[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

albs

-

GB20)3 5

Ol el gilio 9 32)039,3 308 (galomo
i) Skt (033 = (il Slodd g (S 3y osle 81K

LI Uﬁjf"‘"" ¥ rju.o C2C12 &M le.hdjl.w 03 PGC-1a
iall U ok

" lia a8 T SALL 53T skaas YLl S

@l (S o ole slKamils (o sadily S l8EaT el (Y @l @bl (S dy o gle slKamils o (S by su€iils Al cand ga 85,5 (A

das S <y ‘u_;:dl_a (soah g a\,; (éﬁd‘)i (g8l ‘f)L_J USJ;‘);s f\,.l.c. szl ‘f)L_J J s (godieus 3 L;k.ﬁls.a USL&J ‘ﬁ)*:"
e-mail: sobhel4@yahoo.com ¢ ;las

oS

Vs Cabd 4D 53 9 oy gl 4y Caglie Gloys sl ot sl o bad Sl 5 St 53 edS taedda
—ly Rl ol Sl oS e 5 Ses 5 53sm IS SlaediS i 5 S Olse 4 PGCHTA (03 (g I e
CNE astS JE o) Ol bl sy 5 .S oo Wl o gl 43 Gl 3545 30 ogs So b O geltS]
3o b 5 A3 iy POCO sy Ol 5 e e B edialdl 5 ks S5 Olse & {EGCG)
4 Caglie -« g 43 C2C12 ol ge 5olad 5l g 1oy 5 3lan 35 auglie (RGZ) 053kl 55 (o
o Ot 3 ol B3 G 5 G PBCHTE (85 Ol Oljee e 3 S U iy Sl G b 51 s
07 Ol ey b Sl bl (05,8 515 s 2 590 S O pay Shps 3 eslizl L RGZ 5 EGCG L les 5
G Nsgme HEGCG L ad s ol Jlags (P=4/01) sls 2alS 5 s jms ssb 4 €2C12 gad sk 3 |, PGC-1a
Shsisima ssb 4 1y s i 53 03 ol Ot RGZ L Sl Sl 3 (P=4/8V) wdlts PGCH1a s 0y
SRGZ L Slojen jlas o 55 5 da... 2 PGC-1a 05 Oy s ,ls pme S2al58 ol Opor s (P=a/aaY) sls 58l
S gu 5 gme PGC-1a 555 5 Oly Ol5e s EGCG L 50 aS 3l Ol Lo @L:J :L;J:fu,e.;& (P=+/v+Y)) W3 ki~ EGCG
mip 4 g game 53 313 35 1) PGC1T 5 5 Slally Lot W 0Ly falS g5lo 50 55k 4 RGZ &S Jl> 5
33,5 a5 Jlasl PGC-10 05 0y s L3 ol 5IRGZ Gtk EGCG Kty s 31 S

Y& il SIC ol 55K 5, PGC-Ta o5 C2C12 s slad shos 80 ¢l sl 4 cae glie s g ualS 8350

AY/AV/NO callie 5oyl - AT/ VY e dial @il e AY/V/0:dlEs =il ju

- N N - Y-# . -
Ol po aubs gt wdy 6 g B G as L el dodio

YA & base S5 sLa)lole plubs
S ol e LB 4 o2 sl ploaS s
cor ol Vb bl b SRIY g8 cnba a5l
olllae oy ool 5 ccwl by oy 50wl il e
SoSlee 5yl il it Con slaaal J3 g 5o sub)

e ol sa aladl 3S6E Sl 5 id gen s Gl e

Gl b oo JER) K Glsie € pusile culs

oL 5 o3 wlallls ol slan s S
Ml dme 5o E L Rl sl o e (slad sl
S slan LEal 5 olo o JYEA) € suls olis cubs 4

b sl (aslse 51 (S soaS e b sxigl


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

IFVF Coigmoslm 2us 8 ) (solad padid (50,99 [lgl pauslgylio 9 jay(19)3 32£ (Galas oy

Daole 3 eads wla Canlh S e aly alls
35 o8 el s LG a0l 5L (plhcaelon
S50 GB35 Ol 09 S 0K iS55 sl (oluS s
S O S S el EGCG w,S o H158 saliinl
sladas Ho b ws &1 gl 5 e sly claguasls
COLS 055 Sleoply Dlee b S5 ol ol Sl
3soe Ol Gls dhae gladslu 5SS 51 ERK %2
“t oSl s ) SR LRl B e S S
sln ool S olee & Slgee BGCG fal by e
e b Mg LS G sbs Base - a8 Gaslse Ghals
Gl (a8 g eud SI ool ol S (Gbe ws ol
o 5 won sl Sl 5 oa gu ailis 50 PGC-la
S s 0 e (el oo (nlsl 4 ceglie
-Jslew 8oy Lo PGC-la o3 olu ol5se 50 EGCG 3 RGZ
ade 5 b 59 ol @ aslie C2C12 dae sla

Lagtg, 9 ol se

3 C2C12 glazasdysen Slolos 23S pladl | shis
09 Ladsl cnl s S olusa Gl sl st
cudS K g BT 7Y 5 "FBS /- (ssla DMEM luas
5 IRl 4o,y YV sles) LH8LsSI o g Wad suly
W K (5,104 (CO2 70 Hlas

