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[ Abstract | Objective; To discusse the molecular mechanisms of impaired glucose tolerance (IGT)
development induced by long term high-fat diet by investigating the protein expressions of phosphatidyl inositol
3-kinase ( PI3K) /protein kinase B ( PKB) /glycogen synthase kinase-38 ( GSK-38) /glucose transporter-4
(GLUT-4) in the rat skeletal muscle with IGT. Method: The IGT rat model was replicated by being fed with high
fat diet with 45% lipid energy for twenty weeks. The protein concentration of PI3K in the skeletal muscle was
examined by immunohistochemical staining, the protein expressions of PKB/GSK-38/GLUT-4 were detected by
Western Blot, and the relative amount of GLUT-4 protein in IGT rats skeletal muscle tissue was tested by Real
Time-PCR. Result; Compared to the control group, the protein expressions of PI3K/PKB in skeletal muscle of
IGT group were all decreased, the protein expressions of GSK-38 was obvously increased (P <0.01). The mRNA
expression of GLUT-4 in IGT group was decreased as compared with the control group, but there was no significant

difference. Conclusion: The protein expressions of PKB/GSK-38/GLUT-4 in skeletal muscle of IGT rats
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established by long-term high fat diet with 45% lipid energy are obviously changed, which seems to be one of the

molecular mechanisms for IGT in this model formation.
[ Key words |

glycogen synthase kinase-38; glucose transporter-4

K (impaired glucose tolerance , IGT) f&
BUAR B BEAC T Ak T 1E 5 RIS PR 22 18] ) 2 PR A,
J& 2 BB PR IR (type 2 diabetes mellitus, T2DM ) [ Hif
WY B2 HOIGT B SR 5 F W SR , O 12 B 4F
ETtiE#H, B IGT HLHIA £ B, 5 2 805 & 6
[a] TEA E 5 = #L3T (insulin resistance, IR) , {22
LAY B AN LT RE B I o B B R A T e 32 EE i
A ML LS 3 i (PI3K) (25 1M B (PKB) i %,
546 PI3K, PKB {i¢ i 4 %) Wi 5% iz 8 11 4 (GLUT-4) #%
7 VR I BT B 3 (GSK-3B) WY 2 Wi R 1 , 2 T
v A e M ) B BRI I 5 i, PR LA 45% 5
JI FR) R R G B 20 JA i B 7 IGT RS A, AR 52
B 5 EAMEE TGT KA K A #% UL 9 PI3K,
PKB,GSK-38,GLUT-4 & 1 3 ik , 7 17 45 7 % A5 Al
IGT J* A= 11 22/ 5 2 TR 13 Tt 3 B AL
1
1.1 zh1¥ 20 B 4 ~6 s SPF Z M4 SD K,
o PR IE VT B 245 K% GLP rhun 42 i, Zh ) & 4 Ik =
SCXK( 22)2013-004 , {& Jfi & 200 ~220 ¢,

1.2 5] AKT —%i (3£ EH Cell Singaling 2\ A, it
5 4060) ,GSK-38 — 41 ( [ Cell Singaling /A 7], it
5 9322) ,GLUT4 —$1 (3£ [H Cell Singaling 2% a] , it
5 2213) , I *EPif — i HRP-Goat Anti-Rabbit IgG
(H + L) (b 5t 28 ik 1A W HoR ot 4165 S001F)
GAPDH (b st ZE Wi W £ W H R b o, #t 5
TDY042C) ,UltraSYBR Mixture ( b 5% By 1 22 4= ¥
RHECA PR L5 CW0957) .
L3 {4 2135 By ML (# E 3K ), Mini-
PROTEAN Tetra Hi yik B %% 5 % £ ( 92 [/ Bio-Rad 23
Al) ,1Q5 #IFE it PCR X (3£ [ Bio-Rad A7) o
2 FiE
2.1 reH KA K IGT BB A E bR e BEAL SN
K 45% i BR AR (IGT 41) 1 10% 1E % kL4 (1E
W), RA 10 H, IGT 41457 45% i L g
BE XS B 25 T 109% $A R Lo S BERDRE ()R} H 7195
I AR AW R 25 A KRN m) AR AR 8, B ] RHC Dy
W 1) o 1IGT AR BUE 1 10 g & H 455 45% 4
i L AR TR, 6 B2 R R CE 1 5 g g HUDRL B
5T 10% o X BUmEDRE B HE I E] 4R 4
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K ASBRAR K B, v H £ 2w mscrs B 76 i Rk R ik
K THRRR R JOKIE B . 52 R AL E] kK
BT 12 h B s B PR BE , = 9 IR 4 I 7E 25 ~
27 C XTI R £ R 50% ~T0% . F§ZEHEFE 20
JA o AR S DB DR B 23 2006 AR AR RS 28 i
B >5.6 mmol- L™, [T /Il 4 45 B i} i 46 2 h 5 I
BEAKSEAE 7.8 ~11. 1 mmol - L™" | BV IGT 3 45 /8%, 21 .
EH A2 M <5.6 mmol- L™ K45 2 h i b <
7.8 mmol-L7",

®1 IGT XREREHMARAMESRE(gm)

E# & (kcal) 3f Lk %
Jig Wi HEH R ARG Y
i
gm keal gm kcal gm keal
125 g Rk 24 45 24 20 41 35
EH A R 4.3 10 19.2 20 67.3 70

