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Abstract

Background and aims: Cardiovascular disease (CVD) is one of the leading causes
of death worldwide. CVD covers a wide range of diseases, including arrhythmias,
idiopathic cardiomyopathy, heart failure, and atherosclerosis. These diseases can
lead to potentially fatal heart events such as stroke, myocardial infarction (MI), or
cardiac arrest. MI is associated with decreased oxygen delivery to the heart muscle,
a process that leads to myocardial cell death, and inflammatory response. Many
changes occur in the cardiovascular system due to MI. One of the things that
researchers are studying to learn more about is changes in cardiac cytokines.
Cardiac cytokines secreted by the heart muscle are called "cardiokines", which play
an important role in homeostasis, function, response to myocardial damage, and
myostatin and follistatin are two important cardiokines. Myostatin, also known as
GDFS8, is a member of the beta-transforming growth factor (TGF-f) family, whose
most important function is to inhibit muscle growth. Fulostatin-1 (Fstll), also
known as TSC-36, is a glycoprotein that is a member of the follcostatin family. At
the heart, Fstll is known as a cardiokine. Circulating levels of follcostatin increase
due to heart failure. Overexpression of follistatin has been shown to have protective
effects following heart damage such as myocardial infarction. Overexpression of
follistatin reduces the area of myocardial infarction and apoptosis. On the other
hand, exercise is one of the most important factors affecting inflammatory and anti-
inflammatory cytokines, which have multiple effects in patients with MI. Today,
special attention is paid to the role of sports activities as a physiological stimulus.
Different sports activities come with a wide variety of responses and adaptations.
The beneficial effects of sports activities have been documented in various studies;
Especially in people with heart disease and MI, it increases maximal oxygen
consumption, reduces inflammatory parameters, quality of life, and reduces heart
disease-related disorders. In summary, an exercise in animal and human subjects -
both after myocardial infarction - leads to improved cardiovascular function. In
general, studies of exercise activity in the field of cardiac tissue change and the
formation of new cardiomyocytes by MI have not reached a single result, but some
studies have shown that cardiac tissue changes and its function have a high positive
correlation with Intensity and duration of sports activities. On the other hand,
according to the above, it can be said that myostatin and follistatin as the most
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important cardiokines have a significant role in regulating tissue homeostasis and
heart muscle function, but a study in the extensive-expression of cardiac myostatin
and follistatin protein in MI-affected species has not been studied in response to
different intensities of exercise. Therefore, this study aimed to answer the question:
Do different intensities of intermittent exercise affect the expression of cardiac
myostatin and folate statins in rats with MI?

Methods: The present study with the code RHC.AC.IR.REC.1393.28 was
approved by the ethics committee of Shahid Rajaei Cardiovascular Training,
Research, and Treatment Center. In terms of purpose, it is fundamental-applied,
which was implemented experimentally, and based on the degree of supervision
and degree of control, is a type of laboratory research. In the present study, 55 10-
week-old male Wistar rats weighing 250 to 300 g were purchased from the Pasteur
Institute of Iran. Attempts were made to maintain and work with animals by the
recommendations of the Laboratory Animal Protection Act (NIH). For this purpose,
wistar rats were taken under surgery of closing LAD coronary artery coronary and
then it was approved by MI echocardiography. Four weeks after surgery, the rats
with MI were randomly divided to the following interval training groups: low-
intensity training, moderate intensity training, high intensity training, no-exercise
myocardial infarction (MI-SED) and Sham. They performed exercise protocols for
six weeks and five sessions per week. The obtained data was analyzed using
ANOVA one-way and Bonferoni tests.

Results: The results showed that in training groups, values of EF and FS were
significantly increased compared to MI-SED group, but their values were
significantly lower than Sham group. In addition, value of follastatin protein in
training groups was significantly increased compared to MI-SED group. On the
other hand, value of myostatin protein in training groups was significantly
decreased compared to MI-SED group. It was also observed that by increasing
intensity of intermittent training, values of all variables were changed positively.
Conclusion: The results of the present study showed that in general, exercise
improves cardiac function in rats with MI, and probably one of the main
mechanisms of this improvement in cardiac function is rooted in changes in the
factors that regulate heart muscle growth. As a result, it can be said that intermittent
training, regardless of its intensity, increases heart performance of rats with MI; but
it seems increasing intensity of intermittent training has a more pronounced effect
on amounts of follastatin and myostatin proteins in heart tissue of rats with MIL.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

Cite this article as:

Hanani M, Gaeini A, Nuri R, Hemati Nafar M. The effect of intensity of interval training on expression of
cordial myostatin and follistatin proteins in rats with myocardial infarction. Razi J] Med Sci. 2020;27(8):239-
252.

*This work is published under CC BY-NC-SA 3.0 licence.

W44 OLT A osled YV 6,55 5jl) iy js ogle alan http:/rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

S LA anl e iali8l GBS i slillg b
iy 4 Ml 5l aae cuie bl 3l o iliwgle
Opmirad (A) ab e il Y g F
5 0S5 patais | (Dystrophic) (8o Ly g ol
2l el Blo oy e 5 bumgegas IS
3 | B R S-SR OOV LY | PR U VK Y
O)) asl asls oausS odaws

asls 5.5 TSC-36 b L oS (Fstll)) - pstinl s
So Gleme g Fstllao 8 jo 0ib oo pslinl Jgd
090,540 polie (V) 09 oo bl (plSg0,l8
Bbso Gl (B8 olo)b g len T o slinl s
a5l o ol cwl oo ooy las . (VF AY)
oS e B sl s & ot Jss
N I WUR PRI N JON- NP PR £t 1 S RSN L WO
S33] 9 oS il Aol rals el cpitinl Jgd
ol 3,135 opmizmen (V) 09 oo B8 slo sl
OSlos 30,5 1y Sy LS 0. (WY AF) o)l
30 s 39, o sl cel Fstll ¢ JLdsqasl
5 S3on i o slacdly 51 il J55 LA
Cendls Cpilimgile CondsSUT 0 issd 1) O lsise
&lo «(Ib (ST pilivglo 005,85 45 wigm L aS
b oo il o8 lles 5o (Activins) by 5.5
20,15 50 (B ugiS Ll 5l ey Lagl gl s
53 9lg o et jobds (iiS (oo (6T ol o
sl sl B o sla a5
LoingsiSl p soelas A8 51 Sl B y0 Gilinl b
Silwsb ol slooaaS o bas 51 SO olgie 4

http://rjms.iums.ac.ir

ey (A8 bl Jgb g cslinlple (cloiion by p (29l5 (5559 (yed AS S

dodlo

J=Yo 5l (S (CVD) (g pe - (o8 logs b
(ool ke 3008 o 50 ]y s lens 5l (rimg
59 A5ls il g (ol bl «Sbgl (Slgmegis S
SloarsS ogally o8 Solem as willy oo s Lo )]
alac o Slo, HienST Gials L MI (V) gl o
(V' V) 0gh o0 yomie (Lol Gl 9 0, g0

