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ABSTRACT

The global increase in the incidence of tumor diseases, the development of resistance of
cancer cells to chemotherapeutics, as well as thesalectivity of chemotherapeutics, directed
research to the discovery of effective natural and synthetic compuaithdsntitumor properties.

This study evaluates the mechanisms of antitumor action and toxic/protective effects of newly
synthesized Pt(IV) complexes with certain esters of ethylenediafjnddifg,S( 2 -diBeNgyl)
acetate and resveratrol. The examigethplexes exhibit a more intense antiproliferative effect
than cisplatin against human breast tumor (MBRB-231), placental tumo(JEG3) and healthy

lung fibroblasts (MRE5) cells. The complex with an ethyl substituent reduces the migratory
potential of umor cells and induces oxidative stress in all used cells. Combined treatment with
resveratrol intensifies the antiproliferative, antimigratory and prooxidative potential of the Pt(IV)
complex, limiting the negative effects healthycells. Compared to splatin, the tested Pt(IV)
complexes exhibited more intense toxic effects confirmed by induced changes in hematological
and biochemical parameters and oxidative dargeythrocytes, liver ankidneycellsof treated
female Wistar albino rats. The antidant effects of resveratralere manifestedfter combined
treatmentdy suppressing oxidative damagkerythrocytes, while the prooxidative effects of this
polyphenol wereexpressedon liver and kidney tissues. The obtained results contribute to
elucidding the mechanisms of action of the investigated compounds, indicating their exceptional
antitumor potential, but also the need to find a new varietyt®¥) complexes with reduced
toxicity and/or more effective antioxidads potential chemotherapaeutigens.

Keywords: cisplatin, platinum(lV) complexes, resveratrol, breast tunmacental tumor,
oxidative stress, natural agent, antioxidant, hepatotoxicity, nephrotoxicity.
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(Halliwvell d Gutteridge, 200pv f ted fMkflso &z ftoj &ZOL dzdm d3j sOzO H B dz
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ONOOSCts O “j S ObOdzdL tso Odz80D) dzO d Wt § 6 iPD-€ABHEBi dzts € s &
Meo d Venditti, 2020)

ONOO' + H*Y ONOOH Y NOA+ OHA

ROCt CHeIRIEs) f sdzkONQO 5l Htsots? Odz HO BBJjLBjH(J

Bsdj SEdd StsL <jdd MSj d&j BBtOdi d ddidsjcOCyd"  k
qzdyd Odkdse BjMlsO ¢ jetote d&OMsOdS O, yddhi
SCMdHOIde dzd R N Isj < j(52ab6 ds € @tz & POHIEC O] ydzd 4 W j
fjtesCMdddlstdlso o[fr]tjts?OaO b ) fjSt &sck<dshls
Hdtej Slsdzy dazmdedyd: OCkdodatsiisd jdoL  BO RBIET
qdz:quAmoL;@,cquadzawhqqlzm;, cos d JdzOClsdoeoyd" j
ZOted * & d3ts 0SFdbo 2008)dz0 dzO  (

220 %jiSlkd SCMdHOLdo dzse/ dzdlstetsL Olsd o dztse Mstej MO dzO

sOts fsmMdzj Hd YO tjHBECM HJMBORZOAZMNO {ROSE Ldtc BRINES O (
gqdzd MBBOT j desdz OFS INDY dztichO<L s § jf@lHdds@ © dzd / dzd IstetsL Ols 9 ¢
WOeatstedLz" j] HO’E HftsHkSCyd k2 MjSkzdHOtedds d Isjty
sCMdHOBdodzO BhiIsj<j® 0O <jdzd MSdr Bdtd@tsdy CzdzO (
delz € dzj J demC drn € dMJ dzdzQsd d3j< Jjdodcfiy Yk d=p Gls{SHdzg O zB L O OF
ZOyddze ftesyjfm MlsOtej 0 d otHj<d Hadlived @Guitasdg® B o ¢
2015 Nimsed Pal 2015;Checad Aran, 2020).

