[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

YP-Y0 (1 o jlack) 14 0,99 VFAA (LT — yeo () il arsl galis 9 Cuabas dlavo

p g dlde
(S0 Bud Sy ) (51gione 3 YU S b (529l (3 o il B
V=g 3 oS S Jg il (ot 999y Jole 9 (MTOR) oof yilian 3 mulolet
99 &9 Sald 4 Wi Gl Dm0 S ige (22 L 48 (SREBP1)

v Ye oo, N Yoo S 5
)szg-;jwc dwﬂfcfmd:a\f;,\wfg)l)Wb

o AS>

-

S & e MTOR e O Jlad S sl D] sl wgn (Sla s 5, Sas 53 LI5S s 53 ¢ 58 Culis 5 (Sl taedle
S5 b gl T ania b S )y Sl G S s B 3l laS 5 e lie (612 SREBPL (55,
el 33 85 Culis 4 e Bl ol e Slafise o 3L 55 SREBPL s MTOR (slayis 5 Slgme o YL

S 5 bl p SR 05 Sl b Jols Sl 515 5l aale Y 5 ol s (ise ;o VY (o2 andllas cpl j5ila By,
e G V) 23 558 5 G V) ks el 03,5 Y slal o s Al S5 5 STZ 2l b S5l 0 s
05,5 a8 J= o cdstls p HIT 5555 cp el @ s £ Sodeds o pad sanl o b llae azin 55 55, & oo el 0,8 (U
A o3l anal st 5 it O ge3T 51 Laesls ol gy o (1 AREIL gy a5 40l 6 Sen J S

ol (P<e/v+V) SREBPL 555 0 (glgimee Lol ¢l sdalice (P<2/NY) MTOR 555 0 (glyime 55 (ols e ,uis tlaasily
5o JS 05,8 O A3 ol QLS 1y (gols gme il P/ ) HIT o5 8 5 (P=e/0 v )) J xS o5 8 035 .23l s o
(P=2/V8) 51 Ol 1y (ol pme uxs HIIT o5 8 (sla 20 O g5 L3 el c(P=0/v e V) s (gols pmn il 53

@ e bl das (gols pme x5 [ MTOR la s o (slymms 5 05 A Olpes 055 ol 55 HIT o3 ain £ 55 pS aoess
3};@&;514;@@,‘,5 Sl Oley e dsle lelge WL HHT a3 52 55 opl ply «0s SREBPL (gl gimes 2ol 531

2y Jool e f S

53 §5 Subs SREBPL 155 0 MMTOR (055, Vb i b sl o o3 0 5L 1s0lS 0505

Q‘ﬁ‘dﬁ*ﬁrdﬁ*ﬁrb‘j&%':\_}Ia@\: ;&u‘r}lﬁéa.&iﬂ}A;ﬁ_})}r}l&}\_;.‘-h.g;:.gjsa)jg—\
Ol Gl o Kt dmly oDl sl5T oKty - Y

Ol 0l ol g o850 -

TYINN0AANY ¢ s oS S0 aaly ool o) sl&isls ¢ Bus g GLLA waiin (lase 31 5omb w Shuba Ol bl GLdd
maryam.shabani@hiau.ac.ir :Ku s 3K ey YAYYY - A0YY :ak

