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Abstract

Background. The purpose of the present study was to investigate the effect of aerobic-
resistance training on the population of cardiac multipotent cells, thickness, and diameter
of the ventricular through the C-Kit pathway of male rats during the growth stages.
Methods. Overall, 30 male Wistar rats in three age groups of 2 (n = 10), 8 (n = 10), and
96 (n = 10) weeks were accidentally divided into exercise and control groups. Resistance
training programs (resistance ladder, 3 days a week) and aerobics (treadmill running, 3
days a week) were performed for 6 weeks. Hematoxylin-Eosin staining was done the
heart tissue and histological images were prepared. Afterward, C-Kit gene expression
was examined by the real-time polymerase chain reaction method. The statistical method
of one-way analysis of variance (P < 0.05) and Tukey’s test were used at a significant
level (P <0.01).

Results. The trained neonatal group had higher values in heart weight to body weight
index, and the trained neonatal and trained young adult groups had higher values in left
ventricular thickness (P < 0.01). The decrease in left ventricular internal diameter in the
trained young adult group was significant compared to the control group (P < 0.01).
There was a significant increase in C-Kit gene expression in trained young adult and
trained old groups (P < 0.01).

Conclusion. Aerobic-resistance training can be an effective stimulus for increasing the
number of cardiac stem cells and creating structural adaptations of the heart, including
increasing thickness and ventricular diameter in neonatal and young adult groups.
Practical Implications. Participation in aerobic-resistance training programs leads to the
improvement of the cardiac structure and an increase in cardiac stem cells.
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the population of cardiac multipotent cells, thickness, and diameter of the ventricular wall through the c-kit pathway in
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Extended Abstract
Background

In the developmental stages, organisms undergo
continuous physiological and functional changes at

the cellular level. On the other hand, aging causes
structural changes in the heart and decreases the
functional capacity of cardiac stem cells. These stem
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cells can differentiate, regenerate, and reproduce
cardiac cells under the right conditions. The increase
in C-Kit expression during several stages causes stem
cells to differentiate into one of the types of cardiac
cells, such as cardiomyocytes, endothelial cells, and
smooth muscle. The evidence suggests that aerobic
and resistance exercises cause different adaptations
in the heart. Therefore, this study aimed to
investigate the effects of aerobic resistance training
on the population of cardiac multipotent cells,
thickness, and diameter of the ventricular wall
through the C-Kit pathway of male rats during the
growth stages.

Methods

A total of 30 male Wistar rats in three age groups,
2 weeks (80-100 g) as a neonatal group (n = 10), 8
weeks (200-250 g) as a young adult group (n = 10),
and 96 weeks (280-320 g) as the old group (n = 10),
were accidentally categorized into two exercise and
control groups. The resistance training program
included climbing a 110 cm long ladder at an angle
of 85 degrees to the horizon, which was performed
three days a week by adding weights to the base of
the rats’ tails. After familiarization, in the first week,
climbing the ladder started with a weight equal to
30% of the body weight and gradually increased to
70% of the body weight in the second week, to 100%
of the body weight in the third week, and to 140% of
the body weight in the fifth week. Until the end of
the sixth week, the training was consistent with that
intensity. Each training session consisted of 3 sets of
4 repetitions, with a 2-minute rest interval between
sets and 30 seconds of rest between repetitions. The
aerobic training program included 30 minutes of
running on a treadmill for rodents three days a week
(on separate days from resistance training). The
intensity of aerobic training in the first week of the
training protocol was equivalent to 25% of the
maximum speed of rats, which gradually reached
50% of the maximum speed in the sixth week. The
aerobic-resistance training program was
implemented for 6 weeks. Twenty-four hours after
the last training session, first, rats were weighed and
then anesthetized. Heart tissue was extracted and
then hematoxylin-eosin staining was done on the

heart tissue and histological images were prepared.
Afterward, C-Kit gene expression was evaluated by
the real-time polymerase chain reaction method. The
statistical method of the one-way analysis of variance
(P<0.05) and Tukey’s test were utilized at a
significant level (P<0.01).

Results

The ratio of heart weight to body weight was
investigated as one of the indicators of cardiac
hypertrophy in this research. The results
demonstrated that the changes in the ratio of heart
weight to body weight in the exercised neonatal
group (2W+EXE), compared to the control group
(2W), were significant (P<0.01). However, these
changes in the trained young adult (8 W+EXE) and
old (96W+EXE) groups were not significant in
comparison to their peer control groups (P>0.01).
Hematoxylin-eosin staining of the heart tissue with
DigiMaizer software revealed that after 6 weeks of
aerobic-resistance training, the thickness of the left
ventricle increased in the training groups compared
to the control groups. The left ventricular thickness
values in the two groups (2W+EXE and 8W+EXE)
were significantly higher than the control groups
(P<0.01). The size of the internal diameter of the left
ventricle in the trained young adult group
(BW+EXE) had a significant difference compared to
the control group, and the size of the internal
diameter of the left ventricle in the training group
was significantly lower than the control group
(P<0.01). No significant difference was observed in
the inner diameter of the left ventricle in the trained
neonatal (2W+EXE) and trained old (96W+EXE)
groups compared to the control groups (P>0.01). The
internal diameter of the left ventricle in the exercise
group decreased from childhood to youth (P< 0.01),
and this value increased from youth to old age
(P<0.01). In addition, hematoxylin-eosin staining of
the heart tissue showed that in the trained groups, in
all three age groups, tissue integrity was greater in
the left ventricle, and cardiomyocytes were more
integrated than the others, and less fibrous tissue was
observed among cardiomyocytes. However, in the
control groups, the population of collagen fibers and
the distances created between cardiomyocytes
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increased with increasing age. The expression level
of the C-Kit gene after 6 weeks of aerobic-resistance
training in young adult trained (8W+EXE) and old
trained (96W+EXE) groups had a significant
increase compared to its peer control groups
(P<0.01). Between the control groups in all age
groups during the growth process in all three age
groups, there was no significant difference in the
expression level of the C-Kit gene (P>0.01).
Conversely, between the (2W+EXE) group and the
(BW+EXE) and (96W+EXE) groups, there was a
significant difference in C-Kit gene expression, and
the amount of C-Kit gene expression was increased
after 6 weeks of aerobic-resistance training (P<0.01).

Conclusion
In general, the findings of this research confirmed
that the thickness of the left ventricle and the increase

in the ratio of the left ventricle weight to body weight
as indicators of cardiac hypertrophy increased from
childhood to youth as a result of aerobic-resistance
exercises in the neonatal and young adult groups. C-
Kit gene expression values increased in all three age
groups as a result of aerobic-resistance exercise.
Examining the histological images, similar to these
results, demonstrated that exercise training can
increase  the integrity of left ventricular
cardiomyocytes in all three age groups and cause a
decrease in the fibrotic tissue among cardiomyocytes.
Tissue integrity was higher in the trained neonatal
and trained young adult groups than in the trained old
group, while in the control groups, the population of
collagen fibers and the distances created between
cardiomyocytes increased during the growth stages
with age.

