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S e s a v a l i 

bioorganuli qimiis sagani da amocanebi. bioorganuli qimia warmoadgens 
Tanamedrove qimiis erT-erT  mniSvnelovan dargs. igi sasicocxlo procesebis 
qimiuri arsis Secnobisa  da  maTi  mizanmimarTuli regulirebis saSualebas 
iZleva. am dargis momaval progresTanaa dakavSirebuli daberebis procesis 
Seneleba da gansakuTrebiT saSiSi daavadebebis (kibos, hipertoniis, memkvidru-
li, sxivuri da fsiqiuri daavadebebis, adamianis, cxovelTa da mcenareTa 
infeqciur daavadebaTa) likvidacia. fundamenturi xasiaTis problemebis damu-
SavebasTan erTad bioorganulma qimiam arsebobis mcire xnis ganmavlobaSi 
udidesi strategiuli mniSvneloba moipova da safuZveli Cauyara Tanamedrove 
teqnologiebs. bioorganuli qimia bioteqnologiis safuZveli gaxda. Aantibio-
tikebis, vitaminebis, hormonebisa da sxva unikaluri nivTierebebis SeqmniT man 
gansazRvra biologiis, medicinisa da soflis meurneobis disciplinebis 
ganviTareba.  

  bioorganuli qimia Seiswavlis cocxali materiis mniSvnelovani komponen-

tebis – biopolimerebisa da dabalmolekuluri bioregulatorebis aRnagobasa da
biologiur funqciebs. arsebiTad, bioorganuli qimia warmoadgens Tanamedrove 
biologiis qimiur fundaments. 

 biopolimerebi maRalmolekuluri bunebrivi naerTebia, romlebic warmoadgens 
cocxali organizmis struqturul safuZvels. maT miekuTvneba peptidebi, cilebi, 
polisaqaridebi, lipidebi da nukleinmJavebi. TviT lipidebi ar warmoadgens 
maRalmolekulur naerTebs, magram organizmSi isini Cveulebriv dakavSirebulia 
sxva biopolimerebTan, ris gamoc maT, rogorc wesi, am ukanasknelT miakuTvneben. 

 bioregulatorebi iseTi naerTebia, romlebic aregulireben nivTierebaTa 
cvlas organizmSi. aseTi naerTebia vitaminebi, hormonebi, antibiotikebi da sxva 
sinTezuri biologiurad aqtiuri nivTierebebi, aseve mravali samkurnalo 
dasaxelebis preparati. 

bioorganuli qimiis kvlevis obieqts – cilebis, nukleinis mJavebis da sico-
cxlisaTvis aucilebel sxva nivTierebebTan erTad, naxSirwylebi warmoadgens. 
naxSirwylebisagan warmoiqmneba yvela organuli nivTiereba Cvens planetaze. maT 
gareSe dedamiwaze sicocxle SeuZlebelia. isini monawileoben cocxal 
struqturaTa warmoqmnaSi da yvela cocxali arsebis energiis universalur 
wyaros warmoadgenen. naxSirwylebi bunebrivi sacxi zeTebia, romlebic 
ganapirobeben mravalujredian organizmTa nawilebis meqanikur gadaadgilebas da 
icaven Zvlis qsovilebs gadatexvisagan xaxunis dros; maTTanaa dakavSirebuli 
ujredis imunoqimiuri Tvisebebi. isini ganapirobeben sisxlis jgufur 
specifikurobas da qsovilur SemTavseblobas; warmoadgenen cilebis lpobis 
produqtebis, sinTezuri samkurnalo preparatebisa da sxva toqsikur nivTiereba-
Ta gamauvnebel saSualebebs. naxSirwylebis nawarmebs warmoadgens memkvidreobis 

matarebeli nivTierebebi – nukleinis mJavebi, zogierTi vitamini, antibiotiki da
sxvadasxva daniSnulebis samkurnali preparati (vitamini C, vitamini B15, strep-
tomicini, riboqsini da sxva). simsivnis sawinaaRmdego yvelaze efeqturad moqmedi 
preparatebi miRebulia naxSirwylebis bazaze. 

 mecniereba naxSirwylebis Sesaxeb tradiciulad viTardeboda sami mimar-
TulebiT:  

1. martivi naxSirwylebis agebulebis da Tvisebebis Seswavla, romlebic
Sedgeba 5-6 naxSirbadis atomisagan; 
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 2. rTuli polisaqaridebis  struqturul – qimiuri analizi, romlebic gvxv-
debian mcenareul organizmSi da cxovelTa samyaroSi, maT agebulebasa da 
biologiur funqcias Soris kavSiris dadgena;  

 3. qimiuri teqnologiis sakiTxebis damuSaveba, bunebrivi nedleulisagan 
naxSirwylebis samrewvelo masStabiT miReba, maTi qimiuri gardaqmnis Seswavla 
sasargeblo qimiuri produqtebis sinTezis mizniT. am gziT miRebulma 
warmatebebma didi wvlili Seitana iseTi momijnave mecnierebis ganviTarebaSi, 
rogoricaa bioqimia da biofizika, farmakologia da medicina. aseve xeli Seuwyo 

dargobrivi samrewvelo warmoebis ganviTarebas (celuloza – qaRaldis, 
xelovnuri boWkos, sakvebi da mikrobiologiuri mrewvelobis warmoebas). 

  mcenareul samyaroSi yvelaze gavrcelebuli polisaqaridia celuloza, 
romelic Sedis umaRlesi mcenareebis ujredSorisis SemadgenlobaSi da 
asrulebs konstruqciuli masalis funqcias, uzrunvelyofs maRal meqanikur 
simtkices da mcenareuli qsovilis elastiurobas. celulozas sruli 
hidroliziT miiReba sufTa D-glukoza. Tu mxedvelobaSi miviRebT im garemoebas, 
rom yovelwliurad dedamiwaze fotosinTezis Sedegad warmoiqmneba daaxloebiT 
150-200 miliardi tona celuloza, SeiZleba iTqvas, rom organul nivTierebebs 
Soris yvelaze metad gavrcelebulia glukoza, romelic Sedis celulozas 
SedgenlobaSi. gamoTvlilia, rom energiis raodenoba, romelsac iRebs dedamiwis 
zedapiri mzisgan naxevari wlis ganmavlobaSi, eqvivalenturia navTobisa da 
qvanaxSiris mTeli maragisa dedamiwaze.   

 biorganuli qimiis ganviTarebaSi didi wvlili Seitana akademikosma iuri 
anatolis Ze ovCinnikovma (1934-1998). 1970 wlidan igi xelmZRvanelobda q. moskovSi 
m.m. Semiakinis (amJamad Semiakin-ovCinikovis) saxelobis bioorganuli qimiis 
instituts. akademikos i.a. ovCinnikovis da misi moswavleebis mier gaSifrul iqna 
membranuli nervuli boWkos funqcionirebis meqanizmi, rac aucilebelia 
daavadebuli nervuli sistemis mkurnalobis axali meTodis SemuSavebisaTvis. 

 saqarTveloSi naxSirwylebis qimiis erT-erT fuZemdeblad aRiarebulia 
profesori akaki gaxokiZe (1909-1964). unda aRiniSnos, rom mis mier miRebuli naerTebi 
amJamad didi raodenobiT iwarmoeba msoflioSi. profesorma akaki gaxokiZem 
afxazeTSi gavrcelebuli mcenareebidan gamoyo unikaluri pigmentebi, daadgina maTi 
struqtura da daamuSava maTi sinTezis meTodebic. am naerTebs aRmoaCndaT gulis 
daavadebaTa da kibos sawinaaRmdego Tvisebebi. sxva mravalricxovan gamokvlevebTan 
erTad profesorma akaki gaxokiZem pirvelma daiwyo saqarTveloSi navTobis 
(mirzaanis, Siraqis, sufsis) sabadoebis Seswavla da glukozidan miiRo benzinis 
mTavari Semadgeneli komponenti-izooqtani. am gamokvlevebis safuZvelze man Camoa-
yaliba naxSirwylebisagan navTobis warmoqmnis Teoria, romelic mxolod 40 wlis 
Semdeg iqna dadasturebuli eqsperimentulad kanadeli mecnierebis mier. erT-erT 
tbaSi aRmoCenil iqna mikroorganizmebi, romlebic iwveven glukozas, e.w. 
“navTobur duRils”. am gamokvlevebiT sabolood dadgenil iqna, rom organuli 
nivTiereba (maT Soris navTobic ki) warmoiqmneba naxSirwylebisagan. 

 profesorma a. gaxokiZem daadgina zogierTi bunebrivi glikozidisa da 
saRebavis (akramerini, olmelini) molekulis AaRnagoba da daamuSava maTi 
sinTezis meTodebi, riTac Camoayaliba mcenareebSi organul mJavaTa warmoqmnis 
axali Sexeduleba. pirvelma gamoiyena naxSirwylebi sxvadasxva wamlis 
toqsikurobis Sesamcireblad da maTi moqmedebis aqtiurobis gasadideblad. am 
mimarTulebam Semdgom farTo gamoyeneba pova msoflio farmacevtul da 
samedicino mecnierebaSi. 

 amJamad, saqarTveloSi naxSirwylebis qimiaSi warmatebiT muSaobs Tbilisis 
ivane javaxiSvilis saxelobis saxelmwifo universitetis bioorganuli qimiis 
mimarTuleba (1990 wlidan) da amave saxelwodebis laboratoria (1983 wlidan), 
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romlebic Camoayaliba profesorma ramaz akakis Ze gaxokiZem. profesorma ramaz 
gaxokiZem aRmoaCina naxSirwylebis Sidamolekuluri gadajgufebis reaqcia, 
romelic dRes msoflioSi mis saxels atarebs. am reaqciebis safuZvelze 
mimarTulebisa da laboratoriis TanamSromlebma daamuSaves dezoqsiSaqrebis 
sinTezis martivi meTodebi, maT Soris 2-dezoqsiribozisa, romelic warmoadgens 
memkvidreobiTobis matarebeli nivTierebis, dnm-is ZiriTad komponentebs. 
miRebulia agreTve mcenareTa zrdis axali tipis regulatorebi-
bioenergoaqtivatorebi, maTi gamoyenebiT mniSvnelovnad izrdeba sasoflo-
sameurneo kulturaTa mosavlianoba, izrdeba mosavlis xarisxobrivi maCveneblebi 
(cilebi, aminmJavebi, vitaminebi, mikroelementebi). magaliTad, simindis nayofSi 
izrdeba Zvirfasi aminmJavas-lizinis Semcveloba. rogorc cnobilia lizinis 
naklebobis gamo simindi arasrulfasovan sakvebs warmoadgens. axali 
preparatebiT damuSavebuli TesliT miRebul mosavalSi ki lizinis raodenoba 
TiTqmis 1,5-jer izrdeba, rac mniSvnelovnad zrdis simindis kvebiT Rirebulebas. 

 amJamad, bioorganuli qimiis mimarTulebiT muSavdeba samedicino 
daniSnulebis ramdenime preparati, romlebic amJRavneben maRal farmakologiur 
aqtivobas, efeqturad moqmedeben hipertoniaze, nervozze da sxva daavadebebze, 
aregulireben nivTierebaTa cvlas da aZliereben organizmis 
sicocxlisunarianobas. 
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n a x S i r w y l e b i  

 
 

     naSirwylebi bunebaSi farTod gavrcelebuli naerTebia. isini cilebTan 
da lipidebTan erTad warmoadgenen organizmis SemadgenlobaSi Semaval 
umniSvnelovanes naerTebs. naxSirwylebi gavrcelebulia rogorc cxovelur 
(mSrali masis 2%), ise mcenareul (mSrali masis 80%) samyaroSi. Aadamianis 
organizmSi naxSirwylebs Zalze mniSvnelovani (energetikuli, struqturuli, 
dacviTi) funqciebi akisria. isini Sedian nukleinis mJavebisa da Sereuli 
biopolimerebis (glikoproteinebi, glikolipidebi) SemadgenlobaSi, romlebic 
udides rols asruleben sasicocxlo procesebSi.  
     naxSirwylebis ZiriTadi wyaroa mcenareebi, sadac xdeba maTi sinTezi 
fotosinTezis gziT _ naxSirorJangisa da wylisgan mzis sxivuri energiis 
zemoqmedebiT. maTi Semdgomi gardaqmniT miiReba organul nivTierebaTa is 
mravalferovneba, romelic gvxvdeba mcenareebsa da cxovelebSi. 
naxSirwylebis metabolizmTanaa dakavSirebuli cilebis, cximebis, nukleinis 
mJavebisa da sxva bioorganul naerTTa sinTezi. 
     naxSirwylebi uzrunvelyofen cocxali organizmis yvela komponentis 
normalur funqcionirebas. bunebaSi ar gvxvdeba arc erTi cocxali ujredi, 
romelic Tavisufali an bmuli formiT ar Seicavs naxSirwylebs.     
naxSirwylebi anu Saqrebi iseTi polifunqciuri naerTebia, romelTa 
molekulebi Seicavs karbonilisa da hidroqsilis jgufebs. naxSirwylebi 
iyofa 2 did jgufad _ martivi da rTuli naxSirwylebi. martiv naxSirwylebs 
miekuTvneba monosaqaridebi, rTuls oligo- da polisaqaridebi. 
     monosaqaridebi, anu martivi naxSirwylebi ar ganicdian hidrolizs. 
polisaqaridebi monosaqaridebis polikondensaciis produqtebia da maTi 
molekulebi aTasobiT monosaqariduli naSTisgan Sedgeba. polisaqaridebis 
sruli hidroliziT warmoiqmneba martivi naxSirwylebi.  
     oligosaqaridebs Sualeduri adgili ukaviaT mono- da polisaqaridebs 
Soris. naxSirwylebis klasifikacia mocemulia 1-el sqemaze.  
     aldehidis an ketonis jgufis Semcvelobis mixedviT monosaqaridebi 
iyofa aldozebad da ketozebad. naxSirbadatomTa raodenobis mixedviT 
arCeven triozebs, tetrozebs, pentozebs da a.S. eqvsze met naxSirbadatomTa 
Semcvel Saqrebs umaRlesi Saqrebi ewodeba. 
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 sqema 1 

martivi naxSirwylebi 

monosaqaridebi 

gavrceleba bunebaSi. monosaqaridebi bunebaSi gavrcelebulia, rogorc 
Tavisufal mdgomareobaSi, ise maTi warmoebulebis saxiT (ufro xSirad 
fosformJavas eTerebis saxiT), an Sedian ufro rTuli nivTierebebis _ 
glikozidebis, oligo- da polisaqaridebis, glikoproteinebis, glikolipide-
bis, nukleinis mJavebis da biopolimerebis SemadgenlobaSi. 
    monosaqaridebidan bunebaSi yvelaze metad pentozebi da heqsozebia 
gavrcelebuli, romelTa Soris pirveli adgili D-glukozas ukavia. igi
Tavisufali saxiT didi raodenobiT Sedis yurZenSi da sxva xilSi. fruqto-
zasTan erTad glukozas didi raodenobiT Seicavs Tafli. heqsozebidan, glu-
kozis Semdeg, bunebaSi farTod aris gavrcelebuli D-galaqtoza da D-manoza.
pentozebidan gavrcelebulia L-arabinoza da D-qsiloza, romlebic Sedian
mTel rig polisaqaridebsa da glikozidebSi. specifikuri biologiuri aq-
tiurobiT xasiaTdeba D-riboza da 2-dezoqsi-D-riboza, romelTaganac agebu-
lia ribonukleinis da dezoqsiribonukleinis mJavas polimeruli jaWvi.  
naxSirwylebis nomenklatura. qimiaSi bunebrivi naerTebis dasaxelebisas 
farTod gamoiyeneba trivialuri saxelwodebebi. es saxelwodebebi gamosaxavs: 
a) naerTis bunebriv wyaros, magaliTad, laqtoza gamoyofil iqna rZidan
(laTinurad “laqtum”- rZes niSnavs);
b) naerTis gansakuTrebul Tvisebas, magaliTad, saxelwodeba glicerini war-
moiSva misi tkbili gemos gamo (berZnulad “glikus”- tkbils niSnavs);
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g) naerTis miRebis meTods, magaliTad, piroyurZenmJava miiReba yurZenmJavas
pirolizis Sedegad;
d) naerTis gamoyenebis sferos, magaliTad askorbinmJavas iyeneben suravandis
sawinaaRmdegod (“skarbit”- suravands niSnavs, “a” ki uaryofis maCvenebelia).

dReisaTvis miRebulia Teoriuli da gamoyenebiTi qimiis saerTaSoriso 
kavSiris mier 1965 wels JenevaSi SemuSavebuli nomenklatura. magaliTad: 

COH

H2NHC

CHOH

CHOCH3

C

CH2OH

H3C OH

CH3

OH

CH

CH3H3C

123
4

5
6

2-dezoqsi-2-amino-4-0-meTil 2-izopropil-5-meTil-cikloheqsanol-1
5-C-meTilheqsoza menToli, romelic Sedis validolis

  SemadgenlobaSi. 

monosaqaridebis fizikuri Tvisebebi. monosaqaridebi warmoadgenen ufero, 
tkbili gemos mqone kristalur nivTierebebs. sxvadasxva monosaqaridis sitkbo 
erTmaneTisagan gansxvavdeba, magaliTad, fruqtoza 3-jer ufro tkbilia glu-
kozaze. monosaqaridebi kargad ixsneba wyalSi, sustad _ spirtSi, gacxelebiT 
iSlebian da naxSirdebian. monosaqaridebis xsnarebs aqvT neitraluri reaqcia. 
monosaqaridebis agebuleba. monosaqaridebis anu monozebis molekulaSi 
erTdroulad Sedis karbonilis da hidroqsilis jgufebi. karbonilis jgufi 
SeiZleba warmodgenili iyos rogorc aldehidis, ise ketonis formiT. alde-
hidis jgufis Semcvel monosaqaridebs aldozebs uwodeben, xolo ketonuri 
jgufis Semcvel monosaqaridebs _ ketozebs. daboloeba “oza” damaxasi-
aTebelia nebismieri monosaqaridisaTvis: glukoza, fruqtoza, manoza da a.S. 
jaWvSi naxSirbadis raodenobis mixedviT arCeven: triozebs, tetrozebs, 
pentozebs, heqsozebs da a.S. monosaqaridebidan mTavari adgili ukaviaT aldo-
heqsozebs, aldopentozebs da ketoheqsozebs.  

C

*CHOH

*CHOH

*CHOH

*CHOH

CH2OH

CH2OH

C

CHOH

CHOH

CHOH

CH2OH

OH
C

*CHOH

*CHOH

*CHOH

CH2OH

OH

O

    umartives aldotriozas miekuTvneba glicerinis aldehidi, xolo 
umartives ketotriozas dihidroqsiacetoni: 
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CHO

CHOH

CH2OH

CH2OH

C

CH2OH

O

 

    karbonilisa da hidroqsilis jgufebis garda monosaqaridebis moleku-
laSi SeiZleba Sediodes sxva funqciuri jgufebic, magaliTad, karboqsilis 
an aminis jgufebi. monosaqaridebs, romelic erTi an ramdenime hidroqsilis 
jgufis nacvlad Seicaven wyalbadis atomebs, ewodeba dezoqsiSaqrebi, xolo 
aminSaqrebis SemTxvevaSi hidroqsilis jgufi Canacvlebulia aminis jgufiT. 
stereoizomeria. stereoizomeria izomeriis formaa, romlis drosac moleku-
lebs gaaCniaT atomTa qimiuri bmebis erTnairi Tanmimdevroba da am atomTa 
gansxvavebuli ganlageba sivrceSi. stereoizomeria SeiZleba iyos ori saxis: 
optikuri da geometriuli. 
    monosaqaridebis molekulebi Seicavs asimetriul naxSirbadatomebs, ro-
melTa ricxvi jaWvis sigrZis zrdasTan erTad matulobs. optikuri izomeriis 
raodenoba ganisazRvreba Semdegi formuliT: A=2n, sadac n asimetriul
(xiralur) naxSirbadTa raodenobaa. magaliTad, aldopentozaSi sami 
xiraluri centria, aqedan gamomdinare, stereoizomerTa ricxvia 23 anu 8; al-
doheqsozaSi oTxi xiraluri naxSirbadatomia da stereoizomerTa ricxvia 24 
anu 16. termini “xiraloba” aRniSnavs, rom nebismieri ori molekula erTma-
neTis mimarT iseT mdgomareobaSia, rogorc marjvena da marcxena xeli, e.i. 
warmoadgenen erTmaneTis sarkul gamosaxulebebs, romelTa SeTavseba sivrce-
Si ar xerxdeba. molekulis xiraloba ganpirobebulia masSi xiraluri cen-
tris arsebobiT. am rols asrulebs sp3-hibridizebul mdgomareobaSi myofi
atomi, romelic dakavSirebulia oTx sxvadasxva CamnacvlebelTan (mas asi-
metriuls uwodeben, radgan ar gaaCnia simetriis elementebi). 
    stereoizomerebs yofen enantiomerebad da diastereomerebad. enantio-
merebi iseTi stereoizomerebia, romelTa molekulebi ise Seesabameba erTma-
neTs, rogorc sagani da masTan SeuTavsebadi misi sarkuli gamosaxuleba. ste-
reoizomerebs, romelTa molekulebi ar Seesabameba erTmaneTs rogorc sagani 
da misi sarkuli gamosaxuleba da maT aqvT gansxvavebuli fizikuri da qimi-
uri Tvisebebi, diastereomerebs uwodeben. enantiomerebs gaaCnia sinaTlis po-
larizaciis sibrtyis brunvis unari, e.i. optikuri aqtivoba; aqedan warmoiSva 
maTi meore saxelwodeba _ optikuri izomerebi. 
    optikuri aqtivobis gansazRvra xdeba polarimetris (sqema 2) saSualebiT, 
igi Sedgeba 2 prizmisagan, romelTa Soris moTavsebulia polarimetruli 
mili (3), romelSic Tavsdeba optikurad aqtiuri nivTierebis xsnari. erT 
prizmaSi xdeba sinaTlis sxivis polarizeba; mas ewodeba polarizatori (2), 
meore prizma aris analizatori (4), romelic atarebs polarimetris milidan 
gamosul sxivs. sinaTle ganixileba, rogorc eleqtromagnituri talRebis 
erToblioba, romelic irxeva sxvadasxva sibrtyeSi. Tu amgvari sinaTle ga-
tardeba nikolas prizmaSi, igi brtylad polarizebuli gaxdeba _ masSi 
talRebi erT sibrtyeSi daiwyebs rxevas. 
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 sqema 2 
   polarimetri 

1. sinaTlis wyaro
2. polarizatori
3. polarimetruli mili
4. analizatori

enantiomerebi erTnairi kuTxiT, magram gansxvavebuli mimarTulebiT abru-
neben sinaTlis polarizaciis sibrtyes: erTi marcxniv mbrunavia, xolo meore 
marjvniv mbrunavi, amitom maT optikur antipodebsac uwodeben. marjvniv brun-
vas aRniSnaven (+)-iT, xolo marcxniv brunvas (-) - iT. enantiomerebis Tanabari 
raodenobis narevs racemati ewodeba. mas optikuri aqtivoba ar gaaCnia da aR-

niSnaven (±) niSniT.
    sxvadasxva naerTis mier sinaTlis polarizaciis sibrtyis brunvis 

xarisxis aRsaniSnavad SemoRebulia xvedriTi brunvis cneba [ ] ,100
lc

t
D

αα =  sadac

α _ brunvis kuTxea (gradusebSi), C _ nimuSis koncentracia (nivTierebis
gramebis raodenoba 100ml gamxsnelSi), xolo  L - polarimetris kiuvetis
sigrZe (decimetrebSi). unda aRiniSnos, rom romelime naerTis enantiomerTa 
xvedriTi brunvis sidide erTnairia. magaliTad, rZemJavaSi CH3

_C*HOH_COOH, 
masSi erTi qiraluri naxSirbadis atomia. rZemJava SeiZleba arsebobdes enan-
tiomeris da maTi racematis saxiT. miuxedavad imisa, rom samganzomilebiani 
formulebi Zalian kargad asaxavs xiraluri molekulebis struqturas, maTi 
gamoyeneba formulebis grafikulad gamosaxvisas mouxerxebelia (gan-
sakuTrebiT maSin, rodesac molekulaSi ramdenime xiraluri centria). aR-
niSnuli problemis gadasawyvetad emil fiSerma SeimuSava meTodi aseTi 
struqturebis or ganzomilebaSi (sibrtyeze) gamosaxvisaTvis. am mizniT mole-
kula ise unda SemovabrunoT, rom horizontalurad ganlagebuli jgufebi 
mimarTuli iyos damkvirveblisaken, xolo vertikalurad ganlagebuli 
jgufebi damkvirveblis sapirispiro mimarTulebiT, Semdeg ki movaxdinoT misi 
proeqcireba sibrtyeze. naxSirbadis xiraluri atomi, romelic tetraedris 
centrSia moTavsebuli, gadaaqvT sibrtyeze vertikaluri da horizontaluri 
xazebis gadakveTis wertilSi. magaliTad, rZemJavas enantiomerebi Semdeg-
nairad gamoisaxeba fiSeris proeqciuli formulebiT: 

COOH

C

CH3

H OH

COOH

CH3

HO H

(+) - rZemJava
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COOH

C

CH3

HO H

COOH

CH3

H OH

(-) - rZemJava

absoluturi konfiguraciis gansazRvra SesaZlebebli gaxda mxolod 
rentgenostruqturuli analizis gamoyenebiT. pirveli naerTi, romlisTvisac 
(1951w.) gansazRvrul iqna absoluturi konfiguracia, iyo (+)-RvinomJava. 

konfiguraciis standartad, rozanovis winadadebiT, miRebul iqna (1906w.) 
glicerinis aldehidi, romlis marcxniv da marjvniv mbrunav enantiomerebs mi-
aweres gansazRvruli konfiguracia da aRniSnes, rogorc D-(+) da L-(_) glic-
erinis aldehidebi. 

glicerinis aldehidis enantiomerebi 

COH

CH2OH

HO H

COH

CH2OH

H OH

D-(+)glicerinis aldehidi L-(-)glicerinis aldehidi

D-stereoqimiur rigs miekuTvneba D-glicerinis aldehidis monaTesave
naerTebi xiraluri centris iseTi konfiguraciiT, roca funqciuri jgufebi (-
OH, -NH2 , -Hal) fiSeris proeqciaSi ganlagebulia vertikaluri xazis marjvniv,
L-rigSi ki marcxniv. Tu aldozis bolo xiralur centrTan hidroqsilis kon-
figuracia iseTivea, rogorc D-glicerinis aldehidSi, maSin aldoza ekuTvnis
D-rigs. Tu aldozis bolo xiralur centrTan hidroqsilis konfigu-racia
iseTivea, rogorc L-glicerinis aldehidSi, maSin aldoza ekuTvnis L-rigs.
D,L-sistema xSirad gamoiyeneba aminmJavebisa da naxSirwylebis qimiaSi.

stereoizomerebis gamosaxvisTvis iyeneben fiSeris proeqciul formulebs. 
naxSirbaduli jaWvi maTSi vertikaluradaa ganlagebuli. amasTan aldozebSi 
maRla aTavseben aldehidis jgufs, xolo ketozebSi _ pirvelad spirtul 
jgufs, romelsac mosdevs ketonuri jgufi. qvemoT moyvanilia D-rigis
aldozebis (sqema 3) da D-rigis ketozebis (sqema 4) aRnagoba.
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sqema 3 
aldozebis D-rigis enantiomerebi

COH
OHH
OHH
OHH
OHH

CH2OH

D-aloza D-altroza

COH
HHO
OHH
OHH
OHH

CH2OH

D-glukoza

COH
OHH
HHO
OHH
OHH

CH2OH

COH
HHO
HHO
OHH
OHH

CH2OH

D-manoza

COH
OHH
OHH
HHO
OHH

CH2OH

D-guloza

COH
HHO
OHH
HHO
OHH

CH2OH
D-idoza

COH
OHH
HHO
HHO
OHH

CH2OH
D-galaqtoza

COH
HHO
HHO
HHO
OHH

CH2OH

D-Taloza

OHH
OHH
OHH

CH2OH
D-riboza D-arabinoza

COH

HHO
OHH
OHH

CH2OH

COH

D-qsiloza

COH

OHH
HHO
OHH

CH2OH

COH
HHO
HHO
OHH

CH2OH

D-liqsoza

COH

OHH
OHH

CH2OH

D-eritroza D-treoza

COH

HHO
OHH

CH2OH

COH

OHH

CH2OH
D-glicerinis aldehidi (gliceroza)

sqema 4 
D-rigis ketozebi

C

CH2OH

H OH

D-tetruloza (eritruloza)

CH2OH

O

OHH

OHH

CH2OH
D-eritro-pentuloza (ribuloza)

C

CH2OH

O

HHO

OHH

CH2OH
D-treo-pentuloza (qsiluloza)

C

CH2OH

O

OHH

OHH

OHH

CH2OH
D-fsiqoza

C

CH2OH

O

HHO

OHH

OHH

CH2OH
D-fruqtoza

C

CH2OH

O

OHH

HHO

OHH

CH2OH
D-sorboza

C

CH2OH

O

HHO

HHO

OHH

CH2OH
D-tagatoza

C

CH2OH

O

C

CH2OH

CH2OH

O

dihidroqsiacetoni
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    stereoqimiur nomenklaturaSi D,L-sistema ufro xSirad icvleba axali
R,S-sistemiT, sadac pirvel rigSi mimdevrobiT isazRvreba xiralur centrTan
dakavSirebuli Camnacvleblis ufrosoba Semdegi kriteriumiT: 

1. ori Camnacvleblidan is aris ufrosi, romelic Seicavs xiralur
centrTan uSualod dakavSirebuli elementis atoms ufro maRali
atomuri nomriT. magaliTad: I>Br>Cl> SH>F>OH>NH2>CH3>H

2. Tu uSualod xiralur centrTan bmuli ori an meti atomi erTnairia,
maSin Camnacvleblis ufrosoba ganisazRvreba ukve maTTan da-
kavSirebul atomTa atomuri nomriT. magaliTad:
CH2SH>CH2OH>CH2NH2>CH2CH3>CH2CH2
CH2SH>CH2CH2OH>CH2CH2NH2>CH2CH2CH3>CH2CH3

3. Tu meore (an Semdgomi) Sris atomebic erTnairia, magram aseT atomTa
ricxvi gansxvavebulia, maSin is jgufia ufrosi, romelic Seicavs met
Camnacvlebels  ufro maRali atomuri nomriT. magaliTad,
CHCl>CH2Cl.

4. rodesac xiralur centrTan mdgari atomebi jeradi bmebiT ukav-
Sirdeba sxva atomebs, maSin am ukanasknelTa ricxvi orkecdeba (orma-
gi bmebis SemTxvevaSi) an samkecdeba (sammagi bmis SemTxvevaSi).

aqedan gamomdinare: COOH>CN>COH>CH2OH. CamnacvlebelTa ufrosobis
dadgenis Semdeg molekulas uyureben yvelaze umcrosi Camnacvleblis sa-
pirispiro mxridan. Tu am SemTxvevaSi darCenili sami Camnacvlebeli 
damkvirveblisaken mibrunebul tetraedris fuZeze ufrosobis Semcirebis 
mixedviT ganlagdeba saaTis isris moZraobis mimarTulebiT, maSin naerTis 
xiraluri centris konfiguracias aRniSnaven R asoTi (laTinurad rec-
tus_niSnavs swors), xolo Tu isini ganlagdeba saaTis isris moZraobis
sawinaaRmdego mimarTulebiT _ S asoTi (laTinurad sinister niSnavs araswori).
magaliTad, rZemJavaSi xiralur centrTan dakavSirebul CamnacvlebelTa 
ufrosoba aseTi TanmimdevrobiT mcirdeba: OH>COOH>CH3>H yvelaze umcrosi
Camnacvlebelia H-is atomi, Tu misi sapirispiro  mxridan SevxedavT D-
rZemJavas molekulis sivrciT models, misi xiraluri naxSirbadis atomi iqne-
ba R-konfiguraciis, xolo L-rZemJavas SemTxvevaSi S-konfiguraciisa.
monosaqaridebis da maTi nawarmebis konformacia. konformacia gansazRvruli 
konfiguraciis molekulaSi atomTa sivrciTi ganlagebaa. 
    najeri naxSirwyalbadebis homologiur rigSi, eTanidan dawyebuli, Cndeba 

naxSirbadatomebs Soris arsebuli martivi σ-bmis garSemo brunvis SesaZle-
bloba molekulis qimiuri aRnagobis Seucvlelad. amis Sedegad icvleba Cam-
nacvlebelTa sivrciTi ganlageba erTmaneTis mimarT. brunvis kuTxes ewodeba 
torsiuli kuTxe. am kuTxis sididis mixedviT molekulam SeiZleba miiRos 
gansxvavebuli geometriuli formebi anu konformaciebi. 
  amJamad, konformaciis gamosaxvisas iyeneben niumenis proeqciul formu-

lebs, romelTa miReba SeiZleba molekulis proeqciis gadatanisas sivrceze 
C-C bmis gaswvriv. damkvirveblidan ufro daSorebul naxSirbad atoms gamo-
saxaven wriT, xolo axlos myofs _ wertiliT am wreSi. TiToeuli naxSirba-
datomis sami bma gamoisaxeba xazebiT, romlebic gamodis wris centridan
(uaxloesi naxSirbadatomisaTvis), an mis garedan (daSorebuli naxSirbada-
tomisaTvis).
   amrigad, warmoiqmneba sxvadasxva konformaciuli izomerebi, romelTa ur-
TierTgadasvla xorcieldeba qimiuri bmebis gawyvetis gareSe. pirobiTad, min-
imalur torsiul kuTxed, romlidanac iwyeba aTvla, miCneulia 60o. konforma-
ciebs, romlebSic Camnacvleblebi yvelaze axlos imyofeba erTmaneTTan, 
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gadafaruli ewodeba. maT gaaCniaT maqsimaluri energia. konformaciebs, rom-
lebSic Camnacvleblebi yvelaze ufro daSorebulia erTmaneTisagan sivrceSi, 
damuxruWebuli ewodeba. maT gaaCniaT minimaluri energia. konformaciebs, 
romlebSic Camnacvleblebs Soris kuTxe aris 60o, acdenili ewodeba. 
    aciklur naerTebSi gvxvdeba daZabulobis ori tipi: torsiuli da vander-
vaalsuri. roca bmebi erTmaneTis pirispir xvdeba, maT Soris adgili aqvs 
eleqtronul ganzidvas. molekulaSi iqmneba daZabuloba, romelsac torsiuli 
daZabuloba ewodeba. rTul naerTebSi xdeba moculobiTi Camnacvleblebis 
urTierTganzidva, rac iwvevs sistemis energiis zrdas anu daZabulobis war-
moqmnas. daZabuloba, romelic warmoiqmneba CamnacvlebelTa ganlagebiT man-
Zilze, ewodeba van-der-vaalsuri daZabuloba. 
    centraluri C-C bmis garSemo (360o-iT sruli Semobrunebisas) n-butanSi 
warmoiqmneba 6 konformacia (sur.1), romelTa Soris yvelaze xelsayrelia da-
muxruWebuli (g) konformacia. torsiuli kuTxe or meTilis jgufs Soris 
aris 180o (b) da (d) konformaciebSi gadafarul mdgomareobaSia meTilis jgufi 
da wyalbadis atomi, xolo (v) konformaciaSi ki _ ori meTilis jgufi, amitom 
am ukanasknel konformacias gaaCnia maqsimaluri energia. (a) da (e) konforma-
ciebSi or meTilis jgufs Soris kuTxe 60o-ia. es konformaciebi acdenilia, 
maTi energia 3,5 kj/moliT metia damuxruWebuli konformaciis energiaze. 
                                              

                                                                  sur. 1 
  
 

 
 
 
 
 

 
 
 
 
 
 

n-butanis konformaciebi 
 

     cikluri naxSirwyalbadebisaTvis, garda torsiuli da vander-vaalsuri 
daZabulobisa, damaxasiaTebelia baieris daZabuloba, romlis specifikuroba 
gamowveulia Caketili jaWvis ciklis arsebobiT da brtyeli aRnagobiT, am 
dros xdeba Siga valenturi kuTxeebis mniSvnelovani gadaxra 109,50-dan. daZab-
ulobas, romelic gamowveulia ciklSi naxSirbadatomebs Soris valenturi 
kuTxeebis normaluri mniSvnelobidan (109,50) gadaxriT, ewodeba kuTxuri anu 
baieris daZabuloba. 
     n-bmebis garSemo naxSirbadatomebis  brunvis xarjze cikloheqsani war-
moqmnis naklebad daZabul arabrtyel konformaciebs, romelTa Soris Sedare-
biT mdgradia “savarZlis” da “abazanis” anu “navis” konformaciebi. orive kon-
formacia Tavisufalia kuTxuri daZabulobisagan, radgan maTSi valenturi 
kuTxeebi 109,5o-is tolia: 

 

 CH3

CH3

H
H

H

H

CH3

CH3
H

H
H

CH3
H

H
H

CH3

H

a b

CH3

H

H
CH3

H

H

g

CH3

H
H

H3C
H

d

H

e

CH3

H
H

H
H

v

CH3
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H

H

H

H
H

H

H

H
H

H

H

H

5

16

2

3
4

savarZlis konformacia

H

H

H
H

H
H

H

5
1

6

23

4

abazanis konformacia

H

H

H H

H

 
 

    cikloheqsanis savarZlis konformaciaSi arc wyalbadis da arc naxSir-
badis atomebi ar gvxvdeba gadafarul mdgomareobaSi (maT gaaCniaT mini-
maluri energia), abazanis konformaciaSi naxSirbadatomebis or wyvilTan C-2, 
C-3, C-5, C-6 wyalbadis atomebi imyofeba gadafarul mdgomareobaSi, rac iwvevs 
energiis zrdas, am konformaciis energia 35 kj/moliT metia savarZlis kon-
formaciis energiaze, ris gamoc oTaxis temperaturaze cikloheqsanis 99,9% 
imyofeba savarZlis konformaciaSi. 
    rodesac cikloheqsanis savarZlisebr konformaciebSi eqvsi C-H bma sime-
triis RerZis paraleluria, mimarTulia monacvleobiT zeviT da qveviT, aseT 
bmebs aqsialuri (a) ewodeba, darCenili eqvsi C-H bma orientirebulia RerZis 
mimarT 109,50-iT. am bmebs ekvatorialurs (e) uwodeben.  
  

a

a

a

a

a
a

e

e
e e

e
e

 
 

    aseve, cikloheqsanisaTvis SesaZlebelia ori energetikulad erTnairi sa-
varZlis konformaciis arseboba. maTi erTmaneTSi gadasvlisas aqsialuri 
bmebi ekvatorialuri xdeba, xolo ekvatorialuri _ aqsialuri. am process 
ciklis inversia ewodeba. inversia mimdinareobs swrafad da cikloheqsani 
warmoadgens Tanabari energiebis mqone ori savarZlis konformaciis 
wonasworul narevs: 

5

16

2

3
4

6

1
2

5
4

3  
 
    piranozebisa da maTi nawarmebis konformacia cikloheqsanis konforma-
ciebis msgavsia, magram Jangbadatomis arseboba ciklSi zrdis SesaZlo kon-
formaciebis ricxvs. abazanis konformacia aq praqtikulad ar gvxvdeba. savar-
Zlis ori SesaZlo konformaciidan energetikulad is aris ufro xelsayreli, 
romelSic moculobiTi Camnacvleblebi (-OH, -CH2OH, -NHAc da a.S.) ekvatori-
alur mdgomareobaSia: 
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O
CH2OH

HO

HO
OMe

HO

O

OH

OH

CH2OH OMe

OH  
         D-glukopiranozis SemTxvevaSi Warbobs β-anomeri, radganac α-anomerisagan 
gansxvavebiT masSi naxevaracetaluri hidroqsilis jgufi, sxva hidroqsilis 
jgufebis msgavsad, ekvatorialur mdgomareobaSia: 
 

O
CH2OH

HO

HO
OH

HO

H

H

H
H

H

OH
CH2OH

HO

HO
H

HO

H

H

H
H

O

O
CH2OH

HO

HO
H

HO

H

H

H
H

OH

α,D-glukopiranoza (36%) D-glukoza β,D-glukopiranoza (64%)  
 

    piranozebis konformaciaTa stabilurobaSi mniSvnelovani wvlili Seaqvs 
e.w. “anomerul efeqts” C-1 atomTan arsebul eleqtrouaryofiT Cam-
nacvleblebisa da ciklis Jangbadatomis gaunawilebeli eleqtronuli wyvi-
lis dipol-dipolur urTierTqmedebas, ris Sedegadac aRniSnuli Cam-
nacvlebeli cdilobs aqsialuri mdgomareobis dakavebas. 
monosaqaridebis cikluri struqtura. tautomeria. monosaqaridebi ZiriTadad, 
naxevaracetaluri cikluri formebis saxiT arsebobs, romelTa warmoqmna 
xorcieldeba monosaqaridis karbonilisa da hidroqsilis jgufebis ur-
TierTqmedebis Sedegad. 
     Saqrebis cikluri formebis arsebobis Sesaxeb varaudi gamoTqva a. kolim 
(1870w.), SemdgomSi ki (1883w) es mosazreba ganaviTara germanelma mecnierma b. 
tolensim. me-20 saukunis 20-ian wlebSi u. heuorsma eqsperimentulad daadgina 
zogierTi monosaqaridis ciklis zoma. eqvswevriani ciklebiT gamosaxul 
naxSirwylebs piranozebi ewoda, xolo xuTwevriani ciklebiT gamosaxulT 
furanozebi. 
     monosaqaridis molekulaSi SesaZlebelia oqsojgufis daaxloeba 
sivrceSi meoTxe an mexuTe naxSirbadis atomTan, ris Sedegadac xdeba 
Sidamolekuluri urTierTqmedeba da cikluri naxevaracetalis warmoqmna. 
    aldoheqsozebSi aldehidis jgufTan reaqciaSi upiratesad Sedis mexuTe 
naxSirbadis atomTan mdebare hidroqsilis jgufi, radganac am dros war-
moiqmneba mdgradi eqvswevriani cikli. meoTxe naxSirbadis atomTan mdebare 
hidroqsilis jgufis urTierTqmedebis Sedegad ki miiReba xuTwevriani cikli. 

 

                 

C
OHH

C
C

C
C

CH2OH

OHH
HHO

H
H OH

O

D- glukofuranoza

COH

C
C
C
C
CH2OH

OHH
HHO

H

H OH
OH

D- glukoza
(oqso-forma)

C
OHH

C

C
C

C
CH2OH

OHH
HHO

H
H

OH

O

D- glukopiranoza
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     monosaqaridebs ciklur formaSi pirvel adgilas emateba kidev erTi asi-
metriuli naxSirbadi. Tu aldehiduri formiT aldoheqsoza oTx asimetriul 
naxSirbads Seicavs, cikluri saxiT igi Seicavs xuT asimetriul naxSirbads. 
amitom, izomerTa ricxvi orkecdeba da aldoheqsozebs eqnebaT 25=32 izomeri. 
ciklur formaSi aldozis pirveli naxSirbadatomi (C-1) xiraluri xdeba da 
mas anomeruli naxSirbadatomi ewodeba, xolo aldozebs, romlebic erTma-
neTisagan gansxvavdebian C-1-Tan dakavSirebuli H da OH konfiguraciiT, ano-

merebi ewodeba. D-glukoza arsebobs ori formiT _ α,D-glukozisa da β,D-

glukozis formiT. α-forma miiReba  maSin, rodesac pirvel naxSirbadTan 
mdebare hidroqsili meore naxSirbadTan mdebare hidroqsilis mimarT imyofeba  

cis-mdgomareobaSi; β-forma ewodeba im formas, romelSic pirvel naxSir-
badTan mdebare hidroqsili meore naxSirbadTan mdebare hidroqsilTan trans-
mdgomareobaSi. 
 

 
 

     anomerebi diastereomerebs warmoadgenen da erTmaneTisagan gansxvavdebian 
polarizaciis sibrtyis brunvis kuTxiT. myar mdgomareobaSi monosaqaridebs 
cikluri aRnagoba aqvs. D-glukoza miiReba spirtidan an wylidan gamokrista-

lebisas α,D-glukopiranozis saxiT, xolo piridinidan gamokristalebisas β,D-
glukopiranozis saxiT. isini gansxvavebuli kuTxiT abruneben sinaTlis po-

larizaciis sibrtyes. α,D-glukozis xvedriTi brunvis kuTxea +1120, β,D-
glukozis +190. TiToeuli am anomeris xsnaris dayovnebisas adgili aqvs 

xvedriTi brunvis kuTxis cvlilebas +52,50-mde. α,D-glukozis xvedriTi brun-

vis kuTxe TandaTanobiT iklebs da +1120-dan dadis +52,50-mde, xolo β,D-
glukozis xvedriTi kuTxe +190 TandaTan izrdeba +52,50-mde, ris Semdeg 
ucvleli rCeba. am process mutarotacia ewodeba. 
 

C

C OHH

C HHO

CH

CH

CH2OH

OHH

O
OH

C

C OHH

C HHO

CH

CH

CH2OH

HO H

O
OH

 
 
    am procesis qimiuri safuZvelia monosaqaridebis tautomeruli anu ci-
klur da Ria formebs Soris wonasworobis damyareba. aldozebis da keto-
zebis struqturebs xSirad gamosaxaven heuorsis formulebiT. magaliTad, D-
glukoza piranozuli formiT ase gamoisaxeba: 
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xolo furanozuli formiT ase gamosaxaven: 
  

                                       

H

OHH
OH

OHH

H

O

CH2OH

α, D-glukofuranoza

HHO

OH

HH
OH

OHH

H

O

CH2OH
HHO

β, D-glukofuranoza
 

 

         D-glukoza wyalxsnarSi xuTi tautomeriis saxiT arsebobs (α- da β-
anomerTa piranozuli da furanozuli formebi da Ria forma). mutarotacia 

dakavSirebulia am formebs Soris wonasworobis damyarebasTan. α- da β-
anomerebis urTierTgardaqmnas, Sualeduri oqso-formis warmoqmniT, anomer-
izacia ewodeba: 
 

O
CH2OH

H

OH

H

H

H
H

OH

OHHO

α, D-glukopiranoza

O
CH2OH

H

OH

H

H
H

H

OH

OH

HO

β, D-glukopiranoza

C

OHH

HHO

H

OH

CH2OH
 D-glukoza

(oqso-forma)

OH

O
H
H

H

OHH
OH

OHH

H

O

CH2OH

α, D-glukofuranoza

HHO

OH

HH
OH

OHH

H

O

CH2OH
HHO

β, D-glukofuranoza  
 

        D-glukozis tautomerTa narevSi Warbobs piranozuli formebi, Tumca 
qimiuri reaqciebis dros wonasworobis arsebobis gamo, romelime formis 
raodenobis Semcirebisas xdeba misi Sevseba. 
        D-glukozisagan gansxvavebiT D-fruqtozis tautomerebSi Warbobs furano-
zuli formebi: 

O
CH2OH

H

OH

H

H

H
H

OH

OHHO

α, D-glukopiranoza

O
CH2OH

H

OH

H

H
H

H

OH

OH

HO

β, D-glukopiranoza
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O
H

H

H

OH

HO

CH2OH
H

H

OHHO

α, D-fruqtopiranoza

O
H

H

H

OH

HO

OH
H

H

CH2OHHO

β, D-fruqtopiranoza

CH2OH

C O

HHO

H

OH

H2C

 D-fruqtoza
(oqso-forma)

OH
H

O H

CH2OH

OH

H

OH H

H OH

O
CH2OH

OHH

OH H

H OH

OHOH2C

α, D-fruqtofuranoza β, D-fruqtofuranoza

HOH2C

 
 
monozebis struqturis gansazRvris meTodebi. monozebis struqturis gan-
sazRvra xdeba meTilirebis da periodatuli daJangvis meTodiT. 
1. meTilirebis meTodi. monozebis struqturis gansazRvrisaTvis awarmoeben 

aRniSnuli monozis amomwurav meTilirebas. magaliTad, D-glukozaze meTilis 

spirtis moqmedebiT, 1% mSrali qlorwyalbadis TandaswrebiT, miiReba α- da 
β-meTilglikozidebis narevi, romlisganac iodmeTilis an dieTilsulfatis 
moqmedebiT vercxlis Jangis TandaswrebiT miiReba pentameTilglukoza. misi 
hidroliziT warmoiqmneba tetrameTilglukoza, romelic Seicavs Tavisufal 
naxevaracetalur hidroqsils da SesaZlebelia arsebobdes, rogorc cikluri, 
ise Ria (acikluri) formiT. bromiani wyliT tetrameTilglukozis  daJangviT 
miiReba tetrameTilglukonmJava. am ukanasknelze koncentrirebuli azotmJavas 
moqmedebiT karbonilisa da Tavisufali hidroqsilis jgufebisagan war-
moiqmneba karboqsilis jgufebi. 
    piranozuli formis SemTxvevaSi Tavisufldeba C5-Tan mdebare hidroqsili 
da warmoiqmneba trimeToqsiglutaris mJava, xolo furanozuli formis Sem-
TxvevaSi iJangeba C4-Tan mdebare hidroqsili da warmoiqmneba dimetoqsiqarvis 
mJava. sinamdvileSi yvela am reaqciis Catarebis Sedegad miiReba trime-
Toqsiglutaris mJava, rac amtkicebs glukozaSi piranozuli ciklis 
arsebobas. 
2. periodatuli daJangvis meTodi. monozebis struqturis dadgena xdeba iod-
mJaviT daJangviT. mravalatomiani spirtebis daJangviT wydeba kavSiri mezo-
blad mdebare naxSirbadebs Soris im adgilas, sadac hidroqsilis jgufebi 
mdebareoben. amasTan erTad, TiToeuli pirveladi spirtis jgufi -  CH2OH  
daJangvisas iZleva formaldehids, xolo TiToeuli meoreuli spirtis jgufi 
- CHOH ki iZleva WianWvelmJavas: 
 

CH2OH

(CHOH)n

CH2OH

+ (n+1)HIO4
2HCHO + nHCOOH + (n + 1)HIO3 + H2O
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    iodmJavas daxarjuli raodenobis mixedviT SeiZleba ganisazRvros hi-
droqsilis jgufebis raodenoba molekulaSi. glikozidebis iodmJavaTi da-
JangviT miiReba dialdehidi da gamoiyofa WanWvelmJava: 
 

O
CH2OH

OH

H OH

OMeHO

2HIO4

O
CH2OH

OMe
CHO

CHO

+   HCOOH

 
 

     rogorc reaqciidan Cans, glikozidSi II da IV adgilas myofi jgufebi 
gadadian aldehidSi, magram ar mowydebian imis gamo, rom maTTan mezoblad 
mdebare naxSirbadis I da V atomebi ar Seicaven Tavisufal hidroqsilis 
jgufs, mesame naxSirbadis atomi ki iZleva erT  WianWvalmJavas. furanozuli 
glikozidis SemTxvevaSi ki miiReba ara WianWvelmJava, aramed WianWvelmJava 
aldehidi. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 20 



 
monosaqaridebis sinTezi 

 
1. naxSirwylebi bunebaSi warmoiqmneba mcenareTa foTlebSi (qlorofilis 
marcvlebSi) naxSirorJangisa da wylisagan fotosinTezis Sedegad, romelic 
mravalstadiuri rTuli Jangva-aRdgeniTi procesia. mzis sxivebis saSualebiT 
xdeba fotosinTezis pirveli produqtis _ glukozis warmoqmna:  

 

6CO2 + 6H2O
sinaTle

qlorofili
C6H12O6 + 6O2

 
     fotosinTezis Sedegad warmoqmnili glukoza warmoadgens masalas yvela 
bunebrivi organuli nivTierebis (cilebi, cximebi da a.S.) misaRebad. 
2. monozebi sinTezurad miiReba mravalatomiani spirtebis daJangviT. magaliT-
ad, glicerinis daJangviT miiReba glicerinis aldehidi da dihidroqsiace-
toni. sorbitis daJangviT _ glukoza da fruqtoza: 

 

HOH2C CHOH CH2OH

CHO

CHOH

CH2OH

CH2OH

CO

CH2OH

HOH2C CH2OHC

H

OH

C

H

OH

C

H

OH

C

H

OH

COH

C OHH

C HHO

C OHH

C OHH

CH2OH

CH2OH

CO

C HHO

C OHH

C OHH

CH2OH  
 

3. aldehidebisa da ketonebis halogenwarmoebulebSi hidroqsilis jgufiT 
halogenis CanacvlebiT miiReba tetrozebi: 
 

COH

CHBr

CH2Br

CHBr
+  3H2O

COH

CHOH

CH2OH

CHOH
+  3HBr

 
4. monozebis miRebis erT-erTi ZiriTad xerxs warmoadgens rTuli naxSir-
wylebis (polisaqaridebis) hidrolizi, magaliTad, saxameblis hidroliziT 
miiReba glukoza: 
 

(C6H10O5)n + nH2O nC6H12O6  
     hidrolizi mimdinareobs mJavebisa da fermentebis moqmedebiT. saxameblis 
damSlel ferments amilaza ewodeba. moxvdeba ra sakvebis saxiT saxamebeli 
piris RruSi, igi nerwyvSi myofi amilazas saSualebiT ganicdis daSlas. ma-
gram, radgan sakvebi produqtebi didxans ar rCeba piris RruSi, saxamebeli 
mxolod nawilobriv ganicdis hidrolizs. misi saboloo daSla wvril 
nawlavebSi mimdinareobs, ris Sedegadac warmoiqmneba glukoza: 
 

 
 21 



(C6H10O5)n

saxamebeli

(C6H10O5)x

deqstrinebi

C12H22O11

maltoza

C6H12O6

glukoza

amilaza

 
 

5. monosaqaridebis miReba SeiZleba aldehidebisa da ketonebis kondensaciiT. 
pirveli Saqrovani nivTiereba meTilenitani miRebul iqna butlerovis mier 
1861 wels formaldehidis aldoluri kondensaciiT kalciumis hidroJangis 
TandaswrebiT. meTilenitanidan, romelic ramdenime heqsozis narevs war-
moadgens, e. fiSerma gamoyo naxSirwyali akroza, romelic warmoadgens D-
fruqtozisa da L-fruqtozis narevs. akroza SemdegSi miRebul iqna agreTve 
triozebis-glicerinis aldehidisa da dihidroqsiacetonis kondensaciiT: 
 

COH

CHOH

CH2OH

+

CH2OH

CO

CH2OH

HOH2C CHOH CHOH CHOH CO CH2OH

akroza  
6. aldozebi advilad miiReba erTfuZiani mravalatomiani oqsimJavebis 
aRdgeniT: 

HOH2C (CHOH)4 COOH HOH2C (CHOH)4 CHO  
7. dabali rigis monozebisagan SesaZlebeblia maRali rigis monozebis miReba 
naxSirbadis ConCxis gazrdiT  cianhidrinis meTodiT: 
 

COH

CHOH

R

HCN

CN

CHOH

R

CHOH

H2O(H+)

-NH3

COOH

CHOH

R

CHOH

[H]

COH

CHOH

R

CHOH

 
8. maRali rigis monozebisagan dabali rigis monozebis miReba SeiZleba 
destruqciis reaciebiT, romlis drosac xdeba naxSirbadis ConCxis erTi er-
TeuliT damokleba: 

COH

CHOH

R

CHOH

Br/H2O

COOH

CHOH

R

CHOH

H2O2

COH

CHOH

R

 
9. monozebis da ketozebis miReba SeiZleba monosaqaridebis epimerizaciiT. 
magaliTad, glukozis xsnarze kiriani wylis damatebisas ramdenime dRis 
Semdeg warmoiqmneba D-glukozis 63,5%, D-manozasa da 2,5% da D-fruqtozas 31% 
narevi.  
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COH

OHH

HHO

OHH

OHH

CH2OH
D-glukoza

HHO

OHH

OHH

CH2OH
D-fruqtoza

C

CH2OH

O

HHO

OHH

OHH

CH2OH

enoli

C

CHOH

OH

COH

HHO

HHO

OHH

OHH

CH2OH
D-manoza

 
 

10. ketozebis sinTezis erT-erT gavrcelebul meTods warmoadgens SerCeviTi 
daJangva. am dros xdeba yvela hidroqsilis jgufis dacva garda erTisa, ro-
melic eqvemdebareba daJangvas. magaliTad, qromis anhidridis moqmedebiT pi-

ridinis areSi miiReba 3,4-0-izopropiliden-β-meTil-D-eritropentulozidi: 
 

O

O

OH

OCH3

O

H3C

H3C

O

O

O

OCH3

O

H3C

H3C

CrO3;  C6H5N

 
 

     mTel rig naerTebSi, romlebSic meorad spirtul jgufSi wyalbadis 
atomi aRmoCndeba sivrcobrivad rTul mdgomareobaSi, ver axerxebs qromis an-
hidridiT daJangvas piridinis areSi. aseT naerTs miekuTvneba magaliTad, 
1,2,5,6-di-0-izopropiliden-D-glukofuranoza, sadac wyalbadis atomi C3-Tan 
mdebareobs endo-mdgomareobaSi ori kondensirebuli xuTwevriani birTvis 
sistemaSi da Zneli misadgomia damJangvelTa Setevis dros. aseT naerTTa da-
Jangva xdeba ruTeniumis oTxJangiT oTxqloriani naxSirbadis areSi, romlis 
drosac miiReba 1,2,5,6-di-0-izopropiliden-D-ribo-heqsofuranuloza-3: 

 

O
OH

O

O

CH2

O

H3C

H3C

O

CH3

H3C

RuO4;  CCl4
O

O O

O

CH2

O

H3C

H3C

O

CH3

H3C  
11. ketozebis miReba SeiZleba aldozebisagan. magaliTad, D-galaqtozis gax-
urebiT piridinis areSi miiReba D-tagatoza. es reaqcia efuZneba lobri de 
bruin_alberd van ekenStainis reaqcias: 
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COH

OHH

HHO

HHO

OHH

CH2OH

C6H5N
HHO

HHO

OHH

CH2OH

C

CH2OH

O

 
 
 
 
 
 
 
 
 
 
 
 
 

monosaqaridebis qimiuri Tvisebebi 
 

monosaqaridebi xsnarebSi ramdenime tautomeruli formiT arsebobs, ami-
tom maT SeuZliaT gamoamJRavnon spirtebis, karbonilur naerTTa da ciklur 
naxevaracetalTa Tvisebebi. 
monosaqaridebis karbonilis jgufis reaqciebi. monozebs axasiaTebs oqsial-
dehidebis da oqsiketonebis damaxasiaTebeli reaqciebi. Cveulebrivi aldehide-
bisa da ketonebisagan gansxvavebiT Saqrebi warmoadgenen ciklur naxevarace-
talebsa da naxevarketalebs, romlebic ar Seicaven karbonilis jgufebs. ma-
gram, radgan monosaqaridebis naxevaracetaluri forma imyofeba tautomerul 
wonasworobaSi aciklur formasTan, amitom naxSirwylebi Sedian aldehidebisa 
da ketonebisaTvis damaxasiaTebel reaqciebSi. unda aRiniSnos, rom mkveTri 
zRvaris gavleba monosaqaridebis aciklur da ciklur formebs Soris rig 
SemTxvevebSi Znelia, xSirad orive forma erTdroulad monawileobs qimiur 
reaqciebSi.  
monosaqaridebis karbonilis jgufis reaqciebia: 
1. reaqcia hidroqsilaminTan (oqsimebis warmoqmna).  monosaqaridebi moqmedebs 
hidroqsilaminTan da warmoqmnis Sesabamis oqsimebs. oqsimebis wyalxsnarebSi 
adgili aqvs mutarotacias tautomeruli cikluri formebis ur-
TierTgadasvlis xarjze. 
 

             

OH O

C
O

H

NH2OH
OH

HC
H

N OH

H, NHOH

 
  wonasworul narevSi anomerul piranozul formebTan erTad anomeruli 
furanozuli formebic arseboben. oqsimebi wyalSi da spirtSi kargad ixsneba. 
2. reaqcia cianwyalbadmJavasTan, cianhidrinis meTodi    (oqsinitrilebis war-
moqmna). rogorc aldozebi, ise ketozebi advilad ierTebs cianwyalbadmJavas 
da iZleva oqsinitrilebs, romelTa SesapvniT miiReba erTi naxSirbadatomiT 
meti aldonmJavebi. am gziT SesaZlebelia D-arabinozisagan DD-glukonmJavas 
miReba. am procesis dros xdeba naxSirwylovani jaWvis dagrZeleba. 
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HHO

OHH

OHH

CH2OH

COH

D-arabinoza

+HCN OHH

HO H
H OH

H OH

CH2OH

CN

+ 2H2O
OHH
HHO

OHH

OHH

CH2OH

COOH

+   NH3

D-glukonmJava  
3. reaqciebi fenilhidrazinTan (fenilhidrazonebisa da fenilozazonebis 
miReba). monosaqaridebis fenilhidrazonebi warmoiqmneba monozebis 
eqvimolekuluri raodenobis fenilhidrazinTan urTierTqmedebiT. Uumetes 
wilad hidrazonebi kargad kristaldeba da amitom gamoiyeneba Saqrebis 
identifikaciisaTvis. ozazonebis warmoqmnis reaqcia aRmoCenil iqna 1884 w. e. 
fiSeris mier. igi mimdinareobs Saqrebze Warbi fenilhidrazonis moqmedebiT. 
ozazonebi did rols TamaSobs naxSirwylebis qimiaSi. isini gamoiyenebian 
narevidan Saqrebis gamosayofad, identifikaciisaTvis, naxSirbadis jaWvis 
SedarebiTi konfiguraciis Sesaswavlad. 
 

                                    

OHH
HHO

OHH

OHH

CH2OH

COH

glukoza

3C
6H

5NHNH
2

-C
6H

5NH
2; -NH

3

3C 6
H 5

NHNH 2

-C 6
H 5

NH 2
; -N

H 3

HHO

OHH

OHH

CH2OH
fruqtoza

C

CH2OH

O

HHO

OHH

OHH

CH2OH

D-glukozis fenilozazoni

C

HC N NHC6H5

N NHC6H5

+  C6H5NH2 + NH3 + H2O

 
 
    Saqrebis ozazonebis susti damJangvelebiT (CuSO4) daJangviT xdeba aroma-
tuli aminis molekulis moxleCa da izotriazolebis warmoqmna. 
izotriazolebs aqvT fiqsirebuli lRobis temperetura, amitom maTi 
gamoyeneba Saqrebis identifikaciisaTvis ufro mosaxerxebelia. 
 

                                     

HHO

OHH

OHH

CH2OH

N-fenil-D-glukotriazoli

C

HC N
NC6H5

N

+  C6H5NH2

HHO

OHH

OHH

CH2OH

D-glukozis fenilozazoni

C

HC N NHC6H5

N NHC6H5

CuSO4

-C6H5NH2

 
4. reaqcia merkaptanebTan (Tioacetalebis miReba). monozebi moqmedebs 
merkaptanebTan (gogirdSemcveli spirtebi). isini SeiZleba ganvixiloT 
rogorc gogirdwyalbadi, romelSic erTi wyalbadi Canacvlebulia 

radikaliT H-S-H→R-S-H. reaqcia mimdinareobs mJave areSi da miiReba 
Tioacetatebi (merkaptanebi). 
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O
CH2OH

OH

HO
HO

H, OH
2RSH

CH(SR)2
OHH

HHO

OHH

OHH

CH2OH
D-glukoza D-glukozis Tioacetali  

5. karbonilis jgufis aRdgena (poliolebis warmoqmna). monozebis aRdgeniT 
miiReba poliolebi (mravalatomiani spirtebi). magaliTad, glukozis aRdgeniT 
miiReba eqvsatomiani spirti sorbiti: 

 
COH

OHH

HHO

OHH
OHH

CH2OH
D-glukoza

+H2

CH2OH

OHH

HHO

OHH
OHH

CH2OH
D-sorbiti

HHO

OHH

OHH

CH2OH
D-fruqtoza

C

CH2OH

O

CH2OH

HHO

HHO

OHH

OHH

CH2OH
D-maniti

 
    aldozebis aRdgeniT mxolod erTi polioli, xolo ketozebis aRdgeniT 
miiReba mravalatomiani spirtis ori stereoizomeri. mag, fruqtozis aRdgeniT 
miiReba D-sorbiti da D-maniti. analogiuri gziT, D-manozis aRdgeniT miiReba 
D-maniti, D-galaqtozis aRdgeniT D-dulciti da a.S. isini wyalSi kargad 
xsnadi, tkbili kristaluri nivTierebebia. zogierTi maTgani (qsiliti, sorbi-
ti) gamoiyeneba diabetiT daavadebulebisaTvis, rogorc Saqris Semcvleli 
nivTiereba. D-glukozisgan D-sorbitis miReba erT-erTi stadiaa askorbinmJavas 

(vitamini C) sinTezSi. es ukanaskneli warmoadgens 2-keto-L-gulonmJavas γ-
laqtons: 

COH

OHH

HHO

OHH
OHH

CH2OH
D-glukoza

[H]

CH2OH

OHH

HHO

OHH

OHH

CH2OH
D-sorbiti

H OH

HO H

H OH

CH2OH

C

CH2OH

O

[O]

fermentuli

L-sorboza

daJangva (OH-jgufis  
     Semdeg)

 

        

H OH

HO H

H OH

CH2OH

C

COOH

O

2-keto-L-gulonmJava

HHO

OHH

HHO

CH2OH

C

COOH

O

-H2O C OH

H

HO

CH2OH

C

CO

OH O
HOHC

HO OH

O
O CH2OH

2-keto-L-gulonmJavas γ−laqtoni
          (vitamini C)

H

 
        L-askorbinmJava warmoadgens organizmSi mimdinare Jangva-aRdgeniTi pro-
cesebis katalizators. igi Zlieri aRmdgenelia. es Tviseba gamowveulia en-
dioluri struqturis arsebobiT. daJangvis Sedegad warmoiqmneba diketo-
gulonmJava (dehidroaskorbinmJava), romelic aRdgeniT advilad gadadis kvlav 
askorbinmJavaSi: 

 

  

[0] 
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HOHC

HO OH

O

O CH2OH
daJangva

aRdgena

HOHC

O O

O

O CH2OH

 
 

    askorbinmJava amJRavnebs Zlier mJavur Tvisebebs, rac gamowveulia endio-
luri fragmentis erT-erTi hidroqsilis jgufis disociaciiT. askorbinmJavas 
nakleboba organizmSi iwvevs sxvadasxva daavadebas (mag, suravands). igi Sedis 
citrusebis, kenkrovnebis, bostneulisa da rZis SedgenilobaSi. askorbinmJavs  

γ-laqtonuri cikli advilad hidrolizdeba tute areSi, an neitralur areSi 
gacxelebisas. amitom, moxarSul bostneulSi C vitaminis Semcveloba gac-
ilebiT naklebia, vidre nedlSi. medicinaSi askorbinmJavas iyeneben mTeli ri-
gi infeqciuri da imunuri daavadebebis, aTerosklerozis, gacivebis da kibos 
Terapiuli mkurnalobis dros. 
 
 

 
 

monosaqaridebis daJangva 
 
     monosaqaridebisaTvis Zalze mniSvnelovania daJangvis reaqciebi. tute 
areSi monozebis daJangva dakavSirebulia molekulaSi naxSirbaduli jaWvis 
destruqciasTan. neitralur da mJave areSi ki naxSirbaduli jaWvi 
SenarCunebulia.  
    tute areSi daJangvis reaqciebidan aRsaniSnavia aldozebis reaqcia 
vercxlis hidroqsilis amiakur xsnarTan (tolensis reaqtivi) da spilenZis (II) 
tartratis kompleqsTan (felingisa da benediqtis reaqtivebi). es reaqciebi 
damaxasiaTebelia rogorc aldozebisaTvis, ise ketozebisaTvis, radgan 
ketozebi tute areSi izomerizdebian aldozebad. magaliTad, aldonis mJavas 
warmoqmna tute areSi Ag+ an Cu2+ kaTionebis moqmedebiT mimdinareobs 
Semdegnairad:  

CH2OH (CHOH)4 C
H

+  2Cu2+ (kompleqsi) CH2OH (CHOH)4 COOH + Cu2O

felingis reaqtivi

CH2OH (CHOH)4 C
O

H
+  [Ag+(NH3)2]OH CH2OH (CHOH)4 COOH + Ag

tolensis reaqtivi

O

 
 

    aRniSnul reaqtivebs iyeneben aldozebisa da ketozebis aRmosaCenad. Tu 
monosaqaridi an misi nawarmi eqvemdebareba am reaqciebs _ aRmdgenelia. aldo-
nis mJavebis warmoqmna xdeba aseve monozebze ganzavebuli HNO3-is moqmedebiT. 
am dros erTdroulad xdeba rogorc aldehidis, ise pirveladi spirtuli 
jgufebis daJangva da warmoiqmneba aldaris mJava (glukozis SemTxvevaSi _ 
glukarmJava). 
 

COH

(CHOH)4

CH2OH

ganz. HNO3
COOH

(CHOH)4

COOH  
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    naxSirwylebis qimiaSi gamoiyeneba mravali damJangavi, romlebic 
moqmedebis xasiaTis mixedviT iyofa or jgufad: SerCeviT da araspecifikur 
damJangavebad. Tavis mxriv, arsebobs SerCeviTi damJangavebis sami tipi: damJan-
gavebi, romlebic gamoiyeneba naxevaracetaluri jgufis dasaJangad, damJan-
gavebi hidroqsilis jgufis SerCeviTi daJangvisTvis da D-glikoluri da-
jgufebis gasaxleCi damJangavebi. 
1. naxevaracetaluri jgufis SerCeviTi daJangva. monozebze susti damJan-
gavebis (magaliTad, bromiani wylis) moqmedebiT xdeba aldehiduri jgufis da-
Jangva karboqsilis jgufad da monosaqaridi gardaiqmneba aldonis mJavad, 
warmoiqmneba glikonmJavebi. glukozisagan miiReba glukonmJavebi, galaqtozis-
gan - galaqtonmJavebi, manozisgan - manonmJavebi da a.S.  
 

COH

(CHOH)n

CH2OH

COOH

(CHOH)n

CH2OH

aldoza

Br2 + H2O

glikonis mJava  
 
    monozebis daJangvisas jer iJangeba aldehidi da Semdeg pirveladi spir-
tis jgufi. aldehidis jgufis daJangva xdeba susti damJangavebiT, rogoricaa 
magaliTad, KMnO4, H2O2, ganzavebuli HNO3. pirveladi spirtuli jgufis da-
Jangva ki xdeba Zlieri damJangavebiT, magaliTad koncentrirebuli HNO3-iT. 
analogiurad, D-galaqtozis daJangviT miiReba erTfuZiani oqsimJava D-
galaqtonmJava da orfuZiani oqsimJava  D-lorwomJava. Mmanozisagan D-
manonmJava da D-manonSaqarmJava. aldonis mJavebisagan wylis moxleCiT miiReba 
laqtonebi. 

COH
OHH

HHO

OHH

OHH

CH2OH
D-glukoza

Br2 + H2O

COOH

OHH

HHO

OHH
OHH

CH2OH
D-glukonis mJava

- H2O
O

CH2OH

OH

OH

HO

O

δ-laqtoni

γ-laqtoni
OH

OH

O

CH2OH

HHO

O

 
 

2. spirtuli hidroqsilis jgufis SerCeviTi daJangva. monosaqaridebsa da maT 
warmoebulebSi Jangbadis moqmedebiT platinis katalizatoris Tanaobisas 
xorcieldeba hidroqsilis jgufis SerCeviTi daJangva. monozebis daJangviT, 
aldomJavebisa da SaqarmJavebis garda, miiReba agreTve uronmJavebi. uron-
mJavebSi daJangulia pirveladi spirtuli jgufi da aldehidis an ketonis 
jgufi SenarCunebelia Tavisufali saxiT. 
    monozebis katalizuri daJangvis dros iJangeba naxevaracetaluri hidroq-
silis jgufi. am jgufis dasacavad monosaqaridi gadayavT glikozidSi an ro-
melime sxva warmoebulSi, romelSic anomeruli centri daculia. heqsopir-
anozidis da pentofuranozidis katalizuri daJangvis dros advilad iJangeba 
pirveladi spirtuli jgufi da warmoiqmneba uronmJavebi: 
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O
CH2OH

OH

OH

HO

meTil-α,D-glukozidi

OMe

O2

pt

O
COOH

OH

OH

HO

meTil-α,D-glukuronidi

OMe

 
 

H2C

OH OH

OHOH2C OCH3

O2

pt

H2C

OH OH

OCOOH OCH3

meTil-β,D-ribofuranuronidimeTil-β,D-ribozidi  
3. α-glikoluri jgufebis SerCeviTi daJangva. naxSirwylebis agebulebis da-

sadgenad α-glikoluri dajgufebis daJangvas garkveuli mniSvneloba aqvs. igi 
mimdinareobs iodmJavasa da misi marilebis (periodatebi) moqmedebiT. 

    α-glikolebis garda periodatiT iJangeba α-hidroqsikarboniluri naer-

Tebi, α-aminspirtebi, α-ketoaldehidebi da α-diketonebi. TiToeuli α-
glikoluri jgufis dasaJangad ixarjeba 1 moli HIO4. am dros pirveladi 
spirtuli jgufisgan warmoiqmneba formaldehidi, xolo 1,2,3-trioluri da-
jgufebisgan WianWvelmJava. reaqciis dros warmoiqmneba xuTwevriani cikli, 
romelic miiReba diolur dajgufebaze iodmJavas hidratirebuli formis 
mierTebiT. 

vinaidan reaqcia mimdinareobs raodenobrivad, igi farTod gamoiyeneba 
mono-, oligo- da polisaqaridebis analizis dros. naxSirwylebis agebulebis 

mixedviT daJangva gansxvavebulad mimdinareobs, magaliTad meTil-α,D-
glukopiranozidis daJangvis dros gamoiyofa WianWvelmJava da ixarjeba 2 

moli iodwyalbadmJava, α,D-meTilglukozis 4-dezoqsi warmoebulis daJangvaze 
ixarJeba 1 moli iodwyalbadmJava maSin, roca 3-dezoqsiwarmoebuli ar emor-
Cileba daJangvas: 

 

O
CH2OH

OH

OH

HO

meTil-α,D-glukopiranozidi

OMe

2HIO4
O

CH2OH

OMe
CHO

CHO

+  HCOOH

 

                     

O
CH2OH

OH

OH

meTil-4-dezoqsi-α,D-glukopiranozidi

OMe

HIO4
O

CH2OH

OMe
CHO CHO

 
 
4. daJangva araspecifikuri damJangavebiT. araspecifikur damJangavebs 
miekuTvneba azotmJava, kaliumis permanganati, qromis anhidridi, hipoqlo-

ratebi da sxv. magaliTad, 3,4-0-izopropiliden-β-meTil-L-arabinopiranozidze 
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qromis anhidridis moqmedebiT piridinis areSi 50% gamosavlianobiT miiReba 

3,4,-0-izopropiliden-β-meTil-L-eritropentulozidi:                                                                    

O

O

OH
OCH3

H3C

H3C

O

O

O
OCH3

H3C

H3C
CrO3;  C6H5N

 
 
 
 
 
 
 
 
 

hidroqsilis jgufisaTvis damaxasiaTebeli 
reaqciebi 

 
    Saqrebis hidroqsilis jgufis reaqciebi, iseve rogorc Cveulebrivi 
spirtebis hidroqsilis jgufis reaqciebi iyofa or tipad:  
a. reaqciebi, romlebic mimdinareobs Jangbad-wyalbaduri bmebis gaxleCiT; 
b. reaqciebi, romelTa dros xdeba Jangbad-naxSirbadis bmebis gaxleCa. 
1. glikozidebisa da martivi eTerebis miReba. spirtebTan, fenolebiTan da 
sxva hidroqsilSemcvel naerTebTan urTierTqmedebisas mJavuri katalizis  
pirobebSi monosaqaridebi warmoqmnis ciklur acetalebs _ glikozidebs. 
glukozis acetatebs ewodeba glukozidebi, ribozis _ ribozidebi, fruqtozis 
_ fruqtozidebi da a.S. sadac daboloeba “oza” icvleba “ozidiT”. magaliTad, 
glukozaze meTilis spirtis moqmedebiT miiReba meTilglukozidi, masze 
dimeTilsulfatis an iodiani meTilis moqmedebiT yvela danarCeni hidroqsi-
lis wyalbadi meTilis jgufiT Cainacvleba: 
 

O
CH2OH

OH

OH

HO

α,D-glukopiranoza

OH

H
CH3OH;  HCl

-H2O

O
CH2OH

OH

OH

HO OCH3

meTil-α,D-glukopiranozidi

       (α-meTilglukozidi)

O
CH2OCH3

OCH3

OCH3

H3CO OCH3

2,3,4,6-tetra-0-meTil-α,D- 

   glukopiranozidi  
 

    monozebis meTilis eTerebi warmoadgenen mniSvnelovan naerTebs ori miz-
ezis gamo. pirvel rigSi zogierTi nawilobriv meTilirebuli monosaqaridi 
farTod aris gavrcelebuli bunebaSi da Sedis polisaqaridebis, sagule 
glikozidebis, antibiotikebisa da sxva bunebrivi naerTebis SemadgenlobaSi. 
fermentebisa da mineraluri mJavebis moqmedebiT glikozidebi advilad gan-
icdis fermentul hidrolizs. hidrolizis saSualebiT xdeba organizmSi 
polisaqaridebis daSla, ris Sedegadac miiReba Saqari da araSaqrovani 
bunebis naerTi _ aglikoni. esenia: fenolebi, steroidebi da sxv. aseT 
glikozidebs ewodeba 0-glikozidebi, radganac naxSirwyalsa da aglikons 
Soris bma myardeba Jangbadis atomis saSualebiT. bunebrivi 0-glikozidebi 

umTavresad β-formiT arsebobs. glikozidebis mniSvnelovani jgufia e.w. N-
glikozidebi, romlebSic Saqarsa da aglikons Soris bma xorcieldeba azo-
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tis atomis daxmarebiT. N-glikozidebs miekuTvneba: nukleozidebi, nukleo-
tidebi, zogierTi antibiotiki. cnobilia aseve S-glikozidebi; maT Tiog-
likozidebi ewodeba. 
2. monosaqaridebis rTuli eTerebis miReba. naxSirwylebi advilad gan-
icdisAacetilirebas rTuli eTerebis warmoqmniT, romelTa Soris mniSvnelo-
vania karbonmJavaTa, sulfomJavaTa da araorganul mJavaTa rTuli eTerebi. es 
naerTebi amJRavneben sxvadasxva qimiur Tvisebebs da gamoiyeneba naxSirwylebis 
qimiaSi sxvadasxva miznebisaTvis. polisaqaridebis zogierTi rTuli eTeri, 
gansakuTrebiT, celulozis eTerebi farTod gamoiyeneba mrewvelobis sxva 
dargSi. karbonmJavaTa rTuli eTerebidan aRsaniSnavia acetatebi, benzoatebi 
da sxv. 
a. glukozaze ZmarmJavas anhidridis moqmedebiT miiReba pentaacetilglukoza; 

amasTan, sxvadasxva katalizatoris moqmedebiT miiReba α- an β-pentaacetati. 
kerZod, piridinis TandaswrebiT civ mdgomareobaSi miiReba α-
pentaacetilglukoza, mSrali natriumis acetatis TandaswrebiT gacxelebisas 

ki β-pentaacetilglukoza: 

O
CH2OH

OH

OH

HO

D-glukoza

~OH

O
CH2OAc

OAc

OAc

AcO OAc

1,2,3,4,6-penta-0-acetil-α,D-gluko-
piranoza (α-pentaacetilglukoza)

O
CH2OAc

OAc

OAc

AcO

1,2,3,4,6-penta-0-acetil-β,D-gluuko-
piranoza (β-pentaacetilglukoza)

OAc

OAc=COCH3  
 

    monosaqaridebis acetilirebis dros zogierT SemTxvevaSi Tavisufal 
glikozidur hidroqsilis jgufTa reaqcia rTuldeba furanozuli formis 

warmoqmniT, romelic, Tavis mxriv, iZleva α- da β-anomerebis narevs. magaliT-
ad, D-galaqtozis acetilirebiT (Zmris anhidridiT) piridinis areSi war-

moiqmneba β-D-glukopiranoza (I) da β-D-galaqtofuranozis (II) pentaacetatebis 
narevi: 
 

O
CH2OH

HO

OH

OH

OH O
CH2OAc

AcO

OAc

OAc

OAc

+

OAc

OAc

OAc

O

CH2OAc

OAc

 
                     I                   II 

b. monosaqaridebis rTuli eTerebidan aRsaniSnavia sulfonilmJavaTa eTerebi. 

zogierTi maTgani, gansakuTrebiT ki p-toluol-sulfonilmJavas (tozilatebi) 
da meTan-sulfonilmJavas (mezilatebi) eTerebi Zalian sainteresoa Saqrebis 
sinTezis TvalsazrisiT. naxSirwylebis molekulaSi tozilis da mezilis 
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jgufebis Seyvanas awarmoeben hidroqsilis jgufis dacvis mizniT. to-
zilatebi da mezilatebi, Cveulebriv miiReba monosaqaridebisa da p-toluol-
sulfonilqloridis an meTansulfonilqloridis urTierTqmedebiT. 
Caunacvlebeli monosaqaridebis SemTxvevaSi zogjer SesaZlebelia Semdegi 
reqciebi:  

1. Sigamolekuluri Canacvleba anhidrociklis CarTviT; 
2. eliminireba ormagi bmis warmoqmniT; 
3. hidroqsilis jgufis  Secvla qloris atomiT; 
4. meoTxeuli piridinis marilis warmoqmna. 

    bolo ori reaqcia advilad mimdinareobs Caunacvlebeli glikoziduri 
hidroqsilis jgufis Semcvli monosaqaridebis SemTxvevaSi. magaliTad, glu-
kozaze piridinis areSi 00C-ze meTan-sulfonilqloridis moqmedebiT miiReba 
tetra-0-mezil-D-glukozilqloridi: 
 

O
CH2OH

OH

OH

HO

~OH
MsCl

Py

O
CH2OMs

OMs

OMs

MsO

H, Cl

 
 

    2,3,6-tri-0-meTil-D-glukopiranozis tozilirebiT miiReba meoTxeuli pi-
ridinis marili: 
 

              

O
CH2OCH3

OCH3

OCH3

HO

~OH
TsCl

Py

O
CH2OCH3

OCH3

OCH3

HO

~ N

 
              

g. monosaqaridebis rTuli eTerebidan gansakuTrebuli biologiuri mniS-
vnelobiT xasiaTdeba fosformJavaTa eTerebi. isini monawileoben naxSirwyle-
bis TiTqmis yvela bioqimiur reaqciebSi. acilglikozilhalogenidebze diben-
zilfosformJavas moqmedebiT warmoiqmneba fosfatebi 1,2-trans-konfiguraciiT, 
xolo difenilfosformJavas marilebis moqmedebiT miiReba fosfatebi 1,2-cis-
konfiguraciiT. magaliTad, acetobrom-glukozis moqmedebiT vercxlis diben-

zilfosfatTan miReba β-glukozil-1-fosfati, xolo vercxlis difenil-

fosfatTan acetobromglukozis moqmedebiT miiReba α-glukozil-1-fosfati: 
 

O
CH2OAc

OAc

OAc

AcO Br

1. (PhCH2O)2OPOH2

1. (PhO)2OPOAg

2. H2/pt

2. H2/pt

3. OH-

3. OH-

O
CH2OH

OH

OH

HO

OPO3H2

O
CH2OH

OH

OH

HO OPO3H2

 
 

acetobrommanozasTan orive reagenti iZleva α-D-manozil-1-fosfats: 
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O
CH2OAc

OAc
AcO Br

1. (PhO)2OPOAg  an  (PhCH2O)2OPOH2

2. H2/pt
3. OH-

O
CH2OH

OH OH
HO OPO3H2

AcO
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monozebis kondensacia aldehidebTan da ketonebTan. 
Saqrebis cikluri acetalebi da ketalebi 

(alkilidenuri nawarmebi) 
 
     Saqrebis cikluri acetalebi da ketalebi mniSvnelovan rols asrulebs 
naxSirwylebis sinTezSi da farTod gamoiyeneba ori an meti hidroqsilis 
jgufis erTdrouli dacvisaTvis. alkilidenuri warmoebulebi warmoiqmneba 
monosaqaridebis urTierTmoqmedebiT aldehidebTan da ketonebTan mJava 
katalizatorebis TandaswrebiT. am dros karboniluri naerTis erTi 
molekula kondensirdeba monosaqaridis or hidroqsilis jgufTan: 

       

C OHH

C OHH

  O C+
H+ CH

C OHH

  O C

OH2
+

-H2O
CH

C OH

  O C
+

H
:

-H+ C OH

C OH

C

 
    es procesi Seqcevadia da mxolod karboniluri naerTis siWarbis dros 
gadaixreba alkilidenuri warmoebulis mxares. gasaTvaliswinebelia 
stereoqimiuri faqtorebi da amitom yvela hidroqsilis jgufis wyvils ar 
SeuZlia urTierTmoqmedeba karbonilur naerTTan. mxolod is hidroqsilis 

jgufebi, romlebic axlos arian erTmaneTTan (∼3AO), an isini, romlebsac 
axlos misvla SeuZliaT da molekulis konformaciis mkveTri damaxinjebis 
gareSe monawileoben am reaqciaSi. 
    alkilidenur naerTebs gaaCnia Cveulebrivi acetalebisa da ketalebis 
yvela Tviseba. isini mdgradebi arian neitralur da tute garemoSi da 
advilad ixliCebian mJava hidrolizis dros sawyisi monosaqaridis gamoyofiT.  
    acetalebis da ketalebis warmoqmnas didi mniSvneloba aqvs naxSirwylebis 
qimiaSi monozebis konfiguraciisa da struqturis dasadgenad. am mxriv, 
gansakuTrebiT mniSvnelovania monozebis mono- da diacetonwarmoebulebi, 
romlebsac agreTve mono- da di- izopropilidenwarmoebulebs uwodeben. 
TiToeuli izopropilidenis jgufi uerTdeba cis-mdgomareobaSi myof or 
hidroqsilis jgufs. magaliTad, galaqtozaze acetonis moqmedebiT miiReba 
diizopropilidengalaqtoza, romelic erTi izopropilidenis jgufis 
frTxili hidroliziT monoizopropilidengalaqtozaSi gadadis: 
 

    

O
CH2OH

HO

OH

OH
OH

H
(CH3)2CO

O

O

O

O

O
H3C

H3C

CH2OH

CH3

CH3

H+
O

O

OH

O

OH
H3C

H3C

CH2OH

 
    glukozaze acetonis moqmedebisas adgili aqvs glukozaSi Jangbadis xidis 

gadajgufebas da miiReba 1,2,5,6-di-0-izopropiliden-α,D-glukofuranoza, 
romelic erTi izopropilidenis jgufis mowyvetiT gadadis 1,2-0-
izopropiliden-D-glukofuranozaSi:  

       

O
CH2OH

HO
OH

OH

(CH3)2CO

H2SO4
~OH

O

O

O

CH3

CH3

H2CO

CH3
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                                                        დიაცეტონგლუკოზა            მონოაცეტონგლუკოზა 
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    amrigad, Saqrebis izopropilidenur warmoebulebs Cveulebriv, gaaCniaT 5 - 
wevriani dioqsolanuri cikli, iSviaTad 6-wevriani dioqsanuri. Ddioqsola-
nuri cikli yvelaze nakleb daZabulia (energetikulad araxelsayreli 
mdgomareoba aqvs) najer, JangbadisSemcvel, heterociklur birTvebs Soris, 

amitom, igi advilad warmoiqmneba α-glikoluri dajgufebis ori uaxloesi 
hidroqsilis arsebobis SemTxvevaSi. M-dioqsanuri cikli SedarebiT Znelad 
ikvreba, vinaidan masSi myof erT-erT meTilis jgufs ukavia aqsialuri 
mdgomareoba. M-dioqsanuri ciklis Sesakvrelad aucilebelia ori uaxloesi 
1,3-hidroqsilis jgufis arseboba. dioqsolanuri cikli warmoiqmneba 
monosaqaridebis acikluri formis acetonirebiT:  
 

                    

O

O O
H3C

H3C
OCH2

H3C CH3

O OCH3
O

O

OOCH2

H3C

H3C CH3

CH3

O

 
 
    monosaqaridebis benzilidenuri warmoebulebis qimiuri Tvisebebi 
arsebiTad gansxvavdeba izopropilidenuri warmoebulebis qimiuri Tvi-
sebebisagan. gansxvaveba mdgomareobs imaSi, rom benzaldehidi moqmedebs 

naxSirwylis β-glikolur dajgufebasTan da warmoqmnis M-dioqsanur cikls. 
benzaldehiduri naSTis mierTebis Semdeg monosaqaridis molekulaSi 
warmoiqmneba axali asimetriuli naxSirbadis atomi. M-dioqsanuri ciklis 
dros warmoiqmneba mxolod erTi diastereomeri, romelSic fenolur naSTs 
ukavia ekvatoruli mdgomareoba. monosaqaridis kondensacias benzaldehidTan 
atareben uwylo ZnCl2-is TandaswrebiT oTaxis temperaturaze ramdenime saaTis 
ganmavlobaSi. radgan am SemTxvevaSi benzaldehidis danakargi didia, Semu-
Savebul iqna naxSirwylebis benzilidenuri warmoebulebis miRebis axali 
meTodi, rac mdgomareobs monosaqaridebTan bromirebuli benzilidenis 
kondensaciaSi fuZis TandaswrebiT. am gziT pirvelad iqna miRebuli M-
dioqsanuri ciklis ori SesaZlo diastereomeri. magaliTad, 2,3-di-0-meTil-α-
meTil-D-glukopiranozidis urTierTmoqmedebiT benzilidendibromidTan 
toluolSi warmoiqmneba ori diastereomeris narevi (I da II). stereoizomeri 
(II), romelSic M-dioqsanur birTvs aqvs abazanis konformacia, aramdgradia 
mJava areSi, da swrafad izomerizdeba ufro mdgrad izomerad (I): 

O
CH2OH

CH2OH
HO

PhCHOBr

O

O
OPh

I

+

O
O

Ph

II

O

OCH3

OCH3

OCH3

OCH3 OCH3

OCH3
OCH3

 
2,3,4,6 დი-O-იზოპროპილიდენ-მეთილ а,D-მანოზა      1,2,3,5 დი-O-იზოპროპილიდენ-მეთილ а,D-ქსილოზა 
 
    benzilidenuri naSTis mosaxsnelad gamoiyeneba mokle droiT gacxeleba 
1%-ian mineralur mJavasTan ganzavebuli ZmarmJavas Tanaobisas. 
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hidroqsilis jgufis da misi warmoebulebis  

Canacvlebis da eliminirebis reaqciebi 
 
    naxSirwylebis qimiaSi hidroqsilis jgufis Canacvlebis da eliminirebis 
reaqciebi garkveul rols asruleben. am reaqciis safuZvelze SemuSavebul 
iqna naxSirwylebis mniSvnelovani klasis _aminSaqrebis da dezoqsiSaqrebis 
miRebis meTodebi, amave gziT ganxorcielda monosaqaridis molekulaSi 
calkeuli spirtuli hidroqsilis jgufis epimerizacia. spirtuli hidroqsi-
lis jgufis da maTi warmoebulebis Canacvlebis yvela reaqcia Saqrebis qimi-
aSi warmoadgens nukleofiluri Canacvlebis reaqciebs, romelic mimdinareobs 
SN2 meqanizmiT, romlis drosac adgili aqvs valdenur Semobrunebas: 
 

Y- + C X Y C X Y C  +  X-

 
 

    anioni Y-, romelic nukleofilur agents warmoadgens, zurgidan axor-
cielebs Setevas. gardamaval mdgomareobaSi Camnacvleblebi X  da Y maqsima-
lurad daSorebulia erTmaneTisagan. Canacvlebis reaqciebi kontrolirdeba 
sivrcobrivi faqtorebiT, romlebic axerxebs zurgidan Semotevas. amitom, 
Canacvleba advilad xdeba naxSirbadis pirvelad atomTan da Znelad meorad 
da mesamed atomTan. gansakuTrebiT advilad mimdinareobs monosaqaridis 
molekulaSi Sigamolekuluri nukleofiluri Canacvleba, romelic bolo 
dros intensiurad gamoiyeneba sxvadasxva sinTezur gardaqmnebSi.  
    eliminirebis (E2) reaqcia mWidrodaa dakavSirebuli nukleofiluri 
Canacvlebis reaqciasTan da xSirad orive procesi konkurencias uweven erTma-
neTs. E2 meqanizmis reaqcia gamoisaxeba Semdegi sqemiT: 
 

C C

X

Z
Y-

C C Z+    X-Y+

Z=H,  Hal,  SO2R  
    reaqciis mimdinareobas E2 meqanizmiT uzrunvelyofs sivrcobrivi faqto-
rebi, romlebic aZneleben zurgidan naxSirbadis atomze Semotevas. X da Z 
jgufebi maqsimalurad unda iyos dacilebuli erTmaneTisagan, ise rogorc me-
2 suraTzea naCvenebi. cikluri sistemis es moTxovna aRniSnavs, rom 1,2-
eliminirebis reaqcia mimdinareobs ufro advilad, Tu mosaSorebel jgufs 
ukavia trans-diaqsialuri mdgomareoba.                                                                       

                                          

X

Z    
 

1.…Canacvlebis reaqciebi. Canacvlebis reaqciebi naxSirbadis pirvel atomTan 
advilad mimdinareobs rogorc piranozuli da furanozuli war-
moebulebisaTvis, ise monosaqaridebis acikluri warmoebulTaTvis. es iZleva 
Tavisufali hidroqsilis jgufis Canacvlebis saSualebas. magaliTad, 1,2,3,4-
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di-0-izopropiliden-D-galaqtozaze kompleqsis [(C6H5O)3P⋅Br2] moqmedebiT 
pirveladi spirtuli hidroqsilis jgufi Cainacvleba bromis atomiT: 

 

O

O

O

O

O
H3C

H3C

CH2OH

CH3

H3C

O

O

O

O

O
H3C

H3C

CH2Br

CH3

H3C  
 

    aseve advilad mimdinareobs nukleofiluri Canacvleba iseT naerTebSi, 
romlebSic hidroqsilis jgufi Secvlilia ufro aqsialuri jgufiT, rome-
lic xels uwyobs nukleofiluri agentis Setevas. maT miekuTvneba to-

zilatebi da mezilatebi. magaliTad, 2,6-di-0-tozil-α-meTil-D-glukopirano-
zidis moqmedebiT natriumis iodidTan (Zmris anhidridSi) advilad xdeba 
pirveladi toziloqsijgufis Canacvleba iodis atomiT, xolo meoradi to-
ziluri jgufi am pirobebSi ar reagirebs: 

 

O
CH2OTs

OH

OTs

HO

NaI;  Ac2O
O

CH2I

OAc

OTs

AcOOCH3 OCH3

 
 

    Canacvleba meorad naxSirbadis atomTan, romelic mimdinareobs cikluri 
da acikluri formis Saqrebis warmoebulebSi, damokidebulia nukleofilur 
reagentze da Canacvlebis pirobebze. magaliTad, trifenilfosfatze iod-
meTilatis moqmedebiT 1,6-di-0-benzoil-3,4,-0-izopropiliden-D-manitze mimdi-
nareobs ori OH-jgufis Canacvleba iodis atomiT: 
 

CH2OCOPh

HO

O

CH2OCOPh

O
CH3

CH3
(PhO)3P.CH3I

OH

CH2OCOPh

O

CH2OCOPh

O
CH3

CH3

OH

I

I

 
 

    monociklur sistemaSi xuTwevrian ciklSi Canacvleba mimdinareobs ufro 
advilad, vidre eqvswevrian ciklSi. magaliTad, natriumis benzoatis moqmedeb-
iT D-ribozis 3-0-mezilis warmoebulze mimdinareobs meziloqsijgufis 
Canacvleba da warmoiqmneba D-ribozis Semdegi warmoebuli: 

 

OCH2Ph

OCH3

OMs
PhCOONa

OCH2Ph

OCH3

PhCOO
OCH3

OCH3

 
 

    rac Seexeba piranozul cikls, nukleofiluri Canacvleba Znelad mimdi-
nareobs iseTi Zlieri nukleofiluri agentebis gamoyenebiT, rogoricaa 
trifenilfosfat iodmeTilati: 
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O
CH2OTs

HO

(PhO)3P.CH3I
O

CH2OTs

OCH3

OCH3
OCH3

OCH3
OCH3

OCH3
 

2. eliminirebis reaqciebi. eliminirebis reaqciam, romelic mimdinareobs E2-
meqanizmiT, romelTa safuZvelze warmoiqmneba ujeri naerTebi, bolo dros 
gamoyeneba pova naxSirwylebis sinTezSi. Tu Camnacvleblebis stereoqimia da 
molekulis konformacia akmayofilebs E2 meqanizmis moTxovnebs, maSin elim-
inireba mimdinareobs Zalian advilad. magaliTad, Saqrebis sulfonebi sust 
mJave areSi C2 jgufTan axdenen hidroqsilis jgufis moxleCas: 

 
C(SO2C2H5)2

OH

HO

OH

OH

CH2OH

H

H+

-H2O

C(SO2C2H5)2

CH

HO

OH

OH

CH2OH  
 

    ufro advilad mimdinareobs eliminireba acetaturi sulfonebis Sem-
TxvevaSi. am dros xdeba ZmarmJavas moxleCa. ZmarmJavas eliminireba nitro-
spirtebis acetatebiT mimdinareobs advilad neitralur areSi natriumis bi-
karbonatTan urTierTqmedebiT. am dros warmoiqmneba nitroolefini: 

 
CHNO2

OAc

AcO

OAc

OAc

CH2OAc

H

NaHCO3

CHNO2

CH

AcO

OAc
OAc

CH2OAc  
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monosaqaridebis gardaqmnebi  

mJavebisa da fuZeebis moqmedebiT 
 

     monosaqaridebi mJavebisa da tuteebis moqmedebiT ganicdis mravalricxo-
van gardaqmnebs. am procesis pirvel, saerTo stadias warmoadgens enolizacia, 
romelic katalizdeba fuZeebiTa da mJavebiT. 

HC

C

CHO

R

H OH
OH

O HC

C

CHO

R

O
OH

O-

H HC

C

CHO

R

H OH
OH

O HC

C

CHO

R

OH
OH

OH

-OH
H+

 
  

    Semdgomi gardaqmnebi mJava da tute garemoSi  mimdinareobs sxvadasxva 
gziT da damokidebulia gamoyenebuli mJavas da fuZis bunebasa da koncentra-
ciaze. monosaqaridebze Zlieri mineraluri mJavebis moqmedebisas xdeba wylis 
moxleCa da heterocikluri naerTis _ furfurolis warmoqmna. aldopentozebi 
(arabinoza) am SemTxvevaSi iZleva furfurols, xolo aldoheqsozebi (gluko-
za) imave pirobebSi _ hidroqsimeTilfurfurols: 

 

-3H2O

aldopentoza

CHOH

C

CHOH

H

O

CHOH

CH2OH

O

HC

HC

CH

C C
H

O

furfuroli

    

CHOH

C

CHOH

H

O

CHOH

CHOH

CH2OH
aldoheqsoza

-3H2O

O

HC

HOH2C

CH

C C
H

O

hidroqsimeTilfurfuroli

 
 
    hidroqsimeTilfurfuroli Zalian advilad ierTebs wyals da iZleva le-
vulinis (acetopropionis) da WianWvelas mJavebs: 

 
 
    aR-
niSnu-
li 

naerTebi reagirebs fenolebTan da aromatul aminebTan Seferili produ-
qtebis warmoqmniT, ris gamoc am reaqciebs zogjer iyeneben monosaqaridebis 
Tvisebrivi  da raodenobrivi gansazRvrisaTvis. furfuroli ZmarmJava ani-
linTan vardisfrad iRebeba. am reaqcias iyeneben pentozebis aRmosaCenad. 
furfurols mxolod pentozebi iZleva. 
 
 
 

 
 
 
 
 

O

HC

HOH2C C C
H

O
+2H2O

H3C C CH2 CH2 COOH

acetopropionis mJava

+ HCOOH
WianWvelis mJava

CH

O
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lobri de bruin-alberd van ekenStainis  
gadajgufeba 

 
    monosaqaridebi susti tuteebis moqmedebiT gardaiqmneba mis epimerad da myar-
deba maT Soris wonasworoba. es gardaqmna Seswavlil iqna 1895 w. lobri de 
bruinisa da alberd van ekenStainis mier. procesi mimdinareobs endiolis warmo-
qmniT, romelic kvlav gardaiqmneba karbonilur formaSi da protonis mierTebis 
adgilisa da stereoqimiis mixedviT SeiZleba warmoiqmnas sami nivTiereba: sawyisi 
aldoza, misi epimeri da ketoza; magaliTad, glukozis xsnarze kiriani wylis da-
matebisas ramodenime dRis Semdeg miiReba D-glukozis (63,5%), D-manozis (2,5%) da 
D-fruqtozis (31%) narevi, xolo specialur pirobebSi warmoiqmneba D-fsiqoza. am 
reaqciis dros did rols asrulebs kaTionis buneba: orvalentiani metalebis hi-
droqsidebi ufro efeqturia, vidre kaliumisa da natriumis hidroqsidebi, rac 
aixsneba endiolis stabilizaciiT orvalentiani ionebiT. Ca-is ioni ufro Zlier 
zemoqmedebas axdens, vidre Ba-is ioni. D-glukozis meore naxSirbadatomTan mdga-
ri wyalbadis atomi ZvradobiT gamoirCeva, radganac eleqtronoaqceptorul (hi-
droqsilis da aldehidis) jgufebTan axlos mdebareobs. sust tute areSi xdeba 
misi mowyveta da enolat-anionis warmoqmna. es ukanaskneli SeiZleba kvlav pro-

tonirdes da, imis mixedviT, Tu romeli mxridan moxdeba protonis mier enolat – 
anionis Seteva, warmoiqmneba D-glukoza an D-manoza. alternatiul variantSi 

enolat – anionis protonireba SeiZleba moxdes Jangbadis atomTan. am SemTxvevaSi 
warmoiqmneba endioluri fragmentis Semcveli naerTi, romelic meore naxSirba-
datomTan arsebuli hidroqsilis jgufis protonis mowyvetisas gardaiqmneba 
axal enolat-anionad. am ukanasknelis xelaxali protonirebiT ki miiReba D-fruq-
toza: 

C

C

(CHOH)3

CH2OH

H OH

OH

-H+

+H+

D-glukoza

C

C

(CHOH)3

CH2OH

O-

OHH

enolat-anioni

C

C

(CHOH)3

CH2OH

OH

O-H

-H+ +H+

C

C

(CHOH)3

CH2OH

HO H

OH

D-manoza

C

C

(CHOH)3

CH2OH

H OH

OH

D-glukoza

+ +

C

C

(CHOH)3

CH2OH

OH

OHH

endioli

-H+ +H+

C

C

(CHOH)3

CH2OH

O-

OHH
C

C

(CHOH)3

CH2OH

O

OHH
-H+

+H+

CH2OH

C

(CHOH)3

CH2OH

O

D-fruqtoza  
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     izomeraciis es procesi cocxal organizmSic mimdinareobs. magaliTad, 
erT-erTi aseTi stadiaa organizmSi D-glukozo-6-fosfatis gardaqmna D-
frustozo-6-fosfatad, romelic ferment glukozfosfatizomerazas saSua-
lebiT xorcieldeba. lobri de bruin-alberd van ekenStainis reaqcia mimdi-
nareobs swrafad SedarebiT rbil pirobebSi. am reaqciam didi gamoyeneba pova 
mTeli rigi Zneladxelmisawvdomi ketozebis sinTezSi. 
    aRniSnuli reaqciiT SesaZlebelia Zneladxelmisawvdomi meTilirebuli 
aldozebis miReba maTi epimerebisagan. magaliTad, 2,4,6-tri-0-meTil-D-manoza 
miRebul iqna SedarebiT xelmisawvdom 2,4,6-tri-0-meTil-D-glukozisagan: 

 
HC

C OCH3H

C HHO

C OCH3H

C OHH

CH2OCH3

O HC

C OH

C HHO

C OCH3H

C OHH

CH2OCH3

OH HC

C HH3CO

C HHO

C OCH3H

C OHH

CH2OCH3

O
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monosaqaridebis retroaldoluri  

gaxleCa 
 

    am dros endioli C-C bmis gawyvetiT SeiZleba gardaiqmnas SedarebiT 
mcire naxSirbadis jaWvis mqone oqsikarbonilur naerTad. aldolur konden-
sacias adgili aqvs tuteebisa da mJavebis moqmedebiT, xolo retroaldoluri 
gaxleCvis reaqcia praqtikulad mxolod tute areSi mimdinareobs.  

HC

C

HC

R

OH
OH

OH

HC OH

HO H
-RCHO

+RCHO

CH2OH

C OH

HC OH

CH2OH

C O

CH2OH

dihidroqsiacetoni

CH2OH

HC OH

HC O

glicerinis aldehidi  
 

    dihidroqsiacetoni da glicerinis aldehidi warmoqmnis erTi da igive 
enols, romelic monawileobs zemoT aRniSnul reaqciebSi. lobri de bruin-
alberd van ekenStainis reaqciis Sedegad miiReba D- da L-glicerinis alde-
hidebisa da dihidroqsiacetonis narevi, xolo wylis moxleCvis Sedegad war-
moiqmneba piroyurZnis aldehidi, romelic kanicaros reaqciis Sedegad iZleva 
D,L-rZis mJavas: 
 

                                        

HC

C

CH2OH
OH

O H HC

C

CH2

OH

O HC

C

CH3

O

O COOH

HC

CH3

OH

 
 

     glicerinis aldehidi da dipidroqsiacetoni isev Sedis aldolur kon-
densaciaSi da SeuZlia warmoqmnas L-sorboza da D,L-fruqtoza: 
 

OH 

HC

HC
CH2OH

OH

O OHH

C OHH

C HHO

C H

CH2OH

C

CH2OH

O

C HHO

C OHH

C OHH

CH2OH

C

CH2OH

O

HO

L-riboza D-fruqtoza

HC

HC
CH2OH

OH

O

 
 

    glicerinis aldehidis kondensacias dihidroqsiacetonTan aqvs garkveuli 
mniSvneloba, rogorc heqsulozis sinTezis meTods. 
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saqarinuli gadajgufeba 
 
    monosaqaridebis gadajgufebam tute areSi didi xania miipyro mkvlevarTa 
yuradReba. sxvadasxva fuZeebis zemoqmedebiT aRmdgeneli naxSirwylebisagan 
warmoiqmneba saqarinuli mJavebi empiriuli formuliT CnH2nOn, romlebic 
Seicaven naxSirbadatomTa igive raodenobas, rasac sawyisi monosaqaridebi. 
monosaqaridebis saqarinuli gadajgufeba warmoadgens Sigamolekuluri Jan-
gva-aRdgenis tipiur reaqcias. warmoiqmneba Semdegi tipis saqarinuli mJavebi: 

 

COOH

OHH

HH

OHH

OHH

CH2OH
D-glukometasaqa-
 rinis mJava

COOH

OHHOH2C

HH

OHH

CH2OH
D-glukoizosaqa-
 rinis mJava

COOH

OHH3C

HH

OHH

CH2OH

D-glukosaqarinis mJava

 
 

    cnobilia saqarinuli mJavebis warmoqmnis mravali meqanizmi. Yyvelaze 
gavrcelebuli da damuSavebulia isbelis ionuri meqanizmi. saqarinuli mJave-
bis warmoqmnis isbelis ionuri meqanizmi moicavs Semdeg stadiebs: 

a) endiolis warmoqmna da ionizacia; 

b) hidroqsilis an alkoqsilis jgufis β-moxleCa; 

g) α-dikarbonilur Sualedur naerTebad gadajgufeba; 
d) benziluri gadajgufeba saqarinuli mJavebis warmoqmniT.  

am meqanizmis Tanaxmad saqarinuli mJavebis warmoqmna SeiZleba warmovidginoT 
Semdegi reaqciebis mixedviT: 
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    mocemuli Sualeduri dikarboniluri naerTebi, romlebic monawileoben 
saqarinuli mJavebis warmoqmnis reaqciebSi, sinTezirebulia an gamoyofilia 
Sesabamisi Canacvlebuli Saqrebis tutiT damuSavebiT miRebuli produ-
qtebisagan. isini swrafad gardaiqmnebian saqarinul mJavebad.. 
    zemoT mocemuli meqanizmi mtkicdeba niSandebul naerTebze Catarebuli 

eqsperimentiTac. galaqtoza-1-14C-ze Ca(OH)2-is moqmedebiT miRebul iqna α-D-
galaqtometasaqarinis mJava, romelSic sawyisi aqtivobis 95%-s Seicavs  kar-
boqsilis jgufi, rac srul SesabamisobaSia isbelis meqanizmTan. laqtoza-1-
14C-sgan igive pirobebSi warmoiqmneba  α-D-glukoizosaqarinis mJava, romelSic 
sawyisi aqtivobis 94%-s Seicavs  C2, rac aseve eTanxmeba isbelis meqanizms.  D-
manoza-1-14C-is kalciumis hidroqsidiT damuSavebiT warmoiqmneba α-D-
glukosaqarinis mJava, romelic sawyisi aqtivobiT Seicavs Seicavda 39% CH3 
jgufs da 57% C2-s.  isbelis meqanizmis Tanaxmad, radioaqtivoba mTlianad 
CH3 -ze unda gadasuliyo. am movlenis asaxsnelad gamoiTqva mosazreba, rom D-
manoza reaqciis pirobebSi swrafad ganicdis retroaldolur gaxleCas, xolo 
miRebuli hidroqsiacetonisa da D-glicerinis aldehidisagan kvlav war-
moiqmneba niSandebuli heqsoza-1,3-14C, romlis gadajgufebiT miiReba saqarinu-
li -2,2-14C  mJava:* 
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C HHO

C HHO

C OHH

C OHH

CH2OH

O
*

*
CH2OH

C O

C HHO

C OHH

C OHH

CH2OH
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C O
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*
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*
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    es hipoTeza uaryofil iqna j. soudenisa da misi TanamSromlebis mier. ma-
Ti azriT, triozebis rekombinaciiT ketozaSi radioaqtivoba Tanabrad unda 
gadanawildes  C1 da C2-s Soris da isbelis sqemis mixedviT unda warmoiqmnas  

α-D-glukosaqarinis mJava, romelSic Tanabari xarisxiT radioaqtiuri iqneba 
C2 da naxSirbadis atomi CH3–Si. navaraudevi iyo D-manoza-1-14C-s izomerizacia 
D-glukoza-2-14C-ad warmoqmnil Sualedur naerTSi  C1 da C2-s Soris Siga-
molekuluri gaxleCvis Sedegad. D-fruqtoza-1-14C-s (isbelis meqanizmis 
mixedviT) da D-fruqtoza-1-14C-s (Sigamolekuluri meqanizmiT) SeuZliaT Sesa-

bamisad, warmoqmnan α-D-glukosaqarinis mJava, romelic, radiaqtivobas Seicavs 
meTilis jgufsa da C2 -Si.  
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    prof. r. gaxokiZem gamoTqva mosazreba, rom hidroqsidis ionebi ar war-
moadgens saqarinuli gadajgufebis specifikur katalizatorebs. amasTan, 
sxvadasxva tipis saqarinuli mJavebis warmoqmna ar aris hidroqsidis ionis 
gavlenis Sedegi, vinaidan Saqrebi Zlier fuZe ionmcvlel fisebze mxolod 
epimerizacias ganicdian, xolo sxvadasxva metalis hidroqsidebis moqmedebiT 
warmoiqmneba sxvadasxva tipis saqarinuli mJava. aqedan SeiZleba gakeTdes das-
kvna, rom saqarinuli gadajgufebis ZiriTadi gamomwvevi faqtori metalis 
ionis bunebaa. magaliTad, Saqrebze Ca(OH)2-is moqmedebiT ZiriTadad miiReba 
glukosaqarinis mJava, xolo NaOH-is moqmedebiT _ metasaqarinis mJava. 
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gaxokiZis gadajgufeba 
 

    karboniluri da spirtuli jgufebis SeTanxmeba ganapirobebs naxSirwy-
lebis did reaqciisunarianobas da midrekilebas sxvadasxva gardaqmnebisadmi, 
susti agentebis moqmdebis SemTxvevaSic ki. reaqciis mimarTuleba icvleba 
reaqciis pirobebis mixedviT. naxSirwylebi xasiaTdebian didi umdgradobiT 
tute xsnarebSi, ganicdian diastereoizomerul da epimerul gardaqmnebs, 
kanicaros reaqcias, saqarinul gadajgufebas da retroaldolur gaxleCvas. 
    prof. r. gaxokiZis mier dadgenil iqna, rom saqarinuli gadagjufebis 
mimarTuleba damokidebulia tute reagentis bunebaze. man Tavis SromebSi 
aCvena, rom nawilobriv Canacvlebuli aldozebi, romlebic Seicaven 
Tavisufal naxevaracetalur da mezoblad mdebare spirtul jgufebs, cvladi 
valentobis mqone mZime metalebis _ tyviisa da kalis hidroqsidebis 
moqmedebiT ganicdian Sigamolekulur gadajgufebas 2-dezoqsialdonis 
mJavebis warmoqmniT. eqsperimentulma dakvirvebebma aCvenes, rom hidroqsidis 
ionebi ar warmoadgenen saqarinuli gadajgufebis specifikur 
katalizatorebs. gadamwyveti mniSvneloba aqvs metalis ions. am SemTxvevaSi 
formalurad mimdinareobs mezobeli jgufebis urTierTgacvla da 
mTlianobaSi molekulis daJangulobis xarisxi ucvleli rCeba. 
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    ase magaliTad, tyviis hidroqsidis moqmedebiT 3,4,6-tri-0-meTil-D- manopir-
anoza gadadis 2-dezoqsi-3,4,6-tri-0-meTil-D-glukonis mJavaSi. 