VWAA/VAIYY 1yl ey WA/ AN s sl g3 59 iyl VWA #/YO bl ya g,


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

YY o SLACAAT § ys (5 gine s YU el b o 9L (0 ya 480 ¥ pails 1/ LS00 g ilared

b4 Aty s 53 1y 355 MTORCL s ol LS
o L USBKL (55 0 & gDl 5id 2,k 51 L SREBPL
TACAT &S o g5 SREBPL 0ly 5 V= o (3l oo
535 S, sS6 5l wge o3l 5l <y SREBPL .55
(SREBPS) Jj il sdnsdlail oes slacniisy ol
o, S SREBPS 0,03 (56 bade jiw 53 45 diea
IS L aS don pylemadlo—ma e v o) i)
LS o @S ) dd Shegen (SSsd 05 ek O
5 SREBP-lc SREBP-1a) i3l aw 0sSG [1+]
5 SREBP-1a .l sdd iiS o3|l ol 5| (SREBP-2
S o g 45 (555 0 4iS 5 SREBPL ol «) SREBP-1c¢
03551 sl 3 5 Kledd (6,18 50, (SREBFL) wlie o3
w5 S SREBPL .azs <oslise SREBP2 L Laol
Sabuly b ladeal o 51 ol s 50y oS
& el 53 e 4 SREBPL 05 0l [NV ] ol o 5
Li esls OLES 54 e bl il 3 1A slye O
[0] Sl SREBPL 0l ot s oS oo G ) o
o W S RISl e 5l e i Sl
ol e VYT 355 e sdaze slacsl s MTOR &l
Cobs Gamw 5 Sl (SKes MTOR JLS ('“E" 55 e
SIS Y] LS Joged 1 gl sl b 53 65
i S plde s 3 ke glaasr s MTORCL
G35 5 Ll sl MTOR ool wdls i
S Gl s D]l e Sl o sbacaly
o ol o3y g el Bl Lol MTOR 55,
s o AS 5 gl 4 Cuglis 4 me 5 RalS L]
3 S s o 2 0Fn il el B Rl S oy
[Yo] des o 0L 1) Shatos 551 5lo

Olyeas (HIT) YU Sad b ks op el ol sladler s
Sl Kl o oS Sl ok atls Jge L5355 able S

o sl glacdd b elslb Ol Sl g i by alls

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

4o e

B L s galaily O o dens 5 05 Rl
Sl doys Jale 53 ol 3gms V] 5505 o gl 4 Con gl
Sl bl bl [Y] das e (2l 1 s g5 Subs
J3 9 g8 Sabs D 131 Ao i3 Av 558 e 03] e
Liles gy S 5 o5 Sl b andls O35 dlol a4l
Jos oo Pl s g aobs 5 el LY 5 SO
IF] ol S8 eiSG me Jol sl s o sl
Ledl cpl 55 S8 Clls p Llgs o el w5 45 e
el e OF JLisay 5 el &2 Caaglin (S e |
03 pRrh &S ol edd jasilie pomes [E] Wl e O]
(Sl e 3l odans Glagolen 4 e o e slie
S o S ol (ol 4 Sl
SWl s 3k belse sde Ol 5 5 Al S
Ol o Jalse cnl aho 5l aS Wls (28 o ol 40 s slis
[6155 o Lil (SREBP1 s MTOR) _Jbu (slacpsis s «
S MTOR) Ol 5 el SO G e
S5 Cerds &S Sl Jk S5 Gl e 1 e
LS o Soalen Jsha 5 edlSl a3 ) Soatew
clsle L MTOR KJ& &5 Cond ol Lol
Sasslen 5 Ol 53 g5 Cubs (Bl o 5l dlise
(Yoo A) Ol 5 Porstmann [N] el LL3 )l )5 wae
L MTORCL e Lsly OLE &S Mgy SLS oyl
Sl eslizal b T S o a5 15 55 50d SREBPL 003 Sl
Oy Gewbll, S WsS edalie Jllzyl lad sk
s s AKT sy oaadls 5 it ‘SREBP-1
il Gl WIS s 5 S5 05 pbir Ol las
IV] &S o 5 sdtme |y o]

&l MTORCL e 45 ol sl o35 0L copl 1 odle

33 ARG Jho ciS bl b 5 b ige 53 55

! Hyperglycemia

2 Mechanistic Target Of Rapamycin

® Epithelial Cell

4 Sterol Regulatory Element-Binding Protein 1


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

(Y olact) V8 6,90 N FAA LT o ()l ol acal galio g casbas dlas YA

L )
055 Sosyon S Ll Solirm S g5 5l o sy
Sy WYt opl 53 13 S bl S 5 Shbesl
oL ils bt ol g 5l Juls STl 315 5laale ¥ 5 ol s
e st LA ol S s Sy psle
Sl Oy gy e ddd 1S Gl G aua £ ey
Sle oy Bl S5 s S 5 el ol )
YV i S oz (o S5kS/p S YN0) e sl
NS sl s gl bl SHLSTe S
V) oo 3y p SkSIe S ) sie DL (o S 5kSTp S
SLol g ((S5h8T0,5 1) i IS 5 (o S5k S
GUI 51 g [YV] ey p S0 EY e 055 SOl 0 035
058 103 S Y a ol iy, 4 ol e sl b cubs
A el (e V) s I 2S5 (e D s e
Rl SKipy godSiils Ll Olpm 3 ol e (la o 50
—te Cosbs ol S mle gar s TYEY gl b (Sap e 4le
Gl YN Ll b et 5 doys 00
sibkal 5 bl Osen Sl gl LA e
Sz ke B Sl ARELGT DUl o st
ST o Sl 5L 3550 OF (oean A3 g Sl 03
2 AT Sl ok G AI ke 000 Gl o
S S ol Jpol Ll esls S Lol L
L5 Jsol L gilks aslllas (IRIAU.SHK.REC.1398.023
Aty bl sl oKl g a3 Sl L

