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Abstract

Background: In recent decades, the role of genetic factors in both secretion of insulin
from the pancreas and insulin resistance in target tissues has got particular importance.
Some genetic factors such as TCF7L2 and its polymorphisms or GLP-1 severely affect
the synthesis and secretion of insulin from beta cells (2, 3). On the other hand, some
other genetic components, such as FOXO1, PPARy, and FTO, also affect the energy
homeostasis and metabolism of glucose and fat in target tissues such as skeletal muscles
and fatty tissue. Membrane glucose transport is one of the most important determinants
of hyperglycemia in type 2 diabetics. The purpose of this study was to determine the
effect of aerobic training on the expression of 4-glucose transporter (GLUT4) in
expression in gastrocnemius muscle in type 2 diabetic rats (T2D).

Methods: In this experimental-applied study, eighteen 10-weeks-old male Wistar rats
(220 £ 20 g), procured from the institutional animal house facility were used for all the
experiments and after induction of T2D were randomly divided into exercise (aerobic
training / 12 weeks, n = 8) and control (no training, n = 8) groups aimed to determine
the effect of aerobic training on GLUT4 expression in gastrocnemius muscle. Sample
size and the number of rats in each groups designed according to the same previous
studies that assessed gene expression in diabetes rats in response to exercise training.
Animals were maintained under standardized conditions (12-h light/dark cycle, 25 + 2
°C & humidity 45-55 %). The rats were left for 1 week for acclimatization prior to the
commencement of the experiment. The study was approved by department of Exercise
physiology of Amirkabir University of Technology, Iran and carried out in
accordance with CPCSEA (Committee for the Purpose of Control and Supervision
of Experiment on Animal) guidelines. T2D induced by STZ and Nicotinamide injection
(dissolved in citrate buffer, pH 4.5). Hyperglycemia was confirmed by elevated blood
glucose levels on day 7 after diabetes induction and only animals with fasting blood
glucose level between 150-400 mg/dl were selected for were served as T2D rats and
used in the study. The exercise group participated in a 12-week aerobic exercise (5
days/weekly) in the form of running on the treadmill.

Finally, 48 hours after the lasted exercise session, the fasting rats in both groups (with
10-12 hours overnight fast) were anesthetized through intraperitoneal injection of 10%
ketamine at a dose of 50 mg/kg along with 2% xylosine at a dose of 10 mg/kg, after
which they were underwent dissection. After the rats were anesthetized, blood samples
were collected through cardiac puncture. Then, subcutaneous fatty tissue was removed
and immersed in RNA later until biochemical analysis was performed for determine
GLUT4 expression. The blood samples were used to analyze the blood glucose and
serum insulin. The serum was separated by centrifugation (5 min, 3,000 rpm) and was
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analyzed for glucose by glucose using a Cobas 6000 Analyzer (Roche, Germany).
Glucose was determined by the oxidase method (Pars Azmoon kit, Tehran). The
remaining serum samples were then stored at —20 °C until the insulin determination was
made by ELISA method (Demeditec, Germany) and the intra- assay and inter-assay
coefficient of variation of the method were 2.6% and 2.88 respectively.

The RNA was extracted by Rneasy protect mini kit (QIAGEN) from subcutaneous fatty
tissue according to manufactures instructions (19). RT-Real time PCR quantification of
FTO mRNA was performed with Rotor gene 6000 system using One Step SYBR
PrimeScript RT PCR kit (Takara co.) according to manufactures instructions. Melting
curve analysis was performed at the end of PCR cycles in order to validate the
specificity of the expected PCR product. We used RNA Polymrasell as a normalizer.
Data were analyzed by computer using the Statistical Package for Social Sciences
(SPSS) for Windows, version 16.0. Normal distribution of data was analyzed by the
Kolmogorov-Smirnov normality test. Independent student t test was used for
comparison of variables between two groups. A p-value of less than 0.05 was
considered to be statistically significant

Results: Compare to control rats, Fasting glucose level decreased significant in
response to aerobic training (p = 0.001). Aerobic training also resulted in significant
increase in GLUT4 expression in Gastrocnemius muscle (p = 0.029).

Conclusion: Based on the available evidence, a decrease in glucose levels in response
to aerobic training in T2D rats can be attributed to an increase in GLUT4 expression in
twin muscle. However, further studies are needed to identify other effective
mechanisms on glucose levels in response to exercise training in diabetes rats.

