[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

VAO=Y ¥ (¥ o yLadi) 14 0,590 VA4 Cacdigaas )l — (a5 9,8 .(y) ! ?u:\.“g.nl;‘\.ajual..md.lu

TNF ¢ e...lé S Cuw g0 QMM”&‘ S&w CHOP g PERK@&QQ:S,A O gk
29U 9 (09I (3 w0 Blrio (LS Jli g sy ge
LS s e e e S35, Sl Ao

o AS>

-

Soeian x ks Sl U s ol Culs 5 Bas B Glaiolen Sl 6K 3 Gledes S Sl Slled taedie
Sl Dl sy p2l rash 5l O e asida 1l lald s 555,50 5 syl 5 Seendl sl e
g sl s sl el CBlate Lnls gy L pe ol (SUam s Kool sl 5ok CHOP , PERK

{C) Lo O b IS es 8ol (S A (Son 03 S 8 4y (B3l Jsbas Sl 15 5 ol o (s 5o 7Y a5
(D+MICT) (Csle/ 2a¥V Cao s b 2285 00) v gto Sl b ol s o a3 5 0b3 05 8 (D) e Ok obs J 28 o3 S
LS S s A Dodedy 42in )3 55 0 5 At S o3 A0 BAO s L (DHHIIT) osls o e 5 2Ls o35 3
S 3l edd mls B sakae 3,085 5 S5, 5 SOl s b B e GlaiSs g Ol 53 Dl kS sy Sl
et Sl s 1 (ONE-Way ANOVA) 6 b S lls L 5 a5 sslizal oSl O s sy i sios
s S eslinal bay S

g5 3 U LPS/00) 555 0 S5, Sos ! Il S e a5l con 52 5 abs Gl sl Ol s laaddly
S 2 I 5 s el 33 5 sde Sgnl Sk Soe bde Case LS o5 5 sl (S3ln e
ls g lstae UMA\SJ,JU S s ,SS

Glaipe B Slacawss Jshe S oo cilime Glaodd b ools 5 el Sl el pll &t e 1g 8 aom

el (& ey Dl a5 by S S5S e b gl Js s 5t abs ol e

(359355 Gl (CHOP) ooy (oS ety Jale ((PERK) ol SOL SLS o 58555 Seansdly 5T 1 g tdS” 051

23 5 ol el il

Ol Ol ot 33T o5 (655 10 O 15 Als ¢ s3305 85050508 05,5 =)

Crws NAOOAEVAAY & i oS ¢ Sy 898 (o i (gsaSiEaly Lol Gladalis ccu¥ 5 painoe « SOl gou o)) 545 ¢ ilii
? e Do) o e ¢ 23 e !

hasanmatinhomaee@gmail.com : < 5 i<

VWAR/0Y/0 Y 2 yads ey VW47V /YY sl Caal 93 5 e )5 VWAA/N Y/YO readls ya gy


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

cSaaiidy 9ail (sasats CHOP g PERK (5lg5i5 gy &l jaad 25/ (500 g ilad o \4¢

5 GASE 2 S ble S Olsea ol B35 Sl e
S35 8 sl Joe O 5 36 ) 5 Sl Oleys
sl IS w ol Sl s s [AV] el sl
Gladkay LV Cdd b el el S 5 (51,5 slae o
E T S SN TP (L ST [P O O
S b B O s pslhe e (sl Sy 5338 e
Oles 53 1101 5,8 oo ool ol il gladdias 05y Lo 20
p o 4 O Ol b5 wlsl ¢ o o e s b ks
et s Sl 5T s B B sl (S ks
S Pl oS el 3058 5 b sl (8 el Dl
SAb b s e ey 2ty S b Gl e
Sloas pladlas [W] ol CIB 0L coud Sl 7V
Kazemi L)) e 53 [Vo] Gl axlge ol 2l b oy S
Tl 2Rl sl s il s L (YD) OIS
0> gl glie 5 g 3L 3 W e 55 ST Jele
el Ll e hdS sl el oS L3S S e
B Db s Wl s 555 ke sk el
) OLKea 5 Kanter Llie 53 VY] 555 pleadly o gl
eSS oA b ol L olse b glaslls s (Y011
L ol a5 45 L3S Ol b glaige o8 il s 550 el
5> s 3 ol Sl a5 dablows Sl WS o
5K J ol U] syl als sl ise B dl
Sly ped ol anslis Sl b i 53 (Y4 0) Ol
Oy ige 53 slhensSt ol 5 Sspl o) 2 Silsn
Odd b el by el o Vb s b ks Ol e s S
53 35S il 5 55l 1 LSS 53 Ja sie
) OLea s Lemos Jlie o [VE] Asls b hge (I8 Sl
Ot S sl Olge b s 0 addllee S 5o (Y)Y
Sabs 3l S Oldl 5 galalst ezl b 5 US
pll S Lin S (S bt 50 TNFa e 50 ¢ 5
&TM}&@lMWBJQ:y b g oad b ol el
Lol s b sl e pbie o side I H Sl
Sl 5o W S b Sy ol plasil L5 S Ulge pomen