dsdzsBtsHdzd ©OHJCOdzd dzO° Yyjh<j tjoOceckz ' & MO  sddd
polyunsaturated fatty acids PUFA) < j dzd “ ¢ J d3j d3B tc Odzj , yd tsdiz ¢
ftesydfm ddfdHdyd §jtesimduHoyd j "0 L O {§tsMmdjHd
3 d3B tc QJAAIH J CdzOIsdzz fMj B3d J ez OB  dzdzts M Is , 0O kOSB' j
By BBtecOdMS dr Hoslsj ddzO (4 dzr d O, e yitfsste® d Is
YWdLddzsh Cddiz § slstcj B OO, &ZOo jHjddd ftesyd Md 30 M
B34 d3B t6 Odzj , oteh d &) OB tfdzd Uf @ds Is jarddffgCHdde  Bts dzj € Iz dzC
ftosdzdW j tOyd " j d(Habwets  Gukaridge, 2005¢dd 1@ H dz0 § j tesC Md H O
9o[fr]tsgts HJfr]IstGIleso[aOdz OzlssC OlOdzdL s 0Odz ftesydm €
¢ M) fesHizilz POy dezdetid f Pyt Qdezdf rndzj fJtets
BHEZLJBOJL B B sddzj demCj oGz daj L OMYH)] den dfPIsne] dzj
tzeo(fs';médzo‘m QH " <gifydzi v Uj 6O M ¢ dzixdNimspd Ritd § o H dzd

LH + RAY LA+ RH

L OjtetsBdd 3 EZfMdzse d BO R BREJELOHH ¢ Pdd sl OF I tzfs
fjitestmdd LOHYE Odz it H OBBHLPE MO HEkzese ddfdHd
ftesHEzCEZ | dtse ddfdHdd ©OHJWOOM: d ddfdHdd RdHES

LA+ O2 Y LOOA
LOOA+LH Y LOOH + LA
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[dfdudzd AdHEY j tots$ fndedd ddaiji ol L d@xfth Lz 4d®s e j OC Is
tgqucodzmcc;dzcasmmlqm(mﬁaqidzqa@az Cs'd dBsEk tj Octse Ols
dzd f d Hd BO ¥ thhefc3cfite @ QIuarcigTLOM):

Fe*+ L OOH 3*% OR% LOA
LOA+ L H AYLOH
Fe*+ L OOH 2% LGG"+ H*

v fndzj H Besck<dtmisd §cSREBAY @S ctsA 0000 Mj Ckz
yd Jtdedr tOHdSC OO, f§jtesSCMmMddz ttOHdCOd d ddf
“d drLBELjlds tj OCIsde Odz O&QBCMdm tcOH d ¢ Odz,

dqHOYd  j. uvCbddSt Ht' j L AHBLORd dafidiectd s d d
O fjtsthmdrnOoyd Ol shjjHdtd ] Ofkd & i is @dzfd
jddmdf 3 6 dzizIs Ols d t5 d M€ jtsHets S figlzfn § At RR(fNQY dzd dz@ d @z
| dzts dzd sOCts' jJ] dqd&O° k @BGE<@BMB ftej SdHO
dtcj Slsdzj dzj ElsteOzdL Oyd° sodn dzdf§ dHded A
d 3J BBLOdZ] , (BMdZiHdYyO dZCfUCfHdZJ dafsj € 5S¢ fd H
n ‘JquJq() Cs" 0 HdWEdHE E MO {ftetsBdls
¢ BBy OLlsdOdal , €HJ dSBGIZrIOBdZHWQM&iMEHZ@BdHQQB)JCO

dzt
I

q
dz
t

L0 sChdydd  d daid Hzs B8O dzfifdss MYENZD &z 5O dzts dzn d O dzh j 7
(MDA) dz0 Gfdtsel yd dn dL dj o] ded o QtsdqudzlstGqu’ o
<jdd MSdr Vakpdzeig@ezO, (2007). ¢0SEBzkOYyd b S MdHC
©OMsOddr €Ot §oMmdjHdyo ddfdHds §JjetsOfdHGGds D,
EmMdzjH yjcecO Mmj EkEBttL OO MOt ] ttecOddL &30 d d dz
COtHdBo OMS L dzOtedzj d daj tetsHj ¢ dzj tcOlsdodaj Bsdzj flsd
d BEst) GO J Ne@aSamyrefls@EEO @010)