2.2 AR AR RO B B UL PISK AR X A
B/ OEBAASBRE, 2Bk EW R
Ja R PV gk e 4l b Y 4, Motic3000 1 fif
B ARG T 400 15 T 8 H, % A Image-Pro Plus6. 0
o3 B P48 53 AT 7 G0 ok BH 1 28 35 2R 47 43, AR 9 Wi
JEEE (IA) fRFHE AN Fah 8 IA = BRI AL x F
P BE  RALREAL A AT 8 A A SR LA . Y
S SN M A W O B LR AR TS B
B AR A

2.3  Western blot 3 &l BB % )l PKB, GSK-
36,GLUT-4 BRI /KF  H2H 7 I 6 H B i 8
WL, FH R Bl 5 3R 4 4 W, vk T8 b 24 M 2 1, BCA 2 1
SE i, SDS-PAGE % i HL ¥k 43 85 26 11 (4% W 46 g
80 V,12% 43 B 120 V), H EHE &N 40 pg.
200 mA,90 min % % NC & |, BSA #f[4 30 min, —
L4 CWHF LR, WH YB3 K, 4K 5 min, TBST
ke —d, EWEMEE 1 200 min, P 3 K, B K
5 min i il Eel & 6, 31 88, 8 4 QuanityOne i {F
HEAT BGOSR 23 B, B R 55 5 N S 5t IOk
FEVEAT A 15 B A S M Rk i
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GLUT4 mRNA £iXk B 85 L4 214% Trizol Reagant
TR B U B B R SR RNA 50 55 34 04 — Bt
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B SRR UL Bk T, PR T N 95 C
10 min, (95 °C 15 5,60 C 60 s) x40 MFE*H., H 2
pL 19 RNA 1% B s bl 55 e R 47 LUK . Roche
LC-480 11 BUZE S E 7k PCRAY, R ) 2722 VE AT 4k
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CLUT4 HEH R GIEFHILEIBEMP <

0.01), WK 2 k%3,
GAPDH 37 KDa
PKB e e 60 KDa
FEXMEA IGTA
GAPDH 37 KDa
GLUT-4 e 50 KDa
FEAXEA IGT4H
GAPDH 37 KDa
GSK-3 S 46 KDa
ZE x4 IGT 4
2 IGT B KRB+ PKB,
GSK-38,GLUT4 EA &%
*3 BHERINALH PKB,GSK-33,
GLUT4 EHMHENREE (v £5,n=6)
AR IR S fE
26 5
PKB/GAPDH  GSK-38/GAPDH GLUT-4/GAPDH
1EH 0.31 +0.02 0.84 £0.02 4.70 £0.20
IGT f527 0.24 +0.01% 1.00 0. 04% 1.73 £0. 10%
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RNA i 28 S BEBEEE JE F VK 5, S8 AN KT W 55 mf
DL 3 205 MR 5,18,28 S b 457k , KW RNA #
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24/ Fn R I % 3 67 5T B PI3K AR s A
Y5 B LS PKB 4b F X — il iy thon 3, B
6 20 R AT 200 B B O A A K T A R R
Yegia o R A EEAEM . PBK IS PKB J5,
W A B R 3 (GSK-3) i i B IR A
GSK-3 &4 — 9 % Py PKB/Akt i 4= BLE ),
PI3K,PKB Fl GSK-3 J& i 1§ &% & 18 9 0l Jit & B 1)
EORHRGE P — A EE " WL PIBK,
PKB it ¥ GLUT4 % {ii Fl GSK-3 {1y 25 W W& 4k , o 1M
R 4 250 8 ) B ORI L A

ASLEe, IGT KB 5 IE & X 41 K BRI 3%,
PI3K,PKB,GLUT-4 % [1 % ik ] B F# ik, GSK-3 &
FIN B I ME o, GLUT-4 3 [N %3k A8 fb, PIBK,
PKB [ IR Tk 22 3k FEAIK , i GSK-3 (1% iR 1k 7K °F
BEA, T 5] GSK-3 & [ Rk F % Ik,
GSK-3 ik Tt , il kI & B AIK, IR IRS-1
MR A/ R 5 A 1L 5 BRI A W i s
T {6 400 8 | GLUT-4 [ 25 1 3 3k BRI, fdF 1M b
Fhem, o e A S s L IRMY . WL, PI3K, PKB,
GSK il 7 i & A S ae m AR o g b R 5 &
BAEH AL AL A 2 5 2% AR A0 — > 20 3R s B
15, #R 4 S ECPLA IR 5 2 HEH SO R

Real Time-PCR % #& M 1GT K B4 # AL
GLUT-4 mRNA ik, 5 IE#H A A @k,
MrRFEER X5HEARBERAM -8 »
MrH R AT RS DL R A G 1 e, T B R A
PR 38 1K (18 2 S3% R T8 038 2 A (0 EF i) AR A57 577 7 Bisf 2 i)
B s LU, mRNA 7E4% 53, N % 55 I T, i 5%
IR AR BRI BRSO T BB A B E . BT
LT S5 7T 1 8 335 7K 7 9 AR 58 4 — 30 BRI R
G F) B TE] A5CAS [R] BT R 7E 2R Ik B 05 A B
mRNA B £ F& fit 7 o & 76 mRNA 3k 2] i {5 (1% i o
&R

25 LTI A S5 rp R UK AR 45 % 5 g ik
FES LA K R IGT, /] e 5 H3 8 WUfE e IR
A, T H ML T R 5 22/ 95 2 R Wk 3 % h PI3K,
PKB,GSK-38, GLUT4 % [ 32k 7A5 b4 5
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