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FEE: B 09 MR E BRI M 42 A% (Parkinsons disease, PD) By B2 4E 69 2 4 5 AUH] Fo 3o 40 F T T4 & AR
WA IR AR AL, ik SEJR SPF Skt 12 F#beh SAM — P8 /R, 55 R, AR 40 Fa bk 2520 M4k TR 5
B WERTPANEE RERTSHATHEEE 11 AfSAM -R1 )R 11 RAEAH EF40,SAM - P8 N RE R E4H - F
R -4-%%-1,2,3,6-w&m (1 - Methyl —4 - phenyl —1,2,3,6 — tetrahydropyridine, MPTP) (30 mg/kg,1 &/d)7 d
3 PD AR BFAF T4 A, B DR — R SHEAR, M RSB AT h F 3847, R HE £ EME DR
B MR B AL R LM AL, KR B G S g5 PP i ik (Western blot, WB) | 595 204 3% | i 4B 4% X R B2 ( Polymerase chain re-
action, PCR) #&i /s RG240 2% ¥ B Fr BOKRARFH) 2 4244 15 & & 1 (Glucose transporter 1, GLUT 1) | % & #E4::i5 & & 3 (Glu-
cose transporter 3, GLUT 3) | #] %) ¥ 45 iZ %& & 4 ( Glucose transporter 4, GLUT 4) | #& J& & & #% B4 3B ( Glycogen synthase
kinase -33,GSK -3B) ®a&4%. &R AV % ERF, 5 Ewamb BEA A KiEsh LR Y (P <0.05), #H KR
(P <0.05); 5AEA A0, Mo F AR TR B A Z 4 BRI B (P <0.05) ; 33540 F P A Z40 /0 R ERAZIE I
(P<0.05), fefetrsghd b5 EFAIbi AR A feAF T 3 A (P <0.05) ; 548 84810, W54k F1% . & 7 & 4L 8% 1)
BAR(P <0.05) ; 54 37400 3 F TR F . B A A M BK(P<0.05), £ E5EHF, 5 EF@amb, A am
DRATARRRE AR AR R AR AE LA AT LN EF AR T FEL(P<0.01); 544
LHILE, W R TRA Z A RA BRI EFARTFEL(P<0.01) M54 F ¥ H 240 AL B MmER,
AJE AR AR A£G X AERTAR A LA E FARITFEL(P<0.01) WERTF SN EA D AATNEMER, L
Jo ZAER AR AW XN EF AR FEL(P<0.01), HE FlEE Ean 4R 5 EFamb R a g kg
R AR BRI A BN IR R S A r tm BB A K L 4l BB e R Y e G e B Y e LG A B R
M T, HGEMAMA, E KT S STAE IR R o AR S m e TE Ak, HE B E LR R w5 EF
AR BRI A LR SR B FRER S FR TS, SER ML AR THANTA BRI LR =K
W%, Westernblot 4] 5 % . 55 E ¥ AR AR A 20 R 2R GLUT1 &8 & ik B F A (P <0.01) ,GLUT3 4= GLUT4 %
G R EEAR(P <0.05) . SAER M, &k F 575 54 CLUTI & 9 £k 2 ¥ (P <0.01) ,GLUT4 & G ik 3 e
(P<0.05),GSK -3 & & A& KIK(P<0.05), 5EF ARk, B8 200 RSk 4k GLUTL = GLUT3 & & A% 2 £ %
& (P <0.01) ,GLUT4 & & & A BAK(P <0.05) ,GSK -3 & & Ak 7 & (P <0.05) . H5AA M4k ik T M T4
GLUTI %& & £k 35 (P <0.05) ,GLUT3 & & A& 2 %3 % (P <0.01),GLUT4 & & & ik 7 & (P <0.05) ,GSK -3p &
B A B BEIR(P<0.05), EEEATEPCRAEMER 5 EFaML, R M) H 2 GLUTL GLUT3 ,GLUT4 mRNA 4
AR FBEAK(P<0.01) ,GSK -3B £k & (P <0.05), HHEA ML, F4kF FHH) &4 GLUTL . GLUT3 GLUT4 i
¥ 5 (P<0.05),GSK =3B &L BAK(P <0.05) , 5 IE2a4RM, B2 20 /)y R 40K GLUT1 f= GLUT3 mRNA & i 8 %
BeA& (P <0.01) ,GLUT4 % iA 4K (P <0.05),GSK =38 K& FH(P<0.05), HHEAMAAM L, e ERFHAZTA
GLUTI \GLUT3 GLUT4 % i:3 & (P <0.05) ,GSK -3 R X BAK(P <0.05) . %k R . 5 EFamt, Eaa
R GLUT1 GLUTS 89 & £ 4% (P <0.05) ,GSK =3B £ A FH(P<0.05), SEA AL, HERTFHHNETH
GLUTl 2k R #F(P<0.01), 5 EFAAML, BA M/ RLOKRK CLUTI & ik B FBAK(P <0.01) ,GLUT4 & ik A&
(P<0.05), H#AmAntk, &tk 37540 GLUT1 .GLUT3 £k 2 ¥ % % (P<0.01),GLUT4 £k 4% (P<0.05),
GSK -3B RKBAK(P <0.05) . it OIFRTREBIR S PD B i) RiE 2h ik B BEINAR AL ) 38 5% w9 B P )
P R ATHIRE IR T A S . QME IR TF A TR PD - AE R R F ML AR 18 i 2 AR, R EAUR AL BRI,
QT F #4542 5 PD Bty B R 2 GLUTL .GLUT4 % & o9 &4, A& 2 GSK -3B & @ ek ik, R ZH a4
JKAK GLUT1 . GLUT3 GLUT4 #5 % ik , AR B 80Kk GSK - 3B & 8d R ik, T+ . S/ T EHEF T E R F KA
T, DhasFm oM B4 4 GLUTI GLUT3 \GLUT4 \GSK - 3B & & BN F % , {54 F T L@ i 8 b2 A
RZ R BOkAR T GLUT1 GLUT3 (GLUT4 \GSK -3 % & #) f A , 74 /7 th 4 fxsm B IR E .
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Research on Biological Mechanism of PD of Kidney Essence Deficiency Syndrome Based on
Glucose Metabolism and Intervention Effect of Dihuang Yinzi(#h#k ¥ )

