[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

AR SYAS WA A O TR O3 (Bgo dngels (Sl pale oA hdgfy (oole aloeo

WWAR/[ VYo iy o )b 1PAR (o <0830 0 yLocls cpoiid 9 Comns 0590

P-539 CS (PGC-10 sy osle 3 wow (9licy 03 aad ¥ il
V &9 Sobid 4 Wi g (S 0 Gl S0 Cumgnogad )IF o

[ Yo .7 Y P . .
QL&]O 20 ¢ @L?ub)o‘ LSLCM [Ty »)ya.n.c ¢ )yfl.a& L’OL’

‘5&39}; Ao

21y e gilie (b hle 0, e ()0 g Sl 5o B0 Slagy) Ol e b edglitte Dad b (055 Dl a3 10
15 0535 CS PGC-1a (glacy ooy ayid oglis cypyed ai F 36 oy dalllas ol 51 G S o oalits sk o
2 Vg Cubs 4 M i (Slime Gl slagise Comgrego S

Orred NS el (9B 7 098 A 4 (Db 5 (Slme Gy Ghge je VA LSl (025 g5 I pole Ghagh towyz OY9)
Gy g ol S 05,5 jrds og)S ans 4 cubs <l (NC)lls J,uS «(DC) _tbs S (HIT) syad ool
gl qr Ol alolddly 5 by bl cor Gl 5l peiies jobay (55 pr (B5ta 5 o 3 el STZ) (gl ool
b9y 31 P-539 CSula -PGC slay; (e et iz b (50l jlaneST ;SlS (bg, Lo Lewdly S6lS 08 2l 5l
Wz 0 A ases Graph Pad Prism l581s 5 51 solaiwl b a8,b S slgil oyg03] Jawgs laog,5 auslis 4 Real time-PCR
A eslawl </« 0

g5 Jaline (P=+/e 1) 5 (P=+/+++1) i jas NC 5 DC (gloog Sy o HIIT 05,8 10 PGC-la 5 ol Linlél sl
05,5 15 P- 5305 ol LialS s loline (P=+/+ Q) NC g (P=+/+ + 1) DCsloog 54 o HIT 09,5 13 CS o5 ool sl 33l
ials HIIT 65,5 15 35615 5 39 ozl jlolins oglis (P=/++1) 5 (P=+/+ + + 1) cogi ids NCy DC (gloog Sy o HIT
sl lobize

(Sl Bl S hse Comsrend)lS 0 P83 ()5 le jo 185 L 5 CS PGC-Tagslarys shal8l L ols (lis mlis 1 S domd
S (Flgeegd )5 Wy o Voo 5wy Sgatp ) g ol (5,055 580 s 1 2 (1 G ilons 58 & (655 pcdiilie

2L (Slgrego )5 cimgrogad I (50 ghe g (29l o3 1 gulS sWolg

39 P-535CS PGC-10 boyj st 1 waadid (29l ¢yt 07 4xid F 3l o po lads (oo (Slomly 3 wogaiio (5 5 (Lol 3y pls 1€ L

YO (V) YA YA 05 Sogdo dupeld S pole ol sidghy sode dlxe . ¥ £95 Culyd 4y Mo 5 sﬂ):w Bl b g0 Camwguogs syl
ARATA

Ol Ol (S yo 015 321 (gollasl ST ol 1 o519 STdgr 3ud 89,5 1 ob)s9 SToler iud 235 >-)

Ol Ol (5 3S ro 015 321 (ool ST o8NS o859 (59092543 895 15559 S59)92 ud Siael =¥

Ol OS5 3S po Ol a5 321 (gollusl ST 081> o o529 (STpdg2 3ud 89,5 1 o519 STdgr jud il -V

Ol Olpgs () Lol o8sls (530 S )5 831D ()9 ST 992 33 095 (09 ST 9)92 jud Jb Skl -
VEFOS I ) gy G93ine « M.PECIT@GMAIL.COM : Sig iSIl Cammng ¢+ AV PN N PEEPE 2 a5 (U giammo 53kauwy 95)%


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

g o Sil3dl 55 5 PGC-Tat g o il Las gl
G she oJgjsi JBIoar CpgSsi s5lule, 5 P-53
19SBPGC-1a o0y laie Jdo el 4 (VW) 09 o0 o 50
G970 GiSse Gl Gl &5 Cwl pee sy,
ra )3 (M) dgd e I8 8L o Sjelssd (B mle
GSse B Gl n bl polie 236
Slslgll Sy ToS Jal Jlasl sl s Sl ppus o olgis
S8les dgnr wzge S5lse Syl Gl aliwgas 5 090 o0
32 3 (V) Ghles 5 59 ((10) 95,5 o (5,0 5ie
L el i (55 5] e 45 ol lid lid b ol ol
45 W3S o gy Lialdl o5 c8l o PGC-la 5 eNOS L,
2 oezes (F) 39 S5 Fism Rl Ol wely
31 pPGC-Ta canl ot ol (V+ +A) ]St 5 50 anllane
St Jlesl 3 VU slacas b eglie nyed 0)58
Slosplny e 2l el crge By e L8 Zladlone
L ablie 5 cins 4 ,2ie 45 o NO/SIRTI/PGC-la
Sed o Veg subs bdiged jo objuSgie SV
LS s bt ppyed dilime ollae Lululy (1Y)
5 OF) sk pudplio Jolai )3 Jg)lo leys 5 liém),
el 1y OA) cl Jge (b Olilew 5o 0 Ole e
PGC-la s o adys 5o ialidl alowsay olate oy
h ok S o 5 2iduoo S5 ) S93 SbS pge 3 Slos
oyl (p yed 3l pgas )3 (V7)) WS (oo )l Sammgan 5
el HUT e slpz! ity bl olillae 5
Om S JUd sl Sl 4y cnS 9 b cad b slacsls
(V) oS oo 6y Splie lilom 50 (55 oo
Gyan el GLUT-4 e o5lailel, b HIT a5 1y
4 ol Jlail 5 oS’ (s5lolad pas 55 (V1) 00 35515
5 (T+) il Jobss oear 52 (VA) (CAMK-ID) ulgagalls
Db Gl s S0 cwl FSge 03 Gz 3l S sl

