[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

9y Jlo
Ol ) (Kb pole olSidls alxo
INA-IFe AFRY widsl AV 0,95

o ok MTORc] g AKT1 03 Oy g od 9l g9 03 1
S Al <O Y £o LS 2l o S g0 3

Pl slrw & Sl bydT dedommo & 8 by (Axlous o cwlows oo Lo

QY /¥ e by AY/ANY toims 95 3 dSol Bl 38 AY/FIT+ 1Mol Cagr okimg 5 4 Ao Jloyl  AYIT/Y il 3l 50
4 N\
RN

Ss59les 8 (395 yule ,o (High intensity interval training; HIIT) ayouls o5l oy ped a5 ‘S{L?-QT JUHEEV W eory:
Oned 4 VY 30 s hegh ol Bow 1A sl S5 g0bo Shisee 90,5 51 LoU plse jialS o g 8
<= ok ;o (Mammalian target of rapamycin) mTORcl 5 AKTI1 (Protein Kinase B) slogy; ol o HIIT
a yo (Bl gt @S VY Y- (59 b dlatia Ve (plme 5 Ghge pe V) 02 aslllae (o iR g lge
ol 4y aae VY S 4y il oglis - S0bo 09,508 5 )18 Jl a8 g cubs S auad ogls - ol 05,8
o e GlaiBe Vel coliul g slaads SO sla IS5 L Led 5 (g5, dugs B o aian jo glaads Ve aud> O
g AKtL (slo )5 cod o el S A0S o AT S el Al u.,):-—l 3o el TA 5 wios ool eS8, 1SS
A oolaiwl P<+/+ 0 (6,0 sae s j0 Jitas t (yg05] 5 anTORc]

(ol S 09,5 ,0 (P=+/+YY) mTORcl 5 (P=+/++V) Aktl slay5 Lo o sme 2alS oo )5 dulio (yaidl
VY Olsee ar (P=e/e oY) AKtL slays ol Jlosine GRal3dl 4 o (nyed (izes ol lis | ol 095 4y o
(P=+/+V) 00,8 b S 05,5 4 Cowd MTORc 5 0o 0

8 o,Sles S5 4 yie mTORel g Akt (slagys Gl GRal38l b HIIT 0,50 Sy a8 auy g0, 4y 25 S doml

RECHPIR [EVRUNINS - CREN FROYESRC PP [IEES PR

J

Ol €05 s O s e ol 35T o&tils ¢ 25 35058 (i3l 03,8 el psle aaStils (675 (g s -

Ol 0L ¢ g Oygs ol e ot ST 0Bl ¢ 2555 338 BT 055 ¢Sl poke 0aSCasls SLtils (st o 5) -¥
alibaneifar@yahoo.com : S =l oy Y1-00058+0F 55,55 ¢ Y1-008F8+ OF :4ils

Ol 05 55 m Opgd oy e ol a3T o&ils ¢ 355 5505058 (2ipeT 03,8 gl sl oaStils slowl ¥

Ol (015 eyt Ol domly  aodhal 35T o5 ¢ 5555 553008 s2snT 03,5 sl pske 0aSails skl -


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

o o mTORel y AKT1 &85 8ly b g3l o9 a0 1)\

5 4538 31 MTORCI (g5, » 555 45 i AKT oo
AKT (g [V-] aiS o ol 1) B 0 ) coles jo
ok 9,0 Doliie Slal g (gl i Cucly Jlud
s Jobw sl 5 pedglio ) elals )0 oS 05l oo
5 SPnid Sb, ©sd oS AKT-1 o5 g
o35S ] s e w5 Salusgen slas,55le
g Fe (hle e oS elan F-5liS sl
SYob ol yes L] g8 o Jloe AKT aliwsgay a5 cendl
AKU IMTOR s G, 51 olB (35,5500 40 i St
S o lawgie Sal b el alally cpl o a8 05l e
g Obert Liwl, cpl jo Dol el Phe WAl (el
P I3 e 3l Gaed WS SIS oS
ool D] s e o Jsiabs o Sloe g 3 o oyl
SoyST (B mle (e b ALl 5k ) Sl el
Dyl aes s# sbx! 1, (Eccentric hypertrophy)
Wt gl G e M 4 Ay
Ollews <3 5 (High intensity interval training; HIIT)
ol ol JpSlpe sl 5 Sle b ekt (b
O Sl DR ) i el Sedge sbedie Wiy e
ok 08kee 5, » HIIT 51T ogdle o3l (1,
2B Logas 53 Sledlbl 5 Conl 00t gy 956
e OS5 B (Bope 2 WD (osls Ol el
byl Gragh 0 1 wbbice sgame )] SIS
5 AKT1 oy by o HIT axin VY 56 s B0
oads b YV goi ks slos, o ey ;o mTORc]

