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Fig.1 Domain layout of AMPK subunit isoforms and crystal structure of human AMPKa1f2y1 complex
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23175 % AMPKo WV 33 B 25 FA 358_L 1Y Serd 85 13 14
fiafk, M HnE AMPK 151k, FRIAY R, Ca®-45
WA R M B BB S B (Ca?/calmodulin-
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PEANAE N Ca® 3G, 15 LAY CAMKK-B 75 B8 1
T2k AMPK o WV & Thrl 72 {37 25 M 34005 AMPK., 75 2
WM, B LKBI1 Al CAMKK-B /5 AMPK %
R F 2 LHE S TAb, S A KT B Gk
fif 1  (transforming growth factor-B (TGF-B)
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E AR A0 E TR £F 4E A i AR K R 19
(fibroblast growth factor 19, FGF19) 1 4 & 15 bl
DRI o JULZAR L PN 4T I DR 38 o ST AMPK/A% e
SERFL R 25§ 2 (nuclear factor-erythroid 2-
related factor 2, Nrf2) /Il 21 F il & & 1 (heme
oxygenase-1, HO-1) fF5 @M S, Hoh, 5
FAE PO LSRR B P T B o B0E AMPK DA
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2, LGRS EO IV ER
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(] ] BEAFAE AR ELAE 3 AP Rk B 24 HA TR
AWFFEI A
22 BERERM
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I 3 (Clg/tumor necrosis factor-related protein-3,
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F AR TE R S IR SR B~ o (tumor necrosis factor-a,
TNF-a) . /% (interleukin, IL) -1p. IL-6.
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MCP-1) B mRNA Fk W Z 300, SR M4 PR
KB B i 57 CTRP3 8 41 4 11 W) AT 8 2o 300%
AMPK {55 i8R M A 0 W5 IR O LR PR 3
FHRIRZ, Deng 55 2 X A B AILAH Rt o v M Ak
B, PSR EI SRR (Trisin) A3l i3 #4E AMPK/
mTOR {5538 % 11 ol 5 /2 W75 3 i R MR M. Li
G IRIESR N, EA T E R IR AR RSB A
AY 38 = 0 AMPK 3G AL DAE 25 A% R 45 4 45 A4 15
& AR E R T M & R A Z5 sz 1k 3
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HIHERR AR T LA SR, DT S0 b U WL
HEJE o ZE /A A DB DR v O UL K BRU e in
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4 5EH W) 3 % 52 K o (peroxisome proliferator-
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(fatty acid translocase, FAT/CD36) {5 i i LA
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IR R R BRLC ILHOC2 A1 A At I AICAR A3 &
B, AMPK P ) R AEA S0 S R R S A i 7]
IR REA RPN TR B A L, A BT
Ak R RO O WLAH L AE 36 . T ZEE R, Li
SRR, AR R RS 0 R RO LA
N 200 TR T R AR A R R S A S BT
AMPK I SIRT1 4 %

YT SIRT1 5 AMPK AETEA B C R DA K —
FXTH A TR MR VR, BFSE SIRTL (48 ]
VT ATV XA BRI U AL R v 4 B T ) S e
AT RER L
25 BETBEE

HAT, 400 A mE/2RL A B S 5 o i R
g O LI 55 22 BIOBE PR 9 I &0 1 = 2 R i L] 22
— o AFFMEAE 3N R O WL R BRI AICAR
REFR IS &P, 1AL EY AMPK RT3 i 5 25 PR AL
WA 2 ARG A DA 20 A e P AR B B
Wang ™ A f5 i, M M & W EH 4
(neuregulin 4, Nrgd) XJ8E PRI CoNE D) fE e fis S £F
kA i 24 AE 5 30 AMPK/mTOR 15 5 18 % A
LA 5 110 200 i 0 T 0 AR T G . ALY
&, Yang % UV WRE AL, Bifk SR AT
AMPK/mTOR 43 [ 4 IS A W5, 23t 2ok iR T
BEfT, DA TR R A G O LA LA T L0 T
REf 7. DLAl, SRUKEF % IR LS B (A2 s
PRI /N U D) i B A2 38 o Y AMPK-pS3 3
B% L) |98 Parkin (PARK2) 415 A k44 [ i
SR

G BERRER, HWEDIREZ I & SE0IK
S AEDC AU %, H A2 AMPK/mTOR/p53 %5
ZAHF W, B2 R I8 A AR 4R
Madonna % P 218, UK 511 00 R 0 /) BRUC
JUE 2y B e 1 S 2T 24 Ak 2 3 L 41 il AMPK 5 AKT %
IR IF IS GSK-3B LABH 1E 8 BE 40 F was i SE e, =
VKA B AR A R R, TR SRR DR PR L
Y1 REF5 3 ML 7T B8 5 30 ) AMPK/mTOR 3l i & 4%
R AN A WEA DG, UL rT WL, 78 MRPIR A
T, 400 A wE B SR, AMPK B H R i
mTOR 2 5 H . & MBHA T 40 [ e 52 3 m
BN A AT B B L S AN Y (Angekiik
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A fritt—2P T ik

P, AMPK J2 H R i mTOR 245 1E /9 1
PEE R S T O VAR E v, (ERARPERT (f2
JEEMHD) ST, BT A WRTERE RO UL
o AR R S AR P BRI, A SRR A
Wk IR ) A ) ) DL R o 0 AT R, A
FTREA BT IEAE PRI O U SR T 2R
2.6 HMMHEIERIET