59,6 — =8 oKiws o MI il jo g0l &l s
Sl Ol 5t 45 60)ls— 5l (S B3 2
ek i i slacplanle .ol I8 slacnlanle
aS (O F) Wi oo 0duel " g0 5" 8 alac
55 sl @ ely 0,Skos liugioss ;5 (e 1
Js—2 ¢ Myostatin) -y oliwlgle g wai,lo oL S g0
(0) wwd e (25 500,8 9o (Follistatin) ,.5ti!
A oaisS ploie o, Jole sl L as (oliulgle
3— (GDF8-Growth differentiation factor-8)
Ay Jole oolgils glacl ;) P PR PP LE P
Transforming growth factor ) Ly coces S s
Slee QT S Slos p ySpte a5 ol (TGF-P -beta
aSaisls i (V499) Ll L Sen 4 (Sharma)
Ol sl lae (o ool Jlade 4 pslivlgle
o=l 99,00 092y G (Wl dbde )3 gu> U g 0gd oo
o polie il S8LsS Sldllas a5 cosl Jl> o
A-F) w2 oo Lz ML I o |,
)‘ o= olo 50 9 (= )L:dwl_.a‘ )‘ o= olo AS_’
laes g0 an SLop az STV s Q) cowl ouls asls
G 00 aBlids 580 y9-b 0 jein B jo
Ol Sl oal )55 (imgi o> 0 .(VY)
T )Lau,u.u G M o, 8 o u...’L..w‘yLo
S palaiS sal3Bl b 4y B Sl (s Loy

\T"ﬂq JLT 4/\ o)\.a.i' AYV a;); |5j|] l_.'s.l.ilk .ﬂg.l:ﬂl:.l.ll


https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

oy b an e plilos )0 (ilivgle asdly 2ul33)
5 L5 (omizmen (M) 0l oo palS (5
39 (s a0)S )l 5 (V1) il )L Sen
Gl 5 bwsio 05) (S LS slacud b (9l
- o Shee (B alig cadyb S b Wil o
L aS iy dgupe MI s sl jo 1y Bg e
Sl St (nl (@9l (22559 (o yed S Rl
sl gogajl o (b9 cdlad DS 5 ba,
oS sl ey Yl ey =50 - Sl 5 S5
e (89,8~ (ol 3 Shes ol i 4 0 )5 ge
iy e laaallan o IS gty (1Y) 55 o
JS—ii g BB 8L ok gate) 0
Gozly acs 4 MI Gl o o slcawglegss,lS
i alools s Slalllae 5 Lol clooian
L 2Yh cite Snon ol 0, Shoe 5 (8 il
500 Bk 5HPY) ol L85, cudled Dok g Dl
S8 (g Y po ot ;58 cllae 4 4z gl
et e s o 5 eyl
9 L SLwgiess ool )5 65k b laplTgs,lS
085U il 0529 L Lol casjlo I8 alac o ,Sloe
5 Oilimmle (refig i Ol 00 5S> 53 (Slasllas
@ gl 50 MEMLw glaaiss jo 1) (od8 sl Jod
sl 03,85 (s 2 (B339 RS 0BT slaad
s =l a Gl Ghgim el ) Goa nlnle
=230 Ot O35S slasas LT s sl
Gbaelds 5 Geibilile logetisn olo » S
So,lo 130 MI M slass, jo 8

SLEETY

RHC.AC.IR.REC.1393.28 o5 L ,ol> ju2gh
Sloyd 5 Slii (Bjg0] 35 0 I 4l Lasgs
Shaadys 8 anlbiojgs ale) ol 9,0 9 L8
WIS Az g Oyl lie elalp g 0l 12l o0y2
el (2Easle3] slaiagh 95 5

s 5y e OO Slaad pol> imgh o il
el S Y YO Gie b laan Ve lias
Sl Sase jo i gyl B ol el g

W44 OLT A o5l YV o) 53 15jl) 15Salsja gle alan

u.ul.a_wﬁ.:l.o W) O)Lm‘ O—‘ aQ ):a......:.: aS QﬁiiLo.b (Y’)
oeiligle sloazds 4 Wlgi oo B jloud Friw

S50 o glacdl plo Joe ool g odigen
codd ol )b las b slasaly 51 (G (M) wil

o)y as el (Cardiac Cachexia) 8 o.Sols
TINF-a asle ol sl asle jiol8l 5 cwS g
Jle SO w09l o0 0| P38 — MAPK ¢ NF-KB
M‘ULQ.J‘BJ_AABS_?)_A‘MOMLS);M
(YY-YY)
Ot S S ety el s Sb
el oo g ol slacplsnle » oo Jalge
Sl glaslBass LT MI as Ldiis jo a5 ol
kj_i U‘B—A; a4 (fw))ﬁ 6LQWJLL9 u...n.» LE) so)'sfo‘
Glocadld 25l oo Slofug az g bigleed S e
5 Doliie slag, 55w 5 Laguly (65UsS (o059
slacc s g LT .00 of od 4 (sloo S
4 teslodrn) Cud 4 8L lagiagh )0 (25559
)/L._Hc MI 9 u_,ls 6L®L§)La.s.3 4 as 6‘)‘)5‘ O °}.’.9
oealS (B an ST iSlas il ey waiis
ol S g SoycaS (ol loa psl i
V) 09 o o8 sl s Lo 4 atinly sla DL
5 s il o)l S9515e5 slaa s (Y7
J=o leinbanlo 5 (5505 (o455 laclls
&=l il s plsdl yslbwl Jgd g opslivgslo
ol o (pslivlyle (45 (2ol b plate Siaglie o pod
mMRNA polis Loyl cons 5l a5 G0 oL
seoglie (el Alae Col 3l s (VTAD) LS
Onliwgle by jlobine posd codlu Jliss sl yo
9 Marine) (Lo (V) aslos S5 caaline |, 8
5 liwgle 5 lan el s (Y- VA) il LS
o s slao; o ) il b ole Gl
S (Ye) wiloo )7 5155 (siegline oy pod dlan Sl
azan VY Sl o we S 51hE (YY) ul, e
720Lae VOomax sy £0 o L (9 (om0