S i Slallas ey Vo] il il Sobis SlA ol

VRV

Jsa 5 ol o3 Sabe I S 55 s il
D e I R P e B R
San kel Jalo il e s s o SSL sl slad g b5
O sl & Laaglis 5 o sl Cpnli A s 75 ol
O gl 3 Sas 4 aos ol uly (sl o 8
Ssilen 2 53 oslsen Subs a4 Sl o3 [V] e
e (Bopm s G2l e Al JE S s S
S lalge 5l aabs [Y] ol s 5 36 S 5 S e sl
Comge Ly e oS ol Jy,e B Glags ey skt ansli
Slsles sl 4 e S 238 JlEb L Gess S
2 G 5SS 4 Gu o (e SLasli S s
R IS U AP cRR s P IS PYRE
Slad o 3 S5l G s el il [F] il 05
Sl Sy 5l o sl Sl sy b ssd e 3
bi- 53 Sidap RS oS s en Jhe el
IS slecanss oo Ll sl Sl 8L sl e e
A b pd 301 Ole Sibs 5 o AS e e
g5 o s Sl pladsy Ll S ssmal 18] 200
huts (s, 50,55 ad 5 Ssuml 4 Gsyal
e S (SAS s caied 0303 Giles S (S15 [¥] 550 0
Olge Sgual Slasie 31 Olg o 1) DNA OUs ankb axkss
Sy b bolen S (ol 50 st SS Bk LS
0ds3 308 g o gS ST 5 055 (Solew (2 SOL Al L
TNF-o a5 b st S5 SIS S5k [E] 255 0
el (TNFRL) TNF-0i (505,85 LS oS 353 0 5,
L S abg e LUK Jan g Lo 1Sl S Sl
Ll 0] 638 o Ssngl ol 5 ajladS 00 Jlb e
B Glacssley AuT 3 53 lodas 1B 55wl el esls DL
Sl o) se 3 Sausl Dlee amd s AS e Wl Sy pe
2Ol 2L ool 5 Base ol slaslan Olys 53 e
S R e


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

Vay (¥ olac) 14 6,590 ) ¥4 Cadiigasn y - (30 5 958 Ol 43! peusd galie g Cialis dlae

bl (gaal o 55,V Sdews (Lol J S 5 Wl dzs
Sooss b B S I U Sls s Sl sep L
53 e V1m0 S o ko OB S5 e (gl
Ol OLL 53 o an o ad3s 0=V Sl e 5 akds
3 S s sl ssbay s e Sl ey b 33050 w050

S I3 s A e St

<ol W 2y,
Wbl o b (850 Ll 5l asia g5 SIS )
Sasidharan _jlllas o5 S s, G so g5 b Wl sl
(s 140) O 3 (glAe b pme atan g5 (YY) O, K0
Loy Oliime by &S (Shydagn S /YE 5 cpsig s /Y)Y
o 3 1S 4 Olgiol Bl oS K
LS &S,8) sl (P) Slis Osys Gy
O O3 p SAS 53 p S ke YO 555 S 53 (ISl ‘i@r\ﬂ
el VY Sl (PH=/0) [N e 0/) Sl 3 55 0l
J5S 655 @y I s Jesl gledas SO & poay il
Y Dl Bl s Oles 5 (0 ped 050 (ks 5 Wl
by laes S L OLSy NS Lyl b sbml sl Y
Olye STZ 5555 3 G Solw EA S 55,5 STZ (gediS
FaS I sl b5 Olsm 9 s Sl G wised SIS
Yorover Sl VL Ot S8 cBle 5 VY] s S e

LA Bl 359 93 ¢ 5 ibs 7wy (’J§L5L:"

