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[(FE] BB S A0 B R ARHT AT HepG2 20 Y 1y B & K &2 44 (insulin receplor, InsR ) , 7 4 Wi 55 12 2 11 4
(glucose transporterd ,GLUT4) mRNA ik FIZE 14/ B (protein kinase B,PKB) , B 7l & AU fili-38( glycogen synthase kinase-33,
GSK-3B) i AR5 19 5 M, % 1o T T e 1 JRARPU W 4 F L . Jo ik IS KBS HepG2 A i {7 A5 19 & F AR HT, S8 30
53R 7S LA RS AL, 11 F 3K 34 ( Gynura divaricata hot water extracts, GDE) i AT #e i (1.0,0.5 g-L7") 41, (1 F 3 B 8
fiil (G. divaricata flavonoids, GDF) i K i & ¥k & (0.2,0. 1 g-L~ DL E TR AEYT (G divaricata alkalmd,CDA)%\{Eﬁ)ﬂi‘ﬁ
W HE(0.1,0.05 gL ™" ) 4, W HORUIK (1 x 10~ mol <L ™" ) 41, 4 % 4 4 Ak Bl 32 K I HepG2 40 i B 3% W b 335 9 o i 46 1 10 3
e ¢ G R i 5 A Wl S (Real-time PCR) 4 HepG2 4l S InsR, GLUT4 mRNA 33K, 45 [ 40 98 B3 5 ( Western blot) 45 ]
HepG2 40l PKB,GSK-38 M 1%k, & R: SHAMLA K, 1.0,0.5 g-L™" GDE 41 I 3 1 # 4 b & 8 B i 3 BR AR (P <
0.01),0.2 ¢-L"'GDF 4 M5 W i A b & | I R (P <0.05) ; GDE, GDF 4 InsR, GLUT4 () mRNA %35 B 8 (P <
0.05) ;GDE 2H PKB {2 (1 £ 5 B FH N (P <0.05) ,GSK-38 E"JﬁE%\%iﬁﬁ%l@ﬁ(P <0.05) ,GDF 4] PKB Ry 4 1 K ik v
FHM(P <0.01) ,GSK-38 (Y H 1 RIBM B FREAL(P <0.01) o if: 13 0] B3 B 5 R ACHT HepG2 2 Jifg XT 7 2 4% 11 4%
W, HAL AT R 5 B A R B R AR HepG2 40 it InsR, GLUT4 mRNA %% A PKB [ 2 14 %8 K A% GSK-38 (2R I Rkt 2%,
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Molecular Mechanism of Gynura divaricata on Insulin Resistance in HepG2 Cells
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[ Abstract | Objective: To observe the effect of Gynura divaricata on mRNA expressions of insulin
receptor (InsR) and glucose transporter 4 ( GLUT4), and protein expressions of protein kinase B ( PKB) and
glycogen synthase kinase-38 ( GSK-38) on insulin resistance in HepG2 cells, in order to discuss the molecular
mechanism of insulin resistance after intervention. Method; Insulin-induced HepG2 cells were used to produce
insulin resistance. The experiment included blank control group, model group, high-dose and low-dose G.
divaricata hot water extracts (GDE, 1.0, 0.5 g+L™') groups, high-dose and low-dose G. divaricata flavonoids
(GDF, 0.2, 0.1 g-L™") groups, high-dose and low-dose G. divaricata alkaloid ( GDA, 0.1, 0.05 g-L™")
groups. Glucose oxidase method was used to detect the content of glucose in supernatant of HepG2 cell culture
medium; mRNA expressions of insulin receptor (InsR) and glucose transporter 4 (GLUT4) in HepG2 cells were
detected by Real-time PCR; and Western blot was used to detect protein expressions of kinase B (PKB) and GSK-

[ AT 20170701(003)