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

Ol (SabelisS S g (BF) (8,5 1S sla a3l
o=l lp = wleas e MI a4 = 095 00,0 YO > FS
S aBolgS S g By S il bl agh
EF = (LVDd*-LVDs*)/LVDd’,
FS = ((LVDd - LVDs)/LVDd)*100
:LVDs ‘J}._..ul.»o ul_’b 30 o= u.b; )Ja_e :LVDd

ousile o slos) «uled 4o i e (Lo ST
G 7) 09,5 Jlez 4 (Bolal & 904 MI 4 D
Low Intensity) oS o Loy 3,9 (p e
bhowgo Gos L 35,9 o5 (LIT) (Traininig
i —o3 «MIT) (Moderate Intensity Traininig)
(High Intensity Traininig) Y oo i L 3,9
(MI-SED) 'y yo5 = 9,LS g0  wesS L1 4 (HIT)
oS J S 09,8 Sy g (al 50 D e
I8 sy 0590 D)y il olasd 4 (Sham) ol lgie
LAD (i i sl Jeos Ll g5, 45 288
2359 (s adBlae aiSm e 5 L85 D50
o) > 5l om ek 9 pom atin yo il
L) wias Lol (F 59, el 058 o) bawgs Joes 5 L
39 59, 0 9 A BB D oo A Al B )0 S B Loy
== o el ases (Ll o (VA) (ain
At D)5 Sdled ool Langs by VOsma
69 D) ;B (99 S (TA) 0 (6T o jlu
ol il &j9oay T VO dm dzrgs L Jos 5
595 98 Soe dn Lo, ol 51 s 008 )5 Al
Ll 5 sred GladSSgn aalsl jo 5 0o S col il
0339 (oS SLaSSgn Sl 4 pj ) ad
il a0 )Ll Lol gl )0 oa eolaiul

ABB P i S b b (8559 (e ped JSon @
addo ¥ bl gl jo (Jeed 5 (59, (295 g
48385 g VOmax 9o, OO — £+ ol b yaugo
395 O VOomax 30,0 0+ B FO was b Jled csb b
EVETY JEGIN VIR VISP U:1 SR

4o Fe g Sad b (oB))s (el JSon @
addo b bl sl jo (Jeed 5 (59, (235 g

http://rjms.iums.ac.ir

wed B sl Jgh 5 lislnle (slainSon Olo g (29l (a9 oy A8 L

L ed 2 50 b dw Oya0 d ) (DS
2le sleai g ol 4 (Ad libitum) of51 _w yiws
e Gl g Sl el VY a2 Bl
SIS ) et 8 Gl lo (228 Olidos
a0 VY oogase jo (3l Oyl > a0 aial
S Ll 0,8 O 5 A m L ol 5 e
slenbe (oiled sboaros (bl Sl L S
5,5 plost NIH) aBisle;l blgu

4o MI N L§‘)—.’ )_»ab- BTN L;>é..> JQ.C
O 50 aS 0 ooliin! puditvs alae g, 5l o,
Left-anterior) > Coomw o3 55,5 b
L g e, (LAD) -descending-coronary-artery
So Same ol Lo ) (YF) 0l dgoe 4w
St ol Gl jlew (28 DlaEoS 55 e ) aiba
(0 mg/kg) =33kl 5 (V8- me/kg) (alS (595l
ol jgboas LT diw 4B (slage g ouds Shga o
Ao,S gl eaias 4y90d ows 5 )0 9 2o
F ol an Le o] dicw andd co S 5l aalol o
Nl w5 g &5 lawgi e e O I
095 S 5l b 23S el (88l (S5 (2
3o 90,8 S S5 e by ady & lawy
Cwgy g Das ciw dwdd o 5 4 LAD ola]
g PEGIR) P oA f‘).?- O, (YO) Wl s
odal g0 4 (anlo & j00t b il o (S (o ghas
ome 4t ;o o, Coles jo iS5 iS4 £9,5
Cood dazan Gl clbdS Gl L ad S o )8
25 )18 (Bl5 50558

085 g 5 (>l plmil 5l g (500, 55T
aan \lg> Gae @ e gloanad o oo, LAD
lool 81,5 90 )LS'6ST aloml cyz o, .auz8 5 )18
oD Gher o (>l G po ead S8 Lyl Gl
Sidmsly idu 0 (B5 90,8651 (aasie Laws
=2 5l o oo g polez wds )0 65 RN
Al ol b aus § 18 815 g0 LSS Cos

\T"ﬂq JLT 4/\ o)\.a.i' AYV a;); |5j|] l_.'s.l.ilk .ﬂg.l:ﬂl:.l.ll


https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

5 (ZB-10877C-R9648 - SoIbIS o o) Lol oS
ZellBio &S, b el opsliwl Jod ¥l s
ZB-10448C- - SIS o,le_s) ;Loll ,525GmBh
0,8 oolaiul pol> ieghs o (R4698

mas gl heog Lol Sl il i bl sla s,
A eolaziwl )lbﬁ.o.; 9 Ja‘é? ) 9 rnl.> Lgl.@ob‘é L)
b G sl Bgheansl - B ,T0lsS (505l
o=+/+0 Lg)‘ol_;.y.n C.E_w 59 (5»3)1;9_) LF""D’” QBA)—‘
S oolawl Laa s ool o g 4550 S
P 3 ool sloa el 5 4z ol cr
40,5 oolatw! 14 a5 SPSS 154

lpasisl
5 (BF) ()55 puS polie Olpss (¥ 5 ) S50
i e 0 03 5 oz AFS) SuiolisS
ous ool yLis Sham 64,5 ¢ MI a4 s (sl2og,5 o
S ol 4 ols Lis ANOVA yge5] gl .o
4in 00 g Loz - 90,8 - (SubolisS S g oy
Dolds aalllas 3,50 sLoog, S o (> S o
=im o9e3] @l Gl ply 008 929 (51 (5 lolins
=S 9 iy S polie Slo GLiS g yaie—
boog,S )0 (22l ey atia Yoz (Saboliss
& 9—od Sham og, 5 L awslie ;o MI as M
el @bl o (P</+0) ail oo 5l JpS s lolins

a235Y 9 VOypax 00,0 PO-V e o L a9
3950 VOomax do,0 0 — F+ ol b Jled b b
(F) dan £ Do 4 g alan o

adigdo Fe YL Cad L (559 el SSSgn e
a2.85Y g VOppax o )0 AD-9 ol L fjasg0
595 0 VOomax doy0 00 — £+ Sal b Jled (5,41,
EVET.Y RV VIPPLET S

shol 56 g9, 5l L3 bl (g ye3 09,5 4w jo 53
Py BB 10 e B Cao iy b ABB0 B Do 4y ¢y el
A 9SSy (SR yed Slaeg S ples po s S
o8l atie 5 50 al )3 e st Y e 4y
So (o3 0590 ol pled 10 Jeed 5 s g 8Ly
=Sy e yed A BTl e el FA g a0
(Vomg/kg) =Dkl o (V0 mg/kg) el L b
Tl 4B (G9) Sy Ay e 9 WAL (9B o
A A (03,5 5 GRS Sl ey Sules 5o 5 0l
Oy ol 10 e ,S o elS jebay |, (8 alac
pesldS Sl las gloguig S o |y B alae >
2t e o ltaleT Julos 5 4525 6l
wole Jasl -A.