ZHAO Yafei ,HAN Cheng,ZHAO Yuting, LI Shaochuang, QING Qianyu,ZHAO Qiong
(Shanxi University of Chinese Medicine, Taiyuan 030619 ,Shanxi, China)

Abstract; Objective To explore the biological mechanism of Parkinsons disease( PD) of kidney essence deficiency syndrome
from the perspective of glucose metabolism and the mechanism of intervention of Dihuang Yinzi( #E5XF )in PD of kidney es-
sence deficiency syndrome. Methods Fifty — five SPF grade male 12 — week — old SAM — P8 mice were divided into model group,
positive drug group, Dihuang Yinzi low,middle and high dose groups,with 11 mice in each group,and 11 SAM — R1 mice were as
the normal group. The PD model was established by intraperitoneal injection of 1 — methyl —4 — phenyl —1,2,3,6 — tetrahydro-
pyridine (MPTP) (30 mg/kg,once a day) into SAM — P8 mice for 7 days,and the intervention lasted for 4 weeks. The general sta-
tus indicators of mice was observed, and the fasting blood glucose levels and behavioral indicators in mice were measured. HE
staining was used to observe the structural changes of mouse kidney and testis. Western blot ( WB) , immunohistochemistry and
polymerase chain reaction( PCR) were used to detect the protein contents of glucose transporter 1 (GLUT1) , glucose transporter 3
(GLUT3), glucose transporter 4( GLUT4 ) ,and glycogen synthase kinase 33( GSK -3 ) in the substantia nigra and striatum of
mouse brain tissue. Results In the open field experiment,compared with the normal group,the model group showed a decrease in
total exercise distance (P <0.05)and an increase in latency( P <0.05). Compared with that of the model group,the latency of
mice in the Dihuang Yinzi low and high dose groups decreased( P <0.05). The total distance of mice in the Dihuang Yinzi mid-
dle dose group increased( P <0.05). In the pole climbing experiment,compared with the normal group,the model group showed
an increase in pole climbing time( P <0.05). Compared with the model group,the Dihuang Yinzi low and high groups showed a
decrease in time( P <0.05). Compared with those before administration, the Dihuang Yinzi low, middle and high dose groups
showed a decrease in time( P <0.05). In the gait experiment,compared with the normal group,the model group showed signifi-
cant differences in right anterior contact area,left anterior propulsion time, right posterior propulsion index, left posterior support
phase and right anterior support phase( P <0.01). Compared with that in the model group,there was a significant difference in
the right posterior propulsion index( P <0. 01)in the Dihuang Yinzi low dose group. There were significant differences in the con-
tact area of the right forelimb, right posterior propulsion index,left posterior support phase,and right anterior support phase in the
Dihuang Yinzi middle dose group(P <0.01). There were significant differences in the contact area of the right forelimb, left pos-
terior support phase and right anterior support phase in the Dihuang Yinzi high dose group(P <0.01). HE renal staining test re-
sults showed compared with the blank group,the model group showed pathological changes such as glomerular epithelial cell pro-
liferation , increased lipid droplets,renal tubular dilation,increased cell debris, increased red blood cells, increased lymphocytes,
increased fibroblasts and increased fibroblasts. Compared with the model group,the Dihuang Yinzi high dose group showed a de-
crease in lipid droplets,red blood cells and fibroblasts. The HE testicular staining results showed that compared with the blank
group , the model group showed pathological changes such as vacuolization of the spermatogenic epithelium and decreased sperm
count. Compared with the model group,the Dihuang Yinzi high dose group showed reduced vacuolization of the spermatogenic ep-
ithelium. WB detection results showed compared with the normal group,the model group showed a significant decrease in GLUT1
protein expression in the substantia nigra( P <0.01) ,and a decrease in protein expressions of GLUT3 and GLUT4(P <0.05).
Compared with the model group,the Dihuang Yinzi high dose group showed a significant increase in protein expressions of GLUT1
and GLUT4 protein expression( P <0.01,P <0.05)and GSK -3 protein expression decreased( P <0.05). Compared with the
normal group,the protein expressions of GLUTI and GLUT3 in the striatum of the model group decreased significantly ( P <
0.01) ,and the expression of GLUT4 protein decreased( P <0.05). The protein expression of GSK -3 increased( P <0.05).
Compared with the model group,the Dihuang Yinzi high dose group showed an increase in protein expression of GLUT1 , GLUT3
and GLUT4(P <0.05,P <0.01) ,and GSK — 33 protein expression decreased( P <0.05). Real time fluorescence quantitative
PCR detection results showed compared with the normal group,the mRNA expressions of GLUT1,GLUT3 and GLUT4 in the sub-
stantia nigra of the model group mice were significantly reduced (P <0.01) ,and GSK - 3@ expression increased (P <0.05).
Compared with the model group,the Dihuang Yinzi high dose group showed increased expressions of GLUT1,GLUT3 and GLUT4
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(P <0.05) ,and GSK -3 expression decreased (P <0.05). Compared with the normal group,the mRNA expressions of GLUT1
and GLUT3 in the striatum of the model group were significantly lower (P <0.01) ,the expression of GLUT4 was lower ( P <
0. 05) and the expression of GSK -3 increased( P <0.05). Compared with the model group,the Dihuang Yinzi high dose group
showed increased expressions of GLUT1,GLUT3 and GLUT4 (P <0. 05) ,and GSK -3 expression decreased( P <0. 05) . Immu-
nohistochemical test results showed compared with the normal group,the expressions of GLUT1 and GLUT4 in the substantia nigra
of the model group decreased( P <0.05) ,and GSK -3 expression increased (P <0.05). Compared with the model group, the
Dihuang Yinzi high dose group significantly increased the expression of GLUTI (P <0.01). Compared with the normal group, the
expressions of GLUT1 and GLUT4 in the striatum of the model group decreased significantly( P <0.01,P <0. 05) ,respectively.
Compared with the model group,the Dihuang Yinzi high dose group significantly increased the expressions of GLUT1,GLUT3 and
GLUT4(P <0.01,P <0.05) ,and the expression of GSK —3 decreased( P <0.05). Conclusion 1. Dihuang Yinzi can improve
the motor speed, grip ability,limb coordination and exploration ability of PD mice with kidney essence deficiency syndrome. 2.
Dihuang Yinzi can reduce fasting blood glucose in mice with PD kidney essence deficiency syndrome ,improve energy metabolism
by correcting glucose metabolism. 3. Dihuang Yinzi can increase the protein expressions of GLUT1 and GLUT4 in the substantia
nigra of PD mice with kidney essence deficiency syndrome,and reduce the protein expression of GSK —38 in the substantia nigra
of the brain, increase the expressions of GLUT1,GLUT3 and GLUT4 in the brain striatum, and reduce the expression of GSK -33
in the brain striatum. The protein expression in the Dihuang Yinzi middle and high dose groups was higher than that in the Di-
huang Yinzi low dose group. 4. Dihuang Yinzi has abnormal intake of GLUT1,GLUT3,GLUT4 and GSK -3 proteins. Dihuang
Yinzi can treat PD of kidney essence deficiency syndrome by regulating the expressions of GLUT1 ,GLUT3,GLUT4 and GSK -33
proteins in the substantia nigra and striatum of PD mice.

