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[E5 ]| BMRRKIMKIATHY) (PM,s) RE=SBATTENMIFESIEIET. 2 28R
7% (T20M) BERFERHIMRE BRI FEFUERMIEMBITRBRB™E, KTPM,s 8
BRESSMET20M BEMRMGERERNEE, SEIERIAREKRD,

[ B8] RRBREREUEBSES (AMPK) XS PM, s FrE T2DM /R BFAES (5 R BOPER

[77#E]1 %3236 A do/db /NEREN DN 44A  EETSEBEAH FAH) . TETEER
B +5- S E -4- PELAROKIMIZABIZEER (AICAR) TFIA (FA-AICHR) « JKR4E PM,s BREE4H (PM4H)
ARS8 PM, s R 5E +AICAR FFIH (PM-AICHH) . NERESKR-HIEHBRERATEREE
10h, ¥ 12 A, FA-AICHT PM-AICERTESE 11 A FF SRS RASHEE 5T AICAR (250 mg/kg) , T2 A,
RAEABARNE-FRO (HE) REZRNAFIEFET L ; RALRNKATEE PCRIANERFATA
LehAMPK. BERREN R (L) -6 TR FER F (TNF-a) B mRNA FRIAKTF ; i@83d Western
blot A4 AMPK. P-AMPK. JER1E BIAT R F 2 ERES 1 (SIRT1). P38- 2 F R ERH
g (MAPK) . P-P38-MAPK. ZE#ES B (AKT) . P-AKT BB FRIAKFE,

[ER]PMARFERER TS 8. HAD . DNHAITTE X RE D 5 579 1.5020.42,
1.10+0.35. 0.80+0.12. 0.700.16 ; PM-AIC AFFAEREAA T M2 21, BhR D3, NHATIEX X
fE 9 #0499 39 1.40+0.31, 1.20+0.29. 0.70+0.22. 0.60+0.18, ¥ A F BN HIFAZR (P<0.05) ;
FA-AIC £ FFRRE B K 0 0 FN AT NH R AE 79 #5389/ F FA 4R (P<0.05) ; PM-AIC 2850 PM 4B ATAEAE
BFE D, BB D . NH AT EX REDBNESFTEERITFEE N ARER, PM,s
M%) T BFBE AMPK mRNA BYFR3X, {83 7 IL-6 M TNF-a mRNABIRIX, B R BE T R4
PM,s RIS TS, 75T AICAR [SHIRELE N AMPK B9 mRNA 3K (P<0.05), IEoN, BETR
48 PM2.5 BY/NERBFRE SIRT1 & B #RIAKF LUK AMPK Fl AKT VB BR (W K ESRETEETS
F/NRAELE, ZRABRITERNX (P<0.05). EF5T AICARG, BETHETS0V/NR
FFRE AMPK F0 AKT BIBKER (LK G N (P<0.05) , B RETIRYE PM,s B/ NERTE 5T AICAR /T,
FFAEAX LR 5 RIAKFEFBUIEFRITFRNX (P>0.05)0

[£598 | K PM,s INEE 2 BUREPRBIREL NE TR 5 AMPKHDHIFE X
KHE © PMys 5 BTRE ; IREERECERAES ; 5- & -4 REIRRIKMAZAEIZEER

Liver injury in type 2 diabetes mellitus model mice aggravated by ambient PM;; in
association with AMPK inhibition ZHANG Jia', JIANG Shuo®?, PAN Kun', SONG Li-ying*, ZHAO
Jin-zhuo? (1.Department of Environmental Health, School of Public Health, Fudan University,
Shanghai 200032, China; 2.Shanghai Changning Center for Disease Control and Prevention,
Shanghai 200050, China; 3.Shanghai Key Laboratory of Meteorology and Health, Shanghai
200032, China)

Abstract:

[Background] Studies have found that exposure to ambient fine particulate matters (PM,s)
could lead to liver fibrosis and non-alcoholic fatty liver disease. Type 2 diabetes mellitus (T2DM)
patients have severe liver damage due to insulin resistance, lipid accumulation, and inflammation
in the liver. It is not clear whether ambient PM,s exposure would aggravate liver damage in
T2DM patients. Currently, there are few studies on its mechanism.
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[Objective] This experiment is designed to explore the role of AMP-activated protein kinase (AMPK) in liver injury of T2DM mice caused
by ambient PM,s.

