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Research progress on effects and mechanisms of flavonoids in treatment of
cholestatic liver injury
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Abstract: Cholestatic liver injury (CLI) results from disrupted bile metabolism and chronic exposure of the liver to toxic bile acids.
Bile acid homeostasis imbalance, inflammatory responses, and oxidative stress are key factors in the development of CLI, which can
progress to hepatic fibrosis, cirrhosis, liver neoplasms, and eventually liver failure if treatment is belated. Flavonoids exhibit diverse
pharmacological activities, including anti-inflammatory, antioxidant, and anticancer effects, coupled with modulation of critical cellular
enzymes. They effectively alleviate CLI by restoring bile acid homeostasis, inhibiting inflammatory responses, and reducing oxidative
stress, with few adverse reactions. Therefore, flavonoids are expected to be a novel kind of medicine for cholestatic liver disease. This
review discusses the therapeutic effects and pharmacological mechanisms of flavonoids, extracted from medicinal plants, on CLI in
recent years. Additionally, it provides a reference for the clinical application and the new drug development of flavonoids in treatment
of CLL
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FAREVPE AR A 5 R 2T, RE U AR i B R REIR
HOHE. JREUR. BEEHE. R, KIRET
T 3% R EEERG DU SR B TR TR . B AR
B, MRV BRARAS MR, SR NI, AR
CLI K i) R

Har, BEZX%JHER C(ursodeoxycholic acid,
UDCA)5 B ULIEER 7 A4 9 CLI 1 iR T 2540 -
SR, UDCA fFAIERREE . 07 FA RN, ASgedE
B AR, o BE N HIRIT R A 7 Bk
7 1OV ) L, B D ) A6 50 JH 4 R T JE 2%
FIE A TEIR ISR ) . AH BTS2 2R 29, R
SRIGTELIYIRIFZHE, 5 T B RCACHR: 7298
JTITTHAR R Z AL BT R AN RN BB,
KL, PR T CLI K JENLH], SHRRIRENEZY)
JOBAEIR T R R B,

FIARW GV A TS WA, B
MR TR 25— 2 I SRR AR AU =0, HAE e
K. G2 FE, WIS 5 0T, EEERE. 58
Pl SEEEESE 12 MR, ZRMAMAEG R
GFH s . Prad TRIFEAYE D, AR
(AR N T o o H R ARSI ST o3 € 3911101 AR N A
SRR IR I H R IFyT R, s = R
FRRSAS | H0H| EE S S AN B AL LS L 4% CLI.
BRI, ASCHE IR A 0T CLI a7 4 FAIAE
FHUEATERIR, NI EYI6TT CLI IR
I FH AT 25 I SRR
1 CLI HYfRIRALE
L1 BEHERRRAS K

NEY A NRY T B 3 SR gy, S AuMaBg 5 | T
EBROTI, JORE RIS, izl B R UOSE A OC . AR B2
R, NJH2H A ) A JE TR 5331 R 28 30810 5 B AR
R RCARE LA HER (chenodeoxycholic acid,
CDCA) 5N E IR . b5 LR IR
W A A (bile acid coenzyme A synthetase,
BACS) FIHVTERHEY A: SHEM N- LB HEA R mG
(bile acid-coenzyme A: amino acid N-acyltransferase,
BAAT) 1EMH 5 H 2B RERR 45 & o H 2 R i 4
JHfZ (glycochenodeoxycholic acid, GCDCA). HZ&
JEEZ (glycocholic acid, GCA). ZFfifh #5 i 5 fH FR
(taurochenodeoxycholic acid, TCDCA). Z-fi#fHER
(taurocholic acid, TCA) Z5& MR, FHHHER
#ith 72 (bile salt export pump, BSEP) 43ih; AT
LTI FE NS (sulfotransferases, SULTs) fi#ifk sk

