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                         S e s a v a l i                  
 
 

lipidebi (berZn. `lipos” – cximi) warmoadgens rTul eTe-

rebs, romlis komponentebia spirti da umaRlesi cximovani mJava. 

isini SeiZleba ganvixiloT rogorc wyalSi uxsnadi organuli niv-

Tierebebi, romlebic SeiZleba eqstragirebul iqnes cxovelTa, 

mcenareTa da mikroorganizmTa ujredebidan arapolaruli gam-

xsnelebiT, rogoricaa qloroformi, eTeri an benzoli. vinaidan 

organizmi Seicavs sxvadasxva eTeruli warmoSobis naerTebsac 

(romelTac araviTari genetikuri kavSiri ara aqvT lipidebTan), 

es ganmarteba sakmarisi ar aris maT dasaxasiaTeblad. mxedvelo-

baSia misaRebi agreTve is, rom zogierTi lipidis struqturire-

baSi monawileobas Rebulobs ara marto spirti da cximovani mJa-

va, aramed fosforis mJava, azotovani fuZe da Saqari.  

cximebs uZvelesi droidan iyenebdnen sakveb produqtebad, 

samkurnalo da kosmetikur saSualebaTa dasamzadeblad, sa-

recxi saSualebebis misaRebad, sacxeb masalad, laq-saRebavebis 

dasamzadeblad da a.S. 

pirveli samuSaoebi lipidebis qimiaSi Sesrulebul iqna See-

les mier, romelmac aRmoaCina glicerini da daadgina, rom am 

nivTierebas Seicavs cxoveluri cximebi da mcenareuli zeTebi. 

Sevrolem 1811 w. sapnis (miRebul iqna Roris cximidan) mJavuri 

hidroliziT gamoyo kristaluri cximovani mJavebi — erbos mJa-

vidan stearinis mJavamde. man 1812 w. aRmoaCina qolesterini 

(naRvlis qvebSi) da mTeli cximi dayo or klasad — Sesapvnadi da 

Seusapvnadi da daamtkica, rom Sesapvnadi cximebi warmoadgens 

glicerinisa da umaRlesi cximovani mJavebis  rTul eTerebs. 

bertlom, romelmac gaagrZela Sevroles gamokvlevebi, pir-

velad ganaxorciela cximebis sinTezi glicerinisa da cximovani 

mJavebidan (1845 w.). man daadgina, rom qolesterini warmoadgens 

spirts. sinTezuri cximi miRebul iqna viurcis mier (1859 w.) 

tribrompropanis gacxelebiT cximovani mJavebis vercxlis ma-

rilebTan. 

daaxloebiT imave periodSi fosfolipidebi da glikolipide-

bi   miRebul iqna bunebrivi wyaroebidan. qaTmis kvercxis gulidan 

da   tvinidan gamoyves lipidi, romelsac lecitini uwodes (berZn. 

`lekitos” — kvercxis guli); xolo cxovelTa tvinidan lipiduri 
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fraqcia, romelic Seicavda azotsa da fosfors. igi cnobilia ke-

falinis saxelwodebiT. aRmoCnda, rom kefalinis hidrolizis 

produqtia eTanolamini. ufro mogvianebiT ki aRmoCnil iqna  ori  

sfingolipidi — sfingomielini da cerebrozidi.                 

SemdgomSi lipidebis qimia viTardeboda sakmaod nela, rac 

dakavSirebuli iyo individualuri saxiT lipidebis gamoyofis 

siZneleebTan da maT gasufTavebasTan. magram 50-iani wlebidan, 

mas Semdeg, rac daiwyo qromatografiuli meTodebiT nivTiere-

baTa gasufTaveba,  lipidebis  qimiam  SeZlo  gamoekvlia  mraval-

ricxovani lipiduri nivTierebebis agebuleba. Tanamedrove pe-

riodSi lipidebis qimia dakavSirebulia biologiuri membranis 

kvlevasTan. 

lipidebs mniSvnelovani roli eniWebaT rogorc cocxali  

organizmis erT-erT Semadgenel komponents da warmoadgens 

cocxali sistemebisaTvis energiis wyaros, Tboregulators, 

zogierTi vitaminisa da mcenareTa pigmentebis Semadgenel na-

wils, udabnos cxovelebisaTvis wylis wyaros. 
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                   Tavi  I 

 
1.  lipidebis saerTo daxasiaTeba                                              

klasifikacia 

lipidebis molekulaSi aucileblad aris erTi an ramdenime    hidrofobu-

ri Camnacvlebeli, romelic saSualebas iZleva gaixsnas lipidi arapolarul 

gamxsnelebSi (qloroformi, eTeri, gogirdnaxSirbadi). mravali lipidi hidro-

fobur CamnacvlebelTan erTad Seicavs hidrofilur Camnacvlebelsac, rome-

lic saSualebas iZleva gaixsnas lipidi polarul gamxsnelSi. lipidebSi aseTi 

Camnacvleblebis arseboba gansazRvravs maT monawileobas biologiuri membra-

bis struqturis warmoqmnaSi, agreTve maT funqcionalur rols, romelic ganpi-

robebulia membranis saSualebiT nivTierebisa da ionebis gadatanaSi, qsovile-

bis energiiT momaragebaSi. is icavs organizms infeqciisagan, wylis zedmetad 

dagrovebis an dakargvisagan, warmoadgens vitaminebsa da hormonebs. bolo dros 

farTod  msjeloben lipidebze, rogorc bioregulatorebze. 

lipidebi erTmaneTisagan gansxvavdeba  maT molekulaSi Semavali kompo-

nentebiT, romelTac sxvadasxva fiziologiuri moqmedebis unari gaaCniaT. fizi-

ologiuri daniSnulebis mixedviT lipidebs yofen or jgufad: protoplazmur  

(ujredis protoplazmis struqturuli komponentebi, romelTa raodenoba 

sxvadasxva organosa da qsovilSi mudmivia) da sarezervo lipidebad (Sinagani 

organoebis irgvliv cximovan qsovilebSi dagrovili cvalebadi raodenobis li-

pidebi, romlebsac organizmi saWiroebis SemTxvevaSi iyenebs).    
agebulebis mixedviT lipidebi SeiZleba daiyos neitralur da polarul 

lipidebad. neitraluri lipidebia: glicerolipidebi, dioluri lipidebi, 

glikolipidebi, sfingolipidebi, qolesterinis eTerebi (steroidebi), cvilebi. 

 

OR2R1O

 CH2OR

H C

glicerolipidi dioduri lipidi sfingolipidi

 C (CH2)n CH2OR

R1

H  C

 CH2OR

H

n=0-4

OH

R1

H  C

 CH2OR

NHR2
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O

OR

H1OR

OR|
R| Ο

 CH2OR|

H H

CH3

RO

CH3

qolesterinis eTeriglikolipidi

R  COO_R|_cvilebi  
polaruli lipidebi mJavuri naSTis mixedviT gayofilia sam qvejgufad: 
       
1. fosfolipidebi; 
2. fosfonolipidebi; 
3. sulfolipidebi. 
 

O

RCΗ2O P OX

O

fosfolipidi

O

RCΗ2 P OX

O

fosfonolipidi

RCΗ2OSO3Η

sulfolipidi

_

 
 

pirveli ori qvejgufi Seicavs fosforis Semcvel naerTs, romelTac 

erTmaneTisagan ansxvaveben spirtuli jgufisa da fosforovani narCenis bmiT. 

fosfolipidebSi aris —O—P— bma, xolo fosfonolipidebSi —C—P— bma. 

        
fosfolipidebis qvejgufSi Sedis:    
 

a) glicerofosfolipidebi; 

b) glikofosfolipidebi; 

g) sfingofosfolipidebi; 

d) dioluri fosfolipidebi. 

      
es analogiuria neitraluri lipidebis da SeiZleba miRebul iqnes maTgan, 

mxolod ufro met Canacvlebul jgufebs Seicavs fosformJavas narCenis 

CaTvliT. 
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O

CΗ2OR

C

CΗ2O

O

P

O

R Η O

P OX O

glicerofosfolipidi

O

CΗ2OR

C

CΗ2

R Η

OO

glikofosfolipidi

O
CΗ2OR

OR

OR

R

O

 
 

sfingofosfolipidi

CΗ2O

C

R1

OHΗ

CΗ NHR2 O

P OX

O

dioluri fosfolipidi

CΗ2O

C

R1

OR2Η

(CH2)n O

P OX

O

 
 

fosfonolipidebisa da sulfolipidebis qvejgufebSi Sedis analogiuri 

tipis naerTebi. magaliTad, mikroorganizmebSi aRmoCenilia umaRlesi diolis 

disulfati, romelic erTaderTi warmomadgenelia am tipis sulfolipidebisa. 

 

CH3(CH2)7 CΗ (CH2)12 CΗ2 OSO3

OSO3

1,14-dokozandioldisulfati  
                                  
cerebrozidebis sulfaturi warmoebulebidan, romelsac Seicavs tvini, 

cnobilia galaqtozil-3-sulfatcerebrozidi 

 

CΗ(CH2)14 CΗ2OCH3 C

CO

OH NH

R

sulfatigalaqtozil 3β,D
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xolo mcenareebSi aRmoCenilia aseTi tipis sulfolipidi 

 

CΗ2

6-sulfo-α,D,-xinovopiranozil-1,2-diacil-sn-glicerini

O
CΗ2SO3H

OH
HO

OH

O

Η2C

C OCOR1Η

OCOR2

 
        
hidrolizis unaris mixedviT lipidebs yofen Sesapvnad da Seusapvnad 

lipidebad. Sesapvnadi lipidebi hidrolizis Sedegad warmoqmnis or (martivi 

lipidebi), an met (rTuli lipidebi) komponents, maSin, rodesac Seusapvnadi 

lipidebi erTkomponentiania. 

 

1.1.  lipidebis Semadgeneli konponentebi 

bunebaSi yvelaze metad gavrcelebulia neitraluri lipidebi,  romelTa mo-

lekulis SemadgenlobaSi Sedis glicerini da umaRlesi rigis cximovani mJavebi. 

amJamad cnobilia orasze meti umaRlesi rigis cximovani mJava, romlebic 

erTmaneTisagan gansxvavdeba naxSirbadis atomis raodenobiT, jaWvis ganStoebis 

xasiaTiT, ujerobis xarisxiT, ormagi bmis mdebareobiTa, masSi Canacvlebuli 

funqcionaluri jgufis raodenobiTa da bunebiT. cximovani mJavebi, romlebic 

Sedis mcenareuli da cxoveluri lipidebis SemadgenlobaSi, rogorc wesi, Sei-

cavs luw naxSirbadis atomTa ricxvs. molekulaSi Warbobs 16-20 naxSirbadato-

mis Semcveli mJavebi. organizmSi cximovani mJavebi SeiZleba Tavisufal mdgoma-

reobaSic arsebobdes (magaliTad, isini mcire raodenobiTaa ujredebSi, qsovi-

lebSi da sxvadasxva gziT mniSvnelovan rols asrulebs lipidebis warmoqmnaSi).     

 
1.1.1.  najeri da ujeri rigis cximovani mJavebi 

cximovani mJavebi, romlebic gavrcelebulia lipidebSi, SeiZleba daiyos 

or jgufad: najer da ujer mJavebad. es naerTebi pirvelad gamoyofil iqna 

cximebidan da amitom maT cximovani mJavebi ewoda. maTgan gansakuTrebiT 

aRsaniSnavia cximovani mJavebi, romlebic mocemulia, cxrili I-Si.  

        
 



 13

cxrili 1  

               
ujer mJavebSi  erTi an ramdenime cis-konfiguraciis mqone ormagi bmaa. 

amasTan, Cveulebriv, pirveli ormagi bma C9-C10 atomebs Soris mdebareobs, xolo 

ramdenime ormagi bma erTmaneTisagan meTilenis jgufebiT gamoiyofa. ujer 

cximovan karbonmJavebs cifrobrivi simboloebiT aRniSnaven. am simbolos 

pirveli cifri gviCvenebs mJavas molekulaSi naxSirbadatomebis raodenobas, 

meore — molekulaSi ormagi bmebis ricxvs, xolo frCxilebSi Casmuli cifrebi ki 

— im naxSirbadatomebs, romlebTanac ormagi bmebia. magaliTad, araqidonmJavas 

cifrobrivi simbolo — 20 : 4 (5, 8, 11, 14) gviCvenebs, rom am mJavas molekulaSi 20 

naxSirbadatomi da 4 ormagi bmaa C5-C6,  C8-C9,  C11-C12, C14-C15 atomebs Soris. 

ormagi bmebis mdebareobis aRniSvnisaTvis xSirad gamoiyeneba simbolo ∆n, 
romelSic ∆ ormag bmas niSnavs, xolo n miuTiTebs naxSirbadis im atomebze, 
romlebTanac  ormagi bmebia. araqidonmJavas aRnagoba am SemTxvevaSi SeiZleba 

ase gamoisaxos:  ∆5,8,11,14  — yvela cis, 20 : 4. e.i. ujeri mJavebi bunebaSi ZiriTadad 

cis-izomeris saxiTaa. 
 

 
N 

 
mJavas dasaxeleba 

naxSir- 
badato- 

mebis ricxvi 
 

 
gavrceleba 

bunebaSi 

 
formula (struqtura) 

 

1 erbos mJava 4 rZis cximSi CH3-(CH2)2-COOH 

2 kapronis mJava 6 rZis cximi, palmis 
zeTi 

CH3-(CH2)4-COOH 

3 kaprilis mJava 8   “-------------“ CH3-(CH2)6-COOH 

4 laurinmJava 12 “-------------“ CH3-(CH2)10-COOH 

5 miristinmJava 14 yvela cximSi CH3-(CH2)12-COOH 

6 palmitinis mJava 16 yvela cximSi CH3-(CH2)14-COOH 

7 stearinis mJava 18 mravali saxis cximSi CH3-(CH2)16-COOH 

8 araqinmJava 20  CH3(CH2)18-COOH  

9 oleinis mJava 18 yvela cximSi CH3-(CH2)7-CH=CH- 

-(CH2)7-COOH 

10 linolis mJava 18 mcenareul zeTSi CH3-(CH2)3-(CH2-CH=CH)2- 
(CH2)7-COOH 

11 linolenis mJava 18 “----------------“ CH3-(CH2-CH=CH)3-(CH2)7-  
COOH 

12 araqidonmJava 20 mcenareuli zeTebi CH3-(CH2)3-(CH2-H=CH)4-
(CH2)3-COOH 

13 nervonmJava 24 “---------------“ 
 

CH3-(CH2)7-CH=CH- 

-(CH2)13-COOH 
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COOH

H3C

araqidonmJava  
                  
linolmJava da linolenmJava adamianis organizmSi ar sinTzirdeba  da 

mxolod sakvebTan erTad xvdeba masSi. es mJavebi aucilebelia normaluri 

lipiduri cvlisaTvis, ris gamoc maT Seucvlel cximovan mJavebs uwodeben. 

linolmJavaTi da linolenmJavaTi mdidaria mcenareuli zeTebi, amasTan xels 

uwyobs sisxlSi qolesterinis, aTerosklerozis ganviTarebis erT-erTi 

faqtoris, raodenobis Semcirebas. selis zeTidan (Oleum Lini) miRebulia 

preparati linetoli,  romelsac iyeneben aTerosklerozis profolaqtikisa da 

mkurnalobisaTvis. masSi oleinmJavasa da linolmJavas Semcveloba eTi-

leTerebis saxiT Seadgens 15-15 %-s, linolenmJavasi — 57 %-s, xolo najeri 

karbonmJavebisa — mxolod 9 — 11 %-s.  F vitaminis  saxelwodebiT pirobiTad 

aerTianeben ujeri cximovani mJavebis jgufs Semdegi SemadgenlobiT: olein-

mJava, linolmJava, linolenmJava da araqidonmJava. mniSvnelovania agreTve 

araqidonmJavas roli prostaglandinebis biosinTezSi (ix. 3.3.). adamianis 

cximi, romlis lRobis temperaturaa 150C, Seicavs: 25 % palmitinmJavas, 8 % 

stearinmJavas, 3 % miristinmJavas, 46 % oleinmJavas, 10 % linolmJavas da 8 

% sxva (C14-ze dabal) karbonmJavebs. amasTan, sxvadasxva organodan gamoyofili 

cximebis Sedgenoliba gansxvavebulia. magaliTad, kanqveSa cximSi metia najeri, 

xolo RviZlSi — ujeri cximovani karbonmJavebi. 

najer da ujer mJavebTan erTad, romelTac axasiaTebT naxSirbadis swor-

jaWviani agebuleba, bunebaSi gvxvdeba agreTve cximovani mJavebi naxSirbadis 

ganStoebuli jaWviT. magaliTad, maT ganekuTvneba farTod gavrcelebuli bu-

nebrivi tuberkulostearinis mJava, romelic gamoyofil iqna tuberkulozis 

Cxirebidan  da 2-hidroqsistearinis mJava. 

 

tuberkulostearinis mJava

CΗ2

Η

C

OH

O

CΗ2

CΗ3 CΗ2 CΗ2

CΗ2 CΗ2

CΗ2 C

CΗ2 CΗ2

CΗ2

CΗ2

CΗ2 CΗ2

CΗ2

CΗ2

CΗ3
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CΗ2

OHΗ

C

OH

O

2-hidroqsistearinis mJava

CΗ2

CΗ3 CΗ2 CΗ2

CΗ2 CΗ2

CΗ2 C

CΗ2 CΗ2

CΗ2

CΗ2

CΗ2 CΗ2

CΗ2

CΗ2

 
 
yvela cnobili cximovani mJavebidan cxoveluri (myari) cximebis Semad-

genlobaSi Sedis najeri mJavebi, xolo mcenareuli (Txevadi) zeTebis Semadgen-

lobaSi — umTavresad ujeri cximovani mJavebi.   

 
     1. 2. lipidebis calkeuli warmomadgenlebis zogadi daxasiaTeba.  

Sesapvnadi lipidebi 

      1.2.1. glicerolipidebi 

glicerolipidebi warmoadgens glicerinis eTerebs umaRles cximovan 

mJavebTan. cnobilia mono- di da trigliceridebi 

 

monoacilgliceridi

CΗ2 C

Η

O

O R1

R2

CΗ2OH R3C

CHO O

diacilgliceridi triacilgliceridi

CΗ2 C

Η

O

O R1

CΗ2OH

CC

O
O

CΗ2 C

Η

O

O R1

CΗ2O

CC

O

R2

 
 
bunebrivi cximebi warmoadgens iseTi gliceridebis narevs, romelTa war-

moqmnaSi, umetes SemTxvevaSi, monawileobas Rebulobs sxvadasxva cximovani mJa-

va. aseT gliceridebs uwodeben rTul trigliceridebs. martivi trigliceride-

bi (Seicavs mxolod erTi da imave mJavas naSTebs) cximebSi iSviaT gamonakliss 

warmoadgens. is trigliceridebi, romlebic bunebriv cximebSi gvxvdeba, gamoyo-

filia cximis fraqcionirebiT sxvadasxva temperaturaze sxvadasxva gamxsneliT. 

trigliceridebis erTimeoresagan dacileba maTi msgavsi Tvisebebis gamo did 

siZneleebTanaa dakavSirebuli. ukanasknel dros, qromatografiis meTodis ga-

moyenebiT, SesaZlebeli gaxda cximovan mJavaTa Sedgenlobis dadgena sxvadasxva 

warmoSobis lipidebSi. 

glicerolipidebis fizikuri Tvisebebi damokidebulia masSi Semaval cxi-

movan mJavebze. rac ufro dabalia mJavas lRobis temperatura, miT ufro dabal 



 16 

temperaturaze lRveba trigliceridi. magaliTad, stearinis mJavas lRobis 

temperaturaa +720; tristearinis  +690; oleinis mJava lRveba +140-ze; trioleini 

-4.50-ze.  trigliceridebi kargad ixsneba organul gamxsnelebSi (eTeri, qloro-

formi, gogirdnaxSirbadi, CCI4, benzoli), ar ixsneba wyalSi, magram zogierTi 

emulgatoris zemoqmedebiT wyalTan, iZleva emulsias. cximis emulgatorebis 

rols asrulebs sapnebi da cilovani nivTierebani. magaliTad, rZeSi cximi emul-

girebulia cilis saSualebiT. 

qimiuri Tvisebebidan glicerolipidebisaTvis damaxasiaTebelia eTere-

bis yvela reaqcia — Sesapvnis, halogenisa da wyalbadis  mierTebis da daJangvis 

reaqcia. ganvixiloT es reaqciebi cal-calke. 

1.  S e s a p v n i s  r e a q c i a.  wylis gavleniT, gansazRvrul pirobebSi, 

glicerolipidebi ganicdis hidrolizs da iSleba Semadgenel komponentebad. 

hidrolizi mimdinareobs mJavebisa da tuteebis Tanaobisas, agreTve biologiu-

ri katalizatorebis — fermentebis moqmedebisas. amis Sedegad warmoiqmneba 

glicerini da cximovani mJavas sami molekula. 
 

CΗ2OCOR

CΗOCOR1

CΗ2OCOR2

+ H2O

CΗ2OH

CΗOH + R

CΗ2OH

CΟOH+ R1 CΟOH + R2 CΟOH

 
       
cximis dasaxasiaTeblad didi mniSvneloba aqvs   S e s a p v n i s    r i c x v s. 

igi gviCvenebs kaliumis tutis miligramebis raodenobas, romelic ixarjeba er-

Ti grami cximis hidrolizisas warmoqmnili cximovani mJavebis ganeitralebaze. 

rac ufro mcirea es ricxvi, miT ufro maRalia mocemuli cximis SemadgenlobaSi 

Semavali cximovan mJavaTa molekuluri masa.  

2.  h a l o g e n i s  m i e r T e b a.  glicerolipidebze  halogenis moqmede-

bisas, halogeni cximovan mJavas uerTdeba ujer nawilSi. 
 

CH3_(CH2)7_CH =CH_(CH2)7_COOH+J2

oleinis mJava

CH3_(CH2)7_CHJ_CHJ_(CH2)7_COOH
oleinis mJavas diiodnawarmi

 

rac ufro ujeria cximovani mJava, miT ufro meti raodenobis  halogens 

miierTebs igi. reaqciaSi Sesuli halogenis raodenobiT  SegviZlia vimsjeloT 

cximis ujerobis Sesaxeb. 

i o d i s  r i c x v i  ewodeba iodis raodenobas gramobiT,  romelsac 

miierTebs mocemuli cximis 100 grami. rac ufro maRalia ioduri ricxvi, miT 

ufro ujeria mocemuli cximi da ufro met ormag bmebs Seicavs masSi Semavali 

cximovani mJava.  

3. w y a l b a d i s  m i e r T e b a. katalizatorebis TandaswrebiT 

(magaliTad   Ni)  trigliceridebs   SeuZlia   miierTon   wyalbadi   ujer  nawilSi 
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CH3_(CH2)7_CH =CH_(CH2)7_COOH+2H

oleinis mJava stearinis mJava

C17H35_COOH

 
am reaqcias xSirad mimarTaven teqnikaSi, rodesac surT Txevadi mce-

nareuli zeTebis gamyareba. najeri mJavas lRobis temperatura ufro maRalia. 

4. d a J a n g v i s  r e a q c i a.  gansazRvrul pirobebSi ujer cximovan mJa-

vas SeuZlia SeierTos Jangbadi. es procesi warmoebs specifikuri katalizato-

rebis TandaswrebiT da qimiurad aqtiuri sxivebis zegavleniT. amis Sedegad hae-

ris Jangbadi gardaiqmneba aqtiur ozonad, romelic awarmoebs daJangvis pro-

cess. magaliTad, Jangbadis zegavleniT oleinis mJava SeiZleba daiSalos da mog-

vces Semdegi produqtebi:                           
 

+

oleinis
 mJava

oleinis mJavas 
ozonidi

azelainis
 mJava

pelargonis
 aldehidi

(CH2)7

CH3

C
O

H
O

O

O

CH

CH

(CH2)7

CΟOH

(CH2)7

CH3

CH

CH

(CH2)7

CΟOH

(CH2)7

CH3

O3

(CH2)7

CΟOH

CΟOH

 
 

am process adgili aqvs cximebis damZaRebisas. damZaRebis process Tan 

sdevs aldehidebis warmoqmna da cximis mJavianobis gadideba.  

xangrZlivi Senaxvis dros cximebi arasasiamovno gemosa da suns Rebu-

lobs, e. i. mZaRdeba. cximebis damZaReba SeiZleba gamowveul iqnes wminda qimiuri 

reaqciebiT, romlebic dakavSirebulia sinaTlis, haeris da wylis moqmedebas-

Tan, magram cximis damZaRebis procesSi albaT monawileobs zogierTi damJan-

gveli fermenti, kerZod, fermenti lipoqsidaza (lipoqsigenaza). 

damZaRebis yvelaze ufro martivi SemTxveva, romelsac adgili aqvs xSi-

rad Zroxis karaqisa da margarinis Senaxvis dros, mdgomareobs cximis ubralo 

gasapvnaSi. am dros ganTavisuflebuli Tavisufali erbomJava cxims aZlevs am 

mJavasaTvis damaxasiaTebel arasasiamovno suns.     
cximebis damZaReba zogjer damokidebulia mikroorganizmTa cxovelmoq-

medebaze. am SemTxvevaSi cximis arasasiamovno suni da gemo aixsneba ketonebis ga-

CeniT, romlebic warmoiqmneba ganTavisuflebuli cximmJavebis daJangviT. mag-

ram unda aRiniSnos, rom am saxis ketonuri damZaReba SemCneulia mxolod iseT 

cximebSi, romlebic Seicavs molekulaSi 6-dan 12-mde naxSirbadatomian cxim-

mJavebs. ketonuri damZaRebis dros, magaliTad, kapronmJavasgan CH3(CH2)4 COOH 
warmoiqmneba meTilpropilketoni CH3(CH2)2-CO-CH3. 
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fiqroben, rom ketonebis warmoqmnas win uZRvis ketonmJavebis warmoqmna, 

amis Semdeg kargavs naxSirbadis (IV) oqsids (dekarboqsilireba) da iZleva 

ketonebs: 
 

R-CH2-CH2-COOH                       R-CO-CH2-COOH                   R-CO-CH3 + CO2

cximmJava                  ketomJava                ketoni
 

 

magram cximebis damZaRebis yvelaze ufro gavrcelebuli tipia damZaReba, 

romelic gamowveulia haeris JangbadiT ujeri cximebis daJangviT da romlis 

drosac warmoiqmneba aldehidi. cximebis an cximSemcveli produqtebis (burRu-

li, koncentratebi) msgavsi JangviTi damZaReba Cqardeba mcire raodenobiT te-

nis, maRali temperaturisa da sinaTlis pirobebSi. uJangbado areSi damZaRebas 

adgili ara aqvs; amrigad, Tu cxims vakuumSi SevinaxavT, is ar damZaRdeba; cxime-

bis JangviTi damZaRebis Tavidan asacileblad praqtikulad mas umateben e.w. an-

tidamJangvelebs, rac mcire raodenobiTac ki aCerebs damZaRebas. mravali anti-

damJangveli fenolebs warmoadgens. yvelaze ufro aqtiuri antidamJangvelebis 

ricxvs ekuTvnis E vitamini  (tokoferoli). 

      

1.2.2. glikolipidebi 

glikolipidebis SemadgenlobaSi ZiriTadad Sedis glukoza da galaqto-

za. maTi sulfatirebuli an aminowarmoebulebi ar Seicavs fosformJavas da mas-

Tan dakavSirebul azotovan fuZeebs. am naerTebSi hidrofiluri polaruli na-

wili, romelic Sedgeba erTi an ramdenime naxSirwylis narCenisagan, glikozidu-

ri bmiT aris dakavSirebuli lipidur molekulaSi hidrofobur nawilTan. gli-

kolipidebi ekuTvnis rTuli lipidebis klass.  

monogalaqtozildiacilglicerini

O

CH2 O

CH O C

CH2 O

C

O
CΗ2OH

OH

HO

OH

O

 
glikolipidebis tipuri warmomadgenelia cerebrozidebi,  romlebic ga-

moyofilia tvinis ujredebidan da Sedis nervuli ujredebis garsis Semadgen-

lobaSi. maT mcire raodenobiT Seicavs mcenareebi (sokoebi). 
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cerebrozidebidan amJamad ukeTaa Seswavlili cerebroni (glicerins ar 

Seicavs). misi hidroliziT miiReba sfingozini (1), cximovani mJava (2) da galaq-

toza (3). ixsneba eTerSi, civ spirtSi, acetonSi, benzolSi. 

 

CH3_(CH2)12_CH =CH_CH_NH_CO_R

cerebroni (galaqtocerebrozidi)

CH2
OH

(3)

(1) (2)

HOCH2

O

OH

HO

OH

O

 
 

1.2.3. c v i l e b i 

martiv Sesapvnad lipidebs miekuTvneba agreTve cvilebi anu ceridebi, 

romlebic umaRlesi rigis erTatomian an oratomiani spirtebisa da umaRlesi 

rigis cximovani mJavas rTul eTerebs warmoadgens da cxoveluri an mcenareuli 

warmoSobisaa. mis SemadgenlobaSi Sedis gacilebiT ufro maRali molekuluri 

masis mqone cximovani mJavebi (C=16-29). maTi zogadi formula SeiZleba ase 

warmovidginoT: 

R O C R1

O

R CH CH2 O C R1

O C R2

O

O

sadac  R, R1  da  R2  _ radikalebia
 

 

cvilebi Cveulebriv temperaturaze warmoadgens myar cximebs. cvilis 

Txeli SriT dafarulia mcenareTa foTlebi. cvilis nafifqi icavs yurZnis, 

msxlis, qliavis nayofebs wyliT dasvelebis, gamoSrobisa da mikroorganizmebiT 

dazianebisagan. cdebi gviCvenebs, rom nayofis zedapiridan cvilis nafifqis 

mocileba iwvevs Senaxvis dros mis gacilebiT ufro swrafad gafuWebas. cvi-

lebis SemadgenlobaSi Sedis rogorc cximebSi Semavali Cveulebrivi cximmJavebi 

— palmitin, stearin, oleinmJavebi da sxv., aseve cvilebisaTvs damaxasiaTebeli 

gacilebiT ufro meti molekuluri masis mqone cximmJavebi: karnaubmJava 

C24H48O2, cerotinmJava C27H54O2, montanmJava C29H58O2 da sxva. mcenareuli 

lipidebis 80 % cvilebze modis. 
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cxoveluri cvilebis SemadgenlobaSi Semavali umaRlesi erTatomiani 

spirtebidan aRsaniSnavia cetilisa — C16H33OH da miricilis — C31H63OH spir-

tebi. orive maTgani gavrcelebulia, ZiriTadad, palmitinmJavas rTuli eTe-

rebis saxiT. cetilpalmitati — C15H31COOC16H33 warmoadgens spermacevtis Zi-

riTad komponents, xolo miricilpalmitati — C15H31COOC31H63 Sedis futkris 

cvilis SemadgenlobaSi..  
cxoveluri cvilebidan mniSvneloba aqvs agreTve cxvris matylSi Semaval 

cvils (lanolins). cvilebidan aRsaniSnavia agreTve veSapis spermacevti, ro-

melic didi raodenobiT moipoveba kaSalotis Tavis qalaSi. farTod gamoiyeneba 

sxvadasxva cvilebi farmakologiaSi, sanTlis, sacxebis, sapnebis, plastirebis 

dasamzadeblad da a.S. 
cvilebis SemadgenlobaSi Semavali naxSirwyalbadebi Seadgens zogierT 

maTganSi cviliani nafifqis mTavar nawils. ase magaliTad, cviliani nafifqi 

kombostos foTlebze Sedgeba, umTavresad, parafinuli naxSirwyalbadis — no-

nakozanis C29H60 da misi warmoebulis — nonakozanonisagan, romelic Seicavs 

karboniljgufs =CO. TambaqoSi napovnia naxSirwyalbadebi — heptakozani C27H56  
da n-triakontani C31H64. sakmaod kargadaa gamokvleuli yurZnis nayofis ze-

dapiris cviliani nafifqis Semadgeniloba. masSi napovnia Tavisufali palmi-

tinis mJava, misi eTeri maRalmolekulur spirtTan enokaprolTan, cerilspir-

ti C26H53OH, miricilspirti C31H63OH da cerotinmJava C27H54O2. vaSlis kanis 

zedapiris cviliani nafifqi Seicavs parafinul naxSirwyalbadebs — nonakozans 

da heptakozans, agreTve maRalmolekulur spirtebs — heqsakozanols, oqtako-

zanols da triakontanols. 

 

       
1.2.4. fosfolipidebi 

fosfolipidebi, fosfatidebi (polaruli, rTuli lipidebi) warmoadgens 

biologiuri membranis ZiriTad komponents, sadac glicerinis molekulaSi pir-

velad spirtul jgufTan dakavSirebulia fosformJavas naSTi, xolo danarCeni 

hidroqsilis jgufebi Canacvlebulia naxSirwyalbaduri radikalebiT, romle-

bic glicerinTan dakavSirebulia rTuleTeruli da martiveTeruli bmebiT. 

glicerofosfolipidebSi naxSirbadis erTi asimetruli atomia, ris gamoc SeiZ-

leba arsebobdes ori stereoizomeris saxiT (D an L).  bunebaSi arsebuli yvela 

fosfogliceridi L— rigisaa. amave dros unda aRiniSnos, rom bunebrivi fos-

folipidebi warmoadgens L – fosfatiduri mJavas warmoebuls, sadac gliceri-

nis jaWvis C1 —  mdgomareobaSi, rogorc wesi, Canacvlebulia najeri, xolo C2 – 
mdgomareobaSi — umaRlesi ujeri rigis mJavaTa naSTebi.        
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OX

HO

CΗ2OH

C

CΗ2

Η O

P OH

OH

O

R1OCO

CΗ2

C

CΗ2

Η O

P

OH

O

OCOR

glicerofosfolipidiL_glicero_3_fosfati  
 

bunebaSi yvelaze metad gavrcelebulia glicerofosfolipidebis dia-

ciluri formebi (R  da R1 – cximovani mJavas naSTi). fosfatiduri mJava napov-

nia cxovelTa da mcenareTa qsovilebSi da mikroorganizmebSi. amave dros, igi 

warmoadgens fosfolipidebis qimiuri sinTezis sawyis nivTierebas. 

glicerofosfolipidebis mniSvnelovani warmomadgenlebia: fosfati-

dilqolinebi (cxovelTa da mcenareTa organizmebSi maTi raodenoba saerTo 

fosfolipidebis 50%-s aRwevs), fosfatidil-eTanolaminebi (15-30%), fosfati-

dilserinebi, romlebic yvelaze meti raodenobiT (15%)  gvxvdeba ZuZumwovarTa 

tvinSi, xolo sxvadasxva organos qsovilebSi, rogoricaa guli, Tirkmeli, fil-

tvebi, misi   raodenoba 10%-ze naklebia. aRmoCenilia agreTve fosfatidilgli-

cerinebi (yvelaze metad gavrcelebuli fosfolipidia baqteriebSi, 70% ) da 

sfingolipidebi. 

sfingolipidebis yvelaze gavrcelebuli warmomadgenelia sfingomieli-

ni, romlis polarul nawilSi Sedis qolini (4—10%). organizmSi zogierTi paTo-

logiuri cvlilebebi dakavSirebulia sfingomielinis Semcvelobis zrdasTan an 

SemcirebasTan. magaliTad, aortis kedlebSi misi raodenobis gazrda SemCneulia 

aTerosklerozis dros. igi Sedis eriTrocitebsa da TirkmelebSi. 
                      

fosfatidileTanolamini

OCΗ2

O

PO

R1 O

CΗ2 _O C

Η

O

R

CC

O

CΗ2 CH2NH3

O
_

+

fosfatidilserini

OCΗ2

O

PO

R1 O

CΗ2 C

Η

O

O R

CC

O

CΗ2 CΗ NH3

O
_

+

COOH

 
 

fosfatidilqolini

OCΗ2

O

PO

R1 O

CΗ2 _O C

Η

O

R

CC

O

CΗ2 CH2_N(CH3)3

O
_

+

fosfatidilglicerini

OCΗ2

O

PO

R1 O

CΗ2 C

Η

O

O R

CC

O

CΗ2

CHO H

CH2OH

OH
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sfingomielinisfingozini

R
CH3_(CH2)12

CΗ2

O

PO CΗ2 CΗ2 N(CH3)3

O
_

+

H

OH

NH2

CH2OH

CH3_(CH2)12 H

NH

OH

H C
O

 
sfingomielinis hidrolizis dros warmoiqmneba cximovani mJava, orato-

miani ujeri aminospirti — sfingozini, qolini da fosforis mJava.   
fosfolipidebi, fizikuri Tvisebebis mixedviT, axlos dgas cximebTan. 

wyalSi ar ixsneba, iZleva mxolod emulsias.     

fosfolipidebis SemadgenlobaSi Semavali azotovani fuZeebidan yvelaze 

ufro gavrcelebulia qolini, romelic warmoadgens wyalSi da spirtSi advi-

lad xsnad, magram eTerSi uxsnad Zlier fuZes. qolini aris amoniumis hidroqsi-

dis (niSaduris spirti) warmoebuli, sadac sami wyalbadis atomi Canacvlebulia 

meTilis jgufiT, xolo erTi wyalbadi — eTilis spirtis naSTiT.      
qolini did rols asrulebs nivTierebaTa cvlaSi, radganac mas SeuZlia 

meTilis jgufi saTanado fermentebis moqmedebiT gadasces sxva nivTierebebs.   

fosfolipidebs, romlebic Sedgeba glicerinis, cximmJavebis, fosfor-

mJavasa da qolinis naSTebisagan, ewodebaT lecitinebi. kefalinebad wodebuli 

fosfolipidebi lecitinebisagan gansxvavdeba imiT, rom maTSi, qolinis nacv-

lad, Sedis eTanolamini CH2OH-CH2-NH2, romelsac ewodeba kolamini. mJavebis an 

Sesaferisi fermentebis moqmedebiT lecitini da kefalini iSleba Semadgenel 

nawilebad. amasTan aRsaniSnavia, rom Tu  hidrolizi ise Catarda, rom qolini an 

kolamini da cximmJavebi Camoscilda, am dros warmoqmnil naSTs CH2OH-CHOH-
CH2O-PO(OH)2 ewodeba glicerinfosformJava, romelic Tavisufal mdgomareo-

baSi warmoadgens kalciumisa da bariumis kristaluri marilebis warmomSob 

sirofs. 

lecitinebisa da kefalinebis sxvadasxvaoba damokidebulia maTSi Semaval 

cximmJavaTa naSTebis bunebasa da maT kavSirze glicerinis naSTTan. 

romelime cximmJavas molekulis msgavsad lecitinis molekula xasiaTde-

ba polarobiT. misi is bolo, romelzedac ganlagebulia qolinis an kolaminis 

naSTi, xasiaTdeba hidrofiluri TvisebebiT, maSin rodesac misi meore bolo, 

romelzedac ganlagebulia  cximmJavaTa naSTebi, xasiaTdeba aSkara hidrofobu-

ri TvisebebiT; am garemoebiT aixsneba is, rom lecitinebi zustad gansazRvruli 

saxiT orientirdeba ori fazis gamyof zedapirze da mniSvnelovan rols asru-

lebs protoplazmis srtuqturaSi. fosfolipidebis mniSvnelovani nawili  moi-

poveba protoplazmaSi e. w. lipoproteidebis saxiT da warmoadgens lipidebis 

naerTs cilebTan. 

mcenareebSi napovnia agreTve fosfolipidebi, romlebic ar Seicavs azo-

tovan fuZeebs. maT miiRes fosfatiduri mJavas saxelwodeba. isini napovnia xor-
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blis CanasaxebSi, kombostos da sxva mcenareTa foTlebSi agreTve tropikuli 

kauCukSemcveli mcenaris Hevea brasiliens-is rZian wvenSi. SesaZloa, rom fosfatid-

mJavebi warmoiqmneba saTanado fermentebis moqmedebiT lecitinisa da kefa-

linis hidrolizuri daSlis Sedegad. fosfatidmJavebi moipoveba mcenareebSi 

kalcium-, magnium- da kaliummarilebis saxiT. 

fosfolipidebi, gansakuTrebiT ki lecitinebi, farTod gamoiyeneba kve-

bis mrewvelobaSi Sokoladis, margarinis da iseT nivTierebaTa dasamzadeblad, 

romlebic icavs cximebs daJangvisa da damZaRebisagan. fosfolipidebs gansa-

kuTrebiT didi raodenobiT Seicavs kvercxis cila da soias parki. eqsperimen-

tulad dadgenilia, rom soias parkebi Seicavs lecitinsa da kefalins Semdegi 

raodenobiT (cxrili 2).  
 

                                                              cxrili 2 
 

lecitinisa da kefalinis Semcveloba soiis parkebSi 
 

 
Teslis nawili 

kefalinis 

Semcveloba 

%-obiT 

lecitinis 

Semcveloba 

%-obiT 

fosfatidebis 

saerTo 
Semcveloba, 

%-obiT 
lebnebi  
Canasaxebi (Rivebi) 
Tesli mTlianad 

0.28 
0.53 
0.27 

1.81 
2.62 
1.68 

2.09 
3.15 
1.95 

 

amrigad, soiis Teslis analizidan Cans, rom Rivebi ufro mdidaria fos-

fatidebiT, vidre lebnebi, amasTanave moyvanili monacemebidan Cans, rom mTli-

anad soias parkSi da mis nawilebSi kefalini Seadgens fosfatidebis saerTo 

raodenobis mxolod umniSvnelo nawils. soiis lecitini Seicavs olein- (52%), 

linol- (38%), linolen -(9%), palmitin- da stearinmJavebs. soias, simindisa da 

araqisis fosfatidebis SedgenilobaSi lecitinTan da kefalinTan erTad Sedis 

agreTve fosfatidebi, romlebic Seicavs eqvsatomian spirts — inozits. soias 

parkebidan gamoyofili fosfatidebis Seswavlam aCvena, rom maTSi inoziti 

glikoziduri bmiT SekavSirebulia SaqarTan (galaqtozasTan an arabinozasTan) 

da rTuleTeruli bmiT fosformJavas naSTTan, romelic, Tavis mxriv, SekavSi-

rebulia kolaminTan. 

glicerofosfolipidebSi hidrofobur molekulur nawils warmoadgens 

umaRlesi cximovani mJavebi, romlebic rTuleTeruli bmebiTaa dakavSirebuli 

glicerinis or hidroqsilis jgufTan, xolo mesame hidroqsilis jgufi da-

kavSirebulia  hidrofilur  molekulasTan  Cven  mier  ganxiluli  yvela lipidi 
 

hidrofoburi nawili

R C O C Η

O

CΗ2 O

CΗ2 O C R

O

hidrofiluri polaruli molekula
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ganicdis hidrolizs, ris Sedegadac miiReba sapnebi. arsebobs lipidebi, rom-

lebic ar hidrolizdeba cximovani mJavebis warmoqmniT. aseT lipidebs miekuT-

vnebian steroidebi da terpenebi. 

                                 
1.3.  Seusapvnadi lipidebi 

Seusapvnad lipidebSi aerTianeben steroidebs  da terpenebs.  steroidebi 

ZiriTadad cxoveluri warmoSobisaa, xolo terpenebi — mcenareuli. 

 

1.3.1.   steroidebi 

steroidebi ZiriTadad gavrcelebulia cxoveluri warmoSobis lipideb-

Si. maT struqturaSi Sedis met-naklebad hidrirebuli fenantrenis birTvi da 

masTan kondensirebuli erTi ciklopentanis birTvi (stearini). am tipis mravali 

fiziologiurad aqtiuri naerTi, romelsac iyeneben medicinaSi, dRes sinTezis 

gziTaa miRebuli.  

steroidebidan yvelaze metad Seswavlilia qolesterini, romelic bune-

baSi gavrcelebulia ara marto eTerebis, aramed Tavisufali saxiTac. is, agebu-

lebis mxriv, ufro rTuli naerTia, vidre cximebi da fosfolipidebi. qoleste-

rinSi ciklopentanis birTvTan dakavSirebulia rva naxSirbadis atomis mqone 

ganStoebuli jaWvi 
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qolesterini TeTri feris wyalSi uxsnadi kristalebia. kargad ixsneba 

organul gamxsnelebSi. es naerTi qimiur gardaqmnebs advilad ar ganicdis, mag-

ram haerze da sinaTleze icvlis fers da lRobis temperaturas. C3-Tan mdebare 

hidroqsilis jgufi SeiZleba eTerificirebul iqnes umaRlesi cximovani mJaviT 

— miiReba qolesterinis eTerebi. 

qolesteriniT mdidaria tvini, sisxli, Tirkmelebi, naRvlis qvebi. igi 

mcenareebSi ar aris aRmoCenili. qolesterini RviZlSi gardaiqmneba naRvlis  

mJavad (naRvlis mJavebi zedapirulad aqtiuri naerTebia, isini aaqtivebs 

cximebis mcire zomis nawilakebad daSlas), romelic Semdeg gadadis naRvlis 

buStSi da specialuri sadinariT gadmoedineba Tormetgoja nawlavSi, sadac 
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aqtiurad mimdinareobs lipidebis moneleba. naRvlis buStSi xdeba naRvlis 

qvebis warmoSoba, rac aris anTebiTi kerebis warmoqmnis mizezi. naRvlis qvebis 

90 %-s swored qolesterini Seadgens. 

adamianis naRvlidan gamoyofilia sami tipis naRvlis mJava: 3,7,12-tri-

hidroqsiqolanis mJava, anu qolis mJava; 3,12-dihidroqsiqolanis mJava, anu de-

zoqsiqolis mJava da 3-monohidroqsiqolanis, anu litoqolis mJava.    
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organizmSi naRvlis mJavebi Cveulebriv aris amidebis saxiT, sadac pep-

tiduri bmebiT ukavSirdeba glicins NH2CH2-COOH an taurins H2N-CH2-CH2SO3H. am 

naerTTa natriumis an kaliumis marilebi xasiaTdebian hidrofiluri Tvise-

bebiT, rac ganpirobebulia maTSi rogorc arapolaruli hidrofoburi, ise ma-

Ralpolaruli ionizirebuli hidrofiluri jgufebis arsebobiT, aseTi naer-

Tebi moqmedebs rogorc saukeTeso emulgatorebi. axdens ra sakvebis cximebis 

emulgirebas, aumjobesebs maT SeTvisebas, amasTan aaqtiurebs ferment lipazas, 

romelic cximebis hidrolizis dros asrulebs katalizatoris rols. 
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1.3.2. steroiduli hormonebi 

rogorc aRvniSneT, lipidebSi sxvadasxva Camnacvleblis (hidrofoburi, 

hidrofiluri) arseboba gansazRvravs maT monawileobas biologiuri membranis 

struqturis warmoqmnaSi, agreTve maT funqcionalur rols, romelic ganpiro-

bebulia membranis saSualebiT nivTierebisa da ionebis gadatanaSi, qsovilebis 

energiiT momaragebaSi. aseve icavs organizms infeqciisagan, wylis zedmetad 

dagrovebis an dakargvisagan, warmoadgens vitaminebs, hormonebsa da a.S.  

hormonebis saxelwodebiT cnobilia naerTebis mTeli rigi, romlebic spe-

cifikur gavlenas axdens sasicocxlo procesebis mimdinareobaze, aaqtivebs or-

ganizmis romelime funqcias, an amuxruWebs mas. am TvalsazrisiT isini sasicocx-

lo procesebis bioregulatorebia. hormonebi gavlenas axdens ara erT romeli-

me reaqciaze, aramed mTlian procesze. isini mniSvnelovani agentebia rogorc 

calkeuli organos, ise mTliani organizmis cxovelmoqmedebis regulaciis 

TvalsazrisiT. 

hormonebi mcire raodenobiT gamomuSavdeba Sinagani sekreciis jir-

kvlebSi, saidanac sisxliT da limfiT gadaitaneba sxva samizne organoebSi. yo-

vel hormons mkacrad gansazRvruli moqmedebis areali aqvs, romelic mxolod 

garkveuli tipis samizne-efeqtorul ujredebsa da qsovilebs moicavs. samizne 

ujredebSi hormoni iwvevs ujreduli receptorebis gaaqtivebas, rasac ujredis 

metabolizmis cvlileba mohyveba. hormonebis saSualebiT warmoebs qsovilTa 

da ujredTa koordinirebuli muSaoba, maTi regulacia da kontroli. im Sem-

TxvevaSi, rodesac hormonis producireba wydeba, maSin organizms ekargeba gan-

sazRvruli funqciebis Sesrulebis unari. radgan organizmi funqciurad erT 

mTlians warmoadgens, amisaTvis erTi romelime funqciis amovardna uaryofiT 

gavlenas axdens mTel organizmze.  

fiziologiuri TvalsazrisiT, hormonebi Seiswavleba ori niSnis mixed-

viT: pirveli — Tu sad gamomuSavdeba hormoni da, meore — ra fiziologiuri moq-

medebis unars iCens igi. 

