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[Abstract] Insulin resistance (IR) is an important pathological and physiological mechanism of type 2
diabetes (T2DM ), and the treatment of IR has become the key to the prevention and treatment of T2DM. IR is a
state of insensitivity or reduced sensitivity of insulin-stimulated tissue cells to glucose, resulting in cells that are
unable to efficiently take up glucose in the bloodstream and thus causing hyperglycemia. Adenosine
monophosphate-activated protein kinase (AMPK) is an energy-sensing enzyme that can regulate multiple
metabolic pathways and maintain the stability of adenosine triphosphate (ATP) in the cell. In recent years,

traditional Chinese medicine (TCM ) has played an increasingly important role in the prevention and treatment of
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T2DM. The research on exploring the AMPK signaling pathway of TCM intervention in the progress of T2DM
has gradually increased. Many pharmacological studies have shown that TCM has advantages such as safety and
high efficiency in the prevention and treatment of T2DM. AMPK signaling pathway is one of the key pathways
for the active ingredients of TCM and TCM extracts to improve IR. Active ingredients such as phenols,
flavonoids, polysaccharides, alkaloids, and saponins, as well as other herbal extracts can improve IR by
activating the AMPK signaling pathway cascade response, thereby improving IR by regulating glucolipid
metabolism, inhibiting inflammatory response, anti-oxidative stress and maintaining mitochondrial homeostasis.
Based on this, this paper reviews the pharmacological and experimental research results of TCM intervening the

AMPK signaling pathway to improve IR in recent years, expecting to provide reference for further research,

development and application of TCM in intervening IR and treating T2DM.
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A M HE— 25 HLHI 5T R, S B B 68 R 45
Akt/AMPK {5 5 il #% , I ¥ p-Akt/Akt, p-AMPK/
AMPK fil GLUT4 & ik 7K °F , B% ik FBG . i & % .
HOMA-IR . TC 1 TG 7K ¥, ¥t 3% 5 #% L IR, & ¥ 41
W PR 5 PR o R LR B K BB A Ry A A
e IS B ICY) R A8 A R A IR R L A &
AMPK I T I 5 5 38 I G 16, 1 ol 2 b A il 2R
F \PGC-la FIMER R A CZ K a(ERRa) 35, {2
AMPK SIRT1 A% MW H 1 F0 2 1 38, 4k R £ kL
RIIREIE %, 23 T2DM R RUIR' . 25 30 5¢ /R

K1 PHEYHSET AMPKESE KK E T2DM-IR

AR5 B A R I B S A0, B A P AL R I A
Ref AR 0 B e SR Y TR AR A AR T
PEICY) HE 1% i3 T2DM /) BUIR , HEAL I 7T 68 5 9 4%
AMPK 5 = i % , F 8 BF F B8 W5 & A 56 A
SREBP-1 Yy # i , F ¥ p-AMPK fY 3 ik , [ Ik TC .
TG i &5 B8 Wi 2 7K, 7+ 5 FIE SOD . GSH . i A 1k
ST M, 4 BE AMPK IS Ak, 30460 AT E IR R 2 R
AKX,

H 25 47 0 4 B T AMPK {5 5 38 15 o 3%
T2DM-IR AL L3 1.

Table 1 Mechanism of amelioration of T2DM-IR based on AMPK signaling pathway by active ingredients of Chinese medicine

2 AR R A28 HL il 2% 3k
JEBL/FE FF R L6 4l p-AMPK .GLUT4 1 ,p-mTOR ,p70 S6K .p-IRS-1 | [16]
T% TEmH SD K GLUT4 AMPK 1 [18]
K AHRAF db/db /N B AR /N BRI 200 i p-AMPK ,p-ACC .p-Akt.p-GSK-38 1 [20]
JEAN LY N SD KR PPARy .p-AMPK 1 [22]
A ABE C57BL/6T /N p-AMPK . p-GSK-38 1 , SREBP-1. G6Pase.  [24]

PEPCK .FAS .ACC1 |

s WA HepG2 4 Jifs p-AMPK T ,PEPCK .G6Pase fll GLUT2 | [26]
R WRE C57BL/6J /N R, AMPKa .p-AMPKa .p-ACC T ,Fetuin BL,ACC | [28]
HEE “ A L6 41k, SD K p-AMPK .p-ULK1 1 ,p-mTOR | [30]

C2C12(/NEUB LA AR ) , SIRT3129/SvI/NEL  p-AMPK \PGCla T ,SIRT3 | [31]
g W 3T3-L1 g i 4 s GLUT4,p-AMPK .p-ACC 1 [33]
WAL WSk B L6 4l il AMPK 1 [35]
b 5a EEa KM /ML p-AMPK/AMPK . GLUT4 ! ., GP. G6Pase,  |37]

