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The effect of interval training on FOXO1 expression in pancreas tissue of
diabetic rats with high fat diet and STZ

Mohammad Karimi, Department of Physical Education and Sport Sciences, Faculty of Science, Qom University of
Technology, Qom, Iran (*Corresponding author) karimi.m@qut.ac.ir
Mojtaba Eizadi, Department of Exercise Physiology, Saveh Branch, Islamic Azad University, Saveh, Iran

Abstract

. . L o . Keywords
Background: The synthesis and secretion of insulin from the pancreas and insulin function y
in target tissues are one of the most important causes of the prevalence or severity of type 2 Interval training,
diabetes. In present study, the aim is to determine the effect of high intensity interval training .
(HIIT) training on FOXO1 expression in pancreas tissue of type 2 diabetes rats (T2D). Insulin,

Methods: T2D induced by high fat diet and intraperitoneal STZ injection in 14 male Wistar
rats and randomly divided into test (n = 7) or control (n = 7) groups. The test subjects were
completed 6 weeks HIIT (5 days/weekly) in the form of running on a treadmill and control Gene expression
remained with no exercise in this period. FOXO1 expression in pancreas tissue, fasting

glucose and serum insulin were determined after training program of 2 groups. Independent

t-test was used at a significant level of less than 5% for comparing variables between groups.

Results: HIIT resulted in significant increase in FOXO1 relative expression in pancreas

tissue (p= 0.017). Compared to control group, fasting insulin decreased by HIIT (p= 0.007).

Fasting glucose was also decreased in exercise than control group (p<0.0001).

Conclusion: Based on this data, improve serum insulin in test rats could be attributed to

Pancreas function,

increased FOXO1 expression in pancreas tissue by HIIT. However, more studies are needed Received: 27/04/2019
to clarify the mechanisms underling the effects of exercise on the synthesis and secretion of
insulin. Accepted: 03/08/2019

Conflicts of interest: None
Funding: None

Cite this article as:
Karimi M, Eizadi M. The effect of interval training on FOXO1 expression in pancreas tissue of diabetic rats
with high fat diet and STZ. Razi J Med Sci. 2019;26(6):95-104.

*This work is published under CC BY-NC-SA 3.0 licence.

96


https://orcid.org/0000-0002-6388-622X
https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

http://rjms.iums.ac.ir

\Y’QAJ_%J.@,&(.;’ UL,.JLA‘? 092 lsjllhsl.i.lj.’.!'ﬂgll:lh.ﬂ

Ohles 5o (sowmedS ola g (55 SIS shan iol38l
2o Vogas cls axiue slo s a5 MTINIB
e Lol oetig sl 5 Ol o LS g wlons
= V) oS o a i Y go0 cbo 4
g NeuroD1 PDX-1 Ly oo cwssig, slo,eSB
(O\Y) aed op e JJ FOXO1 g MafA ien

5, FOXOL i cmagis; loyeSl ol 5l (&
FOXO aolyl (pupsis, (slo 9556 e o3, Y g5
S5 Jobw padgilin g 2355 uled po ) (coger 285
(oo slaanlp oo ol Sl A8 s a0 05 (oo
FOXO (cungig) melaid gz loduzn lapaaslss
bt sl Joow FOXO1 a5 gk ((VY) iyl 09
Ol oil8l L e dlad ol 8l abanloay 1y ol S5
s MafA , L , oo S5 sl 956 5
31— guslon—uST o il 1l o NeuroD1
csyb 3O F) oS e bl ol e
95 ;2 Ol bS5 g 4 5 cernnlS o
A 09 oo yomie Ly o Jsbe o MafA 4 FOXO1
» Lo bl cae Vo b 6,25 ,18 J,e
Ol o yShes w55 4 SIS YL ol (55
Sed)b il gy )0 45 0gd 00 peie o Joh
S ($Ygb 0ye0 SG o Lo sl Johe (Sl sSlS
OF) ail

45 dgboe grbe 45,8 ol walel cpl Al
Cdly ;3 FOXOT s Ly eis g sl il d
S & gt Sa Il (6l e S50 b ol S
9y ol 3l el ol e Ly sla gl 5l el gl i 5
e Gl s S5rte Sz clie slaSal) ol
DS 53 Sy 3| Gl 55 5 5550 Gl &
Gaa L goasine Sladllas g oyl 1,8 ladme ax g

o=l 58 el a3 alonil (L3 59 Olo ped s
Sl ol poiims 51 4 S glasllas 4> 51 a0
GLQW u,.:‘).{vl) sl ) FOXOL1 QL*-’ 2109