W SR BE A28 7 W e W bR O L e S50 1A
¥, HAE O A 2 5 IR I 2 A AE T 5 2
RIERIET . Wang 55 % FI| FH e 4 S A 247 W b
/N B O WUZ L AR AR PR O UL i A58, B
Je Al 45 T8 N B AR AL BRI AMPK/NI2 {55
i LA R R AE T, W O LA M.
Wang 55 0 o5 W PRI (O WL /) BSUFT g AR 5 7 ) /)
L/ JILE R 53 )i o 6 20 48 1 Nrgd ab 3, 2551 18
7R, Nrgd 78] 38 53 3#0 AMPK/Nrf2 i i D)L i 42
FET, DA i U T S0 U 05, TRIE IR Pk
F W] AMPK 2 X0 HUA B O LR FE T 1Y DG BV 7
A

i bRk, TER MRS T, 1LY AMPK
AT 3 S PO A s TR N2 DA B PR IR 50 LSRR
W RIERON B R RBET B SRITHE A TR
W) AMPK/Nrf2 i % 751X 28 3 72 v i) A TRl VR 52
T AN A M RN 2 . FEME R O HLZH 2
Hr, BR Nef2 DLAN {5 5 5% 5 R0 A s 800 R 3
(signal transducer and activator of transcription 3,
STAT3) IR TP ERIE T 15 s H 5 0, 1
AMPK REA T STAT3 A/ itk — B AFFE A
27 AVRBREROIREIES

TERAPIRAS T, O JJUBR B AT AT S8 Ca™ £l
SRAG (WA Ca® E ), i Je X —22
B R ARP, SR AAE R BE RO LR . Kuo
S R IE, 24 FARI A BR T ATE A G
JJUAMPK Thr172 8RR A 235 LLR I i 5 2R L HTAR
W) p- IR K Z IR IKY) Ser307 (phospho-insulin
receptor substrate 1 Ser307, IRS-1 Ser307) #H 13

ik, PGB R RACHTAY R g AN B, T2
AR DR /N B WL 4E 4L . Tian 55 2 BF9E K 81,
4 J&] B LR IR TS S O L AMPK AL, BE
AL IE 2Ok R 5 B ] % iz /K (mitochondrial
calcium uniporter, MCU) LA [ 4 ik Ca> ¥k &
HEIMAEHE ATP 5%, 57T 1§38 AMPK/Unc-51 4 [
Mg % Ak BB 1 (Unc-51-like autophagy-activating
kinase 1, ULK1) {55 & K HA WL RIKA
Wit , AT AR PR /) B JIE T RE R A S 2T 4
fbo Be4h, Chanda s 51, db/db W5 IR /1N R
L LR R & 1 A 32 /K (cannabinoid receptor 1,
CBIR) Y CB2R ) mRNA FiAHI 8 T, 7 7E#k
B R/ HL- 10 LA B N 85, 2-462
DU s R H i T I 45 A CBIR MR iE Ca? N, iF
M CaMKKB/AMPK i fif LU 4 19 5 R AHLHi 5
PR BN 1G5 ) A WS IRE ), (H M ANV AE 2-4E
Az DORTIR H i e A it bR AR M B 16 B PR
OV

AT HE— T R o O U R E A4 s 14
WF5E, LAWIHH AMPK 750 L Ca> B2 2 i A4 FH LI
DL AR B Z U T AMPK 5 Ca? A Z 1] 1)

3 HiEAMPKERG IS HERE O AR

H Ao 00, #01m) B005 AMPK %5 5 B RE /=
FERHEF G . 25 F/sEs 8 FUR KA
BT B 6 s PR g L L o
3.1 ZEAMPKHEF

BT LS AMPK G 46X F B K36 7 4 IR
U U BV EVE T, 4%/ 42300 AMPK (19 48
TS EAT TR AR IE R

T, AICARZE—FIIR 2RI, #F A4
JE HEAL N AT ER 1 A2 ) ZMP, ZMP 5 AMP 2410,
AT45 5 58] AMPKy W3, SF1TASF307E AMPK. Wu
S 1 v BRI Y R L0 UL 4 B G in AICAR
(0.5 mmol/L) AbPH, #5H 4./R, AICAR A %
AMPK T J80 4% 2 5 T SRR D RE e i, e &9
L WLA AT . AT AICAR & AMPK B 320805
), ABIEAEA m ek ek, Hag Ve 7R T RERR
il T I AR

HK, A-769662 J2 H A3 /> w38 2o = 3 e
6 % 3R WE Wy I M BE R 2 AMPK ELEEROIE 7,
A AR B, TE AR A IS AMPK 9 [ B BH 1k
AMPK Thr172 i @R AL FE, HAKHS A B
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FEH AMPK WA HA WG VEH o Zhou 55 ) F1I
A-76966 T HMERIFE K (6 mg/kg) SEbHFE R
HOC2.0>L4i L (100 mmol/L) J5 &I, A-769662
AT AMPK DA HE 20 A6 [ 05, 20 17 28 il b Ik s
WU b3

AN, 5 FRTSE AMPK B2 KA AN
W, “HXUIK (80T AEY)) S 2hm ad fH W
SRR W 5 5 5 ORI v 1% 386 DAk 2> ATP 19 4
A, BEMTREGE AMPK . AF g—Fh 32 fd FH A%
W25, ZHRUIAT o 2R o nE, K
I R AT O IE S AERE PRI Co LAY s R
$iE S AL N B VR . i, Yang 55
WFFE LB, 8 i — F SUNCT 351 AT B 558 44 T PR 9 o0
WL /0N B2 2 S i - BSR4 Jo o3 5O F e 0 TLAE
SRR RTINS, L WU O L4 A 3 1
FH 2 38 45 0% AMPK/mTOR 15 53 1% DL 7 1 38
NLRP3 R AE/IMARTTSEE . S, XHhE bRos O WL
R BRI 4 ] = OB A #8568 3 5 0% LKB1/
AMPK {5538 [ LAI0 1O WU AR L B 98 i S
PR O

