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The prevalence of obesity in postmenopausal women is higher compared to
men. A decrease in estrogen with menopause leads to dysfunction in
mitochondria. The purpose of this study is to investigate the effect of high
intensity aerobic training(HIT) on the copy number of mitochondrial genome
(mtDNAcn) and mitochondrial transcription factor A(Tfam) in visceral adipose
tissue(VAT) in ovariectomized(OVX) rats fed with high-fat diet(HFD). 40 rats (8
weeks, 200+20 gr) were divided into 5 groups:1) normal diet (ND), 2) ND+OVX,
3) HFD, 4) HFD+OVX, and 5) HFD+OVX+HIT. HIT performed aerobic training (80-
85% of maximum oxygen consumption) for 8 weeks/5 sessions/42 minutes.48
hours after the last training session, VAT samples were taken to evaluate
mtDNAcn and Tfam gene expression by gRT-PCR method. ANOVA and LSD tests
were used to compare the differences between groups. OVX and HFD didn’t lead
to a significant change in Tfam gene expression, but caused a significant decrease
in the mtDNAcn compared to the control group. HIT caused a significant increase
in Tfam gene expression compared to the control group and Tfam gene
expression and mtDNAcn compared to the HFD+OVX. Hence, HIT improves
mitochondrial function through mtDNAcn and Tfam gene expression in VAT in
OVX rats fed by HFD.

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

18


https://creativecommons.org/licenses/by-nc/4.0/
file:///C:/Users/M.SHAFIEI99/Desktop/New folder \(7\)/m,t/26ط/New folder \(3\)/1960-5.docx
https://orcid.org/0000-0001-8490-838X
http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

YET YT 5 o o2 s 093 ¢ 559U 9 (o9 b 45 (B9

V) S9LS 9 W is9 b 30 R R
N YOAA-TATO : iz aIILLE  TYOT—-V-A :ale LLS

s o

_ir O ——

S0 s ig ST (32 SOl (530S g DNA (o SRS 99 Wi (S 3190 (33 i il

WP SR -] T XVR IR PEARVE R

T dzm s [T IS 8 I 4l [ s 2w S

O‘J:" ;J....L;Lv cdb_ﬁjb NEEHN cgfij)) r_}l.c 0 ISES s cg;ij‘)) ‘_53_95_,.1]9 cjjf ‘Lf‘;jjj ‘_gj_}jﬁj:ﬁ ‘_QJ.IS: dﬁr.ii\) Al

Qlﬁl ‘J.....l..rl.r ;Q‘)J;)LA olf.i.‘:l) ‘;5";).)) r)l.c am\b ‘g;':').)) 6))3}.1):3 a); ‘ijlj)} é)jjj-:;:-”)l:ﬂ:ﬂb Y
Q\ﬁl ;J...LL' ;Q‘)J;)LA olf.i.‘:l) ‘Lf‘;).)-ﬁ (:jl.f« om‘b ‘Lf‘j).)) LSJ”}JJ'LJ:'% a}; L&ij)_} sz)jﬁjte)liat“"‘ Y

[ Downloaded from ndeal0.khu.ac.ir on 2026-

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

e.talebi@umz.ac.ir J5 3 b ag)l :d stue sdivs 5

oV

e Sl s 03 el RalS Ll iy Ol e 4 S il OB 5o Sy s
$3lpn s b g Bl s 5 Gda sy e (558 e > Sas 53 Pl
s oSk 5 mtDNAcn) (g,u8 s 055 SbS Sl HIT) was
555 e sl i (VAT) lisl o x <ol s (A (Tfam g 8 ys
(p S Yoo £ (glasia A) gn v 3 (HFD) © 2 5 (614 Loss 4 dis 5 (OVX)
ND) 2) ND+OVX 3) HFD 4) HFD+ OVX5) ) Jb; @lié (Vs S 0 «
s kB £V azia 3 ad> 0/was A Sl 4 HIT 0 (el HFD+OVX-+HIT
ad p ATl e sl SA LS ] (2 eas O5aST STu Ao ys At—A0) (55l sn
qRT-PCR 3, « Tfam o3 oL y mtDNAcn _Lj,l ¢l VAT 5l o a5
oslizel oy S o sl anulis cgr LSD s ANOVA & 31 5.0 (55 4 05
Sl alS e Ll s Tam 03 ol Slsbas o5 4 > HFD 5 OVX L1
S Tam 03 0L Slsbas a5l 5o HIT s J 285 05 § 4 s mtDNAcn
(3 S HFD+ OVX o5 § « e mtDNAcn 5 Tfam o ol 5 J 28 655 «
2okS e 5 Shas 55 w50 TTam 05 0L s mDNAcn 50531 CHIT ol oL

