FVA-YAY (F o jLacd) Y¥ 0,90 ¥+ ¥ wileal g pags o)yl aasd galio g caslus s

3 5Shos p3 (Kiw o5 of yobt 49 Lrgliio S 395 ORI b (5319 SR 303 0590 Sy Wil
b g o1 P pilw Juo S ) WS 30 Suowilly gl p ¥ oS 5 (4 Wl (oiig 9

rév\.ﬂ‘ JA‘JL@? Lr6f<..«.9 lﬂ‘ ‘\*‘)ﬁjwlw‘\gfl‘?u 0y

e.’.ﬁs?:

Sl A4S glad sl (.,...:J}__'L:.a CatS bl 4 e Wlg e AS 5y Sl sl UJ}S.QJ b 5 Sae 5 Culls andin
Goioss 3l Bda pl i Kpd AS Sl @ e Sl e b das e el 5 S (slags 3T oS b Sl e 2555 Sl
sl g e Sledr Al b S Jie o A Saally 5l 04 K355 (CHOP) 05 0852 5 Shas Aglin 51>
el S S s

(Y 28 (Vos S b a5 ol p STYE YO S35 &als b kg 5l5 5 ooy e ¥ ol S5l o 2 a3 1 )
03 S 350 0+ S S (L eania 3 o jad 3y T (S S (0 camia 3 el 555 0 (8 a3 el S, TV (S S
0 celllt Sdea v.<«.wj§j Sy e 5 g ais b Sdews p\.u S Cole & Jold L3555 e S e 22
3 LSD e 5 3 b byl o (bl sla0sesl Sl aslizal b baosls o sy s .0 plmil ey (goly Ol
S s Sk 3 PSe/e0 (gls sre i A plandl VY w5 SPSS i3

Sl il 3 S5kl 5 (ALT) 51 jandl 5 sal (50T (g0 a5 Tl 03 Solsgme ks Laesls ol ey s laably
(P<4/00) 55 15 s 55 CHOP 05 Ol 55 i ol (P<+/40) 315 0Lis (AST)

Fsbe S0 b las e ele 5 (ALT 5 AST) (AS slagu 3l (2alS b (S S ol om 035, 0 5 ¥ (53lsm i a5 16 S wom

By g AS Sl 4 aie Ll 5 o 550 ] s 3 b 5| (CHOP)

Saally 50 ¢ 555 Ll 05 Ol oS Slan 5T (s3lsm o3 (Ko S s S 0851

Olpl (s sl e« ol 53T o2l oJ 8 LT e dols 55 poke 5 Sy o 05 8 =)
ulﬁl‘u@ﬁg@&ﬂl :‘)'TAKJJ‘: ‘Q@;bbggj)} r)i&}@v\g\:ﬁ:f;ojjg—\'
Olpl OB S OladS (S ple ol &ils S plie DUl Sl S 50 Y

1S5S iy ANVIYAYYAYE 180 (JsSubT e aaly gl ol3T sty ol&ails Sl (J S obT e ol jed Gl (o LaS "
Habibasgharpour@gmail.com

VESY/0V/ 0 1yl eyl VE Y28/ F sl Sl ga ya Gyl VECY/20/0 ) bl ya gyl



vva s glille (5L gy alund b 53198 SLack a3 0,99 S i G (Sas 5 gy sia)

UPR e U (g5ledle 5 46l [2alS ER el Jl>
[8] 052 Jobo 55T & e ol S

slgnin BR o el 51 30 55050 (6l (gamze bS5l
Sl @y Lol danly K, (CHOP) 05 4l ol o
5l 56 ssu el CHOP Gl .ol ER ozl 31 26
I 5l e O &S Jbs das e a1 ER e 2l
IA] &S o o= Ssu sl & cwd |, d sl CHOP
S Ssualsn OS5l 3las e sisy o) soe CHOP
45 B2 (Bel-2) Jshu psid (DRS) 0 S o 5458 alosr
OSsn A0 enSlal usly n5 (BIM) VY s
I, (TRB3) ¥ & Jsen cla |5 5 (GADD34) ) 5blics
03 ol s XS o S e | 555 T L5 BCL2 Oly 5 Jlb
spls dir [0] spdi Snl Esl ER otal Job
bbb e pae Sl SS Gl 2l 5 20l
(2ol s sy Ol s ol el sl guS
(s el dauly b et L glag S5l
S 038 Saben 5 el o blite byl sy
Wl e gl b Lo e DUl 2l (6l S sibies
TAT ol ot wn bt Seannlls slil 4 o 2l

