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HE. R WK SOA s R 60 3w B L 5 AT RE A= B RS ; MR A PR BB —3 B (GSK-3B )&
Kk F, AR A 2R T AR BT IR0 RIMRYE. ik AR L1-42 X R HEDL MMM E NI iR
A, RSN K RE B aE (FPG), ¥EF AR - REBER B % (RT-PCR) # M AT Ik 5 8 8 I
GSK-3B MRNA # %k , & & ¥ i 3% (Western blot) ¥R 5 B3I GSK-3B #9kik, 5E DOk k
£ FPG 4(7.99+0.15)mmol/L, 58 F KA e 3t B4 145 8 391 5 (P <0.05), Q5340 X AT BE A= 5 5 I
GSK-3B mMRNA # ik K F 2 %] 4 (047 £0.03)42(0.26 +0.02), 5B F Ren Aozt BN A ZH FH(P<
0.05), @ % H X KA MEAe B M GSK-3 B A& K-F47] % (0.47+0.04)42(0.26 £0.03), 34 2# & TRF K
53R (P<0.05). 4it KA IASErE T 5| A s ¥ KT 69 7 3, L AUH] 7T e 55 A 4n 2 23 K BT RE A B 56
ML GSK-3B RixFAHA £,
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Eeffects of cognitive impairment in rats on glucose
metabolism and its relations with expression of
GSK-3p in liver and skeletal muscle*

Sen Du, Lin Ye, Lin Zhu, Yang-yang Li, Chun-bo Xia
(Department of Anatomy, Guilin Medical University, Guilin, Guangxi, 541004, China)

Abstract: Objective To investigate the effects of cognitive impairment in rats on glucose metabolism and its
relation with the expression of GSK-3 in liver and skeletal muscle, and to provide a new experimental evidence for
study of the neural mechanisms regulating glucose metabolism. Methods The AB1-42 was injected into the
hippocampus to build cognitive impairment model of rats, and fasting blood glucose of rats was tested by blood glu-
cose meter. Expression of GSK-3BmMRNA and GSK-3p in liver and skeletal muscle were detected by RT-PCR and
Western blot, respectively. Results In the experimental group, fasting blood glucose (FPG) was (7.99 + 0.15) mmol/L,
which was significantly higher than that in the sham group and the control group (P < 0.05). The expressions of
GSK-3B mRNA in liver and skeletal muscle of the experimental group were (0.47 + 0.03) and (0.26 + 0.02), which
were significantly higher than other two groups (P < 0.05). The expressions of GSK-3p in liver and skeletal muscle
of the experimental group were (0.47 + 0.04) and (0.26 + 0.03), which also higher than other groups significantly (P
< 0.05). Conclusions Cognitive impairment in rats causes the elevation of glucose levels, which mechanism may
related to the increase of expression of GSK-33 in liver and skeletal muscle.
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LIRS — R DL S M R 2 AR A TR AR
N4 BT /R 2% 16 2155 ( Alzheimer's disease, AD)” ., H
AR &5 S I RE N A2 B VIR OC , B AR R A
5 4 B DA 0 B A5 AT 3 (pre=MCI) 52 52 DA 20 B A
(mild cognitive impairment, MCI) FIi &4 3 A4,
H R A rl e iy % . AD 58 PR (dia-
betes mellitus, DM)JCR % Y], A Ly FH R Z H“3 B
BEPRIR "0 AT BT, 81%I1) AD SR LA B
RIS M A S -3 B (glycogen synthase
kinase-3 B ,GSK-3 B ) 7EMHCIIN I e A FHEL
B (0, gk — 2R AD XPBEC I BY 52 e K 5
SRR #% AL GSK-3 B Fib /KPRy R , A S 564U
ST R RO R AR TR | R A A 1 52 i) A
HEFFIEREE L GSK-3 B Fik iy &R, A
(A 28 05T L I 9 B AT 1 S S AR i

