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Exploring the intervention of active ingredients from Chinese medicines in

liver fibrosis through the molecular mechanisms of programmed cell death
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(Abstract] Liver fibrosis is a key pathological link in the progression of various chronic liver diseases to cirrhosis and even
liver cancer, characterized by excessive deposition of extracellular matrix. Studies have shown that hepatocytes undergo different
forms of programmed cell death (PCD), including apoptosis, necroptosis, autophagy, pyroptosis, ferroptosis, and cuproptosis, which
exacerbate the inflammatory responses and accelerate the fibrotic process. Active ingredients derived from Chinese medicines have
shown significant efficacy in regulating PCD to intervene in liver fibrosis. Therefore, this paper summarizes the mechanistic roles of
the aforementioned PCD forms in the progression of liver fibrosis and reviews recent research progress on active ingredients derived
from Chinese medicines that target these pathways. The aim is to offer a scientific basis for the prevention and treatment of fibrosis

using Chinese medicine.

(Keywords] programmed cell death; liver fibrosis; molecular mechanism; Chinese medicines; active ingredients

FFEF Al 212 P B 51405 PO R A 5 PR liver disease, ALD)LS SHEFEAHSCH ARG E R 5 Pk
HAEAE T2 RN EE 28 RS 124 IR (alcoholic JF%5 (non—alcoholic fatty liver disease, NAFLD) %

(Y75 H 83 )2025-05-02
(E&TREEK HRREL e EIE (82174271) ; WM A BB TREHIFEI H (24B0336).,
GBEMEE)E NS, 207, 01984 S, E-mail :002173@hnucm.edu.cn; B 18 5 {#+ i, E-mail : 004956@hnucm.edu.cn,,



2008 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

RS R 03 , BT i 1k 0 I B R 40 B (hepatic
stellate cell, HSC )% 1k Jy £F 4k 41 i 43 3 K5 40 i ok
T (extracellular matrix, ECM), i HJ& T % A1 1T
TR 58 D £ 11 A 4 A/ ] J5 v s B T RR ol 52 ot 45
¥ A= A5 A ORI I 5 0 2 2L 45 4, 46058 I
R, BR T HSC, 40 2235 35 4 i (Kupffer cells,
KCs) 5 P9 1 200 i 22 8] 119 52 2% AH A A BT
LA LD, SRR Y R4 T fE
UL AN T4 I

SR, I R _ AN R T 4RI TT 25 W0 5K
/R g ) B G A3 WL O o T R 25 ) &
KEE P EAEAET (programmed cell death,
PCD)VEN A MAE T — B, fdE & & Ml
SRR 5 TG MAE T DL R AR AR SN
N IR S R EE T 1 AT = iR A B T
i F A2 A AR AR A A 2 5 s
PR AR AL TN R 2R A BE T2 3R B, PCD
A BRI AL TE SRk R B R i T 250
JEA i HCS Ak A RIS AR | G2 AT A5 405 , 112
i ECM PRI, i 5 I EF 4k . R, AR SC
XHFEF4EAL b PCD foph it R HEA T B4 | LAIAXT i) B
T2 TR R PCD BT AR e Ak R4 BT

1 BT 5RFF4K

1.1 AT

JH TR R AE 20 T4l 70 4R AUk B KERR
SEPE P, R A PR T I A R T 2 2 B A A R A A
A A% A5 AL 53 L TE R B R R T M B2
B T A W 2 R W T A 5 i) 40 5 R 1 5 A
PEC AR T OO S B LS — B R AR
D B PR K 4 S R 2 1A i (Caspases ) B2 I 22 R 26 1
it , A2 R T Aol i 1) AR K R RTIN TT2R0K S5
1 Caspase, Caspase 774 3 25 T80 i (Caspase—
3.6.7) JHT-JE 3 (Caspase—2 8.9 .10) FI# P Cas-
pases, B4 Caspase A EAEHFFHE MIH T, A
| Caspase—8.9 10 M Ji; |- JiiE3d At #4551 115 5 1
WG UV Caspase-3 Fil 7 /- HBLRMIAGVIE]

