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fduddd d ydbsmbsOlduyd MEsets SOy j ddW

6.RL EZydIs! Sl v dzdo] BKOQRLY j d20 t©OL o9 dIsd ti
o sfMf Odzj ded ¥ : ShhGtsets OGYY lskfsw § dzd ©f
ddzHzydtcseo Odedzetsets Otoeddzgd detsdz) , tshistesg t
fdjdzsdzj Wicdls©O) d HftsHEzSIsdodtsets Oklsts(
OtelstcdIsO) .

7.{ yd dzd Is ! oSHEY v dzdfz tcJ f OtcOIsd o dzlz © tcj G J
LOY dovdzjtelfdfdz S sy d E LHBttsor' n HBSdsHT A
GJdzjIsduyj MSd tBEMmMdztse dzj dedzr &3 H d OB § Is 53

8. RMMdzj His® Ols LWWiCls ftsHtsd dIs S dztsizd
C BB J ehPisdEpfasntse dlsj d d' § sy M’
WdBtetsL O B sE®HcH®R] dOBL tcOMisdz - dL d3j
ZzOB Bt OIsstedzs » 3" N j 2.

O.RLEYdI! SkiJvdegd,j tcOL o dIlsdj OlstetsWdd dzO
dL d&3j dzj dz$OD1 z IstceOdzmc J dzdzr ~ dp63J Ty (SOmzd dz
G93A)dI1Gur)).

105 Ols BsteW sdzsedyj Mk " OtOCIsjtedmisd S E
(9 Cdzg yos h dn Hd Mt dzOL d & d cOtH jtotse MC
Mz L dets? yJdzjLj C©Sk@®. d o dzdwdzdw dzO dzgd

11RL Eydls! Skddd v de@®@j ttOL dzd ydzr J o Oted Odzls T
COdzyj tetsG jodajsldd rlz O dzd ydz" = o9 dHtse d dzd

1 Oz ydzOv disodgQfgdOwh j2 OBl of jtor j s
COtelsddz® ddelssSCmMdse Oydd §teod o dzizls tc SKkQL dzdafs
EmlsOdetso dzj dets, yYlsts cdBjdz fHted sz §tesd
BN d&zsOif Bfzs, yYbsts ftesHisdydlsj dzSklsj o f j Bs@DC
dedgtsdz! / S dzgj or LT 90jls fOsEceduyuimMSdrs d
B dz L 2y Skl Wa0] desHsdy dlsj dzt detsls:  y dL dz
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@' h j T57BL/ 6 BALB/C) SPFemdzEodd HJSdR Y dotslsc
si{BfBj&zzO d B Cdtso j dgdzgOY fdzj §f 2h 5dzC O)
odoOtdd. LMsOGD dzjlpj, d&zd YW EOj s  f e H 5 dzy
Ndotslsdr o o CtsdzojdzydtsdzOdz dzF 7 bkfdse dw -
T h g2 SPFo d 9 Otclefts o j dzd ud ded J ftotsH sdzy
Ctsdzo j daydsdzOdz! dz 7 bkfdsedw i dzj B' dzts fyo w

fOssdsedd, O bk MOdBysse & "j2 s it
M sdzls Odzdzts 2 o 5L tcOMisdzts? (o tsMyf Odzd Is j dz' dats? )
yOoMmistsls MitsdsOdd 7 sfkzitdj?2. Ifjtear j

LWWiClstse 3 Is HZ0 detOte dix) dizdalztE: Odzlsd ¢ fd H O dzls
sBh jfiOtsdzcedyj MSdrn fttsyj MimfMse ( Odz Isj te@
oty Odzj dedw (o Istsd3, yddidfjOte® Is of aBdstk 2zdzticd &)
C BB J ehPisdEpfasntse dlsj d d' = ©j OCyd2, HdMt
stsds yd mdzj d dZz0 dzj S slstster A detso ' n d3ts H
GJ Bsdzdlsdyd Mcs2 Odzj Bdd, Hd MYy czOL dd
Nddzirrjgets EMisOdtso dzj dzts, yYlsts BdIsHF stz tc  BH
f dzZOMs s s dOC OL " 9 O Is L d2Oyddzgsets L WW j ClIsC
(ydtesolzse HMistesW ds , dzj CtesL, Of sf IstsL )
Md di3f dzdzd $ s d Mdady OJ s Oy jSdanpishf [FLdixtta
(dzd 3W sydls Odzd , BOC tcsW Oc O3] , CteOdzz dzts y d Is
o sy Odzj dzd W (BOSIsjtedOdz' dz 2 fdj dztsdzj ¥t
Oklstsd BBz dzdzr 2 Oltedls) . 1 Ists SkQ atdzcds d
teOLodlsdj W dmlkadsaWed d degdfHfcjOtcH ©, O IOSYj d
NddzjgLr, G4 Bsdzdilsdyd M 2 Odzj ai3d d d &
W isdzdzd € 2 dzw tedz" -~ dzd dzW ts 3. B tcdzO j + § It tg jnfiph
vivo( o MjtHYyd) d fC0O0LO0dts MmMddyj &kéEp i Bhkdg
LO Cdzjlstsydzze OHGjLde d Istc @ddifs \d2hMsE j dzdzB «
mMd misj d3, otsodzj yjdzdzr =+ 9 tOLoadIsdy dzj € ot
dL d3j dej dzd W ftesdmnr tH d dzq f Otc Odzdzj dz! dzts
Ol sdzsedud MSdna dE Begpet{dd od sk Qe
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Mtsec zOMts e Odzd My fl B dz6kQlz ) fafadz' Isikf § asdrd W dzdifj G
ftesyd mmr , 9 Ctlstster n L d2Oydlsj dz' dzlz ® tcts d
Cdzj stsC .

vd e lsdud McOw d f Ol I dngshplamsyj Lsdp@sued) dsts(y
HOdzdptOB tsiIst L OCdzs yOjlsmw o dLdizjdejdedd d E
BB~ Odzd L &3y HJ 2 Miso d-tz0 i3] B s dzjsdzetcd O brss gzis d dzj
ltojddslzh j Mise J dzdBQL 1z fplsofifffjOdzd Is § dzt dz" §
6y 6jdzj Oyde d -fQcsdaffjsdaisGaitsy odtizjdezd ¥, o W
pdzdwWded j 8 dz©  CMYtej Minds dBsdzj ¢ dgdizs € @aj dsdfs Y
dL SCStotsd sigsfNOOs dJdW Jdz stcOO EZSOLT" 90 Is,
MoBHWIsMW Iktsdzr €5 & Ed@gide hjdeds CdMmdzdls g c
figh jMmlse jdadets d3gj dzw jIs Htoj HiMlsOoadzjdzdj B d3j -
SkQL d lsCtcr 908ls datseor j fitemfjCilsder Hdzw
dmMfsd Lo Odd™ o SCddddC,j. 1} ©0OSIsdujms sy
ssd3, ylsts o dzj 2 o tiftgdedi3] alzls @M dzks azPw 3 € O
SkQlL SKkQRL o lsdesh jdzedd yYJ dzsets W HO L OB s8dzj
I st cets fdj dztsdzj Wted s O, sistetsc s f O dzf
Wisdzdzd ¢ ZdzW tedzts? dzd dgW s A3 GjhBsdzdIsdyj M¢ 53
d3qd StEHOO L Oy do dzj ded W stcOoad3 StYd ftod H
Odzdydjy E ftoj f OcOlO G jtetsftetslsj Clssteds R
fteddzvIsr ot odzd BBOdedy Hted ¢ dzOdzdtetseo Odzd d
ftoj f OcOIstsa dzO s dz=ipQitf tedPp latty psdziprH tef ofif) ddzqdzts
stesd3] Iktséts, ©® AtHj tOBtslsr Br dzd tsn OteOC k
YddzjLr Ctorfnp d dagj MCtsdz €5 detsor 7 igsH J dzj 2
CjdBsdzdIsdyj MSts?2 Odej &B3J d) , Clstste” | disclzls
tcOLsBEcOL dz' » dzj S Otcflse j dzder = MEBMisOdzyd?2 .
ftesdLojH]jdts IstsSCmds sy Ols tSHE ¢ d 9 J<miEs yjow d fif
COdzyj oG j dedets?2 OCIsdodesmisd dzO Y do slsdz A
Colttesdts Hisdy dz EZydls=o @it fiySKOfiAf f = ¢ dzd dzd
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[ jssHBdZEEe W d BBJ stsH 't OBdEd@lz] Hifts® OISO o
1 CMf jteddzj delsOdz! dz" = dMMmdzj Hsea Odzd j 1+ WW J Clst
o' § tsdzdzj dzdzts j M dMfisd LtsoOddjds 15 tc OL
ydotslsdz =, O IsOCY] Btdz st dzOBtSILO i Is
) Stcc OdzORY n i VviBS OOt sdzse d yj MS dnr,
cdMmistsad®dud M dn, d BRzdtsedmistsa dddud MSc
BdsdazseduimMédn M ftoddsjdzj dzdj d3 MmMslse jIst
sBtcOBSISCd HOdzdz - .

l sdzsy jdedw, orf desmddy" j d&zO L O dlslz:

1.5kt fted HAz{byddjdagpgdgdd o IsjwOfjolsdyud:
ksCMdS sy Osdsedyj MSds dLdjdaj ded2 o
COdzyj oG j dgdes? OCIsdo desfyls & .

2. SkQL ftod Hddlsjd dsd (§sydL dj dadets k)
ftosHisdy dlsj dzt desfyls! Yy dLded Y dotslsdzeh R - tcE
©OL &z ydz' & bkfjesedw i, fteduyjd 1lsls
mMdzdy jdzd j &3 yOMmistsilsr dzgj dde¥ j S ydsdedz" = o
(COHdERsf Okdd), d&dets fsdmisHdls!
fOstsdzseduj MSda dLkjdzgj dzd2 o e OdzOR

3. [ Mdztsoddl j C 85 Is 57 s dzH-tiz® P 2O alztizj dzdzts ¢ 5 SEQLls d
5B Iz dzts p erpode § dgefd 5 MY O dinyjrdisghj dasdyg] “idgdeitsds © dzO
SkQRL) d ¢ s &Y J demPisdipfasmse  cjsdg'j dggls Mo W L
BsHEzdzdtelze h dd3 HIg B dnts o dff sz dz@ alafzledg t8 d € dzj I
MdedzOdzf zls gf] tslso j sMmisoffjtedslm gt O@d Isj dz' dzlz ¢
1 dzH Silsg dzdiy ¢ e WPt E z dzd telz s h - 1§ @ peetst€ O dz {5
LWWJ SIsdo desSkL gz mMB ez pj cOyde d §COdzgyJ tets

)b ddS Oy B0 j 6d OO HdMMjteksOoydd B’ &t
kMt d Odedd2MStd wLr oS, o ktd yd
Msslke jlsMisabks hdi Ctedlsjtedvd d dL Mfdmeco
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gilsg tf J dz Hisflstse JtodzsMmisd | MO @B Oggy j dzOB
i sdzlz yJ dzdz" - tcjLEzdz! sOIstse f sHIso J tey H @ PldA)
dimimdzj Hse OdzdV, dMftsdz L soOdedj &3 Mtso tcj d3] dac
Ctedlsjtedjo MsOldmisduyd ME¢Bs2 yjdksid d ks
d B HOK ststetsdz. [ OlsjtcdOdzr OB S48y | 87 dzds M
Ml JLHJ s dz6 s dztg dsig leide G130 [ dzls W B tow? 2 OsIfiBid. 2
CodeW jtojdzydd s WEdzH O3 dzls Odz' dats 2 s dz$-ts dz
liljtBlztce, 22 QOf tjsdpmd2iNE. C,s5dQ toj dzyd
sdz¢ sdzse d ¢l isteso MAdjils] s dzd v &€ 2 % o BB
[ 4 CGBHdzts2 CedeV j 6 dzyd d cl1LOECO dzOB ts
f SHABH' -1 (4Q &S I2Rc , H j2010B tew2 2[0)1j266E H) dzis 23 € &
Mfdydodzdmistse fs ©OBBIS ff dzOB tstc Ols 28 dz'
Md dzswBtcWw -20010 35 HIkdOk Bdzighis® 2 IS deftizjj to J dzy d d

Zyj dz' = ¢ JT iEodztXKbdovj ¢ ©e (1 E-h2dbdztsOf t2jldzw 2 0 ]
J i HEZRZOKGESH M2 dOkzydess? CtdW jtej dzydd Mmiskzi
" s d3ts d2Dfrltste” (s CePtej v 2014 6. ), XXI

Chctcj MMy oY j dzso j & d -1d4] S @tfetinjsdzs 02 0 A 4 tsdn.C )
BsdzsH " 7 -zdel) EZSRG 5o f smowh j dzdzlz & f Od3
1 -1 .1 0MmMddz: j & O "oCIlskzOdz dz" | o totsfmr 1
s sdzsedd"”" (vd3MCIVul)hL @Oftcf dzv dBEZEdtEo ) ¢
LHBtsSo 4 | yJ detpejttdeed, (8dsyds oW 2014¢. ),
gdz. ¢.1. 1 JjdzsL jBHISes. J vV (2MQBsMMd22 M
CtsdaW jtojdzydd M BiYHERBOsSHD &3 EZyOofmisdj o3
cdMmMstsdzsedd d {1 d@BdBtcdtdzsecdd RaHLASK dz'ICLAS (
International ConferencefiSciencebased assessmenof laboratory animal welfared

(4 0dz{ lls j toB EZOG , dz=1W7B teW Inté&xratiodalinterdisciplinary Academic

Conference«Innovatiors & Humang ( ¢ dzsOdzd v ,i 7 2 GRO®{ R jGtizd
EuropearRenalAssociationi EuropearDialysis and TransplantAssociationCongress

(o dBMiIsj tcH O3 F & dzsO R htkrdationglConference«kHomo sapiens

liberatue ([ sfif@o @3Otedls©® 2015¢G6. ) .
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[ dydz 2 9 C dzOHf OO EBOtA.s + C MY j tod d3j dzls O dz' «
dimMmdzj Hiso Odzed® tsB BKAR, Isjs€ tdadetetedy dzO O dz
o MjdBijdedes?2 N jdzjLj d HftesHESIsdodets] o tsfmt (
Oolsstetsdy Mtso d3j Mis dztsp ditr d§ .0 ¢N.¢ d dpizizH te etz j 8k@lo O
2O fJtesHBdydIsj dz desmbb sy d3 gy dzty s If dzun ¢
[.1. [ sh Cddg 3, R. | . ZOBOdzddzets?2 d s. ¢.
(BsSCots?2 ORIt dyuimMsd?2 MSdjtesr), s
Ofmd § sdudofisfef Odzj ded § T HE O s Gesdld) [ . [ . |
SkQRL dz0 tfMistets] B OCIsj tod Odz! datsijm tsee iy iindsddgtsdzc
l dzslsdzd S s &3 d . 1. 1SEQts az0d3,tc j f iPipdjsH] t aldlr(
Coyidnso di3gj Misdes M RrR. ¢ . | MR'BRdzjddzC{ts,d . [ .11dzj |
G dztsB Odz' dzlz ® 1 Sy to] Mg s Gdgjddple®dztse M j RG.HRY.
t.¢. ) ddetse € d dzr 3. 1w BsteW sdzse d yj mM¢ Ow
dzj Stesf Md2 Yy doewlsdy n, cdflsslsjndedyj MSze
ojtediwdsOoyd: d yifi@lefsdztse d L d3j dzj dzd 2 d of
f sdzz € sdzd yj Mise j dzdzlz © d Ctsdzd yj Mise j dzdzlz ©
MlsOlsdmisd yj MS z¥ sBtcOBSISCE dd ddalsj teftcjls
Qo s stetsds.
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1/¢61¢ 1.
iyt JrRurtovul 3

11 ¢SIsdodz § Wisteds” € d fiskiftdywiad@s jirld tadg” 2 d € C
shdsoder | fejHickOEO] &' j odhj dd +

2O cOo dzj dzdz’r & Odzlsd5S g H Odzls 1

1.1.1 s©OkCOY ROwOClkjtedmMisdsO das

{ ¢ dMmdzd wjsdyfipstO detso dIsj dz' dz" § 6 OSydd Mm &
Mizh desmls dzts 26 Bpjctisls U tcde B dzs e 5 BStce Odzd L BBO. )
1 dzj eedd ( O1 totsB dzts § HM R Oded J ) , 1Isd tj O
smikzh jmMlsodzj degdw WdLdtsdzsedyj mMSdr tjceckzdvlis
ded L BJ>Xde o3 § sBBYd o fi) dfj Hidfifrisdatslojdey d 8 OicHsfE:!
tecHO ftsyj Mitse weo dzw j Isfpw ftoesHEZS ydw O
dZzOMmlstswh jj otjddW dLejMmlsdyr MmMdzjuHkze hdj tsmc
DN j s Md H-E20 R SO (5 Uzt | tc-© Gzt & Hz, cftetsC
d3d Is 5~ ts5 dzH tehch G de ez Murphy [Murphy, 2009}
2) 6 dHtesCMddz dgf 2 tOHJC Odz
f jcedHicsSCMdd E[2 tOHJS Odz
A jy CdM! -19fHStEESHO
5 dzc dzj Isdz” 2 [£ I Mz te S H
s tots d3j ZCOLOdzgdzr = Wtstcds ¢ As, mMih j Mlse z¢
MotsBBHAdZ » t©WOHJS Odztsoe , o Yyomlsdzesmisd, IsHryMm
sCMdH OL IO NO. lIststed ydz J ftocsHEZzGCIsT
f4dtjudmdzj dzdzr = MsjHddzj dzd?2 M e Odd yj M
MotsBtsH dzstcOH d ¢ Odzr dzr d3d Mo ts2 Milseo O . s  dac
fdesShdd & JeOHRA@dAz" , KROOEGYT jaxjfCafidiej ¢
BsHdWdydtetseo Odzdz" § OL BIsdMmisr | shdetse Oded W
MOe ddzmsdz d MsOels., 2003; [ jdzg hd¢ sl Osed
fdzz WPE B S H dz' i3 teDH d D Ddetsdg™ Bsdzj € £ dzO, d di3g ¢
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dzi Q@ dzdzr = { dzj Clstetsdztse dzO o dzj hdzj 2 st dlIs
Hsf sdzdzad Is§ dz' dets? 9 Oz dzlsdzsiylsd d o' MsE 82
Mo ls. | 1991; ] ZOHddB3dtetsots HB8B8GHr BHHQ!
dL e jmilsde J Mo B tSH dz" j B OHAEA@ Odygdzj HfEHsHMEOjL +
[l ZOHddBBdtetsea, 199 8]
1) §jtwoduydzojsL dzad ¢ O Is ¢co¢ tejLlzdz IsOIs tc |
o smmis Odzts o dzj dzd v ftcd Eyomisdd d3J IsOdzdztso
slsdesmw Isfyw , o 1y O fpdegdsinls d |, ts Ciffath] e Csfilsdy,  tc O
2)o ststed Y etcfsd e SH Y Is -BRUc O @K Oz Bts dzj € & dz;
sO¢dy MijHddzjdzdvw, C0O¢C cdHtesSMddz dzr 2 teC
)y stcj sdudgBjcOL 28 Isfpw  ftcd Hj2Mlsadd oltted
OdzsdtsE MdHOdzIstse d Hickzed@zj degg2Cts tsCdmdzw j
ljtcodyde §| tOHJCOdzr o detstediy o' f tsdzdgw
d feswveodwels dzgjeOIsdoadz § 1 WWHJjSIsr Issdzt Ct5
olsstcdyds" §j MOdRd s MijBj ECOLMroO8ls ydls
LOdzd dz3Ot Is o3y Y zlstsydz O, f @dxdBjdzdy [} 6OL
SOYHOW dL dzOL 9 Odzgdzr = o7 hj tcOL dztso dH dz
fesdmn ) H] dd fodsf B UM L B SMse | dedatsls ¥ d3c
sBEkMdzOo dzd o Ot Is dn ftcdmMizlsmilse dj ) Isj ~
(BB IstsatsdzH tod ( ydlsssL sdz' ) o d W delOd tsifts)ciafsy
f OlssW dL dtdzts ¢ d y JHAEvdl: Gutiejidge 1984, Katz, 1986; Halliwell,
1987; Halliwell, 1989; Halliwell, Gutteridge 1990; Aruoma et al., 1991; Martinez

Cayuela 1995; JjdeStse d MtsOoels. , .20J0ddz o ¢ a4
stce Odad L d3j mMEh jMmMseakzj s WdLdBdztse d yg
MosBBH dstcOHd S Odz! dz" - ftesy) Mtse . v 0O¢,

fdted Sdmdesy 8CdMmdd ddd wdfdHse (1 [[), da
MsmMis©e O, ftetsded yoj cdsMmisd &g dgB e ®dzy jdi ¢ 'R H
hjdStse d MsOagRkz@YPE] &dj s dlsos h dn
Bste! BT Md o dziz ©dzj Is 5y dzr didibiolf EDBAS Gjljatz® d3d08][
sbh jfsokjls yjdr 2 ©vH Hekedh f(oddjcss
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WkdsC y§uuk €t al, 1997 . [ HdzOCt efj yj odkls
MH j )y OdzdwY dAs o detsteddj HEMIsOIstsydss dzd L
fsish s OdsdsSMdHOdsd &= MmdMmisj d, ddBt
fsotejyHjddw fm fohsh! s tof jf @EOYGIOeRRHOSIs § t

| ZOo dzts? §ObBsdscdyj MSs?2 Mdlskzoydy?,
COHdS Odzsa, Wodw jlmw sCdmddlsj d d 2 stk

1.1.2 [BhOw fOWdLddtedwy ¢ dMd
{Cdmdzdisj dz' dz" &3 ( 5S¢ MdezOlsy o @ Kg) W &) bz gzl i
dzOB dz¥ HARQUSINW | dzd ] B OXZOZMNO d@J Y HEZ BtOL ts9 C
Cdzj stsydzr = Odzls d t5¢€ fipifsy EO@s.dz" & O Shf{dy) Istg mfge P L 15 o3,
Mistej MM oL ddSO]ls, CseHO ftosHEZSYydw ¢ A
dbAsftesHizydtelze M da MdMisj dzd ydediafty dn {f s fnusis dizt
dr dzj 2stcOdzdL Oydd [l OLHddBo O, 2013].
Licse j dz dAS, ftcjor hoshd? Cd3f J
OdzsdtsCMdHOdzlsdzr = MdMmMisj &3, 97" L " 9o0OjlIs Mmjte! y
Cdzj stsC d S Odzj 2, fcsmMisdz S dAs Ofzshise
Bdtdiisdzy Sdz. 1 tsotej YHjdzde J BOCtetsdisdzj ¢ k2 dzr
Edzd ylstsy O Isfmyw SH&RZOCtS Isj BB’ tej f OcOydd
slsMlsOs s s Isj BYf so RZOC s dzj dzgdwv ftsoted yH
dZzOC Of dzd & O Isfyw  {f ts 9 tc [[GruRejetzadz 199 MWidfécdigr Bidiogyr of
FreeRadicale , 119.98] L OsadMmddsMmisd sls Mddzr Mmliste,
HdMistesw dud MEdJ dL d3j daj ded ¥ (fp  deOtelzh j o
slsftcOQodzj dzd2 Is€0Odzj?2 d BcOdzsea d tOL 9 (
wodzj ded2), fYtcdBdzkzls: 9o tjLbkzd O] Of tsf|
s5COLTr 90jIsfimw odzklsted Of sflslsdyud MSdr Isj d
fsotcjyHjdedY CtEyOsh j2 1COdd dqdzd o tj
ftsote yH]ddw fdzddcidtus og j dpdtish tfipt &9 9 o
2002;f OdzmCdr, 2007] . lted dzj StetsL j € dzj Istsyde
CdzjIsCd orfMmMotBBYHOjIsMYW o Ctelky O h s Mt
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Odz' sj teOyde, otsmf Odzd Is j dz! dz" | dL d3j ddg dzdzC
sCtokzy O hdj CdzjlsEmmCdztcl C @ded d[ Mdeplodse,, 2
CoOoyjmseaj d&hjdzgj?2 HdAzYW MmMotBBHAZ = ©GOHJSEC
o' Mk Ols! ddfdHr, BjdSd d dzCdj ddssr j

Il WdLrdsdzseduyj mMédas Efmdaztse dw r J dazizyy dtstk
9 GBdzsodzjdzdd d3j BBBtcOdz [ 1 tcOL H dzs9 O, 201
9" L"90jls HjMbtkzSIsdeods j 1 WWjCIsT d, )
HdMistesW dud MSdn, Ofsflsslsduimidn d dzj¢
¢ dmdzd ded J W ooMmHidid Bk tzd © OHIE § 6 Otfallyds sy d
d3J d@3B,iIcOdglsts By JjIs 7" L o Ols! i tso tc jdaHRE dzdizk 5
[Richter et al.,, 1997 . s tetsd3g Istsc s, dolts[H[] Is 3s S Is e
Cdzj sstiggeyg flsstesoadz] CABSEBOS Y jMow L Odedz" » M &
ZOf tof Bgir/i€+d u AOJI sdzH " toj o d McQasks.titets2 0 G ic
Cdzs yj © O9 sacisiddl | uJ daff i dedatdsHislztse sd3j sMisOL O €
tcOB IS Ctlsttets?2 o jHJjIs €& wOLoadIlsde B Odzdztsc
BlstsatsdzHtcdw n 9o to jlo O @O jtc | P R B H ddfds 6 2 I
CO¢ Wijttdzj dzlsT BOtedE MO, I1sOC d ¢ sdi3f sdzj dz
1 soatej Y HJ dedz" j d3j dzB tc O dz ElstcOydo Os Is 1
dLBdtcOIlsj dz dzglz® ftotsded yoj azgtsmis: Yylsts toj C
(9 0Oydaj 2N j J mMeBbEEJgd o B Otdzdzts dzdats 2 Hd Miste
or mMetsBtsyHjdedd (L BdlssnensdzHtcdd WOSCIktcise
ddzdySseo, 2003; [OdhH¢dr 1.1., 2007].