(BB J70ARM Y EE TSI H (2014GXNSFBALIBLS9) ;) P4 H 25 25 54 it 5 T 5 50 46 % R G PE BT 5 IR A0 H (14-B-03)
[g— 11;%] F5TyER WL B, b 25 SE RS K 2 RF 5 TAE, Tel : 13977163405 , E-mail ; 593164965@ qq. com
EEMEE] R, ML B2, NS 538 5 25 25805 B 58 T4E , Tel : 07714953127 ,E-mail : 451947085@ qq. com

- 110 -



5 24 55 2 W FEXEAFFEHRE Vol. 24 ,No. 2
2018 41 A Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2018

38 in HepG2 cells. Result: Compared with model control group, the glucose content of supernatant was
significantly decreased in 1.0, 0.5 gL' GDE groups (P <0.01), and the glucose content was significantly
decreased in supernatant of 0. 2 g-L.~'GDF group (P <0.05) ; the mRNA expressions of INSR and GLUT4 in GDE
and GDF groups increased significantly (P < 0.05) ; the protein expression of PKB was significantly increased
(P <0.05), and the protein expression of GSK-38 was significantly reduced in GDE group (P <0.05), the
protein expression of PKB was significantly increased (P <0.01) and the protein expression of GSK-38 decreased
significantly in GDF group (P <0.01). Conclusion; Gynura divaricata may improve insulin resistance HepG2

cells” uptake of glucose. Its mechanism may be related to the up-regulation of InsR, GLUT4 mRNA expression and

PKB protein expression, and the reduction of GSK-38 protein expression in insulin resistant HepG2 cells.

[ Key words ]

i PR A ( diabetes mellitus, DM ) & —F DL i R
3 U B2 AN 15 2R SRR Y B A ZUR R B T R
— 2R M A M e, i L R LR o O 1 B
(typel diabetes mellitus, TIDM ) #1 2 #I ( type 2
diabetes mellitus, T2DM ) % K 2%, H rf T2DM 5 g
DR 5 1 90% Zi A7 e B F I BT (insulin
resistance , IR ) J2 45 I & 25 /E F 19 #8220 P 5 HE 5%
A 1 K 2R A SRR B8R M LG, LA X T
B0 9 By B A B A AN AR T OE R OKCOR
74% ff) T2DM B FFEAE IRY . UL, B IR 2R
J7 T2DM RIAH G R0 A 2T i

IEHEOLT B R 5 H 0 40 i B3R T i 32 1A
455 R s IR IE AR T 5, U AR A R R SR Ak T
SRR BRABON, AT AT BT S 2 AT SR R R AR .
Hoip % 2 3Z /K (insulin receptor, InsR ) 2 5 Jif &
AT WS B S50 S A i S BUR
B RE S SR, V& B RAIRBL ; H A
iz 45 H 4 (glucose transporterd , GLUT4 ) &= % 43 4 F
20 M N, H AR R B R T R 2 T SO %G W Y B RO
AT TR F1 3G B (protein kinase B, PKB/Akt) J&
fis Bt WL B¢ 3-8 B ( phosphatidyl inositol 3-kinase,
PI3K) {5 538 #% T Ui i s 2R AR 11, (5 5l
5 IR 95 2 W7 B R A % 38 (glycogen
synthase kinase-38, GSK-38) /& 22 & R/ 7} & R & H
VA, O MR R T B IR R R 2 Bl 2
RUBE PR TR J5 T B A — € LY, & O 1T 4 2k 1Y
BT HE

HF3, XA HE =L, R 2 FEA AR Y
A ik, FOBR T PSR, B P B T IR R LK
ST i | b i 2 T Ak, P T I R kAT
W A B SR IRE TR
0 R B TR, B AR PR s /0 BRI 4 T v AR B R
FRLIM Vs 88 E b W 5 b 8  ( superoxide dismutase,

diabetes mellitus (DM) ; Gynura divaricata; HepG2 cell; insulin; molecular mechanism

