaSi da xasiaTdeba mcire molekuluri energiiT. gansakuTrebul pi-

robebSi, magaliTad sinaTleze, О2-is molekula gadadis agznebul, singletur, maRa-

lenergetikul  mdgomareobaSi (*О2). cocxali ujredebisaTvis singleturi Jangba-

dis wyaros warmoadgens superoqsid-anionebis spontanuri dismutacia. singleturi 

Jangbadis wyaroa aseve ori radikalis urTierTmedebac. savaraudoa, rom nebismieri 

biologiuri sistema, sadac xdeba О2
--is warmoqmna, SesaZlebelia gaxdes singleturi 

Jangbadis wyaro. aRsaniSnavia, rom am formis Jangbadi SesaZlebelia warmoiqmnas ase-

ve sibneleSic, О2
--is ararsebobisas garkveuli fermentuli reaqciebis Sedegad. 

cnobilia, rom sinaTleze molekuluri Jangbadis toqsikuroba organizmisaTvis ma-

tulobs, rasac xels uwyobs ujredSi im nivTierebebis arseboba, romlebsac SeuZli-

aT xiluli  sinaTlis STanTqma — fotosensibilizatorebi. fotomasinTezirebel 

ujredSi aseTi TvisebebiT xasiaTdeba qlorofili da fikobiliproteini. fotosen-

sibilizatorebis garda, cocxal ujredSi gvxvdeba naerTebi, romlebic xasiaTdebi-

an sapirispiro efeqtiT. kerZod, maT SeuZliaT singleturi Jangbadis `Caqroba~, 

rac, Tavis mxriv, sxvadasxva xasiaTis  dazianebis acilebas uwyobs xels. am funqcias 

asrulebs magaliTad, karotinoidebi. *О2-is damWerebis rolSi gamodian aseve lipi-

debi, tokoferoli, nukleotidebi da   sxv.   

skramblaza — fermenti, romelsac gadaaqvs fosfolipidi membranis Sreebs So-

ris.  
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spermatogenezi — pirveladi dihaploiduri sasqeso ujredebis gardaqmna cxo-

velur da mraval mcenareul ujredSi  diferencirebul haploidur mamrobiT sasqe-

so ujredebad (spermatoidebad), romelic mimdinareobs cxovelur organizmSi sa-

Tesleebis arxebSi, xolo mcenareSi anTeridiebSi.  

stikleris sindromi — memkvidruli kolagenopaTiebis jgufi (II, IX daXI tipis 

kolageni). daavadebis niSania saxis formis Secvla, Tvalebis dazianeba, smenis da-

kargva da paTologiebi saxsrebSi.  

substancia  Р — 11 aminomJavisagan Semdgari neiropeptidi. aRmoCenilia Tavisa 

da zurgis tvinSi, farisebr jirkvalSi, enteralur nervul sistemaSi, kansa da kun-

TebSi. igi aseve nanaxia enteroqromafinul ujredebSi da kuW-nawlavis traqtis nei-

ronebSi, kerZod, saylapavSi, msxvil nawlavSi, wvrili nawlavis proqsimalur nawil-

Si, gansakuTrebiT didi raodenobiT — Tormetgoja nawlavSi. axasiaTebs biologiu-

ri aqtivobis farTo speqtri: xasiaTdeba  sisxlZarRvebis gamafarToebeli efeqtiT, 

moqmedebs arteriul wnevaze, aZlierebs kapilarebis ganvladobas, xels uwyobs po-

xieri ujredebis degranulacias, aaqtivebs anTebiTi mediatorebis sinTezsa da ga-

moTavisuflebas, iwvevs gluvi kunTebis SekumSvas, axasiaTebs sekretogenuli moqme-

deba, astimulirebs prolaqtinisa da saWmlis momnelebeli hormonebis gamoTavi-

suflebas. igi aseve pasuxismgebelia tkivilis impulsebis gadacemaze cns-Si. sub-

stancia CarTulia kuW-nawlavis traqtis motoruli da sekretoruli moqmedebis re-

gulaciaSi, astimulirebs saylapavi milis, kuWis, wvrili da msxvili nawlavis moto-

rul Tvisebebsa da saWmlis momnelebeli traqtis meqanikur da eleqtrul aqtivo-

bas. aseve aZlierebs pankreasuli da sanerwyve jirkvlebis sekrecias. amis sapirispi-

rod, ainhibirebs naRvlisa da somatostatinis gamoyofas.    

tanjeris daavadeba — memkvidruli daavadeba, romelic xasiaTdeba maRali sim-

kvrivis lipoproteinebis ukmarisobiT sisxlSi, rasac mosdevs qolesterinis eTere-

bis dagroveba retikulo-endoTelialur sistemaSi. am ujredebis grovebi aRiniSne-

ba  limfur kvanZebSi, Zvlis tvinSi, elenTaSi, nuSisebur jirkvlebSi.  

transglutaminaza — fermentebis ojaxi, romelic akatalizebs kovalenturi 

bmebis warmoqmnas Tavisufal aminojgufebsa da glutaminis γ-karboqsiamidis jgu-

febs Soris. kovalenturi bmebi, romelic warmoiqmneba transglutaminaziT, gamZlea 

proteolizis mimarT.   

transkrifciuli faqtori  CREB (cAMP response element-binding protein) – igi ukav-

Sirdeba dnm-is garkveul Tanamimdevrobas, romelsac ewodeba CRE (cAMP response ele-

ments). es ukanaskneli aregulirebs (aZlierebs an asustebs) Sesabamisi genebis tran-

skrifcias. im genebis raodenoba, romelTa transkrifcias aregulirebs CREB, sakma-

od didia. damtkicebulia CREB-is roli neironalur plastikurobasa da xangrZlivi 

mexsierebis formirebaSi. CREB-is moqmedeba Semdegi TanamimdevrobiT xorcielde-

ba: ujredis membranul receptorze moqmedebs sasignalo nivTiereba, ujredSi matu-

lobs meoradi mesenjeris, magaliTad cAMP-is an Ca-is koncentracia, romelic aaq-

tivebs proteinkinazas. gaaqtivebuli fermenti gadaadgildeba birTvSi da aaqtivebs 

CREB-s. es ukanaskneli ukavSirdeba promotoris CRE-ubans, xolo Semdgom  e.w. CBP-

cilas (CREB-binding protein), romelic mas aqtivirebs da uzrunvelyofs genebis Car-

Tvas an gamorTvas.     

tubulini — cila, romlisganac agebulia mikromilakebi.  
turgori — cocxali ujredis Sinagani osmosuri wneva, romelic iwvevs ujredis 

garsis daWimvas.  
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ubiqvitini — eukariotuli ujredis mcire zomis konservatoruli cila, rome-

lic ukavSirdeba sxva cilebs. ubiqvitinireba warmoadgens cilebis postranslaci-

ur dakavSirebas, romelic xorcieldeba ubiqvitin-ligaziT. ubiqvitinis dakavSire-

ba moqmedebs dasaSleli cilebis funqciasa da ujredSida lokalizaciaze. ubiqvi-

tinis sistema CarTulia iseT procesebSi, rogoricaa ujredebis proliferacia, gan-

viTareba da diferencireba, aseve  reaqcia stressa da paTogenebze.    

ujreduli imuniteti — imunuri pasuxis forma, sadac ar monawileoben antisxe-

ulebi da komplementis sistema. ujreduli imunitetis sapasuxod aqtivirdeba mak-

rofagebi, bunebrivi qilerebi, antigen-specifikuri citotoqsikuri Т-limfocite-

bi da antigenebis sapasuxod adgili aqvs citokinebis gamoyofas. zogadad, imunuri 

sistema gayofilia or nawilad — humoralur imunitetad da ujredul imunitetad. 

