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Effects of Mangiferin on Glucose and Lipid Metabolism of Insulin-resistant HepG2 Cells

LI Zilin', JIN Huijie', FANG lJia', LIU Yiming"*, LIN Aihua’ (1. Phase [ Clinical Trial Center, Guangdong
Provincial Hospital of TCM/the Second Affiliated Hospital of Guangzhou University of TCM, Guangzhou
510120, China; 2. Guangdong Provincial Key Laboratory of Clinical Research on Traditional Chinese Medicine
Syndrome, Guangdong Provincial Hospital of TCM/the Second Affiliated Hospital of Guangzhou University of
TCM, Guangzhou 510120, China; 3. Dept. of Pharmacy, Guangdong Provincial Hospital of TCM/Zhuhai
Hospital, the Second Affiliated Hospital of Guangzhou University of TCM, Guangdong Zhuhai 519000, China)

ABSTRACT OBJECTIVE: To analyze the effects of mangiferin (MGF) on glucose and lipid metabolism in insulin resistance
(IR) HepG?2 cells, and to explore the potential mechanism. METHODS: Using human hepatoma HepG2 cells as research objects,
1 mmol/L palmitic acid and 2 mmol/L oleic acid were used to establish the IR-HepG2 cell model. Using metformin hydrochloride as
positive control, the effects of low-concentration, medium-concentration and high-concentration MGF (125, 250, 500 pmol/L) on
the corrected glucose consumption, the contents of triglyceride (TG) and total cholesterol (TC) in IR-HepG2 cells were detected.
The mRNA expression of APN, AdipoR2, APPL1, AMPK in the upstream of AMPK signaling pathway and IRS-1, Akt and
GLUT4 in the downstream insulin signaling pathway were detected by RT-PCR. The phosphorylation level of AMPK protein was
detected by Western blot assay. RESULTS: Compared with control group, corrected glucose consumption, mRNA expression of
APN, AdipoR2, APPL1, AMPK, IRS-1 and GLUT4, as well as the phosphorylation level of AMPK protein were decreased
significantly in model group, while the contents of TG and TC were increased significantly (P<<0.05 or P<<0.01). Compared with
model group, corrected glucose consumption, mRNA expression of APN (except for MGF medium-concentration and
high-concentration groups), AdipoR2, APPL1, AMPK (except for MGF medium-concentration and high-concentration groups) ,
IRS-1 (except for MGF medium-concentration and high-concentration groups) , Akt (except for positive control group) , GLUT4
(except for MGF high-concentration group)were increased significantly in administration groups, while the contents of TG and TC
were decreased significantly (P<<0.05 or P<<0.01). CONCLUSIONS: Mangiferin may activate APN, which is the upstream target
of pathway, and then regulate AMPK signaling pathway, so as to promote glucose uptake of IR-HepG2 cells, reduce TG and TC
contents, and improve IR and abnormal glucose and lipid metabolism.

KEYWORDS Mangiferin; Insulin resistance; Human HepG2 cells; Glucose and lipid metabolism; AMPK signaling pathway;
APN
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YERIS AMPK B HET i 1B B 245 5 1l J# Akt Fll GLUT4
FRIEA I, AR RI], MGF RES& THHE R IR A5
AU BRI H APN 95 101, {H R 75 B iE L s X —
R T R 4 AMPK A7 53 % v 9 5 S B DR 1)
Rk, AR — PR, T I, ABFSE L HepG2 JiT
JUFF 200 i TR 5754 (B TR-HepG2 41 IR 7Y ) Sl Xk 52, ) 44
BT MGF XTI A DL K. AMPK A5 538 % i 52 1)
& 75 ) MGF #35 T2DM & 4% IR #Y4E A AL 0F 52 $ 41k
2%,
1
L1 FEUH

AT AL 4G 3111 AL CO. 4 il 15 FR 4
(Z£[E Thermo Fisher Scientific 2y 7] ) .Synergy H1 #l £21f;
REMEPRY (3E [ BioTek 23 7)) \HR40- Il A2 A= 422 A
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Veriti 7 PCR 3 % 5% % (3¢ [&] Applied Biosystems /A ] ) |
KS260 7 i I B2 PR (18 KIA 23 &) \Min-protean Tetra
T3 B H Yk 22 45 F1 ChemiDoc™ % i85 52 U 1627 & 6K
1442 (2] Bio-Rad 23 ) ) 45
12 FEHBSIKFA

