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Research progress on traditional Chinese medicine against liver fibrosis
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Abstract: Liver fibrosis is a chronic wound-healing response of the liver, essentially characterized by diffuse excessive deposition and
abnormal distribution of the extracellular matrix (ECM). Although etiological therapy can slow fibrosis progression, drug development
directly targeting the fibrotic process still faces substantial challenges, and clinical options remain extremely limited. Traditional
Chinese medicine (TCM) has attracted extensive attention in the field of liver fibrosis research due to its multi-component, multi-target,
and multi-pathway properties. However, current studies are still predominantly based on preclinical experiments, and systematic
integration of mechanisms and sorting of clinical evidence are still inadequate. This review outlines the pathogenesis of liver fibrosis,
with emphasis on the polarization of Kupffer cells, the capillarization of liver sinusoidal endothelial cells, the activation of hepatic
stellate cells, and ECM metabolic imbalance. Antifibrotic effects of active components from herbs are summarized by chemical
categories. Furthermore, the interactive network of signaling pathways is integrated from three hierarchical levels—the “inflammation
initiation, metabolic regulation, and fibrotic progression”—to explore the systemic mechanisms underlying synergistic modulation by
multiple components of TCM. Finally, the limitations of current research are identified, and future directions driven by cutting-edge
technologies, including multi-omics integration, single-cell sequencing, artificial intelligence-based screening, and etiology-stratified
precision therapy, are discussed. This review provides insights into mechanism interpretation and clinical translation of TCM against
liver fibrosis.
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JHEFEACAE I N S S IE B  NE, o
MM AP I (extracellular matrix, ECM) & a5 %
PR AT A, B TRIE I 5 DUR 5 70 A &L
R BDIRAS , O & IS It FHH ) JHERE AL R e 1)
2 b B2 AR R R (R VAR R 30
RS Ve A T e B B AH G g DT 1R R
( metabolic dysfunction-associated steatotic liver
disease, MASLD). H& . MR, BLE
PIR A  AE B S B AR RS 2 o [RS8 AT
NI YEAL BERRB4 . Horhr, ZH 29 7 (hepatitis
B virus, HBV) Ml HCV /&4 3% [ £F 4E A0 i)
FEIR, Wi EE R A RSS2
RIE, WG Z R YA G TR N ARERVEH]
G WML 4Et B3k 3.3%, 181k O %
AR 2 2 KA ORI, 181 SR R Sl
BN B H IR A 4RO JRE [F] A7
TE O AR TR AR PRdt g i XU = 3
R RPEAREE ol N AE £ F S 41 4E
EIRE 2.85%, LG IR A 4Et R
B S, KRR 47 44l B8 LRI,
ST RGN RERF DL I T A R TR,

LHTH AR IR IG T FEA AWM S TR 2
Ble 9 ICLRBENAIT N T, &HE (R KU
ERE P UR Y AT ISR R R ], RSN
(I R V007, (RN REAE 22 T 4P 4EAbdt g, #fE DA
Wi IR R ECM U, W27 4k /38 3K
ARREY, XA K K-8 (transforming growth
factor-B, TGF-B). i ALyl 1A 36 FE P s 32 Ak
(peroxisome proliferator-activated receptor, PPAR) /
11 JelE X 24K (farnesoid X receptor, FXR). i
MBEZRFEIR-1 224K (glucagon-like peptide-1, GLP-
1) S8R0 RO B 2T SRR 25 K 22 A0 T i PR AT 2
PRIV SR B, DA 1 4EA s 2224 fm 2
VITE A BRVE A @ AR, R (B 3E KT
NI MR R TSR . PRIE MR RS 0&EH T2k
AN A AR EARE 3, @ AR iZ18], 2
B 2T A V6 97 AT 2 5 39195 TR 92 1) 5 v G = B
FHONE, RKRE SR T 2 R 2GR SRkt
B 77 2 B PRI IE

IAER, B 25 WA, s
SR EARMIIKRE, T4 N EAE
FANLEE A5 2 R0 4101, I3 5 I PRI FTE
2, HAGRRZ RS 2R 2B REAR

FRUE, IR RFEDTA . T 2R
i Chepatic stellate cells, HSCs) ififb. #i#5 ECM.
S I SEMIE I S 2 EHAAIER .. ARG
T 2B AR AEACAH SRS, TR AT AR R K
WBLE] 2Ry SR 2 KL AU A b 255 T
PURLF4EAL IR FEIAR,  FEx0 B AT 7T 5 BRSO AR
KT TT AT 8 .
1 A% & mRIE
1.1 B4 iRIERiA