doddo

[V el Sglie oW o sals 51 Y g5 cubis
S5t 5 ol s o [Y] Atle g ol Jl 68
Sl 4 plilew 59 e g Sy (ol slacde 5 (S
SR 53 (Slgaegns)l5 o0 sl 098 0 Cguine ugile
Iv] el ot (3,55 cubs e oldl ol e o ubs
LF] o)l oSe alay s J8 L Tads o)l 5ee S
aile 6,18 5 (e (slo eSSy slawinl LS )0
@13 Slge v 5l G SBpas g S oS (S 0ged
o] wimn 5 55 g5 cubis sl ) 5 B b gl
Ol oh), Sl e & ol cad asis
st ple @ Sows o ol o Shee 5 5L
s alac s g ke ool L8V] el e LB
Solite ol sleoji> 5 B o ((nyed g8 A dke)
IAl asb e
(Protein Kinase B/mammalian AKT/mTOR ..
Sl 09,0 sleosuS o.lai jl target of rapamycin)
By Sujeln e By wnlB 3 5908 5 Lol
Insulin-Like Growth )IGF-1 ou5 .5 ol olo ais
a4 A o a5 o9l o AKT cudled el (Factorl
S peedS Sl Gl alessas So3eled (B e
SERCA s  L-type oS Jus Gk
stie  (sarco/endoplasmic reticulum ca’*ATPase)
Sl e Bisbl s Bly 0 09
land Y- s il - haslawd 5 ,bjl GH/IGF )57

Jé 4 =i (Phosphatidylinositol 3-kinase; PI3K)

VAV Jlo VY oyl AV o593

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

ARRR

Q\JK.@,@L;.»,:»L;A

@ 5laeaST SIS g, 5l BBL g5 Sl culs Sl )
S S el by i S5y el 2,
O8> A8 g (6 ,mSojlail (Trulab N, Pars Azmun, Iran)
Sl ol Ol o n S ke VYP YL
al aid,s s oY gel cobo 4 o hge Sl el
& S Ggail g 9 G9el 090 Sl o e [0
O 5ol Camlus g sy VYA 5 VYE CS
g fdowd p oS (e

Sad (2gls Sluyed boolyen (Db 098 (Jgl 098
doige 4 STZ 5 wool 3585 B0y 51 e «(HIIT)
Ve dud> O olow @ aae)Y Cow @ 05,5 ol Sllgs
o) Jeed i 69) omgd B o atia o gladss
L (awdlyd Harvard Apparatus &S & ool YA -LE
o sl ¥ b colpiul g glaids S sl S5
L Jgl wdn j0 cujed delp caiad ool oS0 oSS
TN 4 o slaatin )3 5 0ul 9,0 4l s )0 1V
Sad a4 @e5lgs aian o Ul 00938l 1y ped Sy &
a0 s Jbs colpal [VP] o, aids o e vp
S 4 LSS Aam 93 0 g £9 05 4RSS )3 e V- L
aiBe ;0 e VP 4 eaojles atin o B ok eog38l
50355 5 lr e jlam g 5 (e aido iy e
Del oz as s L s ollgs 48,5 5

@ 1) STZ 5 sl (s baid (bo 5 09,8
aliy ged )0 9 wo)S il Sl 2 5,5 ©)5e
JERRTIS TR JEEC SN SNCIVTNSRCR JENERA
Bl |y o yed alslow ma g s, cdl o 1) Ol