[Methods] Thirty-two six-week-old db/db mice were randomly divided into four groups: filtered air (FA) group, filtered air plus
5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) (FA-AIC) group, concentrated PM,s (PM) group, and concentrated PM,s plus
AICAR (PM-AIC) group. The mice were exposed using Shanghai Meteorological and Environmental Animal Exposure System (Shanghai-
METAS) 10 h per day for 12 weeks. The FA-AIC and PM-AIC groups received daily intraperitoneal injection of AICAR (250 mg/kg) at week
11 for a total of 2 weeks. The pathological changes of liver were determined after hematoxylin-eosin (HE) staining. The mRNA expression
levels of AMPK, tumor necrosis factor-a (TNF-a), and interleukin-6 (/L-6) were determined by real-time fluorescent quantitative PCR.
The protein expression levels of AMPK, P-AMPK, silent mating type information regulation 2 homolog 1 (SIRT1), P38-mitogen-activated
protein kinase (MAPK), P-P38-MAPK, protein kinase B (AKT), and P-AKT were detected by Western blot.

[Results] The scores of the PM group of liver steatosis, ballooning, lobular inflammation, and portal inflammation were 1.50+0.42,
1.10+0.35, 0.80+0.12, and 0.7040.16, respectively; the scores of the PM-ACI group were 1.40+0.31, 1.20+0.29, 0.70+0.22,and 0.60+0.18,
respectively, which were all higher than those of the FA group (P<0.05); the FA-AIC group showed lower scores of liver ballooning and
lobular inflammation than the FA group (P<0.05); there were no differences in the above four indicators between the PM-AIC and the
PM groups (P>0.05). The expression of AMPK mRNA in liver was inhibited by PM, s exposure; however, the expressions of IL-6 and TNF-a
mRNA in liver were elevated by PM,s exposure. The mRNA expression of AMPK was increased after AICAR injection in both groups
treated with concentrated PM,s and filtered air (P<0.05). The protein expressions of SIRT1 and phosphorylation of AMPK and AKT in
the mice exposed to concentrated PM,s were significantly lower than those in the mice treated with filtered air (P<0.05). After AICAR
injection, the phosphorylation levels of AMPK and AKT in liver of the mice treated with filtered air increased significantly (P<0.05), but
there was no significant difference in the PM-AIC group (P>0.05).

[Conclusion] AMPK inhibition is in association with liver injury in type 2 diabetes mellitus model mice aggravated by ambient PM.

Keywords: PM,s; liver; AMP-activated protein kinase; 5-aminoimidazole-4-carboxyamide ribonucleoside

R EB s MAOREF=SRESBT WHO S
SHREREEENHT, 2016 F£1HR 4205 AT RIE
CTS5ENIERTFEREXY, FihY, HAR=Sh
FEFR/NTF 2.5 um BIAFIRIY) (fine particulate matter,
PM,s) » TEA—LKITANAKBEEBRABENTRSHR
MZRHRBZHXR T, TRE, BRI T —2R5
EBifE, SEREBWABETRANEY, BiFZHK
PM,s WETHRERE (BIF KE”) heTFRET
SRENRE Y, FREREFEILANAIOHIX, PM,s
SRMEE™EY,

Bal EB MR L IIFIR PM, s A (X M IE IR &
%0, WOMERS. RRARANEERASHEHS
EERIRE ", HRERPM,: BESEMKAFHRG :
miR-26a- fE FHER 4% T2 BF (fatty acid translocase, CD36)
BEENT T PM,s I A IR S AT AMAERIR R,
HMSHAEBBMERBFNER . PM,s BBEES
15 Al P A 4 JiE 40 A S AR A Re 7 4 1k 10, 2 BUBB PR R
(type 2 diabetes mellitus, T2DM) & 7~ & & H I i
SRR BEFUER M A EMEBATAE R G E ", W
fAIRAE T2DM BERNFIERRE, REHREZ KT,
BRI RS PM,s BE S T20M £ fF5 5 2 8] 89 X Bk
M AFH, XF KRS PM,s B B T20M FF R A5
R RIER D, BRERENE B BES (AMP-activated

