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ABSTRACT

Background and Obijective: the aim was to investigate the effects of 12 weeks of High
Intensity Interval Training (HIIT) and curcumin supplementation on expression levels of
FSTL1 and Smad7 and also Type |, Ill and IV collagens in rat model with myocardial
infraction (MI). Methodology: 48 male rats were randomized into five groups of
Reference, HIIT, Curcumin, Concomitant (HIT+ Curcumin) and Control, following
isoproterenol induced myocardial infarction. After Reference group execution in order
to conform the MI, curcumin was administrated through oral gavage 15 mg/kg.day. HIIT
sessions were conducted for five days per week, each session for 60 minutes, consisted
of 10 bouts (each for 4 min) of running repetitions at 85-90% of v VO2 peak separated by
2 min active rest intervals between running periods. Left ventricular FSTL1, Smad7 and
also type, lll and IV collagens expression level was detected by western blotting. Results:
In all three intervention groups of HIIT, Curcumin and Concomitant, the cardiac weight
was significantly higher (p=0.001, p=0.018 and p=0.001 respectively), while type IV
collagen expression level was significantly lower (p=0.001 in any circumstances) than
Control group. However, only in the Concomitant group, a significantly lower type Il
collagen (p=0.033) expression level as well as higher FSTL1 (P=0.001) and Smad7
(P=0.008) expressions were recorded, compared to the Control group. Conclusion: A
diminished cardiac type IV collagen expression level in accompany with a zero mortality
rate in all three interventions could likely imply on the safety of HIIT as well as curcumin
supplementation to suppress post infraction myocardial fibrosis. However, only
concomitant intervention could decrease infracted left ventricular type Il collagen
expression level, with an elevated FSTL1 and Smad7 expressions, which outlines their
synergistic prescription to achieve better results. However, more researches remains to
be done because of the lack of evidence and studv limitations

@ @ 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/) DOI: 10.29252/jsmt.19.2.37.

37


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-8120-2100
https://orcid.org/0000-0002-4565-7052
https://orcid.org/0000-0002-6134-1912
https://orcid.org/0000-0002-0796-8511
https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++ XY b)w cwﬁb}lﬂ 0)93 ‘d)9u3d$5)9“fb)a MQ)"

S29US 9 )9 b 30 g

YOAM-TAY0 : g wII Ly
Homepage: https:/jsmt.khu.ac.ir

PYOY— Y A jol> bl

v
g

Slaio (3130 S g0 (MB 19 md o (SHlw sl 9 w0sS 395 JoSo g W (gl (9 y0d Ol I

&m

PS5 e [ g lade J5T o S 1T 6ty Sl |

*Y P N
Shdr ) 4l |

ks S o 5

.O\J._v_\ R gddul :b‘i JiSls R Jl ‘u"’"’ S P cjjg ‘d‘ij)ﬁ ngjjﬁjgﬁ ‘5}25.3 ‘_gﬁr.:.il: A

U‘J‘.’.‘ ij-i)-n-: ‘daj.w\ )\)TGK.\:«J\J ‘J‘i)": ./\>‘_5 ‘Jv\-’ CA.:.’J: a}; c)libt.»‘ Y

Ol Gy e oDl 3T ol (5 Ay e s S 5 05,8 Lisls Y

U‘Jz’.‘ Aj.if.: ‘QBQL)DTJJAJ*QoK;J\J ‘g;.j:)')) €jl; o_jjf UL:.L."J’G

.Q\ﬂ\ R e NEGH T ‘d:').))f)l';ju'."x'f S P oIS ls “;ij‘)) ‘_gjjlﬁjg o)JfQL_\.:Jl).O

poozesh@iaut.ac.ir gl dor 53 55 4B 5 1 giens ol ik

(KWL

FSTLL 0Ly Jltie 5 e 58 558 b eme ol on 4 (HIT) s gl o o anin VY 5T Guows Couln 1 bn
ot iSRS de 5l e S o Gl IV S T ¢ 5 slaosdls s Smad7
5 (s 55+ 0 m9) 155 a0 el g 05 8 g e in e HA (B S W )
A & e S ke 10 6lay e sSHsS aar S Al Sl w03, SIS Sl ey KAS s J S
s Ve fals adr e canin 3 a5 iy HIT o ed Sl o slinad 51580 &y g0 40 O 035 ¢ S kS
Aol aids 53 LVVO2 peak 5l s Ae-ar cons b 0dgs (akds g alay o) alay Ve 5l ISz
Ol e a8, VWO2 peak i aoys £0-00 s b odss slal S5 e s dled ozl
S A O s e o s S IV T o3S imen 5 SMAA? FSTLL gla s
A i b b B 055 el 5 5 ensSsS (nped Jold e a5 el s
S 05,5 31 (5,50 4w a3 P=v/0 V) 2SIV g OIS Ol oldie 5 (P=+/++\ 5018/0=P P=+/++y
Smad7 ;FSTL 5 (P=+/Y%) a8 (ssls pme ssbar 5 1 g5 0508 Ol Jltde el 05,8 5> o L3y
oS m 030 IV g5 O3S 18IS (s Saomts 31 J 55 03,5 51 i SMAA? (008/0=P)  (001/0=P)
38 55 md Ly 2alS (6l e S, 58 oS s HIT (a5 030 cpesl 4 il calstlte ace o Jlasl il s
S FSTL Jnall 5 NI g 0338 s 0l 28 o ply alsle s Ll kS Vs oS ez
w2 L el S G HIT 5 iS558 ol 5w o8 43 e s o ooy 55 SMad?

el BL i Ol 4 5L Olomen ( Sladl dalpd 5508 5 Guded lacus sdowe s 4 bl caS e

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

sdflio ol

VECEN il e

VYerr/0/Y0 gj;'ji"\'.’. @)U

3wl o jly

3 5 md (e S H5S

:Cb_-)l

Sl by (st g Bl ol 3

Sl = S ol (S

23 A5 hS s sl (solele

ool Sy b
0L—YV:(YY)\


https://orcid.org/0000-0002-8120-2100
https://orcid.org/0000-0002-8120-2100
https://orcid.org/0000-0002-4565-7052
https://orcid.org/0000-0002-4565-7052
https://orcid.org/0000-0002-6134-1912
https://orcid.org/0000-0002-6134-1912
https://orcid.org/0000-0002-0796-8511
https://orcid.org/0000-0002-0796-8511
https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