MGF X B8 i (L5 MUST-17040103 , 4l % 98.21% )
W ) BCAR 2 rR e AR R AT BN B 5 R R — FOBUNIONT
w CBRMEXT BE 45 100664-201805 , 46 FF 98% ) [ |1
PRt A R AT IR 2N | 5 TCRR WmR 4R I3 1 & 11 (BSA,
5 WXBC0994V, 4l i 99% ) W A b iR ERHE A
RN H] s MTT 3R 7] (F1t 5 QR14912) iy A 5 ] MP Bio-
medicals 23 ] ; —-F VAN (DMSO, L5 RNBF2368 ) (£
i 2 (PA, 31t 5 SLBWI894, 4l i 98.5% ) 1l ik (OA, #it
5 SLCC4023, 4 JiF 99% ) ¥ W 1 3 [ Sigma 2\ v ;
DMEM =5 1% 9% 55 (3165 8119081 ) | B 25 it 2 1M v (3t
52176398) |15 B R -HEE R AL (L5 15140122) il
(Fb5 2120649) ¥4 F 3 ¥ Gibeo 23w 5 4 %5 b A AL il
PRI & (520180801137 W [ R st i AE 4 T
FREOESE P s =T (TG) i) & (45 E1003) | JIF [ it
(TC) I & (L5 E1005) ¥ [ b 57 5 1) S A
A BR2S F] s BCA 7 e B I 0] 65 (HHE5 P0010) 1t [
AR REYTAG RA A % A8 1 Marker (L5
00784045) , 5>+ bt ik R 414 - R TN Tk Mg 5 M+ Tk
(SDS-PAGE) # 11 F 42 vhifk (4it5 VG299802) 411 H
% [E Thermo Fisher Scientific 23 #] ; TRIzol i 7 (it 5
213506) Il A 3¢ [# Invitrogen /A 7] ; Fast Start Universal
SYBR Green Master 2¢ 6 & & ik 7 & ( #it 5
04913914001) , Transcriptor cDNA Synth. Kit2 /& #% 5% it
& (Ht*5 04897030001 ) #41) H %fi -1 Roche 23 1] 5 10%
RIPA 2 (L5 75) LS B-WL8N & 1 (B-actin) B 3T REHT
R (L5 4970) e AMPK g A (L5 2603 ) | fu b
iz fb. AMPK (p-AMPK) B8 g [ B 44 (4it 5 2535) Y511 B
FH CST 2 Al B o A (b W (HRP) bric i 1L E 4T 5
IgG —Ht (L5 SA00001-2) 1y H 3 [# Proteintech 2 F] ;
ECL &6 (L5 1939801) iy F 3£ [¥ Millipore 23 ] 5
W51y B A T AW TR RS Wl A
HAAFN B Ry o bl , K R 2K
1.3 4HAE

N5 HepG2 4t kg ) v =R 2 B b g AR Rl
S e 2 L 5 0
2 FHiE
2.1 ZHREEESE

HepG2 415 75 ) , Mt 15 10% G 4= 1% 1%
B R AR Z NP DMEM bl Bs 7756 (DL fRiTFR <58 4
REFREET ) d BT 37 °C 5% CO 54 i 2% (LA T B
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AN AE R |, Ff 4 B A= K %5 BE K 80% 2 A B,
0.25% Z —-JHig i 2.1 (EDTA) i JE B AL AL =y
Rigrm,

2.2 MGF Z5ifnFesiE s B AL

%5 PR MGF X BE S L, 1% T DMSO H, il {5k
J& 4 250 mmol/L i) MGF BRI, 4385 . I FH R B bk bk
W e R EAR R I Wk B

BUPA QA &, K TF 75 CHfitIa , 2 5 20%
JCHEWITR BSA[ LA pH 2 7.4 Y BERRER 2% vhil (PBS ) ¥ i
IRAIFuE . W FHRT, o8 R AR B 3% BSA
1 mmol/L PA .2 mmol/L OA F{#r i 5 35 5t
2.3 HESHESIRERE