Keywords ; Parkinsons disease ; kidney essence deficiency syndrome ;sugar metabolism; Dihuang Yinzi ( #1 251K T ) ; glucose
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L2 #H 5N
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YIRHE O A BN 1), Y92 — TIN) | 562 b s ( AR L 30745 B
W], BX53) 1 - FIgE -4 - 3 -1,2,3,6 - PUALNE (1 -
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G A W) B R R W), SLBM9246V ), B — actin $i {K
(ab8226,%i[E Abcam /A F]) ,anti — bl 5 A LG 3B ( Glycogen
synthase kinase —3B,GSK - 3B) antibody ( #£ %4 4] , EET1607 —
71) ,anti — Glucose Tran sporter % %4 4 4% iz 5 14 4 ( Glucose
transporter 4, GLUT 4) , Mouse Monoclonal Antibody (&4 44,
M1505 -6) , iz k5412 85 14 3 (Glucose transporter 3, GLUT 3)
Rabbit mAb (g8 TRA RA W, A4137) , anti - 4
Z iS85 19 1(Glucose transporter 1,GLUT 1) Antibody ( 37X
A ) TR R, PBY435)
2 XWHE
2.1 Ehgpd

SPF it SAM - P8 /R 55 H & B MM SR 1 /G, 1%
A8 rand BREBENL /3 AAERIZE B AR AR R B 2 s IR
i R R A PR A, e 11 2, SPF g
£ SAM - R1 /N 11 RAENIE R A /DN EREESZIIA R 3 i ik
BRI,
2.2 AW KD R
2.2.1 WEAFARMAMNEG BIE 12 g, LK 9 ¢, 1N
B9 g A9 o, AEE 9 o, JEME 76 g, IR T-6 ¢, HH:6 ¢, H
K% 6 g, 21146 g, f1E7H 6 g, 6 g, WifT 3 g, Mg AL
[ 25 A R BT AT W) 2277 o RLAE T 45 250 500
mlL 4l IR 2 h(HER S, 2600 e 5 S0k
30 min, U8 ZIRG FRINSFEIE AR F TR, K PR
A 2R & G AR oI ACHERT ) | 5 R 25 W) W 457 Ji 46. 5 mL,
4 CUKFARAT, IR TIAT RRIF A 85 . 4525 1 R/d, #F
SR 1A
2.2.2 #HBMEAARRERMNE RERFRIESNIRHADTEET
JE B A, IABE K, 1 iR B, W 0. 4 mg/(ml - d),
Freesnzi 1 A H
2.2.3 %HHx X BEATEMGLREAINEILE 1,
2.3 HAH &

K FH SAM - P8 /B, MPTP Jif i V4 57 PD 'BRs R TIEAR
B ST AW 30 mg/kg, 1 /d, MPTP R K 1Y 4tk
VAR, B BEF , MR B T L s S
2.4 RIMAEIRE T &
2.4.1 FEmAEE FHAEMET.14 21 .28 35 .42 49 56
K, 12 h AR EAAEK R KB, 05 23 0 g
2.4.2 ATAFNE () LESWEE BT
M s iz shRE D AEMAYE . TRRITIEHET 3 d, &4/ R
BRIEAT 1 YNGR, [H] DigiGait si¥y20 540 70 b R 48, 15
SR K N BUE TR A S AR HLIC SR 22 10
s 2L ASAT R o SRl o8 U RAIUE 1 THER B3 A R4 407, 1F
W) v IR aE ST . B H/NRE AT 3 K, K e b = D
10 min, P EHEAT 047

(2) AT 52 56« AT S 36 FH 46 DA 750 /)N B 32 3l 2
B, FHl—H5 50 em, BI42 2.5 em, T A EA% 25 em /NER
FIANEEANAT , T A A5 /N R T 2 R B 1A T o A DU

110

KN SRS B b T AT TOURR AL B, A O 3T %/ U B it
[, L/ BOSURT IR e IG5 e 58 4 Ko SEBami ik otk
FIMEATFINZR 1 UK, SEEa T ESE I E 3 U, BOP-3(E.

F 1 KARAE LAk

Eibl] Ik MPTP BMESH T KA
ER4 0.03 ¢/(kg -
d) R
1.55 o/ (kg -
d),EH
gl 1.55 ¢/(kg + 0. 03g/(kg -
d),i#H d) BT
P2 0.03 /(kg+ 0.1 g/(kg -
d) TS d)
BRI AL 0.03 ¢/ (kg - 0.76 ¢/ (kg + d),
d) RIS HEH
SRl el 0.03 ¢/ (kg - 1.55 ¢/(kg + d),
d) Jm s HEH
i earil el 0.03 ¢/ (kg 3.10 ¢/(kg - d),
d) B R

(3) W75 5 W 452 56 i i SuperMaze 3l#)47 2% ML
BT /N A SRR ShEE ST o SEBRI, FEA X 4 Y
FEET BN U A DA (40 em x40 em x40 em) e, P i
B AR KA, TGN 3 min 5 IR RAATIY, THEEAL A Sl
/NELS min NPEIINEAR B9 B A S O, IR SRIBUIN 8932 3l
I, A A 2 B P PP A R B B MR T S, 4
FRAIR T, R 3 IRBCT 3 1H
2.4.3  GgAnAm (1) FERCREE AT AL NG, 41k
PR 3 L, S e R I i 2800 A PR 1 o it 2R PR /K (50 mLL)
4% Z2 JEHE (30 mL) , Wk RO, IO JIE 52 40, A & A
4% Z RPMER B OB & o AT /N UGS R 18k
i ,Z I ALLEN BRAIN ATLAS 7F £k 8 1% 1 Karunakaran 2 ff
TG B PRS2, B VS R TEM A IR AFAE - 80 C
T T E B R ELLE L (Western blot, WB) FI52 I 2¢O & B
R A 55 X U (Polymerase chain reaction, PCR) #:3 {# FH .

