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Sesavali 

 

fsiqoaqtiuri saSualebebis analizisaTvis, maRali mgrZnobelobis da 

specifiuri meTodebis SemuSaveba Tanamedrove farmaciis, narkologiisa 

da toqsikologiis aqtualuri amocanaa. bolo wlebSi aRniSnuli 

problema dRis wesrigSi gansakuTrebuli simwvaviT dadga, radganac  

mkveTrad gaizarda aRniSnuli jgufis medikamentebis rogorc, 

samedicino, aseve arasamedicino mizniT moxmareba, imata mwvave da 

sasikvdilo mowamvlebis SemTxvevebma. 

qimiur-toqsikologiuri analizi moicavs mwvave mowamvlebis dadgenas, 

narkotikuli da toqsikomanuri Trobis diagnostikas, gvamis da sxva 

saganmatareblebis sasamarTlo-qimiur gamokvlevas. aRniSnuli kvleva 

xasiaTdeba specifikuri TaviseburebiT, rac gasaTvaliswinebelia 

analizis qimiur-toqsikologiuri meTodebis SemuSavebis dros. 

mwvave qimiuri mowamvlebisas gansakuTrebul aqtualobas iZens swrafi, 

specifiuri, maRali mgrZnobelobis da seleqciuri analizis meTodebis 

SemuSaveba, romelic sxvadasxva jgufis mravali naerTis individualuri 

da erTdrouli gansazRvris saSualebas iZleva. 

meore Taobis (atipiuri) antifsiqozuri saSualebebis mimarT Cveni 

interesi ganapiroba mocemuli jgufis preparatebis gamoyenebis mkveTrma 

zrdam.  

atipiuri antifsiqozuri saSualebebi warmoadgens pirveli rigis 

preparatebs Sizofreniis mkurnalobisaTvis, romelic yvelaze 

gavrcelebuli daavadebaa fsiqopaTologiebs Soris.  

antifsiqozuri preparatebiT mkurnalobisas mniSvnelovania doza-

koncentraciis monitoringi, radganac pacientis damokidebuleba 

samkurnalo saSualebebTan aris  individualuri.  

amasTan, ramodenime antifsiqozuri saSualebis erTdrouli gamoyenebisas 

SesaZlebelia adgili hqondes sxvadasxva tipis sinergizms, 

gansakuTrebiT sayuradReboa potencirebuli sinergizmi, romelic 

ganapirobebs toqsikurobis zrdas da SesaZloa iyos letaluri Sedegis 

mizezi. 

mcire raodenobis sakvlevi antifsiqozuri saSualebebis identifikacia 

da raodenobrivi analizi biologiuri da arabiologiuri warmoSobis 
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obieqtebSi mniSvnelovanwilad ganapirobebs zemoT aRniSnuli 

problematikis efeqtur gadawyvetas.  

warmodgenili sadisertacio naSromi eZRvneba meore Taobis 

antifsiqozuri saSualebebis individualuri da erTdrouli qimiur-

toqsikologiuri analizis meTodebis SemuSavebas. 
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Tavi I 

 

kvlevis aqtualoba, mizani da amocanebi, samecniero siaxle, praqtikuli 

mniSvneloba 

 

1.1 kvlevis aqtualoba 

 

Sizofrenia warmoadgens yvelaze gavrcelebul fsiqiatriul  daavadebas,   

romelic iwvevs adamianebis gonebrivi da socialuri funqciebis 

daqveiTebas. msoflio jandacvis organizaciis monacemebiT SizofreniT 

daavadebulia 21 milionze meti adamiani [178].  

1950 wlidan Sizofreniis samkurnalod gamoiyeneboda "tipiuri" (pirveli 

Taobis) antifsiqozuri preparatebi, xolo 1990 wlidan samedicino 

praqtikaSi dainerga ‘’atipiuri" (meore Taobis) antifsiqozuri 

saSualebebi [128]. 

statistikuri monacemebis mixedviT risperidoni, olanzapini, qvetiapini 

da klozapini warmoadgens yvelaze xSirad gamoyenebad medikamentebs 

atipiur antifsiqozur saSualebebs Soris [13, 46, 3, 70].  

meore Taobis antifsiqozur saSualebebs, individualuri da 

kombinrebuli gamoyenebisas,  Terapiuli efeqturobis garda, zogierT 

SemTxvevaSi (dozis gadaWarbeba, SecdomiT miReba, suicidaluri 

mowamvlebi) axasiaTebs adamianis organizmze toqsikuri zemoqmedeba, 

romelic xSirad aris letaluri Sedegis mizezi [95]. 

qimiur-toqsikologiuri laboratoriebis, narkologiuri dispanserebis 

da toqsikologiuri centrebis monacemebis mixedviT aRwerilia mocemuli 

jgufis medikamentebiT gamowveuli mwvave mowamvlebis mravali SemTxveva. 

intoqsikaciis gansakuTrebiT mZime SemTxvevebSi xSiria e.w ,,uecari 

sikvdilis’’ sindromis ganviTareba. asve mniSvnelovan garTulebas 

warmoadgens uecari kardialuri Seteva da avTvisebiani neiroleptiuri 

sindromi. mocemuli SemTxvevebis 15 - 25% sruldeba letaluri 

gamosavliT [108, 112, 186]. 

xSiria bavSvTa asakSi aRniSnuli jgufis medikamentebiT mowamvlis 

SemTxvevebi [167].  

medikamentebis arasamedicino daniSnulebiT gamoyeneba warmoadgens 

ukanaskneli wlebis mwvave problemas: sayuradReboa toqsikomaniis 
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mzardi SemTxvevebi mozardebSi, romlebic gamoiyeneben mocemuli jgufis 

preparatebs narkotikuli TrobisaTvis. aRniSnul SemTxvevebSic aseve 

maRalia mwvave mowamvlebis da gardacvalebis riski. 

sayuradReboa antifsiqozuri saSualebebis (gansakuTrebiT atipiuri 

antifsiqozuri medikamentebi) miReba e.w. ,,saafTiaqo narkomaniis’’ mizniT, 

rac aris mniSvnelovani socialur problema.  

aseve gaxSirda atipiuri antifsiqozuri saSualebebiT kriminaluri 

mowamvlebis SemTxvevebi, ra drosac gamoiyeneba erTdroulad ramdenime 

antifsiqozuri medikamenti an kombinirebulad sxva fsiqoaqtiur 

saSualebebTan [16, 163].  

zemoT aRniSnulidan gamomdinare, Sizofrenis meore Taobis 

antifsiqozuri saSualebebiT racionaluri da usafrTxo 

farmakoTerapiis uzrunvelyofis mizniT, detoqsikaciis RonisZiebebis 

efeqturobis gazrdisaTvis, klinikur-laboratoriuli analizisaTvis, 

sasamarTlo-samedicino eqspertizis efeqturi CatarebisaTvis, 

mniSvnelovania, risperidonis, olanzapinis, qvetiapinis da klozapinis 

maRali mgrZnobelobis, specifiuri, eqspres analizis meTodebis 

SemuSaveba, miT umetes, rom CvenTvis xelmisawvdom literaturaSi ar aris 

monacemebi risperidonis, olanzapinis, qvetiapinis da klozapinis qimiur-

toqsikologiuri analizis Sesaxeb maTi biologiur obieqtebSi da 

saganmatareblebSi erTdrouli arsebobisas. 

aRniSnulis gaTvaliswinebiT  atipiuri antifsiqozuri saSualebebis: 

risperidonis, olanzapinis, qvetiapinis da klozapinis,  biologiur 

siTxeebSi (Sardi, sisxli, plazma) da sxva obieqtebSi kvlevisa da 

qimiur-toqsikologiuri analizis arsebuli meTodebis unificireba, 

srulyofa da axali, efeqturi meTodebis SemuSaveba erT-erTi aqtualuri 

problemaa Tanamedrove toqsikologiisaTvis. 

 

1.2 kvlevis mizani da amocanebi 

 

kvlevis mizans warmoadgenda biologiuri da arabiologiuri warmoSobis 

obieqtebSi meore Taobis antifsiqozuri saSualebebis - olanzapinis, 

risperidonis, qvetiapinis da klozapinis qimiur-toqsikologiuri 

analizis meTodebis srulyofa, axali efeqturi meTodebis SemuSaveba da 

validacia. 
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miznis misaRwevad dasaxuli iyo Semdegi amocanebi: 

 biologiuri obieqtebidan olanzapinis, risperidonis, qvetiapinis 

da klozapinis siTxe-siTxe eqstraqciis optimaluri pirobebis 

SemuSaveba. 

 biologiuri obieqtebidan olanzapinis, risperidonis, qvetiapinis 

da klozapinis myarfazuri eqstraqciis optimaluri pirobebis 

SerCeva.  

 olanzapinis, risperidonis, qvetiapinis da klozapinis Tvisobriv-

raodenobrivi analizis qromato-maspeqtrometruli (GC-MS, LC-

MS/MS)  meTodebis SemuSaveba. 

 analizis SemuSavebuli meTodebis validacia sworxazovnebis, 

seleqciurobis, sisworis, aRmosaCeni da gansasazRvravi minimumis, 

eqstraqciis xarisxis, matricis efeqtis da stabilurobis 

dasadgenad.  

 Mmowodebuli  meTodebis aprobacia gardacvlili adamianis 

biologiur siTxeebSi, saganmatareblebze da sawarmoo aparaturaze 

samizne nivTierebebis narCeni kontaminaciis dasadgenad. 

 

 

1.3 kvlevis samecniero siaxle 

 

 Teoriulad dasabuTebulia da eqsperimentalurad dadasturebulia  

biologiuri obieqtebidan olanzapinis, risperidonis, qvetiapinis 

da klozapinis eqstraqciis xarisxze moqmedi faqtorebi maTi 

erTdrouli izolirebisas. 

 mowodebulia siTxe-siTxe da myarfazuri eqstraqciis optimaluri  

pirobebi, romlebic uzrunvelyofen oTxive samizne nivTierebis 

maqsimalur eqstraqcias sxvadasxva kompleqsuri biologiuri 

obieqtidan. 

 SemuSavebulia olanzapinis, risperidonis, qvetiapinis da 

klozapinis gazur qromatografiuli masspeqtrometruli meTodiT  

analizis optimaluri pirobebi. mowodebuli meTodi gamoirCeva 

eqspresulobiT da SesaZlebelia oTxive samizne nivTierebis 

erTdrouli analizi biologiuri da arabiologiuri warmoSobis 

obieqtebSi.  
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 mowodebulia olanzapinis, risperidonis, qvetiapinis da klozapinis 

Tvisobriv-raodenobrivi analizis originaluri, validirebuli, 

optimaluri pirobebi, siTxuri qromatografia-tandemuri 

masspeqtrometruli meTodisaTvis. mowodebuli meTodi  

uzrunvelyofs oTxive samizne nivTierebis erTdroul gansazRvras, 

rogorc biologiur obieqtebSi, aseve sxvadasxva saganmatareblebSi 

(carieli blisteri, flakoni, anawmendi, tabletebi). 

 

1.4 kvlevis praqtikuli mniSvneloba 

 

 eqsperimentis safuZvelze mowodebulia olanzapinis, risperidonis, 

qvetiapinis da klozapinis sxvadasxva biologiur matricaSi  

individualuri da erTdrouli izolirebis siTxe-siTxe 

eqstraqciis optimaluri pirobebi, romlis saSualebiT 

SesaZlebelia eqstraqcia maRali xarisxiT, 80-85% farglebSi. 

 kvlevebis Sedegebis safuZvelze dadgenilia risperidonis, 

olanzapinis, qvetiapinis da klozapinis myarfazuri eqstraqciis 

optimaluri pirobebi, romlis saSualebiT SesaZlebelia sakvlevi 

nivTierebebis maqsimaluri gasufTaveba da 91-94%-is izolireba. 

 mowodebulia olanzapinis, risperidonis, qvetiapinis da klozapinis 

mecnierulad dasabuTebuli, validirebuli, swrafi analizis 

qromato-maspeqtrometruli (airad da Txevad fazebSi) meTodis 

pirobebi, romlebic SesaZlebelia gamoyenebuli iyos:  

1. sasamarTlo - qimiur  eqspertizaSi gvamuri obieqtebis 

analizisaTvis; 

2. qimiur-toqsikologiuri analizisaTvis, cocxal pirebSi mwvave 

da qronikuli mowamvlebis diagnostikisaTvis;  

3. pacientebSi Terapiuli dozis monitoringisaTvis; 

4. sxvadasxva saxis nivTmtkicebulebis qimiur-toqsikologiuri 

analizisaTvis; 

5. farmacevtul sawarmoSi gamoyenebul danadgarebze mcire 

raodenobis aqtiuri nivTierebis narCeni kontaminaciis 

dadgenisaTvis; 
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 kvlevis masalebi SesaZlebelia gamoyenebuli iyos  

studentebisaTvis qimiur-toqsikologiuri analizis Tanamedrove 

meTodebis srulfasovani swavlebisaTvis. 

 

 

kvlevis Sedegebis aprobacia 

eqsperimentis safuZvelze SemuSavebuli meTodebi aprobirebulia ssip 

levan samxaraulis saxelobis sasamarTlo eqspertizis erovnuli biuros 

qimiur-narkologiuri eqspertizis departamentSi da Sps ,,jm 

farmacevtikals’’ farmacevtuli sawarmos laboratoriaSi. 

 

sadisertacio naSromis masalebi moxseniebulia:  

XXX International Symposium of Chromatography (ISC-2014), Salzburg 2014;  

II saerTaSoriso samecniero konferencia ,,farmacevtuli mecnierebebi XXI 

saukuneSi’’, Tbilisi, 2014; 

III International Conference on Pharmaceutical Science (ICPS -2015), Tbilisi, 2015; 

 

kvlevis Sedegebis publikacia 

sadisertacio masalebis ZiriTadi Sedegebi gamoqveynebulia 5 samecniero 

naSromSi. 

 

disertaciis moculoba da struqtura 

disertaciis teqsti warmodgenilia 148 nabeWd gverdze, moicavs Sesavals, 

aqtualobas, mizans, amocanebs, samecniero siaxles, praqtikuli 

mniSvnelobas, literaturis mimoxilvas, kvlevis obieqtebs da meTodebs, 

kvlevis Sedegebis ganxilvas da daskvnebs. naSromi ilustrirebulia 35 

cxriliT da 73 suraTiT, bibliografia moicavs 224 wyaros. kvlevasTan 

dakavSirebiT gamoqveynebuli Sromebi warmodgenilia danarTis saxiT. 
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Tavi II 

 

literaturis mimoxilva 

 

2.1 Sizofrenia 

 

Sizofrenia fsiqopaTologiis mwvave formaa, romelic xasiaTdeba 

emociuri gasadavebiT, azrovnebisa, aRqmis da integrirebuli pirovnuli 

funqcionirebis darRveviT. Sizofrenia rTuli sindromia, romelsac 

individis yoveldRiuri socialuri cxovrebis sagrZnobi gauareseba 

axlavs Tan [13, 89, 207]. 

msoflio jandacvis organizaciis monacemebiT SizofreniT daavadebulia 

21 milionze meti adamiani, aqedan 12 milioni mamakaci da 9 milioni qali. 

SizofreniiT daavadebuli pacientebi naklebad mimarTaven samedicino 

dawesebulebas, am SemTxvevaSi 2-2.5 jer metia gardacvalebis riski vidre 

adamianebSi, romlebic ar arian daavadebuli SizofreniiT [84,178]. 

Cveulebriv, Sizofrenia „prodromuli"  periodiT  iwyeba,  romelsac  

axasiaTebs  pirovnebis  funqcionirebis gauareseba. am periodis  

simptomebi  SeiZleba  moicavdes  mexsierebasTan dakavSirebul  

problemebs,  socialur  izolacias,  ucnaur  qcevas,  motivaciisa da 

interesebis daqveiTebas. prodromul  fazas  Cveulebriv  mohyveba  

mwvave  faza,  romelsac  axasiaTebs  bodva, halucinacia, qceviTi 

darRvevebi. mkurnalobis  Sedegad  pacienti  gamodis mwvave  

mdgomareobidan, Tumca zogjer rCeba motivaciisa da interesebis  

nakleboba,  socialuri  izolacia.  mesame  fazaSi,  romelic  SeiZleba  

wlebi gagrZeldes,  xSirad  viTardeba egzacerbaciebi(gamwvaveba),  

romelic, damatebiT intervencias saWiroebs [35, 68, 71, 185, 205].    

istoriulad,  Sizofreniuli  aSlilobani  pirvelad  aRweril  iqna  

frangi  fsiqiatris morelis  (Benedict  Morel,  1809-1873)  mier,  romelmac  

mozardobis  asakSi  ganviTarebul fsiqikur  darRvevebs  uwoda  

Demence  Precoce  (frangulidan  -  naadrevi  Wkuasustoba) [60]. kalbaumma  

(Kahlbaum)  pirvelad  aRwera  katatonuri  simptomebi,  hekerma  (Hecker) 

ki hebefreniis dros pacientTa qcevis Taviseburebani [110]. mogvianebiT 

aRniSnuli simptomebi krepelinma  (Emil  Kraepelin,  1856-1926)  erT  

nozologiad  gaaerTiana  da  uwoda  Dementia Praecox [73, 111].   
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Sizofrenia msoflioSi unarSezRudulobis gamomwvev 10 wamyvan 

samedicino aSlilobebs Soris aris dasaxelebuli. SizofreniiT 

daavadebul pirebs Soris maRalia sikvdilianoba, rac nawilobriv 

ganpirobebulia  TviTmkvlelobiT (daaxloebiT 10%) da Zaladobrivi 

sikvdiliT. aseve  dadasturebulia kavSiri Sizofreniis simptomebis 

gamomJRavnebasa da fsiqoaqtiuri nivTierebebis moxmarebas Soris [36, 39, 

99, 148, 155, 220].  

 

 

2.2 Sizofreniis samkurnalo saSualebebi, klasifikacia 

 

sadReisod Sizofreniis samkurnalod ZiriTadad gamoiyeneba 

antifsiqozuri saSualebebi. medikamenturi mkurnaloba metad efeqturia 

pozitiuri simptomebisaTvis (bodva, halucinacia da sxva), naklebad 

efeqturia negatiuri da kognituri simptomebisTvis. antifsiqozuri 

medikamentebis efeqturoba SesaZloa SesamCnevi gaxdes ramdenime kviris 

Semdeg, radganac moqmedeba xorcieldeba TandaTanobiT [51, 100, 101, 115].  

 

samkurnalo saSualebebis klasifikacia 

Sizofreniis samkurnalo saSualebebi iyofian 2 ZiriTad jgufad:  

1. ,,tipiuri’’ - pirveli Taobis antifsiqozuri medikamentebi 

2. ,,atipiuri’’ - meore Taobis antifsiqozuri medikamentebi  

mocemuli terminebi xSirad gamoiyeneba klinikur praqtikaSi. termini 

dafuZnebulia meore Taobis antifsiqozuri saSualebebis atipiur 

Tvisebebze, rogoric aris eqstrapiramidaluri simptomebis ganviTarebis 

riskis nakleboba pirveli Taobis antifsiqozur saSualebebTan 

SedarebiT. Sesabamisad, rom ar momxdariyo aRreva, msoflio fsiqiatrTa 

asociaciis mier moxda definicia da pirveli Taobis medikamentebs ewoda 

tipiuri antifsiqozuri saSualebebi, xolo meore Taobis medikamentebs 

atipiuri antifsiqozuri saSualebebi [30, 66, 123, 201].   

“tipiuri” (pirveli Taobis) antifsiqozuri preparatebi (cxrili 1) 

gamoiyeneba Sizofreniis samkurnalod 1950 wlidan. “atipiuri” (meore 

Taobis) antifsiqozuri saSualebebi (cxrili 2) standartul samedicino 

praqtikaSi Semovida 1990 wlidan [78, 120, 128, 180]. 
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cxrili 1. ,,tipiuri’’ - pirveli Taobis antifsiqozuri medikamentebi 

preparati jgufi 

 qlorpromazini 

fenoTiazinebi 

flufenazini 

levomepromazini 

perfenazini 

Tioridazini 

qlorprotiqsani 

Tioqsantinebi TioTiqsani 

zuklofenTioqsoli 

klotiapini 

sxavadasxva 

haloperidoli 

loqsapini 

molondoni 

pimozidi 

 

cxrili 2: meore Taobis antifsiqozuri medikamentebi 

preparati jgufi 

aripiprazoli Qqinolinis warmoebuli 

klozapini dibenzodiazepini 

olanzapini Tioenobenzodiazepini 

paliperidoni Bbenzizoqsazolis 

warmoebuli 

qvetiapini dibenzoTiazepini 

risperidoni benzisoqsazolis warmoebuli  

sertindoli Ffenilindolis warmoebuli 

 

meore Taobis (atipiuri) antifsiqozuri preparatebis mTavari 

upiratesobaa, rom naklebad iwveven eqstrapiramidul garTulebebs da 

mogvianebiT diskinezias (moZraobis unaris darRveva), magram maT sxva 

gverdiTi efeqtebi aRmoaCndaT, rogoricaa wonis mateba da metaboluri 

problemebi, romlebic II tipis diabetis da gulsisxlZarRvTa daavadebis 

ganviTarebis risks zrdis. aseve antifsiqozuri medikamentebis 

mniSvnelovan gverdiT efeqts miekuTvneba sisxlis SratSi prolaqtinis 

donis mateba. mkurnalobis mimarT rezistentuli pacientebisaTvis 

erTaderTi rekomendebuli preparatia klozapini. sxva arc erTi atipiuri 

preparati ar xasiaTdeba aseTi efeqturobiT [45, 65, 72, 77, 86, 176].  
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Sizofreniis mkurnaloba 

miuxedavad imisa, rom antifsiqozuri preparatebi warmoadgenen 

sxvadasxva naerTebis jgufs, maTi pirveladi farmakologiuri moqmedeba 

ZiriTadad msgavsia da ganpirobebulia dofamin D2 receptorebze 

antagonisturi moqmedebiT [33, 154].  

antifsiqozuri preparatebi aseve gamoiyenebian sxva preparatebTan   

kombinaciaSi, rogoricaa antikonvulsantebi, antidepresantebi da  benzo 

diazepinebi[47]. klinicistebma aRniSnuli preparatebi  antifsiqozur 

medikamentebTan kombinaciaSi  SeiZleba gamoiyenon Semdeg SemTxvevebSi: 

 antifsiqozuri preparati monoTerapiis saxiT ar aris efeqturi; 

 qcevis kontrolisTvis; 

 antifsiqozuri medikamentebis gverdiTi efeqtebis Tavidan 

asacileblad; 

 meoradi fsiqiatriuli problemebis (rogoricaa depresia da SfoTva)     

  samkurnalod [65, 69, 113, 117]. 

antifsiqozuri preparatebis daniSvnis zogadi principebi 

mkurnalobisaTvis sawyis etapze rekomendebulia erTi preparatis 

daniSvna (garda gansakuTrebuli garemoebebisa). antifsiqozuri 

saSualebebis kombinaciaSi daniSvna saWiroa im SemTxvevaSi, rodesac 

erTi antifsiqozuri preparatiT mkurnalobisas (maT Soris klozapinze) 

gamoxatulia araadeqvaturi Sedegi. 

zogierT SemTxvevaSi antifsiqozuri polifarmacia warmoadgens uecari 

kardialuri Setevis da sikvdilis risks. antifsiqozuri polifarmaciis 

araefeqturobis SemTxvevaSi unda gagrZeldes monoTerapia [118, 130, 194, 

223].  

antifsiqozuri preparatebis dozebi 

antifsiqozuri medikamentebis „standartuli doza’’ warmoadgens 

samkurnalo nivTierebis raodenobas, romelic inarCunebs saukeTeso 

balanss Terapiul efeqtsa da gverdiT movlenebs Soris. antifsiqozuri 

medikamentebis ekvivalenturi, minimaluri da maqsimaluri dozebi 

mocemulia # 3-6 cxrilebSi. [13, 19, 59, 76, 91, 169]. 

 

 

 



18 

 

cxrili 3: antifsiqozuri medikamentebis eqvivalenturi dozebi 

 

medikamenti Eeქvivalenturi 

dozebi 

literaturaSi 
miTiTebuli dozebis 

diapazoni 

qlorpromazini 100 mg/dR - 

flufenazini 2 mg/dR 2-5 mg/dR 

trifluoperazini 5 mg/dR 2.5-5 mg/dR 

flupentiqsoli 3 mg/dR 2-3 mg/dR 

zuklopentiqsoli 25 mg/dR 25-60 mg/dR 

haloperidoli 3 მგ/დღ 1.5-5 mg/dR 

sulpiridi 200 mg/dR 200-270 mg/dR 

pimozidi 2 mg/dR 2 mg/dR 

loqsapini 10 mg/dR 10-25 mg/dR 

flufenazin-depo 5 mg/kvira 1-12.5 mg/kvira 

pipotiazin-depo 10 mg/kvira 10-12.5 mg/kvira 

flupentiqsol-depo 10 mg/kvira 10-20 mg/kvira 

zuklopentiqsol-depo 100 mg/kvira 40-100 mg/kvira 

haloperidol-depo 15 mg/kvira 5-25mg/kvira 
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cxrili 4: pirveli Taobis antifsiqozuri medikamentebis minimaluri 

efeqturi doza/dReSi 

 

medikamenti pirveli epizodi recidivi 

qlorpromazini 200 mg 300 მგ 

trifluoperazini 10 mg 15 მგ 

haloperidoli 2 mg 4 mg da meti 

sulpiridi 400 mg 800 მგ 

 

 

cxrili 5: meore Taobis antifsiqozuri medikamentebis minimaluri 

efeqturi doza/dReSi 

 

medikamenti pirveli epizodi recidivi 

qlorpromazini 200 mg 300 მგ 

trifluoperazini 10 mg 15 მგ 

sulpiridi 400 mg 800 მგ 
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cxrili 6: antifsiqozuri medikamentebis maqsimaluri efeqturi 

doza/dReSi 

 

medikamenti maqsimaluri doza 

pirveli Taobis-peroraluri 

qlorpromazini 1000 mg/dR 

flupentiqsoli 18 mg/dR 

trifluoperazini 30 mg/dR 

haloperidoli 30 mg/dR 

sulpiridi 2400 mg/dR 

levomepromazini 1000 mg/dR 

periciazini 300 mg/dR 

perfenazini 24 mg/dR 

pimozidi 20 mg/dR 

zuklopentiqsoli 150 mg/dR 

meore Taobis–peroraluri 

amisulpiridi 1200 mg/dR 

aripiprazoli 30 mg/dR 

klozapini 900 mg/dR 

olanzapini 20 mg/dR 

paliperidoni 12 mg/dR 

qvetiapini 750/800 mg/dR 

risperidoni 16 mg/dR 

ziprazidoni 160 mg/dR 

zotepini 300 mg/dR 

depo-preparatebi 

flufenazin-depo 50 mg/kviraSi 

pipotiazin-depo 50 mg/kviraSi 

flupentiqsol-depo 400 mg/kvira 

haloperidol-depo 300 mg/yovel 4 kviraSi 

zuklopentiqsol-depo 600 mg/kvira 

risperidoni 25 mg/kvira 
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2.3 meore Taobis antifsiqozuri saSualebebi 

 

2.3.1 meore Taobis antifsiqozuri saSualebebis zogadi daxasiaTeba 

 

ukanasknel wlebSi fsiqofarmakologiis ganviTarebis amocanas 

warmoadgenda antifsiqozuri saSualebebis axali Taobis Seqmna, romelic 

iqneboda gacilebiT efeqturi da metad usafrTxo arsebul 

neiroleptiur saSualebebTan SedarebiT. samecniero kvlevebis 

safuZvelze da qimiur-farmacevtuli kompaniebis aqtiuri ZalisxmeviT 

Seiqmna axali antifsiqozuri saSualebebi, rogoric aris risperidoni, 

olanzapini, qvetiapini, klozapini, sertindoli da sxva, romlebic 

warmoadgens meore Taobis (atipiur) antifsiqozur saSualebebs [78, 132, 

140, 146, 184]. 

atipiuri antifsiqozuri saSualebebis klinikur praqtikaSi gamoyenebam 

saSualeba misca eqimebs hqonodaT farTo speqtri Sizofreniis 

marTvisaTvis. mocemuli saSualebebi aRmoCnda antifsiqozuri 

farmakoTerapiis erTgavri standarti da warmoadgenen pirveli rigis 

preparatebs Sizofreniis samkurnalod. meore Taobis antifsiqozuri 

saSualebebis gamoyeneba aris mniSvnelovani progresi fsiqiatriaSi 

efeturobis mxriv [96, 98, 133, 145].  

