W38 % 4S5 W Y B= 2% B 2% 4k (http : //noth. cbpt. enki. net) Vol. 38,No. 5
2023 4F 5 H JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE May 2023 579

doi:10. 3969/j. issn. 1005-3697. 2023. 05. 001 & B3R

EGCG @17 CLUT4 B E 2 BER R AR ED
PSR

B A 8 mAT AR AT e AR, ELm!
AL 22 Bz, 1. R B2 SR R 2R B 52, IR IR B 2% & ;3. BRI 2E 22 4. IR G S 22 B8, U1 B9 72 637000)

[(HZE] B8 HWITREREFILAEREFIRER(EGCG) 8 i # % M 5532 7k 4 (GLUT4) 3 i 3% 2 AVE IR K B 5 i
B BACYT, ORI 2 TR R R BRI T BE . sk FeIRAL 3 05 R [RDKE 50 HK BB AL 43 20 1E % 41 (con 4H) | *ﬁﬁéﬁfﬂ(m
) H B (met ) EGCG i 2 (EL 24 ) \EGCG & 4 (EH 241 ) 4, B 240 45 10 K, BR con 44, HAx & 4 = i
F& 1A UG I8 s v 56 55 IR 4K TR R (STZ) il £ 2 TUBE RS SD K BRI . met 4145 7 — W XWUIKYA YT s EL 41 J2 EH 4145 3 EGCG
YEIT seon 41 K m AU UE MR AEFREE K 0.1 mL/kg, & ¥R YT 8 8. Morris K3k B SCR 5, bS8 K R, U D, JF 8 vl . Xt
Ll 4% 2H KBRS I8 B (FBG) (25 I 1B X 3R (FINS) (R 1% 3R HE BT 48 B (HOMA-TR ) Wi AL 1fil £0 25 (7K. R HE e 6838 0
FTUG T 45 4 538 3 G E A AL B S A8 1 T PM-GLUT4 33K ;38 4 Western blot il ¥ 5 2 21 54 GLUT4 (total GLUT4, T-GLUT4) Fil
FifE GLUT4(PM-GLUT4) [ KRB o, &R: 5 con A LE, m 1 KK FBG FINS HOMA-IR i fb il 2L 8 ¥ F & (P <
0.05). 5 m #HH#%, met 4 \EL 40 & EH 41 FBG .FINS HOMA-IR A4k Il 4T 55 (I F&{% (P <0.05) ., HE % {6 45 5 I 7%, met
20 EL 4 X EH 215 D U 5 R . e LS R EBR, 5 con HHLE ,m 4 GLUT4 £ EKE TR S m 4 A, met,
EL % EH 41 GLUT4 F& H £iA K I T}, Western blot Z5 R 775, 5 con L%, m 4 PM-GLUT4 B H KX KFE TR (P <
0.05) ;5 m 4 LL# ,met 41 \EL 40 & EH 21 PM-GLUT4 & 1 &k KF3 [ TH(P <0.05), #it: EGCG @t n GLUT4 ¥4,
Ffifk 2 RUBE DRI 5 & 0 K BRI IR 5 2R HRT , XU S 20 2 45 4 0 1 R Ak B O A A .
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EGCG improves hippocampal insulin resistance in rats with type 2 diabe-
tes by modulating translocation of GLUT4
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[ Abstract] Objective:To investigate whether epigallocatechin gallate can improve hippocampal insulin resistance in type 2 dia-
betic rats by influencing glucose transporter 4 ,thereby protecting cognitive function in type 2 rats. Methods:50 rats were divided into
normal group ( con group) ,diabetes group (m group) ,metformin group ( met group) ,low dose EGCG group (EL group) ,and high dose
EGCG group (EH group) according to different treatment methods,with 10 rats in each group. Except con group,the other groups were
intraperitoneally injected with streptozotocin ( STZ) after 1 month of high-fat feeding to prepare the type 2 diabetes SD rat model. The
met group was treated with metformin, EL and EH groups were treated with EGCG, both the con and m groups were given 0. 1 mL/kg of
physiological saline by gavage,and each group was treated for 8 weeks. After Morris water maze experiment, the rats were executed and
blood and hippocampal tissue were collected. The levels of fasting blood glucose (FBG) ,fasting serum insulin (FINS) ,insulin resist-
ance index (HOMA-IR) ,and glycated hemoglobin of rats were comppared in each group. HE staining method was used to observe the
hippocampal structure ,the serum levels of fasting blood glucose, fasting serum insulin and glycosylated hemoglobin were measured by
biochemical tests. The expression of PM-GLUT4 and T-GLUT4 were detected by Western blot, PM-GLUT4 was detected by immunohis-
tochemistry. Results; Compared with con group,the serum levels of FBG,FINS,HOMA-IR and glycosylated hemoglobin in the m group
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were increased (P <0.05). Compared with m group,the serum levels of FBG,FINS,HOMA-IR and glycosylated hemoglobin in met, EL