(2) WB £ 9l PD 5 A HE IE /)y B BT, SO iR GLUTL
GLUT3 \GLUT4 \GSK - 3@ & [ % &t : 43 542 PD /N ERIB T .4
RERER PO RE AT BCA MR FE &, RIARE F 4 I
A 1/4 {K&F1#) 5 x loadingbuffer, 100 °C i 7K & 10 min {5 (75
Mo MU AR 1R B T E O A& RE B R, 28 RH VK SDS -
PAGE BEJEHLUK 3 B 2 1S, B 15, 3% BSA B P 8 11 45, 2
JEAARARE 89— Bt be —HUHEAT G5 SOV, T ks Bk e W 28
ECL W {4)5 , H] GelPro31 #E47H F1 457 IKFE 73 #T

(3) LM it PCRAGIN PD RS R UE /) BB BT BOIR
& GLUT1 ,GLUT3 .GLUT4 .GSK - 3B # H & & : Dtk DNA fY
A RS H AR DNA SRR SINA PCR RN AE Hh, SR 5 158
TE TP FEIBE] 95 °C L E, i DNA {4 XU5E 45 44 % JT
BCEREERY DNA Bt Q@51 ¥ 456 o PCR S B K T 2
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DNA FFFUARHAE AT, B AT 25 5 MOWE S5 # . (DDNA 5 i
1 oFf PCR SRS A3 BE TH R 21 72 °C it DNA SRS i IT
WAL, ERAES | IR A L A2 B DNA P8, 7 A 1 A3
i DNA 73§ @HERAEIF: LA 13 AL 1 4> PCR {EER,
BEAMEER ] LAY AR DNA RO #if . PCR 3Rl DI &
30 ~40 Y, M7 A B LA E JT 11 DNA S i, 5 5 44 i
i f5ei , PCR SN HH i) DNA SR A I R 45 A0, K SR A< ]
ImgRE] 72 CUALE /45 S ~ 10 min, f 58 B A AE M, 751
FEWE 2,
£2 51Y SRS

FIAREE IMFFI(5" -3")
GLUT1F ACAGCCGATGTGACCCGAGAC
GLUTIR CAGCACCACAGCGATGAGGATG
GLUT3F CGCTGCCTTCCTCATCTTCTTCC
GLUT3R CGAAAGTCCTGCCTTTGGLCTCC
GLUT4F GGCTGTGAGTGAGTGCTIT
GLUT4R GGTITCTGCTCCCTATCGT

GSK -3BF GGCTGTGTGTTGGCTGAATTGTTG
GSK -3BR TTTGCTCCCTTGTTGGTGTTCCTAG
B —actinF CTCCATCATGAAGTGCGACGT

B — actinR GTGATCTCCTTCTGCATCCTGTC

(4) f % A AL s A PD RS RE UE /) BB BT L SR A
GLUTI .GLUT3 \GLUT4 ,GSK -3B #H [ & 440 6 H/NR
SRR UG , DURERE, VKR U -, e JRH R S e 4 1k 25
BREAT A 0 R e B R, LR R TR,
ImageProPlus6. 0 147 P4 2y 0 AR 1 % % 1 Ge it s

(5) FRAM — L (HE ) Yoo LS B INE I 22 20 2 45 4 2%
1k HE G0 05 B I 2 S2 AL US54 784 - B 0k I S2ALAS )
BK AR, Z S5 T HE Jef, T B0 T WS 3R
Ak, 34T Mankin $E43,

2.5 GitFryE

K GraphPad Prism5. 0 GE 38547 8040 20 47, 1 2 %
RN PIPA LCBCR T ¢ f 3, 4 1) bL s FH 50 K 38 22 43 i
(ANOVA) ,LIP <0.05 Az RAGITFE L,

15
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B{L: mmol/|

ERE ERE  RE
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$1F $2F H3E F4H

3 &R
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1.4 B2 8 mpET S, 2R ESRITHFE X (P <0.05) ; 5HERI4]
LG, BHPEZG2H /N BRAA 25 56 3 4 S 25 I I AR AR, 0 78 IR 1R
Fl el /NRIERS A 2556 3 25 IE LB RRAIG, B R 7 H )
/NI 3 T oS IE BRI, 8 IR T & m g/ R 4G
25 2.3 .4 A S JE M BERRAR, ZR WA SR ITFE X (P<
0.05), H4AZ5aiHHLL, A2556 2 Mk Fa e d, A 255
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21 IR TG P LR R R 4 S R P R AIG, 22 Y i
B X (P<0.05),
3.2 NBATHSFERRNE R
3.2.1 g Eidm 4R MR/ N RS Bl A
A2 VAR SEX R B R B AR R B S AN 2 3 TR .
SIEH A BN G2 3 B BRI D R, 25 5%
WHEGITSE L (P<0.05), SR, Bk K. &
3 2H /)N BT PR S AR, M FE IR v 5 N BB S AR
ERWEGIT T L (P<0.05) &4/ EF 585 ik
Hsf 8] 5 A% B A TG B 22 S Y TE G242 L (P >0.05)
3.2.2 JfeAFEE WE 4 s, LR Y, SIEE A
e AT 2 TEAT ) 3 o 5 S5 A T 2 AR L, B R AR L = R
HA 2 I TCAT B[R] BAR 5 5 28 25 A AR LE , BB AR 1R P L& 77
1o 21 TEHT I ] AR, 22 S A GeiT 248 L (P <0.05)
3.2.3 FAFEHAENER WS PN, 5IER A, ER
217N R A 4 Ak TR AR S RN (] A SR AR AR AR S
PERTAE AR SR A R BB FE L (P<0.01) 4
o B AR 22 R A ST L (P <0.05) . SR g,
BAPEZG 20 /N R 20 o S EE BT AR A R S HE R A 22 R TR R
SL(P <0.05) s MBIk FARF 4/ RS A S ek fe Sos 7
BESIHE L (P<0.01) , HAfHEH R E AR FE X
(P<0.05) ; i3k FH R B4/ R AR i i m A A
eSS B Ao G SO AR G RS R M ZE A BE SRR
mm FEY