UDP- i %] ¥ % 1% ¥ #% 1§ ( UDP-glucuronosyl-
transferases, UGTs) iRV J5 B 22 24 24 4H ¢
# M 2 (multidrug resistance-associated protein 2,
MRP2) 73 ilho IXEEHY 53 WA A RE I BRES 20 A7 i T
%, HWob AR N e . B GIE 4SS
o BRI R AE i 8 A /R H R R N DL
NHEZACA IEER N F IR B IR IR . T HE4s & B
TR, Ky 225 IHER . CDCA | HER A/ & IH R
T 18] i A i A g 280 L ) T2 i A ARG 12 JIEL 9 PR % i
% (apical sodium-dependent bile acid transporter,
ASBT) BRI, FHiEidt AHLE 128 H (organic
solute transporter, OST) o/B« MRP2/3 A [ TH#fK,
R E IR PIL 12 B (sodium taurocholate
cotransporting polypeptide, NTCP) FI5HLIHE F4%
2%k 1 (organic anion-transporting polypeptide 1,
OATP1) HFrik NFF4u20-20, F 4k, 40 i
OSTa/B #1 MRP3/4 & MR BRHRMESE N ARG $2
ft 7 amAeR3), SR, s B SR ER N 2 R
A5 RV BRAIE FA R RS 2 51 R MRV IR AR B R B 1) i
R, I HAB AR SO0 SR A1 B IE A R R B N Rl 53 (1)
AP, R, AR BRIE PR FI IR BRI FE 5 o
BT, IR T RN R AR A A 1) O .

NTCP. OATP. MRP %5 55 JIH 1 B2 41 34 %5 U AH
KRB, BRE NN, REBAYXIXLIZ RS
FIr 3 18 P 5% Ve AT T B s A A R H T A R ) 7 A
PRI 2R 20, W R4 T #0] NTCP. MRP2. OATP1A1
T OATP1A4 ZFT)RELRT; i 5538 35 T #0H] MRP2.
MRP3. MRP4 T 5E28), $532 (R D RE Y 5 7 T-HRAH
HIERTEIN, EIREMRA R TN, AT Re ™ AR 4u i
AL

PEYTBRAE Ak E 5 HNERTER R R E
ARG, YRR EEA T 15~25 pmol/L "Iy
fE5 0¥, WEE 50~200 umol/L Hi 5|4t i
T2, $23 200 pmol/L B UE 2 2 LK, W2
200~2 000 pmol/L K75 FAHMIIALE, =T 2 000
umol/L BEAE Bt nl 75 S 4 i i ve, LK 1. 1E
AN, M IR AR TR S IR, HEA
S BB A A E 0T I AR L e AR B
AR, RIER S AEAE- L 5ERESZ41, SF IR TR
HRHT ) 55 1 3R] FB] 58 JO R e JEC A MU o el 2 i T
WA SR RS, DN SO 58P, A
WFE NN, HESHNERSREA R HT
TR - 10 iR AT 488 (1) 2 2R 2R 1300,



FED 20256F87 $56% H 168  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 16 * 5983 »

fiE [

gfigte E2 e

MRP3
CDCA HEER MRP4
i AR
_|—‘ OSTa
SULTs f UGTs BAAT 1 BACS OSTB
s <« 2000 pmol-L!
il e 0 B R A TCA TCDCA
3] 3 GCA GCDCA NTCP  <—
v
JiF4m i N
MRP2  BSEP
200 pmol-L-! P HOEAR S IER
fitf7 -
Ik AR
[iE 3
N
\ 1 OSTo.  OSTP MRP2 MRP3 <« 50 pmol- L~
.[ }. J‘ ® oo .T.J.
L iy L e ]
% \2’( T 25 pmol-L~* B
il \E ;MW& g k’ggfwi ey 4k A TR L
TCDCA B
DCA CDCA G DCA CDCA « 15 pmol-L!
e AR EL i
1714 0 pmol-L~* p

%11 CLI H’]HE I-I-Eiﬁ s *ﬂ%‘]

Fig.1 Mechanisms of bile acid homeostasis in CLI

1.2 RIERK

RNE S A2 P | EBCER B2 PR AR R
FRURE B8 25 1 W RORE , 5 IR R R L KT % V) AH
K, J& CLI b difh 2 —M, fEREZMT, 2
PERR I B R A 452405 F AF B IR T AR 5y B A
(20 BV e e, T A2 LT8O 5 IR AR R -4
IO T 2 oL AT 1 B 5 B 928 24 R JH ) 92 ) S L
i) S A 33, 75 20 B 7KSF, IE R B0 T
) O SR R e RE B el e (T w2 P [atad M > € =5
B A 22 Z 505 R H MBS (mitogen-activated
protein kinase, MAPK) . F- 4K e BiH 7~ 1 Cearly
e Z ¥E. ¥ -«B
(nuclear factor-xB, NF-xB) }& 224t X 521k (pregnane
X receptor, PXR) 125, Allen PRI/ R
48 i % 8% TR ine diEN =
(interleukin, IL) &4k K[ W14 B3 BN AT A
LA F (keratinocyte-derived chemokine, KC).
Wi 20 Mo 28 JiE 25 -2 ( macrophage inflammatory
protein-2, MIP-2) 1. ZhFft 7+ [an4n i a5 b4+
-1 (intercellular adhesion molecule-1, ICAM-1). IfiL
BB 5> T-1 (vascular cell adhesion molecule-
1, VCAM-D) 1. fEEDUMGIRACHT N [Un3h A -2

growth response 1, EGRI).