309 | Med J Tabriz Uni Med Sciences. 2024;46(3)



VAW Vi(W) PP Fol yonads g Sy )J)uu_ﬁu),v/o}[c oLl iy o oy Sem g (i g0

ale doi: 10.34172/mj.2024.035 S
0 https://mj.tbzmed.ac.ir y
e
sFpmen - °
Sy dlio

oylg23 ka8 g olind (8 g sl oz 1 Sloglie -loR (riyeS 25U
Sy Jolyo b 33 8 o glasiige 53 C-KIt o G2yb 5l skay

"2 bl (9Tl 138 Lyrame (O N lued plic] (il e cr08

Ol ey (NS oSl (5839 pole 5 s s 0aSudld (i3 53l 09

Ol ey (NS oSS (55559 pole 9 s s 0aSulS (33 SiIund IS el

U')" Ay J.>|9 UA}L.»' DI)T oKals ‘U.\Lwﬂ |09L: RAAIN ‘(9339 |09Lc 9 PNy cg)f‘~

a8 oo s b 5)5kd 0555 gy 3y slaobs (51918 9 ol cunnj eaSitmg}y (Joluw psle wliiind iSye (Jolu uwige 0g)ST

oS>

9 el (8 Blgi sladsle cumaz  Gioglie —sjlsn (el 188 Ly yol> Glegh I Bun . dis;
gy Jolhe o 30 8 e slagsbse 33 CoKit yuume a3l ik oylgns shab

(glian A) (loz d(N=Ve (gldian ¥) S3g5 o 03y dw 33 sliung 3P 9 (o Lige s Yo slass ., I 49,
05 doby Bud s JyiS g alblae 09)5 95 4 (Bolai jeba (=)o (glian 37) wellw g (N=)e
bl dide & e 4 (€80 13 39y ¥ P 58y Geed) Gilom o («dd 13 39y ¥ iegliio bay) ieglie
Real Time- yig, 4 C-Kit 43 ul.u 9 RO L)J)sil-u,\l.wass)lom L;)AAT&) 9 le.u.uusb ).:QLQJ W
Zhw 33 S35 el 9903l g (P<e/od) dybSy uilyly 3BT glel gy 51 43855 18 s 390 PCR
s 03wl of o) 3 yiaS g yldsimo

9 0% s © B 1jg pasld 15 Yl slie dolie 3y50 5355 0g)S ( yuS 09,5 b dunlie 45 L loisl
shd ialS (P<o/o)) sl e ol el o3lail 33 g3V polie dislse 3450 gz g ST LSL‘M9)§
6l2egyS 30 (prizen (P<e/o)) 391 5l3sim0 35 S 09,5 4 s dlzlae 3550 g 0953 33 o oyl 1o
(P<e/o)) cuisls (gylosine Lialidl C-Kit (45 oyly 03,5 (33 Sialls g g

9 o8 3l lodslus slass Gialidl gl 5x38e Syme lgise leglie —silom wlipped pladl . gpSda
sl le;? 9 63956““9);)3 u.laa o)lsgé)bé 9 ol u,«ubsl 4.Lo_'>)| s 6)11.’>Lw GLQLSJK).L‘” Sl
sladsbe Gili8l o I8 Jlislo dou @ ymio Ginglie —gilom Guped Gladoly 13 Sy lagslostoly
Do 8 gl

ol

dlioc wleMb|

o ddslus

Ve Yo F/VY sedlyys
VeV ol oY 1 yisyads

Ve Vo ¥/1s lasys yLacol

:l.bbj‘|9 Kwily
GRI9 VS @
C-Kit Oj
SML“’ o
@b Jolw o

ComwgroglS @
8 Bgyimle @

doddo

b s €l boshe paduaass ¢ o wysle
02955 0hgd 53 iz w8l p oglle "adlbse slopdius Jelge
oz chls 55 JLusysr 33l g ololig b el s
<l (Cardiac Stem Cells; CSCs) 8 goloy Jolw walizxo
2 9 el Cd8 ool Jolw paipae CKit gl plie 5l S
H55 g Gilwib 5o geed pled by cwle kol
sy CSCs glgl @ caws T slass ajls I8 sloJolw
5 sl cmadlad gy ool ook 13 C-Kit ol ol

Jl> 53 diwogay sobay 0a3 wldgzgo eSS Jolhe o 33

e Golw a3 g3Sles 5 Sujdland wlhess
6l sl Jsls o b iz oo iS5 gl sl Jokes
My 9 JolS5 (b 4> (Embryonic Stem Cells, ESC) s
g wh sl goolas] gledl ¢ wad 165 e
ol 1 Maede JiSis |y pelais!] 3ySlae b (lapll
WS 50 Ay 5310k Jgl dide dus 33 &S ] selwil gl U8
Jeld lonan sloanhd siails aloye ol 5> 5 2,

mfadaei2000@yah00.com : Jesl ¢ Jg8umo sdiumgs™

(http://creativecommons.org/licenses/by/4.0) CC BY 4.0 3i.0l5 giyS jomo s 1y (S pole olSutsls Lawwgs ofiT uuyicns b dlio oyl cwl bgao (a0 gly @b g
sl 0 0315 gl g Sl disio g=0 4 Lol 33l 4 oS el 3o Siygio 3 g5 eolaiwl GoSym o slae Eub S o yiiiie


https://doi.org/10.34172/mj.2024.035
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0003-3723-7434
https://orcid.org/0009-0004-6223-1637
https://orcid.org/0000-0003-0265-5329
https://orcid.org/0000-0001-9939-1504

hSen g (3 o

@ gl 33 365 S Juwiliy 4 4255 b &l ool sl ol
Gzl S b |y Juwsily ol ool g Sy>e 2y
ol gy walad diwly e 33 a0k jled g oad gl
sldole Symo SO plgicds Slgice 59 wliyes wilesls
locamgronnyls L b Yais] g w5 Jles |y b ol
TohlSan g W ogd 8 Sojelond ady e
olias 29> wlallae 33 VhlSen 5 i o TuhlSen 5 Suzg
9 aidly Liwlidl C-Kit yuolie ibjyg wlipyad 4 Fuly 3o wisls
3l g lgeds Gl slanl Grals (8 Jlisle 33 dou
9 bad (blio 1> cusloads (i 58 T wliubss pls
Jls S o0 & ils wliges plosl wials lesl YhlKan
slpise e g cwly ply 3> CKit jlie 3> (g
o3l g 8 Boyinnle Sl 4 dzgi b 0S5 Sl (o
S2igloniud wiy Gleol puillo plgicds o uwgiognnyls o3l
Seoye 3 @ Mol oads dimlud () 59 wlinged 3l b 8
A8 5l 390w o 58 9 3k slaobe L2l3el i 4
el ooy opl 33 (G393 wilallhe g sais winlyy yioS
oed 50 uyy ele Glagh Bus (il ewlos
9 ol (8 lgin gladsw cumez g sieglie —jlea
25 she slapige 35 C-Kit yue Eub 3l ik oylgn yhab

el sy Joe o

S )
3Py o Ghge yw Yo slass ol = gl 4
Aaieds 035 Voo Gl Ao (jg b (slibm ¥ s 03y duw 33 by
Olsicas 05 Yoo JI Yoo (459 b glaisa A (n=1e) S395 09,5
olgieds @5 ¥Ye JI VA (459 b slaan 95 g (N=)e) oz 095
o 30 b 4l ol sl gl 5l (0=)0) wielle eg)S
5 Sbd wlallbo (ulul 3 dges @z Guass B9y LY
wygod Gla wlellhe 13 digel pae (s Jsod b @llae
4i8\S a5 43 E=(y903] glvasly JS slaws)-(leog S S slass)
b o 00 S buba 53 dlblae 390 whige s
9 2oy 00 B FO s cogby S ko ays V¥ £Y clos
(woye V I o V3 celw WY ldsgy- (o)l asy=
b Slan wbySh glopud 5 20 gleeg)S wizow
B3 (5SS mysge kg @i g Ol @ ST uyiwd
b bl wan SO 5l Gy e 03y 30 33 o glagise
b oeped 9 S 095 99 @ (ol jobay wlinleil bamo
yolo azllho 33 (0= 0) 09,5 5 IS jobay 3 o alslso