Aodio
Syt 55 o ol 5 S s (6308 gn Sladshs £ 55 53 8 53 5 L3L med (B S JLis 4 Y saxe
Sl S5 Ol gd polm b o bl s o ey LU 5 it Rl 3l e 45555 s gos 28 (5 L
Slr s SBEF| il dr 5 5 (RIS 5 335 S CBlate slaand 55 51 (6,8 Sl sl B 5l bl
Skl 51 (63L5 sl al g Laly pl 53 ol (655, Sl 3,08 00 3dme G5 51 U ol 1 (5,8 S
Slests o B355SOl e rizmen (V) Wles S Cole (agmn,3 SSo3,5 e3le) (e sS5 S B sdiSClablons
Sz STL ) Wb oo o5 5 Shas 3500 s 5 0303 Ggmn oo s 0 1y 4K 51 e (63, 500 (55l
ol S Lyl 5 53 bl e sdodalie oSl S 53 o 5 asla Jlrs B s a Sl 535
St o Sl (3555 5 S i e Sl b i LS (0,8) e (55,5 S b 553
HQY IR T e W R P FYERU R W -

whae 5 JU sl lad s o s 50,8 51 a2 (S s SO FSTLL & 5558 05l L o0l 5o
ol a5 st Goosm oSl ol B LS e 5 sl (Sonp daly 335l LS ol Glo
abiae 3| amd BFSTLL Slu [l ol o latise 53 (V) Kb 2o o 5 38 5 3 O sseb il 53l
(A) 358 sdoms DA (358 o5 o s ) 5ba NOS e 5 b 5l 5 ol (gilula, O 4 Ll e
Syt B o m B F e Ol e Ml 0 () G e bl i et ls S Olpe 0 FSTLL (e
S isn 0> 5 535l s e (AS alas FSTLL (a2l Ga b 51 (508 0 e Gl K3 53.000)
b adl 5o S S Gy e S8 SRl )l e Il slad sl iS5 2151 L a8 s e s ol e
38 e 3 SUFSTLL 56 (% Js (0) s elen 55 Shee 55000 5 350 500 5 Llge S35 b
S gy g 48 ey o S 5 el A s g e S s LB s en s B 5T
A3l Iy e oals 5 63, el Sl a5 BSOS 5 SN e fiﬁ

Sdme Gy po Sl 3l p3U LaulST il bl s TGFBY/SMad e S oo 45 ol sdldnlgilng o dle 4
4S das e S35 S S5 OIS S L LOVENY) 855 LB OIS s S s (o ase Jilae
SLOIIS lael (i a5 5 53 (0N ,10) das 15 Lyl s (Bl gl e 5 5 5me 3 ) L il 5 s
oolal (wl glis Jole ) b6 5 OIS 4 (S S S ol 5 dcea ¥ 5 ¢ OIS Joli sddazlen o306
S 3l ey s G Sl e 5 ) g5 SLODIS S dis S edalie (YY) OLan 5 Sl Ll OA IY) 5505
Sl (83t il LS s SO slad phe e ol b 5 4S Ll i WU a3 s, £Y B s Al il 5l
S el O 5 s ol $00) A3 E 5 ¥ O GLOIIS Ol Al o eSS wlis, il bl s

Ol Jsb )3 O3NS o pslle 5len b 5 358 50 o SIECM Cblim v siboms G55 sl 150 53 (e 55055


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++ XY b)u cwﬁb)’lg‘ 0)93 “5)9";53‘5*3)’)9"3‘»): U"‘&S)"

Al L Ll e(YY Y 0) 55 o 5s b L LSS 51 (6, S sk b e halS 4 eSmad? u.:ﬂgbjl Gk 3l
e S 5 (T YY) el 0B (55 s s 4o Claze a1 53 n 585 58 S35 b 3G
co))’\.&‘b(Yi)w‘owwi}mJa..:“j&).}LAQT‘LC«)WW}&)J}Lou;w\&;auww&|}o
Lﬁ"‘jj)b L J)‘J\Iﬂ C)L..:JQS Q‘)&MH”T CJL..'s‘JoJ OJJJA‘ 41..3“ L)’B;J‘EJJL'JJ‘) LS‘)L.’.J Q:M‘;:.ww‘ ).}H”T
a YV Y ke ol pan e S Ol el 4 Gl e SITL o g Wlodd Jglie 50 ako Calaze 3
5 S B S CBlaie B 5 eSS JaSe b el Sl sl g5 ol G s oS s e
HIT(28) oo o 31 iU o sdeSlasloee ol 3l ot SleMbl b a8 ax STl axils VU (5,08 a5
) b s 68 (T8) s n 5 o2aleST ol Sl e () 55 s GLRNA 5 Koo (a5 33 b S
(Slidss S s andl S s SOl | 68 Ol 5T SO Olge 4 (K e iS5 S Lol e Sl el &
d}v\;ASCMA‘oMC)J&Lﬁ‘N&LéLJZ}aJD‘_;.uAL{Mng‘)‘MJ_})&iMﬁ)r&AJ})kH”TQL’JJ
T PO N VS v -Vt R I GO PONPUPS LFCIPSPP RIS PR JOU-S V) NS P VRPN S ]
;80 5 skl HIT e plas s bloes 30 55 Sos God G55 (1) Sl 0355 el mn 03,5 a5
Sl s Gl Sl el g5 opl 035 el I S S (1Y) om.xﬁ‘l:u.i,ﬂ)'\wm&d@:@qé
UT‘-‘J"L', ‘C,.w‘ o.Lj..; L;NJJJ Lfb ASS.\.» g_,\:ela.:.ﬂ LS)L"”A'.‘.""'; .]a_“"j& J.) g_,\.l:é IV B} ”I cl Cf LELQQ})AS E) Smad7 cFSTLl
&uuqﬂpo,\g,@Qu,,s;u*(,l?u'\;uw,-x\,:@@,@mﬁbuWﬁfay@\sh)w#@
Gl S 5 e LU HIT Sl ol s b e S 0n Solin ond Lol (e S5 58 e 553 00 20
Fplre St (55 e Slesply 2 eSS JeSe S an S HIT (el ol SIS (o) 2 Gl

o9 3 wlwiig 5
Sl 5l Coles 8l 68 Glamas o Wlad o (glazaa VT 8@ S ol e e A (oS G pl o
Col VY gmas o Gb s e slamane 5 Ol 4l o mas b el 8 53 i 35 LINIH) a8
15K 3l 8= il a3 YYEY esgdoes 3 Jaes gles 5 (eae VA G e Vsl s el bl
ozl 3 (NIH) s bosT bl 51 culem il 3 Glamas 55 ulal o Sl LS 5 (610 Ll 5 s
553 L dsAsnsn) G oo st 5 55 (b s pl e Slaie pled lnl (23 S plamil 55 Dl 15T
oS S (alal sbar e 5 A8 S 15 Lo 0555 g 4 OL D55 p SIS a8 Je Ve
S day azda 53 LS s J 28 5) JoSa HIT + Jals) ¢Tj: (oS 35S HIT Lol ¢ o6 Ve o5 5 L 5n-8))

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


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

ejjf 3 edld i £ 4 gal )3 B (LDH) 3U5 5 ,00as oSy ~MB (CK-MB) (LS 5l S culles ool e B
CS b G Jan i (G 5 (6,8 0 5 (0 033 S 2 3 a e /T) 5T L B g 5 ) a e
S e bl ke 4 o pes lames S e A pll 1Y 55 L (Y Jsa) o MyBioSource
5 0ls 8 ol gas p aids 55 e VoA oo bandr pa 53 4i3 V0 B e L O s Sl adr gy cazin
55 YO pylem a3 5 S 03558 013 815k w do o Al a s e wp s A s S
3o 9 Al Jels A e Slex 55 VO2peak 5551 5 gl o255 o b o}»;hs@\;swﬂw.@)
plowil o233l ania )3 p jad andar T3 5 o g le g i s oo g i (Ul ele) Sl jad s 5l LS
eSS e Vel s akEs  te ) e b aid ) e il s e a e s s
iB3 53 a5 g a3 YO 5 ol Ol Sl oot OF 3 a8 A LT 8555 0l 0a5T s 3,5 S 1 038
aalsl s 3B Sl Jige oS L3 Bl il (aids 5 me VASY soae) &6 5 i o/0Y Ol S 15 Cs
SBlly @ ey o (o5 O 5150 51 a2 b sdins S ol (g5 0311 L 4w SO AL a5 el
33).) Wi civ Vo2 peak Cs s Ol g