B85 A= K W A HepG2 41 i 1 &, BEAL 4 0 1E &
4 BEHIZE | P R ZH (BRI — H OBUIK 5 mmol/L, 7] &
WE S % SCRR[12]9F 45 6 A DR 4 mir A A 9 45 21 ) A
MGF 1 . AR FIHE2H (500,250, 125 pmol/L , 71+ i3
SHERBA R REER) , AR 3NE L. BRIER
HIMAT 3%BSA 58 R FRILIN , HA S A A 2
HESCHR[L3]IA “2.27 300 9 fif s 77 JE B 57 24 h LAS
A IRBETY . AR TE B AL TR 2 AN 45 25 4 40 43 )
B AN T Bl S AN 2 S A B R S Ak e R AR
24 HREEEMEEEERN

BOWBUE KA HepG2 41 i3 &, DL 3x 10" ~/FL 3%
Fi 96 FLAR b, 224237100 F ik el v 252 TR
WEANTAMEAZS FAXTIRAL, S AIRG 5% 24 h 5, B
I, SRR W R B A I R e B A O ik
LA 22 Ty R b A SRS 0] 45 L 1 46 2 5 o 0 T A 2
THFE I AR A B = 25 P R4 A 2 0 25 i — 1
M. 5 HIHFRE A AN A 0.5 mg/mL
I MTT RIS i, T2 R S 10 min, {1 2 D) RE
FRASCR I 45 FL B 638 1 (OD) A, I 4TS 77« 41l
16 1= (R 2 20 it OD B — =5 P % B4 OD i)/ (IE 7
H ODfH — 25 FAXTHEZHL ODAE ) o & b3 4] 28 B T R
et R L 37 7 AR T A 2 W A o« R I A 2 W R
= AR AR R/ AN . SCIRE A 31K,

25 ZHEF TG . TC &2/

IR 85 A+ A Y Hep G2 4 S £, DA 1.2x10°4~/4L
BeRh T 6 LA, 42,37 T T A d AR G2 45
ARG TR 24 h e, 3525 R3S, A FH 1074 PBS Pk 2
UK, A RIPA 27 58 /1R 5], & 10 min, YRR
A 2%, T 70 CHI#A 10 min, LA 2 000 t/min B5.0> 5
min, B VE, 2 BRI ARSI R & Ul B A5 07k, A2
L1 G Bl AR SRS T 45 25 48 B o TG TC & 2 5 Rl B, R
BCA M 5L Y 8 1k, I FRCE TG L TC & 4
S EH A 3R
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2.6 ZAH AMPK {5 518 % & X # E F mRNA RiX
gl

R S 92 € it PCR A6 AMPK {5 538 i -
Jiif K4 K F APN , AdipoR2 , APPL1, AMPK D) & T Jif i
5 F 5 5 OCHE N F IRS-1, Akt . GLUTA4 () mRNA %
BT . O EA: K 19 HepG2 41 M 35 &, DL 1.2%10°
ASHLHERN T 6 FLA P, 452,37 U )y k4 2l R L4
2y, FHAMMEIETR 24 W5, FEE R, 404 TRIzol
IR RNA JF 2 §5 Transcriptor cDNA Synth. Kit2 2
GV A L 55 78 cDNAL LA cDNA it ,
221 Fast Start Universal SYBR Green Master {57 #5156 11
BECH] PCRY KRR IR SIG PO E i BE K 1Y
XA T PCRY™ 4 . SO A& & (35 20 pL) £ 4% : cDNA B
M2 uL,2xSYBR Green I Master 10 pL, | . 5149
(L5158 B~ K /N2 1) 4% 0.5 uL,ddH.O 7 pL.
J N A% A £ 95 C TR 10 mins 95 CAEPE 10,60 C
1Bk 30 s, A0 MEFR . LU B-actinfE R NS, K 27
#: L) QuantStudio 7 RT-PCR System ( Version 1.1) # {411
B4 H BYRE D mRNA AR ik it , 45 R LR 48
PRERE T — A3 . SRR E A 31K
&1 AMPK{ESEREXEEFPCR3IYFFIIKR=

/PN
Tab 1 PCR primer sequence and product size of key
factors in AMPK signaling pathway

G EHIA) mlgsoy) O

I AdipoR2 CCCTCATGATGTACTACCAGAC GTTGCCTGTTTCTGTGTGTATT 127
W APN  GAAGGACAGCCAGTATGAGATG GGATAAGCGTGATGTTGAACTC 203
APPLI  ATTTGTTCTTCGGACATCAAGC GTTTTTCTGATGCCCTACGATC 161
AMPK  CAACTATCGATCTTGCCAAAGG AACAGGAGAAGAGTCAAGTGAG 106
THEE# RS-l TCATCTCCTCGGATGAGTATGG ACCCATGCAGATATAGTTGCTT 134
W Akt TGACCATGAACGAGTTTGAGTA  GAGGATCTTCATGGCGTAGTAG 110
GLUT4  CTGAAGGATGAGAAGCGGAAG ~ TCGAAGATGCTGGTCGAATAAT 167
% fractin TGTCACCAACTGGGACGATA  GGGGTGTTGAAGGTCTCAAA 165