SOD) & R A UL A IR ST A S
3] 23 IR ORNIE 5 IR OC #0155 1
FPE (AR, AT IR IR AN TR E 4
AR VAR SCWF T o 12 S S U AL TR B
P TR A9 98 40 ik ( HepG2 ) 40 U452 , JF:
% T H T FEKIEY (Gynura divaricata hot water
extracts, GDE ), H ¥ 3 & &= i ( 6. daricata
flavonoids, GDF) , 4 F 3 B AE W W, ( 6. divaricata
alkaloid , GDA ) ¥ , R H] 5 I 221t 7 8 5 45 Ml S L
(Real-time PCR) 7 AR F1 8 13 % 9% EJ 535 3 ( Western
blot) 43 5 % 1 TR A9 HepG2 4f fifi f InsR, GLUT4
mRNA £iAHl PKB, GSK-38 4 1 K ik, #7511 13
PRAMEGE TR 1953 FHLH, R 5 SR 97 1 RS AT
BTV 2 SR A B AR
1 ##
L1 25% HAFRRTIuELE, &7 hEy
R 24 IR W) 20T 2 S BRI 2042 2 0, B R 2 4R
AR Y H T 2R Gynura divaricata {42 Hk . TR
ORI R (dE st st E WA R A A, S
20150811) .
1.2 4iffd  HepG2 i Jfd il v [ B2 2% B 2% B J iy =
TR AL
L3 3 S4B R (A g8 ER AR
]S S10D027 ) 5 MEMK i (MTT, SE [F Sigma 23y
A, 4tt5 298-93-1) s DMEM (VL 75 Bl 3 AR W 50K i
A PR AL S 161101) 5 i3 4= M35 (3&[H Corning
A LIS 35076111) s F R (BUM AR IR
EARA R T 20161227 ) 5 4 25 #5 I 52 (i
BB ) BN & (LR A ) 2 )L 45
A031) ; trizol ( Ambion 23 &, #it 5 15596026 ) ; RIPA
(5 ) 2H 220 ff DR 3t 2L, BCA 2 1 ¥k 3 0 s 1K)
& (BE5R K ) A1 Goat Anti-Rabbit 4 0% Bk & 4 (1gG)
( Bioswamp 72 @), it 5 43 H] & PABI80006,
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PAB180007 ,PAB160011) ; RT i ¥4 i # & ( H A
Takara 2], #it 2 639505) ; SYBR Green PCR it
& (KAPABiosystems 2\ A , it 5 KM4101 ) ; 8-l sh 55
F (B-actin, L5t th A2 @A AE W) A W)L i 161208) 5
Akt(PKB) Fi1 GSK3 beta #i{& ( Abcam /A &), #tt 5 %
5l & ab179463 ,ab32391) .,
1.4 fY£%  UV-1800 7Y %8 Hh-7] UL 435 % FEAX ( H
A By N W] ) s MDF-U7386S U # I% I (f 7748 ( H A
Sanyo /) ) ; BSA124S AU B F K ({1 [F Sartorius
ZNH)) s BXSIT-PHD-J11 A 5 f3 B8 ( H A< BLAK I 24
Al) s RM2015 B F AL (48 [ 3 R 22 A ) 5 Image-Pro
Plus %1 2 T fE FL% (0 40 i I 3 0 7 8 B &R 48 (36
Media Cybernetics 2\ &) ; ABI7500 %2 ) %€ f8 PCR {¥
(Applied Biosystems 2\ ] ) ; ELX800 %l i #5 % ( 3£ [H
Bio-Tek /A7) ; DYY-7C 3k %, DYCZ-40D B %
JEAL (b5t 78 —AX28 ) s STI6R A &5 2w #L% VR 25
L>HL AT Universal Hood T HY % I8 W12 & 48 (12 H
ThermoFisher /2 5] ) ; Tanon-5200 4= H sh k2% & 65
AL ( i RBEA ) .
2 HiE
2.1 Y& 54 GDE 4, e 738,
P12 A5 EKIRA 1 h J5 R 1S b #ad g,
253 m 10 E K AR 1.0 h, B IR G 2
YR UG R 48 1 = B . GDF il %, LA T3 T 8,
95% LW F SR 3 Uk, B Ok 46 ) B IR TR B
Tk, S i A UG, KA RO T B AR, O
TR b SR A, R B R DS 1 S ETER
GDA il &, WL F3R T8 ,95% LB R HE 3 W,
PEPOR R 4 5 15332 8 R B IR Tk v 5 R ps Ak 2
PL=5 M %e (CHCL,) A, CHCL, &AL [ i i 57 44
MY, 25 A B, GDE, GDF, GDA ##% F —
AL A (DMSO) ik 1%, 43 5l ] 0.44,0.22 pm
f 0k A% ok vk, R AR AR S 0 T AT I T
DMEM 5% 55 5L B8 28 AH W 7 B
2.2 MR FE A 10% BG40 15 (fetal bovine
serum, FBS) [ 5 DMEM 58 4 ¥ 32 31, 7 37 C
5% CO, fE R K; 37 46 b 15 37 HepG2 41 JfL, 135 40 g K<
T 5% FR OB S, PBS MBE 1 W, #EA0 0. 05% ik
it FN A4 FH 4 % 0.2% EDTA 49 35 16 W04 4k, 1 &
10% FBS {5 0% DMEM 5¢ 4> 85 55 Je 28k JOhy o 4
o BB A B E H,1 000 remin T B0y 5 min, F
LV N 5E A a5 RR N A M W FT AN E R R,
12 34% AR, S0 1 JBOG B0 AR 30T 7 40 i
2.3 MTT bE a3k 5 40 M 45 245 %2 270 [
<112 -