W3S\ a5 s, 3,8 e

Cobs LWl Sy,
3wl Sl b ise Oden) O35 & Sl A s gazia o
G e alme Gl s il
PH=E/0 L Vo /) Sl 3L s ol =) '(STZ)
e S e N 5 b e K b s Jlis 2 o) sen

GoF 433 V0 Sl de 0 035 51 eSS e Gl

! Streptozotocin

alie S ey e HINT Sy o3 1] A5 42305 o jan
(S sdas S ke lag, Bl 5 s Sl e b
omamer il 0313 QLIS 15 O S 5 5 B ,e B Sabd
Se Sl S tie LT W5 o HIT o8 sl 0l yasiie
(Fios e Sl e w DIV] L il endS J S
Oleys 5o Ll &8 ol e Jole S 505 g 5 D
3 Sl 335 Sl o 3,8 15 g 2550 Sl
s o sl Gl gl by nffse 5 i s
(Y1) OLa 5 Symonds s 53 [YA] Lws O
Solssme aulsdl 4 e elinad by a3 a8 sl OLAS
rs o35S 53 SREBP s MTOR (sla s 0 (glgimes 5o
Kos iS5y V] ssdie JES 05 S a4 s
5> SREBPL &35 Ol swy & (VY4 0, Sas 5 Ebrahimi
Sl s A4S s ol s Jlise A e sl
SREBPL 03 0l w o s M6 b yan kil ol e
b 4l Loy S 53 SREBPL Ol 5 54 eals al58l 1

[V ]335 Ly 5aS ok oo b
5l sl s SREBPL ; mTORCL o bls)l iis
LS o 0L Fisd S SN sl Sl LS
Syt layll ganw g gl a8 o5l ol 2 S s
o O Lol 5 Subs 5 Bl b plasoley Olays
das o 0L MTORCL e (505055 o) (slaal ool
S o g 55 SREBPL Jule 03 SJb b 1y oo o oS
sl J 28 e L3 miey Sledbl 05,50 csay (5l
S 0SS i Sl sed dlisa ok (e e slio
adlae 4 5l ol Caws 3 aaly b s WS Oledb
o sy il kil s s Ssbke Gla s 5 WOS
s Sl o pasa IS 56 e el ol by
ol 4 Ll o SREBP1 s mTOR (sla 55 5495 2
SSBds plpl S SLL Sas s p g by 5 S
Sl 2 HIT oo wis £ 20 ol hass
Slis s o8l SREBPL 5 mTOR (sl


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

YA o SLACAAT § ys (5 gine s YU el b o 9L (0 ya 480 ¥ pails 1/ LS00 g ilared

§oadas a5 atis b Odeay S 05,5 sasl p Lo
o bandz o g 00 e Gl o
G2l o L3S e ij aids o e VY B Ve sus
40 U A0 Jolee dd L gladds & aday 0 Jols o a3
wlazds ¥ b Col nal glasy gy 5 Co e Sl Ao s
).s.,\;‘;b.;;\uﬂjiil»u);‘hL:o~d.>kmg,\.ip
2 AT BN sl g bl e 50 ande s OLL
&\N(_;LauiyoJuijsol.a)QmJS.,\bjsde;ﬂ@;
Ols Sl 5 250 aids 88 05 35150 (55, » andr 2 5o

033 3 eSS o i p S ke W0 San L kel S
OLE by 5l Olebl e VY] WS Gy Ok
SaS L Gy 5l o csle VY Lol 0 13 (] e
o2 Sk Sledd B S S a5 eSS
W VL O a8 s (Sl 0 A3 e e
A3 0ad mls patls Olpea A s n e S e

