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Abstract:

It is estimated that by 2035, more than 130 million adults will suffer from
various types of cardiovascular diseases. Therefore, it is very important
to know the pathogens of cardiac diseases and investigate new
treatments. Also, despite continuous progress in diagnosis, patient
education, and risk factor management, myocardial infarction (Ml)
remains one of the most common causes of morbidity, hospitalization,
and mortality worldwide. The events associated with MI are highly
complex and characterized by rapid metabolic and biochemical changes.
Exercise training is an effective cardioprotective strategy that reduces
adverse effects of Ml and ischemia/reperfusion (I/R). Multiple signaling
pathways of exercise preconditioning in mitigating Ml-induced cardiac
damage is one of the topics that has attracted much attention. In this
article, some of the contributing factors in exercise-induced cardiac
protection, including mitochondrial changes, metabolic changes,
vascular adaptations, antioxidant capacity, heat shock proteins,
cyclooxygenase levels, ATP-sensitive potassium channels, adenosine,
protein kinase C, calcium and klotho homeostasis are discussed.

Published by Kharazmi University, Tehran, Iran. Copyright(c) The author(s) This is an open access article under e:
CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/)

]
https://jsmt.khu.ac.ir/

68


https://creativecommons.org/licenses/by-nc/4.0/
mailto:ahmadi.azam@gmail.com
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

AFRA £3 b)u cwﬁb)"sb 293 ‘d)sw 9 6*3).)5 g"‘b 5 ‘)“'bs)"

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

S9LS 9 (W) y9 b 40 g R

YOAA-TATO : g i LS TYOY—+VeA :gl> by Sirrin
Homepage: https://jsmt.kKhu.ac.ir
S99 4o S 2edd (55l 03T (i g (b9 Cudlad
T el sl | Tl b | a2 e
ulﬁl ¢ Q‘J@J ‘g}'.'.k’f.) J.:.@,.:J:v: C,.:.ofs" clﬁiﬁlb ‘L;':J.Jj r}l& LR ‘(55}J_91J:3 ojjf sl )
U‘J:’.‘ u)\‘}.@ﬁ ‘Lf"-))‘)} aK:VJ‘J ‘L;:U.)j r}l& 0SSN s ‘(5.3_}{5:'};3 cjjg «5}755 42;-}.,«] u,"._'b Y
Q\ﬁ‘cd\ﬁ; ‘&b‘).l:.@.;rﬁé C"“.."j". aK...’:...r\J ‘62))3“1"""}&“:“"‘) néj}jﬁj:ﬁ a)jfér"si 6}%:.«4‘5 \‘
ahmadi.azam@gmail.com (sie>! s 1 s oy
i leMb!

oS

cilsee gl 5 IS5 555 Dake o S i XY Jlo b aS ol s 550
3B sl oo la O35k Crld pl bl 5wl ) (B e 5 Gle olen
RS 53 palde U5l o8 e prmen 301 Ceal Dl i gla Ole)s o
S (M) Qs e oS Ul eop STl ulse S e 5 Ohlew 2350 solows
Fo el Ol av 53 e 5 S 5 Olijles 55 OAS G R (220 e 5l
lbardpn 5 (Sple Sl b s ol odzmy 3L Slae 4 ME L ol jen (sl 5l
S Sl B Sl Bls (gl Jse GBI S B e 2 e e e
S S 8k b sl (R sims Sl 055 /oSl s M Cgllasls ol
o3bel o sdate K& Lo s s o a8 o ol 3555 ol eabe]
wr g oS Sl Jlegige 5L SO MI G 30 B le o] 58l 53 555 5l
53 ekiS S5l elpe Sl a e pl gl 03 Sl as a1 ol
ol (Sl Sl s obHkS st Dl s e 1 550 5l 8l 8 Cdablos
SUaSI ol o (2l S S5 le GSsn (] T b Jye s
5 5 edS Slisisan © LS 0855 sl ATP & i ey gla JUI
el o Az ls

]
https://jsmt.khu.ac.ir/

69

gy e tdlie &

Ve ole 5 il s pu sl
Ve ol OLT i 2l s s

Ve ol OLTi 5 s s

3wl slaojlg
(B Sl
¢(_§)Lw a}LAT ﬂ

LS‘;).)-’ u'.’.)‘“:

:tl.:.-)l
cdld daml el ksl
sl bl Gy 50
b Gash gos e Wl S
“MUYE) VYN EY Lgsldy S5,

A


mailto:ahmadi.azam@gmail.com
https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘@3}‘33 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

FPRY-F

Eol ol oS o e SOISL 5 Sdnd sle el 5 L e gl e mal s S Bl g
55.0) Gl ods ss o 4 (POl asbl i 5 e STUNNING. 2o ols ooy 53 03y 55k 3
o0 1) A esls o s S 55y s 55 st deesy £ VAT L s oS PCoty il sy cnl O
53 B il ilos 555 laslS g5l o smast 55 s la s ) Sl 48 313 (6 i addllas g axs
b Ol 4 sl el Ghy ey (IS sk el el sl oSl oz 51 il sla el )
3301 el S e pel (aSl Jro SIS o pl 03 ek 2 pe sl 3L s b ol plsil e s ol sl
Caolizal ool SUds Sl o0 4 o B s 13 ey S s b b Jgha B ol S0 el
Ok sl Sl 5 b gk ples (3lustaga o b a3l eslal iy ey i a (6 ) das DL (s 2ty
—0) Ll 4z S 13 a5 550 tde pabse cnl 03 adS 5 e (B e 51O Sl be T Ll ST 0 SWS
Ll o s Sl 15 (6l iS Sl Sols B 4S ge pagie ol (3l ele] [y iS (Cdde s (Y
iz Bl LS (2555 gl b oS 3 daly aes 35S s g w0 b s 5L b
@l abd ) peay el (San 5355 (2 Vo B S5eST Lol lal e 5 AL e Gl el s
il e bl 05nST 1Sl Lol jen 5 LS 55 ) O3S S5l 05 05meS L B S5
e pl 53 . (A) S wal b odal Sl sla o tal Jood (sl 1 (3l o3l iy odudy aia) 5 g Jlad 3
Ll ol atlid oy opl 53 058G &S Sl a5l 5 (B5os sl cled s Sle el iy o pehe 4 6
el ol s

& o cdadlxo g 53w 03boT

Lir gl 6 pite Gla edlSe 5 o3lall Gb b b (68 yie 5 s JpSTse 5 ba T la o S G b 5l s ke
358 oo ol S b o st s Dsbe a4 oSl e (S 2 oSl e nls o llanl Bl 2 s s
3B 55 (4) ps oz B 5B 5 Jol ez b adsl 5B sl e S6 s al bessbe s 5B s 5o b Jske ]
o 45 5k ol sS il 5 L sl o VSO (sl sl S (2l 500 S e 3l 5m bl 3
C LS (5 dle (3US sbaslial slse cpl L5 oo L) TNFOL (2815 0508 ol ol 5 0S| S 20
Loadsl 56 L3 s SlS cpl s e b | (MAPK) 05 5 sais Jlad LS s 5 50S o305 PKC L
eo5 Qo @ Jsle clid L sl mle s ATP W auliil ol pLouiS gt il o J3ke 03 5L Sl (615 sl
Lol o I a Sas b I el VY 8 (b 56 s () )0 K e S L WLl 5 LA e
5 5aS s Sl e oledl e gl 05 Olo 45 355 o Jled (NFKB) B LS (ol aten 5586 Lol il
P50 A 0953 4 5 5SB pl JUEl o)l Jlis 4 1) CanS J Ol gla IS 50 5 L

Joo 550l 5T gl 5580 51 6ol s COX2 5 s AnS| ila OltnSt T o Jablons (sla J 58050

|
https://jsmt.khu.ac.ir/

70


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Y€+ YE b)u cphb)"jb b)sb cd)s‘.ﬁé 9 u&s;,, &‘Ab )b U‘“‘bs)"