5 el Gl cage Bl Iyt ol

VAR crode o0 3b 0 lou (pidad § S 0590

3, gm0 53 (55T girn 355gm Mo (S9LT (s pod

S el Sdstie cloglen alex 3l Yeg ol

gl Canglie 5L aasiin b gewdS ule alaulsa,
5 S70eS o Bl ol 4kl LYo 5l a5 0sd e sl
P el S seba () cwl el SO Jare il
Ol S pedglic )3 PUST g Glgudl o Sles
ST G Jaoly adsi (g ((Y) 995 00 oy 5 207
e g (1) wbgo (tals lasT il glés 5 anily 2ol3dl
5 () 0sdo0 b Slo, ST 5 95 (S Sguome
P a5 el S5 a4 p¥ (0) oS oo bl Sl
a5 Cowl (b Gladigel Comgas 10 odes Bud (5,055 glue
Ol 51 o (1) 9sdiee Sy ialaST ol Jdoa,
4 Dl Hlas bl ol 5 (F) ab o 285 (s5len o8 b
Wl L3l £ B ubs ol 3l e Base ol sl lons
pedgnlio )3 pali o 4 iz (F) Sl oad (5155
solie ilST il B L s s (V) sl
A wbe pals (PGC-1a) W VLl pg5 STy
Ly oS gee Guly PGC-Ta adly als polie ooz
Odgilay Caglae slow!l fdoay 3,b 51 () aws o ialS
AL gl 15wl so Lialisl ADP oy ATP cos
P-38 MAPK  (55luSsand lacntisn Lo <l (Jobo
GIRT-D) (ighg 5 (ppw (o590 p20lie 5 39 o0 AMPK
G bl oS 4y Cydgdl Ll a5 > o azdly ol
5 3dgi PGC-lo jials b olper yuzpea (V+) 09d o0
S albae sl (€S) liwclie eyl oSlee
eSO il gyuS sl B> rels samslis
oS ool g5, Jols 40 galS euisSaui Sy PGC-la
OgesldenSTn 5l (V)39d oo dned pandilie Rl i ge
Q) WS e ol 5T se sl g Jsh slas
5 Siler el pSoilal cex lwsl e Bk
Spae aS 0 V) wilior s 232 (50 ge JB
5 bl 5 AMPKIPGCL-0 (sjlo it corge 3S5lS

Jisas Ko Bk 5l .(VY) sgd e sl el

O3 (Bgio dgels (Sloyo = (Sl loss g (S pele oGS aloeo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

OlHSed 9 591005 Lol -

s S oY HIT ss sl el =) 2 s
Sl S L b s Sllse> NC olls Jyms -Y .DC
az,0 YYEY glo b e 0 5 o), o508 cole GBlas
alolj] g wd LYY (SO, Slidg, a3 > 5 o5 sl
DAl (5,0 (edy) Sllgs gt slié 5 Ol 4

Sz 61,21 9,

JAS 09,5 s labge den 50 Zubo iabd Sl 092t
il lal b Ky 5 e b S Oy pay b
0% 035 59k 2 S e V10 599 b el s Jslone
030 Jolore cadds VO jlam ol 5,5 Slae Job O)jg0
PH F/0 L &l 80 10 (STZ) (pasgigjei il onds ags
AboeSkS o p S P90 b (Slae S &g
Gy (YY) 0l 5108 oo Jo & g0 Sl s Jgo + 1+ 0
Sl YV 2238 5l o (93 55olST (al33l b (oS oo
Ko lawg Lil o5 0B g Sojlul (5,5 ol
A0 bilatse p3 w5l () SSbe ) esSolS
85 356 s S e Yoo 5l VL 9 a8 (185
@laogS )0 1) 95 (a3l 5 (59 Sless N Jgoz (YY)

e g i gl

el Al 5l e el YE U g 095 o Commgen (6,005 500
sl 4 a5 Sl 5 (V) sas o Gialydl | (s5lsn syl
2 Py )Rl Glgieas ( oobs Gl ;o wad o5l pe
Sohne azg B8 Cdle dpp 5 Sloys Ul ple S
b o2l5 sl pod ol 00 o 1] aSi] b a3 b g oo
9 S () lap) dgr e ilike slasad
GxSsie 5 Jobe ryaeln S Jilse e pelas
Jae jo ol ool jo (o yed i b alaly ;o Lol g g0
5 (V9) sguoe Dlalllae caslllas 5)50 slocyy ;0 5 ¥ gg5 cabio
30k ool lp pole g 1Y) 3l 992y LAl
PGC- oy ol » ol (ooliin ped atin ¥,50 o)y
Slree Bl slegise Cowgens)5 0 P53y CS o