55 = 280 B IR BE PR O U B9 AMPK. B 42234
TERE 0-304, Hid I3 I rE ADP 2Lk B2
D)%% AMPK Jf: FH A% AMPK Thrl72 % £ B2 1L .
ETETR, XPRERE.O N/ EZG T 7 d 0-3043R
7 (0.25~0.5 mg/(g-d) ) I 3E & 4 AMPK LA 50
JULAET 8 R AR IR RE T O AP e 1 BRI, A
M7, AMPK #2835 #| (AICAR. A-769662 .
0-304) SaHE A (ZH XU A8 2o 0%
AMPK J HAN ST i mTOR B2 AL FI/sE GLUT1/4
BE PR ek T HE SR A ) A AR T, JF
ISR S RAE R, e U M b U WL
(R o U R A 7 2 B0 Wl L i 5% ) AR
{5 H I A LSRR AR AMPK 30 751 78 4 R
O UL 7 TR ) G PR R 4 SR . PRI, b i
AMPK IE R 2B 1220 L AR B R AE
N2 et TP RASE, DR
I R AR B DAt 36 21 S (1 AR I FH o
3.2 FHEAMPKEE[GZ54
321 [EHEZY)

WRTRTIR, —ZkBEpE 25— HOSUCRT 38 3 s
AMPK il 25080 PR O L 7 5 Z HRUIT
GO ALY SR, Rl & R R RE K 4 17 41 551
(dipeptidyl peptidase 4 inhibitor, DPP4i) #F Jj )
7T 9 IR RIS AMPK T A NLRP3 S8k /MATE

b, B2 ek s R O IR /) BT R IR 45 R0 ULAE
JE o Ak nT it — I W OSUICR s R AT T AR
SEBI G LA B HLHE 1) 400% AMPK HE T 90 i) NLRP3
SAE MR 3 F AL SO SR SR Z A
KHo

P10 N 7 = (1 = o N R N e
(glucagon-like peptide-1 receptor agonists, GLP-
IRA) FIRLE L 00 SEZEIRRR YL W SEAk &
Jik ) IRAETE I Y AMPK A SR A AL . 4
H W S T e R O . Herh, FIRLE
oAb B T 38 5 s AMPK 5l 17 A 50T )y e R
2R NER R P S 1 O LA A5 45 . Zhang
5 B T Kuo 45 Y WFSE B, Rl 6 IR ECE A IR
3 K BRI N B O R RE R 5 O WLEF 4 Ak = 38 13
il AMPK/mTOR {55 38 i LAt #E 48 1t 1 i L B i
T AMPK DLl 2 56 155 2% KB 04020 iz i i 592 2K
S HGE TS, RO U R L% SE 12 5 4
T FEAR AR A BT 8 A b R I 2 R 1T AR 1
Tk LA AMPK/PPAR-o 38 [ 1 11 900 1l UL 441 i
AT, EA GO NET) R R A 5 0 WLEF 44k Y
WEAh, WNHTHTIA, 4 R SEAR S I I AT B e
dbldb /)N U IE D) REFR g S 2T 44k, HAL I 5 15k
AMPK/ULK 1 IR AEA - RIZRL A A W L K E R
R Ca* W i LUIE i ATP 5 AT G 170

S5 D0 2 W] HE 1] 0 AMPKC 1T 5 9 DR 0 L
I 1) [ W 25 ) O B A R R B i R A% 4
e e RRURS B 0 T FE YR SGLT2 i 55
(SGLT?2 inhibitor, SGLT2i). {41, Zhang % %
X e BEIR S B R R 0 7 14 /0N U HIL- 10 JULAH Jf it fin
R B, S5 BN, RS O
AMPK U] p-p65A4F 5 AL 2 (cyclooxygenase-2,
COX-2) /if5 5 — S M A & M (inducible nitric
oxide synthase, iNOS) EEATHYAAE LN,
TS HE R oL 5 AR, Yang 55 2% XPBEIR
o U /N BUZE T 12 Ji R AR B niG o7 ) B AR 1 3
FebE R AR EOT TR 20 3 & AR
HAR KM AR B . FEHAE, RS Rt
TS O ULAR A P9 AMPK L 38 55 PTEN 175 5 38l 1
(PTEN-induced putative kinase protein 1, PINK1) /
Parkin A OC I Lk B Wi A4 FaRERT . X an,
W DRI O L K R8T 8 Jl B B 12 J] 3k 4%
SIERST G SO D BRSO UL K 2 4
FERE I B, LT B 5306 O WA Y
AMPK/mTOR {555 & 42 M1 410 i 40 B g v . 480k i
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PR RAE S A o FAN, L 4 J8) A% 51 v b P
IR RE I 2 90 1 AMPK K2 HA T 19 20 [ v ol 13 3
175 E 10 2 g 3 PRois /0N B IO D) 8 i - 5 0 LT 4
b B0, faln, Li%F B FER T S T o B RS R
o /U U /N BRI R Bt o 8 Jil AL 3119, 45
WoR, A% S AT E o | JH AMPK/SIRT1/PPARY
B0 A F 1o (PPARY coactivator-1o,, PGC-la)
5 SRR LA O LA I R TR R B, A
M4EREONELIRE, FEEWEIRIG RN EE . Fakbt
FERR I . T SGLT2i 25 25 Wil 4 75 5 AMPK I fk
XTI K6y 7R R O U ARV P o

