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ADH  : Alkol dehidrogenaz 
ALDH  : Aldehit dehidrogenaz 
ALD  :�$ONROLN�NDUDFL÷HU�KDVWDOÕ÷Õ 
BHT  :�%�WLOOHQPLú�Kidroksitoluen 
BHA  :�%�WLOOHQPLú�KLGURNVLDQL]RO 
CAT  : Katalaz 
cNOS  :�<DSÕVDO�QLWULN�RNVLW�VHQWD] 
DAS  : Diallil sülfit 
DADS  : Diallil disülfit 
DATS  : Diallil trisülfit 
eNOS  : Endotelyal nitrik oksit sentaz 
FAD  : Flavin adenin dinükleotit 
FMN  : Flavin mononükleotit 
GER  : Granüllü endoplazmik retikulum 
GPx  : Glutatyon peroksidaz 
HDL  : Yüksek dansiteli lipoprotein 
4-HNE  : 4-Hidroksinonenal 
H2O2  : Hidrojen peroksit 
HOCL  : Hipokloröz asit 
iNOS  :�øQG�NOHQHELOLU�QLWULN�RNVLW�VHQWD] 
LDL  :�'�ú�N�\R÷XQluklu lipoprotein 
MDA  : Malondialdehit 
MEOS  : Mitokondriyal enzim okside eden sistem 
NAD  : Nikotinamid adenin dinükleotit 
NADH  :�øQGLUJHQPLú�QLNRWLQDPLG�DGHQLQ�GLQ�NOHRWLW 
nNOS  : Nöronal nitrik oksit sentaz 
12�  : Nitrik oksit   
12�2  : Nitrojen dioksit  
NOS  : Nitrik oksit sentaz 
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��Ú�  : Süperoksit radikali 
OH��  : Hidroksil radikali 
 ‘O2  : Singlet oksijen 
O3  : Ozon 
2122� : Peroksinitrit anyonu 
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ROOH  : Lipid hidroperoksit 
RO��  : Alkoksil radikali 
52�2  : Peroksil radikali 
SR  : Serbest radikal 
SOD  : Süperoksit dismutaz 
TBARS : Tiyobarbitürik asit reaktif maddeler 
VLDL  :�dRN�G�ú�N�\R÷XQOXNOX�OLSRSURWHLQ 
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%LU�IHUPDQWDV\RQ��U�Q��RODQ�HWLO�DONRO��PH\YH�YH�WDKÕOODUGDNL�NDUERKLGUDWODUGDQ�
NROD\OÕNOD�HOGH�HGLOHELOGL÷L�LoLQ��WDULKWH�\HU�DODQ�W�P�WRSOXPODUGD��UHWLOPLú�YH�J�Q�P�]H�
NDGDU� \D\JÕQ� ELoLPGH� NXOODQÕODJHOPLúWLU�� 6DQD\LOHúPH� V�UHFL� � VDGHFH� DONRO� �UHWLPLQL�
GH÷LO�DONRO�NXOODQÕPÕQD�ED÷OÕ�VRUXQODUÕ�GD�DUWWÕUPÕúWÕU��$ONROH�ED÷OÕ�VRUXQODU�VDGHFH�DONRO�
kulODQDQ�NLúLOHUL�GH÷LO�W�P�WRSOXPODUÕ�GHULQGHQ�HWNLOHU�KDOH�JHOPLúWLU� 

(WDQRO�VXGD�NROD\�o|]�QG�÷�QGHQ�YH�DEVRUEVL\RQX�NROD\�ROGX÷XQGDQ��DOÕQGÕNWDQ�
VRQUD� KÕ]OD� NDQ� GRODúÕPÕQD� NDWÕOÕU� YH� GRNXODUD� GD÷ÕOÕU�� �� ��¶Õ� LQFH� EDUVDNODUÕQ� �VW�
NÕVPÕQGDQ�HPLOLU��1HUHGH\VH�WDPDPÕ�NDUDFL÷HUGH�PHWDEROL]H�HGLOLU�YH�EX�QHGHQOH�WRNVLN�
HWNLOHULQ�HQ�oRN�J|U�OG�÷��RUJDQ�NDUDFL÷HUGLU��2OXúDQ�LON�SDWRORMLN�ER]XNOXN��NDUDFL÷HU�
\D÷ODQPDVÕGÕU� YH� DONROH� ED÷OÕ� NDUDFL÷HU� KDVWDOÕ÷ÕQÕQ� LON� EDVDPD÷Õ� RODUDN�
nitelendirilebilir. Metabolizma sonXFX�ROXúDQ�DVHWDOGHKLGLQ�NHQGLVL�GH�WRNVLN�ELU�PDGGH�
ROXS��DOGHKLG�RNVLGD]�WDUDIÕQGDQ�PHWDEROL]H�HGLOGL÷LQGH��GHPLU�YDUOÕ÷ÕQGD�VHUEHVW�UDGLNDO�
ROXúXPXQD�\RO�DoDU��dHúLWOL�K�FUHVHO�\DSÕODUOD�ELOHúLN�ROXúWXUDUDN��EX�\DSÕODUÕQ�DQWLMHQLN�
|]HOOLN� ND]DQPDODUÕQD� YH� LPPXQ� FHYDS� ROXúXPXQD� QHGHQ� ROXU�� $ONRO�Q� HWNLVL\OH�
OLSRSROLVDNNDULWOHULQ� EDUVDNWDQ� JHoLúL� DUWWÕ÷Õ� LoLQ� NDUDFL÷HUH� Q|WURILOOHULQ� YH�
PDNURIDMODUÕQ� LQILOWUDV\RQX� EDúODU� YH� ROD\� \D÷ODQPDQÕQ� |WHVLQH� JHoHUHN� ELU�
LQIODPDV\RQD� G|Q�ú�U� YH� NLúLGH� DONROLN� KHSDWLW� EXOJXODUÕ� RUWD\D� oÕNDU�� %X� G|QHP��
DONROLN� NDUDFL÷HU� KDVWDOÕ÷ÕQÕQ� LNLQFL� HYUHVLGLU�� 6RQ� HYUH� RODQ� VLUR]D� JLGLú�� \ÕOODU�
DODELOHFH÷L�JLEL�KHSDWLW�EXOJXODUÕ�RUWD\D�oÕNPDGDQ�GR÷UXGDQ�VLURWLN�HYUH\H�JLUHELOLU��%X�
üç dönem genellikle birbirini takip ederse de alNROH� NDUúÕ� GLUHQo� NLúLVHO� IDUNOÕOÕNODU�
J|VWHUGL÷L�LoLQ�KDVWDOÕN�HúL÷L�RODUDN�EHOLUOL�ELU�GR]�WDQÕPODPDN�P�PN�Q�GH÷LOGLU�� 

+DVWDOÕ÷ÕQ� N|W�\H� JLGLúLQL� HQJHOOHPHGH� HQ� HWNLOL� \RO�� KLo� NXúNXVX]� DONRO�Q�
EÕUDNÕOPDVÕGÕU�� $QFDN� JHUL� G|Q�ú�Q� ROGX÷X� HYUH� DúÕOPÕúVD� EX� WHGELULQ� GH� \DUDUÕ�
ROPD\DFDNWÕU� YH� EDúND� WHGDYL� \ROODUÕQD� EDúYXUPDN� JHUHNHFHNWLU�� 7HGDYL� LoLQ� X\JXQ�
LODoODUÕQ� VHoLOPHVL� YH\D� JHOLúWLULOHELOPHVL� LoLQ� GH�� DONRO�Q� Y�FXGD� QDVÕO� ]DUDU� YHUGL÷L�
ELOLQPHOL�YH�EX�]DUDUODUÕ�EHUWDUDI�HWPHGH�HWNLOL�ELOHúLNOHU�EHOLUOHQPHOLGLU��%X�DUDúWÕUPDODU�
LoLQ�GHQHQHQ�ELU�oRN�VHQWHWLN�YH�GR÷DO�PDGGHOHU�PHYFXWWXU�YH�EXQODUGDQ�ED]ÕODUÕ�GD�WÕSNÕ�
VDUÕPVDN�SUHSHUDWODUÕQGD�ROGX÷X�JLEL�ELWNLVHO�N|NHQOLGLU� 

6DUÕPVDN� DVÕUODUGÕU� ELOLQHQ� YH� NXOODQÕODJHOHQ� ELU� ELWNL� ROGX÷X� LoLQ�� oRN� IDUNOÕ�
preSHUDWODUÕ� JHOLúWLULOPLúWLU�� *�Q�P�]GH� GH� EXQODUÕQ� WLFDUL� úHNLOOHUL� NXOODQÕPD�
VXQXOPXúWXU��%XQODU��GHKLGUDWH�VDUÕPVDN�WR]X��VDUÕPVDN�\D÷Õ��GR÷DO�VDUÕPVDN�VX\X��NXUX�
VDUÕPVDN�HNVWUHVL�YH�EHQ]HUL�SUHSHUDWODUGÕU�� 
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6DUÕPVDN� JHQHO� RODUDN�� DQWLRNVLGDQ�� DQWLEDNWHUiyel, antifungal, antitrombotik, 

KLSROLSLGHPLN�� DQWLNDUVLQRMHQ� YH� ELU� oRN� EDúND� HWNLVL� KDOHQ� DUDúWÕUÕOPDNWD� RODQ� ELU�
ELWNLGLU�� $QFDN� \�NVHN� GR]ODUÕQÕQ� RNVLGDQ� HWNLVL� ROGX÷X� YH� NXOODQÕPÕQÕQ� VÕQÕUVÕ]�
RODPD\DFD÷Õ�GD�DUDúWÕUPDODU�VRQXFX�RUWD\D�oÕNDQ�ELU�|]HOOL÷LGLU�� 

 $ONRO�Q� PHWDEROL]PDVÕ� VRQXFX� RUWD\D� oÕNDQ� ]DUDUOÕ� PHWDEROLWOHULQ� HQ�
|QHPOLOHULQGHQ� ELUL� GH� VHUEHVW� UDGLNDOOHUGLU�� %XQODUÕQ� DFLOHQ� ]DUDUVÕ]� KDOH� JHWLULOPHVL�
JHUHNLU��%X�DPDoOD�DQWLRNVLGDQ�|]HOOL÷L�NDQÕWODQPÕú�SUHSHUDWODUOD�ELUOLNWH�VDUÕPVDN�JLEL�
önHPOL�DQWLRNVLGDQ�SRWDQVL\HOH�VDKLS�EHVLQ�PDGGHOHULQGHQ�GH�\DUDUODQÕODELOLU�� 

$ONRO�LOH�ELUOLNWH�DOÕQPDVÕ�NROD\�EHVLQ�PDGGHOHULQLQ��DONROH�ED÷OÕ�]DUDUOÕ�HWNLOHUL�
RUWDGDQ�NDOGÕUPDGD�SUDWLN�ID\GDODUÕQÕQ�RODFD÷ÕQÕ�G�ú�QPHNWH\L]�� 

$ONROH�ED÷OÕ�NDUDFL÷HU�\D÷ODQPDVÕ�YH�DONROLN�KHSDWLWOHUGH�VDUÕPVD÷ÕQ�L\LOHúWLULFL�
HWNLVLQL� DUDúWÕUPDN� YH� EX� HWNL\L� YLWDPLQ� (� YH� PHODWRQLQ� JLEL� J�oO�� DQWLRNVLGDQODUÕQ�
HWNLOHUL\OH�NDUúÕODúWÕUPD\Õ�DPDoODPDNWD\Õ]� 

dDOÕúPDPÕ]ÕQ� DONROH� ED÷OÕ� NDUDFL÷HU� KDVDUÕ� ROXúXPX�� KDVWDOÕNWDQ� NRUXQPD� YH�
tHGDYL�V�UHoOHULQL�DoÕNODPD\D�NDWNÕGD�EXOXQDFD÷ÕQD�LQDQPDNWD\Õ]� 



 
 

3 

���*(1(/�%ø/*ø/(5 

�����.DUDFL÷HULQ�<DSÕVÕ�YH�)RQNVL\RQODUÕ 

������.DUDFL÷HULQ�0DNURVNRSLN�$QDWRPLVL 

.DUDFL÷HU�NDUÕQ�ERúOX÷XQXQ�VD÷��VW�E|OJHVLQLQ�|QHPOL�ELU�NÕVPÕQÕ�NDSOD\DQ�HQ�
büyük abdominal�RUJDQGÕU��(ULúNLQ�HUNHNWH�����-�����JUDP��HULúNLQ�NDGÕQGD�LVH�����-

����� JUDP� � D÷ÕUOÕ÷D� VDKLSWLU�� )DOVLIRUP� OLJDPDQ� WDUDIÕQGDQ� VD÷� YH� VRO� OREODUD� D\UÕOÕU��
$UND� \�]GH� ³NDXGDW� ORE´�� VD÷� DOW� \�]GH� GH� ³NXDGUDW� ORE´GHQLOHQ� LNL� N�o�N� ORE� GDKD�
mevcuttur. Ön yüzün� N�o�N� ELU� NÕVPÕ� KDULo�� NDEXUJD� NHPLNOHUL� NDUDFL÷HUL� WDPDPHQ�
NDSDWÕU��gQ�\�]GHNL�EX�N�o�N�NÕVÕP��NDUÕQ�|Q�GXYDUÕ\OD�GR÷UXGDQ�WHPDV�KDOLQGHGLU������ 

.DUDFL÷HU��KLOXPGD�NDOÕQODúDQ�LQFH�ELU�ED÷�GRNXVX�NDSV�O���*OLVVRQ�.DSV�O���LOH�
|UW�O�G�U�� +LOXPGD�� NDUDFL÷HUH� SRUWDO� YHQ� YH� KHSDWLN� DUWHU� JLUHU�� VD÷� YH� VRO� KHSDWLN�
NDQDOODU�YH�OHQIDWLNOHU�oÕNDU (2).  

.DUDFL÷HU� NDOS� GHELVLQLQ� ���¶LQL� DOÕU�� $EGRPLQDO� RUJDQODU� LoLQGH� oLIW� NDQ�
ND\QD÷ÕQD� VDKLS� WHN� RUJDQGÕU�� .DUDFL÷HUH� KHSDWLN� DUWHU� ���� P/�GN�� SRUWDO� YHQ� �����
mL/dk kDQ�JHWLULU��3RUWDO�YHQLQ�WDúÕGÕ÷Õ�NDQ��NDUDFL÷HUH�JHOHQ�NDQÕQ����¶LQL�ROXúWXUXU��
3RUWDO� YHQ� NDQ�EDVÕQFÕ� ���PP+J�� KHSDWLN� DUWHU� NDQ�EDVÕQFÕ� LVH� ��PP+J�NDGDU� ROXS��
NDUDFL÷HU�YHQOHULQGH����-����P/�NDQ�ELULNLU��%X�NDQ��PXKWHPHO�úRN�YH\D�KLSRYROHPLGH�
sistemik dRODúÕPÕQ�WDNYL\H�HGLOPHVLQGH�NXOODQÕOÕU�������� 

.DUDFL÷HUGH� VHQWH]OHQHQ� VDIUD� NDQDOLN�OOHU� \ROX� LOH�� LQWUDKHSDWLN� VDIUD�
NDQDOFÕNODUÕQD��EXUDGDQ�GD�VD÷�YH�VRO�NDUDFL÷HU�VDIUD�NDQDOODUÕQD�GR÷UX�DNDU��6D÷�YH�VRO�
VDIUD� NDQDOODUÕ� SRUWD� KHSDWLVWH� ELUOHúHUHN� ³GXFWXV� KHSDWLFXV� FRPPXQLV´� L� ROXúWXUXUODU��
%LUD]�GDKD�GLVWDOGH�VDIUD�NHVHVLQGHQ�JHOHQ�³GXFWXV�F\VWLFXV´XQ�GD�NDWÕOÕPÕ\OD�³GXFWXV�
FKROHGRFKXV´�DGÕQÕ�DODQ�VDIUD�NDQDOÕ�GXRGHQXPXQ�LNLQFL�NÕVPÕQD�DoÕOÕU����� 

.DUDFL÷HULQ�VLQLU�SOHNVXVX��7��-10. sempatik gangliyonlDU��VD÷�YH�VRO�YDJDO�VLQLU�
YH� VD÷� IUHQLN� VLQLUGHQ� JHOHQ� GDOODUÕQ� o|O\DN� SOHNVXV� LOH� ELUOHúPHVLQGHQ� ROXúXU�� %X�
SOHNVXVD�DLW� OLIOHU�NDUDFL÷HU�LoLQGH�KHSDWLN�DUWHU��SRUWDO�YHQ�YH�VDIUD�\ROODUÕ� LOH�EHUDEHU�
seyreder (5). 

������.DUDFL÷HULQ�0LNURVNRSLN�$QDWRPLVL 

.DUDFL÷HU�ORE�OOHUL��NODVLN�ORE�O��SRUWDO�ORE�O�YH�KHSDWLN�DVLQ�V�ROPDN��]HUH��o�
IDUNOÕ�úHNLOGH�LQFHOHQHELOLU� 
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.ODVLN� .DUDFL÷HU� /RE�O��� 7�P� N|úHOHULQL� SRUWDO� WULDGÕQ� ROXúWXUGX÷X� DOWÕJHQ�
úHNLOOL�\DSÕGÕU��6DQWUDO�YHQ�EX�\DSÕQÕQ�RUWDVÕQGD�\HU�DOÕU�� 

Portal Lobül:�%X�\DSÕ��PHUNH]L�SRUWDO�DODQ�RODQ�YH�N|úHOHULQL�VDQWUDO�YHQOHULQ�
ROXúWXUGX÷X�KD\DOL�ELU��oJHQGLU (6). 

Hepatik Asinüs (Rappaport asinüsü):�+HSDWLN�DVLQ�V��NDUDFL÷HULQ�IRQNVL\RQHO�
DQDWRPLN�ELULPLGLU��.DQ�GDPDUODUÕ��DVLQ�V�Q�SHULIHULQH�GR÷UX� ÕúÕQVDO� úHNLOGH�GD÷ÕOÕUODU�
YH�VLQ�]RLGOHUL�ROXúWXUDUDN�VDQWUDO�KHSDWLN�YHQH�GUHQH�ROXUODU����� 

$VLQ�V� �o� E|OJH\H� D\UÕOÕU�� %X� DODQODUÕQ�PHWDEROLN� IRQNVL\RQODUÕ� ELUELUOHULQGHQ�
IDUNOÕGÕU��$ODQODUGDQ�ELULQFLVL�SRUWDO�WUDNWD�HQ�\DNÕQ�RODQGÕU�YH�RNVLMHQFH�HQ�]HQJLQ�NDQÕ�
DOÕr. Üçüncüsü ise en uzak ve oksijenlenmesi en az olan ve bu nedenle iskemik hasara 

HQ�GX\DUOÕ�RODQ�DODQGÕU����� 
 

 

                               ùHNLO����.DUDFL÷HU�OREXOOHUL 
 http//www.deltagen.com/targethistologyatlasatlas 

 PS: portal sistem, CV: santral ven  
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�������.DUDFL÷HULQ�6LWRORMLVL��� 

Sinüzoidlerin iç yüzeyini endotel hücreleri ve Kupffer hücreleri kaplar. 

%|\OHOLNOH�EX�JHQLú�GDPDU�VLVWHPLQGH�DNDQ�NDQÕQ�úHNLOOL�HOHPDQODUÕ�KHSDWRVLWOHUOH�WHPDV�
HWPH]�� 6LQ�]RLGDO� HQGRWHO� K�FUHOHU� DUDVÕQGD� ���� �P¶OLN� DoÕNOÕNODU� YDUGÕU� YH� oDSÕ� ����
�P¶GHQ� N�o�N� RODQ� SDUWLN�OOHU� J|UHFHOL� RODUDN� EX� DoÕNOÕNWDQ� GDKD� NROD\� JHoHUOHU� ������
%|\OHFH�PDNURPROHN�OOHULQ� ELU� NÕVPÕ� KHSDWRVLWOHU� WDUDIÕQGDQ�NDQGDQ�DOÕQÕS�NDWDEROL]H�
HGLOLUNHQ��ELU�NÕVPÕ�GD��OLSRSURWHLQOHU��DOEXPLQ��ILEULQRMHQ�JLEL��NDQD�YHULOLUOHU� 

.DUDFL÷HUGH�EHú�W�U�K�FUH�EXOXQPDNWDGÕU��%XQODU�KHSDWRVLWOHU��HQGRWHO�K�FUHOHUL��
.XSIIHU� K�FUHOHUL�� VWHOODW� K�FUHOHU� YH� VDIUD� NDQDOÕ� HSLWHO� K�Freleridir. Tüm hücre 

WLSOHULQLQ����¶LQL�KHSDWRVLWOHU�ROXúWXUXU� 

2.1.3.1. Hepatositler 

%X�K�FUHOHU��SROLKHGUDO��DOWÕ�\D�GD�GDKD�ID]OD�\�]H\OL�YH���-����P�oDSÕQGD��oRN�
VD\ÕGD� PLWRNRQGUL� YH� ELU� PLNWDUGD� G�]J�Q� \�]H\OL� HQGRSOD]PLN� UHWLNXOXP� LoHUL÷L�
nedeniyle eRVLQRILOLN� ER\DQDQ� K�FUHOHUGLU�� øNL� KHSDWRVLWLQ� ELWLúLN� ROGX÷X� \HUGH��
K�FUHOHULQ� DUDVÕQGD� WXEXOHU� ELU� DUDOÕN� EXOXQXU� YH� VDIUD� NDQDOLN�O�� RODUDN� DGODQGÕUÕOÕU��
+HSDWRVLWOHU� DUDVÕQGD� EXOXQDQ� VÕNÕ� ED÷ODQWÕ� E|OJHOHUL� ³*DS� -XQFWLRQ´ODU� K�FUHOHULQ�
fizyolojik aktivitelerinin koordinasyonunda önemlidir (2) . 

Hepatositler, hem granüllü endoplazmik retikulum (GER) hem de granülsüz 

HQGRSOD]PLN� UHWLNXOXP� DoÕVÕQGDQ� ROGXNoD� ]HQJLQGLUOHU�� *(5�� VLWRSOD]PD� LoLQGH�
GD÷ÕOPÕú�N�PHOHU�ROXúWXUXU��%X�\DSÕODUGDNL�SROLULER]RPODUGD��Dlbumin ve fibrinojen gibi 

SURWHLQOHULQ�VHQWH]L�\DSÕOÕU������$\UÕFD�*(5¶GH�oHúLWOL�PDGGHOHULQ�Y�FXWWDQ�DWÕOPDVÕQGDQ�
önce inaktive ve detoksifiye edilmesi için gerekli olan oksidasyon, metilasyon ve 

NRQMXJDV\RQ�UHDNVL\RQODUÕ�JHUoHNOHúWLULOLU� 
Hepatositler, oUJDQL]PDGD� \D÷� PHWDEROL]PDVÕQÕQ� PHUNH]L� NRQXPXQGDGÕUODU��

6HQWH]OHGLNOHUL� VDIUD� WX]ODUÕ� EDUVDN� O�PHQLQGH� PLoHO� ROXúXPXQX� VD÷ODU�� (PLOHQ� \D÷�
DVLWOHUL� \D� úLORPLNURQODU� LoHULVLQGH� YH\D� DOEXPLQH� ED÷OÕ� RODUDN� NDQ� GRODúÕPÕQGD�
WDúÕQÕUODU�� gQHPOL� ELU� NÕVPÕ� NDUDFL÷HU� WDUDIÕQGDQ� DOÕQDUDN� EXUDGD�PHWDEROL]H� HGLOLUOHU��
<D÷� DVLWOHULQLQ�ELU�NÕVPÕ�PLWRNRQGULGH��-RNVLGDV\RQ� V�UHFLQH�JLUHU��$oOÕN�GXUXPXQGD�
LVH� \D÷� GRNXVXQGDQ� VHUEHVW� KDOH� JHoHQ� \D÷� DVLWOHUL� NDUDFL÷HUH� WDúÕQÕS� EXUDGD� NHWRQ�
FLVLPOHULQH� G|Q�úW�U�OG�NWHQ� VRQUD� HQHUML� ND\QD÷Õ� RODUDN� NXOODQÕOPDN� �]HUH� NDV�
dokusuna gönderilirler (8). 
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2.1.3.2. Endotel Hücreleri 

.DUDFL÷HU� GDPDU� \|Q�QGHQ� ROGXNoD� ]HQJLQ� ELU� RUJDQGÕU�� EX� QHGHQOH� HQGRWHO�
K�FUHOHUL�DoÕVÕQGDQ�GD�]HQJLQGLU��6LQ�]RLGOHU�DUWHU\HO�NDQ�\DQÕVÕUD�YHQ|]�NDQ�GD�LKWLYD 

HGHUOHU�� EX� \�]GHQ� EDUVDNODUGDQ� JHOHQ� YH� RUJDQL]PD\D� ]DUDUOÕ� RODELOHFHN� oHúLWOL�
kimyasal maddeler (ksenobiyotikler) ve mikroorganizmalar için de kompleks bir filtre 

görevi görürler.   

2.1.3.3. Kupffer Hücreleri 

Orijin olarak monositlerinden köken alan ve SHULVLQ�]RLGDO� DODQGD� \HUOHúHQ��
ORNDO�PDNURIDMODUGÕU������)DJRVLWH�HGLOHQ�PLNURRUJDQL]PDODUÕ�YH�\DEDQFÕ�FLVLPOHUL�\ÕNDQ�
OL]R]RP� LoHULUOHU�� ,PPXQJOREXOLQOHU� YH� NRPSOHPDQODU� LoLQ� UHVHSW|UOHUL� YDUGÕU� �����
Antijen sunan hücre olarak görev yaparlar ve hücresel immuniteyi aktive ederler (8). 

øQWHUO|NLQOHU� �,/��� W�P|U� QHNUR]� IDNW|U� �71)��� NROODMHQD]�� SURVWRJODQGLQOHU� YH�
LQIODPDWXDU�FHYDED�NDWÕODQ�GL÷HU�IDNW|UOHUL�VDOJÕODUODU�(4). 

 ùHNLO����.DUDFL÷HULQ�\DSÕVÕ 
http://www.bmb.leeds.ac.uk/teaching/icu3/lecture/12/index.htm 
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2.1.3.4. Stellat Hücreler 

'HQL]�\ÕOGÕ]Õ�J|U�Q�P�QGHGLUOHU��6LQ�]RLGOHULQ�GXYDUÕQGD�EXOXQXUODU�YH�\�NVHN�
PLNWDUGD� UHWLQRO� LoHULUOHU�� 2UJDQL]PDGDNL� UHWLQRO� GHSRVXQXQ� oRN� |QHPOL� ELU� NÕVPÕ� EX�
K�FUHOHUGH� EXOXQPDNWDGÕU�� 6WHOODW� K�FUHOHU� DNWLYH� ROGXNODUÕQGD� 'LVVH� PHVDIHVLQH�
NROODMHQ� VDOJÕODPD\D� EDúODUODU�� %X� GD� ILEURWLN� V�UHFL� EDúODWDQ� PDM|U� QHGHQOHUGHQGLU��
DQFDN� JHUL� G|Q�ú�PV�]� GH÷LOGLU�� +HSDWRVLWWHQ� VDOÕQDQ�PHWDOORSURWHLQD]� HQ]LPL�� KDVDU�
gören alandaki fibrotik dokuyu parçalar ve yok eder. Stellat hücrelerin apopitoza 

X÷UDWÕOPDVÕ\OD�WHRULN�RODUDN��ILEUR]�GRNX�ROXúXPXQXQ�\DYDúODWÕODELOHFH÷L��KDWWD�RUWDGDQ�
NDOGÕUÕODELOHFH÷L�G�ú�Q�OPHNWHGLU����� 

���������6DIUD�.DQDOÕ�(SLWHO�+�FUHOHUL 

+HSDWRVLW�DUDVÕQGDNL�VDIUD�NDQDOFÕ÷ÕQGDQ�EDúOD\DQ�VDIUD�NDQDOODUÕ��VDIUD\Õ�NDQÕQ�
WHUV�\|Q�QGH�\DQL�NODVLN�OREXO�Q�PHUNH]LQGHQ�SHULIHULQH�GR÷UX�WDúÕUODU��3HULIHUGH�VDIUD��
VDIUD� NDQDOFÕNODUÕQD� \D� GD� ³+HUULQJ� NDQDOODUÕ´QD� JLUHU�� 'DKD� VRQUD� +HUULQJ�.DQDOODUÕ�
SRUWDO�WULDGGDNL�VDIUD�NDQDOODUÕQD�DoÕOÕU��$QD�VDIUD�NDQDOÕ��GXRGHQXPXQ�LNLQFL�NÕVPÕQGD�
VRQODQÕU�����  

�����.DUDFL÷HULQ�%L\RNLP\DVDO�)RQNVL\RQODUÕ� 

.DUDFL÷HU��NDUERKLGUDW��SURWHLQ��OLSLG��SRUILULQ�YH�VDIUD�WX]ODUÕ�PHWDEROL]PDVÕQGD�
J|UHYOL�RUJDQGÕU�� øPPXQJOREXOLQOHU�KDULo�SOD]PD�SURWHLQOHULQLQ�oR÷XQOX÷X�NDUDFL÷HUGe 

VHQWH]OHQLU��%XUDVÕ� D\QÕ� ]DPDQGD�GHPLU��JOLNRMHQ�� OLSLGOHU�YH�YLWDPLQOHULQ�GHSRODQGÕ÷Õ�
\HUGLU�� %XQXQ� GÕúÕQGD� NDUDFL÷HU�� NVHQREL\RWLNOHULQ� GHWRNVLILNDV\RQX� LOH� ELOLUXELQ��
DPRQ\DN� YH� �UH� JLEL� PHWDEROLN� VRQ� �U�QOHULQ� X]DNODúWÕUÕOPDVÕQGD� |QHPOL� URO�
oynamaktaGÕU����� 

.DUDFL÷HULQ�WHPHO�IRQNVL\RQODUÕ�úXQODUGÕU�� 

�������.DUERKLGUDW�0HWDEROL]PDVÕ 

.DUDFL÷HU� |]HOOLNOH� NDQGD� QRUPDO� JOXNR]� NRQVDQWUDV\RQXQXQ� GHYDPOÕOÕ÷ÕQÕQ�
VD÷ODQPDVÕQGD�|QHPOL�URO�R\QDU��.DUERQKLGUDWoD�]HQJLQ�|÷�QOHUGHQ�VRQUD�GRODúÕPGDNL�
fazla glukozu YH�PRQRVDNNDULWOHUL� DOÕU��*OXNR]�GÕúÕQGDNL�PRQRVDNNDULWOHUL�GH�JOXNR]D�
oHYLUGLNWHQ� VRQUD� JOLNRMHQ� úHNOLQGH� GHSRODU�� .DQ� JOXNR]XQGD� G�úPH� ROGX÷XQGD��
|QFHOLNOH� GHSRGD� EXOXQDQ� JOLNRMHQ�� JOXNR]D� G|Q�úW�U�O�U�� (÷HU� GHSRGD� JOLNRMHQ�



 
 

8 

W�NHQPLúVH�� JOXNRQHRJHQH]� \ROXyla laktat, gliserol veya amino asitlerden glukoz 

sentezlenir ve kan glukoz dengesi korunur.  

.DUDFL÷HU� NDUERKLGUDW� YH� SURWHLQLQ� ID]ODVÕQÕ� \D÷� DVLGL� YH� WULJOLVHULGH�
G|Q�úW�UHUHN�GHSRODQPDN��]HUH�\D÷�GRNXVXQD�J|QGHULU�� 

�������/LSLG�0HWDEROL]PDVÕ 

.DUDFL÷HU� \D÷� DVLWOHULQL� DVHWDW� �QLWHOHULQGHQ� \HQLGHQ� VHQWH]OHPHVLQLQ� \DQÕVÕUD�
SOD]PDGDQ� GD� DODUDN�� \D÷ODUÕQ� YH� IRVIROLSLWOHULQ� VHQWH]L� LoLQ� NXOODQÕU�� 6RQUDVÕQGD� EX�
PROHN�OOHUL�SURWHLQOHUOH�NRPSOHNV�KDOH�JHWLUHUHN��OLSRSURWHLQOHU�úHNOLQGH�NDQD�YHULU�� 

Hepatositler yD÷�DVLWOHULQL�NHWRQ�FLVLPOHULQH�G|Q�úW�UHELOHQ�K�FUHOHUGLU�YH�X]XQ�
V�UHOL� DoOÕNWDQ� VRQUD� VLQLU� GRNXVX�NHWRQ� FLVLPOHULQL� HQHUML� ND\QD÷Õ� RODUDN� NXOODQPD\D�
EDúODU��$QFDN�NHWRQ�FLVLPOHUL�PLNWDUÕ�oRN�DUWWÕ÷ÕQGD��SOD]PD�S+�GH÷HUL�EHOLUJLQ�úHNLOGH�
G�úHU� YH� úLGGHWOL� NHWRDVLGR]D� \RO� DoDUDN� KÕ]OÕ� HOHNWUROLW� GH÷LúLPOHUL� YH� ELOLQo� ND\EÕQD�
neden olur.  

