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Abstract

Background. Endoplasmic reticulum stress contributes to the development of
cardiovascular diseases. In contrast, regular physical exercise has been considered a
powerful tool to prevent and control cardiovascular diseases. Ischemic preconditioning
has a protective effect against myocardial injury; however, its effects remain unclear when
combined with exercise training. The present study aimed to investigate the effect of
aerobic training and remote ischemic preconditioning on myocardial BIP and elF2a gene
expression in male rats with myocardial infarction.

Methods. In this experimental research, a total of 25 male Wistar rats were randomly
divided into five groups: control, infarction, infarction ischemia, infarction aerobic
training, and infarction ischemia + training. Myocardial infarction was induced by
injection of Isoproterenol (100 mg/kg.day) for two consecutive days. Remote ischemic
preconditioning was conducted by tightening a tourniquet around the upper thighs and
included three 5-minute cycles of ischemia, followed by 5 minutes of reperfusion. The
aerobic training was performed 5 sessions per week for 8 weeks. BIP and elF2a gene
expression was measured by RT-PCR method. Data were analyzed using one-way
ANOVA test.

Results. BIP and elF20 gene expression significantly increased in the infarction group
compared to the control group (P<0.01). There was a significant decrease in BIP and
elF2a gene expression in ischemia, aerobic training, and ischemiattraining groups
compared to the infarction group (P<0.01).

Conclusion. Tt seems that remote ischemic preconditioning and aerobic exercise reduce
cardiac BIP and elF2a gene expression in mice with myocardial infarction; however,
aerobic exercise combined with remote ischemic preconditioning is more effective.
Practical Implications. The use of remote ischemic preconditioning combined with
aerobic exercise may exert a cardioprotective effect against cardiac injuries by mitigating
endoplasmic reticulum stress in the heart.

How to cite this article: Ghorbanipor A, Farzaneh Hesari A, Farzanegi P, Jafari A. The effect of remote ischemic
preconditioning and aerobic exercise on myocardial BIP and eIF2a gene expression in male rats with myocardial
infarction. Med J Tabriz Uni Med Sciences. 2025;47(4):363-374. doi: 10.34172/mj.025.34061. Persian.

Extended Abstract

Background

The endoplasmic reticulum (ER) is a cellular
regulates
facilitates protein folding, and synthesizes lipids.

organelle that

Oxidative stress and ischemia disrupt calcium
homeostasis, leading to the accumulation of misfolded
and unfolded proteins, which in turn induces

calcium homeostasis,
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endoplasmic reticulum stress. It has been revealed that
ER stress is a primary cause of cardiovascular
diseases. However, 3 signaling pathways implicated in
cell apoptosis are activated by myocardial infarction-
induced high ER stress. Aerobic exercise training
enhances exercise capacity and heart function and
prevents cardiac remodeling; therefore, it is an
effective adjuvant therapy for the prevention and
treatment of a variety of cardiovascular disorders.
Aerobic exercise training has a variety of positive
effects on the heart, including oxidative stress
reduction, mitochondrial dysfunction, and calcium
imbalance. Moreover, ischemic preconditioning (IPC)
is a ftreatment strategy that has consistently
demonstrated a reduction in the extent of acute
myocardial infarction in animal models. IPC entails a
transient phase of sublethal local tissue ischemia that
provides protection against subsequent lethal
ischemia; however, its effects remain unclear when
combined with exercise training. The present study
aimed to investigate the effect of aerobic training and
IPC on myocardial BIP and elF2a gene expression in
rats with myocardial infarction.

Methods

In this experimental study with a rigorous multi-
group post-test design, 25 male Wistar rats (age: 8
weeks; weight: 225+1 g) were randomly divided into
5 groups: control, infarction, infarction ischemia,
infarction aerobic training, and infarction ischemia +
training. To establish the experimental model of
myocardial infarction, isoproterenol dissolved in
normal saline was administered by subcutaneous
injection at a dose of 100 mg/kg. The injections were
performed for two consecutive days with a 24-hour
interval between doses. The occurrence of myocardial
infarction was confirmed by comparing the level of
troponin and the activity of circulating creatine kinase
and cardiac lactate dehydrogenase enzymes in blood
samples taken from the medial canthus of the eye in
both healthy and myocardial infarction groups. IPC
was conducted by tightening a tourniquet around the
upper hind limb and releasing it for three cycles. Each
cycle comprises 5-minute ischemia and 5-minute
reperfusion. Aerobic exercise commenced 20 minutes
after the final ischemia cycle. The blood flow of the

hind limb was completely blocked and confirmed by
the disappearance of the pulse, hypothermia, and
cyanosis of the limb. The aerobic exercise protocol
was implemented 5 days per week for 8 weeks,
including treadmill running. In weeks 1 and 2, the rats
ran at 10 m/min for 15 minutes. In weeks 3 and 4, the
speed was increased to 15 m/min for 20 minutes. In
weeks 5 and 6, the exercise included running at 20
m/min for 25 minutes, and in weeks 7 and 8, the
animals ran at 25 m/min for 30 minutes. The treadmill
incline remained constant at 5% throughout the entire
training period. Then, the animals were anesthetized
48 hours after the last exercise session, and heart
tissues were removed. BIP and elF2a gene expression
was measured by the RT-PCR method. Data were
analyzed using one-way ANOVA and Tukey's post
hoc tests. The level of statistical significance was set
at P<0.05.

Results

The results of the one-way analysis of variance
(ANOVA) indicated that there was a significant
difference in the myocardial BIP gene expression
among the research groups (F=99.71, P=0.0001). The
results showed that myocardial infarction resulted in a
significant increase in myocardial BIP gene
expression compared to the control group (P=0.0001).
The results of the Tukey's post hoc test indicated that
there was a significant decrease in the expression of
the BIP gene in the infarction ischemia (P=0.001),
infarction training (P=0.001), and infarction
ischemia+training groups (P=0.001) compared to the
infarction group. The ischemiattraining group
showed a significant decrease in BIP gene expression
compared the infarction ischemia group (P=0.002)
and the infarction training group (P=0.003).
Additionally, there was no significant difference
between the infarction ischemia and infarction
training groups (P=0.991).

Considering elF20 gene, there was a significant
difference among the research groups (F=53.97,
P=0.0001). The results indicated that the infarction
group showed a significant increase in myocardial
elF2a gene expression compared to the control group
(P=0.0001). Additionally, infarction ischemia
(P=0.0009), infarction training (P=0.0094), and
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infarction ischemiattraining groups (P=0.0001)
showed a significant decrease in elF20 gene
expression compared to infarction group. In ischemia
+ training group, elF2a gene expression was lower
compared to the infarction ischemia group (P=0.0004)
and infarction training group (P=0.0014). There was
no significant difference between the infarction
ischemia group and the infarction training group
(P=0.822).

