[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

T (O o ladk) YY 0,90V Fr Y (50 9 3T .0yl acuad gulie g casbos dlae

39102 8L g gw il 10 1 30 G930 93 (Foliiwit (p9 g0 il
99 &9 Wb SO,

Tde adge lsss J§ ‘\*(’J“i‘ Bl dezes ‘\;;"\J'J:‘ sl

a.\&

Sds by s g 3L e sbe oo 5 Sl sla e 53 ogs lole s CREB MTOR (slacyitis y iaadde
el 53 g8 s s, o 3L 3 CREB s MTOR (slaiis p Olpee r solizal oy 3 L6 ol gandla
Loy 3l VY i bl p S YV 055 S0k b Jils Sl 315 5l anle Y 5y VA (g o gaalllas l s ila g
ws S Y 4 halal By 4 o ool LS 53 g Ao At 0S8 5 e 3555 5% el S glome Bl 0555 GiuF b
s 53 555t g pedes S i a8 s 5 (V) Wl J 8 ey S S e e 2bs IS 5 G VoS 8) (2l o el
5 YV gase.s SPSS SRl 5 Laesls o 5 s gl sy elinal ad 4 s U Odeay o ed b b il
Al oslital S5 a5 ab b gl 5l glac ge 3l

S5 etsS Ogasl (P=a/een ) sls ol | Gl oan pnd ( gelinal o ed atia N JLisa MTOR (.55 5 (gl se laadly
LS 3 IS laey S 5 (PZ v t) Wl I8 s s cpped laey S S o Ll3 gae ok cnl sls OLE
IVE SN )lzduu et oyl (P=r/eve)) sl QLIS Sol3 ae oS CREB eS8, Slgms (P=r/000)) ol (.JLN J s
Rl JES glaey S 5 (P=r/v o)) JJlo J 8wt (b cpped (PZ/0Y) s J 28 wcnd abs el laes S
sy (PR ) Il 8w

S e Sl lsss e e 53 WIS e oS Al Al elizal a5 JLise CREB 5 MTOR (sla s 1 1 oS 4ot

2SI A e gty e Ll s ol L el

dl_}:" ‘)'j:-;’ ;L\:LTL;LOULJ"ATLSW‘;A‘JZ)))‘:)J& A})f_\

Ol sl S e Ol Al s o oDl 13T o30S ¢ 35,5 6550 50 05,5 Y

GVITURAY 505 VVAVAAOEEY @ ooy 08 LT Jle (25 5T (St o (555 0 Olaztla ¢ Jlod Ologl coline Oln Gl ¢ usl6 1 iled™
m.sherafati@hiau.ac.ir : o S oy

VEON/N /Nty Gyl ILERVERVAY g7 PPN REI PEQRP W VE VP bl o g


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

ey S 0 SLACI § g3 ()30 43 Sheliend (3 pal (81 1) (S0 g pudls 9 il vy

S nlply [A1 553 e T(GLUTA) ¢ 5508 Jol-
Olays sl g_)'ﬂjiil;- 3>l S Jd\jsde CREB gl
V] el ool

2ads Gl e Dl ble e 3555 glac b
S Sosed Dleds 5 g 05y RS L el (S
Fie G5 e slie il 53 5ss s PNV
g 95 Olpeas O da s S 5 Lot oS Jb- s ool
SIS S e et 1St e Lk ol Lo
gl 4 Caglie b oo OsemldenS) JalS oS ol i
Goldls [NYC Y] ol ol or S ple slaggslew
4 e g S oo oslatal Bl Obeys (gl lan] (""T)ﬁb
WO pa Gk Sl 55 Dol i O sladd s
380es g O o SRS L5y RS 5 S
o Ll 4 St Conl 5l Sl 5 B e S
D8] 558

Lsls OLES (YN 0L 5 Bae e s Ll cpl s
Sl s 4 e oIS 5 00 ek s A58 el &S
05 V0] 555 e MTOR e 55 b 51 il & Cglin
Slsoes o (Y1) Oan 5 Popov s i
05 s il 5555 oW Jlises CREB 5 5
oo ¥ Sodeay L33, Sl astls oLl Sl galae
A pll Gy oo sl ) asdn 53 555 0) (S5l el
ol el e JWs 4 CREB 5 5 (6l gims
D] sl