YWAA H o, F oylad (Y7 09 EjljBSﬁJH,ngl.l:nla.n

v

gy Jlio

3y Shes pae ;¥ g5 ol o Mo adsl lalllas
IS Bae slatdl zohw jo ol coulie
as,y o L gladsbo o Slee )5 ST 5 Wilosgas
0 A, Voggh cobs o ole 4 (1) Wlosls 1,8 pg0
7 S8k ohgh Bas laldl ;3 ey Coglie
Olallas glaasl wazg cpl b.(V) ails Ddlac 4
Ssglie 45 Wad S35 dmd B (il Fumoe
oo AL S ¥ g9 ol 9 ale Lot gu]
Do iali8lg S 5o 5 b sla sk o Sdes
ey ol 5 (1) Sl 2o ¥ oggi ol
Jsle 1) Ly gl ks o Shae DL bl lalllas
(TF) alosgas 5,155 Y g5 oo 5535l 4yl
L sladslow oo a5 sl 0l (315 (pizpon
A o D00 £ B0 e 4V g5 Cobs o
ySles GhalS 9,3 5 abge Jhals Jloyi Ll
o 3 s Jw VY B YV s Togas Lo sk ol
G Ol (B (B) 33,5 ooy (somclS o
L sladsbw 3, Shos mulais )0 el gl sloos 5
=35 gl Jelse 51 () Ly slashw 0055 5 (7)
Wlosged (8,155 ol jlew crl )3 el g
sl cnl 42 53959 3595 lie b 395 zoban
oS ;o iy se GLUT2 § GLUTI gla 3l Lawss
L D) sl oads (Byne Gl gl il 5 (Sos) 90 508
Tb i gy olal 4S9 k5 j5 > sy
Sk a0 o8, 1) LSl el
Pl o e )3 5 (s, sl
Ao 1) oyl S50 Fims 5 (omginy Sloanl
aS o0yl (Sloej ofagdn amd)d (ol S o0
2 PS5 gy Jolse (P B 4 e
05 939y sBanl By bapl Gl b etsy zokw
o il by sla sk 5l rdgandl (2lo) 5 5 (g
5 oo S e abaslyar o]l (S a4y sk iogad
299y J7e L sl dshe 0055 g slass o ials
3 Ol sl a8 S po petd (gt | (el g
wBan ol ;5 gl conlial o Sloe e S

http://rjms.iums.ac.ir


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

4o Slbl jo s 0,5 18 ((pped 39) J 8
VY) o ool JmuS Lyl o e Ve 50 0 ol
Sl YYEY) sloo b (o £ g0l 9,5 9 pac
WD (G lag K Fe LY asly o sugby 9 (S
L oS Sy i 3 ol B )0 Oy s dlaws
Fogdlaw TY 0 YV 0 YO olsl as g (5,55 )0
6‘&—“:9‘7’1 4_34_3L>\)'T aS od 6l lassSa
o)ﬁb)dubﬂ)é Ml.ad.a._.w‘é (e D (D >
U ESN PO u>5..\.;)' Ll ilbake Y oo bo,
0 Ll oo S )l (59, (90 095

rv—’)) )“ Y &9; wbo 6&\ LS‘)-.’ Y &9; wl.:é 6[.3.”
G0F 9 4580 7 Dae Gl 0y 2l0e
PH=¥/0 L &l s 180 ;0 STZ ool s o35 Jol=o
Sk Ve oo b Blio J2ls Sygo @
ooy n Gl A Cgx 85 plxil ) SslS
«5‘)9_5 J).w)‘d‘.f@‘)m s, o)L.\sl:;..»l sl
EY g JoyimdS p39 7Y wns S sl B pls o)y
L 09,5 90 2 lp oz n 2138 ), 5l eslitul o5
Glall 5l s aan SO (V) il dalol asdllas LG
St 3 4B 5 (6 Sl 3 g5 SIS il
Sobeme Oy 4 il (s e S e Yo BYVO-
A Y eg cebs a4 bahge (O I Gleebsl (1
V) ol azd 5

78y e Vla e 09,5 cal g ye5 SS90
Crzn @ w0l Gob IS glie V-l
sl STZ Blaw (45,0 G55 Al cod g oads Gl
Sl el 0,90 G )0 el aas jl g Wl Voo
Glagdo Ve aud> 0 olowi 4 aian £ o 4y o9l
Yol Lo b oy 55, Omags B o aan o
eSS e e sl dde ¥V Jled el il g glast
A Lm:))m us)fsn i"L?L;‘ e AL A L;LQQ.CL...J
(V)) D0 o 5 o ped w3151 e el