protein kinase, AMPK) 7EiET 5 T2DM #H X BV ERE X
B BEERE. BRERESEBR S ENEEEENA
B, EMRAI PM, s ATRER BT ki cC K E
F {2 (cC-chemokine receptor 2, CCR2) 18T A5 A
AR p38- £ AR EWE B EES (mitogen-activated
protein kinase, MAPK) &M AMPK B B& 14, 7K T LA &
BERNTHIRMERNE, NTTSBRSHRIKR ™. B
i B A AMPK £ K S PM,s 3L T2DM AT $5 5 R B9 15 FB
&I AER, 5 AMPKHE X BIBR AN R EA .
5- S E -4- FAELBE KM A2 KEFZ B ER (5-aminoimidazole-
4-carboxamide ribonucleoside, AICAR) & AMPK EEh 7,
BEBSIEE AMPK BOEE, BIRK L7EYT T20M Z54R9 %
ER 9. AILAHFTIEI L F 120MIEEUN R (db/db
INER) PM,s BB 2 LUKZ AICAR F 1, #R3TF AMPK 7E PM, 5
P B AT AR R A P B ER.

1 WRE5FE
1.1 SCI8ThY

MR AFELR YR FH W E 32 Re FiR
FEME db/db /N RN D RE AT RAE (FAL) . &
T S +AICAR T Fil4H (FA-AICZH ) . PM,s2H (PM4H) .
PM,s+AICAR FFIH (PM-AIC4H) 4 4B, FRE/NEIYLT
EBIXE, EAHITPM,: ZENYEAFRETEGEE
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[(2242) °C] FIEEE [(6045) %] BYTH#IEE Ao AICAR F
A REANEHAREFAARR | B 250~500 mg/ke,
FXR2&, HE58d" ; BEMR I 100mg/kg, &
RLR, HFF4FY, BEXEABGEHE AICAR
FMAERNFAACHPM-AICEEE IEAHBE
KBS REE ST 108 AICAR (250 mg/kg) , T2 F. AFAS
KEBRFREZASHEMME (CEHMGS
20160947A267) , FR B LI EBE B KFE XK
EBENERNE.
1.2 FERFISNE

— T AMPK. P-AMPK (Thr172). & B & & B
(protein kinase B, AKT). P-AKT (Ser473). 1 2k 1 B
AT A F 2[R IR B8 1 (silent mating type information
regulation 2 homolog 1, SIRT1). P-P38-MAPK. P38-
MAPK (Cell Signaling Technology, =[E) , AICAR (SANTA,
% [E) , PrimeScript RT Reagent Kit X7 & (TakaRa, H
x), 2RE. HE20. Z8HR k. HRE. KE&8
B (ER&ERACFERXFNEBRLAE, RE), BRASD
J% B& (polyvinylidene fluoride, PVDF) (Merck, ZEH),
& B 1 # maker. ECL&Z H K (Thermo, H), K&
= & B 0\H Sigma 3-30KS (Sigma, ZE), HB1EE K
#8 (Thermo, 3 [# ), ABI-7500 Real-Time PCR System
(Thermo Fisher Scientific, £&) , BEki&E. FZENE . &
E.R4 (Bio-Rad, EH),
1.3 HRAG*
1.3.1 FLWEESE HRHNEREMEIREL
BATRRLC (EEXRF LEEFRREA) #1T, |
R-MIENBRBRAALRETEMELY I0mHENR,
BERBEBAAB KRR PM,s 1T IR TR
48, PAHEANNBRERBEC. RERABLLTHM
BRI RIR, IREH PM,s N EFERRE R BHIK.
PM. PM-AIC. FAF] FA-AICER/NRERS R - IFE5hY)
BRBERAABRET RE PV T |IHITIE PV, T
=, 10h/d, ®E 7d, M2016 2 B FF A E) 2016 &5
B&%®R, £RFE12F. BEIEREETEN PM,s 5
MY (pDR-1500, Thermo Scientific, EE) S 3 NEHE
EOCNNRBRONIIIRE, RI@ESEEEENE
PM,s FEHRE | BRAWE—XEERIFE, HRE
RS PM,s SEESRENEI NSRBI ERSE
BRENTHRERE,
1.3.2 REBALAFUE DARBLEREAEN
B, WERREAR, R4%Z2RBREEERGE, AR

RN E#HTUIR, AREE NS um. ARHITH
A¥E - RLIZE (hematoxylin and eosin, HE) , TE&
IR T RATAEELRIBEE N T R A AR
SER. TEREDH, SEEHEMSEH. X
DEL DN RIED T E X RIED o

1.3.3 LB HEEPCR  STAFAELALR A Trizol B
REUE RNA, 355 AL cDNA, L Primer Premier 6.0 3%
Hi&it514, GAPDH EFEEANSER, SirENE
FSESIN

