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Abstract

Background and purpose: Estrogen-related receptor oo (ERR-0) and transcriptional activator
(PGC-1a) are important factors involved in regulating cellular energy. The aim of this study was to evaluate
the expression of PGClo, ERRa genes after six weeks of endurance training and MitoQ supplementation
in skeletal muscle of male Wistar rats and to determine their role in lipid metabolism indices.

Materials and methods: In this experimental study, 32 male Wistar rats were randomly divided
into four groups (n= 8); control group, endurance training, MitoQ supplement, and endurance training +
MitoQ supplement. Training groups performed endurance training for six weeks (five sessions/ week).
One-way analysis of variance was applied to compare data between the study groups.

Results: Expression levels of ERR-a (P= 0.002), PGC-1a (P= 0.000), MCAD (P= 0.041), and
CPT-1b (P= 0.521) genes were significantly higher in endurance training groups compared with the
control group. ERR-a and CPT-1b gene expression levels significantly increased in the supplement group
compared with the control group (P= 0.036 and P= 0.000, respectively). Findings showed that PGC-1a
expression decreased in supplementation groups compared with the endurance training groups (P= 0.000).

Conclusion: Endurance training increases the expression of ERR-o and PGC-1a genes, which is
associated with an increase in expression of genes involved in lipid metabolism. Despite increase in the
expression of ERR-a and CPT-1b follwing MitoQ supplement, the effects of MitoQ supplement was not
additive to the effect of endurance exercise, which emphasizes that the effect of exercise on lipid
metabolism is mediated through free radicals and oxidative stress.

Keywords: endurance training, ERR, lipid metabolism, MitoQ

J Mazandaran Univ Med Sci 2022; 32 (215): 14-25 (Persian).

Corresponding Author: Daruosh Moflehi - Faculty of Physical Education and Sport Sciences, Shahid Bahonar University,
Kerman, Iran. (E-mail: d_moflehi@uk.ac.ir)

14


mailto:d_moflehi@uk.ac.ir\)
https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

oo (—S i)y eo—Lc ol il aL as
(14-25) 1401 Jglw pT 215 o)lads g g w 8)9s

PGC-la slayj glu p MitoQ g yisléiwl (i plgi pils
pglod) LilSwl alse jaCPT-10 gMCAD (ERR-a

F il s b e
2 rlie gl
%051 swol St
KT RENR

23S

35 S smn oS 53 1855 ge (Lo, 556 PGC-1at 5 (ERR-0) WT (555 ol sl 5 055 1050 9 diblew
sl o a5 atin 6 C3le ERR-00 5 PGC-100 (505 Oly gy bl anlllas 51 o 0T o sled &0 Jshos
Ao e i (Sla st s b OT 28 poand 5 Sl 3 315 5 slasy (ISl aliae 55 MitOQ JaSe (5 oz b of yan
25 MitoQ JoSe Oo pae 532 3

asb s Sl 53155 ol e g w32 Sl b el o2 B 4 oS adlllas ool 55l 9 dlge
+ il e 05,8 s MItoQ Lol ¢ bl oy a3 «J 1S 055 Joli (N=8) (goluws slims Loy 4 & oslas
ug@t,&g;.;;\.udwtdm,a);u?@)mGQ.uw.\i,;suu:#\ G2 Ll s MitoQ S
Az oslizul Lo g 8 duslin (gl anl, &

3 (P=0/521) CPT-1b 4 (P=0/041) MCAD «(P=0/000) PGC-1a «(P=0/002) ERR-a (sLay) 0Ly :Lavasdly
(P=0/000) CPT-1b 5 (P=0/036) ERR-00 &5 0Ly .35 5 i J 257 05,5 51 g ls simn s sbas stalial o o (gloos S
e 03,5 3PGC-10 Oly i o ooy (il (15 dme 5 sy 5 RS 05 4 S JoSe U5 20 03 8 53
(P=0/000) cosls zalS” malial oy o3 & Comed JoSa 3 o by of o ol

S 33 8La05 0Ly sl 1L &S 555 s PGC-la s ERR-0 slaisS Oly il 53l o o sialiial oy 5a szbiionl
MitoQ J1ueuS| ST oS O an C3lae CPT-10 5 ERR-0 0Ly 53 il 331 5525 b ol ol o Ao e i s
G b S e s a1 (65 Al s S e 8 5 55 O L) LB talind 5 ST 4 JaSe ] i
Al o s IS ezl g 515T SIS s

MitoQ ¢...d r....:J).:l:A ERR ( lital o o5 36348 (s 5 5lg

o i
Ol ST b b 21580 das o 20580 55,0 i S eslamal malel s 4 meldzal Sy oS

Sl a3 b SalS S e 6,850 &K o > o 03 e Ol ST b b Slas s
E-mail: d_moflehi@uk.ac.ir S a5 0 (Ol el gt o1 10k S = G iga )l U gkume ilge

Ol el el 87 il gt oSl ¢ (555 psbe 5 (Gt o5 dSCHIs ¢ (5555 (65 58 5] (b3 )T (sl 1
Ol e0le S el 87 ity gt o8l ¢ 2505 ke 5 (G T 5 oSS € (5555 5500 5 03,5 L1 2
Olpleole S ol S Koy f,xhti.:l; (S 0aSitils (g5 Sy 5 65550 05,5 okl 3

Ol el S c0le S jal gt oBils ¢ 2555 pslke 5 gty o3 0dSiils ¢ 3505 S5 55 ot 51575 4
LAOUTILT : oy g a6 1401/5/2 : S-Sl Cgr gl b 14017415 : =l 55 o 56 =