 

O
CH2OCH3

OH ~OH
Pb(OH)2

OH
CH2OCH3

COOHOCH3 OCH3
H3CO H3CO

 
    am gadajgufebis meqanizmis Sesaswavlad modelur naerTad aRebul iqna 4-
tret-butil-2-hidroqsicikloheqsanali. didi moculobis tret-butilurma 
jgufma (ciklis konfiguraciis mafiqsirebeli) avtors saSualeba misca 
daedgina gadajgufebis mimdinareoba da Tvalyuri edevnebina misi 
stereoqimiisaTvis. sareaqcio centrTan SesaZlebelia gadajgufeba 
warimarTos ori variantiT: safexureobrivi asinqronuli (mimarTuleba a) da 
cikluri sinqronuli meqanizmiT (mimarTuleba b): 
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     savaraudo meqanizmis dasadgenad Catarda Semdegi cda: mesameuli cis-4-
butil-2-oqsicikloheqsanalis damuSavebiT PbO–iT miiReba mesameuli trans-4-
butil-2-hidroqsiciklo-heqsankarbonmJava, romlis agebuleba dadgenil iqna 
kvlevis fizikur-qimiuri meTodebiT. Tavisufali fsevdoaldehiduri da mezo-
beli meoradi spirtuli jgufebis Semcveli naxSirwylis gadajgufeba 
SeiZleba gamoisaxos Semdegnairad: 
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     naxSirwylebis mJavuri gadajgufeba analogiuria saqarinuli gada-
jgufebisa, magram maT Soris aris principuli gansxvavebac: pirveli mimdi-
nareobs Sigamolekuluri, xolo meore molekulaTSorisi meqanizmiT, romlis 

drosac adgili aqvs β-eliminirebas da Semdgom benzilur gadajgufebas, ris 
Sedegad warmoiqmneba saqarinuli mJavebi. rogorc cnobilia, Caunacvlebeli 
glicerinis aldehidi gadajgufebis Sedegad gardaiqmneba rZis mJavad _ Cveu-
lebriv saqarinul mJavad da ara izomerul 3-hidroqsipropanmJavad. Aanalo-
giurad eritroza gardaiqmneba 2,4-dihidroqsibutanmJavad. amitom, saqarinuli 
mJavebis warmoqmnis Tavidan asacileblad, saWiroa aRebul iqnes ara 
Tavisufali, aramed nawilobriv Canacvlebuli Saqrebi Caunacvlebeli fsev-
doaldehiduri da meoradi spirtuli jgufebiT (C-2-Tan). 
    polivalentur metalTa hidroqsidebis (iseve rogorc tute da tutemiwaTa 
metalebis hidroqsidebis) moqmedebiT Tavisufal SaqrebTan warmoiqmneba 
saqarinuli mJavebi, im gansxvavebiT, rom Canacvlebuli naxSirwylebi 
(magaliTad, O-meTilwarmoebulebi) ufro xelsayrelia saqarinuli mJavebis 
warmosaqmnelad, maTze tute da tutemiwaTa metalTa hidroqsidebis 
moqmedebisas.  magaliTad, D-glukozis tyviis hidroqsidiT damuSavebisas 
adgili aqvs naxSirbadis ConCxis cvlilebas da warmoiqmneba glukosaqarinis 
mJava. mJavuri gadajgufebis meqanizmis Seswavla saSualebas iZleva davas-
kvnaT, rom C-2-Tan Canacvlebuli eleqtronulaqceptoruli jgufebi zrdian 
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karboniluri naerTebis reaqciisunarianobas, aadvileben X- moxleCvas, ram-

denadac Cδ+ - Xδ- kavSiri Tavidanve aris polaruli, xolo naxSirbadis atomi 
eleqtrofiluri. 
    Camnacvleblis (wamsvleli jgufis) didi I _ efeqti aadvilebs gadajgu-

ebas. aldozebi da ketozebi α-mdgomareobaSi Canacvlebuli eleqtronaqcep-
toruli jgufebiT advilad ganicdian disproproporcionirebis reaqcias da 
gardaiqmnebian 2-dezoqsialdonis mJavebad. karbonilur naerTTa mJavuri 
izomerizacia, romlebic karbonilis jgufis mezoblad mdebare naxSirbada-
tomTan Seicaven eleqtronaqceptorul Camnacvleblebs, SeiZleba mivakuTvnoT 
nukleofilur gadajgufebebs eleqtrondeficitur centrTan (seqstetur 
gadajgufebebs). H2

18O-iT gamdidrebul wyalSi gardaqmnis produqtSi 
Jangbadis atomebi nawilobriv mimoicvleba 18O -iT, rac karbkaTionis (rogorc 
gadajgufebis Tanamdevi produqtis) warmoqmnaze miuTiTebs. reaqciis meqanizmi 
eTanxmeba hidrolizis dros Tanamdevi produqtis warmoqmnasa da aciloinur 
gadajgufebas. 
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    aqtiurobis mixedviT, α-Canacvlebuli aldozebi, romlebic ganicdian dis-
proporcionirebas, SeiZleba ganlagebul iqnas Semdegi rigis mixedviT: 

 
X=OH <OCOCCl3 <Br< OSO2 C6 H4-P-CH3 <OSO2 CH3 

 
     katalizatoris roli SeiZleba Semdegi saxiT warmovidginoT: magaliTad, 
halogenaldozebisagan Tavdapirvelad warmoiqmneba xelaturi kompleqsi, xo-
lo meore stadiaze xdeba aqtivirebuli kompleqsis daSla wyalbadis gada-
jgufebiT: 
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         C-2-Tan mdebare eleqtronulaqceptoruli jgufebis SemTxvevaSi reaqciis 
siCqare ganisazRvreba katalizatorTan aqtiuri kompleqsis warmoqmniT da C-X 
bmis gaxleCiT. bolo stadia mimdinareobs sakmaod swrafad. am SemTxvevaSi 

procesis saerTo siCqare damokidebulia imaze, Tu romeli α-Canacvlebuli 
karboniluri naerTi iRebs raqciaSi monawileobas.  
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duRilis reaqciebi monozebSi 
 
     mikroorganizmebis moqmedebiT monozebi ganicdis sxvadasxva qimiur gar-
daqmnas. am gardaqmnisas miiReba spirti, rZemJava, erbomJava, ZmarmJava da sxva 
nivTierebebi. sainteresoa aRiniSnos, rom duRils advilad ganicdis wyvil-
naxSirbadSereuli monozebi. amasTan erTad sxvadasxva konfiguraciis 
monozebi erTnairad ar ganicdis duRils. optikuri antipodebidan duRils 
advilad is monoza ganicdis, romelic bunebaSi gvxvdeba. 
M  miRebuli produqtebis mixedviT arsebobs: alkoholuri anu spirtuli, 
rZemJavuri, erbomJavuri, limonmJavuri, propionmJavuri, butanol-acetonuri, 
ZmarmJavuri duRili. 
1. alkoholuri duRili. cnobilia, rom alkoholuri duRilisas 
SaqarSemcveli xsnarebisagan miiReba Rvinis spirti da naxSirorJangi. 1857 
wels l. pasterma daamtkica, rom duRils iwvevs  mikroorganizmebi (safuara 
sokoebi), romlebic haeridan  Saqris xsnarSi xvdebian. amitom, xelovnurad 
duRilis gansaxorcieleblad saWiroa Saqris xsnars davumatoT safuaris 
sufTa kultura.  
     1871 w. manaseninma daamtkica, rom duRils iwvevs ara cocxali mikroor-
ganizmebi, aramed maT mier gamoyofili ujredis wveni, romelsac fermenti anu 
enzimi uwodes. SemdegSi 1896 w. biuxnerma qviSaSi safuaris gaxexviT gamoyo 
ujredis wveni, romelic duRils iwvevda. alkoholuri duRilis am ferments 
zimaza uwodes. duRilis procesebis Semdgomi Seswavlisas gamoirkva, rom 
duRils iwvevs ara erTi fermenti zimaza, aramed fermentebis mTeli jgufi 
da sxvadasxva damxmare nivTiereba. duRilis fermentebi, iseve rogorc sxva 
fermentebi, cilovan nivTierebebs warmoadgenen da katalizur aqtiurobas 
ujredis mospobis Semdegac inarCuneben. amgvarad, duRili warmoadgens ara 
biologiur, aramed qimiur process, romelic damokidebulia specifikur bi-
ologiur katalizatorebze-cilebze. cocxal ujredebSi ki duRili 
damokidebulia mikroorganizmebis sicocx-lisunarianobaze, ujredSi 
nivTierebaTa cvlis procesebze. alkoholuri duRilis Sejamebuli reaqciaa:  

 
                                                   C6H12O6  →  2C2H5OH  +  2CO2 
                            glukoza  Rvinis spirti 
 

     am reaqciis meqanizmis SeswavlaSi didi wvlili Seitanes l. ivanovma, a. 
favorskim, a. lebedevma da sxva. alkoholuri duRilis Sualedur produqte-
bad gamoyofil iqna ZmarmJava aldehidi, piroyurZenmJava da glicerini. 
ZmarmJava aldehidi miiReba piroyurZenmJavas daSliT. Tavdapirvelad duRilis 
reaqcia Semdegnairad mimdinareobs: 

 
C6H12O6 →C H2O H – CHOH _CH 2OH+CH3-CO-COOH 

CH3-CO-COOH →CH3-CHO+CO2 
 

     duRilis procesebis dros didi mniSvneloba aqvs fosformJavasa da mis 
marilebs. 1905 w. l. ivanovma daamtkica, rom alkoholuri duRilis dros du-
Rilis substratsa da araorganuli fosforis xarjze warmoiqmneba fos-
formJavas organuli naerTebi (sqema 8). alkoholuri duRili iwyeba glukozis 
dafosfolirebiT, romelic fosformJavas atf-idan iReba. es reaqcia mimdina-
reobs ferment heqsokinazas moqmedebiT. reaqciis Sedegad miiReba 6-gluko-
fosfati, romelic ferment izomerazas saSualebiT gadadis 6-fruqtofos-
fatSi, romelic Rebulobs ra atf-idan erT molekula fosformJavas, gadadis 
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1,6-fruqtodifosfatSi. es ukanaskneli ferment aldozas moqmedebiT ixliCeba 
or molekula fosfotriozad: fosfoglicerinaldehidad da fosfodihidro-
qsiacetonad, romelTac SeuZliaT erTmaneTSi gadasvla. fosfoglicerinal-
dehidi, ierTebs ra erT molekula fosformJavas, gadadis difosfogliceri-
naldehidSi. am reaqciis dros is or atom wyalbads aZlevs koferments (kozi-
maza). difosfoglicerinmJava erT molekula fosformJavas gadascems adf-s da 
TviTon gadadis 3-fosfoglicerinmJavaSi, romelic ganicdis izomerizacias 2-
fosfoglicerinmJavad da Semdeg ferment enolazas saSualebiT gadadis fos-
fopiroyurZenmJavaSi. es ukanaskneli, aZlevs ra fosformJavas adf-s, gadadis 
Tavisufal piroyurZenmJavaSi, romelic dekarboqsilirebiT iZleva ZmarmJava 
aldehidsa da naxSirorJangs. ZmarmJava aldehidi Semdeg ferment alkohol-
dehidrogenazas moqmedebiT ierTebs wyalbads da iZleva spirts. ZmarmJava al-
dehidi aRdgenisaTvis saWiro wyalbads kozimazidan Rebulobs. 
    maSasadame, duRilis dros monawileobs ori damxmare nivTiereba (katali-
zatori): atf da kozimaza. pirveli asrulebs fosformJavas gadamtanis 
funqcias, xolo meore _ wyalbadis gadamtanisas. atf warmoadgens nukleo-
tids da mas Semdegi agebuleba aqvs:  
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alkoholur duRils iyeneben spirtis, ludisa da Rvinis warmoebaSi.Y M 
2. rZemJavuri duRili. rZemJavur  duRils iwvevs rZemJavuri duRilis baq-
teriebi:  

C6H12O6 →  2CH3 – CHOH – COOH  
                                                  glukoza          rZemJava 
 

    rZemJavur duRils iwvevs aseve cxovelTa qsovilebi. am dros warmoiqmneba 
rogorc D-, ise L- da DL- rZemJavebi. rZemJavuri duRilis dros miiReba 
TiTqmis yvela is Sualeduri produqti, rac alkoholuri duRilis dros 
warmoiqmneba. gansxvaveba imaSi mdgomareobs, rom bolos piroyurZenmJava 
dekarboqsilirebis nacvlad aRdgeba rZemJavaSi ferment kozimazas saSu-
alebiT. rZemJavuri duRilis dros zogierTi mikroorganizmi (Erchrichiacoli) 
duRilis mTavar produqtTan _ rZemJavasTan erTad warmoqmnis sxva produ-
qtebsac, rogoricaa: ZmarmJava, WianWvelmJava, eTilis spirti, naxSirorJangi, 
wyalbadi. reaqcia mimdinareobs Semdegi sqemiT:  

 
glukoza H3C

O
C COOH

+H
2

-C
O

2

H3C CHOH COOH H3C CHO
+H2 H3C CH2OH

+O

CH3COOH HCOOH  
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    rZemJavur duRils iyeneben rZis produqtebis warmoebaSi, rogoricaa 
mawoni, xaWo, yveli, araJani da sxva. 
3. erbomJavuri duRili. erbomJavur duRils iwvevs anaerobuli baqteriebi: 

 
C6H12O6 → CH3-CH2- CH2-COOH+2CO2 +2H2 

                                 erbomJava 
 

   erbomJavuri duRilis dros, iseve rogorc alkoholuri duRilis 
SemTxvevaSi, miiReba Zmris aldehidi. misi mcire nawili daJangviT ZmarmJavaSi 
gadadis, ZiriTadi nawili ki aldoluri kondensaciis Sedegad iZleva 
aldols, romelic Sigamolekuluri gadajgufebis Sedegad gardaiqmneba 
erbomJavad. erbomJavuri duRilisas Saqari Semdegi sqemiT gardaiqmneba:   

 

C6H12O6 CH3COCOOH
H3C CHOH CH2CHO COOH

H2
C

H2
CH3C

H3C COOH
CH3CHO

 

 
4. limonmJavuri duRili. limonmJavur duRils iwvevs obis sokoebi. 

 
CH2

CHOH

CH2

C6H12O6
+3O

COOH

COOH

COOH
limonmJava  

 
    limonmJavuri duRili mravalstadiania. limonmJava warmoiqmneba Saqrebisa-
gan pirdapiri JangviTi procesebis Sedegad: 
 

C6H12O6

HOH2C (CHOH)4 COOH glukonmJava

HOH2C (CHOH)4 CO 2-ketoglukonmJavaCOOH

CHOH

CHOH

CHOH

CHOH
CHOH COOH Sualeduri procesi

COOH

COOH

CH2

CH2

CHOH COOH limonmJava

 
 
    limonmJavuri duRilis dros limonmJavas gamosavlianoba 90 %-s da, xSi-
rad 100% -s  Seadgens. limonmJavur duRils didi warmatebiT iyeneben 
limonmJavas misaRebad. 
5. propionmJavuri duRili. duRilis mTavar produqts warmoadgens propi-
onmJava, ZmarmJava da naxSirorJangi. Tavdapirvelad reaqcia mimdinareobs 
alkoholuri duRilis msgavsad. Semdeg piroyurZenmJavas 1/3 iJangeba, 2/3 ki _ 
aRdgeba propionmJavad. 
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 6. ZmarmJavuri duRili. ZmarmJavuri duRili mimdinareobs aerobul pirobebSi. 
procesi mimdinareobs eTilis spirtis daJangviT haeris Jangbadis 
TandaswrebiT: 

C2H5OH H3C CHO
+ HOH

C
OH
OH
H

CH3
-H2O

H3C COOH

 
ZmarmJavuri duRili farTod gamoiyeneba ZmarmJavas misaRebad.M 
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aldozebis TvisebiTi  
reaqciebi 

 
1. felingis siTxis moqmedeba. felingis siTxesTan  aldozebis gacxelebiT 
gamoiyofa spilenZis qveJangis mowiTalo-agurisferi naleqi. am dros 
monozebis aldehidis jgufi iJangeba, xolo spilenZi nawilobriv aRdgeba: 

 
COH

HCOH

HOCH

HCOH

HCOH

CH2OH

+  2CuO

COOH

HCOH

HOCH

HCOH

HCOH

CH2OH

+  Cu2O

 
2. vercxlis sarkis reaqcia. monozebis vercxlis JangTan gacxelebiT 
gamoiyofa Tavisufali vercxli, romelic sareaqcio WurWlis kedlebs 
gadaekvris da bzinavs rogorc sarke: 
 

COH

HCOH

HOCH

HCOH

HCOH

CH2OH

+  Ag2O

COOH

HCOH

HOCH

HCOH

HCOH

CH2OH

+  2Ag

 
3. nilanderis reaqcia. aldomonozebze nilanderis xsnaris (4 g segnetis 
marili, 2 g bismutis azotmJava fuZemarili, 10 g kaliumis tute gaxsnili 100 
ml wyalSi) moqmedebiT gamoiyofa bismutis Savi liTonuri naleqi: 
 

3C6H12O6 + 2 Bi(OH)3→  3C6H12O7 + 2Bi +3H2O 
4. barferdis sinji. aldomonozebze barferdis reaqtivis (50 g spilenZis 
acetati, 50 g natriumis acetati, 5 ml ZmarmJava gaxsnili 1 l wyalSi) 
moqmedebiT aldomonozebi iJangebian da gamoiyofa spilenZis mowiTalo-
agurisferi naleqi. 
5. sinji pikrimJavaTi. 2% pikrinmJavisa da 20% sodis xsnarTan aldomonozebis  
gacxelebiT xsnari wiTlad ifereba. 
 

ketozebis TvisebiTi  
reaqciebi 

 
1. selivanovis reaqcia. ketomonozis, magaliTad, koncentrirebul 
marilmJavasa da rezorcinTan erTad fruqtozis xsnaris gacxelebiT siTxe 
wiTlad iRebeba, saidanac gacivebis Semdeg gamoiyofa wiTeli naleqi. 
2.sinji difenilaminiT. difenilaminis spirtian xsnarsa da koncentrirebul 
marilmJavasTan fruqtozis xsnaris duRiliT siTxe lurj fers iRebs. 
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3.pinovis reaqcia. koncentrirebuli gogirdmJavasa da α-naftolis spirtian 
xsnarTan fruqtozis xsnaris gacxelebiT siTxe iisfrad ifereba. 

 
monozebis calkeuli  

warmomadgenlebi 
 

triozebi. glicerinis aldehidi. glicerinis daJangviT an akroleinis Jangva-

aRdgeniT miiReba D-L-glicerinmJava aldehidi: 
 

CH2OH

CHOH

CH2OH

+O
COH

CHOH

CH2OH

+H2O

+O

COH

CH

CH2  
 

    glicerinis aldehidi ufero, tkbili gemos kristaluri nivTierebaa. igi 
lRveba 1380C-ze, aRadgens felingis  siTxes, iZleva vercxlis sarkis reaqcias. 
fenilhidrazinTan warmoqmnis ozazons, tutis moqmedebiT ganicdis kondensa-
cias da gadadis akrozaSi. D- da L- glicerinis aldehidebi zeTiseburi 
siTxeebia.  
dihidroqsiacetoni miiReba glicerinis bromiT an tutiT daJangviT, is kris-

taluri nivTierebaa, lRveba 800C-ze. 
 

HOH2C CHOH CH2OH
+O
-H2O HOH2C CO CH2OH

 
 
tetrozebi. aldotetrozebi. cnobilia 2 monoza. D-eritroza da treoza. D-
eritroza miiReba D-arabinis mJavas wyalbadis zeJangiT daJangviT: 

 
COOH

HOCH

HCOH

HCOH

CH2OH

+O

COH

HCOH

HCOH

CH2OH
 

 
        L-eritroza miiReba L-arabinomJavas daJangviT. is zeTisebri siTxea. D- da 
L- treoza miiReba qsilozidan. isini kristaluri nivTierebebia. ketotetro-
zebidan cnobilia D-eritruloza. igi zeTisebri siTxea. 
pentozebi. aldopentozebidan bunebaSi gavrcelebulia D-riboza, D-qsiloza 

da D-arabinoza. cxovelebSi gansakuTrebiT gavrcelebulia  D-riboza. igi 
Sedis  nukleinmJavebis, fermentebisa da vitaminebis SedgenilobaSi, lRveba 
950C temperaturaze. 
       L-arabinoza warmoadgens tkbili gemos mqone kristalur nivTierebas, 
lRveba 1600C–ze. sinTezurad igi miiReba L-glukonmJavas daJangviT. D-
arabinoza miiReba D-glukonmJavas daJangviT. 
   riboza warmoadgens arabinozas epimers. D-riboza (dn. T. 870C) bunebaSi 
gvxvdeba rogorc ribonukleinuri mJavebis, ise zogierTi vitaminebis 
Semadgeneli nawili. 
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    ribozas Sesabamisi ketoza ribulozis saxelwodebas atarebs. fosformJa-
va eTerebis saxiT isini monawileobas Rebuloben fotosinTezSi. 
    2-dezoqsiriboza warmoadgens ujredis birTvis dezoqsiribonukleinuri 
mJavebis ZiriTad nawils, saidanac igi hidroliziT SeiZleba miRebul iqnes 
mcire gamosavliT. sinTezurad is miiReba D-ribozidan. 
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2-დეზოქსი-D-რიბოზა 

       D-qsiloza anu xis Saqari Zalian gavrcelebulia mcenareebSi. pento-
zanebis-qsilanis saxiT.  mas didi raodenobiT Seicavs merqani, simindis fuCeCi 
da mcenaris gaxevebuli nawilebi. misi lRobis temperaturaa 1430C. 
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                                                  D-ქსილოზა                               α,D-ქსილოპირანოზა                              
        
        L-qsiloza bunebaSi ar gvxvdeba. igi miiReba L-gulonmJavas daJangviT. L-
liqsoza miiReba D-galaqtonis mJavas daJangviT. D-riboza Sedis nukleinis 
mJavebis SedgenilobaSi. ketopentozebi bunebaSi ar gvxvdeba. maT iReben 
sinTezurad. 
heqsozebi.  aldoheqsozebi tkbili gemos, ufero, kristaluri naerTebia. heqso-

zebidan bunebaSi yvelaze metad gavrcelebulia D-glukoza, D-manoza da D-
galaqtoza. D-glukoza gvxvdeba TiTqmis yvela mcenaresa da adamianis 
organizmSi Tavisufali saxiT. igi didi raodenobiT Sedis yurZenSi (20%), 
xilSi (17%). D-glukoza gavrcelebulia bunebaSi agreTve rTuli 
naxSirwylebis _ saqarozis, saxameblisa da celulozis saxiT, saidanac mas 
mJavuri hidrolizis saSualebiT Rebuloben:  
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    saqarozas hidroliziT miiReba rogorc D-glukoza, ise D-fruqtoza. D-
glukoza mcenareebSi didi raodenobiTaa gavrcelebuli glukozidebis saxiT.        
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D-glukoza kristaluri nivTierebaa. lRveba 1460C-ze.     D-manoza Tavisufal 
mdgomareobaSi moipoveba mxolod mcenareebSi, isic iSviaTad (mag. citrusebis 
nayofis qerqSi). igi miiReba eqvstomiani spirtis _ manitis daJangviT. manoza 
didi raodenobiT miiReba polisaqaridebis hidroliziT. igi polisaqaridis 
(mananebis hemicelulozebis) saxiT monawileobs mcenareuli ujredis kedlis 
SenebaSi. lRveba 1320C-ze, warmoadgens D-glukozis epimers. 
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        D-galaqtoza miiReba rZis Saqris hidroliziT. igi kristaluri niv-
Tierebaa, lRveba 1800C-ze. mcenareebSi igi gavrcelebulia polisaqaridebis _ 
galaqtanebis saxiT, monawileobs cerobrozidebis, nukleinis mJavebis 

SenebaSi. bunebaSi gavrcelebulia α-, da β-galaqtozidebi. D-galaqtoza 
aRdgeniT iZleva spirts-dulcits.  

HOH2C C

H

HO

C

OH

H

C

OH

COH

H

D-galaqtoza

O
CH2OH

OH

H

H
H

H
H

α,D-galaqtopiranoza

C

H

OH

OH

HO

HO

 
ketozebi. ketozebi bunebaSi aldozebTan SedarebiT naklebadaa gavrcelebu-

li. ketozebidan aRsaniSnavia D-fruqtoza, romelic naxSirwylebis 
energetikul cvlaSi glukozasTan erTad asrulebs mniSvnelovan rols. D-
fruqtoza Sedis mcenareuli polisaqaridebis  aseve sufris Saqris saqarozis 
SedgenilobaSi. bunebriv obieqtebSi gansazRvruli raodenobiT aRmoCenilia 

aseve D-sorboza, D-tagatoza, D-fsiqoza da L-treo-pentuloza. Polisaqari-
debis baqteriul qsovilebSi aRmoCenilia 2-keto-3-dezoqsialdonis mJavebi. 
    ketozebis molekulaSi Sedis erTi atomiT naklebi naxSirbadis 
asimetriuli atomi, vidre Sesabamis aldozebSi. ketozebis saxelwodeba 
warmodgeba Sesabamisi aldozebis saxelwodebidan, sadac daboloeba “oza” 
Secvlilia “uloziT”. magaliTad, pentuloza, heqsuloza da a.S.  
    ketoheqsozebidan gansakuTrebiT aRsaniSnavia fruqtoza anu levuloza. 
igi Tavisufali saxiT gvxvdeba xilSi, glukozasTan erTad didi raodenobiT 
Sedis TaflSi. fruqtozis naSTi Sedis disaqarid saqarozaSi da polisaqarid 
inulinSi, saidanac mas hidrolizis gziT Rebuloben. D-fruqtoza tkbili 
gemos mqone kristaluri nivTierebaa. wyalxsnarSi D-fruqtoza polarizaciis 
sibrtyes marcxniv abrunebs mutarotaciiT, rac imis damadasturebelia, rom 

igi α- da β- formebis saxiT arsebobs. misi xvedriTi brunvis kuTxe [α]20D= -920. 
fruqtoza bioorganul gardaqmnebs, iseve rogorc glukoza, advilad 
ganicdis. 
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dezoqsiSaqrebi 

 
     dezoqsiSaqrebi ewodeba monosaqaridebis nawarmebs, romelTa mole-
kulebSi erTi an ramdenime hidroqsidis jgufi Secvlilia wyalbadis 
atomebiT. Sesabamisad ansxvaveben monodezoqsi-, didezoqsi-, tridezoqsi- da 
aS. Saqrebs. dezoqsiSaqrebis saxelwodeba warmodgeba monosaqaridis 
saxelwodebisagan, romelsac emateba prefiqsi “dezoqsi”. magaliTad: 
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    dezoqsiSaqrebi bunebaSi farTodaa gavrcelebuli. isini specifikur bi-
ologiur rols asruleben, warmoadgenen dezoqsiribonukleinis mJavas kompo-
nentebs da Sedian sagule glikozidebis, antibiotikebis, oligo- da 
polisaqaridebis SedgenilobaSi. dezoqsiSaqrebi da maTi warmoebulebi did 
inte-ress warmoadgenen biologiuri kvlevebisaTvis, rac dakavSirebulia fer-
mentuli reaqciebis meqanizmebis, fiziologiuri da imunoqimiuri problemebis 
SeswavlasTan. amitomac dezoqsiSaqrebis sinTezis meTodebis SemuSaveba 
bioorganuli qimiis erT-erT ZiriTad amocanas warmoadgens. mniSvnelovani 
biologiuri funqciebi, romlebsac dezoqsiSaqrebi asruleben mcenareTa da 
cxovelur organizmTa sasicocxlo procesebSi aqtualurs xdis maTi sin-
Tezis problemas. 
    dezoqsiSaqrebidan aRsaniSnavia: 2-dezoqsi-D-riboza, romelic Sedis 
nukleinmJavaTa SemadgenlobaSi; 2,6,-didezoqsi-D-aloza, anu D-digitoqsoza, 
romelic Sedis sagule glikozidebis SedgenilobaSi da 6-dezoqsi-D-
galaqtoza, anu D-fukoza, romelic Sedis mikrobTa mraval polisaqaridSi: 
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dezoqsiSaqrebis Tvisebebi. monosaqaridis molekulaSi dezoqsi jgufis Sey-
vana iwvevs naerTSi saerTo polarobis Semcirebas, amitom dezoqsiSaqrebi, 
Cveulebrivi monosaqaridebisagan gansxvavebiT, gamoirCevian organul gamxsne-
lebSi maRali xsnadobiT da aqroladobiT. amasTan, pirveladi spirtuli 
jgufis Canacvleba iwvevs ufro did gavlenas zemoTY aRniSnul Tvisebebze, 
vidre meoradi hidroqsidis jgufis Canacvleba. 
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    2-dezoqsiSaqrebi, umTavresad 2-dezoqsipentozebi, gamoirCevian mJavebis 
mimarT maRali mgrZnobelobiT. 2-dezoqsipentozebis gacxelebiT mJavebis 

Tandaswrebisas warmoiqmneba α-oqsilevulinis aldehidi; am reaqciis 
Sualedur produqts warmoadgens furfurolis spirti; 
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    es gardaqmna gamoiyeneba 2-dezoqsipentozebis kalorimetruli meTodebiT 

gansazRvris dros, romlis safuZvels warmoadgens α-oqsilevulinis alde-
hidis feradi reaqciebi. 
dezoqsiSaqrebis sinTezis meTodebi. aRsaniSnavia dezoqsiSaqrebis sinTezis 
glikaluri, nitroolefinuri, metasaqarinuli mJavebis da aldopentozebis na-
warmTa mJavuri transformaciis meTodebi. 
a. 2-dezoqsiSaqrebis glikaluri meTodi aRmoaCina da SeimuSava e. fiSerma. am 
dros xorcieldeba dezoqsijgufis Seyvana nebismieri monosaqaridis moleku-
laSi C-2 mdgomareobaSi. meTodi mdgomareobs aldozebis acetilirebis gziT 
gardaqmnaSi acetobromaldozad, romelsac amuSaveben TuTiiT ZmarmJavaSi, ris 
Sedegad miiReba acetilirebuli glikani. masze ganzavebuli mJavebis moqmedeb-
iT xdeba wylis molekulis mierTeba da miiReba 2-dezoqsialdoza: 
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    es reaqcia gamoiyeneba 2-dezoqsiSaqrebis didi raodenobiT misaRebad.  
b. dezoqsiSaqrebis sinTezis dros gamoiyeneba monosaqaridebis kondensaciis 
reaqcia nitronaerTebTan, romlis dros xdeba naxSirbadis jaWvis dagrZeleba. 
2-dezoqsialdozebis sinTezis nitroolefinuri meTodi SemuSavebul iqna 
fiSeris da soudenis mier: 
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    aldozis kondensaciiT nitromeTanTan, warmoiqmneba nitrospirtebis dia-
stereomeruli narevi, romlis acetilirebiT mJavuri katalizis pirobebSi 
miiReba acetatebi, romelTaganac natriumis bikarbonatis moqmedebiT war-
moiqmneba nitroolefini, romelic hidrirebiT platinis katalizatoris da 
nefis reaqciis gamoyenebis Semdeg gardaiqmneba naxSirbadis erTi atomiT 
gazrdil 2-dezoqsialdozad. 
g. dezoqsiSaqrebi warmoiqmneba monosaqaridebisagan saqarinuli gadajgufebis 

pirobebSi. magaliTad, 3-0-mezil-D-glukozidan tuteebis moqmedebiT miiReba 2-
dezoqsi- D-riboza: 
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d. 2-dezoqsi-D-glukonismJava miiReba danilov-gaxokiZis meTodiT.  Tavda-
pirvelad triacetilglukalze qloroformSi gaxsnili bromis xsnaris 
damatebis Sedegad miiReba 1,2-dibrom-3,4,6-tri-0-acetil-D-glukopiranoza, masze 
axladdaleqili tyviis hidroqsidis damatebiT da bariumis karbonatis wylian 
suspenziasTan SenjRreviT da gacxelebiT 2-dezoqsi-D-glukonis mJavas bari-
umis marili, Semdgom ki bariumis gogirdmJavaTi daleqviT miiReba 2-dezoqsi-
D-glukonis mJava: 
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glikozidebi 
 

     glikozidebi Zlier gavrcelebuli naerTebia rogorc cxovelur, ise 
mcenareul samyaroSi. glikoziduri bma warmoadgens yvela bunebriv 
naxSirbadSemcvel naerTTa ZiriTad bmas. 
     bunebrivi glikozidebis klasifikacias xSirad maTi aglikonis mixedviT 
axdenen, magaliTad: fenoglikozidebi, antraqinonglikozidebi, flavogli-
kozidebi, gulis glikozidebi, cianoforuli glikozidebi da a.S. fenogli-
kozidebis jgufs miekuTvneba mcenareebSi farTod gavrcelebuli gliko-
zidebi, romlebic aglikonebis saxiT Seicaven fenolebsa da fenolispirtebs. 
aseTebia, magaliTad, hidroqinonis glikozidi - arbutini, salicinis spirtis 
glikozidi - salicini (Sedis tirifis qerqSi), koniferilis spirtis 
glikozidi - koniferini (Sedis wiwvovani mcenareebis wvenSi). 
  B antraqinonglikozidebis jgufi, romlis aglikons warmoadgens antraqi-
noni, miekuTvneba ruberitrinis mJava (alizarinis glikozidi), romelic Sedis 
WinWarsa da endroSi. 
    flavoglikozidebis jgufs miekuTvneba glikozidebi, romlebic hidroli-
zis dros iZlevian flavons. mas miekuTvneba rutini. antocianebis jgufis 
glikozidebi yvavilebisa da nayofebis Semferavi nivTierebebia, romlebic 
aglikonebis saxiT Seicaven antocianidebs. 
    sagule glikozidebs miekuTvneba glikozidebi, romelTa aglikons 
warmoadgens steroiduli tipis nivTierebebi: isini Zlier gavlenas axdenen 
gulis kunTze. aseTebia: saTiTuras, strofentis, cxvirsatexelas glikozi-
debi. sagule glikozidebi or jgufad iyofa: kardenolidebad da bufadieno-
lidebad. kardenolidebi gavrcelebulia mcenareebSi, bufadienolidebi-
gombeSos kanis jirkvlebSi. kardenolidebi mcire doziT gamoyenebulia 
gulis daavadebis samkurnalod, didi doziT ki iwvevs gulis gaCerebas. 
gulis glikozidebi mJavuri an fermentuli hidrolizis Sedegad iSleba 
naxSirwylebad da steroidul aglikonad, romelsac genini ewodeba. 
    kardenolidebidan mniSvnelovania digitoqsigenini, strofantini da 
uabaini. 
    cianoforul glikozidebs miekuTvneba amigdalini da prunazini, romlebic 
hidrolizis dros gamoyofen wyalbadcianmJavas; indikanebi, romlebic 
hidroliziT iZlevian indoqsils, maTgan Semdeg miiReba saRebavi - indigo; 
nukleozidebi, romlebic warmoadgenen N-glikozidebs da aglikonis saxiT 
Seicavs purinul da pirimidinul fuZeebs. aRsaniSnavia, rom cnobili buneb-

rivi glikozidebis umravlesoba warmoadgens β-glikozidebs. glikozidebis 
mniSvnelovani jgufia N-glikozidebi, S-glikozidebi da O-glikozidebi. 
O-glikozidebSi naxSirwyalsa da aglikons Soris bma myardeba Jangbadis 
atomis saSualebiT. bunebriv glikozidebSi, oligosaqaridebSi, poli-
saqaridebsa da naxSirbadSemcvel Sereul biopolimerebSi O-glikoziduri bma 
erTmaneTTan akavSirebs monosaqaridul naSTebs da aranaxSirwylovan 
komponentebs. O-glikozidebis sinTezi pirvelad ganaxorciela germanelma 
mecnierma nobelis premiis lauriatma emil fiSerma 1893 wels. monozebze 
moqmedeben spirtiT, mSrali qlorwyalbadis TandaswrebiT, romlis drosac 
xdeba naxevaracetaluri hidroqsilis jgufis Canacvleba alkoqsijgufiT. 
reaqcia mimdinareobs wonasworuli narevis mqone yvela oTxi SesaZlo 
glikozidis warmoqmniT, romelSic rogorc wesi, sWarbobs piranoziduli 

formebi. bunebrivi O-glikozidebi bunebaSi umTavresad β-formiT arseboben.  
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S-glikozidebi. S-glikozidebi, anu Tioglikozidebi ewodeba Saqrebis 
cikluri formis warmoebulebs, romlebSic naxevaracetaluri hidroqsili 
Secvlilia alkilTio _ an arilTio jgufiT. 
    Tioglikozidebi mJavebTan moqmedebiT ganicdis hidrolizs merkaptanebisa 
da Sesabamisi monosaqaridebis warmoqmniT. 
N-glikozidebi. maT miekuTvneba cianoforuli glikozidebi da nukleozidebi. 
cianoforuli glikozidebis hidrolizis dros miiReba cianwyalbadmJava. 
magaliTad, amigdalini C20H27O11N · 3H2O. igi Sedis mware nuSis TeslSi (2,5-
3,5%), atmis (2-3%), Weramis, qliavis (1-1,8%), alublis (0,8%) kurkebSi, aseve 
wyavis foTlebSi. amigdalinis aglikons warmoadgens benzaldehidis cianhid-

rini. misi hidrolizi xorcieldeba ferment β-glikozidaziT. am dros miiReba 
cianwyalbadmJava, riTac aixsneba aRniSnuli glikozidis momwamlavi 
moqmedeba. 

C19H27O11C N + 2H2O→ 2C6 H12O6 + C6 H5CH O + HCN 
                                     amigdalini 
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nukleozidebi warmoadgens N-glikozidebis purinul da pirimidinul fuZeebs. 
isini mdgradebi arian tuteebis mimarT da sakmaod hidrolizdebian mJavebis 
moqmdebiT. 
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glikozidebis gamoyeneba medicinaSi 

 
naxSirwylebi, rogorc gadamtanebi (glikozilirebis principi). samkurnalo 
preparatTa efeqtianobis problemis gadaWris tradiciuli midgoma mdgomare-
obs gansazRvrul, biologiurad aqtiur naerTTa axali klasebis ZiebaSi, ag-
reTve ukve cnobili farmakologiuri preperatebis struqturuli analogebis 
SeqmnaSi Terapiuli efeqtis gazrdisa da toqsikuri moqmedebis Semcirebis miz-
niT. profesor a. gaxokiZis mier mowodebuli samkurnalo saSualebaTa gliko-
zilirebis principi, romelic dafuZnebulia ujredul membranebSi naxSir-
wylovani fragmentebis aqtiur transportze, warmoadgens mizanmimarTuli moq-
medebis efeqtur samkurnalo preparatTa Seqmnis problemis axal midgomas. 
    im preparatebis did nakls, romlebic wyalSi ar ixsnebian, warmoadgens 
is, rom maTi miReba SesaZlebelia mxolod Sinagani gziT an garegani zemoqme-
debiT. Ees garemoeba zRudavs maT gamoyenebas samedicino praqtikaSi, SesaZlo 
gamoyenebis SemTxvevaSi ki saWiroa maTi gansakuTrebiT didi dozebiT miReba. 

`uxsnadi preparatebis gadayvana wyalSi xsnad formebSi did gamoyenebas 
povebs samedicino praqtikaSi, radgan SesaZlebeli gaxdeba maTi Seyvana kan-
qveS an venaSi, rac, Tavis mxriv, Secvlis ara marto SeTvisebis siCqares, ara-
med moqmedebis xasiaTsac~. sulfamiduri preparatebis wyalSi xsnad formebSi 
gadayvanam (streptocidi, sulfidini, sulfazoli, sulgini da sxv.), gansakuT-
rebulad didi mniSvneloba moipoves medicinaSi, rogorc baqteriostatikurma 
saSualebebma, mTeli rigi paTogenuri mikrobebis mimarT. 

cnobilia, rom sulfamiduri preparatebi, pirveladi aminis jgufis Sem-
cvelobis gamo, Zlier organul mJavebTan warmoqmnian wyalSi xsnad marilebs, 
romlebsac Zlieri mJavianoba axasiaTebT, rac xels uSlis kanqveS an venaSi 
maT Seyvanas. Ggarda amisa, es marilebi wyalxsnarebSi iSleba sawyisi sulfa-
midebis gamoyenebiT, ris gamoc maT ver poves medicinaSi praqtikuli gamoyene-
ba. a. gaxokiZem xsnadi streptocidis misaRebad ganaxorciela streptocidis 
kondensacia glukozasTan da dadgina reaqciis pirobebi. streptocidi gluko-
zasTan urTierTmoqmedebisas, kalciumis qloridis TandaswrebiT, ganzavebul 
spirtSi iZleva monoglukostreptocids (I), absolutur spirtSi ki diglukos-
treptocids (II): 
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a. gaxokiZem miiRo xsnadi aspirinic. Gglukozisa da aspirinis qloranhid-

ridis (romelic, Tavis mxriv, miiRo aspirinis natriumis marilisa da Tionil-
qloridis urTierTmoqmedebiT) kondensaciiT (qinolinis TandaswrebiT) da 
warmoqmnili pentaaspiringlukozis (III) nawilobrivi SesapvniT (natriumis ace-
tatiT) man miiRo pentaalilacilglukoza (IV). igi warmoadgens wyalSi xsnad 
preparats, rac misi saineqciod gamoyenebis saSualebas iZleva. 
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CH2OCOC6H4OH

OCOC6H4OH

OCOC6H4OH

OCOC6H4OH

IV  
 
wyalSi xsnadi monoaspiringlukoza miRebul iqna Semdegi sqemiT: 
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O
CH2OAc

Br
OAc

AcO

OAc

+ C6H4

OH

COO
2

Pb

  

O
CH2OAc

OCOC6H4OH

OAc
AcO

OAc  
 

O
CH2OH

OCOC6H4OH

OH

HO

OH

O
CH2OH

OCOC6H4OAc

OH

HO

OH    
 

amgvarad, naxSirwylebis molekulaTa ,,gamobmiT” uxsnadi preparatebi wy-
alSi ixsneba da advilad iwoveba organizmSi. sagrZnoblad mcirdeba maTi 
toqsikurobac, rac mniSvnelovnad zrdis samkurnalo preparatebis efeqtiano-
bas. amJamad aseT midgomas farTod iyeneben simsivnis sawinaaRmdego preparate-
bisa da sxva samkurnalo saSualebaTa ,,gasakeTilSobileblad”. magaliTad: 
azotovani ipritisa da glukozis urTierTmoqmedebis produqts amJamad warma-
tebiT iyeneben onkologiaSi [5].  

 

O
CH2OH

OCO(CH2)n

OH
HO

OH

N
CH2CH2Cl

CH2CH2Cl

n=1,2,3
 

 
rogorc cnobilia, simsivnuri ujredebi intensiuri glikoliziT gam-

oirCevian janmrTel ujredebTan SedarebiT. amis mizezia glukozis uCveulo 
SeRwevadoba simsivnuri ujredebis garsSi. amitom aseT naerTebSi naxSirwylis 
naSTi warmoadgens gadamtans, romelic uzrunvelyofs citotoqsikuri 
nivTierebis ufro SerCeviT koncentracias simsivnur ujredebSi. 
     bromian naerTebs gansakuTrebuli adgili ukaviaT farmakologiur 
praqtikaSi. isini warmoadgenen trankvilizatorebs, gamoiyenebian bronqialuri 
asTmis, filtvebis anTebis dros. Tsu-Si bioorganuli qimiis laboratoriaSi 
bromSemcveli Saqrebis sinTezis mizniT Seswavlil iqna monosaqaridebis 
(glukoza, galaqtoza) da disaqaridebis (maltoza, laqtoza) alilwarmoebu-
lebis mierTebis reaqciebi 2-brompropionmJavas eTilis eTerTan. naxSirwyle-
bis acetilirebiT ZmarmJavas anhidridisa da natriumis acetatis Tanaobisas 

miRebul β-acetilirebul produqtze BF3[O(C2H5)2]-is moqmedebiT sinTezirebul 
iqna Sesabamisi alilwarmoebulebi (1,2). alilirebuli produqtebis gaxsniT 2-
brompropionis mJavis eTilis eTerSi da benzolis zeJangis xsnaris (gaxsnils 
2-brompropionis mJavis eTilis eTerSi) damatebiT mudmivi morevis pirobebSi 

azotis areSi sinTezirebuli iqna axali naerTebi: β-0-(2,3,4,6-tetra-0-acetil-D-

glukopiranozil)-2-meTil-4-brompentonati (3), β-0-(2,3,4,6-tetra-0-acetil-D-ga-

laqtopiranozil)-2-meTil-4-brompentonati (4), hepta-0-acetil-1-0-(α-meTil-γ-
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brom-eTil-valerat) β-D-maltoza da hepta-0-acetil-1-0-(α-meTil-γ-brom-eTil-va-

lerat) β-D-laqtoza. 
 

O

CH2OH

OH

OH

O

CH2OAc

OAc

OAc

OAc

HO AcO

1

 BrCH_COOC2H5

CH3

3

O

CH2OAc

OAc

OAc

O_CH2_CH_CH2_CH_COOC2H5

AcO

OH
Ac2O
AcONa

+ CH2=CH_CH2OH
BF3[(C2H5)2O]

C2H4Cl2

O

CH2OAc

OAc

OAc

OCH2_CH=CH2

AcO

+

Br CH3

13  
  

O
OH

OH

O

CH2OAc

OAc

OAc

OAcHO AcO

2

 BrCH_COOC2H5

CH3

4

O

CH2OAc

OAc

OAc

O_CH2_CH_CH2_CH_COOC2H5
AcO

OH
Ac2O
AcONa

+ CH2=CH_CH2OH
BF3[(C2H5)2O]

C2H4Cl2

O

CH2OAc

OAc

OAc

OCH2_CH=CH2
AcO

+

Br CH3

14

CH2OH

 
Seswavlil iqna sinTezirebul naerTTa baqtriociduli Tvisebebi. 
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monosaqaridebis anhidridebi 
 
    monosaqaridebis anhidridebi ewodeba Siga-0-glukozidebs, romelTa 
oqsiduri ciklis SemadgenlobaSi Sedis naxSirbadis glikoziduri atomi, 
magaliTad: 
 

O
H2C

HO
OH

O

OH
1,6-anhidro-D-glukopiranoza
     (levoglukozani)
       β-glukozani

O

OH

OH

O
H2C

HO

1,6-anhidro-β,D-glukofuranoza

O
CH2OH

AcO
OAc

O

1,2-glukozamini anu
    α-glukozani

 
 
 

aminSaqrebi 
 

    aminSaqrebis molekulebSi erTi an ramdenime hidroqsidis jgufi Secv-
lilia aminis jgufiT. aminSaqrebis molekulaSi aminis jgufis mdebareobis 
mixedviT ganasxvaveben 2-amin-, 3-amin-, 5-aminSaqrebs da sxv.  magaliTad: 
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O
CH2OH

OH

NH2

HO

H, OH

COH

NH2H
HHO

HHO

OHH

CH2OH
2-amin-2-dezoqsi-D-galaqtoza
                I

O
CH2NH2

HO
OH

NH2

H, OH

COH

NH2H

HHO

HHO

OHH

CH2NH2

2,6-diamin-2,6-didezoqsi-D-glukoza
                II

 
    trivialuri nomerklaturis mixedviT maTi saxelwodebaa: galaqtozamini 
(I), glukozamini (II). aminSaqrebi farTod gavrcelebulia bunebaSi. isini war-
moadgenen biopolimerebis struqturul erTeulebs. glukozaminis polimeri 
qitini warmoadgens kibosnairTa da mwerTa javSans. aminSaqrebi Sedis antibi-
otikebis (streptomicinis, puromicinis, kanamicinis) SedgenilobaSi. 
aminSaqrebi organizmSi advilad ganicdian acetilirebas. 

 

O
CH2OH

HO
OH

HN

N-acetil-D-glukozamini

COCH3

O
CH2OH

HO

OH

HN

N-acetil-D-galaqtozamini

COCH3

H
H

H

H
H H

H

H

OH

H

OH

 
 

    aminSaqrebi da maTi acetilirebuli formebi N-acetil-glukozamini, N-
acetil-galaqtozamini, monawileoben glikoproteinebis SenebaSi (hialuronis 
mJava, heparini, qondroitin-gogirdmJava, qitini da sxv). acetilglukozilamini, 
glukuronis mJavasTan erTad, warmoadgens mukopilisaqaridis-hialuronis mJa-
vas struqturul elements. hialuronis mJavas saSualebiT xdeba cxovelTa 
SemaerTebel qsovilTa sistemebis urTierTmiwebeba. futkrisa da gvelis 
SxamSi Sedis fermenti hialuronidaza, romelic iwvevs mukopolisaqaridis 
hidrolizs, rac xels uwyobs Sxamis qsovilSi Sesvlas. 

uronis mJavebi 
 
    uronis mJavebi Sedian sicocxlisaTvis aucilebeli mravali biopolimeris 
SemadgenlobaSi. uronis mJavebi ewodeba naxSirwylebis iseT warmoebulebs, 
romelTa pirveladi spirtuli jgufi  (CH2OH) daJangulia karboqsilur 
jgufad. uronis mJavebis saxelwodeba warmosdgeba Sesabamisi monosaqaridis 
saxelwodebidan, romelsac emateba daboloeba “uronis mJava”. magaliTad, D-
glu-kuronis mJava (I), D-galaqturonis mJava (II), D-manuronis mJava (III), L-
iduronis mJava (IV), 2-amin-2-dezoqsi-D-galaqturonis mJava (V), 2-amin-2-dezoqsi-
D-glu-kuronis mJava (VI): 

 
COH

OH

HO

OH

OH

COOH

I II

COH

OH
HO

HO

OH

COOH

III

COH

HO

HO

OH
OH

COOH

COH

HO

COOH
IV

COH

NH2

HO

HO

OH

COOH
V

COH

NH2

HO

OH

OH

COOH

VI

OH

HO

HO
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    bunebaSi Tavisufal mdgomareobaSi ufro xSirad gvxvdeba D-glukuronis 
mJava. igi umniSvnelo raodenobiT Sedis sisxlsa da SardSi. sxvadasxva 
toqsikuri nivTiereba, romelic organizmSi gvxvdeba, SardTan erTad gamodis 
glukuronidebis saxiT. 
        D-galaqturonis mJava Sedis tvinis naxSirwyalSemcveli polimerebis 
SemadgenlobaSi. igi aseve napovnia zogierT baqterialur polisaqaridSi. 
uronis mJavebis qimiuri Tvisebebi. uronis mJavebis qimiuri Tvisebebi gan-
isazRvreba am naerTis molekulaSi sami tipis reaqciisunariani dajgufebis - 
karboqsilis, karbonilisa da hidroqsilis jgufis gavleniT. uronis mJave-
bisaTvis damaxasiaTebelia dekarboqsilireba, aRdgeniTi reaqciebi, daJangva, 
urTierTqmedeba spirtebTan, organul mJavebTan, fenilhidrazinTan, aminebTan. 
1. uronis mJavebi  wyalSi an piridinSi gacxlebiT zogierT metalTa (Mg, Zn, 
Ni, Al, Pb) marilebis monawileobiT warmoqmnis pentozebs. am process ewodeba 
dekarboqsilireba: 
 

O
COOH

OH

OH

OH

H, OH

OOH

OH

OH

H, OH

 
 

2. uronis mJavebSi naxevaracetaluri hidroqsilis jgufi advilad SeiZleba 
daiJangos azotmJavis da bromis moqmedebiT karboqsilis jgufad. am dros 
uronis mJavebidan warmoiqmneba Saqris mJavebi. magaliTad, galaqturonis 
mJavasagan miiReba lorwos mJava:  
 

COH

OH

HO

HO

OH
COOH

COOH

OH
HO

HO

OH

COOH  
 

3. glukuronis mJavas urTierTmoqmedebiT fenilhidrazinTan warmoiqmneba 
fenilhidrazinis marili _ fenilozazoni: 

 
HC

OH

HO

OH

OH

COOH

O HC

C N

HO

OH

OH

COOH

N

PhNHNH2

NHPh
NHPh

 
 

4. D-galaqturonis mJavaze ganzavebuli HCl-is moqmedebiT meTanolis xsnarSi 
warmoiqmneba galaqturonis mJavas meTilis eTeri (I), misi warmoqmnis siCqare 
daaxloebiT 25-jer metia, vidre anomeruli D-galaqtofuranozidebisa (II) da 
(III), romlebic reaqciis Semdeg stadiaze warmoiqmnebian. maTi Semdgomi 
gacxelebiT warmoiqmneba Sesabamisi piranozidebi (IV) da (V): 
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O
COOH

OH

OH

H, OH

HO
CH3OH; H+ O

COOCH3

OH

OH

H, OH

HO

I

OCH3

OH OH

OH

O

COOCH3
II

O
COOCH3

HO

OH

OH
OCH3

IV

OCH3
OH OH

OH

O

COOCH3
III

O
COOCH3

HO

OH

OH

OCH3

V
 

 
6. D-glukuronis acetilirebiT Zmris anhidridTan piridinis areSi miiReba 

1,2,5-tri-0-acetil-β-D-glukuronis mJavas laqtoni (I), romelzedac uwylo alu-

minis qloridis moqmedebiT warmoiqmneba 2,5-di-0-acetil-1-qlor-1-dezoqsi-β-D-
glukuronis mJavas laqtoni (II), xolo D-glukuronis an D-galaqturonis 
mJavebis piranozuli formebis acetatebis misaRebad gamoiyeneba maTi meTilis 
eTerebi. magaliTad, galaqturonis mJavas meTilis eTerisagan Rebuloben tet-

ra-0-acetil-α-D-galaqtopiranozis mJavas meTilis eTers (III), romelzedac 
bromwyalbadis moqmedebiT warmoiqmneba Sesabamisi acetobrom warmoebuli (IV). 
   

          

OAcAcO

OAc

O

O

C

I

O

ClAcO

OAc

O

O

C

II

O

O
COOCH3

OAc

OAc

AcO

III

OAc

O
COOCH3

OAc

OAc

AcO

IV

Br

 
 
uronmJavebis miRebis sinTezuri meTodebi: 

1. aldozebis pirveladi spirtuli jgufis daJangva; 
2. erTi saxis uronmJavebis gardaqmna meored naxSirbaduli jaWvis dag-

rZelebis an damoklebis gziT. 
3. karboqsiluri jgufis Seyvanis sxva meTodebi. 

1. aldozebis  pirveladi spirtuli daJangvis dros xSirad gamoiyeneba 
katalizuri daJangva JangbadiT platinis katalizatoris Tanaobisas. am Sem-
TxvevaSi xdeba pirveladi spirtuli jgufis SerCeviTi daJangva, am dros 
daculi unda iyos glikoziduri hidroqsilis jgufi. imdenad, ramdenadac 
uronmJavebi aramdgradia mJavebis da fuZeebis moqmedebis mimarT, glikoziduri 
centris dasacavad xSirad iyeneben alkilidenur warmoebulebsa da benzilg-
likozidebs. heqsopiranozidebis an pentofuranozidebis katalizuri daJangvis 
dros iJangeba pirveladi spirtuli jgufi da warmoiqmneba uronmJavebi. 

magaliTad, α-fenil-D-glukopiranozidi gardaiqmneba α-fenil-D-glukopira-
nuronidad, romlis damcavi jgufis moxsna xdeba mJavuri hidroliziT: 
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O
CH2OH

OH

OH
OH OC6H5

O2/Pt
O

COOH

OH

OH
OH OC6H5

H+
O

COOH

OH

OH
OH

H, OH

 
 

xolo β-benzil-D-ribofuranozidisagan warmoiqmneba β-benzil-D-ribo-
furanozidi, romlis hidrirebiT paladiumis katalizatoris TandaswrebiT 
xdeba damcavi jgufis moxsna da miiReba uronmJava. 

 

OCH2C6H5

OH OH

OHOH2C
O2/Pt OCH2C6H5

OH OH

OHOOC
O2/Pd

OH OH

OHOOC

H, OH

 
 

1,2;3,4-di-0-izopropiliden-D-galaqtozis daJangviT da izopropilidenuri 
jgufebis moxsniT miiReba D-galaqturonis mJava: 
 

O
CH2OH

O

O

O

O

H3C

H3C

CH3

CH3

KMnO4

O
COOH

O

O

O

O

H3C

H3C

CH3

CH3
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O

COOH

OH

OH

OH

OH

H, OH

 
 

2. erTi saxis uronmJavebis gardaqmnisaTvis meore saxis  uronmJavebad SeiZle-
ba gamoyenebul iqnes epimerizacia an naxSirbaduli jaWvis damokleba. 
magaliTad, D-galaqtarmJavas monoamidis degradaciiT miRebul iqna L-
liqsuronis  mJava: 

COOH

HO
OH

HO

CONH2

OH

COH

HO

COOH

HO

HO
H
H

H

 
 

3. uronmJavebi miiReba 6-0-tozil-1,2-0-izopropiliden-D-glukozaze kaliumis 
cianidis moqmedebiT: 

 

HO

O

OH

O

CH2OTs
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KCN HO

O

OH
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Ts=SO2C6H4CH3P 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ujeri monosaqaridebi 
 

     cnobilia ori tipis ujeri naxSirwylebi: glikalebi da glikozeenebi. 
glikalebi. bunebaSi glikalebi Tavisufali saxiT ar arseboben. maT Rebulo-
ben sinTezuri gziT. glikalebi miiReba acetohalogenozis aRdgeniT, 
magaliTad, acetobromglukozis TuTiiT aRdgeniT ZmarmJavaSi da darCenili 
acetiluri jgufebis Semdgomi SesapvniT: 

 

O
CH2OAc

AcO
OAc

OAc

H
H

H

H

H

Br

+Zn

AcOH

O
CH2OAc

AcO
OAc

H

H
H

H

H +HOH
O

CH2OH

HO
OH

H

H
H

H

H

 
    glikalze wylis molekulis mierTebiT (H2SO4-is TandaswrebiT) miiReba 2-
dezoqsiglukoza anu glikodezoza: 

 

O
CH2OH

HO
OH

H

H
H

H

H
H2O

O
CH2OH

HO
OH

H

H
H

H

H

H

OH

 
 
glikozeenebi. glikozeenebi miiReba acetohalogenozebisagan magaliTad, 
acetobromglukozaze (I) meoradi aminebis moqmedebiT halogenwyalbadis warT-
mevis gziT: 
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O
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1,2-glukozeenis tetraacetatis (II)SesapvniT warmoiqmneba Tavisufali glu-
kozeeni enolur formaSi (III), romelic izomerizdeba ketonur formad (IV). 
 

 
 

  
 
 
 
 
 
 
 
 
 
 

 rTuli naxSirwylebi 
 

     rTuli naxSirwylebi iseTi naerTebia, romlebic hidrolizis Sedegad 
iZlevian martiv naxSirwylebs-monozebs. rTuli naxSirwylebi iyofa or 
jgufad: oligosaqaridebad da polisaqaridebad. oligosaqaridebi dabalmo-
lekuluri wonis mqone polisaqaridebia, romlebic wyalSi ixsnebian da da-
kristalebis unari aqvT. polisaqaridebi maRalmolekuluri wonis mqone 
naerTebia, romlebic wyalSi sustad an srulebiT ar ixsnebian da dakris-
talebis unari ar gaaCniaT. 
 

oligosaqaridebi 
   
         monosaqaridebis ricxvis mixedviT oligosaqaridebi iyofa disaqaridebad, 
trisaqaridebad, tetrasaqaridebad, pentasaqaridebad da a.S. oligosaqaridebi-
dan gansakuTrebiT mniSvnelovania disaqaridebi anu biozebi. 
disaqaridebi ori erTnairi an gansxvavebuli monosaqariduli naSTisagan 
Sedgeba, romlebic erTmaneTTan dakavSirebulia 0-glikoziduri bmiT. am 
ukanasknelis warmoqmnaSi monawileobs erTi monosaqaridis naxevaracetaluri 
hidroqsidis jgufi da meore monosaqaridis nebismieri hidroqsidis jgufi, 
maT Soris naxevaracetaluric. Tu disaqaridis romelime monosaqariduli 
naSTi Seicavs naxevaracetalur hidroqsidis jgufs, maSin is aRmdgenelia, 
winaaRmdeg SemTxvevaSi - araaRmdgeneli. disaqaridebi mJava areSi hi-
drolizdeba monosaqaridebis warmoqmniT. disaqaridis SedgenilobaSi Semava-
li orive manoza SesaZlebelia erTnairi an gansxvavebuli iyos. 
    aRmdgeneli disaqaridebis warmomadgenlebia: maltoza, celobioza, laq-

toza, genciobioza. Maltoza, anu alaos Saqari β-amilaziT saxameblis hidro-
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lizis ZiriTadi produqtia. es fermenti gamoiyofa sanerwyve jirkvlebis mier, 
magram igi gansakuTrebiT didi raodenobiTaa alaoSi (aRmocenebul, Semdeg 
gamomSral da daqucmacebul xorbleulis marcvalSi). maltozaSi D-gluko-
piranozis ori molekula erTmaneTTan dakavSirebulia 1,4-glikoziduri bmiT. 

am bmis warmoqmnaSi monawile anomerul naxSirbadis atoms α-konfiguracia 
aqvs, xolo Tavisufali naxevaracetaturi hidroqsilis jgufis Semcvel 

anomerul naxSirbadis atoms SeiZleba gaaCndes rogorc α-(α-maltoza), ise β-
konfiguracia (β-maltoza). am disaqaridis sruli saxelwodebaa α-D-gluko-

piranozil-1,4-α-D- (an β, D) glukopiranoza: 
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celobioza miiReba celulozis arasruli hidroliziT. misi molekula Sedge-

ba 1,4-glikoziduri bmiT dakavSirebuli ori β-D-glukopiranozis naSTisagan. 

am disaqaridis saxelwodebaa: β-D-glukopiranozil-1,4-β-D-glukopiranoza: 

O
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HO
OH
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H
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H
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H
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    rogorc maltoza, ise celobioza mJavuri hidrolizis dros warmoqmnis 

glukozas. cocxal organizmSi celobioza hidrolizdeba β-glukozidaziT, 
romelic adamianis organizmSi ar gvxvdeba. amitom, cxovelebisagan 

gansxvavebiT, romelTac saWmlis momnelebel traqtSi gaaCniaT β-
glukozidazuri aqtivobis mqone baqteriebi, adamianisaTvis sakveb produqts 
ar SeiZleba warmoadgendes celobioza da misi Sesabamisi polisaqaridi 
celuloza. 
    disaqaridebidan aRsaniSnavia laqtoza, anu rZis Saqari. igi Sedis rZis 
SedgenilobaSi (4-5%). mas Rebuloben rZis Sratidan xaWos mocilebis Semdeg. 

laqtozaSi β-D-galaqtopiranozisa da β-D-glukopiranozis naSTis anomeruli 

naxSirbadis atoms aqvs β-konfiguracia, xolo D-glukopiranozis naSTis 

anomerul naxSirbadis atoms ki SeiZleba hqondes rogorc α-(α-laqtoza), ise 

β-(β-.laqtoza) konfiguracia: 
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H
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H
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H

OH
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    β-laqtozis sruli saxelwodebaa: β-D-galaqtopiranozil-1,4-β-D-gluko-
piranoza. laqtozas iyeneben farmakologiaSi fxvnilebisa da abebis dasam-
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zadeblad, sakvebad Cvili bavSvebisaTvis. dedis rZe Seicavs 8% laqtozas. mas 
4-5-jer naklebi sitkbo aqvs, vidre saqarozas. 
    Cven mier ganxilul disaqaridebSi (maltoza, laqtoza, celobioza) erTi 
monosaqaridis molekula ukavSirdeba meore monosaqaridis molekulas 1,4-
glikoziduri bmiT. aRmdgenel disaqaridebs miekuTvneba aseve genciobioza, 
romelSic monosaqariduli naSTebi erTmaneTTan dakavSirebulia 1,6-gliko-
ziduri bmiT. igi Sedis mravali mcenareuli glikozidis SedgenilobaSi. 
magaliTad, mware nuSidan gamoyofilia glikozidi amigdalini, romlis ag-
likons benzaldehidis cianhidrini warmoadgens. 
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    amigdalinis hidrolizi xorcieldeba ferment β-glukozidaziT. am dros 
warmoiqmneba cianwyalbadmJava, riTac aixsneba aRniSnuli glikozidis mom-
wamlavi moqmedeba. mJavebis moqmedebiT amigdalinis molekula iSleba or 
molekula glukozad, erT molekula benzois aldehidad da erT molekula 
cianwyalbadmJavad: 

                                   C19H27O11C N + 2H2O→ 2 C6H12O6 + C6 H5C HO + HCN 
 
    araaRmdgeneli disaqaridebis warmomadgenelia disaqaridi-saqaroza 
(lerwmis Saqari, Warxlis Saqari). saqaroza miiReba D-glukopiranozisa da D-
fruqtofuranozis naxevaracetaluri hidroqsilis jgufebis erTmaneTze 
gadabmiT. igi farTodaa gavrcelebuli mcenareul samyaroSi. gansakuTrebiT 
didi raodenobiT gvxvdeba Saqris lerwmisa da Saqris Warxlis Sedge-
nilobaSi (28%), saidanac xdeba sawarmoo masStabiT misi miReba. am 
disaqaridSi D-glukoza (piranozul formaSi) dakavSirebulia D-fruqto-
zasTan (furanozul formaSi) anomerul naxSirbadis atomebTan arsebuli 
hidroqsilis jgufebis xarjze: 
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saqaroza ar iZleva aldehidebisa da ketonebisaTvis damaxasiaTebel reaq-
ciebs. misi hidrolizis Sedegad, romelsac inversia ewodeba, miiReba D-glu-
kozisa da D-fruqtozis narevi, e.w. invertuli Saqari, romelic iZleva alde-
hidebisa da ketonebis damaxasiaTebel reaqcias. amasTan, aRsaniSnavia is gare-
moeba, rom inversiis Sedegad saqarozas SemadgenlobaSi Semavali arasta-
biluri fruqtoza (fruqtofuranoza) gadajgufdeba stabilur fruqtozaSi 
(fruqtopiranozaSi). saqaroza sinaTlis polarizaciis sibrtyes marjvniv 
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abrunebs, xolo misi hidrolizis Sedegad miRebuli produqtebidan fruqtoza 
ufro Zlier abrunebs polarizaciis sibrtyes, vidre glukoza-marjvniv. 
    araaRmdgenel disaqaridebSi monosaqaridis meore molekula Rebulobs 
glikozidebisaTvis damaxasiaTebel daboloebas “ozidi”. magaliTad, saqaro-

zis saxelwodebaa α-D-glukopiranozil 1,2-β-D-fruqtofuranozidi. araaRmd-
geneli disaqaridebidan aRsaniSnavia trehaloza, anu mikoza (sokos Saqari): 
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trehaloza Sedis sokoebis, wyalmcenareebis da sxv. SedgenilobaSi. misi 
molekula Sedgeba glukozis ori naSTisagan, romlebic erTmaneTTan da-
kavSirebulia glikozid-glikoziduri bmiT. 
    disaqaridebi farTod gamoiyeneba medicinaSi. disaqariduli fragmenti 
Sedis zogierTi naxSirwylovani antibiotikis SedgenilobaSi. magaliTad, 
aminglikozidi streptomicini Seicavs streptozisa da N-meTilirebuli glu-
kozaminis naSTebs, sadac aglikoni aris streptidini (1,3-diguanidin-2,4,5,6-tet-
raoqsicikloheqsani). aminglikozidebis antibaqteriuli aqtivoba ganpiro-
bebulia maT molekulaSi erTdroulad streptidinisa da aminSaqrebis 
arsebobiT. cal-calke maT ar gaaCniaT antibiotikuri aqtiuroba. strep-
tidinSi arsebiTi mniSvneloba aqvs guanidinis naSTs. Tu mas movxleCT, naerTi 
dakargavs antibaqteriul aqtivobas. Aaseve mniSvnelovania streptozis alde-
hiduri jgufi. Tu mas davJangavT karboqsilamde, gamoiwvevs preparatis inaq-

tivacias. streptomicini gamoiyeneba im baqteriebis sawinaaRmdegod, romlebic 

mdgradebia penicilinebis mimarT: 
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    . 
trisaqaridebi. trisaqaridebi sakmao raodenobiTaa warmodgenili mcenareebsa 
da sokoebSi. Sedgeba sami monosaqariduli naSTisagan. trisaqaridebis did 
jgufs aRdgenis unari ar axasiaTebs, vinaidan dakavSireba upiratesad gliko-
ziduri naxSirbadis hidroqsilis jgufebis xarjze xorcieldeba. trisaqari-
debis warmomadgenlebia: melicitoza, rafinoza, gencianoza. melicitoza Sed-
geba ori molekula glukozisa da erTi molekula fruqtozisagan. igi araa-
Rmdgeneli trisaqaridia. Sedis zogierTi wiwviani xis (fiWvi) SedgenilobaSi. 
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    rafinoza araaRmdgeneli trisaqaridia, misi molekula Sedgeba erTi 
molekula galaqtozis, erTi molekula glukozisa da erTi molekula 
fruqtozisagan. rafinoza didi raodenobiT Sedis Saqris WarxalSi, bambis 
TeslSi, zogierT wyalmcenareSi, sokoSi da sxvadasxva mcenareebSi. 
    gencianoza araaRmdgeneli trisaqaridia. Sedis mcenare naRvelas fesvebSi, 
aseve zogierTi mcenaris ReroSi. misi molekula Sedgeba ori molekula 
glukozisa da erTi molekula fruqtozisagan: 
tetrasaqaridebi. tetrasaqaridebis mniSvnelovani warmomadgenelia staqioza, 
romelic galaqtozis ori molekulis, glukozisa da fruqtozisagan Sedgeba. 
staqiozas aRnagoba aseTia. igi araaRmdgeneli tetrasaqaridia. Sedis 
zogierTi mcenaris fesvebsa da bolqvebSi, parkosnebis TeslSi. 
disaqaridebis agebuleba.  disaqaridebis agebulebis Sesaswavlad saWiroa 
dadgenil iqnes:  
a. romeli  monosaqaridebis naSTebi Sedis molekulaSi; 

b. romeli formis saxiT Sedis es naSTebi  (α- an β-formebi, piranozuli an 
furanozuli ciklebi); 
g. romeli hidroqsidebis xarjze xdeba ori molekula monosaqaridis 
SeerTeba disaqaridis warmoqmnis dros. 
    imisaTvis, rom dadgindes, Tu romeli monosaqaridebis naSTebisganaa 
warmoqmnili disaqaridis molekula, axdenen am ukanasknelis hidrolizs, 
Semdeg ki warmoqmnili monosaqaridis identifikacias ama Tu im meTodiT. 

glikoziduri kavSiris (α an β) dasadgenad sargebloben SerCeviTi fermen-

tuli hidroliziT. romelic xorcieldeba α-glikozidazas da β-gli-
kozidazas daxmarebiT. 
    piranozuli an furanozuli ciklis dadgena SeiZleba mJavuri hid-
rolizis kinetikis SeswavliT. furanozidebis hidrolizis siCqare gacilebiT 
metia piranozidebis hidrolizis siCqareze. ciklebis bunebaze zust cnobebs 
iZleva meTilirebis meTodi. amisaTvis disaqaridze meTiliodidiT an dime-
TilsulfatiT moqmedeben tute areSi. am dros yvela hidroqsilis jgufis 
wyalbadatomebi Cainacvleba meTilis jgufebiT. magaliTad, trehalozis 
meTilirebiT warmoiqmneba oqtameTiltrehaloza. meTilirebis Semdeg axdenen 
frTxil mJavur hidrolizs, ris Sedegadac meTilirebuli disaqaridi iSleba 
meTilirebul monosaqaridebad. meTilirebuli monosaqaridebis agebulebis 
Seswavla saSualebas iZleva davaskvnaT, Tu disaqaridebSi monosaqaridebis 
naSTebi romeli hidroqsilis jgufebis xarjze arian SekavSirebuli 
(hidrolizis Sedegad warmoqmnil meTilirebul monosaqaridebSi SekavSirebis 
adgilze Tavisufali hidroqsilis jgufebi warmoiqmneba). 
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    meTilirebuli maltozis mJavuri hidrolizis dros ori monosaqaridis 
naSTis SemaerTebeli glikoziduri bmebis gawyvetis garda mimdinareobs erT-
erTi monosaqaridis naSTis meTilglikoziduri kavSiris hidrolizic. 
amrigad, trehalozis tipis da maltozis tipis oqtameTilCanacvlebuli 
disaqaridebis hidrolizis dros, pirvel SemTxvevaSi, miiReba ori molekula 
tetra-meTilheqsoza, xolo meore SemTxvevaSi, tetrameTilheqsoza da 
trimeTilheqsoza. 
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ოქტამეთილტრეჰალოზის ჰიდროლიზი 
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ოქტამეთილმალტოზის ჰიდროლიზი 

 
     ori sxvadasxva monosaqaridis naSTisagan Semdgari aRmdgeneli poli-
saqaridis agebulebis dasadgenad aseve saWiroa gairkves Tu romeli 
naxevaracetaluri hidroqsilia Canacvlebuli da romeli Tavisufali. 
amisaTvis unda ganisazRvros meTilirebis dros monosaqaridebis romeli 
naSTebi warmoqmnian trimeTilwarmoebuls da tetrameTilwarmoebuls. 
    oligosaqaridebSi monosaqariduli naSTebi erTmaneTTan SeerTebulia 
1,2;1,6 da sxva kavSirebiT. bolo wlebSi farTod gamoiyeneba periodatuli 
meTodi, rac saSualebas iZleva ganvasxvaoT disaqaridebSi 1,4-da 1,6-kavSirebi. 
1,4-kavSiris Semcvel disaqaridze iodis mJavas moqmedebis dros gamoiyofa 
iodi, maSin rodesac 1,6-kavSiris arsebobisas ar xdeba iodis gamoyofa. iodis 
mJavadan gamoyofa ganpirobebulia warmoqmnili reduqtonis O=CH-CH(OH)-CH=O  
aRmdgeneli moqmedebiT. magaliTad, maltoza (al-formaSi) reagirebs iodis 
mJavasTan Semdegi sqemis mixedviT: 
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Tu disaqaridebs Soris aris 1,6-kavSiri, maSin periodatuli daJangvis dros 
ar mimdinareobs arc reduqtonis naSTis warmoqmna, arc glikoziduri bmis hi-
drolizi. 
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oligosaqaridebis sinTezi 
 

1. monozebze mJavebis reversiuli moqmedeba. reversia ewodeba inversiis 
Sebrunebul movlenas, romlis drosac ori molekula monozis kondensaciiT 
miiReba erTi molekula disaqaridi: 

C6H12O6 + C6H12O6
-H2O

C12H22O11  
    am SemTxvevaSi katalizatorebad gamoiyeneba koncentrirebuli mineraluri 
mJavebi. reversiis meTodiT miiReba araerTi romelime individualuri 
disaqaridi, aramed warmoiqmneba sxvadasxva disaqaridis narevi. 
 2. acetilhalogenozebze monozebis natriumwarmoebulebis moqmedebiT. 1879 
wels kolim am meTodiT pirvelad Caatara saqarozis sinTezi. miRebuli 
disaqaridi bunebrivi saqarozisgan imiT gansxvavdeba, rom mis SemadgenlobaSi 
Sedis D-glukopiranozisa da D-fruqtofuranozis naSTebisagan. Aam izomerul 
disaqarids ewodeba saqaroza C. 
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3. acetilhalogenozebze vercxlis karbonatis moqmedebiT: 
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4. orToeTeTeruli meTodiT, romelic damuSavebulia koCetkovisa da misi 
TanamSromlebis mier. oligosaqaridi miiReba monosaqaridis acilirebuli 1,2-
orToeTeris urTierTqmedebiT Tavisufali hidroqsilis Semcvel acilirebul 
monosaqaridTan: 
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5. acetilhalogenozisa da acetilirebuli monozis kondensaciiT, romelsac 
gaaCnia erTi Tavisufali hidroqsili: 
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     r. gaxokiZis da misi mowafeebis mier damuSavebulia α-disaqaridebis ste-
reospecifikuri sinTezi Txevadi bromis areSi: 
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6. Tavisufali glikoziduri jgufis Semcveli acilirebuli monozisa da 
Tavisufali hidroqsilis jgufis Semcveli acilirebuli an alkilidenuri 
monozis kondensaciiT. Aam meTodiT prof. a. gaxokiZem miiRo axali tipis 
disaqaridebi, romelTa molekulebSi monosaqaridTa naSTebi dakavSirebulia 
1,2 da 1,3 bmebiT.  
7. erTi disaqaridis meoreSi izomerizaciiT. Aam meTodiT prof. a. gaxokiZem 
ganaxorciela disaqaridebis epimerizacia(disaqaridis aRmdgenel nawilSi 
meore naxSirbadis atomTan wyalbadisa da hidroqsilis jgufis Semobruneba) 
bentonituri Tixebis moqmedebiT. 
8. bioqimiuri sinTezi. monosaqaridebze fermentebis moqmedebiT miiReba 

sxvadasxva disaqaridi. magaliTad, D-glukozaze emulsinis moqmedebiT miiReba 
genciobioza da celobioza. 
 
 

polisaqaridebi (poliozebi) 
 

    polisaqaridebi hidrolizis Sedegad iZlevian mraval molekula mono-
saqarids, amitom isini maRalmolekuluri naerTebia. monosaqariduli 
Sedgenilobis mixedviT polisaqaridebi iyofa 2 jgufad: homopolisaqaride-
bad, romlebic agebulia erTnairi monosaqariduli naSTisagan da heteropo-
lisaqa-ridebad, romlebic Sedgebian sxvadasxva monosaqariduli naSTebisagan. 
    qimiuri bunebis mixedviT polisaqaridebi unda ganvixiloT rogorc 
poliglikozidebi anu poliacetalebi. monosaqaridis TiToeuli rgoli 
glikoziduri bmiT ukavSirdeba wina da momdevno rgols. amasTan, momdevno 
rgolTan dakavSireba xdeba naxevaracetaluri (glikoziduri) polisaqaridis 
jgufis saSualebiT, xolo wina rgolTan _ spirtuli hidroqsidis jgufiT, 
romelic rogorc wesi, meoTxe da meeqvse naxSirbadatomTan mdebareobs. 
    mcenareuli warmoSobis polisaqaridebSi ZiriTadad monawileobs 1,4- da 
1,6-glikoziduri bmebi, xolo cxoveluri da baqteriuli warmoSobis 
polisaqaridebSi damatebiT gvxvdeba 1,3- da 1,2-glikoziduri bmebi. jaWvis bo-
loSi imyofeba monosaqaridis aRmdgeneli naSTi. misi wili mTel molekulaSi 
imdenad mcirea, rom poliozebs TiTqmis ar axasiaTebs aRmdgeneli Tvisebebi. 
    polisaqaridTa glikoziduri buneba ganapirobebs maT advil hidrolizs 
mJava areSi da maRal mdgradobas tute areSi. sruli hidroliziT warmoiqmne-
ba monosaqaridebi, xolo arasruli hidroliziT –oligosaqaridebi. 
    homopolisaqaridebs miekuTvneba: saxamebeli, glikogeni, celuloza, hemi-
celuloza, deqstranebi, peqtinuri nivTierebebi. heteropolisaqaridebs 
miekuTvneba: SemaerTebeli qsovilis polisaqaridebi- qondroitinsulfati, hi-
aluronis mJava, heparini, baqteriuli ujredis kedlis polisaqaridi-muramini; 
mukopolisaqaridebi, mcenareuli gumfisebi. 

 
 

 
 81 



homopolisaqaridebi 
 

saxamebeli. saxamebeli warmoadgens naxSirorJangis asimilaciis saboloo 
produqts mcnareebSi, amitom yvela mwvane mcenare Seicavs saxamebels, rome-
lic warmoadgens masSi samarago nivTierebas, adamianisaTvis ki _ sakvebs. sax-
amebels didi raodenobiT Seicavs kartofili (20%), simindi (70%), xorbali 
(66%), qeri (75%). saxameblis marcvlebi moTavsebulia mcenaris ujredebSi. 
saxameblis misaRebad mcenares winaswar Wrian da aqucmaceben, raTa ujredebi 
daiSalos da saxamebeli advilad gamovides. Semdeg am daqucmacebul masas 
umateben wyals da ureven. miRebuli mRvrie wyali gadaaqvT calke WurWelSi 
da ayovneben, sanam saxamebeli ar daileqeba. ramdenime xnis Semdeg sufTa wy-
als gadaRvrian da WurWlis fskerze daleqil saxamebels aSroben. 

    saxamebeli α-glukozis naSTebisagan Semdgari ori homopolisaqaridis-
amilozis (10-20%) da amilopeqtinis (80-90%) narevia. saxamebeli TeTri amor-
fuli nivTierebaa. igi civ wyalSi ar ixsneba, cxel wyalSi ki _ jirjvdeba da 
misi garkveuli nawili TandaTanobiT ixsneba. saxameblis swrafi gacxelebisas 
masSi higroskopuli tenis (10-20%) arsebobis gamo xdeba makromolekuluri 
jaWvis hidrolizuri daSla, ris Sedegadac miiReba ufro dabalmolekuluri 
polisaqaridebis narevi-deqstrinebi. deqstrinizacia mimdinareobs puris cxo-
bis procesSi. deqstrinebad gardaqmnili fqvilis saxamebeli kargi xsnadobis 
gamo ufro advilad SeiTviseba organizmis mier: 

        

(C6H10O5)n
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amilozaSi D-glukopiranozuli naSTebi erTmaneTTan SeerTebulia α-1,4-
glikoziduri bmebiT, e.i. amilozas disaqariduli fragmenti maltozaa. misi 
jaWvi araa ganStoebuli, Seicavs 200-1000-mde glukozis naSTs, molekukuri 
masaa 40000-160000. 
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    rentgenostruqturuli analizis Tanaxmad, amilozas makromolekula spi-
raluradaa daxveuli. amasTan, spiralis TiToeul xviaze 6 monosaqariduli 
naSTi Tavsdeba. 
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    spiralis Siga arxSi SeiZleba moTavsdes Sesabamisi zomis molekula 
(magaliTad, iodis) warmoiqmneba kompleqsi, romelsac CarTvis naerTi ewodeba. 
iodis kompleqss amilozasTan lurji Seferva gaaCnia, ris gamoc igi gam-
oiyeneba rogorc saxameblis, ise iodis aRmosaCenad. amilozisagan gansxvave-
biT amilopeqtins ganStoebuli aRnagoba aqvs. ZiriTad jaWvSi 2-

glukopiranozuli naSTebi erTmaneTTan dakavSirebulia α-1,4-glikoziduri 

bmebiT, xolo ganStoebis adgilebSi α-1,6-glikoziduri bmebiT: 
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    saWmlis momnelebel organoebSi mineraluri mJavebisa da ferment ami-

lazas moqmedebiT, saxameblis makromolekulaSi wydeba rogorc α-1,4-, ise  α-
1,6-glikoziduri bmebi. saxameblis hidrolizi safexurebad mimdinareobs: jer 
miiReba deqstrinebi, Semdeg – maltoza da bolos glukoza: 
 

(C6H10O5)n   →  (C6H10O5)m    → C12H22O11   →  C6H12O6 
saxamebeli      deqstrinebi       maltoza      glukoza 

 
glikogeni anu cxoveluri saxamebeli (C6H10O5)n .   glikogeni warmoadgens RviZ-
lis samarago polisaqarids da cxovelebSi asrulebs imave rols, rasac sax-
amebeli mcenareebSi. organizmSi mimdinare yvela sasicocxlo procesi da-
kavSirebulia glikogenis  biologiur daSlasTan, ris Sedegad miiReba 
rZemJava. glikogenis qimiuri gardaqmnis Sedegad warmoiqmnili energia 
xmardeba organizmis arsebobas. glikogeni aRnagobiT waagavs amilopeqtins, 
magram ufro ganStoebulia. Zlieri ganStoeba ganapirobebes am polisaqaridis 
energetikul funqcias, radganac am SemTxvevaSi SesaZlebelia saWiro raode-
nobis glukozis molekulebis swrafi mowyveta. glikogenis molekuluri masa 
100 milions aRwevs. 

                                                                                       
 
 
 
 
 

                                                                    sur. 2 
 
 
 

 
glikogenis agebuleba 
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    glikogeni aRmoCenil iqna adamianis RviZlSi 1857 wels. RviZlSi misi 
raodenoba aRwevs 150 g-s. glikogenis dagrovebis wyaros RviZlSi warmoadgens 
glukoza, romelic miiReba saxameblis daSlis Sedegad. saxamebeli, romelsac 
adamiani sakvebis saxiT Rebulobs, ferment amilazas moqmedebiT glukozamde 
iSleba. miRebuli glukoza ixsneba wyalSi da wvrili nawlavebis kedlebidan 
Seiwoveba sisxlSi, sadac igi gardaiqmneba glikogenad  da grovdeba RviZlSi. 
mcire raodenobiT (0,1%) rCeba sisxlSi, romelic CasunTquli Jangbadis 
moqmedebiT iSleba wylad da naxSirorJangad. am aerobuli gardaqmnisas war-
moiqmneba energia, romelic aucilebelia organizmis arsebobisaTvis. glu-
kozis gardaqmna mimdinareobs agreTve kunTebSi anaerobul pirobebSi. am dros 
gamoiyofa rZemJava. imis Semdeg, rac daixarjeba sisxlsa da kunTebSi myofi 
glukoza, RviZlidan glikogenis nawili fermentebis moqmedebiT iSleba glu-
kozad da gadadis sisxlSi. amgvarad, glukoza mcire raodenobiT yovelTvis 
moipoveba sisxlsa da kunTebSi, RviZls ki glikogeni TandaTanobiT akldeba, 
ris gamoc saWiroa misi Sevseba sakvebi produqtebis saSualebiT (dawvrilebiT 
ixileT naxSirwylebis metabolizmi). glikogenis misaRebad RviZls amuSaveben 
5-10%-iani samqloriani ZmarmJavaTi, saidanac glikogens Semdeg spirtiT 
amowvlilaven.   
    glikogeni wyalSi xsnadi TeTri amorfuli masaa. iodTan igi wiTel-
iisfer Sefervas iZleva.  mJavebis da fermentebis moqmedebiT glikogeni ad-
vilad hidrolizdeba da iZleva D-glukozas. glikogenis hidroliziT war-
moiqmneba deqstrinebi da maltoza. 
deqstranebi _ baqterialuri warmoSobis polisaqaridebia. maT Rebuloben 

saqarozis xsnarze specialuri makroorganizmebis moqmedebiT. deqstranebSi α-
D-glukopiranozuli naSTebi erTmaneTTan dakavSirebulia α-1,6-glikoziduri 

bmebiT, ganStoeba xorcieldeba α-1,4-, α-1,3-, ufro iSviaTad, α-1,2-bmebis saSu-
alebiT: 
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    deqstranebs iyeneben sisxlis plazmis Semcvlelad, magram bunebrivi 
deqstranebis maRali molekuluri masis (ramodenime milioni) gamo maTgan 
saineqcio xsnarebis momzadeba ar xerxdeba. amitom, mJavuri hidroliziT an 
ultrabgeris moqmedebiT axdenen molekuluri masis Semcirebas 50-100 
aTasamde, raTa miiRon “klinikuri deqstranebi”, rogoricaa magaliTad, 
preparati poliglukini. 
celuloza anu ujredisi (laT. cellula-ujredi) yvelaze gavrcelebuli mcena-
reuli polisaqaridia. bamba Seicavs 90% celulozas, xis merqani  50-70%-s. 
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    celulozaSi β-D-glukopiranozuli naSTebi erTmaneTTan SeerTebulia β-
1,4-glukoziduri bmebiT. celulozis disaqariduli fragmenti aris celobio-
za. am polisaqaridis makromolekuluri jaWvi ar aris ganStoebuli. masSi 
2500-12000 glukozuri naSTia. celulozis molekuluri masa icvleba 400 
aTasidan 1-2 milionamde. 
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    anomeruli naxSirbadatomis β-konfiguracia ganapirobebs celulozis 
makromolekulis xazovan aRnagobas, rac Tavis mxriv iwvevs wyalbaduri 
bmebis warmoqmnas rogorc jaWvis SigniT, ise mezobel jaWvebs Soris: 
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    polimeruli jaWvis aseTi aRnagoba uzrunvelyofs maRal meqanikur 
simtkices, wyalSi uxsnadobas, qimiur inertulobas, ris gamoc celuloza 
warmoadgens saukeTeso masalas mcenaris ujredis kedlebis asagebad. kuW-
nawlavis traqtis fermentebi ver Slis celulozas, magram, miuxedavad amisa, 
es ukanaskneli aucilebelia adamianis kvebisaTvis. 
    celulozas Zalian didi praqtikuli gamoyeneba aqvs. misgan Rebuloben 
Rvinis spirts, qaRalds, kino- da foto-firebs, xelovnur boWkos, ukvamlo 
denTs da sxv. maRalmolekulur naerTTa qimiis TvalsaCino mkvlevarma 
profesorma herman klarem, kiTxvaze, Tu romeli polimeri an polimerTa 
klasi miaCnia mas yvelaze perspeqtiulad, upasuxa: celuloza. saqme marto 
imaSi ki araa, rom celulozisagan damzadebuli qsovilebi yovelTvis 
modaSia, higie-nuri da teqnologiurad xelmisawvdomia, aramed celulozis 
boWkoTa warmoebisaTvis aucilebeli nedleuli regularulad iqmneba 
navTobisa da gazisagan gansxvavebiT, romelTa warmoqmnas saukuneebi sWirdeba, 
celuloza mudmivad warmoiqmneba yovelwliurad, Tbil qveynebSi ki weli-
wadSi orjer. 
    celuloza wyalSi ar ixsneba, igi ixsneba mxolod spilenZamoniakur kom-
pleqsur xsnarSi, e.w. “Sveicaris reaqtivSi~ _ [Cu(NH3)4](OH)2 da koncentri-
rebul mineralur mJavebSi. celulozis xsnaris moqmedebiT Sveicaris 
reaqtivTan wylis mimatebiT celuloza modificirebuli saxiT gamoileqeba. 
amgvarad miRebul celulozas hidratcelulozas uwodeben. mas didi 
praqtikuli gamoyeneba aqvs safeiqro mrewvelobaSi. mineralur mJavaTa wy-
alxsnarebTan gacxelebiT mimdinareobs celulozis hidrolizi D-glukozis 
warmoqmniT: 
 

(C6 H10O5) + nH2O→ nC6H12O6 

 
qimiuri Tvisebebi. celulozas TiTqmis ar gaaCnia aRmdgeneli Tvisebebi da ar 
iZleva monosaqaridebisaTvis damaxasiaTebeli karbonilis jgufis sxva 
reaqciebs. magaliTad, igi asjer ufro sustad aRadgens felingis siTxes, 
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vidre glukoza, rac ganpirobebulia mxolod erTi naxevaracetaluri hi-
droqsiliani glukozis narCenis arsebobiT polimeruli jaWvis bolos.  
    celulozas, glukozis msgavsad axasiaTebs mravalatomiani spirtis 
Tvisebebi. radgan yoveli elementaruli rgoli (C6H10O5) Seicavs sam spirtul 
hidroqsils, celulozis formula SemoklebiT ase gamoisaxeba:  [C6 H7 O2(OH)3]n. 
celulozis, rogorc mravalatomiani spirtis, ZiriTad reaqciebs warmoadgens 
alkoholatebisa da eTerebis warmoqmna. celuloza moqmedebs koncentri-
rebul mwvave tuteebTan tute-celulozis warmoqmniT: 
 

[(C6H10O5)2 ]n + n NaOH →[(C6H10O5) ( C6H9O5Na)]n + nH 2O 
 
    tuteebis moqmedebiT celulozaSi hidroqsilis wyalbadebi Caenacvleba 
mTlianad an nawilobriv. am process merserizacia ewodeba. celuloza 
moqmedebs tute liTonebTan Txevad amiakSi da miiReba alkoholatebi: 
 

[(C6H7O2 (OH)3]n + 3n Na →[(C6H7O2)(ONa)3]n + 3/2nH 2 

 

    reaqciis xangrZlivobisa da tute metalTa raodenobis mixedviT SeiZleba 
metalebis yvela spirtuli hidroqsilis an mxolod maTi nawilis Canacvleba. 
celulozis alkoholatebze alkisulfatebis moqmedebiT miiReba celulozis 
martivi eTerebi:  
 

2[(C6H7O2 (ONa)3]n + 3n(CH3 )2 SO4 →2[(C6H7O2)(OCH3)3]n + 3/2nNa2SO 4 

 

    celulozis martivi eTerebidan teqnikaSi did mniSvneloba aqvs meTil-, 
eTil- da benzilcelulozas, romlebic gamoiyeneba qaRaldis, safeiqro da 
laqebis mrewvelobaSi. celuloza moqmedebs mJavebTan da miiReba rTuli 
eTerebi. celulozis rTul eTerebs Soris mniSvnelovania azotmJava da 
ZmarmJava eTerebi da celulozis qsantogenati. celulozis eTerifikaciiT 
azotmJavasa da gogirdmJavas nareviT miiReba nitroceluloza, sadac gogird-
mJava monawileobs rogorc wyalwamrTmevi saSualeba. 
 

[C6 H7O2(OH)3]n + 3nHNO3 →[C6H7O2(ONO2 )3]n + 3nH 2O 

 
    nitrirebis xarisxis mixedviT miiReba piroqsilini, anu trinitro-
celuloza, romelSic eTerificirebulia celulozis TiTqmis yvela hidroq-
sili, darCenilia Tavisufali hidroqsidebis 20-30%. nitroceluloza Zlier 
feTqebadia, risTvisac mas ukvamlo denTis misaRebad iyeneben. igi aseve 
ixmareba plastmasis warmoebaSi, xelovnuri abreSumis misaRebad da sxv. 
    celulozis rTuli eTerebidan mniSvnelovania agreTve acetoceluloza. 
mas iyeneben kinofirebis, plastmasebis, xelovnuri abreSumis warmoebaSi. 
acetilceluloza miiReba celulozis eTerifikaciiT ZmarmJavas anhidridiT: 
 

[C6H7O2(OH)3]n + 3n(CH3CO)2O→[C6H7O2(OCOCH3)3]n + 3nCH3COOH 
 
   celulozis qsantogenati miiReba celulozis gogirdnaxSirbadiT da-
muSavebisas natriumis tutis TandaswrebiT: 

                               

[C6H7O2(OH)2(ONa)]n + nCS2

OC6H7O2(OH)2

C
SNa
S

n  
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    celulozis qsantogenati kargad ixsneba wyalSi da iZleva viskozur 
xsnars, romlis wvril xvrelebSi gatarebiT miiReba Zafi, risganac viskozur 
qsovils amzadeben. 
hemicelulozebi. mcenareebi celulozasTan erTad Seicaven hemicelulozebs. 
isini Sedgebian galaqtozis, qsilozis, arabinozis, fruqtozis da uronis 
mJavebis naSTebisagan da datotvili struqtura aqvT. monosaqaridebis naSTebi 

xazovani aRnagobis jaWvSi dakavSirebulia β-1,4-glikoziduri bmebiT, gan-
StoebaSi ki moTavsebulia arabinozis da sxva monosaqaridebis naSTebi C-2 da 
C-3 atomebTan. hemicelulozebi Sedis merqanSi 6%-dan 41%-mde. wiwviani xeebis 
merqanSi Warboben heqsozanebi, xolo foTlovani xeebis merqanSi pentozanebi. 
    pentozanebi (qsilanebi, arabanebi) pentozebis polikondensaciis produ-
qtia. foTlovani xeebis merqanSi maTi Semcveloba 22-27%-ia, TivaSi 10-15%. 
pentozanebi ZiriTadad D-qsilozis naSTebisagan Sedgeba. qsilanebi TeTri 
amorfuli fxvnilia, romelic wyalSi ijirjveba. igi Sedgeba D-
qsilopiranozis naSTebisagan, romlebic erTmaneTTan dakavSirebulia β-1,4-
glikoziduri bmebiT. qsilani Sedis merqanSi, bambis CenCoSi, xilis kurkaSi 
da sxva. arabanebi Sedgeba L-arabofuranozis naSTebisagan, romlebic erT-

maneTTan dakavSirebulia α-1,5- da α-1,3-glikoziduri bmebiT. arabani Sedis 
mravali xilis SedgenilobaSi, akaciis wvenSi, alublis weboSi. 
    heqsozanebidan yvelaze gavrcelebulia mananebi da galaqtanebi. mananebi 
Sedgeba D-manopiranozis naSTebisagan, romlebic erTmaneTTan dakavSirebulia 

β-1,4-glikoziduri bmebiT. galaqtanebis SedgenilobaSi Sedis β-D-
galaqtopiranozis naSTebi, romlebic erTmaneTTan dakavSirebulia β-1,4-
glikoziduri bmebiT. mananebi Sedis palmis nayofSi, xorblis marcvlebSi, 
safuarSi, wiwvovan xeebSi da sxv. galaqtanebi Sedis Saqris WarxalSi da sxv. 
qitini. qitini asrulebs celulozis analogiur funqcias (sayrdeni, meqaniku-
ri). misgan aris agebuli mwerebis, kibosmagvarTa rqovani garsebi. igi wyalSi 
uxsnadia, ixsneba organul gamxsnelebSi, sakmaod mdgradia tuteebis mimarT. 
qitini agebulia N-acetoglukozaminis naSTebisagan, romlebic erTmaneTs 

ukavSirdebian β-1,4-glikoziduri bmebiT.  
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    mJavuri hidrolizis dros qitini iSleba glukozaminis warmoqmniT, fer-
ment qitazas moqmdebiT miiReba N-acetilglukozamini. 
peqtonebi bunebaSi farTod gavrcelebuli naerTebia. isini Sedian xilis da 
zogierTi mcenaris Zirebis (Warxali, stafilo) SedgenilobaSi. peqtinovani 
nivTiereba maRla swevs xarisxs, arbilebs mas da aZlevs specifikur aromats.D 
    peqtinuri nivTierebebis makromolekula Sedgeba D-galaqturonis mJavas 

naSTebisagan, romlebic erTmaneTTan α-1,4-glikoziduri bmebiT arian da-
kavSirebuli. peqtinSi karboqsilis jgufebSi SeiZleba Canacvlebuli iyo 
meTilis jgufebi. sxvadasxva mcenarisagan gamoyofili peqtinebi erTmaneTisgan 
gansxvavdebian polimerizaciis xarisxiT. peqtinSi karboqsilis jgufebi 
sxvadasxva xarisxiT arian meTilirebuli. amitom peqtini yovelTvis Seicavs 
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karboqsilis Tavisufal jgufs da SeuZlia marilis warmoqmna, romelsac 
peqtinatebi ewodeba. peqtonur nivTierebebs iyeneben kvebisa da farmacevtul 
mrewvelobaSi. peqtonuri nivTierebebi SaqarTan warmoqmnis Jeles da Sedis 
marmeladis da sxva sakonditro produqtis SedgenilobaSi. 
agaris 80% Sedgeba polisaqarid agarozasgan. Aagaroza xazovani aRnagobis 

polisaqaridia, romelic Sedgeba D da L galaqtozas nawarmebisgan. Aagarozas 
makromolekulaSi L galaqtozas naSTi nawilobriv eTerificirebulia 
gogirdmJaviT. Aagari wyalSi ijirjveba da gacivebis Semdeg myardeba. is gam-
oiyeneba bioqimiur gamokvlevebSi da sakonditro warmoebaSi. 
 
 
 
 
 
 
 
 
 

heteropolisaqaridebi 
 
    heteropolisaqaridebi sxvadasxva monosaqaridebis naSTebisagan Sedgeba. 
isini gvxvdebian mcenareul da cxovelur organizmebSi, aseve 
mikroorganizmebSi. heteropolisaqaridebidan aRsaniSnavia inulini; 
SemaerTebeli qsovilis polisaqaridebi-qondroitinsulfati, hialuronis 
mJava, heparini, baqteriuli ujredis kedlis polisaqaridi muramini. 
inulini ZiriTadad fruqtozis polikondensaciis produqtia. igi gvxvdeba 
rTulyvavilovan mcenareebSi (georginas bolqvebSi), zogierT wyalmcenareSi. 
inulini hidroliziT iZleva D-fruqtozas da mcire raodenobiT (2-3%) D-
glukozas. igi pirvelad gamoyofil iqna mcenare kulmuxosagan. inulini 

Sedgeba β-1,2-bmebiT dakavSirebul D-fruqtofuranozis 35-42 naSTisagan, 
romlis bolos mdebareobs D-glukopiranozis naSTi. inulini araaRmdgeneli 
polisaqaridia, civ wyalSi cudad ixsneba, cxel wyalSi ki kargad; iodTan ar 
iZleva Seferilobas; SemJavebul wyalTan gacxelebiT advilad ganicdis 
hidrolizs. cxovelebisa da adamianebis organizmi advilad iTvisebs mas da 
amitom inulinis Semcveli mcenareebi karg sakvebs warmoadgens. inulini 
gamoyenebulia medicinaSi rogorc  saqarozisa da saxameblis Semcveli Saqari 
diabetikebisaTvis. 
 

 
 88 



O
CH2OH

OH

OH

H
H

H

H

H

HO

HO

H OH

O
CH2OH

H2CH

O

H

HO

H OH

O
CH2OH

CH2H
H

O

n
 

 
    heteropolisaqaridebs miekuTvneba SemaerTebeli qsovilis polisaqaridebi, 
romelTa Soris kargadaa Seswavlili qondroitinsulfatebi, hialuronmJava 
da heparini. maT mukopolisaqaridebsac uwodeben, radgan am klasis mTel rig 
nivTierebebs gaaCniaT lorwovani konsistecia. (mucor-laT. lorwo). yvela aR-
niSnuli polisaqaridi agebulia disaqariduli fragmentebisagan, romelTa 
SemadgenlobaSi Sedis uronmJava da N-acetilheqsozamini. zogierTi maTgani 
Seicavs agreTve gogirdmJavas naSTs. 
    qondroitinsulfatebSi N-acetilirebuli qondrozinis disaqariduli 

fragmentebi erTmaneTTan SeerTebulia β-1,4-glikoziduri bmebiT. qondrozinis 

SedgenilobaSi Sedis β-1,3-glikoziduri bmiT erTmaneTTan dakavSirebuli D-
glukuronmJava da D-galaqtozamini. amasTan, am ukanasknelis meoTxe da meeqvse 
naxSirbadatomTan mdebare hidroqsilis jgufi eTerificirebulia gogird-
mJaviT. amis mixedviT arCeven: qondroitin-4-sulfats da qondroitin-6-
sulfats. qondroitinsulfatebis molekuluri masa meryeobs 10000-60000-is 
farglebSi. qondroitinsulfatis jaWvis boloSi tetrasaqariduli fragmen-
tia moTavsebuli. igi Sedgeba Tanmimdevrulad ganlagebuli D-glukuron-
mJavas, ori D-galaqtozisa da D-qsilozis naSTebisagan. es ukanaskneli 0-
glikoziduri bmiT ukavSirdeba aminmJava seriniT daboloebul pilipep-
titidis molekulas da warmoiqmneba Sereuli biopolimeri _ proteoglikani. 
qondroitinsulfati Sedis Zvlebisa da xrtilovani qsovilebis 
SedgenilobaSi. cilebTan (kolagenTan) dakavSirebuli kompleqsis saxiT da 
asrulebs sayrdenis funqcias. monawileobs ujredis membranis gamtarisunari-
anobis procesebis regulaciaSi. 
heparini heteropolisaqaridia, romelic farTod aris gavrcelebuli cxove-
luri organizmis qsovilebSi. igi mniSvnelovani raodenobiT Sedis pro-
teinebTan naerTis saxiT RviZlSi, gulSi, kunTebSi, filtvebSi (laTinurad  
heper-RviZli) da ZuZumwovarTa sxva qsovilebSi. 
    heparinis disaqariduli fragmenti Seicavs D-glukozamins da D-gluku-
ronmJavas, an L-iduronmJavas naSTebs. raodenobrivi TvalsazrisiT Warbobs L-
iduronmJava. disaqariduli fragmentis SigniTYmyardeba α-1,4-glikoziduri bma, 

xolo disaqaridul fragmentebs Soris ki α-1,4-(roca fragmenti mTavrdeba L-
iduronmJavas naSTiT) an β-1,4-(roca fragmenti mTavrdeba D-glukuronmJavas 
naSTiT) bmebiT. glukozaminebis naSTebis umravlesoba sulficirebulia, xo-
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lo mcire nawili ki acetilirebuli. garda amisa, sulfo-jgufebi gvxvdeba L-
iduronmJavas meore naxSirbadatomTan da glukozaminebis meeqvse naxSirbada-
tomTan, xolo D-glukuronmJavas naSTebi ki ar aris sulfatirebuli. heparin-
is molekuluri masa meryeobs 16000-20000-is farglebSi. heparini xels uSlis 
sisxlis Sededebas, ris gamoc farTod gamoiyeneba medicinaSi, rogorc an-
tikoagulanti sisxlis gadasxmisas, Trombozebis samkurnalod.  
hialuronmJava. amJamad kosmetikaSi saxis kanis gasaaxalgazrdaveblad, 
naoWebis gasasworeblad farTod gamoiyeneba heteropolisaqaridi _ hialu-
ronis mJava. is gamoyofil iqna Tvalis SuSismagvari sxeulidan, sinovialuri 
siTxidan (siTxe, romelic moTavsebulia saxsrebis RruSi). hialuronmJava 
Sedis myesis, Tvalis minisebri sxeulis, Wiplaris, avTvisebiani simsivnis 

SedgenilobaSi. hialuronmJavas β-1,4-glikoziduri bmebis erTmaneTTan da-
kavSirebuli disaqariduli fragmentebi Sedgeba D-glukuronmJavasa da N-ace-
til-D-glukozaminis naSTebisagan, romlebic, Tavis mxriv, erTmaneTTan da-

kavSirebulia β-1,3-glikoziduri bmebiT. am mJavas mJavuri  hidrolizis dros 
eqvimoluri raodenobiT miiReba glukozamini, glukuronis mJava da ZmarmJava. 
ferment hialuronidaziT igi hidrolizdeba glukuronis mJavas da N-
acetilglukozaminis warmoqmniT. hialuronmJava karboqsilis jgufis saSu-
alebiT uerTdeba cilebs da warmoqmnis maRalmolekulur kompleqsebs. hia-
luronmJavas molekuluri masa 2-7 milionis farglebSi meryeobs. igi did 
rols asrulebs cxovelur organizmebSi. maRali siblantis gamo igi amcirebs 
qsovilis garsis gamtarianobas da ewinaaRmdegeba qsovilSi avadmyofobis 
matarebeli mikroorganizmebis SeRwevadobas.   
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muramini  _ baqteriis ujredis kedlis polisaqaridia (laT. murus_kedeli). 
misi jaWvi araganStoebulia, romelic Sedgeba TanmimdevrobiT ganlagebuli 
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N-acetilglukozaminisa da N-acetilmuraminis mJavas naSTebisagan. Tavis 
mxriv, murammJava warmoadgens D-glukozamins, romelic mesame naxSirbadis 
atomTan eTerificirebulia rZemJavaTi. muramini Sedis ujredis kedlis 
naxSirwylovan-cilovani kompleqsis mureinis SedgenilobaSi. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

naxSirwylebis metabolizmi 
 
    naxSirwylebi udides rols asruleben cxovelTa da mcenareTa cxo-
velmoqmedebaSi. naxSirwylebi warmoadgenen iseT nivTierebebs, romlebic 
Seicaven qimiuri energiis did marags, ris gamoc cocxali organizmebi maT, 
pirvel rigSi, iyeneben rogorc energiis wyaros. cxovelur organizmSi 
sunTqvis procesSi xorcieldeba naxSirwylebis Jangva Semdegi Semajamebeli 
reaqciiT: 

C6 H12O6 + 6O2→ 6 CO2 + 6 H 2O 
 
    naxSirbadis erTi atomis daJangvisas gamoiyofa 132 kkaloria siTbo. 
naxSirwylebis sinTezi wylisa da naxSirorJangisagan naxSirwylebis daJangvis 
sapirispiro reaqciaa: 

6H2O + 6CO2→ C6 H12O6 +6O2 

 
    mwvane mcenareebSi Warbobs es reaqcia. naxSirbadis wrebrunva bunebaSi, 
romelSic naxSirwylebs wamyvani roli uWiravT, SeiZleba Semdegi sqemiT 
gamoisaxos:                                                    
                                                                                sqema 5 

cxoveluri organizmi

CO2 + H2OnaxSirwylebi

-O2

+O2

+132 kkal

-132 kkal

mcenareuli organizmi  
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    rogorc sqemidan Cans, mwvane mcenareebSi ZiriTadad mimdinareobs sinTezi 
naxSirwylebisa, romlebic warmoadgenen cxoveluri organizmis ZiriTad sak-
veb produqts. aseTi sinTezi saWiroebs energiis xarjvas. nivTierebaTa cvlis 
saboloo produqts warmoadgens CO2, romelsac energetikuli Rirebuleba ar 
gaaCnia. es naerTi rom kvlav gardaiqmnas organul naerTebad (naxSirbadad), 
romelTac aqvT energiis didi maragi, aucilebelia mzis energia. am energiis 
gardaqmna xdeba mwvane mcenareTa ujredebis gansakuTrebul ubnebSi _ qloro-
plastebSi, qlorofilis marcvlebSi. am movlenas fotosinTezi ewodeba. 
fotosinTezis gareSe sicocxle warmoudgenelia. is uzrunvelyofs cxovelTa 
samyaros sakvebi produqtebiTa da JangbadiT. atmosferoSi Jangbadis done 
mTlianad fotosinTezzea damokidebuli. 
 