Conclusion

It appears that the induction of myocardial
infarction was associated with cardiac endoplasmic
reticulum stress in Wistar rats, as evidenced by an

increase in the expression of BIP and elF2a genes. Our
findings suggest that remote ischemic preconditioning
may increase the efficacy of aerobic exercise in
reducing endoplasmic reticulum stress markers in
cardiac tissue following myocardial infarction. The
beneficial effect of remote ischemic preconditioning
appears to be independent of the volume of muscle
mass involved. These results represent a potential step
towards controlling and mitigating cardiac damage in
myocardial  infarction.  Nevertheless,  further
investigation is needed to better understand the
mechanisms underlying myocardial infarction-
induced ER stress.

| Med J Tabriz Uni Med Sciences. 2025;47(5)



i Xt pale oSl Kibjy o . ylSam 5 15238
doi: 10.34172/mj.025.34045
A https://mj.tbzmed.ac.ir

She sBgige 8 cir2a g BIP (45l 1 G3led (x5 9 390 SaeSun! (g5l oy s 5l
B8 LeSIl Jao

"sinz Logllae LTS5 58 agya e

issle> D38 el

sy dable

Ul)‘“ ‘LS)LA» ‘ua)l.w‘ J|)T olKils ‘LS)L“” J.>|9 ‘Lg‘:‘)j)B 6)9“9’)*9 09; ‘LS):‘SQ wa !
bl «soles «oSluol ST ol8atils gyl 3215 ¢ 15559 (S35)50548 09,5 "

oS>

05 (Blie 33 S50 eSlie Bgye-ld lagylon whyinn 33 ewwdlT dSui usinl o)
i 9o 485 5 43 (B se- B sl lan S g 6pSitey 53 liiesl S Jsieds s
oabio (3565 olhyands o i1 ol o b oy 8 ool Jolio 5> ibiblove 1 K oSl (gileo
9 BIP (55 ol 3 395 SaSun Gilubrdiping 9 Glon el Sl Gy ol dsllhao 5l Suo s
ISTY 3)159550 L)"S“SJ‘-“J‘ JAA)J u—’l)"“’ L;Lmdﬁgo J8 elF20

95583l ugiSylasl el 109,50 4 (B3l g0 3 elymmo (hge YO w2 aslllae il 33 1 s
G035 b 3o LugiSlal . Bad ands eSunltoned egiSlal (gilen (el el (eSul
@S98 o b 193 SwaSunl il i sl Jlgie 395 63 33 (Vo mekg.day) Jsisg gl
LY Cdleio s k)b? 4850 g UASMAJI 6]4.5:@3 0 499 dw LJ.C\L«:\ 9 b Plz)l Ubge Ltho‘) 65”’ 4
Real-time PCR (yg, b elF20 ¢ BIP (45 oly o plodl didn 33 3oy 0 g dide A wie 4 (sjlon yed
i oolaiwl ooy L,L\.l}J 6‘)9 49)19&) le))‘g s)l.oT uv9)y )‘ AJA;G)EO)L\J]

33 (Pofo)) cuils @llas 095 as s LugiSilal 09,8 33 (g lolimo yiul3él elF2a g BIP (f ¢l -loisl
0esSilél 0g)S & s g lagime pielS elF2a o BIP gly aSuehtised 9 el (oaSunl sloog)S
(P<ofo)) cails

9 BIP o ol (ilS 4 yzio silon 303 9 393 SweSul Gjluobyding duyse s 4 gufta
silebrinin ohead Gloa guad Jlo il b gdise 3l ugSilal b glagise 8 elF2a
sl yiyige SxaSuml

S puyinnl 39 b sl oS (5lom (303 b 593 SoSuunl (gilwbydisinn 5l ool slas slotol
sl @ls (8 sl w55 Gl il 8 awdlgnT

dlio wlebl

o dislw
VE£/¥N T sedlys
VMY ol 2ol
VEEINYY c iy

shas il

ojlgads

SaaSugl gl iy ©
SBoemld gylow @

Silom el 0
ouwdpgal s o

doddo

Unfolded ) 63y5255 (slogyiign gl b ab osuznn SidliSw
Gaw b lawl 3o UPR .aiS 0 Jleé |y (Protein Response: UPR
@z 33 Lol iS50 Jae owdhosiT aSuis jluwgtose b3k
Slgioe Gawdpenl dSuds pupwl oog wad b Vb
S Jled |y signel slose
<5 (GRP78) (ygills olS YA (339 35915 b oxibands (yiia
SsiileyS g b (BiP) rlorsBoisanl 40 Juaiio (590 b 4y
39 (§y9%0 L (39450 Lk 35 (HSPAS) O Sgills glS Ve

wslee Glol wde laieds izan 3Ssse pusiSll

2sho oz b 53 o 5159 segSye 5 Sl ilow
- 50l ol g 53gyS by Sl slawsl 51 b Baos g ol
S5alonb el glasoln sl 3500 4 o Blaie (33085
lanS| gl ol 3 ool odimn om0 osiSylal
@ 2o olg 3 45 sede gl ol w5 Ll
S T35 50 il gllacl (gilusl g G sladsle She
oz @ gl 33 S cal Gl Gale Soliil S (panwdlgaT

af hessari@gmail.com : Leadl ¢ Jogueo o3iuns™

(http://creativecommons.org/licenses/by/4.0) CC BY 4.0 3uolS gixsyS jome wexs 3 S pole olisls bawgs ST usginns b dlliio el ol Lgimo falgo gl b g
il 0 0003 gl g olial o 525 @0 ol 31 @ S sl lore S35 i soliinl G5sa o Slio G S s i


https://doi.org/10.34172/mj.025.34045
https://mj.tbzmed.ac.ir/
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0009-0007-4852-7070
https://orcid.org/0000-0003-3477-8286
https://orcid.org/0000-0003-2182-3068
https://orcid.org/0000-0003-2987-8266

hlSom 5 59130y

0oeSal @ Mo glagise 5o Gskw jensl o awdhgxT
69 oved Jolis @widn 1 wao 4 ilew oaped b 3o
b Gyl ohlSen g Gl aslllae 55 J35)ls

SaaSunl Gilodopditn sy ol gladle
o5l iloyd dyly S (ylgicds (Ischemic Preconditioning: IP)
€8S 58 losnlid 42gi 390 Bgye-lE lagilew sl
9 oSl glisio 9 0ligS glooygs Jlael Jolid (g ol -oamsl
el b el SO 3 (ssds) e wluz Sazme G h8y G
GBase yius glam 33 Gbdlxe Wiyl il 4 yzxio &S canl ol
eS8l o3l orise SuaSunl giludoriing "oede
sl > |y 8 dlae ool GralS Glaws gladse 3 1y 35000
i 5 03908 wbiblne C8loio eSunl yiGYsh glaoygs
ogdle "amaie Jalis |y o 3oadrarl eSunl ol 51 b 30,55
(remote Ischemic 43 oly 3| SaSunl (gl dorbdyin «palp
oligS sloygd oyl (o 45wl (glossasPreconditioning: RIP)
czgo wdl b ol SO @ saslos] g3sadny 9 oSuel
313 31338 13395 (glabiold 33 45" B e yiww b ol S 3l dablone
iladloxe @il 390 T ojsadipaSunl slacuml w53
orae spunillo Jolis 493 oly 5l SuaSnl (g3lo oy yion
ST S oS 6l o) Jheage (oS liusg )
(Flas slopasls pley) Swetuwws g (Lagel igial
lanJsbus S350 (55 sl RIP Jlos! bioly el 35 oo
ciblono 35510 ugiSEsl b aSus 3l AL cauol o 3o 1y 18
ol 3l ou ose JUliguil 3iSlac d9:r oyizman Mnles
Mo hlams 33 633955 oz oxd Gilidl o 0isdry=eSuul
UlsS SaaSunl siludbriiie Jlael oo 03 8 ol @
oS w3l W5 e g JguSo dbiely cymom 53 Tocceal o
hlows 3o JWbigsl 35Sloc doup 4 y=io RIPlocl 59y cusen
00,5 b

