saqarTvelos mecnierebaTa akademiis iv. beritaSvilis saxelobis fiziologiis instituti

barbaqaZe Tamari

kreatinisa da kreatinis guanidinuri analogebis roli neirotoqsikur da neiroproteqciul efeqtebSi

biologiis mecnierebaTa kandidatis

samecniero xarisxis mosapoveblad warmodgenili

disertacia

03.00.04 - bioqimia

samecniero xelmZRvaneli:

biologiis mecnierebaTa doqtori

 daviT miqelaZe

Tbilisi 2005
disertaciis Sinaarsi

Sesavali
.
.
.
.
.
.
.
.
.
.
4

Tavi I. literaturis mimoxilva
.
.
.
.
.
.
11

I.1 nervuli ujredebis apoftozi amagznebeli aminomJavebiT
.
.
.
.
.
.
.
.
.
11

I.1.1 glutaminis mJava. misi mniSvneloba centralur nervul sisitemaSi
.
.
.
.
.
.
.
.
11

I.1.2 glutamatis ionotropuli receptorebi

.
.
.
14

I.1.3 receptorebsa da ionur arxebTan PDZ domenebis Semcveli cilebis dakavSireba
.
.
.
.
.
20

I.1.4 azotis oqsidi da birTvuli transkrifciuli faqtori NFB. maTi klasifikacia da mniSvneloba

.
22

I.1.4.1 NO-s gavlena mitoqondriebis funqciur mdgomareobaze

.
.
.
.
.
.
.
.
28

I.1.5 p21Ras (Ras)-is mniSvneloba nervuli ujredebis funqcionirebaSi
.
.
.
.
.
.
.
.
32

I.1.6 ujreduli sikvdilis formebi
.
.
.
.
.
41

I.2 kreatinis roli ujredis energetikul cvlaSi
.
.
47

I.2.1 kreatinis moqmedebis molekuluri meqanizmebi
.
.
52

I.2.2 kreatinkinaza. misi roli ujredis funqcionirebaSi
.
.
.
.
.
.
.
.
55

I.3 kreatinis guanidinuri analogebi
.
.
.
.
.
56

I.4 apoftozis amnioturi modulatori (AMA)
.
.
.
60


Tavi II. masala da meTodebi 

.
.
.
.
.
.
63

II.1 reaqtivebi

.
.
.
.
.
.
.
.
.
63

II.2 meTodebi

.
.
.
.
.
.
.
.
.
65

Tavi III. miRebuli Sedegebi
da maTi ganxilva
.
.
.
74

III.1 kreatinis mniSvneloba ujredis energetikul cvlaSi

.
.
.
.
.
.
.
.
.
74

III.2 kreatinis guanidinuri analogebis moqmedebis meqanizmi da maTi gavlena nervuli ujredebis sicocxlisunarianobaze

.
.
.
.
.
.
86

III.3 placenturi peptidi p6-is neiroprevenciuli efeqti

.
.
.
.
.
.
.
.
.
98

III.4 miRebuli Sedegebis ganxilva

.
.
.
.
.
105

daskvnebi

.
.
.
.
.
.
.
.
.
121

gamoyenebuli literatura

.
.
.
.
.
.
124

Sesavali

 Temis aqtualoba. Tanamedrove biologiasa da medicinaSi nervul ujredebSi arsebuli receptorebis da masTan dakavSirebuli regulatoruli sistemebis Seswavlas wamyvani adgili ukavia. gansakuTrebiT did interess iwvevs maTi monawileoba ujreduli sikvdilis sxvadasxva formebis warmarTvaSi, radgan am procesebs centraluri roli eniWebaT mravali neirodegeneraciuli daavadebebis ganviTarebaSi. gansakuTrebiT aqtiurad mimdinareobs  centraluri nervuli sistemis ZiriTadi amagznebeli neirogadamcemis, glutaminis mJavis neirotoqsikurobis da misi  receptorebis, kerZod NMDA glutamatis receptoris Seswavla, radgan arsebobs mravali mtkicebuleba neirodegeneraciuli daavadebebis ganviTarebaSi maTi monawileobis Sesaxeb. 

glutamati warmoadgens neirogadamcems, romelic axorcielebs normalur amagznebel sinafsur gadacemas, da xdeba neirotoqsikuri im SemTxvevaSi, rodesac igi warmodgenilia Warbi raodenobiT. dazianebuli neironebi gamoyofen glutamatis did raodenobas, romelic iwvevs oqsidaciur stress da postsinafsuri receptorebis xangrZlivi gaaqtivebis Sedegad nervuli ujredebis sikvdils.

oqsidaciuri stresi swrafad amcirebs  makroerguli fosfatebis raodenobas, rac iwvevs depolarizacias, glutamatis Semdgom gamoTavisuflebas da xsnis rogorc potencial-mgrZnobiare, ise glutamatiT regulirebad ionur arxebs. Sidaujreduli Ca2+-is gazrda iwvevs proteolizuri fermentebis, fosfolipazebis, azotis oqsidis sinTazis da qsantinoqsidazis gaaqtivebas, ris Sedegadac warmoiqmneba Tavisufali radikalebi, rac sabolood iwvevs ujredis apoftozs (White B. et al, 2000). ujredSi redoqs-statusis cvlilebis Sedegad gaaqtivebuli mravali regulatoruli sistema aZlierebs ujredis transkrifciul aqtivobas da stresze pasuxismgebeli genebis induqcias (Morel Y. et al, 1999). am sistemebs Soris yvelaze mniSvnelovania redoqs-mgrZnobiare regulatoruli sistema, romelic moicavs Ras-cilasa da F- transkrifciul faqtors. am regulatorul sistemas SeuZlia pro- an anti-apoftozuri genebis eqspresiis inducireba (Castagne V. et al, 1999). 

maRalenergetikuli fosfatebis metabolizmi kritikul rols TamaSobs neirodegeneraciuli daavadebebis ganviTarebaSi, amitom maTi warmomadgenlebi, romlebic zrdian Tavis tvinSi energetikul rezervs gvevlianebian neiroproteqtorebad (Kay L. et al, 2000). kreatini (Cr) CarTulia energiis warmoqmnis meqanizmSi da misi fosforilirebuli warmonaqmni fosfokreatini (PCr) moqmedebs, rogorc energiis (ATP) gadamtani sistema mitoqondriis Sida nawilsa da citozols Soris, riTac akavSirebs erTmaneTTan energiis warmoqmnis adgils energiis moxmarebis adgilTan (Saks V.A. et al, 1994). adeninis da guaninis nukleotidebis metabolizmi xorcieldeba nukleoziddifosfatkinazis mier fosfotransferazis kataliziT da guaninnukleotidebis metabolizmi kritikul rols TamaSobs signalis gadacemaSi, xolo Cr/CK (kreatin/kreatinkinaza) sistemas mniSvnelovani funqcia ekisreba GTP-dakavSirebuli proteinebis inducirebiT genebis eqspresiis regulaciaSi (Juravleva E. et al, 2002).
Tanamedrove monacemebi adastureben im mosazrebas, rom Cr SeiZleba gamoyenebul iqnas garkveuli daavadebebis samkurnalod. aseT  daavadebebs miekuTvneba parkinsonis da hantingtonis daavadebebi, miopaTiebi, encefalopaTiebi, rZemJava acidozi, alcheimeris daavadeba, amiotropuli lateraluri sklerozi, hipoqsiiT gamowveuli Tavis tvinis paTologiebi, agreTve kunTisa da  gulis daavadebebi (Persky A.M. et al, 2001). zusti meqanizmebi Cr-is moqmedebis Sesaxeb jerjerobiT ucnobia, Tumca Teoriulad rom vimsjeloT, misi efeqti miiRweva PCr-is raodenobis gazrdiT da ujreduli membranis stabilizaciiT (Persky A.M. et al, 2001).

Kkreatinis metabolizmSi warmoqmnili  zogierTi guanidinuri analogi, rogorc Cans, mniSvnelovan rols TamaSobs uremiuli encefalopaTiebis eTiologiaSi, kognituri da epileftikuri simptomatologiis ganviTarebiT (De Deyn PP. et al, 2001). guanidinuri analogebis koncentraciis gazrda qsovilebSi warmoadgens Tirkmelebis funqcionirebis darRvevis Sedegs da cnobilia uremiuli sindromis saxelwodebiT (Vanholder R. et al, 1995). am naerTebidan yvelaze mniSvnelovans warmoadgens guanidinqarvis mJava (GSA), guanidinpropionis mJava (GPA), homoarginini, guanidinobuTiris mJava da meTilguanidini, romlebic iwveven krunCxvebs cxovelebSi maTi sistematuri Seyvanis Sedegad (Vanholder R. et al,1999). am naerTTa moqmedebis natifi molekuluri meqanizmebi ucnobia. miuxedavad kreatinis neiroproteqciuli moqmedebisa misi guanidinuri analogebi avlenen sruliad gansxvavebul klinikur suraTs, rac miuTiTebs maTi moqmedebis molekuluri meqanizmebis Seswavlis aucileblobaze.

Cr/PCr sistemis garda aRmoCenilia sxvadasxva tipis peptiduri bunebis mqone naerTi, romelTa molekulur samiznes ujredSi arsebuli energetikuli da oqsidaciuri sistemebi warmoadgens. erT-erT aseT naerTs miekuTvneba preparati  “plaferon lb”–dan gamoyofili fraqcia apoftozis amnioturi modulatori (AMA-p6), romelic warmoadgens dabalmolekuluri masis mqone  homologiuri peptidebis narevs da gaaCnia antiiSemiuri, antihipoqsiuri, antioqsidaciuri moqmedeba.

Aamrigad, energetikuli homeostazi, makroergul naerTTa cvla da ujredebis redoqs-statusi gansazRvravs nervuli sistemis normalur funqciobas da am sistemebSi arsebuli darRvevebi neiropaTologiebis formirebis sawindari xdeba. am sistemebis moqmedebis  molekuluri safuZvlebis garkveva, masSi arsebuli paTologiuri procesebis koreqcia Tanamedrove neirobiologiis erT-erT aqtualur problemas warmoadgens. 

kvlevis mizani da amocanebi. kvlevis mizans warmoadgenda kreatinis, misi guanidinuri analogebis da redoqs-aqtiuri peptidebis mniSvnelobis dadgena nervuli ujredebis energetikul homeostazSi, maTi neiroproteqciuli Tu neirotoqsikuri moqmedebis meqanizmis gamovlena. 

zemoaRniSnuli miznis Sesasruleblad dasaxuli iqna Semdegi amocanebi:
1. - Segveswavla kreatinis, gunadinqarvis mJavis, guanidinpropionis mJavis da peptidi p6-is moqmedeba pirveladi glia/neironuli kulturis ujredebis sicocxlisunarianobaze. 
· - dagvedgina kreatinis, gunadinqarvis mJavis, guanidinpropionis mJavis moqmedeba nervul ujredebSi arsebul Ras-is da NF-kB-s regulaciur sistemebze.  
· - gagverkvia kreatinis, gunadinqarvis mJavis, guanidinpropionis mJavis moqmedeba nervul ujredebSi warmoqmnil redoqs-naerTebis (azotis oqsidis, superoqsidanion radikalis) raodenobaze. 
· - Segveswavla kreatinis, gunadinqarvis mJavis, guanidinpropionis mJavis efeqti mitoqondriis sunTqviTi jaWvis komponentebis redoqs-statusze.   
naSromis mecnieruli siaxle.  pirvelad iqna nanaxi, rom kreatinis damateba glia/neironuli ujredebis pirvelad kulturaSi mniSvnelovnad zrdis ujredebis sicocxlisunarianobas, amcirebs glutamatiT gamowveul apoftozs da dakavSirebulia farnezilirebuli, membranasTan dakavSirebuli Ras-is SemcirebasTan. pirvelad iqna aRmoCenili kreatinis Tanaobisas redoqs-mgrZnobiare transkripciis faqtoris NFkB-s aqtivobis gazrda, superoqsidanionradikalis da azotis oqsidis warmoqmna. pirvelad gamoiTqva mosazreba, rom kreatinis moqmedeba kompensaciur xasiaTs atarebs da glutamatiT inducirebuli oqsidaciuri stresis sawinaaRmdegod ganapirobebs redoqs-sensitiuri Ras/Rac/NFkB sasignalo gzis CarTvas. pirvelad iqna nanaxi, rom guanidinpropionis mJava iwvevs mitoqondriuli suqcinatdehidrogenazis aqtivobis gazrdas, xolo guanidinqarvis mJavis moqmedebiT izrdeba azotis oqsidis produqcia da misi pro-apoftozuri moqmedeba vlindeba neironuli NOS gaaqtivebaSi. pirvelad iqna aRmoCenili, rom glutamati, iseve rogorc GSA iwveven mitoqondriebSi eleqtronTa gadatanis jaWvis xanmokle aqtivacias, romelsac SemdgomSi mohyveba mitoqondriuli redoqs-procesebis daqveiTeba. kreatinis Tanaobisas aqtivaciis fazis xangrZlivoba da intensivoba izrdeba, xolo NO-sinTazis da kreatinis intramitoqondriuli transportis inhibitorebi amcireben kreatinis efeqts. pirvelad gamovlinda apoftozis amnioturi modulatoris (p6) dayovnebuli neiroproteqciuli efeqti. p6-is moqmedebiT glutamatiT-inducirebuli citotoqsikurobis Semcireba mimdinareobs redoqs-sensitiuri transkrifciuli faqtoris NFkB-s gaaqtivebis fonze da misi moqmedebis meqanizmi msgavsia kreatinis efeqtisa.

naSromis praqtikuli Rirebuleba. Catarebuli kvlevis Sedegebi saSualebas iZleva davadginoT neirodegeneraciuli paTologiebis etiologiuri safuZvlebi da SevimuSavoT Sesabamisi farmakologiuri intervenciis strategia.  ujredis energetikuli homeostazis regulaciis principebi SesaZlebelia gamoyenebul iqnas anTebiTi procesebis da onkologiuri transformaciis meqanizmebis gasarkvevad.

Tavi I. literaturis mimoxilva

I.1 nervuli ujredebis apoftozi amagznebeli aminomJavebiT

I.1.1 glutaminis mJava. misi mniSvneloba centralur nervul sistemaSi

Gdadgenilia, rom glutaminis mJava (Glu) warmoadgens cen-traluri nervuli sistemis ZiriTad amagznebel neirogadamcems da neirofiziologiur efeqts amJRavnebs sami sxvadasxva tipis (NMDA, AMPA da kainate) receptorze moqmedebiT. glutamatis samive tipis receptori gansxvavdeba erTmaneTisagan, rogorc farmakologiur nivTierebebTan urTierTqmedebiT, iseve ujredze moqmedebis meqanizmiT. ganvixiloT NMDA da AMPA tipis glutamatis  receptorebis moqmedebis meqanizmebi. orive tipis receptori SeuRlebulia ionur arxTan, romlebic erTmaneTisagan gansxvavdebian seleqtiurobiT gasatarebeli ionis mimarT: NMDA-tipis arxi Tavisuflad atarebs Ca2+-s da sustad - Na+-s, xolo AMPA  tipis arxebi ki piriqiT, SedarebiT ukeTesad atarebs Na+-s. N-tipis arxi mosvenebis mdgomareobaSi da normaluri transmembranuli potencialis (60mv) arsebobisas blokirebulia Mg2+-is ionebiT, xolo A-tipisa - ara. scildeba NMDA-arxs mxolod membranis depolarizaciis Semdeg. dabali sixSiris gaRizianebis dros, rodesac sinafsur napralSi gamoiyofa glutaminis mJavis mcire raodenoba, aqtivdeba mxolod AMPA-receptori, radgan neirogadamcemis koncentracia ar aris sakmarisi, rom moxdes NMDA-receptoris gaaqtiveba. amitom, ujredSi Sedis mxolod Na+ da impulsis gavrceleba erTi mimarTulebiT xdeba. maRali sixSiriT gaRizianebis SemTxvevaSi AMPA-receptoris mier gamowveuli depolarizaciis talRa gacilebiT Zlieria; es ukanaskneli iwvevs Mg2+-is ionebis mocilebas NMDA-receptoris arxidan, ris Sedegad postsinafsur membranaze aqtivdeba agreTve NMDA-receptoric. am ukanasknelis gaaqtiveba iwvevs arxis gaxsnas, saidanac neironSi Sedis didi raodenobiT Ca2+. Ca2+-is koncentraciis zrda postsinafsur neironSi iwvevs bioqimiur gardaqmnaTa jaWvs, romlebSic ZiriTad rols ori Ca2+/damokidebuli proteinkinaza TamaSobs (Eric A. Barnard. et al, 1992). Glu-is neirotoqsikuri efeqti pirvelad Seswavlili iyo lukasisa da niuhausis mier (Lucas and Newhause et al, 1957), romlebmac aRmoaCines rom Glu-is sistematiurma Seyvanam neonataluri Tagvebis baduraSi gamoiwvia SigniTa Sreebis rRveva, xolo olnim (Olney J.W. et al, 1972)  aRwera Glu-is neirotoqsikuri efeqti neonatalur mRrnelebSi. SemdgomSi mravali tipis eqsperimentiT dadasturda, rom glutamati da glutamatis receptoris agonistebi eqsperimentul cxovelTa tvinSi da uSualod neironebis pirvelad ujredul kulturaSi neirodegeneracias iwveven (Schwarcz R. et al, 1977). centralur nervul sistemaSi glutamatis citotoqsikuri efeqti vlindeba hipoqsiis (Rothman S. et al, 1984), hipoglikemiis (Wieloch A.G. et al, 1982) travmebis Sedegad an receptorebis xangrZlivi gaaqtivebis dros (Nadler J.V. et al, 1978). sinafsebSi Glu-is Warbi raodenobiT gamoyofa da misi daqveiTebuli ukuSTanTqma gliuri ujredebis mier iwvevs glutamatis toqsikuri raodenobiT dagrovebas ujredSoris siTxeSi, rac ganapirobebs NMDA receptoris xangrZliv gaaqtivebas da nervuli ujredebis sikvdils (Coyle J.T. et al, 1993). unda aRiniSnos rom glutamatis neirotoqsikuroba mravali daavadebis paTogenezis safuZvels warmoadgens.

rogorc ukve aRvniSneT glutamati mniSvnelovan rols TamaSobs iSemiis da travmis Semdeg neirodegeneraciis procesebSi. glutamati neirogadamcemia, rodesac axorcielebs normalur amgznebel sinafsur gadacemas da neirotoqsikuria rodesac warmodgenilia Warbi raodenobiT. dazianebuli neironebi gamoyofen glutamatis did raodenobas, romelic iwvevs nervuli ujredebis sikvdils postsinafsuri receptorebis xangrZlivi gaaqtivebis Sedegad. am gziT miRebuli travma amplificirdeba da vrceldeba mezobel ujredebze. normalur pirobebSi sinafsebSi gamoyofil glutamats STanTqaven gliuri ujredebi, sadac glutamati glia-specifikuri fermentiT, glutaminsinTetazis (GS)  saSualebiT gadadis glutaminSi; glutamini neironebSi dabrunebis Semdeg ganicdis hidrolizs ferment glutaminazis gavleniT da warmoiqmneba glutamati. es bioqimiuri gza ar aris sakmarisi, Tumca insultis Semdeg xels uwyobs glutamatis neirotiqsikurobis prevencias. SesaZlebelia, rom GS warmoadgens am procesis malimitirebel faqtors, magram gliur ujredebSi misi done Zalian dabalia imisaTvis, rom gardaqmnas dazianebuli ujredebidan gamoyofili  glutamatis Warbi raodenoba. 

I.1.2 glutamatis ionotropuli receptorebi

ionotropul receptorTa arxebi, romlebic seleqtiurni arian  garkveuli kaTionebisa da anionebisTvis warmoadgenen mniSvnelovan klass im membranul receptorebs Soris, romlebic pasuxismgebelni arian signalis gadacemaze ujredis SigniT. amJamad aRmoCenilia arxebis 13 tipi da maTi umravlesoba misawvdomia rekombinantuli analizisaTvis. transmembranuli arxebi qmnian mravali suberTeulisagan Semdgar membranis gamsWol receptorTa klass, romelic aucilebelia signalis swrafi gadacemisaTvis. am klasis ganmasxvavebeli Tvisebaa is rom mediatoris (mesenjeris) molekula receptoris garkveul ubanTan dakavSirebiT marTavs arxis gaxsna-daxurvas. glutamatis ionotropuli receptorebi gaerTianebulia or funqciur jgufSi: 1. receptorebi romlebic aqtivdeba NMDA (N-methyl-D-aspartic acid)-Ti; 2. receptorebi romlebic ar aqtivdeba NMDA-Ti. meore jgufis agonistebs warmoadgenen kainis mJava da AMPA. Sesabamisad  receptorebs hqviaT: AMPA da kainatis tipis receptorebi. Cvens mier ganvixiluli iqneba, ZiriTadad,  NMDA receptorebi,  radgan ukanasknel wlebSi isini ipyroben did yuradRebas ionotropuli arxebis SeswavlaSi. maT aqvT bevri am klasisaTvis damaxasiaTebeli unikaluri Tviseba. maT Soris:

1. aqvT maRali mgrZnobeloba potencialis mimarT da mediatoris mimarT;
2. aqvT maRali mgrZnobeloba pH-is mimarT;
3. aqvT moTxovnileba koagonistze (glicinze);
4. axasiaTebT neli kinetika ;
5. axasiaTebT iseTive maRali ganvladoba Ca²+ -is ionebis mimarT, rogorc ​​​ ​Na + +da K+ ionebis mimarT;
6. axasiaTebT fiziologiur doneze arxis blokireba Mg²+-is ionebiT;
7. aqvT alosteruli modulatoruli saitebis rigi.
pirvelad nakaniSis da kolegebis mier (Karp S.J. et al, 1993) oocitSi am receptoris genis klonirebiT dadginda virTagvis NMDA receptoris suberTeulebis pirveladi struqtura. es polipeptidi (NR1) 103 kDa wonisaa, monomeris saxiTac amJRavnebs NMDA receptorisaTvis yvela damaxasiaTebel Tvisebas. es suberTeuli mxolod 22% -iT identuria GluR1-6, an Ka1 da Ka2-s receptorebis suberTeulisa. amJamad sxvadasxva laboratoriebSi miRebulia NMDA receptoris suberTeulTa garkveuli ricxvi: NR1, NR2A, NR2B da NR2C. arc erTi maTgani ar qmnis homomerul arxs, magram yvela qmnis heteromerul receptorul arxs NR1-Tan.
miSinas da misi kolegebis (Mishina M. et al, 1997) mixedviT glutamatis receptorebis suberTeulebi SeiZleba daiyos Semdeg jgufebad:

·   (() GluR1-4

· (() GluR5-7
· (() Ka1 da  Ka2

· (() NR1
· (() NR2A-C                          (Eric A. Barnard. et al,1992)
 NMDA receptori Seicavs ramodenime tipis ligand-dama-kavSirebel ubans:

1.  ubani agonistebis _ glutamatis, NMDA-s da sxva    agonistebis dakavSirebisTvis;

2. ubani _ mapotencirebeli centri glicinisTvis da

poliaminebisTvis (spermini,spermidini) da a.S.