5 ollple (eigp polie (o lp Culed 5o
S 5l el plo ol solaswl 11 gy 5l sl Jod
ZellBio GmBh 5, & el slbwlgle 155V

100 -

80 -

60 -

(1) (s 335y

20 A

LIT MIT HIT

W4 Wk post
010 Wk post

—/

MI-SED Sham

MI @ Mol 51 s asém 03 g ko> anlllas 3590 (sloogyS 1> )3 S Slywss =) JSd
(o5 09,5 :Sham (25 (2 D)8 9o u»yf)lm] :MI-SED YL cus b 29l O pe3 HIT dawgio GAd b o9l o ped :MIT (oS A b (29l el :LIT

A4 OLT A o5l YV o) 53 15jl) 15Salsja ogle alan

Yéo

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

ey (A8 bl Jgb g cslinlple (cloiion by p (29l5 (5559 (yed AS S

JS_i 4 Sham 09, 5 L acwolio 1o sl polie ool 51 ey atin o0 tols Lis Sg,iigs owbiad (y90)]

(P<eo0) abl oo oS gloline S polde by T 09,5 dw ;2 0 >
5 oblnle lacntgn Olss F 5 ¥ sla S 4 S (LIT 055 52 ) (SoiolisS S g ()55
asllas 5)50 loog, 5 01, ez ol linl Jgd 0929 b Lol cslazils (g lolies iul38 MI-SED o4,5

m4 Wk post
70 - 010 Wk post
60 -
50 -
40
30 A
20 A
10 A

0 - -
LIT MIT HIT MI-SED Sham

(1) S oligS puuS’

MI 4 Ml ) e diid 03 g )lan dxlllas 3ys0 (slaog)S )3 SabolisS S Olyuss Y IS
w5 09,5 [Sham 503 (o 5,8 gm0 oS )T MI-SED YU s b (o9l oy yed HIT dhawgio s b (ool o ped MIT (o8 s b (9l oppes :-LIT

300.0000 - BSham
3‘\ 250.0000 -
g . OMI-
) sed

200.0000

150.0000

(e (o 3

100.0000

50.0000

P w) plinwlgplo

0.0000

o 09)5 :Sham (el (20 g0 uuyf)lml MI-SED Vb sz b (gl oy (HIT dawsgio s b 9l o pe3 MIT (o8 s b (o9l o pe5 :LIT

1.2000 - ®Sham
% OMI-sed
D 1.0000
fg aLIT
3} .8000 aMIT
3 BHIT
S 1 .6000 -
S
S
iy, .4000
a
%
_3; .2000 -

.0000

o 09)5 :Sham (el (20 g0 uuyf)lml MI-SED Vb sz b (gl oy (HIT dawsgio s b 9l o pe3 MIT (o8 s b (o9l o pes :LIT

AR

http://rjms.iums.ac.ir WA OLT A oyl YV oy5s 5jl) g Saisjs oglealan



https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

Lo sloa sl b guor .Conl 00gs ()] Sinrghs a>gs
L (FV) (V7)) (il Sen 5 (65 o oel8 0,5doe 05050
Sprague-) Jo-Sl,ul 5 slos, o olie b,
V) Gilso (23l (e atan T aisls las (Dawley
L VOoumax 0—e,0 40 L AD Sol b yaugo aads
Ao, e B D Sal b augs Jd 5,055, Jolsd
g (b o ad> 0 glp el V Sow 4 VOaMmax
axio Sy ;0 xS B (SHle Gdamy (S
e hea T iy 5 55, YD S5 L il )
bl (azian (0 59,0 9 59, 5,0, Y ardo YA o
M 31 b ooy S5 I3 5 o ok o Skec
W05 bl o Ramghy (nl rizes WS 0 e
el Ly anglio )0 (698 BT len (gl ye
3,00 gy 595 AalS g 0 Shes al33l 2 pda g
Ol wsly Hlas (Y 19) (il )SKe 5 (65 cogdle oy
95 s aaa B 5l e 9, e V-l 58
5 &5 alae gl (adly jo el yilidl s5lea
Js® Ol Wlg (oo (S5 Cryed s las e
g o8l —go o (B g (Sl alde Vst
G5 58 97 bl Job Gl Bl el 93 g 4
V-l Jgd lo ol a5 (nl az g5 LI 09l
5 rSlae 5 o] 59,5 55 s L I alie o
A s e slid Laadl ol o)le bls )l 18
a5 Al I L B e sl e
LT )L S g g Sl aliae 3 ) bl g8
ol 952s L (FV) S o W) LB 095 iladle
s esliiwl )50 (B35 el Sla SISy 4z S
S S SSen L (Vo VF) (il Ses 5 (65 aslllas
S Gy amamg b Lalojls oolis yol> ragsy
loadl b (ilSen 5 (o5 @l (qgemen 5l Si5
2 SSlap (29l el oy Db o allg Lo
S clie o) 4l Gda g el b aalie
G s ladl see LT (YY) (YY) il LS g
s e g0, Shee slaals 2 Silse (2555
g diilen sly lis 8 sla pSe,lS
B oo 2lo)b VAT il e g S 2l
ol LAT s o) 5l jlisg sl &, j0 |, (CHF)
CHF slaw, ;o ol lis (i opl gl ais S