DD bl Vg Cubs 4 M

Do Jao b &S ol alBabyoms Giagh,

gl S 5o 5l Ly S5 5 (Sle Shge pu VAl ploxl
O Can ) oKiils uug.a} Oli.a-m)l.c)" A g ApS 6)‘) )53.«.»‘.*

U 7 og S ¥V a4 Bolai jebay Sllgs 09 p,5 YO U

log,S S5 4y 35515 clale g 55 Dl pii ) Jgar

YYAMYEVAIY?

YY/OYEY/FO*

YYVVEVVYY  YYAYEYY/Y-
YEAYEEY/OQ%  YVYZIYEYY/AA - YAY/OEYANY
FYOYEY/SO  YENFEV/AT*

(#55) Jsl 09
(P IUST
i (0 2 0,5 (o) 5515

bS8 095 4 a5 loline BLai wilond ol 8 bl Gl £ File IS 4y Sl

a2 )0 yho e g Addd p e O Cepu b oS o)
GG adBo ¥V 0 aS 0,8 les e s 40 ks dawsgd
PSSl s bl ol ozl ilidl +/Y m/mim
GBS Y B 3o il oS 39 oy didin Sty
Gl b kol g g ol e SO L algs
Orred el s (V) wills (age & 0B Cops

L oS0, g p,8 asdo O Juls (HHT) wpals ogls

VAR crode o2 3L 0 Lo (pidad § Cmss 0590

oo sl Ghey
S92 Oy oly b Sy (gilolisl ain S 51 e
S a8 e f Sy b Baig> pgase oo
Lol ol b)) hal el gloasly ol
5 VO2 MaX 4 jyouw, oloj 40 dicion ey Ao
5 9,0l 0anl38 53T 5l eslitul b op yed Do dsslone

aiBs ¥ 5l o ol plosl ©yge sy (V0 0V) oS

O3 (Bgio dgels (Sloyo = (Sl ©lous g Sy pale oBLLIS aloeo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

Sy g O gy pyd Ald o0 5, ;0 VOZmax
O T -~ NG LT LY I WO
a8 o colal gly ain )8 gy, o jab e
CS i iyl dsliy disSamn o S (glaeg,S
5 450 5 )b 0 ol Ml Ll olon] (sl Ll il
LBl lp andz 5o 0 adds Ve B 0 Sue
ools I3 S o dlS eSS g gy, dare

3,900 53 (5,0 g3ao0 3359w Wb (29U (2 pod
4885 F g (4880 e B) Alion ey Qoo Ve ol
Wap 5 dnley Caf g 0,0 AD Dol b el gl
Sy oy Ve DAl b oo d4dds Yo aS
Loogls 1SS olow ww) p)lor atan bl 0 anin
slaaa o a5 0g ST Sl gl atan g0 0 YU cul
Yo Dal b ool by ey LIS 7 4 o3z 9 po
Y Jgdz 09 dads 90 jud il Dol b gl g aido g0

- T CU e

Y- Y. YA V0
\Y Y. A 7
VA YA \# VY

ol e ows,S lSL RNA caSeu 55 sbaesyl s
i 5l MRNA 5 55 e ¥ ladigas 51 plas o 51 ol
Sl 05 Ol o Hlade ol oolawl CDNA axi, sl
Goyely Ses L CdE el o adllas 5y5e sl
YA G YPe do Camd b g pSojlul o] colais]
05 Y B VA ool zlhdenl sladiges plad sl (50,55
5989550 oy, 5l ol 2l 5l RNA CudeS ) o S
!y CONA i 5l 8 .o oolatwl sy V5,71 J5 g
DNAs ool zlyseiw! diged ;0 DNA 540 51 oliebl
A% plxl (QLJI oL thermos scientific) treatment
transe criptor first strand <.S L CcDNA .
(V%) o plil (T esLe @roch ) cDNAsinthesis kit
Rotrogene 6000, olXiws alwsas Real time PCR a.l
ol 5wl cpl s el T csle (corbet”
0 90 L (Slils exle , ampligon) SYBER Green
Loas > Fr alolddl 5 addo 10 Cow 4 ol )5 il ax o
3l )8 sl axy0 Fe 5 a il VO Suwe 4y 0,5 c5le ax 10 A0
G K cola) ouls (2hb el bagl £0 ow

