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rAb stract )

Backgrond:Obesity is associated with increased risk of many diseases. Methylation is an important factor in
obesity, indicating epigenetic changes. However, there is lack of data about PGC-1a methylation and regular
exercise. The purpose of the present study was to determine effects of a six-week high-intensity interval training
(HIIT) program on PGC-1o methylation in gastrocnemius muscle of obese male rats.

Methods: In an experimental study, 24 male Wistar rats were randomly divided into four groups (six rats
each): control healthy, trained healthy, control obese, and trained obese. Healthy group consumed normal
diet and obese group consumed high-fat diet for six weeks. The trained healthy and trained obese performed
swimming HIIT for six weeks. Then, 24 hours after the last session of training, gastrocnemius muscles of
control and trained rats were extracted and then afterwards PGC-1a methylation was assayed. To analyze the
data, paired sample t-test and one-way analysis of variance were used.

Results: After six weeks, body weight of trained obese group, compared with control obese, decreased
significantly (P=0.021). In addition, after six-week HIIT, PGC-1a methylation of healthy (P=0.010) and obese
group (P=0.037), compared with their control group, decreased significantly.

Conclusion: It appears that six weeks of swimming HIIT can be effective on obesity state and significantly
reduce PGC-1a methylation in gastrocnemius muscle of obese male rats.

Keywords: Obesity, High fat diet; PGC-10. methylation; High-intensity interval training

\_ J

* Corosponding author: Fahimeh Kazemi
Email: fkazemi@alzahra.ac.ir

Research in Medicine 2019, Vol.42; No.4; 196-201

[ Downloaded from pejouhesh.sbmu.ac.ir on 2024-05-17 ]



https://pejouhesh.sbmu.ac.ir/article-1-1878-fa.html

YD AVRY (6 oA 6 Y

"y e e / r { P . .
ot Qo i s £ o9 5 £ 00 75, S 0

alas 13 PGC-10 (ygemwdliio yo (HIIT) sy (09l oy yod 48D i 51
3l 5 2l e s Rge 55l89d

Y*‘sokls w cv‘-gs.»b) d.l.oi GY‘:LC)B-; 43'9)J 6\‘:;16 W

Ol elid o) Ll olSiils (o359 pole g (S Can i 03l (o)yg (53909 b M)l wlidsylS -
Olrlealyd o) La Al olSiils ¢ 23559 pole g (I Canyy 03l (559 (S5l a3 09,5 -

WAY/ <0 N5 wallie byl gl

VWAY/ Y5 wallis il s )b

r

Qo Ll Sy ) i Koy o ol B 33 e (M Dpn o 6 jan g e 3 (S S I S Bad g alw
2 (HIIT) 3335 oo\5 g jas €dn b 3\ el o\ 3do0 3 O3 () )y 3\ sy Qh.« 009 s PGC-1 & gedin any 53 S\

For 5 URS Bl ey e SRS WMo (B 505 § Sl oy 330 53 & o3 35 3 5 o G ¥F g 5 allan S 53 2oy 33 (99
O B 3w o ag § s S el (dn 23 Dda ) i (M 33 9 Bl 008 5 dup M 03y ) (e 03 B0 sy 0
o VY e 3 Ao g 05 5 U S 058 G gm (5 B3 dhias oy b ander g A ) e ol TE Lol o\ \y e HIIT i fude Do oy
RGOS PR S . P P PR SR S B W I PR PP B P IR A PO P fonl PGC-1 {5 yedia

Opor HIIT stin 5 3 o o0 o (P [ XN) 3 (g Jakinn 5SS Bl 05§ 4 s 005 Blor 05 5 Oy By aiin ke ) oo SLRAIBL
3l 5 s S EIES 5ty (P W) B 05 5 (P2 110) o3 EPOC 535

S8 ror 6895 dhias 131, POC-100 gMin r 5 B8 5o 5 950 330 Bl Lunloy 5 90 o0\ HIIT s b Sy oo 5 40 36 o5 40

Jodl dj\;: s PGC-1 O e <y G\-.L.F ?.13) ‘3\3:,_5.\.15‘5@)19

N
100>

250 3 e G s 89s dias 3 PGC-1 05D

Aas f2S Bl 5 e

J

iy sbedld o) gl elil gl 4 gl AEN p Slawa Cunsg
Gub I bedlé ol jlpls p o 55800 odlitul (5lsp 5 jlsrcs S ps]
Wb (V) e 5l Slaws Cundy S g Al slapanilSe
S g (Bpae 551 GilEl dasly & Gl SRl Gl nyes IS5 C
4 29l sbgpped ojyal (F)cusl JI0y8 5 ider Comnl I (22 (ialus]
e > S GBI 5 Bl a5 LB i Sl s

(F)0lo2,8 lay lojng Cupad tolitol clagyyyo b
(HIIT) (high-intensity interval training) Lad  osls by i plo!