Sl 0ol 00l 7,8 Y Jaaz 10 20yl adlp

3o ceb YA 8L (6 S aged 5 615055

http://rjms.iums.ac.ir

)K@gw;w:n

A by yo ol s Lal aeul ad S5 bl ibs
S5 o3l po slacdl ;505 jo e glavie
OhHlSen g (mwloll aslllan ;o 4S5 johay sl oas
5 dde ¥oslaws 4y o9l o el aan VY (Y VA)
=z <8l 0 FOXO1 Ly o gme yialS 4y azan
Lo, )3 oy el g LBl 3598 (g )
gollaslllas 0. (V0) 0l i ¥ g9 oo
B )3 1,0 (nped win A 55 (V0 VF) (e
Soire ol 4y ghie ol b Joos 5 (59, g0
sleoo, >l o d_ac 0 FOXOI Ly
Fl 5 Sldllae S (VF) o e 2o Lo
slaate 4 1) (Wl SSL 28l jo (e sleaddse Koo
S 5 ol (sl lsgad 55 i el
Ol Gl L (geglie Sl o3 sl o3 aslllas
Esbns il L ol ol S5 2L, 4o TCFTL2
V) a3 pie ¥ g5 (e slast) 1o oy el
32 S il 45 MTNRIB (s 2alS (3,
Ve Rl gl jo (Seglie Slo el 4 el
ol 8l aS el S @ Y (VA) cwl onls 3158
sl sl Job—w ;s MTNRIB 4 TCF7L2 Lo
ol (el e s 205 bl SOy
(VA o)Ll 5 L5 7,38 p—izen .(VYAA)
slao, l,SSL cdl o Mafa Ly o cxe 20538l
GRS 3l s i VY Bl |, s
e ;0 FOXOL1 j5e i 4y a5 L .(V Q) Wlooges
slass & ol Gl (ogas 0 adlhas pos 5 (g
Ol el 0,90 SG S yols asdllas jo waliBne iy pes
emzmad Lol S5l <odl o FOXO1 oLy , HIIT
Ve b sla; po LAl SolS g gl zslaw

g sa (S S 0l

J5 o
a5y (60 0,L5- oo adlllas oyl Lg)LJ FPPNES
Ol el sl asls e Jliasy 5 oo,
ogus Ay p, S YV £V g aals jo glazan
5 ol ool asllas jo o8 b cge Solas
Looads cubo o, ¥ g9 cobo sl 51 g canls]
3 Bolal oged 4y polie (S 9 (Soid b S

VWWAA 5,65 8 o5led (Y8 0555 15jl) 1xSaisja gl alan


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

025390955 > Jlb ol gl gy yed dlsja 53 (1090 s pus gt SSE 4 (29l Ol o5 sl (555U =Y g

o s colyil dls yo iy Ay s
(4435 p yio) (g oy (4235 p yia) (gd Cos
o \ Yo Js!
Ve \ Yo pgd
Ve V. YA oo
Y. \e Y o)l
Ve \ Yo ey
Ve \ o s
sl B Y Jlb Colyial dls o )3 5 43l ¥ (D559 dlsge 53 9> (o %
Gog > o3kl 3)90 slajyely 555 =T Jgu
Genes Primer sequence Productsize T m Gene Bank
FOXO1 For: CACCCTCTGCTGCCAAGATG 159 bp 60 NM 001191052.1
Rev: GGCGAGGACTGGGTTGAC
RNA For: ACTTTGATGACGTGGAGGAGGAC 164 bp 60 XM 008759265.1
Polymrasell Rev: GTTGGCCTGCGGTCGTTC

alwga RT-Real time PCR l,gs FOX mRNA
S S losliiwl Lo Pee e (555555 i
oS 5 5l One Step SYBR TAKARA (glal> 1o
3000 )5 eolai ! &S pi el ygiwo b glkao 1IST
ool ul =S 5 olg—ie a0y RNA Polymrasell
Aloads (Lo ¥ Jgaz 1o b yesly Jlgi 66 u0 5

Py 3 oolinal b glel (sl o) 4lS :s Ll 5T
9=y 5l e85 sl V7 as i SPSS/Win ;3|
Jley a8 5l Ol Sz B9l ol 39,5 50loS
O] 3l ealaiwl L sols 5 JUT.au0 )5 solacwl Waosls
0953 St ot sl 235 plil Jis (S
= ool pg=3T 5l 05,5 55 30 i 039 295
Ao, Bl S Ol 00,5 soliwl dien
Al a8 5l o o s

baisl
9 J=8 Ll 0 09,5 90 12 50 (o (59 Dl
iloal MY Jgoz ;o (5,9 adlow 5l e
154 ol s Jites 5 oy9e5] 5l Sl slaasily
539 Gl mine gl aslllas £, 5 LS Layl i
D,1a5 3529 (P = +/TYQ) o)l 0925 09,5 90 oy
basgi 09,5 93 12 50 G ()5 (B9 9y Dl

2 092 )9 ol a5 ol i dien S Hge))

WAA 55 ed & ol Y% 0,5 15jl) xSl js ogle alan

19

o, (Lsb el VY B 1 +) (o po8 a5
Slime J21s &) 5 alavlgas 09,5 j2 50 adlllas 9,50
S ske 80 593 g oo, Ve (el bl
S e R R I A 3T CUR RS- E U
3 e jobay (53 aiged g WAl st p,5 9kS
Lacs, ol Sl sl aslol jo il a3 oloas L3
SC5892 58 e 59 g Sl ey 5 00D (61 paiged
RNAlater™ slo sl VA classs,Sue 4
Y. s L (RNA Stabilization reagent S0mL)
gl o Sy slagialejl plosl g ooy
4o S5 clale s )5 jgabse lnl (ol sl
5 5leST SI5 (655108 b i S5, o3l g,