auds 3l e el FA Cllss ase 25055

Lo rog 9 olge

VA Tl o bl 1Y¥A0 by 4o oy addllae ol
Ol b oglasie Ve iy o5 5 alme Sse
b 93 5l 9 65l setl gl 5l e S VY Y
a5 ol gl 4y (ighy S5 5 e b Lo
9 Bk U5 095 plle J S 09,5 ol (b V098
WD S W dD (29l (pyed b oolren (Db 0g)S
5 @bby) Celo V) o8 el S Lalyd ps Slilge>
Casby 5 ol F ol YYEY los ((S,b cels 1Y
Biolesl o labge ol (5,l0 sy FO sg0>
Ol oBasls L3355 pole 5 Sy Zan S caSiils Sllg>
@9 6p 20 b oW Sk iz 5l plaged
Wl (6l s @ e ol FY 0 YV 50 YO ol
50 Bl e yiwd 3 lailinl glaé g oI 4 byl as
b a5 S hey Sllps (@adod 0)90 puliyw
adlel ool cule, b anllan ol sloJSTsy s 5 oo
oeizen. VY] s alol S 5 Lalgs 5  Sicda
bt el Sl3T oSty 5 ST oS gl axllias oyl
IRJAU.TEHRAN.REC MV/FV-N\F o)leds 4 gz
il

sl ¥ gg5 Cobs sl gl (bl il Sl e
SCICISPSSTPNE SO | PRSP JRNEX Y NEW
o G (PBlhe JFIs Djge ol Shge 1)
(STZ) (rwgigiois yowl o 4 036 Jolone «ad3s 10
e 590 b Slao S5 &jg0 4 pH=TIO Sl 8L 0
Al haid ol J7US 09,8 ol G5 a5 okS n e S e

o el YY DVFL o5 il o 1) poes les b ol s

WAV Jlo VY oyl Y 093

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

o o MTORel 5 AKT1 &85 8l b g3l o9 a0 1YY

RNA 5l o8 colasl opd s as sy

5 Ole e Sy J5aS 05 olsie 4 Polymrase 11
A 03latwl AACT g, 5l oy olo amslie sl

a5eus SPSS 1580 0 5 5l soliiwl b (g Lol Judow g a5

51 osliial b baosls (y0g1 onmb auys Izl . alool Y-

o8 ol Gk 5l Kea ¢ Shapiro-Wilk Qﬁ“’}]
5 Ol 5l oolatnl b o yiie 51 S 0 polie 5 )y
'/'& 6)|06ULA Gb.w )O J.Mt 6)LJ uyo)] )‘ L(boa)f

A oolarwl

o et s g Jis 3031 5] Jeol gl
).) 44.&]”4.0 0)9,0 6&05; )O mTORcl1 9 Aktl L;LQ‘_))
P oesy a byy gl o Sl g ) o

S 00 43|)‘ Y 9 \ L;Lb)b}o.t

oole 31,5 Guyb 5l obdl el VY B Ve 5lamy 0503
Al 4LES g Ghoter (bS5 (njshly oS ) st
O 0%9)) oS 2l Ghsy 3l ookl b e 7]
A Al 5y B alae (U8

mTORc] mRNA g AKTI mRNA (¢ 503l g
053959, powwpw 4lwg 4 RT-Real time PCR lawg
(Rotor-Gene 6000, Corbett, Sydney, Australia) -+«
One Step SYBR  glad>,e SO coS 5l oolaiwl b
Syl Joddl jgiws b gillae L,SG &5 05 5l TAKARA
Gyl oS 5l eslatul L RNA zl sl (0y8,5 ool
[V] 26,5 alul QIAGENCS 15 kit mini Rneasy

e yslite 4 PCR a5 2 (bl ) wgd (s 5L
JSS9n 285 el Jlaxl 5)50 PCR - Jparma Liel
Real time ;5 (5559, olKiws oolaiwl 8,50 J)l,> a5 >
4 aads 0 @ads Vo oo 4 a0 FY : el PCR
asl Ve Soe a0 AF L S B g aido ¥V Sue
gz PCR al> o 5l s 090 4l Fe Gao a0 70

S, il 4z 0 A3 B 0+ los 3l ayalyy (Fius axllins

HIIT (g1 4 1V oy pod Sl Ay (e (Sl g0 s s mTORcI 9 Aktl (S o Ol (w1 ok

P ;oo M=Y) Woog 5 &I e
e ke JAS g plle S8
oYl gl i g (BLo S5 AKT1(bp)

Y s U5 5 plls Sy

I izo 9T lgic 4 P<+/+0 i faiwo t 9057

VAV Jlo VY oyl AV o593

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

AYY

d\)mng.wﬁ»u

(Shsia) Sl s Cansd
=
- &

—

AKTY mTorc!

