P EREE B2 2007 4,5 22 % 55 5 Chinese Journal of Rehabilitation Medicine, May 2007, Vol.22, No.5 391
- A ork Ao .

it Jpia Rt 2 BEREDR I R LA s L i e i
BT 4 BEIZEITY N -

E A X R OWKRE! WAmMME MK E!

WE BRI J70E xR K B % U 4502 200K 4(glucose transporter 4,GLUT4) mRNA Kk 20
Tk 32 HEVE 2 BRI OLETE KRR 13 X I LETO K RUBHL 0 6 41 .A1 40 OLETF i23h 40 A2 4
OLETF iz 3+ &5 & 41 B1 41 OLETF dEiz 3020 B2 41 OLETF A ah+ i R4 ¢ 41 LETO i23h40 D 41 LETO ks
B, AL A2 .C HZ M Ploug B M KRGz 3 k18 5h 12 i, A2 B2 HZNTTT# Ik TR Z 10U/Kg ST,
Imin 5 ALFEHUES  Real-time PCR 77 % GLUT4 mRNA % %R: GLUT4 mRNA £IA7E A1 4L B1 HIHE 3 £5,A2
ALH AL 41THR 13 15, B2 41tk B1 d17H 5 20 £, 2 739 M ;A2 41t B2 41 GLUT4 mRNA Fhim 2 %, 2 57
T EER L, FE T ST UM HE GLUT4 mRNA #9335 | it 132 8h A ik & 2 60 Rpe 97 B U IR VE F
HANBEM R,

KB BEIRFRE, i 5iE5); GLUT4 mRNA; &
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Effects of endurance training on GLUT4 gene expression in skeletal muscle of rats with type 2 diabetes/
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Abstract Objective: To explore effects of endurance training on GLUT4 gene expression rats with type II
diabetes.Method: Thirty two diabetic rats were divided into four groups:training (group Al),training with insulin
injection(group A2),no training(group B1) and no training with insulin injection (group B2). Thirteen no—diabetic rats
were divided into two groups:training(group C) and no training(group D). Expressions of GLUT4 gene were measured
by real-time PCR. Result: Expressions of GLUT4 mRNA in group Al were 3 times higher than in group Bl; in
group A, were 13 times higher than in group A in group B2 were 20 times higher than in group Bl; in group
A2 were 2 times higher than in group B2. Conclusion: Endurance training can increase gene expressions of
GLUT4 mRNA in skeletal muscle of diabetic rats. The results showed that there is synergic effect of endurance
training and insulin injection in diabetic treatment but these two interventions can not be replaced each other.
Author’s address Department of Rehabilitation Medicine ,Huashan Hospital ,Fudan University ,Shanghai, 200040
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IKACE W5 T5%) WS, RFRE G S, PR
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S EA (8 H) Bl 4k OLETF dEiz gh4l (8 H) B2
4N OLETF dEizsh+ R4 (8 H), 13 H LETO
KEBEVLS 2 41 .C 40 LETO iz sh 41 (7 H)ilgm
— H LETO K55 D 417 LETO FE iz 3h 4l (6
H) ;A2 B2 4 AR BRI 48 T HR K 45 T B R 10U/
kg MBI 25 | 1min J5 4056 HUR
1.3 B3k

Z: MR Ploug 1B K BUIiE Uk iz 2 J5 vk ok L TG
T 1 vkis 2 %8, WEIKOKIR 29+2°C, KIE
50cm, B R K EA 200em 1975 3h 18 LA IE K BRURE
SLNG B, e Y R 1h, B8 5d, TR 12
Jil, gt 1 2 LETO KA,
1.4 K485
141 IKFEE 44 WS WK T TR E 1
W, 56 JE R I ZRalh sls AR 1K,
1.4.2 IR 2 Wi i 52 5250 (oral glucose tolerance
test, OGTT). SE50 K ERAESS 44 JA (F Uk VI 2R T 1R 1),
K55 56 JR (W K I 2R 45 R J5) 43 #4171 I OGTT i
5, BUGRATAE 14 h, WEFEIKEUL, @
Freestyle A % 25 2 0B J5 |, WA 4 260 15 2/ kg
BW), A5 70 I AE 30min, 60min A 120min B A9 1L
BEKF . 44 JE#$ 1 OLETF K U BEOME it & 5 & i
bR E 8 A IR = I (EAE 16.8mmol/L LA I | 58
BJa 2h MBEAE 11.2 mmol/L LA b #E47 0 % | BT %
(1 32 K B A BBATF A BRI it 5 5 bR e | 20 IR &
i KR,
1.4.3 GLUT4 mRNA: H Real-time PCR J7 %l
JE .
15 FRACRAE M Ab 3