A bl (Gl 5

VAR crode o0 3b 0 lou (pidad § S 0590

(MI/min) VO2max 4 youw, oloj 50 disiun ey

(min) s olej

(m/min) ey

P-53.CS PGC-1a gl s 9 igni 2! yhciun! sy
#dlr slgise pped andr 13T 5l e el VY

S kn A elsS Blio 300 G5 b o
Wb ot e okS p S b Vo apdlly 5 S ekS
Sllge> cx Gl e joba 55 e (V)
VO S a4y g 0l a5y, (ke (g9l slodlg) jo 9 cdl o
a0 V0 gled jo 4ads 5 e Yoo Ceyw boaido
Rt FRWOUERI W/ X\ R S I POV R0 &1 IR L COWR SRR JX ] o
Slr g S Yo (39508 )3 g glyiul Aol o Gl
G Sz D a5 -A 8 0 (5 ple (e
L Realtime-PCR s, 51 P-53 .CS PGC-a sloyys ke
oolatwl J,uS o5 olsieas GAPDH ;1 4 Premix Extagit
2L bl oot 05 ole e 6 pSojlail ce s S
giagene) Mir nasy mini kit 50 <o aliwg @ boys 51 S
s Vandesompele Joa)l,giws b p (oWl cole
e RNA zlseil gl (Y0) ais ploil (Y- +¥) o San
9 ..b.))f u)w U‘P \.415 04 [EON- S04 uBL’ [Q)fksl'“o NS
Sl 5 RNA Jeloe oS saijle 5,0 Jasllgiws b
DNA & Sogdl 455 0 5l DNasel o 51 L g cods z! 50l

O3 (9ot (Sloyd = (Sl lous g (S pele oGS aloeo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

OlHSed 9 591005 Lol -

anlllas 890 slo)s (6ol g5 ¥ Jgo

PGC-la Forward CTAGAGGATGGCTGCACTAAACAC
Reserve AAGCAAACAGGGCCAATGTC
CS Forward AAGGACAAGTGGTCCGAGTAAAG
Reserve AGCCATATTTGCCGTCCTTCTC
P-53 Forward GCAAGATGCACATTACCCTCTG
Reserve CAGCGTGTGATCTTGCACTC
GAPDH Forward GCAAGATGCACATTACCCTCTG
Reserve CAGCGTGTGATCTTGCACTC

£ e AEEeS] l LIS G 45S Jel 5
b plol (Kol Joal 5
S es
HIIT (o5 aie Fo238 5l aa Loy 55557 5 (3 jlade
095 ;0 PGCl-a (5 slo sl sl gblas rals
g (P=+/++1) ci 5 &4 NCy DCslrog ey cocend HIIT -y o3
@ S O y0d 09,5 10 CS 5 iali8l ogy Jlolize (P=2/+ ¢+ ))
Solize P=+/+++1) g (P=+/++2) ci 5 &4 NC 4 DC sleog,5
9 DC 0954 Cud (pyed 095 10 PB3 () (o el ol
Solize s (P=</+++V) g P=+/++V) <S54 NC o9 8
305 obe ol y HHT (a3 a5 caslins oy cpl .clils
S5 0ol il Fsaz sl alfs (B Cemgags IS

Ao oo iS5 (295 (49,0 Slaglds ool o)y jslaieds |,

bl Juloxi g 49 3205

Bl o SaSTyy (a3l 5l ghogi ol 4 bgye (i 5
Sy o el Gk ) b slinad fogel 5 s
&9 bools ols las mls g al ools Lawxis b il )l
8,00 895y Gyl ygey] 5l eoliiul Sl g s ls b
Sl 5 ey n Shgsalds Gge5] Lawgs bosls (o9 Jle 3
bl 5ol 5 40l (slsgil Sl (omg T (e DB (s
Jelos g 4 ol colaiule /o0 (g lolixe maw o (S
A pll A ass Graph pad prism l38le 5 b eesls

S ollasde

Oy axly (Dol ol3T olBisls dawgs 5ukis ! Jlis9,
(IR.SSRC.REC.1398.548. M1 u5) ol o0l ali (555 1o
s B Bloe cole, U iagsy il Jolye ol

2955 095° S ol ol oy jshite 4 (S ee)] slaatily oF Jooo

oo DC
ey HIT
ooy HIT
efos e DC
oferse HIT
ofooq HIT
oo DC
ey HIT
ooy HIT

NC PGC-1
DC

NC CS
DC

NC P-53
DC

i plol /00 Gl s ;5 sl iy (6lgiT (5T (yp0)] Lags Lnog 5 dunyliatt

VAR crode o2 3L 0 Lo (pidad § Cmss 0590

O3 (Bgio dgels (Sloyo = (Sl loss g (S pele oGS aloeo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

3, gm0 53 (55T girn 355gm Mo (S9LT (s pod

Juich

)

"

PGC1- o [GAPDH
i

N

8
6
*$
2 <
o

NC DC HIUT

ook sl 09,5 10 PGCL-al )5 ol ity ) U
(U5 035 4 o s ) s J555 095 4 o 5 i sl 55 03,5 oy o ol
NC Wl Ji5 09,5 DC olis 5 05,5 H s glis o 09,5

6
a
=5
2
e
o
NC DC H

Sagh sl og,S 55 CS 05 oo Sl JSs
(5SS 05,5 &y Cmd ) 110 J 7S 095 1 s (5 0lined s 55557 05,5 40 (s lolinet
NC Gls J 75 09,8 DC (2ils J55 09,8 H s il o 055

il ol
CS IGAPDH

1
1

-S
e
-0 -
o.5
0.0

NC DC HIT
g s 09,3 1o P53 5 Lo ol s Y JSCs

(A 05,5 4 i Zomd plp) (b J 7S 09,8 4 s (5 oliael ol J 7S 095 4y (s folinest
NC Wl S5 05,5 DC (s S5 09,8 H a5l e 09,5

