YP-Y0 (Vo lask) V4 0,90 A TAA LT — yge () il prsd galis g ciaba dlans

S0 Sud Sl a9 51 S gione 9 Wb S b (15l (9 p0i 4 F il
Vg ) OGS oS J 3 sl (st g3 Jol& 9 (MTOR) Gyl fokilin 33 oty
39 £ Calsd 41 Nino 3l A 0 SS90 oy SO 43 (SREBP1)

\d AC . Y - . . \ .
)\Sja-))wg dwﬁfgvmdu\f;m‘@)ljwb

0 LS~

Y

ﬁﬂigﬂmmTORMQv\.} Jbs S sleo| I JJLNWL;LAM s Sdas 53 LlgS e 93 & Cobs 5 Sl taedae
Sl b slS el i &l ey Gl G s s e o Sl oS e e (51 SREBPL 55
Wl 53 8 abs Ve Bl ol s sla e o 3L 53 SREBPL s mTOR (slacnSs s sl yme 1 VL

S s P ST Y 055 Sl b Jsls STl 15 Sl aale Y 5 ol ige e VY (g aalllae ol 53 il by,
s o V) s U8 5 G V) (s (i ped w038 Y w0 ol s 4 Ll 55 5 STZ Sl Gy b 51 04 2l
05,5 &S J g cdastls p HUT 5555 op el @ aids £ Sodeas o pad sl o b llae azin 55 55, & o el 03,5 tlld
.uaguh\w\)-tjjm-toy;Tj\ueg\gquﬁélﬁ.mnxgﬁjguuﬁaﬁgydﬁ

ialppl (P<e/04)) SREBPL 1555 5 (gl simes Lol i odalie (P<e/VY) MTOR 1555 5 (glgimes 53 (b3 ome uid tbaadly
o 58S 03 S Ot A3 sl Ol 1 (uls e il il P/ N ) HIT 65,8 5 (P=2/0ee)) J xS 65,8 Ohs .23l ls sns
(P=o/NE) Sl OLEd 1y sols pme pess HIT 63,8 sla 540 O g5 A3 (ol s(P=0/0 v 0 ) Clils (55ls ome il 581

@ e Ll dad (gols gme s [ MTOR (la s o (glgmme 5 05 A Olee 055 ol 55 HIT o 05 azin £ :(g pSames
33 walaS S @ ped s 5 Oy e wSle Jelge L HIT a5 5 3 opl by 3 SREBPL (gl yma 203

S50 Jeol amD o 2 &S

Qlﬁ\ L.)JSJG‘:J ;bjsj.@,\i Ja-b J‘m' JUIAKJ;J\: ‘u_:L.\._:‘ rjl.; Lgu_z\g..i._':‘b ‘L;‘j’j)} r‘}l;)v_’.)u C,.:.vj:r ej;—\
Ot ol oo Kai asly oDl sl oK sils Y

Q\ﬁ‘ gv\lj@ ;L;c)').}} eK.‘iJ\: -y

TYIVI0AANY £ iy oS o Siia aaly ol ol3T ol&iils ¢ 8 sam waged GLLA wmin Slase 3 S0ul w Siia O oll Gl ; aLdd
maryam.shabani@hiau.ac.ir : s 5 3K ey YVAYYY A0YY (040

VWAA/A/YY 1 yads ey VWA ANY sl Sl g3 48 sy VWA #/YO roadls ya g,



vy SLAGE g 3 (51550 3 Y o Ly (3 9L (1 pad i ¥ 5l 15/ 500 g iluecd

o aaly e 53 1 Pisd MTORCL e ool 5L
a5 U °SBKL 155 5 0 el s 5tud 30 b 51 L SREBPL
TACAT &S o s 5 SREBPL 0y 5 )=y (3l shoes
535 Sy sSL Sl ege sesl 5l 5 SREBPL 51,
(SREBPS) Jjs 5l sdnsdlasl oS slagnisn play
o, 55U SREBPS .G ls i o) jmw 53 45 dues
IS LaS b ol ado—rmale (o s) ol s
LS o @i ) Sheses (SSSs 05 ek O
5 SREBP-lc SREBP-1a) ¢ is5l 4w 0sSG [)+]
5 SREBP-1a .l sld ilS o3l gl onl 5l (SREBP-2
S a5 oS (558 0 auiS 55 SREBPL O «) SREBP-1c
O3SV sl 53 5 Lleds (5,108 56, (SREBFL) wlise 0
o~ & SREBPL .axs ojlie SREBP2 L Laol
Sabuly b ladel o 1 ol s sy oS
& by 53 o 4 SREBPL 03 Ol [ ] ol 5ol
L esls LI 3 e bl el L3 lie slse O e
101 Sl SREBPL 0l oo gn oS oo G ) 5o
or P G R el e Sl e w0l s Sy
orlale DY 5535 e sdaze glacsl 5> MTOR cll
ol a5 ol (s MTOR JLSs ol 55 J3let
SIS [T LS Jogmd 1 gl @ sl b 53 g5
o b i 53 cilite glaass 5> MTORCL
GBS 5 Ll slp MTOR Lol axils ii
S by 55 DEL cml e Sl o slacsl
s 3l Geny g el Ol Lol MTOR 55,
sld o AS 5 el 4 Cglie 4 s 5 RalS Lol
3 S s e 2 OB ) el Sl S o
LYo das o QLS ) a5 51 5L

