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Research progress on traditional Chinese medicine for treating diabetic
kidney disease based on AMPK signaling pathway
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[ Abstract]  The global incidence of diabetes mellitus has recently shown a steep rise. Diabetic kidney disease
(DKD) , as one of the most prevalent microvascular complications, has accordingly become the primary cause of end-
stage renal disease. There is an urgent need to identify safe, reliable, cost-effective, and low-side-effect medications

for early interventions for DKD to delay disease progression. Pathological studies have revealed that the adenylate
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monophosphate-activated protein kinase ( AMPK) signaling pathway plays a central role in DKD pathogenesis,

offering a novel therapeutic direction by regulating inflammatory responses, oxidative stress, autophagy, apoptosis,

lipid metabolism, ferroptosis, and other biological processes. Traditional Chinese medicine (TCM) has been shown to

effectively alleviate edema, proteinuria, and declining renal function, while significantly improving patients’ quality

of life—a critical consideration for early DKD intervention. Notably, terpenoids, flavonoids, phenolic compounds,

alkaloids, and several TCM formulations (e. g., Shuilu Dihuang capsules, Angelica Sinensis Blood Tonic soup,

Tangshenning formula, Jinlida granules, and Colquhounia Root tablets) have exhibited significant AMPK pathway-

targeting effects. This review comprehensively synthesizes recent domestic and international advancements in TCM-

mediated regulation of the AMPK signaling pathway in DKD, aiming to provide a reference for understanding the

mechanisms and clinical efficacy of TCM in treating DKD.
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Bl R B E 2 94 ( diabetic kidney disease,
DKD ) 2 1 R 7™ B 1) 0 B 4 O e, 325
BB /NER BNV BT RL RO LA A 2
P RS Il R 28 B A K i 2 R I A
Ko 45T DKD A J HAT AN Al 33 1 5548 1 A 55
Rt BE T 0T BT A R
BT, RIZGYRYT R DKD SRS I G, £
FE0E B BRI A8 B R R S ARBEL A AR | i A R
TR IR AL ) ) 4 X se 25 ) B —E R b
RS 4 22 55 175 & Ji& , (B A7 A AR ] 38 97 30
BIR AR o245 1y 9 ] B 5 A e, DAL, R 20 4R
REHTHIG T R LA AT IR AN 2 iR
1 1% 1k & F ¥ B8 ( adenosine monophosphate-
activated protein kinase, AMPK) 1 4 8 & 1 1
RCo V5 45, BE A% 38 3 A7 R 5 R AE S L SR Ak
VL AR T BRAE T S B AR 2 A )
&, 7 DKD v & # % & 5 1 1Y, b2
(traditional Chinese medicine , TCM ) ¥ B 4 A& M4
SPHIERS , 7] 25 A 2B ARR KGR DKD £
AR EER Y A O ARE I $R TH R A AR T
UTARSRBIFFEAESE , TCM 16 14 J8 53 S 52 77 vl i i 4
P& AMPK {5518 % k035 B 21 2L PR 37 ' 2 BE
ARG 5 AFHISCHESE, BA5 TCM i %
AMPK {5538 #1697 DKD B9 4E AL, LAY
DKD #5851l ARG T 2%,

1 AMPK 1 Si# B iR

1.1 AMPK BI%#H4
AMPK f—Ffil o B A1y 3 N IEHERI RN 5

B=REEZEW, B UEL A B A KRR KT
B R[RIZH U Y M B e TR A7 A 22 57 T L2
REZFEME, o WHEE AMPK ROfEAL IV 3, F7 5E 1Y)
INETR A (The-172 ) W8 R A4 A2 It 7% e e
WA 5 B AN AT G AL | REE 4 o MEHEFN
y MEEE MR AMPK S P 5y S 89 I A
A 454 B B2 — #% 1R (adenosine monophosphate ,
AMP) F1 i 11 B8 = #% B2 ( adenosine triphosphate ,
ATP) AN RE LIRS
1.2 AMPK Mt 5%S

AMPK 5 25 i A4 N 9 AMP/ATP 1
BRI 1 A R, B & 0B R I IR S
T, 20 M BE RS R B, AMP/ATP LU T i
AMPK | i 33 B Bl 0 | 8 i B R AL Thr-172 37
ML AMPK ; [R]IF, AMP 5 y 7 3% ) B 45 4
REAZ 7S AMPK #4 (i Thr-172 i sl 5 %2
B W B R AL AE D . AMP 1925 A TR T
A AMPK 1) 25 WERR i 72 , M E— 25 R 157 0
TP b, R B BCR S A, g R
A& -6(interleukin-6,11.-6) 5%, th 7] % AMPK 7 £
PEATIRAS ™ S 5 B AMPK R I [ 9845 B 17
AL A WESE ATP AR ik AR, s n] B 1) i 4500 S5
A BB S B BTE A ATP JHAEIR 1R, X 4ERF
DKD Zf e P SRR s g e
2 AMPK {5 S i# ¥ 7 DKD H H {E
A #L#
2.1 FERERIME