1 #MBEREZE

1.1 #ESEH

FH AR S 2 B S 95 2 1 oo (B A8 HIE 'S : SCXK
H: 2007-000)#2fiL R SD KB 30 H, MR Ay, 14
H2 200 ~ 250 g 7K GAME FH AR AR B 27 e Ff i 2
Bt Tl T R A P AR (A ) BHE A BR A
H),AB 1-42 W [ 3£ [ Sigma 23 7, MUBHR LRI [ 3%
Az () BEYF 2 A RS B, Trizon & RNA $REUR
g A At s i A 22 A MR A RS F] L Rever
tAId™ 45 —%&% cDNA Synthesis 17 &4 1 26 [ Ther
mo /A, H1ZEE Invitrogen AH|7E GSK-3 B . B -actin
FHFY) EBt IR A G 1%, GSK-38 1M 5[4
5'-CACCTGCCCTCTTCAACTTTAC-3",GSK-3 B 2
154 :5'-GGTCTGTCCACGGTCTCCA-3', =¥k
158 bp; B -actin 1F 7] 5|4 : 5'-GAGGGAAATCGTGC
GTGAC-3', B -actin [z[15|4):5'-CTGGAAGGTGGA
CAGTGAG-3', ¥}y 445 bp., BMEFRIC ILEH0/)N
ROIgG W A db A2 &AM E R AR AA,
B -actin pAb.GSK-3 B pAb 1§ [ 2% [# Bioworld
Technology /A Fl .
1.2 KREINFPEREE N E R L5 H

KRS R SR | R ARA R AL,
10 KR, S0 4 KBRS N 4 AB1-42
15w g, BT ARG S Py i 5 SE R BT PBS 28 Mk
X RRZAAVEAEfr b3, ELAERAEAL IR R 10%
KA G K BRI TIE I RREE (3 miikg), Sk
B, AR BRI BRI 7 A i A7 10 R B 11 1 M A

ML, WHSKTBUE YK 25 8 mm HIEY)
(W 3t (1 BN Re R g 3 s [ s =
(R X 5 3.8 mm, ZE55FF 2.2 mm) , A~ [5) 2H 51 5% 1 ik
VRS AR GG IR L EAT 2.9 mm T AAER IR, 48
G HRR, IFTESE S D AR IR R R UB R , 4k 2L
T (BE R e 3 k] ) . 12 FH Morris 7K 3K B SEEGAG:
DR BN BE . NI RE R AT T Frif : K BRUE
BLATATINA] |25 87 & OB AE S &5 S BRI ] B
Sy ek 3 TR bR AR 2 WX A e 2E A
it S W E AT RE R A
1.3 KER=ZHE M AEK R

YA R R 4R B2 1R 37 45 d, 1) I A SORS: ) ke
FRlas i Ifi 4 (fasting plasma glucose, FPG ), EL&RHEME
D7 KA HE 12 h, 75% A T i K BB AR, TH %
TG, 57 F/ VR A A0 MV ARt Y , 4% R i v
S5 BA A5 AGI K BRL FPGIK - o
14 XBRAESEHMALRFEARE

K 10%7K A G X K FRAE A 718 s RS (3 ml/
kg), B HR B R IR A Kz, 3T T B IR Ak Bz ik, 5 B
53 B E LA BB B L3 e A RARAS SR TR
BULARAFE T, 12 h RS NIRRT 2
-80 CUKFH R RIRAT -
1.5 RT-PCR E il EBFIES & 8 Al GSK-3p
MRNA B3R IEKFE

M\ =80 °C oKk AR B I (- B8 L) ZH 2T AR MR
HRRIFES 7543, A Trizon & RNA 2GR & H Hort
AL RNA, LMy JEEBE TR I S RNA Y 46 5 Al
e, A260/A280 HUAETE 1.8 ~ 2.0 JyifE, BA -80%C
UKAE N RIS (B2 VRORAE 25 FH L 1T RevertAid™ 25— %%
cDNA Synthesis 271 & 00 % 556 5 RNA f 2475 2 52
JEMY cDNA, SR 55332 H] GSK-3 B 5|4 Al B -actin
51T PCR 44 , ROV A51R - TAEHE 94°C 2 min,
P 94°C 30 5. iE k 65°C 30 s ZEAH 72°C 30 s 4k
32 MEER, L AEAH 72°C 2 min, 2%3 I W EEIE HL Tk
Kl PCR 434 74y , 4= H sh AR LR At R 452
R RO EE I LA .
1.6 HBHENTEE(Western blot)iEMEFES B
B&AL GSK-3 B HIFRIAKF

M\ =80 C KA R HFIE (- B L) ZH U7 A
HOBIF S 32 8, A B AT 15 i RIPA ZH 24 fitd 54 i
W) EP BSR4, Wi E 15 min, P B0 T
W R 135 , R ] BCA i s i 1) S A DN o 4 L
FIRTHR B, il & L AE SR I REAS  $ IR BR B AR
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AR, A5 - IR A SRR T X W A 1 5 ) B 5 A UL D SRR -3 B RIB KT IR