St
Lowdy 55615 polie o &b 5l cuils sials o i . . .
S olie R0 S5k 5 9 IS 2Nl (ol ped atae ¥,50 cw)p 4 pol> Giagh

B gy Lned 09 3 5 Slleem o S 0is s s s PB3, CS PGCla sl ol

0 el Cand
P- 53 /GAPDH

Sl el i 4 IS O g0 adlaes ) @L., el alsle b ons S Y £55 ooty e é‘r’w Bl laise

ol abde e )0 il s SE e b B L ol o ol iegy mls sy, STZ

Yo ol a5 el ol a b dol &l SR . _
e “Hlon me ol 4k oil sl s w2l s b e a5 CS 5 PGC-la oais (5,5ejlil

)L“""‘ "‘“9";5" GI?L" Q‘“‘““" 9 aslﬁgﬁ"’ Ngy )0 (s @ Cad yyy03 03; IS | ‘-lew 9(5"'5)“’“59**"

g a8 Cog | ol yaSyie Sigm b e Jlujely P-53 Jole Lol .cuils (s lolime oiol38l &g, J,S 05,5 g9

)3‘ Wls"’ L’ Jol':%‘ e Ll oS 6)*551> L)"")?""S“‘ N, sl @b)ﬁw ad, g w‘) o J"“?" L Ja....).o Ry

WA pode 2030 05Lods cpoilid 9 S 0590 O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

OlHSed 9 591005 Lol -

S ool slow! Jdo a4 (HIT) o ol oy pes a5 J> j0
e g (2 50 @ SLELEI L oen YL By A
JUd Dilas g b8 4 VL 5eST 9 53 o By e Cueslie
M) aie gt |y iy Sl 5 Wloyion
soglie g segld el glroged 4 aidS Sladllas
Jelgs jo0 1) oals Slu e a5 laddlae 5 wlasls,,
g Cablas dgzg w51 adlae (pl eals (5,50l
OHen 5 9 addlas ol il Al , Faod Oldlacy
099 Sy 3l el SMae ;S el sls Hlas (YeV+)
Sl gl el cge YU Gals b eglas Ol a3
CS culld 5 odg Lialidl o] Cdlee 3 AMPK/PGC-1a
Sy guod pol> dslllae b adllas ool bl (VY) 24 o
Oiyed Dl ol las (Y41 0) o) Ken 5 Sl anlllae gl
05 3 ey GRIF S S he ole bawgio Sab b sjlee
O 3l am Cele YE U (6,08 50 555 Ral38l 5 CS
s Jao 55 (S3lsp byl Gl ge o (1)) S
adlas bl o)s owed pol> dslllas b g 05 00l ¥ g4
L HIT (s 5l e oy plas (Y2V7) oo 9 <)L
9, P L Yo Brae S| yiSlas sy 4 Sl
sl ¥ Lol yen VO2MaxX aoys Ve ool b Jlkd ol il
Glasdlae zls (V) cél rals P-53 j0lie PGCl-a Ly
oo @ aan )0 59, O Ll e aae VY ol olas
9 SIRT-1 culed ildl coge cpue slojige ,o aibs
oeS9n 9 NF-KB) BL (pmagiy) 9556 a5 fals
JPGCL-a yo ilidl alewsas 5 ol (FOXO) JKix
5 i3l 5 ROS 2815 L g 5,5 Ky Jsho w55
3O g gueed ol dxllas ol b as (Yr) WS o ciladlxe
4l ¥ 0 LSV L ¥ o esw (ol colld &5 1>
B oS il a4 e JebgSg el 5 lagtee o
ol P53 ol cel Lol wwuslss (5,56 PGCL-a polie
adg S ol guadl ol asdllas ol b basl ) (YY)

5 b gl ol P63 Ll g teslie sl collud

VAR crode o0 3b 0 lou (pidad § S 0590

@ Ol el sl glzl 5o i b Ol yed ol JoUge
5 ALl as byl S a5 S sl pll s
2 Pk 09 sl illely bwad slacsls
33 (CAMK-D) d5050dlS b o] il g el e
o ) PBBMAPK) (550850e s i Ui (i ol
SIS s OA) asls Gl | 505 e
i eely b ol tl slaglis o (ol a5 gla s
L Jbs adsl clo ap casil 1 (V0) 9sdee 03 Ol
slaalag sl )0 ok padglio (l33l 51 G 08 ©uld
5 SFop hesiSauis siludlil cel (nyped 0 ol
g A oo 38l | 6 S g yiuly g 0o PGCL-0l o
Gl izen (TY) a5 e clitle o5 Jsle )
Syl b HIT Sl yes 621 b s5lsn slap 5l codlad
(YA) cl oals 58 Ol yes 5l gg8 cpl lyz! o Jd
S am b colinl a4 HIT o @b (6,80
2 omized (YR) sl odd oold e aad (glacssls
5 Y Gpae y ke g B aap oL
(TCA) sl SelineS'5,5 65 e 53105001, b (5505 >
oly 51 aS wad so (5,08 e Lawg OLSY Bpas el
Ol 5l am sl (LDH) U359, 0000 SLSY o,Sles ¢ g
Gl ) sk Sledl 5 09800 €S piolie (al33l crge
3 CS yuw bl ead flge uizee (YA) aoo o0
5 Hhas 59)° 03l VL Srae Jdoar (ks Ly pes
Cool AMP s sas ADP &y ATP s ol
2 Sgngp wge S5l9p lap Bl o Slee il (VV.YF)
Glaiads 1o 45 HIT a3 (TA) 35 o dsed padsplic