1 BSG tQMEuB@Mﬂ&GBBmB dzd d Md dzyd *° Odzdzj < j dzd ° f
seodhHESyd 0 Mdewowd, Hjss0, d <jdd hed It
Bdsdsh SR MmdMmlsj O, Mk sOSs' j yd? dd Esdj S kdd t
fedmemsoz * sd0 { gk dadic sij0ds@don0 Gt 5 o dc
ftetslsy d dzO, H s°'dr Mk Btydedd ORRddesC dfj dzd dzem € § M.
ftesddds, RdMisdHddes d Otcddzdds, dLEL jBaasd shPts? o j
2004:NimsedPal 2015) 1 j OS ¢gP MiSHdmi Sk ' &£ ©CMdHOldo dzO h

I

c
H
J
BdIlsd teOL dzd yd B : tstgrOIﬁLuc({d3@¢J®Hq’ud‘J, ckBdlsOS R dMml
fsojLdoO")] HoO IsdtetsL ddzO, dzOMIsOdRZOS ~ JHtetsC id dzdz( .
o d WUS@GNSJIS I A yaR'c @O0 desdz Mk ddZth'leftGO'dszHtGCBtgdq;d‘ﬁﬂZ
COHdCOdz, HEHHBO (asls'jwdcj f(oddfjifls deZJ Sduds

oJdzdise Bt O ftslsjdqdzmMSdr OHJCOERO Ct ' of E OJ te
UmBHEQBSOBd fJtelsEnNgd)jicomn@T PEZHHEFPOS gqEg¢ d dg Otc OH «
Ctsdzo j telsz" & Hs omng Odz¢ sC Md dz d O dz¢ d&ﬁ;msgch
YyJgocjids fifilsdHdzdn 9JLO ddzHkCE'E MJ ¢ EkdzH OtedzO

Bsdzy ¢ 2 ddldgd (MOte.),. 2007 HHQE] o lzZOMdsh Isji <j * O ftefs
tcjojteLdBddzdzO d ek M i OdteOIlsd, HSC Mk ¢
ftotsls j deded 2 i3psdzd B3 ded MOIsd dL <jdzd " j. 5Ot fsMmdjHdy
mMd MtekClktcO® fHtslsj dqdzO yddii & PSS J dzj S @s
fetslsj d dzO, dzff tc . e yd f sstc O, Mde dzOdzdzd = f tetsils§ d dzC
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fetslsj d dzO, Odzlsd Is § dzO, By 4 d30Isd tsLBd? dad i tsfd
(Halliwell d Gutteridge, 2015).

MdHESCMddz tOHJdS OdzNdZE B ts Peizd ¢ © JBE ©d 8 tzif)lsO, Jd&IO ¢
ftoj BO Bkt zdzzOckz" § MO Modd  jetseadd MOMIsOs dzd d
fdeddizdH ddzlm S dd3 B OL Od30, COs d MO HjLECMdJedBtL B

My s @gOHW] " sd&3 OHdyd § ddsjtePelk JHBHO Mp OL deEd:
ddzi tOCyd O MO dBibddz ctelf sd3 Isdidgd dz@ fff tehif@ =2 6j° JL dadfiy
BHEZL JHBOS fted yd Bz Mi ¥SwElPr® b ©6zdd@2gddoH d ¢ O dzqd
HjL S fdMifeedEral 2045) | OflsOdd ©OHJSOdd HO?j &sHdYJ
Cdsf sdpjldplf@zH 2C 2 E<d [flesshBidpiC bde® b odHbk dzjLd' O
EdzOC temdztse § 58fQ@ e @BV Jdzd BO €O d §tejSdHO * jH
MlstelkClktej. [od Irdishuld G&p< jBExE HO LOkfsOs
kteOdnStedfyd b, ddizSk k ©OLddudls] fklsjoaj IltOc
CjfddSOyd Jj d c¢jdsdnSk dj MsOs ddkdshls. pEtsdkdSs
Bsdzj CdzO OCIsdo Oyd bt =Sfcagforkdz) dzlg diz) isdflej dg@Isij & Jf O
BsHdW Sk j] otHj<d $O ©OLoas b &izlsOWako® Bt , Mh
2007).