WS R S B2 SDIRE

AU HHAR HepG2 41l iy
Eigi: IINEBER, db/db /] i

SD K f
TETE ERT SD K fil
AZ ANZ B AT Rb, C57BL/6J /N R,

NS AT Rk, C57BL/6] /N,

i I oI R SD K il
K Kig# 3T3-L1 fig i 41 it
i # o P C57BL/6J/NER,
T I TE SD K fil
IR TR HepG2 41 ity
M e M KR Wistar K Fil
RHTF  RETFKEY SD ki
F F 4 ) db/db /MR

SD K il
WmRsE BT db/db /N B

PEPCK JfkHi % |

GPR43 1 [39]
p-AMPKoa . AMPKa JIREKEZ K2 T R 2K | [41]
p-AMPK .PGC-la 1 [43]
p-AMPK LKB1 T ,p-TORC2 .PEPCK ,G6Pase | [44]
p-AMPK« . SIRT1 PGC-la 1 [46]
AMPKa .p-AMPKa .PGC-la T [48]

p-Akt, p-FoxO1, GLUT2 | , FoxOl, PEPCK,  [50]
Gé6pase |
p-Akt2 . p-AMPK 1 [52]
p-AMPKa1/2 .PPARy 1 [54]
AMPK., p-AMPK (thr172) . NOX4, p-GSK-38  [56]
(ser9) .p-Akt(ser473) .FOXO1 T ,PEPCK  G6pase.
p-GS.p-IRS-1(ser307) |

p-ACC .p-AMPK .p-LKBI1 1 [58]
APN | APPL1, AMPK , IRS-1. Akt, GLUT4 T , [60]

p-AMPK/AMPK |

p-AMPK .PPARa .GLUT4 1 ,GSK-38 | [62]

PPARy .p-AMPK 1 ,NF-«B | [64]

p-Akt/Akt.p-AMPK/AMPK .GLUT4 1 [66]
AMPK . Sirt] #ZIF T 1 /121, dkitkma (67

%1 .PGC-1a .ERRa |
p-AMPK T | JFHEAS Wi & s FE B SREBP-1 | [69]

e BTSSR
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4 tig M. Recent advances in the role of AMP-activated

T2DM J& Y ij #t 23 A5 35 N S e 1) 32 2 AR
P, IR 2 R0 1 £ AL, 7F T2DM & 9 19 4
FE 475 v P B2 (5, AMPK 2 E AR AN SRR B 1Y
rRORK I ) 9 R A B A A 5 . AMPK 5 b
PR B JEFAC i 25 A AE A 56 o b SCRnR , 2 b
o243 PR R A3 B 2 B2 U 5 T AMPK {5 5 38 %
1% S, AMPK 5 GLUT4 PI3K/Akt/GSK-38 . PI3K/
Akt, mTOR/ULK1, PGC-1a/Sirt3, TORC2, Akt2.
SIRT1. PGC-la. NOX4/PI3K/Akt, LKB1. GLUT4/
GSK-3B/PPARa . PPARY . Fetuin B fil NF-«xB % £ ff
o B TR VR R R YR B AR ) 58
5 I G T A R ok R RS SRR, AT
M3 IR, AMPK {5 53 % 1 7% 5 55 IR 114 9 2L 2
F UM G, AMPK {55 5 38 % J2 B2 2578 97 IR 9 G
A BRI . 2% — L IRA R
25397 T2DM-IR WAL I & i FL v A . SR,
o 25 T 1 AMPK DL Bl 3% TR A9 B7F 58 3R A7 1o i — 8%
7] 0« By G v 2453 1 AMPK {5 538 % 20 3% T2DM-IR
B i = 5 v e B S 0 G H O 25 0 M )
5 AMPK {555 BB - [a] 75 049 431 HIL ] 16 A BH b 5 P
W 25 5 T AMPK {5 5 3l B35 97 T2DM 19 24 3L Al
SES WY ) ELASE (BT ke 2 i R B S P A
E B= 2% 5500 ; Je 5 v 245 0 PR A 1 25 W B B2 2
3y E WL B — 2 B . ROk W 5 I X
i o T AR B 2 MU O 45 A 241 I R 5T R
D7 FH B AR DG B R v IR 24 2l IR ML
[vi] B 0 A7 B R B R A i A P R A A A 5 R 5
236 M 4 I AMPK Z 811 43 F BILH 5 [ B m) LI
J R R P L 22 b (1 R A 56 BF 5 R oh 2
IR IR B F & A9 I PRECHE FE UE B2 27 E 4 |, T4
FIETEME . BEE B2E BRI & R Joh =
25 IACAL K R W2 85 L IR 5 AMPK {5 5 1 %% =[]
A F AL A9 B 5% MR A, vh 2538 it AMPK {5 5
i [ i 3% T2DM-TR A HIL s 2 58 T oA A
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