3 B RIBl cage 35800 plnil Dae obsS (s )lnil
SLoetisn W5 b ol 5 o & 20500 o Sl jLad
cdadle Cowse o Jsle 5l (HSP-S) Sl S Soi
Olsie glaie ol g0 b oy o Jil dglie jo (V1) wiS oo
I eiulsST oo glbs (MIT) lawgie Sl b o ped codds

(V) ools iuldl g5len slags 5T yw o (il b ol o

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

Dygods 5 NS 18 cwyp Sjse b8 alae o (g 05t
29d )55 (55950 aslllae
2 HIT s ol plis ol adlas @wls IS jsba
O (5,08 g Hiem 0ni o5k g Sy sla ,Kilis malaws
S8kes 53 3gute 9 095 SN Brae Pl coge g 3l
4y P83 pus o Lwels 4 CSo PGC-la slaiy
g9 Cobs a4 M 5 Jlhmo Gl Glagbse Comgresis,lS
J@@]j‘goo;mﬁﬁl) 05 ole ool )l s S e ¥
9 Oeign e lwy ply e 90 55 Cobod M olhles )0
b 2 e obyaSeie Pise 0 S sleg)
Sorte p Wl myed gy ol Yol gd e
A0k g Cabs 51 LBU Shgaegio S
Aoges oole Colex> |, iyl ol iegh 5 (S0
3 as Sy dlae oyl ...njsa Josay glojad 5 Sis JlS
olKisls 6)15‘5 65—7.“:‘-;“5 ‘)%‘aL:_'} Lot p.,l.> Lg,’:fo AJL.))
C).’o 6[.!&@,@ 9 Sl 0399 6)5).4 u‘).e; J.‘>‘5 ‘SA)L»‘ é‘)T
Sl 0an § sloy liasl lawgs

Sl Jb ool

.Q)L)S 3929 ZCJ:L‘\O)Q&)L'S

3, g0 30 (6,8 o Fgm M (29l ( p03
Slewyp a5 (6500 adlas o Cwl guanl Lol aslllas
59 VHIT (03 0,5 (6 4l (i S210p (o3 0
Lz HHT o 003 51 e oo L aS 4280 Ve Ddedy aian jo
9 Sy ot (6,085 5he 0 Shes dgup SIS a5 0
oSS 0xly yy called (nlidl SC ol o Slas 2l
Sudlad (2080 9 ¥ 0jgadgine iy (gl oLS Ve uSgn
b@ls ol (FY) o jse cobsay (LMe ;o GLUT-4
b oldlas 5wl (85 ol guned pil anlllas b
5 e Dde WD (fg Wlg o ol aslllae slaasil
50 0,5 Clilo gl oo iz e (V0) Al Lm‘_s_;ojnj o
S5l s Bl glanin ¥ asky Jdoay jol> asdllas
o3 S sl e Gl o5 sk glsl ol
° Gred Vb Dad ize 355 Gl (005 095 slahse
e g S g Jdoas Oae (59 rals el ol laazia
aallls ol slacysgama 3 5sd e gl Sl pe oS
08 o)Ll Sl ladiges a4 pwiuspae 4 Glgiee
Sz O s g,y sl eslainl pae 38 Ko Cooguss
409 dgeeS Jodoa o5 Sl 550 S0 (eBgn SR
oayl Slalllas )5 058 e slotiny Obl o w3l gk
Fo3 S jsbar g (aglts (nyed b jeShe (uped slaoe
9 gy d9die Sletin (izpe 9b dwlic g (ow)p

pedglie Gloyely e &g) 0 K0 L lagntiyp

1-Fealy CE, Mulya A, Axelrod CL, Kirwan JP.
Mitochondrial Dynamics in Skeletal Muscle Insulin
Resistance and Type 2 Diabetes. Translational Res
2018; 20(2): 69-82.

2-Shimizu I, Minamino T, Toko H, Okada S, Ikeda H,
Yasuda N, et al. Excessive Cardiac Insulin Signaling

Exacerbates Systolic Dysfunction Induced by

VAR crode o2 3L 0 Lo (pidad § Cmss 0590

Pressure Overload in Rodents. J Clinical Investigation
2010; 120(5): 1506-14.

3-Shen X, Zheng S, Thongboonkerd V, Xu M, Pierce Jr
WM, Klein JB, et al. Cardiac Mitochondrial Damage
and Biogenesis in a Chronic Model of Type 1 Diabetes.
American Journal of Physiology-Endocrinology and

Metabolism 2004; 287(5): E896-E905.