5 Ol el 53 Pl Saes Gliglen 4 s L
5035 s Sabs il OF L b (Sple VDL
asls cpl Osls D13 Gda el gl (S50
058l 38505 S Sl (Sen opr Jsb Jolge 5 LacnSs
A2l Pl b b e slagben sse 5 e OB Sl
2 e sk S5k 52 R s b G
MTOR slaniisn 3o b 5l oo Sl sl post s (oS

3 B dates &S & subs Lgu@':wi ,5 CREB

3 Glucose Transporter Type 4

VRV

Gl ol Esly 035 sl 5 Sl sodulp bl Saan
O s slas Shes 5 iy & Qe &S
S5 A Dol S 53 ege B o L LSl LedBdls
Glaslon b a3 31 01 5 Shae Il 5 5,15 o e
Ol Caslie 5 g g8 ol (Sl il (S sl
Gl pai died 3L S o 3L V] Sl ol s
o 5d 5 ket o 3L s e Akl ¢ A w s
o Sl Gl o Jsie o b S3L Y] G
Slosgd o oL S I ol by S 5 o5
S st 5 LS o LS VU s glan L) plad (655
el b S S 4 st O ppnlianST 5 O gle
sphe e 5 Sple Dl ol o R1H Y]
ol 1 e il 5 sl s Shas s oS
5l ladshe s Slae 55 I 4 omie (piomen 5 LS s
L8] 555 0 culis sl

i MTOR) ol (SOl G SIS
S35 Cands 5 e s & ol Jihu R e
03 el s e Kales Jslo roe 53 1 Seot
(Sl abex 5l s glagley L MTOR SIS
[o] sl ol on pae Glagslon 5 Ol 055 ¢ 58 ol
O O b Lol o8 slge a5l Sl S ae 5 Sy
[V 55500 3l cpdim s MTOR Slles (e 3e) A S|
ol 5Ss MTOR SIS oats s Dl 055 w5 @
LS Joeed L Ol 4 Zaslie b g g8 ol Gann s
SIS e a5 Wlosls Ol o gla rass V]
xSl il o Shes ol s ege 58 MTOR
A S W e s P55 o peedplie (53l
Jlail &9, Olsea éj-<i> DS a Oeemen [A] 51
s sbdsle s "(CREB) CAMP j,<>:.~Li s
SR e ATl sk e b Sl Ll o
5> D 5 el 4 e slie T3 ) sl 4 il

I Mammalian Target of Rapamycin
2 cAMP Response Element-Binding Protein


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

Yyy (0 oladd) YY 6,90V F 1) (5 g 43T .0l 4ol arusd galis g Cusbas dlae

MWﬁJb)Jﬁ(ﬂﬂ)éudﬁsajﬁ

el o o3
m&au@‘}f:jl{&qulﬂwﬁ 05,5 s,
K O Sl gsy @idy 5oz Vo B0 e L
Sy dudr b oatia e s s VU Ddeas 2 jed 0y S sasl
ﬁ]u\vmwjb&;;ﬂpu?,ﬁ@,;);ug)
o Gl e 5 S (aids N D) fJ§ aads
Boor sgd> gad b elinal e aads Y Lls Lol
o oaeds s OLL s ul ft};ﬁ‘ by S oy W
T Odeay) aids p e VY B Ve spus e L bal,
ad> a3 lac; s Ol Sl IS S s e (aids
343 o O S5l 8 ud g aids 18 O 315 g5, »

Ly SN (6 80311 0 go

Fard aiE3 )3 e 0 o b e S (5805 O g
G o3b Rl aids 03 2 0 Jedj S dBs T
Sl & i Ode) (St w e sl
St 4 gl o Sla e O 53 6 58 e i (Joo3 5
DAl as § b js ey Sl Ol geas ooy

Sl p 8L gx3)
A.Ejfé?n S 058 liial oy a3 (el rl?al Sode o
sl Gl s remes AXAIG S sl
Gsn eoss ik s ) ol b Sl £ S s
KBt o ize 5 o o3 3l LT 03 (e 5l (sl ARSI
3ok o8 il sl Ol s L o pal il J 58
Coley bba ige qopyed ad> o 21 51 o csle Y8
Yo bS5l S5 Blio 0555 GuF L s SO sl
0 L Y) adhls 5 (Oh L5s pSskS n e Ske 00 b
Cb s LS gm0 (0L D55 0SS 2 S e

e 23 3 A adly Ol On Sl gl o

bl (p ol B Gized 510 0 o s 055 RIS
=S o e S ! G SIS G s 1y
Ol bl 08 B Gl Gl 5l s ol L
sibs s, om sl 43 CREB 5 mMTOR (slayysis