(4,3 Y0 %)Juwgmﬁobﬁj\}éwﬂmﬁwojmw Sde s (V Jsdm) HIT ST,
L;LAo)}:Lg)VV’OZpeak Ao y3 A0=r slae s b slagds £ cdlad aday Vo Lold alds 8 a5 0l | o
03,8 3w 433 0 5 035 05 aids V¢ (uomen 35V VO2 peak Loz £0-00 Sl b glaids ¥ b ol
0> E3as S b Ogesl LSS Sl ey ey a5 Oss S (FE) A3 Ll o el andr gl 5 sl o
L;J;u\ﬂo@,wﬂswymmmmt@Ji.x},vozpeak)\mwﬂjwujpwmuéw
S g L auloes Ll Cou pl 5 G ys e S HIT (s 3 S 5 A aule o 5V VO2 peak) )
el 0l o5 LEN Y I 53 eslinalsyge SO Sliaseiie il d&;,)@ﬁd}m@ﬁJﬁswﬁ&\N
> Jaie OF 2 e e 53 ek s 4 (10) O 0 oSS a8 Jee VO Wiliss eSS
055 5 b 2 O o Sllgm ¢ s s b pze STy g5t 5108 oy g0 w0 Sa3 Chad day s 3 aS day s b
23 A 85 s gl Al s (LSl 0 e il G 3l e G i ES LI ) s (S
S Lo 00 e B L (ol o Gl sl

AV 51 d GlagiS Oly Sldie spiamen s SMad? Oy Slids 5 (V) OLKes 5 (65 o b FSTLL Ol i
el LA (S eIl L O ey b 5 (V) 0L 5 K by ool 70 Sl b o Gl il
53 Wpts gy e b (5, S o3I OT sy Bl 5 s 05 pem 5 3L 5o ol Sl st sbay e
5 St S IV 51 OIS 0 JUIS L ool sl o me 53 e 5 L e3ls )1 3-SDS el ST L J5 =1s
FSTLL Ao 5 555 = Smad7 4o oL sl uomen 5 (0L @)»T@aﬁ> e sl OIS Ao

5> lalie us b L;LALSJLL;:}T S 3l e aalsl s s § 13 (Li;ff Sl &S5 glme g


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++ XY b)u cwﬁb)’lg‘ 0)93 “5)9";53‘5*:’)’)9“;"»): U‘*hﬁ)"

J‘ﬂ‘ffhﬂ}:e.k&&‘ﬂ)wwm;)‘}xM‘fﬂ)b}aMeJ‘))‘ﬁwbﬁo}deé‘ﬁu_}mwﬂ
St sl s 31 G Ol Gl e 5 ol laesls (gsluslleal (¢l L (g3l oSimage J

cS esla!
HIT) ks s e S35, s
S Sde | Sl Sy Sl s sy b was | L8 cd £S5 S
JS o sldas
. 035 | O | 0SS | el ol | 0S| e Ol © “ 038 wis
() (aa3s) (20 (m/min) (VO2max) (m/min) (VO2max) ol A (ai35)
Vo 0 AL+ A 0+—40 \V q+-A0 £y \e \e Js!
vo 0 Qe 4 0+—£0 A q+-A0 £:y Ve e 52
Vo 0 aée a4 0:—¢0 4 4+-A0 £y \e \e P
vo 0 Yoo \C 0+—£0 Ye q+-A0 £y Ve e poler
Vo 0 Voo Ve 0+—¢0 AR 4+-A0 £y Ve Ve =
Vo 0 AARE AR 0+—¢0 YY 4+-A0 £y Ve Ve (,.....:,
Vo 0 Ve 1) 0:-£0 Yy 4+—A0 Ly Ve Ve V...u
Vo 0 AR 'Y 0:—¢0 Yé 4+-A0 £y e \e e
Vo 0 \YE VY 0:-£0 Yo 4+—A0 Ly Ve Ve &
Vo 0 \Yre \Y 0:-£0 A 4+—A0 Ly Ve Ve o
Vo 0 AARE VY 0+—¢0 Al 4+-A0 £y \e \e ‘.A;,'Li
Vo 0 AARE VY 0+—¢0 Al 4+-A0 £y \e \e TSR

S ite sl (e M s S oSy 5l Oyo3l b baesls 235 o 3 o bl s sl
JoSo Srae Zands 5 (U8 ln 03 eped) GRoos ety sladele elal XY Jlile bl Joles
La ale 51 Sl e 53T odalin LB s osls o 5 oo A5 oslinl (JaSe G jae pde 1y 53 (0055, 55)
oy O bty o 1 eslinad U Waesls oas S o aalis ((YxT) Jlsle bty bow 55 Lol el 35U L g
Dyl 0353 I3 sme D)o 53 ey S (553 4 55 aglie Sl il Slaamlin 4 S5 g 3 4 350 pll
Slowloe alad A oslizul Dsla jewr oiad 03030 51 010U Jlsine Spp 53 5 (S5 omdind 05031 510

A plonil YY a5 SPSS i 53l 5 5l eslizal L &bl

sl
4&}5}}5 ‘JJLS L;Lﬁcj)f (Y J}J@-)g_,.l}u)j JuJ;MQLLU QJJ.: \) PICARW 69> LS-{‘N LSLAL):’}" (:Lo.?
wﬁjsjjséuw.b.bcg,‘.l}u)jﬁ‘f‘)bfi}}';‘j.bjfJﬁe}ﬁ)‘ﬁlﬁ.’é)‘)w)kmulﬂlﬂ)brij.’:'jH“T

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


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

(Y dsd) A 5055 00

B Gl 5l e Jles 5 1S g gla e Y Js

SU5,hes sy 3S el S RS O% 039 03 5
UIL) o UIL) o+ 5 5

YEV/AY £ Yo/0Y YAUYL AN AZARE VAR Yoo /VA £ YVA &
\4Y/E \Y/AY YYVe £ Yo\ \/4Y £ +/Y) YYe/ o\ V/0t J xS
\oY/VE YV/VA YeY/4a £ V0/VY V2V, 3= VAV YYV/AY £V 6/ w.,,s)js
VEVYE YO/ ARYYAZ= R VAR 1/4) £ o/YY YYANYe £/ 8 R
\Yo/NE VVUVA Voo £\ 8/ A VA E /NG YYa/ve £1V/84 rb}