.DUDFL÷HU� NROHVWHURO� VHQWH]LQLQ� �� ��¶LQLQ� JHUoHNOHúWL÷L� RUJDQGÕU�� .ROHVWHURO��
K�FUH� PHPEUDQÕ�� VDIUD� DVLWOHUL� YH� VWHURLG� KRUPRQODUÕQ� VHQWH]L� LoLQ� NXOODQÕOÕU�� $\UÕFD�
kolestHURO�Q� ELU� NÕVPÕ� \D÷� DVLWOHUL� LOH� HVWHULILNDV\RQXQ� DUGÕQGDQ� OLSLG� GDPODFÕNODUÕ�
úHNOLQGH�GHSRODQÕU��.ROHVWHURO�Q�JHUL�NDODQ�|QHPOL�ELU�NÕVPÕ�VHUEHVW�\D�GD�HVWHUOHúPLú�
IRUPGD�³oRN�G�ú�N�GDQVLWHOL�OLSRSURWHLQOHU´LQ��9/'/��\DSÕVÕQD�NDWÕOÕU��EXQODU�GD�GL÷HU�
dokXODUGD�NXOODQÕOPDN��]HUH�NDQD�YHULOLUOHU��$\UÕFD�NDUDFL÷HU��NROHVWHURO�YH�NROHVWHURO�
HVWHUOHUL�LoHUHQ�OLSRSURWHLQ�NRPSOHNVOHULQL�NDQGDQ�DOÕU�YH�\ÕNÕPD�X÷UDWÕU�� 

�������6DIUD�7X]ODUÕ�6HQWH]L�YH�6DOÕQÕPÕ 

6DIUD�WX]ODUÕQÕQ�WHN�VHQWH]�\HUL�NDUDFL÷HUGLU��%L\RVHQtezleri kolesterole hidroksil 

JUXSODUÕQÕQ�NDWÕOPDVÕ\OD�EDúODU��.DUDFL÷HUGHQ�VDOJÕODQDQ�VDIUDQÕQ�����¶L�VDIUD�DVLGL����
20’si fosfolipid, % 4’ü kolesterol, % 5’i protein, % 0.3’ü ise bilirubin ve safra 

SLJPHQWLGLU��6DIUD�DVLWOHUL�\D÷�VLQGLULPLQGH�YH�HPLOLPLQGH�|QHPOL�ROGXNODUÕQGDQ��\D÷GD�
o|]�QHQ�W�P�YLWDPLQOHULQ�HPLOLPL�VDIUD�\DUGÕPÕ\OD�ROXU��6DIUD�VDOÕQÕPÕQGDNL�DNVDNOÕN�.�
YLWDPLQL� HNVLNOL÷LQH� YH� GROD\ÕVÕ\OD� SÕKWÕODúPD� IDNW|UOHULQLQ� VHQWH]LQGH� ER]XOPD\D� \RO�
açar.  
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2.2.4. Depolama Fonksiyonu 

.DUDFL÷HU� VDGHFH� NDUERKLGUDWODUÕQ� GH÷LO� EXQXQ� GÕúÕQGD�� GHPLU�� \D÷GD� o|]�QHQ�
YLWDPLQOHU� �$�� '�� (�� .��� YLWDPLQ� %���� IROLN� DVLW�� GHPLU� YH� � EDNÕU¶Õ� GD� GHSRODU�� %X�
PDGGHOHULQ� HNVLNOLNOHULQGH� GHSRODQGÕNODUÕ� \HUGHQ� VDOÕQDUDN� NXOODQÕOÕUODU�� $QFDN� EDNÕU�
JLEL�ED]Õ�PDGGHOHULQ�ID]ODFD�GHSRODQPDVÕ�VD÷OÕ÷Õ�WHKGLW�HGHELOLU�� 

2.2.5. Sentez Fonksiyonu 

.DUDFL÷HUGH� WULJOLVHULG�� \D÷� DVLGL�� NROHVWHURO� YH� VDIUD� DVLGL� VHQWH]LQLQ� \DQÕVÕUD�
ELUoRN� SURWHLQ� VHQWH]L� GH� JHUoHNOHúLU�� 6HQWH]OHQHQ� SURWHLQOHUGHQ� ED]ÕODUÕ�� DOEXPLQ��
prealbumin, seruloplazmin, .-�� DQWLWULSVLQ��KDSWRJORELQ���2-mikroglobulin, transferrin, 

.-IHWRSURWHLQ��WUDQVNREDODPLQ��DSRIHUULWLQ�YH�oHúLWOL�NRDJ�ODV\RQ�SURWHLQOHULGLU�� 

2.2.6. Detoksifikasyon Fonksiyonu 

.DUDFL÷HU�Y�FXGD�GÕúDUÕGDQ�JLUHQ�LODo��NVHQREL\RWLN�YH�oHúLWOL�]DUDUOÕ�PDGGHOHrin 

GHWRNVLILNDV\RQXQGDQ� VRUXPOX�ROGX÷X�JLEL�� Y�FXWWD� oHúLWOL�PHWDEROLWOHULQ�]DUDUVÕ]�KDOH�
getirilmesinden de sorumludur. 

3URWHLQ� \ÕNÕPÕQGDQ� RUWD\D� oÕNDQ� DPRQ\DN�� K�FUHOHU� LoLQ� WRNVLN� ELU� PDGGHGLU��
.DUDFL÷HU�� DPRQ\D÷Õ� PLWRNRQGUL\HO� YH� VLWR]ROLN� HQ]LPOHUFH� NDWDOL]OHQHQ� ELU� WDNÕP�
UHDNVL\RQODUOD��UH\H�G|Q�úW�UHUHN�LGUDUOD�DWÕOPDVÕQÕ�VD÷ODU�� 

9�FXWWD� IDUNOÕ� GRNXODUGD� VHQWH]OHQHQ� KRUPRQODUÕ� PHWDEROL]H� HGHUHN�� DWÕOPD\D�
KD]ÕU�KDOH�JHWLULU�������������� 

+HPRJORELQ� \ÕNÕPÕQGDQ� VRQUD� DoÕ÷D� oÕNDQ� YH� UHWLN�ORHQGRWHO\DO� sistemde 

VHQWH]OHQHQ� ELOLUXELQ� GH� NDUDFL÷HUGH� JOXNURQLN� DVLWOH� NRQMXJH� HGLOHUHN� VXGD� HULU� KDOH�
JHWLULOGLNWHQ�VRQUD�VDIUD�\ROX�LOH�Y�FXW�GÕúÕQD�DWÕOÕU� 

$ONRO� YH� LODo�ED÷ÕPOÕOÕ÷Õ�JLEL�GXUXPODUGD�NDUDFL÷HULQ� V�UHNOL� WRNVLN�PDGGHOHUH�
PDUX]� NDOPDVÕ�� ]DPDQOD� GHWRNVLILNDV\RQ� LúOHYLQLQ� ER]XOPDVÕQD� QHGHQ� ROPDNWDGÕU��
g]HOOLNOH�J�Q�P�]GH�DONRO�NXOODQÕPÕQÕQ�\D\JÕQ�ROPDVÕ��EXQD�ED÷OÕ�VRUXQODUÕQ�GDKD�VÕN�
NDUúÕPÕ]D�oÕNPDVÕQD�QHGHQ�ROPDNWDGÕU�� 

2.3. Alkol 

0DGGH� ED÷ÕPOÕOÕNODUÕ� LoHULVLQGH� HQ� \D\JÕQ� RODQÕ� DONRO� NXOODQÕPÕGÕU��Etil alkol, 

PH\YH�YH�WDKÕOODUGDNL�NDUERKLGUDWODUÕQ�IHUPHQWDV\RQX�VRQXFX�NROD\FD�HOGH�HGLOHELOGL÷L�
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LoLQ� WDULK� ER\XQFD� KHPHQ� KHPHQ� KHU� WRSOXPGD� �UHWLOPLú� YH� NXOODQÕOPÕúWÕU�� g]HOOLNOH�
VDQD\L�GHYULPLQGHQ�VRQUD�DONRO��UHWLPL�YH�W�NHWLPL�KÕ]OD�DUWPÕúWÕU��%XQXQ�GR÷DO�VRQXFX�
RODUDN�� DONROH� ED÷OÕ� VRUXQODU� GD� Hú� ]DPDQOÕ� RODUDN� DUWPÕúWÕU��$ONRO�Q�NLúLOHUGH� \DSWÕ÷Õ�
D÷ÕU� UXKVDO�YH�EHGHQVHO�ER]XNOXNODU�\DQÕQGD��NLúLOHU�DUDVÕ� LOLúNLOHU�ER]XOPDNWD��DLOH�LoL�
VRUXQODU�DUWPDNWD�YH�DLOH�KD\DWÕ�ROXPVX]�\|QGH�HWNLOHQPHNWHGLU��øú�YH�WUDILN�ND]DODUÕQGD��
\DUDODPD�� |OG�UPH� YH� LQWLKDU� ROD\ODUÕQGD� �� Lú� YH� LúJ�F�� ND\ÕSODUÕQGD� DONRO� HQ� |QHPOL�
sorumludur (13). 

$ONRO��DOÕQDQ�PLNWDUD�ED÷OÕ�RODUDN�HWNLVL�oR÷XQOXNOD�X]XQ�G|QHPGH�RUWD\D�oÕNDQ�
YH� IL]\RORMLN� ED÷ÕPOÕOÕN� ROXúWXUDQ� ELU�PDGGHGLU��0HWDEROL]H� HGLOGL÷L� HQ� |QHPOL� RUJDQ�
NDUDFL÷HU�ROGX÷X�LoLQ�HQ�oRN�HWNLOHGL÷L�RUJDQ�GD�NDUDFL÷HUGLU��             

�������$ONRO�0HWDEROL]PDVÕ 

(WDQRO�EDúOÕFD�LNL�\ROGD�PHWDEROL]H�HGLOLU�� 
1-øON� RODUDN� HWDQRO� KHSDWRVLW� VLWR]RO�QGH� alkol dehidrogenazla (ADH) 

“asetaldehide” okside olur. Asetaldehid de, mitokondriyal aldehid dehidrogenaz 

�$/'+�� WDUDIÕQGDQ� DVHWDWD� G|Q�úW�U�O�U�� +HU� LNL� EDVDPDNWD� GD� 1$'�� 1$'+¶H�
LQGLUJHQLU�� 6RQXoWD�� NDUERKLGUDW� YH� OLSLW� PHWDEROL]PDVÕ� HWNLOHQLU�� JOXNRQHRJHQH]�
bozulur, sitrik asit döngüsüQH�JLGHQ�VXEVWUDW�D]DOÕU��$VHWLO�&R$��NHWRJHQH]�YH�\D÷�DVLWL�
VHQWH]LQH�\|QHOLU��0LWRNRQGULDO�\D÷�DVLGL��-RNVLGDV\RQXQXQ�D]DOPDVÕ\OD�ELUOLNWH�GH÷LúHQ�
UHGRNV�GXUXPX�GD�NDUDFL÷HU�\D÷ODQPDVÕQD��VWHDWR]LV��QHGHQ�ROXU������  

CH3CH2OH  +  NAD+  
ÎÎ

  ADH 
ÎÎ

  CH3CHO  +  NADH 

2-(WDQRO� PHWDEROL]PDVÕQGD� LNLQFL� WHPHO� \RO�� HWDQROOH� LQG�NOHQHQ� PLNUR]RPDO�
HWDQRO� RNVLGH� HGHQ� VLVWHPGLU�� %X� VLVWHPLQ� WHPHO� ELOHúHQL�� VLWRNURP� S-450 enzim 

DLOHVLGLU��&<3�(���EX�HQ]LP�DLOHVLQLQ�(�DOW�JUXEXQGDQ�ELU�HQ]LPGLU��%X�LNLQFL�\ÕNÕOÕP�
yolunda DONRO�DVHWDOGHKLWH�YH�DVHWDOGHKLW�GH�DVHWDWD�RNVLGH�HGHLOLUNHQ��Hú�]DPDQOÕ�RODUDN�
1$'3+�GD�1$'3¶\H�RNVLWOHQLU��%X�\RO�VHUEHVW�GHPLUOH�LOLúNLOL�RODUDN��RNVLGDWLI�VWUHVH�
yol açan serbest radikaller üretir. Oksidatif stres yeterli büyüklükteyse, membran ve 

liSRSURWHLQOHUGHNL� OLSLWOHU� SHURNVLGDV\RQD� X÷UDU�� VRQUDVÕQGD� QHNUR]� YH�YH\D� DSRSWR]�
JHOLúLU�� $VLQ�V�Q� SHULYHQ�OHU� E|OJHVLQGH� ���� ]RQ��� &<3�(�� G�]H\L� \�NVHNWLU�� %X�
E|OJHGH� NDUDFL÷HULQ� GL÷HU� E|OJHOHULQH� J|UH� NDQ� DNÕPÕ� GDKD� NÕVÕWOÕGÕU�� &<3�(�¶LQ�
etanolle reaksi\RQX�VÕUDVÕQGD�RNVLMHQ�NXOODQÕOGÕ÷ÕQGDQ�EX�E|OJH�GRNX�KLSRNVLVLQH�GDKD�
GX\DUOÕGÕU�YH�DONROGHQ�HQ�HUNHQ�HWNLOHQHQ�DODQGÕU������ 
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CH3CH2OH + NADPH+ +  H+  +  O2 
ÎÎ

 MEOS 
ÎÎ

 CH3CHO + NADP+ + 2H2O 

MEOS’un etanol için Km� GH÷HUL� �-��� P0� GÕU� YH� DONRO� GHKLGURJHQD]ÕQ� Km 

GH÷HULQGHQ� ����-��P0��\�NVHNWLU��%X�QHGHQOH�X]XQ� V�UHOL�DONRO�NXOODQÕFÕODUÕQGD�DONRO�
PHWDEROL]PDVÕQGD� SULPHU� |QHPH� VDKLSWLU�� &<3�(��� GL÷HU� 3���� L]RIRUPODUÕQD� J|UH�
ortama daha fazla 02

Ú�ve H2O2  salar ve bu nedenle indüksiyonu kronik alkoliklerdeki 

oksidatif stresin nedenlerinden birsidir (16). 

3-(WDQRO�Q�N�o�N�ELU�NÕVPÕ�GD��SHURNVL]RPODUGD�NDWDOD]�WDUDIÕQGDQ�RNVLGH�HGLOLU��
$QFDN�NDUDFL÷HUGH��KLGURMHQ�SHURNVLW�NRQVDQWUDV\RQX�G�ú�N�ROGX÷X�LoLQ�EX�RNVLGDV\RQ�
\ROXQXQ�DONRO�PHWDEROL]PDVÕQD�NDWNÕVÕ�|QHPVL]GLU�(17). 

H3CH2OH    +  H2O2  Î  Katalaz Î CH3CHO  +  2H2O                                       

6�UHNOL�DONRO�DOÕPÕ�&<3�(�¶LQ�VHQWH]LQL�DUWWÕUÕU��&<3�(���HWDQRO��DVHWDOGHKLGH�
RNVLWOHGL÷L� JLEL�� DVHWRQ�� E�WDQRO�� SHQWDQRO�� DQLOLQ�� SDUDVHWDPRO�� SHQWDQ�� KDORWDQ��
izofluran, kloroform, kokain ve karbontetraklorür gibi bir çok maddeyi de oksitler. 

.VHQREL\RWLNOHU�VLWRNURP�3����WDUDIÕQGDQ�GDKD�UHDNWLI��U�QOHUH�G|Q�úW�U�OHELOGL÷LQGHQ��
EX�HQ]LPLQ�LQG�NOHQPLú�ROPDVÕ�QHGHQL\OH�NVHQREL\RWLN�PHWDEROLWOHUL�KÕ]OD�RUWD\D�oÕNDU�
YH�QRUPDOGHNLQGHQ�GDKD�G�ú�N�G�]H\OHUGH�DOÕQGÕNODUÕQGD�GDKL�WRNVLN�HWNL�J|VWHULUOHU�� 

(WDQRO� PHWDEROL]PDVÕ� VRQXFXQGD�� DVHWDOGHKLW�� PDORQGLDOGHKLW� YH� �-

hidroksinonenal (4-+1(��JLEL�ELU�oRN�UHDNWLI��U�Q�RUWD\D�oÕNDU��3URWHLQOHUOH�UHDNVL\RQD�
giren bu ürünler SURWHLQOHULQ� \DSÕVÕQÕ� GH÷LúWLUHUHN�� LPPXQ� \DQÕWÕ� WHWLNOH\HQ� \HQL�
DQWLMHQOHULQ� RUWD\D� oÕNPDVÕQD� QHGHQ� ROXU�� %|\OHOLNOH� DONROLNOHUGH� LQIODPDWXYDU� \DQÕW�
WHWLNOHQPLú�ROXU���������������������������� 

�������$ONROLN�.DUDFL÷HU�+DVWDOÕ÷Õ��$/'��YH�2OXúXP�0HNDQL]PDVÕ 

$ONRO� DOÕPÕ� JHOLúPLú� �ONHOHUGH� J|U�OHQ� NDUDFL÷HU� KDVWDOÕNODUÕQÕQ� HQ� \D\JÕQ�
QHGHQLGLU��*HQHO� RODUDN� ULVNOL� DONRO� GR]X� J�QGH� ��� JUDP� ROPDNOD� EHUDEHU�� NDGÕQODUÕQ�
PLGH� PXNR]DVÕQGD� DONRO� GHKLGURJHQD]� G�]H\L� GDKD� G�ú�N� ROGX÷X� LoLQ� NDQ� DONRO�
NRQVDQWUDV\RQODUÕ� HUNHNOHUH� NÕ\DVOD� GDKD� NROD\� HWNLOHQLU�� .URQLN� W�NHWLP� DUDOÕNOÕ�
DOÕPGDQ�GDKD�ULVNOLGLU������� 

$ONROLN�NDUDFL÷HU� KDVWDOÕ÷Õ� �$/'��� HW\RORMLVL�ELOLQHQ�DQFDN�SDWRORMLVL�NDUPDúÕN�
ELU� KDVWDOÕNWÕU�� +DVWDOÕ÷ÕQ� PHNDQL]PDODUÕQÕQ� EHOLUOHQPHVL�� \HQL� WHGDYL� VWUDWHMLOHUL 
JHOLúWLULOPHVLQH� RODQDN� VD÷ODU�� %LUH\OHULQ� $/'¶\H� PDUX]L\HWLQLQ� � NLúLVHO� IDUNOÕOÕNODU�
J|VWHUGL÷L� \D\JÕQ� ELU� NDQÕGÕU�� $OÕQDQ� DONRO�Q� N�P�ODWLI� GR]X� KDVWDOÕN� ULVNLQLQ�
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EHOLUOHPHGH�ú�SKH�J|W�UPH\HQ�ELU�IDNW|U�ROVD�GD��\R÷XQ�úHNLOGH�DONRO�NXOODQDQODUÕQ�oRN�
küç�N�ELU�NÕVPÕ�$/'¶QLQ�LOHUOHPLú�IRUPODUÕ�RODQ�KHSDWLW��ILEUR]�YH�VLUR]D�LOHUOHUOHU������ 

.URQLN�DONRO�ED÷ÕPOÕOÕ÷Õ��NDUDFL÷HUGH�\D÷ODQPD��DONROLN�KHSDWLW�YH�VLUR]D�QHGHQ�
RODELOHQ�ELU�KDVWDOÕNWÕU��%X�GH÷LúLNOLNOHU�ELUELULQGHQ�ED÷ÕPVÕ]�RODUDN�RUWD\D�oÕNDELOGLNleri 

JLEL��ELUOLNWH�GH�EXOXQDELOLUOHU��$ONROLN�KHSDWLWLQ��VLUR]�JHOLúLPLQLQ�|Q�úDUWÕ�ROXS�ROPDGÕ÷Õ�
WDUWÕúPDOÕGÕU��$QFDN�YDUOÕ÷Õ�KDOLQGH��VLUR]D�JLGLúWH�DONRO�DOÕPÕ�GHYDP�HWPL\RU�ROVD�GDKL��
VLUR]� ULVNL� RUWDGDQ� NDONPDPDNWDGÕU�� $\UÕFD� DúÕUÕ� DONRO� DODQ� NLúLOHUin biyopsilerindeki 

\D÷OÕ�GH÷LúLNOL÷LQ�D÷ÕUOÕ÷ÕQÕQ�JHOHFHNWHNL�ILEUR]�YH�VLUR]�ULVNLQL�KDEHU�YHUGL÷L�SURVSHNWLI�
oDOÕúPDODUGD�VDSWDQPÕúWÕU������ 

�������$ONROLN�.DUDFL÷HU�+DVWDOÕ÷Õ�3DWRORMLVL  

���������<D÷OÕ�KDUDFL÷HU 

.DUDFL÷HUGH� HQ� VÕN� UDVWODQDQ� YH� HQ� ]DUDUVÕ]� RODQ� EHOLUWLGLU� YH� QRUPDOH� G|QPH�
LKWLPDOL� oRN� \�NVHNWLU��$ONROH� ED÷OÕ� NDUDFL÷HU� \D÷ODQPDVÕQGD�� NDUDFL÷HU��-6 kilogram 

D÷ÕUOÕ÷D� XODúDQ�� \XPXúDN�� VDUÕ�� \D÷OÕ� YH� NROD\� SDUoDODQDELOHQ� ELU� RUJDQGÕU��<D÷ODQPD�
|QFHOHUL�ORE�OOHULQ�PHUNH]LQGH\NHQ��ROD\�D÷ÕUODúWÕNoD�W�P�ORE�OOHUL�\D\JÕQ�RODUDN�WXWDU��
+HSDWRVLWOHULQ�oR÷XQGD�J|U�OHQ�PDNURYH]LN�OHU�VWHDWR]��Q�NOHXVX�LWHQ�JHQLú�VLWRSOD]PLN�
lipit vakuollerinin birikmesiyle karakterizedir. Kimi hücrelerde mikroveziküler 

\D÷ODQPD� GD� J|U�OHELOLU�� <D÷� ELULNLPL� DUWWÕ÷ÕQGD�� NRPúX� KHSDWRVLWOHULQ� SOD]PD�
PHPEUDQODUÕ� \ÕUWÕODUDN� OLSRJUDQ�ORPODU� RUWD\D� oÕNDU�� 2OD\ÕQ� EDúODQJÕFÕQGD� ILEURWLN�
GRNXGD�DUWÕú�\RNWXU�YH\D�oRN�D]GÕU��DQFDN�DONRO�DOÕPÕQÕQ�GHYDP�HWPHVL\OH�VDQWUDO�YHQOHU�
oHYUHVLQGH� YH� SHULVLQ�]RLGDO� 'LVVH� DUDOÕNODUÕQGD� KDILI� ILEUR]� EDúODU�� %XQODU� HUNHQ�
ILEURWLN�GH÷LúLNOLNOHUGLU�YH�DONRO�DOÕPÕ�GHYDP�HGHUVH�VLUR]XQ�JHOLúHFH÷LQLQ�J|VWHUJHVLGLU��
%X�ILEURWLN�GH÷LúLP�EDúODPDGDQ�|QFH�DONRO�DOÕPÕ�NHVLOLUVH�\D÷OÕ�GH÷LúLNOLNOHU�JHUL�G|QHU�
������<D÷ODQPD�NDUDFL÷HU�LoLQ�³LON�YXUXú�HWNLVL´�\DSDU��%X�GD�NDUDFL÷HUL�³LNLQFL�YXUXúD´�
\DQL�LQIODPDV\RQ�YH�QHNUR]�JLEL�ELU�oRN�KDVDUODQGÕUÕFÕ�IDNW|UH�GDKD�GX\DUOÕ�KDOH�JHWLULU�
������<D÷ODQPD�� HQGRWRNVLQ�DUDFÕOÕ�QHNURLQIODPDV\RQ� �����YH� OLSLW�SHURNVLGDV\RQXQXQ�
GHUHFHVLQL�DUWWÕUÕU������ 

2.3.3.2. Alkolik Hepatit 

6�UHNOL� \R÷XQ� DONRO� DOÕPÕQÕ� WDNLEHQ� ROXúDQ� NOLQLN� YH� PRUIRORMLN� EXOJXODUÕQ�
WRSODPÕGÕU��+LVWRORMLN� RODUDN�� KHSDWRVLWOHUGH�\HU� \HU� úLúPH�YH�QHNUR]��QHNUR]�RGDNODUÕ�
HWUDIÕQGD� YH� LoLQGH� Q|WURILO� ELULNLPL� PHYFXWWXU�� 9DNDODUÕQ� oR÷XQGD� KHSDWRVLWOHUGH�
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intrasitoplazmik hyalen materyal (Mallory Cisimcikleri) gözlenir. Lobüllerin merkezleri 

HQ� D÷ÕU� GHUHFHGH� HWNLOHQVH� GH� GH÷LúLP� W�P� ORE�OGH�PHYFXWWXU��.DUDFL÷HU� K�FUHOHULQLQ�
úLúPHVL� YH� EDORQODúPDVÕ� \D÷� YH� VX\XQ� ELULNLPL� NDGDU� GÕúDUÕ� YHULOHQ� SURWHLQOHULQ�
birikmesLQGHQ� GH� ND\QDNODQÕU�� 0DOORU\� FLVLPFLNOHULQLQ� EXOXQXúX�� DONROLN� KHSDWLWWH�
NDUDNWHULVWLN� DQFDN� WDQÕVDO� ROPD\DQ� ELU� |]HOOLNWLU�� %X� \DSÕODU� SUHNHUDWLQLQ� DUD�
ILODPDQODUÕQÕQ� N�PHOHúPHVL\OH� ROXúXU�� IDNDW� D\QÕ� ]DPDQGD�ND\QD÷Õ� � ELOLQPH\HQ�GL÷HU�
proteinleri de içerLU��.DUDFL÷HU�K�FUH�QHNUR]XQX�WDNLEHQ�Q|WURILOOHULQ�KDNLP�ROGX÷X�ELU�
infiltrasyon meydana gelir; daha az oranda lenfositler ve makrofajlar dainflamasyona 

NDWÕOÕUODU�� %X� WDEOR� WLSLN� ROPDNOD� ELUOLNWH�� GH÷LúLNOLNOHULQ� HQ� |QHPOLVL� ORE�OOHULQ�
merkezinde fibrozuQ�YDUOÕ÷ÕGÕU��9HQ�OOHULQ�oHYUHVLQGHNL�VDQWUDO�VNOHUR]��VDQWUDO�YHQOHUL�
WÕND\DELOLU� YH� VLUR]� EXOJXODUÕ� JHOLúPHGHQ� HYYHO� SRUWDO� KLSHUWDQVL\RQD� QHGHQ� RODELOLU��
$ONRO� ED÷ÕPOÕOÕ÷Õ� GHYDP� HGHQ� NLúLOHUGH�� \D\JÕQ� QHNUR]�� LQIODPDV\RQ� YH� ILEUR]XQ�
J|U�OG�÷�� DONROLN� KHSDWLW� JHOLúHELOLU�� %D]Õ� YDNDODUGD� JHQLúOHPLú� NDQDOLN�OOHUGH� VDIUD�
WÕNDoODUÕ��úLúPLú�KHSDWRVLWOHUGH�YH�.XSIIHU�K�FUHOHULQGH�VDIUD�GDPODFÕNODUÕQÕQ�J|U�OG�÷��
LQWUDKHSDWLN�NROHVWD]�RUWD\D�oÕNDELOLU������ 

2.3.3.3. Alkolik Siroz 

ALD’nin en son evresidir. Siroz, NDUDFL÷HULQ� GLII�]� RODUDN� ILEURWLN� GH÷LúLNOL÷H�
X÷UDGÕ÷Õ��QRG�O�ROXúXPX�YH�UHMHQHUDV\RQODUOD�NDUDNWHUL]H�JHUL�G|Q�úV�]�ELU�KDVWDOÕNWÕU� 
Hepatositlerin ölümüne yol açan uzun süreçler, fibrozis ve rejenerasyonla birlikte 

ROGXNODUÕQGD� VLUR]� RUWD\D� oÕNDU�� 6LUR]D� QHGHQ� RODQ� GXUXPODUGDQ� ED]ÕODUÕ� � ú|\OH�
VÕUDODQDELOLU�� 

��Kronik viral hepatitler  

��$ONROLN�NDUDFL÷HU�KDVWDOÕ÷Õ� 
��6DIUD�\ROX�KDVWDOÕNODUÕ� 
��Primer hemokromatosis  

��:LOVRQ�KDVWDOÕ÷Õ� 
��Alfa-��DQWLWULSVLQ�HNVLNOL÷L� 
��øGL\RSDWLN� 
6LUR]XQ� ROXúPD� KÕ]Õ� YH� VH\UL�� HW\RORML\H� J|UH� GH÷LúLNOLN� J|VWHULU�� $ONRO�

NXOODQDQODUGD�VLUR]��\DYDú�RODUDN�YH�X]XQ�YDGHGH�RUWD\D�oÕNDU��gQFHOHUL�NDUDFL÷HU�\D÷OÕ�
YH�E�\�NW�U��<�]H\L�G�]J�Q��VDUÕ�NDKYHUHQJL�YH�\D÷OÕ�ROXS�NHVLWLQGH�PLNURQRG�OHU�VLUR]�
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paterni (1-��PP�oDSOÕ�QRG�OOHU��J|U�O�U��)LEUR]�DUWÕúÕ\OD�\D÷�PLNWDUÕ�D]DOÕU�YH�NDUDFL÷HU�
GDKD� NDKYHUHQJL� ELU� KDO� DOÕU�� øOHUOH\HQ� G|QHPOHUGH� NDUDFL÷HU� K�FUH� UHMHQHUDV\RQXQD�
ED÷OÕ�RODUDN�GD÷ÕQÕN�YH�GDKD�JHQLú�QRG�OOHU�JHOLúLU��6NDU�GRNXVX�JHQLúOHU�YH�SRVWQHNURWLN�
paterni taklit eden makronodüler siroz� RUWD\D� oÕNDU�� .DUDFL÷HU� N�o�O�U� YH� QRUPDO�
NDUDFL÷HUH� J|UH� D÷ÕUOÕ÷Õ� D]DOÕU�� KDWWD� �� NJ¶ÕQ� DOWÕQD� LQHELOLU�� � 6NDU� GRNXVX�ROXúXPX�YH�
UHMHQHUDV\RQ� QRUPDO� ORE�O� \DSÕVÕQÕ� ER]DUDN� LOHUOHU�� NDUDFL÷HU� SDUDQNLPL� D]DOÕU�� ILEUR]�
GDKD� GD� EHOLUJLQOHúLU�� 5H]LG�HO� KHSDWRVLWOHUGH� KDOD� ELU� PLNWDU� \D÷� EXOXQXU� YH� DONROLN�
KHSDWLWH�ED÷OÕ�GH÷LúLNOLNOHU�GH�Hú]DPDQOÕ�RODUDN�J|U�OHELOLU��������� 

2.4. Serbest Radikaller Ve Antioksidan Sistem 

6HUEHVW�UDGLNDOOHU��ELU�\D�GD�ELUGHQ�ID]OD�HúOHQPHPLú�HOHNWURQD�VDKLS��UHDNWLYLWHVL�
yüksek, ELUoRN� PHWDEROLN� YH� SDWRIL]\RORMLN� V�UHoWH� URO� R\QD\DQ�� GH÷LúNHQ� QLWHOLNWH�
NLP\DVDO� PDGGHOHUGLU�� *HQHO� RODUDN� QRUPDO� DHURELN�PHNDQL]PDQÕQ� \DQ� �U�Q�� RODUDN�
W�P�K�FUHOHUGH� GHYDPOÕ� �UHWLOHQ� YH� KDVDU� YHULFL� SRWDQVL\HOOHUL� QHGHQL\OH� LVWHQLOPH\HQ�
ELOHúLNOHUGLU�� =DUDUODUÕ� ID\GDODUÕQGDQ� oRN� GDKD� ID]ODGÕU�� 6HUEHVW� RNVLMHQ� UDGLNDOL�
EL\RNLP\DVÕQGD� DQDKWDU� URO�� RODQ� PDGGHOHU� RNVLMHQLQ� NHQGLVL�� V�SHURNVLG�� KLGURMHQ�
SHURNVLG��JHoLú�PHWDOOHULQLQ�L\RQODUÕ�YH�KLGURNVLO�UDGLNDOL�ROXS��EXQODUGDQ�LON�G|UG�Q�Q�
oHúLWOL� UHDNVL\RQODUÕ� VRQXFX� KLGURNVLO� UDGLNDOL�PH\GDQD� JHOLU��*HoLú�PHWDOOHUL�� UDGLNDO�
ROPDPDNOD� EHUDEHU� NDWDOL]|U� HWNLVLQH� VDKLS� ROPDODUÕ� QHGHQL\OH� UDGLNDO� ROXúXPXQGD�
önemlidirler (27,28). 

2.4.1. Reaktif Oksijen Türleri (ROS) 

Biyolojik önemi olan serbest radikaller 

• O2
��Ú     Î süperoksit radikali  

• OH��    Î hidroksil radikali  

• RO��    Î alkoksil radikali  

• 52�2     Î peroksil radikali 

Serbest radikal (SR) olmayan reaktif oksijen türevleri 

• H2O2     Î hidrojen peroksit  

• HOCL       Î hipokloröz asit  

• 
‘O2                 Î singlet oksijen  

• O3                 Î ozon 
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2.4.2. Reaktif Nitrojen Türleri 

• 12��    Î      nitrik oksit  (radikal)  

• 12�2     Î      nitrojen dioksit (radikal) 

• 2122��     Î      peroksinitrit (non-radikal). 