G gal e |y S SS/V-A L sl 4S8 oK
L S baase 5K ol gl wiad suls ulad Ao 55 sae
7N 5 wol are /Y sla DMEM) s Luas
5l baane 50 555 ¥ Lad sl 5 w0 S (i 523 (S5 50 0
iSola 30 bl luase b Sus 8y Sad ol
oskiie 4 ad SIS Lo s Gled Gl 5l s S
5 C2C12 slacidise Lo 4GS cosme wla aul
3 oaliiad U ¢y 50T ol s S suliind SIS 531 ¢ 505
Bioassay oS,& 3 sad (g lwya LS 08l S oS
ad alasl system

oy 5 Sl b Lo

008 L8 Jslew Gusiens 5o Wil gl oliaally oSl (5l
shie ol 4w €3S Loy sl 56 BSA L
da 70+ Jsbl Lo ol aan 5 Gl 6550 slackle

iv- Fetal Bovine Serum

o o) con slamal o5 ) co s @I R5
Jlaiat ()38l 5 ol gl o cuuliua (2al€ 4 jate IS
Slas € el sad (adie Nus K Y g enba 4
Slially il plasl Cog Ll L C2C12 sl sl
Obe Al o (Lewdy plasl o 0 530)05153)
e a3, Lsbopes M asd e PGC-1B 5 'PGC-la
05 ol Rl 4 sate (Buisa 5 oldl o Coa
S & ylsae 4 PGC-1a M sa S o dlise 53 PGC-la
-05 ol s 89S Jae "PPARS sy (e 55, oS Jlad
AAS@J&S‘JUJ%GL&AP‘JLAJ&AHJJJSJJ(SLA
g3 ols wnd 3,38 s S GBIK (SH6 @
23 1, PGC-la 5 diwa biu sl swigdaS ol giue
alasl slagma sy T aas o (alS Ll Sl dlac
suls QL;.:Z;\ O:L‘\’.u.u‘ “ “:.JGA C2C12 (5‘.&9\933\9*0 B X"
G5 5 bl sladels 5y dasa Ho (el Slisjaly «S
bl 4 0K s w gl oo Jide (g uS Shae (Fw)
&5 5 sl sladelin o al sl Plasaly 5s 556
5 Oelod) @ conlaa e cae (oSS S
Vs S sl 31 suy cpl 5o PGC-lo ola Gl 33l
-l ol salpla 51 (pda sl s wile 50 RGZY
Sssgr ol O Osa a8 SIS saap o oS al Lag s
ol 1 Gsa KK mhan 5 sad Gl sl 4 ol
sln gl plsie @ oLl ase glacil 5 aS Ak
osben sla05 o Slae 5 80 S Joae Gl el cullad 55
Sl 5 s @l 5o S wlaipo RS 1) Gl o)
sSle RGZ wdle & .wi,ls oS58 e slaw
ol s Lo She s casew 5 SEE ) Gal s
© aelie Glass Hu sl Galsh ok Jlaal 4 5 aas e
4V aBle ¥ g cnlis 4 e 3la W1 5a s
51 S e RGZ L Hlass el s suls ol (S56
S oblse o aby Jlial o Mas e ¥ g
ood d same o5 Bl tel aa Lag sl 53l
sl ol & GlSL 5 aS (KL dhae 31 sl
“ L&CAAL) d‘ o8 |) ‘")3.‘\94.“3‘ Ls;ila.u‘)?l:\g K) FRAs u_‘a:\.&.a

1 - Peroxisome proliferator-activated receptor-a coactivator
coactivator

ii- Peroxisome proliferator-activated receptor

iii - Rosiglitazone


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

[Ala]

PGC-10.05 0l <8 058 I8 1 5 0951ls5 I3

ILSCas 5 b Vo 5

CsSgaa 5 ol GESIy pdge sdbgsre 0o b LS
Otoledl 5o aials Glie glagaig, b abline (S,
b aladl L e Jilaa

SPSS ,i38lass 51 soliind b g5l sladulss als
5o LSS b d S Ginla)T Haad aladl VA gaas
ik sals olas Hlae Glank ( Sile o se 0 Lassly
alasl ANOVA 5057 51 sl b Lasy S G demlie
Las s L o bl Dlare @l wsa g bl o ws S
S P< /0 suolie .ad soliiud ' S5 Post-hoc & se3T )
- ‘Gé_s _)BBJJ )‘JL};‘M (SJL‘““. Jél.;,

Ladssls

sadd (bad Gt 4 590 Y-F @S 3l Gy Lag sl
a)

b)