humoraluri imunitetis SemTxvevaSi damcvelobiT funqcias asruleben sisxlis 

plazmis molekulebi, xolo meore SemTxvevaSi — imunuri sistemis ujredebi. kerZod, 

CD4 tipis limfocitebi an Т-halperebi. ujreduli imunitetis funqcia realizir-

deba  Semdegi meqanizmiT: 1. citotoqsikuri antigen-specifikuri Т-limfocitebiT, 

romlebic iwveven somaturi ujredebis apoptozs. amis magaliTia ujredebi, romle-

bic dainficirebulia virusiT da aseve, simsivnis ujredebi, romlebic avlenen anti-

genur Tvisebebs; 2. makrofagebisa da bunebrivi qilerebis gaaqtiveba, romlebic 

Slian ujredSida paTogenebs; 3. citokinebis sekreciis stimulireba, romlebic ax-

denen zegavlenas imunuri sistemis sxva ujredebze. zogadad, ujreduli imuniteti 

ZiriTadad mimarTulia mikroorganizmebis sawinaaRmdegod.  

uSaqro diabeti — iSviaTi daavadeba dakavSirebuli hipoTalamusis an hipofizis 

funqciis moSlasTan. xasiaTdeba poliuriiT da polidifsiiT (wyurvilis SegrZneba). 

uSaqro diabetis gamomwvevia: hipoTalamusis an hipofizis simsivne, metastazebis ar-

seboba Tavis tvinSi, romelic moqmedebs tvinis funqcionirebaze; aseve Tavis tvinis 

tramva, uSaqro diabetis memkvidruli formebi da vazopresinis samizne ujredebSi 

hormonis signalis aRqmis darRveva.   

fagocitozi — endocitozis erT-erTi forma, romelic gulisxmobs myari obieq-

tis STanTqmas ujredebis mier. am obieqtis irgvliv warmoiqmneba didi zomis ujred-

Sida vakuoli — e.w. fagosoma. misi SerwymiT pirvelad lizosomasTan warmoiqmneba 

meoradi lizosoma. mJave areSi hidrolizuri fermentebi axdenen meorad lizosoma-

Si moxvedrili makromolekulebis hidrolizs. daSlis produqtebi (aminomJavebi, 

monosaqaridebi da sxv.) transportirdebian lizosomuri membranis gavliT ujredis 

citoplazmaSi. 

fankonis sindromi — Tandayolili daavadeba, romelsac autosomur-recesiuli 

xasiaTi aqvs. daavadebis msvlelobisas adgili aqvs Tirkmlis proqsimaluri milakis    

dazianebas, rac iwvevs fosfatis, glukozis aminomJavebis da bikarbonatis reabsor-

bciis moSlas.  paTogenezis ZiriTadi gamovlenaa — mitoqondriuli fermentebis, maT 

Soris krebsis ciklis fermentebis, defeqti. es ukanaskneli  vlindeba glukozis re-

absorbciis moSliT.    

fibroblasti — organizmis SemaerTebeli qsovilis ujredi, romelic asinTe-

zebs ujredgare matriqss. f. sekretireben iseTi cilebis winamorbedebs, rogoricaa 

kolageni da elastini, aseve mukopolisaqaridebs. f.-is forma mravalferovania da 

damokidebulia maT aqtivobasa da lokalizaciaze organizmSi. aqtiuri f. gadidebu-

li zomisaa, aqvs gamonazardebi da ovaluri formis birTvi, mdidaria ribosomebiT. 

araaqtiuri fibroblastebi (fibrocitebi) zomiT ufro mcirea da wagrZelebuli, 

TiTistaris formisaa. embriogenezSi f. warmoiqmneba mezenqimaluri warmoSobis Re-

rovani  ujredebidan. asruleben mniSvnelovan rols Wrilobis Sexorcebis proces-
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Si, maT ZiriTad funqcias warmoadgens ujredSorisi nivTierebis komponentebis sin-

Tezi (kolageni, elastini — boWkoebis formireba; proteoglikanebi da glikoprote-

inebi — ZiriTadi amorfuli nivTiereba).       

fibroneqtini — ujredgare aris glikoproteini. is warmodgenilia homodimeris 

formiT, romelic Sedgeba 2 polipeptidisagan. polipeptiebi erTmaneTTan disul-

fiduri bmebiTaa dakavSirebuli. TiToeuli jaWvis mol. masa 235kdal.-ia. f. sinTez-

deba praqtikulad yvela ujredSi, zogierTi tipis nervuli ujredis garda. ZuuZum-

wovrebis organizmSi f. ori formiT arsebobs — uxsnadi, romelic qmnis ujredis ze-

dapirsa da ujredgare matriqsSi fibrilarul bades  da xsnadi formiT. es ukanas-

kneli warmodgenilia sisxlis plazmaSi. xsnadi f. sinTezdeba RviZlSi da retikulo-

endoTelur sistemaSi.  

fetoglobulini α — plazmis cila, romelic aRmoCenilia mcire raodenobiT 

zrdasruli adamianis plazmaSi. misi raodenoba gacilebiT didia nayofSi, fexmZimo-

bisas da aseve pacientebSi RviZlis daavadebebiTa da avTvisebiani simsivneebiT.   

 flavinadenindinukleotidi (FAD) – kofermenti, romelic monawileobs mra-

val Jangva-aRdgeniT bioqimiur procesSi. ujredSi arsebobs ori formiT — daJangu-

li da aRdgenili (FADH2, FAD) da misi biologiuri funqcia am ori formis urTier-

TgadasvlaSia. FADH2 warmoadgens energiis gadamtans, xolo FAD gamoiyeneba, ro-

gorc  mitoqondriaSi mimdinare JangviTi fosforilirebis reaqciis substrati. Zi-

riTadi wyaro eukariotul ujredebSi krebsis cikli da lipidebis β-daJangvaa, kreb-

sis ciklSi warmoadgens suqcinatdehidrogenazas prosTetul jfufs, xolo β-da-

JangvaSi igi acetil-CoA- dehidrogenazas kofermentia.  FAD-is wyaro riboflavinia. 

flavinmononukleotidi (FMN) – warmoiqmneba riboflavinisagan da prosTetu-

li jgufia sxvadasxva dehidrogenazisaTvis, maT Soris NADH-damokidebuli dehid-

rogenazisaTvis. bioqimiur procesebSi ori formiTaa — daJanguli (FMN) da aRdge-

nili (FMNH2). FMN ufro Zlieri damJangvelia, vidre NAD,  vinaidan erTdroulad 

SeuZlia miiRos ori eleqtroni.  

fosfolambani  — cila (25kdal.) Sedgeba 5 identuri protomerisagan, romelTa 

molekuluri masebi daaxloebiT 5kdal. TiToeuli protomeri ganWolavs sarkop-

lazmatur membranas da mWidrod urTierTqmedebs erTmaneTTan  membranis SigniT. f. 

ikavSirebs АТР-s da SeuZlia сАМР-damokidebuli proteinkinazisa da Ca2+-kalmadu-

lin-damokidebuli proteinkinazas fosforilireba. iTvleba, rom defosforilire-

buli fosfolambani dakavSirebulia Ca2+-ATP-azasTan, riTac axdens am ukanasknelis 

inhibirebas. fosforilireba iwvevs f-is Camocilebas Ca2+-ATP-azasgan da mis aqtiva-

cias. naCvenebia, rom f-s Seswevs unari moaxdinos SERCA 1-isa da SERCA 2-is inhibire-

ba. f-is fosforilireba xdeba proteinkinaza A-iT, proteinkinaza C-iT, Ca-kalmadu-

lin-damokidebuli proteinkinaziT da aseve cGMP-damokidebuli proteinkinaziT. 