JH YA TR e g 2 — AN BRI, A
FERFRAT . JORE RN HSCs i« ECM
FEE VRSN B, /E MASLD. 5. RS 5H|
T T 2 52 450 3 R 40 45 AH Ok 4 AR 2
(damage-associated molecular patterns, DAMPs). fli
Z W% JJpise DNA, i — B 30E B R4E i (Kupffer
cells, KCs)o B KCs e B ALk i £ 44k 1
MEAEH, — 77 1 55 W B 8 A BE R F -0 (tumor
necrosis factor-a., TNF-a.)+ [ 4 i /- % -6 (interleukin-
6, IL-6). IL-1p. TGF-B. IL/MRATA A K KT
(platelet-derived growth factor, PDGF) Fl1=f=F %t
£33 (galectin-3) 540 K v Ak K+ (C-C
motif chemokine ligands, CCLs), #374F4E4 plh
Bi, 5% HSCs Wu&: —7J7iH, i R4 i ]
T OIL-10 A1 E: i o B A BE ( matrix
metalloproteinases, MMPs) {i£it ECM [#fi, M
AR A RS . HFSEN M (liver sinusoidal
endothelial cells, LSECs) 7EARH Ll GEFR AT AH O s
P B %  ( metabolic dysfunction-associated
steatohepatitis, MASH). JIg 2 W& I T & A B4
M4, @i il TNF-a. IL-6+ IL-1 540K T
FAZ AN B8R H-1 (monocyte chemoattractant
protein-1, MCP-1) 3R A Z 40 <E HARAS, #t—
AR 4EAG . FF4HA. KCs. LSECs Bl %
T ot i DR Ak A R L R4 B T HSCs, 543
HSCs ¥ 53 iE UG AT 4E 40 i . HSCs IS A
A2 A PR - R A PR B 5 m, 3 S B A A
MRHE [WoWEE A R Cacetyl-CoA
carboxylase, ACC). I lli & & I (fatty acid synthase,
FASN). JEMt4HEE A EMAIEE-1 (stearoyl-CoA
desaturase-1, SCD-1) %&] FUZSZ24& [ CUTHRAR
Wz 52k B (thyroid hormone receptor-p, THR-B) ]
FRISZME o I A I HSCs 381 H 73 W4 38 8 1 B 1E S 15t
{R4F 3%, 78 TGF-B. M %5k 11 (angiotensin
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I, Ang ID. J&PEEFM MCP-1 Z3L[HAE N K&
HHRURIEE ECM A4y, RN SREHAGBEA
M7 (tissue inhibitors of metalloproteinases,
TIMPs) il EMC [%fif. 7EMi3EA BT 2 (lysyl
oxidase-like 2, LOXL2) FI#HARTLEE [T 47 C(heat
shock protein 47, HSP47) &1t A% T, ECM
A RCGE R R MMPs /- SRR 2, T8
LFYEPI RS R HERR L YRR L, AR TR iR
JH£ AEAL 118190
1.2 XA RIEEE