Tavisi qimiuri bunebiT hormonebi SeiZleba daiyos sam  jgufad: cilovani 

(peptiduri) hormonebi (insulini); aminmJavebi da maTi monaTesave naerTebi (ad-

renalini, Tiroqsini) da steroidebi, rasac gamoyofs sasqeso jirkvlebi da Tir-

lmelzeda jirkvlebis qerqovani Sreebi. steroiduli hormonebi aregulirebs 

nivTierebaTa cvlis, zrdis, mowifulobis, daberebisa da gamravlebis proce-

sebs, gavlenas axdens Sromis unarianobaze da organizmis winaaRmdegobis gaweva-

ze. maT biologiur moqmedebazea damokidebuli iseTi sxvadasxvagvari movlena, 

rogoricaa Tmebis zrda da gacvena, kunTebis simagre, qalebSi sarZeve jirkvle-

bis ganviTareba, Tevzebisa da frinvelebis sqesobrivi Seferva da sxva. ganvixi-

loT hormonebis ukanaskneli jgufi — sasqeso hormonebi. 

sasqeso hormonebi gamomuSavdeba sasqeso jirkvlebSi — sakvercxeebSi 

(qalebi) da saTesleebSi (mamakaci), aseve Tirkmelzeda jirkvlis qerqovan SreSi 

da placentaSi. unda aRiniSnos, rom saTesle jirkvlebSi mamakacis sasqeso hor-
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monebis upirates warmoqmnasTan erTad  mcire raodenobiT gamomuSavdeba qalis 

sasqeso hormonebic iseve, rogorc sakvercxeebSi gamomuSavdeba upiratesad qa-

lis sasqeso hormonebi, xolo umniSvnelovanesi raodenobiT mamakacis sasqeso 

hormonebic. sainteresoa aRiniSnos, rom cnobili paTologiis — hermafrodi-

tizmis dros organizmSi adgili aqvs mamakacisa da qalis hormonebis warmoSobis 

Sefardebas. hermafrodit mamakacebSi momatebulia qalis sasqeso hormonebis 

produqcia, hermafrodit qalebSi ki gaZlierebulia mamakacisa. 

embrionaluri ganviTarebis adreul stadiaSi sqesis dadgena sasqeso 

jirkvlebis Senebis mixedviT SeuZlebelia: sasqeso jirkvlis Canasaxi biseq-

sualur xasiaTs atarebs. ufro mogvianebiT, daaxloebiT embrionaluri ganvi-

Tarebis mesame kviridan, Cndeba epiTeliaruli zonrebi — saTesle gzebis Ca-

nasaxi (mamrobiTi piris ganviTareba) (ferdmani).    

biologiuri moqmedebis mixedviT steroidul hormonebs yofen sam 

jgufad:   
1. androgenuri, anu testoiduri (berZn. androc — mamakaci, laTin. testis 

— saTesleebi) hormonebi;    
2. estrogenuri, anu folikuloiduri hormonebi (estrusi — dineba, 

folikulebi — burTisebri warmonaqmnebi sakvercxeebSi). 
3. kortikosteroidebi (kortikula — Tirkmelzeda jirkvlebis Sre); 

        
1. a n d r o g e n e b i  — mamakacis sasqeso hormonebi 

androgenur hormonebad wodebul nivTierebebs, unari aqvT aRadginos 

dakodili cxovelebis meoradi sasqeso niSnebi. 

mamakacis sasqeso hormonebi cikluri naerTebia, romlebic Seicavs nax-

Sirbadis 19 atoms. maTgan aRsaniSnavia sami hormoni: androsteroni, testoste-

roni da meTiltestosteroni. androgenuli hormonebi ar ixsneba wyalSi, ixsne-

ba organul gamxsnelebSi. Sesabamisad, axlos aris qolesterinTan da organizmi-

dan gamoiyofa Sardis saSualebiT. 

mamrobiTi sasqeso jirkvlis seqsualuri hormoni (testikulis hormoni) 

gavlenas axdens sasqeso organoebis ganviTarebaze. maszea damokidebuli sasqe-

so organoebis funqcia, saTesle jirkvlebis sasekrecio moqmedeba da spermis 

sicocxlis xangrZlivoba.  maTi gavleniT viTardeba meoradi sqesobrivi niSne-

bic, rogoricaa, magaliTad, mamlis bibilo da dezebi, adamianis wver-ulvaSi, ir-

mis rqebi da a.S.  

saTesleebiT warmoqmnili hormoni atarebs testosteronis saxelwode-

bas. misi gamoyofa warmoadgens did siZneles, radganac 100 kg saTesleebidan or-

ganuli gamxsnelebiT, eqstragirebis gziT, xerxdeba mxolod 10 mg testostero-

nis gamoyofa.  
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hormoni, romelic aRmoCenilia ara marto saTesleebSi, aramed Tir-

kmelzeda jirkvlebis qerqovan SreSi da SardSic, cnobilia androsteronis 

saxelwodebiT. igi Seicavs hidroqsilisa da karbonilis jgufs. misi molekula 

aSenebulia oTxi hidrirebuli birTvisagan. 

androgenuri hormonebidan yvelaze aqtiuria sinTezuri  androgeni — 

meTiltestosteroni, romelmac miiRo farTo gamoyeneba medicinaSi, kerZod, 

rogorc samkurnalo preparati sarZeve jirkvlis simsivneTa samkurnalod.    

 

     2.  e s t r o g e n e b i — qalis sasqeso hormonebi. 

qalis sasqeso hormonebis sinTezi ZiriTadad mimdinareobs sakvercxeebSi 

da yviTel sxeulSi. zogjer SemCneulia maTi gamoyofa Tirkmelzeda jirkvalsa 

da placentaSi. amJamad ansxvaveben ori jgufis qalis sasqeso hormonebs: estro-

genebs (mTavari warmomadgenelia estradioli) da projestinebs (umTavresia 

projesteroni). ZiriTad estrogenebs, romlebic warmoiqmneba adamianis orga-

nizmSi warmoadgens estroni, estradioli da estrioli, xolo cxenebisa da 

sxva cxovelebis organizmSi warmoiqmneba steroidi ekvilenini, romelic Sei-

cavs naftalinis birTvs. 
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rogorc avRniSneT, qalis sasqeso hormonebis warmoqmnis ZiriTadi wyaroa 

sakvercxeebi (ovaria). sakvercxeebSi arCeven gare qerqovan Sres da Sida tvinovan 

Sres. epiTeliaruli ujredebis zonrebi aRwevs sakvercxeebis siRrmeSi da war-

moqmnis masSi patara budeebs. zogierTi maTgani SemdgomSi viTardeba foliku-

lad kvercxujredis SigniT. dabadebis momentidan sqesobriv momwifebamde fo-

likulebi nela izrdeba moculobaSi. sqesobrivi momwifebisaTvis folikulebi 

mkveTrad izrdeba, yvelaze momwifebuli maT Soris skdeba, Tavisufldeba masSi 

mdebare kvercxujredi — dgeba ovulacia. Semdeg gaxeTqili adgilebi erTdeba, 

folikulis Rru ivseba sisxliT da SemdgomSi viTardeba SemaerTebeli qsovili. 

folikulis epiTeli izrdeba, mis ujredebSi lagdeba lipidebi, romelic Sefe-

rilia yviTeli feriT. miRebul warmoqmnas ewoda `yviTeli sxeuli~. 

im SemTxvevaSi, Tu kvercxujredi ar ganayofierda, ramdenime xnis Semdeg 

adgili aqvs yviTeli sxeulis involucias (ukuganviTareba). kvercxujredis ga-

nayofierebis da saSvilosnoSi Canasaxis damagrebis SemTxvevaSi yviTeli sxeuli 

agrZelebs zrdas, is aRwevs sakvercxis mesameds zomiT da arsebobs mTeli orsu-

lobis ganmavlobaSi.  pirvel ovulaciasTan  erTad adgili aqvs pirvel sasqeso 

cikls. 

sakvercxeebis amokveTa — kastracia organizmSi iwvevs mTel rig cvlile-

bebs kastrirebuli cxovelebisaTvis sakvercxeebis gadanergva kastraciis mov-

lenebs xsnis. aqedan gamomdinare, sakvercxeebi Sinagani sekreciis jirkvlebia. 

hormonebi warmoiSoba sakvercxeebis folikulsa da yviTel sxeulSi. 
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qalis sasqeso hormonebma miiRes estrogenis saxelwodeba. maT SeswavlaSi di-

di roli iTamaSa biologiuri meTodebiT maTi gansazRvris wesebis SemuSavebam. 

biologiuri testebis meSveobiT dadgenil iqna estrogenebis arseboba 

sakvercxeebisa da placentis eqstraqtSi, sisxlsa da SardSi (gansakuTrebiT di-

di raodenobiTaa estrogenebi orsuli qalis SardSi). kristaluri saxiT miRebu-

lia Semdegi estrogenebi: 1) folikulini an estroni (placentis sakvercxeebi-

dan da orsul qalTa Sardidan agreTve Tirkmelzeda jirkvlis qerqovqni Sri-

dan),  2) estrioli (orsulTa Sardidan) da estradioli (orsulTa Sardidan da 

agreTve sinTezuri gziT). 

estrogenebidan yvelaze aqtiuria estradioli, romelic warmoiSoba sakver-

cxeebis folikulebidan, estroni da estrioli — estradiolis warmoebulebia. 

estrogenebis gardaqmnebSi, maT inaqtivizaciasa da gamoyofaSi organiz-

midan, did rols TamaSobs RviZli. RviZlis dazianebas Tan sdevs estrogenebis 

zrda sisxlSi. estrogenebi gamoiyofa SardiT. zogadad, estrogenebi warmoiq-

mneba qolesterinidan.     

orsulobis dros sakvercxeSi warmoSobil yviTel sxeulSi warmoiqmneba 

hormoni, romelic aucilebelia orsulobis SenarCunebisaTvis. man miiRo orsu-

lobis hormonis an projesteronis saxelwodeba. cdebSi, romlebic Catarda 

kurdRlebze dadasturda, rom sqesobrivi aqtis ramdenime dRis Semdeg yviTeli 

sxeulis daSla iwvevs orsulobis Sewyvetas, miuxedavad imisa, rom kvercxujre-

di ganayofierebuli iyo. 1929 w. yviTeli sxeulidan damzadda eqstraqtebi, ri-

Tac SesaZlebeli gaxda unari SeenarCunebinaT orsuloba kurdRlebSi maTTvis 

sakvercxeebis moSorebis SemTxvevaSic. hormoni miRebulia kristaluri saxiT da 

Seswavlilia maTi qimiuri struqtura.    

 

CH3

projesteroni

O

H3C

H3C C=O

 
magaliTad, cdebiT aseve dadgenilia, rom make bocveris dakodvisas misi 

organizmi projesterons veRar Rebulobs, ris Sedegadac xdeba nayofis mo-

wyveta. Tu dakodvis Semdeg mas isev Seuyvanen projesterons, maSin nayofi nor-

malurad ganviTardeba. projesteroni  moqmedebs saSvilosnoze, amzadebs mis 
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lorwovansa da kunTovan Sres SesaZlo orsulobisaTvis. SemdgomSi is akavebs or-

sulobis dros ovulacias da aZlierebs sarZeve jirkvlebis ganviTarebas. 

projesteroni warmoiSoba agreTve placentaSi da Tirkmelzeda jir-

kvlis qerqovan SreSi. projesteronis warmoSobis masalas warmoadgens qoles-

terini. 

projesteroni RviZlSi ganicdis da xdeba misi inaqtivireba. RviZlSi pro-

jesteronis aRdgena — pregnandioli — ukavSirdeba glukuronis mJavas da Sekav-

Sirebuli saxiT gamoiyofa SardTan erTad. 

     
3. k o r t i k o s t e r o i d e b i — Tirkmelzeda jirkvlis qerqovani 

nivTierebis hormonebi.   

Tirkmelzeda jirkvlebis qerqi steroiduli naerTebis did raodenobas 

gamoyofs, romlebic biologiuri moqmedebiT SeiZleba daiyos mineralkorti-

kosteroidebad (aregulirebs eleqtrolitebisa da wylis mimocvlas) da glu-

kokortikosteroidebad (aregulirebs naxSirwylebisa da cilebis cvlas da gav-

lenas axdens kunTebis Sromisunarianobaze). calkeuli kortikosteroidebi er-

TmaneTisagan gansxvavdeba birTvTan dakavSirebuli Jangbadis, hidroqsilis 

jgufebiT da ormagi bmebis mdebareobiT. kortikosteroidebis aRnagobaSi arse-

buli aseTi umniSvnelo gansxvaveba diametrulad cvlis maT biologiur moqme-

debas. amitom SeiZleba iTqvas, rom am hormonebSi mkafiod vlindeba Tu rogor 

SeiZleba Seicvalos nivTierebis biologiuri moqmedeba struqturis cvlile-

basTan dakavSirebiT. magaliTad, kortikosteroidebi, romelTac me-11 naxSir-

badTan Jangbadi aqvs, moqmedebs cilebisa da naxSirwylebis cvlaze da ar  moqme-

debs mineralur cvlaze. aseTebia: kortizoni, hidrokortizoni da kortikos-

teroni. simartivisaTvis maT uwodeben glukokortikosteroidebs. 

 
CH2OH
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kortikosteroni

CH2OH

O

H3C

H3C C=O

H H

HO

 
 
meore mxriv, kortikosteroidebi, romlebic ar Seicavs me-11 naxSirbad-

Tan Jangbadis atoms, aqtiurad erTveba mineralur (wylis) cvlaSi da naklebad 

moqmedebs naxSirwylebisa da cilebis cvlaze. maT miekuTvneba dezoqsikorti-

kosteroni, aldosteroni da sxva. am jgufis hormonebs uwodeben mineralkor-

tikosteroidebs. amaTgan aldosteroni yvelaze ufro aqtiuri mineralkorti-

kodia da farTod gamoiyeneba medicinaSi. 

 
CH2OH

dezoqsikortikosteroni

O

H3C

H3C C=O

aldosteroni

CH2OH

C

O

H3C

C=O

H H

HO

H

O

 
 

kortikosteroidebis or jgufad dayofa pirobiTia, vinaidan yvelaze 

ufro Zlieri moqmedebis hormoni aldosteroni erTdroulad moqmedebs mine-

ralur da naxSirwylebis cvlaze. amasTan is Seicavs me-11 naxSirbadTan hid-

roqsilis jgufs. 

Tirkmelzeda jirkvlebis mocilebiT organizmi kargavs natriumisa da 

qloris ionebis SenarCunebis unars. organizmSi natriumis da qloris Semcvelo-

ba mkveTrad mcirdeba, xolo am dros kaliumis Semcveloba sisxlSi Zlier matu-

lobs da ramdenime xnis Semdeg organizmi kvdeba. mineralkortikosteroidebis 

SeyvaniT, SardSi aRdgeba natriumisa da qlor-ionebis normaluri Semcveloba, 

xolo sisxlSi — kaliumis ionebis Semcveloba.  
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amave jgufis warmomadgenelia prednizoloni. 

 

CH2OH

O

H3C

H3C C=O

prednizoloni

HO

 
 

hidrokortizoni xels uwyobs glikogenis dagrovebas RviZlSi, zrdis 

glukozis Semcvelobas sisxlSi, gaaCnia anTebis sawinaaRmdego moqmedeba. pred-

nizoloni ufro Zlieria, gamoiyeneba revmatizmis, bronqialuri asTmis da kanis 

anTebiTi procesebis mkurnalobis dros.      

kortikosteroiduli hormonebi, romlebic Tirkmelzeda jirkvlis qer-

qovani Sridan xvdeba sisxlSi, organizmSi ganicdis gardaqmnebs da Semdgom ga-

moiyofa organizmidan SardiT da ganavliT. 

    
1.3.3.  steroiduli vitaminebi 

cxovelTa organizmis racionaluri kveba gulisxmobs  cilebis, cximebis, 

naxSirwylebisa da mineraluri naerTebis gansazRvrul raodenobas. magram, ro-

gorc cnobilia, organizmis normaluri funqcionirebisaTvis saWiroa kidev da-

matebiTi faqtorebi, romelTac didi mniSvneloba aqvs organizmSi mimdinare 

nivTierebaTa cvlis normaluri msvlelobisaTvis. maTi uqonloba sakveb raci-

onSi iwvevs organizmis daavadebas da xSirad sikvdils. im nivTierebebs, romel-

Ta damateba aucilebelia racionis sruli sakvebi Rirebulebis miRebisaTvis, 

ewodeba vitaminebi, xolo daavadebebs, romlebsac iwvevs vitaminebis uqonloba 

— avitaminozi. 

a v i t a m i n o z i nivTierebaTa cvlis normaluri msvlelobis darRvevis 

Sedegia. es darRveva imiT aris gamowveuli, rom vitaminebi monawileobs rigi 

fermentebis SenebaSi. garda amisa, zogierTi maTgani damoukideblad monawile-

obs iseT bioqimiur procesebSi, sadac maTi Secvla sxva nivTierebebiT ver 

xerxdeba. fizikur-qimiuri Tvisebebidan gamomdinare, vitaminebs yofen cximSi 

(A,D,E,K) da wyalSi (B1, B2, B3, H, C da a.S.) xsnad vitaminebad. romelTa uqonloba 

organizmSi iwvevs sxvadasxva daavadebas. 

vitaminebidan steroiduli tipis vitamins ekuTvnis vitamini D. misi 

uqonloba mozard cxovelebSi iwvevs raqits. raqitis daavadebis Sedegad Zvlo-
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vani qsovilis Semadgenloba sagrZnoblad icvleba. wyali, magniumi da qlori ma-

tulobs, xolo fosfori da kalciumi — klebulobs. Zvlebis qimiuri Semadgen-

lobis cvlileba iwvevs misi meqanikuri gamZleobis Semcirebas da amitom Zvali 

advilad deformirdeba. raqitis ganviTarebis pirobebSi, sisxlis plazmaSi fos-

foris raodenoba 5 mg%-dan 2 mg%-mde mcirdeba, irRveva kalciumis da fosfo-

ris raodenobrivi fardoba da aRiniSneba osteomeliti, osteoporozi, Zvlis da 

kbilis demineralizacia. rogorc dakvirvebidan Cans, raqitis gankurneba SesaZ-

lebelia iseTi sakvebis saSualebiT, romelSic moipoveba vitamini D, an organiz-

mis iseT pirobebSi CayenebiT, romlis drosac mas SeeZleba vitamin D-s sinTezi. 

mzis an xelovnurad miRebuli ultraiisferi sxivebis zegavleniT, organizmSi 

arsebuli provitamini gardaiqmneba D vitaminad, romelic gadadis sisxlSi da 

sisxlidan rZeSi. provitaminis aqtivaciiT, romelic mzis sxivebis zegavleniT 

warmoebs, aixsneba cxovelebis zafxulis rZis upiratesoba zamTris rZesTan Se-

darebiT. radgan cxovelTa cximis Seusapvnadi nawili qolesterins (qoleste-

rols) Seicavs, amitom warmoiSva azri, rom D vitaminis provitaminia qoles-

teroli.                                                                                   

Seswavlilia  yvela steroli, romelic ufro met ujer bmebs Seicavs, vid-

re qolesteroli. maTgan meti yuradReba miipyro ergosterolma, romelic aR-

moCenilia mcenareebSi (mcenareul cximebSi), safuarebSi, sokoebSi, xorbleulis 

TeslSi da sxva. 

 

qolesteroli
(vitamini D1)

H3C
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CH-CH=CH-CH-CH
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ergosterolis dasxivebis Sedegad, meore birTvis rgoli wydeba da miiRe-

ba meoTxe ujeri bma, xolo qolesterolidan — vitamini D3.  
         

vitamini D3

H3C

HO

CH3 CH3

CH3

CH-CH2-CH2-CH2-CH

CH2

 
            

kalciferoli
(vitamini miRebuli ergosterolidan)

H3C

HO

CH2

CH3 CH3

CH3

CH-C=CH-CH-CH

H3C

 
 

vitamini D ixsneba acetonSi, qloroformSi, benzolSi, petroleinis eTer-

Si da eTilis spirtSi. tuteebis mimarT mdgradia, cximebis Sesapvnisas ar iSleba. 

vitamini D moipoveba mxolod cxovelTa produqtebSi, gansakuTrebiT mdidaria 

D vitaminiT Tevzis zeTi. sakmao raodenobiT Seicavs mas karaqi, rZe, kvercxis 

guli, xizilala da Tevzis RviZli. samagierod mcenareuloba Seicavs ergo-

sterols, romelic ergokalciferolis (D2 vitaminis) provitaminia. maSasadame, 

irkveva, rom unda arsebobdes D vitaminis ramdenime warmomadgeneli, romelic 

erTmaneTisagan gansxvavdeba rogorc aqtivobiT, ise qimiuri SenebiTac. 
miuxedavad imisa, rom steroidebis Seswavla naxevar saukuneze meti xnis 

ganmavlobaSi mimdinareobs, maTi biologouri moqmedebis meqanizmi mxolod ga-

suli saukunis 80-ian wlebSi gairkva. dadginda, rom es naerTebi monawileobs ci-

lebis biosinTezis regulirebaSi transkrifciis doneze. biosinTezis Sedegad 

warmoqmnili steroiduli hormonebi gadaitaneba sisxlSi. amasTan, calkeuli 

hormonis transporti xorcieldeba specifikuri ciliT. peptiduri hormonisa-

gan gansxvavebiT, romelic membranis doneze urTierTqmedebs ujredTan, stero-

iduli hormoni Sedis ujredis SigniT da citoplazmaSi xvdeba Tavis specifi-
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kur receptors. steroidreceptoruli kompleqsi  stabilizdeba hidrofoburi 

urTierTqmedebisa da wyalbaduri bmebis xarjze. amis Semdeg aRniSnuli kom-

pleqsi SeaRwevs birTvSi da ukavSirdeba qromatins, riTac axdens specifikuri 

genebis transkrifciis inicirebas. warmoqmnili irnm-is winamorbedi gamodis ci-

toplazmaSi da astimulirebs specifikuri fermentebis translacias. amrigad, 

steroiduli hormonebis saSualebiT xorcieldeba fermentebis inducireba. 

zogierTi mcenare Seicavs glikozidebs, romlebic Zalze mcire dozebiT 

(didi raodenobiT maTi miReba iwvevs mowamvlas) Zlier zemoqmedebas axdens 

gulis kunTze. am glikozidebma miiRo sagule glikozidebis saxelwodeba. maT 

axasiaTebT kardiotonuri moqmedeba da gamoiyeneba gul-sisxlZarRvTa daava-

debebis mkurnalobisas. sagule glikozidebis hidrolizis Sedegad miiReba 

ramdenime molekula martivi naxSirwyali da steroiduli bunebis aglikoni (zog 

SemTxvevaSi, aRniSnul naerTebTan  erTad miiReba ZmarmJavac). am glikozidebSi  

yvela zemoT ganxiluli steroidisagan gansxvavebiT C da D birTvebi cis mdgo-

mareobaSia, xolo C —17—Tan ujeri γ-laqtonuri birTvia dakavSirebuli. am gli-

kozidebis warmomadgenlebia:  digitoqsini, celanidi, strofantidili da a.S. 
sagule glikozidebis struqtura SeiZleba gamoisaxos zogadi formuliT: 

 

O O

R3

R1

R2

H

H

O

R

CH3

OH

R2

R- CH3

R3

anSaqari: an sxva

da

R1-H

-H an OH
 

 

dadgenilia, rom sagule glikozidebis specifikuri kardiotonuri aqti-

uroba ZiriTadad ganpirobebulia aglikonebis struqturiT, xolo Saqris naSTi 

gavlenas axdens maT xsnadobaze, membranuli barieris gadalaxvaze, aseve ganapi-

robeben plazmisa da qsovilis cilebTan kavSirs da toqsikologiur efeqtebs. 
fizikur-qimiuri TvisebebiT sagule glikozidebi iyofa or jgufad: po-

larulad da arapolarulad. polaruli (hidrofiluri) glikozidebi, romelTa 

ZiriTadi warmomadgenelia strofantini, mcired ixsneba lipidebSi da Znelad 

Seiwoveba kuW-nawlavis traqtidan. amitom maT iyeneben mxolod parenteralu-

rad. polaruli glikozidebi gamoiyofa Tirkmelebidan. arapolaruli (lipofi-

luri) glikozidebi, romelTa ZiriTadi warmomadgenelia digitoqsini, advilad 
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ixsneba lipidebSi da kargad Seiwoveba kuW-nawlavis traqtidan. kuWSi Sewovili 

arapolaruli glikozidebis umetesoba gadadis RviZlSi da gamoiyofa naRvel-

Tan erTad, xolo mcire nawili xvdeba SardSi. polaruli glikozidebis miReba 

xdeba Sinagani gziT da zogjer reqtalurad (sanTlebis saxiT). Sewovisa da 

sisxlSi gadasvlis Semdgom, sagule glikozidebi fiqsirdeba qsovilebSi, maT 

Soris gulis kunTSi. maTi moqmedebis xangrZlivoba ganisazRvreba cilebTan kav-

SiriT, daSlis siCqariT da organizmidan gamoyofiT. es faqtorebi gansazRvravs 

preparatis kumulaciis xarisxs.  

sagule glikozidebis miRebisTvis ZiriTadi simptomebia mwvave da qro-

nikuli gulis ukmarisoba,  gulis ariTmia, rac gamowveulia miokardis funqciis 

SesustebiT da, Sesabamisad, gulis muSaobis dekompensaciiT. miokardis norma-

luri funqcionirebis aRsadgenad iniSneba sagule glikozidebi, romlebic 

gulis kunTis ujredis  Na+/K+ — ATP-azasTan, urTierTqmedebas amcireben fer-

mentis moqmedebis aqtiurobas, aseve icvleba miokardSi ionuri balansi, es iw-

vevs masSi Ca2+-is zrdas, rac, Tavis mxriv, ganapirobebs gulis kunTis kumSvadi 

cilis (aqtomiozinis) warmoqmnas. sagule glikozidebi awesrigebs gulis kunTSi 

metabolitur procesebs da energiis cvlas, rac ganapirobebs energiis aRdgenis 

SesaZleblobas. 

digitoqsins iReben futkaras sxvadasxva saxeobidan, igi futkaras Seda-

rebiT aqtiuri glikozidia. preparati swrafad da TiTqmis srulad Seiwoveba  

kuW-nawlavis   traqtidan.   xasiaTdeba   mkveTrad   gamoxatuli   kumulaciuri 
 

O O

H

H

O

CH3

OH

CH3

H
Saqris naSTi-

(D-digitoqsoza-H2O)3

(C18H31O9)

 
 

efeqtiT. gamoiyeneba ZiriTadad qronikuli gulis ukmarisobis dros. digitoqsini 

TeTri feris  kristaluri nivTierebaa, wyalSi praqtikulad uxsnadi, mcired ixsneba 

spirtSi, advilad — lipidebSi. am jgufis glikozidebis Seyvana kuWSi SeuZlebelia, 

amitom maTi miReba xdeba sanTlebis saxiT. 

celanidi  gulze moqmedebs futkaras sxva glikozidebis analogiurad. 

iwvevs swraf efeqts. xasiaTdeba SedarebiT mcire kumulaciis unariT. aqtiuria 

Sinagani miRebis dros. gamoiyeneba sisxlis mimoqcevis І—ІІ xarisxis qronikuli 
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da mwvave ukmarisobisas. ufero an TeTri feris fxvnilia, usuno. mcired ixsneba 

wyalSi, Znelad — spirtSi  

 

O O

H

H

O

CH3

OH

CH3

H

OH

(C26H51O15)

Saqris naSTi=
2 molekula D-digitoqsoza +
+1 molekula acetildigitoqsoza +
+1 molekula D-glukoza.          

strofantin К — sagule glikozidebis narevia, ZiriTadad Seicavs К—

strofantin- β da К—strofantozids. К — strofantin-β Sedgeba strofanditi-

nis aglikonisa da Saqris naSTisagan (glukoza da cimaroza). К—strofantozidi 

damatebiT Seicavs erT wil α-D-glukozas. 
O O

H

H

O

CH3

OH

K-strofantin-β: R = β−D-glukoza +
+D-cimaroza; 
K-strofantozidi; R = α−D-glukoza +
+ β−D-glukoza+D-cimaroza;

R OH

C
H O

 
strofantidinis acetati venaSi SehyavT gulis mwvave ukmarisobis dros 

swrafi kardiotonuri efeqtis misaRebad. 
 

1.4. terpenebi 

terpenebi biologiurad aqtiuri naerTebia, romelic pirvelad gamoyo-

fil iqna skipidaridan (terpentiuli zeTi), aqedan warmoiSva saxelwodebac. ma-

Ti zogadi formulaa  (C5H8)2+n.  
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gamoyenebis TvalsazrisiT terpenebs jer kidev Zvel egvipteSi iyenebdnen 

balzamirebisaTvis. amJamad parfiumerul warmoebaSi surnelovani nivTierebe-

bis saxiT gamoyenebul naerTTa umravlesoba terpenebia. isini  (monoterpenebi, 

diterpenebi) sxvadasxva mcenareuli zeTebis Semadgeneli komponentebia, ganapi-

robebs am zeTebis suns (amiTaa gamowveuli mravli yvavilisa da mcenaris foT-

lebis suni). cnobilia  alifaturi, monocikluri, bicikluri da tricikluri 

terpenebi. 

alifaturi terpenebi Secavs erT an or ormag bmas, ris gamoc axasiaTebs 

alkenebis Tvisebebi (ierTebs halogens, wyalbads, halogenwyalbads). maTi mniS-

vnelovani Tvisebaa haeris JangbadiT daJangva. am ukanasknelis mierTeba xdeba 

ormagi bmis adgilas da warmoiqmneba peroqsidi, romelic Semdeg iSleba oqsi-

dad. gamoTavisuflebuli atomuri Jangbadi ukavSirdeba molekulurs da gar-

daqmnis mas ozonad. wiwvovan tyeebSi sasiamovni suni gamowveulia rogorc eTer-

zeTebiT, ise ozoniT. 

alifaturi terpenebis warmomadgenelia citrali. igi Sedis evkaliptis 

zeTis SemadgenlobaSi, moyviTalo feris zeTisebri nivTierebaa, aqvs limonis 

suni, warmoadgens  A vitaminis miRebis sawyis produqts. 

CH3 - C = CH - CH2 - CH2 - C = CH - CHO

CH3                              CH3  
monocikluri terpenebis warmomadgenelia limoneni, romelsac Seicavs 

mravali eTerzeTi, maT Soris limonis zeTic, rac ganapirobebs limonios sasi-

amovno suns. aqvs erTi asimetruli naxSirbadatomi, ris gamoc arsebobs ori 

enantiomerisa da maTi racematis saxiT. D — limoneni gvxvdeba limonis zeTSi, 

xolo L — limoneni — naZvis wiwvebSi. 

CH3

C
CH3H3C

limoneni

 
monocikluri terpenebis kidev erTi warmomadgenelia menToli, romelic 

pitnis sunis mqone gamWvirvale wyalSi mcired xsnadi kristaluri nivTierebaa. 

Sedis pitnis eTerzeTebis SemadgenlobaSi, aqvs antiseptikuri, damawynarebeli 

da susti tkivilgamayuCebeli moqmedeba. menToli mravali samkurnalo prepara-

tis Semadgeneli komponentia. magaliTad, misi 25 %-iani xsnari izovalerianmJa-

vas meTileTerSi awynarebs centralur nervul sistemas da zomierad afarToebs 

sisxlZarRvebs (preparati validoli).  
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CH3

CH
CH3H3C

menToli
OH

 
biciklur terpenebs miekuTvneba α—pineni da qafuri. α—pineni skipidaris 

ZiriTadi Semadgeneli komponentia. qafuri specifikuri sunis mqone, wyalSi 

mciredxsnadi TeTri feris kristaluri nivTierebaa. igi ZvelTaganve ga-

moiyeneboda gulis muSaobis stimulatorad. amJamad mis xsnarebs sxvadasxva 

mcenareul zeTebSi iyeneben kompleqsuri TerapiisaTvis mwvave da qronikuli 

gulis ukmarisobis, filtvebis anTebisas sunTqvis SezRudvisa da sxvadasxva 

intoqsikaciebis dros. mis molekulaSi ori asimetruli naxSirbadatomia da, 

aqedan gamomdinare, mosalodnelia oTxi stereoizomeris arseboba. magram mo-

lekuluri sistemis sixistis gamo cnobilia mxolid ori stereoizomeri — mar-

jvnivmbrunavi (+) da marcxnivmbrunavi (—). maT Terapiuli zemoqmedebis unariT 

msgavsia. bromTan moqmedebisas xdeba Canacvleba karbonilis jgufis mimarT α-

mdgomareobaSi da warmoiqmneba bromqafuri. 

 

         

O*

*

O

Br

Br2

- HBr

qafuri                    bromqafuri
 

bromqafuri aumjobesebs gulis muSaobas, awynarebs centralur nervul 

sistemas da gamoiyeneba momatebuli nervuli aRgznebadobis, nevrosteniisa da 

gulis nevrozis dros. 

 

           1.5.  prostaglandinebi da Tromboqsanebi 

prostaglandinebi da Tromboqsanebi — lipiduri  bunebis bioregula-

torebia, romlebic polienuri cximovani mJavebis oqsigenirebul warmoebulebs 

warmoadgens, naxSirbadovan jaWvSi Seicavs xuT an eqvswevrian cikls. aRmoCeni-

lia praqtikulad yvela ZuZumwovarTa qsovilebSi da axasiaTebs maRali da mra-

valmxrivi fiziologiuri aqtivoba. qimiuri TvalsazrisiT SeiZleba ganvixiloT 

20 naxSirbadatomis Semcveli cikluri cximovani mJavas — prostanmJavas warmo-
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ebulebad, romelic bunebaSi Tavisufali saxiT ar arsebobs, magram miRebulia  

sinTezuri gziT. 

 
COOH

CH3

1
357

8
9
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1713 19

20

prostanmJava  
30-ian wlebSi (XX saukunis) r. kurcrokis (ginekologi) da C. libis (farma-

kologi) mier adamianis saTesle siTxeSi aRmoCenil iqna faqtori, romelic iw-

vevda saSos gluvi kunTebis mkveTr SekumSvas an modunebas. mogvianebiT u. fon 

eilerma (Svecia) da m. goldblatma (didi britaneTi) gaarkvies, rom cxovelebSi 

Seyvanisas xdeboda ara marto gluvi kunTebis stimulireba, aramed arteriuli 

wnevis cvlilebac. am axali faqtoris qimiuri bunebis SeswavliT, u. fon eilerma 

igi miakuTvna lipidebis klass da mas uwoda prostaglandini (PG). fon eileri 

Tvlida, rom es nivTiereba warmoiqmneboda winamdebare (laT. prostata) jirkvalSi, 

Tumca SemdgomSi aRmoCnda, rom prostaglandinebs TiTqmis yvela organosa da 

qsovilis ujredebi gamoimuSavebs. 
prostaglandinebis struqturis kvleva dakavSirebulia Svedi mecnieris 

s. bergstromis saxelTan. man daadgina, rom prostaglandinebi warmoiqmnebian 

araqidonis mJavas fermentuli daJangvis Sedegad. am aRmoCenidan gamomdinare, 

prostaglandinebi, romlebic preparatiulad miiReba biosinTezis gziT, advi-

lad xelmisawvdomi xdeba biologiuri kvlevebisaTvis, ramac saSualeba misca 

mecnierebs SeeswavlaT maTi fiziologiuri moqmedebis mravalmxrivi aspeqtebi. 

imavdroulad daiwyo muSaoba prostaglandebis qimiuri sinTezisa, raSic mniS-

vnelovani wvlili Seitana e. korma (aSS).  

1976 w. j. veinis (didi britaneTi) da b. samuelsonis (Svecia) mier aRmoCe-

nil iqna araqidonis mJavas axali metabolitebi — prostaciklini  (PGI2) da 

Tromboqsani A2 (TXA2), romelTac aseve axasiaTebdaT maRali biologiuri 

aqtiuroba. 

dReisaTvis cnobilia prostaglandinebis 10 —  (A, B, C, D, E, F, G, H, I, J)  da 

Tromboqsinebis 2 tipi (A da B). yvela prostaglandinis SemadgenlobaSi Sedis 

JangbadSemcveli funqciuri jgufis mtarebeli ciklopentanis birTvi, xolo 

tromboqsanebisaTvis damaxasiaTebelia tertahidropiranuli cikli. prosta-

glandinebi da tromboqsanebi — karbonis mJavebia, da me-15 naxSirbadatomTan 

Seicavs aliluri hidroqsilis jgufs. molekulaSi ormagi bmis raodenobas 

aRniSnaven indeqsebiT 1, 2 da 3. F prostaglandinebSi damatebiT miuTiTeben C-9-
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Tan arsebuli hidroqsilis jgufis konfiguracias (α an β). qvemoT moyvanilia 

zogierTi prostaglandinis formula: 

OH

  O

COOH

CH3

1
4

56
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9
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11 12
13 15

18
20
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COOH

CH3

TXB2
                

 



 44 

O

CH3

COOH

OH
OH

PGI2  
da a.S.       

prostaglandinebi da Tromboqsanebi — sakmaod reaqciisunariani naerTe-

bia. zogierTi maTgani, magaliTad PGA2, PGH2, TXA2, moqmedebs sisxlis plazmis 

komponentebTan, kerZod, albuminTan, riTac kargavs biologiur aqtiurobas, 

magram sapirispirod, PGI2 stabilizirdeba albuminiT. prostaglandinebis da 

Tromboqsanebis qimiuri arastabiluroba dakavSirebulia maTSi aliluri hid-

roqsilis jgufis arsebobaze, romelic SedarebiT advilad ganicdis epimeri-

zacias, daJangvas an wydeba, ris gamoc prostaglandinebis Semcveli samkurnalo 

preparatebi kargavs aqtiurobas. prostaglandinebis qimiuri sinTezi sakmaod 

rTuli procesia.  

prostaglandinebisaTvis damaxasiaTebelia biologiuri moqmedebis sak-

maod farTo speqtri, uzrunvelyofs fiziologiuri procesebis normalur mim-

dinareobas, iwvevs gluvi kunTebis stimulirebas, arteriuli wnevis cvlilebas, 

kuWis sekreciis damuxruWebas, mSobiarobis procesis stimulirebas da a.S. or-

ganizmSi mravali paTologiuri procesis (anTeba, bronqialuri asTma, simsiv-

neebi) mimdinareoba agreTve  prostaglandinebTanaa dakavSirebuli. aRsaniS-

navia, rom prostaglandinebis specifikuri efeqtebi mJRavndeba 10-13—10-15 M kon-

centraciis pirobebSi, Tumca biologiur siTxeebSi maTi Semcveloba ramdenime 

rigiT maRalia. am naerTebis aseTi dabali koncentraciebiT moqmedebis unari 

gvaZlevs safuZvels ganvixiloT isini ara marto rogorc lokaluri biore-

gulatorebi, aramed rogorc cirkulirebadi hormonebic, romlebic aucile-

belia calkeuli  organos, qsovilis da mTeli organizmis funqciis regulire-

bisaTvis. 

prostaciklinebi (PGI) organizmSi prostaglindinebidan miiReba. maTi 

molekulebi ciklopentanis garda damatebiT erT cikls Seicavs. prostacik-

lini PGI2 gamomuSavdeba sisxlZarRvebis kedlebis mier da ainhibirebs Trom-

bocitebis agregaciis process. prostaciklinebi didi raodenobiT warmoiq-
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mneba gulis kunTSic da aZlierebs heparinis antikoagulantur Tvisebas, aseve 

axasiaTebs hipotenziuri moqmedeba. 

prostaglandinebisa da prostaciklinebisagan gansxvavebiT Tromboqsa-

nebis (TX) molekulebSi rogorc aRiniSna, gvxvdeba tetrahidropiranuli cikli. 

pirvelad isini aRmoaCines TrombocitebSi, saidanac warmoiSva saxelwodebac 

(daboloeba — oqsani ciklSi Jangbadatomis arsebobaze miuTiTebs). prostacik-

linebis sapirispirod, Tromboqsanebi xels uwyobs Trombocitebis agregacias 

da sisxlis Sededebas. 

 

1.6. lipidebis stereoqimia da nomenklatura 

bunebrivi lipidebi warmodgenilia rogorc glicerinis warmoebulebi. 

lipidebis sxvadasxvagvari agebulebis gamo, erTiani nomenklaturis Camo-

yalibeba sakmaod seriozul sirTuleebTan iyo dakavSirebuli. amitom mizan-

Sewonilia, ganvixiloT lipidebis calkeuli klasebis nomenklatura. 

glicerolipidebi da glicerofosfolipidebi. glicerinis moleku-

laSi C2 naxSirbadis atomi dakavSirebulia or erTnair atomTa jgufTan — 

CH2OH da mas (C2) ewodeba fsevdoasimetruli, anu mezoatomi. CH2OH jgufSi 

sxvadasxva Camnacvleblebis SetaniT, fsevdoatomi xdeba asimetruli da niv-

Tierebas eqneba ori enantiomeri. analogiuri situaciaa SenarCunebuli sxva-

dasxva Camnacvleblebis mqone di da triCanacvlebul glicerinSi. C1 da C3 
mdebareoba Canacvlebul glicerinSi araidenturia. monoCanacvlebuli gli-

cerinebi (C1 an C3) enantiomerebia. es iyo mizezi lipidebis racionaluri nomen-

klaturis xangrZlivi Ziebisa. 

CH2OH CH2OR

glicerini

HOCHOH

CH2OH

C H

CH2OH CH2OR

HO C H

CH2OH CH2OR

CH

CH2OH

enantiomerebi

OH

 
1968 wels SemoTavazebul iqna glicerinis warmoebulebis JUPAC-is no-

menklatura, romelic dafuZnebul iqna xirSmanis stereospecifikur danom-

vraze — sn  (stereospecifikuri numeracia). am nomenklaturis Tanaxmad, Tu  C2-
Tan mdebare hidroqsilis jgufi (fiSeris proeqciiT) mdebareobs marcxniv, ma-

Sin C2-is zemoT mdebare  naxSirbadis atomi inomreba 1-iT, xolo qvemoTa atomi 

— 3-iT. sxvadasxva Camnacvleblebis dros, mieTiTeba, romel naxSirbadTan aris 

Canacvlebuli. magaliTad, sn-glicero-1-fosfati da sn-glicero-3-fosfati 

warmoadgenen optikur antipodebs. analogiuri situaciaa 1,2- da 2,3-di-0-acil-

sn-glicerinSi. yvela bunebrivi glicerofosfolipidi warmoadgens sn-glice-

ro-3-fosfatis warmoebulebs. amJamad swored es nomenklatura ixmareba um-

ravles SemTxvevaSi. 
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fosfatidilqolinis magaliTze SeiZleba ganvixiloT misi dasaxeleba 

sxvadasxva nomenklaturis gamoyenebiT.      

OCΗ2

O

PO

ROCO

CΗ2OCOR

ΗO

(CΗ2)2 NMe3

O
_

+

 
am sistemebis – L-α-fosfatidilqolini (L-α-lecitini), L-3-fosfatidil-

qolini (D-1-fosfatidilqolini), 3-fosfatidilqolini, 3-sn-fosfatidil-qo-

lini (1,2-di-0-acil-sn-glicero-3-fosfoqolini) Sedarebisas upiratesoba aRm-

oaCnda stereospecifikur numeracias. 

lipidebis nomenklatura, romelic mowodebul iqna JUPAC-is komisiis 

mier, iTvaliswinebs sami tipis termins Canacvlebuli glicerofosfatebisaT-

vis: aciluri jgufebis Semcvelobis dros — fosfatiduri mJava (warmoadgens 

cxoveluri, mcenareuli da baqterialuri ujredebis membranis aucilebel kom-

ponents), alkilis jgufis Semcvelobis dros — plazmalinis mJava (aRmoCenilia 

cxoveluri organizmis qsovilebSi), alkenilis jgufis Semcvelobis dros — 

plazmenilis mJava (misi Semcveloba adamianis organizmSi 22%-ia. gansakuT-

rebiT didia misi raodenoba nervul qsovilebSi, Tavis tvinSi, gulis kunTSi. 

naklebi raodenobiTaa mikroorganizmebSi da mcenareebSi). 
   

fosfatiduri mJava

OHCΗ2

O

PO

CΗ2OCOR

O
_

plazmanilis mJava plazmenilis mJava

OHCΗ2

O

PO

CΗ2OR

O
_

OHCΗ2

O

PO

CΗ2OCH=CHR

O
_

R1OCOC _ H R1OCOC _ H R1OCOC _ H

 
       
im SemTxvevaSi, rodesac molekulis SemadgenlobaSi ar Sedis glicerini, 

magaliTad, sfingolipidebSi, maT nomenklaturaSi ZiriTadad ori dasaxelebaa 

Semotanili: sfinganini — rodesac molekula najeria da sfingozini — rodesac 

molekula ujeria. 

sfingozinisfinganini

H

OH

NH2

CH2OH

H

NH2

OH

HH

CH2OH

CH3(CH2)14
CH3(CH2)12
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imis mixedviT, Tu romeli radikalebia Canacvlebuli NH2-Tan da CH2OH-
Tan, Sesabamisad, dasaxelebas emateba sfinganini an sfingozini. sfingolipideb-

Si sfingozinuri fuZe amidur jgufiTaa dakavSirebuli cximovan mJavebTan. mi-

Rebulma naerTebma miiRes ceramidis saxelwodeba. 
                          

 1.6.1. lipidebis sivrciTi agebuleba 

rentgenostruqturuli analizis monacemebiT, umaRlesi cximovani mJave-

bi warmodgenilia zigzagiseburi struqturiT, sadac naxSirbadis atomebi er-

TmaneTTan Tanabari manZiliTaa daSorebuli da moTavsebuli aris or parale-

lur Sres Soris. 