Sap gyl gloo |y S5 blo)l pel wlellae
ol Lailooly s 8 ¢y 5eada seSunl ol 5 owdlg T
S il LinlS b Jams o wmdge olds laaisly
el alS Jauily (loys slaySaly gy 3l awdlgaT
BB b sblse wlgie o awals |y 8 (e aSu]
olayl @ Boye-iild lagilan 4 Mine Glhilow ly 2e
oed 88 pogas 13 paslite slaunliS (b ol b ol
P31 3929 owedlag T aSuds uyiasl (slogaslis p 539
wian Y 5l o GRPT8 (uilgyy arbaw 53 yusd pac wlellae
350 B 6 o 53 Cilen,S yliS | reglie 5 (slem eyl

S 35 gonz S olgiew BiP 3yls UPR pulais o g9y
Lo 53 TaSse Jagws |y e Suel ewdlgal
955y Saouodlg il ol S aw 4 BIP «Sliuwgiogn
5 (ATF6) | ungigy eadled 4giS18 «(PERK) ulySily LS
Jraio auwdlg T aSuis yuyiaol (IREl ) Jsigigial 3eils el
BiP «auwdyg T dSud (il 3| u 23S 0 oz |y il g ooy
b @ o 9 390 Jerie 039500 slacriion @ buays
SilbiSaw 5 b Jlod ojle] g 00 oS ol 5l o st
O SUPR (salS slanyano 51 (S0 "m0 |y T codinaly
PERK yiumo .l PERK yuno 394050 3T BiP (yawb la 3l
b (EIF20) ¥ 590,592 € 9 5938 @ alg s ey Jle 5
OB dazS IS yebody o0 alyghud elF20 .35 5o dlyygand
2 30 elS Gawdg T aSud 3 g sk el gl |y
mRNA wle (ol sl MRNA dosyi (a8liie ygbdy o5 Jl>
350 iwliél |y (ATF4) ¥ oauS 28 uwgigy 1935 16 sauSas
ek |y 0l 8 63Be3l g3l 55 s sl ol sel
RN
3553 30 |y Gawdlag T aSds oyivol (S dazio wiallas
b @l Veb uyiwl 33 Sldishe diwsy 3Ss0 GugiS)lal
cobsS JyuS piusw 53 J2 b et aT aSub aads
Pamde pialidl |y ol ediniin leenian ole «aben
slodisS pohw ailgy o Siloys GlaylSaly Lol g ol 3l
Sy gyl 5l 06 el g 0ol ials |y piasT Jle
oy gz S lge 3B5r0 LugiSail 3l uy |y sewdgail
caenl §l ol olul céuin 5l 6Ssle 5 8 5Slee
So Ulsiedy B seS lse ol 33 sl JI5y95 alsus
sloglen sbi GiolS g 6K 15 Y80 Gag)lone sl
~aslllae 5| Jols gt b @ilhao .l oadb ailiss B9y~ il
4 ol dudz) bt dud> €Y Jols (gilom (apad 0995 S0 vl
Sl 51 G (4885 A wae @ 5T duls g 488y Ve e
3sSlas 301 ) s (lmo Glagbse 33 Sose pusiSlal
B aS sl s 500 anllhae mau3)S oie (b 18 55 8
b bugio wais b ol gagd Jolis silom paped diim -
1y 355 el s B w8l s Slall glaySilis (alS
o oamlie ¢l 3 ogde Y.3yld Seatumn (poio ilgll JyusS
Gob l wisn € w0 4 buwgio @b b gjlen (el o el
b Gloem sladse 3o gloylors (s ialS's il pludl e
il lSose usilal 5l pu e ol 3Slas J3sl
St oyl GRS AaS 50 Sgaze |y S wslhel ITiL

| 0 olas €Y 0393 i Kb pole olSails (K alxo



blSem 5 5500y

2 20355 G35 el YE alold b Jlgio 55 55 b iz
oSl £ 68 g wilellho b @lho g okl aellho Sy
S 33) Jblossy g 5l psr xS @ses Gub 3l 350
oo 2ok duplio 5 (WS w8y dalllae 33 oS g2rye 03)S
(LDH) 3lg5805 wliSY o (CK) kS 03l (ol (105
S50, «3yl55s0 Syl Slall 5] L aiam S M sl
S i ST SaoSunl giludoydinin 9 E5xe pused
o slopige WBinleil b b )55l slasén 93 093
bl Juo33 59y wellad b diden Sy e 4 Giyad gloog)S
48,85 0 o 4 (3390 dud> 0 Jolis 3lwbisT 0393 (ol sy
Léletio 09 3oy sa0 i g 4855y yio VoA e b
AR 5D foy iy B cadit w30 & (glon ped JSSon
@ S e g wad 3 el (S Nee (psaie JedsS 59
b 488310 093 g Jsl slovdiam 1300) oabis a3 g0
ey b dido Ve oz 9 pow slodian 14885 3 yie 1 ey
b 4883 YO (ot 9 iy slodian 4885 y yio 10 e
b 4885 Ve o g pidns sloodian g a8 p yie Y cepw
0205 0395 Job ol 35 Jred53 nds 48 1 yio YO ey
48,83 0 Joliv uped duds yo o diald & coll auoys 0
39y 4883 3 yie 0 ey b ()9S Sy 885 0 9 135S
@) Sl S o Jolis SeaSunl (g3l doydi sty
614885 0 039 s Slowl g wllgum oy b & (ko A (30
Y- legamo) 39 (33180 (61485 0 039 s b gt oS!
S eolaiwl b GoSunl 0y95 (b 95 pbye Sl (aa8>
sopbue g pluil glod palS cpas laas s Gl gloailas
b ol S S 3 sl b (e e sinso 3 gy
eh8 Jlus s dobol) Guy pudlings oy 595 2 4685
29u0liuS] o9l @ s (B b go ool ahw