®1 ERRAETEEPCRERSIMFT

2H kLY RE514)

IL-6 5’-ATCCAGTTGCCTTCTTGGGACTGA-3" 5’-TAAGCCTCCGACTTGTGAAGTGGT-3’
TNF-a  5’-TTCCGAATTCACTGGAGCCTCGAA-3" 5-TGCACCTCAGGGAAGAATCTGGAA-3’
AMPK 5’-TACTCAACCGGCAGAAGATTCG-3'  5-AGACGGCGGCTTTCCTTTT-3

GAPDH 5’- TGCATCCTGCACCACCAACTGCTT-3" 5’- ACAGCCTTGGCAGCACCAGTGGAT-3’

1.3.4 Western blotMIEAHLEHRERFRIA MATHE
ARPIRNERG, BADBHERRENERR, A
EH#%EPVDFE, EER THAS%4MEREHL
H2hfE, BESAEN—HEE | AMPK. P-AMPK
(Thr172). AKT. P-AKT (Ser473). SIRT1. P-P38-MAPK.
P38-MAPK, 1£4°C FTid &, XH, EER TS5
(1:5000) B 2hf5, WNEBRE®, AGH
Quantity One H{TEE Do
1.4 FitFESR

{88 F3 IBM SPSS statistics 22.0 V{4 Xt FAL FA-AIC.
PMAI PM-AICEHB T HEFTHREMBEREZSESD
Mo ZHZBIMNAALLRFERARNEEEE (least
significance difference, LSD) 13, XM IE, 1050
7K 2=0.05, 1 GraphPad Prism 6.0 20 {4 i#1TEIRZ
411,

2 4
2.1 BECHPM,RE
EEANREEHE, BINFED PM,s FHEIRE N
(65.65.3) ug/m*, BECH PM,s FHIKE N (324.2¢
45.2) pg/m?, SYER B PM, s TIRE ST (17.3£3.7) pg/m’,
2.2 PM,s ZEXFFAELE L0
HFARARERNEERBIEZ/NER (db/db
INR) s FRUATEFAA, NERWEEE —ENFIERG,
WE 1. 2, PMARTAERERE L4 MR /NIHFDTTE
X K AE 5 #4579 1.50+0.42, 1.10+0.35. 0.80+0.12.
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0.70:0.16 I KF FALH (RERAZE M. bR, NHHIT]E
X X fE 99 #1931 9 0.3240.08. 0.34+0.02. 0.42+0.11.
0.38+0.02) (P<0.05) ;PM-AIC ZHATARRERAZE 4. AR,
NHATTEX RIS #5179 1.40£0.31. 1.20£0.29.
0.700.22. 0.60+0.18 1 33 KX F FA-AIC £ (0.25+0.09.
0.25+0.04. 0.3040.15. 0.35+0.03) (P<0.05), FA-AIC£H
FFRE AR R 2 AN RIEE D HII/NTF FALE, BER
BHITFEENX (P<0.05) ; BBHAEMMTEXRIED
WEBSTHITFENX (P>0.05), PM-AICH/NE S PM
HNERERRE . R NWHATTEXKESBER
BEHITFERNX (P>0.05),

[3E] A :FA ;B :FA-AIC ;C :PM ;D :PM-AIC, &k : KM ;
EEETL | AT .
1 FFRALRTRIEFERE (HERE)