L S,

GRS g 5 4 ged

V5 gle s e WA G ool g o Gl 0
oS YA S5 oSlke U STl sl5 ) asle
Lo cllps ogas oKabsl 3 o, Lus ol
5 dhoys 00—t Cugby ol § sl gans YYRY gl
Slo S b glaanss > AY-Y u—iuj)_v-iiju G4
S gl s (g,13a5 O 5 1 w0 a3l s U
L 3les axlas (IR.SUMS.REC.1396.51062 31 S)
pohe o8l Cpae AT Sllg LS Ul

W3S B A g e 5l s S

ol Wl 2y,
ol sl 5m 53 G V) ey 53 93 ¢80 Zabs bl 6l
eSS 2 sl oS ke WV 5 b el sS0 I sk
Johous 433 10 5l day s 5 13,5 Gy O 055
o o/ S 3L s 0k ) (STZ) o 555 550 2l
3o b ad e Skt Lo 045 o) yen PHEE/C L
S S Gy 0 O3 3l eSS s slil e S e
G o 3 Y 0 A8 e, 00 2l Sl Ol
o S el S Shse) O LS oKy Lo s
VYU gaels 3 O dd s (g, Seslll (U a5 e,
Olpsar mdows n oSk YU U 2o 2 S e
Fom DVI A 35 k5 55 55 g5 0wl jatls
o5 w3 S Y a4 wolar Jray 4 (e IY) e, by sl

S S e o V) s IS 5 (e VD s (e

! Streptozotocin


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

ey S 0 SLACI § g3 ()30 43 Sheliend (3 pal (81 1) (S0 g pudls 9 il Yve

sl G, 5 byl adsl ol Bl e lde 4 SISO
G e O 51 a4 4SS el VA BV Sotlets ol
plasl 5l oy 235 e sl o3l ST L 035 4SSl
Ablbads Vo e L e 5 LY LS LS gal> e
ol b &I L e A o3l sd 5o TBS-T
a5l sl T ples 1 (1:1000) Lok L Anti Rabbit
03 K B gles s 4i3s V0 5 el SO Sl
Loadds N0 Sodaas 5l o 5 L s B8 5l e 0l OLL
5 RAESS e Ad el dyoand TBST L
A sse s b @l G o 5 el
b B sy s AL edalis ol 23S bl
ClS s 5 andliS Skl i el B L1, wKe
o3l 1 O cwls 5l Wkd 035 b Sl e et
G oaols I3 b Yo oden Hpeh Jgle (g3l Sis
Voo 1) Wld O S5 55 e igd b Lkl
OIS &5 dglome 53 4B Yr Sotews OF 51 ds 5 ot 4530
oS b ad b Ol b o Bt e 0l

[N ] sss Ko B s 5 0l

bl gl iy,

[ USROS P SR SR JUOUN S Y N R JVS (I (R NEY
b aary bl elinad ol G glaosls w5
Shlesls Jdoi 5wyt g i iz 55 Waesls w555 O35
dpm A el (S5 ded 5 b I8l glao sl
el YV (545 SPSS i il 5 5l esliad b claesls ol
ol G (oLl o s 4 (sls e e 5 23 S
Al S L s P<:/v0

Laasl

ub&—d\)ﬂ &bkl Q}aj bl esls Jdos 5 4 s
TN dlsa MTOR 55, Jeha 0955 (gl ol Ol
b J S mls o el 05,8 5o eliial oy el ata

b Gl i @l s o 8L s Jl J 28

dlﬁ )‘ salal L» iL.pL‘DAJ B eals eb\bw “i.’.jjjﬁjcﬁ
Lo 58 Ay Gl b gday s o gl 5 demie O
IY+]

