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[ Abstract] Liver fibrosis (LF), a common pathological stage observed in various chronic liver diseases, can progress to cirrho-
sis and even hepatocellular carcinoma. Currently, effective clinical therapeutic agents for LF remain limited. Hepatic stellate cells
(HSCs) are recognized as the primary effector cells in LF. When activated, HSCs secrete large amounts of extracellular matrix,
resulting in excessive deposition within the liver and ultimately contributing to the progression of LF. Therefore, targeting HSCs is
crucial for reversing LF. While traditional approaches focus on inhibiting HSCs activation and promoting programmed cell death of
activated HSCs, inducing the quiescence of activated HSCs has emerged as a novel and promising research area in recent years.
This article briefly reviews the current status of the first two traditional strategies, elucidates the molecular mechanisms involved in
the inactivation of activated HSCs, and systematically summarizes the mechanisms of action and research progress of natural prod-
ucts in these three regulatory approaches. The aim is to provide new perspectives for enhancing the understanding of LF pathogene-
sis and identifying potential therapeutic targets of natural products for LF treatment.
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I 21 4 4k (liver fibrosis, LF) j& — Ff g5 & 4 i
0 oA EE S RV . TE R BRI FEN , BAE Y
A 2005 N LF i e 4y JF A Ak | JH 2 6E e v S 20
Mg AT AR O R AR 2 S B R 48 Chepatic
stellate cells, HSCs) i1k J5 5 20 40 i 7b 5L 5 (extra-
cellular matrix, ECM) it FE TR BUAF 419 , ¥ )
ROAE PR BT R A Ak N AR IR T AR Ok D
HSCs 48 3 193697 5K B = LF B 98 S 3 0 5 5005
] o A 30K 48 HSCs 5 LF 5 5 2534 2 J7 10 N 4
— S W] 7% 1k 25 AL R 48 Ml (activate hepatic stel-
late cells, aHSCs)/F Jy LF #% /0> &% 40 B 1) 5 58 b
A7 5 02 R G0 i 214 [T AL 10 HSCs 19 3 28 1 3 g
B ) HSCs 16 b {2 #F aHSCs B2 ¥ HEAE T 5
aHSCs K , I 43 5 B 45 & R KR ™ W iy 1
FHHLE 5 52 BE R, o KR ™ Wy #L 15 HSCs 38§ LF
RIS
1 aHSCs= LF K #% 038 3 48

B2 2R 40 i (quiescent hepatic stellate
cells, qHSCs) & B AR 4341 T 52 JA [ R, 32 22 i A7 40
WEESE g R A KRR IFSE i fa s, BF
JUE 455 82 52 300 i S e TR 8 A S0 B, qH -
SCs iV H I b, T 2 I 20 M AR B 1S K 3~5 1%, fh /2
i Jie H IR T 2R, 5% 28 O Jo i O T D 14 JUL i T 4
ML FE R AL DI EE B, o P I ILILSN 2 I (acsmooth
muscle actin, «-SMA) ik 3 104500 £, 1 #Y
2 I 2K 1 (type 1 collagen, Col )43 & ik & &
B 2045, i ECM 1 EZRIEY, IF A 7 b F5 1k
K F-B (transforming growth factor-beta,
TGF-B) LA4E+F A B 16 fb . X Flv i aHSCs 1 2 fE 5+
5 ECM UL T 200 45 14 13 | 3 W] 4 218 14 1T
g [) A RT3 R AR HE R BCHE ) aHSCs B R it
LF #Y 5% 8 SR
2 HSCsEWHMMARERRE XKW T B
21 JFMERIE

U A2 309K e BE S DR 50 e, bk
LA Sy 9 RE N 1Y 5L U 0 25 A 2 I B A 5
7 AR AL, 3 2k 7 AR TV BR OR T A T 40 M Che-
patocytes, HCs) "o {HILEAT SR ZU A 2 R Fe bk, &%
g3 W K A R VEW) BB U R O B L 75 5 HSCs 1
HEIF R IK a SMA™Y i H 436 aHSCs 43 i ECM
E 52 JA 18] Bt R & AR, [R) I 43 4 4 e 2 1 il 2 41
il 700 130 ECM B fife , WU M sh 2T g fb it 2. ik
Ak, aHSCs A 4 W TNF-o &2 9 4l i [H 5 F a1k A
T CXCLI, 55 5 07 2 %0 5% 40 M i Ji) R e, R9E 5
aHSCs HAHUK 3l , Fe 2 S ECECM i FE ULAR , B3R AT