and EH groups were increased (P <0.05). The HE staining results showed a decrease in hippocampal tissue damage in the met,EL,

and EH groups. The immunohistochemical results showed that compared with the con group, the expression level of GLUT4 protein in

group m decreased , compared with group m,the expression levels of GLUT4 protein increased in met,EL,and EH groups. Western blot

results showed that compared with the con group,the expression level of PM-GLUT4 protein in group m decreased (P <0.05) , com-

pared with group m,the expression levels of PM-GLUT4 protein increased in met group,EL group,and EH groups( P <0.05). Conclu-

sion; EGCG improves hippocampal insulin resistance (IR) in rats with type 2 diabetes by increasing GLUT4 translocation, providing

protection for hippocampal tissue structure and function.
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(total glucose transporter 4, T-GLUT4 ) 7£ [ 5 2 1)
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membrane glucose transporter 4, PM-GLUT4 ) 7" fig fifi
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GLUT4 & 478 fb 5 J9 & R AP KB R,
2 RUBE R K BRTE 5 T 9 B R AR B w, s AL
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Fate o R, WIS PR IR R U T X GLUT4
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(epigallocatechin gallate, EGCG ) BE. & ¥ i 588 . $1 %8 .
A BT AR L I 45 o 2 T S e g UL
P GLUT4 o 34 i 3 4 0% 1) SR 7 R AR e i
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1 #MREFE

1.1 Sz

4 JE) U T U OME PR R SD KB 60 H, K
(200 £20) g, & F&IE 5 : SOXK (1] )2018-076 , % & T
SPF ¥y b, H i &,23 ~27 C,l@M B4, irf
BN ) S 0 45 A 14 308 S ] B 52 56 3 40 B AR R

1.2 #ZMm5iEH

1.2.1  #4  #5IK{E B £ (streptozotocin, STZ , So-
larbio 24 w]) s EGCG ( L IR A= MR A BR A H)
ERE AR D12492 ( Research Diets 22 5] ) o

1.2.2 F Z A %R Lillie-Mayer 75 AR R 4L
PRE P (G1100) 1 A b R E R A R A W
MBI AR (= VR AT IR ) s B A i 20 8 B kR &
(7 5 A W BE 5 BT ) 5 MR 3R 50 & (R et K
A IHF 38 FF ) ; GLUT4 ( Protentech A ) ) o

1.3 WFHE

1.3.1 z#pda5#A R YL HEE
PP SR 1R S e R A SR LA S 12 h 5
20 TR IS U S MR W (pH = 4.5 ) BRI Y 1%
STZ 25 mg/kg, 1EH 41 K BRI W 1 59 40 45 1R 2% v
2 2H Ak S8 W) i ) % 4 A SR 2 i K M 0 S A il v
(FBG) =5 i IfiL 5 B8 & 3% (FINS) , I3 55019 & 3%
JEFE B (HOMA-IR ) , L FBG=11.1 mmol/L £k 2
RUWE bR o A5 Wb o 385 A5 58 U TF A6 45 25, SD
j(ff{‘ﬁ’j‘] 5 ?E:IE'MI%L'QE(COH #4H) \ﬂ%ﬁﬁﬁ(m 4) .
ZHUICAH (met 4 ) \EGCG K5 & 41 (EL 41) |
EGCG Al 41 (EH 41) , 8244 10 2, met 4143
T Z H XK 200 mg/kg; EL 24125 F EGCG 50 mg/kg;
EH 4% F 100 mg/kg, con 21 K m 20 3 IR A BEL 7K
0.1 mL/kg, 22 R RUIHE 15 8 JH o 45 25 301 18] % W1 4
M ¥ FBG FINS 7K K #4254k

