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csbktyOlsea MS d2 ddeiis ks iz sy ls 5% tizq I @stints fy (O d
HEW O] defneasdu § sotej X HJ dad J5H dftsifHizOffsEe0; oy
99 JH] A pBRAZHESYydE  CMYf cFffd do B G dzedls
sfkh jMmisodw dzd flklsj 5 Iste jdf ¢ tkeffdzsiels H 5B Qo C

Iso jHjdaujMSdj WkdSydd dotsldy n 9]
cl[Ctr ssj d f sk, O bOCY] OdzOdriLAG dzj di
WdLdsdsedyujmMSdn §8C0OL0OIjdj?2 ®yj ddoe Odzd
My jStesMS sy dd fr o StotslEr d § Sdmftypjdfinls o Of ts Hf
dZj 20 ydsOteds? Wottdkzd Swtseod, dL dj tej dzd "
dmmdzy Hse OdedY §jydded d MjdzjrJdeCd dzO
wlstoESlkztedzr 2 HjWdydls yjddeOodd ft S-sd
fsLdlsdoe df ~pjStedgusdts g Msdsddbtiigb q Isd 9 dz" -~ o
s tc f Ode@dFEE dzts ¢ d s T @ BEBE cOh j dedz’ 7 Q-2 08
282 Hdzd Ytshmdzi opdgmjlezf®ydohwif ®rpddgydnde® tso
j et o dzH® dz @ My ej MEDFe ¢ dzjSSEAD i te 6 o5 izt Is s H
Wzl s te § ) YR |daOdOcts L O .

ulsOls d MYOMEATE] L  ff SHR upgetlzBz A totso tsSH  dzd
f OCJlilsy GraphPad Prizm 6.01fMm (daf cldo ILIt

fOLO®R) sedqud MEdn d daJ (.OBOERI sedud M dn d3d

1l sdztsy § ded Vv, aizOdzts IO df'ls jz

1. vy jdztse j yj MS d?2 [ W Bsy Jls B'N Is dmy ts
M smtsB dzsc s sCOL™ 90Is! f sdzd i Mis j d3dz" |
tcOHdOydtsdedz" » otLHj2Mlsadwrn d fted dzj yj dac

2. ] BL 3y dets s - f totsdzd € dats o-g3cfelf ¥ dg'ay ] W d3joc
ZsCoOodzdL Oydd M ydlstsf d&zOL d@zgOIsd yj M¢ ts2 dzO
zmddzd ded® St Mindd B dzise, seJMfjudos
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FCOLTr 908ls dz0O ftslsjdzydoOdz +{Issets o jh jMmlseC
ftesyj Mintse .

[ dydzr 2 o C dDH Oolststs

it OLtcOBBISC O ts ) dzts o dzts 2 dzO z y dzts 2 dHj d
o' ff sdzdzjodf dzj f sMtcj HMise j dedats d3 @QuSBlSSfe deisddis Ao
HOdzdz" n ,dzOgL O BB j dHzf der Qo Iststets d3l Mg ©
LEMYJedd3j dalst o' § 5dzdzg elzls 5 ©tp dgsist=iny B3 itz fiaip gizts )
O dzO dzd L d Mmdmisj BOIsdL Oydw 4 ¢ ] teh B bz f
sBtcOB fIs ¢ @ dzlglg By davi jdzOz ydif B dzd S Oyd d fs
0" f cdzdzj dzdzts 2 S @B iIsts b ddgOdE d ) @ dz' Qo ststots d3
{Bdzzyj dzd § X d 9 B3 difsso didfsgisty ¢ . u . vitwifs
t j Metemdztsets yj delste® dzj 2tetsCtsededlsdo dzr n |
ddzmisdlskzlse . uBBtc d 0OdzOdzdL sBtOL yseo ¢t
stcc Odatsea o' b j 2 f sfjdnjj Gssoddizj\njlsoddtsy  fiff teSts.oB . daz.
9. dz. M. stdaPe stePdsdf 5] MEC 2 d  Csdzsedyd ME 2
C1LRRJ11 €. 10sH G fitpldstisczt€ e d Y4 MS d = ftojJ f OlcOIs t
Ndotslsdz §H jfpBseodsj Misdzs ) [ . &. | J Bstey d;
A~y Mets?2 d {1 Csdzsedyud MEs2 f OW dL dtsdzt

dlgf jdz HBMIstse jtodesMmisd tojL zdz' IsOIstse

[ sMistse j tcdztsMmlis f sdzlz yj degdz’ =t jndf isdiz' Is ®lo |
Mtseo toj d3j @adlz] S o Ols dzr - f sMmis Oo dzP datizlc Gls sic @ & Y
dmfdzj HEEOQEY J &3 sBM dtedatse s + ¢ MY Jf tesdfdgy didg @
OCBUz dzr » st Sfjas@®ls d MBAEQETE Bgd™ jo SH T d
sBMdzsojQdedz IsiOIsT tf defitphy dizjH H titmegd gk 2As d o dzts dzdgts
SlstcOy) Jjdz' F o®m HE MMj elsOydsdede? s BO&ES S0 O
or Mol tstej2lIsddzesor n Y ZtcdzOdzOR .
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O toctsB BPREWSIsT

158 Isj d3d HJqMgdsls@phizls QR gf | WOIs dz' ffls BlOfE
o) z tc dzO dBXrls M@ dz! desets ¢} jtoj ydgv toj yj deLt dtclz g
H ts dzy dzr B' Is! s zB dzd € ts9 Odz sfdats o dzr j dzC
Msdm¢ Odedd Eud dts?2 Mmisd §J dadd J¢ Colay]glcitgRez ) ez
zOobd ef tcdtc©@o dzj dzdz R, dC 7 dztfgzsL d NEBE O dzg 2 M B 5 tc dzd §
CtsdaW j tod dzyd 2 .

[Mdzso gzl pdzte s OIsT Hd MM tlsOyd sdzdzts2 XVO B (5
XV d XVII [ iHdzOtetsH dztsd3 a3 Y Hd Myd f dzq gz@ tzdEa® HG
3d Hd yd dg= sdzts eS¢, stor d3, , 2018 BE@YWI, | 12 011Gk
ftcOCIlsdyd M 2 Ctsda §j toj dzyd d fm d3J M H zdz0 tc
Wz dzH Od3j dzls O dz! ded@Esve O dzts 090 dgfjds d y of dzifn isdPotipgixly
{ smiRg29, 1l [ B j H ddzaj dedets 3 dzO k2 ye® & s 83t gtz olgfy d Y &
VIII International Conference on Radiatiam Various Fields of Research d h ,
#6020, VI 11 &l jLH] ¢t tOHJ O Ydushiptdy Sif fdff
2021).
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1feloe 1. [fury [t JrRurtouvLl 3

1.1 OC st Y jCtEd df 5 dzd ¥ & dzS y d 5 dz® dzts dzlz Y O fs et
WdLdsdsedyuiMSdr fesyj MMOoT Gie

] OCIstsW j cfeWlilz § sSdzd W Iz dzC yd t5sdzO dz' dolg" 2 ) JBd3d d2
Is to @ digftp te d dzts o tsB dzOH @MW [ dzeizte®) ) Sz d3 % 4 dz,
lfjtcor j dqWj deBSd¥ dogdtB88 Odzc s H kssazsNipnsdnand j c
Skrenen, 1939], O L Olsijaz »»Jj ddnBEsiisondl8ss]z W
fiedmMizlsmlsolzj s o tcOL affrnySdss figls Wik ¢ dsdrisSstctds Is. O
Bzt s, Moz 20, MJjCteilsr desmtsor 7 X JdzjtL,
[WardandConneely 2004;JohnsorandWessing-Resnick 2012].

[ W EyOmlsekzjls oats didzscdr WdLddsedyud m
stcOdzmf stels Jrdzse y j dzj L O, d 33z dzdz" | d e
sB &zZOH O Is d3dzts ) J Mis o j dzdz" d3qd L OOrg] Is d200]
cOHdtsf tetslsj CIsd o dz' BafciaMostag® énis o Gackd. , [ 201 2]
h qtesC d 2 My j Clsts dzd ? s dzOdz! dz' n ftotsyd MM
EyoOmlsekze hda o or ydoOdedd, HJWWHhemgtdey2ib;ts ¢
Wang 2016].

I fesmdzjvdad § ot BY o HElsinwd3dzsdalds iz
WEdeS yd.2 d&HYHT ] HOO EtsHO, zOyd dzow fy 1
Ctsdg? j t6j dzyd d, fsmowh jodzdgr § [ W, sHds?2 d
fslsj dydoOdz dzf » B d&OMISj 2 ftodd3j dogj dzgdw 1 Istsc

1.1.1. dlstkClskztcO d Mot2MmMlse © B

[ W weo dzw j Wievdsr ckiztsedidR st totsls j d detsdz ) d3ts dzj
Cro. 1jdss Brd CkOmMmMd¥dydtess Odz S OC {1
BXZOGBSHOKGW-82 G §H 6B ydzsmisd M Mmr o tstchddizts Y«
Boutiqueet al., 198411 " dzd o' H j dzj dz' Isted tcWOL oA Wds gzv
NJjdzjLtsmMoawrLrr 908 h j2 Wistedits?, dzs dzj tsB dzZO|
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Htczets?2 fiflsitbtotgddto , H j d3tsdzMmis tc d tc kz ¥ AC Isdfte Solzis fodhL o
M smtse dz@ Mo v [FurmaDdkietal. 1989 L ts

J W MmemMistsdls dL BHds?2 {(gs@ff 2fFedRdd? to
odHBe) OB dhdslsds = MHsOCO d BHKOL
Htsd3j dzO. Clsd HBMJ dzr , T (sOCQty g ts CAFPL P gy j H
s j H d dzf gzt tc QW@onBez-Chsvezetal. , 2009] . sOYHOW
Hozn B&EBEZZNL,N2) d MsHjtY dls BHJdz X J dzjL s

dff st dzs s W MmMewerLr gaQls! NJddzjLts o
o0 dqdz® % jdzjL O Bsekzls BM Is! tsBtOfsdizs @t
mMizh j Mlse tse Ols+ ) iH oxzjndz] LWidsdinj dgi@Enm O ff-fis {izdzts 2 ¢
Nddzi L sdzOMmr b jfdddds?2 KHiejdogsydz | 2Mistelz € Is Baker
and Baker, 2009; Anghekt al. |, 2018] . W ftswedwjls
ftoslsjsdzdlsdyj M¢ts?2 HJjGWLOHOYdd Istedf fid dztsd
fesf steyd sdzOdz! dzlz® j dpdsVj § 3 fledzj Lasd)” 1 Ofr h j dz
B sdzj J Emlsts?2 yd e O, Bringg alzd Beek] H &zPp &&PY [ s
FHjteydoOls: yjdzjLts MowL Odader &5 HOY j § tod
B MisOr ddatt § S ydd dL @ sdplf OOGR) satfd yJ TRy s@RQIs
Bsyjls sfkMCO: Mw ddxgd 4, 5. ] IsO¢C 2 f
or MotsBYHOjBS] dqL bteOdmW j tcted dzO0, ylsts {1
N 4 dzB1OO Is j tadw d3ds O L dfutatenti ardegntonini, 2005].

l s d3ts 1§ dzj L O [ W T tfoas/fif sy jsdizd i@ Y @ & @ HC
CdzdStsL OB desEe dzd S Odz" , 11 s ddzd HEMT Mnd tsc
Cuw*, Zr* [Adlerovaetal., 2008].f H dz0Cts jGet5 MtsHMlsats ¢ 4
ded % § , Falj &3 ¢

1.1.2. tdydtfbtster € dBEhsjsded tctcd dzlz

IhdsedyuimMSd) Mos2MsoO [% SfshicjHB O
ftso jtendesigdh SakjRE® j kdfr SdzjlssS + €My
Cjyjflsster S [%, d d5 & GeeUukkjithms2p@P nmd
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lfjtcottjiy §f Ststgf W z 3dzy ¢ BY dits ® 820 g BdegQ o
fJtodlstsdzj Odz' dz' AZr z@/ang &niclo ean® Massonl 97 6] ,- dzO O
Lfdlsj dzdOdz' dzg' « S dzilsCOrR © btditsd Sdhj yc
NddzjLO o MmMzdL dMmiskzs tsB tsdzts Yy ¢ Cox e g, di@id]y ©
l sfdzj Hizs M dj W Mmindzy o bz dath Y J Flsdzjtels C-Glzj [lsWs C
d3ts dzts Yy SlszGkiet al, 2005; Legrancet al. 2006] , lewopatdyd
1993], ¢ J BeOnatmnddVisAdee [199 7] , W qakaydsrmalz®) fnls
2003], tshiceysaz ms200-d@4(tIls dzdOdz: dz@ = Cdzj Is¢
[Fillebeen et al, 199% . 14 SBlsster § odHT BOCIsjt
Nei sseriaceae, 1CMmftcj Mmdtekzels My j ydw dyd
d orL'™90ls! gL d3j dgj dedvw o It Isdydets?2 Mmlst
HBMsYydOoydd JddiLOof ) ki bsled§jads? ROGA
sB dzOtclz ) j dg’ ZO0 o jtendetsMmisd dzj CStslstster n
LIsdd3 toj yJ f Iststc ©dzd o 'GLe Cedgsjlsldc d W@ I8 jj ddz! dz"-L~ O
ZzOtelzh j dzd 2 o ¢ dAdlemsvaealzs, 2008]ls j dzC j [

tdyd flsster Brédzdy/tin OtcOC IsjtodL S Odg o &
(1 dglsjtesydlsoOn, GjfOIsydlson, dzj 2 etsdzOR ,
Is. H. ) . [ Mdetso dzr § dL -1dzd@! TiLIBG:) , d dazlg pakgk ¢

toj y4 f ststc ©dzd Zdf sfteslsj Jdasiisd dzed 1€ 52 (
OMdOdzsec dzd S sff tetslsj Jdzso ™ 2 e yd ¢ Is dayeu(ehAd ,GP
2016; Lepanto et al. , 2019] . l myJ teJ yd f stster ¢