2 CKit le Giehdl el giope Gl gladsle 155
ol 3l o @ ol gladslw les czge dloye wiz P
Jhbigal gloolo daciumsioginls wile 508 Jobo slaes,
8 alise alisuo glocaond 13 CSCS .56 00 Lo dlic
b @ sols g3Slas 5 Gzl glaazly 15 g Wl gyjgs
o Lyl sloul el ook oyl 51418, 8 (Niche) s
Gl (pizmen g 03,5 eald |y Shbl e g g3l Jolw
ol wlidss als oS se Wl T 5léy eulis 33 oge
S5 3 Groge glagys 9 laygeyse danSgike oS wlhaly
ol olosl My i ol gladsbs Sy o sles
Gub I s wae 9wl 9 gg @ deg b Gdi
IGF-1-PIBK- :ailo Sluysly glogsne ooy (il Jles
5 CIEBPb-Citedd (3luS| Sy \-c5lSa)g AKT/PKB
MiR- g MiR-222 ogas>d RNA ¢,Sw S ol Ll
Gatab sloyj degamo ol Liwlidl Cuw Slgi e 17-3p
S dgi (loey wlw 9 Mef2c.Sca-1 (Gatad (Thx5 (Nkx2.5
CSCs jules g y iS5 « g5l JLed 33 glosd dislin gla yud
25 ol ol Gyd 088 b T ayyls @ lacuwgreginylS
Jelse el ol ldslae (51 oS Sede pis gl
9 CSCs gilwles Gyl 3l Wlgize s (ualidl 1y gy
ol sl 3l o dlsicty W8 g wadyl Gialiél
Blae g slinle dop (8 Soigdonid by cege waz
el 33 39d 8 dlae sl o ol GialS g 8
Slgice Gilow el wiam 1Y Wby gl GhlSem g (b Ly
cuolius (HWI) Cl8 (59 pasli «od8 39 el oo
Gatad ErBp4 359000005 slori ole 8o slayls
oz Glapige 8 3o g slixbe 35 wolg 15 9 NRGL
Giyed S b Bais 93 33 58 ohlSem 9 3030 szl a8
bbb g Gl Somle n I giloe el 1 pluSe
305 518 Gy 90 Glez g wallw lagsbge giToresnlS
ohy cels silon payed diam A ol lis T wliiss ek
oized 30 Gl b sl g dlez slagige 30
2 e glbeawsienals JSas gl oulS b glhe
Ol Jallw glagige 33 9 715 03,5 (ayel ploz slagsige
ol 93 g sl uwliél Ze/os JyiS 0g)S blie 43 03,5
3l sty Oloz slagyige 09y 53 iali8l 4yl peyile dallhae
cedb ielS 4 deg b Jy o skl glagibse
S Wlgise s Gl shade gl o Gl b g3iiare0nls
TS el ganelle g 55 (8 gly (o> GiliSlxe

RS STS )J)uu.ﬁu)),oﬂ o8l SN dlxo



(hen g 2l

fesSeele) ity o (25skS /S hoVe) (uelsS 33
pae 3l olaebl o Gdsan 3l o B3 Gbogn (SekS
9 3 pladl Gz by Sl peitune 900 RS0 «s)ldsn
35 Uiy dloul g ol & 3l eolil b Jayil ol Jaimo 4
dwg & 8 (59 b 0ol gamd ol Jloy Jol=o
Aoty s 35 e 5 Syl s 385 ol
55 Jsse 5 sbo clagalail gl B w3 3| s
Sl azys Ao slod b 3508 33 5 ez @le gy
Zhw 33 J5Sse sl b 64K s3m slalsl el
sogyS dam wdl 51 RNA zlyziwl b lawl (C-Kit o5 ole
4 (ULo.]T ‘U)LS) o353lw ;,S),uu LJS"9)" U.u[w‘y wellho dy90
208 3l dea Sl @Sl 0o lanl reéyS plail G,
o&iws 3l oalaiuwl b baedl g 033)3 21> oS sl dyd -Ae
S Grdohe ¥V slooatssSae ¢ g wad 3 NolS 5bjsen
g o Voo digad yo dy . o3l Jlaml caialy Hld 2o g9,
239250 sl o el oy o 3l ez Joilys Jolo
30 A8 O Wl b (uSTyg 40l Ve 10 3l amy .o Ll L
oSS gz 099,15 yidg o Yoo ot 0als 18 51 glos
of @ eads yoame T 58 Glualil o ool (yads 5 il
A B wSSyg ows 3l solaiwl (g 48l 10 g wi aslel
4 l&bus,\.@)s.m NI &) (S0 Js,l.'xn Lj)) B oo odld UlS.s
b o «edyS 48 oS il a3 B glod 4o 4885 O we
Soayilw 4885 V0 wae 4 Sl ¥ gled 3 WWeeo RPM
Jol 5B S JSis 518 4w 935 Soutpyile 3l s
by cowd ©9d 58 (RNA ggl> g Glas dg) (YL cowd
Cowd 3 |09MJ)’L<§9 o.\/.i})’,d -1 6‘9‘.&9_@ 9 &) A 4.‘9]
glo doyo ol 33 39 Joilys ol 9 Sy Ghse Ay by
@ b Jiie (50 slbogdeSie 4 g aublyy
‘L')T b ply go3lasl 4 (RNA g Slos &gLo sol> slbogsg S
a0 € glod 30 4dd8s 10 wie W g b Ll Jgibg gl
Weer RPM 33 ddds 10 o dy (oo 9 3 953l 31,3 sl
3 oolaiwl b g ooyl oo JuSis gy 318 o oanyike
ity 390 Wowy 45 S wBd) Mb didy 593 N shew
5 @8lol Lguy 4 2oy VO gl i lee ) ol @ (395
6‘.05).) Yo.- RPM 3 Jsl-’)ao 4.19).0 u.)‘ W) L)Alg))g 4.\)[) Q>
Gy b eyl 488y A wae 4 Sk 4y €
i 03> oilel 488y 10 e @ 9w wliS 3b lewgsi e