2.3.Adzls d 5 ¢ M d HENHIBfteo oAl fj frgs§ of3

1 jtod3Odzj dzls dz0 dL dztsy j desfls OjtetsBdzgdr tstce Odzd L OO
EmMdzso ddzO ' j ©OLots' OdzsdtsifmMdHOIsdo dzse L Oh Isdsdztsc
dzj ElstcOdzdh j S dratsots HJ Mbsoats yYyddidy GHEZOYJ, M tej Y
<jdzd * M¢ o &) Bldat@ell d Gutteridge, 2015) 1 sfists® O j Beate MdMmls
sBjLBJ ' E°§ SHiKGY O OF § cJHSCM -~ BMSOL J, S H dat
YdLddsh Ctsdy dzdoslz dzj sf arsHdzsEd3 L O § tcOo d dzdets W bz dz€
JWde oMz <pHg OMOEE tcj HESCTM MisOBJddzdshmis  sistej B dzgs  °

1 dqtej Clsdzgy dzjes@OKzda @Gd|d * o tcmls O;

1 RjdzdtcO® O &BjlsOodl,r ftostsS dH OdzO

1T g O0¢yd ' J MO Hkzecdd OdlsdsS MdH OdNdBO C° J
T fstdlsdodese kElsdyo® 0 dzO cjdzmSkz JSMftej mMd Iz;
T e0tedeO® O € Bfzy fzdzlsldcjOdgididzd d3 s j ydesisd 8O d Is
dLdsdzsh ¢dds fslstcj BORO Bted Odzd L BO;

ZzOCh Odzj Of st yd ' j;

ClskdoOyd § C0O0¢Cts Bk o tH ] dzd & slsdmdsty IscVatkialsdddifOd H «
d MOty)., 200

OF =0 =0 11T

= =4

U LOsdmdsiisd SH &jMsO (oS0 OdlsdsS fdH Odaid
Odels sCMdrnOdm] S°d Mj b SccOddLOd bdashj dhitoc
d jdHBGjdj (Mddsjksdmodj bdkzkOt ctkeOddL BO), H
Odzls  &Xsfycprzz L Oh s sk L Ofdatso Odz® dz@ d3j R Oded L Bz © ( :
sBjLBj ' 'k jdLdMS) d AGSajSda’ djdsihe i dzCCysididis,zls §
WL dedsh ¢ MsOsddddd, kOt d k bkhdsed®EO HJj MO
fs0j<Odesd3 § ROS@IACHE Psdsit j Sk dzn O dz® L O IsdlsO, o] {
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sCMdHOdodzdr Bhlsj<j® 0O Bdtditsdz ¢ k& dzO, sSBjLBJ ' J da
Odzs s M HOAOMO dd " § §ted d3OtedzO. v Ofpidydy denl dzgid
sCMdHte] iSO Rzd ¢ is td @z W), tc Ols d s dzls t ADEIPY j B0 LC

dzj L 09 d ) dzQ(Hdllitwedl I Guberidye, 2015)

(et dBBME ] SR tsdzi dzlsy GBER9 OISO 2 dEOOEH Cts dLk
GSHPX, ¢ dzz Is Ols d ts dz (GR), B Hz& Is GGz W (GRTPL @) CIsd o detsh <k f(s5¢
jdLdsB@ LB '] Mmj tjHEZSYyd O tjOCIldodzdr oteflsj
LORIsjoa 0O k& ftedmizMmlise Be, QuisdnzMn)zdE B L OHP Uz ) dsM € §
Cdif sd3PIiEsBiz - 9 OISO & Mk MisOdzyy BOdzi dBsdzi Skzdmci d
20 sihdksesk OWdddlkjlko d tOfmkse O dotsmisd k& <jdd  fi¢
®Bseckz Bdld ddftshtsdizs dda@} E)( o dlsQ @xddut Owsilsj d)