NMDA tipis receptori warmoqmnis ionur arxs Na+ da Ca​​​​​2+ -is ionebisTvis. receptors arxis sawyiss nawilSi aqvs ori damatebiTi  ubani : I ubani ikavSirebs Mg²+-is ionebs da ablokirebs arxis gaxsnas; II ubani aseve akavebs arxis gaxsnas e.w. disociaciuri anesTetikebis saSualebiT. disociaciuri anesTetikebi farmakologiuri preparatebis sakmaod mravalricxovan klass Seadgenen (fenilciklidini, ketamini, MK801 da sxva), romlebsac antiepilefsiuri, antikonvulsiuri da neiroproteqciuli efeqti aqvT. es naerTebi iwveven NMDA receptoris ionuri arxis blokirebas.

N-meTil-D-aspartatis (NMDA) tipis glutamatis receptori monawileobas iRebs nervul qsovilSi mimdinare mravali procesis warmarTvaSi, iseTebi rogoricaa nervuli ujredebis migracia, zrda da diferencireba, sinafsebis warmoqmna, daswavla da mexsiereba. meore mxriv, am receptoris hipergaaqtivebas mivyavarT nervuli ujredebis eqscitotoqsikur ujredul sikvdilamde, rac safuZvlad udevs mraval qronikul, Tu mwvave nevrologiur daavadebebs (Danysz W., 1998).

NMDA-glutamatis receptoris gaaqtivebiT gamowveuli Sidaujreduli Ca2+-is koncentraciis gazrda gadamwyvet rols TamaSobs misi funqciis ganxorcielebaSi. magram is meqanizmebi, romliTac xorcieldeba glutamatis signalis gadacema receptoridan birTvamde bolomde ar aris Seswavlili. dadgenilia, rom NMDA receptoris stimulacia iwvevs p21Ras gaaqtivebas NO-sinTazis (NOS) mier azotis oqsidis generirebis saSualebiT. Ras-is gaaqtiveba inhibirdeba NOS-is inhibitoris, L-NAME (L-nitroargininis da meTilis jgufis eTeri) Tanaobisas (Yun H.Y. et al, 1998). 

 AMPA tipis receptoric mniSvnelovan rols TamaSobs sinafsebis fiziologiaSi da mravali daavadebis ganviTarebaSi. magram, ZiriTadi yuradReba mainc NMDA receptors eqceva misi fiziologiuri, Tu paTfiziologiuri rolis unikalurobis gamo. es receptori monawileobs citotoqsikuri procesebis sxvadasxva formebis ganviTarebaSi, romlis drosac glutamatis Warbi koncentracia iwvevs neironebis zeagznebas, rasac sabolood mivyavarT ujredul sikvdilamde (LIpton S.A. et al, 1994). amitom NMDA receptoris blokatorebi gamoiyeneba eqscaitotoqsikurobiT gamowveuli darRvevebis samkurnalod, Tumca mravali maTganis zemoqmedebiT, receptoris sruli blokirebis gamo, aRiniSneba iseTi gverdiTi efeqtebi, rogoricaa fsiqozi, mexsierebis daqveiTeba, gulis reva da nervuli ujredebis sikvdili. NMDA receptoris blokatorebs SeuZliaT Seanelon NMDA-receptoris signali glutamatis dakavSirebis saitze (CGP39653), glicinis dakavSirebis saitze (7-qlorikinuris mJava), an TviT arxis mablokirebel saitze (dizocilpini, fenciklidini) zemoqmedebiT (Lynch D.R. et al, 1997; Dingledine R.  et al, 1999). xSirad sxva tipis receptorebis antagonistebi paralelurad iwveven NMDA receptoris blokirebas, rac gamoixateba am blokatorebis mier gverdiTi efeqtebis gamowvevaSi (ifenprodili, haloperidoli, amitriptilini, amantidini). Hhaloperidoli (dofaminis receptoris blokatori) da ifenprodili moqmedeben, rogorc alosteruli modulatorebi, xolo amitroptilini da amantidini iwveven ionuri arxis blokirebas (Lynch D.R. et al, 1997; Dingledine R. et al, 1999). 

haloperidoli da sxva butirofenonebi nervul ujredebze zemoqmedebisas ormag bunebas amJRavneben. erTis mxriv, isini amcireben NMDA-receptoriT inducirebul neirotoqsikurobas da neiroproteqtoruli moqmedeba gaaCniaT (Nishikawa H. et al, 2000). meores mxriv, arsebobs monacemebi, rom haloperidoli iwvevs neirotoqsikur efeqts da sabolood apoftozs, romelic mcirdeba NMDA receptorebis blokatorebis Tanaobisas (Noh J.S. et al, 2000). urTierTsawinaaRmdego monacemebis arseboba butirofenonebis moqmedebis Sesaxeb adasturebs imas, rom NMDA-glutamatis receptori Seicavs iseT elementebs, romlebic erTis mxriv ainducireben neirotoqsikurobas (kalciumis arxi, NO sinTaza), meores mxriv ki gaaCniaT antiapoftozuri aqtivoba (p21Ras sistema).

amrigad, NMDA receptori mniSvnelovania im TvalsazrisiT, rom CarTulia mraval sasicocxlo procesebSi, xolo misi normaluri funqcionirebidan gadaxra iwvevs mravali neirodegeneraciuli daavadebis ganviTarebas. glutamatiT inducirebuli signalis gadacemaSi monawileobs mravali Sidaujreduli komponenti da cilovani kompleqsi, romelTa Seswavla SesaZlebels gaxdis iseTi neiroproteqciuli strategiis gamoZebnas, romelic gamoyenebuli iqneba neirodegeneraciul daavadebaTa TerapiaSi.

I.1.3 receptorebsa da ionur arxebTan PDZ domenebis Semcveli cilebis dakavSireba

neironebis rTuli agebuleba moiTxovs funqciuri organi-zaciis maRal xarisxs. Sesabamisad, membranuli receptorebi da ionuri arxebi lokalizebulia gansazRvrul subujredul monakveTebSi da ukavSirdebian specifikur sasignalo gadamcemebs, ris Sedegadac xdeba specifikuri signalis aRqma da Sesabamisi Sidaujreduli molekulebis gaaqtiveba. 

PDZ domenebi warmoadgenen garkveuli tipis cilebis monakveTs, romelTa saSualebiTac xdeba cila-cilovani urTierToba da rTuli aglomeratebis warmoqmna. isini gvevlinebian, rogorc Suamavlebi, submembranuli klasis cilebi, romelTa saSualebiTac xorcieldeba Sidaujreduli komponentebis dakavSireba  membranul receptoreban da ionur arxebTan. PDZ domenebi zomiT Src homologi 2-is  msgavsia (SH2). PDZ domenebi pirvelad aRmoCenili iyo, rogorc sami 90 aminomJaviani ganmeorebadi  Tanmimdevroba postsinafsuri simkvrivis PSD-is ojaxis cilaTa N-boloze. Zalian saintereso iyo PSD-s molekuluri Semadgenlobis garkveva, radgan navaraudebi iyo, rom postsinafsur membranaze aris cilebi romlebic uzrunvelyofen receptorebisa da sinafsebis kavSirs da aregulireben receptorTa funqciebs. aRwerilia postsinafsuri simkvrivis (PSD) fraqciidan gasufTavebuli 30-ze meti cila. es fraqcia warmodgenili iyo didi raodenobiT Ca²+/kalmodulindamokidebuli proteinkinaza II-iT, mravali tipis citoConCxis cilebiT, iseTebiT rogoricaa aqtini, fodrini, tubulini, mikromilakebTan asocirebuli protein 2 (MAP2), miozini da ra Tqma unda PDZ domenebis Semcveli cilebiT, rogoricaa PSD-95-is ojaxis cilebi SAP103(an SAP90), SAP102 da GRIP   (glutamate – receptor  interection protein) (Kornau H.C. et al, 1997) interesi am ojaxis cilebis mimarT gaizarda mas Semdeg rac daadgines misi kavSiri NMDA receptoris NR suberTeulis C-terminalur bolosTan, romelsac aqvs tSXV (aminomJavuri kodi terminaluri tSXV-Tvis, sadac X aris nebismieri aminomJava) aminomJavuri Tanmimdevroba da swored am Tanmimdevrobas gamoicnobs PSD-95-is ojaxis PDZ domenebi. PDZ domenebi aqvT sxvadasxva membranasTan asocirebul cilebsac, xolo tSXV aminomJavuri Tanmimdevroba mraval sxva receptorebsa da ionur arxebs (Rossum D. et al, 1999).

rogorc zemod iyo aRniSnuli PDZ domenis Semcveli cilebi PSD-95 da PSD–93 uSualod urTierTqmedeben NMDA receptoris NR2A da  NR2B suberTeulis C-terminalur bolosTan. PSD-95-s aqvs sami PDZ domeni N-boloze, erTi SH3 domeni SuaSi da erTi domeni safuaras guanilkinazis Tanmimdevrobis analogiuri (Kornau H.C. et al, 1997). glutamatis receptorebi maRal afinurobas iCenen gansxvavebuli  organizaciis mqone cilebTan (Neithammer M. et al, 1996) glutamatis receptoris gaaqtivebiT warmoqmnili signalis Sidaujredul  gadacemaSi monawile cilebi azotis oqsidis sinTaza (NOS), sinafsuri Ras-GTP-azas gamaaqtivirebeli cila (SynGAP) NMDA receptors ukavSirdebian agreTve PDZ domenis saSualebiT (Kornau H.C. et al, 1997).

Aam monacemebis safuZvelze SegviZlia vimsjeloT glutamatis receptorebis mniSvnelovan rolze sinafsebis plastikurobaSi, ujredis sasicocxlo Tvisebebis SenarCunebaSi, mexsierebasa da daswavlaSi.

I.1.4 azotis oqsidi da birTvuli transkrifciuli faqtori NF-(B. maTi klasifikacia da mniSvneloba

Aazotis oqsidi (NO) warmoadgens retrogradul mesenjers, romelic sxvadasxva moqmedebas asrulebs nervul, gul-sisxlZarRvovan da imunur  sistemebSi (Nathan C. et al, 1994). mas asinTezirebs L–argininidan fermenti NOsinTaza (NOS), romelsac N-boloze aqvs oqsigenazuri, xolo C-boloze reduqtazuli domenebi. es reaqcia Ca2+/kalmodulin damokidebul xasiaTs atarebs (Dawson T.M. et al, 1994). azotis oqsidis sinTezisaTvis NOS moiTxovs sam substrats: L-arginini, NADPH da O2; xuT kofaqtors da prosTetul jgufs: FAD, FMN, kalmodulins, tetrahidrobiopterins da hems (Nathan C. et al, 1994). NO pirvelad identificirebuli iyo rogorc endoTeliumis relaqsaciuri faqtori, axla ki cnobilia, rom NO farTod aris gavrcelebuli organizmSi, xolo misi erT-erTi wyaro aris Tavis tvini. periferiul nervul sistemaSi, sadac NO-s funqciebi yvelaze kargad aris Seswavlili xSirad moqmedebs rogorc klasikuri neirogadamcemi. nawlavebSi neironuli tipis NOS (nNOS) koncentrirebulia aqsonebis daboloebebSi (Bredt D.S. et al,1990), rodesac NMDA-tipis arxebiT Ca²+ Sedis ujredSi, igi kalmodulinis saSualebiT aaqtiurebs nNOS. warmoqmnili NO Semdeg gadadis gluv kunTebSi, sadac aaqtivebs guanilatciklazas da iwvevs relaqsacias. amitom, nNOS-is geniT nokautirebul mutantur Tagvebs hqondaT Sinagani organoebis mkveTri disfunqcia da axasiaTebdaT muclis hipertrofia. NOS-is inhibitorebis farmakologiurma Seswavlam aCvena, rom NO monawileobs sinafsebis CamoyalibebaSi anu sinafsur plastikurobaSi, maT diferencirebaSi da iwvevs hipokampSi mimdinare xangrZlivi potenciaciis (LTP) ganviTarebas (Shuman E.M. et al, 1994). NO-s normaluri fiziologiuri done ganapirobebs sasignalo funqciebis warmarTvas da aucilebelia ujredis normaluri cxovelqmedebisTvis, xolo Warbi NO-s raodenoba iwvevs Tavis tvinis ujredebis toqsikur dazianebas. NO-s sinTezis stimulireba xdeba NMDA tipis glutamatis receptorebis saSualebiT da SemdgomSi Ca²+-is ionebiT (Brenman J.E. et al, 1996.).
SesaZlebelia gamoiyos oTxi tipis NOS:
1. nNOS-neironuli NOS;

2. nNOS(-ConCxis kunTebis neironuli NOS;
3. eNOS-endoTelialuri NOS; 
4.  iNOS-inducibeluri NOS. (Silvagno F. et al, 1996).
    nNOS m-rnm-s aqvs PDZ domenis, hemis, CaM (kalmodulinis), FMN (flavinadeninmononukleotidis), FAD, NADPH-is damakavSire-beli domenebis makodirebeli nukleotiduri Tanmimdevrobebi. nNOS warmoadgens Ca²+/kalmodulin-damokidebul ferments. neironebSi nNOS funqciurad dakavSirebulia NMDA receptorTan da PDZ domeniT ukavSirdeba PSD-95 cilas. Sesabamisad Ca²+-is arxis gaxsnisas Ca²+ aaqtivebs CaM, romelic iwvevs NOS-is gaaqtivebas da  NO sinTezs. (Garthwaite J. et al, 1995). Warbi NO-s raodenoba pirvelad aRwerili iyo makrofagebSi, rogorc citotoqsikuri moqmedebis mqone agenti. is agreTve iwvevda paTogenuri da kibos ujredebis sikvdils. centralur nervul sistemaSi Warbi NO iwvevs mraval neirodegeneraciul procesebs, rogoricaa insulti, alcheimeris da parkinsonis daavadebebi, hantingtonis qorea, amiotrofuli lateraluri sklerozi da sxva.

Aadamianis ConCxis kunTebSi warmodgenilia didi raodenobiT NOS m-rnm, romelic ganicdis alternatiul splaisings da sabolood miiReba ConCxis kunTebisaTvis damaxasiaTebeli izoforma. NOS-is es izoforma Seicavs damatebiT nukleotidur Tanmimdevrobas, romelic CaerTveba CaM da FMN-is damakavSirebeli domenebis makodirebel egzonebs Soris. am izoformas aqvs PDZ domeni romlis saSualebiT is ukavSirdeba distrofinis kompleqs da Sedegad asocirdeba sarkolemaze. NO iwvevs kunTebis modunebas (Kobzik L. et al, 1994).

eNOS m-rnm ar Seicavs PDZ domenis makodirbel egzons. e-NO warmoadgens relaqsaciur faqtors. e-NO neiropriteqciulia, savaraudod sisxlZarRvebis dilataciis gamo (Brenman J.E. et al, 1996.).

inducibeluri NOS warmoadgens fermentis Ca²+/kalmodulin-damoukidebuli izoformas, romlis eqspresia xdeba sxvadasxva citokinebis da lipopolisaqaridebis zemoqmedebis Sedegad gliur ujredebSi. cerebraluri iSemiis Semdeg i-NO iwvevs qsovilebis dazianebas, radgan am fermentis arseboba aRwerilia in vivo modelis postiSemiuri tvinis aramarto sisxlsa da gliur ujredebSi, aramed neironebSic. amrigad, es naerTi neirotoqsikuria da misi eqspresireba xdeba glukozo-Jangbadovani deprivaciis Sedegad. garda amisa, TviT oqsidaciuri stresic unda iwvevdes iNOS-is genis eqspresias. neironebSi NMDA receptoris xangrZlivi gaaqtivebis Sedegad aqtivdeba birTvis transkrifciuli faqtori NF-(B. misi gaaqtiveba aucilebel safxurs warmoadgebs iNOS-is genis eqspresiisaTvis (Gardenas Antonio et al, 2000). 

faqtorebi-(B warmoadgenen transkrifciul faqtorebs, romlebic aRmoCenilia sxvadasxva tipis qsovilebsa da ujredebSi da mniSvnalovan rols TamaSoben ujredis proliferaciaSi, diferencirebaSi da oqsidaciuri, Tu hipoqsiuri stresis pasuxSi. am faqtorebidan yvelaze mniSvnelovania birTvuli faqtori-(B (NF-(B), romelic axorcielebs membranamde mosuli signalebisa da genis eqspresiis cvlilebebs Soris kavSirs centraluri nervuli sitemis rogorc gliur, aseve neironul ujredebSi (NKBF). NF-(B warmoqmnis heterodimerebs: RelA/p50 an p52-Tan. aRniSnuli heterodimeri blokirebulia specialuri inhibitoruli ciliT – IkB-Ti. signalis miRebisas I(B ganicdis fosforilirebas da degradacias, ris Semdegac NF-(B gadadis birTvSi, sadac ainducirebs sxvadasxva pro-, Tu antiapoftozuri sasignalo cilisa da citokinebis makodirebeli genis eqspresias. maT Soris aRsaniSnavia SOD-is (superoqsiddismutaza) makodirebeli genis eqspresia, romelic warmoadgens antioqsidantur ferments da amcirebs oqsidaciur stress. 

 NF-(B-es gaaqtivebas mravali faqtori ganapirobebs. maT Soris: glutamati, Tavisufali radikalebi, interleikin-1, kaspaza-3 da simsivnis nekrozuli faqtori (TNF) (Kaltschmidt C. et al, 1995). yvela maTgani CarTulia lokaluri cerebraluri iSemiis paTogenezSi. sabolood viTardeba apoftozuri destruqcia. NMDA da ara-NMDA receptorebis agonistebis toqsikuri raodenoba iwvevs NF-(B-es birTvSi gadasvlas. misi aqtivacia damokidebulia I(B degradaciaze, romelic xorcieldeba zemod CamoTvlili faqtorebis mier.

 Tu ganvixilavT I(B ojaxis wevrebs struqturulad da funqciurad isini SeZleba daiyos oTx jgufad:                     I(B-(, I(B-(, I(B-(, I(B-(.           (Baltimore D. et al,1990).

arsebobs mosazreba, rom parkinsonis daavadebis paTogenezSi wamyvan rols swored es sistema asrulebs. dadgenilia, rom striatumis neironebis citotoqsikuri pasuxi NMDA da ara-NMDA receptorebis agonistebis zemoqmedebiT gamoixateba NF-(B-es birTvSi gadaadgilebiT, rac SemdgomSi iwvevs c-myc, p53 da ciklin D1-is genebis eqspresias da ganapirobebs am ujredebSi apoftozis msgavs destruqcias in vivo. NF-(B-es gaaqtivebasTan dakavSirebulma citotoqsikurobam SesaZlebelia gamoiwvios neirodegeneraciuli daavadebebis ganviTareba (Nakai M. et al, 2000). agreTve, gliur ujredebSi NF-(B ukavSirdeba iNOS-is promotors da iwvevs i-NOS mrnm-is sinTezs (Xie Q.W. et al, 1994).

literaturaSi arsebobs monacemebi, rom redoqs-sensitiur transkrifciul faqtors NF-(B-s agreTve aaqtivebs haloperidoli, dofaminis receptoris antagonisti, romelic doza-damokidebulad iwvevs Tagvis klonur hipokampalur HT22 ujredebSi oqsidaciur stress. NF-(B-s gaaqtiveba SeiZleba inhibirebuli iyos neiroproteqciuli antioqsidantebiT, rac xsnis haloperidoliT gamowveul oqsidaciur ujredul sikvdils in vitro (Post A. et al, 1998). 

I.1.4.1 NO-s gavlena mitoqondriebis funqciur mdgomareobaze

dadgenilia, rom NO mniSvnelovan gavlenas axdens sunTqviTi jaWvis komponentebze. NO-Ti citoqromoqsidazis inhibireba SesaZloa mniSvnelovan rols TamaSobdes O2-is moxmarebis kontrolSi (Brown G.C. et al, 1995). miuxedavad imisa, rom NO-Ti citoqromoqsidazis inhibireba Seqcevad xasiaTs atarebs, paTofiziologiuri procesebis ganviTarebaSi misi roli SeiZleba kritikuli aRmoCndes. citoqromoqsidazis doneze NO-Ti sunTqviTi jaWvis inhibirebis Sedegad O2-idan SeiZleba warmoiqmnas  superoqsidanionradikali (O2-), xolo O2--is da NO-s urTierTqmedebis Sedegad ki - peroqsinitriti (ONOO-). peroqsinitritis raodenoba SeiZleba gaizardos sxva gzebiTac nitroqsil anionisa (NO-) da O2-is urTierTqmedebiT. NO-gan gansxvavebiT ONOO- Seuqcevadad azianebs mraval sxvadasxva mitoqondriul fermentsa da JangviTi fosforilirebis kompleqsebs, akonitazas, NADH/koenzimQ reduqtazas, qvinol/citoqrom c reduqtazas, suqcinatdehidro-genazas, ATP sinTazas. mitoqondriis membranis potencialis Sedegobrivi kolafsi cvlis mitoqondriis ganvladobas (MPT). es ukanaskneli iwvevs citoqrom c-s gamoTavisuflebas mitoqondriuli sivrcidan citoplazmaSi.. citoqrom c gamoTavisuflebas citoplazmaSi mivyavarT apoftozur ujredul sikvdilamde (Kroemer G. et al, 1997). radgan ONOO- iwvevs MPT-es gazrdas, NO-dan ONOO--s formireba SeiZleba miuTiTebdes NO-s proapoftozur rolze (Sharpe M.A. et al, 1998). agreTve NO-Ti citoqromoqsidazis Seqcevadma inhibirebam SemdgomSi SeiZleba CarTos iseTi movlenebis kaskadi, romelic   sabolood ujredul sikvdils ganapirobebs. Tumca literaturaSi arsebobs urTierTsapirispiro monacemebi amis Sesaxeb. ONOO- pirdapir ainhibirebs citoqromoqsidazis funqciebs ujredebsa da mitoqondriebSi, rac iwvevs ujredSi mxolod mcire dazianebebs.   