 
 

kuTxe  C – C bmas Soris tetraedrulze (109028') metia da aris 110-1140. 

amJamad fosfolipidebis sivrciTi struqtura kargad aris Seswavlili 

kvlevis sxvadasxva meTodiT, kerZod, rendgenostruqturuli analiziT, birTvul-

magnituri rezonansiT (bmr 13C) da protonul-magnituri rezonansi (pmr 1H). 
rentgenostruqturuli analiziT dadgenilia, rom diacilfosfatidil-

qolinSi molekulis diacilglicerinuli nawili erTnair konfiguracias Sei-

cavs da aq acetiluri narCenebi erTmaneTis mimarT paraleluradaa ganlagebu-

li, xolo O-C-C-N polaruli nawili, sadac amoniumis jgufis  dadebiTad da-

muxtuli ioni da amave dros fosformJavas anionuri nawilia moTavsebuli, per-

pendikularuladaa ganlagebuli glicerinul nawilTan. 

 

diacilfosfatidilqolini

OCΗ2

O

PO

CΗ2 O

Η

COR

C

CΗ2 N(CH3)3

O
_

+
ROCO

CΗ2

 



 48 

 
aseTi konfiguracia bunebrivi fosfolipidebis umravlesobisaTvis uni-

versaluria (bunebriv membranebSi, kristalebSi, micelebSi). 

 

1.6.2    lipiduri micelebi. lipidebis monomolekuluri            
Sreebis warmoqmna  

wyalxsnarebSi polaruli lipidebi ganicdis dispersias da warmoqmnis mi-

celebs. aseT micelebSi lipidebis naxSirwyalbadovani naSTi wyalTan kontaqtSi 

ar  imyofeba da warmoqmnis hidrofobur fazas, xolo hidrofiluri nawili gan-

lagdeba wylis zedapirze.  

micelebi zogjer Seicavs aTasamde lipidur molekulas. amitom aseTi na-

wilakebis masa SeiZleba iyos sakmaod didi. 
polaruli lipidebi wylis zedapirze SeiZleba ganlagdes rogorc mono-

molekuluri Sreebi, sadac molekulis hidrofiluri nawili mimarTuli iqneba 

wylisken, xolo naxSirwyalbadebis naSTi molekulisa — SedarebiT hidrofobu-

ri haeris fazisaken (sur.1). 

fosfolipidebi advilad warmoqmnis ara marto monomolekulur, aramed bi-

molekulur Sreebsac, sadac naxSirwyalbadovani kudebi mimarTulia Sris SigniT da 

warmoqmnis uwyvet naxSirwyalbadovan fazas, xolo hidrofiluri Tavebi moTav-

sebulia Sris orive mxridan gareT da urTierTmoqmedebs wyalTan (sur.2).    
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 1.6.3. lipiduri micelebis struqtura organul gamxsnelebSi 

gamxsnelis bunebasTan dakavSirebiT, lipidebi iZleva  an Cveulebrivi ti-

pis micelebs, an e.w. `amobrunebul~ micelebs. `amobrunebul~  micelebSi, romle-

bic arseboben iseT gamxsnelebSi, rogoricaa benzoli, heqsani da sxva, lipidebis 

molekulebs aqvs gansxvavebuli orientacia: maTi hidrofoburi jaWvi mimarTu-

lia gamxsnelis mimarTulebiT, xolo polaruli nawili warmoqmnis micelis cen-

tralur hidrofilur ubans. `amobrunebuli~ micelebis warmoqmna SedarebiT 

gaadvilebulia arapolarul gamxsnelebSi mcire raodenobis wylis damatebiT 

(sur.3). 

sur.1.  monoSre wyali/haeris 
gamyof zedapirze 

sur.2. lipiduri micelis
struqtura wyalSi 
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sur. 3. `amobrunebuli” micela (org. gamxsneli + wyali) 

 

arapolaruli organuli gamxsneliT garemoculi `amobrunebuli~ mice-

lis polaruli ubani warmoadgens biologiur membranebSi fermentis regula-

ciis meqanizmebis Seswavlis saukeTeso models. 
 

1.6.4. Txevadi kristalebi 

lipiduri biSre SeiZleba imyofebodes ZiriTadad or fazur mdgomareoba-
Si — kristalur (anu geluri) da Txevad-kristalurSi. xSirad maT uwodeben 
`myars~ an `Txevads~. maTi erTmaneTSi gadasvla xorcieldeba lipiduri moleku-
lebis naxSirwyalbadovani jaWvebis galRobiT an gamoyinviT (sur.4). biSris gadas-
vla kristaluridan Txevad-kristalurSi (an piriqiT), mimdinareobs mkacrad gan-
sazRvrul temperaturaze, romelic damaxasiaTebelia mocemuli lipidisaTvis da 

mas uwodeben geli-Txevadi kristalebis fazuri gadasvlis temperaturas (tg). 
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fazuri gadasvlis temperatura damokidebulia rogorc lipiduri mole-

kulis naxSirwyalbaduri jaWffgvis agebulebaze, ise maTi polaruli nawilis bu-

nebaze. rogorc wesi, rac ufro grZelia molekulis naxSirwyalbaduri jaWvi, miT 

maRalia fazuri gadasvlis temperatura (cxrili 3).   

                  
cxrili 3                       

             
zogierTi fosfolipidis fazuri gadasvlis temperatura 

 
aciluri 

jaWvis sigrZe 
 

 
fosfolipidebi 

 
tg (0C) 

12 dilauroilfosfatidilqolini  0 
14 dimiristoilfosfatidilqolini  23 
16 dipalmitoilfosfatidilqolini  41 
18 distearoilfosfatidilqolini  58 
18 1-stearoil-2-oleoilfosfatidilqolini    2 
18 dioleoilfosfatidilqolini -22 
14 dimiristoilfosfstidileTanolamini  51 
16 dipalmitoilfosfstidileTanolamini  63 
16 dipalmitoilfosfatidilserini  51 

 

germanelma mecnierma reinitcerma, swavlobda ra qolesterinis eTerebs, mou-

lodnelad aRmoaCina, rom qolesterinbenzoatis lRobis temperaturis zeviT 

arsebobda Sualeduri faza. am naerTis kristalebi lRveboda 1490 temperatura-

ze mRvrie siTxis warmoqmniT, romelic 1790 temperaturaze gardaiqmneboda WeS-

marit izotropul siTxed. procesi Seqcevadi aRmoCnda. 

lemani qolesterinbenzoatis lRobis process akvirdeboda polarizaci-

ul mikroskopSi. man SeamCnia, rom miRebul mRvrie siTxes gaaCnia optikuri ani-

zotropia. Semdeg aseTive Tvisebebi aRmoaCnda mraval sxva nivTierebas, maT So-

ris, fosfolipidebsac. lemanma nivTierebis axlad aRmoCenil mdgomareobas 

Txevad-kristaluri uwoda. SemdegSi mowodebul iqna termini mezofaza, rac niS-

navs Sualedurs. garda amisa, SemoTavazebul iqna terminebi: kristaluri siTxe-

lipiduri biSris geluri, anu 
`kristaluri~ mdgomareoba 

lipiduri biSris Txevad- 
kristaluri mdgomareoba 
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ebi, Txevadi kristalebi da anizotropuli siTxeebi. aqedan yvelaze marTebulia 

termini — anizotropuli siTxeebi, vinaidan yvela arsebuli WeSmariti siTxe 

izotropulia. magram istoriulad didi gavrceleba aqvs termins — Txevadi 

kristalebi. Txevad-kristaluri Tvisebebi gaaCnia Semdeg lipidebs: fosfati-

dilqolins, sfingomielins, fosfatidileTanolamins, monogliceridebs da qo-

lesterinis rTul eTerebs.                                                                          

amJamad cnobilia Txevadi kristalebis ori ZiriTadi tipi:  Termotropu-

li da liotropuli. Termotropuli Txevadi kristalebi miiReba mezogenuri 

(anu Txevad-kristaluri mdgomareobis unaris mqone) nivTierebis gacxelebiT, 

xolo liotropuli Txevadi kristalebi warmoiqmneba ori naerTis SereviT, ro-

melTagan erTi warmoadgens gamxsnels (magaliTad, wyali).          

umetes SemTxvevaSi, liotropul Txevad kristalebs gaaCnia lamelaruli 

(fenovani) struqtura. am dros molekulebi ganlagebulia biSreSi ise, rom 

wyalSi uxsnadi kudebi ixsneba erTmaneTSi, xolo molekulis ionuri nawili — 

wyalSi (sur.5) 

 
sur.5.  lamelaruli wyoba wyali-lipidis sistemisa, 

romelsac warmoqmnis biSre 
  
lamelaruli fazis struqtura SeiZleba davadginoT rentgenostruqturu-

li analiziT. Sris sisqe molekulis gaormagebul sigrZeze naklebia da temperatu-

risa da wylis koncentraciis zrdasTan erTad mcirdeba. SesaZloa, es gamowveulia 

naxSirwyalbadovani jaWvis gaRunviT an SreSi molekulebis daxrili ganlagebiT. 

wylis koncentraciis gazrdisas, lamelaruli struqtura SeiZleba gadavides ku-

burSi, radgan kristalze wylis mimatebisas, kristaluri wyoba irRveva, kuburidan 

gadadis heqsagonalurSi da bolos miiReba WeSmariti xsnari. 

kuburi struqtura warmoqmnilia sferos wyobis mqone amfifiluri moleku-

lebiT. Cveulebriv, kuburi struqturis dros, molekulis polaruli Tavebi sfe-

ros zedapirze Zevs, xolo maTi wyalSi uxsnadi ubnebi mimarTulia centrisken. 

heqsagonaluri struqtura warmoadgens cilindruli wyobis mqone mole-

kulebs. mis struqturaSi molekulis wyalSi uxsnadi nawili mimarTulia cilin-
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dris centrisaken, xolo ionuri Tavebi ganlagebulia mis periferiaze,  cilin-

drebis grZeli RerZebi paraleluria.    

fosfolipidebis kristalebisaTvis molekulebis wyobis lamelaruli xa-

siaTi saerToa. Termotropuli Txevadi kristalebi xasiaTdeba polimorfiz-

miT, e.i. Txevadi kristali SeiZleba imyofebodes ramdenime Txevad-kristalur 

fazaSi. Termotropuli Txevadi kristalebi gacxelebisas (myari mdgomareobi-

dan TxevadSi gadasvlisas) gadis ramdenime mezofazas.            

membranis ConCxis struqtura ganisazRvreba lipidebis molekulebis wyo-

biT. lipidur biSresTan dakavSirebulia membranuli cilebic, romelTagan zo-

gierTi asrulebs fermentul funqcias. udavoa, rom lipidebis fizikuri mdgo-

mareobis cvlileba ganapirobebs biologiuri membranebis struqturisa da fun-

qciis Rrma cvlilebebs. 
 

1.6.5.  ujreduli membranis molekuluri komponentebi              

rogorc cnobilia, biologiuri membranebi mdidaria lipidebiT, gansa-

kuTrebiT fosfolipidebiT (polaruli), romlebic Seadgens mitoqondriebisa 

(95%) da eriTrocitebis (53%) membranebis mTavar lipidur komponents. umrav-

lesoba membranisa Seicavs SedarebiT mcire raodenobiT triacilglicerinebs 

da sterinebs. gamonakliss warmoadgens cxovelTa ujredis membranebi, romle-

bic didi raodenobiT Seicavs qolesterins. 

eqsperimentuli monacemebidan gamomdinareobs, rom sxvadasxva warmoSo-

bisa da daniSnulebis mqone membranebs fosfolipidebis sxvadasxva Tanafardoba 

axasiaTebs, rac ganapirobebs membranis funqciis sxvadasxvaobas. zogadad, SeiZ-

leba lipidebis raodenoba sxvadasxva cxovelSi ase warmovidginoT (sur. 6).  

TagvSi RorSi kameCSi
Q

q

fe

sm

fq

q

fe

sm

fq

q

fe

sm

fq

sur. 6.  q - qolesterini, fe - fosfatidileTanolamini,
        fq - fosfatidilqolini,  sm - sfingomielini  

cxovelebis kvebisas lipidebis sxvadasxva nareviT, es Tanafardobebi ar 

icvleba. 

  1.7.  lipidebis qimiuri sinTezi 

kvleviTi da praqtikuli miznebisaTvis, lipidebs Cveulebriv gamoyofen 

bunebrivi wyaroebidan. magram umetes SemTxvevaSi aucilebelia maTi qimiuri 

sinTezi. amJamad lipidebis qimiuri sinTezi warmoadgens organuli (bioorganu-
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li) qimiis mniSvnelovan sferos. imis gamo, rom lipidebi qimiurad rTuli agebu-

lebis naerTebia da Seicavs sxvadasxva radikals, maTi sinTezi moiTxovs natifi 

organuli sinTezis meTodebis gamoyenebas. TiTqmis yvela klasis lipidebis sin-

TezisaTvis, sxvadasxva jgufis dacvis mizniT, aucilebelia Catarebul iqnes 

acilirebis, alkilirebis, fosforilirebis, glikozilirebis reaqciebi. 
acilireba.  glicerinis hidroqsilis jgufebis, an sfingozinebSi aminis 

jgufis acilireba warmoadgens metad gavrcelebul meTods. maacilirebel 

agentad SeiZleba gamoyenebul iqnes TviT cximovani mJavebi, maTi halogenanhid-

ridebi, anhidridebi, eTerebi da a.S. 
alkilireba.  am meTods iyeneben martivi eTeruli  bmis Semcveli lipide-

bis sinTezisaTvis. maalkilirebel agentebad iyeneben alkilhalogenidebs, pto-

luol, an meTansulfomJavas alkilis eTerebs, aseve spirtebs. 
fosforilireba. fosfolipidebis sinTezisaTvis igi warmoadgens auci-

lebel etaps. mafosforilirebel agentebad iyeneben fosforis mJavas anhid-

rids da  qlorfosfatebs. am dros daculi unda iqnes yvela is jgufi, romelic 

ar eqvemdebareba fosforilirebas. sinTezis sirTule imaSi mdgomareobs, rom 

sinTezirebul fosfolipidebs midrekileba aqvT hidrolizis mimarT da agreT-

ve advilad iJangebian. miuxedavad am sirTuleebisa, amJamad mainc Rebuloben ne-

bismieri struqturis fosfolipids. 

g l i k o z i l i r e b a. igi farTod gamoiyeneba glikolipidebis sinTezi-

saTvis. glikosfingolipidebis sinTezisaTvis, rogorc wesi, katalizatorad 

iyeneben vercxliswylis cianids, radgan Cveulebrivi katalizatorebis gamoye-

nebisas (vercxlis karbonati an vercxlis oqsidi — kenigs-knoris reaqcia), yvela 

SemTxvevaSi, gamoiyofa α- da β-anomerebis narevi. 

magaliTisaTvis ganvixiloT sxvadasxva klasis lipidebis calkeuli war-

momadgenelis sinTezi: 

                                        
 1.7.1.  monoacilglicerinebi 

monoacilglicerinebi miiReba glicerinis benzilirebuli an izopropi-

lidenwarmoebulis acilirebiT mJavas qloranhidridebiT.  
ganvixiloT 1- da 2-0-acilglicerinebis sinTezis meTodebi: pirvel Sem-

TxvevaSi gamoiyeneba 2,3—0-izopropilidenwarmoebuli, xolo meore SemTxvevaSi 

— 1,3-0-benzilidenwarmoebuli (sqema 1 da 2).          
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sqema 1 

CHO Η

CH2-O-C-(CH2)7-CH=CH-(CH2)7-CH3

O

CΗ2OH
1-0-acil_sn_glicerini

(1-0-oleoil_sn_glicerini)  
                        

   

Η2C

C

CΗ2OH

O Η

O

CΗ3

CΗ3

C-(CH2)7-CH=CH-(CH2)7-CH3+

O

Cl C6H5N

2,3-0-Jpd-sn_glicerini  
 

                                                           sqema 2 

 

CHO Η

CΗ2OH

2-0-acil_sn_glicerini

CΗ2OH
PhCHO

n-CH3C6H4SO3H
CHO Η

CΗ2O

CΗ2O

CHPh

RCOO 1.H3BO3B(OMe)3

2.H2O

RCOCl
C6H5N

C Η

CΗ2O

CΗ2O

CHPh RCOO C Η

CΗ2OH

CΗ2OH

 
 

1.7.2. diacil-SN-glicerinebi 

1,2-diacilgliceridebis sinTezi dakavSirebulia mTel rig siZneleeb-

Tan, rac aixsneba glicerinis pirveli  da mesame hidroqsilis jgufis did reaq-

ciisunarianobaze me-2 naxSirbadTan mdebare hidroqsilis jgufTan SedarebiT, 

agreTve me-2 mdgomareobidan aciluri jgufebis advilad migraciaze pirvel da 

mesame mdgomareobaSi. rogorc aRmoCnda, adre aRwerili 1,2-digliceridebis 

sinTezis dros (qromatografiuli, speqtraluri da fermentatuli analizebiT) 

miiReboda 1,2- da 1,3-digliceridebis narevi. mocemuli mdgomareoba moiTxovda 

gansakuTrebul midgomas 1,2-digliceridebis sinTezisadmi, romelic Tavidan 

aicilebda am sirTuleebs. 
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yvelaze xSirad 1,2-diacil-sn-glicerinebis sinTezisaTvis iyenebdnen 

benzilur meTods. am meTodiT 3-0-benzil- sn-glicerinis sinTezs awarmoebdnen 

D-manitidan (sqema 3). 

                                                                                                                  sqema 3                      

CHO Η

CΗ2OH

CΗ2OH

CHO Η

C

OH

Η

C

OH

Η

C Η

CΗ2-O

CΗ2

CHO Η

CΗ

CΗ O

OH

O

O
Me2C

C Η

CΗ2

O

O
Me2C

CMe2

CHO

D_maniti  
                               

3-0-benzil_sn_glicerini

C Η

CΗ2

O

O
Me2C

CH2X

X=H,Bzl

CHO Η

CΗ2OH

CH2OBzl

 
miRebuli  3-0-benzil- sn-glicerinis acilirebiT da benzilis jgufis mo-

cilebiT, katalizuri hidrirebiT, sinTezirebul iqna 1,2-diacil- sn-gliceri-
nebi (sqema 4). 

                  
sqema 4                       

                                                                                                                                                      

CHO Η

CΗ2OH

CH2OBzl

ROCO

CΗ2OCOR

ΗCCHO Η

CH2OBzl

CΗ2OCOR

CH2OBzl
R≠R⏐

R=R⏐

 
 

ROCO ΗC

CΗ2OCOR

CΗ2OH  
          



 57

sxva mraval meTodebTan erTad, mocemulia kidev erTi meTodi 1,2-di-0-

acil-sn-glicerinebis sinTezisa, sadac sawyis nivTierebad iyeneben 3,4-0-izo-

propiliden-D-manits, romelic miRebulia manitidan 1,2; 3,4; 5,6-tri-0-izopro-

piliden-D-manitis sinTezis stadiis Semdgom etapze. 3,4-0-izopropiliden-D-ma-

nitis acilirebiT warmoqmnili tetraaciluri warmoebulis frTxili mJavuri 

hidroliziT miiReba dioli, romlis daJangviT tyviis tetraacetatiT an peri-

odatiT warmoiqmneba 1,2-di-0-acil-sn-gliceraldehidi, xolo am ukanasknelis 

aRdgeniT nikelis reneis Tanaobisas, an natriumis borhidridiT miiReba 1,2-di-

0-acel-sn-glicerini  

sqema 5 

1,2;3,4;5,6-tri-0-Jpd-D-
maniti

CHO Η

CΗ2OH

CΗ2OH

CHO Η

C

OH

Η

C

OH

Η

C Η

CΗ2-O

CΗ2

C Η

CΗ

CΗ O

O

O
Me2C

CMe2

D_maniti

O

O

CMe2

C Η

C Η

CΗ

CΗ

CMe2O

O

CΗ2OH

OH

HO

HOCΗ2

3,4-0-Jpd-D-maniti
 

C Η

CHO Η

CΗ

C

OH

Η

CΗ2

C Η

C Η

CΗ

CΗ

CMe2O

O

CΗ2RCOO RCOO

OCOR⏐

CΗ2OCOR

R⏐COO

OCOR⏐

CΗ2OCOR

R⏐COO

 

1,2-di-acil- sn-glicerini

RCOO ΗC

CΗ2OCOR

CHO

RCOO ΗC

CΗ2OCOR

CΗ2OH

 
 

1,3-di-0-acilgliceridebis sinTezs awarmoeben 1-0-acilglicerinis pir-

dapiri acilirebiT an dihidroqsiacetonidan. pirveli meTodi dakavSirebulia 

pirveladi spirtuli jgufebis did reaqciisunarianobasTan (sqema 6).  
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sqema 6 

CΗ2OCOR

CHOH

CΗ2OH

R⏐COCl
C6H5N

CΗ2OCOR

CHOH

CH2OCOR⏐

 

NABH4C=O

CΗ2OH

CΗ2OH

RCOCl
C6H5N

C=O

CΗ2OHCΗ2OCOR

CΗ2OCOR

CΗ2OCOR

CHOH

CΗ2OCOR

CHOH

CΗ2OH
1,3-di-0-acil- sn-          
   glicerini  

   

 1.7.3.  glikolipidebi 

glikolipidebis sinTezuri meTodiT miReba xasiaTdeba gansakuTrebuli 

specifikurobiT, rac gamowveulia masSi naxSirwylis naSTis arsebobiT. erT-

erT ZiriTad moments am sinTezis dros warmoadgens glikoziduri bmis warmoq-

mna glicerinsa (an misi acilirebul warmoebuli) da monosaqarids (an oligosa-

qaridi) Soris.  

monoglikozilglicerinebis warmoebulebis sinTezi moicavs Semdeg eta-

pebs: a) naxSirwylebis aqtiuri warmoebulebis (acil-, an alkilhalogenidebi, 

orToeTerebi) sinTezi: b) am ukanasknelis glikozilireba glicerinis warmoe-

bulTan, romelsac erTi hidroqsilis jgufi aqvs Tavisufali; g) damcveli jgu-

febis mocileba glicerinul fragmentebSi; d) glicerinis Tavisufali hidroq-

silis jgufis acilireba (Tu aucilebelia); e) naxSirwylis narCenSi damcveli 

jgufebis mocileba.  

glikozilglicerinebis warmoebulTa sinTezisaTvis, umetes   SemTxvevaSi 

iyeneben kenigs-knorisa da orToeTerul meTods.      

k e n i g s — k n o r i s  m e T o d i.  am meTodiT maRali gamosavlianobiT Re-

buloben 1,2-trans-glikozilglicerinebs. 1958 w. e. vikbergis mier miRebul iqna 

galaqtozilglicerinebis yvela SesaZlo diastereoizomerebi. glikozilireba 

Catarebul iqna kenigs-knoris klasikuri variantiT qloroformis, vercxlis oq-

sidis, draieritisa da iodis Tanaobisas. 2,3-di-0-benzil-sn-glicerinis  konden-

saciiT acetobromgalaqtozasTan miiReba β-galaqtozidi (50-60%) da misi anomeri 

(1%-mde). sqema 7-ze mocemulia 1,2-trans-galaqtozilglicerinis sinTezi.  

     

   

 

 



 59

sqema 7                         

AcO
O

CH2OAc

OAc

OAc
Br

CIzBO H

CH2OH

CH2OBzl

+

AcO
O

CH2OAc

OAc

OAc

OR

+

AcO O
CH2OAc

OAc

OAc
OR

β-galaqtozidi α-galaqtozidi
-sn-glicerini
2,3-di-0-benzil

 
    

AcO O

CH2OAc

OAc

OAc
+

AcO
O

CH2OAc

OAc

OAc
CR= BzlO H

CH2

CH2OBzl

O
CH2OH

+

O
CH2OH

OR

ORç

HO HO

OHOH

OHOH
C H

CH2

R= HO

CH2OH

OR1

OR1

 
glikozilglicerinebi warmoadgens O-glikozidebs, kenigs-knoris meTo-

di ki universalurs maTi sinTezisaTvis. igi gulisxmobs acilglikozilhaloge-

nidebis urTierTqmedebas hidroqsilSemcvel naerTebTan (maT Soris martiv 

spirtebTanac) vercxlis oqsidis an karbonatis Tanaobisas. magaliTad, bromace-

toglukoza advilad urTierTqmedebs spirtebTan da hidroqsilis jgufis Sem-

cvel sxva naerTebTan, ris Sedegadac warmoiqmneba β-konfiguraciis glikozide-

bi. aseve cnobilia bromacetoglukozis kondensaciis reaqcia tetra-0-acetil-

α-D-glukopiranozasTan vercxlis oqsidis Tanaobisas, ris Sedegadac  miiReba 

oqta-0-acetil-α-D-genciobioza (disaqaridi).   

analogiurad mimdinareobs 1,2-0-izopropiliden-sn-glicerinis kondensa-

cia acetobromgalaqtozasTan, ris Sedegadac miiReba 1,2-trans-β-galaqtozis 

izopropiliden warmoebuli (sqema 8). 
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sqema 8   

β-galaqtozidi α-galaqtozidi

CΗ2-O

CΗ O
CMe2

AcO
O

CH2OAc

OAc

OAc
Br

+

CΗ2OH
AcO

O

CH2OAc

OAc

OAc

OR

+

AcO
O

CH2OAc

OAc

OAc
OR

1,2-0-izopropili-
den-sn-glicerini

 
 

AcO
O

CH2OAc

OAc

OAc
+

AcO
O

CH2OAc

OAc

OAc

HO
O

CH2OH

OR⎮

+

O
CH2OH

OR⎮

HO

OH

OH

OH

OH

CΗ2O

C O
CMe2

CΗ2

CΗ2OH

C OH

CΗ2

OR1

OR1

R=    H

R⎮=   H

 
cnobilia agreTve diglukozilglicerinebis sinTezi, sadac α – anomeris 

gamosavlianoba aris 30 %, xolo β-anomeris — 14 %. 3,4,6-triacilqlorgluko-

zis kondensaciiT 1,2-di-0-benzil-sn-glicerinTan da miRebuli produqtis ur-

TierTqmedebiT triacetilqlorglukozasTan sinTezirebul iqna Canacvlebu-

li diglikozilglicerini, sadac damcavi jgufebis mocilebis Semdeg  miiReba 

Tavisufali diglukozilglicerini (sqema 9).   
                                                                                                              sqema 9                       

 

AcO

O

CH2OAc

OH

OAc

Cl

CBzlO Η

CΗ2OBzl

CH2-OH

+

AcO

O

CH2OAc

OAc
OR

OH

AcO

O

CH2OAc

OAc

OH
CI
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AcO

O
CH2OAc

OH

OAc
AcO

O
CH2OAc

OAc OR

O

HO

O
CH2OH

OH

OH

O
CH2OH

OR

O

HO
OH

 

HO

O

CH2OH

OH

OH

O

CH2OH

OR1

O

HO
OH

 

CΗ2OBzI

C OBzI

CΗ2

CΗ2OH

C OH

CΗ2

R=    H R⎮=   H

 
         

o r T o e T e r u l i  m e T o d i. glikoziduri bmis warmoqmnis or-

ToeTerul meTods aqvs gansakuTrebuli prioriteti1,2-trans- glukozidebisa 

da galaqtozidebis warmoqmnisas. 

pirvelad orToeTeruli meTodi gamoyenebul iqna 3-0-(β-D-galaqto-

furanozil)-sn-glicerinis sinTezis dros. aq ar gamoiyeneba 1,2-0-izopropi-

liden-sn-glicerini, aramed iReben 1,2-di-0-benzil-sn-glicerins da atareben 

kondensacias orToeTerTan. miRebuli glikozididan damcveli jgufebis (ace-

tilis da benzilis) mocilebis Semdeg sinTezirebul iqna saboloo produqti 

galaqtozidi, romelic gamoyofil iqna kristaluri pentabenzoatis saxiT 

(sqema 10). 

                                                                                                                    sqema 10   

 

CBzlO Η

CΗ2OBzl

+

O

OAc O

C
O

OMe

Me
C OAcH

CH2OAc

orToeTeri

CΗ2OH

O

OAc

C OAcH

CH2OAc

glikozidi

OAc

CH

O CH2

OBzl

CΗ2OBzl

 
 



 62 

O

OH

C OHH

CH2OH
OH

CH

O CH2

CΗ2OBzl

O

OH

C OHH

CH2OH
OH

CH

O CH2

OHOBzl

CH2OH

 

O

OH

CH

CH

O CH2

CΗ2OBz

OBz

CΗ2OBz

OBz
OBz

3-0-(β-D-galaqtofuranozil)-sn-glicerini
(penta benzoati)  

orToeTeruli meTodis gamoyenebiT, sinTezirebul iqna 1,2-trans-gli-

kozidebi D-glikopiranoizis, D-manopiranozis, D-galaqtopiranozis da celo-

biozis kondensaciiT digliceridebTan.. 

cnobilia agreTve glikosfingolipidebis sinTezi, sadac sawyis nivTie-

rebad iyeneben 3-0-benzoilceramids, romelTanac kondensaciaSi SeyavT α-

acetobromSaqari. aq sayuradReboa is, rom glikozilirebis dros vercxlis-

wylis cianidis Tanaobisas miiReba β-anomeri (sqema 11). 

                                                                                                                   sqema 11 

 

CH3_(CH2)12_CH =CH_CH_CH_CH2OH

CH2OAc
O

OAc

AcO

Bz

OAc
NHCO(CH2)22CH3

OBz  
CH2OAc

O

OAc

AcO

OAc

O_CH2_CH_CH_CH=CH_(CH2)12_CH3

OBz

NHCO(CH2)22CH3

CH3OH
CH3ONA

 
 



 63

glikosfingolipidi

CH2OH
O

OH

HO

OH

O_CH2_CH_CH_CH=CH_(CH2)12_CH3

NHCO(CH2)22CH3

OH

 
a)  β-glikozidebis warmoqmnis meqanizmi: 

        
rogorc cnobilia, halogenis atomi farTod gamoiyeneba sinTezur praq-

tikaSi Saqrebis glikozidur centrSi Camnacvleblis Seyvanisas. acil-halo-

genidebSi halogenis atomi sakmaod advilad ganicdis nukleofilur Canac-

vlebas glikozidur centrSi, romelic  SeiZleba mimdinareobdes rogorc SN1, 
ise SN2 meqanizmiT. am reaqciebis stereoqimiis Sesabamisi kanonzomierebidan 

gamomdinare, CanacvlebasTan erTad SeiZleba moxdes nawilobrivi an mTliani 

racemizacia glikozidur centrSi, an konfiguraciis Semobruneba.                                                      

1,2-cis-acilglikozilhalogenidebis 1 kondensacia spirtebTan, rogorc 

wesi, mimdinareobs 1,2-trans-glikozidebs warmoqmniT C1-is SemobrunebiT. es 

SeiZleba iyos rogorc SN2 reaqciis, aseve C1-halogenis monomolekuluri hete-

rolizis Sedegi, romelic iZleva, glikozil-kaTions 2. es ukanaskneli dau-

yovnebliv stabilizirdeba Sidamolekuluri nukleofiluri SeteviT C2 rTul-

eTerul jgufze cikluri aciloqsoniumis ionis 3 warmoqmniT. spirtis Setevas 

am ionis glikozidur centrze mivyavarT 1,2-trans-glikozidebis 4 warmoq-

mnamde, e.i. xdeba C1-is srulad Semobruneba. amitom, acilglikozilhalogeni-

debis monomolekuluri reaqciebi, romlis Sedegad unda warmoqmniliyo anome-

ruli narevi, sinamdvileSi mimdinareobs stereospecifikurad, stereoqimiuri 

kontrolis wyalobiT, mezobeli aciloqsi jgufis monawileobis xarjze. 
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1.7.4. fosfolipidebi 

fosfolipidebis sinTezi ganvixiloT fosfatidilqolinis magaliTze. 1,2-

diacil-sn-glicerinis fosforilirebiT, fenildiqlorfosfatiT da miRebuli 

fosfolipidis moqmedebiT qolinqloridTan, miiReba fosfatidilqolini. misi 

molekula Seicavs uaryofiTi muxtis mtarebel fosfatidur mJavasa da dadebiTi 

muxtis mqone azotSemcvel fuZe — qolins. amis gamo molekulaSi dadebiTi da 

uaryofiTi muxtebis jami nulis tolia. igi daumuxtavi fosfoli-pidia (sqema 12). 

sqema 12                         

 

fosfatidilqolini

ClCΗ2

O

PO

ROCO ΗC

CΗ2OCOR

CΗ2OH

Cl2P
O

OC6H5

CΗ2OCOR

ROCO ΗC
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HO(CH2)2N(CH3)3Cl
+

OCΗ2

O

PO

CΗ2OCOR

ROCO ΗC

O
_

(CΗ2)2 N(CH3)3
+

 
sadac, R da R1  ujeri da najeri mJavas naSTebia.  
fosfatidilqolinidan fosfolipaza D-s gamoyenebiT, SeiZleba sinTezi-

rebul   iqnes   sxvadasxva  fosfolipidi,  kerZod,  fosfatiduri  mJava,   fosfa- 

                                                                  sqema 13                        
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tidilglicerini, fosfatidileTanolamini da fosfa-tidilserini (sqema 13). 

sxvadasxva tipis fosfolipidebi SeiZleba sinTezirebul iqnes agreTve 

uSualod fosfatiduri mJavas eTerifikaciiT, Sesabamisi aminospirtebiT da 

makondensirebeli agentebis saSualebiT. magaliTad, eTanolaminiT, qoliniT da 

ase Semdeg (sqema 14). 

                                                                                                sqema 14                        

 

CΗ2OCOR

ROCO ΗC

CΗ2 PO O

O

O
_

(CΗ2)2 N(CH3)3
+

CΗ2OCOR

ROCO ΗC

CΗ2 PO O

O

O
_

CΗ2
+
NH3CN

COOH

(10)

CΗ2OCOR

ROCO ΗC

CΗ2 PO O

O

(CΗ2)2 N(CH3)3
+

CΗ2O

CΗ2OCOR

ROCO ΗC

OH

O

P

OH

HOCH2CH2NHy

2,4,6-[(CH3)2CH]3C6H4SO2Cl

2,4,6-[(CH3)2CH]3C6H4SO2Cl

HOCH2CH2N(CH3)3X

HOCH2 -CH-NH-C(C6H5)3

COOH

O
_

 
sadac, X= n-CH3C6H4SO3,  an  OAc; 
CCI3CN -  triqloracetonitrili 

 

1.7.5.  fosfoglikolipidebi 

fosfiglikolipidebis sinTezi sxva lipidebis sinTezTan SedarebiT gvian 

ganxorcielda, rac gamowveuli iyo seriozul sirTuleebTan am naerTebis age-

bulebis dadgenis gamo. amJamad iTvlian mxolod ramdenime sinTezs bunebrivi 

lipidebis struqturis dasamtkiceblad, romelsac qvemoT ganvixilavT. 
fosfoglikolipidebis sinTezi Catarebul iqna im mizniT, rom daemtki-

cebinaT baqterialuri fosfoglikolipidis (romelic gamoyofil iqna bacillus 

megaterium-idan) struqtura. 

HO

O

CH2OH

NH2

OH

CΗ2

CΗ2OCOR

ROCO ΗC O

P

O

O O CΗ2

CΗ O

CΗ2OH

 
molekulis glikolipiduri fragmenti miRebul iqna kenigs-knoris reaq-

ciiT 3-0-benzil-1-0-tozil-sn-glicerinis urTierTqmedebiT 3,4,6-tri-0-ace-

til-1-brom-1,2-didezoqsi-2-ftalimido- D-glukopiranozasTan. warmoqmnili 
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tozilatis damuSavebiT da natriumis iodidiT naerTi gadayvanil iqna Sesabamis 

iodidSi, romelic gamoiyenes Semdgomi kondensaciisaTvis fosfatidilgli-

cerinTan. 

OH

CH2OTs

CH2OBzl

CH

NPht

AcO

CH2OAc

+
O

OAc
Br

C6H6

Hg(CN)2

CH2OTs

CH2OBzl

CH

O

NPht

AcO
OAc

CH2OAc  
damcveli jgufebi mocilebul iqna Semdegi TanmimdevrobiT:  

1) benziluri jgufebis mocileba (hidrogenolizi); 
2) ftaloiduri jgufis mocileba (hidrazinolizi, PH 8.5); 
3) acetiluri jgufebis mocileba (bikarbonatuli buferi, PH 10.0).  
miRebuli glikolipidi identuri aRmoCnda bunebrivi wyarodan gamoyo-

fili naerTisa. 
fosfoglikolipidis struqturis dadgenis mizniT (romelic gamoyofil 

iqna mokroorganizmidan Mycoplasma laidlawit), Catarebul iqna 1— da 6—fosfatidi-

lglukozis sinTezi. 1-fosfatidilglukozis sinTezis dros sawyis nivTi-

erebad aRebul iqna halogenglukoza da fosfatiduri mJavas vercxlis marili. 

damcveli jgufebi mocilebul iqna iseve, rogorc wina SemTxvevaSi. sinTezi-

rebuli glikolipidi gamoiyofa natriumis marilis  saxiT (sqema 15). 
sqema 15 

                                                                                                                                                     

O
CH2OH

CΗ2

CΗ2OCOR1

R2OCO ΗC

P(O)OAg

O

O

OBzl

CΗ2

CΗ2OCOR1

R2OCO ΗC

P(O)

O

O

OBzl

O

O

CH2OR

BrRO
OR

OR

+
RO

OR

OR

 
 

R=Ac,BzI,H;  R1=C31H27;  R2= (CH2)7-CH=CH-(CH2)7-CH3;  R3=BzI, Na
 

 

xolo 6-fosfatidilglukozis sinTezi ganxorcielebul iqna glici-

dolis kondensaciiT glukozo-6-fosfatis amoniumis marilTan da damcveli 

jgufebis Semdgomi mocilebiT (sqema 16). 
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sqema 16 
 

+
H2C

HC

CH2OH

O

OP(OH)OCH2

O

OR

OR

RO

OR

CΗ2

ΗC

O

HO

P(O)

CH2OH

OCH2

O

O

OR

OR

RO

OR
CΗ2OCOR1

R2OCO ΗC

CΗ2 O P(O) OCH2

O

O
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OH

OH

OH

HO

 
1.7.6.  martiv-eTerulbmiani lipidebi 

lipidebidan, romlebic Seicavs martiv-eTerul bmas, identificirebulia 

umaRlesi cximovani spirtebi da aldehidebi. es bma biologiurad aqtiur buneb-

riv naerTebSi arc ise farTodaa warmodgenili, rogorc sxva tipis eTeruli 

bmebi. magaliTad, amiduri (cilebSi), aciluri (naxSirwylebSi) , an rTul-eTeru-

li (lipidebSi). 

pirvelad martiv-eTerulbmiani lipidebi gamoyofil iqna 1909 wels. isini 

ujreduli membranis Semadgenel komponentebs warmoadgens. aRsaniSnavia, rom 

membranis rRvevis dros martiv-eTerul bmiani lipidebi  mdgradia fermentebis 

moqmedebisas.     

imis mixedviT, Tu romeli hidrofoburi komponentia Canacvlebuli, mar-

tiveTerulbmiani lipidebi SeiZleba daiyos or biogenetikurad dakavSirebul 

jgufad:  

1) umaRlesi alifaturi rigis spirtebis warmoebulebi (alkiluri, anu 

alkoqsilipidebi); 

2) umaRlesi cximovani aldehidebis warmoebulebi (aldehidogenuri lipi-

debi, anu plazmalogenebi). 

lipidebis es jgufebi mkveTrad gansxvavdeba TvisebebiT pirvel yovlisa, 

mJavuri hidroliziT. meore jgufis lipidebi Zalian labiluria da advilad ga-

nicdis mJavur hidrolizs aldehidis (plazmali) moxleCiT. maT plazmaloge-

nebs uwodeben. pirveli jgufis lipidebi, romlebic hidrofoburi komponentis 

saxiT Seicavs grZeljaWvian spirtebs, mdgradia mJavuri hidrolizis pirobebSi 

da maT alkilur lipidebs uwodeben. 
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alkilur lipidebs miekuTvneba: 1-0-alkil-sn-glicerinebi (1). am naer-

Tebis umravlesoba Seswavlil bunebriv wyaroebSi Sedis 1-0-alkil-2,3-di-0-

acil-sn-glicerinis (II) saxiT da aRmoCenilia cxoveluri organizmis sxvadasxva 

organoSi, mcenareul zeTebSi, mikroorganizmebSi. SedarebiT didi koncentra-

ciiTaa zRvis binadarTa cximebSi: sxvadasxva TevzebSi, zRvis varskvlavebSi 

(uxerxemlo, fskeris cxovelebia, umravlesoba mtacebelia, gavrcelebulia yve-

la zRvasa da okeaneSi). grenlandiuri zvigenis RviZlidan gamoyofilia 1-0-(2-

metoqsialkil)-sn-glicerini (III), gulis kunTidan identificirebul iqna Tio-

glicerinisa (IV) da qolesterinis (V) alkilis eTerebi.  

R⏐OCO

CH2OR

CHO Η

CH2OH

II
III

I

CH2OR

C Η

CΗ2OCOR2

CH2OCH2CHR

CHO Η

CH2OH

OCH3

 

IV

V

CH2SCH2R

CHO Η

CH2OH

OCH3

RO

 

VI

CH2OR

C ΗR⏐OCO

CΗ2 O

O

(CH2)2 N(CH3)3 NH3P O

O

CH2OR

C ΗR⏐OCO

CΗ2 O

O

(CH2)2P O

O
+

VII  
alkilis tipis fosfolipidebi aRmoCenilia sxvadasxva organos  Semad-

genlobaSi da cocxali organizmis qsovilebSi. yvelaze metad gavrcelebul 

formas alkiluri fosfolipidebisas warmoadgens 1-0-alkil-2-0-acil-sn-gli-

cero-3-fosfoqolini (VI)  da   -eTanolamini (VII). 
a l d e h i d o g e n u r i  l i p i d e b i  a n u  p l a z m a l o g e n e b i  

warmoadgens bunebaSi farTod gavrcelebul lipidebis jgufs, romelTa mo-

lekulebi Seicavs alken-1-il-eTerul jgufs da ganasaxierebs iseTsave gavrce-

lebul jgufs lipidebisas, rogoricaa lipidebi rTuleTeruli bmiT. 

neitraluri aldehidogenuri lipidebis warmomadgenelia 1-0-(alken-1-

il)-2,3-di-0-acil-sn-glicerini (VIII), romelic Sedis ZuZumwovarTa sxvadasxva 
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organosa da qsovilSi. bunebriv wyaroebSi aRmoCenilia agreTve neitraluri  

plazmalogenebi ori alkenilnoeTeruli jgufiT, mxolod am jgufebis mde-

bareoba zustad ar aris dadgenili. maTTvis mocemulia ori SesaZlo struqtura 

(IXa da IXb). 

 
CH2OCH=CHR

C H

VIII

R1OCO

CH2OCOR2

CH2OCH=CHR

IXa IXb

CH2OCH=CHR

CH2OCH=CHR

CH2OCOR1

CHOCH=CHRCHOCOR1

 
farTod aris gavrcelebuli agreTve fosforSemcveli plazmalogenebi, 

romlebic SeiZleba ganvixiloT rogorc 1-0-(alken-1-il)-2-0-acil-sn-glicero-

3-fosfatis (X) warmoebuli, sadac hidrofiluri komponenti Y warmoadgens ami-

nospirtebs, aminmJavebs da a.S. 

R½OCO

X

CH2OCH=CHR

C H

CH2 O P

OH

O

OY

 
sadac,  Y = -(CH2)2NH2                  fosfatidileTanolamini
           -(CH2)2N(CH3)3          fosfatidilqolini
           -CH2CH(NH2)COOH    fosfatidilserini
           -CH2-CHOH-CH2OH      fosfatidilglicerini da a.S.OHH  

plazmalogenebi da alkiluri lipidebi iseTsave hidrofilur komponen-

tebs Seicavs romlebic damaxasiaTebelia aciluri tipis lipidebisaTvis (eTa-

nolamini, qolini, serini da a.S.). magram hidrofoburi komponentebi erTma-

neTisagan Tvisobrivad gansxvavdeba, radgan maTi molekulebi ara marto umaR-

lesi rigis cximovan mJavebs Seicavs, rogorc rTuleTerul lipidebSia, aramed 

sxvadasxva grZeljaWvian spirtebs da aldehidebs (C16-C22) erTi an ormagi bmiT. C-

2 hidroqsilis jgufi eTerificirebulia ujeri cximovani mJavebiT (oleinis, 

linolis). 

1-0-alkil-sn-gliceridebi miiRebian 1,2-0-izopropiliden-sn-glicerine-

bidan Semdegi sqemis mixedviT: 
 

Η

H3C

H3C

O

O

CH2

CH

CH2OH

RX
H3C

H3C

O

O

CH2

CH

CH2OR

H+

CH2OH

C OH

CH2OR  
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2-0-alkilgliceridebis sinTezs awarmoeben 1,3-0-benziliden-gliceri-

nidan. mono-, di- da trialkilgliceridebi bunebaSi ar aris aRmoCenili, magram 

maTi sinTezi SesaZlebelia. 

CH2OH

C

OCH2

C ΗHO

OCH2

RX
KOΗ

CHPh

OCH2

C ΗRO

OCH2

CHPh H+an H2⏐Pt
ΗRO

CH2OH

 

tri-0-alkilgliceridebi sinTezirebul iqna mono- an dialkilglice-

ridebis alkilirebiT alkilhalogenidebiT, alkiltozilatebiT, an alkilme-

TansulfonatebiT. glicerinis pirdapiri alkilireba Sedegs ar iZleva. 

alkenuri, anu plazmalogenuri tipis naerTebs, Cveulebriv, iReben 1 an 2 

Canacvlebuli martivi eTerebidan  HX  fragmentebis moxleCiT (X= OEt, OTs, CI, I). 
ormagi bmebi am naerTebSi cis-konfiguraciisaa. 

tipur magaliTad SeiZleba moviyvanoT 1-0-(alken-1-il)-2-0-stearol-sn-
glicerofosfoeTanolaminis (XI) sinTezi.     