09y5 (YWeeks; YW) (5355 lygd JyisS 09,5 sy 3929
09,5 (YWeeks+EXxercise; YWHEXE) (5395 (393 03,5 (y2ye3
Ql)gb 05)5 ol og)f (AWeeks; AW) u“9> ngb J),uf
e JyiS egyS (AWeeks+Exercise; AWHEXE) lg>
LSALOJLMJ Ql)gb 03)5 yed cg)f (A¥Weeks; asW) LS'\"‘AJL*‘
sieglio 1yl glodely (7 Weeks+Exercise; 4 "W+EXE)
ol 2 Bl ol gloeg)S gl wiam £ e 4 ilom g
So 3 o6y Vb ol taslie cped aaby Jolis Loasly
4S5y @8l o 4 s dzy3 AD augly b Veem Jgbo b Loy
b (silem oapes 3l limo slajgy 50) wiam 33 39y dw wygod
shal 5l g8 i plosl layige pd eacld 4 49 (43)S adlel
wiad gzl oex b bl ly (sieglie (el deby
Gleglie Jloel (g (boy 3l S920 092 b (lyio slagsivge
b oboy 3l dgme (sioglio (s Jgl wiam 3> o bual
€ao 53 S @ 9 Wb ST v (g ey Yo Jolee sl
O ()9 MEyd Voo b pguw LidB 1D (b ()9 Myd Vo b gd
Vo & oo didm 33 5 N (g 2oy We & ylaz didn 3
paas e bl U g ol inlidl lagsige oy (g 2oy
ol b lagige Suis el dul> s 5> leglie
30 el WAd b 495 b g o guSeilul (@8 Jlusuwd
9 gise o 09 3l gaeys & canlio Gig Gl 390 dide
UJ)Sﬁ)deI)A ‘ol.’ml le).! A 00y )lfd,: w9ln40 dLoSl [
9 Ui B39 Jlesl go gbay 3l a8y Yb b 93 g3 g
sl opzen Wie plxl Gleglio (uyel dulz o i g
3 oo 9 03 el 3l dapyed pll e @ Sy
cols g 3 Gilom pped deby Mo eslaiwl o yige
B> osaie Jredy oy 3 oied s ¥ Jolis
3l iz slmigy 39) @b 33 595 du (YT lilial 3 5ag29)
05 WAL A >l dide £ wae 4 a5 Dy (Gileglio wlipyad
55135 03 Y0 Jolae pes sy Jsl i 55 il
Qodgwm)éég)&@dfoybgbwkg&ubgowﬂ
Gyed sladisn g wlul> pled 33 3wy e yiSTas woys
Slel glo 3l zols g de 423 sho Jreds (OS)lg i
sl oloj 4683 0 5 0355 @ ol 4683 0 e et
Ao cwclo VP Mad 4idyS ) 4o lymio glabge (5953w
b S 0is 3l a= e slagise el dude T

Y oylas ¥5 0493 )J)uuﬁu/u/@dc o8l Sy al=o | VY



hSen g (3 o

s sohiedy &S ool 4> e8S el g-RT PCR
s sl o She gyl goel 3l leosls giigs (3gisub
0993l 3 Bais slmegyS slousiio (Sl wgles (gyloiime
Gly b ookl (S8 el (sail 9 4db Sy puilylg 5JUT
syt Glysl g puSilio 31 boools o sloiysyliS @l
Solol 1580y 3l oslaiul b laosly Juloxi g dpjms . a00y3 oslinl
Gly wéniy oyso P<efod gylsusme ahaw > SPSS
zhw dopygail 1o Jab JB slos yiSlas Gialidl 5l Sl
P<o/o) g 32355 Joamd (S35 (il 903 13 g)lol 5)ldsime
b glhe imeh bl Jobe eled ai wdS J 4o
3 cles Glo ezl Joeslligins 33 ziie gladuogs
ol eBinlesT JSSgp 5 wdyS elail alinleil wblge
pole oimghy (imgh 1 @M 0o SIS g ek
G UBigel 9 oleyd bl @yliy bl g el iy
s S NS wdS L awl a0

(IR.SSRC.REC.1400.077

sl

Jols pimgty ool sloysio 4 boe Gavogi sl S
b8 oz phy s oy s © B bjg s (8 9

el 00 ob)gT \ d9J:?)J C-Kit 039 = UL:J UL'>|J

sobiods (g b S o 3l e w9 Sas JSUI L
wla] Lyl shiie T 159 Fo diges sm 4 RNA (3,5 o
8310 e @ gig e i Sl shesyw b g 3035
B oais zlyziwl RNA wdyS )8 sl,S sk 1 B 00 sles 4o

288 5148 3\S sl doyd —Ae lod 43 odlaiwl ylos
RNA cble g ogls> CDNA jiw d>yo 4 3gy9 3l a8
Shosl jiegseifunl oins by eis el
Ao =83 J[y8 w3590 (Nanodrop spectrophotometer)
slezse Job 3o ldiges )99 iz g Jsl=o 1o RAN wiale
b RNA zliwl §l Gu i 5350513l yiogih YAe o Yoo
sle yideySao 1 dntigas solas 5l Mo clile 5 osls
g b dixy odeSee gy RNA ead il
Sl 9053 =Syd) CONAEw oS Jalo 5 sidgSo
YO clod 43 4883 O wao ) Lo 203y w8lal (o 4 (K0!
axyd Fo glod 33 88y fo o JWws 4 g dS stk 4y
53 o3 siuw CDNA g S 518 JISolugays (9g)d ol)S sl
Phb s (5SS Al a2y Ve gl 33 dlye
s NCBI 55 SSb 50 (@98 slap; wledbl polul 3 layanly
555 055 sieds 51 by 315 plosl (ygesSle Sy b
sy g0 o >hb cloyenly S dolsl 43 0033 oolasiwl
oS by 3l oalitl b C-Kit (45 gl a2 pupew 5 <85 )8

Vg slaytio sivegs sl Shy N Jgee

TW+EXE 4w AW+EXE AW YW+EXE Yw (N=%) 09,
VAOE-[Y VoA SA\Ein's AT F VYR Y Ve @ <5 o3
efe o YYE oy ofe e ¥YEL e q efes¥qEe[e v Y ./.‘\”fi./‘.‘\" ‘/‘.f‘i‘/.‘.\‘“ ofe oYY E oo (g/g)‘)‘_\g‘.’)yvﬁg)-’w
VEVV/-cYYV/F e ATV TEAYOY O VAYANYEVEY/-® VAV [o-RYFAY Y ANYEVASET YA - EVTV - MUM) G oy Calsud
0¥/ -HAAED  FAAUYYEAT/SY  Y-YY/PYVEVEAQT FYOQSEEFY/- . YAAR/ - ETVYY FAVY/EFEAAS (M) ez oylas s b
YIVEE.[YF Veoke/NY YIVAZ.YY* \/efE-]-q \aE 2% VAOE-[-A C-Kit

cb)f Odyed 0‘9? 9 (P=+/00Y) (YWH+EXE) ob)f el Jbsf
(WWHEXE) 03,5 (33505 iallw ply 33 (P=o/00)) (\W+EXE)

el opigh- oS gilon ol SSy (P<o/o)) aws samliw
wan & oy @ ol s jple aws J8ley SWS L 8
Oed sloeg)S 33 e ol colis (ieglie —gjlon (e
ol (@) JSw) wdl Groldl JyiS gloog)S 4 s
owliel (AWHEXE) g (YWHEXE) 09,5 93 30w ok
@lyus aald 395 S 09,5 4 caws (P=o/00)) gyld k0
(3*W) ¢ (YWHEXE) GLCD°9)f O e U.lc.\ Caolzus o)‘l.\3|
w2 ol cwlns olul 4o glGiee Wil 9 395 Jbgiee