12�� GH� VHUEHVW� UDGLNDOGLU� YH� 2122�� YH� 12�2 ile beraber reaktif nitrojen 

W�UHYOHUL�RODUDN�DQÕOÕU������������������������������������������������������������������ 
³(OHNWURQ� WDúÕPD� VLVWHPL´QGH�� HOHNWURQ� DNÕúÕ� LúOHPL� Y�FXWWDNL� W�P� K�FUHOHULQ�

JHUHNVLQLP� GX\GX÷X� RNVLMHQLQ��� ��¶LQL� NXOODQÕU� YH� EXQXQ� GD� \DNODúÕN� ���5’i ROS’a 

G|Q�ú�U�� 

2.4.3. Süperoksit Radikali (O2
��Ú) 

7HPHO�DoÕ÷D�oÕNÕú�\HUL�HOHNWURQ�WDúÕPD�VLVWHPLGLU��%XQD�HN�RODUDN�22
� �Ú, ksantin 

oksidaz ve monoamino oksidaz gibi bir çok oksidaz enziminin aktivitesi sonucunda da 

ROXúXU�� 22
� �Ú radikalinin reaktivitesi OH- UDGLNDOLQGHQ� GDKD� D]GÕU��$QFDN� GLVPXWDV\RQ�

reaksiyonu sonucunda H2O2�ROXúWXUGX÷X�LoLQ�|QHPOLGLU� 
O2

��Ú� +  O2
��Ú� +  2 H+  

ÎÎ

 SOD  
ÎÎ

 H2O2  +  O2 

$\UÕFD�V�SHURNVLW�UDGLNDOL��GHPLULQ�LNL�GH÷HUOL�IRUPD�LQGLUJHQPHVLQL�VD÷OD\DUDN�
)HQWRQ� UHDNVL\RQXQX� KÕ]ODQGÕUÕU�� %X� VD\HGH� 2+� �UDGLNDOL� ROXúXPXQD� GROD\OÕ� \ROGDQ�
NDWNÕ�VD÷ODU��������� 

Fe (III)  +  O2
 ØÚ Î  Fe+2  +  O2 

Fe+2  +  H2O2      Î  OHÚ +  OHØ  +  Fe (III)    (Fenton Reaksiyonu) 

_________________________________ 

Net: H2O2  +  O2
 ØÚ Î OHÚ +  OHØ +  O2         (Haber-Weiss Reaksiyonu) 

2.4.4. Hidrojen Peroksit (H2O2) 

0ROHN�OHU� RNVLMHQLQ� oHYUHVLQGHNL� PROHN�OOHUGHQ� LNL� HOHNWURQ� DOÕUPDVÕ\OD� YH\D�
V�SHURNVLWLQ�ELU�HOHNWURQ�DOPDVÕ\OD�SHURNVLW�PROHN�O��ROXúXU��3HURNVLW�PROHN�O��GH�LNL�
hidrojen atomu alarak hidrojeQ�SHURNVLWL�ROXúWXUXU� 

O2  +  2 eØ������++  Î  H2O2  

O2
 �Ú  +  eØ������++   Î  H2O2  

Biyolojik sistemlerde H2O2¶LQ��UHWLPLQLQ�oR÷X�22
 �Ú’in dismutasyonuyla olur.  
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O2
 �Ú   +  2 H+  Î  H2O2  +  O2 

%X� GLVPXWDV\RQ�� VSRQWDQ� RODELOGL÷L� JLEL� VXSHURNVLW� GLVPXWD]� �SOD) enzimi 

WDUDIÕQGDQ�GD�NDWDOL]OHQHELOLU��+2O2�VHUEHVW�UDGLNDO�ROPDGÕ÷Õ�KDOGH��UHDNWLI�RNVLMHQ�W�UOHUL�
LoLQH� JLUHU� YH� VHUEHVW� UDGLNDO� EL\RNLP\DVÕQGD� |QHPOL� URO� R\QDU��d�QN�� V�SHURNVLW� LOH�
UHDNVL\RQX� VRQXFXQGD�� HQ� UHDNWLI� YH� HQ� ]DUDUOÕ� VHUEHVW� RNVLMHQ� UDGikali olan hidroksil 

UDGLNDOLQL�ROXúWXUPDN��]HUH�NROD\OÕNOD�\ÕNÕOÕU��%X�UHDNVL\RQ�³Haber-Weiss Reaksiyonu” 

GXU�� 'HPLU� NDWDOL]|UO�÷�QGH� JHUoHNOHúHQ� LNLQFL� úHNOLQH� GH� ³Fenton Reaksiyonu” 

denilmektedir (28).  

�������+LGURNVLO�5DGLNDOL��2+�� 

En reaktif biyolojLN� VHUEHVW� UDGLNDOGLU�� %X� UDGLNDO� oRN� oHúLWOL� UHDNVL\RQODUGD�
�UHWLOHELOPHNWHGLU� DQFDN� HQ� |QHPOL� ND\QD÷Õ� � ³)HQWRQ� 5HDNVL\RQX´GXU�� +2O2’in 

XOWUDYL\ROH� ÕúÕNOD� LQG�NOHQHQ� KRPROLWLN� IL]\RQX\OD�� L\RQL]DQ� UDG\DV\RQ� HWNLVL\OH��
hipokloröz asitin superoksitle reaksiyona girmesiyle, ultrasound ile suyun homolitik 

IL]\RQX\OD��OLWRWULSVL�LúOHPL�VÕUDVÕQGDNL�úRN�GDOJDODUÕQÕQ�\�NVHN�HQHUMLVL\OH��1-hidroksi-

2-WL\RSULGRQ¶XQ� GHNRPSR]LV\RQX\OD�� NXUXWPD�� GRQGXUPD� OL\RILOL]DV\RQ� LúOHPOHUL� LOH�
2+��UDGLNDOL�RUWD\D�oÕNPDNWDGÕU��2+��UDGLNDOLQLQ�NDWÕOGÕ÷Õ�WHSNLPHOHU�WHPHO�RODUDN��¶H�
D\UÕODELOLU��%X�UHDNVL\RQODU��+�oÕNDUÕOPDVÕ��2+��HNOHQPHVL�YH�HOHNWURQ�WUDQVIHUL�RODUDN�
NÕVDFD�DGODQGÕUÕODELOLU�� 

+LGURMHQ� oÕNDUÕOPDVÕQD� |UQHN� RODUDN� 2+�� UDGLNDOLQLQ� DONROOHUOH� UHDNVL\RQX�
verilebilir.  

C2H52+�����2+����Î   CÚ
2H4OH  +    H2O 

  etanol                            hidroksietil  

       radikali 

2OXúDQ�NDUERQ�UDGLNDOLQLQ�LOHUL�UHDNVL\RQODUÕ�LOH�SHURNVLO�UDGLNDOL�ROXúDELOLU� 
Ú&+2OH  +  O2  Î��Ú22CH2OH 

                             peroksil radikali 

2NVLMHQ� VHYL\HOHUL� G�ú�N� ROGX÷XQGD� LVH� LNL� KLGURNVLHWLO� UDGLNDOL� ELU� DUD\D�
JHOLS�ELU�NRYDODQ�ED÷�\DUGÕPÕ\OD�UDGLNDO�ROPD\DQ�ELU�ELOHúLN�ROXúWXUXUODU� 

2+�� UDGLNDOLQLQ� KLGURMHQ� oÕNDUWPDVÕ� UHDNVL\RQXQD� |UQHN� RODUDN�� OLSLW� SHURNVL-
GDV\RQXQX�EDúODWPDVÕ�YHULOHELOLU��/LSLW�SHURNVLGDV\RQX�EDúODWPDN�LoLQ�PHWLOHQ��-CH2-) 

JUXEXQGDQ�ELU�WDQH�+�DWRPXQX�NRSDUWPDN�JHUHNLU��%LU�WDQH�oLIW�ED÷Õ�RODQ�YH\D�oLIW�ED÷�
LoHUPH\HQ� \D÷� DVLWOHUL� EX� W�U� UHDNVL\RQODUD�� SROLDQVDW�UH� \D÷� DVLWOHULQH� �38)$�� J|UH�
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daha dirençlidirler. Bir çifW� ED÷�� NRPúX� NDUERQGDNL� KLGURMHQ� DWRPXQXQ� ED÷� HQHUMLVLQL�
D]DOWÕU��DOOLOLN�KLGURMHQ��� 

-CH2-�����2+���Î  -&Ú+-  +  H2O 

2+��UDGLNDOLQLQ�DURPDWLN�ELOHúLNOHUOH�UHDNVL\RQX�JHQHOOLNOH�HNOHQPH�úHNOLQGHGLU��
gUQH÷LQ�� 2+�� '1$¶GD� JXDQLQH� HNOHQHUHN� �-hidroksiguanin raGLNDOL� ROXúWXUXU�� <LQH�
2+�� UDGLNDOL� WLPLQ� ED]ÕQGD� EXOXQDQ� ELU� oLIW� ED÷D� HNOHQLU�� 2OXúDQ� WLPLQ� UDGLNDOL� LOHUL�
UHDNVL\RQODUD�JLUHU�� RNVLMHQOH� UHDNVL\RQX� VRQXFXQGD�GD� WLPLQ�SHURNVLO� UDGLNDOL�ROXúXU��
Sonuç olarak OH�� UDGLNDOL� H÷HU� '1$� \DNÕQÕQGD� ROXúXUVD� ED]ODUa ve deosiriboz 

úHNHUOHULQH�]DUDU�YHUHUHN��EDQG�NÕUÕNODUÕQD�QHGHQ�ROXU�� 
2+�� UDGLNDOOHUL� HOHNWURQ� WUDQVIHU� UHDNVL\RQODUÕQGD� URO� DOÕUODU�� |UQH÷LQ�� KDOLG�

L\RQODUÕ�LOH 

ClØ�����2+Ú������Î��&OÚ�����2+Ø 
&OÚ�����&O-         Î  Cl2ÚØ� 
 ve nitrit iyonu ile  

12Ú2Ø�����2+Ú��Î��12Ú2  +  OHØ 
2+Ú�UDGLNDOLQLQ�NDUERQDW��&23

2Ø�� LOH�UHDNVL\RQXQGDQ�J�oO��RNVLGDQ�HWNLVL�RODQ�
karbonat radikalleri (CO 3Ú��ROXúXU� 

2.4.6. Serbest Radikallerin Etkileri 

6HUEHVW�UDGLNDOOHU�K�FUHOHUGH�OLSLG��NDUERKLGUDW��SURWHLQ��'1$�YH�HQ]LPOHU�EDúWD 
ROPDN� �]HUH� W�P� |QHPOL� ELOHúLNOHUH� HWNL� HGHUOHU�� $HURELN� VROXQXP� YH� NDSLOOHU�
JHoLUJHQOLN�ER]XOXU��K�FUHQLQ�SRWDV\XP�ND\EÕ�YH�WURPERVLW�DJUHJDV\RQXQX�DUWDU��� 

Proteaz, fosfolipaz, elastaz, siklooksijenaz, ksantin oksidaz, lipooksijenaz, 

triptofan dioksijenaz ve galaktoz oksidaz gibi litik enzimleri aktive ederler. Alfa-1-

DQWLWULSVLQ�JLEL�VDYXQPD\D�DLW�ED]Õ�HQ]LPOHUL�LQDNWLYH�HGHUOHU� 

2.4.6.1. Membran Lipidlerine Etkisi (Lipid Peroksidasyonu) 

/LSLWOHU� HQ� KDVVDV� JUXS�ROGXNODUÕ� LoLQ�� VHUEHVW� UDGLNDOOHU� VDYXQPD mekanizma-

ODUÕQÕQ� NDSDVLWHVLQL� DúDFDN� VHYL\H\H� XODúWÕNODUÕQGD� |QFHOLNOH� K�FUH� PHPEUDQÕQÕ�
etkilerler. Tüm biyomoleküller bu olaydan etkilenmekle beraber, lipidler hasara en 

GX\DUOÕ�JUXSWXU��+�FUH�PHPEUDQODUÕQGD�EXOXQDQ�NROHVWHURO�YH�\D÷�DVLWOHULQLQ�GR\PDPÕú�
ED÷ODUÕ�� VHUEHVW� UDGLNDOOHUOH� UHDNVL\RQD� JLUHU� YH� SHURNVLGDV\RQ� �U�QOHUL� ROXúXU��
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38)$¶QÕQ� RNVLGDWLI� \ÕNÕPÕ� OLSLG� SHURNVLGDV\RQX� RODUDN� ELOLQLU� YH� ROGXNoD� ]DUDUOÕ� ELU�
tepkimedir. Çünkü kendi kendini devam ettiren bir zincir reaksiyonudur. Lipid 

peroksidas\RQX�VRQXFX�ROXúDQ�KDVDU�JHUL�G|Q�ú�PV�]G�U�� 
Lipid peroksidasyonu, serbest radikalin etkisiyle membranda bulunan 

SROLDQVDW�UH� \D÷� DVLGL� ]LQFLULQGHQ� ELU� +� DWRPX� NRSDUÕOPDVÕ\OD� EDúODU�� %X� \D÷� DVLGL�
]LQFLUL� OLSLG� UDGLNDOL� |]HOOL÷L� ND]DQÕU�� 2OXúDQ� OLSLG� UDGLNDOL� GD\DQÕNOÕ� ROPD\DQ� ELU�
ELOHúLNWLU� YH� ELU� GL]L� GH÷LúLNOL÷H� X÷UDU�� 0ROHN�O� LoL� oLIW� ED÷ODUÕQ� SR]LV\RQODUÕQÕQ�
GH÷LúPHVL\OH� GLHQ� NRQMXJDWODUÕ� YH� GDKD� VRQUD� OLSLG� UDGLNDOLQLQ� PROHN�OHU� RNVLMHQOH�
HWNLOHúPHVL� VRQXFX� OLSLG� SHURNVLO� UDGLNDOL� PH\GDQD� JHOLU�� %X� UDdikaller, membran 

\DSÕVÕQGDNL� GL÷HU� 38)$¶ODUÕ� HWNLOH\HUHN� \HQL� OLSLG� UDGLNDOOHULQLQ� ROXúXPXQD� \RO�
DoDUNHQ�� NHQGLOHUL� GH� DoÕ÷D� oÕNDQ� KLGURMHQ� DWRPODUÕQÕ� DODUDN� OLSLG� KLGURSHURNVLGOHUH�
G|Q�ú�UOHU��%|\OHFH�ROD\�NHQGL�NHQGLQH�NDWDOL]OHQHUHN�GHYDP�HGHU�� 

 PerokVLGDV\RQOD�ROXúDQ�OLSLG�SHURNVLGOHULQLQ�\ÕNÕPÕ��JHoLú�PHWDOOHUL�L\RQODUÕQÕQ�
NDWDOL]LQL�JHUHNWLULU��/LSLG�SHURNVLGOHU�\ÕNÕOGÕ÷ÕQGD�ROXúDQ�DOGHKLGOHU�K�FUHGH�PHWDEROL]H�
ROXUODU�\D�GD�K�FUHQLQ�GL÷HU�E|O�POHULQH�KDVDUÕ�\D\DUODU��ho�\D�GD�GDKD�ID]OD�oLIW�ED÷�
içHUHQ� \D÷� DVLWOHULQLQ� SHURNVLGDV\RQXQGDQ�� WL\REDUELW�ULN� DVLWOH� UHDNVL\RQD� JLUHQ� YH�
ölçülebilen, malondialdehid (MDA) meydana gelir. MDA, lipid peroksidasyon 

derecesiyle iyi korelasyon gösteren bir moleküldür.  

/LSLG�SHURNVLGDV\RQX�oRN�]DUDUOÕ�ELU�]LQFLU� UHDNVL\RQXGXU��'R÷UXGDQ�PHPEUDQ�
\DSÕVÕQD�YH�GROD\OÕ�RODUDN�GD�UHDNWLI�DOGHKLGOHU��UHWHUHN�GL÷HU�K�FUH�ELOHúHQOHULQH�]DUDU�
YHULU�� /LSLG� UDGLNDOOHUL� KLGURIRELN� ROGXNODUÕQGDQ� UHDNVL\RQODUÕQ� oR÷X�PHPEUDQD� ED÷OÕ�
PROHN�OOHUGH� PH\GDQD� JHOLU�� 3HURNVLGDV\RQOD� ROXúDQ� 0'$�� PHPEUDQ� ELOHúHQOHULQGH�
oDSUD]� ED÷ODQPDODUD� YH� SROLPHUL]DV\RQD� QHGHQ� ROXU�� 6RQXoWD� K�FUH� \DSÕVÕQGD�� L\RQ�
WUDQVSRUWXQGD� YH� HQ]LP� DNWLYLWHVLQGH� ER]XOPDODU� YH� K�FUH� \�]H\� ELOHúHQOHULQLQ�
DJUHJDV\RQX�JLEL�LQWUHQVHN�PHPEUDQ�|]HOOLNOHULQLQ�GH÷LúPHOHU�PH\GDQD�gelir (28,30). 

2.4.6.2. Proteinlere Etkisi 

Proteinler serbest radikal etkilerine PUFA’dan daha dirençlidirler ve zincir 

UHDNVL\RQODUÕ� GDKD� \DYDú� LOHUOHU�� 3URWHLQOHULQ� VHUEHVW� UDGLNDO� VDOGÕUÕVÕQGDQ� HWNLOHQPH�
GHUHFHOHULQL� DPLQR� DVLW� ELOHúLPOHUL� EHOLUOHU�� 'R\PDPÕú� ED÷� YH� V�OI�U� LoHUHQ�
PROHN�OOHULQ�� VHUEHVW� UDGLNDOOHUOH� UHDNWLYLWHVL� \�NVHN� ROGX÷XQGDQ� WULSWRIDQ�� WLUR]LQ��
fenilalanin, histidin, metionin, sistein gibi amino asitlere sahip proteinler serbest radikal 

KDVDUÕQGDQ� NROD\OÕNOD� HWNLOHQLUOHU�� 6�OI�U� UDGLNDlleri ve karbon merkezli radikaller 
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PH\GDQD�JHOLU�YH�EX�UHDNVL\RQODU�VRQXFX�LPPXQJOREXOLQ�*�YH�DOEXPLQ�JLEL�oRN�VD\ÕGD�
GLV�OILG� ED÷ÕQD� VDKLS� SURWHLQOHULQ� �o� ER\XWOX� \DSÕVÕ� ER]XOXU�� 3URWHLQOHU� �]HULQH� RODQ�
VHUEHVW� UDGLNDO� KDVDUÕQÕQ� ELULNPHVL� \D� GD� SURWHLQOHrin spesifik bölgeleri üzerine 

\R÷XQODúPDVÕ�K�FUH�DNWLYLWHOHUL�YH�FDQOÕOÕ÷Õ�EDNÕPÕQGDQ�WHKOLNHOLGLU��������� 

2.4.6.3. Nükleik Asitler ve DNA’ya Etkisi 

6HUEHVW�UDGLNDOOHULQ�'1$¶\D�HWNLVL�VRQXFX�K�FUHGH�ROXúDQ�PXWDV\RQODU��|O�PF�O�
olabilirler. Nükleik asit bD]�PRGLILNDV\RQODUÕ��NURPR]RP�GH÷LúLNOLNOHUL�YH\D�'1$¶GDNL�
GL÷HU� ER]XNOXNODU�� K�FUHQLQ� FDQOÕOÕ÷ÕQÕ� WHKGLW� HGHU��+LGURNVLO� UDGLNDOL�� GHRNVLULER]� YH�
ED]ODUD� NROD\FD� ]DUDU� YHULU�� $NWLYH� RODQ� Q|WURILOOHUGHQ� VDOÕQDQ� KLGURMHQ� SHURVLW��
membranlardan geçer ve hücrH� oHNLUGH÷LQH� XODúDUDN�� '1$� KDVDUÕQD�� K�FUH�
disfonksiyonuna ve hatta hücre ölümüne neden olur. Bu sebepten DNA, serbest radikal 

KDVDUÕQGDQ�NROD\OÕNOD�HWNLOHQHQ�|QHPOL�ELU�KHGHI�PROHN�OG�U���������� 

2.4.6.4. Karbohidratlara Etkisi 

Serbest radikallerin karbohidratlar üzerinde de monosakkaritlerin otooksidasyo-

QX�YH�SROLVDNNDULWOHULQ�GHSROLPHUL]DV\RQX�JLEL�|QHPOL�HWNLOHUL�YDUGÕU� 
Monosakkaritlerin otooksidasyonu sonucu hidrojen peroksid, peroksidler ve 

okzoaldehidler meydana gelirler. Okzoaldehidler, karbohidratla-� UÕQ� '1$�� 51$� YH�
SURWHLQOHUH�ED÷ODQDELOPH�YH�DUDODUÕQGD�oDSUD]�ED÷ODU�ROXúWXUDELOPHOHULQH�QHGHQ�ROXUODU��
'L\DEHWLQ� NDWDUDNW� YH� PLNURDQML\RSDWLN� NRPSOLNDV\RQODUÕ� EX� HQGHQOH� RUDWD\� oÕNDU��
2NVLGH�JOXNR]��OHQVWH�YH�W�P�ED÷�GRNX�SURWHLQOHULQGH�oDSUD]�ED÷ODnmalara yol açarak, 

J|UPH�NDOLWHVLQLQ�ER]XOOPDVÕQD�QHGHQ�ROXU���������    
%D÷� GRNXQXQ� |QHPOL� ELU� ELOHúHQL� RODQ� KL\DOXURQLN� DVLW�� HNOHP� DUDOÕ÷ÕQGDNL�

VLQRY\DO� VÕYÕGD� ERO� PLNWDUGD� EXOXQXU�� +L\DOXURQLN� DVLW�� HNOHPLQ� LQIODPDV\RQX\OD�
RNVLGDWLI� KDVDUD� X÷UDU�� øQIODPDV\RQGD� HNOHP� DUDOÕ÷ÕQD� JHoHQ� SROLPRUIRQ�NOHHU�
O|NRVLWOHULQ� DNWLYDV\RQX\OD� RUWD\D� oÕNDQ� KLGURMHQ� SHURNVLW� �+2O2) ve süperoksit 

radikalleri (O2
� �Ú��K\DO�URQLN�DVLWL� SDUoDODU��(NOHP�DUDOÕ÷ÕQGDNL� LQIODPDV\RQGD�� VHUEHVW�

radikallerin rolü in vitro olarak da g|VWHULOPLúWLU����-33). 

2.4.7. Antioksidan Savunma Sistemleri 

5HDNWLI� RNVLMHQ� W�UOHULQLQ� ROXúXPODUÕQÕ� YH� EXQODUÕQ� PH\GDQD� JHWLUGL÷L� KDVDUÕ�
|QOHPHN�LoLQ�Y�FXWWD�ELU�oRN�VDYXQPD�PHNDQL]PDVÕ�JHOLúWLULOPLúWLU��%XQODU�DQWLRNVLGDQ�
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savunma sistemleri veya antioksidanlar olarak bilinirler. Antioksidanlar hücrenin hem 

VÕYÕ�KHP�GH�PHPEUDQ�NÕVÕPODUÕQGD�EXOXQDELOLUOHU�� 
$QWLRNVLGDQ�PDGGHOHU�EDúOÕFD�DOWÕ�PHNDQL]PD�LOH�oDOÕúÕUODU��%XQODU�ROXúDQ�VHUEHVW�

UDGLNDOOHUL�WRSOD\ÕFÕ�YH�JLGHULFL�HWNLOHUL�LOH�ED÷OD\DUDN�YH\D�NDUDUOÕ hale getirerek; zincir 

NÕUÕFÕ�HWNL�LOH�VHUEHVW�UDGLNDO��UHWHQ�NLP\DVDO�UHDNVL\RQODUÕ�GXUGXUDUDN��EDVNÕOD\ÕFÕ�HWNL�
LOH� UHDNVL\RQ� KÕ]ÕQÕ� D]DOWDUDN�� RQDUÕFÕ� HWNL� LOH� OLSLG�� SURWHLQ� YH� '1$� JLEL� \DSÕODUGD�
ROXúPDNWD� RODQ�EL\RORMLN�PROHN�OHU� KDVDUÕ� UHMHQHUH� HGHUHN��K�FUHVHO�NLQD]�ND\ÕSODUÕQÕ�
|QOH\LS�RNVLGDV\RQ�UHDNVL\RQODUÕQÕ�GXUGXUDUDN�YH�RUJDQL]PDGDNL�62'�JLEL�DQWLRNVLGDQ�
HQ]LPOHU�LOH�HQ]LPDWLN�ROPD\DQ�DQWLRNVLGDQODUÕQ�VHQWH]LQL�DUWÕUDUDN�HWNLOHULQL�J|VWHULUOHU�
(34-38).            

2.4.7.1. Endojen Antioksidanlar 

1. Enzim Özellikli Antioksidanlar 

• Mitokondriyal sitokrom oksidaz sistemi 

• Süperoksid dismutaz 

• Katalaz 

• Glutatyon Peroksidaz 

• Glutatyon-S-transferaz 

• Hidroperoksidaz 

���(Q]LP�g]HOOL÷L�2OPD\DQ�$QWLRNVLGDQODU 

• /LSLG�)D]GD�%XOXQDQODU��.-tokoferol (E vitamini) ve �-karoten 

• 6ÕYÕ�)D]GD��K�FUH�VLWR]RO�QGH�YH\D�NDQ�SOD]PDVÕQGD��EXOXQDQODU� 
            Askorbik asit, melatonin, ürat, sistein, seruloplazmin, transferrin, laktoferrin, 

miyoglobin, hemoglobin, ferritin, metionin, albumin, bilirubin, glutatyon 

2.4.7.2. EkzojHQ�$QWLRNVLGDQODU��øODoODU� 

• .VDQWLQ�2NVLGD]�øQKLELW|UOHUL: 
Tungsten, allopürinol, oksipürinol, folik asit, pterin aldehid 

• 1$'3+�2NVLGD]�øQKLELW|UOHUL� 
Adenozin, lokal anestezikler, kalsiyum kanal blokerleri, non-steroid anti-

inflamatuvar ilaçlar, cetiedil, diphenyline iodonium 
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• Rekombinant Süperoksid Dismutaz 

• Trolox-C��(�YLWDPLQL�DQDOR÷X� 
• (QGRMHQ�$QWLRNVLGDQ�$NWLYLWH\L�$UWWÕUDQ�0DGGHOHU�� 
-�*OXWDW\RQ�SHURNVLGD]�DNWLYLWHVLQL�DUWWÕUDQODU�� 
Ebselen  

Asetilsitein 

-�'L÷HU�QRQ-HQ]LPDWLN�VHUEHVW�UDGLNDO�WRSOD\ÕFÕODUÕ�� 
Mannitol,  

Albumin,  

Dimetilsülfoksid  

- Demir redoks döngüsü inhibitörleri: 

Desferoksamin ve seruloplazmin  

Nötrofil adezyon inhibitörleri  

Sitokinler: TNF ve interlökin-1 

Barbitüratlar  

'HPLU�ùHODW|UOHUL       

• *ÕGD�$QWLRNVLGDQODUÕ 
- %�WLOOHQPLú�KLGURNsitoluen (BHT)  

- %�WLOOHQPLú�KLGURNVLDQL]RO��%+$�� 
- Sodyum benzoat  

- Etoksikuin  

- Propilgallat  

- Demir-süperoksid dismutaz (28) 

2.4.8. Nitrik Oksid (NO) 

1LWULN� RNVLG� �12�� ³D]RW� PRQRNVLW´� GH� GHQLOHQ� UHQNVL]� ELU� JD]GÕU�� 2UJDQLN�
çözücülerde daha iyi olmakla beraber suda da çözünebilir, hücre içinde ve hücreler 

DUDVÕQGD�NROD\FD�GLII�]\RQD�X÷UD\DELOLU��<|U�QJHVLQGH�HúOHQPHPLú�ELU�HOHNWURQ�WDúÕGÕ÷Õ�
LoLQ� VHUEHVW� UDGLNDOOHUH� GDKLO� HGLOLU�� 12Ú� RNVLGH� ROXS� ELU� HOHNWURQ� ND\EHGHUVH��
nitrozonyum katyonu (NO+) meydana gelir. %LU� HOHNWURQ� ND\EHWWL÷LQGH� LVH� QLWURNVLO�
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anyonu (NO-�� ROXúXU�� 1LWURNVLO� NÕVD� |P�UO�� YH� UHDNWLI� ELU� PROHN�OG�U�� 12Ú� LOH�
reaksiyona girerek nitröz oksit (NO2��YH�2+Ú�UDGLNDOL�ROXúWXUXU� 

NO-����12Ú��������Î��2112Ú- 
2112Ú-���12Ú��Î  N2O + NO2

Ú 

2112Ú-  + H+    Î  N22���2+Ú 
NO- , O2�LOH�GH�UHDNVL\RQD�JLUHUHN�SHURNVLQLWULW�ROXúWXUXU�� 
NO- + O2                  Î  ONOO- 

+DYD\OD� WHPDVÕ� KDOLQGH�� 12Ú moleküler oksijenle reaksiyona girer ve 

NDKYHUHQNOL� QLWURMHQ� GLRNVLW� JD]ÕQÕ� �122
Ú�� ROXúWXUXU�� 122

Ú, NOÚ’den daha reaktif bir 

serbest radikaldir (29). 

2NOÚ + O2  Î  2NO2
Ú 

2.4.9. NO Sentezi 

1LWULN�RNVLG�VHQWD]�HQ]LPL�WDUDIÕQGDQ��/-arjininden, L-sitrülin ve NO sentezlenir. 

%X�VHQWH]�VÕUDVÕQGD�RNVLMHQ�YH�NRIDNW|U�RODUDN�)$'��)01��WHWUDKLGUREL\RSWHULQ�YH�KHP�
gerekir. Bu sentez VÕUDVÕQGDNL� RNVLGDV\RQ� EHú� HOHNWURQ� JHUHNWLULU� YH� EXQX� 1$'3+�
VD÷ODU������ 

126�L]RIRUPODUÕ��WHPHO�RODUDN�LNL�DQD�JUXED�D\UÕOÕU�� 
a) <DSÕVDO�126��F126�� 
b) øQG�NOHQHELOLU�126��L�126� 
F126�DVOÕQGD�³HQGRWHO\DO�126´��H126��YH�³Q|URQDO�126´X��Q126��LIDGH�HGHQ�

genel biU� WDQÕPGÕU��F126� L]RIRUPODUÕQÕQ�DNWLYLWHVL� L\RQL]H�&D+2¶\H�ED÷ÕPOÕGÕU�YH�&D+2 

konsantrasyonu yükselene kadar inaktiftirler. Hücre içi iyonize Ca+2� DUWWÕ÷ÕQGD�ROXúDQ�
NDOVL\XP� NDOPRGXOLQ� NRPSOHNVL� F126¶XQ� DNWLIOHQPHVLQL� VD÷ODU� YH� 12� VHQWH]OHQLU��
Hücre içi Ca+2� NRQVDQWUDV\RQX� D]DOÕQFD� F126� DNWLYLWHVL� D]DOÕU�� %X� QHGHQOH� F126�
L]RIRUPODUÕ�EL\RORMLN�VLVWHPOHUGH�G�ú�N�PLNWDUODUGD�12�VHQWH]OHUOHU��%X�L]RIRUPODUGDQ�
endotelyal NOS (eNOS) damar endotelinde, nöronal NOS (nNOS) ise sinir sisteminde 

bulunur.  

eNOS kaynaklÕ�12��G�]�NDVODUÕ�JHYúHWHUHN��NDQ�EDVÕQFÕ�YH�DNÕú�KÕ]ÕQÕ�G�]HQOHU��
7URPERVLWOHULQ� DGH]\RQ� YH� DJUHJDV\RQODUÕQÕ� LQKLEH� HGHU�� $\UÕFD� HQGRWHO� K�FUHVL� YH�
YDVN�OHU�G�]�NDV�K�FUHVL��]HULQGH�DQWLSUROLIHUDWLI�HWNLVL�YDUGÕU�� 
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Merkezi sinir sisteminde, presinaptik uçWDQ� VDOÕQDQ� JOXWDPDWÕQ� HWNLVL\OH� SRVW�
VLQDSWLN� XoWD� Q126� DNWLYH� ROXU� YH� EXUDGD� 12Ú� VHQWH]OHQLU�� 12Ú�� VLQLU� VLVWHPLQGH�
VLQDSVODUÕQ�úHNLOOHQPHVLQH�\DUGÕPFÕ�ROXU��$\UÕFD�NRNXQXQ�YH�D÷UÕQÕ�DOJÕODQPDVÕ��J|UPH�
YH� KDIÕ]DQÕQ� ROXúXPX� LúOHYOHULQGH� GH� URO� DOÕU�� 3HULIerik sinir sisteminde ise 

Q|URWUDQVPLWWHU� URO�� KDULFLQGH�� VROXQXP� IRQNVL\RQODUÕQGD�� SHQLO� HUHNVL\RQGD��
JDVWURLQWHVWLQDO� VLVWHP� PRWLOLWHVLQGH�� PHVDQH� VILQNWHULQL� LúOHYLQGH� YH� EX� RUJDQODUÕQ�
W�P�Q�Q�NDQ�EDVÕQFÕ�YH�DNÕú�KÕ]ODUÕQÕQ�G�]HQOHQPHVLQGH�URO�R\QDU����9-42).  

ho�QF��12�VHQWD]�L]RIRUPX�RODQ�LQG�NOHQHELOLU�126��L126��EDúWD�PDNURIDMODU�
ROPDN� �]HUH�� KHSDWRVLWOHU�� GDPDU� G�]� NDVÕ�� GDPDU� HQGRWHOL�� DVWURVLW� YH� NRQGURVLWOHU�
WDUDIÕQGDQ�� EDNWHUL\HO� �U�QOHU� YH� VLWRNLQOHUOH� WHPDVÕ� WDNLEHQ� �UHWLOLU�� %X� L]RIRUP�
kalsiyXP� NRQVDQWUDV\RQXQGDQ� HWNLOHQPH]�� L126� LQG�NOHQGL÷L� ]DPDQ�� 12Ú� � �UHWLPL�
F126¶WD� ROGX÷X� JLEL� NÕVD� GH÷LOGLU�� VDDWOHUFH� KDWWD� J�QOHUFH� V�UHELOLU�� F126�
JOXNRNRUWLNRLGOHUGHQ� HWNLOHQPH]NHQ�� L126� EDVNÕODQÕU�� L126�� |]HOOLNOH� QRQVSHVLILN�
immunitede önemli rol oynar. Bakteri, mantar, virüs, tümör hücreleri ve protozoonlara 

NDUúÕ�VLWRWRNVLN�YH\D�VLWRVWDWLN�HWNL�J|VWHULU��øQIODPDWXYDU�YH�RWRLPPXQ�KDVWDOÕNODUGD�GD�
rol oynar (40,41).  