23 S )
Asgari gasdlas 5l a3 5 ol G (k) o ed s
0 gy o gge3l OF 53 &S 35 (YOIA) O Kes 5 Hazaveh
Slr (andmy 5 andler aidan WlSs @) ads s 5,
0> HIT) s sl el gasl p SO s aen A Sode
Goagdome 53 Sllgm b g8 5 ol mal IS 0L

dadign S5 O Sols sy s VA Cela

2 Intraperitoneal injection
3 Streptozotocin
* Sigma-Aldrich

b Sl sl an S ) s Slalllas = 55 (& s
53 S3lsh s DS DI a5 B gaddlle O 5ST
ot ploil Subs 51 B S al 5 B el Solse
Sl s Sdd o shen Ol G 1Ll
b 5l 2L G lad s s (el S e 615

Ll 435 g Sulis 4 M e SlaEge 3

L S
23 s sl b Sl Olalls ¢33 ol G
05,5 & 3l oslizad b oS ol sl 53 05050 oS i
Sl b LB e Dljae plaly b fse 516 A
Clasl psle Slids S e oKl e 3 AKELST
23 BV (S80S 53 3ol Sy 8 Sy p sl o8
ol -l i sl50 olils OB
ose il slp s el (IRJIAUSARLREC.1397.8)
S N Sy 25 ks ol Sl g s TY S
Sy psde o8l ARLLT Sl s 5 2SS
Voo VYO S35 Godsdoee 3 5 ole aww 39 e b 5 S
S s o b ol S sbwl | laten S ag 0 S
Be 53 bgsgesl (Sidmsd Bl i 5 el
Yoy Lo b3 ol anp L b bl gops AT
3 eSS b3 000 s o by ol S sle (gax
ST @ﬂ) aell WYY b= ol ot o 5 o
346 0 B Y Sppon (ae Vi s Vire sl
A 5B L Glas Sy S e S B 8 s s
PLISIT D gty Sl oled o33 ol b 3 L esls 13
CS i Sl edd g Cb) Sl skl glle 5 O o
Gl 4 Lzl e 0 35 Sdeas (Olgaosl O3l
38 S 5 Sl G ety e gliE Ol
“in 53 oS s CsdS 5 e s Sl el O
55 O cell) 6l gat ST s 5 Sl Sl

Sy S 5l b ) Wt god e L5 plowil D oKl

L Ad libitum


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

cSaaiidy 9ail (sasats CHOP g PERK (5lg5i5 gy &l jaad 25/ (500 g ilad o V4A

2l LBl gl add> a s aids Vo B Y e
&.’.J’”J ‘)jje..ncb LS esls )‘15 C’SJ?-J ijf)\j; S
):a,\.;Wé;ﬂ;bwﬁjﬁlgfﬁﬁ)\g,\wsd\fuu;y

A eslanal cQ(JJf)\}s 6..3.9 Cooond

PIE o
)‘f &))ﬂmAjmjéwo ;{‘)“'U@J":{j;
Vo Sdeay ol e sla ge il 5o s 1o, se s g
Ao Lol by dids 5 e Yy Cepw Loy alds s adds
Q\J;)‘f G0 p s VA cela 605‘5.)9:» BL QU}:}
5 e (sl ania) Lsls el Slp dadipa S,

Vo dsder s el o ped gael ey a3y 3 2 Y 5 5,

ol 0 03l QL.:..:

Sy 09030 ¢SS5 sl 3 3 DIV s 8 oS, Sl
A olil b B g e ity (il (ol Sl 4
35 A 5 s akEy g e VL Ok L e S5 sba
Sloy b Oy aids e aw b dolbae o e (LSS 4
st Oy Ol A o355 SUbly S 4 Ol
sl 325k O Sl5 a5 Oiss 55 e ge LUl pde b
e Bl HIT s oy s i S0 S50
Sg 035 sy s s kel 8 035 S sl
o b 4835 0 ey 035 35 5 0 S (Gt 53 Sy o
Sl (V02 doss Tombr ot b)) aids > e Ve
L oslr 58 oot ol a8 LS B 5k s s s
aza ;o) day VY U s aiis G dopn AO-AY ol
oy (8 e Bl Sl s laday & oy S
Jlo s b el pal gladds S slasls wdles
i3> 55 g ) S b OB S8 gy bl slbod s
S 05 S mamen Al les! ol ladlay Ole &S o
sbl gl s O oS L s gaal Mjf.g;:mﬁévjb
s 53 55y 0 s shaes S ple b OLSS S Lyl,s

098 (e yad IS g ) Jgu

e e g

(min) \+ (m/min) \» Jsl 5, Jyl azaa
(min) Yo (m/min)\\ £33 39

(min) Y- (m/min) \Y p o 380

(min) Yo (m/min)\Y r)L@.?;)'j)