JFEF 4k /2 P40 . KCs. LSECs. HSCs %%
AT B B2 A BRI 2% . o HSCs 22 5
EMC, 3KEfJHEF 440 HE A% O RN 20 a0
121 H4ifusnds e 2 HAF 4R ik
YA FT . T (HBV. HCV) &4, MASLD. H &
G2 A FH 03 R R 5 4 2 R U A B A L A 2
AT R GG 4 . DAMPs. JORE 745, it
— 35 51 K40 M 45 05 R JORE S B, BB S
HSCs[??l,
1.2.2 KCs gl fEAS M0 0], S48 40 i d
IR DAMPs. JIF 2 8% & 7 DNA i KCs, ¥
5 1) KCs 3@id 43 TNF-o. IL-1B. IL-6. TGF-B.
PDGF A galectin-3 S54H }fi K1 F1 CCLs, {23 HSCs
PIBOER24, eAh, XA b R 18 BE FH 55 B A
AT T G0 E N2 40 IR AT WO A 5, o — 2
it RIEIAEE . [FIS, WoE R KCs i B % IL-10
A MMPs, T TIMPs ik, JETIE ECM FEfi#,
HeBN LT YR I IR 25200,
1.2.3 LSECs R  LSECs A RHETEE fL4S
K, BEMEFRLL S — S, 4ERF HSCs §EIRAS,
DR B ) BT AS # 5 S N 52 . SRTM, #E MASH.
Jig 220 S H At 1@ AR O RIS, LSECs KA B4
Mk, EFLIER. BEEIIRERIR, 4] HSCs
(¥If 71 9F 183 533 TNF-0 TL-6 TL-1 Z40REF
MIMCP-1, D HES) A 4Rt 27281, b4,
2900 LSECs ikfgilid s iie F 4tk 7+,
TGF-B . 40 M &6 B 70 7 [ 40 Mo 18] &6 Bt 20 -1
(intercellular cell adhesion molecule-1, ICAM-1). Ifil
EAMMRE 43 T-1 (vascular cell adhesion molecule-
1, VCAM-1) | %5, HE#ZB0% HSCs. LSECs Difg
FEfS Al B T H 5 HSCs. KCs A4 1 1E 55 A2
i, SRS, ML T 4R T B
LSECs iliid Z #igte 2 54044k, 1EIZEHOA AT

NI AT YA ) 22 15 35129300,
1.2.4 HSCs #iiF  #E&M HSCs FEAM T
R CH2HAA LSECs AR AE 4505, #EA
NI HSCs fi#fF 442 A, JLFAER ECM. 1E12
PEIFRUGHFREE R, # S AS1 HSCs #0B0s 4%
AW 4E 0 P12, R ERE LIRSS, 2 M2
H P57 2y T BKE) HSCs 0, o TGF-B /F A
B, BRSO AR Smad2/3 d i L i R R
Ko JOE HSCs Wl B 70 W AR R Ang 11,
MCP-1. TGF-B A G5, S5 N Rz 4m iy ik
RGBT IA G, R85 5 A S IEEGE . Bosm
HSCs LM 22T, KEAK 1 BREEA
(collagen type I, COL-I). COL-III % ECM 4147,
[F] IR TIMPs 0] ECM Ff#, & ECM 4 i
SR, 51k ECM VIR, % HSP47.
LOXL2 %5tk B ez, Hré i ECM 7 11820
JRASIRIE AT HE RS 5 T KCs 5 HSCs FE[A] 7311
ff] MMPs ] [#fi# EMC, /™Se4etbiiR. A2
ECM & BGH J32 370 88 P P FE I, S 4R A 4 K
B, BEATE UL YA AR 334,
1.3 #ESBREIFERNLE

iR O EREp il S | 7 WA e (S DX
PRGN RIEJ BN SIBOR AU R A2 4E AT
(RIIGFF K BT HLIH 2% FESTT IR SN = b, SR
JEUH) DAMPs 5 il fis 22 B80S KCs _E ¥ Toll #
AR 4 (Toll-like receptor 4, TLR4), ZHEFEALIA
¥ 88 (molecule myeloid differentiation factor 88,
MyD88) fkifiig 42 J&i 2 #% K F--«B (nuclear factor-
kB, NF-«kB) #3%H¥, i TNF-a. IL-1B. IL-6
SRR TRIE; AN NF-xB 5 NOD F#32 fh# &
H 4513k 3 (NOD like receptor family pyrin domain
containing 3, NLRP3) #&E/MATE ECIE i, 3 —
IR RIEE T AW T, PPAR Z4A& 50T
25 EHY & E (silent information regulator, SIRT)
FIEM AR AR PR 01 5, PPARasy 3244537
VR R TR AL S 4ERF HSCs i RUIRAS, SIRT1/3/6
& AL Smad2/3 SFEEER (VST T SOGE
55 A PPAR %485 SIRT Difg, SHURGHE
S HEARE T I, J9 HSCs WA (A B Al
F R ERAET: [ M H KIS S L B§ 4 (glutathione
peroxidase 4, GPX4) ‘Kif/fgFuidd ] SH4ET:
(BREIEEE-1 A FREBHCE A RE) T3
R, WA BSOS HSCs A AESET LA
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HSCs kR, ER&EHETHAILIET TGF-p/
Smad % /0fl, TGF-B1 {&f# Smad2/3 5244k A= 12
th, NG, 55 1T RKE al 5 (collagen
typeIal chain, COLIA1). TIMP-1%:%ik; TLR4
FEaomidd FRHEESKAEEB (bone
morphogenetlc protein, BMP) FIJ§iE 2 R4 A 40
F & H (BMP and activin membrane-bound
inhibitor, BAMBD #ik, #Em41Mi%} TGF-p KT