Jj*z'gj" HFD L> o 4.3..13.7 9 OVX ‘5:|J>w 6Lhu.2»jﬁ VAT DL

19

sl OleMb!
g5 e tdlie &

\f—'Y/Y‘/\-\ CAAL“JJ @)U

3suals slao il

alirl o S8l e Sl
O RUSIECNPSSSTRGIEL
Tfam .mtDNAcn

:CL?Jl

ol (G S b agdl s 5 ab S
S ks (598 02 08 86 s
A b gkS g DNA - s
Sldass BB ol e slabge alis
BTy SRS A REE TR
NEY esls s Liis b
VA-Y&(Y VY


https://orcid.org/0000-0001-6563-9882
https://orcid.org/
https://orcid.org/0000-0001-8490-838X
http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

Research in Sport Medicine and Technology, Volume 13 - Issue 26 / 2023

Aodio

Wy s 5 (V) Olhess J,S 5 ol Osls w3 1L aS e | Suels (6355 w555 OLL Olpe 4 Kil
Sl ST e Jole S Ol 4 035l 1S 03 S e e (V) U35 el ois 4 OF Slalise, 5
(8) ol ol yon S gl W] 2 Jast (2l 331 L (E2) Jgosl mn | 2alS o dle a0 (F) e | o i
L W 5 Sl 1(0) O oS 5 2 pslaels S L (Kl S g OU5 85 ey 0 0y ilate L
TVAT) Gl o Sl 5 (V00 (oS8 50 555 o e 5 (D 0k S i GRl31 ale 51D 0T
Lo sl 063 53 03500l | g s 5 Lsd o 05588l | 5l lodialp jsba OV S5 2t (V) Lisd 4l
Bl 4 e 35 (6395 4 (Sl SIS LTS s ) S b s el A Jl s (gt S
A a8 AS sl o w55 03 Sl DSa el 5> (NS sd S Sl s bl e b s e O3
Olss 4 (kS sn 3 ,Shas 53 I LA) das o I3l B0 U (ol 5 Culis ST plie o 4 D
b Sdbay 55 030l 3 5meS 45 ol sddantld OTL las o lagsslen 5 (Bl b las o St o St 31 S
W (gl Sleys G Olge a4 Ll o oS 5o 5 Shas (0003l (V) Cul kol 1o (6508 g1 53 D
Al (Kb Loy 4 S pbe

o o ol ST 5 sl ST O g Sy shen 3 0T 3 &S S | ko 0553 SGINI S (6548 yie
S 5 DNA 1515 555 (50505 DNA e calisl L G0 1 (6008 30 das o 5 S i
oo aes MIDNA s ()5 0 55101 O el i (6l a5 S o (10808 1, 05\ Y sl T(MEDNA)
ST sl o yme 3 ol a1 esls sl DNA @ s 6 5V sy e s 5 56l sS
S sy Jolss 3 S0 Q) lo o e | 0T Lo 55 5 4585 513 ¢l ST O g Doy st il Y paes
e H(TRAM) A (658 e s 555 556 3005 2B (6 se Slains p s 5 Soalan )3 sl sdlansla,
sl (S st 0 Jlil 4y 30 &S el DNA & Laze glazan 108 50, L Ssdls JS Yo 55, K Tfam
53> (MDNACN) mDNA S slaws (V) 552 o Ja e (6508 sin Slay 55505 0 4 5l es RNA Lo s
53 L, MIDNA S sl 055 2l 3508 .(0N) Wb oo 288 Sl e (215310 5 Cnl Olsl 3 o > lad sk
e Olge 40y 51 alless 5 5 Olea L OVX .(v) das o [2als SOVX) o azi 15 5 Olikasss gl 5 4o

vts‘ S CJL: obj.?j(u ‘5’.)\.1 Sed 9 ﬂ‘f‘ 9o Lau;:j,a);OVX Jj:fg;‘J‘JS obu;'m‘éjjﬁ ] o] ﬁflﬁ)\