 

 

2.3.2 meore Taobis antifisqozuri saSualebebis moqmedebis meqanizmi 

 

“atipiuri” (meore Taobis) antifsiqozuri saSualebebis samedicino 

praqtikaSi gamoyeneba iwyeba 1990 wlidan. aRniSnuli saSualebebis 

Terapiuli efeqti ganpirobebulia 5-HT2A receptorebis antagonizmiT 

da/an 5-HT1A receptorebis agonizmi. mocemuli jgufis preparatebis 

gverdiTi movlenebi doza damokidebulia da xSirad gamowveulia 

histaminergul, qolinergul, alfa-adrenergul da sxva receptorebTan 

urTierTqmedebiT. SizofreniiT daavadebul pacientebze Catarebuli 

kvlevebis mixedviT oTxi atipiuri antifsiqozuri preparati 

(amisulpridi, klozapini, olanzapini da risperidoni) ufro efeqturi 

aRmoCda vidre zogierTi pirveli Taobis preparati [31, 105, 125, 128, 141, 

197].  
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2.3.3 meore Taobis antifsiqozuri saSualebebis gverdiTi efeqtebi 

da sxva medikamentebTan urTierTqmedeba 

 

gverdiTi efeqtebi 

 

yvela antifsiqozur preparats gaaCnia gverdiTi efeqtebi, romelTa 

gamovlineba da klinikuri mniSvneloba cvalebadia da damokidebulia   

medikamentis mimarT pacientis individualur mgrZnobelobaze. gverdiTi 

efeqtebi moicavs Semdeg klinikur gamovlinebebs: eqstrapiramiduli   

sindromi (parkinsonis msgavsi sindromi), mwvave distoniuri reaqcia, 

akaTizia (mousvenroba mudmivi moZraobisaken swrafviT), mogvianebiTi 

diskinezia, hiperprolaqtinemia [144, 183, 202].  

pacientebisaTvis yvelaze Semawuxebel gverdiT efeqtebs miekuTvneba 

eqstrapiramiduli movlenebi, sedacia, wonis mateba, ereqciuli 

disfunqcia da eakulaciis darRvevebi. klozapinis, olanzapinis da 

qvetiapinisTvis gansakuTrebiT damaxasiaTebelia wonis mniSvnelovnad 

mateba, dislipidemia da hiperglikemia [142, 158].  

sagangaSoa gul-sisxZarRvTa daavadebebiT gamowveuli sikvdilianoba 

Sizofreniis mqone pacientebSi atipiuri preparatebis gamoyenebisas. 

atipiuri saSualebebis gamoyenebisas pacientebSi arsebobs krunCxvebis 

provocirebis riski, romelic yvelaze maRalia klozapiniT da yvelaze 

dabalia risperidoniT mkurnalobisas [43, 109].  

klozapinma SesaZloa gamoiwvios neitropeniis da agranulocitozis 

provocireba, Sesabamisad mkurnalobisas saWiroa leikocitebis 

rutinuli monitoringi. aseve dadgenilia, rom izrdeba gardacvalebis 

riski meore Taobis antifsiqozuri saSualebebis gamoyenebisas demenciis 

problemis mqone xandazmul pacientebSi [131, 135, 157].  

 

 

sxva medikamentebTan urTierTqmedeba 

 

meore Taobis antifsiqozuri medikamentebi sifrTxiliT miiReba 

centralur nervul sistemaze moqmed sxva preparatebTan erTad. RviZlis 

fermentebis induqtorebis gamoyenebisas mosalodnelia qvetiapinis 

klirensis zrda, xolo ferment citoqrom P450 3A inhibitorebis 

gamoyenebis SemTxevevaSi preparatis klirensis kleba. SesaZloa 
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gaZlierdes antihipertenziuli saSualebebis efeqti. klozapins SeuZlia 

alkoholis da mao-s inhibitorebis  centraluri moqmedebis gaZliereba 

[6, 160].  

atipiurma antifsiqozurma saSualebebma SesaZloa zegavlena moaxdinon 

narkotikuli da fsiqotropuli preparatebis gamovlenis mizniT 

Catarebul Sardis analizze, cru dadebiTi Sedegis gamovleniT. 

monacemebis mixedviT imunofermentuli meTodiT SardSi metadonis an 

tricikluri antidepresantebis gamovlenis mizniT Catarebul kvlevebSi 

dafiqsirda cru dadebiTi Sedegi pacientebSi, romlebic Rebulobdnen 

qvetiapins [74, 179]. 
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2.4 olanzapinis, risperidonis, qvetiapinis da klozapinis daxasiaTeba 

 

olanzapini 

  

olanzapini warmoadgens Tienobenzodiazepinis nawarm atipiur 

antifsiqozur saSualebas. qimiuri dasaxeleba aris 2-meTil-4-(4-

meTilpiperazin-1-il)-10H-Tieno [2,3-b] [1,5] benzodiazepini. molekuluri 

formula aris C17H20N4S, romelic Seesabameba molekulur masas 312.44. 

olanzapinis sturqturuli formula mocemulia suraTze 1. olanzapini 

aris yviTeli kristaluri nivTiereba, romelic ixsneba diqlormeTanSi, 

qloroformSi, acetonSi, n-propanolSi, 2-buTanolSi da acetonitrilSi, 

mcired ixsneba meTanolSi da eTanolSi, praqtikulad ar ixsneba 

wyalSi[63]. 

 

 

 

suraTi 1: olanzapinis struqtura 

 

farmacevtulma kompaniam Eli Lilly and Company olanzapini SeimuSava 1996 

wels da moaxdina medikamentis saafTiaqo qselSi gaSveba savaWro 

dasaxelebiT zipreqsa, romelic gankuTvnili iyo Sizofreniis 

samkurnalod. 2011 wels preparati gaxda generiuli. 2008 wels zipreqsas 

gayidvebi Seadgenda 2.2 miliard dolars aSS-Si da 4.7 miliard dolars 

msoflios masStabiT [61]. olanzapinis Semcveli preparatebi saqarTvelos 

farmacevtul bazarze warmodgenilia mravali safirmo saxelwodebiT: 

reqsepi (Abdi Ibrahim, TurqeTi), olzpi (GM Pharmaceuticals Ltd, saqarvelo), 

Egolanza® EGIS Pharmaceuticals, ungreTi), olanklaini (GlaxoSmithKline), ozapeqsi 

(Pharmathen S.A , saberZneTi), jamSi 32 preparatis odenobiT (suraTi 2, 3)[11]. 
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suraTi 2: olanzapinis tabletebi 

 

 

suraTi 3: olanzapinis wamlis formebi 

 

 

moqmedebis meqanizmi 

 

olanzapins axasiaTebs mTel rig receptorul sistemaze farTo 

farmakologiuri moqmedeba, maRali afinurobiT ukavSirdeba Semdeg 

receptorebs: serotoninis 5HT2A/2C, 5HT6 (Ki=4, 11 da 5 nM, Sesabamisad), 5HT3 

(Ki=57 nM), muskarinis M1-5 (K=73, 96, 132, 32, da 48 nM, Sesabamisad), dofaminis 

D1-4 (Ki=11-31 nM), histaminis H1 (Ki=7 nM) da α1 adrenerguli receptorebs 

(Ki=19 nM). olanzapini sustad ukavSirdeba GABAA, BZD da β-adrenergul 

receptorebs (K>10 µM). dofaminis da 5HT2-is garda sxva receptorebis 

antagonizmi gansazRvravs olanzapinis garkveul Terapiul da gverdiT 

efeqtebs. olanzapinis mier H1 histaminuri receptorebis antagonizmi 

ganapirobebs preparatis miRebis periodSi dafiqsirebul sedacias [10].  

 

farmakokinetika 

 

monoTerapiis dros peroralurad miRebisas olanzapini kargad Seiwoveba 

da maqsimaluri koncentracia miiRweva dozis miRebidan daaxloebiT 6 

saaTSi. axasiaTebs ,,pirveli gavlis’’ efeqti da dozis daaxloebiT 40% 

metabolizdeba sistemur sisxlis mimoqcevaSi moxvedramde. olanzapinis 
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mTavar metabolur gzas warmoadgens pirdapiri glukuronizcia da 

citoqrom P450-iT (CYP) daJangva  (suraTi 4). CYP2D6-iT daJangva naklebad 

mniSvnelovani metaboluri gzaa, radgan olanzapinis klirensi ar 

mcirdeba iseT subieqtebSi, romelTac aReniSnebaT mocemuli fermentis 

nakleboba [53, 85]. 

sakvebi ar axdens gavlenas olanzapinis Sewovis siCqareze an 

moculobaze. olanzapinis dReSi erTjeradi miRebisas wonasworuli 

koncentracia miiRweva 1 kviraSi, rac daaxloebiT orjer aWarbebs 

erTjeradi dozis miRebisas dafiqsirebul koncentracias. [139, 182]. 

olanzapini kargad nawildeba organizmSi, ganawilebis moculoba 

Seadgens daaxloebiT 1000 l/s. 93% ukavSirdeba plazmis cilebs, 

ZiriTadad albumins da alfa-mJava glikoproteins 7-1100 ng/ml 

koncentraciis SemTxvevaSi [103]. 

 

 

suraTi 4: olanzapinis metabolizmis sqema 
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daniSnuleba da dozireba 

 

olanzapini naCvenebia Sizofreniis, pirveli tipis bipolarul 

aSlilobasTan dakavSirebuli mwvave maniakaluri an Sereuli epizodebis 

intensiuri mkurnalobisaTvis da pirveli tipis bipolaruli aSlilobis 

SemanarCunebeli TerapiisaTvis. Sizofreniis an pirveli tipis 

bipolaruli aSlilobis mqone pediatriul pacientebSi preparati miiReba 

mxolod sruli diagnostikuri Sefasebis Semdeg da mosalodneli 

riskebis gaTvaliswinebiT. pirveli tipis bipolarul aSlilobasTan 

dakavSirebuli maniakaluri an Sereuli epidozebis mkurnalobisas 

damatebiTi saSualebis saxiT miiReba valproatTan an liTiumis 

preparatebTan erTad. olanzapini gamoiyeneba SizofreniasTan an pirveli 

tipis bipolarul maniasTan dakavSirebuli Zlieri SfoTvis, depresiuli 

epizodebis samkurnalod, aseve rezistentuli depresiis dros. 

olanzapinis peroraluri doza aris 2.5-5 mg dReSi erTjer daavadebis 

simwvavis mixedviT [162]. 

 

gverdiTi efeqtebi 

 

olanzapiniT mkurnalobas ukavSirdeba Semdegi gverdiTi efeqtebi: 

Tavbrusxveva, akaTizia, posturaluri hipotenzia, Zilianoba, aRelveba, 

wonis mateba. aseve gamovlenilia plazmaSi prolaqtinis koncentraciis 

gamoxatuli mateba, romelic umetes SemTxvevaSi olanzapinis moxsnis 

gareSe ubrundeba normas. SesaZloa ganviTardes piris simSrale, yabzoba. 

iSviaTad vlindeba usimptomod mimdinare RviZlis transaminazebis mateba, 

erTeul SemTxvevaSi glukozis donis zrda an eozinofilia [8, 121, 193]. 

 

toqsikologia 

 

olanzapinis gamoyenebisas dafiqsirebulia hiperglikemiis,  

ketoacidozis da gardacvalebis SemTxvevebi. olanzapinis erTjeradi 

doza 10 mg toqsiuria 12 wlamde bavSvebisTvis, xolo 25 mg mozardebSi 12 

wlis zemoT. maRalia gardacvalebis riski xandazmul pacientebSi 

demenciasTan dakavSirebuli fsiqoziT, romlebic mkurnaloben 

olanzapiniT. placebo kontrolirebadi kvlevebis mixedviT 1.7 jer meti 
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iyo gardacvalebis faqtebi pacientebSi, romlebic mkurnalobdnen 

olanzapiniT vidre placebo jgufSi [167, 55].  

aSS-s mowamvlebis monacemTa erovnuli sistemis mixedviT (National Poison 

Data System) 2010 wels dafiqsirebulia olanzapiniT gardacvalebis 445 

faqti [34]. kvlevebis mixedviT, romelic Catarebuli iyo aSS-s usafrTxo 

samkurnalo praqtikis institutis mier (Institute for Safe Medication Practices, 

USA) 8 wlis ganmavlobaSi dafiqsirda 4110 seriozuli gverdiTi efeqti 

da 1001 sikvdilis SemTxveva, romelic gamowveuli iyo onalzapinis 

gamoyenebis Sedegad [162, 165]. 

 

 

risperidoni 

  

risperidoni warmoadgens benzoqsazolis nawarm nivTierebas. qimiuri 

dasaxeleba aris 3-[2-[4-(6-ftor - 1,2-benzizoqsazol-3-il)piperidin-1-il] 

eTil]-2-meTil-6,7,8,9-tetrahidro-4H-pirido[1,2-a] pirimidin-4-oni. misi 

molekuluri formulaa C23H27FN4O2, molekuluri masa 410.48. 

struqturuli formula mocemulia #5 suraTze. risperidoni aris TeTri 

feris fxvnili, praqtikulad uxsnadia wyalSi, ixsneba meTilenqloridSi, 

meTanolSi, 0.1 N qlorwyalbadmJavaSi [64]. 

risperidonis Semcveli preparati pirvelad SemuSavebuli iqna Janssen 

Pharmaceutica –s mier. aSS-s sakvebisa da medikamentebis administraciam 1994 

wels daaregistrira Sizofreniis, xolo mogvianebiT ki bipolaruli 

maniis samkurnalod [191]. 

 

 

suraTi 5: risperidonis struqturuli formula 
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risperidoni saqarTveloSi iwarmoeba sedareqsis (GM Pharmaceuticals) 

saxelwodebiT. aseve saqarTveloSi registrirebulia sxvadasxva 

medikamentebi risperidonis SecvelobiT, maT Soris aris: rispoluqsi 

(Lek, slovenia), APO-risperidoni (Apotex, kanada), rostalept-rota 

(Biofarma, TurqeTi), saerTo jamSi 25 pozicia, suraTi 6, 7 [11]. 

 

 

suraTi 6: risperidonis tabletebi 

 

 

suraTi 7: risperidonis wamlis formebi 

 

moqmedebis meqanizmi 

 

risperidons sxva ZiriTadi atipiuri saSualebebisagan gansxvavebiT 

gaaCnia maRali afinuroba (Ki 0.12-7.3nM) 5HT2, D2, α1 da α2 adrenerguli da 

H1 histaminuri receptorebis mimarT. preparats axasiaTebs “Zlieri 

SekavSireba” da Sesabamisad ufro metia eqstrapiramiduli simptomebis 

ganviTarebis albaToba maRali dozebis miRebisas vidre sxva 

saSualebebis SemTxvevaSi, romelTac axasiaTebT “susti SekavSireba’’. 

preparatis Terapiuli moqmedeba Sizofreniis dros miiRweva dofaminis 2 

tipis (D2) da serotoninis 2 tipis  (5HT2) receptorebis antagonizmiT. 

klinikuri efeqti ganpirobebulia risperidonisa da misi mTavari 

metabolitis, 9-hidroqsirisperidonis kombinirebuli koncentraciebiT. 
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risperidons gaaCnia zomieri afinuroba (Ki 47-253nM) serotoninis 5HT1C, 

5HT1D da 5HT1A receptorebis mimarT. igi susti afinurobiT (Ki 620-800nM) 

ukavSirdeba dofaminis D1 receptorebs da haloperidolis mimarT 

mgrZnobiare SekavSirebis adgilebs. ar axasiaTebs afinuroba  M 

qolinerguli an β1 da β2 adrenerguli receptorebis mimarT [15, 83].  

 

 

farmakokinetika 

 

Sewova 

risperidoni kargad Seiwoveba. peroralurad miRebis Semdeg, absoluturi 

bioSeRwevadoba Seadgens 70%-s (CV=25%). xsnaris an tabletis 

peroralurad miRebis Semdeg plazmaSi risperidonis saSualo 

maqsimaluri koncentracia fiqsirdeba 1 saaTSi. 9-hidroqsirisperidoni 

maqsimalur koncentracias aRwevs daaxloebiT 3 saaTSi Zlieri 

metabolizmis mqone pirebSi da 17 saaTSi susti metabolizmis mqone 

pirebSi. risperidonis wonasworuli koncentracia miiRweva 1 dReSi 

Zlieri metabolizmis mqone pirebSi da daaxloebiT 5 dReSi susti 

metabolizmis mqone pirebSi. 9-hidroqsirisperidonis wonasworuli 

koncentracia miiRweva 5-6 dReSi (Zlieri metabolizmis mqone pirebSi). 

sakvebi ar axdens gavlenas risperidonis Sewovis siCqareze [170, 171]. 

ganawileba 

risperidoni swrafad nawildeba, ganawilebis moculoba Seadgens 1-2l/kg. 

plazmaSi risperidoni ukavSirdeba cilas da α1-mJava glikoproteins. 

risperidonis SekavSireba plazmis cilebTan Seadgens 90%-s, xolo misi 

mTavari metabolitis 9-hidroqsirisperidonis SemTxvevaSi ki 77%-s [82, 

192] 

metabolizmi 

risperidoni aqtiurad metabolizdeba RviZlSi. mTavar metabolur gzas 

warmoadgens risperidonis 9-hidroqsirisperidonad hidroqsilizacia 

fermenti CYP2D6 meSveobiT. meorexarisxovani metaboluri gza aris N-

dezalkilireba (suraTi 8). mTavar metabolits 9-hidroqsirisperidons 

gaaCnia risperidonis msgavsi farmakologiuri moqmedeba.  

risperidons axasiaTebs preparatebTan urTierTqmedebis ori tipi. 

pirveli, CYP2D6 inhibitorebi xels uSlian risperidonis 9-
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hidroqsirisperidonad gardaqmnas. meore, fermentis mainducirebel 

saSualebebTan (mag: karbamazepini, fenitoini, rifampicini da 

fenobarbitali) erTad risperidonis gamoyenebisas SesaZloa aRiniSnos 

risperidonis da 9-hidroqsirisperidonis kombinirebuli plazmuri 

koncentraciis Semcireba. aseve risperidonma SesaZloa Seaferxos sxva 

preparatebis metabolizmi, romlebic metabolizdebian CYP2D6-iT [97, 153,  

172].  

gamoyofa 

risperidoni da misi metabolitebi gamoiyofian SardiT da SedarebiT 

naklebi moculobiT fekaliebiT. risperidonis naxevar-gamoyofis periodi 

aris 3sT (CV=30%) Zlieri metabolizmis mqone pirebSi da 20sT (CV=40%) 

susti metabolizmis mqone pirebSi. 9-hidroqsirisperidonis naxevar-

gamoyofis periodi Seadgens daaxloebiT 21 saaTs (CV=20%) Zlieri 

metabolizmis mqone pirebSi da 30 saaTs (CV=25%) susti metabolizmis 

mqone pirebSi [93, 159]. 

  

 

 

 

suraTi 8: risperidonis metabolizmis sqema 
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dozireba 

 

risperidoni iwarmoeba 0.5 mg, 1 mg, 2 mg, 3 mg da 4 mg tabletebis, aseve 

peroraluri suspenziis, piris RruSi xsnadi tabletebis da xangrZliv 

moqmedi saineqcio saSualebis saxiT. gaxangrZlivebuli moqmedebis 

wamlis forma Sedgeba risperidonis Semcveli polimeruli 

mikrogranulebisagan, romelic ineqciis win ixsneba wylian gamxsnelebSi. 

medikamentis saineqcio formas aqvs fiqsirebuli dozebi 25 mg, 37.5 mg da 

50 mg. ineqciis Seyvanis Semdeg mikrogranulebi risperidonis 

gamoTavisuflebas iwyeben 3-4 kviraSi da koncentracia narCundeba 

daaxloebiT 4 kvira. 

rekomendebuli dRiuri dozebi: mozrdilebi  2 mg - 16 mg, mozardebi 0.5 mg- 

6 mg. Tirkmlis an RviZlis mwvave ukmarisobisas mozrdilebSi gamoiyeneba 

minimaluri sawyisi doza 0.5 mg dReSi orjer. 1.5 mg-ze (dReSi orjer) 

zemoT dozis gazrda SesaZlebelia erT kviriani intervaliT [9, 75]. 

 

gverdiTi efeqtebi 

 

klinikur kvlevebSi yvelaze metad (≥5% da orjer meti vidre placebos 

SemTxvevaSi) gamovlinda parkinsonizmis msgavsi movlenebi, akaTizia 

(mousvenroba mudmivi moZraobisaken swrafviT), distonia, kankali, 

sedacia, Tavbrusxveva, aRelveba, mxedvelobis dabindva, gulisreva, 

Rebineba, epigastruli tkivili, diskomforti kuWis areSi, dispefsia, 

faRaraTi, Warbi nerwyvianoba, yabzoba, piris simSrale, madis da wonis 

momateba, daRliloba, gamonayari, zeda sasunTqi gzebis infeqciebi, 

nazofaringiti da xaxa-xorxis tkivili. sxva atipiur antifsiqozuri 

saSualebebis msgavsad, risperidonsac axasiaTebs hiperglikemiis, 

diabeturi ketoacidozis, demenciis fonze ganviTarebuli fsiqozis mqone 

xandazmul pacientebSi sikvdilianobis momatebuli riski [129, 161]. 

 

toqsikologia 

 

literaturis wyaroebSi aRwerilia risperidoniT mwvave mowamvlis 

SemTxveveebi, romlic gamowveulia gverdiTi efeqtebiT, rogoricaa QT 
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intervalis gazrda, avTvisebiani neiroleptiuri sindromi. asve 

fiqsirdeba gardacvalebis SemTxvevebi, romlebic gamowveulia sinusuri 

bradikardiiT da ventrikularuli ariTmiiT. fiqsirdeba mwvave mowamvlis 

SemTxvevebi risperidonis gamoyenebisas suicidis mizniT, romelic 

xSirad mTavrdeba letaluri SedegiT. suicidis SemTxvevebi ZiriTadad 

fiqsirdeba pacientebSi, romlebic mkurnaloben risperidoniT. 

medikamentebis arasistemuri gamoyeneba an moxsna iwvevs daavadebis 

gamwvavebas da TviTmkvlelobis mcdelobas [16, 174, 211].  

aSS sakvebis da medikamentebis administraciis mier, gverdiTi efeqtebis 

angariSis sistemaSi gamoqveynebulia monacemebi 1993-2008 wlebSi 

risperidonis gamoyenebisas gverdiTi efeqtebis da gardacvalebis 

faqtebis Sesaxeb (cxrili 7) [67] 

 

cxrili 7: gverdiTi efeqtebis da gardacvalebis monacemebi risperidonis 

gamoyenebisas 

 

asaki 
 
 
 

seriozuli 
gverdiTi efeqtebi 

 
 

Ggardacvalebis 
SemTxveva 

 
 

pediatriuli 
 

1207 
 

48 
 

mozrdili 
 

11029 2035 
 

ucnobi asaki 

 

2867 530 

yvela asaki 
 

         15103 
 

2613 
 

 

 

 

qvetiapini 

 

qvetiapini (suraTi 9) warmoadgens meore Taobis antifsiqozur 

saSualebas, romelic miekuTvneba dibenzodiazepinis warmoebuls. qimiuri 

formula aris 2-[2-(4-dibenzo [b,f] [1,4] Tiazepin-11-yl-1-piperazinil) etoqsi]-

eTanol. misi molekuluri formulaa C21H25N3O2S molekuluri masa aris 

383.51. wamlis formebis SemadgenlobaSi qvetiapini warmodgenilia 

fumaratis marilis saxiT (suraTi 10), qimiuri formula: bis[2-[2-(4-
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dibenzo [b,f] [1,4] Tiazepin-11-yl]piperazin-1-yl]etoqsi]-eTanol] (2E)-buT-2-

enedioati, molekuluri formulaa C46H54N6O5S2, molekuluri masa 883. 

qvetiapinis fumarati warmoadgens TeTr-mokremisfro kristalur 

fxvnils, romelic zomierad ixsneba wyalSi, eTanolSi da meTanolSi [62].  

qvetiapini SeimuSava kompaniam AstraZeneca 1992-1996 ww, romelic iwarmoeba 

Seroquel®-is saxeliT.Qqvetiapinis tabletebi 1997 wels aSS-s sakvebis da 

medikamentebis saagentos mier daregistrirda Sizofreniis da 

mogvianebiT ki mwvave bipolaruli maniis samkurnalod. saqarTveloSi 

qvetiapini registrirebulia sxvadasxva savaWro saxelwodebiT: ketiapi 

(Polpharma, poloneTi), ketilepti (Egis, ungreTi), qvetiapinis fumarati 

tabletebi (Apotex, kanada), saerTo jamSi 20 pozicia, suraTi 11-12 [11, 160]. 

 

 

 

suraTi 9: qvetiapinis struqturuli formula 

 

 

 

 

 

suraTi 10: qvetiapinis fumaratis struqturuli formula 
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suraTi 11: qvetiapinis tabletebi 

 

 

 

suraTi 12: qvetiapinis wamlis formebi 

 

moqmedebis meqanizmi 

 

qvetiapinis efeqts Sizofreniis, bipolaruli depresiis da maniis 

SemTxvevaSi ganapirobebs dofaminis tipi 2  (D2) da serotoninis tipi 2 

(5HT2) receptorebze kombinirebuli antagonizmi. 

qvetiapini warmoadgens Tavis tvinis sxvadasxva neiroreceptoris 

antagonists: serotoninis 5HT1A da 5HT2 (lC50s=717 da 148nm), dofaminis D1 

da D2 (lC50s=1268 da 329nm), histaminuri H1 (lC50=30nm) a1 da a2 adrenerguli 

receptorebi (lC50s=94 da 271nm). qvetiapins ar axasiaTebs mniSvnelovani 

afinuroba M qolinerguli da benzodiazepinis receptorebis mimarT 

(lC50s>5000nm) [4, 127]. 

 

farmakokinetika 

 

Sewova 

qvetiapinis fumarati swrafad Seiwoveba peroralurad miRebis Semdeg, 

plazmaSi maqsimaluri koncentracia miiRweva 1.5sT-Si [181].  

ganawileba 

qvetiapini kargad nawildeba mTels organizmSi, ganawilebis moculoba  
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Seadgens 10±4l/kg-s. Terapiuli koncentraciis SemTxevaSi 83%-iT 

ukavSirdeba plazmis cilebs. [40]. 

metabolizmi da gamoyofa 

dozis daaxloebiT 73% da 20% gamoiyofa SardSi da fekaliebSi. 

metabolizmis ZiriTadi gza aris sulfodaJangva mJava metabolitad; 

metabolitebi farmakologiurad araaqtiuria (suraTi 13).  

asaki: qvetiapinis peroraluri klirensi mcirdeba 40%-iT xandazmulebSi 

(≥65 weli, n=9) axalgazrdebTan SedarebiT (n=12). sqesis mxriv qvetiapinis 

farmakokinetikaze gavlena ar dafiqsirebula [32, 56]. 