 
 
 
 
 
 
 
 
 
 

                                 fotosinTezi 
 
fotosinTezi (berZn. photos-sinaTle,  synthesis-SeerTeba) aris procesi, rom-

lis drosac mzis sxivebis energiis, naxSirorJangisa da wylis xarjze war-
moebs naxSirwylebis sinTezi. ufro detalurad, fotosinTezi aris procesi, 
romlis Sedegadac mzis eleqtromagnituri energia gadadis qimiurSi naxSir-
orJangis aRdgenisa da atmosferoSi Jangbadis ganTavisuflebis gziT, e.i. es 
aris araorganuli nivTierebebis gardaqmna reaqciisunarian organul 
nivTierebebad mzis energiis gavleniT. amrigad, fotosinTezis procesSi mzis 
(sinaTlis) energia gardaiqmneba qimiur energiad. dedamiwaze arsebul yvela 
cocxal organizmSi mimdinare sinTezuri procesebi moiTxovs qimiuri ener-
giis xarjvas da am energiiT maT amaragebs mwvane mcenareebi. fotosinTezi 
asrulebs erTgvari xidis rols mzis energiasa da dedamiwaze 
sicocxlisaTvis aucilebel energias Soris. naxSirwylebTan erTad fotosin-
Tezis mniSvnelovani produqtia molekuluri Jangbadic. unda aRiniSnos, rom 
atmosferoSi arsebuli Jangbadis umetesi nawili warmoqmnilia mwvane mcena-
reebis mier fotosinTezis dros. 
    fotosinTezis Seswavla daiwyo 1630 wlidan, rodesac pirvelad 
flamandielma mecnierma van helmontma daadgina, rom mcenareebi TviTon war-
moqmnian organul nivTierebebs da mas isini niadagidan ar Rebuloben, 
rogorc es adre egonaT. man awona niadagi qoTanSi, romelSic izrdeboda 
tirifis xe da Seadara misi wona mcenaris wonas. aRmoCnda, rom 5 wlis 
ganmavlobaSi tirifma moimata 64 kg, maSin roca niadagma drois amave peri-
odSi daiklo mxolod 56 gramiT. van helmontma am dakvirvebis Sedegad 
arasworad daaskvna, rom sakvebis danarCeni nawili mcenarem miiRo wylisagan. 
dRes ukve kargadaa cnobili, rom organuli nivTierebis sinTezis dros mTa-
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vari samSeneblo masala naxSirorJangia, romelsac mcenare haeridan 
Rebulobs. 
    1772 wels ingliselma qimikosma Jozef pristlim aRmoaCina, rom pitnis 
ylorti asufTavebs sanTlis wviT dabinZurebul haers. amrigad pristlim 
pirvelma aRmoaCina, rom mwvane mcenareebi ,,asufTaveben” da akeTilSobileben 
Cvens atmosferos da swored es unarCunebs organizmebs sicocxles dedami-
waze. 7 wlis Semdeg holandielma eqimma ingenhauzma daadgina, rom mcenareebs 
SeuZliaT gamoasworon dabinZurebuli haeri mxolod mziT dasxivebis Sem-
TxvevaSi. sibneleSi mcenareebi gamoyofen arasasargeblo haers. igi aTavsebda 
tirifis foTols wyalSi da akvirdeboda, rom sinaTleSi foTlis zedapirze 
warmoiqmneboda Jangbadis buStukebi. sibneleSi ki foToli Jangbads ar gam-
oyofda. am cdiT man eqsperimentulad daamtkica, rom mwvane mcenareebi 
Jangbads gamoyofen mxolod sinaTleze. 
    Semdgomi safexuri fotosinTezis Seswavlis istoriaSi iyo Sveicarieli 
eqimis n. sosiuras mier 1804 wels Catarebuli cdebi. fotosinTezamde da 
fotosinTezis Semdeg mcenarisa da haeris wonebis SedarebiT sosiurma 
daadgina, rom mcenaris wonis momatebaSi garda wylisa, naxSirbadis (IV) 
oqsidic monawileobs. mogvianebiT, amave saukuneSi aRmoCenil iqna rom 
fotosinTezis dros mimdinareobs naxSirwylebis sinTezi. yovelive amis sa-
fuZvelze kidev 1,5 saukunis winaT gamoirkva fotosinTezis mTavari arsi. 
naxSirwylebi is pirveladi produqtebia, romlebic warmoiqmnebian fotosin-
Tezisa da qemosinTezis unaris mqone organizmebSi da dasabams aZleven uj-
redSi organul nivTierebaTa mravalferovnebas. 
    fotosinTezis SeswavlaSi didi Rvawli miuZRvis inglisel mecniers, 
mcenareTa fiziologs f. blekmans. man 1905 wels aRmoaCina, rom fotosinTezi 
Sedgeba ori Tanmimdevrulad mimdinare gansxvavebuli tipis reaqciebisagan: 
Cqari, e.w. sinaTlis reaqciebisagan da SedarebiT neli-sibnelis reaqciebisa-
gan. 1931 wels eqsperimentulad damtkicda, rom baqteriebSi fotosinTezi 
SeiZleba mimdinareobdes anaerobul pirobebSi, Jangbadis gamoyofis gareSe.  
    1940 wlidan fotosinTezis procesis Sesaswavlad mecnierebma daiwyes ni-
Sandebuli anu radioaqtiuri elementebis gamoyeneba. kerZod, cdebiT, ro-
melSic gamoyenebul iqna radioaqtiuri naxSirbadi, dadginda, rom baq-
teriebisa da mwvane mcenareebis yvela ujreds SeuZlia naxSirbadis (IV) 
oqsidisagan organuli nivTierebis warmoqmna. gansxvavebulia mxolod wyaro, 
saidanac isini Rebuloben am procesisaTvis saWiro energias. fotosinTezis 
saboloo procesi gamoisaxeba Semdegnairad: 

 

6CO2 + 6H2O
qlorofili

C6H12O6 + 6O2  
 
    mwvane mcenareebi yoveli 6 molekula naxSirbadis (IV) oqsidisa da 6 
molekula wylisagan warmoqmnian 6 molekula Jangbads da erT molekula 
glukozas. am gantolebaSi naCvenebia mxolod reaqciaSi monawile nivTierebebi 
da reaqciis Sedegad miRebuli produqtebi. namdvili procesi, romelic 
fotosinTezis dros mimdinareobs, Zalze rTulia. mravalricxovan reaqciebs 
Soris, romlebic fotosinTezs udevs safuZvlad, ganasxvaveben reaqciaTa or 
ZiriTad jgufs: sinaTlis reaqciebs, romlebSic sinaTlis energia uSualod 
monawileobs da sibnelis reaqciebs, romlebSic am energias uSualod ar gam-
oiyeneben. 
sinaTlis reaqciebi. fotosinTezis qimiur reaqciebs, romlebic sinaTlis en-
ergias uSualod gamoiyeneben, sinaTlis faza ewodeba. am reaqciebis msvlelo-
bisas sinaTlis energia gardaiqmneba organul nivTierebaTa qimiuri bmebis en-
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ergiad. ra saxiT da rogor STnTqavs mwvane mcenaris foToli mzis energias? 
cnobilia, rom sinaTle vrceldeba rogorc talRa. Tu mzis sinaTles, anu 
xilul sinaTles, gavatarebT minis prizmaSi, igi daiSleba sxvadasxva sigrZis 
mqone sxivebad. yoveli sxivis talRis sigrZes damaxasiaTebeli feri aqvs. rac 
ufro moklea sinaTlis sxivis talRis sigrZe, miT ufro meti energia gaaCnia 
mas. magaliTad, cisferi sxivis talRis sigrZe ufro moklea, vidre wiTlisa. 
amitom, cisfer sxivs gaaCnia meti energia, vidre wiTels. mwvane mcenaris 
foTlebSi sinaTlis aRniSnuli sxivebidan zogi STainTqmeba, zogi ki 
airekleba. es xdeba  sxvadasxva pigmentebis monawileobiT.                                                                                                                     
                                                                           sur. 3 

 
 
 

 
 
 
 
    fotosinTezi emorCileba fotoqimiis ZiriTad kanons, rac fotoqimiuri 
reaqciebis dros energiis STanTqmaSi vlindeba. es gardaqmnebi xorcieldeba 
mwvane mcenaris foTlebSi myofi qlorofilis marcvlebis mier mzis sxivuri 
energiis gamoyenebiT. qlorofili sinaTlisadmi mgrZnobiare pigmentia da 
asrulebs fotosensibilizatoris rols. igi STanTqavs sxivur energias, ro-
melsac gadascems CO2-sa da H2O-s. umaRles mcenareebSi arCeven ori saxis 
qloro-fils  a da b, romelTa empiriuli formulebia: a-C50H72O5N4Mg,  b-
C55H70O6N4Mg. qlorofili warmoadgens rTul heterociklur naerTs, romelsac 
safuZvlad udevs porfirinis birTvi, romelic Sedgeba erTimeoresTan Seer-
Tebuli pirolis oTxi birTvisagan. porfirinis birTvi ori ZiriTadi da ori 
damatebiTi valentobiT ukavSirdeba magniumis atoms. qlorofili hgavs 
sisxlis wiTel pigment hemoglobins, im gansxvavebiT, rom  molekulis cen-
trSi Mg-is magier Sedis Fe. garda amisa, qlorofilis rgoli dakavSirebulia 
mravalatomian spirtTan, fitolTan. 
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qloroplasti Seicavs granebs, romlebsac brtyeli tomsikiseburi struqtura 
gaaCniaT. maT Tilakoidebs uwodeben. granebi garSemortymulia stromiT, anu 
matriqsiT, romelic Seicavs fotosinTezSi monawile fermentebs: ribonuklea-
zas, ribulozodifosfatkarboqsilzas, gliceraldehidrofosfatdehid-
rogenazas, triozofosfatizomerazas, aldozas da sxv. 
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    sinaTlis stadiaze  gamoiyeneba qlorofiliT STanTqmuli energia. α-
qlorofilis STanTqmis maqsimumia 680-700 wm, xolo β-qlorofilisa _ 650 wm; 
qlorofilebTan erTad fotosinTezSi monawileoben damxmare pigmentebi, ro-
melTa Soris gansakuTrebuli mniSvneloba eniWeba karotinoidebs, fikociani-
nebs (lujmwvane wyalmcenareebi), fikoeriTrins (wiTeli wyalmcenareebi). 

damxmare pigmentebiT STanTqmuli sinaTlis energiis 80-100% gadaecema α-
qlorofils, romelic energiiT uzrunvelyofs fotosinTezis sinaTlis etaps. 
sinaTlis fazaSi adgili aqvs Semdeg ZiriTad movlenebs: 
1.  sinaTlis qvantis energia gardaiqmneba atf-is makroerguli bmebis energiad, 
anu adgili aqvs energiis dagrovebas atf-s saxiT; 
2. warmoiqmneba  molekuluri Jangbadi, romlis ZiriTadi nawili gamoiyofa 
atmosferoSi; 
3. wyalbadis  atomebi ukavSirdeba wyalbadis gadamtan organul naerTebs. 
am sami procesiT mTavrdeba fotozinTezis sinaTlis faza. 
sibnelis faza anu sibnelis reaqciebi. rogorc saxelwodeba gviCvenebs, es 
procesi damokidebuli ar aris sinaTlis arsebobaze. am dros sinaTlis 
energia uSualod ar gamoiyeneba. amitom igi mimdinareobs sibneleSic da 
sinaTlezec. es reaqciebi cikluri xasiaTisaa da cnobilia kalvinis ciklis 
saxelwodeboT (igi pirvelad aRmoaCina da aRwera nobelis premiis laureatma 
melvin kalvinma). qimiuri reaqciebi sibnelis fazaSi xorcieldeba im energiis 
xarjze, romelic dagrovda sinaTlis fazaSi atf-s saxiT. masSi monawileoben 
agreTve qloroplastebSi moTavsebuli fermentebi da nadf-H2-is molekulebi. 
sibnelis fazis pirvel safexurze naxSirbadis (IV) oqsidi gardaiqmneba 
ribulozis fosfatad. amis Semdeg sinTezirdeba eqvsnaxSirbadiani naerTi, 
romelic swrafad iSleba or samnaxSirbadian molekulad-fosfoglicerinis 
mJavebad. TiToeuli molekula Sedis reaqciaSi nadf-s molekulisagan 
gamoTavisuflebul wyalbadatomebTan da warmoiqmneba fosfoglicerinis 
aldehidi. es molekula fotosinTezis Sualeduri produqtia. mcenare saWiro 
energias Rebulobs am molekulebis daJangvis Sedegad. darCenili 
molekulebis nawili gardaiqmneba glukozad, nawili ki _ ribulozis 
fosfatad da kvlav CaerTveba sibnelis fazis ciklur reaqciebSi. 
    sibnelis fazaSi araorganuli nivTiereba naxSirbadis (IV) oqsidi, 
romelic foTlis bageebidan gamudmebiT xvdeba jer ujredSorisebSi, Semdeg 
ujredSi da bolos qloroplastebis granebSi, transformirdeba organul 
nivTierebad _ glukozad. 
    fotosinTezis dros 14CO2–is fiqsaciis meqanizmebis Seswavlis mizniT 
niSandebuli CO2–is garemoSi Catarebuli iyo specialuri cdebi mwvane  wyal-
mcenare Scenedesmus–ze. 5 wamis ganmavlobaSi ganaTebis pirobebSi 
niSandebuli 14C-is 87% CaerTo fosfoglicerinis mJavaSi, 10% _ 
fosfoenolpiroyurZnis mJavaSi, xolo 3% _ vaSlis mJavaSi. 
    niSandebuli C14-is gamoyenebiT dadasturda, rom fotosinTezis pirveladi 
produqtia fosfoglicerinis mJava. am gamokvlevebis safuZvelze damuSavda 
naxSirorJangis fiqsaciis bioqimiuri cikli (sqema 6), romelic kalvinis 
ciklis (sibnelis stadia) saxelwodebiTaa cnobili.  
 

sqema 6 
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    rogorc sqemidan Cans, naxSirmJavas aqceptoria ribulozo-1,5-difosfati, 
romelic enolur formaSi ierTebs naxSirmJavas da myisve xdeba aramtkice 
Sualeduri produqtis hidrolizuri daSla ori molekula 3-

 
 96 



fosfoglicerinis mJavad. warmoqmnili 3-fosfoglicerinis mJava aRdgeba wy-
albadiT (ferment dehidrogenozis, koferment-adenozintrifosforis mJavas da 
aRdgenili trifosfopiridinnukleotidis moqmedebiT), romelic warmoiqmneba 
wylis fotolizis dros. am dros warmoiqmneba 3-fosfatglicerinis aldehidi, 
romelic ganicdis nawilobriv izomerizacias 3-fosfatdioqsiacetonad fer-
ment triozofosfatizomerazas moqmedebiT. glicerinis aldehidisa da 
dioqsiacetonis fosfatebi aldoluri kondensaciiT warmoqmnis 1,6-
difosfatfruqtozas (es procesi xorcieldeba ferment aldozas saSualebiT, 
romelic aaqtivebs fruqtozo-difosfatis daSlas da sinTezs), romelic na-
wilobriv fosforilirdeba da ferment izomerazas moqmedebiT gardaiqmneba 1-
fosfatglukozad. es ukanaskneli SemdgomSi monawileobs saxameblis sinTezSi 
an erTveba naxSirwylebis ujredSida metabolizmSi. 
    sinTezirebuli fruqtozo-difosfatis eqvsi molekulidan mxolod erTi 
monawileobs saxameblis an saqarozis uSualo sinTezSi, darCenili xuTi ki 
ganicdis izomerizacias eqvs molekula ribulozdifosfatad, romlebic 
kvlav axdenen naxSirorJangis fiqsacias da dasabams aZleven axal sinTezur 
cikls. saxamebeli da saqaroza warmoadgenen fotosinTezis ZiriTad produ-
qtebs. saxamebeli da saqaroza mcenareebSi grovdeba rogorc sarezervo 
kvebiTi nivTierebebi. saqarozas Seicavs agreTve mcenareTa qsovilebic, is 
grovdeba mcenaris ZirxvenebSi da xilSi. 
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qemosinTezi 
 

          fotosinTezis garda organul nivTierebaTa warmoqmna SesaZlebelia 
mikroorganizmebiT im qimiuri energiis xarjze, romelic gamoiyofa azotis, 
wyalbadis, gogirdwyalbadis, rkinisa da nivTierebaTa daJangvis Sedegad. am 
process qemosinTezi ewodeba. qemosinTezi aRmoCenilia rusi mecnieris s. n. 
vinogradskis mier 1980 wels. fotosinTezis msgavsad, qemosinTzis pirveladi 
produqtia fosfoglicerinis mJava, romlis sinTezi dakavSirebulia ribulo-
za-1,5-difosfatis karboqsilirebis reaqciasTan. paralelurad mimdinareobs 
energiiT mdidari atf-is dagroveba. amgvarad, fotosinTezsa da qemosinTezs 
bevri saerTo aqvT, rac garkveul interess warmoadgens fotosinTezis evo-
luciaSi.  
    wyalsacavebSi, romlebic Seicaven gogirdwyalbads, mravldeba uferuli 

gogirdbaqteriebi, romlebic Jangaven H2O-s Semdegnairad: 2H2S +O2→2H2O+2S. am 
dros gamoiyofa organuli naerTebis sinTezisaTvis saWiro energia (71000 ka-
loria). gamoyofili gogirdi grovdeba ujredebSi granulebis saxiT.  H2O-is 
naklebobis dros igive baqteriebi dagrovil gogirds Jangaven, gogird-

mJavamde: 2S+3O2+2H2O→2H2SO4. daJangvis Sedegad gamoyofili energia (118000 
kaloria) xmardeba CO2-idan organuli naerTebis sinTezs.  
    manitrificirebeli baqteriebi Jangaven amiaks azotmJavamde. am dros gam-
oiyofa 66000 kaloria energia, romelic gamoiyeneba organuli nivTierebebis 
sinTezisaTvis:   

                              2NH3+4O2→2H NO3→2H2O. 
 

    amrigad, fotosinTezi da qemosinTezi warmoadgenen organul nivTierebaTa 
Seqmnis wyaros dedamiwaze. organizmebs, romlebic qmnian  organul 
nivTierebebs fotosinTezis an qemosinTezis gziT, e.i. aqvT unari naxSiror-
Jangidan organuli naerTebis sinTezisa, ewodebaT autotrofebi (damoukide-
blad mkvebavni). organizmebs, romlebic iyeneben umaRlesi mcenareebis an 
mikroorganizmebis mier sinTezirebul organul nivTierebebs, ewodebaT het-
erotrofebi. maT miekuTvneba: baqteriebi, sokoebi, uqlorofilo paraziti 
mcenareebi da cxovelTa mTeli samyaro. 
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naxSirwylebis Sigaujreduli cvla 

 
     Sigaujreduli anu Sualeduri cvla ewodeba nivTierebaTa im qimiur 
gardaqmnebs, romelTa saSualebiT xdeba energiis miReba. am dros warmoqmnili 
energia uSualod ujredidan ar gamoiyofa. misi akumulireba xdeba 
potenciuri energiiT mdidar qimiur bmebSi, romelTac makroerguli bmebi 
ewodeba. makroerguli bmis energia aRwevs 7000-16000 kalorias. naxSirwylebis 
metabolizmi mimdinareobs sami ZiriTadi stadiiT: naxSirwylebis monelebiT 
kuW-nawlavis traqtSi, maTi SewoviT da ujredSiga cvliT. 
     kvebis produqtebSi naxSirwylebi Sedian polisaqaridebis (saxamebeli, 
glikogeni), oligosaqaridebis, di- da monosaqaridebis saxiT. mozrdili 
adamianis sakvebi saWiroa Seicavdes 350-450 g naxSirwylebs. sisxlSi 
gadasvlamde isini winaswar ganicdian fermentul gardaqmnas saWmlis 
momnelebel organoebSi. piris RruSi naxSirwylebi ganicdian nerwyvSi myofi 
ftialinis moqmedebas, romelic warmoadgens fermentebis _ amilazasa da 
maltazis narevs. amilaza moqmedebs saxamebelze da glikogenze. mouxarSavi 
(nedli) produqtebis saxamebels nerwyvis amilaza ver Slis. saxameblisa da 
glikogenis daSlis pirveli produqtebia deqstrinebi, romlebic Semdeg 
iSlebian disaqarid maltozis molekulebad, romelTa nawili ferment 
maltaziT kvlav iSleba da warmoiqmneba glukoza. rodesac saWmeli Seereva 
kuWis mJave wvens, nerwyvis fermentebis moqmedeba wydeba. kuWis wvens ar 
gaaCnia naxSirwylebis damSleli fermentebi, amitom, kuWidan Tormetgoja 
nawlavSi gadasvlis Semdeg sakvebi ganagrZobs daSlas kuWqveSa jirkvlidan 
gadmosul wvenSi, romelic Seicavs amilazasa da maltazas. isini Slian 
saxamebels da glikogens jer maltozamde, Semdeg ki glukozamde. 
    naxSirwylebis monelebaSi did rols asrulebs aseve nawlavebis wvenis 
fermentebi: amilaza, maltaza, saqaraza, da laqtaza. maTi morigeobiT 
moqmedebis Sedegad sakvebSi Semavali naxSirwylebi gardaiqmneba 
monosaqaridebad. 
    Saqrebis metabolizmis meore etapze iwyeba monosaqaridebis Sewova. 
stadiebad dayofa pirobiTia, radgan polisaqaridebis daSla da 
monosaqaridebis Sewova paralelurad mimdinareobs. rac Seexeba disaqaridebs, 
maTi Sewova praqtikulad ar xdeba da Warbi raodenobiT dagrovebisas, 
organizmidan SardTan erTad gamoiyofian. monosaqaridebis Sewova natriumis 
ionebzea damokidebuli. isini natriumis ionebTan qmnian kompleqsebs da am 
saxiT xorcieldeba ujredSi maTi transporti. ujredSi SeRwevis Semdeg 
natrium-monosaqaridis kompleqsi iSleba. monosaqaridi erTveba metabolizmSi, 
natriumis ionebi ki ujredidan gamoidevneba. maTi gavleniT aqtiurdeba  Na+, 
K+-ze damokidebuli adenozintrifosfataza (Na+, K+-atf-aza) atf-is daSlis 
dros ganTavisuflebuli energia ki xmardeba monosaqaridebis aqtiur 
transports. glukoza nawlavebidan Seiwoveba sisxlSi, sadac misi raodenoba 
cvalebadia, rac damokidebulia sakveb naxSirwylebze da kvebis droze. 
sisxlSi myofi glukoza grovdeba RviZlSi sarezervo polisaqarid 
glikogenis saxiT, sadac misi raodenoba 150 grams aRwevs. RviZlis unars 
SeinarCunos glukoza, moaxdinos misgan glikogenis sinTezi da gaxliCos 
glikogeni glukozamde da isev Seiyvanos sisxlSi _ ewodeba RviZlis 
glikogenuri funqcia. glukozas iTvisebs da iyenebs sxvadasxva organo, ris 
Sedegad xdeba misi raodenobis Semcireba sisxlSi. aseT SemTxvevaSi RviZlis 
glikogenis maragi iSleba glukozamde da gadadis sisxlSi.  glikogenis 
daSla RviZlSi mimdinareobs ferment-fosforilazas moqmedebiT da 
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warmoiqmneba glukozafosfati, romelic fosfatazas moqmedebiT iSleba 
fosformJavad da glukozad. glukoza Sedis sisxlSi, fosformJava ki kvlav 
xmardeba glukozafosfatis sinTezs. amrigad, glukozis danaklisi sisxlSi 
mudmivad ivseba glikogenis xarjze. RviZlis garda, glikogens agrovebs or-
ganizmis TiTqmis yvela ujredi da qsovili, mxolod gacilebiT naklebi 
raodenobiT. Tu organizmSi didi raodenobiTaa glikogeni, maSin sakvebidan 
miRebuli naxSirwylebi gardaiqmneba cximebad maragis saxiT. 
    aRsaniSnavia is faqti, rom cxovelur organizms ar gaaCnia celulozis 
damSleli fermenti celulaza, rac celulozis rogorc sakvebis auT-
viseblobis erT-erTi mizezia. celulozis daSlis Sualedur produqts war-
moadgens celobioza. celobioza hidrolizdeba glukozidaziT, romelic ada-
mianis organizmSi ar gvxvdeba. amitom, cxovelebisagan gansxvavebiT, romelTac 

saWmlis momnelebel traqtSi gaaCniaT β-glukozidazuri aqtivobis mqone baq-
teriebi, celuloza da misi Sesabamisi polisaqaridi celobioza adamiane-
bisaTvis sakveb produqts ar warmoadgens. cxovelebi, gansakuTrebiT mcocave-
bi, nawilobriv axerxeben celulozis SeTvisebas msxvil nawlavebSi arsebuli 
mikrofloriT gamomuSavebuli celulazas da disaqarid celobiozis 
damSleli fermentis celobiazas xarjze.  amasTan, unda aRiniSnos, rom sak-
vebSi celulozis Semcveloba aucilebelia, vinaidan misi gavleniT Zlierde-
ba kuW-nawlavis peristaltikuri moZraoba da sakvebmomnelebeli fermentebis 
gamoyofa. 
     naxSirwylebis gardaqmna adamianis da umaRlesi cxovelebis qsovilebSi 
mimdinareobs or stadiad. pirveli stadia mimdinareobs Jangbadis 
monawileobis gareSe da mas ewodeba anaerobuli stadia, procesi, romelSic 
naxSirwylebis gaxleCis saboloo produqtia rZemJava: 

 
C6H12O6 →2 CH3-CHOH-COOH 

 
     naxSirwylebis gaxleCis anaerobuli stadia SeiZleba daiwyos 
glikogenidan an glukozidan. naxSirwylebis anaerobul gaxleCas, romelic 
iwyeba glikogenidan, ewodeba glikogenolizi. im stadias ki, romelic iwyeba 
glukozidan _ glikolizi.  meore stadia naxSirwylebis gaxleCisa mimdi-
nareobs Jangbadis monawileobiT da mas ewodeba aerobuli stadia.  
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glikogenis sinTezi 
 

     glikogenis sinTezi mimdinareobs TiTqmis yvela qsovilSi, magram gan-
sakuTrebiT intensiurad RviZlSi. sisxlSi saSualod 0,11 % glukozaa. or-
ganizmSi myofi glukozis danarCeni raodenoba rCeba RviZlSi da gardaiqmneba 
maRalmolekulur polisaqaridad, glikogenad (C6H10O5)n. RviZli warmoadgens 
naxSirwylebis sacavs. reaqciis pirvel stadiaze ferment glukokinaziT xdeba 
glukozis fosforilireba atf-is xarjze, romelic Tavis molekulaSi 
Seicavs aramtkiced dakavSirebul energiiT mdidar fosformJavas, romelic 
advilad axdens glukozis fosfolirebas. RviZlSi mimdinareobs atf-idan er-
Ti fosformJavas naSTis gadatana glukozis molekulaze: 

 
 

 
miiReba gluko-
za-6-fosfati, 
romelic fer-

ment fosfoglukomutaziT ganicdis izomerizacias da gardaiqmneba glukoza-
1-fosfatad. Ees ukanaskneli ferment-fosforilazas monawileobiT reagirebs 
arsebul glikogenTan. am reaqciebis Sedegad glukoza sisxlSi klebulobs, 
glikogenis molekula RviZlSi izrdeba. rodesac organizmi ganicdis naxSir-
wylebis naklebobas da sisxlSi glukozis raodenoba klebulobs, maSin 
RviZlSi iwyeba glikogenis hidrolizuri daSla da glukozis gadasvla 
sisxlSi. glukoza sisxlis saSualebiT gadadis organizmis yvela qsovilSi. 
igi Semdeg ixarjeba qsovilebis sunTqvis procesze. gansakuTrebiT aqtiurad 
ixarjeba naxSirwylebi kunTovani qsovilis muSaobis dros. dasvenebul kun-
TebSi glukoza gardaiqmneba glikogenad, rimelic warmoadgens naxSirwylebis 
maragis rols. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O

CH2OH

atf+
O

H2C

adf+

O P

OH OH

 
 101 



 
 

 likogenis daSla 
 
cxoveluri organizmebis fiziologiuri datvirTvis dros aRiniSneba 

Sinagani sekreciis jirkvlebis gaaqtiveba da neirohormonebis _ adrenalinisa 
da glukagonis gamoTavisufleba. paralelurad xdeba glikogenis intensiuri 
daSla. adrenalini da glukagoni warmoadgens Tirkmelzeda jirkvlis da 
kuWqveSa jirkvlis hormonebs. am rTul procesSi monawileoben hormonebi, 
cikluri adenozinmonofosfati (c-amf), proteinkinazebi da fosformJava.  
    adrenalinis da glukagonis monawileobiT aqtiurdeba adenilatciklaza, 
romelic atf-s xarjze asinTezirebs ciklur adenozinmonofosfats. es 
ukanaskneli aaqtiurebs proteinkinazas, romelsac atf-is TandaswrebiT 

aqtiur formaSi gadayavs β-fosforilaza. β-fosforilaza ganicdis 

fosforilirebas da warmoiqmneba aqtiuri α-fosforilaza. glikogenze α-
fosforilazas moqmedebiT fosformJavas TandaswrebiT, glikogeni ganicdis 
fosforilizs: aRdgenis unars moklebuli ubnidan  glikogens Camoscildeba 
glukozis erTi kidura molekula glukoza-1-fosfatis saxiT. ujredSi, 
fosformJavas maRali Semcvelobisas glikogenfosforilazuri reaqcia inten-
siurad mimdinareobs glikogenis daSlis da Sesabamisad, glukoza-1-fosfatis 
sinTezis mimarTulebiT. fosforilazas moqmedeba kavdeba ferment fosfa-

taziT α-fosforilazas fosforilirebis Sedegad. ferment fosforilazas 
gaaqtiurebis reaqcia mocemulia sqemaze 7. 

sqema 7 
fosforaliziT glikogenis fosforolizuri daSla da  

Tavisufali glikoza-1-fosfatis sinTezi 
 

adenilatciklaza
  (araaqtiuri)

adrenalini, glukagoni

adenilatciklaza
    (aqtiuri)

atf

amf + H4P2O7

  proteinkinaza
    (aqtiuri)

  proteinkinaza
   (araqtiuri)

atf + Mg2+

+4 atf

 b -fosforilaza

    (aqtiuri)

 fosforilaza

 (araaqtiuri)
 a -fosforilaza

    (aqtiuri)

glikogeni (C6H10O5)n

glikogeni (C6H10O5)n-1 +
+ glukoza-1-fosfati

 fosfataza

H3PO4

 
 

     naxSirwylebis monelebis dros ganTavisuflebuli monosaqaridi 
glukoza, erTi mxriv, gamoiyeneba glikogenis sinTezSi da inaxeba rogorc 
samarago nivTiereba, xolo meore mxriv, misi fosforilazis gziT daSlis 
Sedegad kvlav warmoSobili glukoza-1-fosfati intensiurad erTveba 
naxSirwylebis metabolizmSi. rac Seexeba fruqtozas, igi fosforilirebuli 
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formiT gardaiqmneba izomerazul glukoza-1-fosfatad, romelic SeiZleba 
CaerTos glikolizSi an moxmardes glikogenis sinTezs. 

naxSirwylebis anaerobuli gardaqmna  
(glikolizi) 

 
    naxSirwylebis anaerobuli gardaqmna ganixileba rogorc duRili, sadac 
ZiriTadi energetikuli substratia glukoza. cnobilia naxSirwylebis 
anaerobuli gardaqmnis anu duRilis saxeebi, magaliTad, spirtuli duRili, 
rZemJavuri duRili, erbomJavuri duRili. Sejamebulad RuRilis reaqciebi 
Semdegi gantolebebiT gamoisaxeba: 
 

1) C6 H12 O6 →2 C2 H5 OH + 2CO2  (spirtuli duRili) 

2) C6 H12 O6 →2H3 CHOH -COOH  (rZemJavuri duRili) 

3) C6 H12 O6 →CH3 CH 2 CH 2 COOH+ 2H2 +2CO2    (erbomJavuri duRili) 
 
    duRilis procesebi Seswavlilia gamoCenili frangi qimikosis lui pas-
teris mier. pasteris sityviT: duRili _ “sicocxlea uJangbadod”. marTlac, 
duRilis gamomwvevi mikroorganizmebi ar saWiroebs haeris Jangbads. energias 
mikroorganizmebi daSlis procesebidan Rebuloben da ara  wvis reaqciebidan. 
    naxSirwylebis anaerobuli gardaqmna, anu glikolizi, ganixileba rogorc 
aerobuli gardaqmnis mosamzadebeli etapi. marTalia, naxSirwylebis ujred-
Siga cvlis es etapi ar gamoirCeva atf-Si energiis mobilizaciis maRa-
lefeqtianobiT, magram amzadebs metabolizmebs aerobul ciklSi maTi sruli 
daJangvisaTvis. 
    glikolizi mcenareebisa da cxovelebis ujredebSi mimdinare mraval-
safexurebrivi procesia, ris Sedegad glukozis molekula iSleba rZemJavas 
or molekulad. es gardaqmna xdeba fermentuli reaqciebis grZeli jaWvis 
monawileobiT. glikolizi mimdinareobs citoplazmaSi da membranebTan ar 
aris dakavSirebuli. masSi monawileobs 13 saxis fermenti da aTamde 
Sualeduri nivTiereba. glukozis yoveli daxarjuli molekulisagan war-
moiqmneba atf-is ori molekula. es procesi martivad ase gamoisaxeba: 

 

C6 H12 O6 +2 adf+2H3 PO4 →  C6 H12 O6+ 200kjouli 
 

    erTi molekulisagan anaerobuli daSlisas warmoiqmneba rZemJavas ori 
molekula da gamoTavisufldeba 200 kjouli energia. gamoTavisuflebuli 
energiis nawili xmardeba ori molekula adf-idan ori molekula atf-is 
sinTezs. rogorc cnobilia, adf-idan atf-is erTi molekulis  sinTezze, e.i. 
erTi molekula fosformJavas naSTis mierTebaze ixarjeba 40 kjouli energia; 
or molekulaze, Sesabamisad _ 80 kjouli. maSasadame, 200 kjouli energiidan, 
romelic Tavisufldeba erTi molekula glukozis daSlisas, mxolod 80 
kjouli inaxeba ujredis mier ori molekula atf-is saxiT. es daaxloebiT 
40%-ia. danarCeni 60% energiisa–120 kjouli _ ifanteba siTbos saxiT. 
glikolizis procesi xorcieldeba safexurebrivad, amitom, siTburi energia 
ujredSi TandaTanobiT gamoiyofa. amis gamo igi aswrebs garemoSi gabnevas 
ise, rom ar iwvevs cilebisa da sxva nivTierebebis gadaxurebas. 
    glikolizi warmosdgeba berZnuli sityvidan glykys-tkbili, lysis  daSlas 
niSnavs. kunTis qsovilSi mas anaerobul glikolizs uwodeben da atf-is erT-
erTi mniSvnelovani wyaroa intensiuri fizikuri datvirTvis dros. 
glikolizSi gamoiyofa ori ZiriTadi stadia: mosamzadebeli da energiis 
mobilizaciis stadia. mosamzadebeli stadia moicavs oTx fermentul 
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reaqcias, ris Sedegad glukozis daSliT miiReba 2 trioza - 3-fosfogli-

cerinis aldehidi da 3-fosfohidroqsiacetoni. glikolizi iwyeba α,D-
glukozis fosforilirebiT. reaqcias akatalizebs fermenti heqsokinaza an 
glukokinaza. heqsokinaza reaqciaSi aqtiurad CaerTveba glukozis SedarebiT 
dabali koncentraciis dros. glukokinaza ki aqtiurdeba maSin, roca 
qsovilSi aRiniSneba glukozis siWarbe. am TvalTaxedviT glukokinaza 
asrulebs kompensatorul funqcias hiperglikemiis pirobebSi, magaliTad, 
diabetiT daavadebisas, roca sisxlSi Saqris raodenoba sagrZnoblad 
matulobs. samwuxarod, am daavadebis dros, aRiniSneba TviT glukokinazas 
nakleboba. 

O
CH2OH

HO
OH

OH

H
H

H

H

H

OH

+ atf
Mg2+ O

CH2OPO3H2

HO
OH

OH

H
H

H

H

H
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glukoza glukoza-6-fosfati  
 

     glikolizis Semdgom etapze glukoza-6-fosfati ganicdis izomerul 
gardaqmnas ferment glukozafosfatizomeraziT da miiReba fruqtoza-6-
fosfati: 

 

glukoza-6-fosfati

HH
OH

H OH

O
CH2OPO3H2

CH2OH

H
fruqtoza-6-fosfati  

 
    reaqcia Seqcevadia, sadac fermenti glukozafosfatizomeraza amJRavnebs 
Tanabar aqtiurobas rogorc glukoza-6-fosfatis, ise fruqtoza-6-fosfatis 
mimarT. Semdgom stadiaze xdeba fruqtoza-6-fosfatis fosforilireba. 
reaqciis katalizatoria fermenti 6-fosfofruqtokinaza atf-is TandaswrebiT,  
reaqcia Seuqcevadia: 

fruqtoza-6-fosfati + atf

OHH
OH

H OH

O
CH2OPO3H2

CH2OPO3H2

H

 + adf

 
 

fruqtoza-1,6-difosfatze ferment aldolazas moqmedebiT igi iSleba or 
triozad _ fosfodihidroqsiacetonad da 3-fosfoglicerinis aldehidad, 
reaqcia Seqcevadia: 
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fruqtoza-1,6-difosfati O

CH2OH

C

CH2OPO3H2

+

CH2OPO3H2

HOHC

C
O

H

3-fosfoglicerinis
     aldehidi

fosfodihidro-
  qsiacetoni  

 
    glikolizis Semdgom reaqciaSi gamoiyeneba 3-fosfoglicerinis aldehidi, 
amitom wonasworobis damyarebis mizniT reaqcia gadaxrilia marjvniv, 
fosfoglicerinis aldehidis warmoSobis mimarTulebiT. wonasworobis da-
myarebisas, triozebis mTeli raodenobis 90%-s fosfodihidroqsiacetoni 
Seadgens. reaqcias akatalizebs triozofosfatizomeraza: 
 

O

CH2OH

C

CH2OPO3H2

CH2OPO3H2

HOHC

C
O

H

3-fosfoglicerinis
     aldehidi

fosfodihidro-
  qsiacetoni  

 
    glikolizSi triozebis warmoqmnis  stadiiT mTavrdeba heqsozebis metab-
olizmis pirveli etapi da iwyeba meore etapi, romelic piroyurZenmJavis CaT-
vliT triozebis doneze mimdinareobs. gansakuTrebiT aRsaniSnavia 3-
fosfoglicerinis aldehidis daJangva, romelsac centraluri adgili uWiravs 
glikolizSi energiis mobilizaciis TvalsazrisiT. am stadiaze xdeba sub-
stratis daJangvis dros ganTavisuflebuli energiis akumulireba atf-is mak-
roergul bmaSi da mas JangviTi fosforilireba ewodeba. reaqcias 

akatalizebs fermenti gliceraldehidfosfatdehidrogenaza (HS-E)∗ kofermenti 
nad+–i. reaqcia ramdenime etapad mimdinareobs. pirvel etapze miiReba ferment-
substratuli kompleqsi. 3-fosforglicerinis aldehidi iJangeba, xolo nad+–i 
aRdgeba, daJangvis dros ganTavisuflebuli energia akumulirdeba karboqsi-
Tiolur makroergul bmaSi. is aramdgradi naerTia, fosformJavas 
Tandaswrebisas iSleba, Tavisufldeba fermenti da energiiT mdidari 1,3-
difosfo-glicerinis mJava. makroerguli bma ferment fosfogliceralkinaziT 
gadaitaneba adf-ze da sinTezirdeba atf: 

              

3-fosfoglicerinis
     aldehidi

+ nad+ + H3PO4 + HS - E

CH2OPO3H2

HOHC

C
O ~ PO3H2

H

1,3-difosfoglicerinis
         mJava

+ nad H+ + H' + HS - E

 

∗ fermenti gamoyofilia bocveris kunTebidan da miRebulia kristaluri saxiT. fermentis molekuluri masa 
1400000 kdaltonia. fermentis inhibitoria monoiodZmarmJava.  
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1,3-difosfoglicerini mJava  +  adf

CH2OPO3H2

HOHC

COOH

3-fosfoglicerinis mJava

 + atf

 
 

Semdgom etapze ferment fosfogliceromutaziT fosformJava mesame naxSirba-
didan gadava meoreze da miiReba 2-fosfoglicerinis mJava. masze moqmedebs 

enolaza∗. dehidrataciis Sedegad iqmneba kidev erTi makroerguli bma, rome-
lic ferment piruvatkinazas moqmedebiT gadaitaneba adf-ze da sinTezirdeba 
kidev erTi atf. gamoTavisufldeba 2-fosfoenolpiroyurZnis mJava, romelic 
defosforilebis Semdeg gardaiqmneba keto formad-piroyurZnis mJavad:  
 

CH2OPO3H2

CHOH

COOH

3-fosfoglicerinis
       mJava

CH2OH

CHOPO3H2

COOH

2-fosfoglicerinis
       mJava

-H2O

CH2

H2O3P ~ OC

COOH

2-fosfoenolpiroyurZnis mJava

+ adf

CH3

CO

COOH

+ 
atf

piroyurZnis 
   mJava

 
 

     dasasrul, piroyurZnis mJava aRdgeba rZis mJavamde ferment laq-
tatdehidrogenazas moqmedebiT, sadac kofermentis rols asrulebs nad H, ro-
melic  sinTezirda 3-fosfoglicerinis aldehidis daJangvis stadiaze: 

 

CH3

CO

COOH

+ nad H + H+

piroyurZnis 
   mJava

CH3

CHOH

COOH

+ nad+

rZis mJava
 

 
    aerobul pirobebSi laqtati kvlav iJangeba piroyurZnis mJavamde an gam-
oiyeneba RviZlSi glukozis sinTezisaTvis. amrigad, glikolizis dros 3-
fosfo-glicerinis aldehidis da 2-fosfoenolpiroyurZnis mJavas stadiaze 
xdeba 2 atf-is sinTezi. vinaidan mTeli procesi ganxiluli iyo mxolod erTi 
triozis magaliTze, xolo glikolizis dros ki ferment aldozas moqmedebiT 
warmoiqmneba ori trioza, bunebrivia, glikolizis dros energiiT, mdidari 
naerTis _ atf-is gamosavlianoba orjer izrdeba. Tu mxedvelobaSi miviRebT 
imas, rom glukoza-1 da fruqtoza-6-fosfatis fosfolirilebaze ixarjeba 2 
atf, maSin atf-is realuri gamosavalia 2 atf (14,6 kkaloria). cnobilia, rom 
atf-is erT makroergul bmaSi akumulirebulia 7,3 kkaloria, atf ki Seicavs 2 
makroergul bmas. glikogenolizis dros, fosforilazis moqmedebiT 
glikogenidan glukoza-1-fosfatis sinTezis Sedegad izogeba 1 atf, amitom 
glikogenozis dros akumulirebuli energiis gamosavali ganisazRvreba 3-atf-

∗ fermenti enolaza mravali qsovilidanaa gamoyofili kristaluri formiT. misi molekuluri masa 85 000-ia, 
katalizisaTvis mas Mg2+ -is an Mn2-is ionebi. enolizis moqmedeba Sigamolekuluri Jangva-aRdgeniTi procesia, rome-
lic axorcielebs molekulis SigniT energiis gadanawilebas. 
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iT (21,9 kkaloria), rac glikolizis dros energiis mobilizacias daaxloebiT 
33%-iT aRemateba. 
  G glikolizi Zalian gavs duRilis process. uazoto naerTebis, kerZod, 
naxSirwylebis daSlas baqteriebisa da sokoebis saSualebiT, duRili ewode-
ba. am gziT mravali baqteria Rebulobs sasicocxlo procesebis ganxor-
cielebisaTvis aucilebel energias. 
spirtuli duRili. spirtuli duRili damaxasiaTebelia safuvrebis da 
zogierTi mikroorganizmebisaTvis. uxsovari droidan aris cnobili, rom Rvi-
nos amzadeben yurZnis wvenisagan, romelsac umateben safuars-erTujredian 
sokoebs. safuari yurZnis wvenSi Semaval Saqars (glukoza) Slis piroyurZnis 
mJavad. Semdgom am nivTierebebis TiToeuli molekula iSleba naxSirbadis (IV) 
oqsidad da eTilis spirtad, romelic alkoholuri sasmelebis Semadgenel 
nawils warmoadgens. duRili grZeldeba manam, sanam safuari mTlianad ar 
daxarjavs garemoSi arsebul Saqars. duRilis damTavrebamde Rviniani boTlis 
daxurviT iReben SuSxuna Rvinos, radgan masSi kidev grZeldeba naxSirorJan-
gis gamoyofa. Sampanuris tipis SuSxuna Rvinoebis warmoebisaTvis Rvinos asx-
amen gamZle sqelkedlian boTlebSi da maT saTuTad xufaven duRilis dam-
Tavrebamde. sanam boTli daxurulia, naxSirmJava airi RvinoSi imyofeba didi 
wnevis qveS ganzavebul mdgomareobaSi, xolo roca sacobs moxsnian, igi gam-
oiyofa buStukebis saxiT. safuari spirts warmoqmnis mxolod Jangbadis 
arsebobisas, an misi ukmarisobis pirobebSi. Tu, ki Jangbadi sakmarisadaa, maSin 
safuari Saqars mTlianad Slis naxSirbadad da wylad. roca Rvinis kasrSi 
mimdinareobs mZafri duRili, swrafad gamoyofili CO2  gandevnis haers siTxis 
zedapiridan, rac aferxebs Jangbadis SeRwevas RvinoSi, xolo roca duRili 
neldeba, kasri maSinve unda daixuros mWidrod, raTa RvinoSi Jangbadma ar 
SeaRwios. Tu es droulad ar gakeTda, haeridan RvinoSi moxvedrili baq-
teriebi Jangbadis gamoyenebiT spirts gardaqmnian ZmarmJavad. swored am gziT 
amzadeben yurZnis Zmars. 
    spirtuli duRili naxSirwylebis anaerobuli gardaqmnis erT-erTi 
mniSvnelovani saxea. am dros glukozis gardaqmniT miiReba eTilis spirti. 
cxovelur organizmebSi duRili praqtikulad ar mimdinareobs anaerobuli 
dekarboqsilazas ararsebobis gamo. amitom kunTis intensiuri moqmedebisas (da 
Jangbadis Semcirebis pirobebSi) kunTovan qsovilebSi grovdeba ara eTilis 
spirti, aramed piroyurZnis mJavas aRdgenis produqti rZis mJava. es 
ukanaskneli kunTebidan gadadis sisxlSi. magram didi raodenobiT misi 
dagroveba organizmSi sazianoa. amitom mZime fizikuri datvirTvis Semdeg Cven 
garkveuli xnis ganmavlobaSi ganvagrZobT Rrma gaxSirebul sunTqvas. am dros 
rZemJava gadadis sisxlidan RviZlSi, sadac mas scildeba wyalbadi da kvlav 
gardaiqmneba piroyurZnis mJavad. mas Semdeg, rac organizmSi Jangbadis 
sakmarisi raodenoba daiwyebs SeRwevas, piroyurZnis mJavas didi nawili 
gardaiqmneba glukozad, romelic xvdeba sisxlSi da Semdeg kvlav kunTebSi, 
sadac glikogenis saxiT grovdeba maragis saxiT zRvis zogierT xerxemlianSi, 
romlebic Jangbadis deficitis pirobebSi arseboben, zRvis siRrmeSi. 
naxSirwylebis anaerobuli gardaqmna da atf-is sinTezi mimdinareobs ara 
glikolizis, aramed spirtuli duRilis gziT.  
    spirtuli duRili moicavs glikolizis stadiebs. gansxvaveba aRiniSneba 
piroyurZnis mJavas gardaqmnis Semdgom etapze. Tu glikolizis dros xdeba 
piroyurZnis mJavas aRdgena rZis mJavamde, spirtuli duRilisas piroyurZnis 
mJava ganicdis anaerobul dekarboqsilirebas, miiReba acetaldehidi, xolo 
misi Semdgomi aRdgeniT eTilis spirti. 
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    piroyurZnis mJavas dekarboqsilirebas akatalizebs anaerobuli fermenti 
piruvatdekarboqsilaza (ix.wina TavSi), romlis kofermentia 
Tiaminpirofosfati. piroyurZnis mJavas centraluri adgili uWiravs 
anaerobul gardaqmnebSi. misi dekarboqsilireba warmoebs msunTqavi 
organizmebis yvela qsovilSi. arc erT sxva naerTs es Tviseba ar gaaCnia. 

 

CH3 CO COOH + nad H + H+

piroyurZnis 
   mJava

Mg2+

H3C C
O

H
+ CO2 CH3 CH2OH

Zmris aldehidi eTilis spirti

+ nad+

 
 

     duRilis procesSi magniumis ionebi monawileobs rogorc fermentebis 
aqtivatori. gansakuTrebuli mniSvneloba eniWeba mas ferment enolazas gaaq-
tivebaSi. am fermentis saSualebiT xdeba piroyurZnis mJavas enoluri formis 
gadayvana ketonur formaSi. 
     glikolizisa da spirtuli duRilis qimiuri arsi mocemulia me-8 sqemaze. 
    

sqema 8 
spirtuli duRilis procesis sqema

O
CH2OPO3H2

OH
OH

OH

H
H

H

H

H

OH
glukoza

C6H12O6

1. glukozinaza 
2. heqsokinaza

glukozo-6-fosfati

glukozofosfat-
   izomeraza

HH
OH

H OH

O
CH2OPO3H2

CH2OH

H
fruqtoza-6-fosfati

f
o
s
f
o
-

f
r
u
qt

o
 k
in
a z

a

 +
 a

t
f

fruqtoza-1,6-difosfati

OHH
OH

H OH

O
CH2OPO3H2

CH2OPO3H2

H

aldoza

O

CH2OH

C

CH2OPO3H2

fosfodihidro-
  qsiacetoni

 t
r
io

z
o
-

 f
o
s
f
at

-
iz

o
me
r
az

a

COPHO3H2

HCOH

HC
O

H

3-fosfoglicerinis
     aldehidi

gliceraldehidfosfat-
     dehidrogenaza

+ nad+ + H3PO4 + HS - E
CH2OPO3H2

CHOH

C
O ~ PO3H2

H

1,3-difosfoglicerinis
         mJava

f
o
s
f
o
g
l
ik
o
-

t
e r

at
ki
na
z
a

 +
 a
d
f

CH2

H2O3P ~ OC

COOH

2-fosfoenolpiro-
  yurZnis mJava

enolaza

-H2O
CH2OH

CH2OPO3H2

COOH

2-fosfoglicerinis
       mJava

fosfoglicero-
    mutaza

CH2OPO3H2

CHOH

COOH

 + atf
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pi
r
u
va
t
-

 k
in
az

a

 +
 a
d
f

CH3

CO

COOH

piroyurZnis 
   mJava

C2H5OH
eTilis spirti

CH3

CHOH

COOH

+ nad+

rZis mJava

  + atf

+ nad H + H +

laqtatdehidro-

     genaza

al
ko

ho
lde

hid
ro

-

   
 g
eno

za

 
 

rZemJavuri duRili. soflis meurneobis warmoebaSi didi mniSvneloba aqvs 
rZemJava duRilis process, romelic gamowveulia sxvadasxva saxis rZemJava 
baqteriebis mier. rZemJavas duRilis dros rZeSi arsebuli disaqaridi 
laqtoza ferment laqtazas zemoqmedebiT iSleba monosaqaridad-glukozad da 
galaqtozad. am dros gamoiyofa energia, romelic siTbos saxiT ifanteba: 
 

C12 H22O11 + H2O→ 2C6H12O6 

 

meore etapze glukozis TiToeuli molekula iSleba rZemJavas or moleku-
lad: 

C6 H12O6 +2 adf+ 2H3 PO4→ 2C3H6O3 +2atf+200kjouli 
 
am dros gamoiyofa energia, romelsac ori atf-is saxiT baqteriebi iyeneben 
sasicocxlo procesebisaTvis, xolo rZemJavas isini gamoyofen gareT, e.i. 
rZeSi, rogorc cxovelqmedebis produqts. rZeSi gamoyofili mJava adedebs 
cila kazeins mkvriv masalad, amitomac miiReba mawoni. rZemJava xels uSlis 
lpobis baqteriebis gamravlebas. rZis damJavebisas igi grovdeba erT 
procentamde. kargi xarisxis mawvnis dasamzadeblad saWiroa rZis winaswari 
aduReba da pasterizacia da Semdeg am rZis Sededeba rZemJava baqteriebis 
wminda kulturiT. aseTi mawvnis saWmelad xmareba didad sasargeblod  
miaCnda gamoCenil mecniers i. meCnikovs. igi Tvlida, rom mawoni xels uSlis 
lpobis baqteriebis Sxamian process, romelic mimdinareobs adamianis 
nawlavebSi da amrigad icavs adamians naadrevi siberisagan. 
ZmrismJavas duRili. mas iwvevs ZmrismJava baqteria. cnobilia, rom TavRiad 
datovebuli Rvino ramodenime xnis Semdeg Zmrad gadaiqceva. aseTi 
damJavebuli Rvinis zedapirze warmoiqmneba apki. igi gamravlebuli 
baqteriebisagan Sedgeba. Zmris duRilis dros eTilis spirti iJangeba jer 
Zmris aldehidad da Semdeg Zmris mJavad: 
 

CH3CH2OH + O2→ CH3 COOH+H2O + 117kjouli 

 

    ZmrismJava duRilis baqteriebi, iseve rogorc rZemJavasi, anaerobebia. maT 
SeuZliaT arseboba uJangbado garemoSi. isini viTardebian 20-300C tempera-
turis pirobebSi.    
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naxSirwylebis aerobuli gardaqmna 
 

    cxoveluri organizmebis qsovilebSi naxSirwylebis daSlis anaerobuli 
stadia win uZRvis aerobul daSlas, romelic mimdinareobs Jangbadis xarjze. 
naxSirwylebis aerobuli gardaqmna energiis mobilizaciis ZiriTadi gzaa, 
romlis drosac maqsimaluri raodenobiT sinTezirdeba atf. naxSirwylebis 
aerobuli gardaqmna mimdinareobs sami ZiriTadi stadiiT: piroyurZnis mJavas 
JangviTi dekarboqsilirebiT, limonmJavas anu trikarbonmJavebis cikliT (ro-
melsac misi aRmoCenis pativsacemad krebsis cikli ewoda) da sunTqvis jaWviT. 
naxSirwylebis aerobuli gardaqmna mimdinareobs mitoqondriebSi. mitoqondri-
is matriqsi Seicavs piruvatdehidrogenazul kompleqss, aseve atf-s, adf-s, 
amf-s, fosformJavas,  Ca2+, Mg2+, K+ ionebs.  
    piroyurZenmJavas JangviT dekarboqsilirebaSi monawileoben kofermentebi: 
Tiaminpirofosfati, lipoismJava, koenzimi–A da fad-i. cxovelur organizmebSi 
fosforilirebuli Tiamini Tiaminpirofosfatis–kokarboqsilazas saxiT 
Sedis. igi piruvatdehidrogenazas kofermentia. reaqciis pirvel stadiaze 
piroyurZnis mJava ukavSirdeba Tialozis birTvis me-2 naxSirbads da miiReba 
Sualeduri produqti, romelic ganicdis dekarboqsilirebas. reaqciis 
Sedegad warmoiqmneba Tiaminpirofosfatis hidroqsieTilwarmoebuli: 
 

                                                                       sqema 9 

CH3

C

COOH

O

piroyurZnis 
   mJava

+ N

N

NH2

H3C

N+

S

CH3

CH2CH2 P
O

O-
OO P

O

OH
OH

Tiaminpirofosfati (kokarboqsiloza)

Cl-

NH2
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C

CH3

HHO

+

(CH2)4

CH2

CH2
S

S
C
H

COOH

lipois mJava
hidroqsieTilTiaminaminopirofosfati

N

NH3C

N+

S

CH3

CH2CH2 P
O

O-
OO P

O

O-
O-

NH2

 
CH2

CH2

CH

SH

(CH2)4COOHOCH2C~S

acetilhidrolipois mJava

+ Tiaminpirofosfati 
   (kokarboqsilaza)

 
 

    Semdgom etapze xdeba lipoamid-dehidrogenaziT lipois mJavas aRdgena, 
xolo lipoid-acetiltransferaziT ZmarmJavas naSTis gadatana hidroqsi-
eTilTiaminpirofosfatidan lipois mJavaze, ris Sedegad miiReba acetilhi-
drolipois mJava da Tavisufldeba Tiaminpirofosfati. acetilhidrolipois 
mJava ganmeorebiT ganicdis lipoamid-dehidrogenazasa da lipoad-
acetiltransferazas zemoqmedebas. lipois mJava aRdgeba dihidrolipois mJa-
vad, xolo ZmarmJavas naSTi gadadis ko A-ze. 

 

+ HS  ko-A CH3CO~S ko A +

CH2

CH2

CH

SH

(CH2)4COOHOCH2C~S

acetilhidrolipois mJava

CH2

CH2

CH

SH

(CH2)4HS

dihidrolipois mJava

COOH

 
 

    dihidrolipois mJava iJangeba lipoamid-dehidrogenaziT, kofermentis 
rols asrulebs daJanguli fad-i. 

 
CH2

CH2

CH

HS

(CH2)4HS
dihidrolipois mJava

COOH

+ fad

(CH2)4

CH2

CH2
S

S
C
H

COOH

lipois mJava

+ fad H2

 
 

    aRdgenili fad-H2 Tavis wyalbadis atomebs gadascems daJangul nad+-s, 
xolo daJanguli formiT, ise rogorc lipois mJava, kvlav CaerTveba 
piroyurZnis mJavas JangviTi dekarboqsilirebis reaqciaSi, xolo nad – sun-
Tqvis jaWvSi. 

+ fad-H2 + nad+ fad + nad-H + H+
 

Sejamebulad:  piroyurZnis mJava + nad+ + koA → acetil-ko + nad-H + CO2 + H+ 
 

    amiT mTavrdeba aerobuli gardaqmnis pirveli stadia da iwyeba meore, 
limonmJavas cikli, romelsac ewodeba krebsis cikli. mitoqondriaSi mimdi-
nare reaqciaTa erToblioba cikluri xasiaTisaa da igi ingliseli 
bioqimikosis hans krebsis saxels atarebs, romelmac pirvelad aRwera es 
movlena, risTvisac mas nobelis premia mieniWa. krebsis cikli warmoadgens 
rTul mravalsafexurebriv reaqciaTa sistemas, sadac yovel gardaqmnas axor-

 
 111 



cielebs gansakuTrebuli fermenti. es cikli damaxasiaTebelia ara marto 
glukozisaTvis, aramed cximebisa da aminmJavebisaTvisac, romlebic winaswar 
iSlebian ZmarmJavad. krebsis ciklSi Jangbadi monawileobs, Tumca ener-
getikuli cvlis es etapi aerobulia. maS, ra rols asrulebs Jangbadi ener-
getikuli cvlis am etapze? gamoirkva, rom krebsis ciklis reaqciebis Sedegad 
warmoiqmneba wyalbadis ionebi, romlebic ukavSirdebian molekulur Jangbads 
wylis warmoqmniT. maSasadame, Jangbadis arseboba aucilebeli yofila wyal-
badis dasakavSireblad da wylis warmosaqmnelad: 

 
4H+ + 2O2→ 2H2 O +O2 

 

    protonis arxis saSualebiT wyalbadis protonebi (H+) miiswrafian mi-
toqondriis SigniT. am dros Tavisufldeba didi raodenobiT energia, romlis 
45% siTbos saxiT ifanteba, xolo 55% maragis saxiT inaxeba, e.i. atf-is qimi-
uri bmebis energiad gardaiqmneba, xolo protonebi (H+) urTierTqmedeben aq-
tiur JangbadTan da warmoqmnian wyalsa da molekulur Jangbads. Jangbadis 
arsebobis SemTxvevaSi mitoqondriaSi yvela procesi wydeba imis gamo, rom 
eleqtronul-transportuli jaWvi wyvets funqcionirebas. sabolood miiReba: 
 

2C3H6O3 + 6O2 + 36adf + 36H3PO4  →36atf + 6CO2 + 2H2 O 
 

    amrigad, krebsis ciklis Sedegad glukozis erTi molekulis daSlis 
dros didi raodenobiT gamoiyofa energia, ris xarjzec warmoiqmneba 36 
molekula atf. amitom, energetikuli cvlis aerobuli etapis efeqtianoba 
Zalze didia, vinaidan glukozis daSlis anaerobul etapze warmoiqmneba 
mxolod ori molekula atf, xolo sruli daSlis, anu daJangvis stadiaze 
sinTezirdeba 36 molekula, rac Seadgens 90%-ze mets im energiisa, rasac 
ujredi Rebulobs glukozis sruli daJangvisas. warmoqmnili atf-is 
molekulebi gamodian mitoqondriidan da monawileoben ujredis yvela 
procesSi, romelsac esaWiroeba energia. Tu SevajamebT glukozis daSlis 
anaerobul da aerobul etapebs, miviRebT Semdeg gantolebas: 
 

C6H12O6 + 6O2 + 38adf + 38H3PO4  → 6CO 2 +38atf + 4H2 O 
 

es gantoleba gviCvenebs glukozis sruli daSlis dros sinTezirebuli atf-
is raodenobas. 
    krebsis ciklSi xdeba di- da trikarbomJavaTa gardaqmna, romlis dros 
erTi molekula piroyurZenmJava mTlianad iSleba dehidrirebiTa da 
dekarboqsilirebiT. fermentebi, romlebic monawileoben krebsis ciklSi, 
Tavmoyrilia ujredTa mitoqondriebSi, sadac mimdinareobs piroyurZenmJavas 
JangviTi daSla. limonmJavas ciklSi monawile fermentebia: akonitathi-
drataza, suqcinatdehidrogenaza, citrat-sinTetaza, izocitratdehidrogenaza, 
oqsiglutaratdehidrogenazuli kompleqsi, suqcinal-koA-sinTetaza, fumarat-
hidrataza, malatdehidrogenaza da piruvatdehidrogenazuli kompleqsi. 
    limonmJavas ciklis (sqema 10) pirvel etapze acetil-koA (1) ukavSirdeba 
mJaunZmarmJavas (2) da warmoiqmneba limonmJava (3). Acetil ko-A-s da mJaun-
ZmarmJavas kondensacias akatalizebs fermenti citratsinTetaza. limonmJavaze 
ferment akonita-hidratazas moqmedebiT xdeba limonmJavas dehidratacia, ris 
Sedegad miiReba akonitis mJava (4), romelic ferment akonitathidratazas 
xelmeored moqmedebiT ikavSirebs 1 molekula wyals da gardaiqmneba izoli-
monmJavad (5); Semdeg stadiaze ferment izocitratdehidrogenazas moqmedebiT, 
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izolimonmJava ganicdis dehidrireba-dekarboqsilirebas da warmoimneba 
ketoglutarmJava (6) am ukanasknelis dekarboqsilireba-dehidrirebiT miiReba 
qarvis mJava (7). reaqcia Seqcevadia da katalizdeba nukleoziddifosfat-
kinaziT. ferment suqcinatdehidrogenazas moqmedebiT qarvis mJava gadadis 
fumarmJavaSi (8), romelic gardaiqmneba vaSlis mJavad (9). es ukanaskneli 
malatdehidrogenazas moqmedebiT iJangeba da warmoiqmneba mJaunZmarmJava (10), 
romelic ganmeorebiT erTveba limonmJavas ciklSi da kvlav gvevlineba 
acetil ko-s aqceptorad.                     
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                                                                         sqema 10 
naxSirwylebis gardaqmna krebsis ciklSi 

 

H3C CO~S - ko A  +

1
COOH

CH2

C

COOH

O

2 COOH

CH2

CH2

COOH

CHO COOH + ko A

3

-H2O

COOH

CH2

CH2

COOH

C COOH

4

+H2O

 

COOH

CHOH

CH2

COOH

CHO COOH

5

+H2O -CO2

COOH

C

CH2

COOH

CH2

6

O

-2H

COOH

CH2

COOH

CH2

7

-CO2

COOH

CH

COOH

CH

8

+H2O -2H

COOH

CHOH

COOH

CH2

9

COOH

CO

COOH

CH2

10

  
 

krebsis ciklSi monawile Sualeduri metabolitebis etapobrivi gardaqmna 

mocemulia me-11 sqemა.    
 

                                                                           sqema 11  
     krebsis cikli 

 
acetil-ko A

mJaunZmris
   mJava

2H

vaSlis mJava

fumaris mJava
qarvis 
 mJava

2-oqsoglutaris mJava

izolimonis mJava

limonis
 mJava

atf

2H

2H

 
 

    limonmJavas ciklis erTgvar modifikacias warmoadgens glioqsilaturi 
cikli (sqema 12), romelic damaxasiaTebelia mcenareebis da baqteriebisaTvis. 
glioqsilatur ciklSi procesi iwyeba izolimonis mJavadan, romelic izo-
citrat-liazas moqmedebiT iSleba glioqsilis da qarvis mJavebad. cxovelur 
organizmebSi, vinaidan isini izocitratliazas ar Seicaven, glioqsilaturi 
cikliT glukozis sinTezi ver xorcieldeba. izolimonis mJavasgan war-
moqmnili qarvis mJava, xmardeba glukozis sinTezs, xolo glioqsilis mJavas 
acetilirebiT sinTezirdeba vaSlis mJava, romelic limonmJavas ciklis saSu-
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alebiT uzrunvelyofs izolimonis mJavas xelaxal sinTezs. amiT mtkicdeba, 
rom ko A–Si gaaqtivebuli nebismieri warmoSobis ZmarmJavas naSTi (naxSir-
wylebi, aminmJavebi, cximovani mJavebi) CH3-CO  koA–s saxiT SeiZleba gam-
oyenebuli iyos naxSirwylebis, kerZod, glukozis sinTezSi. 
 

sqema 12 
glioqsilaturi cikli da masSi monawile fermentebi: 1. izocitratliaza; 

2. malatsinTetaza; 3. malatdehidrogenaza; 4. citratsinTetaza; 5. akonitathidrataza. 
 

COOH

CH2

CH2

COOH

CHO COOH

limonis mJava COOH

CH2

CH2

COOH

C COOH

cis-akonitis mJava

COOH

CH2

C

COOH

O

mJaunZmris 
  mJava

COOH

CHOH

CH2

COOH

CH COOH

COOH

CH2

COOH

CH2

qarvis mJava

izolimonis mJava

COOH

CHO

glioqsilis
   mJava

COOH

CHOH

COOH

CH2

vaSlis mJava

fumaris mJava

vaSlis mJava

mJaunZmris mJava

piroyurZnis mJava

glukoza

HS  ko-A

 H+ + nad-H

CH3CO~S ko A
acetil-ko A

HS  ko-A
nad+

1

2

3

4

5

H2O

H2O

H2O

H2O
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glukoneogenezi 

 
    glikolizis ZiriTadi reaqciebis Sebrunebul process glukoneogenezi 
ewodeba. glukoneogenezi aerTianebs mitoqondriasa da citoplazmaSi 
mimdinare erTian qimiur process, sadac glukozis sinTezi aranaxSirwylovani 
naerTebisagan xorcieldeba. reaqciis pirvel stadiaze piroyurZnis mJava 
Sedis mitoqondriaSi, sadac xdeba misi dekarboqsilireba da mJaunyurZenmJavas 
warmoqmna, romelic aRdgeba nad H-iT. miRebuli vaSlis mJava advilad gadis 
mitoqondriis membranaSi da Sedis citoplazmaSi, sadac kvlav xdeba misi 
daJangva. Semdgomi dekarboqsilirebiTa da fosforilirebiT warmoiqmneba 
fosfoenolpiroyurZnis mJava. am ukanasknelisgan ki specialuri fermentebiT 
xdeba glukozis sinTezi, rac warmoadgens glikolizis Sebrunebul process. 
glukozis sinTezi regulirdeba acetil-ko-A-Ti, amf-iT da atf-iT (acetil-
koA da atf aZlierebs glukozis sinTezs, xolo amf akavebs mas). 

                                                                            sqema 13 

glukozo-6-fosfati

fruqtozo-6-fosfati

fruqtozo-1,6-difosfati

3-fosfoglicerinis aldehidi

1,3-difosfoglicerinis mJava

3-fosfoglicerinis mJava

2-fosfoglicerinis mJava

fosfoenolpiroyurZnis
         mJava

fosfodihidro-
 qsiacetoni

1glukoza

H2O
H3PO4

H2O

H3PO4

mJaunZmris 
  mJava

gtf

gdf
CO2

atf

adfH3PO4 CO2

 
გლუკოზის სინთეზი პიროყურძნის მჟავისგან 

 
sunTqva. mcenareebSi mzis energiis xarjze xdeba organul nivTierebaTa war-

moqmna CO2-sa da H2O-sagan mwvane foTlis mier. cocxal organizmSi 
nivTierebaTa sxva gardaqmnebi dakavSirebulia energiis xarjvasTan, romelsac 
isini Rebuloben bioqimiuri procesebis Sedegad. am reaqciebidan didi 
mniSvneloba aqvs e.w. Jangbadur anu normalur sunTqvas, romelic warmoadgens 
CO2-is asimilaciis Sebrunebul process. sunTqvis dros energia gamoiyofa 
Saqrebis daJangviT. amitom yvela, organuli naerTi, cilebis garda, winaswar 
unda gardaiqmnas Saqrebad, romlebic warmoadgenen sunTqvisaTvis aucilebel 
masalas:            

C6H12O6 + 6O2  → 6CO 2 +6H2O + 686 kkal 
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aminmJavebi, peptidebi, cilebi 
 

    aminmJavebi, peptidebi da cilebi miekuTvneba biologiurad aqtiur niv-
TierebaTa umniSvnelovanes klass. isini cocxali materiis nebismieri formis 
(mikroorganizmebi, mcenareebi, cxovelebi) ZiriTadi komponentebia. 

 
 

aminmJavebi 
 

    aminmJavebi ewodeba iseT organul naerTebs, romelTa molekulebi 
erTdroulad Seicavs rogorc karboqsilis, ise aminis jgufebs. karboqsilis 
jgufis mixedviT aminmJavebi iyofa mono- da dikarbonmJavebad, xolo aminis 
jgufis mixedviT mono- da diaminmJavebad da a.S. karboqsilis mimarT 

aminjgufis adgilmdebareobis mixedviT arCeven α, β, ν da a.S. aminmJavebs: 
 

magaliTad, CH3-CH2-CH(NH2)-COOH     α-aminerbomJava 
                CH3-CH(NH2)-CH2-COOH     β-aminerbomJava 
                 NH2-CH2-CH2-CH2-COOH     ν-aminerbomJava 
 

    gansakuTrebuli mniSvneloba aqvs α-aminmJavebs. isini cilebis Semadgenel 

struqturul erTeulebs warmoadgenen. α-aminmJavebis zogadi formulaa: 
 

R CH COOH

NH2  
 

    aminmJavebis izomeria umTavresad damokidebulia aminjgufis adgil-
mdebareobaze, jaWvis ganStoebasa da asimetriuli naxSirbadis atomis 
arsebobaze. aminmJavebis racionaluri saxelwodebis garda ixmareba trivi-
aluri saxelwodebebic. magaliTad, aminZmarmJavas ewodeba glicini anu 

glikokoli, α-aminpropionmJavas-alanini, α-aminizovalerianmJavas-valini da a.S. 
    aminmJavebis Tanamedrove klasifikacia dafuZnebulia radikalis pola-
robaze, anu wyalTan mis urTierTqmedebis unarze. am kriteriumiT arCeven: 1) 
arapolarul (hidrofobur), 2) polarul (hidrofilur) umuxto, 3) uaryofiTi 
muxtis mqone da 4) dadebiTi muxtis mqone aminmJavebs (cxrili 1). 

    bunebaSi arsebuli aminmJavebidan organizmi cilebis biosinTezSი Mmxolod 
20 aminmJavas iyenebs. maT Soris 8 Seucvleli aminmJavaa, radgan organisms ma-
Ti damoukideblad sinTezireba ar SeuZlia. Seucvleli aminmJavebia: fenila-
lanini, triptofani, leicini, izoleicini, treonini, meTionini, valini, 
lizini. zogierT cilaSi gxvdeba e.w. modificirebuli aminmJavebic. 
Cveulebriv, qimiuri modificireba xdeba mas Semdeg, rac sawyisi aminmJava 
CarTveba cilis SedgenilobaSi. dReisaTvis identificirebulia asormocdaa-
Tamde aseTi aminmJava, romelTagan ramodenime maTganis formula moyvanilia 
qvemoT.  
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cxrili 1. 
cilebis SedgenilobaSi Semavali aminmJavebi 

 
saxelwodeba pirobiTi 

aRniSvnebi 
 

aRnagoba izoeleqtruli 
wertili 

arapolaruli (hidrofoburi) aminmJavebi 
alanini 
 
 
 
valini 
 
 
 
leicini 
 
 
 
izoleicini 
 
 
 
meTionini 
 
 
 
prolini 
 
 
fenilalanini 
 
 
 
triptofani 

Ala 
 
 
 

Val 
 
 
 

Leu 
 
 
 

Ile 
 
 
 

Met 
 
 
 

Pro 
 
 

Phe 
 
 
 

Trp 

H3C CH COOH

NH2  

CH CH COOH

NH2

H3C

H3C

 

CH CH COOH

NH2

H3C

H3C
CH2

 
H2
C CH COOH

NH2

H3C CH

CH3  
H2C CH COOH

NH2

CH2

S CH3  

N
H

COOH

 

H2C CH COOH

NH2  
H2C CH COOH

NH2N
H  

6,02 
 
 
 

5,97 
 
 
 

5,97 
 
 
 

6,02 
 
 
 

5,75 
 
 
 

6,10 
 
 

5,98 
 
 
 

5,88 

                         polaruli (hidrofiluri) umuxto aminmJavebi 
glicini 
 
 
serini 
 
 
treonini 
 
 
 
 
cisteini 
 
 
 
Tirozini 
 
 
sparagini 

Gly 
 
 

Ser 
 
 

Thr 
 
 
 
 

Cys 
 
 
 

         Tyr 
 
 

         Asn 

H CH COOH

NH2  
H2C CH COOH

NH2OH  
H3C CH COOH

NH2

CH

OH  
 
 

H2C CH COOH

NH2SH  

H2C CH COOH

NH2

HO

 

 
5,97 
 
 

5,68 
 

6,53 
 
 
 
 

5,02 
 
 
 

 
       5,65 
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glutamini 

 
 
          Gln               

C CH COOH

NH2

CH2

NH2

O

 
 

          

C CH COOH

NH2

CH2

NH2

O CH2

 

 
       5,4 

 
 

       5,65 

                            uaryofiTad damuxtuli (mJava) aminmJavebi 
asparaginmJava 
 
 
glutaminmJava 

Asp 
 
 

Glu 

HOOC CH COOH

NH2

CH2

 
CH COOH

NH2

H2CHOOC CH2

 

2,97 
 
 

3,22 

                            dadebiTad damuxtuli (fuZe) aminmJavebi 
lizini 
 
 
 
arginini 
 
 
 
histidini 

Lys 
 
 
 

Arg 
 
 
 

His 

CH2 CH COOH

NH2

CH2H2C CH2

H2N  

NH CH COOH

NH2

(CH2)3C
H2N

HN

 

H2C CH COOH

NH2
N
H

N

 

9,74 
 
 
 

10,76 
 
 
 
 

7,58 

 
20 sxvadasxva aminmJavis garda cilebis SedgenilobaSi Sedis aseve Semdegi 
aminmJavebi: 
 

P O

OH

OH

CH

CH2

COOH

O

NH2

fosfoserini

P O

OH

OH

CH

HC

COOH

O

NH2

fosfotreonini

CH3

N
H

HO

COOH

hidroqsipridini
 

CH CH COOH

NH2

(CH2)2H2C

NH2

hidroqsilizini

αε
H2C CH COOH

NH2

I

HO

I
3,5-diiodTirozini

CH2 CH COOH

NH2

(H2C)3

NHCH3

ε−N-meTillizini

OH

 
 

    glicinis garda yvela α-aminmJava Seicavs asimetriul naxSirbadis atoms 

α-mdgomareobaSi. amis gamo isini optikurad aqtiuri nivTierebebia. α-
aminmJavebis absolutur konfiguracias gamosaxaven D- da L-glicerinis alde-

hidis mixedviT. cilebis SedgenilobaSi gavrcelebuli α-aminmJavebi miekuTvne-
ba L-konfiguracias: 
 

R

C

COOH

H2N H

α,L-aminmJava
R

C

COOH

NH2H

α,D-aminmJava
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        L-konfiguraciis α-aminmJavebi, rogoricaa histidini, leicini, meTionini, 
cisteini, Treonini, fenilalanini marcxniv mbrunavi izomerebia (-), xolo 
alanini, valini, izoleicini, arginini, lizini marjvniv mbrunavi (+). cilebis 

SemadgenlobaSi Sedis mxolod L-aminmJavebi. α-aminmJavebi wyalSi xsnadi 
ufero kristaluri nivTierebebia. isini kargad ixsnebian wyalSi, cudad _ 

organul gamxsnelebSi. mraval maTgans tkbili gemo aqvs. radganac α-
aminmJavebis molekulebi Seicavs or funqciur jgufs, romelTagan erTi (kar-
boqsilis jgufi) mJava TvisebebiT xasiaTdeba, xolo meore (aminis jgufi) _ 
fuZe TvisebebiT, isini urTierTqmedeben erTmaneTTan e.w. cviter-ionis (germ. 

zwitter-hibridi) warmoqmniT. wyalxsnarebSi α-aminmJavebi arsebobs bipolaruli 
ionisa da kaTionuri da anionuri formebis wonasworuli narevis saxiT. 
wonasworobis mdgomareoba damokidebuli aris pH-ze. 
 

H3N CH COOH

R

+
H3N CH COO-

R

+-H+

+H+

-H+

+H+
H2N CH COO-

R  
 

        pH-is im mniSvnelobas, romlis drosac bipolaruli ionebis koncentracia 

maqsimaluria, xolo α-aminmJavebis kaTionuri da anionuri formebis _ mini-
maluri koncentraciebi ki erTmaneTis tolia, izoeleqtruli wertili ewode-

ba. am wertilSi α-aminmJavebis jamuri muxti nulis tolia da misi bipolaru-
li ioni eleqtrul velSi ar gadaadgildeba. 
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aminmJavebis sinTezi 
 

1. α-halogenCanacvlebuli mJavebis aminireba. Tavdapirvelad axdenen kar-
bonmJavas halogenirebas da Rebuloben monohalogenCanacvlebul mJavas, 

Semdeg Warbi amiakis moqmedebiT Rebuloben α-aminmJavas: 
 

R CH2 COOH + Br2
PBr3

RCHCOOH + HBr

Br
I

I + 2NH3 CHCOOH + NH4Br

NH2

R

 
 

2. α-halogenCanacvlebuli mJavebis eTerebis aminireba. am dros α-halogemJavas 
rTul eTerze moqmedeben kaliumis fTalamidiT (gabrielis sinTezi), miRebuli 
glicerinis gamosavlianoba 90%-ia. 
 

N H2CCl C
O

OC2H5
: : K+-

+

O

O

N H2C C
O

OC2H5

O

O

HOH(HCl)

hidrolizi

 
COOH

COOH

+ H2N H2C C
O

OH
+ C2H5OH

 
3. Strekeris sinTezi. aldehidze moqmedeben amoniumis cianidiT da asinTezi-

reben α-aminmJavebis nitrils, romlis hidroliziT warmoiqmneba Sesabamisi α-
aminmJava: 

NH4Cl + KCN NH4CN + KCl  
 

NH4CN NH3 + HCN  
 

α-aminnitrili

R C
O

H

+HCN R CH CN

OH

+NH3

-H2O
R CH CN

NH2

+HOH

-NH3

R CH COOH

NH2
α-aminmJava

 
 
4. ketomJavaTa oqsimebis aRdgeniT: 

 
H3C CH COOH

NOH

+ 4H CH3 CH(NH2) COOH + H2O

 
 
5. ujer mJavaze amoniakis moqmedebiT: 
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CH2 CH COOH + NH3 NH2 CH2 CH2 COOH 

 
 
 

aminmJavebis qimiuri Tvisebebi 
   
    radgan aminmJavebi Seicavs NH2-jgufs, maT aqvT fuZe xasiaTi, karboqsilis 
jgufis arseboba ki maT mJava xasiaTs aniWebs. aseT naerTebs amfolitebs 
uwodeben. aminmJavebis umravlesobas orive Tvisebebi TiTqmis Tanabari aqvs, 
maTi wyalxsnarebi praqtikulad neitraluria. rac imiT aris gamowveuli, rom 
aminmJavebi warmoqmnis Sinagan marilebs.  
1. aminmJavebi fuZeebTan warmoqmnis marilebs. magaliTad, axladdamzadebul 

Cu(OH)2-Tan yvela α-aminmJava warmoqmnis cisfer spilenZis (II) xelatur kom-
pleqss: 

2R CH COOH + Cu(OH)2

NH2

-2H2O

R CH NH2

CO
Cu

O RCHH2N

O CO

 
 

2. α-aminmJavebi spirtebTan moqmedebs qlorwyalbadis, rogorc katalizatoris 
TandaswrebiT. am dros maRali gamosavlianobiT miiReba rTuli eTerebi: 
 

R CH COOH + CH3OH

NH2

-H2O

HCl
R CH COOCH3

NH3Cl
+ - -NH4Cl

NH3
R CH COOCH3

NH2  
 

3. Ba(OH)2-is moqmedebiT α-aminmJavebi gaxurebiT advilad dekarboqsilirdeba, 
rac imiTaa gamowveuli, rom aRniSnul naerTebSi naxSirbadis erTsa da imave 
atomTan ori eleqtronaqceptoruli jgufi (NH2, COOH) dgas. organizmSi 
msgavsi reaqciebi mimdinareobs ferment dekarboqsilazas moqmedebiT. 
magaliTad, histidinis dekarboqsilirebiT miiReba biogenuri amini histamini. 
histaminis gavleniT Zlierdeba Sinagani sekreciis jirkvlebis moqmedeba, 
farTovdeba kapilarebi da Zlierdeba sisxlis nakadi. es iwvevs kanis siwiT-
les, rac Sinagani emociuri mdgomareobis gamomxatvelia. 

 
CH2 CH COOH

NH2N NH

CH2 CH2 NH2

N NH
 

 
glutaminmJavas dekarboqsilirebiT warmoiqmneba bunebrivi trankvilizatori 

γ-aminerbomJava: 
 
 

 
  
 

 
 
     glutaminmJava aRniSnul gardaqmnas ganicdis vitamin B6-is TandaswrebiT, 
romelic am procesis koferments warmoadgens. dezaminirebis Sedegad gam-
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oyofili amiaki sxvadasxva gziT gamoiyofa organizmidan. wylis mobinadreni 
amiaks gamoyofen uSualod wyalSi, xolo xmeleTis mobinadreni Sardovanasa 
da Sardis mJavas saxiT. ZuZumwovrebi Warb azots gamoyofen Sardovanas saxiT, 
romelic wyalSi kargad ixsneba. qvewarmavlebi da frinvelebi ki azots gam-
oyofen wyalSi uxsnadi Sardis mJavas saxiT. Sardis mJava adamianis organiz-
mSi gamoiyofa rogorc Tanamde produqti Sardis saxiT. dRe-RameSi gam-
oyofili Sardi Seicavs daaxloebiT 0,5g Sardis mJavas. ufro meti raodenobis 
gamoyofisas Sardis mJava iwvevs kenWebis warmoqmnas Tirkmlebsa da Sardis 
buStSi. Sardis mJavas mononatriumis marilebis gamoleqva xdeba saxsrebSi, 
rac iwvevs nikrisis daavadebas. cisteinis gardaqmna organizmSi Semdegnairad 
mimdinareobs: 
   

CH2SH

CHNH2

COOH
cisteini

[O]

fermenti

H2C

CHNH2

COOH
cisteinsulfinis
     mJava

SO2H
-CO2

fermenti

H2C

CH2

NH2

SO2OH
+ [O]

fermenti

H2C

CH2

NH2

SO3H

taurini

 
 

    RviZlSi taurinidan warmoiqmneba taurinqolinis mJava, sadac taurini 
qolis mJavasTan dakavSirebulia amiduri bmiT. taurini aRmoCenilia Tavis 
tvinSic. dReisaTvis kargad aris Seswavlili Tirozinis, triptofanis, histi-
dinis da sxva aminmJavebis dekarboqsilirebis reaqciebi: 

 

H2C CH COOH

NH2

HO

Tirozini

-CO2
H2C CH2 NH2HO

Tiramini  
 

triptofani

H2C CH NH2

COOHN
H

-CO2

triptamini

H2C CH2 NH2

N
H

 
 

     triptofani advilad ganicdis hidroqsilirebas triptofan-5-monooqsi-
dazaTi, warmoiqmneba 5-hidroqsi-L-triptofani, xolo misi dekarboqsilirebiT, 
aromatuli L-aminmJavebis dekarboqsilazaTi miiReba serotonini, romelic 
gansakuTrebul rols asrulebs mexsierebis meqanizmebSi. 

4. α-aminmJavebi  moqmedebs araorganul mJavebTan da warmoqmnis marilebs: 
 

H2N CH COOH + HCl

R

(H3N CH COOH)Cl

R

+ -

 
 

5. α-aminmJavebi moqmedebs azotovan mJavasTan da gardaiqmneba _ hid-
roqsimJavebad, am dros gamoiyofa Tavisufali azoti: 

 
R CH COOH + HNO2

NH2

R CH COOH

OH
+ N2 + H2O
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gamoyofili azotis moculobis mixedviT raodenobrivad sazRvraven aminmJavas 
van-slaikis meTodiT. 
6. aminmJavebisaTvis damaxasiaTebelia dezaminirebis reaqciebi. arsebobs Jan-
gviTi da araJangviTi dezaminireba. araJangviTi dezaminireba mimdinareobs 
baqteriebsa da sokoebSi. araJangviTi dezaminirebis reaqciebia: 
a. AaRdgeniTi dezaminireba: 
 

R CH COOH

NH2

2H
R CH2 COOH + NH3

 
 

b. hidrolizuri dezaminireba: 
 

R CH COOH

NH2

H2O
R CH COOH + NH3

OH  
 

g. Sigamolekuluri dezaminireba: 
 

R CH COOH

NH2

CH2 R CH COOH + NH3C
H

 
 

JangviTi dezaminireba mimdinareobs Sualeduri produqtis-iminis warmoqmnis 
gziT, magaliTad: 

CH3

C

COOH

NH2H

alanini

[O] CH3

C

COOH

NH

imini

+H2O
CH3

C

COOH

O

piroyurZnis 
   mJava

+ NH3

 
 

    cxoveluri da mcenareuli organizmebisaTvis, aseve mravali aerobuli 
mikroorganizmisaTvis upiratesad JangviTi dezaminirebaa damaxasiaTebeli. 

7. α-aminmJavebi  moqmedebs aldehidebTan, Canacvlebuli iminebis (Sifis fu-
Zeebi) warmoqmniT: 

 
R CH COOH

NH2
α-aminmJava

CH RO+
aldehidi

R CH COOH

HN CHR

OH
karbonilamini

-H2O
R CH COOH

N CHR

Canacvlebuli imini
    (Sifis fuZe)

 
 

8. aminmJavebisaTvis  damaxasiaTebelia gadaaminirebis (transaminirebis) reaq-

cia, romelic α-aminmJavebis biosinTezis ZiriTadi gzaa. es procesi xor-
cieldeba Sesabamisi fermentebisa da kofermentebis (piridoqsalfosfatis) 

saSualebiT. am dros organizmisaTvis saWiro α-aminmJava sinTezirdeba ujre-

debSi sakmarisi raodenobiT arsebuli sxva  α-aminmJavasagan am ukanasknelis 
aminis jgufis gadataniT iseT ketonmJavaze, romlis naxSirwyalbaduri 

radikali aRnagobiT Seesabameba dasasinTezebel α-aminmJavas. α-aminmJavadan 
ketonmJavaze aminis jgufis gadatanisas mis droebiT “sacavs” warmoadgens 
kofermenti piridoqsalfosfati, magaliTad: 
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HOOC CH COOH

NH2

CH2 + HOOC CCOOH

O

(CH2)2 HOOC C COOH

O

CH2 +

COOH

CH

COOH

NH2

(CH2)2
asparaginmJava α-ketoglutarmJava mJaunZmarmJava

glutaminmJava  
 

    gadaaminirebis saSualebiT xdeba calkeuli L-aminmJavas siWarbis Tavidan 
acileba organizmSi da, aqedan gamomdinare, ujredebSi aminmJavaTa Semcvelo-
bis regulireba. 

9. α-aminmJavebi gaxurebisas warmoqmnis diketopiperazinebs: 
 

2R CH COOH

NH2

to

NH

CH
C

HN

HC
C

O

O

R

R
+ 2H2O

 
 

am reaqciiT SeiZleba α-aminmJavebis gansxvaveba sxva aminmJavebisagan, radgan β-
aminmJavebis gaxurebiT miiReba ujeri mJavebi: γ-, δ- da a.S. α-aminmJavebi ki war-
moqmnis Sigamolekulur amidebs-laqtamebs: 

R CH2 COOHCH

NH2

to

-NH3
R CH COOHCH

 

CH COOHCH2

NH2

R CH2
to

-H2O
N
H

CO

CH2H2C

CHR

 
10. amfoteruli bunebis gamo α-aminmJavebi SeiZleba erTmaneTs daukavSirdes 
da warmoqmnas peptidebi: 

CH2H2N COOH N COOHH HC+

CH3

-H2O
C COOHNH2CNH2

CH3HO

H
C

H  
 

ori aminmJavasagan miRebul peptids dipeptidi ewodeba, mravali aminmJavasagan 
miRebuls-polipeptidi. peptidebSi aminmJavaTa naSTebi erTmaneTTan da-
kavSirebulia  

C N

HO  
 
 

jgufebiT, romelsac peptiduri anu amiduri bma ewodeba. peptidebis saxel-
wodeba iwarmoeba aminmJavaTa saxelwodebidan. magaliTad, Semdegi dipeptidis 
 

CO COOHNHCH2

CH3

CHNH2

 
 

 
 125 



saxelwodebaa glicin-alanini. peptiduri bma, rTuli eTeruli bmis analo-
giurad, advilad ganicdis hidrolizs mJave an tute areSi sawyisi aminmJavebis 
warmoqmniT: 

CO COOHNHCH2

CH3

CHNH2
+

OH H

COOHCH2NH2 glicini

COOHNH2

CH3

CH alanini

 
 

11. α-aminmJavebi Sedis reaqciaSi disaqaridebTan. araaRmdgenel disaqaridebTan 
reaqciis Sedegad gamoiyofa Sesabamisi aldehidebi, amiaki da naxSirorJangi, 
xolo aRmdgenel disaqaridebTan reaqciisas furfuroli an hidroqsimeTil-
furfuroli. aminmJavebidan warmoqmnili aldehidis suni ZiriTadad ganapiro-
bebs sakvebi produqtebis aromats. aRmdgeneli disaqaridebidan gamoyofili 
furfuroli da hidroqsimeTilfurfuroli Semdgom Sedis reaqciaSi 
aminmJavebTan da warmoqmnis muqi feris produqtebs, romlebsac melanoidebi 
ewodeba. melanoidebis warmoqmniT aixsneba sakvebi produqtebis feris Secvla 
Senaxvis procesSi. melanoidebis zusti struqtura jer-jerobiT ar aris 
dadgenili. 

12. qromatografiuli da speqtrofotometruli analizis dros  α-aminmJavebis 
aRmosaCenad gamoiyeneba TvisebiTi reaqcia ninhidrinTan. am dros miiReba lur-
ji-iisferi produqti. es reaqcia damaxasiaTebelia nebismieri aminmJavasTvis: 
 

 

C
OH

OH

C

C

O

O

COOHNH2

R

CH+ to
C N

C

C

O

O

C
C

C

O

OH

+ CO2 +RCOH + 3H2O2

  
aminmJavebi prolini da oqsiprolini yviTeli feris pigments warmoqmnis. 
13. zogierTi aminmJavasTvis damaxasiaTebelia specifikuri reaqciebi calkeul 
reagentebTan. magaliTad, TirozinTan, triptofanTan koncentrirebuli HNO3-
is moqmedebiT miiReba yviTeli feris nitrowarmoebuli, romelic tutis moq-
medebiT gadadis narinjisferSi. am reaqcias qsantoproteinis reaqcia ewodeba: 

H2C CH COOH

NH2

HO

Tirozini

+2HNO3

H2C CH COOH

NH2

HO

dinitroTirozini

NO2O2N
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H2C CH COOH

NH2

O

dinitroTirozinis
 qinoiduri forma
 (yviTeli feris)

NO2N
OH

O

H2C CH COOH

NH2

O

dinitroTirozinis qinoiduri 
     formis Na-is marili
        (narinjisferi)

NO2N
ONa

O
+ H2O

NaOH

 
 

aseve TirozinTan milonis reaqtivis∗ moqmedebiT miiReba agurisfer-wiTeli 
naleqi-nitroTirozinis vercxliswylis marili:  
 

H2C CH COOH

NH2

HO

Tirozini

+HgNO3
+HNO3

H2C CH COOH

NH2

O

dinitroTirozinis vercxliswylis
             marili

NO2N
OHg

O
+ 2H2O

 
cisteinis aRmosaCenad cilas umateben tyviis acetats (CH3COO)2Pb tute areSi. 
warmoiqmneba Savi PbS-is naleqi, rac miuTiTebs cilaSi cisteinis arsebobaze. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

∗ milonis reaqtivs Semdegnairad Rebuloben: 57ml koncentrirebul HNO3-Si xsnian 40ml ver-
cxliswyals, Semdeg xsnars acxeleben wylis abazanaze da azaveben 2-jer meti moculobis wyliT, ay-
ovneben da naleqidan gadmowuraven. 
 

 
 127 

                                                           



 
peptidebi 

        
peptidebi iseTi naerTebia, romlebic agebulia aminmJavebis naSTebisagan. 

peptidebs yofen oligopeptidebad (di-, tri-, tetra- da a. S. peptidebi), 
romelTa molekulebi Seicavs ara umetes 10 aminmJavur naSTs da 
polipeptidebad. 

 

R

CHN C

H

O

R

CHN C

H

O

R

CHN C

H

O

R

CHN C

H

O

polipeptidi  
 

    polipeptidebs miekuTvneba cilebi. cilebis struqturis Sesaswavlad 
danilevskim 1888 wels gamoiyena biuretis reaqcia. biuretis tute xsnarze 
ramde-nime wveTi CuSO4-is ganzavebuli xsnaris moqmedebiT warmoiqmneba 
iisferi Se-feriloba. es reaqcia gamowveulia cilis molekulaSi arsebuli 
peptiduri bmebiT, romlebic spilenZis ionebTan Seferil kompleqsur naer-
Tebs warmoqmnian. 
    me-20 saukunis 50-an wlebSi amerikeli mecnierebis polingisa da koris 
mier rentgenostruqturuli analizis meTodebis gamoyenebiT Seswavlil iqna 
mravali di- da tripeptidi. Tanamedrove warmodgenebiT, peptidebsa da cileb-
Si peptiduri bma praqtikulad brtyelia, rac imiT aris gamowveuli, rom mis 
SedgenilobaSi Semavali naxSirbadis atomi imyofeba SP2-hibridizebul 
mdgomareobaSi, azotis atomis gauwyvilebeli eleqtronuli wyvili ki 

SeuRlebaSi Sedis C=O bmis π-eleqtronul sistemasTan: 
 

C

O

N

H

: C

O

N

H

δ−

δ+

 
 

    eleqtronuli simkvrive gadaweulia ufro eleqtrouaryofiTi Jangbadis 
atomisaken. SeuRlebis Sedegad xdeba bmis manZilebis ramdenadme gaTanabreba. 
C=O bma grZeldeba 0,124 nm-mde, xolo C-N bma ki mokldeba 0,132 nm-mde. pep-
tidur jgufSi am ukanasknels nawilobriv ormagi bmis xasiaTi gaaCnia, rac 
aZnelebs am bmis garSemo brunvas. amrigad, peptiduri bmis eleqtronuli 
aRnagoba gansazRvravs mis brtyel, xist struqturas. peptiduri bmis 
struqtura ganapirobebs mTlianobaSi polipeptiduri jaWvis struqturas. es 
jaWvi ar aris ganStoebuli. mis erT bolos, sadac moTavsebulia aminmJavuri 
naSTi Tavisufali aminis jgufiT, N-bolokidurs uwodeben, xolo meores 
(Tavisufali karboqsilis jgufiT) C-bolokidurs. 
    erT-erTi pirveli meTodi N-bolokidura aminmJavuri naSTis gansazRv-
risaTvis SemuSavebul iqna 1945 wels ingliseli bioqimikosis senjeris mier 

2,4-dinitroftorbenzolTan. cilis an peptidis α-aminjgufis reagirebisas 
warmoiqmneba yviTeli Seferilobis dinitrofeniluri (dnf) warmoebuli. 
Semdgomi mJavuri hidrolizi ki iwvevs peptiduri bmis gawyvetas da N-
bolokidura aminmJavas dnf-s warmoebulis warmoqmnas. bolos axdenen eTeriT 
am ukanasknelis eqstragirebas da identificirebas Txelfenovani qromato-
grafiiT. 
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     dReisaTvis N-bolokidura naSTebis gansazRvrisaTvis yvelaze ufro 
gavrcelebulia ingliseli bioqimikosebis greisa da hartlis mier 1963 wels 
SemuSavebuli e.w. “dansiluri meTodi”. es meTodi imave principzea damyarebu-
li, oRond pirvel stadiaze iyeneben dansilqlorids (1-dimeTil-amin-
naftalin-5-sulfoqloridi). hidrolizis Sedegad miRebuli produqtis gan-
sazRvras awarmoeben maRalefeqturi Txevadi qromatografiis gamoyenebiT. 
        C-bolokidura aminmJavuri naSTebis gansazRvris qimiuri meTodebidan 
aRsaniSnavia iaponeli qimikosis a. kaboris mier SemuSavebuli hidrazinolizis 
meTodi. am meTodiT peptids an cilas 100-1200C-ze axureben uwylo hidrazinTan 
erTad. am dros xdeba peptiduri bmebis hidrolizi da aminmJavaTa hidrazide-
bis warmoqmna. C-bolokidura aminmJava rCeba Tavisufali saxiT da sareaqcio 
aridan gamoyofis Semdeg axdenen mis identifikacias. 
    peptiduri sinTezi- es aris aminmJavaTa SeerTebis gziT peptiduri jaWvis 
ageba qimiuri meTodebis gamoyenebiT. es procesi Zalze rTulia, radganac 
aucilebelia aminmJavaTa metad gansazRvruli Tanmimdevrobis dacva. Semu-
Savebulia peptidebis sinTezis strategia, romlis mixedviTac Sesabamis 
etapebze saWiroa erTi funqciuri jgufis dacva (blokireba) da meoris gaaq-
tiureba. aqtiuri unda iyos erTi aminmJava karboqsilis jgufi da meoris 
aminis jgufi. amasTan daculi unda iyos pirveli aminmJavas aminis jgufi da 
meoris karboqsilis jgufi. aminis jgufebis dacvisaTvis iyeneben formilis, 
triftoracetilis, benzilhidroqsilkarbonilis da a.S. jgufebs. karboqsilis 
jgufebs ki icaven rTuli eTerebis warmoqmniT. am mizniT iyeneben benzilis, p-
nitrobenzilis, p-meToqsibenzilis, mesamad-buTilis da a.S. jgufebs. zogjer 
saWiroa agreTve aminmJavaTa gverdiT jaWvSi myofi funqciuri jgufebis (-0H, -
SH, -CONH2 da sxva) dacvac. imisaTvis, rom peptiduri sinTezi sakmaod maRali 
siCqariT mimdinareobdes, saWiroa pirveli aminmJavas karboqsilis jgufis 
gaaqtiureba – misi karboniluri naxSirbadatomis eleqtrofilurobis gazrda. 
am mizniT ufro xSirad mimarTaven reaqcias eTilqlorformiatTan, ris 
Sedegac warmoiqmneba Sereuli anhidridi. ase TandaTanobiT, “nabij-nabij” 
xorcieldeba peptiduri jaWvis zrda.  
     me-20 saukunis 50-iani wlebidan iwyeba biologiurad aqtiuri bunebrivi 
peptidebis sinTezis era. udides miRwevas warmoadgens 1963-65 wlebSi germane-
li mecnierebis canis da kunis, da amerikeli mecnieris kacoianisis mier ganx-
orcielebuli insulinis sinTezi. 
    peptidebis sinTezi Zalian Sromatevadia da dakavSirebulia did xar-
jebTan. 1963 wels amerikelma mecnierma merifildma SeimuSava peptidebis sin-
Tezis myarfazuli meTodi, riTac mniSvnelovnad iqna daZleul aRniSnuli 
reaqciebi. am meTodis principi imaSi mdgomareobs, rom mzardi peptiduri 
jaWvi magrdeba uxsnad, myar polimerul matricaze. pirveli aminmJava Tavisi 
karboqsiluri jgufiT kovalenturad ukavSirdeba am matricas. Semdgomi amin-
mJava, winaswar daculi aminis jgufiT, uerTdeba mas peptiduri bmiT. –NH2 da 
–COOH jgufebis kondesaciis yovel Semdgom stadiaze iyeneben makondensire-
bel agents (magaliTad, dicikloheqsilkarbodiamids). kondensaciis reaqciis 
damTavrebis Semdeg SerCeviTad xdeba aminis jgufis blokireba. Warbi rea-
gentebis eqstragirebas axdenen organuli gamxsnelebiT, xolo myari polimeri 
da masze damagrebuli reaqciis produqti rCeba sareaqcio WurWelSi. es 
operaciebi TanmimdevrobiT grZeldeba manam, sanam ar moxdeba ukanaskneli 
aminmJavuri naSTis mierTeba. amis Semdeg acileben damcvel jgufebs, wyveten 
bmas polimerul matricasa da polipeptids Soris da gamoyofen miRebul 
polipeptids. polipeptidebis sinTezi tardeba specialur sinTezatorebSi, 
sadac yvela operacia daprogramebulia. 
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cilebi 
 

cilebi rTuli aRnagobis biopolimerebia, romelTa SedgenilobaSi garda 
polipeptiduri jaWvisa, SeiZleba iyos sxva organul naerTTa naSTebi. sxva 
organuli naerTebisagan gansxvavebiT cilebs axasiaTebs mTeli rigi Tavise-
burebani. maT gaaCniaT didi molekuluri masa. magaliTad, kvercxis erT-erTi 
cilis – albuminis masaa 36 000, hemoglobinis _ sisxlis wiTeli ujredebis 
cilis 152 000, miozinis _ kunTis cilis  _ 500 000. 

cilebi iyofa 2 did jgufad: martiv cilebad anu proteinebad da rTul 
cilebad anu proteidebad. “proteini” berZnuli sityvaa da niSnavs pirvelads. 

mJave areSi proteinebis hidrolizis Sedegad warmoiqmneba α-aminmJavebi, xolo 
proteidebis hidrolizisas aminmJavebTan xdeba araorganuli da organuli 
naerTebis miReba. am aracilovan nawils prostetuli jgufi ewodeba. 

proteinebs miekuTvneba: albuminebi, globulinebi, glutelinebi da 
skleroproteinebi. albuminebi wyalSi kargad ixsneba, gvxvdeba rZeSi, kver-
cxis cilaSi da sisxlSi. globulinebi wyalSi ar ixsneba, magram xsnadia 
marilTa ganzavebul xsnarebSi. maT miekuTvneba sisxlis globulinebi da 
cila miozini. es ukanaskneli gvxvdeba kunTebSi. glutelinebi ixsneba mxo-
lod tutis ganzavebul xsnarebSi, gvxvdeba mcenareebSi. skleroproteinebi-
uxsnadi cilebia. maT miekuTvneba keratinebi, kanisa da SemaerTebeli qsovilis 
cila kolageni da bunebrivi abreSumis cila fibroini. proteidebi war-
moadgenen Sereul biopolimerebs. maTi klisifikacia xdeba prostetuli jgu-
fis xasiaTis mixedviT. arCeven: glikoproteidebs (ara cilovani nawilis sax-
iT Seicavs naxSirwylebs), lipoproteidebs (Seicavs lipidebs), nukleopro-
teidebs (Seicavs nukleinmJavebs), fosfoproteidebs (Seicavs fosformJavas 
naSTebs) da metaloproteidebs (Seicavs metalTa ionebs). 

cilebi formis mixedviT iyofa or jgufad: fibrilur da globulur 
cilebad. cilas, sadac sigrZis Sefardeba siganesTan 10-ze metia fibriluri 
ewodeba, xolo cilas, sadac sigrZis Sefardeba siganesTan 10-ze naklebia-
globuluri. fibriluri cilaa: keratini, fibroini da sinTezuri polipep-
tidebi. fibriluri cilebi wyalSi uxsnadia, globuluri ki wyalSi ixsneba 
da koloidur xsnars warmoqmnis. fibriluri cilis molekulebi gawelilia 
sigrZeSi da warmoqmnis boWkos, sadac xazovani polipeptiduri jaWvebi erT-
maneTTan dakavSirebulia wyalbaduri bmebiT. globuluri cilis molekulebi 
daxveulia Sigamolekuluri wyalbaduri bmebis meSveobiT:     

                                                                                    sur. 4 
 
 
                                                                              
 
                                                                                   

fibriluri cila 
                                            

fibriluri cilebi qsovilebis ZiriTad samSeneblo masalis funqcias 
asrulebs. globuluri cilebi ki asruleben sasicocxlo procesebis regu-
latoris funqcias. fibriluri cilebia keratini (romelic Sedis kanis, frCx-
ilis, bumbulis, rqovanis SedgenilobaSi), yvela fermenti, hormonebi, an-
tisxeulebi, kvercxis albumini, hemoglobini da sxva. 
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cilebis struqtura 
 
    cilis molekula Sedgeba polipeptiduri jaWvisagan. cilis polipep-
tiduri Teoria Camoayaliba germanelma mecnierma e. fiSerma. dReisaTvis 
cilebis struqturis gansazRvris sxvadasxva meTodebis gamoyenebiT 
SesaZlebeli gaxda 500-mde cilis polipeptiduri jaWvis agebulebis gaSifvra. 
qaTmis kvercxis cilis kristaluri lizocimis molekuluri masa aris 14386 
da igi Sedgeba 129 aminmJavasagan, romelic warmoqmnis erT polipeptidur 
jaWvs. lizocimis molekulaSi NN-bolokidura aminmJavas warmoadgens lizini, 
xolo C-bolokiduras leicini. sxvadasxva aminmJavuri rgolis monacvleobis 
Tanamimdevrobas polipeptidur jaWvSi cilis molekulis pirveladi 
struqtura ewodeba. am dros yoveli individualuri cila xasiaTdeba Tavisi 
aminmJavuri rgolebis mkacri TanamimdevrobiT imis msgavsad, rogorc anbanis 
gansazRvruli raodenobis asoebisagan SeiZleba SevadginoT sxvadasxva sityva, 
ise oci aminmJavasagan SeiZleba warmoiqmnas cilebis usazRvro raodenoba. 
    spiraluri polipeptiduri jaWvebi cilis molekulaSi SefuTulia 
mkvrivad, rac qmnis am molekulaTa Sinagan struqturas. Tanamedrove 
SexedulebiT, cilis molekulaSi imyofeba spiraluri konfiguraciis mqone 
mravalgzis ganmeorebadi struqturuli polipeptiduri erTeulebi, romleb-

mac miiRes α-spiralis saxelwodeba. α-spiraluri struqtura maSin war-
moiqmneba, roca polipeptiduri jaWvis yvela rgolSi martivi bmebis garSemo 
brunvis kuTxe sididiTa da niSniT erTnairia. amis Sedegad TandaTan xdeba 

xveuli kibis msgavsad jaWvis daxveva. α-spiralis stabilizireba xorcieldeba 
polipeptiduri jaWvis C=O da N-H jgufebs Soris arsebuli Sigamolekuluri 
wyalbaduri bmebiT. aminmJavuri naSTebis radikalebi spiralis mier war-
moqmnili cilindris periferiaze mdebareobs. am naSTebis bunebis mixedviT 

mJRavndeba spiralis hidrofobuli da hidrofiluri xasiaTi. α-spiralSi 
polipeptiduri jaWvis yoveli NH-jgufi wyalbaduri bmiT ukavSirdeba misgan 
meoTxe aminmJavuri naSTis CO-jgufs. Cveulebriv, bunebriv naerTebSi gvxvdeba 

cilebi marjvniv daxveuli α- spiraliT. spiralis TiToeul xviaze modis 3,6-
aminmJavuri naSTi. xviebs Soris manZili, e.w. biji Seadgens 0,54 nm-s, spiralis 
radiusi ki 0,23 nm-s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                  α-spirali                     polipeptiduri jaWvis β-struqtura 
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      α-struqturis garda cilebs axasiaTebs e.w. β-struqtura. cilis meorad 
struqturaSi igulisxmeba pilipeptiduri jaWvis konformacia. pirvelad in-
gliselma mecnierma astberim 1941 wels rentgenostruqturuli analizis sa-

fuZvelze aRwera β-struqtura. 10 wlis Semdeg polingma da korim daadgines, 

rom β-struqtura anu “naoWa” struqtura, es aris jaWvebs Soris arsebuli wy-
albaduri bmebiT stabilizirebuli, zigzagiseburi peptiduri jaWvebis aso-

ciacia. α- da β-struqtura warmoqmnis meoreul struqturas cilis moleku-
laSi. am dros aminmJavuri radikalebi spiralis gareT rCeba. spiralis 
xveulebi erTmaneTTan mWidrodaa ganlagebuli. erT xveulze myof NH-
jgufebsa da mezobel xveulze myof CO-jgufebs Soris warmoiqmneba wyalba-
duri bmebi. wyalbaduri bmebi kovalenturTan SedarebiT sustia, magram 
mravaljer gameorebiT, isini mtkice bmebs qmnian. polipeptiduri spirali, ro-
melic “gakerilia” mravalricxovani wyalbaduri bmebiT, sakmaod myari 
struqturaa. 
     meoreuli struqturis kidev erTi saxeobaa kolagenis spirali. kolageni 
erT-erTi yvelaze gavrcelebulia cilis struqturaTa Soris adamianis or-

ganizmSi (mTeli cilis 30%-s Seadgens). igi boWkovani, wyalSi uxsnadi cilaa. 
sxva komponentebTan erTad warmoqmnis kolagenur boWkos, romelic adamianis 
organizmis SemaerTebeli qsovilis ZiriTad masas warmoadgens. igi Sedgeba 
tropokolagenis sami spiralizirebuli jaWvisagan. kolagenuri struqtura 
stabilizirdeba wyalbaduri bmebiT, romelic myardeba erTi jaWvis peptidur 
NH-jgufsa da meore jaWvis CO-jgufs Soris. kolagenis sinTezis 
darRvevasTanaa dakavSirebuli zogierTi daavadeba. C-vitamini axorcielebs 
fermentis funqcias prolinuri da lizinuri naSTebis hidroqsilirebas. ami-
tom misi ukmarisoba iwvevs kolagenis sistemis darRvevas. 

 

N
H

COOH

prolini

 daJangva
(C-vitamini)

N
H

COOH

4-hidroqsiprolini

HO

 
 

     kolagens aqvs didi mniSvneloba samedicino praqtikaSi. am biopolimeris 
safuZvelze miRebulia axali plastikuri masala, romelic gamoiyeneba kanis 
donoruli adgilebis dasafaravad, sisxlmdeni zedapiris dasaxurad. 
     polipeptiduri jaWvi, rimelic garkveuli raodenobiT Seicavs meoradi 
struqturis ubnebs, Cveulebriv sivrceSi ewyoba SedarebiT kompaqturi sistem-
is saxiT da warmoqmnis mesameul struqturas. am sistemis stabilizirebaSi 
mniSvnelovan rols asrulebs wyalbaduri bmebi gverdiTi radikalebis fun-
qciur jgufebs Soris, disulfiduri bmebi erTi da igive an sxvadasxva jaWvis 
cisteinur naSTebs Soris, van-der-vaalsuri mizidulobis ZalebiT ganpiro-
bebuli hidrofiluri urTierTqmedeba aminmJavuri naSTebis arapolarul 
radikalebs Soris da ionuri urTierTqmedeba aminmJavuri naSTebis ionogenur 
radikalebs Soris. disulfiduri bmebi myardeba erTi da igive an sxvadasxva 
polipeptiduri jaWvis cisteinis naSTebs Soris. disulfiduri bmebi gansakuT-
rebiT bevria keratinSi (Tmisa da Salis cila). 
     meoTxeuli struqtura warmoadgens, ramdenime calkeuli polipeptiduri 
jaWvis erTobliobas, sadac TiToeuli jaWvi inarCunebs Tavis pirvelad, meo-
reul da mesameul struqturas da gamodis erTi ufro maRalorganizebuli 
sivrciTi struqturis mqone kompleqsis, suberTeulis rolSi. aseTi kom-
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pleqsis biologiuri funqcia gansxvavdeba Semadgeneli suberTeulis 
Tvisebebisagan. suberTeulebs Soris meoTxeul struqturaSi damyarebulia wy-
albaduri bmebi da hidrofobuli urTierTqmedeba. nmeoTxeuli struqtura ax-
asiaTebs calkeul cilebs _ hemoglobins, Tambaqos mozaikis viruss, rnm-
polimerazas da sxva.  

 
 
 
 
 
 
 
 

 
cilis meoTxeuli struqtura 

 

denaturacia. cilis struqtura SeiZleba dairRves sxvadasxva faqtorebis 

gavleniT: maRli temperaturiT, pH-maCveneblis SecvliT, infrawiTeli an 
rentgenuli sxivebis, meqanikuri zemoqmedebiT, magaliTad, Zlieri SenjRreviT. 
cilis bunebrivi makrostruqturis darRvevas ewodeba denaturacia. am dros 
cila iZens arakanonzomier, SemTxveviT struqturas da kargavs ZiriTad fun-
qcias. cilis denaturaciis dros irRveva meoTxeuli, mesameuli da meoreuli 
struqturebi. denaturaciis Sedegad cila advilad gamomarildeba, ileqeba, 
matulobs siblante da sulfhidrilis jgufebis reaqtiuloba maskirebuli 
jgufebis gamoTavisuflebis xarjze. denaturaciis siRrmisagan 
damokidebulebiT igi SeiZleba iyos Seqcevadi an Seuqcevadi. denaturaciis 
gamomwvevi agentis mocilebis Semdeg (dializi, gadakristaleba) aRiniSneba 
cilis renaturacia, misi struqturis TviTwyoba da funqciis aRdgena. es 
kidev erTxel miuTiTebs imaze, rom cilis umaRlesi struqturebi da funqcia 
pirveladi struqturiT aris gansazRvruli. 