 
CΗ2OCH2 CHR

CHOTs

CH2OH
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CΗ2 O P O CΗ2 CΗ2NH3

O

O
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                           Tavi II 

               

lipidebis cvla cocxal sistemaSi 

2.1.  cximebis warmoqmna organizmSi                                                            

da fiziologiuri daniSnuleba 

organizmSi mimdinare sasicocxlo procesebis SesrulebisaTvis saWiroa 

energiis gansazRvruli raodenoba. am energias ki organizmi iZens sxvadasxva sak-

vebi nivTierebis potenciuri energiis gardaqmniT. magaliTad, mozrdili ada-

miani rva saaTis fizikuri muSaobis dros xarjavs 2500-5000 kkal energias, rac 

man sakveb nivTierebaTa potenciuri energiisagan unda ainazRauros. cnobilia, 

rom erTi kg. naxSirwylebis sruli dawvisas gamoiyofa 4180 kkal energia, erTi 

kg. cilovani nivTierebis dawvisas—4100 kkal energia, xolo erTi kg. cximovani 

nivTierebis dawvisas ki—9500 kkal energia (1kkal=4.184 kj).     

cximi organizmSi grovdeba zedmeti kvebis dros da ixarjeba SimSilobi-

sas. cximis ufro meti kaloriuloba, vidre naxSirwylisa, gamomdinareobs gan-

tolebidan 

C17H35COOH   +   26 O2

C6H12 O6 6CO2   +   6H2O

18CO2   +   18H2O

 
cximovani mJava TavisTavad ufro naklebad daJanguli naerTia, vidre nax-

Sirwyali, amitom misi daJangvisaTvis saWiroa meti Jangbadi. imis dasadgenad, Tu 

romeli naerTi ufro ganicdis daJangvas organizmSi, SegviZlia visargebloT 

sunTqvis koeficientiT, romelic gamoiTvleba moxmarebuli (daxarjuli) Jan-

gbadis raodenobis SefardebiT gamoyofili naxSirbadis (IV) oqsidis raodeno-

basTan.  

mcenareul organizmSi naxSirwylebi da cilebi ZiriTadad warmoiqmneba 

mineraluri naerTebidan; naxSirwyali — haerSi arsebuli naxSirbadis (IV) oqsi-

disa da niadagSi arsebuli wylisagan, xolo cila — niadagSi myofi amiakisa da 

nitratis SemweobiT. amitom cila da naxSirwyali sinTezis pirveladi produq-

tebia, rac Seexeba cxims, is umTavresad naxSirwylebis gardaqmnis produqtia    

da igi meoradi produqtis saxelwodebas atarebs.                     

rTuli qimiuri reaqciebis wyalobiT, romelTa mimdinareoba organizmSi 

sxvadasxva fermentzea damokidebuli, naxSirwyali gardaiqmneba cximad. Sesaba-

misad am dros klebulibs naxSirwylis raodenoba, samagierod matulobs cximis 

raodenoba.  
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cximis warmosaqmnelad naxSirwylis gardaqmna ori mimarTulebiT unda 

wavides:     

1. glicerinis warmoqmniT, 

2. cximovani mJavas warmoqmniT. 

ujredSi glicerinis warmoqmnas naxSirwylisagan Semdeg TavebSi ganvixi-

lavT, xolo rac Seexeba cximovani mJavas sinTezs, es ufro rTul process war-

moadgens. rasakvirvelia, maRalmolekuluri cximovani mJavebis warmoqmna unda 

mimdinareobdes martiv cximovani mJavebidan, magram garkveuli periodis ganmav-

lobaSi ucnobi iyo, Tu ra gziT warmoebda martivi mJavebidan maRalmolekulu-

ri cximovani mJavebis sinTezi. es problema gadaWril iqna specifikuri kofer-

mentebis aRmoCenis Semdeg. rogorc cnobilia, fermentebi Tavis biokatalizur 

funqciebs asrulebs mxolod kofermentebTan erTad. yvela fermenti cilovani 

nivTierebaa, roca kofermentebi Cveulebriv cilebs ar warmoadgens. maT aqvT 

ufro martivi  aRnagoba da araorganuli (metalTa ionebi) an organuli bunebi-

sani arian. 

cximovani mJavebis warmoqmnaSi mniSvnelovan rols asrulebs kofermenti 

— koenzim A, romelic Sedgeba pirofosfaturi jgufiT erTmaneTTan dakavSi-

rebuli adeninnukleotidisa (1) da pantoTenis (2) mJavaTa naSTisagan, romel-

Tagan ukanaskneli, Tavis mxriv, mierTebulia 2-aminoeTanTiolTan (3). koenzim A 
Seicavs sulfhidrilis jgufs, romlis saSualebiTac xdeba cximovani mJavas 

karboqsilis jgufis dakavSireba. kofermenti — koenzim A (ko A SH) aaqtiurebs 

karbonmJavebs, gardaqmnis ra maT Tiolebis reaqciisunarian rTul eTerebad. 

kofermenti -koenzim A

HS-CH2-CH2-N-C-CH2-CH2-N-C -C-C-CH2

3 O

H

H

OH

CH3H

O CH3

OPO
O

P
O

O

2

CCH2

O
O

O
NH2

OH

P

O

O O

N

N

NH2

N

N
1

 
ganvixiloT ra funqcias asrulebs koenzim A. 
naxSirwylebis gardaqmnis Sualedi produqti, romliTac iwyeba cximovani 

mJavas sinTezi, aris ZmarmJava. koenzim A ikavSirebs ZmarmJavas da warmoiqmneba 

acetilirebuli kofermenti — koenzim A-acetili 

CH3-COOH+HSko.A CH3-CO-S-ko.A
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sainteresoa, rom garkveul pirobebSi (magaliTad, diabetis, SimSilobis 

an Warbi lipiduri dietis dros) acetil kofermenti A didi raodenobiT  sin-

Tezirdeba. Warbad miRebuli kofermenti RviZlSi mimdinare gardaqmnebis Se-

degad warmoqmnis acetons. Tu aRniSnuli procesi Zalze intensiurad mimdi-

nareobs, sisxlSi mkveTrad izrdeba e.w. `ketonuri sxeulebis” raodenoba da ada-

miani avaddeba acidoziT (adreul stadiaze) an ketoziT (gvian stadiaze). ukanas-

knel SemTxvevaSi sunTqvis dros igrZnoba acetonis suni.  
sinTezis Semdgom etapze koenzim A-acetilis ori molekula ukavSirdeba 

erTmaneTs da warmoiqmneba acetoZmarmJava, romlis fermentuli aRdgena iZleva 

koenzim A- erbos mJavas.                                                                                                                       
ko.A-S-CO-CH3+ko-A-S-CO-CH3 ko.A-S-CO-CH2-CO-CH3

acetoZmarmJava

ko.A erbos mJava

-HSko.A

H
+

ko.A-S-CO-CH2-CH2-CH3

 
SemdegSi xdeba kvlav miRebul produqtze koenzim A-acetilis SekavSi-

reba da kondensaciis produqtis aRdgenis Sedegad warmoiqmneba koenzim — A 
kapronis mJava.   

ko.A-S-CO-CH2-CH2-CH3+ko-A-S-CO-CH3-HSko.A

ko.A-S-CO-CH2-CH2-CH2-CO-CH3
H

+

ko.A-S-CO-CH2-CH2-CH2-CH2-CH3

ko.A kapronis mJava  
amgvarad, cximovani mJavas sinTezi dakavSirebulia ZmarmJavas naSTebis 

kondensaciasTan. es aris mizezi imisa, rom bunebrivi cximovani mJavebi naxSir-

badis wyvil atomebs Seicavs. sabolood, koenzim A-cximovani mJava ukavSirdeba 

organizmSi warmoqmnil glicerins da sinTezi cximebis warmoqmniT mTavrdeba. 

 

2.2. kofermentebi 

dadgenilia, rom cximovani mJavas sinTezisaTvis koenzim A-s garda sa-

Wiroa Semdegi kofermentebi: adenozintrifosfati — atf (energiis wyaro), ade-

nozindifosfati — adf da adenozinmonofosfati — amf, romlebic organizmis 

yvela qsovilSi Tavisufali saxiT gvxvdeba (nukleozidpolifosfatebi). am 

kofermentebs unari aqvT fosfaturi naSTebis ricxvis gazrdis an Semcirebis 

gziT gardaiqmnas erTmaneTSi.  

unda aRiniSnos, rom fiziologiur pirobebSi adenozintrifosfati oTxi 

— P – O – H bmis ionizaciis gamo tetraanionis saxiT arsebobs. 
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atf  
cximovani mJavas sinTezisaTvis saWiroa aseve CO2 da Mn+2, aRdgenili  

nikotinamidadenildinukleotidfosfati (nadfHH2) da biotini. reaqcia mimdi-

nareobs or etapad: 

adenozintrifosfati aaqtiurebs naxSirbadis (IV) oqsidis CarTvas ace-

til-ko.A-Si, ris Sedegadac warmoiqmneba malonil-ko.A.  

 

nadf H2CH3-CO-S-ko.A  +  CO2  +  atf HOOC-CH2-CO-S-ko.A  +  adf  + ΦH
malonil ko.Abiotini + Mn+2

 
 

Semdeg etapze warmoebs malonil-ko.A-s kondensacia acetil-ko.A-sTan, 

sadac kofermentis rols asrulebs aRdgenili nadfH2 (nikotinamidadenindi-

nukleotidfosfati). erTdroulad mimdinareobs CO2-is gamoyofa malonil-

ko.A-dan ise, rom saerTo jamSi sinTezirebul cximovan mJavaSi CO2 ar 

fiqsirdeba.  
 

CH3-CO-S-ko.A   +   HOOC-CH2-CO-S-ko.A
nadf H2

-nadf H2
+

CH3-CH2-CH2-CO-S-ko.A   +  CO2   +   ko.ASH   +   nadf H
+

buTiril-ko.A  
 

am kofermentis SemadgenlobaSi nikotinamiduri fragmentis saxiT Sedis 

piridiniumis kaTioni. 
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OPO

O
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O

HOOH

N
+

CO NH2
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adenini

CH2 OP

O

OH

H2C

O

HO OR

N

NH2

N

N

N

 
sadac, R=H nikotinamidadenindinukleotidi (nad+) — daJanguli da                 

R=PO3H2
+ nikotinamidadenindinukleotidfosfati  (nadfH+) — daJanguli.                                        

es kofermentebi monawileobs Jangva-aRdgeniT procesebSi da, aqedan 

gamomdinare, SeiZleba arsebobdes daJanguli (nad+, nadf+), an aRdgenili (nadH2, 

nadfH2) formebis saxiT. aRdgenis Sedegad piridiniumis birTvi gadadis dihid-

ropiridinul fragmentebSi. 

N
+

CO NH2

R

N

CO NH2

R

fermenti

aRdgenili formadaJanguli forma

H H

 
biotini (vitamini H) Sedgeba valerianis mJavas, Tiofenis da SardovanaTi 

warmoqmnili birTvisagan. biotini kargad ixsneba wyalSi da spirtSi. mdgradia 

maRal temperaturaze, aseve mJava da tute areSi. biotini enzim karboqsilazas 

koenzimia. igi enzims ukavSirdeba aqtiuri centris aminmJava lizinis ε-amino-

jgufiT. biotini monawileobs cximovani mJavebis, acetil-ko.A-s, malonil-ko. 

A-s, oqsaloacetatis sinTezSi. karboqsilirebisas jer biotinilenzimi-(E) ga-

nicdis karboqsilirebas, xolo Semdeg is gadaitaneba substratze. 

procesi energetikulia da saWiroebs atf-is Tanaobas.      

HN             NH

C

O

CHHC

CHH2C

S

CH2 CH2 CH2 CH2 COO

biotini  
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H avitaminozi Zneli dasadgenia, vinaidan kuW-nawlavis traqtis mikro-

floriT xdeba misi sinTezi. amitom, mxolod xelovnurad, umi kvercxis Warbi 

raodenobiT miRebis pirobebSi SeiZleba gamovlindes avitaminozis niSnebi — 

kanis anTeba (dermatitis), Tmis cvena, frCxilebis dazianeba, tkivilebi kun-

TebSi, daRliloba, Zili, depresia da a.S. 

H vitaminiT (biotini) mdimaria kvercxis guli, RviZli, Tirkmelebi, rZe, 

kartofili, xaxvi da ispanaxi. H vitaminze adamianis dReRamuri moTxovnileba 

150-200 mkg-ia. 

magaliTad, Tu mimdinareobs palmitinis mJavas sinTezi (C16), pirvel rigSi 
xdeba buTiril-ko.A-s kondensacia malonil-ko.A-sTan, Semdeg miRebuli pro-

duqtis kondensacia buTiril-ko.A-sTan da a.S., moviRebT C16-ian mJavas. 

Sejamebuli reaqcia palmitinis mJavas sinTezisa (reaqciaSi monawileobs 

14 nadf H2) SeiZleba ase gamovsaxoT: 

 

CH3-CO-S-ko.A   +   7HOOC-CH2-CO-S-ko.A   +   14nadf H2

CH3-(CH2)14-COOH   +   7CO2    +   8HS-ko.A   +   14nadf H+6H2O
+

 
 

nadf napovnia sxvadasxva mcenaris foTlebSi, kartofilis tuberebSi. is 

kofermentebi, romlebic difosfo-, an trifosfopiridinnukleotids Seicavs, 

iwvevs rZis, vaSlis, qarvis mJavebis, glukozis da sxvadasxva aldehidis spirits 

daJangvas. maTi moqmedebis specifikuroba damokidebulia im cilis Tavisebu-

rebaze, romelTanac dakavSirebulia piridinfermenti. 
nikotinamidnukleotiduri kofermentebis mniSvnelovani warmomadgene-

lia flavinadenindinukleotidi (fad), romlis SemadgenlobaSi Sedis vitamini 

B2-riboflavini. misi agebuleba gamoisaxeba ase: 
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OPO
O

OH

cila

H3C

H3C
NH

N

N

N O

O

I II III

CH2 CH-CH-CH-CH2 OP
O

OH
+

H2C

OH OHOH

H3C

H3C
NH

N

N

NH O

O

R

H

fad (yviTeli)
+flavini

+2H

fad H2 (ufero)

O

HO OH

N

NH2

N

N

N

 
      

         2.3.  cximebis gardaqmna saWmlis momnelebel organoebSi 

cxovelTa organizms, iseve rogorc mcenarisas, unari aqvT warmoSvan cxi-

mebi naxSirwylebisagan da cilebisagan. mravali cdiT damtkicebulia, rom Tu 

cxoveli ikvebeba iseTi racioniT, romelsac cximi winaswar aqvs mocilebuli, 

mis organizmSi cximis garkveuli raodenoba mainc grovdeba. 

sakvebi cximis moneleba, misi qimiuri damuSaveba iwyeba nawlavebidan. pir-

vel yovlisa, cximi Rebulobs emulsiis saxes, rac aadvilebs cximze lipazis 

moqmedebas. lipaza moipoveba pankreasis wvenSi, romelic wvril nawlavSi gamoe-

dineba. lipaza napovnia agreTve nawlavebis wvenSic, igi Tavisi moqmedebiT pan-

kreasis lipazisagan ar gansxvavdeba. wvril nawlavebSi gadmodis agreTve naRve-

li, romlis SemadgenlobaSic monawileobas Rebulobes naRvlis mJavebi. aq naR-

vlis mJavebi warmodgenilia tute marilebis saxiT da isini zedapirulad aqti-

ur nivTierebaTa jgufs ekuTvnis, xels uwyobs cximis emulgirebas da warmoad-

gens lipazis aqtivators. gaaqtivebuli lipaza Slis cxims Semadgenel komponen-

tebad. 
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CΗ2OCOR

CΗOCOR

CΗ2OCOR

CΗ2OH

CΗOH + 3R

CΗ2OH

CΟOH
3H2O

 
e.i. cximebis SeTvisebis aucilebel pirobas warmoadgens maTi winaswari 

hidrolizuri daSla. glicerini wyalSi xsnadia da misi Sewova nawlavebis mier ad-

vilad xdeba, xolo rac Seexeba cximovan mJavebs, maTi nawlavebis kedlebSi gadas-

vlac gaadvilebulia im garemoebiT, rom isini marilebis saxiTaa warmodgenili. 

SeTvisebuli cximi nawlavis kedlebidan sisxlSi da limfaSi gadadis. lim-

faSi xvdeba ara Tavisufali cximovani mJavebi, aramed trigliceridebi (e.i. ne-

itraluri cximebi). am procesebSi didi roli eniWeba fosfatidebs. rogorc ir-

kveva, nawlavis kedlebSi adgili aqvs cximovani mJavas CarTvas fosfatidSi da am 

naerTis warmoSobis gziT, aqtivdeba cximis gadatana limfaSi. Tu cximi mdidaria 

ujeri mJavebiT, maSin organizmSi dagrovili cximi lRobis dabali temperatu-

ris mqonea.  cximis monelebis xarisxi damokidebulia cximis lRobis  temperatu-

razec. cximi miT ufro kargad moineleba, rac ufro uaxlovdeba misi lRobis 

temperatura cxovelis organizmis temperaturas. is cximi, romelic emulsiaSi 

advilad gadadis, ufro advili mosanelebelia,  radgan lipazis moqmedebisaT-

vis ukeTesi pirobebi iqmneba. cximis  emulgirebis unarianoba damokidebulia 

ara marto cximis lRobis temperaturaze, aramed mis SemadgenlobaSi monawile 

trigliceridebis bunebaze da im komponentebze, romlebic sakvebSi cximTan 

erTad aris warmodgenili.     

       

2.4. cximovani mJavebis daJangvis Tanamedrove formulireba 

cximebis gardaqmnis saboloo produqtebia naxSirbadis (IV) oqsidi da 

wyali, romlebic rTuli qimiuri reaqciebis Sedegadaa warmoiqmnili. cximebis 

daSlis pirveli etapi gamoixateba mis hidrolizur daSlaSi ujredis lipazis 

SemweobiT, ris Sedegadac warmoqmnili glicerini imdagvar gardaqmnebs ganic-

dis, rac naxSirwylebisaTvisaa damaxasiaTebeli, xolo cximovani mJava ki oTxi 

fermentis katalizuri moqmedebiT ganicdis daJangvis reaqciebs. daJangva mim-

dinareobs oTx stadiad Semdegi fermentebis monawileobiT.  

1. acil-ko.A — dehidrogenaza; 

2. enoil-ko.A — hidrataza; 

3. 3-oqsiacil-ko.A — dehidrogenaza; 

4. acil-ko.A — acetiltransferaza (Tiolizuri reaqcia)  

dadgenilia, rom mJavebis daJangvas adgili aqvs mitoqondriebis ujre-

debSi. ganvixiloT daJangvis TiToeuli stadia: 

1. dehidrirebis pirveli stadia. mitoqondriebSi upirvelesad acil-ko.A 

ganicdis fermentatul dehidrirebas. am dros acil-ko.A kargavs or atom wyal-

bads α da β mdgomareobidan da gardaiqmneba ko.A-s ujer eTerad. am stadiaze 
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katalizatoria acil-ko. A –dehidrogenaza, romelic flavinis Semcvel fer-

ments warmoadgens. 

R-CH2-CH2-CH2-CO-S-ko.A   +   fad+
αβ

R-CH2-CH=CH-CO-S-ko.A    +    fad H2
enoil-ko.A  

 2. hidrataciis stadia. ujeri  acil-ko. A (enoil-ko. A) am stadiaze fer-

ment enoil-ko. A hidratazis monawileobiT ierTebs wylis molekulas, ris Se-

degadac warmoiqmneba β –oqsiacil-ko. A (3-oqsiacil- ko. A). 

R-CH2-CH=CH-CO-S-ko.A   +   H2O

R-CH2-CH(OH)-CH2-CO-S-ko.A
3-oqsiacil-ko.A  

3. dehidrirebis meore stadia. warmoqmnili 3-oqsiacil-ko. A am stadi-

aze ganicdis dehidrirebas katalizatoris — 3-oqsiacil-ko. A- hidrogenazas 

Tanaobisas, romelic nikotinis Semcvel ferments warmoadgens.  

R-CH2-CO-CH2-CO-S-ko.A   +   nad H2

αβ
R-CH2-CH(OH)-CH2-CO-S-ko.A   +   nad+

3-ketoacil-ko.A  
aq daJangvas ganicdis β-mdgomareobaSi myofi naxSirbadis atomi, amitom am 

process ewodeba cximovani mJavas β-daJangva. 

4. Tiolizuri reaqcia. 3-ketoacil-ko. А urTierTqmedebs koenzim А-sTan, 

ris Sedegadac xdeba 3-ketoacil-ko. A-s gaxleCa da warmoiqmneba ori naxSirbadis 

atomiT naklebi acil-ko. А da ori naxSirbadis atomis Semcveli  fragmenti acetil-

ko. А-s saxiT (ZmarmJavas naSTi ko. А-sTan). es reaqcia mimdinareobs katalizatoris — 

acil-ko. А –acetiltransferazas (Tiolazas ) Tanaobisas.  

R-CH2-CO-CH2-CO-S-ko.A   +   HS-ko.A

acetil-ko.A
R-CH2-CO-S-ko.A   +   CH3-CO-S-ko.A
acil-ko.A

 
  

amrigad, koenzim-A-sTan  dakavSirebuli cximovani mJava mesame stadiaze 

iZleva ketomJavas, romelic, Tavis mxriv, meoTxe stadiaze ganicdis Tiolizs — 

daSlas meore molekula koenzim-A-s sulfhidrilis jgufis saSualebiT. reaq-

ciis Sedegad cximovani mJavas jaWvi moakldeba da gamoiyofa Zmris mJavas naSTi 

dakavSirebuli koenzim-A-sTan. Zmris mJavas naSTi, romelic gaaqtivebulia 
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koenzim-A-Ti, Zmris mJavas meore molekulasTan kondensirdeba da warmoiqmneba 

acetoZmarmJava. am naerTidan iwyeba gardaqmnaTa is rigi, romelic damaxasi-

aTebelia naxSirwylebisaTvis. 

cximovani mJavas daJangva rom ketomJavebis Sualedi produqtebis war-

moqmniT mimdinareobs mtkicdeba imiTac, rom zogierT paTologiur SemTxvevaSi 

SardSi didi raodenobiT pouloben keto naerTebs (magaliTad, diabetiT da-

avadebisas). es xdeba im SemTxvevaSi, rodesac adamianis organizms daqveiTebuli 

aqvs naxSirwylebis moxmarebis unari. am dros SardSi gadadis cximovani mJavebis 

arasruli daJangvis produqtebi, vinaidan cximovani mJava bolomde ar iwvis. 

acetonis warmoSoba SeiZleba ase warmovidginoT: 

 

erbos
 mJava

CH2

CH3

CΟOH

CH2

CΟOH

CH3

CH

CH

-2H

krotonis
 mJava

+H2O

CH3

CΟOH

CH2

CΟOH

β-oqsierbos
 mJava

-CO2

-2H

CH3

CΟ

CH3

acetoni

β

α

 
 

acetoZmris mJava SeiZleba imyofebodes or tautomerul — enolur  da 

keto - formaSi 

 

CH3

CΟOH
+
CH3

CΟOH

-H2O

CH3

CΟ

CH2

CΟOH

ketonienoli

C(OH)

CH

CΟOH

CH3

 
 

keto-forma advilad gadadis acetonSi, enolis ki — ara. SardSi napovnia 

β-oqsierbos mJava, acetoZmris mJava (keto da enolis) da acetoni. 

rogorc irkveva, β-daJangva warmoadgens cximovani mJavebis gardaqmnis 

mTavar fazas, yovel SemTxvevaSi, najeri cximovani mJavebisaTvis. 

 

 

2.5. lipidebis biosinTezi 

cximovani mJavebis biosinTezi ZiriTadad xorcieldeba qsovilebis cito-

plazmaSi, xolo maTi daJangva — mitoqondriebSi. rogorc cnobilia, cximovani 

mJavebis sinTezSi monawileobas Rebulobs malonil-ko. A, romelic warmoiq-

mneba acetil-ko.А—s urTierTqmedebiT naxSirbadis (IV) oqsidTan biotinisa da 
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atf-is Tanaobisas. am sinTezis dros monawileobas Rebulobs kofermenti 

nadfH2 (aRdgenili nikotinamidadenindinukleotidfosfati). axla ganvixiloT 

Semdegi lipidebis biosinTezi: 

1. trigliceridebis biosinTezi; 

2. fosfogliceridebis biosinTezi; 

a. fosfatidileTanolamini; 

b. fosfatidilqolini;                                                   

g. fosfatidilserini 

3. qolesterinis biosinTezi. 

            

2.5.1.  trigliceridebis biosinTezi 

trigliceridebis sinTezi mimdinareobs glicerinisa da cximovani mJa-

vebis (ZiriTadad stearinis, palmitinis da oleinis) urTierTqmedebiT. bio-

sinTezi qsovilebSi midis glicero-3-fosfatis, rogorc Sualeduri produq-

tis, warmoqmnis gziT. TirkmelebSi, agreTve nawlavis kedlebze, sadac ferment 

glicerolkinazis aqtivoba maRalia, glicerinis fosforilireba xdeba atf-is 

xarjze. 

 

CH2OH

CΟOH

CH2OH

  +  atf
glicerol-

kinaza

Mg+2 CH2OH

CΟOH

CH2OPO3H2

L-glicero-3-
fosfati

+  adf

 
          
warmoqmnili glicerol-3-fosfatis acilireba mimdinareobs ori mole-

kula cximovani mJavas koenzim A-nawarmiT (e.i. cximovani mJavebis `aqtiuri” 

formebiT), ris Sedegad warmoiqmneba fosfatiduri mJava. 

 

CH2OH

CΟOH

CH2OPO3H2

R1-CO-S-ko.A

R2-CO-S-ko.A
+

CH2OCOR1

CHΟCOR2

CH2OPO3H2

  +   2HSko.A

fosfatiduri mJava  
fosfatiduri mJava qsovilebSi Zalian mcire raodenobiTaa, magram igi 

warmoadgens mTavar Sualedur produqts trigliceridebisa da fosfoglice-

ridebis biosinTezisas. trigliceridebis sinTezis msvlelobisas fosfatiduri 

mJavas defosforilireba warmoebs specifikuri fosfatazis — fosfatidat-

fosfatazis saSualebiT da warmoiqmneba 1,2-digliceridi.   
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CH2OH

CH2OCOR1

CHΟCOR2

CH2OPO3H2

+    H2O
CH2OCOR1

CHΟCOR2 +   ΦΗ

 
trigliceridebis biosinTezi sruldeba 1,2-digliceridebis eTerifika-

ciiT mesame molekula acil-ko. A-s saSualebiT. 

 

CH2OH

CH2OCOR1

CHΟCOR2

CH2OCOR3

  +    HS-ko.A

CH2OCOR1

CHΟCOR2     +     R3-CO-Sko.A

 
 

2.5.2. fosfogliceridebis biosinTezi 

yvelaze ufro mniSvnelovani fosfogliceridebis sinTezi lokalizebu-

lia ZiriTadad ujredis endoplazmur badeSi.  

 

a. fosfatidileTanolaminis biosinTezi.  

 

fosfatidileTanolaminis biosinTezis dros Tavdapirvelad eTanola-

mini ganicdis defosforilirebas atf-is saSualebiT fosfoeTanolaminis war-

moqmniT. 

Mg+2
H2N-CH2-CH2OH   +   atf H2N-CH2-CH2-O-P-OH-adf

O

OH  
Semdeg stadiaze fosfoeTanolamini urTierTqmedebs 1,2-diglicerid-

Tan, ris Sedegadac warmoiqmneba fosfatidileTanolamini. 

 

CH2OH

CH2OCOR1

CHΟCOR2 +   H2N-CH2-CH2-O-P-OH

CH2O

CH2OCOR1

CHΟCOR2

O

OH P-O-CH2-CH2NH2

O

OH  
b. fosfatidilqolinis biosinTezi. 

 

fosfatidilqolinis (lecitinis) biosinTezis winamorbeds warmoadgens 

fosfatidileTanolamini. aminojgufSi sami atomi wyalbadis nacvlad sami me-
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Tilis jgufis CanacvlebiT, romelic gadadis sami molekulaS-adenozilmeTio-

ninidan, miiReba fosfatidilqolini. 

CH2

NH3

CH2

O fosfatidili

CH2

N(CH3)3

CH2

O fosfatidili

+

3S-adenozilmeTionini

3CH3

+

 
 

  srulad es reaqcia ase gamoisaxeba: 

3S-adenozilmeTionini

CH2O

CH2OCOR1

CHΟCOR2

P-O-CH2-CH2-NH3

O

OH

+ CH2

CH2OCOR1

CHΟCOR2 O

P-O-CH2-CH2-N(CH3)3

O

+
O

 
g. fosfatidilserinis biosinTezi   
ZuZumwovrebSi fosfatidilserini warmoiqmneba fosfatidileTanolami-

nebSi  eTanolaminis naSTis seriniT SecvliT.  fosfatidileTanolamini + serini 

= fosfatidilserini + eTanolamini. es reaqcia ase gamoisaxeba: 

R2-C-O-C-H

CH2-O-C-R1O

O

CH2-O-P-O-CH2-CH-NH2

O

OH

+     CH2OH-CH2NH2

COOH

+    CH2-CH-COOH

NH2

Ca+2

R2-C-O-C-H

CH2-O-C-R1O

O

CH2-O-P-O-CH2-CH2NH2

O

OH

OH

 
           
aris meore gzac fosfatidilserinis sinTezisa, romelic ase mimdina-

reobs (aq sawyis nivTierebad gamoyenebulia fosfatiduri mJava): 
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R2-C-O-C-H

CH2-O-C-R1O

O

R2-C-O-C-H

CH2-O-C-R1O

O

CH2-O-P-O

O

OH

ctf

ΦΦΗ
CH2-O-P-O-P-O-citidini

O O

O O

 
Semdeg xdeba citidinfosfatis narCenis Secvla seriniT da warmo-iqmneba 

fosfatidilserini. 

cdf-digliceridi + serini  =  fosfatidilserini + cmf 

es reaqcia ase gamoisaxeba : 

R2-C-O-C-H

CH2-O-C-R1O

O

CH2-O-P-O-P-O-citidini

O O

O O +    CH2-CH-COOH

NH2OH

 

fosfatidilserini

R2-C-O-C-H

CH2-O-C-R1O

O

CH2-O-P-O-CH2-CH-NH2

O

OH COOH

 
       

aRvniSnavT, rom amave gziT mimdinareobs fosfatidilinozitis warmoqmnac. 

R2-C-O-C-H

CH2-O-C-R1O

O

CH2 - O - P -------O

O

OH

OH
OH

HO
OH

OH

1

2 3

4

56
HO
H

H H

H

HH
HO

OH

OH

OH

OH

fosfatidilinoziti
inoziti  

              
  

2.5.3.  sfingomielinis biosinTezi 

sfingolipidebis biosinTezi mimdinareobs aseve ramdenime stadiad sxva-

dasxva fermentebis monawileobiT. rogorc adre iTqva, sfingolipidis — sfin-

gomielinis SemadgenlobaSi Sedis sfingozini (C18), sadac imyofeba aminojgufi, 

fosformJava, azotovani fuZe — qolini da maRalmolekuluri cximovani mJava. 

qvemoT mocemulia sfingomielinis biosinTezis procesi:  
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CH3(CH2)12 - CH=CH - CH - CH - CH2OH H3PO4 HOH2C-CH2 -N(CH3)3 R - C
O

SKoA
 OH   NH2sfingozini                              qolini         cximovani

mJava

CH3(CH2)12 - CH=CH - CH - CH - CH2 - O - P - O - CH2 - CH2 - N(CH3)3

OH    NH-C
O

R
sfingomielini

+

+

 
 

2.5.4.  qolesterinis biosinTezi 

40-60-ian wlebSi bloxinisa da misi TanamSromlebis mier cdebSi gamoye-

nebul iqna acetati 14C izotopiT meTilisa da karboqsilis jgufSi. maT aCvenes, 

rom ZmarmJavas naxSirbadis orive atomi RviZlis qolesterinSi Sedis Tanabari 

raodenobiT. amave dros daamtkices, rom qolesterinis yvela naxSirbadis atomi 

acetatisagan miiReba. 

SemdegSi f. linenis,  g. popiakis, a.klimovis da sxvaTa mier dadgenil iqna 

qolesterinis fermentuli sinTezis ZiriTadi detalebi, romelic Sedgeba da-

axloebiT 35 reaqciisagan.         

qolesterinis sinTezSi SeiZleba gamovyoT 3 ZiriTadi stadia: 

1. aqtiuri acetatis gardaqmna mevalonis mJavaSi; 

2. skvalenis warmoqmna mevalonis mJavidan; 

3. skvalenis ciklizacia qolesterinSi. 

ganvixiloT es stadiebi cal-calke; 

1. mevalonis mJavas sinTezis sawyis etapze xdeba acetil-ko. A-dan ace-

toacetil-ko. A-s warmoqmna. 

CH3-CO-S-ko.A+CH3-CO-S-ko.A

CH3-CO-CH2-CO-S-ko.A+HS-ko.A

acetil-ko.A-acetiltransferaza

acetoacetil-ko.A  
SemdegSi acetoacetil-ko. A-s kondensaciiT mesame molekula acetil-ko. 

A-sTan oqsimeTilglutaril-ko. A-sinTeTazas (OMГ-ko. А-sinTeTaza) monawile-

obiT miiReba β-oqsi-β-meTilglutaril-ko. A. 

ΟΜΓ−ko.A-sinTeTaza

CH3-CO-CH2-CO-S-ko.A   +   CH3-CO-S-ko.A

β-oqsi-β-meTilglutaril--ko.A

HOOC-CH2-C-CH2-CO-S-ko.A   +   HS-ko.A

CH3

OH

+H2O
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β-oqsi-β-meTilglutaril-ko. A ferment nadf H2-is moqmedebiT, oqsime-

Tilglutaril-ko. A-reduqtazas (OMГ —ko.A-reduqtaza) Tanaobisas gardaiqmne-

ba mevalonis mJavaSi erTi karboqsilis jgufis aRdgenisa da HS-ko. A-s 

mowyvetiT. 

ΟΜΓ−ko.A-reduqtazaHOOC-CH2-C-CH2-CO-S-ko.A   +   2nadfH2

HOOC-CH2-C-CH2-CH2OH   +   2nadf+   +   HS-ko.A

OH

CH3
mevalonis mJava  

2. qolesterinis sinTezis meore stadiaze  mevalonis mJava gardaiqmneba 

skvalenSi. es stadia iwyeba mevalonis mJavas fosforilirebiT, atf-is saSu-

alebiT). amis Sedegad warmoiqmneba 5-fosfomevalonati, xolo SemdegSi — 5-pi-

rofosfomevalonati. 

   

CH2OH-CH2-C-CH2-COO
atf

OH

CH3

O-P-O-CH2-CH2-C-CH2-COO

OH

CH3

O

O
5-fosfomevalonati

atf

-adf
O-P-O-P-O-CH2-CH2-C-CH2-COO

OH

CH3

O

O

O

O

5-pirofosfomevalonati  
  

5-pirofosfomevalonis mJavaSi arsebuli mesamadi hidroqsilis jgufis 

fosforilirebiT warmoiqmneba arastabiluri Sualeduri produqti — 3-fosfo-

5-pirofosfomevalonis mJava, romelic ganicdis dekarboqsilirebas da, amave 

dros, fosforis mJavas narCenis mowyvetiT gardaiqmneba izopentenilpirofos-

fatSi. es ukanaskneli izomerizdeba dimeTilalilpirofosfatSi. amave dros 

fosforis mJavas narCenis mowyvetiT gardaiqmneba izopentenilpirofosfatSi. 

es ukanaskneli izomerizdeba dimeTilalilpirofosfatSi. 
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COO

CH2

CH3C OH

CH2 P O P OO

CH2

atf

-adf

COO

CH2

CH3C

CH2 P O P OO

CH2

O P O
O O

OO O O

O -CO2

ΦΗ

OO
O

5-pirofosfomevalonati 3-fosfo-5-pirofosfomevalonati

CH2 P O P OO

CH2 O O

OO

CH2

C-CH3
izomeracia

izopentenilpirofosfati dimeTilalilpirofosfati

CH2 P O P OO

CH O O

OO

CH3

C-CH3

 
 

es orive izomeri kondensirdeba da pirofosfatisagan ganTavi-suflebis 

Semdeg warmoqmnian heranilpirofosfats. 

 

H3C-C=C-CH2-CH2-C=C-CH2-O-P-O-P-O

peranilpirofosfati

O O

OO

CH3 CH3

H H

 
                
es ukanaskneli kvlav ierTebs izopentenilpirofosfats da warmoiqmneba 

fernezilpirofosfati (C15). 
 

H3C-C=C-CH2-CH2-C=C-CH2-CH2-C=C-CH2-O-P-O-P-O

O O

O

CH3 CH3

H H

CH3

H O  
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meore stadiis bolos xdeba ori molekula fernezilpirofosfatis 

kondensacia nadf H2-is Tanaobisas da warmoiqmneba skvaleni (С3O). 
 

H3C-C=C-CH2-(CH2-C=C-CH2)2-(CH2-C=C-CH2)2-CH2-C=C-CH3

CH3

H

CH3

H H

CH3

H

CH3

 
3. qolesterinis biosinTezis mesame stadiaSi skvaleni ganicdis cikli-

zacias skvalenoqsidiciklazas gavleniT da warmoiqmneba lanosterini. SemdegSi 

lanosterinidan qolesterinSi gadasvla dakavSirebulia mTel rig reaqciebTan. 

aq adgili aqvs sami meTilis jgufis moxleCvas, meore birTvSi (B) ormagi bmis ga-

daadgilebas 8-9 mdgomareobidan 5-6 mdgomareobaSi. detalurad es bolo re-

aqcia jer kidev ar aris Seswavlili. 
         

11
19

HO

12
3 4 5 6

7
89

10

12
13
14

17 16
15

18

21
20 22 23

24
26

25

27

A B

C D

28 29

30

lanosterini (C30)

11
19

CH3

HO

12
3 4 5 6

7
89

10

12
13
14

17 16
15

18

21
20 22

23
24

26

25

27

qolesterini (C27)

CH3 H2C

H3C

CH3

CH2

CH2

 
 

2.6.  naxSirwylebisa da cximebis urTierTgardaqmna organizmSi 

praqtikidan cnobilia rom cxovelebs, romelTa racionSi cximebi ar ar-

sebobs, unari aqvT daagrovon saTadarigo cximi. miRebulia, rom es cximi 

warmoiqmneba naxSirwylebidan.  

naxSirwylebis uSualo gardaqmna cximovan mJavaSi Zneli warmosadgenia, 

vinaidan isini naerTebis sxvadasxva klass ekuTvnis. cximovani mJavebi warmo-

iqmnebian rTuli bioqimiuri gardaqmnebis Sedegad. ganvixiloT, Tu rogor mim-

dinareobs cximis warmoqmna naxSirwylebidan. Tavad naxSirwylebi, kerZod, heq-

sozebi miiReba fotosinTeziT — mcenaris mier haeridan STanTqmuli naxSirba-

dis (ІV) oqsidi, qlorofilis mier STanTqmuli sxivuri energiis gavleniT, rea-

girebs mcenaris mier SeTvisebul wyalTan. amis Sedegad gamoiyofa Tavisufali 

Jangbadi da warmoiqmneba heqsozis erTi molekula.      
 

6CO2 + 6H2O C6H12O6 +6O2  
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mikroorganizmebSi Saqrisagan cximis warmoqmna xdeba mxolod Jangbadis 

sakmarisi raodenobis SeRwevadobisas. am process Tan sdevs energis mniSvnelo-

vani raodenobiT xarjva. magaliTad, glukozisagan stearinmJavas sinTezis Se-

jamebuli toloba SeiZleba ase warmovidginoT: 
 

5C6H12O6   +  4O2 C17H35COOH   +  12CO2   +   12H2O  
 

mcenareul organizmebSi cximis sinTezis umTavresi safexuri aseTia: 

      

Saqari

glicerini

najeri cximovani 
mJava

cximi

ujeri cximovani mJava
 

 

xolo glicerinis miReba naxSirwylebisagan SeiZleba ase ganxorcieldes, 

magaliTad, alkoholuri duRilis procesSi fruqtozodisulfatis katalizu-

ri daSlisas, ferment aldolazas saSualebiT warmoiqmneba fosfodioqsiace-

toni da fosfoglicerinaldehidi, romlis Semdgomi daJangviT miiReba gli-

cerini. 

 

fosfodioqsi-
acetoni

3-fosfoglicerin-
aldehidi

fruqtofuranoz-1,6-
difosfati

OH

CHO
HO

CH2OP

CH2OH

+

CH2OP

CHOH

O
POCH2

OH

CH2OP

C=O

 
 

sainteresoa, rom mcenareebSi 1,6-difosfatfruqtoza warmoiqmneba fos-

fodioqsiacetonisa da 3-fosfoglicerinaldehidis aldoluri kondensaciiT. 

rodesac karbonilSemcveli naerTebis SemWidroeba mimdinareobs axali naxSir-

bad-naxSirbad kavSirebis warmoqmniT. wyalbadis atomi, romlic Sedis meTilis 

an meTilenis jgufSi karbonilis jgufis mezoblad, ukavSirdeba aldehidis an 

ketonis meore molekulis karbonilis jgufs. 
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CH2OP-CO-CH2OH+CHO-CHOH-CH2OP

CH2OP-CO-CHOH-CHOH-CHOH-CH2OP

CH2OP-C-CHOH-CHOH-CH-CH2OP

OHO

OH

HO

O
POCH2

OH

CH2OP
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                         T a v i  III   

 
lipidebis eqstraqcia 

lipidebis eqstraqciiT aucilebelia raodenobrivad da ucvleli saxiT 

iqnes gamowvliluli lipiduri qsovilebi. eqstraqti ar unda  Seicavdes arali-

pidur naerTebs, rogoricaa Saqrebi da aminmJavebi. lipidebis eqstraqciis efeq-

turoba damokidebulia lipidebis komponentebis qimiur bunebaze da kompleqsis 

saxeobaze, romelsac warmoqmnis lipidebi ujredebSi sxva klasis bunebriv naer-

TebTan. 

cnobilia lipidebis sxva nivTierebebTan urTierTmoqmedebis sami tipi:      

1) `neitraluri~ an arapolaruli lipidebis, rogoricaa sterinebis eTere-

bi, gliceridebi, naxSirwyalbadebi, karotinoidebi, van-der-vaalsis hidrofobu-

ri urTierTqmedeba, romelic akavSirebs SedarebiT susti kovalenturi bmebiT 

maT naxSirwyalbadovan jaWvs sxva lipidebTan an cilis hidrofobur monakveTeb-

Tan. aseTi urTierTqmedeba xorcieldeba cximovan qsovilSi, albuminis cximo-

van mJavebTan kompleqsSi, mikrobuli ujredebis cximwarmoqmnisas da a.S.;  

2) wyalbaduri bmis warmoqmna — eleqtrostatikuri an hidrofoburi ur-

TierTqmedeba, romlis drosac polaruli lipidebi (fosfatidebi, glikolipi-

debi, qolesterini) warmoqmnian bmas proteinebTan ise, rogorc plazmur membra-

nebSi, mitoqondriebSi, endoplazmatikur retikulumSi da Sratis lipoprotei-

nebSi; 

3) kompleqsebis warmoqmna, sadac cximovani mJavebi (normaluri an ganSto-

ebuli) da oqsimJavebi kovalenturi bmiTaa dakavSirebuli (rTuleTeruli, ami-

duri an glikoziduri bmebiT)  polisaqaridebTan, iseve rogorc baqteris  ujre-

duli kedlebis polisaqaridebSi. 

van-der-valsis hidrofoburi urTierTqmedebis Sedegad warmoqmnili 

kompleqsebidan lipidebi SeiZleba eqstragirebul iqnas SedarebiT arapolaru-

li gamxsnelebiT, rogoricaa eTilis eTeri, qloroformi an benzoli. membraneb-

Tan dakavSirebuli lipidebis eqstraqcias awarmoeben polaruli gamxsnelebiT 

— eTanoliT an meTanoliT, riTac irRveva wyalbaduri bmebi da aseve lipidebis 

cilebTan eleqtrostatikur urTierTqmedeba. kovalenturad dakavSirebuli 

lipidebis eqstragireba ar xdeba arc erTi gamxsneliT; isini SeiZleba gamoiyos 

kompleqsis gaxleCviT mJavuri an tute hidrolizis saSualebiT.  

rogorc Cans, spirti warmoadgens yvela lipidis eqstraqciis aucilebel 

komponents, radgan igi arRvevs lipidebis kompleqss cilebTan, xsnis lipidebs 

da axdens fermentebis dezaqtivacias, romelic iwvevs lipidebis daSlas. magram 

gamxsnelebis narevi, romelic Seicavs spirts, lipidebTan erTad axdens arali-
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piduri nivTierebebis eqstragirebasac, rogoricaa Saqrebi, aminmJavebi, marile-

bi da a.S. amitom gausufTavebeli lipiduri eqstraqti unda damuSavdes ise, rom 

moscildes yvela wyalSi xsnadi minarevi. yvelaze gavrcelebuli proceduraa 

eqstraqtebis Carecxva wyliT an eqstraqtebis gatareba svetze, romelic Sevse-

bulia celuloziT an sefadeqsiT.  

lipidebis eqstraqciis dros yvelaze efeqturs warmoadgens gamxsnelTa 

iseTi  sistema, rogoricaa qloroformi—meTanoli—wyali (1 : 2 : 0.8), romelic 

swrafad da efeqturad gamowvlilavs lipidebs. eqstraqts azaveben erTi mocu-

loba wyliT da erTi moculoba qloroformiT, ris Sedegadac warmoiqmneba or-

faziani sistema: qveda — romelic Seicavs qloroforms da zeda — meTanol-

wylis narevs. wyalSi xsnadi aralipiduri minarevebi gadadis spirt-wylian fena-

Si, xolo qloroformis fenaSi — lipidebi, romlebic Tavisufalia minarevebisa-

gan (blaiu da daieris meTodi). qvemoT detaluradaa aRwerili lipidebis eq-

straqcia cxoveluri da mcenareuli qsovilebidan agreTve mikroorganizmebis 

ujredebidan. 

 

         3.1.  lipidebis eqstraqcia cxoveluri qsovilebidan 

cxoveluri qsovilebidan, magaliTad, rogoricaa Tagvis RviZli, lipide-

bis eqstraqcias awarmoeben Semdegnairad: 6-7 g. RviZls umateben 3 ml wyals da 30 

ml qloroformmeTanolis narevs (1 : 2) da axdenen qsovilis homogenizirebas ho-

mogenizatorSi daniT 2 wT-is ganmavlobaSi (moculoba 60 ml). centrifugirebis   

Semdeg dekantaciiT moacileben xsnars da narCenebs amateben 38 ml qloroform-

meTanol-wylis narevs (1 : 2 : 0.8). centrifugirebis Semdeg mTlianad xsnars azave-

ben 20 ml qloroformiT da 20 ml wyliT. gamyof ZabrSi iqneba 2 fena. qveda qlo-

roformian fenas akoncentrireben vakuum-amaorTqlebelze 30-350С (raTa moci-

lebul iqnes wylis wveTebi), darCenil masas xsnian 10 ml qloroformSi. 

 

         3.2. lipidebis eqstraqcia mcenareuli qsovilebidan 

lipidebis eqstraqcias mcenareTa aramafotosinTezirebul qsovilebi-

dan (magaliTad, stafilo), an mafotosinTezirebuli qsovilebidan (magaliTad, 

ispanaxi) axdenen Semdegnairad: 100 g ispanaxs an stafilos Wrian wvrilad da ma-

Sinve amateben qloroformmeTanolis (1:2) 300 ml. narevs da axdenen homogenizi-

rebas homogenizatorSi daniT 2 wT.-is ganmavlobaSi. homogenats filtraven va-

kuumze. filtrze darCenil qsovils xelmeored moaTavseben homogenizatorSi 

da amateben 300 ml. qloroformmeTanolis (1:2) narevs da 80 ml. wyals. filtra-

ven, Carecxaven 150 ml qloroformmeTanolis (1:2) nareviT, gaerTianebul fil-

trats daamateben 250 ml qloroforms da 290 ml wyals. qloroformisa da wylis 

fenis  gayofis Semdeg,  qloroformian fenas azaveben benzoliT da akoncentri-

reben vakuumze. miRebul masas xsnian 25 ml qloroformSi. 
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lipidebis eqstraqciisaTvis — parkosani mcenareebidan an Saqris Warxli-

dan, iyeneben Semdeg meTods: 100 g. wvrilad daWril mcenares daamateben 300 ml 

cxel izopropanols da axdenen homogenizirebas homogenizatorSi daniT 1-2 wT. 

cxel homogenats filtraven, Carecxaven cxeli izopropanoliT (200 ml) da xel-

meored axdenen homogenizirebas 200 ml qloroformi-izopropanolis (1:1) nare-

viT. filtraven, Carecxaven qloroformi-izopropanoliT (1:1) da, bolos — qlo-

roformiT. filtrats akoncentrireben vakuumze, narCens xsnian qloroformSi 

(200 ml) da xsnars ramdenimejer recxaven wyliT (2 x 100) an natriumis qloridis 

1%-iani xsnariT. qloroformian xsnars azaveben benzoliT da aorTqleben vaku-

umze  mSral masamde (30-350C). darCenil masas maSinve xsnian 25 ml qloroformSi. 