 

suraTi 13: qvetiapinis metabolizmis sqema 

 

dozireba 

qvetiapinis fumarati tabletebis saxiT miiReba 25-800 mg/dReSi, mkurnali 

eqimis mier SerCeuli sqemiT, daavadebis tipis da simZimis Sesabamisad [12]. 

 

gverdiTi efeqtebi 

 

qvetiapins axasiaTebs Semdgi gverdiTi efeqtebi: avTvisebiani 

neiroleptiuri sindromi, mogvianebiTi diskinezia, orTostatuli 

hipotenzia (arteriuli wnevis daweva), arteriuli wnevis aweva, 
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leikocitebis Semcireba, kataraqta, krunCxvebi, prolaqtinis donis 

momateba, RviZlis fermentebis momateba, ylapvis gaZneleba, Zilianoba, 

Tavbrusxveva, sisuste, dispefsia, wonis mateba, piris simSrale [5, 44].  

 

toqsikologia 

 

qvetiapinis gamoyeneba ar aris daSvebuli demenciasTan dakavSirebuli 

fsiqozis samkurnalod xandazmul pacientebSi, radgan arsebobs 

gardacvalebis maRali riski. 10 kviris ganmavlobaSi Catarebulma 

placebo kontrolirebadma kvlevam aCvena, rom 1.6 jer metia 

gardacvalebis riski im  jgufSi, romelSic pacientebi mkurnalobdnen 

qvetiapiniT, vidre placebo jgufSi. asve arsebobs qvetiapiniT 

intoqsikaciis da suicidis SemTxvevebi [92, 151, 163].  

 

       
 

klozapini 

 

klozapini miekuTvneba tricikluri benzodiazepinebis jgufs. qimiuri 

dasaxeleba aris 8-qlor-11-(4-meTilpiperazin-1-yl)-5H-dibenzo[b,e][1,4] 

diazepini. misi molekuluri formulaa C18H19ClN4, molekuluri masa 326,8. 

struqturuli formula mocemulia #14 suraTze. 

 

suraTi 14: klozapinis struqturuli formula 

 

klozapini warmoadgens yviTel, kristalur fxvnils, praqtikulad 

uxsnadia wyalSi, advilad ixsneba meTilenqloridSi, ixsneba eTanolSi, 

meTanolSi da ZmarmJavaSi [38]. saqarTveloSi klozapini registrirebulia 

sxvadasxva savaWro saxelwodebiT: leponeqsi (Novartis, Sveicaria), zopini 

(Psychotropics India, indoeTi), azaleptini (Arpimed, somxeTi), saerTo jamSi 6 

pozicia, suraTi 15-16 [11]. 
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suraTi 15: klozapinis tabletebi 

 

 
 

suraTi 16: klozapinis wamlis formebi 

 

moqmedebis meqanizmi 

 

klozapini gansxvavdeba "klasikuri" antifsiqozuri samkurnalo 

saSualebebisgan. is axdens sust mablokirebel zemoqmedebas dofaminur 

D1, D2-, D3- da D5-receptorebze da aris Zalian Zlieri   D4 receptorebis 

blokatori. garda  amisa,  axasiaTebs gamoxatuli adrenolizuri, 

antiqolinerguli, antihistaminuri da serotoninis sawinaaRmdego 

moqmedeba.  gaaCnia swrafi, gamoxatuli sedaciuri da antifsiqozuri 

efeqti SizofreniiT daavadebul pacientebSi, romlebic rezistentulebi 

arian sxva antifsiqozuri preparatebis mimarT. Sedegad   klozapini 

efeqturia, rogorc Sizofreniis produqtiuli, aseve amovardnis 

simptomebis SemTxvevebSi [6, 126, 137]. 

 

farmakokinetika 

 

klozapinis maqsimaluri plazmuri koncentracia miiRweva preparatis 

peroraluri miRebidan daaxloebiT 2 saaTSi. igi metabolizdeba 
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ZiriTadad RviZlis mikrosomuli fermentebiT CYP1A2 da SedarebiT 

naklebad 3A4 da 2D6-iT, saSualo naxevar-gamoyofis periodi Seadgens 

erTjeradi dozis miRebidan 8 saaTs da ganmeorebiTi dozis miRebidan 12 

saaTs. aqtiuri metaboliti aris norklozapini (suraTi 17).  

sisxlSi klozapinis koncentracias mniSvnelovnad amcirebs Tambaqos 

moxmareba da RviZlis fermentebis sxvadasxva induqtorebi (maT Soris 

fenitoini da rifampicini), xolo matebas iwvevs CYP 1A2 da 3A4 

inhibitorebi (mag: fluvoqsamini da eriTromicini). zogierTi SemTxvevaSi, 

Tambaqos moxmarebis Sewyvetis Semdeg SesaZloa aRiniSnos sisxlSi 

klozapinis koncentraciis gaormageba sedaciis da sxva gverdiTi 

efeqtebis gauaresebiT [3, 78, 166]. 

 
suraTi 17: klozapinis metabolizmis sqema 

 

dozireba 

 

preparatis dozebs eqimi arCevs individualurad.  TiToeul pacients 

unda daeniSnos minimaluri efeqturi doza. hipertenziis, krunCxvebis da 

sedaciuri efeqtis riskebis SemcirebisaTvis aucilebelia danawevrebuli 

dozireba. doza SeiZleba meryeobdes 12.5 mg - 900 mg dRe-RameSi. 

avadmyofebis umravlesobisTvis preparatis antifsiqozuri efeqtis 

misaRwevad SesaZloa saWiro gaxdes sadReRamiso  dozis 300 - 450 mg 

ramodenime etapad miReba. zogierTi pacientisaTvis SesaZloa efeqturi 

aRmoCndes  ufro  dabali  dozebi,  zogierTs ki  sWirdebaT  dozebi  

600  mg-mde  dRe-RameSi. dozis  Semcireba unda moxdes etapobrivad. 

SemanarCunebeli mkurnaloba unda Catardes aranakleb 6 Tve. sadReRamiso  

doza SeiZleba ganawildes ramodenime araTanabr miRebad. umjobesia 
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dozis didi nawilis daniSvna Zilis win. aucilebelia cvlilebis 

moxdena klozapinTan dozirebis sqemaSi Tu pacientebi iyeneben 

preparatebs,  rogoricaa benzodiazepinebi  an serotoninis ukuSeboWvis 

seleqtiuri inhibitorebi [17, 21, 24, 37, 25].  

 

gverdiTi efeqtebi 

 

klozapinTan dakavSirebul, yvelaze seriozul gverdiT efeqts 

warmoadgens agranulocitozi, krunCxvebi, gul-sisxlZarRvTa sistemis 

garTulebebi, cieb-cxeleba, Zilianoba/sedaciuri efeqti, Tavbrusxveva, 

taqikardia, yabzoba da hipersalivacia [6, 157]. 

 

toqsikologia 

 

xSirad klozapiniT mkurnalobisas mosalodnelia potenciurad 

seriozuli gverdiTi efeqtebi (mag: agranulocitozi, krunCxvebi) da 

Sesabamisad preparatis daniSvnisas yuradRebiT unda Sefasdes 

mosalodneli riski da sargebeli. fineTSi 2 Tviani periodis 

ganmavlobaSi dafiqsirda sisxlis maCveneblebTan dakavSirebuli mwvave 

darRvevebis 18 SemTxveva (9 fataluri). agranulocitozs ukavSirdeboda 

sikvdilis 8 SemTxveva, xolo mecxre savaraudod gamowveuli iyo 

leikemiiT. klozapinis gamoyenebisas miokarditi aris mniSvnelovani 

gverdiTi efeqti. klozapiniT mkurnalobisas fiqsirdeba pacientebis 

sunTqvis ukmarisobiT gamowveuli gardacvalebis SemTxvevebi. kvlevaSi 

klozapiniT mkurnalobisas 503 pacientidan dafiqsirda 29 fataluri 

SemTxveva [23, 48, 57]. 

zogierT qveyanaSi klozapini Setanilia fsiqotropuli da narkotikuli 

saSualebebis specialur siaSi, radganac xSiria klozapiniT 

kriminaluri mowamvlis faqtebi. magaliTisTvis, ruseTis federaciaSi 

klozapiniT kriminaluri mowamvla aris pirvel adgilze, yvela sxva 

saSualebas Soris. 2003-2006 wlis monacemebiT kriminaluri mowamvlebis 

99.7%-Si gamoiyeneboda klozapini. aRniSnuli faqtebis statistika 

mzardia, romelic 20-jer gaizarda wina wlebTan SedarebiT [108, 112, 18].  
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2.5 qimiur-toqsikologiur analizSi gamoyenebuli  

eqstraqciis meTodebi 

 

qimiur-toqsikologiuri analizis dros gansakuTrebuli mniSvneloba 

eniWeba biologiuri obieqtebidan (sisxli, Sardi, plazma) da sxvadasxva 

saganmatareblebidan (carieli blisteri, kolofi, flakoni, anawmendi) 

izolirebis meTodebis SemuSavebaს. vinaidan, sakvlevi nivTierebis 

eqstraqcia xdeba rTuli Semadgenlobis sxavadsxva biologiuri 

matricebidan da obieqtebidan, miRebuli gamonawvlili unda iyos 

maqsimalurad gasufTavebuli, rom ar moxdes sakvlevi nivTierebis 

minoruli raodenobis gadafarva matricaSi arsebuli sxvadasxva 

minarevebiT. izolirebis pirobebis SerCevisas gasaTvaliswinebelia 

sakvlevi nivTierebis da minarevebis raodenobrivi Tanafardoba [1, 138]. 

qimiur-toqsikologiuri analizis dros sakvlevi nivTierebebis 

izolirebisaTvis ZiriTadad gamoiyeneba siTxe-siTxe da myarfazuri 

eqstraqcia. 

 

 

2.5.1 siTxe-siTxe eqstraqcia 

 

siTxe-siTxe eqstraqcia emyareba sakvlev nivTierebaTa sxvadasxvagavr 

xsnadobas or Seurevad fazaSi, romelTagan erTi saanalizo matricaa, 

meore ki SerCeuli organuli gamxsneli. siTxe-siTxe eqstraqcia 

izolirebis erT-erTi yvelaze Zveli meTodia, romelic efuZneba 

gansacalkevebeli komponentebis gansxvavebulad ganawilebas or siTxur 

fazas Soris. eqstragirebis dros siTxeebi ar unda Seerios an 

SesaZlebelia nawilobriv Seerios erTmaneTs. eqstraqciis dros adgili 

rom ar qondes dispersias siTxeebs unda hqondeT urTierTgansxvavebuli 

simkvriveebi. siTxe-siTxis eqstraqcia warmoadgens upirates meTods, 

rodesac distilacia araefeqturia. izolirebis procesi varirebs 

martivi, erT etapiani eqstraqciidan rTul, ramodenime etapian 

eqstraqciamde [49, 119, 164].  

gamxsnelis SerCeva 

eqstraqcia efuZneba naerTebis fizikur da qimiur Tvisebebs. siTxe-siTxe 

eqstraqciis procesSi gamoyenebuli gamxsnelebi ise unda iyos SerCeuli, 

rom nivTiereba maqsimalurad gadavides gamxsnelSi. igi ar unda iyos 
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saeqstraqcio siTxesTan Serevadi da unda hqondes maRali afinuroba 

Txevadi nivTierebis molekulebisadmi. 

siTxe-siTxis eqstraqciisaTvis idealur gamxsneli unda akmayofilebdes 

Semdegi moTxovnebs: 

 warmoadgendes karg gamxsnels saanalizo nivTierebisaTvis. 

 mniSvnelovanad gansxvavebuli simkvrive xsnarTan SedarebiT. 

 rezistentuloba Termuli degradaciis mimarT; 

 indiferentuloba eqstraqciis procesSi monawile nivTierebebTan. 

 duRilis maRali temperatura. 

 dabali siblante. 

 naklebad toqsikuri. 

 regeneraciis unari. 

 araaalebadi. 

 ar unda axasiaTebdes koroziuli moqmedeba procesis dros 

gamoyenebul aRWurvilobaze. 

 dabali fasi. 

 naklebad iwvevdnen garemoze ekologiuri TvalsazrisiT uryofiT 

zegavlenas. 

 fazebs Soris gansaxvavebuli zedapiruli daWimuloba. 

gasaTvalswinebelia, rom xSir SemTxvevaSi eqstragents ar gaaCnia 

gamxsnelisaTvis damaxasiaTebebli idealuri kriteriumebi, Sesabamisad 

saWiroa konkretuli SemTxvevisaTvis SerCeuli iqnes optimaluri 

gamxsneli [2, 50, 114, 124, 143, 199].  

siTxe-siTxe eqstaqciisaTvis mowodebulia Semdegi organuli gamxsnelebi 

tetrabuTil meTilis eTeri, diqlormeTani, qloroformi, etilacetati, 

heqsani,  meTanoli,  N-heptani, izoamilis spirti da sxva [58, 116]. 
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2.5.2 myarfazuri eqstraqcia 

 

myarfazuri eqstraqcia warmoadgens izolirebis process, romelis 

drosac xdeba saanalizo nimuSis gasufTaveba da winaswari 

koncentrireba. meTodi dafuZnebulia sorbciis an ioncvliTi procesebis 

gavleniT samizne nivTierebis ganawilebaze myar sorbentsa da Txevad 

moZrav fazas Soris [215].  

ukanaskneli 20 wlis ganmavlobaSi, saanalizo nimuSis momzadebisas 

myarfazuri eqstraqcia gaxda yvelaze efeqturi meTodi sakvlevi 

nivTierebis swrafi da mizanmimarTuli  izolirebisaTvis. myarfazuri 

eqstraqcia uzrunvelyofs  Tvisobriv-raodenobrivi analizis efeqturad 

Catarebas da qromatografirebis aparaturis xangrZliv eqspluatacias. 

aseve siTxe-siTxe eqstraqciasTan SedarebiT myarfazuri eqstracia 

gamoirCeva rigi upiratesobiT, rogoricaa fazaTa sruli dayofa,  

eqstragentis mcire moculoba, seleqciuroba, eqspresuloba, sanalizo 

nimuSis mcire moculoba. 

myarfazuri eqstraqcia ZiriTadad efeqturia araaqroladi da naklebad 

aqroladi Txevadi saanalizo nivTierebebis da gaxsnil mdgomareobaSi 

myofi myari saanalizo nivTierebis izolirebisaTvis [196, 210, 216].  

arCeven Semdegi saxis myarfazur eqstraqciebs:  

 reversuli - dafuZnebulia polaruli matricis (saanalizo 

nimuSis) da arapolaruli myari fazis urTierTqmedebaze. 

 normaluri - dafuZnebulia polaruli matricis da arapolaruli 

modificirebuli myari fazis urTierTqmedebaze. 

 ioncvliTi – dafuZnebulia  nivTierebis (sakvlevi obieqti) da 

absorbentis damuxtuli jgufebis eleqtrostatikur mizidulobaze.  

 absorbirebadi – sakvlevi nivTierebebisa da aramodificirebuli 

myar fazis urTierTqmedebaze [42, 150].  

M 

myarfazuri eqstraqcia ZiriTadad Sedgeba xuTi etapisagan, ixileT 

suraTi 18. 
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suraTi 18: myarfazuri eqstraqciis etapebi 

 

myarfazuri eqstraqciisaTvis gamoiyeneba sxvadasxva tipis sorbenti 

(kartrijebi), rogorica aris LC-18, LC-8, ENVI-8, LC-4, LC-Ph, HisepTM, LC-CN, 

LC-Diol, LC-NH2, LC-SAX, LC-SCX da sxva. sorbenti winaswari SerCeva xdeba 

imis mixedviT, Tu ra tipis saanalizo nivTiereba aris eqstragirebis 

obieqti [190]. 
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2.6 qromatomasspeqtrometruli analizis meTodebis mniSvneloba  

qimiur-toqsikologiur eqspertizaSi 

 

qimiur-toqsikologiuri eqspertizis ZiriTadi mizania medikamentebis an 

momwamvleli nivTierebebis arsebobis gamovlena da am nivTierebis 

raodenobrivi gansazRvra sxvadasxva biologiur obieqtebSi da 

saganmatarebelze. analizis Sesasruleblad gamoiyeneba sxvadasxva 

skrining meTodebi, magaram Sedegebis dasadastureblad da raodenobrivi 

gansazRvris maRali sandoobisTvis farTod aris gamoyenebuli 

masspeqtrometria [7, 54].  

masspeqtrometria speqtraluri meTodia, romliTac SesaZlebelia 

gamosakvlevi  nivTierebis molekulis da misi fragmentebis masuri 

ricxvis da molekulis qimiuri struqturis gansazRvra. mas-speqtrze 

miRebuli piki asaxavs mTliani molekulis da misi fragmentebis an 

ionebis masas. masspeqtrometria SesaZlebelia gamoyenebuli iyos rogorc 

gancalkevebiT, aseve siTxur an gazur qromatografiasTan tandemSi. 

masspeqtrometriis danergva  sasamarTlo qiumiur eqspertizaSi  iyo 

revoluciuri nabiji, romelmac gadaWra bevri, am dargSi dasaxuli 

problemebi da amocanebi [14, 41]. 

vinaidan sasamarTlo qimiuri eqspertizis SemTxvevaSi sakvlevi 

obieqtebis warmoadgens rTul kompleqsur matricas, mniSvnelovania 

sakvlevi nivTierebebis efeqturi dayofa, risTvisac gamoiyeneba siTxuri 

an gazuri qromatografia. qromatografirebis dros dayofa efuZneba 

nivTierebis SedarebiT xsnadobas moZrav da myar fazaSi. 

qromatografirebis dros SesaZloa gamoyenebuli iyos sxvadasxva tipis 

deteqtori, magram masspeqtrometriT deteqtirebas gaaCnia maRali 

specifiuroba da seleqciuroba. gazur qromatografia masspeqtrometriiT 

(GC/MS) warmoadgens damadasturebeli analizis upirates meTods, xolo 

siTxuri qromatografia masspeqtrometriiT (LC/MS) gansakuTrebiT 

mniSvnelovania sakvlevi nivTierebis raodenobrivi gansazRvrisaTvis.  

sasamarTlo eqspertizis da klinikur laboratoriebSi gazuri 

qromatografia masspeqtrometria simartivis, sizustis, mgrZnobelobis da 

universalobis gamo warmoadgens  damadasturebeli kvlevebis “oqros 

standarts” [52, 152]. 
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sxvadasxva tipis laboratoriebSi gazuri qromatografia 

masspeqtrometruli (GC/MS) meTodis gamoyenebis  ramodenime mizezi 

arsebobs, rogoric aris eleqtronuli ionizacia (EI), romelic iZleva 

struqturul informacias sakvlev nivTierebaze. aseve arsebobs Ziebis 

funqciis mqone speqtraluri biblioTeka, romlis saSualebiTac 

SesaZlebelia sakvlevi nivTierebebis identifikacia. Tumca GC/MS-is 

gamoyeneba polaruli da Termolabiluri sakvlevi masalis 

analizisaTvis garkveulwilad SezRudulia, aseve saWiroa derivatizacia 

nimuSis aqrolebis xarisxis gazrdis mizniT [27].  

siTxuri qromatografia masspeqtrometria (LC/MS) SesaZlebelia 

gamoviyenoT rogorc damadasturebeli analizisaTvis, asve sakvlevi 

nivTierebis raodenobrivi gansazRvrisaTvis. ar aris saWiro 

derivatizacia, rac amartivebs nimuSis momzadebas. sakvlevi masala 

SeiZleba moicavdes sxvadasxva nivTierebebis polarul aqtiur 

metabolitebs. aseve SesaZlebelia saanalizo obieqtis gayinva Senaxvis 

mizniT da mis Semdgomi gamoyeneba analizisaTvis, rac naklebad misaRebia 

gazuri qromatografia masspeqtrometriisaTvis. siTxuri qromatografis 

saSualebiT SesaZlebelia mravali iseTi naerTis analizi, romelTa 

Seswavla ver xdeba gazuri qromatografis meSveobiT [195, 217].  

sasamarTlo toqsikologiuri analizis dros damadasturebeli meTodis 

saxiT rekomendebulia mas speqtrometriis (MS) gamoyeneba, radgan MS 

gansazRvravs rogorc molekulur masas, aseve iZleva sakvlevi 

nivTierebis  struqturul informacias. masspeqtrometriis mTavari 

principi aris sxvadasxva ionizaciis wyaros saSualebiT ionebis 

warmoqmna, aRniSnuli ionebis diferencireba masis da muxtis 

Tanafardobis Sesabamisad da maTi saboloo deteqtireba. zogadad 

masspeqtrometriaSi arsebobs ionizaciis ori tipi, “Zlieri” da “rbili” 

ionizacia. “Zlieri” ionizaciis SemTxvevaSi warmoiqmneba ionizirebuli 

molekulebi, romlebic midrekilni arian fragmentaciisadmi, xolo 

“rbili” ionizaciis dros ki mcirdeba es midrekileba. eleqtronuli 

ionizacia (“Zlieri” ionizacia), ZiriTadad gamoiyeneba GC/MS-is 

SemTxvevaSi. eleqtronuli ionizaciis (EI) dros warmoqmnili damuxtuli 

fragmentebi iZlevian struqturul informacias, radgan maT jamuri masa 

damaxasiaTebelia sawyisi saanalizo molekulisTvis. qimiuri ionizacia 
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(CI), “rbili” ionizaciis meTodi ufro efeqturad gansazRvravs 

molekulis masas [28, 46, 87, 175].  

LC/MS-Si yvelaze xSirad gamoiyeneba eleqtronebis gafrqveviT ionizacia 

(ESI), romelsac ewodebaT “rbili” ionizaciis meTodi. eleqtronebis 

gafrqveviT ionizaciis SemTxvevaSi siTxis gafrqveva xdeba kapilaruli 

milidan, romelsac damuxtuli wveTebis nakadis warmosaqmnelad 

miewodeba maRali Zabva. qimiuri ionizaciis SemTxvevaSi siTxe gaivlis 

gacxelebul milSi, orTqldeba da warmoqmnis molekulebs gazur 

mdgomareobaSi, romelTa ionizacia xdeba eleqtronebiT. rodesac 

ganixileba Tu ra formis ionizaciis gamoyenebaa saWiro 

gaTvaliswinebuli unda iyos rogorc samizne nivTierebis molekuluri 

masa, aseve misi polaroba. eleqtronebis gafrqveviT ionizaciis 

gamoyeneba mizanSewonilia SedarebiT didi polaruli molekulebis 

fragmentaciisTvis, xolo qiumiuri ionizacia ZiriTadad gamoiyeneba 

mcire masis polaruli molekulebis ionizaciisaTvis. ionizaciis dros 

SesaZlebelia warmoiqmnas dadebiTad an uayofiTad damuxtuli ionebi[88,  

94, 122, 214].  

vinaidan siTxuri qromatorafia masspqtrometriis dros gamoiyeneba 

“rbili” ionizacia masspeqtri standartulad Sedgeba mxolod 

protonirebuli molekuluri ionisagan [M+H]+. zedmetma fragmentaciam 

SesaZloa gamoiwvios mgrZnobelobis daqveiTeba molekuluri ionis 

[M+H]+-is SemcirebiT. aseve aRmoCnda, rom erTi da igive Zabvis pirobebSi 

fragmentaciis xarisxi SesaZloa cvalebadi iyos moZravi fazis 

sxvadasxva seriebisaTvis. Sesabamisad unda ganxorcieldes fragmentaciis 

Zabvis kontroli moZravi fazis seriebis cvlilebis SemTxvevaSi [107, 222]. 

aseve fragmentaciis inducireba SesaZlebelia tandemur 

masspeqtrometriis (MS/MS) eqsperimentebis SemTxvevebSi, romlis idealur 

SesaZleblobas warmoadgens instrumenti sammagi kvadrupoliT [156, 221]. 

gamoyenebuli zusti potencialis mixedviT kvadrupolebs gaivlian 

mxolod is ionebi, romelTac aqvT masis da muxtis specifikuri 

Tanafardoba (m/z). sammagi kvadrupoliT masspeqtrometris MS/MS 

eqsperimentebis Catarebisas pirveli kvadrupolis gamoyeneba skanirebis 

reJimSi, rac iZleva masa/muxtis specifikuri Tanafardobis mqone ionebis 

gatarebis saSualebas. meore kvadrupoli gamoiyeneba rogorc koliziuri 
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ujra, sada ionebi ejaxebian argonis an azotis molekulebs da iSlebian 

Svileul ionebad. mesame kvadrupoli ki gamoiyeneba masis da muxtis 

specifikuri Tanafardobis mqone Svileuli ionebis dadgenisa da 

deteqtirebisaTvis [209, 213]. 

masspeqtrometrs sammag kvadrupoliT gaaCnia monacemebis damuSavebis 

sxvadasxva reJimi, rogoric aris (1) produqt (Svileuli) ionebis 

skanireba, (2) prekursor (sawyisi) ionebis skanireba, (3) neitraluri 

nawilebis dakargvis da (4) mravaljeradi reaqciis monitoringi (MRM). 

produqt ionebis skanirebisas pirveli kvadrupoli fiqsirebulia da 

atarebs mxolod masis da muxtis specifikuri Tanafardobis mqone ionebs 

(prekursor [winamorbedi] ionebi), Semdeg ionebi meore kvadrupolSi 

argonis an azotis molekulebis gavleniT ganicdian disociacias da 

bolos mesame kvadrupolSi xdeba sruli skanireba produqt ionebis 

fragmentebis deteqtirebis mizniT. produqt ionebis skanirebis 

saSualebiT efeqturad ganisazRvreba naerTis struqturis fragmentacia. 

prekursori (winamorbedi) ionebis skanireba pirvel kvadrupolSi 

mimdinareobs sruli skanirebis reJimiT, xolo mesame kvadrupolSi aris 

fiqsirebuli. prekursori (winamorbedi) ionebis skanirebiT SesaZlebelia 

msgavsi struqturebis mqone naerTebis gamovlena, romlebic warmoqmnian 

identurad damuxtul fragmentebs. neitraluri nawilebis dakargvis 

reJimSi, rogorc pirveli, aseve mesame kvadrupolSi xdeba sruli 

skanireba. neitraluri nawilebis dakargvis meTodi gamoiyeneba msgavsi 

struqturebis mqone naerTebis gamosavlenad, romlebic warmoqmnian 

identur neitralur fragmentebs [198, 208]. 

mravaljeradi reaqciis monitoringis (MRM) reJimis gamoyenebisas 

pirveli da mesame kvadrupoli fiqsirebulia da atarebs mxolod masisa 

da muxtis (m/z) specifiuri Tanafardobis mqone ionebs. kompleqsuri 

matricebis SemTxvevaSi MRM reJimSi operirebisas SesaZlebelia 

matricidan interferenciis gamoricxva, rac iZleva maRali 

mgrZnobelobis meTodis SemuSavebis SesaZleblobas. MRM aseve 

efeqturia iseTi naerTebis SemTxvevaSi, romelTa dadgena rTulia 

qromatografirebiT, magram prekursori da produqt  ionebis tranzaqcia 

aris unikaluri, romelic aris konkretuli nivTierebisTvis 

damaxasiaTebeli [177, 188].  
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2.7 meore Taobis antifisiqozuri saSualebebis izolirebis  

da Tvisobriv - raodenobrivi gansazRvris meTodebi  

qimiur-toqsikologiur analizSi 

 

zogierTi meore Taobis antifsiqozuri saSualebis olanzapinis 

risperidonis, qvetiapinis da klozapinis Tvisobriv-raodenobrivi 

analizis meTodebze, rogorc preparatebSi aseve biologiur masalaSi 

mravali qveynis mecnieri muSaobs. kvlevis sagans warmoadgens zemoT 

mocemuli preparatebis Tvisobriv-raodenobrivi gansazRvrisaTvis 

analizis Sesabamisi pirobebis SerCeva.  