J Eidzse dw A sCdMmdzdlsj dz¢ detsc ts Mistcj M
BsHIW J S Oyduts fiplsiddet@ssols L dzOydds | fetc s s B W Iz o 5 ¢
mMud Isd , ¢ kbttOlsy dd&dd Bdttdsecdyj MSdr Wk
ted yd ff Is stcdetsl2dzOdi d eBtfteso ,[ 199 8; 1. dC s lgw
sSCMJHOIsdsd Mistcj MMJ ddz0CIsde Oyd(d Bs G
Odzlsd € MdH Odzls dzts 2 d HeQ M dPlc Oy d d , yls ts
Mo tsBtSHdatstcOH d € Odz! dz' = ftoesyj Mitse dzj € sdz
fsotc] Y HJ dede' = Cdzjy stBydig dtsL MtsipdzC Blzte] 1 tcOL
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wbkzh jMmlse j dzgdets tslsd3j Isd s Yybsts o twjLkzd IsO
oL dzd COIs! dqdgpee’ 4§ Qbzs My smMssdzs MY tetse sydg
l esmMEzew Ctse d fisdn@esly.dzdzts2 000 S5z yO4 6 dB 4
dzgj Steslsdyu MSddz f2lsjdg. [SdMmdzdlsj dz' das?2 (Bfs
ssdz! €8 odgkzlstedCdzj Issyde" § BJ d2€Cd, dzs d €t
sOC Y] dBYyjls tj OdzdL s9 Ols+ Mw o W tsBidak] dztsVddHBd
dzj C totsLa@, s HBMlsle'd d § tcd y d dats 2 tcOLodIlsdw )
Okzlstsd iz dzdz" = tj OCyd?2, WdBtesL O d ¢ dOdzdc
vytejLor yo2dsts sBtsdz " dj Bddzsedy MSdyJ
Hj 2Mmlsedj dpAs. [dEz) SAdD 115 BodgEHHIOS ! !
dzj f ste] HMIse j dzdetsd3 o L O d3ts H j- & fif B 85 tHtf B)Hfdi SO\ ARE
(o d3jdz Mj2 Mlisj Ojdatids)dztsligiz f jtféirddshifdzd ©®tsp, 19

MsOols., L0 @EHfEHOdES i1 ls Hj2flso to Ols!
fdtod BB H d dzs@dzdj ¥ 5 ASIHOC 3 | dz20 ©fMis Ot f 2k
MsOels.., REOAG Mds, ykt, CO¢ 1kt B’ &t

BdlssatdzHtcd Odz! dzOW [1s fHtHo jtoy jdzO ofSL HJ
W H | tc da@kel, Hplbrook 2000; Barja,Herrerq 2000]. ] yd mdzj i to
tcOL dzdyd?2 ECOLTo90Qjlsmw dmMEitsdz ¢85 WOCIsEt
BdlssrtsdHtcdy WwWodw jlsfpw thdesodzr &3 d3j Mistsd3
bAs o CdzjlsCi, dd&Ejdl djdzjj LwwjSlkdeds §
Bdlstsn BdzHdB@WO 1 s ded OMMsyddises OdzO M ¢ df
®sedzd B BBJMYJudls! §2 DizéafogluzdeBs jFikekzlz
Holbrook 2000; BarjaHerrerq 200Q.

dAS My smtse dz ftsotcj )y HOIs! [1 8 dzd Is ts d
oL OddtsH § 2 iflsoffiyd fYdsmicj Himlseaj GcJdeslstsS mdy
sCdmdzy dedw dzdf dHtse d B J démey 19891icRodigugzact &l.N
199§ . [BteOLEEMNJ2MW o GJjLEM SOIsj ftsyd M
HJOW HjGedH MItMmMsej dz tSB B3SO 'OHQ Isiad dzB kizH 2
ftiodyd 3 ¢ 0L Odzts, Yylsts 1s0¢dj OHHECIsT

Is tc O dzfn o Peddndt?al., [998] stesd3zy Istsets, dL o j Mmlsdzs,
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dbAns d &OSCBYdzjdedy HtesHEZGIBE 1 [ ] Bs6lzls
Emddzd o OBls HBEFIr BEzlsOcGj dztsoe , gGuetqrd figlsalzts f
2002; Bldkhina et al., 200B . 1 soted yHJ ded § ris #fHtd t
ftoesdmMatHdIs ISOC Y J 9 tojLEzdz sOIsy HJ2Mlso (
fsorhjddd Stdyd dsttoydd o dplted da@p ks v @] &
s¢CdMmdzd s j dz@ dz€a&denasma0@]] M O §dzj ydesdz My Isd ,
tcJ OdzdL ¥ smpw dz20O ERZtesodzj G Jj deslssSCMdyud MEBSEHt
Bsdzj Sdz 118, GJjdedzg’ » dBBzISOYd kde dad ©B s d3te fiy &
1999, Rz ddzmMCdma d .MsOalfj SIsROBHdsed yd MS c
gL d3j dzgj dzd 2 € ta@Asdzjc dredjtei=xfS C dzj IssC M dzj toj
rv's LO Mydls OSIdodesMmisd BJ dZE O ©53 HAE
fswodzg dzgdw o IsCOdzv r € dzj Is By dz dits tc & dzetlzs o
WEdS ydisdzOdzt dzf dzd Mo ts2 flsia @&dgdirO L( i) ts tsistiys dz
mMfsmMtsedz = HOIS! ZOyodzs twOL odlIsds st zr 51
dded yS seo, 2003; ROxzdfdahdizgs:, 2 @G BSHY 2/Q 1
Mis Odzs 9 ddsdnvdz' =Y 4 Yls 5, dzf MdBsslstew dz2O dBdzsE s
MotsBtHdSCOHd S Odz dese s =Y q fydzj &d v sq§ d &) dzt$ &
ftcj HMIsOQoadzw jIs MsBts?2 BGHsIsd] dkzr tBhMEE )
22O Hj2Mlsoad,] tOLdtstBtcOL dzf B jidsfte]diny didtfe?,
(S tsdzsoe MC d2, 2008) d f§slsjdzydOdz dzts d
sCOdzj osd3 Etesodzgj] o Wottdzy ftOSIsduyj MSd dz
ftoesyjimissondmlstesW dyd MSdr dL d3j dgj dzed2 HES
[ dlstclz € t9,, 19jOtbs 1 Odz» yd o, o¢ddysStse, 2003
s0Cddz tsBtOL sd3, Mkh jMlsolzjls L dOydlsj dz' d
otsL dzd € O h dn ) ydoer n mMdMmisi BO~A ftcd ¢
OCIsdoadzr » Wtsted CdMzstesHO dBsecbkzls BT Is! 1 G
OGj dzls™w iIstf Jdzd S tsMo jdzdes ko j dzd YOO Py © &
ftossCMdH Odzls T O OCYJ tOLdzdydz § W4 tcds.
sCMmMdHOL Odzd ) YydlstsiL sdzj d Bdlstsa BdzH tcd O
[Halliwell, Gutteridge 1984;Katz, 1986;Halliwell, 1987; Halliwell, 1989; Halliwell,
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Gutteridge 1990; Aruoma et al., 1991; MartinezCayuela 1995; Storz, Imlay, 1999;
1JdS 89 d MBsOel., 2001; Pomposiell o, L
l1toj HMMIsOo dzj dzd s Istsd3, Ylsts d d3d dedets d3q Is
Mo B SH dz' - tcOHJC Odzts 9 CO¢ ) WdL dsdzse du
fOstsdtsecdyd MEdn mMemMistsw dd v -, d f s fdzlz
BB Is 5 5 dzH-2Q P tizO szdDjdpldf s~ d H O dzldat? = Mts H d dzd

12 Ocedz' | 6 tsdzd BdlssnitsdHicd?2 $OC dml

1.2.1 |jdejOyd» dsq s ts MOsiprstda i@y Ofiot

[deseddsd OolststcOdRRd BdlssatsdHtcdd Faygds Ot
Btsdz! h d €zfipgls 55 C d3dzj S[GHamfdea., N1g79; Nohl, 1981 Cadenas
Davies 2000; Raha Robinson 2000; Muller, 2000; Turrens 2003; Andreyev et al.,
2005; Balabanet al., 2005; AdamVizi, Chinopoulos 2006; Murphy, 2009] ¢ Is O
ftosHEzS ydw dAsS, CclsstcOW ¢ O¢ f sdzOG O
fsoteyHjddw dif dpddisirizid@iyald 2 §ted BEdz! " 5d3
ftotsyd Mmtsoe ; Ctesdgy Ists@ts, dbAs BB EZOHOB IS
yJ dzr 2 teW H mMd ¢ zOdz' dzr = o dgzIsted € dzj Istsydz =~
¢ d Mdzd 6 sdgmi®ghzsdEc s MisOlzMO o d&Bdlstsa & dzt
C dzj Istsydz ~ [Drisgued 20QR¢Balabanet al.,, 2005].& dzj H 59 Q b flztdady
st BdEBE ssddotsHYIs ¢(As Mtse jtoh j dedets dz
f Olstsc j daj L O d fsdm¢ O Isj O -sOEd Y Jsifcdr
otsLHjJ2Mlsead?2 ftod edgd2 hds df Osfiprsjc deusidi)Sid -

ljtcots] MtstsBh jdzgdj 5 Istsd3, yYlsts H'™ 7 Olsj d
B' dzts G kzBdzd ¢ 5o Qlntsens 1DH®G , §f P dzjOudshiy Sdz] #9. to
YOdzM O d MmMtsOolststetse B dzts d Usts grdeta ts a3 GriippisORizia
sOCHhtgtsd L 9 1 H[€Hanceet al.,, 1979;Loschenet al., 1971;Boveris Chance
1973].1 H Odz! dpj 2 fij ok itdsti) ¢ | 6tdSB t OL 59 Odzfpw & 3
o) L zdzH f @Bk sty jdte sC Y & Pdzj edtelz j BsEts H' 2 C
[Loschen et al.,, 1974; Forman Kennedy 1974]. [ H dztso tcj d3j dzdzts j
mMtse Mis o J dadats 2 Mz JtesCMdHHJdMd3kzIs @iIs© dztsdzd Is t6
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Ot zRjokzlsBtRdz! L & eadsszt dsdeus] M) € s sl Is ts Bz20 vl tzd
f ctsH Iz@zﬁ'c{[‘d/eisiger Fridovich, 1973l.4 {1 Istsets d H s d3p@dagl
ZOC s d zOfM! Bsd h OV  IttkHdssBEBL td BOW
Bj nOdzed L BOB ¢ jdaj eOUYdd BlstshtsdzHtcd Odz! dz' -
sfdatso dzr = dMlstsydzed$ O dAs, ZMmls Odzts 9 dzj dzdz' -
BflssotsdHtedwn (e d i3z pfy lsiaf jsdedids dzts dztszO dzf
sBteOldz 2 fjto]j desis ¢ iz ipte@migsds]jj, 4 tzhdO jC
d W dzOo d dec3ts dets dflzScdrmiAs Isdddgd 4 Is 3 Mists o MEGtsd
11 o 1. wdzj HEZ ] Is, S H dZOS 55 ¢ HEBS d3 SIS dslsib Solsf dihg s
M dels o usfaelz M seshl! G'tsud e SAAREMSs, G HJ
dAS, dzj s toj H jdgpaizdedag ] ( s5C sdzts 8 0 %)O dzff ts dz
sBteOLEjkMw ftod §lsj teds tcOdzg betcdasd® gzl ¢
[ Hal | i wel |, 1981] . diOystiso OF todf s j B H Odfuc
Codff dzj € M| -4 BN (tedgiede ZQIsOL O d Mmshis®Ooe tav js
sBhjets skt O 1 dzj Clstesdetso o yjgfd [uvjtegh

dlstsdls tb&jldls:, Yyt thdtsedtsj o dzd BOd
5B L Stedz A tc OB tsl4f totsHHZC dgnfjdfls fyvis O € dZOL " 9 O] ¢
BilssitsdHid Odz' @,/ tstsdcjcOY A SSBLOL 2 Isfgw L
BRBOh ddzi edd, ©OMYsdzsy jdedzts?2 ot o dzgzlstej dzdzj -

[Murphy, 2009] , ntslsw | Mmis! d Htkzced] s ls
MowL Odadz" | ) dzOtclkzy dets? d3j dzB e Odzets?2 dadedys ) ¢
Davies 2000;Andreyevetal. , 2005] . ¢GlIlsts tsMmMtseBts] 9 dzd d3

MowL Odes ) Isj o3, Yybsts ddij dedzs dr BGBtcOL B89
Bd Is 57 s dzH-tz@ P 2O eiztizj dzftss Ofyd W@k s d  d &3j dzdz
ftesdL o ©®Afplsa @OC Ot kv &Odetsd hdj [H GOYE,
1Ists?2 bySd Ltejddwy o0 jdz dzgj btsdz ¢t d3j
BlssotsdHtedY B o ©OLd &= Mdlszoydwsa.
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1.2.2 vkse jd@ f '8 H §dusdsh tspdaHste d(vQgd  sind o s |
Vivo

v dmfmozj Hso Odzdw ke, SOC) L dzOyj d
Of Hdzw ©OLodlsdw SdMmddkjd d & (ot yt
¢ dMmdzd e sdgmiz®dzso dIsj dz' dz" B3 tj OC ydw dsd e
L 2O S sd &g dzPtedtelzj sy B lstsa sdzH ted W d3q
1 OdBsdz M d?2 s § B Do d usaide Heftple OEzdz" HiZd  d3c
ftesdmManBHdl © 1SOE dOL'" 9 O] BB ¢ Mshistpp da
Fdsj dz' " jdedzr 2 f Edz CoQ dMugdly, 2G08tsdl o sBY B i
Gjdagj cOydw oéaAas dHJjl o Mmdseodasdz L O Myl
Codisf dzj Sy R% HsBtEgs dzV j Bsets L sdzdtetse O
o 1Isdr Ekmddztsedwna ZAU[WreWBVtet@IL, 20p3sChanceet al. QL979;
Kudin etal., 2004] 4 ISBSEts otj d&3j dzd, CO&C 1O Yy
Mts 0o Is s@ha@mzxet al, 1979; Boveris Chance 1973] sdz0 {f sdzlz Y
hJotsStsj tOMfteshisteOdzj dedj © dzdlsjteOlskztej
COC YsCOLOLj o OBdEzEEhd @) MSSsster 2 1 te
b f)dzts sinfWivE, Stslsw HOYj o 6stdeddzOd ds2 Lk
fskkyj dedz' | tjLbEdz O sy ds ddasjteftejls
CtdzS toj sdzts e ts  Baveny Ghandedd78kls @ v RAKB O s dzv y
f ts dzlz  jirdziteo, 820 | Mls j Mls o j ipdwop C @idzs ® I8 Mw  dzj o
dzj MC tsdz' € d o5 Hfgcapd d2Q ds. d3ASEN d 30O dz* dirCR dzf tdetson e
RBissotsdHtedY B3 fsdMotsHdls ot otj BY B ts
dZOff j dzdzr & Ctdzyj delsteOyd?2 MkefMiscOltss, 5O
jMisjMmlse j dzdzr 7 Efdzse dovlsits talpChdz dztsoELisds jomfjydgd. v I
BlssntsdzHtedW R of fsdzdzv s sfyw, COC 0o d dzts
2O h jdzdw oLHEAGBE MO , &¢Iz @O s
BflstsatdHted Od dzgdy BBy Dol sty dls da
O YdLdtsksedy] NEEQtizdtsdkd Hasn ©OkzH ted 2 Msfis
1050 &SI, cjdzji@wpdwsPjls B0 @OL5 dad ¥ j
JLsdkdteso Odzedz’ & BlstsEsdzHtedw e o Iksd N j
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WOCltsts, BettOddyudeoOshd2 ¢ ilstOf inditroydz®
ftesHEZS s PhlsjMmlse jdde 2 bkifdksedws Wweo dw,
Bisdz Nsdhggh fMd kv d2e jeswWisdes, BEZHEL ftsd
SBOLBd®R, BEHjls &OSBHdI! v eppd s Kbzt M dz
¢ d Mdzj dedzr o5 iz dztbd® GMudphy, 2009] . wdzj Hiso C
CJjdej COY@whatiaf s Biw  dzj L dzOyd Is jedz' fige" faistef ) I tisw
qdzd 2. IMmdzjumkod] {kkesorBReHdl §kisjiz&
H' R Odzd d € dfydztste s H @ vitdgdidg ts THssdzHzttsd WBdgdls @ 1 € fiy ks
Mdskzoydd o jMmisjMmlse jdade 7 Ekfmdsse w3 apriaiv j
HisdpedzOs! ofs ddese s tOL dedy 4. 1 Mmewr d M
dzj o 5L Bsy dztsfyls: o dzOflsswh jj otej BB HORJ
ftesdLotsHIMY KBissatsdHtedw gd o jMmisj s
dzj HoMIsOIC O L dz20dzd?2 B BOL tsoatd3 toj ) dgndyjvo W
[Murphy, 200097 . [ sdzv dBlsatsdzH tod 20 Md kztRkg WO
fitej st  dzj Slstetsdztse | o dzfeL ozl Bls &bzj s€ Q&
jMisjMmise jdzdz' @ bkfksedw s ftosotsHWI Bisd h
BdzdL Ctsd3 ¢ cMtsmisswdds 3& (Lt Mydlojlsm
0o ®OEdSMmj, dMotsHY dL HOdE o &O dJLt
Mtso jtoh j dedets dzj Musphys 592 Gc@iAs]?. [vOCdds tsB O
fMjte! jLdtsj GCtsfo jdedesj ModHjlsjdz flsets tsisd
Bdtsdztedyud MSd L d&Oyddssets kwseodzy ¢AS 9
CfRf sdzj dzlstse 1 Isdn  tsted Odzjfiplsde, | dzezlPts @ 5 15 fs agg
Cjdzj eONdPd O©dH] HBdd Gl (st s dj dadzsd
BlstsotsdHtedwe odizlsted Sdzjlstse S0 dzj s

( fydzg sYj &zC 0 &JIstsa tsdzH ted,0dts lszts 2 € s dEdets
fslstej Bdzj dzdzse s §  ztste s SO dalfj otisy jogishlstz®, ¢ jls
BlstsotsdHtduzfd 5C A i3 §lsj dg, ipdee? o
[ OSMdisOdz dzs oL sy disp GRsdhsoy e 8 [
B' Is! ftostf steydsdzOdz! des MtsH jtoy Oded® o i3] k
(0SS dn AWM IBRY f Cttej zdtese Ols: ) BOS
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dzj Bjdzjij, WOCkduj mSdD zRigis s jztzt 1 ts 5 f) bz& Y ¢
WOCkbsttpd BoO€sdtsh 4 dod § V(5 lstster § § tsSH o j toy
Ctdzj B Ondgifo) o ylsts Moy thsy dazsMzpPp Bls! ,  dzOf
ftoesHEZSCYydd o¢As RBIstsatsdHtcdw &3, orf Hj dzj dzdz
ot dzOdz' dzse s MlsOkzMO, dd3j v s tsls detmrphy,dzd
2009] . [tydets dzd or fsdzdedls! IOCE¥ tsyp sizC |
9 ICOdwAa? s Mty Odzj dadCts to tafj A BBy ts o,z M 1 th)is
fts OSCHdd3 tjLbd OO HOYj HtwdeddL dlsj
Gjdzj bOYdd 3] Isb8 sdeitsg mdsdh j @z 7 EMdzse d v A
ftosdL o SHMpls® OdZOH o '  5dzdzj dzO H dzw fJtWkzL
ftesdLosHMmMlsoas JjtesEMdHO 9oBHBSKGBEBEHO 9 Y J
CCOO&OL dese s fOshine détdg).,dAPr5] | & [ Isdrn [z fdzt
EmisOdzse dzj dz0@ MS stetsmis! §tetsH S yd H.0.0020d ssdadd
Mr eseé s o jMp@ciod€alléndedet af., 2004] ftod yj &3 ¢ dzts
HO, 20 ¢ fr esets o MO § tsdzlz yOdzts iy ftcd

B Is s~ s Bevergefal,[1972] [ H d2Q€As) j o 1 Iss2 OB
Yylsts ftesHikzSydw o dzzlsted S dzj lsts o dz't dsdff -~ o3 dzldntsiists
sOCts?2 yj, SCOC Hdw dJqLbddttso Odzdz" 7 o3 Ist
G j daj tod tclz@Nfdiid HsB teOls detsds 1 j tc Paesif)gt al. L 1&7P1C Is
l sBsdglz, daj Msslstew dzO@ yOMmlsr j M jSkzdvydd
ofMmj Jhj Mmsyds MCOLOL!, COCte o Hj?2
BdlstsntsdzHted W &3 o Ndor a IsC Odzv 7, C O
Wdrdsdseduj MSdn tBMistWIsiis fHzdz02 S ZOR t
brns, atbw d dzj s 1t d3dafs dzdigOneqdpizs j 1 1S ts dzd 1
sBMisswWilsj dz Mise s dzj 5B - BSHJ d3ts ddzj Is 99 (
c3d Is s~ 5 dzH-t2Q P tizO ozf) ddidef 5-C M H PlzEEB Az C &2 1 Isd
Brils: fMmowiL Otgs? dzfslsf B s@b Y ts5at5 daf ldf@® [ di3r 7
O f Bodjj bodidd od@jh Olsjd Msoatsd o

BlssrtsdzHtc Odz! dz" dsd ¢ A 5. Rdzls j toj dz 2 d
ftoddsj 6 MyjlsOdedw tetsdzj 2 o3 Istsn ogHdtdpoafis joi
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fsotejyHjdd?2 d dBsHEzdYlssttO MdedoOd dr F
cdfsSmdd.

1.2.3 10OHBSEMOdzr dzOW 1 tetfsjHtizt€ Sy H BREHERED (.
fted edfsSmdd

U9 jHTS ZMmls Odets o dzj dzts, Yls ts ftotsdL o SH
bojdduyde O Ismw edzdla ifdsRe dOs-dzyty flealspByO y 2 d 0 9 O
cdfsSCmMduimMedy 1+ WWJjClIst ftoswedzve Isqpv L ¢
Mtcj H J Zdzj dz' h O] Is 8% [Buzy, 2StHdmackets 2004] U ts Yy dz
B dzj €z dzw tc dzr 2 BBy nOdzed L d3 ko j dzd yJ dzd v f tcts
HdWdJd fddpdzstesH O 860 dzj t©OMmh dWtctse Odg, dat
d L &z y JjMiznghy, 2009].

[ Istsd3, Yybsts o kmzsedwrs edisSMmdd oL

dLe jMmlsdes [ 1 jJdeEtse d MtsOels., 2001] . ¢hHhy
Yylsts ¢ j dzjjedeteqd dcsdzj HsMIsOIsC ] CdMdzstesH O  d3c
o Oy dzlz & i dzhtstc dzlz © tc s dz' . [COL Odzts iy Y ls

SftejHjdvjlsmy fMBH,j ey Aded jydloss @ dzd Js ¢ Ehts s tl
Yj dzsteOdz dgzs tetsdz o s eSgnepza200jHEFE S Wda@zv ¢
CibjtesHd B e (A0kgLUE) FJdGEsBEE" 2 It Odzit
d, o MmMtyjlkOddd M Httkzeddd BJ &Zz¢ Odd, ddzq
dzO dzj H sfls Ols Mateoet dl.ipPBOS Bamer@a2(004;Zhouet al., 2007] HIF-

1@ sdisdlsklsdodsts { CMftej MMdiekzjlsmw o Cdzjls
cdHisCMdddekj kMY 5 ©MisOlsSodU | srd d&,
bedSodBadand Bs2 ¢ el st GOumzazed; Paitgnet &.O H
20100 SBGHO Ctdpytf@BiclOYIqOHI O tej MlsOjls tOL
fsLosdv jls " stedBdtose OK iy dediHsk) yafsteitfods) 4o b
Mjtedd ¢jdtss, tslse jyOSanidPla ez@. 206l t Sl iOd “dz
W OC ket d, Cjebddtelzs h dad, dzOCesdfdg] lstgvj

f tots dzd dz@ dOHLtEs § Tyl aidn s o ds, j dzo i@ VCls das, 5 o
fjtesC mdH oz xgjdEjjLd® o OFS Isdo dzts deuzy Sdasracker ¥
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2006} T tod yd o3, B' dzs § sC OL Odzts, Yybts 1 WW,j¢S
Bdlstsn tdzH tod O dz! dzrtln ddgsse zdzO BH IIGB  Ld$dfBlsdsts: Stsoklas t
OHtej Mo Odzdzr d3d O daszy, sSSEHymjackard2BOBldzd v @S d &3 51
H' nOlsj dzz dzOW yJd t! B Istsn sdzH tod 2 By Jls
GJ da) @Bl ZfdzsedV s cdfsimdd d Mmdzdxy OY C
sjd3 MOd o5 MiBGA JdzdiL ddgtizm iz dzqf to s 9 § tiz IOy das
[Guzy, Schumacker2006]

1.2. 4 ALdBdEedyjMEtsd L dOyjdd) f§tf

ltedo jHjdzdzr 2 o7 M j fHIFIGB] BtedOCkdy 84HHd
ftoj Hf sdzOG OIs! , Y, {§ tdgdiisH Mdeigfs2s o jCdsjtstalt
ftetsyd M o SL d3tsy dats, qoisd 6 Is dzaf Stslstster 2
1 Odetsdz Mjj WAL dsdse-duyy hBsdlz L dOu gzd | Mdt
d A s Drgge 2002; Balaban et al., 2005]. [ ¢ d ) dzd o jtsdr fridstd dzts © d |
Md e dzOdat d o WakiHxsClzds f tcd @ sH dIs! dfL  od3dfirjotSEsiBEgHHL
Colsster 2 Bs@ & iz dcdaGiids@zyd e j dff 2 § sd3st8e B Ols d d3
5S¢ d mdh eafflyd g d€dftse " & j ezcHufigtd. , 2007 ]lsOUdd
sB tc OLAKds d o dzts i lsW § told3®, <zt & © ¢ CqddzOL rd W OHCtdshishits
Istc O dzMm € teod f Wgd I ts - Slaf lcts LetRiEf | H oy S Isev dzOMilstsw h j
94 ! B3O RBOds dfd lotg Aiisdiaetg di @y fgddiscRdzdMu@hy,2G09] [
ofmd Md dddelsmw dz Cslsster | ECOL Odzdw tslsdk
ojsWisdy § MJdac dapO @y iz REdd] izt dzn to  ¢Jez'd3is™Y Is
o' Mk Ols! to] SCAAS\EjtdpfalfiaxdOdzj Islftztss W OV  ®p M
d dzds ¢ d ) dzd o jsdg'mdz® dzts o s iz sted® 1 .dyists L 9
Metslse j sMbsa kOl fdg Ctsticj CIsdtetso Ols! IstcOdzMm ¢ |
ddzd HJGtOH Oy s BdistsBifsszzfbddrs o0  d dzls § 6] f)dz
dzj dGzdets e syd mdzj deder MtssBh jdedw 5 dAs © COv
smte j dedets 3" h j ydzgr » S dzj Iss¢, dzrf[Bat ef al.fc20@5:0z0
Popovaet al.,, 2010; Srinivasanet al., 2010; Lee et al., 2011; Nierobisz et al.2011;
Hyeonetal., 2013].
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[ Odgdzr | & Mdc dzOdz! des?2 WEkdz2Sydd dé¢as o |
MdlszOydwra, daj sy dO Mo tb{ tcdpiasdptf ¢ ©
L dzOuj dzd J , fsmMSsd S foLotdvsls fiojH
B lssr sdzH-ZG PO dztz] dzdz" » OdzsdCMdHOdzZstse ,
Coisf sdzj destso S dzjlssS d ISCOdzj 2 ©ls 6 d fiydzed k

