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BERFIALZH (DM, n=10) , ZH BT A (MT.n=10); JE WA S IR R & 1 A H 5 I8 5585 IR 44 58 % (ST2) 30 me/ke il
£ 2 RUBEIRFE R BUBER , IR  MT A48T —H WA 50 mg/(kg » &) #FH . NC 4 DM A% T RF & 0. 5% 5 H R
AR  E K BUIA YT RS AT TR I A5 21 25 IR I (FBG) L 25 T8 19 & R (FINS) 8 E AL 9 5 fL il (SOD) L4 bt 1
JK(GSH) \p-N-Z, Bk 28 5 8 4 0 8 (NAG) LT (L W (MPO) . H % (MDA | ¥ % A (L B (MAO) B HE FE(TC) . =/t
I (TG) % I8 & [ (HDL) K% B g 85 A (LDL) K B K B i bb 95 R URF8 80 (ISD . Al B LA & & RT-PCR
KU IE B 4120 AMPKa2 mRNA (9515, £ & 5 DM 41H# . MT 4K 41 AMPKa2 mRNA #5358 & il # GSH.SOD.
ISI.HDL # %, FINS,FBG.NAG.MDA ,MPO.MAO.TC,TG.LDL %, 225 ¥ A% E X (P<<0.05), ##& ZHI
PR 7 2 RO PRI A B 08 A A 30 L o I % 3% BURR Pk B B Ak B A TT A S5 AR I 4120 AMPKa2 1R8I ¢,
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Influence of metformin on adipose AMPKa2 expression and oxidative stress level in diabetic rats
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[Abstract] Objective To investigate the influence of metformin on AMP-activated Protein Kinasea2 ( AMPK o2)
expression in adipose tissue and oxidative stress indices in diabetic rats, so as to understand the possible mechanism of
metformin in improving blood glucose control, oxidative stress and insulin-resistance. Methods Totally 32 male SD rats were
randomly divided into normal control (NC) group (n=12), model (T2DM) group (#=10) and metformin group (=10). Rat
model of T2DM was established by high fat/high glucose diet (one month) and intraperitoneal injection of streptozotocin (30
mg/kg). Animals in the metformin group were given 50 mg/(kg « d) ( i. g. ), and those in the other two groups were given
same dose of 0. 5% HPMC solution. The body masses of rats were determined before and after treatment. The fasting blood
glucose (FBG), fasting insulin (FINS), superoxide dismutase (SOD), glutathione (GSH), N-acetyl-beta-D-glucosaminidase
(NAG), malonaldehyde ( MDA ), myeloperoxidase ( MPO), monoamine oxidase ( MAO). total cholesterol (TC),
triacylglycerol (TG), low-density lipoprotein cholesterol (LLDL) and high-density lipoprotein cholesterol (HDL) levels were
measured by ELISA and Biochemical Analyzer; the ratio of fat to body weight and insulin sensitivity index (ISI) were
calculated. RT-PCR was used to evaluate the expression of AMPK o2 mRNA in the adipose tissues. Results Compared with
DM group, metformin group had significantly higher AMPK «2 mRNA expression, serum GSH, SOD, ISI and HDL, and
significantly lower serum FINS, FBG, NAG, MDA, MPO, MAO, TC, TG and LDL (P<C0.05). Conclusion Metformin can
increase AMPK 2 expression in the adipose tissue of diabetic rats, regulate glucose metabolism, and improve insulin sensitivity
and oxidative stress.
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FH . BE8 P36 W PR A8 19 480 Ak N EE AR KT (B H
PRALH A A Re T i — 2B A s

T8 1 O 17 3 1) 2 11 B ( AMIP-activated pro-
tein kinase, AMPK) J& /1 a B Ay 3 AN B 21 Y
5 U8 = SRR AR 1, AR AN P AT e A R A Y A
. ARZHF5EEIE S AMPK 76 8 PR 5 B8 Jok i 45
AR 1 & T R HE E B E Y,
IAEXT AMPK By #IF 58 2 48 of 78 JiF e & 8% L7
I FERR AL RSN £ SR IR AN — 30T,
ABEFE & 138 I 3 ) 52 56 W 2 — I SUNON B R o R
UG DT ZH 4 AMPK a2 35 DA R B i AR 35 A4 Ak
J7 R B B4 52 T, PR TT BB Y 23 T B