(cyclooxygenase-2, COX-2) &/ FI/KT-. XL

B2 BNE @ S0 R BT, Hd ICAM-
1. MIP-2. KC 1 L CHHIF B RE(E CLIBS3,
GCDCA & NAREERHH R, Cai BN A4
Mi 7T GCDCA 1, faill 24 ffa C-C /7 tk
K7Lk 2 (C-C motif chemokine ligand 2, CCL2).
CCL15. CCL20. C-X-C b F T Heik 1 (C-X-
C motifligand 1, CXCL1). IL-8 [k & ERTHF
A KRR I G . SR AR AT BERE TR
% 2 F B AL ( damage associated molecular
patterns, DAMPs) Fi@id Toll 524k (toll-like
receptors, TLR) fe#f &K 1 &IAB8,

H R4 (neutrophil, NE) 7ERFIRSEHALIN
1RIER CLI R E . A EL A JOESR AL, HA
SR JRE NN A S CLI A S0, S B AR B
AN, #MAERLS 5a (complement component 5a,
C5a). fEZ . AR 17555 NE BSOS, 52
40 M B i DAMPs . 40 g 18] &6 B 4 1 -1
(intercellular cell adhesion molecule-1, ICAM-1). 4
A 2RiEF 5 A (ezrin-radixin-moesin, ERM) Fl14H
AP F 1 (Na'/H" exchanger regulatory
factor-1, NHERF-1) N5 NE f)Z£4EAHICH0), x it
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T SR AN A 0 0 25 4 3 BE 2 55 AORE 40 i B 5 1Y
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Fig.2 Mechanisms of inflammatory response in CLI

1.3 FLRH

AR TS R S PUE A R GUR AT L, 2
CLI {1 WAHIE . Zebifl's & T HF4p, (FNEH
RECUR IR R0 A, R R SR
BEIEAEY IR T I PR AR AR T IR A
JEEAL, TP TEA B #4082 (B-cell
lymphoma-2, Bel-2) [¥FiAF FIA{EIHT-HE H Bel-
2 Fi9% X H5H (Bcl-2 associated X protein, Bax) ]
Ik AR R AN T B S A R AR
R, dEm e E P AR DI REA-S), B, #EEHE
TR AT AE LR R AR 7K1 i s MR R, 3 K
DNA #iffi. A A ARG5S B
¥ (endoplasmic reticulum stress, ERS) 1 F&E 4 H
RS, 55 i N BT m) B BRI, A RS TR
S v VA BEE () 5 8 - A 3 2 e R AR TSI R R 1S
PRl 2 — 441, R TS )3 P 2 T DS T e b A 12
ZEVEH 4 fL (mitochondrial permeability transition
pore, MPTP), HuJii 1 K& w7+ IS AR5
ARAR I e Ah, 580 i S AR 52 I8 ) A 4
FLAH 7R PTdE 0% NADPH A 4LEF 2 (NADPH

oxidase 2, NOX2) A=A iH I H 5 IR AR S 54
R, WK 3.
2 AT CLI WEEIE L&Y

TR SR — KA 2R Pt (Ce-C3-Co)
HRNZ LG Z BRI, YTz, 1R
1SR /AN R AR SN 2T o el =317 SN e S/
T AT R RSO 7y T A RHE R 4G 1 I AE
K5 KR SR CLL 1E L.
2.1 S
211 EEH WEHREAAERS RS, K
XF CLI BRI HLEIRIER % . Yang ZH4TH 170-4
JRIEME . (17a-ethinylestradiol, EE) 7 S HIHTT
PARRE R B, IR B2 32 2 oS DR R 5 R
H 1 Csirtuin 1, Sirt]) /4% F 10 Chepatocyte
nuclear factor-1a, HNF-10.)/7% JEBE X 5244 (farnesoid
X receptor, FXR) (&5 8ERILIRIFERN . 71
HRfaE T, WEFHWE FXR 5HTRRICHEE (41
Jit (.25 P450 3A2 (cytochrome P4503A2, CYP3A2).
BACS. BAAT Ffisf 5 ¥ % Wilf X ik 2A B 5 1
(sulfotransferase family 2A member 1, SULT2A1)] ]
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Fig.3 Mechanisms of oxidative stress in CLI