2.7 4HBET AMPK E G BB K M

K FH Western blot Al o B 54 K B A9 HepG2
HHARLE T, DL 1.2x10° AR F 6 FLAR P, #52.37 IR
AT AR 252G AR FE 24 h s, SR BT
T, 4 P T4 1Y) RIPA 207 9 7857 240, WUAR 4R
T4 CF LA 12 000 r/min 2.0 15 min, B3 IR
BCA 5 25 IR BE o ARl 2 1 VR B 5 2L, im AL
5xSDS PAGE & [1_F FEZE b is i, T 100 C & PR
10 min, HUEMEEM , #5117 10% SDS-PAGE /3 & ) , AR
EEPHERR, 4 5% BSA i EHA 1 h; LA p-AMPK ,AMPK
— i (FRBE B2 49 121 000) Flg-actin—HT (K B HL 1] N
1:2000), T4 CHEE R ; F TBST I E VE 10 minx3
K, MAHRP FRICHY 1gG Bt (F BB 1:1 000) , =
MR E 1 hy F TBST SV 10 minx3 K, 28 ECL &)
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WA i RBUE A RO B gR . R
i Image Lab 5.2.1 FcfFxt H i 25415 #E4 T K BEARL 37 , L
p-AMPK 5 AMPK 47 K B2 19 He {E (B p-AMPK/
AMPK MK ) Ron 5 & BB AL KP4 R LUE 4
NBREFATIH— LA, S A 31K,
2.8 GZitFEHE

K I SPSS 20.0 #4 %of £ 4 A7 G2 v o0 #r L SR ]
Graph Pad Prism 7.0 fFAER . A8 Lix+sFoR, 2
H[A] Ho AR FHBRLIR 3R 7 22404, 2L IA) 9 75 L 5R I LSD
K5 (5 225% ) 8% Dunnett’ s T3 K565 (7 2 A45F) . P<
0.05 N 725 BA Giit=478 3o
3 &R
3.1 MGF 3f IR-HepG2 ZH A& L 15 A9 %2 1

B TE A A A 2 AN 0 e L A W T AR e
FHREMR(P<<0.01) ; SHLRIL LUK, 45 25 W04 240 M ) A A E
AR AR B TR (P<0.01) , FEILE 2,
&2 MGF 3 IR-HepG2 A K EHHEEFEEM

TG.TC ZEMFM (xts,n=3)
Tab 2 Effects of MGF on corrected glucose consump-
tion, TG and TC content in IR-HepG2 cells

(x*+s,n=3)

it BREAT A B mmol/L TG i, mg/g TCH &, mg/g
E#4 292£0.09 20540£6.97 18.64£121

k| 2324026 253.70+2297° 27445116
PR el 427£0.027 211488557 18.08+1.82%
MGF il 4l 336£0.12% 20924 12.71° 19.94+1.047
MGE il 4L 28740.06" 199.28+5.58" 2034%1.28"
MGF 4] 279+0217 189.07+7.61 2071£3.07°

Y SIER LA, T P<0.01; SRR HAE,"P<0.01
Note: vs. normal group, **P<<0.01;vs. model group,”“P<<0.01
3.2 MGF X} IR-HepG2 ZHAEAS X 5 B9 540
HIEHE A BT AN TG TC & i 34 i 2%
Fhim (P<<0.01) ; SHIRYL LR, & 25 AL 4ty b kg
bR 3 B E AR (P<<0.01) , PR 2.
3.3 MGF X} IR-HepG2 40 il AMPK {5 518 B% _Liff
EF mRNA 3£ 2201
HIER A BRI 4] APN . AdipoR2 . APPL1
AMPK mRNA (1) A % 3 ik 1 34 i 2 B Ik (P<<0.05 5§
P<0.01) ; SBIRYL B, BH P X6 I8 41 FiT MGF {5 571
ZH ZHl Jfi APN, AMPK mRNA Ll J% % 25 %) 2 AdipoR2 .
APPL1 mRNA [ #H % 2% 35 & 34 B 2 7+ = (P<<0.05 5§
P<0.01),3 L33,
34 MGF X} IR-HepG2 40l AMPK iR BEESE
B £ 42 F mRNA R3EHI 200
5 OE W 4 b B, B R4 40 B b IRS-1. GLUTA4
mRNA [ AH X 22 15 1 34 1 25 R4 AI% (P<<0.05 8% P<<0.01) ;
SRR A F#, BH P X6 BE 2 0 MG A8 57 2 41 40 i o
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IRS-1 mRNA, MGF 45 5 41 Akt mRNA, Pz BHE X} BE