[ Downloaded from pejouhesh.sbmu.ac.ir on 2024-05-17 ]

Research in Medicine 2019, Vol.42; No.4; 196-201

HEVRUTY
I aglen 51 il Jole g Sl cublin me slajlaia I (S Sk
2l glop g (Bope g A oo (B by 90 g5 Cubd e
B A Gl oldl (Sle culigy lojlo gow jlodd piiio Hbol p 3l Lol
ke 3 55w g 3l (ool & Comd s pee Jlu e
(V)ewd (Bl 4 Mo jis S ol a5 03 5 5l 5 gy Ll s 8 K
@l oy slsely Js & 5 cul Rl Bl asle 5l gpSity
st sl sl ol oloys 51 5350 5 Sl Foll e (B ) ity

* o bl dand 1 ghmo diun o3
Sfkazemi@alzahra.ac.ir : Saig S Comy



https://pejouhesh.sbmu.ac.ir/article-1-1878-fa.html

VA pgrdlite p (HIIT) 505 (o9l (05 atin 2 31

Pl s0 a4 Gige Joy slié g 0ad 5o eBislofl )3 (S5 Ll |
4 (ol oo 4y Lo hge cpgd atim £ ) (g bl )5 ol oyt
el (05 B3l 9 S8 Bl eonpeS pllo (S Wl (U 5 095 e
& gysb 4 b pbool (wd b e 4) b yige b Gl aslp il s
S 45 o p @l wy Gl eg)S s Jy 2l @) Sl Wl g
2o FYIY sl (o5 2 sl & JUS Y0 ss5yl) Jboy ol w2
doy o IY (Lsw ofsy) 2z Mo FIA (s do)d YY) (lyidg S
SHEhS OO :555l) o (2 ) 9 (Sise dge 203 VIV 5 el
bug 238 ) (WF)g omeliy woyd VD (bgw f9)) (0 dey
29 Sdey oS YAV £00 (g & & laghye A5 g sl giiu]

B (gl gld nye JSSg

Juy @l miy @ opp @l ml) by 008 Gl by e
Cllge Jml a3 pbol (ade 3 Gdo &) oyl S5y 5 CEL ¥
ogse bl 3 sl Gap cel K5 e & (Jaes | (2051
P A S e &y oBllejl @399 5l g bagige 35 cnl )3 g o
g ol cole W b 4 b sud )l ollgs colyiwl ohg 5
Wb ) duds A Oy 4 g A ) Cdo dy LS oy b by bge (ojlulis]
ohg sl gl b el Sl ogh e il 0)90 )3 i plos]
o b Jlel gly (S gldizy g dg YexFexAs slul & Bxe
G b 53 53y o b 45 33 55 53 o it | sl
iy b Job > ad g b Jleel g HIIT S5 oS5 Jods j0 s aidlo
b cdtin b g 13 S 09,8 sl 55 LB el 015 &) (VF)
b 4 L5 oyl e Ll 5 59 gl gy (e85
Dy e 095 b i Jul

oY 48,85 ) 488> ) N Jsl
Ao 2V 48y ) 48y ) A £9d
Aoy 448> ) FER I Pow
Lo )V ¥ b V. agb v~ 1\ £yl
BRI sl Ve by 1\ pe
Lo 0V by by W ol

[|>ownoaded from pejouhesh.sbmu.ac.ir on 2024-05-17 ]

GNas sladige (5glcen

S5 by aule BTl g ol VE e g S 095 claige
D (Pl ) ) g (pSuke YO) el (g 5>
prites olge B 16y clge T oo S lisabl gl g 250
S Gl I oyl Ll cod sligy alae lal (lp a8 65 0
3 Aol b oy cil il Jlow plul (b sy 4l g
slod jd g ySoslsl lej b oBiglejl & il b g dezie mle 5940
b (g y1aSS ol F Sl s gy <Y

PGC-la opgedlite ioxias
Wb Giosa glBed dlae ¢l ;0 MSP g, ;I eoliiwl b PGC-la (yamodliie