Conflicts of interest: None
Funding: None

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

Cite this article as:
Amini A, Mirakhori Z, Eizadi M. The effect of aerobic training on Glucose transporter type 4 expression in
Gastrocnemius muscle and blood glucose of type 2 diabetes rats induced by Nicotinamide and STZ. Razi ] Med
Sci. 2020;27(5):76-85.

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

YA

http://rjms.iums.ac.ir VA4 35 0 i oled YV oy9s ygjly ySiisja ogle alan



http://rjms.iums.ac.ir/article-1-5877-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

ool el ol pen cobs als el g i glae
L GLUT4  zslaw iol38l Glaal b Slllas i)
aSysk oSl eads ()15 01 Gl 5 Gelan sl
slee 4, GLUT4 Jls! Bais> g5, Oldlas & 5
5 Ol G5 B ) T sle Joogs 5 (alewsdly
O Y wilodges (35,155 (SO sl LIS oo

GLUT4 Lo s, 44 a5 Sldlae wszg (! b
o b sl odlas jo 1Sl sle J8L S0 b
(=t b lasload ()55 paS 0l e bd 2L
Lo oSty 5o phiie (589 Sl pod dt p S
el ool 5135 La )b ¥ ggs cubs wals gals
OF) el gasdl Cunglin rals Sldlas (&5 4S5 gk
ol S o (VW) Ly slo Jolw o) Shae il
(V) gl Cnglin jo g0 olodl slo oxile
55 Ll sl oogs 5 135 Y g9 slo cubs o
Ol b efis s ol o cilize (o 508 slaate
Ol 5o Sldllas Sail g 0,95 o pii 4SS Y g9
aSo sk il ooged (515571 (paBlie slo 4Bl ane;
Oan Ol ey Ve Gl Bl ol adlllas slo adly
SO cwl ooy i o)l 5 dl_ac 01, GLUT4
i pae (YVF) LS g JLS5 8k
oealS poren g oAl alac o GLUT4 Lo
‘L:_MJB.: 0% L.SL> LgLQ Sy o alac GLUT4 u.._bs).:
B e e R & NNy S
axdllas ¢ jadline g Sgusme waled b . (VO)l coges
Do SYeb (giler Dby e Sl i Baa b ol>
8,8 oo plml Y gei c0bo sl

SLIE-TY
Sy adS 1y (60 ,0,5- o addlas cpl 5 k] asel>
iy (S ple oSl Sl o iy 5 slo
Vo oy e V8 Lyl s 5l aS aias o LSCis all
ogumis dy p, S YV Ve S aials jo laian
5 ol olsal asllae o oS b Cge Bolas
Jo—yd ol LoV g5 cbs Wl 5l Ly caslol
Pl Gigs s A 09,5 o 30 lpaigad o (g )Lo]

WA 5050 o o5led TYV o555 15y 1pSaisja mgle alan

V4

OhSen g (sl B

doddlo

slag,lon Sl plyn ¥ ggs el
g cwl g3 lans o ) Kaie o) Gl ( Sl
o Sleslen 5l Gl 5 e 5 S e ol Jelse
Ol 5 ks g9 cnl 5o (VYD) 39500 et
1 S 0l ol gl lie & Gl o
el el dalol Cue SVl uwe gl STy o]
S an |y Cubs glgl do o A 5l i vl Sl gs
oo as eol,dl plod Jolds 5 sl ols plas
(Glae 45) (s 39205 Vgomo 9 (rdgmsl 4 Casglie
ol Jslge a0 (Y) 09 oo wiiiwd ydgud]
Lol asloais anslis MlS 50 cubs 5l g5 ol 59
Odgil Ceagline 9929 a5 Wil 00gad ol ele molie
P Ul cals g95 opl sl adsl Jalse
(F) Ly glo sk o Shas