1.3 d Is 57 s dzH teaf@ifits Gasdzj dzdz' | O dzls'd@C FRqOiteORILISS J: te
d ftejHfsOodlsj dzd. 1} dzOMistsh d dzts dR§QE j 9 del
Hiekedn ®RIbsitsdkHtdOd d' & Odlsds

1.3.1 [Bhdj MojnjdedW

RMYf tsdz’ L s9 Odzd | slsted yoOlsj dz' dets@ s L OtgWw
ZOf e Qo dzj dzdzets G ts dzOC i dzj dzad v  eodzOdgdf{zO3 dsdgaf  Jfr
tcOB SIS Cctelzdfr . ¢. [dBjtedsOdzO d 1. 1.
d ts dg’ M H]sECOddL 59 Odzdz" d3 § sdztsy d Isj dz' dz" o
dLBdOIsj dz' dzts { tctsdzd ¢ lGbertmanet al. 3q IsIsS GUgH tc d ¢
LOteWH jpPlrjiaz Btsdz' h 52 GdHteYW tsB dats 2
stedj dzZsOydd H§fsdzj2 oBHT otsCtelze ddzedL

ftetsdzed € Ols YJtejL d3j d3B tc O dz" , dimf sdz! L zw
i sls j dzy dp@ fibermaiiet al., 1969;Grinius et al., 1970; Bakeevaet al., 1970;
Isaev et al., 1970; Liberman Skulachey 1970; Green 1974, 4 C Iz dz(
Antonenkoet al., 20@B; Cortes-Rojo et al. 2011]. 1ssmésd CFk

Wodzw jIsfqw jJHJdzMise j dede” d3 tSlsted yOlsj dz! dzs L Ot
odJhimats, MjHddz] dedztsy M § tsdztsy dlsj dz' dzts
dLBdKOIsj dz2 des dzOC Of dzd 9 Ols! Mw o A3 Is tsd08GLEZH
fopytcOo dztsds 180 Bl ftsc dzO M dtermimtSRuackgydRre: |
4 E2dzOyy 9, 1989] . fdLikd sOIsT tcOBSIs M
f smdzizy d dzd SHddd3 dLiL 90O dzgi 2N dn Otc G Iz d3
nd BesBslsdud Mcd2 Sodyd faqddnodd FadBdud
ftej Hdzs) jded® . | teddzO { tsdaiztsdftsBe)e]Gugen 1978)]dzd
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Il mMestey tsmMdz GlsCtr sdw ftesddcOshda € OI
fpdzzy dls! ¢ disdzj S BwORHL O3de, ©tBJMYJjude OV
dzi L Otlzizy g Mtsj Hd dzj dzd 2 , Mow L Odzdz" ~; uff 0§ @I
fnts © 4990; Levitsky, Skulachey 1972].1] mew L d M W e dzj dzd j ¢
Mo sBBBH dstcOHd S Odzy dzts?2 Is j sHadndn 19p6; BaogagAaP92], 1 .
sBi wWipdgv e h j2 o SL dzd ¢ dety eH jOdzd J§ O IstpidarwE 3 M E
fsotcjyHOEhdd3 Hj2Moadjdd o¢As, o sL dzd ¢ dzO
MesJHddzj dgdv OdesdtsCMdHOdzZsO M ftesded € O M d
cmMoOiis] ctowiL detsy dBIMsts o CdzjlsCie, Is. J.
COCzGasOdzd, tBWKOL E2j Ismw dzO dAmtndnkdetal.j 2008]s dzd y

lteddzyd GlogiigidEj ISttty SL S € H dzw dzO ¢ s dz
tcOL dzd ydz" » OdesdtsSCMdHOdzlstse BTFr dz off jtooar j
fddelsj L diese Odzd Msj 1 d daj dzd W Bumnshgtsaly Is s w1h9q9f6 ] d
Ists ¢ tsW j Bntithiz® al. [, 1999], MesJ Hddz] dedz" = M C ¢
[Antonenkoet al., 200§. I sLyy 1 Isd OdzlsdtsSmdHOdzlsT B
Yylsts ffoLotdzddts §tsdazzydls: oL B Mz dzW j 3"
PedrddasidaRd ¢ @ " dj o twwjLbkdz IsOI] Jjets Odzls
otsmMMlsOdzOo dzd 9 OlIs! Mw ) § sd3tsh 1 ¢ KelsBebds, POA; dzt
Cocheng et al., 2007;Eremeyevet al., 2009; Antonenkoet al., 2008;Duveauet al.,
2010] . 1" dzs tsB dzOtelzy J dzts, yYlsts 15§ @O6 O it g |
9 Ll dzijteedL so Odzdz" » BdIstsn tsdzepip d Wisidus] | )l &5 weC
sCdmdzy dzdj Blstsa sdzHted Odz! dz' - in dif foH jsord Yie[ G
o' do Oj sl o ) lsigdFlsf d § B d 5 ¢ s dzy J MEEQ@ED gl
BSdzj J dedL € d R Pis g e oQdddfdad] o Oj s f oSH 5 dzy
Ckdz skzte ¥ dB e {zOMishs p dedets i3 s H JamgsDatzaR@P5; € d
Kelso et al.,, 2002; Saretzkiet al., 2003; Jauslinet al., 2003; Murphy, Smith, 2007
Antonenkoetal., 2008.

s My 0Odygdds, §twod Ekojddujddd ¢sdylj
ftotstsC fd H Odzls dzr'Jgmest] aalts 200% ©'l@alley et al., 2006; Doughan
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Dikalov, 2007], vylts tctOddydsOj BOflwOE sd aJ
Hdzw Is] e Of d d [Antddentodrgl.p200&d 2

RABBJW o9odHEk Isd tojhlfipsd jstOls) dzfips o 6 p d@is -
BlssntsdzH tod d Odzlsdts¢ MdH Odzls ©dzd fllsj d3 d
Il .1 . 4CE2dzOyj o0 B' dz MmMddzlsj L dqtetso OdzH ddlzj dddf
slsdzd yos hdrafmwy s MitoQ Mlstesjdedj &3 ¢ OC
(SkQL, Sk, Skb, DMQ, SkQT) , IOSC T QG O dzls dztsects C s
ftetsded ¢ O M j ¢ SKQA SKRMES 88QRL, (SKQRTL Sk QBer b d
(sOB 2 yO

sOBddya@ [BH OW TOEOClkjtedMisdC O 9 0Oydaj 2h
B ls 57 tsdzH-tE@ PizO eztic dzdz' 7 Odzls S M H Odzls 5o

SkQ1 datsjHddzj ded] Odzes S MdHOdzZsO T f 1 dzOf Hzts & ¢f teiz@@ Is o Ists
COoyjMmea)] HtsddCOshjes ¢ 0Ok sozpsd s/ HOES:zS &
My smse dsfis! ¢, hdesCddk StedHstesd L WWjiClkdeo d
ftessC dH Odals dats 2 OCIsdo detsfls+ d Bdzts ¢ sy d fipdzj dzd
1 0dBsdzj§ dLEzyj dzdzetsj Misj HJ dzfa@d jo O dEfugAOstdfy{dsHsEdals
MitoQ B jHdds) dzd] (EBRICO¢N jcs COdBdO SkdW ] dd dedzW &
BilssisdHBEdr ddsdO. RrRibstedujmMSd f§jtor 2 ftsj-+
ZOf Qo dzj dzdz’ 7 Odels S MdHOdzZstse . [ OL zOQF g B sz
5B d&ZOHOjIs REkHhJBEKI s £BEOS dzj ddmisigs Okd Odzs d s fi
MitoQ - MitoQ10-§ € © dzj indvifptf © Is O dz

SkQR1 AdzE 516 My dzls dzr 2 OdzOdkse¢ SkQ1, fGLoGd “h g2

BdlsshsdH-EPBdz) Btftctso Odzdzisets o jMh jMisa @ o Ndots?
ftesdzd CO8h jets COdsdzO dMytsdz Ltsoa Odz tetsH Od3d dz) .
MeOo dzj dzd* M SkQ1l 1 Bsd hj2 fsddSoshj2 f
d3j d3B tc O dzOftEls o jfiglits) d3j dzt M j 2 MisOB ddz desfylss s 9 9
fsLdlsdods j L WWiClkr dzO dsHjdvR dhjidyujmMSsets

SkQ2[ |usjHddgjdedi, o SCtltstetsds o SOydfmlseaj Htosdds O M j
S Bnwirotse ZOH Oj s BisQ j Gele Sitedk® O h j 2 f{ i wusdzis Mée & j
SkQ3 [GHgWdydeso Odzdzr 2, BBdZj] MSOBdd dZ 2 o Okd Odzs
Odzs dtsCMdHOdzlsdzr B Mots2flse O3 . RMY sdz' L k2 j 5w
Batlsj ndatsdzse d UPBS d 7 toff 8 jl2PO @O j dzdz’ & Hdzw L Oh st
MesC O dr xydL dzed .

SkQ4 [ SR G dzn ©@aP@ de'Odptsz] dzdztsj Misj H q dzj dzd j , dzj MBHJ 6y O
tjLzd lsOls On vitrs jSiplstOH 0 s 1) dz@ic@p Bkl § s s dzd
M s dshs: 5. 10 BdsdscdyujnSdrn Mdmksj GO  dzj
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{ ¢ sdeu®@zs gzd yr 1

SkQ5 #t5j Hddzj dzd | fiy ECtesy dede” d3 dzd dzC j todz" 53 L o § dzts ¢
Odzls sS MdHOdzlstsds. wlkh jflse jdedes Bjdzajj CdHEBY B d
dzd % j, SkQL B k& o nNifplsa O gL o j Mls dz .
SkQT1, O ZOdzE e d MbGSkjQdmisy j dsdsQR1, o Cskste' 7 o O
SkQTR1 ftedmMtsjHddzj dz dzj  dzOflstsn ddetsdz, O Isddssn ddetsdz. R 3
ftesdd S Os h j 2 OVt d owasdis@® s  § j why j S Isd indavodsd s H
GjLizd SOEMiE@Yds] ddstso §sCO dzj S§keddStse Odz .

DMQ, Il jhjmses O, & MsekClbkte] MashHd j M SkQL d Mi

Cl12T THor 6Oy j dzdzs? (DMQ) T OdesdtsCidHOdasdzs? 0OS Isd o dztsf
Codzstetsdz dg 7 Mis§ v ddzj dad 2 .

SkQBerb, |1 jtea ' | 3dls s AdEIfHdcpQidf dads §| OdzZsdsCMmdHOdals’ , MC

SkQPalm | d&zOlkztcOdz' dz 7 ©Ofs dffiys dizdazls s as,Mis OIS 59 f dzOMIs 57 d dats daC
fOdz Bdlsddz®. [ B dZOH O Is O dzlsinfvisrs, i) gfivo Geizls dzig @ © B O tzY o dz
C10Berb, o dzOdzsed SkQBerb d SkQPalm BjL MO0 { dzOMm
C10Palm Misj Hddzj dzd 2

ltod d3y yodedpp dzé) 5@ Is O af dep @e@zdztc @B tsds.' | . ¢ dzls 5 dzjddz$
fn s O 9 I Atmireakoetal., 2008]fMH & {f 5 dzdzj sdad W lsEf(egt 2 &f & & dzd JA3M-d 2
Cayuelaet al., 2004;Tauskela 2007;Khailova et al., 2008;Rokitskayaet al., 2008;Plecit-
Hlava@ et al., 2009; Izyumov et al., 2010; Severinet al. 2010; Antonenko et al., 2011,
Skulachewet al., 2011;Lyamzaevet al., 2011;Chernyaket al., 2012;Antonenkoet al., 2012;
Pustovidkoetal., 2013;Chernyaketal., 2013;Antonenkoetal., 2013;Rokitskayaet al., 2013;
Khailovaetal., 2014].

1 Odetsdzj § fjtemyfjSisdeds &3 d L Ezyj dzdz’ o3
SkQ1 fsilssdiidz jets Mat2Mmlsa® BERHEI Y dMh
smils Odz dz" d3q . ] COyd mMhsa § § B5dzls tc tSKDL dztEsBEs Y
dmf sdz' L 2TPB MY j jlfigiiptetisls o j sMBkQIzs B jj Odzlsd s¢€
yomlsd (f &zOMmilstsn d dzgtsdzO) .

1.3.2 mdddquimisy mMbtesjddi, wdLdyuldk@r dJ

1 OL 9 O8kMej] fctcj HMIsOoa dzv jIs MtsB B2 € sd3B d dzO
dzOd d3j dzts © O dzd Y tsclapSKEe dz yd P)dzts dzO0  (

md B3 YJSKR § + Ists -(45H @ i34-BéHd s ¢ Mtsy Qs
ddz) Hi ydadz] (sted W j ded dz) W s sded ¥ B e di3q H(6- ( {
f zZOMistsn ddetsded dzH j yddz) sted W j ded dzW s W tsded 2 B
dlL Istcd W j ded dzW¥ sW sdzd v , Mo W L Odzdzts G-3dzj filpdzlz



34
ftojHjdz dalzs Zedzj o SsHiStotSH dzlz ¥ dzdysyJf 5 Y& @€
Btocsdiso SHiBtetsH dzgts?2 DdMmdztslsr (tedmizdes ¢

O TR
H3C ‘ =
HE Crli 2 %
O ~ ‘
2

t Mk desiC & slis 2 € Is k2 tc dz0 W d3qYstistE dsiziziz®@® | © jizh fips o O dzdzts € s
f &zOMls ts 5 Gkl dz0O (10-(6-f dzO M ls ts Bzef dlztg dedz) Isted W j dzd dz¥ sy W t
1 tod o \iQhtzdry tc dzOSKQBOGMO &z0 617 ¢/ Bsd .

vOSdB3 teSk@L SigiHz 53 5 IMteXs j dzad®  dnfin & dz¢
OdzsdtsSMdHOdzlsdzs?2 yOMmlisd, o (Bbtts?2 B'" Y
Pedrddetsdz L O3 dzj dz dzO0 C i3 sdzd dzls { dzj S st
f dzOMmls 5 rvdok=z. W qzs&s@dd v B I daPf rfipH j¥ dzOdla® 1 ts dzt
f dzOfis tSimBdtidigidg + WW j Clsd o dz 2 Odzls dKsuk it ¢fl.H1OZIS |
Loshadkinet al., 2002;Roginskyet al. 2003] , fsmMEsdz Sk 1 I
Hdzw D destesf zOfistse , ftesHkydtezs hda S df
sBtc@dtsgf &3 Mddzc dzj Isdetsg §MdOY mdzigtegH O. Is d dzC
My shsemsobks s CdMddlsj d dskkz Mistj ik,
Oz 5dz0 () tsBteOL 59O dad @y delOjHdf S dAEZOY gD h O §
[Antonenkoetal. , 2008] . wdzj H Ba Ol fzizdaats dzOL @ dig dzE
fsor fdls: Odzls d 5€ fid H O dzls dzlz » O ScsO sttt fiyts) ¢
MsJHddagj ded” ko j dzdydls: csCdese BIYHE
Hi2Mmlsoadd &3&. 1 udmbstedme i @dada] st M wid) ld2Bo dz"
Ctsted ydzj o Olsle®OL fpilsts ztg®OBMEZ, ttOMlso ster C BIss
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ltoj f OtcOls Attchts tOMlsoatstedd o Gtee Odzd yj M
1 IsOdetsdzy d Gtedu SRl Qic®BBEtcinlsOB ddz' d' d3 o
l sHdzr | tOfMmlse ster lIssets o Jh jznSlQD futedzdzs f
COL tekzh Oj sTgw df tdaff =25 0 bkxj yitejir MmEkkcd.
EmMEcstew jIsqw dzO@ Mo jlskz. 1 dzOMisd ¢ 59 OW Skipls fndzL
o SH Az n tcOfmlso stetso | ) MisJ € dzw dzdzts 2 f sk
L dzOydlsj dzijdets Idgjjdz'ihlsts MsLHOjls iR § bich
Ish Olsj dz' dzsE 5 H d dzO di3d G JSTHA 5 etz tc Bspailetax(d2v  tgjOsfiy

Il jhjifmlsets 5B &ZOH O] Is 9" Oy J dadzts 2 dzd f ts
dimmdzj Hse Odzedw rn dz2O0 Y do tslsdz” = toc OO Hifj taky ot
o Isjyddedj 48 1y ftsmdzy odzzlsted o j dzdetsc s
5B dzZOtelzy j dets, ylsts SkQl ftdmkzlsMmlseakzjls o daC
fduddd d Mmiwryd o bjuyiddy 1 Yy ¢shdy
fsHe jtec OJ Isfignd o tzip B3] delO@nh j f dzj dzd & d (90
B j dz¢ O (] .

133t Qo dzd s j dz' dzetsj d M dBkQLEG afO dedejz ¢ fif & ts A fiplisa
ftesdzed O hdr COIsdtsdztse dzO Mmize ¢ dzj Ist
l etsdzd yoJj dzssmis Bddzdt dH dzts 2 d3J d3B tc O dzr
sy tOfwWaduds SHdz2r = ftotsddt O hda €
ctozffs2 1.1 . uCbkdzOyj o0 d2O M smtse dztsmls!
[Antonenkoetal. , 2008] . l1twdyr jJ dqLdBjtejddw Me st
SHdets &sdshdsw Bddzd §f dH dats 2 BBlsdgB teOCAD L C
M stetsmis fOHO s 8 ®WHE SKkQR1>SkQ1>SkQ
10°%5-10*f SkQl MSLHOsOdz HdWWbkLddzdzr 2 ftsls
FtcOodzj dzd § d3 | 4 edzis O. vsO0Cdds BBELOL 53, Sk
ftotsded € O h [z iy tdsifrpsgB dzs My s F mMddzlsj L Jtetseo Odzac
[Antonenkoetal., 2008].
SsLWWdydd dzs dzOC s dzj dzd W Bts Y dzts gy g Cdzc
odzi hdzgj 2 3 BBBteOdzy G adzjlsCd d dz0 d3j d3B tc O dzj
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104C 6Ol dzs Bz Gt OHdj dzlskz Sk Q Mtefjislz  do dzfkE
BlssotsdHEd?2, O kOCy] ditBAsHd®s vy
B BBEEORZO/ s SHO, SCtktte’ 2 MsMbOo ZO§ER o 1
Csdzyj delsteOydw SkQl ofs odgzlstej dgdzj 8 dzd f d +
BlstsntsdHted?2 syl Stz se®ydy cots o dzj S
GOL, . j. MhiOo M 'EroiRUSwLO1l0ots &6z C dj |
( tod fy@)dzts S

ddzsdsSMdHOdzlsdzr | Mot2Mmlsa ® SkQ ob dis@L o
ftessCMdHOdsdy | Mots2Mlsea® SksQ &' cded ¢ ¢ lnd
posHA & t©OMlseste®n, &BJyj zOL, ddAhisigikaEO o
a. 2008]. ufsmsBdtsiis: Sk Ql*edzjodsitat® B L tasC
gL d3j oW dzO M fs5 Mmdedy J dzd ® Ztotso dzgw  dz¥ d3d dzj |
OLtsddzd yd OB EE-GiT-&E] s Odz) HJCJHEEER &S G
0,5 &BSf , Sh@NMIsOdkse dzj dzdzO" YW steBO® Sk Q1
dzs B dzj Myj dzyds, o Ikt otejk COC 6 dMmdzj
MitoQH, 5B dzOH Oz L dzOydlsj dz' des oj dz' M j 2, L @& W MIiC
Br dz fMtse jteh jdadets dzj OCIsdoe jdz. ) testsSmdH Odz
tOMmso steOR dL d&3j oW &ZOM* §t5 MCstshmisd ¢dM
nddatsdztse ddzd 5 ¢ s te fsHiNSAO o fisEn@) Is B fdste iz dayf
Yybsts ffossS®YlsazzEdaly: MitoQ L dOydlsj dz@ dzs

ddels S MdH Odalsdzgzs OSIsdodesfmls: Ikja  yJ
SftejHjdvdd 5 btedksyjdds §jtjcdhdset |
CdMmdztslsr . MmOLOCKkjtedMmisdS 2 Odzlsdisd i Wi ® dzl§
fizzy f 20 SCdhsOdks0 MSstshisd t©josydd
sCidej dzftetso Odedgs s MOS0  dd desdzj o 52
CsdS Ztodteso OzO fg twOLodlsdjds yjfds2 tj OF
MY sse dzts iplsC OS IO@DKY: fsylsd o t@QHicO| © d &kl
Wsteds® SkQl d MitoQ BT dzd Rimjinokgesalf, 2089]. o 4 k
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32483800 2322292003908
PHEIL(HJ‘X MHTOXOHAPPI BH, an
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MexxMemOpanHoe
npocrpchrBo

104pM Mm'oxonnpuanbﬂbm
SkQ MaTpuKc

R i
Bl M il mqm«m

{ MEzdztiCe 73 O, ddd* Misedlks h O O s dzj ded j
o dzz st dzdzj 2 B BB teOdyr  dsd st sz ted 2 ¢ dilsosdzj dzO

[Antonenkoet al. 2009).1 te d d3j UDflzded u gelzO® o dzj " dzj 2 d3j BB tc O
o dglzlstcj dzdzj 2 Bj BB L Odzy (BYlSRSdHEd? fieddvisT
CeL WWdydjdas teOMftej Hjdzj dzgdw SkQ o MmdMmisj dzd ¢

J Htczets?2 MmMitedd + CMY J tod d3j dzlsitsol,. ue& riztfias
[Antonenkoet al. 2008] dMMmdzj Hiso Odzd OdzlsdE MdH OC
zdf simsdzO~R , dmf sdz L zw tcOL dz' § 3 ssHdyy
dzO ¢ s dzj dzd | odhjimlse, tcj Ocdtelzs h dn s
tOMf etsMistcOdzj eegelsd C MI S MEFC I hdgrdef B850 ) L
LOd3d Hdzw j Isqw o 46 d Pk Issif Isfoncilzf] dBEOP 1 H Sted3O® S
B ded 4 L WWJCIsde dzO. - @ d firdudigswpitdzd ¥ s odien S H
d3j d&3B tc O dzO n BN dzO dmf sdz2 L 598 OdzO 3tsH j dz'
ftocso sHJBBsMIs! |, MsLHOO O AGBOW ) Bddzd § d H dzl
f c5C 0L Odzts, Yylsts ddzOSCIsdo Oydw cteOdBBd ydH d dzt
MitoQ, ftedyd @3 Sk Ql BAntazenkostdz2Q08]L W W j SIsd o J

1 0C sdzj 4, BN dzs dL Ezyd des o dzdy'ddad J S ki@l
H'™ nOlsj dz dg" | f OtcOd3] Ister d ddalsj dzimd o detsfmls
zdf dutse o fjuddd SCt'f f§smdi cdifsljted
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MsOoels., 2009). |1 HwjHoOtdlsjdzt dzg" = 1 € Mt
nlcOdzj dzd j] dL Bgzyjeted ObGztlzs® o Isjyjdedj 18 1y
ftcsHEZCIstse , o L Od d3tdsidj etz 9 Miets o i§2 2 € d ) dz
ddzls j dzmd o des B¢ sFBzRYJtotso Odzdes 6 s fjtej ¢
zdf dH 59 d Bkcdz Isd ded WizdeS yd sdzOdz! dets s (
tojLzdz SOSOd3 ftetso jHJjdedzer =« dMf " sOded?2, Sk
Mo sBBBH dzstcOH d C Odz! dz" = ftoesyj Mmtse Yls ts i
mMeoftwy jddy BdstsntsdHicd 2 .

lLOddtsH j 2Mlse dj c dL tsdzd te.tsrRoLOEgdE jREdZOdsd
MEsteshls! GRUHMwE]jARJO'ZOSK dedxd, Ud B ME et
H'™ A Olsj dz/ dats 2 yJ s, Clsts L dzOyoy s, Y ls ts
shdzso desd3 dzO -~ sH d Isyw ) o sMMmis Odats 9 dzj dzdzts 2
Odzlsd ¢ MdH Odzls dzgAnton@rkdst dl. 2aa$ M lsr'tcsj L 0 OYPdzsts
M tstsls dats hOjdateof{ds ¢ M d H O difldadsmssX M H Odzls dzts?2  OC Isd o

shdse ] (esddCOshdn COkdtodss, Stk
zOC s dzj dad W BOdzsdztso sets HJOdMZ HjGdHO. H
ftsj 1 qdzj dad 2, d dz¢ d B q tc &z ‘HOdT dzts 020 € 5 § dzji dhPd

dL sdzd tets 9 Odzdz" n BflssrdHcdY A mMidew B0 qt
tcjLEzdz sOsOdz {1 Istsegts IsjMlsO dBsydes o dHJ Is!
1L WWJjCIlsdods i dzOd aylji dzjojQ + WW jGCIlsdejdz Mmtcj H
r d Of OL tsdz ¢ tsdzy Jdzls tCOpye(Ricr 7 § tf totsw o dzv j Isfy!
OdzsdtsCMdHOdzlsdzr 2 1 WW jGCls Hdzw Sk Q85 0L )OO
Hdzw Mi tieQO0(&8&p0D, O SkQ3 LOdwd {ttIse)o zdz
[Antonenkoetal., 2008].

lted Ctdzyj dz2lsteOydd SkQl, 1R O3 f tdzy o dx
tcOLtsBhOshd2 1 WWjiCls 1Isdn MtsjHddzj dzgd?2. s
tcOLsBh O h g2 1 WWjCls SkQ, B t5dz 5 dzuyj} digs t® O Yl
Cslstster 7 fteswodw dzsm! dr Odzlsd € MdH Odzls dzts
L 2Oy d s j dz'jdagtondpkodgalh, 2008] . 17" dzs ff € OL OO0
Hyj2Mlseody SkQ1l ftetsw o dzvOdetsfis'j, tstfste jf 3 Hell ¢ a fifida
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U 0B &z YyOsdey j dzlstcOydd MmtsjHddzj ded 2, fmdedy O " dj
BOdsdso 5Es HJOd HjCdROLEHy O &E Ikt M dzH LEHEOB
OMC steBOlsd (s 5.1. AiskenldgiazQe98)] MsOo lststeOC

uisj Hddzj dzd Cl/ 2, dM
SkQ1 25
SkQR1 25
SkQ3 400
DMQ 110
MitoQ 1000
[ Jyd &f ZOMmis R d dzts 2000
Cl2uft @il {WWjCko (g
COteHdBdzd §f d dz0O, w @tin@ Sslsizd tf ditsl Ots H dzw o dzlz I
d&z3d Is ts = s ddmtengrikoet[al. |, 2008] . 1 d&z20yJ dzdj 1 IsStsSG

fJdted €dMmdetsy s¢dMmdzd dzd 4 COtHdtsdzd f d dzO wo
sCdMmMdzdIsj dz@ desd3z Mlistcj fjymrn eteal. 2007 |B&sBvis ezalt2G07; -
Skulachewtal. , 2010] d ddzdCha d kDOI¥ ] Of 3 fordst€ L] te[lz
SkQl d&tsyjls ftcjHBSIsotcOIsdIs! cdB jdzz CdzjIsts
f ZzOMlstsma JdzsdzO B AzZES Jlzs Is sO¢C 2 tc O dzdzd 2
BlstsntsdzHted 2. Ih dislsis B WY jls A ¥ M SkORMIM W
d 1 "M skQ@i.

sdzr €8 dd&zjw eosedHEZ fdMOdadz j oTldtyg, HWIK
weo dzw j Isfpw otsLtsBdso dzv j 3" &3 Odzlsdts€C Md H O dzls &
BlstsatsdzH ted W 7, sy des s EHdzd Is'dzed it § g & 1€
ftojf OcOIO. [HBZOCt 1 WWjCldodets] dzOC s dzj
ficdotsHdls ¢ Istsdiiz, Yylsts kx4 o &d¢ totsd3tsdz
ftestsCMdH Odzlsdzze OCIsdo desfyls: d Mmilsd gz dzd e kz
Miste] MMEOYOJl Mjdzt 0Q L OhMdlIsder 2 1 WWjCl ftOCIs
ftoslsdotst sdztsy dzr 2 ftoed dzjBBdzr "sds ftsor h jdz
h ez tCdzk BiYHE OdzlsdtsC mdH Odzls dzr o3
Ctdeyj dzsteOydw dzd, Misfyls O ¢ hoj dlg diClsdzfel® {f fipl
SOy Hjdz Bls sOCtets Afdnanimetdas ¢ s 29080 j] dzd W
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LS jteddgj dzlsT  fSCOLOdzd, ylts SkQ1l wo dzw
OdEls S MdHOdes s, Yjd&B Hiekdcdj Jjet dmMfr 5O
MudlkOls! Sk Gk QREQOEIE Silstste’ d5 dzj HisMIs OIS S 5
MO ddz desfls: o jh jMso®) Hddd dL MO
RZOf tcOo dzj dzdz" = MBJHJdzi dzgd?2 HAzvW dMY ' sOdzd"
Slsdesh jdzdd tOL dzd ydzr = Bisdzj L dzj dzdz' n f)ts iyl
sBh jfOtsdsecdyujMSdn f totsyjLipgdswd s jts dea® & ¢ of
sCqdmddlsj & dF 2 Mmistej M Bt RsdHied Od' d&sdct

14CW YW Sl Bt nth@fcd®ody dizr = Odzlsd 56 fyd H

Esd & sCdMdadkj d dscts Mmistej MO o

sBh jf Olstsdzstfftmy nBidEe d MmeowL Odedzr & ) dzd «
d yYdotlsds = .