AN S5 AE I I U IR, iF— 2B I LF

HAE /AR T I E R E 5 HSC T Ak 19 56 #
AW AE LEF AR 35, b NOD K32 1k $4
H 45 0 B AH ¢ & 1 3 (NOD-like receptor pyrin
domain-containing protein 3, NLRP3) 4 Jit /M AY 12
FAALE R E ) 2 UESE ™ 78 g 2 B (lipopolysac-
charide, LPS) #1301k 24 g 4% 1 A9 toll £ 32 14
GO NF-«B {5 538 %, 53 30 NLRP3/2 Jit 22 2
KA 5 R & H B 1 (cysteine aspartate-specific prote-
ase 1, Caspasel)/pro-1L.-18/pro-11.-18 Y #% 5% . Ff
J& . % W HCs B it #t 7 M X 4 B K
(damage-associated molecular patterns, DAMPs) 5
O A i 3 1T Y W E AZ 1R P2XT(P2RXT7) 45 4%,
P NLRP3 R /N2 i Caspasel i, J5 & il
it V1) pro-TL-1B . pro-TL-18 A= Jlifit 4 A -7 T1-1p Al
TL-18, il JFF HE 58 4 JF B 42 G HSCs, i3t AT 454 13
5 LF k™,
2.2 AN

RS2 005 il HCs 5 9F 52 5T 40 B 4 44k 2k
5, 51 & 1% 7% % (reactive oxygen species, ROS) K &
T Tl K T U Jey 38 o e R I g i ROS 5 4 4
B Py 1] 9805 HSCs #fE 30 LF 3 & |, S 48 4k T B
Mo R LF RS . T E2AH G
A ¥ 2 (nuclear factor erythroid 2-related factor 2,
Nrf2) Bt 4 Ak 3 G A2 240 B e iy 40 Ak 7 38 1 e, A B
PR TF Nri2 5 Kelch B ECH #H & % H 1 (kelch-like
ECH-associated protein 1, Keapl) %54 J5 # 12 £ 1k
R i, 12 M JH 04 405 b ROS 31— 35 f% 25, Nrf2 #%
W25 G PR SO IS 4 A A B TR R st LA
i B ROS, 435 HSCs B R A

20 i 4R A 07 BT ik A AT 22 93 2 DT A EE
fi (mitogen-activated protein kinase, MAPK) /4l fifi
AN 5 8 5 3 B (extracellular regulated protein ki-
nases, ERK) il 1% B iR b . qHSCs # TGF-B. 1. /)
e PR M A K AP (platelet-derived growth factor,
PDGF) J ROS Hill #0305 %38 B , p ERK A #%35 &
NOS £ NO,NO 5 ROS Jsz B fin i) 4 A6 B 35 7 s
pERK % NOX, {1k O # 46 H H-0., fie & {2 it
HSCs #4585 & OOF 34 58 TGF-B Y £ £F 4E 1L 1
R AN B O EAR BT, ROS 234 il HSCs
H STN3 #; 5% ¥ #% 25 A (SIN3 transcriptional regula-
tor A, SIN3A)/p38 MAPK #l1 i 1 , i# [ SIN3A X}
miR-144 () 7 SE A, 80 miR-144 5% b8 IF 2 1ii
% HSCs, £ 2% SIN3A 45 p38 MAPK () E AR AL
iR AN (HAF SR ] HSCs ' miR-144 24 LF
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TR YT B HE— T R T SR I