RIE I A& DKD 7 5 v i 1 22 i 8 2%
AMPK 15518 % 19 ST BE % I\ 22 22 4 ] DKD
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RIS, & NOD FEZZAAK pyrin Z5HIER 1 3 K&
JiE /N ( NOD-like receptor family pyrin domain-
containing 3 inflammasome , NLRP3) J& it 53k &
I — R E R RIE (R 57 &, i BEE NLRP3
REE/MES R EHEN E - 1B (interleukin-13,
IL-1B) F1 [ 41 il 4 % - 18 (interleukin-18, IL-18)
SEAE S AN L PH TR, 175 5 B JE R E , B DKD
PER . AMPK 90 AT DL B B0 ] NLRP3 &
E /MR [ 22 R0 | 92D TL-18 (TL-18 F) 4334,
2% DKD RAEIRAS ; AMPK 3430 i3 411 i) £ k7 A4 3
BEFNY /D 15 14 48 ( reactive oxygen species, ROS) f
FUE 30 /> NLRP3 RAE/IMARGL R AL,
#% K F - kB ( nuclear factor-kappa B, NF-kB) /£~
Z A R AT Tl B, AT MR IR T -«
(tumor necrosis factor-o, TNF-o0) | IL-6 [ 3R, =&
DKD R AE S b B A% 8 K 24, AMPK 800
JERERS A BEE BT NF-kB 15 5 %, 3 i 4 i 1B
T TKK 756 M BT NF-wB 14 A% 5% 7% R Sk ad
P, B0 G s OB AE S I 1 (silent
information regulator 1,SIRT1) H— 4 NF-xB
HET /D 9 i B 728 1S kb, AMPK 34 1]
I Sl o A0 M D RE , /D L A0 i DA 2
RMY M1 [ HTR B M2 B8 il = v 2n i Ak
VAR R AR R
2.2 SRR

AL RLHOE DKD B AZ o BEHL] . AMPK
AlE I ] ROS AR Rl -5 1Y s i A AL B A R 58 LA
FEHUAAL I, 257 DKD JEB, AMPK 3#3% )5 fiE
EmE 12 b 4% I 7 E2 #H 3¢ A F 2 (nuclear factor
erythroid 2-related factor 2, Nrf2) f#) Ser550 {i &5,
A i HCAZ B 7 3 1 5 Bt 484 S 1 T 47 BIK By ik A
ik, BRI AL S (catalase, CAT) HH ALY
AL ( superoxide dismutase , SOD) A% B H Kk
FALW I ( glutathione peroxidase , GPX) 54T & 1L
Titg %) 22 35, I 2 1 0 LT BT AAALBE ), R AR
PR R o aek S Tl 33 B 0 U T 2 A
v L BTE F la (« subunit of peroxisome
proliferator-activated receptor-y coactivator-1, PGC-
lo) & AMPK T i B9 B A SR AL s I 7, th 2
ROS U B G B 2 5 % 78 DKD i 2K 3R
B AMPK T 5, AE 65 1 58 PGC-1a 13
ik, JF L4 SOD | GPX Z5&4T A AL g i 2 35 | DT s

b ROS [ 7= A, 40 LA N B e A R
AMPK i REWS BH W IH T i R R0 — AT IR W R 4R
AL 4 (nicotinamide adenine dinucleotide phosphate
oxidase 4, NOX4 ) /ROS X — &4 {5 5 18 #% , -4
il NLRP3 #AE/IMA B 235 | G2 i B AL B, i
IEEA I 3 (A
2.3 REtEME

I e 3 T R 52 401 26 1 I 5 4 i s 0 A
HaEa A, 2 DKD h & E B EHY,
DKD #F2 1, AMPK i Ji L3 ul 6] 4% 5 30 A i
FIAE S3m B . AMPK AT L1 8 [ 1R 56 Ji
LIS A C R H 1A/1B 52%5% 3 ( microtubule-
associated protein 1A/1B light chain 3,LC3) “F&
2 1(Beclinl) 4% F RS WIE AL, (i H w4
IE 5 A, B B 45 15, UneS1 A Uil
(Unc51-like kinase 1, ULK1) 42 [ W5 g A% 0 &
1, BERER R A T, AMPK 80 7T B B2 %) ULK1
PEATBRIR A , 53 i W 5L 3h ) o e s SR AL R
1 ( mammalian target of rapamycin, mTOR) Y iR
b, 18]35 98 ULK, 3958 Wi B n, A 3 52 45 5
A ESAGIIEE S A VRN A g —
FRERIE 2 2R AR B WA 48 45 200 i P9 2o 14 o
LR S . PTEN 5 3 fB0E S8 1
(PTEN induced putative kinase 1,Pink1) \E3 {2 &
B 1% HE A (Parkin) JE VR 15 ORI F W K 454
ARSI FZPR Y TER IR IR/ R
TR ( high-fat diet/streptozotocin, HFD/STZ) i
S DKD R BB B A, OO0 E i
AMPK, -4 Pink1 Parkin  LC3 II F1 [ W 4H 56 &
[ 5( autophagy-related protein 5, Atg5) ik, T
NLRP3 & [, i i+ AMPK-Pink1-Parkin {5 53 #%
WOTE ORI 1 W, 447 2R AR I 45 D R AR E
B E T OE N S A N R RN A ) 2R
2
2.4 HMHHBEAT