SDS-PAGE i jik—#% fii— 3t 1] —>TBST Vi~ &
GSK-3 B ( B -actin)—$Hi—TBST kB~ H —hi—
TBST WM — A0, BALHAE . e & 41 5
8,353
1.7 SitFEFE

K SPSS 17.0 Geit4R it A T4 ot L THE B
REFIEL £ AR (x + s) w4110 22 T % g A
K 2 )7 24381 (One-way ANOVA), )5 54341 5t
TH2F X, PO EL3 ) LSD-t 5%, Dunnett-t /555 , P <
0.05 A2 A GITHEE Lo

2 #R

2.1 (RBIENER

KERIAFE 45 d 5, SEE 4 KRBT 1 1 A715 9
R, HRIUCA AR | 2 ERRE B 2R 2% TR
HARFIET 1 H A7 9 s MR KRGt T, £7
610 H, SZER 2 S0 B R RRARIE T 25 5
2.2 Morris 7k %k 5 L8 3 & H KR INF T EERI 16
g R

X452 K lis KA B S sl oA i D e 4
R, S 2H R SR E 67 A AT I ] Sy (85.19 + 2.41)s,
W& T IRF RS54 (43.80 £ 10.32)s Al
(47.20 £ 11.24)s( P<0.01) ; 7E25 [A 4R S 5 v 5L 4
21K B O 5 BB RS- 6 G BRI ) A 43 Lt
35 k(1,78 £0.93) 7% . (18.43 +5.75)%, 5K F A
R R L, 2 A G2 X (P<0.01); 1M
TR 45 %) B B BT A R A L 25 S e 4 12
7 .(P,=0.434,P,=0.304, P,=0.061) ( VL}f3¢) . 45
P27 AR S 30 ) DA B R BRUAE R A R 4 1 AR
R
2.3 FHAKXRTEMIERNLE R

I FE AR SRS K B, FPG 7K 45 5L s, 5286
HAR R FPG H7(7.99 +0.15)mmol/L, i T A 2H Fi %F
W2 43 59124 (5.36 + 0.30) F1(5.42 + 0.24)mmol/L, 55

BT AL T RRZH b, SE02H KR FPG 7K1 I 3%
WE(P<0.01), MR T ARA XS LA FPG /KF L
MR KEIAMIIEERMZER (xxs)

4151 FENLALAT JEE B RIR BT &
i it a] /s st &) /% WELI IR
IR (n=10) 47.20£11.24 36.67+3.21  5.67+054
BFARHA(n=9) 43.80+10.32 34.34 +4.32 4.94 +£0.62
S (n=9) 85.190 +2.41Y?  18.43+5.75Y2 1.78 +0.93v?

D SR HRA HLEE, P<0.01;2) 5B FARA LA, P<0.01

3

Z5IGi#E L (P=0.895),
24 ¥ FEREF - BEHERKE (RT-PCR)M
EFESBEAL GSK-3B mMRNA BIRZKFELER
iz RT-PCR A K6 I 45 20 K BRI -5 i 5 WL
GSK-3B mRNA FKik/K-F45 R R, SEH T IE S
HH L GSK-3B MRNA Fik K 4510 (047 +
0.03)F1(0.26 +0.02), 5 X B4 F (i T AR 4 b3 4
2 T+ (P <0.001), TR 5 X% R b A 22
T4 it 5 L (P ,=0.066, P ,=0.258), H:th B -actin
P 1Y)y 445 bp, GSK-3 B 4 1 I B N
158 bp., LK 1~3,
2.5 Western blot ;&N ERFAE S &8 AL GSK-3 B
RiLKFLER
iz ] Western blot 754U JH-IE -5 385 AL GSK -
3B KIBAKVEER IR, S50 A K BUHIE 5 B #5 AL

1 2 3 4 5
500 bp
400 bg — -- B-actin 415 bp
300 bp 2
200 bp 3

150 bp GSK-3B3 158 bp

1:DNA marker;2: A Jill cDNA AR (125 1 X B8 5 3. S804l 54 I
FARU ;5. %) FRL
1 BFRE GSK-3P mRNA HI&RIE
1 2 3 4 5

500 bp

400 bp B-actin 415 bp

GSK-3B 158 bp

1:DNA marker;2: A Jill cDNA AR (125 1 X B8 5 32 S50 4l 54 I
FARU ;5. %) FRL
2 B8AL GSK-3B mRNA BIFRiE

1)

oo 2 Wi

03T AL
@ 04
B 03
e
2 02F

01 T

0 : .