SesaZlebelia, rom proteinkinaza C axdens ara marto fosfolambanis, aramed Ca2+-

АТР azas fosforilirebasac, rac aZlierebs Ca2+-is transports.  

qemoantraqtanti — qimiuri nivTierebebi, romelic leikocitebisa da mononuk-

learuli ujredebis specialur receptorebTan dakavSirebis Semdgom iwveven gada-

adgilebas (qemotaqsis) koncentraciuli gradientis mimarTulebiT. endogenur q. 

miekuTvneba С-С5 а, СЗа-s fragmentebi, kompleqsi С567, komplementis sistemis alte-

ratiuli gzis СЗ-konvertaza, limfokinebi, kalikreini kolageni da sxv. q. aqtivobiT 

xasiaTdebian sxvadasxva mikrobebis peptidebi, lipidebi da lipoproteinebi, aseve 

sxvadasxva egzogenuri qimiuri naerTi. naerTebi, romlebsac axasiaTebs sapirispiro 

efeqti, iwodebian repelentebad.  
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qemotaqsisi — cocxali ujredebis mimarTuli moZraoba maT mier amocnobil niv-

Tierebis koncentraciuli gradientis mimarTulebiT. nivTierebas, romelic iwvevs 

am ujredebis moZraobas, ewodeba qemoatraqtanti. qemoatraqtantuli Tviseba axasi-

aTebs magaliTad, leikocitebs.  

qondrodisplazia — xrtilis memkvidreobiTi daavadeba, romelic arRvevs mis 

funqcias, rogorc matricisas Zvlebis zrdis procesSi. klinikuri suraTi ZiriTa-

dad gamoixateba sxvadasxva xarisxis qondriskacobaSi, aseve Zvlebisa da saxsrebis 

deformaciaSi.  

qoroidaluri wnuli — warmoiqmneba kapilaris ujredebisa da tvinis parkuWe-

bis amomfeni erTSriani kuburi formis epiTeliumisagan. q.w. — es aris adgili, sadac 

warmoiqmneba liqvori (siTxe, romliTac amovsebulia tvinis parkuWebi). nivTierebis 

gadasvla sisxlidan liqvorSi ganisazRvreba kapilaris kedlis ujredebisa da wnu-

lis epiTeliumis ujredebis ganvladobiT (hamatoliqvoruli barieri) da zogadad, 

masSi gaZnelebulia wyalSi xsnadi da damuxtuli molekulebis ganvladoba. Tavis 

mxriv, liqvorsa da tvinis qsovils Soris nivTierebaTa cvla SezRudulia ependimis 

kargad ganvladi SriT. mravali nivTiereba, romlisTvisac ganuvladia rogorc hema-

toencefaluri, aseve hematoliqvoruli barieri, tvinze moqmedebas axorcielebs 

maTi pirdapiri SeyvaniT tvinis parkuWebSi.  

qsantomuri (qafiseburi)  ujredebi — qolesterinis eTeriT datvirTuli mak-

rofagebi. iTvleba, rom monocitebidan warmoqmnili makrofagebi, gardaiqmnebian qa-

fisebur ujredebad dsl-is SemadgenlobaSi arsebuli  qolesterinis eTerebis STan-

Tqmis, hidrolizisa da reeTerifikaciis Sedegad. aRsaniSnavia, rom rac ufro ima-

tebs qolesterinis raodenoba, monocitebis dslp-is receptorebis funqcia miT uf-

ro mcirdeba.  

Sardovana (karbamidi) — qimiuri SenaerTi, naxSirmJavas diamidi.  

Sizofrenia —polimorfuli fsiqikuri darRveva an fsiqikuri darRvevebis jgu-

fi, romelic dakavSirebulia azrovnebiTi procesebisa da emociuri reaqciebis dar-

RvevasTan.  

cerebrozidebi (glikosfingolipidebi) — rTuli lipidebis warmomadgeneli bu-

nebrivi organuli naerTebi. ujredis membranis Semadgeneli molekulebi. pirvelad 

aRmoCenili iqna Tavis tvinSi. cerebrozidebis SenebaSi monawileobs aminospirti 

sfingozini, cximovani mJava da naxSirwyali (galaqtoza, iSviaTad glukoza). cximo-

vani mJavebi ZiriTadad najeria. cnobilia galaqtocerebrozidebi da glukocereb-

rozidebi. galaqtocerebrozidi gvxvdeba tvinis ujredis membranaSi, xolo gluko-

cerozodebi aseve warmodgenilia ara marto neironis, aramed sxvadaxva tipis ujre-

debSi. 

ceruloplazmini — spilenZSemcveli glikoproteini, romelic gvxvdeba sis-

xlis plazmaSi. c. Seicavs sisxlis plazmaSi arsebuli spilenZis 95%-s. cerulop-

lazminis Tandayolili deficiti iwvevs Tavis tvinisa da RviZlis  ganviTarebis de-

feqtebs. ceruloplazmini asrulebs mniSvnelovan fermentul rols, kerZod is aka-

talizebs polifenolebisa da poliaminebis daJangvas plazmaSi. c-is sinTezi mimdi-

nareobs hepatocitebSi da regulirdeba hormonebiT. mTeli sicocxlis manZilze am 

cilis done plazmaSi stabiluria. ceruloplazmini ver laxavs (an Zalian mciredad) 

hematoencefalur bariers. Tavis tvinSi es cila gamomuSavdeba gliuri ujredebis 

gansazRvruli populaciiT, romelic dakavSirebulia mikrosisxlZarRvebTan. as-

trocitebis mier sinTezdeba am cilis gansakuTrebuli forma, romelic aucilebe-

lia cns-is ujredebidan rkinis ionebis gamosadevnad. ceruloplazminis mimarT no-
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kautirebul TagvebSi aRiniSneba naTxemSi rkinis ionis dagroveba, dofaminerguli 

neironebis dakargva  da moZraobis koordinaciis darRveva.  

ciklin-damokidebuli kinazebi (cyclin-dependent kinases, CDK) – fermentebis jgu-

fi, romlebic regulirdebian cikliniTa da ciklinis msgavsi molekulebiT. CDK-
ebis umravlesoba monawileobs ujreduli ciklis cvlaSi. isini aseve aregulireben 

transkrifciasa da i-rnm-is procesings. CDK-ebi serin-treoninuli kinazebia da ax-

denen samizne cilebis Sesabamisi naSTebis fosforilirebas. cnobilia ramdenime 

CDK, romelTagan TiToeuli aqtivirdeba erTi an ramdenime cikliniT  mxolod mas 

Semdeg, roca am ukanasknelis koncentracia miaRwevs kritikul zRvars. ciklinis 

koncentraciis Semcirebis sapasuxod iwyeba Sesabamisi CDK-is inaqtivireba. cnobi-

lia  CDK-s 11 izoforma.  

ciklinebi — cilebis jgufi — ciklin-damokidebuli kinazebis  (CDK) aqtivato-

rebi. am cilebis saxelwodeba aRniSnavs, rom maTi ujredSida koncentracia icvleba 

ujreduli cilis mimdinareobis Sesabamisad da maqsimums aRwevs am ciklis garkveul 

stadiaze.  

cila  Mdm-2 — warmoadgens cila р53-is bunebriv inhibitors, axdens ra р53-is 

transaqtivaciuri domenis blokirebas da, amavdroulad, xels uwyobs mis eqsports 

birTvidan proteosomebSi degradaciisaTvis. dnm-damokidebuli proteinkinaza ax-

dens cila Mdm-2-is р53-damakavSirebeli ubnebis fosforilirebas, ris sapasuxodac 

cila  Mdm-2-s ar Seswevs unari moaxdinos р53-is momatebuli raodenobis aqtivobis 

daTrgunva. mxolod dnm-damokidebuli proteinkinazas reparaciis Sedegad warmoiq-

mneba Mdm-2-is arafosforilirebuli forma, romelsac SeuZlia  awarmoos  р53-is 

inaqtivireba.  

cila aguti (ASIP) da agutis monaTesave cila (AgRP) – warmoadgens melanokor-

tinis (melanocit-mastimulirebeli hormoni, MMH) receptorebis MC3-R-isa da 

MC4-R-is endogenur antagonists, romelic asrulebs  mniSvnelovan rols pigmenta-

ciisa da energetikuli balansis regulaciaSi.    

cila GAP — citoplazmuri cila (120kdal). eqspresirdeba ZuZumwovrebis praq-

tikulad yvela ujredSi. GAP-is katalizuri domeni ganTavsebulia mis C-boloze. N-

bolo Seicavs or SH2-s da erT SH3-domens. SH2-s domeni uzrunvelyofs  GAP-is da-

kavSirebas zrdis faqtorebis gaaqtivebul receptorebTan, xolo SH3-domeni, sava-

raudod, monawileobs signalis `qveviT~ gadacemaSi. GAP-is aqtivoba regulireba-

dia. naCvenebia, rom  proteinkinaza C-s aqtivacia aqveiTebs GAP-is aqtivobas. 

cila GEF  – nukleotidebis cvlis faqtori (igive Sos). 1993 wels gamoyofili iq-

na cila (150kdal.), romelic astimulirebs Ras-Tan dakavSirebuli GDP-is Secvlas 

GTP-iT. cilebi, romlebic astimulireben GDP-is Canacvlebas GTP-iT, iwodebian 

rogorc GEFs (guanine-nucleotide-exchange factors), maT aseve moixsenieben rogorc GNRPs 