OFNY) ws sl el |, BCL2

oW cladlw g 53l ool i

a8 ATP o205 Jall 4 e das o 5 b Conple 53 35 oSl sk 5o &8 J5ke 0555 slasly s
Ol Lol (S gk 51105k Gl O Gl L5SUS sk SRalS WSS s sl Ol
2dpsp Bl 0ad 5L INOJLLST Sz 5 Soals ROS O3St STy sls €65 a5 (oS
JUs 0 1 sl S ol tiS st ol I3 L Julse ool ol 53 5 358 e (16) (MPTP) LS 52
e e Ol 1y B Clible Cenl (B iSO 5 050 0y oSl I 30 YL e 5 S e Ll
S Sl b Rl Lol yen 3 5l Clablne g 53 S ol plajlpl 5 LS Sl ples Jols 5 dalons
e Bl S rer LB ) o el s 53 Bl e (1V210) gk e ealinad 318 e o]
S 38 s Ll cpimen (0) LS bl [ (3l esbel i S Wl g e 355 LI S S 51l s ST el
o M elsl o Al e Sl ey g 8 il sl s a4 3l eslel [t S eslital b el sl 8 labls
(0) Sl gl 3y oo Vb 05 50 s (oSl sl Olo3 3 s 1) B gl S pdits Sdiblons 5 S
s P Kl oSl (il oslel iy Sl IS0 B cliblows gls 5,08l; Ol 5 Ll
oSl 535 4 (53050 53 o a Sy ol o pl LLOA L) sl 1 edd antles sl (6351 2l Oln s> bl
ol s 5 5 Ll Gl DLl s ibles i, K Olse 4 (Laetl g 5T Al cl o i LB
Gl e 5ol 53 .0N) 3L o G865 U 51 L Ll s s eslinal Ol pe T Sl eslizul
S als ple (0) il asls RalS 1y e oIl Aoz Ar-Ar B oSl 3l sslal iy o AL
Aoy ool ol b jasde 3B sl A e Jlesl | aliils o 36 (gl eabel i 0T 50 b
oS b SUS s SLS (s (HEPY) L8 S5l s s OGS (5 o 51 050850 i
Ll axdls Sy il pl s NO 5 sl KB (gl azes sla, 356 A LS 55, (MAPK) o5 52
O

o il 00leT (yhud (5109 S 5o 90 39 JLidC (i 59 Cudlad

Sy Joms BB 5 3,0 Slas Sess i Sse 5 e Ol S 8S Al S 658 ams rr sdane Sl
Aalyd (M=) Wil o g aled ol la s IR 5 ol i 53 (6 bl 4 b
daly Bl asl olbw 5 eSS Ll 5 S ol a5 4 3 o das e 0L ST ) ek
S8 MITVY L bea andllas YY) 5 b (Y A) OLKan 5 oS5 VUT ke andllas G 53 (YY) 505 555 (g 53
SIS amls Gl Il oS GLS Gl 1 Base B olen b3 St Sl JRalS G s oS s
GOl 03 S LS 5 Oss o) oy Jro S LS50 1, (Shn Slas gle o 8 oS e S ol (YY) s S
o b s o il el b B IS g3 s o el cb b oS sl Jis w1y By e B gl

|
https://jsmt.khu.ac.ir/

71


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘@3}‘33 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

U e 5 S e wmen &S Gl ol 0 lis B0 B gla (gles anw s 3 EalS Ao s 88 B EY Jl S5
G5 bl Il 5 Bl iaman das o FalS 1 Olislew 53 O (§ a5 (B2 o (oles
.(Yo,Yi,YY)&;M‘L.;JAMJ.C)LQmw‘wsd};;djfj&flé&jjjﬁﬂédu

Aoy oo B4 S sl P S s IS w1y B bl W5 e S Sl oS s e Ol il s
4 et (ol i Ohlew ST gl O gl 5 O el 2, PC gle i, ol OV 0 S e
L 6L g Sl ) ol bl (wBls 53 (YY) WL o s 53 S 4 5 e WG Sk
5 Sl ol 0313 0L Gl (sl e 3 el plondl Sl 3 48 3,10 B 3 edite oSl sl 1 0Lz
SEL b Juple cedplie (I8 L asn 3 (8) 3505 g oS Sl Sladlls ae) oen 3
YD) 3 0l sbaml oKl L a dd sl S o W1 TP sl L wlie 5 cbli>= (Ko 55 63,08
S b ol g 15 (sls Dl el e 035 Jld L 15 o ale 4 93005 (SU s o i as ol
Gt DL ol @ 63,8 (SU a Cad (3505 51 B0 63,18 (ST e e 0L Sltalie dip e S o3l
f e plie GRS 8 6 505 Gle S e S Sl 53 AST e slgiy Bl 5o S sl S )
ol o TRGE 30 ol o a pa 55 1 8 Sy b rmen (YY) S o WL TP s
53 Sl eIl ialS oS e e (V) S e il (63,85 Jke S ey s Sles B alS s
S ey o B bl e ool 2l s pls e Oless Sl ok b GBlpe S S Jled
wodd ooliS Sla gls dde 53 a8 axa o311 2alS (VW) il Jige Ko oSl 3k o3bel 2 o310
s Jed 3 o e il pll b ae o3Il RS pd e eals S Gl e IP s o
A) Sl ok 55158 S Sl aay SO o s ol el eslie el (e oS 5 e s el
Slads DLl QB 5 La5hs cdls 3l b A5 S Ll o510l dutsﬁj;wdﬁsf o3Il ax ST.(FY=YA A1
Ll s S 5 ol B s s el B it ) et i dalpd andlas ol (Ol
S Silate Ky Ohlew 3 (K sb 4 ST ankss il 45 &5 sl ;s (V44A) 0, 5 Zdr enghea
|y odd arlis (6 ,5,5 0L 8 (soley Lol 21 (Y oY) O 5 (leaY (YY) 55 bl alS 2555 Slled acls
0303 O30 e 4ids ¥ S ST ashd 3l &8 Ws 8 edaline 5 Lsls 8355 oo el «($55,S e 5 13
Sl e 5 S § a5 Sl w\w@i‘duﬁ@.(m LL o alS osd e sl s S
A azals 55 g5le eabel o o3Il 5 diss ol s S Olne o5 Kl e o505

L 15 el Bl 0 68 (S35 5l o ahos 40 Kl (235 31 5L B Cblis (S5 Ll Sl
Llg o B Cblim Jie 10 53 Jol a0 2alS 1) des oo 55 O3 ms b s (oSl oK oS 2ty
G sle 55 5555 Sleid b5 (3150 055 0Lz Galil on) T s (6558 B8 55 Slyei e 4
eS| SIS o (Sl SIS Ol 48 S ol 3 TRl il 55 1) Jobe cBli- Wils o a5 S

|
https://jsmt.khu.ac.ir/

72


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Y€+ YE b)w cwhb)"sb b)sb cd;s&é ) dﬁ}), g..,gb ); M’)"

03 2 YU (QOKT)Y 50381l b 03 S i (HEPS) oo S S sla 055 sl SRl 31 S s
el 2l s sla JUIS L WSl s Shee 253l o Seandl sl 0 S35 (BRY o el sla 055

23 1 GheSt (BT loaS e cd b i b Sasse GlS! ST e bl CATP &l

(ro)() Jss) s
Mediator(s) responsible for exercise-
induced cardioprotection
|
= =5 Sarco-K,_ . and
eat shock -Stress mito-K
I proteins ? ‘ ’ Proteins T I SR COX-ZT
Cytosolic - Nitric oxide
antioxidants signaling
Co a . g =
[ circr:.::lra‘tiroyn ] ' Altered mitochondrial
phenotype
Altered (e.g., increased f
Glycolytic flux antioxidant capacity)

Cardioprotective phenotype

3TN - G- P R (e

338 3w 03T sl 9 5 3Lw 03T iy 33 1 30 Jloin | sl p pilslo 31 5

39 S 3w 03keT i g (L S gin0 i gid O ek

A Ll 1 S s s (5SS i Ul el Sl jes a5 ST Sl A @ ) ety
o ios Dl es (0l e Sl ol S i35 3l s3bal iy s n sl OBl sl Ay e
IR 31 50 osmml Dm0l 53 (6 0t Conslie Jhor oS domd 10i5 |y (S e (98 6l €658 4 il
5 Sk G SO Gk S s Sl LBl (dls 5o (M F0 N4) s Ol €y Sre ole)
5 W ROSLIS LialS (kS se 53 rgo S| 31 sla T Ol Sl 53l ol by sl (630550
RUF ORI (s 5 2l e oS ez Al e Sl f g Al e 3 S 0L 2 eSS
ol s S Jolay Jals s MPTP 0ul 5L s S JalS 05 o eendS (VL sl Jod
5 g i 0 s IR P8 ol T by e s Ssal B Gl 8 e
Al 5 IR 0L 55 bl el 5 o ST ead o ilie 3 5 Aile (58 g0 (633 55 1S53 gla o33
el am Sl 5 Ol S iman 5 S 5 45 x5 bodS e el s 4 b e ST Ol
Jlo 53 5 OLan 5 w3l YorA Jle 3 ((YASTT) 55d e 6 clislbes 20155 EsL A (MAO-A) 5lu.s)
bl e sl s sls (8 5h bl el i a3 S5 ol 3l el 48 disls OLE OLKen 5 J YOO

|
https://jsmt.khu.ac.ir/

73


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘,,h.:,'l,: 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

Slws la ooy s auwa s 39, 0 )J?AJJS 23 HIT Sl LUl w,um/\y,\g\,uimgw PRy
S g 4 o S (SIS gl @Kﬁ;wiﬁvﬁ6})6}.}.{@.:5&.&)'\w:UQljxﬁ,u)&JEp.JJ:JSui)l}f