228 hame o C2C12 glaciadss (a) -) S8
alls ) Sy (udin @aX 5 gw sl .DMEM
-~ gae (D) it oo Salad sulel 5 sael 0 walyl 58
Y-F s 5 puy ke 5ol laaas s C2C12 sla
Sl et oS3y 5 sad LS oulss 4 S
b Wl 4 tage 5o 52 5o S0 iy dlae
B (5ol e @) sl o S g S

i - Tukey

i 6Ll BSA 7\ ssla DMEM & Jslae ol 5 sud
WSl a0 YV Lo cela ¥ cue @ bauss () uses
Al base Gl el Y51 Guy el 4 S Sald s,
Ladsbos 2,8 L5 C2C12 (slacs 5 30m LSl o 5 a0
Slas olially b cel FA 5 Y8 YF AA AY £ ote 4
BSA sla ot lums 5l colpusl L Llad sls i

suldiol _)YJVOJAL! Voo U:‘"}"""" 9 J“)T rgeN .A_.}.:.u‘ 43l

VAV

Nselie /¥ s RGZ Y50 oo oV Hlas ke <
Ja skis OT 5 DMSO Jslas 5o w5 1, EGCG
e coso € pa sael cuns 4 gladslas Gur s S
Looad Hlas oS glakuas 0 glodes cosm a8
S daye ool 5o TS Wl sl 5 ol
Sliually U cela ¥F oue 4 S 0l soliin) plakuas
s 438 S 5158 Gl el Hlad il aas 5 sadd 4SS
05 ol Olee 5 EGCG 5 RGZ o3 (pus sl
JsBa ade 5 psda 58 (g b o PGC-la
osbiecnl 4ol soliil @M Gy GRS ol
S8 G3sad ol 5 C2C12 slag sl il g soolime
X- i3 /Y Tris-Hel ,¥ g0 Jio 0+) RIPA J50 ,u Lag,]
\ Na-EDTA LY yolia V ¥ sS aSIs aaes 7+/Y (100
sy ool s o bl 5 gatd (PMSF Y se b
oslae S a5 S Yoo¥s Tas g,Se 5l aysial
oupes ad 5,585 580 SDS-PAGE 5 (555 (S
© oy Sk Jie Jlelagyis Lae o J5 5 lad sl
LY Jslas o ol Sl dasu ¥ ogles 5o il ) oas
Bl b Lad wa gdda e o Sas S 4 < BSA
ks 4 oS ciels V) @ae 4 B -actin b PGC-lo aule 4l o
© Lie TBST 8L L sladids 0 godinnd 5L Y ) Gy
€S HRP b S50 0ol ol BT b ccle S cus
L G 9 o aladl (gMB80 0 (g sadint 5L Sl a
Ads V=Y oas 4 ECL Guligiues) (oS gl g b
G5lsmly ald b Lie wn gddase 5o wma S G S
5 oseb sladslase Sl el b ald 5wl Hslas ulisa
SBle oS das sk 4 5 sad (Sl alid s S alls o
Vw08 Jila3 5 4323 Scion Tmage Iyl b o s
S eiedls 4 PGC-10 S (siaadls s b s
S e salle b OIS 5550 05 Ol HlBe (B kLR B-actin
5 B9 JUssige suliinl u)se iyl slagab Bl als


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

IFVF Coigmoslm 2us 8 ) (solad padid (50,99 [lgl pauslgylio 9 jay(19)3 32£ (Galas 0F

S (P=2/0A) suse ST 1, olaiae Gl il
S om el cullad e s VWY 4 she sgaa
.A::.A;‘L}wl;a’/aa‘g'/\‘ u;ss_)S‘t.sC.\.CL‘.uVVJ\‘/\ C.u.:b./

Jla olas S 8IS 5 sesT 5 snel cns 4 sladisl

el callad oatise & Lol e ulad 5o sa b S
Dlasad 5o @S ghgylaa ol 80 S Taw il 38 HLS ol <
anllad Oulad 51 e celas VY ol snd sals Glas

% _

- \

Z)

ai -

v

5 */A -

Y .

—i’ - L 2

3 -I¥ ) .

=) ' 4

ES A .

“ . . . . .
a

% YY¥ YA VY a5 VY-
3

4 (wel) oo

S o 25 4 S OIS pa T callad lias ouisse 4 @l sse sl sl 5ol wal ca SBS OIS e - lasas

ladiwlio olad Hu 5 Ll Sas Hio 4 s GG alad .ol o0 Shayy Ghul3d) 5ol 3 celi 47 9 VY FA ¢ YF cliS
Wilead sals ol Hluae CBlpadl + (Sl & e 4 Lasuls coaal sud 438 S k5 0 (P</-0)

SISl Hlased 4 da g b s SIS 58 o SiSs

o oM Gty Gsedl sl war dase o sasl cas 4

Jobae conllad (il 380 G i Gl 5V o 590 Ll

3 ol lachle wgs slie @ .o S sualiie o /VYF
ad solitad ansdaly @Sl 31 bl sladsa
alale cnl sad sals HLES Y lased so S Heblea

JE T

o) /6 . )
A >

a AN
o
a
B Oy b
A

Oy b

R

¥ 5

(poShee) 0B s 5 bl

S 50 slad gl lale fyaaal agan u 580l (RS u Il o gai =Y o gl


https://ijem.sbmu.ac.ir/article-1-1794-en.html

oV PGC-10.05 0l <8 058 I8 1 5 0951ls5 I3 I Sos 5 by Yo 25

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

otalesl PGC-la sy Ol Ole v 6l s che 5o PGC-la o3 gl Olee oo sobie 4
208 SIS LY Lk s 51 S e sl @ e sl wlaally [sda ane o Hsda Lo g

oo S¥se lie /0 Slinally b Hlad a3 C2C12 Sdlae
G Lol sad sals plaas ¥ K o« eblea aiid

el /0 Sligally 5 da Ho (melu) Glo)
JSS F Y A YF YE YA

(0sillasbS aY) PGC-1a SN s - (<l

(05l LS ¥Y) (S G e ¢ 2 2 T - 4

VY T
(¢
4 Y I I -
i N
x i
e A
=
) s L *
3 /%
[a )
[ )
AR m
Oy L I
Jas 5 \Y A Y¥ v§ FA