                                                                                sur. .5   
 
 
 
 
 

 
                      cilis denaturacia da renaturacia  

1. natiuri cilis struqtura 
2. denaturirebuli cilis struqtura 
3. renaturirebuli cilis struqtura 
 

     amgvarad, TiToeul cilas gaaCnia mxolod misTvis damaxasiaTebeli 
Tanmimdevroba, rasac pirvelad struqturas uwodeben. SesaZlo pirvelad 
struqturaTa raodenoba praqtikulad usazRvroa. pirveladi struqtura 
gansazRvravs cilis meoreul struqturas _ calkeul ubnebSi misi polimeru-
li jaWvis sivrcul konfiguracias. cilis makromolekulis realur formas 
samganzomilebian sivrceSi mesameuli struqtura ewodeba. cilebi, romlebic 
ramdenime suberTeulisagan Sedgeba, warmoqmnis meoTxeul struqturas. yvela 
am struqturas ki pirveladi struqtura gansazRvravs. adamiani Tu kalia, 
vardi Tu bulbuli, lomi Tu virusi _ cocxal arsebaTa yvela es mravalfe-
rovneba cilis uricxv variacias warmoadgens. WianWvelisa Tu genialuri 
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adamianis cila erTi da igive aminmJavebisganaa awyobili. gansxvaveba mxolod 
aminmJavuri naSTebis TanmimdevrobaSia. romelime aminmJavis gadanacvleba an 
sxva aminmJavaTi Secvla iwvevs cilis funqciis cvlilebas da, Sesabamisad, 
organizmis mZimed daavadebas. rogor warmoiqmneba bunebaSi cilis determi-
nirebuli jaWvi? cocxali ujredis (maSasadame, mTeli organizmis) mSeneblo-
bis gegma nukleinis mJavas molekulaSia Cadebuli. am gegmis aslebi Taobidan 
Taobas gadaecema. cilebSi aminmJavaTa Tanmimdevrobis informaciis Caweris 
xerxi, romelsac genetikuri kodi ewodeba, universaluria. adamiani Tu 
cxoveli, mcenare Tu mweri erT da igive gegmas iyenebs. amgvarad, memkvid-
reobiT gadaecema ara struqtura, aramed am struqturis aRweriloba da misi 
damzadebis instruqcia. 
     iv. javaxiSvilis saxelobis Tsu profesorma r. gaxokiZem cilas 
“sicocxlis fuga” uwoda da Seqmna variaciebi cilis Temaze (romelsac Semd-
gom musikaluri kodis principi uwoda). r. gaxokiZem cilebis specifikuroba 
Seadara musikas, romelic mcire raodenobis bgeraTa Sexamebisagan miiReba da 
usazRvrod mravalferovania. bunebaSi mravali bgeraa, magram yvela rodi 
qmnis musikas. aseve bunebaSi arsebuli yvela aminmJava ar gamodgeba cilis 
saSen masalad. gansazRvruli sistemiT xdeba rogorc aminmJavaTa, ise musika-
lur bgeraTa gadarCeva da Camoyalibeba. melodia ar warmoadgens bgerebis 
SemTxveviT Tanaxmianobas. aseve cila araa aminmJavaTa SemTxveviTi nakrebi. 
musika dasabamidanvea Cadebuli cocxal arsebaSi da organizmis, rogorc 
mTelis, modulacias axdens. sakmarisia cvlileba genetikuri kodis praqti-
kaSi, rom geni onkogenuri gaxdes. es, Tavis mxriv, gamoiwvevs erTi aminmJavas 
Secvlas meoreTi, ris gamoc normaluri cila (melodia) kibovani gaxdeba 
(Cndeba melodiaSi disonansi).  

didma qarTvelma kompozitorma da qimikosma r. gaxokiZem cilebis 
SemadgenlobaSi Semaval TiToeul aminmJavas gansazRvruli musikaluri bgera 
Seusabama (transkripcia nebismieradaa aRebuli): 

                                                                    cxrili 2 
 

   aminmJavebi Semokleba(laTinuri  
   abreviatura) 

 musikaluri  
   bgerebi 

Glicini 
alanini 
valini 
leicini 
izoleicini 
cisteini 
cistini 
meTionini 
serini 
treonini 
asparaginis mJava 
glutaminis mJava 
lizini 
oqsilizini 
arginini 
fenilalanini 
Tirozini 
histidini 
triptofani 
prolini 
oqsiprolini 

GLy 
Ala 
Val 
Leu 
I le 
Cys 
(Cys)2 
Met 
Ser 
Thr 
Asp 
Glu 
Lys 
Hylys 
Arg 
Phe 
Tyr 
Hys 
Try 
Pro 
Hypro 

do 
re 
mi 
fa 
sol 
la 
si 
do diezi 
re    ,, 
mi    ,, 
fa    ,, 
sol  ,, 
la    ,, 
si    ,, 
do bemoli 
re    ,, 
mi    ,, 
fa    ,, 
sol  ,, 
la   ,, 
si   ,, 
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cilis biosinTezi 
 
     ujredi warmoadgens rTul, uaRresad mowesrigebul struqturas, romel-
Sic katalizuri aparatis daxmarebiT xorcieldeba urTulesi da mravalfe-
rovani qimiuri reaqciebi. yvela es reaqcia warimarTeba ujredis garkveul 
nawilSi gegmazomierad, organizebulad da uaRresad ekonomiurad. ujredSi 
mimdinare mravalricxovani reaqciebidan SeiZleba gamoiyos ori urTierT-
sapirispiro, magram erTmaneTTan mWidrod dakavSirebuli sinTezisa da 
daSlis reaqciebi. 
    sinTezuri reaqciebis Sedegad ujredSi garedan Semosuli martivi 
nivTierebebidan, rogoricaa aminmJavebi, monosaqaridebi, organuli mJavebi, 
nukleotidebi, ganuwyvetliv warmoiqmneba cilebi, rTuli naxSirwylebi, 
lipidebi, nukleinis mJavebi, romelTa nawils ujredi iyenebs sakuTari 
sxeulis, membranis, organoidebis Sesaqmnelad, nawils _ fermentebisa da sxva 
biologiurad aqtiuri nivTierebebis warmosaqmnelad, nawils ki maragis saxiT 
gadainaxavs. ujredSi mimdinare nivTierebaTa sinTezs biologiuri sinTezi an 
mokled biosinTezi ewodeba. 
    biosinTezi safuZvlad udevs organizmis zrdas, ganviTarebas, ganaxlebasa 
da sakvebis maragad gadanaxvas. biosinTezis yvela reaqcia endoTermuli 
xasiaTisaa. isini dakavSirebulni arian energiis STanTqmasTan. biosinTezis 
reaqciaTa erTobliobas plastikuri cvla anu asimilacia ewodeba. (Plastos _ 
berZnulad niSnavs gamoZerwils. iseve rogorc moqandake Tixisagan, qvisagan an 
marmarilosagan Zerwavs qandakebas, aseve biosinTezis procesSi martivi 
nivTierebebisagan warmoiqmneba ujredis Semadgeneli nawilebi. Assimilatio _ 
laTinurad niSnavs msgavsebas). biosinTezis Sedegad sakvebSi arsebuli 
nivTierebebi gardaiqmneba ujredisaTvis aucilebel nivTierebebad.  
    ujredSi mimdinare meore tipis qimiuri reqciebi daSlis reaqciebia. am 
reaqciebis dros rTuli organuli nivTierebebi iSleba ufro martiv 
nivTierebebad: cilebi _ aminmJavebad, rTuli naxSirwylebi _ monosaqaridebad, 
cximebi _ glicerinad da organul mJavebad. yvela daSlis reaqcias umetes 
SemTxevaSi Tan sdevs energiis gamoyofa, radgan am dros adgili aqvs rTul 
molekulebSi arsebuli qimiuri bmebis rRvevas, amitom yvela daSlis reaqcia 
endoTermulia. asimilacia da disimilacia, es ori procesi warmoadgens 
ujredis sicocxlis SenarCunebas, misi zrda-ganviTarebisa da funqcionirebis 
ZiriTad pirobas. 
    adamianebSi zogierTi paTologiuri mdgomareobis da SimSilis dros 
disimilaciis procesebi aWarbebs asimilaciis procesebs da am dros adgili 
aqvs organizmis wonaSi klebas, sigamxdres.  
    plastikuri cvlis anu disimilaciis erT-erTi TvalsaCino da mniSv-
nelovani magaliTia cilis biosinTezi. maszea damokidebuli ujredSi 
mimdinare yvela sasicocxlo procesi, misi zrda, kveba, gamravleba, 
ganviTareba. cilebi, pirvel rigSi ki cila-fermentebi da cila hormonebi 
gansazRvraven mocemuli organizmis nivTierebaTa cvlis Taviseburebas da, 
saboloo jamSi, mis garegan saxes da mis msgavsebas mSobliur formebTan. 
     cilis sinTezi uaRresad rTuli da mravalsafexurebrivi procesia. masSi 
ZiriTad, wamyvan rols asrulebs dezoqsiribonukleinis mJava (dnm). kerZod, 
igi Seicavs informacias cilis pirveladi struqturis agebulebis Sesaxeb. 
dnm-s molekula didi zomisaa da Sedgeba garkveuli TanamimdevrobiT 
ganlagebuli ramdenime aseuli da aTaseuli adeninis, citozinisa da Timinis 
nukleotidisagan. misi sigrZe bevrad aRemateba yvelaze ufro didi da grZeli 
cilis molekulis sigrZes. dnm-is jaWvze, mis gaswvriv SeiZleba ganlagdes 
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cilis mravali molekula. dadgenilia, rom dnm-is erTi molekula Seicavs 
informacias mravali cilis pirveladi struqturis agebulebis Sesaxeb. dnm-is 
ormagi jaWvis im monakveTs, romelSic Cawerilia erTi romelime 
gansazRvruli cilis pirveladi struqturis informacia geni ewodeba. aqedan 
gamomdinare naTelia, rom genebis raodenoba yovel organizmSi ufro metia 
vidre dnm-is molekulebis raodenoba.  
genetikuri kodi. rogoraa Cawerili dnm-is molekulaSi informacia cilis 
agebulebis Sesaxeb? amis gasagebad mecnierebma wamoayenes genetikuri kodis 
hipoteza. sityva “kodi” aRniSnavs simboloTa sistemas, romelic gamoiyeneba 
erTi formis informaciis meoreSi gadasayvanad. aseTi kodis magaliTs 
warmoadgens kargad cnobili morzes anbani, romlis saSualebiT gadascemen 
sxvadasxva manZilze signalebs da telegramebs. morzes anbanis mixedviT yvela 
aso, sasveni niSani da ricxvi sul ori simboloTi gamoixateba: wertiliT da 
tireTi. am ori simbolos sxvadasxva kombinaciiT SesaZlebelia adamianis 
yvela azris gadmocema yvela enaze. aseTive, magram ufro rTul kods 
warmoadgens agreTve anbani. magaliTad, qarTuli enis kodi Sedgeba 33 
asosagan, inglisuri enis 26 asosagan da a.S. am asoebiT, kodebiT anu 
simboloebiT adamianebi azrebs erTmaneTs gadascemen sityvebis saSualebiT. am 
simboloebiT SeiZleba warmoiqmnas sityvebis usasrulod didi raodenoba. 
    aRmoCnda, rom dnm-is milekulaSi informacia cilis agebulebis Sesaxeb 
zustad aseve kodebis saxiTaa Cawerili, oRond dnm-is kodSi asoebis rols 
asrulebs adeninis, Timinis, guaninisa da citozinis nukleotidebi. adre 
fiqrobdnen, rom dnm-s kodi erTasoiania anu cilis molekulis yovel 
aminmJavas Seesabameba oTxidan erT-erTi nukleotidi. magram es azri male iqna 
uaryofili vinaidan aseTi principiT kodirebis SemTxvevaSi dnm-is 
molekulaSi SeiZleba Caiweros mxolod oTxi saxis aminmJavas informacia. 
cilis sinTezSi monawile aminmJavaTa ricxvi ki, rogorc es ukve araerTxel 
iTqva, ocia. aseve iqna Sexeduleba orasoiani kodis Sesaxeb, erTi aminmJava-
ori gansxvavebuli nukleotidi, imis gamo, rom 4 saxis nukleotidisagan 
SeiZleba mxolod 16 gansxvavebuli wyvilis Sedgena (42=16), rac aseve ar aris 
sakmarisi. aqedan gamomdinare, mecnierebi mividnen im daskvnamde, rom 20 saxis 
aminmJavas kodirebisaTvis saWiroa aranakleb sami nukleotidisagan Semdgari 
jgufi. vinaidan oTxi saxis nukleotidis sam-samad dajgufebiT miiReba 64 
gansxvavebuli kombinacia (43=64), rac saWiroze bevrad metia. mecnierebis es 
Teoriuli mosazreba SemdegSi eqsperimentulad iqna damtkicebuli. kerZod, 
urTulesi gzebiT gairkva, rom TiToeul aminmJavas Seesabameba dnm-is 
monakveTi, rimelic erTimeoris gverdiT mdebare nukleotidebis sameulisagan 
Sedgeba. am sameuls tripleti anu kodoni uwodes. 
    amJamad, dnm-is kodi mTlianad gaSifrulia. zustad aris dadgenili cilis 
sinTezSi monawile yvela aminmJavas makodirebeli nukleotidebis tripletebi 
anu kodonebi (cxrili 3). ase, magaliTad, tripleti, romelic Sedgeba sami 
Timiniani nukleotidisagan (TTT) warmoadgens aminmJava lizinis kodons, sami 
guaniniani nukleotidisagan Semdgari tripleti (ggg)-is kodonia aminmJava 
prolini, xolo tripleti sami adeniniani nukleolidiT (aaa) kodonia 
aminmJava fenilalanini da a.S. amrigad, kodonTa Tanamimdevroba dnm-is 
molekulaSi ganszRvravs aminmJavaTa Tanmimdevrobas cilis polipeptidur 
jaWvSi, e.i. cilis pirvelad struqturaSi. aqedan gamomdinare genis 
SedgenilobaSi imdeni kodoni unda iyos, ramden aminmJavasac Seicavs 
mocemuli cilis molekula.        
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cxrili 3 
genetikuri kodi 

 
              aminmJavebi    makodirebeli tripletebi-kodonebi 
alanini 
arginini 
asparagini 
asparaginis mJava 
glicini 
glutamini 
glutaminis mJava 
valini 
Tirozini 
izoleicini 
leicini 
lizini 
meTionini 
prolini 
serini 
treonini 
triptofani 
fenilalanini 
cisteini 
histidini 

gcu gcc gca gcg 
cgc cgc cga cgg aga agg 
aau aac 
gau gac 
ggu ggc gga ggg 
caa cag 
gaa gag 
guu guc gua gug 
uau uac 
auu auc aua 
cuu cuc cua cug uua uug 
aaa aag 
aug 
ccu ccc cca ccg 
ucu ucc uca ucg agu agc 
acu acc aca acg 
ugg 
uuu uuc 
ugu ugc 
cau cac 

 
 

     rogorc iTqva, oTxi gansxvavebuli nukleotidisagan sam-samad dajgufe-
biT miiReba tripletebis 64 kombinacia.. cilebis sinTezSi monawile aminmJava-
Ta kodirebisaTvis sakmarisia 20 tripleti. TiTqosda 44 tripleti zedmetic 
ki aris. magram es ase ar aris, radgan aRmoCnda, rom garda meTio-ninisa da 
triptofanisa arsebiTad yvela sxva danarCen aminmJavas erTze meti kodoni 
aqvs. moyvanili cxrilidan kargad Cans, rom histidinsa da Tirozins or-ori 
kodoni aqvs, xolo aminmJavebs leicinsa da serins _ eqvs-eqvsi kodoni. 
arsebobs mosazreba, rom tripletebis didi raodenoba axasiaTebs iseT 
aminmJavebs, romlebic xSirad meordebian cilis molekulaSi. kodonebis aseT 
Warb raodenobas genetikuri kodSi didi mniSvneloba aqvs memkvidruli in-
formaciis ukeT Senaxvisa da gadacemisaTvis. Tu moxda ise, rom dazianda dnm-
is molekula da zogierTi kodonis nukleotiduri Sedgeniloba dairRva, 
maSin aman SeiZleba cilis sinTezis dros gamoiwvios aminmJavebis Tanamim-
devrobis cvlileba. amis Sedegad ujredSi moxdeba axali cilis sinTezi, rac 
gamoiwvevs organizmSi axali Tvisebebis gaCenas. es rom ar moxdes sxva kodo-
nebi romlebic amave aminmJavas akodinireben, TavisTavze Rebuloben dazi-
anebuli kodonis funqcias. garda amisa, kodonebis siWarbes sxva mniSvnelobac 
aqvs. isini sasveni niSnebis funqcias asruleben. magaliTad, zogierTi triple-
ti aRniSnavs cilis informaciis dasawyiss, zogierTi ki mis dasasruls. 
genetikuri kodis universaloba. sxvadasxva saxeobis mcenareebisa da 
cxovelebis genetikuri kodis Seswavlis Sedegad mecnierebi mividnen im das-
kvnamde, rom igi universaluria da erTi da igivea dedamiwaze arsebuli yvela 
cocxali organizmisaTvis. magaliTad, Tambaqos mozaikuri daavadebis gamom-
wvev virusSi, romelSic es procesi pirvelad iqna Seswavlili da nawlavis 
Cxiris baqteriis ujredSi aminmJavaTa kodireba erTnairi tripletebiT xdeba. 
orive organizmisaTvis aminmJava fenilalaninis kodons warmoadgens sami ad-
eniniani nukleotidisagan Semdgari tripleti (aaa), xolo aminmJava prolini-
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saTvis sami guaniniani tripletia (ggg) da a.S. zustad aseTive tripletebiTaa 
kodirebuli aminmJavebi sxva danarCeni saxeobis organizmebSi: baqteriebSi, 
sokoebSi, amfibiebSi, yvavilovan mcenareebsa da adamianSi. genetikuri kodis 
am Tvisebas, mis universalobas, udidesi praqtikuli mniSvneloba aqvs. es 
gvaZlevs saSualebas erTi organizmis ujredidan romelime geni gadavitanoT 
sxva saxeobis organizmis ujredSi da amiT es ujredi vaiZuloT moaxdinos 
misTvis sruliad uCveulo cilis sinTezi. am mimarTulebiT mecnierebma did 
warmatebebsac miaRwies. magaliTad, nawlavis Cxiris baqteriis genotipSi 
moxerxda adamianis genotipidan im genis Seyvana, romelic akontrolebs insu-
linis sinTezs. amis Sedegad dRes esoden saWiro hormonis insulinis 
samrewvelo warmoeba xorcieldeba nawlavis Cxiris meSveobiT, romelSic 
CaSenebulia adamianis insulinis masinTezirebeli geni. 
    genSi Cawerili cilis informaciis realizacia jer kidev didi xnis 
winaT iqna dadgenili, rom dnm uSualod ar Rebulobs monawileobas cilis 
sinTezSi, radgan igi imyofeba birTvSi, xolo cilis sinTezi xorcieldeba 
citoplazmaSi, endoplazmuri badis membranis gareTa zedapirze ganlagebul 
ribosomebSi. maSasadame, imisaTvis, rom moxdes genSi arsebuli informaciis 
realizacia, anu ganxorcieldes cilis sinTezi, saWiroa rom informacia dnm-
idan gadatanil iqnes ribosomamde. es procesi daaxloebiT erTnairad xdeba 
yvela cocxali organizmis ujredSi da Seicavs or etaps: transkripcias da 
translacias. 
transkripcia. dnm-is molekulidan cilis informacia ribosomebTan gadaaqvs 
specialur ribonukleinur mJavas _ informaciul rnm-s (i-rnm). masze xdeba 
dnm-idan cilis infornmaciis gadawera. am process transkripcia ewodeba 
(laT. transcription - gadawera). es procesi Semdegnairad xorcieldeba. ukve aR-
niSnuli iyo, rom dnm-is molekula agebulia ormagi polinukleotiduri spi-
ralisagan. i-rnm-is sinTezis dros dnm-is gansazRvrul monakveTze, romelic 
Seicavs mocemuli ujredisaTvis saWiro cilebis informacias, spiralis 
Zafebs Soris arsebuli wyalbaduri bmebi wydeba da Zafebi droebiT erTma-
neTs Sordeba (sur. 6). amis Semdeg dnm-is erT-erT Zafze, komplementarobis 
principiT, lagdeba momavali i-rnm-Si Semavali yvela nukleotidi. magaliTad, 
adeniniani nukleotidi dgeba dnm-is Timiniani nukleotidis win, citoziniani 
guaniniani nukleotidis win da a.S. rogorc ki yvela nukleotidi aRmoCndeba 
dnm-is mocemul monakveTze anu genze, specialuri fermenti rnm-polimeraza, 
daakavSirebs am nukleotidebs erTmaneTTan fosfaturi bmebiT, ris Sedegadac 
miiReba i-rnm anu genis negaturi asli. warmoqmnili rnm-is jaWvi Tavisi 
nukleotidebis SemadgenlobiTa da TanamimdevrobiT komplementarulia genis 
erT-erTi jaWvisa da zusti aslia meore jaWvisa (sur. 7). amrigad, genSi moce-
muli informacia cilis agebulebis Sesaxeb mTlianad da zustad gadaiwereba 
i-rnm-is molekulaze. amitom uwodes am process transkripcia.     
     warmoqmnili i-rnm ara marto Seicavs informacias mocemuli cilis 
agebulebis Sesaxeb, aramed igi amave dros asrulebs agreTve matricis anu 
yalibis rolsac, radgan mis zedapirze xdeba cilis molekulis sinTezi. ami-
tom i-rnm-s sxvanairad matricul rnm-sac uwodeben. cilis informaciis gad-
aweris Semdeg dnm-is molekulis aRniSnuli monakveTi kvlav ibrunebs pir-
vandel formas. maTi Zafebi isev erTdebian wyalbaduri bmebiT da ormagi spi-
ralis saxes Rebuloben. 
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                                                                                      sur. 6 

 
 

transkripcia. i-rnm-s sinTezi 
                                                                             sur. 7 

 
 transkripcia da cilis sinTezis 

 dasawyisi prokariotul ujredebSi 
 

     prokariotuli organizmebis ujredebSi, romelTac birTvi ar gaaCniaT, i-
rnm-s transkripciis damTavrebamde uerTdeba ribosoma da iwyeba cilis 
sinTezi (sur. 6) eukariotul ujredebSi es procesi mogvianebiT iwyeba. 
transkripciis Semdeg, i-rnm tovebs ra dnm-is molekulas, birTvis membranebSi 
arsebuli forebis gziT gadis jer citoplazmSi, Semdeg xvdeba endoplazmur 
badeze ganlagebul ribosomebSi, sadac iwyeba cilis biosinTezi. 
satransporto rnm. ribosomebSi cilis sinTezisaTvis saWiroa rogorc i-rnm-
is arseboba, ise saSeni masalac _ aminmJavebi. citoplazmSi aminmJavebi 
yovelTvis aris saWiro raodenobiT. aq isini an garedan aRweven mza saxiT, 
anda warmoiqmnebian ujredSi cilebis daSlis Sedegad. aminmJavebis moxvedra 
ribosomebSi TavisTavad ar xdeba. maTi Seuferxebeli transporti xdeba 
ribosomebSi t-rnm-s saSualebiT. yvela transformaciuli rnm msgavsi 
aRnagobisaa (sur. 8). igi SedarebiT mcire zomis molekulaa da Seicavs 75-80-
mde nukleotids. mis zogierT ubanSi moTavsebulia komplementuri azotovani 
fu-Zeebi. isini erTmaneTs ukavSirdebian wyalbaduri bmebiT. es iwvevs 
Sesabamisi ubnebis spiralizacias. Tu t-rnm-is pirvelad struqturaSi 
erTmaneTs davukavSirebT komplementuri nukleotidebis azotovan fuZeebs da 
warmoqmnil molekulas sqematurad gamovsaxavT qaRaldze, miviRebT figuras, 
romelic samyuras foTlis msgavsia:  

sur. 8 
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satransporto rnm-s zogadi sqematuri agebuleba 

 
     transportuli rnm-is erT mxareze moTavsebulia nukleotidebisagan Sem-
dgari tripledi, romelsac antikodoni ewodeba. qveda mxareze monakveTia, 
romelsac antikodonis Sesatyvisi aminmJava uerTdeba. t-rnm-is antikodonebis 
nukleotiduri Semadgenloba i-rnm-is koduri tripletebis komplementuria. 
magaliTad, aminmJava lizinis t-rnm-is antikodonia tripleti sami uraciliani 
nukleotidiT (uuu). i-rnm-Si misi komplementuria sami adeniniani nukleo-
tidisagan Semdgari tripleti (aaa). suraTze mocemulia t-rnm antikodoniT 
(cga). igi Seesabameba aminmJava arginins. am t-rnm-s SeuZlia daakavSiros da 
miitanos ribosomaSi aminmJava arginini. 
    yoveli ujredi Seicavs daaxloebiT 60 tipis t-rnm-s. garda ZiriTadi fun-
qciisa, miitanos aminmJava ribosomebSi, t-rnm asrulebs sxva mniSvnelovan 
funqciasac. kerZod, komplementarobis principis mixedviT igi gamoicnobs 
ribosomaSi i-rnm-is im kodons, romelic mis mier mitanil aminmJavas 
Seesabameba da droebiT ukavSirdeba mas Tavisi antikodoniT. amiT t-rnm 
axorcielebs aminmJavaTa zust orientacias ribosomaSi da gansazRvravs maT 
aseve zust adgilmdebareobas cilis molekulaSi. 
ribosoma. aminmJavebis erTmaneTTan dakavSireba da polipeptiduri jaWvis 
warmoqmna xdeba ribosomebSi, romlebic ganlagebulni arian endoplazmuri 
badis membranis gare zedapirze. ribosoma uwvrilesi, magram rTuli da 
uaRresad specializebuli organoidia (sur. 9) igi Sedgeba didi da patara 
zomis nawilakebisagan anu e.w. suberTeulebisagan. TiToeuli suberTeuli 
Sedgeba ribosomuli rnm-isa da cilebisagan. maTi zoma da raodenoba 
sxvadasxva ujredebSi gansxvavebulia. 

sur. 9 
 
 
 
 

 
 

 
                                                                              

 
 
 
 

prokariotuli ujredis (nawlavis Cxiris) რიბოსომის აგებულება 
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     cilis sinTezs i-rnm-is molekulaze erTdroulad sxvadasxva raodenobis 
ribosoma awarmoebs. pirveli ribosoma i-rnm-is Zafisebur molekulaze adis 
marcxena mxridan da cilis molekulis awyobisas marjvniv gadaadgildeba, 
rodesac erTi ribosoma win waiwevs 5-10 nm-iT i-rnm-ze acocdeba meore 
ribosoma, romelic aseve iwyebs cilis sinTezs da pirvel ribosomas moyveba 
imave intervaliT. Semdeg i-rnm-ze adis mesame, meoTxe ribosoma da a.S. 
ribosomebis ricxvi i-rnm-is sigrZezea damokidebuli (sur.10) cilis sinTezs 
erTdroulad 5 ribosoma awarmoebs. ribosomebis aseT jgufs, romelic 
monawileobs erTi da igive cilis sinTezSi poliribosoma ewodeba. Poliri-
bosomis danaxva SeiZleba eleqtronuli ribosomis saSualebiT. Poliri-
bosamaSi Semavali ribosomebi funqcionireben erTmaneTisagan damoukideblad 
da yoveli maTgani asinTezirebs erTi da igive polipeptidur jaWvs. es gan-
sazRvravs erTgvarovani cilebis didi raodenobiT sinTezs drois mcire 
monakveTSi.  
 
                                                                                          sur. 10 

 
 
  
  
 
 
 

 
          Pპoliribosoma 
 
cilis molekulis warmoqmna. translacia. cilis sinTezis procesi Sedgeba 
ramdenime stadiisagan. pirvel stadiaze iwyeba aminmJavaTa gaaqtiveba. aRmoCe-
nilia 20-mde saxis fermenti, romelTaganac TiToeuli sruliad garkveul 
aminmJavas aaqtiurebs. es procesi citoplazmaSi mimdinareobs. igi 
xorcieldeba aminmJavas SeerTebiT atf-is molekulasTan. gaaqtiurebis Semdeg 
aminmJavas ukve aqvs unari daukavSirdes sxva aminmJavebs. cilis sinTezis 
meore etapze gaaqtiurebuli aminmJava t-rnm-s ukavSirdeba. yovel t-rnm-s 
ukavSirdeba mxolod misi antikodonis Sesabamisi aminmJava. warmoiqmneba 

gaaqtiurebuli aminmJava _ t-rnm-is naerTi, romelic mdidaria energiiT. ეs 
energia gamoiyeneba SemdegSi cilis molekulaSi peptiduri bmebis 
dasamyareblad. cilis sinTezis mesame etapze t-rnm Tavisi aminmJaviT Sedis 
pirveli ribosomis mcire suberTeulSi, romelic ukve asulia i-rnm-ze. 
rogorc ki t-rnm-is antikodoni daukavSirdeba i-rnm-is kodons i-rnm t-rnm-Tan 
erTad gadadis ribosomis mcire suberTeulidan did suberTeulSi. amis 
Semdeg mcire suberTeulSi Sedis meore t-rnm Tavisi aminmJavaTi. i-rnm-is 
morigi gadaadgilebisas pirveli t-rnm Tavisi aminmJavaTi gamodis ribosomis 
didi suberTeulidan. am dros misi aminmJava aRmoCndeba meore t-rnm-is 
aminmJavas gverdiT da maT Soris umalve warmoiqmneba peptiduri bma. miiReba 
dipeptidi. pirveli t-rnm Tavisufldeba ra aminmJavasagan, gadadis 
ribosomidan citoplazmaSi. aq igi daikavSirebs Tavisi antikodonis Sesabamis 
aminmJavas da kvlav romelime i-rnm-saken miemarTeba, sadac ganagrZobs Tavis 
muSaobas. ribosomis ganTavisuflebul mcire suberTeulSi dgeba axali, ukve 
rigiT mesame t-rnm Tavisi aminmJavaTi da yvelaferi Tavidan meordeba, ris 
Sedegadac dipeptids miemateba kidev erTi aminmJava da miiReba tripeptidi. 
aseTive wesiT yoveli wamis ara umetes 1/5-1/6-is ganmavlobaSi i-rnm-ze 
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polipeptidur jaWvs axali aminmJavuri rgoli emateba da es procesi 
grZeldeba manam, sanam cilis sinTezi ar damTavrdeba. cilis biosinTezs i-
rnm-ze, ribosomisa da t-rnm-is monawileobiT, translacia ewodeba. am 
procesis Sedegad informacia cilis agebulebis Sesaxeb “nukleotidebis 
enidan” gadaiwereba “aminmJavur enaze” (laT. translatio-gadatana). 
    genetikur kodSi arsebobs zogierTi tripleti, romlebic ar Seicaven 
aminmJavaTa informacias, magram isini miuTiTeben cilis sinTezis dasasrulze 
anu sasveni niSnis rols asruleben. i-rnm Cveulebriv warmoadgens erTi 
romelime cilis kods, magram zog SemTxvevaSi dnm-idan transkripciis dros i-
rnm-ze gadaiwereba ramdenime cilis informacia. amis gamo masze SeiZleba 
mimdinareobdes erTdroulad ramdenime gansxvavebuli agebulebisa da 
funqciis mqone cilis sinTezi. es procesi normalurad rom ganxorcieldes 
da ar moxdes maTi erTmaneTSi aRreva, dnm-is kodSi genebi gamoyofilia 
erTmaneTisagan specialuri tripletebiT: uaa, uag da uga. aRniSnuli 
tripletebi yovelTvis genis boloSia ganlagebuli da polipeptiduri jaWvis 
sinTezis damTavrebaze miuTiTebs. maT sxvanairad stop- signalebs uwodeben. 
  rogorc ki i-rnm daamTavrebs Tavis funqciis Sesrulebas anu mis zedapirze 
moxdeba saWiro raodenobis cilis sinTezi, igi fermentebis moqmedebiT 
iSleba calkeul nukleotidebad, xolo mis adgils ikavebs axali i-rnm. 
sxvadasxva ujredebSi i-rnm-is “sicocxlis” xangrZlivoba gansxvavebulia. 
magaliTad, baqteriis ujredebSi igi 2 wuTs grZeldeba. umaRlesi 
organizmebis ujredebSi zogierT i-rnm-s SeuZlia imuSaos ramdenime dRis 
ganmavlobaSi. 
    cocxal ujredSi cilis sinTezi Zalian swrafad xdeba. magaliTad, 
gamoangariSebulia, rim ujredSi 200-300 aminmJavas naSTisagan Semdgar cilis 
sinTezs sWirdeba sul 1-2 wuTi. cilis sinTezis damTavrebis Semdeg ribosoma 
warmoqmnil cilasTan erTad Camodis i-rnm-dan. amis Semdeg iwyeba cilis 
sinTezis meoTxe, anu saboloo stadia, romelic citoplazmaSi mimdinareobs. 
am stadiaze yoveli saxis cila misTvis damaxasiaTebel unikalur 
geometriul samganzomilebian konfiguracias warmoqmnis. 

sur. 11. 
 

 
 
 
 
 
 
 
 
 
 

 
                                            
                                              cilis biosinTezis zogadi sqema 

 
     mravali cila sinTezis Semdeg konkretuli funqciis Sesasruleblad 
ganicdis struqturul cvlilebebs. igi ukavSirdeba sxva naerTebs: Saqrebs an 
kidev sxva aracilovan nivTierebebs da warmoqmnis rTul cilebs. zog 
SemTxvevaSi ramdenime polipeptiduri jaWvi erTiandeba da miiReba meoTxeuli 
struqtura. magaliTad, cila hemoglobinis SemTxvevaSi. axlad warmoqmnili 

 
 142 



cilis molekulebi endoplazmuri badis arxebis saSualebiT gadaitaneba 
daniSnulebis adgilze ujredis ama Tu im ubanSi, sadac xdeba maTi gamoyeneba 
sxvadasxva miznebisaTvis. nawili cilebisa hormonebis da fermentebis saxiT 
ujredis gareT gamoiyofa. 
fermentebis roli cilis biosinTezSi. cilis sinTezis yoveli procesis 
katalizs axorcielebs specialuri fermenti: transkripciis dros irnm-is 
sinTezs axorcielebs fermenti rnm-polimeraza, ocamde saxis fermenti iwvevs 
cilis sinTezSi monawile aminmJavebis gaaqtivebas da maT dakavSirebas 
Sesabamis t-rnm-Tan. fermenti sinTetaza akavSirebs aminmJavebs erTmaneTTan 
peptiduri bmebiT da warmoqmnis cilis mTlian molekulas. amrigad, arc erTi 
etapi cilis sinTezisa ar mimdinareobs fermentebis gareSe. 
cilis sinTezis energetika. cnobilia, rom cocxal ujredSi yoveli 
sinTezuri procesi energetikuli TvalsazrisiT warmoadgens endoTermul 
reaqcias anu dakavSirebulia energiis STanTqmasTan da maSasadame, saWiroebs 
garkveuli raodenobis energiis xarjvas. cilis biosinTezi warmoadgens 
ramdenime endoTermuli sinTezuri reaqciis jaWvs: i-rnm-is sinTezi; 
aminmJavaTa gaaqtiveba da maTi dakavSireba t-rnm-Tan; cilis polipeptiduri 
jaWvis ageba. yvela es reaqcia moiTxovs energiis xarjvas da es energia 
miiReba atf-is daSlis Sedegad. magaliTad, t-rnm-Tan, aminmJavas dakavSirebaze 
ixarjeba atf-is erT molekulaSi akumulirebuli energia. cilis molekula 
saSualod 500 aminmJavasagan Sedgeba. aqedan advili gasagebia, Tu atf-is 
ramdeni molekulaa saWiro yoveli cilis sinTezisaTvis. 
cilis xelovnuri sinTezi. cilebis miReba qimiuri gziT bioorganuli qimiis 
erT-erTi umTavresi problemaa. am mxriv ukanasknel dros didi Sedegebia 
miRweuli, raSic gadamwyveti roli iTamaSa dnm-is genetikuri kodis gaSifvram 
da cilis biosinTezis ZiriTadi procesebis Seswavlam. gamoCenilma 
ingliselma bioqimikosma frederik senjerma pirvelad ganaxorciela cila 
insulinis xelovnuri sinTezi. man qimiuri meTodebiT insulinis molekula 
fragmentebad dayo da gansazRvra am mcire monakveTebis aminmJavuri 
Sedgeniloba. Semdeg miRebuli aminmJavebi erTmaneTs daukavSira. am metad 
rTuli, xangrZlivi, Sromatevadi cdebis saSualebiT 1953 wels f. senjerma 
daadgina cila insulinis qimiuri agebuleba. es iyo pirveli cila, romlis 
qimiuri formula cnobili gaxda. aRmoCnda, rom insulini Sedgeba a da b 
peptiduri jaWvebisagan, romlebic Sesabamisad Seicaven 21 da 30 aminmJavur 
naSTebs. es ori jaWvi dakavSirebulia erTmaneTTan disulfiduri bmebiT. es 
bmebi peptidur jaWvebs Soris xorcieldeba aminmJava cisteinis molekulebis 
saSualebiT. 
   amave wlebSi amerikelma mecnierma vinsento diu viniem ganaxorciela cila-
hormonebis: oqsitocinisa da vazopresinis xelovnuri sinTezi. f. senjersa da 
diu vinies am gamokvlevebisaTvis 1956 wels mieniWaT nobelis premia. maT 
Sromebma dasabami misca axal epoqas cilebis xelovnuri gziT miRebas. 
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cilebis gardaqmna organizmSi 

 
  sakvebSi Semavali cilebi piris RruSi cvlilebas ar ganicdis, radgan 

nerwyvSi cilis damSleli fermentebi ar moipoveba. cilovan nivTierebaTa 
moneleba iwyeba kuWSi, kuWis wvnis moqmedebiT. kuWis wvenSi Sedis fermenti _ 
pefsini da erefsini. pefsini ekuTvnis proteolitur fermentebs _ proteazebs. 
pefsini axdens cilis hidrolizs mxolod mJava garemoSi. marilmJava qmnis 
ara marto mJava ares, aramed cilas amzadebs gasaxleCad, gadayavs igi mJava 
formaSi da iwvevs mis gajirjvebas. pefsini axdens cilis hidrolizs 
peptonamde. aminmJavebi kuWSi cilisagan ar warmoiqmneba.  

rodesac kuWidan sakvebi gadadis wvril nawlavebSi, iq cilaze moqmedeben 
pankreasuli da nawlavis wvenis fermentebi. pankreasul wvenSi aris fermenti 
trifsini, romelic cilebis hidrolizs axdens tute areSi. trifsinis 
moqmedebiT cilebi iSleba ara marto peptonebamde, aramed aminmJavebamde. 
Semdeg wvril nawlavebSi cilaze moqmedebs fermenti erefsini, romelic Slis 
sxvadasxva peptonebs Sesabamis aminmJavebamde. amrigad, pefsinisa da erefsinis 
moqmedebiT cilebi mosanelebel organoebSi TandaTan iSleba ufro martiv 
Semadgenel nawilebad, jer sxvadasxva peptonebad, Semdeg ki aminmJavebad. 
rogorc peptonebi, ise aminmJavebi wyalSi ixsneba. cilovan nivTierebebs 
cxovelTa organizmi iTvisebs aminmJavebamde daSlis Semdeg. normalur 
pirobebSi dauSleli cilebi saWmlis momnelebeli organoebidan sisxlSi ar 
gadadis. cilebis SeTvisebisas organizmSi Seiwoveba mxolod aminmJavebi da 
peptidebi da maTTan cilis sinTezi organizmSi ar xdeba. isini Seiwovebian 
nawlavebis venebis mier da Semdeg xvdebian sisxlis mimoqcevis did wreSi. 
aminmJavebi da martivi peptidebi sisxlidan Sedian organizmis sxvadasxva 
ujredebSi da iq warmoadgenen sxvadasxva cilovani nivTierebis masalas.  
    cxovelTa organizmebis ujredebs SeuZlia gamoiyenos ara marto is 
aminmJavebi, romlebic moaqvs sisxls saWmlis momnelebeli organoebidan, 
aramed is aminmJavebic, romlebic warmoiqmneba maTSi cilebis daSlis dros. 
cxovelTa sxeulis yoveli ujredi Seicavs fermentebs, romlebsac SeuZliaT 
cilis daSla aminmJavebamde. aminmJavebi yovelTvis warmoiqmneba cxovelTa 
organizmSi nivTierebaTa cvlis dros. isini SardSi gadasvlamde kidev 
ganicdian mTel rig gardaqmnebs. normalur pirobebSi cxovelTa organizmebSi 
azotovani cvlis produqts warmoadgens Sardovana.  
   adamianisa da cxovelebis ujredebi fermentebis saSualebiT xleCen 
cilebs aminmJavebamde. es ukanasknelebi yovelTvis warmoiqmneba ujredSi 
cilis daSlis procesis dros, aminmJavas moxleCiT ganicdian dezaminirebas, 
romelic mimdinareobs sxvadasxva gziT: daJangviT, dekarboqsilirebiT da a.S. 
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cilebis da peptidebis biologiuri roli 
 

    cila warmoadgens sicocxlis materialur safuZvels. cilovani niv-
Tierebebi cxovelTa organizmSi plastikur-energetikul-regulatorul rols 
aruleben, aqtiurad monawileoben nivTierebaTa transportSi. hemoglobinis 
saSualebiT xorcieldeba Jangbadis transporti, xolo sisxlis plazmaSi 
rkina gadaadgildeba cilovani kompleqsis transferinis saxiT.  
    cilebs axasiaTebs imunuri anu damcveli funqcia, rac antisxeulebiT anu 
imunoglobulinebiT xorcieldeba. cilebs axasiaTebT SekumSvis unari, rac 
kargad aris naCvenebi kunTis magaliTze. kunTovani sistemiT xorcieldeba 
adamianTa da cxovelTa koordinirebuli moqmedeba. aRsaniSnavia kunTovani da 
arakunTovani aqtomiozinis msgavsi SekumSvadi cilebi, romlebic aqtiurad 
monawileoben qromosomTa gadaadgilebaSi. 
    cilebi Zlier zemoqmedbas axdenen nivTierebaTa cvlaze, membranis ganvla-
dobaze, transkripciisa da translaciis procesebze, astimulireben laqta-
cias, iwveven kunTovani qsovilis SekumSvas. amis mixedviT ganasxvaveben 
damcvel, toqsikur, satransporto, sayrdeni funqciis mqone cilebs. 
arsebobs Semdegi saxis cilebi.: 
1.  imunuri pasuxis mediatorebi _ interferonebi, romlebic miekuTvnebian 
   damcvelobiTi funqciis cilebs. 
2.  qsoviluri SemTavseblobis antigenebi. 
3.  sisxlis Sededebisa da fibrinolizis sistemis cilebi. 
4.  cilovani hormonebi: hipoTalmusis, hipofizis da kuWqveSa jirkvlis 
   hormonebi. 
5.  neiropeptidebi. 
6.  peptiduri toqsinebi. 
7.  peptiduri antibiotikebi. 
8.  imunitetis maregulirebeli peptidebi. 
9.  naxSirwylis Semcveli peptidebi. 
10. struqturuli cilebi. 
 

 

imunuri pasuxis mediatorebi _ interferonebi 
 

    ramdenime aTeuli wlis win mecnierebma miaqcies yuradReba uCveulo 
movlenas: Tu ujredSi SeaRwevs erTi romelime tipis virusi, maSin sxva 
saxeobis anu “ucxo” virusebs am ujredSi ukve aRar SeuZliaT gamravleba. am 
movlenas interferencia ewoda. misi meqanizmi didi xnis ganmavlobaSi ucnobi 
iyo. 1957 wels ingliseli mecnierebis a. aizeksis da j. lindemanis mier, 
interenferenciis movlenis Seswavlisas, aRmoCenil iqna, rom ujredi “ucxo” 
virusebis gamravlebas aferxebs specialuri damcveli cilovani nivTierebebis 
gamomuSavebiT. am cilovan nivTierebas interferoni ewoda. misi molekuluri 
masa 25 000-dan 110 000-mdea. igi Sedgeba 166 aminmJavuri naSTisagan. Aantisxeu-
lebisagan gansxvavebiT, interferoni warmoadgens organizmis universalur, 
bunebriv damcvel faqtors. interferonisadmi mgrZnobiarea TiTqmis yvela 
amJamad cnobili virusi. swrafad Trgunavs ra virusebs, interferoni xels 
uwyobs adamianisa da cxovelis bunebrivi gziT gajansaRebas. virusebis 
winaaRmdeg interferonis moqmedebis meqanizmi mdgomareobs imaSi, rom igi 
astimulirebs ujredSi iseTi nivTierebis warmoqmnas, romlebic aferxeben 
virusebisaTvis damaxasiaTebeli cilebis sinTezs. 
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    interferoni mdgradia temperaturis mimarT. misi warmiqmnis unari gaaCnia 
yvela xerxemliani cxovelis, gansakuTrebiT ki frinvelebisa da 
ZuZumwovrebis ujredebs. misi warmoqmnis programa ujredis birTvSi arsebuli 
dnm-Sia mocemuli. interferonis sinTezi ujredSi iwyeba maSinve, rogorc ki 
am ujredSi verusi moxvdeba an Tu am ujreds davamuSavebT specialuri 
nivTierebebiT, e.w. interferogeniT. 
    interferonisa da interferenciis movlenis Semdgomi SeswavliT 
mecnierebi da eqimebi imedovneben virusuli infeqciis winaaRmdeg biologiuri 
iaraRis miRebas. amJamad, adamians, sasoflo-sameurneo cxovelebsa da 
mcenareebs emuqreba 1000-ze meti saxeobis virusi, romlebic iwveven mZime da 
swrafad gavrcelebad daavadebebs. 
    interferons Rebuloben adamianis leikocitebidan (sisxlis TeTri 
ujredebidan). adamianis leikocitebSi sinTezirdeba interferonis 8 saxeoba 
Sesabamisad, birTvis dnm-Si aRmoCenili iqna interferonis masinTezebeli 8 
geni. dRes klinikebSi iyeneben interferons kanis virusuli infeqciis, agreTve 
Tvalisa da sasunTqi gzebis mkurnalobisaTvis. interferoni Trgunavs iseTi 
virusebis moqmedebasac, romlebic iwveven avTvisebiani simsivnis ganviTarebas. 
     1980 wels Sveicarielma mecnierma vaismanma genuri inJineriis meTodiT 
adaminis interferonis dasinTezebuli genebi Seiyvana baqteriis-nawlavis 
Cxiris-organizmSi. amis Semdeg am baqteriam, garda sakuTari cilebisa, daiwyo 
adamianis interferonis gamomuSaveba. momavalSi mecnierebi varaudoben, 
swored aseTi gziT miiRon adamianisaTvis saWiro interferoni. 
     interferonebi warmoadgenen universaluri moqmedebis virussawinaaRmdego 
agentebs, aqtiurad moqmedeben nebismieri virusis winaaRmdeg, magram 
xasiaTdebian specifiurobiT-TiToeuli saxis cxovels Seesabameba Tavisi 
interferoni. 

    interferonebs yofen sam jgufad: leikocitur anu α-interferonebad, 
fibroblastur anu β-interferonebad da imunuri anu ϒ-interferonebad. unda 
aRiniSnos, rom TiToeuli saxis cxovels gaaCnia ramdenime α-interferoni, 
erTi an ramdenime β-interferoni da yovelTvis ϒ-interferoni. adamianSi 

napovnia 14 saxis sxvadasxva α-interferonis geni. α-interferonebis umravle-

sobas aqvs araglikoziduri peptiduri jaWvi, maSin rodesac β- da ϒ-interfe-
ronebi warmoadgenen glikoproteinebs. 
    interferonebi farTod gamoiyeneba samedicino praqtikaSi iseTi virusuli 
daavadebebis dros, rogoricaa hepatiti, encefaliti, herpesi, cofi, gripis ep-
idemia. zogierTi interferoni efeqturad moqmedebs kibos zogierT formaze. 
am mxriv aRsaniSnavia limfotoqsini da interferoni TNF-simsivnis nekrozuli 
faqtori, romelic iwvevs zogierTi tipis simsivnis ujredebis daSlas. igi 
gamomuSavdeba gaaqtivebuli makrofagebis saSualebiT. misi peptiduri jaWvi 
Seicavs 157 aminmJavur naSTs. limfotoqsini da simsivnis nekrozuli faqtori 
ganixileba rogorc perspeqtiuli kibossawinaaRmdego preparatebi da maT 
awarmoeben  mTeli rigi qveynebis bioteqnologiuri firmebi. 
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qsoviluri SemTavseblobis antigenebi 
 
    gadanergili qsovilebis SeTavsebis safuZvels warmoadgens imunuri 
reaqciebi donoris ujredebsa da receptors Soris. aRmoCenilia genomis spe-
cialuri ujredebi, romlebic akontroleben am process. maTi saerTo ricxvi 
ramdenime aTeulia, maTgan mxolod erTi, histoSemTavseblobis mTavari kom-
pleqsia aqtiuri. histoSemTavseblobis mTavari kompleqsis produqtebi eqs-
perirebulia ujredis zedapirze da ewodeba histoSemTavseblobis antigenebi. 
    arCeven I, II, da III klasis histoSemTavseblobis antigenebs. maTgan, kargad 
aris Seswavlili I klasis histoSemTavseblobis antigenebi, romlebic mo-
Tavsebuli arian organizmis yvela birTvul ujredSi. isini Sedgebian ori 
arakovalenturi bmiT dakavSirebuli suberTeulisagan. integraluri membran-
uli glikoproteini molekuluri masiT 45 000 (mZime suberTeuli), romelic 
Seicavs sam zedamembranul domens. mZime jaWvi Seicavs kovalenturi bmiT da-
kavSirebul oligosaqaridebs da gansazRvravs molekulis antigenur 
specifiurobas. mZime jaWvis mokle c-kidura ubani pasuxs agebs membranaSi 
molekulis fiqsaciaze da Seicavs or ubans, TiToeuli 5000 molekuluri 
masiT, romlebic mkveTrad gansxvavdebian polarobiT maTSi Semavali 
aminmJavebis gamo. pirveli romelic Seicavs c-kidura polarul aminmJavas, 
eqsponirebulia citoplazmis ujredSi didi raodenobiT arapolaruli 
aminmJavebisagan (leicini, izoleicini, valini) aRwevs membranis hidrofobur 
sferos. molekulis zeda membranuli nawilis gadatana xsnarSi xdeba or-
ganuli proteolizis gziT papainis daxmarebiT. 
 

 
cilovani  hormonebi 

 
        cilovani hormonebi (berZn. hormone-mamoZravebeli) gamomuSavdeba spe-
cializirebul jirkvlebSi da sisxlis gziT gavlenas axdenen nivTierebaTa 
cvlaze da, Sesabamisad, cocxali sistemis funqciaze. hormonebis 
gamommuSavebul jirkvlebs sadinari ar gaaCniaT, isini uSualod sisxlSi 
gadadian, ris gamoc maT Sinagani sekreciis jirkvlebi uwodes. termini 
hormoni pirvelad 1905w. beilisisa da starlingis mier iyo SemoRebuli. 
hormonis naklebobis an uqonlobis dros cxovelebsa da adamianSi aRiniSneba 
mravali mZime daavadeba. pirveli aseTi daavadeba gamovlenili iyo 1849 wels 
addisonis mier da mas addisonis daavadeba uwodes, rac Tirkmelzeda 
jirkvlis dazianebiT iyo gamowveuli. am dros aRiniSneba kanis qsovilis 
specifikuri pigmentacia.  
    cilovani hormonebis gamomuSaveba xdeba kuWqveSa jirkvalSi, farisebr 
jirkvalSi, hipofizisa da hipoTalmusis jirkvlebSi, Tirkmelzeda jirkvalSi. 
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sisxlis Sededebisa da fibrinolizis sistemis cilebi 
 
     kargad aris cnobili, rom Wrilobis dros gamosuli sisxli Cqara 
sqeldeba, deddeba, rac icavs organizms sisxlis dakargvisagan. sisxlis 
Sededebis meqanizmi Tanamedrove pirobebSi kargad aris Seswavlili, raSic 
did rols asruleben mravalricxovani cilebi. 
     dadgenil iqna, rom sisxlis Sededeba inicirdeba sisxlZarRvebis 
dazianebiT an sisxlSi sxva nivTierebebis (magaliTad, zogierTi qsovilis 
eqstraqtebi) damatebiT. sisxlis Sededebis procesze did gavlenas axdens 
vitamini K1, xolo misi antagonistebi _ dikumaroli, varfarini da sxva, 
xSirad gamoiyeneba medicinaSi antikoagulantebad, Trombozis Tavidan 
acilebis mizniT sisxlis maRali Sededebis dros. 
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    sisxlis gaZlierebuli Sededebis dros Trombolitebis fosfolitur mem-
branebSi xdeba proTrombinis gardaqmna Trombinad da es ukanaskneli grovde-
ba dazianebuli qsovilebis sisxlZarRvebis kedlebze. Trombini warmoadgens  
maRalspecifikur proteinazas, romelic bevr rameSi trifsinis analogiuria. 
fibrinogenis molekulaSi igi xleCs argininsa da glicinis naSTebs Soris 
arsebul bmas. 
    sisxlis Sededebis da Trombis warmoqmnis procesSi monawileobs 20-mde 
cila. sisxlis Sededebis sawinaaRmdegod gamoiyeneba fibrinolizis sistemis 
cilebi. mas xmaroben maSin, roca sisxlis Sededeba ar aris sasurveli, aseve 
axladwarmoqmnili Trombis mosaspobad. am sistemis cilebidan aRsaniSnavia 
plazmini (fibrinolizini) – specifiuri proteinaza, romelic spobs fibrins. 
plazmini warmoiqmneba urokinazas plazminogenis aqtivaciis Sedegad. 
plazminogenis aqtivacia xorcieldeba kompleqsuri baqteriuli cilis – 
streptokinazas warmoqmnis Sedegad. Trombis warmoqmnis SeCereba aseve Seu-
Zlia proteinazas inhibitorebs-sisxlis Sededebis faqtorebs. am mxriv 
aRsaniSnavia antiTrombini III. mis moqmedebas aZlierebs polisaqaridi heparini. 
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Sinagani sekreciis jirkvlebi 
 
    kuWqveSa jirkvlis (pankreasis) hormonebidan aRsaniSnavia ori urTierT-
sawinaaRmdego moqmedebis mqone hormoni: insulini da glukagoni.  
insulini.  es hormoni 1922w. iqna gamoyofili sufTa saxiT kanadeli 
mecnierebis f. bantingisa da C. bestis mier, mogvianebiT igi sinTezirebul 
iqna kristaluri saxiTac. insulini kontrols uwevs naxSirwylebis, cilebis, 
cximebis metabolizms, sinTezirdeba kuWqveSa jirkvlis mier. am hormonis 
mniSvneloba Zalze didia. igi gamoiyofa jirkvlebidan pirdapir sisxlSi da 
aregulirebs organizmSi Saqris SeTvisebis process. kerZod, am hormonis 
meSveobiT, Saqris naWarbi, romelic sisxlSi arsebobs, cxovelur saxameblad 
– glikogenad gadaiqceva da RviZlsa da kunTebSi grovdeba. insulinis 
naklebobisas viTardeba mZime daavadeba, romelsac Saqrian diabets uwodeben, 
romlis drosac nawlavebidan Sewovili glukoza sisxlSi grovdeba, misi 
nawili ganuwyvetliv idevneba SardTan erTad. aseTi avadmyofebis organizmSi 
regularulad SehyavT hormoni insulini. am hormonis moqmedebiT, Saqris 
naWarbi gareT ki ar gamoiyofa, aramed glikogenis saxiT maragad gadainaxeba 
organizmSi, romelic Semdgom gamoiyeneba sasicocxlo procesebisaTvis. 
     insulinis molekuluri  masa aris 5787, molekuluri formulaa 
C259H377N65O75S6.  insulini iyo pirveli cila, romlis pirveladi struqtura 
aTwliani kvlevis Sedegad mTlianad iqna gaSifruli senjeris mier 1953 wels, 
risTvisac 1958 wels mas mieniWa nobelis premia. 1980 wels senjers meored 
mianiWes nobelis premia genetikuri kodis gaSifvris gamo. insulinis 
molekula Sedgeba 51 aminmJavuri naSTisagan. igi Seicavs or polipeptidur 
jaWvs,  romlebic erTmaneTTan dakavSirebulia 2 disulfiduri bmiT. Ddisul-
fiduri bmebis aRdgenisas peptidebs Soris kavSiri wydeba da hormonuli 
aqtivoba ispoba. saTanado pirobebSi sulfidhidrilis jgufebis daJangvisas 
kvlav aRiniSneba hormonis biologiuri aqtivobis nawilobrivi aRdgena. insu-

lini warmoiSoba preinsulinidan, romelic sinTezirdeba langerhansis β-
ujredebis mikrosomul fraqciaSi. insulinis sinTezi da sekrecia regulir-
deba kalciumis ionebiT da sisxlSi glukozis raodenobiT. sisxlSi gluko-
zis Semcirebisas insulinis sekrecia sustdeba; glukozis koncentraciis 
gazrdisas, piriqiT Zlierdeba insulinis sinTezi da sekrecia. insulinis sin-
Tezis Sekavebisas adamianis organizmSi viTardeba mZime daavadeba – Saqris 
diabeti. am dros aRiniSneba hiperglikemia, Zlierdeba glikogenis daSla, 
matulobs sisxlSi glukozis, qolesterinisa da ketonuri sxeulebis 
raodenoba. 

 

NH2−Gly−lle−Val−Glu−Gln−Cys−Cys−Thr−Ser−lle−Cys−Ser−Leu−Tyr−Gln−Leu−Glu−Asn−Tyr−Cys−Asn−COOH

a-jaWvi SS

SSb-jaWvi

NH2−Phe−Val−Asn−Gin−His−Leu−Cys−Gly−Ser−His−Leu−Val−Glu−Ala−Leu−Tyr−Leu−Val−Cys−Gly−Glu−Arg

S
S

HOOC−Thr−Lys−Pro−Thr−Tyr−Phe−Phe−Gly

insulini  
 

     insulini warmoadgens kuWqveSa jirkvlis hormons. kuWqveSa jirkvali 
Seicavs aseve glukagons, romelic insulinis sawinaaRmdego moqmedebiT xasi-
aTdeba. misi moqmedebiT RviZlSi, gulis kunTsa da cximovan qsovilSi, adren-
alinis msgavsad, Zlierdeba glikogenis daSla fosforilaziT. glukagoni 29 
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aminmJavasgan aris aSenebuli. dadgenilia misi pirveladi struqtura. sisxlSi 
glukozis raodenoba mcirdeba glukozis wvis da glukogenis sinTezis 
gaZlierebis Sedegad. amgvarad, insulinis glukagonisa da adrenalinis 
raodenobrivi ganawilebiT praqtikulad regulirdeba sisxlSi glukozis op-
timaluri done. 

farisebri jirkvlebis epiTelur ujredebSi warmoqmnili hormonebi Sedis 
sisxlSi, romelic kapilarebSi miedineba. farisebri jirkvlis ujredebSi 
gamomuSavdeba hormoni Tiroqsini, romelic iods Seicavs. am hormonis gamomu-
Savebis normaluri donis Secvla iwvevs mZime daavadebebs. ase magaliTad, 
hipofunqciis dros, rodesac farisebri jirkvali gamoyofs naklebi raodeno-
biT hormons, an axalgazrda asakSi jirkvali ganicdis atrofias, viTardeba 
daavadeba kretinizmi. igi gamoixateba adamianis simaRleSi zrdis daTrgunviTa 
da Semdeg mTlianad SewyvetiT. amas mosdevs calkeuli nawilebis arapropro-
porciuli  ganviTareba da gonebrivi CamorCeniloba. mozrdil adamianebSi 
jirkvlis analogiuri cvlilebebis Sedegad viTardeba daavadeba miqsedema. am 
daavadebisaTvis damaxasiaTebelia lorwovani SeSupeba, rac gamowveulia qso-
vilebSi wylis SekavebiT, nivTierebaTa cvlis daqveiTebiT, simsuqniT.  
    farisebri jirkvlis funqciis daqveiTeba (hipofunqcia) garda miqsedemisa, 
iwvevs agreTve meore saxis daavadebas, e.w. endemur Ciyvs. am dros farisebri 
jirkvlis zoma mniSvnelovnad imatebs. farisebri jirkvlis hiperfunqcia 
(rodesac xdeba didi raodenobiT Tiroqsinis warmoqmna) gamoixateba e.w. 
bazedovis daavadebis ganviTarebiT (bazedovi im eqimis gvaria, romelmac es 
daavadeba aRwera). misi ZiriTadi klinikuri simptomebia: saerTo sigamxdre, 
kidurebis kankali, Tvalebis gadmokarkvla, organizmidan SardTan erTad gam-
oiyofa didi raodenobiT azoti. bazedovis daavadebis mkurnalobis mizniT 
organizmSi mcire doziT xdeba iodis radiaqtiuri izotopis (I 131) Seyvana, 
romelic grovdeba jirkvlis ujredebSi da gamoyofs ra sxivs, iwvevs 
jirkvlis qsovilis adgilobriv dasxivebas da hormonebis warmoqmnis Sem-
cirebas. 
    hipofizis Suamdebare da ukana nawilebidan gamoyofili peptiduri bunebis 
biologiurad aqtiuri hormonebia: vazopresini, oqsitocini da zrdis hormoni 
somatotropini. am ukanasknelis gavleniT Zlierdeba genetikuri aparatis aq-
tivoba. somatotropini gavlenas axdens naxSirwylebisa da cximebis metabo-
lizmze, aregulirebs mTeli procesis dinamikas. 
    hipoTalmusSi gamomuSavdeba biologiurad maRali aqtivobis mqone faqto-
rebi, romelTa gavleniT regulirdeba ujredebis, qsovilebis da organoide-
bis bioqimiur-fiziologiuri procesebi. hipoTalmusis faqtorebidan aRsaniS-
navia: Tireoliberini, somatostacini. dadgenilia, rom hipofizis hormonebis 
sinTezi upiratesad xorcieldeba hipoTalmusis ujredebis sinapsur dabo-
loebaSi, sadac regulatorul funqcias biogenuri aminebi asruleben.  
     Tirkmelzeda jirkvlebs, romlebic Sedgebian morfologiurad da fun-
qciurad gansxvavebuli qerqovani da tvinovani nawilisagan, miekuTvneba 
steroiduli hormonebi (gamomuSavdeba qerqovan nawilSi) da neirohormonuli 
bunebis kateqolaminebi (gamoimuSavebs tvinovani nawili). Tirkmelzeda 
jirkvlis tvinovani fena imuSavebs hormon-adrenalins. organizmSi adrenalini 
warmoiqmneba aminmJava Tirozinisagan. 
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adrenalini. adrenalini kristaluri nivTierebaa, cudad ixsneba civ wyalSi, 
advilad ixsneba cxel wyalSi. fiziologiuri moqmedeba gamoixateba nervuli 
sistemis agznebaSi, iwvevs sisxlis wnevis Zlier awevas, aCqarebs gulis cemis 
ritms, afarToebs Tvalis gugas. adrenalini Zlier gavlenas axdens naxSir-
wylovan cvlaze. igi SesamCnev fiziologiur moqmedebas iCens Zalian mcire 
koncentraciebis drosac. adrenalinis koncentracia sisxlSi Seadgens 

0,015mg%-s, did koncentraciebSi Zlier Sxams warmoadgens. Tirkmelzeda 
jirkvlebi adrenalinTan erTad Seicavs noradrenalins, romelic gansxvavdeba 
adrenalinisagan imiT, rom gverdiT jaWvs aklia meTilis jgufi da warmoad-
gens pirvelad amins. noradrenalini moqmedebs arteriul wnevaze, adrenalini 
ki naxSirwylovan cvlaze. noradrenalini aris ufero, kristaluri 
nivTiereba, molekuluri masiT 169,18. haerze sinaTlis moqmedebiT muqdeba, Fe-
CI3-Tan urTierTqmedebiT warmoiqmneba mwvane – zurmuxtisferi naerTi. 
noradrenalini medicinaSi gamoiyeneba hidrotartratis saxiT arteriuli 
wnevis asamaRleblad. adrenalinis Seyvanisas sisxlSi matulobs glukozis 
raodenoba, igi dawvas ver aswrebs da mouxmareblad SardSi gadadis. am mxriv, 
adrenalini insulinis antagonistia. insulinis moqmedebis Sekavebis gamo 
adrenalini iwvevs RviZlSi glikogenis energiul daSlas glukozad. amave 
dros qsovilSi neldeba glukozas moxmareba. adrenalinis ganzaveba 1:200 
milionjer gavlenas axdens nawlavebis perestaltikaze; ganzaveba 1:550 mil-
ionjer ki SesamCnev gavlenas axdens saSvilosnos kunTebze. 1kg cocxal 
wonaze 0,1-1 mg-is SeSxapuneba organizmis daRupvas iwvevs. 

 

HO
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CH(OH)CH2NH2
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renini. Tirkmelzeda jirkvlis hormons miekuTvneba renini. me-19 saukunis bo-
los dadgenil iqna, rom Tirkmlebi monawileobas Rebulobs arteriuli 
wnevis regulirebaSi, maTi qerqidan gamoyofil iqna renini, romlis venaSi 
Seyvana iwvevs wnevis gazrdas. reninis Semcvelobas sisxlSi didi mniSvneloba 
aqvs miokardis infarqtisa da sxva daavadebaTa diagnostikisaTvis. renini 
Termostabiluri peptidazaa, romelic Slis Sratis globulins anu angi-
otenzinogens da warmoqmnis xazovan dekapeptid angiotenzin 1-s. es 
ukanaskneli ki sisxlis filtvebSi gavlis dros dipeptiduri fragmentis 
moxleCviT gardaiqmneba angiotenzin 2-ad oqtapeptidad, romelic astimuli-
rebs sisxl-ZarRvebis Seviwroebas da iwvevs wnevis gazrdas. 

 
Asp-Arg-Val-Tyr-Jle-His-Pro-Phe-His-Leu        angiotenzini I 
Asp-Arg-Val-Tyr-Ile-His-Pro-Phe                       angiotenzini II 
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neiropeptidebi da peptiduri hormonebi 
 
neiropeptidebi. peptidebs, romlebic aRmoCenilia Tavis tvinSi da moqmedeben 
centraluri nervuli sistemis funqciaze ewodeba neiropeptidebi. am jgufs 
miekuTvneba hipoTalmusis da hipofizis peptidebi, romelTac gaaCniaT 
biologiuri moqmedebis farTo speqtri. neiropeptidebis umravlesoba 
sinTezirdeba nervuli ujredebis mier. neiropeptidur jgufSi Sedis 
hipofizis mniSvnelovani peptid-hormoni vazopresini da oqsitocini. isini 
aregulireben organizmSi mimdinare qimiur reaqciebs da gamoirCevian 
hormonuli aqtivobiT. orive hormoni sinTezirdeba hipofizis ukana nawilSi. 
pirveladi struqturiT es peptid-hormonebi Zalian hgavs erTmaneTs. Ggansx-
vaveba mxolod me-3 da me-8 aminmJavur naSTebSia. oqsitocinSi izoleicinisa da 
leicinis nacvlad vazopresini Seicavs fenilalaninsa da arginins. Ooqsito-
cini ZiriTadad mdedr cxovelebSi gvxvdeba, iwvevs saSos kunTebis SekumSvas, 
ris gamoc mas iyeneben veterinalur mean-ginekologiaSi. vazopresini gvxvdeba 
rogorc mdedr, ise mamr vxovelebSi da axdens ra TirkmlebiT wylis 
reabsorbcias, iwvevs Zlier antidiuretul moqmedebas. garda, amisa igi 
astimulirebs sisxlZarRvebis kedlebis SekumSvas, riTac kontrols uwevs 
sisxlis wnevas. orive maTgani Seicavs TiTo disulfidur bmas: 

 

NH3−Cys−Tyr−Ile−Gly−Asn−Gys−Pro−Leu−Gly−CO−NH2

SS

oqsitocini

+

NH3−Cys−Tyr−Phe−Gly−Asn−Gys−Pro−Arg−Gly−CO−NH2

SS

vazopresini  
    1975 wels amerikeli mecnieris hiuzis mier aRmoCenil iqna peptidTa 
jgufi, romelic gavlenas axdens nervuli impulsebis gadacemaze, esenia: 
enkefalinebi da endorfinebi, isini warmoadgenen opiodur peptidebs, morfinis 
msgavsad ayuCeben Tavis tkivils da iwveven eiforiul mdgomareobas. 
enkefalinis (berZnulad niSnavs “TavSi”) jgufSi aRmoCenil iqna ori penta-
peptidi, romlebic erTmaneTisagan gansxvavdeba C-boloTi. erTis boloSi 
meTioninia, xolo meorisaSi leicini. es mcire gansxvaveba arsebiT gavlenas 
axdens maT biologiur aqtivobaze. isini gamoyofil iqnen Roris Tavis 
tvinidan. 

Tyr-Gly-Gly-Phe-Met             Met-enkefalini 
Tyr-Gly-Gly-Phe-Leu              Leu-enkefalini 

 

     aRmoCnda, rom  Met–enkefalini 20-jer ufro Zlieri tkivilgamayuCebeli 
TvisebebiT xasiaTdeba, vidre Leu-enkefalini. neiropeptidebis jgufs 
miekuTvneba aseve nonapeptidi, romlis aRnagoba dadgenil iqna 1977 wels 
Sveicarieli mecnierebis Senenbergisa da monius mier. 

 
Trp-Ala-Gly-Gly-Asp-ala-Ser-Gly-Gly 

 
         nonapeptidi zrdis mdgradobas stresebisadmi, aseve gamoiyeneba uZilobis 
dros. neiropeptidebis jgufs miekuTvneba melanocitstimulirebuli hormo-
nebi, magaliTad, melanotropini, romelic gamomuSavdeba hipofizis Sua na-

 
 152 



wilSi. isini axdenen pigmenturi ujredebis stimulirebas, rac iwvevs mela-
ninis pigmentis biosinTezis gaZlierebas da kanis gamuqebas. maT ZiriTad bi-
ologiur funqcias warmoadgens centraluri nervuli sistemis moqmedebis 
regulacia. mniSvnelovan neiropeptidebs ganekuTvneba: Tireoliberini, soma-
totropini da luliberini, romelTac gamoimuSavebs hipoTalmusi. maTi saSu-
alebiT regulirdeba qsovilebisa da organoidebis bioqimiur-fiziologiuri 
procesebi. 
Tireoliberini bunebrivi tripeptidia; masSi Sedis: piruglutaminis mJavas, 
histidinis da prolinamidis naSTebi: 

N
H

O CCHC

CH2

O

NH

O

N

C O

MH2NHN
 

    
somatotropini -- zrdis hormoni, warmoadgens cikluri formis disulfids. 
misi naklebobisas ferxdeba zrda, formirdeba qondriskaci fsiqikuri 
darRvevebis gareSe. meores mxriv, hipofizis hiperfunqciisas, Zlierdeba 
sxeulis calkeuli nawilebis zrda (spilos daavadeba). 
somatostacini iyo pirveli cxoveluri hormoni, romlis biosinTezi ganxor-
cielebul iqna genuri inJineriis meTodis gziT. 
     neiropeptidebidan aRsaniSnavia farisebri jirkvlis hormoni Tiroqsini. 
is warmoiqmneba aminmJava Tirozinisagan. jer sinTezirdeba L-Tironini, xolo 
misi Semdgomi iodirebiT- di-, tri- da tetraiodTirenini anu Tiroqsini. isini 
gavlenas axdenen centralur nervul sistemaze, gulsisxlZarRvTa moqmedeba-
ze, imunur Tvisebebze, qsovilTa zrdasa da diferenciaze. adreul asakSi 
farisebri jirkvlis hipofunqciisas viTardeba daavadeba, romelic kretiniz-
mis saxeliTaa cnobili. 

 

O

OH
II

H2C CH COOH

NH2

II

Tiroqsini
 

 
am dros irRveva nivTierebaTa cvla, fsiqika, ferxdeba zrda. adreul asakSi 
ganviTarebuli daavadeba mkurnalobas ar eqvemdebareba. zrdadasrul qalebSi 
viTardeba miqsedema, aRiniSneba cximebis, wylisa da marilebis metabolizmis 
moSla, irRveva fsiqika. mTian raionebSi, sadac wyalSi iodis naklebobaa, mo-
saxleobaSi aRiniSneba endemuri Ciyvis ganviTareba, SemaerTebeli qsovilis 
intensiuri zrdis gamo. samkurnalod farTod gamoiyeneba Tireolini da sxva 
iodSemcveli samedicino preparatebi. daavadebis profilaqtikis mizniT am 
dros gamoiyeneba iodiT gamdidrebuli sakvebi marili. Tsu bioorganuli 
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qimiis kaTedris TanamSromelTa gamokvlevebiT dadgenil iqna bioenergoaqti-
vator bioragis gamoyenebiT sasoflo-sameurneo kulturebSi (mag. simindze) 

iodis Semcveloba mniSvnelovnad izrdeba (96 %-iT). 
Zilze moqmedi peptidebi. didi mniSvneloba eniWeba im neiropeptidebis 
Seswavlas, romlebic moqmedeben Zilze, imdenad, ramdenadac Zilis moqmedebis 
meqanizmis Seswavla mudam idga neirofiziologebisa da medikebis yuradRebis 
centrSi. kurdRlis cerebraluri venuri sisxlidan gamoyofil iqna peptidi 
DSIP, romelic Zilze mkveTrad moqmedebda. am peptidis Seyvanam cxovelTa or-
ganizmSi gamoiwvia eleqtroencefaluri cvlilebebi, romelic damaxasi-
aTebalia neli-talRovani ZilisaTvis. 
 

Trp-Ala-Gly-Asp-Ser-Gly-Glu 
DSIP 

 
     dadgenilia, rom DSIP moqmedebs darRveul, aRelvebul Zilze, xsnis uZ-
ilobas da aZlierebs mdgradobas stresisadmi. 

peptiduri toqsinebi.    mraval peptidur nivTierebas aqvs peptidur-cilovani 
buneba. arsebobs toqsikuri cilebi, romlebsac organizmSi gamoimuSaveben 
baqteriebi. aseTebia: mikrobuli warmoSobis Zalze Zlieri toqsinebi (botu-
linebi, difteriuli, qoleruli da sxv.), mikotoqsinebi (Sedis Sxamiani 
sokoebis SedgenilobaSi), zootoqsinebi (Tevzebis da amfibiebis toqsinebi, 
gvelisa da morielis Sxamebi), bunebrivi warmoSobis toqsinebi mcenareul 
sakvebSi. toqsinebi da Sxamebi uZvelesi droidan ipyrobs medikosTa yuradRe-
bas, vinaidan isini Sedian medikamentebis SemadgenlobaSi da warmoadgenen mis 
komponentebs. 
    peptiduri toqsinebidan didi mniSvneloba eniWeba TeTri Sxama sokos pep-
tidebs, gvelisa da morielis Sxamis neirotoqsinebs, zRvis uxerxemloTa pep-
tidur toqsinebs, futqris Sxamis peptidur toqsinebs. 
Sxama sokos peptidebi. 1937 wels germanelma mkvlevarebma f. linenma da g. vi-

landma gamoyves Sxamiani sokodan (Amanita  phalloides)  kristaluri toqsikuri 
nivTiereba, romelsac faloidini uwodes. mogvianebiT dadgenil iqna TeTri 

Sxama sokos komponentebis aRnagoba: faloidini, α-amanatani da aseve maTi 
warmoebulebi. 
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          TeTri Sxama sokoebi iwveven Zlier mowamvlas, romlis simptomebi mJRavn-
deba maSin, roca RviZli da Tirkmeli imdenad aris gadagvarebuli, rom mkur-
naloba ukve SeuZlebelia. adamianisaTvis amanitis sasikvdilo dozaa 0,1 mg/kg. 
aseve, A muskaria, A. pantherina  da sxva sokoebidan gamoyofil iqna nivTierebebi, 
romlebic buzebisaTvis inseqticidebia, xolo adamianebisaTvis fsiqostimu-
latorebi. asaTebia muscinoli, ibeteninis mJava, muskazoni. isini iwveven amne-
zias, orientaciis dakargvas sivrcesa da droSi da fsiqiur aSlilobas. 
    aRsaniSnavia, rom Sxamiani soko Amanita  phalloides  Seicavs lipofilur kom-
ponentebs – antamanids, romlis koncentraciaa 1 mg. is mTlianad icavs or-
ganizms falloidebis letaluri moqmedebisagan. am antitoqsinis aRnagoba 
dadgenil iqna 1969 wels. antamanids aqvs unari daikavSiros Ca2+ ionebi, riTac 
igi xariaTdeba antitoqsikuri moqmedebiT. 
futkris Sxamis peptiduri toqsinebi. futkris Sxamis ZiriTad komponents war-
moadgens melitini, mis xarjze modis gamxmari Sxamis 30-50 %. melitini gam-
oyofil iqna e. xabermanis mier germaniaSi, amave laboratoriaSi 1967 wels 
dadgenil iqna misi pirveladi struqtura. toqsinis molekula Seacavs 26 
aminmJavur naSTs, misi C-bolo karboqsiluri jgufi aminirebulia: 

 
Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu- 

 
-Ile-Ser-Trp-Ile-Lys-Arg-Lys-Arg-Gln-NH2 

 
     melitinis biologiuri moqmedeba gamoixateba membranis struqturis 
darRvevaSi. kerZod, igi iwvevs sxvadasxva ujredebis liziss. melitinis da 
misi analogebis sinTezi ganxorcielda e. Srederis mier 1977 wels. mTeli ri-
gi Sromebi mieZRvna melitinis kavSirs xelovnur da bunebriv membranebTan da 
im toqsinis konformaciis garkvevas, romelic dakavSirebulia lipidebTan. aR-
moCnda, rom melitini inducirebs ionur gamtarobas ormag SreSi; ar aris 
gamoricxuli, rom melitinis mier inducirebuli gamtaroba iwvevs lipidebis 
Sris struqturis rRvevas. 
    futkris Sxamis meore toqsikur komponents warmoadgens apamini-Apis melli-
fera, romelic gamoirCeva centralur nervul sistemaze mkveTrad Ggamoxatuli 
moqmedebiT. apaminis pirveladi struqtura dadgenil iqna 1967 wels. igi 
Seicavs 18 aminmJavas da warmoadgens erT-erT cnobil Zlier neirotoqsikur 
peptids. 

 

 
    apamini 

 
    mTel rig laboratoriebSi ganxorcielda apaminisa da misi analogebis 
sinTezi. bmr-speqtroskopiiT dadginda apaminis konformacia xsnarSi. apaminis 

agebulebaSi SeimCneva α-spiralis arseboba (6-16 naSTi) da β-sxeuli (2-5 naSTi). 
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sur.12 

 
                    apaminis molekulis konformacia xsnarSi 
 
    apamini moqmedebs periferiul da centralur nervul sistemaze. futkris 
Sxamis toqsins warmoadgens MCD-peptidi. es naerTi, romelsac aseve uwodeben 
peptid 401-s da Sedis futkris SxamSi, SeuZlia histaminis gamoyvana virTxis 
cximovani ujredebidan. misi struqtura dadgenil iqna 60-iani wlebis bolos. 
 
                       Ile-Lys-Cys-Asn-Gys-Lis-Arg-His-Val-Ile-Lys-Pro-His-Ile-Lys-Pro-His-Ile-Gys-Arg- 
                                                                -Lys-Ile-Gys-Gly-Lys-Asn-NH2 

 

    struqturuli msgavseba  MCD-peptidisa da apamins Soris ar vlindeba bi-
ologiur aqtivobaSi. MCD-peptidi ar moqmedebs centralur nervul sistemaze, 
is iwvevs ujredebis degradacias, xdeba histaminis gamoyofa da Sesabamisad, 
procesis ganviTareba. 
gvelisa da morielis Sxamis neirotoqsinebi. gvelis Sxami warmoadgens 
moyviTalo an momwvano feris gamWvirvale siTxes. gvelis Sxams arc suni aqvs 
da arc gemo, igi ZiriTad Sedgeba maRalmolekuluri cilovani nivTierebisa-
gan. gvelisa da morielis toqsinebi polipeptiduri aRnagobis neirotoq-
sinebia. isini qimiuri struqturis mixedviT iyofa “mokle” da “grZel” 
toqsinebad, romelTa SedgenilobaSi Sedis 60-62 an 71-74 aminmJavas naSTi da 4 
an 5 disulfiduri bma. 

 

 
neirotoqsinis mokle (a) da grZeli tipi (b) 
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         disulfiduri bmebis aRdgena iwvevs biologiuri aqtivobis srul da-
kargvas. ganmeorebadi daJangva nawilobriv aRadgens toqsinebis adrindel 
aqtivobas. 
    morielis Sxami Seicavs neirotoqsinebs, romelTa molekuluri masa 6000-
8000, oTxi Sigamolekuluri disulfiduri bmebiT. TavianTi struqturiT isini 
Zalian gansxvavdebian gvelis Sxamis neirotoqsinebisagan. isini arian 
naklebad mdgradni da advilad kargaven fiziologiur aqtivobas ganzavebul 
wyalxsnarebSi. morielidan gamoyofil neirotoqsins ewodeba toqsini II. 

 
 

morielis Sxamis neirotoqsini-toqsini II 
 

    morielis SxamSi didi raodenobiT aris gansakuTrebuli Tvisebebis mqone 
neirotoqsinebi, romlebic moqmedeben agreTve mwerebze, kibosnairebze. mori-
elis zogierTi inseqtotoqsini Sedgeba mxolod 35-36 aminmJavuri naSTisagan 
oTxi Sigamolekuluri disulfiduri bmebiT. isini TavianTi struqturiT 
Zalian emsgavseba ZuZumwovrebis neirotoqsinebs. 

 

         
           a. inseqtoqsinebi                 b. ZuZumwovrebis neirotoqsini 
 

bunebrivi warmoSobis toqsinebi mcenareul sakvebSi. xSirad toqsikur 
nivTierebas TviT mcenareebi sagrZnobi raodenobebiT Seicaven da maTgan 
momzadebul sakvebs organizmisaTvis mniSvnelovani zianis motana SeuZliaT. 
msgavsi intoqsikaciis Sedegia hipokaliumiac (kaliumis nakleboba). 
     Wotosani mcenareebi xSirad Seicaven leqtinebs (fitohemaglutininebs), 
romlebic eriTrocitebis aglutinacias iwveven. maRali toqsikuroba gaaCnia 
abusalaTinis leqtins. misi gavleniT yalibdeba RviZlis gacximovneba. tkbili 
kartofili da wiTeli Warxali Seicaven cilebis, kerZod trifsinis 
mainhibirebel nivTierebebs. am dros ferxdeba cilis biosinTezi. 
gacxelebisas qveiTdeba an sruliad qreba aRniSnul mcenareTa leqtinuri 
fraqciis biologiuri aqtivoba da Sesabamisad izrdeba am bostneulis 
toqsikuri Tvisebebi. Saqris Warxali, satacuri ispanaxi da wiTeli Warxali 
Seicaven saponinebs, romlebic glikozidebs miekuTvnebian da wyalxsnarebSi 
qafs warmoqmnian. nawlavebSi isini Cveulebriv sustad sorbirdebian, magram 
anTebisas an Zlieri gaRizianebisas maTi sorbcia izrdeba. sisxlSi 
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gadasvlisas saponinebi reagireben eriTrocitebis membranebTan da maT 
hemoglibinisaTvis ganvlads xdian, e.i. adgili aqvs hemolizs. hemoglobini 
iwyebs SardSi gamosvlas, ris gamoc SeimCneva siyviTle da organizSi sisxlis 
mimoqcevis moSla. kombostos yvela saxeoba Seicavs biologiurad araaqtiur 
nivTierebebs-Tioglikozidebs, gansakuTrebiT glukobrascinebs. 

es nivTierebebi warmoqmnian Tiocianitebs (R-SCN). isini zRudaven 
farisebr jirkvalSi hormon Tiroqsinis warmoqmnas, rac droTa ganmavlobaSi 
bazedovis daavadebas iwvevs. mcenaris zogierT sxva qimiur komponents 
SeuZlia farisebur jirkvalSi iodTan urTierTqmedeba da Tiroqsinis 
warmoqmnis blokireba. aseTia: wiTeli Warxlidan, miwis Txilidan da 
Cveulebrivi xaxvidan gamoyofili nivTierebebi. am mcenareTa zemoqmedeba, rac 
bazedovis daavadebis provocirebaSi mdgomareobs, SeiZleba ganeitraldes 
iodis miwodebiT (iodizirebuli sufris marilis saxiT). 
    kvebis mravali produqti Seicavs biogenur aminebs (nervuli impulsebis 
gadamtanebi). maT miekuTvneba serotonini (bananSi, tyis TxilSi, pomidorSi) da 
Tiramini (didi raodenobiT aris yvelSi). 

 

HO H2C H2C NH2

Tiramini
N

HO
H2C H2C NH2

serotonini
H

 
 
isini zrdian sisxlis wnevas. janmrTel adamianSi es praqtikulad SeumCnevel-
ia, magram maRali wnevisas moqmedeben wnevis damwevi Terapevtuli 
preparatebis sawinaaRmdegod. Tiraminis maRali Semcvelobis 20g yveli ukve 
sakmarisia wnevis mniSvnelovnad asawevad. Tiramins Seicaven Rvinoebi da sa-
fuvris eqstraqtebi. mcenareebi kancerogenuli Tvisebebis mqone komponentebs 
Seicaven. magaliTad, koTxujis (sulxan-sabas mixedviT – emiri, megrulad-
jarkvatana) tri- da tetraploiduri nairsaxeobebidan gamoyofili eTerzeTebi 
cxovelebSi kibos daavadebas iwvevs. 

 Caisa da yavis Teofilini da kofeini moqmedeben centralur nervul 
sistemaze, zrdian guneba-ganwyobas da msubuq eiforias iwveven: 
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    kofeini aZlierebs sisxlis mimoqcevas da zrdis gonebriv SesaZleblo-
bebs. didi dozebi iwveven aRgznebas, uZilobas, guliscemis momatebas da 
zogjer ariTmiasac. sufTa saxiT kofeinis doza 100 mg-s (erTi finjani yava) 
ar unda aRematebodes. limonisa da forToxlis qerqSi arsebuli eTerzeTebi 
iwveven Tavis tkivils da kanis anTebas. garda amisa, maT kokancerogenuri 
Tvisebebic gaaCniaT, amitom, rekomendebulia maTi SezRudva sakveb danamatad 
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da monelebis regulatorebad. am naerTTa maqsimaluri dRe-Ramuri doza ar 
unda aRematebodes 1 gr-s. iseT mcenareul komponentebsac ki, rogoricaa men-
Tolis Semcveli pitnis zeTi, didi raodenobiT miRebisas SeuZlia adamianze 
gamabrueblad imoqmedos, gamoiwvios sicivis SegrZneba da guliscemis mo-
mateba. 
    specifikur toqsins Seicavs javzi, romelSic aqtiuri sawyisi miri-
sticinia. igi iwvevs halucinaciebs, gulis wnevis momatebas, wnevis awevas da 
mowamvlis sxva simptomebs. javzi Tavisi susti narkotikuli moqmedebis gamo, 
gamoiyeneba damawynarebel saSualebadac. xolo didi dozebiT iwvevs 
mowamvlas. naxevarma lebanmac ki SeiZleba mowamvlis niSnebi ganaviTaros. 
misi gamosayenebeli odenoba 0,3 g-s ar unda aRematebodes. mas farTod 
iyeneben kulinariaSi. 
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peptiduri antibiotikebi 
  

     mravalricxovani peptiduri bunebis antibiotikebidan aRsaniSnavia grami-
cidini S, Tirocidini, polimiksini, bacitracini, aqtinomicini, da eqinomicini. 
am antibiotikebis jgufSi aRmoCenili iyo monaTesave nivTierebebi, romlebic 
agebulebiT, biologiuri da qimiuri TvisebebiT axlos dganan erTmaneTTan. am 
jgufis antibiotikebs sakmaod didi toqsikuroba axasiaTebT da maT um-
Tavresad iyeneben rogorc adgilobriv saSualebebs. 
    gramicidini S _ pirvelad gamoyofil iqna moskovis axlos mdebare 
bostnebis niadagidan 1942 wels g. hauzesa da m. braJnikovas mier. misi 
agebuleba dadgenil iqna 1952 w. l. kreigis mier, xolo qimiuri sinTezi ganx-
orcielda 1956 w. r. Sviceris mier. gramicidinis agebuleba gamokvleul iqna 
rentgenostruqturuli analizis meTodis saSualebiT. aRniSnuli antibiotiki 
wyalSi uxsnadia, igi uxsnadia agreTve mJavebisa da tuteebis xsnarebSi. gram-
icidini S-s aqvs fuZis Tvisebebi. xangrZlivi hidrolizisas antibiotiki gan-
icdis srul daSlas. am dros warmoiqmneba xuTi aminmJava: L-prolini, L-valini, 
L-ornitini, L-leicini da D-fenilalanini. fenilalaninis aRniSnuli D-
izomeri bunebriv naerTebSi pirvelad aris napovni, aqamde ki cilovan 
nivTierebaTaTvis mxolod L-izomerebi iyo cnobili. aRniSnuli fenil-
alaninis es izomeri meore antibiotik TirocidinSic aris napovni. igi war-
moadgens ciklur polipeptids, romelSic mxolod erTi aminjgufi ar 
Rebulobs monawileobas peptiduri bmebis warmoqmnaSi da inarCunebs aminis 

Tvisebebs (reagirebs HNO2 -Tan), rasac gansazRvravs ornitinis α-aminjgufi. 
peptidis molekulaSi aminmJavebis naSTebi Semdegi TanamimdevrobiTaa gan-
lagebuli: L-valil-L-ornitil-L-leicil-D-fenilalanil-L-prolini. 
    gramicidini S-is antibaqteriuli moqmedeba ar mcirdeba limfis, Sratisa 
da Cirqis TanamyofobaSi. organizmSi misi parenteluri Seyvanisas mJRavndeba 
Zlieri toqsikuri moqmedeba. radgan, es antibiotiki ar Seiwoveba kuW-nawlavis 
mier, am gziT misi gamoyeneba ar xerxdeba. amitom, gramicidini S-gamoiyeneba 
rogorc adgilobrivi saSualeba Wrilobebis damuSavebisas, inficirebuli 
Wrilobebisa da damwvrobis samkurnalod, tvinisa da filtvebis daavadebaTa 
samkurnalod da sameano-ginekologiur praqtikaSi. 

 
     gramicidini S-is kristaluri kompleqsi 

 

        gramicidin S-Tan agebulebiTa da moqmedebis xasiaTiT axlos dgas 
Tirocidinis antiobitikebis jgufi. es naerTebi dnm-Tan warmoqmnian 
kompleqss, monawileoben genebis aqtiur regulaciaSi. 
 

Phe

Asn

Phe
Pro

Phe

Leu

Orn
Val

Tyr

Gin

D

D

Tirocini  
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     gramicidini S da misi monaTesave antibiotikebi miekuTvnebian peptidur-
cilovan nivTierebaTa im jgufs, romelTa biosinTezi mimdinareobs 
ribosomuli aparatis gareSe da xorcieldeba fermentuli sistemis dax-
marebiT. kerZod, gramicidini S-is peptiduri jaWvis agebaSi monawileobs 
fermentaciuli kompleqsi, romelsac ewodeba gramicidin S-sinTetaza. 
bacitracinebi. bacitracini A-aRmoCenilia 1945 wels. misi struqtura 

dadgenil iqna 1971 wels. bacitracini A antibiotikebis jgufis erT-erTi 
mTavari warmomadgenelia. bacitracini, iseve rogorc polimiqsini, 
warmoadgens ciklur-xazovan peptids, romlis struqturul elements war-
moadgens Tiazolinis rgoli. Tavisi moqmedebiT igi penicilinis msgavsia. 
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bacitracini A  
 

    peptiduri antibiotikebis warmomadgenelia polimiqsinebi, romelTac gaaC-

niaT ciklur-xazovani struqtura, Zlieri moqmedeba, rac xorcieldeba α, γ-
diaminerbosmJavas 5,6-aminmJavuri naSTis xarjze. polimiqsini B1-is formula 
dadgenil iqna 1964 wels g. fogleris da misi TanamSromlebis mier. 
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     polimiqsins axasiaTebs mkafiod gamoxatuli baqtericiduli moqmedeba 
gramuaryofiTi baqteriebis winaaRmdeg. polimiqsinebis samiznes warmoadgens 
plazmuri membranis baqteriebi. isini ukavSirdebian lipidebis fosfatur jgu-
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febs da arRveven membranuli barieris struqturas. meores mxriv, polimiqsine-
bi aaqtiureben Sinagani membranis gramuaryofiTi baqteriebis fosfolipazebs, 
am dros xdeba membranebis rRveva, rac iwvevs mikroorganizmebis sikvdils.  
aqtinomicinebi. antiobitiki gamoyofil iqna 1940 wels. misi agebuleba 
dadgenil iqna g. brokmanis mier 60-iani wlebis dasawyisSi. misi mTavari war-
momadgenelia aqtinomicini D. 

 
    aqtinomicinis moqmedeba ganpirobebulia imiT, rom isini dnm-Tan war-
moqmnian mdgrad kompleqs. rentgenostruqturuli analiziT (1971w) dadgenil 
iqna aqtinomicin D-s kristaluri kompleqsi dezoqsiguanozinTan 
eqinomicini. antibiotiki gamoyofil iqna aqtinomicetidan. misi agebuleba 
dadgenil iqna aqtinomicetidan. misi agebuleba dadgenil iqna 1959 w. xsnarSi 
mkacri konformacia gaaCnia. 

 
 
 
 
 
 
 
 
 

 
eqinomicinis konformacia xsnarSi 

 
imunitetis maregulirebeli peptidebi. am jgufis mniSvnelovani warmomad-

genelia antibiotiki ciklosporini A. romelic gamomuSavdeba mikroor-
ganizmebis mier, xasiaTdeba imunodepresiuli TvisebebiT. ciklosporinis 
agebuleba dadgenil iqna 1976 w. qimiuri meTodebis da rentgenostruqturuli 
analizis saSualebiT. misi sruli sinTezi ganxorcielda 1981 w. r. vengeris 
mier. antibiotiks amJamad samrewvelo masStabiT awarmoebs Sveicariis firma 
“Sandoz”. ciklosporini A farTod gamoiyeneba samedicino klinikaSi organoebis 
da qsovilTa gadanergvis dros. is agebulebiT hgavs gramicidin S-s. 
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         imunuri sistemis mTavar regulators warmoadgens tafcini, romelic 
miRebul iqna 1970 w. igi warmoadgens tetrapeptids: Thr-Lys-Pro-Arg. 

 imunoaqtiuri peptidebis didi jgufi gamoyofil iqna Timusidan, maTi 
saxelwodebaa Timusuri hormonebi an Timusuri faqtorebi. am jgufidan 
aRsaniSnavia Timozini, romelic warmoadgens maRalmolekuluri peptidebis 

narevs, romelTa Soris identificirebulia Timozin α1 (Sedgeba 28 aminmJavuri 

naSTisgan), Timozin β4 (43 aminmJavuri naSTi) da sxv. isini aregulireben T-
limfocitebis aqtivobas. gansakuTrebiT martivi struqturiT xasiaTdeba Tim-
ulini: 

Gly-Ala-Lys-Ser-GLn-Gly-Gly-Ser-Asn 
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Saqris Semcvleli peptidebi 

 
 rogorc cnobilia Saqari iwarmoeba msoflioSi mravali milioni tona 

Warxlis da lerwmis Saqris gadamuSavebis gziT. amJamad bioteqnologiuri 
meTodebiT, saxameblis da celulozis fermentuli gadamuSavebiT xdeba 
Saqris miReba. Saqris Semcveli peptidebidan aRsaniSnavia aspartami da 
saqarini. aspartami 200-jer ufro tkbilia, vidre saqaroza. mis ZiriTad 
Rirebulebas warmoadgens martivi struqtura, dabali kaloriuloba. igi 
aratoqsikuria. 
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     aspartami produqtebs tkbil gemos aniWebs da fiqroben, rom Secvlis 
saqarins, romlis gamoyeneba janmrTelobisaTvis garkveul riskTanaa da-
kavSirebuli. Saqris Semcvlel peptidebs miekuTvnebian aseve: natriumis ci-
klamati, qsiliti. uamravi aminmJava xasiaTdeba tkbili gemoTi, rac aixsneba 
stereoqimiuri aRnagobiT, magaliTad, tkbili gemo gaaCnia glicins, alanins, 
serins. asparaginis, histidinis, leicinis, meTioninis, valinis, triptofanis, 
Tirozinis da treoninis SemTxvevaSi tkbili gemo ganisazRvreba D-izomeriT, 
xolo L-izomerebi ugemo an mwarea. 

 
 

struqturuli cilebi 
 
 struqturul cilebs miekuTvneba: kolageni, fibroini, elastini, keratini. 

kolagenis boWko Zalian mtkicea. igi Sedis tyavis, xrtilis, sisxlZarRvebis 
SemadgenlobaSi. kolageni Seadgens xerxemliani cxovelebis yvela cilas erT 
mesameds. igi miekuTvneba fibrilarul cilebs, romelic warmoqmnis grZel 

Zafebs-fibrilebs. aseT cilebs miekuTvneba aseve Tmisa da bewvis cila α-
keratini, abreSumis cila fibroini. kolagenuri Zafi warmoiqmneba tropoko-
lagenis molekulis mkvrivi wyobis gziT. calkeuli tropokolagenis mole-
kulebi ar ukavSirdebian erTmaneTs. maTi gawyvetis adgilebSi xSirad war-
moiqmneba kalciumis fosfatis kristalebi (magaliTad, kbilebSi da ZvlebSi). 

tropokolageni warmoadgens kolagenis ZiriTad struqturul erTeuls. 
misi molekuluri masa aris 285 000 da Sedgeba sami polipeptiduri jaWvisagan. 
jaWvis aminmJavuri Sedgeniloba uCveuloa da gamoirCeva glicinisa da pro-
linis naSTebis didi SemcvelobiT, aseve masze 4-hidroqsiprolinis da 5-
hidroq-silizinis naSTebis arsebobiT. jaWvis aminmJavur TanamimdevrobaSi 
praqtikulad yovel mesame adgilas mdebareobs glicinis naSTi; sakmaod 
xSirad ganmeorebadi peptiduri jaWvis fragments aqvs Semdegi struqtura: -
Gly-Pro-HyPro –jaWvis sruli pirveladi struqtura gansazRvrul iqna 1979 w. k. 
kiunis mier. kolagenis biosinTezis dros, Tavdapirvelad xdeba prokolagenis 
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hidroqsilireba, romelic xorcieldeba ferment protokolagen-
hidroqsilazis monawileobiT, romelic gvevlineba vitamin C-kofaqtoris 
rolSi. kolageni, romelic sinTezirdeba C-vitaminis naklebobis Sedegad, 
garkveul safexurze aRmoCndeba hidroqsilis jgufis da, Sesabamisad O-
glikoziduri naSTebis gareSe, rac ewinaaRmdegeba srulfasovani boWkos war-
moqmnas, es ki iwvevs kanis, RrZilebis dazianebas, sisxlZarRvebis mtvrevas da 
sxva niSnebs, rac damaxasiaTebelia suravandisaTvis. kolagenuri boWkos 
simtkice ganpirobebulia damatebiTi kovalenturi “nakerebiT” tropokolagen-
is molekulebs Soris. dadgenilia rom “nakeris” warmoqmnaSi minawileobs Lis  
da HyLys,  maTi fermentaciuli daJangva iwvevs Sesabamisi aldehidebis war-
moqmnas, romlebic erTvebian aldolur kondensaciaSi. 

 
 
 
 
 
 
 
 
 
 
 
 

 
kolagenis boWkos nakerebi 

  
    kolagenis struqtura SeiZleba dairRves specifikuri fermentis-kolage-
nozis moqmedebiT, rac iwvevs SemaerTebel qsovilTa mZime dazianebas 
(SeiniSneba gangrenis dros). 
    elastini aris elastiuri boWkos cila, romelsac Seicavs sisxlZarRvis 
kedeli, batisa da gedis yelis qsovili. elastinisaTvis damaxasiaTebeli 
Tvisebaa is, rom mas ramdenjerme gawelvis unari gaaCnia. struqturulad igi 
kolagens hgavs, mxolod Seicavs HyPro-is mcire aminmJavur naSTebs. da saer-
Tod ar Seicavs HyLys-is naSTebs. elastinuri boWko ar ixliCeba trifsiniT, 
magram nel-nela hidrolizdeba pefsiniT. kolageni da elastini praqtikulad 

wyalSi uxsnadia. uxsnadi kolagenis 100°C-ze wyliT eqstraqciis dros miiReba 
Jelatinis xsnari, romelic gacivebisas warmoqmnis gels. 
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katalizurad aqtiuri cilebi-fermentebi 

 
 organizmis yvela sasicocxlo procesis safuZvels Seadgens fermentebis 

monawileobiT mimdinare aTasobiT qimiuri reaqcia. fermentebi warmoadgenen 
yvelaze did da Tavisi biologiuri daniSnulebiT katalizurad aqtiuri 
cilebis yvelaze did jgufs. dadgenilia, rom yvela fermenti cilovani 
bunebisaa, magram yvela cila ar xasiaTdeba katalizuri unariT. cnobilia 
1000-ze meti fermenti, romelTagan TiToeuli akatalizebs qimiuri reaqciebis 
garkveul tips. reaqciis specifikas gansazRvravs fermentis aqtiuri centri, 
romelSic xdeba substratis dakavSireba. aqtiuri centris konformacia gan-
isazRvreba polipeptiduri jaWvis pirveladi struqturiT. 
     fermentebis kontrolis gareSe ujredis sicocxle warmoudgenelia. es 
kontroli iwyeba organizmis Casaxvidan da mTavrdeba mxolod misi sikvdiliT. 
fermentebi, anu enzimebi ewodeba nivTierebebs, romlebic biologiur pro-
cesebSi asruleben katalizur rols, maT aseve biokatalizatorebi ewodebaT. 
fermentebi aCqareben organizmSi mimdinare qimiur reaqciebs, romlis dros 
isini ar ixarjebian da ar Sedian warmoqmnil naerTebSi. fermentuli 
reaqciebi gansxvavdeba Cveulebrivi katalizuri reaqciebisagan imiT, rom isini 
ufro specifikurni arian, aqvT dabali tempereturuli optimumi, optimaluri 
pH. biokatalizatorebis moqmedeba pirvelad SeamCnia italielma fiziologma 
spalantanim 1783 wels. igi xorciT kvebavda mtacebel frinvelebs (qori, ar-
wivi) da rodesac maT ukanve amoabruninebda xorcs, amCnevda rom xorci iyo 
Secvlili (gaTxevadebuli), man gamoTqva azri, rom am frinvelebis kuWi 
Seicavs nivTierebas, romelic aTxierebs xorcs. es nivTiereba SemdegSi 1896 
wels aRwera Svanma da mas uwoda pefsini. 1883 wels rusma akademikosma 
kirxhofma gamoyo qeris nazardebidan fermenti amilaza fxvnilis saxiT, ro-
melsac gaaCnia saxameblis Saqrad gadayvanis unari. 
     fermentuli procesebis Seswavlaze aseve mravali gamokvleva Caatara 
pasterma. man wamoayena duRilis fiziologiuri Teoria. 1858 wels man aRmoa-
Cina, rom mwvane obs SeuZlia daSalos mxolod D-RvinomJava, maSin rodesac 
igive obi ar moqmedebs  L-formaze. is am moqmedebas miawerda  mikroor-
ganizmebis cxovelmoqmedebas da specifikur mikrobs, romelic Seicavs e.w. 
“organizebul fermentebs”. 1870 wels libixma ganaviTara fermentuli 
moqmedebis qimiuri Teoria. 1871 wels rusi mecnieri qalis manaseninas mier 
aRmiCenil iqna safuvris fermenti. 

fermentebis saerTo fizikuri Tvisebebi. fermentebisaTvis damaxasiaTebelia 
mTeli rigi Tvisebebi: Termolabiloba, fermentis koloiduri mdgomareoba da 
pH-isadmi damokidebuleba, adsorbcia, moqmedebis specifikuroba. 
fermentebisaTvis yvelaze metad damaxasiaTebelia Termolabiloba. isini 
aqtiurdebian 70oC-ze. mSral mdgomareobaSi fermentebi uZleben 100oC-ze maRal 
temperaturas, xsnarebSi ki 1000C-ze swrafad xdeba maTi inaqtivacia. 
substratis Tanamyofoba, xSirad ferments siTbos mimarT gamZles xdis, rac 
damokidebulia sareaqcio aris mJavianobaze. fermentuli reaqciebis siswrafe 
izrdeba temperaturis gadidebasTan erTad. magram temperaturis zrdasTan 
erTad izrdeba fermentebis inaqtivaciis siswrafe. 
    fermentebi warmoadgenen koloidur sistemebs. maT ara aqvT unari gavidnen 
apkebSi (pergamenti, koloidumis apki da sxv.). fermentis koloidur bunebaze 
miuTiTebs agreTve maTi midrekileba adsorbciuli movlenebisadmi. cnobilia, 
rom koloidur xsnarebSi dispersiuli fazis molekulebi yovelTvis 
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Tavmoyrilia cotad Tu bevrad msxvil agregatebad, romelTa diametri 
Seadgens 0,001-0,1 erTeuls. 
    fermentebis moqmedeba didadaa damokidebuli pH-ze. fermentebis 
damokidebulebam wyalbadionTa koncentraciisadmi daadastura, rom fer-
mentebi warmoadgenen amfoterul eleqtrolitebs. 
    fermentebis adsorbcia xdeba dafxvnili organuli da araorganuli niv-
TierebebiT, magaliTad: naxSiri, kaolini Tixa, cilebi, aluminis oqsidis hid-
rati da sxva. adsorbcia SerCeviTia, e.i. gansazRvruli nivTierebani axdenen 
erTi romelime  fermentis adsorbcias. adsorbirebuli fermentebi SeiZleba 
kvlav mocilebul iqnes adsorbentisagan, e.i. iyos elurilebuli. Adsorb-
ciiTa da Semdgomi eluciiT xdeba fermentebis sufTa preparatebis miReba. 
    fermentebisaTvis damaxasiaTebelia moqmedebis specifikuroba, rac imas 
niSnavs, rom garkveul enzims SeuZlia mxolod garkveuli reaqciis katalizi. 
am mxriv aRsaniSnavia stereoqimiuri specifikuroba. naerTebis umravlesoba, 
romlebic warmoiqmnebian nivTierebaTa cvlis dros, optikurad aqtiurni 
arian. ori stereoizomeruli formidan, Cveulebriv mxolod erTi 
warmoiqmneba. stereoqimiuri specifikurobis magaliTia hidrolizuri enzimis 
arginazas moqmedeba. es fermenti moqmedebs L-arginazaze, magram ara D-
formaze da warmoqmnis L-ornitins da Sardovanas: 
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     cilebis fermentuli Tvisebebi pirvel rigSi, ganpirobebulia cilis 
molekulis zedapirze gansakuTrebulad aqtiuri centrebis arsebobiT, rom-
lebic qmnian aramdgrad naerTs substratTan. fermentis cilis zedapirze es 
aqtiuri jgufebi SeiZleba warmoiqmnas aminmJavebis radikalebis specifikuri 
ganlagebis xarjze an cilaze gansakuTrebuli qimiuri dajgufebis  mtkiced 
dakavSirebis xarjze. aseT fermentebs ewodeba erTkomponentiani fermentebi. 
maT miekuTvneba pefsini, trifsini. aris orkomponentiani fermentebi, maT aqvT 
cilisagan advilad Camosacilebeli aqtiuri jgufi, romelic aracilovani 
bunebisaa, maT sxvanairad kofermentebi ewodebaT, cilovan nawils _ apofer-
menti. 
    apofermenti katalizurad araaqtiuria. umniSvnelo aqtiuroba gaaCnia 
kofermentsac. mxolod apofermentTan kofermentis SeerTebis Sedegad war-
moiqmneba aqtiuri katalizatori-srulfasovani fermenti. apofermenti 
maRalmolekuluri da Termolabiluria. kofermenti dabalmolekuluri da 
Termostabiluria. apofermenti cilaa, romelic gansazRvravs reaqciis 
specifikurobas; kofermenti rogorc prostetuli jgufi met-naklebad da-
kavSirebulia cilasTan. zogi fermenti miekuTvneba martiv cilebs (pro-
teinebs), zogi rTul cilebs (proteidebs). ferment-proteinebis SedgenilobaSi 
ar aris araviTari aracilovani bunebis nivTiereba. ferment-proteidebi ki 
Sedgebian cilisagan da aracilovani nawilisagan, romelsac prosTetiuli 
jgufi ewodeba. fermentis prosTetiuli jgufi SeiZleba iyos: vitaminebi, nuk-
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leotidebi, rkina. zogierTi fermentis SedgenlobaSi aRmoCenilia agreTve Cu, 
Zn, Mn da sxva qimiuri elementebi 
fermentebis gamoyofa da gawmenda. fermenti aris ujredis cxovelmoqmede-
bis produqti. ansxvaveben fermentebis orgvar jgufs: dioenzimebsa da desmo-
enzimebs. dioenzimebi gvxvdeba ujredis wvenSi an sekretSi. Tavisufali saxiT, 
adsorbirebuli ujredis struqturuli warmonaqmnis saxiT. rodesac qsovili 
an ujredi moSorebulia im ares, romelzedac damokidebulia misi normaluri 
cxovelmoqmedeba, ujredSi adgili aqvs Tavisebur gardaqmnebs. es procesi 
cnobilia avtolizis saxelwodebiT. avtolizis dros nivTierebaTa gardaqmna 
ujredSi regulirebulad ar xdeba. fermentebs jer kidev aqvs moqmedebis 
unari im gansxvavebiT, rom maTi moqmedeba mTlian process ar iZleva. 
avtolizis dros fermentebi Tavisufldeba da maTi gadayvana xsnarSi gaadvi-
lebulia. 
    desmoenzimebi yovelTvis dakavSirebulia ujredis struqturul elemen-
tebTan. Cveulebrivi qimiuri zemoqmedebiT maTi dacileba mizans ver aRwevs, 
radgan Zlieri qimiuri reagenti, pirvel rigSi spobs ferments. desmoenzimebis 
gadayvana Tavisufal mdgomareobaSi SesaZlebeli xdeba ujredis dasresili 
masis damuSavebisas susti mJavebiT, tuteebiT an proteolizuri fermentebiT. 
karg Sedegs iZleva qsovilis dabal temperaturaze damuSaveba, magram fermen-
tis nawili mainc dakavSirebuli rCeba ujredis struqturul nawilTan da 
maTi mTlianad ganTavisufleba ver xerxdeba. fermentebis am jgufs ekuTvnis 
oqsidazebi, maltaza, amilaza, pefsini. fermentebis ujredidan ganTavisu-
flebis Semdeg iwyeba mTeli rigi operaciebi, romelic miznad isaxavs fer-
ments CamoaSoros Tanamgzavri nivTierebebi, raTa sufTa preparati damzaddes. 
saWiroa aRiniSnos rom fermentebi sxvadasxva gamxsnelis mimarT erTi da 
igive TvisebebiT xasiaTdeba. xSirad SesaZlebeli xdeba wyalbadionTa gan-
sazRvruli koncentraciis dros fermentis daSoreba danarCeni nivTierebeb-
isagan an misi daleqva spirtis saSualebiT. spirtiT daleqva karg Sedegs 
iZleva pankreasis amilazas, aseve emulsinisa da ureazas preparatebis dam-
zadebisas.  
  fermentebis gasufTavebis mizniT xSirad mimarTaven agreTve dializs da 
eleqtrolizs, magram arc erTi zemoTxsenebuli xerxi ar iZleva iseT karg 
Sedegs, rogorc vilSteteris mier damuSavebuli adsorbciuli meTodis gam-
oyeneba. 
    adsorbciuli meTodis principi mdgomareobs imaSi, rom Sesaferisi ad-
sorbentis SerCeviT SesaZlebeli xdeba xsnaridan fermentis STanTqma. ad-
sorbirebuli fermenti Semdeg Tavisufldeba specialuri reagentis 
zemoqmedebis saSualebiT. fermentis preparatis gasufTavebis xarisxi pirvel 
rigSi damokidebulia specifikuri adsorbentis gamoyenebaze. adsorbenti 
SerCeviT unda STanTqavdes mxolod gansazRvrul ferments da xeluxleblad 
tovebdes danarCen nivTierebebs, romelTac fermentebTan erTad Seicavs 
xsnari. amgvar operacias ewodeba SerCeviTi adsorbcia. 
    maSasadame,adsorbciuli meTodi fermentis sufTa preparatis damzadebis 
SesaZleblobas iZleva. SerCeviTi adsorbcia uzrunvelyofs fermentebis erT-
maneTisagan dacilebas. fermentebis sufTa preparatebis misaRebad ukanasknel 
dros xSirad mimarTaven qromatografiasa da eleqtroforezs. 
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fermentebis klasifikacia 
 

    fermentebis saxelwodeba warmosdgeba im nivTierebaTa laTinuri 
dasaxelebidan, romlebzedac isini moqmedeben. nivTierebis saxelwodebis dab-
oloeba icvleba “aza”-Ti. magaliTad, fermenti amilaza iwvevs saxameblis 
(amilozis) daSaqrebas. cilebis (proteinebis) damSlel fermentebs ewodeba 
proteinazebi. fermentebi, romlebic monawileoben hidrolizur procesebSi 
hidrolazebi ewodeba. zogjer fermentis saxelwodebaSi miTiTebulia sub-
strati, romelzedac fermenti moqmedebs da reaqcia, romelsac igi 
akatalizebs. magaliTad, alkoholdehidrogenaza, romelic akatalizebs erTi 
molekula spirtidan ori wyalbadis warTmevas. 1961 w. miRebul iqna fermen-
tebis erTiani klasifikacia, romlis mixedviT fermentebi, ama Tu im reaqciaSi 
monawileobis mixedviT, dayofilia 6 klasad: 
I klasi _ oqsidoreduqtazebi, fermentebi, romlebic akatalizeben Jangva-
aRdgeniT reaqciebs. 
II klasi _ transferazebi, radikalebisa da naSTebis erTi naerTidan meoreze 
gadamtani fermentebi. 
III  klasi _ hidrolazebi, aaqtiveben hidrolizur reaqciebs.  
IV klasi _ liazebi, katalizurad moqmedeben C-C, C-O da  C-N bmebis daSlaze 
da sinTezze. maTi saSualebiT xdeba naerTSi CO2-is, NH3-isa da H2O-is Seyvana 
da CamoSoreba. 
V klasi _ izomerazebi, Sigamolekuluri gardaqmnis fermentebi. 
VI klasi _ ligazebi anu sinTetazebi minawileobas Rebuloben im sinTezur 
reaqciebSi, sadac kofermentis rols asruleben atf da sxva 
nukleotidtrifosfatebi.         
I. oqsidoreduqtazebi-biologiuri Jangvis fermentebi. rogorc viciT, sunTqvis 

dros STainTqmeba Jangbadi da gamoiyofa CO2, e.i. sunTqva dakavSirebulia 
organuli naerTebis wvasTan. energiis raodenoba, romelic Tavisufldeba 
SeTvisebuli sakvebi nivTierebis gardaqmnis Sedegad organizmSi, daaxloebiT 
udris am nivTierebaTa wvis energias. biologiuri Jangva rTuli procesia, 
romelsac safuZvlad udevs organuli naerTidan wyalbadis CamoSoreba da 
ukanasknelis JangbadTan dakavSireba. organuli naerTis wvis Sedegad 
saboloo produqtis saxiT warmoiqmneba CO2 da H2O. 
    oqsidoreduqtazebi ewodeba fermentebs, romlebic akatalizeben Jangva-
aRdgeniT reaqciebs, e.i. axorcieleben eleqtronebis da protonebis gadatanas 
erTi nivTierebidan (donori) meoreze (aqceptori). donori iJangeba, aqceptori 
ki aRdgeba. fermentebi, romlebic am klasSi Sedian, daiyofian donoris 
qimiuri jgufis xasiaTisa da aqceptoris bunebis mixedviT. am klasSi Sedis 
mravalricxovani dehidrogenazebi, romlebic monawileobas Rebuloben 
sunTqvaSi (flavinuri fermentebi, citoqromosuli sistemis fermentebi); 
peroqsidazebi-fermentebi, romlebic aCqareben substratis daJangvas 
wyalbadis zeJangis daxmarebiT; katalaza, romelic Slis wyalbadis zeJangs 
wylad da Jangbadad. 
II transferazebi _ fermentebi, romlebic akatalizeben sxvadaxva qimiuri 
jgufebis gadatanis reaqcias erTi molekulidan meoreze. am klasis 
fermentebi iyofian gadasatani jgufis xasiaTis mixedviT: fosfoferazebi _ 
farTod gavrcelebuli fermentebia, romlebsac gadaaqvT fosformJavas naSTi 
nukleozidfosfatebidan sxva naerTebze. am jgufis fermentebis 
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gavrcelebuli wamomadgenelia fermenti heqsokinaza, romelsac fosformJavas 
naSTi atf-dan gadaaqvs heqsozebze; glikoziltransferazebi fermentebia, 
romlebsac gadaaqvT martivi naxSirwylebis naSTebi: 
          
                             R – C + R,OH → R’ – C + ROH 

                                          C-naxSirwylis naSTi;  R1R’-aglikoni 
 

amintransferazebi fermentebia, romlebsac gadaaqvT aminjgufi aminmJavebidan 
ketomJavebze; meTilferazebi-fermentebia, romlebic xels uwyoben 
gadameTilirebis reaqciebs da sxva. 
 

                     

AX + feraza A + feraza.X

feraza.X + B BX + feraza
 

 
III. hidrolazebi. am klasSi gaerTianebulia fermentebi, romlebic aka-
talizeben Sigamolekuluri bmebis hidrolizur gaxleCas (wylis molekulis 
mierTeba). igi Seicavs 9 qveklass: esTerazebi, poliazebi, proteazebi, 
amidazebi, fosfatazebi da sxv. esTerazebis warmomadgenelia lipazebi, 
romlebic iwveven rogorc trigliceridebis, ise steridebis daSlas cximovan 
mJavad da spirtad; fosfatazebidan aRsaniSnavia: fosfataza, adenozintri-
fosfataza, aseve fermenti nukleaza, romelic moqmedebs fosforis bmebze 
polinukleinis mJavaSi da anTavisuflebs nukleotidebs. fosfatazas didi 
mniSvneloba eniWeba xrtilovani qsovilis gaZvalebaSi. rodesac xdeba 
xrtilis gaZvaleba, sisxlSi warmodgenili fosforis organuli naerTebi 
fosfatazas moqmedebiT aTavisufleben araorganuli fosforis mJavas, 
romelic ukavSirdeba kalciums da kristaluri naerTis saxiT lagdeba 
xrtilis yalibSi. 
    poliazebis jgufSi gaerTianebulia fermentebi, romlebic aaqtiveben 
polisaqaridebis kavSiris katalizur daSlas an sinTezs. aseTia: amilaza-
saxameblisa da glikogenis damSleli fermenti, romelic aRmoCenil iqna 1811 
wels. gavrcelebulia rogorc mcenareul, ise cxovelur organizmSi. 
cxovelTa organizmSi gvxvdeba nerwyvSi (ftialini), pankreasis wvenSi 
(pankreasis amilaza), RviZlSi, kunTovan da nervul qsovilebSi. poliazebs 
miekuTvneba aseve inulaza, romelic gamoyofilia georginebis bolqvebidan da 
sokoebidan; celulaza, romelic celulozas hidrolizur daSlas aaqtivebs. 
amidazebis saxelwodebis qveS gaerTianebulia is fermentebi, romelic 
aaqtivebs naxSirbadisa da azotis kavSiris hidrolizur daSlas an sinTezs. 
isini awarmoeben aminmJavaTa da amidebis katalizur gardaqmnas. amidazebia: 
arginaza (arginins Slis ornitonad da Sardovanad; igi bevria RviZlSi), 
ureaza (igi bevria ciliT mdidar mcenareul TeslSi, mag. soiaSi); misi 
moqmedebiT Sardovana ganicdis hidrolizur daSlas, ris Sedegad 
warmoiqmneba NH3  da CO2: 
 

NH2

OC
NH2 + H2O

CO2 + 2NH3

 
 

amidazebidan aseve aRsaniSnavia asparaginaza, glutaminaza, romlebic 
moqmedeben glutaminze da asparaginze da aTavisufleben amidis jgufs amonia-
kis saxiT, romelTa dros warmoiqmneba asparaginis mJava da glutaminis mJava. 
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    proteazebidan aRsaniSnavia pefsini (gvxvdeba cxovelebis kuWis wvenSi), 
trifsini, qimotrifsini, Trombini. Trombini fermentia, romelic aaqtivebs 
sisxlis plazmis cilis fibrinogenis Sededebas fibrinad. Trombini war-
modgenilia sisxlSi umoqmedo proTrombinis saxiT. fibrini, romelic Trom-
binis zemoqmedebiT miiReba fibrinogenisagan, uxsnad formaSi gadadis kalci-
umTan dakavSirebis gamo. Tu sisxls winaswar daemata kalciumis damleqavi 
(oqsalati, citrati), fibrini xsnad mdgomareobaSi rCeba 
IV. liazebi. am jgufis fermentebi aaqtiveben substratidan wylis, amiakis, 

CO2-is CamoSorebas da SeerTebas. maT didi mniSvneloba eniWebaT nivTierebaTa 
ujredSida cvlaSi. magaliTad, dekarboqsilazebi iseTi fermentebia, rom-
lebic aaqtiveben CO2-is CamoSorebas ketomJavebidan da aminomJavebidan. isini 
specifikurobas iCenen substratis mimarT. karboqsilazas moqmedeba pirvelad 
Seswavlil iqna safuarebSi. aq is aaqtivebs piroyurZnis dekarboqsilebas, ris 
Sedegad miiReba acetaldehidi: 

 
CH3

CO

COOH

CH3

CHO + CO2

 
 

aminmJavaTa dekarboqsilireba ufro mikrobebisa da mcenareTaTvis aris damax-
asiaTebeli. cxovelTa organizmSi igi mimdinareobs tvinSi. mTel rig 
mikrobebs SeuZlia aminmJava dekarboqsilirebis gziT gardaqmnas aminebad: 

 
R CH COOH

NH2

-CO2 R CH2

NH2  
 

V. izomerazebi. am jgufs ekuTvnis fermentebi, romlebic aaqtiveben Siga-
molekulur gardaqmnebs. izomerazebi monawileoben naxSirwylebis ujredSida 
cvlaSi; magaliTad, fosfotriozebis izomeraza aaqtivebs 3-fosfoglicerinis 
aldehidis Seqcevad gardaqmnas fosfodioqsiacetonad: 
 

CHO

CHOH

CH2OPO3H2

CH2OH

CO

CH2OPO3H2  
 

am ori fosfotriozas urTierTdamokidebuleba imiT aris RirSesaniSnavi, rom 
erT-erTis arseboba fermentul xsnarSi TavisTavad gulisxmobs meoris Se-
qmnis SesaZleblobas da gansazRvrul pirobebSi maTi koncentracia 
damokidebulia wonasworobis konstantaze. 
VI. ligazebi _ aerTianebs iseT fermentebs, romlebic aaqtiveben C-O, C-S, C-N 
da C bmebis sinTezs. magaliTad, C-O bmis sinTezis gamaaqtivebeli ligazebis 
warmomadgeneli aris aminoacil-rnm-is masinTezirebeli fermentebi. maTi 
moqmedebis xasiaTi imaSi gamoixateba, rom adeninnukleotidSi dakavSirebuli 
aminmJavas gadatana xdeba specialur transportul rnm-ze: 
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aminmJava

R CH COOH

NH2
+

N

HC
N

N

N

CH

O

H

OH

H

HO

H

CH2

H

O P

OH

O

O P

OH

O

O P

OH

OH
O

atf

NH2

 

N

HC
N

N

N

CH

O

H

OH

H

HO

H

CH2

H

O P

OH

O
O C

O

H
C R

aminaciladelati

NH2

NH2

 
 

aminmJavas karboqsilis jgufi anhidridis bmiT ukavSirdeba nukleotidebis 
fosfatis naSTs. reaqciis meore etapze gaaqtiurebuli aminmJava ukavSirdeba 
t-rnm-s da am ukanasknelis saSualebiT xdeba misi gadatana ribosomebze myof 
i-rnm-ze, romelzec warmoebs cilis sinTezi. 
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warmodgena biokatalizis Sesaxeb 

 
    katalizi aris qimiuri reaqciis siCqaris cvlileba katalizatorebis 
monawileobiT, romlebic reaqciis Sedegad ucvleli rCebian. nebismieri 
qimiuri reaqciis siCqare damokidebulia moreagire nivTierebebis aqtiuri 
molekulebis SejaxebaTa ricxvze. molekula gaaqtivebulia, Tu mas aqvs 
potenciuri energiis gansazRvruli maragi. ori aseTi molekulis 
urTierTqmedeba moxdeba maSin Tu am molekulebis energiis maragi dasZlevs 
maT Soris ganzidvis Zalebs anu reaqciis energetikul bariers. Tu energiis 
maragi sakmarisi ar aRmoCnda, maT Soris urTierTqmedeba ar moxdeba. 
amisaTvis saWiroa damatebiTi energiis ,,aqtivaciis energiis” miwodeba 
(gaxureba, wnevis momateba, dasxiveba). rac meti energiaa saWiro 
aqtivaciisaTvis miT dabalia reaqciis siCqare mocemul temperaturaze. 
    katalizatoris moqmedebis arsi imaSi mdgomareobs, rom isini aaqtiureben 
moreagire nivTierebebis molekulebs da nivTierebaTa urTierTqmedeba xdeba 
ramdenime etapad. amasTan TiToeuli Sualeduri reaqciis energetikuli 
barieri ufro dabalia, vidre sawyisisa. reaqciis siCqare damokidebulia 
moreagire nivTierebaTa bunebaze, maT koncentraciaze, temperaturaze, 
wyalbadionTa koncentraciaze da katalizatoris Tanaobaze, rac saboloo 
jamSi Tavis asaxvas poulobs moreagire nivTierebaTa dajaxebis anu 
urTierTmoqmedebis sixSireze. reaqciis siCqare molekulaTa dajaxebis 
siCqaris proporciulia. fermentebi Cveulebriv axdenen erTi reaqciis an 
ramdenime msgavsi reaqciis katalizs, e.i. xasiaTdebian maRali specifikurobiT. 
specifikuroba emyareba ferment-substratis droebiTi kompleqsis warmoqmnas, 
romelSic reaqciis ganxorcielebis SesaZlebloba mniSvnelovnad izrdeba. 
reaqciis damTavrebisas ferment-substratis kompleqsi iSleba fermentebad da 
reaqciis produqtebad. 

fermentebis aqtiuri centri. სubstratebi. fermentebis molekulaTa 
umravlesoba bevrad ufro didia, vidre substratisa. sustratTan kontaqtSi 
fermentis molekulis Zalze umniSvnelo nawili Sedis. am nawils ewodeba 
fermentis aqtiuri centri. danarCeni aminmJavuri naSTebi, romlebic Seadgenen 
fermentTa ZiriTad masas, uzrunvelyofen fermentis globulur formas, 
romelsac arsebiTi mniSvneloba aqvs aqtiuri centris efeqturi 
moqmedebisaTvis. fermentis maRali specifikuroba ganpirobebulia misi 
molekulis gansakuTrebuli formiT, romelic Seesabameba substratis 
molekulas rogorc “boqloms” gasaRebi, sadac substrati gasaRebia, fermenti 
boqlomi. 
    dReisaTvis dadgenilia, rom fermentis molekulaSi aris struqturiT 
unikaluri aqtiuri centri da sakontaqto ubnebi. aqtiur centrSi xdeba 
moreagire nivTierebebis (substratis, kofaqtorebis) daaxloeba da maTi 
mowesrigebuli orientacia erTmaneTis da fermentis mimarT anu 
“inducirebuli Sesabamisoba”. fermentis mcire koncentracias SeuZlia drois 
erTeulSi substratis didi raodenoba gardaqmnas (e.i. maRalaqtiurni arian). 
    fermentis aqtiuri centris SeqmnaSi monawileoben kofaqtorebi da 
zogierTi aminmJava aqtiuri jgufebiT. maT Soris aRsaniSnavia cisteini (-HS 
jgufi), serini (OH jgufi) da histidini (imidazolis birvi). SedarebiT 
naklebi mniSvneloba eniWeba tripofans (indolis jgufi), orfuZian aminmJavebs 
(karboqsilis jgufi) da sxv. xSirad aqtiuri centris SeqmnaSi monawile 
aminmJavebis naSTebi cilis pirvelad struqturaSi sivrcobrivad 
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dacilebulia erTmaneTisagan, magram maTi daaxloeba xdeba cilis mesameuli 
struqturis formirebis Sedegad.  
    aqtiuri centri iqmneba aminmJavebis naSTebiT, romlebic monawileoben 
substratTan qimiuri bmebis warmoqmnaSi an daSlaSi. aRiniSneba garkveuli 
CaRrmavebebi, romlebic iseT damokidebulebaSia substratTan, rogorc 
gasaRebi boqlomTan. 
 