ZHFI MGE X . )4 20 GLUT4 mRNA FYAH R 2 ik 01y

HETHE (P<0.058 P<<0.01), 33 4.

%3 MGF3X{IR-HepG2 #fiffif1 APN AdipoR2 APPL1,

AMPK mRNA 3t RIZEMEI (x +5,n=3)

Tab 3 Effects of MGF on mRNA expression of APN,
AdipoR2, APPL1 and AMPK in IR-HepG2
cells(xts,n=3)

il APN AdipoR2 APPLI AMPK

E#4 1.00£0.00 1.00£0.00 1.00£0.00 1.00£0.00
A 0335001 0.83£0.03* 0431005 0.44+0.06"
el 046+001% 095+0.05° 0.64+0.06° 0.68:+0.06
MGFRAEA 0472010 1.01£0.08% 0.65£0.19° 0.60£0.26
MGFAIEA 0514011 0.96+0.07° 0.87£0.09* 0.85£0.16
MGEERIRA 0590027 1.00+0.09% 085£0.13" 0.80+0.08°

T 5 IE R4 R, ©P<0.05, 7 P<0.01; SR L, P<
0.05,"P<<0.01

Note: vs. normal group, *P<<0.05, * * P<<0.01; vs. model group,
“P<<0.05,7P<<0.01

& 4 MGF 3J IR-HepG2 4H i1 1 IRS-1, Akt, GLUT4
mRNA HBX RIZEH M (x £5,n=3)

Tab 4 Effects of MGF on mRNA expression of IRS-1,

Akt and GLUT4 in IR-HepG2 cells (x * s,

n=3)

415 RS- Ake GLUT4
R4 1.00£0.00 1.00£0.00 100000
fAA 0.74£0.04° 096£0.10 0274011
PR RRAL 0884007 1.01£0.13 0.66+0.14°
MGF g4l 0.77+0.10 12240117 0.52£0.06
MGF {4l 0.800.09 1.30+0.13* 0.69+0.24°
MGl 4L 1024003 1.36:+0.10% 0.79£0.17"

T GIER A AL, P<0.05, " *P<0.01; G i, P<
0.05,"P<<0.01

Note: vs. normal group, * P<<0.05, * * P<<0.01; vs. model group,
“P<<0.05,%P<<0.01

3.5 MGF I IR-HepG2 2l AMPK & B BB L 7K F 89
=210

5 L SRV 4 i AMPK 2 R fb KT
2 B (P<<0.01) 5 S BIRIAL [b A, #5245 ) 401 240
AMPK 25 [ % 2 1k /K -3 8 2 T+ 5 (P<<0.05 8 P<
0.01), LK1 .5K5,
4 g

T2DM J&—FP A PR , Bl A = et LR
FRBET IR, e F RS B E IR A AL, IR
J& T2DM KA B SR R, H SRR S R AEH T
HBZH SO0 A AR ) S BBORUAR T8 A R i 5 2=
VT 32 2 S0 A 20, 2 2 - 0 1 AC I A2 e 1) B 22 4%
B, HepG2 i il A AJHJ 40 A , P AL A0 TR 4i 5
RUE22 B BT AR5 TR & A HL AN A 245 4 1
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AMPK

- Gl TGaED e Ty —}62“’&

P-actin [- - T W W S }451(1)&

IEHA4 BUA PP MGFRE MGF MGF{§
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Fig 1 Electrophoretogram of the effects of MGF on
the phosphorylation level of AMPK protein in
IR-HepG2 cells

#5 MGF X} IR-HepG2 4 it AMPK = 8 B & 1k 7k
MR (x+5,n=3)
Tab 5 Effects of MGF on the phosphorylation level of
AMPK protein in IR-HepG2 cells(x +s,n=3)