15 140137 . 215 a)laibs «093 § (0 8)9s ohsijle (A eole slGiil alas


mailto:d_moflehi@uk.ac.ir
https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

g ol » MitoQ g LelEim! 33pa3 i)

Gt red (B (o ST S (AT b b 2l
ol Jlsd SIS (5 9 5 O madlyp phed 5151 (el
AMPK/PGC-10 s (55l 5 (AMPK) AMP |,
= Sl o 5 s sl o S S A 5
L (ERR-0) LT 55 jml dils 06,8 . (9) 3 55 o0
e plin 53 Gl (loiS o a5 5 45 0 Jb PGC-la
Coda sLalss 3l slas sazme 5 ERR-0L .ol (65
oo ad g i€ dir sla s S 55 1, PGC-10l
O gladal JUil )3 855 gladss Jals dites
SULS e S 5 Gladea] Ol sk
155" oo T Ao @05 S e e o LS
151 il 5 Jrzeally 25LS 5 (MCAD) 5635 0
O gl denSTIl 5 JUESH 55 o go s 5o 45 (CPT-1b)
PGC-la s ERR-0 J 28" Col cditd 0 o (sladl
Ol 6355 o JLnd ERR-0 45" ol Kin (10) izt
Sl T ¢S S MCAD dhox I zoua sla0)
dode 68 5 5o Skl O gl STl (o
55 PGC-10 Ols pl 53 .S oo 05 15 ol STl
S ol A O sl ST 53 g 5556 S Ol e
S s 15 36 Co 1y | s 3Dl Ll 5 o
(LCFA) sl o3 Ly o sladenl 1503 (6 5o
WS L bgieo i b o ladead SN
(opl ol L gd (S gm0 5 el il b 515 el
Ly gn 25 51l F Jmelly S e Lo
Glopl 4y liome 55 53 o5 4 gazs ol
(CPT2) 2 5 (CPTL) 1l ,ail 5 Jezually i ylS
o 0SS o 5TCPTL (12) ol 0k S5
23 ey Ak o Sl O gl Sy s
8 5 Jo 6l 5T ol ol Sas (65 e
Dl e Sl ey Ll sl 1 RIS
ORI (geliad s 503 (18) el 5L 35 50 (5 5
2o gl J8 5 Je & a5 xS
Ol ST 131 e bllS o Joged (508 5200 5128

e IS Ee b alinl 0 o5 (1) 350 00 o

23 it Ogml ST VL 6 5L oS Sl izl
3550 planil alia Gllas ()5 pae b oy a3 S S
S s 3 alial Ly pad (1) 3525 g0 005 OLES
C o Sl O gl ST g 5 sed 5153 4 il
S5 il b ezl oy pe5 calas 31 S g0 oSS
S b il el o Sl S s )3 (S s
il o3 G e (2255 0 g DS
I ol S iz 53 1S e S5 1L
Sl o3 egdlew (3)3 55 00 dbde 4 0 2 Aol JUis)
Sl 5 )8 s el a5 o ali 3
GoS g glis 5o |y oy el By Jo &S
Il sla s il i on 5 (4) S o figed
) G o o Sladal @ a3 a8 e il
e e oSG &5 53 (0)3 5 0 AS (o oo
| s g 31 comslize 03Ul 53 i ¢ olial Sl jad b
3 S (B) sl oz Osanl ST & Dl g S
S5 @ bl Ol ST 67 gla, 5ST6
59 e ol oSl TPGC-la S e
5 L Ysb o Loy sl O 5l S
5SS 5 S kel a5 1 93 45 0> a5 0L
LS or oS (S e 0z (Sl O gl ST
S s I (Sl gozes ol 0028 4 La5 PGC-1a
53 0T deol 31 Ll el g (65,1 &S ke
SAS in g3 e plie s 58 ol slaZl,
ol 1 05 0le Kaslas ,3PGC-la .ol
S e 0S5 S Ol e 4 5 (S NS sn B
o D3l e Sl Sl OB 15 (6 sk 53 g
i 4S5 ST (B ¢ S e (lo g 5 o
(o 3 PGC-lo j2& = o gde (7)5 15 —wlal
4SSl 0 0315 QLS (6 e 3 Shas 5 sl
G b ) Jobw oS 93, sl v.:_lé‘.?): PGC-la
PGC-10 48 oyl dhoar 15,5 25 Calidus (gl pnslSs

1. Peroxisome proliferator-activated receptor gamma coactivator 1-alpha

1401 131 . 215 s)ladds «o9s § w )0

ohaijls ¢Aib)y eole oGMSl alas 16


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ul)lSnm g g gisly ;g pis Lan

o o sl S o 5T MCAD 0Ly . (27)5, 5
Gtred Ldas e el ) o ladal O gl STI
6954 (5,505 andllas 3 (28) b o il I gmolinal
Cp s &S S eslalis A (al_’..d b s slal,
el 331 0T s s ERR-0 Ol ol 53l sl zalizl
ladlas s e (14)5 5 » CPT-1b  MCAD
MitoQ oSl U5,z ilaza CPT-1b ol 31 Koo
(17) e 05l OLis
GGl sk ad s K550 Ol il 4 e 5L
S5 M5 ol Kl & (50 50 (555 2 15T
S e 3 Shas s IMstl a5 8 a (29)
S Sl O gl den ST s I 4y 2ete Ll 5 oo
o & Sl s O Il 55 35 5
Gl b ol adllae ol by 505 W ls oYL (65 50 4
S BT S 0l e 4 MitoQ JoSKe 51 o5zl
S b laaT 2alST 55 (S s 5 Fse s
SalS sy elinal oy el e 35T SIS sl
3o 3 g e L 55 e Ol
S5 Ll plasil (G551 A5 15 50 (6,4 e
e S a3 s sdan sl aalllas Lo ol
055G cpllw sl 5 Ol s~ 55 PGC-1 5 ERRa
o Ol (bl o ad 1 (o 2 4 Sl
MitoQ oS 55> 55 Sl diis 53 la, gS6
G5 50 S oleabl (gl o B b 3l 5 Sl axtls
b (Oon ol o ol plie 535 oS !
315 (6345 (5 e (5l smn 57 A Sl Sl
e U PR I URCCA DL gy
i Sl et ol addllas I Coda ol ol L
Slaes i o MitoQ JoSe s e 5 olizul
SERRa oLy 5 (CPT-1bMCAD) it & ol S