(1) 0 2 R s 0% 1) HSCs @itk H 4 TGF-B
TN A W IE R, AN SE AR A E S
B, AEAS I AR 4L R AR SR P9 05 T B B 4R R A
Wi, 2 2ESHAMBRZE TN (E 1), i
TLR4-NF-kB K¥E RAEBOR#1EH . PPAR-SIRT K
AR 2% TGF-p/Smad NATLF4E AL PATH AL,
2 O e AT RN E R T2 A0 5, R
“ZEL SN TRIE” PTG AR B0 15- 10213336
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Fig.1 Mechanism of liver fibrosis

2 P AERRIMKAR

2.1 HEEMERST

211 ZHE ZHERDAHTZ oM KE N
By, FESRIER T RIERE S, AR AL 4E
AT, RIEDUF 4R Bk B A 22 B m
J-Hl 5 Noteh (5 58, HipRHEREAR
15 b AR, BEITR 22 B/ TLR4/NF-«B i %
FEEFZANH K ST EIE HSC-T6 Mg t8, £
TETNG Z WE v A% A 7 B2 AHCHET 2 (nuclear
factor E2 related factor 2, Nrf2) i, _if] GPX4.
Ot S R/ 2 TR = ) 712 R 4t (cystine/glutamate
reverse transport system, System Xc-) 2 5E W FE K IX,

NI R AR LT DL BCM JURRBY. ffFE %
B A 0 45 IR E R WS 4 B 2§ (adenosine
monophosphate activated protein kinase, AMPK) /
Nrf2 5 TLR4/NF-kB {5 5%, NG fik5
U £F AL /R FHUO, 25 B 22 p il i -~ MMP2/
TIMP-2 [{. N TGF-B1 Kik, B HEid M
ECM = HERI, 502 Mifd . R Z ZHEEILL TGF-
B/Smad N Cril i, Horh e 2 24 Uik [F) 42 i TE T
B, MG Z PR E AL G R, RZ 2 RhaEid
il HSCs Jil WTE AL R AE G 1 A0 AT 142441,

212 B OREREZ, R4
W LA L JOERNH] & HSCs Wi AL 255 .
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TR R T T A R A s B
i LOXLI FRIAHGEIE IR R A 44k, 55—
77 H RIS B R0 KCs 403 TNF-o #1 TGF-
Bl RIEPLAF YA US40, SEEHRAF D i # ]
T AR e VLIS 3-3 (phosphatidylinositol-3-kinase,
PI3K) /E ¥ B (protein kinase B, Akt) /NF-xB
S5 WG ME R 52K B (estrogen receptor B, ERP)
FFHE NLRP3 G, B R AER I 5 e il
AT, T T IE L A0 TLR4/NLRP3 {5 58 %
R KCs A I RRE S B, b gl AR T S
HSCs B8, B2 H S HSCs T2 FF401
FEW R A 11 BYRT AR R Cprocollagen type 111,
PC-IID 43, MIfiE> ECM &4, NS B
B E R IR & 5 NS R Rg WUE Nrf2 i@ B85
BRlE UL A . NS 24 Rby FEK TIMP-1 /KF
DA AR SN . NS B Res Al 2AE
TR AT R AT 4R A0, = e
REBE ] TGF-B1 73k, FNRAMHLRIES o Pl
WIWLEE 1 (o-smooth muscle actin, 0-SMA) FiX,
G R R I RAE SRS ) ECM TR,