Olgeas "HIT) YU oo b ol o o8 ol ladla s
Ble Ll5 e a5 Canl ol atll JSge o355 At S

o slae gladd b elslb Sl el Sl g i b s alis

® Ribosomal Protein S6 Kinase Beta-1
® Lipin-1
" High-intensity interval training

PR VP

OB b s galaily 0L o dens 5 05 RIS
Sl doys Jale 53l 3525 [V] 50 ol gl 4 Cnsli
Sl bl el Y] s o 5l 1 s £ ubs &
J3 05 ps Sals a4 M sl Bl Ao i3 Av 355 0 035 (e
Liles g S 5 o s Bl b andls O35 dlol ol 4l
Jos o3 Pl s g ok S el BYs ) S
I¥] cl S8 eiSGme Lol glacsl s oyl
Ll ol 53 SIS Cudls g8 el 5 48T Gl
el e O Jisay 5 el el &2 aaglin (S i |
33 oAk &S Sl odd asiie cpises [8] 48l e Sl
(Blr dex Sl Godae Gaglen 4 e o e e
G o A8 Sl el 4 sl
Gl 53 @by belse pde Ol 5 5 ISl ST
Ol o Jolse cnl ahe 5148 W5ls (2 o ol 40 s slie
[0155 o Lal (SREBP1 s MTOR) _J lwe (slaptis 4
S MTOR) Ol 3 cpreslolily  SGIKe Coda e
S5 Londs &S Sl sl J5 e e 1 e )
S o Salen Jole 5 sl e 55 ) Seats
lle L MTOR KUK &8 ol ol ol
SLslen 5 Ok 93 £ Cubs (Bl dlaxr 5l i
(Y02 A) Ol Kaa 5 Porstmann [1] col Loyl )5 e
L MTORCL e sy OliS & Wy SLS ol
Sl eslizal b gl S o odaS 15 535 5d SREBPL 003 Sl
Oy ool S W5 S edalie TdUl sladl
o 3 AKT s, oasdls 5l b "SREBP-1
il sba OIS i 5 S5 O pder Ol (slazes
[V] A8 o 350 | Lo

&2 MTORCL e 45 el o o313 OLES (o) s odle

350 ARGLGT Jole iiS Ll s 5 b i 53 555

! Hyperglycemia

2 Mechanistic Target Of Rapamycin

® Epithelial Cell

4 Sterol Regulatory Element-Binding Protein 1



(Y olact) V4 6,90 N FAA LTy ()l 43l acad gulie g casbos dlae YA

L S,
035 Doyt & Sl olim o2 g5 5l ol R
i e WY sy cnl 52 1288 el JES 5 (s
o ils b0l g 5l Juls STl 35 5l aale Y 5 ol s
sl Blis LAS ol Sl Sy el
Cl Cseh O sddd 1S lde G atis £ Odea
SHE g Bl WSS s ES 8 Sl el (gl )
YV glin S o (p S5kS/p S YN0) e sl
T S sl s gl bl (o S5LSTe S
V) e s (oS ASIe S YD) s DL (e S5kl S
Dlol g ((p SAS/p S V) et IS 5 (o S8/ S
LS SN AN IS WSS (CEE A DRV PRUR C RN
055 103 S Y a4 olal G, a4 ol e gla b cubs
ALd e (e V) 2l IS5 e V) (b 0
il S5y (godSLiils wils Ol g 3 ol s gla b ge
—tr Casby ol S Bl semss YYEY Gl b Sy el
SIS NYNY Ll S gat s Aoy O
siulkal 5 abll Ssma ol gl Las e
S psle sRE S ARSLST Sl o sase
ST oty Sl 5L 3550 OF ioman A3 g 5l 03
2 AT Sl oy I e 00 ok 3
S 0S) Ol Jyol s esls 13 Lol Ll
L5 Jsol U ilke aslllas (IRIAU.SHK.REC.1398.023
KPR PR W N SN G-+ PPN P ECH H PP T

N P PR T ESP R

Sobs Wl S,
sl sl s Odemy O35 @ 3l day s st 5o
e P93l Jsloe ol G i 02 ol
(PH=£/0 L Nypo /) Slame 3L L3 oki|>) (STZ)
eSSk Vs b e ki 5 Jlis 2 oo