             
    3.3.  lipidebis eqstraqcia mikroorganizmebidan          

umravlesoba mikroorganizmebidan (baqteriebi, wyalmcenareebi, safuari 

sokoebi da virusebi) lipidebis eqstraqcias awarmoebs nestiani baqterialuri 

ujredebidan blaias da daieris modificirebuli meTodiT. am meTodiT muSaobi-

sas, ar axdenen baqteriis ujredebis homogenizirebas, radgan is advilad iSleba 

xsnarSi suspendirebisas (im xsnarSi, saidanac  awarmoeben lipidebis eqstraqci-

as). adre gavrcelebuli meTodis mixedviT, liofilzirebuli mikrobuli bioma-

sis qviSasTan erTad asresiT SeiZleba moxdes fermentatuli degradacia an li-

pidebis daJangva. rekomendirebuli procedura mdgomareobs SemdegSi: nestian 

masas, romelic Seicavs 40-50 mg ujreds (mSral masaze gadaangariSebiT) azaveben 

wyliT 1 ml-mde. suspenzias amateben 4  ml qloroformi-spirtis (1 : 2) narevs, an-

jRreven da toveben oTaxis temperaturaze ramdenime saaTis ganmavlobaSi (peri-

odulad anjRreven). ujredebs gamoleqaven centrifugirebiT. eqstraqtis de-

kantacias awarmoeben centrifugis meore sinjaraSi (15 ml. moculobis), xelmeo-

red atareben mikrobuli ujredebis suspendirebas 6 ml. qloroformi, meTano-

li, wylis (1 : 2 : 0.8 moculobiT) narevSi, anjRreven da acentrifugireben. gaer-

Tianebul eqstraqtebs umateben 3 ml. qloroforms da 3 ml. wyals; qlorofor-

mis da meTanoli-wylis fenas yofen centrifugirebiT. qveda qloroformian fe-

nas anzaveben benzoliT da aorTqleben simSralemde vakuumze (30-350C). lipide-

bis narCens maSinve xsnian qloroformi-meTanolis (1 : 1) narevSi, xsnars acen-

trifugireben da qloroforms acileben saWiro moculobamde. 
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 3.4.  lipidebis  saerTo analizi                                                                 

3.4.1.  lipidebis qimiuri analizi 

lipidebis eqstraqtebis miRebis Semdeg, maT aTavseben gamzom (danayo-

febian) kolbaSi da azaveben iseTi raodenobis (ml) gamxsneliT (qloroformiT), 

rom lipidebis koncentracia Seadgendes daaxloebiT 1%-s. aucileblobis Sem-

TxvevaSi am xsnaridan amzadeben ufro gazavebul xsnarsac. xsnarebis koncen-

traciis zust gansazRvras atareben ise, rogorc qvemoT iqneba ganxiluli da 

sawyisi xsnarebis aliqvotur nawils iyeneben sxvadasxva analizisaTvis. yvela es 

meTodi SeiZleba gamoyenebul iqnes lipidebis narevis analizisaTvis am uka-

nasknelis winaswari fraqcionirebis gareSe.    

 

3.4.2.  mudmivi wonis gansazRvra 

cdis msvleloba: pipetiT iReben standartuli xsnaris aliqvots im gaan-

gariSebiT, rom masSi moTavsebuli iyos 15-20 mg (ara nakleb 10 mg-isa) lipiduri 

nivTiereba. gadaitanen xsnars Slifian mrgvalZira kolbaSi da gadadenian gam-

xsnels azotis nakadis Tanaobisas. Semdeg kolbas aTavseben vakuum-eqsikatorSi 

granulirebuli natriumis hidroqsidze da aSroben vakuumze. ramdenime saaTis 

Semdeg kolbas wonian analizur sasworze, aSroben kvlav vakuum-eqsikatorSi da 

wonian. process imeoreben, vidre ar miiRweva mudmivi masa. 

 

3.4.3. jamuri fosforis gansazRvra                                                         
(alenis modificirebuli meTodi)                    

r e a q t i v e b i: 72%-iani qloris mJava amoniumis moliobdati — 8.4%-iani. 

4.2 g amoniumis molibdats xsnian 50 ml wyalSi amidoluri reaqtivi — 1%-iani 

(axladmomzadebuli). 0.5 g amidols (2,4-diaminofenolis diqlorhidrati) da     

10 g natriumis metabisulfits xsnian 50 ml wyalSi da filtraven. 

fosfatis standartuli xsnari — 1.097 g KH2PO4-s xsnian 250 ml wyalSi. am 

xsnars anzaveben wyliT, ris Sedegadac miiReba samuSao xsnari, romelic Secavs 

10 mkg fosfors 1 ml-Si. 

m e T o d i:  pipetiT iReben lipidebis xsnaris aliqvots (romelic Seicavs 

10-100 mkg fosfors, magram ara umetes 2 mg lipids) da gadaaqvT sqelkedla pi-

reqsidis danayofebian kolbaSi (12,5 an 25 ml-ianSi). xsnars aorTqleben sim-

Sralemde 350C. amateben 2.0 ml qloris mJavas, cota SuSis naWrebs da acxeleben 

quraze vidre xsnari ar gauferuldeba. gacivebul xsnars azaveben 12.5 ml wyliT 

(morevis pirobebSi), umateben 2.0 ml amidolur reaqtivs (ureven), 1.0 ml amo-

niumis molibdats, ureven da toveben 20 wT-is ganmavlobaSi cisferi Seferilo-

bis miRebamde. Seferil xsnars anzaveben 25 ml-mde. ¨Coleman Junior¨-is speqtro-
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fotometrze, zomiT 19 x 105 mm mrgval kiuvetebSi, sazRvraven miRebuli da 

sakontrolo xsnaris STanTqmas 680 nm-is dros da sakalibro mrudis asagebad 

iyeneben fosfatis standartuli xsnaris aliqvatur sinjebs (beris kanoni 

SeimCneva 10-100 mkg fosforis intervalSi).  

 

3.4.4.  azotis gansazRvra 

r e a q t i v e b i: sawvavi narevi. 2.0 g CuSO4 .  5 H2O da 1.0 g SeO2-s xsnian 100 

ml gogirdmJavisa da 100 ml wylis narevSi. 

boris mJavas xsnari — 2.5 g gadakristalebul boris mJavas xsnian 100 ml. 

wyalSi. 

natriumis hidroqsidi — 50%-iani. 50 g natriumis hidroqsids xsnian 50 ml 

wyalSi. gatitvris saboloo wertilis ganmsazRvreli indikatori — erTmaneTs 

Seureven meTilenuri wiTelis da meTilenuri cisferis 0.1%-ian xsnarebs ab-

solutur eTanolSi TanafardobiT 10 : 3-Tan, 1 ml Sereul indikators umateben 

100 ml boris mJavas xsnars. 

standartuli xsnari —  0.01 N marilis mJava. 

cdis msvleloba:  pipetiT iReben lipidebis xsnaris aliqvots ( 10-25 mg, 

romelic Seicavs 0.1-1.5 mg azots), gadaaqvT mrgvalZira kolbaSi (30 ml-iani). 

haeris nakadiT acileben gamxsnels, umateben 3 ml sawvav narevs da acxeleben 

vidre xsnari ar gaxdeba gamWvirvale da ufero. Semdgom xsnari gadaaqvT 

kieldalis kolbaSi (kolbis kedlebis 5 ml wyliT garecxva SeiZleba), umateben 

10 ml natriumis hidroqsidis 50%-ian xsnars da gadadenian amiaks kolbaSi, 

sadac winaswar moTavsebulia 15 ml boris mJavas xsnari indikatorTan erTad. 

distilats titraven 0.01 N  marilis mJaviT nacrisferi Seferilobis miRebamde. 

paralelurad atareben sufTa xsnaris  (sakontrolo) cdas. 

 gamoTvla:   

a) azotis Semcveloba (a),  mg: 

 

α  =  V x C x 14.0 
 

sadac,  V — mJavas moculoba, romelic ixarjeba nimuSis gatitvraze 

(sufTa cdasTan SesworebiT), ml;  

C  — mJavas koncentracia, g-eqv/l. 

b) azotis Semcveloba (α'), %: 

    

α' =  ( α/м )  x  100 
sadac м — nimuSis masa, mg. 
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3.4.5.  rTuleTeruli jgufis gansazRvra 

r e a q t i v e b i:  rkinis perqloratis saTadarigo xsnari — 5 g Fe(CIO4)3
.  

6H2O–s xsnian 10 ml 70 %-iani qloris mJavas da 10 ml wylis narevSi da azaveben 

civi absoluturi eTanoliT 100 ml-mde. es xsnari SeiZleba SeinaxoT 40C-ze ram-

denime Tvis ganmavlobaSi. 

rkinis perqloratis gazavebuli xsnari — axlad damzadebuli 4 ml saTa-

darigo xsnarisa da 3 ml 70 %-iani qloris mJavas narevs anzaveben 100 ml abso-

luturi eTanoliT. 

hidroqsilaminis tute xsnari — amzadeben gamoyenebis win. erTmaneTSi 

ureven 4%-iani hidroqsilaminis qlorhidratis eTanolxsnars (2 g xsnian 2.5 ml 

wyalSi da anzaveben absoluturi eTanoliT 50 ml-mde) da natriumis hidroq-

sidis 8%-ian eTanolxsnars (4 g xsnian 2.5 ml wyalSi da anzaveben 50 ml-mde). na-

leqs acileben centrifugirebiT. analizisTvis iyeneben gamWvirvale xsnars.  

rTuli eTeris standartuli xsnari — 29.8 mg meTilstearats xsnian 100 ml 

qloroformSi. xsnari Seicavs 1 mkmol rTul eTers  1 ml-Si.        

cdis msvleloba:  pipetiT iReben lipidebis xsnaris aliqvots (15-20 ml), 

azotis nakadiT acileben gamxsnels da Semdgom gadaitanen vakuum-eqsikatorSi 

(SeuerTeben vakuums da aorTqleben). darCenil masas umateben 1 ml hidroqsi-

laminis tute xsnars, acxeleben 2 wT wylis abazanaze (Tavze axuraven Slifian 

Tavsaxurs) 600C-ze. aciveben, umateben 3.0 ml rkinis perqloratis gazavebul 

xsnars, ureven, toveben 30 wT da zomaven movardisfro-mocisfero xsnaris 

STanTqmas 530 nm—is dros sakontrolo xsnarTan Sedarebisas. sakalibro mruds 

ageben meTilstearatis standartuli xsnaris saSualebiT, romelsac iReben 0.5; 

1.0 da 2.0 mkmolis raodenobiT. beris kanoni SeimCneva 4 mkmoli-s raodenobis 

rTuli eTeris Semcvelobisas. 1 mkmoli kiuvetaSi, romlis sigrZe L= 1 sm, iZleva 

STanTqmas daaxloebiT 0.24. 
 

3.4.6.  jamuri Saqris gansazRvra 

r e a q t i v e b i:  fenolis 5%-iani xsnari — 5 g fenols xsnian 100 ml 

wyalSi. 

koncentrirebuli gogirdis mJava.  

0.222 мМ Saqris standartuli xsnari. 100 mg glukozas xsnian 250 ml 

wyalSi (gamoyenebis win). am xsnars azaveben wylis 1 : 10 TanafardobiT. gazave-

buli xsnaris 1 ml Seicavs 40 mkg (0.222 mkmoli) glukozas.  
m e T o d i: pipetiT iReben lipiduri xsnaris aliqvots (25 ml), romelic 

Seicavs 10-80 mkg saqarids (heqsozaze gadaangariSebiT). gamxsnels aorTqleben. 

darCenil mSral masas umateben 2.0 ml wyals (morevis pirobebSi), 1.0 ml fenolis 

5%-ian xsnars, 5 ml koncentrirebul gogirdis mJavas da toveben 30 wT. Semdeg 

zomaven miRebuli narinjisferi xsnaris STanTqmas 490 nm-is dros.  
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sakalibro mruds ageben standartuli xsnaris aliqvotebiT 20,  40 da 80 

mkg glukozis raodenobiT. beris kanoni SeimCneva sinjisaTvis, romelic Seicavs 

80 mkg heqsozas (glukoza, galaqtoza an manoza). mrgvali kiuveta, romlis sig-

rZea I = 12mm, 10 mkg glukoza iZleva STanTqmas, daaxloebiT 0.063-is tols. 

 

3.4.7. iodis ricxvis gansazRvra   

cda 1. 

    

iodis ricxvi sxva maxasiaTeblebTan erTad gansazRvravs cximis xarisxs. 

rogorc viciT, cximebi sxvadasxva raodenobiT Seicavs ujeri rigis cximovan 

mJavebs. halogeni advilad uerTdeba ujer bmas. imisda mixedviT, Tu ra rao-

denobiT halogens miierTebs ujeri mJava, sazRvraven misi ujerobis xarisxs, 

romelic gamoisaxeba iodis ricxviT. iodis ricxvi aris iodis is raodenoba 

gramebSi, romelic uerTdeba 100g cximSi Semaval ujer mJavebs. 

r e a q t i v e b i:  domas reagenti (0.05 N piridindibromidi) — 2,5 g (1,85 ml) 

koncentrirebuli gogirdis mJavas xsnars yinulovan ZmarmJavaSi umateben 2.0 g 

(2.06 ml) piridins 5 ml yinulovan ZmarmJavaSi. narevs aciveben da umateben 2.0 g 

(0.63 ml) broms da Semdgom anzaveben 500 ml-mde yinulovani ZmarmJaviT. kaliumis 

iodidis xsnari 10%-iani  — 10 g kaliumis iodids xsnian 100 ml wyalSi. saxameblis 

xsnari 1%-iani — 1 g saxamebels xsnian 100 ml 13%-iani kaliumis qloridis xsnar-

Si, acxeleben aduRebamde da aciveben.    

natriumis Tiosulfatis standartuli xsnari, 0.020 N. 

cdis msvleloba:  5.0 ml lipidebis qloroformian xsnars, romelic Sei-

cavs 2 — 5 mg-mde lipids, umateben 5.0 ml piridindibromidis xsnars. narevs an-

jRreven kolbaSi da toveben oTaxis temperaturaze  (sibneleSi) 15 wuTis gan-

mavlobaSi. Semdeg umateben 0.5 ml kaliumis iodidis xsnars, 0.5 ml wyals, saxa-

meblis ramdenime wveTs da titraven gauferulebamde. reaqciaSi Seusvlel iods 

standartuli 0.020 N natriumis Tiosulfatis xsnariT sakontrolo cdas ata-

reben zemoT aRwerili pirobebis mixedviT lipidis gareSe 5 ml qloroformTan 

erTad. 
 

ioduri ricxvi   X  = (а – в) /с . (1.27 / 5) 
 

sadac а — 0.020 N natriumis Tiosulfatis raodenoba, romelic 

daixarja sakontrolo cdis gatitvraze; 

в —  0.020 N natriumis Tiosulfatis raodenoba, romelic daixarja nimu-

Sis gatitvraze; 

с — lipidis wonaki, g.  

ormagi bmis ricxvi molebze gadaangariSebiT 
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             iodis ricxvi 

 K = —————————————— . mol. masaze 

             27 . 2 

 

cda 2.   
 

analizur sasworze zustad wonian mSral cxims 0.1-0.2 g, gadaaqvT 250 ml 

sacobian konusur kolbaSi, umateben 10-20 ml qloroforms da frTxilad Se-

anjRreven srul gaxsnamde. Semdeg umateben 25 ml 0.1 N iodis spirtxsnars, 50-

100 ml wyals, swrafad axuraven sacobs, kargad SeanjRreven da ayovneben bnel 

adgilas 5-10 wT-is ganmavlobaSi. Semdeg kolbaSi amateben KI da reaqciaSi Se-

usvlel iods titravben 0.1 N Tiosulfatis xsnariT Calisferi Seferilobis 

miRebamde. kolbis SigTavss amateben saxameblis 1%-iani xsnaris ramdenime wveTa 

da kargad SeanjRreven. xsnari Seifereba lurjad da gatitvras agrZeleben 

gauferulebamde. amave pirobebSi atareben sakontrolo cdas cximis gareSe.  

iodis ricxvi gamoiTvleba formuliT: 

 

   (а – в) . 0.0127 . 100 

X = ———————————————— 

H 

sadac  X  — iodis ricxvi 
    

а — 0.1 N natriumis Tiosulfatis raodenoba, romelic daixarja sakon-

trolo cdis gatitvraze; 

в — 0.1 N natriumis Tiosulfatis raodenoba, romelic daixarja nimuSis 

gatitvraze; 

0.0127 — iodis titri (0.1 N iodis xsnaris 1 ml-Si arsebuli iodis ra-

odenoba gramebSi), 

H — cximis wonaki. 

   

3.4.8.  lipidebis aRmomCeni reaqciebi 

a)  cximebis Sesapvna 

 

sinjaraSi aTavseben 1 g cxims da umateben 3 ml spirts da kaliumis tutis 

patara natexs. ramdenime wuTis duRilis Semdeg cximi Seisapneba, xolo wyalTan 

SereviT miiReba sapnis gamWvirvale xsnari. 

b)  sapnebis xsnadoba 
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oTx sinjaraSi aTavseben 2-2 ml sapnis xsnars. pirvel sinjaraSi umateben 

spilenZis sulfatis xsnars, meoreSi — kaliumis qloridis xsnars, mesameSi — ba-

riumis qloridis xsnars, meoTxeSi — tyviis fuZe acetatis xsnars. oTxive sin-

jaraSi myisierad warmoiqmneba cximovan mJavaTa uxsnadi naleqi.  

 

g)  zeTebis ujeroba  

 

erT sinjaraSi SeaqvT 0.5 ml mcenareuli zeTi gaxsnili 1-2 ml qloro-

formSi, meoreSi — karaqi gaxsnili imave raodenobis qloroformSi. Semdeg Ti-

Toeul sinjaras umateben qloroformSi gaxsnili iodis xsnaris ramdenime 

wveTs gauferulebamde. afiqsireben TiToeul sinjaraSi gauferulebisaTvis sa-

Wiro iodis wveTebis raodenobas. 

 

d) Tavisufali cximovani mJavebis aRmoCena 

 

sinjaraSi aTavseben ramdenime ml fenolftaleins da frTxilad amateben 

mcire raodenobiT ganzavebuli kaliumis hidroqsidis xsnars susti vardis-

feris miRebamde. miRebul xsnars wveTwveTobiT umateben lipidebis sakvlev 

xsnars dieTilis eTerSi. Tu sakvlev xsnarSi aris araeTerificirebuli cxi-

movani mJavebi, vardisferi Seferiloba gaqreba.  

 

              3.5.  lipidebis narevis dayofis meTodebi 

adreul periodSi SeiZleboda gamokvleuli yofiliyo lipidebis iseTi 

Tvisebebi, rogoricaa ujerobis xarisxi, saSualo molekuluri masa im cximovani 

mJavebisa, romelic Sedioda mis SemadgenlobaSi, an azotis, fosforis, gogirdis 

da a.S. saerTo Semcveloba. amJamad lipidebis analizs atareben sxvadasxva saxis 

qromatografiuli da deacilirebis    SerCeviTi meTodebiT.. 

lipidebis analizisas SeiZleba ganisazRvros iqnes (Tvisobrivad da rao-

denobrivad) cximovani mJavebis buneba. garda amisa, fermentebis daxmarebiT, 

SeiZleba aRweril iqnes cximovani mJava, romelsac Seicavs trigliceridi an 

fosfogliceridi nebismier mdgomareobaSi. dabolos, qromatografiuli dayo-

fis meTodebiT, romelic mimdinareobs fermentuli deacilirebiT, SeiZleba 

identificirebul iqnes sufTa nivTiereba.    

analizis sirTule dakavSirebulia lipidebSi sxvadasxva komponentis ar-

sebobasTan. magaliTad, bunebrivi rTuleTeruli cvilebis SemadgenlobaSi Se-

dis, rogorc minimumi, eqvsi spirti da eqvsi mJava, romelTac SeuZliaT 36 sxva-

dasxva rTuli eTeris warmoqmna. fosfogliceridis yoveli molekula Seicavs 

or acilur jgufs da Tu lipidis SemadgenlobaSi Sedis 10 cximovani mJava, Se-

saZlebelia 100 sxvadasxva lipidis arseboba. trigliceridebSi ufro rTuli 

situaciaa. 
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dadgenilia, rom SesaZlo naerTebis ricxvi, romelic Seicavs n cximovan 

mJavas, tolia n3 , sadac Sedis yvela izomeri enantiomerebis CaTvliT. optikuri 

izomerebis CaTvlis gareSe, SesaZlo naerTebis ricxvi tolia 
                          n3 + n2    

                    H = ————————,   xolo izomerebis ricxvis gareSe                                   

                                                                2 
                                 

                
h =

n 3+ 3n2 +2n

6  
Tu cximovani mJavebis naSTi tolia 5, 10, an 20-is, maSin es mniSvnelobebi 

Sesabamisad tolia 125, 75, 35; 1000, 550, 220 da 8000,4200, 1540. mcenareul zeTebSi 

Cveulebriv Sedis 5-10, xolo cxovelur cximebSi 10-40 sxvadasxva saxis cximo-

vani mJava. cnobilia agreTve garkveuli Tanmimdevroba, ris mixedviTac esa Tu is 

aciluri jgufi uerTdeba TiToeul hidroqsilis jgufs. 

narevebSi lipidebis raodenobriv gansazRvras axorcieleben ZiriTadad 

qromatografiuli meTodebiT. fosfolipidebi neitraluri lipidebisagan Se-

iZleba gamoyofil iqnes maTi uxsnadobiT (gansakuTrebiT marilebis saxiT) civ 

acetonSi, romelic Seicavs mcire raodenoba magniumis qlorids. xsnadi nawili 

Seicavs daaxloebiT 95% fosfolipids. yvelaze metad gamoyenebulia svetis an 

Txelfenovani qromatografia, sadac adsorbenti siliciumis oqsidia. raode-

nobrivi gansazRvrisaTvis iyeneben gravimetriul meTods an air-Txevad qro-

matografias. neitraluri lipidebis eluirebas, svetis qromatografiis dros, 

axdenen qloroformiT, glikolipidebisas — acetoniT, fosfolipidebisas — me-

TanoliT, Semdeg neitralur lipidebs yofen meore svetze siliciumis oqsidis 

Tanaobisas. naxSirwyalbadebis eluirebas axdenen sufTa heqsaniT; qoleste-

rinis rTuli eTerebisas — heqsaniT, romelic Seicavs 2% eTers; triacilgli-

cerinebisas — heqsaniT, romelic Seicavs 5% eTers; qolesterinis da diacil-

glicerinebisas — heqsaniT, romelic Seicavs 15% eTers; monoacilgliceri-

nebisas — sufTa eTeriT. 

analogiuri dayofa SeiZleba Catardes Txelfenovani qromatografiis 

drosac (sistema heqsani — eTeri), sadac umateben 1-2% WianWvelmJavas an Zmar-

mJavas.   

rTuli agebulebis lipidebs yofen svetis qromatografiiT, sadac maT 

eluirebas axdenen qloroformi-meTanoliT, an Txel fenaze iseTi gamxsne-

lebiT, rogoricaa qloroformi, meTanoli, wyali 65 : 35 : 5, an 25 : 10 : 1. airadi 

qromatografiis meTodis daxvewis Semdeg SesaZlebeli gaxda advilad aqroladi 

lipidebis gansazRvra maTi Sesabamis nawarmebSi gadayvanis Semdeg.             

ganvixiloT lipidebis dayofis magaliTebi qromatografiuli meTodebis 

gamoyenebiT. 
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3.5.1.  lipidebis dayofa Txelfenovani qromatografiiT 

Tanamedrove qromatografiul meTodebs Soris, romliTac tardeba or-

ganul da bioorganul naerTTa analizi, TvalsaCino adgili ukavia Txelfenovan 

qromatografias, romelic pirvelad aRwerili qna 1958 wels Stalemis mier.                                   
TvisebiTi Txelfenovani qromatografiiT dayofis dros saanalizo narevs 

aTavseben moZrav fazasTan erTad minis firfitaze, romelzedac dafenilia 

fxvniliseburi adsorbenti. am dros SeiZleba aRmoCenil iqnas nivTierebis kvali 

da erTi operaciis CatarebiT SesaZlebelia erT gramamde nivTierebis dayofac, 

Tu gamoyenebul iqneba advilad xelmisawvdomi adsorbenti, gamxsneli da ga-

mosamJRavnebeli reagenti. garda amisa, Txelfenovani qromatografiis saSuale-

biT SeiZleba kontroli gaewios gadadenis an svetis qromatografiis  process. 

qromatografiisaTvis Txel fenebs amzadeben pirdapir laboratoriebSi, 

an SeiZleba gamoyenebul iqnes sxvadasxva firmebis mier gamoSvebuli mza fenebi. 

laboratoriebSi Cveulebriv Txel fenebs aTavseben sxvadasxva zomis minis 

firfitebze, mag, 20X20, 10X20, 5X20, 20X100sm. statistika uCvenebs, rom Txel-

fenovani qromatografiis dros adsorbentad ZiriTadad gamoyenebulia silika-

geli G (aq rogorc SemakavSirebels, umateben TabaSirs), 10%-silikageli TabaSi-

ris gareSe, 3% -aluminis oqsidi, 9%-celuloza, 2,5%-poliamidi da a.S.  

imisaTvis rom silikageli daafinon 0,25 mm sisqis da 20X20 sm zomis 5 fir-

fitaze, saWiroa 30 g sorbenti. am sorbents intensiurad anjRreven 65-70 ml 

wyalSi da 2 wT-is ganmavlobaSi daafenen firfitaze. Tu Ca-is ionebis arseboba 

arasasurvelia, maSin TabaSiris magier, rogorc SemakavSirebeli, SeiZleba ga-

moyenebul iqnes saxamebeli 3%-raodenobiT. silikagelze, romelic Seicavs Ta-

baSirs, ufro kargad mimdinareobs dayofa (TabaSirs umateben 15%-). Tu sili-

kageli ar Seicavs SemakavSirebels, mas amzadeben imave wesiT (30 g sorbenti 60-65 

ml wyalSi), mxolod ar aris aucilebeli maSinve daefinos. 

amJamad yvelaze gavrcelebul polarul adsorbents warmoadgens silika-

geli. cnobilia 100-ze meti saxeobis silikageli, romlebic erTmaneTisagan gan-

sxvavebulia. zogierTi silikagelis marka gamoyenebulia specialuri jgufebis 

naerTebisaTvis, mag., lipidebisaTvis silikageli SiO2 ⋅ XH2O, mas aqvs amorfuli 

struqtura. igi gamoiyeneba narevidan sufTa nivTierebebis misaRebad, oRond 

misi susti mJava Tvisebebis gamo (pH 3-5) masze ar SeiZleba Zlier fuZe Tvisebebis 

nivTierebebis gamoyofa, romlebic masTan qimiur reaqciaSi Sedis. 

aluminis oqsidis zogierTi marka Seicavs 9-10% TabaSirs, rogorc Se-

makavSirebels. amzadeben suspenzias Al2O3⋅H2O(1:1) an (1:2). momzadebul suspenzias 

oTaxis temperaturaze aSroben da aaqtiureben gacxelebiT 1100 -ze 30 wT-is gan-

mavlobaSi, SeiZleba 4sT 2000C-ze da Semdeg 24 sT aTavseben eqsikatorSi Al2O3-ze. 

poliamidebi da celuloza yvelaze metad gavrcelebuli organuli sor-

bentebia. Txelfenovani qromatografiis dros iyeneben 2 tipis celulozas: bu-

nebrivs da mikrokristalurs. suspenzias amzadeben Semdegnairad: 15g. celulo-
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zas amateben 90 ml gamoxdil wyals, anjRreven 30-60wm da miRebul masas daafenen 

firfitebze. aSroben oTaxis temparaturaze. gaSroba SeiZleba 1050 C—zec 15 wT-

is ganmavlobaSic. 

gamoyenebuli firfitis zoma damokidebulia analizis mizanze. Tu Txel-

fenovani qromatografia gamoiyeneba qimiuri reaqciis mimdinareobis sakon-

trolod, mosaxerxebelia mikroskopis sasagne mina. TvisebiTi analizisTvis ga-

moiyeneba firfita zomiT 20X20X0,3 sm. firfitas winaswar recxaven sarecxi 

fxvniliT, Semdeg avleben gamoxdil wyals da aSroben sufTa qsoviliT. Tu fir-

fita dafarulia cximiT, maSin mas winaswar amuSaveben K2Cr2O7—iT an romelime 

cxeli gamrecxi saSualebiT. fenis dadebis ramdenime xerxi arsebobs: wasma, 

morwyva da Sesxureba. firfitaze nimuSis dasadebad, rogorc wesi, gamoiyeneba 

mikropipeti, mokroSprici an kapilari. 

Txelfenovan qromatografias atareben Semdegnairad: nivTierebas awve-

Teben kapilariT firfitaze bolodan 1 sm. simaRleze. am firfitas aTavseben da-

xurul kameraSi (sadac aris moTavsebuli gamxsneli) 15-200 daxrili kuTxiT ise, 

rom firfita mcired exebodes gamxsnels. es procesi grZeldeba 15-20 wT. Semdeg 

svel firfitas asxureben (pulvilizatoriT) koncentrirebul H2SO4-s da ac-

xeleben. gamoCndeba lipidebis laqis muqi feri. gamxsneli firfitaze bolomde 

ar unda avides. (sur. 6) Semdeg unda ganisazRvros moZraobis koeficienti Rf, ro-

melic udris firfitaze nivTierebis mier ganvlili manZilis fardobas 

gamxsnelis mier ganvlil manZilTan: 

          

Rf  =  l/L 
          

Rf-is mniSvneloba lipidebisaTvis sxvadasxvaa. 

 

  
       sur. 6.  danadgari Txelfenovani qromatografiisaTvis 

1. qromatografiuli kamera 4. gamxsnelis fronti 

2. saxuravi   5. startis xazi 

3. qromatografiuli firfita 6.  moZravi faza 
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amJamad Txelfenovani qromatografia iTvleba yvelaze metad efeqtur 

da universalur meTodad lipidebis (neitraluris, fosfolipidebis, glikoli-

pidebis da a.S.) narevis dasayofad. adsorbentad iyeneben silikagels an SeiZleba 

gamoyenebul iqnes aluminis oqsidi, an celuloza. sxvadasxva klasis lipidebis 

dasayofad iyeneben gamxsnelebis Semdeg sistemebs: neitraluri lipidebisaTvis 

(cvilebi, cximovani mJavas meTilis eTerebi, ketonebi, trigliceridebi steri-

nebi, di- da monogliceridebi) — heqsani—eTeri—ZmarmJava(90:10:1; 80: 20:1), hepta-

ni—xolo eTeri, meTanoli, ZmarmJava (90:10:2:3), eTeri, benzoli, eTanoli, Zmar-

mJava (40:50:2:0.2): fosfolipidebisa da diglicerolipidebisaTvis: qlorofor-

mi, meTanoli, wyali (65 : 35 : 5 an  65 : 25 :4), qloroformi, meTanoli, ZmarmJava, 

wyali (25 : 5 : 4 : 2 an 40 : 25 : 8 : 5).   

 

3.5.2.  ZiriTadi araspecifikuri gamosamJRavneblebi 

qvemoT moyvanili gamosamJRavneblebis gamoyenebis SemTxvevaSi adgili 

aqvs lipidebis destruqcias: 

1. gogirdmJava — 30-40 %-iani wyalxsnari, an 5%-iani eTanolxsnari. 

2. gogirdmJava — kaliumis biqromati. 0.6%-iani biqromatis xsnari 55%-ian 

gogirdmJavaSi.  

3. amoniumis sulfatis 20%-iani xsnari. 

cdis msvleloba:  winaswar momzadebul minis firfitebs Seasxureben am 

reagentebidan erT-erTs da acxeleben 2-5 wuTi cxel quraze, an  15-30 wuTi eqsi-

katorSi 1800C, vidre ar gamoCndeba lipidebis Savi laqebi. es gamosamJRavneb-

lebi lipidebis destruqcias axdens.       

4. iodis orTqli. firfitas aTavseben ramdenime wuTiT daxurul Wur-

WelSi, romelic gajerebulia iodis orTqliT. qromatogramaze gamoCndeba yvi-

Teli an yavisferi laqebi. 

5. 2',7' — diqlorfluoresceini.  firfitas Seasxureben 0.2%-iani am nivTi-

erebis xsnars 95%-ian eTanolSi. ultraiisfer Suqze iisfer fonze gamoCndeba 

neitraluri lipidebisaTvis damaxasiaTebeli yviTeli laqebi. am gamosamJRav-

neblebis gamoyenebisas adgili  ara aqvs lipidebis destruqcias, amave dros ar 

xdeba fosfolipidebisa da glikolipidebis aRmoCena. 

 

3.5.3.  specifikuri gamosamJRavneblebi zogierTi lipidisaTvis 

1. fosfolipidebis aRmomCeni reaqtivebi: 

r e a q t i v e b i: xsnari “a~ — 16 g amoniumis molibdats xsnian 120 ml 

wyalSi. 

xsnari “b“ — 40 ml koncentrirebul marilmJavas umateben 10 ml vercxlis-

wyals, 80 ml “a~ xsnars, anjRreven 30 wT da filtraven. 
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gamosamJRavnebeli.  xsnari “a~-s  darCenil nawils umateben 200 ml kon-

centrirebul gogirdis mJavas, mTlianad “b~ xsnars, aciveben da anzaveben wyliT 

erT litramde. 

m e T o d i: firfitas asxureben reagents. ramdenime wuTis Semdeg gac-

xelebis gareSe TeTr fonze gamoCndeba fosfolipidebis lurji laqa.  

 

2. qolinSemcveli lipidebis aRmomCeni — dragendorfis reaqtivi.  

r e a q t i v e b i:  xsnari “a~ — 1.7 g fuZe azotmJava bismuts xsnian 100 ml. 

20%-ian ZmarmJavaSi. 

xsnari “b~ — 10 g kaliumis iodids (KI) xsnian 25 ml. wyalSi. cdis win 20 ml. 

xsnari “a~-s Seureven 5 ml xsnari “b~-s da azaveben 70 ml. wyliT. 

m e T o d i: qromatogramas asxureben dragendorfis reaqtivs, ris 

Semdegac qolinSemcveli fosfolipidebi gamovlindebian narinjisferi laqebis 

saxiT. 

 

3. glikolipidebis aRmomCeni reagenti — α-naftoli 

   

r e a q t i v e b i:  α-naftolis 0.5%-iani xsnari. 100 ml meTanol-wylis (1:1) 

narevSi xsnian 0.5 g α-naftols. 

gogirdmJava. koncentrirebul gogirdis mJavas anzaveben wyliT Tan-

daTanobiT 95 : 5 (moculobiT). 

m e T o d i:  qromatogramas asxureben  α-naftolis xsnars, aSroben haerze 

da frTxilad asxureben goigirdmJavas xsnars. acxeleben saSrob karadaSi 1200С. 

gamoCndeba glikolipidebis (cerebrozidebi, gangliozidebi, glikozilgli-

ceridebi da a.S.) molurjo-iisferi, danarCeni lipidebis — yviTeli, xolo qo-

lesterinis — Talxi-mowiTalo laqebi. 

 

4. sfingolipidebis aRmomCeni reaqtivebi. 

   

r e a q t i v e b i:  hipoqloriti. 5 ml. natriumis hipoqloritis xsnars 

ureven 50 ml axlad gamoxdil benzols da 5 ml. yinulovan ZmarmJavas. es xsnari 

gamoiyeneba momzadebisTanave. 

benzidinis reaqtivi. 0.5 g. benzidinsa da iodis patara kristals xsnian 50 

ml eTanol-wylis (1:1) narevSi, naleqs filtraven. 

m e T o d i: qromatogramas asxureben hipoqloritis xsnars da toveben 

amwov karadaSi Warbi qloris mocilebis mizniT. benzidinis reaqtivis Sesxu-

rebis Semdeg TeTr fonze gamoCndeba sfingolipidebis (agreTve im lipidebisa, 

romlebic meorad aminojgufebs Seicavs) cisferi laqebi. 
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5. plazmalogenebis (aldehidebis) aRmomCeni reaqtivi. 

 

r e a q t i v e b i: 0.05 M vercxliswylis qloridis xsnari, natriumis 

bisulfiti 0.05 M. 

S i f i s  r e a q t i v i.  0. 2 g  fuqsins xsnian 5 ml 10%-ian natriumis bisul-

fitSi da azaveben 80 ml wyliT. meore dRes xsnars amuSaveben gaaqtivebuli nax-

SiriT da filtraven. 

m e T o d i: qromatogramas Seasxureben Tavdapirvelad Sifis reaqtivs, Sem-

deg vercxliswylis qloridis xsnars da, bolos, natriumis bisulfitis xsnars. 

plazmalogenebi da Tavisufali aldehidebi maSinve iZleva iasamnisfer laqebs var-

disfer fonze, ketonebi ar ifereba. raTa ganasxvavon Tavisufali aldehidebi 

plazmalogenebisagan, damuSavebul qromatogramas CauSveben vercxliswylis qlo-

ridis xsnarSi. Tavisufali aldehidebi iZleva lilisfer laqebs. 

 

6. qolesterinis aRmomCeni reaqtivebi.  

 

a) gogirdmJava-ZmarmJavas narevi.   

r e a q t i v i. konc. gogirdmJava-ZmarmJava (1:1). 

m e T o d i:  qromatogramas asxureben reaqtiviT da acxeleben 15 wT 900С. 

qolesterini da misi eTerebi TeTr fonze iZleva wiTel laqebs. ujeri lipidebi 

nela reagirebs  da iZleva vardisfer-yavisfer laqebs. 

b) rkinis qloridi.    

r e a q t i v i. rkinis qloridis xsnari: 50 mg FeСІ3 
. 6H20  xsnian 90 ml wyalSi, 

miRebul xsnars umateben 5 ml yinulovan ZmarmJavas da 5 ml konc. gogirdmJavas. 

reaqtivi SeiZleba SevinaxoT oTaxis temperaturaze 3 Tvis ganmavlobaSi. 

m e T o d i: qromatogramas asxureben miRebul reaqtivs da 2-3 wT-is 

Semdeg acxeleben 1000С. aseTi damuSavebis Sedegad qolesterini iZleva wiTel an 

iisfer laqebs. qolesterinis eTerebic amave feris laqebs iZleva, magram, Se-

darebiT, mogvianebiT. gacxelebis procesis gagrZeleba iwvevs qromatogramaze 

sxva klasis lipidebis danaxSirebas. 

laqebis aRmoCenis Semdeg, pirvel rigSi, sazRvraven moZraobis koefici-

ents (Rf), romelic gviCvenebs nivTierebis mier ganvlili manZilis fardobas 

xsnaris mier ganvlil manZilTan. amis Semdeg laqas mTlianad  Camofxeken da 

aTavseben adsorbentTan erTad eqsikatorSi mSral  kaliumis tutesTan erTad 1-

2 sT azotis areSi atmosferul wnevaze. 

          

3.5.4.  preparatuli Txelfenovani qromatografia 

minis firfitebze zomiT 20Х20 aTavseben silikagels. neitraluri, polaruli 

da arapolaruli lipidebisaTvis iyeneben Semdeg gamxsnelebs: qloroformi-meTa-
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noli-eTeri (1 : 1 : 1), mJave polaruli lipidebisaTvis: qloroformi-meTanoli-wyali 

(1 : 2 : 0.8 ) an qloroformi-meTanoli- 0.2N HCІ (1 : 2 : 0.8 ). 
m e T o d i: nimuSs kapilaris saSualebiT awveTeben firfitaze da amu-

Saveben Sesabamisi gamxsnelebiT. firfitas aSroben haerze 15-25 wT., asxureben 

wyals, amokrefen erTnair laqebs, aTavseben erlenmeieris kolbaSi, amateben 15-

20 ml gamxsnels, anjRreven da filtraven. eqstraqcias imeoreben orjer. fil-

trats azaveben Tanabari raodenobis benzoliT da gadadenian vakuumze. narCens 

amateben isev benzols wylis mTlianad mocilebis mizniT da agrZeleben 

aorTqlebas. amis Semdeg miRebul produqts xsnian 2-5 ml qloroform-benzolSi 

(1 : 1) an qloroform-meTanolSi (1 : 1), silikagels acileben centrifugirebiT. 

xsnars inaxaven dabal    temperaturaze. 

                  

3.5.5.  qromatografia qaRaldze 

qaRaldis qromatografia farTod aris gavrcelebuli organul naerTTa 

identifikaciisa da dayofisaTvis. bolo aTwleulis ganmavlobaSi warmoudgene-

lia qimiur da bioqimiur laboratoriebSi am qromatografiis gareSe muSaoba. 

qaRaldad gamoyenebulia celulozis filtris qaRaldi, romelic sakma-

od sufTa unda iyos. am qaRaldis dasamzadebeli celuloza unda gamoirCeodes 

gansakuTrebuli sisufaTaviT. cnobilia ramdenime saxis qaRaldis markebi, rom-

lebic sxvadasxva firmebSi mzaddeba. yvelaze ukeTesi markebia: `vatmanis 4~ da   

`vatmanis 1~ qaRaldebi. 

qromatografiaSi qaRaldis uZrav gamxsnels (uZrav fazas) warmoadgens 

filtris qaRaldiT adsorbirebuli da mudam masSi myofi wyali, matarebels —

filtris qaRaldi, xolo moZrav gamxsnels (moZrav fazas) — wyliT winaswar 

gaJRenTili organuli gamxsneli da gamxsnelTa narevi. 

lipidebis TvisebiTi analizisaTvis gamoyenebuli qaRaldis qromatogra-

fia sruldeba metad martivad da, amasTanave, nivTierebaTa minimaluri raode-

nobis gamoyenebiT. sakvlev nivTierebaTa narevis xsnaris wveTs aTavseben fil-

tris qaRaldze da aSroben. Semdeg qaRalds aTavseben daxurul WurWelSi, sadac 

igi didi xnis ganmavlobaSi ganuwyvetliv sveldeba organuli gamxsneliT iseT 

pirobebSi, rom aorTqleba gamoricxulia.  

qaRaldze qromatografiis CatarebisaTvis gamoiyeneba mixexilsacobiani 

minis cilindri (sur. 7.) romlis fskerze isxmeba moZravi gamxsneli. filtris qa-

Raldis zols kideben cilindris zeda nawilSi damagrebul minis Reroze. 

qromatogramis misaRebad gamoiyeneba specialuri qromatografiuli qa-

Raldi, amasTan qaRaldis zolis zoma damokidebulia cilindrebis simaRlesa da 

moculobaze. amisaTvis unda gamoiWras 40-60 sm. simaRlis  qaRaldis zoli, siga-

niT ki ramdenadme mcire cilindris diametrze. SeiZleba gamoyenebul iqnes qa-

Raldis ufro ganieri zoli, romlisganac napirebis or-sam adgilze gakerviT 

amzadeben cilindrs. 

 



 107

                  
 

sur. 7 qaRaldze aRmavali qromatografiis xelsawyo 

1. minis cilindri 

2. rezinis an mixexili sacobi 

3. minis Rero qaRaldze dasamagreblad 

4. qaRaldis zoli 

5. momWeri qaRaldisaTvis 

6. gamxsneli 

     

qaRaldis cilindri mosaxerxebelia imiT, rom is SeiZleba gamxsnelSi 

pirdapir kameris ZirSi Caidgas. 

qromatografiis Sedegi kargi rom iyos, aucilebelia gamxsneli (moZravi faza) 

iyos sakmaod sufTa, xSirad 1% minarevis arsebobac ki cvlis Rf-is mniSvnelobas. 

gamxsnelis SerCevis dros unda vixelmZRvaneloT wesiT — ̀ msgavsi ixsneba msgavsSi~. 

qaRaldis qveda bolodan cota moSorebiT fanqriT avleben xazs, ro-

melic qromatografirebis dros kameraSi gamxsnelis dones 2-3 sm-iT unda aRe-

matebodes. qaRaldis boloebidan 2-2,5 sm. moSorebiT 3 mm. diametris rgolebiT 

aRniSnaven adgilebs, romlebzec sakvlevi nivTierebis wveTebs aTavseben. man-

Zili saanalizo wveTebs Soris unda iyos aranakleb 2sm. 

nivTierebaTa saanalizo narevis xsnars (0,5-1 mg. 1ml-Si) awveTeben qaRal-

dze kapilaruli pipetidan aRniSnul adgilze misi msubuqi SexebiT. warmoqmnili 

laqis diametri unda iyos ara umetes 5mm-sa. laqis gamoSrobis Semdeg xsnars isev 

awveTeben da amas imeoreben ramdenjerme (wina wveTis gaSrobis Semdeg), ise rom 

dawveTebuli xsnaris raodenobam 0,01 ml. Seadginos. amis Semdeg qaRaldis zols 

aSroben da hkideben hermetulad daxurul kameraSi, rom igi ar exebodes ked-

lebs da misi bolo CaSvebuli iyos fskerze myof gamxsnelSi 2-3 sm. daSorebiT im 

adgilidan, sadac awveTeben xsnars. daxurul kameras toveben manam, sanam gam-

xsnelis fronti ar aiwevs qaRaldis zolis TiTqmis zeda napiramde (12-18 saaTi), 

xolo Semdeg amoaZroben qromatogramas da masze fanqriT aRniSnaven gamxsnelis 

frontis zeda sazRvars. gaSrobis Semdeg (haerze an saSrob karadaSi) qromatog-
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ramas ramdenime wamiT CauSveben reagent-indikatoris xsnarian abazanaSi anda am 

xsnars Seasxureben pulvilizatoriT. 

laqebis Sefervis ganviTarebisaTvis, qromatogramas Sesxurebis Semdeg 

5wT.-iT 90-1000 -mde gacxelebul saSrob karadaSi aTavseben an ramdenime saaTiT 

toveben sibneleSi filtris qaRaldis furclebs Soris, ris Semdegac fanqriT 

Semoxazaven Seferil laqebs, rom zustad aRniSnon maTi mdebareoba (sur. 8.) 

 
sur. 8. qromatograma qaRaldze reagent-indikatoriT damuSavebis Semdeg 

             1 — `startis xazi"— dawveTebis aRniSnuli xazi. 

  2,3 — sakvlev narevSi Semavali komponentebis laqis  centrebi.    

 4 — gamxsnelis frontis xazi. 

narevis TiToeuli komponentis identifikacia tardeba Seferili laqis 

mixedviT moZraobis koeficientis (Rf) sididis gaangariSebis safuZvelze. Rf-is 

gamosaTvlelad zomaven: a) nivTierebebis mier ganvlil manZils X (mm-iT), e.i. 

manZils `startis xazi~-dan laqis centramde da b) gamxsnelis mier imave `star-

tis xazidan~ gamxsnelis frontamde gavlil manZils (mm-iT). 

