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[# ZE) B® WHEERSFILEZRE TN (EGCG) X 2 HUBH bR W A B & 20850 19 52w 348 1 H L H .
ik KREBEHLA R X A (10 2 A Al (80 H), v AU 21 K BRI g M vei W o) ek R 95 485 5 I — ok 1k 1
35 mg/kg 55 IR1E T 2 (STZ) M 2 0% PR A5 80, K AR R 2 ) 50 R BRBE AL 43 A A8 B 21 (2848 7K ) . — FF U4
(300 mg/kg) . EGCG ik | ., w741 (25, 50, 100 mg/kg), BH4H 10 H; 3 H T30 6 J&Jm, 5 K B A0 25 1 1l A
(FBG) 5 I #% 52 5% 2 (INS) /K, 540 [ 5 28 SR v 38 % (1ST) T i 5 Z AR P15 B (HOMA-IR ) . i) I S 26 % 8 it
PCR( real time-PCR ) FI & F1 5t EJ 30 v (WB ) A8 0 B I A ot 1 s st =2 P9 Tl 192 22 03 73 ( PEPCIK) 1B % L 4 Wl e 12
& 4(GLUT4) mRNA I AR IRKF. SR Sx A i, #84 K R E B 5 A% . 25 18 10 5% . HOMA-IR B &
T (P<0.05); S A, EGCG #5741 K Bl % INS ., ISI. HOMA-IR #4W N (P <0.05) . 53 B4 Lt
A, BERIZH K BUIFAE PEPCK mRNA 58 ARk K F T B8 L GLUT4 mRNA 58 {2 B KRR (P<0.05); 5
RERI L [ 4, EGCG 725 71 41 K BUIFIIE PEPCK 1 mRNA FlI 25 172 3% 7K F- 9] 58 B A | %% L GLUT4 mRNA HI 113
KA BT R (P<0.05) . %518 EGCG 1] 1E — 5 T2 B b ol 3% 2 BUBH IR K BRUI0 JBE 09 RAIPE, HEMLAHI AT Ak 5 0 i
JI 5 2 e R o) PR U S 2 T A O i B LR R AR RO R s A O

(X8R ] REETFILAZRE TMREE (EGCG) ; WiIRIG; B 5 ZHHU; 55 9 1 55 =X 7 i 9% 72 ¥4 5 ( PEPCK) ; i 45
WG 2k 4(GLUTY)
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Effect and mechanism of epigallocatechin-3-gallate on insulin resistance in
type 2 diabetic rats

LIU Chang, LIANG Hui, LIU Shuang, et al (Department of Nutrition and Food Hygiene, College of Public Health,
Qingdao University, Qingdao, Shandong Province 266021, China)

[ Abstract] Objective To observe the effect and mechanism of epigallocatechin-3-gallate (EGCG) on insulin resistance in
type 2 diabetic rats. Methods Totally 90 Sprague-Dawley rats were randomly divided into a normal control group (10 rats)
and a model group (80 rats). The rat model of type 2 diabetes mellitus (T2DM) was established with high fat and sugar diet
combined with intraperitoneal injection of 35 mg/kg streptozotocin (STZ). Fifty T2DM model rats were randomly divided
into five groups (10 in each group): a positive control group (with distilled water), metformin group (300 mg/kg), low-,
moderate-, and high-EGCG group (25, 50, 100 mg/kg). By the end of 6-week intragastric treatment, the body weight, fasting
blood glucose (FBG) and serum insulin (INS) level were measured, and insulin sensitivity index (ISI) and homeostatic model
assessment of insulin resistance (HOMA-IR) were calculated. The mRNA and protein expression of phosphoenolpy-
ruvate carboxykinase (PEPCK) in liver tissue and glucose transporter 4 (GLUT4) in skeletal muscle were detected with real-
time fluorescence quantitative PCR (real time-PCR) and Western blot. Results Significantly decreased body weight but
increased FBG and HOMA-IR were detected in T2DM model rats compared to those in the normal control rats (P < 0.05 for
all). Significantly lower serum INS but higher ISI and HOMA-IR were observed in the rats of moderate-EGCG group than
those in the T2DM model rats (all P < 0.05). In comparison to the normal control rats, the T2DM model rats had significantly
increased PEPCK mRNA expression in liver tissues but decreased GLUT4 mRNA expression in skeletal muscles (both P <
0.05); while, the rats treated with high-EGCG had significantly lower PEPCK mRNA expression in liver tissues but higher
GLUT4 mRNA expression in skeletal muscles than the T2DM model rats (both P < 0.05). Conclusion EGCG can improve
insulin resistance to a certain extent in type 2 diabetic rats and the effect may be related to the enhancement of insulin
sensitivity, the inhibition of hepatic gluconeogenesis, and the increase of glucose transport in skeletal muscle.