2 ool dSud Guyial glagasls ‘Guals b o "l
)le..c EETTEY-N-) Llesls ul.w; |) 6)‘9‘“ Oy )‘| o uls v&b
Oials8l 8 (Bg i bl 4> 45 GRPT8 g ATF6 (glonyio
o (IS oo slaae 33 GBing e 2 33 ibise
9 &85 slopuille wid)S g slaytmg sy péysle el
33 euwdygl dSub oyiswl p alizeo @MSlae sl ofiae
b ol oais aislis JolS yobody joim 3)Sg00 (wgiSylisl diel
Gilwdbriig §l Gab 8 Gldlxe il (i8S 4k 5
il gy Slgie ol 33 SnaSnl (lsdordsing Jloc!
35 e |y 8559 (a3 4 B b awdho T aSus
0F ok 2 190 SeaSunl g3ludoriipin slrends lon (a3
U.us.af)l.n.ﬂ JAA)J Lrsl)M LSLQ’U“’B“’ s sl 3o elF20 g BIP

ESIY) 3)[59,;./::

S gy
slodesligiws b @lhas 45 35 (23 g9 3l yole asllao
‘4 9 umlfu.wLo)T \_)U}o )‘ o3 latiwl 9 LA—\QI).O 6')'? U].A uwy
00 yw YO . ol IRIAU.SARLREC.1403.299 gV a5
23S VoYY (g o iam A-)e e b liang 315 5 el
ohed Sgiigiuns (Bl wlige 61485 5 Gy 35y
wsb) gjbfu.ulw YyY+Y 6[.0_)) [XW) d),ufc.)bm 9 ol l:)\)w)b
AT N33, bg OV 50y g s JSuw SO duoyd 0-30
AERIEV s)b.e.f} UQK.M.ULO)T JaJl),w)b )Lu 3390 uT 9 .))L\l\tiw‘
s g 82 Lz @l 0g)S lgiey (Balal wygod (hge s
095 ¥ 35 dolial wygiots 3590 LwgiSylal Jao sloul 5l asy
b8 giled yaitaSunl o oSl (gilem (yyad o JyuS

0955 33 o el 553 ol "0 byl (LwsS) gl
3 ot 4885 Ve SaaSenl gilodbyiiing (el FoeSasl
0 abyz ool S wyse gl 4 e Jlasl el dudz o
Jlosl 39 walled o3 5l Gy 4883 €0 aSul glaads
Slodsyz ol b 485 3 50 (y5ead 4883 0 T 3l pme g
colled o5 GligS @ wiads JST 4o dw (iadiyeSuel
30055 3T oSl 0395 T pladl 5l e 488 Y- (53l
o eyl bl 33 (el dude T 5l G el €A
(V- mg/kg) (bS5l a5y (Blao 1gyd Guid b apbge Lk
5 ol 33 i e T3 oga (O mgke) opdlls o
Sy gy 92 o30S b blgu o b dlowl diswn dud o

31 Sa s 4 ll 45 35 @90 ool 4 3l dolad o9 i8S
JSW RV Wobap| 8o .bJ\),w .).>|9 LEI‘QL)“S‘
Gl g 0 g wline 1el5 4SS S5 (595 shge o 4 bgyye
693 38 4d5lao sloeg)S 5l So 52 b (izen 2858 ol
olsl 33 .28y8 )8 g3 alS 3 g ab g apline 3545 S,
of @ dbgyye 35 g3 (JalS 3l 0g)S ausl S deyd 3l g 3
)‘l o cs)f)ro O JAASJ g0 3D 03ls e bs)f
G 3d 2yl 09 Gl il o 4 baye pusl (S as8 b
V+) Jsisiong il ase LegiSildl yzs Jse slml jokiie
enge @ (lls Jlog 33 Jslxe (s 01j9 @58k 2 @S ke

0 oyladd £V 0395 inp (i pole oliils Kty o |

{Commented [MP1]: 258 s ikl




oblSen 5 550ls8

ulAAAJ lo.JLw 59;4_) Cond ‘) J)lssfyo L)»s,\s)lml 09;)J ulSp@l)
(P=ofo0Y) 3l

osliinl 350 glaseslyy g3 ) Jguz

gy O oz ) Ve Oege 5 byaly s
(e
GAPDH-f AGGTCGGTGTGAACGGATTTG
GAPDH-r TGTAGACCATGTAGTTGAGGTCA
r-BIP-F CTGAAGGGGAGCGTCTGATTG
BIPR TTGCCCACCTCCGATATCAAC
r-elF20-F ATGGGGAACAAACACTGCACT
r-elF20-R ATAGAATGCTGCGTTGCGAGG

§and slmog)S 13 3 (oo slagbse wlasie ¥ Jgaz

(@) 496 0js (@) 4l vy (wiae) g 09,5
YFF/s\V/V YYV/FY+A/F A-Ve el
Yo¥/s)o/¥ Yos/Vi)o/¥ A-Ve ol @S
YYEN/Y W/va/0 AV RN
YA YN YeAA=A/Y AV oS
YIY/vsa/Y A% A-Ve e yy05

log)S (8 sl walled Y Joazr

(gD) oxspeys S ouhS  sbigsned oSy 09,5

(U/L) (UL)
ofYO:xo/) YEENLF/F YV ¥ £\Y/F dyis
of AAo/ VY YAV VA YOVARO/Y o8 e
P=o/oVA P=o/oos P=o/oYF

oosiSylil 09,5l duplio 13 ols litd 5 e oeil b
285 3 (Pofo021) 53l5 (32305 d(P=fo0s1) el <3320
BIP by yloine (idlS @ yoio (P=ofoso)) oSuml +jloa
uglio 33 oSkt yyed 09,5 33 BIP o5 ol i 8 by
UilS” (P=ofoocY) (gilgd (apad g (P=ofoceY) LaSuul
glad 328 (55l (el 9 aSumnl (sloog)S Gy el 5 ldgime
) S (P=0/29Y) aits sxmlino (gyl0 im0

3520 GugiSilasl 09,5 35 b elF2a )3 e L8l b
o5 (5903T gubis (P=ofe00)) 3ls i @l 09,5 45 anuss Iy
oSl 500 GugSlasl 09,8 b dunlio y3 Sl s 35
caSu] +silom (12303 g (P=o/o0qF) (glo (rpya3 (P=o/o00%)
2 B el elF20 ol Jlgiee LialS 4 ymie (P=ofseo))
oSl b duplio 33 GaSunltoad 093 33 elF2a o5 ole
il gyld gm0 LidlS (P=o/00)F) lgn (1230l g (P=o/o0o¥)
sanlio im0 wglds ilom (el 9 eSul sl 09,5 oy
Y JS) (P=o/AYY) st