JUizil 5 GLUT)5S IS sla J3b 2 o 5,k )
goba 50 1) sl ogdll mo sl ok jo o5 olas
ool alS S, ok () 9555 o 53k 055 5515
sl gl ol JU cnl loysiem, b (s
=l 90 eorelS e 0y 3 (s BB ool
a1 oo o=l 0 (F) cl Jloye 35 ol
asle a3 e8 plae Jladl yo g0l y GLUT
s 5508 Slae Jsil o GLUT4 g bl
IS el 5 1y snte A g L 5 IS
So e 4l g2y (pl b () WS oo 55k 05>
Cdled g a5 055 IS ol iole;l aalllas
dagi 31 U595 pK2loj] sl ige 5 GLUTS
La GLUT ;%55 o Slat 5 425 sad (5K ol
Slaslie 4l » (V) Wjge o5 S5 cdlae o 5
a ol lgisl o LI GLUT4 . al8iules]
i 3l 5 (ol alise (SIS alie il (o5

oHh—ae sla)b o ol glo g (A) 098 o Lo
G550] (A Cenl yiin Cile 4 Lo ¥ gy guilas]
Sl L GLUTA olo ialydl a8 coul oads 3155
Cl ol yor Sae slbo plail 5| o 35505 B as
wiliss 05> 20,5 35515 pabw (lalS (T asly oS
ol sialil a5 cul # e s b ool g, opl 511

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-5877-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

2 09 S5 g gligd dlac > SIS Y B Gl » (sjlen i o5 S

09529 09)5 (sla oy p> i AT )3 gd ey g o S8 & (lga liyjed oS- Jgu

(488> 52 yio) (g oy (48:83) (90 ol (win) collsd le
VA Y. Jsl
v v Py 9 P 9
vy ¥ ooy g el
Al ¥ i g mald
Y 0. PR 9 i
\rd O w23l 1 o2

a2 VY Sue gl (g ped el i gyl SS9y
Vel o ain 0 dud> 0 olaws 4 (g3ler 1y el
)_'J.AY? (5]‘ \A)u.c)...,@u).x u...»‘)s‘ba.ua AR
O B o (aado b JIYV ) loj g (4B p
3 syes aely Oldpe 285 bl Jee 5§ 5,
(\A) Gl 00 A ) de?

o Sebw FA 8L (625 dgai 9 655 09>
sl (Lol celw VY BV +) (o ped dd> 0 5]
‘FQLO_@ J_>\o &y 4.’4».»‘9.’ 05; LN axdllas S99
S e 00 5o g neyd Ve (el Lol
rerS Shee Ve eo g oo ¥ cnjebls g 0 SelS
Olg> Ao A (s D (gt )5 9kS
cu‘j_.} )‘)‘ uJ)—A—QS )‘ ULH.Q.L:‘ 6‘).: 9 ol Al
3 b a8 Glen B 5] pelitee ke (495 diged
3 onm g 00l (6,10 diged v Dy gol8g0 alac dsld
VA Lo cois e )0 Suigloied prw )0 giilucd
plodl cyz ao 0 Ve cowws L RNAlater ol g9l>
40,5 53 g S o ]

O L i SO (el by, 4 S8 cdale
oS b 359l oS 5l ealital L 5 sl 35515 (5 ]
Sy g 2 0 (5 5 03l im0yl )l
9 VYT s an 55505 a3l 9 9 033l 0959
F= [a)_? L;L«.ca LS)#? o)‘L).S‘ Cowlin 9 o,y AR
g i (oo

RNeasy (s,low cuS 5l oolatwl L RNA &1 il
S o8 iwle;l ;o QIAGEN &S, & mini kit
GLUT (s (V)28 5 ploxl ol jeinly gl
o alwgy RT-Real time PCR lawgs mRNA
One (ol al> 0 SO oS loolaiwl b £oev 5,559,
L @ldas 1,LSL o8, 51 Step SYBR TAKARA