B 15 11 & 09 2, Nrf2 $t 4 fb i 1% 5 MAPK/
ERK i i 1k 38 #% 75 HSCs %k N 3 5 15 fh ik &
FEFEVEAEZE B2 . Nrf2 v] AE 3 o 0 42 BT 4 1k i st
> ROS, [ 440 il MAPK/ERK #7% ; MAPK/ERK
3 O IS 7 A 1 ROS 30 Nrf2 82 5% A7 H)55 H
PUAE LTI RE . T EAE M LR S ML B
HSCs 11 1 3 R 46 (10K HE IR 247D 75 IR AT .
23 FHHWEKRET
231 A E KR I T HCs i iy 28 KX
TBR 7RS4 A K IR RE L AEVE ] T HSCs 76 LF
ORI AEH . WEFE R BT HCs m R 35 & 5 4
¥ 5 # H 2 (nerve injury-induced protein 2, Nin-
jurin2) 3 o B 5 & A A K T 1 A2 4K (insulin-like
growth factor 1 receptor, IGF1R) /53 4 K & hf
F 1 (early growth response 1, EGR1) i % i ik
PDGFE-BB 43 , 5 & AF R o Ae A 22 7y 2L 45 &
HSCs # i PDGFB % #& (PDGF receptor beta,
PDGFR-B) , # 1% K FL A 9 (rat sarcoma, Ras)/ERK
W i 9k UL -3 38 B8 (phosphati-dylinositol-kinase,
PI3K) /% 118 B (protein kinase B, AKT) {5 5 , %
S HSCs ¥4 58 0 deah, 4 i U5 2 i 45
2 A4 K BB F A (vascular endothelial growth factor A,
VEGFA) g 15 HSCs & 1l VEGR Z {k 2(VEGF
receptor 2, VEGFR2) 454 , ¥ HSCs 16 1k 4 hl 41 4
FAI
232 AENFANMEIEVEA AP T R0 A ok U5 Y
A KR T #B ] HCs 8] 4% 4 45 HSCs. aHSCs 73
1) B £F 4t 40 L A= K R 7 (fibroblast growth factor
7, FGFT) B A i B 4 Mo ¥ 1ol 48 S, 5455 HCs R
Il FGF % {& 2b(FGF receptor 2b, FGFR2b) J5 it i#
WO AKT/ERK Gl B A2 HCs #7340 il 243 i
CCL2/CXCL8 M TGF-B, Hl 5 HSCs i& k15 5 LA 2%
fip L A, FGFO [ £ aHSCs 43, 5 HCs
FK I FGFR1/2/3 %54 Ja , — 75 i il HCs 4 I 1l
1% £ i G B ik R A ChREBP \Fasn .PPARy 1935,
U/ T Y = A A DA R AR A s 5y — T,
ERKI1/ERK2/H it & 1 Bl # # 38 (glycogen syn-
thase kinase 3 beta, GSK-3p) i I ¥ 1% HCs W p-i%
R I R 438 2 HCs 43 W6 19 41 i A1 5% 36 ¢
T30 ZE 52 TR) B LA Ry 5% 43 W5 5 5 HSCs 2 1 1Y 1K
W PR 2R M 2 R A 55 5 H 5/6 (low-density lipopro-
tein receptor-related protein 5/6, LRP5/6) & {4 %4
4, Ml COLIAL, ACTAZ 3 W £ 35 , Wl & LF
HER

g5 b I IERAE A S 55 A K
S [ 9K )y IF 0 i) HSCs i 46, WL 1.2, 3 F DL E
FHAIL ) et B 7 3 o 8 45 A ) T A 4 4 i HSCs
TEALVE T AR R E R R, L3R 1.

3 aHSCsEF M THRENGE R RAT YT M
ML
3.1 1 (apoptosis)