2.5
| FA
20 X [ FA-AIC
' N O PM
. O PM-AIC
15 0
R
i
& 10 oo X
#
0.5 " i i
0 jl | | | |
PRRAZ S P A INHRE  TEXRIE

[3£]* : PM 5 FAZE. PM-AIC 5 FA-AICEA ST L, P<0.05 ; # : FA-AICS
FAZETEL, P<0.05,
B2 AFRELHLRRIRS R

2.3 PM,s ZZXFFAEAMPK. IL-6 F1 TNF-a mRNA
IR0

91 & 3 Ffr 7k, PM 4H #1 PM-AIC 25 AMPK mRNA &
X 7K F (43 31 9 0.30£0.08 F1 0.57+0.12) 1 F FA4H

(1.004£0.19) FFA-AIC4H (1.18+0.18) , ZER W E B4
ITERNX (P<0.05) ; TILBREBE T R PM,s E2E
HEE R, 5 AICAR G, AMPK mRNA FA KI5
(P<0.05), TEPM,s BE/G, TILBEHITAICAR T,
FFREH 1L-6 mRNA FRIAKFI9F = (FAH © 1.00£0.18,
PM 20 : 2.64+0.64, FA-AIC £H : 1.15+0.26, PM-AIC 4H :
1.7640.19, P<0.05) ; PM-AIC £H IL-6 mRNA 2% 1A 7K A
Frv4A, ZREBRITFRENX (P<0.05). PMH TNF-a
MRNA A 7K 49 1.9240.31 = F FA4H (1.00£0.42, P<
0.05) ; PM-AIC£H TNF-a mRNA ZIAKFH 1.69+0.33,
5FA-AICA (1.1740.16) ZR A EERITFERNX (P>
0.05) o AICAR BYF i Xt A JiE Kl F TNF-a mRNA FRiIKX7K
FEATLF M (P>0.05),

IS

15
#

(1833 FraZh)
o =
[0,] o

(*EXTJL':_EFAéﬂ()“

IL-6 MRNARIE 7K T
[

AMPK mRNATRIE KT

0
FA  FA-AIC PM PM-AIC FA  FA-AIC PM PM-AIC

E] . M5 FAZE. PM-AICS
FA-AIC4H 3¢ b, P<0.05 ;
# FA-AIC5 FAZH. PM-AIC
FA  FA-AIC PM PM-AIC 5 pm4ERTEE, P<0.05,

3 FFBEZELRAMPK. IL-6 1 TNF-a mRNA RikKF

(#BxFFFAZR)

TNF-a mMRNAZRIE 7K
=
[9,]

0

2.4 PM,s REXFFIEAL D AMPK X E B RIAK
Y20

TE/N R BIRTAELEZR ARIZE AMPK. P-AMPK (Thr172) .
AKT. P-AKT (Ser473). SIRT1. P38-MAPK F P-P38-MAPK
HEBRIAKT (B 4), ERETR : PM,s H/NEFFAE
SIRT1 2 H & A 7K F (0.81+0.19) . AMPK (0.70+0.15)
0 AKT (0.4840.24) BIFBEER b K F 1K Fradl /R
(1.00£0.07, 1.00£0.03, 1.00+0.18) , P38-MAPK # £&
b7k F 5 2.0120.66 & F FAH/NEE (1.00£0.36) , =5/
BAESITFENX (P<0.05) ; FA-AIC 2H/)\EE FFE AMPK
(1.28+0.26) F1 AKT (1.92+0.72) BBEER L /K & T FA
¢H (P<0.05) ; 5T AICARS, PMH FN FAZH SIRT1 &
HEFRAK T p38-MAPK UEER (K K EF LV ER TS
TERENX (P>0.05),
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——— o R

B-ACTIN e CHED G

AMPK | . e s s

2015 LS5

¥ 15 f

. =2
s £10
s <
§ 1.0 @
< £0.5
d 05 b

0
FA  FA-AIC PM PM-AIC FA  FA-AIC PM PM-AIC

P33 G ——

P-AKT I —
AT o e — e
0] *

P-P38/P38
N
PAKT/AKT
N

[y

0

FA FA-AIC PM PM-AIC FA FA-AIC PM PM-AIC

[E] A :P-AMPK 5 AMPK EHRIXELL(E ;B SIRTIERAFRIAKTE ;C :
P-P38-MAPK 5 P38-MAPK EEHRIAELL{E ; D : P-AKT S5 AKTEH
RIAELLE, * : PM 5 FALE. PM-AIC 5 FA-AICEERTEL, P<0.05
#: FA-AIC5 FA4R. PM-AIC 5 PM ABXTLL, P<0.05.