= iy 12k, £ [TIT, SO TN
B = Wi g

09,7 0 Aktl § mTORcl Sy i Ol dwrlio -1 g0
2o S0 b o sy <l O HIIT 5 obo i
b

b Sy 09 57 b dug lio 43 H13 Lizo 9l #
Grped atie NV Gol> dagn slaadlh elal
s Akl lags olo GmlPl 4 e wad o ogls
Ol g al Y g cube olye slaige ;o mTORCc]
slp HIT a5 acsls bl o) Ken g Launay
Fr B OMas ooty 9 Slae b dee
HIIT aian A a5 855,58 (5,055 095 Gudios o Ll .ol
S ab gl slaghe )3 CdB Cdl By 5 4 e
3 IGF-I/mTOR/Akt s (53l Jled &,k 511 15 o
Small Mothers Against ) Smad2/3 e ials
9 Lee DVAL sl plesl (Decapentaplegic2/3 pathway
ool Sl el 0590 4 wlin obhadly 5o o) Ses
sol sbeanil L ool o Ll DAl wes )8
» L b e e ol Kes 5 Sturgeon
@ wly SIS slo e 51 (86 (B (B9 000
oo ol Voo 4 oole sla jige ;0 mTOR 4 Akt

ol IY] s S5 snmlie bawgie @t b Jued 5 (s,

o s S 5 oll sloos,S 5o AR 55 oo ol
ool by @lme iy Gl g Gl 28l
5 00,0 ¥F s 4y |y (P=+/+ - V) Aktl )5 by jlo gine
oalS ooy S les ;o MTORCL (5 (oo Gl nmnlie
XY Glyee 4y 1y (P =+/-YY) mTORcl 5 sl o sxo

() loge5) ols ylis

Y

«Ih

+Jf

=

(i) <l 55 s

oY

o0 Aktly mTORcl (Sby)j i Ol dwlio -1 fogai
(b AT 9l (slog 5

b e Sl g0 bl o v b o

o Sy 09 557 b dug lio 43 413 Lizo 9l

INY e s |y (P=21++Y) 45 cpl olo Hlo cxe il
deog,S jlea ;0 mMTORel 5 (o lo awglis o
Olywe & (P=+/-+V) mTORc] 5 )by jlo gme 2ol
(Y jloge) ols las 1, 7V 0F
ol galS Lo a5 HllTog 57 28 plgs o0 Bl 5o
o=z |y el 5 56 mTORel g Akt glasyj oo
Of wolie 3l e ) Lap)g Gal (o Ol (5 4k is,S

ol ol Wl olime sla Sige o

WAV Jlo VY oyl Y 093

OW;é«ﬁxrﬂoﬁﬁbw


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

o s mTORel y AKT1 85 8l p W o3l o9 05 JIVVYF

33 IGF-IPIBK/Akt sla joue 335,5 3)155 oS
3lasm gl g jab Ll o ials subo sla B
IYAT b oo Gali8l (359 02005 0590 2

PIBK L Lo sbojles uiign oolgls le o
30 A Cewl 0,8 & astie e SO leie 4 mTOR
5 el Beymls 5 PBK/AKt  SJlSw
b SolbSew onl [VAYY] a8 o i liy) SO5elgn 50
5% 9 bwgte Sl b (B39 JUis 4 b8 Sojele b 0l
o Al oo g [MVYY] cadl on samlie Lty JSSgp
A5 3t 2ot 655 pedailin 5 0 g3 pdss 3G
ol olKes 3 Mc Mullen k!, ool ,o [Ve] o,.5
D9l e Granlolly lawgy MTOR o5 Ko cwisls
O ey FA Gl 4 1) (8 (Bgpmle Wl o
I IRV oalS o8 o Sl o e by aiSe
Ol ety Sldllae b Lul, oo gols aslas o
VY ocodled Jlis 4 mTOR 5 o e 50 s lo sime
el (b yo il ol IFF-Yo] as ssalin glazis
Ivel sl e (5 slags lom oy 3 Wlgiioe (o255

LK je 0 ( PKB/Akt) B LS gy
RS gy Fiw g (Jebw o 5 o Jlss 4 g mTOR
a8 el o 03ls lis pols addlae ,o Vo] o)ls age
L aS 0gd oo Akt ol Jlad 4 e Soe (Y eb codled
6o a3l b g guon Y] ], Ien g Debosche (sloazily
IYAl col sl o ol e o Kemi