2.4.10. Süperoksit Dismutaz (SOD, süperoksit oksidoredüktaz: EC 1.15.1.1) 

Süperoksit diVPXWD]� W�P� DHURELN� FDQOÕODUGD� EXOXQDQ�� ]RUXQOX� DQDHUREODUGD�
bulunmayan bir metalloenzimdir ve süperoksit radikalinin hidrojen peroksite 

GLVPXWDV\RQXQX� NDWDOL]OHU�� øON� NH]� ����� \ÕOÕQGD� )ULGRZLFK� YH� DUNDGDúODUÕ� WDUDIÕQGDQ�
WDQÕPODQPÕúWÕU������ 

O2
��Ú� +  O2

��Ú  +  2 H+  
ÎÎ

  SOD 
ÎÎ

  H2O2  +  O2  

6�SHURNVLW� UDGLNDOOHUL� VSRQWDQ� GLVPXWDV\RQD� X÷UD\DELOLUOHU�� %X� QRQ-enzimatik 

ROD\ÕQ� KÕ]Õ� HQ]LPDWLN� GLVPXWDV\RQD� J|UH� \DYDúWÕU�� 6SRQWDQ� GLVPXWDV\RQXQ� KÕ]Õ� S+�
7.4’te 2 x 105 M-1 s-1�GLU��2\VD�HQ]LPDWLN�GLVPXWDV\RQXQ�KÕ]Õ�D\QÕ�S+¶GD���[���9 M-1 s-1 

GLU�� (Q]LP� NDWDOL]|UO�÷�QGH� UHDNVL\RQ� ��4� NDW� GDKD� KÕ]OÕ� JHUoHNOHúPHNWHGLU�� 62'�
PLNWDUÕ� YH� DNWLYLWHVL� GRNXODUÕQ� S22¶Õ� DUWWÕNoD� DUWPDNWD�� S22 D]DOGÕNoD� D]DOPDNWDGÕU��
(Q]LPLQ�oRN�\�NVHN�DNWLYLWHVL�G�ú�Q�OG�÷�QGH�HQ]LPDWLN�GLVPXWDV\RQ�KÕ]ÕQÕQ�VDGHFH�
V�SHURNVLWLQ� GLII�]\RQ� KÕ]Õ\OD� NÕVÕWODQDELOHFH÷L� J|U�O�U�� (Q]LP�� RNVLMHQL� PHWDEROL]H�
HGHQ�K�FUHOHUL� V�SHURNVLWLQ� ]DUDUOÕ� HWNLOHULQH� NDUúÕ� NRUXU��%|\OHOLNOH� K�FUHOHUGHNL� OLSLW�
peroksidasyonu da inhibe olur (44).  
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Kofaktör olarak içerdikleri mHWDO� L\RQODUÕQD� J|UH� EDúOÕFD� �� WLS� 62'�YDUGÕU�� D��
Cu-=Q� 62'� � E��0Q� 62'� � F�� )H� 62'�� øQVDQGD�&X-Zn SOD ve Mn SOD izomerleri 

bulunur. Fe SOD izomeri ökaryotik hücrelerde bulunmaz (45).  

a)Cu-Zn SOD: Ökaryotik hücrelerin, sitozol, nükleer membran ve mitokondri-

OHULQLQ� PHPEUDQODU� DUDVÕ� E|OJHOHULQGH� EXOXQXU�� 3URNDU\RWODUGD� QDGLUHQ� PHYFXWWXU��
15600-������ GDOWRQ� D÷ÕUOÕ÷ÕQGD� LNL� PRQRPHUGHQ� ROXúDQ� EX� GLPHULN� HQ]LPLQ� WRSODP�
PROHN�O� D÷ÕUOÕ÷Õ� �����-������ GDOWRQ� DUDVÕQGDGÕU� ���������+HU� ELU� DOW� ELULPGH�� ELU�&X�
atomu, bir� =Q� DWRPX�� ELU� V�OIKLGULO� JUXEX�� ELU� DVHWLOOHQPLú� WHUPLQDO� DPLQR� JUXEX� YH�
]LQFLUOHUL�ELU�DUDGD�WXWDQ�ELU�]LQFLU�LoL�GLV�OILW�ED÷Õ�EXOXQPDNWDGÕU��0HUNDSWRHWDQRO��EX�6-

6�N|SU�V�Q��UHG�NVL\RQD�X÷UDWÕU��6-+�KDOLQH�JHWLULU�YH�LNL�PRQRPHU�ELUELULQGHQ�D\UÕOÕU��
(28,45,47). 

Enzimin aktivite gösterebilmesi için Cu+2� EXOXQGXUPDVÕ� ]RUXQOX\NHQ�� HQ]LPLQ�
VWDELOLWHVLQL� VD÷ODPD\D� \DUD\DQ� =Q+2’nin yerine, Hg+2, Cd+2, Co+2’den herhangi biri 

geçebilir (44,48).  

Cu-Zn SOD, hücrede en çok bulunan ve SOD izomerleri içerisinde en yüksek 

katalitik etkiyi gösteren alttiptir. Bu izomerin aktivitesi pH 5.5-��� DUDVÕQGD� VWDELOGLU��
(28,49).  

Bu enzim eritrositlerde de bulunur ve eritrositi hemolizden, membran lipitlerini 

peroksidasyondan ve hemoglobini ise methemoglobine oksidasyondan korur (45,49).  

b)Mn SOD: (WNL� PHNDQL]PDVÕ� &X-=Q� 62'� LOH� D\QÕGÕU�� gNDU\RWODUGDNL�
WHWUDPHULN�IRUPXQ�PROHN�O�D÷ÕUOÕ÷Õ������-������GDOWRQ�DUDVÕQGDGÕU��������'LPHU�EDúÕQD�
0,5-�� DWRP� NDUúÕOÕN� JHOHFHN� úHNLOGH� ��� GH÷HUOLNOL� PDQJDQ� DWRPX� LoHULU�� ������ &X-Zn 

SOD’dan fDUNOÕ�RODUDN�VL\DQLGH�GLUHQoOLGLU��0RQRPHULN�SHSWLG�]LQFLUL�GDKD�E�\�NW�U�YH�
S+�GH÷HUL����¶LQ��]HULQH�oÕNWÕNoD�DNWLYLWHVL�D]DOÕU��������� 

2.4.11. Katalaz ( CAT, H2O2 oksidoredüktaz: EC 1. 11. 1. 6) 

.DWDOD]� HQ]LPL� \DSÕVÕQGD� G|UW� DGHW� KHP� JUXEX� LoHUHQ� DOW� �QLWHGHQ� ROXúPXú�
NRPSOHNV� ELU� KHPRSURWHLQGLU�� <DSÕVÕQGD� SURWHVWHWLN� JUXS� RODUDN� )H+3 içeren bir 

SURWRSRUILULQ� ,;� EXOXQXU�+HU� DOW� ELULPH� ED÷OÕ� ELU�PROHN�O�1$'3+�YDUGÕU��+HU�ELU� DOW�
ELULP� \DNODúÕN� RODUDN� ����� GDOWRQ� FLYDUÕQGD� ELU� PROHN�O� D÷ÕUOÕ÷ÕQD� VDKLSWLU�� .atalaz, 

sitokrom sistemi içeren tüm aerobik hücrelerde bulunur (28,52). Enzim en çok 

peroksizomlarda olmak üzere endoplazmik retikulum ve sitozolde bulunur. Enzimin 
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DNWLYLWHVLQLQ�HQ�\�NVHN�ROGX÷X�RUJDQODU��NDUDFL÷HU��E|EUHN��PL\RNDUG��oL]JLOL�NDVODU�YH�
eritrositlerdir (52-53).  

.DWDOD]ÕQ� HQ� |QHPOL� J|UHYL� +2O2¶LQ� HQ]LPDWLN� \ÕNÕOÕPÕGÕU� �NDWDOLWLN� DNWLYLWH���
Ancak H2O2� NRQVDQWUDV\RQX� G�ú�N� ROGX÷XQGD� NDWDOD]�� N�o�N� PROHN�OO�� HOHNWURQ�
vericilerini indirgeyebilmekte (peroksidatik aktivite), lipit hidroperoksitler gibi büyük 

PROHN�OOHUH�HWNLOL�RODPDPDNWDGÕU��������� 

2.4.12. Glutatyon Peroksidaz (GPx, Glutatyon H2O2 oksidoredüktaz: EC 

    1.11.1.9) 

GPx, hidroperoksitlerin indirgenmesinde rol oynayan, 84000 dalton molekül 

D÷ÕUOÕ÷D�VDKLS��VLWR]ROLN�ELU� �HQ]LPGLU��7HWUDPHULN�\DSÕOÕ�ROXS�YH�KHU�PRQRPHUGH�ELUHU�
adet olmak üzere 4 adet selenyum atomu içermektedir (45,47). 

H2O2 + 2GSH  
ÎÎ

 GPx  
ÎÎ

  GSSG + 2 H2O                 

ROOH + 2GSH  
ÎÎ

GPx  
ÎÎ

   GSSG + H2O + ROH 

GPx’in aktif formu “selenolat” halidir ve peroksiti alkole indirgerken kendisi 

oksitlenerek “selenik asite´�G|Q�ú�U��5HG�NWH�JOXWDW\RQ��VHOHQLN�DVLGH�ED÷ODQÕU�YH�RQX�
VHOHQRV�OILW� KDOLQH�G|Q�úW�U�U�� øNLQFL�ELU�JOXWDW\RQ�VHOHQRV�OILGH�ED÷ODQPDVÕ\OD�HQ]LP�
tekrar aktif formu olan “selenolat´D� G|Q�ú�U�� (Q]LP� E|\OHOLNOH� \eni bir döngüye 

JLUPH\H� YH� NXOODQÕOPD\D� KD]ÕUGÕU�� %X� HQ]LPDWLN� UHDNVL\RQ� VÕUDVÕQGD�� LNL� PROHN�O�
UHG�NWH� JOXWDW\RQ� RNVLWOHQPLú� ROXU�� 2NVLWOHQPLú� JOXWDW\RQXQ� WHNUDU� G|QJ�\H� JLULS�
NXOODQÕODELOPHVL�LoLQ�1$'3+�LOH�LQGLUJHQPHVL�JHUHNLU��%X�LQGLUJHQPH�ROD\ÕQÕ�ULEoflavin 

içeren bir flavoprotein olan “glutatyon redüktaz” katalizler.  

 ùHNLO����+LGURMHQ�SHURNVLWLQ�\ÕNÕOÕPÕ�YH�JOXWDW\RQXQ�\HQLGHQ�UHG�NOHQLúL 
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2.4.13. Malondialdehid (MDA) 

/LSLG�SHURNVLGDV\RQX��$��/��7DSSHO�WDUDIÕQGDQ�³SROLDQVDW�UH�OLSitlerin oksidatif 

ER]XOPDVÕ´�RODUDN�WDQÕPODQPÕúWÕU��+�FUH�YH�RUJDQHOOHUL�oHYUHOH\HQ�PHPEUDQODU��E�\�N�
RUDQODUGD� SROLDQVDW�UH� \DQ� ]LQFLUOHUH� VDKLSOHUGLU�� %X� PHPEUDQODUGD�� NDWÕOGÕNODUÕ�
IRQNVL\RQODUOD� RUDQWÕOÕ� RODUDN� EXOXQDQ� SURWHLQOHULQ� PLNWDUÕ� GD� DUWDU�� %X� durumda, 

OLSLGOHULQ�\DQÕVÕUD�PHPEUDQGDNL�SURWHLQOHU�GH�SHURNVLGDV\RQGDQ�]DUDU�J|UPHNWHGLU (55).  

38)$¶ODU��VHUEHVW�UDGLNDOOHULQ�HWNLVLQH�HQ�GX\DUOÕ�OLSLW�\DSÕODUGÕU��<D÷�DVLWOHULQLQ�
SHURNVLGDV\RQX\OD�� PHPEUDQODUÕQ� DNÕúNDQOÕ÷Õ�� JHoLUJHQOL÷L�� KDUHNHW� \HWHQH÷i ve 

WUDQVPHPEUDQLN� L\RQLN� JUDGLHQWOHUL� ER]XOXU�� 2OXúDQ� W�P� EX� PHPEUDQ� KDVDUODUÕ� JHUL�
G|Q�úV�]G�U������� 

/LSLW� SHURNVLGDV\RQX�� RWRRNVLGDV\RQ� ROD\ODUÕ� ]LQFLULGLU�� 2UJDQL]PDGD� ROXúDQ�
UHDNWLI� VHUEHVW� UDGLNDOOHU� LOH� PHPEUDQ� \DSÕVÕQGD� EXOXQDQ� GR\PDPÕú� \D÷� DVLWOerinin 

�5+���NDUERQ�]LQFLULQGHNL�PHWLOHQ�JUXSODUÕQÕQ�ELULQGHQ�ELU�+�DWRPXQXQ�oÕNDUÕOPDVÕ\OD�
EDúODU��38)$¶QÕQ�NDUERQ�]LQFLUL�GR\PDPÕú�ELU�OLSLW�UDGLNDOL��5Ú) haline gelir. Bu reaktif 

UDGLNDOOHU�LoHULVLQGH�RNVLGDV\RQX�HQ�NROD\�úHNLOGH�EDúODWDQ�2+Ú radikalidir.  

RH + OHÚ�ÎÎ  H2O + RÚ 
2OXúDQ�OLSLW�UDGLNDOL�oRN�NDUDUVÕ]GÕU�YH�NDUDUOÕ�KDOH�JHOPH\H�oDOÕúÕU��%XQXQ�LoLQ�

oLIW�ED÷ODUÕQ�\HUOHUL�GH÷LúLU�YH�³GLHQ�NRQMXJDWÕ´�ROXúXU��%X�NRQMXJDWÕQ�RNVLMHQH�PDUX]�
NDOPDVÕ\OD� OLSLW� SHURNVLO� UDGLNDOL� �522Ú) meydana gelir. ROOÚ radikalleri kendi 

\DSÕODUÕQGDNL� � GH÷LúLPOHU� VRQUDVÕQGD�� HQGRSHURNVLWOHUL� ROXúWXUXUODU�� $UGÕQGDQ� GD��
PHPEUDQ�\DSÕVÕQGDNL�GL÷HU�38)$¶ODUÕQ�RNVLWOH\HUHN�\HQL�]LQFLU�WHSNLPHOHUL�EDúODWÕUODU��
%XQXQ�LoLQ��38)$¶GDQ�ELU�+�DWRPX�NRSDUÕS�OLSLW�KLGURSHURNVLWOHUH��522+��G|Q�ú�UOHU��
%X� ROD\ODU� WHNUDUOD\DUDN� \D\ÕOÕU� YH� VRQXoWD� ROXúDQ� 522+�� � \�NVHN� VÕFDNOÕ÷D� PDUX]�
kalana kadar veya süperoksit anyonu, peroksil radikali ya da transisyon grubu metal 

L\RQODUÕ�LOH�WHPDV�HGHQH�NDGDU�NDDUDOÕ�KDOGH�NDOÕU��/LSLW�KLGURSHURNVLOOHU�Eu maddelerle 

NDUúÕODúWÕ÷ÕQGD�� SDUoDODQÕUODU� YH� GDKD� UHDNWLI� UDGLNDOOHUH� �OLSLW� DONRNVLO�� 52Ú, lipit 

peroksil: ROOÚ��DOGHKLW��OLSLW�DOGHKLW�YH�DONLO�UDGLNDOOHUL��G|Q�ú�UOHU��%XQODUGDQ�|]HOOLNOH�
lipit aldehitler (en bilinenleri 4-hidroksinonenal ve malondialGHKLWWLU��� K�FUHQLQ� GL÷HU�
NÕVÕPODUÕQD�XODúÕS�KDVDUÕQ�\D\ÕOPDVÕQD�QHGHQ�ROXUODU�������������� 

0'$�� OLSLWOHULQ� oR÷XQXQ� RNVLGDV\RQX� VÕUDVÕQGD� VDGHFH� N�o�N� PLNWDUODUGD�
�UHWLOLU��$QFDN�GHPLU�WX]ODUÕ�YDUOÕ÷ÕQGD�NDUDFL÷HU�PLNUR]RPODUÕQGD��UHWLPL�DUWDU��0'$��
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linolHQLN�� DUDúLGRQLN� YH� GRNR]DKHN]DHQRLN� DVLWOHULQ� SHURNVLGDV\RQXQXQ� GÕúÕQGD��
HQ]LPDWLN�RODUDN�GD�ROXúXU������� 

2UWDP� S+¶Õ� 0'$¶QÕQ� UHDNWLYLWHVLQL� HWNLOH\HQ� ELU� IDNW|UG�U�� )L]\RORMLN� S+¶WD�
0'$� ³HQRODW´� DQ\RQX� úHNOLQGHGLU� YH� UHDNWLYLWHVL� G�ú�NW�U�� S+� G�úW�NoH�� Ueaktivitesi 

DUWDU�� )L]\RORMLN� úDUWODUGD�� VHUEHVW� DPLQR� DVLWOHUH� J|UH� SURWHLQOHU� GDKD� ID]OD� 0'$�
VDOGÕUÕVÕQD�PDUX]�NDOÕUODU��0H\GDQD�JHOHQ�PRGLILNDV\RQODU�VRQXFXQGD��LQWUD-moleküler 

ve inter-PROHN�OHU�SURWHLQ�oDSUD]�ED÷ODUÕ�ROXúXU��0'$��'1$�ED]ODUÕ\OD�GD�UHDksiyona 

girip, mutasyonlara neden olabilir (55).  

0'$�GÕúÕQGD�OLSLW�SHURNVLGDV\RQX�VRQXFX�RUWD\D�oÕNDQ�EDúND�DOGHKLW�ELOHúLNOHUL�
GH� PHYFXWWXU�� %XQODU� VÕFDN� RUWDPGD� WL\REDUELW�ULN� DVLWOH� SHPEH� UHQNOL� NURPRMHQOHU�
ROXúWXUGXNODUÕ� LoLQ�� OLSLW� SHURNVLWOHULQ� |Oo�P�QGH� EX� |]HOOLNWHQ� \DUDUODQÕOÕU�� %X�
ELOHúLNOHULQ�W�P�QH�ELUGHQ�NXOODQÕODQ�DVLGH�DWIHQ�³WL\REDUELW�ULN�DVLW�UHDNWLI�PDGGHOHU´�
GHQLOLU�YH�NÕVDFD�³TBARS” úHNOLQGH�LIDGH�HGLOLU�� 

2.5. E Vitamini 

9LWDPLQ�(������¶GD�(YDQV�YH�6XUH�DGOÕ�DUDúWÕUPDFÕODU�WDUDIÕQGDQ�L]ROH�HGLOPLúWLU��
'HQH\VHO� RODUDN� UDWODUÕQ� EX� ELOHúL÷L� DOGÕ÷ÕQGD� VD÷OÕNOÕ� ELU� QHVLO� VDKLEL� ROGXNODUÕQÕ�
J|]OHPOHGL÷LQGHQ�(YDQV�EX�ELOHúL÷H��WRNRV �GR÷XUPDN��SKHUR �WDúÕPDN�YH�ELOHúL÷LQ�ELU�
DONRO� ROPDVÕ� QHGHQL\OH� ³RO´�� ³WRNRIHURO´� DGÕQÕ� YHUPLúWLU�� (YDQV� YH� 6XUH� \DSÕODUÕ�
EDNÕPÕQGDQ� ELUELUOHULQH� EHQ]H\HQ� LNL� ELOHúLN� HOGH� HWPLúOHU� YH� EXQODUD� DOID� YH� EHWD�
WRNRIHURO�DGÕQÕ�YHUPLúOHUGLU������� 

'DKD�VRQUD�\DSÕODQ�DUDúWÕUPDODUGD�EX�JUXSOD� LOLúNLOL� LNL�ELOHúLN�GDKD�EXOXQPXú��
EXQODUD�GD�JDPD�YH�GHOWD�WRNRIHURO�DGÕ�YHULOPLúWLU������� 

7RNRIHUROOHU�DoÕN�VDUÕ�UHQNWH�YH�\DSÕúNDQ�NÕYDPGD�PDGGHOHUGLU��%XQODU�OLSLWOHUGH�
ve birçok organik eriticide erirken, suda erimezler; bununla beraber alfa tokoferolün 

VRG\XP� IRVIDW� HVWHUL� VXGD� HULU�� 9LWDPLQ� (� ÕVÕ\D�� DONDOLOHUH�� DVLWOHUH� YH� ÕúÕ÷D� NDUúÕ�
GD\DQÕNOÕGÕU�� IDNDW� XOWUDYL\ROH� ÕúÕQODU� NDUúÕVÕQGD� NROD\FD� ER]XOXU� ������ 2NVLWOHQLQFH�
biyolojik etkisini kaybeder, oksijensiz ortamda 200 Û�&¶D�NDGDU�VÕFDNOÕ÷D�GD\DQÕNOÕGÕU�
(61).  

9LWDPLQ� (� DNWLYLWHVL� J|VWHUHQ� ELOHúLNOHU� WRNRO� YH\D� WRNRWULHQRO� oHNLUGH÷LQH�
sahiptir. Her iki çekirdekte de 6-KLGURNVL� NURPDQ� DURPDWLN� KDONDVÕ� YDUGÕU�� 7RNRO� YH�
WRNRWULHQRO�� ELUELULQGHQ� D\ÕUDQ� ��� NDUERQOX� \DQ� ]LQFLUGHNL� oLIW� ED÷ODUÕQ� YDUOÕ÷ÕGÕU�
(59,62).  



 
 

28 

Sentetik dL-.� -� WRNRIHULO� DVHWDW¶ÕQ� �� PJ¶ÕQÕQ� DNWLYLWHVL� �� 8OXVODUDUDVÕ� %LULP�
YLWDPLQ�(�RODUDN�NDEXO�HGLOPLúWLU�� 

������9LWDPLQ�(¶QLQ�0HWDEROL]PDVÕ 

2UDO� \ROOD� DOÕQDQ� WRNRIHURO� \D÷ODU� YH� VDIUD� WX]ODUÕQÕQ� \DUGÕPÕ\OD� EDUVDNWDQ�
NROD\FD� HPLOLU��9LWDPLQ�(�SOD]PDGD��-OLSRSURWHLQOHUH�ED÷OÕ� RODUDN� WDúÕQÕU�YH� VDIUD� LOH�
nisbeten küçüN�PLNWDUODUGD�DWÕOÕU�� 

9LWDPLQ�(�NDUDFL÷HU�YH�\D÷�GRNXODUÕQGD�GHSR�HGLOLU��<Dú�LOH�GHSRODPD�NDSDVLWHVL�
DUWDU�� D\UÕFD� GLúL� KD\YDQODUÕQ� ELUoRN� RUJDQÕQÕQ� HUNHNOHUH� J|UH� GDKD� \�NVHN� PLNWDUGD�
YLWDPLQ� LoHUGL÷L�EXOXQPXúWXU��%�W�Q�KD\YDQODUGD�YLWDPLQ�(�PLNWDUÕ�KLSofizde, adrenal 

EH]OHUGH� YH� XWHUXVWD� GDKD� \�NVHN� EXOXQPXúWXU�� +�FUH� LoHULVLQGH� LVH� WRNRIHURO�
mitokondri, mikrozom ve lizozomlarda konsantre olur.  

2.5.2 Vitamin E’nin Biyokimyasal Etkisi 

Biyolojik membranlardaki oksidatif bozulmada esas olan maddeler fosfolipit 

ELOHúLNOHULGLU��)RVIROLSLWOHUGHNL�\DSÕVDO�GH÷LúLNOLNOHU�PHPEUDQÕQ�\DSÕVDO�KDUDEL\HWLQH�YH�
K�FUH� E�W�QO�÷�Q�Q� ER]XOPDVÕQD� \RO� DoDU�� 0HPEUDQODUÕQ� OLSLW� SHURNVLGDV\RQXQGDQ�
ID]OD� HWNLOHQPHOHUL�� IRVIROLSLW� ELOHúLNOHULQLQ� oRNOX� GR\PDPÕú� \D÷� DVLWL� WDúÕPDODUÕ�
nedeniyledir.  

3HURNVLGDV\RQ� RUDQÕ�� IRVIROLSLWOHUGH� EXOXQDQ� \D÷� DVLWOHULQGHNL� oLIW� ED÷ODUÕQ�
VD\ÕVÕ\OD�GR÷UXGDQ�LOJLOL�ROGX÷XQGDQ��IRVIROLSLWOHULQGH�oRNOX�GR\PDPÕú�ED÷�LoHUHQ�\D÷�
DVLWOHULQL�EXOXQGXUDQ�PHPEUDQODU��OLSLW�SHURNVLGDV\RQXQD�GD\DQÕNVÕ]GÕUODU��6elenyum ve 

YLWDPLQ� (¶QLQ� KHU� LNLVLQLQ� GH� GL\HWWH� \HWHULQFH� EXOXQPDVÕQÕQ� GRNX� KRPRMHQDWODUÕQGD��
PLWRNRQGUL�YH�PLNUR]RPODUGD�OLSLW�SHURNVLGDV\RQXQX�HQJHOOHGL÷L�ELOGLULOPLúWLU������� 

�������9LWDPLQ�(¶QLQ�$QWLRNVLGDQ�(WNL�0HNDQL]PDVÕ 

Özellikle .-tokoferol çok NROD\� RNVLWOHQHELOPH� \HWHQH÷LQH� VDKLSWLU�� 9LWDPLQ�
(¶QLQ� EL\RORMLN� RUWDPODUGD� JHUoHNOHúWLUGL÷L� LúOHY� E�\�N� RUDQGD� EX� |]HOOL÷LQH�
GD\DQPDNWDGÕU��$QWLRNVLGDQ�NDUDNWHUL�QHGHQL\OH�YLWDPLQ�(�DNWLI�UDGLNDOOHUOH�UHDNVL\RQD�
JLUHUHN� RNVLGDV\RQD� GX\DUOÕ� PROHN�OHU� \DSÕODUÕQ� LVWHQPH\HQ� RNVLGDV\RQODUÕQÕQ�
|QOHQPHVLQGH�\D�GD�D]DOWÕOPDVÕQGD�HWNLOL�ROXU������� 

Vitamin E, serbest radikal türlerini toplayarak peroksidasyonun erken 

G|QHPLQGH� ]DU� IRVIROLSLWOHULQGHNL� oRNOX� GR\PDPÕú� \D÷� DVLWOHULQL� NRUXPDGD� RNVLGDWLI�
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VWUHVH�NDUúÕ� LON� VDYXQPD�KDWWÕQÕ�ROXúWXUXU� ���������%LU�GL÷HU�\RO� LOH�GH�VLQJOHW�RNVLMHQ��
V�SHURNVLW�YH�GDKD�oRN�KLGURNVLO� UDGLNDOOHULQL� LQGLUJHU�������%X�LúOHYLQL�SHURNVLGDV\RQ�
UHDNVL\RQ�]LQFLULQL�VRQODQGÕUDUDN�JHUoHNOHúWLULU��9LWDPLQ�(��UDGLNDO�JLGHUPH��EDVNÕODPD��
onarPD� YH� HQGRMHQ� VDYXQPD\Õ� DUWÕUPD� PHNDQL]PDODUÕQÕQ� W�P�Q�� NXOODQDELOGL÷LQGHQ�
oRN�KÕ]OÕ�YH�JHQLú�ELU�DQWLRNVLGDQ�HWNL�NDSDVLWHVLQH�VDKLSWLU������� 

+�FUH� JHQHWLN� \DSÕVÕ� DoÕVÕQGDQ� J�oO�� ELU� PXWDMHQ� RNVLGDQ� PHWDEROLW� RODQ�
SHURNVLQLWULWLQ� ROXúXP� UHDNVL\RQODUÕQÕQ� önlenmesinde ve hem peroksil hem de nitrik 

RNVLWLQ� WRSODQPDVÕQGD� JDPD� WRNRIHURO� ELU� DQWLRNVLGDQ� RODUDN� URO� DOPDNWDGÕU� ������
9LWDPLQ�(�NDWNÕOÕ�\HPOH�EHVOHQHQ�UDWODUGD� LQWUDVHO�OHU�DQWLRNVLGDQ�HQ]LPOHU�RODQ�62'�
����� YH� NDWDOD]� ����� G�]H\OHULQLQ� DUWWÕ÷Õ� J|VWHULOPLú�� EX� \ROOD� YLWDPLQ� (¶QLQ� HQGRMHQ�
DQWLRNVLGDQ� VDYXQPD� SHUIRUPDQVÕQÕ� \�NVHOWWL÷L� LOHUL� V�U�OP�úW�U�� 7RNRIHURO�Q�
DQWLRNVLGDQ� DNWLYLWHVL�� ELUoRN� DQWLRNVLGDQ� VDYXQPD� HOHPDQÕQÕQ� \HWHUVL]� NDOGÕ÷Õ��
RNVLMHQLQ�\�NVHN�NRQVDQWUDV\RQODUÕQGD�ELOH�HWNLOLGLU��(ULWURsitler ve alveoler membranlar 

EX�GXUXPX�DoÕNOD\DQ�|QHPOL�|UQHNOHU�RODUDN�J|VWHULOHELOLU������������� 
+D\YDQ� YH� LQVDQODUGD� \DSÕODQ� oDOÕúPDODU� WRNRIHUROOHULQ��PLGH��PHVDQH�� NRORQ��

NDUDFL÷HU��GHUL��PHPH��SURVWDW�YH�DNFL÷HU�NDQVHUL�JLEL�GHQH\VHO�RODUDN�ROXúWXUulan veya 

VSRQWDQ� PH\GDQD� JHOHQ� W�P|UOHULQ� JHOLúPHVLQL� JHFLNWLULFL� KDWWD� L\LOHúWLULFL� ELU� HWNL\H�
VDKLS� ROGX÷XQX� J|VWHUPLúWLU�� .DQVHUOL� RUJDQL]PDODUGD� D]DODQ� DQWLRNVLGDQ� NDSDVLWH� YH�
NDQVHUH� ED÷OÕ� RODUDN� ER]XODQ� PHWDEROL]PDQÕQ�� SHULIHULN� EHVOHQPH� G�]HQVL]OL÷i ve 

LQIODPDV\RQ�LOH�LOLúNLOL�ROGX÷X�VDQÕOPDNWDGÕU����-70).  

(ULúNLQ� ELUH\OHULQ� �� ��¶XQXQ� VRUXQX� RODQ� KLSHUWDQVL\RQ� YH� NDUGL\RYDVN�OHU�
KDVWDOÕNODU�DQWLRNVLGDQODUGDQ�\HWHUVL]�EHVOHQPHQLQ�ELU�VRQXFX�ROXS��|]HOOLNOH�YLWDPLQ�(�
HNVLNOL÷LQLQ�URO���]HULQGH�GXUXOPDNWDGÕU��9LWDPLQ�(�\HWPH]OL÷L�RODQ�NLúLOHUGH�PHPEUDQ�
OLSLWOHULQLQ� YH� |]HOOLNOH� RPHJD� �� \D÷� DVLWOHULQLQ� UDGLNDO� PHWDEROLWOHUFH� \ÕNÕPÕ�
|QOHQHPHPHNWHGLU�� $\UÕFD� EX� ELUH\OHUGH� PHPEUDQ� JHoLUJHQOL÷L� YH� KDUHNHWOLOL÷LQ�
D]DOGÕ÷Õ�� KHPROL]� YH� HULWURVLW� IUDMLOLWHVLQLQ� DUWWÕ÷Õ� J|]OHQPLúWLU�� 9LWDPLQ� (¶QLQ� /'/�
RNVLGDV\RQXQX�|QOHGL÷L�YH�EXQX�\DSDUNHQ�&X+2�L\RQODUÕQÕ�LQGLUJH\HQ�ELU�PHNDQL]PD�LOH�
oDOÕúWÕ÷Õ� LOHUL� V�U�OP�úW�U�� 7URPERVLW� PHPEUDQÕ� YLWDPLQ� (� PLNWDUÕQGDNL� DUWÕúÕQ� EX�
K�FUHOHUGH� DJUHJDV\RQ� \HWHQH÷LQL� G�ú�UG�÷�� YH� EX sayede vitamin E’nin trombosit 

DJUHJDV\RQXQX�|QOH\HELOGL÷L�LOHUL�V�U�OP�úW�U����-75) .  