@il 30 g zhaxiwl by yige cdd wad awaS Cdb 3l lagdime
Real- yig 3l elF20 g BIP (45 by Gioxus gz )8 )8 gilo
&ly 83 g0 RNA 2yl Tl i oslétiuwl TimePCR
09553l oo (5lod 33 48310 o 4 agig S yglio ol
-0l a0 ¥ (glod g VWooo RPM 43 4d 85 VO wido &y Ly §
4 g o la> RNA (gol> a9y Slass 316 .0auis joaayyiske oS
i 8Ll Joibo ool T @0 g w35 Jaie (5500 095955
yokie 4 . aws wgSil -Yo slod 13 8BS Vo e A L
¥ slod g VWoooRPM 3 4,83 Yo o ¢ ladigad (RNA Liguy
oM S o 3l e Bad eyl olS ke sy
4 RNase 3| gyle b DEPC T yidg o Vo Jl Yo lado «oguwy
3l am g Jo o 39 RNA gy b oads a8l GgrigySae so
Sl RT S0 443 gz .2 plodl cDNA jiw dloyo opl
<l g Oligo dT yoolyy RTeopl (RT 8L Jolis cDNA b
3 Al glopze 3 G g oad bglxe JS0aS5 b DEPC
GloosioSie Wi gyss grdohe oY glacgss S
b JSologeys oKiws 33 RNA diges g RT mix ggl> oadd oalol
4885 Fo 1azyd YO (glod 35 485 Yo o (gly Dry block heater
45505 A b3S doyd AD (5lod 33 4i8 0 g dzyd FY slod 4o
6319655 4oy Yo slod 33 salaiuwl (4o 5 oawd o3LeT cDNA (gl
05 9 LSy 5 @ baye CT slacl inleil bk 3l w2
b drle (093 32 s ol 2T Ja008 b digel 1 g0
ol gl 15 ) S 10 55,1 53 L sSoglal oles
2595 09 omb bl doosly Jul= g anias gly oo
oo 4 aldl 33 035 iy Shiggumlis gesT b mesls
useil 9 by (uibyls Julos gail 3l laglds
3 49yS 3155 33 /40 5 )l3gimo s b ooldiwl (S5 s

odidly
¥ Ugaz 5> @i slmeg)S s lapise awegs wledbl
2955 i 8 gleapT callad soliie ¥ ooz 3950 03mline
3 a8l s bt e plis |y 8w gl o JyuS
lSY Gl S 8 gloel clled lbng il @35 55
©ldime s3bay 8 @S slmog)S 3> risiny 9 ey
39 35S 0,53 it
P=ofo0a)) BIP 5 oy o ols ol yolo asllhe aubs
69,5 oy wd8 sl (F=0Y/AY P=./+++)) elF2a ¢ (F=99/Y)
BIP (5 by oil3dl zals .oyl gyldsime wolas calize glo

| 0 oslas €Y 0393 jpd Kb pole olSCaily (Kisjy alxo



oblSen 5 55008

(fold of control change) BIP &5 ol

D e

et eS|

aallae loog,S 13 BIP (45 s b slemo Blyzsl g uSolae -V S
(S 09,5 4 et sloline wlyuss € foL.u 095 4 cad Jlolimo wilyuss ¥

P</10 gfolise s e +oaSul 09,5 b lagine eaglas 14

(fold of control change) elF2a o3 ol

e

Rt S

agllae loog,S 3o elF20 (o s (ol slme Bl g (uSileo - S
S 095 4 o ylalimo wlyuei 1€l 09,5 @ s loline wilyuss ¥

P</0 gylsline phu  cyped FaSanl 0,5 b oo wolis : #

ASiis (5)”.: Cwolws ..\3‘&3)5 ufu)l)f .\)lfw U»B,\S)Laﬂ
GJ)QA: inub 3 Ay ‘m| GLDWT 4 UA.w}L;gABT
33313 padS 00 Jolas bras g ATP ¢ diwly gloalyé @ o
Slgo 3l g e (ouSonm sl Gloloe ySase (uaiSilail o
Sads Sliwgen eS| Jled slawsS gosd 5 sike
W)Jb LSL""U-G-’S)J LA.XJL)I D30 g ob)fd.'i'za bwﬂgg&‘r
oA ] vlé)) 94)‘.!4.«;5‘ uu)unl uiu])9| q..)iyi:uo 03)9'>l5
S uyienl b el Sre o)Sge puesilasl
sl 5l 55 (gromo B g 03,5 it |y GawdhguT

O
oSl gl oS amdse ol ol hmsg el
elF2a g BIP sla(yj olo ybliee Linliél 4 ymio 3y 3yS500
(Jlio 33 1008 el 35 09,5 b aunlio 43 w8 =l 4o
iz g0 4 42 593 SeaSul (il 9 Silom (a3
slogals ol ole el cege SoaSo b Sy 3 4z g
0055 33 ol olise oS s GowdheaT aSud Guyiul
wlallae b b ol 30 503 (glwog )33l st oSl erasal
G200 s Gawdlg T aSs pasian] GLali8] oS ! gusam (adiny

0 ojlods €Y 0393 inpd Kb pgle oLl Ky dlno |



hlSom 5 59130y

0osSil 5l g B Sexed o el slagl b Sl
o Vgh  ewdigl S Loyl 3yl 3)5ue
a5 |y ol g 03,5 Jled |y NLRP3 g NF-kB (slovpog jlodas!
5 Gilom oyl bawgd oais Wl (G3og3l ( daly NS0
b lhsresiylS 4 e glasbge 13 NLRP3 (g3l led
sleuasls gilsn guyes oS ol glis GhlSes o gl g
b glagige 8 55 |y NLRP3 wolled o (inlidl |y 3léssl
@il g5 mle 55 |y 53eil (i ol Gl 45 B30 lalS
2 ogMe a5 o unll I8 NLRP3 (5339 oped ladlae
MISA e))b j| 6)'9-“’ u‘.u)m a5 ol o osly OLJA ‘Q,gl
bS] St Gl eold Giulidl b o PPARY @ dinylg
So b glagise 3 | Gewdhoul dSud Guyiul
JWs 4 S a0 (s wlellhs ¢l zuls (ulply sy 50
S ool 8bialidl lopasls ol «ding wlines
SidliSawn i Jled Sl sel ol bise (0l Gewdlg il
2980 4 (339 wliused b Sl (sl 03395005 (pig s Gy
@95 JoSIso glapuslSo (Jlo ol b sl ok @illas o
iy (sl 32 3i03led anstlog 5T ASud aytaol 31 ey 550
.wl
Silwbsbin 8 30 Gl (izmen yol> dallbo gbs
Sloige (8 @8l 4o |y elF20g BIP sloyy s (yly 190 SeaSuu!
s cbidlos wlyil ol LilS 3550 LeeSsl 4 i
)49l o (SewdlS) adgl Gloj 5 55 35 eSunl g3lwoslel
Moz @l bosle adgl 56 a8l @l (gpsb
iSe Jee Jol elanl el F il g el basiye oyt
waSedly el wile) hugy dlge Jlasl 5 ol 5
3L el loodiysS 4 (GaigioudS o b e s g ol
9 Sobw glie 3 ATP & (olus pualy G JBS gad
Sy @b Sl pediiuse wygo 4 Joe ool 39450 530S gise
o8l Buyb 3 puliiwant g 4 b Jeko ey Gl
el 3z (6055 518.0,,8 o g0 (NO) 3puST Sy 3l
S 4 38 doge gl sleul gl 9 WTe iy 2585 3l s
sl il delal wlgie joy iz e 4y g sl wpaz (g
395518 ) B LS sl 45516 cullad b Ylais! 6 0l
Sl 3uwST S 0ol o a1 8T s 5 (Guagis)
22) enel 16 slaJoSlse @ubiis (izan g (INOS) Ll
Sy 4 gy 33 25 loeune 9450 dawly (ol Syo
Slsgyen 1SS b il 5 aiwe wlite lite eSuyl
Gilwbsipi S lealsy i gaamie wlellae Mayls