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

OlHSed 9 591005 Lol -

4-Balducci S, Zanuso S, Nicolucci A, Fernando F,
Cavallo S, Cardelli P, et al. Anti-Inflammatory Effect
of Exercise Training in Subjects with Type 2
Diabetes and the Metabolic Syndrome is Dependent
on Exercise Modalities and Independent of Weight
Loss. Nutrition, Metabolism and Cardiovascular
Diseases 2010; 20(8): 608-17.

5-Kraemer WJ, Ratamess NA. Hormonal Responses
and Adaptations to Resistance Exercise and
Training. Sports Medicine 2005; 35(4): 339-61.

6-Sigal RJ, Armstrong MJ, Bacon SL, Boulé NG,
Dasgupta K, Kenny GP, et al. Activité Physique et
Diabéte. Can J Diabetes 2018; 42(2): S54-S63.

7-Duncan J. Fong JL, Medeiros DM, Finck BN, Kelly
DP. Insulin-Resistant ~ Heart  Exhibits a
Mitochondrial Biogenic Response Driven by the
Peroxisome Proliferator-Activated Receptor-
Alpha/PGC-lalpha Gene Regulatory Pathway.
Circulation 2007; 115(5): 909-17.

8-Bostrom P, Mann N, Wu J, Quintero PA, Plovie ER,
Pandkova D, et al. C/Ebpp Controls Exercise-
Induced Cardiac Growth and Protects Against
Pathological Cardiac Remodeling. Cell 2010;
143(7): 1072-83.

9-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. Physiol 2008;
586(1): 151-60.

10-Granata C, Jamnick NA, Bishop DJ. Principles of
Exercise Prescription, And How They Influence

Exercise-Induced Changes of Transcription Factors

VAR crode o0 3b 0 lou (pidad § S 0590

and Other Regulators of Mitochondrial Biogenesis.
Sports Med 2018; 48(7): 1541-59.

11-Lundby C, Jacobs RA. Adaptations of Skeletal
Muscle Mitochondria to Exercise Training. Exp
Physiol 2016; 101(1): 17-22.

12-Yeo WK, Mcgee SL, Carey AL, Paton CD,
Garnham AP, Hargreaves M, et al. Acute Signalling
Responses to Intense Endurance Training
Commenced with Low or Normal Muscle Glycogen.
Exp Physiol 2010; 95(2): 351-8.

13-Sahin E, Depinho RA. Axis of Ageing: Telomeres,
P53 and Mitochondria. Nat Rev Mol Cell Biol 2012;
13(6): 397-404.

14-Sano M, Schneider MD. Energizer: PGC-1a Keeps
the Heart Going. Cell Metab 2005; 1(4): 216-8.

15- Leek BT, Mudaliar SR, Henry R, Mathieu-Costello O,
Richardson RS. Effect of Acute Exercise on Citrate
Synthase Activity in Untrained and Trained Human
Skeletal Muscle. Am J Physiol-Regul, Integr Comp
Physiol 2001; 280(2): R441-R7.

16- Vettor R, Valerio A, Ragni M, Trevellin E, Granzotto
M, Olivieri M, et al. Exercise Training Boosts Enos-
Dependent Mitochondrial Biogenesis in  Mouse
Heart: Role in Adaptation of Glucose Metabolism.
Am J Physiol-Endocrinol Metabol 2014; 306(5):
E519-E28.

17-He Z, Hu Y, Feng L, Li Y, Liu G, Xi Y, etal. NRF-1
Genotypes and Endurance Exercise Capacity in
Young Chinese Men. Br J Sports Med 2008; 42(5):
361-6.

18-Hinge CR, Ingle SB, Adgaonkar BD. Body Mass
Index, Blood Pressure and Lipid Profile in Type 2
Diabetes-Review. Int J Cur Res Rev| Vol 2018;
10(10): 1-9.

O3 (Bgio dgels (Sloyo = (Sl ©lous g (S pele oSS aloxo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

19-Gibala MJ, Little JP, Macdonald MJ, Hawley JA.
Physiological Adaptations to Low Volume, High
Intensity Interval Training in Health and Disease. J
Physiol 2012; 590(5): 1077-84.

20-Estes Rr, Malinowski A, Piacentini M, Thrush D,
Salley E, Losey C, et al. The Effect of High Intensity
Interval Run Training on Cross-Sectional Area of
the Vastus Lateralis in Untrained College Students.
Int J Exerc Sci 2017; 10(1): 137-145.

21-Rockl KS, Witczak CA, Goodyear LJ. Signhaling
Mechanisms in Skeletal Muscle: Acute Responses
and Chronic Adaptations to Exercise. IUBMB Life
2008; 60(3): 145-53.

22-Pierre W, Gildas AJH, Ulrich MC, Modeste W-N,
Aztéelesphore Benoit N, Albert K. Hypoglycemic and
Hypolipidemic Effects of Bersama Engleriana
Leaves in  Nicotinamide/Streptozotocin-Induced
Type 2 Diabetic Rats. BMC Complementary Altern
Med 2012; 12(1): 264.

23-Leandro CG, Levada AC, Hirabara SM, Manh&es-De-
Castro R. A Program of Moderate Physical Training
for Wistar Rats Based on Maximal Oxygen
Consumption. J Strength Cond Res 2007; 21(3): 751-6.

24-Ghaderpour S, Zare S, Ghaderi Pakdel F. Effects of
Acute Intra-Hippocompal Injection of Bupropion on
Active Avoidance Learning in Rats. Physiology and
Pharmacology 2010; 14(3): 289-96.