Glp () JS5)us pblCpG (<260 nt) asb )3 PGC-1ar ygpwdio (pizcan

e GhlEl ) gb)Ssie Gbmpl cdld 5 ap puls! cdb
@2 Osn 08 GRIEl Gwmpi @ oI ey B IS
ehl oy 00 5l i HIIT plosl a8 canl s 03l gL cpizmad L(B)5)1
o gl > (F))l elitel glagyyed & Cund @ R ly Gy
(Flewsl @lyiS s 5ion (Joko ddaw )3 wo by B3l I (S HIT
PGCI (peroxisome proliferator- puglio 008" Jyu8 sbays 51 S5
S olgie 4 PGCI.cul activated receptor gamma coactivator 1-alpha)
Jbs 4y e oo (Sdple S (38 53 (cuagig) slosiSpdats I
P MBI LS m g 39800 i 0 Gl 2 Ol 4 pudplie )> Ol
SBUNST jop cage 033 5 (Brae (L) S5l om S 5 pudsilie
ol (ol i85 (P )gdi (Cubd 9 k) Splie pysin plai (SIsibie
bl 3 g cwl (Bpae 55l JlPl g LbyiSeke Bl > (eSgn
oilPl Sl 5 B dlae o o] ol (g cls b o g 0gh e
Cyms 3 55 9ol sl ouiS i PGC-lan puiored (V)5 o iy
N o slosead G2lS] 5 S S5 de ] oyl
ysSt I oyl Wlg o PGC-1o &S Conl ol ooy (L puizean
Ol il s 4 & 08 JUb ) lann G900 slaodipS 5 (s
3 2b)AS e DNA (deoxyribonucleic acid) (yill o ol S 53
Cod b & ep cpl ol (A)d5d 0 poxie Sl dlae Wl el
(Ve )ukie Sl (Spo by odp (B el b

dgbige ol b))y Collad B Cob & e (S8 Sl Sl S0 S
S5 g oFan JRS Glp edim 5 clerdsn il o Cal Gadlite
bshs )> Jgems ysb & DNA (jgedlis (V) )cuwl oy julpw ;3 DNA
Wil 3Bl o5l 5 nigie il I 8 CPG oy > all ple
celg 038 dgdus ) (] (mgig) sFgegn s Slge & ysb
b 06 ot Ol al (i 1 agd )] | pdm gl 003 Shgal
boj ol w5 )3 ke G Blge (g oB)pg Cdld (59l i)
il ash Sdglie pysiw pmen Slalen S5 g g0 9 25 Job
il Sefolalysst I (S plys 4 by cdld Sy«
SB Sglie pysie (il 5> &5 298 o) emeMite S o
(YY)l

Sl al el 3 (bl e SMane I (S Sk
Oy Sl & sl Ggpdlite (Sl )3 begoge nmee Sl (S & ol
2 odib il oas aBby ol 4 S oeml Jg (V)] Sl
2F909 Oges s il (Y IY) ) en g Barres «poyiwd > S s
(W38 IS Ghge ssligs das 3 2l (039 clld I 4 |, PGC-Ta
93y9 Clid g PGC-1a gmodliio disa 5> (B (sl 3uios 399 & 4095 b
3390 et 3 483 53 (aped i ) lys 4 HIIT & b ol 5l g plase
omedlin  HIT 51l ol (ly oyl s > ol €55 )5 42
&S dg 03 sl Jlow cpl 4 U cunl o addllas ISl alae )> PGC-la
o o ige cligy alac 3 PGC-Ta gmudie p HIIT aén i L]
ol T 55 48 1 (el a5 51 i ol 3 ol S5 B S 51 gl
Lol 00 oLl A2 0 u:»(blf I) w»] JLM}I 9 ngua

- Haghy) 9 0lge

BT g 9 )bl diged

P oy o VYl Glos Jae b pBaL5l s p9 g9 il Gis
S sl i) 1 25 ¥ ¥+ iy Sl b aal g3 sy o3
JGsl ) an b ige i Jie iy s oKl Olblgs oKislejl & g
3 ol a3 VY £V clod o> YO £ 0 Cugby b Jaes )3 olKiisloj] &
Jol an )3 b yige Lud ()1aS celw WYY (S0 4 oLy S g

.‘./ S0
S,

PRI VY ol T ) —


https://pejouhesh.sbmu.ac.ir/article-1-1878-fa.html

OSan 5 ablS dad /120

ownloaded from pejouhesh.sbmu.ac.ir on 2024-05-17 ]