GooF 4iB3 10 Sl dm O 05y 5l eSS s sl

! Streptozotocin

slie S e mee HIT Ol o3 [V1] 430 azils ol an
(A gabzs (Sl o B3l 53 s Sl a5 L
e el 313 0L 5 O S5 5 B, B Sali]
3 Sl e S de SUT Wl e HIT &8 ol ol jascie
(i e b e V] AL il eSS
Olys o b &8 ol g Jale SO s p 5 Dl
S Vazm 52555 Sy o 38 13 x5 550 Sl
033 ol Gl Slos Gboy (nirse 5 (i
(Y1) OLa 5 Symonds g 53 [YA] Liea O
Solssme Sl e malizal SOly e S dsls OLES
el 03,5 53 SREBP 5 MTOR (sla s, (sl sime 3
Aer i 5o D] spde JAS e84
53 SREBPL 05 0ly sy 2 4 (\¥47) 01, 1Kan 5 Ebrahimi
Slaise 4S5 ol s dsa A sl
SREBPL 05 Ol o p Sle G pme Aty y ol e
b 4l Loy S 53 SREBPL Ols 5 54 els a5l |

LVe T 55003 Sy 2alS il cn ei b
5l ghdr s SREBPL 5, MTORCL (o bls,l cits
S e 5L PO @S IS sllSsle Sl LS
Sl i bl gane s @l bl ol e S5
e O L2l 5 Subs 5 Bl b alasoley Olays
Aas e OLE MTORCL s so,lys ot (slaasily ool
S o Co i SREBPL sle 035Ul L 1 s s oS
sl J 28 awey o rie Sledbl Os sl casay
S OSUS i Dl Jlise o e e s
Gardlae 4 5l ol cws S aaly pl s eS Oledb
s sy il bl s s Spbke Glases 5 WOS
s Sl o saray IS U Jalpe cld ol b
GSobess & Ll e SREBPL 5 MTOR (sla s o 555 5
S b s L SaS e g ol 5 S
Glyme o HUT opad win ¢ 50 ol iays
S iss s 3l SREBPL 5 mTOR (slapnss

Ll 93 g5 alis 4 dle Gl Sl Sl 5 ol s



¥4 SLAGE g 3 (51550 3 Y o Ly (3 9L (1 pad i ¥ 5l 15/ 500 g iluecd

§ ada a5 ais b Sdeay oS 05,5 (Gasl p L
o b r g 5o e Gl s 4l
G4ol e L3S o 05 aid> p e VY UV s
40 B A0 dslee Sl b gladds & alay 0 ls & s
Slaads ¥ Js col il slre,ss 5 S S Ao s
53 A el e ST A3 N B0 Jales S L
2 ANV BN sl e b LB 5o a2 OLL
dlb.x.p6&&yd%j>dbj&h&5.x>;@>ﬁd§:
O1s,550 5 o a5 s 18 013,550 50 555 el 8 50

LVE] Q) dodr) Gl (g uis aan & 55 5 a3 20

D35 3 PSS a i o 8 e VY s L el S
OAE mbs Sl Ol g VY] 38 Goup O
SaS L Gouy sl o csle VY Lol 0y a8 adl g
o> Sk Sl ek w8 S St a5 SIS
Weo VL 0 a8 s g Sealll O a8 e
A5 ods als patls Olpen s n Sk

Y] as as S

S SET
Sdety s S18 L il sln ped laes S sla s

s S5 oy caids 5 e Vo B0 Co iy b oatin S

S JSS g - Jgua

oS Sl
035 5 S (el
, , s A g
035 e
QM"SU"U LA g.;_gl.'..'a'
(o595 ¢) (o,930)
aids aiss Y 4ids g aiss (4d3s) oy 505 0L
Loy 00 U Loy e oo Ao ,340 B AG oy 00 UY
sy SSIa sy Sl RIS e RIS e
VYUY Yo B YVY Yo B Ye \Y Gy (4235 5 ) Ol s Co
A A A (a53) O S5l o

YE 3 dn el el gl Oy s b ga el
Il Sales b b e pod sandr (2T 5l Gy sl
00 L) 5ualS 5l S5 Blho 0508 GuF b s SO
RSk 0B ol 5 (O O35 p SAS 2 e S e
S 5 o Sl e LS B (O 035 £ 5SS
53 Ad adlsy Ol 0 ladidyl o saY O
2l Sleslial b aloliBly e 5 0ls pined S5 50558 o e
St (S psle ol 58kl s 5D dazie |
Jde) 538 5o A les b (sdny sla o 6l 5 (Wl 4

A axliS (Ol ) xle S )T S 5 AFR-80

! Epididymal Fat Pad

4By 53 e 0 e b e Sl (S5l 0 g0
ol adds 5 e 00 s 5o Ce @:Vﬁ)@r:
B Odon) St 4 oo gl s b il
il S ise O 53 oS o iy (Jeoz 5 sl
As a5 I s e Sl Olsea (iden) (Kot 4
s (4l m)f@ JxS oy S e opl o3 [Y0]
L by m)f@ e Gl S pomea AL

J\.J..A\J\J wﬁjﬁ 692 d_}b)} b wj_}'wu\

Sl pdl Sy,

S B, b ize 5 oo yad sl BT 05 o 51l 5



() obact) 14 0,90 AYAA Gl — 4o .l ol pacad g3l 9 Caalaa adas Y.