29 =2l -V g Bgo alae pilbinge (nfign oo

W44 OLT A o5l YV o) 53 15jl) 15Salsja gle alan

o 3l Lz ANOVA (5051 ol aias oo oyl
Slaipym polie )3 aslllas 3,50 slaog, 5
3,0 3429 (g lobiae Cglay ilin] g8 o poilinlgle
oo oaly HLas ¥ i yo as jebylen (P<+/+0)
o=z b olialnle (g polde (ol
5 (LIT, MIT & HIT) 3,5 oy yed sLivog, S
salS g lolize jolbay MI-SED 04,5 L awslio
gy polde Geizmen (P=+/+0) aJlassly
LIT, MIT &) 535 o5t ye3 csbog S 50 opuibivlale
Cowl ails jialS 5.5 Sham 04,5 L auslie ,o HIT
P> 0) 090 oline g kel L 51 s o Lol
polas cwl ool ool s T S 0 (K0 B,k
s sleog S 50wz Gl sl g8 (et
MI- 65,5 Ly awslie o (LIT, MIT & HIT) 33,
L.P<+/+0) ol el jiol38l s loliae j5boas SED
plod 53 il Jod (g polie g2y (=
y9-bdas Sham 09,5 b awslae o MI & M sloog 5
o=l bl (pmzen (P> /D) 590 eS (5 lolixe
s Smdlad ol Rl L ses e (LiS hagly
b bl s g eilivlanle Slacrtyn nolie

Sabes GRlBl s Gl i @

O (S jeoan ols (yLis pol> ey s
Moo slows; jo 1) B g0 Soe sloasls 05)9
S oy Jlosal an g oty o 99y MI a4y
2 Ay o od8 0, Sloe g (pl (ol sl 55l
o 51 I8 alie 4, 05 o5 Jole Sl
Sy @l pegar (nl o o)l b S glegs,lS
solie (5559 (e Lo, S 0 ol lis Lol
09,5 L aalie o ilinl Job o (bivlnle (s 5
Sboloze ol dly el S 55 4y MI-SED
38 ryed Db Gl b Slyss ol g wlandls
L5 i ol 5 ol iy e als e LS|
S legiess plo @l b alie o 1) ol Giags
—on 9 S A (Ssden s sl ) Sgjlw LaS
2,105 oo
2 sy9 Sodlad suhe 35U (Bgye B il jo
39 05lged (Byye - (5 3 Shos S9un 9 Sl

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

68,15 55k Lol el 00 158 B oS il
el eizmen g (o8 oansS Cladloe Jalge (o
(FY) el 58015 Eon g 0wz MI o oyl
b lead B laaiy 5l (S e Sly 5o
Ll o l) ol (Seje—sm slas Sloe
ol 00l (3155 ams oe el 2bjele sl
oS cladlone Jolge gl 5 4 Wil oo (o859 ollad
MI s gladlos [T aS 550 ot (555065 (A5
cbiblns Lalse cnl 5 late 4 ol Jsb 5l
St e 085 )3 (otpe G (8 00 S
Lotowsmond)lS o, Slae o (Johw sl Slo el
=8 lacaul cal oo osls las @dly jo o )ls
el L oolsj o L oilinl g s 51 (S50
5 B slacdbg b &zl 5 25 Ul
LLs)l o Jobo Gom Sasle glagesyn (uals
09 plag 0dd el LS e awgi 45
(FY) 59— oo Jiasi 5 oy (ERK1/2) Jsl s
Olaw wsle (s o((FF) [l LS g oyl (puizmo
ol sl Jsbos 5o oolyj o L5 oilenl Jsb

ey (A8 bl Jgb g cslinlple (cloiion by p (29l5 (5559 (yed AS S

sozrg Uy mdly Jualsl s € 5l miy b 8 alie
asin ¥l ol togh slaaidl b guon o]
Veaside o gy 50 ada V) es 5 (59, (s
oS (aads ;o e Ve b ol Jod 5 ey a8
My o8 5 Al el ilignn (5552 ol
(CHF sl 3l J=8) 4L polie o> b CHF 4 Mo
s S 5 ST olisS S ol & oanli
s jham (ol g (Sl abae plivges (Lo 5o
el JUT I o (ol 5 Shas S5t 53 9 (5550
d8d gdgs ;i |, CHE (5)lse palS 2 (o559
Slpaises o Olallas 2 wezg o=l L (V)
Ol ORIBIL ($55)5 (ool eslos ST 315 Slse>
039 ol ;o (5 alde (piliwgee (89 g MRNA
(Ve 8) il LSad 5 olSasilo co,ls oyl 5o s
29 Crmed ol L s slae, o (FY)
Ll oS Cole, b atin o dul> O wiin ) wad
Sl el (o8 Do g D bl 5 oas]id L
9 i (Dlac o)l ys rliwse MRNA (Lo

LS (S amle b S5 25 1,0 (MSC) (coriile
Obaldsd a5l Gl Olp ST Jl 0 il o
S v o 9 gme digm 5l e 1) la MSC sliy
S5 59,5 gue L gyl 5l g S (o0 SVl
Fis5l GialiEl g el slagly (Lol (o3 2l
(FY) oS o cdidlee MI 5l ey 18 0, Slae
Sl poee Sloys Blaal 51 (S linl Job oonl plo
ol (L8 Sldllas ;o ogdle 4y .05 o0 Cgmme MI
YU slmon i oalats 51 5 V- eyl s cadlools
GDF- .ol (GDF-15) 10 sa, ki ole ows
by aS el goiy b oo S 15
e L g 09 oo w5 g i B Commgregno) S
BT Wl oo gl 57 Slo8 S 5 Sl
oS eizmen g (olB 0 Soe ) 093 (HaSlone
S S LAl MI 1 sy le 51 50 gla]
3y Shae 33t (sl o3y o) gsle 51 S
Gl 1 8 lin] Jsb Galdl alanly 4 8
s TGF-B 551 5| 56 SMAD Slu,sl
od o,l5 8 &adly o cwl 0 S gy yuilivges

http://rjms.iums.ac.ir

b Ssly 8 alac ol ogzg b gl o0 50,8
4295 b 0gdoe liwges MRNA (Lo 220138
Sl 8l (V- +7) Gl olSile csils
aie ¥l g ) plle slos ) (o8 alae yilings
5 Sid a5 (b o wailes 57 AIE O o Lt e
sl (Pl S 5 (65 9 (1) (il
JLso ag g MI sl 5l sy 1) o8 dlae yilings
Wl 08,8 5155 Jees 5 (59, (s yed sbip Cule,
Al oo (Smgh slo 4l (pl o ogmmenl (plply
Lo Sy g osliul 5,90 digas ;o Lbglas 51 46
OB LS slacas ;58U anslie pogdle il b el
ol SaRgh 50 s (S ped 080 Job o oys (0 S
g el LS g (65 asdllae Lo aslin jo (4= )
i o3gy 5 Nl (atin F) il LSan 4 S
O ¢ bd Slalllas JooSS jo 2ol gl cnlply
BT oSS lacas L jlsp (s o pes sl
95 ) e 69, Shee sla s » 65,k (ladlxe
5 Oeiliowl Jo8 slonleo )5 md 5 pelal (rizren
Slallas 0wz 2 0o MI jgp 5l o uslicwlge
Jslge i oaats p (G359 odlad aiha BT L3