= S NYX L RV S BT

[

(09,5 123 b9 #) a3l L g 0sedl Lt oy 2 095 Yoz loiige o 0js Y

YEF £ VY AAATESRRY Yo¥ £ Y

WY e

¥eor+ VY AAANERNS

¥yete WY

) (£5) o 039
Yoy Y RS

033l Lt A po & s (P<e/+0) (g oline glis ] Jime Bl g (1Sike 0 4 p2lie

2 3529 (5 bline ©glé5 ygoil g g0l

Ol9 Ol o & b glis b ibly S el I Jol b

Oli pyes Bl g S Bl e Wl JS Wl 098 sl v

(P=+10F) 3yl 2929 (g)lolize

ph ol (5§ s ool J Job @l Gromes

3 5 el W« (P=2/F) JpuS Gl g S8 Wl 098 0jg 0w
)line ©glis (P=+/o YY) (o pes Blo g J S 3l (P22 /¥4 ) 8
)13 dg3g

5 JS Wl (P= /YY) cpped (o g JS Wllo 098 GG o
©slis (P=e/08) (nyed Gl g cuyed Wl g (P=e/AYY) (nped b
D)8 3gng (g bliae

i o 48 2b b5 Sy il ly s 9ol 51 Jolbs gl < Bk )

S 5 U5 Gl ccn e JA5 lo 655 e PGC-La (bl

(Y JS) (P=+/++Y) o)l dgng (gyloline iglis oy pai

o (Ui (Sg s ogejl 5 Jol @l (e

el Wl g S ol 095 PGC-la ggeadlis lie o
S 5 JES o (P=-1-YF) LS gl 5 JS oo fp=-/))
s ol (P=/VA) IS Gl g cuped @l (P=e/NY) e
ol (P=+/o¥Y) cpyes Gl g S5 3l (P=eTYY) (ped Gl
ol 09,5 PGC-la famdie flise &5 (gysb & 5 g9 (g)lobize
oy & SRS Gl 4 oy Bl 0g)S g JS el & Cund ppe
)l gbliae Jials ao 3 AYAY 4 YY/YY

3k S Wl 4 Cons 35 Gl 095 PGC-la (gudlite lie @
3k g o Pl & Cans S8 Gl (JiS Wl 4 s e
Al g )bliae iol53l

HWL )
PGC-1la u}.uu)'two LSLi}’ éx9 ‘).-ol> dwu 2 u.u)‘ AJ)s 4.‘!]”4.0 u,JSwJ‘
S sk a0l (L5 (Bjy9 npe 5l g bsbes solBgd dlae 8L
< 55CpG (-260 1) 4L 13 PGC-T0 ygpdite HIIT diin (23 §) e
Sj ol Olpss 38 cueal @l ol cdl g)blias jialS 5l 5 WJlo
@ PGC-10 opomdiie j> Oy amd 0 b Sdgplie lasn] 3 )5 1,
D i > g el e Sl 3 oo Sigam peie Sy ol
> ol slailie g cserl s Wb (ol s (VS Yl oud
odly H3 it 090 Iy Sl alae > PGC-lo (yamodliie (o9} Oy
dlbu) UWM“" I)L;w.a]ob|‘w.\f thKd)gbm‘wl
O ita &Sl Gun (WY)Slodly (LS gig) g a2yl g o0
il badlas o (V4 VA)es ()8 Jolos wibali cow Lilg5 0 DNA

Slogbp & 0ad )b lacdl il gy G lp g jluosle]
Kol W & dlde 50 Cannd B0b o Sk ) iy & S
Laiges jl om0 ) & bl s L cél el |, O Ry cubl
15 el ] lie cdpsyios p S ke V0 & (6 )lopdiges oS poe o 4
ol 3 28 it bjliig 8l gl 3l glore ojlil e b caslize
o (Sab Oland Bl ol & e g B8] CaSg S ) aidyge L
MICCRA) 355900 olSiwd jl Ll (3,5 3 (gly s abls] njlisg o]
b 03l W5 593 b s 9 88 590 b ol o le)T 98 Sl ¥+ YVA D-1
&S I PGC-Ta ggadlite oljis Gloxis sl 8l (08 ojj5en I e
45 olizul (o 9 Lo CUSABIO BIOTECH Wuhan) (ge Mo
PGC-10 b youl

Amplicon size (Un methylated): 234bp

Forward primer: GAGTTATTATATGACCAGGGCTCCG
(Tm:61.8,25bp)

Reverse primer: TAAAAAGTAGGCTGGGCTGTCACTC
(Tm:62.7,25bp)

o o 0—0—0 o
a8 e 230"-43; -99-84 +104
* Ray
. L
.I ...