SN O fwy ARG By,
Slajrze OO pey ARSLT iy, Sl eslidd
Gl bl Il g, cpl s s o Selll i
San B sl RIPA oS ) s gl 3 o
Jde) S il 53 W ged e LS 4 (SIgMA) S S
Lo ol S sl ez Ller gles o> (G415 R Gyl
Sae Sl akds Ve Ddea adds g 5 VT e
AD ens s SR syshs s Gk Ol A
Ol $,Seslll gl sylllal 55 5 Olgeas BSA
S8 el ag b slese A eslitad 5,
bslse 6500 B L 5 ol e a Sals s 0
S Sl gamys Voo Ol s wids Ve B0 Sl
Aol b ST ey 51 SDS page Jj e i ol g
oA B oo ekl el ST G s el
LS Ssal ladsbe agd Gl oY slpe S b
3800 S I3 3L 5 VU I3 3L ol I3 3Ll
3 ey Al il SDS page J5 5559 S s LS el
ALos s edd e baaies 5l sl 4 J5 558,500 eles!
5ol J5 o3Il 4 PVDF JElS e 5 o3l 1 3 JUiz
his T L s Jple s aids ) Sodew 0l
J3 3 e Jasl s 3513 Jlasl Bl )5 5 A asud
o p 53 238 Spe OO s oes 5 LK &
Sl dels gulay skieas Blocking J e (SO
S asl sl w1 polantl e SuSly 5l oS ks
Oy i s Aoy ¥ sl cpl il gl .8,
JEsl bl 51y As WLl TBS-T 3L 53 o
5 ele K Sea LIS PVDF L sl s bapeiis
e b S S Jsloes L BT (sles 53 4dis 0
DLl 51 ey b plol adsl 3l (BT L 05 S 400 sal e
Jsbe b &S ladsl 3k 5T L 2l Sasdl ol o8k


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

YYo (0 oladd) YY 6,90V F 1) (5 g 43T .0l 4ol arusd galis g Cusbas dlae

5 mbs IS (s el 0s 8 e 53 el o sel
OL |y obspme mns Sl 5 r 3L 53 (Lo J 8
Olis S5 amdnd Ose3l (B s A Y [S2) (P=1/vee)) sl
5 R e glaes S S b gme i cpl ol
5L e Glaes S L o (PEY) 1l J xS
UAS Sloes,S r a5 B20001) L Uz

(B SA Y JK2) P=r/r e ) ol Wl J xS 5 b

S5 i 03031 (B 3 AN JK3) P=r/ee ) sl 0l
s el Sl S b o s me S cnl sls 0L
Glaos S i o ppizmen 5 (PZ/en)) Il xS
G ol PRe/n)) Sl J5S 5 als S
Sobsre i mbs JRS 5 by e gl S

B A JK2) P=4/80) L2 el

aia V JLsa CREB 55 5 Jokw 03,3 lsoee oo

(A4) o JiuS s JAS s iy

wTOR M M =% e = &% 220LkDa

[FACHD o s e — {7 D2

B) °

(Fold of Control)

mTOR/B-Actin Realative Density

=
in

pile JS

—————— |

wibs J s

wilis oyt poid

dxdlas 3y 90 (5LA6 9,8 HJu MTOR (335 g 43 (51 g (SeeuslBo -V Sl
Gl 5 o ab s s J xS Olgsw (B-ACHN) skl s MTOR s glgmms <L O s slas (A)
Sl JzS Jlie 5 MTOR (555, (6lgims Sl el oS slie sodins OLES st 1503 :(B)
(Bl IS 05 8 0 sl mlis o 03 05 8 o (Solimn DM )
(RS o35 0 S mbs U585 055 o (ol gme DMt ¥)


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

g 38 58 SLACS § 3 (Ol 3se 4 Shaliienl (s yai (81 15/ LS00 g pudls 08 el Yvs

(A) S eSS sl o
CREB s s Sl &% o g 43 LkDa

BrActin s o o o — 4} Dx

(B) 16

14

=
(=]

(Fold of Control)

0.4

CREB/p-Actin Realative Density

0.2

il J 5

wibs J

rilis (g

dadlas uy 90 sLa0 9 S ju CREB (3l g 43 (5] g0 (SdewalBo -Y Jsud
Gl 25 o 3L s s d S Olgew (B-ACHng sl s CREB s (slsmme 0 0 s sl ((A)
Sl U8 Llis ;3 CREB (15 50 (sl gims Lol ol oS 3l (gotins OLES sz 13503 :(B)
(2> I8 055 a0 o (13 (o pnd 095 o (513 ine Dt )
(s I3 05,5 4 Comd (2 o3 05,5 L Sl sine SO #)
(U8 05,8 a0 s b a8 05 5 m (ol ome Ml ¥)