http://rjms.iums.ac.ir

azin \V) 5550 2L A sl og)S 0 4 sk .o
23,5 18 (G ed 099) SS9 (G5len el
5 (i ey 0aSzily Glilgs oRinlojl jo b,
Ve 00 olalay Bl jo ol s olRasls 35,9 pole
5 bimby, Celw V) jgioad J S lyl o e
Eor 9 ymas 7 (glihy) 9,0 (S5 Zelw VY
g (0,5 Blw YYEY) loo L (o & cogel>
aw olass ad 6l e BT als o Sugb,
S5 2 b W (oSl e 5l e 88 0 o)
&l a5e5 4 e lw FY 0 VY o YO olwl g
3l glace g ol an aslolyl as o 6,log S
b Oy ¢ 3adod 0,90 yuoli jo [0 ol allly o yiwd
Ooe 4 b &) dod 008 (o bl 8 S gy
990 0920 g alB g o Sy byl L ahs ¥
Asas bl o5 )lg g9,
adlas 5,50 sl o) layl o :Veg cobs Ll
Paan Y Soed e b 6,55l 5 olnl cys
5 o cdalol jo o (gl a5 Sl olKile;]
Y ey ubo sl ey dcelu VY) glisl b SO
ol (ymsgin sy ol § Sl 35S G5 )
Ve 58 Ly al (S Jslons bl o0 kar 5
Slio g &g Big PSS 2 p S e
00 g 035 Jodome 4l VO Gl g 0l &)
=1 &yeo 4 5 PH=Y/O L ol 80 0 STZ
Db Gy p S kS S (e Pe 50 b (Sl
x> oles b Ol 3L Lid ol 1S o9 8
o ok Gl e aas SO (VRS cal o
L0 o 095 8 (hgo o 5l 093 (525 4iges ]
o Jige ol 5l pliabl (6l (55lme (lgie a0 ¥ e

AY) ol ad )5 s oY ggi cobo a

VA4 35 0 i oled YV oy9s ygjly ySiisja ogle alan


http://rjms.iums.ac.ir/article-1-5877-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

OhSen g (sl B

alllae > ord (b syl Jlg -T Jgu

GLUT4 F: CTTGGCTCCCTTCAGTTTGG 60 NM_001191052.1
R: CCTTTCTCTTCCCACCACCTG
RNA F: ACTTTGATGACGTGGAGGAGGAC
Polymrasell R: GTTGGCCTGCGGTCGTTC 60 XM_008759265.1

BSOS NS EP IR SR WA N ISVON St JOUE SRR JU N E S

L axsl,

Ll 5 om0 Sl G ¥l Jgu
2 Bl (o0 09,5 98 40 (g oS AlSle Sl g S
Tobw ;0 gyl e Dol (g bl o aslae 4L
09, 39 e et 5l S8 Ll b 8 o 05
ot A 05,5 50 o (s ok Lol oS caalin
0955 5 FYL (6318 (e Oliee 4 (g o5 Al
2955 085° Sless 65 oIl Byl slsg b5
033 )1 e Gl B dian S (y305] Lawg
3O 039 )0 (e i pae g J5US 09,5 8 (o
Sl @ G al o 51 g Il 50 (5555 09,5
(Y Jogux) o9 alSloe

Srre Jie 5 )bl G935 Jolo slaatdly
05,5 59 (= Ll 905 olan Iy (ime gl
o GHlee Sl el (hle el b5 5 J5S
G909 o Ll S e lS sl b (pre ralS
() 5loged F Jgaz) Cowl oa 1S 05,5 S

Ol 2 il Sli el ;5148 0 o LA LS

C9d g bl s 5 solatul oS 1 el jgiws
Jo—ame jLiel ed jslate & PCR a2 > (L 50
ol 4Bz JSgp 2855 plil Ul 550 PCR
Real time-PCR ;o 593, olSiws oolaiwl 5,5
9 480 Y S 4 A0° @ido Vo e 4 YO el
foosmaf®gaslile woeadfol JSow f
=S g asllae g « PCR al> o 5l o 090 4l
&l o, 5 il 4z 0 22° 5 0 lales 5l e ol
RNA  5la s )3 eolai wl gd omie a5
Ol et S J 58S 55 olexe 4y Polymrasell
o Layely Jes o3 oo 5 colai Wl GLUT4
e oSty 4 by slo CT &l osds Lo ¥ Jgo
3 zl,%i—wl Real time-PCR oo |l5-81 5 5 lawgs
VYL
Sdle 5 sl eolatu b (g bl slo aglio :cs,Lel 5L
O9—= 38,8 sl VF as i SPSS/Win
Jler a3 5l plaebl Cgzr i el 89,5 50lsS
Cg dmad 5 0] 31000 5 colaiul laosls
0975 ;B )3 9 (939 (5295 0920 Dyt s
Ol 9 S5 ol aulio (rizres 0l oolil
JEis (5 aey] 5l oolainl o 5 g0 o GLUT4

ailllas 390 sloog)S 5> (o yed (smaldlie 5l g 8 ulyd )3 (p)5) b 059 =T Jgue

(2955 92°) Sig Blae oy sl 1 4 2
<[VA¥ YEY £ 0A YYS 34 &ilen
R YOO & ¥Y VA4 £ YA Jss
_____ o YA ¥y (29,5 o) Sig