\T"ﬂq JLT 4/\ o)\.a.i' AYV a;); |5j|] l_.'s.l.ilk .ﬂg.l:ﬂl:.l.ll


https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

RS9, 99 ol sbate (5 Glgs oo (linl Jod
Sl olaS e 1) B wee

else iy 955 ekt 5 2ledlas BT L (slse
o, Slas ol Wlg o od8 s w5 g0,lS 5 gul,
75l A lie ogdle 4y auS” UL, MI 5 b 38
polae g o8 0 Slas ol lid b9 o ped DA
S daad (29l (e Bl 0 bl g (e n
Slalllae jo az 51k oo GRali8l ol 0 o yod
L;LM)L )JQLM S U'i""’ Sl 00 )Ler’a‘ ‘51.3
S aoals HLas (FO) (V1)) il Sen g cpaile
Js2 slagl o Jld (Dl oog w2 g (0 pel
ol epdle an ol 15U sl alo e yo sl
Vo el yo wssls plas Wl slae; jo o Kiwgh,
oliwl Jed mRNA Lo Ls o83, codled el
Loawlio )0 (Gwgn) (2 9 ol abas (oS
o 4._>)>’1 .o)b S i &_J‘)_.u.'.! O (_gLas‘nL,\.i‘ ol
e job 4y (3559 Cllad Dl LSG aghy cnl
Lol e (om) 2 il J98 (a9 Oliee b Ol 2
Ol @lewdl gobaw & (n il )5 5l eslatul b
Lo sl tind Jy8 s s MRNA oL
sbe Jobow Gbiowl Job (59 s MRNA (L
=l aslan 4z g L (FO) olas ens cas” Sdlac
Sgwly 0aS (elas moe b, Sg5le 5l (o cn 8
L Yoone g cnl (05,5 Codlad a4 (JoSUg0 5 (Jobow
ol ele—dy )JQLM =59 Sddlad Duld ol
ol by 50 Vil Cd (lg oo b oo il
i S ol i 5o 5,500 sla Sy
008 S A Gl 5o (B slecinsiens S
g Ol (il dx g Wb copl 0gzg b iilaiils s
Py ol 4 bl g8 wl «(F0) i), Sen
G’LMLW LS‘)—’ wl))Lu .J.S‘od; 2y IR Ja...?u
o) 39290 o JHI8 50 3, gne bl 58
S ydion 4> o5 ooy | Sldllas jo Wb bl axsls b
I

W44 OLT A o5l YV o) 53 15jl) 15Salsja gle alan

e 69,975k all> Fuly G plgie 4 uslial g
5 =St Slayply e codled iol381 51 GG
am az>g Lol 0929 b (Y +) b il;¥l TGF-B
Js® iy sle g5l o)l (ciagh Sledbl sgaS
a0 0, e b mhaw 5o o1 g Jalge g il
Lol LS 950 nl Sy Sl (6 i slagiRg
B Gl e mls 4 arg bl oo ()
g5 5 (lb o, Shas ol e o (FF Y FY)
D9 olBl S Gl oo blisl cole, L ol
ol L lee (gl (el T )0 bl g
O8S H eed 5 Skl e GDFIS (55
sy a8l a yomie Guiliwges 5 (9T Jos
a2l ;0 g MLl ey (ol aliae o595 5 oo 15
Ol G2elS ooplplo 058 o)L g0 5, Slas Sgup
Sl (295 ymed 3l ey 9L S e ligee
5 ol = owbwl Jsd s)lees JBT po sy, Wil
9 gi_».J ETL DY) A._....al.s asls Q] ‘5|5L..4 0900 Foew
ol 38l L ol pen wisls lias () (Ve -+ ) il Ko
ol Gialss L TNFa i gl slaasls
E5n ol ol BL3 )| 5 ol alie o oiliges
31y s al 5o ol e liases il il s
el s MI oy o ol ket 03 giadgs
E290 (=l g 00k o a8l ot g (2og0
Sl 5 ol alae o yliwge lo Gili8l el
NF-KB p38-MAPK as;l ‘),nl o ol) )~|

95525 4 5 3 ot S lgen (3 A B 055 e
J—ais (ACIRIIB) (1351 2B g45 00i S Sxy 09>
s o 59,5 JLab Ly aals] 5 5 55500
5 COLIAT sla o5 ol Lialysl cel, SMAD2/3
b JSis ioli8l 4 ases )0 g 998 0 COLTAS
L SMAD2/3 8,b 5l (M) 0g-i o yoxine (55,8
oy mla 5 0, AKUMTOR s o Jlad o
bl s d (pse 10 (M) S ol |y (I8 alae
s 2odleb zalS AKT/MTOR et _olsal L
lingse Joe 5,5 225 5 SMAD/3 il ol
5 (V) oS o ablis (ppiligee BTG Ol g8 5
) ol 0y Sdos doeis )0 5 lomgrond) S 2lig
ORgin sle aidl 4 4z g bl ply WS e e
ol Shilgo a0, gee (riligae a5 2l

http://rjms.iums.ac.ir



https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

W g b
2 Sl b Las o IS (lg3 45 ol Kang
Adges Cale, ) Slgs> (59,

References

1. Stanford K, Pinckard K, Baskin K. Effects of
exercise to improve cardiovascular health. Front
Cardiovasc Med. 2019;6:69.

2. Chapalamadugu KC, Gudla S, Kukreja R,
Tipparaju SM. Myocardial Infarction: Disease
Mechanisms and Therapeutic Perspectives in
Emerging  Applications, Perspectives, and
Discoveries in Cardiovascular Research. IGI Global.
2017:139-160.

3. Muse ED, Kramer ER, Wang H, Barrett P,
Parviz F, Novotny MA, et al. A whole blood
molecular signature for acute myocardial infarction.
Sci Rep. 2017;7(1):1-9.

4. Wu YS, Zhu B, Luo AL, Yang L, Yang C, et al.
The Role of Cardiokines in Heart Diseases:
Beneficial or Detrimental? Biomed Res Int. 2018;18;
2018:8207058.

5. Planavila A, Fernandez-Sola J, Villarroya F.
Cardiokines as Modulators of Stress-Induced Cardiac
Disorders. Adv Protein Chem Struct Biol. 2017,
108:227-256.