1 CMftej MmMdtekzs Ismw o L Os8 d fnd Bimbkietdl., 20065]. sd f O
R dzls j dzjlG Isdaiz #)t CadadD Ptc jfyh] § Iststc, off jtoor j
1fdlsjddd <¢dh jyded S O, EyOfmlseakjls o ¢ dts

[Suzuki et al. , 2008] . Clisls tjyjtflstste 1SOC Y J
L dzlsj tesydlstse, CdzjlsCOa 1 Odzj IsO eyfretmts § O &8 O ¢
Y 4 dzy dzts d3 1 fMalscjnettid ¢t all |, 2018] . -1rRdzl89 dz¥ §

ChdCcfieslsj Jdsd M Esdj CkdYcds?2 &oOnns?2
fowL Odgdz’ @ HOMkd WdHdz &3 dBsmisdCOBd. f 4!
SBObds? Ok td@udd®, bBuyks G s -1HO
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LCMYte MMdekzjsmvy o 5ls kEbssdg o S dhSjOwaeds j ,
fMd dzj L J dz€ J , dzj e S dn, etthlj 2005z CdstsH ts.Bi [V Bdar
My jClkte WkdSyd?2 [ % fsMmMejHmMsotsd OCIdso Oy
[Mancinellietal., 2018].

LRP1 o thdsodesdz 1+ SMftej Mmdtekzj Isimw o @
WdetotsB zOMIs©Or d SHzokie®akc,d s2JGOFE. [ [ dz W o dzv
dzdL C 2 M jydWduydesmisd Hdzw [ W, §ftsmMEsd ¢
Clts boOuwdggeds? B j dzsC ) Bsdzj Czdzv todets?2 BO!
Mkl jHddzdy. 1 tsdzd diRP1Mm oW Lifr od@Egdjvls W [dWets € d 2
B sOBtsdzdL 3 dzdf sftetslsj ddzese d f(teslsi ddzOL ,
ftotsded C detso j dzed J o d tc z fn sMancifiellilstalS Z01BHzts o o € dzj

dbMd Odztse dzd ¢ B tesIs § d dztsder Oz desij dgaj t4f Gsdsde” 2
GjfOtsydltseo, M dtsdyj Ckzdzvtedes?2 BOMMs2 33
Bjdzs¢ detOjls o90Oydez¥ totsdzr o ftSHHj oy Oded
EHOdzj dzd d Isq dfiitetfGalisi so dL Ctoso stsBteOh j dzd W

CD14 1St MmhdelzjlsmMw dGsdsydlsodkd. CIs
BBj BBtcOdzdz" 2 cdzdSsftoslsjdde ] d@sdzj € & dzv tc dzts
d BBz dedzlz ®  Spduligiet gl. d3205][

1 2 € dzj Sdppas sW 2 dzC y d 5 dzOdis dizf @ 2 dzvj tdadgtS 2 md3O f
dgisj jIs Itcd HEAB] dzO, o Mhmdzo s 3MzB ¢ O &z O
Cdzj 50 ttd MMlsOeadzw jIs 10% ofMmjnr BJ dz€ E
fsojtorndasmisd CdzjlstsC, c¢Hj tdz diBtsy jIs deHjsdeMml
FyOmlse tso Ols! o ledgrandetabizyn sg@dOBYy §j [[dz + S e
Ctsdzd yj mlso j 9 ftesddWjttdtczs hdrn CdzjlsC OR
tej czdwydd bttoOdhCtedti ydd, tcj BBSH J dzdtetso O
Of sflstst j d HJW'Bpt ) dyafaztse @ jC M tcj Mid®  dak
dz0 ftso jterndzsflsd OCIldodtoseo Odgdz’ = dzd B s
C dzj Bimetal, 2017]d OC M dzs o Pelzyel dab R0 a4 OR Is Mo w L !
dzkz € dzj tsdzd dzO tc O fiNf, 5 OG-Sl APk o rddoW 1 s e @20 € s,
MeowLTr o Odad W dzj 5B C-BSBdWRPo O das & tROMis . 1 &
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fso jton datsfyls  [sW dQUakj leQaP dzd L ffj isfpvdzw j Isfyw o
sB dzZOtclzy do O] Isfmw ftedCtej f dzj dzdz’ d3 & [1 S .

ftcj HMIsOo dzv Is @ deis @ HHOOBE | dzt¥CH j to dals G S Is tc
stc Odz ¢ tod f Yy d s dzdztsMatgeuratpl.22016lo dw [ W |
gdzj HIzj Is slsdzj Isd s |, yls ts [ W i tsfdzj 1

Cjyjflssetd ddisjtedzOdzdL j s § sftcj HMlso &
[Ashidaetal. , 2004], dtH bk dzdiastao dtals i 0 G« d d
o gz lsted S dzj ssydy j JipdoetdaOdr &0l 1fksdg OF dd5

My dydwWw dydesmisd tiyjfbstse, uf w Bsy dIs
WEdS yd2 o LOeadmdishmisd sl Cdzj ssydes?2 fdf
liSthster j CdzjlkCd dadkj“ls tojyjflsstr, ¢

ssdzr €8 [ W, dets d bteOdzm¥W | thdlefodmetdplzd LW 0 8}
CdzjsSCd C€dh jydesets +fdlsjdzdy yjdzse j SO0 Mmoo
[L°nnetalal 2011] . [W&dfjd®@dg’ dff jjteddBOC tesW Oc d
Yf WC dzH Blsj dzd Oz dzr 4 S Of Jdzdzw teder § 0 S dzj Is€
GjfOtsydlsr ¢Ctor fi sO¢C % j MY tsfse dz/Actokzeta., O d
2009].

1. 1.3 &ZOLsdW | GedRz0nj ¢ k2 dv ydw

L d[ddiB T dz dHj dzle @A W telgszsc dn o dH s d3dzj ¢
sdz tcOMY sdzisY | ddc HaBts Bts i3gzO-s& , 3z h AR r -c 2
Montoya et al. 201 Wd d3g §j 2" L d&zOydlsj dz' detsjy fa-tsH
Yy dzse j €O, Cttetse, Mo ddzj 2 HJ detipdNeng200R]1 5 dztbL
fosOdzOdzdL qteso Odzts 6 0 f o iffdAdidH seadoHsty adz! dizis jindlsts
lf fodd d SCsHdkzshdddd B d&OMIsSWwdRd d Mt
tdLldz O ftC0OLOdd, vyl HAEddO cj d20 M
2190 @A stizfHise ) , ofmdzj HMmilsedj HJ dziSusdas,dz.
1 0Bz HOJ d3ts] G jdzgjIsdujmMits] t©OL dstsBtcOL d
o d H ®angefal., 2008].



18

17Tz SROtOCIsjtedy thg Ody tidcBtid@dAtG] dzts ,§ O Is
Csdzmisdskzlsd odindgd) d Bl @4 daf d3d Tengd2Q0di dzls)@dfdf 4 [dz
sB dzOMIsd ¢ Jjdedets? ddey Jjdej tedd, o yYyOfMmilsdasmisd
tcj HOCIsdtctso Odad W G J dzts 3O, fsLotsdzd dzd f tsdz
3" h d, Ctetsdzd € (, Cstesor ) , Is tc © €20 © |5 tzkiz] dz' b
IsSsROIsT |, CeCktelkzL O d His. ) , GtedB " , B OC
tcj Ssd3B d dzOdzls dz" 2 yJ dztse j y@ dyS-iféhmyaeta. , ¢ =R2tdisloz
2003 ¢. B'" &0 { tsdzlzyJ dgh[vdgrdetal.,2093]l.dzts € Oz Is ts d3

s OS¢ & kyj k%%Qimna@didss g2l Is!  $ tsdzf
qdzH zydielkzj &3 2 . tdekzdawydwy MmMddasj L © [ W L C
1 Istsls BJ dzts € . v OC Csdzd yjd Miso ts [ W, fmd o
Cdzlstets dzd to Iz | Is I WGregnengdRa®dvisad dit9dy 8[] , Ists ¢ HS@ OF
o tjftsHikzCIsdodz = IsCOdgW 7 TeRG20QRH J dzv j Isfyw !

]l 2002 cetHEz o flocditssfsBjdcecggddOj 2 BT dz
I Mstetse j dedz” 2 4 dzj d3j dzls Blse j 5O. Cistetsc § dz
stceOdzm S ted § Yy & dejjde@: j MM ste O Qsldsdeasdzts ) 15 dils totd:

dzj ¢ Ol d o dz" . [sfklshlse dj Cjfte] MO - L
qdzHzydtcseo Odgdetsets [ W Hts 100 tOL. 1 60 Mmdd
I oG jdrr , des d ! fdH jTendg@u?;@za rR-MekaySds a ic
2012].

CCLBCtodpdzj L * dzj ftoj tcr adats o' tcOB OlsT™ 9 O
dzj 2oty d ZOR {lktls Bj &ZsC MddadsjLdekzjlsmw
ftosdd j dzsydlsr tcOL o do Os Isfiyw ) kg j dzsydls
My Jiyd¥duimMSdrn ctOdkzdzon. Jtjd j dj2bt

[Massoret al., 1969].

CCMfte] MMEW Is@YFO By jls BsHEZzdzdtetse Ols
WOCltsteO®Rd; SCdmdzdlsj dz dz8 &3 Mistcj Misd3, o t
1 3B to d s ¢Q adzj-MéBmYd et al. , 20120 d j ipvdzj 20 M4 6 S H
H Odzde" § Mmoodatjlds js8 MEYOMIsdd dBdesy § Mise © Mmd
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LEMmfted/ffiinddf HOd dd2"dJ difmdzj Hise Oded™  d
HilOddL Oyds € tsdzl teg 5 dzj B d g trp R s todesn  d3j

1.14.C € f{ t© jsMitf@C ks j cted dzO o Ste¢ O dac

I' 5 ote]tdyftsde@3r’ dzisc € M @Y ddpldf v [ & pp r w-apflzidy
YUd s tej m ¢ dzj Istsyddd nls AilPp jidf chesastyvon, 4 dzed f o g 2
of dztsls! HB dHY dzOzls©OByaRdEtc Uy | dits 34 dzlsddls Od)dfff dz
Mmd ey Hddz B Jteydg) Wases tpOdzd udd 8" dzjs? I &&0O0]@e
f dzsH O d2O 11diBtddtsdzOdz! dz®2 L @l fzlz o 1 fdlsj
HF An0Ilsjdz des?2 d f dh j wWadetas, la99].dzs?2 MmdMmisj d&3 |

]l Btdz "ddemlseats 1 CLsCteddede" » Y dHStsMIs 2
Cdzj sC OB o WBtedd], dz[MonfresiHejttcy ®F j 2 4 9 620
Ctsdeyj dzlstcOydvw [ W B dzgHj2 CBdzjBdzj Isfqw s
Motslse j IsMmise j dzdzts) Z Csttse ls 0,2 HB 1,

[Ra s «€runet al. , 202117 . [ W MtsH | tey dIsmwhded L g thdk
sBBdtsyj ¢, sO¢Cdn ¢ O¢ BOIs 5y dzOw YJdHEC s
NdHCBMIs fndz¢ dzO, N J dzy’ , MtsC YtsHY J dzlzH s
dzsfhtser j o' H | dzAdiegovaetchl. mdzg 008 . ltotsdL o SH

yd dztse j € O B rAtirmk Sfif d if@@BISS. My o MMdtekzj IsMw
ofmMids MtsBdtcOs h dqag of OWaPffds QER'dIes2 YOMisd € O
tcj OBMtstcB Jtetso Odz. dzif € OLdjdatsdzO y df bs s dz' dzO W 1
OorHjdvw jlsmw o d&sykz [ Abrink et al ., 200C

[ W W dzw j Isfpw ts fdalzEas dz'dzds o Istsdgtf = dz" n G tc C
[Massonet al . , 1969] . Il s otej d&3W ot Odzd Is
dzj S slstster 7 f Olstsdzsedwn kZtose j dz JW 9o BC
fsor hOjlsqfw [ Birgens, 1985; Levay aad
f dzOL &3 , GHJ Ctsdzyj dzlstcOyqwi2 [ Wd3e sty Jjols de™
Emdzseo d W -, s ko jdkzdydeOjlsmw Hts 200 dic
Otz h j d&javsneCruzi et al. |, 2021] . A OC Is duiffist d
HisMIs Ooalzv gisimly © odix fiiptlsGaiikiWdddd?O d3d
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stsdzd yJj Mleo tistefcWigisPLjdly] o Otc! Jqtetso Ols! 9 L
oBLcOMIsO. tetseo jdz@ [ W o fdkzOL B3y GCtesad
L\ OB A&z HOjIsyw T Mmisi § jdedetsy ko jdzd yj-2ed flzj A 5
fsidzd Ujcet A0 i ofdsmv] dit jfHBylessst)dkddst
1982].1 " dzts tsB dzOtclzy j dats, Yysts Ctsdeyd dalstcOydw
ftosdzd W j tcOIsdo dets?2 W OLJ d3j dzMmis tclz O dkeldatsed ak,
1996].