() sl 25 IR gl canl ol 3 QB 5l Claslos )3 058 o oS e obip

939 S 3w 03l i 9 C 3LuS (g

e 5350 o 2l SOl Lid 4 s 31 PKC-E o 355l o a0 PKC il & o 3le o3l iy
Lesitons |y PKC L 05,8 alacily 050 5l 5 oo 33T (gla JIKsly L(80) s o 288 1, PC 5l b cblas o
sl oS o e b os sl pied &K s 04 Jled b 51 wmens C5lS 5 (F) S Jle
g o Jed s pedS el 63 oo pladed 5 oodS dows @ PKC (sla ¢ 3550 gll apd o b 5 AL
a0 e s Wignl 5 o3l (oS 3l Joe G s GPCR 6,8 sle WSS (5l 55T L g3l osbel iy
o o 35 (PKO) C LS s 0 Jd AKT s oy 5 5 255 o ERK1/2/ PIBK/ AKT 02 Jleb
Al oeer 5 Ll JalsS oa b 658 gz s slid g5y ATP 4 ule iy sla JUIS 5 PKC (8)) a3
PKC i Jled cpioman 555 o 3l o3bel i bli> 55 amd 53 5 555 o MItOKATP ous 5L 4 e
4 e MAPK S5 L PKC b 5l as o0 b 1) p 085005 Sty Sl 5 WJassim pemdS
JaK-STAT oo MEKL/2-ErK1/2 LS iis,e @la ok ,S cpimen (80) 355 o BAD o 5udl i
PI3K- 23V oS Jleb SUS o355 &8ls 53 (8Y) S o Joe PKC L (55150 <, 50 4 ROS 5 GSK-38
Colg 3 s Kpd e Jled Jloyil Ad, 8L e O3 J 3 b 51 LS s sl ol S sl e Akt
Ods b culg 5 s JWs sl @NOS sl jins Eel AKT ol Jd .S o Jles |y PIBK/AKT .
Jile 0ad 3L 31 GSK-3B o e 8 5 0 i L imen 553 o NO /(g5il> ooUIS/PKG s
Bad i 55 sl Liw sbe sSU les 5 05Dl i 3o b 51 GSK-3B 5 AKT 555 o (6,8 g LS g2
Ayl sl ol o bl i Bel2 Jre 55m 0T s gla, 586 05 S b 5 O sl i slies 5 BaX
oS PRCA/E/B jlr coman sl 0dd sdalie o555 Sl Sl day abolsdly PKC (sls p 3550 2l 33l
Clailes 53 PKC (la o355l 51 (SG JBl s slgiy o 3ls 28l 1 5555 51 (50 o8 il oS e
Wl b ponl sla ol 1S s b 4 3503 3y Jlast ) (8Dl 28 e oS B35 3l AU S
a3y h e B daae s (5L bl b I PKC 1 36 Bl Sl 55,5 oK s
3l S Spd gl sy Lsd e 5l sl PKC s (0l la 055 plUS &S s i
OV asl S5 chislos cpl s kly o ATP & el el gla JUIS

|
https://jsmt.khu.ac.ir/

74


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Y€+ YE b)u cphb)"jb b)sb cd)s‘.ﬁé 9 u&s;,, &‘Ab )b U‘“‘bs)"

338 53w 03T it g 39987

AEL o sbrm) el 45l O3 B gte SdS U (2355 5 LS a3 S ahae LA L S 5 gl
el s Sk 053 aigsl mee Ylanl L(08) syls M 5555 5 AU B cBlis s 50 e Ly
Gl ol S L gl Bl o BB pa oSl ol sS (gla 6,55 53 oS Sl S 0581 5 (5 4 sLsls
o Sdple sl K 0l e 4z 5 S e Iy Jelas Wjls 13 L sls Jske 55 oS A2 5 AL
() sls Jlis w1y 5 cblis oS 5,5

w39 Sl 03T it g o T ST S (g 5

B il Sl S e 2l 53 oS s (JST5e la O Sl S elsl gl S SeE sl (1
Jsbo Ll 5 o b HSP Joloo mlans (21530 605 oo Lay 53l0eeST (gla ozl 5 05528 o m oSl dlas 215
53 sk il L HSP s s HSPIO 5 HSP27 w8108 liilons IR alo 51 L il £l 51 51 s
53 S il 45 1y Cd s o 2t HSP72 5 HSP70 oS das o 0L dalsd clils bLs,l ozl Ll
1o belss Olge 4 035 Jes sl b OF LUI5 w0 add Jlasl 5 clibbs 5 (£8) L5 IR ol Julis
da Jsb s el esls OLE L(80) Cnl skl a3l el SLalS 31 e 5 ateoly b s 55 (g5s0 sl
w25 L sl ple s Jke clibl 5 S e b ) 6548y > Shee HSP72 (I/R) 03508 o/ oS
S el 5 S35m en HSP72 (555 008 ) 5L 5 e 51 Sk Locnl 2 osdle S
DLn 5 (5ol sS (80) &S o Clablowe (giay (Slacaml il 53 Wk 51 cnl by 5 das e GRIB1L sk
S ade Clasloes 5 ol 0 B Y 51 elital b S Sl JWs « HSP70/72 ol aulssl Yo vV Jl s
Vb B35 ke G5 G HSP70 0Ly (51581 dey (o i 0 e L3l 2015 15 S5 s
O3St SIa= Aoy Vo BN Sda b el 55 0 5 7 OLee 5 Jomes iz (81) AL o ERK1/2
oRIR L iSGs508 cpl 5 e S B0 IROL > 5o 585 olil 5 Sles 35 ol |y B s
2 LHSP72 oo 25,5 Sl jad o S1dl cnl LUEY) tinndls Las o b5 Shans] 51 gbs sHSP72
Oilspl s wsls Ol it (6 andlas dr Lol ol e 55058 SO s HSP72 5 s o 200531 L6
Llg oo el Sl 5 a) e Dled 4 S5 S5 500,08 sl Gl s e e SO HSPT2
Clablne Olo Sl Al S LHSP jee e 45 1z &S sbml 3,0 50 HSP = shawr (l531 sk [y 8 ablons
L e Gy,e ebion S as,s s s HSP (VL Olo YooV Ol en 5 oo andllas 55 (84 L67) ol 3
Slolil 5 b ol b s Gk 5l Yl b s nl &S 38w i Ol oplple (89)
5l B a5 5l BU 8l 3 o8 g SleST Bl bl des S s 5 JESCn

|
https://jsmt.khu.ac.ir/

75


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘@3}‘33 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

o333 S 3w o3k it g NO
Ol e 82 Olo ol or o ol ned 5 s (o0 233585 JL 5T sls b O b s o> @0 (izean
Sl s sl (6 Sails 55 NO W5 5331 552 o denST SOt M5 2alS 5 e (S gnle ol
S Ul 4SS Aoy o 0 e (00) ol (655, IR e 5 Clablns 3 B s Shee ] A
e S5 i s 5 By 0 SLES o S sl el b sk e ST S T S e s
IR 0L > 53 NO 5 clablone 335 slo p30lSe o S1.067) Wils BLisl (6508 p2e 3 Shos 5 5y (5L
e 5 b Sl 0555 & S Ol lee o 51 ols 030l Wl cnl bl (5800 oy 00 50
oo s opl 53 LS5l KATP (sla JUIS r (6,108 31 5 o3 n) by o ST G o Gl 57 5LlS
o5l 6 5 (Ussss s el (2o 2 OF s el plin (N 3 o sdle ) o S .(£0) el e
Ll s Cod dily e s 1S e oo NO 63 U1 Ol 0 &l s 5 i (01l axdls 5 cblis
JSo @ Jas b ST syt pmaman L(OF) W Ll NO @ S 5 oSl il (550550 5L
03 bl 5 b s b iS5 0 S) ) s ciS  Blis  Olgie w5 T e 03 s
U3 S Gl s Ll Al G b 5l JsSada i Sdalie LS e (S ke e Sl 4l e
A3 B il 53 plpen 18 sdme Sl sl e 53 ROS a5 2l 5 plsiS e Bl O
Chlis Sl Somile 53 egr (5B ol (S 3555 e oS0 st a5 NO 1l 51 .(07) 5 LIR
ader V(YY) 0L 5 kST (08 ,0%) S Wl 3,8 5 oSl glaslis, 53 b ol 5l b 6
Calg 3 5 NOS Clles il ol ) (3 e 0S| ST o3 Ve B ot b aids W) Jlgte o e
53 NO (b cdpbie Jlam! 2 s (000135 518 aSe o3Il [2als 5 iS5, ms,l8 Sl
Jsb 5o 8 sla s el mim el Al g ) e 5o s NO m sl (51580 l550 0S5 5 500,8
S ROS w5 fals 5 oS s sl 050 Uil oy ) oSieS s S0 5 ¥ 5Lals 2l Jles SIR
LS lee 1y Ssmel ale Joke cunl Gla)S 5l 51 5 0 Ll o 45 anusls 8 Clablous sl gla e e
3 U o il 3 ege 2 5 U500 b sl s S A e B edd SB Jelse LS s (0))
a e o5 Slled pe b VSO il (5 sk b e s lal il w2l NO ol s
Jles 1, @NOS (s ol sls &K b 51 lele ol 555 &S 8 o b 15 B2,3- ARs > 5l 5l
S350 50 Chabls 5 NO sla ol oo 21530 @NOS 531 Com g ba 6i S ol 0 Jlad ool ply LS s

(0Y) 555 = IR JLs «

|
https://jsmt.khu.ac.ir/

76


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Y€+ YE b)u cphb)"jb b)sb cd)s‘.ﬁé 9 u&s;,, &‘Ab )b U‘“‘bs)"