ONOO--s unari aqvs Seamciros gasufTavebuli citoqromoqsidazas Vmax. da mniSvnelovnad gazrdis Km O2-sTvis astrocitebis kulturaSi, makrofagebSi da virTagvis Tavis tvinis mitoqondriebSi. Tumca radim da misma kolegebma aRmoaCines, rom ONOO- ar iwvevs citoqromoqsidazis inhibirebas virTagvis intaqtur RviZlis mitoqondriebSi.  

aRsaniSnavia, rom citoqromoqsidazas SeuZlia ONOO--s daJangviT warmoqmnas NO. gasufTavebul fermentze Catarebuli cdebis Sedegad dadginda, rom warmoqmnili NO-s raodenoba pirdapirproporciulia damatebuli ONOO--s raodenobisa. aqedan gamomdinare citoqromoqsidazas SeiZleba mieniWos ONOO--s detoqsifikatoris roli in vivo, ONOO--dan naklebad toqsikuri NO-s warmoqmniT. es ukanaskneli ki moqmedebs meore ONOO--s molekulasTan da warmoqmnis nitrits da nitrats. peroqsinitritidan azotis oqsidis warmoqmna SeiZleba dainhibirdes cianidiT  da azidiT, rac miuTiTebs imaze, rom citoqromoqsidazaSi arsebuli hemi a3/CuB centri aris peroqsinitritidan azotis oqsidis warmoqmnis ubani. ONOO--s dabali koncentracia Tavisuflad SeiZleba iyos detoqsificirebuli citoqromoqsidazis mier (Sharpe M.A. et al, 1998.).

amrigad, mitoqondriebidan gasufTavebuli citoqromoqsidaza akatalizebs peroqsinitritidan azotis oqsidis warmoqmnas. azotis oqsidi iwvevs citoqrom a3 Seqcevad inhibirebas masTan nitrozil kompleqsis warmoqmniT, xolo peroqsinitriti iwvevs citoqromoqsidazis Seuqcevad inhibirebas O2-sTvis Vmax SemcirebiT da Km-is gazrdiT. am pirobebSi citoqromi a-s redoqs statusi aris gazrdili, rac aixsneba eleqtronebis gadacemis inhibirebiT. lipiduri Sre veranair bariers ver qmnis peroqsinitritis am efeqtebisTvis, radgan Seuqcevad inhibirebas agreTve adgili aqvs proteoliposomebis citoqromoqsidazaSic. ONOO--s SeuZlia citoqrom oqsidazis metalis centrebis rogorc Secvla, aseve degradireba (Sharpe M.A. et al, 1998.).

 iTvleba, rom NO-Ti sunTqviTi jaWvis inhibireba iwvevs mitoqondriuli membranis adreul hiperpolarizacias (Khaled A.R. et al, 2001). beltrani da misi kolegebi (Beltran B. et al, 2002) Tvlian, rom NO-damokidebuli adreuli hiperpolarizacia warmoadgens proteqciul meqanizms. am procesebs adgili aqvs astrocitebSi, romlebic gamoirCevian maRali glikolizuri aqtivobiT, da ara neironebSi, sadac glikolizi ar warmoadgens ATP-is wyaros. sunTqviTi jaWvis gaxangrZlivebuli inhibireba  NO-Ti neironebSi da astrocitebSi 25% amcirebs ATP-is koncentracias da zrdis glikolizis aqtivobas astrocitebSi (Almeida A. et al, 2001). astrocitebSi glikolizis gaaqtiveba, romelic aixsneba laqtatis produqciis gazrdiT aRadgens ATP-is naklebobas, rac adasturebs imas, rom miuxedavad imisa rom sunTqviTi jaWvis NO-Ti inhibirebas mivyavarT neirotoqsikur efeqtamde, mas agreTve SeuZlia iyos neiroproteqciuli, rac gamoixateba gliuri ujredebis glikolizuri aqtivobis zrdaSi.

astrocitebsa da neironebze Catarebulma cdebma aCvena, rom NO/ONOO-, romlis wyarod gamoyenebuli iyo astrocitebis kultura, neironebSi ainhibirebdnen sunTqviT jaWvs. Tumca azotis oqsidis 24 saaTiani zemoqmedebis Semdeg NO-s wyaros mocilebisTanave sunTqviTi jaWvis II/III da IV kompleqsebi aRadgenen Tavis normalur funqcionirebas. azotis oqsidis 48 saaTiani zemoqmedebis Sedegad sunTqviTi jaJvis II/III kompleqsebi droTa ganmavlobaSi isev aRadgendnen normalur funqcionirebas, xolo IV kompleqsi aRar aRdgeboda da inhibirdeboda Seuqcevadad.  am monacemebis Sedegad SeiZleba davaskvnaT, rom MII/III da IV mitoqondriuli kompleqsebi, romlebic ganicdian azotis oqsidis zemoqmedebas drois mcire monakveTiT Cveulebriv aRadgenen normalur funqcionirebas, xolo xangrZlivi periodiT azotis oqsidis zemoqmedeba iwvevs IV kompleqsis srul disfunqcias (Stewart V.C. et al, 2000).

I.1.5 p21ras (Ras)-is mniSvneloba nervuli ujredebis funqcionirebaSi

Ras cilebi warmoadgenen 20–dan 25-kDa molekuluri wonis mqone GDP/GTP damokidebul cilebs. isini warmoadgenen erTgvar gadamrTvelebs ujreduli zrdisa da diferencirebis procesebSi. ZuZumwovrebSi aRwerilia Ras zeojaxis 65 wevri. maT funqciebze da struqturaze dayrdnobiT es ojaxi iyofa eqvs ojaxad. esenia: Ras, Rho, Rab, Ran, Rad da Arf (Barbacid M. et al, 1987; Valencia A. et al, 1991). TviT Ras ojaxi efeqtoris molekulaSi arsebuli domenebis homologiis mixedviT iyofa qveojaxebad: Rap (Rap-1A, Rap-2a, Rap-2B); R-Ras (R-Ras, TC21/R-Ras, R-Ras3); Ral (RalA, RalB); Rheb; M-Ras da TviT Ras qveojaxi, romelic Seicavs H-Ras, K-RasA, K-RasB da N-Ras (Macara I.G. et al, 1996; Bos J.L. et al , 1997).

ras genebi warmoadgenen konservatorul genebs da evoluciurad ar arian Secvlili (Barbacid M. et al, 1987).  ZuZumwovrebSi warmodgenilia sami ras geni: H-ras, K-ras, N-ras, romlebic eqspresirdebian yvela tipis ujredsa da qsovilSi, Tumca eqspresiis done varirebs organos tipisa da ganviTarebis stadiebis mixedviT (Leon J. et al, 1987). ras genebiT kodirebuli cilovani produqti warmoadgens 21 kDA molekuluri wonis 188 aminomJavisgan Semdgar cilas (189 K-RasB-Si). am sami geniT kodirebuli p21 cilebi homologiurebi arian mxolod maTi pirveli 164 aminomJaviT, Tanac N-bolos pirveli 86 aminomJavuri naSTis homologia 79%-ze maRalia, vidre danarCeni 78. isini sruliad gansxvavdebian danarCeni 25 aminomJaviT, Tumca arsebobs erTi gamonaklisi, 186 mdgomareobaSi arsebuli cisteinis naSTi. am mizezis gamo 165-185 naSTebis regions heterogenuli ewodeba (Lowy D.R. et al, 1993). Ras-is  biologiuri aqtivoba vlindeba efeqtoruli domeniT, romelic warmoadgens aminomJavur naSTebs 32-40. misi saSualebiT is ukavSirdeba sxvadasxva efeqtorul molekulebs (Wittinghofer A. et al, 1991).  Tumca danarCeni 5-63, 77-92, 109-123, 139-165 aminomJavuri segmentebi da karboqsil boloze arsebuli CAAX Tanmimdevroba agreTve mniSvnelovania Ras-is funqcionirebisaTvis (Lowy D.R. et al, 1993; Malumbers M. et al, 1998). 

Ras-is Sesaswavlad mkvlevarebis umetesoba iyenebs c-H-Ras izoformas, rogorc ,,modelur”  Ras cilas. genetikurma kvlevam uCvena, rom c-K-Ras-is makodirebeli genis gawyveta iwvevs embrionul letalur fenotips, romelic ar aris nanaxi c-H-Ras-is an c-N-Ras-is SemTxvevaSi. es amtkicebs Ras-is izoformebs Soris arsebul funqciur sxvaobebs (Jmanoff H. et al,  1995; Esteban L. M. et al, 2001).

Ras–is funqcionireba gamoixateba misi araaqtiuri mdgomareobidan aqtiurSi gadasvliT. is dakavSirebulia ujreduli membranis SigniTa zedapirTan. misi araaqtiuri komformaciidan (sadac igi dakavSirebulia GDP_Tan) aqtiur komformaciaSi gadasvla xorcieldeba GTP-is dakavSirebiT. es cvlileba damokidebulia ori klasis regulatoruli molekulebis aqtivobaze. esenia:

1. Ras_specifikuri GEF (an GRF) _guaninis nukleotidis cvlis faqtori, romelic akatalizebs GDP_dakavSirebuli formis gadasvlas GTP_dakavSirebul formaSi;

2. SynGap cila sinafsuri Ras-GTP-azas gamaaqtivebeli cila, romelic astimulirebs Ras_is sakuTar sust GTP_azur aqtivobas da romelic lokalizebulia mxolod sinafsebze da dakavSirebulia postsinafsuri simkvrivis cilasTan PSD-95 da NMDA glutamatis receptorTan. 


Ras cilas ori funqciuri mdgomareoba gaaCnia: GDP-Tan dakavSirebuli (araaqtiuri) da GTP-Tan dakavSirebuli (aqtiuri). rodesac Ras-is cilovan molekulaSi GDP icvleba GTP-iT, igi aqtiuri xdeba:
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Ras-is gaaqtiveba adaptoruli SH2-ubniani cilebis saSualebiT xdeba, magram maTi moqmedeba arapirdapiria. isini jer e.w. Sualedur  cilebTan urTierTqmedeben, xolo Semdeg Ras-Tan. adaptorul cilebs SH2  regionis garda meore specifikuri ubanic aqvT. es ubani didi raodenobiT aminomJava prolins Seicavs da amitom misi (-spirali gaSlilia. am ubnis mqone adaptoruli cilebi Sualedur cilas ukavSirdebian da mxolod amis Semdeg  gadaecema Ras-s konformaciuli cvlilebebi. (Sualedur cilebs miekuTvnebian: GRF, SOS, VAV da sxva). sabolood, yalibdeba rTuli, oTxi cilisagan Semdgari kompleqsi, romlis aSenebac receptoridan iwyeba da Ras-iT mTavrdeba.

  amrigad, oligomeruli formirebis Semdeg Ras-is molekulaSi GDP-i Cainacvleba GTP-iT da igi aqtiur konformacias iRebs. aqtiur mdgomareobaSi myofi Ras-i Camoscildeba kompleqss da moqmedebas iwyebs fermentTa sistemaze, romelsac citoplazmuri proteinkinazuri kaskadi, anu mitogenebiT aqtivirebadi proteinkinazuri (MAP) kaskadi ewodeba. MAP-is kaskadi unikalur urTierTmafosforilirebeli proteinkinazebis jaWvs warmoadgens, romelic citoplazmaSia ganTavsebuli da romlis gaaqtivebac mitozis iniciaciasTan aris dakavSirebuli.

zemoaRniSnuli cvlilebebis garda Ras ganicdis posttranslaciur modificirebas. arsebobs misi posttranslaciuri modifikaciis ramodenime forma: farnezilireba, nitrozilireba, palmitireba, meTilireba, geranirilireba da sxva. es modifikaciebi aucilebelia imisaTvis, rom Ras-cila gadavides zeaqtiur mdgomareobaSi da iyos maRalfunqciurunariani. amisaTvis is unda daukavSirdes membranis Sida mxares. membranasTan dakavSireba ganpirobebulia posttranslaciuri modifikaciiT, romelsac fermenti farneziltransferaza (FT-aza) axorcielebs. farneziltransferaza warmoadgens gavrcelebul ferments, romelic akatalizebs farnezilis jgufis dakavSirebas Ras-Tan, anu izoprenis naSTis CarTvas cilovan molekulaSi. axlad farnezilirebuli Ras translocirdeba plazmur membranaSi, sadac zrdis faqtorebis sapasuxod is SeiZleba gaaqtivdes GTP-iT.

farnezilireba xdeba Ras cilis C-bolos CAAX-nawilSi  (sadac C-cisteinia, ori A-nebismieri aminomJavaa, xolo X -serini, leicini, glutamini an meTionini). CAAX-Si 186-e cisteini pirvelad farnezilirdeba izoprenis naSTis damatebis saSualebiT. amis Semdeg xdeba proteolizuri moSoreba (amoReba) C-boloze arsebuli sami AAX aminomJavisa. farnezilirebuli cila ganicdis modificirebas. rogorc ki AAX Camocildeba cilis molekulas, 186-cisteini ganicdis meTilirebas meTiltransferazaTi (MT), igi translocirdeba plazmur membranaze da ganicdis Semdgom palmitirebas (Buss J.E. et al, 1986; Maltese W.A. et al, 1990., Sinensky M. et al, 1992).

Ras–is funqcia regulirdeba ujredSi redoqs-statusis cvlilebiT, ris Sedegadac is ganicdis meore posttranslaciur modificirebas, nitrozilirebas. es ukanaskneli xorcieldeba 118 cisteinze azotis oqsidis saSualebiT ( Lander H. et al, 1997).

amrigad, yoveli Ras-izoforma ganlagebulia ujreduli struqturebis gansxvavebul adgilebSi. odnav gansxvavebuli COOH-boloSi arsebuli posttranslaciuri modifikaciebi TiToeul Ras-izoformaSi warmoqmnis Ras-cilebis funqciur sxvadasxvaobas. yvelaze naTeli sxvaoba aris is, rom Ras-is yvela izoforma ganicdis palmitirebas. polilizinis naSTis TanmimdevrobaSi mimdinare palmitireba mimarTulebas aZlevs c-K(B)-Ras-s membranebSi gadasaadgileblad (Chen Z. et al, 2000; James G.L. et al, 1995). garda amisa, am ori posttranslaciuri modifikaciis Sedegad Ras adhezirdeba plazmur membranasTan. membranasTan dakavSirebuli Ras gacilebiT ufro maRal biologiur aqtiurobas amJRavnebs, amitom farneziltransferazas inhibitorebi gadian klinikur aprobacias zogierTi tipis daavadebebis TerapiaSi (Overmeyer J. H. et al, 1998).

  GTP-dakavSirebuli cilebi aregulireben sxvadasxva ujredSida procesebs. konsesusamdea misuli is azri, rom Ras-is sxvadasxva izoformebi ganapirobeben sxvadasxva biologiur Sedegebs. rigma Tanamedrove kvlevebma uCvenes, rom c-K-ras genis produqti TamaSobs ufro wamyvan rols Rac-is aqtivaciaSi, vidre sxva Ras izoformebi (Voice J.K. et al, 1999). Rac-i warmoadgens GDP-damakavSirebeli cilebis ojaxis warmomadgenels. igi monawileobs ujredis ZvradobaSi, morfologiur cvlilebebSi da organoidebis translokaciaSi. Ras-iT gaaqtiurebuli ori daRmavali Raf/MEK/ERK da Ras/Rac/NADPHoqsidaza/ROS gza iwvevs apoftozis supresias da sicocxlis gadarCenis ganmapirobebeli meqanizmebis CarTvas NFB-es gaaqtivebis gziT (Sulciner D.J. et al, 1996). Rac/NADPHoqsidazaze damokidebuli ROS produqcia NFB-es  gaaqtivebis gziT iwvevs ujredebis sicocxlisunarianobis gazrdas, rodesac Rac-gan damoukideblad warmoqmnili ROS provocirebs apoftozs. 
c-K-Ras-is zeeqspresiis Sedegia reaqtiuli Jangbadis saxeobebis (ROS) donis dabla daweva H2O2-is sapasuxod. es c-K-Ras specifiuri efeqti miiCnies manganum-damokidebuli superoqsiddismutazas (Mn-SOD) mastabilizireblad (Santillo M. et al, P., 2001), radganac c-K(B)-Ras-s aqvs ra kontroli Rac-GTP doneze, igi aregulirebs ujredebis migracias (Santillo M. et al, 2001). agreTve arsebobs monacemebi, rom c-H-Ras astimulirebs fosfatidilinozitol-3-kinazas da aris ufro sensitiuri Ras-guanin-nukleotid-gamomyofi faqtoris aqtivobis mimarT, vidre sxva Ras cilebi (Jones M. K. et al, 1998; Yan J. et al,  1998). onkogenur c-H-Ras-s ar sWirdeba pirdapiri urTierTqmedeba serintreoninkinaza Raf-1-Tan transformirebuli fenotipis sawarmoeblad. faqtiurad, konstituciuri mitogen-aqtivirebadi proteinkinazis (MAPK) moqmedeba onkogenur c-H-Ras transformirebul ujredSi, romelic damokidebulia eqspresirebuli onkogenuri c-H-Ras-is raodenobaze xdeba nawilobriv imis gamo, rom c-N-Ras pirdapir urTierTqmedebs Raf-1-Tan (Hamilton M. et al, 1998). es adasturebs imas, rom erTi onkogenuri Ras cila ver Secvlis  Ras-izoformebis funqciebs, rac ar unda didi raodenobiT moxdes misi eqspresia. 

literaturuli monacemebiT Ras cilebi arian mitoqondriul kompartmentebSic (Rebollo A. et al, 1998). viciT ra, rom c-N-Ras qmnis stabilur antiapoftozur signals, unda vifiqroT, rom mitoqondriaSi lokalizebuli c-N-Ras emsaxureba ujredis gadarCenis signals (Wolfman J. C. et al, 2000). Ras-is mravali efeqtori napovnia mitoqondriul preparatebSi (Peruzzi F. et al, 2001; Kharbanda S. et al, 2000). bolo monacemebis mixedviT, Tu yvela ara, umravlesoba c-N-Ras-isa latenturi kompleqsis saxiT Raf-1-Tan da proteinkinaza C-Tan erTad aris plazmur membranaSi, rac miuTiTebs imaze, rom mocemuli kompleqsebi pasuxoben MAPK-kaskads (Hamilton M. et al, 2001). mitoqondriaSi arsebuli c-N-Ras-is daniSnulebas, savaraudod, ujreduli apoftozis regulacia warmoadgens.

   Ras-is ojaxi warmoadgens proto-onkogenebis ZiriTad klass, romelSic aRmoCenilia wertilovani mutaciebi. es genebi arian Zalian mgrZnobiareni kancerogenuli naerTebis mimarT da erTi kodonis Secvlac ki neoplaziur gadagvarebas iwvevs. wertilovani mutaciis mqone ras-onkogenebi akodireben mudmivad aqtiur Ras cilebs, romlebic arRveven balanss ujredis zrdasa da programirebad sikvdils Soris ujreduli zrdisaTvis upiratesobis miniWebiT. aseTi gziT Ras onkocilebs SeuZliaT kancerogenezis gamowveva (deVries J.E. et al, 1996).


Ras-is efeqtebi ujredis sicocxlisunarianobasa da apoftozze SesaZloa warimarTos signalis gadacemis sxvadasxva gziT. signalis gadacema Raf/MEK/ERK gziT zog SemTxvevaSi aris pro-apoftozuri, Tumca, dadginda, rom Ras/Raf/MEK/ERK_gza funqcionirebs agreTve rogorc apoftozis xelisSemSleli. uaxlesma monacemebma aCvena, rom Raf-1-is damatebiT funqciebs warmoadgens MEK da  ERK-sagan damoukideblad misi monawileoba apoftozis induqciis sawinaaRmdegod. Ras Tavis funqcias axorcielebs agreTve PI3-kinaza/Akt sasignalo gzebis meSveobiT. Akt xels uwyobs ujredis sicocxlisunarianobis zrdas nawilobriv fosforilirebiT da nawilobriv pro-apoftozuri Bad-is da kaspaza-9-is inaqtivaciiT. zog SemTxvevaSi ki ujredis sicocxlisunarianobis xelis Sewyoba mimdinareobs orive, Raf/MEK/ERK da PI3-kinazuri gzebiT (Wolfman C. et al, 2002).


PI3-K da  MAPK-i aZliereben or gansxvavebul sasignalo kaskads nervul ujredebSi. MAPK gza ramdenime fosforilirebis etapis saSualebiT gadascems signalebs, romlebic iwyeba plazmur membranaSi arsebuli nervuli zrdis faqtoris (NGF) receptorebidan da mTavrdeba transkrifciis faqtorebze birTvSi. aqtivirebuli transkrifciis faqtorebi saWironi arian gviani da adreuli genebis eqspresiaSi (Crespo P. et al, 2000).

   amrigad, Ras da misi kaskaduri gzebi warmoadgenen ujredis erT-erT mTavar maregulirebel sistemas, radgan misi gaaqtiveba iwvevs ujredis fundamentur cvlilebebs.

I.1.6 ujreduli sikvdilis formebi.

bolo aTi wlis ganmavlobaSi gaizarda interesi ujreduli sikvdilis mniSvnelobis mimarT rogorc normalur, biologiur, aseve paTologiur procesebSi. cerebraluri hipoqsia-iSemiur in vivo modelSi naCvenebi iyo, rom neirodegeneracia SeiZleba warimarTos ori gziT: nekroziT da apoftoziT. Zalian Znelia maT Soris gansxvavebaTa mkveTri xazis gavleba. Tumca arsebobs sxvadasxva kriteriumi, romlis mixedviT SeiZleba ganvasxvavoT ujreduli sikvdilis es ori sxvadaasxva forma warmoadgens (Banasiak K.J. et al, 2000). 

  nekrozi warmoiqmneba mwvave, arafiziologiuri dazianebis dros. magaliTad, toqsinebis, mwvave hipoqsiis, insultis da ATP-is ukmarisobis Semdeg. igi ZiriTadad dakavSirebulia Ca2+ da Na+ionebis homeostazis cvlilebasTan. apoftozi aris ujredis sikvdilis meore SedarebiT dayovnebuli forma, rodesac xdeba ujredis cxovelqmedebis Seuqcevadi Sewyveta da misi “TviTmkvleloba”, radgan es procesi dakavSirebulia ujredSi arsebuli genetikuri programis CarTvasTan is warmoadgens programirebul ujredul sikvdils (Banasiak K.J. et al, 2000). nekrozis da apoftozis ganmasxvavebeli kriteriumebidan erT-erTi morfologiuri kriteriumia. nekrozisTvis damaxasiaTebeli adreuli morfologiuri cvlilebebi: ujredebis da organelebis gajirjveba, gansakuTrebiT mitoqondriebis (Trump B.F. et al, 1982) organelebis rRveva, membranis daSla-lizisi, dnm-is daxleCa (SemTxveviTi xasiaTis), citoplazmis da birTvis SigTavsis gadasvla ujredSida areSi. nekrozis dros adgili aqvs anTebiT procesebs, romlebic moicaven ujredebis did jgufs. nekrozuli ujredebis STanTqma xorcieldeba imigrirebuli fagocitebiT.  apoftozuri ujredebi ganicdian citoplazmis SeWmuxvnas, birTvuli Semadgenlobis kondensacias (Wyllie, A.H. et al, 1981; Walker N.I. et al, 1988), dnm-is fragmentacias zustad gansazRvruli sigrZis nukleotiduri wyvilis fragmentebis warmoqmniT (180-240 bazis wyvilebi). endoplazmuri retikulumi da plazmuri membrana am dros qmnian vezikulebs, romlebic garSemortymulni arian plazmuri membraniT. apoftozs Tan ar axlavs anTeba. apoftozuri ujredebi STainTqmeba mezobeli ujredebiT, rac maTTvis damatebiT sakvebs warmoadgens (Banasiak K.J. et al, 2000).

zemoT aRwerili  ujreduli sikvdilis formebidan mniSvnelovan yuradRebas iqcevs apoftozi,  romlis ZiriTadi molekuluri meqanizmebis Seswavla mecnierebis erT-erT ZiriTad mizans warmoadgens.

 apoftozis CarTva SeiZleba moxdes ujredgare da ujredSida sasignalo molekulebiT. eqstraujreduli e.w. sikvdilis ligandebi (FasL) da TNR1 ukavSirdebian Sesabamis receptorebs, moqmedeben maTTan DD DdomeniT dakavSirebul FADD da TRADD-ze. FADD aaqtivebs kaspaza 8, xolo TRADD aaqtivebs NF-(B-es (Rudin C.M. et al, 1997).