AS s sl U sl (S sl
Ve N A3 laaadllae ool ol antlis 95 4 )},.a
S S Sl Gl s slaedls &S das e 0L
SalS S o oS S s 1y suS sladshe Sl 0
o b b el (Ses Sl R I ol b ses
Goncalves « pl 5 ogle VY] LIL L o oo O geldlS]
SVl Shios s oS Ll 0L (YY) 0L Kes
XS o (Sl soAS s ) C py S A3 Sl
sl s e e s 1 slie gl clacad
ol S ladshe 53 1 Sl SdiKe (548 s
35 i op el S5l 5 58 Jl opl b S s
53 [IV] ol oS alis J.f- 4 s Cowsila )'):._fj_j
slaoas 56 ey p w0 (VoY) OLKes 5 Ruan idss
S 2, 53 Cawsls Simal GB35 op el ik
Slerl 5B el 5 ety il A SlUCis
IS sl s s 5ol 51 el 5T S 2
35 308 cped AE g, elF20/CHOP SIRE1/INK

PRV
plod U3 s sk Sl S (BR) Sl 5l 302
Sz s Sles 5l (Ol S il S5, 5 glad J
073 5 ded e (s B30 5 e ez Sl Sl
S das s Sl BR ol das e el 1y ondS
OF 53 Cwysl 5 ol 5L s A= 5l iy O €Ul
DV ¥T 558 00 4 BR ondS o8 Sl b iy Gl
Sapton 31 5L 5l Sl ol RS p AS
ol [ 5 5 d e dile Lailby a5 o P
el O 53 B e ol e ol peslle s
sladsbe 3 @Bl anw s o7 4 ER e Gl il
S slas Shas plawil 53 AS 4 b 3l 525 S
hoAS coslal Jule o5 oK [T] as KaS sy
AS e plie 5oz o JUtl Cel S e S
OLadled 5 S5 4 e L5 oo OB ) 5 555 0
el e Sl s oS 550 LT Gl STy e S
S sba ) Ol Call ol 5o 5 K50 03, 1) AS &
[E] XS o dg
A5 Jse 5 dten A4S 5o JIE Jla 6 5 e sila
3Ll A bk (3 5 Gl ook pslie
Axzos ER 55 (A8 slad sl ¢ S2)550 5 (s o
b ol SUBR il 5 g bt il JU
0Ll S5 gl (UPR) edil (s el U 4 gikas
ol bfe] sy e Jled sk gli slis,l 5 ER liwses
ol gl CaSE L e 8 LR -
S S el UPR pusdlé 5 ER s JUgb
Sl slagsslon 5554 53 UPR G ER o 2l 558 e
Slos Gl S 5 daes Lty S lagley dhexr
[V G ER el Ols 15 G gl e
S s ol el BR ol 4 las sl S UPR
Vodguisel bele LIS ER e gul gt s 4w
PRKR (PERK) 4.5 Kol sl o 5 5555 5L (IRE1)
ol 0d K25 (ATFE) N o s, 5981 oS Jleb
b gam 013 S50 sl 1y el UPR aLs ) [V]
ol LS e ey Sl Caloie gla il SUER



(P olad) Y¥ 0,90 NP+ Y wibel g (raga (ol yal st galio g cuibas alas YA-

Jed Sl e Bl gl e byl ol L,
Sl Klodes 5 0 b 5 S5 5050 £ DA Olayde
5 AS sladle Sl 5 @3PS, b Syl Ko
e ol 55 S,5 CHOP aile ik (slaSs
Jolse 5 508 slam 5l 03 Comal Sl 4 a5 L s
A8 Kol sl IS5, O nlr 0S5 n 2 Ses aslie
s ool o olds dstle b (,JL,J Je slao,

XS

SR P 9 S

Lobss olp Wl dS 5 ) o Y 65y » ol s
S AAREALENIY oSle b oslazia Yo B OA o Ll
0 o35 N s el olal Cson b g 23S ol
(S3len cped 3o T (K 5 (Y s O s els U
(3l e 3 TS S () slen s 3, 0 ()
2 o, S e (S3lea e 55, 0+ S S ()
Cosby ol S mle s YYRVE oy S0ke L e
53 Sl ITVY U - Gl A s A ys 00 EE
pe S s Sl Sk i Sl o e
oled S (135 08 5 Sy ke oK1 Sl
A bl 4 lie SV syt (Ch) gl s of &l
Jolpe ples sl ST e zas (& 0% 035 08 Ve
3K Jadlygins ol o ise iS5 (g1
s Nty L AL bl g
A ploxil IRGOUMS.REC. 1401.005

RS by
el ol e 5 el Al e 53 Jold a3 6553 S
Jees s s Gy ke b 85l (sl A e 5l s
Lyl cod Ol s S Sley ke p oy
08 e 5 A S 18 aass V0 Sodews ioles] el
aids Ne—f0 Sodeay atin ;3 55,0 5V slul w aea b b

53 adlas ohos L;l.‘p\ Y Zuljﬂ A <=l>_;>\ J.:A:JS LS

W Lgv\,:S%ﬂjojﬁ- o S ol ciliee glacal
U5 s Gt Bl st Sdd b 5 e
Sl ol uS bl el Ll s SlaS! s
S ool SIS b s S 4 oz 55k
elF20/CHOP 3 IREI/INK (5ls s 32 b 5l Seaally 5.1
Vol sl S