1.3.2 Morris K2t F %50 HALHT, AT K®E
B, LIS d(RSE4R2Y) | [ 2 Morris 7K A 5
FEAE,FAETHEKT 2 em, K (25 £1)C,
M — B B, e A AT ik, %k 5 d, B R B R
TR TR, B RAKERAR ., BRAKEK
BT G BR300 5 v s Sk Wt BE A K v e s SR
3 it 1] (R AR ) L >2 min S /R, 517
KB ES KRB T ming WK ZFr B, 28 MR R K
B AP A R A IIER RO A K A, IE
SR 2 min AR RRUES B 5 BT TE AL B A IRE
1.3.3 4B At Morris 7K 2K B S 45 R J5 ,3%
I8 LY 2 B RR I B, O SR L, IV, - 20 °C R
e BAREYLER S RRR, 705, RAET
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-80 CHYVKAE h Rr A I o 2 HoAx 5 H R U 20
ZURALT 4% 2 5 WV WOh R
1.3.4  dufE Bk & F AN & =i IR R A I
R SR , I 270 & 20 TR 8 10 IR B 3R Tl BB A 9% It
BFI 5 (ELISA) A6z
1.3.5 MEfhmerzx g Al P B R RO IR
M2 mL, fFERPUEE,1 500 G Z5.0r 30 min, HLL 40T,
PR UL A5 20 BRBEAT LU A I
1.3.6 #LZALLEWNE S pum 145 HH
YR - T R AR - AL e 53 (HE) 4o
1.3.7 %% % GLUTA Rk iyl AE4lH
# 5 pm BEIK, T 37 CRR, ZHORBN , B O
Pt i 7K, 7R I T 30% i S Ak S B AT LABR £ N
PR 2o S S 52 0, B JS P A 68 TR B % i T
IR T B SR 20 min, ¥ K 2 W IR S A —$t
(GLUT4,1:200) ,4 CHFE L, ERR 2% thEh VW (PBS)
THUE 3 YR MA L, il o 5 R MR -E Y R - )
W) B &2 5 W) (streptavidin-biotin complex, SABC)
PG ,33- A BRI R B (DAB) B, JF 98 KK
SEY B J5 R EE COBE A W R K 3% B S T rb e A
R, BT OEEIF R,
1.3.8  Western blot % 4 il # & 41 £ GLUT4 # %
Eo e N R R R o S w0 - R O RS
T PP IBOR & L 2 MR R 0B X A P R AT 4R
SR, s bk PR (BCA) ¥R I 2 AR VIR BB . 10% 1t fie
JEEHL Pk (SDS-PAGE) 73 5 8 H, ¥ = R i — 3 & 1
(PVDF) )5 ,5% Hiky &0 1 h, 20 5m A S iive 2
sREHTIR GLUT4 (1:500) ,4 C fRIRBEF S, &
Tween -20 [t Tris £h 2% pp ¥ ( TBST) BE#% 3 K
(5 min) , A BUR 3 %8016 P i (HRP) 190 19 1L R 478
HllHt (1: 10 000) #2 K L 0EH 1 h, TBST ¥E¥% 3 1K
(5 min) fbF Kk B 5%, 7F Fusion Fx5 Spectra 4%
PEATHR O, ] Tmage] B4 HEAT K 43 H7 o
L4 FFZESWN

JH SPSS 25. 0 B A AT R s 43 B o T BERLLL
(x £5)FR, Z A HECR B R 7 22 53 7 (one-
way ANOVA) , P <0.05 JZFA 57 E L,

2 #HR

2.1 EGCGC FMp&HKRMAME, FBG,FINS &
HOMA-IR b %

5 con H 3, m 4 .met 4 . EL 20 ) EH 20 K
L& & . FBG, FINS, &% HOMA-IR ¥ 7 & (P <
0.05) ; & con Ak, oA 4 2H R BLLA b 46 A5 20 8] L
B, EFBIGEIFEL(P>0.05), g1,

*F1 EGCCFMai&AKXRMKE.FBG,FINS #1 HOMA-IR

PE3 (v +5)
413 ki (g) FBG(mmol/L) FINS(mIU/L)  HOMA-IR
con#l(n=10) 301 +18  3.28+0.49 14.84+2.27  2.08 +0.62
m#4(n=10) 332x19* 13.84+2.51* 35.373.80° 21.76+0.33"

met 41 (n=10) 331 20" 14.12+2.21"
EL#(n=10) 336+18" 14.00+1.82"
EH#(n=10) 332£17" 13.25+1.83"

35.15+3.50" 22.71+0.41"
35.68 £3.83 " 22.31£0.51"
36.00 £3.27 " 20.89 £0.34 "