CECMYtei MMdw dOdEdgyg WO Jif SEIO WY E® S
Mtc]j Hdz] CBOMWBSE cOHBIISO T 7 dZEHJ 2, IOC d &
1 Ote S d dzmts @z® dzd yJ Mise j dgdz" 2 O dzO dzd L 9" Wodc
d 3z des d3j 4 dzdetsc s [ W ) orydehdana dzj 2 to s
¢ ts dzls tc Laxgutge ef al, 1996] ¢ € MY to ] Mg Is[sMc © dzO  dzj
1 dgH tsls j dzd Odz! dzr = € dzj BE @D  fipts M@ usch jindaigssis c O
fslsjte? HBWORYUY dowditmifplind 58 yJ [Badmthuxetfiplz B
1995]. [ W 4 disd3z dztste j OC Isd o dzts iy ls ¢ B dzOtlkzy § d20 &

f O3 H dz" ~ g P wcis Hza@2lS O dz! dzts 2 Cster dzj 2
1 dzls ts tc d dz0O dz! Kaptmihatalt #.1¢1993;[Leveugletal., 1994].

stsB M Odzts iy Yylsts [ W d3mysjulse  fipdests) oL dgtdak
[Fillebeenet al., 199%; 2001; Sieberand Huang,1 9 9 7] . MBIsW ERZitcfse

sB dzOtclzy jdzgdzr | ©® [COde"rn dBBLEO oL tesfmdz -
Ztcso dzv dzd , sB dzOtclzy § dgdz" &3 o OSIsdtelkzs h dra
qddzH zydetse Ols! ko j dzd uyd dzdJ € OHKillebedandasa. dz99d]f 1 ¢
I sfdzj vz W dj dMmMmdzj Hstdso O deghvts Gtfj iEd® 120 dgdv, fy €
stsdz €85 OCIkdodteseo Odzedets? KBS tetse dzd j 2 ,Li ands ts
Guo 2021l ddzlsjLdelzj d3" 2 d o©r MosBBYHOJ A3 2 O
dzOB dz¥ H Odzd o Btsdz: h d dzfmliso j H tSuyd Qakigtoiz) tc 5 i &y |
Yy dztseo j O, o C ot j-tcida f sk iz ftR.BEI00] &h e e

Shi maoka n MsOollsd L d § igmczg isOuzy [ W O
f 5H B dzts 2 d sz detste ] OC Isd o detsisdL H 5 t8 Sa fifj] R .
Rdzlsj dzlmd o dets] dBRBOwS dtotso Odzd j B Bdxlz" tisgj diO tel? >p
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WHtcOr GcdfSsOdzOi3zM0O,, tc ® dazdstedEdzd dzW dzts D ~ ¢ )t
BsLFOSIMEzIsMisotso Odzs ddzd B" dzZt Byj d fn) dz(
cdi s Oiy J, v &BhisnddRadstal.dp21d

1ddz2Lw dfme dz yOls+ otis L Bz ME ¥ 5 5 O HzM
fitedWjtodyud MEtse s € tof acy o] ts@POjcd] Ws g , d3tyyusds.
fdtedwjtedud ME¢s2 Stetsed Bl ishsRy Jifuissiyt O dsi (
ts H dzts ) Ig) ctdstis @diz Q[ Ellsksenet al.,, 199%]. LRPL, 1 €M toj iy d t®
L dzH tsls j dzd O dz! dz' = Cdzj € Or d y jitg jteaftag@fels Qs -~ B
o tso dzj yJ dztc® dzfm Basymrseet fl., 1995;Wangetal., 2015].

1.1.5. [jkOetddLd ZOCksY j b

[ W By jls ftosweo dzw Is! tcOL dzd ydetsj 9 fSL HJ 3
Jets 1 dmeHs jdedzd { CLBGJ dzdesets ftetsdMaBYHJ C
By dls BrIS fodEzyjd L SRyl MsSd sy
Bdzy Csf dlsOs h dr, tcd Cits sz § glz@xdzlsdfol) 125 dzf ¥ s O dac
tcOMmlsjdzed?2 d Y doetwslsdz n, O s0C x4 d08 Ismtddy
1 € Mt to jGipafm epfnemlyaetal., 2012].

JzHdts] oMEOtdidzdo Odzdy WwWodzw jlIsmmw f tcdd

d3dzOH § dzy4d o . 1 sfmdzj tsls dzlz y 4 dzd v tsls GtelzH
1 CL e jdedzr 2 [ W LO Mudls ftsktold iy tdey W jsdgi®
W d&Bsceckls oddwl!: &&O jet bkMmetwjdktshmis! . v
f oz yj degdzse s Csteso ! jets [ W MK tc OdgWTjoeshpt |
al. , 20017 . Y jdse jyimScd?2 [ W Btsdzjj EfMmls:
¢ ts to ts Breh@s anjd Brok, 1983;Van Veen 2004].

1 sfdzj Hdzd H Odzdz" J f ¢ 0L Odzd, Ylsts  yJ
MH j oy O ddBB3dMw o Bsdst | . (6t fitejoOted

6jBjdCO d Ccjdjtedlkzjls ddzsyjMmsets Wikd
BdsdsecdyuiMSd HeMbbasdy s&H § tzjs Dalaf ékg tpdad]c O
stcsd3j b, dBsyjls ftesdLs2lsd §jtojdtsy d
Ctetso! B&ZOHj dzyO, ¢ 0OC Mmiteh OdabitjletaliclO) j
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I tjLlzd sOIsj CYsjtedsjod Gtasds Ojdgde iz Hugizisins Is to
sBtOLEZjIsMw twH §jflsdHBe, idz@@ 8 s tdzf j totedL
ZzOC W j tctc OBRY ( dz. ] OClW jtetedyddz (-O&GY dzts
dzj S slstster n mdzz yow A ftoeswedvw jls Bisdzj J
ftocslsdotscetcdB S tsolzse OCIsd o dzsENdEOH O jUsj d¥D dzfsdflsisi
feslsdostsfzrtsdzj or i3d d fJtetslsdotsesmf Odzd Is j
(OBdqdesS dMmdzsIlsdz" | -BE@EOYetsy ddzwPbs5 h Jes €
Hj2Mlsead] ftoeslsdeo BOCIsjted?2, oipety s Q 2 OH t
Md ctsH dz¥v " dzd 0L t@¢QiBdiE Is O d&f d Zmt J h dzts f tosls
mMddzlsjIsdudi MSdd OdzOdzsecd dzOEC Is ts WgrAegaNorpdodss o
al., 2020].

ANOtRBOS B8Cddzi Isdyd MSdd dMmMmdzj Hise Odzd v  dzO
fjlobtcOdz dzgs Ctstetsod?2 [ W B Mt yied Of dd a
fsyc on, des d © cCctditseodasdz BSLE], Yl {1
GJj BOIstst dzyj W Odzd higchpfef &. , B @' 0j7td . [ | OC sdzj y,
ydoslsdgr » fCOLOdzd, vybts [ ¥ d@syjls IstcOdzh
Cdh jWdzd ¢ © L OLjd3 o atsHdIls! MW x4 dzu-
1 dzgls jtetse j f Olsd yj MSlds ¢ y[ifikmnj6dasod, 2046].

CCLtsGjdade 2 Yy W dazj jbs CsteslsCd?2 fjtedts
syjdzdoOjIsmw fteddsjtedzss ©® 10 dBddz § sfhdzj L o
Yyomo o CtwtsotsltsC ] XDdplst@l smM1922] % 8l lzf Bls
W, fjtjdshddr 2 odklsted ddd®BWsydltse, Mt
o to j d3Jlaklichietal., 2006].

skh jMmsokjls HoO MysMmMtsB O or 9 j HAF de[jvy-jf gl
S sMtej HiSo Odzdzts @ t5 L dzZHsydlstsL O WOoetsydls O
BsdsydlsOdzdd d HkzeddBd Cdzjls¢ Od3d, s ls dats fr
fdmisj B4) M §omajuizs"dd fjtejotsHd X j dz
f sGdztsh j dzdw Adlegyoyg elz'ak, 200§. C dzHsydIststL , sizh
Cdzj s¢ O3 skfWjtoO, 1 dzgH sIs j dzd Odz' dzr ozd ¢
mMyfsmtseMmisezj s olevay ang Malpen 199§. 1 6y < d-9 d Hdsd3ts d
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sOCEYyoOmlsopegts or ouH ] o ssBtcON | Hzf izt C ff €51
WtcOG d3j dzdzts p dzs B3sfifOIs j tod dzgm S se s f tosd Mnm Y H §
BdzOH j dzyj 9, dOAtSHWHIdAaMmMw dz2O0 ctokzHdesds 9 MC C

1.1.6. [OSktW%jtetedds d d&jls0OB tsdzq

Is ofgjr ydo'm CdzjlsCOR NjdzjLts dzj 5B Rt
ftesyj Miftse ,C OCs OCYdiisdL o sHMlsoats  dzgj e dd,
steOdh ¢ tedfydw r1s, §itejdtshm  ~teOdsj ded
rJdzjL ts ftsSHHjJtydoOjls d 33z dets dzts e d yJ MmS kz ¢
ddzededtelkzjls W, jtdsj delsOlsdedzr j MmdMmisj d3r figtea
sfdetso Odz' 20 Mytsmsedetsiisd 3 JdzjL O ff tod dac
¢ d pdzd Is sdgmdg® dzets o d Is j dz* dz' 7 j 6% & sTh[éepantogl ¥ |
al., 2019].

lted WdLdbdsedujmMSdn LdOyjddvns ] [ W
C ¥e td MtshEsQlez kyjdjL s H Olgygur el ab, 0163
stsdzr €5 5% [ W o yj deMC sd3 dstsodessCigH detsQ fiyr P dd
GJjdzj cdtctso Ols! dAS, Colstster j -Cxfs6jlnusdz" P ts olda
ttjLEd IsOIsj 6j OSydd A j dzls 5dz0. { 5 dz [
nj ZOldtese Odzdd N jdzjL O, HdAY EHjteyOddw
fded 4 Ols' dzts$ Odz' dzlz ¥ Collardtc2DMIssSE e d3 j ¢ AlS G[s, 1S
Csdzdyjfmlsets 3 jdzjL O, HsMiskzf dzsets  Hdzw o3
FyOflse s Ols! ) W stedsd tetso QiEedjdp  dgd $ tf thorj ot
ddz d yd tetso Odzd jMafe@ds &b 201620 B |

[W Ly j dehSdssdss S @, dHfBsRz, oddwjl dd o
Cdh juydedSj Ek {&EBOHjOAdRdl s fslstj B dzsfy
gfduydivdud MCdd  Wieyifizdstndse z ¥ h ffils OCdfQ 4 1dzls
sfsMmtejHEE s [flo vl shE&fzd e L r 0§ sfw ) 1 dz
Bj zGc@L dzOGE @ lsdhwfe 5B 5 H O B'MY f lsoom dzr qQpofiffew
stcOdzm ety d tegjjtej L S dzj ssydzzs  d3j d3B tc O dalz .
NddziL O dBtsy jIs ojdedzizesOlst ¢ fifftdeirfifind s My J yd ¥ o
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fsojtorntetizhftEsydlstse d, Mdzj Htse Ols j dz¢ dzfs, 1
mMovwL Odzgdztets i [ W [ Suzuki et al ., 2005].

ltcd otsLddC dzgseo jdzdd otMmif Odzj dzgdwv Ektetse j d
Bd&ZzOGtSHOKY BBdzj | L SBdg dor dzgQuigided> f tetsd
fsLosdzw jlIs ftejHf sy dls!, Yyt [ W d@syjl
NJddzjLO o diBj MsOR ot Odzj dedw [ Br oc k, 20
cdfsW jtotej &3, MowL'™ 9 OV MmotBBHISPSC P
[Van Snicket al., 1974].