Y Jk)JfU’:J Q;L&J 3‘5,:..: )‘ Q5L>- LY v\.’b}.«) )‘J‘_;..M (FZ'/-\/\ LPZ'/\V) L;LGL!: JS\}

P=r/Y0) JoSe Gpan Sy 5 (FEVAY P=2 /YY) oy pad Sy slabole 31 Il g3 O3S 3550 53
o o bl e 03 o3y W5 4 el ol b s gs Sls ame (F=2/8A P=v/00) el 3 5 (F=4/EA
OLES el oS A plowil 55 ol ST ilisls Jebo 3l eslizal L aesls (a5 S avslie 2t Oluebsl (s (s0l3 me
B 0/08 Jao e O RS 05 S Sl 5 (sl me b plg g8 s b I g OIS 0Ly lde sl
G pan Cand s 5 (F2YIAO P=2/YE) (ol Conds sla Jale SV g5 O3S 5550 53 Lol .(P=o/2YT) ol (408
wlsl 53 oplpls 3 Sl gme (F=V0 P=2/0VA) ol 1 a8 Jls 55 cldis Sls oms (F=£/AY P=4/TY) oS
VVE) el 5 (LR YD) a S5 S GV R YDHIT 058 e a3 a8 3l 0LaS Laesls a5 8 s amslis
(2)50 aw a3 P=2/0 ) ol J 28 05 S 5l a8 (gl e psbay LIV 65 OIS (s O Jlie (VY £
(P>1/00) L2l o a4y o e b ol 51Dl s

e Coxsy y (FEVYY/EE P=4/000) o3 Comdy la fole 31 50 CBFSTLL 55 5 Oly 5,50 53
0 o lol 035 s s w5 oS Wisgs ls ime (F=o/oVY P=oVA) Ll 31 5 (F=40/YY P=+/+10) |oSs
ssbas el es,S 53 lais CUBFSTLL (1855 5 Ol e sls 0L 4 s plowil 35 a5 S glie (613 me o
(P=v/v o)) sl (mo/F e /o La e GD) J 1S 05 S 51 i (6 ls e
P=+/ V1) Joo G pme Cansy 5 (F=0/YY P=2/0YV) el Consy bole 53 o 3 Smad? .55, 5550 53

Laosls a5 S s anslin aslsl 53 Jy (F=2/0A P=2/V4) 540 b5 o f‘jj Sas Iy s g Hls pme (FEUYA


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

M
n
£
ay
a
ay
ay
-~
?
n
ay
-~
a
i b3
[Xa)
%
3
a
>
25
.
-
w
-

Ol 5oly SO byl e b

)’L;:':i’J

ijs.laﬁ_ésts.:\.:;)ué

X

s

Sols e Hsbas gl

a_}ﬁ )‘
Alesasl,1 0 B sla K5 B 5 Laesls

d“.

(=2 /YE) £ /Yo Lo gie C3M))

Cew

L .(P=+/++A)

oS

1154 \mus™=? (a8uey? pjo4)

59 Olo Hloae N Ji.w

U 5spsp Gy Cod ol e sl i 3 55 FSTLL

elss

Lo o se b5 s SMAAT (55, 0l Hlade Y IS

”)J'-:C,?r;&

1
© ¢ N
o = o

0.6 -
0.4 -
555,85

Lpews \mys7 (38uey) jo pjoy)

[ #0-50-720z uo Jr-genyws( wouy pepeojumoq ]

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

.I.

1.2

0.2

SKE s (38uey) pio4)

[2'8'22'6T°001T'80.02522 T'TO0T 02 :H0A |


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

lD =5 q:-asf;sfl |
J555n05 GoF cod oo slaise B Il g 5 0335 Oy slaie £ IS

g

i § § § §

S5 AR g Sy
Sy A 55 d e Slsply p en S sS JaSo Dan 5 HIT (a3 o158 SIS s G ] o
e oS 35 0T 5l (Sl Gl ) S slaasdly 35 (ISO) U5 55 5l Gooy 3l (4L (ol e Jie 3 ol e
58S b Al el alte 5 e S5 8 JaSe HIT o s ol dstlte a5 g IV g5 (sla03YS 0L
ogﬂsw‘rlﬁwﬁﬁw s Vs L as Colae U 55 08 Wy Jhals js dstlie a8
53l Al iy U oS as edalie 55 I8 sl s SMaAd7 5 FSTL (55, oly Sl 5 Il g o3dls

S 2 AST (o S558 JoSa G pmn by s HINT (s el Jas b as i


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++ XY b)u cwhb)’li 0)93 “5)9";53‘5*:’)’)9‘;"»)5 U’&Sf

g,.l:‘aFSTLl U.L.:\J.e\ LS‘J" (v‘_,: c_gj§ )J) u.:.ejS)}Sj HIT r‘jj J5| Las oS sls OLES d:2.>=7 L;J} wb_ u:JJ‘ Lol
(V-\)ML&1343§...~:QLA).>L;\J.vé\a}:)QMQ‘»‘U&AJJ)&&&J}Q&MW;J{’J}&)}M
Olo 50 Gasd SO 52 358 o0 (FA YY) FSTLL Ol Wl s 5555 oo s 45 Wlesls DL 50 axidS dal gl
L5¢J.§FSTL1 )\ﬁxﬁwﬁ)ﬁfgt s)yj.af}lfpl Ll (FA)LS is ol s £/~£)|J..5,a4{v;hjl_3 ol Bl el g5l sa
ol e b s ads sl s FSTLL e iS558 50 5550 3 Sliios ST 5518 555 Sl jlw Slebl
Gt 5 4l ol sl (P4 V) 5 pd e Ole B 5 Sl dlas s (oo sk FSTLL Js  Wles 58 020 O
53 oiéﬂqw@%ucmm 2 G FSTLL i jil5l s olesar eSS b s HIIT o os ol
%w‘:H”Tdﬁjéuo};)éQTJF&Jﬁ)‘MWQ)}@)JJ{‘ud‘JJLJMb.bffm)la-bg_ﬁu
A3 e O o FSTLL [liis o ool wline Slidos 53 358 0 slgiin 45 353 odaline (gls sme il 53l
Sl s b ol sla Sose 3550 5 ezl B FSTLL Jlae [iul53l 4 55, e sl ol a3 55 a8 S
%t&bu‘)ﬁy‘}ﬂw‘IV}”I Cf&hdj%b}jﬂ))b@bﬂbé“b@‘;@ J’k}‘)ﬁﬂsﬂls)fjﬁyi

s S

Sl tse A SMAAT (Ll (6l e S55S 5 ed pl S laih oS Al edalie o bl S i 5o

s Ko Jobo 053 lapetis 5l Smad « el S5 4 eV ol GblS B e Jite ol s
Goas TGFBL/SMAd s S i (F)iiees TGF- Basl il sl 0555 lasoly alanls o dizes Slasply
SMad7 ol Geiss G s OV EIT) el 1850w [l B e 5 e 3 JSKul Sl L2553 O3S s s
33 53 SMad7 el ol il JialS 6 aslu 3l e s Sl 5 s s 4 U8 Kl st s TRRI
4 i a5l da 5 Sl aebl 4 5 Sl e atds ol B S 4 4B b1 3L e 5 S 2L
so3m 03 Vil 8 i3 8 5 gl b cnl by OIS 58l a5 GB) g8 OIS 5 Lyl 5 Oly ey
s & S 5 el 03ls (G55 Sl iy 5 e 55 sl Gy ) AU B el Je ol e gl s
S oY Oles Yhazm! pl by ool sl nia win U 4l s ol s Sla g0 a0n 5> SMAAT wesy 288
el B 5 Y5k Sacdn U s a L s el 3 S T SMAAT s e S35 5 e A 5
larse 3 S S Gl Sl 55, SO s s s ket s et b balie sbe 15 Gaes S