SR, AT TREME 25 PG TR R O e 1
G IRIFFE D . Feng % % 5, XTG4 20f% B8
AL T30 5 01 2 RIS DR B 45 T ISR B BT
12 A LA, AT g1 s B R . B A 20 & A
(hemoglobin Alc, HbAIC) . Hil =g . B fH#
Mg AR R A I IEEEE . N B AR MR AT AR
TR, TET 5K (R /AT 5 AR 0
P FLE A R, O FLE R R AL S AR
FOTHTR B, IRRE S SCEAR O O I S RE R A T
A5 S AMPK LA 7 IH [ B i e R AR
A 5%, Xk SGLT2i 825934 7 M PRI AH OG0 1
WUTFRE T RiRiEAs, (HHBEARVERPLEIZ S5
Wi Zr BTk, REIAIT (DPP-4i) . FIHIE K.
WHEIRMK 57 EMEIK (GLP-1RA) . Ki&F145
IRKS B S B B (SGLT2i) 25 fh 25 4 v i
1 G AMPK JH A5 1T Ui mTOR B2 £k Fl/sl
SIRT1. PPAR-o %k HZRAVEMfEIEANME AW, if%
e N T 58 20 B 3 T e BTG, R R
AR PR JERE SN, DT AT R8T 5 /% 2% fire i Al
RIMEEEL . ONEDIRERERS . O WUIEE L ZE Ak 55 it
TPHERIE ) R R e . TB R, i — Pl
B AMPK /N L H2 380 71 MK-8722 7E AT 3L
e o 10 ) B T 35 e LTS DS W D % it o B 3
s R R IR F ST y2 5L PRKAG2 5
PRI 28 AR 25 TRy AR ARL 7, H 36 BH X F AMPK L 1] 24
YIAE LoD ST 5 0 A A TP AR SR . FEAR
K BBFTE R, A8 R A 1] 4T AMPK () R
25 A AR DR PRI Co WU ASE R A T TR, Ll s S
FCEIVE B4, LABIHG & A T1E A4 8 [\ AMPK
IV TEZI R D RE AR
322 Hithzh¥)

BREGMEZGAN, — 00 M AP0 S5 I R Ge
SRIRIT 259 L K i A 2 A TR g E 1oF IS AMPK i

BG M RGO e . B8], Li%s = Fil Zhang 55 1
S5 53 R PR O L /N BRORIK B2 7 8 R o 48
Y MERTT, AR IR, SR nT fgiE
it E G UL AMPK B 2 A6 26 3k DA 2E 20 M ) I
RS RE I HIAR BURR 2R, DI it O I D g e
50N Mk . it Chen 25 OV LR, 55 —Fh
PULLTRAYE TR (N-2- RIS L) MRt
EPRTR) THALPRREA SO BT m AR A AR R4 A Ak
IO A AR FIT 5 S () O I AR A PN B 2 B A, AL
PR 5 P00 AMPK Sl iy 14 58 PINK 1/Parkin #7271 F
ILRIR B O, BEAh, WFSE A BOHE IR SR O AL
R BT ING T AREARE (WHAREPUER)
Ays R B R (LR Z5Y) ) iayr 4 mlaE i
T AMPK I 16 DA A O LA AR R 0K, 2 1T i
SEME PRI D IE DI BERERT, 33X 5l SEAth R K Je nT /R
PUEACR BN AL . it Tu % FEfR S B RT
TR, FRSER (WRRGEEWRIGIT ) A
W DR o O LA 05 7 2l 8 VR AT fig 2l o |
AMPK B 2 4k, 2% 15 DA 2F B 105 2 S A6 I 40 il B i
PR PRI SE 8 . 25 BTk, ih Sefhii 5 e nl /R
(PULBIRZY) . RIEIHRE (PR, ERE
B (PN . FRESER (PR RGN ZY)) 45N
AL S AMPK KA 09T il AKT BERR 161/
oY PPAR-o £ [ 2k U017 _L A4 HE W5, 336 %% v O
WEFT S SRR T ANZRL AR A WSz RH,  IFAm 4
FERFRIIR AR R, X F B i O Wi A B
PNV
323 KRILEY

R 22 KIRA AW T 760 LA B Y 1% AMPK
T SO DR Lo WL o

B\, RIRZWmBIEY SR " 5
Fe 28 10 ] 435 F B A6 YT E PR O W T RE R A
HAL 5755 AMPK iGN A FEBUAE . T )
TR40M AR DIREA . FIZE IR R 2 ik G
Yy, HoAl S AMPK DLOE B A v e g
Parkin /i (Y ZREAAR FI W, FF 10 08 PR O LER
Yl 5.0 NEDIRERERT, (HHXT bR 7 g B AR
(RSN B4 MR, XATRe S AFZ
YRR HIHS (50 mg/(kgd), 7d; 30 mg/(kgd),
3d) AKX REATHE— D IF LR A [ b ) RE R
TR AHDCHE PRI Co U P ZEAR RIS AR, LARAHf
B P KL AE UG & A SRt R VR
BLER LA KO LA B 9 AMPK 5 [ 52 14 28 (A % T
ANTR) 245 ) b BB S AR (R 2
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HR, E/NEER (TRPREER ) TULIREEIR
9 O LR K B BE 15 S AMPK 6 1k, 1 1M 3 7%
AMPK T i AKT/GSK-3p 55 B A2 M A R M 0 2
BB 5.0 4EAL 7, H i B A 7 2 8 5%
HA BRI A A DN B TS M PR U WL v
HAFEEZ L,

5 =2 B TGN RS O UL 1 JRE 1Y) AMPK
PO R — S = B A R E Y. B, miE
Wang %5 il AR AR B ARBFSY Z B, AT D
fE 18 1 I T AMPK Al 117 354 558 4] 255 W45 B RE 1 -3
AP T RIRR LA, AT RO PR /N B AL
JEIE, X, Xuds " 48, RS R R
N B U ) RE [ B % T 4k Ak 2 58 1o 30 AMPKY
Nrf2 {5 5348 LSRRG 57 300 o] 420 P I 38 7 i
Mo ABARLR SR, XPIE BRI WL R Ui 4 J PRI
i (RN REXMEGY) 750 1§ AMPK/
mTOR A~ 5 14 41 i [ 15 1717 4E 2% 15 DR o O L F
e Ak, Rl Cai B 7Y RS IR L EE, 8
FRET T O GEERHFAEY) FTA RO = s
AN BGER INE FR OIBHS , HALEES H0E
LA B P AMPK Sl i 41 i) NLRP3 2 E/MAA
AT Ao, FabWFseas R, RRILEY
(==t . W R AR /NS, 1
B D, BREE, R, RFEETs) Ed
5 AL AMPK 43 H T i AKT. mTOR #§PR 1k 3%
TR RN/ Nrf2 25 (e 1k T8 1 0T 15 B AR YT R PR
I Co UL 7 T BT g, AL AT Ak s A 2 i R
TEARSY) SR 2, AR — 2B
33 BEHZKRREE