338 S 03T it g 3955 b > Oyl

e 03 3 S s AL e B G e o e el Ot L (SO b bl 8 s
ool 5SS s S i 5 elial g Dl Jshe 05T 3 508 s @ 0055 o U3 Sl b oS
s Ssdel el Colg 53 5 O5odes O 5 SSY SIS 4 e aSl oK 4 SIS 0l 5 1531 .(07)
S HY w0V 70) ol 3 SIS (21580 03 sl 0L b dims g oS el ¢ oSl 0335 b ol ol 355
Sl sl (pd o B L g pdy SLED s DDl sbel Cel &S ole S 5 e sdle Jle 5o sl
st ke 183 5 &S s> sNa/K ATPase w5, Shes ;3 It 5o s Na/ Ht (NHES) sl S aslee e
SN whs ) e Byt LJ S L. (NCXs) preoelS/ b 5o S slee eSSl b sl colg s s
Aol B 05,8 s gdes ol by L(OALOV) 55l e b (SHAS sue 5 e @ S A S s 5555 Sl GLET
A3 IR Sledo [2alS (sl bl (5512l G Olge 4 Ol oo 1) oo iy sla oSl U gb 5o 5,808
VKJ.A @ SIS Ol 358 0 Eol elinal g 03 b (85l oS el 55158 am) ees 3 (0) 5 S
sl 53 Jool Jalse 51 (S Llg o oSl pB0s w0 5SS 00 oS s 3 .(08) L rals WSl
W5 53 1 Jsbe G il ssb @ Ll o s Sl o e (10) Wl s 2SS s,
3 Shas (65500, 45 313 Ol 03 S ped gla oy el i B e (8) s 15l oSl Oloy s ATP
Sotr U 4 oS s iy sl Sl Sl Sl edd M B L aslie 53 (el oSl S day S
Fo ¥ o badds 0 5l e oy s pl 5o Al e S 5555 el 5 WLl (6551 L lid LB
6 Sltalin b gl opl (V0) Loy VT atin 3 4ids 2o V0 oo L adds Ve w5 L S 50 aids
S s i e g s oSl f&e o L JLanle 5 Shes elizal e L) esls OLES S
Md o yed amis w3155 SlsdS e P5am e 5 G55 e e S by oen 53 (W) LEV) bl
) s o 51 20 sl 5 @5bsl 2als 5 aslu ojlul jhals Esl

339 &3l 03T Ly g S (T Cud 10

Wl 5 st gl belge cplpaly bl o Rl 8 b 5 RNS 5 ROS mhans oS0 fli;a 55
2L polie 4 e 5 O SLSU pama Lo w5 sdeee Sl S 0500 50l e R U sen s bS] e
IR 0ls 53 b ROS Wy (2l 3l pl sl bl oo 3l i 51 2 RNS 5 ROS a5 0l o B 4 03]
STl sl cdls (I3 L RNS 5 ROS Wy J 28ty oo a5 1 5, g0 ol U3 (sl sdes 20
el I bl Wl Sl USss, 05U 8 5 sleS s 055658 VB s SOD e Sluls]
Clled L o 5 oKl oS gla 0,55 43 45 ROS/RNS LiSTy (sla 458 .S Cliblons s Sluo S g
SLS Il s b of s & ¢L>.u'| Oadis s o gan a Sl ez 31 Gy Sl ads Gk Sl 5 ablos
bl Ll 5l e Blas &S W) o3 S (55 Oldiws . yls i JAK/STAT 5 p38-MAPK il _ls

|
https://jsmt.khu.ac.ir/

77


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘,,h.:,'l,: 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

S5k cnl 53 5 AL )l e GlaenST BT b b 115 s OS] A5 S e 3555 Sl
Sl sl Bl co e B555 Sly s (O YA) das J2als IR G186 Lales) conl aly o s
Sl e Wl &S 508 e 63,08 e SVBIS 5 1S 055U IS U s enST s aSle (IS SIS
SOl bl el Sde b 5 Sode ol Slo el 653 e 4SSl LI (1) Wsd e B Claslos
255l 5 5388 Gl e s ey e B a (6os 0 B Chable 4 ol lp a8 LT e Sl
G a3 VoY N0) Jsme 355 )0 ST OKan 5 552 (F0) 353 o B 51 Clablons Lilaze 5 5,08 gy
e oSt ol led a5 sl OLas 5 LS s p |y o Clibloe 53 (aids 20 VO/F4 /N0 Co L 5
G5 iash 5o OKes 5 6518 L) 1S 055 pl o3 e el 5 ale o3l 5 VL o ed 05 S o
S adsb Bl s, sl simal sl ss S Sl Sl b B CBlim 55 age 5K &S 058 Ol
A5 (0 OLen 5 0pd sla Jtass (T0) Wil o eedS Lo Jlab Sl s el 5 s
ST T Rl (adds 5 e T S b aids W) Jigte o el S TS das e 0L 13 (YA) 0L
Sl ed dms o 0L 4 3503 gy (ool dalpd sl e w1 Syl 5 55808 el 5 Slas]
5 Ostkals (70) dzea 3 55 SOD2,SODYT ¢ mltenST (5T (6 3L wrems (sl3r) 2l sl oo el
O3St S do)s Ve sl 5 alds e V0 o b adds Vo) st el andr 003 55 Ol
dy oo (8) s S 1S 1 as o3Il ialS 5o s B cdiblous o ollnS| sl cdle il (b e
Nrf2aes 5 86 30 b 51 (a8 sme 53 1, SOD2 5 SODT b 51 sls 0laanS! 2T 0l 35,5 wle <l
03508 5 S 95,55 VB Clled Ol s ol S Ljls sy Sl e Sy o ilsil
395 el Pl b o eyl gy ol LU(YA YY) S e 2518 1 s 35,5 by pes Jlis 4 5laas]
S5, a8 b Sl el gl dex 5 e it (g dlanls 4 B50s Sl el S e slgiiy oS 50
ol LWV ) S e Wil s iS00S sl s Sl B &S Wps e A5 s VUK
L ablie 5 EICP & alows lp msl ool cdld (il &S Wl o3 S (5,8 4t asdlls cpir 55MNSOD
(o Clbls el Sdd U e ae 3. 004) Bl e Sl IR 16 LB e Sl 5 T ez
Sl TVe 700 Calie dd s Loads N wligy o Jlgte el anda oas Wl OLES 0L 5 04
YU s b o iy S ;3 HSP72 5SOD 5 dasm o Lials J 28 65 8 a0 Cod |y asles 03100 b s O30S
LEY) sl o350 Slabime sy iz ol iy ol DS b s e 0 S 4 S

339 S 3L 03T iy g S’ b ghogh

sdaze (SR) oD sl 05855 (s 05 L IR (K ROS 5 5 sims il 5o aSiaa) ol imas
SERCA (155 5 40 el (21331 oL ROS W5 a5l 555 o SRl 55 Shas Dl sl 551 Julas
S S5l Ol B Ll sk 053 S SR131 5 aS8 0555 @ ST il 3 IV 5 e Ll

|
https://jsmt.khu.ac.ir/

78


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Y€+ YE b)u cphb)"jb b)sb cd)s‘.ﬁé 9 u&s;,, &‘Ab )b U‘“‘bs)"

Jsbo 53 b IS 0 Jlas ol Jhon Jols S 20580 5 IR ol 805 ol 40 (YA) 553 o 5 sla
leVsind « (SERCA2a) b ondS Sdhin 3 500 e 850 e 5 5 bS] ol 5 5 sla
3t osbel iy oJl ol LW IA) e sl (sl 6 1S 5 endS — e S sl L pandS (sla LIS
SN Ase s a5 osd e IR G AU QU bl fals Comge (55, 1) Do bS53, Sl el b
DL romen S o Clablne IR Olej 53 ondS Sidiin la 55 el 5 L (pUIS 008 Jlib ol 55 IS
0> 5l 5 ST (AT lae 5T el (5151 nl edhe A VDL o 35 /R O3 U3 15 J gl
Gl s o B s GRSt 5 sl gl IG5l b el RalS Cel 5550 ) s sslaeS ezl
ol 5 IR Oley 3 b U el 51 (5,8 ke Wl 5 (SERCA, PLB, NCX,LTCC) ds S
2 Sl A e (Sl s ) oS L1 (s 4 (W) s g 5 Cliilons (21500 5 Joke S e S
e S Bl o eSSl gt (iS5 3l s Gl — oSl il 53 55,0 5 sl pa
53 5 Al edis bl JolS 55k 4 IR 0L o 53 eedS S51531 (o s plad (Ul b 3L a3l ol 1S
(8) 5,15 3 5m 5 (oS a3 G315 OF sl il 5 sl 3l 3 Sl 5 ool e b el