#* P <0.05,%5 con 4834k,

2.2 EGCC FREEZMAAXREE,FBG,FINS &
HOMA-IR bk %5

5 con AH K, m 24 K L FBG . FINS J2 HOMA-
IR F7F(P<0.05) k& R (P <0.05);5 m 4
HIEE ,met 2 \EL 20 X% EH #1 K il FBG FINS Fl HO-
MA-IR FR&(P <0.05) ,EL 41 &% EH gk & I I+
(P<0.05);5 EL A tb, EH 4l fk & T (P <
0.05),FINS FF& (P <0.05);met 21 . EL 4 )2 EH
AR FBG & HOMA-IR 45, 2 3 ¥ LG 25
X (P>0.05), WFE2,

*2 EGCGC FTHEKEAKMRME.FBG,FINS #1 HOMA-IR

EE# (x +5)
415 k& (g) FBG(mmol/L)  FINS (mIU/L) HOMA-IR
con#l(n=10) 38714 3.49 £0.40 14.93 £2.17 2.21£0.45
m 4 (n=10) 298+16"  17.25+3.69%  38.33%3.62%  28.91£0.37"
met A (n=10)  316+18 6.16£1.54"  20.76£2.90%%  5.67£0.25%
EL4(n=10) 338 £17* 7.00£1.83%  25.82+4.09*  8.13:0.18%
EH4(n=10)  373£19%4  6.32:1.76"  19.21£3.16"4 5.11+0.33"

#* P <0.05,5 con b4z ;#P <0.05,5 m 20b4; AP <0.05,
5 EL4arké,
2.3 EGCCEITREHAXRRBULIEALLE

5 con 21 B, m 4K BRUOBE AL I 20 & A T
(P<0.05) ;5 m 4 &, met 41 \EL 20 & EH 41 K
BB AL 1M 21485 1 X AR (P < 0.05) smet 21 EL 4 J¢
EH 2H 2H [ WAL 2028 A A, Z R B B g it 2
X(P>0.05), WK1,

0.20
0.15 1
0.10 =

0.05 -

BEAL I T4 11 (g/mL)

0.00 =
con 4l m 4l met 4l EL 41 EH 41

B 1 SAXRELMIERKTE
*P<0.05,%5 con A E #P<0.05,5 m I,
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2.4 EGCG X HEFRT® K R = i8] % 3] {2 1Z 2
5 con 4 Ho A, m 21 K RO 25 0k b 78 AR 30 ZE K |
BUWHB A (P <0.05) ;5 m 41 AL, met 41 K
EH 28 K B £ 306 ik 08 0K 300 46 L 58 B R B0
(P<0.05). W#3,

F3 FBEAKR Moris KR ELW T SMEIFREF QKB (v £5)

250 TR ARSI 18] (s) AW

con #] (n =10) 10.1+1.38 12.1+1.78
m 21 (n=10) 38.5+1.33" 6.33+£3.16"
met ZH (n =10) 18.3+1.51* 8.0+1.01"
EL# (n=10) 35.9+1.12 7.01 £2.03
EH 4 (n=10) 20.1=1.16* 9.14 +1.48*

#* P <0.05,5 con 4L 4 ;#P <0.05,5 m A b4k

2.5 EGCCXiBD CAl REEZM

con 4 K B HE 1A 20 JE P A 1 G L M A% KT
B, ML = 5 T 2O RV D A A A i R 4
JHLAZ S 4, TS 0 />, 4 4K B 02D s met 4 )¢ EH 2
KM m 4135, R 50 8, A R 0 400 i 45

5 BT, EH 2H A 48 Jf 50 i 50 met 43670, EL 40
R BV A 4 B 3OS 0 A A AR 0N A T 4
L 2,
2.6 EGCC X KRiED CAl X GLUT4 RiXHISM

5 m 4, con 4 KIS Z CAL X 4EA
MRS b A €6 W0k PM-GLUT4 J& /b, 5 m 41 L%,
met 41 \EL 2}z EH 215 5 41 21 CAT X HE 14 20 fifg i
AR Uk PM-GLUT4 #4911, 5 EL 41 e #s, EH 41
S 20 i L A € R PM-GLUT4 340, W1 3.
2.7 EGCGCXKRED GLUT4 BALRIEH TN

5 con A L #, m 4 K FE 5 PM-GLUT4 () &
M2k K EREAR(P <0.05) ;5 m 41 He 5%, met 41 %
EH 4 K fl PM-GLIUT4 & H £ kK SEH (P <
0.05) . 4% KRS T-GLUTA 2 (1% 15K T LA,
ERTGT#E (P >0.05) . 5 con 41 HL#E, m 41K
FU 5 PM-GLIUT4/ T-GLUT4 H{EIER (P <0.05) ; 5
m 20 AL, met 4 ) EH 40 K BLifE & PM-GLIUT4/ T-
GLUT4 [L#4 5 (P <0.05) . ULIE 4,