1 MBI E

11 EZRXMECRR R IR 4 IR 18
F (STZ) FriaEm Kby 15 R 40 W T 22 8 Sigma 24 A
e B AR T v [ R A B DR T AR
KRB Wt . i€ IR AR % 4 (Vortex) XW-80A
L9 75 3 3 VG AL A% T, Real-time ;9 4% (7500
Sequence Detection System) ABI-7500 (£ E) KR
BB O 1-15K3K15Sigma( 6 ) , 4% Fhbr A 46
TR0 B0 Tt A TR SR T

1.2 ZhormB R HE& itk SD KR 32 HL ik
BT hE 180~200 g, HI &% X RS2 e g ) rp ol 42
ft, A= 7= AT HIE S . SCXK (P) 2007-0003 5 8 i #F 7T
IS SYXK (I7) 2007-0003, SPF PR 8 7 5% , 6 &
20~25°C B 56 %, H HITRUK . 12/12 h B ML,
WA A A H R4 5.00 2R H B4 8.00, K
BN 2 d JEREPLA 4 IE T B (NCY12 H
25 T3 AR, B DR G 2 20 HL4A T v R A R, 2R
I 4 A PR R AR AL S — M I R
STZGAET pH 4. 3,0. 1 mol/L BYA7 1 R 2% ) 30
mg/ kg ;s NC ZH I8 JF 7 5 5] 50) & (9 #9455 12 92 v (pH
4.3,0.1 mol /L), #EAIEGIE . 15 5% 4 4% 22 = i Ik
AR ERE 2 AHERA THY TR
A 8 h, i 2 g/kg HEMR 20 % D-# AIHA W, 0 min
1120 min M ¥% 53 5 K T 7. 0 mmol/L #l 11. 0
mmol/L # My 2 BUOE R i B 2. o R R B
BEML S R B JR 96 455 50 2 (DMD AT — B XUA 36 7 41
(MT).45 10 X, MT AL T HIILET 0.5%
B2 L2 Yk R BN ) 50 mg/ (kg » DHFEH  NC 4
K DM 25 T Rl 0. 5% ¥ W LT 4 RN L +F
S 4 5T,

1.3 AmldgAr B ok W KRR IT WS 44 5
L, SCE AR A 2H R R I RR I, TR AT B kR
I 6~8 ml, B MM AR A% s B A W B A B

oA AT A R B (FBG) L &5 R 5 2 (FINS) , &
M BE (TCH, = Bt H i (TG, & % g & A
(HDL) , fif % £ fis & 1 (LDL), # 5 1k ¥ I 1L il
(SOD) 4 Bt H Ik (GSH) | N-& Pik-p-D-22 Fk i % Bl
T (NAG) . 6 i & L #) f (MPO), N — &
(MDA) B A AL B (MAO) BRI, A6 I 43 531 2R
FA G B it B8 (G R A AR 43 1A (Biochemi-
cal Analyzer) I B B 90 328 W B 3 5 Cenzyme-linked
immuno sorbent assay, ELISA) ¥, RINLG , PRI
WK BUE R K 52 A IR I 41 20, il JE o7 B E TR
T —80°C kA IR A . I TR ) 2 U K (
insulin sensitivity index ,IS1),ISI M= I8 MAE{E S
25 MG IR A A B 5, BARIER S, 8T
B L R TR fA

1.4 ¥ &% RT-PCR M Z K K542 AMPKo2
mRNA %2  AMPKe2 L#E514: 5- GGT GTT
ATC CTG TAT GCC CTT CT-3', AMPKq«2 T il
5%, 5'- TGT CTT TGA TAG TT2 GCT CGC
TTC-3',GADPH Li#51%. 5'- ATG ACG ACA
TCA AAA GGT GG-3', GAPDH Fi##5I#. 5'-
GGG ATG GAA ACT GTG AAG AGG-3', RH
Wi vk Bk 4T RT-PCR, PCR I 4. 96°C 728 1
15 s, 60°CIB Kk 20 s,72°C FEH 20 s, 49 MG,
J 25 R G A Real-Time PCR W3 45 il 2% A0 Fl fid
M2, 64T PCR % f B iV A e il 42, 20 B 45 28
mRNA M LR E=2"2"X100%,ACt= H Fx I K
CtfH—WHNZ CtfH.