BRI
m [HM4Z54E

MR F

KFE4H

b
BT

S|

pEy R/

ZA £Y

TE:  SIEWAAEL, P <0. 05 # 5 BRI L, P <0.05; A S 225 IL, P <0. 05,
BT 3BT PD EORS REE/DN B s IR UBE R 20 (= 11,0 £5)
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#3 MR X PD ERE EE/N R SR AR (£ 5)

ikl n SRR/ (em) BMRTEL/ (s)  SPIIEEE/ (em/s)  BRIIEL/ () BEREUER/ () IRIB/(s)
A 11 5599.91+635.93  299.83+0.76 18.63 +1.62 28.18 +7.93 9.55+2.23  27.78 +16.47
BRI 11 3948.75+664.28* 299.03 +1.56 13.39 £2.32 36.18 £4.67 6.54+1.94 44,52 +20.81"
PHIEZ 4 11 3910.52+635.93  298.90 +2.39 13.92 £2.91 36.09£12.13  7.90£1.44  34.90 £14.72
KRR B2 11 3917.09£457.18  298.02 +3.10 13.18 £1.41 36.65+10.36  7.81+2.04  34.40=14.13
Ho IR e 2 11 4570.95+643.01*  299.95 +0.33 13.68 +2.13 31.77 £10.01 7.34£1.63  31.12 +22.26"
BT i B2 11 3902.14+782.67  299.85+0.67 14.03 £2. 61 37.02+10.38  7.86+2.01  29.29 +32.48"

e+ SIEWAMLL, P <0. 05 # 5 BRZIA L, P <0.05,
4 HIRT X PD ERTAE/ S BUCH I ] A 500 (x £ 5)

i AT IEFF e et
(Al (s) i)/ (s)

IE# 4 11 8.14 +2.89 6.57 £1.80
TERIZ 11 12.74£4.13"  11.58 £2.94*
FHPE 24520 11 11.18 £2.69 9.86+1.92
b AR TR 4L 11 12.63+2.77 7.95 +1.71%4
BRI R 4L 11 12.01 £3.90 8.99 +1.75%
R T A 11 12.24+2.70 8.33 £1.42%4

T HIERAMI, P <0.05; # 5HIRLA ML, P<0.05; A 54
4RI, P <0.05,
(P <0.01) , M B AR~ v 771 12k 20 /0N BRI A i PR 32 foh v AL L 22
JaXERAH AR A E R AR ERITFE X (P<
0.01) A5 HiHfEHEEZE RA St B L (P <0.05)
3.3 NREME. EAHE 248
3.3.1 EUEREHE & 4R BE HE Je a2 5 andh v XXI
2 7R : SIEH AR L A AO A B B/ NER S 1 Bz g A= |
RS0 B /INET T A MRS B0 2T 20 SR 0 I S A
SN ST S AN G 2T 4 A0 R AR B, SRR
ARG, BEPEZG 20 H BLRG T FAARR (2T A B R AT 5 M B A AIG5R 2
HH BN T AR 20 200 B AR 6K 5 i 35 7 v 790 ek 4 M BT 4 i
A T 40 B R AV, 5 b TR v 9 R 2 LR BB T AR L £ 40
FRAR LT AE 2RO o X — 45 SR 32, kG I I /) RS 280 g ST
BRI, B AR BT DA R 20 M IR U R AT A 4 2 A L

3 Fs : 5IE R AIAH LL B2 LA b R 23 v fl HE 40
W SRR IR . SRS AN L, B TR R] R 2 AR
R AR AR, M R T R e A BORG T R  ,  #
TRT R 2 AR R bR S AR . X — SRR
TR T AR Ul 52 ALZH U B AR

3.4 Western Blot #& | 45 &

3.4.1 Western Blot ik #:al 2/ # GLUT1,GLUT3 GLUT4 #=
GSK -3 & e kit Z5RWE 4 fron, 51EF 4L, B
H/NRSRT GLUTL R Rk W FEL, 2R A R E S IT# R
SL(P<0.01),GLUT3 Fl GLUTA 5 (432 5 MR MK, 25 S5 Ge i 2%
HY(P<0.05), 5B, 254 GLUTI 13RS
BERI, Z5A B EG I B L (P <0.01) ; #2715
w4 GLUTL s Rk B &M, 2 70 B &SI ERE (P <
0.01) ,GLUT4 1 GSK -3 KikThi, ERAGITFEX(P<
0.05) ; M B RF 4] CLUT| BEEARL B EA S, ERA
BEGIFEL(P<0.01) ,GLUT4 H KA TR, 22 5¢
AR (P <0.05) s Mo B Ek 75 7] H 41 GLUTI 25 1 3R 3k i
HIG, 250 BEGIHFE L (P<0.01),GLUT4 H H K&
H4m,GSK - 38 S AR EAR, ZER AR FE X (P<
0.05),

3.4.2 Western Blot 3% 5 )~ & &k 4k ¥+ GLUTL,GLUT3
GLUT4 #= GSK -38 k& &k th®vm  L5RWNE 5 PR, HIE
WA L BT/ BRI GLUTL Fil GLUT3 R H 3k 1 3%

B4, FRAR, 22 72 BT % B L (P <0.01) , GLUT4 & 1 iK%
3.3.2 JRFAHE FEL4R I HE REZRAUETINN 5, GSK -3p HAFATHES , LR WAFIT$E XL (P<0.05),
5 HERKTRT PD OEEREREIE/ N BUE ST REA M (x £ 5)

P . e i P4 fih A A fi Je e R i 7+ I B fi A R Vi =g (s

Y (m?) R (m*) B (m®) B (m®) M E)/ Cs) 55 ()
EH#A 11 0.13 £0.03 0.16 £0.06 0.17 £0.06 0.19 £0.56 0.23 £0.12 0.25+0.06
R 11 0.13 £0.05 0.24+0.06* * 0.16 £0.06 0.23 £0.55* 0.36+£0.18** 0.27+0.06
FHE 254 11 0.10 £0.02 0.25 +0.04 0.14 +0.01 0.21 +0.03 0.24 +0.08 0.25 +0.03
Hh R FARF EE2H 11 0.11 £0.04 0.21 +0.03 0.14 +0.10 0.17 +0.06 0.24 £0.05 0.25+0.01
B R FAR 11 0.12£0.04 0.19 £0.05%* 0.13 +0.55 0.19 +0.04 0.24 +0.07 0.25+0.01
Hh BRI 11 0.12£0.04 0.16 +0.04* 0.21 £0.54* 0.19 £0.04 0.24 £0.08 0.25+0.04