lus musculus AGGGCTCCGGTTTAGAGTTGGTG
1s norvegicus AGGGCTCCGGTTTAGAGTTGGTG
lomo sapiens AGGGCTCCG—-TTTAGAGTCTGTG

CpG (-260 nt) &b 13 PGC- Ta amdto ) IS5

G g bl g,

05,5 sl e (ke dwnlis gl dposly (35 Jloy a0l g ey )
(Paired sample duwed 5 ()bl 903l 5l 505l w9 505l i dlspe o
033l 31 ogail 3 om 09 sk slpite (Sibe dunlia (gl g ttest)
5 s yloline ST oaalis &0 55 5 (ANOVA) t,biSy by oo
2 P<0/05 (g)lolian o «puizmen .l odliiwl (Tukey) (S'gi ouisd (90!
o3lol V8 45w SPSS l33ley 5l (ojlo] ow g a0 (sl ol S L
(Ladly

JAS 3 consss oo J55 s 05 iz 0 By o oy St
@S 0y &n Sl g (0ge)] L) ab dee 0 e Gl
S sl Jl ol @l & gk 4 sl 01 S Jga 53 (09051 )
el o(P=eTR) Ji8 gl 09,8 0 (059 o &5 0 (S i
Sl a3 (P=/eoA) U8 Gl g (P=eTo0Y) aped 3y (P=2/0YY)

U"/» ;/



https://pejouhesh.sbmu.ac.ir/article-1-1878-fa.html

Yoo | ogeodite p (HIIT) 308 o5l o ye5 ain (2 31

[|>ownoaded from pejouhesh.sbmu.ac.ir on 2024-05-17 ]

9 Barrés adsd > ed o Gl 5 o slayise PGC-la (jgmdlis ;o
Sy Sl 5l gu 1) PGC-1a 55509 amodite (28l (VY] Kan
Cpped it Gid Sl (YOVF) e g Laker cyizced ((VW)waly L ob
Pl > 0sd dbul (Sl )3 PGC-la oMo ol 51 g Ssk> 3 1y (5559
o> QU5 3o ol bt o g 4y S gy 1y Jus 53 o 580
&> 9 Pl ) PGC-la (gudlie yialS cage Slgiie (oB))y (el &
Gilodld & ol plyie bgds ol 4 g b (1F)sd da Jus
Cuol olpen Sl dlas ;o DNA jawdlis jd db (Soolid s b 5
;! b oF o Je s c\ﬁlal Jl.\i” S .b'|93'uc DNA u}wm)ﬁ;h 3
(YF)asl alae oLl

OsliunS] 5 (GLUT-4) ¥- 68 J3b ooy Jols PGC-la 58k
Slaal 5l (S glgs & Slgie oS b opl & (g)eb 4 cConl 5y 08 g0
e gl 8IS (15 XO)130 32 65 Cabs 5 (S b ol sl oo
boly o )3 3980 (3 Ol oo )3 GLUT-4 g (o3l g
HDAC4 4 NCOR2 (Nuclear receptor co-repressor 2) bl 4y pgo (5 92
5t Gl Sl eyl 2 (Seide Sloledy g o
Cul (Histone deacetylase) jMiwld jguws 5 HDACA .wlosss ool
GLUT-4 (5)l2 2 a5 (ial8 g 9 298 o0 oS (g pied 32 )b I &8
2 S5y dwd | HDACA (Sl dae 3 09 0 0 ccdl j»
Slgie 23)8dee (] & Cusl 00d Doty g 35500 B (ob))g b s
2 (V)usl bjyg cddld gl g eel demg 4 slag Bl gly omslSe
ossedlits zob Uil & 1 ool gl (YI¥) o, Ken 5 RonN 3o
alie & fsl o o <l > MRNA ol glbjes (il 55 9 DNA
HDACA ly LialS & 15 oy ol b j1 (Y5 )sgd0 b)ys callud
9y Sl okg)hn ialS ouma LS 8 ey GRIEH) Bied S5 e
oo > ipan 555 G coge Slgin a8 ) ol GLUTA
NCOR2 pyizzad 9 $iged Sl 3 )3 oy pelS (65 &0 3505 s g o
@ <ab P mRNA olo 5 glojen (ialS s DNA yamdlie yil38l caw
Ole 8 Oyge ) pl g ogdle g (pyg b ddlie & gl
Osis 4 NCOR2 o 3T3-L1 Jsho ks )3 5jssd Lialj3l wls NCOR2
redgrlie lpr oo G0 bl ) a3 JalS pl )3 )en Jole S
ety stsd o3l 6584 LUlg 5 ol S8 oy 5 Fism]
oyl & cwl gl p (S okl pl o)l 1) HDACA eoman  alisee
(VP )i 93 95 cobd 5 (b oloy ) e Joloe I gy