DY as S

S K
et Ols Sole b olsl gl op e ooy S Sla b e

S IS g - Jgan

o Sl
035 3 pu s ol B
, y o e
035 05
(e)".b i) (AJJ.: °)
a3y a3 Y aiss t azss (4233) oy o3 Ol
Aoy 00 BY Loys v G0 Loy 40 LA Loy 00 BT
Mﬂﬁ‘bwb‘ﬁb%}é“ﬂ“)b
Y G Yo U \Y YUy \YB Y (4dds 5 7o) Ol gd Co pu
o o o (a,3) 013 5l i

YE Sl de i ses gl ol Ol s e Sagesl e szl
Iyl ol b s eyl stdr 2T 5l g sl
00 L) GualS 5l oS5 Blo 0508 GuF b s SO
2 eSSk 06 oI5 5 (00 O35 0SS S e
St a5 o S e LS g o (O 035 5 5hS
53 3 A5 iy Ol 0 dletily) o saY O |
gl Sl ealnal b alolidly s 5 e3ls gzl (G550 5508 o
St (S psle oK 3 Slol Lo ) dezie
o) o3 3 A lea b gl la i (6l 5 (A a8

A axliS (Ol ) cle S )l oS 5 AFR-80

! Epididymal Fat Pad

W3y 53 e 0 Sy b e sw Sl Sl Osa3l
RIP aids 53 e 0 fees 5 e e i T ey 6y 0
L bt Do) (St 4 ol o Gl ise B Sl
slee Slais O 53 S g iy (Jeo el
LS ks e e S Dlpea it (ot
sues 4l ‘u'jf@a JS ey S e cpl 53 [YO]
b Sl 885z e by pomes AR

M\Ju L)':"A-’J“'i 092 Jjb‘)h b U’:J)""‘""

Sl pdl s,

S Jb b sl ize 5 op el sl BT 05 o Sl sl 5


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

(Y olact) V8 6,90 N FAA LT o ()l ol acal galio g casbas dlas v.

A5 el TBST s £ s BT sles 3 sl ) s,
L5 BCL) il sl A1y SO L Loy
Image J i3 e 5 Sl 5 L densitometry | 5 4 525
ol 5 adsl @bl s (g Sesll (VALY ased)
anti-mTOR (SC-293133) s anti-SREBP1 (SC-13551)
S eslid sy ISl 5p0S el Sl oS
Mo S

s Sl (KS) gl 35 S 0dlS 0sa3l 51 e
Uy a ez bl el oy sbeesls w5 2l
5 Al st SO bl 05050 Sl s aze 3 Laesls &iF O
53 oMbl el 0l oslizal Laes S auslis (gl Jiteot
L lnosls ko st s el 03 1,1 b gy 0 e G
gl ol 43S bl SPSSA9 LIl s 5l eslicd
2P0 ol e bl s 5w ol e
ol o S L

Laasl

(p,5) 055 48 21> 0L ol Gl s (R s OLL o
i 4 S ool atis 3 S 0s 5 ol o S e
058 comamed (P=r/van)) 5ol gyl pme Rl Ul
0 S HIT a5 i £ JUisws o el 05,8 sla e
SEP=e/eVe) sls OLES 1y (guls pme Al Jl (ganin
sile bt (s e S ke) 0 a3 30
oRIBl sl ais 4 s piler w2 xS e S
05,5 S ise O 3 Lol (P=r/ven)) Cils (ool xe
s Jol a4 S HINT g pos ania £ ey 0 05

(X ) (P=4/1E) 516 0L 1y (gl sime

oot g gl pite (5 S o511

Sl ze M0y AT iy Sl eslial L
Sl sty gl Sl A SNl ey
Sl Ve e 0700 sl RIPA L Slsdlsr 5 o
Ao 3 ) e LIS Y e e V00 Al PH) e
Sodium ) ol Jowsss RS S EGTA
35, 5l Asys o) wlsl 4 (dodecyl sulfate; SDS
e S Ve S S pl S eolizad (sigma) LS S
S by 3, ST sl BL A S 00 s il
S b gles 3 Cele o 5 AS O sen s L5 pen
Sadlesy Sk Sle G0 e 5 LS SIS S sl
5SSl gamis b s \Yeee 5 s (bo, swlérfroil)
Soslpaar s qule e A3 55k Sl 4i35 Vs Do @
Bi0-) s (oS s @S L OT 5y clale 5ol
Fapl 040 g dsb 53 s S ¢, Seslul (Rad
ERRPIRISIRY