20 g 04 T R 4k R A 21 5 R D RE 1) 40 i
FEIFMESE TS, i 175 5 aHSCs I T2 02 BBy LF 3 i
A SR I BT E A KRR S R AR )
A G Y R 0% 38 i 15 5 aHSCs i T2 22/ LF , L
YE AL 32 2295 K2 48 B 0 T 9 o IR vk (ZkORE AR i
) HMIEAE (BE T 2 R iR 42 ) B A5 5 3 B% 55 4% 0 36
o AR R G Ak R AL AR P RO R 1
(transforming growth factor--activated kinase 1,
TAK1)/MAPK/X 3k #£ & H O3A (forkhead box
protein O3A, FOXO3A) #ili /5 5 aHSCs i T, M
0 460 A 34 AH 56 N I JHE A5 2 4 0 R A X T
55 5 5 SR B0 N 1(signal transducer and
activator of transcription 1, STAT1) 4% aHSCs ¥
TR AE DU ARG 1, il i 1L-6/STAT3 {5 %5 1
e 2 3 aHSCs P8 T F HCs 38 415 KOk 3 D #E )
PDGFRBH A+ PDGF-BB/PDGFRB {E5 W%, m
il T % MAPK/p-ERK 15 %5 L2 #F aHSCs 8 1, 2%
fife LEF" 5 2 o 28 )3 o 800G PISK/ Akt/ i 7L sh ¥ 7R
TH % % # & H (mammalian target of rapamycin,
mTOR) {5 5 38 # Ml LX-2 o B [ v A2 i
U R O R 2 R 8 i P BCL-2 A 56
X #5 H (BCIL.-2-associated X protein, Bax)/B 4 fifd
9% 2 #5 H (B-cell lymphoma 2 protein, Bcl-2) % &
/NELHSCs R LX-2 8 T2 & F 5T LF AR
3.2 [ (autophagy)

I 2 A0 B AR 7 1 A 45 A0 4 Y —
T B RO HLE . AR B W AR R R AR Y A0
U B8 240 ML 7 B RSO 45 4 A TR B A WA, 5 A
Rl 5 T B I 2 S 3 5 VS Tl R O i 4 < 200
FaAs™ . Je i & B FIAE % o & HSCs [ Wik fip
il HSCs W ARG 5 (32 7 B b 406 DUER 1R
BH75 K F 1(silent information regulator 1, SIRT1)
A c-Jun & FE K i 4 B8 (c-Jun N-terminal kinase,
INK) i #% 75 5 HSCs [ Wk 40 il HSCs 1% 1k 1 42
LE", R, Z2 WOak 58 & 8, M il HSCs [ Wi A #F
REME & fif LF . NS A7 2/3 3930 o 9 il i 48 2wk
14 b R /1N BRI LPS 1 35 i) HSC-T6 4 i i A
Wit , RAFPULT AE AL VE FH T 5 22 38 22 30 i 410 ) 1 0 il
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Fig1 Mechanisms of inflammation and oxidative stress-induced hepatocyte activation

ZLFY IR R DLl AKT/mTOR 38 #4 il A
W ok 40 LF dF . AW R TE LF 2,
aHSCs ¥ il mTOR i i 8 % 1 i [ 15 # % Rho
FH DGR O 1ok R AN M A BE I LFY X
IR 2 D1 & B F W RS 4 1 LF 19 45 5 AR
o MUEAI UL, | WEYE HSCs Hh B A WEAEH i S
s HSCs A Wil n) GE i — 20 520 LF i & .

3.3 HRIET (ferroptosis)

BRIE TR BRI M A0 B R T, A0 A N Al B AR
ey & R BT AL R G TE BRAE ), & T B0
I B 235 4 T IR 5 A M AE T . 5§ aHSCs k3B T
e G LE (15 v (3 2 80O AE T 3 50 B = 41 i
Fi 5 7EAE T aHSCs [R5 filk % 1 i o H: A 5
BRI, 5| R S BT AR A L A RE TR R ZE AL AR
ML Z T RA W EAE Z o 2R ARFEE”
A S FEif T aHSCs A0 T\ Z2fift LF b Ji& Jy i 3k
B Y i, NS AT Rbl 2 LBk & AR
BCL2 %5 & % 11 (coiled-Coil, myosin-like BCL2-in-
teracting protein, BECN1) /¥ it # 1k 515 7 i 51 11

(solute carrier family 7 member 11, SLC7A11)