Ll 5 o) e G e ISl das 3 PGC-1

9 9 lge

A OS2 581 OT 55 4 s PGC1a/ERR-0
A5 o ol o a3 o 0T 1 Ll (14)5 55 s
o A3 0355 o 005 e 35T SIS,
o e (S ST g s 5 15T LIS, W
oz )5S e slai 5 5l (glos 28 b 4y T
JoSa (18) 355 o aiaT (Slackoad 5 ba 5 g cla ]
JeeSs &8 0l e 4 (Miitoquinone mesyiate) MitoQ
ROS _zals (gl 648 e S5 50 5 S 5T
b e O sl ST 3 03,5 3 9kn 5 (A 520 5o
238 5 lrale 5355 b S sl ol 5 (16)eus
g 5 Ao r planil (6 5S e 4 W e 55 0
(A7) 355 o 63 sian 55148 T 5 g

6 Sl 5 04518 S 5IMItoQ oS
0 iy G Lo g oS o ot LSS gy Ju
e 058 4 0d gLl (0510 0 YT JSIT
Loy 0580 (5 0HS som 4398 ) ey 5 Sl 0l
(1948) bk o 28 J5S s J S5 42 oSS
S 3 gl o K (68 20 4 39,55 51 ey
byt s L2OTL(0) 4l o a2 (54 g2
53,5 (G3LST g, e 53 1 35T ST s,
IS o Sl 3 b s 5 (658 g2
(221) 45 o Liblos

eSSl ST e el Olalllas s gdas o
S ple 6 pdoolanil 53 L8 5 ola,y g6 zolizal
o e et (e Ol pie 008 e 00 5
S e et (23)3 55 wPGC-la Oy s 2l 53
ERR-c MRNA e 13l ¢ e sl alicd
el ole 3 Olusl Sl dze ;3 PGC-1a
Pl o (litl o o5 () 355 g0 o a3 S
(25)3 55 n oy Sl O gl STy (gla 5T
5o PGC-Ta (2l 31 Ly salinal (o o3 (o
ol 0315 OLES (26)5 55 s (o O el ST 2ol 550
ERR- 0Ly 2l 551 el okl oy ad oS o
SUCPT-1b s MCAD 0Ly s Al 5 o 45 355 s

17 1401 131 . 215 s)ladd «@9s g ¢ )0

ohsijle (A eole slGiil alas


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

g ol » MitoQ g LelEim! 33pa3 i)

52 545305 Oloj 5 aids » 2026 o ooy i
Olej s aids o e 20 Gy L ot wtin oy
oy b 4 425560
Lot pn (g o5l o 2T 5y ol T2
oelS (1p.) Blio 0553 Gou 5 s 4 ol e
<ol s ssa o (10mglkg) o 5015 5 Q0mgrkg)
223 g Al S 4 (Sle (5 58553) (Sl dlae
e hn ko s (sl m s deanie =80 03 1

Ao Jaze =80 Jloses

Lo goi (5 il 05laT

S LS ol p S S GLaasSS 4 sl I
LA 535 (065 Ola st 4 mle 055 55 53 g
< RLT 35U 51 145V 300) 3 ml el o ol 51
BIMl s i L1 0 55 L 51 10-20mg
b glses 5 A i @l b glies 4 RNase—free water ;|
los a0 w s s oS5 o8 b @
s 4 Sl Dry Bath o8ews 55 51,8 sle 4x 5355
Sodee 4120009 o s b ocaT Conns 5 Lo glies ¢ s
i Sl oSs 3 3 8 il 4 34 (glos 53 42353
CSBL g gl o pl 3l s ol gk Bl ladlondes
500 ¢ e & Jizie (1.5ml) RNase—free o 55 «
G BUI gles 43 g 6Lsl O giw 4 RPE J ghoes I5Y
e 3 8 5 gt 5120000 5 L akss ¢S5 oo
AR L e el iy 05 SLSH 3)5e
ke 4120009 o b ST 5 aalsl ys i 1SS
ploml 3 gy 5l o) 8 il 45325 (Gles L 5 4ids 2
S o 0 55 00 s 2l 2wl RNA (LS (o A3
sk =l 42l RNA lle Ll .05, CDNA
a sl p 1N 700 Clle w0 ey (gl adei ldis
Ser AL CDNA i 057 IS5 ol 5 42
B T35 35 0l je 5 1Y 2 203 S 0 5T Y 10
CDNA 5 s 6Ls| w5l o b goi 4 20Ul oo

a.\JL.»J:\J_fG:JLw‘a:_-):4<_;LA:4{J¢)l$m}.\$}:M

w8 bl s 215 3 2l e s 0 32 Slas
Loyl s L o8y e3T s 0 5200 £20 55 ke
Colw 1212 (S o o 5 sl a3 2422 e
ot GE Ly s )l sy, - (S0
ST 5 (Ol 5 &l o575 Pellet) ol e ise
o o8l 5T s b ()85 1 g ik 45
sl 3l Loy S 4w Bolas ) sbay cazia 55
JoSe 200 =8 L Juli baey 8 i o (n=B)
+ el o s Al al oy 5.3 (MitoQ
Oherew 53 cbesls Lot 5 4 e 6l s 5 MitoQ
e s oslizal b IUT 6l s w865 8 851 05 0L
S iils Jhagio NS4S bowg Sl
S5l e 0l S il dgd oiils S suals