J55S 5 (2325 0955 5 3 (s yed Al (Blute GLUTA sl 5 L3b 5515 gl —€ Jgu

S (Fro aw P39 095 JrS 09)S it
p=-/-e) YEF £ Yar £y (mg/dl) ;555
p=-/m VS E R At ) GLUTA s ol

AN

WA 5050 o o5led TYV o555 15y 1pSaisja mgle alan

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-5877-fa.html

2 o5 S5 9 sligs alis 3 S F b ol s sy 5

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

Yo

Yoo

(mg/dL) SIS

JpS 0 f

E3ITRYE

aolllas 350 slnog,S 53 sl S5l Clpis goS Y ,l3905

GLUTA . Ol

JRS 05 f
adlas 390 1 cg)f 2 GLUT4 (s olﬁ C;]):.:E L55§” -y )|b905

Sl el o)l (g Gl 4 (s5lee Dl yed &
s gt 4 95 ke b uly (ogas o
ol 50 (T) Wloads byl3 (godnie Slalllas calises
pae (Y1 F) Luldle o (Y0 - 9) Liwily a> )31 aie;
il ashe Vo i g ol ) S5 IS o
alosgod 8155 (Seglie Gy ol ole ¥ g (s5lge
5 305 ol axdllas gl azsly b guas Lol (YY.YY)
$ oilaze |y Lmodly 55505 2alS (Y +9) o), Kon
OIS b Ghles 5o (Feglie 5 silse (o5 ole
Cedled aian VY (6,50 asllae ,o (YY) Wlooges
o dzan o glaadefe ads awolass 4 )
e 36 SIS s ten lS (53, ool
g b jmals 50 (Yoo F) o)L, en g 0 (YF) 0l
2 Sl el ain VY cBlaie ]y 93 S0 1S

http://rjms.iums.ac.ir

AY

ITTRTE

ol adlllas Lol Gus (s5l8gs alae s GLUT4
ol o8l an bl lo il ane; cpl jo .l
oyl do el (o et alS e 4wl o 5 0l
S9) OI=90 dd O CJB o (g5lga (s ed atan Y
GLUT4 oy jls (o il 38l & atin o Joons 5
S9-ton e ¥ gg (shbs slo &) (solbgs alae )

(¥ JJoses F Jgaz)

S S di g Sy
ol 4l g BBgs alac ;o0 GLUT4 )Ly yol33l
Sl e 80 1Y (e 4 Sl 3l aalles
G9y Odm=90 B 0 a e jo Al B sla i 4y
s sl &, 50 GLUTA ol (il & Juony 5
Gl o LAl SIS zolan ( Bk 5l ad e ¥ gy

144 515 0 0 oyled (YWY oyss 1silg hS.l.'l".lH oglealan


http://rjms.iums.ac.ir/article-1-5877-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

3 55 oS olie Jlail 4 gslen Slo pad 4
Ol g 2 LSo aio =) )0 09l (o e
aS &l 00400 0 Lil 095 sla aidl @ slewl L (YY)
ol ala wlgy o wgio o L i, Ol el
M_.w‘ ol (G (o SMace I GLUT4 C}Ja.w
V) gdion pmie (95 S4I5 polaw 2alS 4 o
YY o ¥F Salidl (Ve Vo) ohlSan g i o (3,0
=z wbb gL alac o csianl;) gas)

ol dely a5 ks slaws,

el o>, lid s slaw,
(YY) Wlosges 4,135 (g5len

ooge GLUTA (L (hal38l )55 30 valel o8 yle
e (b0 Gl Comex jo 3565 oS Lol o
Godnie (S5 9 (Slplie (Fgey90 Slpnss &1
Er— 9 Ol Smoglin il polaw 4 S
Al (89 Sl ped am el jo 1) SeonadS
S g Sl pole liione Lawgi 0 iS (o
=l Olallas (S aSG ek ol 0als ool 3158
s TCFTL2 ol o Sluss b ply o3 35505 als
ThF 9 e 50 Fee (S5 sl adlge 5| 45 MTIN
gl o ) s Gl SOl st sle Jokw 1 ol gl
alodgai (51535 Dae (GVeb ()9 Dl ped 4
OAXY)