(guanine- nucleotide-releasing proteins), an GDSs (guanine-nucleotide- dissociation stimulators). GEFs 

aCqarebs nukleotidur cvlas GDP-dakavSirebul Ras-Tan membranasTan asociaciis 

Sedegad. amasTan  GDP swrafad disocirdeba da Ras-cila myisierad ukavSirdeba GTP-

s, rasac mosdevs GEF-is disociacia da Ras-is gadasvla aqtiur formaSi.  

cila Grb2 (Growth Receptor Binding protein 2) – martivi cila (215 aminomJavuri naS-

Ti), romlis SemadgenlobaSia ori SH3 da erTi SH2  domeni. iTvleba, rom igi gadas-

cems signals zrdis faqtorebidan cila р21ras-ze. Grb2-iT inducirebuli Ras-cilis 

gadasvla aqtivirebul (GTP-dakavSirebuli) mdgomareobaSi iwvevs mTeli rigi efeq-

torebis stimulacias, maT Soris, serin-treoninkinazuri aqtivobis mqone Raf-is.   
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cila Ras – monomeruli GTP-damakavSirebeli cilebi. am ojaxis warmomadgenlebi 

farTod arian gavrcelebuli (ZuZumwovrebi, mwerebi, safuarebi) da aregulireben 

ujreduli proliferaciis, diferencirebisa da morfologiis sxvadasxva aspeqtebs. 

isini warmoadgenen protoonkogenebis produqtebs, kerZod maTi mudmivi aqtivacia 

iwvevs ujredebis avTvisebian gardaqmnas. isini aRmoCenili iqna, rogorc onkogene-

bis produqtebi. es cilebi pirvelad aRmoCenili iqna, rogorc retrovirusebTan 

dakavSirebuli matransformirebeli produqtebi. Ras-cilebi monawileoben zrdis 

faqtorebiT gamowveuli ujredebis gayofis stimulaciaSi. yvela tipis Ras- cila 

erTjaWviani polipeptidia, romelic Sedgeba 189 aminomJavis naSTisagan da dakavSi-

rebulia plazmur membranasTan boloze arsebuli lipiduri ubnebiT. maTTvis dama-

xasiaTebelia guaninuri nukleotidebis (GTP da GDP) dakavSirebis unari da warmo-

adgenen GTP-azas. am cilebis GTP-azuri aqtivoba, romlis gaaqtivebas mosdevs ujre-

debis transformacia, sakmaod dabalia. Tumca ujredSi vxvdebiT cilebs, romlebic 

uSualod  urTierTqmedeben Ras-Tan da zrdian mis fermentul aqtivobas. GTP-azas 

gamaaqtivebel cilebs (GAP) aqvs SesaZlebloba moaxdinos zrdis faqtorebis mito-

genuri aqtivobis daTrgunva. GAP-ebis aqtivobis SemcirebiT SesaZlebeli xdeba mi-

togenuri signalis gazrda, rac xdeba magaliTad  Т- da В-limfocitebSi da adipoci-

tebSi. GAP-cilebiT GTP-azuri aqtivaciis meqanizmi  mdgomareobs droebiTi  steqi-

ometriuli kompleqsebis warmoqmnaSi, magaliTad, GAP-Ras kompleqsis. am jgufis ci-

lebis araonkogenuri formebi(с-Ras) gvxvdeba yvela ujredSi da warmoadgens zrdisa 

da diferencirebis regulatorebs. onkogenuri mutantebi warmodgenilia avTvise-

biani ujredebis 40%-Si da dakavSirebuli arian ujredis membranis Sida mxares. yve-

la eukariotul ujredSi identificirebulia RAS homologebi, romlebic asrule-

ben umniSvnelovanes funqcias ujredgare aredan ujredSi signalis gadacemis sxva-

dasxva jaWvSi. ZuZumwovrebSi cnobilia 21kdal. cilebi, romelic kodirebulia sami  

ras geniT. es genebia N-Ras-geni,   H-Ras-geni da K-Ras geni. samive cilis struqtura da 

funqcia maRali konservatulobiT gamoirCeva. normalur mdgomareobaSi RAS araaq-

tiuria, anu imyofeba GDP-dakavSirebuli formiT, im dros, roca onkogenuri  Ras aq-

tiuria, kerZod dakavSirebulia GTP-Tan.   

cila Sos  - ix. cila GEF. 
ciliaruli  sxeuli — Tvalis sisxlZarRvovani traqtis nawili, romlis Semad-

genlobaSi Sedis aseve feradi garsi da sakuTriv sisxlZarRvovani garsi. ciliaruli 

sxeulis ZiriTadi nawilia ciliaruli kunTi da cialiaruli gamonazardebi. cilia-

ruli kunTi gluvi kunTia, romelsac aqvs sxvadasxva mimarTulebis boWkoebi da uz-

runvelyofs Tvalis akomodacias. igi amaragebs Tvals didi raodenobiT sisxlZar-

RvebiT (ZiriTadad wvril venebs), romlebic Sida mxridan dafarulia orSriani epi-

TeliT. swored ciliarul epiTeliums miaweren ujredSida siTxis gamomuSavebeli 

organos rols.  

citokinebi — mcire zomis peptiduri informaciuli molekulebi. molekuluri 

masa ar aRemateba 30kdaltons. c. gamoiyofa А ujredis zedapirze da moqmedebs mis 

gverdze myofi В -ujredis receptorze. am gziT А ujredidan В-ujredze gadaecema 

signali, romelic rTavs am ujredSi Semdgomi reaqciebis kaskads. ZiriTadi produ-

centebia limfocitebi. amis garda, sekretirdebian makrofagebis, granulocitebis, 

retikuluri fibroblastebis, endoTeluri ujredebisa da sxv. mierac. c. areguli-

reben ujredSoris da sistemaTaSoris urTierTobebs, gansazRvraven ujredebis si-

cocxlisunarianobas, maTi zrdis stumulacias an daTrgunvas, funqciur aqtivobas 

da apoptozs, uzrunvelyofen imunuri, endokrinuli da nervuli sistemebis SeTan-
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xmebul moqmedebas normalur da aseve paTologiur pirobebSi.  c. aqtiuria dabali 

koncentraciis pirobebSi. biologiuri efeqti ujredze  realizdeba samizne ujre-

dis plazmuri membranaze arsebul receptorTan urTierTqmedebiT. c. warmoqmna da 

sekrecia mimdinareobs mokle droSi da mkacradaa regulirebuli. cnobilia 30-ze 

meti citokini. moqmedebis meqanizmis mixedviT  cnobilia proanTebi, anTebis sawina-

aRmdego da ujreduli da humoraluri imunitetis regulatoruli citokinebi.  

citoqromebi (hemoproteinebi) — mcire zomis globularuli cila, romelic Se-

icavs kovalenturi bmiT dakavSirebul hems. es ukanaskneli lokalizebulia aminom-

Javuri naSTebisagan warmoqmnil cilis Sida jibeSi. c. gvxvdeba organizmis yvela 

ujredSi. eukariotebSi isini ZiriTadad lokalizebulia mitoqondriul membrana-

Si.c. akatalizeben Jangva-aRdgeniT reaqciebs. cnobilia 30-mde sxvadasxva citoqro-

mi. yvela isini Seicaven hem, rogorc prosTetul jgufs da erTmaneTisagan gansxvav-

debian gverdiTi polipeptiduri jaWvebiT. hemis tipis mixedviT gamoyofen 8 tipis 

citoqroms. sinaTlis speqtris mixedviT cnobilia citoqromi a, b, c.    

citoqromi - II-Е1 – adamianis organizmSi aRmoCenili citoqromi Р450-is erT-

erTi izoforma.   