550 Goyiuwl 45 ol 0o (55 .25 s Ll (8 5ySloc
Tl e i 8 ooyl 9wz oy 3Slee JMis
Sl led a5 slgo |y eNOS culled ylojen g Jleé INLRP3
e A-jb.wlf G)l.wdl_vs 9 [ERCET 2o NLRP3 log)lollw‘
9 IL-1B slojluosiog 99> g5 ¢ oS 3900 el g 3U39 2
b et g 9 03,8 Joas T &b o Jled sloeys 4 BIL-18
TS e Mas

» Gy wbped b Guy 4 gdasmie wlellke
oo ol pielS hlSen g Lo ol Giegh glbaidlh
LSLQU“’S" 3o 6)|9m el dian /\)l o \)ATF4 9 PERKUJQ
S 2idbys hlSam g 50,8 inyliS B bk 4 Mine
GRPT8 glocnion ol Gl b glom (myed wide (yid
Sais oyl 31 il jgogl GielS 4 e (CHOPg
a.bm 30 S pae U')K.A.Cb 9 ﬁ,S‘bLJLQ.c 39 ARV UmuﬁleAJT
00 0593 Ko 3l pw |y @le glagise I8 GRPTS (g
ohlSem g Ghelowl uizean Psi5505 (158 ioglée g il
ok 4293 b8 yobas Gioldiwl (yiyes dide A 45 wisls las
pllo Jbiung slapise (2> (42 dhae 1 |y IREla gPERK
uwl) m‘yuc wlellho U’l aJL\J 3 uslm el 0al> QMJI)9|
Ged sdSSon iegh sladises 5 sz Glelse
b Gy 390 Bam il g laagel laShy wosliie
Hen g Ghelowl aellho gloidgel (Jlio lgicas
4 Yire glagise (hlSen g S asllbo ;5 9 @l slagyige
39y Bl

Sais Gyl 1 a3 358 Jleso] glapanslSe 5 S
33y aulauuST Guyicol g 0335 cagis Iy oS 5T £6s ol
L_;l!hfuyT Q.wl)9| ul)&am 9 9 umlS s usb
d8 > 1y VB g sBgewns S Tpgw pls GlawS T sT
s alply 808 5l (glon aed e glagstise
O 33 .l L ROS 32 5l Livw dudgi 33 (55355510 3,Sloc
6)Lua\j u,&.mlfg ‘5)&59.»& Q)S.Los Rpven) Ul)KASD 9 Lo xLu.ul)
Gilor a3 3l o |y lagise 350 33 (lyiSeieDNA
coodw Soup 45 W0 i laaidl ol MwayS u)lS
ossinl LalS 4 sl (Sae gilom gapad 3l (i gyuSgise
blsyl GowdgaiT aSws oyl .08 SaS s glas]

| 0 oylouis € 0395 i (Kb pegle olSils Xijy almo



blSem 5 5500y

ozl gl gl by 0339200 (39 b izl il yob
S ol olts hlSes 5 Syl agllae S Jled il
ol b bdse glapton oly SeeSunl iludoriyin
SlSwl dlae 43 |y GRP78g ATF6 dlos 3« soundygail aSud
e 8l 5y 3 asllae ol azyST ol Gralidl lobse
SsaSunl Giladoypin < w30 olis Lol wg Siate
oiel gly 1y GRP78 wile ikdle glapgple cuwl pSae
OfosdnmeSanl ol Job 33 aundo il dSuds il
"amd Gilidl daxe

Obey @ gise wol> asllhe glacpigazme dlex
e3sSkac M ool 45 355 o)Ll laelsl 13 oSl it
ooliiul i Al Giwgy joilus g (a8 aad Les LielS s
sl ©olomsas bbby (BlSgigw wile 5585 slaghs,
e el 2 0gde L3950 duogs (et e dlawdl 31 el
oosiSl glal 5l am o Ji8 G 9ySlee lapasles gxSelul
Sloutas b ol (ogiSilal ol sl pac (uizom 9 35000
63w 3l -39 Glmgy ol lacadgame 5503 3l (losibgiune
2 P80 Sjelond slapme JolS 3 gy ooy B 303
&l prass S ugiSlal 33 Jolw slacuwl Sials
5 3 g0 blast b s Gladl sbadiges @ yol> aslla
] a5 lallao siesls

e S @ el Glegh sbadh @ g b
bl oyl aSus eyl lapasle Lals s |y gjlse
31 43Ty ol g 3lSme agiSslasl gl 5 b 5
el ials b SweSunl jlodoybuin il
Wire ohlens 35 8 ol GialSs JyiS gz gl gy
gol> walts wezg ol b ogd 8 3 el @
3 b anndlagaiT aSuid uyiesl 33Ty 33 Juzd (glanylg sl
ol 55 riien glagpiaghy plal giline )Soi0 (gl
w‘ cj9>

Sloyad

ol el (53539 (siolo5:8 (6553 dlny 3 2 yxiano dlldo
oo 31 g sl fSam asllae oyl ghol Sy 5 45 Sl
e giliSulus ole 5 lislw gl @l bl < gixe

@l oal8 55Slac o 5 weiSal o3kl LEals b SeoSal
0l LyialS wisej el 5o aSse Jleel L8y ilible
9 S GlS o Jbgmes wlSY ahu (el
Jleel Jlos 4 Sgivgsl 8 slaJolw slass (ialS umen
slopasls Gl Mad (il SeeSuol giludbrboie
b b slogise B 43 el 5l oab @bl s
hlSan 3 LS| el 15 195 SeaSuunl (il
45.\.».» U.u),s.w| ‘J_:.\s.: @,aS& GLQMISA ARV U»)l)f (Y-Y¢)
JolS s9bay sore SaaSuunl sildorisinn bawss (awdog T
Somedl Grals (sl glopusSo 5 (S wloais assbin
a)l).i)l UI)KAQ 9 &Jsfw' UAM)ng_MT S uu)wo| )| u““‘l’
Eub 31y Geawdhul aSuds uyinsl @ dinl Ssiol oS 23,5
oaly Lol SaeSiuwl ghodoyi yin b JAKI/STAT3 yumo
le.méhwlg 019.'&4; PI3K/Akt @L&ww 9 KWWY \S.)).\_u
OSoo 45 st 2 sho SaeSinl giludordio @l pgo
il disly (i 35 seuwdg T dSuis (uyiwl Jaed 33 el
Gilwdorbing 8 GliSlre il & wiblys oS 9 s
3 Y] Jds @ el Sy 2 slasbse 5> SaaSu!
4SS oyl inli8l 4 yzie 45 ¢ PIBK/AKtENOS SidbS
PI3K/Akt yiuio .)A)fuo A5 (3ghs 50 olgdl 9 W}lﬁs.\ﬁ
5l iS50 oSy |y CHOP (yly 45 (GSK-3B (53,5 dlyyéud b
ol S e (55ale awndlg T aSius asianl 51 b sgie
PI3K/Akt/eNOS SadliSaws g5l Jled 45 aas 0 olis loaidly
0Seo (ESS) y egdle SpeSunl giludoydiie bwgs
sl syl 6ly |y GawdpgdT dSuds Guyianl (glassue sl
Syt o wadse ol salss S s Jske
Saolipd @aiss gab 31 ROS w55 (1ol & ymio SpaSayl
@ 20 izen SpeSunl (gilogbsdying Sedee 61 Sgie
oemma 35 a5 dgdize b GlaSIEl glopapl wogss
ol B s Maede  pkelS Iy aslST oyl
3Slac 03,5 cddblxe guilawS| i Jledyé yly 13 GRP78
S 5ol a6 il 5 e3gab Lai |y 03,050 (i frly
Siledrdiin bwg Gilgl sl (X Jlei! puslSe
Gl 1y 63803 oSyl (g5lw oy i 4S5 Slosls s el
wlellao =g (‘_J.)Lcw 3 M.Al\fuo ] ddzo U)yS)J-uoSwul
@ cwl (Sao SaaSunl g3l i 45 WS 5o Sl

