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ABSTRACT

Background & objectives: Age-related cardiovascular dysfunction is often accompanied by
impaired mitochondrial biogenesis and function. Exercise training can improve mitochondrial
function and content in muscle to meet the energy demands of the cells. The purpose of the
present study was to investigate the effect of moderate-intensity (MRT) and high-intensity
(HRT) resistance training on the expression of PGC-la, TFAM and AMPK of
cardiomyocytes in elderly rats.

Methods: In this experimental study, 30 elderly male rats (23 months) were divided into 3
groups: control (C), MRT and HRT. Training groups exercised resistance training for eight
weeks (5 days a week). The resistance training protocol consisted of climbing a 110-
centimeter -long ladder, with a weight attached to a tail sleeve. In the MRT group, the training
protocol with 60% MVCC, 14-20 times climbing the ladder; In the HRT group with 80%
MVCC, 9-10 times climbing the ladder was performed. Data were tested using ANOVA at a
significance level of p<0.05.

Results: the expression of PGC-1a, TFAM and AMPK was significantly increased in MRT
and HRT groups compared to control group (p=0.000). There was no significant difference
between MRT and HRT groups on the expression of PGC-10, TFAM and AMPK (p=0.574).
Conclusions: Eight weeks of MRT and HRT exercise improved mitochondrial biogenesis by
increasing the expression of AMPK, PGC-1a and TFAM Cardiomyocytes in Elderly Rats.
Both types of exercise training may be considered an effective intervention to improve
mitochondrial function.

Keyword: Exercise; Organelle Biogenesis; Cardiac and Aging


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

VoY O 5 SileaiS (s palb alll 75) Ao gie b b e glie ¢y ye3 il

9 TFAM PGC-10 gyl 2 YU 9 Joawgio 3 3ub b (Sioglio 1y yo3 Hdl
Sdallss 30 sla sbge B alise AMPK

Todied oMl * lise po { ilo AiS s p0lb <l 79

Ol wmibs) (WS olisls SalEslS Sy Sh)0s SJ9)s2 348 09,5 .\
Ol wemiis) (S oIS (b )5 ro}.l.c 9 (F D )3 0SS ()09 SI 99 jud 09,5 .Y
bmirzaei2000@gmail.com : S o )il comy = \PPYFAZAD :usE  -ANPYYIDYVA s .J ghune odum 55 *

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

odusa

olpad (5338 giue 3 )Shoac 9 53550 )3 JUWAIL el cpw (81 I G (B3 e il 5 Tos )5 JWA] 1838 9 ddxo)
L Lad sl )L 350 550l s ot Sone ) wdiae $lgize 5 650338 sine 3 Slac 3ilg5 50 (309 (205 wsawl
PGC-1a pls » (HRT) Vb 5 (MRT) o gito s b o glie ¢y p0 pusls ow ) p sols asdlos jl 838 .5 jlw PEST
So ddallis il ymo Gl b e ) w510 5935 AMPK s TFAM

MRT (C) Ui 09,5 am &5 93bas ygb a5 (adle YY) sdalls »5 lrmo Ghse ¥+ (525 asdllae ol 0> I gy
Jolib o glio (y2 005 333,85 ralh) o glie (2 pes (4380 ) Jy) B) &kt iy Sy pa3 W09 T . a3aub ewmss HRT 5
7- l__‘o._i_).nl\'dﬁ))._g‘MRTo;ﬁ)é.)y&yf&@oﬂ%@&ﬁ)}dmd._»ks)iouiil.w\\- Ol 3 )l ¢y Vb
a6 )L A=Y - MVCCausps A- LHRT 05,5 )5 560b3 55 jl 920 )L VE-Y: L s MVCC) LL Lislaa suo)s
b 9o T p<a/ 0 Gilssine mouws )3 ANOVA I oslaiml b Wosls .aub plzsl gbs 5

ebls § )l iz inl 38l JyuS 09,5 4 waws HRT 3 MRT (slacs 5 »s AMPK s TFAM PGC-la ol 4o aidly
Ao 03aliie ($ 18 mize w3Lis AMPK s TFAM PGC-1a gl ,— HRT s MRT 05,5 53 cyumy (p=+/+ - - \)
(p=-/0YE)

Slabso lacuwsies3)lf TFAM 5 PGC-1a AMPK ¢l il 381 L HRT s MRT aias cauia 1 pa8 i
Sl 3O ataloe 0guis K 2003 £55 93 0 3 &) 3 5ib (50 SIS sine S350 Some & pie Sinlle il yzo
Dbl (538 giae S yShec Sgup

Saiolls 5 B« Foasl 3551 (S0 lled 15 WS S o)ly

VE-/\Y/YE b pedy VE-+/+9/-9 nmdly)ys

UMU.A)IA_U&AksLQHle)I&)) ) s—ie Ao ddio
A pmio G I L ()38 gine 3w 3 pSlec w5 A ) s ) ou sldoanay Sl 58 sl e
L3 2oz 5 (5038 gire e led YIbAS 3 Skoc A S ze b5 &y 35 18 50 VS 6w G
03U wlled DNA o )8 L 9 oaub iy » 3l ()38 gine jSion 3 )8 AL 5 = )psb