A bl TBST ws s & s BUI gles s cele ) e
Loy ECL) ol alacd 2S5 SO L bagnSsy
Image J 1580 o 5 Slsle 5 L densitometry | 5 4 2
Ll 5 adsl ool Bl s Sl (VALY asd)
anti-mTOR (SC-293133)  anti-SREBP1 (SC-13551)
B sl spse S0 Lpi8 cole 5y Sl oS
IARYERER

ot Gl (KS) Ogpanl s S5 Osesl 5l Il
Jby @ ar s bl eolal [lass sbeesls w55 2l
5t Sl 05a5T 51 dla ke 55 Laesls w35 03
55 Sledbl el sl eslizal aes S anulis gl Jiteet
Lolaesls o s 5ol 0l &) abogs o Jstr G
gl ol 43S olnil SPSS19 LIBl e 5l eslind
2P0 ol Gdes bl e 5 s ol s
sl ol b § LS

Laasl

(6,5) 055 48 ols OLES ol G gl sy OLL 52
s 4 Sl ol ams 53 J RS o5 8 ol e gl s
058 comamed (P=0/vvn)) syl (ool g Sl
@ Cand HIT el ain £ JLisa (s 05,5 Sla b e
SULP= /) sl OLES 1y ol pme Jrall Jl sanin
stle St (Rws 1 pSde) 0 a3 30
oA Jsl s 4 el el a3 RS ey S
05,5 Sl ge O A3 Lol (P=r/ee ) Sl (gols pxs
S Ul a4 Cd HIT oy a3 atia £ Jlisey o ,el

(Y Jsde) (P=2/1 ) sl Ol |y (suls sme

oo g (5L e (g xS o5l

Sl OO0 pey ARLLST iy, 5l eslind L
b bty gl sl SSeslll Jiass
A Vs e 00 ol RIPA L Slsdlr 5
do)s /) s LIS Ve e V00 Al pH) s
Sodium ) Sllpe Jewsss il dony S EGTA
3 p ol Aoy o) wlsl 4 (dodecyl sulfate; SDS
eSS Ve &S S pl S eolad (sigma) LS S
S b Sl AT sl 3L ads Sl 00 s il
S b gl yn cela O ST e opb)sen
Shadlsy Jat mle O s e 5 LS ax3ldS ol S sl
53 S Sl gamiys b5 Ve a5 55 (DO, swldrfroil)
6)}1@? 30 @le e 143 S8 Sl alds Ve e
Bi0-) s (oS s oS L 0T iy clale 5o
Fogl 080 =g sk ) w8 (o Seslul (Rad
ER ISR

Dot g A3 (1385 o 3 a3 Vo 3 Salg o
MM50) 5L Susyd Gases L V) Cod @ odal Cowsdas
Vo DWW g Jos 3 e Aoy Y 05550 L IS= e S
Aoz /000 5 JHUIlS el do s 0 Wy S Al
0 Cdeds e gad caolsl .J.i;Jf b e (uj Jj..ej»f
g oy 5ls Wl by olod U dd slili e aids
SDS-Polyacrylamide Jj 3,25 530 5 eslazal U a5 g 5
Y Odeay slie LU Jae Jake 5 glie 4 5 el 0
+/\ 5 Tris-Buffered Saline ;5 BSA as s 0 55 cela
Jsl oL mT 3 5 Ad ssdes (Tween 20 TBST) s o

An s sl 3Ll 53 Ol ST Al 4SSl (00 0Y)



¥ SLAGE g 3 (51550 3 Y o Ly (3 9L (1 pad i ¥ 5l 15/ 500 g iluecd

(Pl res g3 pSiclie) 093 5 9 (p5) ()9 LA padlie (515 dinusal 9T 5 Lol i -Y Jgua

t ke 5 1kl GBI ol 055 oty

xq/0 s §/VY \RVE (Jsl aaa) J x5
\Y/e g TOA/NY (ool antn) J 28 3T

#g/0 0/01 FVA/AY (Js) axia) o 03 5
§/0Y FYVAY (poler in) cp ol

#1Y/V \AVAm YYE/NY (Jyl ain) J x5
Va/Vo TYA/OH (pler axin) J =8 O A3

VIV V4/A0 YYo/0. (Js) axin) o o3 G 2 0 8 )
(VA AEAAN (e ke xin) (o ol

Lg;\:\.buclﬁ.—réja-)* nwb—t Lg)LATQ)A)I n(&yﬁ-\) gJ'.'.J“ b}j§ ‘(J::).Ajw-\) JJS.S aj)f

% 4 e HIT wis Hle Ll (0 K3 P=2Y) aus Hlg dlisa a5 Wsls Ol @l sy Lk 2
s Ses S o SREBPL .55 5 (glgimes 3 (6ol3 oxs MTOR .55 5 lyes Ol (Sols gme s HIT o al
(Y UK P=v/v e V) wd bs J &8 5 ks I s by JaS 5 b ped slees S e 5o