(min) Y+ (m/min) V¢ = 0

(min) ¢+ (m/min) V1 Jsl 38, £33 Lan
(min) ¢+ (m/min) \V £33 335

(min) ¢o (m/min) YA p o 350

(min) o+ (m/min) \4 r)l.g.a_- 39

(min) oo (m/min) ¥+ = 08

(min) 1+ (m/min) YY po aan
(min) 7+ (m/min) YY plﬁ- an
(min) 7\« (m/min) Y¢ g 4k
(min) 1+ (m/min) Yo ‘...w aln
(min) 7+ (m/min) Y1 V"M £aa
(min) 7\« (m/min) YV V"“A aoan



https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

Y44 (¥ olac) 14 6,590 ) ¥4 Cadiigasn y - (30 5 958 Ol 43! peusd galie g Cialis dlae

ot £yl (58 05,8 4 ) (ol Baedls &y il
I7e] el

TUNEL s,
(Roche-) kb S 5l ssupl Ol wop &y
Jeddl s las (gl Sy ol eslin] 11684795910
Slaip ol Al Jes 55 o Sa o ba oS
AT Al Sl de s 4l B oL @ sl cal
Vv 55,0k 5o azss V0 Cdeas 5 Ol mew 3Ly DU
Sham Lod 2T oas el 5l a5 . LdE esls 15 Sl
Bl ladigoi 4y b 2815 bskss PBS 5 LagY (55505
[sdoes 5 i asSTl amys TV 5 4ids Vv Oodeey 5 LS
L5 Bs S asse bapY 5 odd azed PBS L Ladlal
s e dsb 5 (OLYMPUS) oy 5o S s S

43S Suny sl 0N (st e sk s st

bl Jlos 9 4 0
— Gy S selS cd L eesls &5 Lassls 6JJT @.?)'\ e
SATL 5Sls baosls o5 w358 ey 5 s B 5 a
EB s S alie (S i cud 5 b S bl

g2l 69,2 MICT s HIT 55,9 o ped t_,a 9 5
pla ulis o sls LS BB s mlS ) 15540
b U8 0 S L alie 53 I 3L 55 ) Syl
g5 55 () JSE) (PRO0B) dos e Jilsil (55 s
21 sl patls v bS5 sl 55 on e
soaos ALl (P<0.05) wsls fals J s e)ﬁ L oanclis

O I8 s e sl Soos baalie 55 sl
S MICT 5 HHT &350 (pps t}: 9 Sl
gl Subs S b Ol Rl g S sl ls
sba S 05 8 b alis 3 B b g 1 551 S

KW gl S
Gk 2T 5 e ol $A (s e i eleS
VEBAY Sl 5 (e ped 3l IR 03 e Sl ) (5205
5 Qemgkgh) cpelS Blis s g5 Lokt cele
paasia b s 353 03 Ghay 4 (Vo mEkgh) ol
Ll @lp e aslsl s A s g 0350518
Gl > ;550 Gbolsn 5l Fp e Ol
Sl danl s eslanal @M O s s Sl s S
Loo AL 31 Cdl e S35 do)n V0 Ll sen a8
(L&) S 58 55, oS Ll ol (LK &5 ,5)
(W) "oyl o b i o Bl s aslin
3505 doys Vo dd s LBy e LS (5 Se 3l
"(SDS) Sl g o333 o 5l ol o ST (sotiS
S8 s S (Biorad) 5 sh s xSl oK L
L oo pdds L sl sy sSsn sladl
Sy 3L Sl eslizad 1 day Lt Jime LS (PVDF)
Sk ol sllis gy 3l J e sl e sl
e b o3lizal o3 ¥ (658 a5l (oS
B2) sC ¥ uao s gadsl sl o Lol
Yoo o) &3, L MLKL( 293201, TNFa (4E1) sc 130349
et Ok Dler S ey bl eslind (3 dsb 03)
0 sl Se sl L L adds 0 s L e
iy Ao sasb o3l ST e s Y g Ao
S A S 3 cele K Cdews HRP L 48558
SIS aw Sy gon 5L pl (L S Lo (g pina
slads soma (5L, KT ¢l S (BioRade ECL) «.S
(..L:.é oo e o blis s S eslaal el ICSAREON
Sple sl Ll andls 5 w38 I 1Sl
Gda 5 sladil gandly 5 el & »Se310 Image J