    Sidaujreduli erT-erTi sasignalo gza iwyeba imiT, rom mitoqondriebidan Tavisufldeba citoqromi c, romelic ukavSirdeba Apaf1(apoptosis protease activating factor 1), romelic aaqtivebs kaspazebis kaskads. Apaf1-is moqmedeba inhibirdeba Bcl-2 da Bcl-xl-iT. Bcl-2 (bcl-2 genis produqti) da Bcl-xl (bcl-x genis produqti) warmoadgenen apoftozis supresorebs (Chao, D.T. et al, 1995), romlebic ZiriTadad lokalizebuli arian endoplazmuri retikulumis, birTvis da mitoqondriebis membranaSi, rac miuTiTebs maT rolze membranis ganvladobis regulaciaSi (ionebisa da cilebis transporti). isini qmnian arxebs bilipidur SreSi (Wang, H.G. et al, 1998).
  Bax warmoadgens bcl-2 ojaxis erT-erT cilas, romelic ainducirebs apoftozs da aseve qmnis arxebs mitoqondriebis bilipidur SreSi. Bax maqsimalurad aqtiuria mJave pH-is dros. Bax-is membranaSi CarTva da homodimerizacia iwvevs membranis destabilizacias, membranis daSlas da citoqrom c-s ujredSida sivrceSi gadasvlas. im SeTxvevaSi, rodesac Bax warmoqmnis Bcl-2 da Bcl-xL-Tan heterodimers - is inhibirebulia. Bad agreTve warmoadgens proapoftozuri genis produqts, romelic translocirdeba mitoqondriaSi da warmoqmnis dimers Bcl-2 da Bcl-xL-Tan, rac iwvevs apoftozis inicirebas (Adams J.M. et al, 1998). amrigad, Bax-is, Bad-is, Bcl-2 da Bcl-xL-is eqspresiis donis regulirebiT SeiZleba apoftozis regulireba (Yang J. et al, 1997).
  apoftozis erT-erT saregulacio gzas warmoadgens p53 transkrifciuli faqtoris eqspresia, romelic iwvevs apoftozis inducirebas da simsivnuri ujredebis zrdis supresias. cila p53 aaqtivebs p21 cilas, romelic iwvevs ujreduli ciklis G1 fazis blokirebas. p53, rogorc transkrifciuli faqtori moqmedebs Bax-is sinTezze da iwvevs mravali genis eqspresias, romlebic aregulireben ujredebis Jangva-aRdgeniT potencials, Tavisufali radikalebis generacias, cvlian mitoqondriuli membranebis ganvladobas da a.S. (Rudin C.M. et al, 1997).   

 azri imis Sesaxeb, rom Jangbadisa da sxva sakvebi nivTierebebis deprivaciiT gamowveuli glutamatis Warbi gamoTavisufleba iwvevs nervuli ujredebis sikvdils TandaTanobiT ganicdis evolucias. mecnierebi miiCneven, rom nervul ujredebSi apoftozis ganviTarebaSi  ZiriTad rols mitoqondriebi TamaSoben (Montal M. et al, 1998). magaliTad, Ca2+/kalmodulin damokidebuli fosfataza _ kalcineirinis inhibireba icavs mitoqondriebis membranas daSlisagan da Sesabamisad apoftozisagan (Ankarcrona, M. et al, 1996; Wang H.G. et al, 1999). kalcineirinis moqmedebis Sedegad BAD defosforilirdeba, da SemdgomSi warmoqmnis heterodimers Bcl-2 da Bcl-xl-Tan (Banasiak K. J. et al, 2000). rac Seexeba glutamatiT inducirebuli apoftozis meqanizmebs, isini SeiZleba warimarTos sxvadsxva gziT. magaliTad, apoftozi SeiZleba warimarTos kasapaza-3-is gaaqtivebiT (Du Y. et al, 1997; Gottron F.J. et al, 1997; Leist M. et al, 1997; Tenneti L. et al, 1998).

  mravali transkrifciuli faqtorebis gaaqtiveba, c-Jun, misi Sesabamisi kinaziT; p53, romelic iwvevs Bax-is Warb transkrifcias (Uberti D. et al, 1998); NF-(B, romlis gaaqtivebac xdeba redoqs-sistemebis darRveviT, nanaxi iyo sxvadasxva nevrologiuri daavadebebis dros. am daavadebebis ganviTarebaSi centraluri roli eniWeba apoftozs (Atwood W.J. et al, 1994). literaturaSi aRniSnulia, rom glutamatis maRali koncentraciiT, citokinebiT, H2O2–iT, da glukozis deprivaciT gamowveuli neirotoqsikuri da proapoftozuri stimuli, warmoadgens NF-(B-s potenciur aqtivators nervul ujredebSi (Abbadie C. et al, 1993; Grimm S. et al, 1996). apoftozis mizezi xSirad aris reaqtiuli Jangbadi (ROS) (Tan S. et al, 1998; Carmody R.M. et al, 1999; Davis P.K. et al, 1999).

  glutamatis moqmedebis klasikur gzad miCneulia Semdegi meqanizmi: glutmatiT gaaqtivebuli NMDA receptori aaqtivebs masTan asocirebul nNOS-as, romelic warmoqmnis NO-s. NO-ze sxvadasxva oqsidazebis zemoqmedebiT warmoiqmneba peroqsi-nitrili (ONOO-). superoqsidanionradikalTan urTierTqmedebis Sedegad peroqsinitrilidan gamoiyofa hidroqsilis (OH*) radikali, romelic iwvevs dnm-is jaWis gawyvetebs. jaWvis reparaciis mizniT aqtivdeba poliadfribozopolimeraza (PARP), romelic iwvevs histonebis adf-ribozilirebas. Sedegad histonebi scildebian dnm-s, jaWvi SiSvldeba da ligaza iwyebs reparaciul process. rodesac dnm-is wyvetiloba maRalia reparaciaze ixarjeba didi raodenobiT NAD, romelic poli-ADP-ribozopolimerazis substrats warmoadgens. xolo mitoqondriebi am dros ganicdian NAD–is naklebobas, amitom maTi normaluri funqcionireba darRveulia. Sedegad mcirdeba mitoqondriebis transmembranuli potenciali, ixsneba membranaze arsebuli “megaSaneli”, citoqromi c gamodis ujredSida garemoSi da irTveba kaspazebis kaskadi  (Montal M. et al, 1998),  

rogorc ukve iTqva, apoftozi monawileobs mraval neirodegeneraciul daavadebebSi da centraluri adgili uWiravs simsivnuri procesebis induqciaSi, xolo neiroproteqciuli strategia, romelic moicavs anticitotoqsikuri, antioqsidanturi, antiapoftozuri saSualebebis gamoyenebas warmoadgens neirodegeneraciul daavadebaTa momaval sabaziso Terapias.

I.2 kreatinis roli ujredis energetikul cvlaSi

kreatinis (Cr) da purinuli nukleotidebis sxvadasxva izoformebis erToblioba qmnis ujredis energorezervis buferul sistemas, romelic efeqturad inaxavs maRali energiis mqone fosfatebs ujredis energiis momTxovn areebSi (Wyss M. et al, 1992).

organizmSi kreatini sinTezirdeba glicinisa da argininisagan guanidinoacetatisa da ornitinis warmoqmniT. reaqcia katalizdeba arginin/glicin-amidino-transferazaTi (AGAT). SemdgomSi S-adenozilmeTioninidan meTilis jgufis guanidinoacetatze gadataniT, rasac axorcielebs fermenti S-adenozilmeTionin/guanidinoacetat-N-transferaza (GAMT), warmoiqmneba kreatini. Cr-is sinTezi regulirdeba AGAT-iT, Tiroiduli hormoniT, zrdis hormoniT, testosteroniT, ornitiniT da sxva. organizmSi Cr transportirdeba sinTezis adgilidan utilizaciisa da momaragebis adgilamde, e.i. RviZlidan sxvadasxva qsovilebSi. kreatini CarTulia ATP-is produqciaSi PCr-is warmoqmnis gziT, xolo ATP-is koncentracia aregulirebs fiziologiur procesebs da icavs qsovilebs hipoqsiiT gamowveuli dazianebisagan  (Persky A.M. et al, 2001).
Cr zrdis PCr-is koncentracias Tavis tvinSi (Mattews R.T. et al, 1998), romlis saxiTac xdeba maqsimaluri efeqturobiT makroerguli fosfatebis maragis warmoqmna. kreatinidan da ATP-dan   fosfokreatinis da ADP-is warmoqmna xorcieldeba kreatinkinazis saSualebiT. 

CK
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ATP + Cr                 PCr + ADP

Cr-is proteqciuli efeqti or procesSi gamoixateba: pirvelis dros Cr CarTulia ujredis membranebis stabilizaciaSi, xolo meores dros igi xels uwyobs ojreds ATP-is donis SenarCunebaSi. membranis stabilizacia miiRweva kreatinis (da ufro specifikurad fosfokreatinis) cviterionuli bunebis wyalobiT, anu mas gaaCnia uaryofiTad damuxtuli fosfaturi da dadebiTad damuxtuli guanidinuri jgufebi. PCr ukavSirdeba fosfolipidur Tavebs, amcirebs membranis Txevadobas da citoplazmuri komponentebis (rogoricaa Sidaujreduli fermentebi magaliTad, kreatinkinaza) dakargvis albaTobas (Persky A.M. et al, 2001).

 miuxedavad imisa, rom kreatinis moqmedeba Seswavlilia janmrTel obieqtebze varjiSis dros, Tanamedrove monacemebi adastureben mosazrebas, rom is SeiZleba gamoyenebul iqnas garkveuli daavadebebis samkurnalod. zusti meqanizmebi, romliTac Cr axdens efeqts am daavadebebis dros jerjerobiT ucnobia, Tumca Teoriulad SesaZlebelia davuSvaT, rom misi efeqti miiRweva PCr-is raodenobis gazrdiT da ujreduli membranis stabilizaciiT (Persky A.M. et al, 2001). amJamad, gamokvlevebi orientirebulia Cr-is klinikur gamoyenebaze sxvadasxva tipis daavadebebis dros. Teoriulad es nivTiereba SesaZlebelia gamoyenebul iqnas mitoqondriuli disfunqciis mqone daavadebebSi, sadac gadamwyveti roli eniWeba energetikul metabolizms. aseT  daavadebebs miekuTvneba parkinsonis da hantingtonis daavadebebi, miopaTiebi, encefalopaTiebi, rZemJava acidozi, alcheimeris daavadeba, amiotropuli lateraluri sklerozi, hipoqsiiT gamowveuli Tavis tvinis paTologiebi, agreTve kunTisa da  gulis daavadebebi (Persky A.M. et al, 2001). 

parkinsonis daavadeba warmoadgens idiopaTur neirodegeneraciul daavadebas, romelic xasiaTdeba dofaminis donis SemcirebiT Tavis tvinSi. dofaminerguli neironebis Semcireba SesaZlebelia gamowveuli iyos energetikuli balansis darRveviT ujreduli sikvdilis Sedegad. MPTP-is (1-meTil-4-fenil-1,2,3,6-tetrahidropiridini) neirotoqsikuroba, rogorc parkinsonis daavadebis modeli, gamoyenebuli iyo mRrnelebSi. MPTP gadadis MPP+-Si (1-meTil-4-fenilpiridini), romelic ainhibirebs sunTqviTi jaJvis I kompleqs, arRvevs JangviTi fosforilirebis process da Sesabamisad ATP-is warmoqmnas. Cr-is orkviriani miRebis Semdeg dofaminis danakargi 10%-iT naklebi iyo im mRrnelebTan SedarebiT, romlebic ar iRebdnen Cr (Matthews R.T. et al, 1999). 

hantingtonis daavadebis modelis Seqmna SesaZlebelia 3-nitropropionismJavis da malonatis gamoyenebiT, romlebic iwveven eleqtronuli transportis II kompleqsis Seuqcevad inhibirebas. orive SemTxvevaSi Cr-is miRebam neiroproteqtoruli efeqti gamoavlinda (Mattews R.T. et al, 1998).  

Mamiotropuli lateraluri sklerozis modelze (SOD1 genis mutacia) Catarebulma cdebma aCvena, rom Cr-is miRebis Semdeg cxovelebSi ar SeiniSneboda 3–nitroTirozinis da oqsidaciuri dazianebebis sxva indikatorebis raodenobis gazrda, samagierod Cr-is neiroproteqtoruli efeqti gamovlinda motorul neironebsa da substancia nigras neironebze (Klivenyi P. et al,  1999).
dadgenilia, rom erTkviriani miRebis Semdeg Cr amJRavnebs neiroproteqtciul efeqts NMDA da malonatiT gamowveuli eqscaitotoqsikurobis winaaRmdeg (Malcon C. et al, 2000). is agreTve icavs hipokampis neironebs glutamatiT da -amiloidiT gamowveuli toqsikurobisagan (Persky A.M. et al, 2001).

hipoqsiur TagvebSi kreatinis (Cr) Seyvana zrdida gadarCenili ujredebis raodenobas. igive suraTi iyo kunTovani ujredebis (ganicdidnen distrofinis naklebobas) da neironul kulturebSi (ganicdidnen glutamatiT xangrZliv zemoqmedebas)  (Pulido S.M. et al, 1998). rodesac amowmebdnen Cr an PCr-is neiroproteqciul efeqts  glutamatiT gamowveul neirotoqsikurobaze, aRiniSneboda NMDA antagonistis MK-801-is eqvivalenturi efeqti. MK-801 ablokirebs NMDA receptoris xangrZlivi gaaqtivebiT gamowveul glutamatis meorad gamoTavisuflebas ujredgare sivrceSi. Cr an PCr-is Seyvana xdeboda manamde, sanam moxdeboda NMDA receptoris xangrZlivi gaaqtiveba, xolo MK-801-is Seyvana – piriqiT, receptoris gaaqtivebis Semdeg. Sedegi iyo erTnairi  (Brustovetsky N. et al, 2001).

  varaudoben, rom ATP-is danakargi aris glutamatiT gamowveuli neirotoqsikurobis adreuli mizezi, xolo Cr-is Seyvana iwvevs ujredSi PCr-is raodenobis gazrdas, ris Sedegad warmoiqmneba energorezervi, romelic amJRavnebs neiroproteqciul efeqts oqsidaciuri stresis winaaRmdeg.

sabolood SeiZleba iTqvas, rom Cr-is neiroproteqcia mJRavndeba ujredis energoresursebis gazrdiT. Cr-is Seyvana cxovelSi aumjobesebs energetikul mdgomareobas yvela ujredSi da agreTve neirodegeneraciuli daavadebebis dros riskis qveS mdgom neironebSi (Brustovetsky N. et al, 2001). zogierTi monacemebis mixedviT Cr mniSvnelovnad zrdis neironebis sicocxlis xangrZlivobas ramodenime kviriT, magram ar aRadgens mis normalur mdgomareobas bolomde (Ferrante R.J. et al, 2000).

 amrigad Cr da PCr-is damatebiTi sakvebis saxiT miRebam SeiZleba mniSvnelovani roli iTamaSos  hipoqsia-iSemiiT gamowveuli sxvadasxva daavadebebis TerapiaSi, radgan arsebobs monacemebi maTi klinikaSi warmatebuli gamoyenebis Sesaxeb.

I.2.1 kreatinis moqmedebis molekuluri meqanizmebi

maRal-energetikuli fosfatebis metabolizmi kritikul rols TamaSobs neirodegeneraciuli daavadebebis ganviTarebaSi, amitom maTi warmomadgenlebi, romlebic zrdian Tavis tvinSi energetikul rezervs gvevlianebian neiroproteqtorebad (Kay L. et al. 2000). cnobilia, rom kreatini zrdis mitoqondriebis sunTqviT aqtivobas da amJRavnebs neiroproteqciul efeqts hipokampaluri neironebis glutamatiT da -amiloidiT gamowveuli toqsikurobis winaaRmdeg (Brewer C. et al, 2000). kreatini CarTulia energiis warmoqmnis meqanizmSi da misi fosforilirebuli warmonaqmni (PCr) moqmedebs, rogorc energiis (ATP) gadamtani sistema mitoqondriis Sida nawilsa da citozols Soris, riTac akavSirebs erTmaneTTan energiis warmoqmnis adgils energiis moxmarebis adgilTan (Saks V.A. et al, 1994). naTelia, rom Cr/CK sistemis aqtivoba dakavSirebulia mitoqondriebSi kreatinis transportTan da damokidebulia mis energetikul mdgomareobaze. adeninis da guaninis nukleotidebis metabolizmi xorcieldeba nukleoziddifosfatkinazis mier fosfotransferazuli reaqciis kataliziT da guaninnukleotidebis metabolizmi kritikul rols TamaSobs signalis gadacemaSi, xolo Cr/CK sistemas mniSvnelovani funqcia ekisreba GTP-dakavSirebuli proteinebis inducirebiT genebis eqspresiis regulaciaSi (Juravleva E. et al, 2002). meore mxriv, cnobilia rom neironebis energetikuli homeostazi damokidebulia gliuri ujredebis metabolur aqtivobaze. astrocitebi warmoadgenen ujredebs, romlebSic aqtiurad mimdinareobs glikolizi da romlebic neironebs amarageben laqtatiT, romelic maTi energiis DZiriTad wyaros warmoadgens (Ames A. I. et al, 2000). gliur ujredebSi aRmoCenilia CK da PCr–is ufro didi raodenoba, vidre neironebSi (Hemmer W. et al, 1994). astrocitebs gaaCniaT kreatinis biosinTezis Zlieri unari, romliTac SemdgomSi amarageben Tavis tvinis sxva ujredebs, rogoricaa neironebi da oligodendrocitebi (Braissant O. et al, 2001). arginini upiretesad lokalizebulia gliaSi, amitom NO biosinTezSi CarTulia argininis glia-neironuli transporti da NOS (Grima G. et al, 20001).

arsebobs mosazreba, rom oqsidaciuri dazianebis mTavar samiznes SeiZleba warmoadgendes kreatinkinaza. mas aqtiur saitSi (adamianis B-CK-Si Cys-283) aqvs reaqtiuli sulfiduri jgufi, romlis oqsidaciuri modifikacia iwvevs fermentis srul inhibirebas (Furter R. et al, 1993). mitoqondriuli CK aris peroqsinitritis pirdapiri samizne, romelic iwvevs mis modificirebas da inaqtivacias (Stachowiak et al, 1998).
oqsidaciuri stresi swrafad amcirebs  makroerguli fosfatebis raodenobas, rac iwvevs depolarizacias, SemdgomSi glutamatis gamoTavisuflebas, romelic xsnis orives potencialmgrZnobiare da glutamatiT regulirebad ionur arxebs. Sidaujreduli Ca2+-is gazrda iwvevs proteolizuri fermentebis, fosfolipazebis, azotis oqsidis sinTazis da qsantinoqsidazis gaaqtivebas, ris Sedegadac warmoiqmneba Tavisufali radikalebi, rac sabolood iwvevs oqsidaciur stress da apoftozs (White B. et al, 2000). ujredSi redoqs-statusis cvlilebis Sedegad mravali regulatoruli sistemis gaaqtiveba aZlierebs transkrifciul aqtivobas da stresze pasuxismgebeli genebis induqcias (Morel Y. et al, 1999). am sistemebs Soris yvelaze mniSvnelovania regulatoruli sistema, romelic moicavs Ras da F. am regulatorul sistemebs SeuZlia proapoftozuri an antiapoftozuri genebis eqspresia (Castagne V. et al, 1999).

amrigad, ukve arsebobs garkveuli warmodgena Cr-is rolis Sesaxeb, rogorc energetikul cvlaSi aseve neirodegeneraciuli daavadebebis prevenciaSi. magram jer kidev gaurkveveli rCeba is molekuluri meqanizmebi, romlebic uSualod monawileoben am funqciis ganxorcielebaSi.

I.2.2. kreatinkinaza. misi roli ujredis funqcionirebaSi

ujredSi CK warmodgenilia ramodenime izoformiT:

1.  citozoluri CK(CK BB), romelsac SeuZlia rogorc PCr-is gardaqmna kreatinad ATP-is warmoqmniT  (iq sadac moTxovnilebaa energiaze), ise Warbi ATP-idan energomaragis Seqmna PCr-is saxiT. sxvadasxva dazianebebis da darRvevebis dros PCr-is egzogenurma Seyvanam citozolSi SeiZleba aRadginos ionuri homeostazi energiis momaragebiT., xolo Cr-is damatebam Secvalos wonasworoba PCr-is sasargeblod (Wallimann T. et al, 1998). CK BB-s centraluri adgili uWiravs ATP-is donis regulaciaSi. alcheimeris daavadebis dros es fermenti ujredSi  warmodgenilia Semcirebuli raodenobiT.

2. mitoqondriuli CK (Mi-CK) _ gardaqmnis JangviTi fosforilebis Sedegad miRebul ATP-s da Cr-s PCr-ad. es ukanaskneli ki gadadis citoplazmaSi (O’Gorman E. et al, 1997; Brdiczka D. et al, 1998). Cr-ma SeiZleba imoqmedos Mi-CK-is oligomerze da moaxdinos misi dimerizacia. Mi-CK-is oqtameri asocirebulia mitoqondriebis membranebSi arsebul rogorc adenozinnukleotidis transporterebTan, agreTve potencialmgrZnobiare ionur arxebTan (Choi D.W. and Rothman S.M. et al, 1990). amrigad Mi-CK da Cr (arapirdapirad) SeuZliaT gavlena moaxdinon mitoqondriis membranis ganvladobaze ujredis sikvdilis rogorc apoftozur, aseve nekrozul gzaSi (Choi D.W. and Rothman S.M., 1990; Takahashi M. et al, 1997).
arsebobs mosazreba, rom oqsidaciuri dazianebis mTavar samiznes SeiZleba warmoadgendes kreatinkinaza. mis aqtiur saitSi (adamianis B-CK-Si Cys-283) ganlagebulia reaqtiuli sulfiduri jgufi, romlic oqsidaciuri modifikacia iwvevs fermentis srul inhibirebas (Furter R. et al, 1993). mitoqondriuli CK aris peroqsinitritis pirdapiri samizne, romelic iwvevs mis modificirebas da inaqtivacias (Stachowiak et al, 1998).