Slom celo YA &S 00,8 5155 (Yo VY) o)) Ko g Barres (6,05 Guiod )
Oseodite PGC-Ta & bgyyo RNA gl (el 3529 b (5555 (5005 a2 a0
I om > osedhitagun (A5 ) o9l b (VF)8le i (94 DNA
i plgie @l cnl @ sl 52 (TV)eusl oad oalie ol (o35 cullad
yob Cowl JSOMRNA i )d 188395 counsSo b DNA auodliio g o
4l (S 5 (B)y9 (08 OB g g9 4 Sl (Sea DNA (mdlite 5>
o g Cal (Son gdlie il pis duyoo B 4 & gb 4 sl
> DNA (geadlite 3 35 o B3b 518l (od)y9 cpyes A5 (290 (SBL
cnl 3l sl 039 olpen bayj 5l (pam ad JU Lol (8559 <l I e
A8l boj lod i U pae el @ cunl (Sae gadlite i pis o)
g3230 Ol SOLES DNA (gnodlite 3lie 53 i 90 mRNA ol (ol 3
hagbe b Gl ol coge o Jalse plos DNA (gudlite o8 Cunl
il oyl 01t Sinlen S, leie & b5 S g 0,5 298 58 cow
oy > 4 Mas Slal Jelge ol poopdle S Jos odom
Rl 515 (oS iy 5 ok Dintrolene) il 515 o o 3 padS
Sl Ll Jlod & Jsho 093 mels” Gl 8108k g9050 (ul )3 (ot
4 B3l gul g MRNA )3 i cage o 3k Jobo 0950 JUSew sl
Dgdied gt (AL oo pulS gl 0aS Jlub 9d (8559 (0 y5

PGC—].IIOW}‘..‘;&

* i
*+ 4
I E
8 e e pad il Jpos Gl Cerped a3l

5 (1SOke Gyao d pdlis 09,5 Hlox PGC-la jgmodlie lie ¥V S
ool jlze Bl ol

(P<+/+0) s)bline wolis § (S Wlo 058 & Camd (gyboline glis
o ol 0g)5 2 o

RS Bl 095 4 Cus (g jlaline glis #

Olyess oS gy (oB)y9 Clled @ ol )3 1) omodlie Slpis oS
Ol pmen (V0 )Cusl 0nd pasudio ()9 Cllid I (36 DNA (ygeodlite
4 poS g s (Rl 5 (g Al Cage (Bjyg dSlie Cul 0ad 03l
i ol Cuwl ond Sl o b 4 9d e Sl gladiges )3 X
Mol s fal  daly )3 oad a8l coigh S plye 4 Slge (oS
Ao sl (LIELpl odle 09 485 )l )3 Splie laslen 4
boolon Bi)g cupel 4 gl 3 bidgei] (VOIMAX) (bpao ojjeus]
b oSgpod gaw S 5 B (lys R 35 g Jsiebs (i L8 il
sblon @ Mol Jlad dgu0 0 (28))9 (el U SL (HDL) Y JBo
35 3 Cal 35 BB (VW )ewsl (Bgpe —( ol slacs)low 9 93 95 cobd
by Camd ool g doye 3 09 Jlea slagise oh iy Sl
o OIF & Wlgie Gig GRIED ol b & 8l Gl osell i
s ol HIT din i 5 e & ool Jlo 55 pl 13 by e ntiges
Dy S S5 3l 0 4 Cand )yl Gl 095 laise