BN B R RKL BTG IR BE AR SO 4
(Acyl-CoA synthetase 4, ACSL4) /% Il W Jg Bt A0
B Bt 3 % #% B8 3 (lysophosphatidylcholine acyltrans-
ferase 3, LPCAT3)/5If %A & B (5-lipoxygenase,
ALOX5) j# B . A 2 5 17 Rg3 4 miR-6945-3p/
DNA H L # % i 3B(DNMT3B)/ACSLA™ (A %
2 Rh2 28 148 % 94 95 B+ 1(interferon regulatory
factor 1, TRF1)/SLC7TAT1"™ S % % 245 e H ik
i 4 Ak Wy Bl 4 (glutathione peroxidase 4, GPX4) /%%
2k 8 1 Z I (transferrin receptor, TIR)/ M 4 J& %
iz 1 1 (divalent metal transporter 1, DMT1)"™ [ Jj
7245 1 oL 7 F AR GPX4™ YR S aHSCs
BRAET A RO > aHSCs B0 (28 i LF i e, iff—
A8 5 R AL T A R 4R R 4%, 5 S aHS Cs R4
T2 LF By ML o2 $ 4k o 22 S 4
4 aHSCsMAFREFZTHINEHRRATWTM
MLl

A 5% £ B, CCLE 5 1) LF £ R v 24
40%6~50% 1 aHSCs 7E£F AL I B A & AR T2,
M2 T aeSMA  Col |, 57 F1 52 HL 8 5 15 i ol
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Fig 2 Mechanism of hepatic stellate cell activation induced by paracrine

EE Adfp ik, 5 B2l qHSC 1 # B A R Al
(q-like HSC) , B W45 7~ aHSCs 2 18 il 396 55 38 g, 9F
W At A0 o 2 B T B PAT % 88 11 /& q-like HSC #%
OFHIE  AH R B8 X 3 iZ i B AR A ML 5 qHSCs 1Y AR JiT
22 5Oy L X — 41 i B Y, Kisseleva %543
B R CCLMI K 5 5 1Y LF B8 JIE 58 37 %0~
56 % aHSCs 7 2F 4 fb o 72 v 5% 1k 8 3 B3R o i 2,
B E A9 iHSCs, 1 YK B A aHSCs 306 %5 J5 1Y 20 i 5 173
Itk qHSCs, i J& — Fh il 57 9 2% 16 A8 e AL, B 1 42
H aHSCs A 300 5% 2 1HSCs (498137 100 4 .
4.1 aHSCs [ iHSCs 3 % i 4% .0 AL il

aHSCs ¥ % Sy tHSCss 7 38 8 “ 30 1 0 % it " 55
“ i i A 72 K OGP R S B TE I A I A
J5 il , Hedgehog (Hh) {5 53 # 7] 8 ¥ HSCs 947 4/
T e 3k 2, 3 00 ) Hh A 5 % T i HIF - 1o
1235, BE A% IF — 25 10 s I s D LR B R
e &35 aHSCs 7] iHSCs #i Ak . Horh, 2- i 48 i 24
T 400 o A G B HK 2 1 36 M 5 LR B
it 410 i) 751 F X1 00 5 BHLIKT aHHLS C's P4 1A i 72 1) 7L 7R A1)
e BeAL BB AT & B A5 B VA-PEG-PCL

JI2 SRORE 5 B [ 33 1% 28 aHSCs, 0] A7 R4 4 P
M2 O B R B PKM2 BB % ff AH G 5k IR (HA2.
Pfkp MPK Glut]) 335", bk 2 fpiE sy X8
il 38 Ao 00 ) M A B, P R AR aHSCs B LR 2
At (R 3K 65 %0 ~70%6 ), [a] B A3 2501 55 aHSCs Y
AR,

1 NG T B A 5 T, BT TGF-B1 % S /) aHSCs
B W AR AN T A RS B R BRI & B R T Ak
1 9L B8 R BE % 45 5 RARPB/RXRo, HE 1 1 il
CoL 1A2 %5 £ 4 {k 3 P - 4 45 i B b5 9 GFAP
PPARy I 2 ik , AT 4 3 aHSCs 1) iHSCs %%
AR A W AR R A I R B A
A LA R ACTA2 .COLIAL & LOX (3L , % aH-
SCs#4k h iHSCs F 1™
4.2 aHSCs i A iHSCs A9 A% 0 18 45 R 1

it 48 Ak W il R 3 BE ) BT A2 4Ky (peroxisome
proliferator-activated receptor gamma, PPARy) #l
GATA 454 % 1 4/6 (GATA binding protein 4/6,
GATAAL/6) Ji iz £ 7 5% A6 1) A% 0 08 758 B 71
PPARY & PPAR #% 52 1 G2 15 (1) G A, © Bl ik 52
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Tab 1 The mechanism of natural products in preventing and treating liver fibrosis by inhibiting hepatic stellate cell activation fibrosis