JLOddsMmMewL! &iyHE Stdyj delsteOydj2 [ W
B zO sSfdmMOdO o yJjdzyd' -~ fkzkswn SCtosdzdltse
[ W ) ¥4 dzud B dzs L OtjedMmlstcdtetso Odes Iz
Coso s lsfstcdfZsy jIs BT Is! sBl Widzj dats d3tsB d dzc
fjujded. 1 O0fteslsdes, Ek CteodzdS o, Ctlstster
dzOB dzt H O dzts ! qdzededetso Odzdy My Sted ydqd [ ¥
or ff sdzdgw Is WEdC yds Ctdstttsdts o j fHglshk O ¢
ftsorh jdadetsy Ctsdzd yg msetts aflj.dzj L V9 7 ]a.n Wdz@c
BiyHE [W o MiCtjlj HojdzOHYOLdY j teils dats?
sBdzOtclzy j d2O k2 dz#Hj2 [ De Vet and Van Goc

v s dzsmls! [ W 51108 QlEEPO[HsdE dzo Bzel W dz
Htczedj LipoAsigisg@ts. B jJ dzC O

117.1 jROded L o357  HQ Qdistie je'ts etz

sOC Ekxj tldgjyoizsgdzd b dzg yJd g RO dz'dz@’c B H ¢
Bdes ¢ syd mdzj dzdz” agj BT OafQigsdlriyz j Is o s dgdets e d n
ftosfigOR) shih jMlseodw jls o o¥ls dz®T |5 def dets fiflaf tc s
f Olstsce jHddaly" ~uj dptE© g€ ©tcc OB E s 2, o dtokzmtse
BsHEzZZdlzjIls oty H | dedzlzt d dsdsz dzdzlz o OC yd e
s s dzsils! MmMowL '™ 8 Ols! MmMotsBBH

rd dzjwmasdzy j smw  SH dacpdglz) SLB ~ tsdedf dgi dzls 5 dzv  to

[ 68 dzj HiSEE@ddRC ] sL tis@®dsd g dzjr B OC Esgharidhia,
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colifl Br oc k , 1980]. wfsmsedsMmils! [ W MmewLrLTr 9
BOCIjtedtsMmMlsOlsdyjmMed2 1 WWjiClk. 1 Ofgpisdkidn
sOCdd3 BBiLOL B, fsHHjteydo Ols! tcsmils daj !
f slstc] Bdztsmilsw d3d o Ladzgbegillus Ispo § dzBifiddb&&rium sp.,
Colsster | Muydls O Gayrw-Mahtsydrial., @012kd |

14 SBlsster § BOSCIjtdd MY EMsdztedb ™ dPH B ff) bz
" HJ dzv Is MdHj s tster nd &ZOlsdtelze h d j N
fosdmMrtsyHjddY), Skt j ¢ €&datledge ami Bdser, fi)
2000].

stsdeC 2tej dzyd W LO YjdzjLB &BiYHE f Ot OL
Odzsdtf OtcOL d Is O tc dasj?2dzS @S Istefietriscfrptesdcarini[ Cirioni et al.,
2000].

] teJLzdz SOy Mdzdwdedw olststedyds ~ Gl
fsMisOoah dE 3 4 jdzjLO HdzW COlOdzdL O tsBtOL t
fsor hOjls odzzlstedC dzj ssydzze B OC I fizisH §f cidiialz 2
al ., 1992]. 1rodzts sB dzOtelz ) J dzts, Yls ts |
sBteOL s h d2fmw o twjLbkzd O] tOMh j§f dzj ded W
BOCIsjtdydHdes?2 OSCIsdodesmist ¥, yJjdid dzOlsd 9 der

r4 dzj L s, COC fjto@3BpHdz B d3 Is @3kde,d Ols 5 tc
slso jlsj dzO@ € dMmdzd ] odzv elztz® j Isfifjsvte j & @y dzts 2
Odzlsdts€ Md H Odzls dzts 2 mdMmis j d3r stec Odzd L BO, C
nd ZOlIsdeso Odzdj M JdzjL O [ Ni shimura et al .

1 Otclzh j dedsjdztsunilsdfts if dzj Istsydz" = d3J d&3B

[ W yjtejuL ¢ Elsxjdmpgdazirs NsB dzOfls ¢ Bsy Jls
Slsted yoOlsj dz' dzts L Otew ) j dede” d3d dzdf sf sdzd MmO~ O
or LM a0Ow dr -LOdB@EGsZN d dzd 2 ) Cdzj Istsydats 2
o' MotsBtsyHjdzdj dYfEEGaygmnOEOEJrHdzOLEZ" | dad
fsorhjddt ykemlseadlsy dz2 desmisd € dzdL syd d3kz
[Adlerova et al. |, 2008] . 1 O0CIsjtedydHdatsj HJ2Mmlis:e
BOCIsjtedd, sftsmMtcj HiEzj Ismw 1 dzj ClstetsMmisOls d
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ts Is tc dj Wi Isizts L OteW y j dzdz" d3 dzdf dHdz" &3 Mmdzsy o3
fs9 jton datsflss B J d&z€ O, Colsster j o7 L™ 908 ls
[ValentiandAntonini, 2005].

1 8C 0L Odzts, Yylsts Mmilsj f J dz d daixgpasmng tgatzdizfs ) |
Eimeria stiedai dzd ¥ O lsfgv dihsfigf dz¢ 2B Oydd M ZOCIstsW
Yls ts ZOSCIstsW jstedyddz dzOtckzh O Is Yy J dzsmls dats
dLdBBj dzgj dgdw ot oL Od @BsH j 2 Miseo dWvOmatdef af., REO1].- 5L

[Mdeso dzts?2 9 CdzOH [ W o fHttslsdotse dtclzimndzz
My jSte®O di1 g pPdgtkzmtse L OC dzt yOj Ismw )
Cdzd S sL OB dzsc dzd S OZOBd C dzj stsydets?2 d3d d3B tc O«
ftosdzd S detso j dzed] odtekfmtse o CdzjIsCd, d dJ da
[Wardet al ., 2005] . 17" dzs @GotsH | dgfs @ detb d tB s
ftoslsdeo odttkzmMO ftosMmissets c¢jtef j MO, ydlstsd
U J dzts eGjaSr @érjmyaetal., 2012].

sowWLr 90dzdj M toj YREdPIlgmig @Az € dzj Ist

1l ZOetsHOtew M Jjydwdquyudesimisd tj yj flststetso,
tcOL dzd ydzeeGE yd¥2 o L Qo dMmddissmisdds tsls dfodzj Sstislsy
otsLHjJ2Msolzjlg,yjtfftsipletsdz’CC Y Wte BT dzd o' W o dzj dz
Clstsls d3j nrOdzgdL d3 B" dz f sHictsBdats s dMOdz o' h j

ANjtod3] dzlsOlsdoe d&zOvW d fteslsy sdzdIsd yd M¢

1 BCOL Odets, yYlstg 1¢/OL dsBRdzOH Q jslOL tiAsR Y Old B v
d Old dzOL dzs?2 @d&hyslkeveaztsli) B0O3dy dd r g HtesdzdL 2
MW OCydd yJ W dBsclkls Mftsmsemlseose Ols:
odqtekmdzr » d BOCIsjttdOdz dz" » dzgzC dzj Jdztseor 7 ¢

t d Stsd3B d dzOddlstEdzt @o dgf Jils OH 6 j L d tEschedzhig dolis {f
C Cdzj sC O3 dBgdzd S s dlsOs hda. 1 J dzsC B dzsC dtek
fsdzd d3j sdL Oyds OCIsdp2z0 do JUUuzck Y @ o GHEdz" 2
[ JrOddL B3sd3 < Issets ddzedBdtetseo Odzd W w @ oz Y
mMiSCtejlsdteckzj d@3r = B J kE B9, dzj 5B ~ 5 H Odfioaet ah, dzw
2003].
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| OCIts¥ jtetcddz COC bteOdzhMCtedf yd s dzd

r 4 2 misfof j dzj ts G tc O dgq juif] 1o teg fladintc | H 5o O dzdz” ¢
1 Hdzy MoweiL' 9 Odedv dzOL Btsls | &4 dzts §) Is dZst§ dpsdrd LYt
d fjtcj dagj MAstedastalv Hick0 4] . [ W By jls ttOMmf
f sfhdzj His9 Ols j dz' detsfls [1 S, d fsMmdzj Hize h j |
OCIsdeo Oydd Is tbiOanhf-CrmaandkidePs]. [

1 Oh d Is dzts § Hy2Mmise dJ yJ w dzjt@s H dg® ¢ teOdsdiz
JqdzH Zydtoctseo Odzdz' » Sfkzatdvrs E dzOBBtOIststeds -
By &zs¢ ddzededtkzjls twOLadlsdj + € MY jBezhdyetdzls
al., 1994;Wolf et al ., 2003]. [ W MmMismtsejd thls
NddziLso uyg@ @iy HE MISOHdj2 G1 d MsOHd| ?
ftosdzd W j tOyd s Cdzj sts€ i@y jls BT Is! sBi W
OCIsdodesis! ¢ twjebkdzwiststedz" » BJj d&zZC 89 [ Dami €

) ftosh dzsds MydlsoOodzsm! |, Yylsts [ W f SHH
Bz Moty Mittmtsedtsmisd LOdhi stelsd et
Br dzs HtSC OL Odzts, Yylsts Bjdzs¢ Hj2Msoakjls ¢
ftod Mizlsmls edefve ¢ GiStadlz-c d = yYdlssSddesse d W OCIst
ftosdzdW jtcOyds Cdzj ssC | s B0 [ Wzamsas beda

W 1OCYJ B"d&Zz dHjdkIsd¥dydqteseo Odz ¢ O¢ W
ftesded ¢ Ols ) Cdzj IsC Iz d OCIsdodtetse Ols*
f smdz) His9 Ols j dz' dzts il jd?2 Fruyr ama f Hkei 1995] .
BsHEzdJlzjls "Mt GO g@tStetf dagyd Mse , t
GJ dztso , ZyOmlsezs hda o o7 ydoOdzadd, GCGhehtetl j
al., 2015; Wang2016].

dbSIsdeOydvy ¢ dzj stqdgisd d3 d3dzkz dzdzts 2

Il smf Odzj dzdj HtedHMISOoadzw jIs MsBs2 Mdzisy
o Cdzt Yozt ® syd mdzj dzdz” § d3i HdOIstster. (df tdeCa dar
d Bz dzdzse 5 slso jIsO dzOSCIsW jtcted dztsd3 o € dzé yOJ

1 zOG sH Qv fifotdNtsB dzgtsMisd MP W L DGIEFSH M2
Cdzj s gy dfv Wggtsy j Is C OC ftsdztsydlsj dzv dzf W Isls O
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Cdzj sSd Jddszdzdzs? MmdMmilsj & d SdzjIs¢ dy Oy o
Bsy jls HSHHJjtYy o Ols! ftoesdzdW j tOyds , HdW
d BBz dedets2 M Mmlsj B d EmMddzde Ols!  d BRE dedz'
Hij2Mkokjlk §€0C fttlsdotse.s iy @ tsy Es iz fo
OCIsdodzsmisd d MftsmsedsMmisd tWNPOdzr dgrOds! € &
Milsj dftsd€d dr tojfYjdfdoigitds , ftcj Hislso tc O Ols tc O
f smdzj Hizs M jj ftsoted YHJ ded J Is¢ Odzj 2,
ftoso sy Odzd Is jdits alz" ¢ @UUlsdcs dpr ~ Ldgmmdgal. $208)dzts te

1 Of d Isdz" 2 LWWiCls [ W ftosw o dzvw j Isfpw )
ftoeso s OdzdIsj dz' dz" A YydlssC ddets e, sO¢dn (
d dzls j tc dzj-2 & -G ditaversen et al., 2002].

wL Qo d fpd BOY,  ®{ Sypidy sithddipgeO s d Bz dzv y
Cdzj ssC d dzdasWtsydlsse CD4+ d CD8+, ftejH
sl tesMksO® Gfkzotdd. }thda §jtsttod dscs
o jdzdyde Ojlsimfwyw C€C0OC o Cttsad, I[IsOC d998. dzd c

J HiY sdzdzd dzd J C orhjkzisddvdizlsr @3 d3gj = ¢
Bdzj Sdvtedr j djRnOdedL dsr ofj JhJj dzORBHWE

1.1.8. [OCIstsWjtetcddz ftcd dzj 2tctsSH j G j dz]

1 J2ttsH j G j dzj tcOlsd o-dg'lgjts LLOBBEIHG jooCHAYY | )
Cgzs s d dzjQtetsdzso o cCEtdzsodatsds ddzd MY dd
fedodmMlsd ¢ Cedzdlsdode d3 d ftseo jHJdzyd MSEdc
fmd3j te@Ghfneffal, 2016]. [ Bh dj d3j m» Odzed L o' , dzi ¥ O d J
dzj 2tsH] G j dzj tOIsdodz' » YOOB S dzjcCQ@dEdd2d,ls § dzo &
dzj 2tcso s Odzj ded j, dzOCtsf dzj dedj % 4 dzj [CREpet H
al., 2016 Rekatsinatal.., 2020].

JW B"dZ BBdOtEZy jdz 9 LsdkzOn (tOy | df W
L OB tsdzj .0 10Hz WL j dzdzOW 1 Cf s gy pW dBtsL G §
MistcOH O N drn OSBRI L OBtsdzj 98 Oded v d3q , f L ¢
detcOls! 9 Oy dzlz ® tc sdz2 M® dzty ¢ JFeficdgxs et jatiz j1095].
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1l ZOG sH OtW [ 20 pzd i I8de@ s 8 dzH SIS | dzd O dz€ @Y H dzd&wc
GBdzso dzts G 5 delig) L2GtdOs deGHfL S5G J dedd” 2 disyf Jsted Md €
GJ BOIL dzyj W Odzd(y uS)d 2 d B @ i) s t6 € PHitlplsacrweal.,
199%; Suzukietal., 2005; Huangtal., 2010].