I.3 kreatinis guanidinuri analogebi

zogierTi guanidinis jgufis Semcveli kreatinis analogi, rogorc Cans, mniSvnelovan rols TamaSobs uremiuli encefalopaTiebis eTiologiaSi, kognituri da epileftikuri simptomatologiis ganviTarebaSi (De Deyn PP. et al, 2001). guanidinoqarvis mJava (GSA), meTilguanidini, -guanidinobutiris mJava da homoarginini iwveven krunCxvebs cxovelebSi maTi sistematuri Seyvanis Sedegad (Vanholder R. et al, 1999). arsebobs mosazreba, rom centralur nervul sistemaze uremiuli guanidinuri analogebis amagznebeli efeqti SeiZleba aixsnas NMDA receptoris gaaqtivebiT (De Deyn PP et al, 2001). cxovelebSi NMDA receptoris antagonistis Seyvana xels uSlis rogorc nawilobriv aseve generalizebuli krunCxvebis da epileftikuri  ganmuxtvis Camoyalibebas, GSA-inducirebul hipokampalur dazianebas (Pan J.C. et al, 1996). arsebobs monacemebi imis Sesaxeb, rom argininis garda, azotis oqsidis wyaro SeiZleba iyos GSA, romelsac gaaCnia NO-mimeturi moqmedeba (De Deyn PP et al, 2001). GSA–Ti NMDA receptoris zeagzneba iwvevs Tirkmelebis funqcionirebis darRvevis Sedegad ganviTarebul nevrologiur garTulebebs (D’Hooge R. et al, 1996). am monacemebiT naTeli xdeba, rom neironebSi da maT mimdebare ubnebSi zogirTi guanidinuri analogebis maRali done SeiZleba gaxdes neironuli dazianebebis mizezi, rasac mivyavarT  zemoT aRniSnul klinikur gadaxrebamde. 

kreatinis metabolizmis darRvevebis Sesaswavlad gamoiyeneba kreatinis sxvadasxva analogi (Wyss M. , 2000). am analogebs miekuTvneba guanidinopropionis mJava (GPA), romelic warmoadgens kreatinis transportis konkurentul inhibitors (Guimbal C. et al, 1993) da iwvevs sxvadasxva adaptaciur cvlilebebs Tavis tvinis kreatinkinazur sistemaSi (Holtzman D. et al, 1998). GPA-s miRebis Semdeg izrdeba mitoqondriuli transkrifciuli faqtori A–s (mtTFA) m-rnm-is raodenoba, rac miuTiTebs imaze, rom mitoqondriuli energiis miwodebis Seferxebis Sedegad irTveba kompensaciuri meqanizmi genebis eqspresiis stimulaciis saxiT. GPA ZuZumwovarTa qsovilebSi mudmivad aris warmodgenili da misi koncentracia mniSvnelovnad aris gazrdili uremiuli klinikis mqone pacientebis qsovilebSi (Wyss M. et al, 2000). virTagvebis Tavis tvinSi, romlebic sakvebis saxiT iRebdnen GPA-s, 100-165%-iT gaizarda totaluri kreatinkinazuli aqtivoba, agreTve adenilatciklazuri da suqcinatdehidrogenazuri aqtivobebi (Holtzman D. et al, 1997; Holtzman D. et al, 1998).

rogorc ukve aRiniSna guanidinuri analogebis koncentraciis gazrda qsovilebSi warmoadgens Tirkmelebis funqcionirebis darRvevis Sedegs. es ukanaskneli literaturaSi cnobilia uremiuli sindromis saxelwodebiT (Vanholder R. et al, 1995). naerTebs romlebic akumulirdebian uremiul sisxlsa da qsovilebSi ewodebaT Sardis gamoyofis dayovnebis (retenciuli) naerTebi. am naerTebs SeuZliaT qsovilebis fiziologiuri da bioqimiuri funqciebis Secvla. mxolod zogierT naerTs eniWeba uremiuli toqsinebis roli. bergstromis mixedviT uremiul toqsinebs miekuTvnebian Sardovana, oqsalati, paraTiroiduli hormoni, -mikroglobulini (Kopple J.D. et al, 1997). uremiuli naerTebis klasikuri wyaros garda (sakvebidan miRebuli cilebis daSla) uremiul toqsinebs SeiZleba warmoadgendnen alternatiuli naerTebi, mcenareuli medikamentebi, fsiqomimeturi preparatebi. maTi organizmSi dagrovebis mTavar mizezs warmoadgens Tirkmelebis mier Sardis gamoyofis dayovneba. uremiuli paciantebis mkurnalobis mTavar strategias warmoadgens uremiuli naerTebis koncentraciis Semcireba dializis meTodiT, magram is aris araspecifikuri meTodi, radgan uremiul toqsikur naerTebTan erTad ganidevneba agreTve mniSvnelovani naerTebi. uremiuli naerTebi akumulirdeba aramarto sisxlis plazmaSi aramed ujredebSic, sadac zegavlenas axdenen biologiur aqtivobaze (Vanholder R. et al, 1999). 

guanidinebi warmoadgenen argininis struqturuli  metabolitebis did klass. maT Soris arian kargad cnobili Sardis gamoyofis dayovnebis naerTebi, rogoricaa kreatinini da meTilguanidini. kreatinini warmoadgens qloris arxis blokators, amcirebs kultivirebuli miokardiuli ujredebis SekumSvas da warmoadgens meTilguanidinis prekursors (Yokozawa T. et al, 1993). guanidinqarvis mJava da guanidinopropionis mJava ainhibireben neitrofilebSi superoqsidis produqcias (Hiravama A. et al, 1997). guanidinqarvis mJava, -guanidinbutiris mJava, meTilguanidini, homoarginini, da kreatinini maTi sistematuri Seyvanis Sedegad iwveven krunCxvebs (D'Hooge R. et al,  1992). guanidinuri naerTebis narevi iwvevs T-kilerebis supresias (Asaka M. et al, 1988)

arginini, romelic agreTve guanidinuri naerTia, SasamCnevad aZlierebs NO-s produqcias. zogierTi guanidini, rogorc argininis analogi warmoadgens NOS-is konkurentul inhibitors. NO sinTezis inhibireba iwvevs iSemiur dazianebebs (Baylis C. et al, 1992), imunur disfunqcias (Liew F.Y. et al, 1990)  da nevrologiur cvlilebebs (Johns R.A. et al, 1992). Tumca NO-s sinTezis inhibirebis hipoTezis sawinaaRmdegod norisi miuToTebs azotis oqsidis gaZlierebul produqciaze zogierT uremiul pacientebSi, romlebsac axasiaTebdaT uremiuli sisxldena (Noris M. et al, 1993).

amrigad, miuxedavad kreatinis neiroproteqciuli moqmedebisa misi guanidinuri analogebi avlenen sruliad gansxvavebul klinikur suraTs, rac miuTiTebs maTi moqmedebis molekuluri meqanizmebis Seswavlis aucileblobaze.

.4 apoftozis amnioturi modulatori (AMA)
apoftozis amnioturi modulatori (AMA) warmoadgens dabalmolekuluri masis mqone  peptidebis narevs, romelsac aqvs anti-iSemiuri moqmedeba.

ZiriTadad aRwerilia AMA-s moqmedeba ujredis glikolizze aerobul da anaerobul pirobebSi. hipoqsiis pirobebSi ujredebs modulatoris Tanaobisas aqvT unari gadarTon metabolizmi anaerobul glikolizze, Jangbadze moTxovnilebis SemcirebiT. qsovilur doneze izrdeba NO-s sinTezi, romelic aCqarebs sisxlis miwodebas hipoqsiur regionSi. mTliani organizmi reagirebs hipoqsiaze guliscemis gaxSirebiT da filtvebis ventilaciis daCqarebiT (Guillemin K. et al, 1997). genebis eqspresiis regulireba, romelTa produqtebi monawileoben energetikul metabolizmSi, angiogenezSi, NO sinTezSi da apoftozis mimdinareobaSi, warmoadgenen molekulur doneze hipoqsiisagan dacvis saSualebebs. hipoqsiis dros aqtivirdeba HIF (hipoqsiis dros inducirebadi faqtori) da NF-(B, romlebsac mivyavarT iseTi cilebis sinTezisaken, romlebic iwveven hipoqsiasTan adaptacias, ujredul doneze proliferaciis Semcirebamde da apoftozis ganviTarebamde. AMA-s gavlena glikolizze Seswavlili iyo Roris Tirkmelis embrionalur ujredebze, ris Sedegad aRmoCnda, rom sruli anoqsiis dros kulturaSi AMA-s damatebiT mitoqondriebis energetikuli mdgomareoba ar icvleboda, maSin roca AMA-s gareSe mTlianad irRveoda mitoqondriul membranis eleqtruli potenciali. es amtkicebs imas, rom AMA iwvevs substratuli fosforilirebis aqtivacias, romelic ar moiTxovs Jangbadis arsebobas.  Sedegad sinTezirebuli atf-is xarjze mitoqondriebi inarCuneben membranul potencials. rogorc ukve cnobilia mwvave iSemiis dros ujredebi kvdebian nekrozuli gziT, Tumca, miokardis infarqtis, Tirkmlis hipoqsiis, insultis da sxva iSemiuri dazianebebis dros dazianebebis mimdebare regionSi  arsebuli ujredebi  kvdebian apoftozuri gziT. virTxis kardiomiocitebze Catarebul eqsperimentebSi naCvenebia, rom JangbadiT Rarib garemoSi (uSvebdnen argons) ujredebi kvdebodnen apoftozuri ujreduli sikvdiliT. magram AMA-s damatebiT apoftozis niSnebi ar SeimCnevoda. aerobul pirobebSi Jurkat ujredul kulturaze Catarebul cdebSi nanaxi iyo, rom  AMA sagrZnoblad zrdida apoftozis dones. AMA-s moqmedeba aratransformirebuli ujredebis kulturaze Seswavlili iyo adamianis sisxlis mononuklearul ujredebze, sadac naCvenebi iyo, rom AMA ar axdenda gavlenas maT apoftozze (<f[enfidbkb F&D& et al; 2001)
Sedegad, SeiZleba aseTi daskvnis gamotana, rom AMA aaqtivebs anaerobul glikolizs da amcirebs apoftozs. amave dros normoqsiis pirobebSi preparati aCqarebs glikolizs, Tumca zrdis apoftozuri ujredebis raodenobas da ainhibirebs zrdis faqtoris eqspresias (<f[enfidbkb F.D. et al 2001). vinaidan aRiniSneba garkveuli msgavseba kreatinis da AMA-s moqmedebis meqanizmebSi Cvens mier Sedarebuli iyo am naerTebis ujreduli efeqtebi. 

 amrigad, neiroproteqciuli strategia, romelic moicavs energetikuli cvlis darRvevebis koreqcias da mdgomareobs anticitotoqsikuri, antioqsidanturi, antiapoftozuri saSualebebis gamoyenebaSi warmoadgens neirodegeneraciul daavadebaTa momaval sabaziso Terapias.

Tavi II. masala da meTodebi

II.1 reaqtivebi

   Cveni kvlevis obieqts warmoadgenda axalSobili virTagvebis tvinidan miRebuli pirveladi Sereuli glia-neironuli kultura, romelsac gvawvdida fiziologiis institutis neiromorfologiis laboratoria profesor i.svaniZis xelmZRvanelobiT.

eqsperimentebSi gamoyenebuli iyo Semdegi reaqtivebi: PMSF (fenil-meTil-sulfonil ftoridi), trifsini, Tris-HCl, natriumis dodecilsulfati, paraformaldehidi, xaris Sratis albumini, DMEM (Dulbeco’s modified Eagle’s medium), Triton X-114, MTT, GSA (guanidinoqarvis mJava), GPA (guanidinopropionis mJava), L-NAME (L-nitroarginin-meTil esTer),  firma ,,Sigma”-s (aSS); EDTA, nikotinamid-adenozindinukleotidi (NADH), diaminobenzidini, detergenti Tween 40, ADP, piruvati, kreatini firma ,,Reanal”-is (ungreTi); 2-merkaptoeTanoli firma ,,Fluka”-s (Sveicaria); aprotinini (Trasitol) firma ,,Bayer”-is (germania), HEPES firma ,,Alrich Chemical Company, Inc” (aSS); leupeptini (Gordox) ungreTis warmoebis; natriumis deoqsiqolati, deqstrorfani, triheqsofenidili, manoza, Concavalin-A_Sepharose 4B, glutamati, Triton X-100 firma ,,Serva”-s (germania); antisxeulebi firma ,, Santa Cruz Biotechnology “ (aSS).

“Hybond”-is membrana; “Hyper”-is firi, “ECL”-is deteqciis xsnarebi (“Amersham” , USA).

rusuli warmoebis yvela reaqtivi (natriumis karbonati, natriumis erT da orfuZiani fosfatebi, natriumis qloridi, magniumis qloridi, izopropanoli, grisi, N-meTil glikozidi, meTil-(-D-manopiranozidi, marilmJava, qlormJava da cxenis Srati) iyo qimiurad sufTa an gansakuTrebiT sufTa kvalifikaciis.

 apoftozis amnioturi modulatoris (AMA) erT-erTi peptidi p6 gasufTavebuli da mowodebuli iyo samedicino bioteqnologiis institutidan (prof. v.baxutaSvili).

xsnarebs vamzadebdiT deionizirebul wyalze, romelsac vatarebdiT ,,Milli-Q Water System”-is (Millipore, safrangeTi) aparatze.

II.2 meTodebi

   II.2.1. pirveladi Sereuli glia-neironuli kulturis miReba (Yun H. et al, 1998). pirveladi glia-neironuli kultura miRebuli iyo axalSobili virTagvebis Tavis tvinidan. misi disociacia xdeboda DMEM-Si, romelic Seicavda 10% Canasaxovani xaris Srats (FBS) da 2mM L-glutamins, xolo 30 wuTiani monelebis Semdeg 0.027% izotonur tripsinis sxnarSi.

   II.2.2. gliuri kulturis gazrda (Chandler I. et al, 1997). pirvelad kulturas vaTavsebdiT poli-D-liziniT winaswar damuSavebul 35 ml-ian matrasebze (Falcon flask) simkvriviT 105 uj/mm da  vzrdidiT 14 dRis ganmavlomaSi 10%-iani cxenis Sratis Semcvel DMEM-Si. pirveli 3 dRis ganmavlobaSi areSi vamatebdiT antibiotikebs: 100 erTeuli/ml penicilini da 100(g/ml gentamicini. kulturas vzrdidiT CO2 inkubatorSi (5%-iani CO2) 370C-ze. inkubacia aqtiur naerTebTan (Glu saboloo koncentraciiT 10 mM; Cr saboloo koncentraciiT 1 mM, 3mM, 5mM; GSA saboloo koncentraciiT 0,05mM da 0,5mM; GPA saboloo koncentraciiT 100M da ; L-NAME saboloo koncentraciiT 1mM; p6 saboloo koncentraciiT 20mg/ml) mimdinareobda 24 saaTis ganmavlobaSi.

   II.2.3. kulturaSi ujredebis sicocxlisunarianobis gansazRvra  (Miyamoto M. et al, 1989). ujredebis sxvadasxva naerTTan inkubaciis Semdeg Cven vsazRvravdiT ferment laqtatdehidrogenazas (LDH) aqtivobas.  aqtivoba isazRvreboda speqtrofotometriT (Jenway 6300) 340nm sigrZis talRaze. kiuvetaSi vasxamdiT 65mM Tris-HCl bufers, 1mM piruvats, 0,3 mM NADH, 5mM MgCl2. reaqcia iwyeboda inkubirebuli ujredebidan miRebuli supernatantis sistemaSi damatebiT. 10 wT-is ganmavlobaSi vzomavdiT NADH-is koncentraciis daklebas, romelic Seesabameba LDH-is koncentracias.  
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               piruvati + NADH + H+   LDH     rZis mJava +NAD+      

    LDH-is koncentracia izomeboda rogorc sainkubacio sakveb areSi (I supernatanti), iseve naleqis saxiT darCenil ujredebSi (II supernatanti), romlebsac vukeTebdiT liziss specialur lizisis buferSi: 150mM NaCl, 5mM MgCl2,1mM PMSF,1mM diTioeriTrioli, 1mM Na2HPO4,1%triton-X100, 10(g/ml aprotinini, leupeptini, 50mM HEPES buferi, pH7,5. lizisi mimdinarebda 30 wuTis ganmavlobaSi 0oC-ze. miRebuli lizatis dacentrifugirebis (3000 brunva/wuTSi, 20 wuTi 4oC-ze)  Sedegad miRebul supernatantSi izomeboda LDH aqtivoba zemod aRwerili meTodiT.

  ujredebis sicocxlisunarianoba iTvleboda Semdegi formuliT:
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      LDHaqtivoba II supernatantSi           x100%= sicocxlisunarianoba

    LDH I supernatantSi + LDH II supernatantSi  

II.2.4. MTT daJangviT sicocxlisunarianobis gansazRvris testi Cr, GSA, GPA, L-NAME da Glu efeqti ujredebis (Liu et al, 1997) sicocxlisunarianobaze izomeba kolometruli daTvliT, romelic dafuZnebulia yviTeli 3-(4,5-dimeTilTiazol-2-il)-2,5-difeniltetrazoliumbromidis gadasvlas lurji Seferilobis mqone formazanSi mitoqondriuli suqcinatdehidrogenazis (formazandehidrogenaza) saSualebiT. Cr, GSA, GPA, L-NAME da Glu–is glia-neironul kulturaSi damatebis Semdeg mimdinareobda 24 saaTiani inkubacia. inkubaciis Semdeg ujredebi irecxeboda orjer HEPES-is buferiT (HBM)(140mM NaCl, 5 mM KCl, 5mM NaHCO3, 1,1mM MgCl2, 1,2 mM CaCl2, 5,5mM glukoza, 20mM HEPES, pH7,4), romelsac SemdgomSi vainkubirebdiT 45 wuTi 370C MTT (0,5mg/ml) Semcveli HBM buferSi. Semdeg etapze frTxilad vaSorebdiT sainkubacio bufers da ujredebs vumatebdiT 200l 100% dimeTilsulfoqsids. yoveli sinjis STanTqmis xarisxi izomeboda speqtrofotometriT 570nm talRis sigrZeze.

  II.2.5 ujreduli kulturis areSi azotis oqsidis donis  gansazRvra: (Pahan et al, 2001). azotis oqsidis koncentraciis gansazRvra xdeboda sakvebi aris 300μl-Si, romelsac emateboda sainkubacio are, sadac iyo 2.6ml distilirebuli wyali da 100μl grisis reagenti (10% Griess reagent). inkubacia xdeboda 30 wuTis ganmavlobaSi oTaxis temperaturaze. azotis oqsidis koncentracia sinjebSi isazRvreboda speqtrofotometrulad (Jenway 6300) 548nm sigrZis talRaze, xelsawyos dakalibreba xdeboda cariel sainkubacio areze. 

II.2.6 ujredebidan farnezilirebuli p21Ras-is miReba (Goalstone et al., 1998). ujredebis lizisis Sedegad miRebul supernatantSi  xdeboda farnezilirebuli (hidrofobuli) p21Ras-is gamoyofa misi citoplazmuri formisagan. lizatebs ukeTdeboda ultrabgeriTi damuSaveba (sonikacia) 5 wuTis ganmavlobaSi da dacentrifugireba 4000 br/wT-ze erTi saaTis ganmavlobaSi. miRebul supernatantSi isazRvreboda mTliani cilis raodenoba da zavdeboda 1mg/ml koncentraciamde. lizatis da 4%-iani Triton X-114–is erTnair moculobebs vurevdiT, vanjRrevdiT da vainkubirebdiT 37oC-ze daaxloebiT 3 wuTis ganmavlobaSi. xsnarebs vaCerebdiT oTaxis temperaturaze, sanam ar gamoCndeboda ori faza. AamoviRebdiT erTnairi moculobis xsnarebs qveda da zeda fazidan da vukeTebdiT Semdgom analizs.

II..2.7 farnezilirebuli p21Ras-is aqtivobis gansazRvra: p21Ras-is in vitro gansazRvra xdeboda, rogorc aRwerilia (Yun H. et al, 1998) mcire cvlilebebiT.  p21Ras-is imunoprecipitacia xorcieldeboda anti-Ras-antisxeulebTan da Protein A-sTan inkubaciiT (12 sT). p21Ras-is aqtivoba isazRvreboda radioaqtiuri 50nM [3H]Gpp(NH)p-is dakavSirebiT 50 (l sinjTan, 20 mM–is Tris-HCl buferSi. radioaqtivoba isazRvreboda scincilaciuri mTvleliT. Sesadareblad keTdeboda totaluri da araspecifikuri dakavSirebis 2-2 paraleluri sinji.

   II.2.8. I(B da citoqrom c imunoblotingi: imunoblotingi gakeTda ujredebis lizatSi Western blotting meTodiT I(B da citoqrom c antisxeulebis gamoyenebiT, rogorc aRwerilia literaturaSi (Marc L. et al, 1998). 

 ujredebis lizats  vumatebdiT eleqtroforezis bufers 1:1 (20% gliceroli, 10% 2-merkaptoeTanoli, 6% natriumis dodecilsulfati, 0.02-0.04% bromfenil lurji 250mM Tris-HCl  pH6.7) da vaduRebdiT 3 wuTis ganmavlobaSi. lizatSi I(B da citoqrom c-es  dayofa xdeboda brtyeli gelis ,,Phast System Separation and Control Unit” (Pharmacia, SvedeTi) aparatze. eleqtroforezs vatarebdiT 10-15% poliakrilamidis Phast-SDS gelze srul dayofamde. SeRebva xdeboda 0.25% vercxlis nitratiT, gamJRavnebis reagenti _ 0.015% paraformaldehidi, 25% natriumis karbonati. SeRebva xdeboda Phast System Development Unit –Si (Pharmacia, SvedeTi). transferi xdeboda Phast-SDS poliakrilamidis gelidan nitrocelulozas membranaze (NYTRAN 0.45(m) 30-40 wuTis ganmavlobaSi 700C-ze. araspecifikuri dakavSirebis Tavidan asacileblad vatarebdiT membranis blokings Blotto A buferSi (150mM NaCl, 10mM Tris-HCl pH8.0, 0.025% Tween 40 da 5% xaris Sratis albumini an ucximo rZis fxvnili). imunoblotingi CavatareT  I(B da citoqrom c-es aRmosaCenad. gamoyenebuli iyo Sesabamisi pirveladi antisxeulebi: I(B da citoqrom c antisxeulebi. inkubacia pirvelad antisxeulTan mimdinareobda erTi saaTis ganmavlobaSi. zedmeti raodenoba antisxeulis mosacileblad membrana irecxeboda samjer TBS buferiT, romelic Seicavda 0.025% Tween 40. Semdeg vawarmoeT inkubacia 45 wuTis ganmavlobaSi meorad antisxeulTan _ HRP (horse radish peroxidase) peroqsidazasTan koniugirebuli imunoglobulini G. antisxeulis deteqcia xdeboda 5%-iani DAB (diaminobenzidinSi), 100mM Tris-HCl buferSi pH7.6, 0.003% peroqsidis damatebiT; an “Amersham”-is fotodeteqtoruli sistemiT. 