415 p-AMPK/AMPK H [ 415 p-AMPK/AMPK K
ol 1.000.00 MGF F 4] 1.5840.18%
Al 0.76+0.06" MGE il 4] 16740467
Wtk 120+0.18° MGG 4l 1784023

T SIER A A, " P<0.01; SR 4L, "P<<0.05,7P<<0.01
Note: vs. normal group, * *“ P<<0.01; vs. model group, "P<<0.05,
#P<<0.01

FH AL fy 3 ARUARE 70 0% A BF 9 5 28 SCIR[13] R A 1
mmol/L PA+2 mmol/L OA B4 55 774837 IR i i fs A
A BT AR 9T B, L) DMSO 1 M5 , MGF
5 R % 1R BE -4 250 mmol/L, DMSO A B 43 54 7E 0.2 %
(RF 500 wmol/L) LA X 2 B 25 P52 e /) 5 e Ah 5 1 24
I #, MGF & P IG5 4 (5001, 250, 125 pmol/L) X
HepG2 A HA7 15 R 0 8520, HLAN AR S 7
90% A b, MUASHIF ST B4 13 3 AN U BE A 7R B2 52 5
5L R, MGF & ARG 47T i 242 55 IR-HepG2
20 B P S L A A B R A, S DA R R R A PR SR AR X
e 5 (Al LA AT S 2 B IR IR-HepG2 4l il 1 TG . TC
(7 i, 3275 MGF 0] %% IR-HepG2 21 il (8 g A 155 5
W [HAEEE, 2 MGF THUS , &7 4400 TG
it o A R SRR B, BN AR R MGF
G T I TG & i AR A . AT IF5E 48 i, APN
AT BRI AELL 2 TG W& 59T BRI 5 R (5 5 1 4%
S48 TG & it 5 APN KK M, g2+
TG , MGF {7 42 41 41 i P9 APN mRNA f4 A1 % 63k it
B 3T AR S 4L AR N TG 7 i AR SR
AMPK 2 — 21 if P R e sz 2 AR o R, E
UET S IR R RE W 28 4 R s B s BB PR O JILvs
() %% A= S PR 56 p-AMPK J2&: AMPK (1) BR 1k TE
., p-AMPK/AMPK Lt fig 2 Bt AMPK (1) 35 16 7% B
AMPK SRR AL 3 T 47 Bl T AMPK {5538 % (1 30
AT FIFHE IR MER R &Y. AHF5E 2B, MGF X
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S DA GE IR R AL A R . AR,
AdipoR2 5 IR A5 1 JIF Th e 55 % A7 ™5 Ik 4bh , w112
T2DM H 3 I3 1 APPL1 K524 T+ L #2718 AdipoR2
MIAPPL1 ¥ A 2 5 T T2DM Y k4= & J&™, APPL1
YER AdipoR2 5 AMPK 2 [H] i s i 11, iR ik &
5 APN 5 AMPK B R Ak 52 IEAH OC, 364k ) AMPK
AT OIS T IR B 2R A5 5 e Sl i, P I A, IR
U35 IR, IRS-1 FEAFAE T IRE RHUSRA S, 2N T
[ R S LIIRE R GRS ™, AR W] IRS-1
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AKt SR A WA b ) DG Sl , LRI Rl e B Z0E
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R AMPK (55 1% b T8 N F mRNA i 3RB 7
TR, 25 R, R 1 mmol/L PA K4 2 mmol/L
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AMPK 155 5 i [ 1 56 4 [H -F APN. AdipoR2 ., APPL1 .
IRS-1,GLUT4 mRNA )3k, UL & AMPK £ [1 /9 % 2
ALK, T ANZ: i 255200 Akt mRNA (95555, 28 MGF T
il 24 hJi , 525 A A0 13 SRR IR 7 () F ik B AN T
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GLUT4 mRNA A%} F=ik 2 LA & p-AMPK/AMPK i
B LI SAIE | o 5510 £ 4 d5 £ 5 17 MGF 45 751 2 41 40 i v
AdipoR2 mRNA FAHXT FR ik i FF T S i 20O &R, H
Y5 P BEAE Y . AT WFSEAR H, AMPK 4 Jifd B o
JRAZ AR, A0 BE R D B AMPK 6 fE R B
APN 212 1 240 i 17 — i R (ATP) 1 T4 4 , o 4t i Py
ATP (155 5 FAR IR AT — B2 1 & i T, vl ff AMPK
WS AL, USSR B AR A PR AT, AT
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