1 md Btsdz! hjj yd mdzts dmmdzj His9 Odzd 2
dzj 2tesf tetslsj Sydw , v ffis,hitc ] tuesh i@dislaOdz] dzO J G
Mo 2 Milseo O] :

-9 oMy Odzj dgdzr = 1SS Odg" » MtsH J o) Oddd gtalf W
2009], d ©d dBsyjl Mmddx Ol Mt Mnd:
dzl CtetsL O s kzatsdzd-l -§dEpageutdgaddHdfiipsEeGoetz 2008],
sCOLT 9o0v ftolsdotseotsmMf OdzdIsj dz' detsj H J 2 Mmlso c

- W Byl LdOydlsjdz des ke j dzd ydoe Ols+
(afr1) d kdij dz " Ols! SBtcOLtsoOdzedy odAs Izl
[Trentinietal. , 2020], Ikjdd MOWB d©F BLCOL pa @Y L W W

- W dBsyjls tjekzdzdtse Ols! L CMfted MMde E
zdf dH e, Csdzlstesdzd tczw  OCIsdo dzsflsy] tefijd ¢ diac
[lkomaSekietal. , 2015], Ijd MOB &3 tjeckdzdtekzw d

- W ftser hOjls ktetse dzd deis\wWaE wg MBigaas OW @z
(BDNF) d S td&f sdzj dzlstseo jeedd el 20kH.c 5

1.19.1 slsj dzyd Odz d&zOClsjsté @ fleded] dA@Ow d Oy d s dgdz’ -
dzj 2tlctsH j G j dzgj cOIsdodz » L OBtsdzj 9 O

{ OHd ] tesls | g Risds'f jio 5§ NS s A J A d defpjdm]] |
Msud Ot Isiw. Gl &y EBh Gdds! disbREgizRd i
ftsorhjddj &3 M2 ydo sils@dzl§ d 1§ WA dsHs@didssdigiz?
¢ st dzd § &3 tedfif ddeOiydid{f tgh Buzd o tc O tg figt Q dizf Is §
toj OCHEd@Rdzy j tetsE j dzj L O

u b j Ml otdzeshisq gzt y jLoo jjz0% G 15 @z d Oy d fsEAdAB Y jsd
d dzj 2tcsHj G jdzjtcOIsdodzr » L OBBdzj 9 Odzetbld OF §d
fMotsBtSH dzistc OH ¢ O dz' sdiEsptitsO dajp @k 'tzj ded ¢ € dzj ls[ts y
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tcjokzdvyydd toj f OtcOydd 1 Reiszetal) P0Gi4fSstwnian L9S86&k e
Hald andLotharius 2005; Hartmanret al., 2000].

[ W EyOmlsekjls oats dGidzscdrm WdLddsedyd m
IstcOdzf stels Jdodzetse yjdzjL O, d dizdzlz dzdz" j§ d e
sB d&zZOH O Is dzdzts ) 4 Mis o' joggdz" d3df Iz dzSLyaPrafdisdd2004]]
cOHdtsf tetslsj CIsd o dz' BafciaMoetag® énis o Gackd. , [ 201 2]
hJqtesC d 2 My Jj Clsts dzd ? o5 dzOdz! dz" ~ ftotsyd MM
EyoOmlsekzs hdrn o or ydoOdzdd, HJW Wheme alz\Pq5p ts ¢
Wang 2016]

1J2tcsftotslsj CIststedz 2 L WWIGCls 1 €L 8GJ dadzt
Mddzntetsd3j f sdzzyd dz N Rue wtCals j2019 duf etdad d2G2). |
[ dzd Isj dz! detsy Josdzeyj dedy HJJIs™, MBHjte) O j I
d MdBzdzdess Ozt ¢ j Bl 4 56O ds' disiRlz,  tdfjtia
ts B dzlz y j[Nisthimura et al, 2014; Feng et al, 2018]. s tctsfp B (&
dzj 2tsH] G j dzgj OIsdoadzr » fJtesyd MMOR tMIsOj Ist
fOydJ dzlstso MistcOH O h d A Btsdzj L dg' ® 1 OteC d
¢ sdzyJ dzls beweyglevetal.,, 19964 Htokzets? Miststetsdzr , € 5¢
[ W o jdzdyde O smw ) HsW Od3d dzd e d yd m¢<
f Olstsdztse d yJ ¢ skEglchedxettahy j ML 9p ] . Clsts Mmazkz
dLEzyjddy ftlsjdydodzd [ W o BBt! Bj M dzj 2t

1. 2 .Mmlgojd2j dodedL dqtelzs M jets dL dzz yg ded W

Rsdzd L dtelz® M jJ T diiisdslz yy dzdzj dzd § , fwedmizlsf
fsomMdHded o dets?2 Y dLded, fJwsdmMratsHwh jji COC
dmissydzd ¢ 59 . I My Ydor j tt®kd Odpd thzdgdzts f tstv @ Q
f so B jged Cwdgsjsfilsozjls hdesCd?2 HJOY OL ¢
Cslsste’ 2 YftejHjdzvjlsmw dimstsydzd S sd3 dL dz
ftoesHisdzy dIsj dz' desfyls & otsLHj2Msa vV, G ¢
ddzHdo dHEZOdz! dats?2 ylko Mlise dRehenketdds tP89 ¢ z Is o &3O
¢. &. d JHt.[ J 2fRdd ] dftsdiabryg tedewh jdzisti  Is dz@ te ¢
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bieso dz" i Bddsedyj sl SemOezis dyd§ dj st
Stc OdztizE BOdzed L 3j dzdzs s [ } sdzw Cts9 @ [ . 1., 201

I dzOfmlsswh jj otej &dW OGCdsiJdedizts dtfintésiag jHfipfs s,
dddLdelzs "ndds dL dzzyj dzd § ds, d dad ss¢Mdydz
Mfsmsedr j LOMNdldl! dstdOd d j k¢ Odd sk

1.2.1. 10ObtGjdjL dkkyjosct {1

#t56 dZOMmdets Mizh j Mise k& M d d3 joig jL Hi ) IstAroydy jo dedet
o jHEZM 28 tc ts dz! o BB ~O0dzdL d3dj Jjoets tOLodIsd
2005] . Clts tcj LS5y mddzy dzd 4 s¢Cdmdzd s j
dzj HoMIsOlstsydesdz WkdzC ydodzdtetso Odzdd Odzlsd ts¢
LOf EMC O H Qugd@Seys| dls difts®y j s Mmdzzy d st dL &3 dzd
ftcdotsHwWh jj ¢ fdsd N 4 dzd & tcOQo dztso j md W ¢
OdzsdtsC MdHOdzlsdzr = St sdzg] dzlstse i §f sMmdzj HEz®

[CdmdzdIsj dzt dzr 2 Mlstej M o] HMIs O dz® gzB dzff
BIYHE MotBBHM d©3d t©WOHJdSOZOBd (S dmdzdisj
dAS) d OQdzls d € Md H Odzls ©d3q ) Stce Odzd L d3d .
OdzZlsdsSC MdHOdzls " dzj sB R SH d A3 Hdzw Qo d dz' «
ftotsyd Mmtsoe . 1 860 | Mmis! tccBORE{Q ddfy WdgidatHya] tsdlatf
sBtcOLtSdB. ¢(¢As dBsekls dzOdzj Misd kM jteB o Mmj d
B j dz€ O3, ) dte Od3, O I1sOCy Jj- d¢ dajoldadzggdistsi?e ™ | |
fjtojCtejMmisdzg" j MhdeCd), As@tmamifys dla28lH;Ris=ZE ¢
a., 2014] . roekzdzdlsj o' § tcOL tor 9 [1 S w9
sftejHJdWEMNJd HOD dzgj 2h ¥ MmMEH!' BE Cdzj €,
ftetsyd MmMtse tj f OtcOydd L OoadMmdls ke jlIs € dzj
[JacksorandBartek 2009].

) Emdzso d§ I8 j diz Coftdipdis s 8 s frif Qs tstytg H)dnff) = tSHE
BsHdWJdSOyYydd BjdzStsoa" n dBsdzj Czdz. oo B SH A
o tOL d&zd ydzr =~ Fyomlss On, ftcdo sHW ¢ dzO te |
o Istste d ydats 2 d Iste § Is d ydzts 2 MstczC szt d @ j dfSd
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Wt Oc¢ B3] dzlstOmylr{fifdzO@o dzd & O h j 2 HOdz dgj 20 Iz {
OCIsdo dzsmisd BRfizdgE.dzj SZ@A 4]]. 1 CtcO2dzedr Mmd
ftcdo jmsd € c¢dBjdd Sdjlkss. (td StdSt]l
d &j-O0dzdL B 6§ Oddudisypsd] WwHdbstsbtsizigO dzj
SHdL Z0ydzse s tslso jIsO dzO o tesfy, yYyjdd wo
d dzq JqdzHEzC sstetsdz W Ekde$ ydsdzOdz! dzr = dL d3j dz
LOf esctcOBBBdtetso Odzdzs?2 6 dBj dzd Cdzj sts§ .

1.2.2. [jrnoddLdsr Hj2fsadwY Odzsd

 MlstczC Isd o dats § H]2Mlsea dJj Mo B tSH dz' =
OdzlsdtsC MdH Odzls ©dzd , Clstster § kH Gadpssdlds Cdndf H ¢
Ll Iss o9jhjiMmMseaO, Cbister j Mftsmtsedy Mmdzdy Ols
gL dzzygj dedw dzO tstec Odzd L d3. 1 Ofh tffifpteis dats fiplsh We j S
sy Mmr  -d@HSISGdizsdets 6 1 ¢ dMmdzj dzd v d
OdzZsd s MdHOddzlsdz” = MdMiIsj &3 tStcc Odzd L B3O [ We i
Hd2Mlsoadw OdzlsdtsSmdH Odzls H mdgv Isiffvdzj dze@ v , ( 6
Yd fdes? wwOHdYPrmdesX dfpdd steeOdedud M
yJ gd?2 LO MmMuydbk t©jO0&yd?2 mMts Mo B tSH dz" d3d
COlO&zZOL O) ; ( B) nJ &ZOIstster | HJjLOGCIsdo OQistst
ojNhimbseoO, fHOodveENd] f(tesyd MM HOHmd]
dqedzO3d ity ntSHdZ » B SOzdzse SCthBf dzy S Mo
(9) HjLOCIsdo Ot N jffjdcas@,id f sa Oo dzw & h ( j
Mk MlstcOIsO fklsjdz tOL el j ddw fJjtsCmMdHTt
MotsBtSHOZ =~ ©GOHJSC Odztsoe .

] jtoj ntSHOAS Qdzdztlz dZse kzls B' Is B3d HJ Ols ste(
sCdmdzdIsj dzv dzr 2 fMlilstej M. 1 destedzOdz dz" = W d
dzj 2 stcOdzd L Oydqw dAS ) L dzOydlsj dz' dzts 2 mls
dzj MS sdz' € dn Cdze Yyd o' n MYEZiYtg digl =glsridoH, H o Sn@HEEEZ®s AR
Gz s OlIsdtsdzff J tsECMdHOL 2. 14t WWJCIsdo dzsils
fitdtftesdLosHmMIso z cdHtesC Md dz tc OH € G Qdg



33
COsOdzdL dtclzj A3z ® dsdzOd3d x4 dzi L O, M M
s¢CdMmdzj ded v [ Qafaf Jaiveeer a et altsj H Q2d@j1ddd]v., MSE
M smtse dzsmis+ & MowLr"™ 9 0ls! d ts dz’ d3d Is O dzdzts
sBtcOL ts50d3, ftojtfwismsoke hdj drn oBodzj yj dedt
wodzwe lsfpw 90Oy dzj2h j2 MMmMisOo dets? yOMmlss 8 ¢
Emdzse dw A o ts usHigd A fiflacdzg W | 6 ¢ gL dzlz ygJ dzd v .
OdzsdtsC MdHOdzlsdzr = o jfh jMmlse wodw jlsmqpw [ W,
nJ ZOlIsdieso Odzdj M JdzjL O [ Ni shimura et al .