- e i Vi Ee )G A S G

PO izt n AR AL FIa R AL W () B () B o) B (o)
EHA 11 0.28 £0.05 0.24 £0.12 0.23 £0.15 0.24 +0.08 0.25+0.16 0.25+0.02
R L] 11 0.35£0.13 0.36£0.04** 0.25 £0.08 0.3520.05"* 0.33£0.16** 0.23+0.04
PR 25 4 11 0.30 £0.04 0.25 £0.03 0.23 +0.09 0.29 +0.03" 0.27 £0.04* 0.26 +0.01
B R FARTEEH 11 0.28 £0.04# 0.25 £0.07* 0.25 +0.01 0.24 +0.07 0.24 +0.07 0.22+0.03
Hb AR T 4L 11 0.30 £0.06 0.25 £0.04% 0.24 +0.09 0.24 £0.04% 0.22 £0.07%*  0.37 +0.02
BRI AL 11 0.29 £0.05* 0.25 £0.07* 0.30 £0.01 0.24 +0.06" 0.24 +0.06™  0.35+0.02

T+ HIEWAIRLE, P <0.05; = = SIEFWAIMLL, P <0. 01 # 5 BRI AL, P <0. 05 ## 5B AL, P <0. 01,
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SRRV F, BHME 2541 GLUT3 5 133k 14 0, GSK - 3B & [
FARFAR, 2R WA ST F R (P <0.05) 5 M B AR F K5 &
4 GLUT3 ZE [ s, B ik 7l i 4] GLUT1 25 (4 %3k
HIN,GSK - 38 MARKEA, ZRYASITFEL(P<
0.05) ; bk Tl 41 GLUTI (R AW &, 2 7 A 4t
HEN(P<0.05),CLUT3 I RBRFW R, ZRARESR
2R (P <0.01) ,GLUT4 FE RSB FE,GSK -3 HAH
RRRAG, 22 R A G L (P <0.05)

3.5 PCR &% %

3.5.1 PCR 4/ & 2 5 GLUTI ,GLUT3 . GLUT4 #=GSK -
3B #9 mRNA &k Z5HUNEE 6 R, 5 IEH 4UAH b, 741/
S i GLUTI .GLUT3 .GLUT4 mRNA ik B Z %5, 254 &
EGHIFRE X (P <0.01) ,GSK - 3B £ikTh i, 2 5 A 512
B (P<0.05), SHEALIAHE, FHHEZ 4] GLUT3 GLUT4 3%
K, ZRA G E L (P <0.05) ; MK FAUR R4

GLUT3 GLUT4 K3k W E I, 22 7 A B EF I E R L (P<
0.01) ;b Ik F 4] GLUTA 33k B, % Hh B
Giit2E L (P<0.01) ,GLUT1 \GLUT3 ik &, LR A S
T2 5 L (P <0.05) ; 3 8 1k & 7 & 41 GLUT1  GLUT3 |
GLUT4 ik, GSK - 3B FIKFRAK, 2R A Gt # = X
(P<0.05),

3.5.2 PCR #F#&maf s & 4k 4k GLUT1,GLUT3, GLUT4
Fo GSK -3B #9 mRNA £ ik 4513k 7 iR, 5 E % 4 A
Lo R /N BLBCIR M4 GLUTT Fi GLUT3 mRNA 33k Wi 3 [
ik, 25 A B FEH I X (P<0.01), GLUT4 33K FEAR,
GSK -3B KikThm , 2R A G #E X (P<0.05), S5
BRI AR LG, PR 2541 GLUT3 \GLUT4 335 1 &3 i, GSK - 38
AR W ERRR, 22 R A GIHEE X (P <0.05) ; Bk
TR 2 GLUTA £k B F W m, 2R A B &gt E X
(P<0.01),GLUT3 F£ik#)in,GSK - 38 F£ik B H R, £ 5

A == FEE
GLUT4 [— e — e a— a—] D2
GLUTI [e—— o= aw»| 55kDa E:i’ﬁiﬁ
%
= KT
4
GLUT3 [ o= == === === =  50iDa g::ﬁ
= A
1 4
p-Actin [— e o e e - ), Z::i
- mm ERUMA
GSK-3p | S | 40kDa A
- ~ 1.5
g 2 16 ¢ . .
i o] # #
:. P . :':. * #
= 1.0 - ﬁ 1.0
i
ﬁ *k ﬁ
0.6 0.5-
B &
= L2y
oI g
Ml 0.0- KEl 0.0-
GLUTI GLUT3 GLUT4 GSK-3p

TE AL 2R FEP R R AR AR 5 2R 1 26 1] 5 B. B8 GLUTL \GLUT3 & (353K & i L4 C. 2B GLUT4 (GSK - 3B 3£
RERILE . * SIEEAMI, P <0.05; + « SIEFAMLL, P <0. 01 ;# 5B A M LL, P <0. 05 ; ## 5HBIZHAH L, P <0. 01,
Bl 4 HEKT0 PD RS HEE/ BUR SR B o GLUTL fl GLUT3 \GLUT4 F1 GSK - 3B 2 [ 35 Mi (n =6 ,x +5)

A == FEE
GLUT4 |l e cmmm—m so— c— -| 63kDa = {R3A
_ = [AMZG4E
GLUTI [§ L_L L 1 1 JNECCU
cLuts [ S S s SN 04D fna
; = HERT
f-Actn [ WS WS WS GRS G 5D i
= T
GSK-3p [T S s w— v | 40kDa ESEiE
B ~ 1.5
-
S # #
<
é‘ 1.0 *k M # e
- >k
®
0.5
®
=
{10
Hel 0.0-
GLUT1 GLUT3 GLUT4 GSK-3p