 
 
 
 

 
E- fermenti,  S-substrati 

 
fermentis aqtiur centrSi pirobiTad gamoyofen katalizur centrs, romelic 
uSualod monawileobs substratis gardaqmnaSi da sakontaqto ubans, 
romliTac ganpirobebulia ferment-substratuli kompleqsis warmoqmna. 
mogvianebiT gamoirkva, rom zogierTi fermentis aqtiuri centri ar xasiaTdeba 
myari struqturiT da misi forma inducirebulad icvleba substratTan 
dakavSirebis Sedegad. dakavSirebis wamyvani Zalebia wyalbaduri bmebi, 
eleqtrostatikuri da van der vaalsis urTierTqmedeba, rac kargad Cans 
acetilqolinis hidrolizuri daSlis dros ferment acetilqolinesTerazaTi: 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
acetilqolinis moqmedebis sqema 

 
I acetilqolinesTerazas aqtiuri centris anionuri (A) da esTerazuli (E) ubnebi. -
CH2-OH serinis naSTi. B-histidinis imidazolis birTvis nukleofiluri jgufi. sub-
strati-acetilqolini 
II _ ferment-substratuli kompleqsi; 
III _ acetilirebuli fermenti; 
IV _ fermenti sawyis mdgimareobaSi. 
 

     uxtis mqone substratebi ukavSirdebian fermentis aqtiuri centris 
sawinaaRmdego niSniT damuxtul funqciur jgufebs. maTi saSualebiT xdeba 
aqtiur centrSi substratis orientacia, advildeba eleqtronebisa da 
protonebis transporti, kovalenturi bmebis daSla da gardaqmnili 
substratis gaTavisufleba.  
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fermentuli reaqciebis kinetikuri analizi.  1913 wels mixaelisma da menTenma 
daamuSaves fermentuli moqmedebis kinetikuri Teoria da mogvces fermentuli 
reaqciis ZiriTadi gantoleba: 

 

        

E + S
K+1

K-1

ES
K+2

E + P       (1)

 
Tanamedrove simbolikiT gantolebas Semdegi saxe gaaCnia: 
 

E + S
K+1

K-1

ES
K+2

K-2

EP
K+3

K-3
E + P

 
 

E aris fermenti anu enzimi, S-substrati, ES-ferment-substratuli kompleqsi, 
EP-fermentisa da gardaqmnili substratis kompleqsi, xolo P-reaqciis sabo-
loo produqti. pirvel stadiaze xdeba ferment-substratuli kompleqsis war-
moqmna. ferment-substratuli kompleqsis warmoqmna da daSla dinamikuri pro-
cesia, Seqcevadi xasiaTisaa da ganisazRvreba moreagire nivTierebaTa bunebiT. 
ferment-substratuli kompleqsis warmoqmnis speqtruli analizi aseTia: 

 
                                            Tavisufali(1) da ferment alcoholde- 
                                            hidrogenazasTan (2) dakavSirebuli nad- 
                                            H-is STanTqmis speqtri     

                                      abcisaze _ talRis sigrZe mkm-dan,  
                                      ordinatze - optikuri simkvrivis cvlileba 

                                            (∆E) 
 
 
 
 

Tavisufali nad H-isagan gansxvavebiT (1), nad H-is da alkoholdehidrogenazas 
(2) kompleqsis warmoqmnis Sedegad xdeba Tavisufali kofermentis STanTqmis 
speqtris maqsimumis gadanacvleba 340 mkm-idan 328 mkm-de. am gziT pirvelad 
iqna eqsperimentulad damtkicebuli fermentuli reaqciis sawyis etapze 
ferment-substratuli kompleqsis warmoqmnis aucilebloba. 
    ferment-substratuli kompleqsis warmoqmnis siCqare praqtikulad 
gansazRvravs reaqciis siCqares, e.i. fermentis raodenobis matebis Sesabamisad, 
substratis maqsimalurad gajerebis pirobebSi fermentuli reaqciis siCqare 
proporciulad matulobs. 
    fermentuli reaqciis zogadi gantolebidan (1) gamomdinare ferment-
substratuli kompleqsis warmoqmnis siCqare V+1=K+1[E][S] (2), sadac Tavisufali 
fermentis koncentracia fermentis saerTo da ferment-substratuli 
kompleqsis koncentraciaTa sxvaobis tolia: [E]=[EO]-[ES] 
E-Tavisufali fermentebis koncentracia;       
ES-ferment-substratuli kompleqsis koncentracia;                                                                                                                                                                                                                                       
E0-fermentis saerTo koncentracia; 
es mniSvneloba SevitanoT (2) gantolebaSi: 

 
V+1=K+1([EO] - [ES]) ⋅ [S]          (3) 

 
1-eli gantolebidan gamomdinareobs, rom ferment-substratuli kompleqsis 
koncentracia damokidebulia K-1 da K+2 reaqciis siCqaris mudmivaze: 
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V=K+1[ES] + K+2[ES] = [ES]( K+1 + K+2)         (4) 

 
vinaidan, fermentuli reaqciis wonasworobis damyarebisas saqme gvaqvs 
stacionalur mdgomareobasTan, ferment-substratis koncentracia ucvleli 
darCeba e.i. V+1 gautoldeba V-s. 
 
                   V+1=V= K+1([EO] - [ES]) ⋅ [S]= [ES](K+1 + K+2)        (5)       aqedan 

 

mK
ES

S
=

+
=

⋅

+

++

1

21O

K
K K

}[
][ [ES]) - ]([E

    (6) 

Km  aris miqael-menTenis mudmiva, romelic amyarebs kavSirs fermentuli 
reaqciis yvela Sualedur etapebs Soris. reaqciis maqsimaluri siCqare, 
substratTa fermentis gajerebis pirobebSi, fermentis saerTo raodenobis 
proporciulia: 

Vmax= K+2[ES],  aqedan [ES]+=Vmax/ K+2         (7) 
 

ferment-substratis kompleqsis siCqare V=K+2[ES], aqedan ([ES]=V/K+2) (8) 
SevitanoT me-6 gantolebaSi me-7 da me-8 mniSvnelobebi: 
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S

K m  

miiReba miqael-menTenis mudmivas gamosaTvleli gantoleba: 
 

Km=[S] [(Vmax/V-1)]           (9) 
 

cnobili Km-is mixedviT SeiZleba dakavebuli aqtiuri centris wilis ga-
moTvla substratis nebismieri koncentraciisaTvis: 

 
NES=V/ Vmax=[S]/([S] + Km) 

 
wyalbadionTa koncentraciis gavlena fermentebis aqtivobaze. fermentebis aq-
tivobaze gavlenas axdens reaqciis areSi wyalbadionTa garkveuli koncen-
tracia. TiToeul ferments aqvs pH-is aris garkveuli viwro zRvari, romelic 
optimaluria misi umaRlesi aqtivobis gamosavlenad. magaliTad, kuWis wvenis 
fermentis pefsinisaTvis pH-is optimaluri mniSvneloba aris 1,5-2,5; nerwyvis 
amilazisaTvis-6,7-7,4. wyalbadionTa gavlena fermentul reaqciaze ganpiro-
bebulia, erTi mxriv, cila-matareblis, xolo meore mxriv, substratis ion-
izaciiT. fermentebis didi nawilis pH-optimumi 7,0-8,0-is farglebSi meryeobs. 
sxva fermentebisagan mkveTrad gansxvavdeba kuWis lorwovani garsis uj-
redebis fermenti pefsini, romlis pH-is 1,5-2,5-is farglebSi meryeobs. 
temperaturis gavlena fermentebis aqtivobaze. fermentebi Zalze mgrZnobiarea 
temperaturis cvlilebebisadmi. fermentebis yvelaze maRali aqtivoba dadge-
nilia temperaturis viwro farglebSi. am zRvramde temperaturis yovel 100-iT 
momatebisas fermentis mier katalizebuli reaqciis siCqare orjer izrdeba. 
temperaturis awevisas fermentis aqtivoba qveiTdeba, magram ar qreba. opti-
maluri pirobebis Seqmnisas isini kvlav avlenen maRal aqtivobas. fermentebis 
am Taviseburebas iyeneben qirurgiaSi. 
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    aqtivaciis energia aris energiis is minimaluri raodenoba, romelic unda 
mivaniWoT molekulebs reaqciis unaris mqone mdgomareobaSi gadasayvanad. am 
mizniT procesi Seiswavleba temperaturis farTo diapazonSi fermentuli 
reaqciis sxvadasxva stadiebis gaTvaliswinebiT. kerZod, temperaturis gavlena 
Seswavlili unda iyos, pirvel rigSi, TviT fermentze, rogorc cilaze da 
Semdeg, ferment-substratis kompleqsis warmoqmnasa da mis daSlaze. aqtivaci-
is gziT Zlierdeba ferment-substratis kompleqsis warmoqmna da misi sabo-
loo produqtebad (E+P) daSla, rac mTeli sistemisaTvis standartuli 

Tavisufali energiis cvlilebaSi (∆GO) vlindeba. 
 
 
 
 
 
 
 
 
 
 
 
 

aqtivaciis energiis cvlileba fermentuli reaqciis dros. 
∆GO’-fermentuli reaqciis standartuli Tavisufali 

energiis cvlileba. 
 

zogierTi fermentis aqtivaciis energia katalizatoris da biokatali-
zatoris TandaswrebiT da mis gareSe mocemulia me-4 cxrilSi. 

                                                                          cxrili 4                                                                                                         
 

reaqcia Kkatalizatori, biokataliza-
tori 

aqtivaciis energia 
kaloria/moli 

wyalbadis zeJangis daSla 
 
 
eTilbutiratis hidrolizi 
 
 
kazeinis hidrolizi 
 
saqarozis hidrolizi 
 

β-meTilglukozidis hi-
drolizi 

katalizatoris gareSe 
koloiduri platina 
katalaza 
wyalbadis ionebi 
hidroqsilis ionebi 
pankreasis lipaza 
wyalbadis ionebi 
trifsini 
wyalbadis ionebi 
safuaris invertaza 
wyalbadis ionebi 

β-glukozidaza 

18000 
11000 
<200 
16800 
10200 
4500 
20600 
12000 
25600 
800-10000 
32000 
12200 

 
 
    cxrilidan Cans, rom rogorc katalizatorebis, ise biokatalizatorebis 
Tanaobisas aqtivaciis energia (Ea) kanonzomierad mcirdeba. aqtivaciis energia 
gansakuTrebiT mkveTrad klebulobs biokatalizatorebis Tanaobisas. aqedan 
Cans, rom farmentebiT qimiuri reaqciis aCqareba ganpirobebulia aqtivaciis 
energiis SemcirebiT. 
fermentebis moqmedebis aqtivatorebi da inhibitorebi. fermentebis katali-
zuri funqcia damokidebulia sxvadasxva nivTierebaze, romelTaganac zogi 
zrdis mis aqtivobas, zogi aqveiTebs, boWavs mas. pirvels ewodeba aqtiva-
torebi, meores - inhibitorebi. aqtivatorebi SeiZleba iyos ionebi da sxva 
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kofaqtorebi an specifikuri nivTierebebi. kofaqtorebi iyofa sam ZiriTad 
jgufad. pirvel jgufSi gaerTianebulia specifikuri kofermentebi - 
koenzimebi, romlebic dabalmolekuluri, Termostabiluri, dializebadi or-
ganuli naerTebia _ apofermentia. meore jgufis kofermentebi prosTetiuli 
jgufis saxiT mWidrod arian dakavSirebulni apofermentTan, xolo mesame 
jgufSi gaerTianebulia araspecifikuri kofaqtorebi metalebis, aRmdgeneli 
da sxva naerTebis saxiT, romlebsac aqtivatorebs uwodeben. 
    kofermentebi, ise rogorc fermentebi, aqtiurad monawileoben qimiur 
reaqciebSi. reaqciis damTavrebis Semdeg isini, fermentebis msgavsad, ubrun-
debian sawyis mdgomareobas. kofermentebiT xorcieldeba wyalbadis atomebis, 
eleqtronebisa da qimiuri jgufebis erTi naerTidan meoreze gadatana. kofer-
mentebi aqtiurad monawileoben nivTierebaTa daSlisa da sinTezis, izomer-
izaciis da sxva procesebSi. magaliTad, kofermenti koenzimi A (koA) aqtiurad 
monawileobs ketomJavebis dekarboqsilirebaSi, cximovani mJavebis daJangvisa 
da sinTezis reaqciebSi. 
    prosTetiuli jgufis warmomadgenelia fosfolirirebuli vitamini B6-
piridoqsalfosfati, romelic kovalenturad ukavSirdeba amintransferazebs 
da vitamini biotini, romelic ferment piruvatdekarboqsilazas aqtiur cen-
trTan dakavSirebulia lizinis aminis jgufiT. kofermentebis didi nawili ar 
sinTezirdeba adamianis organizmSi da saWiroa maTi miReba mcenareuli an 
cxoveluri sakvebidan. am mxriv sainteresoa vitaminebi. dehidrogenazebis 
kofermentebi, nikotinamidadanindinukleotidfosfati (nadf+) Seicavs vitamins 
nikotinmJava amidis saxiT, flavinadenindinukleotidi (fad)-vitamin ribofla-
vins. kofermentebis rolSi gvevlineba agreTve Tiaminpirofosfati, romelic 
B1 vitaminis fosforilirebis Sedegad miiReba. 
    kofermentebis mesame aqtivatorebis jgufSi gaerTianebulia mravali 
metali, romelic katalizuri aqtiurobis ganmsazRvrelia. dadgenilia, rom 
fosfoglukomutazas, karboqsilazas, enolazas da rigi sxva fermentebis 
katalizuri moqmedebisaTvis aucilebelia magniumis ionebi. karbonat-
dehidrogenaza ver moqmedebs TuTiis gareSe, mTeli rigi adenozintrifosfa-
tazebis moqmedeba natriumis, kaliumis, kalciumisa da magniumis ionebis ga-
reSe praqtikulad ar xorcieldeba. 
    nivTierebebs, romlebsac SeuZliaT fermentuli reaqciebis SeCereba, fer-
mentTa inhibitorebi ewodeba. inhibitorebi iyofa or jgufad: Seuqcevad da 
Seqcevad inhibitorebad. Seuqcevadi inhibitorebis erT-erTi warmomadgenelia 
diizopropilfosfati, romelic aqtiuri centriT aminmJava serins kovalen-
turad ukavSirdeba da Seuqcevadad akavebs proteazebis (trifsini, qimo-
trifsini) da zogierT hidrolazas (acetilqolinis damSleli fermentis 
acetilqolinesTerazas) aqtivobas. 
    Seqcevadi inhibitorebis Tanaobisas fermentis inhibireba swrafad vlinde-
ba da ar aris damokidebuli drois faqtorze. garkveuli drois Semdeg siste-
maSi myardeba wonasworoba: E + I ↔ EI, rac aRiniSneba inhibirebis mudmiviT: 

Ki=[E] [I]/[EI], sadac, Ki aris inhibirebis mudmiva.  
 

    arCeven Seqcevadi inhibitorebis or tips: konkurentulsa da arakonku-
rentuls. konkurentuli inhibitorebi xasiaTdebian substratebis msgavsi 
struqturiT da konkurencias uweven naerTs fermentis aqtiur centrTan 
dakavSirebaSi. arakonkurentuli inhibitorebi ar amJRavneben msgavsebas 
substratTan da ar uweven mas konkurencias fermentis aqtiur centrTan 
dakavSirebaSi. maT aqvT unari, daukavSirdnen rogorc Tavisufal ferments (E), 
ise ferment-substratul kompleqs (ES). 
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    konkurentuli inhibirebis magaliTia qarvis mJavas damJangveli fermentis 
suqcinatdehidrogenazas moqmedebaze substratuli analogis malonis mJavas 
gavlena. malonis mJava Tavisi SenebiT axlos dgas qarvis mJavasTan. amis gamo 
igi konkurentulad ukavSirdeba fermentis aqtiur centrs. vinaidan misi 
Semdgomi gardaqmna ver xerxdeba, suqcinatdehidrogenazas moqmedeba kavdeba. 
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konkurentuli inhibirebis meqanizmebis principma didi gamoyeneba pova rogorc 
fermentebis moqmedebis meqanizmebis fundamentur kvlevaSi, aseve praqtikul 
medicinaSi, organizmis mowamvlisa da rigi daavadebis mkurnalobis dros. 
magaliTad, eTilenglikoliT an meTanoliT mowamvlis SemTxvevaSi gamoiyeneba 
eTanoli, romelic konkurentulad akavebs eTilenglikolisa da meTanolis 
Semdgom gardaqmnas da, Sesabamisad, toqsikuri naerTebis warmoqmnas. konku-
rentuli inhibirebis principi safuZvlad daedo samkurnalo preparatis sul-
fanilamidis (streptocidi) Seqmnas. sulfanilamidis struqtura baq-
teriebisaTvis sasicocxlo mniSvnelobis mqone vitamin para-aminbenzois mJavas 
msgavsia. misi TandaswrebiT kavdeba para-aminbenzois mJavas metabolizmi da 
foliumis mJavas sinTezi. es ukanaskneli baqteriebis zrdis erT-erTi faqto-
ria. foliumis mJavas deficitis gamo irRveva ujredSi bioqimiuri aparatis 
moqmedeba da baqteriebi ixoceba. 
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NH2

SO O
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zogierTi fermentis molekulaSi, garda aqtiuri centrisa, aris mgrZno-

biare ubani _ qimiuri dajgufeba, romelic SeiZleba SeboWil iqnas sub-
stratisagan gansxvavebuli sxvadasxva nivTierebiT. am dajgufebas alosteru-
li ewodeba, xolo TviT fermentebs _ alosteruli fermentebi. berZnulad 
“alo” gansxvavebuls niSnavs. aseTi fermentebis aqtivobis regulacia xdeba 
ara maTi substratebiT, aramed alosteruli efeqtorebiT _ nivTierebebiT, 
romlebic uerTdebian fermentebs aqtiuri centridan daSorebul alosterul 
ubnebSi. 
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     fermentebis moqmedebis meqanizmi                             
  

rentgenostruqturuli analizis meTodis Seswavlis Semdeg SesaZlebeli 
gaxda fermentebis moqmedebis meqanizmebis dadgena, romelmac didi roli 
Seasrula biologiurad aqtiuri sistemis struqturul-funqciuri ur-
TierTkavSiris dadgenaSi. fermentTa ganmsazRvrel niSan-Tvisebas warmoadgens 
maTi gansakuTrebulad maRali katalizuri aqtiuroba da moqmedebis specif-
ikuroba. specifikurobaSi igulisxmeba reaqciis siCqaris mkveTri 
damokidebuleba substratis agebulebis Taviseburebaze, rac ganpirobebulia 
substratis molekulis gansazRvruli orientaciiT wyalbaduri bmebisa da 
eleqtrostatikuri urTierTqmedebiT fermentis molekulaSi Semaval ionur 
jgufebTan. fermentebis moqmedebis meqanizmSi did rol TamaSobs fermentebi: 
lizocimi, ribonukleaza, qimotrifsini, karboqsipeptidaza, aspartata-
mintransferaza, imobilizebuli fermentebi. 
lizocimi. lizocimi aRmoCenil iqna cxoveluri da mcenareuli organizmis 
sxvadasxva qsovilebSi. xerxemlianebSi igi gvxvdeba sacremle parkSi, nerwy-
vSi, kvercxis cilaSi. 
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    lizocimi moqmedebs rogorc antibaqteriuli agenti, romelic aka-
talizebs ujreduli membranis SemadgenlobaSi Semavali polisaqaridebis hi-
drolizs. es polisaqaridebi warmoqmnilia N-acetilglukozaminis da N 
acetilWianWvelmJavas naSTebisagan. kargad aris Seswavlili qaTmis kvercxis 
cilis lizocimi, romlis molekuleri masa 14 600-s Seadgens. misi molekula 
Sedgeba erTi polipeptiduri jaWvisagan, romelic Seicavs 129 aminmJavur 
naSTs. lizocimis pirveladi struqtura gansazRvrul iqna r. kenfildis da a. 
lius mier 1965 w. fermentis maRali stabiluroba ganpirobebulia oTxi di-
sulfiduri xidiT. 

 
 
 
 
 
 
 

 
                          lizocimis I-adi struqtura 
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ribonukleaza – aris kuWqveSa jirkvlis fermenti. igi miekuTvneba hi-
drolazebis klass, romelic moqmedebs polinukleutidis mJavaSi fosforis 
bmebze da aTavisuflebs nukleotidebs. 
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    ribonukleazas molekula Sedgeba erTi polipeptiduri jaWvisagan, rome-
lic Seicavs 124 aminmJavur naSTs. misi molekuluri masaa 13680, molekula 
Seicavs oTx disulfidur bmas. ribonukleaza warmoadgens pirvel ferments, 
romlisTvisac dadgenil iqna pirveladi struqtura. 1969w. merifildma, 
myarfazovani meTodis saSualebiT, ganaxorciela katalizurad aqtiuri ribo-
nukleazis sruli qimiuri sinTezi. 
qimotrifsini. qimotrifsini kofermentis-qimotrifsinogenis saxiT sekre-
tirdeba xerxemliani cxovelebis kuWqveSa jirkvalSi ferment trifsinis 
moqmedebiT. qimotrifsinis fiziologiuri funqcia mdgomareobs cilebisa da 
polipeptidebis hidrolizSi. misi molekuluri masa aris 25000, misi molekula 
Sedgeba 241 aminmJavuri naSTisagan. qimotrifsini warmoiqmneba disulfiduri 
bmebiT dakavSirebuli sami polipeptiduri jaWvisagan. qimotrifsinis 
pirveladi struqtura dadgenil iqna 1964w. 
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     qimotrifsini aqtivdeba trifsinis zemoqmedebis Sedegad. es fermenti 
Slis im peptidur kavSirs, romelic iqmneba Tirozinis, triptofanis, feni-
lalaninis an meTioninis karboqsilis jgufebiT. qimotrifsins, trifsinis 
msgavsad, unari aqvs imoqmedos peptonebze da uSualod cilebzec. hidroli-
zuri daSlis saboloo produqtebis saxiT warmoiqmneba peptidebi da 
Tavisufali aminmJavebi. 
karboqsipeptidaza A.  igi gvxvdeba xerxemlian cxovelTa kuWqveSa jirkvalSi 
profermentis saxiT. fermentis warmoqmna xdeba wvril nawlavSi qimotrif-
sinis aqtiuri monawileobiT. karboqsipeptidaza A axdens C-bolo aminmJavebis 
peptiduri jaWvidan naSTebis moxleCas. igi Sedgeba erTi polipeptiduri 
jaWvisagan, romelic Seicavs 307 aminmJavur naSTs. misi molekuluri masa aris 
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34470. karboqsipeptidaza A-s aminmJavuri Tanamimdevroba dadgenil iqna 1969 
wels r. bredSous da misi TanamSromlebis mier. fermentis molekulas aqvs 
elifsoidis forma, aqtiuri centri moTavsebulia siRrmeSi. aqtiuri centris 
zonaSi lokalizebulia TuTiis ioni, romelic Seicavs Glu-72 da  His-196 gver-
diTi jaWvebis aminmJavur naSTs da wylis molekulas, aseve funqciur jgu-
febs, romlebic monawileoben katalizSi. esenia Arg-145, da Tyr-248. 

 
karboqsipeptidaza A 

 
aspartatamintransferaza. igi miekuTvneba transferazebis fermentTa klass. 
aspartatamintransferaza akatalizebs transaminirebis Sebrunebul reaqcias. 
1945 wels dadgenil iqna, rom aspartatamintransferazas koferments war-
moadgens piridoqsal-5’-fosfati, romlis monawileobiT xdeba transaminireba, 
aminjgufis gadatana asparaginis mJavadan (1) 2-oqsoglutarmJavaze (II), romlis 
drosac warmoiqmneba mJaunZmarmJava (III) da glutaminis mJava (IV). transam-
inirebis Sualedur safexurze warmoiqmneba piridoqsamin-5’-fosfati (V). 
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 transaminirebis fermentatuli reaqcia aRmoaCina a. braunSteinma da g. 
kricmanma 1937 w. mtredis kunTis fermentuli preparatis Seswavlis dros. 
imobilizebuli fermentebi.  maT miekuTvneba mioglobini da hemoglobini. am 
or cilas sunTqvis fermentebs uwodeben. mioglobinis struqtura 
gansazRvrul iqna j. kendrius mier 1961w, xolo hemoglobinisa _ g. 
perutcemis mier 1960w. mioglobinis molekula Sedgeba polipeptiduri 
jaWvisagan, romelic warmoqmnis 8 spiralizebul ubnebs, isini ganlagebuli 
arian rkinaSemcveli hemis molekulis irgvliv. hemi aris porfirinis da (II) 

rkinis ionis kompleqsi. 
             

 
        

 
 
 
 
 

 
mioglobini 

 
mioglobini gamoyofilia kunTovani qsovilidan. mas hemoglobinis msgavsad 
Jangbadis fiqsaciis unari aqvs da monawileobas Rebulobs kunTovani 
qsovilis JangbadiT momaragebis procesSi. hemoglobinisagan mioglobini 
gansxvavdeba cilovani komponentiT. mioglobins gansakuTrebuli mniSvneloba 
aqvs wyalSi mcxovrebi cxovelebisaTvis, romelTac SeuZliaT didxans gaZlon 
wyalSi sunTqvis gareSe. amisi unari aqvT, magaliTad, delfinebs, zRvis 
lomebs. es imiT aixsneba, rom kunTovani qsovili Seicavs mioglobinis 
SedarebiT did raodenobas. mioglobinSi kavSirdeba Jangbadis maragi, 
romelic gamoiyeneba cxovelis mier Jangbadis droebiTi SimSilis dros. 
hemoglobini-satransporto cila. hemoglobini warmoadgens qromoproteids, 
romelic Sedgeba ori komponentisagan: wiTeli pigmentis aracilovani nawilis 
anu prosTetiuli jgufis hemisa da cila globinisagan. hemis raodenoba 
hemoglobinSi 4%-s aRwevs, danarCeni 96% globinia. hemoglobinis 
daniSnulebaa filtvebidan Jangbadis transportireba qsovilebSi. am funqcias 
asrulebs pigmenti, romlis SenebaSi monawileobs rkina. hemoglobini, rodesac 
Jangbads ukavSirdeba, gardaiqmneba oqsihemoglobinad. hemoglobinis unari, 
daikavSiros Jangbadi da daJangul formad gardaiqmnas, damokidebulia 
Jangbadis parcialur wnevaze. rodesac Jangbadis parcialuri wneva udris 
vercxliswylis svetis 150 mm-s, xsnarSi warmodgenili hemoglobinis 99% 
gardaiqmneba oqsihemoglobinad. aqedan gamomdinareobs, rom filtvebSi, sadac 
Jangbadis parcialuri wneva imave odenobas aRwevs, rac gareT, haerSi 
hemoglobini TiTqmis mTlianad oqsihemoglobinad iJangeba. Jangbadis 
dakavSireba oqsihemoglobinSi ar aris mWidro, igi advilad Sordeba rkinas, 
sakmarisia Jangbadis parcialuri wnevis Semcireba, rom oqsihemoglobinis 
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nawili isev hemoglobinad aRdges. rodesac Jangbadis parcialuri wneva 
nulamde dadis, maSin oqsihemoglobini mTlianad ganicdis aRdgenas da 
miiReba hemoglobini. 

Hb
+O2

-O2

HbO2
hemoglobini oqsihemoglobini  

    hemoglobinis (sadac Fe orvalentiania) daJangvisas romelime damJangaviT, 
magaliTad, sisxlis wiTeli mariliT, miiReba daJangvis produqti-methe-
moglobini, romelSic rkina samvalentiania. oqsihemoglobini gansxvavdeba 
methemoglobinisagan rkinis valentovnebiT da Jangbadis dakavSirebis 
xasiaTiT. oqsihemoglobinSi Jangbadi ufro sustad aris dakavSirebuli, vidre 
methemoglobinSi. 

hemoglobinSi, Jangbadis garda, xSirad sxva ligandi ikavebs wylis 
molekulis adgils. magaliTad, naxSirbadis (II) oqsidis mxuTavi zemoqmedeba 
adamianis organizmze imiT aixsneba, rom igi Jangbadze ufro mtkiced 
ukavSirdeba Fe2+ions da, aqedan gamomdinare, axdens hemoglobinis moqmedebis 
blokirebas. hemoglobinis romelime jaWvis struqturis Secvla iwvevs 
garkveul daavadebebs. magaliTad, normaluri hemoglobinis struqturis 
memkvidreobiTi cvlileba iwvevs e.w. “molekulur daavadebebs”, romlebic 
cnobilia hemoglobinopa-Tiebis saxelwodebiT. aseTi daavadebaa namgliseburi 
ujreduli anemia, romelic aris gavrcelebuli samxreT amerikisa da afrikis 
qveynebSi. am daavadebis dros,  Jangbadis mcire parcialuri wnevis pirobebSi, 
sisxlis eriTroci-tebi iRebs namglis formas. aseTi hemoglobini normaluri 
hemoglobinisagan imiT gansxvavdeba, rom qsovilebSi Jangbadis gadacemis 
Semdeg igi gardaiqmneba cudad xsnad formad da iwyebs daleqvas. warmoqmnili 
naleqi ki axdens ujredis deformacias da iwvevs hemolizs. daavadeba Zalze 
mwvaved mimdinareobs, xSiria sikvdilianobac. 
    ingremis mier dadgenil iqna aRniSnuli daavadebis qimiuri safuZveli. am 

dros normaluri hemoglobinis β-jaWvSi N-bolodan meeqvse mdgomareobaSi 
glutaminmJavas adgils ikavebs valini, danarCeni aminmJavebi ki imave 
TanmimdevrobiT ganlagdeba. es cvlileba savsebiT sakmarisia mZime daavadebis 
ganviTarebisaTvis. hemoglobinopaTiebis garda, xSirad adgili aqvs 
Talasemias. es daavadeba gamowveulia romelime jaWvis sinTezis daTrgunviT. 
daavadeba iwvevs zurgis daSlas, RviZlisa da elenTis dazianebas, rasac, 
rogorc wesi, Tan sdevs mZime hemolizuri anemia. 
    hemoglobini warmoadgens hemis cila globinTan dakavSirebis produqts. 
hemoglobinze koncentrirebuli Zmris mJavas moqmedebiTNNaCI-is TandaswrebiT 
hemoglobins hemi CamoSordeba daJanguli heminis saxiT. heminSi rkina 
samvalentiania. hemini ekuTvnis iseTi pigmentebis jgufs, romelTa SenebaSi 
monawileobs  pirolis birTvebi. am jgufs ekuTvnis qlorofili, citoqromi, 
katalazebi, peroqsidazebi da bunebrivi porfirinebi. 
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hemoglobini                                 citohemini 
 

     gamoangariSebulia, rom dRe-RameSi adamianis organizmSi iSleba 0,5 grami 
hemi, rac hemiglobinis 12,5 grams Seefardeba. hemis maragi adamianis organiz-
mSi udris 15 grams. aqedan gamomdinare, rom 30 dRe-Ramis ganmavlobaSi unda 
xdebodes mTeli hemis maragis ganaxleba. 
     cxovelTa sxvadasxva organosa da qsovilSi adgili aqvs hemis gardaq-
mnas, ris Sedegadac warmoiqmneba pigmentebis mTeli rigi: bilirubini, rome-
lic warmoadgens naRvlis yviTel pigments. is umTavresad RviZlSi da naR-
velSi grovdeba uxsnadi kalciumis marilebis saxiT. bilirubini warmoiqmneba 
hemis daJangvis Sedegad: 
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     bilirubinis nawili gamoiyofa organizmidan SardTan erTad. igi am 
ukanasknels yviTel Seferilobas aniWebs. bilirubini advilad ganicdis 
rogorc daJangvas, ise aRdgenas. daJangvisas warmoiqmneba yviTeli feris pig-
menti biliverdini (C33H34N4O6), xolo aRdgenisas urobilini (C33H40N4O6). 
       hemoglobini, hemi da bilirubini tetrapiroluri naerTebia, romelTa 
SedgenilobaSi Sedis 4 piroluri porfirinis birTvi. 
    uxerxemlo cxovelebSi sisxlis qromoproteids warmoadgens hemocianini.  
hemoglobinisagan gansxvavebiT, rkinis magivrad aq warmodgenilia spilenZi. 
igi aseve Sedgeba 2 komponentisagan: spilenZis Semcveli qromogenisa da 
cilisagan. 
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fermentebis mniSvneloba 

 
      organizmSi nebismieri funqciis moSlas safuZvlad udevs fermentebis 
sinTezis darRveva. magaliTad, galaqtozemia gamowveulia galaqtozis glu-
kozad gardamqmneli fermentebis naklebobiT. Ggalaqtozis siWarbis SemTxve-
vaSi bavSvebi iRupebian sicocxlis pirvelsave TveebSi. ferment Tirozinazas 
sinTezis darRveva iwvevs daavadebas fenilketonurias. amis mizezia fenila-
laninisagan Tirozinis warmoqmnis SeCereba da Warbi fenilalaninis toqsi-
kuri gavlena Tavis tvinis ganviTarebaze, rac iwvevs gonebriv CamorCenilobas. 
    glikogenozi gamowveulia im fermentebis aqtivobis daqveiTebiT, 
romlebic axorcieleben glikogenis gardaqmnas organizmSi. Aamis gamo 
RviZli, kunTebi savsea glikogeniT, organizmi ki ganicdis mis mwvave 
nakleblobas. zogjer fermentopaTiebi gamowveulia sxvadasxva SxamiT 
(toqsiniT) calkeuli fermentis aqtivobis SerCeviTi daTrgunvis Sedegad. 
fermentebis mniSvnelobaze sruli warmodgenis Sesaqmnelad ganvixiloT, Tu 
rogor xdeba adamianis organizmSi saWmlis moneleba. adamiani masazrdoebel 
nivTierebebs (cilebs, cximebs, naxSirwylebs) iRebs garemodan sakvebi 
produqtebis (puri, xorci, rZe, kvercxi, bostneuli, xili) saxiT. 
    sakvebi nivTierebebi warmoadgens organizmis saSen masalas da energiis 
wyaros. rTuli organuli nivTierebebis daSliTa da daJangviT miiReba gark-
veuli energia, romliTac afaseben ama Tu im sakvebi produqtis energetikul 
Rirebulebas. magaliTad, Saqris energetikuli Rirebulebaa 405,5 kkaloria, 
mcenareuli zeTis - 928 kkal, stafilos - 33,6 da a.S. 
    saWmlis momnelebel sistemaSi, moxvedris Semdeg sakvebi produqtebi 
ganicdian meqanikur da qimiur damuSavebas. Aam procesis erTobliobas ewodeba 
saWmlis moneleba, romelSic udides rols TamaSobs fermentebi. isini 
katalizatorebis msgavsad monawileoben bioqimiur reaqciebSi, TviTon ki ar 
ixarjebian. fermentebisaTvis damaxasiaTebelia: 
1. moqmedebis specifikuroba, rac imaSi mdgomareobs, rom yoveli fermenti  
Slis nivTierebebis mxolod gansazRvrul jgufs; 
2. fermentebi moqmedeben garkveul qimiur garemoSi (tute, mJave are); 
3. fermentebi aqtiuria sxeulis temperaturaze, sxva SemTxvevaSi ki isini 
iSlebian; 
4. fermentebs gaaCnia aqtiurobis centri, romelic uSualo pasuxismgebelia 
mcire molekulebis daSlaze; 
5. mcire raodenobis ferments SeuZlia daSalos organuli nivTierebebis didi 
raodenoba. 
    piris RruSi xdeba sakvebis meqanikuri da nawilobriv, qimiuri moneleba. 
nerwyvi aris susti tute reaqciis mqone da mcire raodenobiT Seicavs 
mineralur marilebsa da cilebs. fermentebidan aRsaniSnavia baqtericiduli 
moqmedebis lizocimi, amilaza (romelic saxamebels Slis disaqarid 
maltozamde), maltaza (romelic disaqarid maltozas Slis glukozamde). 
nerwyvSi Sedis agreTve mucini, romelic monawileobs sakvebi masis Sewebebasa 
da sakvebi gundis warmoqmnaSi. Ppiris RruSi sakvebi didxans ar rCeba, amitom 
amilaza saxameblis bolomde daSlas ver aswrebs. Aes procesi grZeldeba 
kuWSi. Ppiris Rrudan sakvebi gadadis xaxaSi, sadac Tavs iyris 7 sxvadasxva 
gasasvleli: piris Rru, ori qoana, xorxi, saylapavi mili da ori evstaqis 
mili. Yylapvis pirveli aqti damokidebulia adamianis nebaze. uSualod 
ylapvis procesis ganxorcielebisas, refreqtoruli meqanizmi aCerebs 
sunTqvis process, raTa sakvebi ar moxvdes xorxSi da traqeaSi. Aaseve rbili 
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sasis saSualebiT ixureba cxviris RruSi gasasvleli. saylapavi warmoadgens 
mils, romelsac aqvs kargad ganviTarebuli muskulatura. kunTebis SekumSva 
warmoqmnis peristaltikur talRas, romelic saWmlis gundas ubiZgebs 
kuWisaken. SekumSvas mosdevs moduneba, raTa saylapavi gafarTovdes axali 
sakvebis misaRebad. saylapavis kuWSi Casvlis adgilas moTavsebulia gluvi 
kunTis rgoli, e.w. sfinqteri. igi Cveulebriv Caketilia, magram peristaltikis 
talRiT mitanili sakvebi gunda iwvevs mis gaxsnas. aseTive sfinqteria 
moTavsebuli kuWidan nawlavSi gadasvlis adgilze da analur xvrelTan. 
    sanerwyve jirkvlebi refleqsurad moqmedeben. Ppiris RruSi moxvedrili 
sakvebi aRizianebs lorwovani garsis receptorebs, saidanac impulsebi 
miemarTeba mogrZo tvinSi, aqedan miemarTeba jirkvlebSi da iwyeba sekrecia. 
esaa upirobo refleqsi. magram arsebobs agreTve nerwyvis pirobiT-
refleqtoruli gamoyofa sakvebis sunze, danaxvaze da a.S.  
    piris RruSi sakvebis meqanikuri da nawilobrivi qimiuri damuSavebisa da 
sakvebi gundis momzadebis Semdeg iwyeba ylapvis aqti. Ppiris Rrus mTeli 
rigi kunTebis meSveobiT sakvebi gadadis saylapav milSi. am momentSi wydeba 
sunTqva. saylapavi kunTebis Tanmimdevruli SekumSviT sakvebi gadaadgildeba 
kuWisaken. kuWSi moxvedrili sakvebi muSavdeba rogorc meqanikurad (kuWis 
kedlebis SekumSvis gamo), aseve qimiurad (kuWis wvenis gavleniT). 
    marilmJavasa da mineraluri marilebis garda kuWis wveni Seicavs mTel 
rig fermentebs, romelTagan aRsaniSnavia pefsini, romelic cilebs Slis 
peptidebamde. qimozini da lipaza axdenen rZis cila kazeinogenis da cximebis 
hidrolizs. Aamilaza kuWSi moqmedebas agrZelebs manam, sanam sakvebi masa ar 
gaiJRinTeba mJave siTxiT. Aes fermenti mxolod tute areSi moqmedebs. kuWis 
wvenis gamoyofa grZeldeba manam, sanam sakvebi kuWSi imyofeba. Aaq ukve ereva 
humoruli regulacia, rasac axorcielebs hormonebi. es nivTierebebi xvdeba 
sisxlSi, transportirdeba kuWis jirkvlebSi da astimulirebs maT moqmedebas. 
aseTi tipis qimiuri nivTierebebi gamoiyofa agreTve Tormetgoja nawlavis 
kedlebidan, roca sakvebi kuWidan am organoSi gadadis. aRniSnul hormonebs 
miekuTvneba: gastrini, sekretini, enterogastrini da sxv. kuWidan sakvebi 
gadadis Tormetgoja nawlavSi, sadac ixsneba pankreasis da RviZlis 
sadinarebi. am organoSi xdeba cilebis, cximebisa da naxSirwylebis ZiriTadi 
moneleba. cilebi iSleba aminmJavebad, romlebic sisxliT miewodeba 
ujredebs, sadac xdeba specifikuri cilebis sinTezi. informacia cilebis 
Sesaxeb Cawerilia dnm-Si. zrdasrul organizmSi daSlili cilebis raodenoba 
gaTanabrebulia sinTezirebuli cilebis raodenobasTan, rasac azotur 
wonasworobas uwodeben. Ooci aminmJavadan, romlebic Sedian cilebis 
SemadgenlobaSi, adamianis organizms SeuZlia daasinTeziros Tormeti. 
danarCens uwodeben Seucvlel aminmJavebs. organizmi maT iRebs sakvebTan 
erTad. kuWi saWmlis momnelebeli traqtis gaganierebuli nawilia. Mmisi kede-
li Sedgeba sam fenad ganlagebuli gluvi kunTebisagan. Ggaredan es organo 
dafarulia SemaerTebeli qsoviliT, xolo siRrue amofenilia uamravi wvrili 
jirkvlebis Semcvleli garsiT. es jirkvlebi gamoyofs kuWis wvens: 
jirkvlebis erTi jgufi gamoyofs fermentebs, meore-lorwos, mesame ki-
marilmJavas. 
    kuWis zeda ganyofilebas, romelic yvelaze axloa gulTan, uwodeben 
kuWis Zirs anu kardialur nawils. Sua nawils uwodeben kuWis sxeuls, xolo 
wvril nawlavTan SeerTebis adgils-pilorusis ganyofilebas. kuWis kunTovani 
Sre Zalian sqelia. sufTa kuWis wvens gaaCnia Zalze maRali mJavianoba (pH=1), 
sakvebTan Sereuli kuWis wvenis pH=3. kuWis maqsimaluri moculobaa 2,5 
litri. am organoSi warmoiqmneba Zlieri peristaltikuri talRebi, ris gamoc 
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xdeba sakvebis meqanikuri damuSaveba, misi danamceceba da e.w. fafis warmoqmna. 
roca kuWi carielia, peristaltika mainc grZeldeba, rac iwvevs SimSilis 
grZnobas. roca kuWSi xvdeba raime ucxo sxeuli an momwamlavi nivTiereba, 
iwyeba pirRebineba (antiperistaltika), rac damcvelobiT refleqss warmoad-
gens. Aam refleqsis centri mdebareobs Sua tvinSi. kuWis Semdeg modis 
Tormetgoja nawlavi, romelic wvrili nawlavis ganyofilebas warmoadgens. 
wvrili nawlavi gadadis msxvil da swor nawlavebSi. msxvili nawlavis erT-
erTi nawilia brma nawlavi, romelsac gaaCnia Wiiseburi gamonazardi-
apendiqsi. naxSirwylebi gadadis sisxlSi monosaqaridebis (glukoza, fruqto-
za) saxiT, zedmeti Saqari ki grovdeba RviZlSi glikogenis saxiT. sisxlSi 
naxSirwylebis koncentracia daculia sxvadasxva hormonebis meSveobiT. 
magaliTad, glukozis koncentracia normalur mdgomareobaSi unda iyos 0,12%. 
naxSirwylebi SeiZleba warmoiqmnas cximebisagan da, nawilobriv, cilebisagan. 
meore mxriv, naxSirwylebi SeiZleba gardaiqmnas cximebad da dagrovdes 
maragis saxiT. 
    cilebis, cximebisa da naxSirwylebis cvlis centrebi moTavsebulia 
Suamdebare tvinSi da Zlieradaa dakavSirebuli hipoTalmusis SimSilisa da 
simaZRris centrebTan. cilis cvlaze gansakuTrebul gavlenas axdens 
hipofizis mier gamoyofili zrdis hormoni da farisebri jirkvlis hormoni 
Tiroqsini. cximebis cvlis regulacias axorcielebs Tiroqsini da sasqeso 
hormonebi. garda amisa, organuli da araorganuli nivTierebebis cvla 
regulirdeba Tirkmelzeda jirkvlis qerqis mier gamoyofili hormonebiT-
kortikoidebiT. 
    pankreasis wveni tute reaqciisaa (pH=8,5). masSi Sedis cilebis damSleli 
trifsini, cximebis damSleli lipaza da rTuli naxSirwylebis martiv 
naxSirwylebad damSleli amilaza (cxrili 4). trifsinis moqmedebas 
aaqtiurebs nawlavis wvenis fermenti enterokinaza. dRe-RameSi gamoiyofa 1-1,5 
litri pankreasis wveni. im SemTxvevaSi, rodesac pankreasis wvenis fermentebi 
ver xvdeba nawlavSi da ar moqmedebs sakvebze, adamians uviTardeba e.w. “mglis 
mada”, iRebs Zalian bevr sakvebs da amasTan erTad iklebs wonaSi. Ppankreasis 
wvenis gamoyofas aregulirebs cTomili nervi, xolo masze humorul gavlenas 
axdens nawlavis kedelSi warmoqmnili hormoni sekretini, romelic sisxlis 
meSveobiT xvdeba pankreasSi. 
    RviZli yvelaze didi organoa adamianis organizmSi. igi gamoyofs 
naRvels, romelic grovdeba naRvlis buStSi da naRvlis sadinaris meSveobiT 
gadadis Tormetgoja nawlavSi. naRveli fermentebs ar Seicavs, magram misi 
mJavebi aaqtiureben lipazis moqmedebas. NnaRveli aZlierebs agreTve nawlavis 
moZraobas da cximSi xsnadi vitaminebis Sewovis funqciebs. naRvlis wvenSi 
Sedis agreTve wyalSi cudad xsnadi qolesterini, romlis naleqs SeuZlia 
daaxSos naRvlis buStis gasasvleli. RviZli asrulebs agreTve barierul 
funqcias, akavebs da aneitralebs mavne nivTierebebs. wvril nawlavSi xdeba 
monelebuli sakvebis Sewova. misi lorwovani garsi Sedgeba uamravi xaosagan. 
yovel xaoSi aris sisxlisa da limfuri kapilarebi. aminmJavebi da glukoza 
gadadis sisxlis kapilarebSi, iqedan RviZlSi, RviZlidan ki nawildebian 
mTel organizmSi. samatomiani spirtis: glicerinisa da cximovani mJavebisagan 
xaoebSi sinTezirdeba cximebi wvrili wveTebis saxiT, romlebic gadadian 
limfur kapilarebSi, iqidan ki sisxlSi. msxvil nawlavSi gadadis 
mounelebeli sakvebis, gansakuTrebiT mcenareuli warmoSobis narCenebi. 
ujredis celulozas ver Slis fermentebi, samagierod mas Slis celulozis 
damSleli specialuri baqteriebi, romlebic msxvil nawlavSi sakmao 
raodenobiTaa warmodgenili.  baqteriebis erTi jgufi ki asinTezirebs vitamin 
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K-s, romelic did rols TamaSobs sisxlis SededebaSi. msxvil nawlavSi Sei-
woveba wylis ZiriTadi masa, mTavrdeba Sewovis procesebi da formirdeba 
eqskrementis masa. defekaciis makontrolebeli centri moTavsebulia zurgis 
tvinSi. saWmlis momnelebeli sistemis regulaciaSi aqtiurad monawileobs 
Suamdebare tvinSi lokalizebuli hipoTalmusis nawili.Aaq aris ganlagebuli 
SimSilisa da simaZRris, wyurvilis, da temperaturis regulaciis centrebi. 
    nivTierebaTa cvlas Tan sdevs energiis cvla. asimilaciis dros xdeba 
energiis STanTqma, xolo disimilaciis dros misi gamoyofa.Eenergia ixarjeba 
cxovelmoqmedebis procesis, agreTve fizikuri muSaobis dros. mozrdili 
adamiani sruli SimSilis dros dReRameSi gamoyofs daaxloebiT 2000 kkal 
siTbos. Amas uwodeben ZiriTad cvlas. rac ufro mZimea fizikuri Sroma, miT 
metia energiis danaxarji (mZime fizikuri datvirTvisas 5000 da meti kkalo-
ria). yvela es danaxarji kompensirdeba sakvebiT. 1 gr cximis daSliT gamoiyo-
fa 9,3 kkal siTbo, 1 gr cilisa da naxSirwylebis daSliT ki 4,1 kkaloria.   

cxrili 5  
                                                 

                    saWmlis momnelebeli fermentebi 
 

fermentebi warmoqmnis adgili reaqciis produqti reaqcia 
amilaza (ftialini) sanerwyve jirkvlebi glukoza neitraluri 
maltaza sanerwyve jirkvlebi glukoza neitraluri 

pepsini kuWi peptidebi mJave 
qimozini (renini) kuWi koagulirebuli 

kazeini 
mJave 

trifsini pankreasi  peptidebi  tute 
qemotrifsini pankreasi peptidebi tute 
lipaza pankreasi glicerini da 

cximovani mJavebi 
tute 

amilaza pankreasi maltoza tute 
ribonuklaza pankreasi nukleotidebi tute 
dezoqsiribonukle-
aza 

pankreasi nukleotidebi tute 

karboqsipeptidaza wvrili nawlavis jirkvlebi Tavisufali aminmJ. tute 
aminopeptidaza wvrili nawlavis jirkvlebi Tavisufali aminmJ. tute 
enterokinaza wvrili nawlavis jirkvlebi peptidebi  tute 
maltaza wvrili nawlavis jirkvlebi glukoza  tute 
saqaraza wvrili nawlavis jirkvlebi glukoza,fruqtoza tute 
laqtaza wvrili nawlavis jirkvlebi glukoza, 

galaqtoza 
tute 
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nukleinis mJavebi da nukleotidebi 

 
pirimidinisa da purinis warmoebulebi. Nnukleinis mJavebi pirvelad aRmoaCina  
1862w. Sveicarielma mecnierma  fridrix miSerma. man Cirqis ujredebisagan 
(mkvdari leikocitebi) gamoyo birTvebi, maTgan ki miiRo eqstrati, romelsac 
nukleinis mJava uwoda _ rac birTvis mJavas niSnavs. igive nivTiereba miiRo 
man oragulis spermatozoidebidan. 75 wlis Semdeg cnobili gaxda am 
aRmoCenis udidesi mniSvneloba: swored nukleinis mJavebi gansazRvravs 
organizmis memkvidruli niSan-Tvisebebis ganviTarebas da TaobebSi gadacemas. 
me-20 saukunis 40-ian wlebSi  dadginda, rom nukleinmJava, kerZod, 
dezoqsiribonukleinmJava aris genetikuri informaciis gadamcemi. 
     nukleinis mJavebi grZeli, dautotavi polimeruli molekulebia, romelTa 
monomerebs nukleotidebi warmoadgens. TiToeuli nukleotidi sami 
komponentis – azotovani fuZis, xuTnaxSirbadiani Saqrisa da fosformJavas 
naSTisagan Sedgeba. cocxal organizmSi gvxvdeba nukleinmJavaTa ori tipi: 
ribonukleinmJava (rnm) da dezoqsiribonukleinmJava (dnm). Nnukleotidebi 
erTmaneTisagan maTSi Semavali azotovani fuZeebiT gansxvavdeba. Ddnm da rnm 
oTx-oTxi tipis nukleotidisagan arian agebulni. Aadenini (a), guanini (g), 
citozini (c) Sedian rogorc dnm-is, aseve rnm-is SemadgenlobaSi. meoTxe 
nukleotids dnm-is molekulaSi Timini (T), xolo rnm-is molekulaSi 
uracili (u) warmoadgens. amasTan, dnm-isa da rnm-is nukleotidebi 
erTmaneTisagan pentoziT gansxvavdebian. rnm-is nukleotidebi ribozas 
Seicaven, xolo dnm-is nukleotidebi dezoqsiribozas. am gansxvavebidan 
warmosdgeba nukleinis mJavebis saxelwodebebic: rnm-ribonukleinis mJava, dnm- 
dezoqsiribonukleinis mJava.  
     nukleinis mJavebi Seicavs ori sxvadasxva tipis azotovan fuZeebs. isini 
pirimidinisa da purinis warmoebulebia. purinebis klass miekuTvneba adenini 
(a) da guanini (g). Ppirimidinebs ki  citozini (c), Timini (T) an uracili (u). 
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     purinebis molekulaSi ori rgolia, pirimidinebisaSi ki erTi rgoli. 
rgolebSi Semavali azoti aniWebs molekulas ZiriTad Tvisebebs. fuZeebis 
aRniSvna xdeba maTi dasaxelebis pirveli asoebiT (a, g, c, u, T,). fosformJavas 
naSTebis Semcvelobis gamo nukleinis mJavebi warmoadgens mJavebs. 
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cxrili 6 
dezoqsiribonukleinisa da ribonukleinis mJavas 

qimiuri Sedgeniloba 
 

komponentebi dezoqsiribonukleinis 
mJava 

ribonukleinis mJava 

azotovani fuZe 
 

adenini, guanini, 
citozini, Timini 

adenini, guanini,  
citozini, uracili 

naxSirwyali dezoqsiriboza riboza 

mineraluri mJava fosforis mJava fosforis mJava 

   
    nukleinis mJavebSi azotovani fuZeebi ukavSirdeba β-D-ribozas (rnm-Si) an 
2-dezoqsi-β-D-ribozas (dnm-Si) da warmoqmnis ribonukleozidebs da dezoqsi-
ribonukleozidebs. Aamrigad, nukleozidebi azotovan fuZeTa β-N glikozi-
debia. adeninisa da guaninis Semcveli nukleozidebia adenozini (an dezoq-
siadenozini) da guanozini (an dezoqsiguanozini). Sesabamisad, uracili da 
citozini Sedis uridinis (an dezoqsiuridinis), citozinis (an dezoqsi-
citidinis) SedgenilobaSi. Timinis dezoqsiribozis warmoebulis saxel-
wodebaa Timidini, ribowarmoebulisa ki – riboTimidini. dezoqsiribozis naS-
Tis Semcvelobisas misi saxeli iwarmoeba prefiqs “dezoqsi’’ mimatebiT, maga-
liTad, dezoqsiadenozintrifosfati da a.S. me-7 cxrilSi mocemulia 
nukleozidebisa da nukleotidebis bioqimiuri saxelwodebebi. 

                                                                          cxrili 7 
ribonukleozidebis da ribonukleotidebis calkeul  

warmomadgenelTa saxelwodebebi 
 

azotovani fuZe nukleozidebi (azotovani fuZe 
+ pentoza) 

nukleotidebi  
(azotovani fuZe + riboza 

+H3PO4) 
purinis fuZeebi 
adenini 
 
 
 
guanini 
 
 
 
pirimidinis 
fuZeebi 
citozini 
 
 
 
 
uracili 
 
 
 
 
Timini 
 

adenozini 
 
 
 
 
guanozini 
 
 
 
 
 
citidini 
 
 
 
 
uridini 
 
 
 
 
Timidini 
 

adenozintrifosfati (atf) 
adenozindifosfati (adf) 
adenozinmonofosfati (amf) 
anu adenilis mJava 
 
guanozintrifosfati (gtf) 
guanozindifosfati (gdf) 
guanozinmonofosfati (gmf) 
anu guanilis mJava 
 
 
citidintrifosfati (ctf) 
citidindifosfati (cdf) 
citidinmonofosfati (cmf) 
anu citidilis mJava 
 
uridintrifosfati (utf) 
uridindifosfati (udf) 
uridinmonofosfati (umf) 
anu uridilis mJava 
 
Timidintrifosfati (Ttf) 
Timidindifosfati (Tdf) 
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Timidinmonofosfati (Tmf) 
anu Timidilis mJava 

 

     nukleotidebisaTvis iyeneben ori saxis nomenklaturas. erTis mixedviT, 
Sesabamisi azotovani fuZis saxelwodebas emateba sityva ,,mJava”. amasTan 
miuTiTeben fosfaturi jgufis mdebareobasac, magaliTad, 3’-adeninmJava, 5’-
guaninmJava da a.S. meoris mixedviT, nukleotidebs ganixilaven, rogorc 
nukleozidebis rTul eTerebs – fosfatebs: magaliTad, adenozin-3’-fosfati, 
Timidin-5’-fosfati da a.S. nukleinmJavebi asruleben umniSvnelovanes 
biologiur funqciebs. maTgan aRsaniSnavia memkvidreobiTi informaciis 
Senaxvisa da gadacemis uzrunvelyofa da uSualo monawileoba. Aam 
informaciis realizaciis meqanizmSi, yvela ujreduli cilis sinTezis 
programirebis gziT, isini asruleben kofaqtorebis funqciebs, Sedian 
kofermentebis SemadgenlobaSi, riTac uSualod monawileoben iReben 
nivTierebaTa cvlaSi, energiis gadatanasa da transformirebaSi.  
oligo- da polinukleotidebis sinTezis meTodebi. Nnukleinis mJavebi 
nukleotidebisaganaa aSenebuli, romelTa SedgenilobaSi Sedis azotovani 
fuZe, naxSirwyali-pentoza da fosforis mJava. 
    nukleinmJavaTa mesame komponenti - orTofosformJava ribozis an de-
zoqsiribozis spirtul jgufebTan warmoqmnis rTuleTerul bmebs. nuk-
leozidebisa da fosformJavas eTerebs nukleotidebs uwodeben. nukleotidebi 
ara mxolod nukleinmJavaTa saSeni masalaa, isini kofermentebsac 
warmoadgenen da monawileoben nivTierebaTa cvlaSi. kofermentebis 
mniSvnelovan jgufs Seadgens nukleozidpolifosfatebi, kofermenti A, 
nikotinamidnukleotidebi. organizmis yvela qsovilSi Tavisufali saxiT 
gvxvdeba nukleozidebis mono-, di-, da trifosfatebi. gansakuTrebiT farTod 
aris gavrcelebuli adeninSemcvleli nukleotidebi: adenozin-5’-fosfati (amf), 
adenozin-5’-difosfati (adf) da adenozin-5’-trifosfati (atf). Aam nukleo-
tidebs unari aqvT fosfaturi naSTebis ricxvis gazrdiT an SemcirebiT 
gardaiqmnan erTmaneTSi. Ffosfaturi naSTebi erTmaneTTan dakavSirebulia 
bmiT, romelsac energiis didi maragis gamo makroergul bmas uwodeben. mis 
warmosaqmnelad saWiroa energetikuli danaxarjebi, romelTa dafarva xdeba 
naxSirwylebis daJangvis procesSi gamoyofili energiis nawiliT. amrigad, 
adf da atf maragis saxiT Seicavs naxSirwylebis fotosinTezisaTvis saWiro 
mzis energiis nawils. es energia gamoiyofa makroerguli bmis gawyvetisas 
(32kj/moli), ris gamoc cocxal organizmSi mimdinare mraval bioqimiur 
procesSi atf asrulebs energiis momwodeblis rols. 
    nukleotidtrifosfatebidan fosforis mJavas CamocilebiT miiReba di- da 
monofosfonukleotidebi, xolo fosforis mJavas sruli CamocilebiT – 
nukleozidebi. 
    atf pirvelad gamoyo kunTidan 1829 wels k. lomanma. misi qimiuri sinTezi 
ganaxorciela a. todma 1948 wels amf-isa da adf-is fosforilirebiT 
dibenzilqlorfosfatis saSualebiT. 
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   atf-isa da adf-is monawileobiT cocxal organizmSi xorcieldeba mniSv-
nelovani metabolituri procesi – glikolizi, romlis drosac xdeba 
fosforilireba-fosfaturi jgufebis gadatana. fosforilirebis 
mravalricxovani reaqciebi iyofa or jgufad: 
1. reaqciebi, romlis drosac warmoiqmneba rTuleTeruli bma. 
2. reaqciebi, romlis drosac warmoiqmneba anhidriduli bma. 

 

OH

O

P

OH

OC

rTuli eTeri

OH

O

P

OH

O

O

C

anhidridi
 

 
1. rTuli eTerebis (fosfatebis) warmoqmna tipuri reaqciaa naxSirwylebis 
metabolizmSi. magaliTad, glikolizis yvela safexuri (glukozis gardaqmna 
piruvatad) xorcieldeba mxolod fosfaturi jgufis saSualebiT. hi-
droqsilSemcveli naerTebis fosfatebis miRebis saerTo sqema aseTia: 
 

ROH + atf OH

O

P

OH

RO + adf

 
 

magaliTad, glukozis metabolituri gardaqmnis sawyis safexurze galaqtoza 
moqmedebs atf-Tan (ferment galaqtokinazas monawileobiT) da warmoqmnis mon-
ofosfats (I). 
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    analogiurad mimdinareobs 6-fosfat-D-glukozis (II); 1,6-difosfat-D-
fruqtozis (III) da glicerinis 1- da 3- fosfatebis (IV) biosinTezi atf-is 
monawileobiT. 6-fosfat-D-glukozis miReba xorcieldeba ferment glukokina-
zas monawileobiT: 

 

O

CH2OH

OH

OH

~OH
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+
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OH OH

O
OCH2
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CH2OPO3H2
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OH
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O
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O
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OH

O

O

P
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1,6-difosfat-D-fruqtozis (III) warmoqmna mcenareebSi xorcieldeba dihi-
droqsiacetonisa da 3-fosfat-glicerinis aldehidis aldonuri kondesaciiT 
ferment aldolazas moinawileobiT:  
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fosfaturi jgufebis xarjze atf-is saSualebiT xdeba glicerinis gardaqmna 
monofosfatad (IV) ferment glicerokinazas monawileobiT: 

H

CH2OH

CH2OH

HO

glicerini

ade

OH OH

O
O CH2

atf

O

P
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O
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OH
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HO
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ade

OH OH

O
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O

O

P

OH

HO
+

IV

 
 

2. karboqsilSemcveli naerTebis gardaqmna anhidridul formad warmoadgens 
aminmJavebis, cxoveluri cximebis aqtivaciis qimiur safuZvels. amasTan war-
moqmnil anhidridebSi atf Sedis an fosformJavas naSTis (acilfosfatis) sax-
iT, an amf-is naSTis (Canacvlebuli acilfosfatis-aciladenilatis) saxiT. 
magaliTad, glutaminis miRebis dros, romelic mTavar rols asrulebs or-
ganizmSi azotis cvlis dros, erT-erT Sualedur safexurs warmoadgens 
acilfosfatis warmoqmna. es reaqcia xorcieldeba atf-is saSualebiT (fer-
ment glutaminsinTetazas monawileobiT). am dros glutaminis mJava warmoqmnis 
anhidrids fosformJavas naSTiT da am gziT ufro aqtiurad monawileobs ami-
akis acilirebis Semdgom safexurze: 
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    organizmSi karboqsilSemcveli naerTebis aqtivaciis procesi xorciel-
deba aseve aciladenilatebis _ karbonmJavebis da atf-is Sereuli anhid-
ridebis xarjze. magaliTad, cximovani mJavebi β-daJangvis dros warmoqmnian 
TioeTerebs. Sualedur safexurze xdeba aciladenilatis warmoqmna cximovani 
mJavas moqmedebiT atf-Tan: 
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kofermentebi 

   
kofermentebi warmoadges rTuli fermentebis Semadgenel komponentebs. 

rogorc cnobilia, martivi fermentebi Sedgeba mxolod aminmJavebisagan, 

rTul fermentebSi ki, garda cilovani komponentisa (apofermenti), warmodge-

nilia aracilovani komponenti kofermentis an prosTetiuli jgufis saxiT. 

kofermentebi, iseve rogorc fermentebi, aqtiurad monawileoben qimiur 

reaqciebSi. reaqciis damTavrebis Semdeg, fermentebis msgavsad ubrundebian 

sawyis mdgomareobas. kofermentebiT xorcieldeba wyalbadis atomebis, eleqt-

ronebisa da qimiuri jgufebis erTi naerTidan meoreze gadatana. kofermentebi 

aqtiurad monawileoben nivTierebaTa daSlisa da sinTezis, izomerizaciisa da 

sxva procesebSi. kofermentebis erT-erTi warmomadgenelia farTod 

gavrcelebuli acilirebis kofermenti koenzimi A (ko A). igi monawileobs ke-

tomJavebis dekarboqsilirebaSi, cximovani mJavebis daJangvisa da sinTezis 

reaqciebSi, trikarbonmJavebis ciklSi da sxv. prosTetiuli jgufis erT-erTi 

warmomad-genelia fosforilirebuli vitamini B6-piridoqsalfosfati, rome-

lic kovalenturad ukavSirdeba amintransferazebs da vitamini biotini, ro-

melic ferment piruvatdekarboqsilazas aqtiur centrTan dakavSirebulia 

lizinis aminis jgufiT. 

     kofermentebis didi nawili ar sinTezirdeba adamianis organizmSi da 

saWiroa maTi miReba mcenareuli an cxoveluri sakvebidan. Aam mxriv gan-

sakuTrebul interess iwvevs vitaminebi. Kkofermentebis mravali war-

momadgeneli modificirebuli vitaminebia. magaliTad, dehidrogenazebis 

kofermentebi, nikotinamidadenindinukleotidi (nad+) da nikotinamida-

denindinukleotid-fosfati (nadf+) Seicavs vitamins nikotinmJavas amidis sax-

iT, flavinadenindinukleotidi (fad) – vitamin riboflavins. 

     kofermentebis rolSi gvevlineba agreTve Tiaminpirofosfati, romelic 

miiReba B1 vitaminis fosforilirebis Sedegad. kofermentebis mniSvnelovan 

jgufs Seadgens nukleozidpolifosfatebi. Eesenia: adenozintrifosformJava 

(atf), adenozindifosformJava (adf) da adenozinmonofosformJava (amf). Aatf 

Sedis yvela cocxal ujredSi, mas energiis universalur wyaros uwodeben. 

kunTebis SekumSva, cilebisa da nukleinis mJavebis biosinTezi, cximebis war-

moqmna da sxva procesebi, romelTa dros xdeba Tavisufali energiis gam-

oyofa, dakavSirebulia atf-is hidrolizTan, am dros jer xdeba atf-dan 

H3PO4-is, Semdeg – pirofosformJavas (H4P2O7)-is moxleCa. Aatf-isa da adf-is 

monawileobiT xorcieldeba cocxal organizmSi mniSvnelovani metabolituri 

procesi – glikolizi, romlis drosac xdeba fosforilireba – fosfaturi 

jgufebis gadatana. am kofermentebs fosfaturi naSTebis ricxvis gazrdiT an 

SemcirebiT SeuZliaT gardaiqmnan erTmaneTSi. 

kofermenti-koenzim A - Sedgeba pirofosfaturi jgufiT erTmaneTTan da-

kavSirebuli adenilmJavasa da panTotenmJavas naSTebisagan, romelic 

mierTebulia 2 amineTanTiolTan. Kkoenzim A Seicavs sulfhidrilis jgufs, 

romlis saSualebiTac xdeba cximovani mJavas karboqsilis jgufis dakavSire-

ba. kofermenti A did rols asrulebs trikarbonmJavebis ciklSi. es cikli 

iwyeba acetilkoferment A-s (CH3COS koA) ZmarmJavasa da koferment A-s Tioe-
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Teris biosinTeziT, romlis drosac xdeba acetiluri jgufebis gadatana 

piroyurZenmJavadan koferment A-ze ferment piruvatdehidrogenazas 

monawileobiT, Semdeg ki limonmJavas warmoqmna acetiluri jgufis gadataniT 

acetilkoferment A-dan acetilmJaunmJavaze, romelic xorcieldeba ferment 

citratsinTetazas monawileobiT. ko A monawileobs cximovani mJavebis, 

steroidebis, karotinoidebis, izoprenoidebis, neitraluri lipidebis biosin-

TezSi. Yyvela SemTxvevaSi ko A moqmedebs rogorc Sualeduri aqceptori da 

sxvadasxva mJavuri naSTebis gadamtani. koenzim A aaqtiurebs karbonmJavebs, 

gardaqmnis maT Tiolebis reaqciisunarian rTul eTerebad. 
 

R C
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acetilkofermenti A - ZmarmJavas da koferment A-s TioeTeria 
 

COOH +HHS ko.ACH3 CH3 CO S  ko A  
 
        diabetis, SimSilobis an Warbi lipiduri dietis dros acetilkofermenti 

A didi raodenobiT sinTezirdeba da RviZlSi mimdinare gardaqmnebis Sedegad 

warmoqmnis acetons. am dros sisxlSi mkveTrad izrdeba e.w. “ketonuri 

sxeulebis” raodenoba da adamiani avaddeba acidoziT (adreul stadiaze) an 

ketoziT (gviandel stadiaze). Uukanasknel SemTxvevaSi sunTqvis dros 

igrZnoba acetonis suni.   

nikotinamidnukleotidebi warmoadgens kofermentebis meore mniSvnelovan 
jgufs. am jgufSi Sedis nikotinamidadenindinukleotidi (nad) da misi 
fosfati (nadf). maT SemadgenlobaSi nikotinamiduri fragmentis saxiT Sedis 
piridiniumis kaTioni. nad da nadf minawileoben Jangva-aRdgeniT procesebSi 
da SeiZleba arsebobdnen daJanguli (nad+, nadf+) an aRdgenili (nad H, nadf 
H) formebis saxiT. 
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 R=H nikotinamidadenindinukleotidi (nad+)       
 R=PO3H2 nikotinamidadenindinukleotidfosfati (nadf+) 
A 

     am kofermentebis biologiuri funqcia mdgomareobs eleqtronebis da wy-
albadis gadatanaSi daJanguli substratidan Jangbadze. biologiuri 
dehidrirebis dros, romelic Jangvis gansakuTrebul SemTxvevas warmoadgens, 
substrati kargavs wyalbadis or atoms, e.i. or protonsa da or eleqtrons, 
an protonsa da hidrid-ions. Nnad+, Cveulebriv, ganixileba rogorc hidrid-
ionis aqceptori, Tumca sabolood jer kidev ar aris dadgenili, wyalbadis 
atomis gadatana am kofermentze eleqtronis gadatanasTan erTad xdeba, Tu 
calke. aRdgenis Sedegad nad+-is piridiniumis birTvi gadadis 1,4-
dihidropiridinul fragmentSi: 
 

N+

C
O

NH2

R

+ H - substrati - H
aRdgenili forma

fermenti

N

C
O

NH2

R

H H

+ H+ + substrati
daJanguli forma

 
 

nad-is piridiniumis birTvi spirtis daJangvis Sedegad kargavs aromatulobas 
da ufro labiluri xdeba. Sesabamisad, nad H-is energia ufro meti iqneba, 
vidre nad+-isa. energiis zrda warmoebs spirtis aldehidad daJangvis Sedegad 
gamoyofili energiis xarjze. amrigad, nad H imaragebs energias da iyenebs mas 
sxva bioqimiuri procesebis dros, romlebic saWiroebs energetikul danaxar-
jebs. magaliTad, nad H-is monawileobiT xdeba piroyurZenmJavas gardaqmna 
rZemJavad: 
 

C

COOH

CH3

O H

COOH

CH3

HO+ H+ + nadH  + nad+

L- (+) -rZemJavapiroyurZenmJava  
 

flavinuri kofermentebi. mraval Jangva-aRdgeniT procesSi (magaliTad, 
aminmJavebis JangviTi dezaminireba, qarvamJavas fumarmJavad gardaqmna da a.S.) 
monawileobs flavinadenindinukleotidi (fad) – flavinuri kofermentebis 
erT-erTi mniSvnelovani warmomadgeneli. 
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     igi warmoadgens riboflavinis metaboliturad aqtiur formas. ribo-
flavini heterocikluri naerTis _ izoaloqsazinis warmoebulia. izo-
aloqsazini yviTeli ferisaa, ris gamoc mas flavinsac uwodeben (laT. Flavus-
yviTeli). misi meore saxelwodebaa vitamini B2. adre am vitamins laq-
toflavins uwodebdnen, radgan igi pirvelad rZidan iqna gamoyofili. ribo-
flavini wyalbadiT Zalze advilad aRdgeba da misi yviTeli Seferiloba qre-
ba. Aamitom vitamin B2-is daJanguli forma yviTeli ferisaa, xolo aRdgenili 
ki ufero. 
     riboflavini Sedis flavinuri kofermentebis flavinmononukleotidisa 
(fmn) da flavinadenindinukleotidis (fad) SedgenilobaSi. flavinuri 
birTvebis gardaqmnis xarjze aRniSnuli kofermentebi warmarTavs Jangva-
aRdgeniT reaqciebs organizmSi. 

 
CH2OH

HOCH

HOCH

HOCH

CH2

N

N

NH

NH3C

H3C

O

riboflavini (vitamini B2)

O

 
 

     flavinuri kofermentebi axorcieleben glukozis daJangvas, kobalami-
duri fermentebis sinTezs atf-isa da vitamin B12-dan da cximebis daJangvas.  
piridoqsal-5’-fosfati vitamin B6-is kofermentuli formaa. igi Sedis mravali 

fermentis SedgenilobaSi, romlebic akatalizebs α-aminmJavebis gardaqmnebs, 
dekarboqsilirebas, gadaaminirebas. ferment aspartatamintransferazas dax-
marebiT xdeba koferment piridoqsal-5’-fosfatidan aminjgufis gadatana 
(transaminireba) L-asparaginis mJavadan 2-hidroqsoglutaris mJavaze, romlis 
drosac warmoiqmneba mJaunZmarmJava da L-glutaminis mJava. transaminirebis 
reaqciis dros Sualedur etapze warmoiqmneba piridoqsamin-5’-fosfati. 
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NH2

H

H

 
 

Tiamindifosfati (Tiaminpirofosfati, kokarboqsilaza) warmoadgens Tiaminis 
vitaminis kofermentul formas. Mmisi saSualebiT xorcieldeba α-ketomJavebis 
gardaqmna, ketozebis dekarboqsilireba, piroyurZenmJavas JangviTi dekar-
boqsilireba. 

N

N NH2

N+

SH3C

CH3

kokarboqsilaza

CH2CH2

O

P(OH)2O

O

P

O-

O

Cl-

 
 
biotini kofermentia, romelic akatalizebs CO2-is jgufis gadatanas kar-
boqsilirebis Sebrunebul reaqciebSi. biotinis molekula dakavSirebulia 
apofermentTan peptiduri bmiT. fermenti, romlis daxmarebiT biotini 
asrulebs funqciebs, aris piruvatkarboqsilaza. igi akatalizebs 
piroyurZenmJavisagan mJaunZmarmJavas warmoqmnis reaqcias. 

 

NH
C

HN

S
(CH2)4COOH

biotini

O

 
 

     tetrahadrofolis mJava warmoadgens im fermentebis koferments, ro-
melTa saSualebiT xdeba erTnaxSirbadiani jgufis (CH3, CH2, CH, CHO)  gadatana 
purinebis, pirimidinis, zogierTi aminmJavebis biosinTezSi. misi saSualebiT 
mimdinareobs Timidinis heterociklis biosinTezi, romelic warmoadgens dnm-
is molekulis struqturul fragments, rac xorcieldeba ferment Timi-
dilatsinTetazas saSualebiT. 
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kobalamiduri kofermentebis jgufSi Sedis: kofermenti meTilkobalamini da 
5’-dezoqsiadenozilkobalamini. meTilkobalamini monawileobs im fermentebTan, 
romlebic awarmoeben CH3 jgufis gadatanas (magaliTad, meTioninis sinTezis 
dros homocisteinidan). 5’-dezoqsiadenozilkobalaminis biologiuri funqcia 
mdgomareobs diolebis aldehidebad gardaqmnis katalizur funqciaSi, ro-
melsac axorcielebs fermenti propandioldehidrataza. igi aseve akatalizebs 
ribonukleotidebis gardaqmnas dezoqsiribonukleotidebad ferment ribo-
nukleotidreduqazas monawileobiT. 
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   R=CH3 meTilkobalamini    
 R=CN    ciankobalamini 
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nukleotidebis biologiuri roli 
 
atf _ mniSvnelovan metabolitur rols asrulebs ujredul aqtivobaSi. igi 

moqmedebs rogorc SemakavSirebeli rgoli sunTqvasa da im procesebs Soris, 

romlebic saWiroeben energiis xarjvas. organuli molekulebi (umetesad, 

naxSirwylebi da cximebi) Tanamimdevrulad ixliCebian mTeli rigi 

fermentuli reaqciebis Sedegad. yoveli am reaqciis dros gamoTavisufldeba 

energiis mcire raodenoba. xolo am energiis mniSvnelovani nawili inaxeba 

atf-is molekulebis saxiT. atf-is molekulebisagan ori fosfaturi jgufis 

hilrolizuri moxleCisas Tavisufali energiis gamoyofa TiToeul jgufze 

Seadgens daaxloebiT 30,6 k/jouls; aტფ molekulis SesanarCuneblad saWiroa 

didi raodenobis qimiuri energia. aseTi saxis energia axasiaTebs mxolod 

atf-is mTlian molekulas. 

    atf Seicavs sunTqvis dros gamoyofil energias. atf-is sinTezisaTvis 

adf-isa da fosfatisagan saWiroa 1 molze 30,6 k/jouli energia. amitom, atf 

SeiZleba warmoiqmnas mxolod iseTi reaqciebis dros, rodesac energiis 

gamosavali molze 30,6 k/joulze metia. energia, romelic molze 30,6 

k/joulze metia an naklebi, ar SeiZleba akumulirdes atf-Si da igi siTbos 

saxiT ifanteba. atf ujredisaTvis energiis universaluri wyaroa. igi 

mobiluria da SeuZlia qimiuri energiis mitana ujredis nebismier ubanSi. 

ujredisaTvis aucilebel energiis wyaros warmoadgens atf-is hidrolizi. 

      adenozindifosformJavas refosforilireba atf-Si SeiZleba sunTqviTi 

aqtivobis Sedegad an sxva maRalenergetikuli naerTis, magaliTad, kunTis 

ujredSi arsebuli kreatinfosfatis xarjze. Tu kunTis ujredis mTeli adf 

gardaiqmneba atf-ad, atf-idan fosfati gadaitaneba kreatinze, rasac mohyveba 

kreatinfosfatis sinTezi და isev warmoiqmneba adf mcire raodenobiT, 

romlisganac fosfatis SeerTebiT sinTezirdeba atf. Aatf-is donis 

daqveiTebisas adgili aqvs sawinaaRmdego process: kreatinfosfatidan 

fosfati gadadis adf-ze da amiT atf-is maragi aRdgeba.                                                       
                                                                       cxrili 8 

adenozin-5’-fosformJavaTa maCveneblebi 
 

 molekuluri masa lR. T 0C [α]D 

amf 347,23 196-2000 -41,780 

adf 427,22 2150 -25,70 
atf 507,21 143-1450 -26,70 

 
     metabolizmis zogierT procesSi monawileobs aseve adenozin -2’,5’- da 
adenozin -3’,5’- difosforis mJavebi. adenozinfosformJavebs miekuTvneba 
agreTve cikluri adenozinmonofosfati da diadenozintetrafosforis mJava, 
romelic nivTierebaTa cvlaSi regulatoris rols asrulebs. wyalxsnarebSi 
adf da atf aramdgradia. 0 οC-ze atf stabiluria wyalSi ramdenime saaTis 
ganmavlobaSi. aduRebisas 10 wT-is Semdeg mJava areSi atf da adf mTlianad 
ixliCeba amf-ad da fosformJavad. ganzavebul tute xsnarSi atf ganicdis hi-
drolizs da miiReba amf da pirofosformJava H4P2O7. xangrZlivi duRilis 
ganmavlobaSi amf tute da mJava garemoSi warmoqmnis ribozas, adeninsa da 
fosformJavas. 
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dnm-is struqtura 

 
dnm aris genetikuri informaciis matarebeli da moTavsebulia birTvis 

qromosomebSi, mitoqondriebSi, plastidebSi, prokariotebsa da virusebSi.  
dnm-s molekula Sedgeba daaxloebiT 2000.108 da meti nukleotidisagan. 

TiToeul molekulaSi ori polinukleotiduri jaWvi gaerTianebulia erT 
ormag jaWvSi. fuZeebi ganlagebulia wyvilad erTmaneTis pirispir da 
SeerTebulia wyalbaduri bmebiT. wyvilebis warmoqmna SeuZliaT mxolod 
komplementarul fuZeebs: adenins da Timins (2 wyalbaduri bma), guanins da 
citozins (sami wyalbaduri bma). aqedan gamomdinareobs is, rom fuZeTa 
ganlagebis Tanmimdevroba erT jaWvSi gansazRvravs maT Tanmimdevrobas meore 
jaWvSi. swored amas emyareba dnm-is umniSvnelovanesi Tviseba _ gaormageba. 
    dnm-is molekula Seicavs informaciul da arainformaciul ubnebs. 
nukleotidebis Tanmimdevroba informaciul ubnebSi warmoadgens dnm-is 
pirvelad struqturas. igi TiToeuli bunebrivi dnm-sTvis individualuri da 
specifikuria da warmoadgens biologiuri informaciis Caweris kodur formas. 
dnm-is pirveladi struqtura.  nukleinmJavaTa pirveladi struqtura _ es aris 
polinukleotidebis uwyvet jaWvSi kovalenturi bmebiT dakavSirebul 
nukleotidur rgolTa Tanmimdevroba. nukleotidi warmodgenilia sami 
qimiurad gansxvavebuli nawilisagan:  
1. pirimidinisa da purinis azotovani fuZeebi; 
2. pentozis (dezoqsiriboza) naSTi;  
3. fosformJavas naSTi. 
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dezoqsiribonukleotidi
 

                     dezoqsiribonukleotidis warmoqmna fosfatis, 
dezoqsiribozisDda azotovani fuZis (adenini) SeerTebiT 

 

dezoqsiribozis kombinacias azotovan fuZesTan nukleotidis farglebSi 
ewodeba nukleozidi. Cargafis gamokvlevis mixedviT, dnm-is azotovan fuZeTa 
ZiriTadi maxasiaTeblebia:  
1) purinis fuZeTa jami (a+g) pirimidinis (c+T) fuZeTa jamis tolia;  
2) fuZeebis (a+c) aminjgufebis raodenoba fuZeebis (g+T) ketojgufebis raode-
nobis tolia;  
3) adenini da Timini, rogorc guanini da citozini, warmodgenilia eqvimoluri 
raodenobiT.  
     am monacemebs pirvelxarisxovani mniSvneloba aqvs dnm-is ormagi spi-
ralis formirebisas. 
dnm-is meoradi struqura. Ddnm-is meoradi struqtura ganisazRvreba mis mole-
kulaSi polinukleotiduri jaWvis sivrciTi organizaciiT. uotsonisa da 
krikis modelis mixedviT (1953 wels) dnm-is molekula Sedgeba ori polinuk-
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leotiduri jaWvisagan, romlebic daxveulia saaTis isris moZraobis mimar-
TulebiT saerTo RerZis irgvliv, ormagi spiralis saxiT. 
    rentgenostruqturuli da qimiuri Tvisebebis gaTvaliswinebiT  dnm-is 
marjvnivmxvevi ormagi spirali Sedgeba 2 sapirispirod mimarTuli polinuk-
leotiduri (5’-3’ da 3’-5’) spiralisagan, romlebic erTmaneTs ukavSirdeba wy-
albaduri bmebis saSualebiT. Saqarfosfaturi RerZi warmoqmnis spiralis 
gareTa nawils (sur 13). uotson-krikis dnm-is modelSi 10 azotovani fuZe 
Seadgens spiralis erT srul bruns-3,4 nm-iani bijiT. nukleotidebi erTime-
oresTan erTdeba fosfodieTeruli bmebiT. dnm-is meorad struqturaSi ad-
enini yovelTvis uerTdeba Timins ori wyalbaduri kavSiriT.  

sur. 13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                     

dnm-is ormagi molekulis Semadgenloba: 
f-fosfori; S-Saqari: a-adenini; T-Timini; 
g-guanini; c-citozini; H-wyalbadis bmebi 

 
sur. 14                                                                         

 
dnm-is ormagi spirali 
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                                                                      sur. 15 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

dnm-is Saqarfosfaturi RerZi 
 
     uotsonisa da krikis mier dnm-is ormagi spiralis modelis Seqmnam 
dasabami misca axal epoqas biologiaSi. daiwyo axali nayofieri etapi genebis 
struqturisa da funqcionirebis SeswavlaSi. uotsonisa da krikis mTavar 
mignebas dnm-is ormagi spiralis modelis agebisas azotovan fuZeTa spiralis 
SigniT lokalizeba da maTi specifiuri Sewyvilebis principis aRmoCena 
warmoadgens. specifikur wyvilebs (a-T, c-g) ormag spiralSi es azotovani 
fuZeebi qmnian, romelnic Cargafis dakvirvebiT erTi saxeobis dnm-is 
preparatebSi eqvivalenturi raodenobiTaa warmodgenili. nukleotidTa aseT 
wyvilebs komplementuri wyvilebi ewodeba. komplementuri Sewyvilebis princi-
pidan gamomdinare, erT jaWvSi sadac ar unda iyos adenini, meore jaWvSi mis 
pirdapiraa Timini, xolo guaninis pirdapir citozini iqneba lokalizebuli. 
amdenad, uotsonisa da krikis ormagi spirali ori antiparaleluri 
komplementuri polinukleotiduri jaWvisganaa agebuli.  
    ori jaWvis komplementaroba Zalze advilad xsnis genebis gaormagebas anu 
replikacias. amisaTvis sakmarisia dnm-is ormagi spiralis gayofa da TiToeul 
jaWvze axali komplementuri jaWvis warmoqmna, ris Sedegedac xdeba sawyisi 
dnm-is identuri ori axali dnm-is molekulis warmoqmna. 
dnm-is replikacia. memkvidreobiTobis aparatis erT-erT ZiriTad Tvisebas 
warmoadgens sakuTari aslis warmoqmnis unari _ replikacia. am Tvisebas 
ganapirobebs 2 komplementuri Zafisagan Semdgari dnm-is molekulis qimiuri 
organizaciis Taviseburebebi. replikaciis procesSi dnm-is molekulis 
TiToeul polinukleotidur Zafze sinTezirdeba misi komplementuri Zafi. mis 
Sedegad dnm-is erTi ormagi spiralisagan warmoiqmneba ori identuri ormagi 
spirali. molekulis gaormagebis aseT wess, romlis drosac TiToeuli 
Svileuli molekula Seicavs erT dediseul da erT axladsinTezirebul Zafs, 
naxevrad-konservatoruli ewodeba. 
    replikaciis ganxorcielebisaTvis dediseuli dnm-is Zafebi erTmaneTs 
unda dascildnen, raTa Seasrulon im matricebis roli, romlebzec 
Svileuli molekulebis komplementuri Zafebis sinTezi unda moxdes. 
replikaciis zonebSi polinukleotiduri Zafebis dacilebis ubnebs 
replikaciur orkaps uwodeben. Yyovel aseT ubanSi ferment dnm-polimerazas 
monawileobiT sinTezirdeba dnm-is 2 Svileuli molekula. sinTezis procesSi 
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replikaciuri orkapi gadaadgildeba dediseuli spiralis gaswvriv da iwvevs 
replikaciis procesSi axali monakveTebis CarTvas.  
    erTmaneTs daSorebuli mSobliuri Zafebis nukleotiduri Tanamimdevrobis 
gamoTavisuflebul wyalbadur bmebs ukavSirdeba nukleoplazmaSi 
dezoqsiribonukleozidtrifosfatebis saxiT arsebuli Tavisufali 
nukleotidebi. es dezoqsiribonukleozidtrifosfatebia: d atf, d gtf, d 
ctf, d Ttf. komplementuri nukleozidtrifosfati warmoqmnis wyalbadur 
bmas dnm-is dediseuli Zafis garkveul fuZesTan. Semdeg, ferment dnm-
polimerazas meSveobiT igi fosfodieTeruli bmiT ukavSirdeba axlad 
sinTezirebuli Zafis winamdebare nukleotids, rasac mohyveba araorganuli 
pirofosfatis gamoyofa. radgan dnm-polimeraza yovel morig nukleotids 
winamdebare nukleotidis 3’-mdgomareobaSi myof OH-jgufTan akavSirebs, Zafis 
TandaTanobiTi dagrZeleba xdeba mis 3’-boloze. Ddnm-polimerazas Tavisebure-
bas warmoadgens is, rom mas ar gaaCnia unari, daiwyos axali polinuk-
leotiduri Zafis sinTezi ori nukleozidtrifosfatis ubralo SeerTebis 
gziT; misTvis aucilebelia dnm-is dediseul ZafTan dawyvilebuli romelime 
polinukleotiduri Zafis Tavisufali 3’-OH bolo; dnm-polimerazas SeuZlia 
axali nukleotidebis dakavSireba mxolod aseTi Zafis Tavisufal bolosTan. 
aseT polinukleotidur Zafs praimers uwodeben. replikaciis msvlelobaSi 
praimeris rols dnm-is polinukleotiduri Zafebis sinTezisaTvis asruleben 
rnm-is mcire zomis Tanamimdevrobebi, romlebic ferment rnm-polimerazas 
monawileobiT warmoiqmnebian. dnm-polimerazas aRniSnuli Tavisebureba 
miuTiTebs imaze, rom replikaciis dros matricas SeiZleba warmoadgendes 
mxolod dnm-is is Zafi, romelsac gaaCnia masTan dawyvilebuli praimeri Tavi-
sufali 3’-OH boloTi. replikaciis procesis saboloo Sedegs warmoadgens 
dnm-is ori molekulis warmoqmna, romelTa nukleotiduri Tanamimdevrobebi 
dnm-is dediseuli ormagi spiralis Tanamimdevrobebis identuria. 
    amgvarad, dnm-is replikacia uzrunvelyofs ujredebis, organizmis 
specifikuri memkvidruli informaciis SenarCunebas momdevno TaobebSi. 
    spiralis RerZis mimarT azotovan fuZeebs perpendikularuli mdgomareoba 
ukavia. dnm-is TiToeuli jaWvi meoris mimarT komplementuria, rac 
praqtikulad uzrunvelyofs komplementuri principis safuZvelze calkeuli 
jaWvebis gaormagebas. cnobilia dnm-is ramdenime tipis konformacia (A, B, Z), 
romelTa Soris yvelaze gavrcelebuli da stabiluria B forma. Ddnm-is 
ormagi spiralis B konformaciis diametri 20 A0-ia. erT xveulSi Tavsdeba 10 
nukleotidi. Uuotsonisa da krikis mixedviT spirali marjvniv ixveva. dnm 
advilad lRveba maRal temperaturaze da mkveTrad matulobs STanTqmis 
speqtri 260 nm-ze. am movlenas hiperqromuli efeqti ewodeba. Hhiperqromuli 
efeqti maqsimaluria dnm-isaTvis damaxasiaTebeli lRobis optimalur 
temperaturaze, romelic fiziologiur pirobebSi, daaxloebiT 85-950C-is 
farglebSi meryeobs. lRobis temperaturaze  dnm-is struqtura naxevrad 
despiralizebulia. dnm-Si gc wyvilebis raodenobis matebis Sesabamisad 
lRobis temperatura matulobs, rac ganpirobebulia gc wyvilebs Soris 3 
wyalbaduri bmiT (10 wyvils Soris 2-wyalbaduri bmaa), amitom dnm-is lRoba 
iwyeba aTi wyvilis ubnidan. Ddnm-is ormagi spiralis lRoba garkveul 
pirobebSi Seqcevadia. Sesabamisad, es principi gamoyenebulia dnm-is 
denaturaciis da renaturaciis kinetikis da, agreTve, dnm-Si fuZeTa 
Tvisebrivi ganawilebis SeswavlaSi. 
    dnm-is struqturis SeswavlaSi gansakuTrebuli mniSvneloba eniWeba 
fuZeTa Tvisebis mqone cilebs – histonebs. isini qromatinSi mWidrodaa 
dakavSirebuli dnm-Tan da qmnian sakmaod rTuli struqturis mqone 
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warmonaqmns – nukleosomebs. Nnukleosomas aqvs mZivis forma da Sedgeba dnm-
is 2 jaWvisa da 4 wyvili sxvadasxva histonisagan.  
dnm-is denaturacia – renaturacia. Ddnm-is ormagi spiralis rRvevas, rac 
wyalbaduri bmebis gawyvetiTaa ganpirobebuli, dnm-is denaturacia dnm-is 
lRoba ewodeba. Ffiziologiur pirobebSi dnm-is ori jaWvi spontanurad 
arasdros Sordeba erTmaneTs. Tu dnm-is xsnars gavaxurebT, temperaturis 
gavleniT susti wyalbaduri bmebi wydeba da dnm-is ori jaWvi Sordeba 
erTmaneTs. Ddenaturacia iwvevs dnm-is xsnaris mTel rig fizikur-qimiur 
maCvenebelTa cvlilebas. 370C-ze neitraluri pH-is pirobebSi dnm-is xsnari 
ufero, blant siTxes warmoadgens. denaturaciis Sedegad xsnaris siblante 
qreba, mokle ultraiisferi sxivebis (talRis sigrZe 260 nm) STanTqmis 
maCvenebeli 40%-iT izrdeba. STanTqmis maCveneblis cvlileba denaturaciis 
Sedegad spiralis SigniT azotovan fuZeTa mowesrigebuli ganlagebis, maT 
Soris urTierTqmedebaTa rRvevis Sedegia. Aam movlenas dnm-is hiperqromizmi 
anu hiperqromuli efeqti ewodeba. temperaturuli diapazonis Sua wertils, 
romelzedac dnm-is jaWvebi Sordeba erTmaneTs, lRobis temperatura ewodeba. 
ZuZumwovar organizmebSi dnm-is lRobis temperatura 85-950 C-is farglebSi 
icvleba. lRobis temperaturis sidide damokidebulia dnm-is nukleotidur 
Sedgenilobaze. Ddnm-is molekulaSi TiTo g-c wyvilis momateba lRobis 
temperaturas 0,4%-iT zrdis. Aamdenad, a-T wyviliT mdidari dnm-is lRobis 
temperatura yovelTvis ufro dabalia, vidre g-c wyviliT mdidari dnm-is 
xsnarebis lRobis temperatura. 
    dnm-is renaturacia Seqcevadi procesia. Tu xsnaris temperaturas daviy-
vanT fiziologiur mniSvnelobamde, dnm-is komplementuri gancalkevebuli 
jaWvebi kvlav ukavSirdebian erTmaneTs da ormag spirals warmoqmnian. dnm-is 
renaturacia 2 etapad mimdinareobs: 1. jer komplementarulma jaWvebma unda 
ipovon erTmaneTi SemTxveviT Sejaxebis Sedegad da warmoqmnan mokle 
komplementuri ubnebi. 2. meore etapze jaWvebi mTel sigrZeze “ikereba” 
wyalbaduri bmebiT. 
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ribonukleinis mJava, misi funqciebi 
 

     dnm-is molekulaSi kodis meSveobiT Cawerilia memkvidruli informaciis 
Senaxvisa da gamravlebis informacia, rac uzrunvelyofs axladwarmoqmnili 
ujredebis normalur ganviTarebasa da funqcionirebas aucilebeli 
“instruqciebiT’’. dnm ar iRebs uSualo monawileobas ujredebis 
cxovelmyofelobis uzrunvelyofaSi. Suamavlis rols ribonukleinis mJavebi 
asrulebs. dnm-is molekulisagan gansxvavebiT ribonukleinis mJavebi 
warmoadgens erT polinukleotidur spirals. 
    jer kidev 40-ian wlebSi SeniSnes, rom dnm-isagan gansxvavebiT, romelic 
ZiriTadad ujredis birTvSia, rnm-is didi nawili citoplazmaSia 
moTavsebuli. citoplazmuri rnm dakavSirebulia specifikur cilebTan, 
romlebic struqturulad organizebulia da monawileoben cilis sinTezSi. 
am warmonaqmnebs ribosomebi uwodes. rnm sinTezirdeba dnm-is molekulaze 
ferment rnm-polimerazas monawileobiT komplementarobis da 
antiparalelurobis principis dacviT. dnm-isagan gansxvavebiT rnm-is 
monomerebSi Sedis ribozis (dezoqsiribozis nacvlad) da uracilis (Timinis 
nacvlad) naSTebi. rnm-is mTeli mravalgvaroba SeiZleba daiyos sam ZiriTad 
saxed: matriculi anu informaciuli rnm (i-rnm), transportuli rnm (t-rnm), 
ribosomuli rnm (r-rnm). 
matriculi anu informaciuli rnm. transkripcia. imisaTvis, rom gan-
xorcieldes gansazRvruli Tvisebebis mqone cilebis sinTezi, maTi mole-
kulis awyobis adgilze gadaecema “instruqcia” peptidur jaWvSi aminmJavaTa 
CarTvis Tanamimdevrobis Sesaxeb. Ees instruqcia dnm-is Sesabamis monakveTebze 
sinTezirebuli matriculi anu informaciuli rnm-is nukleotidur 
TanamimdevrobaSia mocemuli. Mm-rnm-is sinTezis process transkripcia 
ewodeba. m-rnm Seadgens ujredis mTeli rnm-is 5%-s. matriculi rnm-is TiToe-
uli molekula cilis sinTezis dros informaciis nawils iRebs dnm-idan 
aslis saxiT da gadaaqvs igi ribosomaze, sadac xdeba am informaciis reali-
zacia. m-rnm-is sinTezi rnm-polimerazas mier dnm-is molekulaSi im gansakuT-
rebuli monakveTis amocnobiT iwyeba, romelic warmoadgens transkripciis 
sawyis adgils-promouters. Ppromouteris sigrZe 140 A0- ar aRemateba da 
Sedgeba daaxloebiT 40 wyvili nukleotidisagan. 
  

 
 
 
 
 
 

 
 

dnm-is transkripcia  
 

    promouterTan mierTebis Semdeg rnm-polimeraza axdens dnm-is spiralis 
mimdebare xveulis gaSlas. Aam adgilze dnm-is ori Zafi erTmaneTs scildeba 
da erT-erT maTganze fermenti iwyebs m-rnm-is sinTezs. ribonukleotidebis 
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erT Zafad awyoba mimdinareobs dnm-is matriculi Zafebis nukleotidebze 
komplementarobis principiT. imis gamo, rom rnm-polimerazas nukleotidebis 
awyoba SeuZlia mxolod 5’-bolodan 3’-bolosaken, matricad SeiZleba 
gamoyenebul iqnas mxolod dnm-is Zafi, romelic fermentisaken Tavisi 3’-

boloTia mimarTuli (3’→5’). aseT Zafs kodogenurs uwodeben. dnm-is 
molekulaSi ori polinukleotiduri Zafis gaerTianebis antiparaleluroba 
rnm-polimerazas rnm-is sinTezSi matricis sworad arCevis saSualebas aZlevs.  
dnm-is kodogenuri Zafis gaswvriv gadaadgilebisas rnm-polimeraza axdens 
informaciis TandaTanobiT, zust gadaweras manam, sanam ar miuaxlovdeba 
specifikur nukleotidur Tanmimdevrobas - transkripciis terminators. Aam 
ubanSi rnm-polimeraza cildeba rogorc dnm-is matricas, ise 
axladsinTezirebul m-rnm-s. dnm-is molekulis is fragmenti, romelic Seicavs 
promotors, transkriptirebad Tanamimdevrobas da terminators, warmoqmnis 
transkripciis erTeuls-transkriptons. 
    m-rnm-Si erTmaneTis gverdiT ganlagebuli nukleotidebis im sameulebs, 
romlebSic mocemulia aminmJavuri Sifri, kodonebi ewodeba. m-rnm-is 
kodonebis Tanamimdevroba akodirebs peptidur jaWvSi aminmJavaTa 
Tanamimdevrobas. i-rnm-is kodonebs gansazRvruli aminmJavebi Seesabameba. 
transportuli rnm (t-rnm). translacia. Uujredis mier memkvidruli 
informaciis gamoyenebis procesSi mniSvnelovani roli ekuTvnis trans-
portul rnm-s (t-rnm), romelic uzrunvelyofs peptiduri jaWvis awyobis 
adgilze aucilebel aminmJavaTa gadatanas da, amdenad, satranslacio 
Suamavlis funqcias asrulebs. 
    t-rnm warmoadgens dnm-is garkveul Tanamimdevrobebze sinTezirebul 
polinukleotidur (75-95 nukleotidur) Zafs. t-rnm Sedgeba oTxi mTavari 
nawilisagan, romlebic gansxvavebul funqciebs asruleben. erTmaneTTan 
komplementurad dakavSirebuli t-rnm-is ori bolo warmoqmnis aqceptorul 
“RerZs’’. igi fuZeTa Svidi wyvilisagan Sedgeba. Aam RerZis 3’-bolo ufro 
grZelia da axdens erTZafiani monakveTis formirebas, romelic Tavisufali 
OH jgufis Semcveli TanamimdevrobiT caa-s bolovdeba. am bolos ukavSirdeba 
transportirebadi aminmJava. danarCeni “toti’’ warmoadgens nukleotidTa 
komplementurad dawyvilebul Tanamimdevrobebs, romlebic dauwyvilebeli 
monakveTebiT bolovdebian da warmoqmnian ‘’maryuJebs”. 
    nukleotidTa TanamimdevrobiT ganpirobebuli t-rnm-is pirveladi 
struqtura uzrunvelyofs t-rnm-is meoreuli struqturis warmoqmnas, rome-
lic gansazRvravs samganzomilebian mesameul struqturas, romlisTvisac 
damaxasiaTebelia ori perpendikularuli ormagi spirali. ormagi spiralis 
erT-erT boloze moTavsebulia transportirebadi aminmJava, meoreze-
antikodoni. es ubnebi erTmaneTisagan maqsimalurad arian daSorebuli. t-rnm-
is mesameuli struqturis stabilurobas uzrunvelyofs misi 
polinukleotiduri Zafis sxvadasxva monakveTSi erTmaneTTan sivrcobrivad 
daaxloebul fuZeebs Soris damatebiTi wyalbaduri bmebis warmoqmna. 
    m-rnm-is arsebuli garkveuli kodonis zusti amocnobis garda, t-rnm-is 
molekula uzrunvelyofs peptiduri jaWvis sinTezis adgilze mkacrad 
gansazRvruli aminmJavas transportirebas, romlis Sifrsac es kodoni 
warmoadgens. t-rnm-is specifikuri dakavSireba “sakuTar’’ aminmJavasTan or 
etapad mimdinareobs: pirvel etapze adgili aqvs aminmJavas aqtivacias 
karboqsilis jgufis atf-Tan urTierTmoqmedebis gziT; meore etapze 
gaaqtiurebuli aminmJava urTierTmoqmedebs Sesabamisi t-rnm-is 3’-boloze 
arsebul OH-jgufTan da uerTdeba t-rnm-s Tavisi karboqsiluri jgufis 
meSveobiT, rasac Tan sdevs adenozinmonofosformJavas gamoTavisufleba. 
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amrigad, es procesi energiis danaxarjiT mimdinareobs, romelic warmoiqmneba 
atf-is amf-mde hidrolizis dros. 
    dnm-is molekulebSi ‘’Cawerili” da m-rnm-ze ‘’gadawerili’’ memkvidruli 
informaciis gaSifvra xdeba translaciis procesSi. Ppirvel etapze fermenti 
aminoacil-t-rnm-sinTetaza uzrunvelyofs t-rnm-is dakavSirebas mis mier 
transportirebad aminmJavasTan. Semdeg, aminoacil-t-rnm komplementurad 
wyvildeba m-rnm-Tan, rasac antikodonis kodonTan urTierTqmedeba 
ganapirobebs. t-rnm-is sistemis meSveobiT xdeba m-rnm-is nukleotiduri ‘’enis’’ 
translacia cilis aminmJavaTa Tanamimdevrobis ‘’enad’’. 
ribosomuli rnm (r-rnm)  ribosomebis ZiriTadi komponentia. Mm-rnm-is da t-
rnm-is urTierTmoqmedebis procesi, romelic uzrunvelyofs informaciis 
translacias nukleotidebis enidan aminmJavaTa enaze, memdinareobs 
ribosomebze. es ukanasknelni warmoadgenen r-rnm-sa da sxvadasxva saxis 
cilebis rTul kompleqsebs, romlebSic r-rnm-bi warmoqmnian ConCxs. 
ribosomuli rnm-bi mxolod ribosomebis struqturul komponentebs ki ar 
warmoadgenen, aramed uzrunvelyofen maT dakavSirebas m-rnm-is garkveul 
nukleotidur TanamimdevrobasTan. Ggarda amisa, ribosomuli rnm 
uzrunvelyofs ribosomisa da t-rnm-is urTierTmoqmedebas. ribosomis Semad-
genlobaSi Semavali cilebi r-rnm-Tan erTad asruleben rogorc struqturul, 
ise fermentul rols. informaciis translacia aminmJavaTa “enaze” gamoixateba 
peptiduri jaWvis TandaTanobiT zrdaSi, rac xorcieldeba m-rnm-Si arsebuli 
instruqciis Sesabamisad. Ees procesi mimdinareobs ribosomebze, romlebic 
uzrunvelyofen informaciis gaSifvris Tanamimdevrobas transportuli rnm-is 
meSveobiT. translaciis procesSi SeiZleba gamoiyos peptiduri jaWvis sin-
Tezis sami faza: iniciacia, elongacia da terminacia. iniciaciis faza anu 
peptidis sinTezis dasawyisi mdgomareobs citoplazmaSi manamde 
gancalkevebulad arsebuli ribosomis ori suberTeulis m-rnm-is garkveul 
ubanze gaerTianebasa da am m-rnm-is pirvel aminoacil-t-rnm-Tan mierTebaSi. 
     iniciaciisa da translaciis procesebis katalizs gansakuTrebuli 
cilebi-iniciaciis faqtorebi axdenen, romlebic ukavSirdebian ribosomis 
mcire erTeuls. iniciaciis fazis dasrulebis da ribosoma m-rnm-
mainicirebeli aminoacil-t-rnm kompleqsis warmoqmnis Semdeg es faqtorebi 
ribosomas scildebian.  
     elongaciis anu peptidis dagrZelebis faza Seicavs yvela reaqcias, 
dawyebuls pirveli peptiduri kavSiris warmoqmniT, damTavrebuls aminmJavas 
mierTebiT. bolo etapze, romelsac ewodeba terminaciis etapi, mTavrdeba 
polipeptiduri jaWvis sinTezi. terminaciis signalebs warmoadgens 
matriculi rnm-is gansazRvruli ubnebi. roca translokaciisas am ubnebamde 
mova rigi, sinTezi Cerdeba da dasrulebuli peptiduri jaWvi wyvets kavSirs 
ribosomasTan, romelic or suberTeulad iSleba. 
G 
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genetikuri kodi 
 

      memkvidreobiTobis elementarul funqciur erTeuls, romelic ujredis 
an organizmis calkeuli niSan-Tvisebis ganviTarebas gansazRvravs, 
warmoadgens geni. niSan-TvisebebSi igulisxmeba organizmebis (ujredebis) 
morfologiuri, fiziologiuri, bioqimiuri da sxva saxis diskretulobis 
erTeuli (calkeuli niSani an Tviseba), romlis mixedviTac isini gansxvav-
debian erTmaneTisagan.  

 me-20 saukunis dasawyisSi gamovlenil iqna faqtebi, rac ujredebSi 
araqromosomuli memkvidruli aparatis arsebobaze miuTiTebda. memkvidruli 
aparati lokalizebulia sxvadasxva citoplazmur struqturaSi da 
ganapirobebs gansakuTrebul citoplazmur memkvidreobiTobas. Aamave periodSi 
safuZveli Caeyara swavlebas mutaciuri cvalebadobis Sesaxeb, rac 
memkvidrul faqtorebSi an qromosebSi moulodnelad momxdar cvlilebebTan 
aris dakavSirebuli da organizmis ama Tu im niSan-Tvisebis Secvlas iwvevs. 
Mmomdevno wlebSi aRmoCenil iqna qromosomebze da genebze rentgenis sxivebis, 
radiaciuli gamosxivebis, garkveuli qimiuri nivTierebebisa da biologiuri 
agentebis mutagenuri zemoqmedeba. 
     me-20 saukunis meore naxevarSi mecnierTa Zalisxmeva mimarTulia nuk-
leinis mJavebis genetikuri funqciebis ganmsazRvreli Tvisebebis, memkvidruli 
informaciis Cawerisa da wakiTxvis gzebis, genetikuri kodis xasiaTisa da 
struqturis, calkeul niSanTa da mTlianad fenotipis formirebis procesSi 
genTa aqtivobis regulaciis Seswavlisaken. 60-ian wlebSi m. nirenbergis da 
sxvaTa SromebiT SesaZlebeli gaxda genetikuri kodis sruli gaSifvra, 
dadginda nukleinis mJavaTa molekulaSi arsebul nukleotidTa tripletebis 
Sesabamisoba garkveul aminmJavebTan. 
     1954 wels g. gamovma gamoTqva varaudi, rom dnm-is molekulebSi informa-
ciis kodireba unda xdebodes ramdenime nukleotidis SeTanawyobiT. cilebis 
im did mravalferovnebaSi, romelic cocxal bunebaSi arsebobs, aRmoCenilia 
20-mde sxvadasxva aminmJava. Aam raodenobis aminmJavebisaTvis nukleotidTa 
jgufebis sakmao raodenobis uzrunvelyofa SeuZlia mxolod tripletur 
kods, romelSic Sifri TiToeuli aminmJavisaTvis warmodgenilia erTmaneTis 
gverdiT ganlagebuli sami nukleotidiT. am SemTxvevaSi oTxi nukleotidi 
warmoqmnis 43=64 triplets; ori nukleotidi 42=16. dnm-is SesaZlo 
tripletebidan 61 axdens aminmJavaTa kodirebas. darCenilma samma  miiRo 
,,uazro’’ anu ,,nonsens-tripledebis’’ saxelwodeba. isini aminmJavebisaTvis ar 
warmoadgens sasveni niSnebis funqcias memkvidruli informaciis wakiTxvisas. 
am tripletebs miekuTvneba aTT, acT, aTc. 
     genetikuri kodis Tvisebebis Seswavlis procesSi aRmoCenil iqna misi 
specifikuroba. Yyovel triplets SeuZlia mxolod erTi garkveuli aminmJavas 
sinTezi. sainteresoa sxvadasxva saxeobis cocxal organizmebSi kodis sruli 
Sesabamisobis faqti. Ggenetikuri kodis aseTi universaloba biologiuri 
evoluciis procesSi dedamiwaze cocxal formaTa erTian warmoSobaze 
miuTiTebs. genetikuri kodis umniSvnelo cvlilebebi aRmoCenilia zogierTi 
saxeobis mitoqondriebis dnm-Si, magram mTlianobaSi es ar ewinaaRmdegeba 
debulebas kodis universalobis Sesaxeb. 
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warmodgena genuri inJineriis Sesaxeb 
 

         me_20 saukunis 70-ian wlebSi daiwyo genuri inJineriis meTodebis 
aqtiuri damuSaveba, rac SesaZlebels xdis cocxal organizmTa memkvidruli 
Tvisebebis mizanmimarTul Secvlas. Ggenuri inJineriis ganviTarebam SesaZle-
beli gaxada mravali Teoriuli da praqtikuli mniSvnelobis problemis 
gadawyveta. Seiqmna ZviradRirebuli samkurnalo preparatebis da biologiuri 
masalebis miRebisa da maTi samrewvelo masStabiT warmoebis realuri 
SesaZlebloba. magaliTad, Tu ramdenime aTeuli wlis win diabetiT 
daavadebuli 60 milioni adamianidan 5-10% iyo dakmayofilebuli insulinis 
preparatiT, dRes genuri inJineriis wyalobiT, problema moxsnilia. 
     genur inJinerias safuZvlad daedo sxvadasxva organizmebidan gamoyo-
fili an sinTezirebuli genebis xelovnuri gaerTianebis principi, anu 
rekombinantuli dnm-is sinTezi. sxvadasxva organizmidan gamoyofil dnm-s 
specialuri fermentebiT _ restiqtazebiT Wrian. miRebul fragmentebs amuSave-
ben terminaluri transferaziT, romelic axdens 3’ kididan dezoqsi-
nukleotidebis dnm-Tan dakavSirebas. am gziT moxerxda  pro- da eukariotebis 
qromosomebis fragmentebis funqciuri gaerTianeba, ris Sedegad miRebulia 
mravali rekombinantuli dnm. Semdgomi etapia ujredSi rekombinantuli dnm-is 
Seyvana. Aam mizniT iyeneben plazmidebs. Pplazmidi citoplazmuri orjaWviani 
wriuli dnm-ia, romelic ar gamoirCeva didi zomiT. Aadvilia maTi ujredidan 
gamoyofa. damtkicebulia plazmidSi Cadebuli informaciis sxva ujredSi 
gadatanis SesaZlebloba. magaliTad, E. Coli-is plazmidSi penicilinisadmi 
gamZle geni, e.w. R-faqtori gadatanil iqna Salmonella tiphimurium-Si maTi 
erTmaneTTan Serevisa da erTdrouli inkubaciis pirobebSi.  
     nukleinis mJavebis Seswavlis erT-erT yvelaze gavrcelebuli meTodi   
molekulur biologiasa da genur inJineriaSi aris dnm-is fragmentebis 
klonirebis meTodi. klorinebis mizania didi raodenobiT nebismieri genomuri 
dnm-is fragmentis sufTa saxiT miReba. am meTods safuZvlad udevs rekombi-
nantuli dnm-is gamoyeneba. rekombinantuli ewodeba molekulas, romelic 
warmoqmnilia ori absoluturad sxvadasxva warmoSobis dnm-is Tanamim-
devrobis SeerTebis Sedegad. 
    klonirebis arsi mdgomareobs imaSi, rom plazmidebi da fagebi, romelTa 
genomSi ‘’CaSenebulia’’ nebismieri warmoSobis dnm-is ubani, agrZeleben baqte-
riaSi normalurad funqcionirebasa da gamravlebas. nebismier baqteriaSi 
plazmidebs, romlebsac aqvT egzogenuri dnm-is ‘’CaSenebis’’ unari da gamoi-
yeneba klonirebisaTvis, veqtorebi ewodeba. egzogenuri dnm-is ubani, romelic 
‘’CaSenebulia’’ anu klonirebulia aseT veqtorebSi, saSualebas iZleva erTi 
molekulidan miviRoT usazRvrod didi raodenoba. es procesi Semdegnairad 
mimdinareobs: restriqtaziT damuSavebis Semdeg plazmiduri dnm gadaiqceva 
xazovan molekulad. am molekulis orive bolos uerTdeba egzogenuri dnm-is 
fragmentis boloebi, romelic imave restriqtazis moqmedebis Sedegadaa miRe-
buli. ferment ligaziT boloebis SeerTebis Sedegad kvlav warmoiqmneba 
wriuli, amjerad, qimeruli molekula. aseTi hibriduli anu qimeruli 
molekulebi Sedgeba veqtoris genomuri dnm-isa da damatebiTi egzogenuri 
dnm-isagan. isini baqteriaSi replikacias iseve zustad ganicdian, rogorc 
arahibriduli plazmidebi da fagebi. amis gamo SesaZlebelia maTi gamravleba 
da didi raodenobiT miReba. baqteriebi, romelTa ujredebi Seicaven hibridul 
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molekulebs, warmoqmnian klonebs. kloni ewodeba ujredis an molekulis did 
raodenobas, romelic mSobliuri formis ujredis an molekulis identuria.  

 
lipidebi 

 
 lipidebi cximismagvari nivTierebebia, romelTac yvela cocxali ujredi 

Seicavs (berZ. ‘’lipos’’-cximi). isini ixsnebian organul gamxsnelebSi da 
hidrolizis Sedegad warmoqmnian organul mJavebs. 

 lipidebi did rols asruleben sasicocxlo procesebSi. isini, rogorc 
biologiuri membranis struqturuli komponentebi, ganapirobeben masSi 
mimdinare procesebs, ionebisa da metabolitebis transports, fermentebis 
aqtiurobas, nervuli impulsis gadacemas, kunTis SekumSvas, ujredebs Soris 
kontaqtebis warmoqmnas. zogierTi glikolipidi hormonebis, toqsinebis, 
virusebisa da sxvaTa receptorebs warmoadgenen. lipidebidan uaRresad didi 
mniSvneloba aqvT cximebs, rogorc energiis wyaros. maTi daSlis dros orjer 
meti energia gamoiyofa, vidre naxSirwylebis daSlisas. cnobilia, rom 1 kg 
naxSirwylebis sruli dawvisas gamoiyofa 4180 kkal. energia, cilovani 
nivTierebebis dawvisas ki _ 9800 kkaloria energia. lipidebi asruleben 
agreTve dacviT funqcias (icaven organizms infeqciisagan, wylis zedmetad 
dagrovebis an dakargvisas). lipidebi qimiuri aRnagobis mixedviT iyofa sam 
did jgufad; 

1. Ria-jaWviani cximovani mJavebi da maTi fermentuli daJangvis 
produqtebi; 

2. glicerinSemcveli lipidebi; 
3. lipidebi, romlebic glicerins ar Seicaven. 
lipidebis struqturuli Tavisebureba is aris, rom maTi molekula 

aucileblad Seicavs erT an ramdenime hidrofobur Camnacvlebels, romelic 
saSualebas iZleva gaixsnas lipidi arapolarul gamxsnelebSi (qloroformi, 
eTeri, gogirdnaxSirbadi) da hidrofilur Camnacvlebels (romelic saSu-
alebas iZleva gaixsnas lipidi polarul gamxsnelebSi). 

glicerinSemcveli lipidebi, Tavis mxriv, iyofa: 
a. neitralur lipidebad; 
b. fosfolipidebad. 
lipidebi, romlebic glicerins ar Seicaven, iyofa: 
a. sfingolipidebi; 
b. cvilebi; 

     g. terpenebi; 
     d. sterinebi. 

hidrolizis unaris mixedviT lipidebi iyofa: gasasapn da gausapnav li-
pidebad. gasasapni lipidebis hidrolizis Sedegad miiReba sapnebi, maSin roca 
gausapnavi lipidebi ar hidrolizdebian cximovani mJavis warmoqmniT. aseTi 
lipidebia steroidebi da terpenebi. 

cximovani mJavebi. cximi Sedgeba samatomiani spirtis glicerinisa da cximovani 
mJavebisagan. cximovani mJavebi iyofa najer, ujer da hidroqsicximovan mJave-
bad.  
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 cxrili 9 
lipidebidan gamoyofili cximovani mJavebi 

 
ნაჯერი ცხიმოვანი მჟავები 

ცხიმოვანი მჟავა ფორმულა 
ერბოს მჟავა 
ვალერიანის მჟავა 
კაპრონის მჟავა 
კაპრილის მჟავა 
კაპრინის მჟავა 
ლაურინის მჟავა 
მირისტინის მჟავა 
პალმიტინის მჟავა 
სტეარინის მჟავა 
არაქინის მჟავა 

CH3(CH2)2COOH 
CH3(CH2)3COOH 
CH3(CH2)4COOH 
CH3(CH2)6COOH 
CH3(CH2)8COOH 
CH3(CH2)10COOH 
CH3(CH2)12COOH 
CH3(CH2)14COOH 
CH3(CH2)16COOH 
CH3(CH2)18COOH 

უჯერი ცხიმოვანი მჟავები 
ოლეინის მჟავა 
ერუკის მჟავა 
ლინოლის მჟავა 
ლინოლენის მჟავა 
არაქიდონის მჟავა 

CH3–(CH2)7–CH=CH–(CH2)9–COOH  
CH3–(CH2)7–CH=CH–(CH2)11–COOH  
CH3–(CH2)3–(CH2–CH=CH2)2–(CH2)7–COOH  
CH3–(CH2–CH=CH)3–(CH2)7–COOH  
CH3–(CH2)4–(CH=CH-CH2)4–(CH2)3–COOH  

ჰიდროქსიცხიმოვანი მჟავები 
დიჰიდროქსილსტეარინის მჟავა 
ცერებრონის მჟავა 

CH3–(CH2)14–(CHOH)2–COOH 
CH3–(CH2)21–CHOH–COOH 

 

                                                
    cximovani mJavebi, iseve rogorc glicerini, ganicdian daJangvas, aRdgenas 
da monawileoben gliceridebis sinTezSi. 
    dReisaTvis cnobilia orasze meti cximovani mJava, romlebic erTmaneTisa-
gan gansxvavdeba naxSirbaduli jaWvis ganStoebis xarisxisa da xasiaTis, or-
magi bmebis ricxvisa da mdebareobis da naxSirbaduli jaWvis sigrZis 
mixedviT. mcenareul da cxovelur lipidebSi Semavali cximovani karbonmJave-
bi Seicaven naxSirbadatomTa luw ricxvs (4-idan 22-mde) da normaluri 
aRnagoba aqvT. Uujeri mJavebi Seicaven erT, or, sam da oTx ormag bmas, rom-
lebsac cis-konfiguracia aqvT. Nnajeri cximovani karbonmJavebidan aRsaniSna-

via palmitinmJava da stearinmJava, xolo ujeri mJavebidan oleinmJava, linol-

mJava, linolenmJava da araqidonmJava. 
    adamianis organizmisaTvis araqidonis mJavas gansakuTrebuli mniSvneloba 
aqvs, ramdenadac misgan xdeba prostaglandinebis da leikotrienebis sinTezi. 
linolmJava da linolenmJava ar sinTezirdeba adamianis organizmSi da mxo-
lod sakvebTan erTad xvdeba masSi. Ees mJavebi aucilebelia normaluri 
lipiduri cvlisaTvis, ris gamoc maT Seucvlel cximovan mJavebs uwodeben. 
linolmJavaTi da linolenmJavaTi mdidaria mcenareuli zeTebi. es mJavebi 
xels uwyobs sisxlSi qolesterinis (aTerosklerozis ganviTarebis erT-erTi 
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faqtoris) raodenobis Semcirebas. selis zeTidan miRebulia preparati 
linetoli, romelsac iyeneben aTerosklerozis profilaqtikisa da mkurna-
lobisaTvis. masSi eTilis eTerebis saxiT oleinmJavas da linolmJavas Sem-
cveloba Seadgens 15%-s, linolenmJavasi 57%, xolo sxva karbonmJavebisa9%. 