~dJHtesMsdzzB d dxgOME Gz § @ © Odif zdzffdzd ydMmis d de,
stOdm? j toddz, Yjtobdsi OL &dd, Bdddtekzedd, Bdddsj
Cqfj dZuzOEOfMise st? dotsMisd LOsadmd d Sdotet &j st
<jdd mMCj &j BBLOdz] Jdzff¢kdazdtSmne | dlj ddapiBiddr ¢ td3
%O f6jSqdHO £ &OdyOdd s tojNIfseddPal,@01F).dzsB SH dzd m 8 OH(
03"
CuZn SOD Mn sonj
(uurocon) (MUTOXOHIpU]A)

Fe7Cu™ F&ICy'
NADPH

Fenton-oBa Hzoz GSSG
peaximja

OH-nmunmuon m
NADP* 5\\\\\\\
CAT GSH-Px
(TrepoKc30oM) (MATOXOHIpPHja) Vit E* (‘x JIHNHAHA

NepPOKCHIALHja
O GSH
H,O+ O, -Vit C VitC*
naerokcudurkanmja
GSH

6P jRO0ddL OB Hj Mo O Odidsd s MdsEol Y of KOOI s s  fid

Vifdzj H Dtdedydese (L ZOECOS O dzgj cOdodesds Elsdyo' k&
©OH jdHEGCG ) desed OdlsdsCMdHOlsdo dgse MdMmisj 50 Bdo O da
ot fesHESCYd j ©OHdCOXRO, Isj ‘j MsscO dzj 5§ - SH
(' dfeilscded & ftojojyd d d JjojdzskOdds: MOdOyd:
fsdj dklsts, jeLscjdd OdsSMdHOdhd &seck sBdlksd f§t
COCod Mk Wjdtsdd, % zOowsdstsdHd d Sdhsed Hjtede Olsd,
CsedBs] MEOBdddL Ossted bk §(anRid Ok®t dats* 2 Gt L Mlsted
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231 dzL 3 OdesdsSCMdHOdo dzse L OhIsdldase Mgl &0

ol dzdded & OdzsdsSfdH Olsdo GID, QAF,B EPHIRK S B ddzj s
bLO' Okdzd d3 Hj dztso OF j ds ROG/RNSHzd ™ &7  dcds L thsts P & &f ks ©d
<jdkd MCEk jHBCH REdjshsOL k.

v EECMdH HEQMEEDJO dj SOk telsj dd e dOo dsds s
d £ BdbtsitsdHted ORB0 yd td fj COO&dlsdyStsd OCIs
odMtsCts to OISOzt t j OR6.d o dsainc®dn j sdzd S O:

20 A+ 2H'Y  bD2+ O2

SODf sflsts" d E ydbdted LWtttk St J Mi §tod &3Otsdzt
Cs" jJ] MOHtYy ] E 0OCIsdo dztskg SQR, MilSGLy, MO dzHAgBIZAE | dE) taEiiig) dz
CuZnSOD stsH MdMOwO fMmlsts”™ j Ited dJqL W ttd3] tSotse J ¢
dzs ¢ Odfd ts@3y Yy Ciear BHRBzAzERZJ Is ts - 5 ddim B8CD JO dzdfOm Is tc O L dzlz dzO tc d
SOD. CuZzn SO¥ d3ts dzj &ldzjdgfgRakDa), dzts € O dzd L B¢ IOEAPE dzlz , dzg b Bz 5 B3] «
ddzd Is ts n ts deHdfcdils M€ d3j 3 Bftdc@sdiffpltgte m sABSHJd B] tc MOMIsOo ¢ j dz s
fteslsjddmM¢j] Mke jHdddyd tH ¢ dr Mo OCADdIn. OCIsd o
msdz BOSCtc® " J OCIsdodzd i3 lsOdz Cts5° d IssCasfigis &0OIs ©dzd
(CPICP®) , HBSC ydds$ J dziBdf didrzizts € jsioa js'tcle5Ojy dilzO d W Iz dz€ y d
st fnpl-ﬁalztrsc; Hdz,ﬁlf@E)oMnGOD( B dzy € 2 dzin € Da)ls,i YHSEOO BPL 59 OdzO Iz
£ BdlkssrtdzHd OXRO, "l nodBslsy sttOd3d edzd Y wtslsj ddz M
OCIsdodetsds yJj dzlstclz MOHt®,) ¢ Bls Ogzd ©dzay OB ts B P alzdz® s
L Offdzd © © M-jej de®@ S t5Y fiy ff H EMOEZRNWBEUROD GO dzf S Z dZMC O Isj y d dz
kDa) , dzsCOdzdL o O0dzO k& JSCMmMlstcOyJ dz &zOtedets® Isj ydetsfmls d
f dzOL &3, dzddwd d Mmdddspldtc @dgasdzd Isd dadildshfstdtsis f dz § ts
MOHCYdZNn.) © ©WOL dZdSkE BH Httkzdcdr, OSBOCotmHiplstzdsipdz@f L
YdbstsCdded 30 O dzj ftestsSMdHOIdo dzd 3 dd® j dlalp@Wi©d o @y dk
NO (Valkod Mm20@;,Pat IdevifAts)., 2016