(IR.UK.VETMED.1399-005) s §

MitoQ foCo (6,5 b o oo
3 s ) 4y JoS o 8Tl 4 a5 L
ot dg L e ) siS 5 MItoQ  SLes
oo S ol Olaaivte 5 il a5 foSe
(GlS I Pl Gy bl el pl 08 8
Laos S 55 e, ¢op jas 55 g3 celud il
G b 31122 mglkg/day o s as 1, MitoQ  JoSa

A3 STl s 51,8

o S
o35 L sl asin 53 51 gy (0 505 S5 5
ooy Sl A plonil (a3 59,5) €in B e
Se g aids e ld S bwin 2 De g o el
3 s s LaT s 5 695 0 5o L aiss 20
::ﬁj_ljcj_.im_gui_.p\ JS:}J..!: GololaT azda gs
i3s3 Sde 4 aiss e 20 Co o Sl azia
cA_E.:§:4OQLA)'j4_E.:.§:J_3J_:.»22C,&J_.»(}:4_:.&.a
‘@:45¢u;,4_a,;>ﬂ,u24uﬂrﬂm

s B0 Olej p aids o 2025 o pler iin

1401 131 . 215 syladd «@9s g ¢, )0

ohaijls Ak} eole olEisl alas 18


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ul)lSnm g g gisly ;g pis Lan

31, PGC-1a o3 ols paliel ojls Jlosas

woas o 0LE aallls laes 8 Slos (g 5l8 53 alas
PGC-la by s sme il bl 4 omte oliul o o3
05,5 4 Cus (0/85 £ 0/05) _zolizal o a3 05 5 5
win 6 plil .13 (P=0/000) (0/60 + 1/125) J =5
05,5 3PGC-1a il s sime il 31 tolial o o
s 09,5 s (/85 £ 0/05) zali ol - a5
(P=0/000) (0/87+1/12) MitoQ J—oSis + szaliz

‘_;J‘JQ.'&A Q,L&J \Aej‘)fﬂbjéw Ao odaline

S odalive

7 3
3
3.
b,
3
s
£ s
E
AN 5

a

s MitoQ MitoQ+ s (sRalTid o 5t

Lo o,
PGC-la juiza 53 C Cils il O30T 51 ookl slagas
IS 05 B U ls gne OoMastl 1 ¥

JoSo + a3 05,8 Lyl me Ml ¥

s glmos & 3ERR-0 0 0l Ol je
J—K ((P=0/02) (0/68 + 2/53) _zoli .l
et o i 05,5 5 (P=0/036) (0/42 + 2/015)
Comd (5513 mimn 2s) 531 (P=0/000) (0/78 + 3/29)
(P=0/036) —=x1s (0/52 + 1/08) J ,—S" s5,-5 o
oS O e Ly o e malizal s o5 42dn 6 ol
(P=0/019) 15 sms st 551 4y ,>ie (0178 + 3/29)
e o JoSe 5 e 05 5 4 s ERR-0 0L
(2 o jlais ,ls 5e5) i (0/42+2/015)

Real time-PCR ab . i Jazie =20 Jlonses 4 5 Ao
4_3}:‘;@'.;\.«:4;-):95 s ys adgl Ci g Juli
sbes ,3PCR JQ:_WJ_A): S yuly 4ids 10 e
Slos ey by ab1d Sana sl 8 sl 4 53 95
(S 40) 456 30 oo 4y SIS o s ol i)
5 A oslizal J 18" Ol sie 4 18S s« 8 ki s
S el 05 2 L OblS s 4 05 oal 0Ly Ol e
27RET Uy 3L s, e 605 0Ly Ol e 5

LIRSSy

SoleT i)
ST e 3 S8 5 Sike (sla e s
Shaddlas glaos F awlin gl s oolizl io s
O g3 T o onlinal ol y &S uily ly Jodoes 050 5T
5 (La il )y Sl &y g 43) C Cils it
o (6l (La el )y (Kar S yg0 53) S5
0 =0/05 (g )l sme prlaw . oslil Laoy S 48
o Sl m &S s s 05T 1 ks a3 8 i
e u_iua Ad ealawl Lasals @5}: 034 JL»J..
Wb ) s T Sl eslil L La iyl

.3 3922 4305 SPSS o5zl 3 50 Gl ljle 5

b a8l

CPT-  MCAD PGC-la ERR-0 slady5 Ol
35 il o ai 05,8 Sl gslBss dlie 55 1b
b PO/05) (g yl3 me 5ot J 257 05 5L sl
Saima il sl g MitoQ JuSs U5 juas 35
65,5 4 i CPT-1b 4 ERR-a oL (P<0/05)
(2 oyles Jgis) ws J s

Ll Mg Jgde L osled Jgua

(bp) o511 Reverse primer 5-3' Forward primer5'-3' o3
122 GGCCTCACTAAACCATCCAA GCAATTATTCCCCATGAACG 18s
100 5-CCCCAAAGAATTTGC-3 5-CAAGAGAGCCTGGGA-3 MCAD
107 5'-CGTGGACTCGCTAGTACAGGAA 5'-CATTTCCGCGACAAA CPT-1b
152 5'-GACAAATGCTCTTTTGCTTTATTGC 5'-ACCCACAGGATCAGAACAAACC PGC-la