6. Ishida J, Konishi M, Saitoh M, Anker M, Anker
SD, Springer J. Myostatin signaling is up-regulated in
female patients with advanced heart failure. Int J
Cardiol. 2017;238:37-42.

7. Castillero E, Akashi H, Wang C, Najjar M, Ji R,
Kennel PJ, et al. Cardiac myostatin upregulation
occurs immediately after myocardial ischemia and is
involved in skeletal muscle activation of atrophy.
Biochem Biophys Res Commun. 2015;457(1):106-
11.

8. Breitbart A, Auger-Messier M, Molkentin JD,
Heineke J. Myostatin from the heart: local and
systemic actions in cardiac failure and muscle
wasting. Am J Physiol Heart Circ Physiol.
2011;300(6):H1973-82.

9. Lenk K, Schur R, Linke A, Erbs S, Matsumoto
Y, Adams V, et al., Impact of exercise training on
myostatin expression in the myocardium and skeletal
muscle in a chronic heart failure model. Eur J Heart
Fail. 2009;11(4):342-8.

10. Shyu KG, Lu MJ, Wang BW, Sun HY, Chang
H. Myostatin expression in ventricular myocardium
in a rat model of volume-overload heart failure. Eur J
Clin Invest. 2006;36(10):713-9.

11. Lim S, McMahon CD, Matthews KG, Devlin
GP, Elston MS, Conaglen JV. Absence of Myostatin
Improves Cardiac Function Following Myocardial
Infarction. Heart Lung Circ. 2018;27(6):693-701.

http://rjms.iums.ac.ir

YO~

ey (A8 bl Jgb g cslinlple (cloiion by p (29l5 (5559 (yed AS S

Ay silga (g cdlad ad AL cus
S Glols amsys 5 (oLl 5950
Cdled g Bly 50 00l o Gralp Sl ity (IS alie
b aolie )0 Jesd S e S lare 4y a5
T=b5 Ol 0l e Dad 05 (20559 Sudlad
5 oliwlgne 5 olioul o8 i placnlgs )5
ot ol alae e 5 69, 5es log, Bl ikl
15 and b ol ol Y (ol by il 138,55 M|
255 518 Gl 5 oy 9590 0an] (sla g

et bl JUT 51 oy (ol il wiz o
MLl oy (ol 3 Shos 00l i 2 s5l92 (29lS
o=l slecusgaze 31 B Wb Lol caiS o Cules
Slodiigad 5l oolaiwl ol alls az gy 55 iagh
b g et &5 Cesl plalqogame 5 (S g
Sl sladigas a0 ]y foghy (nl (chogh slaaisl
&> (2biglgn b Slagld wiS oo g9, Sl b
kY5l B 2l ey L ME skl (S
A i | Ladudgase ol allel oo oS ol
9 Ooplimlgd Sldl oy p a0 uizmen
Lol el wiody | (23l 53l 0 o3 42 iliwsee
Lagl (6,5 8l jane 1 S50 Jolse plo 4 4255
;5 SMAD Loyl e GDFIS (35051 L
39 Ol oo 48 ol oaid edsiw g
dg-2rge il Ll Dl s guos 2 b gom sloigy
2,5 a1y 0je> cnl 5o

& 5 Aol

3L =0559 S Sy i s jsba
MI a4 M sl (o8 o Sloe ol 5l Llas 8o
o Had d> 1ty oo iy Lol cars co iol33l
= S5k U anl Gl gl (B)ys e
S8l 5o limlale g (linl Jg lacnsyn nolie
Sl MI a4 Mo slas, M8

SRS g g

G398 6,59 0,93 Al 5l ais 3 5 allie
3y 093 Sas (B ar s abewsinn wSkioe (23555
Wlodgad (5,b allu,y Blaal o ,iny (o a5 Sl oles
..).S)L)LSA r:)i.:‘

“‘Qﬂ JLT 4/\ o)k.i: AYV o)); |5j|] bs.l.ilk .ﬂg.l:ﬂl:.l.ll


https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

12. George I, Bish LT, Kamalakkannan G, Petrilli
CM, Oz MC, Naka Y, et al. Myostatin activation in
patients with advanced heart failure and after
mechanical unloading. Eur J Heart Fail
2010;12(5):444-53.

13. Maruyama S, Nakamura K, Papanicolaou KN,
Sano S, Shimizu I, Asaumi Y, et al. Follistatin-like 1
promotes cardiac fibroblast activation and protects
the heart from rupture. EMBO Mol Med.
2016;8(8):949-66.

14. Tanaka K, Valero-Muiioz M, Wilson RM,
Essick EE, Fowler CT, Nakamura K, et al.
Follistatin-like 1 regulates hypertrophy in heart
failure with preserved ejection fraction. JACC Basic
Transl Sci. 2016;1(4):207-221.

15. Oshima Y, Ouchi N, Sato K, Izumiya Y,
Pimentel DR, Walsh K. Follistatin-like 1 is an Akt-
regulated cardioprotective factor that is secreted by
the heart. Circulation. 2008;117(24):3099-108.

16. Kawabata D, Tanaka M, Fujii T, Umehara H,
Fujita Y, Yoshifuji H, et al. Ameliorative effects of
follistatin-related protein/TSC-36/FSTL1 on joint
inflammation in a mouse model of arthritis. Arthritis
Rheum. 2004;50(2):660-8.

17. Miyamae T, Marinov AD, Sowders D, Wilson
DC, Devlin J, Boudreau R, et al. Follistatin-like
protein-1 is a novel proinflammatory molecule. J
Immunol. 2006;177(7):4758-62.

18. Ouchi N, Oshima Y, Ohashi K, Higuchi A,
Ikegami C, Izumiya Y, et al. Follistatin-like 1, a
secreted muscle protein, promotes endothelial cell
function and revascularization in ischemic tissue
through a nitric oxide synthesis-dependent
mechanism. J Biol Chem. 2008;283(47):32802-11.

19. Fife E, Kostka J, Kroc L, Guligowska A,
Piglowska M, Sottysik B, et al. Relationship of
muscle function to circulating myostatin, follistatin
and GDF11 in older women and men. BMC Geriatr.
2018;18(1):200.

20. Lara-Pezzi E, Felkin LE, Birks EJ,
Sarathchandra P, Panse KD, George R, et al
Expression of follistatin-related genes is altered in
heart failure. Endocrinology. 2008;149(11):5822-7.

21. Cunha T, Bechara L, Bacurau A, Fernandes T,
Scavoni C, Gabriel D, et al. Exercise training
prevents myocardial infarction induced-skeletal
muscle atrophy by reducing oxidative stress in rats
(1163.6). FASEB J. 2014;28(1):1163.6.