)33 &3l 03k Liwt g ATP 4 (il (comliy b JULS

s S0as sla eSS ptege 5l S pbodS e s GO ATP 4 s el sla JUS
Ly e JUIS opl (F0) W ls bty aiss cudlee Lab ol bl 8 Clabbous 55 5 Aies s S sao 3,18
5 €-3 (PKC-3) 5l 055 0 Jlad s MBADP 5 s il = sl (5l 53l ol oSl Al Jalye =
oS Jlad DI o5 4 5L Ol IR 35 51 8 (oS e 5o a5 LSOl 5o 4 b JUIS pl (F0) L5 e
L obdsShle pamoly sl JUIS Oad 5L (V) a0 2ulssl 1y 280y 0 03,8 5o onl 51 5 Wsd o 5L
IR Sledso 4l 5o b clablos Ll o Ol p My ¥ 50 sl G ob 51 B s Joily g5l oU S
3505 AL 5ot andSLg s sla JUIS Slge ol e S e il (53 sbSU(VE) das )il
Ogenl o003 O axeal ol oosdle 555 o IR Ol s edS 2 Sl G e 31 e ol 4 S
Jsb 55 1) aedS 3555 Llg o (NCX) oS/ i sla 5 dlslis 5 Shae 51 milon (5 s 4 S o0 303,18
I R S8 b Wlge ol aS oS 55l 51 oS 5 Culg 5o ooplply as ZalSIR
0L 3L ROk 55 ol Sl KATP sls JUKS .(Ve) U IR o1y s b cdabbs 200500 (gl p Jsle ¢ J sl
oo 0153k e JUIS l G 5L a8 ol 0T Olime 55k S oo oS 5 1y (o lsS sne KATP sls JUIS
o el B sl ablne (s (S s 4 el 5 (68 o s 5 Sl (S g 3 edS A I
sl S5l KATP gla JUKS 0l cmte iy 56658 molizad il a5 45 Kl 03 S slgndy Sladllas 5 5 (Ve)uS
ATP & sl omelty sla JUK 55 YN 0L 5 6 ,5055 (V) KOs o il pl B (gls Cogos 5 |
Chli= S ol 5o, e W a4 el A5 S Bime s ESSsns)lS S Ol a1y 2l AS st

|
https://jsmt.khu.ac.ir/

79


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘@3}‘33 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

Ao Cbli= 5 by w3l ES b aids 0 Sl i oSl oys s S 1 oLodS e gle B el s
b e Liss L KATP JUIS Ole il 3LOVY) Wsls 0Lis 38 o jed b8 s | sld Sl la JUIS s S
ol Sl b Gl oK ey 2 (BT)AS b se e 53 LB (55 B as sse s Jee Jesly O 0BS5S
2 ROS Wg fals ( obydS s oS0 5l 0l U5 Col s LIl clad a0 OLES bl o lblons
3o 2ot s G551 M8 a5 oKl Ol 53 (gl sdS sis S e 035 oS doms Sl S 0L
T Sde 4 Ol S8 gy s s SO A Wl OLES 50 (Y00 0) OLKen 5 05l (V) 358 b oS!
KATP LUl ol Jaalsl 5 b 5l (aads 55 20 V0 /Y2/V0 S o L Odgn ads Vo/80/V e L 5w ) aids
plrsl 48 ks OLES (opl p oDl 558 o aSu o311 (o s3 YV 288 5 5 bl 5055 sl olad S L

(VE) 358 o A3 Yo b 4o 031061 2alS el Jlste 555 0 ke a (s a3

339 S3lw ook it g 595 G955 S 5,3l
b el 15 o IR 35 0l o o sl Jlazml (gl 33080 51 Son (S 558 il 055 28 wne s
Ll oo melanal Ol el 5 e GV5b L3555 cdle (F0) das gals (I3 4 b Sl 5 bl
S Bl G35l G S Gl S 8 Ll ez 5l 558 Gse 53 @il Sl S o e
Geliiel by Sdlad iy e ol esBle L(V0) 5d By e i SIS amman 5 OF B 5 (S5
S e 2 b (OBl ) &S LpE e 5 S8 0 B8 e o Shes leulEle sl sl (L
oo S llas 48 sl 0L OLISes 5 55 I e QYA L s L(V0) il Iy | JLksl elast LG
SLas b OF eyl oal 3 1y o8 CBlis Wlg e (ania 0 Soe 4wz S35 58 5 5o 03 ol S e 4 L)
W3l JEalS Aoy ¥ s S el sl Dy g el sl S Ba,e ndil CliS sl 5l ey &S sl
33 Baimle &S ap J 3 cpl etz 4 axU s J2alS ol s 1 58 Gy e (il s O
g el s o3 5 S oped nia Yo dlis 4 S0s a3 sl alie bt (VD) sy el GLET IS
SISSH sb 4 (63l cp et S sdaline 4l axb (sio 3 YO 2alS 05 sy el ¥ 5 oSl el ) JLos
LS o hablws IR ol 5 I3 51 5 5 Shee (651060 5 Lok 5 3L Spe 1alS hss 53 b sl
Gso 53 ol sl sla 5L 5 2555 Sy el e STedl (nl LOW) ol g 550 ol gla o s
byl as adss Ll (Vo) Wsd IR 0L, 53 A5 Cladlee 5 5 S 095 OL o Olpee ilsdl ol Wl o g S
,\M)uﬂjlaz:u.J?N.‘L-ﬂ\ﬂt‘f.(w“o)>)l,\.;;ﬁjﬁzouomabﬁaﬂsﬁwuwwpbuﬁ;swlw
0 ol labls 4 glies 5l 5 dipd Sl oS Se s il 53T S Base ol S
2 S Jolo 555 oo gldl CkB s Vel (a3l 058 Jele s S 55 IR,

ol Ss Canl o311 2alS a8 ol sl jasiie umen (F0) USL o S5ys e ol S sl g 850

|
https://jsmt.khu.ac.ir/

80


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Y€+ YE b)u cphb)"jb b)sb cd)s‘.ﬁé 9 u&s;,, &‘Ab )b U‘“‘bs)"

sl 5L bis 5 S sl S, S Sl e 4 8 sl eSSl 51 S g b ST s s
win Vo JLis 4 (Y000) OLKen 5 (e b 1) mld ol AL o eed plie 5 (551 L Lad e 5 o2l 51 AU
ol s ad e Il o ps £ rals el s by el sl cw s ML 1 S ) s Ll el Sl e
il Sl ol e Sl aSiias o 0L sdaze Slallls (W) ol sy (ol whab azia £ 51 dny 2alS
23 63 g S5l 5 8 S gl )T TR (S0 ol o a oy 3 15 8 bl
3o Sl &S (lem g5 5l o 4 S Sl LW VDY) s e il Ol s s el 5 S sl 05 S
s 5 (gl MVOZ aalp 5 5L dobee Sk 55 a5 sl il 58 o s 05nS] ST
O SLid 5 B Ol sl s talS w4 wintiy 5 Sllad o0 s 5 ol 0oy 5> MVO2 (sl sl
v es b s GUI s ssg s 4 1L MVO2Z Glajls S cdled odle 4l o als S g
i &S Sl ek el OLES s e SialS Sl dhae s e sl (6Bl s 4 iomes (g Olgie
S Jgals o)55 Sl Jald oS isn 0 2 p8lSe pdir ahows 0 1L MVOZ aal b (g5l ol
el ey & (5558 G JU 5l 008 5LES ssg ey w0 5 LB OL,S alS by 4 B 0 0L~
Aisu o 25 1 Goe amtoVl 5 GuilalS Ja e St b g5l Sl oMo 4 el NO el 5 5
Slome Jbge ) ab Lls o0 2505 (ped el das o Al L o (RIS S1 SU S e nl 2l
51 sl il 5l a8 das e 0LE Sl Sl oDl 4 ias ol ol (55 500 Kdsseu, L1, 5ot Gy
(VA) o Ol g 5 Olasl Sl S0z 3 355 5T iile o5 350 S 55 230

(339 S b 03T Ll 3 59,15 90 U JumnS gk Z gl

ks 33 b as sl i b ks st 05 &S Sl w5l (COX-2) Y- 50 5sT IS L
oS JsSle K lge 40 COX-2 a8 1 55b opl p Oliies .S oo 5JBIS |y p DS a5 0 a0 el S sl
W5 b 5l COX-2 ahaslos glamrcdled dwy o o a0 5 058 o axtlid 555 iS55 0 50308 sll
Blsn 5y S Ga,e 05,8 iS5k 5l 5 as w12 (PGI2) cpuidSluy » L5 E2 (PGE2) paidSlins
S o2ins G105 on o SenSin) S ol s o 4 (70 S sl S (sl iblons
Sl COX-2 alsl o b 51 (B5us (iSO maslS (Wele 5 W ania) e aidy a5 Gau Y BY) Ooke
eSS 5 53,8 sl 53 COX-2 s ple s Galsd (Olidss 5l a0 cpdkar 3y ol LY s
Jole G Olge w spa COX-2 sl o8 oS L Clids sy o 0> kL (VA Wl esls Wl a5
25 G Slids 5 558 ped b IR Sleo pl 5 2555 5K 0asl8 Sl 4 ol Gl Gos 2

|
https://jsmt.khu.ac.ir/

81


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘@3}‘33 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