II.2.9. superoqsidanionradikalis da azotis oqsidis produqciis gansazRvra EPR speqtroskopiiT (eleqtroparamagnituri rezonansis speqtroskopia) (Chang R.C.C. et al, 2000). superoqsidanionradikalis da azotis oqsidis produqciis gansazRvrisaTvis gamoviyeneT EPR speqtroskopi. EPR gazomviT miRebuli signalebis  Cawera xorcieldeboda ESR-231 (Germany) speqtrometriT, romelic 9,77 GHz muSaobidan gadadis 50 kHz  modulaciur sixSirze da muSaobs TM110 simZlavriT. spinebis damWerebiT Catarebuli analizi xorcieldeboda superoqsidisaTvis 5,5-dimeTil-1-pirolin-N-oqsidiT (DMPO) da azotis oqsidisaTvis diqTildiTiokarbamatiT (DDC). Cr, GSA, GPA, L-NAME, Glu –is da glia-neironuli kulturis 24 saaTiani inkubaciis Semdeg ujredul suspenzias (5x106 uj/ml) vainkubirebdiT DMPO an DDC-Tan erTad. ujredebs dauyovnebliv vaTavsebdiT Txevad azotSi da vaxdendiT EPR speqtrul Caweras. miRebuli EPR 1:2:2:1 signalebis (aH=aN=14,9G) oTxeuli Secavda DMPO-OH  aduqts.
II.2.10. citoqromoqsidazis spilenZis da heme a+a3 redoqs cvlilebebis gansazRvra axlo-infrawiTeli speqtroskopiiT (NIR) (Sharpe M.A. et al, 1998). citoqromoqsidazis spilenZis da heme a+a3 redoqs cvlilebebi erTdroulad isazRvreboda orkameriani, Termostatiani speqtrofotometriT or sxvadasxva talRis sigrZeze (Specord, Germany). Cua-s daJangvis xarisxi isazRvreboda 830 nm talRis sigrZeze, xolo 722 da 900 nm talRis sigrZeebi gamoiyeneboda kontrolad. gamosaTvlelad viyenebdiT Semdeg formulas: Cu=nm-(A722nm+A900nm)/2. citoqrom a (heme a+a3) redoqs cvlileba isazRvreboda 605 da 630 nm talRis sigrZeebze dakvirvebiT. gamoyenebuli iyo 3 ml-iani kiuvetebi, romlebSic moTavsebuli iyo Sesabamisi sainkubacio sistema: HEPES-is buferSi (HBM) (140mM NaCl, 5 mM KCl, 5mM NaHCO3, 1,1mM MgCl2, 1,2 mM CaCl2, 5,5mM glukoza, 20mM HEPES, pH7,4) damatebuli iyo ujreduli kultura, romelsac Semdeg 15 wuTiani intervaliT TanmimdevrobiT vumatebiT glutamats, GSA, GPA, da Cr.

II.2.11. maRali wnevis Txevadi qromatografia (HPLC):
  a)  maRali wnevis Txevad qromatografias vatarebdiT Waters-is (aSS) qromatografze, sveti_Nova Pak c18 (Waters,aSS). mobiluri faza _ 0,05% triftorZmarmJava pH3; gradienti _ 6. sworxazovani 0%-idan 60%-made acetonitrili. dro _ 20 wuTi. siCqare 0.5 ml/wT-Si. deteqtori _ Absorbence detector-441 (Waters,aSS); talRis sigrZe _ 214 nm; pikebis integracia (Schimadzu,iaponia).

  b) maRali wnevis Txevad qromatografias vatarebdiT Waters-is (aSS) qromatografze. sveti_Protein-Pak60 (Waters,aSS). mobiluri faza _ 0.05M trias-acetatis buferi pH6,8; reJimi- izokratuli. siCqare 0.5 ml/wT-Si. deteqtori _ Absorbence detector-441 (Waters,aSS); talRis sigrZe _ 280 nm, 254 nm, 220 nm; pikebis integracia (Schimadzu,iaponia).

 II.2.12. afinuri qromatografia konkavalin-A da manoza-sefarozas svetze: p6 davitaneT or afinur svetze: konkavaliniA _ sefaroza 4B da  manoza-sefaroza. Sesabamisad eluacia movaxdineT pirvelis SemTxvevaSi N-meTil-glukozidiT, xolo meores SemTxvevaSi meTil-(-D-manopirano-zidiT.

svetebis gawonasworeba xdeboda 50_60 ml 20mM Tris-HCl buferiT pH7.4. qromatografirebis siCqare iyo 30 ml/saaTSi. orive SemTxvevaSi eluatis optikuri simkvrive isazRvreboda 250 nm sigrZis talRaze speqtrofotometris (,,Gilson”, safrangeTi) gamtar kiuvetaSi.

II.2.13 cilis koncentraciis gansazRvra. (Lowry O.H. et al, 1951) cilis koncentraciis dadgena xdeboda louris meTodis mixedviT. amisaTvis mzaddeboda ori xsnari: A – 2% Na2CO3, 0.4% NaOH, 1% SDS, 0.16% tartrati; B- 4% CuSO4. uSualod gansazRvris win mzaddeboda xsnari C – A  da B xsnarebis urTierTSereviT SefardebiT 100:1. 250μl sinjs vumatebdiT 750μl xsnar C-s da vainkubirebdiT 50 wuTi 250C-ze. Semdeg vumatebdiT 75μl folins da vainkubirebdiT kidev 30 wuTi. STanTqmas vzomavdiT speqtrofotometrze 660nm-is sigrZis talRaze. koncentracias vadgendiT albuminiT agebul standartebis mrudTan SedarebiT.

II.2.14 statistikuri analizi: miRebuli Sedegebis statistikuri damuSaveba xdeboda ANOVA meTodiT. 

\

Tavi III. miRebuli  Sedegebi da maTi ganxilva

III.1 kreatinis mniSvneloba ujredis energetikul cvlaSi

Cr-is proteqciuli efeqti glutamatis neirotoqsikurobis winaaRmdeg pirvelad demonstrirebuli iyo neiroblastomas ujredebze (Lee Z., Saltarelli M.D. et al, 1996) da hipokampis neironebze (Brewer C. et al, 2000). Cven Mam naerTis efeqti SeviswavleT Sereul glia-neironul pirvalad kulturaze. aRebuli iyo oTxi sinji: I sinji Seicavda sufTa ujredul kulturas, romelsac viyenebdiT kontrolisTvis; II sinji - ujredul kulturaSi damatebuli iyo glutamati; III sinji-ujreduli kultura Seicavda glutamats da kreatins; IV sinji - ujreduli kultura Seicavda glutamats da kreatins sxvadasxva koncentraciiT an zogierT SemTxvevaSi ujredul kulturaSi Sesadareblad damatebuli iyo mxolod kreatini. ujredebis sicocxlisunarianoba isazRvreboda gamoTavisuflebuli LDH-is raodenobis da MTT daJangvis xarisxis mixedviT. monacemebi mocemulia cxrili 1-Si. 

10mM glutamatis damatebis Sedegad 24 saaTiani inkubaciis Semdeg  LDH-is gamoTavisufleba gazrdilia daaxloebiT 20%-iT, xolo MTT aqtivoba Semcirebulia 50%-iT im sinjebSi, romlebSic ar iyo damatebuli kreatini. es monacemebi adastureben ujreduli sikvdilis mimdinareobas da glutamatis neirotoqsikurobasTan dakavSirebuli mitoqondriuli funqciis darRvevas. ujreduli kulturis areSi Cr damateba amcirebs glutamatiT gamowveul LDH-is gamoTavisuflebas da dozadamokidebulad aRadgens MTT daJangvis xarisxs.

	sinjebi
	gamoTavisuflebuli LDH (% LDH)
	formazandehidrogenazas (%) aqtivoba 

	Control

Glu (10mM)

Glu (10mM) + Creatine (1mM)

Glu (10mM) + Creatine (3 mM)
	24.5(2.1

42.4(3.4

38.6(3.3

25.4(1.2
	100

52.6(3.6

74.2(3.8

88.5(4.9
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cxrili1. Cr-is Tanaobisas glutamatiT damuSavebuli ujredebis sicocxlisunarianoba. ujredebis sicocxlisunarianoba gansazRvruli iyo MTT da LDH testebiT ujreduli kulturis glutamatTan, glutamatisa da Cr-is kombinaciasTan 24 saaTiani inkubaciis Semdeg. monacemebi Sedarebuli iyo daumuSavebel sakontrolo ujredebTan. monacemebi warmoadgenen sami gazomvis saSualo ariTmetikuls ( SEM 

3mM Cr-is damateba iwvevs LDH-is gamoTavisuflebis normaluri donis aRdgenas da MTT-is, kerZod formazandehidrogenazis aqtivobis  88%-mde normalizebas. es monacemebi miuTiTeben imaze, rom Cr zrdis nervuli ujredebis mdgradobas glutamatis toqsikurobis mimarT. Cr-is moqmedeba ujredebis sicocxlisunarianobaze ganisazRvreba sakveb areSi gamoTavisuflebuli citoqrom c raodenobis mixedviT (suraTi 2b). naTlad Cans, rom Cr glutamatTan SedarebiT amcirebs citoqrom c gamoTavisuflebis dones.

cnobilia, rom glutamatiT gamowveuli oqsidaciuri stresi dakavSirebulia, rogorc makroerguli fosfatebis metabolizmis darRvevasTan, ise garkveuli transkripciis faqtorebis, da maT Soris NFB aqtivobis gazrdasTan (Mcinnis J. et al, 2002). Cr zrdis ujredis energetikul rezervs da amiT neiroproteqciul rols TamaSobs oqsidaciuri stresis mimdinareobaSi. Aam faqtoris mniSvnelobis dasadgenad SeviswavleT Cr-is moqmedeba im sasignalo gzaze, romelic iwvevs NFB-es gaaqtivebas da ganvsazRvreT NFB-es sami mTavari aRmavali regulatori: Ras-is farnezilirebis done, NFB-es inhibitoris IB-es da reaqtiuli Jangbadis nawarmebis (ROS) raodenoba.

Ras cilasTan GTP-is dakavSireba, misi farnezilireba da citoplazmidan membranaSi gadaadgileba warmoadgens Ras-is funqciuri gaaqtivebis mTavar safexurebs. Cvens mier Seswavlili iyo glutamatis moqmedeba membrana-dakavSirebuli Ras-is raodenobaze kreatinis Tanaobisas da mis gareSe. Ras cila imunoprecipitirebuli iyo ujreduli lizatis lipiduri fazidan da masTan arahidrolizuri radioaqtiuli GTP-is analogis [3H]Gpp(NH)p dakavSirebis xarisxis mixedviT isazRvreboda Ras-is aqtivoba. suraTi 1-ze naCvenebia, rom glutamati ar cvlis membrana-dakavSirebuli farnezilirebuli Ras-is dones, xolo kreatinis damateba sagrZnoblad amcirebs mis raodenobas. membrana-dakavSirebuli farnezilirebuli Ras-is raodenobis Semcireba SesaZlebelia gulisxmobs efeqtoruli gzis Secvlas. rogorc cnobilia membrana-dakavSirebuli farnezilirebuli Ras upiratesad aaqtivebs Raf/MEK/ERK  daRmaval gzas, roca arafarnezilirebuli Ras iwvevs Rac–Tan GTP-is dakavSirebis gazrdas da Rac/NADPHoqsidaza/ROS/NFB gzis CarTvas,¸romelic iwvevs apoftozis supresias da Sesabamisad sicocxlisunarianobis gazrdas.
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suraTi 1. Cr amcirebs farnezilirebuli Ras-is raodenobas. glutamatiT damuSavebul ujredul kulturaSi. 10 mM glutamatTan da glutamati + Cr  24 saaTiani inkubaciis Semdeg xdeboda Ras-is imunoprecipitacia Sereuli glia/neironuli kulturis lizatidan. farnezilirebuli da arafarnezilirebuli Ras gancalkevebuli iyo lizatis cximovan da xsnad fraqciebad. membrana-dakavSirebuli farnezilirebuli Ras-is raodenoba gansazRvruli iyo lipidur fraqciaSi misi [3H]Gpp(NH)p-Tan dakavSirebis mixedviT, rogorc aRwerilia masalebSi da meTodebSi.

NFB-es gaaqtivebisTvis aucilebelia misi inhibitoris IB-es degradacia. Tu glutamatiT damuSavebul ujredebSi Cr-iT gamowveuli farnezilirebuli Ras-is Semcireba iwvevs NFB-s gaaqtivebas, am process win unda uswrebdes IB-es degradacia. Cven SeviswavleT glutamatis moqmedeba  IB-es doneze Cr-is Tanaobisas. Western Blotting-is analizis mixedviT (suraTi 2a) naTlad Cans, rom glutamati ar iwvevs raime mniSvnelovan cvlilebebs, xolo Cr mniSvnelovnad amcirebs IB-s dones. es monacemebi adastureben imas, rom glutamati ar avlens efeqts membrana-dakavSirebuli farnezilirebuli Ras-is, an IB-es doneze, xolo Cr-iT damuSavebisas ujredebis sicocxlisunarianobis gazrda SeiZleba ganpirobebuli iyos Ras/NFB-es daRmavali gzis aqtivobis modulaciiT.
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suraTi 2. Cr amcirebs NF-B inhibitoris IB dones, iwvevs citoqromi C-es gamoTavisuflebis Semcirebas mitoqondriebidan glutamatiT damuSavebul ujredebSi. 10 mM glutamatTan da glutamati + Cr  24 saaTiani inkubaciis Semdeg mimdinareobda ujredul eqstraqtis Western blot analizi (ixileT masalebi da meTodebi). eqsperimenti ganmeorda samjer da miRebul iqna erTnairi Sedegebi.

Jangbadis reaqtiuli formebi (ROS) warmoadgenen Ras signalis transduqciis da ujredebis gadarCenis garkveul mediators (Thannickal V.J. et al, 2000). ROS pirdapiri gziT aaqtivebs NFB-s da iwvevs IB-es degradacias. Cven ganvsazRvreT ROS-is produqciis done glutamatiT damuSavebul ujredul kulturaSi kreatinis Tanaobisas. suraTi 3-ze naCvenebia EPR speqtroskopiis meTodiT ROS produqciis gansazRvris Sedegebi. EPR signalis warmoqmna (1:2:2:1) Tavis mxriv miuTiTebs DMPO-OH aduqtis da Sesabamisad superoqsidradikalis arsebobaze. sakontrolo sufTa ujredul kulturaSi ar SeimCneoda araviTari EPR signali.       
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suraTi 3. Cr aZlierebs glutamatiT gamowveul superoqsidradikalis raodenobis gazrdas. misi raodenoba ganisazRvra EPR speqtroskopiiT (ixileT meTodebi da masalebi). EPR signalebis Cawera xdeboda ujreduli kulturis 10 mM glutamatTan da glutamati + Cr  24 saaTiani inkubaciis Semdeg.

glutamati iwvevda susti EPR signalis generirebas, xolo kreatini glutamatTan SedarebiT iwvevda ufro Zlier signals. sainteresoa is garemoeba, rom glutamatisa da kreatinis Tanadrouli damatebiT EPR signali Zlierdeboda. es monacemebi adastureben mosazrebas, rom kreatini iwvevs Jangbadis radikalebis raodenobis gazrdas, romlebic gadamwyvet rols TamaSoben ujredis sicocxlisunarianobis gazrdaSi, rac SesaZloa miiRweva redoqs-sensitiuri Ras/Rac/ROS/NFB daRmavali gzis gaaqtivebiT (Irani K. et al, 2000).

haloperidoliT gamowveuli ujreduli sikvdili Seswavluli iyo Sereul pirvelad glia/neironul ujredul kulturaze. haloperidoliT, glutamatiT da Cr-iT damuSavebul ujredul kulturebSi ujredebis sicocxlisunarianoba gansazRvruli iyo LDH da MTT testebiT. miRebuli Sedegebi mocemulia cxrili 2-Si, romelSic naTlad Cans, rom 10M haloperidolis damateba ujreduli kulturis areSi daaxloebiT 33%-iT amcirebs ujredebis sicosxlisunarianobas.

	sinjebi
	sicocxlisunarianoba (%)

	
	MTT-testi
	LDH-testi

	kontroli

10 M haloperidoli

1 mM glutamati

10 M haloperidoli + +1mM glutamati
10 M haloperidoli + +0.5 mM kreatini

1 mM glutamati +

+ 0.5 mM kreatini
	100

72.6(5.3

71.5(4.7

52.4(3.2

98.5(7.5

84.8(8.4
	100

62.7(4.9

69.9(6.7

43.6(4.8

97.7(6.4

87.1(7.5


cxrili 2. kreatinis moqmedeba haloperidopliT gamowveul citotoqsikurobaze

ujredebis sicocxlisunarianoba gansazRvruli iyo MTT da LDH testiT ujredebis glutamatTan, haloperidolTan da Cr-Tan 24 saaTiani inkubaciis Semdeg. yvela monacemi Sedarebulia sakontrolo daumuSavebel ujredebTan. ujreduli kulturis areSi 10 mM glutamatis damateba mniSvnelovnad zrdis haloperidoliT gamowveul toqsikur efeqts. 10M  haloperidoliT damuSavebul ujredul kulturaSi 0,5 mM Cr-is damateba zrdis ujredebis sicocxlisunarianobas 72,6±5,3%-dan 98,(,7%-mde MTT testis mixedviT da 62,7(4,9%-dan 97,7(6,4%-mde LDH testis mixedviT.

rogorc cnobilia Cr amcirebs glutamatiT gamowveul ujredul sikvdils in vitro (Lee Z et al, 1996; Brewer C. et al, 2000) da neiroproteqciulia oqsidaciuri stresis modelebSi in vivo (Matthews R.T. et al, 1995). Cr-is proteqciuli efeqti xorcieldeba ujreduli energiis damaragebis da ATP-is donis stabilizaciis xarjze. garda amisa sxva faqtorebic, rogoricaa mitoqondriuli membranis ganvladobis stabilizacia da CK-is aqtivobis gazrda (O’Gorman E. et al, 1997), mniSvnelovan rols TamaSoben Cr-is neiroproteqciuli efeqtis gamovlenaSi, magram es meqanizmebi naklebad aris Seswavlili. Cveni gamokvlevebiT dadginda, rom Cr moqmedebs redoqs-sensitiur sasignalo sistemaze, romelic Sedgeba ROS, Ras-cilisa da NFB daRmavali efeqtorebisagan (Juravleva E. et al, 2002). 
amrigad, Cvenma Sedegebma gamoavlines Cr-is mniSvnelovani proteqciuli efeqti glutamatiT gamowveuli ujreduli sikvdilis winaaRmdeg. ujredul kulturaSi gazrdil sicocxlisunarianobas Tan axlavda farnezilirebuli Ras-is da NFB-es inhibitoris IB raodenobis Semcireba da ROS gaZlierebuli produqcia. Cven vvaraudobT, rom Cr cvlis glutamatiT inducirebul apoftozur da sicocxlis gadarCenis signalebs Soris balans redoqs-sensitiuri Ras/Rac/NFB sasignalo gzebis modulaciiT. am procesis stimuls SesaZloa warmoadgens energetikuli rezervis gazrda da ujreduli GTP donis normalizeba. cnobilia, rom NFB aris redoqs-sensitiuri transkripciis faqtori da CarTulia rogorc pro-, ise anti-apoftozur sasignalo gzebSi (Mattson M.P. et al, 2000). NFB mudmivad aris gaaqtivebuli Tavis tvinSi, da rogorc cnobilia prezelinin-1 da -amiloidiT gamowveuli apoftozis winaaRmdeg amJRavnebs proteqciul efeqts (Guo Q. et al, 1998; Kaltshmidt B. et al, 1999). NFB daqveiTebuli aqtivoba iwvevs iSemiur ujredul sikvdils Tavis tvinis qerqSi (Irving E. et al, 2000). NFB monawileobs Rho ojaxis yvela GTP-azebis antiapoftozuri efeqtis ganxorcielebaSi, romelsac agreTve miekuTvneba Ras cilebic (Montaner S. et al, 1998). 

III.2 kreatinis guanidinuri analogebis moqmedebis meqanizmi da maTi gavlena nervuli ujredebis sicocxlisunarianobaze

eqsperimentebis Casatareblad gamoyenebuli iyo pirveladi Sereuli glia/neironuli kultura. kontrolis saxiT aRebuli iyo sufTa ujreduli kultura, xolo danarCeni sinjebi damuSavebuli iyo sxvadasxva guanidinebiT, rogoricaa GSA da GPA, romelTa moqmedebis Seswavla xorcieldeboda apoftozis-inducirebad sistemaSi. ujredebis sicocxlisunarianobis gansazRvra xdeboda LDH testiT. Cvens mier Catarebuli gamokvlevebis Sedegad davadgineT, rom glutamatis msgavsad GSA 0,05mM da 0,5mM koncentraciiT iwvevs LDH-is Warb gamoTavisuflebas, kontrolTan SedarebiT. Cr dozadamokidebuli efeqtiT amcirebs, rogorc glutamatiT gamowveul apoftozs, aseve GSA-inducirebul ujredul sikvdils. glutamatze da GSA-ze gamovlenili Cr-is proteqciuli efeqtebi ixsneba L-NAME-Ti (warmoadgens azotis oqsidis sinTazis inhibitors), rac miuTiTebs NO gazrdili produqciis mTavar rolze Cr-is neiroproteqciaSi.  meores mxriv L-NAME xsnis glutamatiT da GSA-Ti gamowveul citotoqsikur efeqts, rac amtkicebs maT mier gamowveul ujredul sikvdilSi  nNOS-is monawileobas (cxrili 3). 

ujreduli kulturis areSi L-NAME damateba aranair gavlenas ar axdens glutamatiT gamowveuli LDH-is gamoTavisuflebis doneze, magram sistemaSi glutamatis magivrad GPA-s arsebobisas L-NAME sustad amcirebs ujredebis sicocxlisunarianobas.
	sinjebi
	LDH gamoTavisufleba (% LDH)
	formazan dehidrogenazas aqtivoba(%) 

	Control

Glu (10mM)

Glu (10mM)  + L-NAME (1mM)

Glu (10mM) + Creatine (1mM)

Glu (10mM) + Creatine (3 mM)

Glu (10mM) + Creatine (1mM) + L-NAME (1mM)

Glu (10mM) + Creatine (3mM) + L-NAME (1mM)

GSA (50µM) 

GSA (500µM)

GSA (500µM) + L-NAME (1mM)

GSA (500µM) + Creatine (0.5mM)

GSA (500µM) + Creatine (1mM)

GSA (500µM) + Creatine (3mM)

GSA (500µM) + Creatine (1mM) + L-NAME (1mM)

GSA (500µM) + Creatine (3mM) + L-NAME (1mM)

GPA (100µM)

GPA (500µM)

GPA (1mM)

GPA (1mM) + Creatine (3mM)

GPA (100µM) + L-NAME (1mM)

GPA (500µM) + L-NAME (1mM)

GPA (1mM)    + L-NAME (1mM)

GPA (0.1mM) + Glu (10mM) + Creatine (3mM)  

GPA (1mM) + Glu (10mM) + Creatine (3mM) 
	24.5(2.1

42.4(3.4

30.7(3.1

38.6(3.3

25.4(1.2

40.4(3.8

44.1(3.7

35.9(2.3

43.2(3.2

24.8(4.6

34.6 (3.8

30.4(4.2

20.6(3.6

33.9(4.3

44.1(4.1

23.3(2.9

26.8(3.4

47.5(3.3

24.7(2.3

30.4(2.8

31.5(2.5

30.0(2.4

24.5(2.3

23.2(1.4
	100

52.6(3.6

91.7(6.0

74.2(3.8

88.5(4.9

36.4(2.8

73.8(6.2

72.7(4.5

65.9(4.3

71.2(5.4

69.9(5.7

88.0(7.5

97.6(6.4

69.0(6.4

71.2(5.8

113.7(6.7

118.9(8.4 

130.6(9.8

102.5(7.5

145.0(9.4

133.3(9.7

141.2(8.2

95.2(5.2

98.8(4.6


cxrili 3. sxvadasxva guanidinebis moqmedeba glia/neironuli ujredul kulturaSi LDH-is gamoTavisuflebaze da   MTT metabolizmze. guanidinebTan 24 saaTiani inkubaciis Semdeg ujredebis sicocxlisunarianoba isazRvreboda MTT da LDH testiT.