‘gj"L; Jjﬁq.& 2 e ceJJSCg.wA.:}La ez 9 A.EP-WJJB Jﬁgbﬁﬂjgf U’:".’-‘J'e‘ Q_j.b‘\s.lﬁi @j& @‘N

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


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

Sl s e oyl e Calis il oo g 550 5T Sl s Lt e 05,8 5 5 s 5 55w Sau gl halS
TGFB].‘\S .L’;J,S Lsﬂfd""'.‘.;" Qwa QL«A (V\)M ab; 4.:§...u Lf:';u )_5[>=A 4.:>-l4 DL g:a.:.n.ﬂj.b &Lﬁd‘}l‘d )L@.\.::
JL@J‘UTGFB]. JL@JJ‘}J}Q&)L@AJ;:)‘))Lﬁjqj;‘)babjsm?L)Jég:ﬁw\&ﬂh‘)ﬁd)gjﬁ szr.é.ﬂ
e e ise 5 B ase sl Gl e atis O Js 4 B s Sles 5 sl HINT r@:jj R
Sl edle 4ol B e Jhe ol o sla e sl S op el O3 peal 51 S a8 (FY) el siagb
sl b iius cpses Js o Smad7 il & waes ol 3l S cledbl plaas ()l sl 5

LS e s Ll s Slas 5 bl L5l dde sla s, 850

aaly 4 55 e Dl 55 S (mbse bl OIS s (LI e iS558 abls DI L

e oS58 Lo Sl Sy B s s s e 55, SMAd2/3 o 2alS 5 SMAdT a3l
Sl cdle el 3 b Sl e S5S IS s (Y)des gss of Smad7 sT cl il s b 5l &S el
4325 035 05 5 e TGFB1/Smads Sloply e 53 i G b L OIS s Slie a5 5 sl e
(I a o Ll L(VYV) 550 o B 5 Sas 50 4l 53 5 4 s 2508 500 53 OIS s 5 Jgho 05 0 5 56
LS 353 e 15 SMAAT iz me Sl 53l e (0S50S 5 el plss 3 b 4 3 S sdalie G o) 53 e
Smad7°.ujw;iu:ﬁts,uwaﬁjdw}\ya‘u.SMJ@JEJ@L;}.JJ\JQ\E&)}@#QM@@
b s S Sl nia azda 5l e 1) OO Wl (siay Slidhod o 8 S 1y bl s oot (b s S

b e S B> e S5 S 5 nes FSVSE Slaes s U o Bl S

o 5 sles o ol ) OIS Jlas e 1 Somas S b5 Al sdaline mlo GRS s 3

Al le aw o E OIS 3550 53 Sy A edalie LI Y OIS 2alS ol 05 S s dadh Ll ksl 36 I8 s
3518 300 53 48 355 0L L by cpl 53 BB o 4 Cond e Ol ol 3 oS Lzl (gledalS
Lol ) ECM GUI 51 U g 5 Sl ¥ 5) £ 50 O3S Jold siiantl 636 sLaOIS olael i« an
YOINOLKes 5 Kl .OA IV)kas o jolastl 5w (b glis Lol e ¢ g5 OIS 5 (S S o
) 45 Wl S anl 1y 5, e e lrs i s 4 Sy Sl e ks SUY ) g5 sLOS Oby 58l
Sl (3 ,m CAL L el Jlrs o3, badshe o0 Aol ol b ojs a5 Al L atis i B a5l

el ey T Lo slaal L oS i £ 5T ) SLaO3IS Oy S8l s e 5555 1355 3l Ll (14)L!


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++ XY b)u cwhb)’li 0)93 ‘LSJSMS‘:“;;})S%J’)’ U’&Sf

)Jb|4¢m\ow6ﬁ£| QJ%J‘JZAV.A&?JLZJJ: Lﬁ\fwéu&yjbdij))wﬁj\m45‘_;[})3‘_;}

(BNl obiosls Joyy a3l s sllie a3l 4 oS A sdtalie 5 1 O3S e 1 il 3l La i go o

035 Kt S Jabe s GlaS s 4 s Do Il OIS lap Bunl oS ol S5 4 05Y

LOX" o 531 o 55 nos 5 ol JoSCa5 alo o ol ol s oo 5 DIl (sl ey LSTE5 Lol (gliar 5 g 313 3 4
J2 Ol 4 a8 35 o (V) 5) G308 (gl sl oS Rl e B 3 0T 21331 oS (£7)3 550 plonl
» (pre-LOX) LOX' Jslo 050 5o i cizmen (87) sl eddanbis 5 oLosU Do 5 ol i 21531
5 Sl bty s (il s LOX il s a ol by (86) il SIS 3B I 039S o 3531 05 0L
g Gl 35z b J 3 atld Jimals (63 Shae byl 13 Olse 40 b Yo I OIS 0Ly il 38
ol I OSUS A5 55 GRl31 il 80 55 L oS 038 a3 (S DL ol e Slaise 55 LOX 0L 03
3 80es Sl patls mon b a8 STl cnl b (8)) S sdalie ol 5 s (63 Shas oy 45,87 Ll 2
I a0 s oS5 oS eslll dtlie OLL 51 o b5 I 50zl Gy Jbs 4 ol e b s
S L s eSS e s el ol e s T O3S ke (2l LT 6 2V S S el et
Sl ige b alie sl b s ol 55 Shes il 5 B 55,08 550 gre w0 sl B 4 W1 IV OIS
ity 5 ks Sl 03l (g5 (B 3 Shee 53 (Jgm ik 5 e ol e Sla Rse 2050 53 (G LI,
L s Lo ol s Sl tgm ) 38 15 s 2550 Lt ol e Dl 5> S 5 Slas 8 5 50
bl s Jlatml 48 A3 etalin 55 a8 e s i S a1y oo 5, Kkas oyl 3 5 s alst e 0,55 b 53

S o gie Lo WOl 55 1y 5 ,mb 5 3

8 lagis 5l donn VY i 5 GLOIIS 5 Ao s Av spi | g 53 a0 IS oS ol S5 4 05

3 S Sl g 5 LS 0 (b0 g ) B v RN MRNA L5 a5 Jb s cas o S35

S b Dl 5 IV g SO o5 ol ok isS S (80)das o jolantl st |y CU5 sla s

A (G (SaaS 55 b elan) 55508 5 (Sl na)lS 53 (208 53 5 Lsd o 555 e 5 Glge s,

S e 6 L5 e o IV g5 SOIIS Eals s o 38 s Lo bl el 53 cpl e BV o
S I B el Calate 5y ,ud Ly