Skl 5 (ALT) SLawdl 5 guel (U1 gaS slaes i
(SAS Sladgha 3 & daea glaw 5T AST) Slual 3l 5
GAS Slacel Gl s Wl s 3 sbdsS
ol asls sy A ol S LK ol 5 ol
Sl s dpbe 23k ghS Slilsl 5 Usens b
Lo o0 @S bl » o)l 5 asls
Ji._»': amwim Sl u&aﬁ L;ﬂ.:«.]é/]?—as ﬁ)L&A B
SV G plpty DO] Al age S slasslen
(S sy Shas Lnﬁj-ﬂ S S o3Il (815 0 e Lslas
S ol bl asts elnil 6y ALT 5 AST il
0315 QLA oS ol n 5 Sl (55,5 LIS o 3L AS
alie o3 gdome 53 L UL ol Sae Lasluel Ll 5 a8 552
DWV] asl Jl s

V-"’E: L> a‘jo.ﬁ Lf")u Lglﬁ@.)l:d (l}u‘ S el ol esls LIS
S Lo Jalse 5 A8 lam sl wdas s pldE )
N S 3 (YAYY) 0,en 5 Ezpeleta i > Ll
S s3ler shios ees Lol sl (olsels))
OB s BB osb @ ALT #0555 A4S
S 0L 1y ()ls pme mis AST sl oS Jb- s 62l
s b oslae S S S5 oS s S Ol Ol
Gk 3 el semsn AS Sslee RS Gl 5o
DAT LG gus

Sl sl G SILl Gk Sl GAS e e Sl i
3575 b5 Conl el S5l Sy AST 5 ALT &le O
a3l cpl oo 2 s Slages Ol Sl
S Sosa s sl s 5 Oldds ga



YA\ s glille (5L gy alund b 53198 SLack a3 0,99 S i G (Sas 5 gy sia)

Loaids 5o % YA V1 @ Les 5 S pu o ed Sl

AT Jadr) Ay a3 i o

L»&AJJJ E3) Lﬁhk:)) L)_:JQ..; g;.w‘ ol odl QL:..:\ J_}J}-

N e e

1 0 U ¢ U ¥ i Y il \ il
Odom S Ddom G Odem S Ol S8y Odom Sy O Sy an
_ _ _ _ - - Jn,;ub.‘s)\fjl.w Jyl &aa
- - - Yo A=+ £-A e b bl oy dais
- 0-¢ VeV AREAR o-\+ o-v s Jgl s
- -1 AREARS Yo-\1 V-3¢ V-A £o2 “an
0-0 AREAN AREA AEEAVA AREA 0-A £ “an
0-0 AREAR AR AREAPA AREA 0—-A PLC"': “an
oS ke g U 5 eSO 055 0SS 0 S e 00 Ko 5 S JSS 5

AS S5l 4 gas LS ga g o 3lls O 055 0SS
Lol Css sy enly piand (Il b Aol Ol s
Ol Sl Sldie bl sl ilasl plnil Ole b s g

RSN W4 d)‘b&.‘s 4> 2 —A» )ﬂ)’e DL dj

CHOP 5 0ls 5 b it (803100 sl by,
slacS 5l eslil LAST 5 ALT (5S slap 5l o
L5J3§°)|"’\—" Y J)J& L;_Ja )ﬂULT}S‘ eliLwJ B &Wﬁ

R W

WA T TR WYTS PYR N PRE VICIR PYRR G S LS Y
JLQ;\l_aQ)(c,;V/o U ae 0/0) (g ldg ast o= Olajy o
(S S lmey S glass;  (Sw S Gl cgr s S
D_f\ud\;\@€.}_<\~)dujsd|;\;‘)}w)|mow
el Y b s lacy S als as Sle slse () 03

[V ] s S 0 G pme cell) s bos |y s S e il )y

Solop &L S,
acdo o 2Tl e el Y o eS amin b 31

GYe 5l oS5 Blw 055 a3 by SU Jsol il

oy Sl § s laas BT Gt Cus-Y Jgua

‘*“‘SCU c,.zsrL; &L

AJJJ'L.« )}:5 S uﬁj) NESI rLa

Alt At bl

AST AST  olo |3

IRAN S BS480
IRAN xS BS480

L PCR Real-Time S %5, s CHOP 05 Ol Olye
S St e IS Lo 5 SYBR 1 8 5 Sl esli
05 e eslimul (YT2552 @l JU v U 0l ol 0l )
SS Ol ymeas (GAPDH) 563550y Slind—Y— a5l oS
s b b B 5550 a0 Oly 5 Al eolinal Jls J 28 05