MTOR s amp e ==  « s 220kDa

f-actin —— . e — e e 2Lk a

12 |B)

08 A

Relative Levels of
mTOR/BActin

Jr==s oS

dadlas oy 9o sLao 9,8 JuMTOR (1aii gy (s gias dualio -\ Jsudi
odd oS slie (godias OLAS Jgne I3 ges B gl 5 e L s d s Kysyl Jlge « B-actin ;MTOR 5eSs KM g geal pslas A

sl o &5 J 28 05,8 51l A Dy gt S 28 Kyng) Jlie s MTOR sy slassl



(Y olact) V4 6,90 N FAA LTy ()l 43l acad gulie g casbos dlae vy

(A) Jr=5

o

SREBP-1 /%= s Sl *= &8 & 125kDa

B-ACUN e - > o oo s 4212

(B) .

P=0/001

16 A

14 A

1.2 A

08 -

06 -

Relative Levels of
SREBFP1/pActin

04 A

0.2 A

Jr=s

i

dadllas oy 90 slae g3 ;o SREBPL (i g 53 (ol gias dualio Y sk
ol oS polie godins OLES gy o505 B gl 55 o 3l 5 J xS Kusy Ol ssa B-aCtin s SREBPL (555, Ko g genl slias A
sl 0 5l IS 0 8 5l ol i oy geoas S J 28 Suny) blis 53 SREBPL sy, slasils

Losslsr o fios mas plple oS Lad 055 Jals
Sy Sl Llg o Bbr sl 3l gl HIT aibe YU oo
aﬁé@\eﬁeb‘b()u [Y/\].,\Jbgbju))d}:,s
Sl e oomed V4] 255 0 O U5 V’"L'J cel HIT
W\Q@ijmﬁiw\‘w\ﬁbb}id}w&jjﬁ
s 53 o Ol s s HINT a3 oS ) 0 e
P 0N e ol 3 KlS e ON D35 3 R pde
Olos 4y oy b0 Ly @ HIT &S comdly ol 3505 L el

LT a0 5k g xS
HIT -y 05 rl;d\ S ols Ol Lol G @L“.j P
s Karimi ads=s js 558 W0 O A3 V’ijﬁ'; 4 e
HIT 5‘5; L st JSJK C}]aw .o\.:.?-\.)ﬁ L;’:JL;J 6\.@&:))
L Gais opl e Y] ol als J xS s 5 4 s

D3 HIT ppad 1 o by K 0l G s

S S dom 5 Lo

3 JRS 058 53 lme 2laiss 035 S GRS 3
Lol gme b5t HIT (a5 amda 5l 51 dmy o S
S s Ot L8 Gl HIT a5 ¢ 3 b 5l sls 0L
Slagme a8 IS 5 i slaes S 5o 1 el
a3

HB 5 e b Ll e Stk Jele HIT Sl e s
ks el 5 (Bl b 035 6LS1 gl sl s 5 ASL ax 5
(.thw}:.m‘ﬁl{;;.ul{dvuaﬁ;g}kbQ\;ldlﬁ
IYWVT a0 s o Geo8 S L O 055 d 28 sl
S S 058 53 gl o Gla i O3y ol G o
s 4 o poler aie LU Ly il b 4;;@
s 03 S 5o bl sl wdls Ll e SEY s Ul
ol el 0L ol el axdls GRIEI S A sl
3 S B i ke HINT Sl a5 o ool s
s oS bl a8 mbs lagosesl O35
OLE dke O O Lol (sl cilisies e b ol

Gawd 4 LU 1y a5, Sl Cud (sl sl esls



vy SLAGE g 3 (51550 3 Y o Ly (3 9L (1 pad i ¥ 5l 15/ 500 g iluecd

Byin 35 Jske pdse a5 4 s MTORCL L s
V= 5 e s 5 (Sheeddaly il V- el oS
W@N\—M.wlm)swauwﬁé
¥ 55 s SREBPL 55

o (\ZWAQ) OLen 5 Hedayati Katouli S5 ddss s
SREBPL 555 0l s HIT 5 _xelil 55 51 oo s
s o M L eld 408l e Gl 2
35 by L e ol i HIT 5 selinad ol
s Asano  ida=s ;> blie 5> [FV] axils SREBPL
3 s S s S esp 6 (T93) 0LKes
23 Aty plasl g e S50 e b eSS
sl L (5, Se3l 0 SREBPL 1155 s (8l sims i ol
5 2 w5 belen 3oy el Jlisas (ol sms
S35 5 MEL 5 e a5 YA A salis
sl .ol AKT sl .55 o MTOR/SREBPL ...
o303 QL (o 2 ladibe iz 3 355 03 AKT 55
Sl a5k Gob 5l 55 s 4 e AKT Ll o
i db sl beg S LR sk e il
S aphe WSS 5 SIS Sl g e AKT
LS o @l hed S5l 5L 2 S salauls
2590 235 e SREBPL 05,5 Jld Ly (yioeens AKT
Lol s 53 SREBPL 555 o0 iS5 S slad )
05 Oby oo YAT sl S5 sl gaanly b
M8 3lge e 4 3 3l 3 e 4 SREBPL
23 SIS ol sl aS ol sl el OLES 5 e Jlad
o Ol (g a3k e SREBPL e i
w5 gl A 5 MTORCL o tase 0L
) SREBPL ey 515, oy sl dlanly sl 5 ool SREBPL
LE0] dms o 58l