GAAGCCTGGGATGCTCTTG AAGCCCTGATGGACACCTC ERR-a

19 140137 . 215 aylaids 003 § (; 8)9s

ohsijle (A eole slGiil alas


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

g ol » MitoQ g LelEim! 33pa3 i)

JoSa il e pmd B g dn b il alllas
L Ols o MitoQ JuSa + o ;o5 31 5 MitoQ
35 853 ol laiss Ol sie 4 PGC-la s ERR-a
32 ol oS Gla) S8 (e O sl henST s
Pl Sl 5 A5 5o, Al alas s el
ol o e 4S5 0L aalllae ol s s
(MCAD (CPT-1b (ERR-0 (L0} Ols olgs 4
s o bl Sle g 4lBgs (g dhae 5 1,PGC-la
St 3 e ol 4 MItOQ JoSa s pozn Sl 53
ALl ERR-a 5 CPT-1b (6Lad Ol ,ls sims
Y S SRR A S RN S { YR % S WC R
EP-FH IR

S il 5l sl el oy ol axin 6 Jlas!
L 350 sl b6 glamess &5 555 0 PGC-la 0L
505 Sl sS6 (hIBI L elimal a5 Jlas] &
OT oy 53 48 ol ol o G580 555 )
Ol 53 hal3l @ls 53 (30),0s 15 PGC-1at 5 576
pls) pmed (5w ) eSS o 55 4 PGC-la
Sy ol adlas 3 odd

Fise e a.\,S‘._Jm Ol 24 PGC-1a é‘ﬁ 33
(3231)5 3-8 g0 ais Lk g HS g0 5 Shas s (S s
&S 3l e melizul o a3 31 53 PGC-la 2ol 31 512
il L aS s ls 86 ol s Shes 3 4k, b
S5 LA el S 53 (S g S5 s
O bl 5 S (o Je e 03 L 1
2S5 ol sVl (gla s 0t b s 4 Ko
(33) b o o a3 alaul 5

I gla LS O 2 4 P3BMAPK s AMPK
(34) Lloui a5 PGC-lat Ol gl s VL
33 e LolEl Caw o551 Ol i L AMPK
PGC-10t iitans ) by 5 (35)5 55 oo Jlob  ASCl alize
bwg Yt giludle ml (36) S o JLab 1
Las a5 5 P38 MAPK Lo 5 PGC-10t 0 sy 5 sid

s5b n otaline 3 ojled Jlagei 13 S 4 S 0ls
Les MCAD 0L pebaw gtolial o o5 4tin 6 plowil L
09,5 4 s (028 £ 2/85) alinul o o 05 5 5
als (P=0/041) g yls gme ol 31 (L/0621/59)J 25
i odalie (613 sine Sl Loy 8 ule 3 g

531, CPT-1b 5 ols palied ojla i Hlss o
35 as oo OLES anlllas glaes & le (s g5 55 dhde
e 3 JoSe (/01 £5/08) | oS slney S
el o il a5 5 (103 +3/87) zalizal
I8 05 8 4 o (6l gme o 5lis (0/98 + 3/98)
.(P=0/000) .& suslia (0/35 + 1/05)

as u#*

5ind alias 0 ERR 0 ursd G

BE MitaQ MAOQ+C52 us

P

ERR-0 e )3 (S5 ol 05057 il 2 0olads slagas
JS 0s S U ls pme Sl 1 F
MitoQ JoSis 05,51 s gme 3Nl

i alie 1o MCAD; omd e

e MitoCh MitoC+0 a1 (el oy et

MCAD iz 53 (S5 (ouini O30T gl 13 05ked sloged
JS 0s S U ls pme Sl 1 F

.,.
s bz o CPT-1b 5 i o
© N W B 0 @ N

Joas MitoQ MitoQ-+cy pa3 eelmiad oy
ERTT

CPT-1b juite 53 (S5 (ol 05051 ol 4 0lods slaged
JS 0s S U ls pme Sl F

1401 131 . 215 s)ladds «o9s § w )0

ohaijls ¢Aib)y eole oEHS) alas 20


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ul)lSnm g g gisly ;g pis Lan

Alen glaoll gy an ely 3 6551 YL sk
Ot IS 55 (B2) il 0 5Y (a3 sLasS e
o ol 5D 51 5 s 4 B e (65,5 elinal
35 0ls dlasl o a3 (B3) 0L o ol 51 |
s L dolae S (aids 5 20 21) ol andlles
s 534S 5,05 (b peme O5unS | S M dp 55 15 L
I A Sl dhde (B ran &5 u S e
ol el (M)l oo ) ) ol Sy
e 534S ol o, B 5l 5551 4 5L alaw
e 5 S gl 5L o0 U bl e Gl ASC
530 d odalss MCAD 5 CPT-1b 21551 5L
ol Jlas! (S ke 5L opl L 3e 35 bl anlllas
el oli il o i glrey S Sl s
b 551 05 53 ERR-0 25 4 a5 Ll
il o es 51,3 ERR-0 Ol il 1 31 ides
05 il (S plae 5L o) el g 53 il 5 8
05 5 Oty 45 2 (S oo 55T MCAD
Cils pr (God iS5 s o 55T Ol 52 4y CPT-1b
54 b0 Ol 4 o el (L HAS s
035 0Lt Il Ol e 4 Lloks o Lulid ERR-0. og
J s ‘_;uﬁﬂa.\_:f.\f i ol S ol ol
&b »3MCAD ;5 CPT-1b s i § polnSTIl
o 0> b (1)l oo I ERR-000Ly 5153 &
A&7 sl lss 3 MCAD 0L, » ERR-a |
3> ERR-a CfL“ Sz ool 3l (in  vitro)
ol ol o 2 ERR-0 1 g le 5 (glacas se
=5 53 (45) il 0s Dleally O sl STl sinn
L 5l ERR-00 el 5 (215580 5 5l anlllas
e 03,8 53 MCAD s CPT-1b 03 ol s il 3
LERR-0 (slowlyon ol 30 oLsdl LT elinl
Aol o 486 1y s 1 o5 4 MCAD 5 CPT-1b
Cgr 5> Sl dlze 3 ERR-00 2|31 51 s &
Sl Al 3 o O gl kS 5 S v 2 e

sl g B!