53 sl 5IRNA L) CHOP 05 0l - s o551 515
LosT o8 0 sl JST s ol 2 asdllae 5550 slass S ples
) Al (FABRKOOT : 1ol JU s 01 5l (01 145) g LSS
o5l o a8 b olKiws LRNA ConS 5 kS e
ol S L 5 CDNA 5 (6, S5l ObdS Sy ke

ol 8= DNA I s Al s (Ol ) cdgle) w5



(P olad) Y¥ 0,90 NP+ Y wibel g (raga (ol yal st galio g cuibas alas YAY

DL oalel )4~ (5uj“'i‘ﬁ. J‘); [Y\] A 4.«.»:L>r~4 2_AACT

RO IRWE i PRve

rola 4ia g5 4o culdieul vy 9o LA yaal (NN 95 ¥ Jgaa

Genes Primer sequence Nucleotide count
CHOP For: 5'- GAAAGCAGAAACCGGTCCAAT-3' 21
Rev: 5'- GGATGAGATATAGGTGCCCCC -3’ 21
GAPDH For: 5'- CACTGAGCATCTCCCTC ACAA-3' 22
Rev: 5'- TGGTATTCGAGAGA AGGGAGG -3’ 22

Aol ada 53 el 5, Y ey S 5 (£10/)YH4E/V0)
Loy S ded o o5 1y (MY/AYEVANY) Olsee L AST liis
ALT 5l Jldde nioml 5 o0 fpimmes zils
05,5 5 (AVNEY/A) J xS 655 @ Gl oSS
5 oAUl el sl esls OLa (OA/0EEE/AY) K S
555 65, 4 Gl o5 54 CHOP il jlde o Sy
S ey 0+ K S es S s (VeRYVEN) s

RGWINCYAL &= ZYARD)

bl sl sy,

@5 s s Slr B35 S 58 0551 51 e
Laesls &I O3 Jb a5 bl eslinad s (gbaesls
s O3l 5 4 b Sl AT Sl Osasl 5l daize
)l)_fﬂp.'. Sl eslinal b claosls o g4 25 il 0l o3l LSD
Mo g4 525 (g3 gme o w5 plosil YY i SPSS
el ol 4 S L3 ;3 P<e/00 sl s (g bl

el

OLES & Jadr s ol fags Gl o s slassls
Olsee b AST Slade o sUL J 28 658 &S ol osls

Ol 55 (SLa yaiie o uilicel 1m0l g (uSile ¥ Jgua

PR S e

SR ey S
CHOP ALT AST
Veka/on YAV/) Y EY/40 £10/\ Y 298 /Vo Jd s
P EPAF oA/ 0L E/AY YYV/ErEEA/AO ﬁ“;
V/ekYY/8T YV4/YYEYE/QY YAY/AFEVAN NI BITAN
e HFA/TA Ve /EEEAN/OL AAAVAYE ARFIL o 3950
P EYANA VAN ot Y/4. YYV/OYEIA/NE RS 50 W S S
VYT V) v H4A/0 0 YEV/AQEEY/VY R 535 04 Ko £

595 T S 5 P 0 /00N) 1 a3 5550 P /0 0)) e
e (P= 2/000)) (3 503 5,5 04 (S S 5 (P=2/00Y) oy a3
(oils gy (LalS) (ol pme Sl S ey S w
&S 515 QL ALT (S w51 (61 LSD el &350 imees
(P= +/20) (e 355 0 (P= +/00)) Ko S slaes S oy
DS 53 04 (S S 5 (P=0/0v8) a3 55, Y S S

S das e 0L 0 Jodr 2 b SG ilsly o il
AST (F= ANV0 P= +/ov0)) lansl Jlde oy (5)lsline alai
CHOP (F= \+/60 P= +/*++\) 5 ALT (F= VA P= +/++))
don o bl daly S 4w LoaS 34l sy
SAS Bl Gl LSD dns 003l (asy sla e
3o Y dP= /o)) (Kae S slaes S o S 515 0L AST



YAY s glille (5L gy alund b 53198 SLack a3 0,99 S i G (Sas 5 gy sia)

(P= /0 %) ol 555 Y 055 G mamen (I3 22
spms (Gl olgme ool K S 658 4 o
3000 a4 S e 3o YoesS Bk 5l
5 P= /o)) o pad 555 YH (K 8 P o/0Y) sl
Solsgmn ogles (P= o/ee ) el Gy, 0+ K S

WS 5 g (ui'i‘j—‘.’D

(alS) (obs sms Ssles J 28 05,8 & Cad (P= +/02Y)
05 Ol gl LSD uins Osesl Colg 5o .cls sgms
(P= +/+0) S S ooy S o 45 sls Olis CHOP
T (S 5 (G0 P= /Y s 555 7 (2alS)
DS 350 0H S S 5 () (P= v/0Y) el S
Sl me Sl J S 05,8 w0 s (LEalS) (P= +/00Y)

Lao 58 (5 s dosllia (510 48 oy a9 Jalad gl -0 Jgan

0 NENVVYE
Ha/ew) q/vVo

A3 Yao/v

0 \Yove/ea
LTVARR VA

Y¢ YYYY/Lo

0 +/40
EXVERR! Ve/00

\§2 VAR

TOVeAV/YE B3SO,
_ AST

YOV T AV/YY dﬁjjs;}j):