2.1.3  AEWpb ARARE R S AR T A
5 & BN, BUE PPARy. MGEHSERHOAER, KD
AR )& AT 0% PPARy, B %521k
LA T 2 A S A ISR 3R -1
Fik, BCEEMHEBMMENSHFNLEER; [FK
##] PDGF #244&-B (PDGF receptor-p, PDGFR-B)
{0 A N T N AN T I e = = L
(extracellular regulated protein kinase, ERK) /p38 22
5 7 1 B A BES  ( mitogen-activated protein
kinases, MAPK) {55, M#I] HSCs iT# . Wi
FARMAE R0k, R A LRG3 K HSCs 1Y
FHS4551 /NBERRGE It AMPK 5 538 46 R 4% XUE 3500
FEARMR T 40 HSCs ol 51T, ek T %
LRI HSCs T2, [FIR 4% Notch i, ~F
it MMPs EUAE, SRR TIRARVE T AL, fif
- [F] 5 4% p38 MAPK/PPARY/NF-«B il #, 1]
NUF TNF-os IL-6 S5 SGE BRI 7RI, AT e 12 1
PERE DX BT 1R JH 27 2 384 A2 1580, 52 2 B i 3 o 44 1
TGF-B1/Smad 15 Z i@, T p-Smad2/3 5 a-SMA
Rik, ] HSCs #EAL I8 ECM 5 ™). Hifay A4
SAEYIIR T H0H] TGF-p1. p-Smad2 B HFKIE. i
MLFYEAEE 1 Smad7, P HSCs iiffb 5 ECM i %
BHG RFE CCly 753 AT 4E A g B AR o0,

2,14 TR BEERIEZ, HyUHA 4 ER
RARRER P EARIE . HSCs T 553875
Wit iz 25 A I 405 NF-«B/NF-kB 1 [X 7 o (NF-
kB inhibitor a, IKB-a) 1 p38 MAPK i 4% 4
¥, FEIEE T B W40 AEIE-2 (B-cell lymphoma-
2, Bcl-2) /Bel-2 #i5¢ X £8H (Bcl-2 associated X
protein, Bax) i E&A ] 2 M 101021, B Ap
A2 10 miR-3595/ KB MR HNG A & B 4 701 Al
#il PDGF %5511 HSCs &fk, [FINSFHET NOX4/
NLRP3 /MRS , 1545 12 M 28 i SR 5 ) 27 4E 1
A163-641, ki 2 Z— T THITEBR B A L B0 Nrf2 $148
bk, B —J7 T FELWr TGF-p/Smad3 Al c-Jun HHEK
Ui/ Smad3 (R 4F4ELEES, /b ECM &R, Xt
B 3 T A A B A G E R O 38
oy Jo s . BESSMEEHERALS DL TGF-B1 Aol de o,
/> ECM & R FE S £F 4R AR HLee-681,

2.1.5 MR MR LRSI IEE . HSCs WG
PRE IR, FHBER B B W E A HLE], —
@I EES S ECML & H, i System Xc-/
GPX4 @I At T, 5 — 7 e 45
& PDGFR-B 324k, FHW i PI3K/Akt. MAPK 2
WK R, 0] HSCs ¥45E 51T/, FHRE M T,
[FI R IL-18+ TNF-a 28 85E R T RIS N
RAFIZIEOT0), BT Z @ BIE N R S
16 HSCs J41=, [FIIN 4] TGF-p/Smad i, /b
RS M 45 BCM iR,