mravalferovania bibliografiuli monacemebi antifsiqozuri 

saSualebebis analizis fizikur-qimiuri meTodebis Sesaxeb. Sesabamisad 

ganvixilavT sxvadasxva kvlevebs, romelTa analizis safuZvelze 

SesaZlebelia olanzapinis, risperidonis, qvetiapinis, da klozapinis 

axali, originaluri Tvisobriv-raodenobrivi analizis da izolirebis 

optimaluri pirobebis SemuSaveba. 

risperidonis sisxlis plazmaSi gansazRvrisaTvis iyeneben maRalefeqtur 

siTxur qromatografias Semdeg pirobebSi: sveti Nucleosil-C8(150X4 mm), 

ultraiisferi (UV)dedeqtirebiT 280 nm sigrZis talRaze, moZravi faza: 

natriumis dihidrofosfatis buferi – acetonitrili (55:45), pH 6.0,moZravi 

fazis dinebis siCqare 1.5 ml/wT. aRmosaCeni minimumia 5 ng/ml [70].  

sisxlis plazmaSi risperidonis gansazRvrisaTvis huangi da 

Tanaavtorebi iyenebdnen siTxur qromatografias/tandemuri mas-speqtro-

metriiT, Semdeg pirobebSi: sveti Alltima-C18 (2.1×100 mm), moZravi faza Wian-

WvelmJava-acetonitrili (40:60) [90]. 

aSS farmakopeaSi olanzapinis gansasazRvris mizniT mocemulia 

sfeqtrofotometria ultraiisfer ubanSi, maRalefeqturi siTxuri 

qromatografia [204].  

sisxlSi olanzapinis individualuri gansazRvrisaTvis nilsenis da 

Tanaavtorebis mier gamotenebuli iyo LC-MS/MS meTodi, sveti Zorbax Extend 

C18, moZravi faza acetonitrili-meTanoli-amoniumis hidroqsidi. 

analizis dro 15 wuTi. [147].  

qvetiapinis farmakokinetikuri maCveneblebis gansazRvrisas ravanderis da 

Tanaavtorebis mier gamoyenebuli iyo LC-MS/MS meTodi sorbenti C18, 
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moZravi faza amonium formatis buferis, acetonitrilis da meTanolis 

narevi, izokratuli mowodebiT [168]. 

nareSi da Tanaavtorebi olanzapinis, risperidonis da qvetiapinis 

erTdrouli gansazRvrisaTvis gvTavazoben maRalefeqtur siTxur 

qromatografias Semdegi pirobebiT: sveti - Luna C18, moZravi faza -

amoniumis acetati 20 mmol (pH 6.7±0.5) da acetonitrili (50 : 50), moZravi 

fazis dinebis siCqare - 1.0 ml/wT, ui deteqtori 280nm sigrZis talRaze. 

analizis Sedegebi iyo sworxazovani 35-65 mkg/ml koncentraciis 

farglebSi (olanzapinisTvis R2 ≥ 0.992, risperidonis R2 ≥ 0.991) [104]. 

olanzapinis, risperidonis, klozapinis da maTi ZiriTadi metabolitebis 

adamianis SratSi gansazRvrisTvis urinovskas da Tanaavtorebis mier 

SemuSavebuli iyo LC-MS/MS meTodi, Sratis cilebis daleqva xeboda 

reagentiT: ZnSO4·7H2O 0.05% xsnari acetonitrili/meTanolSi (40:60). 

qromatografiuli dayofa xdeboda svetze - BEH C18, moZravi fazis gra-

dientuli miwodebiT. moZravi faza A (2 mmol/l amoniumis acetati, 0.1% 

WianWvelmJava 5%-ian acetonitrilSi), moZravi faza B (2 mmol/l amoniumis 

acetati, 0.1% WianWvelmJava 95 %-ian acetonitrilSi). deteqtireba 

xdeboda sammagi kvadropoliT tandemuri mas-spetrometriT. analizis xan-

grZlivoba – 5 wuTi [203]. 

JCanis da Tanavtorebis mier adamianis plazmaSi olanzapinis 

raodenobrivi gansazRvrisaTvis SemuSavebuli iyo siTxuri 

qromatografia-masspeqtrometruli meTodi (LC-ID/MS). plazmis nimuSebis 

eqstragirebisaTvis gamoiyeneboda tert-buTil meTilis eTeri. 

qromatografiuli dayofa xdeboda svetze XBridge Shield RP 18 (100mm x 2.1mm, 

3.5mkm, Waters). moZravi faza-acetonitrili da amoniumis buferi (pH 8.0), 

miwodeba izokratuli, nakadis siCqareze 0.4 ml/wT. ionizacia miiRweoda 

dadebiTi eleqtrogafrqveviT (ESI+). skanireba mimdinareobda 

mravaljeradi reaqciis monitoringiT (MRM) [224]. 

adamianis sisxlSi olanzapinis gansazRvrisaTvis spinas da 

Tanavatorebis mier SemuSavebuli iyo siTxuri qromatografiuli meTodi 

UV deteqtirebiT. Sida standartis saxiT gamoyenebuli iyo klozapini. 

sakvlevi nivTierebis izolireba biologiuri obieqtidan xdeboda siTxe-

siTxe eqstraqciiT, gamoiyeneboda organul gamxsnelTa sistema n-heqsani-

izoamilis spirti (90:10). organuli fazis eqstraqcia xdeboda fosfaturi 
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buferiT 0.1 moli/l,  pH 2.2. qromatografirebisaTvis gamoyenebuli iyo 

Semdegi pirobebi: stacionaruli faza Water Spherisorb S5 C6 (250mm X 4.6 mm 

ID), moZravi faza wyali-acetonitrili 55:45 (0009mol/l eptansulfon 

mJavis natriumis marilis da 0.006mol/l orfuZiani kalciumis fosfatis 

SemcvelobiT pH 2.7), fazis dinebis siCqare 1.0ml/wT. deteqtireba xdeboda 

254 nm sigrZis talRaze. sakalibro koncentraciebisTvis gamoiyeneboda 

saanalizo xsnarebi 50 – 500 ng/ml koncentraciis farglebSi, 

qromatografirebis dro iyo 6 wT. meTodi gamoiyeneboda 

farmakokinetikuri maCveneblebis kvlevisaTvis [173].  

adamianis SratSi da cerebrospinalur siTxeSi olanzapinis da N-

dimeTil olanzapinis gansazRvrisaTvis iosefsonis da Tanaavtorebis mer 

Catarda kvleva siTxur qromatografiuli/tandemuri masspeqtrometruli 

(LC-MS/MS) meTodis  SemuSavebisaTvis. Sratis an cerebrospinaluri 

siTxis nimuSebidan olanzapinis da desmeTilolanzapinis izolireba 

moxda tert-buTilmeTils eTeriT, xolo Sida standartis saxiT 

gamoiyeneboda olanzapini-D3. sakvlevi nivTierebis raodenobrivi 

gansazRvrisTvis gamoiyeneboda LC-MS/MS meTodi. ionizacia miiRweoda 

dadebiTi eleqtrogafrqveviT (ESI+). skanireba mimdinareobda 

mravaljeradi reaqciebis monitoringiT (MRM). sakalibro standartuli 

xsnarebis koncentracia 25-100 ng/ml. [102]. 

de meulderis da Tanavatorebis mier SemuSavebuli iyo ori siTxur 

qromatografiuli tandemuri masspeqtrometruli(LC-MS/MS) meTodi, erTi 

risperidonis da misi aqtiuri metabolitis 9-hidroqsirisperidonis 

(paliperidoni) enantiomerebis raodenobrivi gansazRvrisaTvis adamianis 

plazmaSi da meore - adamianis SardSi. plazmis da Sardis nimuSidan 

izolirebisaTvis gamoiyeneboda myarfazuri eqstraqcia Sereuli tipis 

sorbentze. sorbentis Carecxva xdeboda wylis, ZmarmJava meTanolis 

sistemiT, xolo elurebisaTvis gamoiyeneboda meTanolis da amoniumis 

hidroqsidi narevi, aorTqleba azotiT 65°C temperaturaze. eluatis 

gamxsnelad gamoiyeneboda 200 mkl heptanis, eTanolis da 0.1 M amoniumis 

acetatis nareviT.  dayofa xdeboda siTxuri qromatografis qiralur 

svetze (50mm X 4.6mm, 10 mkm nawilakebis zoma), moZravi faza - heqsani, 

izopropanolis da eTanolis narevi gradientuli miwodebiT, 

deteqtirebisaTvis gamoiyeneboda tandemuri mas-speqtrometria dadebiTi 
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eleqtrogafrqveviT. sakalibro xsnarebis koncentracia iyo plazmis 

SeTxvevaSi 20-100ng/ml farglebSi, xolo SardisTvis 10-2000ng/ml 

farglebSi [136]. 

adamianis Sardidan da sisxlis Sratidan siTxe-siTxe eqstraqciiT 

izolirebuli klozapinis da misi mTavari metabolitebis norklozapinis 

da klozapin-N-oqsidis analizis mizniT avtorebis (vohfarti da 

Tanavtorebi) mier  SemoTavazebuli iyo siTxuri qromatografiuli mas-

speqtrometruli (LC-MS/MS) meTodi. siTxe-siTxe eqstraqcia tardeboda 

tute pirobebSi, gamxsnelis saxiT gamoiyeneboda eTilacetati. 

dayofisTvis gamoiyeneboda SynergiPolar RP sveti, moZravi faza 1 mmoli 

amoniumis formiatis da meTanolis narevi, miwodeba – gradientuli, Sida 

standarti d4-klozapini. deteqtirebisaTvis gamoiyeneboda QTrap 2000 

tandemuri mas-speqtrometri, ionizacia dadebiTi eleqtrogafrqveviT, 

skanireba mravaljeradi reaqciebis monitoringiT (MRM) [219]. 

vardakous da Tanavtorebis mier mowodebulia adamianis plazmaSi 

klozapinis da norklozapinis erTdrouli gansazRvrisaTvis gazur 

qromatografiuli masspeqtrometruli (GC/MS) meTodi. nimuSis momzadeba 

moicavda sakvlevi masalis myarfazur eqstraqcias Bond-Elut Certify 

kartrijis gamoyenebiT da Semdgom derivatizacias TFAA-s saSualebiT. 

klozapinis da norklozapinis gansazRvrisaTvis Sida standartis saxiT 

gamoiyeneboda klozapini-d8. sakalibro nimuSebi mzaddeboda sakvlevi 

klozapinis koncntraciiT 3-600ng/ml-is da norklozapinis 5-600ng/ml-is 

farglebSi. analizisaTvis gamoiyeneboda gazuri qromatografi Hewlett 

Packard 5890 deteqtori HP 5970 MSD, sveti HP-5MS (30 m × 0.25 mm), 

airmatarebeli heliumi, airis dinebis siCqare 1.0 ml/wT. klozapinis da 

norklozapinis Tvisobrivi da raodenobrivi gansazRvrisaTvis 

masspeqtrometrSi ionizacia miiRweoda eleqtronuli dartymiT (EI), 

skanireba mimdinareobda ionebis seleqciuri monitoringiT (SIM) [206]. 
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Tavi III 

kvlevis dizaini, obieqtebi, masalebi da meTodebi 

 

3.1 kvlevis dizaini 

 

 
 

 

 

suraTi 19: kvlevis dizaini 

 

 

 



54 

 

3.2 kvlevis obieqtebi da masalebi 

 

kvlevis obieqtebi 

in vitro modeluri nimuSebis mosamzadeblad gamoiyeneboda: 

 gardacvlili da cocxali adamianis sisxli  

 adamianis plazma  

 gardacvlili da cocxali adamianis Sardi  

 

saganmatareblebze samizne nivTierebebis analizisaTvis gamoiyeneboda: 

tabletebisgan ganTavisuflebuli blisteri da flakoni; 

dasufTavebis sinji sawarmoo aparaturidan; 

 

kvlevaSi gamoyenebuli iyo Semdegi masalebi: 

samizne nivTierebebis saanalizo in vitro modeluri nimuSebis 

mosamzadeblad gamoiyeneboda SIGMA-ALDRICH -is katalogiT SeZenili 

Semdegi referens standartebi: 

 olanzapini (EP)  evropis farmakopeis referens standarti(qimiuri 

nivTierebis nomeri 132539-06-1, katalogis nomeri Y0001370); 

 risperidoni (EP) evropis farmakopeis referens standarti (qimiuri 

nivTierebis nomeri 106266-06-2, katalogis nomeri R1000600) 

 qvetiapinis fumarati (EP) evropis farmakopeis referens  standarti 

(qimiuri nivTierebis nomeri 111974-72-2. katalogis nomeri Y0001657); 

klozapini (EP) evropis farmakopeis referens standarti (qimiuri 

nivTierebis nomeri 5786-21-0, katalogis nomeri C2460000.  

 

preparatebi: 

sedareqsi (risperidoni) 1mg #10 tableti blisterSi (mwarmoebeli: ,,GM 

Pharmaceuticals’’, saqarTvelo.)   

olzapi (olanzapini) 10mg #10 tableti blisterSi (mwarmoebeli: ,,GM 

Pharmaceuticals’’, saqarTvelo.)   

azaleptini (klozapini) 100mg #10 tableti blisterSi (mwarmoebeli: ,, 

ARPIMED’’, somxeTi.)   

qvetiapini fumaratis tabletebi 100mg #100 tableti flakonSi 

(mwarmoebeli: ,,Apotex’’, kanada.) 

gamoiyeneboda Semdegi eqsperimentebisTvis:  

http://www.sigmaaldrich.com/catalog/search?term=111974-72-2&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=UA&focus=product
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1. samizne nivTierebebis gazuri qromatografiuli masspeqtrometruli 

meTodis SemuSavebisas in vitro modeluri nimuSebis mosamzadeblad. 

2. saganmatareblebze samizne nivTierebebis analizisaTvis. 

3. sawarmoo procesSi gamoyenebul danadgarebze aqtiuri nivTierebis 

narCeni kontaminaciis gansazRvrisas sakontrolo xsnaris 

mosamzadeblad. 

 

organuli gamxsnelebi da reaqtivebi 

 meTanoli – Scharlab, espaneTi 

 eTanoli – Scharlab, espaneTi 

 N-heqsani – Rotth, germania 

 acetonitrili -  Merck, germania 

 WianWvelmWava – Rotth, germania 

 3,3′,5,5′-Tetramethylbenzidine (TMB) Liquid Substrate System for ELISA - SIGMA-

ALDRICH, aSS 

 amoniumis hidroqsidi – Scharlab, espaneTi 

 

gamxsnelTa sistemebi: 

olanzapinis, risperidonis, qvetiapinis da klozapinis 

qromatografirebisaTvis moZrav fazad gamoiyeneboda Semdegi gamxsnelTa 

sistemebi: 

 

 0.1% WianWvelmJavas wylxsnari (B xsnari) : 0.1% WianWvelmJavas 

acetonitrilis xsnari (A xsnari) - 60:40 

 

siTxe – siTxe eqstraqciisaTvis gamoiyeneboda Semdegi gamxsnelTa 

sistemebi: 

izolirebisaTvis optimaluri pirobebis SerCevis mizniT gamoviyeneT 

gamxsnelTa sxvadasxva sistemebi: 

 heptani - diqlormeTani  (90:10) 

 eTilacetati – heptani – diqlormeTani – izopropanoli (60:20:15:5)   

 qloroformi – heqsani – N buTanoli (40:40:20) 

 heqsani – eTilacetati (80:20) 

 qloroformi – buTilacetati – meTanoli (60:30:10) 
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myarfazuri eqstraqciisaTvis gamoiyeneboda: 

sorbentis kondecireba  

 meTanoli 

 deionizirebuli wyli 

 100 mmoli fosfaturi buferi (pH 6.0)  

nimuSis winaswari damuSavebisaTvis 

 4 ml deionizirebuli wyali  

 100 mmoli fosfatis buferi (pH 6.0).  

sorbentis CarecxvisaTvis 

 deionizirebuli wyli 

 100 mmoliZmarmJava 

 meTanoli 

eluatis miRebisaTvis 

 meTilenqloridi (CH2Cl2) /izopropilis spirti (IPA) / amoniumis 

hidroqsidi (NH4OH), 78:20:2 TanafardobiT. 

  

3.3 kvlevis meTodebi  

 

 sisxlis, plazmis, Sardis Semowmeba narkotikuli da fsiqotropuli 

nivTierebebis arsebobaze warmoebda imunofermentuli meTodiT, 

analizatoris saSualebiT,  Human Reader Plus, Human Combiwash, 

germania. 

imunofermentuli analizisaTvis gamoiyeneboda Semdegi masalebi: 

antisxeuliT mofenili planSeti. 

fermenti (nivTierebasTan koniugirebuli fermentis  SemcvelobiT) 

fosfaturi buferi, xaris Srati da konservanti. 

Tween-20 ganzavebuli deionizirebuli wyliT 1 : 10 TanafardobiT. 

substrati (3,3',5,5'-tetrameTilbenzidins (TMB)),  

stop-xsnari - 1 N gogirdmJava. 

 siTxe-siTxe eqstraqciisaTvis, saanalizo obieqtebis standartuli 

da sakvlevi xsnarebis mosamzadeblad erTgvarovani siTxeebis 

misaRebad, gamoiyeneboda rotoruli Semrevi Stuart®Rotator SB3 - Bibby 

Scientific Ltd., (gaerTianebuli samefo). 
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 siTxe-siTxe eqstraqciis dros fazaTa dayofisaTvis gamoiyeneboda 

centrifuga Hettich® MICRO 200 - Andreas Hettich GmbH & Co.KG (germania). 

 nimuSebis ultrabgeriTi damuSaveba mimdinareobda ultrabgeriT 

abazanaze MRC Ultrasonic - MRC ltd. (israeli) . 

 sisxlis, Sardis, plazmis in vitro nimuSebidan sakvlevi 

nivTierebebis izolireba xdeboda myarfazuri eqstraqciis 

meTodiT, gamoiyeneboda sistema Gilson GX-271 ASPEC, aSS. myarfazuri 

eqstraqciis kartijebi - Supelclean LC-18 SPE 500mg(SIGMA-ALDRICH);  

 saanalizo nimuSebis, gamxsnelTa sistemebis, myarfazuri 

eqstraqcisas momzadebisas gamoiyeneboda demineralizirebuli 

wyali, romelic miiReboda miliporis aparatis saSualebiT. 

 saanalizo nimuSis koncentrirebisaTvis viyenebdiT azotis nakadis 

mowyobilobas. 

 buferuli xsnarebis mosamzadeblad, eqstragirebis proceduris 

dros gamoiyeneboda pH metri. 

 biologiuri obieqtebis, standartuli da saanalizo nimuSebis 

Sesanaxad, stabilurobis Sesaswavlad viyenebdiT kompania Thermo-s 

mier warmoebul macivars. 

 სaanaliz nimuSebis gasafiltrad viyenebdiT filtrs zomiT 0.45mkm  

 saanalizo obieqtSi sakvlevi nivTierebis raodenobrivi gansazRvra 

warmoebda siTxuri qromatografi - tandemuri masspeqtrometriT 

(LC-MS/MS) - AGILENT  TECHNOLOGIES  1290  Infinity  AGILENT  

TECHNOLOGIES  6460Triple quad LC/MS/MS. sveti - Zorbax  Eclipse 

C18(1002.1mm, 1.8µµm), winasveti - UHPLC GUARD Zorbax  Eclipse 

C18(52.1mm,1.8µm).ionizacia miiRweoda dadebiTi eleqtrogafrqveviT 

(ESI+). skanireba mimdinareobda mravaljeradi reaqciis monitoringis 

reJimSi (MRM). 

 saanalizo obieqtSi sakvlevi nivTierebebis Tvisobrivis 

analizisaTvis gamoiyeneboda gazuri qromatografia 

masspeqtrometruli deteqtirebiT (GC-MS), aparati - Agilent 7000A 

Quadrupole GC-MS. ionizacia mimdinareobda dadebiTi eleqtronuli 

impulsis reJimiT (EI+). skanireba mimdinareobda jamuri ionuri 

nakadiT (TIC). 
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Tavi IV 

 

miRebuli Sedegebi da maTi ganxilva 

 

4.1 biologiuri obieqtebis skriningi narkotikuli da fsiqotropuli 

nivTierebebis arsebobaze heterogenuli imunofermentuli analizis 

(ELISA) meTodiT 

 

eqsperimentebSi in vitro modelis mosamzadeblad gamoiyeneboda sxvadasxva 

biologiuri obieqtebi, adamianis sisxli, Sardi, plazma. mocemuli 

saanalizo matricebi nimuSebis momzadebamde unda Semowmdes narkotikul 

da fsiqotropul nivTierebebze da gamoiricxos maTi arseboba, raTa 

gavlena ar iqonios eqsperimentis Sedegebze. saanalizo obieqtebis 

Semowmebas vaxdendiT imunofermentuli analizis meTodiT (ELISA)Sedeg 

narkotikul da fsiqotropul nivTierebebze: tetrahidrokanabinoli, 

kokaini, metadoni, amfetaminebi, metamfetaminebi, opiatebi, buprenorfini, 

benzodiazepinebi, barbituratebi da tricikluri antidepresantebi. 

ELISA myar-fazuri imunoanalizis  meTodia, romelic SemuSavebulia 

narkotikul saSualebaTa aRmosaCenad. analizi sruldeba planSetze, 

romlis fskerzec imobilizirebulia antisxeulebi, romelTac 

axasiaTebT maRali afinuroba sakvlev narkotikul da fsiqotropul 

saSualebebTan. ujredis fskerze pirvel rigSi unda moxdes standartis 

da nimuSis Setana, xolo Semdeg emateba enzimi (fermentuli koniugati). 

sainkubacio periodSi antisxeulTan bmis dasamyareblad mimdinareobs 

konkurencia narkotiksa da fermentul koniugats Soris. recxvis etapze 

xdeba SeukavSirebeli nawili moSoreba da Semdeg etapze emateba 

substrati feris warmosaqmnelad. enzim-substratis reaqciis 

SesaCereblad procesSi unda moxdes stop-xsnaris damateba. feris 

intensivoba nimuSSi narkotikuli da fsiqotropuli saSualebebis 

Semcvelobis ukuproporciulia, Sesabamisad is nimuSebi, romlebic 

Seicaven narkotikul nivTierebas, axasiaTebT ufro naklebi feris 

intensivoba. 

analizis  procedura 

imunofermentuli analizis dawyebamde reaqtivebi da nimuSebi davayovneT 

oTaxis temperaturaze 60 wT-is ganmavlobaSi. planSetis sam-sami ujredis 
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fskerze movaTavseT 20 mkl uaryofiTi kontroli (0 ng/ml), dadebiTi 

kontroli koncentraciiT 10, 25, 50 ng/ml da  20 mkl saanalizo nimuSi. 

standartebisa da nimuSebis datanis Semdeg, TiToeul ujreds 

dauyovnebliv davamateT 100 mkl enzimi. enzimis damatebis Semdeg, 

planSeti SevanJRrieT sanjRrevelaze da davayovneT 30 wT-is 

ganmavlobaSi oTaxis temperaturaze.  

inkubaciis procesis dasrulebis Semdeg planSeti gavrecxeT specialuri 

xsnariT avtomaturi gamrecxis saSualebiT. TiToeuli ujredis 

garecxvisTvis gamoviyeneT gamrecxi xsnari 300 mkl odenobiT.  

analizis Semdeg etapze yovel ujras davamateT 100-100 mkl substrati da 

SevanJRrieT. substratTan reaqcias davayovneT 45 wT-is ganmavlobaSi. 

reaqciis SewyvetisaTvis davamateT 100-100 mkl stop xsnari (suraTi 20). 

 

      

 

suraTi 20: imunofermentuli analizis Sedegebi 

 

optikuri simkvrivis mniSvnelobebis gansazRvra movaxdineT 450 nm-ze, ris 

Sedegadac davadgineT, rom yvela saanalizo nimuSis optikuri simkvrivis 

mniSvneloba iyo meti vidre dadebiTi kontrolis optikuri simkvrive, 

rac miuTiTebs saanalizo biologiur obieqtebSi samizne narkotikuli 

da fsiqotropuli nivTierebebis ararsebobaze. 

sadisartacio naSromSi mocemuli yoveli eqsperimentis dawyebamde zemoT  

saanalizo 
nimuSebi 

dadebiTi 
sakontrolo 

nimuSebi 
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miTiTebuli procedura gamoviyeneT yvela biologiuri obieqtis 

testirebisaTvis.  

Sesabamisad davadgineT, rom eqsperimetebSi gamoyenebuli in vitro modelis 

mosamzadebli Sardi, plazma da sisixli gvaZlevda uaryofiT reaqcias 

Semdeg narkotikul da fsiqotropul nivTierebebze: 

tetrahidrokanabinoli, kokaini, metadoni, amfetaminebi, metamfetaminebi, 

opiatebi, buprenorfini, benzodiazepinebi, barbituratebi da tricikluri 

antidepresantebi. 
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4.2 adamianis Sardidan olanzapinis, risperidonis, qvetiapinis da 

klozapinis siTxe - siTxe eqstraqciis optimaluri pirobebis SerCeva 

 

 

eqsperimentis mizani 

biologiuri obieqtebidan toqsiuri nivTierebebis izolirebaze gavlenas 

axdens sxvadasxva faqtorebi, rogoricaa organul gamxsnelTa Tvisebebi, 

aris pH-is mniSvneloba, eqstraqciis dro da jeradoba. 

mocemulis eqsperimentis mizans warmoadgenda biologiuri obieqtidan 

(Sardi) olanzapinis, risperidonis, qvetiapinis da klozapinis siTxe – 

siTxe eqstraqciaze moqmedi faqtorebis Seswavla da izolirebis 

optimaluri pirobebis dadgena.  

 

masala da meTodebi 

eqsperimentisTvis gamoyenebuli iyo samizne nivTierebebis referens 

standartebi, organuli gamxsnelebis sxvadasxva variacia da 

Tanafardoba. in vitro nimuSebis momzadebamde Sardi Semowmebuli iyo 

narkotikul da fsiqotropul nivTierebebze (ixileT qveTavi 4.2). 

sakvlevi nivTierebis izolirebis optimaluri pirobebis dasadgenad 

gamoviyeneT Cvens mier eqsperimentebis safuZvelze SemuSavebuli 

izolirebis pirobebi. 

 

eqsperimenti 

kvlevis mizniT movamzadeT sakvlevi nivTierebebis 1.00 mg/ml 

koncentraciis standartuli xsnari meTanolSi. miRebuli xsnarebis 

SardSi ganzavebiT movamzadeT saanalizo nimuSebi koncentraciiT 50 

ng/ml. saanalizo xsnaris optimaluri gadanawilebisaTvis viyenebdiT 

ultrabgeriT abazanas 5 wuTis ganmavlobaSi. 

nimuSis momzadebis Semdeg izolirebisTvis gamoyenebuli iyo siTxe-siTxe 

eqstraqcia. izolirebas vaxdendiT Cvens mier SemuSavebuli meTodis 

mixedviT oTaxis temperaturaze, sxavdasxva organuli gamxsnelebiT,  pH-

is, eqstraqciis jeradobis da xangrZlivobis drois gansxvavebul 

pirobebSi. 

centrifugirebis Semdeg organuli gamxsnelis fenas vaqrolebdiT 50C 
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temperaturaze, azotis nakadis gamoyenebiT. miRebul mSrali naSTs 

vxsnidiT 200 mkl moZrav fazaSi da vaxdendiT qromatografSi 

inJeqtireba 5 mkl  moculobiT. 