Rf-is  mniSvneloba gamoiTvleba formuliT:      Rf   =X/Y 

qaRaldis qromatografia warmoadgens universalurs zogierTi fosoli-

pidebis analizis Catarebisas. 

cdis msvleloba: vatmanis filtris qaRaldi zomiT 11,5 x 45 sm, natriumis 

silikatis xsnari. _ 310 g. analizurad sufTa siliciumis mJavas mudmivi morevis 

pirobebSi umateben 1l 7.2 N natriumis hidroqsidis xsnars (288 g NaOH  1 l wyalSi). 

rodesac siliciumis mJava mTlianad gaixsneba, narevs aciveben oTaxis tempe-

raturaze da azaveben 1500 ml wyliT. am xsnariT SeiZleba gaiJRinTos 48 cali fil-

tris qaRaldi Semdegnairad: minis kiuvetaSi (23 x 35 sm) asxamen natriumis silikatis 

xsnars, saTiTaod amoavleben masSi qaRalds da aSroben 3-4 wuTis ganmavlobaSi. 

meore kiuvetaSi asxamen 1 l 6 N marilmJavas (500 ml konc. HCI : 500 ml wyali) da moa-

Tavseben am xsnarSi TiToeul qaRalds. 30 wT mJaviT damuSavebis Semdeg qaRalds 

recxaven wylis nakadiT da bolos gamoxdili wyliT, vidre ar gaqreba qloris ionebi 

(amowmeben vercxlis  nitratiT). qaRalds aSroben mTeli Ramis ganmavlobaSi. 
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lipidebis nimuSs xsnian qloroformSi da awveTeben qaRaldis winaswar 

moniSnul startis xazze (5 sm. qvemo zRvari). qaRalds kideben cilindrul ka-

meraSi ise, rom exebodes masSi Casxmul gamxsnels. 20-24 sT-is Semdeg, rodesac 

gamxsneli miaRwevs frontis (zeda) moniSnul xazs, amoiReben qaRalds da aS-

roben.  

qaRaldis qromatografias ZiriTadad atareben aRmavali meTodiT Semdeg 

gamxsnelTa sistemaSi:     

1. diizobuTilketoni — ZmarmJava — wyali 40 : 25 : 5; 

2. diizobutilketoni — ZmarmJava — wyali 40 : 20 : 3; 

3. diizobuTilketoni — n.buTilis eTeri — ZmarmJava — wyali 20 : 20 : 20 : 3; 

4. diizobuTilketoni — ZmarmJava — wyali 50 : 20 : 40; 

5. diizobuTilketoni — piridini — wyali 54 : 40 : 6 

6. diizobuTilketoni — meTanoli — wyali 1000 : 25 : 4; 

plazmalogenebis Semcveli lipidebis dayofa sasurvelia 0 — 50C tem-

peraturaze me-2 sistemaSi.  

 

   

3.5.6.  lipidebis gamomJRavneba da identifikacia                      
qaRaldis qromatografiaSi   

qvemoT CamoTvlilia yvelaze metad gavrcelebuli gamosamJRavneblebi, 

romlebic gamoiyeneba qaRaldis qromatografiaSi. 

1. rodamin 6.  1.2 g rodamin 6—is gaxsniT 1l. gamoxdil wyalSi Rebuloben 

0.12%-ian xsnars, romelic inaxeba didi xnis ganmavlobaSi muq WurWelSi. ga-

moyenebis win 5 ml xsnars azaveben 500 ml gamoxdili wyliT da iReben 0.0012%-ian 

xsnars. 

m e T o d i: qaRaldis qromatogramas aSroben amwov karadaSi (0.5 — 1 sT) da 

aTavseben rodaminis xsnarSi 1— 3 wT. amis Semdeg amoiReben qaRalds, wyliT aci-

leben Warb rodamins da svel qromatogramas amowmeben ultraiisferi sinaTlis 

sxiviT. fluorescirebul laqebs Semoxazven fanqriT. mJava fosfatidebi iZ-

levian cisfer laqebs, xolo neitraluri lipidebi da fosfatidebi — yviTels. 

 2. n i n h i d r i n i. es reagenti gamoiyeneba fosfatidebis anu iseTi 

lipidebis aRmosaCenad, romelic Seicavs Tavisufal aminojgufs da agreTve 

iseT aminofosfatidebs, rogoricaa fosfatidileTanolamini an fosfatidil-

serini. 

r e a q t i v i:  0.25 g. ninhidrins xsnian aceton — lutidinis (9 : 1) 100 ml. 

narevSi. 

m e T o d i:  mSral qaRalds asxureben ninhidrinis xsnars. ramdenime 

saaTis Semdeg qaRaldze gamoCndeba aminolipidebis movardisfro-lilisferi 

laqebi. Tu xelmeored SevasxurebT, es daaCqarebs laqebis warmoqmnas. miRebul 

laqebs Semoxazaven fanqriT da qromatogramas amuSaveben rodaminiT, raTa 

aRmoCenil iqnes sxva lipidebic. 
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3. plazmalogenebis aRmoCena. 

r e a q t i v i: bisulfiti — sulema. 500 ml 0.05 % -iani natriumis meta-

bisulfitis xsnars umateben 5 ml 0.05 M vercxliswylis qloridis xsnars (1.35 g. 

vercxliswylis qloridi 100 ml wyalSi ) da inaxaven minis WurWelSi.  

Sifis reaqtivi. es reaqtivi mzaddeba ise, rogorc es aRwerili iyo 

Txelfenovani qromatografiis dros. 

m e T o d i: mSral qromatogramas aTavseben bisulfiti-sulemas 500 ml 

xsnarSi, amateben 5 ml Sifis reaqtivs, anjRreven kiuvetas da toveben 10 wT. 

Tavisufali aldehidebi maSinve gamomJRavndeba iisferi laqis saxiT, xolo 

vinilis eTeris jgufi plazmalogenebSi ganicdis hidrolizs ramdenime wuTSi, 

romlis Semdeg ganTavisuflebuli  aldehidebi aseve gamomJRavndeba iisferi 

laqebis saxiT. imisaTvis, rom kontroli gaewios Sifis reaqtiviT gamomJRav-

nebas, qromatogramas aTavseben Sifis reaqtivi — metabisulfitis (1 : 100) xsnar-

Si vercxliswylis qloridis xsnaris gareSe da fanqriT Semoxazaven yvela laqas, 

romelic gamoCndeba qaRaldze. Semdeg umateben vercxliswylis qloridis 

xsnars da qromatogramas aCereben 10 wT. plazmalogenebis laqebis gaCenis Sem-

deg, qromatogramas ramdenjerme gaavleben 0.05%-iani bisulfitis xsnarSi, rom-

lis Semdegac aSroben qaRalds. 

4. fosfatebis aRmoCena. 

r e a q t i v e b i. 2.5%-iani amoniumis molibdati. 1.25 g amoniumis mo-

libdats xsnian 50 ml wyalSi. 

natriumis qloridi.  0.85%-iani. 0.85 g natriumis qlorids xsnian 100 ml. 

wyalSi. 

fosfatebis gamosamJRavnebeli. amoniumis molibdatis 12 ml-s umateben 

10 ml natriumis qloridis xsnars da 2 ml koncentrirebul marilis mJavas, 

xsnars amzadeben gamoyenebis win. 

kaliumis qloridi 40%-iani. 50 ml koncentrirebul marilis mJavaSi 

xsnian 20 g kaliumis qlorids. gamoyenebis win am xsnars azaveben gamoxdili 

wyliT (1 : 10).    

m e T o d i:  mSral qromatogramas Seasxureben axlad momzadebul gamo-

samJRavnebels da acxeleben 2 wT 1000C. Semdeg asxureben kaliumis qloridis ga-

zavebul xsnars da aCereben oTaxis temperaturaze. fosfatidebi iZleva cisfer 

laqebs. 

5. lipidebis aRmoCena iodiT. 

es reaqtivi gamoiyeneba im  lipidebis gamosamJRavneblad, romelic Seica-

vs rogorc najer, aseve ujer jgufebs. 

m e T o d i: daxuruli, cilindriseburi (15x45 sm) WurWlis fskerze yrian 

iodis kristalebs. iodis aorTqlebis mozniT, WurWels acxeleben wylis aba-

zanaze (600C). qromatogramas CauSveben iodian WurWelSi (0.5 —1 wT), amoiReben qa-

Ralds da ultraiisferi sinaTlis sxivis meSveobiT lipidebi gamomJRavndeba 

yavisferi laqis saxiT. 
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        3.6.   svetis qromatografia 

lipidebis narevis winaswari dayofis mizniT efeqtur meTods warmoadgens 

svetis qromatografia. Cveulebriv iyeneben sami tipis svetis qromatografias:  ad-

sorbciuls (myar-Txevaduri), ionmcvlels da  airTxevadur qromatografias. 

 

3.6.1.  adsorbciuli qromatografia 

adsorbciul qromatografiaSi narevis komponentebis dayofa xdeba Sem-

degnairad: adsorbentian vertikalur svetSi atareben nivTierebaTa narevis 

xsnars, xolo Semdeg masSi nela gaatareben sufTa gamxsnels. gamxsneliT svetis 

Carecxvis dros narevis komponentebi svetis gaswvriv, qveviT gadaadgildeba. 

sxvadasxva siCqariT. es ganpirobebulia adsorbentisadmi misi naTesaobis sxva-

dasxva xarisxiT. amis Sedegad adgili aqvs gaxsnili nivTierebebis ganawilebas 

svetis simaRleze rgolebis an zonebis saxiT, anu xdeba qromatogramis ga-

momJRavneba.  

qromatogramis Semdgomi damuSaveba SeiZleba ori wesiT:  

a) axdenen adsorbirebuli nivTierebebis eluirebas, e.i. svetidan gamxsnelebiT 

mis gamorecxvas da xsnarebs (eluatebs) agroveben calkeuli fraqciebis saxiT;  

b) gamxsnels svetidan mTlianad gamoqaCaven (vakuumSi), amoiReben mSral 

adsorbents, acalkeveben warmoqmnil zonebs da TiToeulidan Sesabamisi gam-

xsneliT axdenen adsorbirebuli nivTierebis eqstragirebas. 

Tu qromatogramis eluirebis dros gamxsneli veRar amokrebs nivTi-

erebis SesamCnev raodenobas, mas Secvlian sxva gamxsneliT. neitraluri naer-

Tebis eluirebisTvis gamoyenebuli gamxsnelebi erTmaneTs cvlis Semdegi rigis 

mxedviT: msubuqi petroleinis eTeri (TduR. 800-ze dabla), benzoli, qloro-

formi, eTeri, acetoni, spirti, ZmarmJava. qromatografiisaTvis svetze gamo-

iyeneba Semdegi xelsawyoebi (sur. 9).  

a) naxazze adsorbentis mili bolovdeba mixexili (an rezinis) sacobiT,  

romelic aerTebs mas mixexilsacobian ZabrTan da idgmeba gamosaqaC kolbaSi: 

milis qveda nawilSi keTdeba minis bambis sacobi, an mfiltravi firfita (fai-

furis an minis bade an msxvilforebiani minis filtri), riTac magrdeba adsor-

benti. aseT xelsawyoSi adsorbentis svetis gamogdeba advilia, xolo xsnari 

SeiZleba Caedinos svetSi susti gamoqaCviTac ki. b) naxazze gamosaxulia xel-

sawyo, romelic qromatografirebis Catarebis saSualebas iZleva maRali wnevis 

pirobebSi. g) Cveulebriv pirobebSi Txevadi qromatografirebisa da zonebis 

eluirebisaTvis adsorbentis SesaCereblad SeiZleba gamoyenebul iqnes Cve-

ulebrivi biureti bambis an minis bambis tamponiT. 
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sur. 9.  xelsawyoebi adsorbciuli qromatografiisaTvis 

a) sveti Ria boloTi adsorbentis mocilebisa da qromatografiisaTvis susti 

gamoqaCvis dros; b) sveti qromatografiisaTvis maRali wnevis dros;  g) sveti 

qromatografiisaTvis Cveulebriv pirobebSi: 1-adsorbenti; 2-bambis sacobi;              

3-rezinis sacobi; 4-gamxsneli. 

Txevadi qromatografiisaTvis gamoyenebuli adsorbentebi mravalgvaria. 

neitraluri da fuZe nivTierebebis dayofisaTvis ufro metad gamoiyeneba gaaq-

tivirebuli aluminis oqsidi. mJave nivTierebebis qromatografirebisaTvis ga-

moiyeneba silikageli. qromatografiaSi adsorbentebad aseve gamoiyeneba mag-

niumis oqsidi, gogirdmJavamagniumi da naxSirmJavamagniumi, agreTve kalciumis 

oqsidis hidrati da naxSirmJavakalciumi, glukoza, laqtoza da sxva. 

saadsorbcio svets avseben adsorbentis nawilakebiT. adsorbentiT sve-

tis Sevsebas awarmoeben sxvadasxva meTodiT: avsebis mSrali da sveli meTodiT.  

mSrali meTodis dros svets recxaven cxeli qromis nareviT, Semdeg ga-

moxdili wyliT da aSroben. svetis qveda nawilSi aTavseben bambis sacobs. svets 

ayeneben vertikalurad da adsorbenti mcire ulufebad SeaqvT. adsorbentis 

pirveli ulufa orjer unda aRematebodes TiToeul momdevnos. adsorbentis 

TiToeul ulufas Tavidan amWidroeben fenis zemoT minis wkirebze wamocmuli 

rezinis sacobis energiuli mikakunebiT, xolo Semdeg wnexaven Tanabrad moW-

rili joxiT, minis an xis filTaqviT. Semdeg adsorbents Seasveleben gamxsne-

liT. isev wnexaven da gamxsnelis fenis qveS myof adsorbentis zedapirs gul-

modgined aTanabreben. adsorbentis zedapiris gaTanabreba aucilebelia, wina-

aRmdeg SemTxvevaSi warmoiqmneba araTanabari zolebi. amis Semdeg adsorbentis 

zedapiridan 1sm daSorebiT aTavseben bambis sacobs, romelmac unda daicvas 

adsorbentis zedapiri SesaZlo darRvevebisagan. 

avsebis sveli meTodis dros:  

a) adsorbentsa da gamxsnels aTavseben kargad moqmedi meqanikuri sare-

veliT aRWurvil gamyof ZabrSi. gamyof ZabrSi asxamen gamxsnels da yrian ad-

sorbents. energiuli moreviT warmoiqmneba adsorbentis suspenzia gamxsnelSi, 

am ukanasknels saSualebas aZleven, rom  Camoedinos sufTa mSral svetSi, ga-
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nuwyveteli moreviT da svetze saxazavis ganuwyveteli mikakunebiT, raTa ga-

advildes haeris buStulebis moSoreba. amis Semdeg adsorbents svetis kedle-

bidan gamxsneliT Camorecxaven. adsorbenti, romelic simZimis ZaliT daileqeba, 

warmoqmnis mWidrod datkepnil svets. adsorbentis zedapiridan 1 sm daSorebiT 

aTavseben bambis sacobs.  

b) onkaniT aRWurvil biurets naxevramde avseben gamxsneliT da gamxsne-

lis gavliT svetis qveda nawilSi minis wkiriT asweven bambis sacobs. Semdeg ad-

sorbenti mcire ulufebiT SeaqvT biuretSi. adsorbentis axali ulufa mxolod 

imis Semdeg SeaqvT, rodesac wina ulufa daileqeba. Semdeg biuretis kedlebs 

Carecxaven gamxsneliT. adsorbentis zemoT aTavseben bambis sacobs da amateben 

gamxsnels ise, rom misi fena adsorbentis zemoT 5-7 sm iyos. 

avsebis TiToeuli meTodis gamoyenebis dros adsorbentis zemoT yovel-

Tvis unda iyos gamxsnelis fena da svetis zeda nawili arasodes ar unda darCes 

mSrali. 

nivTierebaTa narevi, romlis qromtografiac unda Catardes, Tavdapir-

velad unda gamoSres da aiwonos.  

cnobilia 3 SesaZlebeli meTodi, rogor unda momzaddes nimuSi svetSi 

Sesatanad:  

1) nivTierebas xsnian mcire raodenobis polarul gamxsnelSi, raTa mi-

Rebul iqnas  koncentrirebuli xsnari da SeaqvT svetSi pipetiT;  

2) Tu narevi nawilobriv an mTlianad ar ixsneba arapolarul gamxsnelSi, 

maSin mas xsnian mcire raodenoba polarul gamxsnelSi da Semdeg miRebul xsnars 

azaveben arapolaruli gamxsneliT;  

3) Tu narevi aris Zalian blanti, SedarebiT advilad xsnian polarul gam-

xsnelSi, mag. eTeri, eTilecetati, qloroformi da miRebul xsnars ureven ad-

sorbents. xsnars aorTqleben vakuumSi oTaxis temperaturaze. darCenili  ad-

sorbenti xdeba advilad moZravi. saWiroebis SemTxvevaSi umateben mcire rao-

denobiT axal adsorbents da Semdeg gamxsnels. 

              qromatografias iwyeben nakleb polaruli gamxsneliT (petroleinis eTe-

riT). adsorbentiT avsebul svetSi sacobiT amagreben sawveT Zabrs da frTxilad 

asxamen Sesaferis gamxsnelSi gaxsnil nivTierebaTa narevis xsnars. rodesac 

xsnari mTlianad Caedineba adsorbentian svetSi, ZabrSi asxamen sufTa gamxsnels 

da iwyeben qromatogramis gamomJRavnebas.  Tu nivTierebebi Seferilia, maSin maT 

dayofas akvirdebian Seferili zolebis warmoqmniT da Tu zolebi sakmaod kar-

gadaa gamoyofili, maSin gamomJRavnebas Sewyveten da iwyeben qromatogramis me-

qanikur dayofas an eluirebas. Tu saWiroa qromatogramis meqanikuri dayofa, 

maSin daacdian, rom gamxsneli svetidan mTlianad Camoedinos, mSral adsor-

bents  gamoitanen svetidan da daniT Wrian zonebad. Semdeg TiToeuli zonis ad-

sorbirebul nivTierebas Sesabamisi gamxsneliT eqstraqcias ukeTeben, adsor-

bents filtraven da nivTierebas gamoyofen gamxsnelis aorTqlebiT.  
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Tu saWiroa qromatogramis eluireba, maSin amateben imave gamxsnels, arCe-

ven xsnaris fraqciis gansazRvrul raodenobas da akvirdebian eluirebis mimdi-

nareobas gamxsnelis aorTqlebis Semdeg darCenili naSTis wonis mixedviT.  

gamxsneli adsorbirebul nivTierebas Tu metad aRar eluirebs, maSin mas 

cvlian ufro Zlieri gamxsnelebiT. mag., benzoli, qloroformi, eTilecetati.  

rogorc praqtikam uCvena, lipidebis narevis winaswar dayofas atareben 

svetis qromatografiiT silikagelze da Semdgom maTi eluirebiT, qlorofor-

miT, acetoniT da meTanoliT. lipidebi SeiZleba daiyos: neitralur-, gliko- da 

fosfolipidebad. TiToeul am jgufs Semdeg yofen fraqciebad qvemoT aRweri-

li meTodis gamoyenebiT. 

 lipidebis dayofis saerTo meTodi: 

r e a q t i v i: silikageli (aSroben winaswar 1200C), qloroformi, acetoni, 

meTanoli. 

m e T o d i: qimiur WiqaSi amzadeben suspenzias — 15 g silikageli 30-50 ml. 

qloroformSi da gadaitanen qromatografiul svetSi. gamxsneli unda iyos meti 

silikagelze (silikageli rom ar gamoSres). 150-200 mg. lipidebis eqstraqts 

5ml. qloroformSi aTavseben svetSi. raodenobrivad rom gadaitanon lipidebi, 

kolbas gamorecxaven 4-5 ml. qloroformiT da daamateben svets. eluirebis daC-

qarebis mizniT (3 ml/wT-Si), svets amateben Semdeg gamxsnelebs: qloroformi, 

acetoni, meTanoli moculobiTi TanafardobiT 10:40:10. SeiZleba Segrovdes 

sami fraqcia Sesabamisi gamxsnelebis damatebis Semdeg, an SeiZleba Segrovdes 

ufro mcire, 10-15 ml-iani fraqciebi. Txelfenovani qromatografiis Catarebis 

Semdeg aerTianeben fraqciebs, romelTac eqnebaT erTnairi Rf. 
fraqciebis Semadgenloba, Sesabamisad, iqneba Semdegnairi: qlorofor-

miani eluati: neitraluri lipidebi, kerZod naxSirwylebi, sterinebi da maTi 

eTerebi (mcenareuli da cxoveluri), gliceridebi, cvilebi, cximovani spir-

tebi, aldehidebi da mJavebi; acetonuri eluati: mono- da digalaqtozildigli-

ceridebi, cerebrozidebi, sterinebis glikozidebi da sulfolipidebi da fos-

fatiduri mJavebi; meTanoluri eluati, fosfolipidebi, glikolipidebi.  

TiToeuli aRwerili fraqcia moiTxovs Semdgom dayofas: neitraluri li-

pidebi — Txelfenovani, an svetis qromatografiiT silikagelze; glikolipidebi 

da sulfolipidebi preparatuli Txelfenovani qromatografiiT an qtomatog-

rafiiT ДЭАЭ-celulozaze; fosfolipidebi — preparatuli Txelfenovani qro-

matografiiT. 
 

3.6.2 ionmcvleli qromatografia 

ionmcvlelebi — uxsnadi nivTierebebia, romelTac unari aqvT gaiJRinTon 
(gaiberon). wyalxsnarebSi, e.i. SeiZleba STanTqan wyali iseTi raodenobiT, rom 
eleqtrolituri disociaciis dros SeuZliaT daSalon ionebad. Tavisufali io-
nebi mimoicvlebian xsnarSi arsebul ionebTan, Tu is ukanaskneli warmoqmnis io-
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nebs, romlis mimocvlac SeiZleba. am process uwodeben ionTa gacvlis process. 
cnobilia araorganuli da organuli ionmcvlelebi. araorganul ionmcvlelebs 
axasiaTebT ZiriTadad kristaluri struqtura, sadac ionebi moTavsebulia 
kristalur meserSi, xolo organuli ionmcvlelebi warmoqmnilia Sekerili po-
limeruli jaWvebiT, romlebSic araregularuladaa ganlagebuli ionogenuri 
jgufebi (sur.10).                 

 
sur. 10.   * — damuxtuli funqcionaluri jgufebi, romlebic 

kovalenturi bmiTaa dakavSirebuli meserTan. 
o —  Tavisuflad moZravi, erTmaneTis sawinaaRmdegod 

damuxtuli ionebi. 

ionogenuri (gasacvleli) jgufebi gansazRvravs ionmcvlelebis funqci-

onalur Tvisebebs da amitom funqcionalur jgufebs uwodeben. Tu ionmcvleli 

aTavisuflebs da cvlis kaTions, mas uwodeben kaTionmcvlels, anu kaTionits. 

aseTi ionmcvlelebi wyalSi praqtikulad uxsnadi polimerul mravalfuZiani 

mJaveebia. anionmcvlelebi, anu anionitebi aTavisuflebs da cvlis anionebs. isi-

ni warmoadgenen wyalSi praqtikulad uxsnad mravalatomian spirtebs. 

cnobilia agreTve amfoteruli ionitebi, romlebic Seicavs rogorc kaTi-

ons, ise anionmcvlel jgufs. am ionitebs SeuZlia warmoqmnas marilebi, da diso-

cirdebian eleqtrolitebTan erTad. wyliT Carecxvis dros. mxolod es ionitebi 

ganicdis advilad regeneracias. magaliTad, ganvixiloT reaqcia: 

 

(-H2O)
R

NaCl

N(CH3)3

SO-
3H+

N(CH3)3OH
+ - R

SO3

+

SO-
3H+

R
SO3Na+

N(CH3)3Cl
+ -

NaCl

N(CH3)3

R

SO3

regeneracia

sadac,

R

kaTioniti

anionitiN(CH3)3OH
+

organuli polimeris naSTi
 

 

arsebobs agreTve xelatwarmomqmneli ionitebi. is Seicavs funqcionalur 

jgufebs, romlebsac SeuZliaT warmoqmnan kompleqsuri bmebi metalis ionebTan. 
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R

H2C

N

O

CO

H2C

O
-

CO
-

+ Me+2 + nH2O R

H2C

N

O

CO

H2C

O

CO

Me(H2O)n

 
isini ZiriTadaT mZime da tute miwaTa metalebs ierTebs. aris agreTve 

specifikuri moqmedebis ionitebi, romlebic specialur funqcionalur jgu-

febs Seicavs da seleqtiurad moqmedebs mxolod erTi saxis ionebTan. da yve-

laze metad kaTionitebs da anionitebs iyenebs. amJamad ionitebs ZiriTadad 

Rebuloben stirolisa da divinilbenzolis Tanapolimerebidan. 

 

+ +

CH-CH2-

n -CH _ CH2 _

CH=CH2 CH=CH2

CH=CH2

CH  _ CH2 _

 
 
kaTionitis dasamzadeblad Tanapolimers gaJRinTaven diqloreTanSi da 

Semdeg axdenen mis  sulfirebas koncentrirebuli gogirdis mJaviT 80-1200C-ze. 
yvela aromatuli rgoli Cainacvlebs sulfo jgufs para mdgomareobaSi.       
 

anionitis SemTxvevaSi Tavdapirvelad axdenen stirolisa da divinilbenzolis 

qlormeTilirebas, magaliTad, monoqlordimeTilis eTeriT TuTiis qloridis 

Tanaobisas (rogorc katalizatori). 
 

-CH-CH2-

ClCH2-O-CH3

-CH-CH2-

CH2Cl

[ZnCl2]

 
Semdeg meoreuli aminis moqmedebiT warmoiqmneba ZlierfuZuri anioniti. 

-CH-CH2-

H2SO4

-CH-CH2-

SO3H
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-CH-CH2-

CH2Cl

R2NH.HCl

-CH-CH2-

NaCl

CH2

R2NHCl-
+

-CH-CH2-

CH2

NR2  
qromatografiaSi ionmcvlelebad iyeneben agreTve celulozis warmo-

ebulebs. magaliTad, karboqsimeTilcelulozas (CM), dieTilaminoeTilcelu-

lozas (ДЭАЭ) da trieTilaminoeTilcelulozas (ТЭАЭ). karboqsimeTilcelu-

lozas Rebuloben celulozis urTierTqmedebiT qlorZmarmJavasTan tute 

areSi.     

 

cel-OH ClCH2COONa
cel-O-CH2-COONa     (CM-celuloza)

 
        

es ioniti gamoiyeneba rogorc kaTioniti. 

aseve miiReba anionitebi celulozaze N,N-dieTilaminoeTilqloridis 

moqmedebiT tutis TandaswrebiT.  

cel-OH ClCH2CH2N(C2H5)2 cel-O-CH2-CH2-N(C2H5)2     (DEAE-celuloza)
 

am reaqciebSi mierTeba mimdinareobs ZiriTadad me-2, me-6 da nawilobriv    

me-3 mdgomareobaSi.  
 

O

-O

OH

CH2OH6

5
1

23
4

OH

OH
O

O
OH

3 2
1

CH2OH

O
4

5

6

 
SeiZleba agreTve celulozis sxva warmoebulebis sinTezic, magaliTad, 

fosfo- da sulfowarmoebulebis, magram amJamad es naerTebi imdenad farTod 

ar gamoiyeneba, rogorc celulozis zemoT ganxiluli magaliTebi.   

lipidebis dayofa ionmcvleli qromatografiiT damyarebulia pirvel 

rigSi, ionTa jgufebis gacvlaze. am qromatografiisaTvis gamoiyeneba Ziri-

Tadad ori nivTiereba: a/ dieTilaminoeTil- da b/ trieTilaminoeTilcelu-

loza, anu ДЭАЭ- da ТЭАЭ-celuloza, romelTa meSveobiTac advilad daiyofa 

fuZe Tvisebebis mqone lipidebi (ДЭАЭ — celulozaze)  da lipidebi, romlebic 

Seicavs karboqsilis jgufs (ТЭАЭ — celulozaze), cximovan mJavebs, gangliozi-

debi, agreTve fosfatidileTanolamini.  
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a/ qromatografia ДЭАЭ - celulozaze 
 

r e a q t i v e b i: adsorbenti ДЭАЭ — celuloza. imisaTvis, rom 

mocilebul iqnes minarevebi, adsorbents recxaven biuxneris Zabrze Semdegi 

xsnarebiT: 0.1 N marilmJavas xsnariT neitralur reaqciamde, 0.1 N kaliumis 

hidroqsidiT, wyliT neitralur reaqciamde, Semdeg ZmarmJaviT, raTa ДЭАЭ – 
celuloza gadayvanil iqnes  acetalur formaSi.  Warbi ZmarmJavas mocilebis 

mizniT, adsorbents Carecxaven meTanoliT da aSroben jer haerze, xolo Semdeg 

vakuum-eqsikatorSi mSrali kaliumis hidroqsidze. 

g a m x s n e l e b i: qloroformi, meTanoli, ZmarmJava (axlad-

gadadenilebi). 

m e T o d i: minis  svetSi (2.5 x 30 sm) asxamen suspenzias 15 g ДЭАЭ — ce-

lulozas ZmarmJavaSi (suspenzias winaswar amzadeben da ayovneben gamxsnelSi 

daaxloebiT 12 sT). milis qvemoTa nawilSi afenen minis bambas, romelic ikavebs 

celulozas. gamxsneli meti unda iyos adsorbentze.                                                                                     

momzadebul svets amatebeben 100-300 mg lipidebis narevs 20 ml qlo-

roformSi. raTa gamoyofil iqnes lipidebis ZiriTadi saxeebi lipiduri eqs-

traqtidan, eluirebas axdenen pirveli jgufis sistemebiT (cxrili 4). meore 

jgufis gamxsnelebi gamoiyeneba fosfstidileTanolaminis, fosfatidilseri-

nis da sulfatidebis eluirebisaTvis, mesame jgufis gamxsnelebi — cerebrozi-

debis, xolo meoTxe jgufis gamxsnelebi — monogalaqtozildigliceridebis, 

digalaqtozildigliceridebis da sulfolipidebis dasayofad.    

                                                                                                                                          cxrili 4                            

ionmimomcvleli qromatografia ДЭАЭ — celulozaze 

jgu-
fis № 

eluenti lipidebi, romlebic eluatis  
SemadgenlobaSi Sedis 

I qloroformi neitraluri lipidebi 
 qloroformi-  

meTanoli 9:1 
cerebrozidebi, galaqtozillipidebi, lecitini, 
sfingomielini 

 qloroformi-  
ZmarmJava 3:1 

cximovani mJavebi dakavSirebuli glicinTan da 
Tavisufali naRvlis mJavebi 

 ZmarmJava fosfatidilserini 
 qloroformi- meTa- 

noli 4:1 - amoniumis 
marilebi* 

fosfatiduri mJava, fosfatidilglicerini, 
fisfatidilinoziti, sulfolipidebi, 
sulfatidebi, araorganuli marilebi 

II qloroformi-  
meTanoli 7:3 

fisfatidileTanolamini 

 ZmarmJava fosfatidilserini 
 meTanoli Warbi ZmarmJava 
 qloroformi-meTa-  

noli 4:1- amoniumis 
marilebi* 

sulfatidebi da araorganuoi marilebi 

III qloroformi-  
meTanoli 9:1 

cerebrozidebi 

 meTanoli araorganuli marilebi 
 qloroformi-meTa-  sulfatidebi, araorganuli marilebi 
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noli 4:1- amoniumis 
marilebi* 

IV qloroformi-  
meTanoli 98:2 

monogalaqtozildigliceridebi 

 qloroformi-  
meTanoli 9:1 

digalaqtozildigliceridebi 

 qloroformi-meTa-  
noli 4:1- amoniumis 
marilebi* 

sulfolipidebi, araorganuli marilebi, 
lipidebis kvali 

 

* 0.01—0.05 M  amoniumis acetatis xsnari narevSi qloroformi- meTanoli 

(4 : 1), ganzavebuli 28 %-iani amiakis xsnariT. 

b/ qromatografia ТЭАЭ – celulozaze 

r e a q t i v e b i: adsorbenti. ТЭАЭ -celuloza. minarevebis mocilebis 

mizniT adsorbents recxaven iseve, rogorc ДЭАЭ – celulozas.  

g a m x s n e l e b i: qloroformi, meTanoli, yinulovani ZmarmJava.  

m e T o d i: 12g. TЭАЭ — celulozas suspenzias yinulovan ZmarmJavaSi 

aTavseben minis svetSi. Sevsebis meTodi igivea, rogorc ДЭАЭ — celulozis 

SemTxvevaSi. ZmarmJavas acileben meTanoliT, adsorbenti gadahyavT formaSi. 

amisaTvis svets recxaven meTanolSi 0,1kaliumis hidroqsidis xsnariT gamxsne-

lebiT qloroformi-meTanoliT (1:1) da qloroformiT.  

eluireba. 100-300 mg lipidebis xsnars 15-20 ml. qloroformSi amateben 

svets da lipidebis eluirebas axdenen Semdegi xsnarebiT: 

1. qloroformi-qolesterini, gliceridebi da sxva neitraluri lipidebi.  

2. qloroformi-meTanoli-ZmarmJava (2:1:0,03) — fosfatidileTanolamini, 

Tavisufali cximovani mJavebi, Tavisufali naRvlis mJavebi.  

3. qloroformi-meTanoli (1:1) — cerebrozidebi, sfingomielini gliko-

zildigliceridebi, lecitini.  

4. yinulovani ZmarmJava — fosfatidilserini.  

 

3.6.3.   airTxevadi qromatografia 

rTuli narevebis Semadgeneli komponentebis dasayofad yvelaze metad 

gamoiyeneba air-qromatografiuli meTodi. es meTodi qromatografiis iseTi 

saxea, roca moZravi faza (anu saanalizo  narevi + air-matarebeli) imyofeba 

airad an orTqlisebr mdgomareobaSi. Txevad-qromatografiul meTodSi ki moZ-

ravi faza imyofeba Txevad mdgomareobaSi. 

pirvelad Txevad-qromatografiuli meTodi aRmoaCina cvetma. amasTan 

rogorc ukve avRniSneT, cvetma Tavisi man samecniero moRvaweoba miuZRvna 

mcenareuli pigmentebis kvlevas. gansakuTrebiT ainteresebda mcenareuli 

pigmentebis dayofisa da sufTa saxiT gamoyofis SesaZlebloba. im droisTvis 

nivTierebaTa gasawmendad cnobili iyo adsorbentebis gamoyenebis mTeli rigi 

xerxebi. gawmenda xorcieldeboda, rogorc statikur, ise dinamikur pirobebSi. 
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adsorbentebiT Sevsebuli svetebis kvlevam uCvena, rom calkeuli pig-

mentebi nawildeba svetSi TiToeulisaTvis damaxasiaTebeli Seferilobis mqone 

zonebis saxiT. imis gamo, rom miRebul zonebs hqondaT. sxvadasxva feri, cvetma 

Tavis meTods daarqva `qromatografiuli~ meTodi, rac berZnuli sityvaa da 

niSnavs `feriT weras~ (`qromo~ — feri da `grafia~-vwer.) 

30-ian wlebSi daiwyo klasikuri qromatografiis swrafi ganviTareba da 

SeiZleba iTqvas, rom analizuri samuSaoebis 50% dReisaTvis xorcieldeba qro-

matografiuli meTodiT. 

klasikuri qromatografiis erT-erTi mniSvnelovani meTodia air-Txevadi 

qromatografia. es meTodi pirvelad 1952 w. SeimuSaves jeimsma da martinma. isini 

qromatografiul svetSi adsorbentis magivrad iyenebdnen myar sarCuls, ro-

melzedac dafenili iyo maRalmduRare siTxe, e.w. Txevadi faza. am samuSao-

saTvis mecnierebi dajildovdnen nobelis premiiT. ase Caeyara safuZveli air-

Txevad qromatografiul meTods, romelSic moZravi faza aris airi, xolo uZ-

ravi — myar zedapirze dafenili siTxe. 

amJamad qromatografia gamoiyeneba ara marto nivTierebebis dasayofad, 

aramed `qromatografiulad sufTa~ anu absoluturad sufTa nivTierebebis 

misaRebadac. 

qromatografia, rogorc analizuri meTodis arsi, SeiZleba formuli-

rebul iqnes aseTi saxiT: qromatografia warmoadgens nivTierebaTa dayofis 

fiziko-qimiur meTods, romelic xorcieldeba komponentebis ganawilebis gziT 

uZrav (myari sarCuli, romelzedac dafenilia maRalmduRare siTxe an adsor-

benti) da moZrav (airi an siTxe) fazebs Soris. fazebis agregatuli mdgomare-

obisagan damokidebulebiT SesaZlebelia Semdgomi variantebi: 

1. uZravi faza— myari nivTiereba. 

  a)moZravi faza — airi (air-adsorbciuli qromatografia). 

  b)moZravi faza — siTxe (Txevad-adsorbciuli qromatografia). 

2. uZravi faza — siTxe. 

  a)moZravi faza — airi (air-Txevadi qromatografia). 

  b) moZravi faza — siTxe (Txevad-Txevadi qromatografia). 

arsebobs qromatografiuli meTodebis Semdegi tipi: 1. gamomJRavnebiTi  

2. frontaluri 3. gamodevnebiTi. yvelaze mniSvnelovan meTods warmoadgens 

gamomJRavnebiTi qromatografia. 

gamomJRavnebiTi qromatografiuli meTodiT analizi tardeba qromato-

grafze (sur. 11). qromatografis mTavari Semadgeneli nawilia qromatogra-

fiuli sveti. es aris U-s magvari an spiraliseburi minis an metalis mili, ro-

melic ivseba adsorbentiT (mag., gaaqtivirebuli naxSiri, silikageli da sxva), an 

myari sarCuli, romlis zedapirze dafenilia Txevadi organuli nivTiereba. 

pirvel SemTxvevaSi adgili aqvs air-adsorbciul analizs, xolo meore Sem-

TxvevaSi air-Txevad analizs.  svetSi mudmivi siCqariT gadis air-matarebeli. 

qromatografiul svetSi sinjis gadaadgileba xorcieldeba air-matareb-

lis nakadiT. svetis temperaturis SerCeva xdeba ise, rom saanalizo narevis kom-
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ponentebi iyos orTqlisebr mdgomareobaSi. svetSi gavlis dros xdeba adsor-

bentis mier sinjis calkeuli komponentebis Sekaveba. Tu narevis Semadgeneli 

komponentebis molekulebs aqvs adsorbentze adsorbirebadobis sxvadasxva una-

ri, maSin am narevis molekulebi svetis gaswvriv moZraobs sxvadasxva siCqariT. 

im nivTierebis molekulebi, romlebic ukeTesad adsorbirdeba, adsorbentis 

Sres ufro nela, gaivlis vidre im nivTierebis molekulebi, romlebic sustad 

adsorbirdeba. Tu sveti sakmarisi sigrZisaa, es procesi sruldeba narevis da-

yofiT calkeul komponentebad, romlebic svetidan air-matarebelTan erTad 

eluirdebian. qromatografis svetidan maSinve gamoidevneba is komponenti, ro-

melic ar adsorbirdeba an sustad adsorbirdeba... 

 
nax.7, airadi qromatografiis sqema  

naxevrad preparatuli miznebisaTvis. 

 

1-baloni air-matarebeliT; 2-nakadis maregulirebeli; 3-manometri;         

4-nimuSis Sesatani moculoba; 5-gamyofi sveti; 6-Termostati; 7-svetidan gamo-

suli gazis nakadis damyofi; 8-deteqtoris Termostati; 9-deteqtori; 10-saana-

lizo sinjis fraqciaTa nakrebi; 11-kvebisa da deteqtoris signalis gamaZli-

erebeli bloki; 12-TviTCamweri. 

qromatografiuli svetidan narevis calkeuli komponentebis eluire-

baze dakvirveba warmoebs deteqtorebis saSualebiT. deteqtorSi xdeba niv-

Tierebis ama Tu im Tvisebebis (mag., siTbotevadobis) cvlilebis fiqsireba. de-

teqtoris Cvenebebi aRiricxeba vizualur da avtomatur TviTCamwerze, qro-

matogramebis saxiT. 

nivTierebis narevis dayofisas airqromatografiuli meTodiT ixarjeba 

gacilebiT naklebi dro, vidre sxva meTodebis gamoyenebisas. garda amisa, 

aRniSnul meTods gaaCnia misi ori mTavari upiratesoba — maRali efeqturoba da 

dayofis sizuste. 
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air-Txevadi qromatografia aris klasikuri qromatografiis SedarebiT 

axali meTodi. am meTodis saSualebiT zustad SeiZleba davyoT sinjebi, rom-

lebic imyofeba airad, Txevad da myar mdgomareobaSi. 

Txevadi da myari sinjebi unda aorTqlds da gadatanili iqnen svetSi. 

aorTqleba droulad rom moxdes, amaorTqlebelSi temperatura unda iyos 

ufro maRali, vidre yvelaze ufro nakleb-aqroladi nivTierebebis duRilis 

temperatura. narevis dayofis procesi xorcieldeba svetSi, romelic Sevse-

bulia SemavsebliT. dayofis xarisxze gavlenas axdens Semdegi faqtorebi: myari 

sarCuli, Txevadi fazis tipi da raodenoba, svetis sigrZe, temperatura. 

air-Txevadi qromatografia gamoiyeneba homologiuri rigis wevrTa aseve 

sxvadasxva funqcionaluri jgufebis mqone naerTebis dasayofad, sxvadasxva 

Txevadi fazebis seleqtiurobis dasadgenad da SedarebiT sufTa qimiur naer-

TebSi minarevebis aRmosaCenad. 

qromatografiis es meTodi mniSvnelovania lipidebSi Semavali aqroladi 

komponentebis dasayofad. narevis dayofa mimdinareobs or — moZrav da uZrav 

fazas Soris. moZravi faza yovelTvis aris airi, xolo uZravi faza — siTxe da-

fenili inertul sarCulze. magaliTad, Cveulebriv silikagelze (1 g silikage-

li 0.5 g siTxe),  forovan SiO2-ze an daqucmacebul silikatur agurze. uZravi fa-

za samuSao etapze unda iyos araaqroladi. gamxsnelebidan ZiriTadad iyeneben 

qloroforms, acetons, petroleinis eTers. 

suraTi 11-is mixedviT, gamyofi me-5 sveti Sevsebulia Tanabari zomis si-

likagelis marcvlebiT, romelic dasvelebulia siTxiT. mili isea moxrili, rom 

moTavsdes TermostatSi (me-6), romelic cxeldeba mduRare siTxis orTqliT.  

me-4 moculobaSi SeaqvT sakvlevi narevi. sistemaSi atareben sufTa airs (azoti, 

argoni an heliumi). svetidan gamosuli airebis daWera xdeba sxvadasxva damWeris 

saSualebiT, magaliTad, kalciumis qloridis milismagvari minis WurWliT, ro-

melSic moTavsebulia meTanoliT an petroleinis eTeriT gaJRenTili bamba. ro-

desac TviTCamwerSi (me-12) gamoCndeba nivTierebis piki, damWers uerTeben qro-

matografiul svets (me-10) silikonis miliT. rodesac mocemuli komponenti 

mTlianad gamova svetidan, damWers moxsnian da cvlian sxva axali damWeriT. ase 

grZeldeba, vidre TviTCamwerSi ar gaqreba pikebi. Semdeg am damWerebidan ga-

mowvlilaven nivTierebebs (acetoniT, qloroformiT, petroleinis eTeriT) da 

Caatareben analizs. 

qromatografiul svetSi, romelsac qromatografiis `guls~ uwodeben, 

rogorc vxedavT, xdeba narevis dayofa. maTi damzadeba SeiZleba laborato-

riebSic. igi SeiZleba iyos minis, polieTilenis, teflonis da, iSviaTad, spilen-

Zis. spilenZis svetebis gamoyeneba xSir SemTxvevaSi ar SeiZleba, radgan, rogorc 

aRmoCnda, maT SeuZliaT uZrav fazaze da dasayof komponentebze imoqmedon 

rogorc katalizatorebma, gansakuTrebiT maRal temperaturebze. temperatu-

ruli intervali, romelSiac atareben lipidebis airad qromatografias, Se-

adgens 140—2500C.  
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3.7.  lipidebis  speqtroskopiuli  analizi   

praqtikam aCvena, rom analizis speqtroskopuli meTodebi,  rogoricaa in-

frawiTeli-, ultraiisferi-, birTvul-magnituri rezonansis speqtroskopia, 

mniSvnelovania lipidebis identifikaciisaTvis da amJamad isini farTod gamoi-

yeneba am naerTebis Sesaswavlad. yvela speqtroskopiuli meTodis safuZvels 

warmoadgens nivTierebis mier sinaTlis STanTqmis, gamosxivebis da ganbnevis in-

tensivobis damokidebuleba sinaTlis sixSireze (an talRis sigrZeze). optikur 

speqtroskopiaSi gamoyenebulia STanTqmis speqtrebi, xilul an ultraiisfer 

ubnebSi talRis sigrZis intervalSi 10—1 -dan 10—6 sm —1-mde. 

 

3.7.1. infrawiTeli speqtroskopia 

infrawiTel speqtroskopias ZiriTadad iyeneben nivTierebis funqcio-

naluri analizisaTvis, e.i. funqcionaluri jgufis dasaxasiaTeblad da maTi er-

TmaneTTan urTierTganlagebis gansazRvrisaTvis, agreTve igi SeiZleba gamo-

yenebul iqnes ori naerTis identurobis, an araidenturobis dasadgenad. Tu 

sakvlevi nivTiereba ar ixsneba iseT gamxsnelebSi, romelic gamoiyeneba i.w. 

spetroskopiaSi (CCl4, CHCl3, CS2  da a.S.), Cveulebriv speqtrs iReben vazelinSi an 

kaliumis bromidSi. wyals, rogorc gamxsnels ar iyeneben im SemTxvevaSi, Tu 

sakvlevi nivTiereba Seicavs hidroqsilis jgufs. eleqtromagnituri gamosxi-

vebis dros molekulis mier sinaTlis STanTqmiT xdeba molekulis `aRgzneba~ da 

ZiriTadi mdgomareobidan gadadis erT-erT aRgznebul mdgomareobaSi didi 

energiis SemcvelobiT. amave dros adgili aqvs zogierTi bmis gaxleCvas. ener-

giis gamoTvla  xdeba Semdegi formuliT. 

E1-E0=hv    Tu    E1-E0=E1, maSin E=hv, 

sadac E0 da E1 aris ZiriTadi da aRgznebuli mdgomareobis   energia. 

   

  h — plankis mudmiva 6,62 • 10-34 jouli . wm; 

  v — STanTqmis sixSire (hercebSi).  

aseTi STanTqmis dros atomebi asrulebs rxeviT moZraobas, romlis dro-

sac icvleba bmebis sigrZe an kuTxe bmebs Soris.  rxevebi, romlis drosac icv-

leba bmis sigrZe cnobilia, rogorc valenturi rxevebi, xolo rxevebs, romlis 

drosac icvleba kuTxe bmebs Soris, ewodeba deformaciuli rxevebi 



 124

valenturi rxevebi deformaciuli rxevebi  
 
     
nebismieri nivTierebis molekulaSi atomTa birTvebs SeuZlia ori saxis 

moZraobis Sesruleba: brunviTi moZraoba molekulis simZimis centris irgvliv 

da rxeviTi moZraoba zogierTi wonasworuli mdgomareobis maxloblad. 

molekulis speqtrebi SeiZleba sam klasad daiyos: 

1. brunviTi speqtrebi, romlebic molekulaSi birTvebis rxevasTan aris 

dakavSirebuli. 

2. rxeviTi speqtrebi, romlebic dakavSirebulia birTvebis rxevasTan. 