1.2.3. AdLddsedyimMSdy d e jHjdyd MESc
sMisteg s Hj 2Mlsadj &3 MkBdzj sOdz! dzg" = HBL (t

Il sLHj2MmMsod ] Btsdz: h dn HSL dedzd L dqtolz h
LdzOydlsy dz' detsy MmdzdyArda]d ¢. AdsOMmdn" Hatsal ,dzO22]0015
fedoatsHdIls! & ¢ d8 isdadiziy dsastslOdms emzfty] ddO dgdsQ
BOMMO Isj d&zO " h j 2 My GdBdajal, Rai@.) 5 BL O dzk.
dzO -B OH j dz@  tsdzj IsBlsd@iyy jodisdevts o6 QHdgxlgQ) 8 | to
M mlils ©o dzWdnQler MBetemrjdLebaronJacobs, 2001; Lietal. |, 201717,
tcj dzlsc j deso MC se s tsB UARBY JFemrdetal. o HOLWLJB8]7 gtisd
cdej dz2 Y do lsdz n -2ff, @S EtsmbdidzO OS890 j IsMmise

JHdd B dL hmdsedsy -~ SCtdlsjtedjo sy dzf g
Wodwe Ilsmw dLd3jdzj ded W i S EmBME®BYd ([ Bdu ] B

t Odzad 4 B dzfs Mmils Odzets 9 dzj dzts, yls ts 9" ydoe O]
Mk dzj sOdz’ dets?2 HBLT t©6OHdOYdd L OadMmdls s
[Liu et al., 2017 Li et al. , 2017] . sOCYJ dL e j Mmisdsy,

Cstetej dzdtelzj s fy Erexsoeedal. 5B dz®@jlded W [L O d fyd Is
tc] OCIsdo desmisd e OdzgdL BBO [ skL ! &3 deS s [ .
fjtedWjtedyj Méts?2 Cwtsoad L dzOydlsj dz@ dats frydad >
COBHBOzE yj dedW odzjH satgL BteQMcOddts ! o dzetstcdzOd
Hjdz efali,u 201 78sk0dsfii§c s toj dzlsc j dztso S 5@
Csdzd yj Mlsets dzj 2S¢ tsydilstse  BC this tatszy i) dzd OBt
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fsmisy f J dzdets tOMBJ,H jdas dMmigda®@o CdBs md3, L dzOd
C tsdzls to s o dzts & dEnge t[ al . 2018] . { B dzlz yJ dzd
mMdedy jded ] SCtsdzdyjMmseoO 1 tdlstesydlstses d Istets
dzO-29 H i dgd, f5COL Olsj dzd dzj algkm g EBgR@D DIRH. O dz

SOYHT 2 sd ¢ tcdefflstsqdzj jIs Mot MtsB Mise
ttcOHdtsykzoMmlsodlsj dz desfls: , d didtenseddall ZDV4]. s
[ dzw f sfdzj HMilse d 2 otsLHj2Mseadw dtsdzd L d o Iz
nOtcOCIsjtedets dMmistsh jdedjy L OY OMO dzd dzdd sy ol
dzj 2 Is tc s W Chdstemlssendt al. | 2014; l sdaw SB[ . 1.
Zzd W sydlsse d dzgj 2lstesW ddzse o Cttsod ogr " j
sO¢ d vyjtjL 6 dzj HJ dz-tsBfdanzjdzdly's 90 de iesjc 7
S.u., 2017;. 1) 520601090 .

l sfdzj toj dzlsc j degsomMS se s SBAZEYj ddJWY 9o HTS
B hj2 B'" dz L dzOyd eRts HigMighimufaztaldz® 28614 ] -dd dd
2903 H dzFehget al., 2018].

[ Oiztsdzts o r 2 HdOdz' Hj e dH otsLdzd S OJ Is )
f iz dzOfmr M jdade" = Y dtesea OCIdods d&id W stedzO
fJtel SdmMdesets B8CdMmdzj degdvw ydeses (9 bsdz y
sCdMmdzdlsj dzv ddEl-¥lisi effiglistc j BIHO7] . vkl jtesSC MIHHC
l COO&ZzZOL 52 d Htelzce ik te deydaEbsfGsigdin  iH @hdafkd® &
f cmistsw dzgdes tsBteOL EZEhdafmw orf MC slstsC Md ydz -
g/ Weodzwjlsmw ddzHdSC Oltstetsds ¢ j ddinda@emald 2017F € «
1 © -BOHJj dz fsmdzj tj dzlscj dzgso M tse s B azlz €
HdJOdzZ HjedHO 9o IsCOded §jydded " M ji2 BT dz 1|
mdzd 3 4 dzO. 1T odzts IsOC¢ Y J 9" Wo dzj dzts L dzO0yd
fsotcjyHJdd?2 15 dddBWsydlstse ygJ tejFenge dl.,
2018].

RLOJMmMlsdets, yYblsasdnjstess’jmMtedsdH jREBL d tsdad L
orL"90jls Mih jmlse jdedzr | BsteW s5dzts 6 Wpndptad], J
2013; Alchinova et al ., 2015; [ JH jsinfdm O Iskls&
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tsH dzts € tc @ IOdg®OEzz Y j dzad v oy Jutdsjy 37, b G dedflz] dg’j tizj
dzOB dzt HOdzd Y deseolkzt HdMstesWds cjfOlstsydls
Codzdubflgds®S M Wdckze@duf uBdisL © sdd yj Mis:
Cdzj EsCC dzj ssC M OdesBOBZJW B YWHIECO, tcOMmh d
dzj CtesL G J f Ols 5 ydds sjo , B3REdEsdgly psjoQtcdz" § daW ¢
StecOdzO [ [ JHOJHJOO S.4dw., 2017; 1tsdwitso!
sC Odzed MmjdzjL jdze€d tBdZEYj dgdzr = gr h j 2 dzOB dz¥
B j dzlz® d CtOMmdzlzs fzdz § Iz, i s dzdzts §lzd Gstisdn@rc
fsor h j dadats § MsH J oy Oded § BOCtesW Oc ts9 d
Bj cOCOtdsYydIsr .

AJ dzlstcOdz' dzOW dzj tco dzOW MdMmilsj 3O B dzOH (
otsLHj2Mbods doddL dielY Wedsdd s dhahy S2P@dz' [ c
C ORHEOAzEz yj dzd j 5 LCARdAgh O d jHie {f to dipCO=aHzdeditfsisfs j H j C
ydotslsdz n i ts Ctod Is jasdiFtc ts ded I £ @4s gz'ozh dztdz fny dzts
OCIsdodesets dLBjGOdzdwY o C Yd odzdzsydets 5 O € P4

mMstse h Odzs My * Yylsts Hodce Olsj dz dzOW OCIsd o dzts
L dzOydlilsj dz dets fMmdzd L d dzd M f smdzy tcj dddasey admts o
Landauey 1990] . ] sHO9 dzj dzd J Ho dG Olsj dz' dzts 2

dzOB dzt H O dzd z 3" j-Be dfzsfjdizd v c @dzdzDBL § 8
o csMMmMisOdatso dzj dzad j { Isdr t @tcOE3] 15 jots Fan deDMpdnea® |
andLebarorJacobs 2 001] . IMstes] ] dzZlsegj detso MC 5§
HodGcOIlsjy dz' dzlz ¢ OCIsdo dzsmls ! d CttstcHd dzOyd:
Isj Misdqtelzj &gz yJjteJ L 7 Qoareptd. R@jdk) oL HJ2MIse

1.31 j@sdanhvivodinviroC O¢C dtsH jdz! dzr 2 BI jCIs Is
Mlsd Bz dzdtezs M jets otsLHj2MIse d?2

131) OstcegEaziL dzd )} OtC ddefsdz® d d5j - Odzed L

] Bdzj L dz 1 Ot ¢ d dzfyts dzO (11), ftetscted fi
LOBBdj 9o 0ddj, ROLOSI ] &d HUsHOMH G tod g & figg



36

Yd tedzts? mMkemMlsOdzydd (vyua) d, ¢co¢ Mdzj H M
fstedObkzdj, Ut ftde sHdlsi e cifdadigsdmisjdfislcd df
d B®LOHJSHUPBGHH dzj dzd ® ddadydoydd d
[ ster ) Odztso M@ d 2 tc ] ;. Kalia @r@ 2.ang, 2015] . 1 ted U
Cdzd dzd ud MS d 4 md i3 Is s d3" ZOtelzh j dzed¥ HoOo GOl
Hj GteOHOYdd ddctetsMmisted Olsdzts?2 MdMmisy &i3FF HB
506 0 % HBW O dz tejdlag dmeddirt d & ¢ daj 2 fgtizds g dac
Ctsdzyj dzlstcOydd 1 ¢ -B0%MAgits, P IHArdzgeramttBornykiwicz
1998].

ltejH" HEZM ] J dmMmdzj Hise Odzd W tfcig) Cd@)j Ltz W
sCdmdzdIlsj dz@ dzr 2 mMistej My, sBtcOL tso Odzd J 1
d ts dzBe8, dzj 2 tots o tgf) o dejscRdsjdzH to f Odz! dzOW H d MW Iz
ftslsyteltcg @y MSE d ~ Sinoizpiah id 89@ztelaldnflLotharius 2005; Vilaet

al,, 2008; Younet al. , 2014] . 1 sCOLOdes EyoOmisd J
dzj 2tetsH j G jdzgjteOydd o vu { tshtcttethdsts fiptdd dagrls
YydlssCddses [ sbkyjtewvddlz 1. ]. d Htc. |, 201 2]

cdBj dzdi g dgud MSdn dzj 2 otsdats o kzdctotsMmisted Ols |
slsCter Isr ds, sH d2OC 5, HOdzdzr | & f tsor h j3dzdas
dzj 2tetsdz0r Yo WHIOYtfipdestsdzy s o HY sdzsy d Is!
smdzseodzr @ [ Hart mann et al ., 2000].

1.3.2. 1§22ttt asdjmadw) O udssmo] 1-0 o j
BJ ls4¥zj dzd,83,6lsj stcOcdH©E®Y Jted H d dz

1 4 266BHJ ¢ j dzj teOydedzOW d foia e wjmdd® j IsBv dts
ZzOdetsdzj j hdesSt dhif sdy d &G dfEbecradfiPrzedioagskd .
2003; Sedeliet al. , 2001; skyjtwdzz 1 :4ylsts ddzjH2de s |
Csltster 2 fted MdMisy dgdesdz 99 jHjdedd ftesn SHC
dLBdteOlsj dz’Odetls te@GWtOdd dzj e dyd MSdj dzgj Q2tetsd
orL " ea0Ovw wWH MdBfIscsdise, dzO B dz¢ H &kgletisetral., {f
2001; Caoetal. , 2017]. [HdOCS 15O & hddow
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cOLodlsdjd&3 Iss¢MdetsL O, o Iss okj dMcsET®Y fi)
By Hdzj dzdets, d JJ dgj My smsB desils: 8 H J BZsdzilist
s sCMdydetsmls - [ Au)d sftcd HY dzw j Isfqw  -dgjcldstf dzC
Wddedadzf Jteduddzd g d3 (f Al +), Cslstster 2 Is tc © dz
SBicOlsdzces L ORo O F@PIls jddz dPigz"fogtlsy j MM
[JacksoA_ewis andPrzedborski, 2007; GubellindKachidian 2015] . [ A
emddzde OjIs (it Cdmdesy sSCdMmdzjdedy dzdf§ dHt
ftesHEZSYydj2 Mo tsB tKmighg 1997; BdDinayifad 20679 [

ltejH'  HEM ] dMfMdzj Hse Odedw orf wo ddzd dzO
f Oyd j dzls tOextefgtall, 1991 Chengtal. , 2020], kOS¢ d Ek
[ AnuvlYoletal, 2015Xuetal. , 2019]. 1terh jdader j € tsd
dqdzHzydtetse Ols s6 o nifphf Is BdzOE'sH Ofgy ¢ J dzj 6 O
f sotc] ) HJ dzd jYouwkrfjaR, ROBSZEceaet fl., 2004; Acevedetal., 2019].

1337  ZOBGAY QtetsH j ¢ | dzjftc G lisch g de'j Bauds el &ds? " j 2
o7 Lo Odzdy & olakjj Hs i fatf 836l j stOcdH @BY d g

RfMMmdzj Hise Odzd j HqdzOBdSd dzj 2te8H | G J dz] to
BBtsH jdzd 1) ftcj HMsOoadzw jIs itse "™ 2 ddzlsj teg
HyGJdaj eOydj?2 dzj2tetsdetse, (Jtetsyj MmO o tsMmf

Rosa d MmMtOals. i te s H j d3edemjlsHgjddadsjo Ofdzdy 1 -
Hsdze sftetsydze” | -4{% By daj ded Y sh&kP ddd j Cydd)
OCIsdo detsfyls Rosag't " jaA . |, 2018]. (Odeij BT dzts
i3/ € 6, it/ ¢) L dzZOydilsy dz' des Mmdedy O Is MY tsdzlk
H] BsdiseOdzd jj dedL Cd2 Etese jdzz (OS¢ ydte
fsmdzy o9 JHJdedW dkpsonelBOsS MddzO [ Fredr i

lteJH " HEN] dMMdzj Hso Odzdw™w 1SOC Y Jd ¢ O
d&3r g2, { tsdzkz y OkrédikS§sorgndAscher, [L994; Schwartingt al., 1999;
SundsetraPm 1990] , d Gdts B dzs B Bdzj § i
Ho dJf®Isdzts 2 OCISEddetamisd .n g d fn s Owpldsts fif zh¢,
Cotetej dzv ydw iy HEZ MsHjtey Odedj &3 H W OB dzC
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CBGEGHO ydoetslsdz j kX J Ot 6 igidst GBsspdfdifndet a.,
1999]. wvOCddz tsBtOL s5a,dHY HREdzg) Mo sz ff st
f s5COLOIjdzjd3 ftsotej Y HJ dzd 2 [Bchagrtinggtal, 1999]. L o (

t Odzd 4 B ' dzSSagprtgdet@L Odzs9 99] , ylog HEHEEGC t§
® HBsL] 40 d&@e6/ e orL"aOjigtthtyj MSdg dzdzl
Mstcd Olskzd3j -d Bzdzz dzs gy OC Isd o dz" ~ dzj 2 otsdzts o z
M 4 dzmdlstsdzd stedyd MG d2 OdOdzdL ¢ 0OL Odz L dac
oz sdz 9 Mistcd Qs i IasClighlz) d o slzPpH S @&dvw [ Aud
[Rosa et al.,, 2018].Fr edr i k/srscomer d B dzOtclzy d dzd  fdac
HSWO®RddzO o Misted Olskzd3j BT hj2 yjtdti Is tc d
dgdz j Syd?2 [ aAuvl oFredriRssarndArcheist OO 9B] . [ Aul
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Dunnetf 2009.1 tcj Ho OtedIsj dz! Bzsdzdf dB BB U] g2 O O9
EMmlsOdztse € j§ tetslsOtctsH -R4d6 0O(0UGKIo uBaesi Ret a R
f Otc Odzdzj dz! dz' d3q Histetsy € Odzd ( BOtcOB Godsd HHA
zdzizyh § dzd W My d § dzj daed 9 ts teftdchinlls o tsofrds@el o] deiefls'? f3s
f OH j dzd v Misln IsfPdy.dzv IzOIs j Mistser 7 M Mmdw s dzOI
Misj ey dzv dL d3d W dzOMm! COC otcj gy sl dzOYOC
tcr yoOa, tsfls O dzO e3gztflo @F ) FBO dzds @D W ftosHtsdzy d
MemMlsQoadzw dzO 120 M. SOy HTES Y doslsdzts jntc B
Ld2Oyf iz sdz L BezOdzs@elz? dzj 2N jets OdzOdzdL ©O.
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2251 &zd dzO " ©G O