[ Key words ] epigallocatechin-3-gallate; diabetes; insulin resistance; phosphoenolpyruvate carboxykinase; glucose
transporter-4
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AEHMKEMARAEGFNFELHERMHAEZ
] AR AR, e S 30T T2DM & R P 34
J7 T2DM M — 2k 259 AR A 45 R AT RERE AR, 2
Alfg e H AN | FLER T iR R B, Gk
Z AERIE P R, S8 02 4 R K SR I
WLy C & BT ST S . RIEE TFILERR
% B F W& [s ( epigallocatechin-3-gallate, EGCG ) /& &%
K EREENILER, AHILERTEN 50 % ~
70 %M, JE—Fh LR () 8 AU ES R AR R - 3 —
EEm 2L S 0, Wi R, & B A Bk B
P Al 2 T RES), EGCG fiE % [ I A . ol 38 i
5 ZR U S Ak Hp R 1 25 T I R K, B
— E BIIR YT BE R R T S (E LA F AL o R T
o R RIPUE T2DM Y 3= Zk FRARAE, 3 F 8t
B SR BRI 2R AR A B e O ) B ) R N
J P BTG, BIVIE 5 500 A R S 2R AR AR TR AR
Y2y f)— RSP - e BRI E T kA
JHF BB L, 5300 2 A HF AW S A= 348 n Fn i %
JIL v %8 % 4 5% 38 K 4( glucose transporter-4, GLUT4)
s M AW BE 1 T RN ARSIl 1 WS EGCG
XoF 2 FUHE PR K U 5 2R HICHTT %) 5 e B JHE o S 26 O
R Tk 8 2 0 T =X PN A IR 2 T ( phosphoenolpyruvate
carboxykinase, PEPCK) Il GLUT4 f) mRNA F1 % H
FKiLA AL, KT EGCG 238 2 BUBE IR iy AL, &
154 EGCG JT & F 1M bR £ 4 5936 97 S0 B
ST AR ALK

1 #REFIE

1.1 %%sh4 MY SPF 2% Sprague-Dawley K il
90 H, {AH (200 +20) g, 14 A L AR 4 & il 25 4 FR
N E], B A PRV AT IEYS : SCXK () 20140007, K
B 75 F 7 5 K2 A S T AE 24 BE SPF 94 sh ) S 56
=, AR (23 +2) C, B (55+10)%, 120/
12 h G IR IE R, B B ToK.

12 FZS05ME Tl KEIREEH(AIN-93G) |
KBS IR m iR (Ll AR B Pl 25 A PR | ) 5 4
JK A% 7 2 ( streptozotocin, STZ) (11 22 5é biA:= fL B}
BABRA A ) ; Frg iR 2e il (bt R ERHHA R
AHEDD) s ZH XK, EGCG( K% 3 &AW H R A B
ONTD) ; BEEBE B8 (ELISA ) i3 £ (R IUAR oK A 7 52
AIRAT) . CX4 4 H AP (LR S
J&E IR 505 W) ) 5 ELx808 fiff b A% ( PG ¢ B o i A6 0 1%
HA PR A ) ; DYY-60 B H 3k A% (b5 7S — X A%
J7 ) ; Realplex4 5% 5 5 8 PCR {X ( 3 [# Eppendorf
/N 7] ) ; Nano Photometer Peal P330 fif & #% g & H 47
B AL (4 =] Implen 23 7] ) 5 UVP BE IR R 58 (£ H
Thermo A H) ) o

13 R EIT R SR K FUE NI

1 JE S BEHL > J X B (10 H) Fnvs sl (80 H) .,
Xof B ZH R BB P Ll 4 B (2 1 BT o 20 9% DA I, R
Wi 4 %, HLE-4E 5 %, K57 8 %, /K5 10 %), A4
KB HTE AIN-93G falRk B filt - 8 B 19 15 i 5
Tkl MR 4 85, 2 AR R &, pE A2 K R
28 18 s — U S R 35 mg/kg STZ, % HEZH K K
T S 4 R0 B A AR 2 vl A5 1 B e R IOk B DU
AR, 2 18 i > 16.7 mmol/L, N ¥ % T2DM
T T o S R A B RN B T K RS B A 1Y
T2DM K AR BENL /3 5 5 20, 3 B A e A2 (75
WK ) . I BUIRZH (300 mg/kg) . EGCG A% . | &
41 (25,50, 100 mg/kg) , B4 10 H, ELHE H
6 Jul, RE A BPOKMHER, 6 AR, KA
K12 h, 45T 3 % I L Z G RR IR AR KRR, T
kB . IR E 30 min L L, 4 C &G,
3000 r/min & .0 10 min, B B E T4 (L bR
W5 B HUHIE . B 8IS T — 80 C vkAH A& H .
1.4 Fir5 7k