GPA mxolod maRali koncentraciiT (1mM) iwvevs LDH-is gamoTavisuflebas, radgan dabal koncentraciaze (0,1mM; 0,5mM) is mniSvnelovan efeqts ar amJRavnebs. 1mM GPA-s citotoqsikuri efeqti ixsneba Cr-is mier. GPA xels ar uSlis Cr-s glutamatiT gamowveuli citotoqsikuri efeqtis prevenciaSi (cxrili 3). 
MTT testis gamoyenebiT (formazandehidrogenazaze dafuZnebuli mitoqondriuli suqcinatdehidrogenazis aqtivobis indikatori), Cven davadgineT, rom glutamati da GSA amcireben mitoqondriuli formazandehidrogenazis aqtivobas (cxrili 3). Cr dozadamokidebuli efeqtiT prevencirebs glutamatiT da GSA-Ti gamowveul oqsidaciur dazianebebs. L-

NAME amcirebs formazandehidrogenazis aqtivobas da xsnis Cr-is proteqciul efeqts, rac miuTiTebs imaze, rom glutamatiT da GSA-Ti gamowveuli mitoqondriuli disfunqciis winaaRmdeg Cr–is damcvelobiTi efeqti ganpirobebulia mis mier NOS-is aqtivobis SecvliT. meores mxriv GPA yvela koncentraciiT dozadamokidebuli efeqtiT iwvevs formazandehidrogenazis aqtivobis gazrdas, xolo am efeqts sustad aZlierebs areSi L-NAME-s arseboba. es monacemebi adastureben imas, rom Cr-is proteqciuli da GPA-s stimulatoruli efeqtebi warmoadgenen mitoqondriul metabolizmze maTi gansxvavebuli zegavlenis Sedegs, rac damokidebulia ujreduli da mitoqondriuli NO–s raodenobaze. GPA-s moqmedebaze Catarebuli LDH da MTT testebis gansxvavebuli Sedegebi SeiZleba aixsnas mitoqondriul metabolizmze guanidinebis specifikuri moqmedebiT.

citoqromoqsidazaSi spilenZis redoqs cvlilebebis Seswavla saSualebas iZleva miviRoT sruli informacia cocxali ujredebis energetikul mdgomareobasa da maTSi JangviTi procesebis mimdinareobis Sesaxeb. amitom Cven SeviswavleT sxvadasxva guanidinebis zemoqmedeba mitoqondriuli citoqromoqsidazis spilenZis (Cu) da heme a+a3 redoqs statussa da energetikul mdgomareobaze. Cven davadgineT, rom glutamati, Cr-sa da sxva guanidinebis msgavsad citoqromoqsidazaSi cvlis spilenZis da citoqromebis JangviT mdgomareobas. Cven davadgineT, rom sistemaSi glutamatis damateba, rogorc 831nm aseve 605nm talRis sigrZeze iwvevs optikuri STanTqmis xanmokle gazrdas, romelic grZeldeba daaxloebiT 25-30 wuTi (suraTi 4a da 4b). STanTqmis zrda aixsneba glutamatis mier mitoqondriuli citoqromoqsidazis Cu da hemi a+a3 daJanguli formebis raodenobis gazrdiT. sunTqviTi jaWvis redoqs-mdgomareobis xanmokle gazrda airekleba glutamatiT damuSavebul ujredebSi mitoqondriebis adreul hiperpolarizaciaze (Pan J.C. et al, 1996). GSA da GPA  ar cvlian glutamatiT gamowveuli spaikis xangrZlivobas da intensivobas. mxolod Cr-is  adreuli damateba sistemaSi aZlierebs glutamatiT gamowveul citoqromoqsidazis Cu da heme a+a3 DdaJangulobis xarisxis gazrdas. Cven agreTve davadgineT, rom L-NAME mniSvnelovnad ar cvlis glutamatiT gamowveul citoqromoqsidazis Cu da hemi a+a3 optikuri STanTqmis zrdas, magram amcirebs Cr-damokidebuli spaikis aqseleracias. agreTve GPA-Ti ujredebis winaswari damuSaveba xsnis Cr-iT gamowveuli spaikis xangrZlivobas, rac miuTiTebs NOS da kreatinis transporteris monawileobaze Cr-is efeqtis ganxorcielebaSi. radgan L-NAME xsnis Cr-iT gamowveuli spaikis gaxangrZlivebas da ar aZlierebs glutamatis efeqts, SeiZleba vivaraudoT, rom azotis oqsidi uSualod CarTulia Cr-is momedebaSi da ar monawileobs glutamatiT gamowveul mitoqondriis hiperpolarizaciaSi.
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suraTi 4. citoqromoqsidazaSi spilenZis (a) da heme a + a3 (b) droze damokidebuli JangviTi xarisxi ujredul kulturaze glutamatis da sxvadasxva guanidinebis moqmedebisas. Sereuli glia/neironuli kultura inkubirdeboda 1 mM Cr(◆),  1 mM Cr da 0.5 mM GPA (□),  1 mM Cr da 1 mM L-NAME (▲), 0.5 mM GPA (●), an 1 mM L-NAME (Ж). isrebi miuTiTeben 5 mM glutamatis damatebis droze. 
eqperimentTa Semdgom seriebSi Cr da GPA damatebuli iyo sistemaSi ujredebis glutamatiT winaswari damuSavebis Semdeg (suraTi 5). Cven davadgineT, rom orive Cr da GPA zrdian daJanguli spilenZis STanTqmas, rodesac hemi a+a3 daJanguli formebis raodenobis gazrdas iwvevs mxolod Cr. ujredul kulturaSi GPA damateba amcirebs hemi a+a3 daJangulobis xarisxs, magram es efeqti ixsneba sistemaSi Cr-is damatebiT. es Sedegebi miuTiTeben imaze, rom mxolod Cr iwvevs mitoqondriuli sunTqviTi jaWvis stimulacias, Tu mxedvelobaSi miviRebT im garemoebas, rom hemi a+a3-is redoqs mdgomareoba damokidebulia rogorc Jangbadis koncentraciaze aseve energetikul mdgomareobaze, xolo citoqromoqsidazaSi spilenZis redoqs statusi damokidebulia mxolod Jangbadis koncentraciaze (Matsunaga A. et al, 1998).
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suraTi 5. citoqromoqsidazaSi hemi a + a3 (uwyveti xazi) da spilenZis (wyvetili xazi) redoqs pasuxi glutamatis, Cr da GPA damatebis Semdeg. misi gansazRvra SesaZlebeli iyo axlo infra-wiTeli speqtroskopiiT, rogorc aRwerilia masala da meTodebSi. isrebi miuTiTeben 5 mM glutamatis, 0.5 mM GPA da 1mM Cr-is damatebis dros. 

neironebSi Jangbadis radikalis gaZlierebul produqcias adgili aqvs NMDA receptoris gaaqtivebis Semdeg, magram jer ucnobia zusti molekuluri meqanizmebi, romlebic axsnidnen mitoqondriebSi Ca2+-is Sesvlasa da O2- generacias Soris urTierTkavSirs (Nichols D. et al, 2000). Cven gamoviyeneT eleqtroparamagniturrezonansuli speqtroskopia da spin-xafangi - DMPO, romelmac aCvena rom kreatiniT da glutamatiT damuSavebul glia/neironul ujredebSi SeiZleba aRmovaCinoT 1:2:2:1 signalebis oTxeuli, romlebic miuTiTeben DMPO-OH aduqtze., maSin roca sakontrolo ujredebi ar generirebdnen am saxis signalebs (suraTi 6a). 
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suraTi 6. glutamatiT da Cr-iT damuSavebuli Sereul glia/neironul kulturaSi DMPO/OH (a) da DDC/NO (b) aduqtis EPR signalebis intensivoba. glutamatTan da Cr-an ujredebis inkubireba xdeboda 24 saaTis ganmavlobaSi, xolo 50 mM  DMPO an  DDC-Tan Semdgomi inkubirebis mere EPR speqtruli Cawera, rogorc aRwerilia masala da meTodebSi. a, kontroli; b, 1 mM glutamati; c, 0.5 mM Cr; d, 1 mM glutamati da  0.5 mM Cr.
rodesac sakontrolo ujredebs vainkubirebdiT glutamatTan, warmoiqmneboda Zalian susti DMPO-OH signali. Tu ujredebis sakontrolo jgufs vainkubirebdiT Cr-Tan, EPR signalebis intesivoba mkveTrad Zlierdeboda, vidre glutamatiT damuSavebul ujredebis jgufSi. intensiuri EPR signalebi agreTve SemCnevoda glutamatiT da Cr-iT damuSavebul ujredebSi. Cven agreTve davadgineT, rom Cr aZlierebs DMPO-OH aduqtis warmoqmnas dozadamokidebuli efeqtiT da umaRless maCvenebels aCvenebs 1mM koncentraciisas (suraTi 7). GSA glutamatTan SedarebiT naklebi xarisxiT zrdis  DMPO-OH aduqtis warmoqmnas, rodesac GPA ar cvlis Cr-iT inducirebul EPR signalebis intensivobas (suraTi 8a). 

azotis oqsidis radikalebis raodenobis gansazRvrisTvis gamoyenebuli iyo dieTildiTiokarbamati (DDC). Cven davadgineT, rom Cr dozadamokidebuli efeqtiT aZlierebs NO aduqtis EPR signalebs  da umaRles maCvenebels aRwevs 1mM Cr-is damatebis dros, rac miuTiTebs Cr-is mier azotis oqsidis gaZlierebul produqciaze (suraTi 6b). glutamatiT an GSA-Ti ujredebis damuSavebis Sedegad warmoqmnili EPR signalebis intensivoba  bevrad aRemateboda sakontrolo ujredebSi warmoqmnili signalebis intensivobas (suraTi 8b). GPA, Cr an orives erTdroulad damateba ujredul kulturaSi ar iwvevs mniSvnelovan cvlilebebs glutamatiT an GSA-Ti stimulirebuli EPR signalebis warmoqmnaSi, rodesac azotis oqsidis sinTazis inhibitori L-NAME xsnis glutamatis, GSA da Cr-is stimulaciur efeqts  (suraTi 8b). glutamatiT stimulirebuli DDC-NO aduqtis gaZlierebuli warmoqmna ar ixsneboda Cr-is damatebiT. 
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suraTi 7. glutamatiT da sxvadasxva koncentraciis Cr-iT  damuSavebuli Sereul glia/neironul kulturaSi DMPO/OH (a) da DDC/NO (b) aduqtis EPR signalebis intensivoba. Cr-is sxvadasxva koncentraciasTan ujredebis inkubireba xdeboda 24 saaTis ganmavlobaSi, xolo 50 mM  DMPO an  DDC-Tan Semdgomi inkubirebis mere EPR speqtruli Cawera, rogorc aRwerilia masala da meTodebSi.
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suraTi 8. glutamatiT da sxvadasxva guanidinebiT  damuSavebul Sereul glia/neironul kulturaSi DMPO/OH(a) da DDC/NO(b) aduqtis EPR signalebis intensivoba. guanidinebTan ujredebis inkubireba xdeboda 24 sT ganmavlobaSi, xolo 50 mM  DMPO an  DDC-Tan Semdgomi inkubirebis mere EPR speqtruli Cawera, rogorc aRwerilia masala da meTodebSi.

III.3 placenturi peptidi p6-is neiroprevenciuli efeqti

Cveni eqsperimentebis erT-erT etaps warmoadgenda glutamatiT inducirebul eqscaitotoqsikurobaze apoftozis amnioturi modulatoris erT-erTi peptidis p6-is moqmedebis Seswavla, da misi efeqtis Sedareba kreatinTan, radgan cnobilia, rom aRniSnuli peptidi zrdis ujredebis energetikul potencials substratuli fosforilirebis reaqciis gaZlierebiT.  am mizniT ujredebs vainkubirebdiT preparatis arsebobis da ar arsebobis pirobebSi 24 da 48 saaTis ganmavlobaSi. I sinji Seicavda sufTa ujredul kulturas, romelsac viyenebdiT kontrolisTvis, II sinjSi apoftozis provocirebisTvis damatebuli iyo glutamati, xolo III sinjSi glutamatTan erTad damatebuli iyo p6. sakvlev masalad gamoyenebuli iyo pirveladi Sereuli glia-neironuli kultura. apoftozis amnioturi modulatoris (AMA) erTerTi peptidi p6 gasufTavebuli da mowodebuli iyo samedicino bioteqnologiis institutidan, direqtor v.baxutaSvilis xelmZRvanelobiT. gasufTavebis saboloo etapi  mimdinareobda HPLC qromatografiis saSualebiT.

ujredebis sicocxlisunarianoba ganisazRvreboda LDH testiT. miRebulma Sedegebma aCvena, rom ujredul kulturaSi p6-is damatebiT glutamatis citotoqsikuri efeqti Zlierdeboda (suraTi 9). magaliTad, Tu glutamati sainkubacio areSi amcirebda cocxali ujredebis raodenobas 16%-iT, p6-is Tanaobisas ujredebis raodenoba mcirdeboda 25%-[image: image26.wmf]0
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suraTi 9. glutamatis, kreatinis da p6-is moqmedeba Sereuli pirveladi glia/neironuli kulturis ujredebis sicocxlisunarianobaze (LDH testi 24 saaTiani inkubaciis Semdeg).

suraTi 10. glutamatis da p6-is Sereuli pirveladi glia/neironuli kulturis ujredebis sicocxlisunarianobaze (LDH testi 48 saaTiani inkubaciis Semdeg).

es monacemebi adastureben mosazrebas imis Sesaxeb, rom  24 saaTiani inkubaciis Semdeg P p6 gaaCnia proapoftozuri moqmedeba. ufro xangrZlivi, 48 saaTiani inkubaciis Semdeg SeimCneoda rogorc spontanuri, ise glutamatiT inducirebuli apoftozis gaZliereba, Tumca 24 saaTian inkubaciasTan SedarebiT sainkubacio areSi p6-is damateba iwvevs nervuli ujredebis sicocxlisunarianobis gazrdas (suraTi 9). 48 saaTiani inkubaciis Semdeg glutamati 31%-iT amcirebda cocxali ujredebis raodenobas, YTumca glutamatis da p6-is Tanaobisas nervuli ujredebis sicocxlisunarianobis Semcirebas praqtikulad adgili ar hqonia da araapoftozuri ujredebis raodenoba 39% warmoadgenda (suraTi10). es monacemebi adastureben mosazrebas imis Sesaxeb, rom p6-is proteqciuli moqmedeba vlindeba masTan gaxangrZlivebuli inkubaciis dros, romelic aisaxeba glutamatis neirotoqsikurobis SemcirebiT (suraTi 11).

p6-is moqmedebis meqanizmis Sesaswavlad sainkubacio areSi vzomavdiT NO-is koncentracias. miRebulma Sedegebma aCvena, rom 24 saaTiani inkubaciisas glutamati zrdida azotis oqsidis koncentracias nervul ujredebSi, xolo 48 saaTiani inkubaciis Semdeg sakontrolo sinjebSi azotis oqsidis raodenoba umniSvnelod mcirdeboda, magram azotis oqsidis sinTezi mkveTrad izrdeboda glutamatis Tanaobisas (suraTi 12).  amis garda, xangrZlivi inkubaciisas mkveTrad icvleboda p6-is moqmedebis xasiaTi. Tu 24 saaTiani inkubaciisas areSi p6- is damateba ar cvlida glutamatiT inducirebuli azotis oqsidis raodenobas, 48 saaTiani inkubaciis Semdeg p6 mniSvnelovnad amcirebda am SenaerTis produqcias (suraTi 13). miRebuli SedegebiT SegviZlia davaskvnaT, rom 48 saaTiani inkubaciisas gamovlenili p6-is antiapoftozuri efeqti [image: image28.wmf]0

50

100

150

200

250

0

50

100

150

Time (min)

Oxidation of Copper and Heme a+a3 (%)

Glutamate

GPA

Creatine

SeiZleba ganpirobebuli iyos glutamatiT inducirebuli azotis oqsidis raodenobis SemcirebiT (suraTi 14).

suraTi 11. Sereul pirvelad glia/neironul ujredul kulturaSi glutamatis da p6-is moqmedeba ujredebis sicocxlisunarianobaze (LDH testi 24 da 48 saaTiani inkubaciis Semdeg).

p6-is moqmedebis Sedegad azotis oqsidis raodenobis cvlilebidan gamomdinare, eqsperimentebis Semdeg seriaSi vsazRvravdiT redoqs-sensitiuri NFB transkrifciuli faqtoris inhibitoruli cilis IB-es raodenobas.  dakavSirebulia citoplazmaSi arsebul F-Tan, iwvevs mis inhibirebas da degradirdeba ujredSi redoqs-potencialis SecvlisTanave. gaTavisuflebuli F transkrifciuli faqTori translocirdeba ujredis birTvSi da moqmedebs genomis Sesabamis promotorul ubnebze. Cven davadgineT, rom glutamati ar cvlis -es raodenobas, rodesac p6-is Tanaobisas am cilis done mkveTrad mcirdeba (suraTi 15). miRebulma Sedegebma aCvena, rom sainkubacio areSi p6-is arseboba iwvevs -es degradacias da Sesabamisad F-es gaaqtivebas. zemoaRniSnuli monacemebis safuZvelze SegviZlia davaskvnaT, rom p6-is moqmedebiT glutamatiT-inducirebuli citotoqsikurobis Semcireba mimdinareobs redoqs-sensitiuri transkrifciuli faqtoris NFB-es gaaqtivebis fonze. aRsaniSnavia, rom am SemTxvevaSi p6-is moqmedebis meqanizmi msgavsia kreatinis efeqtisa, rac miuTiTebs imaze, rom am orive naerTiT msgavsi, savaraudo anti-apoftozuri genebis eqspresia [image: image29.wmf]xdeba.

suraTi 12. glia-neironuli Sereul pirvelad glia/neironul ujredul kulturaSi glutamatis, kreatinis da p6-is moqmedeba azotis oqsidis produqciaze 24 saaTiani inkubaciis Semdeg.
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suraTi 13. glutamatis, kreatinis da p6-is moqmedeba Sereul pirvelad glia/neironul ujredul kulturaSi azotis oqsidis produqciaze 48 saaTiani inkubaciis Semdeg.
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suraTi 14. Sereul pirvelad glia/neironul ujredul kulturaSi glutamatis da p6-is moqmedeba azotis oqsidis produqciaze 24 da 48 saaTiani inkubaciis Semdeg.    
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suraTi 15. Sereul pirvelad glia/neironul ujredul kulturaSi glutamatis, kreatinis da p6-is moqmedeba I(B-es raodenobaze 24 aaTiani inkubaciis Semdeg.

III.4. miRebuli  Sedegebis ganxilva

Cveni gamokvlevebiT dadginda, rom glutamatiT damuSavebul ujredebTan SedarebiT Cr-Ta da glutamatiT damuSavebul glia/neironul ujredul kulturaSi mniSvnelovnad gaizarda ujredebis sicocxlisunarianoba (cxrili 1). NFB-s gaaqtivebaze Cr-is moqmedebis Sesaswavlad  Cven ganvsazRvreT ujredSi IB-es done da davadgineT,. rom ujredul kulturaSi Cr damatebiT misi done mniSvnelovnad mcirdeboda (suraTi 2), rac miuTiTebs NFB-es aqtivobis gazrdaze. Sedegad SesaZloa gaizardos antiapoftozuri genebis eqspresiis done. ROS uSualod iwvevs NFB gaaqtivebas IB degradaciis gziT. Cr da glutamatiT damuSavebul ujredul kulturaSi ROS done gansazRvruli iyo EPR speqtroskopiT. glutamati iwvevda susti superoqsidanionradikalis maCvenebel EPR signalebis warmoqmnas, rodesac sakontrolo ujredul kulturasTan SedarebiT Cr-is Tanaobisas mniSvnelovnad izrdeboda EPR signalebis sizSire. Cr-sa da glutamatis erTdrouli damateba kidev ufro zrdida signalis intensivobas. miuxedavad imisa, rom glutamatis da Cr-is Tanadrouli moqmedeba superoqsidradikalis produqciaze rTuli asaxsnelia literaturaSi moiZebneba monacemebi ROS proteqciuli moqmedebis Sesaxeb (Mellino G. et al, 2000). glutamatis da Cr-is moqmedebis msgavsi meqanizmebis axsna SesaZlebelia ROS warmoqmnis gansxvavebuli regulaciuri meqanizmebiT, romlebic Sesabamisad iwveven ujreduli sikvdilis da sicocxlisunarianobis gazrdas (Irani K. et al, 2000). sainteresoa agreTve is garemoeba, rom Cr-iT inducirebuli azotis oqsidis radikalis koncentraciuli zrda warmoadgens haloperidoliT gamowveuli ujreduli sikvdilis winaaRmdeg Cr-is neiroproteqciis winamorbeds (Juravleva E. et al, 2000). 