141¢d bjwwOydw (HdmMbeswdudMcdd Lty

1 SH Odz' IsjteOyd,j 2 ) sBh j2 f Olstsdzse dd
BsteW sdzsedyj MSdr tj OCyd?2 CdzjlstsC d IsC Odz
osL H Jj 2 ooy W) F dzO Bts 9 , 4 OlcT JW9RBou stclz € s 9, g J e
[ 4Suydde, uauXodemse d HoO@ o, 19WIUSH.dE
2003 1 Okz¢ &), POH pdzv ¥ Is HO J Btsdz' M dj ¢
HdMistesw dud MEdd (esyj Mmrdd dep tdzd vy M6 dzj lsotwfiH
MistczClskte, lstcO Ot hdj dOtkzh jddw da d&d s
hdqesCsd3 MB' Mdzi ¢ o i3 sgidss ddPdBse Q) j HSHAZY M d -,
dlstczCtso, ufjiclyddéa,D DR NG 0, ¢ dzd JcOzel, o2 08
Mewpddef sdvisdy cHdMmisteswvdde d MfdmMss
qd SCazommdwdsoydy +Ibdns fsyj mmse, dd3f*s
tc OL dzts Bz sfdmr o O Isfpw HOY J ) Zud B dzts 2
[ zf jJtocdzddze, 1974; stor YOdgsoMER;, dBO@EHS 54
[dSyudde, 1 @Qd9¢jo, ¢ddufBSeddez001®ES sl ,
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Il satt)ydds tBtOLtd MdlskzOydw sBMissdls d
CzomMmMdW S Oydwy Ctlttets?, f s dizs kX J IsteC
Of sfIssL O,9 offjdesvyCOfgdesy J Misets Hikzedne 90O
COC | dzlstsL f ey Is Balluzziet & 5t dAJWIJX]O,y d Y O fij L
ST dMOdzO dzdh ¢ o JHJdzd yugitre. OB BSISOr dz2O d3t
1 4 Mdssilstew dz© sO¢C z8 dzj s toj H j dz] dzdzts Ml
tcOL®dBdd- MY B EZOMISj 2 dimMmdzj Hise Odzd v , d of3.
Odz IsjtcOIlsdodz d3 toj OCydwadzs Cdzj ss¢ d 1€ Odzj
s OC, dOfteddijte, © dBs2 COMMdW IS OYydd I
Ndtetse OV, -G @D fzdrdaixpriste SffOMUGSTEIS W f o Y [z » dzO d3ts
1979; & Otc & d 9@ pFaccini J. M. 1990, 14Jftsddzvh dn, 1
1995; [ J S ydd e, 4 AO9dm s o d filerOgrdphson PAati®dIBgy of
Laboratory Animals® , 1 9189B; 1 Odz! Yy 9, ¢ dzd G6ljEpe , 2002;0 O
[ 4 $yddeé, Greaved2607; Underwood 2009; Haschek 2009; Thoolen 2010;
Toxicologic pathology 2,0 1130E2C g, ¢ 2@ N5 d3, de 520 dzffLL ¢
mMydlsoOjlsmw dLer ssydesy sk dzjddj o ¢d
BdzsC dtotso Odzd J WJted3sd dzlstse sfkzh j Milse dzw & h ¢
WJtedsd dzlstse, BlejlsMmlsejdzdz" » L O MddalsjL W s
COf j dz dzOW HdMisigws W W f pcfl @ BydJ 2 B J dz
MstczCIlskzter d WtsdzHddzc © ddzd ddzcdB dtctseo Odzd
ElsddzdL Oydd BjdzSsern SCSohiftsdzj dzlstso ; G dH
ftesmisr &3 dzOtelzh jdzdj 53 dLBdtcOlsj dz' dats? i tot
(dod &3 6, -4 JwEOBJdOBd), ddss M §OH] dzq
Mo w L Odzdzts 2 , o bktd3 ydmdzj, M HdmMWkds ydd:
WkdCyd?2 BJ dz€ 5o, slso jIsMise | dedets Bzdztsic@® Bt
[ [ Odembkztetse, [ dEBNYED, dzAAYSe9); j B9 HIp d M
wlstczC s, wjt€addaolo@de npj: o, ¢ dzdCulars2001; 2
Majno, 2004; Greaves 2007; Underwood 2009; Thoolen 2010; Toxicologic
pathology |, 2013] . Clsd Isdfr HdMistetsW d 2, tsB
f OtcJ dan d d3’ Stce Odzts 9 d3ts ¥ dats &zOL 9 Ols C


http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
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HdMlstesWdwdide. rtekzedj o90tdOdzsr € dzj Istsydz
Mstetsdzy BOE OdzE de)laf SO g dzsd H sL COdz' Yy«
zdf sWkemyddesLt, dBeStsdHds] d WdBtddasdH dzts,
dL B dzgj ded ™ JtedL dzO¥ Isfpw  dzj eofj &3d dMmmdzj
Z ¥ J tedzd dzcp, o Y'dDA zOBse , 197 9; 91 OfiAs dgdev”, d B,
2001; Goljan, 2001;f J S yd d € , Majad) 2D@4; Underwood 2009; Toxicologic

pathology , 2013] . vt YJ By dts MEOL Ols! di s
dzd CtetsL (o stsds yd mdzj d WdBteddzsd H dz 2)
Mot MissY s @tcdOdzlIsO Jd3j ¥ smpw o dz# B n & dzC
1995;f jJ S yddeé , hLevih,9 916999 ; 1 Odz yJ Majno, A Greaep |,
2007; ElImore 2 0 0 7 ; [ O dzmYndlétwood 2DY, Maschek 2009; Thoolen

2010;Galluzzietal., 2012;Toxicologic pathology , 2,0 1130zC 8 scRAOD1 ¢
dzOoff ted d3J to, OkzlssWOedwY ftojHMsOoadzw jIs MBBCE
ftesyj M Cdzj ssydets?2 e6dejdzd [ [ Odem & d =, 2
MydlsoOjlsmw o9O0tedOdzlstsdz Of s lssL O, O ddets G
fdesf IssL d Is. ¢ . L dz@wsiSded J d digigdzr € 5 H dzw
1St jtod d3j dzls Odz! dz'Galluzaiz@midzs H @A 2] [ | Oy dzats 2
¢c CdzommMdyuimMeédre HdMbtesWd?2 d OSdr o 0ted
Ofsflsst d daj StesL, Mdizeigls wldd zedf] e GHEL
tcOL detstsB e OL daf F ] WsitadgdO detsthtsy j €, fj tHYyo, -¢fs
Cqdh jydetse s tcOCIsO, e Odsa Ctotso jIso tstcj dac
Ctcke oot jyHO8hdn odzgihdedr d o dzzlstej dad
qdelssSCMdSCOydw wi dgedmde Js. ddz MY smsede” =
fsotcj yHON jJ Hj2Mlsad) dzO o dzkzlsted ¢ dzj Istsyc«
[ s sdzsedyj M oOow Wisted3O tj OCydd dz0 Odz' Is
B sSOBSdZJL BO COdd d Mmdd f sotdsjhoOf
Odz sjtedqekze h jes WOCItstcO® ( dzOff ted 34 to, o f
fsotej yHJ dzd J Mz dls Y dtese OW HdMistesW dw
d&ZzOB dz¢ HOJj Isw Of s IstsL , GdHY dyd mcThoolenH d
2010].


http://www.ncbi.nlm.nih.gov/pubmed?term=Elmore%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17562483
http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
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1l § tsdzdzj f sdav Is dats, Yls ts s¢CdmMdzd Isj dz' dzts
ftcj HSlso tcON j dzdWv lsosHdIsmwy MtsB sy a3 Mlist
Colsster n  dzj ) Ols QoD LlogdBlda@Lddz j§ f tetsyj MM
fMj tcH yoO, YyjtejBtetseo OME Iz dzv tc dzOW Btsdzj L dz' ,
fduddd, Uy d BISEOLHO, YdlssmisOlsdud
odtelkzmde 2 ¢ Jjt OlsdIs HdlliwetdiBaz,ikdtz, 1986 Halligvgll) 1987,
Flaherty Weisfeldt 1988; Halliwell, 1989; Halliwell, Gutteridge 1990; |
[ Olss h d dz, Aruan®a8t al.; 1991;Harman 1992;MartinezCayuela 1995;Gupta
et al , 20147 . 1 OdBtsdz! b jj o dzd 3O dzd 4
MotsBtSHMSEEOHdSCOd dzr § fJtesyj Mmr dwd dhj dic
Is¢C Odzd 2, smtse J dzdzs © MdlskzOydd tjtsimdey
Wijdetsdzj dz edf jteftesHzS ydd dAS ) IsC Odz" =,
sBtcOL s OdzdWw Mo tsBtSH dz" n HSQH B "OdtLs o Iz tf thedfv dgl
1.2.3, d B"d&zts tSlsd3j yd dets, ybsts, dzj Msilstew
B nOdedL i3 ¢Jdej tOydd oas ofpy Jhj ©sMsO]
mMcoOLOL! d B omMfdzjmMé¢)] ftosHkzSydd o¢as (o
drAns © twOLoadIlsdd HdMlstesW duyj MSdnr, dzj C tots e
IsC Odg¥ ~ , f4dtwddzaj Mh dn cdf sCmds d f BHE
6y 8¢ Mdcj dzOydd, dzj iR dzglA § &0 diydseds da] Stz ¢ Its
djtotso, [ 199 eée,) QA NpJ;o , ¢ dzd yX tsts fn € 2tOWOCLLs €
2002;f j S yddeé ,Undervdb@ ; 2009] . [ dlstsatsdzHted Odz' ©
dbAs ofts otejd3w twjffjtWlkzrdd MmeowL Odz, COC
CdMmMzstesHO BdbratsdHtecdy B e steydtsdzO
dL 1 OdgdgEdsiad<O dzi i ts te Is dzts 2 Y J 1 ®urpky, 2®09]. 1 tdcrLcH]jo
dimssydzed C Od3d tOHJSE Odztso ftod toj f J thiOCdyts
COsOdzdL dtelzj] ' MdHONB@RISJ dfdcss5C Id H Odals dzOW
LOodMmdls lIs W¥WOSIBtO, o' Mo B g g OHWIOjcdzt8 fj Y
Y J dzts ) Is Blabharts \Weisfeldt 1988; MartinezCayuela 1995; Sakselat al., 1999]

d yds dzssC s figzOlstsE 5, L dzOydilsj dz' dzr 2 9 € dz
ghijdkdd tCOLTr o0l CdzjlsCd otmMf Odzdlsj dz' dats
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d&sd fooeotejyHjdd] Htoddwiss dzOL ' 9 Ols! 9 lstst
His sdzdzd Is § dz' dats § fsotcjyHOEN jj otsLHj2M
MotsBBHd di3d ©OHJSC OdZOBRI {1 tots yHalkiphell, Guitdridge® 2 |
1984,y zokzdzseo d MsPakwOL AR FIBYw )y HOs Is Wt
mdMmisj d3r Cdzj sC d, fcdotsHw € Yydtso s?2 H
ddzedB dtclzs Is |5 e §i3l5 fipls & Pdzdaf 1§ dzdzr 2 sz sflsC
dLBJWOIsj dz dzz¥ fJtesded yoOJ ditsmls! € dzj Istsydats?
dzj CtesL o jEBYS O i dd, &BsrLecj), dOtekzh
BjdzCtse d BOCttsdiisdzj Czdzw £ @Y 3 dfnylda®l C la I t) Is (o d
d HEkzcecdnr st OdzOr ) , orL" 9a08ls fYwotej YHJ
Stec Odzj dzdz, o' Mo B Y HJ dzd J -ddgiFdIsytrfEditatgmh to of @deIsc
Hj fsdedtctseo Odzadz" = ©® 1 dgH s d&ZOL 3O dyj MS 2 M,
L Oo jteh Of Isfpyw OCIsde Oydj ? ttWHO fteslsj ddzs
CBdzj ydetsdf Off wsffllsysL sd3 o dzd  daf & " =ARARZOWEp IS
dlstclzC ts9 gl Syddd,9 O G ;e , ¢ d&zd y< s9, 2 C
MsOels. [ §j2790@¢, Majpd) 0 32,0 0 4 ; [ O dginderfvGod 20@0 0
Yy Omtse ¢ drhAgolen201Q 9 ;1 Ok¢ o, 2015

] SHtsB dz' § mMyd dzOted d tcOL odlIlsdw Odz' Isj to
Mo tsB BH datstc OHo] A dg'dd&’, » o' L 8 Odgdz" n dAS, |
mMdszoydd fm dhjidBduimcdds d tejfjtlzL disda
Hiczednma f 8o tcj ¥ HIGCK]NJGdzdOg) | pgisiiwed td 987 Higlliwell,
Gutteridge 1990], dtdzdL dtkzeh j2 to@GOEOYfPdint
v d d@zswijiJdamse MC d2 J Héiwel 01837;Aruoi@®eBal, 1991;Harman

1992; MartinezCayuela 1995; ] tOL HdzS 9 O, 2013],
WOCIststese (IsOCdr, C0O0¢C OBdqdzsduHdz j BJ dZ€ d,
[Halliwell, Gutteridge 1990; Harman 1992; MartinezCayuela 1995] , te

~d@dud S dna fsd Hddzj dad ? YOI EzEHEPO RO S
f OtcOyJ s Od3ts dzO, sdsOYyjsOBIH O, Y Isrtej manc
d dzW¥ j ¢ dllwell, [ 1987; Halliwell, Gutteridge 1990; Aruoma et al., 1991,
MartinezCayuela 1995] . 1tQoHO, Mistsdls L Od3j Isdls
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Lo jmMbdzs 8 yYydbosLrtsd d' - d BIStesmsdizOd o
d3d Is 5 = 5 dzH tc ialiwell, d@87Z Halliwell, Gutteridge 1990;Aruomaetal., 1991;
MartinezCayuela 19957 . 1 OC B dzj dets H s Sdz! dats  d3¢
tc s dzd CdzOmMmdud M&dnr, dzJ zOf o dzj dzdz' =
(iYW JtesdzO, OMEtsteBddztso 52 ¢ d MdztslsHarnthn H t
1992; Gupta et al. 2014] , SHd&ZOCB dd ttHdd dL
Cdzddzed yj mMS ke HtcOCIsdC 2.

1T odzts sz dzd € s9 Odzts Btsdz! hts§ Ctsdzd ygJ f
Bdlsrdzi-BEPOAz) Bzftctso Odzdz' B¢ Gntg joH@iECA;" dgch ¥ ,.L O o
Odz Isj teOydJ 2 1 CMY J tod d3d dzls Osis wdglzdjv O Is © dizts ¢
ftosyd MM o CdzjlsCOr d e OdzOA, G dzO o dz' o
Cdzj sifvir8d dzO fwsotcjyHJjdzdw, or L o Odaeviyjodigd" j
Vivo. l1tc@o HO, o fYHOodzweh jd3 BBdz " ddzihlse
L OH Odudlz yd s smtse j dzdztsmis d d H d&zOdd ¢ Iz |
dL o34 dzj dzd 2, 9" Lo Odzdz" n Odzt sjtodtelze h dd3 Oc
ILWWJiSCIsOr ftedratsHdlmwy MEzudls! zO tMhdtse O
HOdzdz' = (BdBrddBdyd MSdr, WdLdtdsedyd MS d-

dtcj Hd HabOdagHr o] f OtcOlstse ff j it ( g3,
sOB dzd Yy 1 O igwikg Wz C OL O dzts, Ylsts H Odzdzts

ftcjHBSlsoatcOh O Is Of sfIstsL , ddzH Zyd tcts o Odadz"
tsfls j s Q3B fKagso et al. 20017 , dodzd L ddglz® h f dizj
GJ Olsdadiglianefal. , 2014], c¢jdzasOBdyddesdz o dzd
[OjanoDirain, etal., 2012], 66 d Hte s € N d H B O &3] dzts &H-Sy5Y Sarpits €
et al , 20137, G dt Jj tceCdedjClsiCaan] 2 tsfipls tc o) st
f sHY j dzlz H tsydatslim ey gl.dzgoal], 2dgj stsC Md1 Miste OH d sdz
dzj 2 tctsB dz&fipleg=ec@l. , [ 2 0 1-0Q i3y dzB ¢ HstOd3 o Mankzgaketsas, dz0O

2010], cdysndstds? ¢ dfdtsls s\Whitenantdtj 26@8 A
BzlsOydw isd o  dizflsss nasjdiameej@ldaz{ 2007], et
Cjyjflst dj 2oty ddO o | Hehacef sldzB0a7], dz'
Jdat ©OCOMmder &5 d kd stcOW ddzj IstsoSchpedpet dilz .
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2007; Oyewole et al. 2014] , HECBLEBG] SR dasPls ts
d 3z tels Odzd L ts9 Odzdz' Ny etfals dzts 20 WHG O~ B[] M o B
Cdzj IsC On W J tsn tCalegtipd Bis,d3r 2 Q0 05 ] ddzedB d Gt
Gzt SOsdtsdzO o WdBtesB dZOMIsOR Jatskizetdd, 2003P Is (
Il ftesyd a3, o dggdelslsifieOlsdztetfjtctglsd o sf sdztsy dzr J €
MitoQoe tWHj d&SHjd d s MmMdmisjd dgj ddzcde dts
COyJ mise j qdzHECsstc® OftsflssL © d OklsW O
ftctsts ¢ MdH Odzls didolighaimbikaldvin2067; Jadrvis et al., 2007;Leo et al.,
2008;Mustaphaet al., 2010;Vlachantoniet al., 2011;Gonzaleztal., 2014;Jadidianet
al. , 2014] . dtstsB N Odzts ! Is ©O¢ % Jin vitro, tc joL [zSdAs Ids
MitoQ ¢ O¢ OdesdtsS MdHOdzlsdzr 2 Ocjdels d ddzeds
sOo¢dr oM jMmlse, ¢ OOyeuwplcelad R&ldztpuiatalf 2087 tc s dz |
1 O s Hnjvilydrex vivodgdzse d = L OB sdzi 9 Odzd 2 , )
Odz IsjtcOIlsdoadz j ftesy MNOC y(Jc diptg WD L EdoGitsiE
Clsts tslsdzsmdlsmwy € ¢ BOlstsdzsedyui MSddz ff tesw.

Btsdzj Rapgeyefal. , 2014], ORdltesW dyd M Miggel o
etal. , 2014], Htkzedd3 dzj 2 tctsH jChgtulxElitcBed @GDRLZ" C
Hobbsetal., 2008;McManusetal., 2011;Wanietal., 2011;Orsuccietal. , 201 1]
Clster » ftesMis' | OdzZlsdtsCmdH Odzls BiGrelaBoetts Y
al. 2013] , slslstsC Mdyj ME OB Dinaig &t falls 2d1l4], ¢
dzj Wtetstf Olsd d, 9" L 9 O dzdztel@khopadhsfafy fetizOdé,d d281#,

OHted OBdyd dzetso 52  SAithHVYinshgsd 2/ OIsA]d, [ § ted L da
ftod ~tcOdzj dzdd f sy ydz' =~ IstcOdzmt dzOviah@l ézlalts o
2011; Parajuli et al. 2082k J Y HY ded ¥ ~tcwh jots?2 Is
S¢MdHOldede &3 Mmiste) MM soEs LiHGd? MMl SBalzd 2043 ¢ 1
dqhj &3dud MSe sz d tej oW zL dtsdddekhiyimdhyayepalts j 3
2012] d ddam%et@ls 2005;Neuzil etal. |, 2007], dz@ap@ d2
OfsfIssL ©, 9" L9 Odzdzr d@3 9 ¢ OteH d s3] tsQlgdded@et t
al. , 20117 . R L HdMlstesW duyd MSda f MiteQ M
s mduyud Mk (OkSBetdz dzkys ) Yy dtetsolkzys HJMI
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dzj dz@ M O dzOy+ i tdsHs ¢ k5] 2 MdsiGiackoaR lalO 2011]. [ j -~ Odzd L
Hy 2 MMitdQr dizO0 ftetsyd MM’ Odz IsjteOydd Mmowrr
OzZsdtsCMdHOdzIsdzr di3d Mo s2 Miso OdsPod Md dzge § B dhtd
ftetsyd Mmtse , ftcdotsHwhdrn € Cdzjlstsydets?2 cdeE
fsmdzy HMlsadw  OCHgadddL " ¢ rda  $ M0 dzlsflgEd
B lstsm tsdzH ted Odz! datsB tc @ dzfipdzts (OMPITP ) f e 5 O Bak &5 ts
Bdssnsditedd d fitjteOmMft]Hjdjdd] d s d
C s i3 Otcls dzHateizidaizdl., 2D03; Valencia et al., 2006; Lowes et al., 2009;
Cuperusetal., 2010;Schmidtetal., 2010; Gladdenetal., 2011;Davidson etal. 2012;
Solesioetal., 2013;Sunetal. , 2014] MitoQ @ Mgy j mMMmr W de
dzd CtesL O d MbtesdsOdz! dzf §| HdMsesWdd M Juyd
qazd s smw k¢ OL Odzd Wd dgizQf teffd S HOQeoCHs jtsody] j4 CAfrfdf e M fr
) WdBtesB dzOMIs OR , 9" L o Odzdzts 2 Wi OG d3d dazls (
ftcj HiSISo tcON j dzd d, sOCdd3 tBLOL B, i Stetsydz
HdMstclzCIsde dz" » § totsyj Mt disheretél. 2P0V dzd Is j dz'
1 B dagfck 20, f smowh j dzdz’ n o dzd W dzd ¥ dzO
BlssrtsdHtcd Odz: dz" » f totsdzd § Gucsd(d o G ezidzd B ¢ fif dfiz
(SkQ1, SkOQRL SkQBer b, SkQPalm d Ht.) L dOyY
tcOB tsls MMite@® B tSls1 AP S 5 toj L 2 dz! Is OO dzldsiddre G fiish
ftcdMlsOdz' dzs6 5 In wited FOZOY . f 8C OL OdzO o MisC (
dzO dzts dzts dzW e dz' ~  SkQUz3kQIEIS tc GBkdEB e r b, SkQPal m
OfsfssL O d J ¢ sH eOsdzdy] dxd i Isdddolef 8 ~otsidadE =2 f J
O BHBKEBHO d HBEZeddBd otLHJ2MIsesdw i3], Is O ¢
TNFd B jpifisites Cdzj sC OR MOBE s tcOzyusbdwetsal, | tc
2004; Skulachey 2005; Chernyaket al., 2006;Pletjushkinaet al., 2006;Pletjushkinaet

al., 2006; Antonenkoet al., 2008; Plotnikov et al. 2008, AJIsdmso
Fetisovaet al., 2010; Skulachey 2011; Skulachevet al. 2011; AQ dslg[.fr
2011;Lyamzaewetal., 2011;Zorovetal.,2013;Galimovetal. , 2014], { tec