141 KEH BT ARG AR T 2 25
[i) R 5 R R B B L IR Y & B L R
JE R POREE H R AT IR AL, BRAMRE 1R, i
SRR BB E ARG O o

142 KRB B MEMBERNE S H30E
A3 BT AN 7 K R 25 1 i 2 W5 7K F (FBG) , FI i
156 47 % W Bt 3% ( enzyme-linked immunosorbent assay,
ELISA ) I %2 IfiL 3 1B &% Z (insulin, INS) 7KF, # 4 2
i 1 A4 AT 2SR 5 B OK P T AR B 2R R
8 %% (insulin sensitivity index, ISI) F1 i &% E K PT I8
1 ( homeostatic model assessment of insulin resistance,
HOMA-IR) ,

1.4.3 KFEUFAEH PEPCK FIE# WLH GLUT4 mRNA
FIRKEM RSB O E fE PCR(real-time fluores-
cence quantitative PCR, RT-PCR) ¥, fi#f F Primer 5.0
B AR i 5 R R S B A e 5, 8
B-actin fE A N2, $& UM IE R B #% UL B RNA IS,
FLHF RNA 33055 5% ) cDNA, PCR S2IG 44 464 Jy
S—H, 95 °C WA 10 min; 25 3, 95 °C 78 15,
60 °C B K IFFIEM 30's, 72 °C 1EAH 30 s, 2 40 PMEIF
51 F 5 N - B-actin, L iE519 5'-GGAGATTACT
GCCCTGGCTCCTA-3', F iif 5'-GACTCATCGT
ACTCCTGCTTGCTG-3', ¥ #4K J& 150 bp; PEPCK,
514 5'-CCCAGGAAGTGAGGAAGTTTGT-3/,
N 5-GGAGCCGTCGCAGATGTG-3', ¥ 1 K Ji#
77 bp; GLUT-4, #5141 5'-CCGGGACACTATAC
CCTATTCA-3, Fiif5-AGGACCAGTGTCCCAGT
CACTC-3, " ## K Jif 138 bp.,

1.4.4 K EUH I v PEPCK 14 #% L GLUT4 % 14
FIRREM R HE F R AE BNk (Western blot, WB),
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B B JHE 0 R0 B 8 LA 2, RIPA S v 4 BB 2R
M, 8 [ AR5 B w4 ik B 2 (bicinchoninic acid,
BCA) LM AW B, IUEE A &+ Zhe S iR o —
IR VN U5 Pk JHig 5 Jie F, 3k ( sodium dodecyl sulfate-polyac-
rylamide gel electrophoresis, SDS-PAGE) 43 & J5 , H,
% 2 Hm — 3 £ K (polyvinylidene fluoride, PVDF)
i I, 2 3~ 2] PVDF B8 60 min; it A TH0(1 :
1000) 5 4 C b & BERR, AT 4T (1 ¢ 10 000)
BEE MR 1 he VRS HLAL~7 % OGK (electrogenerated
chemiluminescence, ECL) .52, % K %1% & 40 i 4,
HH imagel #4430 #1 8 1 4545 K BEAH, 88 R BKF
HEMEASASEAKE ERERR,

1.5 %3t 44 R SPSS 20.0 {4 47 G2t 4y
BT, 85080 0 E S A B 25 550, R H S E +
FrifE 22 T X HEA TR A, 22 41 18] b Ase ok FH B R 2807 22
G130, 2H TE] 9 5 LY AR BN 3 25 s AR AN
T 2 IE S50 A 87 228558, SR H b A7 £ S id 3 Ar
Kl iR p e AT ST A, SR Kruskal-Wallis 45
¥ UEAT G5 HEE, DL P < 0.05 4 2 55 BA Giit o