1. Estradiol

2. Visceral adipose tissue

3. Mitochondrial DNA

4. Mitochondrial transcription factor A
5. Ovariectomy

20


http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

YET VT 0 )lowd ol amw 8,95 (5 59U8 9 (o059 b 45 (iR

M;ﬁuﬂﬁﬁ;’vwmwwmgugupL;ﬂﬁégjgtduﬁtp\t}g;A{J;tjsda@j.\}ua\s%:d‘

(i) MDJA .C) J\J"OJ“:I E2 uﬂ.a.;)La‘-b 45&‘)‘5;‘.?- DL 65}"‘
s Sadje e ly b s Sl e 31 S B Bl lJl al LLOT) A2 L S5 5 68 st s Shes
534S Sl ol oals OLas diw |y e 55 () | gline 3131 o (6 Ko Oliae a0 5 55 Koy 5 555
e 53 TFAM slis 013 3 516 o, YU cou s b osls 2555 cppes ata ¥ 3l w5 ol o gla 5 s
g Al dze 53 1, MIDNACN sluws el bavgie ol b 5o 03,5 Ll azs Yo LO0Y) el 4l ol 53l
DTG s e ol 55 5 Oly (pomad 5 Ao (2 r Sl (S sn (S 5mn 3 SRl e ((V8) das 21530
J.:.QA)UTJ?jLLC)wJJ (\O> Sl o.LJ:u:u‘)\Jf ] LS[‘.LG v_lj)l.’a)\...; 4.:.);6 6[.&&)).) PGC'1G Lf"’un
‘})g.fi‘).| .QA\on)ﬁJLQSLSM.jLi Q‘)}J)b Q\Jx.x.? U"‘ LLSJJ.'«S‘}:.:A ‘_gj,br.anL’ SR e l‘d‘;"))} C)L.._’Ja.?
s Tfam o5 ol s MIDNACN slaws YU cons b gl 3 5o ol 35U v [ o b Jiass G
s s S e 1Ol g 52 e O e Ledd w5 Oless BB gla e oli >l oo Sl
BB ol s gl i gLl oo sl s Tfam o3 ol s MIDNA sls S slaws Wl Liis g5 se

S O e Lol 0l 5 Oliess

Q1Y
£ Gl Sl g e 5o Sl S Y Y0 s auls L slemia A Sl gy ol esle ol e Sise e £
5l esls LI INYAY Lld gy SCob a5 YEYY T G gles b olKinlesl Jases 3 Sl s Ik 2
(VB o 03,8 0 4 Sl o2 la3T Laen b ()50 anin G 51 g kil OF 5 148 @ 53T s 2
Fo gy SHE (0 (sS4 o G (§ amm s M (F a4l 5 gliE (Y oJle 5 sli

A ed + a5l
5 (eSS 2 p S ke At el 51 b sdoe b Dbl (Jamms b ()8 5le atin G5l ) (o550 plsil (sl
0315 [1 3 0 (LS a5 bl S linl Sl ad i o (oSS 5 e S ke V1) 5Ol
Jorel 5 el 5 ol s Slase s 28 513 Fla e 4 3 lel 3 oSS e oS (5 e 4 S s
b ol Ol 5 oo Sl 5 en) dm andd Gl o (g el SO Ml oo o i 4 Oy 8l 2 LS
ghl s G el ao 0L 5 5 ol )bt oSS i Sl e SaFls 5 DS e A 035 LS
anils ol sl 5l s 5 st Oldess S5 55 Sor S B b e S 0303 13 6 gladl ]

)j.la...am(\-\)M05)4.:>ucu'.;lj.’4.:?-[.3QMﬁ)QM}OMmbj)j:@cdﬁf?(&)|uw‘)‘w.L.::

21


http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

VE TN 0)lond oD 5w 8,93 5 59l 9 ()9 < )3 Lidg3

b0, 53 Ol oslie Kke) i (5,565l ELISA G55 4 o O35 5l sl ( (Sb Sl Olabsl
(55 POAl AOVENY S YIWVEAY (5 5w o sS4