Ll s s el oSkl J s Sasyd bie o

! Bradford
2 Sodium dodecyl sulfate
% polyvinylidene fluoride


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

cSaaiidy 9ail (sasats CHOP g PERK (5lg5i5 gy &l jaad 25/ (500 g ilad o Yoo

S o g s Eoas s sl b e U s S = e (Y JSK8) (PRO.05) das o il 331 (5l s
-(V&Q)é‘ﬁ&mwwgtmjﬂjﬁ uffﬁ&jwuij)jhﬁd;laoméjww
i Control-Negtive C D D+MICT D+HIT

5.00—

4.00—
3.00—
%* %%k
2.00—
0.00— -

D+HIT

apoptotic index (fold of control)
0
0
1

D+MICT

dalllas 3 ) g0 Blido (5La0 9,8 5 5 5 99T (Silse Al -\ Jsub
Liea Syl Soe olrs glade godias 0L g il slacand BB e, bedd (gieel SOy Bl 8L la by slai-
Image j ,ile 5 b BU nslas godd oS palie (@ (5,3 O
Cubs oS Lawslis 55 (P>0.001)5 (P>0.001) J 28 o5 5 L aslis 5,5 (P>0.001) N=A 65,5 8 55 sluws

i < 4
] D D+MICT _D+HIT
- > 3 e
p-PERK 125kDa 3 2
— £ =
2 2 200
G 3.00- ]
— c £
PERK 125kDa 3 3
— 23 23 1.50-
8 E200- BE
$3 €3
CHOP| 30kDa x g 100
f — b 3
g 1.00~ 3
_ = g 0.50-
B-Actin 42kDa u o
0 X
o o
0.00— 0.00-
D+MICT  D+HIIT D+MICT  D+HIT

dallias 5y g0 Blids slao g S 4o TNFa, PERK, CHOP (uSilis deaslis -Y Jsib
J~5+ g.,ul;} a};LMLLaJQ (P>O OOl) (JJ,.S+ g.,.vl.s} a)_/,SLsd.«.vLu): (P>0001) sk J,:Sa)jfl{wlia):#


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

Yo (¥ olac) 14 6,590 ) ¥4 Cadiigasn y - (30 5 958 Ol 43! peusd galie g Cialis dlae

S Cope A ke 55 Dok sl (Sl
oo b o sl S5l A Dl s sl
Sl gl Clow ol ol Lsd e by Sk
el ol pon (Bl (503 1S 25 L 55 S5 b Sl sk
gors TNFoo g b im0 SIS 1550
S o3 ol TNF-at (TNFRL) (g0 8 LK) 45 555
o L S o0 ab g e LUK bu g Lo ;S 0l
ol o o] WS e smal W LslulS oas Jle
A S el Ol g, il gl i e lie anlllas
LS ool g b gte SUS L el (S31sa oy el g5 5
35 el 2ous b Lyl it Kol S e s
Sy ol Shis bbb men Sl sl 2505

ls (g lsbme 56 s sus SO
Coros a3 Olllas 55 5l o) s Sl e S
s Mohammadi bl es 53 MW VY] ol ol os
s il a8 als Ol gladlae s (Yo A) O, Kan
S Ol denS 5 1 o 218 5 51| 2T (slage 5T
e D s e iy 25 Sl Jlise &S
el 5 abs 51 S0 sl (2le 5l S e s
ITY] ol ool ol 51 56 sdisbml L
@3; SV S s raed &S Sl ok osls OLE ioman
355 e BB e e A s (0S|
SIS 2als 5 PERK wibe s plis glagss
550 Ganls 2l Sl ¥ = 5Ll 5l Jled
Sl (T OLes 5 Sus aly een s [YY]
ol sl O S8 (say el ama i &S LS
53 PERK « CHOP <. 5 PERK _:als 5 Bcl-2
Goizs glaanl 2ok 51 [VA] 55 e ol s Gla s
SSssnl S n el SAS p5 s a0l UL L
I s Al S ol G S s sl Gt
sal sty 3 Slides 53 plie @S pimes o
Sea HIT o555 80 cla S asle dr o [YECYO] o
g5 Rl S e B Js S pade LS by