Sseislie /0 Slisally 5 sda Ho (cela) Glo)

W P ol ) Guy obisaly Yaele /0 clle jsda 5 PGC-1a 055 ol oloe (A -oliaally b jlas -F JSa
Ol Oloae caels YA 5 Y2 ¥ OA laglel o Lol (P>4/20) sas cad ol (5 0 sne saaad JH3S glasy S 4 cund caela
e siaals 3 sas] cuws 4 slasals (o (%, P<:/-0) wlioe Sual (s, ne sub 4 S slasy £ G cuwd 03 ol

Sl sud sals las ‘)':u.a Sl :l:b;;lf.a Sy b A slagley o PGC-la O3 93

V¥ Olas o)y e Cpsigs sdel cn 4 sladisls Gulaul y O 550 Ol Oloae suel a4 sladitl ull s
alisb)] 3 sael ciws 0 ladiil ad el el S o obaally Y selie /0 cbile uaa 0 PGC-la
ol oS uls plas oIS By 0B sl 2 ok ouiS JOES glasy S 4 s mela VY 5 P omalS
Ssay O opl @l Aline slagle) om ol e A slagle) u Lol (P=+/10) cal sulas Lis (s ks sas
(P=+/¥¥) o lu sy S 4 ol 03 ool olo olose celis YA 5 Y& YY

P/ o\) caad €l 28l (s aiae sk @ JES


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

IFVF Coigmoslm 2us 8 ) (solad padid (50,99 [lgl pauslgylio 9 jay(19)3 32£ (Galas OA

Ja (P=+/0V) sas g lis gols sme usd JHiS sla
S oo s alsed) 5 Slaally b slad bulyd cals <)
sk & LsSie OS5 Ol Olhee EGCG 5 RGZ als

b oo GBAS (P=2/-0V) (gl e

EGCG 4RGZ L jlas
sladshe 5o wad sals LS ¥ JS& 0 4S5 bles
9 ¥seile /0 oliaaly b osud Hlad palsedl 4 slie
EGCG 5 RGZ L ,las eas € ,¥ 5050 Ve v ol g

098 4 et PGC-la 05553 Ol Oliee w8 S 5158

3 (ca
o ¥
Q N ©
= 2 g
: f g
EU S
5o
A s R T |
T I
(ar kDa) PGC-1a - —-— -— — -— .
(7Y iDa) o G — e e
VY
(=
VY T

Ao

-
1
—

= 1 SEERH
X =
.,, A -
E -
8 7 F o
4 =
* 33
g L 32
T =
. - N o 3
=
’ IR LI
LY ke ke 3,.5
3 3 3 E
1) ] ] 1)

buss osd Gl galpuadl 4 pglio C2C12 slaoles o PGC-1a 5555 ol of3se » EGCG 3 RGZ 31 v K4
ol 4 g 3 B 8 QS Gl b solpan 5 U8 g sud Hlas Sliaally b celi YF s 4 lag sl (i) olaally
slass olisally 5 algus! b C2CI2 gladyls Hlas olipally b Hlad Goas Galpus) b C2C12 glacissgee Hlas (JHES
adsls slas RGZ 5 alisally alsesdd b C2C12 slaJsls Lloss EGCG 5 clisally ol gt b C2C12 gla sl


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

(AR

PGC-10 05 0y NS 56 I8 1 5 055les5 SIS

ISCes 5 ol Yl 5

oI Gy 5 PGC-1a o3 aale 50l 35T 5 suliiead b &3 o5 olsle3T RGZ y EGCG cslisally il et s C2C12

Sose b Alids slajlas bl pd 5o PGC-100 (45 550 (5550 siaails ) ssl caws 4 slasals (o o pladl (als J i)

-0 ol C2C12 oMae sladshas 5o 1y oalsesdl L sad
51 5a PGC-la ol (3l 50 yuals gaallas o wlas
sladole 5o ol b osad W Gulsed) & cuaplie
S5 go AN welal o ad wall C2C12 SHlae
Ladsle cnl 4o PGC-la s s EGCG 5 RGZ s,k
SCLP I IR
g oo soliil alina sla g la 5 cubo Gleyu gl
“opad o35 sl s 5 RGZ cules ad slagols 31 (S
w5 5 albT con laal paw « el lag g0
Sooe - @B Gaslse ) eoSan caw s sals Gha
RGZ € wu S padidio [Sos ghalllas 5o ™ sl o culis
Posm 08 deda alS slags 5 gulaas ply s sel
Sl eMae Ho o) silannS) il 5 ob,aS s
onds b oslres 4S updie ¥ opss cnbis o e ohlen
lag) sl slgas 5 AKwl oiae gilanS) el
5 ¥ 5LwlS MAP kinase cullas [lge LRGZ ™0l
o9 olially fuls 5151 L&l oWIEA) Sl sl ST & in
sad GBI sboras T sas o GBalS 15 B slad sl
I3 PPAR-Y & diesls LIS 55k s @n3 RGZ oS
Vans o (2l 1 ol b osad G Gl sl 4 e plie
- olds (Sialea SMae sub sladshe g5, sad aladl
5 2had sladia @) sad bl geallle T Maa
S ool sals oli 30 EGCG sy b oS5 (S
oelsn Jshuws denls lagail€ Sou s (b8 oS3
T VPP RYUIF. o PR YRR K'Y RGN IR R VO- S Y
BE) Ccu g3 abslen “"):)3 L;..MS u.u:il.ai' L;e“}.i‘ (L;GJ‘).C_‘}_}.‘:Q
s RGZ aloys sl 5l oy 5o aa SIT sl
PGC- 0,5 a3 ol o 99 ol S pasead Lo (a0I8
59 ol Sl daslie 5 C2C12 Sdae sladsla Lo la