http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

VE- - Dl Jsl opless ;ﬁpwo)}é

Judl S g e sle olSiuls alxe \ - £

20 O sy samd 3 b I PGC-lor eiles 5
ol la)lsal Jl K bios walled [ -] s5)ls
BI3SS giao S ) Slac S up S5 Sl 22 0)9 ywl &5
PIgn gl 8l el G0 wllad LS9 5o Sy
e e Gl 33l 4 4o 9 03 b (5038 sise
Sobiso o Il oslaiwl 9 (55 51 b pow e 92lie
0313 G311 o S el salie s ol [V1]
ALl 3 o (68 sla S galie VLA I 5
I Mae OB )b el (w3 Jsb ) (SMac
Sote 9 0355 (gl JAIS 503K )3 puss ales
LIV] 35bs0 S galie pubsis 5 (538 sine 3 Slac
YU wah b idae (ol & ssals glis wisllae
0ab Ca™ )l 9 AMP/ATP s il 381 acly
sae ) PGC-1a o les an y=ie wolig 0o 9
0935005/ pa il &y & unly (s — AMPK
5 AMPK [\Y] 550 A ousswls s (CaMK)
Bk 11 PGC-100 Ly 995, called p38 MAPK
G278 )5S b g3 )5S0 3 ampl &y el
J—aic 03i Juasl (s e 9 (USF-1) "\ sl
o3iiS Jlwd w539, 0555 15/CAMP (CREB) * zuly
59y Ol jto [V €] 38 o eabais (ATF-2) 'y
1) 695 size s )L (1) TFAM 5 NRF-1
5 o) ol udics il 38l Ly &5 osls il 331
5 OuS A s slaabwly ol Givl 391 (0 s
O gl ST il 38y )5 as n sl 5T
638 sire 2J598) 90 DS 5 o Sla Sl
b5 4 Sl (ol 4ad i ule [10] il of jod
3)Sec 5 lszme GhalS L g ol j3l 5 s )
re pmr S ) Sl 9wl ol jod (5038 50
oA )3 () siwe 33 Jsn 9 PGC-la SidliSuw
22 o=l o ool mnl 03us w298 0 8
3090 )38 5o jJgn p hI)s wallad il Sin

7 Upstream Transcription Factor 1
¥ cAMP Response Element-binding Protein
? Activating Transcription Factor 2

A [V ] a8 o 305y 38l s D) a6 )AiS sise
S G ol (5938 giue S pShac JMiAI Hlas
el By e S slailen sl sl pba Jole
353 03 Al 6 i Il bl ek Tl [Y]
A 95 390 (G5 sine 3 9a) Jaa (SIS sine

[¥] ol azs ,5 )l 53
AT\ o9 juaST g o g5 0aiiS JLsd 035 S
23591 GLaedilS pulais o p5ee Il S (PGC-1a)
wlled yinl 33l el PGC-100 il (5938 giue
("NRF2 s NRF1) ¥ 5\ (slasud —wais )oiSLs
CALS IS W) pran S5 A pxie AS b
(SRS 0 )3 ) VS (6)AS 9o (soliaial sl (s s
(MtDNA) ¥ 53 gise DNA 1 iS5 5 i)
ol NRFI [£] 8o 5o (yais pm wilw 5 3509
s &S (TFAM) PA (535S i w959 )9S 16
Dl 9 (w9390 H)tiSS Sl SIS caiS JLsd
29— 8 5[0] 03,5 er a5 ) conwl mDNA
TFAM 5 NRF1 (3 s oS o KoS (55238 sise
SIS gine 3 Slac slgize LOL L wols olasl
Lo PGC-la ylw o> JMial [#] el ol )00
rLw 5 o o Foae 523 I3k (S99 5 )40
55— Ol ie [A V] ol ol jods 8 Lo
Ol s el Hhals s e s Gbse v PGC-la
JUA! sl e Jole S PGC-la gals wuws
ol 03ub Sl 6w Jl bl (538 sine S ySlac
055 02 Jio sVl 5T (s onl 2 osMe [4]
(MAPK p38)p38 ) s—iwe Lo coib Jlsb jLiss
5 (AMPK) AMP L oo Jlosd LS (il s
35 9 50 PGC-10t i Jlsd excb “SIRT1
piiie )b & SIRT1 5 AMPK a5 o (bl 35

! Peroxisome Proliferator-activated Receptor-y
Coactivato -a

% Nuclear Respiratory Factor 1, 2

3 Mitochondrial DNA

* Mitochondrial Transcription Factor A

> AMP-activated Protein Kinase

® Sirtuin 1


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

V0 ublKed 5 SileadS s alb Dl zo0

wedouns gl B3l b (Sioslie (2 pe3 S

(P9 95 lox) 730 obT vlgs 5 (Usl £95 slad)
= \+)Medcale 18.2.1 )13l o 5 jl oslaiuwl b 5
20l asllbos a3 39,9 Jlse . Sub yuss (09,5 0 0>
oslaiwl pac 5 LGbso w39 )5 Jold wllgs sl
e azllbe Jl z9 ) Jlae 35 9)ls o5 0 )l
Dalows ol 5 0390 Sige il pes JS9 3 S
Slapudd )3 Hinle)T 3)50 wlilen 395 (2 y0d
A3 YYEY uz=o (slod .asaubh (10aS wlio )5 b
el VY SSb & il a5 a5 1,8 ol
DT G Sblgn Soled .39) 3003 DO/FEE wueb) 3
Ol acsy aaibls ST s piuwd Gheo 03a9 slde 5
ol ) e Ghuse bl b b Ly pbge OB e
o3 (C =) 1) J)ais 095 aw 4y b go (aian
o3 9 (MRT n=\ - ) bowgie wab Ly Sieslie
5 pyuss (HRT =) +) W oo by o glio
O3 JSS99