SYsb 5 phiie s5lan Do el g pex Sy o
205> Sl pohw azg B Jals L Sue
laailss dz il ol e ¥ g5 b slacs,
oz Lol & S0 i )0 (gouaite (Se55 9 (Sl gl
3 d97ge daled 4 azgi b g Hae slo punile S0
PSS abae Jaul s GLUT4 Sse & (oga>
Ol oo |y pol> aslllas )3 (93 SIS Zshaw Sente
sals sl o) o GLUT4 Lo il ey e @
ol s sl il dalllae gs Lol 51 4 ols s
Sl pod a Gl )3 (55> oIS ok Sonte 925
Ced GLUTA e Galidl 4 o5 ol (o 1 5500
et 53 Ay WSl (o0 uiored Sgne (l S ol
B S8 b bl (3Sdnlte slaadlgs Lo
cyr ol i Gas lacdl s FOXO | IRSI
ST 68 o5l pie g 0l anils S |y e
L]yl adlllas glacusgase

L.)-.’. . - n \ N

WA 5050 o o5led TYV o555 15y 1pSaisja mgle alan

AY

OhSen g (sl B

O Rl e Bl by 0o 2l @) b eSS
(YQ) wilodges

2 Foe Slalie b (s Slyess plo 5l e
s e y9 Sl el dn Fly )3 S ES Slagen
2 i Ay ge3 SIS el dggy Slallae
Al eals MGLUT4 ul_u La O g = C}b—u)
ok 3oty (V+1Y) LS § xlas 4S5 gk
Ban b plys slee o yod 4 wly jo (55 S8
30 (Y8) asilools o GLUTA islisl a1y s
G e L pls3 53l5m (pas i A 155 e anllan
1 el s g GLUTE go0,0 Y ol dla, i
g gz aallas 0.0l ponio LDl 3S6I5 oo,
ol oo GLUT4 jo sme (iol38l 5.5 (Y210) o,
=9 Sl Bl sle (hee jo Gl slacas
(YV) ol 5158 obo

7L cage lo il 4z ST ey cal o
L 03> 30,5 3 GLUTA b b ol 5 s
Shas cél
Aol Cansg jo a4 asl eog e o Lil el iules]
QJI G,Lcw)b ém': O @.Lw P Jd)b S8 Hlac
6‘51.«» 09° ﬁ.L” )‘ ol Jla! (5.)1_.4; <5L° Pl
WJLt_erbl_i».e‘Jj‘d_C 5 b‘r»)oé.fw‘o)u‘
w»‘o)g ) ‘) of— u.’)w Lg‘-l&““ SHlae cw))ﬁ
yoo () 30 GLUT4 g axils 95 (50,5 51 55618
309559 9 odgmadl (YA) cl Sl s glylo
e Gyl 5 T U 9t s jeimenl sk
L;)f 670L..A Sl o ass-Lds (5’9.704\5&....“..1..»4
FodS cbloyaS ol s salg b andl oS
Lo pailSe G5k 51 559 9 el gl anly
oo J5I glo ax b9 AT Ly ol Al
(YQ) 098 o plxl GLUT4 &glaie

S (50 S5 A Sl ez ge walel aly
A )y Sl el S j0 Dlac b Gl a5
SUé & sl 5,5 53 5| GLUTA £33 gt
b 5o Ol bsi) Ol Gl g ond ledly

aalg Lol cowl onis aislis £ &

http://rjms.iums.ac.ir



http://rjms.iums.ac.ir/article-1-5877-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

2 09 S5 g gligd dlac > SIS Y B Gl » (sjlen i o5 S

LJ. Kinetics of contraction-induced GLUT4
translocation in skeletal muscle fibers from living
mice. Diabetes. 2010 Sep; 59(9):2134-44.

12. Eizadi M, Karimy M, Kohandel M, Doaly H.
Effect of aerobic exercise on serum leptin response
and insulin resistance of patients with type 2 diabetes.
J Qazvin Univ Med Sci. 2013; 16 (4) :33-39.