HIT e ol Gl ml el (IS sba
L 05 3 Ol Goomar 5 il e G50 055 ol 53
s Gl Sl Lo ol (godias OLLS il ujr..b.g
LL s gy by w4 S Sl sl sl HINT ol o

ey 6o, 0l s e (ds Sl g Jolse

G o ool s OLL L3 p el 5 U S 08 55 s
Sl ok eals OLES JS).) A edaline J’{‘f‘ JJ‘ éw
i 35l plndl 55 g5 s 4 Slee sl s
BE e kgl.hc,i]a &:’.ﬁ:\: 2 cj)k« HIT g)'.’.)"“J Ll YY]
23 kb e WAL s O A8 5 055 Gy p ibee I
35 B 5 o pes 6, Olas 6553 el a4 e ]
5o e S m b b R ml ramen
Coonsd U'.’.J“J o); SREBP1 &;5_9}.; é‘ybu! BE é)‘.)v.'\m
M;«J.i.;\f dbv\.\a—u}ajb Al edaline JJICSLUJEM.
SLls 555 ee gokiS i Olyea |, MTORCL
‘.L\S‘;A o b 6JM )“}A 9 U,:Jjw.:\ «S MmTORC1 ...L;‘e.);
4 e MTORCL I mk.: 05 Il kS e Jlab
MTOR ol & a4 ax 5 L bl 355 0 055 dlol S
2ol38 MTOR Siatoos Sl Yzl (ol 5 A3 o
Gy ol (K & Sl Malsr s LG Lol
LEAS 1 MTOR (glasuiS lge 3l eslinad b bad e by
S Lsls QLS (YO OLKes 5 Bae ad=s ;3 [0] das
3B e w e 28 055 50 s s 0o el
L @olsgme i MTOR 555 0 Gl ol G
HIT o ped oS G385 amd Olg oo plply sl OLES
L3 s Sl Ol ey Ol e JS,0 Ll
Rt R S

il S5 e Jole 5 e s HIT s
MTORCL s il Gt 3 Jlaisl s JS



(Y olact) V4 6,90 N FAA LTy ()l 43l acad gulie g casbos dlae vE

ol S oddolas sladnl 3l s ISt slml 05

Al gs s b 5 Bl Ol sl e S

Sl

aS Sl 5y g e OBy 5 W Jol= s oyl
e.a\_~s‘.>J§ rl;u\ )‘jyj o@‘))}‘jyj é&ﬁ f}l& om\b BE

10.

éf;uid ,.i.w.;“

Caprio S, Perry R, Kursawe R. Adolescent obesity
and insulin resistance: roles of ectopic fat
accumulation and adipose inflammation.
Gastroenterology 2017; 152(7):1638-46.

Jayanthi R, Srinivasan AR, Hanifah M, Maran AL.
Associations among Insulin resistance,
triacylglycerol/high density lipoprotein (TAG/HDL
ratio) and thyroid hormone levels—a study on type
2 diabetes mellitus in obese and overweight
subjects. Diabetes & Metabolic Syndrome: Clinical
Research & Reviews 2017; 11:5121-6.

Czech MP. Insulin action and resistance in obesity
and type 2 diabetes. Nature medicine 2017;
23(7):804.

Umegaki H, Makino T, Uemura K, Shimada H,
Hayashi T, Cheng XW, et al. The associations
among insulin resistance, hyperglycemia, physical
performance, diabetes mellitus, and cognitive
function in relatively healthy older adults with
subtle cognitive dysfunction. Frontiers in aging
neuroscience 2017; 9(72):1-13.

Bakan |, Laplante M. Connecting mTORC1
signaling to SREBP-1 activation. Current opinion
in lipidology 2012; 23(3):226-34.

Saxton RA, Sabatini DM. mTOR signaling in
growth, metabolism, and disease. Cell 2017;
168(6):960-76.

Porstmann T, Santos CR, Griffiths B, Cully M, Wu
M, Leevers S, et al. SREBP activity is regulated by
MTORC1 and contributes to Akt-dependent cell
growth. Cell metabolism 2008; 8(3):224-36.
Daemen S, Kutmon M, Evelo CT. A pathway
approach to investigate the function and regulation
of SREBPs. Genes & nutrition 2013; 8(3):289-300.
Jeon TI, Osborne TF. SREBPs: metabolic
integrators in physiology and metabolism. Trends
in Endocrinology & Metabolism 2012; 23(2):65-72.
Peterson TR, Sengupta SS, Harris TE, Carmack
AE, Kang SA, Balderas E, et al. mTOR complex 1
regulates lipin 1 localization to control the SREBP
pathway. Cell 2011; 146(3):408-20.