S e 4 ©ud 4 PGC-1a oS Jled Cunl odd yasuiio ¢ 3)b
Ju &8 bl jlaimy o ol Gl g lads ulyd peen Jaome
el ) 55l g o S pedplie Sl aix (paa PGC-la slaosiss
blpd cpsiz > by opl wha > WS & s cond gy S (o0
Ao g plusl o sl Lo 438 Cunl 0d Cob Lol ol sdalie S5gil
el VY)395 00 ilSesl ©Mae 3 PGC-10 fygmadhito o Ltal 3l rgo
(DNMT3B) by dw jlyusly Juio DNA bl Sgels cvge il
O'l S5 ol skl 5 DNA (cytosine-5-)-methyltransferase 3 beta
s958 sl g S oSl 5 sdie Gl Vb sl gd e
Cuoglie SE o 3 o sl Gl g (TNFo) Wl —)0055 5,5
ly PGC-la yg9095 DNA (y5die ) 1S sb &y Slgigo 5 Canl gl @
ol ) PGC-la i cde 4y (YY) Liuli8l bl pl slbcsige )
» ol gl ol bl (Sl eMas > i g b)ASshe Fise
2 ol OBl 108 g9 45 (gyeb 4 YV YY)l cunlio gl oianas
Oty Sl AuS Gyt My B 4 Gl G pSl BiY
lodes job 4 olal w8 oMae ol Wy & uized L03L PGC-la
S ol 2l s Sl bLJ Sl & wload S5 (1) S g5 bl
5 o3litl ffgd alde Sl (VY )ittud g51ms] pudplio & dtasls 5
&ybolize ialS Coge L HIIT atan id o5 4d o2l ol pols s )

.‘./ S0
S,

PRI VY ol T ) —


https://pejouhesh.sbmu.ac.ir/article-1-1878-fa.html

OlSad 5 ol dosgd /Y

ownloaded from pejouhesh.sbmu.ac.ir on 2024-05-17 ]

el e T 110 P AYRY (€ 0l (£T 38

[

P Sl Jare p |y L HIT 8 ool s cbash ggexe 5
MRl ly & Gjg sk Sl > & (nped g9 cul ey i 4 g il
Sl (55 ol sl Ll BBl 15 e sl O] o gl
o slgbse sligd dhae )3 1) aeadita Al 355 e (0 g
ol el 4 g balply ol ol HIT wia b 1 g Gl 5
plul e ol )3 00 pbxl dgue (g > 4 35 g Gy oged

Db Sy gdn g g0

] S

l.él;’inzen CA, Swan PD, Manore MM. Postexercise oxygen consumption
and substrate use after resistance exercise in women. Med Sci Sports Exerc
2001; 33(6):932-8.

2. Daley AJ, Copeland RJ, Wright NP, Roalfe A, Wales JK. Exercise therapy
as a treatment for psychopathologic conditions in obese and morbidly obese
adolescents: a randomized, controlled trial. Pediatrics 2006; 118(5):2126-34.
3. Jones NL, Heigenhauser GJ, Kuksis A, Matsos CG, Sutton JR, Toews CJ.
Fat metabolism in heavy exercise. Clin Sci (Lond) 1980; 59(6):469-78.

4. Trapp EG, Chisholm DJ, Freund J, Boutcher SH. The effects of high-
intensity intermittent exercise training on fat loss and fasting insulin levels
of young women. Int J Obes (Lond) 2008; 32(4):684-91

5. Little JP, Safdar A, Wilkin GP, Tarnopolsky MA, Gibala MJ. A practical
model of low volume high intensity interval training induces mitochondrial
biogenesis in human skeletal muscle: potential mechanisms. J Physiol 2010;
588(Pt 6):1011-22.

6. Lin J, Handschin C, Spiegelman BM. Metabolic control through the PGC-1
family of transcription coactivators. Cell Metab 2005; 1(6):361-70.

7. Hawley JA. Molecular responses to strength and endurance training: are
they incompatible? Appl Physiol Nutr Metab 2009; 34(3):355-61.

8. Fernandez-Marcos PJ, Auwerx J. Regulation of PGC-1a, a nodal regulator
of mitochondrial biogenesis. Am J Clin Nutr 2011; 93(4):884S-90.

9. Aoi W, Naito Y, Mizushima K, Takanami Y, Kawai Y, Ichikawa H,
Yoshikawa T. The microRNA miR-696 regulates PGC-1la in mouse skeletal
muscle in response to physical activity. Am J Physiol Endocrinol Metab
2010; 298(4):E799-806.

10. Valle 1, Alvarez-Barrientos A, Arza E, Lamas S, Monsalve M. PGC-
lo regulates the mitochondrial antioxidant defense system in vascular
endothelial cells. Cardiovasc Res 2005; 66(3):562-73.

11. Voisin S, Eynon N, Yan X, Bishop DJ. Exercise training and DNA
methylation in humans. Acta Physiol (Oxf) 2015; 213(1):39-59.

12. van Dijk SJ, Tellam RL, Morrison JL, Muhlhausler BS, Molloy PL.
Recent developments on the role of epigenetics in obesity and metabolic
disease. Clin Epigenetics 2015; 7:66.