9339 S )b 03bT iy g gighs

S S Gl LAY 58 e 0l il sla 3L 3 5 3l G e Job I 3 oS el a5 5 S
ool A ol A S E Jl pl bl sk sl zaS OF hble 36 5 U8 s Shes 5 548
MK S e S8 52k 5l 5508 s 8T Sl 5 (6 45 55 ml 4o NO W5 30 ¢ sils]
S5 Dl a4 e 031> 0L pmen (AYSAY) ol fsn 5 S s Shas 550 3 Shes e sdle il
wns 0> 4 (3sdme o Ras el L AV AE) 35S o Solew 5 (A0 AD) G5 S Ll 558
SAV) il esls LES (555 Sdlad il gl s 1 s ol GRIB edd el SIS 5 S Sl
CATIR (Y il 51 sla o ) 2als PPARY tfsl aile Jlasl slam il ey 0 3 4 5 (M
55t 508 Jalpl 5o NO wWs A AV) IGFL als (AQ) sl3T la JISsl, 5 silanST ozl 2alS
$ls lezﬂ HIT a3 oo oS 0595 Lsls LS 01 Kan 5 50l aian e 5 L(AQ) ABL ails 52 555
S 2 el 2l L ST 5l gy s TRPCE g 5 5gy 45 L35 Oly ba OF by (l31 1) Gy 5 8L
Sl 3L g e Sl 4 5 bl s O 2 5 5SS Slad 5 Ll 3 .(A0) s Jas e M

S A

il 5 (g5l eabel Lty il 528 S5 5d il G Ol (B555 4 s e OLE (g3 xie al s
Méu&.ﬁj}iMbdazmdbfﬁ/M\)‘J&UCASJLdJ‘o)UJ‘}g_ﬁBJJQMdW;—‘uZAdeJ}
J‘M)&JEJM}J\S@JW|W‘JA9&})M‘)d)bobuiﬂyﬁ)})quz&umo.&}
(\f.) C,.w‘ J‘}:.w‘ L;Q-L" 4-«-:.&) ﬁ wl.w‘f ng_,‘.ﬁLl Cewd JJ'; LSJLW aJLAI w 4.9 w))j L! Q‘jj L;d 4.5 (’j"@’“
ST b il aer 5l JiS0se = Jole Glaedle S (Gsnss s STpbe (ool Sl
S, @EMP s Sl Sl Jeols 8 cbsle s B sls (6 S e s Al Sl uaS No oL
andr cpdier dle Gl el Ode WS 5 Ol A Sl el C‘f‘ Las o Ol Olides iomen Aiea
QY LAY 16 I A N S e sl 1 5l oolel i il ols e 5V HIIT 5 salinad (Lzalid oy ol
6& MK" ct;a.?w).ﬁ VYY) el ‘UL:,.A e oU‘}S}CJJAJ;l{L;.ij)j QL—_’J‘J )JIRL_: CA.A)U.A Q\ﬂ é}
5SS Olps 4 ‘*‘:’Tﬁ el s S Jelse saa5 s 4 O g8 - S ol prose S5l osbel o 5008
UJ}L.A LSLA)}SL& u:ﬁ/.?}]ﬂ)JJLJWLJ QL&?E»'MJL:: ui‘j’l"’ J}.&L{a sl °"\':>.F:.’.jj:<"f“:'~>“kﬁ.)l"°
emmen 335 o plel TR G S0 i gladely jialS g o I3 cble- s S5 Jla=l J S5
V‘;‘*"'T)‘ 6& 6‘]’ U':’))j CJL:.%J}CJJJ ‘C)Mj.s.,bbsk;auﬂj))j LS)L“" cJLaTu,:..:.:A...:A) BE o.L.J C)U.:E:J
35S ke (oo B la Soler S AL

|
https://jsmt.khu.ac.ir/

82


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Cardiac troponin |

Glycogen synthase kinase 3

B1 and B3-adrenergic receptors
Ischemic Preconditioning
Cyclooxygenase
Preconditioning

nuclear factor kappa B
mitogen-activated protein kinase
Protein kinase C

tumor necrosis factor-alpha
second window of protection
first window

Peroxisome proliferator-activated receptors

Angiotensin receptor

References

1. Kloner RA, Bolli R, Marban E, Reinlib L, Braunwald E. Medical and cellular implications of stunning,
hibernation, and preconditioning: an NHLBI workshop. Circulation. 1998;97(18):1848-67.

2. Murry CE, Jennings RB, Reimer KA. Preconditioning with ischemia: a delay of lethal cell injury in
ischemic myocardium. Circulation. 1986;74(5):1124-36.

3. Marongiu E, Crisafulli A. Cardioprotection acquired through exercise: the role of ischemic
preconditioning. Current cardiology reviews. 2014;10(4):336-48.

4. 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.

5. Bolli R. Preconditioning: a paradigm shift in the biology of myocardial ischemia. American Journal of
Physiology-Heart and Circulatory Physiology. 2007;292(1):H19-H27.

6. Xie Y, Xiao J, Fu C, Zhang Z, Ye Z, Zhang X. Ischemic preconditioning promotes autophagy and
alleviates renal ischemia/reperfusion injury. BioMed Research International. 2018;2018.

7. Shamsaei N, Khaksari M, Erfani S, Rajabi H, Aboutaleb N. Exercise preconditioning exhibits
neuroprotective effects on hippocampal CA1 neuronal damage after cerebral ischemia. Neural Regen
Res. 2015;10(8):1245-50.

8. Ramez M, Rajabi H, Ramezani F, Naderi N, Darbandi-Azar A, Nasirinezhad F. The greater effect of high-
intensity interval training versus moderate-intensity continuous training on cardioprotection against
ischemia-reperfusion injury through Klotho levels and attenuate of myocardial TRPC6 expression. BMC
cardiovascular disorders. 2019;19(1):1-10.

9. Annachhatre AS, Annachhatre SR. Preconditioning in cardiac anesthesia...... where are we? Annals of
Cardiac Anaesthesia. 2019;22(4):412.

10. Oldenburg O, Qin Q, Sharma AR, Cohen MV, Downey JM, Benoit JN. Acetylcholine leads to free
radical production dependent on K(ATP) channels, G(i) proteins, phosphatidylinositol 3-kinase and
tyrosine kinase. Cardiovasc Res. 2002;55(3):544-52.

11. Rahimi M, Asgari AR, Khoshbaten A. The role of exercise preconditioning in cardioprotection against
ischemia-reperfusion injury. Physiology and Pharmacology. 2014;18(2):122-43.

|
https://jsmt.khu.ac.ir/

83


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

VYE+) Y€ °)l‘°“3‘r°"’"5'5°°)9"‘&.5)9U35‘:3};5%4°;3u3&55g

12. Valen G, Yan ZQ, Hansson GK. Nuclear factor kappa-B and the heart. J Am Coll Cardiol.
2001;38(2):307-14.

13. Maulik N, Goswami S, Galang N, Das DK. Differential regulation of Bcl-2, AP-1 and NF-kB on
cardiomyocyte apoptosis during myocardial ischemic stress adaptation. FEBS letters. 1999;443(3):331-6.
14. Penna C, Alloatti G, Crisafulli A. Mechanisms involved in cardioprotection induced by physical
exercise. Antioxidants & redox signaling. 2020;32(15):1115-34.

15. Bolli R. The late phase of preconditioning. Circulation research. 2000;87(11):972-83.

16. Ramez M, Nasirinezhad F, Rajabi H, Naderi N, Aboutaleb N. The effect of preconditioning with high
intensity interval training on cardioprotection and left ventricular function against Ischemia-reperfusion
injury in male rats. Daneshvar Medicine. 2018;26(2):1-10.

17. Yellon DM, Downey JM. Preconditioning the myocardium: from cellular physiology to clinical
cardiology. Physiological reviews. 2003;83(4):1113-51.

18. Vinten-Johansen J, Zhao Z-Q, Jiang R, Zatta AJ, Dobson GP. Preconditioning and postconditioning:
innate cardioprotection from ischemia-reperfusion injury. Journal of applied physiology.
2007;103(4):1441-8.

19. Kavazis AN. Exercise preconditioning of the myocardium. Sports medicine. 2009;39(11):923-35.

20. Quindry J, French J, Hamilton K, Lee Y, Mehta JL, Powers S. Exercise training provides
cardioprotection against ischemia—reperfusion induced apoptosis in young and old animals.
Experimental gerontology. 2005;40(5):416-25.

21. Ghanimati R, Rajabi H, Ramezani F, Ramez M, Bapiran M, Nasirinezhad F. The effect of
preconditioning with high-intensity training on tissue levels of G-CSF, its receptor and C-kit after an
acute myocardial infarction in male rats. BMC cardiovascular disorders. 2020;20(1):1-9.

22. Frasier CR, Moore RL, Brown DA. Exercise-induced cardiac preconditioning: how exercise protects
your achy-breaky heart. Journal of Applied Physiology. 2011;111(3):905-15.

23. Nocon M, Hiemann T, Miller-Riemenschneider F, Thalau F, Roll S, Willich SN. Association of physical
activity with all-cause and cardiovascular mortality: a systematic review and meta-analysis. European
Journal of Preventive Cardiology. 2008;15(3):239-46.