 

aparaturuli gaformeba 

kvlevis dros viyenebdiT siTxur qromatografs – tandemuri 

masspeqtrometriT (LC–MS/MS), qromatorafirebis da deteqtirebis 

pirobebi ixileT Tavi 4.7. 

 

izolirebis xarisxis Sefasebas vaxdendiT saanalizo nimuSebis pikis 

farTobebis SefardebiT samizne nivTierebebis  standartuli xsnaris 

pikis farTobebTan, eqstraqciis xarisxis maCvenebeli gamovTvaleT 

formuliT: 

 

eqstraqciis xarisxi ®(%) = (RSM) / (RST) 100% 

 

sadac: 

RSM - saanalizo nimuSis qromatogramaze samizne nivTierebis pikis  

      farTobi;  

RST  - standartuli xsnarebis qromatogramaze samizne nivTierebis pikis  

      farTobebi;  

 

Sedegebi 

biologiuri obieqtis da saanalizo nivTierebis fizikur-qimiuri 

Tvisebebis mixedviT izolirebiaTvis SevarCieT gamxsnelTa sxvadasxva 

sistemebi, ixileT qveTavi 3.4. 

 

SerCeuli gamxsnelTa sistemebiT movaxdineT samizne nivTierebebis 

izolireba aris sxvadasxva  pH – is pirobebSi.  

#8 cxrilSi mocemulia sakvlevi nivTierebebis izolirebis xarisxi (%) 

aris sxvadasxva  pH – is da gamxsnelTa sistemebis pirobebSi. 
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cxrili 8: olnzapinis, risperidonis, qvetiapinis da klozapinis   

izolirebis xarisxis monacemebi 

 

dasaxeleba izolirebis sistema 

 heptani 

diqlormeTani  

9:10 

 

eTilacetati 

heptani 

diqlormeTani 

izopropanoli 

60:20:15:5 

qloroformi  

heqsani 

NbuTanoli 

40:40:20 

 

heqsani 

eTilacetati  

80:20 

 

qloroformi   

buTilacetati  

meTanoli  

60:30:10 

 

 

izolirebis xarisxi, % 

pH 2.0 

olanzapini 3 9 3 8 5 

risperidoni 5 11 2 4 2 

qvetiapini 7 2 4 3 4 

klozapini 2 3 7 4 3 

  

izolirebis xarisxi, % 

pH 6.0 

olanzapini 14 27 17 6 14 

risperidoni 12 29 9 12 19 

qvetiapini 17 31 12 19 22 

klozapini 11 28 14 21 11 

  

izolirebis xarisxi, % 

pH 9.0 

olanzapini 67 85 53 51 77 

risperidoni 63 81 79 58 56 

qvetiapini 56 84 59 60 48 

klozapini 61 80 68 55 52 

 

 

aseve eqsperimantis Sedegad davadgineT eqstraqciis optimaluri dro da 

jeradoba (cxrili #9-10). izolirebisaTvis gamoiyeneboda gamxsnelTa 

sistema eTilacetati – heptani – diqlormeTani - izopropanoli (60:20:15:5), 

xolo aris pH iyo 9.0.  
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cxrili 9: olnzapinis, risperidonis, qvetiapinis da klozapinis  

izolirebis xarisxis monacemebi drois sxvadsxva 

intervalSi 

 

 

dasaxeleba 
izolirebis xarisxi, % 

 

eqstraciis dro 
3 wT 

eqstraciis dro 
5 wT 

eqstraciis dro 
10 wT 

olanzapini 56 85 85 

risperidoni 80 81 81 

qvetiapini 78 84 85 

klozapini 74 80 80 

 

 

cxrili 10: olnzapinis, risperidonis, qvetiapinis da klozapinis 

izolirebis xarisxis monacemebi  sxvadsxva  jeradobis 

SemTxvevaSi 

 

 

dasaxeleba 
izolirebis xarisxi, % 

 

erTjeradi orjeradi samjeradi 

olanzapini 72 85 84 

risperidoni 63 81 82 

qvetiapini 80 84 84 

klozapini 59 80 81 

 

warmodgenil cxrilebSi mocemuli Sedegebis mixedviT davadgineT, rom 

adamianis Sardidan olnzapinis, risperidonis, qvetiapinis da klozapinis 

izolirebisaTvis optimalur pirobebs warmoadgens:  

gamxsnelTa sistema: eTilacetati – heptani – diqlormeTani – 

izopropanoli (60:20:15:5) 

temperaturuli reJimi: oTaxis temperatura 

 pH-is mniSvneloba: 9.00 

eqstraqciis jeradoba: 2 

xangrZlivoba: 5-5 wT  
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4.3 adamianis sisxlidan  da plazmidan olanzapinis, risperidonis, 

qvetiapinis da klozapinis myarfazuri eqstraqciis optimaluri 

pirobebis SerCeva 

 

eqsperimentis mizani 

biologiuri obieqtidan (sisxli, plazma) olanzapinis, risperidonis, 

qvetiapinis da klozapinis myarfazuri eqstraqciis optimaluri 

pirobebis dadgena. 

 

nedleuli da masalebi 

eqsperimentisTvis gamoyenebuli iyo samizne nivTierebebis referens 

standartebi, organuli gamxsnelebis sxvadasxva variacia da 

Tanafardoba. myarfazuri eqstraqciisaTvis gamoiyeneboda sorbenti - C 18. 

sisxlis in vitro nimuSebis momzadebamde Semowmebuli iyo narkotikul da 

fsiqotropul nivTierebebze (ixileT qveTavi 4.2). 

 

eqsperimenti 

saanalizo xsnarebis momzadeba: 

sakvlevi nivTierebebis ZiriTadi xsnars vamzadebdiT meTanolSi 

koncentraciiT 1.0 mg/ml. mocemuli xsnaris sisxlSi da plazmaSi 

ganzavebiT xdeboda olanzapinis,  risperidonis, qvetiapinis da 

klozapinis saanalizo nimuSebis momzadeba koncentraciiT 50 ng/ml.  

 

myarfazuri eqstraqciis proceduris SerCeva 

plazmis da sisxlis nimuSebidan olanzapinis,  risperidonis, qvetiapinis 

da klozapinis izolirebisaTvis gamoyenebul iyo gilsonis avtomaturi 

sistema GX-271 ASPEC. 

biologiuri obieqtis da saanalizo nivTierebebis fizikur-qimiuri 

Tvisebebis mixedviT izolirebiaTvis SevarCieT myarfazuri eqstraqciis 

ori gansxvavebuli piroba: 

piroba #1 

 sorbentis samuSao mdgomareobaSi moyvana (kondecireba) 

- Carecxva 1 x 3 ml meTanoliT da gaSroba 

- Carecxva 1 x 3 ml deionizirebuli wyliT da gaSroba 
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- Carecxva 1 x 1 ml 100 mmoli fosfaturi buferiT (pH 6.0) da 

gaSroba 

 nimuSis winaswari damuSaveba da sorbentze Seyvana  

- 1 ml nimuSi  

- 4 ml deionizirebuli wyali  

- 2 ml 100 mm fosfaturi buferi (pH 6.0) 

 sorbentis Carecxva  

- Carecxva 3 ml deionizirebuli wyliT, gaSroba   

- Carecxva 1 ml 100 mmoli ZmarmJaviT, gaSroba   

- Carecxva 3 ml meTanoliT, gaSroba   

 eluatis miReba 

- meTilenqloridi (CH2Cl2)/izopropilis spirti (IPA)/ amoniumis 

hidroqsidi (NH4OH), 78:20:2 TanafardobiT. 

piroba #2 

 sorbentis samuSao mdgomareobaSi moyvana (kondecireba)  

- Carecxva 1 x 3 meTilenqloridi (CH2Cl2) /izopropilis spirti 

(IPA) / amoniumis hidroqsidi (NH4OH), 78:20:2 TanafardobiT da 

gaSroba 

- Carecxva 1 x 3 ml meTanoliT da gaSroba 

- Carecxva 1 x 1 ml 100 mmoli fosfaturi buferiT (pH 6.0) 

 nimuSis winaswari damuSaveba da sorbentze Seyvana  

4 ml nimuSi  

1 ml deionizirebuli wyali  

2 ml 100 mmoli fosfaturi buferi (pH 6.0).  

 sorbentis Carecxva  

Carecxva 1 ml 100 mmoli ZmarmJaviT, gaSroba   

Carecxva 3 ml meTanoliT, gaSroba   

 eluatis miReba 

miRebuli eluatis Segroveba da Sereva 

 

eqstraqciis procedura 

 sorbentis samuSao mdgomareobaSi moyvana (kondecireba) 

sorbentis kondicireba movaxdineT #1 da #2 pirobebSi miTiTebuli 

xsnarebiT. gavaSreT araumetes 76.2 mmvwy. sv. wnevaze. 
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 nimuSis winaswari damuSaveba da sorbentze Seyvana  

nimuSs daumateT #1 da #2 pirobebSi miTiTebuli xsnarebi 

SevurieT/SevanjRrieT stiuartis rotatorze da ultrabgeriT 

abazanaze homogenuri struqturis misaRebad. movaxdineT 

centrifugireba 10 wuTis ganmavlobaSi, 5000 br/wT da movaSoreT 

naleqi. miRebuli nimuSebis pH unda iyos 6.0±0.5. pH-is regulireba 

movaxdineT 100 mmoli erTfuZiani natriumis fosfatiT.  

proceduris dasrulebis Semdeg saanalizo nimuSi SevitaneT 

sorbentze. 

 sorbentis Carecxva  

sorbentis Carcexva movaxdineT ramodenime etapad #1 da #2 

pirobebSi miTiTebuli TanmimdevrobiT. yvela etapis Semdeg 

vaSrobdiT 5 wuTis ganmavlobaSi araumetes 254 mmvwy. sv. wnevaze. 

 eluatis Segroveba  

eluireba movaxdendiT #1 da #2 pirobebSi miTebuli 

TamnimdevrobiT. 

 eluatis Segroveba  

#1 da #2 pirobebis Sesabamisad Segrovebuli eluatisTvis 

gamxsnelad gamoviyeneT axalad momzadebuli narevi. 40 ml 

izopropanols davumateT 4 ml koncentrirebuli amoniumis 

hidroqsidi, SeurieT da davumateT 156 ml meTilenqloridi da 

ganmeorebiT SevurieT.  

 proceduris dasrulebis Semdeg miRebuli eluati avaorTqleT 

araumetes 400C temperaturaze azotis nakadis qveS mSral naSTamde.  

 saanalizio nimuSis momzadeba – miRebuli mSrali naSTi gavxseniT 

nareviT, romelic Seicavda 200 mkl acetontrilis da 

deionizirebul wyals 1:3 TanafardobiT. kargad SevurieT/ 

SevanjRrieT 30 wamis ganmavlobaSi da movaxdineT qromatografSi 

ineqcireba 5 mkl-is odenobiT. 

 

aparaturuli gaformeba 

kvlevis dros viyenebdiT siTxur qromatografs – tandemuri 

masspeqtrometriT (LC–MS/MS), qromatorafirebis da deteqtirebis 

pirobebi ixileT qveTavi 4.7. 
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Sedegebi  

samizne nivTierebebis izolirebis xarisxis Sefaseba movaxdineT sisxlis 

da plazmis saanalizo nimuSebis pikis farTobebis SefardebiT 

olanzapinis,  risperidonis, qvetiapinis da klozapinis standartuli 

xsnarebis pikis farTobebTan, eqstraqciis xarisxis maCvenebeli 

gamovTvaleT formuliT: 

 

eqstraqciis xarisxi ®(%) = (RSM) / (RST) 100% 

sadac: 

RSM - saanalizo nimuSis qromatogramaze samizne nivTierebis pikis  

     farTobi;  

RST  - standartuli xsnarebis qromatogramaze samizne nivTierebis pikis  

      farTobebi;  

 

cxrili 11: olnzapinis, risperidonis, qvetiapinis da klozapinis 

sisxlidan da plazmidan izolirebis  xarisxis monacemebi 

 

 
 

dasaxeleba 

sisxlidan izolirebis xarisxi, % 

 

eqstraqciis piroba #1 

 

eqstraqciis piroba #2 

  

 
olanzapini 

 
92 

 
78 

 
risperidoni 

 
94 

 
45 

qvetiapini  91 76 

klozapini 93 69 

 
 

dasaxeleba 

plazmidan  izolirebis xarisxi, % 

 

eqstraqciis piroba #1 

 

eqstraqciis piroba #2 

  

 
olanzapini 

 
91 

 
71 

 
risperidoni 

 
93 

 
62 

qvetiapini  92 53 

klozapini 94 67 
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mocemuli eqsperimentSi gamoviyeneT myarfazuri eqstraqciis ori 

gansxvavebuli piroba. movaxdineT samizne nivTierebebis sisxlidan da 

plazmidan eqstraqcia da miRebul nimuSebSi sakvlevi nivTierebis 

Tvisobriv-raodenobrivi gansazRvra, risTvisac viyenebdiT siTxur 

qromatografs–tandemuri masspeqtrometriT. miRebuli SedegebiT 

gamovTvaleT sxvadasxva izolirebis pirobebSi eqstraqciis xarisxi.  

cxrilSi mocemuli Sedegebis mixedviT davadgineT, rom biologiuri 

siTxeebidan (sisxli, plazma) olnzapinis, risperidonis, qvetiapinis da 

klozapinis optimaluri izolirebisaTvis SemuSavbeulia myarfazuri 

eqstraqciis pirobebi. warmodgenili meTodiT SesaZlebelia oTxi samizne 

nivTierebis ori sxvadasxva biologiuri matricidan erTdrouli, 

maqsimaluri izolireba. 
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4.4 biologiur obieqtebSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis Tvisobrivi analizis masspeqtrometruli parametrebis 

SerCeva 

mocemuli sadisertacio naSromis mizans warmaodgenda olanzapinis, 

risperidonis, qvetiapinis da klozapinis biologiuri da arabiologiuri 

warmoSobis obieqtebSi qimiur-toqsikologiuri analizis meTodebis 

srulyofa da axali ufro efeqturi meTodebis SemuSaveba, Sesabamisad 

oTxive samizne nivTierebis Tvisobriv-raodenobrivi analizis 

optimaluri pirobebis SerCevisaTvis CavatareT  Semdegi eqsperimentebi: 

 biologiur siTxeebSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis produqt ionebis eqsperimenti siTxur 

qromatografiuli – tandemuri masspeqtrometruli (LC-MS/MS) 

meTodiT gansazRvrisas optimaluri koliziuri energiis 

dasadgenad. 

 biologiur siTxeebSi MRM eqsperimenti samizne nivTierebebis 

siTxur qromatografiuli – tandemuri masspeqtrometruli (LC-

MS/MS) meTodiT gansazRvrisas optimaluri pirobebis dasadgenad. 

 adamianis sisxlSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis individualuri analizi siTxur qromatografiuli – 

tandemuri masspeqtrometruli (LC-MS/MS) meTodis optimaluri 

pirobebis SesarCevad. 

 adamianis plazmaSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis individualuri analizi siTxur qromatografiuli – 

tandemuri masspeqtrometruli (LC-MS/MS) meTodis optimaluri 

pirobebis SesarCevad. 

 adamianis SardiSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis individualuri analizi siTxur qromatografiuli – 

tandemuri masspeqtrometruli (LC-MS/MS) meTodis optimaluri 

pirobebis SesarCevad. 

miRebuli Sedegebis safuZvelze SevimuSaveT olanzapinis, 

risperidonis, qvetiapinis da klozapinis analizis 

qromatomaspeqtraluri (airad da Txevad fazebSi) meTodebis axali, 

optimaluri pirobebi.  
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4.5 adamianis SardSi da sxvadasxva saganmatareblebSi olanzapinis, 

risperidonis, qvetiapinis da klozapinis erTdrouli Tvisobrivi 

analizis gazur qromatografiuli – masspeqtrometruli (GC-MS)  

meTodis SemuSaveba 

 

eqsperimentis mizani 

qimiur-toqsikologiuri analizisas sakvlevi nivTierebebis 

identifikaciisaTvis xSirad gamoiyeneba gazur qromatografiuli – 

masspeqtrometruli meTodi, romelic warmoadgens specifiur, maRali 

mgrZnobelobis eqspres meTods. gazuri qromatografis saSualebiT xdeba 

narevis dayofa komponentebad, xolo masspeqtrometriT dayofili 

komponentebis deteqtireba. aRniSnuli meTodiT toqsiuri nivTierebebis 

identifikacia gamoirCeva maRali sandoobiT, radgan 

qromatomasspeqtraluri meTodebis kombinirebiT SesaZlebelia sakvlevi 

nivTierebisTvis damaxasiaTebeli specifiuri masspeqtrebis Sedareba 

biblioTekis monacemebTan. aseve analizis Sedegad miRebul 

qromatogramaze nivTierebis Sekavebis drois mixedviT SesaZlebelia 

Sesabamisi daskvnis gakeTeba [22].  

mocemuli eqsperimantis mizans warmoadgenda SardSi da 

saganmatarebelze (aramarkirebuli tabletebi) olanzapinis, 

risperidonis, qvetiapinis da klozapinis Tvisobrivi analizis gazur 

qromatografiuli – masspeqtrometruli meTodis optimaluri pirobebis 

SemuSaveba. 

 

obieqti da masalebi 

eqsperimentisTvis gamoyenebuli iyo sedareqsis, olzapis, azaleptinis, 

qvetiapini fumaratis tabletebi. 

 

eqsperimenti 

medikamnetebis tabletebi movsriseT rodinSi homogenuri masis miRebamde. 

miRebuli fxvnilis saSualebiT movamzadeT sedareqsis, olzapis, 

azaleptinis, qvetiapinis 1.0 mg/ml koncentraciis ZiriTadi xsnarebi 

meTanolSi, aqtiur nivTierebebze gadaangariSebiT.  

ZiriTadi xsnaridan movamzadeT ori tipis saanalizo nimuSi: 
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1. SardSi samizne nivTierebebis analizisaTvis – ZiriTadi xsnarebis 

SardSi ganzavebiT movamzadeT saanalizo nimuSebi koncentraciiT 

100 ng/ml. 

 

2. saganmatareblebis (aramarkirebuli tabletebi) analizisaTvis - 

ZiriTadi xsnari ganvazaveT meTanoliT, rom migveRo saanalizo 

xsnari, romelic Seicavda oTxive sakvlev nivTierebas 

koncentraciiT 10 ng/ml. 

 

nimuSebis momzadebisas optimaluri gadanawilebisaTvis viyenebdiT 

ultrabgeriT abazanas 5 wuTis ganmavlobaSi.  

Sardis saanalizo nimuSebidan izolirebas vaxdendiT siTxe-siTxe 

eqstraqciis meTodiT Semdegi TanmimdevrobiT: 5 ml saanalizo nimuSs 

davamateT amoniumis hidroqsidis 9% xsnari (aris pH 9.0-is misaRebad), 

Semdeg davamateT 3 ml gamxsnelTa narevi  eTilacetati – heptani – 

diqlormeTani – izopropanoli, 60 : 20 : 15 : 5 TanafardobiT da SeurieT 

5-5 wT-is ganmavlobaSi Stuart SB3-is rotorul Semrevze. Serevis 

proceduris Semdeg movaxdineT centrifugireba 5 wuTis ganmavlobaSi 

(3500 br/wT) da gamovacalkeveT organuli gamxsnelis fena. 

meTanoliT momzadebuli saanalizo nimuSi da Sardidan miRebuli 

gamonawvlili movaTavseT koncentratorSi da avaqroleT 50C 

temperaturaze azotis nakadis gamoyenebiT. miRebuli mSrali masa 

gavxseniT 100 mkl eTilacetatiT, kargad SevurieT 30 wamis ganmavlobaSi 

da movaxdineT qromatografSi ineqcireba 1 mkl-is odenobiT. 

 

aparaturuli gaformeba 

analizi Catarda gazur qromatografze Agilent 7000A Quadrupole GC-MS, 

romelic aRWurvili iyo gerstelis avtomaturi sempleriT. ionizacia 

mimdinareobda dadebiTi eleqtronuli impulsis reJimiT (EI+), skanireba 

sruli ionuri nakadiT (TIC).  

 

meTodi 

Cvens mier SerCeuli iyo gazuri qromatografis muSaobis optimaluri 

pirobebi:   
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 inJeqtoris temperatura: 2500C  

 Rumelis temperatura: 600C 

 temperaturuli gradienti: 600C 1 wT; 600C→2500C  150 C/wT; 2500C→ → 

3000C  100 C/wT 

 sveti MS-5, 30 m X 250 mkm 

 transferlainis temperatura: 3000C  

 inJeqtirebis moculoba: 1 mkl  

 ionizcia: 70 ev  

 airmatarebelil heliumi 

 airis dinebis siCqare 1 ml/wT.  

 deteqtireba: TIC – m/z 45 – 750 Da  

miRebuli GC-MS qromatogramebi da mas speqtri mocemulia #21-25 

suraTze.  

 

 

 

suraTi 21: sakvlev nimuSSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis GC-MS qromatograma  
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suraTi 22: saganmatarebelSi olanzapinis,  qvetiapinis da klozapinis GC-

MS qromatograma  

 

 

suraTi 23: saganmatarebeliSi qvetiapinis da risperidonis GC-MS 
qromatograma  
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+EI Scan (15.332 min) Ris-Olan-Cloz-Azal-TIC2.D OlanzapineHead to Tail MF=863 RMF=887
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suraTi 24: olanzapinis masspeqtrebi monacemTa bazasa (NIST) da sakvlev 

obieqtSi 

 

 

+EI Scan (16.550 min) Ris-Olan-Cloz-Azal-TIC2.D ClozapineHead to Tail MF=876 RMF=886
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suraTi 25: klozapinis masspeqtrebi monacemTa bazasa (NIST) da sakvlev 

obieqtSi 

 

analizis Sedegad miRebul qromatogramebze warmodgenilia sakvlevi 

nivTierebebis pikebi Semdegi Sekavebis droiT: olanzapini – 15 wT,   

klozapini 16 wT,  qvetiapini 20 wT, risperidoni 22 wT, xolo  

masspeqtrebis mixedviT movaxdineT samizne nivTierebebis identificireba, 

rogorc Sardis nimuSSi, aseve saganmatareblebSi (tabletebi). 

Catarebuli eqsperimentis safuZvelze mowodebulia olanzapinis, 

risperidonis, qvetiapinis da klozapinis, rogorc Tvisobrivi aseve 

damadasturebeli gazur qromatografiuli masspeqtrometruli meTodi, 

romelic SesaZlebelia gamoyenebuli iyos, rogorc biologiuri 

NIST-is monacemTa 

sakvlevi obieqti 

sakvlevi obieqti 

NIST-is monacemTa 
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siTxeebis, asve nivTmtkicebulebebis saxiT amoRebuli aramarkirebuli 

tabletebis mizanmimarTuli qimiur-toqsikologiuri analizisaTvis.  

SemuSavebuli meTodi warmoadgens siaxles, radganac pirvelad Cvens mier 

Catarda olanzapinis, risperidonis, qvetiapinis da klozapinis 

erTdrouli gazur qromatografiuli masspeqtrometruli analizi.  
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4.6 gardacvlili adamianis SardSi klozapinis Tvisobrivi analizi 

gazur qromatografiuli – masspeqtrometruli (GC-MS) meTodiT 

 

eqsperimentis mizani 

eqsperimentis mizans warmoadgenda gardacvlili adamianis SardSi 

klozapinis identifikaciisaTvis, Cvens mier eqsperimentiT SemuSavebuli 

gazur qromatografiuli – masspeqtrometruli (GC-MS) meTodis 

praqtikuli aprobacia. 

nedleuli da masalebi 

kvlevis obieqts warmoadgenda gardaclili adamianis Sardi.  

saanalizo obieqti warmodgenili iyo ssip levan samxaraulis saxelobis 

sasamarTlo eqspertizis erovnuli biuroSi. moTxovnili iyo 

narkotikuli da fsiqotropuli nivTierebebis qimiur-toqsikologiuri 

analizi.   

eqsperimenti 

saanalizod aRebuli iyo Sardi 5 ml-s odenobiT. izolirebis da 

analizis procedura Catarda qveTavi 4.5-Si mocemuli sqemis mixedviT. 

analizis Sedegad miRebuli GC-MS qromatograma da masspeqtri 

mocemulia # 26-28 suraTze.  

 

suraTi 26: Sardis nimuSSi klozapinis GC-MS qromatograma  
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suraTi 27: Sardis nimuSSi klozapinis mas speqtri 

 

 

+ Scan (rt: 21.496 min) 1000879317-iasvili-A-blood.D ClozapineHead to Tail MF=761 RMF=798

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

0

50

100

50

100

42

43

55

56

63

63

70

70

83

83

90

99

99

114

117

124

129

141

149

152

164

164

179

179

192

192

201

207

221

227

227

243

243

256

256

268

268

281

282
294

299

311

313

326

326

341 355 368 386 401 415 429 440 450 461 473
489

500 521 534 549 560 572 582 593

 

 

suraTi 28: klozapinis masspeqtrebi monacemTa bazasa (NIST) da 

Sardis nimuSebSi 

NIST-is monacemTa baza 

Sardis nimuSi 
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winamdebare kvlevis mizans warmoadgenda fsiqoaqtiuri nivTierebebis 

qimiur-toqsikologiuri analizi Cvens mier SemuSavebuli gazur 

qromatografiuli-masspeqtrometruli meTodiT.  

analizis Sedegad miRebuli masspeqtri SevadareT biblioTekis 

minacemebs.  NIST-is bazasTan Sedarebis safuZvelze movaxdineT 

klozapinis identifikacia gardacvlili adamianis SardSi. 

qromatogramaze mocemulia klozapinis piki Sekavebis droiT 16.5 wT.  

Sesabamisad, warmodgenili SedegebiT davadastureT Cvens mier 

SemuSavebuli analizis meTodis praqtikuli gamoyenebis efeqturoba, 

rogorc skrining, aseve damadasturebeli analizisTvis. 
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4.7 adamianis sisxlSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis Tvisobriv - raodenobrivi analizis siTxur 

qromatografiuli - tandemuri masspeqtrometruli (LC-MS/MS) meTodis 

SemuSaveba  

 

eqsperimentis mizani 

mocemuli eqsperimentis mizans warmoadgenda olanzapinis, risperidonis, 

qvetiapinis da klozapinis Tvisobriv-raodenobrivi analizis optimaluri 

pirobebis SemuSaveba. 

 

obiqeti da masalebi 

gamoyenebuli iyo olanzapinis, risperidonis, qvetiapinis da klozapinis 

standartebi. biologiur obieqts warmoadgenda adamianis sisxli.  

 

aparaturuli gaformeba 

kvlevis dros viyenebdiT siTxur qromatografs – tandemuri 

masspeqtrometriT (LC–MS–MS) - AGILENT  TECHNOLOGIES  1290  Infinity  

AGILENT  TECHNOLOGIES  6460Triple quad LC/MS, sveti - Zorbax  Eclipse, 

stacionaruli faza - C18 (1002.1mm, 1.8µm). xelsawyo agreTve aRWurvili 

iyo winasvetiT - UHPLC GUARD Zorbax  Eclipse, stacionaruli faza - C18 

(52.1mm,1.8µm). saanalizod SerCeuli iyo sistema: 0.1% WianWvelmJavas 

wyalxsnari  (B xsnari) : 0.1% WianWvelmJavas xsnari acetonitrilSi - 60 : 40 

(A xsnari), reJimi gradientuli (ixileT cxrili #12), moZravi fazis 

dinebis siCqare 0.45 ml/wT, svetis temperatura 40C. ionizacia miiRweoda 

dadebiTi eleqtrogafrqveviT (ESI+). qromatografirebis dro 10 wT. 

skanireba mimdinareobda mravaljeradi reaqciis monitoringiT (MRM). 