S5 s Jole (3T)Carl NF-KB s 4 el 457
Odd b v S galin il o 3 51 5GROS
s s 3 48 ailSs ¢(38) 355 2 PGC-1at
b ks gby 4 Pl

o 2 LS L MitoQ oS 5 e «@ls 5
+ g i 03,5 55 o 5 Wi PGC-la 0Ly 45 (6 i
555 4 b POC10 308 3l e 55 oS
ol 5 T Gl i s O o o o0
O ST i S oIl sl anlllas s sslaST
5o s Jlazl ol JoSa oyl GibanSTT 5T sl s
i 05,5 33PGC-1a Ol ls sime o slis 457505
Slcde 41, MitoQ JoSa+ o a5 05 8 b zolizul
5548 o il SROS e alS” 55 oS
Ul 55 oo Yozl MItOQ JaSe bl 53357 st
Sl g ¢ o b3S e 55T IS5y 038 5uad b
51 =26 PGC-10 sl s ROS &S5 > 51 LialS
b 5Lebl 3 g s ol L (39)3,5T a3 1 o s
el (b Slalllas plonil el ezl 5550
A3 ERR- 0Ly (51530 aalllae ol ogn 4 S0
o=l S et s 55 MitoQ JuSle 5 o e
Lol Splze blize bl ol anllas 53 5556
J8 6l 53 ol 5l dlb gl )3 155 PGC-la
(2S5 s (S gl Sl san
S el O gl bS5 531 O ey ) sid
el ol 0315 L o7 (65 5b 4 (39 A3L o 659,
ol 5 ERR-0 oLy PGC-lo Ols iul 51 L
ERR-00 Ols il 331 s 0l 5 g o7 Ol . (40) ils oo
win B Cile Sl s 315 5 o, AUl dlas s
PGC-10t 0L ol 531 1 andllan opl 55 ol o e
=l A 53 Ol gs oo 15 OT e oman il
o VLW S ol 5o (o5l ol p ys ,ST6
(81)5 5 o 5 Comm Lyl 5551

wb 65 sl i) ) ERR-0 VL 0Ly

03,5 o8l 3 6l o s Ll (605 0 8 sl

21 1401 131 . 215 sjladd «@9s g ¢ )0

ohsijle (A eole slGiil alas


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

g ol » MitoQ g LelEim! 33pa3 i)

SICPT-1b (s pds 56 4S5 CPT-1b L il 3!
A DL s s Jds 5 4 il » ERR-0
Cladend O gl ST 2153055 a0l nSTl T
Jlael 48 503 0Lz bl aslllan s JS 5 b 4
SERR-0 lalss Ol Uil 3l o go isliul oy s
A5 53 6lad 0ls Sl 731 L aS 555« PGC-la

‘J:A”‘J_?‘ :H}l—:.i,—w‘é[;—&ﬁ-l—::jv—»:jﬁb):
JeSa O3 e 5laza CPT-1b 5 ERR-a 0l >

el A JeSe ol ST MIitoQ  sluSTl T
S ol s IS 30 oS o Ot LI B zalinl
53057 GWJGaly G b ) e e e o o5 5]

AL a1 ST ezl

References

1. Shaw CS, Swinton C, Morales-Scholz MG,
McRae N, Erftemeyer T, Aldous A, et al.
Impact of exercise training status on the fiber
type-specific abundance of proteins regulating
intramuscular lipid metabolism. J  Appl
Physiol 2020; 128(2): 379-389.

2. Islam H, Bonafiglia JT, Granata C, Gurd BJ.
Exercise-Induced Mitochondrial Biogenesis:
Molecular Regulation, Impact of Training,
and Influence on Exercise Performance.
In The Routledge Handbook on Biochemistry
of Exercise. New York USA: Routledge;
2020. p. 143-161.

3. Saltin B, Gollnick PD. Skeletal muscle

adaptability: significance for metabolism
and performance. In Terjung R, (ed).
Comprehensive  Physiology. New york:
Wiley Library; 2010: p. 555-631.

4. Mole PA, Oscai LB, Holloszy JO.

Adaptation of muscle to exercise: increase in
levels of palmityl CoA synthetase, carnitine
palmityltransferase, and palmityl CoA

dehydrogenase, and in the capacity to oxidize

Ol s e Sl 53l adllan ol g ams S5

Sosb 4 25 MitoQ JoSe s pae i1 55 CPT-1 03
G F 6 58 bl o jed Jlasl 3l g J1 opl
> ROS 2,053 a5 wd osls Olis . bls (6 2iny
(46)3 55 o0 1S S Mo 2ol 351 51 56 CPT-1 g
D158 s MitOQ oS 5 e o5l anlllas s
Loy Slos 50893 diae 55 CPT-1b 0l ls ine
o) ST ST 28 )3 0lg e )y 0T e ST U2
5 35t 5 551eeS) u pd JalST s S
Ol el 457 0T 5 e ool (b ) 52n

U i CPT-1b GV s 0l 526 4 ERR-t

n 08 bl candls o131 MItOQ JoSis 5 o

fatty acids. J Clin Invest 1971; 50(11): 2323-
2330.