citoqromi Р450 – hemoproteinuri bunebis fermentebis jgufi (citoqrom Р450 -

damokidebuli monooqsigenaza). aqvs sinaTlis STanTqmis  maqsimumi 450 nm talRis 

sigrZeze, saidanac warmodgeba misi saxelwodebac. aRmoCenilia yvela cocxal orga-

nizmSi. citoqromi Р450 sistema monawileobs mravalricxovani egzogenuri da endoge-

nuri  naerTebis daJangvaSi. am jgufis fermentebi mniSvnelovan rols asruleben 

steroidebis, naRvlis mJavebis, ujeri cximovani mJavebis, fenoluri metabolitebis 

cvlaSi, aseve qsenobiotikebis (wamlebi, Sxamebi, narkotikebi) neitralizaciis pro-

cesSi. citoqrom Р450 — damokidebuli monooqsigenazebi akatalizeben sxvadasxva na-

erTis daSlas hidroqsilirebis saSualebiT molekuluri Jangbadisa da eleqtrone-

bis donoris NADPH-is monawileobiT.  am reaqciaSi erTi atomi Jangbadi uerTdeba 

substrats, xolo meore atomi aRdgeba wylamde.  
xelatori (xelati) — kompleqsuri naerTebi, romlebic warmoiqmneba poliden-

taturi ligandis (naerTi, romelsac aqvs ramdenime donoruli centri) urTier-

TqmedebiT metalis ionTan. medicinasa da soflis meurneobaSi  xelatebi gamoiyeneba  

sakveb produqtebSi zogierTi elementis (Fe, Cu, Ca, Mn) Sesayvanad, vinaidan xelato-

ruli kompleqsebisaTvis damaxasiaTebelia maTi organizmis mier  SeTvisebis Zalian 

maRali xarisxi.  

hartnupis daavadeba — iSviaTi memkvidreobiTi daavadeba, romelsac safuZvlad 

udevs cilebisa da kunTovani qsovilis  ZiriTadi samSeneblo naerTebis — zogierTi 

aminomJavas (triftofani, lizini, meTionini, glicini)  cvlis moSla. vlindeba kanisa 

da nervuli sistemis dazianebiT. daavadebis mizezia mutacia genSi, romelic pasu-

xismgebelia aminomJavebis, pirvel rigSi, triftofanis cvlaze. 

hipofizaruli nanizmi (qondriskacoba) — zrdisa da fizikuri ganviTarebis Se-

ferxeba, rac gamowveulia organizmSi somatotropuli hormonis  (zrdis hormoni) 

samciriT. sakmaod iSviaTi daavadebaa.    

hematoencefaluri barieri — formirdeba Tavis tvinis anatomiuri struqtu-

ris unikaluri Taviseburebis Sedegad. pirvel rigSi, Tavis tvinis sisxlis kapila-

rebis endoTeliumi gansxvavdeba sxva organoebis endoTeliumisagan. es gansxvaveba 

exeba Tavis tvinis qsovilSi am ujredebis Zalian mWidro kontaqts erTmaneTTan.  ka-

pilarebis forebis radiusi Tavis tvinSi gacilebiT mcirea, vidre sxva qsovilSi. ma-

galiTad, bocveris Tavis tvinSi es sidide 0.7-0.9nm-ia. msxvil molekulebs ar SeuZ-

lia endoTeliumis barieris gadalaxva. wyalSi  xsnadi da damuxtuli molekulebi 
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gadis uSualod endoTeluri ujredebis membranaSi da citoplazmaSi mxolod im Sem-

TxvevaSi xvdeba, Tu aqvs mcire zomebi (mag., CN-). normaSi tvinis endoTeliumis ujre-

debi moklebulia pinocitozis unars. mxolod zogierT paTologiur SemTxvevaSi, 

magaliTad hipoqsiisas,  cns-is endoTeluri ujredebi warmoqmnis pinocitarul va-

kuolebs, rasac mosdevs hematoencefaluri barieris ganvladobis zrda, Tumca am 

SemTxvevaSi izrdeba sxvadasxva toqsinebis tvinSi SeWris saSiSroeba. meore rigSi, 

tvinis kapilarebi  mWidrodaa  garSemortymuli astrocituli gliis gamonazarde-

biT. astrocituli garsi aseve xels uSlis sisxlidan tvinSi hidrofiluri qsenobi-

otikebis Semosvlas da maT urTierTqmedebas ujredis sxva elementebTan. bolo 

struqtura, romelic aseve monawileobs hematoencefaluri barieris SeqmnaSi, kapi-

larebis endoTeliumis ujredebsa da astrocitebis gamonazardebs Soris arsebuli 

bazaluri membranaa. mas aqvs Tanmimdevruli fibrilaruli makroproteinuli 

struqtura, romelic uzrunvelyofs tvinSi iseTi molekulebis SerCeviT SeRweva-

dobas, romelic aucilebelia am organos cxovelqmedebisaTvis (glukoza, O2 da sxv.). 

analogiuri barieri aqvs periferiul nervul sistemas (hematonevraluri barieri).  

hemoragiuli sindromi — viTardeba  hemostazis  erTi an ramdenime rgolSi mim-

dinare cvlilebebis sapasuxod. daavadeba SesaZlebelia gamovlindes sisxlZarRvis 

kedlis dazianebiT,  Trombocitebis struqturis, funqciisa da raodenobis cvli-

lebebiT da aseve koagulaciuri hemostazis darRveviT.  

hepatosplenomegalia — daavadeba, romelic xasiaTdeba elenTisa da RviZlis 

erTdrouli gadidebiT. daavadebis ganviTarebis mizezebi sxvadasxvaa, maT Soris ga-

nixileba nivTierebaTa cvlis moSla, gansakuTrebiT es exeba lipidebis metabo-

lizms.  

histoSeTavsebadobis mTavari kompleqsi (MHC – major histocompatibility complex) – 

xerxemliani cxovelebis genebis jgufi, romelic mniSvnelovan rols asrulebs imu-

nuri sistemis funqcionirebasa da imunitetis ganviTarebaSi. kompleqsis genebi ako-

direbs membranaze lokalizebul cilebs, romlebic uzrunvelyofs organizmSi mox-

vedrili mikrobebis antigenebis eqspresirebas, rac mniSvnelovania imunuri siste-

mis ujredebis koordinirebuli moqmedebisaTvis infeqciis gauvnebelyofis pro-

cesSi. adamianis MHC VI qromosomazea lokalizebuli  da mas adamianis leikocita-

rul antigens uwodeben.  
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aplastikuri anemia 503, 544 

apoproteini 214, 221, 317, 348, 349, 350, 

351, 352, 354, 356 

apudociti 122, 123, 124 

ararespiratoruli acidozi 413 

araseleqtiuri arxebi 15, 53, 60, 226, 

308 

araspecifikuri lipidesTeraza 341 

araswori osteogenezi 472 

arestini 193, 194 

aferentuli neironi 127 

aqcesoruli ubani 70 

aqondrogenezi 448 

aqondroplazia 473 

aqsonaluri transporti 145, 148, 155, 

156, 178 

aqsoni 66, 85, 127, 132, 139, 150, 155, 156, 

171, 183, 195 

aqtini 22, 61, 62, 128, 151, 224, 225, 265, 

268, 270, 271, 273, 274, 283, 287, 292, 

300, 478 

aqtinini 265, 268 

aqtiuri zona 149 

aqtomiozinuri kompleqsi 270 

aqtoni 70 

aqvaporini 57, 86, 87, 226, 305, 308, 397 

aspartataminotransferaza 302, 380, 388 
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ascituri siTxe 479 

astrocitebi 129, 130, 183, 186, 285, 564, 

568 

atelosteogenezi 448 

atriul-septumuri defeqtebi 301 

atropini 158, 331 

autokatalizi 335, 338 

atf 16, 17, 21, 222, 227, 230, 260, 267, 278, 

293, 296, 309, 335, 468, 510, 530, 531, 

535, 550  

acetilqolinesTeraza 156, 157, 187, 204 

acetilqolini 29, 32, 51, 79, 141, 143, 

144, 145, 146, 156, 157, 158, 160, 170, 

179, 186, 187, 204, 273, 274, 287, 295, 

317, 331, 334, 465, 534, 538 

aciltransferaza 348, 351, 353 

acinuri ujredebi 330 

 

b 

 

barbituratebi 143, 163, 164 

bazofilebi 81, 232, 233, 243 

bakulovirusi 501, 504, 544 

bekeris kunTovani distrofia 301 

bileris daavadeba 374 

benzodiazepimebi 163 

beta-laqtoglobulini 487 

bilirubini 208, 224, 329, 364, 366, 373, 

374, 375, 377, 378, 379, 380, 381, 384, 

390, 424, 428 

biliverdini 173, 284, 377 

biliverdinreduqtaza 377 

biogenuri aminebi 165, 167, 326, 533 

bombezini 124, 465, 544 

birTvuli onkocilebi 513 

boumenis kafsula 392, 393 

brinjaos daavadeba 100 
 

g 

 

gaiolebuli difuzia 14, 15, 223, 378 

galaqtozemia 362, 419, 427 

galaqtozidaza 358, 460 

galaqtozuria 362, 427 
gama-aminoerbos mJava 141, 143, 204 
ganivzoliani kunTi 365, 266, 268, 273, 