 

cxrili 12: moZravi fazis gradientuli miwodebis pirobebi 

# dro B% moZravi fazis dinebis 
siCqare 

1 0.00 90.0 0.45 

2 2.00 70.0 0.45 

3 4.00 60.0 0.45 

4 6.00 50.00 0.45 

5 10.0 90.00 0.45 
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eqsperimenti 

sakvlevi nivTierebebis ZiriTad xsnars vamzadebdiT meTanolSi 

koncentraciiT 1.0 mg/ml. Sualeduri xsnaris mosamzadeblad ZiriTadi 

xsnari ganvazaveT meTanoliT 500 ng/ml koncentraciis misaRebad. 

sakvlevi nivTierebebis sakalibro xsnarebis mosamzadeblad moxda 

Sualeduri xsnaris sisxliT ganzaveba Semdegi koncentraciebis 

misaRebad: 10.0, 15.0, 20.0, 30.0, 50.0 da 100 ng/ml. saanalizo nimuSebi 

momzadda koncentraciiT 10.0, 25.0 da 50.0 ng/ml. yvela nimuSi inaxeboda 

4C temperaturaze Semdgomi analizebisaTvis. 

 

izolirebis procedura myarfazuri eqstraqciis gamoyenebiT 

sisxlis nimuSebidan olanzapinis izolirebisaTvis gamoyenebul iyo 

gilsonis GX-271 ASPEC sistema kartrijiT Supelclean LC-18 SPE 500mg. 

eqstraqciis procedura 

 

 nimuSis winaswari damuSaveba   

1ml nimuSs daumateT 4ml deionizirebuli wyali da 2ml 100mm 

fosfatis buferi (pH 6.0).  

SevurieT/SevanjRrieT stiuartis rotatorze da ultrabgeriT 

abazanaze homogenuri struqturis misaRebad.  

movaxdine centrifugireba 10 wuTis ganmavlobaSi, 500 br/wT da 

movaSoreT naleqi. miRebuli nimuSebis pH unda iyos 6.0±0.5. 

davaregulireT pH Sesabamisad 100 mmoli erTfuZiani natriumis 

fosfatiT.  

 sorbentis (kartrijis) kondecireba   

gamovrecxeT 1 x 3 ml meTanoliT da gamovaSreT aspiraciis gziT. 

gamovrecxeT 1 x 3ml deionizirebuli wyliT da gamovaSreT 

aspiraciis gziT.  

gamovrecxeT 1 x 1 ml 100 moli fosfaturi buferiT (pH 6.0) da 

gamoavSreT aspiraciis gziT. aspiracia unda moxdes araumetes 76.2 

mmvwy. sv. saanalizo nimuSis moTavseba movaxdineT nakadiT 1ml/wT. 

 sorbentis Carecxva  

sorbentis Camorcexva movaxdineT ramodenime etapad: I. 3 ml 

deionizirebuli wyliT, II. 1 ml 100mmoli ZmarmJaviT, III. 3 ml 
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meTanoliT. yvela etapis Semdeg vaSrobdiT aspiraciis gziT 5 

wuTis ganmavlobaSi araumetes 254 mmvwy. sv. 

 eluireba  

eluirebas vaxdendiT 3ml nareviT romelic Seicavda 

meTilenqlorids (CH2Cl2)/izopropilis spirts (IPA)/amoniumis 

hidroqsids (NH4OH), 78:20:2 TanafardobiT.  

Segrovebuli eluatisTvis gamxsnelad gamoviyeneT axalad  

momzadebuli narevi. 40ml izopropanols davumateT 4ml 

koncentrirebuli amoniumis hidroqsidi, SeurieT da davumateT 

156ml meTilenqloridi da ganmeorebiT SevurieT.  

 proceduris dasrulebis Semdeg miRebuli narevi movaTavse 

koncentratorSi da avaorTqleT araumetes 400C temperaturaze 

gamomSral mdgomareobamde.  

 saanalizio nimuSis momzadeba – miRebuli mSrali masa gavxseniT 

200mkl nareviT, romelic Seicavda acetontrilis da 

deionizirebul wyals 1:3 TanafardobiT. kargad SevurieT/ 

SevanjRrieT 30 wamis ganmavlobaSi da movaxdineT qromatografSi 

ineqcireba 5mkl-is odenobiT. 

 

analizis Sedegad miRebuli qromatogramebi ixileT #29-38 suraTze.    

qromatogramebis mixedviT saanalizo nivTierebebis Tvisobrivi da 

raodenobrivi gansazRvrisaTvis optimaluri MRM tranzaqcia aris: 

 olanzapini m/z 313 198, m/z 313  213, m/z 313  256;  

 risperidoni m/z 411  110, m/z 411  163,  m/z 411  191;  

 qvetiapini m/z 384208, m/z 384221; m/z 384236, m/z 384253, m/z 384279; 

 klozapini m/z 327192, m/z 327227, m/z 327243, m/z 327256, m/z 

327270. 

 

movaxdineT SemuSavebuli meTodebis validacia, ixileT qveTavi 4.12. 
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suraTi 29: olanzapinis, risperidonis, qvetiapinis da klozapinis MRM 

qromatograma 

olanzapini 

risperidoni 

klozapini 

qvetiapini 



84 

 

 

 suraTi 30: olanzapinis, risperidonis, qvetiapinis da klozapinis 

MRM qromatogramebi 
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suraTi 31: olanzapinis MRM qromatogramebi 

 

 

suraTi 32: risperidonis MRM qromatogramebi 
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suraTi 33: qvetiapinis MRM qromatogramebi 

 

 

suraTi 34: klozapinis MRM qromatograma 
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suraTi 35: olanzapinis MS/MS masspeqtri 

 

 

 

suraTi 36: klozapinis MS/MS masspeqtri 

227.0 

243.0 
256.0 
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suraTi 37: qvetiapinis MS/MS masspeqtri 

 

 

 

suraTi 38: risperidonis MS/MS masspeqtri 

163.0 
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4.8 adamianis plazmaSi da SardSi olanzapinis, risperidonis, qvetiapinis 

da klozapinis analizi siTxur qromatografiuli – tandemuri 

masspeqtrometruli (LC-MS/MS) meTodiT  

 

 

eqsperimentis mizani 

eqsperimentis mizans warmoadgenda adamianis plazmaSi da SardSi 

olanzapinis, risperidonis, qvetiapinis da klozapinis analizi 

eqsperimentiT SemuSavebuli siTxur qromatografiuli - tandemuri 

masspeqtrometruli (LC-MS/MS) meTodiT. 

 

obiqeti, masalebi da meTodebi 

biologiur obieqtebs warmoadgenda adamianis plazma da Sardi. 

myarfazuri eqstraqciisaTvis gamoiyeneboda sorbenti Supelclean LC-18 SPE. 

kvlevis dros analizisaTvis viyenebdiT siTxur qromatografs – 

tandemuri masspeqtrometriT. 

eqsperimentisTvis in vitro modeluri nimuSebis mosamzadeblad 

gamoyenebuli iyo sedareqsis, olzapis, azaleptinis, qvetiapini fumaratis 

tabletebi. 

 

eqsperimenti 

medikamnetebis tabletebi movsriseT rodinSi homogenuri masis miRebamde. 

miRebuli fxvnilis saSualebiT movamzadeT sedareqsis, olzapis, 

azaleptinis, qvetiapinis 1.0 mg/ml koncentraciis ZiriTadi xsnarebi 

meTanolSi, aqtiur nivTierebebze gadaangariSebiT.  

ZiriTadi xsnarebis plazmaSi da SardSi ganzavebiT movamzadeT 

saanalizo nimuSebi koncentraciiT 10 ng/ml.  

 

izolirebis da analizis pirobebi ixileT qveTavSi 4.7. 

analizis Sedegad miRebuli qromatogramebi mocemulia #39-47 suraTze. 
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suraTi 39: plazmaSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis MRM qromatogra  

 

 

suraTi 40: plazmaSi olanzapinis MRM qromatogramebi  

 

olanzapini 

risperidoni 

klozapini 

qvetiapini 
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suraTi 41: plazmaSi risperidonis MRM qromatogramebi  

 

 

 
suraTi 42: plazmaSi klozapinis MRM qromatogramebi  
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suraTi 43: plazmaSi qvetiapinis MRM qromatogramebi  

 

 

 
suraTi 44: plazmaSi risperidonis MRM qromatogramebi  
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suraTi 45: SardSi olanzapinis, risperidonis, qvetiapinis da klozapinis 

MRM qromatogra  

 

 
 

suraTi 46: SardSi klozapinis MRM qromatogramebi 

olanzapini 

risperidoni 

klozapini 

qvetiapini 
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suraTi 47: SardSi olanzapinis, risperidonis da qvetiapinis MRM 

qromatogramebebi 

risperidoni 

risperidoni 

risperidoni 

qvetiapini 

qvetiapini 

qvetiapini 

olanzapini 

olanzapini 

olanzapini 
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qromatogramaze warmodgenilia samizne nivTierebebi pikebi, romelTa 

Sekavebis dro emTxveva Cvens mier SemuSavebuli, validirebuli meTodiT 

analizisas miRebuli qromatogramebze Sesabamisi nivTierebis Sekavebis 

dros. 

Sesabamisad, warmodgenili SedegebiT davadastureT, rom Cvens mier 

eqsperimentis Sedegad SemuSavebuli olanzapinis, risperidonis, 

qvetiapinis da klozapinis analizis siTxur qromatografiuli - 

tandemuri masspeqtrometruli (LC-MS/MS) meTodi SesaZlebelia 

gamoyenebuli iyos plazmaSi da SardSi mocemuli samizne nivTierebebis 

gansazRvrisaTvis. 
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4.9 gardacvlili adamianis sisxlSi olanzapinis da klozapinis 

erTdrouli Tvisobrivi analizi siTxuri qromatografiuli – tandemuri 

masspeqtrometruli (LC-MS/MS) meTodiT  

 

eqsperimentis mizani 

eqsperimentis mizans warmoadgenda gardacvlili adamianis sisxlSi 

olanzapinis da klozapinis erTdrouli analizi Cvens mier 

eqsperimentiT SemuSavebuli siTxur qromatografiuli – tandemuri 

masspeqtrometruli (LC-MS/MS) meTodiT. 

 

obieqti da meTodebi 

kvlevis obieqts warmoadgenda gardaclili adamianis sisxli, romelic 

analizisTvis miRebuli iyo ssip levan samxaraulis saxelobis 

sasamarTlo eqspertizis erovnuli biuroSi. unda Catarebuliyo 

mizanmimarTuli qimiur-toqsikologiuri analizi, radgan SemTxvevis 

adgilidan amoRebuli iyo klozapinis da olanzapinis carieli 

blisterebi. eqspertizas unda daedgina Seicavda Tu ara sisxlis nimuSi 

samizne nivTierebebs. 

sakvlevi nivTierebebis izolireba moxda myarfazuri eqstraqciis 

gamoyenebiT (sorbenti Supelclean LC-18 SPE), xolo analizi siTxuri 

qromatografia – tandemuri maspeqtrometriiT (LC-MS/MS). 

 

eqsperimenti 

saanalizod aRebuli iyo sisxli 3 ml odenobiT.  

izolirebis da analizis pirobebi ixileT qveTavSi 4.7. 

analizis Sedegad miRebuli qromatogramebi da masspeqtrebi mocemulia 

#48-50 suraTze. 
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suraTi 48: sisxlSi olanzapinis da klozapinis MRM qromatogramebi 

 

 
suraTi 49: sisxlSi olanzapinis MS/MS masspeqtri 

klozapini 

olanzapini 
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suraTi 50: sisxlSi klozapinis MS/MS masspeqtri 

 

 

qromatogramaze warmodgenilia olanzapinis da klozapinis pikebi, 

Sekavebis droiT 7.5 wT da 9.2 wT, romlebic miviReT Semdegi MRM 

tranzaqciis pirobebSi olanzapini m/z 313 198, m/z 313  213, m/z 313  256;  

klozapini m/z 327192, m/z 327227, m/z 327270; masspeqtrebis saSualebiT 

movaxdineT gardacvlili adamianis sisxlSi samizne nivTierebebis 

identifikacia, xolo qromatogramaze mocemul pikebze Sekavebis dro 

emTxveva Cvens mier SemuSavebuli, validirebuli meTodis analizisas 

miRebuli qromatogramebze Sesabamisi nivTierebis Sekavebis dros. 

warmodgenili SedegebiT davadastureT, rom Cvens mier eqsperimentis 

Sedegad SemuSavebuli analizis siTxur qromatografiuli - tandemuri 

masspeqtrometruli (LC-MS/MS) meTodi SesaZlebelia gamoyenebuli iyos 

mizanmimarTuli analizisTvis sakvlevi nivTierebebis, rogorc 

individualuri aseve maTi erTdrouli gansazRvrisTvis da CarTuli iyos 

qimiur-toqsikologiuri analizis sqemaSi. 
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4.10 farmacevtuli warmoebis procesSi gamoyenebul danadgarebze 

aqtiuri nivTierebis narCeni kontaminaciis gansazRvra siTxur 

qromatografiuli - tandemuri masspeqtrometruli meTodiT 

 

eqsperimentis mizani 

kargi sawarmoo praqtikis moTxovnebis mixedviT, produqtis warmoebis 

Semdeg danadgarebi unda Semowmdes aqtiuri nivTierebis narCen 

raodenobaze, raTa ar moxdes kontaminacia Semdegi produqtis 

damzadebisas.  nebismieri narCeni samedicino TvalsazrisiT unda iyos 

usafrTxo, ar unda axdendes gavlenas produqtis xarisxze. warmoebis 

Semdgomi dasufTaveba CaiTvleba arasrulfasovnad, im SemTxveaSi Tu 

danadgaridan aRebuli sinji Seicavs dasaSveb zRvarze meti raodenobiT 

narCenebs. Sesabamisad, mniSvnelovania arsebobdes maRali mgrZnobelobis 

specifiuri meTodi, romlis saSualebiTac moxdeba danadgarze arsebuli 

mcire raodenobiT samizne aqtiuri nivTierebis Tvisobriv-raodenobrivi 

analizi [149, 218]. 

eqsperimentis mizans warmoadgenda dasufTavebis Semdeg aRebul sinjSi 

aqtiuri nivTierebis narCeni raodenobis gansazRvrisaTvis Cvens mier 

validirebuli siTxur qromatografiuli - tandemuri masspeqtrometruli 

meTodis praqtikuli aprobacia. 

 

obiqeti da masalebi 

eqsperimentisTvis gamoyenebuli iyo sedareqsis tabletebi da sawarmo 

procesis dasrulebis Semdeg dasufTavebuli danadgaridan aRebuli 

sinji. momwodebeli frmacevtuli sawarmo ,,GM Pharmaceuticals’’, saqarTvelo. 

 

aparaturuli gaformeba 

gamoyenebuli aparatura, qromatografirebis da deteqtirebis pirobebi 

ixileT qveeTavSi 4.7. 

 

eqsperimenti 

standartuli xsnaris momzadeba 

gavxseniT sedareqsi 1mg #10 tabletis blisteri da amoviReT tabletebi, 

romelic movsriseT rodinSi homogenuri masis miRebamde. fxvnilis 

saSualebiT movamzadeT 1.0 mg/ml koncentraciis ZiriTadi xsnari 
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meTanolSi, sufTa risperidonze gadaangariSebiT. ZiriTadi xsnari 

ganvazaveT meTanoliT, rom migveRo aparaturaze narCeni risperidonis 

dasaSvebi zRvaris Sesabamisi koncentraciis sakontrolo xsnari.  

danadgaris zedapirebze sakvlevi nivTierebis dasaSvebi zRvrebis 

dadgenisaTvis gamoiyeneba maqsimaluri dasaSvebi gadatana (MACO) da 

narCenebis dasaSvebi koncentracia -  CRS (mg/l). 

 

maqsimaluri dasaSvebi gadatana gamoiTvleba Semdegi formuliT: 

 

 

sadac: 

TDDp – sakvlevi nivTierebis sadReRamiso Terapiuli doza 

MBS – seriis minimaluri moculoba produqtisa, romelic unda 

damzaddes sawarmoSi dasufTavebis Semdeg. 

SF – usafrTxoebis faqtori (= 1000 oraluri wamlis fomebisTvis) 

TDDnx – sadReRamiso Terapiuli doza produqtisa, romelic unda 

damzaddes sawarmoSi dasufTavebis Semdeg 

 

narCenebis dasaSvebi koncentracia (mg/l) gamoiTvleba Semdegi 

formuliT: 

 

 

 

sadac: 

MACO - maqsimaluri dasaSvebi gadatana (mg) 

ES  - dasufTavebuli aparatis saerTo farTobi 

Ea -  danadgaris farTobi, saidanac aiReba sinji 

R – eqstraqciis xarisxi 

V – eqstragirebisas gamoyenebuli gamxsnelis moculoba 

warmodgenili formulebis saSualebiT davadgineT risperidonis narCeni 

dasaSvebi koncentracia, romelic mocemuli eqsperimentis SemTxvevaSi 

aris  CRS ≤ 0.003 mg/ml 
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sakontrolo nimuSis momzadeba 

danadgaris masalisgan damzadebul dasufTavebul, mSral firfitaze 

davitaneT cnobili koncentraciis sakontroli xsnari samizne 

nivTierebis SemcvelobiT. davelodeT gaSrobas da aviReT sinji ninaswar 

TargiT moniSnuli adgilidan eTanoliT gaJRenTili tamponiT. sinjis 

aReba movaxdineT sawarmos mier mowodebuli winaswar dadgenili 

proceduris Sesabamisad. tamponi movaTavseT 5 ml moculobis vialaSi da 

SevavseT eTanoliT. davayovneT 1 saaTi da eqstragirebisaTvis tamponiani 

viala movaTavseT ultrabgeriT abazanaSi 5 wuTis ganmavlobaSi.  

 

sakvlevi nimuSis momzadeba 

saanalizo obieqti, romelsac warmoadgenda dasufTavebuli 

danadgaridan tamponiT aRebuli sinji, moTavsebuli iyo 5 ml moculobis 

vialaSi, romelic Sevsebuli iyo meTanoliT. saanalizo nivTierebis 

sruli eqstragirebisaTvis tamponiani viala movaTavseT ultrabgeriT 

abazanaSi 5 wuTis ganmavlobaSi.  

sakvlevi da sakontrolo nimuSebidan miRebuli gamonawvlili movaTavseT 

koncentratorSi da avaorTqleT araumetes 400C temperaturaze 

gamomSral mdgomareobamde. miRebuli mSrali naSTi gavxseniT 200 mkl 

moZrav fazaSi. miRebuli xsnarebi gavfiltreT, gadavitaneT 

qromatografirebis minis vialaSi da movaxdineT 5 mkl nimuSis 

inJeqtireba xelsawyoSi. sakvlevi da sakontrolo nimuSebis analizis 

Sedegebi mocemulia qromatogramebis da masspeqtrebis saxiT (suraTi 51-

53). 

 

 
suraTi 51: sakvlevi nimuSis MRM qromatograma 

 



102 

 

 

suraTi 52: sakontrolo nimuSis MRM qromatograma 

 

 
suraTi 53: sakontrolo nimuSSi risperidonis MS/MS masspeqtri 

 

Catarebuli eqsperimentebis Sedegad sakontrolo xsnaris 

qromatogramaze miviReT risperidonis simetriuli piki, Sekavebis droiT 

8.95 wT,  xolo  sakvlevi xsnaris qromatogramaze imave dros aRniSnuli 

signali ar fiqsirdeba, rac miuTiTebs saanalizo nimuSSi risperidonis 

narCenis ararsebobaze. 

eqsperimentiT miRebuli Sedegebze dayrdnobiT SegviZlia davaskvnaT, rom 

Cvens mier SemuSavebuli analizis siTxur qromatografiuli - tandemuri 

masspeqtrometruli meTodi SesaZlebelia gamoyenebuli iyos, sawarmoo 

danadgarebze risperidonis narCeni kontaminaciis gansazRvrisaTvis, rac 

warmoadgens savaldebulo moTxovnas kargi sawarmoo praqtikis 

rekomendaciebis mixedviT. 

163.0 
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4.11 saganmatareblebSi olanzapinis, risperdonis, qvetiapinis da 

klozapinis analizi siTxur qromatografiuli - tandemuri 

masspeqtrometruli meTodiT 

 

 

eqsperimentis mizani 

sasamarTlo qimiuri eqspertizis dros sakvlev masalas SesaZloa 

warmoadgendes, rogorc biologiuri obieqtebi, asve sxvadasxva 

saganmatareblebi (medikamentis blisteri, flakoni, kuWis SigTavsidan 

amoRebuli dauSleli tabletebi, anawmendi). nivTmtkicebebi SesaZloa 

napovni iyos gardacvlili adamianis pirad nivTebSi an danaSaulis 

adgilas. aseT SemTxevaSi xSirad saganmatarebeli ar aris markirebuli.  

aRniSnul SemTxvevaSi eqspertizis srulfasovani CatarebisaTvis 

mniSvnelovania arsebobdes meTodi, romlis saSualebiTac erTi da igive 

pirobebSi moxdeba, rogorc biologiuri obieqtebis Seswavla aseve 

Tanmxlebi saganmatareblebis analizi [2, 20, 54]. 

eqsperimentis mizans warmoadgenda saganmatarebelze olanzapinis, 

risperidonis, qvetiapinis da klozapinis analizi Cvens mier 

eqsperimentiT SemuSavebuli siTxur qromatografiuli - tandemuri 

masspeqtrometruli meTodiT. 

 

aparaturuli gaformeba 

gamoyenebuli aparatura, qromatografirebis da deteqtirebis pirobebi 

ixileT qveeTavSi 4.7.  

 

eqsperimenti 

sakvlevi nimuSis momzadeba. 

tabletebisgan gavanTavisufleT sedareqsis, olzapis, azalpetinis 

blisterebi da qvetiapinis fumaratis flakoni. movaxdineT SesafuTi 

masalis Sida zedapirebidan bambis eTanoliani tamponiT sinjis aReba. 

tamponi movaTavseT 10 ml moculobis vialaSi da eqstraqcia movaxdineT 

meTanoliT. eqstrqcias vawarmoebdiT ultrabgeriT abazanaSi 5 wuTis 

ganmavlobaSi.  

vialidan siTxe gadaviteneT koncentratorSi da avaorTqleT araumetes 

400C temperaturaze mSral mdgomareobamde. miRebuli mSrali naSTi 
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gavxseniT 200 mkl moZrav fazaSi. miRebuli xsnarebi gavfiltreT, 

gadavitaneT qromatografirebis minis vialaSi da movaxdineT 5 mkl nimu-

Sis inJeqtireba xelsawyoSi.  

suraTze #54-61 mocemuliaAanalizis Sedegad miRebuli qromatogramebi 

da masspeqtrebi. A 

 

 

suraTi 54: saganmatarebelebSi olanzapinis MRM qromatogramebi 

 

 

 
suraTi 55: saganmatarebelebSi risperidonis MRM qromatogramebi 
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suraTi 56: saganmatarebelebSi qvetiapinis MRM qromatogramebi 

 

 

 

suraTi 57: saganmatarebelebSi klozapinis MRM qromatogramebi 
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suraTi 58: saganmatarebelebSi olanzapinis MS/MS masspeqtri 

 

 

 
suraTi 59: saganmatarebelebSi risperidonis MS/MS masspeqtri 

 

 

 
suraTi 60: saganmatarebelebSi qvetiapinis MS/MS masspeqtri 

 
 

 
suraTi 61: saganmatarebelebSi klozapinis MS/MS masspeqtri 

243.0 256 

163.0 

227.0 

208.0 

236.0 
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blisteris da flakonis anawmendis analizis Sedegad miRebul 

masspeqtrebze warmodgenilia samizne nivTierebebis molekuluri ionebis 

fragmentacia, riTac dadasturda maTi identifikacia sakvlev obieqtSi. 

qromatogramebze mocemuli simetriuli pikebi iZleva sakvlevi 

nivTierebebis rodenobrivi analizis saSualebas. 

eqsperimentiT miRebuli Sedegebis safuZvelze Cvens mier SemuSavebuli 

analizis siTxur qromatografiuli - tandemuri masspeqtrometruli 

meTodi SesaZlebelia gamoyenebuli iyos, olanzapinis, risperdonis, 

qvetiapinis da klozapinis qimiur-toqsikologiuri analizisaTvis. 

mocemul pirobebSi SesaZlebelia Catardes saganmatareblebSi sakvlevi 

nivTierebebis Tvisobrivi-raodenobrivi gansazRvra. aRniSnuli sakiTxi 

mniSvnelovani nawilia kriminalistikisaTvis da sagamoZiebo 

procedurebis srulfasovani warmarTvisaTvis. 
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4.12 adamianis sisxlSi olanzapinis, risperidonis, qvetiapinis da 

klozapinis Tvisobrivi - raodenobrivi gansazRvris siTxur 

qromatografiuli - tandemuri masspeqtrometruli (LC-MS/MS) meTodis 

validacia 

 

meTodi, romelic gamoyenebuli iqneba sasamarTlo qimiuri 

eqspertizisTvis unda iyos validirebuli, raTa damtkicdes misi maRali 

sandooba da miRebuli Sedegebis relevanturoba. meTodis validacia 

uzrulvelyofs maRal sarwmunoobas da warmoadgens meTodis 

efeqturobis dokumentalur mtkicebulebas [189]. 

arsebobs sxvadasxva maregulireblis mier SemuSavebuli rekomendaciebi, 

romelic gansazRvravs validaciis parametrebs da misi Catarebis wesebs, 

maT Soris aris: 

 aSS-s kvebis produqtebis da medikamentebis administracis (FDA) 

rekomendacia ,,bioanalizuri meTodis validacia’’ 

 aSS-s farmakopea 

 evropis medikamentebis saagentos(EMEA) da harmonizaciis 

saerTaSoriso konferenciis (ICH) meTodologia validaciis 

Catarebis proceduris Sesaxeb. 

 sasamarTlo eqspertizis toqsikologTaA asociaciis (SOFT)  da 

amerikis sasamarTlo eqspertizis samecniero akademiis (AAFS) mier 

SemuSavebuli gaidlaini (SOFT/AAFS 2006) sasamrTlo qimiuri 

eqspertizis laboratoriebisTvis. validaciis parametrebis 

SerCevisas gasaTvaliswinebelia im analizis meTodis daniSnuleba, 

romlis validaciac aris dagegmili, magaliTisaTvis SeiZleba 

ganvixiloT analizis meTodi gankuTvnilia Tvisobrivi Tu 

raodenobrivi analizisaTvis, medikamentebis kontrolis Tu 

sasamarTlo qimiuri eqspertizisaTvis [134, 187, 205]. 

mocemuli rekomendaciebis safuZvlze ganxorcielda adamianis sisxlSi 

olanzapinis, risperidonis, qvetiapinis da klozapinis Tvisobrivi da 

raodenobrivi gansazRvris siTxuri qromatografiuli – mas 

speqtrometruli (LC-MS/MS) meTodis validacia. 