0l 3 b = SlaGbse HlubT atas Kl pu
YU ool 5o po3 Aol o .3 JleT i po3 4l o
W Jo-b) ppgasie i pes 0las 3 S0l i)
sbad jios6lw ¥ 9 alb Y7 aa o A b iogiil
ol 9 Ljhse 3 4 Juaie slaasjs b (ah 2 op
=5 03 .39 MRT 9 HRT (54 p05 ali j2 g5 93
70 L o pes Shol JS59 0 ouw gite b b e slie
SLabos 5 3ib plomil asas )3 js) 0 s MVCC
2R a9 23,5 Semo ubs 6 VL VE-Y - Sbh=eo
O3 0 V] sdibls walyiwl asds S S g0
Azt A oo pes sLog )5 L) waib b Gileslie
O 381 sops A LD gbs s e slio (g pe3
235900 9 amls 18,5 YL A1 - (MVCC)
RISV RN SV I PRUENPRN | ) JRGNAIES EVEEY
203 E9 s )3 038 )5 (5l el 03 03T
IS5 A 58 (005 SUABI DS 9 @3)9 9 VIS A
A_i2d ).)...\_ai\[oLz.ﬂu.))_Y.))_mgsb._)M)')C)}_\.g
ot 55 )l Giesliio (2 03 plssil ) slaie & (LT
Lagis—o o3 0o 3 05 il (il S 5

35z £k 85 g Jla ol b sl 032 an g3
l_;.bgs).oks)m}qo)jj}ggl)ﬂislﬂd.fmlwl
T3 )5 Jyd Sloslio wled Hul woxs JSle3 5o (paw
os—b 03l Ylis b plxil &5 Shid g3y 90 VS
O3b b eSRe el Sholaiwl b))y wlled a5
P39 dm by po LB )y iR S5
oo Sl o s SIS wl wMae )S (5 S giue
Olw 103 Hid 950 93 S Huizmed [1F] Sobse
O ibls VST (5150 i iy alles &5 o
A Sl wl wlae ()38 sine 3 )Sloc )3 L) (6w
L VANY] s 5o s 8 ola 0T JI L 5 azalasl il
mt b9 s yas 39 Lo puslSe Jla o
o b (538 giue 3 ) Soc JMial )l S iy
R ol ookl asalicd JolS Hobo 4y (5 0
o=l 03 Slgi e ju Gheslie b))y wlled s
3l ) 1 Ay sl ol )3 130 3bly eue Al
Ol )= bwgio 9 Yo w3 Ly Ghoslio (g2 pes
Slawawere 5235 PGC-10 s TFAM .AAMPK

o yhey

iR9J; sladiges

Slayinle)T aed 5 035: )75 £55 Jl Hidg 32 ol
O b o slacmuwbw 4 axgi b wllgas 4 bgs yo
S8 sl e b ulwl i) wbleas Jl eglos
e (6 sl slaidl) oyl 5 b el (Sisuda
o3 wule) u.tbl.fxi;._gLo)T Sbloan IS VS ol
03 VAl A iueS 3 b L id s s (gl (rizod ol
A5 L by po Saly oMl ST olfisls i s 5
odu—uw) w53 & IRIAUM.REC.1400.012
Slis aale YY o pl o Gheo pus Ve Slass .l
siwly sigiasl Jl 0,8 EXY/ -0 0i9 (Sile 9 Sy
e ol Silon oliule 3T &y 9 aub ang Il
ovbwl o oy asllboo 5508 azma S5 Jditio 3 8
303 0 Il e @i ) ity wlid=s mlis


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

VE- - Dl Jsl opless ;f&_gp-;mgo)})

)l S 3y e sle olSiuls alzo -7

o.)Lé.i_m|L-ﬁ)_93k§|);|k§|).gIo.)u_\.gLogu.))fuuAJ

b it Lo b s o Ls aub oaliswl ¢y e shyal sl
Il oshaie &y ol (g pe3 0093 )3 9T Jlis & .35 eib
1 o o o S a8 5 5y pical Syl (b ) o

Qa3 SS9 ) Josa

aiad sSlass Lala s yu wal swl walled slaaly s walled waubh Aiad/ dula 09,5
A aads Y LY.\ E MVCC suo)s 7+ 0 MRT
A aaids | by MVCC su0)3 A- d HRT

/P a8 Ay T JLS I s luwlan (as s se
oubia il RNA 2385 =s)500 0389 505 ialilso
S 5 guisad 3093 VS e Josbil pididie < b
e o piads xSae 1/0) Ju il T T & (puaans . 3uds
RNA o8 Gz 5l pm dmids a3Lal (w3l o5
Y7 Zo Jsb b pesisls ol Jl o ] pociul
V/YY oacib oslsd OD (iSilio .aub oSlaiwl yie ol
o3ib zhrxiwl RNA Ciwlio IS jSlis a5 35
ads o aw 4505 ) sl = CDNA 7l il .59
KEH PRGNV U IIPRVRER JLgES] cDNA =alw
/AL ) e zhiwl RNA I o, 55,500 A
2Ll pidg )oY g Dnase I @y 55T Sl pidg pSae
rg_?ugo.))_f.bﬁl:'mo.))ﬁ';DEPC ol sul VX
Jo—o=o .d—b odilw) g ySuo V- 4y asg03
bolie Sol)T & 5 035 S5 w9 b okl
Pz p5 olliuwd )3 o) 4ol L a5 03,8
10 hSmlaw ax ) 00 slos Ld asds O .o a4y 55l
DS aads Ve oSl an)s YO slos o alids
A2 )3 0 lod Hd Aads B hLSmlw ax s EY sles
YA+ SIS0 55 Jalpo plossl I uey 5 pSislaw
03 oslaiuwl o 5 b aslal i35 T sis xSue
S IS Sl ax s -Y - sl s QPCR
L e JpiiS a3 gai K s CONA asgai 0 sl
0901 (8l i LS J S lgic a3 b2m ol
0932 9 =T as Baiges .aub ans CDNA ) giaa
Lo RT-PCR olSiws )3 5 0aib by ke juS5)9