5 i e o St sl ol 3505 sl
ITY] S S8 VY] S50 sladely i &
333 g ks 4 e Obley 5o S S ssg
dYEe Yol il a4 Cglin JalS 5 Conla a8l
lasolonr S5 I8 5 o B laolon 3 6,0

D] Wi e T Loslse 2alS L
b gladshe mshaw i s S LB MTOR (55 5
Lile Ok slaelhil 53 o sladshe rmen 5
BN VI PR e T I | ORI Gt | PNt LJ’J.(M\ R
s oS disls olas (Y1) OlSea 5 Symonds 2>
<l s MTOR (155 5 lyee il bl 4 e 3555

sBae s adss 53 [TV]apd e oIk sl tise o

Cou

s ol yaS atia N JLsa MTOR (255 5 6l e
et ol 3l3 OLaS (S5 il 03] 6303 OLES 1 (55l s
JAS 4 el 2l el laey S i e Sl
o I8 4 G (mls 58 Glaes S 5 (GRa) Wl
L solssne oid CREB (155 lsoes ol (1)
3 S Slaes S S lsare i ol 3l 0L
JAS 4 Somd (b3 0 3 (RS) (s J 28 4 o
o I8 4 el s IS laes S5 (G130 (Il


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

YYv (0 oladd) YY 6,90V F 1) (5 g 43T .0l 4ol arusd galis g Cusbas dlae

Sdos YU i b elanal 5555 o el bty 2K
08 red AS bl aads Y glands 5 atia A
ijied o b sl Gl 4 e YL odd L i
O, 5 POpoV s 5s Ll ol s [¥Y] us CREB
e JUsay CREB 55, Slgme oy 4 (Y0)4)
dztls ol Sl galae s sl malinad 355
Veasda 3 55,5 0) S5l el sl ¥ e 2555 e
JLsay CREB (.55, (glgee S el Gay 5> cele
JEIN NS b\ JECTRCH T P R
CREB 155 5 glyes gy 4 (Y0)0) O 5 Egan
doss b)) ol oda b ool A5l Jlsa
Sl do s Av) sl dls 5 (B ee O3St Slas
Slyome Ay Ol o (AUl galde 53 (B ran OS]
S sl ¥ s is ol s CREB 5,
35 Sl 4 S b S 0p S 3 s glac b
s 5l e el V4 s Ll s (ls me il
3Ly SAd b g ped 058 53 CREB 55 5 (glgme 2305
o s I g iy ol SB L e 4 S
s Egan 5 0,Ka 5 Popov (OKas 5 Bruno  uaso
Jiisey CREB 855, slsme iulsdl dali b ol,Kan
Ol Sol Goiosd il Jilie 5o ateen (S3158 0 ped plall
65,5 53 1) CREB 55, lse gsliad o el sls
53 Ll edas o RalS als J a8 4 ol s e
ls 0L 1y Gl Wl J 28 4 G (2ls e 058
il SIS gla s 3 b S g (Sodzmy LS,
Jolge o3 5 e D g E50s Slas s s
Olowr b (L) s g3 g3l Jaul 15 e ol a3 0 (5555
S ARG slats) S I de b 3
3Ll e @Sl G0l dlise 05 Ol b Ty
Glacntsn Glsmme o Seslhl il Koo g belye
S ol Al 3 WIS e ol « CREB 5 mTOR
s p oo Bl e dy ) g SO ] ple
Sl s CREB 5 MTOR (sla iy s 4 bgs o s sla

Ll s 38 653

03 et 5 eBios Cpaes &S Ll olis (YN ol
S odsl & caslie 5 Bl s 4 e oM 5
Ol ol o 03 [10] 5550 MTOR e 33 )b
05 (elinsl) (solsa o jes el JLsa mTOR 555
b U8 e S W Sl 1y i b e 058
L3l 55l cped Ol e Jsay Lls el sl OLS
Gl By S U e Ypene s ia 1
Slsme 3,08 L Sk sl b A1
(k) Slogs 331 & i Il 3131 53 MTOR 5y
5l VG sl 0L il G gl e &S 5bokes
3 055 P 53 O1 R 5 s ) 0252 U 30
e S 3,5 0L bl L sl Jske bl s
(G539 553030 B 53 S sla s 51 G MTOR
oml LSy 03 8dlE Gk Sl L Jes o0l 5 2
a3 plosil SREBPL 5 V- (slagtisyy Aol s
I MTOR e 5 g 2olS L ass s oplply [YA]
2 s sl S LS e ol oss re b
R e LN & N ISR PR STt
RS Vo VRIS VSO