Jyd dzfz o' Oy 4§ dzdztsmisd totf 5 d HHddffifiigid NGt
[ [ Jesdzseod ¢H.tq.., | 2@ J 2 . sjMisdqesea OdzedwY § J
ydotslsdzr » SCtcONh do Odzd dzi s8¢ Mdydz" di3d € tc © M
o kLC¢d2 iz (hdteddes?2 7 Mmdz, H dzd dats 2
or MlsdzOdgdzr 2 B j dzZs?2 BEBOcs?2, . § &isHhHkgw dzq
LOHOdzdw Yy dotlsde » dgj d3j Hdz] dedets o tsL 9 tcON O
sftej H] W 20! HEIsjd3 dL d3d toj dzgdwvw tOMMmis 5w dac
N d Mis tstcts dzj Isj zZO0O (BlIs MmMjHdzjets § Odz yo
slsf J yols¢ Or. 9k dz2Od2O@diaf fn)! stsdz? €ts h O6(, g
~sH! B] (BJL BMsOdsotsC) 7 &R Jdd BH L dEGxzde
B dz dMmSdzs wjdz L JOdBDdEfEB teiilsd He dyJ
[Fernagutet al., 2002;Flemingetal., 2004 [ d &8t dzts . d]. Hedzd dz@ C
gL d3j oW &zOfMv OGa0 R Is toyjdro tSIs dets 6 5, d © HOd dzj 2
Mted Hdej § L dzOYJ dzd § .

226. 4BBt SBOL ytse

1 0221 Isd ydotsldz j BTN dzd MmdzzyO2dzr d3 tsB e
dqdzd 22 8 j dz@ f sfmdzj NaCl>HdjddmEw rn [ @dg} flsrj dzvd teitsle |
gz setsHddzd odezlsted 3" N j ydets L tsdzjlsddz (Vi r
(Bioveta, yvyjhmeow t(ijmMfiEzedzdcO®) o 0, 9% |
Mtsmils Mo, dldz dzgdz dzO 10 ¢ 9J MO »igte GdsligEis@tdsH
fJtcfieso QdedfeW 1L d & ftiocsotsHddzd M fcdish s
Ecoline | SM1090 (I smat ec, z-Al dyowyw)
qazjshdds pH 7,4 d ¢ sd3dzOls dzlz ® s 4 &3 4 G
f OtcOW BtedzOdz! H-AEdHDOCc K Si g.mth dzts o dztPBEBUIE L 9 dzj 1
fsmisW d ¢ s tiesOGndz 0 stets s 1 HIO@® O sRBE®D df g ¢ 4 AC
1 © o d B leikas\dF 12006 (Leica ] 4 td3Oded W ) B ' dzd i
Wictsdzls Odz! dz" § Mmtej LT BsSLEO (Istsdzh d d@egma®ls c
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+1. 4210 d3d3) brefmasds2 .(8 0-3 .HEs2 d3di)s Miscadfizdz ¢
BBtsL ¢ © dramkljnPaxinos200§. rlsdzeydstsB " o B te O dzdzOW  f
ftoj HidE@ o flzp dzdzts M Is! 8 sHaEA tHtcdsj! sigds € dzj IsC d
Ho OYH'™ di3taqudgtts f totsdL 52 Isd Mds figlfgelz g O 10z® alBdfta tgj ©
dmMfsdz' L soaOdz COYH'™ 2 Istejlsd?2 MmtejL .

2.2.7. RABBzdscdmiss~ ddBdw

vdesLddzcdHeSS MddZzOL O (v ) WwWeodzwjlsmw
EyoOmlsebkze hdd3 © BdtMmddzs] L j CClONIE § 20 532 dzis |
BdtsMmddzisj L O  od 5WOABHIADD ks Is i W My d ydw d s s
HisW Odid dzj to dzgf Y 1 BBmkEbAdwis et al., 199; Mengual, Pickel2004.
[ 2% R M OdzOdzdL O ff d&zO9 Os h ( j3 fjtc j1)5 adpciad iAok
PBS (pH 7.4) . 1 dzs € dtets o Odzd 1 dzH ts5G j dadzlz
tc Odntstcts g, 130 dzd dz) . 1 Olsjd&3 Mtej LT slsdir 9 O
ddzC B dtctseo Odzd o 10 f YydlstcOlsdetsdz B EZW j t
fpded ® § ded ™ dzf MY J ydw duj MSétsets s5CLO" do Oded ™
ftiojHddzCzBdteso Odzd M 2, 5% dzsAckdsOadan,dztsd?b 7 £ &
TritonX-1 00 (1% PBST) 9 Ijuyiddy yomoO ftod
0,2% PBST (3 I 10 o&ddzg . 10ljd Mmtejrr
Ctesdzd O € vy (1:750; Abcam, abl12) o ([
d 2,d6Mcdi0dz dz2 Mo steslsSd o T 4] dedojs o
HsddzC B Oyde Mbo tstefy HPdzls B jfdc do ClasjdzdgOdeddgts 22
d tsbdr 90dzd © 0,2% PBST (3 I 15 dosdda .
OdzsdlIlsy &zOd3sd S tsL ' €  @agsAb&an,akldsBY) tc odzdos, & %
Isj ud dedfjte d2 S dzdzOIlsdets?2 Isj 3 j cOlskztej d lsd3r
tJOCyds odLEZOkdL Jtetsa Odzq i m g Odkd dzz€ F dz
( DAB substrate Kit; Abcam, ab64238)
My O d J Y o, HisC tc@dsall) d&ds d3.€ tc j) IOE d3 Mic
HjGdHEOIJesoa Odzd o 7 0 %, 9 6 %, 100% (2 t
COYHBR d LOCdzs yodzd fH6H fCtese dz | sy
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BOZdzlsd dzc @Qu { Meuntbai do Sanfoyqg, nMdf sded d)u.d
sCtOmMSd tsyjddeoOdd fklsjd MO dsj ddv ) dL
dMfsd L so Odzd ©lstedyOljdz dzFr 2 Stsdstesd . )

tcj OCydd dm¢ dzs yOdzd ddzC 2B Oyd*® n f j oo c
dzj d BBz dzdets 252" o stetsils €

22.8. Jdmssdscduyi MSd2 OdzOdd L

dejL’ yu d MstdOkkkO f§smdj or wedyj:c

ftoWw Bsets RBICtesMEsf O Zei ss | mager Z?2 \
sBtOBBISCd d OdzOdzdL O fsdzzyjdedz" » dL sB GO
AxioVision 48 . 2 (Car | Zei ss, ] J ed3Oded v ) .

1 CMf jtoed di3j Yap®DEAsS dizr m B dzd L OSCtsHdese Odz” d
17 dz fteso jHjdzg Ssdzd yj Miso jdeder 2 OdzOdzdL v | A

I sHmMwihld szt dlsj dz' dzr = Cdzj sts5C .9 0O yY§ @xgas
dLe®y jdedd B' d&zZO tsBO® jHJ d2ZO B dZzOMIs- d dzls j to
BN dzd o' HJjdzjdz" d Y HMUdISOd H b i@ dElsy dge
dzj 2 totsdaetso St aclg jHdp dzf Hzef Gz s@E S v jo+ § S BT OC B dzts
tejftejLjdsOlsdods » Mic] B tz® dfeftaiis’e U AHHr =P § ds'H
Ul o+ dzj 2 tots dats © (3Ot jto W jdetslsdtf O)o dds dzjClsd
(MstczS skztodzr 2 dBBOWLS j o) o ftwOoatt?2 d dzj ot
tcjftejL jdalsOlsdodesds fMmtejL § . [ dzv CO)HBSEB O
v p dzj 2 tetisdisfoy j Mis o tsts g j2 Hesdsdadn tc j H dzj tg ts dytsief)
toj f toj L j dzls Ols)dcksdrleWis dhdd j1995b. [

RL d3J toj ®affls d yJ fif assds dzts i) lofdis dztesyyd Is § dzt dz" - ;
Mistcd Olsdztxlpjj. tc Odzed j] v + obdztsCtsdz o9 fMisted Ols|
sfilsdud igfssXztsfiflsd (1) Mfdyd¥dud M sets 1
Mstcd OlszdzO GC O HS2 &sr hd (s yJlsr toj tSB C
ftosdtcOBRBBdsets ff OC j Is,0 d pifichindelinet(al R2OLE v & 8
L dOyj dzdy Wisdtsotsets dL Bt ddvWs, tsifipufjudzd
dzj sCtstelsj €My BOSCYJ o© vyYjbrtejnmn tBAEZOMISWA)
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fMlsted Ol 50 dz0 SY@mretsdy, 2006j L)Y d MisttdOlsk
st BO&JL 50 Odz0  dzO [ 6.

23 RLEZypd@Eyd = §EsjQ) dticddjdapif fipGetsddts oadzO ¢
BsLEN K

[ OBISO o' f Sizdzhp dz@BJ pOMN@Z( m = 0P ) 3O ) it
r d o slselzr gidts dzlz y j dz' dL fdltsdisdzd ¢ © Addzd Odz «
NP1 ot sMfdd.

231.) 0 jHjdedi U dOL Jstplfh o HO

frhd o Mdziz v O2 dits dp Off teidg@ulzy Bl e dz ™ :
1-0veelzf $O 4 Hjdzd § wPfiyls B @jddse / d3dzy d ints G (s tsizg
¢ ts dzls tdatdaz) C o Ols dzs  dzlstc OdzOL Odz! Hzls® ff Gets b H g€ o
2 = 1,0 ¢S dz)
2-0% tolz fofoQi: H j dzd | WP fifls ¢eB @jddse / dzdz; n = 3 )(n=1 dzd
¢ tsdzls totodEalzs C sdz ¥ dz2S sd o ®AH@R HEz02 , § 2B
B¢ fz)
SWetcztafoQjH j dzad J mPls o @jdage=3) dsdzt{ d L tc O M(ls=l s tc
Ctodalstetsdz! ) BHAdsCteOlsets ftsHI Wi r ydes 30 i3S c
40vgtclzf f O: 99 JHJddJ uf w ) tcOfmiso tstcj W
sHdsC e @drdztis d B to¥ N d dzdz&)tg Qzis4f Pd3dz O;(n=B)s / 3z
[ S sdzdad s dzts dedsL W Ists tSHdats Y d 9 5ls datisjdzlede sUO Y §

232.4B BBt SBtOL Yytso

[rhd2122 d2 3c¢tekdfdf B' dzd Odzj fyls joLodjiais:
cOflso Bteso ;2 e §4 d§ GAiaiddkEss, 1 §oso
f4dwdbvididiL 5, dUzHdiard 3 e[GXsisdl @z f1f r ) , Udt
d dzd 3 0 HdgY dgy d sjsistddr £ '3) d Ud ted(LH dB'0 yfcEefs Ist
clelzgy fr ) fsmdzd o9jHiddw yf W o "o dsitedi
d dteW L d¥ Yo B fzd$§ QO dedz” d3 oy & dits o dfts 2
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B" dz dqLoadzjyidze d smlsWdemdtetso Odzo 4 BB B O fif) I ¢
o Isj ud ded O 24 B &das BIEIO® (Leica | § to dBO ddzf]” ) M H J
Md ed? O OMOG d Isiistjde! "dz" Js s dzh d dets - § B30 3% o
1 MY jtod dizd dels © ff g mzBEE Qo dzj dzO@ dz0O

TpaHcKkapauansHas nepdysus,
BBEEHNE 4l e ; n3BredYeHre Moa3ra, ) | X
unu puspacTeopa | 30 unn 60 MuH M3rOTOBMNEHNE CPE3OB

t dimkz8zst | BOMY J tod &) dels @ayg datfts 3 dz'j 2 §Sls O dzf fulg teltisd tg g o
ZOC kY jteteddz®. 8  BsLE & h g