Oigod Logm Ad (1385 i 3 a3 Yo L3 alg o
MMB0) 3l Syl a5 L)) o @ oal sy
Vo oW Jows oo b o3 ¥ 055 L AS- s
doys /000 5 JSblelS el Aoy 0 (U madS Aoy
0 oot Ladged caalsl 53 b3 S bk (o] Jydge
Aipd oyl SlS Ly plad b as sdilir aids
SDS-Polyacrylamide Jj 3,85 30 5 eslanal U sy
V Odea slie LU Jame ke 510 gli 4 el 0
+/\ 5 Tris-Buffered Saline 5> BSA .s,5 0 53 cele
sl ool ml 53 5 Ad st (Tween 20 TBST) Ao

A 535 4l (LT 53 0SS STl (00 )


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

A ...ngQ:a:\ﬁ3J¢gljﬁuxygaéﬁil-}@3&3@:&4&5&\“%&:&0&@3@4@

(dos g3 pShao) (93 338 9 (pS) 09 SLasRI0 (51 sl 9T (5 Lol Eulid - Jgaa

t,ldke Syl a2l ol 05 5 JoeH

€40 s £/VY ARVE (Jgl axen) J 8
YV g YOATY (polezr wxin) J x5 O3

#4/07\ 0/01 TAA/AY (Jsl azin) o el (¥
§/0Y FYVAY (pler 42in) o o5

#\T/V) YA/ YYLNY (sl i) J x5
Y4/vo YYA/O+ (poler in) J 28 KPERTE

YV Ya/A0 YY'0/0+ (sl azn) o sl (s 2 f;dl‘")
VY YEL/\Y (poler 42an) o ol

osbins a3 g% il 5t (oLl O g3 (G ge ) as 05,8 (Ghse ) 58 05 S

e a4 e HIT wis Hle Ll (Y K3 P=2YY) win Sler Jbbsa a5 dols 0L =l (lassy OLL 5o
RS L;Uu})f&ﬁ‘SREBPl OS5 sp Slses s (_g)l;J'.;u mTOR S Sl gme Ol ‘_;)la&uu xS HIT RS
(Y Ji.:)(PD/N\).,L.bL;:{Li;JJ:Sj&Li; S, 3 s BN NN dl..ﬁoj‘}i O 3

(A) Jr=s Cryes

MTOR s e ame == = s 220kDa

f-actin w— s e —— > e 421D a

12 | B)

08 -

Relative Levels of
mTOR/BA ctin

Jras oS

dadlas oy 9o sLas 9,8 HJu MTOR (4aid g s (6 gine duwsllo -\ JSuki
ol oS 3lie Godins OLiS st Slaged B gllr 55 o <l ps 28 Kos ol ye o B-actin ; mTOR s KW g seul o sleas A
el 002 & J S 05,5 51 il di Sy pots &S U558 Sisyd Wi 53 MTOR sy sbauily


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

(Y olact) V8 6,90 N FAA LT o ()l ol acal galio g casbas dlas Y

(A) Jr~=

e

SREBP-1 #= s S "= &% @ 125kDa

pactn [N <71

(B) I

P=0/001

16 A

14 A

1.2 A

08 -

06 A

Relative Levels of
SREBP1/pActin

04 -

0.2 A

JpsS

Ol

dadlos oy 90 ‘,;LaajJSJaSREBPl O3 9 53 (51 giae dewslle - JSub
ol oS olie oins OLES gt lspes B gl 15 o 3l o J xS Ky Ol sew B-ACHIN 3 SREBPL 555, Kot g senl slas A
sl oS W15 IS 0 8 51l dior oy ot oS J xS Kynyd Blie 53 SREBPL iy slaail,

Lo Sk p i il il 5 00 4 e
Lol s ions e rlale 25 Jods 055 a8
S Shle Llge Bl sl gy HIT asle Yy oo
el 8 ol ol el OLES [YA] il 3br 5 035 J S
Sly ol Groman Y4] 555 0 Oy O35 ks oL HIIT
G e l5e syde plal S L SA2 L HIT
Sl S 055 a5 l il by 350 (GOl B 5 o
JS oo [ ] sl golae Sk a4 o b s el
oo 53 i Bl 33 s HIT o el oty ey
P30k e o 2 LS e Ok D5 53 i ple
Sley & Aoy b0 L@ HINT o8 cosdly cpl 5 5ms b il