Ras warmoadgens ZiriTad ujredul komponents, romelic aregulirebs NFB-s funqciobas ROS-iT gamowveuli redoqs-statusis cvlilebisas. Ras cilebi monawileoben, rogorc proapoftozuri, aseve antiapoftozuri signalis  gadacemaSi. Ras-iT gaaqtivebuli ori daRmavali Raf/MEK/ERK da Ras/Rac/NADPHoqsidaza/ROS gza iwvevs apoftozis supresias da sicocxlis gadarCenis ganmapirobebeli meqanizmebis CarTvas NFB-es gaaqtivebis gziT (Sulciner D.J. et al, 1996). Rac/NADPHoqsidazaze damokidebuli ROS produqcia NFB-es  gaaqtivebis gziT iwvevs ujredebis sicocxlisunarianobis gazrdas, rodesac Rac-gan damoukideblad warmoqmnili ROS provocirebs apoftozs. Ras-is mier sxvadasxva Raf, PI3K da Rac efeqtoruli gzebis gaaqtiveba ganisazRvreba misi membranasTan dakavSirebis xasiaTiT. kerZod, citozoluri cilis farnezilirebiT, palmitirebiT da a.S. amrigad efeqtoruli gzis gaaqtivebis saxe damokidebulia farnezilirebuli da arafarnezilirebuli Ras-is balansze da mis posttranslaciur modifikaciaze. Tanamedrove monacemebiT farnezilis jgufis ar mqone Ras cila mniSvnelovnad zrdis Rac-Tan GTP-is dakavSirebas, magram farnezilirebul Ras-Tan SedarebiT sustad aaqtivebs Raf/ERK gzas ( Brewer C. et al, 2000).

radgan farnezilireba mniSvnelovan etaps warmoadgens Ras-is funqcionirebasa da membranasken gadaadgilebaSi, gamokvleuli iyo glutamatis da Cr-is zegavlena Ras-is farnezilirebis doneze.  Cven  ganvsazRvreT farnezilirebuli Ras citozolur da membranul fraqciebSi. glutamati ar cvlis farnezilirebuli Ras-is raodenobas ujredSi. misgan gansxvavebiT Cr mniSvnelovnad amcirebs mis dones (suraTi 1). arsebobs ramodenime SesaZlebeli meqanizmi, romliTac farnezilirebuli Ras/arafarnezilirebuli Ras-is Semcireba ujredSi aZlierebs ujredebis sicocxlisunarianobas ( Brewer C. et al, 2000). meores mxriv, sicocxlisunarianobis gazrda SeiZleba miRweul iqnas Rac/NFB gziT. arafarnezilirebuli Ras aZlierebs Rac-Tan GTP-is dakavSirebas da iwvevs ROS  produqcias Rac/NADPHoqsidazas gziT. Sesabamisad Rac ainhibirebs Ras-inducirebul apoftozs NFB-es gaaqtivebiT (Joneson T. et al, 1999). sainteresoa is garemoeba, rom mocemul sasignalo gzaSi, romelic zrdis neironebis rezistentobas glutamatiT-inducirebuli apoftozis mimarT aseve CarTulia Rac/NFB aqtivobaze damokidebuli meqanizmi (Mattson M.P. et al, 2000; Werner E., Werb Z. et al, 2002). 

ujredebis Cr-iT da glutamatiT damuSavebisas izrdeba ROS produqcia da mcirdeba farnezilirebuli cilis raodenoba. es monacemebi adastureben Cr-is mier Ras-is signalis mimarTulebis cvlilebas antiapoftozuri gzis mimarTulebiT, e.i. Sesabamisad Rac/NADPH-oqsidaza/ROS/NFB gzebiT. 

damatebiT meqanizms, romelic gansazRvravs glutamatis toqsikurobis winaaRmdeg Cr-iT damuSavebul ujredebSi sicocxlisunarianobis gaZlierebas SesaZloa warmoadgendes GTP-is donis stabilizacia, romelic mcirdeba ATP-is raodenobis SemcirebasTan erTad. Sedegad icvleba GTP/GDP cvlis done rac Sesabamisad iwvevs GTP-aqtivirebadi cilebis disregulacias, Ras da Rac cilebis CaTvliT (Weber G. et al, 1997). daqveiTebuli Rac aqtivobam SeiZleba gamoiwvios NFB-es aqtivobis daqveiTeba da Sesabamisad antiapoftozuri genebis eqspresiis Semcireba. amrigad, GTP/GDP cvlis daqveiTeba iwvevs Ras da Rac-iT ganxorcielebuli sasignalo gzebis mimarTulebis Secvlas, rac ganapirobebs pro- da anti-apoftozur signalebs Soris balansis aRdgenas. 

GTP-is raodenobis Semcirebis prevencia Cr–iT ganpirobebulia PCr da ATP-is donis stabilizaciiT. stabilizirebuli GTP done iwvevs Rac-damokidebul ROS produqciis normalizebas da Sesabamisad NFB-es gaaqtivebas. 

amrigad, Cr-is mier glutamatiT gamowveuli citotoqsikurobis prevencia xorcieldeba redoqs-sensitiuri Ras sasignalo gziT da upiratesad aaqtivebs Rac efeqtorul sistemas NFB-es gaaqtivebiT. Tanamedrove gamokvlevebma (Zhu S. et al, 2004) gamoavlina korelacia Cr-iT inducirebul neiroproteqciasa da kaspaza-3 aqtivobis supresiis gziT apoftozis inhibirebas Soris, rac adasturebs Cveni hipoTezis marTebulobas. 

epilefsiuri da kognituri simptomalogiebi warmoadgenen uremiuli encefalopaTiebis tipur gamovlinebas. zogierTma guanidinurma analogma, romlebidanac yvelaze mniSvnelovania GSA SesaZloa mniSvnelovani roli iTamaSos uremiuli envcefalopaTiis eTiologiaSi (De Deyn P.P. et al, 2001). GSA-s intracerebroventrikularuli Seyvana TagvebSi iwvevs konvulsiebs, romlebic ixsneba NMDA receptoris blokatorebiT (D’Hooge R. et al, 1996). GSA-s Seyvana cxovelebSi sabolood iwvevda epilefsiis ganviTarebas (Pan J.C. et al, 1996) NMDA receptoris antagonistebiT virTagvebis damuSaveba xsnida krunCxvebs, rac miuTiTebs NMDA-receptoris mimarT GSA-s agonistur bunebaze. Cven davadgineT, rom glutamatis msgavsad GSA-c iwvevs apoftozs dozadamokidebuli efeqtiT da zrdis nitritebis da azotis oqsidis radikalebis produqcias.  NO-s warmoqmna inhibirdeba L-NAME-s saSualebiT, rac adasturebs NMDA receptoris mimarT GSA-s agonistur bunebas da mis mier NO-s donis gazrdas nNOS-is saSualebiT. glutamatis msgavsad GSA-s efeqtebis prevencia Cr-is mier  miuTiTebs energetikuli disbalansis arsebobaze GSA-inducirebuli apoftozis dros. zemoaRniSnulis miuxedavad axloinfrawiTeli da EPR speqtroskopiiT Catarebulma gamokvlevebma aCvena, rom glutamatisgan gansxvavebiT GSA ar cvlis citoqromoqsidazis redoqs-statuss da ar iwvevs superoqsidanionradikalebis produqciis gazrdas.

GPA warmoadgens ZuZumwovrebis qsovilebis fiziologiur Semadgenel nawils da misi done SedarebiT momatebulia uremiul pacientebSi (Wyss M. et al, 2000). GPA aris Cr-is transportis konkurentuli inhibitori da iwvevs sxvadasxva adaptorul cvlilebebs CK-ur sistemaSi (Holtzman D. et al, 1998). GPA-Ti damuSavrbul ujredebSi aRmoCenilia mitoqondriuli transkrifciuli faqtori A-s (mtTFA) makodirebeli mrnm-is momatebuli raodenoba, rac miuTiTebs mitoqondriuli energiis momaragebis darRvevaze, romelic stimulirebs Sesabamisi genis eqspresias da SesaZloa warmoadgens kompesatorul meqanizms (Wiesner R.J. et al, 1999). GPA-Ti nakvebi Tagvebis gulisagan gansxvavebiT maT Tavis tvinSi 100-150%-iT momatebulia adenilatciklazis da suqcinatdehidrogenazis specifikuri aqtivoba (Holtzman D. et al, 1997; Holtzman D. et al, 1998), rac miuTiTebs glia/neironuli specifikuri urTierTkavSiris SesaZlo  mniSvnelobaze nervul sistemaze guanidinebis efeqtebis ganxorcielebaSi. Cvenma eqsperimentebma aCvenes, rom GPA-s mxolod maRali koncentracia (1mM) iwvevs apoftozs, rodesac GPA-s dabali Semcveloba (0,1mM; 0,5mM) ar cvlis ujredebis sicocxlisunarianobas. radgan GPA-s mxolod maRali koncentraciiT iwvevs NO-s koncentraciis mniSvnelovan gazrdas da es efeqti ixsneba L-NAME-s damatebiT, Cven SegviZlia davaskvnaT, rom es citotoqsikuri efeqti warmoadgens NOS-is gaaqtivebis Sedegs. GPA-s dabali koncentraciebi iwveven formazandehidrogenazis (suqcinatdehidrogenaza) aqtivobis gazrdas, rac miuTiTebs sunTqviTi jaWvis IV komponentis gaZlierebul muSaobaze am analogebis zemoqmedebis pirobebSi. Sesabamisad 0,5 mM koncentraciiT GPA-s moqmedebisas ar icvleba glutamatiT da Cr-iT warmoqmnili ROS-is done da ar izrdeba citoqromoqsidazis daJangulobis xarisxi. radgan GPA  ar iwvevs citoqrom a+a3–is redoqs-mdgomareobis cvlilebas SegviZleba davaskvnaT, rom am analogebiT gamowveuli IV komponentis gaZlierebuli moqmedeba mimdinareobs sunTqviT jaWvSi cvlilebebis gareSe. 

 Cven davadgineT, rom glutamati da GSA  iwveven pirveladi glia/neironuli ujredebis dazianebas da apoftozs, romelsac prevencirebs Cr doza-damokidebuli efeqtiT. is aRadgens suqcinatdehidrogenazis aqtivobas, rac warmoadgens mitoqondriebSi JangviTi metabolizmis normalizebis indikators. Cr-is efeqti ixsneba L-NAME-s zemoqmedebiT, rac miuTiTebs NO-s produqciis aucileblobaze Cr-is neiroproteqciuli efeqtis ganxorcielebisaTvis. meores mxriv Cr iwvevs superoqsidanionradikalis da NO-s produqciis gazrdas, romelic Tan axlavs citoqromoqsidazis redoqs-statusis momatebas. NO-s metabolizmze Cr-is moqmedebis meqanizmebi jerjerobiT daudgenelia, magram Cven vvaraudobT, rom Cr-is mTavar samiznes warmoadgens mitoqondrialuri NOS (mtNOS), radgan am fermentis aqtivoba damokidebulia mitoqondriis energetikul mdgomareobaze. mtNOS warmoadgens nNOS-is splaisingis erTerT variants, romelic mdebareobs mitoqondriis SigniTa membranaze da iwvevs argininidan NO-s produqcias. warmoqmnili azotis oqsidi ukavSirdeba citoqromoqsidazas, romelic zrdis mitoqondriuli superoqsidanionradikalis (O-) warmoqmnas da cvlis wyalbadis peroqsidis (H2O2) produqcias, rac damokidebulia Mn-superoqsiddismutazas doneze (Sarkela T.M. et al, 2001). literaturuli monacemebiT cnobilia, rom mtNOS-ze damokidebuli wyalbadis peroqsidis produqcia maqsimaluria axalSobilebis Tavis tvinSi da korelirebs ujredebis proliferaciul aqtivobasTan (Riobo N.A. et al, 2002). kanaim da misma kolegebma (Kanai A.J. et al, 2001) aRmoaCines kardialuri nNOS, romelic SeiZleba dainhibirdes NOS-is antagonistebiT an mitoqondriis membranuli potencialis protonoforuli kolafsiT. 

zogierTi mecnieri Tvlis, rom NO-Ti sunTqviTi jaWvis inhibireba iwvevs mitoqondriuli membranis hiperpolarizacias, rac damokidebulia F1F0-ATP-azas mier glikolizuri ATP-is utilizaciaze (Khaled A.R. et al, 2001). Bbeltrani da misi kolegebi (Beltran B. et al, 2002) Tvlian, rom NO-damokidebuli adreuli hiperpolarizacia warmoadgens proteqciul meqanizms. am procesebs agreTve adgili aqvs astrocitebSi, romlebic gamoirCevian maRali glikolizuri aqtivobiT, da ara neironebSi, sadac glikolizi ar warmoadgens ATP-is wyaros. sunTqviTi jaWvis gaxangrZlivebuli inhibireba  NO-Ti neironebSi da astrocitebSi 25% amcirebs ATP-is koncentracias da zrdis glikolizis aqtivobas astrocitebSi (Almeida A. et al, 2001). astrocitebSi glikolizis gaaqtiveba, romelic gamoixateba laqtatis produqciis gazrdiT aRadgens ATP-is naklebobas, rac adasturebs imas, rom miuxedavad imisa rom sunTqviTi jaWvis NO-Ti inhibirabas mivyavarT neirotoqsikur efeqtamde, mas agreTve SeuZlia iyos neiroproteqciuli, rac gamoixateba gliuri ujredebis glikolizuri aqtivobiT. amrigad Cven SegviZlia davaskvnaT, rom mtNOS-is saSualebiT Cr SeuZlia mitoqondriis membranuli potencialis gazrda da Jangbadis moxmarebis Semcireba. am pirobebSi adgili aqvs wyalbadis zeJangis produqcias, romelic rTavs redoqs-sensitiur transkrifciul faqtorebs da iwvevs antiapoftozuri genebis CarTvas. Cven davadgineT, rom am procesSi monawile genebs warmoadgenen redoqs-sensitiuri NFB transkrifciuli faqtoriT aqtivirebadi genebi (sqema 1). 

sabolood SeiZleba iTqvas, rom es gamokvlevebi demonstrireben pirvel rigSi rTul urTierTdamokidebulebas ujredis energetikul metabolizms, NO-Ti gamowveul sasignalo gzebsa da Seqcevad apoftozur procesebs Soris, romlebic xorcieldeba Cr-sa da sxva guanidinuri analogebis mier (sqema 1). 

p6-is moqmedebis meqanizmi amJamad gaurkvevelia. Tumca miRebuli Sedegebis safuZvelze SegviZlia vivaraudoT, rom p6 moqmedebs ujredis redoqs-sistemaze superoqsidanion-radikalis raodenobis Seclis saSualebiT. radgan ujredSi superoqsidradikalis da wyalbadis peroqsidis ZiriTad donorebs aramitoqondrialuri NADPHoqsidaza da mitoqondrialuri citoqromoqsidaza warmoadgenen unda vivaraudoT, rom p6-is samiznes warmoadgens am sistemebidan erTerTi. superoqsidradikalis produqciis SemcirebiT p6 amcirebs NO-dan citotoqsikuri peroqsinitrilis warmoqmnas, romelic didi raodenobiT sinTezirdeba NMDA-glutamatis receptoris gaaqtivebisas. meores mxriv Jangbadis reaqtiuri SenaerTebis Semcireba zrdis peroqsinitrilSi aratransformirebuli NO-s raodenobas, ujredSi aZlierebs mis dones da aZlierebs cilebis nitrozilirebis procesebs, maT Soris redoqs-sensitiuri transkrifciuli faqtorebisac. literaturuli monacemebiT cnobilia, rom NFB-es cilovan molekulaSi cisteinis naSTebis aRdgena cvlis cilis transkrifciul da dnm-damakavSirebel aqtivobas, ramac saboloo jamSi SeiZleba gamoiwvios superoqsiddismutazis genis gaaqtiveba (Mattson M.P. et al, 2000). SegviZlia vivaraudoT, rom Cvens mier aRmoCenili p6-is gviani proteqciuli efeqti, romelic gamovlinda xangrZlivi (48 saaTiani) inkubaciis Semdeg, mimdinareobs superoqsiddismutazis genis transkrifciisaTvis da fermentis katalizuri raodenobiT dagrovebisaTvis aucilebeli drois dayovnebis Sedegad. Cveni azriT placenturi faqtoris (p6) ZiriTad samiznes warmoadgens ujredis Ras/Rac/NADPH-oqsidazuri sistema.

amrigad Cveni gamokvlevebis Sedegad ikveTeba, rom ZiriTad naerTs, romelic akavSirebs makroerguli fosfatebis cvlas ujredis regulaciur sistemebTan warmoadgens GTP. am naerTis done gansazRvravs GTPazuri aqtivobis mqone mcire G-cilebis - Ras, Rac, Ral, Rab da Sec-is - funqciur mdgomareobas da Sesabamisad akontrolebs maTi daRmavali efeqtorebis regulaciur potencials. mcire  G-cilebis Km GTP-is mimarT gansxvavdeba erTmaneTisagan da meryeobs pM-dan M-is farglebSi, ris gamoc energetikuli stresis Sedegad GTP-is koncentraciis daqveiTeba maTi aqtivobis cvlilebas iwvevs. Sedegad icvleba genTa eqspresia, rac xSir SemTxvevaSi anti-apoftozuri komponentebis sinTezSi vlindeba. Cveni monacemebis Tanaxmad, ZiriTad GTP-mgrZnobiare sistemas Ras/Rac/NADPH-oqsidazuri kaskadi warmoadgens, romlis mTavari samiznea NF-kB da am faqtoris mier eqspresirebuli antiapoftozur genTa krebuli. GTP-is raodenobis kompensireba, romelsac kreatini da Sesabamisi transfosforilirebis reaqciebi (kreatinkinaza, nukleozidifosfatkinaza) axorcieleben, an misi sinTezi p6-iT substratuli fosforilirebis (suqcinil-CoA-sinTetaza) gaZlierebiT rTavs  Ras/Rac/NADPH-oqsidaza/NF-kB kaskads da anti-apoftozuri genebis (magaliTad, superoqsiddismutaza) eqspresias ganapirobebs (sqema 1). 

[image: image32.wmf][image: image33.jpg]Cont Glu Glu
+Cr
- —



[image: image34.png]


[image: image35.png]


[image: image36.png]o it



[image: image37.wmf]0

5

10

15

20

25

30

35

40

45

50

% of 

viability

LDH

kontroli

+GLU

+GLU+P6

[image: image38.wmf]0

50

100

150

200

250

0

50

100

150

Time (min)

Oxidation of Copper and Heme a+a3 (%)

Glutamate

GPA

Creatine

[image: image39.wmf][image: image40.wmf][image: image41.wmf][image: image42.wmf][image: image43.wmf]0

0.2

0.4

0.6

0.8

1

1.2

1.4

0

0.25

0.5

0.75

1

Creatine (mM)

EPR signal intensity of DDC/NO 

and DMPO/OH (AU)

DDC/NO

DMPO/OH

[image: image44.wmf]0

10

20

30

40

50

60

70

80

% of 

viability

LDH

kontroli

+GLU

+GLU+P6

+GLU+Cr

+P6

[image: image45.wmf]0

10

20

30

40

50

60

70

80

24

48

%

Cont

GLU

GLU+P6

[image: image46.wmf]0

0.1

0.2

0.3

0.4

0.5

0.6

umol/L (NO)

kontroli

+GLU

+GLU+P6

+GLU+Cr


[image: image47.wmf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

24

48

uM NO

Cont

GLU

GLU+P6



sqema 1. Cvens mier miRebuli Sedegebis Sejameba sqemis saxiT.
daskvnebi
1. kreatinis damateba glia/neironuli ujredebis pirvelad kulturaSi mniSvnelovnad zrdis ujredebis sicocxlisunarianobas da amcirebs glutamatiT gamowveul apoftozs. ujredebis gazrdil sicocxlisunarianobas Tan axlavs farnezilirebuli, membranasTan dakavSirebuli Ras-is Semcireba.
2. kreatinis Tanaobisas izrdeba redoqs-mgrZnobiare transkripciis faqtoris NFkB-s aqtivoba da superoqsidanionradikalis warmoqmna. kreatinis moqmedeba kompensaciur xasiaTs atarebs da glutamatiT inducirebuli oqsidaciuri stresis sawinaaRmdegod ganapirobebs redoqs-sensitiuri Ras/Rac/F sasignalo gzis CarTvas.  

3. guanidinpropionis mJava (GPA) dabal koncentraciebSi ar iwvevs nervuli ujredebis apoftozs da ar zemoqmedebs kreatinis mier glutamatiT gamowveuli citotoqsikuri efeqtis prevenciaSi. GPA doza-damokidebuli efeqtiT iwvevs mitoqondriuli suqcinatdehidrogenazis aqtivobis gazrdas, xolo am efeqts sustad aZlierebs areSi NO-sinTazas inhibitori. 

4. guanidinqarvis mJava (GSA) iwvevs nervuli ujredebis sicocxliunarianobis Semcirebas da misi efeqti eliminirdeba kreatiniT. GSA-s moqmedebiT izrdeba azotis oqsidis produqcia da am naerTis citotoqsikuri efeqti mcirdeba NO-sinTazas inhibitoriT. GSA-s, iseve rogorc glutamatis pro-apoftozuri moqmedeba vlindeba neironuli NOS gaaqtivebaSi.

5. glutamatic da GSA-c iwveven mitoqondriebSi eleqtronTa gadatanis jaWvis xanmokle aqtivacias, romelsac SemdgomSi mohyveba mitoqondriuli redoqs-procesebis daqveiTeba. kreatinis Tanaobisas aqtivaciis fazis xangrZlivoba da intensivoba izrdeba. NO-sinTazis da kreatinis intramitoqondriuli transportis inhibitorebi amcireben kreatinis efeqts. 

6. apoftozis amniotur modulators (p6) axasiaTebs dayovnebuli neiroproteqciuli efeqti. p6-is moqmedebiT glutamatiT-inducirebuli citotoqsikurobis Semcireba mimdinareobs redoqs-sensitiuri transkrifciuli faqtoris NFB-es gaaqtivebis fonze da misi moqmedebis meqanizmi msgavsia kreatinis efeqtisa.

7. gamoTqmulia mosazreba, rom ZiriTad naerTs, romelic akavSirebs makroerguli fosfatebis cvlas ujredis regulaciur sistemebTan warmoadgens GTP. Cveni monacemebis Tanaxmad, ZiriTad GTP-mgrZnobiare sistemas Ras/Rac/NADPH-oqsidazuri kaskadi warmoadgens, romlis mTavari samiznea NF-kB da am faqtoris mier eqspresirebuli antiapoftozuri genTa krebuli.   GTP-is raodenobis kompensireba, romelsac kreatini da Sesabamisi transfosforilirebis reaqciebi axorcieleben, an misi sinTezi p6-iT substratuli fosforilirebis  gaZlierebiT rTavs  Ras/Rac/NADPH-oqsidaza/NF-kB kaskads da anti-apoftozuri genebis eqspresias ganapirobebs. 
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