JraS 09,5 4y o Hlo Sme glis

oo ools ylas MeantSD Ko mls

3G dloieds iy ol 33 v s @ B g s

ot zls .88 8 Gy p 90 8 Boyimle sladasls
O3 5355 095 33 (93 (139 @ B (g e s Bl
Sagiee (YW) 35S 09,5 s s (P=o/00)) (YWHEXE) 63,5
ob)f Oyed 0|9? 6Lcm>9ﬁ)b ul),u.v.: UJI Lol {(P<o/sY) S
G s (WWHEXE) 03,5 pya3 siollw g (AWHEXE)
Gn (P>e/o) 395 Jlaime 395 glen S laegyS
9 sl 33 5yl ime @gled (i 03y dw 3D JyiS glmegyS
38 o3 lbogyS 53 (P>e/o)) witi ssmlie G (jg @ 8
62095 35 3 wis @ B iy s Gill el ]

PAY | ¥ oylads F5 0y90 )J)uu.ﬁu)),oﬂ o8l SN dlxo



-ohSes g (3 a0

F U 0 g cwld |y Jlado (yieS 83,5 (el diellw 89,3 43
oy cels ghbgize (uals Gleglie —gilon (el ddn
og)f O cows (BWWHEXE) 03)5 Ol o)l og)f)o -
VY USi) (P<e/e)) s sdmlive (AWHEXE) 03,5 (yay0d (ylg>

()

Exercise

Control

el o JyiS 095 33 ieglie —gilom (rapad diam £ JLis 4
le.:zsog)fd,g (P>o/0)) wis odmline Jiwdlus U.sl):z;o LSlQ’L)"‘9‘°
2 Gbme wolds sy Xigy (b 33 G glody les o JyuS
oby cwelxe Gwlidl g ab sasline i play cwlzs ol
- Ub) cwolzs (P<o/sY) d9) yidy (AW) U‘9> og)f)b -

Gheglie —glo (el widn & 5l uy SRy slmeg)S 10 bz b oylad el Y S

B
=3
i

30004

2000

1000

Left ventricular thickness (u m)

wan (W (a9 LSLEDO9)§&S:\Sﬁ3 EIRWA L SO oy ),9_9Laﬁ .l

Groups

«soglio —G3lom (yapes did F 3l e S5 g apes sloogyS b ez o olond caolius wo) S
sl 0ad 48,8 355 13 (P<o/0Y) (gyld im0 prasw . iloas 0l it 3yl Blyml g (:Sile wygods laosls

slayl Sl b ganells B (S8 5l sy 359y o o S 0g)S
Slaro sl oyl Lol tgs aidly inli8l o ol (1S 08>
S 8 el pigT-cluSgilon (5ol sy (P>o/0)) 354
Sy & ook pudhgiw o pidny Sy ¢ lbole diwe
olts gls ede samlie © ¥ JSb 3 waibie Ghge
IS 5 pie WolS wygod lbepwsonylS &S w30
e 03y duw 3 33 035 (52305 (slog S 5> lai8S y1y8 (SHaS,
2 Gxiddy plaeass] b bocanngioganylS g 09 yiiny b ploxus]
G Y greS omd wéb g wladS 8 SoaSy LS
b JyisS sloogyS 4o a5 Jls 13 .o sanlive lacauwgiogslS

)bu;sszo wgh'ﬁ * G939 O3 :EXE (s :W

ug[n.: (AW+EXE) oa)f el Qly 09;)3 e UJQ’ ulbl.\
)J::§ o)’bél 9 J)b S9> 6tiA.aa J)_uf og)f L s Ls)bu’x&.o
sgby S 0g)S 4 el 09)5 33 Gz ol GlBb
oé)f s 6595 Lgl.tbog)f)b (P=6/00Y) S )Mfé)bu’x&.o
ug[n.: (AsW+EXE) oa)f el il 5 (YW+EXE)
S sloegyS & s Gz ol GlBl 58 3 (gloime
og)f 3 e QJQ) S oyes Syl (P>ofo)) s samliwe
ol (P=o/o0)) aidly (ialS Slg B (S395 (lygd 3l «paped
3 (P=o/00Y) dg a8l Lyinlidl gaiellw B Sloz (lyga 3l slase

Y oylass FF 0390 ).’)uuﬁu).:,opfc ol S al=o | YVF



hSen g (3 o

(AWHEXE) g (YWHEXE) (gloog)S 1> i8b ploxaas] 03,8
g Yl (WWHEXE) 09,3 4y s

Ventricular caliber (. m)

O o sl Lolgd g U sladidy cames (Gl
Od $ogyS o 30 g wdh (8l begwgiegylS

‘heglie —glom crpyed ik & 5| Gy (egs leeg)S 13 B e ha IB1s a8 LAl Y IS
sl 83 4i8yS 55 55 (P<o/0)) ()l 5im0 prlaws iloss 031y (ylis 3ylsilicel Slymsl g (Sl wiygots mosls

wgldl Gl 03y dus 3B 33 My Wigy (b 33 G gleedy plas
( P>o/o)) wisly s C-Kit (45 oby oliwe 30 |y gylosiee
(AWHEXE) sloog)S b (YWHEXE) 09,5 (0 Lol s W (JSs)
C-Kit (55 ol 5> @glés (P=e/o0)) (SWWHEXE) g (P=o/o0))
opes wan # Jls 4 CKit j gy lise 9 S sbgize

(g ¥ ) (P<o/o)) 39y a8l lidl Sioglio —s3lo

Relative gene expression/control

Relative gene expression. con trol
(C-Ki)

)bul&o u_glé‘i ¥ GN339 S :EXE (i :W

8 week: 96 weeks

<yi09)Sa0 Yoo (2las8) 5 b s 03y SSS 4 lyoo (slogige 8 bl 5l gpglas o ¥ S

9 vl slwegyS SSas 4 C-Kit (5l @l (liee

4 C-Kit O3 ul.u u‘).m RO FXV RSN UL”“" e J&&)J J),uf
O oz slmegyS 5S> ieglie —silom (el diam & (JLd
035 s delw g (P=ofes)) (AWHEXE) 03,5
95> L5l:i.,o.ca ,J),\,S 6"‘“9)? & s (P=o/o0)) (ASWHEXE)
39 ,J)A.\S 6"‘“9)? O (@l v dS.w) culd 6)")6‘“ L)"“‘)9|

v

>

S

Relative gene expression /Control
(C-Kit)