g —Wig s 5 14h, K BURREE | I8 e o 49 5 B
L 22 8 (40mg/ k) RS, VK VR BRI P15 8% AL (% Pl
KA BYE T WA 5 A -T0°CIGR KA PR AF
1.6 GLUT4 ) mRNA il &
161 Skt .GLUT4 W L5 ¥k 5 -
ATGGCTGTCGCTGGTTTCTC -3, T UEsI ¥ M 5 -
ACGAGGAGGACGGCAAATAG- 3/( LA T),
1.6.2  BEAR 6% HLZY 100mg WL ZH 2, FH A 3
KNG UE 2 )5 8 T EOE T, A Iml B Trizol i
R (3 Gibeo 23 wl), BY#E , UKV &) 3K = R CE
Smin J5IMA 0.2ml 05, BETR AT 2.0 20min(4°C,
12000r/min, & Eppendof 22 7 Centrifuge5810R),
HERWMHES —4EPET, A 0.5ml 5
(FERR), ZRBE 15min, FH L 15min (4°C,
12000r/min), & 3, DLEE T IIA 75% £ B 0.5ml,
B0 Smin(4°C,7500r/min), 5 F 15 , 25T 10min

JE % T 30wl DEPC ZbEE K 5 A -70°CAK
KA,
1.6.3 k. A RT-PCR A & (H A Takara
vEl), RT bR . B s N SR B 10,
1.6.4 Real-time PCR I i SR B 500l , ¥ 50
BH BC ) B WV, BRI SR R AT ROV . B AR
95°C ,15min, 1Cycle, %A J5 LA 95°C 15s5,55C 30s,
72°C 40s M AFIE 2 40 K, 95°C, 15s,60°C , 15s,
95°C,15s, Real-time *ﬁ?ﬂ“ﬁ((7300 Sequence Detec-
tion System) (3% [E ABI 28 Al il | £l R FHALES A
i E ABL Prism 7300 SDS 3K F 43 #1 ; ACt= H #x
HH CT{E-INZ (GAPDH)CT fA ,mRNA #iXf ik
H=2-Actx100%,
1.7 Giite#orr

S G B0 A FH S8 B e br o 25 R AL AR o
K% A P<0.05 W22 SAH B &M, Gt #air R
STATAS.0,

2 #R
2.1 SISO A% 2H K B EE 14 5
TEK N ZRmT, BE IR K B2 sh 4 SRz sh 4l Lt
B MRE 22 500 B E R L (P>0.05) 5 1EH K Gz 8l
415 HXF R AR Z sh A KRR, R E 2 50 %
PER L (P>0.05) 3 28 12 JE e vk I ke | A DR e K
Mizzhdl 5z shdl b, hEER TR EEE X
(P>0.05); IE% K fliz 3h 2] K A s 5 = iy il 3k
A AR R IR 25 5 00 B 1 L (P>0.05) ;
W1,

1 SHXREFNEEHEHNILER (xts,g)
415 L3 EHRTATE B AR TE
Aldl 8 549.0+60.4(D 488.3+50.2
A2 4 8 611.5+43.7 506.3£66.6
Bl 41 8 582.3+64.2 477.0£112.6
B2 4l 8 533.3+58.2 463.4+68.1
C 4 7 496.4+14.72) 529.5+31.2
D 4 6 500.6+11.4 564.8+70.6

D5 B1 411L% P>0.05; @5 D 4 LLHEP>0.05
2.2 SRR T IO A A R BB T i 4 5

44 JEAIE B OLETF K B 4% BB I & 55 8 i & b
HE B MBE = VE(E TE 16.8mmol/L VL I 80 # & )5
2h MUAETE 11.2mmol/L VA L, #EATHfE, Arikhy 32
HK B AT 5 i i 5 3 A e, 20 PR &0 K
F, LETO K BUALKE IE % 32 3 AT Omin,30min,60min,
120min ¥ IR K Bz shdl, BE IR K Bz sh 4l + 8
55 A PR R SRR 12 Bl AL FBE R s K B R 32 3+
i 5 2 20 il A 22 5 T 3 M R L (P>0.05) 5 TR K
iz ghdl 51E% KRAEZ a4l g, mpszES T
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FHEE L (P>0.05) ;&0 12 Bk 2R )5 =R
B T 2 Omin,30min,60min B8 IR K iz sh4l, H
PRI K BAZ Bl 2+ I 1 2R 4 W s K R AR 2 s 24
W5 PRI K BRAE 12 B+ J5 5 R 4 i b 22 = 0 B P
S IEE R Rz shdl 5 1EF K ERARZ sh 4l i, i
25 5 T PR E L (P>0.05) 5 120min B¥ IR 9 K iz
S, BEIRG K s shal+ R 5 R4, BRI K BUIR
iz B A RBE R K R 8 B+ 5 R 4L, b2 53 0
R L (P>0.05); IEW KREzEsd 5IEw ki
B R, I BE Y B R AIG, 25 S A W M L (P<
0.05); W& 2,
2.3 SEE T RO A2 OR BUE UL GLUT4 mRNA 1Y
Al

GLUT4 mRNA ) % i5 & . A1 4 ,0.012125+
0.005710;A2 41 ,0.150925 +0.149059;B1 4 ,

0.004175 +0.000970;B2 41 ,0.082050 +0.039458;C
44,0.022550+0.019611;D £ ,0.0138775+0.0079384 .