5. Turcotte L P, Swenberger JR, Tucker MZ,
Yee AJ. Training-induced elevation in
FABPPM is associated with increased
palmitate use in contracting muscle. J Appl
Physioly 1999; 87(1): 285-293.

6. Alghannam AF, Ghaith MM, Alhussain MH.
Regulation of energy substrate metabolism in
endurance exercise. Int J Environ Res Public
Health 2021; 18(9): 4963.

7. Cheng CF, HC Ku, HLin. PGC-1a. as a pivotal
factor in lipid and metabolic regulation. Int J
Mol Sci 2018; 19(11): 3447.

8. Halling JF, Pilegaard H. PGC-1o-mediated
regulation of mitochondrial function and
physiological implications. Appl Physiol Nutr
Metab 2020; 45(9): 927-936.

9. Hashida R, Kawaguchi T, Bekki M, Omoto
M, Matsuse H, Nago T, et al. Aerobic vs.
resistance exercise in non-alcoholic fatty liver
disease: A systematic review. J Hepatology
2017; 66(1): 142-152.

1401 131 . 215 s)ladds «o9s g ¢ )0

ohaijle (b)) eole alEm3l alas 22


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ul)lSnm g g gisly ;g pis Lan

10. Mootha VK, Bunkenborg J, Olsen JV,

Hjerrild M, Wisniewski JR, Stahl E, et al.
Integrated analysis of protein composition,
tissue diversity, and gene regulation in mouse
mitochondria. Cell 2003;115(5): 629-640.

11. Huss JM, Torra IP, Staels B, Giguére V,

Kelly DP. Estrogen-related receptor a directs
peroxisome proliferator-activated receptor o
signaling in the transcriptional control of
energy metabolism in cardiac and skeletal
muscle. Mol Cell Biol 2004; 24(20): 9079-
9091.

12. Bonnefont J, Demaugre F, Prip-Buus C,

Saudubray JM, Brivet M, Abadi N, et al.
Carnitine palmitoyltransferase deficiencies.
Mol Genet Metab 1999; 68(4): 440-424.

13. Ramsay RR, Gandour RD, van der Leij FR.

Molecular enzymology of carnitine transfer
and transport. Biochim Biophys Acta 2001;
1546(1): 21-43.

14. Aminizadeh S, Habibi A, Marefati H,

Shakerian S. Response of estrogen-related
receptor alpha (erro) to endurance training
and its participation in endurance training-
induced adaptations in lipid metabolism in
skeletal muscle of male wistar rats. JSSU
2017; 25(5): 414-425 (Persian).

15. Lobo V, Patil A, Phatak A, Chandra N. Free

radicals, antioxidants and functional foods:
Impact on human health. Pharmacogn Rev
2010; 4(8): 118-126.

16. Kelso GF, Porteous CM, Coulter CV, Hughes

G, Porteous WK, Ledgerwood EC, et al.
Selective targeting of a redox-active ubiquinone
to mitochondria within cells antioxidant and
antiapoptotic properties. J Biol Chem 2001;
276(7): 4588-4596.

17. Li G, Chan LY, Sukjamnong S, Anwer AG,

Vindin H, Padula M, et al. A Mitochondrial

Specific Antioxidant Reverses Metabolic

18.

19.

20.

21.

22.

23.

24.

Dysfunction and Fatty Liver Induced by
Maternal Cigarette Smoke in Mice. Nutrients
2019; 11(7): 1669.

Smith RA, Porteous CM, Coulter CV, Murphy
MP. Selective targeting of an antioxidant to
mitochondria. Eur J Biochem 1999; 263(3):
709-716.

James AM, Sharpley MS, Manas ARB,
Frerman FE, Hirst J, Smith RAJ, et al.
Interaction of the mitochondria-targeted
antioxidant MitoQ with phospholipid bilayers
and ubiquinone oxidoreductases. J Biol
Chem 2007; 282(20): 14708-14718.

Reddy PH, Tripathi R, Troung Q, Tirumala
K, Reddy T, Anekonda V, et al. Abnormal
mitochondrial ~ dynamics and  synaptic
degeneration as early events in Alzheimer's
disease: implications to mitochondria-targeted
antioxidant therapeutics. Biochim Biophys
Acta 2012; 1822(5): 639-649.

McManus MJ, Murphy MP, Franklin JL. The
mitochondria-targeted  antioxidant MitoQ
prevents loss of spatial memory retention and
early neuropathology in a transgenic mouse
model of Alzheimer's disease. J Neuroscience
2011; 31(44): 15703-15715.

Mao P, Manczak M, Shirendeb UP, Reddy
PH. MitoQ, a mitochondria-targeted antioxidant,
delays disease progression and alleviates
pathogenesis in an experimental autoimmune
encephalomyelitis mouse model of multiple
sclerosis. Biochimica Biophys Acta 2013;
1832(12): 2322-2331.

Baar K, Wende AR, Jones TE, Marison M,
Nolte LA, Chen MH, et al. Adaptations of
skeletal muscle to exercise: rapid increase in
the transcriptional coactivator PGC-1. The
FASEB Journal 2002; 16(14): 1879-1886.
Cartoni R, Léger B, Hock MB, Praz M,
Crettenand A, Pich S, et al. Mitofusins 1/2

23 140137 . 215 aylaids 003 § (s 8)9s

ohsijle (A eole slGiil alas


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

g ol » MitoQ g LelEim! 33pa3 i)

25.

26.

27.

28.

29.

30.

31.

32.

and ERRa expression are increased in human
skeletal muscle after physical exercise. J
Physiol 2005; 567(1): 349-358.