PR R A A AN IE R AR A I FR e BB R
(tumor necrosis factor, TNF)EBZ 4N T-HETNF |
Fas BCi& (fas ligand, FasL) TNF AHCHIE T S8

A (TNF-related apoptosis—inducing ligand, TRAIL)
5% A SET 2R MR RSE R F-3Z 14 1 (tumor necro-
sis factor receptor 1, TNFR1) Fas 24K (fas recep-
tor, Fas)FIZET-ZAK 4(death receptor 4, DR4)={4E
T-% 4K 5(death receptor 5, DR5)%5 477 H:— & 4]
ST R NG T 2R S
TNF 5 TNFR1 25 GIERGEH TNFR1 BUIE 5445
Complex I (Complex I ), iy it YR FE K 32 (A AH ¢
FET- 45385 H (TNF receptor—associated death do-
main protein, TRADD)®™ JRERSEIN FZAAFHIEA T 2
(TNF receptor associated factor 2, TRAF2) 2l il i
T8 1 AR 0 175 (cellular inhibitor of apoptosis
proteins, cIAP), LA NZAAM EAEFEE G 1 (recep-
tor—interacting protein kinase 1, RIPK1)ZH/&, Bf5
5% F Complex | HAT{E 4% K+ —«B (nuclear factor
kappa—B, NF-«B) {551 B MG 175 S b P i 12K
O EAETE R RN Fas A SERET-I00RE H 40
A Z—1 B AR 5 1 (cellular FLICE-like inhi-
bitory protein, c~FLIP)"FIHLIHT I (Bel-2 Kk
L3 )M PR s AR AR ML R T A . R TR ED
TNFR1 A S0 4008 1, BEAH C Complex T 24201 5%
A g 240 1 35 I A 5 Complex 1T . 4I5S Com-
plex I fU4F Fas FH5CHE T- 184 [ (Fas—associating via
death domain, FADD),RIPK1 FlCaspase—8", I )
Caspase-8 2]l Caspase-3/7 AR SHZRARIAT, 41
PRLJR T PRI AR R R AR TR A J2 H 4 L P 3 T 4
(A4 ALV 3%  DNA SR A 07 ) 90 14, TR
AT R AR AR R R A S R R TR
£3 45 Bax % % (Bax Bak \Bok) A}z BH3 F % (Bid
Bim Bik .Bad . Bmf Hrk Noxafll PUMA) FI# -5
(£33 Bel-2 FJi% (Bel-2 Bel—xL Bel-W Mcl-1 Fil
AD) PPN, 5 N ARG LR, A77E
2 RGN A R D R SR NI ES ¥ RN P Tl 2
HR A BT, 175508 T IR R (apoptotic protease
activating factor—1, Apaf-1)Z¥300E MR, Fr 57
PEE Caspase—9 JE B T2 1A | #1idi & Caspase 9%
16 S N7 R IR, PR Z B T SO T g
Bid ,Bim Il PUMA 7£ N (9 P8 T30 71 o) DB 445 &
FEBE Bax A1 Bak', EARANAEIE T BN A 2 —Fp
FEIPUEFET 4% BRI, T T 15 5l B 10 57 0 & 3



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn

2009

SN 22 R, ) AN e e R PR | O i A
PRI LA B 23R AT PRI R T B S PR 7
DNA i 57 Je HAR RSB | 15 4T ) sh
PAT-RET T A FRIERRD, AHA YA T ALY 2 DL
F%Ilo
1.2 TERBATEMAFFELNDAFRED R
ﬁﬂ?‘t

TEA-2S PCD b frp AT RIEBRIGfb HSC el
B AR T X, LI (resveratrol, RSV)J
b CCly 15 5 109 JHF 27 4 A6 K BRUFF A 2L DR e A, B
1K a—F# WUILEN 2 F (a—smooth muscle actin, o—
SMA) FIZAE N T3k RSV L ZFRAK T 40 E i Cas-
pase—3 ,Caspase—7 Fl Caspase—12 Bax il Bak 7K
-, RIS T 1 Bel-2 BRI , SR IFLT 4
PEAEFRO DU 33 IR AR T £ 4k Ak /DN Bt 3 R 1
KA IR AL RO W N 2R 2 L5 R A iR
ZIKF, A Caspase—8 FlIBel-2/Bax 85 [ #3510 L
B, I T IFEF b/ R AR IR TS O, SR
LRLEAR o DU A S AR R I
IR HepG2 K HFEHUIHT-/E R EE I H 4731
B RS WD R A0 P9 O— 2 T A8 e 32 1 7
PRIGAB M 7K - | 855 PR 5 190 137 354, DTG U8 T i, 41
il g A AP 1 R Bel-2 (19 3R 5K i Bax

ShiEEER
\\T/

TRAFZ IAP
TRADD RIPKl

IAPs

™.