Sl weys A b awe,s AO L HIT (S jsb 4
P Sgppee Feb 4 e (Bpae i

saalie BB (AL Sde 3 45 9 lapeanolS

b B (B9 5 g Yzl oS as e Lt b
5 V] sl e YU lacas 4 5Ls o 25,5 Sl yes )
il Cgenl il Wlgs e HIIT Ll o]

B Gl YL gl b ol g5l (IS job 4
IV el je g Spo ovee e a5 canl ol on 39,0
e ol o Sles A8l (ere (8 (Sailely sla Sy
59559 b Semml Bk 5l bcamgens )5 Gols cuss 5l
e O5Sasy Ko by Slnyes INVYY] wsl .
CoieS Gl sl Wl &5 el SuglsSleli
@ M pllen 0 Sgdsl WMo 225 5 (SW;
Loty opl o IYY] sgs solinal cpeje B8 lo)l
@ Shgdg et Slpds a5 Wo S 315 o g Rowe
e Sl See (B Cllad (b il S
Olsie 4 Wlgige g 09d umsena)lS o)lps ol
IVF S oo o8 (895002 uesilSlo sl (5 20

b e Gl Sy e 4 wisly lis ldlas
oo ) o8 il anly (JsSse 5 90 S
o5 ool Abaagts & (ol panilSe [YO-YF] 05 e
95 4 j9id AS so (65 iy Sl ;0 B jenel
IGF-1/ IGF-1-R jyoe aiz e wenl oo amslis
Insulin Like Growth Factor-1/Insulin Like Growth )
Cewd yul SILK s Lo s ¢ ( Factor-1 Receptor
2 Sisasl 5 Sl el 65 ke s Akt 5 PI3K
ISP ES RN | 4'] ERCC QK S DR Ot
Fge 5 63, 8ee (b 2 o TRy &5 Coul ool
Ol ol 5l il so (8 SG3aleily (B yme b b e

5 Cheng [YV-YA] 555 wsSae PI3K L IGF-I ool

VAV Jlo VY oyl AV o593

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

\YO

Q\JK.@,@L;.»,:»L;A

Ol o 68l 5 9l Gaped Oloy SSinl @ azg b
olginy ‘.\g.TGn clue & HIT sl jo gaudS Julge 5l
slagle; g God w@m (e o8b Gl g o
or Oz 0,5 18 adlhe 8,50 iglite (5,510,
G S0l ol e 4y St wily g Do oligS Dl yed I
Al ady ogeysn ¥ el 5l -l baasls S
9 L Ghas al, el SO uligal g
S5 Spiiey Ll BB g N Gy ins)lS
Dy dely ehe So3sls 58

=

sy ole (Rl L HIT 050 S sy o Hlas
Olilows 50 (o8 o Shoc dgups 45 ;oo mTORc1 g Aktl
ol ) Bl B oMSae 59 5l Ylexsl g sad b
oogi nl 45 9,5 o)lal b S e T A Sle
WS Sl 1) ey ol g Ol Cudlen
Ol g9y S om Dl &5 09b e Seidn nlple
23,5 cwyp e ez ol o HIT ol 5l am dayg
S0y 5 Sid

Ghsdsisd b, )0 6,55 Al LIS ol iaghy (nl
4 il e wgiz o axly oDl oljT oKiils o b9
ks i e ailul o | gla plealy 5 Sloxs 5l alws ()
o=l sl 5o 4 el gl QLSS5 olSalos] else

Wloe Jos (15,08 5 S5 il odges (5 e anllae

o3lul [vv] Sy oo 485 4 ole ¥ osgas 3l g el
Gored g els Ghyhg Dol 4 (S (B (B e
Dad b e 4 o $FS ) Gl ol ol
Sy 2o VY e a6 9k 4 S o bl bawgis
W) U‘J)‘)f b.wy.n IR L’ u.v].o.l L;‘J" Qo 50 I\ BHHT
axilen HIIT3l 56 o5 895 s mansilSo [¥A] ]
Sl e ally Oloyed K0
Jus IGF-T alewgay a5 [¥¥] cowl PI3K/AkUmTOR
o HOT ols adllas o Yot 130 I¥V] sss
Sla Sy S 4 e Ty (Dbs 2o slaghse
RPN PECERN ICE X R N L PN CES NP RN TOPS
45 039 (b slacslem 5 (AU e 9 S 5l 6Tt
L Jb ol basb oo gobo o8l o asil (g lew 095
oais ploul bLa,l el jo ol loirgh a5 ol 4y azgs
Loy ol 0 rcke Sbagwin Sl el
plxil o é 5 PIBK JIGF-T , L5 ba_asls ;S5 (g,u5o3l
Bl s (g polesel BB bl ay gl U og
555 e o piie ) (5 s p2l 3o )5 4251
(Lo «Zugby 98 dav) daowe Julge 59 (i ol
Ol pac ez I Slacosgame Ll wyy JuS cow
Oliee &8 (b Ol pae dabge Olg> 380 508
6,55l ann (g Soslul o (o lgss «lilgem 55 i