oSS 5 S, sees MTOR (pmigy U5 50
23l ks 5> MTORCL 5 ol (MTORC2 5 MTORCY)
Lo s MTORCL (g3ladled [Y8] 5)ls s fpte S28 oy
SHIS sl 28 IGF-1 5 (sl Ao by gla) S
33 oot S MTORCL 3,15 (Sl yd 5 deow o xS
DR 3 ke g el ool glad s ol
Rlas sl MTOR JS cpoman 2o 5355l 535 50]
el iledld Ll a3V Slesg o b
b s ol sdome a5 0T Jlisa s MTOR SIS
4 Odewy slp Gl 5L G AMPK & sl S5 S
e Blie 55 [¥] ol plaze SIS (glosgd oisd SO
33 35smdl 35 J xS 5 MTORC2 gladly o
IV ol 3 35w Ol

Slyms s o (Y1) OKea 5 Bruno s s

sabas LS Ll 5 Il aul y CREB (55,


https://ijdld.tums.ac.ir/article-1-6187-en.html

ey S 0 SLACI § g3 ()30 43 Sheliend (3 pal (81 1) (S0 g pudls 9 il YYA

Z é .

S Bl & S 4on
&S el e d’i\ QKM}J ULW JJL?- ol U;)\Jf @L:_;
)‘ ] 0 <=L>u\ J‘j‘:":’ Lfi‘;lf’ rjl.é 9 )‘ﬁ.fa amb BE

Ll sy ol 6))%«}. 3 el e &S ol saen

MTOR la .55, Glgme Jals dals b bl Sds s
JiS 058 4 Cand liial o w3 05,8 55 CREB

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

.ﬁ)‘bbﬂdwcxbjsé)g

él.u alas

Wl 42315 OB i 35 (57 pBlis 2L 6 S e anlllas

. Singh R, Chandel S, Dey D, Ghosh A, Roy S,

Ravichandiran V, et al. Epigenetic modification and
therapeutic targets of diabetes mellitus. Bioscience
Reports, 2020; 40(9):BSR20202160.

. Rafols ME. Adipose tissue: cell heterogeneity and

functional diversity. Endocrinologia y Nutricion,
2014; 61(2):100-12.

. Delgadillo-Veldzquez J, Mendivil-Alvarado H,

Coronado-Alvarado CD, Astiazaran-Garcia H.
Extracellular Vesicles from Adipose Tissue Could
Promote Metabolic Adaptation through
PI3K/Akt/mTOR. Cells, 2022; 11(11):1831.

. Qi L, Saberi M, Zmuda E, Wang Y, Altarejos J,

Zhang X, et al. Adipocyte CREB promotes insulin
resistance in obesity. Cell Metabolism, 2009;
9(3):277-86.

. Saxton RA, Sabatini DM. mTOR signaling in

growth, metabolism, and disease. Cell, 2017;
168(6):960-76.

. Yuan T, Rafizadeh S, Gorrepati KD, Lupse B,

Oberholzer J, Maedler K, et al. Reciprocal
regulation of mTOR complexes in pancreatic islets
from humans with type 2 diabetes. Diabetologia,
2017; 60(4):668-78.

. Mao Z, Zhang W. Role of mTOR in glucose and

lipid metabolism. International Journal of
Molecular Sciences, 2018; 19(7):2043.

. Cai H, Dong LQ, Liu F. Recent advances in adipose

mTOR signaling and function: therapeutic prospects.
Trends in Pharmacological Sciences, 2016;
37(4):303-17.

. Yoon YS, Liu W, Van de Velde S, Matsumura S,

Wiater E, Huang L, et al. Activation of the adipocyte
CREB/CRTC pathway in obesity. Communications
Biology, 2021; 4(1):1-5.

10. Benchoula K, Parhar IS, Madhavan P, Hwa WE.

CREB nuclear transcription activity as a targeting

Sl sk (i s Ll s g8 ks sl

s Jisay S3L sl st o Al iaen 5 o

L Gl 48 52 g5 mbs sbainsesl sl used sbaasl

Sl g5 5 e (dd Al ies S At

11.

12.

13.

14.

15.

16.

17.