B R KRR 32 sh 41t 1E % ok AR iz sh 4
GLUT4 mRNA FEAK, 25 5 A W31 & X (P<0.01);
B PR 998 K Bz 2l 21 Lo b bR s K SR AR 2 3 41 GLUT4
mRNA FH& 3 fi5, 22 54 B & M= L (P<0.01) ; MR
I R BRI Bl 19 5 3R AL LU s PO K B2 2h 4 GLUT4
mRNA Fh& 13 4%, 22 %A 0 F M & L (P<0.05) ; b
R K B AR 2 B+ 188 5 R 4 HOBE R % Kk AR B 3 4l
GLUT4 mRNA F+i 20 15, 25 A REEZ L (P<
0.01); Ml PR K Bz 2+ 158 & 24 LB PR K B
iz 2+ R 5 FE 41 GLUT4 mRNA Fhi 2 % H2E 5 C
R L (P>0.05) ; IEHW KRz sh 4l ks sh 4
GLUT4 mRNA Fhi, HES TR EFEE XL (P>
0.05),

2 FAXREHEIEENEIL0E LS (s ,mmol/L)
Omin 30min 60min 120min
iz i 3 E iE BT i) iz Bl iz e iz i b/
Al #H 6.28+1.80 7.51+4.81 16.35+4.00 18.36+6.88 19.54+2.09 16.27+7.00 13.55+1.95 12.53+5.54
A2 4 6.23+1.01% 7.84x1.74% 15.56+3.247  18.85+2.947 19.56+2.86°  18.29+3.84% 13.59£1.407  11.29+4.39%
Bl 4 5.81+0.992 8.95+3.65% 13.95+2.46%  22.93+3.74% 18.48+1.89%  19.75+5.59% 12.38+1.07%  12.85+4.79%
B2 41 7.03+1.18% 8.74+2.54% 16.48+2.36%  20.93+4.19% 19.86+3.25%9  21.49+2.60% 14.75+3.28%  15.71+2.98%
cH4 4.00+£0.46 5.30£0.23 5.80+1.21 6.55+0.81 6.92+1.19 7.55+0.46 4.92+0.64 5.15+0.46
D 4 4.36+0.91% 5.48+3.65% 7.06+1.59% 9.4+5.52% 7.08+1.07% 7.40+2.54% 4.80+0.82%  6.53+0.85%

DA1 415 A2 4115, P>0.05;@ A1 415 Bl 4LILH,P>0.05; BB1 415 B2

Wit

Ak 12 3h i PR K R 5 428 3h 1 8 R e R BRI
O IWE 22 59 0 0 3 k25 RO T R VR T R Y
D5 e AR, A s Al i) s 3 | [R]— R K
W, iz shdl Sakis sh Al IR i 25 55 A K,

GLUT4 275 % b i iz W IR 2 [N+ GLUT4 f T
JULZHE B P9 B T O I R /NS TS |, TR sh sl B B R
SRR 25 A 0T | T DA LSS N A A B A R 1 4R
Ji W 6 28 W B s O A LRSS DN | R A2 IR B R
% LR B 0 40 B A5 1 9 GLUTA4 5 v 7 J6 s 1] Y
LA, R B B GLUT4 M3 M T s
X 4] 25 AR 1 5 LA A IO 1 e

A G PR K BRAE 12 2 4t OE # KRRz 3)
4 GLUT4 mRNA FEf%, 22 5% A B % P (P<0.01), 2
N BRI R Bl GLUT4 mRNA 23k &2 B B AKX+ 1F
R, 1R LA A S 00 4% S — g0 JHL D DR 9 ) mT
fie 5 % B 5 2 M RE S O g X B R UL A M Y
GLUT4 1 3 PR & 3R il 8 5% | 3 7] B8 2 PR s K

3

He &
B AR I 5 3R 2 A 5 PP i A
ARG Ze 5t 12 R 132 3h )5 | BRI K a2
B4 OB R K AR I2 31 4 GLUT4 mRNA F+1& 3
fis 2 59A8 B E R L (P<0.01), #3T 1E % K, B