o Cda b aslie ;3 Vo2 max Sl Bl L g ed Sl

S aomt 5 Loy

3 N ped A S s ol Jagn 5l Gda
S B slad e 5o s S Sl 2 s
LS ol DL bt g rmgfassnsful boedd 2o
O35 0558 03 0 S ha T0 555 b o 55505 2l Gy
Sk S g5 s a5 edd W pg cubs O
DS LS 3 A e A8l G155 S8 5 S
Sy o s sl 5 b Cad L eglhs (g5lse
Do 3l e el as b Ll als Ll S
2o oo b remes (ol bugte S L el
obs s alir iy solban b s SO e
ol odd oy 500 A8 Sldlas 53 w95 50 2l law s
S Olsea 35m el AT 555 sl 51 ss 50 ol =l
e Gl $3ledled Lo g5 350 gy o> slac] S|
Gladshe S o 5 ot ol Olas SLalS cdled 5 yu
PRI T SIS NP I ST
S ol odls Ol V] ol sdd arlis cubs 5l Lab
OBl el Suls (oleny Blaze luenST el 2158
Sy b tals 5 558 b gl S Ol
Gladshe ot g0l S amd 53 5 ol JlS]
Wlos S 2ol5S Dlids ez e s S nl 6L
odle ool il s B sladshe 5yl s e S
Sl el T 6By ST (la el 5
S5l s Sl JB s Sl ol gadllas 55 [£0Y ]
anslin 531y b glay S 5s sl Gl S s eslizl
(S0 55 4t d xS ey St

Aol S e 5 8 0 g8 Culs 52 S A e JRia
Sldlls L3 bl opl & 8l e S Gasl 5 55,50)
b el 50 e Y] sl els Ol S S
St e b S el (S5 slaaeds 4 b
Loogdn pad Golimger 13 Gl Jbe LUl
0553 Sl plas Jobo ol slaly s ol 35

2 ST G 5 0550 poste GOAS sie o ey Jbe


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

cSaaiidy 9ail (sasats CHOP g PERK (5lg5i5 gy &l jaad 25/ (500 g ilad o Y-V

J‘}‘)J@ﬁdijijM‘@ﬁtjww\
<=L>.u'\ aaly ol s i olaass Spd oo slgiy b

) el

S ol i hloas (HlKen 5 Saslos
el 5 S sl Rl lasl pile Dl
Sy g B LS s ol ebsl Cxge 45 (o0l B
why 655 gweboll Jolb- ol ass 8 s
S S T RPN A S PSSP RT ST DY

Sl SRl Lol S Bue i sanes L MICT
Bl 55 s sl GGl ol s s i
L ogladlas s (YeVY) OL,Kaa 5 Teixeira de Lemos
S I A e
s e s b 505 Sl ed oS L5 S (g S e
e p St ST el s xiy ool
Gois bl b mls ool 8 Wls i U Ll
Sl o sl Lol

03 b Dl ) (Dl e g8 4 Ol e D plie JiYs
et 5 g ped Olay e (oo 5 (g5 Dby a3 Julis
V0] 5.5 o il by jod ol

oo WS S A el Ol ol e @L:L sl
3ls eobstine U 5050 She p Y oad b sls
Cillas 55 75 b B3 6oy AS Dl i L oS
OLea 5 Gomez-Merino Lyl ea 55 [Y1] 550
G el baia Vo Bdews Sl Sladlas s (YrrV)
Vo s by by el plil 45 dis 8 0l Yo il sls
Ao B pmes 5 i o 3L el Cel
LTV] 550 IL8 5 IL-6 TNF-0 oo Ll gla axls
S dony oo i ks bl Slllae A 2l 4 g L
2 el 5 ol bl Sl (Ses Gl el
gl Jb ol boasl TNFa 4 by Ol s
S s Slagaly 5l SLdd (ol el (b (S sl
A col b e ds b 5 Jlgme 5 el

o TNF-0 Sl i S 55l 48 sy oo 5 copl o sdle
S OF Slis 5l 558 s sls slacp o3
=l a4 cplply Conl bugie Sl b (g5l Dl el
sl slacy s Wile AS sl lagy W5 8L
b M e s Ol 53 e b e S5k
B 5 Fie ST pbe Gl e (551 S bl 5 550
S 5 el 3 Gesb cal 5l s o0 J | TNFa ol
Cowsay ml 4 ar s blpd e Bl Sie S sl Gl
slacds Lol Ol ed gl wndlas ol S5l ol
goarms Ldl ol bl 8t Smpl S il


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

Y-y (¥ olac) 14 6,590 ) ¥4 Cadiigasn y - (30 5 958 Ol 43! peusd galie g Cialis dlae

1. King H, Aubert RE, Herman WH. Global burden of
diabetes, 1995-2025: prevalence, numerical
estimates, and projections. Diabetes care 1998;
21(9):1414-31.

2. lltis I, Kober F, Dalmasso C, Cozzone PJ, Bernard
M. Noninvasive Characterization of Myocardial
Blood Flow in Diabetic, Hypertensive, and
Diabetic—Hypertensive Rats Using Spin-Labeling
MRI. Microcirculation 2005; 12(8):607-14.