1. lysyl oxidase

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


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

Ll 5 s planil 8L 55,0 53 Shes ptns (5 S o311 (gl o oy sioms s 4 i opl 53 = o 4 L
448 55 o Lal L andl ol sdul 53 i Gla )z 5L AS 3 edd S 03 S 4 U IS 5L b
ST Sl o 8l o G| Sl ity iy 3 48 S o w8 |y e 5T 3 o ol B S Ul
Pk O3 S e 03 5 a8 Jlo s ol S SO laam e b (50 6l sk 052 oSG Sl SISl L
055 Seile o (g 85 Sl o goe Mol (050 0 4t (G5 55 b Ol e 4 B e JUs
g 5 (s e sa) o ol osls (S UG B 3 5L s 5e SISl sl (sl e s ab s 4) L
Dol (B al)l i 5 (SA3 U L3 1) G e el e e (I ke 05 oS5
S s o g5 o g el (63,18 sa bl 1S 335 SlapmilSe 4 353 LA L S 51 (V)3 55 a3 BB
Ll 5l 36 Bl kel as b el sad 51 30 Ol 4 bg e glapeilSe i 5 At 4t LSl g
wpey ol 53 spea cplple ((BA) Wgls laS Sls B 5508 5 B B 5 e (St lid s LS S S S 8L
038 an 53 IV OIS 2l L s pl 05 8 5s Jais Il O30S Sl [l 81 sdaliie 5 5505 355 5345 ol
o GO ) by i s (e 1) i o S s 3 g i 0 B3 015 5 e 555,58 HIIT
S il sy Ll s Ses 5 ltle badal)y 53 5 S sl ite (S o3l 5Lt G et 0

sl Gt CJ’»‘ J,f.l.s slacos gi

Solsn s &S ol edenls OLiS LWl el Jie Juls Sl sla jose 3550 53 alie G G s Ll

2 Eios s dLs 4 aS Ad sdalie e S0s wlie G G L3 (80358 e I 5 T OIS 5131 e
s ol o 55 lsl gla age 53 Ll (0L o 2alS LB OIS (glgime oWl Al Je ol e o e
B e A N AN U CA DA o | OIS 2ol 33l Jlade alS s L5355
jjt}uﬁawéﬂﬁjﬂ <=_xwu.):;.ﬁlvjlll SLOIAS 3550 55 adlol= Ol s O340 2o b5 03 ke 5 50

B S et Ol 4 O 4 B US55 0es SUSY 5SS S sl 5T okl 53 et

s ol s B ol Sl i oS el S Lol S el 45 S5 G35 e s A 1l (0Y) sl
Slr Sy sl G alies ol S (OF)ies &5 50 B 51 5555 sla i 03 i b s oslee L5 S
o a4l Sl 50 a8 5 ssbme el sdul Slidiss 3 355 e slgnin € 358 0 peime LSl G
5ol Sl 5 S50 sl oleob 51 e 19O 51 il b ale Logae bl b g ey


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++ XY b)u cwﬁb)’lg‘ 0)93 “5)9";53‘5*:’)’)9“;"»): U‘*hﬁ)"

Q‘J‘.‘.‘f.é Jﬁ":’)‘ Gﬂ él.ﬂj‘ w.l.«?: J\Abgjn S )‘.L:Lﬂ w;w Lx Lf'b" e c)‘ﬁb_g — Lfb Ls.))ls_j.)sﬂ o

Sadan S LAy 355 5l e Slele sl s a4l e (S eIl sl ilads s 3 g o dlelny

orl s S L}.;L\.A)rl:i Sl s 5 sla e andllas oo Ll 5ok glacas o 5 dal sl 550 Jds s IS s
Gl pite slad b el ) 3 (55 5 Slaate (S eIl 4 5L s ot B85 (e 8l S e e B 4 i
B S Jde Gk Sl s @ s S Dles sla e LB s S 5 5Ll romes 5 Sleely Sla s i

.,u,;wjfjla;)“,ujau.:j;;); Solge opl agd pe gl aS 3 s 55y Js S O e sl

55055 JoSe SHIT (a5 055 el e S e 05 5 e s Ja lesl J1 s IV 65 GO IS 2alS

Cuto Sl e o3 8 > L Gk ol 3 Lol 68 e SIVs wiSe Clate 5 558 L, SRS sl
s due 45 A sdalie SMad?7 5 FSTL 55 5 ols alssl 5 1 g5 OIS s 5 Ol JalS 5 (g)la sme
S sdome 5 lie Al 355 s 0 Ll S o al 5 5w Clate |y HIIT bty a3 JUS 5 a5 55 ol 5
a3 S (810 45 ey e S e ol 3 oS Slasply b s 5 (gla e andllas pie Bl 1L
5ol s 5 Slosply Sl s i sl it 33 L alaily 53 (65 S b eate S 030l 4 LS s
e Gl Gladisad 2 5 55,5 B, sl S S die Ga b Sle s a5 St Slrs la i pe 5 5 Ses

Syl sy Bl

S Sl

L5 S 6oh s opl sl (la-_ﬂ »hlas gls sl slcul 85 gdl T ol sdlis
g Sl SRl
References

1. Mokhtari-Zaer, A., Marefati, N., Atkin, SL., Butler, AE, Sahebkar, A. (2019). The protective
role of curcumin in myocardial ischemia—reperfusion injury. Journal of Cellular Physiology.
234(1):214-22.

2. Garza, MA., Wason, EA, Zhang, JQ. (2015). Cardiac remodeling and physical training post
myocardial infarction. World Journal of Cardiology. 7(2):52-64.

3. Ghahramani, M., Kaikhosro Doulatyari, P, Rouzbahani, M. (2021). Investigation Effect of
Exercise and Physical Activity on Cardiac Troponins: A Systematic Review. Journal of
Applied Health Studies in Sport Physiology. 8(1):1-10. (Persian)

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


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

4. Fernandez-Hernando, C., Ackah, E., Yu, J., Suérez, Y., Murata, T., Iwakiri, Y, et al. (2007).
Loss of Aktl Leads to Severe Atherosclerosis and Occlusive Coronary Artery Disease. Cell
Metabolism. 6(6):446-57.

5. Karam, R., Healy, BP, Wicker, P. (1990). Coronary reserve is depressed in postmyocardial
infarction reactive cardiac hypertrophy. Circulation. 81(1):238-46.

6. Shiojima, I. (2005). Disruption of coordinated cardiac hypertrophy and angiogenesis
contributes to the transition to heart failure. Journal of Clinical Investigation. 115(8):2108-18.

7. Lara-Pezzi, E., Felkin, LE., Birks, EJ., Sarathchandra, P., Panse, KD., George, R, et al.
(2008). Expression of Follistatin-Related Genes Is Altered in Heart Failure. Endocrinology.
149(11):5822-7.

8. Ouchi, N., Oshima, Y., Ohashi, K., Higuchi, A., Ikegami, C., lzumiya, Y, et al. (2008).
Follistatin-like 1, a Secreted Muscle Protein, Promotes Endothelial Cell Function and
Revascularization in Ischemic Tissue through a Nitric-oxide Synthase-dependent
Mechanism. Journal of Biological Chemistry. 283(47):32802-11.