25-Vandesompele J, De Preter K, Pattyn F, Poppe B,
Van Roy N, De Paepe A, et al. Accurate
Normalization of Real-Time Quantitative RT-PCR
Data by Geometric Averaging of Multiple Internal

Control Genes. Genom Biol 2002; 3(7): 1-12.

VAR crode o0 3b 0 lou (pidad § S 0590

3 B g0 55 (NS gn Figm i (LS () pod

26-Kotenko SV, Gallagher G, Baurin VV, Lewis-Antes
A, Shen M, Shah NK, et al. IFN-As Mediate
Antiviral Protection Through a Distinct Class 11
Cytokine Receptor Complex. Nature Immunology
2003; 4(1): 69-77.

27-Schiaffino S, Dyar KA, Ciciliot S, Blaauw B, Sandri
M. Mechanisms Regulating Skeletal Muscle Growth
and Atrophy. The FEBS Journal 2013; 280(17):
4294-314.

28-Spriet LL, Howlett RA, Heigenhauser GJ. An
Enzymatic Approach to Lactate Production in
Human Skeletal Muscle during Exercise. Med Sci in
Sports & Exerc 2000; 32(4): 756-63.

29-Bartlett JD, Hwa Joo C, Jeong TS, Louhelainen J,
Cochran AJ, Gibala MJ, et al. Matched Work High-
Intensity Interval and Continuous Running Induce
Similar Increases in PGC-1a Mrna, AMPK, P38,
And P53 Phosphorylation in Human Skeletal
Muscle. J Appl Physiol 2012; 112(7): 1135-43.

30-Huang CC, Wang T, Tung YT, Lin WT. Effect of
Exercise Training on Skeletal Muscle SIRT1 and
PGC-1a Expression Levels in Rats of Different Age.
Int J Med Sci 2016; 13(4): 260-70.

31-Saleem A, Adhihetty PJ, Hood DA. Role of P53 in
Mitochondrial Biogenesis and Apoptosis in Skeletal
Muscle. Physiol Genomics 2009; 37(1): 58-66.

32-Little JP, Gillen JB, Percival ME, Safdar A,
Tarnopolsky MA, Punthakee Z, et al. Low-Volume
High-Intensity Interval  Training Reduces

Hyperglycemia and Increases Muscle Mitochondrial

Capacity in Patients With Type 2 Diabetes. J Appl

Physiol (Bethesda, Md: 1985) 2011; 111(6): 1554-60.

O3 (Bgio dgels (Sloyo = (Sl lods g Sy pele oGS aloeo


http://dx.doi.org/10.18502/ssu.v28i11.5222 
https://jssu.ssu.ac.ir/article-1-5168-fa.html

[ Downloaded from jssu.ssu.ac.ir on 2025-11-26 ]

[ DOI: 10.18502/ssu.v28i11.5222 ]

Journal of Shahid Sadoughi University of Medical Sciences Received: 3 Nev 2020
Vol 28| NO 11 | Feb 2021 Accepted: 12 Oct 2020

Effects of High Intensity Interval Training on the Gene Expression of
PGCL1-A, CS and P-53 in the Cardiomyocyte of Male Obese Rats in Type 2
Diabetes

Nadia Khayampour!, Maghsoud Peeri'?, Mohammad Ali Azarbayjani®, Maryam Delfan*

Introduction: Exercise training with different intensity regulates metabolism at the cellular level by
regulating the expression of genes involved in mitochondrial biogenesis in diabetic patients. The aim of this
study was to evaluate the effect of 4 weeks of high intensity interval training on the expression of PGC-1a,
CS and p-53 genes in the cardiomyocytes of obese male rats with type 2 diabetes.

Methods: The present study was an experimental one. Eighteen obese male diabetic rats were divided into
three groups of six: high intensity interval training (HIIT), diabetic control (DC), healthy control (NC).
Diabetes was induced in all groups except the healthy control group by streptozotocin (STZ) injection. After
anesthesia, blood serum was obtained directly from their left ventricle and immediately extracted from their
left ventricle. Plasma glucose was measured by glucose oxidase assay. To determine the expression of PGC-
la, CS and P-53 genes, PCR-Real time method and group comparison were used by one-way ANOVA test
with application 8 version graph pad prism at alpha level of 0.05.

Results: The increase in PGC-1a gene expression in HIIT group compared to DC (P = 0.0001) and NC (P =
0.001) groups was significant. Increased expression of CS gene in HIIT group was significant compared to
DC (P = 0.0001) and NC (P = 0.009) groups. Decreased expression of P-53 gene in HIIT group compared to
DC (P = 0.0001) and NC (P = 0.001) groups were significantly different. Weight and glucose were
significantly reduced in the HIIT group.

Conclusion: The results showed that by increasing the PGC-1a, CS genes and decreasing the expression of
P-53 gene in cardiomyocytes of obese diabetic rats, it improves the energy metabolism in diabetic patients
due to mitochondrial deficiency and possibly it can improve diabetic cardiomyopathy.

Keywords: High intensity interval training, Mitochondrial biogenesis, Cardiomyocytes, Diabetic
cardiomyopathy.
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