 

glicerinSemcveli lipidebi. 
neitraluri lipidebi 

 
     bunebrivi cximi umetesad rTuli gliceridebia. gliceridebis lRobis 
temperatura, maTSi Semavali cximovani mJavebis lRobis temperaturasTan 
SedarebiT dabalia. cximSi warmodgenili cximovani mJavebis ujerobis matebis 
Sesabamisad lRobis temperatura mcirdeba. cximovani mJavebis najerobis 
gazrdis paralelurad, lRobis temperatura matulobs. magaliTad, cxvris 
qonSi, romelsac adamiani Znelad inelebs, Warbadaa najeri cximovani mJavebi 
palmitinisa da stearinis mJavebis saxiT. Sesabamisad, lRobis temperatura 
400C-ia. Ffrinvelis qonSi, piriqiT, Warbadaa ujeri cximovani mJavebi (oleinis 
mJava) da, Sesabamisad lRobis temperatura 340C-ia. amiT aris ganpirobebuli, 
rom frinvelis cximis monelebis xarisxi cxvris qonTan SedarebiT gacilebiT 
maRalia. 
    cximebi warmoadgenen glicerinis rTul eTerebs. glicerinis sami hi-
droqsidan, Cveulebriv eTerificirebulia samive. amis mixedviT cximebi iyofa: 
mono-, di- da trigliceridebad. maT neitraluri cximebi ewodeba. ufro 
gavrcelebulia trigliceridebi, maTi zogadi formulaa: 

 

                                     

H2C O C R1

O

HC O C R2

O

H2C O C R3

O

 
 
sadac, R1,  R2  da R3 cximovani mJavas radikalebia. 
    cximebi, warmoSobis mixedviT, iyofa cxovelur da mcenareul cximebad. 
cxoveluri cximi myaria, mcenareuli ki - Txevadi. cxoveluri cximi Sedgeba 
najer mJavaTa naSTebisagan, mcenareuli - ujeri mJavebis naSTebisagan. 
sxvadasxva warmoSobis cximi sxvadasxva Sedgenilobisaa, magaliTad, adamianis 
kanqveSa cximi mdidaria najeri mJavebis naSTebiT, RviZlis cximi - ujeri 
mJavebis naSTebiT. 
    cximebs axasiaTebT eTerebisaTvis damaxasiaTebeli yvela reaqcia: Sesa-
pvnis, halogenebisa da wyalbadis mierTebis da daJangvis reaqciebi. ganvix-
iloT es reaqciebi cal - calke: 
1. Sesapvnis reaqcia. cximi, rogorc rTuli eTeri, wyalTan gacxelebiT, gan-
icdis hidrolizs. mrewvelobaSi hidrolizs atareben gadaxurebuli wylis 
orTqliT: 

 
 216 



H2C O C R

O

HC O C R

O

H2C O C R

O

+  3HOH
220OC

CH2OH

CHOH

CH2OH

+ 3 RCOOH

 
 

    cximis hidrolizi mimdinareobs tutis wyalxsnarTan gacxelebis piro-
bebSic: 

glicerini

H2C O C C17H35

O

HC O C

O

H2C O C

O

COOH

C17H35 COOH

C17H35 COOH

+  3NaOH
tOC

CH2OH

CHOH

CH2OH

+  3C17H35COONa
saponi

 
 

    cximis dasaxasiaTeblad didi mniSvneloba aqvs Sesapvnis ricxvs. igi 
gviCvenebs kaliumis an natriumis tutis miligramebis raodenobas, romelic 
ixarjeba erTi grami cximis hidrolizisas warmoqmnili cximovani mJavebis 
ganeitralebaze. rac ufro mcirea es ricxvi, miT ufro maRalia mocemuli 
cximis SedgenilobaSi Semaval cximovan mJavaTa molekuluri masa. 
2. halogenebis mierTeba. ujer mJavebs, molekulaSi arsebuli ormagi bmebis 
xarjze, unari aqvT halogenebis mierTebisa, magaliTad: 

 
CH3–(CH2)7–CH=CH–(CH2)7–COOH + I2 → CH3–(CH2)7–CHI–CHI–(CH2)7–COOH 

 
        160 gram cximTan mierTebuli iodis gramebis raodenobas, ioduri ricxvi 
ewodeba. rac ufro maRalia ioduri ricxvi, miT ufro ujeria mocemuli cxi-
mi; miT ufro met ormag bmas Seicavs masSi Semavali cximovani mJavas naSTi. 
qoqosisa da kakaos zeTis iodis ricxvi saSualod aris 10, karaqisa 30. zeTebi, 
romelTa iodis ricxvi aRemateba 140-s, haerze advilad iJangeba, Sreba da 
Txel afsks warmoqmnis. aseT zeTebs Srobadi zeTi ewodeba. 
    Srobadi zeTebi gamoyenebulia olifas dasamzadeblad, romelsac saRe-
bavebis gasaxsnelad iyeneben.       

                                                                         cxrili 10 
 

 
 
 
 
 
 

 
 
 
 
 
 

 

     zeTebi iodis ricxvi 

1.  qoqosis zeTi 
2.  kakaos zeTi 
3.  karaqis zeTi 
4. zeiTunis zeTi 
5. nuSis zeTi 
6. bambis zeTi 
7. simindis zeTi 
8. mzesumziris zeTi 
9. tungos zeTi 
10. selis zeTi 

10 
10 
10 
85 
85 
128 
128 
128 
190 
190 
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3. wyalbadis mierTeba.  zeTebi ujeri bmebis Semcvelobis gamo ierTebs wyal-

bads, rasac cximis hidrogenizacia ewodeba. hidrogenizacias atareben 2000 C-
ze, katalizator Ni   Tanaobisas, romlis drosac miiReba margarini: 

 

H2C O C C17H33

O

HC O C

O

H2C O C

O

C17H33

C17H33

+  3H2
220

OC

Ni

trioleingliceridi

H2C O C C17H35

O

HC O C

O

H2C O C

O

C17H35

C17H35

tristearingliceridi
 

 
am reaqcias xSirad iyeneben teqnikaSi, rodesac surT Txevadi mcenareuli 
zeTis gamyareba.  
4. daJangvis reaqcia.  cximebi Senaxvis procesSi, gansakuTrebiT, sinaTlisa da 
haeris moqmedebiT ganicdis damZaRebas. ujeri cximovani mJavebi advilad rea-
gireben damJangav nivTierebebTan. ozoniT daJangvisas miRebuli peroqsidi 
iSleba pelargonis aldehidad da azelainis mJavad: 

 
CH3

(CH2)7

HC

CH

(CH2)7

COOH
oleinis mJava

O3

CH3

(CH2)7

HC

HC

(CH2)7

COOH
oleinismJavas

O

O
O

CH3

(CH2)7

C
O

H

+

pelargonis
aldehidi

peroqsidi

COOH

(CH2)7

COOH

azelainis
   mJava

 
 

cximebis damZaReba xdeba agreTve baqteriebisa da obis sokoebis gavleniT.  
 

 

Ffosfolipidebi 
 

     fosfolipidebi biologiuri membranis ZiriTadi komponentebia. isini war-
moadgenen fosformJavasa da glicerinis an sfingozinis rTul eTerebs. 
fosfolipidebSi Sedis: 

a. glicerofosfolipidebi; 
b. glikolipidebi; 

glicerofosfolipidebi. bunebaSi yvelaze metad gavrcelebulia gli-

cerofosfolipidebis diaciluri formebi (R da R1 – cximovani mJavas naSTi). 
glicerofosfolipidebSi glicerinis erT-erTi pirveladi spirtuli jgufis 
wyalbadi Canacvlebulia fosformJavas naSTiT. darCenili ori hidroqsilis 
jgufis wyalbadatomebi ki naxSirwyalbaduri radikalebiT, romlebic glic-
erins ukavSirdebian rTuleTeruli an martiveTeruli bmebiT. am naerTebSi 
naxSirbadis erTi qiraluri atomia, ris gamoc isini arseboben ori stereoi-
zomeris saxiT. unda aRiniSnos, rom bunebaSi arsebuli yvela fosfoglicer-
idi L - rigisaa. 
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     cocxal organizmebSi gavrcelebulia glicerofosfolipidebis dia-
ciluri formebi, romelTac L – fosfatiduri mJavas warmoebulebs uwodeben. 
 

H

CH2OH

OH2C

HO O

P

OH

OH

L-glicero-3-fosfati

H

OH2C

CO O

P

OH

OH

H2C O C R

O

O

R1

glicerofosfolipidi
 

 
glicerofosfolipidebidan aRsaniSnavia fosfatidilqolinebi anu lecit-
inebi, fosfatidilserinebi, plazmalogenebi anu fosfatidileTanolamini. 
fosfatidilqolinebi anu lecitinebi Seadgens umaRles cxovelTa da mcena-
reTa qsovilSi Semaval fosfolipidTa 50%-s. 

 

HC

CH2O

C O

P

O-

O

H2C O C R

O

O

R1

fosfatidilqolini

O

O
H2
C CH2 N+(CH3)3

 
 
fosfatidilserinebi TiTqmis yvela prokariotuli da eukariotuli ujredis 
membranis SedgenilobaSi gvxvdeba. isini didi raodenobiTaa ZuZumwovrebis 
tvinSi (daaxloebiT 15%). 

HC

CH2

C O

P

O-

O

H2C O C R

O

O

R1 O

O
H2
C CH NH3

COOH

+

                                
sadac, R - R1   cximovani mJavas naSTia. 
SedarebiT naklebadaa gavrcelebuli plazmalogenebi anu fosfatidi-
leTanolaminebi, anu kefalinebi. isini baqteriuli ujredebis erT-erT 
ZiriTad komponents warmoadgenen.  

 

HC

CH2

O
C O

P

O-

O

H2C O C
H

CH

R1 O

O
H2
C CH2NH3

R

+

plazmalogeni  
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centraluri nervuli sistemis lipidebis saerTo raodenobis 10% 
plazmalogenebia. 
glikolipidebi. glikolipidebi Seadgens lipidebis did jgufs, romlebSic 
ZiriTadi Saqrovani komponentebia glukoza da galaqtoza, maTi sulfatebi 
(galaqtozilsulfati), aminSaqrebi (galaqtozamini, glukozamini da maTi N – 
acilirebuli nawarmebi) da sialmJavebi. glikolipidebis SedgenilobaSi ar 
gvxvdeba fosformJava da masTan dakavSirebuli azotovani fuZe. maTi tipiuri 
warmomadgenelia cerebrozidebi da gangliozidebi. aRniSnuli glikolipidebi 
Seicavs sfingozins. cerebrozidebSi, romlebic Sedis nervuli ujredebis 
garsis SedgenilobaSi, ceramidis naSTi dakavSirebulia D-glukozasTan 
(glukocerebrozidebi) an D-galaqtozasTan (galaqtocerebrozidebi) β-
glikoziduri bmiT. Ggalaqtocerebrozidi Sedis tvinis SedgenilobaSi. 
 

OH

H

NHH

CH2

O
CH2OH

OH

OH

H

H

O
H

OH

HH

COR

galaqtocerebrozidi

(H2C)12H3C

 
                                     
sadac R=C23H27 

    gangliozidebi glikolipidebia, romelTa SemadgenlobaSi Sedis sial-
mJavas erTi an ramdenime naSTi da oligosaqariduli jaWvi. Ees naerTebi 
pirvelad aRmoCenil iqna gangliebSi (aqedan warmoiSva maTi saxelwodeba). 
gangliozidebi Sedis ZuZumwovrebis qsovilSi, gansakuTrebiT bevria Tavis 
tvinSi. Ggangliozidebis zogadi formulaa : 

 

OH
H
C

CH

R

COR'NH

H2C OX
 

 
Х naxSirwylis naSTia, romelic Seicavs tetraglikozids, mis SedgenilobaSi 
Sedis D-galaqtozis, D-galaqtozaminis naSTebi, romlebic erTmaneTTan 
dakavSirebulia α-1,4, β-1,4, β-1,3 tipis bmebiT. 
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lipidebi romlebic glicerins ar Seicaven 
 

sfingolipidebi. sfingolipidi sfingozuri fuZis rTuli eTeria, sadac 
sfingozuri fuZe dakavSirebulia cximovan mJavebTan aminjgufiT da ara 
hidroqsilis jgufiT. Aamis gamo sfingolipidebSi myardeba ara 
rTuleTeruli, aramed amiduri bma. sfingozinuri fuZe Seicavs ujer bmebsa 
da ramdenime hidroqsilis jgufs. sfingolipidebSi ormagi bma, rogorc wesi, 
trans konfiguraciaSia. sfingolipidebSi gansakuTrebiT gavrcelebulia 
sfingozini. 
 

CH2OH

C

C

CH

HC

(CH2)12

CH3

H NH2

H OH

sfingozini

CH2

CH

HC

CH

HC

(CH2)12

CH3

NHCOR'

OH

ceramidi

OH

 
 

     sfingozini ujeri oratomiani aminospirtia, romelic C-4-Tan Seicavs or-
mag bmas trans-konfiguraciaSi, xolo C-2 da C-3 xiraluri atomi D-
konfiguraciaSia. sfingozuri fuZis N-warmoebulebs ewodeba ceramidi. sfin-
golipidebi ceramidis C-1 -is warmoebulebia. ceramidis iseT warmoebuls, 
romlis C-1-Tan hidroqsilis wyalbadi Canacvlebulia fosforilqolinis 
jgufiT, sfingomielini ewodeba. sfingolipidebis yvelaze ufro 
gavrcelebuli warmomadgenelia sfingomielini. masSi C–1-Tan hidroqsilis wy-
albadi Canacvlebulia fosforilqolinis jgufiT: 

 

CH2

HC

CHOH

HC CH(CH2)12CH3

NHCOR'

O P

O

OCH2CH2

O-

N(CH3)3
+

 
 
    organizmSi zogierTi paTologiuri cvlilebebi dakavSirebulia sfin-
gomielinis Semcvelobis zrdasTan an SemcirebasTan. magaliTad, aortis 
kedlebSi misi raodenobis gazrda SemCneulia aTerosklerozis dros. igi 
Sedis eriTrocitebSi, TirkmlebSi. ujredSi igi lokalizebulia plazmatur 
membranaSi. sfingomielinis hidrolizis dros warmoiqmneba cximovani mJava, 
oratomiani ujeri aminspirti cis- sfingozini, qolini da fosformJava. 
cvilebi (lipidebi romlebic glicerins ar Seicaven) umaRlesi cximovani 
mJavebisa da umaRlesi erTatomiani spirtebis rTuli eTerebia da cxoveluri 
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an mcenareuli warmoSobisaa. isini qmnian mcenareebSi, cxovelebsa da mwerebSi 
wyalgaumtar safarvels (spermaceti, futkris cvili). maT SedgenilobaSi 
Semavali umaRlesi erTatomiani spirtebidan SegviZlia davasaxeloT cetilis 
_ C15 H31 CH2OH  da miricilis – C29H59CH2OH spirtebi. isini ZiriTadad 
gavrcelebulia palmitinmJavas rTuli eTerebis saxiT. acetilpalmitati – 
C15H31COOCH2C16H33 warmoadgens spermacetis  ZiriTad komponents; Tavis qalis 
Rruebidan gamoyofilia spermacetis zeTi, romelic palmitinis mJavas da 
cetilis spirtis rTuli eTeria da gamoiyeneba parfiumerul warmoebaSi. 
cvilebi martiv, gasasapn lipidebs miekuTvneba. cvilebi xels uSlis 
mikroorganizmebis ganvladobas. xexilis Senaxva didad aris damokidebuli 
nayofebis kanSi cvilebis raodenobis Semcvelobaze. 
    cxoveluri cvilebidan aRsaniSnavia futkris cvili, cxvris matylis 
cvili lanolini (Salis cvili) da veSapis spermaceti (didi raodenobiTaa 
veSapis Tavis qalaSi). Ffutkris cvili warmoadgens miricilis spirtisa da 
palmitinmJavas rTul eTers (palmitin-miricilis eTeri). misi formulaa: 
C15H31COOCH2C30H61, axangrZlivebs Taflis Senaxvis vadas, gamoirCeva 
gansakuTrebuli gamZleobiT garemo faqtorebis mimarT (sinaTle, qimiuri da 
fizikuri faqtorebi). swored amiT aris ganpirobebuli, rom dRes 
sarkofagebSi gamovlenilia mravali aTasi wlis asakis futkris cvili. 
cxoveluri cvili lanolini icavs kansa da Tmebs wylis mavne 
zemoqmedebisagan. 
    mcenareuli cvilebidan gavrcelebulia selis, karnaubis-palmis cvilebi, 
romlebic warmoadgens 26-dan 34-mde naxSirbadatomis Semcveli mJavebisa da 
spirtebis rTul eTerebs. 
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lipiduri micelebi 
 

    wyalxsnarebSi polaruli lipidebi ganicdian dispersias da warmoqmnian 
micelebs. lipidebis naxSirwyalbadovani naSTebi aseT micelebSi wyalTan 
kontaqtSi ar imyofebian da warmoqmnian hidrofobur fazas, xolo 
hidrofiluri nawili lagdeba wylis zedapirze. micelebi zogjer Seicaven 
aTasamde lipidur molekulas, amitom aseTi nawilakebis masa SeiZleba iyos 
sakmaod didi. polaruli lipidebi wylis zedapirze warmoqmnian 
monomolekulur Sreebs, sadac molekulis hidrofiluri nawili mimarTulia 
wylis fazisken, xolo naxSirwyalbadebis naSTi – haeris hidrofoburi fazi-
saken (sur.16). fosfolipidebi advilad warmoqmnian ara marto monomole-
kulur, aramed bimolekulur Sreebsac, romlebSic naxSirwyalbadovani 
naSTebi Sris SigniTaa mimarTuli da warmoqmnian uwyvet naxSirwyalbadovan 
fazas, xolo hidrofiluri nawilebi moTavsebulia gareT, Sris orive mxridan 
da urTierTqmedeben wyalTan (sur. 16a). 
lipiduri micelebis struqtura organul gamxsnelebSi. gamxsnelis bunebis 
mixedviT, lipidebi warmoqmnian Cveulebrivi tipis micelebs, an e.w. 
,,amobrunebul” micelebs. ,,amobrunebul’’ micelebSi, romlebic arseboben iseT 
gamxsnelebSi, rogoricaa benzoli, heqsani da sxva, lipidebis molekulebs 
aqvT gansxvavebuli orientacia: maTi hidrofoburi nawili mimarTulia 
gamxsnelis mimarTulebiT, xolo polaruli nawili warmoqmnis micelis 
centralur hidrofilur ubans. ‘’amobrunebuli’’ micelebis warmoqmna 
SedarebiT gaadvilebulia arapolarul gamxsnelebSi mcireodeni wylis 
damatebiT (sur. 16b). 
    arapolaruli organuli gamxsneliT garemoculi ,,amobrunebuli’’ micelis 
polaruli ubani warmoadgens biologiur membranebSi fermentis regulaciis 
meqanizmebis Seswavlis saukeTeso models. 
Txevadi kristalebi. Llipiduri ormagi Sre SeiZleba imyofebodes ZiriTadad 
or fazur mdgomareobaSi – kristalurSi da Txevad_kristalurSi. xSirad maT 
uwodeben ,,myars’’ an ,,Txevads’’. maTi erTmaneTSi gadasvla xorcieldeba 
lipiduri molekulebis naxSirwyalbadovani jaWvebis galRobiT (sur. 16g) an 
gamoyinviT. ormagi Sris gadasvlaKkristaluridan Txevad_kristalurSi (an 
piriqiT) mimdinareobs mkacrad gansazRvrul temperaturaze, romelic 
damaxasiaTebelia mocemuli lipidisaTvis da mas uwodeben geli_Txevadi 
kristalebis fazuri gadasvlis temperaturas (tg).  
                                                                                        sur. 16 
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erTmagi Sre haeri-wylis gamyof zedapirze  

 

 
 
 
 

                sur. 16 a                                                       sur. 16 b 

                                 
 

lipiduri micelis struqtura wyalSi                   ,,amobrunebuli’’ micela 
                                                          (organuli gamxsneli + wyali) 

 
                                                                         sur. 16  
 
 
 
 
 
 
 
 
 

 
 

lipiduri ormagi Sris kristaluri mdgomareoba; 

lipiduri ormagi Sris Txevad-kristaluri mdgomareoba 
 

     germanelma mecnierma reinitcerma, swavlobda ra qolesterinis eTerebs, 
qolesterinbenzoatis lRobis temperaturis zeviT moulodnelad aRmoaCina 
Sualeduri faza. aseT naerTTa kristalebi lRvebodnen 1490 C   temperaturaze 
mRvrie siTxis warmoqmniT, romelic gardaiqmneboda WeSmarit izotropul 
siTxed 1790 C temperaturaze. lemani qolesterinbenzoatis lRobis process 
akvirdeboda polarizaciul mikroskopSi. man SeamCnia, rom miRebul mRvrie 
siTxes gaaCnia optikuri anizotropia. aseTive Tvisebebi aRmoaCnda mraval 
sxva nivTierebebs, maT Soris fosfolipidebsac. 
    Txevad-kristaluri Tvisebebi gaaCnia Semdeg lipidebs: fosfati-
dilqolins, sfingomielins, fosfatidileTanolamins, monogliceridebs, 
qolesterinis rTul eTerebs. lemanma nivTierebis axlad aRmoCenil 
mdgomareobas Txevad-kristaluri uwoda. SemdegSi mowodebul iqna termini 
mezofaza, rac niSnavs Sualedurs. garda amisa, SemoTavazebul iqna terminebi: 
kristaluri siTxeebi, Txevadi kristalebi da anizotropuli siTxeebi. 
    amJamad cnobilia Txevadi kristalebis ori ZiriTadi tipi: Termotropuli 
da liotropuli. Termotropuli Txevadi kristalebi miiReba mezogenuri (anu 
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Txevad-kristaluri mdgomareobis unaris mqone) nivTierebis gacxelebiT, 
xolo liotropuli Txevadi kristalebi warmoiqmneba ori naerTis SereviT, 
romelTagan erTi warmoadgens gamxsnels (magaliTad, wyali). 
    umetes SemTxvevaSi, liotropul Txevad kristalebs gaaCnia lameruli 
(fenovani) struqtura. am dros molekulebi ganlagebulia ormag SreSi ise, 
rom wyalSi uxsnadi kudebi erTmaneTSi ixsneba, xolo molekulis ionuri 
nawili_wyalSi (sur.17).                                                  
 
                                                                           sur. 17    

 
 
 
 
 
 
 

 
 

 
 
 

wyali-lipidis sistemis lameruli wyoba,  
romelsac warmoqmnis ormagi Sre 

  
     lameluri fazis struqtura dadgenil iqna rentgenostruqturuli 
analiziT. Sris sisqe molekulis gaormagebul sigrZeze naklebia da tempera-
turisa da wylis koncentraciis zrdasTan erTad  mcirdeba. SesaZloa, es ga-
mowveulia naxSirwyalbadovani jaWvis gaRunviT an SreSi molekulebis daxri-
lad ganlagebiT. wylis koncentraciis gazrdisas, lameluri struqtura SeiZ-
leba gadavides kuburSi, radgan kristaluri wyoba wylis mimatebiT irRveva. 
Kkuburidan gadadis heqsagonalurSi da bolos miiReba WeSmariti xsnari. 
    kuburi struqtura warmoqmnilia sferos wyobis mqone amfifiluri 
molekulebiT. Cveulebriv, kuburi struqturis dros, molekulis polaruli 
Tavebi sferos zedapirze Zevs, xolo maTi wyalSi uxsnadi ubnebi mimarTulia 
centrisken. heqsagonaluri struqtura warmoadgens cilindruli wyobis mqone 
molekulebs. mis struqturaSi molekulis wyalSi uxsnadi nawili mimarTulia 
cilindris centrisaken, xolo ionuri Tavebi ganlagebulia mis periferiaze. 
cilindrebis grZeli RerZebi paraleluria. fosfolipidebis kristalebi-
saTvis molekulebis wyobis lameluri xasiaTi saerToa. Termotropuli 
Txevadi kristalebi xasiaTdebian polimorfizmiT, e.i. Txevadi kristali 
SeiZleba imyofebodes ramdenime Txevad-kristalur fazaSi. Termotropuli 
Txevadi kristalebi gacxelebisas (myari mdgomareobidan TxevadSi 
gadasvlisas) gadis ramdenime mezofazas.  
    membranis ConCxis struqtura ganisazRvreba lipidebis molekulebis 
wyobiT. lipidur ormag SresTan dakavSirebulia membranuli cilebic, 
romelTagan zogierTi asrulebs fermentul funqcias. udavoa, rom lipidebis 
fizikuri mdgomareobis cvlileba ganapirobebs biologiuri membranebis 
struqturisa da funqciis Rrma cvlilebebs. 

ujreduli membranis molekuluri komponentebi. rogorc cnobilia, 
biologiuri membranebi mdidaria lipidebiT, gansakuTrebiT fosfolipidebiT 
(polaruli), romlebic Seadgenen mitoqondriebisa (95%) da eriTrocitebis 
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(53%) membranebis mTavar lipidur komponentebs. membranaTa umravlesoba 
Seicavs SedarebiT mcire raodenobiT triacilgli-cerinebsa da sterinebs. 
Ggamonakliss warmoadgens cxovelTa ujredis membranebi, romlebic didi 
raodenobiT Seicaven qolesterins. 
    eqsperimentuli monacemebiT dadgenilia, rom sxvadasxva warmoSobisa da 
daniSnulebis mqone membranebs fosfolipidebis sxvadasxva Tanafardoba 
axasiaTebs, rac ganapirobebs membranis funqciis sxvadasxvaobas.  
 
 

lipidebis qimiuri Tvisebebi 
 

     lipidebisaTvis damaxasiaTebelia hidrolizis, mierTebisa da daJangvis 
reaqciebi. 
1. hidrolizis reaqcia. Ggasapvnadi lipidebis damaxasiaTebeli reaqciebidan 
gansakuTrebuli adgili ukavia hidrolizis reaqcias. Mmisi saSualebiT 
adgenen lipidebis aRnagobas, aseve Rebuloben saxalxo meurneobisaTvis 
saWiro produqtebs (saponi). 
     hidrolizi warmoadgens organizmSi sakvebi cximebis utilizaciisa da 
metabolizmis pirvel stadias. hidrolizis reaqcia xorcieldeba 
gadaxurebuli orTqlis moqmedebiT an wyalTan gacxelebiT mineraluri 
mJavebis an tuteebis monawileobiT (gasapvna). organizmSi hidrolizi 
mimdinareobs ferment lipazas moqmedebiT. hidrolizis reaqciis magaliTebi 
moyvanilia qvemoT: 
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2. mierTebis reaqcia. Uujeri mJavebis lipidebi ormagi bmis xarjze ierTeben 
wyalbads, halogenwyalbadebs, wyals. magaliTad, ganvixiloT 1-
oleindistearin-glicerinis urTierTmoqmedeba iodTan: 
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     mniSvnelovan samrewvelo process warmoadgens ujeri mcenareuli 
zeTebis katalizuri hidrireba (hidrogenizacia). am dros wyalbadi uerTdeba 
ormag bmas 160-2000 C temperaturaze 2-15 atmosferuli wnevis pirobebSi 
nikelis an platinis katalizatoris Tanaobisas. xelovnuri karaqi (margarini) 
warmoadgens rZeSi mcenareuli zeTis hidrogenizirebul emulsias, romelsac 
aqvs margarinis suni da naRebi zeTis gemo.  
3. daJangvis reaqcia. Llipidebisa da maTi struqturuli komponentebis 
monawileobiT mimdinare JangviTi procesebi mniSvnelovan rols asruleben 
sasicocxlo procesebSi. ujeri triacilglicerinis haeris JangbadiT 
daJangva warmoadgens karaqis damZaRebis procesis nawils. 
a. haeris JangbadiT lipidebis daJangvis pirvelad produqtebs warmoadgens 
hidroperoqsidebi, romlebic warmoiqmnebian Tavisufali radikalebis xarjze. 
molekuluri Jangbadi warmoadgens biradikals da SeuZlia C-H  bmis mqone 
naerTebTan urTierTqmedeba. Hhidroperoqsidebis an gardaqmnis sxva 
produqtebis warmoqmna mimdinareobs radikaluri meqanizmiT. 

 

R H +O2 R O O H
hidroperoqsidi

 
 

     organuli naerTebis daJangva JangbadiT SeiZleba moxdes organizmis 
pirobebSic. peroqsiduli daJangva warmoadgens ujreduli membranis 
dazianebis mizezs. organizmSi jaWvis inicireba xdeba OH.  an HO2

 . 

radikalebiT, romlebic warmoiqmnebian, magaliTad, (II) rkinis ionis daJangvis 
dros wylis areSi: 

Fe2+ + O2 + H+ Fe3+ + HO O.

Fe2+ + RO OH Fe3+ + HO- RO.
 

 
    lipidebze aseTi radikalebis Setevis dros ormag bmasTan warmoiqmneba 
alilis tipis axali radikali, romelmac SemdgomSi SeiZleba warmoqmnas hi-
droperoqsidebi. saboolod miiReba mono- da dikarbonmJavebi mokle naxSir-
baduli jaWvebiT. ujeri cximovani mJavebis daJangviT peroqsimJavebiT 
(magaliTad, peroqsibenzoinis mJavaTi) warmoiqmneba epoqsidebi: 
 

     

CH3(CH2)7CH CH(CH2)7COOH

oleinis mJava

C6H5

O

O OH
C

CH3(CH)7CH CH(CH2)7

O

COOH

9,10-epoqsistearinis mJava  
 

     epoqsimJavebi aRmoCenilia bunebaSi. maT Soris aRsaniSnavia vernolis mJa-
va, romelic warmoadgens linolinis mJavas epoqsidirebis produqts C – 12,  C – 
13   ormagi bmebiT. 
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CH3(CH2)4CH CHCH2CH2=CH(CH2)7COOH

O

vernolis mJava
 

 
b. ujeri rigis mJavebi da lipidebi Cveulebriv pirobebSi iJangebian KMnO4-is 
wyalxsnariT da warmoqmnian glikolebs: 
                               

CH3

(CH2)7

HC

CH

(CH2)7

COOH
oleinis mJava

O3

CH3

(CH2)7

HC

HC

(CH2)7

COOH
oleinismJavas

O

O
O

CH3

(CH2)7

C
O

H

+

pelargonis
aldehidi

peroqsidi

COOH

(CH2)7

COOH

azelainis
   mJava

 
 

g. cximovani mJavebi ganicdian fermentul daJangvas, romelic moicavs sam 

stadias: 1. α,β –dehidrirebas; 2. hidratacias da 3. daJangvas. fermentuli da-
Jangvis dros miiReba β-ketonmJava, amitom mTeli es procesi ganixileba 
rogorc β – daJangva. stadiis dasawyisSi mJava monawileobs aqtiuri formiT – 
koferment  A –saxiT. rac Seexeba gausapnav lipidebs, isini ar hidrolizdebi-
an mJava da tute garemoSi. gausapvnadi lipidebia steroidebi da terpenebi. 
steroidebi cxoveluri warmoSobis lipidebia, xilo terpenebi – mcenareuli 
warmoSobis. orive Sedgeba erTnairi xuTnaxSirbadiani fragmentisagan – izo-
prenisagan. izoprenoidebis yvelaze gavrcelebul formas warmoadgens natu-
raluri kauCuki – izoprenis polimeri. 

 

CH2CHCH2C

CH3

izopreni

CH2CHCH2C

CH3

   poliizopreni 
naturaluri kauCuki

n
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lipidebis qimiuri sinTezi 
 

     lipidebs gamoyofen bunebrivi wyaroebidan, magram bevr SemTxvevaSi 
aucilebelia maTi qimiuri sinTezi. lipidebis qimiuri sinTezis dros 
(sxvadasxva jgufis dacvis mizniT) aucileblad unda Catardes acilirebis, 
alkilirebis, fosforilirebis, glikozilirebis reaqciebi. 
acilireba. glicerinis hidroqsilis jgufis an sfingozinebSi aminis jgufis 
acilireba warmoadgens metad gavrcelebul meTods. sadac, maacilirebel 
agentad iyeneben TviT cximovan mJavebs, halogenanhidridebs, anhidridebs, 
eTerebs. magaliTad, monoacilglicerinebi miiReba benzilirebuli an 
izopropilidenwarmoebulis acilirebiT qloranhidridebiT. ganvixiloT 1- da 
2-0-acilglicerinebis sinTezi.  
 

CH2

C

O

CH2OH

O H CH3

CH3

(CH2)7
O

Cl
C

H
C C

H
(CH2)7 CH3+

C6H5N

 

     CH2

C

O

H2C

O H CH3

CH3

H3O+O C

O

(CH2)7
H
C C

H
(CH2)7 CH3

CH2OH
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CH2

HO H

O C
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(CH2)7 CH CH CH3
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CH2OH

C

CH2OH

HO H
PhCHO

CH3C6H4SO3Hn

CH2O

C

CH2O

HO H CHPh
RCOCl

C6H5N

 
 

CH2O

C

CH2O

RCOO H CHPh
1. H3BO3; B(OMe)3

2. H2O

CH2OH

C

CH2OH

RCOO H

 
 

alkilireba. es meTodi gamoiyeneba martivi eTeruli bmis Semceveli lipide-
bis sinTezisaTvis. maalkilirebel agentebad iyeneben alkilhalogenidebs, p-
toluol an meTansulfomJavas alkilis eTerebs, aseve spirtebs. pirvelad, 
martiv eTerulbmiani lipidebi gamoyofil iqna 1909 wels. isini Sedian uj-
reduli membranis SedgenilobaSi.  
fosforilireba. mafosforilirebel agentebad iyeneben fosformJavas 
anhidrids, qlorfosfatebs. fosforilireba ganvixiloT fosfatidilqolinis 
sinTezis magaliTze. 1,2-diacil-glicerinis fosforilirebiT fenildiqlo-
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rfosfatiT da miRebuli fosfolipidis moqmedebiT qolinqloridTan miiReba 
fosfatidilqolini: 
 

CH2OH

C

CH2OCOR

R'OCO H
PCl2

O

OC6H5
C

CH2

C

CH2OCOR

R'OCO H

Cl

O

P

OC6H5

O

 

CH2

C

CH2OCOR

R'OCO H

O

O

P

O-

O (CH2)2 N(CH3)3
+

HO(CH2)2N(CH3)3Cl
+

 
R da R’ ujeri da najeri mJavebis naSTebia. 
 

    fosfatidilqolinisgan fosfolipaza D-s gamoyenebiT SeiZleba sin-
Tezirebul iqnas sxvadasxva fosfolipidi. kerZod, fosfatiduri mJava, 
fosfatidilglicerini, fosfatidileTanolamini da fosfatidilserini. 
 

       

CH2

C

CH2OCOR

R'OCO H

O

O

P

O-

O (CH2)2 N(CH3)3
+
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R'OCO H

OH

O

P

OH

glicerini

CH2

C

CH2OCOR

R'OCO H

O

O

P

O-
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+
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glikozilireba. igi farTod gamoiyeneba glikolipidebis sinTezisaTvis. am 
SemTxvevaSi iyeneben kenigs-knorisa da orToeTerul meTodebs. glikozilireba 
kenigs-knoris meTodiT Catarebul iqna qloroformis, vercxlis oqsidisa da 
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iodis Tanaobisas. 2,3-di-O-benzil-glicerinisa da 1,2-O-izopropiliden-
glicerinis kondensaciiT acetobromgalaqtozasTan miiReba β-galaqtozidi 
60%, xolo misi anomeri 1%-mde. 
 

 

 
 
 
 

terpenebi 
 

     Cven mier ganxiluli yvela lipidi ganicdis hidrolizs, ris Sedegadac 
miiReba sapnebi. arseboben lipidebi, romlebic ar hidrolizdebian cximovani 
mJavas warmoqmniT. aseTi lipidebia: terpenebi da steroidebi. terpenebi 
warmoadgenen mcenareuli warmoSobis biologiurad aqtiur naerTebs, 
romlebic Sedian eTerzeTebis SedgenilobaSi da Seicaven izoprenul ConCxs: 
 

C

C
C C C

 
 

    terpenebis pirveli warmomadgenlebi gamoyofil iqna skipidaridan. 
terpenebis zogadi formulaa (C5H8) 2+n, sadac n-is mniSvneloba icvleba 0-idan 
8-mde.  n-is mniSvnelobis mixedviT terpenebs yofen:  

1. monoterpenebad, sadac n=0            5. triterpenebad n=5 
2. seskviterpenebad, n=1                     6. tetraterpenebad n=6 
3. diterpenebad n=3                             7. politerpenebad n>8 
4. sesterpenebad n=4 

    yvela es naerTi agebulia e.w. ,,izoprenuli wesiT’’. TiToeuli maTgani 
SeiZleba warmovidginoT rogorc n raodenobis izoprenuli fragmentebi, 
romlebic erTmaneTTan SeerTebulia principiT – ,,Tavi-bolosTan’’. izoprenis 
fragmentebisagan Semdgar nerTebs zogadad izoprenoidebs uwodeben. A 
aRnagobis mixedviT terpenebs yofen: monociklur da biciklur terpenebad. 
monoterpenebi, seskviterpenebi da diterpenebi warmoadgenen biciklur 
terpenebs. isini Sedian sxvadasxva mcenareuli zeTebis SedgenlobaSi. Yyvela 
terpeni siTxea, maT aqvT sasiamovno suni. 
    monocikluri terpenebis warmomadgenelia limoneni, menToli, citrali. 
limonenis struqtura daadgina rusma qimikosma vagnerma. Llimoneni gvxvdeba 
wiwvian mcenareebSi, mas Seicavs mravali eTerzeTi, maT Soris limonis zeTic, 
rac ganapirobebs limonis sasiamovno suns. aqedan warmosdgeba saxelwodeba 
,,limoneni’’. igi Seicavs erT asimetriul naxSirbadis atoms, ris gamoc 
arsebobs ori enantiomerisa da maTi racematis saxiT. D-limoneni gvxvdeba 
limonis zeTSi, L-limoneni – naZvis wiwvebSi, xolo racemats Rebuloben 
izoprenis dimerizaciiT. limonenis dehidrirebiT katalizator platinis 
Tanaobisas miiReba aromatuli naxSirwyalbadi cimoli, xolo imave pirobebSi 
hidrirebiT – polimeTilenuri naxSirwyalbadi menTani: 
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    menToli Sedis pitnis eTerzeTebis SedgenilobaSi, axasiaTebs antisep-
tikuri, damawynarebeli da tkivilgamayuCebeli moqmedeba. amis safuZvelze am-
zadeben validols da surdos sawinaaRmdego malamoebs. mrewvelobaSi men-
Tols Rebuloben krezolis alkilirebiT izopropilis spirtiT gogirdmJavas 
Tanaobisas; jer miiReba Timoli, Semdeg ki misi aRdgeniT – menToli: 

CH

CH3

H3C CH3

menToli

OH

 
CH3

OH

(CH3) + CHOH; H2SO4

CH

CH3

H3C CH3

OH

6H

CH

CH3

H3C CH3

OH

 
 

     limonenis hidrataciiT warmoiqmneba oratomiani spirti terpini, romelic 
kristaldeba erT molekula wyalTan terpinhidratis saxiT, romelic gam-
oiyeneba qronikuli bronqitis dros amosaxvelebel saSualebad: 

 

C

CH3

H3C CH2

2H2O

C(OH)

CH3

H3C CH3

H2O
OH

C(OH)

CH3

H3C CH3

OH
+ H2O

 
 

    citrali Sedis evkaliptis zeTis SedgenilobaSi. igi warmoadgens sawyis 
produqts A vitaminis misaRebad. cnobilia citralis ori diastereomeri: α – 
citrali da β – citrali. 
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CHOC H

CH3C CH2CH2 C
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C(CH3)2

α−citrali

CH COH

CH3C CH2CH2 C
H

C(CH3)2

β−citrali
 

 
     citrali moyviTalo feris zeTisebri nivTierebaa, aqvs Zlieri limonis 
suni. biciklur terpenebs miekuTvneba borneoli, qafuri, pineni. borneoli 
erTatomiani spirtia. Sedis qafuris, lavandis, muskatis eTerzeTebSi. 
borneoli kristaluri nivTierebaa (lR. t. 2100C), aqvs qafurisa da pitnis 
suni. borneoli daJangvis Sedegad warmoqmnis qafurs. 
 

OH

borneoli

+ [O]
O

qafuri

CH3 CH3

 
    qafuri farTod aris gavrcelebuli bunebaSi. sinTezurad qafurs Re-
buloben α-pinenisa da borneolisagan. α-pinenidan (skipidaridan) miRebuli 
qafuri Seicavs mraval toqsikur nivTierebas minarevis saxiT da 
gamoyenebulia mxolod teqnikuri miznebisaTvis (celuloidis misaRebad). 
borneolisagan miRebuli qafuri sufTaa da gamoyenebulia medicinaSi. igi 
iwvevs centraluri nervuli sistemis aRgznebas, xels uwyobs sunTqvas, 
dadebiTad moqmedebs gulis kunTis muSaobaze da aCqarebs sisxlis mimoqcevas. 
bunebaSi gavrcelebulia α – da β – pineni: 

α−pineni β−pineni  
     isini skipidaris Semadgeneli nawilia. maTi erTmaneTisagan dacileba 
SesaZlebelia fraqciuli gamoxdiT. skipidari advilmoZravi siTxea (duR. 
t=150-1800 C). wyalSi ar ixsneba da aqvs damaxasiaTebeli suni. Mmas iyeneben 
zeTis saRebrebis warmoebaSi rogorc gamxsnels, romelic xels uwyobs 
olifis swraf gaSrobas. skipidars Rebuloben wiwviani xeebis fisovani 
gamonayofis wylis orTqliT gamoxdis Sedegad.  
    triterpenebidan aRsaniSnavia sqvaleni, igi pirvelad gamoyofil iqna 
zvigenis RviZlis zeTisagan da warmoadgens steroidebis biosinTezis 
Sualedur produqts. tetraterpenebi anu karotinoidebi warmoadgenen 
bunebriv pigmentebs, romlebsac yviTeli an wiTeli narinjisferi aqvT. maTi 
saxelwodeba warmosdgeba stafilos saxelwodebidan (laT. Karota – stafilo, 
berZn. idos – saxeoba). isini ganapirobeben yvavilebisa da nayofis Seferilobas. 
karotinoidebi iyofa or jgufad: karotinoidul naxSirwyalbadebad da C40-
qsantofilebad. karotinoiduli naxSirwyalbadebia:  α, β, γ da  ε karotini da 
likopini. bunebriv karotinSi didi raodenobiTaa β-karotini. igi muqi – alis-
feri kristalebia. Llikopini wiTeli – iisferi kristalebia, Sedis pomidvris 
SedgenilobaSi da ganapirobebs mis wiTel fers. karotinoidebi Sedis 
sxvadasxva mcenaris (stafilo, gargari, oxraxuSi) SedgenilobaSi. cxoveluri 
organizmi maT sakvebidan iRebs. isini organizmSi vitamin A-s provitaminebs 
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warmoadgenen. C40-qsantofilebs ekuTvnis kriptoqsanTini, likopini, 
zeaqsanTini. Llikopinis da β-karotinis narevi ganapirobebs gargaris 
Seferilobas. zeaqsanTini Seferilobas aZlevs kvercxis gulsa da 
forToxlis wvens. karotinoidebi icavs ujredebs fotodinamikuri 
dazianebisagan, monawileobs fotosinTezis procesSi da ujreduli membranis 
gavliT gadaaqvs Jangbadi. cxovelebSi karotinoidebi iwvevs sasqeso 
hormonebis stimulirebas, adamianebSi aZlierebs imunur statuss. 
    politerpenebidan aRsaniSnavia kauCuki da gutaperCi. kauCuks Rebuloben 
mcenare heveasagan. erTi xidan wliurad iReben 500-dan 2000-mde kg  rZianas. 
rZiana anu lateqsi warmoadgens emulsias, romelic Seicavs 20 – 60% kauCuks. 
igi elastikuri polimeria. 

 
dabalmolekuluri bioregulatorebi 

 
     dabalmolekuluri bioregulatorebi warmoadgenen fiziologiurad 
aqtiur naerTTa mravalricxovan jgufs, romlebic asruleben sxvadasxvagvar 
funqciebs adamianTa da cxovelTa organizmebSi, mcenareebSi da 
mikroorganizmebSi. maT miekuTvneba: steroidebi, steroiduli hormonebi, 
mcenareuli hormonebi, feromonebi, prostaglandinebi, bunebrivi Sxamebi da 
toqsinebi, samkurnalo daniSnulebis preparatebi, pesticidebi, vitaminebi, 
alkaloidebi, antibiotikebi. aRniSnuli nivTierebebis gaerTianeba erT 
jgufSi efuZneba am nerTTa SedarebiT dabal molekulur wonas 
biopolimerebisagan (cilebis, nukleinis mJavebis, polisaqaridebis) 
gansxvavebiT. 

 
steroidebi 

 
     steroidebi ZiriTadad gavrcelebulia cxoveluri warmoSobis lipidebSi. 
isini biologiurad mniSvnelovani naerTebia, romelTa struqturas safuZvlad 
udevs ciklopentanperhidrofenantrenis kondensirebuli sistema, romelic 
Sedgeba sami cikloheqsanisa da erTi ciklopentanis birTvebisagan. 
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steroidebs ekuTvnis iseTi bunebrivi nivTierebebi, rogoricaa qolesterini, 
naRvlis mJavebi, vitamini D, sasqeso hormonebi, Tirkmelzeda jirkvlis 
hormonebi, orsulobis hormonebi, cxoveluri da mcenareuli Sxamebi da sxv. 
amJamad 20 000-mde steroidia cnobili. maTgan 100-ze meti gamoyenebulia 
medicinaSi. steroidebs miekuTvneba: 

1. sterinebi da masTan axlos mdgomi D jgufis vitaminebi; 
2. naRvlis mJavebi; 
3. sasqeso hormonebi; 
4. sagule glikozidebi. 

1. sterinebi. sterinebi policikluri kristaluri erTatomiani spirtebia, 
romlebic warmoadgenen naxSirwyalbad qolestanis warmoebulebs: es 
naxSirwyalbadi ciklopentanperhidrofenantrenisagan gansxvavdeba A, B, C da D 
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birTvebis mier warmoqmnil kuTxeebSi ori meTilis jgufis arsebobiT. garda 
amisa, qolestanSi ciklopentanis birTvTan dakavSirebulia rvanaxSirbadiani 
ganStoebuli jaWvi. sterinebi warmoSobis mixedviT iyofa zoosterinebad 
(cxovelebis), fitosterinebad (mcenareebis), mikosterinebad (sokoebis) da 
mikroorganizmebis sterinebad. steroidebidan yvelaze kargad qolesterinia 
Seswavlili, romelic bunebaSi gavrcelebulia ara marto eTerebis, aramed 
Tavisufali saxiTac. qolesterini zoosterinebis warmomadgenelia. 
gasufTavebuli qolesterini TeTri, kristaluri nivTierebaa. qolesterinis 
saerTo raodenobidan, romelsac Seicavs adamianis organizmi, mxolod 20% 
gvxvdeba sakvebSi. ZiriTadi raodenoba sinTezirdeba ZmarmJavasagan. qo-
lesterinis mimocvlis darRveva iwvevs arteriebis kedlebze mis gamoyofas 
da, aqedan gamomdinare, sisxlZarRvTa elastiurobis Semcirebas 
(aTerosklerozi). 
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    qolesteriniT mdidaria tvini, sisxli, Tirkmlebi, naRvlis qvebi. 
qolesterini RviZlSi gardaiqmneba naRvlis mJavad. Aadamianis naRvlidan 
gamoyofili mJavebi cnobilia qolis mJavebis saxelwodebiT. es mJavebi 
erTmaneTisagan gansxvavdebian erTi an ori hidroqsilis jgufiT. yvelaze 
metad gavrcelebulia qolis mJava, romelic qolanis warmoebulia.       
qolesterinis daJangvis Sedegad miiReba 7-dehidroqolesterini, romelic 
ultraiisferi sxivebis zemoqmedebiT gardaiqmneba vitamin D3- ad. 
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  zoosterinebis warmomadgenilia palmitoqolesterini anu qolesterinisa da 
palmitinis mJavas rTuli eTeri, romelic wylis moqmedebiT ganicdis 
gasapvnas da iSleba qolesterinad da palmitinis mJavad: 
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   mJava

H3C CH3

CH3

HO

CH3

CH3

qolesterini                                                             
(vitamini D1) 

 
     fitosterinebidan didi mniSvneloba aqvs ergosterols. igi didi rao-
denobiT Sedis safuarSi, saidanac xdeba misi gamoyofa. ultraiisferi 
sxivebiT ergosterolis dasxivebisas warmoiqmneba vitamini-D2 kalciferoli; 
D-jgufis vitaminebi aregulirebs kaliumisa da fosforis cvlas organizmSi, 
rac xels uwyobs Zvlovani da, nawilobriv, kunTovani qsovilis formirebas. 
Aam vitaminebiT mdidaria karaqi, rZe, kvercxi, Tevzis RviZli. D-vitaminebis 
nakleboba bavSvTa asakSi iwvevs raqits. am dros ar xdeba kalciumis 
fosfatis gamoleqva Zvlovan qsovilSi da Zvlebi rbildeba, rac iwvevs 
qsovilis deformirebas. 
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2. naRvlis mJavebi. qolesterini RviZlSi gardaiqmneba naRvlis mJavebad: 
naRvlidan gamoyofilia 4 maRalmolekuluri mJava, romlebic cnobilia 
qolis mJavebis saxelwodebiT. esenia: qolis mJava, dezoqsiqolis mJava, 
qenodezoqsiqolis mJava, litoqolis mJava.  
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     naRvlis sinTezi warmoebs RviZlSi, saidanac is gadadis naRvlis buStSi 
da specialuri sadinariT gadmoedineba Tormetgoja nawlavSi, sadac 
aqtiurad mimdinareobs lipidebis moneleba. naRvlis buStSi anTebis ubani 
naRvlis qvebis warmoSobis centrs qmnis. naRvlis qvebis 90%-s swored 
qolesterini Seadgens. 
    qolis mJavebi naRvelSi imyofeba amidebis saxiT, karboqsilis OH-jgufi 
Canacvlebulia glicinis (-NHCH2COOH) an taurinis –NHCH2(CH2)2SO3H  
radikaliT. qolis mJavebis natriumisa da kaliumis marilebi zedapirulad 
aqtiuri nivTierebebia da cximebis emulgaciasa da ferment lipazas 
aqtivacias axdenen, riTac xels uwyoben maT metabolizms. 
3. sasqeso hormonebi. hormonebi biologiurad aqtiuri nivTierebebia, 
romlebic warmoiqmnebian Siga sekreciis jirkvlebis moqmedebis Sedegad da 
monawileobas Rebuloben organizmSi nivTierebaTa cvlasa da fiziologiuri 
procesebis regulirebaSi. aRniSnuli naerTebi warmoadgenen Sualedur 
rgols nervul sistemasa da fermentebs Soris. Siga sekreciis jirkvlebSi 
sinTezirebuli hormonebi sisxlis saSualebiT miewodeba organoebs, sadac 
axdens Sesabamisi fermentebis katalizuri aqtivobis gazrdas an maTi 
biosinTezis daCqarebas. sasqeso hormonebs gamoimuSavebs qalisa da mamakacis 
sasqeso jirkvlebi. steroiduli hormonebi iyofa oTx jgufad: 

1. androgenuli (berZn. andros-mamakaci) hormonebi; 
2. hestagenuri (gestatio-orsuloba) hormonebi; 
3. kortikosteroidebi (Tirkmelzeda jirkvlis hormonebi); 
4. estrogenuli (qalis) hormonebi. 

androgenebi ewodeba mamakacis sasqeso hormonebs. esenia: androsteroni da 
testosteroni. isini naxSirwyalbad androstanis warmoebulebia. es hormonebi 
astimulireben spermis gamomuSavebas. Hhormonis nakleboba iwvevs azotisa da 
fosforis cvlis darRvevas. 
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    androgenul hormonebs ara marto saTesleebi Seicavs, aramed Sardic da 
Tirkmelzeda jirkvlebic. magaliTad, Sardidan gamoyofilia androsteroni. 
androgenebi did gavlenas axdenen metabolizmze (nivTierebaTa cvlaze). 
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sayuradReboa, rom androgenebs aqvT organizmis mier cilebis asimilaciis 
(aTvisebis) gaumjobesebis unari. Aamitom maT SeuZliaT azotis uaryofiTi 
balansis gamosworeba. sqesobriv hormonebs SeuZliaT moxucebuli organizmis 
erTgvari ,,ganaxleba’’, cxovelmyofelobis ramdenadme aweva, asimilaciuri 
procesebis gaZliereba, fizikuri da gonebrivi aqtiurobis stimulacia, sqe-
sobrivi ltolvis gaZliereba.  
hestagenuri hormonebi (orsulobis hormonebi) warmoiqmneba yviTel sxeulSi. 
hestagenebia: progesterini da pregnandioli. 
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    isini ewinaaRmdegebian axali kvercxujredebis momwifebas. maTi erToblivi 
moqmedebiT xdeba menstruaciuli ciklis regulireba. estrogenebi 
proliferaciis fazaSi  (5-idan 13 dRis CaTvliT) iwveven saSvilosnos 
lorwovani garsis intensiur zrdas. hestagenebi moqmedeben 13-idan 28 dRis 
CaTvliT da amzadeben saSvilosnos ganayofierebuli kvercxujredisaTvis. Tu 
ganayofiereba ar ganxorcielda, maSin yviTeli sxeuli gadagvardeba da 
hestagenebis gamomuSaveba Sewydeba. Tu kvercxujredi ganayofierda, maSin 
hestagenebi orsulobis periodSi xels uSlian Semdgom ovulacias. arsebobs 
sinTezuri hestagenebi _ Casaxvis sawinaaRmdego kontraceptivebi: sinestroli, 
pregnini da sxv. Casaxvis sawinaaRmdego preparatebis ukontrolo miRebas 
SeuZlia gamoiwvios arasasurveli garTulebebi. 
kortikosteroidebi. cnobilia 40-mde kortikosteroidi (Tirkmelzeda 
jirkvlis hormonebi). maT Seicavs Tirkmelzeda jirkvlebis qerqi. 
kortikosteroidebi iyofa or jgufad: glukokortikoidebad (aregulireben 
naxSirwylebisa da cilebis cvlas) da mineralkortikosteroidebad 
(aregulireben mineraluri nivTierebisa da wylis cvlas). 
     kortikoidebs didi mniSvneloba aqvT sicocxlisaTvis. Tirkmelzeda 
jirkvlis amokveTis SemTxvevaSi cxovelebi ramdenime dRis Semdeg iRupebian. 
glukokortikoidebia: kortikosteroni, hidrokortizoni da prednizoloni. 
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     kortikosteroni da hidrokortizoni insulinis antagonistebia da Saqris 
koncentracias zrdian sisxlSi. hidrokortizoni xels uwyobs glikogenis 
dagrovebas RviZlSi, zrdis glukozis Semcvelobas sisxlSi da gaaCnia 
anTebis sawinaaRmdego moqmedeba. Pprednizoloni sinTezuri 
kortikosteroidia, moqmedebiT Tavis bunebriv analogebze ufro Zlieria. 
Ggamoiyeneba revmatizmis, bronqialuri asTmis da kanis anTebiTi procesebis 
mkurnalobis dros. mineralkortikosteroidebis warmomadgenelia: 
dezoqsikortikosteroni da aldosteroni, romlebic iwveven natriumis 
ionebis Sekavebasa da kalciumis ionebis gamoyofas, ris gamoc organizmSi 
xdeba wylis Sekaveba. 
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estrogenul (qalis sasqeso hormonebs) hormonebs gamoyofen mdedrTa 
sakvercxeebi da iwveven menstruaciuli sisxlis denas. estrogenebi agreTve 
warmoiqmneba saTesleebidan da Tirkmelzeda jirkvlebidan. isini 
organizmidan SardTan erTad gamoiyofian. mniSvnelovani estrogenebia: 
estradioli, estroni da estrioli. isini Seicaven aromatul birTvs. 
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     estrogenebs Seicavs zogierTi mcenare: qoqosis kakali, tirifis yvavili 
da sxv. cxovelTa organizmSi warmoiqmneba steroidi ekvilenini, romelic 
Seicavs naftalinis birTvs.  
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4. sagule glikozidebi. zogierTi mcenare Seicavs glikozidebs, romlebic 
mcire dozebSi axdenen Zlier zemoqmedebas gulis kunTis muSaobaze (didi 
raodenoba iwvevs mowamvlas). maT axasiaTebT kardiotonuri moqmedeba da 
gamoiyeneba gul-sisxlZarRvTa daavadebebis samkurnalod. maT sagule  
glikozidebi ewodebaT. 
     sagule glikozidebi mJavuri an fermentuli hidrolizis Sedegad iSleba 
naxSirwylebad da steroidul aglikonad, romelsac genini ewodeba. sagule 
glikozidebia: digitoqsigenini da strofantidini. 
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     sagule glikozidebi, aglikonisagan gansxvavebiT, romlebic mciredi 
toqsikurobiT gamoirCevian, koncentrirdebian gulis kunTSi, sadac maTi 
Semcveloba 10-40-jer metia, vidre organizmis sxva qsovilSi. sagule 
glikozidebis erT-erT saukeTeso magaliTs warmoadgens lanatozidi A, 
romelic gamoyofil iqna mcenare futkaradan. 
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     sagule glikozidebi da sasqeso hormonebi biologiurad aqtiuri niv-
Tierebebia, amitom maT bioregulatorebs miakuTvneben. 
 

 
 
 
 
 

 

qolesterinis biosinTezi 
 

     qolesterinis biosinTezis ZiriTadi detalebi dadgenil iqna f.Llinenis, 
g. popiakisa da a. klimovis mier. sinTezi Sedgeba daaxloebiT 35 reaqciisagan. 
qolesterinis sinTezSi SeiZleba gamovyoT 3 ZiriTadi stadia: 

1. aqtiuri acetatis gardaqmna mevalonis mJavad; 
2. mevalonis mJavasgan sqvalenis warmoqmna; 
3. skvalenis ciklizacia; 
ganvixiloT es stadiebi cal-calke. 

1. mevalonis mJavas sinTezis sawyis etapze xdeba acetilkoferment A-dan 
(I) acetoacetil-ko- A-s warmoqmna (II). 

 

CH3 S ko AC

O
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CO+ H3C S ko A
acetil-ko A-acetiltransferaza

CH3 CO CH2 CO S ko A + HS ko A

CH3 CO CH2 CO S ko A COH3C S ko A+
+H2O

HOOC CH2 C

CH3

OH

CH2 CO S

+ HS-ko A

ko A +

 
 

aldonuri kondensaciiT acetoacilkoferment A ukavSirdeba acetilkoferment 
A-s axal molekulas da miiReba ß-oqsi- ß-meTil-glutaril-ko A(III), romelic  
erTi karboqsilis jgufis aRdgenisa da HS koferment A-s mowyvetiT gardai-
qmneba 3-hidroqsi-3-meTil-pentanis mJava_mevalonis mJavad (IV). 

 

III
aRdgena

CH2 OHCC
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2. qolesterinis sinTezis meore stadiaze mevalonis mJava gardaiqmneba 
sqvalenad. es stadia iwyeba mevalonis mJavas fosforilirebiT, romelic 
xorcieldeba atf-is saSualebiT, ris Sedegadac warmoiqmneba 5-fos-
fomevalonati (V), Semdeg ki 5-pirofosfomevalonati (VI). 
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     5-pirofosfomevalonis mJavaSi (VI) arsebuli mesamadi hidroqsilis jgu-
fis fosforilirebiT warmoiqmneba arastabiluri Sualeduri produqti 3-
fosfo-5-pirofosfomevalonis mJava (VII), romelic ganicdis dekarboqsili-
rebas da amave dros fosforis mJavas narCenis moxleCiT gardaiqmneba izopen-
tilpirofosfatad (VIII); es ukanaskneli izomerizdeba dimeTilalil-
pirofosfatad (IX). 
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orive izomeri(VIII)da(IX)kondensirdeba da warmoiqmneba heranilpirofosfati 
(X): 
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es ukanaskneli (X) kvlav ierTebs izopentilpirofosfats da warmoiqmneba 
fernezilpirofosfati (XI): 
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amave stadiaze xdeba ori molekula fernezilpirofosfatis kondensacia nadf 
H2-is Tanaobisas da warmoiqmneba skvaleni (XII): 
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1. qolesterinis biosinTezis mesame stadiaSi sqvaleni ganicdis ciklizacias 
sqvalenoqsidiciklazas gavleniT da warmoiqmneba lanosterini. SemdegSi 
lanosterinidan qolesterinSi gadasvla dakavSirebulia mTel rig 
reaqciebTan, romlebic jerjerobiT detalurad ar aris Seswavlili: 
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Fferomonebi 
 

      feromonebi warmoadgenen aqrolad organul nivTierebebs, romelTa 
saSualebiT xdeba erTi saxeobis individebs Soris urTierTobis damyareba. 
qimiuri komunikacia myardeba ara marto erTi saxeobis individebs Soris, 
aramed sxvadasxva saxeobis individebs Sorisac. iseT nivTierebebs, romlebic 
sxvadasxva saxeobis individebs Soris urTierTobis dasamyareblad 
gamoiyeneba, alomonebi ewodeba. alomonebsa da feromonebs Soris mkveTri 
zRvari ar arsebobs da xSirad isini erTmaneTs cvlian. 
  feromonebi aRmoCenilia TiTqmis yvela cxovelSi, magram yvelaze farTo 
informacia maT Sesaxeb miRebul iqna mwerebze Catarebuli cdebidan. m. 
barbies, v. karlsonisa da i. liuSenis ganmartebiT: feromonebi iseTi 
nivTierebebia, romlebic gamoiyofian garemoSi cocxali organizmebis 
specialuri jirkvlebidan da iwveven erTi da igive biologiuri saxeobis 
sapasuxo reaqcias. saxelwodeba feromoni Sedgeba 2 berZnuli sityvisagan: 
pherein-gadamtani da hormon-aRmgznebi, mastimulirebeli.Ffexsaxsrianebi 
garemoSi gamoyofen sunian nivTierebebs, romlebic haeris nakadTan erTad 
xvdebian mopirdapire sqesis ynosvis receptorebze da sapasuxo fiziologiuri 
reaqciiT aRagzneben organizms. mwerebis mier gamoyofili nivTierebebi Zlier 
moqmedicaa da specifikuric. Zlieri imitom, rom es naerTebi sakmaod didi 
manZiliT daSorebul sawinaaRmdego sqess izidavs, specifikuri ki imis gamoa, 
rom Sewyvileba xdeba mxolod Siga-saxeobriv individebs Soris. 
     pirvel cnobebs mwerebis mier gamoyofil sunian nivTierebebze didi 
frangi mecnieri, fiziologi anri fabri gvawvdis. man pirvelma aRmoaCina 
Ramis farSavangTvala pepelas mdedrebis unari, Sori manZilidan miizidon 
mamri peplebi. manve daasabuTa, rom bambis fenaze an sacobze moTavsebuli 
mdedrebi maTze toveben sunian nivTierebebs, romlebic izidaven mamr peplebs. 
suns mamri peplebi SeigrZnoben ulvaSebze (antenebze) moTavsebuli saynosi 
sensilebis saSualebiT. am organos srulyofam aRtacebaSi moiyvana didi 
mecnieri g. viliamsi, romelmac ganacxada: ,,peplebi SesaniSnavi mfrinavi 
manqanebia, romlebic Cayenebulia sasiyvarulo samsaxurSi”. 
     suniani nivTiereba ara marto Sori manZilidan izidavs sawinaaRmdego 
sqess, aramed Seamzadebs da aRagznebs mas Sewyvileba-gamravlebisaTvis, e.i. am 
nivTierebas gaaCnia afrodiazituli moqmedebis unaric. feromonebis fiziolo-
giuri moqmedebis Seswavla SedarebiT garTulebulia, radganac erTi da igive 

 
 244 



jirkvali erTdroulad gamoimuSavebs ramdenime nivTierebas, romlebic erTad 
ufro did sapasuxo reaqcias iwveven, vidre cal-calke (sinergizmi). 
    feromonebis qimiuri aRnagoba martivia, magram imis gamo, rom isini 
gamoiyofian mcire raodenobiT, identifikaciis pirvel cdebze didi dro 
daixarja, magaliTad, TuTis abreSumxvevias feromonis-bombikolis gamoyofas 
dasWirda 20 weli. Aamitom iyo, rom am feromonis sinTezis avtors a. 
betenadts peplebis feromonebze leqciebis kiTxvisas erT-erTi studenti 
Wabuki Seepasuxa: ,,oo, doqtoro betenadto! ratom kargavT amden dros 
peplebze’’? ra icoda am axalgazrdam, rom ramdenime xnis Semdeg mwerebis 
feromonebi mniSvnelovan rols Seasrulebda mavne mwerebis winaaRmdeg 
brZolis integraciaSi. dReisaTvis gaSifrulia 700-ze meti saxeobis bunebrivi 
feromoni, xolo praqtikuli miznebisaTvis sinTezirebulia 50-mde saxeobis 
feromoni. funqciuri moqmedebis mixedviT feromonebi iyofa jgufebad: 
1. sasqeso feromonebi _ erTiandebian iseT naerTTa jgufSi, romlebic sunis 
saSualebiT izidaven erTi da igive saxeobis sawinaaRmdego sqess da 
ganapirobeben saxeobis TviTganaxlebas. 
2. gangaSis feromonebi _  ekuTvnian biologiurad aqtiur nivTierebaTa im 
jgufs, romlis saSualebiT mavne mwerebi SeigrZnoben safrTxis moaxloebas 
da saSiSi zonidan gadaadgildebian uSiSar zonaSi. aRniSnuli feromonebi 
aRmoCenilia sazogadoebriv mwerebSi (termitebi, WianWvelebi, futkrebi, 
bugrebi). 
3. kvalis aRmniSvneli feromonebi _ iseTi naerTebia, romlebic WianWvelebs, 
termitebs exmarebian budis an sakvebis moZebnaSi.  
4. Tavdacvis feromonebi _ exmarebian mwerebs mtris mogeriebaSi. 
     CamoTvlil formaTa Soris gansakuTrebiT aRsaniSnavia sasqeso fe-
romonebi, romlebic garkveul sivrceSi uzrunvelyofen mopirispire sqesTa 
daaxloebas. isini warmoadgenen erTaderT sasignalo saSualebas gamrav-
lebisaTvis. sqesTa damakavSirebeli am genetikuri Zafis gawyveta SesaZlebe-
lia sinTezuri feromonebis saSualebiT. swored es daedo safuZvlad im 
meTodebsa da saSualebebs, romlebic dRes farTod gamoiyeneba mcenareTa 
dacvis saqmeSi. 
    feromonebis biologiuri aqtiuroba damokidebulia molekulis geometri-
ul formaze, kerZod, ki π orbitalebis ganlagebaze, cis- da trans-izomeriaze 
da funqciur jgufebs Soris arsebul manZilze. sapasuxo reaqcia feromonebze 
zogjer swrafia, zogjer _ dagvianebuli. feromonebs, romlebsac swrafi 
sapasuxo reaqcia axasiaTebT, ewodebaT relizerebi; xolo romlebsac day-
ovnebuli sapasuxo reaqcia aqvT _ praimerebi. 
    qimiuri bunebiT feromonebi miekuTvnebian organul NnivTierebaTa 
sxvadasxva klass: naxSirwyalbadebs, alifatur da aromatul spirtebs, alde-
hidebs, rTul eTerebs, karbocikluri da heterocikluri bunebis naerTebs. 

sasqeso feromonebi. pirveli sasqeso feromoni, romlis qimiuri aRnagoba 
gaiSifra, TuTis abreSumxveviaa. 6000 mdedri peplidan gamoyofil iqna 12 mg 
Fferomoni, romelsac bombikoli uwodes. bombikoli relizeria. Mmisi ramde-
nime molekula sakmarisia swrafi sapasuxo reaqciisaTvis. bombikolis 100 
molekula 1 ml haerSi sakmarisia imisaTvis,  rom miizidos ramdenime km-is 
manZiliT daSorebuli mamri. bombikoli warmoadgens erTatomian ujer spirts 
10-trans-12-cis-heqsadekadienols: 

                      23 CHCH − ( ) OHCHCH-CHCH
H
C

H
C 292 −=−=−  
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anu (10E, 12Z) - heqsadekadienoli
 

 
muxis foTolmxveviis feromons warmoadgens cis-11-tetradecenilacetatisa da 
trans-11-decenilacetatis narevi SefardebiT 1:2. 
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cis-izomeris aRnagoba:

OCOCH3  
 

trans-izomeris aRnagoba:

OCOCH3
 

 
muxis foTolxvevia-muxluxo aCanagebs tyeebs. 
    saxlis terakanas sasqeso feromonia 3,11-dimeTilnonakozanon-2, tropikuli 
wylis baRlinjosi ki trans-heqsen-2-ol-1. am ukanasknels sasiamovno suni aqvs 
da zogierT qveyanaSi gamoyenebulia pudris danamatad. 
    mwerebis sasqeso feromonebidan aRsaniSnavia e.w. ,,samefo nivTiereba’’, ro-
melsac gamoyofs deda futkari. am feromonis saSualebiT futkari Tavis 
garSemo ikribavs muSa futkrebs. isini deda futkars lokaven da alokili 
feromonis gavleniT ekargebaT gamravlebis unari. amrigad, ojaxSi mxolod 
deda futkars SeuZlia kvercxebis dadeba. ,,samefo nivTiereba’’ warmoadgens 
ujer ketomJavas_9-keto-2-transdecenmJavas: 
 

OH

OO  
 

feromonebis aqtiurobaze did gavlenas axdens maTi struqturuli Tavise-
bureba. magaliTad, Tu ,,samefo nivTierebaSi’’ ketonisa da karboqsilis 
jgufebs Soris manZils SevamcirebT erTi naxSirbadiT, maSin aseTi nivTiereba 
mTlianad kargavs aqtiurobas. 
    sasqeso feromonebi warmatebiT gamoiyeneba mavne mwerebTan sabrZolvelad, 
magaliTad oTaxis buzis feromonis _ muskalurisa da inseqticidis narevs 
aTavseben xafangSi da dgamen im adgilas, sadac saWiroa buzebis mospoba. 
feromonis sunze buzi Sedis xafangSi da iq kvdeba inseqticidis moqmedebiT: 

 

CH3(CH2)7

H
C CH

(CH2)12 CH3

 
anu

 
 

 

gangaSis feromonebi.  gangaSis feromonebs mwerebi ,,brZolis‘’ dawyebis win 
mters afrqveven, riTac maT ,,daRs’’ adeben. Ffutkari da bziki agresors uSxa-
puneben izoamilacetats, romlis suni sxvebisTvis samizne obieqts war-
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moadgens. mwerebis umetesoba sagangaSo feromonad iyenebs najer naxSirwyal-
badebs undekans (C11H24), tridekans (C13H28) da pentadekans (C15H32). 
     termitebis Tavdasxmis dros WianWvelebi gamoyofen e.w. mobilizaciis 
feromons, romelic termitebTan Setevis koordinacias axdens. Setakebis 
adgilze WianWvelebi jer sabrZolo mzadyofnaSi modian heqsanalis 
[CH3(CH2)4CHO] suniT, Semdeg Segrovdebian brZolis velze heqsanolis 
[CH3(CH2)4CH2OH] sunis gavleniT. bolos ki Tavdasxmaze gadadian feromonebis: 
2-butiloqtenal-2-isa da 3-endekanonis saSualebiT. 
kvalis aRmniSvneli feromonebi.  kvalis aRmniSvnel feromonebs WianWvelebi, 
futkrebi, termitebi iyeneben sakvebis misagnebad. WianWvelebis 12 saxeobidan 11 
saxeoba feromonad iyenebs heterociklur naerTebs, rogoricaa, 4-
meTilpirol-2-karbonmJavas meTilis eTeri: 

N
H

H3C

COOCH3
 

 
WianWvala am nivTierebas tovebs mcire raodenobiT - 108 molekula 1 santime-
trze. dedamiwis garSemo kvalis gasavlebad sakmarisi iqneboda am nivTierebis 
0,33 mg. tropikuli faraonis WianWvalebi kvalis feromonad iyeneben biciklur 
alkaloids: 

N
C4H9  

 
Taflis momcemi futkrebi kvalis feromonad iyenebs monoterpen-geraniols. 
zogierTi termitis kvalis feromonia 3Z-heqsenoli-1 (foTlis alkoholi): 

 
OH

 
 
zogierTi ki iyenebs 3Z, 6E, 8E-dodekatrienols: 
 

CH3(CH2)2(CH=CH)2CH2CH=CH(CH2)2OH  
 

OH  
 
 

Tavdacvis feromonebi. Tavdacvis feromonebs iyeneben rogorc mwerebi, ise 
cxovelebi da adamianebi. Tavdacvis feromonebs warmoadgens Tiospirtebi da 
TioeTerebi. biologiuri individi maT iyenebs mtris mosagerieblad. magaliT-
ad, skunsi (myrala) safrTxis SemTxvevaSi ukana nawilidan gamoafrqvavs 
arasasiamovno sunis mqone nivTierebas, romelTa SedgenilobaSi Sedis Ti-
ospirtebi da TioeTerebi: 
 

CH3CH=CH2SH      CH3CH=CHCH2SSCH3      (CH3)2CHCH2CH2SH 
 

skunsis garda aseT myral nivTierebebs afrqvevs zoliani afTari da Sav-
kuda iremi. cxovelebi Tavdacvis mizniT gamoyofen farTo speqtris toqsinebs, 
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rogoricaa alkaloidebi, toqsikuri steroidebi, toqsikuri polipeptidebi da 
sxv. magaliTad, morielis Sxami Sedgeba polipeptidisagan, romlis 
SedgenilobaSi Sedis 18 aminmJavas naSTi. 
    obobas Tavdacvis feromoni (alomoni) Sedgeba histaminis, serotoninisa da 
polipeptidebisagan. 
 

                  

N

N
H

CH2CH2NH2

histamini

N
H

HO
CH2CH2NH2

serotonini  
 
    Savi obobas da oboba karakurtis nakbeni sasikvdiloa, gansakuTrebiT, 
ivnis-ivlisis TveebSi, winasaqorwilo da qorwinebis periodSi. karakurtis 
Sxams medicinaSi iyeneben botulizmis samkurnalod. 

 
CHOH CN

fermenti
CHO

+ HCN

 
 

    xoWo bombardiri Tavs icavs imiT, rom afrqvevs toqsinis cxel (1000 C tem-
peraturis) Rrubels, romelic Sedgeba hidroqinonis, wyalbadis peroqsidis 
da ferment-katalazasagan. Ffermenti katalaza Slis wyalbadis peroqsids da 
gamoyofs atomur Jangbads, romelic Jangavs hidroqinons da warmoqmnis mom-
wamlav nivTierebas _ qinons 

H2O2
katalaza

H2O + [O]  
 

gamofrqvevis momentSi narevi feTqdeba da gamoscems Tofis xmas: 
 

                          

OH

OH

+ O

O

O  
 

     xoWo-myvinTava Tavs icavs Zlieri sawamlavis _ kantaridinis saSualebiT, 
romlis 10 mg adamianisaTvis sasikvdilo dozaa: 

 

O

O
CH3

CH3
O

O

kantaridini  
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     xoWo _ mocurala TavdacvisaTvis saWiro Sxams agrovebs jirkvlebSi. 
Sxami, ZiriTadad, Sedgeba steroiduli aRnagobis mqone nivTierebebisagan, ro-
melsac korteqsoni ewodeba. korteqsonis birTvi ZiriTadad iseTivea, rogorc 
mamakacis sasqeso hormonis testosteronis birTvi. korteqsonis aqtiuroba 
Cveulebriv pirobebSi ar mJRavndeba, magram Tu mtacebeli xoWos gadaylapavs, 
ramdenime wuTis Semdeg mas ewyeba Rebineba da xoWos gareT gamoisvris. mta-
cebel Tevzebs gamomuSavebuli aqvT refleqsi da Tavs arideben mas. 

 
CO

O
korteqsoni

CH2OH

 
 

     bayayisa da gombeSos Tavdacvis feromonebia steroiduli toqsinebi, 
magaliTad, gombeSo bufo Seicavs bufotalins _ gulis Sxams, iwvevs gulis 
kunTis damblas. gombeSos SxamebiT indielebi wamlavdnen isrebs. Mmsgavsi 
aRnagoba aqvs agreTve salamandrins, romelsac Seicavs salamandras kani, ma-
gram gombeSos Sxamisagan gansxvavebiT igi moqmedebs nervul sistemaze. 
 

HO

OH
OCOCH3

O

 
 

     feromonebs Rebuloben sinTezuradac. mrewveloba uSvebs asamde 
dasaxelebis sxvadasxva feromons, romelTa gamoyeneba soflis meurneobaSi 
gacilebiT ufro efeqturi da uvnebelia, vidre Sxamqimikatebis gamoyeneba. 
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iuveniluri da antiiuveniluri hormonebi 
 

     mweriWamiebis sicocxlis cikli moicavs ganviTarebis ramdenime safexurs: 
kvercxis ganviTarebas, kvercxis gardaqmnas matlad, matlis gadasvlas WuprSi 
da Semdeg mweriWamiebad Camoyalibebas. mTeli es metamorfozi mimdinareobs im 
bioregulatorebis monawileobiT, romelTa gamoyofa xdeba neirosekreciis 
jirkvlebiT. mweriWamiebis sicocxlis procesebis hormonuli regulacia 
pirvelad Seswavlil iqna v. uiglsvortis (didi britaneTi) mier 1934 wels. 
Ddadgenil iqna, rom neirosetuli ujredebi gamoyofen jirkvlebs, romlebic 
moqmedeben mweriWamiebis simaRleze da maT metamorfizmze. sabolood gam-
oirkva, rom mweriWamiebis ganviTareba-regulireba  mimdinareobs ori antago-
nisturi hormonuli sistemiT:  
ა. iuveniluri (inglisurad iuvenile-axalgazrda) hormoniT, romelic seskvit-
erpenuli bunebisaa  
 ბ. antiiuveniluri hormoniT.  
      iuveniluri tipis hormonebi, rogorc saxelwodebidan Cans, akontrolebs 
mweriWamiebis ganviTarebas adreul safexurze da garkveuli drois Semdeg 
aCerebs mweriWamiebis zrdas matlis stadiaze. pirveli iuveniluri hormoni 
gamoyofil iqna 1956 wels mamri peplis muclis Rrudan (0). mogvianebiT 
sxvadasxva mweriWamiebisagan gamoyofil iqna kidev sami iuveniluri hormoni (I-
III), romlebic xasiaTdebian maRali biologiuri aqtivobiT.  

H3C
COOCH3

R

H

O R1 R2
iuveniluri hormonebi (O) R=R1=R2=C2H5

(I) R=R1=C,H5,  R2=CH3

(II) R= R2=CH3, R1=C2H5

(III) R=R1=R2=CH3  
     mcenareebSi aseTi aRnagobis iuveniluri hormonebis aRmoCena ver 
moxerxda, mxolod kanaduri xoWodan gamoyves sxva seskviterpenuli naerTi 
iuvabioni, romelic xels uSlis mweriWamiebis matlis gardaqmnas did 
arsebad. Bbunebrivi hormonebis sinTezuri analogebi, rogoricaa hidropreni, 
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meTopreni da kinopreni farTod gamoiyeneba soflis meurneobis mavneblebis 
winaaRmdeg sabrZolvelad. 

H3C

COOCH3

CH3 O CH3

iuvabioni  
      1976 w. v. buersis mier dadgenil iqna, rom xromenis warmoebulebi: preko-
ceni I da prekoceni II, romlebic gamoyves mcenare ageratumidan, warmoadgens 
antiuvenilur hormons. prekocen II-Tan urTierTqmedebisas kolorados xoWos 
matli wyvets ganviTarebas, axdens antifidantur efeqts, iwvevs kvercxebis 
degeneracias, ris Sedegadac mavnebeli kvdeba. 
 

O
CH3
CH3

R

OH3C

prekoceni I R=H

prekoceni II R=OCH3

 
 

prostaglandinebi da prostaciklinebi 
 

prostaglandinebi miekuTvneba dabalmolekuluri bioregulatorebis 
yvelaze mniSvnelovan klass. maT axasiaTebT maRali biologiuri aqtivoba da 
moqmedebis farTo speqtri. prostaglandinebi pirvelad aRmoCenil iqna 
winamdebare jirkvlis prostatis spermaSi (aqedan warmodgeba misi 
saxelwodebac). dadgenilia, rom igi Sedis ZuZumwovrebis yvela qsovilSi. 
    prostalandinebs ganixilaven rogorc bunebaSi ararsebuli prostanis 
mJavas warmoebulebs: 
 

COOH

CH3

prostanis mJava  
 

prostanis mJavas ConCxi prostaglandinSi Seicavs erT, or an sam ormag bmas, 
erT an or hidroqsilur jgufs, aseve Seicavs karbonilur jgufs, magaliTad: 
 

COOH

CH3

O

OH OH

CH3

O

OH OH

COOH

 
O

OH OH

COOH

CH3
CH3

OH

OH OH

COOH
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    prostaglandinebi fiziologiurad Zalian aqtiuri nivTierebebia. isini 
aregulireben fiziologiuri procesebis normalur mimdinareobas da mravali 
paTologiuri procesis uSualo monawileni arian. prostaglandinebi war-
moadgenen ‘’zehormonebs’’ da fiziologiur aqtiurobas amJRavneben Zalian 
mcire koncentraciis SemTxvevaSi. maTi gavleniT icvleba kuWis sekretoruli 
funqcia, steroiduli hormonebis sekrecia, cximebis, wylis da marilebis 
cvla. Pprostaglandinebi sakmaod efeqtur gavlenas axdenen nervul ujredze, 
kerZod, maTi gavleniT arsebiTad icvleba neiromediatorebisa da cikluri 
nukleotidebis metabolizmi. prostaglandinebi moqmedeben gul-sisxlZarRvTa 
sistemaze. magaliTad, zogierTi maTgani afarToebs sisxlis ZarRvebs, 
aumjobesebs sisxlis mimoqcevas da amcirebs arteriul wnevas. zogi maTgani 
aCqarebs Trombocitebis agregacias. 
     prostaglandinebs efeqturad iyeneben ginekologiaSi. maTi saSualebiT 
SesaZlebelia aborti orsulobis nebismier periodSi. Pprostaglandinebs 
iyeneben gul-sisxlZarRvTa sistemis, kuWis wylulisa da Tormetgoja nawlav-
is wylulis samkurnalod da sxva. maTi sinTezi xdeba TiTqmis yvela qsovil-
Si, gamonaklisia adamianis eriTrocitebi. prostaglandinebis masinTezirebeli 
fermenti _ prostaglandinsinTetaza aRmoCenilia mikrosomebis membranaSi. 
kofaqtorebis rolSi gvevlineba nad+ da citoqromi p-450. 
     prostaglandinebis moqmedeba lokaluri xasiaTisaa, maTi efeqti vlin-
deba upiratesad iq, sadac isini sinTezirdebian da adgilzeve xdeba maTi 
inaqtivacia, C15 naxSirbadTan daJangviT an ormagi bmebis aRdgeniT. prosta-
glandinebis daSlis produqtebi organizmidan SardTan erTad gamoiyofa. 
isini polienuri cximovani mJavebis _ linolisa da araqidonis mJavebis war-
moebulebia. prostaglandinebi organizmSi warmoiqmneba araqidonis mJavasagan, 
romelsac organizmi fosfolipidebis saxiT Rebulebs. araqidonis mJavas Jan-
gviTi ciklizaciis Sedegad warmoiqmneba prostaglandini E2. 

 

CH3

O

HO HO

COOH

H H

O2

prostaglandini E2

araqidonis mJava

COOH

CH3

 
 

    araqidonis mJavasgan prostaglandinebis garda warmoiqmneba biologiurad 
aqtiuri sxva bunebrivi naerTebic: prostaciklinebi, venebis gafarToebis war-
moqmnis gamafrTxilebeli nivTierebebi, Tromboqsanebi, leikotrienebi (sqema17). 
Tromboqsanebi. Tromboqsanebi aramdgradi, magram aqtiuri nivTierebebia, rom-
lebic warmoiqmneba TrombocitebSi, iwveven Trombis warmoqmnas. Tromboqsane-
bi aRmoCenilia 1976 wels. isini organizmSi warmoiqmneba araqidonis mJa-vas 
metabolizmis Sedegad (sqema 14). cnobilia ori tipis Tromboqsani A  da B. 
  

O CH3

COOH
O

Tromboqsani A

O

COOH

Tromboqsani B
OH

HO
CH3

 
 

     Tromboqsanebi monawileoben organizmis araerTi funqciis regulirebaSi. 
Tromboqsanebi da prostaglandinebi zogjer sinqronulad moqmedeben, zogjer 
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ki antagonistebs warmoadgenen. prostaglandinebis da Tromboqsanebis antago-
nisturi zemoqmedebis  Tanafardoba aregulirebs sisxlis mimoqcevas or-
ganizmSi. Tromboqsanebis koncentraciis gazrda iwvevs iseT daavadebebs, 

rogoricaa aTerosklerozi, gulis iSemiuri daavadeba, revmatizmi, hipertonia. 
leikotrienebi. Lleikotrienebi warmoadgenen ujeri erTfuZiani mJavebis 
warmoebulebs, romelTa SedgenilobaSi Sedis sami ormagi bma SeuRlebul 
mdgomareobaSi (SesaZlebelia araSeuRlebuli ormagi bmis arsebobac). 
Lleikotrienebis SedgenilobaSi Sedis agreTve hidroqsi- an oqso-jgufebi. 
     cnobilia 6 tipis leikotrienebi: A, B, C, D, E   da  F. Yyoveli tipi Sedgeba 
6 seriisagan, romlebic erTmaneTisagan gansxvavdeba ormagi bmemis raodenobiT, 
rasac indeqsis saxiT aRniSnaven cifrebiT. 

 
 

 
 

 
sqema 14 

araqidonis mJavas metabolizmi 
 

 
 253 



araqidonis mJava

COOH

CH3

lipoqsigenaza

COOH
OOH

ciklogenaza

COOH

HOO

hidroqsi-eikozatetraenis
           mJavebi

COOH
OH

COOH

HO

hidroperoqsi-eikozatetraenis
           mJavebi

O

COOH

leikotreini A

COOH

leikotreini B

OH

OH
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COOH
O

O

prostaglandini G2
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COOH
O

O

prostaglandini H2
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COOH
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prostaglandini F2

OH

COOH
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O

prostaglandini D2

OH

COOH

O

OH

prostaglandini E2

OH

COOH

O

tromboqsani A2

O

HO

O

HOOC

OH

prostaciklini  
COOH

CH3

E4

OH

S
H2
C CH COOH

NH2  
     leikotrienebi arastabiluri naerTebia. ZiriTadad gavrcelebulia A da 
B tipis leikotrienebi. Lleikotrienebi napovnia ara marto adamianis organiz-

mSi, aramed mcenareebSi. ისინი Zlieri fiziologiuri aqtiurobiT xasiaTdebian, 
iwveven anafilaqsias (alergiis Taviseburi forma). leikotrienebi aviwroeben 
kuW-nawlavis traqtis da koronaluri sisxlZarRvebis gluv qsovilebs, 
ainicireben miokardis iSemiis ganviTarebas. leikotrienebi organizmSi ar 
akumulirdeba _ impulsurad warmoiqmneba saWiroebis SemTxvevaSi, raime gaRi-
zianebis sapasuxod. isini monawileoben anTebiT procesebSi da alergenis 
arsebobis SemTxvevaSi momentalurad iwveven sapasuxo reaqcias. 

vitaminebi, maTi mniSvneloba 
vitaminebi, rogorc kofermentebi 
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 vitaminebi dabalmolekuluri organuli naerTebia da warmoadgenen 
sakvebis aucilebel Semadgenel nawils.  

 vitaminebs sxvadasxvagvari qimiuri agebuleba aqvT. isini Zalian mcire 
dozebSi arian biologiurad aqtiurni da did rols asruleben nivTierebaTa 
cvlaSi. calkeuli vitaminebis funqciebi imdenad mWidrodaa erTmaneTTan 
dakavSirebuli, rom erTis nakleboba arRvevs meoris gamoyenebas. vitaminebs 
mWidro kavSiri aqvT agreTve organizmis mineralur cvlasTan. vitaminebis 
sinTezs axdenen mcenareuli organizmebi. mcenareebSi isini amave dros 
asruleben nivTierebaTa cvlis maregulirebel rols. nivTierebebs, romlebic 
adamianis organizmSi warmoqmnian vitaminebs, provitaminebi ewodebaT. 

 didi xnis win SemCneuli iyo, rom adamianis normaluri cxovel-
myofelobisaTvis, naxSirwylebis, cilebisa da lipidebis garda saWiroa 
damatebiTi faqtorebi. sakvebSi vitaminebis uqonlobisas aRiniSneboda mTeli 
rigi mZime daavadeba. sazRvao da CrdiloeT qveynebSi mogzaurobis dros 
axali xil-bostneulis uqonloba iwvevda daavadebas _ suravands (skorbuti). 
suravandis samkurnalod iyenebdnen fiWvis wiwvebs. SemdgomSi SemCneuli iyo, 
rom suravandiT daavadebulTa gankurneba SeiZleboda sakvebSi limonis wvenis 
an wiwvebis naxarSis damatebiT. 

 aRmosavleT qveynebSi (CineTi, iaponia) gavrcelebuli iyo daavadeba beri-
beri. es daavadeba gamoiwvia kangaclili brinjiT kvebam. dadgenili iyo, rom 
qaTmebic avaddebian beri-beris msgavsi daavadebiT, romlebsac frinvelebis 
polinevriti ewodeba. Ees avadmyofoba vrceldeba mxolod kangaclili 
brinjiT qaTmebis kvebis dros. sakvebSi qatos damatebiT aRiniSneboda 
frinvelTa gamojanmrTeleba. 

 praqtikuli cdebiT dadgenilia, rom suravandi da zogierTi sxva 
daavadeba kvebis defeqtebzea damokidebuli. aRsaniSnavia, rom rarig uxvi ar 
unda iyos kveba, organizmis normaluri cxovelmyofelobisaTvis saWiroa 
raRac damatebiTi nivTierebebi, romlebic yvela sakvebSi ar imyofeba. 
cximebis, cilebis, naxSirwylebisa da mineraluri marilebis garda sakvebi 
nivTierebebi unda Seicavdnen ucnob kvebiT produqtebs, romelTa aryofna 
sakvebSi mZime daavadebebs iwvevs. 

 poloneli mecnieri funki swavlobda frinvelTa polinevrits. man 1912 
wels 50 kg brinjis qatodan gamoyo 0,4 g aqtiuri nivTiereba, romlis 4-8 mg 
sakmarisi iyo polinevritisagan mtredis gasakurneblad. funkis mier 
kristaluri saxiT gamoyofili aminis jgufis Semcveli organuli nivTiereba 
icavda cxovelebs beri-berisagan. am naerTs sicocxlis amini anu vitamini 
uwoda (v i t a-laTinurad niSnavs sicocxles). Semdeg man es saxelwodeba 
gaavrcela yvela im nivTierebaze, romelTa ararseboba sakvebSi Sesatyvisi 
daavadebebis mizezia. aRmoCnda, rom am klasis mravali naerTi ar Seicavs 
azots, magram termini vitamini dRemde darCa xmarebaSi. 

 vitaminis dRe-Ramuri norma mikrogramidan ramdenime miligramis 
farglebSi meryeobs. racionaluri kvebis pirobebSi gaTvaliswinebuli unda 
iyos naxSirwylebis da cximebis kaloriuloba, cilebis srulfasovneba da, ra 
Tqma unda, vitaminebis standartuli normebi. mxolod aseT pirobebSia 
SesaZlebeli sakvebis normaluri moneleba da ujredSiga metabolizmi, 
cocxal organizmTa uzrunvelyofa energiiT da samSeneblo nivTierebebiT. 
sayuradReboa, rom adamianis, maimunis da zRvis goWis garda, cxovelebi 
nawilobriv ikmayofileben Tavis moTxovnebs vitaminebze. 

 sakvebSi vitaminebis naklebobisas adamianSi viTardeba hipovitaminozi, 
xolo maTi Warbi raodenobiT miRebisas _ hipervitaminozi. orive paTolo-
giuri mdgomareobaa, rac xSirad sikvdiliT mTavrdeba. gamokvlevebis 
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safuZvelze dadgenilia, rom arsebobs mWidro kavSiri  vitaminebsa da 
biologiur katalizatorebs _ fermentebs Soris. aRmoCnda, rom zogierTi 
vitamini cilasTan SeerTebiT warmoqmnis fermentebs. daavadeba, romelic 
gamowveulia sakvebSi ama Tu im vitaminebis naklebobiT, imis Sedegia, rom 
organizmSi arasakmaod aqtiuria Sesabamisi fermenti, romelic axdens 
nivTierebaTa cvlis gansazRvruli bioqimiuri gardaqmnis katalizs. 

vitaminebis zogierTi warmomadgeneli mniSvnelovan koferments war-
moadgens. kofermentebis didi nawili ar sinTezirdeba adamianis organizmSi 
da saWiroa maTi miReba mcenareuli an cxoveluri sakvebidan vitaminebis 
saxiT. magaliTad, dehidrogenazas kofermentebi: nikotinamidadenindinuk-
leotidi (nad+) da nikotinamidadenindinukleotidfosfati (nadf+) Seicavs  
vitamins nikotinmJava amidis saxiT; flavinadenindinukleotidi (fad) Seicavs 
vitamin B2-s _ riboflavins; piridoqsal-5’-fosfati Seicavs vitamin B6-s; 
Tiamindifosfati (kokarboqsilaza) Seicavs Timinis vitamins; kobamiduri 
kofermentebi Seicavs B12 vitamins (ix. kofermentebis TavSi). 

 ukanasknel xanebSi gansakuTrebuli yuradReba miipyro antivitaminebma. 
maTi gavleniT mcirdeba vitaminebis biologiuri aqtivoba. arsebobs 
antivitaminebis ori jgufis struqturuli analogebi, romlebic akaveben 
vitaminebis struqturul modifikaciebs da, Sesabamisad, maT inaqtivacias. 
antivitaminebi gamoiyeneba samedicino praqtikaSi, magaliTad, K vitaminis 
struqturuli analogi tromeqsani da dikumaroli, romelTac antivitaminuri 
Tvisebebi axasiaTebT, gamoiyeneba sisxlis Sededebis sawinaaRmdegod, xolo 
piridoqsinis analogi _ antivitaminebi izoniazidi _ tuberkulozis 
samkurnalod. antivitaminebs miekuTvneba aseve is fermentebi, romelTa 
moqmedebiT xdeba vitaminebis daSla (Tiaminoza, askorbatoqsidaza) da cilebi, 
romlebic vitaminebTan dakavSirebis gziT iwveven organizmSi vitaminebis 
deficits _ hipovitaminozs. 
vitaminebi iyofa or did jgufad: 

1. cximSi xsnad vitaminebad anu lipovitaminebad;   
2. wyalSi xsnad vitaminebad anu hidrovitaminebad. 

vitaminebs aRniSnaven laTinuri asoebiT. amJamad sakmaod kargadaa Seswavlili 
vitaminebi: A,  B1,  B2 ...B12,  C,  D,  E,  K ,  P,  PP. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cximSi xsnadi vitaminebi 
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am jgufSi Sedis vitaminebi: 
1. vitamini A  (antiinfeqciuri, zrdis vitamini) 
2. vitamini D, kalciferoli (antiraqituli) 
3. vitamini E1 (gamravlebis vitamini, antisteriluri vitamini) 
4. vitamini K (antihemoraguli) 

vitamini A. vitamini A  cikluri erTatomiani ujeri spirtia. igi warmoadgens 

mcenareuli warmoSobis yviTeli pigmentis beta karotinis (Carota  laTinurad 
stafilos niSnavs) warmoebuls. aqedan dasturdeba, rom karotini warmoadgens  
A-s  provitamins. vitamini A ixsneba organul gamxsnelebSi: benzolSi, 
qloroformSi, acetonSi, ixsneba cximebSi; wyalSi uxsnadia. vitamins didi 
mniSvneloba aqvs janmrTelobisaTvis, gansakuTrebiT, axalgazrda organiz-
mebisaTvis. misi nakleboba iwvevs axalgazrda cxovelebisa da bavSvebis zrdis 
SeCerebas, amitom mas zrdis vitamins uwodeben. zrdis faqtors warmoadgens 
ara retinoli, aramed RviZlSi misi daJangvis produqti _ retinolis mJava. 
vitaminis xangrZlivi nakleboba jer iwvevs organizmis sisustes, sabolood 
ki _ daRupvas. kristaluri retinolis sruli sinTezi ganxorcielda o. 
isleris mier 1947w. mas dRes samedicino miznebisaTvis ZiriTadad qimiuri 
sinTezis gziT Rebuloben. 

  A  vitaminiT yvelaze mdidaria Tevzis qoni da is cximebi, romlebic 
imyofebian zRvis zogierTi Tevzisa da cxovelis RviZlSi (virTevza, veSapi, 
lomTevza, selapi). A vitaminis mniSvnelovani warmomadgenelia retinoli A1  
da retinolis mJava A2. 

 

CH3

H3C CH3

CH2OH

CH3CH3

retinoli

vitamini A1

CH3

H3C CH3

C

CH3CH3

retinolis mJava

vitamini A2

O

OH

   
                                                                                       

 A2  vitamini aRmoCenil iqna 1937w.Ee.Lledereris da v. rozanovis mier. 
 organizmSi A vitaminis nakleboba iwvevs Tvalis daavadebas 

qserofTalmias (Tvalis simSrales), daavadeba iwyeba Tvalis rqovani garsis 
darbilebiT. TvalSi Cndeba libri, rac iwvevs dabrmavebas. sustad 
ganviTarebul qserofTalmias (SebindebasTan erTad adamiani mxedvelobis 
unars kargavs) warmoadgens daavadeba, romelsac ,,qaTmis sibrmave’’ ewodeba. 
didia retinolis roli mxedvelobis aRqmaSi. organizmSi igi iJangeba 11-
trans-retinalad, romelic ferment retinalizomerazas moqmedebiT 
gardaiqmneba 11-cis-retinalad, Semdeg ki ukavSirdeba Tvalis baduris ofsins 
da warmoqmnis sinaTlisadmi mgrZnobiare pigments – rodofsins (sur 18). 
sinaTlis STanTqmis dros fotoizomerizaciis Sedegad rodofsinis 
retinaluri komponenti gadadis 11-trans-retinalSi.       

                                                                     
 
 
 
 
 
                                                                   sur. 18  
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mxedvelobis aRqmis procesis qimiuri safuZveli 
 
 adamianis organizmi A vitamins Rebulobs rZis, kvercxisa da Tevzisagan, 

A-provitamins anu karotins_xil-bostneulisagan. mniSvnelovani raodenobiTaa 
karotini pomidorSi. karotinis raodenoba damokidebulia simwifis xarisxze – 
rac ufro mwifea nayofi, miT metia karotinis raodenoba. 

 vitaminis raodenoba sakveb produqtebSi damokidebulia sxvadasxva 
pirobebze. magaliTad, rZeSi A-vitamini zafxulSi ufro metia, vidre 
zamTarSi, vinaidan nedli balaxi Seicavs ufro met karotins, vidre Tiva. 
ukanasknelSi, gaxmobis Sedegad xdeba karotinis daSla. Kkvercxis gulSi A 
vitamini yvelaze metia zafxulSi, vinaidan am periodSi qaTmebi balaxiTac 
ikvebebian. Zroxis karaqi ar kargavs vitamin A-s 12 saaTis ganmavlobaSi 120 C-
ze gacxelebisas, Tu gaTboba xdeba haerTan Sexebis gareSe. magram Tu erboSi 
gaatareben haers da gaacxeleben 1000 C-ze, maSin A vitamini oTx saaTSi 
iJangeba. bostneulis xangrZlivi moxarSvisas karotini TiTqmis mTlianad 
inaxeba. Ppomidoris wvenis 1000 C-ze gacxelebiT 4 saaTis ganmavlobaSi 
ikargeba mxolod karotinis 18%. konservebSi karotini kargad inaxeba. 
karotinisaTvis araxelsayreli pirobebia xil-bostneulis Sroba. amasTan, 
swrafi Sroba, SedarebiT maRal temperaturaze naklebad saSiSia, vidre 
xangrZlivi Sroba dabal temperaturaze. balaxis Tivad gaxmobisas adgili 
aqvs karotinis did danakargs, rac gamowveulia mzis sxivebis uSualo 
moqmedebiT.  

 vitamini A maragis saxiT grovdeba RviZlSi. zrdasruli adamianis dRe-
Ramuri moTxovnileba A vitaminze 1,5 mg-ia, RorisaTvis _ 4 mg, kvercxmdebeli 
qaTmisaTvis _ 0,5 mg; Mmcenareuli sakvebi  A vitamins ar Seicavs. A vitaminis 
naklebobis tipuri niSania rqovanas anTeba da lorwovani arxebis garqovaneba, 
rasac Tan sdevs Tvalis simSrale. paralelurad aRiniSneba sunTqvis gzebis, 
kuW-nawlavis traqtis, Sardgamomyofi arxebis epiTeliumis garqovaneba da 
ganSreveba, infeqciuri daavadebebis mimarT imunitetis daqveiTeba. Yyvela 
gamovlenili niSani normalizebuli iqneba A vitaminiT mdidari sakvebi 
produqtebiT kvebis Sedegad. 
vitamini D, kalciferoli. bavSvTa daavadeba raqiti (Zvalrbiloba) didi 
xnidanaa cnobili. raqiti agreTve aRiniSneba mozrdilebSi ostioporozis 
(msxvrevadi Zvali) da osteomalaciis (Zvlis garbileba) saxiT. D vitaminis 
ararsebobis dros organizms ar SeuZlia gamoiyenos sakvebSi myofi 
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kalciumisa da fosforis marilebi, ris Sedegadac warmoiqmneba avitaminozi - 
raqiti. raqitis dros Zvlebi sigrZeSi ar izrdeba, mxolod rbildeba, qveda 
kidurebi da xerxemali mruddeba, gulmkerdi da Tavis qala ganicdis 
deformacias. normalurad gamomSrali Zvali Seicavs 65,33% marilebs da 29,4% 
xrtilovan qsovils, raqitiani Zvali ki_mxolod 18,2% marilebs da 71,25% 
xrtilovan qsovils; es ki iwvevs Zvlis qsovilis cvalebadobas. 

 cnobilia D1, D2, D3,D4, D5 vitaminebi, romlebic warmoadgenen sterinebis 
warmoebulebs. gansakuTrebuli biologiuri aqtiurobiT gamoirCeva vitaminebi 
D2 da D3, romelTac, Sesabamisad, ergokalciferolsa da qolekalciferols 
uwodeben. vitamin D2-isa da  D3-is provitaminebia ergosteroli da 
qolesteroli. ergosteroli Sedis safuvrebSi da masze ultraiisferi 
sxivebiT zemoqmedebisas miiReba ergokalciferoli- vitamini D2. D2 da D3 
vitaminebis agebuleba dadgenil iqna a. vindausis mier 1936-37 wlebSi da 
dadasturebul iqna rentgenostruqturuli analiziT. 

CH3

HO

CH3

ergosteroli vitamini D2

CH3

CH3H3C

CH3 CH3

HO

CH2

CH3

CH3H3C

CH3

 
 

 vitamin D3-is qolekalciferolis winamorbedia 7-dehidroqolesteroli, 
romelic miiReba qolesterolis daJangviT. 
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 ergosteroli da qolesteroli ujeri cikluri spirtia, romelsac sa-

fuZvlad udevs ciklopentanperhidrofenantrenis birTvi. Eergosterolis 
msgavsad, 7-dehidroqolesterolze ultraiisferi sxivebis zemoqmedebisas 
miiReba vitamini D3. D2  da D3 vitaminebis provitaminebi me-9, me-10 naxSirbada-
tomebs Soris kavSiris gawyvetis Sedegad gadadian aqtiur formaSi mzis ul-
traiisferi sxivebis zemoqmedebiT. Tu adamianis organizmi Seicavs 7-
dehidroqolesterols, maSin vitamini D3 sinTezirdeba organizmSi da misi 
miReba sakvebTan erTad ar aris aucilebeli. swored D3 vitamini warmoadgens 
bunebriv antiraqitul vitamins. 

 D3 provitamini Sedis adamianis kanis lipidebis SedgenilobaSi, amitom 
sakmarisia bavSvebma isargeblon mzis sxivebiT an kvarcis sxivebiT da ra-
qitisagan ganikurnebian. 

 D jgufis vitaminebi mxolod cxovelTa organizmebsa da cxovelur 
produqtebSi gvxvdeba. mniSvnelovani raodenobiT Sedian isini Tevzis qonSi, 
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kvercxis gulsa da karaqSi. mcenareul produqtebSi D vitamini naklebadaa 
gavrcelebuli. Mmxolod mzeze gamxmar ionjas da samyuras aqvs SesamCnevi an-
tiraqituli moqmedeba. mcenareebSi gavrcelebulia aseve D provita-
mini_ergosteroli. D vitamini kargad kristaldeba, misi dnobis temperatura 
aris 115-1170C, advilad ixsneba cximebsa da cximebis gamxsnelebSi (qlo-
roformi, benzoli, acetoni, eTilis spirti); mineraluri mJavebis, wyalbadis 
zeJangis, gogirdis anhidridisa da formaldehidis moqmedebiT nela iSleba; 
mdgradia maRali temperaturis, agreTve haeris Jangbadis mimarT. 15-20 saaTis 
ganmavlobaSi Tevzis qonis gacxeleba 1000C-ze ar iwvevs vitaminebis daSlas. 
produqtebis Termuli dakonservebis dros D vitamini ar iSleba; did dozebSi 
vitamini Sxamiania. 

 D jgufis vitaminebis saSualebiT SenarCunebulia kalciumisa da 
fosforis Semcveli marilebis done sisxlSi da xorcieldeba nitratebis 
gamoyofa SardTan erTad. isini xels uwyoben limonmJavas sinTezs, 
monawileoben energetikul cvlaSi, gadahyavs kalciumis ionebi araionizebul 
kompleqsSi, risi Sedegicaa hipertonia.  

 D vitamini SeiZleba iyos rTuli bunebis biokatalizatorebis aqtiuri 
jgufic. D-vitamini astimulirebs organizmis zrdas, radgan kalciumi Zvlebis 
mTavari Semadgeneli nawilia. kalciumi organizmSi ormag rols asrulebs: 
1.katalizurs-monawileobs kunTebis aRgznebaSi, sisxlis koagulaciasa da 
rZis SededebaSi. 2. meqanikurs - igi warmoqmnis Zvlis araorganul nawils hi-
droqsilapatits Ca5(PO4)3OH, romelic ileqeba Zvlis cilovan nawilze; Zvali 
ganuwyvetliv ganicdis ganaxlebas, misi centraluri nawili TandaTan 
icvleba da kalciumis marilebis axali molekulebi grovdeba mis zedapirze.  

 D-vitaminis ZiriTad funqcias warmoadgens Zvlovani qsovilisa da wvrili 
nawlavebis lorwovani garsis ujredebSi kalciumisa da fosfatebis trans-
portirebis regulacia. Ees procesi xorcieldeba satransporto cilebis bi-
osinTezis gaZlierebis gziT, romlebic warmoadgenen  Ca2+ gadamtanebs. D-
vitaminis deficitis Sedegad irRveva nawlavebis kedlebis mier kalciumisa da 
fosforis Sewova, rac astimulirebs farisebri jirkvlebis funqcias, ris 
Sedegadac warmoebs am jirkvlis hormonis gaZlierebuli sekrecia, romelic 
xels uwyobs Zvlovani qsovilis cilovani safuZvlis daSlas da Zvlebidan 
Ca, Mg, P da Na, agreTve sxva elementebis marilebis gamoyofas sisxlSi, ris 
Sedegad Zvlovani qsovili rbildeba, viTardeba osteoporozi, irRveva 
kalciumis fosfatis normaluri dagroveba Zvlovan qsovilSi, kalciumisa da 
fosforis Sewova kuW-nawlavis traqtSi da organul naerTTa fosfoeTerebis 
warmoqmna. dadgenilia, rom kalciumis Sewova da Zvlebis kalcifikacia xor-
cieldeba ara uSualod D vitaminiT, aramed misi hormonul-aqtiuri metaboli-
tiT, romelic Seicavs oqsijgufebs 1 da 25 mdgomareobaSi da uzrunvelyofs 
kalciumis damakavSirebeli cilisa da kalciumis cvlis maregulirebeli 
hormonebis i-rnm-is biosinTezs. kalciumis nakleboba iwvevs kunTebis tonusis 
dacemas, nervul aRgznebadobas, Tavis qalisa da neknebis Zvlebis darbilebas 
(Tavi didi da samkuTxaa, bavSvi Tavs romel mxarezec dadebs, is mxare 
Sebrtyeldeba, kbilebi gvian amodis da araswori ganlagebisaa). 

 D vitamins aaqtiurebs mzis ultraiisferi sxivebi, amitom raqitiT 
umetesad avaddebian zamTarSi an CrdiloeTSi dabadebuli bavSvebi. bavSvebs 
mkerdis Zvali win aqvT wamoweuli, gul-mkerdis Rru deformirebulia, aRin-
iSneba cvlilebebi RviZlSi.E     

 D vitaminis siWarbisas aRiniSneba hipervitaminozi, adgili aqvs zeJanguri 
naerTebis zemoqmedebas, romlebic warmoiqmnebian Warbi D vitaminiT cximovani 
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mJavebis daJangvisas, rasac Tan sdevs kalciumisa da fosforis Sewova 
nawlavebidan; isini grovdebian Zvlebsa da rbil qsovilebSi, ris gamo Cerde-
ba zrda. maTi dagroveba xdeba agreTve gulis kunTebSi, aortis kedlebSi, 
TirkmlebSi; adgili aqvs organizmis mowamvlas. viTardeba xSiri pirRebineba, 
Tavis tkivili, uZiloba; aRiniSneba farisebri jirkvlisa da saTesleebis 
atrofia. 

 D vitaminze moTxovnileba damokidebulia adamianis asakze. bavSvebisaTvis 
sadReRamiso normaa _ 13-25 mg, mozrdilebisaTvis-ufro mcire, fexmZime da me-
ZuZur qalebisTvis orjer meti. gansakuTrebiT mniSvnelovania D vitamini 
kvercxis mdebeli qaTmebisa da mewveli ZroxebisaTvis. dadgenilia, rom kver-
cxis naWuWSi gadadis mTeli qaTmis organizmSi arsebuli kalciumis 1/10. 1 l 
rZes Zroxis organizmidan gamoaqvs 1 g D vitamini. 