9. El-Armouche, A., Ouchi, N., Tanaka, K., Doros, G., Wittkdpper, K., Schulze, T, et al. (2011).
Follistatin-like 1 in chronic systolic heart failure: a marker of left ventricular remodeling.
Circulation: Heart Failure. 4(5):621-7.

10. Shimano, M., Ouchi, N., Nakamura, K., van Wijk, B., Ohashi, K., Asaumi, Y, et al. (2011).
Cardiac myocyte follistatin-like 1 functions to attenuate hypertrophy following pressure
overload. Proceedings of the National Academy of Sciences. 108(43):E899-E906.

11. Xi, Y., Hao, M, Tian, Z. (2019). Resistance Exercise Increases the Regulation of Skeletal
Muscle FSTL1 Consequently Improving Cardiac Angiogenesis in Rats with Myocardial
Infarctions. Journal of Science in Sport and Exercise.1-10.

12. Eulertaimor, G, Heger, J. (2006). The complex pattern of SMAD signaling in the
cardiovascular systems¥. Cardiovascular Research. 69(1):15-25.

13. Yuan, S-M, Jing, H. (2010). Cardiac pathologies in relation to Smad-dependent pathways.
Interactive CardioVascular and Thoracic Surgery. 11(4):455-60.

14. Sakata, Y., Chancey, AL., Divakaran, VG., Sekiguchi, K., Sivasubramanian, N, Mann, DL.
(2007). Transforming growth factor-p receptor antagonism attenuates myocardial fibrosis in
mice with cardiac-restricted overexpression of tumor necrosis factor. Basic Research in
Cardiology. 103(1):60-8.

15. Tessone, A., Feinberg, MS., Barbash, IM., Reich, R., Holbova, R., Richmann, M, et al.
(2005). Effect of Matrix Metalloproteinase Inhibition by Doxycycline on Myocardial Healing
and Remodeling after Myocardial Infarction. Cardiovascular Drugs and Therapy. 19(6):383-
90.

16. Spinale, FG., Gunasinghe, H., Sprunger, PD., Baskin, JM, Bradham, WC. (2002).
Extracellular degradative pathways in myocardial remodeling and progression to heart
failure. Journal of Cardiac Failure. 8(6):S332-S8.

17. Cleutjens, JPM., Smits, JFM, Daemen, MJAP. (1992). Type | and Il collagen mRNA and
protein increase in the infarcted and non-infarcted rat heart after myocardial infarction.
Journal of Molecular and Cellular Cardiology. 24:S50.


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++FY b)m cwhb)'lg‘ 0)93 ‘d)ﬁu'éﬁd‘:sj)S“':‘b): ‘)‘&9)’

18. Brown, RD., Ambler, SK., Mitchell, MD, Long, CS. (2005). THE CARDIAC FIBROBLAST:
Therapeutic Target in Myocardial Remodeling and Failure. Annual Review of Pharmacology
and Toxicology. 45(1):657-87.

19. Sun, Y. (2008). Myocardial repair/remodelling following infarction: roles of local factors.
Cardiovascular Research. 81(3):482-90.

20. Wang, N-P., Wang, Z-F., Tootle, S., Philip, T, Zhao, Z-Q. (2012). Curcumin promotes
cardiac repair and ameliorates cardiac dysfunction following myocardial infarction. British
Journal of Pharmacology. 167(7):1550-62.

21. Ma, J., Ma, SY, Ding, CH. (2017). Curcumin reduces cardiac fibrosis by inhibiting
myofibroblast differentiation and decreasing transforming growth factor betal and matrix
metalloproteinase 9 / tissue inhibitor of metalloproteinase 1. Chinese Journal of Integrative
Medicine. 23(5):362-9.

22. Xiao, J., Sheng, X., Zhang, X., Guo, M, Ji, X. (2016). Curcumin protects against myocardial
infarction-induced cardiac fibrosis via SIRT1 activation in vivo and in vitro. Drug Design,
Development and Therapy. 10:1267.

23. Ma, J., Ma, S-y, Ding, C-h. (2017). Curcumin reduces cardiac fibrosis by inhibiting
myofibroblast differentiation and decreasing transforming growth factor 1 and matrix
metalloproteinase 9/tissue inhibitor of metalloproteinase 1. Chinese Journal of Integrative
Medicine. 23(5):362-9.

24. Whitham, M., Parker, BL., Friedrichsen, M., Hingst, JR., Hjorth, M., Hughes, WE, et al.
(2018). Extracellular vesicles provide a means for tissue crosstalk during exercise. Cell
Metabolism. 27(1):237-51. e4.

25. Bei, Y., Xu, T., Lv, D., Yu, P., Xu, J., Che, L, et al. (2017). Exercise-induced circulating
extracellular vesicles protect against cardiac ischemia—reperfusion injury. Basic Research in
Cardiology. 112(38):1-15.

26. Choi, H-Y., Han, H-J., Choi, J-w., Jung, H-Y, Joa, K-L. (2018). Superior effects of high-
intensity interval training compared to conventional therapy on cardiovascular and
psychological aspects in myocardial infarction. Annals of Rehabilitation Medicine. 42(1):145-
53.

27. Hannan, AL., Hing, W., Simas, V., Climstein, M., Coombes, JS., Jayasinghe, R, et al.
(2018). High-intensity interval training versus moderate-intensity continuous training within
cardiac rehabilitation: a systematic review and meta-analysis. Open Access Journal Sports
Medicine. 9:1-17.

28. Ebadi, B., Damirchi, A., Alamdari, KA., Darbandi-Azar, A, Naderi, N. (2018). Cardiomyocyte
mitochondrial dynamics in health and disease and the role of exercise training: A brief
review. Research in Cardiovascular Medicine. 7(3):107-15.

29. Jeremic, N., Weber, GJ., Theilen, NT, Tyagi, SC. (2020). Cardioprotective effects of high-
intensity interval training are mediated through microRNA regulation of mitochondrial and
oxidative stress pathways. Journal of Cellular Physiology. 235(6):5229-40.

30. Moieni, A, Hosseini, SA. (2020). Effect of Resistance Training Combined with Curcumin
Supplementation on Expression of Regulatory Genes Related to Myocardial Remodeling in
Obese Rats. Journal of Applied Health Studies in Sport Physiology. 7(2):45-52. (Persian)

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


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

31. Liao, Z., Li, D., Chen, Y., Li, Y., Huang, R., Zhu, K, et al. (2019). Early moderate exercise
benefits myocardial infarction healing via improvement of inflammation and ventricular
remodelling in rats. Journal of Cellular and Molecular Medicine. 23(12):8328-42.

32. Wang, B., Zhou, R., Wang, Y., Liu, X., Shou, X., Yang, Y, et al. (2020). Effect of high-
intensity interval training on cardiac structure and function in rats with acute myocardial
infarct. Biomedicine & Pharmacotherapy. 131:110690.