274, 278, 281, 282, 283, 290 

gastrini 71, 123, 124, 331, 332, 333, 334, 545 

gastroferini 228, 545 

gafantuli sklerozi 133, 134, 186 

generalizebuli gangliozidozi 358 

geni  р53 512, 514 

gigantizmi 78, 84 

ginekomastia 434 

girkes daavadeba 368, 369 

glancman-negelis Trombostenia 254 

glaukoma 483, 545 

glikani 13, 447, 545, 559 

glikoforini  224, 225 

glikogenozi 280, 367, 368, 369 

glikogensinTaza 35, 106, 109, 368, 545 

glikogensinTetaza 367 

glikoproteinuli kompleqti  300, 546 

glikozilfosfatidilinozitoluri 

Ruza (GPI) 13 

glikoziltransferaza 245, 455 

glicinuria 346 

globulini  X  268 

glomerulonefriti 412, 414, 416, 418, 

427 

glukagon-analogiuri peptidi-1 119 

glukagoni 29, 36, 71, 75, 77, 104, 105, 109, 

110, 124, 438 
glukocerebrozidaza 358, 564 
glukokinaza (heqsokinaza) 105, 106, 361, 

366 

glukokortikoidi 41, 62, 63, 81, 84, 94, 

95, 97, 99, 100, 103, 122, 227, 314, 322, 

360, 411 

glukozo-alaninuri cikli 370 

glukozuria 360, 361, 408, 412, 417, 427, 

548 

glukuronidaza 232, 373, 378, 381, 460 

glukuroniltransferaza 378, 381 

glutamat-dekarboqsilaza 163, 182 

glutamilciklotransferaza 345 

glutamiluri cikli 344 

glutaminis mJava (glutamati) 60, 73, 

136, 141, 159, 163, 182, 199, 256, 267, 

454, 535, 546 

glutaTiontransferaza 344, 384, 546 

gonadebi 430 

gonadoliberini 73, 74, 80, 113, 115, 434, 

440 

goSes daavadeba 258 

granzimi 499, 502, 504 
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granulocitebi 231, 232, 243, 305, 327, 

328, 553, 566 

greivsis daavadeba 93 

grelini 117, 119, 120 

guanilatciklaza 30, 42, 43, 54, 89, 103, 

172, 173, 191, 194, 284, 285, 288, 289, 

331, 511 

gulis iSemiuri daavadeba 221, 222, 301, 

323, 355, 356, 357 

gulis ukmarisoba 58, 100, 298, 299, 301, 

323, 324, 325, 329, 413, 423, 428, 479, 521 

gustini 541 

 

d 

 

dabin-jonsonis sindromi 381 

dadebiTi ionotropuli efeqti 298, 299 

de ritisis koeficienti 388 

dezoqsikortizoli 95 

dezoqsiqolis mJava 340, 373, 374 

dekorini 469, 546 

demencia 160, 173, 182, 532, 546 

dendriti 127, 155, 171, 183 

dermatomioziti 458 

desmozini 457, 458 

dehidroqolesteroli 112 

diastoluri disfunqcia 287 

dineini 129, 156 

dislipoproteinemia 217, 352, 527 

distrofia 173, 266, 278, 279, 280, 300, 

301, 369, 397, 426, 448, 449, 451, 527, 

547, 555 

distrofini 300, 301, 546 

distrofiuli displazia 448 

diuSenis kunTovani distrofia 279 

dihidrotestosteroni 115, 433, 534 

dofamini 33, 77, 79, 84, 100, 141, 144, 145, 

160, 165, 168, 169, 170, 179, 182, 183, 

187, 188, 205, 396 

 

e 

 

egzokrinuli sekrecia 330 

eTil-maleimid-mgrZnobiare faqtori 152 

elastaza 338, 458, 543, 544 

elastini 268, 306, 338, 445, 452, 456, 457, 

458, 462, 472, 541, 562, 563 

elers-danlosis sindromi 455, 456, 547 

endemuri Ciyvi 93 

endoTeliumi 42, 119, 216, 220, 243, 252, 

253, 254, 255, 258, 259, 262, 285, 314, 

315, 349, 354, 355, 363, 393, 394, 437, 

453, 479, 490, 548, 550, 551, 560, 567, 568 

endorfini 74, 77, 81, 125, 171, 172 

endocitozi 19, 20, 91, 107, 147, 150, 151, 

152, 210, 216, 220, 349, 352, 355, 377, 

403, 416, 427, 447, 548, 558, 562 

enis lipaza 333, 339, 347 

enkefalinebi (endorfinebi) 125, 171, 

172, 182 

entaqtini 451 

enteroglukagoni 123, 124 

enteroheparuli cirkulacia 340, 341, 

342, 358 

enterokinaza 338 

enteroqromafinul ujredebi 331, 561 

encefalomieliti 133 

ependimaluri ujredebi 129 

epifizi 77, 87, 89, 90, 122, 435, 456 

epoqsidhidrolaza 506 

epStein-baris virusi 389, 508 

eriTroni 228 

eriTrocitebi 9, 10, 15, 206, 222, 223, 

223, 224, 225, 226, 227, 228, 229, 230, 

231, 243, 244, 245, 246, 247, 248, 255, 

304, 305, 316, 318, 320, 321, 327, 369, 

377, 379, 380, 391, 408, 410, 411, 458, 

459, 491, 503, 527, 536, 537, 541, 546, 

548, 553 

eriTroidi 227 

eriTropoetini 227, 409, 410, 411, 417, 548 

eriTropoezi 227, 228, 229, 378, 379, 391, 

410, 537, 538, 539, 548 

esenciuri fruqtozuria 362 

estrogenebi 77, 79, 80, 81, 96, 99, 105, 

113, 114, 115, 116, 430, 431, 433, 437, 

438, 439, 440, 441, 442, 443, 455, 472 

eumelanini 83 

eferentuli  neironi 127 

 

v 

 

vazopresini (antidiurezuli hormoni) 

57, 68, 70, 71, 77, 81, 84, 85, 86, 87, 204, 

396, 397, 413, 424, 479, 562  

vasting-sindromi 121 
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vernikes encefalopaTia 531 

vilenbrandis faqtori 252, 258 

vilsonis daavadeba 210, 372, 389, 419, 

542, 548 

vinkulini 300 

 

z 

 

zimogeni 338 

 

T 

 

Tandayolili miotonia 298 

Termolabiluri faqtori 238 

Tirozinkinazuri aqtivobis mqone ci-

la 78 
Timozini 121, 122 

Tireoglobulini 90, 91 

Tireoliberini 68, 73, 74, 79 

Tireoperoqsidaza 91 
Tireotropini 71, 74, 76, 79, 80, 93 
Tirkmelebis mwvave ukmarisoba 412 

Tirkmlovani glukozuria 408, 412, 427, 548 

Tirkmlovani hipertonia 412 

Tirozinemia (Tirozinozi) 347, 419 
Tirozinuli proteinkinaza 512 
Tiroqsin-damakavSirebeli globulini 