Copo h (Shden p S 51 G IS IS Vb0 5 850 51 I8 S UY (o S S TE) O glis
SLL G 5 5T e win po,0 Loz M S pan .3 S 13 sl 13,50 5 M = (651 it i) 51 el
8l aslsl s g

b s S (aa Ve and o et 53 il ) OB S U5 L bt tis (51 g 05 05,5 Dl
Jolos caids 55 e ¥e s L OB g 035 O S0l (505 2 Odeps Jald VL S L (55l sm o el 8 £ 55
SVt o L0383 ak35 0 5035 0 S aids 0 uld ad 2 (WY V) sy 05ST S Ao y3 Av— AO
S i glls O 315 (g5 Dl el Al plasil i A e a5 axin 55 355 0 Sl el g cnd Osd 4dS
3 S glan gt Onls S a5 Ol s by A |l S S

038 Shstar 3 A plndl G2 U cele VY BA S 5 g ed a2 T e ol EA (5,84 50
iied ) g 5 S 05s I by JUss alil o 3L S 5 el Blis 055 Gos 5 b Sl
A M 33 e ax s Ay (gles s Gai g ol el (1 S5 5 0 e b

A2 ol QRT-PCR 555 o 5 b5 e DNA (sla oS slaws 5 TRAM 05 0Ly o o showr (550510
oslial b gliml o b o S e 00 IS RNA £l sl gl a2l sl Lol 51 S RNA e ol o
sls RNA DNA (sl S5 07T 055 s 51 55k 40 .3 8 plnil (Agtia b T o 363) RNA £l i) s )
s'»DNase 5Tt eus L gls RNA s s DNase- RNase-free . 51 5l eslical b 1 5
sFe s a5 b s (01D bl es 6K oS 5leslize | L CDNA i s S 515 eslizw | 5,50 CONA
08 Ehadd Rl 6 Sl 4w 5 « Real time PCR ;5 i S (o 288 g0 05,5 Jes
St sad sl Sladdy sl s AS1s el e ) (b 1235 el Sl SO Jla) s 53 i 5l
53 (SOl oSl o8 s o S ulw euS Sleslie i L B-Actin 0 5, 05 5 Tfam o5 <1, cDNA
A el Rotor gene Corbetti:++ &Leus

il o 3l s S e S sl s gl ((NDNA) glaees DNA & mDNA
<3l 5 DNA sl o8 jlaslinal b plisl oo <36 51 Jobe JS DNA e 0l gl s (5 S50l
sobant| gla ST 5l esliz LNDNA ; mtDNA Cob A )l (g bl G5 B3) Sl
A 6,505 NDNA-bglobin gl o5 s mt-ND1 o3 <!,

6. Nuclear DNA

22


http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

YET VT 0 )lowd ol amw 8,95 (5 59U8 9 (o059 b 45 (iR

Sl OT oSl Ol o (S5 5 55 sulSS 51 Jol (Ct) wlad Ko b jo u3lie ooy 2 5l
3 Ol s Lo Laesls Oly aslsl 53 5w als B-ACHN L0 5, 05 5 TTam 0 SSS sla)l S
(YBACT) S s b i se (51805 0l Ol A aloes (i35 03) B-ACHN 05 & G5 ol sla0ss
QUIroS axlllas 3 sdioly aslas 31 oLl oo L 53 (6,aS 510 DNA S sliws acsloes (g1 . deslons

L5 stz (V) (YA 0, Kas

OB 3 oslanal 55 50 L;Laaﬂ\j_! «;J‘}: N Jsde

03 <y Sl Jis ciS ST Jis
(o'-...-v") (o'-...-v")
Tfam AAACGCCTAAAGAAGAAAG | GCTGACTCATCCTTAGCCT
CAC CcC
B-Actin GTGTGACGTTGACATCCGT | TGCTAGGAGCCAGGGCAG
AAAGAC TAAT
mtDNA-ND1 | GGCTACATACAACTACGCA | ATATTGAGGTGGTTAGGGG
AAGG GC
nDNA- TGATGCTGAGAAGGCTACT | GGAGCTACCTTGTAACCTG
bglobin GTTA GATA

Laosls 0351 Jla i A 31 g 23 8 513 (5Ll o 5 455 5550 Y8 4505 SPSS i3l 5 5 eslizad L Laesls
S Ogo3l b g S s s 0531 51 0 05050 b ilols oKen 55 (s 5 mls Oge3D)
a5 L 53 golsime v Olge 4 P0/00 (pizman A3 o3l | a5 S sl sl A ulie g LSD
GO IS L5 b 0L le o ils Sy oy Gla iy 3 O] e a8 55 e ol

il odees a5 & (IR.UMZ.REC.1400.026)

sl

uoé‘b‘}:@‘@u.w‘oﬁ ob\bdu;.l\ J.{..Z BE JA}}:m&uo)ﬁ(ﬂ\?b‘u)j—ybﬁliu)))dl} Q‘jm":"
Ly (i 005 ST o 38 55l Ld g 05 505 odli il O lE L 5 Jbe b glde a5 Slaes S 5 sls oLl
LSA}J‘S)}‘+ uﬁﬂé\.)&cjjfmwqdj’@sg})juu.’s‘wy,\iﬁ J.J“‘;(ps./.\)“:’“““x‘:’ o e
Ap=+/+Y) J.i.sjf