33. Rodrigues, B., Figueroa, DM., Mostarda, CT., Heeren, MV., Irigoyen, M-C, De Angelis,
KJCd. (2007). Maximal exercise test is a useful method for physical capacity and oxygen
consumption determination in streptozotocin-diabetic rats. Cardiovascular Diabetology.
6(38):1-10.

34. Hafstad, AD., Lund, J., Hadler-Olsen, E., Hoper, AC., Larsen, TS, Aasum, E. (2013). High-
and moderate-intensity training normalizes ventricular function and mechanoenergetics in
mice with diet-induced obesity. Diabetes. 62(7):2287-94.

35. Biswas, J., Roy, S., Mukherjee, S., Sinha, D, Roy, MJAPjocpA. (2010). Indian spice
curcumin may be an effective strategy to combat the genotoxicity of arsenic in Swiss albino
mice. 11(1):239-47.

36. Shen, H., Cui, G., Li, Y., Ye, W., Sun, Y., Zhang, Z, et al. (2019). Follistatin-like 1 protects
mesenchymal stem cells from hypoxic damage and enhances their therapeutic efficacy in a
mouse myocardial infarction model. Stem Cell Research & Therapy. 10(1):17.

37. Kon, M., Ebi, Y, Nakagaki, K. (2019). Effects of acute sprint interval exercise on follistatin-
like 1 and apelin secretions. Archives of Physiology and Biochemistry.1-5.

38. Xi, Y., Gong, D-W, Tian, Z. (2016). FSTL1 as a potential mediator of exercise-induced
cardioprotection in post-myocardial infarction rats. Scientific reports. 6(1):1-11.

39. Wei, K., Serpooshan, V., Hurtado, C., Diez-Cunado, M., Zhao, M., Maruyama, S, et al.
(2015). Epicardial FSTL1 reconstitution regenerates the adult mammalian heart. Nature.
525(7570):479-85.

40. Wang, S-Q., Li, D, Yuan, Y. (2019). Long-term moderate intensity exercise alleviates
myocardial fibrosis in type 2 diabetic rats via inhibitions of oxidative stress and TGF-B1/Smad
pathway. The Journal of Physiological Sciences. 69(6):861-73.

41. Schreckenberg, R., Horn, A-M., da Costa Rebelo, RM., Simsekyilmaz, S., Niemann, B., Li,
L, et al. (2017). Effects of 6-months’ Exercise on Cardiac Function, Structure and Metabolism
in Female Hypertensive Rats—The Decisive Role of Lysyl Oxidase and Collagen Ill. Frontiers
in Physiology. 8(556):1-11.

42. Rodriguez, C., Martinez-Gonzalez, J., Raposo, B., Alcudia, JF., Guadall, A, Badimon, L.
(2008). Regulation of lysyl oxidase in vascular cells: lysyl oxidase as a new player in
cardiovascular diseases. Cardiovascular Research. 79(1):7-13.

43. Lopez, B., Gonzélez, A., Hermida, N., Valencia, F., de Teresa, E, Diez, J. (2010). Role of
lysyl oxidase in myocardial fibrosis: from basic science to clinical aspects. American Journal
of Physiology-Heart and Circulatory Physiology. 299(1):H1-H9.

44. Giampuzzi, M., Botti, G., Di Duca, M., Arata, L., Ghiggeri, G., Gusmano, R, et al. (2000).
Lysyl oxidase activates the transcription activity of human collagene iii promoter possible
involvement of ku antigen. Journal of Biological Chemistry. 275(46):36341-9.

45. de Souza, RR. (2002). Aging of myocardial collagen. Biogerontology. 3(6):325-35.


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html

[ Downloaded from jsmt.khu.ac.ir on 2024-05-04 ]

[ DOR: 20.1001.1.22520708.1400.19.22.8.2 ]

VY ++FY b)m cwhb)'lg‘ 0)93 ‘d)9w5d£5)9“;"b)a ‘)‘&9)’

46. Watanabe, T., Kusachi, S., Yamanishi, A., Kumashiro, H., Nunoyama, H., Sano, I, et al.
(1998). Localization of Type IV Collagen &alpha; Chain in the Myocardium of Dilated and
Hypertrophic Cardiomyopathy. Japanese Heart Journal. 39(6):753-62.

47. Nielsen, SH., Mouton, AJ., DeLeon-Pennell, KY., Genovese, F., Karsdal, M, Lindsey, ML.
(2019). Understanding cardiac extracellular matrix remodeling to develop biomarkers of
myocardial infarction outcomes. Matrix Biology. 75-76:43-57.

48. Varga, |., Kyselovic, J., Galfiova, P, Danisovic, L. The Non-cardiomyocyte Cells of the Heart.
Their Possible Roles in Exercise-Induced Cardiac Regeneration and Remodeling. In: Xiao J,
editor. Exercise for Cardiovascular Disease Prevention and Treatment: From Molecular to
Clinical, Part 1. 999. Singapore: Springer Singapore; 2017. p. 117-36.

49. Zhou, D., Hao, D., Wei, L., Zhang, T., Weimin, L., Zhang, X, et al. (2017). Effect of aerobics
exercise on myocardial fibrosis after acute myocardial infarction in rat. Journal of Chinese
Physician. 19(6):852-4.

50. de Freitas, JS., Neves, CA., Del Carlo, RJ., Belfort, FG., Lavorato, VN., Silame-Gomes,
LHL, et al. (2019). Effects of exercise training and stem cell therapy on the left ventricle of
infarcted rats. Revista Portuguesa de Cardiologia (English Edition). 38(9):649-56.

51. Szabé, R., Karacsonyi, Z., Borzsei, D., Juhdsz, B., Al-Awar, A., Torok, S, et al. (2018). Role
of exercise-induced cardiac remodeling in ovariectomized female rats. Oxidative Medicine
and Cellular Longevity. 2018:6709742.

52. Amani, M., Jeddi, S., Ahmadiasl, N., Usefzade, N, Zaman, J. (2013). Effect of HEMADO on
Level of CK-MB and LDH Enzymes after Ischemia/Reperfusion Injury in Isolated Rat Heart.
Bioimpacts. 3(2):101-4.

53. Yang, Z., Berr, SS., Gilson, WD., Toufektsian, M-C, French, BA. (2004). Simultaneous
evaluation of infarct size and cardiac function in intact mice by contrast-enhanced cardiac
magnetic resonance imaging reveals contractile dysfunction in noninfarcted regions early
after myocardial infarction. Circulation. 109(9):1161-7.

54. Nirmala, C, Puvanakrishnan, R. (1996). Protective role of curcumin against isoproterenol
induced myocardial infarction in rats. Molecular and Cellular Biochemistry. 159(2):85-93.

55. Boarescu, P-M., Chirila, ., Bulboaca, AE., Bocs an, IC., Pop, RM., Gheban, D, et al. (2019).
Effects of curcumin nanoparticles in isoproterenol-induced myocardial infarction. Oxidative
Medicine and Cellular Longevity. 2019. 7847142.

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


https://dorl.net/dor/20.1001.1.22520708.1400.19.22.8.2
https://jsmt.khu.ac.ir/article-1-477-fa.html
http://www.tcpdf.org