WYY/Eq PSS 0s,
_ ALT

OYYY/AV P9 S0ss
_ CHOP

Y/\V JQ}JSQ})J

s Kazeminasab Ly sl 5 aelss a5 s
SAS bl Bios Glage o3 (YY) 0lKes
o $AS Glaslen 4 Uie OULS 5 53 AST 5 ALT
iS5l OLES aallae YU ey Llowil 3 dow cpl s A
el 3550 AST 5 ALT falS a e 2555 lacy o3
Gl 3L AS s Shes spp 30 el Ol
(55 5 osle «S3lsa (ned) 5505 (i e O
5 mslie (S3lsr el g A a oS (g sbay sl 0L
Sl sl B Gl ol Sl S Ulsey oSS
Kazeminasab |l 3 dallas s LYY] s slely gAs
03 s sl kil K s ol G el L O
2 3l e (GRS) (S als Lo G 53
o5l R ) cpl e W B3 5051 3 S sla BT )
Slr s Sl mle 5 Gl 305 e el
Jole 51 S s Sylam AST 5 ALT (suS slag 5T pobis
Jlasl 505 a2 esle ol Goios 5o Ss Jige
Pl Loelr (S S Jlasl iy bagnsasl (S S
AST 5 ALT law 5l 2ol 5 lies 20 2555 o yes
gl e UL =S bolks 5l FERINLY
+ S S 5 S 5 ¥ S S slaes S s 6)‘35;9‘5

Ll a5 BB ls g el 59,0

v/v0 daw)ég;)\bb;;u Sl :‘52-)*

Sow

ey S o o sme sl Laosls o gag S
ol 315 OLes CHOP 5 ALT AST Olpe 55 ol iass
Slaos S o lsgme J2alS AST (uS w3l sl sl
5o ¥ A S S s 355 0 et 3 ¥ S S
By IS 05 S a4 S op el 305 0 4 S S 5 o e
o Gola e A8 ALT 608 5T sy pimas
5 oS S Y ALK S et 505 0 (K S Slaey S
A eals QLS J 28 05,8 & Cd g pad S5y 0+ Ko S
Sles S u Gols s ialS CHOP 05 Ol gl p
5 550 0+ S S 5 p el 505 Y S 5 (S S
Ot e 2 S 0 S 4 Cad op eSS0 ¥ Rl
Sasne Gl (S S 05 8 & S i 50T es S
0 4 Zomd (S SV es S G Bl Sl s
350 0 4 K S 5 a5 YA S (e Sy
WSl s s (Gl gme Rl Bl S

4 sAS el 1 s S b 1 a5 slage s
s o3ls 0L 5 LS o Colem LS 55 AST 5 ALT o5
slaees 2l S Llse s sl ol
Laly cpl oo il As 3L ladsho s 5 ol Sl 5



(P o ylach) Y¥ 0,83 V¥ e Y Wbl g (pag (ol yal sl galio g il dlaa YAY

SRS i 53 B35 glacn s ¢l SIS GG
Golsr 23os b Oy s 0 (Y2TF) 01,Kaa 5 Silva
JSSs el ALT 5 AST (slag 5l 58, 5 2aslie
Sl SO L maslie el 5 s3lr cpped o addlae
Sy ks A B Yr Ol e catin 3 LLALY o Suis
L/s VO2 Sl 5l doyn A B0y s ld 5 (s5lsa
L5 5 Oby Olids cpl 3 eslis el (gl s HR ST
D, L3 e BB Dl R WS e B0y slagn e S
L ooelaby AT s sbwl ALT 5 AST (sis sla el
S5 GAS sl T 5l s 5 Ol Sl s s
oz & $AS SSUe 3 age alse onl 51 IS S g
SO VN TS | PO PSR U P9 [0S TGO P A W

ren SIS U Sl b 5Tl Sl 555
LS gladshe calle Wig e G250 glacdls
- RSOOSR U S SPRNT- FYG [P JUNE SRS
UL Bl s sl sty ol A4S Culle 5 Kl e
03 5l i b e Sk Jalse 3555 slacn e
Ry J....L. o s (VY OlLs 5 Guarino  ad>s
sy ol & Ui sla gasasl AS 3L S5
Oly e 5 axda A Sodeas atin 53 §yy 0 LA, Sl
Slme Sl 53! @Lﬁ W cl?u.‘ ads gl adds
ol a4 e G5Hs cpes lie 5y s 0L 1, CHOP
s Jolse 5l S CHOP [Y8] s AST 5 ALT Ll jne
A= Sl e S e e LS e &S Sl sl b e
dals b OLKes 5 Guarino Guass 53 25d S 3L
5o ¥ ol Geio s bl fpes 53 5 pten OF il
65,5 4 i CHOP 03 0Ly il 3l 4 e dilan (o 5o
Loolar 5 2l & (K8 Lle blas 5o Ll s Jxs
B> el 1) CHOP 05 Olo ol Gl 3 2555 oo 00
(NS Slaes S Sl RAE Sl G
G Caed oS 500 04 S S 5 et S T A S S
g5 S5 5 go Sl Jolpe 51 AE stalie J 58 05 S
5 Ll ba sl Sole G 53 el b G ga
OLKea 5 Guarino a5 53 S el Jys
S ek gl Jele LIS e (Solen g sla b o se]