Slo =) HiiSTy (il ) aols ju .aub PCR 55,400 5

(MVCC) syl Joa waad b 35130 (yuass g9 )T
V0 a5 )9 sl Joon wnsd b5 HSIocs (yuss v
Olgma 5 Jaio LT o3 4 lgis 0 wJs S0
D535 )L =l Joa b obs 55 )1 i8)YL & g 9 pubs
o3 DL & e )5 Y 3550 VLSS 8 Sl A
aiidS 95 b 15 YL Yo Laub Aslal L oadis )l )5
L oo o=l by 3939 S920 0 sl il
Jsb JS5 35500 4 3350 o Ghse AT ile)
S5 0 3151 L aub LSS auts Slgie GBS ¥ s b s
9 Jol e g9, )3 GOl Yo bbb Hi81an

[PV 2 plmsl piibiay aa0 OLL S 5 eIl

Ol S )5 05131 9 B 3l Sl (5 a5 A3l Yy
Lo

bal )b L L g5 ploos (Jituo pusio Jlosl JI u
I e el EA) a0l Josl i )3 9 asliio Mol s
L (bbb caclaw VE B Y 9 S ed dunda oy yaT
5 (0-mg/KE) (yrolsS Sl wS 55 SSlaw Jals 5533
3)so bl b Ghed s (V- mE/KE) (Ml
Do opalln b g 9 (5 lwlaa 1 s abolody s
s 8 oda s RNA later ssla slasss os
o w9 s an 9 03 o3l LI, B RNA )=
a2 A sl s Yl s w9 J—diie
S b S 5 S ol plo) b S Sl
Il G )5 A 505 1590 aslub SiaT 8L Jl s 5 sl
Ay plesl 4 V1Y 9 LeT A el

I J9 305 dslme Jge sl 2 Sl oslauwl b Lol
03 .53 ) 9—od ws 8l 03 iSiSe olliws Ly 5


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

VY obled 5 SileadS s alb Dl zo0

wedouns gl B3l b (Sioslie (2 pe3 S

oslaiwl CTAA Laie ulss 4 ¥ Jso 8 Jl kas 3)90
[YY] s

GoleT Julxs

09T Jl oslamwl b Wosls Saub &Js5 3wl Il Hw
wsd 0T JlLapwlly iSes 9 Shy 9 ulb
aal) & bl )'._u_JL'xT Sl oleT Jud=x394, 35 5l pa
L liwlxe i sl 5 53 s 9ol 3
5 3 pLsl SPSS-26 (s )LeT )l 330 55 I oSlasuwl
as8,5 )15 )3 p<-/-0 LayseiT sils sise mbuw

DHEmLw ax ) 00 slod s asds Y- ol )l youds
Ol JWd a5 9 3,Kmke 4 )3 40 sles s aads 1D
A3 slws paa B i Jol b aa,n &
YO 5 aSmlw ax )3 B sles o 4l ¥ hSasle
& bgy e Cts .59y 3 ,Smlw ax )3 YV sles Do asls
z! =il RT-PCR olSuss )1 331 o 55 Jows 55 Lo yiiSTy
Sb e S a5 e 4w CT Mean el s s
Y Jsaa 03 Hidsde o2l V3 eslaiwl 3) g0 S peal p
Bad o) ulw pealio (s luueS .l osub 0351

JHiS 0) olrad 4318 poalys Slos ¥ Jg 3>

Genes Primer Sequences
b2 Forward: GCGGGGTCATGAAATCCAGT
o Reverse: AGTGATGTGGGGACAAAACGA
AMPK Forward: ACTATCAAAGACATACGAGAGCA
Reverse: CTTGAGGGTCACCACTGTATAA
TFAM Forward: CTCCGCAGGCTAGAGGATTG
Reverse: CAGCTTTTCCTGCGGTGAAT
PGC-1a Forward: GACCGGCTGGTAGCAAGATT

Reverse: TAGAGACGGCTCTTCTGCCT

03 Gl s-izo wglas a8 oals plds y)s = S=EN
(D= IVVY) 3,135 3935 o5 )8 w09 ol s

s axsl

aed wulid 9 )l Jl w9 J8 oy S vy (Sle

23 Laoaly = molis el ool &SOIY Jolas )o

ilizte slaeg 5 ) wig Fls ¥ Uy

(P wis P
azaa A Sl G asan & 5l u sl °5)5
EEV/AY £YY/] EOY £ Y7/4Y EED/D- £YY/NA C
EY7 = YAN/Y EYDEYA/Q EYY £YY/Q MRT
EYE/7 £YD EVE/NY £YA/Y EVE/N EYY/A HRT

wolas 4 sls s Wosls Juld=5 5 4y jx3 - puizod
TFAM ()l 1 ol y s U') o ) g_S)l)k_,_i&c

S 9y cilize S0y )T r W sie 523
s T @l (Y Jlsgos) (F=10/VER p=-/-- 1)
TFAM yljue 3 Sl ise il 331 3l s ubss
HRT 5 (p=+/--+\) MRT sl 205 » £ s

)l),_oé).\ai;oJ.QLdmCog)fd.y-;s.puj(p:-/--'\)
(Y

Il Sime wslas &S sls ylis Wosls Jul=3 9 &y j=3
Lo s10 5335 PGC-1a gl wl s ol jae 0o
P/ V) )l 39 a9 b liske sLBoy 5 (o
oLt s 9o T gl (¥ lsges) (F=VA/EY
23 PGC-1a yl e 0> )15 —ize Gl 33l sl
@=-/-+--)HRT s (p=-/---) MRT slL_a05,—5

(VD1 503) dub osaline C og )8 a4y couws


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

VE- - Dl Jsl opless ;fi_g)-;xm.gp_o)}.)