SsOOECL.OLLE) | ~j BSh tocOAECfAas jtfoHOdz 6 dzOo desd3 2
yqd sd3 4 OCIsde @&rlO< ke j OO Iy @ dz@rOBHAST diztisHOjy d { | ddtsdzj € Iz
CdMmj sdzd ¢ O:

2H202Y 228+ O

CAT “ j IsjlstcOBjteded ftoslsj ddz MOME GBS dzizs sazh U@ Sl jo
e OC PkDA)S 56 j k& OFIsdo dzsidem f tals BE] o Odsg i diAD RHIZ

bClsdo@BM®s dMdz0 ] tsH08 Stz j sz O | HOMAAT dzlstc Oy d
BOded W i Miskz“ j € Ols0OdzdIs d yHID, HES lsadmHdgts s dfts dmij SHAZAR RS t5 ¢
s Ols Odzd Is Y S CCATOS Gfigfdzcfias@) Isf) j Hafadh G20 CAdls dfe dzs d3 Yy j dzls te |
Yd sz dzOfis ©° j  dedipaite dpjfedfiatizotzdsj Hd * j 6 sCMdHl | ¢
otsHsdzd S § jtesSCMdHO d OARFS G dzf B O €de vigd tdf. th dotePrOJLSEO) dz
dzd MS t5° C tsdeiyQo BT Wdj MMiskz * j] § jtesSCMdHOL &z OCIsd o d
6j HEHIOD), Pdzd kL fdmzmlsets SHESo OO E<jE e Odafr
(OdzS sAattdzd, HdescOdtsd, ddlstdlsd,H OfMEd.cs Y ddmg BS IS d
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tZGOJZO?CuO[‘J S d 20O fdaffH tsB Gz ) Bl I3© GADAE; i ¢ S @ts .(

L zlsOlsdsdz JECUBEIMYH Oy Off dzj desf teslsj ddz dZsC Odzd L 15
Blssosdited 00, ydsohmsdkz d Jdisjttdj ks 0dh
COlOddL so OdzBLOotefj HiEE YEdZPS 7 FdHE jeSCMIHO HIS
OkS R sdz0 ki i ¢ iz 6 tzs EGIHERORB K @& tzQ tc O ;

2GSH+ H02Y GSSG 3 2H
2GSH + ROOH Y GS&G + ROH + H

[ deL G8HPx | B;Bm@%;@@@B@m&bﬂdﬁH Yd sdted dHJ dzlsc
(d3ts§dz;§lzdzfr](+‘0 Is J ¥DHAECS fgstQ;Ole;daZ:lﬂISdBJdZJ dzts g & lﬁ]c;@q'-ldi
s dzOMmd W qu d md dz0 HoJ G izOosddgiL Op deindzBM ¢ JC Bd OB VS
toj HIz E tstecOdzmC d-E Odfd fipdz@ fd v ©OW Stc df, dzjTdts° © € Ols (