&

%
Gy,

& &
D 3§
9 fﬁ& %‘*dg’ gn:")i‘

Groas Groups

eglio =53lom crped adn # 5l (e GR93 520953 UyiiS 09,5 4 s C-KIt ) (osd ol .V S

Gared (sloog S duplio iz S (glmog)S duslio o JyiS s oyl glmog)S dunlio :all

RO SV w)f)l:v)b (P<e/5Y) S)ldiee ahw loads 03l (ylis 3yl Bly=sl g u.s;l.w g0l sl

)bu'&o ugLé;i * 9339 Oy :EXE (i :\W

YA | W oylows F5 o)go/i&d'uﬁb;g/oglc ol N dlzo



(hen g 2l

2355 Izl ly 0l &z oy wles! pagd Guped JSSg
el 5L gyt @ lBadss diuoy ol 33 oy 5o B A g Wdg
slaywe gillwdled Gub I Gleglie 9 gilen wlippes
N-ulS5,5  AGF-1-PIBK-AKT/PKB  :sile  SilSums
UL"’ uAJJl)—gl e JJ‘QJD.O C/EBPB-Cited4 LS| n_i.)),w
3 6‘0.\_&3 sl 6[&0.4.@ 6')‘3 &S g L>"LQ’U) dcgoz=0
L ol el glbdole ples o 58S (glwdled
Cullo L_gl.tb‘_g)lf)’l.w blsul o g A &Jb sbwwggb)lf
5 hgws biwly (oo 3> "Msie B 3y Sojglend
55 9 Gloglie «sieliiuwl wlinyes Jae dw sy b ohlSen
slapise oz ol Gl oy (Geslie —ils)
39 65|9m u[u)oJ b o UMS)J L.AUJ)AJ RN ul.u.u b.:l)suo
olged s inlidl g o 4 Gz phy s pasld S
P3N lequwsrossylS Jh8 5 (Spse oS5 oz ol
2 ez phy G k8 5o Gilidl payidi izes g iiwe
Sl jhd yols gaass 43 am samliv gilgd (el 09,5
2935 9 33 (99 03y (el Snalliw 9 5355 09,5 30 ez yha
@ a2 b ayso 3B 4 g bl (als 008 el s
8 iyl sz 09)5 50 ez b el yuit Gialsd)
uLU).o.s b wl.n,o 3 y}lb G ede 4 Ly‘-‘°9l-“*° uLuyu )'l
55 Jolew adaw 35 0 ol Wl .l 039y sjlem
9 izl GlagBile skl cuw Klgise by oyl
wlinyed Wlodls Hlis adgiy dlgd .gb b 33 3,Slec
3l gladsle «Syxe So plgicds Slgise prizan B3y
s el amgrognls iSas b Yoo g 18 Jlas Iy s
S cuwl Gy gl g es 8 Sojglannd ady cews
olsieds lacawgroganls oilul il o 8 (Sgximle
sl A8 Sojglonsd iy 33 (4839 wlinyed Glel puslSe
U"“|)9| 39 6JL:\.'\§ LSLQ’LJ9'L‘" s -t 9 sl o
el oo 4.\>|.))J),LASUA19 099))),\_\&7; 3 Lmuwwsga)lf
b Jslw (ryipge C-Kit (o8 ool gladslw glie 5o
ol slo sl slmosy £l 51 (Sa @ 3alos ublgs < w39
Iy Glo ahae g Jubigul gloshe docamsgrossyls wilo
‘U.ngcw*Lg)bm O3 didn 5‘)‘ o )uob YL SN M.J)lb
w8l iali8l (el el g oz gloegyS 53 C-Kit (5 ol
sl ol ohlen 5 W yels gbss ol b Lwles

Yeyy

5 GCSF (GCFR (yiglidl b Yl s b (gl o559 ¢yaped

B el gladole  C-Kit

Slwg 4 dlwlg

9 Gz «(Ghyy Jole JolSS Jols 8 Sojglansed ady

@ 5395 ligd 3l 135 3> oS Sadie Vg 5l am B gy sy
BV L N QT J)S.Lo& 9 )Lol.w ‘6.\.'».0.”») DM 9 U’|9>
G celled g ol camog 4 4ol b 45 30,5 o iless
S35 09,5 33 5 039 @ B 59 Cawd ian £ S
Aoz g I355 sleeg)S 55 o phy s g 03,5 (el
UyiS slmegyS b auglio 13 3 oo Glogbse 0355 (e
3 Gieglio—gilga wlinged 1 50 g 3y Gildl 95 slien
o S 2 emline e ol Syl (gl slaig,
2 ez ol cwlxe Hbislg b s (g Gy b pesls
b siegi ol glaaisl .03,S (et aelllas 3y90 laogyS
TSazg Tohlen g 50 (2 Mhlem g b Gaid s
Slezpa Tuhllen g ligwd 9 Mohllen 9 by (ohlSen o
Jlo 33 ohlSam 5 ol yels aallae abs b by oo s
039 Lili8l p ogdle siled (pyed didm VY waly las YoVV
5 S Ll cuw Slgice oz ol s g b s
38 yolo @iz 3> Mosd 3 slagise glacuwsiegidyls b
o3y i cdd b (1iT- S gilon (500l Sy sy p b
b lacungogadylS (o 03y dw 3o 33 el glaogyS 43 i
xS jgymé Bl g W8S 518 1HuSs SIS 5> gyt plowuus]
6&09)5)3 45&[9 )») ) O.\Ql.u.m DJM LSLQW) u..\))é
Sl Jeolgd 9 3V sladisy camez o il b JyuS
ohlSen 9 350 2y a9y 48l inlidl 8L slavaiisy ¢ 00
ok cwle Giwlidl Caw Gilod (pped dan A aisly Hlas
9 90 dellw slogige 3o b s 039 Lil8l oz
biyo sait 6380310l gloys By by 5o whwss |y o wde
9 090 (Siwe 032 slays ol tailo (8 (g yymla b
Isoform 1.4 of wile 3oyl ey b b sloys o B
olS 0aiS @ubai5 0499 1l regulator of calcineurin; RCAN1
el yrglas aSal b yols g 35 @idl 38 Jsic -
RVON W 09;.))[§9:\.o LAQ[J).) |) S PLz;.«.«ﬂ 9 P.S‘)J s@»LwJ
OJQJ ol o)’l.b'l GJLOT bl )’l L>J9 fbbuo Ub.w 03)5 Oyl
2 OBl s 0gy8 50 welle he slagise w2
ol cde Ylais] wwwsly JyiS 69,5 ¢ caws gyldiee
5 Gl SSSan £55 5 el wae 5 w33 wglds ol
9 Y90 oz dellhs 1> &S (5yoba wibie Hbiyl oSS
wsny A wae 4 e Yo guw b C574laige oy Son

Y oylais ¥5 0390 )J,uu@y,@lc ol Sy dlzo | VI$



hSen g (3 o

ol 53 Gyb 5l 39 0355 (rase3 ez 0955 13 B (3
dsied 0% wis ¢ e o caws Gl 5 G ol
wliged 1 35 Gloz & 5365 5l (8 Posimle pasle
Uili8l 0355 yed oz 9 S355 slwegyS 3 «(sieglio—sjlom
@byl 43l 30 diedlw g Hlez g S35 uw 03y dw 3o 43 .8l
bl Galisl C-Kit (5 ple sslie Gloglae —gjlsa 39
Sl plis aols ol b gues 55 ulibedl mglas uyy
b ez oby glociwsiesnlS plawl Slgize (b3 59 wlipses
9 33 (ili8l ayed dallw o gloz g S3gS (glaegyS
locimgioonls w33 Gigmd b Lials e (izes
0955 4 b (el oz § 395 095 35 (8l plmansl 294
P 5> IS gleog)S 33 & o 33 g YL ayed snelle
Jolgd o 3N ladiasy cosez oo pinlidl b sty J=lye