HHEE, P>0.05;@C 45 D H HLE, P>0.05;GC 45 D A 1, P<0.05

JNTi 732 2l AT LR = B PR K B GLUT4 mRNA 1Y
FIk 5 DAL RGOS, X% 8 G058 R, 280k
8 Ay it g iz 2h 5 B PR K B2 s 4 GLUT4
mRNA &3k 2508 FR s xF B4 B I8 FF 57 ; Ren S5 00F
98 I 2 3 — W 1 U 25K BB B L GLUT4
mRNA SN2y 2 £% , GLUT4 3 50%, %3t 2 ik
fiif J3 Y45k (5K 1 R)GLUT4A 3%y 2 /% |1 GLUT4
mRNA RPN, 765 S S 0T 4l M T
GLUT4 & B IEH 4 2 %, Ren ML E]IEH K
Wiz zh 3h J5, H A NLAEHE N GLUT4 mRNA #14
F & gt A B3 in i B GLUT4 2 (% & A9 38
AIRFSE B IR iE 8 1 85, GLUT4 & & 1Y 3 i A
S LGS 198 B 22 S0 1 0 A ) b R R I
WA, Cox SR A FE T 5 Wiz 3l Il 5 %) & 41
NHHEILAI M GLUT4 sz, Zad 7 Rt Jiiz
s, BAENE AN GLUT4 1 & 5 B 2 3 m | [\
I 9 5% 2% 376 P4 B S 3 PR R A R 32 )
SR A B PR B R 5 R 1 B R LA L GLUTA %
S OO TR AN R A 1 S BT, 2 A
ZH LU 9 5 2R BB A AR L

W R s K Rz sl 41 L s PR K R ARz sh 4l
GLUT4 mRNA Ftim 315, ZRABEEE XL (P<
0.01); TBE R K BRARIZ 3+ 158 & 2 41 LB IR 9 K



394 o A BE A A, 2007 4F 5 22 45 58 5

Chinese Journal of Rehabilitation Medicine,

May 2007, Vol.22, No.5

FAEIZ 314l GLUT4 mRNA Jhi 20 %, =5 H B 3%
PER L (P<0.01) 47 . 32 3l A1 B I 25 000 38 1) 4 2
s LHIR—FE B R R 8 PI3 K 18,18
i GLUT4 mRNA ik iy HARAE 5 AL H A
RNIGHE  REZHEFH IR CaHl AMPK 25 T H
iz By 5| R i P S B vk B Y S R AMPK 1Y 3
HFET —RINNESBM, RZAEH GLUT4 2 A
[ 5% Sk 7 an MEF, A1 GEF 28 M 1T 51 2 GLUT4
mRNA 7K1 42 = 00 (2 AT 3 22 K B IR A B A 58
PLilt—25 B | Douen V2B & B | 1E # K ESEAT
45min 1 M G328 B I, 8% UL 40 Y 40 R -
GLUT4 34 hm  {H I A IM H A9 GLUT4 38 /> | 2 B
B LA I P A TR Sy R S 2 OR B Bl U Y
GLUT4. Douen F5il KB4 E1T 2 tkis shai 45 7
KRB E RS IS 15 W X IR LA L, B R
SR R B B LA B A0 L GLUT4 38 1.5 4%, N
i | GLUT4 T F# 33% , 2tkiz sl 41 KRB % L4 i
HMEE T GLUT4 3m 2.5 /%, W L GLUT4 AT F%
8% ., PRI Ay | 20 i PN W BE A7 AE 3 430 X 3 3 F e
B ZHURB PR R /) GLUT4 3t |32 3 fipk 5 2
AR [A R AR T 3K PR AR A 19 GLUT4 i3

W PRI K BRIz 2+ 168 5 R 41 L IR Kk AR iz
B+ 5 K4l GLUT4 mRNA JHi 2 £%, #mi2 shn
[ 5 2 X GLUT4 192388 A RIEH | X Fh &
JOIT I R 25 R 2 PR FH IR B 6 82 BB T AN RE A
BN, RIEE SO 5T & B K50 32 3 gk i 2 %t
GLUT4 (R85 HAT B AE T, AR, 76 v o B
12 2l i 5 2R 20 R B R D 0 2 0L I 3 e v A 2
H, ATRE R IS Bh 2 B S B0 S R e AL
1 i 7K ST 1 A S AR R B A G, X B R R X
GLUT4 FREHA Ttk i 1 7R FHue

4 it

i BN E AT LA B0 DR 9 A A=, i LA R
PRIGIGIT I = R TF Bz —, iz3dhfgfe i#f GLUT4
mRNA W3RIA | 1z 3R & 2 0 00 i 26 W e ds bl
TR —HFE 32 )RR 5 2 X8 PR 1A T B U IR 4
F W35 AN REAH B AR
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