 

analizis meTodis validacia CavatareT Semdeg ZiriTad parametrebze: 
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1. sworxazovneba (Linearity)  

2. seleqciuroba (Selectivity) 

3. sisworeA(Acurrency) 

4. sizusteP(Precision) 

5. aRmosaCeni minimumi (LOQ)  

6. gansasazRvravi minimumi (LOD)  

7. eqstraqciis xarisxi (Recovery) 

8. matricis efeqti (Matrix Effect) 

9. stabiluroba (Stability) 

  

sworxazovneba 

 

sworxazovneba gulisxmobs raodenobrivi analizis Sedegebis da 

koncentraciis sworxazovan damokidebulebas. miRebuli Sedegebis 

sworxazovneba SesaZloa warmidgenili iyos grafikis saxiT da 

saTanadao statistikuri meTodiT, regresis wrfis mixedviT dadgindes 

korelaciis koeficienti R2, romelic ar unda iyos 0.995 ze naklebi. 

sworxazovnebis dadgenisaTvis unda moxdes aranakleb 5 sxvadasxva 

koncentraciis nimuSis raodenobrivi gansazRvris Sedegebis 

statistikuri damuSaveba [29]. 

sworxazovnebis dasadgenad analizis proceduris dros gamoyenebuli 

iyo sakvlevi nivTierebebis Semdegi koncentraciis sakalibro xsnarebi  

10, 15, 20, 30, 50 da 100 ng/ml. analizis Sedegad miRebuli pikis farTobis 

da koncentraciis damokidebuleba mocemulia #13-16 cxrilSi. monacemebi 

davamuSaveT statistikuri sworxazovani regresis meTodiT, gamoviyeneT 

Graph Pad Prism programuli uzrunvelyofa da davdgindT korelaciis 

koeficienti. monacemebis dadastureba movaxdineT Microdost Excel-is 

monacemTa statistikuri damuSavebis programiT. Sedegad davadgineT, rom 

warmodgenili analizis meTodis pirobebSi olanzapinis korelaciis 

koeficienti R2=0.9991, risperidonis R2=0.9980,  qvetiapinis R2=0.9989,  

klozapinis R2=0.9986, monacemebi SesabamisobaSia dadgenil normebTan. 

warmodgenili sakalibro grafikebis analizis mixedviT SegviZlia 
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davaskvnaT rom, meTodma aCvena sworxazovneba 10-100ng/ml koncentraciis 

farglebSi, sakalibro grafiki ixileT suraTi 62-65. 

 

cxrili #13: olanzapinis pikis farTobis da koncentraciis 

damokidebuleba 

 

N

# 

olanzapinis 
sakalibro xsnarebis 

koncentracia 
ng/ml 

olanzapinis sakalibro xsnarebis pikis 
farTobebis saSualo mniSvneloba (n=6) 

1 10 309521 

2 
15 641751 

3 
20 908518 

4 30 1346099 

5 
50 2417018 

6 
100 5231139 

 

 

 

 

suraTi 62: olanzapinis sakalibro grafiki 
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cxrili #14: risperidonis pikis farTobis da koncentraciis 

damokidebuleba 

 

N

# 

risperidonis 
sakalibro xsnarebis 

koncentracia 
ng/ml 

risperidonis sakalibro xsnarebis 
pikis farTobebis saSualo mniSvneloba 

(n=6) 

1 
10 176510 

2 
15 427842 

3 
20 555861 

4 30 796990 

5 
50 1565306 

6 
100 3367828 

 

 

 

 

 

suraTi 63: risperidonis sakalibro grafiki 
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cxrili #15: qvetiapinis pikis farTobis da koncentraciis 

damokidebuleba 

 

N

# 

qvetiapinis 
sakalibro xsnarebis 

koncentracia 
ng/ml 

qvetiapinis 
 sakalibro xsnarebis pikis farTobebis 

saSualo mniSvneloba (n=6) 

1 10 326580 

2 
15 740128 

3 
20 1000165 

4 30 1601320 

5 
50 2856477 

6 
100 5644000 

 

 

 
 

suraTi 64: qvetiapinis sakalibro grafiki 

 

 



113 

 

 

 

 

cxrili #16: klozapinis pikis farTobis da koncentraciis 

damokidebuleba 

 

N

# 

klozapinis 
sakalibro xsnarebis 

koncentracia 
ng/ml 

klozapinis 
sakalibro xsnarebis pikis farTobebis 

saSualo mniSvneloba (n=6) 

1 10 357139 

2 
15 822334 

3 
20 1122469 

4 30 1794799 

5 
50 3173802 

6 
100 6223809 

 

 

 

 

suraTi 65: klozapinis sakalibro grafiki 
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siswore da sizuste 

 

analizis meTodis sizuste gamoxatavs erTi da igive pirobebSi 

Catarebuli, seriuli analizis Sedegebis Tanxvedris xarisxs. sizuste 

gamoixateba variaciis koeficientiT (CV %), romelic unda iyos ≤15%, 

gansasazRvri minimumis SemTxvevaSi ≤20%. 

siswore  aris  analizis Sedegebis siaxlovis xarisxi nominalur an 

dadgenil, WeSmarit maCvenebelTan. analizis meTodis sisworis Sefaseba 

xdeba minimum sami saxvadasxva koncentraciis numuSis xuTjeradi 

gansazRvriT. sisworis dasadgenad analizis Sedegad miRebuli 

monacemebi unda SevadaroT nominalur koncentracias. gadaxra 

nominaluri koncentraciidan unda iyos ±15% - is, xolo gansasazRvri 

minimumis SemTxvevaSi ±20% - is farglebSi [106]. 

sizustis da sisworis dadgenis mizniT movamzadeT 3 sxvadasxva 

koncentraciis saanalizo nimuSi (10, 25, 50.0 ng/ml) sisxlSi ganzavebiT. 

mocemuli parametrebis dasadgenad movaxdineT TiToeuli nimuSis 

xuTjerad gansazRvra (n=5) sami dRis periodSi. 

validaciis eqsperimentis Sedegebi mocemulia # 17-24 cxrilSi.  

 

cxrili 17. olanzapinis dRis ganmavlobaSi da dReTaSorisi 

raodenobrivi gansazRvris sizuste (n=5) 

 

C n ng/ml daTvlili koncentracia ng/ml  saSualo  SD CV% 

dRis ganmavlobaSi 

10 9.71 9.3 10.8 10.7 9.1 9.92 0.70 7.1 

25 23.19 23.98 26.9 25.7 22.5 24.55 1.62 6.6 

50 46.2 51.74 52.9 46.1 53.1 50.01 3.18 6.4 

dReTaSorisi 

10 9.1 9.06 10.9 10.78 9.05 9.82 0.87 8.8 

25 23.19 22.98 26.8 26.7 22.9 24.60 1.83 7.4 

50 45.2 52.74 52.8 46.1 53.29 50.02 3.59 7.2 

 

C n – olanzapinis nominaluri koncentracia;  

CV % – variaciis koeficienti;  

SD – standartuli gadaxra 
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cxrili 18: risperidonis dRis ganmavlobaSi da dReTaSorisi  

raodenobrivi gansazRvris sizuste (n=5) 

 

C n ng/ml daTvlili koncentracia ng/ml  saSualo  SD CV% 

dRis ganmavlobaSi 

10 9.25 9.41 10.95 10.7 9.11 9.88 0.78 7.9 

25 22.52 23.52 26.8 25.91 22.45 24.24 1.79 7.4 

50 52.2 45.9 53.6 46 53.7 50.28 3.58 7.1 

dReTaSorisi 

10 8.7 9.06 10.9 10.95 9.05 9.73 0.98 10.1 

25 22.8 22.98 27.8 27.7 22.8 24.82 2.40 9.7 

50 45.15 45.2 54.93 46.15 54.9 49.27 4.63 9.4 

 

C n – risperidonis nominaluri koncentracia;  

CV % – variaciis koeficienti;  

SD – standartuli gadaxra 

 

cxrili 19: qvetiapinis dRis ganmavlobaSi da dReTaSorisi raodenobrivi   

gansazRvris sizuste (n=5) 

 

C n – qvetiapinis nominaluri koncentracia;  

CV % – variaciis koeficienti;  

SD – standartuli gadaxra 

C n ng/ml daTvlili koncentracia ng/ml  saSualo  SD CV% 

dRis ganmavlobaSi 

10.00 9.73 9.22 10.85 10.85 9.25 9.98 0.73 7.3 

25.00 23.15 24.00 26.90 25.91 22.45 24.48 1.67 6.8 

50.00 52.20 45.90 53.60 46.00 53.70 50.28 3.58 7.1 

dReTaSorisi 

10.00 8.90 9.00 10.95 10.95 9.05 9.77 0.96 9.8 

25.00 23.00 22.55 26.80 27.95 22.50 24.56 2.33 9.5 

50.00 46.25 45.90 54.90 45.00 54.80 49.37 4.49 9.1 
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cxrili 20: klozapinis dRis ganmavlobaSi da dReTaSorisi raodenobrivi 

gansazRvris sizuste (n=5) 

 

C n ng/ml daTvlili koncentracia ng/ml saSualo SD CV% 

dRis ganmavlobaSi 

10.00 9.40 9.50 10.65 10.60 9.30 9.89 0.60 6.1 

25.00 24.15 23.10 26.82 25.80 23.30 24.63 1.45 5.9 

50.00 52.30 47.90 53.25 46.96 53.80 50.84 2.84 5.6 

dReTaSorisi 

10.00 8.89 9.10 10.65 10.89 9.15 9.74 0.85 8.8 

25.00 23.18 23.01 26.92 26.88 22.19 24.44 2.04 8.3 

50.00 46.30 46.10 54.84 46.89 53.60 49.55 3.85 7.8 

 
C n – klozapinis nominaluri koncentracia;  

CV % – variaciis koeficienti;  
SD – standartuli gadaxra 
 

cxrili 21: olanzapinis dRis ganmavlobaSi da dReTaSorisi 

raodenobrivi gansazRvris siswore (n=5) 

 

C n ng/ml 
daTvlili koncentracia % nominalurTan 

SedarebiT 
 saSualo 

% 
SD 

dRis ganmavlobaSi 

10.00 91.80 91.50 92.90 92.90 92.60 92.34 0.58 

25.00 95.80 96.10 93.90 98.10 97.50 96.28 1.46 

50.00 99.40 99.60 102.99 102.80 99.80 100.92 1.62 

dReTaSorisi 

10.00 89.50 88.60 88.30 89.90 91.20 89.50 1.03 

25.00 90.50 91.30 91.10 92.50 93.80 91.84 1.18 

50.00 92.80 91.10 91.10 92.50 92.10 91.92 0.71 

 

C n – qvetiapinis nominaluri koncentracia;  

SD – standartuli gadaxra 
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cxrili 22: risperidonis dRis ganmavlobaSi da dReTaSorisi 

raodenobrivi gansazRvris siswore (n=5) 

 

C n ng/ml 
daTvlili koncentracia % nominalurTan 

SedarebiT 
 saSualo 

% 
SD 

dRis ganmavlobaSi 

10.00 92.50 93.60 92.10 94.50 95.80 93.70 1.35 

25.00 95.30 95.40 94.90 98.50 97.50 96.32 1.42 

50.00 102.50 102.50 102.80 102.80 102.70 102.66 0.14 

dReTaSorisi 

10.00 89.70 91.30 90.20 92.90 90.80 90.98 1.10 

25.00 92.80 94.20 94.10 95.00 96.50 94.52 1.22 

50.00 98.90 102.70 100.90 94.50 99.60 99.32 2.74 

 
C n – risperidonis nominaluri koncentracia;  
SD – standartuli gadaxra 
 
 
cxrili 23: qvetiapinis dRis ganmavlobaSi da dReTaSorisi raodenobrivi 

gansazRvris siswore (n=5) 

 

C n ng/ml 
daTvlili koncentracia % nominalurTan 

SedarebiT 
 saSualo 

% 
SD 

dRis ganmavlobaSi 

10.00 92.00 91.10 93.70 91.80 93.90 92.50 1.10 

25.00 96.73 97.17 93.50 96.50 95.90 95.96 1.30 

50.00 103.50 99.80 98.22 102.30 102.90 101.34 2.01 

dReTaSorisi 

10.00 88.10 89.95 88.70 90.65 91.03 89.69 1.12 

25.00 92.74 91.02 90.21 94.10 99.32 93.48 3.22 

50.00 98.96 100.01 99.95 98.73 99.80 99.49 0.54 

 
C n – qvetiapinis nominaluri koncentracia;  
SD – standartuli gadaxra 
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cxrili 24: klozapinis dRis ganmavlobaSi da dReTaSorisi raodenobrivi 

gansazRvris siswore (n=5) 

 

C n ng/ml 
saSualo daTvlili koncentracia % 

nominalurTan SedarebiT 
 saSualo 

% 
SD 

 dRis ganmavlobaSi 

10.00 92.30 92.70 92.98 91.02 91.80 92.16 0.69 

25.00 95.80 97.39 98.50 97.19 98.14 97.40 0.93 

50.00 99.27 98.35 101.87 100.90 102.64 100.61 1.59 

 dReTaSorisi 

10.00 88.23 89.34 89.14 90.25 90.22 89.44 0.75 

25.00 90.45 90.64 91.77 90.31 91.01 90.84 0.52 

50.00 93.66 94.01 95.23 95.56 93.64 94.42 0.81 

 

C n – klozapinis nominaluri koncentracia;  

SD – standartuli gadaxra 

 

sizustis da sisworis Sefaseba movaxdineT standartuli gadaxris da 

saSualo daTvlili koncentraciis fardobiT. 

cxrilSi mocemuli Sedegebis mixedviT, meTodis sizuste Seadgenda: 

olanzapini - dRis ganmavlobaSi CV %  6.4% - 7.1%, dReTaSorisi CV %  7.2% 

- 8.8%; risperidoni - dRis ganmavlobaSi CV % 7.1% - 7.9%, dReTaSorisi   

CV % 9.4%-10.1%; qvetiapini - dRis ganmavlobaSi CV % 7.2% - 7.3%, 

dReTaSorisi CV % 9.9% - 9.1%; klozapini -  dRis ganmavlobaSi CV % 5.6% - 

6.1%, dReTaSorisi  CV %  7.8% - 8.8%. 

dRis ganmavlobaSi siswore olanzapinisTvis iyo 92.34% - 100.92% da 

dReTaSorisi siswore iyo 89.50% - 91.92%; dRis ganmavlobaSi siswore 

risperidonisTvis iyo 93.70% - 102.66% da dReTaSorisi siswore iyo 90.98% 

- 99.32%. dRis ganmavlobaSi siswore qvetiapinisTvis iyo 92.50% - 101,34% 

da dReTaSorisi siswore iyo 89.69% - 99.49%. dRis ganmavlobaSi siswore 

klozapinisTvis iyo 92.16% - 100.61% da dReTaSorisi siswore iyo 89.44% -

94.42%. 

mocemuli SedegiT dasturdeba, rom analizis meTodi srulad 

akmayofilebs dadgenil moTxovnebs. 
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aRmosaCeni minimumi (LOD) da raodenobrivad gansasazRvravi  

minimumi (LOQ) 

 

aRmosaCeni minimumi aris sakvlev nimuSSi arsebuli nivTierebis is 

minimaluri raodenoba, romlis aRmoCenac SesaZlebelia xelsawyos mier, 

xolo raodenobrivad gansasazRvravi minimumi aris sakvlev nimuSSi 

arsebuli nivTierebis is minimaluri raodenoba, romlis gansazRvra 

SesaZlebelia dadgenili sisworiT da sizustT. mocemuli parametriT 

xasiaTdeba analizis meTodi, romelic gankuTvnilia saanalizo obieqtSi 

mcire raodenobis nivTierebebis aRmosaCenad. 

arsebobs aRmosaCeni da gansasazRvravi minimumis dadgenis sxvadasxva 

midgoma, romelic damokidebulia meTodis saxeobaze [80].  

aRmosaCeni minimumis dasadgenad SesaZlebelia gamoviyenoT Semdegi 

meTodebi: 

 gansasazRvri da aRmoCeni minimumis gamoTvla xdeba cnobili 

koncentraciis niuSis analiziT. dgindeba sakvlevi nivTierebis is 

minimaluri radenoba, romlis aRmoCena da raodenobrivi 

gansazRvra sarwmunoa mocemuli meTodis pirobebSi. 

 signalis da xmauris Tanafardoba - gamoiyeneba im analizis 

meTodis SemTxvevaSi, romelic avlens sabaziso xmaurs. signalis 

da xmauris TanafardobiT aRmosaCeni minimumis dadgena xdeba 

dabali, cnobili koncentracis nimuSis analizisas miRebuli 

signalis SedarebiT sufTa nimuSis signalTan. signalis da 

xmauris Tanafardoba aris gansasazRvri minimumis SemTxvevaSi 10:1, 

xolo aRmosaCeni minimumis SemTxvevaSi 3:1 TanafardobiT [81]. 

 gansasazRvri da aRmosaCeni minimumis dadgena, dafuZnebulia 

xelsawyoze miRebuli signalis da sakalibro mrudis standartul 

gadaxraze, romelic gamoiTvleba Semdegi formuliT: 

 

gansasazRvri minimumi 
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aRmosaCeni minimumi 

  

sadac: 

 - xelsawyoze miRebuli signalis standartuli gadaxra  

S - sakalibro mrudis daxrilobis kuTxis mniSvneloba 

 

CamoTvlili meTodebidan dasadgenad gamoviyeneT meTodi, romelic 

dafuZnebulia pikis (xelsawyos signali) da sakalibro mrudis 

daxrilobis kuTxis damokidebulebaze.  

xelsawyos signalis standartuli gadaxris gamoangariSebis mizniT 

movaxdineT sufTa sisxlis 20 jeradi qromatografireba da miRebuli 

Sedegebidan gamovTvaleT standartuli gadaxra . sakalibro mrudis 

daxrilobis kuTxis mniSvnelobis gamosaTvlelad gamoviyeneT Microsoft 

Excel-is programa, daxrilobis kuTxe davadgineT eqvsi sxvadasxva 

koncentraciis  nimuSis  sakalibro grafikis mixedviT. miRebuli 

Sedegebi mocemulia #25 cxrilSi. 

 

cxrili 25: sakvlevi nivTierebebis gansasazRvri da aRmosaCeni  minimumis 

gamoTvlis Sedegebi 

 

nivTierebis 

dasaxeleba 

N* aRmosaCeni  

minimumi ng/ml 

gansasazRvri 

minimumi ng/ml 

 
olanzapini 6 3.02 9.12 

 
risperidoni 6 2.45 7.43 

 
qvetiapini 6 2.87 8.70 

 
klozapini 6 2.12 6.31 

 

N* - Catarebuli analizis raodenoba 
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cxrilSi mocemuli Sedegebis Tanaxmad warmodgenili analizis meTodiT 

SesaZlebelia sakvlev obieqtSi mcire raodenobis olanzapinis, 

risperidonis, qvetiapinis, klozapinis aRmoCena (2.12-3.02 ng/ml farglebSi) 

da raodenobrivi gansazRvra (6.31-9.12 ng/ml farglebSi). 

mocemul pirobebSi aseve davadgineT signalis da xmauris Tanafardoba, 

romelic iyo gansasazRvri minimumis SemTxvevaSi ≤10:1, xolo aRmosaCeni 

minimumis SemTxvevaSi - ≤3:1. Sedegebi mocemulia qromatogramebis saxiT, 

suraTi 66-69. 
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suraTi 66: risperidonis MRM qromatograma (S/N) 
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suraTi 67: qvetiapinis MRM qromatograma (S/N) 

 

 

suraTi 68: klozapinis MRM qromatograma (S/N) 
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suraTi 69: olanzapinis MRM qromatograma (S/N) 

 

 

 

seleqciuroba 

 

seleqciuroba aris analizis meTodis SesaZlebloba moaxdinos sakvlevi 

nivTierebis diferencireba matricaSi arsebuli endogenuri 

nivTierebebisagan da saanalizo nimuSSi arsebuli sxva savaraudod 

Tanmxlebi  komponentebisagan. es SeiZleba iyos  daSlis da sinTezis 

prduqtebi, minarevebi, matrica da ase Semdeg.  

analizis meTodis seleqciuroba Sesabamisad gulisxmobs Semdeg 

Sedegebs:  

 Tvisobrivi analizi - uzrunvelyofs sakvlevi nivTierebis 

identifikacias. unda dadasturdes mWidrod dakavSirebuli 
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struqturul naerTebs Soris samizne nivTierebis identifikaciis 

SesaZlebloba.  

 testi minarevebze, uzrunvelyofs yvela arsebuli minarevis 

Semcvelobis dadgenas.  

 raodenobrivi analizi - unda dadasturdes rom analizis meTodis 

gamoyenebisas Sedegebze gavlenas ar moaxdens  obieqtSi arsebuli 

minarevebi, Semavseblebi an sxva komponentebi [87, 134]. 

  

სeleqciurobis dasadgenad movamzadeT saanalizo sisxlis 6-6 nimuSi. 

saanalizo obieqtebis erTi seria ar Seicavda samizne nivTierebebs, 

xolo meore seria ki – Seicavda oTxive samizne nivTierebas. movaxdineT 

eqstraqcia da qromatografireba analizis meTodSi miTiTebuli 

pirobebiT (qveTavi 4.7).  Sedegebi mocemulia # 26 cxrilSi. 

 

cxrili 26: samizne nivTierebebis da sufTa nimuSis qromatogramirebis 

Sedegebi  

 

sakvlevi obieqti Aanalizis 
raodenoba 

Sekavebis dro/wT 

 
olanzapini 

 
6 

 
7.5 

 
risperidoni 

 
6 

 
8.9 

 
qvetiapini 

 
6 

 
9.6 

 
klozapini 

 
6 

 
9.1 

biologiuri obieqtis 
nulovani nimuSi 

 
6 

 
0 

 

qromatogramebis analiziT davadgineT, rom meTodi seleqciuria, radgan  

endogenurma nivTierebebma ar moaxdines gavlena olanzapinis, 

risperidonis, qvetiapinis, klozapinis Sekavebis droze da nulovani 

sisxlis nimuSis qromatogramaze ar aRiniSneba sakvlevi nivTierebis 

pikebi. (suraTi 70-73). 
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suraTi 70: olanzapinis MRM qromatograma 

 

 

suraTi 71: risperidonis MRM qromatograma 
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 suraTi 72: qvetiapinis MRM qromatograma 

 

 

suraTi 73: klozapinis MRM qromatograma 
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suraTi 73: nulovani sisxlis nimuSis MRM qromatograma 

 

 

eqstraqciis xarisxi 

 

eqstraqciis xarisxi warmoadgens izolirebis efeqturobas mocemuli 

analizis meTodis pirobebSi. eqstraqciis xarisxi ganisazRvreba 

eqstragirebuli da araeqstragirebuli nimuSebis analizisas miRebuli 

signalis SedarebiT. 
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mocemul parametrze mniSvnelovan gavlenas axdens izolirebis meTodis 

efeqturoba. ar aris savaldebulo rom analizis meTodis eqstraqciis 

xarisxi iyos 100%. izolirebis xarisxi unda Semowmdes sam 

koncentraciaze (dabali, saSualo, maRali) araeqstragirebul nimuSTan 

SedarebiT, romelic Seesabameba  100%  eqstraqciis xarisxs [87, 79].  

eqstraqciis xarisxis dadgenis mizniT movamzadeT olanzapinis, 

risperidonis, qvetiapinis da klozapinis sami sxvadasxva koncentraciis 

standartuli xsnari, romlis eqstraqciis xarisxi Seesabameboda 100%. 

aseve olanzapinis, risperidonis, qvetiapinis da klozapinis saanalizo 

nimuSebi (10, 25, 50 ng/ml), saanalizo sisxlSi ganzavebiT. saanalizo 

nimuSebi eqstragireba movaxdineT analizis meTodSi miTiTebuli 

myarfazuri eqstraqciis pirobebis Sesabamisad. miRebuli Sedegebi  

mocemulia cxrilSi 27. 

eqstraqciis xarisxi gamovTvaleT Semdegi formuliT: 

 

cxrili 27: eqstraqciis xarisxis mniSvneloba 

nivTierebis 

dasaxeleba 

N* C** 

Nng/ml 

PAST*** PASM**** eqstraqciis 

xarisxi % 

 

olanzapini 

6 10 308952 281500 91.1 

6 25 986325 912656 92.5 

6 50 2436870 2232640 91.6 

 

risperidoni 

6 10 175997 164832 93.7 

6 25 602453 565995 93.9 

6 50 1497820 1412294 94.3 

 

qvetiapini 

6 10 335680 305524 91.0 

6 25 1123540 1025654 91.3 

6 50 2765486 2535214 91.7 

 

klozapini 

6 10 358898 332970 92.8 

6 25 1468700 1366040 93.0 

6 50 3235470 3033840 93.8 
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N* - saanalizo nimuSebis raodenoba 

C** - saanalizo xsnaris koncentracia   

PAST*** -  standartuli xsnarebis qromatogramebze nivTierebis pikis 

farTobi 

PASM**** - eqstragirebuli  nimuSebis qromatogramebze nivTierebis pikis 

farTobi  

 

warmodgenili cxrilis mxedviT davadgineT, rom mocemuli analizis 

meTodis pirobebSi eqstraqciis xarisxi akmayofilebs dadgenil normebs, 

romelic unda iyos >80%, Sesabmisad yvela miRebuli Sedegi metia 

dadgenil normaze. 

 

 

matricis efeqti 

 

matricis efeqti aris analizis Sedegebze pirdapiri an iribi gavlena, 

romelic SesaZloa gamoiwvios nimuSSi arsebulma sxvadasxva 

nivTierebebma. 

matricis efeqtis dadgena aucilebelia masspeqtrometruli deteqtirebis 

SemTxvevaSi. siTxuri qromatografi - tandemuri masspeqtrometriT 

warmoadgens maRali mgZnobelobis aparats, Sesabamisad miniSvnelovania 

Sedegebze endogenuri nivTierebebis gavlenis gamoricxva. endogenurma 

komponentebma SesaZloa gavlena moaxdinon saanalizo nivTierebebis 

ionizaciaze.  

eleqtrogafrqveviTi ionizaciis dros  matricis efeqts iwvevs matricis 

komponentebis (araaqroladi xsnarebi) da saanalizo nivTierebis 

molekulebs Soris konkurentuli urTierTqmedeba wveTis zedapirze 

moxvedrisas. matricis efeqtis dasadgenad mowodebulia sxavdasxva 

meTodi, maT Soris xdeba sistemaSi saanalizo nimuSis da Semdeg 

sakvlevi nivTierebis nulovani eqstragirebuli nimuSis Seyvana. 

nebisieri ineterferencia, romelic eluirdeba svetidan SesaZloa 

ganvixiloT ionizaciaze zemoqmedebad.  

aseve matricis efeqtis dasadgenad biologiuri obieqtis sakalibro 

grafiki unda SevadaroT sufTa matricis analizis Sedegad miRebul 

sakalibro grafikebs.  
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aseve SemoTavazebulia nimuSebis nakrebis testirebis meTodi.  

nakrebSi warmodgenilia sxvadsxva tipis nimuSebi, 1 - sufTa xsnari, 

romelic momzadebulia moZravi fazisgan, 2 - biologiuri obieqtis 

sufTa nimuSidan miRebuli eqstraqti, romelsac sakvlevi nivTiereba 

damatebuli aqvs estaqciis Semdeg.  

absolituri matricis efeqtis dadgena xdeba pikis farTobis SedarebiT, 

romelic miRebulia ori sxvadasxva tipis nimuSidan:  

1.  sufTa standartis nimuSi  

2. nimuSi romelsac samizne nivTiereba damatebuli aqvs eqstraqciis 

Semdeg.  

absolituri matricis efeqti gamoiTvleba formuliT: 

 

 
 

sadac: 

A -sufTa nimuSSi standartis pikis farTobi 

B -saanalizo nimuSSi standartis pikis farTobi, romelSic standarti 

damatebulia estraqciis Semdeg. 