3. eleqtronuli speqtrebi, romlebic dakavSirebulia eleqtronebis 

moZraobasTan - eleqtronul gadasvlasTan. 

amasTan, pirveli ori saxis speqtri i.w. ubanSi mdebareobs. am speqtris 

mixedviT, SeiZleba vimsjeloT molekulaSi ama Tu im funqcionaluri jgufis an 

bmis arsebobis Sesaxeb, vinaidan molekulis SigniT calkeul funqcionalur 

jgufebs (-OH, -NH2, -CO), agreTve calkeul bmebs (C-C, C=C, C≡C da a.S.) infrawiTel 

speqtrSi gansazRvruli maxasiaTebeli sixSireebi Seesabameba. infrawiTeli 

speqtris ubnebi gadaWimulia 4000-dan 625 sm-1 farglebSi.  

funqcionalur jgufebs Seesabameba gansazRvruli STanTqmis ubnebi, gan-

vixiloT zogierTi maTgani (cxrili 5).  

rxevaTa sixSireebi, romlebic 2500 sm-1 ubans aRemateba, damaxasiaTebelia 

wyalbadTan - yvelaze msubuq elementTan kavSirisaTvis.  

mag:  C-H bmisaTvis 2800-3300 sm-1ubanSi. 

O-H “ ———— ”  3350-3450 sm-1 

N-H “ ———— ”  3700 sm-1 

erTmagi kavSirebis sixSireebi moTavsebulia 800 da 1200 sm-1 ubanSi, Tumca 

imave intervalSi gvxvdeba sixSireebi C-O-C bmisaTvis, rac damaxasiaTebelia 

rTuli eTerebisaTvis, laqtonisaTvis, martivi eTerebisaTvis agreTve spir-

tebisaTvis, mag: 

CH3OH-Tvis 1032 sm-1. 

C-N  bmisaTvis (CH3-NH2 -Si1037 sm-1) 

C-F  “——————”  (CH3-F 1040 sm-1). 
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olefinebSi ormagi C=C kavSirebis sixSireebi Canacvlebis bunebisagan 

damokidebulebiT meryeobs 1620-1680 sm-1 ubnebSi. magram TviT karbonmJavebSi 

igi mniSvnelovnad Semcirebulia da Seadgens ∼ 1650 sm-1. 

C — halogeni bmisaTvis 500-780 sm-1 ubnebSi. 

-SO2 — organuli sulfonawarmebisaTvis 1310-1335 sm-1  da a.S. 

                                                              

                                                              cxrili 5 
zogierTi naerTis infrawiTeli speqtrebis  

damaxasiaTebeli sixSireebi 

 

rxevis saxeoba da sixSire, sm-1 funqcionaluri 
jgufebi valenturi deformaciuli 

1 2 3 
-CH3 CH, 2962; 2872± 10 CH, 1375±5 

1450±20 
-OCH3  CH, 1430 
-CH2 CH, 2926; 2853±10 CH, 1465±10 

(CH2), 750-720 
-C(CH3)2  CH, 1385; 1365± 5 
-C=C- C=C, 1680-1620 

C=C, benzolis birTvSi 
1600±20 

 

-C-O-C C-O, 1250;  cis  830 
               trans   890 

 

-C=0  1700-1740 
  1750-1730 

 

pirveladi amidi 
-R-CO-NH2 

NH2, 3350; 3180 CH2, 1620-1590 

meoradi amidi 
-R-CO-NHR 

NH, 3320-3180 CH, 1550-1510 

anhidridebi 
-CO-O-CO 

CO, 1850-1800 
       1790-1740 

 

pirveladi amini 
-NH2 

NH2, 3500-3300 CH, 1650-1590 

meoradi amini NH NH, 3500-3300 CH, 1650-1550 
fosfatebi 
-R-O-PO-O- O- 

P=O, 1300-1250; 
         1250-1200 

P=O-, 1100-1090; 
         2700-2560 

 

Tavisufali mJava 
          O 
-P 
          OH 

 1240-1180; 960 

 

3.7.2  birTvul-magnituri rezonansis speqtroskopia 

sxva mraval fizikur meTodebTan erTad, bmr speqtroskopia warmoadgens 

nebismieri molekulis kvlevis erT-erT ZiriTad meTods. bmr-is daxmarebiT Se-
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iZleba SeviswavloT molekulis agebuleba, misi konformacia, eleqtronuli 

simkvrivis ganawileba, tautomeruli wonasworoba da zogjer reaqciis kineti-

kac. bmr-is meTodi damyarebulia magnitur velSi moTavsebuli nivTierebis mier 

radiosixSiris gamosxivebis energiis STanTqmaze da am STanTqmis registrireba-

ze. am dros radiosixSiris gamosxivebis energiis kvantebi STainTqmeba magnitu-

ri momentis, e.w. `birTvuli spinis~ mqone elementebis birTvebis, pirvel rigSi, 

protonebis mier. praqtikulad bmr-is speqtris misaRebad eleqtromagnitis po-

lusebis RreCos Soris (sur. 12), romelic qmnis maRali daZabulobis erTgvaro-

van mudmiv vels, aTavseben ampulas nimuSiT. ampula Semofarglulia koWiT, ro-

melSic qmnis maRali daZabulobis erTgvarovan mudmiv vels. Tu cvlian magnitu-

ri velis daZabulobas (HO), maSin daZabulobis romelime mniSvnelobis dros ad-

gili aqvs nimuSis mier energiis STanTqmas. amasTan koWaSi denis simZlavre mcir-

deba. es cvlileba Zlierdeba da gadaecema TviTCamwerze an oscilografze. 

                                                                        

 

                                                                                                         

                                               

                                                                                                         

 

                                                                    

 

sur. 12. a-ampula nimuSiT, m-magniti, gen-generatori, g-gamaZlierebeli, 
 o-oscilografi, T-TviTCamweri. 

 

ganvixiloT, rogori naerTi iZleva birTvul STanTqmebs: unda aRiniSnos, 

rom atomTa birTvebs, romlebic ufro xSirad Sedian lipidebis SemadgenlobaSi 

Sedis, mag., rogoricaa  C6
12, O8

16 da sxva, masuri ricxvi A da muxti Z wyvili aqvT. 

amitom maTi `birTvuli spini~ nulis tolia da birTvis rezonansis signals ar 

iZleva. amave dros, H1, C13, F19 da P34  atomis birTvebs aqvT ½± 1/2 toli birTvuli 

spini da naerTebi, romlis SemadgenlobaSi Seyvanilia es atomebi, advilad 

SeiZleba gamokvleul iqnes bmr-is meTodiT. magaliTad, Tu saWiroa naxSirbadis 

atomis bmr signalze dakvirveba, SesaZlebelia sakvlev obieqtebSi misi 

izotopis -13C — Seyvana. atomTa birTvebi imis mixedviT, Tu romel sxva 

birTvebTanaa garemoculi molekulaSi, iZleva bmr-is signals mudmivi mag-

nituri velis daZabulobis sxvadasxva mniSvnelobis dros. 

ampulaSi aTavseben sakvlevi nivTierebis — 10%-ian xsnars. gamxsnelad 

iyeneben deiterirebul gamxsnelebs, radganac maTi signali ufro sustia, vidre 

aradeiterirebulis. aseTebia: D2O, C6D6, CDCl3 da a.S. qimiur Zvrebs zomaven 

memilioned nawilebSi. standartul etalonebad iReben tetrameTilsilans 

(TMC), 13CS2, dioqsans, acetons, meTanols. dro damokidebulia nivTierebis kon-

centraciaze, agreTve molekulis agebulebaze. bmr-is speqtris xelsawyoebi xa-

m 
T 

g

o 

gen

a
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siaTdebian sami ZiriTadi parametriT: samuSao sixSire, romelic damokidebulia 

H0 velis daZabulobaze, mgrZnobiarobaze da gaSliT Tvisebebze. Tu xelsawyo 

ufro mgrZnobiarea, maSin imave koncentraciis protonebis dros ufro inten-

siur signalebs iZleva nimuSSi.  

qvemoT mocemulia protonuli rezonansis signalebi, romlis saSuale-

biTac SesaZlebelia lipidebis identifikacia (cxrili 6). 

 

cxrili 6 
protonuli rezonansis signalebi 

 

nivTiereba an jgufi (m.g.) m.n. 

(CH3)4 Si 10,00 

-CH2 - ciklopropani 9,78 

-CH3 - parafinebi 9,10-9,12 

(CH3)2 — izopropili 8,7-8,8 

-CH2 - parafinebi 8,65-8,80 

RS — sulfhidrili 8,5-8,9 

RNH2 — (koncentracia 0,1-0,9 ) 8,2-8,9 

R2 — (koncentracia 0,1-0,9 ) 7,8-9,6 

CH3-C=C- skvaleni 8,1-8,4 

-CO-O – cximovan mJavaTa eTerebi 7,8-7,9 

-CH2-O – ketonebi 7,5-7,8 

CH3-O- martivi eTerebi 6,2-6,7 

CH3- alifaturi rTuli eTerebi 6,2-6,4 

ROH – spirtebi 4,7-7,0 

H-N-C= amiduri 1,5-4,5 

Ar-H 2,0-3,4 

-SO3  1,0-2,0 

                  

3.7.3.  mas-speqtrometria  

organul naerTTa kvlevis sxva fizikur-qimiuri meTodebisagan gansxvave-

biT, mas-speqtrometruli meTodi damyarebulia molekulis destruqciaze. mas-

speqtri gviCvenebs molekulis destruqciis Sedegs eleqtronTa nakadiT dabom-

bvisas. rodesac dabali energiis (∼10 eleqtron-volti Э) eleqtronTa nakadiT 

dabombaven orTqlisebr mdgomareobaSi myof naerTs, maSin xdeba erTi valen-

turi eleqtronis eliminireba da warmoiqmneba Zlier aRgznebuli, dadebiTad 

damuxtuli molekuluri ioni (M+). 

                                                M - e M + e
⊕
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  rogorc wesi, eleqtronuli dabombva amoagdebs heteroatomis Tavi-

sufali (gauwyvilebeli) wyvilidan erT-erT eleqtrons an aromatuli sistemis, 

an ujero bmis erT-erT π—eleqtrons. molekuluri ioni, romlis labiluroba 

gamowveulia aRgznebis maRali xarisxiT, ganicdis gardaqmnebs dadebiTad da-

muxtuli ionebis (fragmentebis) da neitraluri molekulebis an radikalebis 

warmoqmniT.  Tu molekulas davbombavT maRali energiis mqone eleqtronTa naka-

diT (∼70 eleqtron-volti), maSin Tavdapirvelad warmoqmnili molekuluri 

ionis gaxleCva xdeba ufro wvril fragmentebad. am fragmentebidan erTi iqneba 

damuxtuli, sxva ara. mas-speqtri saSualebas iZleva Seswavlil iqnes damuxtuli 

fragmenti. dabali wnevis dros (∼10-7 mm vercxliswylis svetis) maRali energiis 

mqone eleqtronTa nakadiT dabombvisas SeiZleba adgili hqondes Sidamoleku-

lur reaqciebs. 

es sqematurad SeiZleba ase gamoisaxos. magaliTad, gvaqvs romelime 

naerTi aseTi saxiT. 

eleqtronTa nakadi

fragmentacia

A -B-C-D-E
20 -70 ev

[A -B-C-D-E].
+ e

[A +B]++[C-D-E]-

[A -B-E-C-D].

gadajgufeba

fragmentaciafragmentacia

[A -B-E]. + C-D [A -B]. + [E-C-D]
 

mas-speqtrometriis saSualebiT SeiZleba dadgenil iqnes:  

a/ molekulis agebuleba. 

b/ zusti molekuluri masa da empiriuli formula. 

lipidebisaTvis damaxasiaTebelia fragmentaciis Semdegi sami empiriuli 

wesi: 
1. naerTebi ganStoebuli naxSirbadatomTa jaWviT, an ketowarmoebulebi, 

ixliCeba jaWvis orive mxares an, Sesabamisad, ketojgufebTan. 

2. oqsinaerTebi ixliCebian α, β – bmebiT oqsijgufTan damokidebulebiT. 
3. cximovani mJavebis meTilis eTerebidan ixliCeba OCH3 jgufi da rCeba 

fragmenti R – C+ =  0,  m/e = M+ – 31; garda amisa, rCeba fragmenti, [CH3O – C(OH) = 
CH2]+, romlisTvisac jaWvis Semdgomi fragmentacia iwvevs pikebis seriis war-

moqmnas. 
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3.7.4. rentgenostruqturuli analizi 

rentgenostruqturuli analizi swavlobs kristalebSi atomebisa da mo-

lekulebis sivrcobriv ganlagebas. misi saSualebiT ukve Seswavlilia TiTqmis 

yvela qimiuri elementis, metalebisa da maTi Senadnobebis, mineralebis, gluko-

zis, yinulis, wylis da a.S. agebuleba.  

ganvixiloT zogierTi lipidis sivrcobrivi struqtura:    

rentgenostruqturuli analizis monacemebis mixedviT, umaRlesi cximo-

vani mJavebis monokristalebs aqvs zigzagiseburi struqtura, sadac naxSirba-

dis atomebi Tanabari manZiliTaa daSorebuli erTmaneTTan da ori paraleluri 

rigiT lagdeba erTmaneTis mimarT. 
 

 
kuTxe C-C bmas Soris metia tetraedrulze /109028’/ da aris 110-1140-is 

farglebSi. triacilglicerinis molekulaSi cximovani mJavebi, romlebic war-

moqmnis monokristalebs, agreTve imyofeba zigzagisebur konformaciaSi. mTli-

anad molekulaSi ori cximovani mJavas jaWvi moTavsebulia erT xazze parale-

lurad, xolo mesame jaWvi Sordeba maT da ikavebs Tavdapirvelad perpendiku-

larul, xolo Semdgom paralelur mdgomareobas /sur. 13 /.  
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nax. 13. triacilglicerinis rentgenograma 

fosfatidilqolinSi ori umaRlesi cximovani mJava erTmaneTis mimarT pa-

raleluradaa ganlagebuli, xolo -C-C-N polaruli nawili, sadac aminojgufis 
dadebiTad damuxtuli ioni da amave dros fosformJavas anionuri nawilia mo-
Tavsebuli, perpendikularuladaa ganlagebuli glicerinul nawilTan /sur. 14/. 

 

sur. 14. fosfatidilqolinis sivrcobrivi struqtura 

diacilfosfatidilqolini

CH2 - O - COR

CH
 
CH2 -O - P - O - CH2 - CH2 - N (CH3)3

+
R1OCO O

O
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analogiuri sivrcobrivi struqtura aqvs fosfatidileTanol- aminsac. 
maTi sivrcobrivi agebuleba TiTqosda `Cibuxis~ formas emsgavseba /sur. 15/.  
aseTi konfiguracia bunebrivi fosfolipidebis umravlesobisaTvis universa-
luria /bunebriv membranebSi, kristalebSi, micelebSi/. 

 

sur. 15. fosfolipidebis yvelaze metad damajerebeli sivrcobrivi struqtura 
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Tavi IV 
  

 lipidebis cvla adamianis organizmSi    

      4.1. lipidebis funqciebi. cximovani mJavebis moneleba,                                  

transporti da daJangva 

lipidebis klasifikacia. adamianis organizmSi arsebul lipidebs, iseve 

rogorc zogadad lipidebs, yofen or jgufad: Seusapvnav (ar Seicaven cximovan 

mJavebs) da Sesapvnad lipidebad. Seusapvnav lipidebs miekuTvneba steroidebi, 

karotinoidebi da terpenoidebi (agebulia izoprenis naSTebisagan). Sesapvnadi 

lipidebi Tavis mxriv iyofa martiv da rTul lipidebad. martiv lipidebs mie-

kuTvneba cximebi — triacilglicerinebi (warmoadgenen energiis rezervs) da 

cvilebi — erTatomiani spirtis eTerebi umaRles cximovan mJavasTan. rTul li-

pidebs yofen fosfolipidebad da glikolipidebad. imis mixedviT, Tu romeli 

tipis spirtis molekulas Seicavs, fosfolipidebi iyofa glicerofosfolipi-

debad (fosfatidilqolini, fosfatidileTanolamini, fosfatidilserini, fos-

fatidilinozitoli da plazmalogeni, romlis molekulaSi erTi cximovani mJa-

vis nacvlad gvxvdeba misi aldehidi) da sfingolipidebad (monawileoben membra-

nebisa da lipoproteinebis SenebaSi). Tavis mxriv glikolipidebi warmodgenilia 

gangliozidebiT (Seicavs aminospirts sfingozins, cximovan mJavas, heqsozas da 

N—acetilneiraminis mJavas, gvxvdeba nervuli da gliuri ujredebis plazmur 

membranaSi, rux nivTierebaSi), cerebrozidebiT (aminospirti sfingozini, cximo-

vani mJava, naxSirwyali galaqtoza) da sulfatidebiT — cerebrozidsulfati-

diT (TeTri nivTiereba, mielinis garsi). 

mniSvnelovania adamianis organizmis  lipidebis funqciebi: 

1) plastikuri — lipidebi Sedian membranis SenebaSi da gansazRvraven 

plazmuri membranis  Tvisebebs (gamtarobas, nervuli impulsis gadacemas da sxv.)  

2) energetikuli — organizmisTvis lipidi energetikuli masalaa;  

1 g cximis daJangvisas gamoiyofa 39 kjouli/moli energia, rac orjer uf-

ro metia, vidre 1 g cilis an naxSirwylis daJangvisas. lipidi energiis rezervia;  

3) damcvelobiTi — lipidi icavs sxeulsa da organoebs meqanikuri dazia-

nebebisagan da inarCunebs siTbos (kanqveSa cximi, Tirkmlis cximovani kapsula, 

muclis fari);  

4) regulatoruli — eikozanoidebi, steroiduli hormonebi;  

lipidebis cvlis moSlasTan dakavSirebulia iseTi daavadebebi, rogori-

caa aTerosklerozi, naRvlis buStis kenWovani daavadebebi da sxv. 
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4.1.1. cximovani mJavebis daxasiaTeba 

lipidis SemadgenlobaSi myofi cximovani mJavebi najeri an ujeria, Seica-

vs naxSirbadis wyvil ricxvs (12-22) da ganutotavia. eqimisaTvis gansakuTrebiT 

sainteresoa Semdegi najeri cximovani mJavebi:  

1. palmitinoleinis ω7,- 16:1, ∆9 — sinTezirdeba organizmSi; 

2. oleinis ω9, 18:1, ∆9 — sinTezirdeba organizmSi;  

3. linolis ω6 18:2, ∆9,12 — ar sinTezirdeba organizmSi;  

4. α-linolenis ω3, 18:3, ∆5,8,11,14 — sinTezirdeba organizmSi;  

5. araqidonis ω6, 20:4, ∆5,8,11,14 — sinTezirdeba organizmSi;  

6. eikozapentanis ω3, 20:5, ∆5,8,11,14,17- — sinTezirdeba organizmSi.  

samedicino praqtikaSi ganixilaven cximovani mJavebis sam ojaxs: 

1) oleinis mJavas ω9 — ojaxi: 

  18:1 →18:2→ 20:2→ 20:3→ 22:3 →22:4 

  18:1→ 20:1→ 22:1→ 24;1  

2) linoleinis mJavas ω6-ojaxi: 

  18:2→ 18:3→ 20:3→ 20:4→ 22:4→ 22:5 

  18:2→ 20:2  

3) α-linoleinis ω3- ojaxi: 

  18:3→ 18:4 → 20:4→ 20:5 → 22:5→ 22:6 

linolis, linoleinisa da araqidonis mJavebi Seucvlelia da 3 ZiriTad 

funqcias asrulebs:  

1) maTgan warmoiqmneba bioregulatorebi — eikozanoidebi;  

2) ganapirobebs membranis denadobas;  

3) aferxebs sisxlZarRvebSi qolesterinisa da sxva lipidebis dagrovebas. 

eikozanoidebi — eikozapolienuri cximovani mJavebis warmoebulebia. maT 

yofen prostanoidebad da leikotrienebad. termini `prostaglandini~  xSir Sem-

TxvevaSi gamoiyeneba yvela prostanoidis aRsaniSnavad. 

prostaglandinebi, Tavdapirvelad, aRmoCenil iqna saTesle siTxeSi. amJa-

mad cnobilia, rom maT Seicavs praqtikulad yvela qsovili da, aqedan gamomdina-

re uwodeben `adgilobriv hormonebs~. prostaglandinebi sinTezirdeba araqi-

donis mJavisgan. xuTwevriani rgolis Senebis mixedviT iyofa A, B, E, D da F 

jgufebad, xolo ormagi bmebis mixedviT 1, 2 da  3 jgufad. jgufi mieTiTeba dasa-

xelebis qvemoT, magaliTad, PGE1, PGF2α. 
araqidonis mJavis wyaroa membranis fosfolipidebi, saidanac fosfo-

lipaza A2-is moqmedebiT xdeba misi gamoTavisufleba. 
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membranuli fosfolipidebi                   

 ↓  fosfolipaza A2  ←  glukokortikoidi 

                                        a r a q i d o n i s   m J a v a                        

    lipoqsigenaza  ↓    ↓      

   
 
 
 
 
  
fosfolipazas gaaqtivebaSi monawileobs Ca2+, Trombini, angiotenzini II, 

bradikinini, lipoperoqsidebi da  adrenalini. glukokortikoidebi blokireben 

fosfolipaza A2-is gaaqtivebas, riTac ferxdeba yvela eikozaoidebis sinTezis 

procesi. araqidonis mJava ganicdis ciklooqsigenazur da lipoqsigenazur 

gardaqmnas. 

 ciklooqsigenazuri gardaqmna: reaqciisaTvis aucilebelia 2 molekula 

Jangbadi. warmoiqmneba endozeJangi, saidanac SemdgomSi xdeba prostaglandi-

nebis sinTezi. prostaglandinebis inaqtivacia mimdinareobs ferment 15-hid-

roqsi-prostaglandin-dehidrogenaziT, romelic gvxvdeba yvela qsovilSi, mag-

ram gansakuTrebiT didi raodenobiT filtvebSi. prostaglandinebis sicocxlis 

periodi mcirea — sisxlis mimoqcevis erTi wre. 

sxvadasxva qsovilis ujredebis membranaSi gvxvdebian prostaglandinebis 

receptorebi. PGE-is receptorTan dakavSirebis Sedegad ujredSi izrdeba        

c-amf-is raodenoba, xolo PGF — c-gmf, rac uzrunvelyofs maTi efeqtebis sxva-

dasxva mimarTulebas. magaliTad, PGE iwvevs saSvilosnos gluvi kunTebis modu-

nebas, xolo PGF — SekumSvas, anu PGE xels uwyobs ganayofierebis process, xolo 
PGF – nayofis gamodevnas, aborts. PGF inducirebs alergiul reaqciebs, xolo 

PGE iwvevs am reaqciebis Seferxebas. aspirinis Terapevtuli efeqtis arsi ga-

moixateba prostaglandinebis sinTezis SeferxebaSi, vinaidan igi ciklooq-

sigenazas inhibitoria.  

prostaciklinebi warmoiqmneba sisxlZarRvebis endoTelialur ujredeb-

Si. is ewinaaRmdegeba Trombocitebis agregacias; afarToebs koronalur sis-

xlZarRvebs da dabla sweven sisxlis wnevas. 

Tromboqsanebi sinTezirdeba TrombocitebSi da axasiaTebT prostacik-

linebis sawinaaRmdego efeqtebi. 

leikotrienebis sinTezis adgilia leikocitebi, mastocitebi, Tromboci-

tebi da makrofagebi. 

lipoqsigenazuri gardaqmna: lipoqsigenaza axdens Jangbadis mierTebas 

araqidonis mJavis 5, 12, 15 mdgomareobaSi, warmoqmnis ra hidroperoqsids. mxo-

ciklooqsigenaza←indometacini,
aspirini, 
leikotrienebi  prostanoidebi 

(Tromboqsanebi- TX, 
(LT)  prostaciklinebi —CI, 
prostaglandinebi- PG). 
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lod 5-lipoqsigenaza warmoqmnis LT-s (LTA4 → LTB4(C4)→ LTD4, LTE4). leikotri-

enebi monawileobs anTebiT procesebSi, hipersensibilizaciis reaqciebSi, ax-

dens bronqis muskulaturis Seviwrovebas.  

Seucvleli cximovani mJavebis sakvebSi damatebiT SesaZlebelia zegav-

lenis moxdena sami jgufis eikozanoidebis sinTezze.  

pirveli jgufi: sakvebis linolis mJava — 2H → γ—linolenis mJava → PGE1, 

PGF1, TXA1, LTA3, LTC3, LTD3.  

meore jgufi: sakvebis araqidonis mJava → PGD2, PGE2, PGF2, PGI2, TXA2, LTA4, 

LTB4, LTC4, LTD4, LTE4.  

mesame jgufi: sakvebis α—linolenis mJava + eikozapentanis mJava → PGD3, 

PGE3, PGF3, PGI3, TXA3, LTA5, LTB5, LTC5.  
samedicino praqtikaSi gamoiyeneben sxvadasxva danamatebsa da prepara-

tebs, romlebic Seicavs γ—linolenis mJavasa da poliujer mJavebs (vitamini F). 

 

4.1.2. lipidebis moneleba 

piris Rrusa da kuWSi ar gvxvdeba lipidebis monelebisaTvis aucilebeli 

arc fermentebi da, Sesabamisad, arc pirobebi. es procesi mimdinareobs Tormet-

goja nawlavSi. procesi ramdenime stadiisagan Sedgeba, kerZod:                       

1) sakvebis emulgireba naRvlis mJavebisa da peristaltikis daxmarebiT; 

2) kuWqveSa jirkvlidan gamoiyofa lipaza, romelic Tormetgoja nawlav-

Si aqtivdeba kolipazas daxmarebiT; warmoqmnili kompleqsi adsorbirdeba cxi-

mis wveTebis zedapirze da axdens trigliceridebis rTuli eTeruli bmebis hid-

rolizs;  

3) fosfolipidebi hidrolizirdeba A1, A2, C, D pankreasuli fosfoli-

pazebiT;  

4) qolesterinis eTerebi hidrolizirdeba pankreasuli qolesteroles-

TeraziT qolesterinad da cximovan mJavebad. monelebis Sedegad warmoqmnili 

hidrofoburi produqtebi Seiwoveba micelebis SemadgenlobaSi. es ukanaskneli  

Sedgeba naRvlis mJavebis, fosfolipidebisa da qolesterinisagan (SefardebiT 

12,5 : 2,5 : 1). vinaidan cximi hidrofobulia, amitom sisxlSi maTi transportis-

Tvis arsebobs specialuri meqanizmi.  

cximebis transporti. Tavisufali (araeTerificirebuli) cximovani mJa-

vebi (Tcm) sisxlis mier gadaitaneba albuminTan warmoqmnili kompleqsis saxiT. 

qolesterini, misi eTerebi, triglicerinebi da fosfolipidebi transportir-

deba lipoproteinebis saSualebiT. arsebobs lipoproteinebis (lp) ramdenime 

klasi, magram yvela maTgans aerTianebs Semdegi Taviseburebebi:  

1) gareTa zedapiri Sedgeba fosfolipidebisagan, Tavisufali qoles-

terinisa da cilebisagan;  

2) TiToeuli lipoproteini Seicavs zedapirul cilebs — apolipopro-

teinebs;  
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3) SigTavsi Sedgeba hidrofoburi triacilglicerinebisa da qoleste-

rinis eTerebisagan. 

simkvrivisa da eleqtroforezuli Zvradobis mixedviT lipoproteinebi 

iyofa 4 ZiriTad klasad. cnobilia Semdegi nomeklatura (damyarebuli lp-is 

dayofis meTodze):   

 

klasi ultracentrifugireba eleqtroforezi 

 

qilomikronebi qilomikronebi (qm) qilomikronebi 

Zalian dabali simkvrivis 

lipoproteinebi 
Zdslp (VLDL) β-lp -mde 

dabali simkvrivis 

lipoproteinebi 
dslp (LDL) β-lp 

maRali simkvrivis 

lipoproteinebi 
mslp (HDL) α- lp 

 

yvelaze didi klasi — qm da Zdslp — Seicavs didi raodenobiT triacil-

glicerinebs (80%) da mcire raodenobiT cilebs (2-10%). eleqtroforezis dros 

qm-ebi rCeba startze. dslp warmoadgens qolesterinis ZiriTad transporte-

rebs. mslp Seicavs didi raodenobiT fosfolipidebs da cilebs. 

ganasxvaveben egzogenur (sakvebiT miRebuli lipidebis transporti) da 

endogenur (organizmSi dasinTezirebuli lipidebis transporti) transports.  

egzogenuri transporti. lipidis monelebis produqtebi Seiwoveba 

nawlavis lorwovani garsis ujredebis mier. cximovani mJavebi naxSirbadis ato-

mebiT <12, Seiwoveba sisxlSi da karis veniT transportirdeba RviZlSi. grZel-

jaWviani cximovani mJavebi (>12) nawlavis ujredebSi ganicdis reeTerifikacias 

triacilglicerinSi, romelic SemadgenlobiT sakvebi cximebis msgavsia. miRe-

buli triacilglicerinebi fosfolipidebTan, qolesterinTan da cilebTan 

erTad warmoqmnis qm-s (lipidebis solubilizacia). qilomikronebi Seicavs apo-

B48 da apo-A; gadadis  limfaSi. sisxlSi gvxvdebian mslp, romelic Seicavs apo-E 

da apo-C; gadascemen apo-A nawilakebs mslp-s, samagierod iZens apo-E— da apo-C—

nawilakebs. erTerTi apolipoproteini C-jgufidan — apo-C II — ferment lipop-

roteinlipazas (lpl) aqtivatoria. es fermenti sinTezirdeba da sekretirdeba 

cximovani, kunTovani qsovilebiTa da sarZeve jirkvlis ujredebiT. sekreti-

rebuli fermenti im qsovilebis kapilarebis endoTelialuri ujredebis plaz-

mur membranazea, sadac is sekretirdeba. qilomikronis zedapirze arsebuli apo-

C II aaqtivebs lpl-s, romelic Tavis mxriv awarmoebs qm-is SemadgenlobaSi myofi 

triacilglicerinebis hidrolizs glicerinad da cximovan mJavad. miRebuli 

cximovani mJavebi an xvdeba cximovan da kunTovan qsovilSi, an uerTdeba plazmis 

albumins. fermentis moqmedebiT qilomikronebis zomebi mkveTrad mcirdeba da 

maT remnantebi (narCenebi) ewodebaT. remnantebi receptoruli gziT STain-

Tqmeba RviZlis mier.  
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endogenuri transporti. hepatocitebSi mimdinareobs organizmisTvis 

damaxasiaTebeli triacilglicerinebisa da fosfolipidebis sinTezi. isini er-

Tveba Zdslp-Si, ris SemadgenlobaSic aseve Sedis apo-B100 da apo-C. es trigli-

ceridebis transportis ZiriTadi formaa. lipoproteinebis gansxvavebuli kla-

si, romelic warmoiqmneba RviZlSi — es maRali simkvrivis lipoproteinebia, ro-

melTa SemadgenlobaSi Sedis qolesterini, fosfolipidi da apo-A. es nawilakebi 

brtyelia da maT nascenturi maRali simkvrivis lipoproteinebi ewodebaT. maT 

birTvSi ar gvxvdeba hidrofoburi molekulebi. isini TamaSoben gansakuTrebul 

rols qolesterinis ukutransportSi periferiuli qsovilebis ujredebidan 

RviZlSi. 

kunTovan da kapilarul qsovilebSi apo-C aaqtiveben specifikur lipazas, 

romelic awarmoebs Zalian dabali simkvrivis lipoproteinebis triacilglice-

rinebis hidrolizs, gardaqmnis ra maT saSualo simkvrivis lipoproteinebad. 

saSualo simkvrivis lipoproteinebi RviZlSi sinTezirebuli da cirkulire-

buli RviZlis triacilglicerinlipazas moqmedebiT kvlav kargavs triacil-

glicerinebis garkveul nawils da gardaiqmneba dabali simkvrivis lipopro-

teinad. am ukanasknelis ZiriTad lipids warmoadgens qolesterini, romelic 

swored dabali simkvrivis lipoproteinebis SemadgenlobaSi myofi gadaitaneba 

yvela qsovilis ujredebSi. amdenad, dabali simkvrivis lipoproteinebi war-

moiqmneba uSualod sisxlZarRvovan sistemaSi. 

amrigad, egzogenuri da endogenuri transportis saSualebiT cximovani 

da kunTis qsovilis kapilarebSi xdeba cximovani mJavebisa da glicerinis gaTa-

visufleba. cximovani mJavebi ukavSirdeba albuminebs da maTTan erTad tran-

sportirdeba momxmarebel qsovilSi. 

  

4.1.3. cximovani mJavebis β—daJangva 

mimdinareobs RviZlis, Tirkmlis, ConCxisa da gulis kunTis mitoqondri-

ebSi. es procesi pirobiTad sam etapad iyofa:  

I etapi: cximovani mJavebis daJangva citozolSi ferment acetil-koA—

sinTetazas (Tiokinazas) moqmedebiT mimdinareobs. warmoqmnili acetil-koA ga-

daitaneba mitoqondriul membranaSi karnitinisa  da  ferment karnitilacil-

transferazas daxmarebiT. aRmoCenilia am fermentis ori forma — mitoqondri-

uli da citozoluri. citozolSi warmoiqmneba acilkarnitini, romelsac mi-

toqondriis membranaSi transportirebis unari Seswevs. mitoqondriaSi mimdi-

nareobs ukuprocesi — xdeba acetil-koA-s gamoTavisufleba  mitoqondriuli 

karnitilaciltransferazas saSualebiT.  

II etapi: acetil-koA – dehidrogenazas (kofaqtoria fad) moqmedebiT ace-

til-koA ganicdis dehidrirebas α— da β —naxSirbadis atomebTan. 

III etapi: acetil-koA + mJaunZmarmJava → 12 atf (krebsis cikli). acetil-

koA kvlav erTveba daJangvis Semdgom ciklSi. 
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cximovani mJavebis katabolizmi uzrunvelyofs energiis producirebas. 

gamoyofili energiis gamoTvla xdeba formuliT: 
 

[5(n/2 – 1) + n/2 x 12 — 1 
 

sadac 5 — atf-is molekulebis ricxvia, romlebic warmoiqmneba β- daJan-

gvis erTi aqtis dros; n — naxSirbadebis ricxvi cximovan mJavaSi; n/2 - acetil-

koA-s molekulebis raodenoba; 12 — erTi molekula acetil-koA-s sruli da-

Jangvis Sedegad warmoqmnili atf-is molekulebis ricxvi; 1 — atf-is molekula, 

romelic daixarja cximovani mJavis aqtivaciisaTvis. aRsaniSnavia, rom β—da-

Jangva warmoadgens ujredis  endogenuri wylis wyaros (magaliTad, aqlemebSi). 

ujeri cximovani mJavebi ormagi bmis adgilamde iJangeba iseve, rogorc 

najeri cximovani mJavebi. Tu ormag bmas ar axasiaTebs trans-konfiguracia, moq-

medebs fermenti (∆3,4cis, ∆2,3trans-enoil-koA-izomeraza), romelic awarmoebs 

ormagi bmis gadaadgilebas ∆2,3 mdgomareobaSi da cis-konfiguraciis Secvlas 

trans-konfiguraciiT. SemdgomSi procesi mimdinareobs Cveulebrivad.  

ujeri cximovani mJavebis daJangvis siCqare metia, vidre najeri mJavebis. 

naxSirbadis kenti ricxvis mqone cximovani mJavebis daJangvisas warmoiqmneba ara 

acetil-ko.A, aramed propionil-ko.A, romelic gardaiqmneba suqcinil-ko.A-ad:  

propionil-ko.A + CO2 + atf → meTilmanolini — koA.  
suqcinil-koA → limonmjava cikli. 

cximovani mJavebis daJangvis regulacia. gansakuTrebuli mniSvneloba 

aqvs imas, Tu ramdenad xelmisawvdomia cximovani mJavebi. maTi miwodeba gani-

sazRvreba sakvebSi cximebis SemcvelobiT da endogenuri lipidebis lipolizis 

siCqariT. meore makontrolirebel  faqtorad warmodgenilia ujredSi sarezer-

vo energiis done: cximovani mJavebis β—daJangva aqtivirdeba adf-iT, xolo inhi-

bitorad gvevlineba atf. 

triglicerinebisa an qilomikronebisa da Zalian dabali simkvrivis lipo-

proteinebis lipolizis dros warmoiqmneba glicerini. 
 

4.1.4. glicerinis daJangva  

glicerini Tavisuflad transportirdeba sisxliT. TirkmelSi, RviZlsa 

da sarZeve jirkvalSi arsebobs fermenti glicerolkinaza. citozolSi es fer-

menti axdens glicerinis fosforilirebas, ris Sedegadac warmoiqmneba glice-

rofosfati, romelic aRwevs mitoqondriebSi da gardaiqmneba 3-fosfoglice-

rinis aldehidad. fosfoglicerinis aldehidis Semdgomi gardaqmna SeiZleba wa-

rimarTos Semdegnairad: 

1. glukoneogenezis reaqciebiT: 

 

dioqsiacetonfosfati + 3-fosfoglicerinis aldehidi (3-f-g-a) → fruq-



 139

tozo-1,6—difosfati → fruqtozo-6-fosfati → glukozo-6-fosfati → 

glukoza. 

2. glikolizis reaqciebiT: 

 3-fosfoglicerinisaldehidi→1,3-difosfoglicerinis mJava  

 → 3 fosfoglicerinis mJava → 2 fosfoglicerinis mJava → fosfoenol-

piruvati → piruvati → acetil-ko.A → limonmJava cikli. 

glicerinis CO2-ad da H2O-ad daJangvis energetikuli balansi: 

glicerokinazas stadia —1 atf. 

1-glicerofosfatdehidrogenazas stadia  + 2atf. 

3 fosfoglicerinaldehiddehidrogenazas stadia → nadH+H+ → +3atf.  

piruvatis JangviTi dekarboqsilireba acetil-koA-ad → nadH+H+→ 

+3atf. 

acetil-koA daJangva limonmJava ciklSi da sunTqvis jaWvTan SeuRle-

buli eleqtronebis gadatana → +2atf.  

sabolood 22-1=21 atf. 
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kiTxvebi da savarjiSoebi 

 

1. SeadgineT lipidebis monelebaSi monawile fermentebisTvis damaxasi-

aTebeli cxrili (saxelwodeba, sad gamomuSavdeba, substratebi, saboloo pro-

duqtebi).  

2. amoirCieT is varianti, romelic sworad axasiaTebs naRvlis funqcias:  

a) aaqtivebs lipazas;  

b) axdens cximebis emulgirebas;  

g) xels uwyobs monoacilglicerinebis Sewovas;  

d) axdens cximebis hidrolizs;  

e) xels uwyobs qolesterinis Sewovis process;  

v) xels uwyobs vitamini D—s Sewovas. 

3. amoirCieT cximebis gadamuSavebisa da Sewovis darRvevis gamomwvevi mi-

zezebis savaraudo variantebi:  

a) pankreasuli lipazas sinTezis procesis darRveva;  

b) kolipazas ararseboba; 

g) naRvlis wvenis nawlavSi moxvedris procesis darRveva;  

e) pankreasuli wvenis nawlavSi moxvedris procesis darRveva;  

v) sekretinis arasakmarisi produqcia;  

z) qolecistokininis arasakmarisi produqcia. 

4. gamoiTvaleT, Tu ramdeni atf warmoiqmneba 1 molekula stearinis mJa-

vas daJangvis Sedegad. ramdeni molekula atf-iT naklebi warmoiqmneba, Tu iJan-

geba palmitooleinis mJava? 

5. prostaglandinebis winamorbedad iTvleba araqidonis mJava, romelic 

Camoscildeba fosfolipidebs fosfolipaza A2-is moqmedebiT:  

a) dawereT es reaqcia, Tu am reaqciis substrats warmoadgens fosfati-

dilqolini;  

b) sad sinTezirdeba fosfolipaza A2, romelic monawileobs sakvebiT mi-

Rebuli fosfolipidebis monelebaSi? 

6. cximebis maragi organizmis mTliani  masis 15%-ia.  SimSilobisas  ramde-

ni dRis manZilze cximebi uzrunvelyofen organizmis energomoxmarebas? mxed-

velobaSia misaRebi, rom dReRamuri SimSilobis ganmavlobaSi energiis moxmare-

ba Seadgens 11000kj, xolo 1 gr cximi   iZleva daaxloebiT 45 kj. 

7. romeli naRvlis mJavebisTvis aris damaxasiaTebeli Zlieri maemul-

girebeli Tvisebebi?  

rZeSi cximi emulgirebulia, xolo bavSvebSi aqtiuria lipaza. saWiroa Tu 

ara am SemTxvevaSi naRvlis mJavebi?  

8. ra iwvevs ZiriTadSi lipidebis cvlis moSlas zrdasrul adamianSi — 

lipazas ararseboba (pankreatitebis SemTxvevaSi), Tu naRvlis ararseboba saW-

mlis momnelebel traqtSi (hepatobiliaruli daavadebebis dros)? 
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laboratoriuli samuSao 1 

samuSao 1.1. ujerobis xarisxis dadgena lipidebSi 

iodisricxvis mixedviT 
 

meTodis principi: iodis ricxvis gansazRvra, romelic saSualebas iZle-

va dadgindes lipidis ujerobis xarisxi, damyarebulia cximovani mJavis Tvise-

baze, ujer bmaze miierTos ori atomi iodi. amrigad, iodis ricxvi — es aris si-

dide, romelic gansazRvravs Tu ramdeni grami iodi uerTdeba 100 gr lipids. 

reaqtivebi, sakvlevi masala: 

1) domis reaqtivi — 0,05 N piridindibromidis xsnari (2,5 g an 1,85 ml kon-

centrirebul gogirdmJavas, romelic gaxsnilia 5 ml. yinulovan ZmarmJavaSi, 

emateba 2 g an 2,06 ml piridini, romelic aseve  damzadebulia  5 ml yinulovan 

ZmarmJavaSi; xsnari civdeba da emateba 2 g an 0, 63 ml bromi, miRebuli narevi 

ivseba 500 ml-mde yinulovani ZmarmJaviT);  

2) 10%-iani KJ;  

3) 1%-iani saxamebeli (1 g saxamebeli ixsneba 100 ml KCl-is 13%-ian xsnarSi, 

miiyvaneba aduRebamde da civdeba);  

4) 0,02 N natriumis Tiosulfatis standartuli xsnari;  

5) lipidebis qloroformiani xsnarebi, mg/ml. 

samuSaos msvleloba: 5 ml lipidebis qloroformian xsnars emateba 5 ml 

pirididibromidi. xsnari 15 wT-is ganmavlobaSi injRreva 50 ml-ian erlenme-

ieris minis saxuravian kolbaSi, ris Semdgomac emateba 0,5 ml kaliumis iodidis 

xsnari, 0,5 ml wyali, ramdenime wveTi saxamebelis xsnari da gamoyofili iodi 

ititreba 0,02 N Tiosulfatis standartuli xsnariT. sakontrolo cdaSi lipi-

dis xsnaris magivrad emateba 5 ml qloroformi, cda mimdinareobs analogiur 

pirobebSi. iodis ricxvi gamoiTvleba formuliT 1,25(a:b)/15C, sadac a— sakon-

trolo nimuSis pirobebSi Catarebuli titraciis Sedegia, b- sacdeli nimuSis 

pirobebSi Catarebuli titraciis Sedegi; C- lipidis wona, gr. 

ormagi bmebis ricxvi 1 molze gadaangariSebiT gamoiTvleba formuliT: 

(iodis ricxvi) x M/254, sadac M — molekuluri masaa. 

 

samuSao 1.2. naRvelis moqmedeba lipazas aqtivobaze 

 

meTodis principi: rZis cximze lipazas moqmedebis siCqare SeiZleba 

ganisazRvros cximovani mJavebis raodenobiT, romelic warmoiqmneba cximis 

hidrolizis Sedegad drois garkveul periodSi. cximovani mJavebis raodenoba 

ganisazRvreba fenoftaleinian areSi tutiT titrirebisas. sareaqcio areSi 

naRvlis mJavebis arsebobisas lipaza aqtivirdeba da rZis cximebis hidrolizi 
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mimdinareobs didi siCqariT. 

gamoTvlis Sedegebi gamoixateba gatitruli tutis raodenobiT (ml). ige-

ba grafiki, sadac ordinatTa RerZze aRniSnulia 0,05 N tutis xsnaris raode-

noba (ml), romelic daixarja cximovani mJavebis gasaneitraleblad, xolo absci-

saTa RerZze —  dro (wT). 

reaqtivebi, sakvlevi masala: 

1) 5%-iani pankreatinis xsnari;  

2) 0,5% fenoftaleinis spirtiani xsnari; 

3) 0,05 N NaOH;  
4) aduRebuli rZe,  ganzavebuli wyliT SefardebiT 1:1. 

    

samuSaos msvleloba 
 

reaqtivis raodenoba, ml. reaqtivebi, cdis pirobebi 

kontroli cda 

rZe 10,0   10,0 

pankreatini 1,0    1,0 

H2O 1,0    1,0 

naRveli —     — 
 

 yoveli xsnaridan kolbaSi isxmeba 1 ml. 
 

fenoftaleini, wveTi 1 — 2 1 — 2 
 

   ititreba natriumis tutiT Ria vardisfer Seferilobamde  
 

TiToeuli WurWeli idgmeba TermostatSi 380C-ze 
 

yoveli 10 wT-is Semdeg WurWlidan iReba 1 ml xsnari (5-6 jer), emateba 1-2 

wveTi fenoftaleini da isev ititreba natriumis tutiT vardisfer Seferi-

lobamde.  

  

samuSao 1.3. Tvisobrivi reaqciebi naRvlis mJavebze 

 

naRvlis mJavebis aRmoCena SeiZleba petenkoferis reaqciiT. naRvlis mJave-

bi iZleva Zowisfer Seferilobas oqsimeTilfurolomTan, romelic warmoiqmneba 

fruqtozidan sareaqcio areSi koncentrirebuli gogirdmJavas arsebobisas. 

reaqtivebi, sakvlevi masala: 

1) 20% saqaroza;  

2) koncentrirebuli saqaroza;  

3) wyliT orjer ganzavebuli naRveli. 
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samuSaos msvleloba: mSral SuSaze awveTeben 1 wveT naRvels, 1 wveT sa-

qarozis xsnars da kargad ureven. gverdze uwveTeben 3 wveT koncentrirebul 

gogirdmJavas (mina ar unda gainZres). ramdenime xnis Semdeg wveTebis Serwymis 

adgilas viTardeba wiTeli Seferiloba, romelic garkveuli xnis Semdeg ga-

dadis wiTel iisferSi. 

sakontrolo kiTxvebi 

1. aRwereT iodis ricxvis gansazRvris meTodis principi. 

2. risTvis ganisazRvreba iodis ricxvi? 

3. ratom cvlis naRveli lipazas aqtivobas? 

4. rogor dgindeba naRvlis mJavebis arseboba? 
 

4.2. lipidebis cvla. acetil—ko.-s gamoyenebis ZiriTadi gzebi 

 

acetil-ko.A, romelic warmoiqmneba β-daJangvisas, gamoiyeneba rogorc 

substrati sami umniSvnelovanesi metaboluri gardaqmnisaTvis: 1) daJangva li-

monmJava ciklSi; 2) cximovani mJavebis biosinTezi; 3) mevalonis mJavisa da ke-

tonuri sxeulebis warmoqmna. 

 

4.2.1. ketonuri sxeulebis sinTezi 

acetil-ko.A erTveba limonmJava ciklSi, roca cximebisa da naxSirwyle-

bis daSlis procesi dabalansebulia. cximovani mJavebis aCqarebulma katabo-

lizmma an naxSirwylebis gamoyenebis procesis daqveiTebam SesaZlebelia gamo-

iwvios acetil-ko.A-s dagroveba da misgan iseTi ketonuri sxeulebis sinTezi, 

rogoricaa acetoacetati, β-hidroqsibutirati da acetoni.  

ketonuri sxeulebis warmoqmnis procesi mimdinareobs RviZlis mitoqon-

driebSi. acetoacetati warmoiqmneba acetil-koA-sagan. procesi sam stadiad 

mimdinareobs: Tavdapirvelad 2 acetil-koA kondensirdeba, xolo Semdgom war-

moiqmneba acetoacil-koA: 
 

2 acetil-ko.A → acetoacil-ko.A + acetil-ko.A → β-hidroqsi-β - 

meTilglutaril —ko.A (hmg-ko.A) → acetoacetati + acetil-ko.A. 