)l S 3y e sle olSils alzo - A

10 A

* *

Vo § -
V0 F

A =
-,"\A
A -
AF -

C MRT HRT

BL209 ) ) uwgaog3 ) AMPK s gl <l puds .Y Hloges
(p<s/:D gown 33) &3 k0 Sy uilsply 3T )T b e
domgie b Ly (Slegliio 03 :tMRT (s :C .C L woglis *

AMPK o s
=t
-

YL 3ub by Sleglie g pe3 :HRT

=y
L)l 5 e aifun Sisle (B9 pe S Slaslew
45 RS by @b e (B e slasilen 5 S8
e @i )5 w)ge plers 5 Sl s by )
[PY] bbb s wlaiellw )3 yu0 9 5 , o Sl
AL e il 38l L Jaws jo ol puuss ol Il (s b
[)=) 3l 5o b3 o 8 HD (SIS giue 3 yShoc
o9dc 50592 B ) Al () 5l @uie LB SIS gine
S e i Siile Folw T )Hd (paip 05 oul
obss (ROS) 'Jlas 0 3auusT (slaassS aidss 5 ok
}dﬁé)ﬂ&‘:)-\deL!nS)ﬁom-[vz] a5)ls
GII— 8 giuo j3Jo—w 0> YAl o ixod

oo ol PGC-10 couwl of jod 18 s 940 533 )18
)é}@b&)&.ﬁ}lﬁ@))&iﬁ)}i}}ﬁﬁbﬁ)é
J—8 Dl 2l (5 i ) 5l 4 s &S plaessl
35 5 o Yl pitn SISl wMae 5 jse S
23 PGC-la gl oS osls gluin wisellos ¢prizxed
5[] 035 vlsa Blabse Il ieS e SlaGbse
25 o Jalse 1 52 TEAM 5 PGC-la yials
aS [Y] bbb s S o Il (bl (S8 sine SN
OHRLS S 9o 50 (SIS g 35) 91 OMOLS acly
E—o T3 Ay )i (5 )38 giue V3l )5 9 J3 59—

! Reactive Oxygen Species

o= a5 3l ylds Laesls Jud=s 9 4y x5 walis o
03 Loy wsre 535 AMPK gl wlyuss (uSbe
SIS 399 GIls sz wylas o diko slRoy )5
olis uass 9 9ol mbs (F=11/00Y g p=-/---1)
23 AMPK ol 0 )3 6 )l5 s—ize (inl )31 sls
@=-+/---\)HRT 5 (p=-/- - -\)MRT (slaocs,5

(Y D13 503) dub osaline C og )8 a4y couws

V¥
/ % .
/X -
3 T
i V1 T
ar /A
S
¥ -
Y
C MRT HRT

BLR09 )5 )3 ugroga S LS PGC-10 (s gl <l pusds N )ldgos
{p<s/+D Fows »3) 48,0 Sy Huila)ly 3IUT Y9 T L alixe
ddowgie w3 Ly (Siegliio ¢y po3 :MRT (a5 :C .C b cglis *
YU o 3ub by (loglie g )05 :HRT

/¥
i * *
VY
5 oA
=
¥ -
oY 4
(e MRT HRT

BL209 ) )3 awgaga S TRFAM. uus gl <olyuss .Y Hloges
(p<s/:D glown 33) &3 k0 Sy uilsply 3T g )T b cilizee
domgie b Ly (Jleglite ¢y o3 :tMRT (s :C .C L wglis *
YL waub b Sleglie g pes :HRT


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

V-4 ohled 5 SileadS s alb Dl z)

wedouns gl B3l b (Sioslie (2 pe3 S

ol 38l 3 TFAM yls ol jae PGC-la iul 331
SIS 9 59 HiSs sl TFAM sl
patais Lo el b [¥P] il (55 o0 mtDNA
Sislgs 5o PGC-la slaosiss Ji=s TFAM 7 glows
28U MDNA bowss 0abas sla s ole »
b g5 030ib I T AT (Lo sy pmy -Siibl aubls
L o 0 9 03 3)lg (5038 sine 4 slawa DNA
S 3 MIDNA b 95 00 (13T A5 sla (a9 5
OXPHOS s SIS aly )) LS S5 b0

PGC-1a iyl polain .oias JuSiis 1) (6038 siso
Gl uiis n ule U )SKBled b ) GraS gie 3559
Sl wme sl aps )b wgi 4 S ()35 i
YY) 2 o mabais o5 g o (SIIST AT (5008 sige
PGC-la ply Saveadled 383 50 ylis wislloo
CAMP o 5 555057 by slaess 385 Gayb Jl
o3l 9 b))y wailled [YE] ats s Ginl )3l
able AMP ol sl an o =ie () -l sl o Lolas
0= S5-b e ROS Gialjdl 5 SFob 0905 pals
SiliSn SR e Sl A o Yabled el wl yuuss
EalS” A Al s 9 ) ddon Il Sslaw v
Olis a5 oaub p38-AMPK 5 AMPK 155 s0ll8
Jss &) 5 PGC-10 aled il 331 ondsis ) sl
oliis wlsllas [YB] ao)ls )38 sine 335sm 0T
oials 55 AMPK Gl e oy inl 381 L as oals
OROLS VS (soueo it SlgS 5o 5 ALbIS puSadis
O 93 3 deas (pl b [V7] sl awils PGC-la
95 2 JWs & e sre 338 AMPK ply usls
9 e asllboo .mubls (S Sise il 33l (g3 p03 £ 55
OR)—e3 Aiad i JLss 4 a8 sl glis yhles
Sl b oo 8 =8l )3 AMPK yly Sieslio
9 a3 [YY] wubls ols Size Linl 38l Bl (o
SIled (y )03 £95 93 HB &S A3l Ylis jus YhHled
elae )3 AMPK Ly (el 33l eael Sioslie 5