BiNHE Ctdyjdsttoydvdd ftjfoPsss fifff HO
(fesOofsfissbdud Mt dd) < wwiclsodd mfsdmisiende
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shdztseo Odzd § o3 H dzW HylsOdzt dzs@ s dmmdzj H-so
ROy Qo dzj dzdzr = MBjHJdz] dzd?2 f &zOMmistsn d dzts da®
vivod exvivo,sfftsB j dzgdzts © ctdzsceodeasdz dssL cj, B¢
tcOB®Slsjy [ .[. 1 0C | pakesvheta. , MBOOBB ts tafdpfi) dfj H
SkQl - dzOfmls tsdzr d dzts dzd dz) H j Y dxdxtizdsdi i@ ogdoddad
Cter Mddz" » BwsHjdZV s JdW OwLSISsO fsysd d mJj tel
sO¢ 34 dhrjiddujmMisets ddhmkzd O. [ B dad¥w
Odz' IsjtcOIsdods’ = dL d3j daJ dzed?2 MEzHddzd B tOL
ydotlsdegr =« d ktotse dz¥ BOts jtodzr n W j tod3j dzls s
BsHjd&"e SkQl ddd SkQR1 ®COL' 90dzd L Odj k
Yylsts Ctdzyj dzlstcOyd d i25k0Q 1dzdftstiim W/ HCCGO 911 3H5 jddg! H .

bdsjdz' h Os s tcOL Bjtc ddzgt OteClsdats? L sz’ , & L -
vivoo d Mmdzedy Ot ls MH jtey Oded] o Ctotsod dzOSC IsC
Ctej OlsddzS JdzOL ", ktetso jdz Ctlstster 7 jdet¥ zte @fg

mMyjls or MotsetyHjdedw W jted3j dzlstse Hted & dB.
BN dzs B dzOtelzy j dets, ybts k& Ctwrm M JjHJdAMIse
fsyc¢d ftcdetsHdls ¢ cdBjdzd BBdzr h JddzMilse O ¥ ¢
SHAdEC OIS dOw Qi d2d gz ySk QBE (1 BEB@Bsdz / €6 |
¥ dL dz f sylsd ofmjn Cter M. lojHJdedj Skt
fsH jtey Odzd™w dAs o SdzjlkSOn ftyjsS, stk
dzj Cslstster 7 Hitkzedr Cdzlstetsdzdtolzj &3r A, sy asL
Yylsts SkQ1l, B&OHOsNd2 dBjd " j2, yjd Sk
B3d BZBBtcOdz" , MY OMOJIs ydLde Ydowlsdz n, dats
dbns o CdzjlsCOr fy¢d d Ctoj Olsdded dzO o
Codf toj Mg sdzdzts?2 0 BERJ @ te B jasY il HHOL O dzts
99jHjdd] Ctr MO LO Hjdz HB i jttOydd 1
ftsotcjyHJdY &BELEO. 1 0 1Ists2 &sHJjdzd SkQ
ofmMdzj HMlsody BBdzijJ dedL 52 (tetsded yoO,  dysdgis «
HOdzdzsets o jh jMlsoaO©. Rdzlsj o Mdets, yYlsts tej L kz¢c
SkQR1 fted dhjdddd/ tejf jteWkzLdd ctdztsoe dztsc t
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dzj 2tesf eslsj SIsstedzsegts L WW J SISO o H O dzdzts d3
mMsd Bz dzv yd d mMddzlsj L O S IOEs ] s1Cladsdm@c ™ 29
dzed f sftcj HMlso jdadz" 2 L Of dlsdgr 2 1 W W Pikdbevelz®, d
2012; Silachev et al. , 2014 . L tsH dzd d3 o 1
dz] 2tesftotslsj Clsd o detsc s H J 2 fitddsedd Yo s H@akzIS d s & figk
WodzW j Ismw  ff to] HElseCus@Mejdaedcits Wilstej MMO L © -
ftcj HSIsotcOh jdzdWw d3d Istsrn tsdzH toc d Ploiikdste? al., 2G1R;j tc
Silachevet al., 2014;Khailovaetal. , 2014] . t Is 5 SQRIz { ts T® 142k
BdzOGtsftedWw Isdz 2 LWWJGCls d ofndlslg &Y dizfptc d f
LEMY jtedd3j delsOadz! dzs?2  dN jd3dd Misj deb&d dBsug e
d3ts y Kirpafovsky et al. 2013] . s tetsd3] dh j &kdd,
ftoj f OtOlstso SKQjdaBj s ) MM ot yHjdadW
fsCOL Odets dzO tc Coizjde' dad ditsdr' j sV =2 ded @ex@ivof [Kapdy ts d
etal., 2011;Jankauskast al., 2012;Skulachey 2012;Kapayet al., 2013;Stefanoveaet
a. , 2014] d dzO0 hissH j dzd Saprimovet@it2is?2 tcj Is d o

[tckets? cwlkzffts?2 dMmMmdzj H tfge@dsddrjd2s cas’ date
fdhj?2 SkQl -3 d¢epsgQ dafj z@uddzz dh j B3d ud MS tsc
oty mjdfyo o EMdsedwa- S ] kdqdodyas
MsOols. , 20629 B3to' §fQdelsdds@lrlz’ dzts () ISYALRjj2 )y Jo
Btesdsd H O Vv tkOkBtc CSKOQE MisH j Y dIs, ¢ tots d3g sStc G
(f zOMmiIstsr d dats dzO, dzd dz€ j O d B o HEjterd1dy fitsdn
Odzj MsjLdd E Ydoetwlsds = ddzH zyd tel3sas@ d2dcts @dzd
CBbsetids ) yj ddd YOMO] (o tufvizd @y debdd IsJ cd J d3
L WW i ClsO cipdziapjddfrdzt OtcC Is O il ts § © jodf\ @sifipglrj?2 tsSB o
fMtcJ Lifgete HIsyjds tc O L 1§ dzdzegid3y tots tc © dz! dzts j SKQL dni Hfj dfidd jj 2
mizlstsydz = HSLOR d 2206 dedssdzr /1 €6 ded3 Is jdudndz
Misdisdmisd yji MSdh OduSOYLddelgds tz d3jdodet O € Is @. $licste
d3i dz " Oz Ho dzg®OIge || tcdz" = WO BLOERISGFGE JH SGE j dz
MB Ctcj Olsd deSsd dd@tc ® o daj <izd *OC 1) o dzts s & i isfmc
Codzstetsdz! dz' =~ [ ® diis 5ts faiz f dzdzts  d@B s gHdRtEigsonds -y J4
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f 5C 0L Olsfy tslAy 19 ts W dlzg dzr tedm¢ O: Btsdz: h j 2 fn
OH J dad dzdzlz € dzy s s dref 59 tzdfgfils o © W s 5C toj O WSSO
qh jB3dd yomisd MmjteH Yo HsMisso@@GBUMHO @p dzh OC
MsH j ey Odzd ] ¢ dtctso d dpte dstis@si HA0 € tf dhoztzdpr ¢ st
L OC dzt yg ded s , fts ¢ dzOdnpats] dzf s Is SSkQAiAf b j @zd U d ¢
Emlsts?2 ydo smils:¢ dd §f Hiftsifipzj Hizs b j 2 tcjf jJ oWk
Cf Jeity OB sdzddiy s dej dz6f OtcHa B diBg sy tsOdd ¢ OF
fsmisdh § &3d ud MS s yted sai’'jdz § sdzdetsls! ¥ f 51
dhj &3dud MEsets 1§ tso tecgxovivg tflad of Y JBH s @Oy Pdzlz s
ILWW SO Ooaltster odHjdzd o f§werh jdzdd Odzls
[ OCsdBB3E ddz, sOf jdz €5, 2009] .

14 MEsdz €5 tcOL dz" n @[ tfls jts S IdststaH -tz Cb (i O ol |
OdzZsd S MdHOdzZlstse dz0 Odz' sjteOydes o Yys On
1 stetso © d [ . 5 PlotdikdxstlaldZP@OBlatiikoyetal., 2010; Plotnikov et
a. , 2011]. 1 tdzOocOvw, Yyt dOdeBtdfss j o O ikt
dzj 3 dls 5S¢ dMmdzd s dz dats g ooty H]ddj, w
tcOB H WG] tsdzd L t5d3,-d dzHelzj Westastnd Qyddddis f stcOy j dad
9" L 9 Odzdzts | ghjdidj?2/ tejfjteWkzLdj 2, LiIsd
sdf tser QA H dzw tcOL tc OB SO 6z feFdisIR- s bzis t6 @ B gzG
fsyj ¢ . twHBBdR 1 CMf Jjteddid delstse o' ff sdzdzj d
f SHIse J o) H | dzts, Yysts dBlstsatsdzHtedd HJ2MIse
f Ossdkztsedvw n, W dzw w fry4 SHdatso toj d3j dzdets d Mist
ftiosdLotHMIso @O s B" EBIstsB dzZOtclzy J dets, Ylsts
otcjHdsets oBBLHj2MIsadw  jted ydmdzj dzdzr = {f C
SKkQR1 Hts dqdzHESydd fObtsdtseduyu MEsets Mmtsml
dbAns d ftesHEzCIkBe 1 [ o ddlstsa tsdeste W afdfdisy
z tc 5 9 dzW Y disas - € &6 d osMMlsOdzOo dzd 9 Odzts iz
wWikzdSydse oy s d LdzOydilsy dz' des ff tsdzd 3 Odzts
d Hddzmlse j dzdzzs f sy¥§ Iz, fsHo jJtoyJ dedzgz® dh jd
BJL § dzOMmlstsn d dztsdzO o ( € DAYR M)s,0 j o 1§ slsidls tc ts dz! dzts
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dzj S slstster o3q, Antslsw d tcteOded yd dedzr o3d, dzj W
ftsor h Odzts 9" Ydoeo O] d3tsMmls Ydotslsdz n i tsfdzj
dimmdzj H s Odzd | fs5C0OL Odzts, yls s SkQR1 qd o
Ldzj dgls™  MmdMmisjd3, BiMfjudeOshda dhj di3dy.
dzj Wtesf teslsj S yde fted dhj Bdd, so¢dr €C0OC
WshW sted dzd teso Odzd | CddzOL T Gdzd € 56 § dzmd dzls
steBOdZdL s Oz kZtetso j dz f sy ydztezetg O j ldchgWs to
qhj3dd/ ejfjevkze dd ¢fsysd d o9jHjddw (
GJ dzls Od3d yd dzO.

tdLiEd IsOlIst dmyfr IsO0dzde® § tc B ldgp elatzizim tc  fi
f dzOMistsma ddzsdzO@ dzO HEkzGed A BsH j dzv Odz' Is
fzedzd S Oydwa. O@S,Sk@lb dfszcfded@iz jIls oL tcOMm

i d ¢ d3j dzls dzts ¢ s Sapruhafdsej ded,w 70107 , dzj dzls d € &z dzv
[Snhytnikova et al. 20127, Mistclz € Is Ritafdr' tgid dzdze df jtag] d
MmOt tsi[Vagadet al. |, 2014] , tej §f J oW 2L doiaf dgO dzth

fJudded fsmdzi Jjet nteOdsj dzd W Cherkashopdtesl.ls2D1d)izd
RABjs sfpw Ctsfojdedzr j] Gidese Odzd™  szOG Ols
LWWiCldejdz fteslsdoe tcOL o dIlsdw GjdismMdH, tc
Msmistsw dzed W 7, ffesijCds df! tfolz hfilflss EMlss?2 ydo smis
o7 L o Odzdlets 3z s8¢ d fydzd Gnjantva Aeitodpnkg BOB4]. s d3 |

R L ofj ¢t cOMMBslste j dzdets G 15 BOIs j ted ©
BdlssrtsdzHted Odz! dzr § OdzlsdtsEMdHOdzlsr dMmidzy H ¢
fsLdlsdoadeda StOjstseo) dz0O HBotsdz! dets L d&zOydlsg d
90O dgi 2hdn 1 CEMY jtodd3d dzlsOdz' dgr = § Obtsdzsedy
Odz' sjteOydj?2 d vyt ftod HBoBd ds f SHtE
LWWjiClstsoe dz0  -BogtisidgtsColadey] tdgtts d3, d3 yid(ls Bta)s ¢
Bdsndd@3dud MEsds d hdivodinmsc dtejsfasdg, ( d d3d J
H Odzdz ~ 5B dL d3j daj dzd ¥ Mtsslse jIsMilse zs h d
tj OCyd?2.
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142) s Odzj dedj, ddizdBzdzdz" 2 tslse jls d d d3dizkz

l totsy H § dzdz" 2 d OHOfIsdoedz 2 d disdsz dzd Is § Is
MdMmlsj BBz VdLdsaseduimMédn Sdjbtsyd = d o
Bsekzls toj OdzdL s Ols! Mw COC © o9dHj] OHJCOO
Slso JIsO dO (OIstscjdz d Mg J Uz oDuEHitis@isx) Szd
d 3z dzesf Olstsdzse d yg Me 52 tej ©OCydd, ftcd o tsH
Odz' sjtcOlsdodz d3 dL d3j dzgj dzdw dz (olststed ydzts?2 O
WEdzC ydosdzdtetso Odzdw BtecOdzgses [ wlstelkzC 59, 109
1995; 1 Pdzf 49 B89 , 20017 . Il s Odzd Is j dz' dz" 2
d BBz dedz” B () -dzf WO o v d ¢ s-@flazi S @ts)
dzj d 3Bz dedz” a3  Bd - OdedL BOBd (dddyddtetss Od
sfftcj HJ dzj dedz" - 1 dzH 5G j dzdz' ~ ddzd - SH B gztiz
ey flssteOd d GYtshdjHiEzE " dBOS g&d&BYddY 24 d
tcj CteclsdotSa) dzefsfdz ) C Isstotso ) sYyoe o st Oc
[ 4dSydde, 1996 ; [ Mafha) d d260,0 42 0 013tssMC Ztew € s
Medzhitoy2 007 ; [ j 2 dz dUndet@mh 2009, 1R20WTEEes, 2015

sOC dLojflsdts, Meh jmlseabkjls daj MS sd
L CMMEHOde dase s ( M) oL dasgzj 2 € € QOB OBOdSs fzt
WdBteddsL desj, CGjBstOcdyj NS, ¢ dad dzts il

ftesHEGCIsd o dese 5 (§d dzlss]tachyiszdday dogods tdetslzts | ) o 51
dlstczCtso, sOWBOd, 1989; [OwdmE¢d2, 199:
1 OkCts9], . 2DQBJOdzls o tsMmf Odzj dedv ftej Hj dzv §
W dzs e s e §f 2@ dzf dzls dzfpig B !j fls o s Odzd J SRz p lsialz Is ,tc d dz@
dzi s 1 CLBsCMddO, Mfsmcsedsmis! & or LM 80
Wsteds' o jkO, Mitshmsetsd otsHO s fdhls
Stec Odzlf o tBOWA TR e MM d yYdistHfidsstco |s sdgzdzj
LdzH S5 j df e dzd ud Mls o 5 d3-czaff BWiEsy@ldstasipts dsd wils . H . )
[ iSyddé, Mand032004; 1 tesMmC ztcw Utklerwood 2099.0 o
e Mmisj BBdzetsj oMy Odzj dzedj, ddzOUd dd3d dzlzj 35
tej OCydde, ooffdejdadiflsCfjdRiH O dzdizh seozd e ®C Isd o d-tclz
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fsHtsBdz | tJyjflstster o tBhd2 Cttsotslsse,
L dzgH tsls j dzdw d dzj2SC€BBsydlstsoe, ZzOtlzh j dzd ¥ G s
oz lsted MsmMizH dMistsce s Mo j tels™ 9 Odzd W Ctotso d)
fsotcyHJdYs d IsCOA)S sSdzjj Yzt ds dztf B lS P dzdzts 2 dz,
[Tsokos 2007; Lowes et al, 2008, Lowes et al. , 2013] . 1 Od
L sdzsed yJ MEts?2 Wtedis?2, o thdtsej f Olstsc,
otsMyf Odzj dzd W, W o dz¥j IsSHN@C ldnjjtf dn@dy dgy2O)",§ DGV
1 Issets MddzHtesdBO d B jTsokoz20@ fiykatfigret alf, QM@ ¢ j dzt
dBZzBzdsf Ostsdzsedud MSdr td OSyd?2 dL o j Mmisdy
dBBzdzsH ] W dydlsr, Odzdzjteedud mMéd whr&EEHE]
d dzj d Wttds d 33z dzdztse 5 tslseo j IsO) d Okl
dzOB dz¥ H Oj Isfw d d3d3lz dzdz" 2 slseajls dz2O0 MBBMIse
[ dSyddé, 200 3; Unflejwdady, 220007 ;. 1 md
d 3z dzsf Olstsdzse dud MS d n tcj OCyQazg L & Is fifwts dz]
dzj OHj C o O0Obdzsets s Wisted3j, dzOftcOo dzj dzad®
fsotcjyHjddw d WEdSydtsdzOdz! dzs?2 dzj HisMIsOlst
ltesHEZSCydqw MmMosBGSHA = tOHdCOdBes d ¢ (d
tctsdzj 2, 9 O dz' n A @9 ©@y SdBFH -, s O¢
oMMy Odzdlsj dz' dz" = d d BBz dsBEHGAdE®E Gy NEYEN
otsMMlsOdzso dlIsj dz' dzrojd H  tBsdflg MMro,dzd W isls  dzO
(ctoOgaktplatst L ©O) , ftosHEZSCyde d HIWW Jjtej dzydtets
(dz® Ists ECOLTM 908 ls tej L zdz sOIsT -dz@tf s@eodz] fily
OdzlsdtsC MdH Odzls O3] = Isfisdg.” - ,H @dejy F)d.d3" 4 md ¢ dzC
detcOt s LOMBR] sz tisdzr o { tetso s Patiltashlmtfetz!
al., 2002 Ichimuraetal., 2003;Muller et al., 2003;Barhoumietal., 2004;Zhangetal.,
2007; Wanget al., 2012;Mackenzieet al., 2013. l-lstc j Is' d ~ , dadzj ¢ Ism
tc ts dz- dpAs C0OC OCIsdoOlststcO® ototsy H | dadz” R o 3
Yomlsdzsmis d , ¢ 5 d3fEsERmdslsEs g dsdzid dz @ fi) 15 85 ) gadigm
ftiosotsMf OdzdIsj dzt dzf = yYydbstsSCddtses) d SO 980
M Odzsdej dzOdzd, d3J 3B e Odzdz” d3 ddzalsj oW j 2 Misd3
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fted LOfEMS] OHOY Isdo dearthasarafhees 2@ Besmandmels o
al.,, 2002;Yu etal., 2002;Griffiths, 2005;Hu etal., 2006;Cruzetal., 2006;Tseetal.,
2007; Simmonds Foxwell, 2008; Tschopp Schrodey 2010; Pelletier et al., 2012;

ValcarcelAres et al., 2014] 1 OC tseagjjUp,0 j ST sBh jd
MotsBtsH dztstcOH d € Odgladz” tistdntiz} jj fipfts © dzj dzd d 1
d sz detsc j dzj L O, C d dzdzd dzaG J f Olstsg j dzts o d

stec Odzd L B3O, ) ssd3 ydmdzj d ftd mMddzH s
[Hadjigogos 2003;Hitchon, El-Gabalawy 2004;Remans<t al., 2005;Fernandezt al.,
2006; Lowes et al.,, 200§. ] cOo HO, ) 1 Isdn f smdzj H dzg
Istc OH d y d s dzdats slsotsHWIs o dej B3 Istsn tsdzH to d O
BdlstsersdzHtced Oz dzesets ftetsdmrtsyHjdzdw. 1 HJ M!
Cdzj stBW j Clststots o o HAMMP Bz s B tstcsR®Is Lo d M
o Odzd Isj dz' dets2 e ERCCYIyId Is O e fipP & ts Ndztxdzj L dzO
Odz IsjteOYdJ2 ddzd cdets?2 dzOw ) Iswy jdzr d@3gd HJ-
IsOCy @o dung Isd dzls § dzm d o dzts M Is d Fay eteas, RBOE6, Rjatkow etpal, s
2007].r My ®Hddd3 90y dzr 3 Bsd3d dzlstsdz wWo dzw j Isiyw
qddzHzydtctse Ols cdf jeftesHEZSC yds d3dIstsn tsdzH to ¢
MeowiLd dBIYHE ddd3d 5 [Zdrfvietals 06 wigEsic ¢ ©
sftcj H] dzj dadzlzs ttsdzr o HObtsejdajL ] rtetsdadL C

1 4 Mdieslstew dz0 MEkh jmsekze hdj] &£€0O91 Odaflls | ds
d 3a3lz dzs B ftgcfizis e ff esyJ MMO~, fsfrsCd foddi
OdzZsd S MdHOdzlstse Hdzv Is | 8 Otfydodn siezBMdER , Mts s
tcj o BOIssdHdtse s OlstedIls©®) € OL Odzd i+ Jong&hdzts
etal., 1986;De Bandtet al., 2002;llhan et al., 2004; Hultgvist et al., 2006;Canteret
al., 2007;Elmali etal., 2007;Rosenbaunet al., 2010;SanchezBarceloetal., 2010;Yu
etal., 2012;Malviya etal., 2013;Ishibashj 2013.

t OB sls, ) Clstster n dL Iz yOdzts firez0 f ded2 Wdajzo
OdzsdtsC MdHOdzIsts o dzO oMy Odzd Is j dz' dz" | d
fih j Mise j dzdats d3j dz' M jH § s dfdz Bidds/d D YR J Ot
o BMdse | Clststcr n dzj ¥ Ols Ode'jly Hig O lodng dZ'ts),
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dzO tcjLEzdz SOIsT dmmdzj Hs9 Odzd 2-Is OLB dzg ¥ dzth s ¢
MsjHddzi dzd2 dz20 W sdzgsea sy MmMmistsw dzdj d d3dsz dac
d zdzlz dzts € s BY | Is | dzlOtekHova eb &. ¢ 2D0REShipoynovaet al., 2010;

Marthandanet al., 2011; Yang et al. , 2012] . ] Yyomls dzs mls c
LOd3d Isdz" n dL d3j dzj dzd 2 ftcd MlsOtej dzdd dgdzj ¢
ddzo sdzé ydw Isd i3z MO, d 2Mte JSHsds B tdftdRfn dzjdzOm IS o0 O
osMmMfteddBudeosmisd ¢ ddawvj Sydwads ~Blsw 9
dzz y H O] Ismw o C friflsjtedsdedgjrdzlss@ d'L dlsqj dz! Mlse OR) .

[BErtseots?2 d ObuklDwabtttlicse 2 0 09 ] mMestse h Odzs iy
HSLORr (250 dlssdz' / €¢ o MmMEkIsCd) ddzedB dts
dzts tc di3O dz' dz' n ( dzd dzd W l dMmlsOts) d fsHO | tey
( dzd dBKYS) Cter M. SkQl MmMtrtcOdvdz sBNd2 9]
sdBzmMPec ] d&JHE®&E , Cdzj stsydatsmls Isd dslz ) ©
1 CMftej MMdekzs h da dBOKLE j tor CD3, cCb4a d C
stse j dzdets 1+ WW jSIsdoajdz 90 MmdzEyoO) Y tsHoO jtoy j
H Odzdz' ~ Qo lstster 9" MC OL Odzd  to j wlzf 5 dizts 3 9j Szt
sdzOB dzj dzedj WhkdzS yd2 ddizdzzdzdets? Mmdmlsj d3r C
mMf smse dzts s HOdzdzsets ftoj f OtcOIsO [k H dzd dzv Is
1.4.7 . ) Hiczets?2 ttOBBIs] CtOICso tej d3j dzdzts |

SkQ1l Mmded Odzsdztisjs dzelgtgd i gzOdzd § C D d3wW( =z Isd
MddjLjdt (feduyd B, GHdS 6] d3j dzdats-S gzfsdag §
o j dzd ydoe Odzts ! -C dejslsiagQy j HO BBis ds) o Ists otej
odJhiMmMsatsda O MY dzj dewiyad(s2 4 wp. , ¢ Bdak)sdzdgtipdf o t
dzj L dz2Ou(d s dz! dats sz tso-tzlf gisdats 4 d Iftdeats y § fizls ¥ Hoj
o sL gy dzts LO MmMydl MdzOBets yYdlstslssC ndy
dzd dz3W sy fivylsng et al. , 2012] . ) Ckdz skzte g C dzj I
Y dzso J SO SO ygej Stz dBO@XYJH2d C OCdna + W W
tcOL dz" = Mk B fdedf By Wd[IRts oy, dzed dzO S MY tcj Mo
ddzd toj clkzdzvIststc@20S POESQIjAdr)dz (s totsd3d Ists@ s,
dzr g2, tsB tc CHKk@Is Odzidzd 4 dzd yd 9 O dzts iy ! ff) 5 HOg" tday |
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Hj dzHtedIsdzr = CdzjIlsts¢ mdzd » O dzts fy+ MtsH j t
RZOkztcOdzr dz" n 1S dzzs € 0 . uUo | aldf aW st dg'sd U |
dzd d L d3j dalzg ezl [2012] 1 68 tojLbkzdz SOlOd3 j h $KkQUSH
(0,9 d 28,8 dBs@dddyc Hokzmjdzjlsp BEepyHB
fsorhjdedd slsdzsmdIls j dz' dzts@ ts yd mdzo G tc O dzk
Cesojlsoatstedzr | d dBJLJ derndBOdz! dzr § Cdzj 8Cd),
MsdBzdzdtekze M jets tsBtOL ts9 OdzdfShipovdhdvakztsalizdQ10]. W d
I MmMylsd HOddz | B ¢ dBYWG6Sstsdze o Ardzlk dzig § MSUR G dtif
GJ B 1L d f Lo dzYE Is ftcj Hf sSdzOG Ols tc
HQWW j o dzydietse € j d ¢6dBjdd dJdBBzdtsydlsts
MdizdY ydd {bdd ] fOLOltsdy Hnicasdhd dgds
yIss SOMOjIsmw fMmdzj Hdzy 2 o BL By desMmisd, Is
slso jIsO 1 dzH Blsj dzd minyqtis tslz0 df &k Gzl Dzg Is § dzv d
TNRU §smSsd Sk fMddyjddi <M wiMhCiM-ts d
VCAM, -firj dzj SIsd dz®@) dzOB dzt H O dzts i) 'SKQA 1o d dzis j & fry bz
Odzlsd ts€ Md Oz dets 2d3d Is ts ~dEQ@YHIdOR[oCOHG! ddelists e 5 M j H
ftod yj o3 ftoetsdMma BH J dzts 1 Ists Bd&ZzOGtsH OdM™oe B
[Romashchenketal., 2013;Zinovkin etal., 2014] 4« kM j fls oSk@zdztf ,ts H Vls
My Stej yds dgdzls j todzj 2 € d dzts o 6 dqT NRBXE kzaz' Isfipl
L dgH tsls j dzd O dz! dzr = Cdzj sts¢€ d ftsor h j dzdzlz ®
B3d Y Sz ssydzs?2 OHGJLdd dzO 1 dzHislsj dzdd Oftst
dqLB' bsydets] TMERGEROdg] 2 Cddz0 6 o Ciso (
[Zinovkin etal., 2014].