13. AbouAssi H, Slentz CA, Mikus CR, Tanner CJ,
Bateman LA, Willis LH et al. The effects of aerobic,
resistance, and combination training on insulin
sensitivity and secretion in overweight adults from
STRRIDE AT/RT: a randomized trial. J Appl Physiol
(1985). 2015 Jun 15; 118(12):1474-82.

14. Hussey SE, McGee SL, Garnham A,
Wentworth JM, Jeukendrup AE, Hargreaves M.
Exercise training increases adipose tissue GLUT4
expression in patients with type 2 diabetes. Diabetes,
Obesity and Metabolism. 2011 Oct 1; 13(10):959-62.

15. Gurley JM, Griesel BA, Olson AL. Increased
Skeletal Muscle Glut4 Expression in Obese Mice
after Voluntary Wheel Running Exercise is Post-
Transcriptional. Diabetes. 2016 Jul 13:db160305.

16. Diabetes Prevention Program Research Group:
Reduction in the incidence of type 2 diabetes with
lifestyle intervention or metformin. N Engl J Med.
2002 Feb 7; 346(6): 393-403.

17. Garrow JS. Obesity: definition, Aetiology and
Assessment. Encyclopedia of human nutrition.
Academic press. 1999: 1430-34.

18. Eizadi M, Ravasi AA, Soori R, Baesi K,
Choubineh S. Effect of three months aerobic training
on TCF7L2 expression in pancreatic tissue in type 2
diabet es rats induced by streptozotocin-
nicotinamide. Feyz 2017; 21(1): 1-8.

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

20. Riyahi Malayeri S, Abdolhay S, Behdari R,
Hoseini M. The combined effect of resveratrol
supplement and endurance training on IL-10 and
TNF- o in type 2 diabetic rats. RIMS. 2019; 25 (12)
:140-149

21. Vancea DM, Vancea JN, Pires MI, Reis MA,
Moura RB, Dib SA. Effect of frequency of physical
exercise on glycemic control and body composition
in type 2 diabetic patients. Arq Bras Cardiol. 2009
Jan; 92(1):23-30.

22. Maltais ML, Perreault K, Courchesne-Loyer A,
Lagacé JC, Barsalani R, Dionne IJ. Effect of
Resistance Training and Various Sources of Protein
Supplementation on Body Fat Mass and Metabolic
Profile in Sarcopenic Overweight Older Adult Men:
A Pilot Study. Int J Sport Nutr Exerc Metab. 2016
Feb; 26(1):71-7.

23. Glans F, Eriksson KF, Segerstrom A, Thorsson
O, Wollmer P, Groop L. Evaluation of the effects of

http://rjms.iums.ac.ir

At

JRSWOF R

sy gl (LSS S 5] Al i g

Sy g S S sl pialasl jo s

References

1. Hogan P, Dall T, Nikolov P. Economic costs of
diabetes in the US in 2002. Diabetes Care. 2003 Mar;
26(3):917-32.

2. Arabi M, Rasi V. The relation between body
mass index and prevalence of ischemic heart disease
in type 2 diabetic patients. Razi J Med Sci.
2019;26(2):85-92

3. Jirimde J, Cicchella A, Jirimde T, Latt E,
Haljaste K, Purge P, Hamra J, von Duvillard SP.
Regular physical activity influences plasma ghrelin
concentration in adolescent girls. Med Sci Sports
Exerc. 2007 Oct; 39(10):1736-41.

4. Schmid DA, Held K, Ising M, Uhr M, Weikel

JC, Steiger A. Ghrelin stimulates appetite,
imagination of food, GH, ACTH, and cortisol, but
does not affect leptin in normal controls.

Neuropsychopharmacology. 2005 Jun; 30(6):1187-
92.

5. James DE, Strube M, Mueckler M. Molecular
cloning and characterization of an insulin-regulatable
glucose transporter. Nature. 1989 Mar 2;
338(6210):83-7.

6. Birnbaum MJ. Identification of a novel gene
encoding an insulin-responsive glucose transporter
protein. Cell. 1989 Apr 21; 57(2):305-15.

7. Galuska D, Ryder J, Kawano Y, Charron MJ,
Zierath JR. Insulin Signaling and Glucose Transport
in Insulin Resistant Skeletal Muscle. Special
Reference to GLUT4 Transgenic and GLUT4
Knockout Mice. Adv Exp Med Biol. 1998; 441:73-
85.