3935 ol b [VA] 35 o0 LS o slabse

odub Jolw )3 (50933 5 0303 T Slo ) gine

DS Fmuo 93l (5 pu wMae 3 ySlee JMial 5
HRT s MRT a5 sls gl psls Gids 5o bl
TFAM 5 PGC-1a gl 0 ol 51 cb

Sl Sdellaw (2l po Sl b g Gl 9o 923
23 OLSes 5 s3eal jsls Gl g i L liwl) e
Sgup el (Sioglio ¢y o3 &S S35l Ylis (9 3a
ol V> Hinl 38l G- b Jl (638 9o S 9m
2 e slagbse s sl TFAM 5 PGC-la
AS S5 3 S jw Ol 5 a3k [YF] Soubs 50
PGC-la gl pm Shosbiie o3 sl w20 &
233,5 oly w253l plmil by S Gbge 8 alac
PGCla jls e inl 3-8l eaclh Sioslio (y pes 45
ol OhlSed 5 Goluizn (yuized [YV] 35 50
L 509la 9 auaii (59l ¢y o3 diad 1Y AS 5ol
PGC- ylu 6ls suze il 33l vcl Jouw gio v
o LA b s 51895 alac TFAM 5 la
OlLSe 5 0aiblad e a5 ol b [PA] i Siells
Ol s 686 S slio (y ros a5 A33ls Ylis (VE- )
3135 diells lyzo s bse a8 sl PGC-1a
A 255 ,5 plw PLSed 9 Silsib (yuizes [Y4]
2 gbye s abac PGC-Ta 2 Stoslie (28
03 eglas L [Ye] s)las sols e ,uils el
9 (38 =L Jolie 3 8 28L) ool () ) 8L
Jolie )3 Siellw) Gw) p 3) 50 Bllgss £95 (aized
23 SLBJSS9 03 )3 5Lis (puigred 9 (Il

wmawl oouh s ) wlas el Sieslie
O35 L) s a—iS sie 339—n PGC-la
i b DNA aiwd gl a5 Susis) sla)sisls
JLeT (‘'ERRa s NRF2 NRF1 oy Jl) aisS 5
ol G930 S (ul aubdles [Y1] aiS e
2= 9 TFAM alox Jl (5038 gine sl i3
1) 6038 gize w9 S JLsisl o p s j sl als
JLss an bl Gt g s [¥T] aas e Giuly3l

! Estrogen-related Receptor Alpha


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

VE- - Dl Jsl opless ;ﬁpwo)}é

Jud)l S g e sle olfiuls alzxe 1\ -

3= ulss 5= )=l YR j— slasns s =o I
9 o—tnluST i wl sla ypal b ¢ o jlail
LB Jul=s 0o Ailg3se &5 3 pb dd wlish sl
SLaas g0s Jl oslaiwl (yized .Iblb 590 sl
Wb 393 =0 4y )mio yoln LAY Je VS el

b 3aled Siw 5o )T KNS & mls ewess

5 MRT asag wiig a8 sls glis pols (g i mls
TFAM 5 PGC-la AMPK yle ol 3-8l L HRT
szin Sdalls Sl )mo o b ge Sla = 5105238
53 )8 )i 4y Soib 50 SIS siue JIon Sote &
Sl 3Tl alalow o gub K SSl93 50 (y2 005 E95
bl )3 e 3 e 0a50 Sok 3)Slas Ssue
I bl Sl Lo suille S5 sl 3935 ol b

bl 5o (5 pi SRR Sy 4 IS il ks oyl

19033 9 HSuis

oS olBiuls s (5 S Ay DJB HY 3185 -l
SI038 9 I8 OB S 93 i gis s L aub el
313 50 eMel olisls oyl Sl o

23Uo o )lss
S 528le SLuss 468 ma a9 ol o
D)las S99 olfé.ia»._:_,.'\

roslie wlis a3 45 3335 0l bl 5 ' Kis S
P38~ 5 )3 pise j3S9—n )3 il e pile
[¥a] s)las AMPK s sl —ize 135 MAPK
cusnss )3 VAl wde a4 AMPK wulles il 331
85 =l 0355 )8 Vlgizug AMPK ol ods (55l
033 AMP mla s a5 Silo) 5 oaubs aidlih Sglw
5 5k 43 b e Jlnd S Ly il sl
o3 o b S glie e AMPK (5 Lo iz
oS b Solw jawgn 5 p8S5 9 03,5 g5 b ATP
(S 6 3l umids ) sumia olgic & [E+] A8 50
o= gwh ATP & AMP s il 331 &0 AMPK
RV P RCIVI LI SRR EIVSPANE PL PR V- R
o9 i @b [E1] 39 oaaline HMae (plal o
Blaos ) o BIld Size wglas 4 ols Ylis yuols
s PGC-1a AMPK ylw olje )3 HRT s MRT
o Lo b so Gldmuw o a5 TFAM
Olis s wlallbe ) Sia 59 .oubs odlive Siells
ole ohuss pliee V3 Gl Giso il 33l sk odls
3 (29U ¢y 03 09,5 )3 TFAM 5 PGC-1a
b5 a4 [YA] 313 3939 (509135 (5 303 Ay oo
Q2= D3 £55 93 8 pBls GBSy ) )50
SHE s s b Y JLitd J8la_s iesl 5o

23 G)d——iS glue j3)0 » sl o yeal

abls sdells Hhze SdGbse Sl 51052308

ren|

! Groennebaek

References

1- Lopez-Lluch G, Irusta PM, Navas P, de Cabo R. Mitochondrial biogenesis and healthy aging. Exp

Gerontol. 2008 Sep;43 (9):813-9.