B4 PM,s BE=ERFIEALNH AMPK HEXERNRIEKF

3 itig

EEINA, T2DM B—FhIE M RE KRS e,
TTRENSEZMRIY LI 120M BEHEIER
IL-6. TNF-aF1IL-18 F R FEE F K FFH & 22, KR
RIERFXKFESEET B FIUNOME &R, i
RERIL-6 M TNF-aXTVERFoHBKHIFEHL L ERA
BRENTUNNE, ERFSFHBEELEEEXRRA
IL-6 A TNF-a 7K F B FIEVE R AR S H KR IFEL R
& (P<0.05) ¥, KIERFAELMEZKRRRE
EEMER, YRET M, KERFHERN
REBIELE, HRAIPM, s REFEHFIEF IL-6F0
TNF-a mRNAKFEF &, FFAFARRIEF AL, B
INRE TR 2, AR RLERETLICEEHITAICAR T
i, KRS PM, s BT B8 5 (E AT AL A IL-6 1 TNF-a mRNA
KEAS, AAREFERBERPM . BESINE
T2DM /N AFAE R ME4RARIRID. P KA RSB 1%,
R PV, BESMEFRENH G XE5ZFIHHAR
KILPM, s BB ISR AT R EERAEIEFRR M LT LR
LR, HERBERBRIEESTAICARS, 5FA
(H/NERAEEL, FA-AIC 2B/ R BT AR A KA/ 28 FE 73 3K

IPEAE, 1B PM-AICZHS PMABAELL, /N EFAEIRATE
ENEARPE, RS PM,s o] B8R 55 T AICARXY
T2DM/NR RGN EER. EAEENRE, &R
MRERET, TILEBEHERET K PM,s, AICAREY
F 30T T2DM 7)N ER B B 1L-6 F0 TNF-a mRNA 2R 31K 7K I
B 95/, RIREH T AICAR FFl2 PM,s 2% 5& 10
BE7 FFIER, 2 A ACAR IS T FELASH
IL-6 F TNF-a F2M0E/)\ [BEE BT LI AICAR B LAFE
KB 2 ¥E S AIBTRE 1L-6 A0 TNF-a mRNA 7K B9 F+
=, BEiXTF AICARTIBE T KK PM,s B T2DM )\
AR E R N ER BB RIER LD, AICARSSF T2DM /)
BRGNS EEFRARE S EMARRZAANRER
NRBEBEXAEZH TR,

AMPK R ERZAMEH NI IEFHRE TR —F
BEfS RFNABRE A = BEBR AR T / —IEERARE (ATP/ADP)
ETHHE, e LB E| R kXA ERE
ATP I ETR RS HTUREFAREEE T, b5
SRTL I EERESI/NE S8 2 EXERN
TRk, BHFRKE, SIRTL SIERRER ZMNEE
BEHEF NF-kB BIFRIXMEX &, E AT LUEE BE NF-kB
BIFRIX, # iR MR R R FR D W s AMPK E]
LB (3 AKT VSRR (L 2 M B BB HRIE A RIE(E,
MTTIETHRBIHECIE 27 P38-MAPK 2 AMPK JE1E
BABER E—1MEENERER, BHREAN
T2DM EE B MAPK BB RR UK FIRRIE B RBEA RS,
TE(EF P38-MAPKINGIF 5, BEREEZEAEZEANK
FFHE >, FEItk AMPK 7] 8@ 1T 1% P38-MAPK BB
B EmE AR R EANEIEINEE . AR
&I PM,s B9 5 22 FE AR T AT AEBY AMPK mRNA ZR3A 7K
I, {04 SIRTL. AKT #0 AMPK B B2 1k, &3 P38-MAPK
BiER ko FER, B RAMKS PV, BESEUE
P38-MAPK HUBEER 1Y, M TS EABREAYSE CFARE (A
B9S2 B, AICAR 7B AMPK S EH57 BT LUR/ D E < HA
SEMESEMNBERIRENDY, ENEEERE,
20E T20M /N R I AEK T 19, AR REERZRER, PM,s
ZE A e =BT IH AT AT AMPK BYBEER 1L, HMINE
T2DM/NRBVRFREI B, TE/EST T AICARfG, BET S
BT S BY/NER AMPK mRNA RIAKF AR EBBRERL
KEHEIMFA S, B AKTEEKEREAS, BT
A B K X K E BB PR PM 25 PM-AIC 2B 4B LL,
SIRT1 ZE A RIAKF. AMPK. P38-MAPK F AKT B E2 14
KFEESBHERITFEN, FFIEEHT M. BAME
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HREBERTSESEAENE, RAPM, BET
BEIBT IDEI AMPK BUEUE, HMATHMEZREY
SRR B SRRLERKA, FFAEAMPKEE
AlgeaX FFIRAERIFIER, 1B PM,s A sERE I IE]
AMPK B E T AN E XY AFAE RV (5o

SR, AARNLERKRE, PM,s WRE T LR 8
i HD I BT BE AMPK BYBUE T A0 EE T2DM 1R 2L/ N R AT
Hifh. XAIBENS [EATT RIS PM,s HHXEY T2DM
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