B A TR — b B R AR B S R R
AREAET 7 AR LI S AR R K
A RN M T, S AMPK 5 508 B )
B A 240 L TR OGP Y Rk K R TR S
M AL 5, 2B IR YT DKD B AZ L SR g 2
—21 AMPK fgf% 194 B 40k -2 A
( B-cell lymphoma-2 protein, BCL2) A3k , i il fi
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JHT-FEH B 4Nk g -2 #2% X 8 H ( B-cell
lymphoma-2 associated X protein, Bax) # ik, T I
P 2R K A R 2R 1 i 3 (cysteine-aspartic acid
protease 3, caspase3) ST AT EARIA , e >
AT, 7E db/db /N BUBE R K = WA ) 2 4
Jf 52 56 v, SUN 2600 WL %€ 1] AMPK | PGC-la
caspase3 \BCL2 321K /KF S 81T i #a 44 1 Bax
Feik B, A0 g TR B N, A, S
LA Fil B FH DG 1Y) B AN R0 A4 3l ) B T (optiic
atrophy 1, OPAL) Fl £k ki /K i & & A 2
( mitochondrial fusion protein 2, MFN2) {9 3¢k 7K F
WREML, ) AMPK 3005 I J5 Re 68 1 4% 1R sk
N7, DA A B s, R ORI T RE R A, O
B R
2.5 EERERAE

Ji B AR i 25 L 2 B AR 5 TCAR 2 DKD
MR R B T A RN
( sterol  regulatory element-binding  proteins,
SREBPs) J& /i /5 75 i (4 ¢ 8 9 %5 ] 5, 72 DKD
Hh ) Eh T R AR A A AR N R R R I R
SREBPs P45 1 i , i PGS T O BEHi A A
FRAL T (acetyl-CoA carboxylase, ACC) JE N TR &
T8 T fatty acid synthase, FASN) RS AT A X2
VRL AT 1 5 BRI , 2 208 S U i

RICRRIR {5, AMPK B 4% 38 2 711 i) SREBPs

T B 4 08 > ACC I FASN %528 1 3R 3K,
WD i ST ORI B 1 R 484 0 #E HFD/
STZ 75531 DKD KBS 3% AMPK AT AR
F5 W 7Y JT A 45 A £ 1 (sterol regulatory element-
binding protein 1, SREBP1) ik, I ¥ &% fR 1k 1)
ACC, AR/ BUIALIG 7K, 98/ i o, 8 35 ok
NIRRT .
2.6 HMHEIRIET

BRIET e — MR MO P O AR U8 T A i AE TR
At H B bR SR AE TR B e A B H K
( glutathione , GSH) #E3 J% Fe™ W pKD Fh
At Fe® B S AT 5 I fish & B U A4t Ak
FET, HYPSCTAHCHIE A, v BB AR K5 7 1
51 11(solute carrier family 7 member 11,SLC7A11) |
GPX B8 H #5E 1 (ferritin heavy chain 1,FTHI1) A
Nz 8 H 1 (ferroportin 1, FPN1) 23k 32 R[4
fil, SR, 8 F 321K 1 (transferrin receptor

1, TFR1) k0! AMPK 3@ i P8 ¥ 2k 50 1240
KR A MR T R AR B, 2EZ8 DKD ik
JE . ESE K B, I I 2R K- 1 32 33l )
(Semantine ) HENE I 1% AMPK/SIRT1/Nrf2 15 5 i
%, FF FTH1 A1 FPNL, BEAIK TFR1, 387> Fe™ YR
BIHHIERIE T, AP, Semantine iR 3# 155 AMPK/
ACC IBFRA YA TR 0T G B, ) H2 400 i 2k
T, UEE B RE
2.7 EEHAREE

il i 5 % 2 DKD F R AY O £ g B AE
AMPK AJ 5@ 40 mTOR 1&PE K 8% Zhrk
s 25 11 53 (tumor protein 53, p53) . p21.pl6
PRI T A by s SUIE TR NP R N & S
B S AR, UE T HEZE DKD JEJ 18 SR
FER K BB /INBR & A0 A, BF 5T N B3R 5K
AMPK #75 7T 2 2 30 mTOR 3% M, F A& &
F1 43 J p21 ek, bk 20 A JE 03 4= | B AR 11-6,
TNF-a 5538 A O o W R B 17K B w2
B HIE 5 E T PR B8 T T o o 2 0 i U] AT A &
AMPK (3357 0 LU 285 e ik o8 3iE 52, 4
AP20187 # EVE T BR pl6 PH 2 2 40 vl [ 9%
AMPK 36 406 mTOR {55, T 91 1B A 747 il e
BN RSN I BURL & 253 AN AW R
B /INBR I B OAR B /N 2R 4 I TR o 4 4L,
FEZE DKD HEfE
3 TCM i AMPK {5 & & 834
57 DKD

DKD 7£ o & Ha] I3 94 F <« PRy« oK b« B
7AW B A BRI ZUE, bR S LAY
I B R AR Y R BUR B RALE T IE
SAE G 7 8, EEVFIRUESS, TCM Huik 5
&7 L@ A AMPK {5538 5% 0 9 20 3% DKD
JRERSLRE . T OSCREE TS B W A
YIRS EE TCM LA B oK Fili Hin 385 48 >4 9 4 If.
VI A= BRI AR b AN W Y i X
TCM & 75 5CHIRIG ST DKD Byt e
3.1 TCM BEfEm sy
3.1.1 ik