2 &5 R

2.1 EGCG s K& B FATAHKRABMAERw (A1)
Xof HE2H KRR R BB PE IR B K H R TG BhaE R,
R BRI K EGCG IR 7 4 K B B2 .
PR RIS 3 | 35 3 BE AR L B R AR Bl R XU KRR
B BOCEERS 25 R AL | S B AR L S N A

iR EGCG W, @l s gl K B B i 22 1R A
TH I, 15 3l R s N B A TR AR ZH R XU 4

ZI)o SN R PR, HAR A R RUA L3 I e R R
(P<0.05).
—o— il o UL

EGCG {754
—5= EGCG =7l &4
600

EGCG 74l

400

A ()

200 -

0 1 2 4 5 6

3
I 1) (Ji)
1 EGCG X K B H5 m

22 EGCG *F K & 2 4% | B £ % | ISI &= HOMA-
IR % (& 1) ZERER, SEA L, B
M. ZH XK . EGCG IR . &t i 20 KRS 18
14 . HOMA-IR 7K - 34 B & Th /&7, 1ST/K - B B [
fIR(P<0.05); SEIAYL e, — HOBUIRAL KR 2 I
I K% . INS. HOMA-IR 7K - BH f. & [, 1SI 7K - B .
Fh# (P <0.05); SR L #, EGCG 7 4 K
BRI INS 7K B & R B (P < 0.05) ; EGCG i 771 &
ZH K BLIMIE INS . HOMA-IR 7K - i R, 1S1 7K °F-
BT (P <0.05) o

& 1 EGCG XK EZS i 1B . INS. ISI Fl HOMA-IR 340 (n=10,% +s)

ZH 3 (mg/kg) FBG(mmol/L) INS(mU/L) ISI HOMA- IR
Xf REZH 55+0.6 29.75 £ 4.1 —5.12+0.42 6.57+1.16
AR 2373+ 6912 33.04+2.93 —6.75+0.57 35.25+10.28 2
AU 15.35£4.26 29.07+3.76 b —~5.85+0.553 18.99 + 5.04 ab
EGCG 25 23.13+4.592 30.14 + 4.04 ~6.63+0.582 29.68+9.182
50 22.46+529a 29.39+4.12b ~6.54+0.692 28.54+8.892
100 20.35+4.162 28.93+3.58b —6.23+0.52% 25.67 +9.91 @

s SXFERALLER, a P < 0.05; SHAIL] HL#E, b P < 0.05,

2.3 EGCG *F X & JF It PEPCK #= F # ML GLUT4
mRNA R & #Hw (£ 2) HRER, 53 HEA
P, A AL 2 K BRI IE Hh PEPCK mRNA 3K 35 7K F
B T BB LT mRNA 255 /K 7B B AE (P <
0.05) ; S 4H 48, EGCG . 3 77 &2 41 K BT
fi ' PEPCK mRNA % ik 7K 3 # B & f% {1k, EGCG
7o 700 2 K B R UL mRNA 2635 K 7 B 8 7
(P<0.05),

%2 EGCG %K EUTE PEPCK FI'B 84l GLUT4
mRNA FiAFEM (n=10,x £s)

215 (mg/kg) PEPCK GLUT4
papiiEi:l 1.00 + 0.00 1.00 £ 0.00
LRI 3.27+0.343 0.52+0.182
T HXUIRER 2.98+0.292 1.26 +0.24 b
EGCG 25 3.09+033% 0.65+0.112
50 258 +0.36 0.78 +0.12
100 2.37+0.28 3 0.85+0.17°

T xR LA, a P < 0.05; SHRIL H#E, b P < 0.05,
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2.4 EGCG * X & A it PEPCK #= ‘& # ML GLUT4
FaxirPw (B2, 23) 45iRExn, 548
4 L #, BERIA] |  EGCG H  AIRF 41 . = HOBUIRA
R BUIFHIE o PEPCK 25 1 35 3 B B 7t &, i B WL
H GLUTYS & [ R IR 3B B FR AL (P < 0.05) 5 5 1#1H
4, EGCG oy # f2 4H K BRI AIE PEPCK & 1
FeIk 0 BREAK, B LP GLUT4 & A &35 B )
i (P<0.05),

1 2 3 4 5 6

PEPCK e - - -_ e 71 kDa

GLUT4 W S S g W @ 5/ (D

ATPue oy @D @D @D @D @ |1 D

T 1 %R ; 2 BEAZE 5 3 XU ; 4 ~ 6 EGCG IR, H . i 77
21,

fE

2 EGCG X KBTI PEPCK FlE 8% AL
GLUT4 5 H Rk F )

% 3 EGCG X KA PEPCK Fl-&#5)IL
GLUT4 R (n=10,% £5)