B ik F

SHECE R WIR 4 4% 1 x 10 A~/ mL B:Fp T 96 FLES
FEM, B AL 100 WL, 755 40 005 BE J5 A — g Wk
B BE R TR 04T T, B HAL AU [R) MR 25 )
4,25 HALINIE 3 15 97 W 100 L, A [R] e 32 245 W 4
S3AIMACTE 55 F2 W 90 WL A& 25 TAEW 10 nl,
B IR AE T 37 C 5% CO, fH i B 77 46 b 1 5% 24
h J& , BEFLITA MTT 20 pL, HAp i 32 W -MTT(5: 1),
U GO, Q2R 4 h, 3 B, RSl
A DMSO 150 wL,50 r+min '#E3% 10 min, JHHFHR YL
R KRy 490 nm I B9 WO EE A

2.4 IR HepG2 ZH MM 5 2% BUOX Sk K
W40 ML 4% 4 x 10° A/mL 3250 T 24 FLR 32 M0,
k2T 37 C 5% CO, fHIREEFRAM P IEFHR 24 h )5
JE JCER 2 O BE A0 D, 5 ]S FBS (9 DMEM 3 % 1
WA T X107 mol-L™" {1 ik % AT+, 25 (4
AP By R 5 RS T 37 € 5% CO, 2%
fF R H53% 36 h,

2.5 F 73RN IR HepG2 40 M A A4 ) 1+ 910 ¥
HepG2 4 Jfl 5% 25 55 3 W, 1 PBS Ve 2 Ik, AR5 4r
e zs LA AL, GDE i KR 5 20, GDF & (I
AR, GDA W RGR 2 A XU, fE 4 6 A
EAlo YA 24 h S IR WAE R, dR L DL T
SEE