NS B HA o 5 AT | B AR a4 7K
- iR &R, 1 HFD/STZ #5109 DKD K
i, NS R RERE IS AMPK/PI3K/ Akt 15 5
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B IR A4 NOXT A NOX4 43 , R4 7
SOD i1 GSH /K, &A% MDA | i i @ 2 ek 3% A1k
I3, 0] R S W 5 40 M R T, E 2% DKD it
Je HEmEA YR A R e E
1 ,ZHAO %V BT R, H R T $2 = AMPK |
LKB1 PGC-la 33K, 1% AMPK {5 5 %, JF T
¥ SIRT1 NF-kB IL-6 TNF-a \TGF-B1 } a—F-
AN H ( a-smooth muscle actin, a-SMA) |, I 4%
RIESI, i E P AR i fe, 2R R A
R, SUN 25 BT R B, #5 ke il i AMPK/
PGC-1o 38 AP , 7T LAk D 2ok Ak ROS Ay 7=
A IR A R T R A N BOK O, 2% i
/N [B) BT A 4EAL, O30 S D, 90 DKD &
LRl EA PR BUR PR M, XTAO Y
T I A N S e B, 45 % T E Ak b R R 05 S
[ (sestrins, SESNs) 3% AMPK {5538 % , K %
PR MPLEF AL, 0 3 038 DKD i BRI
—-LEfe L AMPK, f2F BCL2 |LC3 ik, i)
il mTOR ,Bax F1 caspase3 ik, [F] B 44 1 GPX |
SOD F1 GSH 45470 %A AL i 7% 1 , ek 2 28 fifg N ROS
A, R B AT AL SESE DKD BRI IR
HAYUAM BURGE IR RN LI R, 1A IR
BEML LTS B I i AMPK/SIRTI {5 58 8%, $27
O S A W B 4k B ( manganese  superoxide
dismutase, MnSOD ) | CAT #1 GSH 7K ¢, # i
MDA (ROS 1 GSSG Ry ¥, 31 T I8 4 5iE I+ 1L-
6 AL EE 1( monocyte chemoattractant
protein 1,MCP1) Fl TNF-a F2¢ 3k , e 40k /b 5 Wit
Sk A0 LI B NE AN M IR SE AN T, s
AET EY . AE F 1 RE 95 i ULK1 & 42 3406
AMPK , #I5H] AKT 2635, E M AtgS | Atgl2  Beclinl
7K e i NADPH . fit A fb 4 5 i 1 (NADPH
quinone oxidoreductase 1,NQO1) ,MnSOD ,GPX 5§
PrE LR R Ik, s DKD H iy B a1
GO FNE] AT Ak,
3.1.2

MR AEAS L [ AMPK Nif2 fO53K 14
TEHUEALEE A SOD Fl CAT, S & ik &AL B 3
IR STZ 75519 DKD K BB e B0, &
FEB AR AP D68 HUANG 250 ffi K J 2
21497 DKD KEUS , K3 AMPK ik i, p-NF-
kB(p65) .NLRP3 ASC, caspasel IL-1 T ¥, [f]

i, TGF-B1, «-SMA FI I AU Jii 8 H (type 1
collagen,COL 1) AF4F 2 {b Rl 1Rk i | B
JUE & 5 44t A i 10 BB D AR DRI R 2 i, L
B A PURA LR AE S Z R LS, 352
55 R, LA B o 4G AMPK JE40H mTOR
PR AL SR 98 5 AMPK/mTOR 15 5 3 i, o 2 {2 ik
DKD & 2w [ E st 20 2 20 B 0 T, el s
BRICIHT R AR 0B &R ER A B
R PUEALFNR T g SRR S R
G MR BB L TE AMPK/SIRT] 15 538 %, #45
YA AL EE SOD F1 GSH 1) %3k, I B K TGF-B.,
COL 1 .COL V&£ 44k H + K& K-,
FI DKD B8, DB HA PR B
% GRS ZIRPUE AR R AN SE R
RS, b B 3 o 00 ) NS B R A R S s R
2, WM 0% AMPK/ACC/PGC-1o 38 8%, 917 1L-
6 MCP1 LA X 21 g 7b 2 i ( extracellular matrix,
ECM) FI4T % % [ ( fibronectin, FN ) [ %1k, B3
U BB 47 , B3 DKD /NERE DI REDY . A E
Tl 2 AL ) B R 2 A B 0 W A R AR, F 9 & B
il Pk Jeie 25 - 177 £ 4 1P-004 fiER% % db/db /)
Bl AMPK ik, 3 Fi# TNF-o | IL-6 25 R AEFEFR .
PRSP Sz BE— A2 B 1P-004 183 18 AMPK Al
BCL2 &M, Wil 2 40 i T, e Bl 22 3 B R O
PLH
3.1.3