Oli=Os=3) o)l &850 S8l oS 5l eslaul b

Ot 5 0331 0300 Sl S B (5 el
oo laslbwl U gillas o 1Yl yhg) 4y oy (yud g
Diagnostic insulin  Demeditec) ¢, =5 oS
o i Ol 5ol Ll jgiS el (ELIZA
5 4 Gdgdl 0se3l B 5 a3l 09 Sl
D5 VIVE (5,5 03ll Gl g 2o, YIAA 4 Y/F
RNeasy (s,los <oS jl oolatnl L RNA 1 sl

O (YY) 28 5 plwl QIAGEN S .5 mini kit

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

)K@gw;wu

adllae 390 (slo 0g)5 )3 gyed sla Alblia Sl s g LB Ll 5 (p)5) o 059 =T Jgue

(2955 09,°) Sig adlie I e sl jl 2955
-I8\Y YV £ 1) YA- £V s
foes ANER YAY £ 3. =9
————— AN -J¥YD (L2ss5 o) Sig

ok (bd U5 g (13559 0955 93 )3 (g ped dlSlie Cllate gl g 9IS gl —F Joun

S (sne o U409 095 JyS 09,5 e
< ofeeny W EY. Yoy Y (mg/dl) 545
ofeey ARERVALN OIAF % +[¥A MIU/mI) p iy g
09,5 90,2 0 daslllas £g,0 4 G adllas LG
" ik ol 48l Sl g loae Gliee 4 J5S 5 (29l
1 A ] s 58 I 4S5 dgoi o andllas UL o 59 duslie o 3k
’.2 ; I A Foml Gildsme Ol 4 (23l 09,5 )0 o) 05
= OA¥ Y Jad}) S JIA-&S 09; )‘
5 sl i izmen 5l ge3] 5l hol> slaazsly
e )
Fras aly )0 (85,9 09,5 o Ll SEIS molan a5
s T Iy aslyp o aS a8 09,5 4 Cawd HIIT () pod ain

adllas 3)90 (5lo 09,5 53 0 lged] Sl (55 =T 13505

Yo
v
\Ed
3
D
L 1o -
; -
-
3 ! -
) -
o
S 095 (oglio 095
dyg—0 sla 59).? SRl FOXO1 e uL’ «.J‘/w_d d9§]| -y )‘.39‘05

adlllas

S 325 Al 9 ey
gobw GalS Lolren oy (gl Zolan ol
csdsb 3l sl ol aslllas claazily 5l sl 5,18
3 b slao; Ll SSL el o FOXOT Ly
A 3 J S 09,5 4 S HIIT Gl yoi 45 ey
azan F oo gyle an a3l ulidl gl s e
owli8l L azan (o aud> 0 oloss as HIOT () 45
L2l 55905 amgs ol Sgnte 5 p e (edgnl Zslan
09,35 4 Couwd FOXO1 o lo (ial38l L ol pan
o S5 g Glgdl Zokaw Enly 0B e S

http://rjms.iums.ac.ir

GolS s )ls e Gliee 4 wladlag S (o e
(ebob 5V Jogas F Jsam P < /e e V) ol aily
S e Gl L e HIIT oy 1ol aan &
ol ot JS 09,5 L dunlin ;0 (el gusdl oy zslans
(Y Jloged F Jga P=</e-V) o9

Sl Jos (5 o303l 5l Jol> @l (B0
5 SSL ecdl ;o FOXOT la o pme ]38l
(ks 4 (D = +[VY) Sl HIIT &by yo3 4y fely
FOXO!1 s by o cine Lial3il & HIIT (s
S 09,5 Somd HIIT 095 (Gl S04 8L o
(Y loged) ol e