Do didly ol acawgogidylS o oasb sl

u."'b)ﬁ
9 <8l oy LB =Sy pyize Juoy plad 5l (Bxung
y Gload g Sis JS dlaros Sigigiuws Bl o3
oKasly yiSs dlyy 3l 4188y yols Ao cuoon 3l

ey eslie

3 Slowaas phel (Sla Jlaé Loyseme (e o
s bzl 33 @lowgas phel g Slz Sl Loyaame il (hb
Sld Loyaamo (i cyogr dodls g wleMbl gyolges
g Jal= oy p 9 38 33 (gl bl g 2y Bl (Sl
sy eSslive loodls yuwss

Jbo gle
3135 Jlo colos dllio ol

w031 (533 pwyiand
c/wulgb)d Whgo 3 yol.> da=llo 39 0l 45|)| sLmoblb

S ¢Gl)| LJJI.Q ‘JW o&.;.»,gsljl Qg)'lgﬂ @a.b
S5 elastle

b @lhe lapilal 5 Giagk whel Jobe welas
5 ealas o ezl Jaslhgins 33 zyme slatoss

uumlfl) o.c.fw.ul )'| o UJJQ 6LQ>WT ‘meg,g.osga)lf
ol 10y olas 38 VohlKen g ol Sk 3l g amage
2 eawgiegyls slass Gilhdl g Wlgise ieglio
Sezg G855 2ol dolsl 33 g 99 (8 aiSw 4 Mo gl
dou y ogde ioldiwl wlpyes wisly sl FolKen g
0419 aSw 4 Miw LSLQ’UJ 9 PJL'” ng? LSL‘Z’U) 30 >
solie 1605 (il YohlSes o gy paizen dgdie
D339 (20 45@[.:»0»9,0 L/.L@)J C-Kit g Sca-1 .NKx2.5
aollae (pl g wdl Linli8l gylaime yobds idg 03, Luis
9 &b gladslw gilwdled cuw B9 papes ol las
9 hud 5o Jlie 3> dede Cd8 Sojdlend Sorinle
5 CKit o5 gle 33 Gliee s o Gaind 50 Ve
JWs & glian & e slopige oz g wwly phy 0398
Sl & dzg b33, samlie Gjlga (0359 (pped dide OF
Wi @ s ool sladshe oo il el Sl
Ol pile s g (488 y yie Yo cueyw) gilom arad by
23S Jo 33wl 0dg wise OF wao Job plod yd @b
S plli8l b« ieglie —gilom aped ! ol gais
Ghoglie payel 35 w9 3b sl o Gilow oyel 5wk
‘u.\.oLo_u.ul ORyed 039 &J)_ut)u ul)licdb 9 u:.uuT INTY) ob,o.m
sl Bile 3 ) JuSi 9 Glozg (5355 s 03y dw 33
Geimd aolis 20015 518 Gy 3390 iz ohed sl 8
e glooygd (soled 3o sioldiul (s yg wlispes Iy olas T
Be) LQCWS:&QS.—.’J)U Slaws 9 J)SJAL 9)tif>huﬁ L,agll:m ul)_al
ohod 3> ol wliyes elal bl t3ls JLSy5 oo
‘g_/JS )l;bb.u 3 Lg)lbu’s.ﬁo ul),u.v.: b y=io .\J‘yb.o ‘L;Jgf
Lmuwwyb)[f dlass 9 ojbﬂ ‘L,JB o)ls.gb caolsus ‘@,LQ 0393
olis aog 4 aslllae ol gladidl "ags JluS)i ohed 5o
Slgize (355 oy 5o sreldiwl (biye whiaped plasl ol
Sy 53 5l sebay locisgroguayls slaes ialisl o
5 eSee whues b dgzlse gy b cld (25 @ 5 39

caulos yiooloT iyeo ytolidl b baiye g lisbes

S5 A
d=lye o g0 o plis pieghy ol glaadl SIS jobe
Ol 8 (59 el @ Sloz 5l g Giloz B (S8 5l ity
O8] e Jilgise «sloglie —53lem (yapad diam g Wb

PAY | W oyloss ¥ 0490 /u/wuﬁu/u/oglz ol N dlzo



(hen g 2l

&Blo (ylad
ol Lol g @b 5l Gblaie g8l 45 wiS e Hlahl le)se
yl5 399 Ao

References

1. Vazin T, Freed WJ. Human embryonic stem cells:
derivation, culture, and differentiation: a review.
Restorative neurology and neuroscience.
2010;28(4):589-603. doi: 10.3233/RNN-2010-0543.

2. Chae SA, Son JS, Du M. Prenatal exercise in fetal
development: a placental perspective. The FEBS
Journal. 2022;289(11):3058-71. doi: 10.1111/febs.1
6173

3. Santini MP, Forte E, Harvey RP, Kovacic JC.
Developmental origin and lineage plasticity of
endogenous cardiac stem cells. Development.
2016;143(8):1242-58. doi: 10.1242/dev.111591

4. Marino F, Scalise M, Cianflone E, Mancuso T, Aquila
I, Agosti V, et al. Role of c-kit in myocardial
regeneration and aging. Frontiers in endocrinology.
2019;10:371. doi: 10.3389/fend.2019.00371

5. Cianflone E, Torella M, Chimenti C, De Angelis A,
Beltrami AP, Urbanek K, et al. Adult cardiac stem
cell aging: a reversible stochastic phenomenon?.
Oxidative  medicine and cellular  longevity.
2019;2019:19. doi: 10.1155/2019/5813147

6. Shen L, Wang H, Bei Y, Cretoiu D, Cretoiu SM, Xiao
J. Formation of new cardiomyocytes in exercise.
Exercise for Cardiovascular Disease Prevention and
Treatment: From Molecular to Clinical, Part 1.
2017;999:91-102. doi: 10.1007/978-981-10-4307-9_6

7. Leri A, Rota M, Hosoda T, Goichberg P, Anversa P.
Cardiac stem cell niches. Stem cell research.
2014;13(3):631-46. doi: 10.1016/j.scr.2014.09.001

8. Bonavida V, Ghassemi K, Ung G, Inouye K,
Thankam FG, Agrawal DK. Novel Approaches to
Program Cells to Differentiate into Cardiomyocytes in
Myocardial Regeneration. Reviews in Cardiovascular
Medicine. 2022;23(12):392. doi: 10.31083/j.rcm
2312392

9. Juhanna IV, Adiputra IN, Adiatmika IP, Muliarta IM,
Linawati NM, Griadhi IP. Exercise and
cardiomyocyte regeneration. Bali Medical Journal.
2020;9(3):947-51. doi: 10.15562/bm;j.v9i3.2029

10. Bo B, Zhou Y, Zheng Q, Wang G, Zhou K, Wei J.
The molecular mechanisms associated with aerobic
exercise-induced cardiac regeneration. Biomolecules.
2020;11(1):19. doi: 10.3390/biom11010019