1 sd3d di3ts H Odzdz" n s o dzd v dzd d dB3d Is ts - 5 dzH
YdLrLdsdsedyd MSdy §OttOd3j Ister Ctsfmo § dedaets ¢t
oM OdzdIsj dzt desd3sz d dd@zdBzdzdes 3z tsls g Hisy 0 dz
ILWWiClsses ECOLOddz » ftoj f OtcOIssea dzO H O dzdz
tcjLkdz sOIsT Br dzd ff tsdzbMitgQdz" 1 f) dztf to i 3§ Mt QR dizi
Mdzd y OjIs o tcOy j dadets s ftocsHEZC Isd o dats 2 9 s
ddzH z yd tcts o Odzdats o3 Hi S MlstcOdzts d3, zd3s dz' h OwW
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dzd 3w sy d s ©d3d d BOCsW O O3] , O IsO¢YJ
dzt yjeOlsdodz § Wo dzj dgdwWw Dashddjdrchl f MIR®OA 3 5B |
oJhjiMmMseats Br dzs Mt des Ekd3j de' h Ols! or to
ftesHiESCyYydd BIStesedzdj 2 ddzsjtedzj 2 ddzO 6 (
1 CMYf Jtedd3 dzls Odz! detsdz Ok Istsd d3dzlz dzdzets d3 4 dzMiadd O ¢
etal, 2013;Daviesetal. , 2013] . [BO ECOL Odzdzr = Mmdziz
fiecsHkzCIsdodzsets o tsf Odzj dzd v . CCMMEkzHu Olsd e dz
sMisOj smMw MMy i3 daj dL Ezyd dedz 5. [Bh 2
ZzOf tOo dzj dzdz' = O dzlodsEfY PdadUstipiisj@igd gzO s OC Y §
dzy W fdz" 3.

J Slsdesh jdzdd MddzHtetsBRBO MdMmls ] RBAESRs sd6ts
By dls ddizdlst dzj Jdav j S ydsdadalz®  f te dfipisiHfipd fmd:
dflsdui Méisets MtsCO) Jhid jmw dzj MEsd ¢
1 W W J SMiRaQ. sffdf L soeOdzedj {1 Istsegts ftoj f OtcOIlsO
BOCIsjtcdOdz dz" B3 dzdf sf scdzd MOR OtedHiSA3 { dzH SIS
Pazyh jdzdd WER ydtsdzOdz! dzsets MisOskzmMO d&dls
ftotslsd o so st Oyaffldsty T dizs &, tc © o dzts ¢co¢ dd
BdBrddBdyd MSdr &GOS j tcts downssteraln 2RASRpinskigt@lly z
2009; Loweset al. 2013] . 1 O0C sdzj y, BN d&zO MmHJ dzO«
MitoQ dzO0 o' 3 do OJ ddtsfils! &" " j2 fwd + MY jtedd
slsted yoOlIlsj dz2 @isPrapdsghettietds! s 2014] . | &y dzts, s
f smdzj H dgw W tcOBtSISO dd&ij jls ¢ o st Odzj dzd
slsdztsh § dzd J .

1431 j 6§ dzgj eOydv, Sfuciffdsiidsafdsdgtz! dzr § §t6fs

s clzffj CoifiEdinOhsedd df w kv kg O is)dj!
sj] ftsyjmh, Ccltterj osLdkdOsls §0OC sk
ddzd ddz" &5 tsBtcOLtsd3 otsMf sdzdgw s h d2 ElsteOYj ¢

S Oady  JO S ZOdkse , | jIosTdz" h d 5, 1991: wlst
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[ 4Suydde, 1986; ¢zt go, 200171 Of§ Buddge,®
Slsdzsmw Is tcj 6 yded Bzt d YymC ze , tcj f OOl
ooty yH]dd® ) § 5 dzdzlz ® (eimMsdbizyds ) d dz
f Olstsdzseduj MS ke (dzgj OHJj CoOIsdzze ftsotej HJ
o3 nOdzf pdgizlsted & dzf ssydalzy, de dbfdg)usfedz@pzds  (
StcGe Odgd dzdz) , cdf jtestesWde (o IIstsd3 ydmdzj d
St OdzdL Oyde , cdmMtsizsedyj Mk OCCtBBHO
vjtose, [ 1OYSEdé] . 1PPBOd&FIsdB) yorhdj L O s
ftesyj Mmse, yjdz MmMzcydr d, o Ctdzj ydesds
WilzdeC yd sdzOdz! dzts 2 OCIsdo dztsmis d Cdzj sts¢,
HWW J to] dauddoteys gd)¢ dzP dfss o .o Ok s o , 1988;
1995, dfej € Yyd 96 ; 1 Odzr ygj 9, ¢ dzd y SN=apg, 20@40 0
Moseleyet al., 2004;Greaves 2007;Menkeet al., 2007;Underwood 2009; Maronpot
etal., 2010; Thoolen 2010; Toxicologic pathology , 2,0 130EzC ko, RYE IS§
sOCtsets  tsdztsy j ded W, o BL di3gsy dzts M is fzO 6 @ o3gz iz
Odzlsfjtf Odzls 59 ftod - tsdit ] =AMOds dslis dalz! defty - d3dzts G
LOadMmwlils sl Istsg s, o COCt?2 MmMbjffjdd dAas
Yyqlsss ddatso z s Misd dizz dzw y d ¥ d OCIsde OydHs
HQWW jtoJ daydetstodzidH zjIs ISOC Y § d d3j Iste Olsd o ddgtk
Ctsmo J dzdzts sCOLT 9 0Ols! o dzd W dzd J €z8 d3tf g rdz@:;
BsHEzEZdkzY orf tcOY j dzdats iy ls Odz’ Isj tcOIsdo dz' n
(MkOL & jdz. 1).d 1. 4. 2

]l Bslsdztsh jdzedd o dzdwdzdw Blstsn sdzH ted Odz! dz'
ftesHES ydrctsyfj i HdWW Jted dzydtetse & d, d G tc
tcj f OcOIsdo dets? t6jcjdzj eOydd, mMih j Mise j dade
[ .1 . ] s sos?2 PapovdgtmlOp sRBBED | [ A jdzr &8 1 Ists@
dLEyjdd] oL ®Bsyds?2 tttsdkd o¢splkzzvgdyd | tgglst
o HdWW Jted dzyd Oyd d WJdBtotsB &zOMmistso . SkQl
OCIsdoaditso Oz Mmdc dzOdzt dzr 2 fzls! Rho/ ROC
Wi sted dzdtetso Odzdy SSWddzddzO d MmMlsOBddzdL O


http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
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LOIsjd3 d HdWW jtej dzfd s @B f®MBisyp dzyj dztso j
Yylsts fsC0LO0dzO + CMfted Mmdw o 1 Isdma GCdzj sCC
A1) d CdzZOHSC M h jydiddts 1 OS] dfas C(OU Odets s C
sfsmMtcj HSo Odz btcOdzMW stcdzdteze P ddz W OCIBtets
A lsdoadetso Odzmw dBOIsted ¢ dds 2( MipjPOQ dzdats Stdadlis jlsdk
VHOdZjdd) oéAs Msdizzdzdtetso Odzs Mmj Stej yds M
LWWJiCls HsMisdeOdzhy M sdz! L s Oded j d3 dzj dzOt
B sdzj J o’ MtsC 52 ¢ s dzlp J dbistrcHOj yadQ " d B H dEpiglas] s ¢
ddzcdBdtctso Odz OSCIsdo desfls MMP 9 d ¢OL O
HdWW jtoj dzydOyds dBdssWdBtese dzOMmistse . A J dztsls
BdzOGtSHOY OkzlstC @8 dziptf Bs2T GRBd sz dzv ydd ¢t
bolststcOR dz®dzdz o v fSH, Yylsts BkEZHOdzjdzdj ¢As
TGFADodmMdd3sze HIWW jted dzydOyds sV detcss
OOy dets Hdzv OCIdeOydd sy MmO L O doe dzj «
Emddzd o Ols! tOLodIlsd] WdBtL ©O. tS5SKAR ME&Bd I 5«
odzdw jls dz2O dBdesedj tj O0¢ ydd Dermiahenko® gl 201 dz
Yylss COMOjlsmw MCdzj eslsdyj MSdr sy Mifpse
slsmMizlsmise ¥ Is. J sts Y4 otcj W BTN dzs ff 5C «
Odzls d ¢ fij qViito®dglsdzj Istsdzr s dzj dJdzHnbEydtetse Odz,
WdBtetsL Cdzzesysk OB jffisd§dmYwc dzj W e O lswdH]
ftesWdBtslsdud MSdr MdedzOdz! dz" ~ dzdf JzIs 9 2 W HIGE
C Olsj dzd dfd®tc ffdzditdstdp O dzdzts ¢ 5 Is to O dzfn) Swaff3JCiidaskizelzts ¢
al. , 20107 . Clsd H Odzdz" | o ff sdzdzj fr) theasdz)fi
¢ dMmdzd s jinds'tedptindn® o tOL o dIlsdefal % d B2s0s0.80] . [ W
H Odzdz" n s oddwddd dBstrtdHticd Odz dz" n i t
tejcjdzj eOydd d ftesdzd it PHEgd P ©d3¢ e izt 6z0 ko ¢

tc OB sdekfer,M. , 20 GsXss2o BT 820 f t5C OMItGQHOS HI atsdzy
fesdkd¥ jeOyds 1 dHislsj ddOd d 7 Cdjlkst o
sftoj H] dzj dadats L dzOyd dzd 4 , ZOf tod o3 to, )

fOssdsedd.
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glzh jMmlsekzels Mtsseh jddw © o6¢As o dyPgEh
B hjyde » CdzjlstsC, id W d B [BiEetaz@iDS;Ropovagtalis f
2010; Srinivasaretal., 2010;Leeetal., 2011;Nierobiszetal.2011;Hyeonetal., 2013]
SHd&RZOC 5 Istsds, Bsekzls dzd Blstsn sdzH ted Odz'
fsHsBdz » Bj 5Of dZzOMging) M H S O § dedby &) Sczj d

[ sdesmd Isj dz' dzts Bdzts 6 s fzedzd S Oyd?2 B
BIsBrdHicd Odz! dz" » Odzlsd 8¢ M d H Asdzlysas 2 dz@ j g |
CEdiRYf | &M OIsstcdz” 2 tslso jls fsMmdzy tOL dzd ydz =
ofmMjcects o dzjtcodets? ISCO@GQL o fztkd W sk @ 1O daslz
f zOMmliIsd ydztsmls d MmMismtseMmMlsabkjls otsMmilsOdats
b dz Yy jRpitts ddts?2 Hickzce 52 oL tcOMIls dzts 2 dzd 2 1
[Amstislavskayaet al., 2010;Stefanoveet al., 2010;Skulachey 2012;Stefanoveet al.,
20147 , f sfhdzj Iseae@aldss 2361 210, [ o s=O.dsjd2tsShlsHots
¢ d i {f séex@dgf[Kapayetal., 2011;Kapayetal. , 201 3] (f smdzy H
fs5C0O0L Odz Bi@Q)YMa etald2011].

glzh Mo kzetls ddtsectsydmdzj dzdz" § ESCOL Odzd W
BdlssadzH tcd Odz! dz' ~ dAS ) tcOLodIsdd cdty
d L dgjzti, wo dzw j Isfyw dzj B 20 G tslfste d IOdzsP tc W Sctd
L OBtsdzj 9 OdzdB sl Hedif lyls Md Misj &3, yYOMIsts L C
H d dzOIs ALy ef gl.2199b;Lebovitz et al., 1996,Cieslik etal., 2011;Tsutsuiet al.,
2011; Maulik, Kumar, 2012; Madamanchi Runge 2013] . J me w L
fojrHnfteddis’ dMmfdzj Hiso OdzditoQ Ml § OY Bo " G §
cdf jtolstetsW d d BISCOLHO E ydotlsdz = fn
Btsdzj Ldz ¢, Htoedyjd3 Oolstster MoawLr 8 O ls 1 Istsl
mMemissw dzd v € todzie § ldzis iadiay Grahftetigllz 2089p |

dblstctsW dw ftej HiMIsOo dzv j Is mMtsB 52 sBh jifO
oBLACOjIs ¢ OC mMdzj HMiIseo d 4 tcOMmilsw dzz Ists @ 5
otsLH]j2Mso VW, o tcjLlzdz sOIsj Cotetsets |
M smigb tdzs IS¢ Odzd ¢ o dzz Isted € dzj Is ts y dzts 2 d dzi
tcj GJjdz) BOYGO A ZO B9 ,4 OWX YIs 9, 1988; t s to
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[4Svydde, ] OO uyg;o, ¢dedustse, Majdol 2004fCjeqvesd d
2007; Underwood 2009; Toxicologic pathologye , 2013 1 OCHo, v RO
sBtcOL t5d3, OlstetsW dw By Jls oL dd ¢ Ols! ¢ OF
Odz Isj teOyd(d, sO¢ d o toj L kzdz-tlstodsfijt tsdp@sts fhls
6y OCcyd?2 (HJSCdBfjdhoydd). 1 Mmewird M L1
(sd BB dzr dzOHY sYJ yded C s, Mmj dzj L deSdLEls &
odzzlstej dzgdzj 6ts ER O d Hts.) U0 @& ¢ dods Ljdzd
( MsOteyd M Ow ddzo sdzé ydw) d o5 dzdzts G s d3
gL o3 dzd dzd Vv d3d G St d3md@dz/Cdzvg 5 uW ficis®y d(dE9 95

Monographson Pathologyof Laboratory Animalse |, 1-P9883 Pathology of the
mouse reference and atlag , 1 99®dzr yJ 9, ¢ dzd Gydawes 2007;2 O
Underwood 2009; Toxicologic pathologyg , 2]0.13s O¢ Bl dzs ff s

Odz sjteOIsdodz § dL BJded dedV (OfsflstsL) d-

ftedmyf smtse dilsj dz' dg’ § fesyy M’ Bs@dzdsnd df3
Mdc dzOdz dz@ &3d f Zlswdzd. wdzj Htse Olsj dz' dzts, (Bt
dbAs dcecto®Y B dgjf dzdzz ¥ tetsdz! O BlstsatsdzH tod
sCOLOIs! mMw 1 WWjCIsdoadzr &3 Htod ¢ OlstsdztsedWwr
RA3j j Ismw dzj MCtsdz? C 5 OB, ftsLowdzwe hdn

2O tcOo dzj dzdz’ = Htoj § OwOlstse IsjtePted g s P pHE
L OBsdzj 9 Odzd 2 . # 56 dzOfmdats MidQlzfi fos|fif tiseo jOddzdzl €
cOLodlsdj + ¢ MY ddess s Odir iy O dzts dMisjuehpt dz,
al., 2014] d o tetsy H j dzdzts?  \arHsmfouitetf als o d 2 O BHQL -

MOt st j deefiff, Ols b s dsMmis j sf stesL © d ddzo tsdz
MisOtcj & h JOXYS[taysgt al., 2014,0bukhovaet al., 2009,Markovetset al.,

2011] . Il tsdz2 h OV OB slisT f SkQU M fdaR] HGsle tOERRJ
oBLtcOMIsdz | L OBBdAdzj 9 OdzgdW™ 6 dzOLls jtoe @L dpr ~¢ daddd
or fsdzdzj dzO 1 . 1 . 1 j tcthNereevealzal  MPO@D8IY s tc Qldedy |
SkQ1 sCOLT 9 0dzs Bsh dats IsjtcOf jolsdyj ME
COOwOCIsk d tojlsddzs Olsd sl & djtefh iy jOsX,Y Sdzte
s Of dzd MY tSjkfQllsMmiseo so Odzd tWOL o Isd s G dzOE ¢ &
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dzd ud ded 4 SOV dfds dz yOdzd 293 ydowlsdz = (
MstcOHOohdr tjIsddsifOlsdvdkd. 1 61 MmMdzEyoj
o tsMMmisOdets e d dztsfy! . ex viva sSr fipfty] tolzdddg d@Ez©S: ylsts 2 0
md dz¢ dzts qddzededictso Odz BOStesW Oc Odz! dzlz ¢ IS t
Lfdlsjddwy fted Skd sdoOydd LOHdzjets Mmj Clist
dzOB dz¥ HOJ B d3 Isj .OYF J o lsd uip bod &3r @dz'2 dgjsd ' dj 13
fsCOL Odzts C sYIStk QUW Wz® toj sddetsf Olsds Mo WL Odz
1 CMftej MMdd WOSCktetses tesMisO MsmMikzHtse ( VEC(
[Markovetset al. 2011] . dIstsdls, SH dOC 5, Silsd3] Is
dzd 1 WK@PLC I Ctsdzj ydetsds Mydlsy MoevwiL Odz I L Od
COCHE Coifj-zhdPhEeise dlsj d! d' -~ fsyjmMhse

144[fzotsdzjor 2 tetsfls
Il sdzvIsdj] ctfkzotsdjor 2 wflse Bl jHJdW
RBlzsc stsBteOL detsj ydmdzts ff Ols®dzteze] did ' ) SAjmy Hiz
Ctess Isimfw o dr ©COdzgj osds ftosdMmMr sy Hj dad d
Gidzi sduyjmMSsd Of f OtcOIlsj . [BN j2 sftsB j dz
ZOtlzh j dzdz” 2 € t5dzls to s dz! L O Cdzjlefth ¥ dete]y dzfchet
[0 o yr O dzOi3tso 4 IsttBe, 9 ; & j tosp j € YLd9dIé5, ;1 ARG
¢pded yStse, 2001; UjdgrloodRe0g , } D&E I,  B&EY |
i Cdzj ssydzOw d IS Odzj o OV Obdfdw, MY sitse da
BilsOMlsOL ditctdso. Adzd Wo Ote! diolzs s o L O i @) tezes )
HOY J B YHE ddzHde dHEZOdz dz' d3 tc Zi§fdsly O W d34f to
[d€yddeée.,} o8 oygi;e, ¢deduStse, 200 IrR;dzo[OL U dia]
Yy sMmtse dats fyls C cjdzjteOdzdL Oydd fot2flsej
o stBtOL 5o Odzd Wiz | d3y s ®Os OO ( jefigls ®J dzdzr -
dMCdzs ydlsj oz des tjHSts [ulstekzCtse, Hjtotso
ftcj HMisOo dzv s MsB2 BGUj dz {ipdg@ eses @ded 67y j o
HisBtetsC OUd Mis§ [z Bztztiiyzdsds H dzts 2 fiststetsdz f sto



63

cdt jod WwBdn Hickzc 2 ftocso tSHWIsMmWw dzO0  tsf)dzts
ITHjdvEls Isted Bhdsesds » MSOHdd ©GOLodIlsdw
Mo W L Odzdzlz & M ftedsBtcjlsjdedjdz Sz sCts2 sy
tfdejdaj sdud MSdna dL 34 dzj ded 2;, thtcts RO df,
o toj dgw Colsttets 2 ftiesdmrsHdIs MmJ dzd CIsd o dzts,
gL d&3j dzgj dedz" = C dzj stsk s HEtc Of tiste Dtz M dtse Miso j c
tcOMYf ctsMistc Odzj dzd J i St Oded L d3lz dzd dzW
d B3 dzO dzls Oy d ts deuyty Ketslerj 193, 4 € yddeé, ¢ dePiPpdbdsts
2008].

dAS, sBtcOL ks h dj Mw ) BlssrBdHidY A
ftosyd MMOr dzgj s zOMIsdyd MEts?2 IstcOdzeMW stcdzO Y
L 1sO0f ] dddydoydd k- tsdd, Yylsts Mmew L Odzts
tc OH d € @QuiEs 6.989; Harman 1992, Guyton Kensler 1993; MartinezCayuela
1995; Farinati 1998, ¢ dzd Bupdgts 02 0 1240]0.8 ; tc ts dzd
fosddsydd d ftesetej Mimdd fkzatdzj 2, 9 Istsd
L dizOydlsj dz dzHarmdgy 18920 Guytof Kensler 1993] . 1 tod
slsdzj sd s , Yysts IstcOHdydtsdedz § 2 Odzlsdtss mMdHC
zOIs jdzlsdzr 2 f jtedtsH tOLoadIlsdw MY tsdzls ©Odzdz -
fteduyud @3 YOMIsBISO dtso stsBtcOL 59 Odzd 2 HOY |
MieHdzj 2 JtosHBdydIsj dzt desfisd YdLrded d ke j d
MesC O foweoadzjdzdw B Eratdzd [ dddmMddtse, 20C

| Bastew 8 B Mlsjy fHtespdzy &Z¥ ¢As t©OL dzsE s
dzJ Zf sd3w dzz Is Yylss dzed deoteOsls Bdz! h Izt
qoodztfizg P jets dJqLdazEzydddw d twWwHO dj $Ottmlse j
IsjteOf dd L dazsC Oyd Mise | dddrtinBzCalgieh O85. tc OL 59 O dzc

[ otLB@BYydtsdd oddwddd ddlstsnsdzHtcd Odz! o
ddzd ydoydd sfibkatsdzi osets tsisO dtuly, dzish gk
ClssBkQis My smMsejdz SCOLT 9 Ols! Odzsd sz Is ©c j
Ftotse j dz@ = tots d3ts i ts Ghiktydkovebalzts dzQdadite@]i d[dz® d B d tc 5
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sBtcOLtSo Oded] BISteswWHjte, o' L 9 Rdgteinatharet akzO dz
2013].

[ z B Ez® dzts dzd 3O dzts tcOB sls fn) dmf sdz’ L
OdzsdtsC MdHOdzlstseo, o' f sdzdzj dedz" = dzO@ tcOL dzd Y
fsmMdzjHdd] dMftsd LtseOdkzdm!' ¢0O0C d&sHjdd J
mMsse  j dad W ts toy) JjL dizj delz Qs Cids@ondz) Uzugls dzgW | € ISt
Bt tsdzH-EPBdzi Kzftctso Odzdzr = 9 N jMise dzO ik
Ylsts Jj Hddzd ydzr .

Il yOmlsdetsmisd, B Agdpsvadsa dzO t@0x30j8dets [ylsts Sk
o fdls jokt eotHk (5 dlzgsdzr / €¢ © HJdz )
(ftoj qaslzh j Miso j dedets dzd oW ¥ df) Iskis tedigtsh B  dzdsdgds
HCT116/p53 t ©OC O© wBHYdks?2 Sdhe¢d yj dss jS O d
9" LM 90Ojls LdOydlsjdzi dz"@ = dL d3j dagj ded?2 o tesl
160MMsydJtetso Odzdes e s C EOYP zBg P EC @) ,BBOSH dzOC t
yqdLrded &3 hj2 M t{kzdjsddfwyzfo @ Q&HHls Gakzts, yYlsts
COlsdtsdzdz | Odzlsd s¢C MdH Odzls T wo dzg dzéf e f tc ks
ftsorh jdzdzOW OSIkdodetsls! Crlttosets, tsiftcj!
Emktdo smis! sfkzrtdzj or 7o M € ldzf tgtsRy. dzj J Mo
ftoslsdostsfzratsdzjor 2 1 WWJjCIls SkQ1l o ¢fj dats
p53, &tyjls B"ls: MmMewL Odz -hdzdf s 1©(§ Iz d dBO O«
ZOC s dzj dzd¥ Sk Q1l o 1 Isdr t€tsxpdsi o0 y ek Qldzic
p53/'d SiHa d orL"r90jls HIWW jtejdydses Sk f
1sH Hj2Mlsoadjda SkQl dzOB A&zt HOjIsfpw CBtsStGH
stecOdzdL Oydd ydlssmt j-Qis®©] toff dzlf sV f zg ozdeli ~
Codzls O Ististhzr tsdzj o' 7 S dzjIstsC 1§ dlsj dzd P dzS ¥zts €
stcOdzmW stcdzdtetso Odedz" = W dBttsB d&ZOMIsOr SkQE1
W d B tcd dzdz d WstOdz dzf § SCBdassOCIsr . SkQlf t
BOIstede jdzv, Yl §tsL o tsdzv j Isd3dfflstds)-Ht disHditsg@fds * d
sfkzrtsdzj osd3 OdzedBGjdzj L J . bUtcOHdydtsdadz 2
CoOyj mMsej Ctdzstetsdz dese s Misj HJdzj ded W, IsO¢
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Widetslsdf ikratdzjerrn Cdzjlsts¢ ftsHtsBdts SkQ
000 O0O0BBdEOLdr HESL OR. RME dz¢ ydilsgj dz dets o
MowL OdzdzOwY fp jet8 OCtsfdzjdzdjd3 o dBJIlssn 5dz
ftsHIso jJicyHOjIs 90y dzky tetsdzr dBlstsn tsdzH ted O dz!
Is tc © dzin W ts thdgPovagtdl., Z008].