24. Thijssen DH, Redington A, George KP, Hopman MT, Jones H. Association of exercise preconditioning
with immediate cardioprotection: a review. JAMA cardiology. 2018;3(2):169-76.

25. Thompson PD, Buchner D, Pifia IL, Balady GJ, Williams MA, Marcus BH, et al. Exercise and physical
activity in the prevention and treatment of atherosclerotic cardiovascular disease: a statement from the
Council on Clinical Cardiology (Subcommittee on Exercise, Rehabilitation, and Prevention) and the
Council on Nutrition, Physical Activity, and Metabolism (Subcommittee on Physical Activity). Circulation.
2003;107(24):3109-16.

26. Domenech RlJ, Macho P, Vélez D, Sanchez G, Liu X, Dhalla N. Tachycardia preconditions infarct size in
dogs: role of adenosine and protein kinase C. Circulation. 1998;97(8):786-94.

27. Domenech R, Macho P, Schwarze H, Sdnchez G. Exercise induces early and late myocardial
preconditioning in dogs. Cardiovascular research. 2002;55(3):561-6.

28. French JP, Hamilton KL, Quindry JC, Lee Y, Upchurch PA, Powers SK. Exercise-induced protection
against myocardial apoptosis and necrosis: MnSOD, calcium-handling proteins, and calpain. The FASEB
Journal. 2008;22(8):2862-71.

29. Cavarretta E, Mastroiacovo G, Lupieri A, Frati G, Peruzzi M. The positive effects of exercise in
chemotherapy-related cardiomyopathy. Exercise for Cardiovascular Disease Prevention and Treatment:
Springer; 2017. p. 103-29.

30. Rahimi M, Shekarforoush S, Asgari AR, Khoshbaten A, Rajabi H, Bazgir B, et al. The effect of high
intensity interval training on cardioprotection against ischemia-reperfusion injury in wistar rats. EXCLI
journal. 2015;14:237.

|
https://jsmt.khu.ac.ir/

84


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

\F XN #1 b)lou:) cwhb)"sb 0)53 ‘L.S)ﬁb"é 9 ‘5“3})5 g"‘b ); Wﬁ)"

31. Woijcik B, Knapp M, Gorski J. Non-ischemic heart preconditioning. J Physiol Pharmacol. 2018;69:173-
84.

32. Serra AJ, Santos MH, Bocalini DS, Antbénio EL, Levy RF, Santos AA, et al. Exercise training inhibits
inflammatory cytokines and more than prevents myocardial dysfunction in rats with sustained -
adrenergic hyperactivity. The Journal of physiology. 2010;588(13):2431-42.

33. Zdrenghea D, llea M, Predescu D, Potang E. Ischemic preconditioning during successive exercise
testing. Romanian journal of internal medicine= Revue roumaine de medecine interne. 1998;36(3-
4):161-5.

34. Lambiase PD, Edwards RJ, Cusack MR, Bucknall CA, Redwood SR, Marber MS. Exercise-induced
ischemia initiates the second window of protection in humans independent of collateral recruitment.
Journal of the American College of Cardiology. 2003;41(7):1174-82.

35. Powers SK, Smuder AJ, Kavazis AN, Quindry JC. Mechanisms of exercise-induced cardioprotection.
Physiology. 2014;29(1):27-38.

36. Lee Y, Min K, Talbert EE, Kavazis AN, Smuder AJ, Willis WT, et al. Exercise protects cardiac
mitochondria against ischemia-reperfusion injury. Medicine and science in sports and exercise.
2012;44(3):397-405.

37. Starnes JW, Barnes BD, Olsen ME. Exercise training decreases rat heart mitochondria free radical
generation but does not prevent Ca2+-induced dysfunction. Journal of Applied Physiology.
2007;102(5):1793-8.

38. Kavazis AN, McClung JM, Hood DA, Powers SK. Exercise induces a cardiac mitochondrial phenotype
that resists apoptotic stimuli. Am J Physiol Heart Circ Physiol. 2008;294(2):H928-35.

39. Ghahremani R, Salehi |, Komaki A, Damirchi A. Preconditioning Effect of High-Intensity Aerobic
Training on Myocardial Ischemia-Reperfusion Injury and Beclin-1 Gene Expression in Rats. Physical
Treatments-Specific Physical Therapy Journal. 2018;8(2):115-21.

40. Yamamura K, Steenbergen C, Murphy E. Protein kinase C and preconditioning: role of the
sarcoplasmic reticulum. American Journal of Physiology-Heart and Circulatory Physiology.
2005;289(6):H2484-H90.

41. Hausenloy DJ, Yellon DM. Survival kinases in ischemic preconditioning and postconditioning.
Cardiovascular research. 2006;70(2):240-53.

42. Xia Z, Li H, Irwin M. Myocardial ischaemia reperfusion injury: the challenge of translating ischaemic
and anaesthetic protection from animal models to humans. BJA: British Journal of Anaesthesia.
2016;117(suppl_2):ii44-ii62.

43. Thijssen DH, Uthman L, Somani Y, van Royen N. Short-term exercise-induced protection of
cardiovascular function and health: why and how fast does the heart benefit from exercise? The Journal
of Physiology. 2022;600(6):1339-55.

44. Suzuki K, Murtuza B, Sammut IA, Latif N, Jayakumar J, Smolenski RT, et al. Heat shock protein 72
enhances manganese superoxide dismutase activity during myocardial ischemia-reperfusion injury,
associated with mitochondrial protection and apoptosis reduction. Circulation. 2002;106(12_suppl_1):I-
270-I-6.

45. Golbidi S, Laher I. Molecular mechanisms in exercise-induced cardioprotection. Cardiology research
and practice. 2011;2011.

46. Quindry JC, Hamilton KL, French JP, Lee Y, Murlasits Z, Tumer N, et al. Exercise-induced HSP-72
elevation and cardioprotection against infarct and apoptosis. J Appl Physiol (1985). 2007;103(3):1056-
62.

47. Demirel HA, Powers SK, Zergeroglu MA, Shanely RA, Hamilton K, Coombes J, et al. Short-term
exercise improves myocardial tolerance to in vivo ischemia-reperfusion in the rat. Journal of applied
physiology. 2001;91(5):2205-12.

|
https://jsmt.khu.ac.ir/

85


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

VYE+) Y€ °)l‘°“3‘r°"’"5'5°°)9"‘&.5)9U35‘:3};5%4°;3u3&55g

48. Marongiu E, Crisafulli A. Cardioprotection acquired through exercise: the role of ischemic
preconditioning. Curr Cardiol Rev. 2014;10(4):336-48.

49. Melling CW, Thorp DB, Milne KJ, Krause MP, Noble EG. Exercise-mediated regulation of Hsp70
expression following aerobic exercise training. Am J Physiol Heart Circ Physiol. 2007;293(6):H3692-8.
50. Stein AB, Tang X-L, Guo Y, Xuan Y-T, Dawn B, Bolli R. Delayed adaptation of the heart to stress: late
preconditioning. Stroke. 2004;35(11_suppl_1):2676-9.

51. Maejima Y, Adachi S, Morikawa K, Ito H, Isobe M. Nitric oxide inhibits myocardial apoptosis by
preventing caspase-3 activity via S-nitrosylation. Journal of molecular and cellular cardiology.
2005;38(1):163-74.

52. Lefer DJ. Nitrite therapy for protection against ischemia-reperfusion injury. American Journal of
Physiology-Renal Physiology. 2006.

53. Calvert JW, Lefer DJ. Role of B-adrenergic receptors and nitric oxide signaling in exercise-mediated
cardioprotection. Physiology. 2013;28(4):216-24.

54. Guo Y, Wu W-J, Zhu X-P, Li Q, Tang X-L, Bolli R. Exercise-induced late preconditioning is triggered by
generation of nitric oxide. Journal of Molecular and Cellular Cardiology. 2001;6(33):A41.

55. Akita Y, Otani H, Matsuhisa S, Kyoi S, Enoki C, Hattori R, et al. Exercise-induced activation of cardiac
sympathetic nerve triggers cardioprotection via redox-sensitive activation of eNOS and upregulation of
iNOS. American Journal of Physiology-Heart and Circulatory Physiology. 2007;292(5):H2051-H9.

56. Vogt AM, Poolman M, Ackermann C, Yildiz M, Schoels W, Fell DA, et al. Regulation of glycolytic flux in
ischemic preconditioning: a study employing metabolic control analysis. Journal of Biological Chemistry.
2002;277(27):24411-9.

57. Van Winkle DM, Chien GL, Wolff RA, Soifer BE, Kuzume K, Davis RF. Cardioprotection provided by
adenosine receptor activation is abolished by blockade of the KATP channel. American Journal of
Physiology-Heart and Circulatory Physiology. 1994;266(2):H829-H39.

58. Piper H, Abdallah Y, Schafer C. The first minutes of reperfusion: a window of opportunity for
cardioprotection. Cardiovascular research. 2004;61(3):365-71.