11. Schittler D, Clauss S, Weckbach LT, Brunner S.
Molecular mechanisms of cardiac remodeling and
regeneration in  physical  exercise.  Cells.
2019;8(10):1128. doi: 10.3390/cells8101128

12. Yuan J, Xu B, Ma J, Pang X, Fu Y, Liang M, et al.
MOTS-c and aerobic exercise induce cardiac

ol aBalell USigy 5 wé)S el alKigleT wblge
31 (IR.SSRC.REC.1400.077) g5 a5 by 5l Luw (g

b el Sy bigel g oloyd ceilagy @ylig

physiological adaptation via NRG1/ErbB4/CEBPJ
modification in rats. Life Sciences. 2023;315:121330.
doi: 10.1016/}.1fs.2022.121330

13. Lerchenmiller C, Vujic A, Mittag S, Wang A,
Rabolli CP, HeR C, et al. Restoration of
cardiomyogenesis in aged mouse hearts by voluntary
exercise.  Circulation. 2022;146(5):412-26. doi:
10.1161/circulationaha.121.057276

14. Vujic A, Lerchenmiller C, Wu TD, Guillermier C,
Rabolli CP, Gonzalez E, et al. Exercise induces new
cardiomyocyte generation in the adult mammalian
heart. Nature communications. 2018;9(1):1659. doi:
10.1038/s41467-018-04083-1

15. Chen J, Zhou R, Feng Y, Cheng L. Molecular
mechanisms of exercise contributing to tissue
regeneration. Signal Transduction and Targeted
Therapy. 2022;7(1):383. doi: 10.1038/s41392-022-
01233-2

16. Lai CC, Tang CY, Fu SK, Tseng WC, Tseng KW.
Effects of swimming training on myocardial
protection in rats. Biomedical Reports. 2022;16(3):1-
3. doi: 10.3892/br.2022.1502

17. Xiao J, Xu T, Li J, Lv D, Chen P, Zhou Q, et al.
Exercise-induced physiological hypertrophy initiates
activation of cardiac progenitor cells. International
journal of clinical and experimental pathology.
2014;7(2):663.

18. Nogueira-Ferreira R, Ferreira R, Padrao Al, Oliveira
P, Santos M, Kavazis AN, et al. One year of exercise
training promotes distinct adaptations in right and left
ventricle of female Sprague-Dawley rats. Journal of
physiology and biochemistry. 2019;75:561-72. doi:
10.1007/s13105-019-00705-4

19. Lerchenmiiller C, Rosenzweig A. Mechanisms of
exercise-induced cardiac growth. Drug discovery
today. 2014;19(7):1003-9. doi: 10.1016/j.drudis.
2014.03.010

20. Charan J, Kantharia N. How to calculate sample size
in animal studies? Journal of Pharmacology and
Pharmacotherapeutics. 2013;4(4):303-6. doi:
10.4103/0976-500X.119726

21. Banaeifar A, Gorzi A, Hedayati M, Nabiollahi Z,
Rahmani-Moghaddam N, Khantan M. Effect of an 8-
week resistance training program on
acetylcholinesterase activity in rat muscle. Feyz
Journal of Kashan University of Medical Sciences.
2012;16(1):316-21.

22. Fadaei Chafy MR, Bagherpour Tabalvandani MM,
Elmieh A, Arabzadeh E. Determining the range of

Y oylais ¥5 0390 )J)uufw))/o;[c o8l Sy alzo | YA


https://doi.org/10.3233/RNN-2010-0543
https://doi.org/10.1111/febs.16173
https://doi.org/10.1111/febs.16173
https://doi.org/10.1242/dev.111591
https://doi.org/10.3389/fend.2019.00371
https://doi.org/10.1155/2019/5813147
https://doi.org/10.1007/978-981-10-4307-9_6
https://doi.org/10.1016/j.scr.2014.09.001
https://doi.org/10.31083/j.rcm2312392
https://doi.org/10.31083/j.rcm2312392
https://doi.org/10.15562/bmj.v9i3.2029
https://doi.org/10.3390/biom11010019
https://doi.org/10.3390/cells8101128
https://doi.org/10.1016/j.lfs.2022.121330
https://doi.org/10.1161/circulationaha.121.057276
https://doi.org/10.1038/s41467-018-04083-1
https://doi.org/10.1038/s41392-022-01233-2
https://doi.org/10.1038/s41392-022-01233-2
https://doi.org/10.3892/br.2022.1502
https://doi.org/10.1007/s13105-019-00705-4
https://doi.org/10.1016/j.drudis.2014.03.010
https://doi.org/10.1016/j.drudis.2014.03.010
https://doi.org/10.4103/0976-500X.119726

hSen g (3 o

23.

24,

25.

26.

aerobic exercise on a treadmill for male Wistar rats at
different ages: A pilot study. Journal of Exercise &
Organ Cross Talk. 2022;2(3):96-100. doi:
10.22034/jeoct.2022.350369.1047

Zhu L, Li C, Liu Q, Xu W, Zhou X. Molecular
biomarkers in cardiac hypertrophy. Journal of cellular
and molecular medicine. 2019;23(3):1671-7. doi:
10.1111/jcmm.14129

Faber JW, Hagoort J, Moorman AF, Christoffels VM,
Jensen B. Quantified growth of the human embryonic
heart. Biology open. 2021;10(2):057059. doi:
10.1242/bi0.057059

De Souza MR, Pimenta L, Pithon-Curi TC, Bucci M,
Fontinele RG, De Souza RR. Effects of aerobic
training, resistance training, or combined resistance-
aerobic training on the left ventricular myocardium in
a rat model. Microscopy research and technique.
2014;77(9):727-34. doi: 10.1002/jemt.22394

Zhang GL, Sun ML, Zhang XA. Exercise-Induced
Adult Cardiomyocyte Proliferation in  Mammals.

27.

28.

29.

Frontiers in Physiology. 2021;12:729364. doi:
10.3389/Phys.2021.729364

Tian Z J, Hao ML, Xi Y. Resistance training activates
the signaling pathway of FSTL1— Akt— mTOR and
induces cardiomyocyte proliferation in rats with
myocardial  infarction. China  Sport  Science.
2018;38(03):40-7.

Leite CF, Lopes CS, Alves AC, Fuzaro CS, Silva
MV, de Oliveira LF, et al. Endogenous resident c-Kit
cardiac stem cells increase in mice with an exercise-
induced, physiologically hypertrophied heart. Stem
cell research. 2015;15(1):151-64. doi:
10.1016/j.scr.2015.05.011

Asif Y, Wlodek ME, Black MJ, Russell AP, Soeding
PF, Wadley GD. Sustained cardiac programming by
short-term juvenile exercise training in male rats. The
Journal of physiology. 2018;596(2):163-80. doi:
10.1113/JP275339

YA | W oslows K5 0490 )J)uu.ﬁu)),oglc o8l SN dlxo


https://doi.org/10.22034/jeoct.2022.350369.1047
https://doi.org/10.1111/jcmm.14129
https://doi.org/10.1242/bio.057059
https://doi.org/10.1002/jemt.22394
https://doi.org/10.3389/Phys.2021.729364
https://doi.org/10.1016/j.scr.2015.05.011
https://doi.org/10.1113/JP275339