FSZ2 B A PR A AL S5 2 B2 AE
I, LIANG %" L F2 2w ke g 1 d AMPK
Fik A R AMPK/NOX4/ROS {55155
i, A RO A AL D R A R A T, R
JRZ ELA PR O PR SEE L 7E STZ R
DKD U RL p | BB A5 BTG AMPK/Nif2 $7 %6
R %, 348 5 T I B 48 Ak 3 PR i 21 2R G 1
( heme oxygenase 1, HO1) NQO1 A3 ik, W /b
MDA [ TNF-ou | I1L-6 7% 2 , 38 1o 410 il 4204k W 30 Fn R
9iE F N, I 3% DKD'™) . HONG 20 & o %
B A ¥ 1% AMPK/SIRT1 {5 5 i@ %, b 4
GSH .CAT 235, 1558 SOD i Pk, F&AIk MDA 7K,
3 3 B AT 2 2 SR N ORI T TR R 65
A /INBRAG 3 R /NG ) B A 1 B R A
MIIHE, & ¥5Ht DKD AEH, 205 R HAT B0
PR BN S 2R R TR 1 BB



130

o H A I 2 24k 2026 4F 3 H 45 36 4845 S Chin J Comp Med, March 2026, Vol. 36,No. S

R BT 50 R RERS TS {6 AMPK il SIRT1, 3
Jin GSH 1 BCL2 /K, 34l ROS A= it & p53
FF L HE & F 01 (forkhead box protein-O1,
FOXO1) 1 & Ak, 21 50 K 7  3d #d AMPK/
SIRT1 15538 3, 190 1] B AU 0% S £ I 355 R 44 e 9
TPV BRIV [ 4% 7 HFD 5 S /KR
AR 5 S 22 I i 6% T AMPK, 13 Nef2 Al
HO1 & (19 335, [F B ] NOX4 Fil ROS (17~
A FFREAE ACC SREBP1 FIS il 15 ok 45 &
2 ( sterol regulatory element-binding protein 2,
SREBP2) ik, DHZ 38 ik 41 il S Ak N 3, e 25 ik
BN IR D EE IR
3.1.4  EYmE

FEIKIEER A AR PO MR
PAE G M, OF 5T k0, 25 A 5K B % BCAE 65 O
AMPK 1 SIRTI, b PGC-1a, I [A] 4234 T% Nef2/

H, 255056 3¢ 3% B4 B8 38 5 70 Bax & A, LM
BCL2 # [ 3 35 1M B X Bax/BCL2 Lt 2, ik />
caspase3 Fik , T 21 il 4 Af I T B I 4% J
T OB R — R R SR 1 A B, CHEN
SV 9E R B, B AE A% 38 L 4R miR-
5189-5p # ik /K F# 1% AMPK {5 518 ¥, 14
AMPK {35538 % 1 SIRT1 . [ W 8 45 4H 56 B8 1 5%
B 3B ( microtubule-associated protein 1 light chain 3
beta, LC3B) \Beclinl Ay &5, MK 5 B
P BRI A A 1 I, B2 R DKD AR
Zi b, TCM RZ BHA PR LAk K
WER NG PULF 4k Ak 55 5 WECR 44, o] 38 0 30
AMPK {5 5 i@ #%, I 8 PGC-la, Nrf2 , SIRTI |
LC3 11 .Beclinl \BCL2 MnSOD %52 1 i F ik, IF
T i NF-xB,MDA , TNF-a . IL-6 ., IL-1B . NLRP3
FRAMFRIE, P RAR RS AMPK 55

HO1 %1, AR ROS, M 0l 54 480 Ak N i s B 9F

AT DKD BIBFFE A I3 1,

F1 P PROEE AMPK 5538 #8077 DKD RIFEHPLH]

Table 1 Mechanism of action of traditional Chinese medicine monomer components in regulating the AMPK signaling