S 3529 15 99 (nl Sl s )les 5 (So S

WAV Jlo VY oyl Y 093

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

o s mTORel 5 AKT1 85 8l p Wb 3l 205 i1V YE

References

[1] Boyle JP, Honeycutt AA, Narayan KM, Hoerger
TJ, Geiss LS, Chen H, et al. Projection of diabetes
burden throught 2050;Impact Of Changing
Demography And Disease Prevalence In The U.S.

Diabetes Care 2001; 24(11): 1936-40.

[2] Wild S, Roglic G, Green A, Sicree R , King H.
Global Prevalence Of Diabetes; Estimates For
The Year 2000 Andprojections For 2030.

Diabetes Care 2004; 27(5): 1047-53

[3] Duexworth W, Abraia C, Moritz T, Reda D,
Emanuele N, Reaven PD, et al. Glucose Control
and Vascular Complications in Veterans with
Type 2 Diabetes. N Engl J Med 2009; 8; 360(2):

129-39.

[4] Shakori K, Davodi B. Response of Blinking in the
diagnosis of subclinical cranial nerve neuropathy
in patients with type 2 diabetes. J Tabriz Univ

Med Sci 2003; 63: 29-32 [Farsi].

[5] Zimmet P, Alberti Kg, Shw J. Global And
Socitalimplications Of The Diabetes Epidemic.

Nature 2001; 414(6865): 782-7.

[6] Mihl C, Dassen WRM and Kuipers H .Cardiac
remodelling:  concentric  versus  eccentric
hypertrophy in strength and endurance athletes.

Netherlands Heart J2008; 16(4): 129-33.

[7] Ahmadiasl N, Najafipour H, Soufi FG and Jafari
AX. Effect of short-and long-term strength
exercise on cardiac oxidative stress and
performance in rat. J Physiology Biochemistry

2012; 68(1): 121-8.

[8] Badalzadeh R, Shaghaghi M, Mohammadi M
,Dehghan G and Mohammadi Z. The effect of
cinnamon extract and long-term aerobic training
on heart function, biochemical alterations and
lipid profile following exhaustive exercise in male
rats. Advanced Pharmaceutical Bulletin 2014,

4(2): 515-20.

[9] Weeks KL and McMullen JR.The athlete's heart
vs. the failing heart: can signaling explain the two
distinct outcomes? Physiology 2011; 26(2): 97-

105.

[10] Liao J, L1 Y, Zeng F and Wu Y. Regulation of
mTOR pathway in exercise-induced cardiac
hypertrophy. Int J Sports Med 2015; 36(05): 343-

50.

[11] Obert P, Mandigout S, Vinet A, N'guyen L,
Stecken F and Courteix D. Effect of Aerobic
Training and Detraining. Int J Sports Med 2001,

22(2): 90-6.

[12] Kazemi F, Ebrahim Kh, SZ Asl .The Correlation

of Plasma Levels of Apelin-13 with Insulin

VAV Jlo VY oyl AV o593

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

AYY

d\)w,wyﬂu

Resistance Indexand Plasma Leptin of Diabetic
Male Rats after 8-Week Aerobic Exercise. Res

Med 2016; 39(4): 163-8.

[13] Oflfert ED, Cross BM, Mc William AA. Guide to
the care and use of experimental animals. Book
on CD- ROM. 2" ed., Ottawa: Canadian Council

on Animal Care. 2017.

[14] Pierre W, Gildas AJ, Ulrich MC, Modeste WN,
Benoit NT, Albert K. Hypoglycemic and
hypolipidemic effects of Bersamaengleriana
leaves in nicotinamide streptozotocin induced

type 2 diabetic rats. CAM 2012; 12(1): 264-69.