23


http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

VLYY a,Lo...S D Jwt 899 ‘d)sl;_éswf}})s%ﬁb): MS}"

(r;) S3%) Q‘J.:“Jd

)‘)L&A Q‘)Lﬁ& chAJ.v (_;U.P ojjfc\;w)‘él.du qu_?‘ﬁk‘ Ji.h)j._v &L&ojjf (JJ\.L'LL.»‘ &J\fuli wi.‘k.:ﬁ) Q)} CJ‘J:.::G A Jg..i

ol o dian S L5 s L;)lstmcla..dab;;m.pS'/'O Sl Sl e S 4

M\MJJJAQLA)V.A LS‘J”‘J@.LC“;A" . LS‘J& g_ej_mjk;cﬁ)‘ﬂ o OLis Waesls L}:'\’JJ‘ J_wb @L’ZJ

S 05 ) Ol pmshae Slslins (2153 o g L a5 Lol s oS TTAM 03 0l Jlsbas Ol ks &0 oeie
(Y Jg.‘i)w‘o.l.i(pS'/"\)uAfS)}|+gﬂﬁ:d‘iﬁo‘}ﬁj(p='/"-\)df”;55‘5;4{

2.5 Tfam Gene *&

Fold Change
o
o (3, ] =

; 5 ; 5 ﬁ 3 5 3‘7&
S S , 3 5
B « St A St
?)5 5 ?ﬁx
5 i 3
55
e

Sl & Jbey e 05,8 @ s lobiae ol L ma s sbees S 53 (5lkul glast * . Sls) Tfam 85 o O Y S

C,.w\ auw;j]a'.;)é &)‘JLMC]GMU‘}&‘UPS'/'O u‘fs)}""uf:;: L;\J& e};MWJbLM

24


http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

VLYY o,Lo.JS cfybb)'g'wv °)9-’ ‘d)BuS @3})9 %_Jo ): U“@s)"

bl ssba allte 53 s Oleses sl 5 oS50l oz @liE Gias b LS e DNA S sl
il oo ol LLaS e DNA S sl 5 (ol 3 i g5lsn o jed (PS0/00) 55 4l ialS

P=/ YY) A oS sl + o 1E 05 S 0 Cad 0T T35l G ge 5 s

1.4 mtDNA/nDNA
1.2
(]
1
g &
g 0.8 *
o 0.6
*
u? 0.4 .
0.2 -
; E3
N4 R R 7 o
37 557 37 37 37
N3 N o
. A A o
?73 5( 5
s 5 i
S
e

WJl s 5138 05 8 & ol holine gl . tagn slaes S 5o (lblnl gl £ . Sle) LS e DNA S slis v IS
G| o.l.\iwjfjla'ljb ng\bli;ucla.ﬂdbi&&gps'/'o .&jﬁ.s))\+gj>”_—ﬁ L5U“° ejjfﬂ\{w)\zbu CJ_}UJ&

-
slial oo il ,uS e DNA S sluws 5 VL Gas L il cped b w5 Sda b o bty
WS 3l Ol o b aadllae Jo | anl s bl O IAE L edd 48 5 Olbess BB gl e sla b s
S 035 ol s MIDNA gl S slaws sl Tfam 0 ol il Cope Yo a2 b (g5l o el

e 0l (Lo 55l + O G1E) J 58 05 8 4 s
sMIDNA cle S slaws lsbas J2alS o585l + o glds D ae 38 dasde S 3 45 6 S 0les
Skl bl e cls JUs w55 1 gt O3 SlasST o <ol Tfam o5 ol bsbas 8 2als
Ot 503 G 3l oz GliE G man Lol on b s caiSolsl 51 (0 0355 5 035 SRl o>
SN sl ol 5158 50 andl 2 U5 a4 Cad Sl 0L 53 oo 0088 il 31 (Yo VA) sl o 55158
8 smMemeST g b K15 oo 055l 831355 . (VA) A3l 055 el (St pd 3T 28l s 4 W5 e 6 550