2- Almeida AJPOd, Ribeiro TP, Medeiros IAd. Aging: molecular pathways and implications on the
cardiovascular system. Oxid Med Cell Longev. 2017 Aug;2017:1-19.
3- Gottlieb RA, Thomas A. Mitophagy and mitochondrial quality control mechanisms in the heart.

Curr Pathobiol Rep. 2017 Jun;5(2):161-169.

4- Scarpulla RC, Vega RB, Kelly DP. Transcriptional integration of mitochondrial biogenesis. Trends

Endocrinol Metab. 2012 Sep;23(9):459-66.


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

W) 0 5 SileaiS (s palb alil 75) Ao gie b b e glie ¢y ye3 il

5- Wang D, Zhang J, Lu Y, Luo Q, Zhu L. Nuclear respiratory factor-1 (NRF-1) regulated
hypoxia-inducible factor-1o (HIF-1a) under hypoxia in HEK293T. IUBMB life. 2016 Sep;68(9):748-
55.

6- Huo L, Scarpulla RC. Mitochondrial DNA instability and peri-implantation lethality associated
with targeted disruption of nuclear respiratory factor 1 in mice. Mol Cell Biol. 2001 Jan;21(2):644-54.
7- McDermott-Roe C, Ye J, Ahmed R, Sun X-M, Serafin A, Ware J, et al. Endonuclease G is a novel
determinant of cardiac hypertrophy and mitochondrial function. Nature. 2011 Oct ;478(7367):114-8.
8- Quan N, Wang L, Chen X, Luckett C, Cates C, Rousselle T, et al. Sestrin2 prevents age-related
intolerance to post myocardial infarction via AMPK/PGC-1la pathway. J Mol Cell Cardiol. 2018
Feb;115:170-8.

9- Vifia J, Gomez-Cabrera MC, Borras C, Froio T, Sanchis-Gomar F, Martinez-Bello VE, et al.
Mitochondrial biogenesis in exercise and in ageing. Adv Drug Deliv Rev. 2009 Nov;61(14):1369-74.
10- Canto C, Auwerx J. PGC-lalpha, SIRT1 and AMPK, an energy sensing network that controls
energy expenditure. Curr Opin Lipidol. 2009 Apr;20(2):98.

11- Chennamsetty I, Coronado M, Contrepois K, Keller MP, Carcamo-Orive I, Sandin J, et al. Natl
deficiency is associated with mitochondrial dysfunction and exercise intolerance in mice. Cell rep.
2016 Oct;17(2):527-40.

12- Burgomaster KA, Howarth KR, Phillips SM, Rakobowchuk M, MacDonald MJ, McGee SL, et al.
Similar metabolic adaptations during exercise after low volume sprint interval and traditional
endurance training in humans. J physiol. 2008 Jan;586(1):151-60.

13- Wu H, Kanatous SB, Thurmond FA, Gallardo T, Isotani E, Bassel-Duby R, et al. Regulation of
mitochondrial biogenesis in skeletal muscle by CaMK. Science. 2002 Apr;296(5566):349-52.

14- TIrrcher I, Ljubicic V, Kirwan AF, Hood DA. AMP-activated protein kinase-regulated activation
of the PGC-1a promoter in skeletal muscle cells. PloS one. 2008 Oct ;3(10):e3614.

15- Wu Z, Puigserver P, Andersson U, Zhang C, Adelmant G, Mootha V, et al. Mechanisms
controlling mitochondrial biogenesis and respiration through the thermogenic coactivator PGC-1. Cell.
1999 Jul;98(1):115-24.

16- Kang C, Chung E, Diffee G, Ji LL. Exercise training attenuates aging-associated mitochondrial
dysfunction in rat skeletal muscle: role of PGC-1a. Exp Gerontol. 2013 Nov;48(11):1343-50.

17- Short KR, Vittone JL, Bigelow ML, Proctor DN, Rizza RA, Coenen-Schimke JM, et al. Impact of
aerobic exercise training on age-related changes in insulin sensitivity and muscle oxidative capacity.
Diabetes. 2003 Aug;52(8):1888-96.

18- Menshikova EV, Ritov VB, Fairfull L, Ferrell RE, Kelley DE, Goodpaster BH. Effects of
exercise on mitochondrial content and function in aging human skeletal muscle. J Gerontol A Biol Sci
Med Sci. 2006 Jun;61(6):534-40.

19- Macedo AG, Krug AL, Herrera NA, Zago AS, Rush JW, Amaral SL. Low-intensity resistance
training attenuates dexamethasone-induced atrophy in the flexor hallucis longus muscle. J Steroid
Biochem Mol Biol. 2014 Sep;143:357-64.

20- Krug AL, Macedo AG, Zago AS, Rush JW, Santos CF, Amaral SL. High-intensity resistance
training attenuates dexamethasone-induced muscle atrophy. Muscle nerve. 2016 May;53(5):779-88.
21- de Cassia Marqueti R, Almeida JA, Nakagaki WR, Guzzoni V, Boghi F, Renner A, et al.
Resistance training minimizes the biomechanical effects of aging in three different rat tendons. J
Biomech. 2017 Feb; 53:29-35.

22- Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative
PCR and the 2— AACT method. methods. 2001 Dec;25(4):402-8.

23- Volkova M, Garg R, Dick S, Boheler KR. Aging-associated changes in cardiac gene expression.
Cardiovasc Res. 2005 May;66(2):194-204.

24- Lesnefsky EJ, Moghaddas S, Tandler B, Kerner J, Hoppel CL. Mitochondrial dysfunction in
cardiac disease: ischemia—reperfusion, aging, and heart failure. J Mol Cell Cardiol. 2001
Jun;33(6):1065-89.

25- Conley KE, Marcinek DJ, Villarin J. Mitochondrial dysfunction and age. Curr Opin Clin Nutr
Metab Care. 2007 Nov;10(6):688-92.


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-08-02 ]

[ DOR: 20.1001.1.22287280.1400.21.1.11.9]

[ DOI: 10.52547/jarums.21.1.110 ]

\E-- )L@‘dglo)uﬂ;f&ggwo)3é L}g))lﬁ)ﬂ[z}ko&hjbd&gu\\\'

26- Ahmadi F, Siahkouhian M, Mirdar S, Tapak L. The effect of a detraining after resistance training
on the histochemical expression of potassium channels and mitochondrial biogenesis of heart tissue in
male rats. Horizon Med Sci. 2021 Spring;27(2):230-45. [Full text in Persian]

27- Baghadam M, Azizbeigi K. The effect of resistance training on IRISIN and gene expression of
PGCla in the cardiac muscle in STZ-induced diabetic rats. Com Health J. 2018 Autumn;12(3):58-64.
[Full text in Persian]

28- Bakhtiyari A, Gaeni A, Choobineh S, Kordi MR, Hedayati M. The comparison of the influence of
12-week high- intensity interval training and continuous moderate intensity training on PGC-1a and
Tfam mitochondrial proteins expressions in gastrocnemius muscle of elderly rats. J Animal Biolo.
2019 Summer;11(4):11-20. [Full text in Persian]

29- Khodabandeh M, Peeri M, Azarbayjani MA, Matinhomaee H. Effect of resistance exercise and
liposomal vitamin C on some factors of mitochondrial dynamics and biogenesis. Complementary Med
J. 2021 Spring;11(1):82-97. [Full text in Persian]

30- Shabani M, Choobineh S, Kordi MR, Afghan M. The effect of 8 weeks of high intensity interval
training on the expression of PGC-1a and VEGF genes in myocardial muscle of male healthy rats. J
Sport Bioscie. 2016 Summer;8(2):169-76. [Full text in Persian]

31- Anderson R, Prolla T. PGC-1la in aging and anti-aging interventions. Biochim Biophys Acta.
2009 Oct;1790(10):1059-66.

32- Rebelo AP, Dillon LM, Moraes CT. Mitochondrial DNA transcription regulation and nucleoid
organization. J Inherit Metab Dis. 2011 Aug;34(4):941-51.

33- Dillon LM, Rebelo AP, Moraes CT. The role of PGC-1 coactivators in aging skeletal muscle and
heart. [UBMB life. 2012 Mar;64(3):231-41.

34- Hamidie RDR, Yamada T, Ishizawa R, Saito Y, Masuda K. Curcumin treatment enhances the
effect of exercise on mitochondrial biogenesis in skeletal muscle by increasing cAMP levels.
Metabolism. 2015 Oct;64(10):1334-47.

35- Kang C, Ji LL. Role of PGC-1a signaling in skeletal muscle health and disease. Ann N Y Acad
Sci. 2012 Oct;1271(1):110.

36- Handschin C, Spiegelman BM. Peroxisome proliferator-activated receptor y coactivator 1
coactivators, energy homeostasis, and metabolism. Endocr Rev. 2006 Dec;27(7):728-35.

37- Moini A, Farsi S, Hoseini S, Mehrzad M. The effect of resistance training on the expression of
cardiac muscle growth regulator messenger genes in obese male rats. Armaghane danesh. 2019
Autumn-Winter;24(5):935-49. [Full text in Persian]

38- Arshadi S, Hasanghomi M, Banaeefar A, Kazemzadeh Y. The effect of eight weeks aerobic and
resistance trainingon AMP-Activated protein kinase (AMPK) gene expression in soleus muscle and
insulin resistance of STZ-induced diabetic drat. ] Med Council Iran. 2019 Jun;37(2):81-7. [Full text in
Persian]

39- Groenneback T, Jespersen NR, Jakobsgaard JE, Sieljacks P, Wang J, Rindom E, et al. Skeletal
muscle mitochondrial protein synthesis and respiration increase with low-load blood flow restricted as
well as high-load resistance training. Front Physiol. 2018 Dec;9:1796.

40- Horman S, Beauloye C, Vanoverschelde J-L, Bertrand L. AMP-activated protein kinase in the
control of cardiac metabolism and remodeling. Curr Heart Fail Rep. 2012 Sep;9(3):164-73.

41- Arad M, Seidman CE, Seidman J. AMP-activated protein kinase in the heart: role during health
and disease. Circ Res. 2007 Mar;100(4):474-88.


http://dx.doi.org/10.52547/jarums.21.1.110
https://dorl.net/dor/20.1001.1.22287280.1400.21.1.11.9
https://ejournals.arums.ac.ir/jarums/article-1-2072-fa.html
http://www.tcpdf.org