1.5 %itssas R SPSS 17. 0 84 17 B
AT EEEE UL s FoR A ECR ¢ R A
D2, BTN 0. 05,

2 & B

2.1 KRA—&WENL NCHKR—BIRES R, 5L
At R OK R B ARk, DM 41K R
M, B OIRFLIOLE MM E R 1T3hiRg, IR
B, MAAFBRENZR . Z8 . ZRIER, MT 4
5 DM M b3, KB Z R . 2 & 2 R AR A
WIT R B, & 1T, 5 NC 4 i .DM
ZH AR BRI R S AR MUT 4K R 3 T
L. ZRHAE SR E L (P<0.05); MT 45 DM
A MT 2R B o B B 7, 25 R A e i 2
T (P<0.05) , Ui B F UMK AT DL ol 38 4 Ik s K R
) TP IR

2.2 Baimarks R GR2) R 5 NC 44
. DM 4 % MT 41 K i FBG,FINS, TG, TC,LDL
KT HDL AKE YRR, 2 5 86 gt &
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M (P<<0.05);MT 415 DM 4l %, MT 41 K K
FBG.FINS,TG,TC,LDL /K [k, HDL J+ &, 2
SYAGIFE L (P<<0.05), # 35H T HHE
PR 3 A5 AH AR AR K L 5 R R . 5 NC 414
e, DM 41 & MT 41 K Bl SOD, GSH 7K °F ¥ % {i%
(P<<0.05) ,NAG ,MPO MDA K MAO /K75
(P<C0.05);MT 415 DM 4 L%, MT 24 K Bl SOD
K GSH K¥ETFFHE (P<<0. 05) , NAG,MPO,MDA K
MAO K- FEARC P<<0.05)

®1 KREEFGE BEEREN LR
Tab 1 Body mass of rats in each group
TEs
. Before After After treatment
Group n . . . .
modeling modeling with metformin
NC 12 189.0845.65 259.38+6.45 385.78+6.85

DM 10 188.58+6.13
MT 10 190.96+£5.99

534.96£8.19
535.26+£8.51

308.5349.02"
452.03£9.32°%

DM Diabetes mellitus; MT: Metformin.
* P<C0.05 vs NC group; ©#P<C0.05 vs DM group

NC: Normal control;

xR2 FAKRBMmME S MESEHERENER
Tab 2 FBG, ISI and serum lipids in each group

Tts
Group " ) FBG 1 /FINS - IST ) TC . ) TG » ) HDL-C » ) LDL-C 1
cp/mmol « L on/ng + ml cg/mmol « L cg/mmol « L cg/mmol ¢ L cp/mmol ¢ L
NC 12 5.64+0. 31 21.824+2.78 —5.1540.29 2.22+0.41 0.63+0.58 1.704+0. 11 0.31+0.27
DM 10 33.8945.71" 33.0144.10* —8.5240.43" 9.3740.31" 4.01£0.34" 0.6840.15" 4.8940. 15~
MT 10 7.347+1.38"4 25.324£2.86"4—5.7540.37"45,76£0.21*4 2.1240.61*4 1.534+0.16*4 2.56+£0.17* 4

NC: Normal control; DM Diabetices mellitus; MT: Metformin. FGB: Fasting blood glucose; FINS. Fasting insulin; ISI: Insulin sensitivity

index; TC: Total cholesterol; TG: Triacylglycerol; HDL-C: High-density lipoprotein cholesterol; LDL-C: Lipoprotein cholesterol. * P<Z0. 05
vs NC group; £ P<C0. 05 vs DM group
*3 SEXREXHEHEHRXERLEER
Tab 3 Comparison of oxidative stress indices in each group
Tts
Group i /LSI()D - ) GSH . - MDA . . NAG . /MP() . MAO .
zp/U s m op/mg -+ L cp/nmol « ml cp/nmol « ml /U« L z/U » ml
NC 12 43.24+2.12 21.784+2.26 1.3640.22 12.74+1.72 26.98+8. 89 3.33+1.05
DM 10 7.88+1.86" 6.56+1.00" 6.32+0.66" 47.20+1.80" 165.40418.80" 10.12+1.75"
MT 10 19.93£3.25*4 13.32£1.79*4 3.8940.72*4 30.9445.72*4 100, 14419.59*4 7.224£2.07"4

NC: Normal control;

group

2.3 K AFEW 428 AMPKo2 mRNA # &k 45
KK 1) FRW . DM 4K R 480 AMPKa2
mRNA K5 EFET NCHM MT 4, 2 RWHES
2R X (P<<0.01) ,NC 415 MT 41z [a] 22 5 W o
FiitEE X

1.5
T Y
S
E 2 10
<3
2 05
% é *k
I~ I—_'_—|
0
NC DM MT
1 FEAF4E R AMPKo2 mRNA R i%
Fig1 AMPKa2 mRNA expression in adipose tissue

NC: Normal control; DM: Diabetes mellitus; MT: Metformin.