pathway for treating DKD

) 2y LAY LGt kst
Category Medicine Research model Target site Regulatory mechanism
; AMPK, PI3K, Akt, SOD, GSH T ; 1|4, B, FRAR R
Gi ides  HFD/STZ rats NOX1, NOX4, NF-kB, TNF-a, Inhibit oxidative stress and reduce
Hserosides s IL-6, MDA | inflammatory response
g o S 10 2 AMPK, LKB1, PGC-la T ;SIRT1, ISk KR , i I £ 4 fk
al higi . High glucose-induced NF-kB, 1L-6, TNF-a, TGF-B1, Inhibit the inflammatory response and
YOYTHIzC act podocytes a-SMA | alleviate renal fibrosis
e ; AMP, AMPK, PGC-la, BCL2, Hil5 400 8, 3 e Lok i i i
FHV STZ K B+ 2 4 . I'FEJ.J’M " Eﬁ I =) Kf{zfij\.i
As loside IV STZ rats+podocyt NADP*/NADPH, GSH/GSSG 1, Inhibit oxidative stress and increase
stragalosice o4 risTpocoeyles Bax, caspase3, MDA | mitochondrial quality
ek HPEERY STZ KR+ L4 AMPK, SESNs, Nrf2, HO1 T; il 55 &5
Terpenes Shionone STZ rats+podocytes IL-18, «-SMA, NLRP3 | Inhibit the inflammatory response
T A, R HE I 80 2
AMPK, BCL2, LC3, GPX, SOD, ... ’ ’
:jt%%[‘m] STZ jCLEL‘L“'HK-z éaﬂ@‘ . ’ ’ ’ s s (Jg:h:
o GSH 7; mTOR, Bax, caspase3, . L
Dencichine STZ rats+HK-2 cells ROS | Inhibit  oxidative  stress,  promote
autophagy, and reduce apoptosis
T AMPK,  SIRTI, MaSOD, — CAT, LA, Bt Jese 5
Maslini A STZ rat GSH T ; MDA, ROS, GSSG, IL-6, Inhibit oxidative stress and reduce
astme act A Tl MCP1, TNF-a | inflammatory response
e N AMPK, Atg5, Atgl2, NQOI, i = LR = R AR &R
W T IR & g Q P E ﬁﬂ%J%ﬂtmﬂ : IHH@H
Genivosid Unilateral nenhrectomized rat MnSOD, GPX 1 ; AKT, caspase3, Promote autophagy, inhibit oxidative
>eniposide nilateral nephrectomized rz
enposice Aleral epitectomizec ra TNF-a, TGF-B1 | stress, and suppress cell apoptosis
iR STZ K 1E= i
‘%*ﬁ? KB AMPK, Nif2, SOD, CAT 1 %’ﬂl%_Jch_ﬂj{%i
Puerarin STZ rats Inhibit oxidative stress
: AMPK T ; p-NF-kB(p65), NLRP3, 2 iF @At =5 145 i
j‘Eﬁ?j“ STZ KB 1 5 P kB(p65), : , Y IERE AR gT%EL,ﬁﬂ%JKEEUM
. . ASC, caspasel, IL-1B, TGF-B1, Correct energy metabolism disorders
Luteolin STZ rats

a-SMA, COL I |

and inhibit the inflammatory response
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&Rl
el Eik7) WA LBt JAEHLH
Category Medicine Research model Target site Regulatory mechanism
: 1K= W, A A 4
GEWENT STZ K, AMPK, SIRT1, SOD, GSH T ; TGF- fﬂlffu%m;{%i ﬁﬁf% Ir tﬂc Hoviat
Acacetin STZ rats B.COL I.COLN | n ibit ox1.d1ve stress and alleviate
renal fibrosis
; . LC3 I, Beclinl, Atg7, Atg5 HE 0, 001 240 0
B L2 4] db/db /MR , Beclinl, o7, g5,  FEHE W, 20 g o
. . BCL2, AMPK T ; p62, caspase3, Promote autophagy and  inhibit
Flavonoids Kaempferol db/db mice .
Bax, mTOR | cell apoptosis
W% RAE ' & 4
DAY db/db NER+HK-2 400 AMPK, ACC, PGC-la T FN, g%fﬁ&_ﬁjﬂ’mﬁf TR o
Marein db/db mice+HK-2 cells COL T, ECM, 116} jecuce The aniammalory response anc
inhibit renal fibrosis
14 T IR AS
HEM™ d/db /R AT AMPK, BCL2 1 TNF-a, 1L6 | fﬂ]fiiﬂ Hﬁ}ﬁtﬁﬁékﬁﬁgj duc
Chalcone db/db mice+podocytes ’ ’ o DI cell apoplosis - and - feduee

inflammatory response

i A, 9 A R Y T

P& L EE Y db/db N+ R4 AMPK, GSH T; 8-OHdG, MDA, o o
. . . N Inhibit oxidative stress and reduce
Salvianolate  db/db mice+podocytes ROS, NOX, NADP*/NADPH | .
podocyte apoptosis
1] 483 = b
PN STZ KR AMPK, Nrf2, HOI, NQOI T; ?]fifffim;ﬁmfﬂj& o and
Gastrodin ~ STZ rats MDA, TNF-a, 11-6 | Fnb The ITAmmatoty. fesponse an
oxidative stress
LiES BEFmR™  STZ KE+HK-2 41/ AMPK,  SIRTL, GSH, CAT, FE(RAEMIHAKT
Phenols Gallic acid STZ rats+HK-2 cells SOD 1 ; MDA ! Reduce the level of oxidative stress
TIDM K B+ B /N ER A P . .
] IE= WU A iR T
A% SN AMPK, SIRTI, GSH, BCL2 1 ?ﬂfﬁd&ﬂ%{iﬁﬁci EH@HZ |
Salidroside TIDM rats + glomerular p53, FOXOI, ROS | bt 0x1.alve siress and - reduee
. cell apoptosis
mesangial cells
. , : P85 M A, ekl & Ak )
i S EM HFD KR+ 2 4T AMPK, Nrf2, HOI 1; NOX4, ?“f'ﬂtﬁﬁt,ij’wt%ﬁmm%% _—
Dehydrozingerone HFD rats+podocytes ROS, ACC, SREBP1, SREBP2 | B —
oxidative stress
| & ; 4 T R 4
I AMPK. N2, HOL. PGCta 1, TWRSCHCIRE AN
FARIEEL S STZ KR A
. Bax/BCL2, caspase3, TNF-a, IL-6, . L .
CXINT TS Harmine STZ rats ROS | Inhibit oxidative stress, cell apoptosis,
Alkaloids and the inflammatory response
B B /NER R B miR-5189-5p,  AMPK,  SIRTI, 4% H N
Trigonelline  Glomerular mesangial cells LC3@, Beclinl Enhance autophagy