5 (mg/kg) PEPCK GLUT4
X HRH 1.00 + 0.00 1.00 £ 0.00
AL 2.93+0.70 @ 0.41+0.122
ZHOBUIRE 3.65+0.132 0.62+0.07 2
EGCG 25 2.95+0.622 0.62+0.200
50 2.11+0.124b 0.70 + 0.24 ab
100 1.78 £0.59 b 0.75+0.13 b

e SXFIRA LA, a P < 0.05; SARIZ] L4, b P < 0.05,
33 i

2 TR PR 1) K J G 55 TR B 440 i D) A e 1%
28 BR 8 ZR A ZH 20 CAn AT IE | JUL P A 107 200 B ) #)
o & RARPAT R, B R AP 48 1 IE 19 1L
I ZOKF T, SR ZUANBE ™ A2 TR W 1) Bl A KAl
SIS A A 400 o) PR A T 2 A A A0 I 0 A
L5 40 0 % BT 4 ot 2 480 28, LA L i e D
£ U TE A B B AN e AT L3 o 4 o
RO UL B R A MR AR B R AP, — B
o A R, BRR B A S T RE A 2 1
b, 1B ARG, OB, A 5EZ R
e gt Bl B, oo KL | R R

HEHORT T 2 BORE PRI 0 RTT B 2

HOMA-IR & i 179 S A 78 T 1A e 5
HEHL A B 45 bR, HOMA-IR % {8 75 2 WA A 1A i
By R F IO 1ST AT S WML X B ) 2R i
JECME, TSI R BRAIG 22 ML R 5 R UMb 25 . A
W52 R F /N STZ JE s 1 5 45 A i IR s B Ak &
W % A ok ST 2 BB PR R RS R U gk L i
N, 50T B LA, B DR v S Y 21 K B3R B 1A B
e 4%, 23 I I B . INS, HOMA-IR 7K - B & 7
15, T IST AR I g B A 5 RS 40 b 3¢, EGCG 41k
B2 I I K% . INS. HOMA-IR 7K V-394 K~ R # B R
R, ISLIEA BT . 4R, REAUZ K RLT 468 R R
5 B HUBE T BRI BB, 0 EGCG g%
L B B 2RO L R R . WEoT R,
EGCG REME ISR ML & R UM, Anderson
U0V T 2% K B B v Y EGCG il 75 Kk RURFT 52 119
JI I 200 B S5 3 Pk T (17.5 £2.3) %, Jang 451201
WH5E B, 45T/ B EGCG #b 58 7 ( 50 mg/kg) 10 JH
Jei o 7N BRI it 5 22 AR A T 2 i

PEPCK 2 Ml 5 A= DB g, JBR &5 2 7T LAl i) i s
BEAILEE — 3 — i/ 22 2R 8 H I ( phosphoinositide 3
kinase/protein kinase B, PI3K/Akt ) {5 5-## i PEPCK
10 356 DR 8 0, AT U 555 9 S 2 A D A A ot A2
AN S50 R, EGCG REAR UL 5 28 1 4 FH T i 4%
JHF- 9 4 i v PEPCK 35 A 3 3k, B I8 3l /0 JHF 4 265 B
A 22 24 GLUTA A 6 17 [ 55 25 00 38 i B s L
FIRR i 20 2 0% 7 2 W e i vl o S, 2 TR
e LB A HE 43151, 9T EGCG Wl LA it PI3K/
Akt {755 33 %184 5 1 % UL 40 o A A A0 SR, 2
ik GLUTA4 ¥ iz 40, A sh e wos, 3
KAk 75 mg/kg EGCG Al #F K BLE-# L H GLUT4
G, AR AR R, SR A, .
H EGCG 4 K BUIFIE b PEPCK mRNA F14E 1 34
AR BB, EGCG it 241 K B #5 L GLUT4
mRNA FIHE H R B AU B A . #2758, EGCG
A BE 1 1 19 5 PISK/AKt 3 #5615 5 15 5 58 6 55 T e
Wl S A T BB - RN R A 0 e A, AT el 1 1 3R
.

Zi LTk, EGCG REWS 7 — & B T [k 2 Al
Wl PR K BRI T 5 AP, H AL 7T B 5 EGCG 3
55 0 K BUBME | R I PEPCK A 2 305 100 i JHT U A
SeAEAE LA S B 8% WL GLUT4 19 3R 35 35 il
PR 2L 280K 2 ) B U G
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