255 A8 WSk Il G s Bl Je S

R i 53 G AS gla 3T IS i gl
2 il e U 4 (YoY4) OLKea 5 Moslehi
Al Blr s, 53 AST 5 ALT uS slas
53 andr Sl atia Sl Dl 4 3l A5 e
Coe A el B ae 05eS] Sl dos Ve L wis
Sl ol pslie G 4 AST 5 ALT (S 6uﬁ};i
s &S L3S Ol Oliiss cpl sl OUS 1 (gl pne
ed plie 3 i laely 51 S Ol LS e s5lse
sboley Ol s (Boe o e Culle 5 guS
S s S 3 A0 Gl s Sabke Lo Las
OLes 5 Moslehi o ol [YY] 5,8 S5 axm g5 5,4
b Ged 33 8 53 8 ol Sl Gl il L Ll 553
pen NS B A Glapmpl el sl
RIF Ll Gl s shse S0y slage el
5l sadome 53 15 0T slam 3T Lls o (S48 o e
Slagp s b 3l gAS Calle 51l 5 das 13 oAb
Sl 53 glacsld sums b AS o Colem 505
O3 slew b Wl Jal i 51 ol G 5 0l 5158
Aol Lo (Ol ok 5 5 ) gy o8 Bl 12 s g3 ga5
2ios el 3 b Sl sAS ed gl calle 15
Les Sl s o sa3T OSen 5 Moslehi oo 3 . astes
Sl phe Codls s A Sdety (S3lpa on e s
ohsh s Sl e Lle il b das a1 guS
5 S dple oS N S S Sl Jald (g5lse
e dld se ol s e RIBHDL O S e slie
Slidos pan 3 & (S S 5 i slage i pll
oL S plie Ll i 5o sl 55800 5L (Solsess, Olsen
Eias Slaged pll gy eslle culaly snes IS G
Fi Sl S S dlssa Llg e 8 ol glag ks

5,8 58
Sbiins gl & dese 0l Sllas ey ml
T Sar Lol (oSS 5 S ol D soa (3lse
Ll o & uyed s 5l Sosh e s 0S slag 5]
DWVT il (2555 Slagn 5 Olesode 3L S8 5T L
Sl iy 5 o (D LSS el sl
DAL b 518 36 guS sla sl 5 Bls e 55 ues



AL s glille (5L gy alund b 53198 SLack a3 0,99 S i G (Sas 5 gy sia)

Sl Sl 4 il s3lsa (e Jlisa CHOP (5
il ials K 8 Jlest Lol an a5 sl Jmjs ol s
L Ll S S Loslan @3lpn cpes pldl nl ol
S 1 AS Sal Jobe sl CHOP 05 Ol hals
vy 53 fsn pl B4 s Lol e
Li> 53 Wlg s ER 5 o zul a8 5 UPR asdb
e b sl S S uS sladhe b 3 Shes
sl ol s 0 S S 5 Sl s e
$AS bl o Jl sl gl 5 Wlg e sAS

S (5 S s

S Bl
2 08 b oS Cul 685 Al ol il
f}l& OL{.:»..!‘J E) JjSS JLJL;\J« ..l?-‘_; L;ou.w‘ b\)T e@‘b
Rl 528 Gl oled 5l sl el OB S Sy

ﬁ)b‘)gf‘:)‘ﬁ))g:“:JLQSJUJJSLSJLL‘)LAWJA‘

ét:.e slas
53 mle sl a;@ S Ll e el o8

.J)U.'. bﬁ)%b— ﬂ)}i

Cad b s sadles & ol edd osls LI ppovan
Lol Jolge fals ol Wl 5lsn g5 5l Lo se
ozl 4 3,5 CHOP 5 JNKIPERK JIRE-la 4l UPR
LYO] das 2als 1) (S slad b ST Ll o S2als
Coseh SHlsr e pll s e s bl l )3
S5uml Ga & e CHOP 2alS L wis A ey ol
S L esls 0L G 55 ol s W] A2 siS slad sk
Gl 3 el Ssmal @il s Sl e
Aas s ialS PERK/CHOP 5 IRE-1a/INK  (sla s
03 s Al g 6 s dkes s [Y1]
on G DUSie b oo 55 el Ssmal
Sl Slee b iz Glacdl (3 L555 (g el A
b S Sl S el SIS sl e
354 4 e €lF2W/CHOP 5 IREI/INK (la s
Slga= ml Lokl s [VE] 4 s glad
CHOP 05 0y ool b 5 ol Gl il R
Sy e S S dlesl 5 Gaios el Gk
Loolsl s Jla=l & s guS slad shes culles 5 5> Shas
e eiiml Jelss 3 Sdes CHOP 5 Shee e
Cod V(EROL@) 0) 5IUSTER Lol yo ol 51 SG 355 0
i S Wy s 5 el CHOP soml Gua G oS
Wl 1, EROLa oly CHOP sls i "(ROS) Jlab 0 5eS]
oelS (3lasl3T 5 das e (2l 1 ROS W) 5 &S S e
S TAP3R) ilivd s 5=V e b 0=J 505 5ol 505,58 dausls b
IWV] ssde ol S sl 5 a5 e S5 ER
S5 ssbie e Syl CHOP s L ool ol

IYA] 555 o (6,8 sl (S (sla Jshoo = 5l i 5 5]

S S 4o
5 Sl s &S ol Ol Sl Gt m ole 03
Slm sl b LIS on bolen b oles 4 (S S
33 Alg e Jhals ool e ialS |, AST 5 ALT us
05 Ol cpmmen 3L widl pliew U uS culle

' ER Oxidase la
" Reactive Oxygen Species

" Inositol-1,4,5-Trisphosphate Receptor



10.