(%5 P<+/+0) cansl o suls Lt Hline il yad) &5, &3l

EGCG 5 ool sed) calivally b Hlas @lla 5o (g ps
L cwlie 5o PGC-Tan 05 953 Ol Oloae S¥ ge 5800 /¥
ol O Galsdl 5 olaaly bosad slas o5 <
O 0w 4S L ol 44 ((P=1/8V) el sl LS (5508 ine
59 0ol el 0058 586 s EGCG oddie 55k 4 clla
e ¥ sesSse +/V RGZ b 5lass alla 5o & cal s
8508 4o e Gl Cpl 5 Bl Gl sy ol Ol
arl sup Hla e Gl 5 slially b osud Hlas
S5 o9 ol b pleden Has wlls o (P=4/- 1Y)
Oloee ool 5 8Ly Gl PGC-Ta 35558 ol Oloee
Olsesl 5 ol bosad Hlad o5 S 4 ces (il
-0 obad sual cs 4 sladiil (P=2/ 4 V) ol Hlu s
5o Slisally S5 a4 5ol8 5Y ga s See +/) RGZ & sas
aibgs GtaledT as 50 slad she
sy

-~

o9 asase W Con slasl Gyl @ saie Wil
cor slawwl Sle 5 cdgw 5o Gl 5 gsn GBS
O pe! 4 coglie W W31 Coa slane Pus 8
sldsla oia 5385 cws 3 s Sssl b € ssie
dlaa 51 PGC-1a 7ol 8l y0a ¥ g cnbo Lo Slae
sl Lo lag] s 8 € el olassiSls S
oo Vi sad plabis oboaSeie o Slac 3335w
Aol b bo ulydl Hu 4SS sad suls LEs Gudiy lallas
70+ G PGC-1B s PGC-1a &5 oo aouba 4 sl axicus
Wad Coogane S sud odilie (uiaas D.A:\t:k;a Ll
Oby Gl 5 sl 4 conlia s a8
oSeys Mo S e 3la o8l KL eMae 9 PGC-la
S slagasn S o v PGC-Ta 003 ol wand Gou35
cor slaa) Taas e aalK 1 G b swigl
Bsadge Brae KK L culi; o olisally o35 4 gl
Ol gl 4 el ool G LT paulancaS) (I3
Sopa3 3K il bl ol s ede Tan K


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

IFUF Cuiguon il w98 ) gosled ‘/,A.Li‘a o9

Ulpl puaioilio g juyL19)3 326 |galan £

PGC- ()5 gle Oloee sl o PGC-la 5 gLy ) ol
RGZ s EGCG oS5 50 b olaran Llass bl ol la
RGZ L las bl 53 53 oal ol olwe b asli o
Ol @ Ol 9o Ol o) aas g HLES (5 5lu Sae & g8
L Ol Gl Ylaial 5wl LB 158 a3l S 5 g0
»RGZ §EGCG 436 ¢ 5S6 .asb o RGZ 31 31 Lab
oose ae gladsle 5o PGC-la o5 (s ol
s ol o5 bE 3 S wlse €50 ol € @S
@l cnl g 5 s0ss in Vitro dallle SO ol ) Lol
S Osiaad b aladl in Vivo clalles s ol wl
09 SR calay ol an oldlas jo € el
S ladSlpe cullad uaaa 5 Sac sladsl
N R L P L R
29 g Se 5l

sbaly 5o 50 sala (hassy sladil (K ok
coslie g 5o RGZ 31 wse T Ty elalllas
6 ey g 1 4 el Slially e 55 st G ol el 4
3 soSsls 5 olially L85 GBia L RGZ Sleys ol 3l
ol Jla 5o gl 058 s oy 5o PGC-1a o3 ol (uals
o ol Ll 5 sShe 05 oo s @3 e EGCG S
59 0l S 008 e ol suel ciws o sladiil ol
Geob 3N 1, ssa Sl ws Sl (ool S 3
il oo Jlael S slaie sla,lS 5500

References

Borch-Johnsen K. The new classification of diabetes
mellitus and IGT: a critical approach. Exp Clin End-
ocrinol Diabetes 2001; 109 Suppl 2: S86-93.