2.6 SCIF9¢ )t F B PCR ( Real-time PCR) #:
HepG2 40l InsR, GLUT4 mRNA Ui £ 4% 41 40 i
(WA A 2 7 7 R 42 IBCRICR B A 10 245 4 3k 2 4 i
PEATREI, B IA]) L R A trizol 42 UL RNA, $42 300 e 53¢
R &R IR UEAT RT i, i ¢DNA 7E PCR
X BT 1, LA cDNA 1 pL AR, B-actin Ay P
Z, W5 % & % K InsR: I 5'-AACCC
ACCTATTTCTACG-3", | Jif 5'-CTTCCAATCACAA
CACTG-3', 4" 1 - Bt % 109 bp; GLUT4: [ §i7 5'-
CCCGCTACCTCTACATC-3', F i 5'-GCACTCC
AGAAACATCG-3', 9 54 F Bt & 90 bp;B-actin: | Jjf
5'-ACACTGTGCCCATCTACG-3', | i 5'-TGTCACG
CACGATTTCC-3', ¥ 45 i B¢/ 153 bp, H.y 3% ) Jf
RN 95 °C .3 mini95 C.5 5:56 C .10 5:72 C,
25 5339 ME ;65 °C,5 5395 °C,50 s, fH Universal
Hood TI-#&E ¢ A& 53 # 22 S8 #E 47 43 B, LA DU A i/
NS w ot o

2.7 EHAMPEENIE % (Western blot) /6 1l] HepG2 4
Ml PKB,GSK-38 &R 11335 WU AR 4% 20 40 e, 4t il
LR T B S A 1, ] BCA 1k R ) &l
FE SR W o il A 12% SDS-Z PN 4 Bt i BE I oy B
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JE, AL AR AR A 10 g, 28 LUK i a2 T
FEASCKS 3 B 0 B L B A TR 2T AR R OB b o K
5% WG W& A 0. 1% R 1L AL g 20 (%) (TBST) 75 %
JR EEH] 2 b, in A —$T (PKB #1 GSK-3B i 14 i F%
Fe A5 435024 1:10 000,1:5 000) f5 4 C R F 1%,
AOTBST ¥ B 3 Wk, & ¥ S ming il A = $iT
(1:10000) ,¥2 K& 2 h, H TBST ¥ 3 WKk, 4K
5 min K BEICE TR RS E L, A KO B A ECL &
SRR Y 0 A R S E RTIR s /8 | v T b a sk oAU IS
2.8 Hiitssr At SR SPSS 18.0 B i 17 4iit
SO R ERI DL v £ s FRoR, A A SR FH AR Ky
ZE5 R, I ZE ] 3 R O LSD i, P < 0.05 S 2
SREBAGIFE L,

3 #R

3.1 YN AETE RN w55 A4,
GDE,GDF, GDA Jif & i BF 4> M 7 0.062 5 ~ 1.0,
0.012 5 ~0.2,0.006 25 ~0. 1 gL~ "B, % 4 g A4 K
T BAHEIEN . WE 1,

F1 BFRI HepG2 AMFERNHM (5 £5,n=6)
Table 1 Effect of Gynura divaricata on survival rate of HepG2 cells

(x+s,n=6)

26 5 R /gL A4o0 wm

= H - 0.58 +0.03

GDE 1.0 0.57 0. 04
0.5 0.56 +0.02
0.25 0.54 £0.03
0.125 0.55 +0.03
0.062 5 0.56 +0.03

GDF 0.2 0.56 +0.03
0.1 0.55 +0.05
0.05 0.55 +0.06
0. 025 0.55 +0.04
0.012 5 0.54 £0.07

GDA 0.1 0.56 0. 01
0.05 0.55 +0.03
0. 025 0.54 +£0.02
0.012 5 0.55 +0.01
0. 006 25 0.57 £0.05

3.2 HF XN IR HepG2 4iffuti A pg 2y S
P12 b, B AR 2 1 3 R A W R L R (P <
0.05); HHEIAIZK#,1.0,0.5 g+ L™ ' GDE f1 — I
SUCZEL I 775 9 6 75 M 2 Rt W i & B IR (P < 0.01)
0.2 g+L~"GDF 41 I I 0 H 4 bl o it W AR (P <
0.05), W#E2,

F2 BAFXEXIR HepG2 HHEHEIENHM(x+5,n=6)
Table 2 Effect of Gynura divaricata on content glucose in insulin

resistance HepG2 cells(x +s,n=6)