11.

12.

13.

14.

15.

(F oyladdi) Y¥ 0,590 NF+ Y wideul g (paga .l ol acsd galis g cualss ddas

Marciniak SJ, Chambers JE, Ron D. Pharmacological
targeting of endoplasmic reticulum stress in disease.
Nature Reviews Drug Discovery. 2022; 21(2):115-40.
Schwarz DS, Blower MD. The endoplasmic reticulum:
structure, function and response to cellular signaling.
Cellular and molecular life sciences. 2016; 73:79-94.
Zhang J, Guo J, Yang N, Huang Y, Hu T, Rao C.
Endoplasmic reticulum stress-mediated cell death in
liver injury. Cell Death & Disease. 2022; 13(12):1051.
Ajoolabady A, Kaplowitz N, Lebeaupin C, Kroemer G,
Kaufman RJ, Malhi H, et al. Endoplasmic reticulum
stress in liver diseases. Hepatology. 2022. 77(2): 619-
639

Liu X, Green RM. Endoplasmic reticulum stress and
liver diseases. Liver Research. 2019; 3(1):55-64.
Duwaerts CC, Maiers JL. ER Disposal Pathways in
Chronic Liver Disease: Protective, Pathogenic, and
Potential Therapeutic Targets. Frontiers in Molecular
Biosciences. 2022:1214.

Wang P, Li J, Tao J, Sha B. The luminal domain of the
ER stress sensor protein PERK binds misfolded
proteins and thereby triggers PERK oligomerization.
Journal of Biological Chemistry. 2018; 293(11):4110-
21.

Sun Z, Brodsky JL. Protein quality control in the
secretory pathway. Journal of Cell Biology. 2019;
218(10):3171-87.

Safdar A, Saleem A, Tarnopolsky MA. The potential
of endurance exercise-derived exosomes to treat
metabolic diseases. Nature Reviews Endocrinology.
2016; 12(9):504-17.

Keating SE, George J, Johnson NA. The benefits of
exercise for patients with non-alcoholic fatty liver
disease. Expert Review of Gastroenterology &
Hepatology. 2015; 9(10):1247-50.

Tsunoda K, Kai Y, Kitano N, Uchida K, Kuchiki T,
Nagamatsu T. Impact of physical activity on
nonalcoholic  steatohepatitis in  people  with
nonalcoholic simple fatty liver: a prospective cohort
study. Preventive Medicine. 2016; 88:237-40.

Fealy CE, Haus JM, Solomon TP, Pagadala M, Flask
CA, McCullough AlJ, et al. Short-term exercise reduces
markers of hepatocyte apoptosis in nonalcoholic fatty
liver disease. Journal of Applied Physiology.
2012;113(1):1-6.

Gongalves IO, Passos E, Diogo CV, Rocha-Rodrigues
S, Santos-Alves E, Oliveira PJ, et al. Exercise mitigates
mitochondrial permeability transition pore and quality
control mechanisms alterations in nonalcoholic
steatohepatitis. Applied Physiology, Nutrition, and
Metabolism. 2016; 41(3):298-306.

Ruan L, Li F, Li S, Zhang M, Wang F, Lv X, Liu Q.
Effect of different exercise intensities on hepatocyte
apoptosis in HFD-induced NAFLD in rats: the possible
role of endoplasmic reticulum stress through the
regulation of the IRE1/JNK and elF20/CHOP signal
pathways. Oxidative Medicine and Cellular Longevity.
2021; ID 6378568.

Da Ponte IM, de Sousa Lima ME, Albuquerque MC,
de Holanda Veloso AF, Bachur TP. Esteato-hepatite
ndo alcoolica: uma sindrome em evidéncia. Brazilian
Journal of Health Review. 2020; 3(1):1077-93.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

YA#

AR

Del Valle Diaz S, Martinez MP, Vega JA, Fonden JD.
Hepatic disease due to fat deposit. Medisan. 2015;
19(07):886-96.

Silva M, Santos F, Lagares L, Macedo R, Takanami L,
Almeida L, et al. Physical Exercise and Changes in
AST/ALT Rates in Non-Alcoholic Fatty Liver Disease:
A Systematic. Review of Clinical Trials. Preprints
2023;2023040318.

Ezpeleta M, Gabel K, Cienfuegos S, Kalam F, Lin S,
Pavlou V, et al. Effect of alternate day fasting
combined with aerobic exercise on non-alcoholic fatty
liver disease: A randomized controlled trial. Cell
Metabolism. 2023; 35(1):56-70.