BE PRI B A R BORZ G I B A A bR, 00
N S HEAT ZIREYT . —ORTE SRR B S
I —FP A M A FERE 24, = U

B, Steneberg & 7R, 7 JE U H XUAK I
ALFR | O-304 T4 FRAT — B XUIRER & O-304 TiAb #i
BIRe A S AR /N B IE D RE R AT, Hi O-304
B 1) B O UL AMPK R VE FHEE S B 5, TR & 45

RO NERE R R E R B2 . [FIR,
Steneberg 5 ™ A1 E4ESZ 12 A DL Z HUUIGAY Y
14 2 ZEE PRI SR AN O-304 Kb 38, JRILEEE]
23 NE A . RS R ACPURE A . s AN AT HK R
B, USSR EH, FEFLH8 AMPK G
F1 O-304 5 — HIXUIRIER A 11 AT 38 2 ¥ AMPK
DABSInC VT AP O T s O IR DI BE, X TRYT
B BRI O AR 5 T e A BRI ) .

HR, JaZg BT R, 12 8 WK, B
FEAABTT (7735259, —Fha U 3-7855-3-H
LI MRS G A SR D)) . F SO A Bl
FEAMT T BT B 1 AMPK . SIRT1 2 3
B NPROHIRAE . SRR S AR T4, A
RS dbldb /N R LT 4EAL, EHLEEA 25k
SRR B, HALHI R85 0% AMPK/SIRT1
A

A, (HASERM R, Vernaza Tryjillo 55 7
Xof TG0 1 3 vy S 11 v AT 2 UM PR £ 43 i E
B (XIS BAR S ) 5 =8k (ZHRL
JIER A 24K B e N SCFERR R . — H SRR A 35 4% 1)
VRIAS GIA IR . ORUNICER B 3 46 51 ¥ R VD45 1)
T, H OB A ks s Rl B ) 1697, &
18/ A BTG &, 5 = BRI I ¥l B
BTRHBFIRE . HbAIC, Y4k . &7k EMA
OESMAAE, Hh ZBOEY 7 RCR A B AUZ 41
HEARRAED T ERAEBEE, R ZH SIS
SGLT2i K254 (ARG . k8514 iGIr A
s B ORI RE, o ORI R R
B I FF B R AR R O I A = IR Y BEEAR 8
XA B R AT LA O ) s R T A 2
B KRBT AT YR HE DRI £ S AT
(I — W SRR & g 510 ), DAE— 2 IR A
24y 5% T80 B W PR O LA 04 52 ), 5 DR [ 80T
AMPK i BEHRGT T RERUSE AL . 25 LTk, AL
1447 7 AMPK I [5] 2541 22 AMPK 34 18 5% B Jk g o0
WURRISZ M0 T3 1.

Table 1 The effect of new AMPK-targeted drugs on diabetic cardiomyopathy via the AMPK pathway
®1  FEAMPKEL [ 25412 AMPKIE 2 33 45 B 9 10 AILIS B S 0