) H tc zeotdscR! h 52 tcOB Sls B ' dztSkQd L Hz®,j dusO L
M sdzlsOdzdz' =« Gikzrtsdzj 2 E dR hjItotsdac » d tc O
4 ORCIsB tcj H dzts?2  dzd dzd JdzdSoitRY, 9 / dSdissCafjfrHedgssidnzO d
HER2/neu (N o™ MsC 2 YOfMmMistslss? ¢ Otety d sty dzid3t
fdls! j a2 o sH B8R Qlofylisls 5 qaigr - HisE G 0 s td3tsQ
s cdzlstoctsdiy" de'df js dzlz u@difls 2z  f dIs! jrodzts Bfge@dzso
SkQldzj BECOLOdz 1+ WWjJCIsO dzO tOLodIlsdj dese sts
HisL d ded dzO tsHdetsR. dL dzddzed?2 y d o slsdz

RA3j JIsw SOCY ] BHXRZO tOBSIO, o SkQIs Is dz®
JqdzH Eydtetseo Odzdz" 2 € Odzyj tetsG j dzj L o dwWeedn
B AP B3¢ Od3 SHR3 O jdnEH d25C OIlsdzts f SHC 5y dats
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Btsdz h j2 ydbslstmMdyjMEis?2 OCIdedesMmis! & (
d OftsflLh)dds HKlsdisdz] sCO0dz ©OC O s dzts ydz
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fjtojctc@Bladlese?al.[, 2011] ddzd B OCIsj tc\de@eadeds o
al. , 20107 . 4 2Mmlsedj Sek Qito dz® ' digts H § Gxt Bzj H
Otcd Isd3sd d BhkeeVamtalf, [2008] . 1 0O2HJjdets, yYlsts HE
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dzz y " § J o sMiis Odats o dzj dad J Yrdrsetsdsj” dgdisidais W @
or weo dzwzs fifitcr fnp, fsdzzyOeh dr O0f BRHDc Ordzsak
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MicjHdzj et oatsLtcOMIsO (12 BKYE.M Lkdokdsded ddda fig
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desL sdzsd d yj M dqohds johid dajyn s H{tsedz BT dz B OdzO
Ltcj ded W sBh jfOsdztedyj MS d -~ ftoesyj Mmtse ,

1 CstcOf sdzd tetso Ols! H Odzdz" § , i tsdzlz yJ dzd2dgd 2 ¢
[ HdzOEC 5, ¢ oO¢ odHIUs gL Bs@BMAHA3"r yd Mmdzj fr
L OB tsdzj 9 Odad W Mo w L Odzg M tj OdzdL Oydj 2 dz.
ftesyj Mmtse, O, ftmMisd ¢k Mfjydodz desj o«
1Isdn dfmMmdzj Hise Odzad 2 H dzW ZzOL 9 Odzdzts G s O dzC
dzj HisMIsOls tsyda dzd . JdjudEsectmYH B stctisB |
ftesy Mmtse fJtesMmiss dzay B" &z dMmMmdzi Hiso Odz o
sBtOL 3, MfJjydqodz desy dMmMmdzj Hseo Oded] o dzd
otssBhSkQLd 8 yOMmilsdetsMmisd dzO Bh jf Olstsdztse d U4
dz SBrSHJAB" n { dzj 3 dzsse IsjstejIsdyd MmEs?2 B
LWWjiCltse ftoj f OlcOIstse 1 Ists? ozt f r . [ tc
dzj S slstster j fsC O dzj dgdets e sy d Mdzj dzdz’ j SkQi, O dz
RO tew 3z  dzj Mo wL Odzdz » ) dgsdntls @ © dzls b 5 S @M
odzdwdedjy d2O  CMftejMmmde tjyjfltteses, wlso
ot Odzj dedd. [ jYHE Ikjd, C0OC ©OL HOdzdz -
Isdt{r o st OdzdIsj dz' dets?2 toj OCSydd Ctc0O2dzj 3
OQtcczdg dgbsts szt L & Is@ s, Yylsts dLlzyj ded j

sBh jfOstsdzseadyj M¢ dn tcj OC yd?2 dzd ¢ O¢C dz4
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siMsdetso OdzedJ &3 J 65 O § Otssedwn, ftoj HI
Hj2Mlsedjd. 14 dMmEdz® yjdets, yYbsts K &fdzds t
o0O)ydg" &3, Yd B Iy, SCtbtster j tYdHOZIJMm! s
gL d&z0yodzr dz" &3d ftej HMIsOodzj dzdWw dzd & J 4 H J
1 OC sdzd v, odJhjMmbe ts, gzt hjd Mmlstsd B 15
o0O)ydg" n Hdw CdzddCd)ls] tdmsyg s Bd ¢ dzd dzd
H Odzdz" s o9rLr o0 d3 - dds o tcOL dz' ~ HiSL
ks M sf Olsdzsceduyuj MSdas dL d3j dzgj dzedwv i o Bt
Brils! w©OLtwjhjdzr Issdz €5 fEkIsjdz Mfj ydOdz' der
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1ole 2.
fovrtrOJ 3 R Jrulr3

2.1 RMYriskzj &3"SkQ o j " jMmlsa O (

SkQl  (10( efNzOMmls 5~ d dats dzd dz) - § fy W Eazdedf W J dag € fi
o sMiis Odats 9 dzj dZBkQRL (18 (s8ENBONIstf - d detsded dz) H j yd c
Mddzlsj L Jtese Odz" Mtse dzO ff) tets Is ts WitakndrrAd 6t &lo ZDOJdzts o3
RAzMIs disdzlsg ddey J dzptedidz. [ . 1. [ s@sdshses 0. |
o otMmmisOdeso dzj dedets? Wtstedsy d ftojHBIsatcOh j
sdes fmd3j " d o Odzts fiy! M OmMSEBtBddsoa 2 & dMmdzts
Eflstc j B dzv dzOfp! Istsdz? €5 9 {1 CMfjteddzjdalsj M Is

2.2 rdoetsilsdz j

[rhd dzBMsd | dv IsjfMisdt sSk@dzddzO efditvHisidey o
ydrded d MY sdelsOdedziz BALBIls s tztied d Y Mg sdgr £ F8 O
(Cdstesdz dz08 aEPRO ctolzf f O SkQl» - dzlsts &z’ I §
Ctezf f © ¢ 30 dRRAS=1/03¢ /dhPIgS)d d 138 MOBYse
i43 B "d, ¢l ®RBEHEPESELSCE MzlsCdeozff © kB &
-44 B hd), MmMeseBBHA »n BGls MfjydW¥ ERENsOEBE
fdlssdided S 11 ) .¢clzfoudsdsr » MBSH] GSPBaafo Ods C
RdzMIsdlskzls©® Bdtstec Odzd yj M¢ 2 - dd3d d (RIN
fouddzdzd Cs9 0 t o1 HEB jMisjMmisak) tzdeB2 sE)kB j ¢
ftod Isj B3 j Qs Ha®] MIsD2zH Otclsdzs?2 Hd j Isi, adsH
libitum. SKQL Y doetlsdz | §dzzyodd m fdls! jots2 o
HsLOr 1 d 30 ddisdzr / €6 o MmMkls¢d (St
f sz e 1 Isk otHbkz dzO ftslswy jddd oMmjct

COYHT 3 Hdzv, ftcoj f OtcOIls HtsSBOoa dzwdzd o ¢
Mzlstsydese s  slstcj B dzj dzd W fdlss j o2 O BHT

ydotslsdgr n. Clstsls tojydd3 B dzO&BY b fp Getzdztz® M
fMlsOB d dz¢ dztsfyls d ftojf OcOlsO o fdls' j o2 )
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zOB stcOls stcdz’ n ydotslsdz = . Il mj A f Oah dn

dzj Ctesf mMdd, HABOST, Hdzv OdzOdzdL © YyOMmistsis
Eydlsr o Odzd Issdzr SHis Yy dho ElsdzrHs ot d3j ded  tsWw
Ctslstste’ 7 B' dzd HEsMlsOsydets Mo tcOdzdy H dzw

HJOGdsmMisdSd. uvOCt?2 &BOLjtedOdz MtsMmisOo dzv dz
Codastotsdz! dgs?2 cGtokzffj BTN dzts 62 fd@dgs dz' /dS c3
SkQl» 159 MOBsS d 39 MOdBytse d SkQl»d & E 1 P B
36 MOByso. Its ot dd dzgj Stesfimdd GeBWL O
dL g dzgj ded ™ d st Hj dz¥ dzdrj eBOdAnk g HYy.Q, M
[ dzw cdmMsdzseduyj MSsets dMmMmdzj Hise Odzed W o s

Ctodzso dets?2 L @, mMj tcH Y, , fJuj dz , fnd dzj L J
sB J fsycd (M dOHftYyj yded C Od3d) , WitcOGe d3j «
stce Odz 9 G tslststerteds ME 'sdzdf yg i€ d'j dgO 3§ dzj dzd

M jydodz dz" = ctelff MOBSE BM dzd § SEG) tc )
Yy dz ¢ fsdzkyj dzdw OHJ C o Olsdzse s dB3OIsj ted OdzO
Bdtsdztedyd MSse s Odz0OdzdL © dL d3gd dgj dzgd2, " @ s
cdf jelstesWdd d WdBtesL © BB OtcH O:
1) btwd cwizffr ($cBEsd d@Ga@bs S dl Sk sazdyisLii
COYHOW (L Cslstster =« 9 G dz6 yodz o mgsBw 7
dmMmdzj Hse OdedWw HtesWddzw + CMftcj MMdd ¢ j datso
2) Isted G tadadfdif'r dz@We, 5 dRlQldzdets din 7 I€56d , SKQL0  adzdfiEiaik
COYHOY dL SCtbttrna MhisswdzO dL. 14 ddzd
or fsdzdzj dzgdv dBsteW sdzsedy MEiets d dBsteW sd3j k
3) Ho J OgSEsifH]' '~ § 5dzlstets dz'adz ents Lyfedamtdslg dzr 3= g,
mMsmMlsswh Ow L 7 drhj2 (Hdv dhmMmdzj Hise Odzed »
(Hdzv s sd)stedyd M¢da vdMmpifrgi-i 5% @azd B dz' i
1 9lsOdzOL dd slsmizlsmlse s Odzd dz¢ B " § ftedL dz
f stcOy J dzd 2 .

stsdzd ke, -MOBYEP " 8 kad3d MW ydese s o 5L
f dlstsdided & § 11 ¢l kzh ddztsé, N BSPfact 0D 8 W= M
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Bdlssddey j dzej edd fLuv dog. [ .1. [ cshksdktshses O
5 dmMmdzj 5o OSEL® delzd\WddE('nls Ol§ dizd j M) Mg jd3j Hiddz

2.5).
[rhd dzd de@Bld o5 7CEYBL/ 6 MH J toy Odzd ISPR s O o I
(WennerGren Institute Stockholm University, Stockholn) . #4SH J toy Odzd

skh jMmlsodwdd ftdu k) fHBGOHMmM Ptcls @B2 HJJ
i ts dzlz \gDlitktim. rdeotlsdz j fdz2yodzd Mm § d3&k@Qlj sots
mMzSd dO fslwyjddd ofj2  dlbded dzj HAFQ
Ctodzalstetsdzy dz" » d3r W j2 (9 MOddyse d 8 MOBsE
MOy tso d 10 MOoOdts € ) B' dzd df Gsdavo JCBiyAzlz Is e
mMetslkse jlsmMisedd M 1 IsdyuimMéddd IstcjBBso Oded W
MsOizMO (Mt dzOMdzes L OC dzt yjdede o jlsj tod dzO
cdMmMssf Ossdzse d yd M< sd3kz dmmdzy His9 Odzd ¥ . J
tcjedmistcdtcso Odzff & Md3d daPzdi v dzdg dzv ¢  Mis ts dzts ¢
omjnrn MzyoOw s BWLOIsjdz dzts L OBdteOdzd G ts¢
Bd L J dzlsj ted Odz' dzr 2 dzd 3w Olsd yj M< d?2 ZL j dz,
fsHY J dZEHtsydzzy X j dzjL 2, dCtotsdatsy dzlz ¥ dztigH s g
ssdzC d2 d bksdznhlsr 2 Cdhjydds, WttOed3d dzls Mt
9 C(tbtster m B" dzd oadHde dBOStwtsMs sy dyd-MmOdg d
HOdzdzts?2 dzddedd vydmdzsds 91, Istej » d3d MW Ydzs G ts
131 clikhddetse ,dJfmH joto&Rpde @ @l v 1 RR &d s
f1uv dd&s. [ .]1. [ chRsdtshtss O, Bf d&zd dmf sdz' Lt
o dzd vSk@QlY dzO0 GMistoekzy IsCMdyj MER2H. HdMmMstesW d
[rhagfdBtedHT F 1 ( CBRAXECH] @iRffvi/daiy  j testcOdz! dz
SkQldz@® j ¢ j dzj tOyde B68Pdel B s @OUzg Hiatoofsxy &
MOd3¢ O c6dBtcdHtso (FHEMEH AXBADIS/CB | B/ "6drCe dRSPE ts d
EdzsedwOlcdvws MY j ed &3 dzls OdA0Oz@ o s iz OW ¢z
B hg2, didshdn ot OR, ¢ EHsdz (Eaisufia,
fMtsH j oy GBaLEZs R r s2j ks o jh jMmlseats 99 tsH d dzc
oLEOMSO 16 dimvyde d .4©MNEJIHERKIE L YO} &t
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otsHB?2 dMfr sk j difdsids O8 fAv d201s 916D 0 ZdeRdsfezizls € ©
Ctozfdf' @ j 22 sMspg RdzO0O MtsMisOodzj dz20O dL Y dg sl
ClsctSkQEdzi o9 SHY eMsH dzOBcdEf f ®j H MisOo dzj
B "o (o®L te®misY yjo) , daj f ts.ddzmyOo M dfdgds
dimy sdz' L s Odzd ! o S jEYd3) delsy M dzOdzj M
[rhd dddedd -LEHID/B GKIG. v j Misdtctso Oded j + WW j €
99 JHJ]RBKQL zPe j dzj Oy ds fsotcj Y HJdedz" R
1Sy jted 3] dels Odzt desdz (MG E P Ddztizts 1 O d@izidzjnd2tsi"
C57BLKSLeprdb/J ¢iidb) 223" hd) . CIsd d&" hd ddizjsls o
BzlsOgde j dd iyl f(scoOmdzj fisdazpj &3 ud ets
dzdm Wy jdzr § dzOtelzh j dedw 34 Is O Buts dedia detisQ  dizspigois)
2O f Wists2y ddejdadj dzgzOB @ORE § i Lto@Ldr) M d te j
Bdsaddi3dud Médn d dgfatalyjcddgeiedd?y ) MBEgEIse | sfis
Hd OBljIskisdf ©O. | jlkjtL Jcctrasyg dzy i o BuA " j ¢
[Srinivasan, Ramaro, 2007F € Mt j tcd d3j dzls B dr dz§SPREzMndbtple af
odoOfcgdu [ sdE@zfFOMNMEBMBMISSY ZO L BEelsOd
(db/db)  dd3j ¢ M d -2 1o g Er skzj Bsjy oM jMmisets
BrhOds s HsMisdyidedd ddsd oL tOMISO HID
L Oo jteh jddW dnpftyldedf d3fy desHO ezo & @af daeftsiirtly |df Stsodzt
SkQ1l © o9dH] wOMsodte@Ha d2 @ % tsa& dzg J3j teddgls.o
Mlssydes?2 HtL ] dMi26& | disgssdys § B j @IDMO s 5 ¢
ctezf O ()B " dgOh jns Mmis@b dify dapcdgtfldsdd dals dzr = e
Colbtster B3 9 ojstad{dzde SLzdSk Q1 g |o@Est d dis tid' L Is dzis
Ctolz i j ©H d2O5 eER|f2@80( tcj HMIsOo dzj daBr & P gy
(db/ +), bOCYJ { tscddechppjatdiffozdy dotsdzdd t§ dMmy
LEMYjtedd3j delsy M) dzOdzj g dedj &3 tcOdz S5y (.

SODI-Is tc O dzfh ¢ | dARIBESIIL-Tq(SODI-GI3A)dIIGur). r deo tslsdzr = M
o kEMEzBRFY EOtcdw RAdMisdlslkzlsO &Blstsddey J dzj ted ¢
JMlsjMmlse jdadats?2 cedBjdzd. wtsHjtey Odedj d3r wj 2
zZO MisOdzH Otelsdzes?2 HJJjIsj, o tsHaklibigim. € tRadz dgddro
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MY stedzdtetse Odz" MdzjH)zs ¢ deldt@tedntofiytse + WP M igO
(10 MOdytse +10 MPBREE D) ,H Sty dz5 00 adpdifisjdz! / € @
9 OBH)] HIW FBOVY MO&Bytse+10 MCEKHED) ,H g
ded3tsCize /| ) oL tOMISO 140 MARSYPle dOHZY SO dzl
f sdzz yO3k@ld jo HBLj 1250 dessdz' / €6 M oLt
rdotslsdz n fMtsH j toy Odzd His drl 5] fipldgjjfivive | dag
sBWLOIsjdz des toj ¢ dMmisted tctsyy @afrdflzd » M dzd ey H
MisOdzH Otclsdetsec s dzOB stc©® Ste Odetseo ( fj teH YO,

[ dzw cdmMsdzsed yj MSsets dMmMMmdzj Hiso Odad W o s

Gzt dzgs? disL 6, MmMjwHyYyJ, TJuyjde, MmMjdzjrj
B ysd (M dwOHfBYj Ud]JEOB]), WitOcd] d
stccOdzr, o C(wlstster n B dzd odHdzr BOCttsME 51

bbzlsBtej Hdz | Cte! fiir OB wslisdof ls Oiftets dmimdzj His9 O
ksCMdS s OssdsedyjMSdn 1 WWjClktses f SkbtsC
or f sdzdzgj dzO@ dzO@ Cto" MOR MssXDI) ¢ Blcdd , isB J
145 c¢ctsdztsoe, di 78 MOy vt Mdydaetsmls ¢
o dzz lgjtaigdets d3 o9 jHjdedd BT dzO. 1l By @ils dz9d & B Is
LCMY § tod o3J dzls O7 MdzfHs jOtp@EwEEScH dZF MO dBytse . s
fsdzeyj &z dr dktsdgdzedc O 11 [ "1 khJGstshtsp
SHdsEsHA i3d (5 §sizz23Ytcd b QY-S Hc §5 B
d dzd dzd Mo sB tsH dg" 2 HsMiskz ¢ MisjtcddzdL so
(¢ Msdedgd azls {.{ ( sMmdv) d MmMbsjtedd ds?2 Of diet
Hdzd &zZfipw 12 yOfmMse (oG dzyjdedj Mo jlsO® o 9
fsmdzy fdzzyj ddy drn fdtsddd O Mtshmis O dw .
qdznzCydji?2 toj o BOIssdH&zBdzE BEls g BOE Jdgif Hsjtd
sfrilsjy Mm-dqozdzdyddeds o Odzdz™ o3 f OdeS 6 OlsdIstsd3 B '
(M) . wdzjLdz" jJ dJdzjL"™ Bl 17 iff@GdkzOe ( d.
dzdzgs dz' / € ¢ 8kQL mMizfisC df dIs! j 8 52 o tsHIS?) )

1 9lsOdzOL d tets9 OdzdlLC Bz dzvdymgffijd2j H 859 Oder 6 d fi
o jtedWdSOyd o swte O fgd @alz F dzj dzd 2 . l s s L Is
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Chdzo j dzyd sdzOdz! deséets 9 do OQtedWw 1 RR AmI dds.
o ¢ jtedd3j dzlsy M dqdzH kS ydj 226MmMistetse s § 4 dzt
Mmts dzW & di3tf B J(RimodGbus campbelli, Thomas, 1905, Rodentia, Cricefidae
MW yStso MBH jtey Odzd M kZyJlstsdsa mdzsea d2 Y ¢
3 d dzd Ctolzg dzr 2 G tSH RO bkddydd of s § y q=a
B sOdzdzd yJj M¢ 52 Milk¢d f H Cter h j2. 1 Oter
ftiesmiststcds n f zOMIsd S sor A MOHC OR 70R040n
{ Mo qdedidsi Miso j dede" 2 Mo jlstso s HJj dalzdzd yde'd
Emdzsedw o Isj yj dedzy SGHLs@sdhf sizhi Oso Pddf >
G, M dBsdj disO, C(SEHO ttdd MfsMmtsedy §dIsO
50 dsisdz /1 €c¢ o MmMEklsCd dzj ssdz HOo Odziw T
COf dzpetsp | COYHBAR MdzEyol €dgsf tikdv o i) & fzd
ftoslstsC sdzj o fjn dz02 H j dzdzr - dL d3j daj dzd 2 ,
LON JHMNd®B] cded dzsfyilsde” dsd dL d3j dzj ded ™ &3, ¢
JqLiBjtejdedj BfErottdzj?2 o btejr ftetsj Cydqwa. |
dL Colttsh 10 B MA@ ABYse MMmMisOo dzvw dzd Xy d o
fjtor n sfkzrtsdzj 2. JdMmlstsdzse dyj ME s d mfm
f sHdzj y Oah d=A sSBWL Olsj dz dzts 3lz OdzOdzd L Iz)
Codzstesdz! dzf =« MOBBE d H BRQL 4 6 & @ AdHSd=tD cf dsu
ojtodWdydteseo Odzd Istsdz S5 BOCtwsMEtsf duj M d
sBl j SO Jets B'" dzd MmJjtHYJ, dzi cSCdd, T4
sCOded ) @FOSCwsMEsfduimiéd odHddm &3d dL-
MertcOdzdzsmisd +{ lgdeO dzad tc ds@detygf, Sz@EsySd ©OL C
Cdh jydesets IstcOCIsO, ctsdzso dats?2 dBsL ¢, dzOH "
d o hy.

[ B Cdzatse j dzdg" | fiEtipbifstz tatpides, dPallag). J LSt jt
dmf sdz L s Odzr tsB " ¢ dzts oEjlateds’ talpinudg,dag I dzt8 asdizC did:
RMEIsdBME s tcO25dzy | sotsmMdBdtemMEts?2 tsB dzO
45506 . ) MsH j ey Odzd o Ctsdzo J dzyd 5dzO dz! dzts O3
L Ctsdzsedd Ydotslsdzy ~ & 1¢7 -FishEedgGd 6c¢
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BdzdL Sdn & J Mgl itz 5. Md J stsets2 d Isj d3f
) Meslse jlsmMisedd M d=~ fn 4 1dzs dzaz'tc d2G°C, & Glsed3C
smejhjddj, 8 yYyOflkjdBsOD4 dgWels)j dzslsO) .
f toj Hd&ZzOG Odzdad BB s * ¢ t6 O dzlzrdrzy  CIRPEO Stc Ols s te
t smmdw) dL t©OmyjlkO 2 ¢teOdzlzdzr 2O BBMmBE
ydowslsdzgr =« d ttsHdehdamMw o odoeOtedd dn

MY stcdzd tctso Ode 1 CMY J tod d3d dzls Odz! dzOW d ¢td
f sz yodzO M ¢ d M@ (dd tc QaigAaQidsd® 50 dzdits dz' |
Ctef 0 22 yodzO fdhk BJL ftojtf OcOlO.

¢cds j dzd . l sLtcOMmMls Yy dotslsdz r, tc s gost morezrn -5 €
Hdzd dzy Sttedz" olbBtesets BsdwicO, fNtcO@o dzd o |
[ oHBS BB, 20017 . vtz f Oah dn N do
OzlssdzdL O Y BH9 jteOdzd dzj Stesfmdd. I Mmjes ¢
dzv ecdmbtsazsedyj Mttt O0dOdzdL O o COYHESH
fsyscd, MmJjdzjr j de€ g MEHEOHS'B, J filgeds t§ dztisasde O L 5
Cslstster 7 or wodzw dzdfp! BOStetsME s dyjmMSd odr

2. 3 usCMdetsfOltsdztcedyj MStsj dmm
RiNfdzj Hiseo Odzd | t5fnlsS&k@2 {iddxfC maf dzlddsthdsaf | tz@es g3ls
o' fsdzdzj dz20 dz0 MOBYOR B Iz T 2§ 5 NA dA d
1 €My J ted d3j dzls ©O. rdotslsdz §j MtsH | ey Odzd ! )
qi3j dzd MmotBHU 2 HMsEYy ¢ §dhj d ofsH
ydotslsdzr &3d dzOB dzt jH Odeg H jodzdls J ygiteledmr ,67, BB (ft
tcOLBdIsT dzO 7 1 MY J ted d3d dzls Odz? dz' = G tol
WdLdtsdzsedyuj MSd2 ©Ofmlse tstc SKRD, 8z2® Wd Cd s dz
tcOMmlso stej M twWOL dzd Ydz' 3 S tsdzyj dalsteOyd v dzd .
15 d 30 e/ Sc. i Oftgs otdsaicte O L dstH3ls s olsits(B M Is O
NdHSESBMIsd MsMisOodzv dz 2 ddz/ S ¢ BOMMr Isj dzO,
BN dz dzgj MC sdz! CASRBzZE zc dagdzj HizjIs Bl IsdIs |,
oo BHd®BS2 YdHSEStMISd dad oo h Odz H s IsEC
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(2 dBBdz) . 1 jhjMmlsoa® ootHddzd o wioj dddzze 9 j
ydotslsdgr » ftsd3h Odzd o ddzHdodHEZOdMz dzr j €O
o9 jHjddw d&OBA&ZEHOZI L O f§tcojHjddjdz d f
omMCtr 9 Odzd , s dz0is odkd @dzd BPGMMsS Y tefftc e Odzats o .
WdEMmMdesoa Odzd Hd&zW cdMmstsdazteduy MSda dMmmdzj
Mt § tsMmdzj o9 jHJddw ojhjMmlse) N do tsis dz
fsLo Az B9 d fsosHddzd ®BOSCtesMEtsydyd MmEt
sEOdtse d IS 0Odzj 2 Me dzOMmMdets s Rubedaf 4l 51992;dzd;
Tucker, 1997; Handbookof Toxicology, 2002; Bregmanet al., 2003; Sellerset al.,

2007; Michael, 2007Fietteetal., 2011].