Alex S, Boss A, Heerschap A, Kersten S. Exercise
training improves liver steatosis in mice. Nutrition &
metabolism. 2015; 12(1):1-1.

Malinowski B, Zalewska K, Wesierska A, Sokotowska
MM, Socha M, Liczner G, et al. Intermittent fasting in
cardiovascular disorders—an overview. Nutrients.
2019; 11(3):673.

Asgharpour H, Rezaeeshirazi R. The Effect of four
Weeks of Continuous Aerobic Training and Starvation
on the Expression of Gene Pinkl and Bnibp3 in liver
Tissue, liver Enzymes and lipid profile in Wistar Fatty
Model Rats. Jorjani Biomedicine Journal. 2022;
10(3):15-25.

Kazeminasab F, Shojaei M, Khalafi M. The impact of
exercise training on liver enzymes and liver fat content
in adults with NAFLD: A systematic review and meta-
analysis. lranian Journal of Diabetes and Metabolism.
2023; 22(6) :342-360

Moslehi E, Minasian V, Sadeghi H. The Effect of
Aerobic Exercise on Attenuates of High-Fat Diet-
Induced Nonalcoholic Fatty Liver, Insulin Resistance
and Epicardial Fat Mass in Male Wistar Rat.
Armaghane Danesh. 2020; 25(1) :55-68

Guarino M, Kumar P, Felser A, Terracciano LM,
Guixé-Muntet S, Humar B, et al. Exercise attenuates
the transition from fatty liver to steatohepatitis and
reduces tumor formation in mice. Cancers. 2020;
12(6):1407.

Ruan L and Li F. Endoplasmic reticulum stress
mechanism of exercise training and resveratrol
protection against hepatocyte apoptosis in NAFLD
rats. Journal of Sports Science. 2016; 36: 56—66.

Li J, Sun J, Li E, Zhongyang Z, and Quansheng S.
Effects of exercise and diet adjustment on endoplasmic
reticulum stress mediated hepatocyte apoptosis in rat
model of nonalcoholic fatty liver disease. Chinese
Journal of Sports Medicine. 2017; 36: 36-43.

Spina A, Guidarelli A, Fiorani M, Varone E, Catalani
A, Zito E, et al. Crosstalk between EROlo and
ryanodine receptor in arsenite-dependent mitochondrial
ROS formation. Biochemical Pharmacology. 2022,
198:114973.

Lei Y, Wang S, Ren B, Wang J, Chen J, Lu J, et al.
CHOP favors endoplasmic reticulum stress-induced
apoptosis in hepatocellular carcinoma cells via
inhibition of autophagy. PLoS One. 2017; 12(8):
e0183680.



387 Iranian Journal of Diabetes and Metabolism; Vol. 23, No 6, 2024

The Effect of a Period of Aerobic Training with Different Number of Days Along with
Starvation on The Function of Endoplasmic Reticulum Chaperone Protein in the Liver of
Healthy Wistar Model Rats

Monireh Khalili', Habib Asgharpour!”, Asra Askari?, Jahanbakhsh Asadi’

1. Department of Physical Education and Sport Sciences, Aliabad Katoul Branch, Islamic Azad University, Aliabad
Katoul, Iran

2. Department of Physical Education and Sport Sciences, Gorgan Branch, Islamic Azad University, Gorgan, Iran

3. Metabolic Disorders Research Center, Golestan University of Medical Sciences, Gorgan, Iran

ABSTRACT

Background: The health and proper functioning of the endoplasmic reticulum in the liver can lead to an
increase in the quality of the metabolism of liver cells. Exercise can lead to liver health by regulating liver
enzymes and factors related to apoptosis pathway. Therefore, the aim of the current research is to compare
the performance of the endoplasmic reticulum chaperone protein of the liver of healthy model rats with the
intervention of different training sessions and starvation.

Methods: In this experimental research, 30 Wistar male rats with a weight range of 330 + 25 grams were
selected and divided into six groups: 1) control, 2) starvation, 3) 3 days of training per week, 4) 5 days of
training per week, 5) starvation + 3 training days per week, 6) starvation + 5 training days per week. Training
consisted of one hour of continuous running on a treadmill for 4 weeks, and starvation was performed for 14
hours when the rats were awake. Data analysis was performed using one-way analysis of variance and post
hoc LSD statistical tests in SPSS version 23 software. A significance level of P< 0.05 was considered.
Results: Data analysis showed a significant change in the levels of liver enzymes alanine aminotransferase
(ALT) and aspartate transaminase (AST) (P< 0.05). This change in CHOP gene expression was also
significant (P< 0.05).

Conclusion: Aerobic training for 3 and 5 days with starvation can lead to liver health by reducing liver
enzymes (AST and ALT) and cell death-related factor (CHOP) through the apoptosis pathway.

Keywords: Starvation, Aerobic Exercise, Liver Enzymes, Chaperone Gene Expression, Endoplasmic
Reticulum
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