Yor C9AS 5
v ow * Oests o0
w i
~ ™ T
2
zéo Ve AR

'S

dS ey S TRV

alllas 3390 (o 09,5 ;3 sl 5515 Slpuis (ooS - 3505

VWWAA 5,65 8 o5led (Y8 0555 15jl) 1xSaisja gl alan


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

2955 s olyan FOXO! (gl JLil a8 o
08 oo Jlee |y Lo ool 5255 PDX-T (glas
Slo sl 155 55, LSS lgo 51 IS 5 (D)
bt 51 gl,ls FOXOT a5 sy o, 4y
oyl 33 glocmsl lie ;o Ly sl b s,
slaJsl FOXOL 29 oo jpai ablsa gilapns]
51 b 5ilaganST oyl sloap] bl o 1, Ly
15 S (TEYD) 0 o celiibne ol oo
OB S sle sk 5 s sl o T ple
o=l L (V7)) S o0 651 SolS zohaw jo 1) (cage
2Ol G py—ad 0 oS SLeMbl g >y
SlooaisS sl lyie 4y (IS0l Sl i la sl
oS gy =) Ll o iws o Ly o Slee
Ly o she ol posilSo FOXOT a5 ol 00
il o dhanslges 1 (dgusl el 5 g j S
Sl sy sl Jsl 355 2ty 31 Lol e
syShee Gials il 3555 @ by ol ok ol
R JERR VL PN CON O PR IO RVOW £ e
e 9 lgl el 5 Rl 6l ol ez
s9=a> 50 S 9 dS jeam 4 b ol ol 20138
5OV IS 5 ik sy b Y g s 5 Bl
sl ,s MafA s FOXOI 53 ozl o 3,1
O wboe (2ol ok slaige sk
50 2BEisley] wllhae 5 Jol> saly o asl
5 Lz sloslo o, Shae o FOXO1 &5 e
bl aallnn (sloaly 5 oyl i Ly i
FOXO1 ;s il aS 05 oo (6 S e 4595 oy
TS5 g e Rl L (23555 Sl el @ el o
ol S el ol e Gl 5L sl sl sk 1 gl
Cdled g Sl 51 o lllas (S o)
T 9 e )0 Fie slag pbew Ol (23559
Lo anlllan ;o o Jlie (gl ilodgas Colos oyl gud
Sl s 5 Baca L as (V19) ol Sen 5 (sud
oS ek ;s MTNRIB 0 Gl j— sls—2
O Siled et aaa VYl bl 0o oo,
Lo, LSl el s MTNRIB oLy ials
Sl 5 Lt 35515 2alS L olen ¥ g5 i
5 0=l adlac ;o0 .(VY) 0l yonie gy il gl
azan VY 51 s Bas L aS 55 (V01 9) o) Sen

WAA 55 ed & ol Y% 0,5 15jl) xSl js ogle alan

Yo

00 Olallae 5y lawg alizee e slaaio
a8l L g 4S5 jokay .l odls 5,155 5
(Voo V) o) LSen g ol5 905 anlllas yo ¢ pol> anlllas
ol 4 G Gj9 Rl Cld o (g5ler (e ole F
39 Ol gl Cnglin Sgupn ol o LLAL 35618 Jlo simo
g b adlas ;o (YY) ol i ¥ g cubo ol Lo
GolS o S5l9a (nyed waa A 5 (VT) () Sen
G039 BLSl sl 5 Gl o3l 5o (55 S5l s e
S (333 G @) 35 9l5 S liie bl e
o =me malS 0 o) LSen 9 z,92 (V) Wlosls
Ohlbos 59 Bo s (8 Lo s S 5 S5 55
L ole o yad azan VY C8lue | ¥V g5 Lo
OIS 15 (YO) wlosges yo,3 5 calizee glacsads
S i poe o) en 9 S paiSd 555 walyl
Gred aae 7 cBlite 1) Gulgdl Colus g (9>
s HipSl oo, o A LFe Cus U gjlen
(Y8) Wilosgas (0,153 Y £98 subo ollew jo aiin
o=l 69y 2559 F9p G280 Sl asas 4z S
s leds Gloslal U gles o Jow o o e
Tty Syl 5o dgp caalllan S )0 i o
abe A e coud dlgpl SSL pli 5l Gelgdl
SIS ok (2815 45 (YY) 4 (1155 Lt 5
(YA) 09 ol o S 95 0o slaes) 1o 9>
el ¥ oS aosgad 555 5 o Sem 5 S
bl Gl a5 Galidl a (Seglie pe5
(V) 55550 pmte oS
i asl 3 0 FoxO1 j5 e s as ol b
Sl bl aallan 31 aaly & il s 5 el
Ol ol an Glsn Lo 1) pr Gl gl Zslans
asllas 0)50 cobo o, Ll ,SSL sl o FoxOl
Cool ;53 4y oY ol G HIIT ol pad 4y ely jo
90 50 oSS sledslw ;0 FoxOl Ly rals oS
3, Slase Pzt ala wlgay S5 aS Lo ige 3l Jow
Cnglin sloul alawlgas 6,500 5 (F+) Lo o Jgko
sl ol (0155 Wilows ¥ gg8 S0l (YY) gud]
[pass FOXO1 (&l Wl S5 55 a5 conl S5 o a3y
5 555 FOXO1 (YY) 555 0 ol by slaJsbos o
el 59 Bl 511, ol Sl (sl sl sl 3L
b lais Jl g PDX-1 (5 (omgiy) pulats