IV 515 5L 5 S
HIT el olonil 8 sls 0LE sl G bt 3 b Sl
o Karimi di= 55 58 s O A3 r..lm o e
3y Ol HINT Sl el 1 ey & (IFAA) Oas
HIT o5 S 55 kb S,08 C}lﬂ—w ALls by s,
L G o) gl VY] b alS S ey S 4 oo
23 HHT o el s i baly o ol Gl ol

S S a5 Lo

5 IS 058 00 e Gbiss O35 o G
Locobsiome I3 HIT (G pad aaia Sl 51 day o el
Sl e 05 8 il 55 HIIT a5 ook Sl sl 0L
Solsgne A IS 5 el slaes S 0 Ll
A

LB 5 e S Wl oad Ll HIT e s
B Aalsd Gl b O3 Lol Ghils sl 3l s 5 Sl e
VSJLM):ANQQJMLL.:djLﬁ s Soslas Ol STl
IYVI 05 35 oo oo 58 a8 L 0 O35 I 28 6l
S JES 058 53 gl e Glaige O3y ol G o
wih & Sl poler i OLL s il slas &ﬁ@a
s 058 3 bl sl anils (L6 S EY 550> Ul
! gekias Ol cpl ol adls Rl 6 S A s
53 5 B s 4 e HINT Sl s o8 ol s
s oS Ll 5l 53 g abs glagagesl 035
OLE die O O S sl s e b sl

Gaed 4 LU 1y S5 Sl Cud (cl sds esls


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Y o SLACAAT § ys (5 gine s YU el b o 9L (0 ya 480 ¥ pails 1/ LS00 g ilared

Syhp 357 ke pb e o BS 4 s MTORCL Ly
V= 5 s 03 GSL el 8 V-] s S
rtk:gﬁm\—wg.wlwﬁ@;?wem@jémé
[ 555« SREBPL .55

o (\YAQ) Ol,en 5 Hedayati Katouli s jid>s s
SREBPL .55 Ol » HIT 5 zelizad o s 3 o)
TeE S e TS LR S R PR e e sl S 5o
05 Oy Sals o (guls pae HIT selaal o as
s Asano  ia=s > lle s [YV] axils SREBP1
2 S Al S e (Y18) O
53 A Ll g med i (R0s e LSS
sl A4S (5 ,Se3l il SREBPL iy (sl simn i o
5 2l i bl 305 o el e ()l sme
G35 » NS 5 wge slacnyy S IYA] A sl
Condl ol AKT S 1555, MTOR/SREBPL .o
03l> 0L 2 sladdbe cpibior 5o 5550 53 AKT 5
Lol 55l Go b 5l B s 4 e AKT Ll ol
gde b il g S WKe s e calite
S s WSS 5SS ol s g e AKT
S o B e S5l 5B s S sakeuls
50 oS e SREBPL 055 Jls U (oo AKT
Lol s 53 SREBPL 555 o0 55 sUlS slad )
O3 Oly [oe YT cd S sl gaanls Loy
e slse B ae 4 el 05 S8k s Cs e SREBP1
35 A Lele o 5l 48 ol s el DL 355 e Jled
o Sl ge 45 a3 e SREBPL o i
w5 gl @l i MTORCL & wase ol
) SREBPL ey 5155 oy gl dlanls Sl 5 ol SREBPL
[E0] dns e el

HIT (nyed ol Gl mls el o JS o5ba
L0 L3 Ol oomar 5 2l e lahpe 055 Sl 5
s Slp &S Cal Clle ol (godas QLIS oyl ‘,\SVMJ@
Lb s g ol 4 de Sl sl gl HIT Sl e