B2 BAXREDHLR HE £ EME(400x)
A. con #1;B. m 4L;C. met 42;D. EL 48;E. EH 48,

B3 SAKXKRED CAl X PM-GLUT4 &% (400x)
A. con 41;B. m 41;C. met 42;D. EL 41;E. EH 41,



RERL, 55 EGCG il id 35y GLUT4 B tieat 2 RO b K it 5 19 1 SR 41kt 583

confl m4A metdd ELZH EHH

W
o (D

TOLUTI s s S W -

GAPDH s Sl s anm. S

0.8 4

0.6 1

0.4 1

0.2 1

0.0~

5 GLUT4 5 8 GLUT4 Kb il

L3 i 3 5 5
o 6‘% e Q)\)%& Q}?\&)

B4 BAHAKXKRIED PM-GLUT4,T-CLUT4 EHRIEKE
#P<0.05,%5 con 215 #P < 0.05,5 m A4k

3 it

15 R % I 9% ( diabetic encephalopathy, DE) J&—
Fofr 5 4 bR R OC B0 oA R 28 R G2 R E , LU RIAT
R BE SRR R o 2 2 TR A T RE Y A
SRR MR Ih AR R ST RNACAZ 0 T X, X RE AT
I A R A B I i i A I D DX TR B R IR
POl i o % A AR EE L, DT B A AR
FEiE /N B STZ + ey B Al e 2 il 4 2 BUH PR s
KEUBEAL . Morris 7K 2 B 52 50 45 R 7R, AL 4 K
Bl 206 e P IR S S 5 B B /D i B HE G (5]
UL 22 0 P L B R A, PR B A B B sk 2D, R B 2
TR PR 32 K B D 2548 A RE 4

i %4 B F% 12 2 1 ( glucose transporters, GLUTSs)
W2 EAREKE. GLUTA 1F N ik & % HUR
BT AATE 5 AR LU E L O WUAR AR 7 2R
i TERE PRSI, 38 R % is f 2 T B, BT =
Hofky g mopE " . e PR M2 R G, GLUT4
WAFTE T b, [a) B i #4538 46 2 0 0L 2 Ak 2
L REDRAE T, 24 52 2 i A om0 T H YRR AR
5 B Sl BTG L AR i GLUTA MR 5 vh % i 22 i i
ERERRTY . AT EoR 2 RO R K B 5D
PM-GLUT4 Bl W sk /b , # 95 2H 24k~ &5 2R I 7 A 2R
3 TR 25 A1 M B b GLUT4A 4 (5 i 38 [ AIK, & W
GLUT4 By {3 32 5 J2: g 1h [ 5 3R HK T T BOA F0 A AR
005 9 X B[R 3 5 MeNay % BF 53 45 38 e A —
.

T R EE BT ELR F EGCG L J7 W5 k) fig
WO R R AT, 19 T WLIR A ML GLUT4 [a] 5T i 11
B, B EGCG Al i@t PISK/AMPK fi 3 7 #5 AL
GLUT4 [ iz i EGCG % 3t 7= 40038 4o 1 i -
B A R 4 T B PR T S S A
BERS A FgE h Moreis k2K 2 25 L

Z< F B 41k - http : //www. nsme. edu. cn
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Hb A ST 1 e 5 4 24k 2 e 5 R WB I R EL Al
EH 41K B D PM-GLUT4 ¥4 Jin, iF B EGCG # 52
AL LI i Y S 200 GLUTS B 407 , o3t s i &%
HEPUR I B 251 AT RE A 1 43 o IS B AR SE EL 41
T Ty 2 S5 K B AN B B, {H Morris 5255 Fll WB
SR EE R R, T EL 41 PM-GLUT4 & & AL, K
% 200128 1 F B, Ui B EGCG IR Y7 1 H A 7
TR R VR T RCR L TARR . (AR B
WA —E W R BRYE, ¢ T EGCG 1§ hnifg & GLUT4
ALY 73 FAIL AR A, R e it — e % .

25 I, EGCG 3 & 3§ hnifg & #f 248 ¢ GLUT4 &
D7, A 20 T RK R B 3 AR BT, Da D i S A5 A B A
PE 2 BORE PR K R 2 2012 Be I 2 IR AR
i
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