59. Burelle Y, Wambolt RB, Grist M, Parsons HL, Chow JC, Antler C, et al. Regular exercise is associated
with a protective metabolic phenotype in the rat heart. American Journal of Physiology-Heart and
Circulatory Physiology. 2004;287(3):H1055-H63.

60. Bowles D, Starnes JW. Exercise training improves metabolic response after ischemia in isolated
working rat heart. Journal of Applied Physiology. 1994;76(4):1608-14.

61. Powers SK, Demirel HA, Vincent HK, Coombes JS, Naito H, Hamilton KL, et al. Exercise training
improves myocardial tolerance to in vivo ischemia-reperfusion in the rat. American Journal of
Physiology-Regulatory, Integrative and Comparative Physiology. 1998;275(5):R1468-R77.

62.Tao L, BeiY, LinS, Zhang H, Zhou Y, Jiang J, et al. Exercise training protects against acute myocardial
infarction via improving myocardial energy metabolism and mitochondrial biogenesis. Cellular
Physiology and Biochemistry. 2015;37(1):162-75.

63. Freimann S, Scheinowitz M, Yekutieli D, Feinberg MS, Eldar M, Kessler-lcekson G. Prior exercise
training improves the outcome of acute myocardial infarction in the rat: heart structure, function, and
gene expression. Journal of the American College of Cardiology. 2005;45(6):931-8.

64. Frasier CR, Moukdar F, Patel HD, Sloan RC, Stewart LM, Alleman RJ, et al. Redox-dependent increases
in glutathione reductase and exercise preconditioning: role of NADPH oxidase and mitochondria.
Cardiovascular research. 2013;98(1):47-55.

65. Lennon S, Quindry J, French J, Kim S, Mehta J, Powers S. Exercise and myocardial tolerance to
ischaemia-reperfusion. Acta physiologica Scandinavica. 2004;182(2):161-9.

66. Chowdhury MA, Sholl HK, Sharrett MS, Haller ST, Cooper CC, Gupta R, et al. Exercise and
cardioprotection: a natural defense against lethal myocardial ischemia—reperfusion injury and potential

|
https://jsmt.khu.ac.ir/
86


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

Y€+ YE b)lou:: cphb)"gb 0)53 ‘Ls,,l.‘..é ) 6”3).)5 &.Jo )b ‘)Mhs))

guide to cardiovascular prophylaxis. Journal of cardiovascular pharmacology and therapeutics.
2019;24(1):18-30.

67. Frasier CR, Sloan RC, Bostian PA, Gonzon MD, Kurowicki J, LoPresto SJ, et al. Short-term exercise
preserves myocardial glutathione and decreases arrhythmias after thiol oxidation and ischemia in
isolated rat hearts. Journal of Applied Physiology. 2011;111(6):1751-9.

68. French JP, Quindry JC, Falk DJ, Staib JL, Lee Y, Wang KK, et al. Ischemia-reperfusion-induced calpain
activation and SERCA2a degradation are attenuated by exercise training and calpain inhibition. American
Journal of Physiology-Heart and Circulatory Physiology. 2006;290(1):H128-H36.

69. Piper HM, Meuter K, Schafer C. Cellular mechanisms of ischemia-reperfusion injury. The Annals of
thoracic surgery. 2003;75(2):5644-S8.

70. Gross GJ, Peart JN. KATP channels and myocardial preconditioning: an update. Am J Physiol Heart
Circ Physiol. 2003;285(3):H921-30.

71. Brown DA, Chicco AJ, Jew KN, Johnson MS, Lynch JM, Watson PA, et al. Cardioprotection afforded by
chronic exercise is mediated by the sarcolemmal, and not the mitochondrial, isoform of the KATP
channel in the rat. J Physiol. 2005;569(Pt 3):913-24.

72. Quindry JC, Miller L, McGinnis G, Kliszczewicz B, Irwin JM, Landram M, et al. Ischemia reperfusion
injury, KATP channels, and exercise-induced cardioprotection against apoptosis. Journal of Applied
Physiology. 2012;113(3):498-506.

73. Costa AD, Quinlan CL, Andrukhiv A, West IC, Jaburek M, Garlid KD. The direct physiological effects of
mitoKATP opening on heart mitochondria. American Journal of Physiology-Heart and Circulatory
Physiology. 2006;290(1):H406-H15.

74. Brown DA, Lynch JM, Armstrong CJ, Caruso NM, Ehlers LB, Johnson MS, et al. Susceptibility of the
heart to ischaemia—reperfusion injury and exercise-induced cardioprotection are sex-dependent in the
rat. The Journal of physiology. 2005;564(2):619-30.

75. Laughlin MH, Bowles DK, Duncker DJ. The coronary circulation in exercise training. American Journal
of Physiology-Heart and Circulatory Physiology. 2012;302(1):H10-H23.

76. McElroy CL, Gissen SA, Fishbein M. Exercise-induced reduction in myocardial infarct size after
coronary artery occlusion in the rat. Circulation. 1978;57(5):958-62.

77.Brown DA, Jew KN, Sparagna GC, Musch Tl, Moore RL. Exercise training preserves coronary flow and
reduces infarct size after ischemia-reperfusion in rat heart. J Appl Physiol (1985). 2003;95(6):2510-8.
78. Leon AS. Biological mechanisms for the cardioprotective effects of aerobic exercise. American
Journal of Lifestyle Medicine. 2009;3(1_suppl):325-4S.

79. Quindry JC, French J, Hamilton KL, Lee Y, Selsby J, Powers S. Exercise does not increase
cyclooxygenase-2 myocardial levels in young or senescent hearts. The Journal of Physiological Sciences.
2010;60(3):181-6.

80. Martin-Nufiez E, Donate-Correa J, Muros-de-Fuentes M, Mora-Fernandez C, Navarro-Gonzélez JF.
Implications of Klotho in vascular health and disease. World journal of cardiology. 2014;6(12):1262.

81. Xu Y, Sun Z. Molecular basis of Klotho: from gene to function in aging. Endocrine reviews.
2015;36(2):174-93.

82. Wang Y, Sun Z. Current understanding of klotho. Ageing research reviews. 2009;8(1):43-51.

83. Saito Y, Nakamura T, Ohyama Y, Suzuki T, lida A, Shiraki-lida T, et al. In vivo klotho gene delivery
protects against endothelial dysfunction in multiple risk factor syndrome. Biochemical and biophysical
research communications. 2000;276(2):767-72.

84. Semba RD, Cappola AR, Sun K, Bandinelli S, Dalal M, Crasto C, et al. Plasma klotho and cardiovascular
disease in adults. Journal of the American Geriatrics Society. 2011;59(9):1596-601.

85. Arking DE, Atzmon G, Arking A, Barzilai N, Dietz HC. Association between a functional variant of the
KLOTHO gene and high-density lipoprotein cholesterol, blood pressure, stroke, and longevity. Circulation

|
https://jsmt.khu.ac.ir/

87


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-01 ]

[ DOR: 20.1001.1.22520708.1401.20.24.6.1 ]

V€4V YE b)w ‘,,h.:,'l,: 2,93 ‘d}ﬁw 9 6'3})5 w 5 0;‘&5)"

research. 2005;96(4):412-8.

86. Rhee E-J, Oh K-W, Lee W-Y, Kim S-Y, Jung C-H, Kim B-J, et al. The differential effects of age on the
association of KLOTHO gene polymorphisms with coronary artery disease. Metabolism.
2006;55(10):1344-51.

87. Saghiv M, Ben Sira D, Sagiv M. Comparison between aerobic and anaerobic training influence on s-
Klotho blood levels following 60 min aerobic bout. JJ Physiology. 2015;1(1):004.

88. Saghiv M, Sherve C, Ben-Sira D, Sagiv M, Goldhammer E. Aerobic training effect on blood S-Klotho
levels in coronary artery disease patients. Journal of Clinical & Experimental Cardiology. 2016;7:1-4.

89. Matsubara T, Miyaki A, Akazawa N, Choi Y, Ra S-G, Tanahashi K, et al. Aerobic exercise training
increases plasma Klotho levels and reduces arterial stiffness in postmenopausal women. American
Journal of Physiology-Heart and Circulatory Physiology. 2014;306(3):H348-H55.

90. Ramez M, Ramezani F, Nasirinezhad F, Rajabi H. High-intensity interval training increases myocardial
levels of Klotho and protects the heart against ischaemia—reperfusion injury. Experimental physiology.
2020;105(4):652-65.

91. Marefati H, Aminizadeh S, Najafipour H, Dabiri S, Shahouzehi B. The effects of moderate-intensity
interval training on the resistance to induced cardiac ischemia in adult male rats. Qom University of
Medical Sciences Journal. 2016;10(4):1-9.

92. Shen Y-J, Pan S-S, Zhuang T, Wang F-J. Exercise preconditioning initiates late cardioprotection against
isoproterenol-induced myocardial injury in rats independent of protein kinase C. The Journal of
Physiological Sciences. 2011;61(1):13-21.

|
https://jsmt.khu.ac.ir/

88


https://dor.isc.ac/dor/20.1001.1.22520708.1401.20.24.6.1
https://ndea10.khu.ac.ir/jsmt/article-1-565-en.html
http://www.tcpdf.org