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

pas og,y ol slcwl ob55s Dl yed e gladslas
e slacusgase 5l Ho500 sladdie (g ,uSo;lul
’ Wb oo yol>
Vb B HIIT 0y po5 2655 ams olgi oo
wﬂu (o o|).o.¢> Py u.aJa.a.MJ‘ C?‘LL“’ u,,.;ljs\ L Ode
2 Ogle e Blr Vg (Lhs sl jo S5
ol el o i Slalllan | Jol sals all
o (B9 4o Olsies asdllae 3,50 o) o oy
ol cos Wl SSL a8l o FoxO1 )lo yiol5-3l
,» FoxO1 jg o i 5l SoodS olallas a 51>
L sladslos 55 Gelsdl 3 5 (ssis; Sul3
4)95..\_0 M‘B_u ‘-(,.C)_J.c ..\_>‘o.)9.<p &.A_’LQ} u»‘)s.:L:
el diay ol jo iy Oldlas wiels o gud!

S P 9 ).14-83
el gl LS 6, 5l lie B anug
Lgl.bui«.ll.c)'" pll oz 4 asl &b ylow ol.i.i;.lLo)'—l P

References

1. Chailurkit LO, Chanprasertyothin S,
Jongjaroenprasert W, Ongphiphadhanakul B.
Differences in insulin sensitivity, pancreatic beta cell
function and circulating adiponectin across glucose
tolerance status in Thai obese and non-obese
women. Endocrine; 2008. 33(1):84-9.

2. Retnakaran R, Hanley AJ, Raif N, Hirning CR,
Connelly PW, Sermer M, et al. Adiponectin and beta
cell ~ dysfunction in  gestational diabetes:
pathophysiological implications. Diabetologia; 2005.
48(5):993-1001.

3. Kim DJ, Lee MS, Kim KW, Lee MK. Insulin
secretory dysfunction and insulin resistance in the
pathogenesis of Korean type 2 diabetes mellitus.
Metabolism; 2001. 50(5):590-3.

4. Matsumoto K, Miyake S, Yano M, Uecki Y,
Yamaguchi Y, Akazawa S, et al. Glucose tolerance,
insulin secretion, and insulin sensitivity in nonobese
and obese Japanese subjects. Diabet Care; 1997.
20(10):1562-8.

5. Levy J, Atkinson AB, Bell PM, McCance DR,
Hadden DR. Beta-cell deterioration determines the
onset and rate of progression of secondary dietary
failure in type 2 diabetes mellitus: the 10-year
followup of the Belfast Diet Study. Diabet Med;

http://rjms.iums.ac.ir

)K@gw;wu

ISl &8l s TCFTLZ Gl o (Sreglie o o3
S aga Sl asily 23,5 ol ¥ g5 s slac,
L ol jee TCF7L2 (Lo alS ay o pei alslawe
S9- o yamie LBL S9-S5 (gl olan 2l
YY)
L A )3 aalllas 5925 0o e (8L
(oS <8l P FOXOL ol (08559 Sl el
b o1 05 oml ol il Slllas (S5
oy b b Sl Slae il G slecdl
5 Jle gl aledges (515571, (23559 Sl pes
5 o gl s Boa b aS ), Ken g ol5] adlllas
So 4o (2,5 o abas ;0 FOXOL plo (,5750e
ladl o885 alodl Lacs, o o05,9 Ol yad 0,90
SYsb Slinyad 5 (Sl el 50 52 45 Sgad K]
b e 59y g B 50 15595 (a2hn ) S
> FOXOT g )0 )l cmmo poid oy e s
g o Y7 Galiwuj sk, L5">)l.'$- e alac
Ol 4 ) FOXOT ol G (nypod o8 sl el b
Ol aan 1 Sue Vel Dl ed g Giolidl Y/PY
J=aS 0,5 ay Cons /0F 50 4y |, FOXOL
G309 Al Ol 5 Skl .(17) sas o0 hals
ALY Lg).sfo)’\..\_ﬂ Sl 4 slo e ‘5?-)5- e
S FoxO1 ol sy 1y T Sl yai 5l oy 4y sk
dd> 2 000500 (S0l slazan A sl e
Job asdo 0 2 VO Cepw Lhaddo £ el
Ol o auds SO aS ol lis leasdl apls
Ol 4 (6,50, celw ¥ g alslédl | FoxOl
o2 FoxO1 .54 5 ol om0 oo o386 lo Jxe
ol 6l sme Dliee ar g5l 5l Gy el ¥ L
aS 050 g0 0 Ll 4SS ol 4y LG o (YA) cél
12 FOXOL (25 oo Ly s 59 s 425
e 58 (loaiaS s bms 3 5l Ly sl Jokw
595 ol e 5 oSl ook 53 e
o LSSk 50 gl Fw g (cmgig, Ll 3l (9>
Job o asdlas’ S0 (Siif g (S9ey90 (slaadlys
S 503l pilies aioy (ol 55 el (6 S A
slaS e 4 FoxO1 [LS jo 5500 slaadlse uly

VWWAA 5,65 8 o5led (Y8 0555 15jl) 1xSaisja gl alan


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

1998 Apr. 15(4):290-6.

6. Da Silva Xavier G, Qian Q, Cullen PJ, Rutter
GA. Distinct roles for insulin and insulin-like
growth factor-1 receptors in pancreatic beta-cell
glucose sensing revealed by RNA silencing.
Biochem J; 2004. 377(Pt 1): 149-158.