=

factor in the treatment of diabetes and diabetes
complications. Biochemical Pharmacology, 2021;
188:114531.

Jung WS, Park HY, Kim SW, Kim J, Hwang H, Lim
K. Prediction of non-exercise activity thermogenesis
(NEAT) using multiple linear regression in healthy
Korean adults: a preliminary study. Physical Activity
and Nutrition, 2021; 25(1):23.

Petridou A, Siopi A, Mougios V. Exercise in the
management of obesity. Metabolism, 2019; 92:163-
9.

Khodaveisi M, Azizpour B, Jadidi A, Mohammadi
Y. Education based on the health belief model to
improve the level of physical activity. Physical
Activity and Nutrition, 2021; 25(4):10-17.

Dorling J, Broom DR, Burns SF, Clayton DJ,
Deighton K, James LJ, et al. Acute and chronic
effects of exercise on appetite, energy intake, and
appetite-related hormones: the modulating effect of
adiposity, sex, and habitual physical activity.
Nutrients, 2018; 10(9):1140.

Bae JY, Shin KO, Woo J, Woo SH, Jang KS, Lee
YH, et al. Exercise and dietary change ameliorate
high fat diet induced obesity and insulin resistance
via mTOR signaling pathway. Journal of Exercise
Nutrition & Biochemistry, 2016; 20(2):28-33.

Popov DV, Makhnovskii PA, Shagimardanova El,
Gazizova GR, Lysenko EA, Gusev OA, et al.
Contractile activity-specific transcriptome response
to acute endurance exercise and training in human
skeletal muscle. American Journal of Physiology-
Endocrinology and Metabolism, 2019; 316(4):E605-
14,

Ghodratnama A, Shabani M, Sherafati Moghadam
M. The Effect of Endurance and High-Intensity
Interval Training on the Content MSTN and
Follistatin Proteins in the Left Ventricular Tissue of


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

Yya (0 oladd) YY 6,90V F 1) (5 g 43T .0l 4ol arusd galis g Cusbas dlae

The Heart of Type 1 and 2 Diabetic Rats. Iranian
Journal of Diabetes and Metabolism, 2022;
21(5):287-297

18. Aghaei Bahmanbeglou N, Sherafati Moghadam M,
Amirahmadi M. The effect of ampk and p53 proteins
on tor pathway following endurance training in the
left ventricle of the heart of diabetic rats by
streptozotocin and nicotinamide. Iranian Journal of
Diabetes and Metabolism, 2021; 21(1):13-23

19.Jokar M, Sherafati Moghadam M, Salesi M. The
effect of endurance exercise on the content of ampk
and pgc-la proteins in the left ventricular heart
tissue of rats with type 2 diabetes. Iranian Journal of
Diabetes and Metabolism, 2020; 19 (5) :252-260

20. Shabani M, Sherafati Moghadam M, Moghaddami
K. The effect of endurance training on protein
kinase-b and mechanical target of rapamycin in the
left ventricle of the heart of diabetic rats induced by
streptozotocin and nicotinamide. lranian Journal of
Diabetes and Metabolism, 2020; 19(6): 309-317

21.Jokar M, Sherafati Moghadam M. High intensity
interval training inhibits autophagy in the heart
tissue of type 2 diabetic rats by decreasing the
content of foxo3a and beclin-1 proteins. lIranian
Journal of Diabetes and Metabolism, 2019;
18(6):292-299

22.Soci UP, Melo SF, Gomes JL, Silveira AC, N6brega
C, Oliveira EM. Exercise training and epigenetic
regulation: multilevel modification and regulation of
gene expression. Exercise for Cardiovascular
Disease Prevention and Treatment, 2017; 281-322.

23.V Mendonca G, Pezarat-Correia P, R Vaz J, Silva L,
D Almeida I, S Heffernan K. Impact of exercise
training on physiological measures of physical
fitness in the elderly. Current Aging Science, 2016;
9(4):240-59.

24.Hansen D, De Strijcker D, Calders P. Impact of
endurance exercise training in the fasted state on
muscle biochemistry and metabolism in healthy
subjects: can these effects be of particular clinical
benefit to type 2 diabetes mellitus and insulin-
resistant patients? Sports Medicine, 2017; 47(3):415-
28.

25.Bhati P, Shenoy S, Hussain ME. Exercise training
and cardiac autonomic function in type 2 diabetes

mellitus: a systematic review. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 2018;
12(1):69-78.