$UDúWÕUPDODUD� J|UH�� 89�� UDG\DV\RQ� YH� R]RQD� PDUX]� EÕUDNÕODQ� KD\YDQODUGD� .-

WRNRIHURO� YH� �-NDURWHQ� X\JXODPDODUÕ� 62'� YH� NDWDOD]� JLEL� K�FUHVHO� HQGRMHQ�
DQWLRNVLGDQODUÕQ�DNWLYLWHOHULQL�DUWÕUDUDN�GHUL�K�FUHOHULQGHNL�\ÕNÕPÕ�D]DOWPDNWDGÕU����������
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'HUL� \DQÕNODUÕ� YH� RSHUDV\RQ� \DUDODUÕ� GDKLO� oHúLWOL� WLSWHNL� \DUDODQPDODUÕ� WDNLS� HGHQ�
GHUPL]DV\RQ�YH�HSLGHUPL]DV\RQXQ�YLWDPLQ�(�LOH�LOLúNLOL�ROGX÷X�J|]OHQPHNWHGLU������� 

Vitamin E’nin hücUH� LoL� NLQD]� ND\ÕSODUÕQÕ� |QOH\HUHN� \D� GD� HQ� D]D� LQGLUHUHN�
RNVLGDV\RQX� YH� GL÷HU� \ÕNÕPODUÕ� |QOH\HELOHFH÷L� úHNOLQGH� ELU� PHNDQL]PDGDQ� GD� V|]�
HGLOPHNWHGLU��$\QÕ�\ROOD�NDVODUGD�HJ]HUVL]H�ED÷OÕ�RNVLGDWLI� VWUHVLQ�JLGHULOGL÷L��NDVODUÕQ�
IL]LNVHO� SHUIRUPDQVÕQÕQ� DUWWÕUÕOGÕ÷Õ� YH� GHMHQHUDWLI� Q|URORMLN� KDVWDOÕNODUÕQ� |QOHQGL÷L�
VDQÕOPDNWDGÕU������������� 

7DQÕPODQGÕ÷Õ� LON� G|QHPOHUGH� \DOQÕ]FD� IHUWLOLWHGH� URO� DODQ� ELU� YLWDPLQ� ROGX÷X�
VDQÕODQ�YLWDPLQ�(¶QLQ�\ÕOODU�VRQUD�DQWLRNVLGDQ�HWNLOHULQLQ�YDUOÕ÷Õ�NHúIHGLOPLúWLU���9LWDPLQ�
E sDGHFH� RNVLGDV\RQ� UHDNVL\RQ� ]LQFLULQL� NRSDUDUDN� DQWLRNVLGDQ� DNWLYLWH� J|VWHUGL÷L�
]DQQHGLOGL÷LQGHQ�³]LQFLU�NÕUÕFÕ�DQWLRNVLGDQ�PDGGH´�RODUDN�WDQÕPODQPÕúWÕU��*�Q�P�]GH�
LVH� YLWDPLQ� (¶QLQ� UDGLNDO� JLGHUPH�� ]LQFLU� NÕUPD�� EDVNÕODPD�� RQDUPD�� K�FUHVHO� NLQD]�
ND\ÕSODUÕQÕ�|QOHPH�YH�HQGRMHQ�VDYXQPD\Õ�DUWÕUPD�PHNDQL]PDODUÕQÕQ�W�P�Q��NXOODQDUDN�
DQWLRNVLGDQ� HWNL� J|VWHUGL÷L� YH� EX� QHGHQOH� JHQLú� ELU� DQWLRNVLGDQ� HWNL\H� VDKLS� ROGX÷X�
DQODúÕOPÕúWÕU�� 

�����6DUÕPVDN 

6DUÕPVDN� �$OOLXP�6DWLYXP��2UWD�$V\D¶GDQ�N|NHQ�DODQ�YH�J�Q�P�]GH����¶Gen 

ID]OD� W�U�� � ELOLQHQ� ELU� ELWNLGLU�� 7�P� G�Q\DGD� IL]LN� YH� PHQWDO� VD÷OÕ÷Õ� DUWWÕUPDN� LoLQ�
IRQNVL\RQHO� ELU� EHVLQ�� EDKDUDW� YH� HY� LODFÕ� RODUDN� NXOODQÕOPDNWDGÕU�� $QWLRNVLGDQ��
DQWLEDNWHUL\HO�� DQWLNDUVLQRMHQ�� DQWLWURPERWLN�� � KLSROLSLGHPLN� YH� GL÷HU� ELU� oRN� HWNL\H�
sDKLSWLU�� 6RQ� \ÕOODUGD� VDUPÕVD÷ÕQ� DQWLRNVLGDQ� HWNLVL� YH� \DúODQPD� LOH� LOLúNLOL� oHúLWOL�
KDVWDOÕNODUÕQ� |QOHQPHVLQGHNL� HWNLVLQH� \|QHOLN� oDOÕúPDODUÕQ� \DQÕVÕUD�� DQWLNDQVHU� HWNLVL�
�]HULQGH�GH�GXUXOPDNWDGÕU����-83). 

�������6DUPÕVD÷ÕQ�øoHUL÷L��YH�6DUÕPVDN�3UHSHUDWODUÕ 

6DUPÕVD÷ÕQ�RUWDODPD�����¶L�VXGXU��.DODQÕ�LVH�IUXNWR]�JLEL�NDUERKLGUDWODU��V�OI�U�
ELOHúLNOHUL�� SURWHLQOHU�� OLIOHU�� VHUEHVW� DPLQR� DVLWOHU� \DQÕVÕUD� \�NVHN� RUDQGD� VDSRQLQOHU��
IRVIRU�� SRWDV\XP�� oLQNR� YH� RUWD� G�]H\OHUGH� VHOHQ\XP�� YLWDPLQ� $� YH� &� LOH� G�ú�N�
düze\OHUGH�YLWDPLQ�%�YH�GL÷HU�ED]Õ�PLQHUDOOHUGHQ�ROXúXU��$\UÕFD�\�NVHN�RUDQGD�IHQROLN�
ELOHúLNOHU�LoHULU���������� 

6DUPÕVD÷D� NDUDNWHULVWLN� NRNXVXQX� YHUHQ� YH� EL\RORMLN� DNWLYLWHVLQL� VD÷OD\DQ�
LoHUGL÷L�RUJDQRV�OI�U�ELOHúLNOHUGLU�������%X�ELOHúLNOHULQ�����¶LQL�DOOLLQ�YH�LNL��-glutamil 
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VLVWHLQ� ROXúWXUXU�� $OOLLQ�� VDUPÕVD÷ÕQ� WHUDS|WLN� RODUDN� DNWLI� V�OI�U� NRPSRQHQWLGLU� ������
6DUÕPVDN� H]LOGL÷LQGH�� NHVLOGL÷LQGH� YH\D� oL÷QHQGL÷LQGH�� DOOLLQ� DOOLQD]� DGOÕ� HQ]LPOH�
UHDNVL\RQD�JLUHU�YH�DOOLVLQ�ROXúXU�� 

$OOLVLQ�oRN�NDUDUOÕ�ELU�ELOHúLN�GH÷LOGLU��6DI�DOOLVLQLQ�RGD�VÕFDNOÕ÷ÕQGDNL�|PU���-16 

VDDWWLU�������$OOLVLQ�KÕ]OD�RUJDQRV�OI�U�ELOHúLNOHULQH�G|Q�ú�U��%X�ELOHúLNOHU��GLDOOLO�V�OILG�
�'$6��� GLDOOLO� GLV�OILG� �'$'6��� GLDOOLO� WULV�OILGGLU� �'$76��� %X� ELOHúLNOHULQ�
antikanserojen antiproliferaWLI��DQWLRNVLGDQ�|]HOOLNOHUL�YDUGÕU������ 

H2C = CH – CH2 – S – CH2 – CH = CH2    Diallil sülfit (DAS) 

H2C = CH – CH2 – S – S – CH2 – CH = CH2    Diallil Disülfit (DADS) 

H2C = CH – CH2 – S – S – S – CH2 – CH = CH2    Diallil Trisülfit (DATS) 

6DUPÕVD÷ÕQ� LoHUGL÷L� RUJDQRV�OI�U� ELOHúLNOHULQLQ� EL\RORMLN� DNWLYLWHOHULQL��
ELOHúLPOHULQGH�EXOXQDQ� V�OI�U� YH�DOOLO� JUXSODUÕQÕQ� VD\ÕVÕ� EHOLUOHU��<DSÕODQ� oDOÕúPDODUGD�
'$6� YH� '$'6¶ÕQ� VDGHFH� )D]� ,� YH� )D]� ,,� PHWDEROL]PD� HQ]LPOHULQL� G�]HQOHPHNOH�
NDOPD\ÕS��DQWLRNVLGDQ�VLVWHP�NDSDVLWHVLQL�GH�L\LOHúWLUGL÷L�EHOLUOHQPLúWLU����-91).  

6DUPÕVD÷D� J|VWHULOHQ� \R÷XQ� LOJL� QHGHQL\OH� X]XQ� \ÕOODUGDQ� EHUL�� VDUPÕVD÷ÕQ� ELU�
oRN�WLFDUL�SUHSHUDWÕ��UHWLOPLúWLU������ %X�VDUÕPVDN�SUHSHUDWODUÕQÕQ�KD]ÕUODQPDVÕQGD��EXKDU�
GLVWLODV\RQX��VX�oÕNDUPD��NXUXWXS�WR]�KDOLQH�JHWLUPH��DONROH�EDWÕUPD�JLEL�ELU�oRN�IDUNOÕ�
PHWRG�NXOODQÕOPÕúWÕU��%XQODUÕQ�KHU�ELULQLQ�IL]\RORMLN�DNWLYLWHOHUL�IDUNOÕGÕU��7LFDUL�RODUDN�
VDWÕODQ� ED]Õ� SUHSHUDW� W�UOHUL�� GHKLGUDWH� VDUÕPVDN� WR]X�� VDUÕPVDN� \D÷Õ�� GR÷DO� VDUÕPVDN�
VX\X� YH� NXUX� VDUÕPVDN� HNVWUHVL� YH� EHQ]HULGLU�� %X� SUHSHUDWODU� DNWLI� ELOHúHQOHULQLQ�
IDUNOÕOÕ÷Õ�QHGHQL\OH�IDUNOÕ�HWNLQOLNWHGLUOHU��gUQH÷LQ��GR÷DO�VDUÕPVDN�VX\XQGD�DMRHQH��NXUX�
VDUÕPVDN� HNVWUHVLQGH� 6-allil-L-VLVWHLQ� YH� EXKDUGD� GLVWLOH� VDUÕPVDN� \D÷ÕQGD� PHWLO� DOOLO�
trisülfit denilen orgDQRV�OI�U�ELOHúLNOHU�EXOXQPDNWDGÕU������� 

 

ùHNLO����Alliin ve alisin molekülleri 

http://www .chm.bris.ac .uk/webprojects2001/gray /morechemistry.htm 
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ùHNLO����$OOLLQGHQ��DOOLVLQ�ROXúXPX    

http://www .chm.bris.ac .uk/webprojects2001/gray /morechemistry.htm  

�������6DUPÕVD÷ÕQ��*HQHO�(WNLOHUL 

Bitkisel bHVLQOHU�DoÕVÕQGDQ�]HQJLQ�GL\HWOH�EHVOHQPHN�NURQLN�KDVWDOÕNODUÕQ�RUWD\D�
oÕNPDVÕQÕ�|QOHU��%X�EHVLQOHUGHQ�ELUL�GH�VDUÕPVDNWÕU��6DUÕPVDN�W�P�G�Q\DGD�DWHURVNOHUR]��
NDQVHU��LPPXQ�ER]XNOXNODU��\DúODQPD��DUWULW��NDWDUDNW�ROXúXPX��LQIHNVL\RQ�YH�WURPER]�
ROXúXPX�JLEL�oRN�oHúLWOL�KDVWDOÕNODUÕQ�WHGDYLVLQGH�NXOODQÕOPDNWDGÕU������������� 

6DUÕPVDN�� /'/� NROHVWHURO�� YH� RNVLGDV\RQXQX� D]DOWÕU��+'/� NROHVWHURO�� DUWWÕUÕU�
������������DQFDN�OLSLW�YH�OLSRSURWHLQOHU��]HULQH�NDQÕWODQPÕú�ELU�HWNLVL�\RNWXU����-19-20).  

6DUÕPVDN� K�FUH� Loi kalsiyum mobilizasyonunu ve tromboksan-A2 sentezini 

LQKLEH� HGHUHN� WURPERVLW� DJUHJDV\RQXQX� EDVNÕODU�� WURPE�V� ROXúXPXQX� D]DOWÕU� YH�
ILEULQROLWLN� DNWLYLWH\L� DUWWÕUÕU� ������������ 6DUÕPVDN� HNVWUHVLQLQ� RUWD� G�]H\GH� ELU�
DQMLRWHQVLQ�G|Q�úW�U�F��HQ]LP�LQKLELW|U��HWNLVL�GH�YDUGÕU���������� 

(SLGHPL\RORMLN� oDOÕúPDODU�� VDUPÕVD÷ÕQ� NDUGL\RYDVN�OHU� KDVWDOÕNODUD� NDUúÕ�
NRUX\XFX� HWNLVL� ROGX÷XQX� G�ú�QG�UPHNWHGLU�� .URQLN� VDUÕPVDN� WR]X� DOÕPÕ\OD� DRUW�
VHUWOL÷LQGH�\DúD�ED÷OÕ�DUWÕúODUGD�YH�DRUW�HODVWLNL\HWLQGHNL�D]DOPDGD�JHULOHPH�J|U�OP�úW�U�
������ $\UÕFD� DQWLDULWPLN� HWNLGH� ROGX÷X� YH� PL\RNDUGÕ� GD� QHNUR]GDQ� NRUXGX÷X�
ELOGLULOPLúWLU������� 

6DUÕPVDN�³HQGRWHO\DO�QLWULN�RNVLG�VHQWD]´��H126��DNWLYDV\RQXQD��G�]�NDV�K�FUH�
PHPEUDQÕ� KLSHUSRODUL]DV\RQXQD�� DNFL÷HU� GDPDU� WRQXVXQGD� D]DOPD� YH� ³LQG�Nlenebilir 
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126´� �L126�� DNWLYLWHVLQGH� D]DOPD\D� QHGHQ� ROXU�� 6DUÕPVDN� 126¶GDQ� ED÷ÕPOÕ� YH�
ED÷ÕPVÕ]� ED]Õ� PHNDQL]PDODUOD� DNFL÷HU� GDPDU� WRQXVXQX� D]DOWÕU� YH� KLSRNVLN� SXOPRQHU�
KLSHUWDQVL\RQGD�\DUDUOÕ�ROXU���������� 

6DUÕPVDN� NRORQ�� DNFL÷HU� YH� GHUL� NDQVHUL� K�FUHOHULQLQ� oR÷DOPDVÕQÕ� LQKLEH� HGHU��
OLSLW�SHURNVLGDV\RQX�D]DOWÕU�YH�DQWLRNVLGDQ�VDYXQPD�PHNDQL]PDODUÕQÕ�G�]HQOHU��$MRHQH��
DOOLVLQ��'$6��'$'6�YH�'$76� JLEL� RUJDQRV�OI�U� ELOHúLNOHULQLQ� DQWLNDQVHURMHQ� HWNLOHUL�
J�oO�G�U���������������%X�HWNL\L�RUJDQRV�OI�UO��ELOHúLNOHU�muhtemelen NADPH: kinon 

RNVLRUHG�NWD]Õ�LQG�NOH\HUHN�\DSDUODU�������� 
7D]H� KD]ÕUODQPÕú� VDUÕPVDN� KRPRMHQDWÕQÕQ� DNWLI� ELOHúHQL� DOOLVLQGLU� YH�

antimikrobiyal etkidedir. Allisinin bu etkisine antibakteriyel, antifungal, antiparaziter ve 

antiviral etkileri dahildir.  

$QFDN�W�P�EX�ID\GDOÕ�HWNLOHULQH�HN�RODUDN�VDUPÕVD÷ÕQ�\�NVHN�GR]ODUGD�NXOODQÕPÕ�
WRNVLN� HWNLOHUH� \RO� DoDELOLU��'HQH\VHO� oDOÕúPDODUGD� VÕoDQODUD� ��� VDDWOLN� DoOÕNWDQ� VRQUD�
���PJ�NJ� Y�FXW� D÷ÕUOÕ÷Õ� GR]XQGD� VDUÕPVDN� \D÷Õ� YHULOPHVLQLQ� |O�PF�O� ROGX÷X�
ELOGLULOPLúWLU� ������� $\UÕFD� GX\DUOÕ� NLúLOHUGH� VDUÕPVDN� NRQWDNW� GHUPDWLW� YH� DVWmaya 

neden olabilmektedir (104).  

�������6DUPÕVD÷ÕQ�$QWLRNVLGDQ�(WNLVL 

6DUPÕVD÷ÕQ� HQ� |QHPOL� EL\RNLP\DVDO� |]HOOLNOHULQGHQ� ELUL� DQWLRNVLGDQ� HWNLVLGLU��
6DUPÕVD÷ÕQ�HQ�|QHPOL�ELOHúHQOHULQGHQ�RODQ�DOOLVLQ�G�ú�N�NRQVDQWUDV\RQODUGD�DQWLRNVLGDQ�
özellik gösterirken, yüksek konsantrasyonlarda pro-RNVLGDQ� JLEL� GDYUDQDELOLU�� %D]Õ�
GHQH\VHO� oDOÕúPDODUGD� GD� '$6� YH� '$'6¶ÕQ� DQWLRNVLGDQ� HWNLQOLNOHUL� \�NVHN� G�]H\GH�
EXOXQXUNHQ��'$76¶ÕQ�HWNLQOL÷LQLQ�VÕQÕUOÕ��ROGX÷X�EHOLUOHQPLúWLU����������� 

6DUÕPVDN� \D÷ÕQÕQ� VÕoDQ� NDUDFL÷HU� YH� HUitrositlerindeki antioksidan sistemlere 

HWNLVLQL� LQFHOH\HQ� ELU� oDOÕúPDGD�� HULWURVLWOHUGH� HQ� ID]OD�'$76� ROPDN� �]HUH�� VDUÕPVDN�
\D÷Õ�YH�'$'6¶ÕQ�*6+�PLNWDUÕQÕ�|QHPOL�RUDQGD�DUWWÕUGÕ÷Õ��DQFDN�NDUDFL÷HU�*6+¶ÕQÕ�EX�
ELOHúHQOHULQ�KLo�ELULQLQ�HWNLOHPHGL÷L�VDSWDQPÕúWÕU��6ÕoDQ�NDUDFL÷HULQGH�'$'6�YH�'$76��
GSH redüktaz ve GSH S-WUDQVIHUD]� DNWLYLWHVLQL� DQODPOÕ� |Oo�GH� DUWWÕUPÕú� DQFDN� *6+�
SHURNVLGD]�DNWLYLWHVLQL�D]DOWPÕúWÕU������� 

6DUPÕVD÷ÕQ� HWDQROGH� o|]�QHQ� ELOHúHQL�� VÕoDQ� NDUDFL÷HULQGH� WL\REDUELW�ULN� DVLW�
reaktif maddelerLQLQ��7%$56��ROXúXPXQX�|QOHU�YH�PHPEUDQODUÕ�OLSLW�SHURNVLGDV\RQXQD�
NDUúÕ�NRUXU�������� 
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.XUX� VDUÕPVDN� HNVWUHVL� GH� HULWURVLWOHUGH� 7%$56� ROXúXPXQX� |QOH\HUHN� OLSLW�
SHURNVLGDV\RQXQXQ� QHGHQ� ROGX÷X� HULWURVLW� GHIRUPDELOLWHVLQGHNL� D]DOPD\Õ� HQJHOOHU��
mikrosirkülasyoQX�G�]HQOHU��%|\OHOLNOH�HULWURVLWOHULQ�\DSÕ�YH�LúOHYL�NRUXQPXú�ROXU��������
6DUÕPVDN�YH�DNWLI�ELOHúHQOHUL�JHQHO�RODUDN�NDOS��NDUDFL÷HU��DNFL÷HU��EH\LQ�YH�E|EUHN�JLEL�
oHúLWOL�GRNXODUGD�62'��&$7��*6+-peroksidaz gibi antioksidan enzimlerin aktivitelerini 

DUWWÕUPDNWD� YH� OLSLW� SHURNVLGDV\RQXQX� D]DOWPDNWDGÕU�� 6RQXo� RODUDN� OLSLW�
SHURNVLGDV\RQXQD� YH� RNVLGDWLI� KDVDUD� ED÷OÕ� RODUDN� JHOLúHQ� NURQLN� KDVWDOÕNODUÕQ�
|QOHQPHVLQGH�HWNLOL�ROPDNWDGÕUODU���������������� 

2.7. Melatonin 

Melatonin; pineal bezden (epifiz bezi)  karanOÕNWD� VDOJÕODQDQ�� X\NX�� �UHPH��
sirkadiyen ritim ve immünite gibi pek çok biyolojik fonksiyonun düzenlenmesinde rol 

R\QD\DQ�������\ÕOÕQGD�GHUPDWRORJ�/HUQHU�WDUDIÕQGDQ�WDQÕPODQPÕú�|QHPOL�ELU�KRUPRQGXU��
(109,110).  

3LQHDO� EH]� PHPHOLOHUGH�� ÕúÕN� ELOJLVLQL� Q|URHQGRNULQ� VLQ\DOOHUH� G|Q�úW�U�U��
UHWLQDGDQ� DOÕQDQ� J|UVHO� X\DUÕODUD� FHYDS� RODUDN� PHODWRQLQ� YH� EDúND� KRUPRQODUÕ�
VDOJÕOD\DELOLU������������ 

Melatonin sentezi gece-J�QG�]�G|QJ�V�QH�ED÷OÕ�RODUDN�VLUNDGLHQ�ULWLP�J|VWHULU��
$\GÕQOÕNWD� KLSHUSRODUL]H� RODQ� UHWLQDO� K�FUHOHU�� NDUDQOÕNWD� GHSRODUL]H� ROGXNODUÕQGD��
PHODWRQLQ� VHQWH]LQH� EDúODUODU�� .DUDQOÕNWD� IRWRUHVHSW|U� K�FUHOHUGHQ� VDOJÕODQDQ�
QRUHSLQHIULQLQ� HWNLVL\OH�� KHP� WULSWRIDQÕQ� GRODúÕPGDQ� EH]H� JLULúL� DUWDU�� KHP� GH� E��
UHVHSW|UOHUL� DUDFÕOÕ÷Õ\OD� PHPEUDQGDNL� DGHQLO� VLNOD]� DNtive olur. Böylece intraselüler 

F$03�VHYL\HOHUL�\�NVHOLU��0HODWRQLQ�VHQWH]L���GRODúÕPGDNL�WULSWRIDQÕQ�DNWLI�WUDQVSRUWOD�
SLQHDORVLW�LoLQH�DOÕQPDVÕ\OD�EDúODU��+LGURNVLODV\RQ�UHDNVL\RQX\OD��-2+�WULSWRIDQ�ROXúXU��
6RQUD� R� GD� GHNDUERNVLOH� RODUDN� VHURWRQLQH� G|Q�úür. Serotoninden de N-asetilasyon 

reaksiyonu ile melatonin (5-metoksi-N-DVHWLOWULSWDPLQ��ROXúPDNWDGÕU��(ULúNLQOHUGH�JHFH��
gündüze göre melatonin konsantrasyonu 3-��� NDW� GDKD�\�NVHNWLU�� DQFDN�\DúODQPD� LOH�
ELUOLNWH�VHQWH]�D]DOÕU�����-115).  

Melatonin sentezlHQGLNWHQ� VRQUD� SLQHDO� EH]GHQ� GR÷UXGDQ� GRODúÕPD� YHULOLU��
/LSRILOLNWLU� DQFDN��PHPEUDQ� UHVHSW|UOHUL�DUDFÕOÕ÷Õ\OD�KHGHI�K�FUHOHULQH�XODúÕU��%H\LQGH�
oHúLWOL� E|OJHOHUGH�� RYDU\XPODU�� EDUVDN�� NDQ� GDPDUODUÕ� ������ YH� NDUDFL÷HUGH� �������
melatonin reseptörleri mevcuttXU��0HODWRQLQ�LoLQ�D\UÕFD��VLWR]ROLN�YH�Q�NOHHU�ED÷ODQPD�
UHVHSW|UOHUL�GH�WDQÕPODQPÕúWÕU�������� 
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0HODWRQLQLQ� EDúOÕFD� \ÕNÕOÕP� \HUL� NDUDFL÷HUGLU�� øQGRO� KDONDVÕ� ��� NRQXPGDQ�
KLGURNVLOH�ROXU��GDKD�VRQUD�V�OIDW�YH\D�JOXNXURQLN�DVLWOH�NRQMXJDV\RQD�X÷UD\DUDN�LGUDUOa 

DWÕOÕU��0HODWRQLQ¶LQ�LGUDUGDNL�EDúOÕFD�PHWDEROLWL�RODQ��-sülfatoksi-melatonindir ve bunun 

|Oo�P�\OH�GH��VHQWH]�YH�\ÕNÕPD�DLW�ELOJL�HGLQLOHELOLU�������� 

2.7.1. Melatoninin Antioksidan Etkisi 

0HODWRQLQLQ�DQWLRNVLGDQ�|]HOOL÷L��o�DQD�EDúOÕN�DOWÕQGD�WRSODQDELlir :  
1-Direkt antioksidan etki: Melatoninin OHÚ, H2O2, OÚ2, HOCl, NOÚ, ONOO- 

JLEL� RNVLGDWLI� VWUHVH� \RO� DoDELOHQ� VHUEHVW� UDGLNDOOHUL� GHWRNVLIL\H� HWWL÷L� J|VWHULOPLúWLU��
0HODWRQLQLQ� DQWLRNVLGDQ�|]HOOL÷L�� \DSÕVÕQGDNL� SLURO� KDONDVÕQGDQ�ND\QDNODQPDNWD� ROXS��
bu� SLURO� KDONDVÕQÕQ� HQ]LPDWLN� \D� GD� QRQHQ]LPDWLN� RODUDN� \ÕNÕOPDVÕ\OD�� 1�-asetil-N2-

formil-5-PHWRNVLNLQ�UDPLQ� �$)0.�� ROXúXU�� 0HODWRQLQ� +2O2� YDUOÕ÷ÕQGD� GD� $)0.�
ROXúWXUXU��%X�PHWDEROLWLQ�UDGLNDO�WXWXFX�DNWLYLWHVL�YDUGÕU����-119).  

Melatonin yüksek affinite ile OHÚ�UDGLNDOLQL�ED÷ODU�YH�LQGROLO�NDW\RQ�UDGLNDOLQL�
ROXúWXUXU�� %X� UDGLNDO� GH�� 2Ú2¶L� \DNDOD\DUDN� $)0.¶H� G|Q�ú�U�� $)0.�� GDKD� VRQUD�
DULODPLQ� IRUPDPLGD]ÕQ� NDWDOL]OHGL÷L� UHDNVL\RQOD� 1� �-asetil-5-metoksikinüramin 

�$0.�¶H� oHYULOPHNWHGLU�� øQGROLO� UDGLNDOLQLQ� 2+Ú vaUOÕ÷ÕQGD� ROXúWXUGX÷X� ³�-

hidroksimelatonin” metabolitinin idrar düzeyleri, radikal üretiminin bir göstergesi 

RODUDN�NXOODQÕODELOPHNWHGLU�������� 
<DSÕODQ� oDOÕúPDODU�� PHODWRQLQLQ� HQ� J�oO�� DQWLRNVLGDQODUGDQ� ELUL� ROGX÷XQX�

NDQÕWODPÕúWÕU�� 0HODWRQLQ� \D\ÕOPDNWD� RODn lipid peroksidasyonunu peroksil radikaline 

ED÷ODQDUDN� VRQODQGÕUÕU�� 0HODWRQLQ� *6+¶D� J|UH� �� NDW� YH� PDQQLWROH� J|UH� ��� NDW� GDKD�
J�oO�� úHNLOGH� 2+Ú� radikalini yakalar. Melatonin, NOÚ� ROXúXPXQX� D]DOWDQ� HQ� J�oO��
LQGROG�U�YH�LQ�YLWUR�úDUWODUGD��2122-¶LQ�\RO�DoWÕ÷Õ�RNVLGDV\RQX�|QOHU�YH�D\UÕFD�NHQGLVL�
QLWUDV\RQD� X÷UD\DUDN� 2122-’i detoksifiye eder; in vivo enflamasyon modelinde de 

QLWURWLUR]LQ�ROXúXPXQX�EDVNÕODU�����-119). 

2-� $QWLRNVLGDQ� (Q]LP�$UDFÕOÕ� (WNL�� Farmakolojik ve muhtemelen fizyolojik 

düzeylerde melatonin, SOD, GSH-Px, GSSG, glukoz-6-fosfat dehidrogenaz (G6PD) ve 

g-JOXWDPLOVLVWHLQ� VHQWHWD]� JLEL� ED]Õ� DQWLRNVLGDQ� HQ]LPOHULQ� JHQ� HNVSUHV\RQODUÕQÕ� YH\D��
DNWLYLWHOHULQL�DUWWÕUDUDN�RNVLGDWLI�VWUHVL�EDVNÕODU������������ 

3-3URRNVLGDQ� (Q]LP� $UDFÕOÕ� (WNL�� Melatoninin ba]Õ� SURRNVLGDQ� HQ]LPOHUL�
LQKLEH�HGHUHN��VHUEHVW� UDGLNDO�ROXúXPXQX�D]DOWÕU� �����������L126�DNWLYLWHVL��IL]\RORMLN�
melatonin düzeylerinde inhibe olur (121).  
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0HODWRQLQ�KHP�VXGD�YH�KHP�GH�OLSLG�ID]GD�o|]�QHELOGL÷LQGHQ��DQWLRNVLGDQ�HWNLVL�
RUJDQL]PDQÕQ� KHU� E|OJHVLQH� XODúDELOLU�� .DQ-EH\LQ� EDUL\HULQL� YH� SODVHQWD\Õ� JHoHU� YH�
K�FUHQLQ� W�P� E|O�POHULQH� UDKDWOÕNOD� XODúDUDN�� RUJDQL]PD\Õ� VHUEHVW� UDGLNDO� KDVDUÕQGDQ�
NRUXU�� +�FUH� PHPEUDQÕQGDNL� IRVIROLSLG� WDEDNDQÕQ� GÕú� \�]H\LQH� WXWXQDQ� PHODWRQLQ��
radikallerle membrandan önce tHPDVD�JHoHUHN�RQODUÕ�HWNLVL]�KDOH�JHWLULU�YH�PHPEUDQÕ�
NRUXU�� 0HODWRQLQ� YDUOÕ÷ÕQGD�� HOHNWURQ� WDúÕPD� VLVWHPLQGHQ� ND\QDNODQDQ� 2Ú2, H2O2 ve 

OHÚ� JLEL� UDGLNDOOHULQ� �UHWLPL� GH� D]DOPDNWDGÕU�� � 0HODWRQLQ� Q�NOHXVD� NDGDU� XODúÕU� YH�
'1$¶\Õ� RNVLGDWLI� KDVDUGDQ� NRUXU� �������0HODWRQLQ� D\UÕFD�� DGH]\RQ�PROHN�OOHULQLQ� YH�
LQIODPDV\RQGD�URO�DODQ�VLWRNLQOHULQ�VHQWH]LQL�D]DOWPDNWDGÕU������� 
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3. GEREÇ ve YÖNTEM 

�����6ÕoDQODUÕQ�WHPLQL�YH�GHQH\�JUXSODUÕ 

%X�oDOÕúPDGD�NXOODQÕODQ�:LVWDU�DOELQR�WLSL�HUNHN�VÕoDQODU��)ÕUDW�hQLYHUVLWHVL�7ÕS�
)DN�OWHVL� 'HQH\VHO� $UDúWÕUPD� 0HUNH]L� �)h7'$0�¶GDQ� DOÕQGÕ�� 'HQH\� ER\XQFD��
KDYDODQGÕUPDVÕ�RODQ�YH�J�QHú� ÕúÕ÷Õ�DODQ�RGDODUGD��GHQH\�NDIHVOHULQGH�WXWXODQ�VÕoDQODUD�
yeterli miktarda standart pellet yem verildi.  