TRADD RIPKI
I Caspase-8

Active
Caspase -8

|
|
|
|
|
|
Pro |
|
|
|
|
|
|

Caspase-3/7

|
|
AT :

MCL-1

Bel-2/Bel-xL/ /

aINE R AR S EE A A0 o G CaspaseZ%
RSN, AT T2, 2 P A R T 5 HSC 2
JE R TGy 31, SN T 4R B A LA i
ST BT 1A A4 K F—B (transforming growth
factor—B., TCF-B)f B, B ECM AR,

R SR EN

2.1 AT
WICHEPHT-LATNF —o S AR 3R 19 TNF 0% 48 it
PR 55 FLAR N A RS AZ AR 45 4 00 T J8007% R M) 2 A4 A
HAEH 22 2 1R 175 A TR & 1 1 (receptor—inter-
acting protein 1, RIP1)/RIP3 J#ME X H T AR &
Tk 22 VA 225 ) S A 1 (mixed lineage kinase do-
main-like protein, MLKL) , 75 2 5 84 i S5 5L
—FPIET {5 SR TNF-o 540 2 1 TNFAZ
& TNFR1 AHZ5 A, 8 1 HAET- 254458 DD FITRADD
(IFET- 25K 38 DD A EAE ™, SR 5 Z2 4 RIP1LI
cIAP1/cIAP2®) TRAF2/TRAF5?L K £z K 44
fit} 52 A4 (the linear ubiquitin chain assembly complex,
LUBAC),J% %, Complex 1, Complex 12— 464
ERALAE K U 1 (transforming growth factor—f—
activated kinase 1, TAK1)=TAB(TAK1-binding pro-
tein) & & ¥ VA K 1B ¥4 (inhibitor of kappa B ki-
nase, 1IKK)&E G, #1% NF—xB #1515 538 i A M

2 IR

MR ER
WESREERIS: DNAMMS. Eia

BH3 only proteins

O Bax/Bak

BID é

Cytochrome C @
—
APAF-1

B 1 AT RS
Fig.1 Mechanism of apoptosis



2010 TR H S 25 K222 3] hitp:/fhnzyydxxb.hnuem.edu.cn

2025 455 45 4%

FEAAE R, I A0 S TP, 7E Complex 177,
RIP1 4% E3 2 Z 1L TRAF2/3/5/6 /5 K63 2 %
1k, cIAPs W fiEfE iz Z 1L RIPL, i RIP1 £ hiK48%%
1M Smac 8¢ H ISP 7] LIE S cIAP Rk i 5 50
RIPK1 BY2<9Z 21k, RIP1 #Z EALB il D) &) 240
JRLEE A BET 38 1 TR, 5200 Complex T H9FRUE
R RIPT DA 241 ifd B 328 A M5 5 TRADD FADD Al
Caspase-8 FYFIATEHHATEIL Complex 11 ,iX—K
HE GRS E—{# Caspase—8 BYRTARRL A i /Y
Caspase—8 , JF i 41 Jfg 8 7= 38 %1, SR 1M, 24 Cas-
pase—8 B MR I B Caspase il 5] z-VAD #ijiifil , &
ARG G L B TR I3 R TR VA 3 (receptor—interact-
ing serine—threonine kinase 3, RIPK3)ZE Rkl H
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Fig.2 Mechanism of necroptosis
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BRIET, BLAb, I A FEE e SRR I P Vs it AR it (
ZHZRVEE Vi ) T B T 00 B BT R B T R A OC
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Fig.4 Mechanism of pyroptosis
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