Fritzen AM, Lundsgaard AM, Kiens B. Tuning
fatty acid oxidation in skeletal muscle with
dietary fat and exercise. Nature Reviews
Endocrinology 2020; 16(12): 683-696.
Cheng CF, Ku HC, Lin H. PGC-la as a
pivotal factor in lipid and metabolic regulation.
Int J Mol Sci 2018; 19(11): 3447.
Aminizadeh S, Habibi A, Masoumi-Ardakani
Y, Shahouzehi B, Marefati H, Shakerian S.
The role of estrogen-related receptor o (ERRa)
in  metabolic adaptations by endurance
training in skeletal muscle of streptozotocin-
induced diabetic rats. Sport Sci Health 2021;
17(3): 585-596.

Kompare M, Rizzo WB. Mitochondrial fatty-
acid oxidation disorders. Semin Pediatr Neurol
2008; 15(3): 140-149.

Venditti P, Di Meo S. The role of reactive
oxygen species in the life cycle of the
mitochondrion. Int J Mol Sci 2020; 21(6):
2173.

Bishop DJ, Botella J, Genders AJ, Lee MJ,
Saner NJ, Kuang J, et al. High-intensity
exercise and mitochondrial biogenesis: current
controversies and future research directions.
Physiology 2019; 34(1): 56-70.

Granata C, Jamnick NA, Bishop DJ.
Principles of exercise prescription, and how
they influence exercise-induced changes of
transcription factors and other regulators of
mitochondrial biogenesis. Sports Medicine
2018; 48(7): 1541-1559.

Canté C, Gerhart-Hines Z, Feige JN, Lagouge
M, Noriega L, Milne JC, Elliott PJ, et al.
AMPK regulates energy expenditure by
modulating NAD+ metabolism and SIRT1
activity. Nature 2009; 458(7241): 1056-1060.

33.

34.

35.

36.

37.

38.

39.

40.

Sylviana N, Natalia C, Goenawan H, Pratiwi
YS, Setiawan |, Tarawan VM. Effect of
Short-Term Endurance Exercise on COX IV
and PGC-loo mRNA Expression Levels in
Rat Skeletal Muscle. Biomed Pharmacol J
2019; 12(3): 1309-1316.

Cant6 C, Auwerx J. AMP-activated protein
kinase and its downstream transcriptional
pathways. Cell Mol Life Sci 2010; 67(20):
3407-3423.

Yu M, Blomstrand E, Chibalin AV, Krook A,
Zierath JR. Marathon running increases
ERK1/2 and p38 MAP Kkinase signalling to
downstream targets in human skeletal
muscle. J Physiol 2001; 536(1): 273-282.
Jager S, Handschin CH, Julie St-Pierre,
Bruce M Spiegelman. AMP-activated protein
kinase (AMPK) action in skeletal muscle via
direct phosphorylation of PGC-1a. Proc Natl
Acad Sci USA 2007; 104(29): 12017-12022.
Granata C, Jamnick NA, Bishop DJ.
Principles of exercise prescription, and how
they influence exercise-induced changes of
transcription factors and other regulators of
mitochondrial biogenesis. Sports Med 2018;
48(7): 1541-1559.

Aquilano K, Baldelli S, Pagliei B, Cannata
SM, Ratilio G, Ciriolo MR. p53 orchestrates
the PGC-lo-mediated antioxidant response
upon mild redox and metabolic imbalance.
Antioxid Redox Signal 2013; 18(4): 386-399.
Jong-Yeon K, Hickner RC, Dohm GL,
Houmard JA. Long-and medium-chain fatty
acid oxidation is increased in exercise-trained
human skeletal muscle. Metabolism 2002;
51(4): 460-464.

Di W, Lv J, Jiang S, Lu C, Yang Z, Ma Z, et
al. PGC-1: the energetic regulator in cardiac
metabolism. Curr Issues Mol Biol 2018;
28(1): 29-46.

1401 31 . 215 syladd (093 g (o 8)9s

ohaiils (3b)y eole a5l dlas 24


https://jmums.mazums.ac.ir/article-1-18342-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-11-23 ]

ul)lSnm g g gisly ;g pis Lan

41.

42.

43.

Sladek R, Bader JA, Giguere V. The orphan
nuclear receptor estrogen-related receptor
alpha is a transcriptional regulator of the
human medium-chain acyl coenzyme A
dehydrogenase gene. Mol Cell Biol 1997;
17(9): 5400-5409.

Egan B, Zierath JR. Exercise metabolism and
the molecular regulation of skeletal muscle
adaptation. Cell Metab 2013; 17(2): 162-184.
Deblois G, Giguére V. Functional and
physiological genomics of estrogen-related
receptors(ERRS) in health and disease. Biochim
Biophys Acta 2011; 1812(8): 1032-1040.

44. Hegydal MA, Wislgff U, Kemi OJ, Ellingsen

45.

46.

O. Running speed and maximal oxygen uptake
in rats and mice: practical implications for
exercise training. Eur J Cardiovasc Prev
Rehabil 2007; 14(6): 753-760.

Giguere V. Transcriptional control of energy

homeostasis by the estrogen-related receptors.
Endocr Rev 2008; 29(6): 677-696.

Setoyama D, Fujimura Y, Miura D.
Metabolomics  reveals that  carnitine
palmitoyltransferase-1 is a novel target for
oxidative inactivation in human cells. Genes
Cells 2013; 18(12): 1107-1119.

25

1401 131 . 215 syladd «@9s g ¢, )0

ohsijle (A eole slGiil alas


https://jmums.mazums.ac.ir/article-1-18342-en.html
http://www.tcpdf.org