S e HINT o as s Sl ol 13 oy 3550

OS s lpeee Ll s MTOR (gla 5y 5 (lgma 2
e @i 3l 5l s ler s SREBPL
So3r2 Psbo Shwgen Ll oo v 5 4y
b ol gba ssmly Gare s (s s 4ol
MTORCL e o3yl 3 SREBPL 155 5 (s3ladlad

11.

12.

13.

14.

15.

16.

17.

18.

19.

=

Caron A, Richard D, Laplante M. The roles of
mTOR complexes in lipid metabolism. Annual
review of nutrition 2015; 35:321-48.

Laplante M, Sabatini DM. mTOR signaling in
growth control and disease. Cell 2012; 149(2):274-
93.

Yuan T, Rafizadeh S, Gorrepati KD, Lupse B,
Oberholzer J, Maedler K, et al. Reciprocal
regulation of mMTOR 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):12-22.

Shan T, Zhang P, Jiang Q, Xiong Y, Wang Y,
Kuang S. Adipocyte-specific deletion of mTOR
inhibits adipose tissue development and causes
insulin resistance in mice. Diabetologia 2016;
59(9):1995-2004.

Little JP, Jung ME, Wright AE, Wright W,
Manders RJ. Effects of high-intensity interval
exercise versus continuous moderate-intensity
exercise on postprandial glycemic control assessed
by continuous glucose monitoring in obese adults.
Applied physiology, nutrition, and metabolism
2014; 39(7):835-41.

Hafstad AD, Lund J, Hadler-Olsen E, Hoper AC,
Larsen TS, Aasum E. High-and moderate-intensity
training normalizes ventricular function and
mechanoenergetics in mice with diet-induced
obesity. Diabetes 2013; 62(7):2287-94.

Petridou A, Siopi A, Mougios V. Exercise in the
management of obesity. Metabolism 2018; 163-
169.

Symonds M, Bloor I, Galvez F, Domfeh E, Maicas
B, Poston L, et al. 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(1):1214-3.



Yo

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

SLAGE g 3 (51550 3 Y o Ly (3 9L (1 pad i ¥ 5l 15/ 500 g iluecd

Ebrahimi M, Fathi R, Ansari Pirsaraei Z, Talebi
Garakani E. Relative Gene Expression of Key
Genes Involved in Lipid Metabolism, Following
High Fat Diet and Moderate and High Intensity
Aerobic Training in Rat’s Liver. Sport Physiology
2017; 9(34): 201-16.

Fathi R, Ebrahimi M, Sanami SK. Effects of High
Fat Diet and High Intensity Aerobic Training on
Interleukin 6 Plasma Levels in Rats. Pathobiology
Research 2015; 18(3):109-16.

Safhi MM, Anwer T, Khan G, Siddiqui R, Moni
Sivakumar S, Alam MF. The combination of
canagliflozin and omega-3 fatty acid ameliorates
insulin resistance and cardiac biomarkers via
modulation of inflammatory cytokines in type 2
diabetic rats. The Korean Journal of Physioclogy &
Pharmacology 2018; 22(5):493-501.

Khalili A, Nekooeian AA, Khosravi MB.
Oleuropein improves glucose tolerance and lipid
profile in rats with simultaneous renovascular
hypertension and type 2 diabetes. Journal of Asian
natural products research 2017; 19(10):1011-21.
Sherafati Moghadam M, Salesi M, Daryanoosh F,
Hemati Nafar M, Fallahi A. The Effect of 4 Weeks
of High Intensity Interval Training on the Content
of AKT1, mTOR, P70S6K1 and 4E-BP1 in Soleus
Skeletal Muscle of Rats with Type 2 Diabetes: An
Experimental Study. Journal of Rafsanjan
University of Medical Sciences 2018; 17 (9):843-
854.

Garcia NF, Sponton AC, Delbin MA, Parente JM,
Castro MM, Zanesco A, et al. Metabolic parameters
and responsiveness of isolated iliac artery in LDLtr-
/-mice: role of aerobic exercise training. American
journal of cardiovascular disease 2017; 7(2):64-71.
Shabani M, Daryanoosh F, Salesi M, Kooshki
Jahromi M, Fallahi A A. Effect of continuous
training on the level of PPAR-y and PRDM16
proteins in adipose tissue in overweight diabetes
rats. The Journal of Qazvin University of Medical
Sciences 2018; 22 (3):4-12.

De Feo P. Is high-intensity exercise better than
moderate-intensity exercise for weight loss?
Nutrition, Metabolism and  Cardiovascular
Diseases 2013; 23(11):1037-42.

Kokkinos P, Myers J, Nylen E, Panagiotakos DB,
Manolis A, Pittaras A, et al. Exercise capacity and
all-cause mortality in African American and
Caucasian men with type 2 diabetes. Diabetes Care
2009; 32(4):623-8.