) s, 0l 5 Sde (s Wile age Juls

53 a5 S (i 1 055 A5 gl Sl bl G
G o ool gt LU D3 p el 5 U S 08 55 s
ol ol o3ls OLES JS 5 s edalise 21331 gl (ganin
e 55 Sl plil 5s g8 Cubs a Sas Sl 31 s oS
350 il Cuglas SRl 5 0 A3 055 i
3 e Stz pxil L esdle HIT oy pas Ll (YY)
Ll o ped Sde 5 DA le Jelge 53 o8 O )50
55 Al a8 AL adls O A3 5 O35 Say n sk DS
B8 I3 58 e 68, Ol S0 Jelse e
5o sl S e b Gllane e @l ies
xS b 5l el L MTOR . 55 5 (glsme 53 J 28
S o pad 03,8 SREBPL 555 5 (slgime 53 (515 oxs
o @258l ki b s s edalie J 28 65 S @
seld 5ise) ees oS 5 Olyes |, MTORCL
S o e 1y S 3l g0 5 ol el S MTORCL . les
Ao dir 5> SREBPL 5,8k olas b 1 dd e s
4 s MTORCL SliSw liis s Dl S o Jlas
MTOR Lol j& 4 a5 b el 255 0 055 BloV Bl
2ol MTOR St 5len Yozml (s 5 A5 53
Gllye il Sew 45 il dalpr s MG b
LoalS | MTOR (slasiS e Sl eslinad b das o Sles
S Wsls QLS (YO OLKes 5 Bae ai= ;3 [0] das
3 Sl s w e oME 5y 50 e 5 A5 el
05 [FE] 555 o MTOR e 5, 51 ) sdl 4 e slis
L Gols g oxd MTOR 55 5 Glgee ol S
HIT o ed oS G385 ams Olg oo plply sl OLES
Sl S 6 e ol Sl Sap Nl e
oolal L5 clad Ol Sdeay Ol o HIAS 30 Lalse
255 Slp R e i £ S i e S 15 S
SR VRN O G (.5 MTOR .55, lpme oo

AL s ge Jale il o s HINT (el
MTORCL s Lol s 53 Jliml s S 3
G 3l 1 SREBP e i, a5 ol S & 3L a

V=i O [FO] XS s Ve e oli


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

(Y olact) V8 6,90 N FAA LT o ()l ol acal galio g casbas dlas vE

ol S oddoles sladnl b ple 53 ISt sl 05

Al g s el 5 Bl Ol Gl el S

6 s

oS Sl 5y g e OB 5 W Jol Jiags oyl
av\._ibjf <=L>u\ ‘)\J:.\J AK@‘:‘)‘}\J:A; Lﬁ‘i";ﬁ (:jl& J&sls BE

<J‘_'».>JSL5)\;“1)L;»V.€_AJA|@1)>édslj,é\dal.qjjl.w\

10.

J)M":L;A S.«.»_:.""

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 I, 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
mMTORC1 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.

oS a e HIT o jad azis Slea 03 Sl 3 ) 550

IS e, Slgeee Ll s MTOR (gla 5y 5 (lgms 2
e plie i 3L 5l s ler s SREBPL
Soore S Shegen Bim sk mlae 55 4
ol ol sba syl Garn s (Jds pees 4ol
MTORCL s syl 55 SREBPL 555 (siludlad

11.

12.

13.

14.

15.

16.

17.

18.

19.

AEA

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, Héper 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.


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Yo

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

...guo:a%x‘sl,m#mamgd,maf,amvghzd/_,m,‘,;gm

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.

Safthi 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 Physiology &
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 LDLr-
/-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 (mTORCL1) 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, Criffiths B, Santos CR, Pende M,
Schulze A. Regulation of the SREBP transcription
factors by mTORCL. 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.


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-28 |

Iranian Journal of Diabetes and Metabolism; Vol. 19, No 1, 2019 E 3

THE EFFECTS OF 4 WEEKS HIGH INTENSITY INTERVAL TRAINING ON
MAMMALIAN RAPAMYCIN TARGET PROTEIN (MTOR) AND STEROL
TRANSCRIPTION FACTOR REGULATORY PROTEIN-1 (SREBP1) PROTEINS
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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 SREBPL1 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

*Alborz Province, Hashtgerd-Below Sanat Square, Islamic Azad University, Hashtgerd Branch, Shahid Sadoughi Street, Postal
Code: 3361659913, TEL: 026 3330 8523, Emial: maryam.shabani@hiau.ac.ir


https://journals.tums.ac.ir/ijdld/article-1-5905-fa.html
http://www.tcpdf.org