ik WA 5 FEFIRLH VEFRR EE BTN
THXUIT (200 mg/(kg-d), 7 A/, 8  SFIRCSTBL/6/NRABERIETE R G S AMPK/mTORA S % OAUEE | [46]
J4; 2 mmol/L, 24h) PRI 3 I H 0 Ak B P A /N ROG L RS |
Yt
ZHGUIT (450 mg/(kg-d), 7d/, 4D SDRRAEMEERR SRS HMRAE R  LKBUAMPKA FIEL DALk | [47]
7 B R L S SR |
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=
LS W TN % EFHLH eI R EE BTN
BEHRNT (30 mg/(kg-d), 7d/f, 4Jf; CSTBL/6/NRRAHENRIEH Z 5 SHERM;  AMPK/NLRP3 A 5 1 % DU fdraksh (48]
5pumol/L, 24h) Jit T 2 A ALk R ) A /N B LA E SR | BE T DAUIRE |
GIETRETIIN Wt RS A B AL B R RHOC2. LA AMPR A 3 (9 Ak B (Ol ig 7 1 [49]
!
FIFr &k (0.2 mg/(kg-d), 7d/8, 8/H; SFIWZDFKRAIFIKEHESHIRIK; AMPK/mTOR /1 5 (0 41 CMEYRgAaraks  [50]
0.1 pmol/L, 24 h) ot 0T 7 R Ak R (3 A KRR L4t i 5 Be 1. L LT 4
1l
FlRigpt (0.4 mg(ked), 2d/8,  SHEAWAbEb/NRE TR EHE SRR AMPKThel72 /v § 1 i OV 4L | [41]
24J; 0.1 pmol/L, 24 h) ER VI Ry s g (S SN NN T o N = R VA
HOC2L L4 AL s BRRER |
YIEARE (0.5 pg/(kg-d), 7d/H,  4AESDRKRAE R IRIK GBEAREARE T AMPK/PPAR-oft 040 Rl ZEfEriksh  [51]
12/ FAB S0 R M T | AN OY || KA o
1l
AR ER (0.2 mg/(kg-d), 7d/JH, 8RR AbAPFEIRFT /N HEME B FEL  AMPKA S KLIRCa™ OBEIEEFEF kT [42]
4fF; 0.1 pmol/L, 48 h) B AN RO WL AR W T, AMPK-ULKIA B 1. O L4 4
S Zemi Ak T !
R HF (Sng/L, 24h) VA ISR A 35 11 /0 BUHIL- 1 JU L2 ff AMPK /- 3 [f p-p65/ LNANALIE ST T [52]
COX-2/iNOS K #i P 4% JiE
SN |
FHEAIE (30 mg/(kgd), 7TdJE,  6ARCSTBL//NRAR IR EIEFMK  AMPKa /- 2 1) PINK/ OfEW4ifETikT)  [53]
12/#; 20 pmol/L, 48 h) Ve G SRR N AT Parkin kA MEZORIA F W fE T
HOC2Lo LA L 1
ERINE (I mg/kg-d), 7d//, 8f; 4FESDRRATIRIXSBAENIRIEE AMPKo /v S () TGF-B/ CLEF4ELL | [54]
1 pmol/L, 24h) FIE SRR HEINH R AP T Smadi iR |
R BRI B ET 44 4 P
RN (10 mg/d, >12/; 35~75 % (ML o BUOR B AL T REM A AMPK AT 5 1 900 e B2 O EYRgaAngrsk el [55]
1 mg/(kg-d), 7d/JH, 12F) 2 BURE R B oSS ZDFRE IR | BRI . Al B8 T . O ALEE
PN VT g I DULE e |
B (30 mg/kg-d), 7d/F, 4J; 6 HECSTBL/I6/N AR =155 AMPKalo2 /t 5 M40 i CREYSZEfET kY [36]
0.5 pmol/L, 0.5h) FRIF 5t 00 R A B Ab PR HOC2 0 L EE | BE 1. L AL 4
il el
B HE (10 mg/(kg-d), 7d/8, 8JE: SFEWEdb/APFEIRII /N : TN ZifEdt  AMPK/PGC-laft T B E LR fErsks  [56]
10 pmol/L, 2h) AR SR O LA AR S R T | fit 1
BgFE (1.5 mg/kgd), 7d/, 8JED 11~12/H#SDKRARRKXEBE MK  AMPK/SIRTI/PGC-la /v CEWAEFIET KT  [57]
Ve h 275 S PR 6 J8 )5 9 & 0o UL SMEMME S RAER BT OIF%
M| !
HiZEAhmEE (30 mg/(kg-d), 7d/JH, 8FD 10~12JH W db/db¥E R /N R, AMPKThr172 /- 5 (19 % OlEdkcge fdriksy  [59]
RIS IR IR R | G
i (30 mg/(kg'd), 7d//, 8/ SDRRARMREMAMMRKLHARE ST AMPKA S 141 i = Lkl fdrsksy  [60]
Wi R b A E g T A0 || R4 o
1l
BT H/R (10 mg/(kg-d), 7d/J8, 4R dbAPFEIRF /DR MM EFER AMPKalo2 /v S [ OUIANHGE ) 1 [61]
24J&; 0.1 umol/L, 72 h) T e 2 A L P N O JUE AR T A5 P R 400 PINK 1/Parkin{f i 11 £& i
=L
KiEHZ (40 mg/(kg-d), 7d/F, 2 6~7TRIESD KR A =R RSB AR AMPK/SIRTI/PGC-1a /- OIEUZEFET R Y)  [62]
W= PR SRS RAER BT . L LA 4
M| [
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=
ESLWES TS IWaEd A FIAL BRI 2R
R AN (100 mg/(kg-d), 26d)  SDKRAHENRE T &5 S0 KRR AMPKao2 1 5 [ 5 40 B g fdraksh [63]
WS RRR | RET . OALARE |
RS ZE (40 mg/(kg-d), 7d/H, 8F: THISDRKRARMEXSIKAHMLE AMPKo/ SRR R OIRgmersksr  [e4]
40 pmol/L, 24 h) RESEIRM : MM R ) Be T . D LAT 4
HOC2-L LT L a
ZEMNE (250 mg/(kgd), TdJE,  6JHIACSTBLIO/N AR AR E LA RENR  AMPK A 5 10 ROE RN OIEYRgE RSk [65]
4JF; 0.1 mmol/L, 24h) Ve SRR M A b B | fig 1
HL-1-0 L2 Ay
Witz 2z (50 mg/(kg-d), 7d/f, 4F; SDARAEEMHXEKEHRAKHEZIST AMPKThrl172/mTOR 4 O 4ifi&rsksh  [66]
50 pmol/L, 48 h) PP s M AL B HOC2 O L SR E e . 40 Be T
M P |
H&E P (50 mg/(kg-d), 7d) C57BL/6/N RABEMRE B KB SHERRG  AMPK-p53 /1 F () Parkin O EWC i ANg7akzh - [35]
ML LR A I T fig 1
H2 P EE (30 mg/(kg-d), 3d; 6~8JH I CSTBL/6/N A I IR EEE AMPK 4 5 ) PINK/ OEWgifnarsksh  [67]
0.1 mmol/L, 24h) BHEIRAE RS SRR M ARE  ParkinfRAEIELRRIA IR RE T . 0 AL AT 4E
LB TR EHTHL- 1.0 L 48 i ! thl
/NEERE (100 mg/(kg-d), 7 d) KREF MR EBSREE R F S AMPKA S MAKT/GSK- O gifsrsks  [68]
SRR 3pistE 1 Be T . D LLT 4
1|
FiMEHD (2.5 mg/(kg-d), 7d/fl, 4JHEEC5TBL/6/NREA S RIR B BCGBEIR  AMPK A 3 19 % 4 B8 48 O EUdsfigrsks  [69]
4fF; 0.1 mmol/L, 24 h) VEW R TR WA ERAA WA T g L. e T . L AUIR R
P A B THOC2 0 JULZH MEm Ak | Y Ik2 R 2 i)
B (10 malke-d), 7 4, 8~10/H W C57BL/6/N A H IR I & BEA  AMPK/N2 A 5 B9 4l i o ifngraksh  [70]
B RV 1 R S IR EL AN e ! Be T . D LLT 4
20/#)
1|
WEERE (50 mg/(kg-d), 7 d/JH, 4D  SDK R LEE IR 1 %175 S0 R AMPKa2/PPAR-0/PGC- CMIEURZEFnassksy  [71]
laF S W AERB T, 8T OIEE