2.1.6 B s RTE U AT 4E A B 5T R B AT )
2 MR LT AEAL B, AT RIS REVT AR
RIE/NARSE . T E TR AT EOE Rho A1 Mg g e
J AR F¥EE 1 (Rho-associated coiled-coil-containing
protein kinase 1, ROCK1) /#3% 0 K 115 5 Hlids
SEfk HSCs #FET-, FNIRSEB S T S
K, IR R KB DU, (RIS BRI R (S 515 F
DAGEAR T A A A5 4502 AT — J5 T 4% SIRT1/
FXR 8 B A6 I R AT 3 1 NLRP3 J&AE /MATEAL,
G N TE A R Y FE 42493, 5 — 777 T a4 H i g
fE FEEBRA R R, AR AT E T
SRR, ST PRSI A o
BHYH TGF-B/Smad 15 5-fll, i HSCs iS5 i JER
B[R 2E O3 P T I I 2 R AL S FA
JFEIARIA T CT i Bax/ 220 R & 2R -3
1 Bel-2) KA TGF-B/Smad 15 Zi@EEE1L,
W 0-SMA ik, Ji/> HSCs 1AL LAGE AT T 44k 179,
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FAREAZ O [H] TGF-B1/Smad {5 588, i TGF-
Bl. p-Smad2/3 HEHH KL, M| HSCs ¥
s ek P e SR 41 4 SR TR RO
2.2 BRIRZGIRE)
EZEFNFREEY E RN TRy, Bf
FHRIRE . TR, ESUBMER % T4
YEAL SR N 2 . SR 7R R B PR H
AR R B A 4B RN R TGF-B1 BREH#R
%, i Smad7 B 1 & mRNA 7KF, #li] HSCs
FATEAL, T8> ECM UURR, AT s T 41 440071
EASECN ST RHEY) B B TR R, BATEN
75K BRI 2 Dy, A8 FOR IR o LB o
IR T A A S5 S V2 . B RLGR R 2 b
FAVE AT RS CCL-MINS B 4T 44k SD 4%
BREBIFHL o-SMA ZE & mRNA FRik, #ifi
HSCs HFEBEE s RSN S0 — AR S, BAL B R
Z WERERSBHWT TGF-B1 75 S HSC-T6 HfinL,
WD ECM A5 UTRRsL, ghah, &80 R, i
FRSOL, BT 1) 8258 B g 24 F ) A1 R s i 41
il TGF-B1/Smad {5 Z i@, T TGF-pl &k, I
il HSCs &4t /> ECM JiRR, RIEPIHFEF4EiL
EH .

23 HFHERH
231 BTk T R g BT AT 4E A A

FE S IG IRV S seEs 2 N2 . FRIEAGIIR
PEAE HBV A SCHHIE AL 238 11 2 O I RATE 7 AT
WEEERRR. EFZESHA (aminin, LN).

PC-III. COL-IVEIMIFLF4EtbIgtn, £ CCL LA
ik A E L % CD4™ T 4 K AR A Ak 4
MOSEAE,  FOHHR A AT 1 HSCs 3 5H S
Bt HSCs JA T, [R50 A 5 5 FHF 40 414 AL 43
H, 2T Meta S HTIESEHECG PR R 25 7] B 1R
Th A Ak 30 % R R 83-841 i BRI h o T T AL
%2, HBV FSCHFREL (PR IMAIE) 38 I BE
P HRREE K Meta AT s HECA BB R 30T B
2 A AL 2 I B BT ER - LN PC-IIL,
COL-IV/KF, ZJTTE CCly 5 F M ATLT Ak /N BB
R A | PPARy 1A DL HSCs i&{0185-801, 22
AL FLLL HBV AR T AR 4E 1k 2538 I R 78 R
F, AR Meta 23T o ol Mg 41 4E 4045
FRIT RS R IEAR IR B Bk B, HEBEAR
SN L, 22 A PR AR ST-88), Ak SR T S FELE CCly
HENRFEFHIRFA Y KRB b, @ Bes

PI3K/AKY/W# LB 75 A% & #1851 (mammalian
target of rapamycin, mTOR) JHM. 5 H I,
T o-SMA Rk, JEE TSR SR AT s A8,
T CCla 1755 1 1 2 A0 K BRABE 2R J2 I 245 245 B 2 7
W, F R R 7 PI3K/AKt {5538 B [ TNF-
o IL-6 SIEKF7KF, i ECM i BE TR0,
232 ZWITS5BAGIT &8T5 B A IR
UL 4EAITE T2 2 25T CCL 5 SIS B . ALk
e BRI AT 7 3L ] PISK/AKt 38 B A2 S8 AL NI
5 R F RN, D8 CCly 75 S AL S Ak 45
10N 7 AN R T e 5 BELIT Ras [R5 2 R 5K ik
Bt A/ROCK1 15 5 id#s, | HSCs ik, FEAK
MiEZEAR . LN 44 &80, N\
IIZILA 7 B A S A B -2/AT S IR 3R Eo/NF«xB %8
i, $0H] HSC-T6 411k, /> COL-1. a-SMA
ik, PHBTRREIRBNALEAL IR RS, T IS 2% 7 id
1R TGF-B1 5 a-SMA Rk HSCs 351k,
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