92 
Trombokinaza 255 
Trombomodulini 262 

Trombozi 255, 262, 324, 346, 417, 418 

Trombostenini 251, 260 

Trombospondini 470, 496, 549 

Tromboqsani 41, 237, 254, 557 

Trombocitebi 87, 103, 206, 220, 236, 237, 

238, 249, 250, 251, 252, 253, 254, 255, 

257, 258, 260, 263, 355, 490, 512, 543, 568 

TrombocitopaTia 237, 255 

Trombocitaruli zrdis faqtori 48, 

222, 254 

 

i 

 

ianus-kinaza (JAK-2- receptoruli) 78 

izoniazidi 532, 533 

imipramini 157 

indikani 385, 426, 549 

indoli 88, 144, 345, 385, 386, 426, 549,  

insulini 36, 48, 49, 68, 71, 75, 77, 78, 81, 

84, 97, 104, 105, 106, 107, 108, 109, 110, 

111, 118, 124, 125, 174, 360, 361, 362, 

416, 424, 438, 512, 541 
insulinis msgavsi zrdis faqtori 77, 

78, 84, 111, 438 

insulinis receptoris substratebi 107 
interleikini 50, 118, 122, 222, 232, 314, 

356, 474, 549, 555 

intersticialuri siTxe 477, 479, 482, 550 

intestinaluri peptidi (VIP) 123, 204 

inhibini 435, 440 

iodTironinebi 76, 80, 90, 91, 92, 93 

ionotropuli efeqti 298, 299, 550 

ionotropuli receptori 55, 147, 158, 

159, 163, 165, 187, 201 

ionofori 17, 18 

iugstaglomeruluri aparati 412 

 

k 

 

kadaverini 345 

kalcidiol-1-monooqsigenaza 409, 410 

kalcineirini 137, 550 

kalcitonini 68, 71, 75, 110, 113, 121, 471 

kalcitrioli 71, 110, 112, 113, 409, 410, 

413, 414, 414, 416, 525, 526 

kalcium-inducirebuli Ca2+-is gamoTa-

visufleba (CICR) 293 
kalciumis mikrodomeni 154 
kalciumis saqaCi 275 
kaldesmoni 282, 550 

kalikreini 250, 256, 258, 259, 261, 262, 

263, 543, 563 

kalmadulin-damokidebuli protein-

kinaza 35, 45, 54, 62, 137, 138, 153, 163, 

203, 293, 296, 297, 298, 563 

kalmadulini 35, 45, 55, 61, 62, 136, 137, 

138, 273, 282, 296, 550 

kalsekvestrini 275, 288, 295, 296, 550 

kancerogeni 390, 442, 505, 506, 507, 508, 

517, 525, 529, 551 

karboanhidraza 226, 229, 304, 305, 320, 

321, 334, 335, 419, 420, 468, 541 

karboqsidipeptidilpeptidaza 99 
karboqsihemoglobini 322 
karboqsipeptidaza 338, 339, 345 

karcinoma 372, 390, 418, 505, 508, 516 
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kardiomiociti 102, 286, 287, 288, 289, 

291, 292, 293, 289, 308, 503, 504 

kardiomiopaTia 266, 299, 300, 301 

karnitini 357, 551 

karnitinis ukmarisoba 357 

kaslis  Sinagani faqtori 551 

kateqolaminebi 100, 101, 103, 143, 144, 

146, 157, 165, 168, 253, 295, 301, 317, 396 

kazeini 336, 486, 487, 488, 522, 551 

ketamini 159, 163, 188 

kinezini 129, 156 

kininebi 490, 552 

kininogeni 250, 256, 258, 259, 263, 264 

kistozuri fibrozi 124, 312, 313 

kortikoliberini 73, 74, 81, 96, 119 

klimaqteruli nevrozi 443 

klirensi 312, 395, 397, 405, 406, 407 

kolagenaza 111, 438, 455, 456, 468, 510 

kolageni 97, 222, 237, 238, 241, 252, 253, 

254, 258, 268, 280, 287, 306, 338, 356, 366, 

394, 438, 445, 451, 452, 453, 454, 455, 456, 

457, 458, 462, 466, 467, 468, 469, 470, 471, 

472, 476, 484, 510, 529, 445, 451, 452, 453, 

454, 455, 456, 457, 458, 462, 466, 467, 468, 

469, 470, 471, 472, 476, 484, 510, 529, 541, 

543, 546, 547, 550, 562, 563 

kolagenozebi 456 

kolipaza 339 

komplementis sistema 236, 238, 239, 240, 

241, 242, 243, 244, 490, 557, 562, 563 

koneqsini 140 

koneqsoni 140, 281 

konis sindromi 99 

konvertaza 239, 240, 242, 243, 554, 563 

koris daavadeba 368, 369 

kortizoli 71, 81, 84, 94, 95, 96, 97, 100, 

105, 308, 310 

krabes daavadeba 358 

kreatinfosfati 267, 277, 279, 280, 290, 

406, 539, 552 

kreatini 267, 277, 278, 279, 425, 426, 538, 

539, 552 

kreatinini 279, 373, 395, 406, 407, 412, 

413, 414, 415, 417, 420, 425, 426, 553 

kreatinkinaza 209, 277, 278, 290, 302, 

329, 543, 552, 555, 558 

krigler-naiaris sindromi 381 

kupferis ujredebi 364, 365 

kuSingis sindromi 84, 100 

kuWis mainhibirebeli peptidi 105, 123 

 

l 

 

laminini 394, 445, 451, 455 

laqtoferini 312 
laqtozuria 362, 427 
laronis sindromi 48 

lecitinqolesterini 353 
leidigis ujredebi 79, 81, 113, 114, 432, 434 
leikocitebi 169, 206, 213, 220, 231, 233, 

236, 242, 244, 285, 311, 314, 325, 327, 

354, 358, 368, 458, 459, 464, 503, 543, 

549, 553, 555, 556, 560, 563, 564 
leptini 117, 118, 119, 120, 552, 556 

leSa-naixenis sindromi 474 

ligandini 378 

liziloqsidaza 455, 458 

lizinnorleicini 457, 458 

lizinhidroqsilaza 454, 455 

lizofosfolipidi 40, 221, 340, 356 

lizocimi 236, 312, 332, 333, 336, 485 

limfa 99, 216, 330, 349, 350, 381, 411, 477, 

479, 480, 550 

limfocitebi 67, 87, 97, 120, 121, 122, 

211, 231, 233, 234, 236, 314, 327, 328, 

356, 464, 499, 502, 503, 504, 515, 543, 

553, 554, 557, 562, 566 

limfotoqsini-alfa 499, 553 

liniak-fankonis daavadeba 417, 419 

lipocitebi (itos ujredebi) 364, 365 

lipofiluri Ruzebi 13 

lipotropuli hormoni 74 

liqvori 97, 564 

litoqolis mJava 373 

leikotrienebi 41, 96, 97, 236, 243 

 

m 

 

mak-ardlis daavadeba 369 

makroglobulini 209, 261, 262 

malpigis sxeuli 392 

maltaza 333, 342 

maluTeinizirebeli hormoni  (luTeo-

tropini) 29, 68, 71, 74, 76, 79, 80, 430, 

431, 432 

marilis xidakebi 319, 320, 321 
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marmarilos davadeba (osteopetrozi) 472 

maroteuqs-lamis sindromi 460 

marquos sindromi 460 
matransformirebeli zrdis faqtori 566 
mezanqiocitebi 392 

mezobilirubini 378 

meTilmalonil-koA mutaza 537 

melanocitmastimulirebeli hormone-

bi (melanotropebi, intermedinebi, 

MSH) 81, 82 

membranis Semtevi kompleqsi 239, 240, 

244, 557 

memkvidruli hipertrofuli kardio-

miopaTia 266 

memkvidruli limfodema 375 

menkesis daavadeba 557 

metabotropuli receptori 27, 28, 54, 

144, 147, 158, 159, 167, 171, 199, 202 

metaloproteinaza 455, 456 

methemoglobini 230, 322 

mielin-asocirebuli glikoproteini – 

(MAG) 133 

mielinis kaTionuri cila 133 

mielinis proteolipidi 133 

mielin-oligodendrocituli gliko-

proteini (MOG) 133 

mieloiduri ujredebi 131 

mieloma 213, 428 

mikroglia 129, 131, 132, 172, 174, 186, 555 

mikroglobulini β2  408 

mikrosomuli eTanol-damJangavi sis-

tema 388, 554 

mikrosomuli Jangva 377, 383, 385, 554 

mineralokortikoidi 62, 84, 94, 97, 100 

miniaturuli postsinafsuri potenci-

ali 146 

miogeni 268, 385, 555 

mioglobini 268, 280, 302, 317, 319, 375, 

377, 558 

mioglobinuria 280, 558 

mioiduri ujredebi 121 

miokardiumis infarqti 237, 301, 302, 

325, 543 

miozini 35, 62, 265, 266, 267, 268, 269, 270, 

271, 272, 273, 274, 276, 281, 282, 283, 

284, 285, 287, 290, 291, 292, 300, 478, 550 

miozinis msubuqi jaWvis kinaza 35, 282, 

284, 285, 300 

miozinfosfataza 282 

mioziti 278 

miofibrila 265, 266, 267, 268, 275, 276, 

280, 281, 286, 287, 289, 291, 301, 553, 559 

miqsidema 93 

monoaminooqsidaza (mao) 165, 182 

monociti 131, 233, 234, 236, 242, 311, 468, 

474, 490, 541, 555, 560, 564 

monosialogangliozidi 133 

morisis sindromi 434 

motilini 123, 124 

mukocitebi 228, 312, 313, 333, 551 

mukolipozi 460 

mukopolisaqaridozi 459, 460 

   