Grup-1: Kontrol Grubu (n=8): 'HQH\�V�UHVLQFH�VÕoDnlara normal besinlerine 

LODYHWHQ�LoPH�VXODUÕQD�NDWÕOPDN�VXUHWL\OH�����RUDQÕQGD�DONRO�YHULOGL� 
Grup-2: Alkol Grubu (n=8): 1RUPDO� EHVLQOHULQH� LODYHWHQ� VÕoDQODUÕ� DONROH�

DOÕúWÕUPDN�LoLQ�EDúODQJÕoWD�LoPH�VXODUÕQD���J�Q�V�UHVLQFH�������RUDQÕQGD��VRQUDNL���J�Q�
s�UHVLQFH� GH��� �� RUDQÕQGD� DONRO� HNOHQGL��'DKD� VRQUD� VXODUÕQGDNL� DONRO� RUDQÕ��� ��¶D�
oÕNDUÕODUDN���KDIWD�ER\XQFD�EX�RUDQ�NRUXQGX�� 

*UXS����6DUÕPVDN�*UXEX��Q ����$ONRO�JUXEXQD�EHQ]HU�úHNLOGH�EHVOHQGL�������
RUDQÕQGDNL�DONROH�LODYHWHQ���KDIWD�ER\XQFD�KHU�J�Q�JDYDMOD�����PJ�NJ�J�Q�GR]XQGD�oL÷�
VDUÕPVDN�KRPRMHQDWÕ��YHULOGL� 

Grup 4: E vitamini Grubu: (n=8): $ONRO�JUXEXQD�EHQ]HU�úHNLOGH�EHVOHQGL����
���RUDQÕQGDNL�DONROH� LODYHWHQ���KDIWD�ER\XQFD haftada iki kez, oral yoldan 200 mg/kg 

dozda E-vitamini verildi.  

Grup 5: Melatonin Grubu (n=8):�$ONRO�JUXEXQD�EHQ]HU�úHNLOGH�EHVOHQGL�������
RUDQÕQGDNL� DONROH� LODYHWHQ���KDIWD�ER\XQFD�KHU�J�Q����PJ�NJ�J�Q�GR]XQGD�PHODWRQLQ�
FLOW�DOWÕQD�HQMHNVL\RQ�\ROX\OD�X\JXODQGÕ� 

�����.DQ�YH�GRNXODUÕQ�HOGH�HGLOPHVL�YH�DQDOL]OHUH�KD]ÕUODQPDVÕ 

DenH\� SURWRNRO�Q�Q� ��� KDIWDVÕ� WDPDPODQGÕNWDQ� VRQUD� VÕoDQODU� JHQHO� DQHVWH]L�
DOWÕQGD� VDNULIL\H� HGLOGL�� %XQXQ� LoLQ� VÕoDQODUD� ���PJ�NJ�NHWDPLQ� YH� ��PJ�NJ� [\ODVLQH�
SHULWRQ� LoLQH� X\JXODQDUDN� JHQHO� DQHVWH]L� VD÷ODQGÕ�� .DUÕQ� GHULVL� YH� GHUL� DOWÕ� GRNXODU�
DoÕODUDN��EDUVDNODU�GÕúDUÕ�DOÕQGÕ��+HSDULQOH�\ÕNDQPÕú�HQMHNW|UOHUOH��YHQD�FDYD�LQIHULRUGDQ�
NDQ�|UQHNOHUL�DOÕQGÕ�YH�����[J¶GH����GDNLND�VDQWULI�M�HGLOHUHN�SOD]PDODUÕ�D\UÕOGÕ��5DWODU�
DEGRPLQDO� DRUWDODUÕ� NHVLOLS�� NDQDWÕODUDN� � |OG�U�OG�OHU�� .DUDFL÷HU�� NDUÕQ� LoL� ERúOX÷D�
ED÷OD\DQ�GDPDU�YH�OLJDPDQODUÕ�NHVLOHUHN�GÕúDUÕ�DOÕQGÕ��.DSV�O��VÕ\UÕOGÕNWDQ�VRQUD��YHQD�
KHSDWLND¶GDQ�YHULOHQ�6)�LOH�SHUI�]H�HGLOGL��3HUI�]H�NDUDFL÷HU�GRNXVX�VD÷�YH�VRO�OREODUD�
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D\UÕOGÕNWDQ� VRQUD�� VD÷� ORE� �� ��¶OXN� IRUPDOGHKLW� o|]HOWLVLQH� NRQXODUDN� SDWRORML�
laboraWXYDUÕQD� J|QGHULOGL�� 6RO� ORE� G|UW� HúLW� SDUoD\D� E|O�QG�NWHQ� VRQUD� EL\RNLP\DVDO�
DQDOL]OHUGH�NXOODQÕOPDN��]HUH�DO�PLQ\XP�IRO\D\D�VDUÕODUDN��HWLNHWOHQGL�YH�EL\RNLP\DVDO�
DQDOL]OHULQ�\DSÕODFD÷Õ�]DPDQD�NDGDU�-20Û&�GHULQ�GRQGXUXFXGD� �\DNODúÕN� LNL�D\�V�UH\OH�
saklanGÕ� 

�����'RNX�+RPRMHQL]DV\RQ�7DPSRQODUÕ 

a) 100 mmol/L Fosfat tamponu: 100 mL 0,2M KH2PO4 ve 50 mL 0.2 N NaOH 

KD]ÕUODQÕU��<DNODúÕN���KDFLP�.+2PO4�� ��KDFLP�1D2+� LOH�NDUÕúWÕUÕODUDN�S+ ���� IRVIDW�
WDPSRQX�HOGH�HGLOLU��ø\RQLN�NRQVDQWUDV\RQX�����P0¶D�D\DUODPDN�LoLQ������PO�NDUÕúÕPD�
100 ml distile su eklenir. 

b) % 1,5’lik KCl çözeltisi: 100 ml distile suya 1,5 gr KCl eklenerek çözünmesi 

VD÷ODQÕU��7%$56�oDOÕúÕOÕUNHQ�EX�WDPSRQ�KRPRMHQL]DV\RQ�LoLQ�NXOODQÕOÕU� 
c) GPx tamponu: GPx analizi için son konsantrasyon 1 mmol/L�RODFDN�úHNLOGH�

100 mmol/L’lik fosfat tamponunun  bir litresine 70 uL merkaptoetanol eklenir. 

3.4. Biyokimyasal Analizler 

'HQH\GHQ� |QFHNL� DNúDP� VÕoDQODUD� DLW� NDUDFL÷HU� GRNX� |UQHNOHULQGHQ� ELU� WDQHVL�
GHULQ� GRQGXUXFXGDQ� oÕNDUWÕODUDN� EX]GRODEÕ� RUWDPÕQD� DOÕQGÕ� YH� o|]�QPHVL� VD÷ODQGÕ��
(UWHVL�VDEDK�EX]GRODEÕQGDQ�oÕNDUÕODQ�GRNXODU�VHUXP�IL]\RORMLNOH�\ÕNDQÕS�NXUXODQGÕNWDQ�
VRQUD��PDNDVOD� N�o�N� SDUoDODUD� D\UÕOGÕ��'RNX� D÷ÕUOÕ÷Õ� WHVSLW� HGLOGLNWHQ� VRQUD�� LoL� EX]�
GROX�NDSODUD�\HUOHúWLULOGL��h]HUOHULQH����YRO�P�WDPSRQ������(w/v) ilave edildikten sonra 

KRPRMHQL]H� HGLOGL�� <|QWHPOHULQ� EHQ]HUOL÷L� YH� ELU� DUDGD� oDOÕúÕODELOLUOL÷L� J|]� |Q�QH�
DOÕQDUDN�WHVWOHU��o�J�QGH�oDOÕúÕOGÕ��%LULQFL�J�Q��*6+��62'�YH�&$7��LNLQFL�J�Q�0'$�YH�
12�� �o�QF�� J�Q� LVH�*3[� oDOÕúÕOGÕ�� 7�P�oDOÕúPDODU� LoLQ� \Dú� GRNX� D÷ÕUOÕNODUÕ� \DQÕVÕUD��
SURWHLQ�WD\LQOHUL�GH�\DSÕOGÕ������� 

3.4.1. Nitrik Oksit (NO) Tayini 

1LWULN� RNVLW�� VHQWH]OHQGL÷L� DQGDQ� LWLEDUHQ� KÕ]OD� QLWULW� �122
-) ve nitrata (NO3

-)  

G|Q�úPHNWHGLU�� %X� QHGHQOH�� 12� PLNWDUÕQÕ� WD\LQ� HGHELOPHN� LoLQ� 122
- ve NO3

- 

düzeylHULQLQ� |Oo�OPHVL� JHUHNOLGLU�� 1LWUDW� GR÷UXGDQ� |Oo�OHPHGL÷L� LoLQ�� QLWULWH�
G|Q�úW�U�OHUHN�GROD\OÕ�\ROGDQ�G�]H\L�WHVSLW�HGLOLU�������� 
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.XOODQÕODQ�5HDNWLIOHU� 
1. Kadmiyum granülleri: 0,3-���� PP� SDUWLN�O� E�\�NO�÷�QGH� JUDQ�OOHU�

NXOODQÕOGÕ� 
2. 55 mmol/L NaOH: 1,1 gr Na2+�DOÕQÕU� ELU�PLNWDU� G�� VXGD� o|]�O�U� YH� VRQ�

KDFLP�����P/¶\H�WDPDPODQÕU� 
3. 75 mmol/L ZnSO4:������JU�=Q62��DOÕQÕU�ELU�PLNWDU�G��VXGD�o|]�O�U�YH�VRQ�

KDFLP�����P/¶\H�WDPDPODQÕU� 
4. 0.2 mol/L Glisin-NaOH tamponu (pH=9.7):  

a. ����JU�JOLVLQ�WDUWÕOÕU�YH�\DNODúÕN�����P/�G. suda çözülür.  

b. 0,1 N NaOH çözeltisi 

+D]ÕUODQDQ�JOLVLQ�o|]HOWLVLQLQ� WDPDPÕQD��S+ ����RODQD�NDGDU��\DNODúÕN����P/��
���� 1� 1D2+� o|]HOWLVL� LODYH� HGLOLU�� S+� ���¶\H� D\DUODQÕQFD� VRQ� KDFLP� ���� P/¶H�
WDPDPODQÕU� 

5. 0.77 mol/L N-naftiletilendiamin (NNDA): 50 mg NNDA bir miktar d. suda 

o|]�O�U�YH�VRQ�KDFLP�����P/¶\H�WDPDPODQÕU�� 
6. 58 mmol/L Sülfanilamid: 250 mL’lik balon joje içine 2.5 gr sülfanilamid 

HNOHQLU�YH��]HULQH�\DNODúÕN����P/��1�+&O�LODYH�HGLOHUHN�o|]�QPHVL�VD÷ODQGÕNWDQ�VRQUD�
VRQ�KDFLP�����P/�RODFDN�úHNLOGH�\LQH��1�+&O�LOH�WDPDPODQÕU�� 

7. ��PPRO�/�%DNÕU�V�OIDW��&X624): 250 mg CuSO4.5H22¶Õ�ELU�PLNWDU�G��VXGD�
o|]�O�U�YH�VRQ�KDFLP�G�VX�LOH�����PO¶\H�WDPDPODQÕU�� 

8. 0.2 N H2SO4: ����P/�GHULúLN�+2SO4�DOÕQÕU�YH�LoHULVLQGH�LoHULVLQGH�����P/�G��
su bulunan balon jojeye sürekli kaUÕúWÕUÕODUDN� DNWDUÕOÕU� YH� VRQ� KDFLP� ���� PO¶H�
WDPDPODQÕU� 

9. NO2 6WDQGDUGÕ�� 
a. 10 mmol/L Na2B4O7 çözeltisi: 760 mg Na2B4O7 DOÕQÕS� ELU�PLNWDU� G�� VXGD�

o|]�O�U��6RQ�KDFLP�����PO¶\H�WDPDPODQÕU�� 
b. 0,1 mol/L NaNO2: 69 mg NaNO2 bir miktar Na2B4O7 çözeltisi içerisinde 

çözülür. Son hacim Na2B4O7 LOH� ���� P/� \H� WDPDPODQÕU�� d|]HOWLQLQ� QLWULW�
NRQVDQWUDV\RQX����PPRO�/¶GLU��%XQGDQ�oDOÕúPD�LoLQ�GLO�V\RQODU�\DSÕOÕU��� 
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10. NO3 6WDQGDUGÕ�� 102 mg KNO3 , bir miktar Na2B4O7 çözeltisinde 

çözüldükten sonra son hacim Na2B4O7 çözeltisi ile 100�PO¶\H� WDPDPODQÕU��d|]HOWLQLQ�
nitrat konsantrasyonu 10 mmol/L’dir.  

Not:�+HU�LNL�VWDQGDUW�o|]HOWL�GH�EX]GRODEÕQGD�PXKDID]D�HGLOLU�� 
Deneyin Prensibi: Deproteinize numunedeki nitrit, Griess reaksiyonuyla 

VDSWDQÕU� YH� ROXúDQ� NURPRIRU� PDGGHQLQ� DEVRUEDQVÕ� ���� Qm dalgaboyunda 

VSHNWURIRWRPHWULN�RODUDN�|Oo�O�U��$QFDN�QLWUDW�GR÷UXGDQ�|Oo�OHPHGL÷L� LoLQ��NDGPL\XP�
LOH� QLWULWH� LQGLUJHQGLNWHQ� VRQUD� |Oo�P�\DSÕOÕU��%X� LNLQFL� |Oo�P� ³WRWDO� QLWULW´�PLNWDUÕQÕ�
YHULU��1LWUDW�PLNWDUÕ�WRWDO�QLWULW�YH�GLUHNW�QLWULW�DUDVÕQGDNL�IDUNWDQ�KHVDSODQÕU�� 

Deproteinizasyon: 1XPXQHOHUGHQ� ���� PO� DOÕQÕS�� �]HULQH� ���� PO� 1D2+�
pipetlenir. Tüpler vortekslenir ve üzerine 2 ml ZnSO4 eklenir. Tüpler tekrar vortekslenir 

YH� ����[J¶GH� VDQWULI�M� HGLOHUHN� SURWHLQOHU� X]DNODúWÕUÕOÕU�� dDOÕúPD� LoLQ� �VWWHNL� EHUUak 

NÕVÕP�NXOODQÕOÕU�� 
*UDQ�OOHULQ� +D]ÕUODQPDVÕ�� .DGPL\XP� JUDQ�OOHUL� �� GHID� G�� VX� LOH� \ÕNDQÕU��

.XUXODQGÕNWDQ� VRQUD� &X624 çözeltisi eklenerek 1-�� GDNLND� YRUWHNVOHQLU�� � %DNÕUOD�
NDSODQDQ�JUDQ�OOHULQ�UHQNOHUL�VL\DKODúÕU��h]HUOHULQGHNL�VRO�V\RQ�G|N�O�U�YH�KD]ÕUODQPÕú�
RODQ� JOLVLQ� WDPSRQOD� �� NH]� \ÕNDQÕU� YH� NXUXODQÕU�� +D]ÕUODQDQ� JUDQ�OOHU� ��� GDNLND�
LoHULVLQGH�NXOODQÕOPDOÕGÕU�� 

%DNÕU�� NDGPL\XP� JUDQ�OOHULQLQ� \�]H\LQGH� LQGLUJHQLU� YH� J|]HQHNOL� ELU� PHWDOLN�
WDEDND�ROXúWXUXU��%X�WDEDND��NDGPL\XPGDQ�QLWUDWD�HOHNWURQ�WUDQVIHULQL�KÕ]ODQGÕUÕU�� 

NO3
- + H2O + Cd   Î  NO2

- + Cd+2 + 2OH- 

'HQH\LQ�<DSÕOÕúÕ 
1LWULW�YH�QLWUDW�DQDOL]OHUL�oDOÕúPD�úHPDODUÕQGD�D\UÕQWÕOÕ�RODUDN�J|VWHULOPLúWLU� 
1LWULW�dDOÕúPD�ùHPDVÕ 

 
Kör 

Numune Standart 1 

���PRO�/ 

Standart 2 
����PRO�/ 

Standart 3 

����PRO�/ 
Standart 4 

�����PRO�/ 

Distile Su 0,5mL - - - - - - - - - - - - - - - 

Plazma - - - 0,5mL - - - - - - - - - - - - 

Standart - - - - - - 0,5mL 0,5mL 0,5mL 0,5mL 

NaOH 2,5mL 2,5mL 2,5mL 2,5mL 2,5mL 2,5mL 

ZnSO4 2 mL 2 mL 2 mL 2 mL 2 mL 2 mL 
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7�SOHU� L\LFH� NDUÕúWÕUÕOÕU�� ����[J¶GH� ��� GDNLND� VDQWULI�M� HGLOLU�� 6�SHUQDWDQWODU�
*ULHVV�5HDNVL\RQXQGD�NXOODQÕOÕU�� 
 
Süpernatant 2mL 2mL 2mL 2mL 2mL 2mL 

NNDA 1mL 1mL 1mL 1mL 1mL 1mL 

Sülfanilamid 1mL 1mL 1mL 1mL 1mL 1mL 

 

Blank, numune ve standartlara ait süpernatanlar kendi tüplerine pipetlendikten 

VRQUD�UHDNWLIOHU��]HUOHULQH�HNOHQLU�YH�YRUWHNVOHQHUHN�NDUÕúPDODUÕ�VD÷ODQÕU�����GDNLND�RGD�
VÕFDNOÕ÷ÕQGD�LQN�EDV\RQD�EÕUDNÕOÕU��2OXúDQ�SHPEH�UHQNOL�NURPRIRU�PDGGHQLQ�DEVRUEDQVÕ�
VSHNWURIRWRPHWUHGH�����QP�GDOJDER\XQGD�N|UH�NDUúÕ�|Oo�Oür.  

 

 1LWUDW�dDOÕúPD�ùHPDVÕ 
 

Kör 

Numune Standart 1 

���PRO�/ 

Standart 2 
����PRO�/ 

Standart3 

����PRO�/ 
Standart4 

�����PRO�/ 

Distile Su 0,5mL - - - - - - - - - - - - - - - 

Plazma - - - 0,5mL - - - - - - - - - - - - 

Standart - - - - - - 0,5mL 0,5mL 0,5mL 0,5mL 

NaOH 2,5mL 2,5mL 2,5mL 2,5mL 2,5mL 2,5mL 

ZnSO4 2 mL 2 mL 2 mL 2 mL 2 mL 2 mL 

 
7�SOHU� L\LFH� NDUÕúWÕUÕOÕU�� ����[J¶GH� ��� GDNLND� VDQWULI�M� HGLOLU�� 'HSURWHLQL]H�

V�SHUQDWDQWODU�GHQH\GH�NXOODQÕOÕU� 
 

Süpernatant 1mL 1mL 1mL 1mL 1mL 1mL 

Tampon 1mL 1mL 1mL 1mL 1mL 1mL 

Kadmiyum 2,5-3 

gr 

2,5-3 gr 2,5-3 gr 2,5-3 gr 2,5-3 gr 2,5-3 gr 

 
.DGPL\XPOD����GDNLND�ER\XQFD�GHYDPOÕ�oDONDODPDN�VXUHWL\OH�UHG�NVL\RQ�LúOHPL�

JHUoHNOHúWLULUOLU��5HG�NWH�V�SHUQDWDQWODU��*ULHVV�UHDNVL\RQXQGD�NXOODQÕOÕU� 
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Süpernatant 2mL 2mL 2mL 2mL 2mL 2mL 

NNDA 1mL 1mL 1mL 1mL 1mL 1mL 

Sülfanilamid 1mL 1mL 1mL 1mL 1mL 1mL 

  

7�P�W�SOHU��L\LFH�NDUÕúWÕUÕOGÕNWDQ�VRQUD����GDNLND�RGD�VÕFDNOÕ÷ÕQGD�LQN�EDV\RQD�
EÕUDNÕOÕU�� 2OXúDQ� SHPEH� UHQJLQ� DEVRUEDQVÕ� VSHNWURIRWRPHWUHGH� N|UH� NDUúÕ� ���� QP�
dalgaboyunda ölçülür.  

6WDQGDUW�NRQVDQWUDV\RQODUÕ�RSWLN�GDQVLWHOHULQH�E|O�QHUHN�IDNW|U��)��WD\LQL�\DSÕOÕU��
2SWLN�GDQVLWHOHU�EX�IDNW|UOH�oDUSÕODUDN�QXPXQHGH�PHYFXW�QLWULW�PLNWDUODUÕ�KHVDSODQÕU� 

Hesaplama:  

 

 

 

Numunenin konsantrasyonu  =  F x Numunenin optik dansitesi 

(Q� D]� �o� IDUNOÕ� VWDQGDUW� NRQVDQWUDV\RQX� LoLQ� )� KHVDSODQÕU� YH� EX� GH÷HUOHULQ�
DULWPHWLN�RUWDODPDVÕ��QXPXQH�QLWULW�NRQVDQWUDV\RQODUÕQÕQ�EHOLUOHQPHVLQGH�NXOODQÕOÕU� 

3.4.2. Süperoksit Dismutaz (SOD) Aktivite Tayini 

.XOODQÕODQ�5HDNWLIOHU� 
1. 0.3 mmol/L ksantin: 9,13 mg ksantin bir miktar d. suda çözüldükten sonra 

VRQ�KDFLP�����PO¶\H�WDPDPODQÕU�� 
2. 0.6 mmol/L etilendiamin tetraasetik asit-2 Na tuzu (EDTA): 25 mg 

EDTA bir miktar d. suda çözüldükten sonra son hacim 100 ml’ye ile 

WDPDPODQÕU�� 
3. �����PRO�/�QLWUREOXHWHWrazolyum (NBT): 12,3 mg NBT bir miktar d. suda 

o|]�OG�NWHQ�VRQUD�VRQ�KDFLP�����PO¶\H�WDPDPODQÕU�� 
4. 400mmol/L Na2CO3:  2,54 gr Na2CO3 bir miktar d. suda çözüldükten sonra 

VRQ�KDFLP����PO¶\H�WDPDPODQÕU�� 
5. 1 g/L Bovin Serum Albumin (BSA): 30 mg BSA üzerine yaklDúÕN����P/�

VHUXP� IL]\RORMLN� �6)�� LODYH�HGLOLU��.|S�UWPHGHQ�DOW��VW�HGLOHUHN�NDUÕúWÕUÕOÕU��
%LU�JHFH�RGD�VÕFDNOÕ÷ÕQGD�EHNOH\HUHN�o|]�QPHVL�VD÷ODQÕU��6RQ�KDFLP�6)�LOH�
���P/¶\H�WDPDPODQÕU��.R\X�UHQNOL�úLúHGH����Û&¶WD�VDNODQÕU� 
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øON� EHú� o|]HOWLQLQ� \XNDUGD� EHOLUOHQHQ� PLNWDUODUÕ� NDUÕúWÕUÕODUDN� DVVD\� UHDNWLIL�
KD]ÕUODQÕU�� %X� UHDNWLI� WRSODP�����PO¶GLU��.R\X� UHQNOL� úLúHGH�� ��� Û&¶WD� VDNODQÕU��$oÕN�
VDPDQ�VDUÕVÕ�UHQJLQ��PDYL\H�G|Q�úPHVL�UHDNWLILQ�ER]XOGX÷XQD�LúDUHW�HGHU� 

6. 2 mol/L (NH4)2SO4: 2,64 gr (NH4)2SO4 DOÕQÕS����PO�G. suda çözülür.  

7. 167 U/L Ksantin Oksidaz (XO):� ��� �/� ;2� DOÕQÕS� �]HULQH�� �� PRO�/¶OÕN�
(NH4)2SO4 çözeltisinden 1 mL eklenir. Tüp birkaç kez altüst edilerek 

NDUÕúWÕUÕOÕU��(Q]LP�o|]HOWLVL�oDOÕúPD�HVQDVÕQGD�KD]ÕUODQPDOÕGÕU�� 
8. 0.8 mmol/L CuCl2: 10,8 mg CuCl2 bir miktar d. suda çözüldükten sonra son 

KDFLP�����PO¶\H�G�VX�LOH�WDPDPODQÕU��%X�o|]HOWL�RGD�VÕFDNOÕ÷ÕQGD�X]XQ�V�UH�
GD\DQÕNOÕGÕU�� 

Deneyin Prensibi: 62'� DNWLYLWHVL�� 6XQ� YH� DUN�� WDUDIÕQGDQ� WDQÕPODQDQ� ��������
'XUDN�YH�DUN��WDUDIÕQGDQ�PRGLIL\H�HGLOHQ��������1%7�LQGLUJHQPHVL�\|QWHPL\OH�oDOÕúÕOGÕ��
5HDNWLI� LoHULVLQGH� EXOXQDQ� NVDQWLQ�� NVDQWLQ� RNVLGD]� WDUDIÕQGDQ� KLSRNVDQWLQH�
RNVLWOHQLUNHQ� RUWD\D� oÕNDQ� V�SHURNVLW� UDGLNDOL� QXPXQHGH� PHYFXW� 62'� LoLQ� VXEVWUDW�
görevi görürür. Ortamda bulunan süperoksit radikali NBT’yi oksitleGL÷L�LoLQ�PDYL�UHQNOL�
IRUPD]DQ� ROXúXU�� .|U�Q� LoHULVLQGH� 62'� EXOXQPDGÕ÷Õ� LoLQ�� W�P� 1%7� RNVLWOHQLU�� %X�
QHGHQOH� N|U�Q� DEVRUEDQVÕ�� QXPXQHOHULQ� DEVRUEDQVODUÕQGDQ� \�NVHNWLU�� 1XPXQHGH� QH�
NDGDU�oRN�62'�PHYFXWVD�1%7�RNVLGDV\RQX�R�NDGDU�ID]OD�HQJHOOHQHFH÷L�LoLQ��HQ]imatik 

UHDNVL\RQ�VRQXFX�RUWD\D�oÕNDQ�UHQN�GH�R�NDGDU�DoÕN�ROXU�� 
1XPXQH�+D]ÕUODPD� 
+RPRMHQDW�VDQWULI�M�HGLOLU��6XSHUQDWDQW������Y�Y��RUDQÕQGD�NORURIRUP�HWDQRO�������

Y�Y�� NDUÕúÕPÕ� LoHULVLQGH�� YRUWH[OHQLS� ��� GN� ����[J� GH� VDQWULI�M� HGLOLU�� hVWWHNL� HWDQRO�
ID]ÕQGDQ�DOÕQDQ�QXPXQHOHU�GHQH\GH�NXOODQÕOÕU�� 
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62'�dDOÕúPD�ùHPDVÕ 
 Kör Numune 

Substrat solusyonu 2,85ml 2,85 ml 

Koloroform-HWDQRO�HNVWUDNWÕ - - - 100ul 

Bidistile su 100uL - - - 

XO (167 Ü/L) 50uL 50 u/L 

7�SOHU�RGD�VÕFDNOÕ÷ÕQGD����GDNLND�LQN�EH�HGLOLU� 
CuCl2 1 ml 1 ml 

 

'LVWLOH�VX\D�NDUúÕ�N|UGHQ�EDúODQÕODUDN�����QP�GDOJDER\XQGD�RNXQXU�� 
62'�DNWLYLWHVLQLQ�KHVDSODQPDVÕ 
Bir SOD Ünitesi�� 1%7� UHG�NVL\RQXQX� �� ��� RUDQÕQGD� LQKLEH� HGHQ� HQ]LP�

aktivitesidir. 

% inhibisyon = [(Akör - Anumune) / Akör ] x 100 

Akör: Kör�Q�DEVRUEDQVÕ 
Anumune��1XPXQHQLQ�DEVRUEDQVÕ 
Aktivite (Ü/ml) =  [ (% inhibisyon/50) x (1/0.1) ] mL 

Spesifik Aktivite (Ü/mg protein) = [Ü/mL/mg/mL protein].  

3.4.3. Katalaz (CAT) Aktivite Tayini 

.XOODQÕODQ�5HDNWLIOHU�  
a) 0.05 mol/L Fosfat tamponu (pH=7.0)  

b) %30’luk H2O2 çözeltisi 

Substrat Çözeltisi������P/�IRVIDW�WDPSRQX�LoHULVLQH�\DNODúÕN������/����¶OXN�
H2O2�o|]HOWLVL�HNOHQLU��%X�o|]HOWLQLQ����QP�GDOJD�ER\XQGD�GLVWLOH�VX\D�NDUúÕ�DEVRUEDQVÕ�
0.500- 0.600 nm dir. 

Deney Prensibi: Katalaz enzim aktivite tayini Aebi yöntemine göre (126) 

\DSÕOGÕ�� 1XPXQHGH� PHYFXW� NDWDOD]� HQ]LPL� VXEVWUDWWDNL� +2O2’yi su ve oksijene 

SDUoDODPDNWDGÕU�� %X� GXUXP� VSHNWURIRWRPHWUHGH� ���� QP� XY� GDOJDER\XQGD� DEVRUEDQV�
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D]DOPDVÕQD� QHGHQ� ROPDNWDGÕU�� $EVRUEDQV� D]DOPDVÕ� GRNXGD� PHYFXW� HQ]LP�PLNWDUÕ ile 

GR÷UX�RUDQWÕOÕGÕU�� 
'HQH\LQ�<DSÕOÕúÕ��.|U�RODUDN�IRVIDW�WDPSRQX�NXOODQÕOGÕ�YH�VSHNWURIRWRPHWUHGH�

���� QP� GDOJDER\XQGD� VÕIÕU� D\DUÕ� \DSÕOGÕ�� +D]ÕUODQDQ� VXEVWUDWD�� QXPXQH� HNOHQHUHN�
NDUÕúWÕUÕOGÕNWDQ�VRQUD���GDNLND�ER\XQFD����VQ�DUDOÕNODUOD�DEVRUEDQV�D]DOPDVÕ�ND\GHGLOGL� 

.DWDOD]�dDOÕúPD�ùHPDVÕ 
 Kör Numune 

Fosfat tamponu 3 mL ------ 

Substrat Çözeltisi ------ 2.99 mL 

Numune ------ 0,01 mL 

 
Hesaplama 

Bir katalaz ünitesi: Birim zamanda bir mikromol H2O2’i su ve oksijene çeviren 

HQ]LP�PLNWDUÕGÕU� 
k = { [ 2.3 x log (OD1/OD2��@���ûW��VQ� 
k/gr protein = k / [ (g/mL protein) x 1000 ] 

N��UHDNVL\RQXQ�KÕ]�VDELWLGLU� 

3.4.4. TBARS Tayini 

.XOODQÕODQ�5HDNWLIOHU� 
1. % 0.37 TBA çözeltisi: 0,25 mol/L HCl içerisinde, 3.7 g/L tiyobarbitürik asit 

�7%$��o|]�O�U�������PO�+&O�DOÕQÕU�YH����¶\H�G�VX�LOH�WDPDPODQÕU��%XQXQ����
ml’sine 18.5 mg TBA eklenir. 

2. % 15 TCA çözeltisi: 0,25 mol/L HCl içerisinde %15’lik triklorasetikasit 

�7&$��KD]ÕUODQÕU��+&O�o|]HOWLVLQLQ�����PO¶VLQH������JU��7&$�HNOHQLU� 
3. 20 mmol/L stok standart: 1,1,3,3 tetrametoksiSURSDQ�VWDQGDUW�KD]ÕUODPDGD�

NXOODQÕOÕU�� ���� �O� �������� WHWUDPHWRNVLSURSDQ� DOÕQÕU� YH� HWDQROOH� ���� PO¶\H�
WDPDPODQÕU��%X�o|]HOWL����PPRO�/�NRQVDQWUDV\RQD�VDKLSWLU��%X]GRODEÕQGD����
D\� VDNODQDELOLU�� dDOÕúPD� J�Q�� EXQGDQ� ��� �PRO�/�� ��PRO�/�� �� �PRO�/��
��PRO�/����PRO�/�����PRO�/�YH������PRO�/¶OLN�VWDQGDUW�o|]HOWLOHU�KD]ÕUODQÕU� 

Deney Prensibi: 1XPXQH� LoLQGH� PHYFXW� 0'$� YH� GL÷HU� WL\REDUELW�ULN� DVLWOH�
UHDNVL\RQD� JLUHQ� ELOHúLNOHU� �7%$56��� DVLW� RUWDPGD� 7%$� LOH� ÕVÕWÕOPDVÕ� VRQXFX� SHPEH�
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UHQNOL� NURPRMHQ� ROXúWXUXU�� 3HPEH� UHQJLQ� úLGGHWL�� QXPXQH� NRQVDQWUDV\RQX� LOH� GR÷UX�
RUDQWÕOÕGÕU������� 

'HQH\LQ� <DSÕOÕúÕ�� 9LGD� NDSDNOÕ� W�SOHUH� QXPXQH� EODQN� YH� VWDQGDUWODU� HNOHQLU��
üzerlerine�7&$�YH�7%$�LODYH�HGLOLU�L\LFH�NDUÕúWÕUÕOGÕNWDQ�VRQUD�W�SOHULQ�NDSDNODUÕ�VÕNÕFD�
NDSDWÕOÕU�� .D\QDU� VX� EDQ\RVXQGD� ��� GDNLND� LQN�EH� HGLOLU�� 6X� EDQ\RVXQGDQ� oÕNDUWÕOÕS�
VR÷XN� PXVOXN� VX\X� DOWÕQGD� VR÷XWXOXU�� +HU� W�SH� �� P/� Q-bütanol pipetlenir, iyice 

vortekslenir. 2000xg’de 10 dakika santrifüj edilir. 535 nm  dalgaboyunda n-bütanole 

NDUúÕ� V�SHUQDWDQWODUÕQ� DEVRUEDQVODUÕ� RNXQXU�� 6WDQGDUWODUÕQ� NRQVDQWUDV\RQODUÕQÕQ�
DEVRUEDQVODUÕQD� E|O�QPHVL\OH� HOGH� HGLOHQ� IDNW|U� NXOODQÕODUDN� QXPXQHOHULQ� 7%$56�
PLNWDUODUÕ�KHVDSODQÕU� 

 Numune Blank Standart 

����PRO�/ 

Standart 

���PRO�/ 

Standart 

���PRO�/ 

Standart 

���PRO�/ 

Numune 250 µL --- --- --- --- --- 

Distile Su --- 250 µL --- --- --- --- 

Standart --- --- 250 µL 250 µL 250 µL 250 µL 

TBA 0,5 mL 0,5 mL 0,5 mL 0,5 mL 0,5 mL 0,5 mL 

TCA 1,5 mL 1,5 mL 1,5 mL 1,5 mL 1,5 mL 1,5 mL 

3.4.5. Redükte Glutatyon Tayini 

.XOODQÕODQ�5HDNWLIOHU 
1. % 10’luk triklorasetik asit (TCA): 10 gr TCA, 100 ml distile suda çözülür. 