Jelleyman C, Yates T, O'Donovan G, Gray LJ,
King JA, Khunti K, et al. The effects of
high-intensity  interval training on glucose
regulation and insulin resistance: a meta-analysis.
Obesity reviews 2015; 16(11):942-61.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Sherafati Moghadam M, Daryanoosh F, Salesi M,
Fallahi A, Hemati Nafar M. The effect of high
intensity interval training on complex mammalian
target of Rapamycin 1 (mTORC1) pathway in
Flexor hallucis longus muscle (FHL) of
streptozotocin-induced diabetic rats. Daneshvar
Medicine 2019; 27 (140) :1-10

Wewege M, Van Den Berg R, Ward RE, Keech A.
The effects of high-intensity interval training vs.
moderate-intensity continuous training on body
composition in overweight and obese adults: a
systematic review and meta-analysis. Obesity
Reviews 2017; 18(6):635-46.

Karimi M, Eizadi M. The effect of interval training
on FOXO1 expression in pancreas tissue of
diabetes rats with high fat diet and STZ. Razi
Journal of Medical Sciences 2019; 26 (6) :95-104
Galbo H, Tobin L, van Loon LJ. Responses to acute
exercise in type 2 diabetes, with an emphasis on
metabolism and interaction with oral hypoglycemic
agents and food intake. Applied Physiology,
Nutrition, and Metabolism 2007; 32(3):567-75.

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.

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

Peterson TR, Sengupta SS, Harris TE, Carmack
AE, Kang SA, Balderas E, et al. mTOR complex 1
regulates lipin 1 localization to control the SREBP
pathway. Cell 2011; 146(3):408-20.

Hedayati Katouli A, Azarbayjani M, Banaeifar A,
Arshadi S. The Effect of Aerobic Training and
Adenosine on the Expression of SREBP-1C and Al
Receptor in Hepatic Fat-fed Rats. Iranian Journal
of Nutrition Sciences & Food Technology 2019; 14
1) :1-9

Asano M, Iwagaki Y, Sugawara S, Kushida M,
Okouchi R, Yamamoto K, et al. Effects of Japanese
diet in combination with exercise on visceral fat
accumulation. Nutrition 2019; 57:173-82.

Yecies JL, Zhang HH, Menon S, Liu S, Yecies D,
Lipovsky Al, et al. Akt stimulates hepatic
SREBP1c and lipogenesis through parallel
MTORC1-dependent and independent pathways.
Cell metabolism 2011; 14(1):21-32.

Li S, Ogawa W, Emi A, Hayashi K, Senga Y,
Nomura K, et al. Role of S6K1 in regulation of
SREBP1c expression in the liver. Biochemical and
biophysical research communications 2011;
412(2):197-202.



Iranian Journal of Diabetes and Metabolism; Vol. 19, No 1, 2019 E3

THE EFFECTS OF 4 WEEKS HIGH INTENSITY INTERVAL TRAINING ON
MAMMALIAN RAPAMYCIN TARGET PROTEIN (MTOR) AND STEROL
TRANSCRIPTION FACTOR REGULATORY PROTEIN-1 (SREBP1) PROTEINS
CONTENT IN DIABETICS OBESE RATS ADIPOSE TISSUE

Fatemeh Zarei', Mohammad Sherafati Moghadam?, Maryam Shabani?, Masoud Jokar®

1. Department of Physical Education and Sport Sciences, Faculty of Humanities, Islamic Azad University Sharekord
Branch, Sharekord, Iran

2. Islamic Azad University Hashtgerd Branch, Alborz, Iran

3. Kharazmi University, Tehran, Iran

ABETRACT

Background: Obesity and type 2 diabetes can impair the function of important cellular pathways. Activation
of the mTOR pathway results in regulation of the SREBP1 protein for metabolism and regulation of adipose
tissue. The aim of this study was to investigate the effect of 4 weeks of high intensity interval training on the
content of mTOR and SREBP1 in adipose tissue of type 2 diabetic rats.

Methods: In this experimental study, 12 to 2-month-old male Sprague-Dawley rats weighing 300 20+ 20 g
were selected and after being diabetic by induction of STZ and nicotine amide, randomly divided in two
groups, diabetic training (6 rats) and diabetic control (6 rats). Exercise group training 4 days a week for 4
weeks according to the training HIIT; The control group had no exercise program. Independent t-test and
dependent t-test were used for data analysis.

Results: There was no significant change in mTOR protein content (p=0.12); But the SREBP1 protein
content (p=0.001) increased significantly. The weight of control group (P=0.0001) and HIIT group
(P=0.010) showed a significant increase. Blood sugar in the control group also increased significantly
(P=0.0001), but HIIT mice did not show a significant change (P = 0.14).

Conclusion: 4 weeks of HIIT training did not significantly change weight, blood glucose and mTOR protein
content. But it did increase the SREBP1 content, so factors such as duration and intensity of training should
be adjusted in order to achieve the best results when administering HIIT.

Keywords: Adipose Tissue, High Intensit Interval Training, Protein mTOR, Protein SREBP1, Type 2
Diabetes
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