Tu miRebul SedegebSi matricis efeqti 100%-ze metia es miuTiTebs 

ionebis matebaze, xolo Tu 100%-ze naklebia miuTiTebs ionebis 

Semcirebaze.  

fardobiTi matricis efeqtis mniSvneloba SesaZlebelia dadgindes 

ramodenime seriis nimuSebis matricis efeqtis maCveneblis gansazRvriT 

da variaciis koeficientis (CV%) dadgeniT.  

matricis efeqti zegavlena analizis Sedegebze ar miiCneva 

mniSvnelovnad 85%-115% farglebSi da variaciis koeficienti  unda iyos 

≤15%. 

matricis efeqtis paramatris validaciisas uaryofiTi Sedegi miuTiTebs, 

rom Sesacvlelia izolirebis meTodi an qromatografirebis da 

ionizaciis pirobebi [81, 187].  
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matricis efeqtis dasadgenad aviReT sisxli romelic ar Seicavda 

sakvlev nivTierebas da movaxdineT eqstragireba analizis meTodSi 

miTiTebuli pirobebiT (qveTavi 4.7).  

miRebul eqstraqts davamateT sakvlevi nivTiereba, rom migveRo 6 

saanalizo xsnari koncentraciiT 10, 25, 50 ng/ml. aseve movamzadeT 

msgavsi koncetraciis xsnari gamxsnelSi – acetontrili/ 

deionizirebuli wyliT (1:3).  

nimuSebis momzadebis Semdeg movaxdineT qromatografireba. miRebuli 

Sedegebi mocemulia #28-31 cxrilSi. 

 
cxrili 28: absolituri matricis efeqtis monacemebi olanzapinis 

gansazRvrisas (n=5) 

 

saanalizo xsnaris 
koncentracia ng/ml 

absolituri matricis 
efeqti % 

variaciis koeficienti % 
(CV) 

10.00 97.60 
1.00 

25.00 97.30 0.80 

50.00 98.20 
 

0.90 

 

 

cxrili 29: absolituri matricis efeqtis monacemebi risperidonis 

gansazRvrisas (n=5) 

 

saanalizo xsnaris 
koncentracia ng/ml 

absolituri matricis 
efeqti % 

variaciis koeficienti % 
(CV) 

10.00 92.98 1.20 

25.00 94.40 
 

1.10 

50.00 94.76 
 

0.40 

 

cxrili 30: absolituri matricis efeqtis monacemebi qvetiapini 

gansazRvrisas (n=5) 

 

saanalizo xsnaris 
koncentracia ng/ml 

absolituri matricis 
efeqti % 

variaciis koeficienti % 
(CV) 

10.00 93.36 
 

2.20 

25.00 93.57 
 

0.60 

50.00 94.00 
 

0.70 
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cxrili 31: absolituri matricis efeqtis monacemebi klozapinis 

gansazRvrisas (n=5) 

 

saanalizo xsnaris 
koncentracia ng/ml 

absolituri matricis 
efeqti % 

variaciis koeficienti % 
(CV) 

10.00 93.80 
 

2.60 

25.00 94.08 
 

0.40 

50.00 95.00 
 

0.50 

 

miRebuli Sedegebis mixedviT matricis efeqti iyo 92%-97% is farglebSi 

(variaciis koeficienti  CV < 15%) rac miuTiTebs, rom mocemuli 

analizis meTodis pirobebSi ar gamovlinda matricis efeqti. 

 

 

stabiluroba 

 

stabiluroba aris saanalizo nivTierebis matricaSi qimiuri mdgradobis 

SenarCuneba gansazRvrul pirobebSi da drois intervalSi. stabiluroba 

mniSvnelovani komponentia, gansakuTrebiT sasamarTlo qimiuri 

eqspertizis dros, rodesac arsebobs biologiuri obieqtis xangrZlivi 

Senaxvis saWiroeba. Seswavalam unda uzrunvelyos imis dadgena Tu 

ramdenad stabiluria saanalizo nimuSi misi aRebisas, Senaxvisas 

(gayinul mdgomareobaSi Tu Senaxvis miTiTebul temperaturaze), aseve 

mniSvnelovania stabilurobis dadgena cikluri gayinvis SemTxvevaSi [134, 

200]. 

 

stabilurobis dadgenis mizniT CavatareT eqsperimenti.  

sakvlevi nimuSebis momzadeba: 

standartuli xsnaris mosamzadeblad gamxsnelad gamoviyeneT meTanoli 

da olanzapinis, risperidonis, qvetiapinis, klozapinis standartebi. 

movamzadeT xsnari koncentraciiT 1 mg/ml da SevurieT ultrabgeriT 

Semrevze 20 wT-is ganmavlobaSi. Sualedur standartuli xsnaris 

mosamzadeblad (500mkg/ml) miRebuli ZiriTad xsnari ganvazaveT 

meTanoliT.  
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adamianis sufTa sisxli movaTavseT Eppendorf - is  sisxlis Sesagrovebel 

tubSi. miRebuli sisxlis nimuSi gavyavi oTx nawilad, erTi nawili 

SevinaxeT sufTa saxiT, xolo danarCeni samidan Sualeduri 

standartuli xsnaris gamoyenebiT movamzadeT nimuSebi stabilurobaze 

Sesaswavlad koncentraciiT 15, 50, 100 ng/ml samizne nivTierebebis 

SemcvelobiT. TiToeul koncentraciaze momzadebuli iyo sami seriis 

xsnari. 

momzadebuli nimuSebi stabilurobis SeswavlisaTvis  SevinaxeT 

gansxvavebul pirobebSi:  

1. nimuSebi inaxeboda oTaxis temperaturaze, sinaTlisagan dacul 

adgilas. Semowmeba xdeboda 24 da 48 saaTis Semdeg.  

2. nimuSebi inaxeboda 4°C temperaturaze, sinaTlisagan dacul adgilas. 

Semowmeba xdeboda 96 da 192 saaTis Semdeg.  

3. nimuSebi inaxeboda -15°C temperaturaze, sinaTlisagan dacul adgilas. 

Semowmeba xdeboda 60 da 90 dRis Semdeg.  

4. cikluri gayinva - nimuSebi inaxeboda sinaTlisagan dacul adgilas,  -

15°C temperaturaze 48 saaTis ganmavlebaSi, Semdeg gamoviReT oTaxis 

Temperaturaze da davayovneT 24 saaTis ganmavlobaSi da Semdeg isev 

SevinaxeT -15°C temperaturaze. Semowmeba xdeboda 60 da 90 dRis Semdeg. 

stabilurobis kvlevis Sedegebi mocemulia #32-35 cxrilSi. 

nimuSebis sxvadasxva pirobebSi Senaxvisas samizne nivTierebebis 

raodenobrivi Semcvelobis cvlilebis dinamika (nominalur 

koncentraciaze gadaangariSebiT) gamovTvaleT Semdegi formuliT 

 

 

 

 

sadac: *CSS stabilurobis nimuSis dadgenili Kkoncentracia 

**CCS Sesadarebeli nimuSis nominaluri koncentracia 

sakvlevi obieqtebi iTvleba stabilurad Tu raodenobrivi gansazRvris 

maCvenebeli iqneba ±±15%-is farglebSi (15% ≤ CV% ) 
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cxrili 32: olanzapinis stabilurobis monacemebi  

 

drois intervali *C cs - ნg/ml **Css - ნg/ml cvlileba % CV % 

oTaxis temperatura 

24 saaTi 

15 14.58 -2.8 1.2 

50 49.8 -0.5 3.2 

100 98.3 -1.7 2.5 

48 saaTi 

15 14.61 -2.6 3.1 

50 49.75 -0.4 2.7 

100 99.30 -0.7 1.9 

4°C temperatura  

96 saaTi 

15 14.65 -2.3 1.5 

50 49.1 -1.8 3.1 

100 98.6 -1.4 2.1 

192 saaTi 

15 14.97 -0.2 3.8 

50 49.81 -0.4 2.9 

100 99.5 -0.5 1.3 

-15°C temperatura 

60 dRe 

15 14.98 -0.1 1.2 

50 49.94 -0.1 3.5 

100 100.03 0.1 1.1 

90 dRe 

15 14.65 -2.3 3.9 

50 49.88 -0.2 2.1 

100 99.3 -0.7 1.8 

cikluri gayinvა 

60 dRe 

15 14.97 -0.2 1.8 

50 49.92 -0.2 3.3 

100 99.40 -0.6 1.3 

90 dRe 

15 14.98 -0.1 3.7 

50 49.91 -0.2 2.5 

100 98.91 -1.1 1.2 

 

CV % - variaciis koeficienti 
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cxrili 33. risperidonis stabilurobis monacemebi  

 

drois intervali C* cs - ნg/ml C**ss - ნg/ml cvlileba % CV % 

oTaxis temperatura 

24 saaTi 

15 14.96 -0.3 1.9 

50 49.98 0.0 3.8 

100 98.23 -1.8 1.9 

48 saaTi 

15 14.96 -0.3 3.8 

50 49.95 -0.1 2.9 

100 98.15 1.8 3.4 

4°C temperatura  

96 saaTi 

15 14.98 -0.1 1.8 

50 49.9 -0.2 3.2 

100 98.93 -1.1 2.3 

192 saaTi 

15 14.97 -0.2 3.9 

50 49.95 -0.1 2.8 

100 98.76 -1.2 2.2 

-15°C temperatura 

60 dRe 

15 14.98 -0.1 1.4 

50 49.94 -0.1 3.9 

100 98.88 -1.1 1.2 

90 dRe 

15 14.95 -0.3 3.8 

50 49.98 0.0 2.2 

100 99.34 -0.7 0.8 

cikluri gayinvა 

60 dRe 

15 14.96 -0.3 1.4 

50 49.95 -0.1 3.6 

100 99.21 -0.8 1.3 

90 dRe 

15 14.96 -0.3 3.7 

50 49.97 -0.1 2.4 

100 99.33 -0.7 0.8 

 

CV % - variaciis koeficienti 
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cxrili 34: qvetiapinis stabilurobis monacemebi  

 

drois intervali C cs - ng/ml Css - ng/ml cvlileba % CV % 

oTaxis temperatura 

24 saaTi 

15 14.79 -1.4 1.6 

50 49.78 -0.4 3.5 

100 97.96 -2.0 1.9 

48 saaTSi 

15 14.98 -0.1 3.6 

50 49.96 -0.1 2.9 

100 99.63 -0.4 1.5 

4°C temperatura  

96 saaTi 

15 14.96 -0.3 1.9 

50 49.97 -0.1 3.3 

100 99.13 -0.9 1.3 

192 saaTi 

15 14.98 -0.1 3.8 

50 49.98 0.0 2.5 

100 99.56 -0.4 0.7 

-15°C temperatura 

60 dRe 

15 14.96 -0.3 1.9 

50 49.97 -0.1 3.8 

100 99.69 -0.3 1.2 

90 dRe 

15 14.98 -0.1 3.7 

50 49.97 -0.1 2.5 

100 99.25 -0.8 1.3 

cikluri gayinva 

60 dRe 

15 14.91 -0.6 1.8 

50 49.97 -0.1 3.9 

100 99.71 -0.3 1.9 

90 dRe 

15 14.96 -0.3 3.9 

50 49.98 0.0 3.1 

100 98.86 -1.1 2.3 

 

CV % - variaciis koeficienti 
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cxrili 35: klozapinis stabilurobis monacemebi  

 

drois intervali C cs - ng/ml Css - ng/ml cvlileba % CV % 

oTaxis temperatura 

24 saaTi 

15 14.78 -1.5 1.6 

50 49.89 -0.2 3.5 

100 99.36 -0.6 1.6 

48 saaTi 

15 14.87 -0.9 3.6 

50 49.99 0.0 2.9 

100 98.72 -1.3 3.4 

4°C temperatura  

96 saaTi 

15 14.97 -0.2 1.9 

50 49.98 0.0 3.3 

100 98.31 -1.7 2.9 

192 saaTi 

15 14.99 -0.1 3.8 

50 49.98 0.0 2.5 

100 99.73 -0.3 2.7 

-15°C temperatura 

60 dRe 

15 14.97 -0.2 1.9 

50 49.98 0.0 3.8 

100 99.86 -0.1 1.6 

90 dRe 

15 14.98 -0.1 3.7 

50 49.89 -0.2 2.5 

100 98.91 -1.1 3.4 

cikluri gayinva 

60 dRe 

15 14.95 -0.3 1.8 

50 49.98 0.0 3.9 

100 99.84 -0.2 1.4 

90 dRe 
 

15 14.92 -0.5 3.9 

50 49.95 -0.1 3.1 

100 99.78 -0.2 2.1 

 

CV % - variaciis koeficienti 

miRebuli monacemebis safuZvelze davadgineT, rom saanalizo 

biologiuri obieqtis sakvlevi nimuSebi oTaxis temperaturaze Senaxvisas 
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inarCuneben stabilurobas 48 saaTis ganmavlobaSi, 4°C temperaturaze - 

196 saaTi, - 15°C temperaturaze - 90 dRis ganmavlobaSi. aseve nimuSebi 

inarCunebs stabilurobas cikluri gayinvisas 90 dRis ganmavlobaSi. 

Sesabamisad nimuSebis Senaxva SesaZlebelia zemoT miTiTebuli 

temperaturuli reJimisa da Sesabamisi xangrZlivobis mixedviT. 
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Tavi V 

daskvnebi 

 

1. Seswavlilia Sardidan olanzapinis, risperidonis, qvetiapinis da 

klozapinis izolirebis xarisxze moqmedi faqtorebi. dadgenilia 

siTxe-siTxe eqstraqciis optimaluri pirobebi (gamxsnelTa sistema: 

eTilacetati – heptani – diqlormeTani – izopropanoli 60:20:15:5, pH-

9.00, orjeradi eqstraqcia, xangrZlivoba 5 wT), romelic 

uzrunvelyofs oTxive samizne nivTierebis swraf, xarjefeqtur da 

erTdroul eqstraqcias (80-85% farglebSi).  

2. SemuSavebulia modeluri biologiuri obieqtebidan (sisxli, plazma) 

olanzapinis, risperidonis, qvetiapinis da klozapinis, myarfazuri 

eqstraqciis optimaluri pirobebi (sorbentis kondecireba, nimuSis 

damuSaveba, sorbentis gasufTaveba, eqstragireba), romlebic 

uzrunvelyofen oTxive sakvlevi nivTierebis maqsimalur eqstraqcias 

(91-94%).  

3. SemuSavebulia olanzapinis, risperidonis, qvetiapinis da klozapinis 

erTdrouli identificirebis gazur qromatografiuli 

masspeqtrometruli meTodi, rogorc biologiur obieqtebSi, aseve 

saganmatareblebSi. SemuSavebuli meTodi aprobirebulia gardacvlili 

adamianis SardSi klozapinis identificirebisaTvis. 

4. SemuSavebulia adamianis sisxlSi olanzapinis, risperidonis, 

qvetiapinis da klozapinis Tvisobriv-raodenobrivi gansazRvris 

siTxur qromatografiuli – tandemuri masspeqtrometruli meTodi.  

meTodi gamoirCeva sworxazovnebiT (sakalibro koncentracia 10-100ng/ 

ml, korelaciis koeficienti – olanzapini R2=0.9991, risperidoni 

R2=0.9980, qvetiapini R2=0.9989 klozapini R2=0.9986); seleqciurobiT; 

dabali aRmosaCeni minimumiT (2.12 ng/ml - 3.02 ng/ml) da gansasazRvri 

minimumiT (6.31 ng/ml -  9.12 ng/ml) sizustiT da sisworiT (90%-99). 

meTodi xasiaTdeba maRali eqstraqciis xarisxiT, ar avlens matricis 

efeqts da gamoirCeva eqspresulobiT (analizis dro - 10 wT). 

5. dadasturebulia SemuSavebuli siTxur qromatografiuli – tandemuri 

masspeqtrometruli meTodis efeqturoba biologiuri siTxeebis 

(plazma, Sardi) modelur nimuSebSi da gardacvlili adamianis 
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sisxlSi olanzapinis, risperidonis, qvetiapinis, klozapinis, 

erTdrouli da individualuri qimiur-toqsikologiuri analizisaTvis. 

6. mowodebuli siTxuri qromatografiuli-tandemuri masspeqtrometruli 

meTodi aprobirebulia olanzapinis, risperidonis,  qvetiapinis da 

klozapinis Tvisobriv-raodenobrivi analizisaTvis sxvadasxva 

saganmatareblebSi (blisteri, flakoni, aramarkirebuli tabletebi) da 

farmacevtuli produqtis sawarmoo procesSi gamoyenebul aparaturaze 

narCeni kontaminaciis gansazRvrisaTvis. 

7. Teoriulad dasabuTebulia, Seswavlilia da dadgenilia modelur 

nimuSebSi samizne nivTierebebis stabilurobis maCveneblebi: oTaxis 

temperaturaze - 48 saaTi, 4°C temperaturaze - 196 saaTi,  - 15°C 

temperaturaze da cikluri gayinvisas - 90 dRe. 

8. eqsperimentuli kvlevis safuZvelze Teoriulad dasabuTebulia da 

mowodebulia olanzapinis, risperidonis,  qvetiapinis, klozapinis 

qimiur-toqsikologiuri analizis sqema. 

 

 

 

kvlevis Semdgomi ganviTarebis perspeqtivebi 

 

olanzapinis, risperidonis, qvetiapinis da klozapinis qimiur-

toqsikologiuri analizi warmoadgens Semdgomi kvlevis interess, maT 

Soris mniSvnelovania: 

 toqsikokinetikis Seswavla Sinagan organoebSi da biologiur 

siTxeebSi. 

 metabolitebis aRmoCena da raodenobrivi gansazRvra. 

 qimiur-toqsikologiuri analizi antidepresantebTan da 

fsiqotropiul saSualebebTan erTdrouli gamoyenebis SemTxvevaSi.  
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CHEMICAL-TOXICOLOGICAL ANALYSIS OF SOME ANTIPSYCHOTIC DRUGS OF 

SECOND GENERATION 

 

Actuality  of the  Research 

Shizophrenia is a severe mental disorder affecting more than 21 million people worldwide. 

Schizophrenia is characterized by distortions in thinking, perception, emotions, language, sense of 

self and behaviour. Common experiences include hearing voices and delusions. Worldwide, 

schizophrenia is associated with considerable disability and may affect educational and 

occupational performance [178]. 

Since 1950 the "typical" (first generation) antipsychotic drugs have been used for treatment of 

schizophrenia, and since 1990 the ''atypical'(second generation) antipsychotics have been 

introduced in medical practice to be equally effective for treatment of psychosis [26, 128]. 

In recent years, the use of second generation antipsychotic drugs for both medical and non-medical 

purposes have been sharply increased. In the case, when during the treatment with one of the 

antipsychotic drugs inadequate result is expressed, for the purpose of effective management of 

schizophrenia, acute phase and related psychosis, as well as long-term, maintenance treatment and 

relapse prevention, doctors often resort to antipsychotic polypharmacy, among which an important 

place hold in the second generation antipsychotics - risperidone, olanzapine, and quetiapine and 

clozapine [13, 46, 69, 117, 118]. 

The use of the combination of these drugs may be the cause of acute poisoning, sudden cardiac 

attack and lethal outcome, as the medications of this group are characterized by serious side 

effects. The cases of criminal poisoning with antipsychotic drugs also increased, in which several 

antipsychotic medications or combinations with other psychoactive agents are used simultaneously 

[16, 163]. 

Use of the medications with non-medical purposes is a major problem in the recent years. The 

attention should be paid to the administration of antipsychotic drugs with the purpose of so-called 

“pharmacy drug addiction”, which is an important social problem. Reasoning from their 

pharmacological actions, it is possible to use them with other agents for the purpose of narcotic 

intoxication, which provoke the development of substance abuse. In such cases, the risk of acute 

poisoning and death is also high [23, 55]. 

Consequently, development of high sensitivity, specific express methods of analysis is very 

important for clinical laboratory analysis, selection of adequate treatment methods in medical 

institutions, increase of effectiveness of detoxification measures, in order to ensure safe 

pharmacotherapy, performing the effective forensic-medical examination,  which is a topical issue 

and has important scientific and practical value. 
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At the same time, the analysis of literature data showed that there are no systematic, complex 

studies with respect of chemical-toxicological analysis of risperidone, olanzapine, quetiapine and 

clozapine. The available methods of isolation and analysis methods require to be improved, as they 

do not provide simultaneous isolation of several target substances and qualitative-quantitative 

analysis, determination of small amounts of examined substances and express analysis, which 

significantly condition the effectiveness of the treatment, selection of detoxification methods and 

performing the operational and comprehensive forensic-chemical examination. 

In addition, the studies do not focus on development of methods for isolation and qualitative-

quantitative determination of risperidone, olanzapine, quetiapine and clozapine for analyzing of a 

object-carriers. In many cases, performing of non-targeted analysis is required for expertise of 

material evidences.  Therefore, the complex approach is necessary for forensic-chemical 

examination of biological and non-biological origin objects.  

With considering the aforementioned, unification and improvement of existing methods of 

chemical-toxicological analysis of some second-generation antipsychotic drugs: risperidone, 

olanzapine, quetiapine and clozapine, development and validation of a new, complex, more 

efficient methods is important, with the purpose of determining them in  biological fluids (urine, 

blood, plasma) and other objects, which is an actual problem in  modern toxicology.  

                                                    

Goal of the study 

The goal of the study was to improve and develop new the more effective methods , of chemical-

toxicological analysis of some second-generation antipsychotic drugs - olanzapine, risperidone, 

quetiapine and clozapine in objects of biological and non biological origine.  

 

Objectives of the study 

The following objectives were set for achievement of the goal: 

 Develope optimal conditions for liquid-liquid extraction risperidone, olanzapine, quetiapine 

and clozapine from the biological material. 

 Selection of optimal conditions for solid-phase extraction of target substances from 

biological objects. 

 Development of methods of  quantitative analysis of chromate-mass spectrometry in the 

gaseous and liquid phases (GC-MS, LC-MS/MS) 

 Validation of developed methods of analysis.  

 Practical testing of validated method in postmortem fluids, in evidence material for 

forensic exprertise and on object-carrier and industrial devices for determination of residual 

contamination of the target substances.  
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Scientific novelty of the study 

 Were examined the factors, affecting the quality of extraction in simultaneous isolation of 

olanzapine, risperidone, and quetiapine and clozapine from the study matrix, on the basis of 

which the optimal conditions for liquid-liquid and solid-phase extraction were suggested, 

which will ensure the isolation of all the four of target substances from three different 

complex biological matrix. 

  Based on the experiments were suggested the optimal, original, validated conditions for 

qualitative and quantitative analysis of olanzapine, risperidone, quetiapine and clozapine by 

the liquid chromatography tandem mass-spectrometry method, which provide simultaneous 

object-carriers (empty blister, vial, smear). 

 Based on experiments were suggested the optimal conditions for qualitative and 

quantitative analysis of risperidone, olanzapine, quetiapine and clozapine in biological 

material by chromate-mass spectrometry method in the gaseous and liquid phases for both 

individual substances and their combinations. The suggested conditions are distinguished 

from the data, provided in the references, by their higher sensitivity, selectiveness and 

expressivity.  

 

Practical importance of the study 

 

 Based on experimental studies were suggested the optimal conditions of liquid-liquid 

extraction for olanzapine, risperidone, quetiapine and clozapine individual and 

simultaneous isolation in various biological matrix, which will provide the possibility of 

the target substance isolation by 80-85%.  

 Based on the studies were determined the optimal conditions for solid-phase extraction of 

risperidone, olanzapine, and quetiapine and clozapine optimal conditions, which will 

provide the possibility of the target substance isolation by 91-94%. 

  Was suggested the conditions for scientifically proven, validated express analysis of 

olanzapine, risperidone, quetiapine and clozapine, which may be used for:  

1. For the forensic examination of postmorten materials.  

2. Chemical-toxicological analysis, diagnosis of acute and chronic toxicity in living persons.  

3. Monitoring of the therapeutic dose in patients.  

4. For the forensic examination of the evidance material.  

5. For testing equipment for pharmaceutical  production for determination of residual 

contamination of the target substances.  

The methods, developed as a result of the study, can be used in the chemical-toxicological 

analysis for comprehensive teaching of modern methods to students. 
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Conclusions 

1. Have been studied Factors affecting isolation quality of Olanzapine, Risperidone, Quetiapine 

and Clozapine from urine. Optimal conditions (Solvents system: Ethylacetate-heptane-

dichlormethane-isopropanol  60:20:15:5, pH-9.00, double extraction, duration 5 minutes) of 

liquid-liquid extraction (LLE) have been established which provides fast, cost effective and 

simultaneous extraction (in the range of 80-85%) of the four target substances.  

2. Optimal conditions (sorbent conditioning, sample processing, sorbent cleaning, extraction) of 

solid-phase extraction from biological samples (blood, plasma) for Olanzapine, Risperidone, 

Quetiapine and Clozapine have been developed which guarantees maximum extraction (91-94%) 

of the four target substances.  

3. GC-MS method has been developed for simultaneous determination of Olanzapine, 

Risperidone, Quetiapine and Clozapine both in biological samples and  evidace materials. 

Developed method was approved for determination of Clozapine in postmortem urine.  

4. LC-MS/MS method has been developed for qualitative and quantitative determination of 

Olanzapine, Risperidone, Quetiapine and Clozapine in human blood. Method was validate on 

following parameters: Linearity (Calibration concentration 10-100 ng/ml, Coefficient of 

corelation – Olanzapine R2=0.9991, Risperidone R2=0.9980, Quetiapine R2=0.9989, Clozapine 

R2=0.9986),  Selectivity, LOQ  (6.31 ng/ml -  9.12 ng/ml),  LOD (2.12 ng/ml - 3.02 ng/ml), 

Acurrency and Precision  (90%-99), Recovery. Analysi time is short (10 minutes) and no Matrix 

effect was observed. 

5. The developed liquid chromatography tandem mass spectrometry method has been approve to 

be effective for simultaneous and individual chemical-toxicological analysis of Olanzapine, 

Risperidone, Quetiapine and Clozapine in biological samples (plasma, urine) and postmortem 

blood samples. 

6. The developed liquid chromatography tandem mass spectrometry method has been approved 

for qualitative and quantitative analysis of Olanzapine, Risperidone, Quetiapine and Clozapine in 

different evidace materials (blisper, vial, nonlabeled tablets), as well as for determination of 

residual contamination on equipment used in manufacturing process of pharmaceutical product.  

7. Stability parameters of target substances in samples are theoretically proven, studied and 

established: at room temperature-48 hours, at 4°C - 196 hours, at 15°C and during cyclic 

freezing- 90 days. 

8. The scheme of chemical-toxicological analysis of Olanzapine, Risperidone, Quetiapine and 

Clozapine are theoretically proven and provided on the basis of experimental studies.  
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danarTi #1 

terminTa ganmartebebi 

 

kv – kilovolti 

mao – monoaminooqsidaza 

mkl – mikrolitri 

mm. vwy. sv. – milimetri vercxliswylis sveti 

ng – nanogrami 

se – saerTaSoriso erTeuli 

v – volti 

CV – variaciis koeficienti 

Da - daltoni 

m/z – masa/muxtis Tanafardoba 

MRM  - mravaljeradi reaqciis monitoringi   

s/n – signali/xmauris Tanafardoba 

SD – standatruli gadaxra 

TIC - jamuri ionuri nakadi  
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