[15] Shirwaikar A, Rajendran K, Barik R. Effect of
aqueous bark extract of Garuga pinnata Roxb. in
streptozotocin-nicotinamide  induced  type-II
diabetes mellitus. J Ethnopharmacol 2006;

107(2): 285-90.

[16] Eizadi Mojtaba, Soori Rahman, Ravasi Ali
Asghar, Baesi Kazem, Choobineh Sirous.
Realationship ~ Between  Tcf712  Relative
Expression In Pancreas Tissue With Changes In
Insulin By High Intensity Interval Training (Hiit)
In Type 2diabetes Rats. J Shahid Sadoughi Univ

Med Sci 2017; 24(12): 981-93. [Farsi].

[17] Boudina S, Abel ED. Diabetic cardiomyopathy,
causes and effects. Reviews in Endocrine and

Metabolic Disorders 2010;11(1):31-9.

[18] Launay T, Momken I, Carreira S, Mougenot N,
Zhou XL, De Koning L, et al. Acceleration-based
training:A new mode of training in senescent rats
improving performance and left ventricular and
muscle functions. Experimental Gerontology

2017; 95(5): 71-6.

[19] Lee Y, Kang EB, Kwon I, Cosio-Lima L,
Cavnar P, Javan GT. Cardiac Kinetophagy
Coincides with Activation of Anabolic Signaling.
Med Sci Sports and Exercise 2016; 48(2): 219-

26.

[20] Sturgeon K, Muthukumaran G, Ding D,
Bajulaiye A, Ferrari V, Libonati JR. Moderate-
intensity treadmill exercise training decreases
murine  cardiomyocyte  crosssectional area.

Physiological Reports 2015; 3(5): 12406.

[21] Frustaci A, Kajstura J, Chimenti C, Jakoniuk I,
Leri A, Maseri A, et al. Myocardial cell death in
human diabetes. Circulation Research 2000;

87(12): 1123-32.

[22] Zimmet P, Alberti KG, Shaw J. Global and
societal implications of the diabetes epidemic.

Nature 2001; 414(6865): 782.

[23] Petrovic D.Cytopathological basis of heart
failure-cardiomyocyte  apoptosis,  interstitial
fibrosis and inflammatory cell response. Folia

Biologica-Praha 2004; 50(2): 58-62.

WAV Jlo VY oyl Y 093

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

o s mTORel y AKT1 85 8l » W o3l o9 05 1)V VYA

[24] Rowe WJ. Endurance exercise and injury to the

heart. Sports Med 1993; 16: 73— 9.

[25] Scheuer J, Malhotra A,Hirsch C, Capasso J,
Schaible T F. Physiologic cardiac hypertrophy
corrects  contractile  protein  abnormalities
associated with pathologic hypertrophy in rats. J

Clinical Investigation 1982; 70(6): 1300-05.

[26] Konhilas JP, Watson PA, Maass A , Boucek
DM, Horn T, Stauffer BL, et al. Exercise can
prevent and reverse the severity of hypertrophic
cardiomyopathy. Circulation Research 2006;

98(4): 540-48.

[27] Kuo WW, Chung LC, Liu CT, Wu SP, Kuo CH
, Tsail F J, et al.Effects of insulin replacement on
cardiac apoptotic and survival pathways in
streptozotocin-induced  diabetic  rats.  Cell

Biochemistry Function 2009, 27(7): 479-87.

[28] Cheng SM, Ho TJ ,Yang AL, Chen 1J, Kao CL
,Wu FN, et al. Exercise training enhances cardiac
IGFI-R/PI3K/Akt and Bcl-2 family associated
pro-survival pathways in streptozotocin-induced
diabetic rats. International Journal Cardiology
2013;167(2): 478-85.

[29] DeBosch B, Treskov I, Lupu TS, Weinheimer C,
Kovacs A, Courtois M, and et al. Aktl is required

for physiological cardiac growth. Circulation

2006; 113:2097-104.

[30] Kozma SC, Thomas G. Regulation of cell size in
growth, development and human disease: PI3K,

PKB and S6K. Bioessays 2002; 24: 65-71.

[31] Shen WH, Chen Z, Shi S, Chen H, Zhu W,
Penner A and et al.Cardiac restricted over
expression of kinase-dead mammalian target of
rapamycin(mTOR) mutant impairs the mTOR-
mediated signaling and cardiac function. J Biol

Chem 2008; 283: 13842- 49.