L 1) KR SRR 37 I B ik
RAE RE LW (Ganoderma lu- RE (Ganoderma lu- TLR4/NF-«B; M TGF-/Smad2/3 Rk . L 14 Smad7 . [27]
cidum polysaccharide) cidum) TFG-B/Smad i TLR4/NF«B ., F 4G K «6/a8 (IT-

GA6/8), NTI Ml TNF-a IL-18.1L-6 4 4
R Fi% S/ HSC-T6 7 1k

3% %45 % (Jaceosidin) LS (Artemisia prin- VGLL3/HMGBL/ il VGLL3/HMGB1/TLR4 {55 3 #% , M\ [28]
ceps Pamp) TLR4 T A0 NLRP3 4 P /M B | FEAILaHSCs H
o« SMA %3k
Je A5 4F (Gentiopicroside)  JE A (Gentiana scabra) TLR4;NLRP3 W TLR4 A1 NLRP3 i % /> HCs 212 & [29]

R%E = (Poria triterpenoids) K% (Poria cocos

AT L, M HSCs i 1

Caspase-1/NLRP3  #1]i] Caspase-1 il il FL 1 40 it v NLRP3 % ¥ [30]

Wolf) AN B
Atk 713 % (Apigenin) - PKM2/HIF-la ¥ EGFR-MEK1/2-ERK1/2 38 i 0 il [31]
AT PKM2/HIF-1a, 5035 AT HE AL B G AR (T

MDA .CAT, FF& GSH.SOD .GSH-PX }
T-AOC), T il HSCs i& 1k .

#hH B Z % (Isobavachalcone) 4 B (Psoralea cory- Nrf2/HO-1 PO Nrf2/HO-1 3 NF«B 5 S Ek  [17]
lifolia Linn); L ORIV IE 2 3 BN A 10 1) HSCs 16 £k
M H i (Angelica
keiskei)
£ 5 K17 (Salidroside) 21 5. K(Rhodiola ro- PISK/AKT/ G PISK/AKT/GSK-3p 15 53 i, g3l [32]
sea L..) GSK-3B T BB 1 U 2 RE A4 A 7 i, 3 i 4
il HSCs 7% fb 22 it LF
%o Antrodin C W2 (Antrodia cam-  TGF-Bl1/Smad2/  Hd47 TGF-B1 % F A9 Smad2 . AKT \ERK . [33]
g phorata) AKT/ERK/P38;  P38Wfizfk St PDGF-BBi% 11 AKT .ERK
KA PDGF-BB/AKT/ 8RR ARG HSCs i fL X I ECM =4
¥ ERK

F1 iz B(Salvianolic acid B)
rhiza Bunge)
S H 2 AT F (purple sweet 2E(

potato anthocyanins)

Ipomoea batatas

(L..) Lam)

P12 (Salvia miltior- PDGF-B/PDGFRB  #[a] HSCs ' PDGFRB, [ 1k PDGF-B 5

[34,35]
PDGFRB 454, il aHSCs i1 4k IF i 2
SAE ST

JEYE R HSCs #5261 2% 0 4 F , Bl i 4[] 1A
08 JEUAH 56 L [ A COL AT [ %% 5%, 410 3l J0e J 45 it
SUTRTY . WL B 45 A 8 11 7 (retinol-binding pro-
tein 7, RBP7)J& T Jg Wi R 45 & & A (fatty
acid-binding proteins, FABP) & % , £ % % 5 HSCs
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Tab 2 The mechanism of natural products exerting anti-liver fibrosis effects by inducing hepatic stellate cell inactivation
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