3. Rubler S, Dlugash J, Yuceoglu YZ, Kumral T,
Branwood AW, Grishman A. New type of
cardiomyopathy ~ associated with diabetic
glomerulosclerosis. The American Journal of
Cardiology 1972; 30(6):595-602.

4. Guleria RS, Choudhary R, Tanaka T, Baker KM,
Pan J. Retinoic acid receptor-mediated signaling
protects cardiomyocytes from hyperglycemia
induced apoptosis: Role of the renin-angiotensin
system. Journal of Cellular Physiology. 2011;
226(5):1292-307.

5. Wang H, Sun L, Su L, Rizo J, Liu L, Wang L-F, et
al. Mixed lineage kinase domain-like protein MLKL
causes necrotic membrane disruption upon
phosphorylation by RIP3. Molecular Cell 2014;
54(1):133-46.

6. Gill C, Mestril R, Samali A. Losing heart: the role of
apoptosis in heart disease—a novel therapeutic
target? The FASEB Journal 2002; 16(2):135-46.

7. Riddell M, Iscoe K. Physical activity, sport, and
pediatric diabetes. Pediatric Diabetes 2006; 7(1):60-
70.

8. Health UDo, Services H. Physical activity
guidelines advisory committee final report.
Washington, DC: Department of Health and Human
Services; 2008.

9. Nabilpour M, Mayhew J. Effect of peripheral heart
action on body composition and blood pressure in
women with high blood pressure. International
Journal of Sport Studies for Health 2018; 1(2).

10.Colberg SR, Sigal RJ, Yardley JE, Riddell MC,
Dunstan DW, Dempsey PC, et al. Physical
activity/exercise and diabetes: a position statement
of the American Diabetes Association. Diabetes
Care 2016; 39(11):2065-79.

11.Wislgff U, Helgerud J, Kemi OJ, Ellingsen @.
Intensity-controlled treadmill running in rats: V o 2
max and cardiac hypertrophy. American Journal of
Physiology-Heart and Circulatory Physiology 2001;
280(3):H1301-H10.

12.Kazemi A, Eslami R, Karimgasemi L. The effect of
high-intensity interval training on tumor necrosis
factor-alpha levels in visceral and subcutaneous
adipose tissue and insulin resistance in male rats.
2017.

13.Kanter M, Aksu F, Takir M, Kostek O, Kanter B,
Oymagil A. Effects of low intensity exercise against
apoptosis and oxidative stress in Streptozotocin-

AEA

induced diabetic rat heart. Experimental and
Clinical Endocrinology & Diabetes 2017,
125(09):583-91.

14.Lu K, Wang L, Wang C, Yang Y, Hu D, Ding R.
Effects of high-intensity interval versus continuous
moderate -intensity aerobic exercise on apoptosis,
oxidative stress and metabolism of the infarcted
myocardium in a rat model. Molecular Medicine
Reports 2015; 12(2):2374-82.

15. Teixeira de Lemos E, Pinto R, Oliveira J, Garrido P,
Sereno J, Mascarenhas-Melo F, et al. Differential
effects of acute (extenuating) and chronic (training)
exercise on inflammation and oxidative stress status
in an animal model of type 2 diabetes mellitus.
Mediators of inflammation 2011; 2011.

16.Sasidharan SR, Joseph JA, Anandakumar S,
Venkatesan V, Madhavan A, Nair C, et al. An
experimental approach for selecting appropriate
rodent diets for research studies on metabolic
disorders. BioMed research international 2013;
2013.

17.Asgari Hazaveh D, Riyahi MS, Babaei S. Effect of
Eight Weeks High Intensity Interval Training and
Medium Intensity Interval Training and Aloe vera
Intake on Serum Vaspin and Insulin Resistance in
Diabetic Male Rats. J Arak Uni Med Sci 2018;
20(11): 67-75

18.Fiordaliso F, Li B, Latini R, Sonnenblick EH,
Anversa P, Leri A, et al. Myocyte death in
streptozotocin-induced diabetes in rats is angiotensin
Il-dependent.  Laboratory investigation 2000;
80(4):513.

19.Wencker D, Chandra M, Nguyen K, Miao W,
Garantziotis S, Factor SM, et al. A mechanistic role
for cardiac myocyte apoptosis in heart failure. The
Journal  of  clinical investigation  2003;
111(10):1497-504.