3.2 TCM £7/#I7

7K il s 0 Pl A RS b 1L 24 LB
NAE2G PR B, B 48 3R B I I AR B A%
GRS , 7K Bili B 2 B 8 {1 F AMPK R i5,
WS T B B1 (liver kinase B1, LKB1)/AMPK/
SIRT1 {5538 % , I L8 B AE 4 21 h Beclinl \LC3
I/LC3 T A3k, DT 34 55 J2 40 B A 1 5 345
KA AR AR IR0 i R S
U AR 25 6 KA B, IR 4 IR I 37 7E I S i
Z BN A I FPF S | LI 8 35 A0 I AR
LRI, W 7R IR 25 I3 % il 37 i 1% 8
SEE T IS AMPK/PGC-1a 15 5 3 1% | 45 7
MnSOD 7K, &A% MDA 3% 14, M 1fii 2k 3 DKD

KA ZRLIAR T RE R b S 5 | & 8 48 A0 BT, D
B2 /INBR N 2R ML S5 AR 3R R 3K PN R D DT AR A
RGO, R T O R B R R IR
SR 4 Bl TCM A B, B AN E 4 2 T,
SHAN 457 k5 S 8L, Bl 7° O BE A6 7% DKD
KB Sestrin K% H 2 ( sestrin family member 2,
Sestrin2 ) /AMPK/PGC-1a #l1, YK & 28 ki 14 2 fig
Jf5E s R SLCTATL Fl GPX Rkl ki o,
BEWLENEBGIrED ( kidney jnjury
molecule 1,KIM1) %35, B IR BRE—F A
Z KGR S E A 1T IR TCM 4 i)
TCM & 75 il 3], HA 45 IR 0T AN AR Ik
R INR I R )2 FTIRYT 2 BUREBRe . HLRE
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% DKD K L AMPK/PGC-1a {5 538 %, i
OPA1 MFN2 BCL2 & H £ & K ¥, 3+ T H
caspase3 ,Bax 2 F 2% 3K K, 6] B s 20 ROS A=
[ 1B UL T 5 R T S ST NG SO
LERLIRTIRE R A0REA5 L KIEAEAR F A
B LT 37 25 B ) U ) 8 T B A TCML i 541
ARG Y 528 N R IR 2R B
AL USRI T 7 3 4 0 R S T, AR
ST R KB AEAR 7 B R e BiR
SEVER IR H T B R I6 YT . LD &Y g
RI, KABAEAR 7 R 98 G AMPK 38 [, 3% fin

LC3 Il 1 Beclinl &35, T p62, #1154, CD36
i 3K T B 40 M R T e A R e 0%
U B AR YAk, 2 DKD B IRE

MG IR HIF 58 45 5 & R, 7K i b 35 e 4 Y
VRN L7 BB T T T IR ORL DL R K AR AR AR
SR g 25 2 7 Fn A D B AMPKS/
PGC-la, AMPK/SIRT1/LKB1. Sestrin2/AMPK/
PGC-1a 55530 8%, 1035 40 B 3 T 4804k i SR
BREET, YK A WE DD RE , AT i 3 R 1 AR P
YEH . w258 )5 ohil R 8 5 AMPK 15 53 BA
¥7 DKD fFEFBLHI L2 2,

F2 P RHIFIAEE AMPK {5 58 #6757 DKD B97E L]

Table 2 Mechanisms of action of traditional Chinese medicine compound prescriptions and preparations in treating DKD

by regulating the AMPK signaling pathway

ST
Traditional Chinese
medicine compound

prescriptions and

preparations

IR,

Pharmaceutical composition

- . JATEHL

WFFEpE JEESLINS L
Regulatory

Research model Regulatory target .
mechanism

K i i 5 g o 1
Shuilu Dihuang

capsule

w24 J3 #b i 7
Angelica Sinensis

Blood Tonic soup

T

Tangshenning formula

He kL

Jinlida granules

AT RS BT 2y BT TS R )
Astragali radix, Rehmanniae radix preparata,
Dioscoreae thizoma, Corni fructus, Alismatis

rhizoma, Poria, Moutan cortex, Salviae

Miltiorrhizae radix et rhizoma, Euryales semen,

Rosae Laevigatae fructus

R CHIH e S

Astragali  radix, Angelicae Sinensis radix,
Pheretima, Salviae  Miltiorrhizae radix et
rhizoma