Leal 03 Jos IS T callad il Gu b 50T oy Jsb S5l s o 1) 35T oz sla e

25


http://dx.doi.org/10.61186/jsmt.21.26.18
https://dor.isc.ac/dor/20.1001.1.22520708.1402.21.26.2.8
https://ndea10.khu.ac.ir/jsmt/article-1-587-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-20 ]

[ DOR: 20.1001.1.22520708.1402.21.26.2.8 ]

[ DOI: 10.61186/jsmt.21.26.18 ]

VE TN 0)lond oD 5w 8,93 5 59l 9 ()9 < )3 Lidg3

MB-HAD) 56555008 15— Jew T S5l 5 "(CPT1) Y Slansl 5 small 05,8 0 O e I STl
MEDNA (la S slaws 288 5 (V) 5 aliae 5 (8) Sl dlze 5 TTAM o5 oly 288 (YY) das 153l
oS gie Cdlad 05 el el sdesls OLES |5 sl 0l i 158 e, 3 e Sl JLs 40 (V) 4liss dlae
P Aalp Jol oSl PGC-10 by Las o Lo dad b s Ssme 355 ul b oas o b 51,
S NFR) glazn s s gla,s86 da Soline s sy sla, 58U Wil 5 0 PGC-10 e | LS g2
B 3 O35l A maen (YE) led Jlad | oW MEIDNA oG 5 o5y, 53 Sl 5556 S
0L 3,108 o 0 (A8 g 5 390 n 0ebT O35l a5 oS KIS (SLa e 5 LS 200 S35 5
55 @553 (1) dyled o LS 5 (5548 s 2 0555l 56 THAM 5 NFR (5Ludles ol st siosls
5SS sm 55w (GoAS e gLt el W5 ATP W5 alar 5115 (8 pae 3 Slas Ciliss glaasr
0 XSl 55 ol S s a5 Go b Sl (oS e 53 Ot | SIH(T0) el e biin e IS S o
Jlasloslsl 5 2ls 35 mtDNA,;“(ERE)a;},:M\@g,@u;.m) ;ﬁ&r@\"(ER) 35 |
3 03 b pl s Laze MIDNA s 25 ERE « xis -ER Bl s s o |y (s s il glaeds S
S ol odosls LS copl g ogdle (YY) ol sdarslis ETC e 5 (o8 sis L ol (10808 slagss Ol
e 45 AS o Wl azes 3 ;,?,,DNALW;:M SSen b 5 NRF-1 ol ERA @ 035 2l Jlas!
3o Sl 5 d sl el sl & il eidesls OLES Ll cpan L3 (V) 3550 TFAM 55, ol o
o o el o dinlml e iS55l sla pge AUl dlas 53 oS (6,AS sme 3 S DDl s Clables o

(YA) &S o L]
sMIDNA gl S slaas bl Tfam o5 ol Jlil o 50 Yo 5 L 3len oo el Siash onl oo
Tfam 05 0by Rl el ol b by o (Lo syl + o (518) J 28 05 8 4 S 1208 035 LS|
Slo s Sl e Ll 3 ol s o Bge (F)) B dze 5 (7)) Sl dlae (YA) LSl o il s
ol o 5S 5l slachy yo eslie g el aia VY e (Y4) Sl edienls OLaS RS 0 S a4 Cad L5500
Gl S Bl o e 53 (8) ds Jled b 05 S L aaslie o (Sl dae Tam o5 0l 133l e 5
SISl das 5 pre 5 ame ol Gl Comge L35, Sl el A e Ol 3 5e sla i s GlL;;mtDNA
S g S Sl Sl amlSe Sl (Sl 0l s (M) sl 065 gl sS3 53 5 (Y F0) b,

7. Carnitine palmitoyl transferase I

8. B-3-hydroxyacyl-CoA dehydrogenase
9. Nuclear respiratory factors

10. Estrogen receptor

11. Estrogen response elements
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12. P38 mitogen-activated protein kinase

13. Sirtuin 1

14. Calcium/calmodulin dependent protein kinase
15. Calcineurin A

16. Free fatty acids

17. Peroxisome proliferator-activated receptor

18. Adipose triglyceride lipase
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