26. Muscella A, Stefano E, Lunetti P, Capobianco L,
Marsigliante S. The regulation of fat metabolism
during aerobic exercise. Biomolecules, 2020;
10(12):1699.

27.Symonds M, Bloor I, Galvez F, Domfeh E, Maicas
B, Poston L, Taylor P. Effect of a dietary and
exercise intervention during pregnancy and lactation
on white adipose tissue gene profiles and adiposity
with maternal obesity. The FASEB Journal, 2016;
30:1214-3.

28.Lewis CA, Griffiths B, Santos CR, Pende M,
Schulze A. Regulation of the SREBP transcription
factors by mTORC1. Biochemical Society
Transactions, 2011; 495-499.

29.Caron A, Richard D, Laplante M. The roles of
mTOR complexes in lipid metabolism. Annu Rev
Nutr, 2015; 35(321):321-348.

30. Fernandez- Veledo S, Vazquez- Carballo A,
Vila- Bedmar R, Ceperuelo- Mallafré V, Vendrell
J. Role of energy- and nutrient- sensing kinases
AMP- activated Protein Kinase (AMPK) and
Mammalian Target of Rapamycin (mTOR) in
Adipocyte Differentiation. IUBMB Life, 2013;
65(7):572-83.

31.Mao Z, Zhang W. Role of mTOR in glucose and
lipid metabolism. International Journal of
Molecular Sciences, 2018; 19(7):2043.

32. Bruno NE, Kelly KA, Hawkins R, Bramah Lawani M,
Amelio AL, Nwachukwu JC, et al. Creb coactivators
direct anabolic responses and enhance performance of
skeletal muscle. The EMBO journal, 2014; 33(9):1027-
43.

33.Egan B, Carson BP, Garcia- Roves PM, Chibalin
AV, Sarsfield FM, Barron N, et al. Exercise
intensity- dependent regulation of peroxisome
proliferator- activated receptor y coactivator- la
mRNA abundance is associated with differential
activation of upstream signalling kinases in human
skeletal muscle. The Journal of physiology, 2010;
588(10):1779-90.


https://ijdld.tums.ac.ir/article-1-6187-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-12 ]

Iranian Journal of Diabetes and Metabolism; Vol. 22, No 5, 2023 330

The Effect of Endurance Training On the Amount of Proteins Involved In the Regulation of
Adipose Tissue Metabolism in Type 2 Diabetic Rats

Sajad Mirzaei*, Mohammad Sherafati Moghadam™, Negin Dejdar?, Mahdieh Abdi?

1. Department of Sport Sciences, Apadana Institute of Higher Education, Shiraz, Iran
2. Department of Sport Physiology, Central Tehran Branch, Islamic Azad University, Tehran, Iran

ABSTRACT

Background: mTOR and CREB proteins are two important factors in cellular pathways and regulating fat
tissue metabolism. Therefore, the aim of this research is the effect of endurance training on the amount of
mTOR and CREB proteins in the adipose tissue of type 2 diabetic rats.

Methods: In this experimental study, 18 rats 2-month-old male Sprague-Dawley rats with a mean weight of
270+20g were selected. 12 rats became type 2 diabetic by intraperitoneal injection of Streptozotocin
solutions. These rats were randomly divided into 2 groups: diabetic training and diabetic control (6 heads per
group); A healthy control group (6 heads) was also considered. The training group practiced endurance
training 4 days a week for 6 weeks. Data were analyzed using SPSS software version 23 and one-way
ANOVA and Tukey post hoc tests.

Results: mTOR protein content showed a significant change after 6 weeks of endurance training (P=0.0001);
Tukey's post hoc test showed that this change was significant between the pairs of diabetic training groups to
healthy controls (P=0.004) and diabetic control groups to healthy controls (P=0.0001). CREB protein content
showed a significant change (P=0.0001); this change was significant between the pairs of diabetic training to
diabetic control groups (P=0.02), diabetic training to healthy control (P=0.0001), and diabetic control to
healthy control groups (P=0.0001).

Conclusion: mTOR and CREB proteins decreased after Endurance Training, which can be effective in
regulating adipose tissue metabolism; however, more training conditions should be considered.

Keywords: Endurance Training, Mammalian Target of Rapamycin, cCAMP Response Element-Binding
Protein, Fat Tissue, Type 2 Diabetes
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