13. Barrés R, Yan J, Egan B, Treebak JT, Rasmussen M, Fritz T, Caidahl
K, Krook A, O’Gorman DJ, Zierath JR. Acute exercise remodels promoter
methylation in human skeletal muscle. Cell Metab 2012; 15(3):405-11.

14. da Rocha GL, Crisp AH, de Oliveira MR, da Silva CA, Silva JO,
Duarte AC, Sene-Fiorese M, Verlengia R. Effect of high intensity interval
and continuous swimming training on body mass adiposity level and
serum parameters in high-fat diet fed rats. ScientificWorldJournal 2016;
2016:2194120.

23l (BB Jg oamedlioguls )3 woe Yl (ol Blgi o el e 5
AMPK (AMP-activated protein culsd oomed ()55 Jolge ¢cplpls
raligy ( Sle oyl ROS(Reactive oxygen species) b (kinase
b s B9 bl & g B0 slpsaym g as
S Glge (IS gk (W)L e (geedlie (b JU8 5 Wil e
5 o S5 o Sil laygSl 1 (S plys 4 sty )y &S
2 Foe Jalse 5l (S Slge 35 9 298 (Sl dde ;> PGC-Ta (ygmodite

Al e by G ial

15. Lee MO. Determination of the surface area of the white rat with its
application to the expression of metabolic results. Am J Physiol 1929;
89(1):24-33.

16. Ling C, Groop L. Epigenetics: a molecular link between environmental
factors and type 2 diabetes. Diabetes 2009; 58(12):2718-25.

17. Irizarry RA, Hobbs B, Collin F, Beazer-Barclay YD, Antonellis
KJ, Scherf U, Speed TP. Exploration, normalization, and summaries of
high density oligonucleotide array probe level data. Biostatistics 2003;
4(2):249-64.

18. Laurent L, Wong E, Li G, Huynh T, Tsirigos A, Ong CT, Low HM, Kin
Sung KW, Rigoutsos I, Loring J, Wei CL. Dynamic changes in the human
methylome during differentiation. Genome Res 2010; 20(3):320-31.

19. Dayeh TA, Olsson AH, Volkov P, Almgren P, Rénn T, Ling C.
Identification of CpG-SNPs associated with type 2 diabetes and
differential DNA methylation in human pancreatic islets. Diabetologia
2013; 56(5):1036-46.

20. Slentz CA, Houmard JA, Kraus WE. Exercise, abdominal obesity,
skeletal muscle, and metabolic risk: evidence for a dose response. Obesity
(Silver Spring) 2009; 17 Suppl 3:S27-33.

21. Rénn T, Ling C. The Impact of Exercise on DNA Methylation of
Genes Associated with Type 2 Diabetes and Obesity in Human Adipose
Tissue. US Endocrinol 2014; 10(1):64-6.

Barrés R, Osler ME, Yan J, Rune A, Fritz T, Caidahl K, Krook A, Zierath
JR. Non-CpG methylation of the PGC-1alpha promoter through DNMT3B
controls mitochondrial density. Cell Metab 2009; 10(3):189-98.

23. Lochmann TL, Thomas RR, Bennett JP Jr, Taylor SM. Epigenetic
modifications of the pgc-1a promoter during exercise induced expression
in mice. PLoS One 2015; 10(6):e0129647.

24. Laker RC, Lillard TS, Okutsu M, Zhang M, Hoehn KL, Connelly JJ,
Yan Z. Exercise prevents maternal high-fat diet-induced hypermethylation
of the Pgc-la gene and age-dependent metabolic dysfunction in the
offspring. Diabetes 2014; 63(5):1605-11.

25. Santos JM, Tewari S, Benite-Ribeiro SA. The effect of exercise on
epigenetic modifications of PGC1: The impact on type 2 diabetes. Med
Hypotheses 2014; 82(6):748-53.

26. Ronn T, Volkov P, Davegardh C, Dayeh T, Hall E, Olsson AH, Nilsson
E, Tornberg A, Dekker Nitert M, Eriksson KF, Jones HA, Groop L, Ling
C. A six months exercise intervention influences the genome-wide
DNA methylation pattern in human adipose tissue. PLoS Genet 2013;
9(6):¢1003572.

27. Coffey VG, Hawley JA. The molecular bases of training adaptation.
Sports Med 2007; 37(9):737-63.

4/. by b
SirJ



https://pejouhesh.sbmu.ac.ir/article-1-1878-fa.html
http://www.tcpdf.org