0 oyladd EY 095 jppd (K pole oliils Kaspy alo |



hlSom 5 59130y

S| wlasNo
2EnleiT wblgus b S 8gs wlyyio (bl y pol> delllhe
ST olBasly (et pole eaSasly @l &iaeS 3> s b g

-3 l=d] IRIAU.SARLREC.1403.299 dwliss b (5 )lue

gl s
ol sl b @l 5 Jblaie gdlie 45 3uS o ,lghl lelgo
3yl dlse

References

1. Mensah GA, Fuster V, Murray CJL, Roth GA; Global
Burden of Cardiovascular Diseases and Risks
Collaborators. Global Burden of Cardiovascular
Diseases and Risks, 1990-2022. J Am Coll Cardiol.
2023;82(25):2350-473. doi: 10.1016/j.jacc.2023.11.007

2. Heusch G. Myocardial ischaemia-reperfusion injury
and cardioprotection in perspective. Nat Rev Cardiol.
2020;17(12):773-89. doi: 10.1038/541569-020-0403-y.

3. Hetz C, Zhang K, Kaufman RJ. Mechanisms, regulation
and functions of the unfolded protein response. Nature
reviews Molecular cell biology. 2020;21(8):421-38. doi:
10.1038/s41580-020-0250-z.

4. Chuang AW, Kepp O, Kroemer G, Bezu L. Endoplasmic
reticulum stress in the cellular release of damage-
associated molecular patterns. International Review of
Cell and Molecular Biology. 2020;350:1-28. doi:
10.1016/bs.ircmb.2019.11.006.

5. Zhang G, Wang X, Gillette TG, Deng Y, Wang ZV.
Unfolded protein response as a therapeutic target in
cardiovascular disease. Current topics in medicinal
chemistry. 2019;19(21):1902-17. doi:
10.2174/1568026619666190521093049.

6. ShiJ,BeiY, Kong X, Liu X, Lei Z, Xu T, et al. miR-17-
3p contributes to exercise-induced cardiac growth and
protects against myocardial ischemia-reperfusion
injury. Theranostics. 2017;7(3):664. doi:
10.7150/thno.15162.

7. Frodermann V, Rohde D, Courties G, Severe N, Schloss
M]J, Amatullah H, et al. Exercise reduces inflammatory
cell production and cardiovascular inflammation via

9l el
a5 odld zlhiwl wwYlie gomime 1ygubyd dable
Olng «gildnonl 9 531 b sgilam @iy puel tpmeining
lovodls Jaloi 5 yias g (gilamoal 1 Silis8 (g t e o
Iy wYlie cotsS uyy g Igize uyy g 2B graee Loylae

dudls sage y

S gl
35 o glie

o3y gy3du pyiws
BB Joguwo sdimngs il Joize cunlgsyd wiygio 33 lmodls

instruction of hematopoietic progenitor cells. Nature
medicine. 2019;25(11):1761-71. doi: 10.1038/s41591-
019-0633-x.

8. Xu M, Jiang H, Xiao J. Exercise protects sympathetic
stress-induced myocardial fibrosis by regulating
cytokines. Journal of Cardiovascular Translational
Research. 2020;13(4):570-1. doi: 10.1007/s12265-019-
09933-x.

9. CaiM, XuZ, BoW, WuFE, Qi W, Tian Z. Up-regulation
of Thioredoxin 1 by aerobic exercise training attenuates
endoplasmic reticulum stress and cardiomyocyte
apoptosis following myocardial infarction. Sports
Medicine and Health Science. 2020;2(3):132-40. doi:
10.1016/j.smhs.2020.07.001

10.OBrien L, Jacobs 1. Methodological variations
contributing to heterogenous ergogenic responses to
ischemic preconditioning. Frontiers in physiology.
2021;12:656980. doi: 10.3389/fphys.2021.656980

11. Thijssen DH, Maxwell J, Green DJ, Cable NT, Jones H.
Repeated  ischaemic preconditioning: a novel
therapeutic intervention and potential underlying
mechanisms. Exp Physiol. 2016;101(6):677-92. doi:
10.1113/EP085566.

12.Lang JA, Kim J. Remote ischaemic preconditioning -
translating cardiovascular benefits to humans. J Physiol.
2022;600(13):3053-67. doi: 10.1113/JP282568.

13. Jones H, Nyakayiru J, Bailey TG, Green DJ, Cable NT,
Sprung VS, et al. Impact of eight weeks of repeated
ischaemic preconditioning on brachial artery and
cutaneous microcirculatory function in healthy males.

| 0oyl €Y 0395 fopd (Ktiy ogle ol Ky dho


https://ethics.research.ac.ir/form/heztrxsn640nfoy2.pdf
https://doi.org/10.1016/j.jacc.2023.11.007
https://doi.org/10.1038/s41569-020-0403-y
https://doi.org/10.1038/s41580-020-0250-z
https://doi.org/10.1038/s41580-020-0250-z
https://doi.org/10.1016/bs.ircmb.2019.11.006
https://doi.org/10.1016/bs.ircmb.2019.11.006
https://doi.org/10.2174/1568026619666190521093049
https://doi.org/10.2174/1568026619666190521093049
https://doi.org/10.7150/thno.15162
https://doi.org/10.7150/thno.15162
https://doi.org/10.1038/s41591-019-0633-x
https://doi.org/10.1038/s41591-019-0633-x
https://doi.org/10.1007/s12265-019-09933-x
https://doi.org/10.1007/s12265-019-09933-x
https://doi.org/10.1016/j.smhs.2020.07.001
https://doi.org/10.1016/j.smhs.2020.07.001
https://doi.org/10.3389/fphys.2021.656980
https://doi.org/10.1113/EP085566
https://doi.org/10.1113/JP282568

blSem 5 5500y

Eur J Prev Cardiol. 2015;22(8):1083-7. doi:
10.1177/2047487314547657.