LA BEARA xiEg
1)L 0 AR EAE , P<0.0152) e84 ST R41 LA, P<

0.01
3 BFRES5 880l GSK-3B mRNA HIRIEER
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GSK-3B ik /K F-41 5l 4 (0.47 £0.04) F1(0.26 +
0.03), SEFARUAFX R LB BTHE(P<
0.001), Ml F R4 5xF B4l b 22 S5 B G it 2+ =
X (P=0.466, P,=0.542), . B -actin 7> F &K
43kD.GSK-3B 43+Fik 46 kD, VLK 4~6,

1 2 3

152040 5 2 T AR ;3. XA
4 PRRE GSK-3B HIFRIEKTE

1 2 3
R S— GSK-3B 46 kD
T W W 3-actin 43 kD

1S4 5 2 BT AR ;3. XA
5 S8AL GSK-3B BIFRILKE

0.6

= JiFE
05 o AL

L o4

@ 0.3f

i

3R 0.2f

0.1p
0

SEREH

1B S X BRLL AR, P<0.01;2) 5086041 S TR AL, P<
0.01

BFARA XA

6 BFRESE8EA GSK-3B KIFRIXIFR

3 it

B A O i fh o e it , AD = 8 i A 2
PIEERE , P58 AR 3 2010 4F, TR E AD ¥ ik
F|569 J71, JTAERECK 2 M R IIE, AD SR
WA Z 22 A EOCHR . HAT, MR T2 i2E AD 1Y
KA R RECETE AN ITAAT {H AD J& A AT LA
LA MFE AT 55 W AN 2 . SCHULINGKAMP
SO 5 B, KRG Y — e 5 F Q0 R R R A
o R] B AU i 2, TR A 1 R B2 38 mT AR
MBERACE YA AR ES% . RIVERA EMA
Sk, AD JB AT I 21 2 v i 5 2 KT BRI o 2R K

=L 126 1) AD B FGE A L, AD BREAEAE
MKEARE T DR 5 ke, A BN 2 3,
PD FB 3 A1) RE B A AT 155 R JE 1T BE 5 I /K S
WA OCR , nTRES 2 R R s KA ¢,
HARMLE A 09T . A0 i K B 5 v
A B 1-42 RN AR LAY | SR FH IUARE A ORI K B
FPG /K-, 5 3R B, SL B4 KR FPG /K- 51 F
AL FXT BRAT LA i 2 T (P <0.05) , 4575 K BRUIA
T ReREe T fe 25 | B s

KM AR S 525 2] 0 ICH B 45
g, it HLH S B — S i 2l 20 5T )92 B 2 4T
R e 5 5T i 558 (PYN) Z [ LA B
PR FR N Fe i — iR — 5 TR R Bl (HPA
B OB0OE ST PYN, HPA Bl P28 N 20 Wik 12
(1) 2 AL 3 I o A 4G, T S R R A
JII T B R ST R R, fR TN, T T 2
R IR . XU SERIRRGY R R, Mg ] LA
AR ZE S 5 B S R o XM AE R I X
SD K By N i H A R R M KR+ =48
HALE IR AT S ARG kA T B E M4
b B S Y)W IR T ok 0 28 05 1 S+ 48 A i
RIS T A WL TG shrsem LT 2%, Rt
S nT B2l 1R 5 — T e — BT — R R 4l
T E s iz 8

GSK-3 B J&—Fh 225 | 752 R B , AN
WA OCHERE , JF HS 55 =55 mkny 8y,
GSK-3B A LIt #ifi] GS My # sk, MM FEAE
JECHIDBE B A%, S S0 K SE T i o AR5 38 1
iz Jf] RT-PCR ¥ 5 Western blot {263 BT 5
B GSK-3B8 MRNA 5 GSK-3B FikK Tk
M, SLHH K AR S E#% WL GSK-3 B Fik/K 5
T AL AR B2 LU #5193 25+ (P <0.05) , #2
FN TN BRI BRI 7K - 14 T ] R 5 U R
L GSK-3 B FIAAFFEA XK. WA ERYI,
AD B KM GSK-3 B 7K ek b T i o it
IhAE R K 2% 22 G 1 T B 2H AR 4 T R At 3
S SR, A S K T RB b T
T I P 28 5032 3 T BOLFIE 5 B 3 UL GSK-3 B 3R
IRFEET, HE G R B ACE Y _E T o AR AT B
PRI S AU ML 22 4%, GSK-3 B 1 Ry i s A C il
(1) A il , PR R K 0 T i T ki S 4 Sk Al
2 RGN — A EHEY TS5 A R4
AR
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