AMPKa2/mTOR 1 § 1
i

L LR |

PR (60 mg/(kg-d), 7d/F, 8FE) SFAESCSTBL/6/NRAHENREH KB SHE  AMPK/NLRP3 A S 040 LU fmdraksh  [72]
PR 5t 0 R Ab B R HOC2 0 UL MR T SRR | BE T DAL 4
il ]
ZHRUIHBTFCARARYT (200 mg/(kg-d)+ 9~10 & & db/db Wi JR 7 /N & HEINAEAE  AMPK/SIRT IS %M GULAF4Edk L. o [12]

10 mg/(kg-d), 7d/JH, 12):
1 mmol/L+10 umol/L, 24 h)

Fg b 3 FRTHOC20 LT I

R L REERBL L .
YA |

JULIEJE |

AMPK . JRH — B R 15 4k A0 2 11 4 B8 (AMP-activated protein kinase) ; mTOR: M. zh#) & A% £ HE 1 (mammalian target of
rapamycin) ; NLRP3: %1 R4S & 4500 & = & B 31 2 75 Fl & #UE A 45/ 832 83 (nucleotide-binding oligomerization domain-like
receptor protein 3); PPAR-a: it B AW BHAIE I I4G Z Ko (peroxisome proliferator-activated receptor-o.) ; Ca*": 452F; ULKI1: Unc-
SUFE A WETEfL 3B 1 (Unc-51-like autophagy-activating kinase) ; p-p65: i 2 1% Bl F«xB p65FJ& (phosphorylated nuclear factor kB p65
subunit); COX-2: M4 fLAF2 (cyclooxygenase-2); iNOS: iFAl—%fbA & (inducible nitric oxide synthase); PINK: PTENif i1
(PTEN-induced putative kinase 1); Parkin: PARK2; TGF-B: #{b/4: K KHFp (transforming growth factor-B); PGC-lo: iR LA 5
WO Z ARyl B0 IR F 1o (peroxisome proliferator-activated receptor y coactivator-1a) ; SIRT1: JUER A ELJ# 95 K1 (silent information
regulator 1) ; p53: JilJRi 2K F1p53 (tumor protein p53); AKT: #H[1if#B (protein kinase B) ; GSK-3f: B4 i /il i fitF 3B (glycogen
synthase kinase-3B); Nrf2: 545t L0 224K 72 (nuclear factor-erythroid 2-related factor 2); T M5k | . Jilids.

A SV, 16 B Rz (10 m/min, 1 h/d) A
it AMPK/PGC-1ou it 4 M 11 A5 402 fift B AN K
e, e PR /N B BE S BE R A . Shabab

34 Bz
KGR ATAF S B E WS, M s 3h i i

AMPK A2 B0 TR O LS 1Y B 2R . Wang
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A U gRgRE, 8 JErhAFIR EERFELIIZE (15 m/min,
40 min/d) SR EEHEIZE (20 m/min, 40 min/d)
0] 01 AMPK/PGC-1o {5 538 J% L0 1 45 Ak 1
B, DN S s b Do K B Dl RE RS L oL
NEJEFLF el R 77 s, ithn 8 B A E kG
PiBHiz3h (20 m/min, 60 min/d, 3 d/Ji; 90°T€ES,
4P, 44/d, 3 d/JE) ATEEETE AMPKe2 DA
TDwE G O T 008 2 4 2 R ORI IR 7 1R ek i R
U D UIR R R, A PR/ N LET 5K
UIRERERt. tbah, Cai%s 7 F5ih, 8 A AlmEl
%k (85%~95%VO0,,.. i& 8} 7 min, % i 50%~
60%VO0,,, iz313 min, 5d/J&) TEEE AMPK J5 7R
A 3 3 B PPAR-o/CD36 {355 flt LA 510 I i
PR BT AR IR 8 A, SE TR PR K B
WD RERERT
HAEERE, R —ERENR S Tiz
gl (BRI ATP B FE LA S AL J1 3N ) 55
T AMPK 1G9 ML, Z5 R B, 6 )8 ™
(9 m/min, 60 min/d, 5 d/J&) F8JE* (18 m/min,
45 min/d, 5 &/JA) Az 3h AT 43 5 a0 L
FGF21 . Irisin 8 [ %1k LG AMPK & H R i X
Sk HEFE H O3 (forkhead box protein O3, FOXO03)
Wl , e /N BRUO LR AR 25 4 5 ) RE B
%, JFmEI K B IERA 24 BERA N, ek
EREDRIR O NE T RERE I M AP difh . 278 L aCm el R,
KIS Z s (Fpal/mBbEf fissh . A Ak
GBYiHzEgl . SR R EIZE) nl s PN )
R THAE A Z AT (W FGF21, Irisin) 4548
B AMPK ) T i85 - (41 ACC. GLUTA4,
PGC-la. PPAR-a, FOXO03%:) LI{EdEIE TR A AL
AV ATHEFRE . S0 AN SRR B A 2ok A 5354
SRR D URIRY Y I E R . BRI D
iz BT A g RIS 0 T R O L R s Bl Ak
TR BT A A IS SR L HE,
AT T3 5 B8O IE D BE Y32 3l 7 58 75 B 1
o TEIRZLMIFR R, T EE AR L5

X E AR LIz 3 TR, LLitE—20 A AMPK
ARG AT RERZ AL, PRI R IE B S
Rlizzhry r=C, sREE . W] SR, SR AL
HBEA R, 2 B AR 209U 258 2
IR A BT Y dRe/N Y 83 T S RE AR U FRAR (14 32 3
LYETE
3.5 IEEBRAHYIRE