8. Stuart CA, Yin D, Howell ME, Dykes RJ, Laffan
JJ, Ferrando AA. Hexose transporter mRNAs for
GLUT4, GLUTS, and GLUTI12 predominate in
human muscle. Am J Physiol Endocrinol Metab.
2006 Nov; 291(5):E1067-73.

9. Hansen PA, Gulve EA, Marshall BA, Gao J,
Pessin JE, Holloszy JO, Mueckler M. Skeletal muscle
glucose transport and metabolism are enhanced in
transgenic mice overexpressing the Glut4 glucose
transporter. J Biol Chem. 1995 Jan 27; 270(4):1679-
84.

10. Lauritzen HP, Ploug T, Prats C, Tavaré¢ JM,
Galbo H. Imaging of insulin signaling in skeletal
muscle of living mice shows major role of T —
tubules. Diabetes. 2006 May; 55(5):1300-6.

11. Lauritzen HP, Galbo H, Toyoda T, Goodyear

VA4 35 0 i oled YV oy9s ygjly ySiisja ogle alan


http://rjms.iums.ac.ir/article-1-5877-fa.html

[ Downloaded from rjms.iums.ac.ir on 2025-01-15]

24. exercise on insulin sensitivity in Arabian and
Swedish women with type 2 diabetes. Diabetes Res
Clin Pract. 2009 Jul; 85(1):69-74.

25. Goldhaber-Fiebert JD, Goldhaber-Fiebert SN,
Tristian ML, Nathan DM. Randomized controlled
community-based nutrition and exercise intervention
improves glycemia and cardiovascular risk factors in
type 2 diabetic patients in rural Costa Rica. Diabetes
Care. 2003 Jan; 26(1):24-9.

26. Sheu WH, Chang TM, Lee WJ, Ou HC, Wu
CM, Tseng LN, et al. Effect of weight loss on
proinflammatory state of mononuclear cells in obese
women. Obesity (Silver Spring). 2008 May;
16(5):1033-8.

27. Fateme Moslehi, parvin farzanegi, Seid Jafar
Mousavi. The Effect of Aerobic Training Along with
Milk Supplement on GLUT4, Glucose and Insulin in
Overweight Immature boys. Journal of sport
biosciences. 2013; 1(16): 93-107.

28. Cunha VN, de Paula Lima M, Motta-Santos D,
Pesquero JL, de Andrade RV, de Almeida JA, et al.
Role of exercise intensity on GLUT4 content, aerobic
fitness and fasting plasma glucose in type 2 diabetic
mice. Cell biochemistry and function. 2015 Oct 1;
33(7):435-42.

29.van Loon LJ, Greenhaff PL, Constantin-
Teodosiu D, Saris WH, Wagenmakers AJ. The
effects of increasing exercise intensity on muscle fuel
utilisation in humans. J Physiol. 2001 Oct 1;
536(1):295-304.

30. Wojtaszewski JF, Nielsen JN, Richter EA.
Exercise Effects on Muscle Insulin Signaling and
Action: Invited Review: Effect of acute exercise on
insulin signaling and action in humans. J Appl
Physiol (1985). 2002 Jul; 93(1):384-92.

31. McCutcheon LJ, Geor RJ, Hinchcliff KW.
Changes in skeletal muscle GLUT4 content and
muscle membrane glucose transport following 6
weeks of exercise training. Equine Veterinary
Journal. 2002 Sep 1; 34(34):199-204.

32. Lehnen Alexandre M, Leguisamo Natalia M,
Pinto Graziela H, Markoski Melissa M, Machado
Katia De Angelis,Ubiratan F, Schaan Beatriz. The
beneficial effects of exercise in rodents
arepreserved after detraining: aphenomenonun
related to GLUT4  expression. Cardiovasc
Diabetol. 2010; 9: 67.

33. Rashidi M, Eizadi M. The effect of an interval
exercise period (HIIT) on mtnrlb gene expression,
insulin and glucose levels in type 2 diabetic rats.
Journal of Knowledge & Health 2019; 14(1):28-35.

Ao

OhSen g (sl B


http://rjms.iums.ac.ir/article-1-5877-fa.html
http://www.tcpdf.org