7. Ogino J, Sakurai K, Yoshiwara K, Suzuki Y,
Ishizuka N, Seki N, et al. Insulin resistance and
increased pancreatic beta-cell proliferation in mice
expressing a mutant insulin receptor (P1195L). J
Endocrinol; 2006. 190(3): 739-747.

8. MacDonald MJ, Fahien LA, Brown LJ, Hasan
NM, Buss JD, Kendrick MA. Perspective: emerging
evidence for signaling roles of mitochondrial
anaplerotic products in insulin secretion. Am J
Physiol Endocrinol Metabol; 2005 Jan. 288(1): 1-15.

9. Ruchat SM, Rankinen T, Weisnagel SJ, Rice T,
Rao DC, Bergman RN, et al. Improvements in
glucose homeostasis in response to regular exercise
are influenced by PPARG Prol2Ala variant: results
from the HERITAGE Family Study. Diabetologia;
2010 Apr. 53(4):679-89.

10. Ramazani Rad M, Hajirasouli M, Eizadi M.
The Effect of 12 weeks of aerobic training on glp-1
receptor expression in pancreatic tissue and
glycemic control in type 2 diabetic rats. Qom Uni
Med Sci J; 2017. 11(6):36-45.

11. Rashidi M, Soori R, Choobineh S, Ravasi AA,
Baesi K. The Effect of an Aerobic Exercise on
MTNRIB Gene Expression, Insulin and Glucose
Levels in Pancreas of Induced Diabetic Rat with
Streptozotocin-Nicotinamide. J Know Health; 2016.
11(3): 40-48.

12. Poitout V, Olson LK, Robertson RP. Chronic
exposure of betaTC-6 cells to supraphysiologic
concentrations of glucose decreases binding of the
RIPE3Dbl insulin gene transcription activator. J Clin
Invest; 1996 Feb 15. 97(4):1041-6.

13. Accili D, Arden KC. FoxOs at the crossroads
of cellular me- tabolism, differentiation, and
transformation. Cell; 2004 May 14. 117(4):421-6.

14. Kitamura Y1, Kitamura T, Kruse JP, Raum JC,
Stein R, Gu W, Accili D. FoxOl protects against
pancreatic beta cell failure through NeuroD and
MafA induction. Cell Metabol; 2005 Sep.2(3):153-
63.

15. Almasi A, Behboudi tabrizi L, Izadi M.
Investigation effect of 12-week High-Intensity

Interval Training FOXO1 Gene Expression of

Subcutaneous Adipose Tissue and Insulin Resistance
in Type 2 Diabetic Rats. ] Neyshabur Uni Med Sci;
2018. 6(2):12-20.

16. Azad M, Khaledi N, Hedayati M. Effect of

acute and chronic eccentric exercise on FOXO1
mRNA expression as fiber type transition factor in
rat skeletal muscles. Gene; 2016 Jun 15. 584(2):180-
4.

17. Eizadi M, Ravasi AA, Soory R, Baesi K,

YWAA H o, F oylad (Y7 09 EjljBSﬁJH,ngl.l:nla.n

VoY

Choobineh S. The Effect of Three Months of
Resistance Training on TCF7L2 Expression in
Pancreas Tissues of Type 2 Diabetic Rats. Avicenna
J Med Biochem; 2016 June. 4(1):e34014.

18. Soori R, Rashidi M, Choobineh S, Ravasi AA,
Baesi K, Rashidy-Pour A. Effects of 12 weeks
resistant training on MTNRIB gene expression in
the pancreas and glucose and insulin levels in type 2
diabetic rats. Koomesh; 2017. 19(1):46-55.

19. Farajtabar Behrestaq S, Shakeri N, Ghazalian
F, Nikbakht H. The Effect of 12 Weeks Aerobic
Training on the Mafa Gene Expression of Pancreas
in the Male Wistar Rats Type 2 Diabetes. 1JDO;
2018. 10(2):73-79.

20. Sun YP, Lu NC, Parmley WW, Hollenbeck
CB. Effect of cholesterol diets on vascular function
and Atherogenesis in rabbits. Proc Soc Exp Bio
Med; 2000.224(3): 166-71.

21. Kalhor H, Peeri M, Matin Homaee H, 1zadi M.
The Effect of 6 Weeks Resistance Training and
HITT on GLP-1 Gene Expression of Diabetic Rats.
Iran JDiabet Obes; 2018. 10(1): 42-9.