T HEPRIA B F AT IR 25T T Je AT R Ak
BREHFIEE), FENIRCE 2K G i shTErE bR
I O UL R BV TECR AP . Liu 5 Y s i
8 J& — W BUIK (300 mg/(kgd) ) . A &z sh (7~
12 m/min, 30~40 min/d, 5 d/J&) K = B BUIEL &
iz Bl T T PTG U A E I T 4 0 UL
TGF-B1/Smad  (suppressor of mother against
decapentaplegic) R, YEMTARUGENH db/db /N>
MEF4Efl, HIRE THRSCERCRE i 2, 5
PLER, = FXUMCR 38 o 0% AMPK DL il 5T 3
A4 4% X 1 4o (hepatocyte nuclear fator 4alpha,
HNF4a) (5 TGF-p1 3N E s+ XML A L5
JEE k) AR, MR—z3h ARG T
BIRBETS T AMPK B AL B ,  Hi 156 W] — FF XL
WK & A 48l sl T HisE o O U PR 2, (B
FE175 5 AMPK I 16 77 10 8 I AN AE PR IR0
- HOBUIA 0 WL AMPK 5 A A 9 4Rz 3h i
Hl 55 09 4 - HLEIA REE— Do ], A, 2
SR 4 T v i R IR I A S R AR R R
A AR i O U /N BRI A, I ¢ 3] 8 J A1l
Bk (0.4 ml/(kgd)) G A % H B 25 iz 3
(25 m/min7, min/d ¢4 15 m/min, 3 min/d, 5 d/J&)
X/ N B IE D RERRERS . O NTUIE R S 4Rk r
BEERCR I AL T 825 sz sh T, HE—A
BT U A 3% AMPK/FOXO1 38 # LA .0 WL
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Table 2 The effect of exercise and exercise combined with drugs on diabetic cardiomyopathy via the AMPK pathway
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Fig.2 The regulatory effect of AMPK on diabetic cardiomyopathy and related intervention strategies
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Diabetic cardiomyopathy

Abstract Diabetic cardiomyopathy is a distinct form of cardiomyopathy that can lead to heart failure,
arrhythmias, cardiogenic shock, and sudden death. It has become a major cause of mortality in diabetic patients.
The pathogenesis of diabetic cardiomyopathy is complex, involving increased oxidative stress, activation of
inflammatory responses, disturbances in glucose and lipid metabolism, accumulation of advanced glycation end
products (AGEs), abnormal autophagy and apoptosis, insulin resistance, and impaired intracellular Ca®

homeostasis. Recent studies have shown that adenosine monophosphate-activated protein kinase (AMPK) plays a
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crucial protective role by lowering blood glucose levels, promoting lipolysis, inhibiting lipid synthesis, and
exerting antioxidant, anti-inflammatory, anti-apoptotic, and anti-ferroptotic effects. It also enhances autophagy,
thereby alleviating myocardial injury under hyperglycemic conditions. Consequently, AMPK is considered a key
protective factor in diabetic cardiomyopathy. As part of diabetes prevention and treatment strategies, both
pharmacological and exercise interventions have been shown to mitigate diabetic cardiomyopathy by modulating
the AMPK signaling pathway. However, the precise regulatory mechanisms, optimal intervention strategies, and
clinical translation require further investigation. This review summarizes the role of AMPK in the prevention and
treatment of diabetic cardiomyopathy through drug and/or exercise interventions, aiming to provide a reference
for the development and application of AMPK-targeted therapies. First, several classical AMPK activators (e.g.,
AICAR, A-769662, O-304, and metformin) have been shown to enhance autophagy and glucose uptake while
inhibiting oxidative stress and inflammatory responses by increasing the phosphorylation of AMPK and its
downstream target, mammalian target of rapamycin (mTOR), and/or by upregulating the gene expression of
glucose transporters GLUT1 and GLUT4. Second, many antidiabetic agents (e. g., teneligliptin, liraglutide,
exenatide, semaglutide, canagliflozin, dapagliflozin, and empagliflozin) can promote autophagy, reverse excessive
apoptosis and autophagy, and alleviate oxidative stress and inflammation by enhancing AMPK phosphorylation
and its downstream targets, such as mTOR, or by increasing the expression of silent information regulator 1
(SIRT1) and peroxisome proliferator-activated receptor-o. (PPAR-a). Third, certain anti-anginal (e. g,
trimetazidine, nicorandil), anti-asthmatic (e.g., farrerol), antibacterial (e.g., sodium houttuyfonate), and antibiotic
(e. g., minocycline) agents have been shown to promote autophagy/mitophagy, mitochondrial biogenesis, and
inhibit oxidative stress and lipid accumulation via AMPK phosphorylation and its downstream targets such as
protein kinase B (PKB/AKT) and/or PPAR-a. Fourth, natural compounds (e. g., dihydromyricetin, quercetin,
resveratrol, berberine, platycodin D, asiaticoside, cinnamaldehyde, and icariin) can upregulate AMPK
phosphorylation and downstream targets such as AKT, mTOR, and/or the expression of nuclear factor erythroid 2-
related factor 2 (Nrf2), thereby exerting anti-inflammatory, anti-apoptotic, anti-pyroptotic, antioxidant, and pro-
autophagic effects. Fifth, moderate exercise (e.g., continuous or intermittent aerobic exercise, aerobic combined
with resistance training, or high-intensity interval training) can activate AMPK and its downstream targets (e.g.,
acetyl-CoA carboxylase (ACC), GLUT4, PPARY coactivator-1a (PGC-1a)), PPAR-a, and forkhead box protein O3
(FOXO03)) to promote fatty acid oxidation and glucose uptake, and to inhibit oxidative stress and excessive
mitochondrial fission. Finally, the combination of liraglutide and aerobic interval training has been shown to
activate the AMPK/FOXO1 pathway, thereby reducing excessive myocardial fatty acid uptake and oxidation. This
combination therapy offers superior improvement in cardiac dysfunction, myocardial hypertrophy, and fibrosis in

diabetic conditions compared to liraglutide or exercise alone.
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