n 

 

namglisebri anemia 318 

nebulini 266, 556 

neirini 139 

neiroglia 126, 129, 131, 140, 147, 444 

neiroleptikebi 145 

neiromodulatori 141, 142, 144, 145 

neironis adheziis cila – NCAM 133 

neiropeptidi Y 117, 118, 119, 120, 123, 556 
neirostenini 139 

neirotenzini  123, 124 

neirotransmiteri 25, 33, 36, 58, 61, 130, 

139, 140, 141, 142, 143, 144, 145, 147, 

148, 149, 153, 154, 156, 157, 158, 159, 

166, 167, 168, 170, 171, 173, 179, 186, 

187, 287, 288, 289, 326, 331, 465 

neirotubulebi 128, 129, 138 

neirofibrilebi  128, 178 

neirofizini 84, 85 

neirofilamentebi 127, 128, 138, 139 

neitrofilebi 232, 235, 242, 243, 244, 

327, 328, 474, 490, 544 

nekerCxlis wvenis daavadeba 346 

nervuli hiperglikemia 360 

nerwyvi 125, 331, 332, 333, 336, 342, 343, 

481, 482, 541 

nefroni 57, 98, 391, 392, 394, 395, 397, 

398, 399, 400, 403, 404, 405 

nefrotuli sindromi 412, 416, 418 

neqsusi 281 

nidogeni 394, 451, 452 

niman-pikis daavadeba 183, 358 
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nitrozamini 529 

noradrenalini 19, 29, 33, 60, 71, 75, 77, 

90, 100, 101, 102, 141, 144, 145, 160, 

165, 166, 167, 168, 183, 187, 204, 287, 

299, 395, 465, 556 

nukleotid-naxSirwyal-glikozil-tran-

sferaza 455 

 

o 

 

odoranti 196 
onkocilebi 511, 513 
oligo-1,6-glukozidaza 343 

oligodendrocitebi 129, 130, 132, 133, 

136, 183, 186 

orTostatikuri proteinuria 428 

orozomukoidi 490, 543 

osteoblastebi 111, 374, 409, 466, 467, 

468, 469, 470, 471, 472 

osteodistrofia 416, 526 

osteoklasti 111, 113, 466, 467, 468, 471, 472 

osteomalcia 112 

osteopetrozi (marmarilos davadeba) 

472 

osteoneqtini 445, 470, 557 
osteoporozi 112, 358, 429, 471, 472, 526 

opsoninebi 242, 556 

opsonizireba 242, 243, 556 

ofli 93, 102, 324, 424, 464, 465, 466, 481, 

482, 484, 518, 521, 522 
oqronozis sindromi 346 

oqsisterol-7α-hidroqsilaza 373 

oqsitocini 68, 70, 71, 79, 84, 85, 86, 438, 441 

 

p 

 
pankreasuli polipeptidi  123 

pankreatiti 124, 357, 360, 374 

paraaminobenzois mJava 523, 538 

paraThormoni 71, 75, 110, 111, 112, 113, 

409, 471, 526, 540 

parietaluri (amomfeni) ujredebi 120, 

124, 331, 333, 334, 335 

parkinsonizmi 145, 168, 181, 187 

periferiuli mielinuri cila 22 (PMP-

22) 134 

perniciozuli anemia 537, 554, 557 
peronealuri amiotrofia 135 

pinealociti 135 

pinocitozi 19, 547, 557, 558, 568 

pinocitozuri buStukebi 19 

piruvatdehidrogenaza 367, 552 

piruvatkarboqsilaza 535 

piruvatkinazas ukmarisoba 230 

pirveladi hiperaldosteronizmi (ko-

nis sindromi) 99 

pirveladi Sardi 18, 394, 396 

plazmini 177, 261, 262, 263, 372 

plazmolema 127 

podagra 425, 429, 473, 474 

podocitebi 492, 493, 494 

policistemia 425 

pompes (pompe-biSofis) daavadeba 368, 369 

porfiria 378, 379, 429 

porinebi 15, 21 

postprandialuri plazma 216 

posturaluri aramdgradoba 179 

prostaglandinebi 29, 41, 70, 96, 97, 236, 

244, 254, 255, 317, 384, 396, 411, 418, 

441, 461, 471, 490, 541, 557 

pregnenoloni 82, 94, 95, 97, 114, 115, 

431, 432, 433, 438 

prekalikreini 250, 256, 258, 259, 263, 264 

progesteroni 71, 81, 95, 97, 113, 114, 

115, 116, 117, 144, 432, 433, 437, 438, 

440, 441, 455 
progestinebi 113, 115, 430, 440 
proglukagoni 109 

progresirebadi miopaTia 279, 456 

progresirebadi mioSis kunTovani dis-

trofia 266 

progresirebadi RviZlis qolestezi 374 

prolaqtini 71, 73, 76, 79, 86, 118, 120, 

430, 443, 561 
prolilhidroqsilaza 455 

propiomelanokortini (pomk) 118 

propionil-koA-karboqsilaza 535 

proteasoma 180, 181, 558 

proteini C  256, 261, 262, 309 

proteini- Z 378 

proteinkinaza С 34, 35, 39, 54, 89, 99, 

135, 137, 313, 331, 334, 409, 563, 565 

proTrombinaza 251, 257, 258, 259 

proTrombini 250, 251, 255, 256, 257, 258, 

259, 264, 372, 274, 389, 480, 528, 529 
purinuli receptorebi 170 
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putrescini 345 

 

J 

 

Jilber-lerbules sindromi 381 

 

r 

 

rabdomiolizi 280, 558 

raixner-hanhartis sindromi 247 

ranvies Seviwroeba 132 

raqiti 112, 347, 374, 410, 417, 419, 471, 

472, 526 

rausis sarkomis virusi 508, 509, 512 

reaqtiuli cila C 327, 490 

refsunis daavadeba 357 

relaqsini 103, 438, 558 

renin-angiotenzuri sistema 97, 98, 99, 

410, 411, 413 

renini (qimozini) 98, 99, 100, 103, 176, 

336, 395, 409, 411, 412, 418 

repelenti 563 

retikulini 462 

retinoblastoma 508 

retinol-damakavSirebeli proteini 524 

retrograduli transporti 138, 156 

revmatiuli arTriti 458, 480 

rezidentul makrofagebi 131 

rezussistema 244, 245, 246 

rianodinis receptori 61, 276, 291, 292, 

293, 294, 295 

riboflavini 228, 423, 487, 488, 523, 531, 

532, 563 

rilizing-hormonebi 70, 73, 78, 81, 84, 116 

rodofsini 190, 191, 192, 193, 194 

rodofsinkinaza 194 

rotosis sindromi 381 

 

s 

 

sanfilipos sindromi 460 

sarkolema 265, 276, 286, 287, 288, 289, 

291, 300, 559 

sarkomeri 265, 266, 267, 270, 274, 281, 

287, 290, 291, 292, 293, 300 

sarkoplazma 61, 265, 268, 272, 274, 275, 

276, 277, 279, 280, 282, 283, 285, 286, 

287, 288, 289, 290, 291, 292, 293, 294, 

295, 296, 297, 298, 299, 550, 553, 555, 

559, 563 

sarkoplazmuri Ca2+-damokidebuli ATP-
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