W R IE T
Astragali radix, Rhei radix et rhizoma, Ligustict

Chuanxiong rhizoma, Rosae Laevigatae fructus

NS HR B ER 55 L W T
By () (2R BE AR 22 B W R
TR TS M R

Ginseng radix et rhizoma, Polygonati rhizoma,
stir-fried  with  bran,

Atractylodis  rhizoma

Sophorae  Flavescentis  radix,  Ophiopogonis

radix, Rehmanniae radix, Polygoni Multiflori
Poria,

Corni  fructus,

Coptidis

radix  praeparata,

herba ,

rhizoma ,

Eupatorii rhizoma,

Anemarrhenae Epimedii  folium,
Salviae Miltiorrhizae radix et rhizoma, Puerariae

Thomsonii radix, Litchi semen, Lycii cortex

fEHE A W, B

LKB1, AMPK
’ oY
STZ K il SIRTI, #HAEE
STZ rats Beclinl Promote -autophagy
’ and ameliorate renal
Le3l/ 1 o
f fibrosis
AMPK, - N
STZ KR MuSOD N E=R AR ¢
STZ t PGC-1 ’T Inhibit oxidative
S s 5C-1la T
ras MDA l ’ stress
FE A (agouti yellow, Ay) Sestrin? PR A2 48 i 1Ak Dy RE,
AT P JAk DKD KR+ W BRBET
/NG B R4 PGC 1(; Restore
Spontaneous DKD rats with SLC7A1; GPX mitochondrial
Ay coat color gene mutation+ 1 KIMl’ | function and reduce
renal tubular epithelial cells ’ ferroptosis
0 5H] 40 L O T AN
AR 43 24, W35 2%
AMPE, KD e
PGC-la TR
’ Inhibit 11
db/db /N i+ 2 40 OPAI, MFN2, t‘ , e 1
db/db rats+podocytes BCI2 T ; ap.op oss . ane
aspase3. B mitochondrial
;a;gaje it fission, and improve
mitochondrial
function
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ey E 7 Rl )
Traqit.ional Chinese S Bk SRR PR
medicine compound . . Regulatory
. Pharmaceutical composition Research model Regulatory target .
prescriptions and mechanism
preparations
TR/ A B A
fREHE W, kA
EaRdiZi
) [58] o AMPK, LC3 I
}(?HTJZWH FL I 1 i 2 STZ K B +HK-2 4 it o " Reduce renal cell
Colquhoumia Root . . Beclinl T .
Tripterygium hypoglaucum STZ rats+HK-2 cells apoptosis, promote
tablets CD36, p62 |
autophagy , and
alleviate renal
fibrosis
4 it S5 /B RE SR AMPK 3 5 g L 1 T

DKD 24 PRI UL 5™ B 1 - & AE , i 2
a5 A I, R T O 2E 28 o R I R
IRYT R S XE T, BUREE2ATE DKD G977 A R,
AT IRPRER . TCM SEfE AR ELIS IR R | 2805
SEREAL7E DKD WRYT RS S5 2, SR
22INH DKD AIR LI 4, W57 R A A AL P55
JrTH , AMPK J2: 22 Rl B A= B AR DGR 5, AR
ORGSR 5 AR E N AMFSY, & B 25 SRR A3 I

S A

Inhibit inflammation

I ERIE T

Inhibit ferroptosis

5:@
I A

Fe?* “}’ i< /

VAR T AR
Regulate lipid
metabolism

EIEaIEY: b

Suppress cell

apoptosis

‘ ’ | i
X ‘-‘:}_\-(1*:
—_~
-\
( )
1 r e RLS

e A~ %, A B TR SR P AL A, s
JIETIRE HESF R ANRASRE Ik 2T 44, X LA
Jt 0 TCM iR ¥y DKD $2 HEKHE o0 T K #ria 7
2P bR, A EE IR 1,

JAE T 24 T R o3 R0 R D E 5 BT AMPK
Rl IRYT DKD A 5 EZ TS (6, (5 1 i Pk
. B, FAZ M T AMPK KH B R ilF
T %, Z R BT B B I A
B, AISIARGAY A5 N TR ER L kA

PR R
Alleviate oxidative
stress

et |
Promote autophagy

1 TCM Jifs AMPK fi5 53 #ifi)7 DKD AL
Figure 1 Mechanism of TCM regulating AMPK signaling pathway for DKD treatment
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BCE M SR W, f At AMPK G A SC 3L B
KA AR, A i J3 — 00— 3 % 13 48
AT FHLE . FR, A TR 2 o A R TR A A e
1A= PR BE RN 254080 1 22 e 22 = K, 4R 25 7
WA AR RS, S LR AMPK G AR . #il
FH 5 o0 3 ik 45 S ik T B, WIF9E LR 9 B
AARACHLAE, IR I QR 7 R HE AL
Sl R e A B qE FE A, TRIR, TCM i 5 9 UE 18
1A, EP6 DKD R[RIERI 78 2 K, AR T
AW E B2 5 R HOR #2981 5 AMPK
T SRR AR W B, ST IR - R - -3l
B 2 R, BLA, B AT 2B SR R T
Y5 SIS, I R AT S e 4 v B = ke
A L HUUDEIE R AR YE . AR N T R R 5T
B RFEA £t BEHLICE X BRI
25 TR TCM i % AMPK {5 538 B
TDKD HA T 2 AR, AR 5«
HEISIR” BIFES:, 324 DKD %5 BRHLHI & 2% 09505
fF &L, AMPK {5538 B8 4 RE A 5 2 Rk
P FEAOR Mlzéﬂ S TCM V& FHBLH Y BRA 1 R
AT RIF S ROk, R AR S B
HEHED) TCMW“AMPK 38 A SR A
RN O AR Bl 45 T8 22 8 IO i 1 A 9 AL T
BB i DKD 432 W FIA 7 27 K 37 10 40 A
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