4 51 R/ g L7 %%/ mmol - L !
2 - 13.45 0. 39
LAY - 15.00 +1.08"
GDE 1.0 13.21 £0.75%
0.5 13.82 +0.72%
GDF 0.2 13.35 +0.19%
0.1 13.87 0. 12"
GDA 0.1 13.93 £0.24"
0.05 14.86 +0. 39
=AU 1x10739 13.04 +0. 534

WS AE LR P <0.05,7 P <0.01; SR LED P <
0.05,Y P <0.01;> YA Jy mol-L™" (F 3,4 ),

3.3 AN IR HepG2 Zifl InsR, GLUT4 mRNA
FKiEW w525 A4 s, B InsR Fl GLUT4
) mRNA I ZREAR (P <0.05); 5884 bR,
GDE,GDF #H InsR #l GLUT4 ) mRNA & 3 4 Jj
(P<0.05), I XWAKZ InsR () mRNA B 5 2 19
(P<0.01),GLUT4 fy mRNA &2 f1(P <0.05) .
LK1, 3 3,

109 bp

InsR

GLUT4
90 bp

153 bp

p-actin
A B C D E F
A 254 B B C. GDE 41;D. GDF 4;E. GDA 41 ;F. — H UK
H(E2[)
E1 BF3¥x IR HepG2 £ InsR, GLUT4 mRNA 3% ik 8 ik
(x+s,n=6)
Fig.1 Effect of Gynura divaricata on mRNA expression of InsR,

GLUT4 in insulin resistance HepG2 cells(x +s,n=6)

%3 AFEX IR HepG2 4 InsR, GLUT4 mRNA Fi& 88
(x+s,n=6)

Table 3 Effect of Gynura divaricata on mRNA expression of InsR,
GLUT4 in insulin resistance HepG2 cells(x +s,n =6)

21 ) R L) InsR GLUT4
25 1 - 1.46 £0.05 1.60 £0. 07
LAY - 1.38 £0. 04" 1.52+0.01"
GDE 1.0 1.44 £0.01% 1.58 +0.05%
GDF 0.2 1.43 £0.02% 1.54 £0.01%
GDA 0.1 1.41 £0.01 1.52 £0.02
IR 1x1073 1.45 +0.04% 1.55 +0.03%
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3.4 P T3N IR HepG2 4 fifg PKB,GSK-3B # 1 3#
IKHYRE 52 HA R, BRI PKB 3R H Rk i)
B F AR (P <0.01) , GSK-38 # 1 3R 354 i & 3 fin
(P<0.01); 58AI4 4%, GDE 41 PKB & 4 £ ik
BEW M (P <0.05), GSK-38 H 1 £ ik ik % FE K
(P<0.05), GDF 1 — H XUIKZ PKB & [ F ik Wk
FHHM (P <0.01), GSK-38 4 11 £ ik ) i % FE Ik
(P<0.01), WK 2,% 4,

PKB S | S e s s W 550D,
GSK-33 - .- - - 47 kDa

s
A B C D E F

B2 B F3%3 IR HepG2 4 B2 PKB, GSK-38 & A % ik i ik
(xxs, n=6)
Fig.2 Effect of Gynura divaricata on protein expression of PKB,

GSK-38 in insulin resistance HepG2 cells(x +s,n =6)

&4 BFX3 IR HepG2 A/l PKB,GSK-38 EHRZEH &M
(x+s,n=6)
Table 4 Effect of Gynura divaricata on protein expression of PKB,

GSK-38 in insulin resistance HepG2 cells (x +5,n=6)

415 /g L™ PKB/B-actin GSK-3B/B-actin
25 [ - 0.70 +0. 02 0.35 0. 02
[ - 0.33 0. 04% 0.74 +0.02%
GDE 1.0 0.38 +0.03%% 0.63 +0. 08>
GDF 0.2 0.44 +0.02%% 0.47 0. 02*%
GDA 0.1 0.38 +0.04% 0. 64 +0.06%
T RUIR 1x107? 0.63 +£0.03%% 0.42 +0.03%%
4 itig