 D vitamins didi gamoyeneba aqvs mecxoveleobasa da mefrinveleobaSi 
produqtiulobis gazrdisaTvis. 
vitamini E (tokoferoli)-antisteruli faqtori pirvelad sufTa saxiT gam-
oyofil iqna xorblis Canasaxidan 1936w. Gg. evansis mier. pirveli sinTezi ga-
naxorciela p. karerma 1938w. 

 vitamini E Sedis mcenareul zeTSi. sakveb produqtebSi napovnia sami 
msgavsi aRnagobis nivTiereba α, β da γ tokoferolebi. samives axasiaTebs E 
vitaminuri aqtivoba, romelTagan yvelaze aqtiuria α  tokoferoli. 

 tokoferoli SeiZleba ganxilul iqnas rogorc trimeTilhidroqinonis 
mierTebis produqti spirt _ fitolTan:   
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tokoferoli didi raodenobiTaa mcenareul zeTebSi, xorblis TeslSi, 
CanasaxSi, RviZlSi, kvercxSi da sxv. maragis saxiT igi grovdeba placentaSi, 
hipofizSi, nawilobriv kunTovan qsovilSi. cxoveluri organizmebis sisxlSi 
vitamini  E  lipoproteinuli kompleqsis saxiT Sedis. 

 α tokoferoli (C29H50O2) da β tokoferoli (C28H48O2) warmoadgenen ufe-
rul blant nivTierebebs, romlebic ixsnebian cximSi, benzolSi, qlo-
roformSi; wyalSi ar ixsnebian. isini mdgradni arian mJavebis mimarT, xolo 
tuteebTan xangrZlivi gacxelebisas iSlebian. haeris Jangbadis moqmedebiT 
mimdinareobs  E vitaminis neli daSla, rasac adgili aqvs gamSrali 
produqtebis xangrZlivi Senaxvisas. yvelaze meti raodenobiT igi Sedis 
xorblis Canasaxebis zeTis SemadgenlobaSi, saidanac miiReba maRali 
aqtivobis  E   vitaminis preparatebi. vitamini E antisteriluri faqtoria, mas 
gamravlebis faqtorsac uwodeben. tokoferoli warmodgeba berZnuli 
sityvidan (tokos - STamomavloba, phero – vatareb). avitaminozis pirobebSi 
virTagvebi kargaven gamravlebis unars. sakvebSi salaTis an mwvane mcenareuli 
masis damateba dadebiT gavlenas axdens. xangrZlivi droiT sakvebSi E 
vitaminis uqonloba mamr organizmSi iwvevs saTesle jirkvlebis atrofias, 
xolo mdedrSi aRiniSneba makeobis naadrevi Sewyveta. E  vitamini iwvevs 
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agreTve kunTovani qsovilis distrofias. kunTebSi mcirdeba miozinis, 
glikogenis, atf-isa da kreatinfosfatis raodenoba. SemaerTebeli qsovilis 
zrdis xarjze ki matulobs kolagenis Semcveloba.  

 adamianebSi E vitaminis nakleboba iSviaTad vlindeba, vinaidan misi 
sinTezi xdeba msxvil nawlavebSi arsebuli mikrofloriT. α tokoferoli 
dadebiT biologiur efeqts amJRavnebs maSin, roca organizmSi misi raodenoba 
3 mg-s aRemateba. 
vitamini K,  antihemoraguli vitamini  koagulaciis mastimulirebeli 
faqtoria. sakvebSi misi deficitisas kanqveS da kunTebSi aRiniSneba sisxlis 
Caqcevebi, rac gamowveulia sisxlis Sededebis unaris mqone naerTis – 
proTrombinis uqonlobiT. K vitaminis preparatebis Seyvana organizmSi 
swrafad aRadgens proTrombinis koncentracias normalur koncentraciamde 
da imavdroulad aCqarebs sisxlis Sededebas. 

  K   vitamini aaqtivebs sisxlis plazmis cilis proTrombinis warmoqmnas, 
romelic kalciumis ionebis dakavSirebis Sedegad gardaiqmneba Trombinad. 
Trombinis moqmedebiT xsnadi cila prefibrinidan warmoiqmneba uxsnadi cila 
fibrini, formirdeba koltebi da xdeba sisxlis Sededeba. K vitamini 
aRmoCenil iqna 1935 w. igi gamoyofil iqna ionjasagan. arsebobs ramdenime 
saxis K  vitamini. isini erTimeorisagan gansxvavdebian rogorc qimiuri 
aRnagobiT, ise fiziologiuri moqmedebis siZlieriT. 

 1939 wels dadgenil iqna, rom  K1 vitamini warmoadgens qinonis 
warmoebuls. bunebaSi gavrcelebulia vitamin K s ori ZiriTadi forma K1   da 
K2. K1  vitamini aris orCanacvlebuli 1,4 - naftoqinoni. K vitaminis gverdiTi 
jaWvi warmoadgens maRalmolekuluri alifaturi spirtis fitolis naSTs. igi 
oqrosfer – yviTeli, moZravi, zeTismagvari siTxea, axasiaTebs sinaTlisadmi 
maRali mgrZnobiaroba, mdgradia mJavebisa da maRali temperaturis mimarT, 
magram tuteebTan gacxelebiT xdeba misi inaqtivireba. K1 vitamini C13H46O2, 
kristaldeba 200C temperaturaze acetonis an spirtis xsnarSi. infrawiTeli 
sxivebi masze ar moqmedebs. ultraiisferi sxivebis uSualo moqmedebiT K1 
vitamini heqsanis xsnarSi iSleba da kargavs Tavis fiziologiur Tvisebas. 
amJamad mas Rebuloben sinTezurad. 

 K2 vitamini (C14H56O2) nanaxia dampali Tevzis fxvnilSi. igi Ria moyviTalo 
feris kristaluri nivTierebaa, wyalSi ar ixsneba; kargad ixsneba 
gamxsnelebSi: acetonSi, eTerSi, benzolSi. K2 vitamini gansxvavdeba K1  
vitaminisagan mxolod grZeli gverdiTi jaWvis agebulebiT. K2  vitamini bi-
ologiurad naklebad aqtiuria, vidre K1  vitamini. 
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  K jgufis vitaminebi gavrcelebulia mcenareuli da cxoveluri warmo-

Sobis produqtebSi. Ppirvelad K vitaminis preparati damzadebul iqna ionjis 
zeTisagan, Semdeg kristalebis saxiT iqna gamoyofili Tevzis fqvilidan. 
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radganac es preparatebi erTmaneTisagan gansxvavdeboda biologiuri Tvisebeb-
iT, amis gamo ionjidan gamoyofil nivTierebas uwodes K1 vitamini, xolo 
Tevzis fqvilidan gamoyofils  K2 vitamini. 

 vitamin K s Semcveloba sakveb produqtebSi aRemateba masze dReRamur 
moTxovnilebas da amitom K  vitaminiT gamowveuli avitaminozi iSviaTia. igi 
agreTve sinTezirdeba msxvil nawlavSi arsebuli mikrofloriT. hipovitami-
nozi iSviaTad aRiniSneba organizmSi, rac umetesad naRvlis buStis sadinar-
is dacobiTaa gamowveuli. amis Sedegad ferxdeba naRvlis mJavebis gadmodine-
ba da vitaminis Sewova. vitamin K-s antagonistia dikumaroli da fenilini, 
romlebic farTod gamoiyeneba samedicino klinikaSi Trombebis Tavidan asac-
ileblad. 

 radgan, K vitamini wyalSi ar ixsneba,  sisxlis denisas misi gamoyeneba 
garTulebulia. 1943 w. a. paladinis mier sinTezirebul iqna vitamin K-s Sem-
cvleli wyalSi xsnadi naerTi vikasoli, (K4), romelic 2-meTil-1,4-
naftoqinonis hidrosulfituri warmoebulia. K4  vitamini yviTeli ferisaa, 
Termostabiluria. misi gamoyenebiT mravali jariskacis sicocxle iqna Senar-
Cunebuli.  
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           K vitaminis sinTezi xdeba mcenareebSi. zogierTi maTgani sibneleSic ki 
awarmoebs K vitaminis sinTezs. Ffrinvelis, cxovelis da adamianis organizmSi 
K vitaminis sinTezi xdeba nawlavebSi – nawlavis Cxiris mier (Bac. Coli), rac 
Cveulebriv, sruliad sakmarisia organizmisaTvis. K vitamini moipoveba ion-
jaSi, kombostoSi. ispanaxSi da sxva mcenareebSi. (cxrili 11). rZis nawarmSi, 
kvercxSi da xorceulSi K  vitamini ar Sedis an Zlier mcire raodenobiTaa. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

cxrili 11. 
 

                 K vitaminis Semcveloba zogierT produqtebSi     
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produqtis dasaxeleba K-vitaminis raodenoba 
mlg-Si yovel 100 

gramze 
cxoveluri produqtebi 

Roris RviZli 
kvercxi 
Zroxis rZe 
Tevzis fqvili 

mcenareuli produqtebi 
wablis foTlebi 
WinWari 
ionja 
kombosto 
kartofili 
pomidori 
ispanaxi 

 
0,80 
0,08 
- 
0,04 
 
6,40 
3,20 
1,60-3,20 
3,20 
0,16 
0,40-0,80 
4,40 
 

 
 rogorc cnobilia sulfamiduri preparatebi baqteriostatikurad 

moqmedebs nawlavis Cxirebze da, amcirebs K  vitaminis sinTezs. Ppara-
aminobenzois mJavas moqmedebiT sulfamiduri preparatebis baqteriostatikuri 
Tviseba sagrZnoblad neldeba, nawlavis baqteriebi mravldeba da K  vitaminis 
sinTezic normalurad mimdinareobs. Aamgvarad, sulfamiduri preparatebi 
iTvleba K avitaminozis da K hipovitaminozis gamomwvev mizezad, rac 
mxedvelobaSia misaRebi am preparatebze mkurnalobis dros. 

  K  vitamini wyalSi ar ixsneba, kargad ixsneba cximis gamxsnelebSi. 
nawlavSi gadasvlisas K  vitamini ixsneba naRvelSi da Semdeg iwoveba or-
ganizmSi. RviZlis iseTi daavadebebis dros (cirozi, hepatiti, RviZlis atro-
fia da sxv.), rodesac naRvlis gamoyofa Semcirebulia, SeiZleba ganviTardes 
meoradi K avitaminozi. axalSobili bavSvis organizmi SedarebiT naklebad 
Seicavs  K  vitamins. amitom am periodSi sisxldena saxifaToa. Semdeg ki 
bavSvis organizmSi nawlavebis floris gamravlebasTan erTad nawlavebSi 
warmoebs K  vitaminis sinTezi, rac icavs organizms saxifaTo sisxldenisagan. 

 
 
 
 
 
 
 
 
 
 
 
 
 

wyalSi xsnadi vitaminebi 
 
1. B  jgufis vitaminebi: B1 , B2 , B3,  B4  , B5 ... B15; 
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2. vitamini H,  biotini;  
3. vitamini C,  askorbinis mJava; 
4. vitamini P; 
5. vitamini U; 
6.  vitamini Q. 

B vitamini. B vitamini warmoadgens sxvadasxva Tvisebis mqone vitaminebis 
kompleqss, romlebic erTmaneTisagan gansxvavdebian rogorc fiziologiuri 
moqmedebiT, ise qimiuri aRnagobiT. am kompleqsSi Semavali vitaminebia: B1, B2, 
B3 da a.S. B15 vitaminebi. dadgenilia, rom adamianis organizmisaTvis saWiroa B 
jgufis ara yvela, aramed mxolod zogierTi vitamini. magaliTad, B3 vitamini 
saWiroa mtredebisa da wiwilebisaTvis, B4 vitamini wiwilebisa da 
virTagvebisaTvis, misi nakleboba virTagvebSi da wiwilebSi iwvevs sisustes, 
moZraobis koordinaciis moSlas.  
B1 vitamini (Tiamini, anevrini). B1 vitamini warmoadgens kristalur nivTierebas; 
kargad ixsneba wyalSi, ganzavebul mJavebSi da spirtSi. 

 B1 vitamini aRmoCenilia 1912 wels. sufTa kristaluri saxiT is miRebul 
iqna vindausis mier 1932 wels, xolo uiliamsma 1937 wels SesZlo misi qimiuri 
aRnagobis dadgena da gamoarkvia, rom igi Sedgeba Tiazolisa da pirimidinis 
birTvebisagan, romlebic erTmaneTTan dakavSirebulia meTilenis jgufiT:  
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 B1 vitamini moipoveba mcenareebSi. igi aucilebelia mcenaris zrdisa da 

ganviTarebisaTvis. Mmisi biosinTezisaTvis saWiro nivTierebebs mcenareebi 
iTviseben niadagidan. gansakuTrebiT mdidaria B1 vitaminiT ludis safuari. 
marcvleul kulturebSi (brinji, xorbali, simindi) B1 vitamini ganlagebulia 
periferialurad, e.i. Sedis qatos SemadgenlobaSi. gamonaklis warmoadgens 
Wvavi, romelSic B1 vitamini Tanabrad aris ganlagebuli. sakmaod mdidaria B1 
vitaminiT agreTve stafilo, salaTa, muxudo, Warxali, ispanaxi, msxali da 
sxv. didi raodenobiT Seicavs B1 vitamins  kvercxis guli da rZe. 

 xerxemlian cxovelTa organizmSi B1 vitamini ar warmoiqmneba; isini 
Rebuloben mas gamzadebuli saxiT mcenareebidan. B1 vitamins aqvs organizmSi 
dagrovebis Tviseba. igi lagdeba RviZlSi, elenTaSi, TirkmlebSi, gulSi da 
sxva organoebSi. 

 dadgenilia, rom B1 vitamini axlo kavSirSia im fermentebTan, romlebic 
monawileoben naxSirwylebis cvlaSi. cxovelur organizmebSi Tiamini 
fosforilirebuli Tiaminpirofosfatis – kokarboqsilazas saxiTaa. is 
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piruvatdehidrogenazas kofermentia. reaqciis pirvel stadiaze piroyurZnis 
mJava ukavSirdeba Tiazolis birTvis me-2 naxSirbads aqtiurad moZravi 
wyalbadis saSualebiT da miiReba Sualeduri produqti, romelic ganicdis 
dekarboqsilirebas. reaqciis Sedegad warmoiqmneba Tiaminpirofosfatis 
hidroqsilwarmoebuli. es ukanaskneli iSleba, acetilis jgufi gadadis 
mJavaze ferment lipoacetiltransferazas moqmedebiT da Tavisufldeba 
Tiaminpirofosfati – kokarboqsilaza.   

 

kokarboqsilaza
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 aRniSnuli reaqciebidan gamomdinareobs, rom B1  vitaminis deficitis 
pirobebSi moxdeba ketomJavebis dagroveba, rac uaryofiTad moqmedebs nervul 
sistemaze da iwvevs polinevrits (beri - beri). iwyeba nervuli daboloebebis 
da gamtari gzebis degeneracia, irRveva kuW-nawlavis traqtis motorika, 
aRiniSneba tkivilebi gulSi da sxv. sabolood viTardeba krunCxvebi da 
organizmi iRupeba. 
         B1 vitamini farTod ixmareba alkoholuri da sxv. warmoSobis nevritis, 
radikulitis, nevralgiis, kunTovani distrofiis, damblis, spazmofiliis da 
sxv. daavadebaTa dros. B1 vitamins warmatebiT iyeneben arteriuli 
hipertoniis, kuWisa da Tormetgoja nawlavis wylulovani daavadebis, kuWis 
sekreciis daqveiTebis mkurnalobis mizniT. 
     maSasadame, B1 vitamini monawileobas Rebulobs naxSirwylebis cvlaSi, 
amis gamo organizmis mier misi xarjva damokidebulia miRebuli sakvebi 
produqtebis xasiaTze. Tu adamiani sakvebad ZiriTadad xmarobs fqvileuls, 
Saqars, Rvinos, arays, maSin B1 vitaminis xarjva organizmSi didia; Tu sakvebis 
kaloraJi gadidebulia cximis xarjze, maSin B1 vitaminis xarjva Zlier 
mcirea. fizikuri muSaobis dros, orsulobisa da laqtaciis periodSi, e.i. 
rodesac adgili aqvs nivTierebaTa cvlis gaZlierebas, B1 vitaminis xarjva 
gaZlierebulia. B1vitaminis optimaluri sadReRamiso norma srulasako-
vanTaTvis aris 2,5 da 3 mg, orsulobis meore naxevarSi 2,5 mg, laqtaciis 
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periodSi 3 mg, 7 wlamde bavSvebisaTvis 1 mg, 7-dan 14 wlamde bavSvebisaTvis-1,5 
mg, 14 wlis asakis zemoT-2 mg. 
vitamini B2 (riboflavini, laqtoflavini). vitamini B2 pirvelad aRweril iqna 

1879 wels, rogorc Zroxis rZis yviTeli pigmenti. B2 vitamini ekuTvnis 
bunebaSi farTod gavrcelebuli yviTeli pigmentebis – flavinebis jgufs. 
safuarisagan miRebul flavinebs, romelTac aRmoaCndaT vitaminis 
biologiuri aqtivoba, ewodeba riboflavinebi, rZisagan gamoyofil flavinebs 
ki – laqtoflavinebi. dadgenilia, rom B2 vitamini ekuTvnis organuli 
naerTebis – flavinebis jgufs. flavinebi wyalSi xsnadi yviTeli pigmentebia. 
isini Sedian kvercxis cilaSi, rZis SratSi, RviZlSi, safuvrebSi, pomidorSi, 
ispanaxSi, limonSi da sxva.      

 B2 vitaminis empiriuli formulaa C17H20O6N4. riboflavinis agebuleba 
dadgenil iqna 1935 wels p. kareris da r. kunis mier. B2 – vitamini kofermen-
tebSi gvxvdeba flavinmononukleotidis (fmn) an flavinadenindinukleotidis 
(fad) saxiT.  
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     fmn da fad rigi flavinfermentebis, kerZod, oqsidoreduqtazebis kofer-
mentebia da monawileoben wyalbadis atomebis gadatanaSi. aRdgenili flavin-
nukleotididan wyalbadis atomi SeiZleba uSualod gadatanili iqnas TviT 
damJangavi fermentebiT (aminmJavebisa da aldehidebis oqsidazebi, qsantinoq-
sidaza) an Sualedi citoqromuli sistemiT (citoqromreduqtazebi), sadac 
sabolood warmoebs eleqtronebis mierTeba da misi Semdgomi transporti. 
sunTqvis jaWvis erT-erT etapze swored fad-i monawileobs wyalbadis atome-
bis transportSi. amrigad, B2 vitamini monawileobs ujredis cvlis Jangva-
aRdgeniT procesebSi. Ee. i. Mmonawileobas Rebulobs qsovilebis sunTqvaSi. 
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 mcenareul da cxovelur organizmebSi riboflavini imyofeba rogorc 
Tavisufali, ise fosformJava eTeris saxiT. 

 adamianSi B2 avitaminozi pirvelad aRweres reblerma da butlerma 1938 
wels. am daavadebisaTvis dasawyisSi damaxasiaTebelia tuCebis gafiTreba, 
Semdeg Sesiveba da gaswvrivi napralebis gaCena. napralebi mudmiv svelia, 
Semdgom ifareba yviTeli feris qerqiT. mogvianebiT procesi gadadis SigniT, 
tuCebis lorwovanze. aRniSnul movlenebs Seilozisi ewodeba da gvxvdeba B2 
avitaminozis adreul periodSi. Semdeg daavadeba vrceldeba kanze; kanis 
naoWebSi, tuCebze, cxvirTan, quTuToebTan, yuris irgvliv da sxeulis sxva na-
wilebze viTardeba seboreis movlenebi, xolo TvalSi – keratozi, rasac Tan 
sdevs sisxlZarRvovani sistemis mkveTri ganviTareba, e.w. rqovanas vaskular-
izacia. avadmyofs awuxebs Tvalebis wva, cremldena da sinaTlisadmi SiSi - 
fotofobia; xSirad daavadeba mTavrdeba rqovanas SemRvreviT da mxedvelobis 
daqveiTebiT. 

 cxovelebSi B2 vitaminis qronikuli nakleboba iwvevs kanis specifikur 
daavadebas, Tmebis cvenas, keratozs, rqovanas vaskularizacias. mogvianebiT 
Tvalis rqovana garsze cxovels uCndeba wylulebi, xSirad uviTardeba 
kataraqta. Sinagani organoebis mxvriv aRsaniSnavia RviZlis cximovani gada-
gvareba. 

  B2 vitaminze moTxovna izrdeba intensiuri fizikuri da gonebrivi mu-
Saobisas, orsulobisas, roca Zlierdeba nivTierebaTa cvlis procesebi. 
cxovelebSi da frinvelebSi vitamin B2 -ze dRe-Ramuri moTxovnileba sakmaod 
gansxvavebulia. magaliTad, RorebisaTvis igi 100 kg wonaze meryeobs 2,5-3,5 mg-
is farglebSi, wiwilebisaTvis 100 kg sakvebze 0,4 mg-s ar aRemateba, xolo ada-
mianebSi vitaminze dRe-Ramuri moTxovna saSualod 2-4 mg-ia. 
vitamini B3 - aRmoCenil iqna safuarSi da ewoda pantoTenis mJava. mas xSirad 
uwodeben aseve ’’universalur vitamins zogjer antidermatiul faqtors. 
pirvelad, pantoTenis mJava gamoyofil iqna r. uiliamsis mier 1938 wels, 
maSinve iqna dadgenili misi agebuleba, xolo ori wlis Semdeg ganxor-
cielebul iqna misi sinTezi. pantoTenis mJava aSenebulia α,γ-dihidroqsi - β,β’- 
dimeTil - erborsmJavasa da β-alaninisagan. 

 

pantoTenis mJava
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     racionSi pantoTenis mJavas ukmarobis dros cxovelebs uviTardebaT 
dermatiti, balnis gacvena da garTulebebi. pantoTenis mJavas biologiur 
aqtivobas cxovelebSi mTlianad cvlis pantoTenoli da pantoTeini. 
pantoTenis mJavas biologiuri roli ganpirobebulia koA–s SenebaSi misi 
monawileobiT. 
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      pantoTenis mJava TiTqmis yvelgan aris, dawyebuli mcenareebiT da ada-
mianebiT, amitom uwodeben mas ’’universalur’’ vitamins (berZnulad ’’pantoTen” 
niSnavs ’’yvelgan’’). pantoTenis mJava Ria moyviTalo feris zeTisebri nivTie-
rebaa, kargad ixsneba wyalSi, ZmarmJavaSi, sustad eTersa da amilis spirtSi. 

 pantoTenis mJava moipoveba rogorc mcenareTa, ise cxovelTa qsovilebSi. 
gansakuTrebiT bevria igi qatoSi. cxovelTa organoebidan igi yvelaze metia 
RviZlsa da gulSi, naklebia kunTebSi, elenTaSi, tvinSi da sxv. 

 pantoTenis mJava warmoiqmneba mcenareebSi. Aadamianebi da cxovelebi mas 
Rebuloben gamzadebuli saxiT mcenareebidan. igi monawileobs mraval 
bioqimiur reaqciaSi, romelTa drosac warmoiqmneba cximovani mJavebi, 
sterinebi da sxv. pantoTenis mJava aucilebelia frinvelTa da cxovelTa 
zrda – ganviTarebisaTvis. Mmisi nakleboba sxvadasxva cxovelSi iwvevs sxvada-
sxgvar daavadebas. wiwilebSi igi iwvevs damblas, virTagvebSi – zrdis 
SeCerebas da cvlilebebs Tirkmelzeda jirkvlebSi, rac gamoixateba qerqovani 
Sris dazianebaSi; ZaRlebi ixocebian komiT (gakveTisas naxuloben RviZlis 
cximovan gadagvarebas). 

 adamianis organizms mudmivad esaWiroeba pantoTenis mJava. adamianis 
pantoTenis mJavas avitaminozi cnobili ar aris, radgan am vitamins igi 
ganuwyvetliv Rebulobs sakvebTan erTad. adamiani Sardis saSualebiT 
mudmivad gamoyofs pantoTenis mJavas (dRe - RameSi 150 mg-mde). normalur 
pirobebSi pantoTenis mJavas koncentracia sisxlSi Zlier qveiTdeba beri-
beris da pelagris dros. aRwerilia nevritis ramdenime SemTxveva, rodesac B1,  
B2 da B6  vitaminebiT mkurnaloba uSedego aRmoCnda da mxolod pantoTenis 
mJavas yoveldRiurad 50 mg raodenobiT micemam gamoiwvia dadebiTi efeqti. 
vitamini B3 sinTezirdeba cxovelTa da adamianTa nawlavis CxirebiT, Warbad 
gadadis nawlavSi, da organizmSi Seiwoveba. amiT xdeba pantoTenis mJavas 
avitaminozis Tavidan acileba. dRe – Ramuri moTxovnileba pantoTenis mJavaze 
Seadgens 7 – 12 mg-s.    
vitamini B5. vitamin B5-s xSirad eZaxian PP vitamins, antipelagrul faqtors an 
niacins. qimiurad igi warmoadgens nikotinmJavas an nikotinamids, romelTac 
erTnairi vitaminuri aqtivoba gaaCniaT. 
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         PP – vitamini warmoadgens nemsismagvar, TeTr, kristalur, Termostabilur 
nivTierebas. Pproduqtebis gaxmobis da sterilizaciis dros igi ucvleli 
rCeba. PP – vitamini gamoyofil iqna safuvridan k. Ffunkis mier 1913 wels. vita-
mini PP monawileobs koferment nad+ -is (nikotinamidadenindinukleotidi) da 
nadf+ -is (nikotinamidadenindinukleotidfosfati) SenebaSi. romlebic dehi-
drogenazebis kofermentebis funqcias asruleben. 
         PP vitamins didi raodenobiT Seicavs RviZli, Tirkmelzeda jirkvlebi, 
xorci, safuari, soia; SedarebiT mcirea igi xorbalSi, qerqSi, CaiSi; kidev 
ufro naklebi simindSi, brinjsa da rZeSi. 
           PP vitaminis naklebobis klasikur gamovlinebas warmoadgens pelagra. PP 
avitaminozi ufro xSirad vlindeba zamTris bolos da gazafxulze. adami-
anebSi pelagris ganviTarebisas aRiniSneba kanis gauxeSeba da aqercvla. mzis 
sxivebis zemoqmedebiT ki kanze Cndeba wylulebi. paralelurad SeiniSneba 
agreTve kuW-nawlavis traqtis lorwovani garsis anTeba. dadgenilia, rom 
yvela am movlenis mizezia ujredSi Jangva-aRdgeniTi procesebis darRveva.  
pelagra gavrcelebuli iyo dasavleT saqarTveloSi meore msoflio omis 
dros arasrulfasovani, mxolod simindis fqvilis produqtebisa da Roris 
qoniT kvebis gamo. nikotinis mJavas amidi, rogorc wyalSi xsnadi vitamini, ar 
aris qonSi, xolo simindis cila kazeini ar Seicavs aminmJava triptofans, ro-
melic nikotinis mJavas wyaroa. 
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nikotinmJavas da misi amidis gza triptofanidan 
 

     nikotinmJava ZiriTad ixmareba pelagris mkurnalobis mizniT. ukanasknel 
xanebSi mas xmaroben qronikuli enterokolitebis, RviZlisa da gulis zo-
gierTi daavadebis, bronqialuri asTmis, mourCeneli iarebis da Seuxorcebeli 
Wrilobebis mkurnalobisaTvis. dizenteriis dros Sesabamisi preparatebiT 
mkurnalobis Semdeg nikotinmJavas micema xels uwyobs nawlavebis lorwovani 
garsis aRdgenas. nikotinmJavas xmaroben rogorc fxvnilis, ise 1%-iani xsna-
ris saxiT. xsnari SeyavT venaSi an kunTebSi ise, rom sxeulis yovel erT ki-
logram wonaze modiodes 0,5-1 mg nikotinmJava. PP vitaminis sadReRamiso doza 
aris 15-25 mg. 
vitamini B6, adermini. vitamini B6 arsebobs sami sxvadasxva qimiuri formiT: pi-

ridoqsini, piridoqsali da piridoqsamini. B6 vitamini 2-meTil-3-hidroqsi-4,5-
dihidroqsimeTilpiridinia. 1939 wlidan dadgenil iqna piridoqsinis struqtu-
ra da Catarebul iqna misi sinTezi. piridoqsalis da piridoqsaminis sinTezi 
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Catarebul iqna 1994 wels. vitamin B6-is kofermentuli formis piridoqsal-5’-
fosfatis da piridoqsamin-5’-fosfatis struqtura gansazRvrul iqna 1951 w. 
mrewvelobaSi vitamin B6-s da mis kofermentul formebs Rebuloben sinTezu-
rad.  
      atf-is TandaswrebiT ferment piridoqsalkinazis moqmedebiT, piridoq-
sali ganicdis fosforilirebas, miiReba piridoqsalfosfati, romelic pros-
tetuli jgufis saxiT ukavSirdeba ferment aminotransferazas da aaqtivebs 
gadaaminirebis reaqcias. piridoqsini kargad ixsneba wyalSi da eTilis spirt-
Si. igi sakmaod mdgradia maRali temperaturisadmi, rogorc mJave, ise tute 
areSi; sinaTleze advilad iJangeba da iSleba. 
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piridoqsini   R=CH2OH          piridoqsal-5’-fosfati  R=CHO 
piridoqsali  R=CHO                           piridoqsamin-5’-fosfati  R=CH2NH2                           
piridoqsamini  R=CH2NH2 

 
          B6-avitaminozis dros virTagvebsa da sxva cxovelebSi aRiniSneba kanis 
specifikuri dazianeba, rac xSirad TiTebis gangreniT mTavrdeba. B6-
avitaminozis dros axalgazrda cxovelebSi zrda Cerdeba, sagrZnoblad 
irRveva lipidebis metabolizmi, ris Sedegad viTardeba aTerosklerozi. B6  
vitaminze adamianis dRe-Ramuri moTxovnileba 2-3 mg-ia. vitaminiT mdidaria 
rogorc mcenareuli, ise cxoveluri warmoSobis sakvebi: xorci, RviZli, 
Tirkmeli, simindis da puris fqvili. B6 vitaminis sinTezi mimdinareobs 
msxvili nawlavis mikrofloraSi. igi Seiwoveba nawlavebiT da nawilobriv 
akmayofilebs masze cxovelTa moTxovnilebas. 
     adamiani B6  vitamins didi raodenobiT gamoyofs SardiT. dadgenilia, rom 
orsuli qalis organizmSi B6 vitaminis xarjva mkveTrad matulobs. orsulTa 
toqsikozis zogierTi movlena (gulisreva, pirRebineba da sxv.) piridoqsinis 
(2-5mg) micemis Semdeg, Cveulebriv qreba. piridoqsinis nakleboba aqveiTebs 
organizmis gamZleobas da qmnis infeqciuri poliomielitis ganviTarebis 
xelSemwyob pirobebs. 
vitamin B9 (vitamini Bc)  pirvelad gamoyofil iqna r. uiliamsis mier 1941 w. 
ispanaxis mwvane foTlebidan, rogorc wiwilebis zrdis faqtori da ewoda mas 
foliumis mJava (laT. sityvidan folium-foToli). Ffoliumis mJava xels uwyobs 
baqteriebis zrdas. foliumis mJava yviTeli feris nemsiseburi kristalebia; 
cudad ixsneba civ wyalSi, eTanolSi, mdgradia haerze. 
     sakvebSi foliumis mJavas uqonloba iwvevs anemias, irRveva eriTroci-
tebis da leikiocitebis warmoqmna da sxva bioqimiuri procesebi. foliumis 
mJava Sedgeba pteridinis (a), para - aminobenzois mJavas (b) da glutaminis 
mJavas (g) naSTebisagan: 
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      para-aminobenzois mJavas gamoTiSva sakvebidan iwvevs rZemJava duRilis 
baqteriebis zrdis SeCerebas, am dros xdeba dnm-is sinTezis Sekaveba. swored 
am principebze Seiqmna sulfanilamidis preparati, romelic konkurentuli in-
hibirebis gziT akavebs para-aminobenzois mJavas metabolizms da mis CarTvas 
foliumis mJavas sinTezSi, rac baqteriebisaTvis kritikulad aris miCneuli. 
Ddadgenilia, rom foliumis mJava biologiur aqtivobas amJRavnebs aRdgenili 
formiT, romelic xorcieldeba nadf H-is monawileobiT. jer miiReba dihi-
drofoliumis mJava (dhfm), xolo Semdeg tetrahidrofoliumis mJava (thfm), 
romelic rogorc kofermenti, monawileobs erTi naxSirbadiani radikalebis 
gadatanaSi. misi uSualo monawileobiT xdeba meTilis jgufis gadatana me-
Tioninisa da Timinis sinTezis dros, hidroqsimeTilis (CH2OH)  jgufisa se-
rinis biosinTezisas, aldojgufis gadatana purinis fuZis sanTezis dros.  
foliumis mJavaze adamianis dRe-Ramuri  moTxovnileba 0,3- 0,5 mg-ia. foliumis 
mJava bevria mcenareebsa (ispanaxi, kartofili, kombosto, cercvi) da cxove-
lebSi (RviZli, guli, kunTebi, Tevzi). foliumis mJava deponireba nawilobriv 
xdeba RviZlSi. 

 foliumis mJava sinTezirdeba kuW-nawlavis traqtis mikrofloriT; igi 
sakmao raodenobiT Seiwoveba organizmis mier, amitom B9 avitaminozi ar 
SeimCneva. Ffoliumis mJavas deficiti SeiZleba gamovlindes sulfanilamidis 
an antibiotikebis Warbi raodenobiT gamoyenebisas, roca xdeba mikrofloris 
cxovelmoqmedebis daTrgunva.  
vitamini B12. vitamin B12-s uwodeben hidroqsikobalamins, ciankobalamins da 
kobalamins. ciankobalamini pirvelad gamoyofil iqna RviZlidan 1948w.Esmitis 
mier. maTi agebuleba eqsperimentulad dadasturebul iqna 1955-1956 wlebSi, 
xolo sruli sinTezi ganxorcielda 1972w. R. vuvordis, a. eSenmozeris da misi 
TanamSromlebis mier.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

 
             vitamini B12 (hidroqsikobalamini) R=OH, (ciankobalamini) R=CN 
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         B12 vitaminis molekula Sedgeba 3 nawilisagan: 1) planerulisagan, romlis 
safuZvels warmoadgens korinis tetrapiroluri birTvi, centrSi 
stabilizebuli kobaltis atomiT; 2) masTan perpendikularulad moTavsebuli 
nukleotiduri nawilisagan, romelic agebulia ribozisa da 5,6-
dimeTilbenzimidazolisagan, aseve makrociklSi Caketili tetrapiroluri 
dajgufebisa da meTilpropandiolisagan da 3) B12-kofermentTan adenoziduri 
naSTiT Secvlili anionuri nawilisagan, romelic kobaltis atomTan kobalt-
naxSirbaduli bmiTaa dakavSirebuli. Tavisi agebulebiT korini hgavs porfins, 
romlis struqturul safuZvels Seadgens iseTi mniSvnelovani porfirinuli 
kofermentebi, rogoricaa hemoglobini, qlorofili a  da b ,  citohemini. 
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           Hhemoglobini                                  citohemini (hemi a) 
 
         B12 vitamini ixsneba wyalSi, spirtSi. misi lRobis temperaturaa 3000C. 
sinaTleze igi kargavs biologiur aqtivobas, magram xangrZlivad inaxeba 
sibneleSi. Termostabiluria mJava areSi da eqvemdebareba sterilizacias. B12-
vitaminis naklebobisas adamianisa da cxovelebis Zvlis tvinSi irRveva 
sisxlis warmoqmna da viTardeba avTvisebiani anemia. eriTrocitebis raodenoba 
1mm3 sisxlSi 4,5-5 milionidan (norma) 1-3 milionamde mcirdeba; aRiniSneba 
darRvevebi nervul sistemaSi, kuWis lorwovani garsis nawilobrivi atrofia, 
sagrZnoblad mcirdeba kuWis wvenis mJavianoba. 
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     zrdadasruli adamianisaTvis dRe-Ramuri moTxovnileba B12  vitaminze 
saSualod 3-10 mg-ia. B12 vitaminis sinTezi mcenareebsa da cxovelebSi ar 
xdeba. Mmisi wyaroa sokoebi da zogierTi mikroorganizmi. msxvili nawlavis 
mikrofloriT sinTezirebuli B12 vitamini advilad Seiwoveba, xvdeba sisxlSi 
da sxva qsovilebSi, sadac qmnis cilovan kompleqsebs. amiT adamiani 
ikmayofilebs moTxovnas vitamin B12-ze. janmrTeli organizmis RviZlSi 1 mg-
mde vitaminia deponirebuli. B12 vitamini, rogorc samkurnalo saSualeba, gam-
oiyeneba sisxlwarmoqmnis gasaZliereblad, RviZlisa da nervuli sistemis 
zogierTi darRveuli funqciis aRsadgenad. igi zrdis faqtoria, romelic 
aucilebelia sisxlmbadi organoebis  normaluri moqmedebisaTvis. 
Ggamoiyeneba anemiis sawinaaRmdegod, dadebiT gavlenas axdens RviZlis fun-
qciasa da nervul sistemaze, aaqtiurebs sisxlis fibrinogenul funqcias, 
naxSirwylebisa da lipidebis cvlas. 
     cxovelebSi B12 vitaminis deficiti praqtikulad ar aRiniSneba garda im 
SemTxvevisa, roca niadagSi ar aris kobalti; amis gamo ferxdeba saqonlis 
mikrofloraSi B12 vitaminis sinTezi da viTardeba anemia. niadagis 
gamdidrebiT kobaltis marilebiT es problema ixsneba. adamiani B12-vitamins 
iRebs cxoveluri sakvebiT. gansakuTrebiT Warbad aris B12-vitamini RviZlSi, 
TirkmlebSi, gulSi, ConCxis kunTebSi. 
vitamini B15. vitamini B15 1950 wels aRmoCenil iqna sxvadasxva mcenareSi. mas 
pangamJava uwodes. krebsma brinjis qatodan, safuvrebidan da cxenis RviZli-
dan gamoyo nivTiereba, romelic kargi saSualeba aRmoCnda gul-
sisxlZarRvovan, sklerozul da revmatul daavadebaTa sawinaaRmdegod. igi 
warmoadgens D-glukonmJavasa da dimeTilamino-acetatis rTul eTers: 
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vitamini B15  
 

     pangamJavas biologiuri roli mdgomareobs sunTqvis fermentebisa da 
Jangbadis gadatanis procesis gaaqtiurebaSi. igi monawileobs aseve 
meTilirebis reaqciebSi-warmoadgens meTilis jgufebis donors qolinis, 
meTioninis, adrenalinis, kreatinis da steroiduli hormonebis biosinTezis 
dros; monawileobas Rebulobs lipiduri cvlis procesSi, maRla wevs JangviT 
cvlas, amcirebs aTerosklerozis movlenebs. pangamJava kalciumis marilebis 
(kalciumis pangamati) saxiT gamoiyeneba gulis iSemiuri daavadebis dros, 
aTerosklerozis, miokardis, infarqtis, hepatiti, stenokardiis dros. 
vitamini H, biotini. 1935 wels kvercxis gulidan gamoyofil iqna kristaluri 
nivTiereba, romelsac safuvris zrdis faqtori ewoda. igi Sedgeba valerianis 
mJavas, Tiofenis da Sardovanas naSTebisagan. mas cxovelebisaTvis 
sasicocxlo mniSvneloba aRmoaCnda da amitom biotini uwodes (’’bios’’ 
berZnulad sicocxles niSnavs). 
     biotinis agebuleba dadgenil iqna 1942 wels v. diu vinius mier, xolo 
misi pirveli sinTezi ganaxorciela 1944-45 wlebSi k. Ffolkersma da misma 
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TanamSromlebma. biotini biologiur aqtiurobas avlens N5-karboqsibiotinis 
saxiT, romelic ukavSirdeba fermentis-aqtiur centrs lizinis  ε-aminjgufiT. 
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      biotini monawileobs cximovani mJavebis, acetil-ko A-s, malonil-ko A-s, 
mJaunZmarmJavas sinTezSi. karboqsilirebisas jer biotinilfermenti ganicdis 
karboqsilirebas, Semdeg ki uerTdeba substrats, magaliTad, piroyurZnis 
mJavas. procesi mimdinareobs atf-is Tanaobisas. 
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      um kvercxSi aRmoCenilia cila avidini, romelic ikavSirebs biotins, ris 
Sedegad viTardeba xelovnuri avitaminozi. Kkvercxis Termuli damuSavebis 
Semdeg avidini ganicdis denaturacias, kargavs biotinTan dakavSirebis unars 
da organizmze misi uaryofiTi gavlena ixsneba. avitaminozi vlindeba kanis 
anTebiTi procesebiT-dermatitiT, daRlilobiT, depresia da sxv. biotiniT 
mdidaria kvercxis guli, RviZli, Tirkmlebi, rZe, xaxvi, ispanaxi. adamianis 
sadReRamiso moTxovnileba biotinze Seadgens 0,1-0,3mg-s. 
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vitamini C, askorbinis mJava. misi sasicocxlo mniSvneloba jer kidev me-18 

saukunidan aris cnobili. Ppirvelad  C vitaminis sufTa preparati miiRo a. 
besonovma 1922 w. misi struqtura dadgenil iqna ungreli mecnieris sent-
diordis mier. man limonidan gamoyo kristaluri nivTiereba empiriuli 
formuliT C5H8O5. sent-diordim daadgina, rom es naerTi aris vitamini da 
uwoda mas askorbinmJava, romelsac aqvs marcxena konfiguracia. askorbinis 
mJava dienolglukonis mJavas laqtonia, romelic aRnagobiT axlos dgas L-
glukozasTan: 
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         C vitamini warmoadgens ufero, kristalur nivTierebas, kargad ixsneba 
wyalSi, naklebad-spirtSi. kristaluri C vitamini SedarebiT ufro myaria. 
wylian xsnarSi advilad kargavs biologiur aqtivobas. haerze, gansakuTrebiT 
vercxlis, spilenZisa da zogierTi sxva metalis Tanaarsebobisas advilad 
iJangeba da kargavs aqtivobas. igi advilad iJangeba tute areSi mJava areSi ki 
didxans Zlebs. C vitamini didi raodenobiT Sedis mwvanilSi, bostneulSi, 
xilsa da kenkraSi, naklebadaa xorceulSi da sruliad ar moipoveba fqvile-
ul produqtebSi. C  vitaminiT mdidaria askilis nayofi, oxraxuSi, forTo-
xali, kombosto (cxrili 12) kartofilSi cotaa, magram adamiani kartofilis 
iseTi didi raodenobiT xmarobs, rom savsebiT ikmayofilebs moTxovnilebas am 
vitaminze. 
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cxrili 12. 
 

askorbinis mJavas raodenoba zogierT xilSi,  
kenkraSi da bostneulSi 

 
 

produqtebis dasaxeleba 
 

askorbinis mJavas raodenoba mg%-Si 
1 2 

kenkra da xili 
gamxmari askili 
mocxari Savi 
mocxari wiTeli 
mocxari TeTri 
kowaxuri 
qacvi gayinuli 
xendro (baRis marwyvi) 
marwyvi tyis 
Jolo 
Jolo yviTeli 
kinkriJa 
Sindi 
alubali 
gargari 
atami 
qliavi 
yurZeni 
limoni 
forToxali 
mandarini 
vaSli (antonovka da titovka) 
msxali 

bostneuli 
 

pirSuSxa, anu xoxnita 
kama 
kombosto yvavilovani 
kombosto wiTelTava 
kombosto TeTrTava 
mwvane xaxvi 
xaxvi 
pomidori 
muxudo mwvane 
zamTris boloki 
Tvis boloki 
Talgami 
Warxali sufris 
salaTa 
kartofili 
stafilo 
kitri 
ispanaxi 
wiwaka wiTeli 
badrijani 
gogruWa 

                
               1500 

300 
300 
5 
150 
120 
60 
30 
30 
30 
50 
50 
15 
7 
10 
5 
3 
40 
40 
30 
30 
4 
 

                  
                200 

150 
79 
50 
30 
60 
10 
40 
25 
25 
20 
20 
10 
10 
10 
5 
5 
50 
250 
15 
15 
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         C vitamini did rols asrulebs organizmSi mimdinare Jangva-aRdgeniT 
procesSi. igi wyalbadionis donoricaa da aqceptoric. 
         C vitamini kofermentis rolsac asrulebs. igi aaqtivebs mTel rig fer-
mentebs (nukleaza, fosfataza, amiloza, arginaza.), zogierTi fermenti, 
magaliTad, askorbinaza Jangavs C vitamins, e.i. gadayavs igi dehidroaskorbinis 
mJavaSi (II). daJangul C vitamins, e.i. dehidroaskorbinis mJavas jer kidev aqvs 
vitaminuri aqtivoba, radgan organizmSi igi SeiZleba isev gadavides aRdgenil 
C vitaminSi. am movlenas didi mniSvneloba aqvs C vitaminis Semcveli produ-
qtebis vitaminuri Tvisebebis SesanarCuneblad. dehidroaskorbinis mJava 
SemdgomSi iJangeba 2,3-diketogulonis mJavad (III), sabolood ki warmoiqmneba 
mJaunmJava (IV): 
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      askorbinmJava aRmdgenelia, tuteebis xsnarebSi gardaiqmneba Sesabamis 
enolatebad, umaRlesi cximovani mJavebis qloranhidridebTan warmoqmnis 
rTul eTerebs, metalis kaTionebTan  (Ca2+, Mg2+, Fe3+) kompleqsebs, marilmJavas 
zemoqmedebiT gardaiqmneba furfurolad. Jangva-aRdgeniTi procesebis garda C 
vitamini monawileobs organizmSi mimdinare sxva mniSvnelovan procesSic. 
magaliTad, igi aucilebelia Tirkmelzeda jirkvlebSi hormonebis Seqmni-
saTvis. C vitamini awesrigebs qolesterinis cvlas, da amgvarad warmoadgens 
aTerosklerozis da aTerosklerozuli hipertoniis ganviTarebis erT-erT 
profilaqtikur saSualebas. 
      sakvebSi C vitaminis ukmarisoba iwvevs daavadeba suravands (cingas anu 
skorbuts). es daavadeba cnobilia Sua saukuneebidan. igi gavrcelebuli iyo 
mezRvaurebSi. suravandi mTeli organizmis daavadebaa. daavadeba iwyeba saer-
To sisustiT, Zilisadmi midrekilebiT, Semdeg iwyeba tkivilebi saxsrebSi, 
SeimCneva sisxlis Caqcevebi kanqveS da Sinagan organoebSi; piris Rrusa da 
RrZilebze Cndeba Zvlis qsovilebis Rrma gardaqmnebi; mniSvnelovani 
cvlilebebi mimdinareobs gulsa da TirkmelebSi. sabolood, organizmi iR-
upeba.  
     jer kidev 1785 wels rusma akademikosma palasma SemCnia, rom mezRvaurebi 
da cimbiris mcxovreblebi aRniSnuli daavadebis  SemTxvevaSi iyenebdnen 
fiWvisa da kedaris axalgazrda totebis kvirtebs. 
         C vitamini aZlierebs qsovilTa regeneracias da monawileobs xrtilis da 
kolagenis SeqmnaSi, ris gamoc mas farTod xmaroben Wrilobebis, motex-
ilobebisa da damwvrobis mkurnalobis mizniT. amave dros igi warmoadgens 
karg detoqsikur saSualebas, aZlierebs sisxlis Sededebis unars da aaqti-
urebs sisxlmbad organoebs. C vitaminis biosinTezi mimdinareobs baqteriebsa 
da mcenareebSi. misi sinTezi xdeba agreTve frinvelebisa da ZuZumwovaraTa  
organizmebSi. gamonakliss warmoadgens zRvis goWi, maimuni da adamiani, ro-
melTa organizmi gamudmebiT Txoulobs mza C vitaminis miRebas garedan. C 
vitamins sinTezurad umTavresad Rebuloben glukozisagan da galaqtozisagan. 
glukozis aRdgeniT miiReba sorbiti. es procesi aris erT-erTi stadia glu-
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kozisagan askorbinmJavas (vitamini C) sinTezis dros. askorbinmJava war-

moadgens 2-keto-L- gulonmJavas γ-laqtons: 
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          L-askorbinmJava akatalizebs Jangva-aRdgeniT procesebs organizmSi. TviT 
askorbinmJava Zlieri aRmdgenelia. am Tvisebas mas aniWebs endioluri 

struqtura (sxva α-hidroqsikarboniluri naerTebisagan gansxvavebiT askorb-
inmJava fiqsirebuli endiolia). daJangvis Sedegad warmoiqmneba diketo-
gulonmJava (dehidroaskorbinmJava), romelic aRdgeniT advilad gardaiqmneba 
askorbinmJavad:  

 
O

OHOH

O CHOH CH2OH daJangva

aRdgena

O

OO

O CHOH CH2OH

 
 

      askorbinmJava amJRavnebs Zlier mJavur Tvisebebsac, rac gamowveulia en-
dioluri fragmentis erT-erTi hidroqsilis jgufis disociaciiT (warmoiqmne-

ba askorbat-ioni). askorbinmJavas γ-laqtonuri cikli advilad hidrolizdeba 
tute an neitralur areSi gaxurebisas, amitom moxarSul bostneulSi C-
vitaminis Semcveloba gacilebiT naklebia, vidre nedlSi. samedicino praqti-
kaSi askorbinmJavas iyeneben infeqciuri da imunuri daavadebebis, 
aTerosklerozis, gacivebis da kibos qimioTerapiuli mkurnalobis dros. C 
vitaminis sadReRamoso dozaa 50-100 mg. fizikuri muSaobis dros C vitaminis 
xarjva gaZlierebulia, amitom saWiroa dozis gadideba. orsulobis periodSi 
C-vitaminis sadReRamiso doza Seadgens 50 mg-s, laqtaciis periodSi _ 100 mg-s, 
bavSvebisaTvis 7 wlamde _ 30-35 mg-s, 7-14 wlamde _ 50 mg-s. samkurnalo mizniT 
gamoyenebis dros C vitaminis dozebi sagrZnoblad izrdeba. magaliTad, 
saSvilosnodan sisxldenis dros pirvel dReebSi avadmyofs aZleven 1000 mg-
mde, filtvis tuberkulozis dros-500-1000 mg-s. C vitamins, ise rogorc wy-
alSi xsnad yvela vitamins, ara aqvs organizmSi dagrovebis unari, magram 
didi dozebis xangrZlivma xmarebam SeiZleba gamoiwvios insulinis gamoyofis 
Seneleba, arteriuli wnevis momateba, leikocitozi da sxv. C vitamini unda 
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inaxebodes kargad daxurul minis sacobian WurWelSi, radgan haeris 
Jangbadis moqmedebiT igi iJangeba. 
vitamini P _ warmoadgens momwaro, mwklarte gemos mqone nivTierebas, kargad 
ixsneba wyalsa da spirtSi. sadReRamiso dozaa 150 mg. misi Semcveloba 
sxvadasxva produqtSi mocemulia me-13 cxrilSi. 

                                                                         cxrili 13 
p-vitaminis Semcveloba zogierT mcenareul produqtSi 

 
produqtis dasaxeleba Semcv. mg-Si, 

yovel 100 
gramze 

produqtis dasaxeleba Semcv. mg-
Si yovel 
100 gramze 

forToxali  (qerqi) 

limoni 

askili 
Savi mocxari 
qliavi 
muxudo 

490 
 

500 
 
 

240-680 
500 
50 

40-80 

kombosto 
kartofili 
kombosto yvavilovani 
stafilo 
oxraxuSi 
ispanaxi 

60-100 
25-40 
40 

10-40 
130 
130 

 
  P vitaminSi moiazreba flavonuri pigmentebis jgufi. am kompleqsis aqti-

uri warmomadgenelia hesperidini, eriodiqtini, kateqini, glikozidi, rutini, 
kvercetini. isini didi raodenobiTaa citrusebis qerqSi; maT Seicavs yviTeli 
yvavilebis flavoni, Savi mocxari, wiwaka, askili. isini farTod gamoiyenebian 
P hipo- da avitaminozis dros da sisxlZarRvovani daavadebis mkurnalobisas, 
aseve hipertoniis, qunTruSis, tifis SemTxvevaSi. rogorc cnobilia P da C 
vitaminebi aZliereben erTimeoris moqmedebas. amitom p  vitaminTan erTad 
saWiroa askorbinmJavas miRebac. 
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vitamini Q. (kofermenti Q an ubiqinoni). Q-vitamini aRmoCenil iqna 1957w. r. 

mortonisa da f. kreinis laboratoriebSi, erTmaneTisagan damoukideblad. Q-
vitamini sinTezirdeba mcenareTa, cxovelTa da mikroorganizmTa organizmSi. 

 
 280 



lipoilur-hidrofobuli struqturis wyalobiT isini koncentrirdebian 
mitoqondriebis Siga membranaSi, mikrosomebSi, birTvsa da goljis aparatSi. 
         Q vitamini aucilebelia mcenareTa fotosinTezis da membranis 
stabilizaciisaTvis, romelic icavs ujeri rigis mJavebs zeJanguri 
Jangvisagan. ubiqinoni aucilebelia aseve embrionis ganviTarebisaTvis, radgan 
igi uzrunvelyofs eriTrocitebis warmoqmnas, ris gamoc gamoiyeneba 
medicinaSi miokardis gul-sisxlZarRvovani daavadebis dros.  

 

CH3

O

O

vitamini Q

n= 6-10

CH3O

CH3O C
H

C CH2)n H

CH3

(CH2

 
 
vitamini U. am vitamins ewodeba wylulis saawinaaRmdego faqtori. igi aRmo-
Cenil iqna 1952 wels, roca kuWisa da Tormetgoja nawlavis wylulis dros 
dadebiTi samkurnalo Sedegi aRmoaCnda kombostos wvenis miRebas. garda kom-
bostosa, vitamini U Sedis rZeSi, oxraxuSSi, ispanaxSi, niaxurSi. 

                                                  

                     

(CH3)2SCH2CH2CH(NH2)COOH
+

Cl
-

    vitamini U
(meTilmeTionini)  

                                                  
qolini. 1862 wels Strekerma naRvlidan gamoyo Zlier tute Tvisebis mqone 
substratebi, romelsac uwoda qolini. qimiuri aRnagobis Seswavlisas gam-
oirkva, rom igi warmoadgens aminoalkohols. sufTa qolini ufero, sirofis 
magvari, mkveTri tute Tvisebis mqone nivTierebaa. igi kargad ixsneba spirtsa 
da wyalSi, ar ixsneba eTerSi. adre miaCndaT, rom qolini fermentTa jgufs 
ganekuTvneboda, SemdgomSi ki dadasturda, rom mas aqvs vitaminuri aqtiuroba 
da miekuTvneba B jgufis vitaminebs. qolini mniSvnelovan rols asrulebs 
nivTierebaTa cvlaSi. qolinis naSTi Sedis fosfatidqolinis (lecitinebis) 
da sfingomielinebis SemadgenlobaSi. cocxal qsovilebSi fosfolirilebis 
sawyis stadiaSi qolini erTveba atf-isa da ferment qolinkinazis daxmarebiT. 
warmoqmnili fosfoqolini moqmedebs citidintrifosfatTan, ris Sedegad war-
moiqmneba qolinis aqtiuri kofermentuli forma _ citidindifosfoqolini 
(cdf-qolini), romelic uzrunvelyofs qolinis CarTvas lipidis molekulaSi. 
garda amisa, qolinidan organizmSi ferment qolinacetiltransferazas da 
acetil-koferment A-s daxmarebiT sinTezirdeba acetilqolini, romelic 
mTavar rols asrulebs nervuli impulsebis gadacemis meqanizmSi (ix.sqema: 
qolinidan acetilqolinis warmoqmna). 
     qolini didi raodenobiTaa naRvelSi, RviZlSi, Tavis tvinSi, TirkmelSi, 
kvercxis gulSi, rZeSi. 1 l rZe Seicavs 140 mg qolins. qolinis nakleboba 
cxovelTa da adamianis organizmSi iwvevs Tirkmelebis hemoragiul degenera-
cias; Tirkmelebi izrdeba moculobaSi da Rebulobs muq wiTel fers. garda 
amisa, aRiniSneba sisxlCaqcevebi Tirkmlis kafsulasa da qerqovan SreSi. 
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qolinis nakleboba iwvevs agreTve RviZlis da arteriis kedlebis cximovan 
gadagvarebas. 

 qolini aucilebelia organizmSi cximebis cvlis procesisaTvis. marTa-
lia, organizmSi xdeba qolinis sinTezi, magram es ar aris sakmarisi da 
saWiroa Sevseba sakvebis saSualebiT. organizmSi qolini axdens ara marto 
metabolizmis procesebis regulacias da energiis transformacias, aramed igi 
TviTonvea energiis wyaro da uSualod monawileobs ujredTa SeqmnaSi. amitom 
mas da mis msgavs nivTierebebs uwodes “vitagenebi”, romelTa ricxvs ekuTvnis 
aseve zogierTi aminmJava da cximovani mJava. 

 acetilqolini organizmSi iqmneba cTomili nervis gaRizianebiT da 
iTvleba nervuli impulsebis qimiur gadamtanebad neironidan neironze da 
nervebidan kunTebze. acetilqolins ewodeba neirohumoraluri faqtori da 
asrulebs erTgvari mediatoris rols vegetatiuri nervuli sistemis 
moqmedebaSi. organizmSi acetilqolinis Seyvana iwvevs wvrili sisxlZarRvebis 
gaganierebas, rasac Tan sdevs sisxlis wnevis daqveiTeba. igi iwvevs kuW-
nawlavis peristaltikis  gaZlierebas, Sardis buStis, naRvlis buStis da 
saSvilosnos SekumSvas. 

 samkurnalo mizniT iyeneben acetilqolinqlorids. igi warmoadgens 
TeTr kristalur nivTierebas, romelic haerze Txevaddeba; kargad ixsneba wy-
alSi, spirtSi. qloroformSi. misi wyalxsnari mJava bunebisaa. acetilqolins 
xmaroben arteriuli hipertoniis samkurnalod. mas ar axasiaTebs SeCvevis 
unari, radgan organizmSi igi iSleba qolinesTerazad. 

 medicinaSi da veterinariaSi farTod gamoiyeneba qolinis meore eTeri-
karboqolini. igi TeTri kristaluri fxvnilia, ixsneba wyalSi, ar ixsneba 
eTerSi. karboqolini kargad moqmedebs operaciis Semdeg ganviTarebuli 
nawlavebis da Sardis buStis atoniaze misi dReRamuri dozaa 2 mg. 
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antibiotikebi 
 
 antibiotikebi ewodeba bunebriv nivTierebebs, romlebic sinTezirdeba 

mikroorganizmebis mier da momakvdineblad moqmedeben sxva mikroorganizmebze 
an Trgunaven maT gamravlebas. 

samedicino praqtikaSi mikrobTa antagonizmis principi jer kidev me-19 
saukuneSi gamoiyenes, roca cnobili gaxda, mwvane obis samkurnalo Tviseba. 
unda aRiniSnos, rom manamde ramdenime saukunis win aRwerili iyo obis 
samkurnalo Tvisebebi. dReisaTvis mravali antibiotikia miRebuli, romelTa 
Soris gansakuTrebuli aqtiurobiT gamoirCeva penicilini, streptomicini, 
tetraciklini, puramicini, polienuri makrolidebi. 

1862-1868 wlebSi mikrobiologiis fuZemdebelma, didma qimikosma l. 
pasterma daamtkica, rom sxvadasxva saxis duRilisa da lpobis gamomwvevia 
mikroorganizmebi. pasterma da Juberma daadgines, rom cimbiris wylulis 
gamomwvavi mikrobebi iRupebian sxva mikrobebis TanamyofobaSi. 

1889 w. Cexma mecnierma bukovskim daavadebaTa samkurnalod gamoiyena ara 
cocxali mikrobebi, aramed maTi cxovelmoqmedebis produqtebi. didi rusi 
mikrobiologis i. meCnikovis mier aRmoCenil iqna mikrobTa antagonizmi. 

 1871-72 wlebSi rusma mecnierma v. manaseninma da a. plotebnovma 
Seiswavles mwvane obis _ Penicilium-is Tvisebebi da daadgines misi 
antibaqteriuli Tvisebebi, romelsac isini Semdeg efeqturad iyenebdnen 
Cirqovani Wrilobebis samkurnalod. 1928 wels ingliselma mikrobiologma a. 
flemingma kvlav SemTxveviT aRmoaCina obi. man daadgina, rom obis gamonayofi 
aCerebs mravali daavadebis gamomwvevi mikroorganizmebis zrda-ganviTarebas. 
manve obidan gamoyo nivTiereba, aRwera igi, Seiswavla misi moqmedeba mikrobze 
da am nivTierebas penicilini ewoda. penicilinis aRmoCenam da misma 
gamoyenebam axali era Seqmna medicinaSi, mecnierebaSi Seiqmna axali 
mimarTuleba antibiotikebis Sesaxeb. antibiotikebis moqmedeba SerCeviTi 
xasiaTisaa, rac imiT gamoixateba, rom yoveli maTgani xasiaTdeba moqmedebis 
specifikurobiT, e.i. moqmedebs mikrobebis mxolod gansazRvrul saxeobebze. am 
Tvisebebis gamo maT iyeneben infeqciur daavadebaTa samkurnalod. 

mogvianebiT z. vaksmanis mier gamoyofil da sufTa saxiT miRebul iqna 
iseTi mniSvnelovani antibiotiki, rogoricaa aqtinomicini, streptomicini, 
streptotricini. 1948-50 wlebSi aRmoCenil iqna qloramfenikoli da 
tetraciklini, 1952-1954 wlebSi polienuri rigis da yvela ZiriTadi 
makroliduri antibiotikebi, xolo 60-ian wlebSi cnobili iyo TiTqmis yvela 
ZiriTadi mniSvnelovani antibiotiki. 1950 wels aRwerili iyo 150-mde antibi-
otiki, 1960 wels 1200-mde da 1970 wels 2000-ze meti antibiotiki. 

antibiotikebi moqmedebis meqanizmebis mixedviT iyofa 4 ZiriTad jgufad: 
1) baqterialuri ujredis kedlis sinTezis inhibitorebad,  cilis matriculi 
(ribosomuli) sinTezis inhibitorebad;  
3) nukleinis mJavebis sinTezis inhibitorebad;  
4) citoplazmuri membranis funqcionirebis inhibitorebad. 

antibiotikebi arRvevs sxvadasxva saxis mikrobebis ZiriTad sasicocxlo 
procesebs (sunTqvas, kvebas, gamravlebas da a.S.). swored aqedan warmodgeba 
maTi saxelwodeba (laT. anti _ winaaRmdeg, bios _ sicocxle). maT didi 
mniSvneloba aqvs adamianis organizmis damcvelobiTi funqciis asamaRleblad. 
miuxedavad maTi aseTi mniSvnelobisa, falsifikatorebi ar ixeven ukan da sxva 
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medikamentebTan erTad axdenen antibiotikebis falsificirebas, es ukanaskneli 
ki adamianis janmrTelobis gauaresebul mdgomareobas kidev ufro metad 
amZimebs. 

aseTi moTxovnebi yvelaze sruladaa asaxuli GMP (Good Manufacture Practice _ 
saTanado moTxovnebis praqtika) standartebSi, romlebic warmoadgens 
saerTaSoriso standartebis ,,ISO 9000 kerZo SemTxvevas“ da areglamentebs 
samkurnalwamlo saSulebebis warmoebasa da realizacias. 

antibiotikebis zogadi preparatebi iwvevs mikroorganizmis zrda-ganvi-
Tarebis da gamravlebis daTrgunvas, anu baqteriostatikur moqmedebas, xolo 
preparatebis umravlesoba iwvevs baqteriebis mospobas (sikvdils), anu 
baqteriocidur moqmedebas. 

baqteriebis sawinaaRmdego qimioTerapiuli saSualebebi gamoiyeneba ro-
gorc adgilobrivi (lokaluri), ise sistemuri (zogadi) moqmedebisaTvis: 

adgilobrivad gamoiyeneba kanze da lorwovan garsze zemoqmedebisaTvis 
rogorc garedan saxmari malamoebis, aerozolebis da xsnarebis saxiT, ise 
perorulad, enterulad _ nawlavis saTiTurSi baqteriebze moqmedebisaTvis. 

adgilobrivi moqmedebis qimioTerapiul preparatebs unda axasiaTebdes 
minimaluri Sewovis unari (ar iCens zogad moqmedebas), kargad gamoxatuli da 
myari baqteriebis sawinaaRmdego efeqti, minimaluri toqsikuri 
TanamovlenebiT. 

cnobilia antibiotikebis miRebis sami xerxi: 
1. mikrobiologiuri sinTeziT miReba: tetraciklinebi, penicilinebi; 
2. martivi organuli nivTierebebis qimiuri sinTeziT (levomicetini da 

maTi nawarmebi). 
3. mikrobiologiuri da qimiuri sinTezis gziT. 

                                                                cxrili 14 
antibiotikebis klasifikacia antimikrobuli _ baqteriociduri,  

baqteriostatikuri moqmedebisa da speqtris mixedviT 

farTe speqtris mqone antibiotikebi 
moqmedebs g (+) da  g (_) baqteriebze 

(xSirad iwvevs superinfeqcias) 

viwro speqtris mqone antibiotikebi 
gramdadebiT da gramuaryofiT 

baqteriebze upiratesi moqmedebiT 

• tetraciklinebi 
(baqteriostatikuri): 
oqsitetraciklini 
metaciklini 
doqsiciklini 
monociklini 

• naxevrad 
sinTezuri 
penicilinebi 
(baqteriociduri): 
ampicilini 
amoqsacilini 
azlocilini 
oqsacilini 
karbenicilini 
Tikarcilini 
karfecilini 

• biosinTezuri 
penicilinebi 
(baqteriociduri): 
benzilpenicilini 
bicilin-1 
bicilin-5 
oqsacilini 
fenoqsimeTilpen-
icilini 

• polimiqsinebi 
`m~ da `e~ 

(baqteriociduri) 
monobaqtamebi 
aztreonami 

g (+) da  g (_) 
infeqciis sxva 

gamomwvevebze moqmedi 
antibiotikebi: 

(baqteriostatikuri) 
eriTromicini 
tetraciklini 

(baqteriociduri): 
(polimiqsini) 

• cefalosporinebi 
(baqteriociduri): 
1-II-III da IV Taobis 
 

• antibiotiki 
karbapenemebi 
(baqteriociduri): 
imipenemi 
meropenemi 
cilastatini 
(promaqsini) 

• makrolidebi 
(baqteriostatiku
ri): 
eriTromicini 
oleandomicini 
klaritromicini 
roqsitrocini 
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(rulidi) 

• aminoglikozidebi 
(baqteriociduri): 
amikacini 
kanamicini 
rifampicini 
neomicini 
monomicini 
gentamicini 
tobramicini 
neTelmicini 
streptomicini 
sizomicini 

 • azalidebi 
(baqteriociduri): 
• azitromicini 
(sumamedi) 

 

 

arsebobs antibiotikebis sxvadasxva saxis klasifikacia. Seswavlis pirvel 
periodSi antibiotikebs yofdnen maproducirebeli mikroorganizmebis 
mixedviT, magram aRmoCnda, rom s/s saxis mikroorganizmebs SeuZlia erTi da 
imave an ramdenime saxis antibiotikis producireba. cnobilia aseve antibi-
otikebis klasifikacia maTi antimikrobuli moqmedebis speqtris mixedviT. 
magaliTad, arCeven gramdadebiT da gramuaryofiTze moqmed (streptomicini), 
farTo speqtris (levomicetini), sokovan mikroorganizmebze moqmed (levonini), 
simsivnis sawinaaRmdego antibiotikebs. 
antibiotikebis Tanamedrove klasifikacia 

1. penicilinis jgufis antibiotikebis preparatebi: 

• biosinTezuri penicilinebi: benzilpenicilini, bicilin-1, 
bicilin-5, novocilini, fenoqsimeTilpenicilini. 

• naxevrad sinTezuri penicilinebi: ampicilini, amoqsacilini, 
oqsacilini, dikloqsacilini, karbenicilini, azlocilini da 
sxva. 

2. cefalosporinebis jgufis antibiotikebi: 
I Taobis: cefaleqsini, cefadroqsili, cefazolini, cefalotini da 

sxva. 
II Taobis: cefuroqsimi, cefamandoli, cefoqsitini da sxva. 
III Taobis: cefrodoqsimi, ceftriaqsoni, cefamandoli da sxva. 
IV Taobis: cefpiromi, cefpimi, ceflidini, cefoqoprami da sxva. 
V Taobis:  cefalosporinebi _ tienami. 

3. aminoglikozidebi: 
I Taobis: kanamicini, monomicini, streptomicini. 
II Taobis: gentamicini, paromomicini. 
III Taobis: amikacini, tobramicini. 
IV Taobis: izepamicini. 

4. tetraciklinebi: tetraciklini, metaciklini, doqsiciklini da sxva. 
5. makrolidebi: roqsitromicini, klaritromicini, jozamicini, eriTro-

micini da misi preparatebi da sxva. 
6. azalidebi: azitromicinis (sumamedi) jgufis antibiotikebi. 
7. ansamicinebi: rifabutini, rifamicini, rifampicini da sxva. 
8. amfenikolebi: qloramfenikolis (levomicetinis) jgufi. 
9. linkozamidebi: linkomicini, klindanicini da sxva. 
10. glikopeptidebi: kapreomicini, floramicini, vankomicini. 
11. karbapenemebi: imipenemi, meropenemi, tienemi. 
12. monobaqtamebi: aztreonamis jgufis antibiotikebi. 
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13. cikluri polipeptidebi: polimiqsinis antibiotikebi. 
14. fosfonmJavas antibiotikebi: fosfomicinis jgufi. 
15. izooqsazolidinebi: cikloserini da sxva. 
16. sxvadasxva jgufis antibiotikebi: fuzidini, fuzafunjini. 

a. streptograminebi (qimoprostini + dalfopristini, 
vernamicini + vigrinamicini). 

b. oqsazoladinonebi (linezolidi) da sxva. 
 
* zogierTi antibiotiki arRvevs cilis sinTezs magaliTad, tetraciklinebi, 

makrolidebi (roqsitromucini), qlorfenikoli (levomicetini), linkoza-
midebi (linkomitini), glikopeptidebi (kapreomicini) iCens baqteriosta-
tikur moqmedebas. 

* zogierTi baqteriociduri antibiotiki (rifampicini) arRvevs rnm-is sin-
Tezs, xolo polimiqsini arRvevs citoplazmuri membranis ganvladobas. 

* antibiotikebTan mikrobTa pirdapiri (an jvaredini) SeCvevis (mdgradobis) 
ganviTareba xdeba swrafad, nela an iSviaTad. 

 
 SeCveva viTardeba   SeCveva viTardeba SeCveva viTardeba 
 swrafad:    nela:   iSviaTad: 
* streptomicinis    *  penicilinebis      * polimiqsinebTan 
* oleandomicinis       *  tetraciklinebis      
* rifampicinis           (jvaredini yvelasTan) 
 jgufTan            * levomicetinis 
                               jgufTan 
 
* penicilinebi, cefalosporinebi, glikopeptidebi (vankomicini), monobaqtamebi 

(azreonami), cikloserini, azalidebi (azitromicini) baqteriis ujredis 
kedelSi arRvevs cilis sinTezs da iwvevs  baqteriocidur efeqts. 

* makrolidebi, tetraciklinebi, levomicetini, linkozamidebi (linkomicini) 
baqteriis ribosomebSi arRvevs cilis sinTezs da iwvevs  
baqteriostatikur efeqts. 

* aminglikozidebi (amikacinis jgufi) baqteriis ribosomebSi arRvevs cilis 
sinTezs baqteriociduri efeqtiT, rifamicinis jgufi arRvevs rnm-is 
sinTezs _ baqteriociduri efeqtiT. polimiqsinebi arRvevs citoplazmuri 
membranis ganvladobas baqteriociduri efeqtiT. 

antibiotikebis klasifikacia antimikrobuli moqmedebis speqtris mixedviT. 
baqteriebze moqmedebis mixedviT antibiotikebi iyofa: 

1. farTe speqtris antibiotikebi _ moqmedebs gramdadebiT da gram-
uaryofiT baqteriebze, agreTve ujredSida baqteriebze (qlamidiaze da 
mikoplazmaze). 

2. antibiotikebi, gramdadebiT baqteriebze upiratesi moqmedebiT. 
3. antibiotikebi, gramuaryofiT baqteriebze upiratesi moqmedebiT. 
4. antibiotikebi, gramdadebiT,  gramuaryofiT da infeqciis sxva 

gamomwvevebze moqmedebiT. 
antibiotikebis alergiuli da araalergiuli Tanamovlenebi, super-

infeqciiT (disbaqterioziT) _ antibiotikebs baqteriebze maRal SerCeviT 
moqmedebasTan erTad axasiaTebs makroorganizmebze iseTi toqsikuri 
Tanamovlenebi, rogoricaa alergiuli neli da swrafi tipis reaqciebi 
(Sratis daavadeba, gamonayari, angionevrozuli SeSupeba, anaflaqsiuri Soki, 
kontaqturi dermatitebi da sxva), romelic axasiaTebs yvela jgufis 
antibiotiks. 
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antibiotikebi iCens araalergiul Tanamovlenebs: adgilobriv gamaRizia-
nebel moqmedebas dispersiuli movlenebis saxiT, rogoricaa pirsaqmeba _ 
faRaraTi. bevr antibiotiks axasiaTebs superinfeqciis (disbaqteriozis) 
ganviTareba, romelic dakavSirebulia antibiotikebis mier (mag. nawlavebSi) 
mikroorganizmis normuli mikrofloris daTrgunvasTan, rac xels uwyobs 
antibiotikebis mimarT mdgrad _ pirobiT paTogenuri sokoebis _ lurji 
Cirqis Cxiris, stafilokokis gamravlebas. 

antibiotikebis umravlesobas axasiaTebs organospecifikuri _ toqsikuri 
moqmedeba: neirotoqsikuroba, nefrotoqsikuroba, hepato- da hemotoqsikuroba, 
hipovitaminozi da sxva.  

cefalosporinebi, aminoglikozidebi da polimiqsinebi azianebs Tirkm-
lebs. tetraciklinebi Trgunaven RviZlis funqcias, levomicetini Trgunavs 
sisxlis warmoSobas, xolo aminoglikozidebi iwvevs smenis nervis Seucevad 
dazianebas, anu siyrues. 

penicilini, cefalosporinebi da monaTesave antibiotikebi. zogierTi azot- da 
gogirdSemcveli heterocikluri antibiotikuri nivTiereba gaerTianebulia 
penicilinebis saerTo saxelwodebiT. aRniSnul jgufs miekuTvneba ara marto 
bunebrivi penicilinebi, aramed sxvadasxva biologiurad aqtiuri analogi, 
romlebic biologiuri gziT an bunebrivi penicilinebis qimiuri modifikaciis 
Sedegad miiReba. yvela es nivTiereba msgavsia aRnagobiT, mxolod ramdenadme 
gansxvavdebian erTimeorisagan fizikuri, qimiuri da biologiuri TvisebebiT. 
Ppenicilinis wyaroa obis sokos sxvadasxva Stamebi.                                                                                                                                                                                                                              

penicilinebi gamoirCevian antibaqteriuli moqmedebis farTo speqtriT, 
amJRavneben rogorc baqteriostatikur, ise baqtericidul aqtivobas 
stafilokokebis, streptokokebis, pnevnokokebis, meningokokebis, honokokebis, 
calkeuli sokoebisa da sxva mikrobebis winaaRmdeg. penicilinebi aRniSnul 
daavadebaTa winaaRmdeg brZolis saukeTeso saSualebas warmoadgenen. 

penicilinis struqturis safuZvels warmoadgens penicilanis mJava, 
romelic Seicavs or kondensirebul heterociklur birTvs. xuTwevrian 

Tiazolidinursa (A) da oTxwevrian β-laqtamurs (B). tuteebis moqmedebiT 

iSleba β-laqtamuri cikli da warmoiqmneba penicilinmJava; amitomac 
penicilinebis xsnarebs amzadeben an natriumis qloridis izotonur xsnarze 
an sterilur gamoxdil wyalze. miuxedavad imisa, rom penicilinebi fizikuri, 
qimiuri da biologiuri TvisebebiT Zlier emsgavsebian erTimeores, 
praqtikulad isini mainc tolfasovanni ar arian. es gansxvaveba gamowveulia 
molekulaSi radikalis bunebiT. bunebrivi penicilinebidan yvelaze naklebi 
Rirebuleba heptilpenicilins gaaCnia, romelic organizmSi ufro swrafad 
ganicdis inaqtivacias, vidre sxva penicilinebi. penicilinis biosinTezis 
Seswavlam cxadyo rom molekula formirdeba sakveb niadagSi arsebuli 
aminmJavebis (cisteini, valini) xarjze, agreTve im nivTierebis xarjze, 
romelTa Canacvlebac xdeba Semdgom gverdiT jaWvSi (fenilZmarmJava, 
fenoqsiZmarmJava). 
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     penicilinis gamoyofa xorcieldeba filtraciiT an centrifugirebiT. 
eqstragireba xdeba meTilcikloheqsanoniT. Ppenicilinis xsnars (diqlore-
TanSi an eTerSi) umateben natriumis Timoliats da gamohyofen penicilins 
misi natriumis marilis saxiT. sxvadasxva penicilinis erTmaneTisagan dac-
ileba xdeba adsorbciuli qromatografiiT. penicilinis struqtura ganapiro-
bebs mis fizikur-qimiur Tvisebebs da farmakologiur moqmedebas. Ppeni-
cilenebi momwaro gemos TeTri fxvnilebia, mcired ixsnebian wyalSi, kargad 
organul gamxsnelebSi, axasiaTebT higroskopuloba.  
     penicilini koncentrirebul gogirdmJavasTan da rezorcinTan 
gacxelebiT iZleva moyviTalo-momwvano Seferadebas, xolo paradimeTilamino-
benzaldehidTan da 20%-ian qlorwyalbadmJavasTan gacxelebiT warmoqmnis 
vardisfer Seferadebas. 
     benzilpenicilini (penicilin Q) bunebrivi penicilinia. igi pirveli anti-
biotikia, romelic gamoyofil iqna qimiurad sufTa saxiT. misi natriumis 
marili kristaluri saxiT miRebul iqna 1943 w.      
    penicilini mJava da tute areSi iSleba, SedarebiT mdgradia neitralur 
areSi. sxva medikamentebTan Sereva iwvevs qimiur gardaqmnas da inaqtivacias; 
amitomac miiRes sinTezuri penicilinebi: fenoqsimeTilpenicilini da ampici-
lini, romlebic mdgradia mJava aris mimarT, maT uniSnaven SigniT misaRebad, 
amitom gamodis tabletebis saxiT.  
     fenoqsimeTilpenicilini dRes cnobili penicilinebidan yvelaze sta-
biluria, kargad Seiwoveba nawlavebis mier da iSleba kuWis wvenis moqmedeb-
iT. igi naklebad toqsikuria, ara aqvs dagrovebis unari da swrafad gam-
oiyofa organizmidan SardTan erTad. fenoqsimeTilpenicilini qromatropmJa-
vasTan iZleva lurj-iisfer Seferadebas. penicilinis preparatebs inaxaven 
minis flakonebSi, romlebic Tavdaxurulia hermetulad. 
     penicilinebis identifikaciisaTvis iyeneben polarimetrias, ultraiisfer 
da infrawiTel speqtrofotometrias, qromatografias; es ukanaskneli naerTSi 
sxvadasxva penicilinis dadgenis saSualebas iZleva. 
    zogierTi faqtoris moqmedebiT penicilinis aqtivoba mcirdeba. zogierTi 
mikroorganizmi warmoqmnis ferment-penicilinazas, romelic swrafad Slis 
penicilinebs da maT gardaqmnis inaqtiur naerTad. Bbenzilpenicilinis ß-
laqtamuri rgoli advilad irRveva ferment penicilanazas zemoqmedebiT. 
    penicilinis biosinTezi mimdinareobs Semdegi gziT: Tavdapirvelad xdeba 

L-α-aminoadipinis mJavas, L-cisteinis da L-valinis kondensacia, ris Sedegadac 

miiReba tripeptidi. Semdgom safexurze ikvreba β-laqtamuri da Tiazoli-
dinuri ciklebi da warmoiqmneba izopenicilini, romlis hidroliziT peni-
cilinacilazas moqmedebiT miiReba 6-aminopenicilanis mJava (6-apm): 
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     kristaluri penicilinebi ufro mdgradia garemo faqtorebis mimarT, 
vidre maTi wyalxsnarebi. Mmdgradoba damokidebulia pH-sa da temperaturaze 
(gacxelebiT iSleba); amitom wyalxsnari unda inaxebodes macivarSi. 
penicilins axasiaTebs amorCeviTi antimikrobuli moqmedeba. is aqtiuria 
gramdadebiTi mikrobebis mimarT da sustad moqmedebs gramuaryofiT mikrobze. 
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Mmoqmedebis farTo speqtriT xasiaTdeba ampicilini, romelic moqmedebs 
rogorc gramdadebiT, ise gramuaryofiT mikroorganizmebze. 
     1961 wels mikroorganizmebis Cephalosporium acremonium eqstraqtidan e. 
abrahamisa da g. niutonis mier gamoyofil iqna antibiotiki _ cefalosporini 
C. mis safuZvelze sinTezirebul iqna maRali aqtivobis mqone mTeli rigi 
warmoebulebi: cefazolini, cefacetrili, cefaklori. maTi struqturuli 
safuZvelia cefalosporinis mJava. qimiuri agebulebiT cefalosporinebi 
penicilinebis msgavsia, kerZod, cnobilia, rom penicilinebi 6-
aminopenicilanmJavas nawarmia, xolo es ukanaskneli 7-
aminocefalosporinmJavasa (7-acm) da 7-aminodezacetoqsicefalosporinmJavas 
(7-adcm) nawarmi. 
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     cefalosporinebis antibiotikuri aqtivoba ganpirobebulia laqtamuri 
cikliT. axasiaTebT ufro farTo moqmedebis speqtri, vidre penicilinebs, 
isini mdgradebia mJavebis mimarT, amitom uniSnaven peroralurad. igi kargad 
Seiwoveba organizmis mier. axasiaTebT dabali toqsikuroba da naklebad 
gamoxatuli Tanamovlenebi. isini aqtiurebi arian gramdadebiTi, gramuar-
yofiTi, penicilingamZle stafilokokebis, enterokokebis mimarT. MmaT iyeneben 
sefsisis, Zvlovani sistemis, pnevmokokuri meningitis da sxva daavadebebis 
dros. me-20 saukunis 70-iani wlebis pirvel naxevarSi aRmoCenil iqna 7-
meToqsicefa-losporinebi: cefamicini C da cefaqsicini. isini xasiaTdebian 
moqmedebis farTo speqtriT da aCereben zogierTi baqteriebis zrdas, 
romlebic mdgradia penicilinisadmi. 
cikloserini. es antibiotiki pirvelad gamoyofil iqna 1955 wels  Streptomyces 
orchidaceus-idan da zogierTi sxva aqtinomicetidan 1955w. igi xasiaTdeba 
antibaqteriuli moqmedebis farTo speqtriT da SedarebiT dabali toqsi-
kurobiT cxovelebisaTvis. cikloserini adamianebSi iwvevs centraluri 
nervuli sistemis moqmedebis moSlas, amitom samedicino klinikebSi igi 
iSviaTad gamoiyeneba da isic mZime da qronikuli formis filtvebis 
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tuperkulozis samkurnalod, maSin, rodesac sxva preparatebis gamoyeneba 
uSedegoa.  
    cikloserinis sinTezi pirvelad ganxorcielebul iqna  n. koCetkovis da 
r. xomutovis mier 1956 w. misi agebuleba dadgenil da dadasturebul iqna 
qimiuri meTodebiT da rentegenostruqturuli analiziT.  

 

O

N

H
NH3

O-

+

cikloserini  
 

tetraciklinebi. es antibiotiki warmoadgens nawilobriv hidrirebul nafta-
cenis warmoebuls, romelic Sedgeba oTxi kondensirebuli eqvswevriani kar-
bocikluri birTvisagan. tetraciklinebi gamoiyeneba pnevmoniis, dizenteriis, 
brucelozis (saqonlis Cliqis daavadeba), tifis, qolecistitis, meningitis da 
sxva infeqciuri daavadebebis samkurnalod, aseve qirurgiaSi Cirqovani gar-
Tulebebis dros.  

       

X

OH

R1 R2

R3

OH
OH

O

N(CH3)2

OH

COR4
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ABCD

naftaceni (tetraceni)

tetraciklinebis zogadi formula  
bunebrivi tetraciklinebi:  

tetraciklini  X=H;   R1= H; R2=OH; R3=H;  R4=NH2. 
qlortetraciklini (auromicini) X=Cl;   R1= CH3; R2=OH; R3=H;  R4=NH2. 
7-bromtetraciklini X=Br;   R1= CH3; R2=OH; R3=H;  R4=NH2. 
6-dimeTiltetraciklini X=H;   R1= CH3; R2=OH; R3=H;  R4=NH2. 
7-qlor-6-dimeTilTetraciklini X=Cl;   R1= CH3; R2=OH; R3=H;  R4=NH2. 
naxevrad sinTezuri tetraciklinebi: 
metaciklini X=H;   R1= CH2; R2= CH2; R3=H;  R4=NH2. 
monociklini X=N (CH3)2;  R1= H;  R2= H; R3=H;  R4=NH2. 
pirveli tetraciklinebi, romelTa agebuleba dadgenil iqna 1952 wels 

amerikel mecnierTa jgufis mier r. vudvordis xelmZRvanelobiT, iyo auromi-
cini da teramicini. 
streptomicini (C21H39O12N7) warmoadgens efeqtur saSualebas yivanaxvelas, 
pnevnomiis, meningitis da sxva daavadebaTa winaaRmdeg, romlebic gamowveulia 
gramuaryofiTi mikroorganizmebis mier; amJamad gamoiyeneba tuberkolizis 
sxvadasxva formis mkurnalobisas. igi miekuTvneba aminglikozidur antibi-
otikebs. Aaminglikozodebis antibaqteriuli aqtivoba ganpirobebulia maT 
molekulaSi erTdroulad streptidinisa da aminSaqrebis arsebobiT. calkeul 
maTgans ar gaaCnia antibiotikuri aqtivoba. didi mniSvneloba aqvs strep-
tidinSi guanidinis naSTs, misi moxleCiT naerTi kargavs antibaqteriul aq-
tivobas. aseve mniSvnelovania streptozis aldehiduri jgufi, misi daJangva 
karboqsilamde gamoiwvevs preparatis inaqtivacias. streptomicini efeqturia 
im daavadebebis dros, romelTac iwveven gramdadebiTi, gramuaryofiTi da 
mJavagamZle mikrobebi, efeqturia tuberkulozuri meningitis dros. strepto-
micini mdgradia, rogorc kristaluri saxiT, aseve wylian xsnarSi. Mmisi aq-

 
 290 



tiuroba qveiTdeba mJava areSi. maT mdgradobaze gansakuTrebul gavlenas 
axdens temperatura, amitom streptomicinis gacxeleba, an misi Senaxva 50º -ze 
met temperaturaze dauSvebelia.  dadgenilia, rom aRnagobiT streptomicini 

N-meTil-α,L-glukozamin β-L-streptozidstreptidins warmoadgens, romlis ag-
likonia streptidini, an spirti-inoziti. 
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     antibiotikuri aqtivobis mqone aminglikozidebs miekuTvneba 100-mde 
bunebrivi naerTi, romelTa molekulebs aerTianebT erTi eqvswevriani kar-
bocikluri aminspirti (amininozitebi), glikozilirebuli erTi an ramdenime 
aminSaqriT. esenia: speqtinomicini, kanamicini A, gentamicini A, amikacini. isini 
TeTri feris, usuno, mware gemos fxvnilebs warmoadgenen, axasiaTebT higros-
kopuloba, kargad ixsnebian wyalSi. Ppreparatebi iZlevian sulfat-ionisaTvis 
damaxasiaTebel reaqcias. 
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                                kanamicini A  R1= NH2; R2=OH; R3=H;  R4=CH2OH; R5=H 
                             gentamicini A  R1= OH; R2= NH2; R3=CH3;  R4=H; R5=H 
 

     kanamicini moqmedebs tuberkulozis mikobaqteriis im Stamebze, romlebic 
mdgradia streptomicinis, eriTromicinis, levomicetinis, tetraciklinis mi-
marT. Aar moqmedebs anaerobul baqteriebze, sokoebze, virusebze. Kkanamicini 
gamoiyeneba kunTebSi da wveTobrivad venaSi Sesayvanad, aseve aerozolis sa-
xiT. gentamicini gamoiyeneba Cirqovani infeqciis sawinaaRmdegod; moqmedebs 
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aseve nawlavis Cxirze, salmonelebze. gayidvaSia misi 80 mg-iani flakonebi, 1-2 
ml ampulebi 4%-iani wyliani xsnariT da  tubebi 0,1%-iani sacxis saxiT. amika-
cins axasiaTebs moqmedebis farTo speqtri, gamoiyeneba kunTebSi an venaSi 
Sesayvanad. 
eriTromicini da sxva makrolidebi. amJamad cnobilia antibiotikebis 
ramdenime jgufi, romelTa molekulebi Seicaven makromolekulur laqtonur 
birTvs. maT Soris aRsaniSnavia arapolienuri makrolidebi, romelTac 
iyeneben medicinaSi. isini gramdadebiTi baqteriebis da mikoplazmis mimarT 
amJRavneben aqtivobas, da saerTod ara aqtiurebi arian gramuaryofiTi 
baqteriebis mimarT. cnobilia daaxloebiT 70-mde makroliduri antibiotiki. 
struqturuli TvalsazrisiT makroliduri antibiotikebi 12,14-an 16-wevriani 
laqtonebia, romlebic Seicaven alkilisa da hidroqsilis jgufebs. 
medicinaSi farTod gamoiyeneba 14-wevriani makrolidebi: eriTromicini A, B, C, 
D oleandomicini da 16-wevriani makrolidebi; leikomicini, spiramicini da 
Tilozini. 
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eriTromicini A  R1= OH; R2=CH3 

          eriTromicini B  R1= H; R2=CH3                                                                                  oleandomicini 
eriTromicini C R1= OH; R2=H 

eriTromicini D R1= H; R2=H 
 

aqtionmicini D. aqtinomicini D-s agebuleba dadgenil iqna a. jonsonis mier 
1957 w. amJamad mrewveloba uSvebs 20-mde aqtinomicinis antibiotikur 
preparats. isini gamoirCevian maRali aqtiurobiT gramdadebiTi da 
gramuaryofiTi baqteriebis mimarT. aqtinomicinebi gamoiyeneba qimioTerapiaSi 
simsivnis, kerZod, Tirkmlis simsivnis samkurnalod bavSvebSi. 
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antraciklinebi. antraciklinebi miekuTvneba antibiotikebis mniSvnelovan 
jgufs, romelic gamoiyeneba avTvisebiani simsivnis qimioTerapiaSi.. isini aq-
tiurni arian gramadebiTi baqteriebis, sokoebisa da virusebis winaaRmdeg. 
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     bolo wlebSi aqtiurad mimdinareobs im antraciklinebis Seswavla, ro-
melTac aqvT maRali aqtivoba da dabali kardiotoqsikuroba. am mxriv yur-
adRebas ipyrobs bunebrivi antraciklinebi: aklacinomicini A, cinerubini A, 
romelic ufro naklebi aqtiurobiT gamoirCeva, aseve maTi sinTezuri 
analogebi; daunomicinis da adriamicinis 4-dimetoqsiwarmoebulebi, 11-dezoqsi- 
da 13-dezoqsiantraciklinebi.  
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daumonicini R1= O CH3; R2=H 

adriamicini R1= O CH3; R2=OH 

karminomicini R1= H; R2=H    
  

antraciklinebi moqmedebis meqanizmebiT axlos dganan aqtinomicin D-sTan. 
polienuri makroliduri antibiotikebi. am jgufs miekuTvneba amfotericini B, 
nistatini, levorini da triqomicini. maT iyeneben sokovani daavadebis 
samkurnalod, umTavresad, kuW-nawlavis traqtis mikozis da sasunqTqi gzebis 
daavadebis samkurnalod. 
  polienuri makrolidebisaTvis damaxasiaTebelia  molekulaSi ormagi bmebiT 
SeuRlebuli sistema, romelTa raodenobis mixedviT maT yofen: tri-, tetra-, 
penta-, heqsa- da heptanad. polienuri makrolidebis qimiur SeswavlaSi didi 
Rvawli miuZRviT a. koups, o. ceders, k. jerasis, e. borovskis. 
      makroliduri polienuri antibiotikebi wyalSi cudad ixsnebian da 
Seiwovebian organizmis mier. nistatinis da levorinis miReba xdeba mxolod 
adgilobrivad. amfotericini B gamoiyeneba sistemuri mikozis samkurnalod. 
polienuri antibiotikebis xsnadobis gasaumjobeseblad gamoiyeneba maTi N-
acetiluri da zogierTi sxva warmoebulebi, magaliTad, σ-buTilamidebi da 
sxv. 
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     polienuri makroliduri antibiotikebi moqmedeben organizmze, romelTa 

membranis ujredis sterinebs, gaaCniaT 3-β-hidroqsijgufi da sakmaod grZeli 
jaWvi, amitom isini praqtikulad ver moqmedeben baqteriebis umravlesobaze. 

sterinebi ukavSirdebian antibiotikebs SefardebiT 1:1. am jgufis didi zomis 
antibiotikebis moqmedebis Sedegad (heptaenebis an nistatinis) membranaSi 
warmoiqmneba xvreli 0,4 nm radiusiT, ris gamoc ujredidan Tavisuflad 
gamodis erTvalentian metalTa ionebi, zogierTi anioni da neitraluri 
molekulebi, magaliTad, glukoza. SedarebiT mcire zomis polienuri 
makrolidebi, magaliTad filipini III, citoplazmaturi membranis ujredebSi 
warmoqmnis ufro msxvil xvrels. 
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alkaloidebi 
 

 alkaloidebi mcenareuli warmoSobis heterocikluri azotSemcvleli 
fuZeebia, didi dozebiT Sxamebs warmoadgenen, mcire dozebiT ki _ Zvirfas 
samkurnalo preparatebs. arabulad “alkali” _ tutes, xolo “oides” _ 
msgavss niSnavs. cnobilia, rom maT umTavresad Seicavs mcenareebi, mcire 
raodenobiT ki _ cxovelTa organizmebi. alkaloidebiT gansakuTrebiT 
mdidaria mcenareTa calkeuli ojaxebi: qendisebrTa, yayaCosebrTa, parkosanTa, 
ZaRlyurZenasebrTa, baiasebrTa, endrosebrTa ojaxebi. bunebaSi alkaloidebi 
umetesad gvxvdeba organul mJavaTa  marilebis (vaSlis, limonis, mJaunas, 
qarvis mJavebis) saxiT. xSirad mcenare ramdenime alkaloids Seicavs. 
magaliTad, opiumis preparatebidan 22 alkaloidia gamoyofili, qinaqinis xis 
qerqidan _ 24, kokas foTlebidan _ 7, Tambaqos foTlebidan _ 10 da a.S. 
yvelaze xSirad alkaloidebi mcenaris romelime gansazRvrul nawilSi 
grovdeba. magaliTad, qinaqinis xis alkaloidebi TiTqmis mxolod mis qerqSi 
imyofeba; Cais aklaloidebi _ foTlebSi; alkaloidi hidrastini fesuraSia 
lokalizebuli; striqnini da brucini _ TeslebSi. 
     alkaloidebis Semcveloba mocemul mcenareSi Cveulebriv didi ar aris, 
da mcenareuli nedleuli, romelic 1-2%-mde alkaloids Seicavs (mSral 
wonaze gadaangariSebiT) savsebiT gamosadegia gadasamuSaveblad. cnobilia 
mcenareebi, romlebic alkaloids SedarebiT didi raodenobiT Seicaven. 
magaliTad, qinaqinis xis qerqSi mTavari alkaloidis qinaqinis Semcveloba 7-
10%-s aRwevs. 
     alkaloidebi mniSvnelovan rols asruleben cocxal organizmebSi, 
Tumca maTi biologiuri funqciebi jer kidev ar aris bolomde garkveuli. 
alkaloidebi foTlebSi Jangbadis gadatanas emsaxureba, miwisqveSa nawilsa 
da TeslSi ki nivTierebaTa cvlas da fesvTa sistemis zrdas aregulireben. 
isini mcenaris cxovelmyofelobis narCenebicaa da saTadarigo nivTierebebic. 
arsebobs Sexeduleba, rom alkaloidebi mcenaris gamojansaRebas uwyobs 
xels. alkaloidebi zogjer damcveli nivTierebebia, zogjer ki _ biosinTezis 
aucilebeli komponenti. unda aRiniSnos, rom erTi konkretuli alkaloidi, 
romelic garkveul rols asrulebs foTlebSi, vegetaciis momdevno periodSi 
gadadis mcenaris sxva nawilSi an gardaiqmneba axal alkaloidad da, 
Sesabamisad, gansxvavebuli funqcia ekisreba. mcenareSi alkaloidebis 
raodenoba da maTi mravalferovneba damokidebulia niadagis Semadgenlobasa 
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da mis nestianobaze, mzis sxivebis  gavlenaze, haeris temperaturaze da 
zogierT sxva ekologiur-geografiul pirobaze. 
     alkaloidebis aRmosaCenad an gamosayofad iyeneben maTi daleqvis 
reaqciebs, romelTac alkaloidur reaqciebs uwodeben. magaliTad: 
1. uxsnadi  marilebis warmoqmna   
a. reaqcia taninTan. taninebi mcenareuli polifenolebia, romelTac gaaCniaT 
cxoveluri tyavis cilebTan dakavSirebisa da amiT maTi lpobis Tavidan 
acilebis unari. alkaloidis marilis xsnarze taninis xsnaris damatebisas 
gamoiyofa uxsnadi marili. am reaqcias didi praqtikuli mniSvneloba aqvs. 
alkaloidiT mowamvlis SemTxvevaSi avadmyofs asmeven taninis xsnars an 
ubralod magar Cais. es ukanaskneli didi raodenobiT Seicavs taninebs, ris 
gamoc warmoiqmneba uxsnadi da naklebtoqsikuri marili, romlis mocileba 
organizmidan SesaZlebelia kuWis amorecxviT. 
b. reaqcia pikrinmJavasTan (2,4,6-trinitrofenoli). am dros miiReba yviTeli 
feris naleqi. 
2. ormagi (kompleqsuri) marilebis warmoqmna. 

a. reaqcia sulemasTan (HgCl2). alkaloidebi sulemasTan warmoqmnis wyalSi 
uxsnad ormag marilebs. 
b. reaqcia kaliumis iodidTan. aRniSnuli reaqtivi gamoyofs alkaloidTa 
ormagi marilebis Sokoladisfer naleqs. 

 dReisaTvis aRwerilia 5000-ze meti sxvadasxva alkaloidi. mravali 
maTganisaTvis dadgenilia qimiuri aRnagoba. alkaloidTa umravlesoba wyalSi 
Znelad ixsneba, xolo organul gamxsnelebsa da tuteebSi _ kargad.  

 martivi aRnagobis alkaloidebi Seicaven 10-mde naxSirbadatoms, 
SedarebiT rTuli _ 50-ze mets. naxSirbadis, wyalbadisa da azotis garda, 
alkaloidebis molekula Seicavs Jangbads  da gogirds, ufro iSviaTad 
qlorsa da broms. 

 mraval bunebriv alkaloids rTuli agebuleba aqvs, romlis gansazRvra 
Zalian rTul amocanas warmoadgenda. magaliTad, morfinis agebuleba, 
romelic sufTa saxiT jer kidev 1906-1917 wlebSi iqna gamoyofili, sabolood 
dadgenili da sinTeziT dadasturebuli iqna mxolod 1952 wels. 

 
 

kavSiri alkaloidebis struqturasa da 
fiziologiur Tvisebebs Soris 

 
 alkaloidebis fiziologiuri aqtiuroba didadaa damokidebuli masSi 

Semaval heterociklur birTvsa da funqciur jgufebze. alkaloidebis 
aucilebeli Semadgeneli komponenti _ azoti ganapirobebs maT fuZe Tvisebebs. 
medicinaSi alkaloidebis gamoyenebas samkurnalo preparatebis saxiT 
gansazRvravs maTi fiziologiuri aqtivoba. amasTanave, bunebrivi 
resursebisagan miRebuli samkurnalo preparatebi sakmarisi aRaraa 
Tanamedrove medicinis moTxovnebis srulad dasakmayofileblad da zogjer 
aucilebeli xdeba maTi sinTezis gzebis Zieba. magram sinTezuri samkurnalo 
preparatis misaRebad saWiroa bunebrivi alkaloidis qimiuri aRnagobis Rrmad 
Seswavla; amisaTvis unda dadgindes zusti kavSiri alkaloidis fiziologiur 
Tvisebebsa da maTi molekulebis struqturul specifikas Soris. 

 vrceli eqsperimentuli masalis ganzogadebis safuZvelze dReisaTvis 
met-naklebad cnobilia alkaloidebSi calkeuli funqciuri jgufebis fizio-
logiuri moqmedeba. zog SemTxvevaSi benzolis birTvi ganapirobebs 
adgilobriv anesTeziur efeqts; meTilis jgufi iwvevs fiziologiuri 
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moqmedebis Sesustebas da amasTan erTad amcirebs toqsikurobas. 
naxSirwyalbadovani jaWvis gazrda iwvevs fiziologiuri aqtivobis matebas 
da amasTan erTad SeimCneva narkotikuli moqmedebis gazrdac. benzolis 
birTvSi hidroqsilis jgu-febis Seyvana amcirebs sicxis damwev Tvisebebs, 
aminjgufis Seyvana ki piriqiT, aZlierebs am Tvisebebs. aromatul birTvSi 
erTdroulad hidroqsilisa da aminis jgufebis arseboba aniWebs nivTierebas 
anesTeziur Tvisebas; nitrojgufis Seyvana aZlierebs moqmedebas nivTierebis 
sunTqvis centrze da sxv. 

cnobili alkaloidi morfini _ nivTiereba, romelic m. gudmanis sityve-
biT rom vTqvaT, warmoadgens “kacobriobis rogorc mowyale ZiZas, aseve 
umZvinvares mters”. Tu morfinis hidroqsilis jgufSi erT wyalbadatoms 
meTilis jgufiT SevcvliT (movaxdenT mis meTilirebas), miiReba 
meTilmorfini anu kodeini. 

O

HO

N CH3

CH2H2C

OH3C

meTilmorfini anu kodeini

O

HO

N CH3

CH2H2C

HO

morfini

O

O

N CH3

CH2H2C

OC

heroini

H3C

O

CH3C

O

 
 

kodeini morfinTan SedarebiT Sesustebuli narkotikuli TvisebebiT 
xasiaTdeba, misdami miCvevis midrekilebac naklebadaa gamoxatuli. garda 
amisa, mas gaaCnia xvelebis Semakavebeli moqmedeba. morfinis orive 
hidroqsilis acetilirebiT miiReba narkotiki, romelic 600-jer ufro 
Zlieria, vidre morfini; igi xasiaTdeba katastrofulad xanmokle periodiT. 
misi 3 an 4-jeradi miRebac ki sakmarisia, rom adamiani iqces am narkotikis 
yurmoWril monad. aRsaniSnavia, rom morfinisa da kodeinisagan gansxvavebiT, 
romlebic Sedian opiumSi (yayaCos wvenSi), heroini bunebaSi ar gvxvdeba. 
heroinis socialuri saSiSroeba imdenad didia, rom aSS-Si misi warmoeba 
kanoniT akrZales. 
     k. bentlis mier sinTezurad iqna miRebuli morfinis kidev erTi 
modifikacia, romelsac 10000-jer Zlieri narkotikuli moqmedeba gaaCnia, 
vidre morfins. mas bentlis preparats uwodeben, romelSic narkotikuli 
Tvisebebis gaZlierebas ganapirobebs naxSirwyalbadovani jaWvi. 
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O

O

N CH3

CH2H2C

HO

bentlis preparati

H3C

C
OHH3C
CH2CH2CH3

 
 

 
 
 
 
 
 
 
 
 
 

alkaloidebis klasifikacia 
 
     adre alkaloidTa klasifikacias axdendnen im mcenareebis mixedviT, 
saidanac xdeboda maTi gamoyofa, magaliTad, qinaqinis qerqis alkaloidebi, 
opiumis alkaloidebi da a. S. amJamad miRebulia qimiuri klasifikacia, 
romlis safuZvelia alkaloidis molekulis naxSirbad-azotovan dajgufebaTa 
agebuleba. am niSnis mixedviT alkaloidebi Semdeg jgufebad iyofa. 

1. egzocikluri azotis Semcveli alkaloidebi.  
2. pirolis warmoebulTa alkaloidebi. 
3. 1-meTilpirolizidinis warmoebulTa alkaloidebi. 
4. piridinisa da piperidinis warmoebulTa alkaloidebi. 
5. arakondensirebuli xuT da eqvswevriani azotovani ciklis Semcveli 

alkaloidebi. 
6. ori eqvswevriani arakondensirebuli azotSemcveli ciklis Semcveli 

alkaloidebi. 
7. eqvswevriani kondensirebuli azotSemcveli ciklis Semcveli 

alkaloidebi. 
8. piperidinis ori kondensirebuli ciklis Semcveli alkaloidebi. 
9. qinolinis warmoebulTa alkaloidebi. 
10. izoqinolis warmoebulTa alkaloidebi. 
11. indolis warmoebulTa alkaloidebi. 
12. imidazolis warmoebulTa alkaloidebi. 
13. purinis ciklis Semcveli alkaloidebi. 
14. steroiduli alkaloidebi (ciklopentenofenantrenis warmoebulebi.) 

egzociklur azotis Semcveli alkaloidebi.  აm jgufs miekuTvneba efedrini, 
kolxicini, kolxamini, meskalini. efedrini warmoadgens Zvel Cinur wamals. 
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igi pirvelad iqna gamoyofili iaponeli mecnieris n. nagais mier Cinuri 
mcenare Ephedra sinica-idan  misi agebuleba dadgenil iqna 1889wels. 

efedrins Zlieri fiziologiuri moqmedeba aqvs, kerZod, iwvevs sisxlis 
wnevis awevas da bronqebis spazmebis dasustebas. misma didma dozam SeiZleba  
gamoiwvios hiperglikemia. efedrini aseve gamoiyeneba depresiis dros, 
romelic gamowveulia narkotikebis moxmarebiT. gansakuTrebiT karg Sedegs 
iZleva efedrinis zogierTi warmoebuli, rogoricaa dezoqsiefedrini. 
efedrini gamoiyeneba aseve ofTalmologiaSi. 

 

CH

efedrini

H
C

H
N CH3

OH CH3

 
 

meskalini Sedis meqsikuri kaqtusis Lophophora williamsi-is wvenis SedgenilobaSi. 
igi fiziologiuri aqtiurobiT emsgavseba LSD-25-s (lizerginis mJavas di-
eTilamidi), halucinogenia, Tumca halucinogenuri doza gacilebiT didia. 

 
OH3C

meskalini

H2
C C

H2
NH2OH3C

OH3C

 
 

kolxicini pirvelad gamoyofil iqna 1918 wels p. peltiesa da J. kaventus 
mier. misi formula dadgenil iqna s. diuaris mier 1945 wels. kolxicini 
Zalian sust fuZes warmoadgens. kolxicini warmoqmnis amorful mbzinav 
kristalebs, lRveba 143-1470C-ze, Zlieri sawamlavia, iwvevs sunTqvisa da gulis 
moqmedebis damblas. kolxamini warmoadgens simsivnis sawinaaRmdego samkur-
nalo preparats. 

CH3O

CH3O

CH3O
O

CH3O

NHR

kolxicini    R=COCH3

kolxamini     R=CH3  
 
pirolis warmoebulTa alkaloidebi. pirolis jgufSi Sedis 5-wevriani het-
erocikluri naerTebi. am jgufs miekuTvneba tetrahidropirolebis 
Canacvlebulebi _ pirolidini (TambaqoSi da Warxlis foTlebSi), N-
meTilpirolidini (Sav mdogvSi), nikotinis jgufis alkaloidebidan _ gigrini 
(kokas foTlebSi) da kusgigrini, kokaini, atropini. pirolis formula 
dadgenil iqna a. baieris mier 1870 wels. pirolis rigSi didi mniSvneloba 
aqvs wyalbadis mierTebis produqtebs. ori atomi wyalbadis mierTebis produ-
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qtebs ewodeba pirolinebi, xolo oTxi atomi wyalbadis mierTebis produ-
qtebs, romlebic ar Seicaven ormag kavSirebs _ pirolidinebi. 

 

piroli

HC

HC
N
H

CH

CH

pirolini-3,4

HC

H2C
N
H

CH2

CH

pirolini-2,3

H2C

H2C
N
H

CH

CH

pirolidini

H2C

H2C
N
H

CH2

CH2

 
 
pirols Seicavs Zvlis zeTi (romelic miiReba cximmocilebuli Zvlis mSrali 
gamoxdiT) da agreTve mcire raodenobiT qvanaxSiris kupri. igi ufero siTxea, 
romlis suni qloroformisas waagavs. 
pirolidini (tetrahidropiroli, tetrameTilamini), ufero siTxea, mkveTri 
amiakis suniT, haerze bolavs, kargad ixsneba wyalSi da organul gamxsnelSi. 
igi Zlieri fuZea, warmoqmnis marilebs. pirolidinis warmoebulebia: aminmJava 

prolini anu pirolidin-α-karbonmJava: 
 

H2C

H2C
N
H

CH

CH2

COOH

 
 

prolini warmoadgens kazeinis hidrolizis mudmiv produqts (e. fiSeri 1901 w) 
da sxva bunebriv cilovan nivTierebaTa hidrolizis produqts. pirolidini 
mcire raodenobiT Sedis Tambaqos foTlebsa da opiumSi. igi aRagznebs cen-
tralur nervul sistemas. aqveiTebs hemoglobinis Semcvelobas sisxlSi. 
pirolidini da misi warmoebulebi gamoiyeneba zogierTi wamlis misaRebad. 

N-meTilpirolidini (1-meTil-2-pirolidini), ufero siTxea, kargad ixsneba 
wyalSi, spirtSi, acetonSi, benzolSi. qimiuri TvisebebiT N-meTilpirolidini 
N-alkilirebuli laqtamebis tipiuri warmomadgenelia. 
 

N

CH3  
N-meTilpirolidini miiReba: 
1. γ-butirolaqtonis  urTierTqmedebiT meTilaminTan 200-2500C, katalizatoris 

_ Al2O3-is moqmedebiT. 

O
O

CH3NH2

N

CH3  
2. pirolidinis natriumis marilis meTilirebiT CH3I-is an (CH3)2SO4-is dax-
marebiT benzolis areSi: 

N

Na

CH3I

N

CH3  
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3. qarvis mJavis moqmedebiT meTilaminze da miRebuli diketonis aRdgeniT 
katalizatoris moqmedebiT; 

N O

CH3

H2Ni

N

CH3

220oO

CH3NH2CH2 COOH

CH2 COOH

 
N-meTilpirolidini naklebad Sxamiania. nikotinis jgufis alkaloidebidan 
pirolis warmoebulebs miekuTvneba; gigrini, kusgigrini da nikotini. 
gigrini  miiReba mcenare kokas foTlebidan. igi ufero siTxea, axasiaTebs 

tute reaqcia _ haeridan STanTqavs naxSirmJavas. 
 

H2C

H2C
N

CH

CH2
H2
C C CH3

CH3

O
 

 
gigrinis qromis mJavaTi daJangviT miiReba gigrinis mJava _ meTilprolini. 
gigrinis mJava da gigrini warmoadgenen mesameul aminebs. 
1-meTilpirolizidinis warmoebulebi.  

 

N

CH3

 
 

meTilpirolizidinis warmoebulebs miekuTvneba platifilini C18H27O5N, 
romelic 1935 wels a. orexovis mier gamoyofil iqna mcenare xarisSuladan. 
igi gamoiyeneba rogorc spazmolituri saSualeba. mas iyeneben aseve Tvalis 
praqtikaSi atropinis nacvlad. platifilini warmoadgens platinecis da cis-
senecioninis mJavas ciklur dieTers:   

CH2OHHO

platinecini 

(dn. T. 148,5o)

CH

CHOOC C
H2

H
C C COOH

H3C CH3 CH3

OH

senecionis mJava 

   (dn. T. 151o)

N

 
 

O

C

C
C

CH2

C

C

O H2C

H3C H

CH3

OH

CH3C

H

O

N

H

O

platifilini  
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piridinisa da piperidinis warmoebulebi.  piridini da piperidini 
heterocikluri naerTebia. 

H2C

H2C
N

CH2

CH2

H2
C

H
piperidini

HC

HC
N

CH

CH

H
C

piridini

 
 

     piperidini miiReba piridinis aRdgeniT, agreTve piperinis (Savi mdogvis 
alkaloidi, romelic piperidinisa da piperinis mJavas warmoebuls 
warmoadgens) gasapvniT. piperini warmoadgens wiwakis mTavar alkaloids, 
romelic wiwakas mware gemos aniWebs. piperinis molekuluri formulaa 
C17H19NO3, piperini kristaluri nivTierebaa, sustad ixsneba wyalSi. piperinis 
hidroliziT miiReba piperidini da piperinmJava, rac adasturebs alkaloidis 
struqturas. garda piperinisa, am jgufis warmomadgenelia Zalze toqsikuri 
maToTis alkaloidebi: koniini, koniceini da konhidrini, broweulis qerqis 
alkaloidi - peltierini, ricinis Teslebis alkaloidi - ricinini, agreTve 
areqis palmis alkaloidebi: arekaidini da arekolini, aseve alkaloidi 
lobelini. 

koniini _ C8H17N anu α-propil-piperidini gvxvdeba mcenare Conium maculatum-is 
da mcenare cikutas Cicuta virosa-s SedgenlobaSi. koniinis aRnagoba 
damtkicebul iqna mTeli rigi gardaqmnebis safuZvelze. magaliTad, TuTiis 

fxvniliT aRdgeniT koniini α-propilpiridinSi gadadis, romlis daJangviT 

miiReba α-pikolinmJava, xolo iodwyalbadmJavaTi aRdgeniT koniini iZleva  

normalur oqtans da amoniaks. 
 

CH2

CH2

C
H2

CH3

C
H2

CH2

CH2

CH3

NH3 +
N

CH2 C
H2

H

CH3
N

CH2 C
H2

CH3

koniini  
 

koniini iyo pirveli sinTezuri alkaloidi, romelic miRebul iqna – 
pikolinisa da acetaldepidis kondensaciiT 1886 wels ladenburgis mier. 

 

N
CH2

H2
C CH3

H

N
CH3

+ CH3 CHO

N
C
H

C
H

CH3

+4H2

 
 
koniini Zlieri ASxamia; iwvevs wnevis dawevas, sxeulis Sesiebas da sikvdils 
sunTqvis SeCerebis Sedegad. mcenare cikutas nayens Zvel saberZneTSi 
aZlevdnen sikvdilmisjilebs. ase mokles berZeni filosofosi sokratec.  
bunebrivi koniini warmoadgens ufero, tute reaqciis mqone siTxes mkveTri 
suniT da mware gemoTi. 20C temperaturaze gadadis kristalur formaSi. koni-
ini kargad ixsneba civ wyalSi, cudad _ cxel wyalSi, amitom am alkaloidis 
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gamWvirvale civi xsnari muqdeba gacxelebiT. kargad ixsneba spirtSi. alde-
hidebTan moqmedebiT koniini Rebulobs lurj Seferilobas. koniini, koniceini 
da konhidrini napovnia aseve ZaRlis petruSkaSi.  
konhidrini _ C8H17ON JangbadSemcveli alkaloidia, kristaldeba ufero fur-
clebad;  ixsneba spirtsa da qloroformSi; Znelad ixsneba wyalSi da eTerSi. 