Kelley DE, He J, Menshikova EV, Ritov VB. Dysfun-
ction of mitochondria in human skeletal muscle in type 2
diabetes. Diabetes 2002; 51: 2944-50.

Mootha VK, Lindgren CM, Eriksson KF, Subramanian
A, Sihag S, Lehar J. PGC-lalpha-responsive genes inv-
olved in oxidative phosphorylation are coordinately
downregulated in human diabetes. Nat Genet 2003; 34:
267-73.

Morino K, Petersen KF, Dufour S, Befroy D, Frattini J,
Shatzkes N. Reduced mitochondrial density and incre-
ased IRS-1 serine phosphorylation in muscle of insulin-
resistant offspring of type 2 diabetic parents. J Clin
Invest 2005; 115: 3587-93.

Patti ME, Butte AJ, Crunkhorn S, Cusi K, Berria R,
Kashyap S. Coordinated reduction of genes of oxidative
metabolism in humans with insulin resistance and dia-

10.

gladl Coa waeal b sud ) fpl gl 4 o gl8e Lo o 50
Olss suala B3y LAl ol suts aladl bl
Yol Voo ol b C2C12 slad sl Llas <€ al
03,50 ulasl PGC-la 05 55 ol 59 (sols e Giul 8l
10 Slaally b Slas 53150 05 el Ol Oloee Sl o
Lae Gl 4 ol il GRAIS (g5l pne 5ok 4 SY 5o e
Bl e o laally plidl Coa slaasal e (il S
Ladie aliae Lo ofigs e Lo PGC-la o5 ol

~o ol mlB Kuu g geu 3 wu S e L2C12 slad sl
¥ EGCG L odpesi) 45 pslie sladslor Slad sy
Gals PGC-la 05 by 5 solsire 5806 Y 505500
sads Hlass Gl gl 45 a sl slad shs 5o S s S0 ol
o33 PGC-Ta 05 by olee S 9e580e +/V RGZ L
G opslie ladsle s S @ cud RIS el 5wk
Slasi oo ol sag Hladne ol b sads Hlas gl gus)
Oloee RGZ 5 BGCG S5 50 58 b ladsla layna
L S Gl 381 Gl gl 5 3k QI PGC-la o5 oly
grane o3 ol su g Dline Slially sk Hlas 658
D) 83 LRGZ «€ s oo ol sas] e 4 (sladisls
olisaly bwg PGC-la o3 ol (2al€ ) olisall
Sos o8 oSpdn Plos paln 5 e S (oSl
Sl oo gl oty slially b osad Gl el 4 s glie
s 4aale PGC-lo o3 Glu 5 655 G EGCG «S el
olsasl 4 caglie Ssags 0 EGCG 3 auailSe "Ylaial

betes: Potential role of PGC1 and NRF1. Proc Natl Acad
Sci USA 2003; 100: 8466-71.

Petersen KF, Dufour S, Befroy D, Garcia R, Shulman
GI. Impaired mitochondrial activity in the insulin-resi-
stant offspring of patients with type 2 diabetes. N Engl J
Med 2004; 350: 664-71.

Reynoso R, Salgado LM, Calderon V. High levels of
palmitic acid lead to insulin resistance due to changes in
the level of phosphorylation of the insulin receptor and
insulin receptor substrate-1. Mol Cell Biochem 2003;
246: 155-62.

Mann JI. Diet and risk of coronary heart disease and
type 2 diabetes. Lancet 2002; 360: 783-9.

Corcoran MP, Lamon-Fava S, Fielding RA. Skeletal m-
uscle lipid deposition and insulin resistance: effect of
dietary fatty acids and exercise. Am J Clin Nutr 2007,
85:662-77.

Crunkhorn S, Dearie F, Mantzoros C, Gami H, da Silva
WS, Espinoza D. Peroxisome proliferator activator rec-
eptor gamma coactivator-1 expression is reduced in
obesity: potential pathogenic role of saturated fatty acids
and p38 mitogen-activated protein kinase activation. J
Biol Chem 2007; 282: 15439-50.


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

£

PGC-10.05 0l s Y8 058 I8 (1 5 0351l55 I3

ISCes 5 ol Yl 5

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Sparks LM, Xie H, Koza RA,Mynatt R, Hulver MW,
Bray GA, et al. A high-fat diet coordinately downreg-
ulates genes required for mitochondrial oxidative phos-
phorylation in skeletal muscle. Diabetes 2005; 54:
1926-33.

Koves TR, Li P, An J, Akimoto T, Slentz D, Ilkayeva O,
et al. Peroxisome proliferator-activated receptor-gamma
co-activator lalpha-mediated metabolic remodeling of
skeletal myocytes mimics exercise training and reverses
lipid-induced mitochondrial inefficiency. J Biol Chem
2005; 280: 33588-98.

Miller WC, Bryce GR, Conlee RK. Adaptations to a
high-fat diet that increase exercise endurance in male
rats. J Appl Physiol Respir Environ Exerc Physiol 1984;
56: 78-83.

Simi B, Sempore B, Mayet M-H, Favier RJ. Additive
effects of training and high-fat diet on energy metabo-
lism during exercise. J Appl Physiol (1985) 1991; 71:
197-203.