233 R Blsdzs e dMIssT d Bd Uj g @B oy ik NS §&E d dzOC

rdzv R M OdOdzZdL O dMftdz Lsea Odzd Y doBsilsc
Hy BOMS Jese Odzd gzOD@EsHG j detgs j LT § sd3j " Odzd
(ocd! ydlIlstc Ols dz' d3pH 6 2 W )oDEMZTwden20 (SigmaAldrich, g2 ¢)
ddzC B dtotse Odzd o |19DSEABERY 22 ¢ jetf § fsthds 5 dzdzs o
s MCBtesMmis! “rRL ® @A) C Orz] z@pdzs d s L d PBIEIK'1O O«
d3d)dz teyg L ' ftojHddCzBdtcso Odzd M 2, 5 %(Sigatatc d3
Al drich, dzTg@pee X-1 00 PB5 (1% PBST) ) Is jJu®ind2d J ¢
Cs@iEdzs? Isj G3fdghc Obpad 4 j ded W dzd MY J yaf @ dedyy fn
fitedi OdddL Oy & af)dss PBIEO 32 % 10 ) ddsde)ds
dqdzS Eedtetso Odzd fm f Jj teo d ydgyd3y 1:1&0dAbchin, jpbE&Idzd o ¢
0,2%PBST, ftH jtey O j 3 0, 0 15%6 QiptcteideDd drz@UsRd wins
9 Isj yjuB( juydRicd csosHddzd HisddS 2B OYyds 9o
sjyjdedj 2 Yy fted SdRBdzOldets? s j BPESEOIs Bic j
B dz) dtej L’ ddzS zB dtoctse Odzd 9 tcOMisfyg dz® j
d d3d3lz dzts &f aASEgz HAdyd CC tsdzl & 6 d tots 9 Odzdz” AlexdFludr 888 ts tc
(1:500; Abcam, abl175470, o PEBRST® %lsj yjdedy 2 Yy o Isj o3
Isj BB j cOlskztc] . [ s 8BST @Bdzd | o 1 50, 366dp)L ' HtsC
Wz stej My dalsdzr d3 W HQARIAA:1690; AlcahighPR854dz | d3
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1 Odzd yidd yd g wicdslz ste j My J dias deBEn@ dzd)o B kzgl 3
MtcOo dzj daff ¥ ¢ sy ts 0 dz§ thedgls B¢k dzv d3d . H 1 Ists?2 'y
slstcd yoOlsj dz dzr 2 Ctsdzlstetsdzr . 1 ted ftotse j HJ dad «
fJtcoduyuder &3 Odzlsdlsj zOBER MOBRFHEBC A . datstec

[ dzw  or wodzj dgdwvw tcOMyftejHJdzjdzdw yJ W o
OdzOdzdL S O HTBsE ERSL FiPls s @B Vg ts jif isGndzjj to f dzls 1c® dz
994 HJddW.

2340 j deslsdf Jtoso Odzd jd3rChdap,B € ydmbid®s o j yj M ¢
ZOC stk j totod dz

[ dzv thisidif qtetseo Odzedw C dzj IstsC B ' dzO { tafslodj H
BOtS jtecse tOL detse 5 Isdftf .Oc @ dafg'lsisdizts €20 dzdhic P y @
syjdzedo Odzd M H{O=ER=HRI'LEO. R fMizY Ho 2 detsets €
CsdsB ddz0yde f j tco d{tydgO Bzls @Rk tptizy dziz € ' d dzNerily dz¢
- BOwkjta toj dz' n dz500; teNkliiztse®, MABB77) GFAP - (3Otc & | f&
Ofls te ts Yy 2B0s Abca,1ab4674)lbal - B30t & § iz IS to ts ¢ 2OPY
Abcam, ab48004)CD31 - &3Otk j € dzj Ists ¢  1:106; Bicgnizgb24590) ©
sOC Y j jigEE&s h drn dd3 o Iis50Q) y o tshdzl G dglafdidssjo dd dz
Fluor 568(Abcam, ab175470)Alexa Fluor 64 Invitrogen, A21450)d dzd Al e x a
488 Abcam, ab150173; Abcam, ab150129; Abcam, ab150117 v tej L ' HEC
DAPI.

2357 j dzsls d § o tots otNdzqdi e aiep, & dzv yd oy difs o j U S
TOC W ftfdddrs? Off ddSoydd Bj & O

[ dzv U dzdL © dnhf sdz! L ESadBdd Isidas 5 i1s! o hdf Ege
fese jH]ddY MY JcdaB] @) § o] HMisOs dzj dzO

TpaHcKapauansHas nepdysus, U3roTOBMNEHUe nHkyBauus | 16 4
M3BNEYEHUe Mo3ra — cpesoB m— cul | — Mrx

t dmMkzdetsC w4 ny WOY j todifdy des Pdztslsd §f Jazjsle ®Uz BwBsSL O d3F h d
Yd dzseo j ud M d4J ezpSCotisW GBtede@d § dzd SOydd BJ dZE O dzO M
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g4 dzZOyodz0 f tetso sHEdaPIdzs §f BPMWEBE e OC i
f dzOe O h dj MtejL ™ ddzs k[eVd td®o QE]J dpdz) tc @ fry IPEBES
001% OL qfivO, da0 sk jidef) tdseo sH ddzd HBSddzS zB |
tcOMmlso stcj 29 s Jfugjddeckits 3dzOIsdzts?2 Isj 3 j cOlskztej
Bdde) 1 sMdzy §Jtd3] OBddzdL Oydd o&j 3GBeOdz Micj L

[ &z Hot2dsets BCtOh do Odzdwy dMmf sdz! L tsoC
Motslse jlsMmisalzs M da d d3 (4 s3B2d. widiE jrL " O drlssotldgj O «
1" dz0 fftetseo j HY d&zO sy jdzk Od ¢ dg@dsE Ptdad a Oty @ J dzts 6

23 6. R BAREegstiuzdydyY d OdzOdzd L

dtoj L' BELEO LOCdzs yodzd fsH ftsCtetso dzf
o SH2dzs sMmdzts 9 | FIl uo+Aldriclg u n# g ¢ ( Seitelgininay j dzls dz' §
sydWtesor a0dzd f foodshs s CodWW tsC Odzr dzts g ts
citsdedw 1 dzv ©BOBBIS i dde" @dzOdizdEdIBOH Graizd @
ftoesctcOdRRBdz 2 OGS jIs ,FmaRyPtedw 4. 2 (Bitpl e

24.RfyMdzg @tzd j o dzd W dzgd v WPE&sEH§ @ todp@zOL € f{
steOdMS tdf ydchedzBots HOFIS el @ ycz & dzj 2 to s da
f st L d sdzsc dsd ey ydd

1 jJteo dydz j HdMMtsyddictse Odadz" | Cdzj Istsy
CdT I sC Oy © ¢ tsdztso dasjcdzdz’ dgts L d3'@" 1j gats odisftaspido o
Misd teddz dz' ~ | B zis§ Qs dzj GO dd dz! s@diAff ) d dzcfL d
(0,25%,2 0  d3d"dz SigndaAldrich, 4 z ¢ T4049 [Kaechetal, 2006 z e 5 ¢ 15 9
.. d Htg.dzjs2dl3HoOYHT tsls ®zad® dzdz tc ® dzjff.dst
1 sHimydls Cdzjss¢ fwesdLrLosHddzd o SOty |
d3dzdgdz.) Ols § dgj sUEsS 0  dBMEAMY J) da 'difOx d 8 Odzd , daC
ftojHo Otedlsj dz/ dzs  @5% tefOms dedst Osizfizz jj da{igsfalzts o ¢
f sd3d M J dzdz’-dgdz oy O3 & d (Gheipels BidOne, ] 4 ©)d@EOdA 19 dzts fr
MMl 0o dzv O dzj d3j Uailg dz' LLLOW"  SCompjlslastE S dgftfizs Iz |
100% o dzOy dzts Mldd] dzCdlz B élrIsAs JO S, New Brunswick Scientific,
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gz ¢, ® MtejH] Neuro04as8pn] HEH PpEeYOh PA1OGt
I 2 72%,(Gibco, 1750044), L-¢ dzkz Is OQd Bz @#fco, 25036024), 50 [ [/Bdz
f 4 dzd yd dzdzd dz@dzddf Is 6 jOY IsdsSd@ipbapd1b4a0122 | j dzd € 5B to ( s
[Barykina et al.,, 2016. ¢ d3j dzgz  C z dz' Is Iz tc O dz( fizts @zts oxdddalt 5
fesdL oHiRpad gidz) § SMQH@H'd].L3 Hdz"

24 1. CCMmY j ted d3d dalsdo di Itz dilz dEMeurdff ™y

1 j 2t dzOdz dzr iy dfiztaycd®? lsid telgB s dzdg O tc @ oiiH7jcdmizdf
steEdr sdKICl , KICCH+fyfisiln =10, § 6, Mislse ) Isflsie
OCIsdodescts ( ¢ @, =By CdYMmHfen jJdzsBl@s+ [( Ans7, 9
etk j bNs® § disAsstY v j dz/O@ Bl dz' iis gitvodsdifze’ Q dipfso
dizv £ S yd¥ 1 S ff whofigfdod SHdpjtgCa® fe sB Oo dzj dzd W !
B, dz d dzls§ tcak@dz) o § bdzr Isfiptc@ztzdziz®  ftgj ez 2

m lsigkz dzv y dSchigehenbergetal., 2013. J COyd mMlso § O¢
{ KCl |
H +JTproct
MHKyBauuna c 4l
/ 1Mmr/Mn nrx
‘% 4 oumdbposka
b _
S ”K””D  ngocion
(o] FluoView 10i
A / l
\ WHKyGaLus 6e3 24 Y AHAMIS
4o Imaris 7.4.2
24 (Bitplane)
- MK
+I
0 7 8 DIV

t Mz dsE R j &E MY j tod d3j Oply @) Hfseo@Efd dzd v  OC IstsY j teted
LeMYteMinde IsteOdzMC tod-F o o ts dedzfcjiss o W QIS Bt Qlzj @ to ts dzO d
WL desqlag) & 52 Misddkzd ydd
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dmf sdzy L sooteld M zizicsr Ctc OIS dzyg 20 23] dals 2 H I tef
Md3d de" Mmej ' ddfdzg & H&MOIRc Odz! Kigld® + Kifdd | +f & lsc
dbs+[ W d HeePdd&vdd Yy W HB Cdzj ydettsd dlctsd
Bd z¢ O B' dz@ s HEDdAalz@3 dzd s tc@Blzter 2 ) T&]Jmma &
Mty HT BdYHEZ MisdizdY ydy @ggnk Bdzyd dasfeOy d
fsHH ]ty doOdzd ffMistswdzgdes?2 HEts o dPAzIYAsH
1M jteddzj dels© ftoj HMIsOo dzj dzO dzO t dMmizdzC j E
vidtwjL 2y fsimdf fidsjdddslz dhympfrfls dQizaidiy Iz §
PBSdWdSMmdietso Odzd 4 % tcOMmlis o tstets d3-AlfiridHg O WutktahdpC
PBS (10 3d dz dz0 . FAdOFtPE | DM d o detse s € 5 dz
SHdtsote] d3j dzdets ) GMisOdz dzr d@gd B j L ' deds tf 1 ke
stedL @Ridmdd" § Miwedd 1+ EMYjeddsj dzistse .
242. yj d§1©j (¥ tdaffc di3j dzZs Oydd ¢ j dzesdzdzs? 11
dzj 2tetsdzOdzy dzf = Ckdzt skzte ftsfdzy Mlisc
I'rweodzdedj WigQcsfisgEas®Ordfded ) ff tdst"Brde  d;
Red DNA fragmentation TUNEL) (Abcam, ab6611) o Mtstsilsd j Isfin
ddmstez ¢ ydw dsd .f E@bEL-dyjEHtgHs | devin@zts oW@idkz ts tdg )y
B U dBefdHtetsC Md dz' dzr = Csdzytso ) Holzryd
sBtcOL tso Qo h da Mmw ) tejLEzdz IsOIsj v B0t ®Hddzls
HiLBSCHMikEddfudaBrabWTP) o tj @i ddd,) 3EDIsOE
Isj ted3d dzOdz! dzts?2 H j L 5C fd dzz € dz] st ff cle ] reldls 4O W o
fh f tsdiz3Odalskd s j dztgisElse ind e d H d dBEE, to Odg adgizdsds ts - t6 t
[z Z3Otetseo [ . ¢ .;Chenetalg202q. 201 3
skdz? szt KCId tgulisti f 24 ddzd f dsdyzpy idfgts Is d&3" 9 O «
0,1 [WPBHJicsoOdzd 4% ttOMlso StcdiZA OO B {sC
) PBS (10 3d dz , d@s j 83 dzGiHo @D jHAZIS | BBSAE dz jOlstA
d dzC B d tcts5,03Bdzgf tc gXs1B0D o 0,BBSPREST) 9l Ols jdideddzd
C tsd30z0 Is dzts 2s Zlagptstl f @ d3j OB d dzd,L Oty df’ HFSdHR tcF &2
Bd)dz O dztsddzd s 100 BS dz (F 65 aiydaSnaizsls st
ddeS e dtetso Odzd o ISTHTRdetEE JUPY 8 d Is3 Aeds@ld fp OBS] .
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(2 T 50 @B j &5 &< tc OO O e = aseRifpilzjtad 1 J diak |
CtcOfmMdzr d3 W dzztstols f igfsdgtf§s 30 d3ddz fted [ B tgizdzOEk
o PHAS 5 &0 SCdjls¢ HEQEPUdH Gurd MG d &
Hoechst 33258 (1:1000; Invitrogen;¥398).f C tc Oh j dzdzr | S kzdz' skzter
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