RfMMdzj Hise Oded | ~ tots ded Sk@Ifm € thstd d Isasdsthitshipiacindzirfo |
l dzzlsted  j dzz H sy dats § 99 JHJdd J ojhjmlse ts
MisOdz! dzr » GClBdzt @' 9 (L O dMdBsMIsd I tOL d3j
hftedyte. ster Mmr f sz yO®RBHQL 4 A0 tcpL 2 ® 0 On kz tkz@
0,14 d 0, 7 mMigde/j YalzsMsclsdesfdstctsdz! dzr d3 3 do sls
(0,70 3dz/ € G) . [ sL T Ctstetej CIsdtetso Odzd d
[ dzd Is § dz' detsfmls CrtemMO o9o9jHjdedw o9jh jMmlse O
Ndoetlsdsy » dMmMmdzj Hise Odzd WJtejL 8 dgjfiH)d, dz’ yidf
dzj Hjdzd (fBdzZsoaddZzO HAzdIsj dz' dzesfyisd CEtemO)
ftoj CtcOh j dzedWw Sk@lo.j H J dgd s dzdzd Is | dz' dzts B' dzd

d dzls ©C Isidg orts Is dzF = dz4 f SH o-gztbg ® 9 hidSafifv] tc § B
otsLHj2Mlsea dw ds. l 5 o tSk@W MBSO dzd p J K Jodzdr
syjdzdo Odzd s BOMM] IIsJ 2O d odidOlasuzs Bf
) Cdzj sC On MsH J tey Oded W d fted ftsojH] dz
99 JHJddW o J sSLfiplsay@dzdicn® Y do tslsdz = L OB d
BsteW s dzswid ydifiifdzy H s Odzed J o dzzlstej dzdzd » BSteG O
cdMmMstsdzseduy MEsets dmMMmdzj Hse Odzdw . € 9 ls G.AzO|
ColsOdzOL qtetso Odzdz" = Y dotlsdzr = oMmMCter o Odzd,

mMemissw dzdwv e Odetso d IsC AdejjH.J dzff dff to joOAdnt
BsLcO, MiteHyo, djes¢drn, IdizmO, {4 yJj dzd
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tjftesHkClsdodats? MW jter : fjdsjdededStso, ftod
fesmMisOlr £ MOkRyseikz "ifOapgdE 50 O dIls @GOBE dH J

NJdO: L dH d-HH dp@azqaseEs 5 3 6 O, sCtclzy Qs j
mMoOodizs € . [ dzv e dmMssdzsedy MEsets dmmdzj His9 O

BsL ¢ O, cdyfsWdL O, IsteOn 4 d, dzi ¢S dn, fng t
dZzOH f syJ ydad € so , st Ddzthel | 87 ff tc 8 H{IsWle of a1 dizts -
fnozs dzdz" n N4 dzjL, fdh joatsHO, ¥4 dzzn € O, H |

Cqh jyudedS O, ddiW¥olsdyjmSds kL dass, Isddkzmd

24v § Misd ets 9 O dzd JkQledztdd W dedfs'H s dzy d Is j dz! detsfyls -
M sdals Odzdzts? f Olstsdas&dd k& Y do
CCMmif jteddzd dels”™ 5 BkQk Y fa@ad 4 tedsdeds iz b j dz!
M sdzls Odzdzlz® § Olstsdzsed® ftoesoasHddzdMm! dzO Y«
BALB/c, BI5/6 B6SJIL-Tg(SODL-G93A)dI1Gur, TR YStse s ¢
sBr Cdese jdadz" = Mmdzj f 2" sdatsC ) MtsH j .o O h d=A
tc OL dz' j Sk@lts L (" 223. rdotslsdz" § Yddzd HB dm J M
1 9lsO0dzOL dd 5 ftedyddzj swy j dzse s RBtsteB dH
tcj 6d Misted tc ®INB®dzddzOo tslsed3j dzls 6 d B § dzd , stclz r
dzj Ctesf mMdd o, ftod HBsMIsOltsydats? Misnh tocOdadets
M dmftsd L s9 Odzd j 3, 9 LOoadMmMddBsmisd s ¢
B IssHtse sREPMSJ ' (dp dedzliz ¥ A fiALAETHg joolAzE  di
HJOGdtMmMisdtctso Odzd Mtse dzOMdzes toj S s5d3j dzgH Oy d v «
czCtsotsHMisea OF 6  OlstdiisteW tsdztFaafin et alzO19I0c O
Pathobiologg , 1 tn@réationalClassificatio® , 2 @&hblogyof the mouse ,
1999;Morseetal. 2002;Kogan etal., 2002;Nikitin etal., 2004;Percy Barthold 2007;
Greaves 2007; Kondo et al, 2008; PettanBrewer, Treuting 2011; Background
Lesion® |, 2012] . l tod sB dzOtclz ) j dzd dL d3j dzj
zOB Btc Ols stec dz' rs tofd altisls|de'tsd ,0dzd ! dzO H Jd OG dztsfr
fOstsdzsedd [uwbttkzStse, wjttse, 1995] d dzO
Y J dzts eCjassificationof tumoure , 2001].
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25/ SHj dzdtetso Odzdj Odz' Isj tcOlsdo dzs?2
AdlstsmisOlsdyi ME s f stc Oy [ Had j dzd fig jsag P dzizd ¢ g
fstcOx jdedw M dsd deded S s ff tetso SH d dzts i 'BALEZO
fMtse¢ dzOfMmdets 5§ ZB dzd § ts o Delpdets ez, 1 2ABHB|S Sz d §
tcOL H j dzj dz zO hj Mmis: ctozff gt 10 wMmMtseJ
o dzz stodsyjyddz H W dL dsdzse dyj < d 2 tcOMmlso stc.
HisC Mistc ABighg JIW) o dzz Istcd B tos " ddgdets © HBLj 3
Ylsse' MzizROt@&dstceETPdizOC ztchO ddz j € yd?
stej st w Ctolzf §f O ydotslsdz n f s dflzi\j QzlizG ts Yo
H 8¢ Mtstec meidnUstiad B to & " o dzdzats . SigmdslISHy)ch 9 fSHAEfig W ( o
Be/ ¢ o Bsdizj dzgls dzOYyOzO ++ ¢ j stE&Hize@p
ddzd jydqteses Odzifw o HBLJ 3 d&e/ $c¢ dz2O yjtejt
5 fMmElk¢d (itjL.z; HESAYHSASZ B d yd dz2O 9 9 5H d dzd 1
HsSC Mdyd S dzd dz0) . yjlse jtolsOw, fwils@E metc 2B
o dzlz Istc d B to ¥ Sk@ldzdas dzlzfls tc 3 j dziz H SSKQEets .0 o Mista JJ s @) O ks
28 Mkl ©® HBLOS 50, 250 ¢ W25k | otk
h jMmlsts?2 ctelkzff O, &6 dpstc@edd gdudglicls® dzd O o fr
HSLy 3 B¢/ ¢ dO 1, 3 d 5 MmMkl¢d +¢MmfJjts
ftcj f OcOltse ftesdL oatsHddzOM! | & 0dz@B K dgoO
(Mj &3j dedzd S s9) HdzW ¢ d fiRbsselletal, d99Q). M S s s O dzOC
[MistcOW IS imdyimMs oY pndhistgs@BidzC ytf § ydsded fic
U4 U ded Istejndsj MW ydz' o3 CHyBldsbnQids Cdig O'lsjdats  dadddizdsc
99 tsHdddzhY yjls' & fzg EMemhcdSH)e’ 25 026 ttOMmise tstej
BOMdzy © HBLrJdoIIshzr BG4 ©dB.0OdzOL ( te Sy def] L d d2
fsmdzj o 8KQH jdzedwtelzedy dMmyriskzj 3 § ofh jMmise
sdudddd S5 Hdzj? fJitejH o9 jH]dlp Bl mbaE.
]l HOdzgdesdz + S jtedd3j dzlsy B'" dzd Mmodzj Hiz® A dJ <
(n=5, BJL ©89jHjddWw IsjlstcOnr dztstezj5ls O dzOd g tsIso
Hdzj 2 © 9 tsH d dzts ! sdzd o Crisds ] Y aAfO fisdztedd 03 th dzGn
OMS steB ddzs&EOY 9 C g ) HBSLj, yYlsts SEQLY , Mds
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sfrlsdy | ctbffr, Cwlstster & 5 HASKQ (THE 4 Y dz

HisL OR 50, 250 d 1250 deksdz’ / § ¢ n=p0-11fjkz Is
Clsster &8 ootsHd&OM! o Pl doj dadzOw O T 52s
Gsd / $¢ o MmklsSd. ) tod dzj Stesyfdd Sl

cdmssdsedyj MSses O0dOdkdL O.

26f 5Hj &ztetso Odzd § o M Oczd s j dz dz' 7

[SHjddetse Odd j s5is tcz] & d3dAmipdfbedis® pif) &z ¢ ez’
OMmMJtisdud Métsets da BBz dzdzscts o sy Odzj dzad v
fOdC tcj Olsdls. CCMfjtedd3j dels f totso sH ddzd dzO f
f OdzC tcj Olsdls d3tsH j dzdtetso Odzd tSHdetsC tcOlsdz” d3 o
(Sigma USA) ) HESL § d» eHug 2PHMO cOMlse stcO,
WY Olsdesds BEY jtoj (te] =6n=9)). R dsls®SOdDv
o dzzIstcd B to® M d dzdzlz 8 ddzg j Syds WdLdtsdzse d yg fr
tcOMmMlso stc® OdzZOdzsedyj dz tsBi | i3z, 9 9 tsH d d3ts A3z
(2,5 d3dz) . stsdzlstetsdz’ nz0?2 ) Az QOO ddz j Sy
Hisf sdzdad Isj dzt detséts 3 HdS O3] dzlstsL detsets o tSL H
=11 d 9) ftojHOOtcdIlsjdzt des © Isj yj dz§kidl 19
HsLy 50 d 250 dei3tsdzOd &z¢ dz@Mm'MkzdsC s msd O
fslstcj Bdzj dedw o tslsdzr o3 ) . 10 9 MmMEklsCd E
ddz j Sydw Otecdded dzO@. v jtejL 24 yoOmoO ydotsk
sj dzs Y dotlsdetsets, dLoadzj COdzd d By, ded o Gazq
Cslstes? dMitsd Lo Odd H&v Bdtssdddyuyj s
gdaW d dz steOydd i ts ZHJ d dats 2 OCIsdo dzsmlis d
WdSmMdteseo Odzd HdzW cdMmMssdzcedyj MEBE s 0OdzO dzc
[tsHj dzdtets 9 Oda[Q S lasjndsdcaizefsdzti tzdzts ¢ s . 1 0O filstj Qodd jOck
dzd d d3d3lz dzdzts § o sy Odzj dad J dMmMmdzi H s Odzd dz
1dJjdzsdzj Wtedls ddzHkzydteseoOdzd o9 jHjdzd] &3 B O
Bjdzr &z Ctor MOdz2 0  fippaet fl.(, 1 8D995] . rr do tslsdg |
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L 5 dzj Is datalslzyds o o 3" N § ydats g 0le0j & fx@adin" 3 Is jdgpd
RdzW dydtotse Odzad j ftotseo sH d dzd n f sditsh 4 8
fsmtcj HiNlse sd3 1 sdzd ¢ Is Glalg Adamp USA)s T Otgdzls 260 ¢
s/ 3z BOCIsjtod Odz' dats? Cditf SLSHQRY d o afts H (
ddzlstcOf j tod lotsdaj ©Oudzj gt O/ Cdz Y toj L 1 yofyp f
oo jHjdd] Ists?2 yJ HBLT ftojf OO0 fftsolstst
COYHOW Ctcr MO  scdzz\BRQRD. 508  wZfsts dzy O &4 d
ydotslsdgr J B" dzd Y tsHo jtocdzlzlsh 1o ISCOAF@ILER o
(ddzlsOCIsdzr J, SCStdzlstesdz dzr § d + St Jted d3d dzls
dlL fsyd ¢ Mazexddz0O wvHdv ¢ dMmistdgtyf dsdizy i iz® O
BdSadd@dud MEs2 yjdtd Misjfjdd ot Odd
OCIsdodesmisd B3 Jj dzstf jtesC MdH OL T

[ sH j dzdtets o Odzad | ntosded yj MGt ftecsHEZSIsd o
[BHjdzr 8 ot Odzj dzdw IsOSC et Isdf O MmMdzkzy d &
Clss LOBBAdzj 90dzdy ddzHnkzydtese Odzd d dzddlz dagiL HOJ
(s 15 MOBsE o COYHBE ] dztedz ¢ |5 ROsaipdyesf AN
o MmMstslse jlsMmMisoadd M s 28 ddstormes & dicz20d]. Fka@ilts Is
9 9 tsH d dzd odzzlstedy J dZEHBYydes M sdi3sh ! o8 L
dzdfzsdz' / S/ MEklsC d. rdetslsde &3 dL Gtolztf f
HI SCMORJTg@a WSy ((©& HBSL ] 1,5 d&e/ Cc o dzlzlste
fsLdlsdodz 2 € tsdzlstetsdz dzf fdZEyodz dzd € OC ts
otSLHJj2Msa VW, L O dm¢ dz¢ yJd ded 4 o3 stsc ts,

o dgzlsted y J dzz H sydzets 9 o tsH d dzlSBkQltg O frpls otssiddz | oglgj, f
1 CMf jteddzj delsOdzt dz" 5 ctlzf § Ods. JHdO cizf
rdotslsdzr » ftHo jtcaOdzd +{ 9algPzBis Y d 4 d deg O gzvizg
1 ey jteddgd dels©, Hdzw edMmbstsdtsecdyj MEsets M

2.7 [BHjddtts Odapty o B jindsB @lsE ' dzr &
[tsHjdzdetso Odzd i tojf OteOlsd o tizff @ j dgjjta@ e Oy 6
dLEYUOdEOM! &0 osHj dd &j - RdhsPlge €2 df BE D |
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GJdzj sdud mM< d sB ZMmdztso dzj dzdzts 2 220 Istsdizsts Is gz
ftcj Ho OQtedIsj dz' dzts Odzj Miisdzt d telfdseH@ ddzf] tc t5 & € dzdsvel3.
B"hOds o By dzsf Olssydets? 5B dZOMIsd [EZH Odzw dzc
ftso jtondesfls: Ctsyd {sOdesdztsds. 1 Olsjd3 f tod
ttOdzj dzd j , ftetsdad C O € sy d W 6)j.4 9o iy lsifls d (
& " odzd 71 3d MiwdbCy sfdzj dzOdz i dedV e Odz
1 9lsO0dzOL dd ddzc Odzv ydj?2 EkEcedzj SdMmdzsets ¢ OL O
Hdzv edMmistsdktsttW sd3j sted yj MEsets dMmMmdzj H 59 Odzac
[sH | dzd tets9 Odzdd d v jdte dctisemiOfefle st d cdif j telstets®
BsH jdzd My tsdelsOdzdzr = o tsLtcOMmiIsdzer = dL d3j dzj dac
BALB/co o tsL tcOMmlis j( PO L@ Pty y J o
[t5H jdzdtetse Oded j  H o ) f diZiOMN®H] dzQ finfl€ dffsg jdj Sdzffrs H j d
Mdziz) o dzd MY deEstthylsddz j§ odw d3j dzj dzd W  fydzj L dafs?
oL OMls) (BRG] dg] o

2.8 [BHjkJtso Odzdj Oty dd

dlstesWdw dhidj HBso OkOM!  dO &sH SAD]- f
stc OdzfM ¢ j dzdz’ 7 B6SHTH(GODL-GO3A)AIIGUN), MisteOH Os h d R
OBdslstesW qujMSdd MCdj esL 5 Je@r Apd Hikc

2.9 [BHjdd Bfkzritd] osets teisfl

J COyd Mo j BsH j dzj 2 sfkzrtdzj o sets tof
dztso stsBtcOL ts9 Oded W tcOLodoOah dj Mw BALBROd3
¢ 5BL/6, B6SJL-Tg(SODL-G93A)dI1Gur), ~tdiv yStse st i3 B j dzdz
Mz f 2 sdis@L 3. v Y do tsilsdzr =, Htsydohda H
Cdestetsdz dzr » ctwkzff O d ctkzf 1SRG, st delg w
sBh ks yoOfmlstslskz d ¢ dfislf zcktsaxrf qj MO EL cPfnisC Isi
tcOL dzd ydz' n dztso stsBtcOL 59 Odzd 2 ( dzOlIs § dzls dz" 2
HdMMJ Bd ded tc 50 O datgdzls 3 d M » (6 oladel dats dzj 5§ dzOL d3.
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2.10 JdMmisslsjridduincdi d cdhmksad

[BtcOL yr sttcOdtso ots o fMmj -~ el ts] WIS
2O WesMW Olsdisg7sldYy jtc] Jtsdz hts] ydmdzs B
NJHSESBMISd sO0OdzzO® ( 6 dzOL O, sBtOL YT 14 ud
wdemoydd (24 y. o WisttdOddida >Hd miSdtiffidsomn |
ftoj f OtcOptz: e OIsdZ 9 Odzd Is W JEMOLBLO ( ft
Mz yo,j W tstcd3Odzd dzO, 70% { sOdztsdzsdz o fdzlz

mMdzz y O WdEMmMOolststc O S Otdzz O) . [BI jCIsT
Hl1COdz yddzdtetso Odzd o H4APo, Go)O Mtsle st ysdits Jdai i g
LOoadmd ii3tsmlis d tsls cOL f3j tets9 ) . 1 Olsj &3 tsB G

dL sff otstf Odzts tk@Pred O PE B &Ogds Mg w ) |, ftoestf dlsr o C
f Otc OW Histe®ix ( 4 dflsste f ds,fmd W) fs 2 yomo d L
BEdBB) ctlsebldadd v dsd K3d ¢ de@SapanRM 2B &H
ZO0 ftejHdBjlsde j] Misj CdzO d CtcOMdo Odzd f sy
d tjecdHtOIOYydd. [ dzw or wodzj dedw dzd f d H t
sBtecOLYyses fjuyjded dLGEtslse dzv dzd j L @ddts tdliRidRD dz
Germany . lts eamjnr MAzEyoOWw A, dzj L Ooadmd dists tsls
d3j ssH Od3qd mMtej L T sBWL Olsj d dzts sCtcOh do OC
sBh jfteddgw sts?2 dB@BjlstsHdS ) [[ jteCkzdse, 1969
fted 1 CMmY | todlZpdds @ezs dzu s MS dr Memisswddvr,
My tsdzls Odzdz" - s zn sdzj 2 dMmf sdz' L s9 Odzd fn
sCtcOh do Odzd v : fts l ©Odz | dL Bdzlz, [ O
(tej IsdSzdzd detso " j  sustdels® dzOY) dzO frylgjdoete) j,tolzy J dzj L
Wshwste sdz! WicORtseor d@ 6 j BOIstsSC Md dzd desdz (| o3
| dd3L O, -l jgegelslz, -uils 0@ d dg dAdef drpj dzlz ( B
ssdzEdH ddzseo " &3 Mddzed d3 ( Gt Oz ZOMplsdetiz, = | & &
f Otc O dz-WHlg Sefyfchdzs A3 ff S | sdi3tsted ( Md Yo Pl tdatz’
CtcOMmder o3, fts Wsdz ssmMmMO (HijftsLdlsT fnts dzj
GJ BOIs S fxpdedsddts a5 -fi) @ Widg @ateqizdets i3 [ (feslsj s6
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~ntewh Q) , 1 jtedzmk (6 3smMdHJ ted dz) , Il 4 dizs/tef cdfn
1 eOh j (M 33Ot dzOWIsT™ )\, s, toJ P& FtsMdesR d W N Pf
(zrs) s [O¢C [OdkzmMkz (fsdkdmMO-OttdH" d Mt
yomisd Micj L so B&ilkg dadiiliss PO-PAPL (0 dBH Istc zdi3ts iy d v
Odz ydqoOdeso™ &8 Mddeddz Htcd 1 =1,0 d 2,6
ftcpRatcOB tSISC 52 Micj L 5o G d Odzlz tc ts dzd v @BHESXS Iz B
t sihmdw) , Csdee s S eOMBzmds f ds ) dzid Hs sd2Och df dats|
fedzvtcdL sSo Odzdztsds Mo jIsy d o bkdz stcOW dsdzj |
[ [ JteC E2dztse 1969; [ ddzdzd, LOF B dzd OB d M
20007 . [ dzw d sz dzse d Missn d d3d yJ ME G ts
ydlssf zoL &30Isduyj M& dn d 3z dzts 6 dztsB z dzd dets @ d
dzr hj 2 dmtf sdz' L s Odzd Ctotsdzd y* d f sdzd € oz
fj etsC moDakd U)?2, (f smdzj zsERo Jishiede tc Avad ¢ d
al. 2006 ; stcd o sdzO Y tskunder étjagl. 3O dz,2 0 0270] 0. 6 ;
odJtedWdydtctso OdZUNEL-d3f tsdste '©F ¢ d MY sdz' L 5 XD dzd
In Situ Apoptosis Detection Kit TACS Blue {Trevigen USA) Mtse dzOMmdzets
Wddg'-d L e slstso d Isj dzv .

2.11. [cwei¥sdjkedujnsd) o&jlss
IBto’ ] ddmssdsedyjmMSd) f©jfOoLdlsr

AxioScopeAl (Carl Zeiss Germany WslsseteOW detso Odzd § tsM
COdzj tots 2 o Mis¢ 56 tMRc.8ec OCad | 'Zgisdzd @ermany. 1 fj
BsteW sdzj sted yj m< dg4 ftotsyj Hizter o' ff 5dzdeW d

LOhNdWtctso Odedzr = ftoj  OOIsOr, M kyjlstsdy ME"
1990;Ward Thoolen 2011].

[ dzv  tyd ¢ d MmMemisswdzdw My d3d deded S s s
dMmy sdz' L so Odzd fdajediafly] f § o Welfflef ®dd [ 2007] ,
St dvdd dO f(sfjtjudsd MjLd udkit
COOz Y4 9; 2) MtcJ H dzd 2 HdOdj Iste ¢ Odz0O dz!
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AxioVision 3.0 (Carl Zeiss Germany; 3) mMemissw dzd 4 {6t delsizidd
syjdzj dedetsj fsdizzC sdd yj Mo j dzdzts (@ B OczdzOR)
COdzOdz yj 9) Misjtfjded §otcjyHjddWw MseidzO
dqdzlsOCIsdzr 2 cjteddddzOadzr dzr 2 L fdlsj dzd?2, Gtoj H-
1 BOdzdBj dz' h j dzd g J WegdHdEDIs d 0 d2" = C dzj IsBC, Is
Mtshs te Odzj dzO0T 2B lsBs@sdd® dzOW ¢ d B j dz dzj L toj dz' |
Licjdzr j SCdzjlsCd (M jtedOsLsdHr d MY j ddz0
MkBlstslsOdz! detsj] dJadzd IstslsOdz! datsj  tdoQ Lams Eh jided ]
MY j td3OIstsc j dzji LfAs dzdz®O W B @ dfadz® dz- Cdzj ssyds =

Cdzj ssC wjtolstsdzd), SCtsdzzOffp COdZOdz yjo, M

g yjd¥ syjdtd mMomsswddvy §jyj dzssyda
YjIsrtejmnndzsted Mis' d3 o Bdzdzj testisHizesdy d s ) gzdzdzz ¥ {f d
Ot dznd 3" (o 10 ¢ 5dzAScopeAldede dzcp Y tdae figy o
fsdish 1 8 f teAxioMEsOmz8y) d Gz ddzz § stcOy j dz
ftedojH] dedptiyzHAP. RdzHjCf bWy jMisd O
ftesdLo jHjdedj] Holkzrm dzOL o9 Odzdzr = 9 j dzd yd dz.

l sy Odzd Is j dz' dz § dL o3 dzj dzd W fsSHY j dzz H 5
slsdesfd s j dz' dats 2 ZOMMJ (¢ BOMmMmj Is j d&zO,
dzj 2stetsW d dzOd3d o K @dzzOr f is€ OzOftizts 2" dzO to d

lted 4 dJ dztsdzj Wdsdfuisfjls ‘o " aetOyfj O dzj dzd v tsyJ dad
dzd € tc s MAxiegcpe A1l § tod o J dzd yJ dzd d ~400 tSls H
BsLesotsEts 9jh jmMsea0 d MemMsyS o ¢ siDid f
dzj 26 sydlsoO o {fishijs O edgddfPtsydllstse o1 5¢190z]
dzj 2C sydlstseo o HisHzj jL o @AW dzj BC sy d Isitstpts daj
Ltcjdedw, LOdwWIsts] cGdes2dgr &3 MtsH jtoy dd3r d3 OB fi

l sz C sdzd yj Mlse j dedglz® tsyjdeS k2 Iswy jMmlsd |
tc] o BOssdHdsd Olstedlsj tmEzh j Mise dzv dzd dzgO f
f sdish 1 Ud Isr tej nMisj  J dedzts-F to BLOMKDE dzfs B ;) | fi
9" O jdz MezOB®Y j & [ djjdejtafiafs) dz 3tcj L Ct5) . [
orBtcOdzr 5 ftodL d&zOSCtso OwlstedIsO ( ddzW d dz' Ists
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cdff jJtof zZOL dvw Mmddetse d Odz! dets?2 tsBBAESYSJ, H J
Is ¢ Odzd ) ) Moslsd gzebsiisdgd do  frpzd Iff Jetc Ols z to ]
1 MY jtod di3j dzls Odz' dzts Eimtal@BIRQedIs©O £ S ter i) |

[ dzv  SygjdftQicOlsdo dzs? t6j 6 dzj tOyd tf QGds 52
ftseo jten dztsfylsd, Hdzw yjet ftsdLoeasHddzd Wl
Coyffftced  sd3tsh d © @diptEX-Z7E Lasiq Japah. 1 dztsh OH ¢
dL B W dzd dzO, § 5 RFYEONGI OdgBzd L © d Llsaged O 1oj
CoOyj gy ged o Ais®OA®Isj dzv dMf sdz' L s Odzd s dz
MisOH WA LOYdodzjdzgdw €& dMmrtsHdes?2 {f gasOdan
tcOL o dlsduzy qtEOdedzs? ddzd tkzBytsotsX2 {fisq Qdzd Yy«
cdmMsdztsedyd MC ffkshtey ¥ Od Ac Odg] tede® iy lsAlsts" -
MtcjHdzt 8 Istsdzh ddzz EC OL Odgdz 7 IsC Odzj 2

glsjtfj dz otsL tcOMlsdets? cdff jwelstesWdd B
or tcOy j dgdesmils' BISSC OtH Oz desets WdBtesL O
9 ®BIBSCOLH] otdsl dOdkd ¢ tddzOcj dad do ]
f sdzj 2 dgdis- jlakadfiixisSEape Al fted ko j dzdud dzdd n
f tots ¢ tAKagon 3 . Amadel).l " tt Oy j dzdzts Mis* H & fist de@ffplsdial
B sOf dzOMldd d3jj A g2 o Mmdzj L dzs?2 Y jadzjLd €
mdmisj BEsHWIs s hHdzPe 51 0" tc OYzjdEdE jjdedzs2 o " @ Oy
tcjLSCtS " tcOy Jj dedz" § ) .

2.12 [ftejnjdjddj OCIsdo dptsfdSdo daydnj dfedfdj teotd

l sdzsoddze f sH Y J dzEH sydets?2 y j dzj L 7 (o T
Mz yoy ¢(dJ dzsdzj WtedlsO) GCter M Cs3se J dzd L
WEMWYW Oldzse s BEW jteO (te1 =6, 0) ofis jsiFss),] .dzdL
BBz ¢ odifegadzdzsets SBKOL YO yYjdzbstedW e dtets
sB/ &3] dz f tod A4Aw, Yodzkzyjdds 2 SMOHBE t
WM Olsdzsets BEW JtcO (te1 =6, 0 Bigma igSAh J to @ e iC
fsHe jtec Odzd Istej ~ ¢ tcOlsHdsIsERJd oL ORims s Gdy iz & § dzds©



101

B dzzls ftedl ] @&j80Fktso jHjdedj s t6j OCydd Bt
mM C QMg AW Olsdzr @3 BLkW jtesds (tey =6, 0) , 0,
6y OC yddzdalz®  Mmd3d ! HdzVv L dgd e dzd™  d3d J «
StelstsW j ded dzj Sigmd @El)] dz01 @ oz Wirte@ (0, 1§ vydls
[ Nt f t®©1=5,0 HBottHWI ttltsWtshisds?2 ¢
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