Richardson DK, Kashyap S, Bajaj M, Cusi K, Manda-
rino SJ, Finlayson J, et al. Lipid infusion decreases the
expression of nuclear encoded mitochondrial genes and
increases the expression of extracellular matrix genes in
human skeletal muscle. J Biol Chem 2005; 280: 10290-
7.

Pagel-Langenickel 1, Bao J, Joseph JJ, Schwartz DR,
Mantell BS, Xu X. PGC-1alpha integrates insulin sign-
aling, mitochondrial regulation, and bioenergetic fun-
ction in skeletal muscle. J Biol Chem 2008; 283: 22464-
72.

Boden G, Shulman GI. Free fatty acids in obesity and
type 2 diabetes: defining their role in the development of
insulin resistance and beta-cell dysfunction. Eur J Clin
Invest 2002; 32: 14-23.

Kerentz AJ, Bailey CY. Oral antidiabetic agent: current
role in type 2 diabetes mellitus. Drugs 2005; 65: 385-
411.

Mayerson AB, Hundal RS, Dufour S, Lebon V, Befroy
D, Cline GW, et al. The effects of rosiglitazone on insu-
lin sensitivity, lipolysis, and hepatic and skeletal muscle
triglyceride content in patients with type 2 diabetes.
Diabetes 2002; 51: 797-802.

Bogacka I, Xie H, Bray GA, Smith SR. Pioglitazone
induces mitochondrial biogenesis in human subcutane-
ous adipose tissue in vivo. Diabetes 2005; 54: 1392-9.
Yung J, Han Y, Sun H, Chen C, He D, Guo J, et al.
Epigallocatechin gallate suppresses proliferation of vas-
cular smooth muscle cells induced by high glucose by
inhibition of PKC and ERK1/2 signalings, J Agric Food
Chem 2011; 59: 11483-90.

Lira VA, Benton CR, Yan Z, Bonen A. PGC-1alpha re-
gulation by exercise training and its influences on
muscle function and insulin sensitivity. Am J Physiol
Endocrinol Metab 2010; 299: 145-61.

Bradford MM. A rapid and sensitive method for the
quantization of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal Biochem
1976, 72: 248-54.

Haghani K, Bakhtiyari S, Nouri AM. In vitro study of
the differentiation of bone marrow stromal cells into
cardiomyocyte-like cells. Mol Cell Biochem 2012; 361:
315-20.

Turpin SM, Lancaster GI, Darby I, Febbraio MA,
WattM J. Apoptosis in skeletal muscle myotubes is ind-
uce by ceramid and is positively related to insulin resist-
ance. Am J Physiol Endocrinal Metab 2006; 291: 1341-
50.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Yang M, Wei D, Mo C, Zhang J, Wang X, Han X, et al.
Saturated fatty acid palmitate-induced insulin resistance
is accompanied with myotube loss and the impaired
expression of health benefit myokine genes in C2C12
myotubes. Lipids Health Dis 2013; 12: 104.

Hundschin C, Splegelman BM. Proxisome proliferator-
activated receptor gamma coactivator 1 coactivators en-
ergy homeostasis, and metabolism. Endocr Rev 2006;
27: 728-35.

Larrouy D, Vidal H, Andreelli F, Laville M, Langin
D. Clonning and mRNA tissue distribution of human
PPAR gamma coactivator -1. Int J obes Relat Metab
Disord 1999; 23: 1327-32.

Richardson DK, Kashyap S, Bajaj M, Cusi K, Mand-
arino SJ, Finlayson J. Lipid infusion decrease the expr-
ession of unclear encoded mitochondrial genes and incr-
ease the expression of extra cellular matrix genes in
human skeletal muscle. J Biol chem 2005; 280: 10290-7.
Denser A, Laurent D, Marcucci M , Griffin ME, Dufour
S, Cline GW, et al. Effects of free fatty acids on glu-
cose transport and IRS-l-associated phosphatidylino-
sitol-3 Kinase activity. J Clin Invest 1999; 103: 253-9.
Jove M, Planavila A, Laguna JC, Vazquez-Carrera M.
Palmitate induced interleukin 6 production is mediated
by protein kinase C and nuclear- factor kappa B
activation and leads to GLUL4 down regulation in
skeletal muscle cells, Endocrinology 2005; 146: 3087-
95.

Dubois M, Vantyghem MC, Schoonjans K, Pattou F.
Thiazolidinediones in type 2 diabetes. Role of peroxi-
some proliferator —activated receptor gamma (PPAR
gamma), Ann Endocrinol (Paris) 2002; 63: 511-23.
Mensink M, Hesselink MK, Russell AP, Schaart G, Sels
JP, Schrauwen P. Improved skeletal muscle oxidative
enzyme activing and restoration of PGC-1 alfa and
PPAR beta/delta gene expression upon rosiglitazone
treatment in obese patients with type 2 diabets mellitus.
INT J Obes (Lond) 2007; 31: 1302-10.

Abaraviciene SM, Lundquist I, Salehi A. Rosiglitazone
counteracts palmitate-induced beta-cell dysfunction by
suppression of MAP kinase, inducible nitric oxide syn-
thase and caspase 3 activities. Cell Mol Life Sci 2008;
65:2256-65.