22. Coughlin CC, Finck BN, Eagon JC, Halpin V],
Magkos F, Mohammed BS, et al. Effect of marked
weight loss on adiponectin gene expression and
plasma concentrations. Obesity (Silver Spring);
2007 Mar. 15(3):640-5.

23. Kadoglou NP, Iliadis F, Angelopoulou N,
Perrea D, Ampatzidis G, Liapis CD, et al. The anti-
inflammatory effects of exercise training in patients
with type 2 diabetes mellitus. Eur J Cardiovasc Prev
Rehabil; 2007 Dec. 14(6):837-43.

24.Bai Y, Zhang J, Jiang S, Sun J, Zheng C,
Wang K, et al. Effects of the body fat mass and
blood sugar and plasma resistin to slim exercise
prescription for overweight and obesity students.
Wei Sheng Yan Jiu; 2013 Jul. 42(4):538-42, 549.

25. Jorge ML, de Oliveira VN, Resende NM,
Paraiso LF, Calixto A, Diniz AL, et al. The effects
of aerobic, resistance, and combined exercise on
metabolic control, inflammatory ~ markers,
adipocytokines, and muscle insulin signaling in
patients with type 2 diabetes mellitus. Metabolism;
2011 Sep. 60(9):1244-52.

26. Ligtenberg PC, Hoekstra JB, Bol E,
Zonderland ML, Erkelens DW. Effects of physical
training on metabolic control in elderly type 2
diabetes mellitus patients. Clin Sci (Lond); 1997
Aug. 93(2):127-35.

27. Oliveira CAM, Paiva MF, Mota CAS, Ribeiro
C, Leme JACA, Luciano E, et al. Exercise at
anaerobic threshold intensity and insulin secretion
by isolated pancreatic islets of rats. Islets; 2010 Jul-
Aug. 2(4):240-6.

28. Huang HH, Farmer K, Windscheffel J, Yost K,
Power M, Wright DE, et al. Exercise increases insu-
lin content and basal secretion in pancreatic islets in
type 1 diabetic mice. Exp Diabetes Res; 2011.

http://rjms.iums.ac.ir


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-05-31 ]

[ DOR: 20.1001.1.22287043.1398.26.6.13.3 ]

2011:481427.

29. Fluckey JD, Kraemer WIJ, Farrell PA.
Pancreatic islet insulin secretion is increased after
resistance exercise in rats. J Appl Physiol; 1995 Oct.
79(4):1100-5.

30. Withers DJ, Gutierrez JS, Towery H, Burks
DJ, Ren JM, Previs S, et al. Disruption of IRS-2
causes type 2 diabetes in mice. Nature; 1998.
391(6670): 900-904.

31. Okamoto H, Nakae J, Kitamura T, Park BC,
Dragatsis I, Accili D. Transgenic rescue of insulin
receptor-deficient mice. J Clin Invest; 2004 Jul.
114(2):214-23.

32. Buteau J, Accili D. Regulation of pancreatic b
-cell f unction by the f orkhead protein FoxOl.
Diabet Obes Metabol; 2007. 9 (Supp 1. 2):140-146.

33. Kitamura T, Nakae J, Kitamura Y, Kido Y,
Biggs WH, Wright CV, et al. The forkhead
transcription factor Foxol links insulin signaling to
Pdx1 regulation of pancreatic beta cell growth. J
Clin Invest; 2002 Dec. 110(12):1839-47.

34. Buteau J, Shlien A, Foisy S, Accili D.
Metabolic  diapause in pancreatic beta-cells
expressing a gain-of- function mutant of the
forkhead protein Foxol. J Biol Chem; 2007 Jan 5.
282(1):287-93.

35. Toussaint O, Royer V, Salmon M, Remacle J.
Stress- induced premature senescence and tissue
ageing. Biochem Pharmacol; 2002 Sep. 64(5-
6):1007-9.

36. Chen Z, Meng C, Liu J, Zhang J, Kou Y,
Zhang L, Wang Z. Effects of gastric bypass on
FoxOl expression in the liver and pancreas of
diabetic rats. Endocr Res; 2016. 41(1):57-63.

37. Zhang T, Kim DH, Xiao X, Lee S, Gong Z,
Muzumdar R, et al. FoxO1 Plays an Important Role
in Regulating B-Cell Compensation for Insulin
Resistance in Male Mice. Endocrinology; 2016 Mar.
157(3):1055-70.

38. Slopack D, Roudier E, Liu ST, Nwadozi E,
Birot O, Haas TL. Forkhead BoxO transcription
factors restrain exercise-induced angiogenesis. J
Physiol; 2014 Sep 15. 592(18):4069-82.

http://rjms.iums.ac.ir

)K@gw;wu

VWWAA 5,65 8 o5led (Y8 0555 15jl) 1xSaisja gl alan


https://dor.isc.ac/dor/20.1001.1.22287043.1398.26.6.13.3
https://rjms.iums.ac.ir/article-1-5834-fa.html
http://www.tcpdf.org