TE AL R B AR AR OG 2 1 497 185 B SRR GLUTL (GLUT3 8 [ 335 3% 1 Fu S ; C. BUIR{A GLUT4 (GSK -3 i
HERBTRILK. = SIEWAMLIL, P <0.05; « = SIEFHAIMIL, P <0. 01 # 5B L, P <0. 05 ## GBI AR L, P <0. 01,
B 5 k0 PD RS REIE /N BURSCIR e GLUTL Rl GLUT3 ,GLUT4 Fil GSK - 3B 2 FH3RIA#NI (n =6 ,x +5)
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26 GLUTI/B - Actin, GLUT3/B — Actin, GLUT4/B - Actin,
GSK -3B/B - Actin mRNA AHXf Fik LR (v £5)

it n GLUTI GLUT3 GLUT4 GSK -3p
E#4 6 1.25:0.23  1.69+0.90  1.33£0.28  1.11£0.03
il 6 0.74£0.22%* 1.09£0.26* * 0.88+0.16* * 1.36£0.06
P24 6 0.85:0.22  1.31£0.13*  1.10£0.26* 1.27+0.04
WENFHRA 6 0.86£0.04  1.46+0.71"  1.24£0.17" 1.19£0.01
WHEKTPARA 6 0.9420.12%  1.32:0.66%  1.25£0.13% 1.43:0.19
WERTRARA 6 0.90£0.21*  1.301£0.02% 1.0220.1.11% 0.71 £0.03*

o+ GIEFAMEL, P <0.05; « = SIEFHARL, P <0.01;# 5HALMLL, P <0.05;##
SERAAL, P <0.01,
WAE G L (P <0.05) ; M i IR F =41 GLUT1 &3k
W, ZR A% %2 X (P<0.05),GLUT3 ,GLUT4 & #%
L 2ERA BEGITEE (P <0.01),GSK - 3B R RA
X, ZRE R ERITFEL(P<0.01); M8k F & a4l
GLUT1 .GLUT3 .GLUT4 #3514 GSK - 38 F2ik AL, £ 5
AL EEX(P<0.05),

%7 GLUTL/B - Actin, GLUT3/@ — Actin, GLUT4/p — Actin,
GSK -3B/B — Actin mRNA H{%} ik L% (x +5)

Eibl) n GLUTI GLUT3 GLUT4 GSK-3B
ER4 6 1.25£0.05  1.05£0.17  1.1840.20  1.28+0.42
uikil 6 0.81£0.01"* 0.49£0.10* * 0.60+0.12* 1.42+0.28"
T2 6 0.89:0.02  0.75:0.16* 1.10£0.56* 1.18+0.08*
WERFIRARA 6 0.93£0.01  0.66+0.02%  1.49£0.11% 0.86+0.07*
WERTFHARA 6 1.09£0.09%  0.94+0.69" 1.49+0.02% 0.76£0.13%
WHEKTEARA 6 1.10£0.06%  0.65:0.23%  0.93£0.52%  0.81 £0.01*

P SIERAIMIE,P <0.05; % « SIERAIMIH, P <0.0L#5BMAIHH,, P <0.05 ;44
SR, P <0.01,
3.6 GIEAAIN SR
3.6.1 Sk sem &m ) A E P GLUTL, GLUT3,
GLUT4 #= GSK - 3B #4 &k £5H % 8 it XXVIK 6 - #f 57T
XX 9. S5 IE R AAH L AR /N S BT GLUTL \GLUT4 [ 3%
KRR, GSK - 3B Rk T+, ZRBHBAGHITFE L (P <0.05),
SRR LG, M ik IR fE 2 GLUTT 33k g3, 22 &
AREGHITHE L (P<0.01),GLUT4 Fil GLUT3 Rk T,
GSK -3B FKiEMEAL, ZR AR FE L (P <0.05) ; M ¥k
FHif 4] GLUTL GLUT3 \GLUT4 £kt 5, 2R A G112
FL(P <0.05) s b e iR F i M 4 GLUT1 3358 W3 Th, 22
A BFERIEE (P <0.01),
3.6.2 %A EK M A8 R SRR P GLUT1, GLUT3
GLUT4 #= GSK -3B sy ka4 R L5 L 9 v XXNIA 10 -
FHTTXNE 13, SiER A, R4 /N RECR M4 GLUTL 3Ri5
WEER, 2250 BERITFE L (P<0.01),GLUT4 =ik
X, ZRAGIIFE L (P<0.05), SHEAIAH L, HEZ U
GLUT3,GSK - 3B Fik[F K, Z R WA ST EE X (P <0.05);
BTG AL GLUT1 ik Bgin, GSK - 3B RIRkFEAR, 22 57
WA 3 L (P<0.05); #8417 ) &7 41 GLUTI
GLUT3 kW EHIN, 2 5 A BEL 2B L (P <0.01) ;4
BRF 4] GLUTI (GLUT3 3Rk W1 5, 2 7 A WE SR

114

T2 (P <0.01) ;GLUTA 3k TH# , GSK - 3B FKikFEAR, 22
FHAH G (P <0.05),
%8 GLUTI ,GLUT3 ,GLUT4 #iI GSK -3 & H#E

ST FGEH L (x £ 5) Bf A
gk n GLUTL GLUT3 GLUT4 GSK -3p

Rl 6 S5.68+1.47  4.26+4.24  9.33£10.99  1.86+1.31
Rl 6 1.64+3.58% 3.56:2.24  3.69+0.56* 7.13+6.28*
M2 6 2.50£1.45  3.50£2.56 278231  5.15:4.92
WERFIRAREL 6 11.58+3.55%  7.53:4.23%  5.66+3.51"  2.58+1.33%
WEKTHHER 6 4.6623.93%  8.1529.96% 6.35:4.47%  6.17:3.34
WERFERREA 6 20.97:2.42% 4.01£1.69  3.14:2.92  5.81+3.30

s IR P <0.05; % » SR, P <001 #HMAIHIIL, P <0.0554¢
SHALLAILL,P<0.0L
%9 GLUTI GLUT3 GLUT4 fil GSK - 3B & [ 7E

BURMH P IR IEBL (2 £ 5) Bf A
gk n GLUTI GLUT3 GLUT4 GSK -3p

Rl 6 14.95+10.83%  1.11£0.81  3.39£2.03 7.75:11.16
I 6 7.90£6.59% % 0.91+1.41  0.20+0.249* 9.80£10.57
P40 6 9.88+6.18  3.36:4.43% 1.49:0.41  5.04%3.66"
WEKFERES 6 11.57£7.45%  3.01£3.11  0.52£0.59  5.17:4.27*
WL FRFRERA 6 2191835 10.15£5.52"  0.75£0.56  10.39£11.38
WERTRARA 6 13.20+11.42% 5.04£3.99"  2.77:1.37%  5.72£3.97*