Wu J, Wu JJ, Yang LJ, Wei LX, Zou DJ. Rosiglitazone
protects against palmitate-induced pancreatic beta-cell
death by activation of autophagy via 5’-AMP-activated
protein kinase modulation. Endocrine 2013; 44: 87-98.
Meshkani R, Sadeghi A, Taheripak G, Zarghooni M,
Gerayesh-Nejad S, Bakhtiyari S. Rosiglitazone, a PP-
ARy agonist, ameliorates palmitate-induced insulin resi-
stance and apoptosis in skeletal muscle cells. Cell
Biochem Funct 2014; 32: 683-91.

Wang AP, Li X, Zheng Y, Liu BL, Huang G, Yan X, et
al. Thiazolidinediones protect mouse pancreatic beta-
cells directly from cytokine-induced cytotoxicity throu-
gh PPAR gamma-dependent mechanisms. Acta Diabetol
2013; 50: 163-73.

Abaraviciene SM, Lundquist I, Salehi A. Rosiglitazone
counteracts palmitate-induced B-cell dysfunction by sup-
pression of MAP kinase, inducible nitric oxide synthase
and caspase 3 activities. Cell Mol Life Sci 2008; 65:
2256-65.

Liu Y, Zhao B, Mao G, Fang X, Liu Y, huang Y, et al.
Epigallocatechin-3-O-gallate, a green tea polyphenol,
induces expression of pim-1 kinase via PPARy in human
vascular endothelial cells. Cardiovasc Toxicol 2013; 13:
391-5.


https://ijem.sbmu.ac.ir/article-1-1794-en.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

IFUF Ciguosl— w98 <) gosled ‘/,A.Lifa o9

Olpl puaioilio g juyL19)3 32€ [galan Y

40.

41.

42.

Nagle DG, Ferreira D, Zhou YD. Epigallocatechin-3-ga-
llate (EGCG): chemical and biomediocal perspectives.
Phytochemistry 2006; 67: 1849-55.

Ueda M, Nishiumi S, Nagayasu H, Fukuda I, Yoshida
K, Ashida H. Epigallocatechin gallate promotes GLUT4
translocation in skeletal muscle. Biochem Biophys Res
Commun 2008; 377: 286-90.

Wolfram S, Wang Y, Thielecke F. Anti-obesity effects
of green tea: from bedside to bench. Mol Nutr Food Res
2006; 50: 176-87.

43.

44.

Sae-Tan S, Grove KA, Kennett MJ, Lambert JD. (-)-
Epigallocatechin-3-gallate increases the expression of
genes related to fat oxidation in the skeletal muscle of
high fat-fed mice. Food Funct 2011; 2: 111-6.

Timmers S, Schrauwen P, de Vogel J. Muscular diacylg-
lycerol metabolism and insulin resistance. Physiol
Behav 2008; 94: 242-51.


https://ijem.sbmu.ac.ir/article-1-1794-en.html

Vol 17 No.1 April-May 2015 Iranian Journal of Endocrinology and Metabolism | 94

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-08 ]

Original Article

Investigating the Effects of Rosiglitazone and
Epigallocatechin-3-Gallate on PGC-1a protein expression in
Palmitate-induced Insulin Resistant C2C12 skeletal Muscle

Cells

Bakhtiyari S', Babakhani A2, Haghani K

Department of Biochemistry, School of Medicine, & 2Student Research Committee, llam University of Medical
Sciences, llam, |.R. Iran

e-mail: sobhe14@yahoo.com

Received: 27/09/2014 Accepted: 04/02/2015

Abstract

Introduction: Alterations in lipids metabolism are one of the important mechanisms for the
treatment of insulin resistance and, hence for type 2 diabetes. On the other hand, PGC-1q, as a key
regulator of mitochondrial biogenesis and function, by increasing B-oxidation of lipids plays an
important role in improving insulin sensitivity. In the present study, the effects of Epigallocatechin-
3-Gallate (EGCG), an anti-obesity and enhancer of lipid catabolism agent, on PGC-1a protein
expression was examined and compared with the anti-diabetic drug Rosiglitazone (RGZ). Materials
and Methods: After differentiation of C2C12 myoblasts to myotubes, insulin resistance was
induced by palmitate treatment. Afterward, PGC-1a protein expression was examined using the
western blot method before and after treatment with insulin and after EGCG and RGZ treatment.
Results: Palmitate treatment significantly decreased PGC-1 a protein expression in the C2C12 cells
(P=0.001). Treatment of these cells with EGCG had no significant effect on the PGC-1a protein
expression (P=0.67), whereas treatment with RGZ significantly increased expression of this gene at
protein level (P=0.003). In addition, this significant increase in PGC-1a protein expression was
maintained by simultaneous treatment with EGCG and RGZ (P=0.001). Conclusion: Our results
showed that the effect of EGCG on PGC-1a protein expression was not significant, whereas RGZ
significantly improved the palmitate-induced reduction of PGC-1a protein expression. Overall, it
seems that anti-diabetic effect of EGCG is not exerted through its effect on the expression of PGC-
1a gene, in contrast to that of RGZ.

Keywords: Insulin resistance, C2C12 muscle cells, PGC-1a gene, Rosiglitazone, Epigallocatechin-3-Gallate
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