 

acetoacetati spontanurad dekarboqsilirdeba, rasac mosdevs acetonis 

warmoqmna an igi ganicdis hidrirebas β—hidrobutirat-dehidrogenazaTi, ris 

Semdegac miiReba β—hidroqsibutirati. 

ketonuri sxeulebi — acetoacetati, acetoni da β—hidroqsibutirati.  

ketonuri sxeulebi normaSi mcire raodenobiT warmoiqmneba. RviZlSi 

acetoacetati ver iJangeba, amitom is sisxlis nakadiT xvdeba ConCxisa da gulis 

kunTebSi aseve tvinSi (mas aqvs unari acetoacetati gardaqmnas isev acetil-

koA-ad). amdenad, normaSi acetoacetili tvinSi, gulisa da ConCxis kunTebSi as-
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rulebs energiis wyaros funqcias. ketogenezi regulirdeba: 1) cximovani mJa-

vebis ganTavisuflebiT cximovani qsovilidan; 2) RviZlis karnitil-palmitoil-

transferaza I-iT; 3) acetil-koA-s CarTviT limonmJava ciklSi an hidroqsi-β-

meTilglutaril- koA-s  sinTezSi.   

SimSilobis an diabetis dros warmoiqmneba ketonuri sxeulebis siWarbe, 

rasac mosdevs maTi dagroveba sisxlSi — metaboluri acidozi. ketonuri sxe-

ulebis didi raodenobiT dagrovebisas maTi gamodevna xdeba TirkmelebiT, 

viTardeba e.w. ketonuria. mZime SemTxvevebSi acetonis gamodevna xdeba fil-

tvebiT da misi aRmoCena SesaZlebelia amosunTqul haerSic. 

 

4.2.2. qolesterinis sinTezi 

qolesterini organizmma SeiZleba miiRos sakvebiT an moxdes misi de novo 
sinTezi. sinTezi SesaZlebelia yvela organosa da qsovilis ujredebis mier, gan-

sakuTrebiT didi raodenobiT is sinTezirdeba RviZlSi — 80%, saWmlis momne-

lebel traqtSi — 10% da kanis ujredebSi — 5%. dRe-Ramis ganmavlobaSi zrdasru-

li organizmis mier sinTezirdeba daaxloebiT 500 mg qolesterini. sinTezi mim-

dinareobs endoplazmur badeze — acetil-koA-dan da moiTxovs atf-is energias, 

aseve aucilebelia Mg2+ da nadfH. qolesterinis sinTezSi gamoyofen sam etaps: 

I etapi. 5-naxSirbadiani fragmentis — izoprenis warmoqmna. sinTezis da-

sawyisi emTxveva ketonuri sxeulebis sinTezs: 

3 acetil-koA → hidroqsi-β-meTilglutaril- koA + 2 nadfH+H+→  me-

valonati + 2atf-mevalonat-pirofosfati → izopentenilpirofos-fati + CO2 + 

H2O → dimeTilalil-pirofosfati (5-izoprenis rgoli). 

qolesterinis sinTezis siCqares mevalonatis warmoqmnis Seuqcevadi 

reaqcia gansazRvravs. hidroqsi-β-meTilglutaril—reduqtazas (hmg-reduqta-

za) aqtivoba da qolesterinis sinTezis siCqare izrdeba RviZlSi da sakvebSi qo-

lesterinis naklebobisas.  am procesze aseve moqmedebs radiacia da organizmSi 

Tiroiduli hormonebisa da insulinis Seyvana. hmg-reduqtazas aqtivobis Se-

neleba SeiniSneba SimSilisa da Tiroideqtomiis SemTxvevaSi, aseve organizmSi 

qolesterinis, glukagonisa da glukokortikoidebis Seyvanisas. varaudoben, 

rom fermenti aqtiuria defosforilirebul mdgomareobaSi (insulinis efeqti) 

da araaqtiuria fosforilirebisas (c-amf-is donis amaRleba glukagonis ze-

moqmedebisas). 

II etapi. izoprenis rgolebis kondensacia, ris Sedegadac miiReba sqvaleni 

— 30C; 3 rgoli→ farnezili (15C); 2 farnezili → sqvaleni 30C). 

III etapi. Semdgomi modifikacia da qolesterinad gardaqmna — (27C); cikli-

zacia: sqvaleni→ lanosterini (30C) → qolesterini (27C). am etapze mimdina-

reobs : 1) sami meTilis jgufis moSoreba; 2) gverdiT jaWvSi ormagi bmebis gaje-
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reba; 3) rgolSi ormagi bmis gadaadgileba 8, 9- mdgomareobidan 5, 6-mdgo-

mareobaSi. 

4.2.3. cximovani mJavebis biosinTezi 

citozolSi acetil-ko.A gardaiqmneba cximovan mJavad. procesi sam eta-

pad mimdinareobs:  

1) acetil-ko.A—s transporti mitoqondriebidan citozolSi;  

2) malonil-ko.A warmoqmna;  

3) cximovani mJavis ori naxSirbadis atomiT dagrZeleba malonil-ko.A —is 

xarjze. ukanaskneli procesi grZeldeba palmitinis mJavis warmoqmnamde. 

I etapi. acetil-ko.A—s gamotana mitoqondriebidan citoplazmaSi  cit-

ratis maqoseburi meqanizmis daxmarebiT (fermenti citratsinTaza): 
 

              mitoqondria                                                        citozoli 

                        ↓                                                          ↓ 

ac-ko.A + mJaunZmarmJava→citrati | citrati +atf + koA-SH →  

                                                                acetil-ko.A + mJaunZmarmJava + adf + faraor. 

 
SemdgomSi mimdinareobs malatis dekarboqsilireba nadf-damokidebuli 

malatdehidrogenaziT. mJaunZmarmJavas SeuZlia dabrundes mitoqondriebSi 

ferment translokazas daxmarebiT, magram, umetes SemTxvevaSi, igi aRdgeba ma-

latamde. 

warmoqmnili nadfH+H+ gamoiyeneba mJavebis sinTezisaTvis. garda amisa, 

nadfH+H+-s generatorebs warmoadgens pentozofosfaturi gardaqmna da izo-

cotratdehidrogenaza. 

II etapi. acetil-ko.A ganicdis karboqsilirebas ferment acetil-ko.A- 

karboqsilazas daxmarebiT. acetil-ko.A—karboqsilaza rTuli fermentia, rom-

lis kofermentia vitamini H — biotini. 

acetil-ko.A + CO2 + H2O + atf → adf + faraor. + malonil-koA. 
es reaqcia malimitirebelia cximovani mJavebis sinTezis mTeli procesi-

saTvis: aqtivatoria — citrati, xolo inhibitori — sinTezirebuli cximovani 

mJava. 

III etapi. mimdinareobs multifermentuli sinTazuri kompleqsiT. igi 

Sedgeba ori polipeptiduri jaWvisagan. TiToeuli Seicavs cximovani mJave-

bisaTvis aucilebel 6 ferments (transacilaza, ketoacilsinTaza, ketoacil-

reduqtaza, hidrataza, enoilreduqtaza, TioesTeraza). fermentebi erTmaneT-

Tan kovalenturadaa dakavSirebuli. acil-gadamtani cila (agc) aseve warmo-

adgens polipeptiduri jaWvis nawils, magram is ar aris fermenti. misi funqcia 

dakavSirebulia mxolod acilis radikalebis gadatanasTan. sinTezis procesSi 
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mniSvnelovan rols asruleben HS—jgufebi. erTi maTgani ekuTvnis 4-fosfo-

pentoTeins, romelic Sedis agc-s SemadgenlobaSi, xolo meore — ketoacilsin-

Tazas cisteins. pirvels ewodeba centraluri HS —jgufi, xolo meores — pe-

riferiuli. 

cximovani mJavebis sinTezis funqciuri erTeuli Sedgeba erTi monomeris 

naxevrisagan, romelic urTierTqmedebs meore monomeris komplementarul naxe-

varTan. Sesabamisad, sinTezur kompleqsze erTdroulad sinTezirdeba ori cxi-

movani mJava. aqtiurad iTvleba mxolod kompleqsis dimeruli forma. substra-

tis gadatana fermentidan fermentze mimdinareobs agc-s monawileobiT. trans-

lokazas daxmarebiT malonilis naSTebi gadaitaneba centralur HS-jgufebze, 

xolo acetilis naSTi — periferiulze. ketoacilsinTazas gadaaqvs acetilis 

naSTebi periferiuli HS-jgufebidan malonilis naSTze. es aris kondensaciis 

reaqcia. am reaqciisaTvis saWiro energia Tavisufldeba masTan erTdroulad 

mimdinare dekarboqsilirebis Sedegad. O2-is mosaSoreblad mimdinareobs sami, 

erTmaneTis Tanmimdevruli reaqcia: aRdgena — dehidratacia — aRdgena. pirveli 

aRdgeniTi reaqcia mimdinareobs ketoacil — reduqtazas monawileobiT (kofer-

mentia nadfH). am dros ketojgufi aRdgeba spirtul jgufamde. wylis mocileba 

xdeba hidroqsiacilhidratazas monawileobiT. SemdgomSi mimdinareobs ormagi  

bmis aRdgena  enoilreduqtaziT (kofermentia nadfH). jamSi xdeba cximovani mJa-

vis 2 naxSirbadiT dagrZeleba. Tu ujredisaTvis saWiroa erbos mJava (buti-

rati), fermenti TioesTeraza (deacilaza) wyvets mas centraluri HS —jgu-

fidan, xolo ufro grZeli jaWvis mqone cximovani mJavis saWiroebisas, imave 

ferments gadaaqvs erbos mJavas naSTi periferiul HS —jgufze. Tavis mxris, 

centralur HS —jgufze kvlav gadaitaneba malonil-ko.A da ori naxSirbadis 

atomis SeerTebis procesi meordeba. procesi grZeldeba palmitinis mJavas 

warmoqmnamde. TioesTerazas monawileobiT palmitinis mJava wydeba da uerT-

deba citoplazmur ko.A-s. warmoqmnil palmitoil-ko.A-s SeuZlia palmitatsin-

Tazas inhibireba, moaxdens ra mis disociacias or polipeptidur jaWvad. pal-

mitinis mJavas sinTezis saboloo reaqciaa: 

 

CH3-CO-S ko.A + 7HOOC-CH2CO-Sko.A + 14nadf H + 14H+ → 
CH3(CH2)14COOH + 7CO2 + 6H2O + 8SH-ko.A + 14 nadf+ 

palmitoil-ko.A-s Semdgomi gardaqmna ori mimarTulebiT mimdinareobs: 

monawileoba acilglicerinis eTerifikaciisa da qolesterinis eTerebis war-

moqmnis procesSi da jaWvis dagrZeleba. 

palmitinis mJavis dagrZeleba SesaZlebelia ori gziT warimarTos: 

1. mitoqondriuli gza. palmitinis mJavas naSTebi karnitiniT gadaitaneba 

mitoqondriebSi, sadac jaWvis dagrZeleba mimdinareobs acetil koA-s mierTebiT. 

procesi β-daJangvis sapirispiroa. gansxvaveba: gamoiyeneba nadf da ara fad; 
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2. mikrosomaluri gza. jaWvis dagrZeleba mimdinareobs malonil- koA-sa 

da nadfH+H+ xarjze. procesi emsgavseba citoplazmaSi sinTazuri kompleqsis 

funqcionirebas. gansxvaveba: Sualedi produqtebi ar ukavSirdebian agc-s. 

mikrosomebSi oqsidazebis daxmarebiT aseve mimdinareobs cximovan mJavebSi 

ormagi bmebis warmoqmnis procesi. am SemTxvevaSi gamoiyeneba nadfH +H+ da O2. 
palmitoil-ko.A + nadfH +H+ + O2 →palmitooleil- ko.A + 2H2O + nadf+ 

 

polienuri cximovani mJavebi — linoleisa da linoleinis mJavebi ujredSi 

ar sinTezirdeba, maTi miReba xdeba sakvebiT (Seucvleli). swored am mJavebisgan 

xdeba polienuri mJavebis sinTezic. gansakuTrebiT mniSvnelovania araqidonis 

mJavas sinTezi, romelic warmoadgens eikozanoidebis winamorbeds. cximovani 

mJavebis sinTezis siCqare regulirdeba swrafi da xangrZlivi kontrolis me-

qanizmiT. swrafi regulacia xorcieldeba alosteriulad, acetil-ko.A —kar-

boqsilazas doneze (citrati — aqtivatori, palmitinisa da sxva cximovani mJa-

vebi — inhibitori). xangrZlivi regulacia xorcieldeba fermentebis sinTeziTa 

da am fermentebis hormonebiT degradaciiT. insulini aaqtivebs acetil- koA- 

karboqsilazas defosforilirebiT (swrafi) da aseve iwvevs fermentis sinTezis 

xangrZliv induqcias. glukagonisa da adrenalinis efeqti sapirispiroa.  

 

kiTxvebi da savarjiSoebi 
 

1. romeli organoebi da qsovilebi gamoiyeneben ketonur sxeulebs SimSi-

lobis periodSi, rogorc energiis wyaros: a) tvini; b) ConCxis kunTebi; g) guli; 

d) RviZli; e) Tirkmlis qerqovani Sre? 

2. ramdeni ormagi bmis Semcveli cximovani mJavebi ar sinTezirdeba or-

ganizmSi: a) 1; b) 2; g) 3; d) 4; e). 

3. SeadareT cximovani mJavebis β-daJangva da biosinTezi, damamtkicebeli 

wyvilebis SerCeviT:  

1. procesi lokalizebulia citoplazmaSi          

a) β-daJangva; 

b) cximovani  mJavebiss biosinTezi; 

g) orive, procesi; 

d) arc erTi procesi. 

2. procesi lokalizebulia mitoqondriebSi 

a) β-daJangva; 

b) cximovani  mJavebiss biosinTezi; 

g) orive, procesi; 

d) arc erTi procesi. 

 3. am procesis erTi fermentis kofaqtoria 

a) β-daJangva; 
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b) cximovani  mJavebiss biosinTezi; 

g) orive, procesi; 

d) arc erTi procesi. 

g)orive procesi biotini; 

4. am procesis erTi fermentis kofaqtoria    

a) β-daJangva; 

b) cximovani  mJavebiss biosinTezi; 

g) orive, procesi; 

d) arc erTi procesi. 

5. am procesis erTi fermentis kofaqtoria   nad+;  

a) β-daJangva; 

b) cximovani  mJavebiss biosinTezi; 

g) orive, procesi; 

d) arc erTi procesi. 

       6. procesi dakavSirebulia atf-is sinTezTan;  

a) β-daJangva; 

b) cximovani  mJavebiss biosinTezi; 

g) orive, procesi; 

d) arc erTi procesi. 

7. procesi dakavSirebulia atf-is danaxarjTan; 

a) β-daJangva; 

b) cximovani  mJavebiss biosinTezi; 

g) orive, procesi; 

d) arc erTi procesi. 

4.  RviZlSi qolesterini iJangeba cximovan mJavad. ratom imyofeba hidro-

foburi naerTi — qolesterini naRvelSi xsnadi formiT?  

5. organizmSi  daaxloebiT  4 gr.  naRvlis mJavaa;  dRe-RameSi  isini axor-

cieleben saSualod 6 wres RviZlsa da nawlavebs Soris. yovel jerze nawlavebSi 

reabsorbirdeba daaxloebiT 96% naRvlis mJavebi.  

a. ramdeni grami naRvlis mJava sinTezirdeba yoveldRiurad?  

b. saSualod ramdeni dRe cirkulirebs naRvlis mJavis molekula?  

g. rogor Seicvleba naRvlis mJavebis sinTezi, Tu naRvlis buStidan naR-

veli daiwyebs denas gareT fistulis saSualebiT? 

6. naRvlis mJavebis sinTezze ixarjeba axlad warmoqmnili qolesterinis 

80%. ramdeni grami qolesterini sinTezirdeba RviZlSi yoveldRiurad da cir-

kulirebs RviZlsa da qsovilebs Soris (maT Soris saWmlis momnelebel traqtTan)? 
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laboratoriuli samuSao 2 

samuSao 2.1. Tvisobrivi reaqciebi qolesterinze 

liberman-burxardis reaqcia. qolesterinis qloroformiani xsnari Zmar-

mJava anhidridTan da koncentrirebul gogirdmJavasTan iZleva wiTel Sefe-

rilobas, romelic Semdeg gadadis lurj an mwvane ferSi. 

reaqtivebi, sakvlevi masala: 

1) 1% qolesterinis qloroformiani xsnari;  

2) koncentrirebuli gogirdmJava;  

3) ZmarmJava anhidridi. 

samuSaos msvleloba: sinjaraSi SeaqvT 1 wveTi qolesterinis qloro-

formiani xsnari, umateben 1 wveT anhidrids da 1 wveT koncentrirebul gogird-

mJavas. viTardeba lurji, xolo garkveuli xnis Semdeg mwvane Seferiloba. 

qolesterinis molekulaSi ujeri bmebis aRmoCena: qolesterinis mole-

kulaSi ujeri bmebis aRmoCena SesaZlebelia bromiani wylis gauferulebiT.  

reaqtivebi, sakvlevi masala: 

1) 1% qolesterinis qloroformiani xsnari;  

2) bromiani wyali. 

samuSaos msvleloba: sinjaraSi asxamen 1% qolesterinis qloroformia-

ni xsnaris 10-15 wveTs, umateben 2 wveT bromian wyals. sinjaris SigTavsis Sen-

jRrevis Semdeg iwyeba bromiani wylis gauferuleba.  

qolesterinis kristalebis miReba: qolesterini mJavebTan urTierTqme-

debiT warmoqmnis rTul eTerebs — steroidebs. 

reaqtivebi, sakvlevi masala: 

1. qolesterini;  

2. yinulovani ZmarmJava. 

samuSaos msvleloba: sinjaraSi SeaqvT 10 wveTi ZmarmJava, mcire raode-

nobiT qolesterinis fxvnili da acxeleben. sinjaris gacivebis Semdeg SeiniS-

neba naleqis warmoqmna. naleqis ramdenime wveTi gadaaqvT sasagne minaze da mik-

roskopSi ikvleven acetilqolesteridis kristalebs. 

 
samuSao 2.2.   qolesterinis Sedgenilobis gansazRvra sisxlis                          

SratSi ilkes meTodiT 

 

meTodis principi: qolesterini ZmarmJava anhidridisa da ZmarmJavasa da 

gogirdmJavas narevis Tanaobisas iZleva mwvane Seferilobas. 

kliniko-diagnostikuri mniSvneloba: qolesterinis Semcveloba sisxl-

Si normaSi 2,99-6,77 mmol/l Seadgens, Tumca eqimebis mier  ara aris rekomen-

direbuli qolesterinis (5,2 mmoli/l-ze) maRali done.  

qolesterinis momatebuli koncentracia SeiniSneba pirveladi da meora-

di hiperlipidemiis (izolirebuli hiperqolesterinemia da Sereuli hiperlipi-
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demia), RviZlis, Tirkmlis da pankreasis jirkvlis daavadebebis, hipoTireozis, 

aTerosklerozisa da zogierTi klinikuri gamovlinebebisa da garTulebebis, 

simsuqnis, fexmZimobisa da zogierTi preparatis miRebis (beta-blokatorebi, 

kortikosteroidebi da sxv) dros. qolesterinis dakleba SeiniSneba cirozis, 

RviZlis mwvave distrofiis, sefsisis, Tireotoqsikozis, damwvrobis da depre-

siuli sindromis SemTxvevaSi. 

reaqtivebi:  

1) ZmarmJava anhidridisa da yinulovani ZmarmJavas narevi — 450 ml; 

2) qolesterinis standartuli xsnari 4,68 mmoli/l — 5 ml;  

3) koncentrirebuli gogirdmJava — 45 ml.  

samuSao xsnaris momzadeba: 

samuSao xsnari (I) aramdgradia, amitom mas amzadeben cdis win. saWiro rao-

denobis reaqtivi (1) gadaaqvT TermogamZle kolbaSi da wylis abazanaSi gacive-

biTa da frTxili moreviT  umateben gogirdmJavas iseT raodenobas, rom yovel 

50 ml reaqtiv — (1)-s daematos 4,5 gogirdmJava. axlad damzadebuli samuSao xsna-

ri  unda iyos gamWvirvale an moyviTalo, mas asxamen muqi feris minis WurWelSi 

da inaxaven macivarSi. 

samuSao xsnari (II) mzadaa cdisTvis. riaqtivi (2) gaxsnis Semdeg  inaxeba 

muqi feris minis WurWelSi. 

samuSaos msvleloba: 

2,1 ml samuSao xsnars (I) frTxilad da nela emateba arahemolizirebuli 

Srati ise, rom Srati frTxilad gadaitanos sinjaris kedelze CayolebiT, ris 

Semdegac sinjaras energiulad anjRreven 10-12-jer. sinjaras aTavseben 20 wT. Ter-

mostatSi 370 an toveben bnel adgilas oTaxis temperaturaze. xsnaris kolorimet-

rireba xdeba samuSao xsnaris (I) winaaRmdeg wiTel Suqfiltrze (λ 590-630 nm). 

 

kalibruli mrudis asagebad gamoiyeneba cxrilis monacemebi: 
 

qolesterinis 
standdartuli 

xsnari 

samuSao xsnari  
(1), ml 

qolesterinis raodenoba 
sinjaraSi 

qolesterinis 
koncentracia 

mmoli/l 

0,05 
0,10 
0,15 
0,20 
0,25 

2,15 
2,10 
2,05 
2,00 
1,95 

0,09 
0,18 
0,27 
0,36 
0,45 

2,34 
4,68 
7,02 
9,36 
11,7 

  
miRebuli standartuli nimuSebi muSavdeba iseve, rogorc sakvlevi. ka-

libruli mrudi igeba standartuli xsnarebis eqstinqciebis mixedviT. 

SeniSvna: 1) yvela sinjara da pipeti unda iyos mSrali; 2) Srati ar unda 

Seicavdes hemolizis kvals; 3) simRvrivis gaCena SesaZlebelia gamowveuli iyos 

sveli  WurWliT; 4) Srati emateba Zalian nela, sinjaris kedlebze CayolebiT. 

mxolod amis Semdeg gamoCndeba zurmuxtisferi Seferiliba. Sratis swrafad 
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dafenis SemTxvevaSi SratSi Cndeba yviTeli minarevi, ris gamoc eqstinciis maC-

venebeli maRalia. 
 

samuSao 2.3. Tvisobrivi reaqciebi ketonur sxeulebze 

ketonur sxeulebs miekuTvneba acetoni, acetoZmarmJava da β—hidroq-

sierbos mJava. sisxlSi maTi Semcvelobaa: acetoni — 2%, acetoZmarmJava — 20% da 

β—hidroqsierbos mJava — 78%. SardSi   ketonuri sxeulebi Cndeba (ketonuria) im 

SemTxvevaSi, roca maTi raodenoba sisxlSi (ketonemia) matulobs. normaSi Sar-

diT gamoiyofa ketonuri sxeulebis minimaluri raodenoba (20-50 mg/dRe-Ra-

meSi), romlis aRmoCena Cveulebrivi raodenobrivi meTodebiT SeuZlebelia. 

ketonuria vlindeba Saqriani diabetis, SimSilisa da sakvebidan naxSir-

wylebis amoRebis Semdeg. acetoni da acetoZmarmJava tute areSi nitropru-

sidTan warmoqmnian narinjisfer-wiTel Seferilobas (lugolis xsnari). koncen-

trirebuli ZmarmJaviT SemJavebisas warmoiqmneba alublisferi SenaerTebi. 

reaqtivebi, sakvlevi masala:  

1) natriumis nitroprusidis xsnari — 100 g/l;  

2) koncentrirebuli ZmarmJava;  

3) natriumis tutis xsnari — 100 g/l;  

4) Sardi. 

samuSaos msvleloba: sinjaraSi SeaqvT 50 mkl Sardi, 50 mkl natriumis 

tute da 50 mkl axlad damzadebuli natriumis nitroprusidi. akvirdebian na-

rinjisferi wiTeli Seferilobis warmoqmnas, umateben 150 mkl koncentrirebul 

ZmarmJavas — Cndeba alublisferi Seferiloba.  
 

sakontrolo kiTxvebi 

1. romeli daavadebisas aRiniSneba hiperqolesterinemia? 

2. romeli daavadeba mimdinareobs hipoqolesterinemiis fonze? 

3.  rogoria normaSi qolesterinis Semcveloba sisxlis plazmaSi? 

4. rogor isazRvreba ketonuri sxeulebi?  

 

4.3. cximovani qsovili. aTerosklerozis bioqimia 

trigliceridebi sinTezirdeba mraval organosa da qsovilSi, magram maT 

sinTezSi gansakuTrebul rols asrulebs RviZli, nawlavis kedlis ujredebi, 

cximovani qsovili da sarZeve jirkvali.  

sinTezisaTvis aucilebelia glicerinis aqtiuri forma — glicerofos-

fati da cximovani mJavebis aqtiuri forma — acetil-ko.A. 

glicerinis aqtiuri forma warmoiqmneba ori gziT: 

Tirkmelebisa da nawlavis kedlis ujredebis glicerolkinazas mona-

wileobiT. 
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glicerini + atf → glicerofosfati + adf 

 

cximovan qsovilebsa da kunTebSi am fermentis aqtivoba dabalia da gli-

cerofosfatis warmoqmna dakavSirebulia glikolizTan. kerZod, dioqsiace-

tonfosfatTan:                                                  

                                                        dehidrogenaza 

daf + nadfH+ + H+       →        glicerofosfati  +  nadf+ 
 

RviZlSi adgili aqvs glicerofosfatis warmoqmnis orive gzas. miuxe-

davad imisa, Tu romeli gziT warmoiqmneba glicerofosfati, igi urTierT-

qmedebs or molekula aqtivirebul cximovan mJavasTan, ris Sedegadac miiReba 

fosfatidis mJava: 

glicerofosfati + 2 acetil-koA → fosfatidis mJava 

SemdgomSi fosfatidis mJava ganicdis defosforilirebas diacilgli-

cerinis warmoqmniT, romelsac ukavSirdeba acetil-ko.A—s mesame molekula  da 

sinTezirdeba triacilglicerini. 

glicerolfosfolipidebis sinTezi gansakuTrebiT intensiurad mimdina-

reobs  RviZlSi, nawlavis kedelSi, saTesleebsa da sarZeve jirkvlebSi. sinTezis 

reaqciebi lokalizirebulia endoplazmur badeze. procesi iwyeba fosfatidis 

mJavidan. 

fosfatidis mJava + ctf → 
citidindifosfatdiacilglicerini (cdf-dag) + ffaraor. 

cdf-dag + serini → fosfatidilserini + cmf; 

fosfatidilserini → fosfatidileTanolamini + CO2  

fosfatidileTanolamini + 3-S-adenozilmeTionini → fosfatidil-

qolini  (lecitini); 

cdf-dag + inozitoli → fosfatidilinozitoli + cmf; 

fosfatidilinozitoli + atf→  

fosfatidilinozitol-4fosfati + adf; 

fosfatidilinozitol-4fosfati + atf →  

fosfatidilinozitol-4,5-difosfati + adf. 

fosfatidilqolini plazmuri ormagi membranis gareTa Sris ZiriTadi mo-

lekulaa. inozitol-4,5-difosfati fosfolipaza C-s substratia, rasac mos-

devs meoradi ujredSida mesenjeris warmoqmna, romelic Tavis mxriv areguli-

rebs cilebis fosforilirebisa da defosforilirebis process. 

sfingolipidebis sinTezi Tavdapirvelad moiTxovs aminospirtis — sfin-

gozinis sinTezs:  

palmitoil-koA + serini → sfingozini. 
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sinTezis pirveli reaqcia mimdinareobs vitamin-B6-is fosforilirebuli 

warmoebuliT — piridoqsalfosfatiTa da manganumis ionebiT. SemdgomSi pro-

cesi grZeldeba Semdegi TanamimdevrobiT:  

sfingozini + acetilkoA →ceramidi + udf-galaqtoza  →  

galaqtozilceramidi (cerebrozidi) + fafs (fosfoadenozin-5-fosfo-

sulfati)  → sulfogalaqtozilceramidi (sulfatidi).  

ceramididan warmoiqmneba sfingomielini:  

ceramidi + fosfatidilqolini → sfingomielini + diacilglicerini. 

 

4.3.1. cximovani qsovili — cximis depo 

lipocitebi metabolurad Zlier aqtiuri ujredebia. maTi saSualebiT 

sakvebis miRebisas iwyeba cximovani mJavebis sinTezi, xolo SualedSi — maTi ga-

moTavisuflebis procesi.   

cximovan qsovilSi cximebis sinTezisaTvis gansakuTrebuli mniSvneloba 

aqvs glikolizs. am qsovilSi Zalze dabalia ferment glicerolkinazas aqtivo-

ba, amdenad maT unda miiRon fosfatidis mJavis sinTezisaTvis aucilebeli gli-

cerolfosfati glikolizis dros warmoqmnili dioqsiacetonfosfatidan. 

glukozidan sinTezirebuli cximebis garda, cximovanma qsovilma SesaZlebelia 

moixmaros cximovani mJavebi, romlebic ganTavisufldeba sisxlis lipopro-

teinebidan ferment lipoproteinkinazas moqmedeniT. 

cximovan qsovils ar Seswevs lipoproteinebis sinTezis unari, amdenad 

mas ar SeuZlia cximebis eqsporti sisxlSi. cximovan qsovilSi warmoqmnili trig-

liceridebi rezervirdeba cximis wveTebis saxiT. cximovani qsovili ujredgare 

lipoproteinkinazas garda Seicavs ujredSida lipazur sistemas, romelic 

moqmedebs deponirebul triacilglicerinebze. ujredSida lipolizis proces-

Si gamoyofen or etaps:  

I etapi — adrenaliniTa da glukagoniT aqtivdeba hormonmgrZnobiare tri-

acilglicerinlipazas moqmedeba, rasac mosdevs adenilatciklazuri meqanizmis 

CarTva.  

II etapi — im fermentebis moqmedebis gaZliereba, romlebic srulad axdens 

diacilglicerinebisa da monoacilglicerinebis hidrolizs. 

Tu Warbobs lipogenezis procesi, viTardeba simsuqne. simsuqnis Tanamed-

rove klasifikacia emyareba lipocitebis zomebsa da raodenobas: adipocitebis 

saerTo raodenobis momatebisas adgili aqvs hiperplastikur simsuqnes (viTar-

deba Cvil asakSi zedmeti kvebis Sedegad); adipocitebis zomebis momatebisas — 

hipertrofuli simsuqne (zedmeti kveba zrdasrul asakSi). SesaZlebelia hiper-

trofuli da plastikuri simsuqnis erTobliobac. 
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4.3.2. qolesterinis cvla 

qolesterini warmoiqmneba katabolizmis ZiriTadi metabolitis — ace-

til-ko.A—dan, amitom misi koncentracia Teoriulad asaxavs metabolizmis 

mdgomareobas. qolesterini Sedis membranis SenebaSi da monawileobs sasqeso da 

kortikoiduli hormonebis sinTezSi. 

qolesterinis gardaqmnis reaqciebi ori tipisaa:  

1) eTerifikaciis reaqciebi; 2) daJangvis reaqciebi.  

eTerifikaciis reaqciebi zrdian molekulis hidrofoburobas, rasac 

mosdevs qolesterinis dagroveba. daJangvis reaqciebisas (naRvlis mJavebisa da 

steroiduli hormonebis warmoqmna) molekulis polaroba izrdeba da qoles-

terini idevneba organizmidan. 

qolesterinis sinTezis ZiriTadi adgili RviZlia, rac Seexeba sxva or-

ganoebsa da qsovilebs, maTSi is gxvdeba dabali simkvrivis lipoproteinebSi. 

periferiul da RviZlis ujredebis zedapirze ganlagebulia  dabali simkvrivis 

lipoproteinebis SemadgenlobaSi arsebuli apolipoproteinis specialuri re-

ceptorebi — e. w.  apoproteini B.  
qolesterinis ujredSi moxvedra Semdegi etapebiT mimdinareobs:  

1) dabali simkvrivis lipoproteinebis dakavSireba receptorTan;  

2) dabali simkvrivis lipoproteini — receptori kompleqsis endocitozi 

ujredSi;  

3) lizosomuri fermentebiT apo-B—s daSla aminomJavebad, xolo qoles-

terinis eTerebis — Tavisufal eTerebad da cximovan mJavebad; 4) receptoris 

molekulis ukan dabruneba ujredis zedapirze. miRebul qolesterins ujredi 

iyenebs membranis asaSeneblad.  

Warbi qolesterinis SemTxvevaSi adgili aqvs Semdeg procesebs: 

1. qolesterinis sinTezSi monawile fermentis hmg-reduqtazas inhi-

birebas;  

2. ferment acil-ko.A-qolesterin-aciltransferazas (aqat) gaaqtivebas. 

aqat-s gadayavs qolesterini hidrofobur samarago formaSi — qolesterinis 

eTerebSi (xSir SemTxvevaSi najer cximovan mJavaSi) .                                  

                                                 

                                                                       aqat 

qolesterini + acil-ko.A  →   acilqolesterini + koA-SH 
 

am ferments qolesterini gadahyavs hidrofobur samarago formaSi — qo-

lesterinis eTerSi (umetesad najeri cximovani mJavebis). 

3. dabali simkvrivis lipoproteinebis receptoris sinTezis Semcirebas. 

receptoruli gziT qolesterinis moxvedra ujredSi icavs organizms Warbi qo-

lesterinisagan.     

qolesterinis ujredSi moxvedris sxva gzebi (araspecifikuri endocito-
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zi; receptoruli-im receptorebis daxmarebiT, romlebsac ar gaaCniaT maRali 

Tvisoba calkeuli apoproteinebisadmi; ujredis membranasa da dabali simkvri-

vis lipoproteinebs Soris arsebuli qolesterinis fiziologiuri cvla) ar re-

gulirdeba.  

qolesterini periferiuli qsovilis ujredebidan gamoidevneba maRali 

simkvrivis lipoproteinebiT (mslp). isini sinTezirdeba RviZlSi diskebis saxiT, 

romlebic mdidaria lecitiniT da apo-AI da apo-AII (nascenturi maRali sim-

kvrivis lipoproteinebi). amave dros, msgavsi struqturebi warmoiqmneba kapi-

larebSi qilomikronebisa da Zalian dabali simkvrivis lipoproteinebis li-

polizis dros. qolesterinis gamotana ujredidan mimdinareobs koncentra-

ciuli gradientis saSualebiT maRali simkvrivis lipoproteinebis diskoseburi 

warmonaqmnebiT. maRali simkvrivis lipoproteinis kontaqtisas ujredTan, apo-

AI ikavSirebs ujredis membranis Tavisufal qolesterins.  fermenti lecitin-

qolesterin-aciltransferaza (lqat), romelic maRali simkvrivis lipoprote-

inis zedapirzea lokalizirebuli, akavSirebs lecitinis cximovani mJavis naSTs 

qolesterinTan. warmoiqmneba qolesterinis eTeris hidrofoburi molekula, 

romelic gadaadgildeba nascenturi maRali simkvrivis lipoproteinis diskis 

centrSi:                               

lecitini + qolesterini → lizolecitini + qolesterinis eTeri 

(umetes SemTxvevaSi ujeri cximovani mJava) 

eTerifikaciis Sedegad maRali simkvrivis lipoproteinis diski gardaiq-

mneba sferul molekulad da am formiT receptoruli gziT STainTqmeba RviZ-

lis ujredebiT. RviZlSi mslp SemdgenlobaSi myofi qolesterini gamoiyeneba 

naRvlis mJavebis sinTezisaTvis da am formiT gamoidevneba organizmidan.  

amgvarad, qolesterinis pirdapiri transporti RviZlidan periferiul 

ujredebSi warmoebs dabali simkvrivis lipoproteinebiT. qolesterinis ukut-

ransporti periferiuli ujredebidan RviZlSi xorcieldeba maRali simkvrivis 

lipoproteinebiT. adamianis sisxlSi aRmoCenilia cila, romelic axorcielebs 

qolesterinis eTerebis transports lipoproteinebs Soris. es cila asocirebu-

lia maRali simkvrivis lipoproteinebTan da gadaaqvs qolesterinis eTeri Zalian 

dabali da dabali simkvrivis lipoproteinebze, iSviaTad qilomikronebze, aseve 

axorcielebs triacilglicerinebis gadatanas sawinaaRmdego mimarTulebiT. 

 

4.3.3. aTerosklerozis bioqimia 

1913 w. n. mecnierTa jgufma wamoayena aTerosklerozis qolesterinuli 

hipoTeza — `uqolesterinod — ar aris aTerosklerozi~. maRali simkvrivis li-

poproteinebs, romlebsac gamoaqvT qolesterini ujredidan, ewodebaT antia-

Terogenebi. rac metia mslp-is koncentracia, miT naklebia aTeroskleroziT 

daavadebis riski. dabali simkvrivis lipoproteinebs, romlebsac ujredSi qo-

lesterini moaqvs, aTerogenebi, wodeba. aTerosklerozi viTardeba lipopro-
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teinebis cvlis darRvevisas, romlis drosac adgili aqvs aTerogenuli lipo-

proteinebis raodenobis momatebas — hiperlipoproteinemias. fredriqsonis 

klasifikaciis mixedviT, gansakuTrebiT sainteresoa hiperlipoproteinemiis IIa, 
IIb, III da IV forma. forma II arsebobs homozigoturi da heterozigoturi. hiper-

qolesterinemiis homozigoturi forma gvxvdeba 1:1000000 sixSiriT (dslp-is 

koncentracia sisxlSi normaze eqvsjer metia; avadmyofebi iRupebian 20 wlis 

asakSi gul-sisxlZarRvTa daavadebebiT). heterozigoturi forma gvxvdeba 

sixSiriT 1: 500 (dslp-is koncentracia momatebulia 2-3-jer; gul-sisxlZarRvTa 

dazianeba viTardeba 35 wlis asakSi). hiperlipoproteinemiis IV forma dakavSi-

rebulia asakTan dakavSirebuli lipidebis cvlis moSliT, rasac Tan sdevs Za-

lian dabali simkvrivis lipoproteinebis dagroveba. 

aTerogenuli dslp-is sisxlSi dagrovebis ZiriTadi mizezia dslp-is 

receptoris defeqti. amis Sedegad dslp aRwevs sisxlZarRvis kedlis ujredebSi 

araregulirebadi gziT, rasac mosdevs aTerosklerozuli danaleqebis formireba. 

ganvixiloT danaleqebis warmoqmnis meqanizmi endoTeliumis ujredebis dazianebis 

pirobebSi. dazianebuli endoTeliumis saSualebiT sisxlZarRvis kedelSi aRwevn 

Trombocitebi da dslp, aseve makrofagebi. Trombocitebi sekretireben zrdis 

faqtors, romlebic awarmoeben gluvi kunTovani ujredebis proliferacias. gluvi 

kunTis ujredebi da makrofagebi araspecifikuri endocitoziT STanTqaven dslp, 

rasac mosdevs qolesterinis eTerebis dagroveba — e.w. qafiseburi ujredebis 

warmoqmna. am ujredebis Semdgomi datvirTva qoleesteriniT iwvevs maT daSlas. ga-

moTavisuflebuli qolesterinis eTerebis kristalebi aRizianeben SemaerTebel 

qsovils, dazianebis xarisxis matebasTan erTad viTardeba laqebi. aTerosklerozis 

diagnostikisas ixmareba aTerogenurobis indeqsi (ai): ai = (saerTo qolesterini — 

mslp-is SemadgenlobaSi arsebuli qolesterini) : mslp-is SemadgenlobaSi arsebuli 

qolesterini. normaSi aTerogenurobis indeqsi tolia 3,0-3,5. 

 

kiTxvebi da savarjiSoebi 

1. qvemoT moyvanili komponentebisagan SeadgineT procesis sqema, romlis 

aqtivoba cximovan qsovilSi intensiuri fizikuri datvirTvis dros matulobs:  

1) proteinkinaza araaqtiuria; 

2) proteinkinaza aqtiuria;  

3) triacilglicerinlipaza defosforilirebulia;  

4) triacilglicerinlipaza fosforilirebulia;  

5) adenilat-ciklaza araaqtiuria;  

6) adenilatciklaza aqtiuria;  

7) camf;  

8) atf; 

9) adrenalini.  

2. dawereT qolesterinis formula da miuTiTeT misi norma zrdasruli 
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adamianis sisxlSi.  

3. romel organoSi xdeba `saeqsportod~ qolesterinis sinTezi:  

a) Tirkmelzeda jirkvali;  

b) wvrili nawlavi;  

g) nervuli qsovili;  

d) RviZli;  

e) cximovani qsovili.  

4. miuTiTeT, romeli lipoproteinebis SemadgenlobaSi myofi qolesteri-

ni Caedineba organoebidan sisxlSi: a) qilomikronebi; b) Zdslp; b) dslp; d) mslp.  

5. axseniT, Tu riTaa gamowveuli naRvlis buStis kenWovani daavadebebisas 

henodezoqsiqolis mJavis gamoyeneba rogorc samkurnalo preparatis, Tu kenWe-

bi ZiriTadad qolesteriniTaa ganpirobebuli.  

6. aucilebelia ganisazRvros, Tu ramdeni grami cximovani mJavebi SeiZ-

leba miviRoT 100 g glukozidan. amisaTvis aucilebelia gaeces pasuxebi Semdeg 

kiTxvebs: 

6.1. ramdenjer mcirdeba naxSirbadiani fragmentis masa glukozidan cxi-

movani mJavebis sinTezis procesSi? glukozis C—atomebis romeli nawili SeiZ-

leba moxvdes cximovani mJavebis SemadgenlobaSi? ramdeni grami cximovani mJava 

warmoiqmneba 100 g glukozidan, Tu am procesSi glukoza gamodis mxolod C—

atomebis wyarod?  

6.2. cximovani mJavebis sinTezisaTvis saWiro nadfH-is daaxloebiT 50% 

warmoiqmneba naxSirwylebis pentozofosfaturi cvlis gziT, e.i. cximovani mJa-

vebis sinTezSi glukozis nawili ixarjeba acetil- koA sinTezSi, xolo meore na-

wili erTveba pentozofosfatur gzaSi.  

monaxeT glukozis am gardaqmnebis Tanafardoba, gamomdinare iqidan, Tu 

ramdeni nadfH aris saWiro cximovani mJavebis sinTezis reaqciebSi (C—atomebis 

raodenobaze gadaangariSebiT, romelic miiReba 1 molekula glukozidan) da 

ramdeni nadfH warmoiqmneba 1 molekula glukozidan pentozofosfaturi 

cvlis saSualebiT.  

 

laboratoriuli samuSao 3      

samuSao 3.1. β- da pre-β-lipoproteinebis (dslp da Zdslp) 

Semcvelobis gansazRvra sisxlis SratSi 

turbidimetriuli meTodiT 

(burSteinisa da samaiuis mixedviT) 

meTodis principi: kaliumis qloridisa da heparinis arsebobisas irRveva 

SratSi cilebis koloiduri mdgradoba, ris Sedegadac xdeba β- da pre-β-lipop-

roteinebis gamoleqva. heparini β-lipoproteinTan qmnis kompleqss, romelic 

kalciumis qloridis moqmedebiT ileqeba. xsnaris simRvrivis intensivobis mixed-
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viT msjeloben sisxlis SratSi β- da pre-β-lipoproteinebis koncentraciaze.  

reaqtivebi, sakvlevi masala: 

1) CaCl2 xsnari — 0,025 moli/l; 

2) heparini aqtivobiT 1000 erT./ml;  

3) sisxlis Srati. 

samuSaos msvleloba: speqtrofotometris kiuvetaSi SeaqvT CaCl2-is 2 

ml, umateben 0,2 ml. sisxlis Srats da minis wkiriT frTxili morevis Semdeg zo-

maven nimuSis optikur simkvrives (Ak) CaCl2—is xsnaris mimarT (λ — 630 nm). amis 

Semdeg, amave kiuvetas umateben 0,04 ml heparins da ganmeorebiTi morevidan 4wT-

is Semdeg zomaven optikuri simkvrivis sidides (Agansz.). miRebuli Sedegebi ga-

moisaxeba optikuri simkvrivis erTeulebSi (X=Agansz-Ak) an fotometrul er-

TeulSi, romelic ganisazRvreba optikuri simkvrivis namravliT 100-ze. normaSi 

burSteinisa da samaias sinji Seadgens 0,35-0,55 optikuri simkvrivis erTeuls, 

anu 33-55 fotometrul erTeuls.  

 

sakontrolo kiTxvebi 

1. ra principebi udevs safuZvlad saerTo lipidebis, fosfolipidebisa 

da apo-B-Semcveli (β- da pre-β-lipoproteinebis) lipoproteinebis gansazRvris 

meTodebs? 

2. rogoria saerTo lipidebis, fosfolipidebisa da apo-B-Semcveli li-

poproteinebis raodenobrivi Semcveloba normaSi? 

3. ra diagnostikuri mniSvneloba gaaCnia saerTo lipidebis, saerTo fos-

folipidebisa da apo-B-Semcveli lipoproteinebis gansazRvras? 

4. axseniT qolesterinisa da trigliceridebis gansazRvris `mSrali qi-

miis~ meTodis principebi. 

 

                    



 159

Semoklebuli sityvebi 

 

 nad+  — nikotinamidadenindonukleotidi (daJanguli) 

 nad H2  — nikotinamisadenindinukleotidi (aRdgenili) 

 fad+   —  flavinadenindinukleotidi (daJanguli) 

 fad H2  — flavinadenindinukleotidi (aRdgenili) 

 nadf+ — nikotinamidadenindinukleotidfosfati  (daJanguli) 

 nadfH2—nikotinamidadenindinukleotidfosfati (aRdgenili) 

 amf  —  adenozinmonofosfati  

 adf —  adenozindifosfati  

 atf —  adenozintrifosfati 

 ctf —  citidintrifosfati 

 cdf—  citidindifosfati 

 cdf-eTanolamini — citidinfosfateTanolamini 

 omg-ko. A-sinTeTaza  — oqsimeTilglutaril-koenzim. A-sinTeTaza 

 acil-ko. A  — acil-koenzim A  (CH3-CO- ko.A) 

 ko.A — koenzim A              
 LT  — leikotrienebi 
 ΦΦΗ — pirofosfati 

 ΦΗ  —   fosfati (H3PO4)                             
 Ipd — izopropilideni 

 ДЭАЭ — celuloza — dieTilamineTilceluloza   

ТЭАЭ — celuloza — trieTilamineTilceluloza                                

 c-amf  — cikluri adenozinmonofosfati 

qm  — qilomikronebi 

Zdslp — Zalian dabali simkvrivis lipoproteinebi 

dslp  — dabali simkvrivis lipoproteinebi 

mslp — maRali simkvrivis lipoproteinebi  

 ∆9,12 — naxSirbadis  atomebi, sadac mdebareobs ormagi bma     

hmg-ko.A — hidroqsi-β-meTilglutaril—ko.A (hmg-ko.A)  

mZm — mJaunZmarmJava 

c – gmf – cikluri guanozinmonofosfati 

cdf – dag – citidindifosfatdiacilglicerini 

fafs – uridindifosfati. 
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