T« SIEWAMIL,P<0.05; + = SIERAIMILL, P <0. 01 #5BRI41HLL, P <0. 05 ##
LR, P <0.01,
4 itig
A4 RS2 — i LI R AR B 28 R G BR , B I R R R
B EIR L P RL B I I RE R RS AR . A A R
HARB R 2 PD s I TE AR RO MO I
WA BER T PD M 2B ATV A T B Y M S i
B F ¥ 1E 5 T RE T 2 4360 XLV HP AN W 12 155 1) 5 26 40 Ok 4
Fo MMALZUH JLT-J0 R A5 WE AR A 25, 10 ) A RE A R I
ZH LUK A T 8 W I B IR RE 2 5 1 R TG B R RS
ZIMEANEE [ H 2E A AN BT i E A B 4550, TR BEAH N 138 238 T
H, % Bi%E 32 2 1 ( Glucose transporters,, GLUTSs ) 5t 5 iz 15
HIEEE AR B AU VR o e EL 3 K, GLUTI
R P B R A WIS AR A v A A I P R A I A P R
TRV 22 e JB A, A R L TR 3 24 %) 280 0 5 1
3 P 35 5 S VA SR Ao LA 5 B0 AR , B A
L GURBE AR , He ik /K S R A 7S 22 J 45 2 v B AR AL 1 %
Wit XA AR T B SR T, I L R v A
1 0 T U RE A Ak UG 38 A A 2> 1 . GLUT3 &3k i
SLC2A3 JEFFE ], HAM G )12 , 45 1 Ty CAL CA3 [X Rl 2
MICEFH A, ENGPN, GLUT3 K W & R e, EZEA/EA
SRR I R e s Z A ST IR R AN N . B
PTG R S 1 4 W R A8 B 1, L W) A A W SR RN T e
GLUT3 JE[H 23k 5 2 e I e sh @ A 561 . GLUT4 7
TR T AR P 2 2T TE A2 301 ) 0 Ao 2 0 88 78 W (L 4 v R 4 T A
FH A2 20 e H ) [ A 2 e AL TR 2 i AT AT 28 R DL 4 e
ML R RESE B . B B EAATE T R Uil
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20 AR L B URLO WL AN, %4 TR E R R
NIRRT R AR R R 2 ek . %0y TR AR TR AR
(e R FEELAT BT L GLUTS — i I R R 35 4 45
B AUTE IS 20550 TR T B . 762301012 01 1)
(R TR T R E B . 5 GLUT3 M), A
FRRE RN NGS5 6E 1. GSK - 3B 4 4 i £ K GSK3B 4
1 S —Fh iz Fak M A5 B S50 7 eV Z AN RE
P i R R AE T A . GSK - 3@ 2K [ T L3 i 400 e
BEZRESH S, FEUR S ZIMPTRBIH R 1o,
GSK — 3@ 2 {1 15 AT LA 30 sk 380 45 63 o 345, 592 0 0 0 M g 7
AR AT HE— 25 38 35 I K F . GSK - 3B B 1% 2
MR K BB Al S TS S R A AR, G
A R AR TR B SRR G TR 4 2 FoB G 11 & 2 A
RIEAF, GSK -3B & H MBI ICIR B IE 2 Z M5 S
AR, 4 Wit 753 % PI3K — AKT {5 538 % . MAPK/
ERK {5590 % . GSK -3p AL YIF K Pt t— s
A5, T AT 25 GSK — 3 410 1 70 B AT 5 A1 82 3607 Bl /%
TRUFBRIG WA AR PR B 7 . PD B ] GLUTI
Z U RIS A2, 3 A 0 o i B S ) 35
2RV E , PECIS R 2 AR T, 2 T 7% A A B R
FIRERE I a2 PR RLIK J Bafis . 76 PD B 10l 4
H1,GLUTL ,GLUT3 il GLUT4 K3 ik /K - B AR , 3 25 B ik i R
R, BETIT A 28T RE AR I R T, B K 5| 2 TR AL
PD IR PR, 55 B GLUTL .GLUT3 fil GLUT4 4 3£35,
AR ) M TR RS R AT REJE BT UL PD MR R — R
BiRAR, GSK 3B & FATEMI4 A0 9 & WL b i i 1 o
B MA@, BFFERMGSK - 38 F Al MR IE o — Rl
R R, TS ECR 2 e B FIBETS, 4h, GSK - 3B
R LT DU R LR D RE , AT 52 i i 28 G A AR R 77

BN PD IS T WRE” G, BIE L Sk 3 A B
R B PR 22 B, DA HL 37 76 ik, HL 35 Y L5 PD Il
PRERGRINE o PELTERA PD Jr i HA £ 5 ril K4
B v A g il g 7 22 IR, TR G R 1 B e
B, R T R K, A R TR, (R
WX TR BRI N B, M A T LS Bl T, AR
TG, N FERURE ™ RURE A 5 4, U6 TR 9%, 4008 T ok
ISR Z A K 2 bt A A SR TR, I b B, RS L S
CANERE - KRBT RINASRET 215 R A
5, R T A =2 B 3o bk 7 T I, 3 0 4 0 A 4 2
Wl BN EIE R th T R s S 2 T T , 2 7 £
REJ AR R o PD A R IE AL 4 0 4 A H 2 NG R 0 o I
MR, ERERE P, B R A, . BRI L
575 5 PRI R R VIR SE , B A AR 45 Bl 2B 3R oh R Rt i
T, HER T MR BT N B RS 2 ), B 2
SEIBFFEIESE , b B KT R A% B v IEL AR 28 83 1k L ol 6 il 4
U RIS SR E 2 S0 RE ) AR M 2T SR . R,
KT AER A4 AR 7 A 5 BRI 1 DOBHCI 3%
Bl PR B 5 RO BE 2 2 3 B VT T R o WOBEAR I 9 £ 38 0k

B, NRAL TS (5] 69 2 I BUR S AR b SR A7 A 25 57
R e AT A B e 22 B A B 2 — , R S T R
2B PD ERE A R AR TR . R R R T RS
SRR o BRTI & WA S PD BN R IE 2 1A A7 e
TR T T RE S PD B R &2k
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