 

 
 

koniceini toqsikuri nivTierebaa, iwvevs paraliCs da moqmedebs centralur 
nervul sistemaze. igi jer aRagznebs centralur nervul sistemas, Semdeg ki 
asustebs. 
peltierini (izopeltierini) _ C8H15ON miekuTvneba broweulis qerqis alka-
loids:  

N
CH2

H2
C CHO

H  
 

igi aris tute reaqciis mqone ufero zeTi. peltierini advilad STanTqavs 
Jangbads, amis gamo igi muqdeba da fisiandeba; ixsneba wyalSi, eTersa da 
qloroformSi; kristaldeba iisferi furclebis saxiT. 
     broweulis qerqis alkaloidebs garda peltierinisa miekuTvneba: fsevdo-
peltierini C9H15ON. 
ricinini _ C8H8O2N2 miekuTvneba ricinis Teslebis alkaloidebs; kristaldeba 
aqtiuri prizmebis saxiT; ar aris optikurad aqtiuri da ar warmoqmnis 
marilebs. ricinini ileqeba iodis xsnariT da vercxliswylis qloridiT. ri-
cinini moipoveba abusalaTinSi. 

N O

CH3

CN

OCH3

 
 
arekaidini _ C7H11O2N da arekolini _ C8H13O2N warmoadgenen areqis palmis 
alkaloidebs. arekaidini ixsneba wyalSi, magram ar ixsneba organul gamxsne-
lebSi. arekolini warmoadgens tute reaqciis mqone usuno zeTs. arekolinis 
da amiakis gacxelebiT spirtis xsnarSi xdeba amiakis elementebis mierTeba 
mJavebisa da tuteebis zemoqmedebiT. arekolini hidrolizdeba  arekaidinis 
warmoqmniT. 
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N

CH3

C
OCH3

O

arekolini

N

CH3

COOH

arekaidini
 

 
arekolini aqtiurad zemoqmedebs centralur nervul sistemaze; didi doziT 
iwvevs paraliCs. 
lobelini _ C22H27O2N, medicinaSi gamoiyeneba sunTqvis aRmgzneb saSualebad, 
magaliTad, Sxamiani gazebis mowamvlisas, xuTvisas da a.S. lobelinis daJan-
gviT miiReba lobelanini. 
 

N

CH3

lobelanini

C
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arakondensirebuli eqvswevriani azotovani 
ciklis Semcveli alkaloidebi 

 
nikotini _ C10H14N2. nikotini limon- da vaSlmJavebis marilebis saxiT 

gvxvdeba Tambaqos foTlebSi, saidanac igi pirvelad gamoyofil iqna 1828 
wels. misi agebuleba dadgenil iqna 1893 wels. nikotinis pirveli sinTezi 
ganxorcielebul iqna a. piqtes mier 1904 wels. Tambaqos foTlebsa da 
TeslebSi ramdenime monaTesave alkaloidia napovni, romlTaganac mTavaria 
nikotini. misi Semcveloba TambaqoSi Seadgens 2-12%-s.  

nikotini zeTiseburi siTxea, duRilis temperaturaa 2470C, kuTri wona 
1,014. aqvs Tambaqos suni, ixsneba wyalSi da organul gamxsnelebSi. nikotini 
Sxamiani alkaloidia, mcire dozebSi iwvevs centraluri nervuli sistemis 
daqveiTebas, sunTqvis SeCerebas da gulis moqmedebis damblas. nikotini 
sasikvdilod moqmedebs mwerebze, amitom Tambaqos xsnars, romelic 5-8% 
nikotins Seicavs, iyeneben soflis meurneobaSi mavneblebTan sabrZolvelad. 

nikotini warmoadgens piridinisa da N-meTil-pirolidinis warmoebuls. 
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H2C

HC
N

CH2

CH2

CH3N  
 

nikotinis struqtura damtkicebul iqna misi gaxleCis safuZvelze. magaliTad, 
nikotinis qrommJavaTi daJangviT, erTis mxriv, ixliCeba pirolidinis birTvi 
da miiReba nikotinmJava; meores mxriv, meTiliodis, sisxlis wiTeli marilisa 

da tutis moqmedebiT iJangeba nikotinis piridinis birTvis α-meTileni kar-
bonilamde, romlis qrommJavaTi daJangviT miiReba L-gigrinmJava. es reaqciebi 
adasturebs, rom nikotinSi piridinis birTvis β-naxSirbadi pirilidinis α-
naxSirbadTanaa dakavSirebuli: 

COOH

N

nikotinmJava

H2C

N
CH2

CH2

CH3N

N

CH3

HOOC

L-gigrinmJavanikotini  
 

1904 wels a. piqtes mier ganxorcielebul iqna nikotinis pirveli sinTezi. 
nikotinis mJavas eTilis eTeris kondensaciiT N-meTilpirolidinTan da kon-

densaciis produqtis marilmJavasTan gacxelebiT man miiRo γ-meTil-

aminpropil-β-piridilketoni: 
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N
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+
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ketonis aRdgeniT miRebul karbonilze HI-is moqmedebiT xdeba hidroqsilis 
jgufis Canacvleba iodiT; warmoqmnili iodidi advilad ikvreba nikotinad: 
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N
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HN
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CH2

CH3
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nikotinis permanganatiT daJangviT miiReba nikotinis (β-piridinkarbonis) mJava.  
TuTiis mtverTan nikotinis gamoxdiT pirolidinis rgolidan mowydeba 
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wyalbadi da miiReba nikotirini _ C10H10N2, romelic nikoteinTan _ C10H13N2 da 
nikotelinTan C10H8N2  erTad mcire raodenobiT  Sedis TambaqoSi. 

ori eqvswevriani azotSemcveli ciklis Semcveli alkaloidebi. anabazini _ 
C10H14N2 aRmoCenil iqna rusi mecnieris a. orexovis mier Sua aziis velur 
mcenareebSi (Anabasis aphilla). anabazini Sedis Suaaziuri Tavkombalas 

SedgenilobaSi. igi  warmoadgens β-(α-piperidil)-piridins: 
 

N

N
H

 
 
anabazini nikotinze ufro Zlieri inseqticidia da gamoiyeneba soflis meur-
neobaSi. igi Zlier momwamlavi, ufero zeTisebri siTxea; mcire raodenobiT 
Sedis Tambaqos foTlebis SedgenilobaSi, amitom miekuTvneba nikotinis jgu-
fis alkaloids. haerze da sinaTleze moyviTalo  Seferilobisaa. anabazinis 
agebuleba dadasturebul iqna sinTeziT menSikovisa da grigoreviCis mier 1936 
wels. anabazini advilad ixsneba wyalSi da organul gamxsnelebSi, warmoqmnis 
marilebs, azotovan mJavasTan iZleva N-nitrozamins, benzolqloridTan N-
benzolanabazins, alkilirebul agentebTan N-alkilanabazins. 

anabazini aris Sxami, romelic iseve moqmedebs organizmze, rogorc niko-
tini. mcire dozebSi aRagznebs centralur nervul sistemas, aZlierebs sun-
Tqvas, zrdis arteriul wnevas, advilad Seiwoveba kanidan da SeiZleba gam-
oiwvios mowamvla. 

eqvswevriani azotovani ciklis Semcveli alkaloidebi. 
atropini da hiosciamini _ C17H23NO3. am alkaloidebs Seicavs Smaga, lencofa 
da sxva ZaRlyurZenasebrTa ojaxis mcenareebi. igive mcenareebi mcire 
raodenobiT Seicavs aseve atropinis monaTesave alkaloidebs: atropamins _ 
C17H21NO2, skopolamins _ C17H21O4N da sxv. atropini gamoyofil iqna Smagas 
fesvebidan 1831 wels. hidrolizis Sedegad atropini iZleva tropinsa da 
tropinmJavas. 

N
CH3 OCO CH CH2OH

C6H5

*

atropini

HOOC HC CH2OH

C6H5

tropinmJava

 
 

atropini kristaldeba spirtidan prizmebis saxiT. igi ixsneba qloroformSi, 
eTilis spirtSi, eTerSi, cudad ixsneba wyalSi. atropini kristaluri 
nivTierebaa, aqvs mware gemo, erT-erTi uZlieresi Sxamia, ixmareba medicinaSi 
mcire doziT, rogorc Tvalis gugis gamafarToebeli da nerwyvisa da oflis 
SemaCerebeli saSualeba. atropini mJavebTan an tuteebTan gasapvnisas war-
moqmnis tropins da tropinmJavas. atropini Zlier Sxamiania. igi iwvevs halu-
cinacias, toqsikur dozebSi ki _ sunTqvis SeCerebas. 
     atropinis aRmosaCenad mas xsnian 0,1 N-is NHCl-Si amateben 1%-ian reinekes 
marils _ NH4 [Cr(NH3)2(SCN)4], miiReba iisferi amorfuli naleqi, romelic 
swrafad kristaldeba. atropini gacxelebiT moqmedebs HNO3-Tan da miiReba 
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tropinmJava. am ukanasknelis moqmedebiT HNO3-Tan warmoiqmneba trinitro-
warmoebulebi yviTeli SeferviT. 

 

OCO C

CH2OH

CH2
H
C

H2C C
H

CH2

NCH3

H2C H
HNO3

CH2
H
C

H2C C
H

CH2

ONCH3

H2C

+ C

CH2OH

H

COOH

 

H
C

CH2OH

COOH + HONO2
H
C

CH2OH

COOH + H2O

NO2

NO2

O2N

 
 

tropinmJavas trinitrowarmoebulebis moqmedebiT tuteebTan warmoiqmneba 
iisferi Seferiloba, rac miuTiTebs xsnarSi atropinis arsebobaze. 
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COOH
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garda atropinisa, am reaqcias iZleva skopolamini, striqnini, hiosciamini da 
sxva, am reaqcias ewodeba vitali morenis reaqcia. 
kokaini _  C17H21O4N,  kokas foTlebis (Exythroxylon coca) mTavari alkaloidia. aR-
niSnuli mcenare izrdeba samxreT amerikaSi (peru, Cile), xolo amJamad mas 
iavaze da indoeTis okeanis sxva kunZulebze aSeneben. kokainis sinTezi ganx-
orcielebul iqna 1923 wels r. vilSteteris mier. 
     kokaini spirtidan prizmebis saxiT kristaldeba. wyalSi cudad ixsneba, 
advilad ixsneba spirtsa da eTerSi. kokaini moqmedebs periferiul nervul 
sistemaze, amitom medicinaSi igi gamoiyeneba qlorhidratis saxiT, rogorc 
erT-erTi Zlieri adgilobrivi saanesTezio saSualeba. Ykokaini warmoadgns 
Zlier narkotiks. kokainis borotad gamoyenebas organizmi gamofitvamde mi-
hyavs, rasac kokainizmi ewodeba. 
     miuxedavad imisa, rom kokaini yvelaze metad xelmisawvdomia, misi 
moxmareba 1985 wlidan TandaTanobiT iklebs. igi iwvevs Zlier eiforias, rac 
daaxloebiT erTi saaTis ganmavlobaSi grZeldeba da depresiuli 
mdgomareobis ganviTarebiT mTavrdeba. kokainiT intoqsikaciisas aRiniSneba 
agresiuloba, aRelveba, hiperseqsualoba, gulficxoba da azrovnebis daqve-
iTeba. maRali dozebiT sargeblobisas, kokaini iwvevs fsiqozs. axalSobilebs, 
romelTa dedebi orsulobis periodSi iRebdnen kokains aReniSnebaT 
hiperaqtiuloba da zrdis Seferxeba. kokainis mavne efeqtebidan aRsaniSnavia: 
fsiqozebi,  arteriuli wnevis mateba, kardialuri ariTmia da uecari sik-
vdili.   
  kokaini hidrolizis dros iZleva benzoinis mJavas, meTanolsa da ekgonins 
(2-hidroqsil-3-karboqsitropani). am ukanasknelis meTilis spirtiT eTeri-
fikaciisas miiReba meTilis eTeri, romelic qloriani benzoilis an benzoinis 
anhidridis moqmedebiT anu benzilirebiT gardaiqmneba kokainad. 
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kokaini

OHNCH3
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ekgonini warmoadgens tropin-2-karbonmJavas. optikurad umoqmedo tropanisagan 
gansxvavebiT, igi Seicavs oTxi naxSirbadis asimetriul atoms, ris gamoc Seu-
Zlia arsebobdes 8 optikurad moqmedi da 4 racemuli stereozoimeruli 
formebis saxiT. Cveulebriv ekgonini (L-ekgonini) koncentrirebul KOH-is 
xsnarTan gacxelebiT izomerizdeba marjvniv mbrunav izomerad-
fsevdoekgoninad. 

COOH

 
 
ekgonins qromis mJavaTi daJangviT wydeba CO2 da warmoiqmneba tropinoni, rac 
mowmobs kokainis naTesaur kavSirs atropinTan. 
 
 
 
 
 
 
 
 
 
 

piperedinis ori kondensirebuli ciklis 
Semcveli alkaloidebi 

 
fsevdopeltierini _ C9H15ON. igi miekuTvneba broweulis qerqis alkaloidebs, 
romelsac zogjer N-meTilgranatas uwodeben. fsevdopeltierini 
sinTezirebul iqna robinsonis mier 1924 wels; kargad ixsneba eTerSi, 
spirtSi, qloroformSi. es aklaloidi xasiaTdeba Zlieri anesTeziuri 
moqmedebiT. misi birTvi ori kondensirebuli piperidinis rgolisagan Sedgeba 
 

ONCH3

 
 

qinolinis jgufis alkaloidebi.  qinaqini _ C20H24N2O2  cinqinoni _ C19H22ONO2. 
am alkaloidebs Seicavs qinaqinis xis qerqi (3%-mde). qinaqini aRmoCenilia 1816 
wels rusi mecnieris i. gizes mier. Tavisufali saxiT igi gamoyofil iqna 
qinaqinis xis qerqidan 1820 wels pelties da kavantus mier. qinaqinisa da cin-
qinonis garda, qinaqinis qerqi mcire raodenobiT Seicavs maT stereozomerebs 
qinidinsa da cinqinidins, aseve hidroqinons _ C2H26O2N2, kupreins C19H22O2N2. 
qinaqinis qerqis alkaloidebis agebuleba gamoisaxeba Semdegi formulebiT: 
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      yvela es alkaloidi qinolinisa da biciklurqinuklidinis birTvebTan 
dakavSirebul karbonilur dajgufebaTa sistemas Seicavs. qinuklidini, Tavis 
mxriv ori kondensirebuli piperidinis ciklebisagan Sedgeba. qinuklidini 
sakmaod Zlier fuZes warmoadgens. qinaqini kristaluri nivTierebaa. misi 
daSliT miiReba, erTis mxriv qinaqinmJava, da, meores mxriv, meroqineni. 
     cinqinoni gamoyofil iqna 1820 wels qinaqinis xis qerqidan. misi 
struqtura dadgenil iqna daSlis produqtebis safuZvelze. igi wyalSi 
cudad ixsneba. qinaqini wyalSi Znelad ixsneba, spirtSi da eTerSi _ advilad. 
qinaqinis da misi marilebis xsnarebi polarizaciis sibrtyes marcxniv abrune-
ben da Zalian mware gemo aqvT. qinaqinis aRmosaCenad ixmareba Zalian 
mgrZnobiare taleioqinis reaqcia: qinaqinis (an maTi marilebis) xsnarze qlo-
riani wylis da Semdeg Warbi amiakis mimatebiT miiReba intensiuri mwvane-
zurmuxtisferi Seferiloba. 
     qinaqinis qerqis alkaloidebis daJangvis produqtebis agebulebis sa-
fuZvelze kenigsma ivarauda maT molekulaSi qinuklidinis rgolis arseboba. 
qinaqinis qerqis alkaloidebSi hidroqsilis jgufis mdebareoba dadgenil 
iqna rabes cdebiT, romelmac aCvena, rom am alkaloidebis qromis mJavaTi da-
JangviT SeiZleba miRebul iqnas ketonebi-cinqonini da qininoni. maSasadame, 
qinaqini da cinqonini meoreuli spirtebia. aRniSnuli ketonebis aRdgeniT xe-
laxla warmoiqmneba qinaqini da cinqonini. 
     qinaqini didi dozebiT sawamlavia. igi gansakuTrebiT mniSvnelovan gam-
oyenebas poulobs medicinaSi rogorc malariis sawinaaRmdego da sicxis dam-
wevi saSualeba. malaria mTel msoflioSi farTod gavrcelebul daavadebaTa 
ricxvs ganekuTvneba; is gansakuTrebiT gavrcelebulia tropikul qveynebSi. 
malarias iwvevs martivi malariuli plazmoidebi, romlebic aRmoCenil iqna 
1880 wels. misi gadatana xdeba koRo anofelesis saSualebiT. arsebobs sami 
saxis malaria: samdRiani (Malaria tertiana), tropikuli (Malaria tropika) da oTxdRia-
ni (Malaria quartana)  maT sxvadasxva simptomebi aqvT. TiToeuli maTgani am-
JRavnebs sxvadasxva mgrZnobelobas samkurnalo preparatebis mimarT. 
     jer kidev warsulSi samxreT amerikis qveynebSi indielebi malariis 
sawinaaRmdegod iyenebdnen qinaqinis xis qerqs. werilobiTi cnoba qinaqinis 
qerqis Sesaxeb gaCnda 1633 wels wminda avgustinas qronikebSi, xolo evropaSi 
igi gavrcelda “iezuitebis qerqis”, aseve “iezuituri fxvnilis” saxelwodeb-
iT. 1639 wels romSi wasuli mlocvelebi, romlebic malariiT daavaddnen, 
monazvnebisagan iRebdnen fxvnilebs, romliTac isini inkurnebodnen, xolo im 
qveynebSi, sadac protestantuli rwmena batonobda “iezuitebis qerqis” gam-
oyeneba ikrZaleboda, ris gamoc oliver kromveli romelmac ar miiRo “urwmu-
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noTa” wamali gardaicvala malariiT 1658 wels. qinaqinis garda, malariis 
samkurnalod iyeneben sinTezur preparatebs _ akriqins, qinocids da primaqins.  
D 

N

NH

Cl

CH(CH2)3N(C2H5)2

CH3

OCH3

akriqini

N

primaqini

NH CH(CH3) NH2(CH2)3

OH3C

 

N

qinocidi

NH(CH2)3CHNH2

OH3C

CH3

 
 

izoqolinis warmoebulTa alkaloidebi.   izoqinolinis alkaloidebs 
miekuTvneba: kaqtusebis alkaloidebi (angalini, hellocini, salsolini, sal-
samini), opiumis alkaloidebi (papaverini, narkotini, hidrastini, morfini, ko-
deini, Tebaini) kurares jgufis alkaloidebi (qondrodendrini, emetoni). kaq-
tusebis alkaloidebidan aRsaniSnavia salsolini _ C11H15O2N, romelic 
miRebul iqna p. orexovisa da n. proskurinis mier 1933 wels. salsolini war-
moadgens 1-meTil-6-oqsi-7-meToqsitetrahidroizoqinols. salsolini sisxlis 
wnevas dabla swevs, afarToebs periferiul sisxlZarRvebs, igi ixmareba 
hipertonuli daavadebis dros. 

 
HO

OH3C
NH

CH3

salsolini  
 

     izoqinolinis benziltetrahidroizoqinolinis ufro rTul war-
moebulebs warmoadgens opiumis alkaloidi. opiumi ewodeba mzeze gamxmar 
daumwifebel yayaCos rZisebr wvens. didi raodenobiT Rebuloben mas 
tropikul da subtropikul qveynebSi. indoeTSi, CineTSi, iranSi, iugoslaviaSi, 
TurqeTSi. samkurnalo mizniT ufro gamoiyeneba evropuli da Turquli war-
moSobis opiumi. medicinaSi gamosayenebel opiums axmoben, afxviereben da 
dayavT morfinis Sedgenilobis standartul donemde (10%). morfinis garda, 
opiumis SedgenilobaSi Sedis Semdegi alkaloidebi: kodeini (0,2-dan -6%-mde), 
Tebaini, papaverini, narkotini da sxv. 
papaverini _ C20H21O4N ufero, kristaluri nivTierebaa; gaaCnia spazmolituri 
Tvisebebi, zomierad afarToebs sisxlZarRvebs, iyeneben hipertoniisa da ste-
nokardiis dros. papaverini Sedis opiumis SedgenilobaSi, magram didi moTx-
ovnilebis gamo Rebuloben qimiuri sinTeziTac, misi sinTezuri analogebidan 
aRsaniSnavia noSpa da dibazoli. 
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     papaverini ar ixsneba wyalSi, ixsneba cxel spirtsa da qloroformSi. igi 
susti fuZea. H2SO4-Tan warmoqmnis ufero xsnars; 1100C-ze gacxelebiT iRebs 
vardisfer-wiTel Seferilobas, xolo 2000C-ze iasamnisfers, romelic qreba 
wylis damatebiT. mwvave kaliumTan Sednobisas papaverini iJangeba da iSleba 
dimeToqsiizoqinolinad da veratris mJavad: 

OH3C

OH3C
N

dimeToqsiizoqinolini

HOOC

OCH3

OCH3

veratris mJava  
 

papaverini sinTezurad iqna miRebuli a. piqtes mier 1910 wels. 
narkotini – C22H23O7N da hidrastini _ C21H21O6N aseve warmoadgenen tetrahi-
droizoqinolinis warmoebulebs. maT molekulaSi aris sami meToqsiluri 
jgufi. narkotini opiumSi Semavali mTavari alkaloidia, romlis Semcveloba 
Seadgens 2-12%-s. narkotinis agebuleba dadgenil iqna u. perkinis, r. robin-
sonis da v. rodionovis mier. gamoiyeneba rogorc xvelebis sawinaaRmdego 
saSualeba da nedleuli sxva Zvirfasi samkurnalo saSualebebis misaRebad. 
     narkotinis da hidrastinis daJangviT miiReba opianis mJava da kotarnini. 
narkotini wyalSi cudad ixsneba, ixsneba H2SO4-Si mwvane Seferilobis war-
moqmniT, romelic Semdeg gadadis wiTelSi,  Semdgomi gacxelebiT an didxans 
gaCerebiT gadadis wiTel-iisferSi. narkotini advilad ixsneba benzolSi, ac-
etonsa da eTilcetatSi, gacxelebiT ixsneba tuteebSi. mJavebTan narkotini 
warmoqmnis mdgrad marilebs. narkotinis gacxelebiT ganzavebul H2SO4-Tan 
warmoiqmneba dimeTilirebuli warmoebulebi: dimeTilnarkotini, meTilnarko-
tini, nornarkotini. 
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morfini, kodeini da Tebaini. opiumSi narkotinisa da papaverinis garda, napov-
nia ocamde sxva alkaloidi. maTgan umTavresia morfini C17H9NO3, romlis Sem-
cveloba opiumSi saSualod 10%-s Seadgens. morfinTan ufro axlo 
naTesaobaSia alkaloidi kodeini _ C18H21O2NN(misi Semcveloba opiumSi 
Seadgens 0,2-1,28-s) da Tebaini _ C19H23O3NN (0,2%). es sami alkaloidi susti 
fuZis _ narkotinisagan gansxvavebiT Zlier fuZeebs warmoadgens. 

morfini opiumidan gamoyofil iqna 1806 wels. misi agebuleba dadgenil 
iqna 1925-1927 w. r.robinsonis mier. morfinis safuZvels Seadgens piperidinis 
ciklTan kondensirebuli nawilobriv hidrirebuli fenantrenis rgoli. 
morfinis molekula Seicavs aseve fenolur da spirtul hidroqsilis 
jgufebs, romlebic ganapirobeben mis sxvadasxva reaqciebs. 
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     kodeini  

      morfini medicinaSi gamoiyeneba rogorc saukeTeso tkivilgamayuCebeli 
analgetiki, romelic iwvevs nervuli impulsebis blokirebas zurgis tvinSi. 
analgetikuri Tvisebebis garda morfins gaaCnia fsiqikaze zemoqmedebis unar-
ic. igi iwvevs ganwyobilebis Secvlas _ (eiforia), SiSis grZnobas (disforia). 
maSasadame, morfini moqmedebs centralur nervul sistemaze, iwvevs tkivilis 
centris paraliCs, ris gamoc adamians eufleba eiforia da Rrma Zili. 
intoqsikaciis Sedegad viTardeba kolafsi (gulsisxlZarRvTa mwvave 
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ukmarisobis fonze arteriuli wnevis mkveTri dacema) da sunTqvis centris 
dambla. letaluri dozaa 0,1-0,5 g. adamiani morfins TandaTanobiT eCveva da 
xdeba narkomani. narkomanis organizmi sistematurad Txoulobs preparatis 
miRebas. morfinis miuReblobis SemTxvevaSi ki iwyeba kunTebis spazmebi, saer-
To krunCxvebi da distrofia.  
      morfini mJavebTan moqmedebs gacxelebiT; am dros xdeba Jangbadiani 
rgolis gawyveta, wylis molekulis mowyveta da jaWvis CH2-CH2-N-CH3-is gada-
nacvleba C13

0-dan C8
0-ken, ris Sedegad morfinisagan warmoiqmneba apomorfini. 

 

N

C
H2

CH2

CH3

HO

HO

apomorfini  
 
      apomorfini medicinaSi gamoiyeneba rogorc Zlieri pirsasaqmebeli 
moqmedi saSualeba. morfinis meTilirebiT CH3-iT tute xsnarebSi miiReba 
meTilmorfini anu kodeini, romelic warmoadgens morfinis meTilis eTers. 
kodeini morfinTan SedarebiT Sesustebuli narkotikuli TvisebebiT xasiaT-
deba, misdami miCvevis midrekilebac naklebadaa gamoxatuli. garda amisa, mas 
gaaCnia xvelebis Semakavebeli moqmedeba. 
     morfini moqmedebs Zmris anhidridTan, romlis drosac xdeba orive hi-
droqsilis wyalbadatomis Canacvleba acetilis jgufiT da miiReba diace-
tilmorfini anu heroini, romelic yvelaze Zlieri narkotikia. morfinisa da 
kodeinisagan gansxvavebiT, romlebic opiumSi Sedian, heroini bunebaSi ar 
gvxvdeba. heroini swrafad Sedis tvinSi, sadac igi hidrolizdeba da war-
moiqmneba morfini. misi sinTezi da gamoyeneba kanoniT akrZalulia. 
     morfinoiduli aqtiurobis nivTierebebi miRebul iqna sinTezuradac. sin-
Tezuri morfinoiduli preparatebidan aRsaniSnavia: etorfini da nalorfini. 
etorfini miRebul iqna k. bentlis mier da mas bentlis naerTi ewodeba. igi 
aTiaTasjer aqtiuria morfinze (misi erTi mdgradi miligrami awynarebs gaS-
magebul spilos) da gamoyenebulia veterinariaSi. 

 

O

O

N CH3

CH2H2C

heroini

CH3C

O

OCH3C

O

O

HO

N CH3

CH2H2C

bentlis preptrati

H3CO

O

HO

N
H2
C

CH2H2C

nalorfini

HO

C
OH3C OH

CH2CH2CH3

CH CH2

 
 
     nalorfini morfinis antagonistia. eiforiis nacvlad iwvevs disforias. 
igi narkomanebSi iwvevs “uaryofis” simptoms. 
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sinTezuri samkurnalo preparatebi. morfinis Semcvlelebad amJamad rigi sin-
Tezuri preparatebia mowodebuli, romlebic mudmivi moxmarebisas miCvevas ar 
iwveven. sinTezur analgetikebs narkotikuli Tvisebebi ar gaaCnia da amis gamo 
warmatebiT iyeneben medicinaSi morfinis nacvlad. sinTezuri analgetikebidan 
didi gamoyeneba aqvs fenadols, promedols, fentalins, pentazocins, lidols, 
lerits, nizentils. lidoli warmoadgens izonikotinis mJavas warmoebuls. 
igi 10-jer sustia morfinze da SedarebiT naklebad toqsikuria. analogiur 
preparats warmoadgens promedoli, romelic morfins 2-4-jer Camouvardeba aq-
tiurobiT. medicinaSi farTod gamoiyeneba nizentili, leriti, fenaloni da 
fentanili. es ukanaskneli morfinze 100-jer ufro aqtiuria. 
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      analgetikebidan aRsaniSnavia aranarkotikuli nivTierebebi. isini sicxis 
damwevi, anTebis sawinaaRmdego preparatebia, romlebsac miCveva ar axasiaTebT. 
maTi fiziologiuri efeqti aRiniSneba organizmSi prostaglandinebis sin-
Tezis damuxruWebiT. aranarkotikuli analgetikebidan medicinaSi didi gam-
oyeneba aqvs aspirins, fenacetins, indometacins, amidopirins, analgins. 
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indolis warmoebulebi. indolis birTvis Semcvel alkaloidebs miekuTvneba 
ergoalkaloidebidan Wvavis rqis sokos aklaloidebi (lizerginis da izo-
lizerginis mJavaTa warmoebulebi), serotonini, melatonini, halucinogenebi 
(psilocibini, bufotonini, psilocini), iohimbinis alkaloideni (rezerpini, 
iohimbini), striqnini da brucini, vinblastini da vinkristini, ezerini, noot-
ropilis klasis fsiqostimulatorebi (kavintoni anu vinpocetini), CC-1065, 
aseve fsiqotropuli nivTierebebi (LSD-25,  harmini,  harmalini). induri kanafis 
preparatebi (haSiSi, anaSa, marixuana, tetrahidrokanabinoli, kanabidioli, kan-
abinoli, bulbokapnini). 
ergoalkaloidebi. am jgufs miekuTvneba Wvavis rqis sokos alkaloidebi. isini 
Wvavisa da sxva marcvlovani TavTavebis parazitebs warmoadgenen. maT 
miekuTvneba lizerginis mJavas da misi izomeris _ izolizerginis MmJavaTa 
warmoebulebi. 
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     isini optikuri izomerebia. lizerginisa da izolizerginis mJavaSi Sedis 
kidev erTi qiraluri centri (C-5), romelic eqvswevrian peterociklSi azotis 
mezobeli CH jgufia. amrigad arsebobs lizerginisa da izolizerginis mJavas 
ori optikurad aqtiuri izomeri. maTi warmoebulebia: 

ergotamini da ergotaminini _ C33 H35 O5 N5 
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ergozini da ergozinini _ C30 H37 O5 N2 
ergokristini da ergokristinini _ C35 H39 O5 N5 
ergokriptini da ergokriptinini _ C32 H41 O5 N5 
ergokornini da ergokorninini _ C31 H39 O5 N5 
ergobazini da ergobazinini _ C19 H23 O2 N3 
Wvavis  rqis preparatebi da ergoalkaloidebi iwvevs gluvi kunTebis 

(gansakuTrebiT saSvilosnos) SekumSvas da ixmareba ginekologiur praqtikaSi 
da gulis daavadebis TerapiaSi. 
serotonini – 5-oqsitriptamini. serotonini aregulirebs adamianis fsiqikur 
mdgomareobas, awesrigebs tvinis moqmedebis funqciebs; Cveulebrivi koncentra-
ciis SemTxvevaSi amSvidebs nervul sistemas, xolo didi koncentraciis 
SemTxvevaSi _ aRagznebs (iwvevs nervul aSlilobas). igi nervuli impulsebis 
mediatoria centralur nervul sistemaSi. serotonini warmoiqmneba epifizSi. 
Tavis tvinSi misi koncentraciis darRveva cvlis aRgznebisa da Sekavebis 
unars, iwvevs Trombocitebis raodenobis zrdas sisxlSi. serotonini 
neiroregulatoria, romelic did rols asrulebs iseTi mniSvnelovani 
procesebis organizebaSi, rogoricaa tkivilis SegrZneba, agresiuli qcevis 
realizeba, Seswavlis fenomeni, madis regulacia, sunTqvis organizacia, 
sisxlis wnevisa da guliscemis sixSiris kontroli. serotonini mniSvnelovan 
rols asrulebs Zilisa da RviZlis neirofiziologiuri meqanizmebis 
moqmedebaSic. 
     sxva biogenuri aminebis msgavsad, serotonini monawileobs fsiqikur 
darRvevaTa ganviTarebaSi. varaudoben, rom igi CarTulia rogorc emociuri 
sferos darRvevebSi, ise Sizofreniis paTogenezSi. 
melatonini. melatoninic epifizis hormonia. igi aferxebs sqesobrivi funqciis 
ganviTarebas axalgazrda cxovelebSi. misi warmoqmna organizmSi mimdinareobs 
Ramis periodSi.  
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     sinaTle melatoninis sekrecias akavebs. Sekavebis procesi ganpiro-
bebulia simpaTikur nervul daboloebebSi noradrenalinis gaTavisuflebiT. 
dRis xangrZlivobis gazrdasTan erTad ufro metad xdeba  melatoninis 
sekreciis Sekaveba, rac rolizing-hormonis saerTo raodenobis matebas da 
sqesobriv aqtivobas iwvevs. melatoninis Warbi raodenobiT warmoqmna, rasac 
adgili aqvs dRis xargrZlivobis Semcirebis pirobebSi, adamianis fsiqikaze 
uaryofiTad moqmedebs. 
     indolis warmoebulebs miekuTvneba halucinogenebi: psilocibini, 
bufotonini, psilocini. soko Psilocybin mexikana-s SedgenilobaSi Sedis psilo-
cini da psilocibini. amave jgufSi Sedis bufotonini, romelic moipoveba 
tropikuli gombeSos (Bufo vulgaris) tyavSi. am naerTebis Zlieri biologiuri 
moqmedeba ganpirobebulia maTi qimiuri msgavsebiT cnobil mediatorTan _ 
serotoninTan _ romliTac xorcieldeba nervuli implsebis gadatana cen-
tralur nervul sistemaze. fiziologiuri moqmedebiT psilocini axlos dgas 
meskalinTan, romelic gamoyofil iqna meqsikuri kaqtusisagan. 
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iohimbini. indolis birTvis Semcveli alkaloidebidan gansakuTrebiT 
sainteresoa iohimbinis alkaloidebi, romlebic Sedis samxreT afrikis 
mcenaris  Corynanthe yohimbe-s xis qerqSi. am mcenaridan gamoyofilia 11-mde al-
kaloidi, maT Soris mniSvnelovania iohimbini _ C21H26O3N2  igi pirvelad gam-
oyofil iqna 1896 wels Spigelis mier. iohimbini adrenalinis antagonistia da 
afarToebs periferiul sisxlZarRvebs. iohimbini Sedis aseve mcenare rauvol-
fia gvelis (Rauwolfia serpetina) SedgenilobaSi. es saxelwodeba darqmeul iqna 
XVI saukuneSi eqim l. rauvolfias pativsacemad, romelic am mcenares iyenebda 
indielebis samkurnalod gvelis kbenis SemTxvevaSi. induri da afrikuli 
saxeoba rauvolfia Seicavs 20-mde alkaloids, romelTa umravlesoba Seicavs 
iohimbinis ConCxs. maT Soris aRsaniSnavia iohimbini. 
iohimbini amcirebs sisxlis wnevas, mcire dozebSi iwvevs sunTqvis agznebas, 
did dozebSi – sunTqvis centris damblas. iohimbini gamoiyeneba medicinasa da 
veterinariaSi. iohimbini aZlierebs sqesobriv moTxovnilebas, ris gamoc gam-
oiyeneba impontenciis samkurnalod. mas axasiaTebs fsikotropuli Tvisebebic. 
misi sruli sinTezi ganxorcielebul iqna e. tamelenis mier 1958 wels. mcena-
re “rauvolfia gvelis” SemadgenlobaSi Semavali alkaloidebidan aseve 
aRsaniSnavia rezerpini da vinblastini. rezerpini aRmoCenil iqna 1952 wels i. 
miuleris mier. misi agebuleba dadgenil iqna 1954 wels, xolo sruli sinTezi 
ganxorcielebul iqna r. vudvordis mier 1956 wels.  
    rezerpini gamoirCeva dabali toqsikurobiT da damamSvidebeli moqmedebiT 
centralur nervul sistemaze. es alkaloidi farTod gamoiyeneba medicinaSi 
hipertoniis dros. igi ixmareba rogorc wnevis damwevi da damamSvidebeli 
saSualeba serpazilis saxelwodebiT, medicinaSi gamoiyeneba nevrozis samkur-
nalod. rezeprinis garda medicinaSi farTod gamoiyeneba raunatini, romelic 
Sedis rauvolfiis alkaloidebis narevSi. rezerpini miekuTvneba fsiqot-
ropul nivTierebas, mas kargad gamoxatuli neirolefsiuri efeqti aqvs. 
     1958 wels gvelis surodan  (Vinca rosea) gamoyofil iqna alkaloidebi vin-
blastini da vinkristini, romelTac axasiaTebs kibossawinaaRmdego Tvisebebi. 
amJamad es alkaloidebi farTod gamoiyeneba qimioTerapiaSi simsivnis (karci-
noma, sarkoma, melanoma, leikozi) samkurnalod, maT gaaCniaT vi-
russawinaaRmdego Tvisebebi, aferxeben dnm-is da rnm-s sinTezs.  
 

                                

N

N
H

O

O CH3CO

H3COOC

O

O

OO

1

2 3

4

56

7
8

9

10

11

12
13

14 15

16 17

18

19

21

20

rezerpini

CH3

CH3

CH3

CH3

 

 
 317 



        iohimbini                               
 
 

 
 
 
 
 
 

 
 
 
striqnini da brucini. indolis warmoebulebs miekuTvneba striqnini da 

brucini. maT gamoyofen mcenare quCulas Teslidan (strychnos nux-Vomica), 
romelic xarobs filipinebze da indoneziaSi. striqnini pirvelad gamoyofil 
iqna 1818 wels p. peltiesa da J. kaventusis mier. adgilobrivi mcxovreblebi 
misi rZisebri wveniT amzadebdnen Sxamian isrebs. 
     striqninis agebuleba dadgenil iqna 1946 wels r. robinsonis mier. misi 
sinTezi ganxorcielda r. vudvordis mier 1954 wels. striqnini 
maRaltoqsikuri Sxamia. igi upirveles yovlisa azianebs zurgis tvins, Semdeg 
centralur nervul sistemas, mxedvelobas, smenas, iwvevs yvela kunTis 
krunCxvebs da bolos gagudvas. brucini naklebad toqsikuria, iwvevs nervuli 
sistemis blokirebas da damblas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ezerini. igi Zlieri Sxamia, zrdis sisxlis wnevas, gamoiyeneba 
ofTalmologiaSi Tvalis Siga wnevis dasawevad. ezerini Sedis mcenare 
phusostigma enenosum-is nayofSi.  indolis warmoebulTa alkaloidebidan 
aRsaniSnavia nootropilis klasis fsiqostimulatorebi kavintoni anu 
vinpocetini da vinkamini. isini aumjobeseben mexsierebas da gonebrivi Sromis 
unars. indolis ciklis alkaloidebs miekuTvneba CC-1065, romelic gamoyofil 
iqna Streptomyces zebensis-idan. es alkaloidi medicinaSi gamoiyeneba rogorc 
simsivnis sawinaaRmdego Zlieri antibiotiki. igi 400-jer ufro meti 
aqtiurobiT xasiaTdeba, vidre amJamad klinikaSi warmatebiT gamoyenebuli 
antibiotiki adriamicini. medicinaSi am alkaloidis gamoyenebas aferxebs misi 
maRali toqsikuroba. toqsikurobis Sesamcireblad miRebul iqna CC-1065-is 
sinTezuri analogebi. 
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                   ezerini                 CC-1065-is sinTezuri analogi 
 
fsiqotropuli nivTierebebi. indolis warmoebulTa alkaloidebidan didi 
mniSvneloba aqvs nivTierebebs, romlebic iwveven fsiqiur aSlilobas. maT 
fsiqotropul nivTierebebs uwodeben. fsiqotropuli efeqtis mqone 
preparatebis gamoyeneba saTaves iRebs 1952 wlidan, rodesac aRweril iqna 
adamianis fsiqikaze rezerpinis moqmedebis efeqti, romelsac dasawyisSi 
iyenebdnen rogorc arteriuli sisxlis wnevis damwevs. SemdegSi aRmoCnda, rom 
mas kargad gamoxatuli neirolefsiuri efeqti gaaCnia. 
    fsiqotropuli nivTierebebs, rezeprinis da iohimbinis garda, miekuTvneba 
meskalini, psilocibini, psilocini aseve lizerginis mJava da misi 
dieTilamidi LSD-25, harmini. fsiqotropuli nivTierebebi iyofa or jgufad _ 
sinTezurad da bunebrivad. sinTezuri fsiqotropuli nivTierebebia: LSD-25, 
Canacvlebuli glikolis mJavas aminoeTerebi da sxv. lizerginis mJavas 
dieTilamidi LSD-25 sinTezurad miiRo hofmanma. man sakuTar Tavze Caatara 
eqsperimenti da daadgina,  rom LSD-25 Zlieri mxedvelobiTi halucinogenia. 
misi 0,01 mg ukve iwvevs mowamvlas, romelic 24 saaTi grZeldeba. dasawyisSi 
axasiaTebs eiforia, kargi guneba-ganwyobileba, mxedvelobiTi feradi 
halucinaciebi. igi aseve iwvevs “sxeulis sqemis” darRvevas. adamians eCveneba, 
rom sxeulis calkeuli nawilebi an gazrdilia an dapataravebuli. mowamlul 
adamians eCveneba, rom dro gadis Zalian swrafad an piriqiT _ Zalian nela. 
adgili aqvs pirovnebis gaucxoebas, sagnebis formebis da maTi 
urTierTganlagebis damaxinjebul aRqmas. 

LSD-25-iT gamowveuli fsiqozidan gamosayvanad iyeneben fenamins, 
rezerpins, nikotinis mJavas. harmini  C13H12ON2 Sedis velis namarxis (Peganum 
harmala) mcenaris SemadgenlobaSi, saidanac igi gamoyofil iqna i.fricSes mier 
1847 wels. harminis lR. T 257-2580-ia. indielebi am mcenaris eqstraqts 
Rebulobdnen brZolis win agresiis gasaZliereblad, amitom mas “agresiis 
Sxams” uwodeben. harmini warmoadgens nervuli sistemis amgznebs; didi 
dozebiT iwvevs optikur-vestibularul-simptomebs (garemomcveli sagnebisa da 
sakuTari sxeulis rxevas), sabolood ki krunCxvebs. 

meskalins axasiaTebs LSD-25-is analogiuri simptomebi, magram misi 
fsiqotropuli doza gacilebiT didia. 
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induri kanafis preparatebi. isini miekuTvnebian indolis warmoebulTa alka-

loidebs. induri kanafi (cannapis sativa indica) erTwliani mcenarea. afrikis 
aziisa da amerikis mcxovreblebi mas iyeneben rogorc narkotikul 
saSualebas. induri kanafis preparatebia: haSiSi, anaSa, marixuana. maT iyeneben 
mosawe-vad an dasaReWad. induri kanafi Seicavs fisovan nivTierebas, romelic 
Sed-geba kanabidiolis da tetrahidrokanabinolisagan. isini Tavdapirvelad 
iwve- 
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ven optikovestibularul moSlilobas _ kvelaferi moZraobs, irxeva, azrovne-
ba da metyveleba aCqarebulia. SemdgomSi eiforia icvleba SiSiT, dabneulo-
biT. induri kanafis preparatebidan aRsaniSnavia bulbokapnini. igi gamoyofil 
iqna mcenare tuberosa-s fesvebidan. 0,1 g bulbokapnini iwvevs negativizms (eqimis 
nebismier moTxovnaze winaaRmdegobis gaweva), 0,5 g. ki _ krunCxvebs.                               

imidazolis warmoebulTa alkaloidebi.  pilokarpini _ C11H16O2N2 gamoyofil 

iqna afrikaSi gavrcelebuli mcenaris Pilocarpus pennatifalius-s foTlebidan. pi-
lokarpini iwvevs periferiuli nervuli daboloebebis agznebas, romelic 
aregulirebs nerwyvis jirkvlebis moqmedebas da oflis gamoyofas. igi dabla 
swevs Tvalis SigniTa wnevas da aviwroebs gugas. pilokarpini umTavresad 
ixmareba ofTalmologiur praqtikaSi glaukomisa da sxva Tvalis daavadebis 
dros. 
pilokarpini nemsisebri kristalebia, wyalSi, spirtSi da eTerSi advilad 
ixsneba. pilokarpini gacxelebiT moqmedebs tuteebTan da gardaiqmneba stereo-
izomerul izopilokarpinad. pilokarpinis sinTezi ganxorcielebul iqna n. 
preobraJenskis mier 1936 wels. 
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purinis jgufis Semcveli alkaloidebi.  kofeinis alkaloidebi. am jgufSi 
kofeinis alkaloidebidan Sedis kofeini, Teobromini, Teofilini, Sardis mJa-
va, qsantini. 
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     kofeini didi raodenobiT Sedis Cais foTlebSi (5%) da yavis marcvlebSi 
(1,5%). igi qsantinis (dihidroqsipurini) warmoebulia da agebulebiT axlos 
dgas Sardis mJavasTan. kofeini pirvelad 1819 wels iqna gamoyofili g. runges 
mier. kofeini warmoadgens fsiqostimulators. igi iwvevs centraluri ner-
vuli sistemis agznebas, sisxlis wnevis gadidebas da gulis moqmedebis stim-
ulirebas, aqvs Sardmdeni moqmedeba. kofeini frTxili gacxelebis dros 
SeiZleba aqroldes. kargad ixsneba qloroformSi. kofeins Rebuloben Cais 
warmoebis narCenebidan _ Cais mtveridan. 
     samrewvelo masStabiT kofeins Rebuloben Sardis mJavasagan. misi 
gacxelebiT ZmarmJava anhidridTan warmoiqmneba 8-meTilqsantini, romlisganac 
dimeTilsulfatiT meTilirebis dros Rebuloben 1,3,7,8-tetrameTilqsantins. 
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ukanasknelis frTxili qlorirebiT warmoiqmneba samqlorwarmoebuli, rome-
lic Sesapvnis Semdeg gardaiqmneba kofeinad: 
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     kofeinis miReba SeiZleba aseve qsantinis meTilirebiT, qsantini ki 
guaninisagan SeiZleba iqnas sinTezirebuli. qsantinis agebuleba dadgenil 
iqna m. traubes mier sinTeziT, romelic xorcieldeba Sardovanisa da 
cianZmarmJavas gamoyenebiT. Sardis mJava anu 2,6,8-trioqsipurini aRmoCenil 
iqna k. Seeles mier 1776 wels. adamianisa da ZuZumwovrebis normaluri Sardi 
mxolod mcire raodenobiT Seicavs Sardis mJavas. nivTierebaTa cvlis 
darRvevis dros ki misi raodenoba SardSi SeiZleba gaizardos. Sardis mJava 
frinvelTa da qvewarmavalTa eqskrementis mTavari Semadgeneli nawilia. 
     teqnikurad Sardis mJavas Rebuloben guanodan (zRvis frinvelTa skint-
li, romelic didi raodenobiT moipoveba samxreT amerikis kunZulebze) 
guanos Sardis mJava Seicavs 25%-mde. Sardis mJava ufero kristaluri 
fxvnilia, Znelad ixsneba wyalSi, ar ixsneba spirtSi da eTerSi, igi Zalian 
sust mJavas warmoadgens. Sardis mJavas sinTezi pirvelad ganxorcielda Cexi 
qimikosis gorbaCevskis mier 1828 wels. gansakuTrebiT aRsaniSnavia e. fiSeris 
sinTezi, romelmac Sardis mJava malonmJavas, Sardovanasa da barbituris 
mJavasagan miiRo. ukanasknelis nitrozirebiT igi violuris mJavaSi gadayavT, 
romelsac uramilad aRadgenen. uramilze cianmJavas moqmedebiT miiReba fsev-
doSardis mJava. 20%-ian marilmJavasTan misi gacxelebiT mimdinareobs imidaz-
olis ciklis Sekvra da warmoiqmneba Sardis mJava: 
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     Teobromini ufero, kristaluri nivTierebaa, Sedis kakaos marcvlebis 
SedgenilobaSi, igi kargi Sardmdenia, advilad ixsneba mwvave tuteebSi da 
iZleva natriumis marils, romlis eqvimolekuluri narevi natriumis sali-
cilatTan medicinaSi ixmareba rogorc Sardmdeni diuretinis saxelwodebiT. 
Teofilini warmoadgens 1,3-dimeTilqsantins. igi gamoiyeneba rogorc 
bronqolituri da Sardmdeni saSualeba. 
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steroiduli alkaloidebi. steroidul alkaloidebs miekuTvneba 
ZaRlyurZenasebrTa ojaxis mcenareebidan gamoyofili alkaloidebi. rogori-
caa solanini, solanidini, solasonini, solasonidini.  
solanini _ C45H73O15N mdgradia tuteebis mimarT; ganzavebul mJavebTan 
gacxelebisas ixliCeba azotovan aglukonad _ solanidinad da sam molekula 
naxSirwylad (D-glukoza, D-galaqtoza, D-ramnoza). solanins Seicavs agreTve 
kartofili. 
    steroidul alkaloidebs miekuTvneba aseve Sxama sokos alkaloidebi. 
Sxama soko Seicavs individualur alkaloids veratrins, romelic 
sinamdvileSi ramdenime alkaloidis amorful narevs warmoadgens. amJamad 
Sxamas Svidi kristaluri alkaloidia Seswavlili. maTgan aRsaniSnavia 
iervini da izoiervini. Sxamas alkaloidebi mtvris saxiT cxviris intensiur 
ceminebas iwvevs. veratrini ixmareba veterinarul praqtikaSi. 
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pesticidebi 
 
     qimiuri mecnierebis ganviTarebis Tanamedrove etapze soflis meurneobis 
warmoebaSi da mis sxvadasxva dargebSi sul ufro farTod gamoiyeneba 
bunebrivi da sinTezur-xelovnuri organuli preparatebi. mecnierul-
teqnikurma revoluciam kacobriobas socialuri progresis arnaxuli Sesa-
Zleblobani gadauSala, magram amave dros sakmaod seriozuli problemebic 
Seuqmna. garemoze anTropogenurma gavlenam bolo dros iseT masStabebs miaR-
wia, rom sicocxle  sabediswero katastrofebis winaSe dadga. daavadebaTa 
80%-ze meti (paTologiuri mSobiaroba, avTvisebiani simsivneebi, fsiqikuri 
darRvevebi da a.S.) ekologiuri mdgomareobis gauaresebis Sedegia. 
     kacobriobis mTeli istoria bunebriv resursTa _ miwebis, wylebis, 
tyeebis, sasargeblo wiaRiseulTa stiqiuri, mtacebluri gamoyenebaa, rac 
ukvalod ar qreba. bolo 30-40 wlis manZilze gadaSenda cxovelTa da mcena-
reTa mravali saxeoba. pesticidebi qimiuri an biologiuri preparatebia, rom-
lebic gamoiyeneba mcenareTa daavadebebisa da mavneblebis, sarevela mcenaree-
bis, Senaxuli soflis meurneobis prodqtebisa da sayofacxovrebo 
mavneblebis, cxovelTa parazitebis winaaRmdeg, mcenareTa zrdis reguli-
rebisaTvis, mcenareTa foTlebis mosacileblad da mcenareebis Sesaxmobad 
mosavlis aRebis win. 

haerSi, wyalsa da sakvebSi arsebul qimiur nivTierebebs Soris yvelaze 
mavne pesticidebia. pesticidi laTinurad (pestis – mavne; caed – vkvlav) mavnebelTa 
mkvlels niSnavs. Bbolo wlebSi farTod iyeneben propesticidebs, romlebsac 
ar axasiaTebs pesticiduri Tvisebebi, magram mavne mwerebis  an sxva mavne or-
ganoebSi moxvedrisas gardaiqmnebian pesticidebad. daniSnulebis mixedviT 
pesticidebi iyofa Semdeg ZiriTad jgufebad: akaracidebi – tkipebTan sa-
brZolvelad; algicidebi – wyalmcenareebis da wylis sxva mcenareebis 
gasanadgureblad; antiseptikebi – liTonuri da araliTonuri masalebisa da 
nakeTobebis mikroorganizmebisagan dasacavad. arboricidebi – arasasurveli 
xemcenareebisa da buCqebis gasanadgureblad. aficidebi – bugrebTan sa-
brZolvelad;  herbicidebi – sarevela mcenareebTan sabrZolvelad; zoocidebi 
– mRrRnelebTan sabrZolvelad; inseqticidebi – mavne mwerebTan sa-
brZolvelad; limacidebi an moluskocidebi – moluskebTan sabrZolvelad; 
nematocidebi – mrgval WiebTan sabrZolvelad;  fungicidebi – avadmyofebTan 
da fitopaTogenur sokoebTan sabrZolvelad; 
     pesticidebis mniSvnelovani jgufia mcenareTa zrdis stimulatorebi; 
isini amaRleben mcenaris msxmoiarebas, aCqareben nayofis damwifebas, xels 
uwyoben vegetaciuri gamravlebisas mcenaris swraf dafesvianebas, icaven 
mcenares yinvisa da gvalvisagan.  
     pesticidebs iyeneben soflis meurneobaSi. pesticidebi did ekonomikur 
efeqts iZleva soflis meurneobaSi, magram sikeTesTan erTad igi abinZurebs 
garemos. bunebis dacvis interesebidan gamomdinare, pesticidebi unda 
akmayofilebdes Semdeg moTxovnebs: 
1. unda  iyos Zlier toqsikuri mavneblis mimarT, magram naklebad toqsikuri 
adamianis mimarT. pesticidi uvnebeli unda iyos Sinauri cxovelebisa da 
oTaxis dekoratiuli mcenareebis mimarT. 
2. unda iyos naklebad mdgradi (6 Tvemde) da bunebaSi unda iSlebodes 
aratoqsikur nivTierebebad. 
3. gansakuTrebuli yuradReba unda mieqces preparatis mutagenur da kancer-
ogenul Tvisebebs. 
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     toqsikurobis da garemoSi maTi cirkulaciis gaTvaliswinebiT arseboben 
toqsiko-higienuri pesticidebi. cocxali organizmebis nawlavebSi moxvedris 
mixedviT gamoiyofa kategoriebi:  Zliermomqmedi Sxamiani nivTierebebi, maRal-
toqsikuri Sxamiani nivTierebebi, saSualod toqsikuri Sxamiani nivTierebebi, 
mcired toqsikuri Sxamiani nivTierebebi; 
     pesticidebis arasworma gamoyenebam SeiZleba arasasurveli Sedegebi gam-
oiwvios. maT unari aqvT gamoiwvion ara marto mwerebis, mdinareebis da 
sxvadasxva mikrobebis, aramed Tbilsisxliani cxovelebis daRupvac. isini saS-
iSia cocxali bunebisa da adamianebisaTvis. pesticidebidan ufro xSirad gam-
oiyeneba qlororganuli, vercxliswyalorganuli da fosfororganuli pesti-
cidebi. pesticidebis udidesi nawili atmosferoSi xvdeba maTi gamoyenebis 
procesSi. pesticidebis SerCevisas aucilebelia gaTvaliswinebul iqnas maTi 
daSlis siCqare niadagSi, aseve maTi gavlena niadagSi arsebul organizmebze. 
niadagSi pesticidebis arsebobis xangrZlivoba (peristentoba) damokidebulia 
TviT pesticidis qimiur struqturaze, fizikur Tvisebebze, gansakuTrebiT wy-
alSi xsnadobasa da aqroladobaze, niadagis adsorbciul Tvisebebze, temper-
aturaze, tenianobaze, pesticidis gamoyenebis Semdeg naleqebis raodenobaze.                                                                       
                                                                             cxrili 15 
 

niadagSi pesticidebis zRvrulad dasaSvebi 
koncentraciebi  mg/kg 

1. teqnikuri heqsaqlorani                         0,5 
2. qlorofosi                                      2 
3. karbofosi                                       1 
4. lindoni                                         0,5 
5. poliqlorkamfeni                                0,5 
6. poliqlorineni                                  0,5 
7. prometrini                                       0,5 
8. qloraliTi                                      0,05 
9. karbarili                                        0, 05 

 
     pesticidebis gamoyenebis aucilebeli pirobaa misi daSla mosavlis 
aRebis win. niadagSi Sesatani preparatis peristentoba ar unda aRematebodes 
erT savegetacio periods herbicidebisaTvis da or savegetacio periods 
niadagis mavneblebisaTvis, amasTan preparati ar unda STainTqmebodes 
mcenaris mier da  ar unda grovdebodes nayofebSi an sxva nawilebSi, 
romlebsac adamianebi an Sinauri cxovelebi iyeneben sakvebad. ekonomikurad 
ganviTarebul qveynebSi pesticidebis gamoyenebas mkacr moTxovnebs uyeneben. 
Ppesticidebis SerCevisas Zalze mniSvnelovania sworad ganisazRvros 
adamianis organizmSi maTi SeRwevis gzebi. maRali toqsikurobis nivTierebebs 
unari aqvT adamianis sasunTq sistemasa da kanSi SeRwevis, amitom sasikvdilo 
dozis gansazRvrisas aucilebelia dadgindes preparatis toqsikuroba ara 
marto kuW-nawlavSi, aramed misi orTqlis kanze moxvedrisas sasunTq gzebSi 
inhalaciis dros. 

ინseqticidebi.  იnseqticidi ewodeba nivTierebas, romelic klavs mavne 
mwerebs. Mweris organizmSi SeRwevis mixedviT inseqticidebi iyofa 3 jgufad: 
kontaqturi, sistematuri da nawlavuri. 
1. kontaqturi inseqticidi mweris organizmSi xvdeba preparatebTan uSualo 
kontaqtis gziT. 
2. sistematuri inseqticidebi StainTqmebian foTlebis an fesvebis mier da 
Sxamaven im mwerebs, romlebic ikvebebian mcenareTa wveniT. 
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3. nawlavuri inseqticidebi mweris organizmSi piris Rrudan xvdebian. 

     Mმetad efeqturi gamodgnen sistemuri inseqticidebi, vinaidan maTi gam-
oyeneba SeiZleba ara marto mcenareebze SesxurebiT, aramed TeslTan erTad 
niadagSi SetaniT. Isini swrafad da mTlianad Seiwovebian mcenareebis mier da 
vrceldebian mcenaris mTel organizmSi, ris gamoc maTi wveni Sxamiandeba 
mwuwnavi mavneblebisaTvis. Qloorganuli pesticidebidan gansakuTrebiT cno-
bilia diqlordifeniltriqlormeTilmeTani (ddt), diqlordifenildiqlore-
Tani (ddd), heqsaqlorani, qlorofosi, heptaqlori nary. Isini mdgradia 
garemos sxvadasxva faqtoris zamoqmedebisadmi. Mmag: ddt 115-120ºC-ze 
gacxelebisas Zlebs 15 sT-is ganmavlobaSi, iSleba 170-200º-ze, niadagSi inaxeba 
10-15 weli. Qqlororganuli pesticidebi kargad ixsneba cximebSi, amitom isini 
grovdeba frinvelebis, Tevzebis, ZuZumwovrebis cximebis da adamianebis cxi-
movan qsovilebSi. Isini adamianis organizmSi sakvebTan erTad xvdeba. Qlo-
rorganuli pesticidebiT dabinZurebuli sakvebis miRebisas qlororganuli 
naerTebi adamianis organizmSi didi xnis ganmavlobaSi rCeba. Isini SeiZleba 
damRupveli aRmoCndes Cvili asakis bavSvebisaTvis;  amitom ar unda moxvdnen 
meZuZuri dedebis sakvebSi. Isini adamianis organizmSi SeWrisas iwveven or-
sulobis paTologias, Tandayolil anatomiur da fiziologiur defeqtebs, 
bavSvis fizikuri ganviTarebis Seferxebas, sasqeso funqciiis moSlas, fsiqiur 
depresiebs, mexsierebis daqveiTebas, kancerogenuli efeqtebis stimulirebas. 
     sinTezuri pesticidebis era ddt-Ti (misi sruli saxelwodebaa 4,4’-
diqlor-difenil-tri-qlormeTilmeTani) daiwyo. 

 

CHCl Cl

CCl Cl

Cl  
      ddt kontaqturi inseqticidia. Man didi roli Seasrula meore msoflio 
omis periodSi muclis tifis epidemiis da malariis likvidaciis saqmeSi. 
Efeqturi aRmoCnda igi buzi ceces mimarTac. Ukanasknel dromde malariasTan 
brZolis erT-erT ZiriTad meTodad iTvleboda koRoebis mospoba ddt-Ti. 
Oficialuri akrZalvis miuxedavad am Sxamqimikatis gamoyeneba wyalsatevebis 
damuSavebisas dResac grZeldeba. Samwuxarod, igi Zalze mdgradi naerTi aR-
moCnda. Amitom, bunebriv pirobebSi degradacias ar ganicdis. TandaTanobiT 
moxda misi datoveba niadagSi, mcenareebSi, cxovelebSi, adamianis organizmSi. 
Ddt-s inseqticiduri Tvisebebis aRmoCenisaTvis Sveicariel qimikoss miulers 
1948 wels mianiWes nobelis premia. 20 wlis Semdeg ki imave SveicariaSi ka-
noniT akrZales ddt-s gamoyeneba. Jer kidev 1949 wels amerikis agroqimiis 
Jurnalma gamoaqveyna aSS-is kvebis mrewvelobis inspeqciis cnoba ddt-s Sem-
cveli rZis produqtebis gayidvis akrZalvis Sesaxeb. Ddt-s koncentracia 
cxovelebisa da adamianis organizmSi or-samjer aRemateba dasaSveb normas im 
qveynebSic ki, sadac misi gamoyeneba akrZalulia. Antarqtidis zedapirze 
TovlTan erTad daleqilia aTasobiT tona es preparati. Yovel wels Ti-
Toeul kvadratul kilometrze wvimas Camoaqvs 30 grami ddt. Paradoqsia, ma-
gram faqtia, rom ddt-sa da sxva msgavsi preparatebisagan yvelaze naklebad 
dazaralda is mwerebi, romelTa winaaRmdegac maT xmarobdnen. Gamoirkva, rom 
Sxamqimikatebis gamoyenebiT mavnebel mwerTa raodenoba ar mcirdeba, piriqiT 
izrdeba kidec, radgan “qimiuri omi” anadgurebs maT bunebriv mtrebs _ sasar-
geblo mwerebsa da Citebs. aTasobiT mcenaris tilisa da muxluxos Wamis 
Semdeg isini uneburad agroveben Sxams sasikvdilo raodenobiT. amiT ar 
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dasrulebula pesticidebis “sazeimo svla”. Zroxebi, romlebic Sxamqimika-
tebiT damuSavebuli balaxiT ikvebebodnen, pesticidebs agrovebdnen. Es Sxami 
wvimiTa da Tovlis wyliT tbebsa da mdinareebSi Cairecxeboda, xvdeboda 
mtknarwyliani da zRvis Tevzebis organizmebSi da sabolood adamians su-
fraze ubrundeboda. Pesticidebis gamoyenebis zrdasTan erTad imata goneba 
sust bavSvTa raodenobam. Tu adre mravali daavadebis mizezad naryls 
Tvlidnen, SemdegSi gamoirkva, rom maTi umravlesoba (sisxlis da sxva mZime 
sneulebani) intensiuri qimizaciis Sedegi yofila. Amitom, amJamad ddt-s war-
moeba da gamoyeneba akrZalulia. Bunebrivi inseqticidebidan gansakuTrebiT 
efeqturia piretrinebi, romlebsac zogierTi saxeobis gvirilidan Rebuloben. 
      Piretrinebi erTaderTi inseqticidebia, romlebsac sxvebisagan gansxva-
vebiT miCvevis nary ar axasiaTebs. Isini TbilsisxlianebisaTvis toqsikuri ar 
aris. Bunebrivi piretrinebi naklebad mdgradi naerTebia da male kargaven aq-
tiurobas. Piretrinebis mdgradobis gazrdis mizniT miRebul iqna sinTezuri 
preparatebi: fenotrini, permetrini da hipermetrini. 
 

 
 
 
 
 

 
 

 
 
 

 
     იnseqticidebidan aRsaniSnavia fosformJavas, Tio- da diTiofosformJavas 
nawarmebi, rogoricaa melaTioni anu karbofosi, Tiofosi, metafosi, rogeri. 
Isini gamoiyeneba bambis tkipas, marcvlovani kulturebisa da xexilis 
mavneblebis winaaRmdeg asabrZolvelad. 
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      fosfororganuli inseqticidebi Zlier toqsikuria (LD50 meryeobs 20-1000 
mk/kj), magram naklebad stabiluri naerTebia da bunebaSi advilad ganicdian 
degradacias. Bunebrivi inseqticidebidan cnobilia nikotini da anabazini. 
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isini efeqturi inseqticidebia, magram mwerebis garda, uaryofiTad moqmedeben 
Tbilsisxlianebzec. Am mxriv upiratesoba aqvs bunebriv inseqticids-ekdibons, 
igi mwerebis mimarT Zlier toqsikuria, magram Tbilsisxlianebze srulebiT 
ar moqmedebs. 
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                            ekdiboni 

herbicidebi. herbicidebi ewodeba nivTierebebs, romlebic mcire koncen-
traciebSi warmoadgenen mcenareTa zrdis stimulatorebs, did koncen-
traciebSi axSoben an abrkoleben maT zrda-ganviTarebas. zogierT maTgans 
sakmaod farTo specifikuroba axasiaTebs. es naerTebi axSoben garkveuli sa-
revela mcenareebis zrdas da amave dros ar vneben ZiriTad kulturebs (herba-
balaxi,  caeder-mokvla).  mniSvnelovan herbicidebs miekuTvneba ver-
cxliswyalorganuli pesticidebi; isini toqsikuri nivTierebebia, dauSvebelia 
misi moxvedra sakveb produqtebSi. Mmas miekuTvneba granozani, merkurani, 
agronali, falizini da sxv. Ggranozani mdgradia xangrZlivi drois ganmav-
lobaSi. Ggamoiyeneba ZiriTadad marcvlovnebis Teslis Sesawamlad; 
merkurbenzoli gamoiyeneba marcvlovani kulturebis Sesawamlad. merkur-
heqsani gamoiyeneba marcvleulis, xilis da bostneulis kulturebis dasaca-
vad sokovani da baqteriuli daavadebebisgan. Aam bolo dros daiwyes ver-
cxliswyalorganuli naerTebis Secvla naklebad toqsikuri nivTierebebiT. 
moqmedebis xasiaTis mixedviT herbicidebi ZiriTadad or jgufad iyofa:  

 1. erTiani moqmedebis, romelic moqmedebs yvla saxis mcenareze;  
      2. seleqtiuri (SerCeviTi), romlebic moqmedebs calkeul mcenareTa 
saxeobebze. 
mcenareze moqmedebis xasiaTis mixedviT yoveli jgufi iyofa qvejgufebad: 
      1. kontaqturi moqmedebis, 2. sistemuri moqmedebis da 3. mcenareTa fesvTa 
sistemisa da gaRivebul Teslze moqmedi herbicidi.  
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      yvelaze farTod gamoyenebuli herbicidia: 2,4-diqlorfenoqsiZmarmJava 
anu 2,4 D. is usuno kristaluri nivTierebaa, cudad ixsneba organul gamxsne-
lebSi da wyalSi, 200C-ze ixsneba 540 mg/l. Senaxvisas mtkicea rogorc mSral 
mdgomareobaSi, ise xsnarebSiac. gamoiyeneba agreTve marilebis saxiT, rom-
lebic wyalSi ukeT ixsnebian. 2-meTil-4-qlorfenoqsiZmarmJava anu 2M-4X–
meToqsini. is ufero, usuno, kristaluri nivTierebaa, wyalSi cudad ixsneba, 
xsnadia spirtSi da eTerSi. 

 
 
efeqturi herbicidis safuZvels warmoadgens heterocikluri naerTi 1,3,5-
triazini. 

N N

N

 
 
misi nawarmia 2-qlor-4,6-bis (dieTilamini) 1,3,5-triazani, romelsac simazini 
ewodeba. is Tbilsisxlianebis mimarT naklebad toqsikuria (LD50=500 mg/kg). ar 
azianebs baRCeuls (stafilo, kombosto, pamidori, kitri), sarevelebis 
winaaRmdeg ki Zalian efeqturia. simazinis analogiuria propazini.  
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isini TeTri, kristaluri nivTierebebia, wyalSi cudad xsnadi, nakleb 
toqsikuri SerCeviTi preparatebia. maTi SerCeviTi moqmedeba dakavSirebulia 
sxvadasxva mcenareSi maTi gardaqmnis siswrafis gansxvavebasTan, magaliTad, 
simazinis daxmarebiT simindis foTlebi swrafad iSleba. 
     80-ian wlebSi sinTezirebul iqna Zalian efeqturi herbicidi-glini, ro-
melic TbilsisxlianebisaTvis toqsikuri ar aris. 15 gr  glini 1 heqtarze 
sakmarisia sarevelebis mosapoveblad. aRsaniSnavia herbicidi fenazoni, rome-
lic Warxlis Sesawamlad gamoiyeneba. 
     aqtiur herbicidebs warmoadgens Sardovanis samCanacvlebuli nawarmebi: 
linuroni, romelic gamoiyeneba muxudos, simindis da kartofilis kulture-
bisaTvis heqtarze 1-3 kg-is odenobiT. aseve gamoiyeneba qlorsulfuroni, ro-
melic didi aqtiurobiT gamoirCeva, heqtarze sakmarisia misi 4-8g. 
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      mniSvnelovan herbicids warmoadgenda 2,4,5-triqlorfenoqsiZmarmJava anu 
2,4,5-T. misi samrewvelo sinTezis procesSi adgili hqonda Zlier toqsikuri 
nivTierebis-dioqsinis sinTezs. 
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dioqsini
 

dioqsini Zalze mcire koncentraciiT iwvevs kanis daavadebas, imunuri da 
sisxlwarmomqmneli sistemis rRvevas, RviZlisa da Tirkmelebis dazianebas da 
kibos; orsulobis anomalias da teratogenur efeqts _ maxinji bavSvebis 
dabadebas. 1961-1972 wlebSi vietnamis omis dros 2,4,5-T–is sinTezi gamoyeneba 
ukve aRar warmoebs. arsebobs zrdis stimulatorebis tipis iseTi herbicidebi, 
romlebic eTilenis producentebs warmoadgenen. aseTebia gasteli (I) da 1-ami-
nociklopropankarbonmJava (II). 

ClCH2CH2P(OH)2

O

I

NH2

COOH
II  

eTilenis warmoqmnas mcenareSi aregulirebs dimeTipini. 
 

S

S CH3

CH3

O O

O O  
 

Fფungicidebi. fungicidebi sokovan daavadebaTa winaaRmdeg brZolis qimiuri 

saSualebebia. (Fungi-soko,  Caederc-mokvla). fungicidebi iyofa or jgufad: 
kontaqturi da sistemuri. kontaqturi moqmedebis fungicidi mcenaris zeda-
pirze rCeba da profilaqtikuri moqmedebisaa. igi xSirad ver kurnavs mcenares 
infeqciisagan. kontaqturi fungicidia koloiduri gogirdi, spilenZis mavTu-
lebi. sistemuri moqmedebis fungicidi mcenaris qlorofilSi aRwevs da cir-
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kulirebs mis ZarRvTa sistemaSi. mcire koncentraciiT isini mcenaris zrda-
ganviTarebaze ar moqmedeben da spoben sokoebs. soflis meurneobaSi am 
miznebisaTvis farTod iyeneben organul fungicidebs. ganvixiloT zogierTi: 
brestani (trifenilkalaacetati), TeTri feris myari produqtia, gamoiyeneba 
kartofilis an Saqris Warxlis sokovan daavadebaTa sawinaaRmdegod. 
gliodini (2-heptadecilglioqsilidinacetati), is cvilisebri produqtia, 

lR.T 940C, gamoiyeneba vaSlis, msxlis da alublis daavadebaTa gamomwvevi 
sokoebis winaaRmdeg. 
diqlorani (2,6-diqlor-4-nitroanilini), myari produqtia, lR. T 1950C, 
gamoiyeneba sxvadasxva kulturul mcenareTa samkurnalod sklerotiniT da 
botritisiT daavadebisas. 
direni [2,4-diqlor-6(2-qloranilini)-2,3,5-triazini], myari kristalebia, lR. T 
1600C, gamoiyeneba kenkrovanTa, baRis kulturebis, kartofilis da xil-
bostneulis nayofis sokovan daavadebaTa sawinaaRmdegod. 
Tirami warmoadgens dimeTil-diTiokarbaminmJavas TuTiis marils. TeTri 

fxvnilia, (lR. T 2460C), gamoiyeneba nuSis, kaklis, kurkovani xilis da 
bostneulis foTlebis mavneblebis sawinaaRmdegod. 
cinabi warmoadgens eTilen-bis-diTiokarbaminmJavas TuTiis marils. Ria feris 
fxvnilia, gamoiyeneba rogorc citrusovanTa akarocidi. 
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Cl

O2N
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C
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brestani
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N
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      fungicidebidan aRsaniSnavia kaptani, romelic farTo speqtris fun-
gicidia da gamoiyeneba vaSlis, msxlis, atmis, alublis, citrusebis, 
bostneulis, dekoratiuli mcenareebis Sesawamlad (1,3-5 kg/ha). 
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mcenareTa zrdis stimulatorebi  
 
 mcenareTa zrdis stimulatorebi ewodeba iseT nivTierebas, romelic 

Teslisa da mcenaris zrdas uwyobs xels. bunebrivi mcenareuli 
bioregulatorebidan gansakuTrebuli mniSvneloba aqvs fitohormonebs. 
arCeven xuT fitohormons: 1. auqsinebi, 2. giberilinebi, 3. citokininebi, 4. 
abscizis mJava da 5. eTileni. aqedan _ auqsinebi, giberilinebi da citokininebi 
warmoadgenen mcenareTa zrdis stimulatorebs, xolo abscizis mJava da 
eTileni mcenareTa zris inhibitorebs. 
     fitohormonebi warmoiqmnebian ylortebSi, fesvebis daboloebebSi, 
gaRivebul marcvalSi, Semdeg nawildebian mcenaris sxva organoebSi da 
iwveven fiziologiuri procesebis intensifikacias. 
auqsinebi (laTinurad ausco-vexmarebi) ewodeba bunebrivi zrdis sti-
mulatorebs, romlebic aRmoCenilia simindSi, parkosnebSi. auqsinebi zrdis 
intensifikacias axorcieleben ujredis gaWimvis Sedegad. auqsinebi 1880 wels 
Seswavlil iqna mama-Svili darvinebis mier. auqsinis warmoqmna xdeba fesvisa 
da Reros kenweroSi, gansakuTrebiT foTlebSi, yvavilebSi da nayofSi. 
auqsinebidan aRsaniSnavia heteroauqsini indolilZmarmJava. misi agebuleba 
dadgenil iqna f. kioglis mier. igi warmoiqmneba aminmJava triftofanidan, 
monawileobs ujredis gayofis procesSi (mitozi). dReisaTvis sxvadasxva 
mcenareebidan gamoyofil iqna indolZmarmJavas nawarmebi: amidebi, nitrilebi, 
spirtebi. 

 

N
H

CH2R

 
 
sadac, R –  COOH                       3-indolilZmarmJava 

CONH2                                    amid-3-indolilZmarmJava 

C≡N                            nitril 3-indolilZmarmJava 
COCOOH           3-indolilpiroyurZenmJava 
OH                              3-indolilmeTanoli 
CH2 OH                       3-indolileTanoli 
CH2 COOH                 3-indolilpropionmJava 
CH2 CH2 COOH         3-indolilerbomJava 

      A                                  
     auqsinebi da misi sinTezuri analogebi farTod gamoiyeneba 
memcenareobaSi xeebis gadanergvis, kalmiT gamravlebis dros. 
giberilinebi. giberilinebi pirvelad aRmoCenil iqna sokoSi iaponeli 
mecnieris e. kurosavas mier 1926 wels, is Sedis aseve umwifari lobios 
TeslSi. isini warmoadgenen Reros zrdis stimulatorebs. iwveven Reros 
gawelvas ujredis gawelvis Sedegad. dReisaTvis 90-mde giberilini  aris 
aRmoCenili. I-ad gamoyofili da daxasiaTebuli iqna giberilini A3 1954 wels. 
es preparati astimulirebs mcenareTa zrdas da ganviTarebas. 1-300 mg/l 
kondensaciis wyalxsnars asxureben mcenaris zrdis wertilze. aseTi 
damuSavebis damaxasiaTebeli reaqciaa Reros gagrZeleba, vegetaturi zrdis 
gaZliereba, mcenaris juja formebis gadalaxva. giberelinebi aseve asti-
mulireben yvavilobas, adideben Canasaxebis ricxvs. giberilinebi warmoadgenen 
diterpenoiduli bunebis tetraciklur mono-, di- da trikarbonmJavebs. isini 
kristaluri nivTierebebia, romlebic gansxvavdebian lRobis tamperaturiT, 
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mSral mdgomareobaSi mdgradia, advilad iSlebian wyalSi, gansakuTrebiT 
tuteebis TanamyofobaSi. mJave da neitralur areSi ufro mdgradebia. 
giberilinebidan aRsaniSnavia: giberilini A3 da giberilini A7. 
 

H3C

HO

CO

COOH CH2

R

giberelini A3   R=OH

giberelini A7   R=H

O

 
 
citokininebi. isini astimulireben ujredis gayofas, am process citokinozi 
ewodeba. pirveli mcenareuli citokinini _ zeatini gamoyofil iqna simindidan 
d. letamis mier 1964 wels. citokininebSi purinis ciklis arseboba ar aris 
arsebiTi citokininuri aqtivobisaTvis, radgan cnobilia iseTi nivTierebebi, 
romlebic purinis cikls arc Seicaven, magram, ufro met aqtiurobas amJRavne-
ben. citokininebidan aRsaniSnavia kinetini anu 6-(2-furfurolmeTilamino)-
purini. citokininebi mcenareebSi ZiriTadad axorcieleben: 1. ujreduli 
dayofis stimulacias, 2. daberebis procesis Senelebas. 
     d. foksis da o. kulaevis gamokvlevebi cxadyofs, rom citokininebis bi-
ologiuri moqmedebis meqanizmi dakavSirebulia cilis, dnm-s da rnm-s biosin-
Tezis gaZlierebasTan, aseve gavlenas axdens biologiuri membranis fun-
qcionirebaze. umniSvnelovanesi citokininebia: kinetini, zeatini, izopen-
teniladenini. 
 

N
H

N

N
N

NHCH2R
R=

O
kinetini

R= C C
H

CH3

CH2OH

zeatini

R= C C
H

CH3

CH3

izopenteni- 
ladenini  

 
     zogierTi citokinini funqcionirebs cxovelis ujredSic, sadac isini: 1) 
Trombocitebis agregacias uSlian xels, 2) aferxeben zogierTi simsivnis uj-
redis zrdas. 
abscizis mJava. abscizis mJava warmoadgens mcenareebis maRalefeqtur en-
dogenur inhibitors. pirvelad is gamoyofil iqna 1963 wels bambis axalgazr-
da nayofidan f. edikotis mier. ori wlis Semdeg maTve daadgines mJavas ses-
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kviterpenoiduli agebuleba. mcenareebidan aseve gamoyofil iqna misi msgavsi 
naerTebi, romelTa Soris aRsaniSnavia qsantoqsini. SemdgomSi miRebul iqna 
abscizis mJavas sinTezuri analogebi. 
 

O CH3 HO
C

H3C CH3

CH3

O

OH

abscizis mJava  
 

     abscizis mJavas mcenare gadahyavs mosvenebul mdgomareobaSi. is zrdis 
nayofis raodenobas (msxalSi nayofis raodenoba 10-jer izrdeba), igi iwvevs 
foTolcvenas, nayofis Camogdebas, amuxruWebs mcenaris zrdas (giberilinis 
antagonistia). 
eTileni. eTileni warmoiqmneba xilSi S-adenozilmeTioninidan. am process Tan 
axlavs Sualeduri produqtebis warmoqmna, jer xdeba 1-aminociklopropan-1-
karbonmJavas warmoqmna da Semdeg miiReba eTileni. is fitohormonia, aCqarebs 
nayofis damwifebas, foTolcvenas, aferxebs fesvebisa da ylortebis zrdas. 
praqtikaSi eTilens iyeneben nayofis damwifebis dasaCqareblad da maTi 
Saqrianobis gasazrdelad. praqtikaSi aseve xSirad gamoiyeneba sinTezuri 
preparati etreli, romelic mcenareul organizmSi iSleba eTilenis gam-
oyofiT. etreli gamoiyeneba rogorc stimulatori lerwmis Saqris dasamwife-
blad, ananasis ayvavilebisaTvis. mas iyeneben aerozolis saxiT.  
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      fitohormonebi garkveul gavlenas axdenen mcenaris sqesis Camoyali-
bebaSi. auqsinebi da eTileni xels uwyobs mdedrobiTi yvavilis warmoqmnas, 
xolo giberelinebi mamrobiTisas. 
repelentebi. repelentis suni cxovelebs afrTxobs. maTi moqmedeba mxolod 

ramdenime saaTi grZeldeba. repelentebia: N-acetiltetrahidroqinolini 
(kluzoli), dimeTilftalati, meta-dieTiltoluamidi. 
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Sereuli biopolimerebi 
 

      Sereul biopolimerebs miekuTvneba heteropolisaqaridebi da glikopro-
teinebi. heteropolisaqaridebSi Sedis: SemaerTebeli qsovilis polisaqari-
debi, proteoglikanebi, peptidoglikanebi, baqteriis ujreduli kedlis 
polisaqaridebi. 
SemaerTebeli qsovilis polisaqaridebi. gansakuTrebul interess iwvevs pro-
teoglikanebi, romlebic aSenebulia cilebis (5%) da polisaqaridebisagan 
(85%). maTgan kargad aris Seswavlili qondroitinsulfatebi, hialuronmJava 
da heparini. yvela aRniSnuli polisaqaridi agebulia disaqariduli fragmen-
tebisagan, romelTa SedgenilobaSi Sedis uronmJava da N-acetilheqsozamini. 
zogierTi maTgani Seicavs aseve gogirdmJavas naSTs (cxrili 16). SemaerTebeli 
qsovilis polisaqaridebs  zogjer uwodeben mukopolisaqaridebs (warmodgeba 
laT. sityidan mucus–lorwo), isini Seicaven karboqsilis jgufs da sul-
fojgufs. 
     qondroinsulfatebSi N–acetilirebuli qondrozinis disaqariduli 

fragmentebi erTmaneTTan SeerTebulia β-1,4-glikoziduri bmebiT. qondrozinis 

SemadgenlobaSi Sedis β-1,3-glikoziduri bmiT erTmaneTTan dakavSirebuli D-
glukonmJava da D-galaqtozamini. am ukanasknelis me-4 an me-6 naxSirbad-
atomTan mdebare hidroqsilis jgufi eTerificirebulia gogirdmJaviT. amis 
mixedviT arCeven qondroitin-4-sulfats an qondroitin-6-sulfats. Qqond-
roitinsulfatebis molekuluri masa meryeobs 10000-60000 farglebSi. 
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cxrili 16 
mukopolisaqaridebis struqturuli erTeulebi 

 
mukopolisaqaridi struqturuli erTeulebi 

 
hialuronis mJava 
qondroitin gogirdis mJava 
 
heparini 
qitini 

β-glukuronis mJava, N-acetil-β-glukozamini 

β-glukuronis mJava, N-acetilgalaqtozamini, 
gogirdmJava 

α-glukuronis mJava, α-glukozamini, gogirdmJava 
N-acetil-D-glukozamini 

 
 qondroitinsulfatis jaWvis boloSi tetrasaqariduli fermentia mo-

Tavsebuli. igi Sedgeba Tanmimdevrulad ganlagebuli D-glukuronmJavis, ori 
D-galaqtozisa da D-qsilozis naSTebisagan, romelic 0-glikoziduri bmiT 
ukavSirdeba aminmJava seriniT daboloebul polipeptidis molekulas da war-
moiqmneba Sereuli biopolimeri-proteoglikani. qondroitinsulfatebi 
Tavisufali saxiT ar gvxvdeba. is didi raodenobiTaa xrtilSi. cilebTan da-
kavSirebiT miiReba qondromukoidebi. hialuronis mJava Warbadaa Tvalis minis 
sxeulSi, sinovialur siTxeSi, avTvisebian simsivneebSi da baqteriebis kap-
sulebSi. hialuronis mJavas molekuluri masa 2 da 7 milionis farglebSi 
meryeobs. 

 hialuronis mJavas β-1,4-glikoziduri bmebiT erTmaneTTan dakavSirebuli 
disaqariduli fragmentebi Sedgeba D-glukuronmJavisa da N-acetil-D-
glukozaminis naSTebisagan, romlebic Tavis mxriv, erTmaneTTan dakavSirebu-

lia β-1,3-glikoziduri bmebiT. am heteropolisaqaridis  xsnari didi siblan-
tiT gamoirCeva, rac uzrunvelyofs SemaerTebeli qsovilis barierul fun-
qcias. SemaerTebel qsovilSi hialuronis mJava araujreduli nivTierebis Zi-
riTadi komponentia. es Jelatinis magvari nivTiereba qsovilebSi avsebs uj-
redSoris sivrces. 

 heparinis disaqariduli fragmenti Seicavs D-glukozaminsa da D-
glukuronmJavis an L-iduronmJavis naSTebs. raodenobrivi TvalsazrisiT War-

bobs L-iduronmJava. disaqariduli fragmentis SigniT myardeba α-1,4-
glikoziduri bma, xolo disaqaridul fragmentebs Soris ki α-1,4-(roca frag-
menti mTavreba L-iduronis mJavis naSTiT) an β-1,4-(roca fragmenti mTavrdeba 
D-glukuronmJavis naSTiT) bmebi. glukozinaminebis naSTebis didi umravlesoba 
sulfatirebulia, xolo mcire nawili ki acetilirebuli. garda amisa, sul-
fojgufebi gvxvdeba L-iduronmJavis me-2 naxSirbad atomTan da glukozaminebis 
me-6 naxSirbadatomTan, xolo D-glukuronmJavis naSTebi ki ar aris sulfat-
irebuli. heparinis molekuluri masa 16000-20000 farglebSi meryeobs. heparini 
xels uSlis sisxlis Sededebas. polisaqaridis ucvleli saxiT gamoyofa Ses-
aZlebelia mJavas zemoqmedebiT an cilis fermentuli daSliT. 

heparini proteinebTan naerTis saxiT gvxvdeba gulSi, kunTebSi, RviZlSi 
da ZuZumwovarTa sxva qsovilebSi. igi axangrZlivebs sisxlis SededebisaTvis 
saWiro dros da medicinaSi gamoiyeneba antikoagulantad. 
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baqteriis ujreduli kedlis polisaqaridi. mas miekuTvneba muramini. 

muraminis (laT. murus–kedeli) araganStoebuli jaWvi TanmimdevrobiT 
ganlagebuli N-acetilglukozaminisa da N-acetilmurammJavis naSTebisagan 
Sedgeba. Tavis mxriv murammJava warmoadgens D-glukozamins, romelic me-3 
naxSirbadis atomTan eTerificirebulia rZemJaviT. ujreduli kedeli muramins 
Seicavs naxSirwylovan-cilovani kompleqsis mureinis SemadgenlobaSi. 
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ferment lizocims SeuZlia gaxliCos muraminis polisaqariduli jaWvi, rac 
safuZvlad udevs mis antibaqteriul moqmedebas.  
peptidoglikanebi. peptidoglikanebidan aRsaniSnavia mureini. is baqteriaTa 
naxSirwyal-cilovani kompleqsia da warmoadgens baqteriis ujreduli kedlis 
samSeneblo masalas. mis SemadgenlobaSi Sedis muramini. 
     mureini miekuTvneba peptidoglikanebs, vinaidan Seicavs Zalian mokle 
peptidur jaWvs, sadac TiToeuli laqtanuri naSTis karboqsiluri jgufi da-
kavSirebulia amiduri jgufiT L-alaninis tetrapeptiduri jaWvis NH2-
jgufTan (sur.19). TiToeuli tetrapeptidi dakavSirebulia sxva muraminis 
jaWvis erT tetrapeptidur jaWvTan. bma xorcieldeba pepciduri “xidis” saSu-
alebiT, romelic Sedgeba 5 glicinis  birTvisagan. es xidi akavSirebs erTi 
polisaqariduli jaWvis L-lizinis tetrapeptidul naSTs, meore 
polisaqariduli jaWvis D-alaninis tetrapeptidis bolo naSTTan (sur.20), ris 
Sedegad warmoiqmneba badisebri struqtura, romelsac ara aqvs wyvetilebi. am 
mkacr ConCxs, romliTac Semofarglulia baqterialuri ujredi, ewodeba 
mureinis tomara.                                                                        
                                                                                sur. 19 
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mureinis tetrapeptiduri jaWvis agebuleba 
 

                                                                                       sur. 20 
 
 
 
 
 
 

 
 

 
                           mureinis badisebri struqtura 
 
      ferment lizocims aqvs unari gaxliCos muraminis polisaqariduli 
jaWvi, rac safuZvlad udevs mis antibaqteriul moqmedebas. mureinis 
polisaqariduli jaWvis glikoziduri bmebis hidrolituri gantotva war-
moadgens baqterialuri ujredis kedlis dangrevis mizezs, rac Seadgens 
lizocimis antibaqterialuri moqmedebis qimiur safuZvels.antibaqterialuri 
moqmedebiT xasiTdeba aseve penicilini. 
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     penicilinebi amuxruWeben bolo safexurze baqteriuli ujreduli ked-
lis peptidglikanur struqturas. fragmentis aseTi blokireba iwvevs uj-
reduli baqterialuri kedlis agebis procesis darRvevas, rac iwvevs baq-
teriebis sikvdils. 
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glikoproteinebi 

 
      glikoproteinebi cilis molekulasTan kovalenturi bmiT dakavSirebul 
olisaqaridis naSTs Seicavs. isini farTod arian gavrcelebuli bunebaSi. 
glikoproteinebs miekuTvneba: difteriis sawinaaRmdego Sratis mniSvnelovani 
komponentebi (imunoglobulinebi, transferinebi), sisxlis jgufuri 
nivTierebebi, romlebic gansazRvraven adamianebSi da cxovelebSi kuTvnil 
jgufur sisxls, virusebis antigenebi (gripi, encefaliti), zogierTi hor-
monebi, leqtinebi, fermentebi.  
     glikoproteinebs miekuTvneba sisxlis jgufuri Semcvelobis ganmsaz-
Rvreli nivTierebebi, romelic gasaTvaliswinebelia sisxlis gadasxmis dros. 
am nivTierebebis struqturul safuZvels Seadgens polipiptiduri jaWvi, ro-
melTanac mierTebulia 55 oligosaqarinuli jaWvi saSualod 21-23 aminmJavuri 
naSTisagan Semdgari. naxSirwylovani da peptiduri nawili erTmaneTTan da-
kavSirebuli arian glikoziduri bmebiT, romelSic monawileobs serinis da 
treoninis hidroqsiluri jgufis naSTebi. 
     oligosaqariduli jaWvi xasiaTdeba araaRdgenil boloebSi gansazRvru-
li TanamimdevroebiT ganlagebuli 3-5 monosaqariduli birTvis arsebobiT da 
swored es kidurebi, romelsac ewodeba determinantebi, gansazRvraven 
sisxlis jgufur specifiurobas.  
     sisxlis jgufis sami sistema arsebobs: A, B, 0. determinantuli mono-
saqaridebis A-sistemas emsaxureba  N-acetilgalaqtozamini, B-sistemas D-
galaqtoza, sistema O(H)-s emsaxureba L-fukoza. determinatebis SecvliT 
icvleba sisxlis jgufi. magaliaTd, 70-ian wlebSi in vitro-s eqsperimentSi 
naCvenebi iyo, rom eriTrocitebis damuSavebis Sedegad B-determinantiT, fer-
ment galaqtozidazas mowyda galaqtozas naSTi da B-determinanti gardaiqmna 
O(H) _ determinantad, ris Semdeg III jgufis sisxlidan (eriTrocitebi) 
miRebul iqna  I-li jgufis sisxli. antigenuri determinantebi Sedis ara mar-
to glikoproteinebis, aramed glikolipidebis SemadgenlobaSi, rac adas-
turebs imas, rom organizmis damcveli funqciis rols asruleben naxSir-
wylebi. 
    glikoproteinebs miekuTvneba mucinebi. isini gamomuSavdebian organizmis 
sxvadasxva qsovilebis mier da warmoqmnian blant xsnarebs. amis magaliTs 
warmoadgens cremlebi, nawlavebis da bronqebis jirkvlebi. mucinebi asruleb-
en mzeTavis rols, amasTanave icaven qsovils dazianebisagan. 
    mucinebis agebuleba Seswavlil iqna a. gotSalkos mier. man glikopro-
teinebis naxSirwylovani struqtura ganixila cxviris ybisqveSa jirkvlis mu-
cinis magaliTze. ybisqveSa jirkvlis mucinebisaTvis damaxasiaTebelia 0-
glikoziduri jaWvis didi ricxvi, romelic Seicaven galaqtozas naSTs, N-
acetilgalaqtozamins, N-acetilneiraminis mJavas da fukozas.  
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lipopolisaqaridebi 

lipopolisaqaridebi Sereuli biopolimerebia, romlebic Seicaven poli-
saqaridul nawilTan kovalenturi bmiT dakavSirebul lipidur naSTs. 
  L lipopolisaqaridebi damaxasiaTebelia mikroorganizmebisaTvis. Ggansa-
kuTrebiT kargad aris Seswavlili gramuaryofiTi baqteriebis, kerZod 
enterobaqteriebis (Sedis nawlavebSi) lipopolisaqaridebi. gramuaryofiTi 
baqteriebis lipopolisaqaridebis biosinTezi mimdinareobs citoplazmur 
membranaze. sawyis safexurze xdeba lipidis warmoqmna da 3-hidroqsialkanis 
mJavas aminjgufis acilireba, ris Sedegadac xdeba 3-dezoqsi-D-mano-oqtulo-
zanis mJavas naSTis da arahidroqsilirebuli cximovani mJavebis gadatana. 
    lipopolisaqaridebis molekulaSi gamoiyofa 3 sxvadasxva struqturuli 
ubani: lipidi A (I), oligosaqariduli nawilis centri da specifiuri
polisaqaridi. lipidi A lipopolisaqaridis konservatoruli nawilia, mis
ZiriTad nawils Seadgens disaqaridi, romelic agebulia D-glukozaminis ori

β–1,6 bmiT dakavSirebuli naSTisagan da 1,4’ mdgomareobaSi myofi fosfaturi
jgufisagan (I). orive amin-jgufi da hidroqsiluri jgufebis nawili 
acilirebulia umaRlesi cximovani mJavebiT (C26-mde). oligisaqariduli
nawilis warmomqmneli monosaqaridebi aris ori saxis: Sinagani, romelic 
Sedgeba umaRlesi Saqrebis 2-dan 6-mde naSTis (L-glicero-D-mano-heptoza II da
3-dezoqsi-D-mano-oqtulozinis mJava (III) da garegani, romelSic Sedis heqsozis
naSTebi, romelTanac dakavSirebulia specifikuri podisaqaridebi. rogorc
wesi, is warmoadgens regularul homo - an heteropolimers, romlebic
agebulia ganmeorebadi oligosaqariduli (romelic Seicavs 2-dan 6-mde
monosaqaridul naSTs) an monosaqariduli birTvebisagan.
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     lipopolisaqaridebi asruleben mTavar rols baqteriebis cxovrebaSi. 
isini monawileoben transportSi, romelic xorcieldeba membranis gziT. li-
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pidi A, romelic mdebareobs proteinebTan mWidro asociaciaSi, ganapirobebs 
Sinagani membranebis stabilurobas da mTlianobis SenarCunebas. 

biologiuri membranis molekuluri  
organizacia 

 
     ujredis cocxali SigTavsi protoplazma garemosagan gamoyofilia 
plazmuri membraniT. ujredis SigTavsis maRali mowesrigebuloba miiRweva 
misi moculobis kompartmentalizaciis meSveobiT anu misi dayofiT gan-
sxvavebuli qimiuri Sedgenilobis ganyofilebebad. kompartmentalizacia 
nivTierebebis da procesebis dayofas iwvevs ujredSi. kompartmentalizaciaSi 
didi roli eniWeba biologiur membranebs. ujreduli membranebi mniSvnelovan 
rols asruleben. isini gamoyofen ujredis SigTavs garemosgan, aregulireben 
nivTierebaTa cvlas ujredsa da garemos Soris da yofen ujredebs komparta-
mentebad, romlebic gankuTvnilia ama Tu im procesebisaTvis. 
    gasuli saukunidan cnobilia, rom ujreduli membranebi iqcevian ise, 
rogorc naxevrad ganvladi membranebi, romlebsac SeuZliaT gaataron mxo-
lod wyali da sxva mcire molekulebi. ujredul membranebs axasiaTebs 
SerCeviTi ganvladoba; maTSi nela difundirebs glukoza, aminmJavebi, cxi-
movani mJavebi, glicerini da ionebi, magram organuli gamxsnelebi (spirti, 
qloroformi, eTeri) ufro swrafad aRweven membranaSi. es mowmobs imas, rom 
membranebi Seicaven lipidebs. lipidebi membranebSi fosfolipidebiT, 
glikolipidebiT da sterolebiT arian warmodgenili. 
     1935 wels devsovma da danielma gamoTqves mosazreba, rom ujredul mem-
branebSi or cilovan Sres Soris ormagi lipidovani biSre aris moqceuli 
(sur.14). eleqtronuli mikroskopis gamoyenebiT SesaZlebeli gaxda membranis 
agebulebis gacnoba. amasTan naCvenebi iqna, rom, rogorc mcenareuli ise cxo-
veluri ujredebis plazmur membranas aqvs samSriani (trilaminaruli) 
struqtura. membranis sisqe 7,5 nm-ia. gansakuTrebiT nayofieri aRmoCnda mem-
branuli struqturebis SeswavlaSi gayinvis meTodis SemoReba (sur. 21). am 
meTodis Rirseba is aris, rom myisieri gayinvis gamo membranebi cocxlad ari-
an SenarCunebuli da masSi nawilakebis, gansakuTrebiT cilebis arseboba 
vlindeba. cilebi CaZirulia lipidovan biSreSi, zogjer ki mTlianad gadian 
membranaSi.  1972 wels sinjerma da nikolsonma warmoadgines membranis Txevad-
mozaikuri modeli, romlis Tanaxmad lipidovan Txevad biSreSi mocurave ci-
lovani molekulebi warmoqmnian TiTqosda Tavisebur mozaikas. am modelSi 
lipidovani biSre ganixileba rogorc elementaruli membrana, magram igi war-
modgenilia rogorc dinamiuri struqtura. cilebi curaven lipidur “zRvaSi” 
rogorc kunZulebi, zogjer Tavisuflad, zogjer mimagrebiT. maT ikavebs 
citoplazmaSi SeRweuli mikrofilamentebi. lipidebsac SeuZliaT gada-
nacvleba, TavianTi mdebareobis SecvliT. (sur. 22). varaudoben, rom cilovan 
molekulebSi an mezobel cilovan molekulebs Soris aris hidrofiluri 
arxebi anu forebi. es forebi msWvalaven membranas da am forebiT membranaSi 
SeuZliaT Sesvla polarul molekulebs, romlebsac membranis lipiduri kom-
ponentebi ar atarebs. 
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daniel devsonis modeli         gayinvis meTodi 
 

                                                                      sur 23. 
 
 
 
 
 
 

 
 
 
 
                       sinjer-nikolsonis Txevadmozaikuri modeli   

 
      membranebSi aris fermentuli cilebi _ specifikuri receptorebi, eleq-
tronebis gadamtanebi, energiis gardamqmnelebi, romlebic monawileoben 
fotosinTezsa da sunTqvaSi. garda amisa membranebSi aris glikoproteinebi. 
maT Tavisufal zedapirze aqvT glikoziduri jgufebi _ gantotvili 
olisaqariduli jaWvebi, romlebic “antenebs” mogvagoneben. es “antenebi” 
Sedgebian ramdenime monosaqariduli naSTisagan. aqvT mravalferovani 
konformacia. 
      lipidebi membranebSi warmodgenilia fosfolipidebiT, glikolipidebiT 
da sterolebiT. membranuli lipidebis Sedgeniloba cvalebadia da es 
gavlenas axdens mis Txevad mdgomareobaze da ganvladobaze. membranuli 
lipidebi Tavisi konsistenciiT zeiTunis zeTs mogvagoneben. ujer lipidebs 
naxSirwylovan kudebSi aqvT e.w. “texilebi”. isini uSlian molekulebs mkvriv 
ganlagebas da membranebi ufro faSari, Txevadi xdebian. mis Txevad 
mdgomareobas garkveul wilad aregulirebs lipidi qolesteroli. membranis 
aqtivoba damokidebulia membranis Txevad mdgomareobaze. aseve amaze 
damokidebuli calkeuli membranebis erTmaneTTan Serwymis siadvile, 
membranebTan dakavSirebuli fermentebis aqtivoba, cilebis transporti. 
Amgvarad, ujreduli membrana SeiZleba ase davaxasiaToT. 

1. sxvadasxva saxis membrana gansxvavdeba sisqiT, magram Ziriadad misi 
sisqe 5-10nm. 
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2. membranebi lipoproteinuli struqturebia (lipidi+cila). zogierT 
lipidur da cilovan molekulebTan gareTa zedapirze SeerTebulia 
naxSirwylovani komponentebi (glikoziduri jgufebi). 

3. lipidebi spontanurad warmoqmnian biSres. es aixsneba imiT, rom maT 
molekulas aqvs polaruli Tavebi da arapolaruli kudebi. 

4. membranuli cilebi asruleben sxvadasxva funqcias. 
5. glikoziduri jgufebi dakavSirebulia gamocnobis meqanizmTan. 
6. membranis ori mxare SeiZleba gansxvavdebodes erTmaneTisagan Sedgeni-

lobiT da TvisebebiT. 
7. membranuli lipidebi da cilebi swrafad difundireben membranis 

sibrtyeSi. 
transporti membranis gziT. biologiuri membranis ZiriTadi funqcia aris 
sxvadasxva nivTierebebis da ionebis SerCeviTi transporti. swored 
mravalricxovani transportuli membranuli kompleqsis funqcionireba, 
mkacrad koordinirebuli garemosa da droSi, aqcevs ujreds _ savsebiT 
srulyofili dinamiuri sistemis cocxali materiis elementarul rgolad. 
     membranaSi nivTierebebis transporti uzrunvelyofs ujredis SigTavsis 
neitralur reaqcias. igi awvdis ujreds sakveb nivTierebebs, rogorc energiis 
wyaros da “nedleuls” ujreduli komponentebis warmosaqmnelad. maszea 
damokidebuli ujredidan toqsikuri cvlis produqtebis gamoyofa, sxvadasxva 
sasargeblo nivTierebebis sekrecia, nervuli da kunTovani aqtivobisaTvis 
saWiro ionuri gradientebis Seqmna. 
     arsebobs ujredSi nivTierebebis SeRwevis oTxi ZiriTadi meqanizmi _ 
difuzia, osmosi, filtracia, aqtiuri da pasiuri transporti, ekzo da 
endocitozi. sami pirveli procesi pasiuria, e.i. ar moiTxovs specialuri 
energiis xarjvas, ori bolo ki aqtiuri procesia _ isini dakavSirebuli 
arian energiis xarjvasTan. aqtiuri transporti _ es aris energiis 
moxmarebasTan SeuRlebuli molekulebis an ionebis gadatana membranaSi 
koncentraciis gradientis sapirispirod. energia saWiroa imisaTvis, rom 
nivTierebam imoZraos Tavisi bunebrivi difuziis sawinaaRmdego mimarTulebiT. 
es moZraoba Cveulebriv erTmimarTulebiania, maSin roca difuzia Seqcevadi 
xasiaTisaa. ufro zustad ionebis aqtiuri transporti es aris maTi gadana-
cvleba eleqtroqimiuri gradientis sapirispirod. pasiuri transporti 
ganisazRvreba gadamtani agentis gansxvavebuli koncentraciiT membranis 
urTierTsawinaaRmdego mxares an velis mimarTulebiT. orive SemTxvevaSi, unda 
arsebobdes mocemuli nivTierebis an ionis seleqturi gadatanis meqanizmi, 
vinaidan Tavad lipiduri membrana aseTi saxiT agentebisaTvis SeuRwevadia. 
ujredebSi plazmuri membranis or zedapirs Soris SenarCunebulia 
potencialTa sxvaoba anu eleqtruli muxti. amave dros yvela Seswavlil 
ujredSi ujredis Sida SigTavsi uaryofiTad aris damuxtuli garemomcveli 
garemos mimarT. amitom kaTionebi Cveulebriv iswrafvian ujredisaken, xolo 
anionebi ki ujredidan ganizidebian. amasTan maTi SefardebiTi koncentraciebi 
ujredis SigniT da mis gareT garkveul rols asrulebs anu ionebis 
difundirebis mimarTuleba damokidebulia koncentraciaze. ujredgareTa da 
ujredSida siTxeebSi ionebidan Warbobs Na+ , K+ da Cl- ionebi. natriumi 
aqtiurad gamoiqaCeba ujredidan, xolo kaliumi aqtiurad itumbeba ujredSi. 
     dadgenilia, rom umravlesoba ujredebis plazmur membranaSi moqmedebs 
natriumis tumbo, romelic aqtiurad qaCavs natriumis ujredidan. kaliumis 
tumbo aqtiurad STanTqavs kaliumis ionebs garemodan da gadaaqvs igi 
ujredSi. aseT gaerTianebul tumbos uwodeben natri-kaliumis tumbos. 
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        Na+ da K+-is tumbo Seswavlilia cxovelur ujredebSi, igi moZraobaSi 
modis atf-iT. mis mniSvnelobaze metyvelebs is faqti, rom mosvenebul 
mdgomareobaSi cxoveluri ujredis mier moxmarebuli atf-is mesamedze meti 
ixarjeba  Na da K-is amoqaCvaze. es aucilebelia ujredis moculobis 
(osmoregulacia), nervul da kunTovan ujredebSi eleqtronuli aqtivobis 
SesanarCuneblad da Saqrebis, aminmJavebis transportirebisaTvis. K-is maRali 
koncentraciebi saWiroa cilis sinTezisaTvis, glikolizisa da  
fotosinTezisaTvis. 
     tumbo es aris gansakuTrebuli cila, romelic isea lokalizebuli 
membranaSi, rom mTel mis sisqes aRwevs. membranis Sida mxridan masTan midis 
natriumi da atf, xolo gareTa mxridan _ kaliumi. membranaSi natriumisa da 
kaliumis gadatana xorcieldeba am cilis konformaciuli cvlilebebis 
Sedegad. cila moqmedebs rogorc fermenti atf-aza, romelic akatalizebs 
atf-is hidrolizs energiis gamonTavisuflebiT, rasac moZraobaSi mohyavs 
tumbo.  endo- da egzocitozi es ori aqtiuri procesia, romelTa saSualebiT 
transportirdeba sxvadasxva masala membranis gavliT ujredis SigniT 
(endocitozi) an ujredidan gareT (egzocitozi). 
     egzocitozi aris endocitozis sapirispiro procesi. am gziT sxvadasxva 
masala gamodis ujredidan: saWmlis momnelebeli vakuolidan idevneba 
darCenili mounelebeli mkvrivi nawilakebi, xolo jirkvlovani ujredebidan 
gamoiyofa maTi Txevadi sekreti. 
ionoforebi. nivTierebebis da ionebis gadatana biologiuri membranis gavliT 
xdeba ori gziT: e.w. gadamtanebis an arxebis saSualebiT. gadamtanebis qveS 
igulisxmeba specifikuri molekula an maTi jgufi, romelic ukavSirdeba 
transportirebul agents membranis erT mxares da kompleqsis saxiT gadaaqvs 
is hidrofobuli zonis gavliT. 
      biologiuri membranis gavliT ionTa transporti gadamtanebis meqaniz-
miT aRmoCenil iqna b. pressmanis mier 1964 wels. am gadamtanebis rolSi man 
gamoiyena zogierTi antibiotiki, romelsac ionoforebi uwoda. membranuli 
ionoforebis klasikuri warmomadgenelia antibiotiki _ valinomicini.  
      valinomicini gamoyofil iqna g. brokmanis mier 1955 wels. misi 
agebuleba sabolood dadgenil iqna m. Semiakinis da misi TanamSromlebis mier 
1963 wels. 
     valinomicinis molekula agebulia sami identuri fragmentisagan. 
TiToeul maTganSi Sedis D-valinis, L-rZemJavis, L-valinis da D-hidroqsii-
zovalerianis mJavas naSTi. valinomicins SeuZlia gazardos lipiduri biSres 
gamtaroba tute metalebis ionebisaTvis. valinomicini arapolarul 
gamxsnelebSi warmoqmnis mdgrad K+, Rb+, Cs kompleqsebs, magram Zalian sustad 
urTierTqmedebs Na+ ionebTan. 
     valinomicinis konformacia arapolarul garemoSi mogvagonebs samajurs, 

romelic stabilizirebulia eqvsi Sigamolekuluri wyalbaduri bmebiT, ufro 
polarul garemoSi yalibdeba sami wyalbaduri bmis forma, xolo 
wyalxsnarebSi Ria forma. 

 
             a                   b                 g 
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valinomicinis Sigamolekuluri wyalbaduri bmebis sistema 

a) arapolarul garemoSi 
b) polarul garemoSi 
g) wyalSi 

 
     valinomicinis konformaciaSi, romelic dadgenilia bmr da i.w. speq-
troskopiiT da dadasturebulia Semdeg rentgenostruqturuli analiziT, 
amiduri karbonili monawileobs “samajuris” stabilizaciaSi, xolo 
rTuleTeruli karbonili Tavisufalia (sur 24a).  valinomicinis kompleqsi K+-
Tan nebismier garemoSi inarCunebs “samajuris” konformacias, amasTan, metalis 
ioni moTavsebulia molekulis RruSi da ukavSirdeba eqvs rTul-eTerul 

karbonils:  
                                                                           sur. 24. 

 
 a) valinomicinis konformacia         Bb) valinomicinis K+ kompleqsi 

 

     valinomicinis kompleqsSi K+ ioni aRmoCndeba kargad damaluli antibi-
otikis SigniT, romelic sakmaod hidrofobulia da uzrunvelyofs 
winaaRmdegobis gareSe ionis gadaadgilebas lipiduri membranis gavliT. 
valinomicinis ionoforebis funqcionirebis principi universaluri aRmoCnda 
ara marto membranuli gadamtanebisaTvis, aramed katalizatorebisaTvisac, 
risTvisac es principi farTod gamoiyeneba dRes qimiaSi da teqnikaSi, amitom 
gasakviri ar aris, rom skulpturuli kompozicia, romelzec gamosaxulia 
moxdenili struqtura  valinomicinis kaliumis kompleqsis, alamazebs q. mos-
kovSi m. Semiakinis saxelobis biorganuli qimiis institutis Senobas. 
valinomicini flobs maRal biologiur aqtivobas, rogorc antimikrobuli 
agenti. 
membranuli transportuli sistema. ujredSi ZiriTad rols asrulebs aqtiuri 
transportis membranuli sistema, romelsac ewodeba transportuli adeno-
zintrifosfati. moqmedebis mixedviT transportuli atf iyofa 2 jgufad: H+-
atf-za, romelic membranasTan dakavSirebulia atf-sinTetaziT, da kaTion-
transportuli atf-za, magaliTad Na+, K+ atf-za, Ca2+atf-za da a.S. 
         H+ atf-za anu Sebrunebuli proton-translocirebuli atf-za aCqarebs da-
Janguli da fotosinTetikuri fosforilirebis saboloo etaps mitoqon-
driebSi, qloroplastebsa da baqteriebSi. protonebis Sebrunebuli trans-
porti, romelic xorcieldeba H+ atf-is saSualebiT, uzrunvelyofs atf-is 
sinTezs adf-dan da araorganuli fosfatidan. amitom am ferments zogjer 
uwodeben atf-sinTetazas. 
         Na+, K+ _ aqtivirebuli atf-za aRmoCenilia yvela cxovelur ujredSi. gan-
sakuTrebiT didia misi Semcvloba organoebSi, sadac xorcieldeba marilTa 
intensiuri cvla. 
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     natriumis da kaliumis ionebis koncentraciis gradienti aregulirebs 
ujredis mTel moculobas, uzrunvelyofs nervuli da kunTovani ujredebis 
eleqtrul aRgznebadobas da warmoadgens moZrav Zalas Saqrebis, aminmJavebis 
transportirebisaTvis ujredSi. kaTionebis transmembranuli gradientis kon-
centracia warmoadgens plazmaturi membranis Na+, K+ aqtivirebululi atf-zas 
funqcionirebis safuZvels. es ujredis energiis warmoebarisTvisac saWiroa 
40%-mde warmoebuli atf. 
acetilqolinuri receptori. membranul cilebs Soris gansakuTrebuli 
adgili uWiravs receptorul sistemas, romelic pasuxismgebelia aRgznebul 
ujredebze informaciis gadatanaze. aRgznebul (nervul, kunTovan an 
jirkvlovan) ujredebze informaciis gadacema xdeba specializirebuli sinap-
sis saSualebiT. nervuli ujredis daboloebidan gamoiyofa neiromediatori, 
romelic moqmedebs sxva ujredis postsinaptikuri membranis receptorebTan. 
msgavsi receptoris klasikur magaliTs warmoadgens acetilqolinuri recep-
tori (qolinreceptori). 
      qolinreceptorebi iyofa or jgufad: nikotinuri da muskarinuli. 
acetilqolinis dakavSirebas muskarinis receptorebTan Tan sdevs cikluri 
nukleotidebis koncentraciis gazrda. xolo nikotinur receptorTan ur-
TierTqmedebas mivyavarT ionuri arxebis gaxsnamde da postsinaptikuri membra-
nis ionuri SeRwevadobis Sesabamis cvlilebamde. natriumis ionebis swrafi 
svliT xdeba ujreduli membranis depolarizacia, rac sabolood iwvevs kun-
Tis ujredis aRgznebas. Sesabamisad, nikotinuri acetilqolinuri receptoris 
biologiuri funqcia mTavrdeba postsinaptikuri membranis ionuri SeRwevado-
bis cvlilebiT. amis Semdeg acetilqolini hidrolizdeba acetilqolines-
Terazas saSualebiT qolinamde da receptori gadadis sawyis mdgomareobaSi. 
acetilqolinuri receptori lokalizebulia sinaptikuri kontraqtebis zona-
Si Zalian maRali simkvriviT, rac xels uwyobs acetilqolinis molekulebs 
receptorTan urTierTqmedebaSi, raTa Tavidan iqnes acilebuli acetilqilin-
esTerazas hidrolizi. 
     nikotinuri tipis acetilqolinis receptoris wyaros warmoadgens 
eleqtruli organoebi (eleqtroplaqsi) Tevzis (skarosi), romelSic 1 kg. qso-
vilze modis daaxloebiT 100 mg. receptori, maSin rodesac ZuZumwovrebis 
kunTis ConCxis qolinreceptori 600-jer mcirea. pirvelad acetilqolinuri 
receptori gamoyofil iqna 70-ian wlebSi polipeptiduri neirotoqsinebis 
daxmarebiT gvelis Sxamidan. 
natriumis arxi. nervuli impulsebis gatarebisas nervuli boWkos membranuli 

potencialis cvlileba xorcieldeba membranaSi Na-is ionebis SeRwevadobis 
gaZlierebiT. es procesi xorcieldeba natriumis arxis saSualebiT, romelic 
marTavs membranul potencials. nervuli impulsis gatarebisas xdeba 
zogierTi nervis membranuli potencialis daqveiTeba, rac sakmarisia natri-
umis arxis cilovani komponentebis konformaciis Sesacvlelad da Ria 
mdgomareobaSi mis gadasasvlelad. natriumis ionebi Sedian boWkoSi da 
iwveven membranis depolarizacias, romelic aaqtiurebs gverdiT arsebul 
arxebs. natriumis arxis sistemis gamokvleva ZiriTadad ganxorcielda 
eleqtrofiziologiuri meTodiT da aseve neirotoqsinebis daxmarebiT. 
bunebrivi neirotoqsinebi seleqciurad moqmedeben arxis calkeul komponen-
tebze. 
     natriumis arxis, rogorc neirotoqsinebis receptorebis molekuluri 
organizaciis SeswavlaSi didi roli Seasrules mecnierma v. kateralam (aSS), 
da m. dazdunskim (safrangeTi). arsebobs neirotoqsinebis 4 jgufi, romlebic 
sxvadasxvanairad moqmedeben natriumis arxze. 
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1. tetradotoksini da saksitoksini, romlebic seleqtiurad aferxeben 
natriumis ionebis transmembranul nakads. 

2. batraxotoksini, akonitini da veratridini _ moqmedeben natriumis arx-
is aqtivaciaze da aseve moqmedeben komponentebTan, romlebic axor-
cieleben Na+ ionebis transports. 

3. morielis polipeptiduri toqsinebi, romlebic aneleben inaqtivacias. 
4. amerikuli morielis Sxamidan zogierTi neirotoqsinebi, romlebic 

aaqtiureben natriumis arxis process. 

                                          
L  
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