IR 7540 K ~F B 0 IR H T R 8 3R 2 AR ez
RS ol B, — 2 VIR B2 14 9 B 3R S T (1 41 i 34 21 HC A
REACIHE AR o AR B Jr BRA | 75 AR i
TXF IR [k A WL BEAT IR ABESE . R, #E57 IR
14) 4 B ASE AU AN AT DATE 40 7K P HR 3 TR JE W iy HL
) 0 2 A I I ) i B A B T LR T 2
IR 259 IFIE S L Ak J 20 2002 9 5 2= AR
L, 2 IR P2 AE R EEARAL, HepG2 4fi ifg 2 — Fib
R 55 T A0 R AR Ay AH AL 0 VR 6 R A B vk IR BR T
A0 B B 327 22 2R W s R Y O SE B % HepG2
ZHMLE T 1 x 10 "mol- L™ [l JP [ 2 oh 36 h #57 IR
R I 45 7 GDE, GDF, GDA -+ i, % J Real-time
PCR 7 K fil Western blot ¥ 43 5| £ ] TR HepG2 41

C114 -

Jith InsR, GLUT4 mRNA il PKB, GSK-38 % [1 &
ik, ARSI PR, BRI H - EWCE A RS
Fim A A LW WA 4 & &, GDE,GDF, —H
XU b T R 2 W 2 44 0 35 IR TS B 2 BV
SRRIECL e g

i & 2R 38 ik 5 A B R TE Y InsR 5 G, 3K B
TE H & & R 14 B ( protein tyrosine kinase, PTK) A% /E
LG IS B PTK 55 88 8 R &5 & &4 A sh Bk Ak,
BERR AL 1Y InsR 38 3ok 8 & 200 M D9 e 5 3R 32 AR IR )
(insulin receptor substrate, IRS) & 2E B fR {1k, B2k
J5 (¥ TRS 1 PI3K [ p85 15 7 3 45 & P44 1% 5 1%
oy AR BEAh T FR PTK 1R 4
% I8 Bk LB ( phosphatidylinositol, P1) JILEE¥R /Y D-
3R BERR AL, A Ak B RS B A0 R F, DT TG AL 3-
W5 70 L TE 4K 1 HE BB (1 9 -1 ( phosphoinositide-
dependent protein kinase-1,PDK1), PDK1 {4k Akt
I PE X Thr308 7 i & AR B R AL, 1l A= W 15 5 15 LAA%
BHT iE Yy GLUT4, GSK 4% £ Fh iR #) % 1K, 51 &
GLUT4 5 =AM, /v T M A e s Aili;
il GSK (3%, ol A JHF B D 1) 4 2 e R
By R Z W5 PI3K/ Akt {55 3 i e % S T i 8 2 A1
TIhe 58 ¥a] 51 & 0E N A B, ki 2 80 IR 1) &
AU RS A R R, 5 A UL H B, GDE,
GDF 4 InsR,GLUT4 mRNA 33k g 2 16 in, GDE 41
PKB 425 11335 W35 18 i, GSK-3B 192 11 ik 3%
W&{% , GDF 21 PKB [ 35 H k) 2 5 19, GSK-38
14 25 1 3R A Atk 3 BRI

Zi ik, al 4 Wy GDE, GDF H Ay Bl 35 40 i TR
AR, AR ML AT B 2 0m if 55 58 PKB/ Akt 3] H
FUFE InsR,IFE SR INE SRS EZ S W, A
TR GSK-3 A GLUTA, fi2 3 74 44 % 45 HC A I
B R A S AR B LA B I R A R
E6F T 1 3 AT BB A7 AE 19 H Al 23t TR A AL ) B
A R By R 58 A BT, A R BT TSR A
5 A R R B TRA A I BIL R AT E —
B IRART
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