dr d dzj stec OdzmC d - -LfQotafsifdid H L ts Wuts Bsjfip fCtadzH
Gdd O tso SGSHPxzL d GIE IsE&HBEdz@O ° yjih <j 4 L Ofl
disd &30, CJ sGeHPx2d (koS jeltsof dd@S s d disCiEdiEO
s OdzO Iz Yydls st dzlz O dzd ftcj o GISHAB® dzs G O
® BEHPHO dZOkOL d M) & § &OL &3 bGSHRxs®Rd ¢
m&&mm&o&aco&quao@o Z dwBdlssatsdzHicd * ORO. (
X d 946%0 LOYO  dz0 ° j to [HiPdig His o dpt€iylalz \fPCindp dedz IS jj Is
to d B3O tc dats sHBteOdzd tH dadfmMSitse dzdotsO CMdHOIs
SCMdHO  jdddadddh i {§sinjddzsds dagiaa@dl y dff 22 Mg ® ks y Qe
s Odz0¢ dzd § d H dafalkafdj tEBDAFRJaHt A dedvij Ptc (Alid 2 B OB0)., 20
| ZzlsOlsdtsdze BQ ABARBOL'Q) (Hddijteded W kzOotsftetslsj ddz
B ° j H(dBdedz )y Oz @p8kDa) Cts° j k2 OCIkdodesds yj delstelz fOH
FAD (Adwasd MOt,GR2 Q1 WsC OdzdL 59 OdzO Ek iZq Is s jsdzy i d © @dz®
“d LO BHtY 0o 0Of ) < jdd s JRdastfisimte jdEiy rggitls &0 j
5 ¢ fnd Hewsodgixlis GGI Mz ff to s HRE S jO@E yd "  § dzd B dzOyd " 4§ ¢4
GSHPx t JHES o OdSHdEEZ EOl dsHazo desd3 yd ¢ dzlzdmie® LCAs e d M Is ¢
GSHPx [ otsdz t@QRBHGH Obd® o GHHEISSGRH &isfipd Mis toj HES o Odat
ClzzIsOlsdtsdz® HBfteddesmj<d JWdSOMmdes" sSHBtOdzd fSH
OCkdoGRafifld d MdzBADPH  sBHoa d O fj k Hej WOLj. U f{t
NADPHtc j HE FAD' disdzj SkEdz £ tCodtekz jLdBMEOE] GBS BEdzOdzt§ ¢
Hekzelk, CMduOdodkz WOLE, c¢Hj ©jOck ] MO Hdf
Btsdzj GBHiat Ide vifAts.., 2016)

Cvud’
ts Odzi ¢
7 g dz
J sttty
dzs € Odzd L
fmis tc
frjwts

G
d
d
¢
(4 ¢
(% ts
GSHP
]
te
)

2
gd
dz
i iz

GSSG +NADPH+HY 2GSH +* NADP

| 2z Is OBl ts@zizi ¥ FA2GLD8 ) BRSOk 0 KBz dyld &l Uk & dztd Od
WEkde$ ydsdzOdzdets teOL dzd ydlsdr ftotslsj ddzO® dzsC Odzd L ts9 O dzd
B 3B @Ezj SMdzso 2 yj gD Wd cl@BFd@P ) © ydlsshsdd)
BCtosL D dz@ESH MdMOttO ° j dHJ GBI O] Qb |, if JOHSO g
LY ZGSTME Hdd3j teded Jjdet B k6 dzOeo desdz MOMIsOoe ¢ j degd
LOBjdzjyjdd Mk d ~jbjtesHddjtedd sBddyd. [od
HikbsCMd¥deoyd d hdiesttse M jCled® OCj ZOMO. dofSH
ZOZzOL d k2 ° Zeted, jwHbwmisydisdBO. 1 twsyjfm HjlsCMdW
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(dzj €50 d, _QGdZthGISGJdZd @& @&mded o @ PP ERPH S s i 6
Cs*keOyd  § MmMizdW - dH tc GEHIOR J aitg K tls@s sdf s digdRf M@ & § M ls tc C
Wi Bz dzOMs O & BOAH sl @G GERE ISE @sd)j KBsck j S MS s
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