14. Maxwell JD, Carter HH, Hellsten Y, Miller GD, Sprung
VS, Cuthbertson DJ, et al. Seven-day remote ischaemic
preconditioning improves endothelial function in
patients with type 2 diabetes mellitus: a randomised
pilot study. Eur J Endocrinol. 2019;181(6):659-69. doi:
10.1530/EJE-19-0378.

15.Kim K, Ahn N, Jung S. Comparison of endoplasmic
reticulum stress and mitochondrial biogenesis responses
after 12 weeks of treadmill running and ladder climbing
exercises in the cardiac muscle of middle-aged obese
rats. Braz J Med Biol Res. 2018;51(10):¢7508. doi:
10.1590/1414-431X20187508.

16. Esmaeili Z, Zehsaz F, Nourazar A. The effect of two
months of combined exercise training on IREla and
PERK gene expression in the vastus lateralis muscle of
male Wistar rats. Metabolism and Exercise.
2022;12(1):127-40. doi: 10.22124/jme.2023.23967.262

17.Ma M, Chen W, Hua Y, Jia H, Song Y, Wang Y. Aerobic
exercise ameliorates cardiac hypertrophy by regulating
mitochondrial quality control and endoplasmic
reticulum stress through M2AChR. Journal of Cellular
Physiology. 2021;236(9):6581-96. doi:
10.1002/jcp.30342.

18. Pouzesh Jadidi G, Seifi-Skishahr F, Bolboli L, Azali
Alamdari K, Pourrahim Ghouroghch A. Effect of high
intensity  interval training and curcumin
supplementation on left ventricular of miR-133 and
miR-1 gene expression in isoproterenol-induced
myocardial infarction rat model. Journal of Practical
Studies of Biosciences in Sport. 2023;11(25):8-20.doi:
10.22077/jpsbs.2021.4337.1638

19. Tofighi A, Ebrahimi Kalan A, Jamali Qarakhanlou B.
The effect of resveratrol supplementation and aerobic
training on cardiac tissue alteration of rats with acute
myocardial infarction. Iranian Journal of Physiology
and Pharmacology. 2017;1(4):221-11.

20. Zatparvar M, Farzaneh Hesari A, Farzanegi P. Effects of
intermittent cycles of ischemia with resistance and
endurance training on Murf-1 and Atrogin-1 gene
expression and fiber diameter of gastrocnemius muscle
in diabetic rats. Journal of Sport and Exercise
Physiology, 2024;17(2):830-94. doi:
10.48308/joeppa.2024.235584.1250

. Zolfeghari M, Nemati Gh, Fattahi A. The Effect of Eight
Weeks of High Intensity Interval Training on Ubiquitin-
Proteasome System in Fast Twitch Muscle of Post
Myocardial Infarction Rats. Sport Physiology. Winter

2

[y

2020;11(44):89-106. (In
10.22089/spj.2019.7825.1955

22.Chen X, Guo X, Ge Q, Zhao Y, Mu H, Zhang J. ER
stress activates the NLRP3 inflaimmasome: a novel
mechanism of atherosclerosis. Oxidative medicine and
cellular  longevity. 2019;2019(1):3462530.  doi:
10.1155/2019/3462530.

23. Wen RM, Lyu HY, Chang B, Yi XJ. [Role of NLRP3
inflammasome in diabetes mellitus and exercise
intervention]. Sheng Li Xue Bao. 2023;75(6):788-98.

24.Sun Y, Ding S. NLRP3 Inflammasome in Diabetic
Cardiomyopathy and Exercise Intervention. Int J Mol
Sci. 2021;22(24):13228. doi: 10.3390/ijms222413228.

25. Cheang WS, Wong WT, Zhao L, Xu J, Wang L, Lau
CW), et al. PPARS Is Required for Exercise to Attenuate
Endoplasmic  Reticulum Stress and Endothelial
Dysfunction  in  Diabetic =~ Mice.  Diabetes.
2017;66(2):519-28. doi: 10.2337/db15-1657.

26. Liu M, Wang Y, Zhu Q, Zhao J, Wang Y, Shang M, et al.
Protective effects of circulating microvesicles derived
from ischemic preconditioning on myocardial
ischemia/reperfusion injury in rats by inhibiting
endoplasmic reticulum stress. Apoptosis. 2018;23(7-
8):436-48. doi: 10.1007/s10495-018-1469-4.

27. Akbarnia F, Farzaneh Hesari A, Hashemvarzi A,
Farsavian A. The effect of endurance training and
remote ischemic preconditioning on myocardial Beclin-
1 gene expression in diabetic rats. Daneshvar Medicine.
2025;32(5):34-43. doi:
10.22070/daneshmed.2024.19695.1554

28.Kong E, Li Y, Geng X, Wang J, He Y, Feng X. Ischemic
preconditioning  attenuates endoplasmic reticulum
stress-dependent apoptosis of hepatocytes by regulating
autophagy in hepatic ischemia-reperfusion injury.
International Immunopharmacology. 2023;122:110637.
doi: 10.1016/j.intimp.2023.110637.

29.Wen C, Xue FS, Wang YH, Jin JH, Liao X.
Hypercholesterolemia attenuates cardioprotection of
ischemic preconditioning and postconditioning with a7
nicotinic acetylcholine receptor agonist by enhancing
inflammation and inhibiting the PI3K/Akt/eNOS
pathway. Experimental and Therapeutic Medicine.
2022;23(5):342.doi: 10.3892/etm.2022.11272.

30. Park UJ, Kim HT, Cho WH, Park JH, Jung HR, Kim
MY. Remote ischemic preconditioning enhances the
expression of genes encoding antioxidant enzymes and
endoplasmic reticulum stress-related proteins in rat
skeletal muscle. Vascular specialist international.
2016;32(4):141. doi: 10.5758/vsi.2016.32.4.141.

Persian). doi:

0 oylouts €Y 039 _upd (Kbt oale ol Kby dlxo |


https://doi.org/10.1177/2047487314547657
https://doi.org/10.1530/EJE-19-0378
https://doi.org/10.1590/1414-431X20187508
https://doi.org/10.22124/jme.2023.23967.262
https://doi.org/10.1002/jcp.30342
https://doi.org/10.1002/jcp.30342
https://doi.org/10.22077/jpsbs.2021.4337.1638
https://doi.org/10.22077/jpsbs.2021.4337.1638
https://doi.org/10.48308/joeppa.2024.235584.1250
https://doi.org/10.48308/joeppa.2024.235584.1250
https://doi.org/10.22089/spj.2019.7825.1955
https://doi.org/10.22089/spj.2019.7825.1955
https://doi.org/10.1155/2019/3462530
https://doi.org/10.1155/2019/3462530
https://doi.org/10.3390/ijms222413228
https://doi.org/10.2337/db15-1657
https://doi.org/10.1007/s10495-018-1469-4
https://doi.org/10.22070/daneshmed.2024.19695.1554
https://doi.org/10.22070/daneshmed.2024.19695.1554
https://doi.org/10.1016/j.intimp.2023.110637
https://doi.org/10.3892/etm.2022.11272
https://doi.org/10.5758/vsi.2016.32.4.141