2. %1’lik trisodyum sitrat: ����PJ¶Õ����P/�G��VXGD�o|]�O�U� 
3.  5,5’-Dittiyobis 2-nitrobenzoik asit (DTNB) çözeltisi: 4 mg DTNB 10 mL 

%1’lik trisodyum sitrat içerisinde çözülür. 

4. 0.3 mol/L Na2HPO4: 4,25 gr Na2HPO4 100 ml d.suda çözülür. 

Deneyin Prensibi: Glutatyon analizinde Ellman PHWRGX� NXOODQÕOGÕ� (128). Bu 

\|QWHP�RUWDPGD�PHYFXW�*6+¶ÕQ�'71%�LOH�UHDNVL\RQXQGDQ�ROXúDQ�VDUÕ-\HúLOLPVL�UHQJLQ�
����QP�GDOJD�ER\XQGD�NL�DEVRUEVL\RQXQXQ�|Oo�P��HVDVÕQD�GD\DQÕU.  

'HQH\LQ� \DSÕOÕúÕ�� (úLW� KDFLPGH� 7&$� YH� KRPRMHQDW� W�SOHUH� SLSHWOHQLS� L\LFH�
YRUWHNVOHQLU�����GN�����[J¶GH�VDQWULI�M�HGLOHUHN��SURWHLQ�o|NHOWLVL�X]DNODúWÕUÕOÕU��hVWWHNL�
EHUUDN� NÕVÕP� 1D2HPO4� YH� '71%� o|]HOWLOHUL\OH� NDUÕúWÕUÕOÕU�� �� GDNLND� øQN�EDV\RQ�
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DUGÕQGDQ� DoÕ÷D� oÕNDQ� VDUÕ-\HúLO� UHQJLQ� DEVRUEDQVÕ� VSHNWURIRWRPHWUHGH� ���� QP�
GDOJDER\XQGD� N|UH� NDUúÕ� RNXQXU�� 6WDQGDUWODUÕQ� NRQVDQWUDV\RQODUÕQÕQ� DEVRUEDQVODUÕQD�
E|O�QPHVL\OH�HOGH�HGLOHQ�IDNW|U�NXOODQÕODUDN�QXPXQHOHULQ�*6+�PLNWDUODUÕ�KHVDSODQÕU�� 
 Kör Numune Standartlar 

Süpernatan --- �����/ --- 

Standartlar --- --- �����/ 

Na2HPO4 ������/ ������/ ������/ 

DTNB �����/ �����/ �����/ 

d.su �����/ --- --- 

 

3.4.6. GPx Aktivite Tayini 

.XOODQÕODQ�5HDNWLIOHU 

����)RVIDW�7DPSRQ����PPRO�/�('7$¶OÕ��� 
a- 50 mmol/L Na2HPO4: 7.1 gr Na2HPO4�DOÕQÕU��ELU�PLNWDU�GLVWLOH�VXGD�

o|]�OG�NWHQ�VRQUD�ELU�OLWUH\H�WDPDPODQÕU� 
b- 50 mmol/L KH2PO4: ����JU�.+�32��DOÕQÕU��ELU�PLNWDU�GLVWLOH�VXGD�

o|]�OG�NWHQ�VRQUD�ELU�OLWUH\H�WDPDPODQÕU�� 
dDOÕúPD�WDPSRQXQX��S+������KD]ÕUODPDN�LoLQ������P/�D�YH�����P/�b çözeltileri 

LoHULVLQH��������JU�('7$�LODYH�HGLOLU�YH�NDUÕúWÕUÕOÕU�� 
1. 150 mmol/L GSH: ���� PJ� *6+� DOÕQÕU�� VRQ� KDFLP� �� P/� RODFDN� úHNLOGH�

('7$¶OÕ� IRVIDW� WDPSRQXQGD� o|]�O�U�� dDOÕúPDQÕQ� KHPHQ� |QFHVLQGH�
KD]ÕUODQÕU� 

2. 3 mmol/L NADPH: ���PJ�1$'3+�DOÕQÕU����P/�('7$¶OÕ� IRVIDW� WDPSRQX�
LoHULVLQGH�NXODQÕPGDQ�KHPHQ�|QFH�o|]�O�U�� 

3. 1 mol/L NaN3: 65 mg NaN3�DOÕQÕU��6RQ�KDFLP���P/�RODFDN�úHNLOGH�('7$¶OÕ�
IRVIDW�WDPSRQX�LoLQGH�o|]�O�U��dDOÕúPDQÕQ�KHPHQ�|QFHVLQGH�KD]ÕUODQÕU� 

4. GSH redüktaz: ��� PJ� HQ]LP� DOÕQÕU�� � ���� PRO�/� DPRQ\XP� V�lfat içinde 

o|]�O�U��dDOÕúPDQÕQ�KHPHQ�|QFHVLQGH�KD]ÕUODQÕU� 
5. 50 mmol/L H2O2: ����/�+2O2� DOÕQDUDN����P/�('7$¶OÕ� IRVIDW� WDPSRQXQD�

pipetlenir. 
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Deneyin Prensibi: *OXWDW\RQ�SHURNVLGD]��KLGURSHURNVLWOHULQ� VX\D�G|Q�ú�P�Q��
katalizlerken, redükte glutatyon da yükseltgenir. Yükseltgenen glutatyon, tekrar 

NXOODQÕOPDN��]HUH�JOXWDW\RQ�UHG�NWD]��YH�1$'3+�YDUOÕ÷ÕQGD�LQGLUJHQLU��*3[�DNWLYLWHVL�
1$'3+¶LQ�1$'3¶\H� \�NVHOWJHQPHVL� VÕUDVÕQGDNL� DEVRUEDQV� D]DOPDVÕQÕQ� ND\GHGLOPH-
siyle belirlenir (129). 

 *3[�dDOÕúPD�ùHPDVÕ 
 Kör Numune 

Fosfat Tampon 2,65 mL 2,65 mL 

GSH 0,10 mL 0,10 mL 

NADPH 0,10 mL 0,10 mL 

GSH redüktaz 0,01mL 0,01mL 

NaN3 0,01 mL 0,01 mL 

Numune _______ 0,02 mL 

D. Su 0,02 mL ______ 

7�SOHU�RGD�VÕFDNOÕ÷ÕQGD�����GDNLND�LQN�EH�HGLOLU� 
H2O2 0,10 mL 0,10 mL 

 

Üç dakika� ER\XQFD� ��� VDQL\HOLN� DUDOÕNODUOD� ���� QP¶GH� DEVRUEDQV� GH÷LúLPL�
ND\GHGLOLU�� $EVRUEDQV� D]DOPDVÕQÕQ� OLQHHU� ROGX÷X� ELU� GDNLNDOÕN� ]DPDQ� GLOLPLQGHNL�
D]DOPD�PLNWDUÕ��HVDV�DOÕQDUDN�KHVDSODPD�\DSÕOÕU� 

Hesaplama 

1 Ünite: Bir dakikada okside edilen NADPH’in mikromol FLQVLQGHQ�PLNWDUÕGÕU� 
            ¨�$�W�[�9W�[���6 
Ü/L ( mikromol/dk/L) =  _____________________ 

            E x Vs X L 

E  �1$'3+¶ÕQ�HNVWLQNVL\RQ�VDELWL������[���3 L.  mol-1 . cm-1 ) 

Vt = total reaksiyon volümü (mL) 

Vs = total reaksiyon içindeki numune volümü (mL) 

L� �.�YHW�oDSÕ����FP� 
¨�$�W�� �'DNLNDGDNL�DEVRUEDQV�GH÷LúLPL 
106 = molü mikromole çevrim sabiti 
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3.4.7. Protein Tayini 

.XOODQÕODQ�5HDNWLIOHU 

Coomassie Blue G: 3URWHLQ�WD\LQLQGH�%UDGIRUG�\|QWHPLQGHQ�\DUDUODQÕOGÕ��������
����PJ�&RRPDVVLH�%OXH�*�DOÕQÕU, 50 mL metanolde çözülür. Bu solüsyona 100 mL (% 

85’lik) fosforik asit H2P04� LODYH� HGLOLU� YH� KDFLP� ����P/¶H� GLVWLOH� VX� LOH� WDPDPODQÕU��
6RO�V\RQ�NR\X�NÕUPÕ]Õ� UHQNOLGLU��.R\X�UHQNOL�úLúHGH������&¶WD�X]XQ�V�UH�GD\DQÕNOÕGÕU��
.XOODQÕODFD÷Õ�]DPDQ���KDFLP�VRO�V\RQ��\DNODúÕN���KDFLP�GLVWLOH�VX�LOH�VH\UHOWLOLU��� 

6WDQGDUW�o|]HOWLVL�RODUDN�NXOODQÕOPDN��]HUH��ODERUDWXDUÕPÕ]GD�PHYFXW�WRWDO�
SURWHLQ�NDOLEUDW|U��������YH������RUDQÕQGD�VH\UHOWLOGL�YH�IDNW|U�WD\LQL�\DSÕODUDN�SURWHLQ�
PLNWDUÕ�KHVDSODQPDVÕQGD�NXOODQÕOGÕ��$UDúWÕUPDPÕ]GD�%UDGIRUG�\|QWHPL�ODERUDWXDUÕPÕ]GD�
PHYFXW�2O\PSXV�$8�����RWRDQDOL]|U�QH�DGDSWH�HGLOHUHN�oDOÕúÕOGÕ�� 

3.4.8. ALP, AST ve ALT Tayinleri 

ALP; tampon olarak dietanol amin tamponun ve substrat olarak 

SDUDQLWURIHQLOIRVIDWÕQ�NXOODQÕOGÕ÷Õ��NLQHWLN�NRORULPetrik GSSC (German Society for 

&OLQLFDO�&KHPLVWU\��\|QWHPLQH�J|UH�oDOÕúÕOPÕúWÕU� 
AST ve ALT; tampon olarak tris tamponun ve koenzim olarak piridoksal 

IRVIDWÕQ�NXOODQÕOGÕ÷Õ��,)&&��,QWHUQDWLRQDO�)HGHUDWLRQ�IRU�&OLQLFDO�&KHPLVWU\��WDUDIÕQGDQ�
önerilen kinetik HQ]LPDWLN�XY�PHWRGODUOD�oDOÕúÕOPÕúWÕU� 

3.5��øVWDWLVWLNVHO�$QDOL]OHU 

øVWDWLVWLNVHO� GH÷HUOHQGLUPHOHU� 6366� ����� SURJUDPÕ� LOH� \DSÕOGÕ�� 7�P� VRQXoODU�
RUWDODPD� �� VWDQGDUW� VDSPD� �6'�� úHNOLQGH� LIDGH� HGLOGL�� S������ GH÷HUOHUL� LVWDWLVWLNVHO�
DQODPOÕOÕN�VÕQÕUÕ�RODUDN�NDbul edildi.  

Sonuçlar one-way ANOVA ile analiz edildi. ANOVA’da istatistiksel olarak 

DQODPOÕ� EXOXQDQ� VRQXoODU� 3RVW-KRF� NDUúÕODúWÕUPDGDQ� |QFH�/HYHQH� WHVWL� LOH� KRPRMHQLWH�
DQDOL]L�\DSÕOGÕ��+RPRMHQ�EXOXQDQ�JUXSODUD�7XNH\�WHVWL�KRPRMHQ�ROPD\DQ�YHUL�JUXSODUÕQD�
TDPKDQH�WHVWL�X\JXODQGÕ� 
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4. BULGULAR 

4.1 Serum ALP, ALT ve AST düzeyleri  

$67� EDNÕPÕQGDQ� 6DUÕPVDN� JUXEXQGD�� $ONRO� JUXEXQD� J|UH� LVWDWLVWLNVHO� RODUDN�
DQODPOÕ� DUWÕú� PHYFXWWXU�� $/3� YH� $/7� DoÕVÕQGDQ� JUXSODU� DUDVÕQGD� DQODPOÕ� IDUN�
VDSWDQDPDPÕúWÕU� 

 

�
���
���
���
���
���
���
���

.RQWURO $ONRO 6DUPÕVDN 9LWDPLQ�( 0HODWRQLQ
*UXSODU

$N
WLY

LWH
��8

�/� $/3
$/7
$67

 
 

ùHNLO����.RQWURO�YH�GHQH\�JUXSODUÕQÕQ�VHUXP�$/3��$/7�YH�$67�G�]H\OHUL 
  * : $ONRO�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU���S� ������� 

4.2. Serum TBARS düzeyleri 

6ÕoDQ�VHUXPODUÕQGD�7%$56�G�]H\OHUL�DUDVÕQGD�DQODPOÕ�IDUN�VDSWDQPDPÕúWÕU� 

���
���
���
���
���

����
����
����

.RQWURO $ONRO 6DUPÕVDN 9LWDPLQ�( 0HODWRQLQ
*UXSODU

7%
$5

6��
QP

RO�
P/

�

 ùHNLO����6ÕoDQ�VHUXPODUÕ�7%$56�G�]H\OHUL� 
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4.3. Serum NO düzeyleri 

            6ÕoDQ�VHUXP�12�G�]H\OHUL�DUDVÕQGD�DQODPOÕ�ELU�IDUN�VDSWDQPDPÕúWÕU� 
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.RQWURO $ONRO 6DUPbVDN 9LWDPLQ�( 0HODWRQLQ
**UUXXSOSODDUU
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 ùHNLO����6ÕoDQ�VHUXPODUÕ�12�G�]H\OHUL� 

�����.DUDFL÷HU�7%$56 düzeyleri 

6ÕoDQODUÕQ� NDUDFL÷HU� GRNXODUÕ� 7%$56� G�]H\OHUL�� DONRO� YH� VDUÕPVDN� DODQ�
JUXSODUGD�9LWDPLQ�(�YH�0HODWRQLQ�DODQ�JUXSODUD�J|UH�DQODPOÕ�DUWÕú�J|VWHUPLúWLU� 
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**UUXXSOSODDUU

77

%

$

%

$

5

6

�

5

6

�

��

QQ

PP

R

O

R

O

��

JJ

��

GG

RR

N

X

N

X

��

 

ùHNLO����.DUDFL÷HU�GRNXODUÕQGD�7%$56�G�]H\OHUL 
* : Vitamin E gruEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��$ONRO�YH�VDUÕPVDN�JUXSODUÕ�LoLQ�S�GH÷HUOHUL�
VÕUDVÕ\OD��S �������YH�S ������� 
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# :�0HODWRQLQ�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��$ONRO�YH�VDUÕPVDN�JUXSODUÕ�LoLQ�S�GH÷HUOHUL�
VÕUDVÕ\OD��S �������YH�S ������� 

 

�����.DUDFL÷HU NO düzeyleri 

6ÕoDQ� NDUDFL÷HU�12� G�]H\OHUL� 6DUÕPVDN� YH� (� YLWDPLQL� DODQ� JUXSODUGD�.RQWURO�
JUXEXQD�J|UH�DQODPOÕ�DUWÕú�J|VWHUPLúWLU� 
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.RQWURO $ONRO 6DUPÕVDN 9LWDPLQ�( 0HODWRQLQ
*UXSODU

12
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 ùHNLO����.DUDFL÷HU�GRNXVX�12�G�]H\OHUL 
* : .RQWURO�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�J|VWHUHQ�JUXSODU�(p=0,034 ve  p= 0,034)   

�����.DUDFL÷HU�62'�$NWLYLWH�'�]H\OHUL 

6ÕoDQ� NDUDFL÷HULQGH� 62'� G�]H\OHUL� EDNÕPÕQGDQ� JUXSODU� DUDVÕQGD� DQODPOÕ� IDUN�
yoktur. 
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.RQWURO $ONRO 6DUPÕVDN 9LWDPLQ�( 0HODWRQLQ
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 ùHNLO����.DUDFL÷HU�GRNXVX�62'�G�]H\OHUL 
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�����.DUDFL÷HU�&$7�$NWLYLWH�'�]H\OHUL 

6ÕoDQ� NDUDFL÷HU� &$7� G�]H\OHUL� \|Q�QGHQ� JUXSODU� DUDVÕQGD� DQODPOÕ� IDUN�
EXOXQDPDPÕúWÕU� 
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.RQWURO $ONRO 6DUPÕVDN 9LWDPLQ�( 0HODWRQLQ
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 ùHNLO����.DUDFL÷HU�GRNXVX�&$7�G�]H\OHUL 
 

�����.DUDFL÷HU�*3[�$NWLYLWH�'�]H\OHUL 

0HODWRQLQ� YH� YLWDPLQ� (� DODQ� JUXSODUGD�� NDUDFL÷HU� *3[� G�]H\OHUL� alkol ve 

6DUÕPVDN�DODQ�JUXSODUD�J|UH�DQODPOÕ�DUWÕú�J|VWHUPLúWLU�� 
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 ùHNLO����.DUDFL÷HU�GRNXVX�*3[�G�]H\OHUL 
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* : $ONRO�YH�6DUÕPVDN�JUXSODUÕQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU���S �������YH�S ������� 
# : $ONRO�YH�6DUÕPVDN�JUXSODUÕQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU���S �������YH�S ������� 

 

�����.DUDFL÷HU�*6+�G�]H\OHUL 

0HODWRQLQ� YH� YLWDPLQ�(� DODQ� JUXSODUÕQ�*6+�G�]H\OHUL� 6DUÕPVDN�JUXEXQD�J|UH�
DQODPOÕ�D]DOPD�J|VWHUPLúWLU��$\UÕFD�YLWDPLQ�(�JUXEX�*6+�G�]H\L�NRQWURO�JUXEXQD�J|UH�
GH�DQODPOÕ�D]DOPD�J|VWHUPLúWLU� 

����
����
����
����
����
����
����
����
����
����

.RQWURO $ONRO 6DUPÕVDN 9LWDPLQ�( 0HODWRQLQ
*UXSODU

*6
+��

PL
NUR

PR
O�J

��G
RN

X�

 ùHNLO����.DUDFL÷HU�GRNXVX�*6+�G�]H\OHUL 
e: .RQWURO�YH�6DUÕPVDN�JUXSODUÕQD�J|UH�DQODPOÕ�D]DOPD�PHYFXWWXU���S �������YH�S ��������

                 : 6DUÕPVDN�JUXEXQD�J|UH�DQODPOÕ�D]DOPD�PHYFXWWXU���S ������� 
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7DEOR����6ÕoDQ�VHUXP�SDUDPHWUHOHUL�JUXS�RUWDODPDODUÕ 
 

 

ANOVA 

 

PARAMETRELER 

 

KONTROL 

 

 

ALKOL 

 

 

SARIMSAK 

 

 

(�9ø7$0ø1ø 
 

 

0(/$721ø1 

 F P 

ALP 473,4+ 123,4 

(n=7) 

453,6+ 95,4 

(n=8) 

477,1+ 104,0 

(n=8) 

403,5+107,5 

(n=6) 

406,0+81,7 

(n=7) 

0,837 0,512 

ALT 42,7+8,5 

(n=7) 

33,4+3,0 

(n=8) 

38,2+ 8,1 

(n=8) 

30,2+4,2 

(n=8) 

41,1+9,9 

(n=8) 

4,096 0,008 

AST 80,6+13,8 

(n=6) 

70,5+8,2 

(n=8) 

92,9+15,9a 

(n=7) 

82,0+7,7 

(n=8) 

78,6+6,8 

(n=8) 

4,140 0,008 

NO 7,5+1,4 

(n=7) 

7,0+1,2 

(n=8) 

6,3+1,0 

(n=8) 

7,4+2,0 

(n=7) 

7,4+1,2 

(n=8) 

0,940 0,453 

TBARS 9,2+0,9 

(n=8) 

9,0+0,8 

(n=8) 

9,2+0,8 

(n=8) 

10,0+0,9 

(n=8) 

10+1,5 

(n=7) 

1,852 0,142 

a : $ONRO�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��3 ������ 
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7DEOR����6ÕoDQ�NDUDFL÷HU�GRNX�KRPRMHQDWODUÕ�DQDOL]�SDUDPHWUHOHUL�JUXS�RUWDODPDODUÕ 
ANOVA 

)�GH÷HUOHUL 
 

PARAMETRELER 

 

KONTROL 

 

ALKOL 

 

SARIMSAK 

 

(�9ø7$0ø1ø 
 

0(/$721ø1 

F P 

GSH 6,0+1,3 

(n=6) 

4,7+1,2 

(n=7) 

6,6+1,8 

(n=7) 

3,1+1,3b 

(n=7) 

4,0+1,9c 

(n=8) 

6,040 0,001 

NO 189,6+ 19,5 

(n=8) 

185,0+14,3 

(n=8) 

207,8+23,8d 

(n=8) 

208,7+21,9d 

(n=7) 

195,9+9,5 

(n=8) 

3,860 0,011 

TBARS 91,0+10,2 

(n=8) 

104,1+13,8 e,  f 

(n=8) 

102,3+8,9 e,  f 

(n=8) 

81,0+ 4,26 

(n=7) 

84,3+5,9 

(n=7) 

6,655 0,000 

SOD 4,6+0,2 

(n=8) 

4,7+0,1 

(n=7) 

4,6+0,2 

(n=8) 

4,4+0,3 

(n=8) 

4,6+0,2 

(n=7) 

1,645 0,186 

CAT 1,4+0,1 

(n=8) 

1,2+0,1 

(n=8) 

1,3+0,2 

(n=8) 

1,1+0,3 

(n=7) 

1,3+0,2 

(n=7) 

1,957 0,124 

GPx 13,9+0,6 

(n=7) 

13,1+1,4 

(n=8) 

12,6+1,8 

(n=8) 

15,5+1,2g, h 

(n=8) 

15,4+0,8g, h 

(n=8) 

8,702 0,000 

b : .RQWURO�YH�VDUÕPVDN�JUXSODUÕQD�J|UH�DQODPOÕ�D]DOPD�PHYFXWWXU��6ÕUDVÕ\OD�S �������YH�p= 0,002 
c : 6DUÕPVDN�JUXEXQD�J|UH�DQODPOÕ�D]DOPD�PHYFXWWXU��S ������ 
d : Kontrol JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��6DUÕPVDN�YH�YLWDPLQ�(�JUXSODUÕQÕQ�KHU�LNLVL�LoLQ�GH�S ������ 
e : 9LWDPLQ�(�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��$ONRO�YH�VDUÕPVDN�JUXSODUÕ�LoLQ�VÕUDVÕ\OD�S �������YH�S ������ 
f : 0HODWRQLQ�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��$ONRO�YH�VDUÕPVDN�JUXSODUÕ�LoLQ�VÕUDVÕ\OD�S �������YH�S ������ 
g : $ONRO�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��(�YLWDPLQL�YH�PHODWRQLQ�JUXSODUÕ�LoLQ�VÕUDVÕ\OD�S ���005 ve p= 0,008 

      h : 6DUÕPVDN�JUXEXQD�J|UH�DQODPOÕ�DUWÕú�PHYFXWWXU��(�YLWDPLQL�YH�PHODWRQLQ�JUXSODUÕ�LoLQ�VÕUDVÕ\OD�S �������YH�S ������ 
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7DEOR����dDOÕúÕODQ�WHVW�SDUDPHWUHOHULQLQ�S�GH÷HUOHUL 

GRUPLAR ALP ALT AST s. NO s.TBARS dGSH dNO dTBARS d. SOD d.CAT d. GPx 

Kontrol-Alkol 0,996 0,235 0,419 0,982 0,994 0,563 0,970 0,202 0,936 0,500 0,777 

Kontrol-6DUÕPVDN 1,000 0,978 0,272 0,503 1,000 0,956 0,034 0,341 1,000 0,958 0,311 

Kontrol-Vitamin E 0,740 0,067 0,999 1,000 0,492 0,015 0,034 0,830 0,519 0,114 0,118 

Kontrol-Melatonin 0,737 1,000 0,997 1,000 0,539 0,133 0,412 0,665 0,985 0,989 0,153 

Alkol-6DUÕPVDN 0,991 0,792 0,003 0,805 0,996 0,173 0,133 0,998 0,948 0,884 0,921 

Alkol-Vitamin E 0,894 0,696 0,229 0,986 0,273 0,307 0,128 0,020 0,169 0,876 0,005 

Alkol-Melatonin 0,897 0,489 0,563 0,994 0,315 0,888 0,785 0,933 0,999 0,813 0,008 

6DUÕPVDN-Vitamin E 0,679 0,275 0,312 0,528 0,461 0,002 1,000 0,043 0,490 0,367 0,001 

6DUÕPVDN-Melatonin 0,672 1,000 0,103 0,564 0,508 0,020 0,701 0,989 0,990 1,000 0,001 

Vitamin E-

Melatonin 

1,000 0,163 0,969 1,000 1,000 0,799 0,666 0,151 0,269 0,303 1,000 

s: serum 

G��GRNX�KRPRMHQDWÕ 
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���7$57,ù0$ 

.DUDFL÷HU� KDVWDOÕNODUÕ�� NRQMHQLWDO�� JHQHWLN�� YLUDO�� LDWURMHQLN� YH� WRNVLN� ELU� oRN�
QHGHQH�ED÷OÕ�RODELOLU��7RNVLN�HWNHQOHUGHQ�ELU�WDQHVL�YH�HQ�\D\JÕQ�RODQÕ�DONROG�U� 

$ONRO�Q�HWDEROL]H�ROGX÷X�HQ�|QHPOL�RUJDQ�NDUDFL÷HU�ROGX÷X�LoLQ�]DUDUOÕ�HWNLOHUH�
HQ�ID]OD�PDUX]�NDODQ�RUJDQ�GD�NDUDFL÷HUGLU��$ONRO�Q�KDVDU�ROXúWXUPD�PHNDQL]PDODUÕQGD�
ELU�oRN�IDNW|U�Q�ELOHúLN�HWNL�\DSWÕ÷Õ�NDEXO�HGLOPHNWHGLU��$ONRO�NXOODQÕPÕQD�ED÷OÕ�RODUDN�
JHOLúHQ�]DUDUOÕ�HWNLOHU�EDVLW�ELU�\D÷ODQPDGDQ��KHSDWLW��VLUR]�YH�KHSDWRVHO�OHU�NDUVLQRPD�
NDGDU�GH÷LúHQ�E�\�N�IDUNOÕOÕNODU�DU]HGHELOLU��.XOODQÕODQ�DONRO�PLNWDUÕ��NXOODQÕP�V�UHVL��
JHQHWLN�\DWNÕQOÕNODU��EHVOHQPH�YH�\DúDP�WDU]Õ�LOH�LOJLOL�IDNW|UOHU�IDUNOÕ�VRQXoODUÕQ�RUWD\D�
oÕNPDVÕQGD�HWNLOL�RODELOLUOHU� 

$ONRO��]DUDUOÕ�HWNLOHULQL�HQ�oRN�RNVLGDQ�YH�DQWLRNVLGDQ�GHQJH\L�ER]DUDN�ROXúWXUXU��
$ONRO�Q�� DONRO� GHKLGURJHQD]OD� \ÕNÕOPDVÕ\OD� DVHWDOGHKLW� ROXúXU� YH� DVHWDOGHKLW�� DVHWDWD�
daha sonrD�GD�NDUERQGLRNVLW�YH�VX\D�NDGDU�\ÕNÕODELOLU��%X�UHDNVL\RQODU�VÕUDVÕQGD�1$'��
1$'+¶H� LQGLUJHQLU� YH� K�FUH� E�\�N� ELU� LQGLUJH\LFL� SRWDQVL\HOH� XODúÕU�� %X� GXUXP�
JOLNRQHRJHQH]GH� ER]XOPD\D� YH� PHWDEROL]PDQÕQ� NHWRJHQH]� YH� \D÷� DVLGL� VHQWH]LQH�
ND\PDVÕQD� QHGHQ� ROXU� ������ 1$'+� NHQGLVL� GR÷UXGDQ� RNVLMHQL� LQGLUJH\HPH]�� DQFDN�
HOHNWURQODUÕQÕ�PLWRNRQGL\DO�VROXQXP�VLVWHPLQH�YHUHUHN�RNVLMHQLQ�V�SHURNVLW�ROXúWXUPDN�
�]HUH� LQGLUJHQPHVLQL� VD÷ODU�� 1RUPDO� PHWDEROLN� NRúXOODUGD� 1$'¶QLQ� 1$'+¶H�
LQGLUJHQPHVL�VLWULN�DVLW�G|QJ�V�\OH�ED÷ODQWÕOÕ�YH�K�FUHQLQ�HQHUML�LKWL\DFÕQÕ�NDUúÕODPD\D�
\|QHOLN�NULWLN�|QHPH�VDKLS�ROD\GÕU�������� 

(WDQRO� PHWDEROL]PDVÕQGD� URO� R\QD\DQ� LNLQFL� IDNW|U� PLNUR]RPDO� HWDQRO� RNVLGH�
HGHQ�VLVWHP��0(26��GLU��(WDQRO�RNVLGDV\RQX�VÕUDVÕQGD�EX�VLVWHP�YH�|]HOOLNOH�VLWRNURP�
p450’nin� &<3�(�� L]RIRUPX� DNWLYH� ROGX÷XQGD�� � V�SHURNVLW� UDGLNDOL� �UHWLPL� YH�
GROD\ÕVÕ\OD�RNVLGDQ�VWUHV�DUWDU��� 

$ONRO�Q� RNVLGDV\RQX� VÕUDVÕQGD� �UHWLOHQ� DVHWDOGHKLG�� JHUHN� JOXWDW\RQ� JLEL�
DQWLRNVLGDQODUÕ� W�NHWHUHN�� JHUHNVH� LOHUL� RNVLGDV\RQD� X÷UD\ÕS� VHUEHVW� UDGLNDO� �UHWimini 

DUWWÕUDUDN� RNVLGDQ-DQWLRNVLGDQ� VLVWHP� GHQJHVLQL� ER]DU� YH� D\UÕFD� \DSÕVDO� \D� GD�
IRQNVL\RQHO� SURWHLQOHUOH� NRYDODQ� ED÷ODU� ROXúWXUDUDN� LPPXQ� \DQÕWÕ� WHWLNOHU� �����������
øPPXQ� \DQÕWWD� HWNLOL� RODQ� ELU� GL÷HU�PROHN�O� GH�� OLSLW� SHURNVLGDV\RQ� VRQ� �U�QOHULQGHQ�
maORQGLDOGHKLWWLU��0'$��DVHWDOGHKLWLQ�ED÷ODQPD�DIILQLWHVLQL����NDW�DUWWÕUÕU�YH�EX�QHGHQOH�
LPPXQ�FHYDS�ROXúWXUDELOHFHN�PROHN�OOHULQ��UHWLPL�KÕ]ODQÕU��������� 
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7�P� EX� ROD\ODU� VÕUDVÕQGD� NDUDFL÷HULQ� RNVLMHQ� W�NHWLPL� DUWDU� YH� VHQWULOREXOHU�
KLSRNVL�ROXúXU��%XQD�ED÷OÕ�RODUDN�GD��GHPLU�VDOÕQÕPÕQGD�DUWPD�YH�6-adenozil metionin 

�6$0�� G�]H\OHULQGH� D]DOPD� J|U�O�U�� 6$0� D]DOPDVÕ� *6+� VHQWH]LQGH� YH� *6+¶ÕQ�
PLWRNRQGUL� LoLQH� WDúÕQPDVÕQGD� D]DOPD\D� \RO� DoDU�� 6$0� D]DOPDVÕ� D\UÕFD��
proinflamatuvar ve sitotoksik sitokinleri indükleyerek oksidatif stresin daha da 

DUWPDVÕQD� QHGHQ� ROXU�� $ONROH� ED÷OÕ� RODUDN� KHSDWRVLWOHUGH� GHPLU� NRQVDQWUDV\RQXQXQ�
DUWPDVÕ� RNVLGDWLI� KDVDUÕ�� PDNURIDMODUGD� GHPLU� NRQVDQWUDV\RQXQXQ� DUWPDVÕ� GD� VLWRNLQ�
HNVSUHV\RQXQX�DUWWÕUÕU��7�P�EX�V�UHoOHU��ELUELULQL�WHWLNOH\HQ�Eir döngüye neden olur ve 

JHUL�G|Q�úO��HYUHOHU�DúÕOPDPÕúVD�DONRO�Q�NHVLOPHVL�LOH�NLúL�VD÷OÕ÷ÕQD�NDYXúDELOLU�������� 
$ONRO�DOÕPÕQÕQ�]DUDUOÕ�HWNLOHULQL�\RN�HWPHN�YH\D�HQ�D]ÕQGDQ�DVJDUL\H�LQGLUJHPHN�

LoLQ��ELU�oRN�DQWLRNVLGDQ�|]HOOLNOL�PDGGH��]HULQGH�DUDúWÕUPD�\DSÕOPÕúWÕU��%X�PDGGHOHULQ�
ED]ÕODUÕ�Y�FXWWD�VHQWH]OHQGL÷L�JLEL��ED]ÕODUÕ�GD�J�QO�N�\DúDPÕQ�ELU�SDUoDVÕ�RODQ�JÕGDODUGD�
EXOXQPDNWDGÕUODU��$QWLRNVLGDQ�|]HOOL÷L�DUDúWÕUÕODQ�PDGGHOHUGHQ�ED]ÕODUÕ��\HúLO�oD\��DORH�
YHUD�� JUH\IXUW�� �]�P�� VDUÕPVDN� YH� EXQODUGDQ� �UHWLOHQ� SUHSHUDWODU�� YLWDPLQOHU�� ED]Õ�
KRUPRQODU��PHODWRQLQ��YH�GDKD�ELU�oRN�GR÷DO�\D�GD�VHQWHWLN�PDGGHOHUGLU�� 

:X�YH�DUNDGDúODUÕ�VÕoDQ�NDUDFL÷HU�YH�HULWURVLWOHULQGH�VDUÕPVDN�YH�SUHSHUDWODUÕQÕQ�
HWNLOHULQL� LQFHOHPLúOHUGLU�� (ULWURVLWOHUGH� '$76¶ÕQ� HQ� ID]OD� ROPDN� �]HUH�� VDUÕPVDN�
\D÷ÕQÕQ��'$6�YH�'$'6¶ÕQ� UHG�NWH�JOXWDW\RQ�G�]H\LQL�|QHPOL�|Oo�GH�DUWWÕUGÕ÷Õ��DQFDN�
NDUDFL÷HU� *6+¶ÕQÕQ� EX� SUHSHUDWODUGDQ� HWNLOHQPHGL÷L� DQODúÕOPÕúWÕU��<LQH� EX� oDOÕúPDGD�
VÕoDQODUÕQ� NDUDFL÷HULQGH� '$'6� YH� '$76¶ÕQ� *6+� UHG�NWD]� YH� *6+� WUDQVIHUD]�
akWLYLWHOHULQL� DQODPOÕ� G�]H\GH� DUWWÕUGÕ÷Õ� DQFDN�*3[� DNWLYLWHVLQL� D]DOWWÕ÷Õ� EHOLUOHQPLúWLU�
������ %X� oDOÕúPDGDQ�� VDUPÕVD÷ÕQ� HWNLQOL÷LQLQ� ELOHúHQOHULQH� J|UH� IDUNOÕOÕNODU� J|VWHUGL÷L�
DQODúÕOPDNWDGÕU� 

.LP� YH� DUNDGDúODUÕ� OLSRSROLVDNNDULWOHUH� YH� VLWRNLQOHUH� FHYDEHQ� iNOS eksprese 

HGHQ� PDNURIDM�� SULPHU� VÕoDQ� KHSDWRVLWOHUL� YH� VÕoDQ� DRUWLN� G�]� NDV� K�FUHOHUL� JLEL�
K�FUHOHUGH� 12� VHQWH]LQLQ� VDUÕPVDN� HNVWUDNWÕ� LOH� DQODPOÕ� |Oo�GH� LQKLEH� HGLOGL÷LQL�
J|VWHUPLúOHUGLU��6DUÕPVDN�HNVWUDNWÕ��/36¶OHUOH�YH\D��-,)1�LOH�X\DUÕODQ�PDNURIDMOarda ve 

hepatositlerde  aktif hale gelen NF-KB’yi inhibe eder ve iNOS gen ekspresyonu da 

GROD\OÕ�RODUDN�LQKLEH�ROXU�������� 
6DUÕPVDN� KRPRMHQDWÕQÕQ� X\JXODQGÕ÷Õ� ELU� EDúND� oDOÕúPDGD� %DQHUMHH� YH�

DUNDGDúODUÕ� NURQLN� VDUÕPVDN� DOÕPÕ\OD�� HQGRMHQ� DQWLRNVLGDQODUÕQ� VÕçan kalbindeki 

GH÷LúLPOHULQL� DUDúWÕUPÕúODUGÕU�� /LSLG� SHURNVLGDV\RQXQXQ� ����� ���� YH� ���� PJ�NJ�
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GR]ODUGD�DQODPOÕ�úHNLOGH�D]DOGÕ÷Õ��62'�DNWLYLWHVLQLQ����������YH�����PJ�NJ�GR]ODUGD��
&$7� DNWLYLWHVLQLQ� GH� ���� YH� ���� PJ�NJ� GR]ODUGD� DUWWÕ÷Õ� J|U�OP�úW�U�� *6+� YH� *3[ 

G�]H\OHULQGH�GR]D�ED÷ÕPOÕ�ELU�GH÷LúLNOLN�J|U�OPHPLúWLU�������  
%DQHUMHH� YH� DUNDGDúODUÕ�� VÕoDQODUD� oL÷� VDUÕPVDN�KRPRMHQDWÕQÕ� ���������YH� ����

PJ�NJ�J�Q�GR]ODUGD����J�Q�ER\XQFD�RUDO�\ROGDQ�YHUPLúOHU�YH�DUGÕQGDQ�NDOEL�L]ROH�HGLS�
iskemi-reperfüzyon (IR) uygulaPÕúODUGÕU�� dDOÕúPDQÕQ� W�P� VRQXoODUÕ� LQFHOHQGL÷LQGH��
EL\RNLP\DVDO� YH� KLVWRSDWRORMLN� EXOJXODUÕ� ROXPOX� \|QGH� RODQ� WHN� JUXEXQ� ���� PJ�NJ�
GR]GD�VDUÕPVDN�KRPRMHQDWÕ�DODQ��JUXS�ROGX÷X�VDSWDQPÕúWÕU� (138 142). 

Muckhrejee� YH� DUNDGDúODUÕ�� ED]Õ� RQNRORMLN� KDVWDOÕNODUÕQ� WHGDYLVLQGH� NXOODQÕODQ�
DGUL\DPLVLQLQ�NDUGL\RWRNVLN�HWNLOHULQH�NDUúÕ�oL÷�VDUÕPVDN�HNVWUDNWÕQÕQ�NRUX\XFX�HWNLVLQL�
DUDúWÕUGÕODU�� $GUL\DPLVLQH� ED÷OÕ� RODUDN�� 7%$56� NRQWUROH� NÕ\DVOD� DQODPOÕ� GHUHFHGH�
DUWPÕú��62'��&$7�YH�*3[�D]DOPÕú�EXOXQGX��71)-�.�HNVSUHV\RQX�GD�DUWPÕú�J|U�Q�PGH�
LGL��6DUÕPVDN�YHULOHQ�JUXSODUGD�7%$56¶GDNL�DUWPD�YH�DQWLRNVLGDQ�HQ]LPOHUGHNL�D]DOPD�
ROXPOX�\|QGH�G�]HOPLú��P\RNDUGGDNL�71)-.� HNVSUHV\RQX�YH�P\RVLW�KDVDUÕ�D]DOPÕúWÕ��
����PJ�NJ�GR]GD�VDUÕPVDN�KRPRMHQDWÕ�DODQ�JUXSWD�&$7�YH�*3[�GDKD� L\L������mg/kg 

GR]GD�VDUÕPVDN�DODQ�JUXSWD� LVH�62'�YH�*3[�GDKD� L\L�NRUXQPXúWX������PJ�NJ�GR]GD��
P\RNDUGGD�7%$56�G�]H\OHUL� GDKD�G�ú�NW���%X� LNL� oDOÕúPDQÕQ� VRQXFXQGD� VDUPÕVD÷ÕQ�
HWNLOHULQLQ� GR]D� ED÷ÕPOÕOÕN� J|VWHUGL÷L� YH� IDUNOÕ� HWNLOHULQLQ� IDUNOÕ� GR]ODUGD� ROXúWX÷X�
görülmektedir (139).   

6DUPÕVD÷ÕQ� G�ú�N� GR]ODUGDNL� \DUDUOÕ� HWNLOHUL� \�NVHN� GR]ODUGD� ND\EROXU�� �����
mg/kg dozdaki myokardiyal hasar, 2000 mg/kg dozda da yüksek mortalite görülür. 

6DUÕPVDN�WR]XQXQ������PJ�NJ¶OÕN�GR]X�YH\D�\�NVHN�GR]GD�DOOLVLQ��L]ROH�SHUI�]H�VÕoDQ 

NDUDFL÷HULQGH� K�FUH� KDVDUÕQD� QHGHQ� ROXU�� %X� HWNL� G�ú�N� GR]ODUGD� J|U�OPH]�� dL÷�
VDUÕPVDN�VX\X��P/�NJ�GR]GD�VÕoDQODUGD�PLGH�KDVDUÕQD�ED÷OÕ�|O�POHUH�QHGHQ�ROPXúWXU�
������$úÕUÕ�VDUÕPVDN�W�NHWLPL�D\UÕFD��DQHPL�YH�JDVWURLQWHVWLQDO�VLVWHP�SUREOHPOHUL�JLEL�
toksik HWNLOHUH�QHGHQ�ROPDNWDGÕU�������%X�EXOJXODU��GR]D�ED÷OÕ�RODUDN�VDUPÕVD÷ÕQ�ID\GDOÕ�
HWNLOHUL�NDGDU�]DUDUOÕ�HWNLOHULQLQ�GH�RODELOHFH÷LQL�LVSDWODPDNWDGÕU��������dDOÕúPDPÕ]GD�EX�
OLWHUDW�UOHU� HVDV� DOÕQDUDN�� VÕoDQODUD� VDUÕPVDN� KRPRMHQDWÕQÕQ� ����PJ�NJ�J�Q¶O�N� GR]Ga 

NXOODQÕOPDVÕ�X\JXQ�J|U�OP�úW�U�� 
,EUDKLP� YH� DUNDGDúODUÕQÕQ� oDOÕúPDVÕQGD� EDOÕN\D÷Õ� LOH� EHVOHQHQ� IDUHOHUGHQ�

diyetlerinde E vitamini takviyesi olmayanlarda, E vitamini takviyesi olanlara göre 

DQODPOÕ� GHUHFHGH�� � KHSDWLN� 7%$56�� NRQMXJH� GLHQOHU� YH� SURWHLQ� NDUERQLO� JUXSODUÕQÕQ�



 
 

60 

G�]H\L� DUWPÕúWÕ�� 6H-GPx, non-Se-GPx, katalaz ve glutatyon redüktaz aktiviteleri 

GL\HWWHNL�\D÷GDQ��YLWDPLQ�(�YH\D�GHPLUGHQ�HWNLOHQPHPLúWL��%DOÕN\D÷Õ�DODQ�JUXSODUGDNL�
EX� IDUNOÕOÕ÷ÕQ�PXKWHPHO�QHGHQL�EDOÕN\D÷ÕQGD�38)$¶QÕQ�\�NVHN�RUDQGD�ROPDVÕQGDQGÕU��
%X�QHGHQOH�EX�JUXEXQ�(�YLWDPLQL�LKWL\DFÕ�DUWPÕúWÕU��%X�oDOÕúPD�38)$¶QÕQ�ID]OD�DOÕPÕQÕQ�
NDUDFL÷HUGHNL� DUWPÕú� SHURNVLGDWLI� KDVDUOD� LOLúNLOL� ROGX÷XQX� YH� (� YLWDPLQLQLQ� OLSLW�
SHURNVLGDV\RQXQX�|QOHPHGH�|QFHOLNOL�HWNLVL�RODELOHFH÷LQL�J|VWHUPHNGLU�������� 

:DJQHU� YH� DUNDGDúODUÕ� LQWDNW� |NDU\RWLN� K�FUH� N�OW�U�QGH�YLWDPLQ�(�GHVWH÷LQLQ�
RNVLGDQ� VWUHVH� NDUúÕ� NRUX\XFX� HWNLOHULQL� DUDúWÕUGÕODU� YH� OLSLW� UDGLNDOOHUL� ROXúXPXQXQ�
YLWDPLQ�(�NRQVDQWUDV\RQODUÕ\OD�WHUV�RUDQWÕOÕ�RODUDN�GH÷LúWL÷LQL�VDSWDGÕODU��%HVL\HULQGHNL�
oksLMHQ� W�NHWLPL� |Oo�OG�÷�QGH� GH� YLWDPLQ� (¶QLQ� �-���� �0� NRQVDQWUDV\RQ� DUDOÕ÷ÕQGD�
RNVLGDV\RQ� KÕ]ÕQÕ� D]DOWWÕ÷Õ� VRQXFXQD� XODúWÕODU�� ���� �0� GR]GD�� YLWDPLQ� (� G�ú�N�
NRQVDQWUDV\RQODUÕQD� J|UH� RNVLGDV\RQ� KÕ]ÕQÕ� ��� NDW� D]DOWPÕúWÕ�� 6HUEHVW� UDGLNDOOHULQ�
peroksidasyon ürüQOHULQLQ� PLNWDUÕ� K�FUH� ]DUÕQGD� ROXúDQ� KDVDUOD� SDUDOHOOLN� J|VWHULU� YH�
K�FUHQLQ�]DU�\DSÕVÕ�YLWDPLQ�(�NRQVDQWUDV\RQX�DUWWÕNoD�KDVDUGDQ�GDKD�L\L�NRUXQXU�������  

*HQo� YH� DUNDGDúODUÕ� NDUDFL÷HUGH� HWDQROOH� LQG�NOHQHQ� OLSLW� SHURNVLGDV\RQXQD�
melatoninin etkisini araúWÕUPÕúODU�� (WDQRO� HQMHNVL\RQX� LOH� 0'$� G�]H\OHULQGH�� HWDQRO�
|QFHVLQGH�PHODWRQLQ� YHULOVH� GH� YHULOPHVH� GH� DQODPOÕ� DUWÕúODU� J|U�OP�úW�U��$ONRO� DODQ�
DQFDN� PHODWRQLQ� WHGDYLVL� DOPD\DQ� JUXSWD�� *6+� VHYL\HOHULQGH� DQODPOÕ� D]DOPD�
J|U�OP�úW�U�� (WDQROGHQ� HYYHO� PHODWRQLn ön tedavisi alan grupta GSH azalsa da 

GH÷LúLNOLN� DQODPOÕ�EXOXQPDPÕúWÕU��&$7�G�]H\L�� HWDQRO� DOPD\ÕS� VDGHFH�PHODWRQLQ�DODQ�
JUXSWD�\�NVHOPLú��KHP�DONRO�YH�KHP�GH�DONRO�PHODWRQLQ�DODQ�JUXSODUGD�G�úP�úW�U��*3[�
VDGHFH�PHODWRQLQ�JUXEXQGD�\�NVHOPLú��DONRO�YH�PHODWRQLQ�DONRO�DODQ�JUXSWD�G�úP�úW�U��
%X� oDOÕúPDGD�HWDQRO� HQMHNVL\RQX�NDUDFL÷HU�62'�DNWLYLWHVLQL������DUWWÕUPÕúWÕU��(WDQRO�
DODQ�JUXSWD��PHODWRQLQ�DODQ�NRQWUROOHUH�J|UH�����¶OLN�DUWÕú�PHYFXWWXU�YH�oDOÕúPDGDQ�HOGH�
edilen verilere göre, melatonin SOD gibi antioNVLGDQ�VDYXQPD�HQ]LPOHULQL�DUWWÕUPDNWD�
DQFDN�0'$�YH�*6+�G�]H\OHULQGH�GH÷LúLNOL÷H�QHGHQ�ROPDPDNWDGÕU������� 

6RNNDU\� YH� DUNDGDúODUÕ�� NURQLN� DONRO� YHULOHQ� VÕoDQODUGD� PHODWRQLQ� ����
PJ�NJ�J�Q�� OLSLW� SHURNVLGDV\RQXQX� LQKLEH� HGHQ� HWNLVLQL� DUDúWÕUGÕNODUÕ� oDOÕúPDODUÕQGD��
NURQLN�DONRO�X\JXODPDVÕ\OD�VÕoDQODUÕQ�WHVWLV��NDOS��DNFL÷HU�YH�EH\LQOHULQGH�0'$�YH��-

KLGURNVLDONHQDO� G�]H\OHUL� DQODPOÕ� GHUHFHGH� DUWWÕ÷ÕQÕ� DQFDN� NDUDFL÷HUOHULQGH� GH÷LúLNOLN�
ROPDGÕ÷ÕQÕ�VDSWDGÕODU��<DOQÕ]FD�PHODWRQLQLQ�X\JXODQGÕ÷Õ�JUXSODUGD�NRQWUROH�J|re bazal 

OLSLW� SHURNVLGDV\RQ� G�]H\OHULQGH� KHUKDQJL� ELU� GH÷LúLNOLN� ROPDGÕ÷Õ� J|U�OG���0HODWRQLQ�
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tedavisi alan alkolik gruplarda ise incelenen tüm dokularda lipit peroksidasyonu 

D]DOPÕúWÕ���������� 
<DSÕODQ� oDOÕúPDODUGD� PHODWRQLQ� DOPD\DQ� VÕoDQODUÕQ� GDKL� VDIUD� VDOJÕODUÕQGD�

PHODWRQLQ� \�NVHN� G�]H\GH� EXOXQGX�� %X� GXUXPGD� NDUDFL÷HULQ� PHODWRQLQL� VDIUD\D�
VDOJÕOÕ\RU� ROGX÷X�G�ú�Q�OHELOLU��0XKWHPHOHQ�GH�PHODWRQLQ�NDUDFL÷HUGH� GL÷HU�GRNXODUD�
J|UH� GDKD� \�NVHN� G�]H\OHUGHGLU� YH� NDUDFL÷HULQ� RNVLGDV\RQD� GDKD� GLUHQoOL� ROPDVÕQÕQ�
sHEHSOHULQGHQ� ELUL� GH� PHODWRQLQ� LoHUL÷LGLU�� .DUDFL÷HULQ� GD\DQÕNOÕOÕ÷ÕQÕQ� HQ� |QHPOL�
QHGHQL�LVH�L\L�JHOLúPLú�DQWLRNVLGDQ�VDYXQPD�VLVWHPLGLU�YH�KHSDWRVLWOHULQ�KDVDU�J|UPHOHUL�
LoLQ�GDKD�X]XQ�V�UHOL�DONRO�DOÕPÕ�JHUHNOLGLU (143). 

$NXW� YH� NURQLN� DONRO� X\JXODPDODUÕQÕQ� JOXWDW\RQ� G�]H\OHULQH� HWNLOHUL�
DUDúWÕUÕOGÕ÷ÕQGD� IDUNOÕ� VRQXoODU� HOGH� HGLOPLúWLU�� *XHUL� YH� *ULVROLD� NURQLN� DONRO�
X\JXODPDVÕ\OD� KHSDWLN� RNVLGH� JOXWDW\RQ� G�]H\OHULQGH� GH÷LúLNOLN� J|UPH]NHQ�� *6+�
LoHULNOHULQGH�oHOLúNLOHU�VDSWDPÕúODUGÕU��%D]Õ�DUDúWÕUPDFÕODU�*6+�G�]H\OHULQGH�GH÷LúLNOLN�
EXODPD]NHQ�� GL÷HUOHUL� D]DOPD� YH\D� DUWPD� J|UG�OHU�� <DSÕODQ� oDOÕúPDODUGDQ� oHOLúNLOL�
VRQXoODUÕQ� HOGH� HGLOPHVLQH� QHGHQ� RODQ� IDNW|UOHU� PXKWHPHOHQ�� GHQH\�PRGHOOHULQLQ� YH�
DQDOL]� \|QWHPOHULQLQ� IDUNOÕ� ROXúX�� NXOODQÕODQ� LODo� YH� WHGDYL� HGLFL� |]HOOL÷L� DUDúWÕUÕODQ�
maddelerin öngörülemeyen etkileri olabilir (142).                                                                                    

1RUPDOGH� DONROLN� UDWODUGD� NDUDFL÷HU� IRQNVL\RQXQXQ� ER]XOPDVÕ� YH� $/7�
G�]H\LQLQ� DUWPDVÕ� EHNOHQLUNHQ� oDOÕúPDPÕ]GD� JUXSODU� DUDVÕQGD� $/7� G�]H\OHUL�
EDNÕPÕQGDQ� ELU� IDUNOÕOÕN� ROXúPDPÕúWÕU�� %XQXQ� RODVÕ� QHGHQOHUL� DUDVÕQGD� DONRO�Q� G�ú�N�
GR]ODUÕQÕQ� NXOODQÕOPDVÕ�� X\JXODPDGD� DONRO�Q� LoPH� VX\XQD� NDWÕODUDN� JHUoHNOHúWLULOPHVL�
YH�EHONL�GH�HQ�|QHPOLVL�GHQH\�V�UHVLQLQ�DONROLN�KHSDWLW�ROXúWXUPD\D�\HWPHPLú�ROPDVÕ�
VD\ÕODELOLU��%LOLQGL÷L�JLEL��LQVDQODUGD�DONROLN�KHSDWLW�ROXúPDVÕ�\ÕOODU�DODELOHQ�ELU�ROD\GÕU�� 

$67� \|Q�QGHQ�� VDUÕPVDN� YHULOHQ� JUXSWD� DONROLN� JUXED� J|UH� LVWDWLNVHO� RODUDN�
DQODPOÕ� DUWÕúÕQ� EXOXQPDVÕQÕ� DONROOH� ELUOLNWH� YHULOHQ� VDUÕPVDN� KRPRMHQDWÕQÕQ�
JDVWURLQWHVWLQDO�VLVWHPGHNL��LUULWDQ�HWNLVLQLQ�QHGHQ�ROGX÷X�J|U�ú�QGH\L]�� 

6DUÕPVDN�DODQ�JUXSWD�*6+�VHYL\HVLQLQ�DUWPDVÕ� VDUÕPVD÷ÕQ�]HQJLQ�RUJDQRV�OI�U�
LoHUL÷LQH� ED÷OÕ� RODELOLU�� 9LWDPLQ� (� YH� PHODWRQLQ� DODQ� JUXSODUGD� *6+� G�]H\OHULQGHNL�
D]DOPD�EX�JUXSODUÕQ�*3[�G�]H\OHULQGHNL�DUWÕúD�SDUDOHOOLN�J|VWHUPHNWHGLU��%X�SDUDOHOOLk 

*3[� HQ]LPLQLQ� DQWLRNVLGDQ� HWNL� J|VWHULUNHQ� GDKD� ID]OD�*6+�NXOODQPDVÕQD� \RO� DoDUDN�
*6+�G�]H\OHULQLQ�D]DOPDVÕQD�QHGHQ�RODELOLU�� 
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dDOÕúPDPÕ]GD�PHODWRQLQ� YH� YLWDPLQ� (� DODQ� JUXSODUÕQ�*3[� G�]H\OHUL�� DONRO� YH�
VDUÕPVDN�KRPRMHQDWÕ�DODQ�JUXSODUD�J|UH�DQODPOÕ�RUDQGD�\�NVHN�EXOXQPXúWXU��%X�GXUXP�
RNVLGDQ� VWUHVLQ� |QOHQPHVLQGH�GDKD� ID]OD�PLNWDUGD�*6+� W�NHWLPLQH� LúDUHW�HGHU��%L]LP�
*6+�VRQXoODUÕPÕ]�GD�EX�DoÕGDQ�OLWHUDW�UOH�X\XPOX�EXOXQPXúWXU�� 

6DUÕPVD÷ÕQ� DQWLRNVLGDQ� VWUHVL� D]DOWPDGD� \HWHUL� NDGDU� EDúDUÕOÕ� RODPDPDVÕQÕQ�
nedeQL��YLWDPLQ�(�YH�PHODWRQLQH�J|UH�oRN�GDKD�G�ú�N�DQWLRNVLGDQ�|]HOOL÷H�VDKLS�ROPDVÕ�
YH� LoHUGL÷L� RUJDQRV�OI�U� ELOHúLNOHULQLQ� JDVWURLQWHVWLQDO� VLVWHPGH�ROXúWXUGX÷X� LUULWDV\RQ�
olabilir.  

'DV� YH� DUNDGDúODUÕQÕQ� oDOÕúPDVÕQGD� VDUÕPVD÷ÕQ� DQWLRNVLGDQ� HWNLVLQL� 12�
düze\OHULQL�DUWWÕUDUDN�JHUoHNOHúWLUGL÷L�LIDGH�HGLOPHNWHGLU��������6RRUDQQD�YH�DUNDGDúODUÕ�
GD� VDUÕPVDN� HNVWUDNWÕQÕQ� &D-ED÷ÕPOÕ� 126� DNWLYLWHVLQL� DUWWÕUGÕ÷ÕQÕ� LIDGH� HWPLúOHUGLU�
������� %L]LP� oDOÕúPDPÕ]GD� GD�� VDUÕPVD÷ÕQ� 12¶\X� DUWWÕUGÕ÷Õ� J|U�OPHNWHGLU�� %X� DUWÕú�
muhtHPHOHQ�OLWHUDW�UGH�LIDGH�HGLOGL÷L�JLEL�126�DNWLYLWHVLQLQ�DUWÕúÕQD�ED÷OÕ�RODELOLU��� 

dDOÕúPDPÕ]GD�� DONROLN� UDWODUGD� VDUÕPVDN� KRPRMHQDWÕQÕQ� PHODWRQLQ� YH� YLWDPLQ�
(¶\H�EHQ]HU�úHNLOGH�DQWLRNVLGDQ�DNWLYLWH�J|VWHUPHVLQL�EHNOHPHPL]H�UD÷PHQ�VDUÕPVDN�EX�
etkiyi tam oODUDN�VD÷OD\DPDPÕúWÕU��gQFHOLNOH�UDWODUGD�GHQH\VHO�DONROLN�KHSDWLW�ROXúXPX�
WDP�RODUDN�JHUoHNOHúPHPLúWLU��$\UÕFD�VDUÕPVDN�KRPRMHQDWÕQÕQ�DQWLRNVLGDQ�HWNLGHQ�GDKD�
oRN� RNVLGDQ� HWNL� VHUJLOHGL÷L� J|U�OP�úW�U�� 7%$56� G�]H\OHULQLQ� DUWPDVÕ� EXQXQ� NDQÕWÕ�
olarak sunulabLOLU��6DUÕPVD÷ÕQ�]HQJLQ�RUJDQRV�OI�U�ELOHúLNOHUL�D\QÕ�]DPDQGD�|QHPOL�ELU�
DQWLRNVLGDQ� RODQ� *6+¶ÕQ� G�]H\OHULQGH� GH� DUWÕúD� \RO� DoPÕúWÕU�� %X� GXUXP� ELU� oHOLúNL�
RODUDN�J|U�OVH�GH��VDUÕPVD÷ÕQ� IDUNOÕ�HWNLOHULQ�ROGX÷X�YH�EXQODUÕQ�RUWD\D�oÕNÕúÕQÕQ�GR]D�
ED÷ÕPOÕ�ROGX÷unu unutmamak gerekir (137,139)  

6RQXo�RODUDN��VDUÕPVD÷ÕQ�YLWDPLQ�(�YH�PHODWRQLQ�NDGDU�NXYYHWOL�ELU�DQWLRNVLGDQ�
ROPD\ÕS� KHSDWRSURWHNWLI� HWNLVLQLQ� DQFDN� RUJDQRV�OI�U� ELOHúLNOHULQH� YH� *6+¶D� LKWL\Do�
GX\XODQ�GXUXPODUGD�RUWD\D� oÕNWÕ÷ÕQÕ� V|\OHELOLUL]�� ùD\HW�EX� oDOÕúPDGD�GHQH\VHO� DONROLN�
KHSDWLW�PRGHOL�WDP�RODUDN�JHUoHNOHúPLú�ROVD\GÕ�VDUÕPVDN�KRPRMHQDWÕ�*6+�G�]H\OHULQGH�
RUWD\D�oÕNDQ�D]DOPD\Õ�NRPSDQVH�HGHUHN�KHSDWRSURWHNWLI�HWNL�VHUJLOH\HELOLUGL��GL\HELOLUL]� 
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6. ÖZET 

$ONRO�NXOODQÕPÕQD�ED÷OÕ�RODUDN�RUWD\D�oÕNDQ�]DUDUOÕ�HWNLOHULQ�DQWLRNVLGDQ� WHGDYL�
LOH�|QOHQHELOHFH÷L�G�ú�Q�OPHNWHGLU��%X�PDNVDWOD�DQWLRNVLGDWLI�HWNL\H�VDKLS�ROGX÷X�LOHUL�
V�U�OHQ�VDUÕPVD÷ÕQ��JHUoHN�DQODPGD�NXYYHWOL�DQWLRNVLGDQ�ROGXNODUÕ�NDQÕWODQPÕú�YLWDPLQ�
E ve melatonin ile birlikte alkoliklerde uygulDQPDVÕQD�NDUDU�YHULOPLúWLU��  

'HQH\VHO�KD\YDQ�PRGHOLQGH�HUNHN�:LVWDU�DOELQR�WLSL�VÕoDQODU�NXOODQÕOGÕ��6ÕoDQODU�
gece-J�QG�]� GR÷DO� D\GÕQODWPDVÕ� RODQ� ODERUDWXYDU� RUWDPÕQGD� WXWXOGXODU� YH� KD]ÕUODQDQ�
VDUÕPVDN�KRPRMHQDWÕ� �����PJ�NJ�J�Q��RUDO�\ROGDQ���(�YLWDPLQL��200mg/kg, haftada iki 

NH]�� RUDO� \ROGDQ�� YH�PHODWRQLQ� ����PJ�NJ�J�Q�� FLOW� DOWÕQD�� VÕoDQODUD� �� KDIWD� ER\XQFD�
X\JXODQGÕ��'HQH\VHO�LúOHPOHU�VRQUDVÕQGD�UDWODU��DEGRPLQDO�DRUWDODUÕ�NHVLOHUHN�|OG�U�OG��
YH� NDUDFL÷HUOHUL� DOÕQGÕ�� YHULOHQ� PDGGHOHULQ� RNVLGDQ�DQWLRNVLGan sisteme etkileri 

DUDúWÕUÕOGÕ� 
9HULOHU� LVWDWLVWLNVHO� DoÕGDQ� LQFHOHQGL� YH� VRQXoODU� GH÷HUOHQGLULOGL�� %XQD� J|UH��

YLWDPLQH� (� YH� PHODWRQLQ� NDUDFL÷HUGH� OLSLW� SHURNVLGDV\RQXQX� DONRO� YH� VDUÕPVDN�
JUXSODUÕQD� J|UH� D]DOWPÕú�� *3[� HQ]LP� G�]H\OHULQL� DUWWÕUPÕú� YH� *6+� G�zeylerini de 

DQODPOÕ�RUDQGD�D]DOWPÕúWÕU��6DUÕPVDN�JUXEXQGD�*6+�G�]H\OHULQGHNL�DUWÕú�RUJDQRV�OI�U�
LoHUL÷LQH� ED÷ODQÕUNHQ�� VDUÕPVD÷ÕQ� hepatoprotektif etkisinin ancak organosülfür 

ELOHúLNOHULQH� YH� *6+¶D� LKWL\Do� GX\XOGX÷X� GXUXPODUGD� RUWD\D� oÕNDFD÷Õ� NDQÕVÕQD�
varÕOPÕúWÕU��6DUÕPVDN�KRPRMHQDWÕQÕQ�DONRO�NXOODQÕFÕODUÕQGD�NRUX\XFX�HWNLVLQLQ�WDP�RODUDN�
NDQÕWODQDELOPHVL� LoLQ� GDKD� X]XQ� V�UHOL� NURQLN� DONRO� DODQ� GHQH\� JUXSODUÕQGD�
oDOÕúÕOPDVÕQÕQ�X\JXQ�RODFD÷Õ�DQODúÕOPÕúWÕU� 

Anahtar Kelimeler: 6DUÕPVDN��YLWDPLQ�(��PHODWRQLQ��antioksidatif etki 
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7. SUMMARY 

It is thought that the harmfull effects of  alcohol could be prevented by 

antioxidant treatment. To achieve this aim, it is decided to feed alcoholic rats with 

garlic, which is suggested to have antioxidant properties and compare garlic’s effects 

with vitamin E and melatonin, whichs’ antioxidant properties have been proven. 

Male Wistar albino rats were used in the experiments. The animals were housed 

in quiet rooms with diurnal ligt-and dark cycle and were given ethanol (%10,as sole 

drinking fluid), garlic homogenate (250 mg/kg/d, per oral), melatonin (10 mg/kg/d, sub 

cutaneously) and vitamin E (200 mg/kg, two times a week, per oral) for 6 weeks. After 

the experimental procedure, the rats were killed by bleeding, the liver was removed and 

the oxidant and antioxidant parameters were studied. 

The data is evaluated according to the statistical rules and the results were 

criticized. In relation with these information, when compared with the alcoholic and 

garlic groups vitamine E and melatonin caused, a statistically significant decrease in the 

ratio of lipid peroxidation and GSH levels, and a statistically significant increase in GPx 

enzyme levels when compared with the alcoholic and garlic groups. The increase in 

GSH levels in the garlic group might come from the organosulphur content of garlic and 

it is concluded that, garlic’s hepatoprotective effect would be more efficient when there 

is a need for the organosulphur compounds and GSH. From that point of view, in order 

to prove the exact prophylactic effect of garlic in alcohol users, further studies with 

longer experimental procedures are needed to be processed. 

Key Words: Garlic, vitamin E, melatonin, antioxidative effect 
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