** P<C0.01 vs NC group; &4 P<C0.01 vs DM group

DM Diabetes mellitus; MT: Metformin. SOD: Superoxide dismutase; GSH: Glutathione; MDA : Malonaldehyde;
NAG: N-acetyl-beta-D-glucosaminidase; MPO: Myeloperoxidase; MAO;

Monoamine oxidase. * P<C0. 05 vs NC group; £P<C0. 05 vs DM

3 it i

AR BEIRFARR A ZK 282
PR IHE SRR, FBG .FINS,. TG, TC.LDL /K-,
HDL 7K FEAR, 10 28 = XU T e bk gtk &
B bR 35 I A, 2 0 OB A% 9 5 L RS 1R
ST L A R R U
NAG 2 %5 B R v i — B0 R VK i B L B9 e 30
2 HUME PRI AR P NAG W TR i R B 19 T
e AT AR T AR A AE B E R MAO T
Oy A TR A A 2L AR B, HLOE T AR B S i i 2T 4
PR B FEBE B8 PR v PR O IR 7 I L 3 i 10 )
vy, m R U8 I T 4 2 A R I S B0 MAO 35 2%
FHiEs . A BRI K& B MAO $0 0 350 7] DLFS i Bk 1f 51
A EAE R B . MPO & R 40 i ) ) BE bR
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AP AR L 32 ZE T AR 7 A W 0 P R K
FH 3 A SR S T A R AR L IR LA
AALRE I B AL PR R B 2 5 5 A A
o7 A G AR T R B B PR K BRI NAG
MAO Fl MPO 7KF-3 74 5 . 575 B R K B 41 41
BRAET—EREMSG ., 2 P I0GRTE, -
RAGAR W Bl 4R R T UK R A )iz B 2
fEH.

ARG UE S AR R S 5 TR IO I K A
S R ARPUIR T A L S T S A R
(FFA) Hill 3 i J5 5 2 o 06 M IR 43 F 0% M 410k
(ROS) FIE PEZ 7 (RNS) A i34 2, T JH 3 T4
PR R BEHLH ", AR & B, 5 OE & BALA
B s K BRPT B AL SOD, GSH 7K F ¥ AR (P <<
0.05) , AL Mitr &4 MDA K- THE (P<<0. 05) ,
E S A0 7 V5% S A DR e i B R vl o AR
M. & Z F BICE I7 5 . SOD, GSH K F Tt = .
MDA 7K B AR, 1 BH — B SUIR8 2 T B8 PR K SRR
AR R

AMPK J& i it & B) — i 40 i P A AR Y
HEPN T AT ESZ LT ATP K- 19 F Bk
YOG 7 B I T A BE R VS AR L BRUE Y MLIR e
RS, AMPK 2 5 B B 5 2 0L 1 1A
R R A RN KA A
Zk,— ki BE R WLEE 3 BLAE (PISK) 8 #% . nT L&
FE W N BOE — AL B A B 0 AR T ) — 2kl it 22
4% AR 1 B (MAPK) 38 B% . 7T L% i 20 i 2=
K KBRS Ak A HE S DK AR RE AL, R AL SR R
ZAE SR SE KA, AMPK 235 FUE Pk Y 28 1L 7T B
SR Z P& AW B EALE Y . AMPK E IR i
AU IR A, I HAF A T AR SR &
BL.DM 4K FRBE i 44 20 AMPKa2 mRNA ik
NC 209 R, W — B SUAKA 9T )5 AMPKa2
mRNA ik DM 48 8 7 5, Ui — B SUICHE %
R BE IR K BRI A 2 AMPKa2 B3R IE, 2
7 - HUOBUIICRT #6388 3k 3 hn B 5 46 20 AMPKa2 mR-
NA 228 P8 15 05 05 030 7, ol e R U
P HEPT EUI0 R BAE R A  T 2B UE S,

4 FlFmPR

A Ve 75 B A SO AT o] ) 25 vh 28
(& % X #t]
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