20.Cao JY, Wang H. Role of Fas-FasL in insulitis in
nonobese diabetic mouse. Chinese Medical Journal
2004; 117(4):615-7.

21.Aboutaleb N, Shamsaei N, Khaksari M, Erfani S,
Rajabi H, Nikbakht F. Pre-ischemic exercise reduces
apoptosis in hippocampal CA3 cells after cerebral
ischemia by modulation of the Bax/Bcl-2 proteins
ratio and prevention of caspase-3 activation. The
Journal of Physiological Sciences 2015; 65(5):435-
43.

22.Mohammadi M, Salehi |, Farajnia S. Effect of
swimming exercise on oxidative stress in
hippocampus of diabetic male rats. Medical Journal
of Tabriz University of Medical Sciences 2008;
30(2): 111-118.

23.Derouich M, Boutayeb A. The effect of physical
exercise on the dynamics of glucose and insulin.
Journal of biomechanics 2002; 35(7):911-7.

24.Lee S, Tjenna A, Rognmo @, Stglen T, Bye A,
Haram P. Aerobic interval training versus


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

25.

26.

217.

cSaaiidy 9ail (sasats CHOP g PERK (5lg5i5 gy &l jaad 25/ (500 g ilad o

continuous moderate exercise as a treatment for the
metabolic syndrome. Circulation 2008; 118(4):346-
54.

Ramos JS, Dalleck LC, Tjonna AE, Beetham KS,
Coombes JS. The impact of high-intensity interval
training versus moderate-intensity  continuous
training on vascular function: a systematic review
and meta-analysis. Sports medicine 2015; 45(5):679-
92.

Little JP, Gillen JB, Percival M, Safdar A,
Tarnopolsky MA, Punthakee Z, et al. Low-volume
high-intensity interval training reduces
hyperglycemia and increases muscle mitochondrial
capacity in patients with type 2 diabetes. J Appl
Physiol (1985) 2011; 111(6):1554-60.
Gomez-Merino D, Drogou C, Guezennec C,
Chennaoui M. Effects of chronic exercise on
cytokine production in white adipose tissue and
skeletal muscle of rats. Cytokine 2007; 40(1):23-9.

28.Rodahl K, Astrand P-o, Dahl HA, Stromme SB.

Textbook of work physiology: physiological bases of
exercise: Human Kinetics; 2003.

Y-f


https://ijdld.tums.ac.ir/article-1-5949-en.html

[ Downloaded from ijdid.tums.ac.ir on 2025-04-19 ]

Iranian Journal of Diabetes and Metabolism; Vol. 19, No 4, 2020 E 19

CHANGES OF PERK AND CHOP PROTEINS IN ENDOPLASMIC RETICULUM OF
CARDIAC MYOCYTES AND TNF IN DIABETIC WISTAR RATS FOLLOWING
CONTINUOUS AND INTERVAL EXERCISE
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ABSTRACT

Background: Physical activity plays a major role in the prevention of cardiovascular disease and diabetes,
but the effect of intense activity on endoplasmic reticulum proteins and apoptosis and necroptosis in diabetic
conditions is unclear. The aim of the present study was to investigate the changes of PERK and CHOP
proteins in endoplasmic reticulum of cardiac myocytes of diabetic Wistar rats following continuous and
interval exercise.

Methods: For this purpose, 32 male white wistar were purchased and were randomly divided into 4 groups
of hemogenus 8 rats in each group: Healthy control (C), Diabetic control (D), Diabetic with moderate-
intensity continuous training intensity at the 55min on 26 m/min speed (D+MICT) and Diabetic with high-
intensity interval training intensity at the 85-90% of maximum speed (D+HIIT); 5 days/week for 8 weeks.
For evaluate changes in the expression of the proteins associated with apoptosis and necroptotic death in the
diabetic heart muscle myocardium, based on Western blot analysis will be used. Also, the one-way analysis
of variance (ANOVA) is used to determine differences between the study groups.

Results: The results showed that induction of type 2 diabetes increased apoptotic and necroptosis cell death
(P>0.05). Therefore, both continuous and intermittent aerobic exercise modulate apoptotic cell death. And
both intermittent and continuous exercise had a significant effect on cell necroptosis death.

Conclusion: It seems that different levels of aerobic exercise have different effects on cardiac myocytes cell
death in diabetic rats. But more research is needed to confirm the death of diabetic necroptics.

Keywords: Pancreas Endoplasmic Reticulum Kinase, CHOP, Apoptosis, Necroptosis, Diabetes, Continuous
And Interval Exercise
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