22. Almeida S, Claudio ER, Mengal V, Oliveira S,
Merlo E, Podratz P, et al. Exercise Training Initiated
Late After Myocardial Infarction is Related With
Better Cardiac Function, Oxidative and Antioxidative
Protein Expression. FASEB J. 2015;29:966-7.

23. Gomes MJ, Martinez PF, Campos DH, Pagan
LU, Bonomo C, Lima AR, et al. Beneficial effects of
physical exercise on functional capacity and skeletal
muscle oxidative stress in rats with aortic stenosis-
induced heart failure. Oxid Med Cell Longev. 2016;

Yo)

2016:8695716.

24. Martinez DG, Nicolau JC, Lage RL, Toschi-
Dias E, de Matos LD, Alves MIJ, et al. Effects of
long-term exercise training on autonomic control in
myocardial infarction patients. Hypertension.
2011;58(6):1049-56.

25. Thompson PD, Arena R, Riebe D, Pescatello
LS, American College of Sports Medicine. ACSM's
new preparticipation health screening
recommendations from ACSM's guidelines for
exercise testing and prescription, ninth edition. Curr
Sports Med Rep. 2013;12(4):215-7.

26. Dunlay SM, Pack QR, Thomas RJ, Killian JM,
Roger VL. Participation in cardiac rehabilitation,
readmissions, and death after acute myocardial
infarction. Am J Med. 2014;127(6):538-46.

27. Saremi A, Gheraati M. The Effect of resistance
training on serum myostatin level and insulin
resistance in obese-overweight men. Sport Biosci.
2010; 2(4): 93-108. (Persian)

28. Roth SM, Martel GF, Ferrell RE, Metter EJ,
Hurley BF, Rogers MA. Myostatin gene expression is
reduced in humans with heavy-resistance strength
training: a brief communication. Exp Biol Med
(Maywood). 2003;228(6):706-9.

29. Rashidlamir A, Attarzadeh Hosseini SR, Hejazi
K, Motevalli Anberani SM. The effect of eight weeks
resistance and aerobic training on myostatin and
follistatin expression in cardiac muscle of rats. J
Cardiovasc Thorac Res. 2016;8(4):164-169.

30. Marine DA, Fabrizzi F, Nonaka KO, de
Oliveira Duarte AC, de Oliveira AM. Myostatin and
Follistatin mRNA Expression in Castrated Rats
Submitted to Resistance Training. JEP Online.
2018;21(1):162-72.

31. Lenk K, Erbs S, Hollriegel R, Beck E, Linke A,
Gielen S, et al. Exercise training leads to a reduction
of elevated myostatin levels in patients with chronic
heart failure. Eur J Prev Cardiol. 2012;19(3):404-11.

32. Kraljevic J, Marinovic J, Pravdic D, Zubin P,
Dujic Z, Wisloff U, et al. Aerobic interval training
attenuates remodelling and mitochondrial
dysfunction in the post-infarction failing rat heart.
Cardiovasc Res. 2013;99(1):55-64.

33. Waring CD, Vicinanza C, Papalamprou A,
Smith AJ, Purushothaman S, Goldspink DF, et al.
The adult heart responds to increased workload with
physiologic hypertrophy, cardiac stem cell activation,
and new myocyte formation. Eur Heart .
2014;35(39):2722-31.

34, Fukuda S, Kaga S, Sasaki H, Zhan L, Zhu L,
Otani H, et al. Angiogenic signal triggered by
ischemic stress induces myocardial repair in rat
during chronic infarction. J Mol Cell Cardiol.
2004;36(4):547-59.

35. Samsamshariat SA, Samsamshariat ZA,
Movahed MR. A novel method for safe and accurate
left anterior descending coronary artery ligation for


https://rjms.iums.ac.ir/article-1-6329-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-07-19 ]

ey (A8 bl Jgb g cslinlple (cloiion by p (29l5 (5559 (yed AS S

research in rats. Cardiovasc Revasc Med.
2005;6(3):121-3.

36. Scheer P, Sverakova V, Doubek J, Janeckova
K, Uhrikova I, Svoboda P. Basic values of M-mode
echocardiographic parameters of the left ventricle in
outbreed Wistar rats. Vet Med. 2012;57(1):42-52.

37.  Scherrer-Crosbie =~ M,  Thibault  HB.
Echocardiography in translational research: of mice
and men. J Am Soc Echocardiogr. 2008;21(10):1083-
92.

38. Waring CD, Vicinanza C, Papalamprou A,
Smith AJ, Purushothaman S, Goldspink DF, et al.
The adult heart responds to increased workload with
physiologic hypertrophy, cardiac stem cell activation,
and new myocyte formation. Eur Heart J. 2014;35
(39):2722-31.

39. Kraljevic J, Marinovic J, Pravdic D, Zubin P,
Dujic Z, Wisloff U, et al. Aerobic interval training
attenuates remodelling and mitochondrial
dysfunction in the post-infarction failing rat heart.
Cardiovasc Res. 2013;99(1):55-64.

40. Kemi OJ, Haram PM, Loennechen JP, Osnes
JB, Skomedal T, Wisleff U, et al. Moderate vs. high
exercise intensity: differential effects on aerobic
fitness, cardiomyocyte contractility, and endothelial
function. Cardiovasc Res. 2005;67(1):161-72.

41. Xi 'Y, Gong DW, Tian Z. FSTLI as a Potential
Mediator of Exercise-Induced Cardioprotection in
Post-Myocardial  Infarction Rats. Sci  Rep.
2016;6:32424.

42. Matsakas A, Bozzo C, Cacciani N, Caliaro F,
Reggiani C, Mascarello F, et al. Effect of swimming
on myostatin expression in white and red
gastrocnemius muscle and in cardiac muscle of rats.
Exp Physiol. 2006;91(6):983-94.

43. Guo Y, Chen J, Qiu H. Novel Mechanisms of
Exercise-Induced  Cardioprotective ~ Factors  in
Myocardial Infarction. Front Physiol. 2020;11:199.

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

45. Hansen J, Brandt C, Nielsen AR, Hojman P,
Whitham M, Febbraio MA, et al. Exercise induces a
marked increase in plasma follistatin: evidence that
follistatin is a contraction-induced hepatokine.
Endocrinology. 2011;152(1):164-71.

http://rjms.iums.ac.ir

Yoy

“‘Qﬂ JLT 4/\ o)k.i: AYV o)); |5j|] bs.l.ilk .ﬂg.l:ﬂl:.l.ll


https://rjms.iums.ac.ir/article-1-6329-fa.html
http://www.tcpdf.org