[32] Wu W, Li X. Effect of long-term endurance
exercise training on mTOR signaling pathway in
cardiac muscle and skeletal muscle. Journal of
Xian Physical Education University 2010; 27:

75= 179.

[33] McMullen JR, Jennings GL. Differences
between pathological and physiological cardiac
hypertrophy:novel therapeutic strategies to treat
heart failure. Clinical and Experimental
Pharmacology and Physiology 2007; 34(4): 255-

62.

[34] Garciarena CD, Pinilla OA, Nolly MB, Laguens
RP, Escudero EM, Cingolani HE, Ennis IL.
Endurance training in the spontaneously
hypertensive rat: conversion of pathological into
physiological cardiac hypertrophy. Hypertension

2009; 53: 708- 14.

VAV Jlo VY oyl AV o593

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

ARRR

Q\JK.@,@L;.»,:»L;A

[35] Ogura Y, Iemitsu M, Naito H, Kakigi R,
Kakehashi C, Maeda S, Akema T. Single bout of
running exercise changes LC3-II expression in rat
cardiac muscle. Biochem Biophys Res Commun

2011; 414: 756— 60.

[36] Dreyer HC, Glynn EL, Lujan HL, Fry CS,
DiCarlo SE, Rasmussen BB. Chronic paraplegia-
induced muscle atrophy downregulates the
mTOR/S6K1 signaling pathway. J Appl Physiol

2008; 104(1): 27— 33.

[37] Kemi OJ,Ceci M,Wisloff U,Grimaldi S, Gallo
P,Smith GL,et al.Activation or inactivation of
cardiac Akt/mTOR signaling diverges
physiological from pathological hypertrophy. J

Cellular Physiology 2008; 214(2): 316-21.

[38] Kemi OJ, Haram PM, Loennechen JP, Osnes JB,
Skomedal T, Wisleff U, et al. High exercise
intensity: differential effects on aerobic fitness,
cardiomyocyte contractility, and endothelial
function. Cardiovascular Research 2005;67(1):

161-72.

WAV Jlo VY oyl Y 093

Olindy (K33 p gle o> alona


https://dor.isc.ac/dor/20.1001.1.17353165.1397.17.12.4.5
https://journal.rums.ac.ir/article-1-4321-fa.html

[ Downloaded from journal .rums.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.17353165.1397.17.12.4.5]

o o mMTORel 5 AKT1 85 0l » dkd 9l 205 511V

The Effects of High Intensity Interval Training on Gene Expression of AKT1 and
mTORcl1 in the Left Ventricle of Type 2 Diabetic Rats: An Experimental Study

M. Mirsepasi’, A. A. Baneifar?, M. A. Azarbayjani’, S. Arshadi’
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Background and Objectives: High intensity interval trainings (HIIT) are effective in the physiological cardiac
hypertrophy and in reducing the complications of diabetic cardiomyopathy. Therefore, the purpose of this study
was to determine the effects of 12 weeks high intensity interval training on the expression of AKT1(Protein
Kinase B) and mTORc1(mammalian target of rapamycin) genes in the left ventricle of type 2 diabetic rats.
Materials and Methods: In this experimental study, 21 male Wistar rats weighting 220+20 gr were randomly
divided into three groups including diabetic-HIIT, diabetic control, and healthy control group. The diabetic HIIT
group have been participated in 5 sessions (30 minutes per week) in the form of running on a treadmill with
repetitions of 1 minute and 2 minutes active rest between each repetition for 12 weeks. All rats were sacrificed
48 hours after the last training session. To compare relative expression of AKT1 and mTORcl genes,
independent t-test was used at a significant level of p<0.05.

Results: Comparing the groups showed a significant decrease in the expression of Aktl (p=0.007) and
mTORc1(p=0.022) genes in the diabetic control group compared to the healthy group. The training also
significantly increased the expression of Aktl (p=0.003) (up to 72%) and mTORc1 genes (p=0.001) compared to
the diabetic control group.

Conclusion: It seems that HIIT increases the gene expression of Aktl and mTORc1 which can improve cardiac
function and may probably prevent clinical symptom of heart disease resulted from diabetes.

Key words: Diabetes, High intensity interval training, Heart disease, Rat, Aktl, mTORcl.
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