Tk, WSV ER G O HACH:; T NTCP,
) 7 REARREREL 9 BSEP MRP2 ~4 [¥] mRNA
FIE, (R RRIME. 12280 RV, 5 ] He
I IH] NF«B 555 S, WMl EE 753
JRIRBEIR F--0. (tumor necrosis factor-o, TNF-a)+ IL-
1B+ IL-6 13214 . Shen ZEM81Z HIHAE 4541 (bile duct
ligation, BDL) /N, UFBHEE % H 0] AL
PO 20T AHARAE T BT RN B vE A R AT 2
TRIFE R o 7RSSO R AL RS, B2 T FRAIG
NOX2 M5 —% A &M (inducible nitric oxide
synthase, INOS) FIFRIE, MM 4-F2 5 T )% (4-
hydroxynonenal, HNE) & H NG44 & Al AELK
-, BGEEAL NI S AN R R B2 AHOK
[A-F 2 (nuclear factor E2-related factor 2, Nrf2) %%
A, AP feBifEsg g, el m bk &4k
VIVIV BEYE, BCEZRARTIRE . ERAER N, f#
R % AT TNF-0 IL-1B. MIP-la. A MIP-2 7K 4
k. FE4HARIAT H, W2 DNA WiZd, PRI DNA &
S (poly ADP-ribose polymerase, PARP) 55 -f
IR ARAZIRE -3 (cystein-asparate protease-3,

Caspase-3) J&E. HAh, EETH FHKREEA L

YEREEN . o FIENSIEE (o-smooth muscle

actin, o-SMA) F CTGF [] mRNA, {75 2R
TR A 4 Ah . T 108 5 S0V I 3 %5 A
W R FFRIFA CYPTAL, CYPSBI %Kik: 1Y
I BSEP. MRP2 J[#X MRP4 ik W44 H AN
11 CYP3A4. SULT2A1 RIREIZARF, BEHEEL
W15 10 CLI

2.1.2 AHHIE AR A A TR,
PR BEHE. FEIESESAAA ORI R ST, SR,
FEIRZNT CLI TR AR E B L, HAE AL
A F¢ W] - Zhang “EP2FR WA IR R iE T FIF Sirte %
i%, F#% GCDCA %2R AR E S THLE-3
UM RIE PR T K, IR R EE A AL
i (superoxide dismutase, SOD). ZFtH IKAKF;
5 Janus ¥ 2 (Janus kinase 2, JAK2) /E5%
SRV SBE R T 3 (signal transducer and activator
of transcription 3, STAT3) il i; F e EEN
M (matrix metalloproteinase, MMP) 7K, @it %
HLAIIBAE GCDCA 53 1 AL RN AR I T2
213 RER X RTEUEERAGAAE T
MM, B PR B R,
Zheng FEPNR IR T NS HLHIE 3,5-— A
FePrIE-14- AW /1T (3,5-diethoxycarbonyl-1,4-
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dihydrocollidine, DDC) 3 (17N, CLI. AL £
55 11 DDC 5 3 B/ BRI FXR/ZN 7 — 3R Ak
ficfA& (small heterodimer partner, SHP). CYP7Al.
CYP8B1. BSEP. ATP £i&&F4ictE 1 B4 (ATP-
binding cassette transporter B4, ABCB4). ABCGS5 ft]
IRFIA T B I BRASAS RIS B 2H /)N BT
- 2B K (y-glutamyl transpeptidase, y-GT)
Joo I 3 H R & H B H BB B ( aspartate
aminotransferase, AST). N2 IR 2 2L 1 (alanine
aminotransferase , ALT )« & % % B2 ¥ ( alkaline
phosphatase, ALP) Ji5 /b 4. Hik, gk
tHBEHNHI A TLR4/NF-kB/TNF-a RIERE, 5
D RIER N F34h, ALK TR (transforming
growth factor-B, TGF-B). a-SMA F1 I BYfK 5 al 4%
(collagen type I al chain, COLIA1) FJZRIETR A 4
Frae A, X AME] T AR LT 4R .

2.1.4  HBBEEH] M BE] O — TR AT AR AR
VIRTEER, ARH 45, Al SEBOPR I Hb B =] B
5P I0 AR R 2 B S5 AR BEXS BDL K BRI AR
YER, FERIM A7 X35 m] T B B EKCE,
A% ALT. AST. ALP. y-GT. JHZLE/KF, B
P IEThReLEMbR B, Hok, 2 FpFH7 A m)
SR E A, JF TR AR S TGF-p /K
P, J0H] P38-MAPK/NF-kB-p65/iNOS 15 53 4
FrE AR A H K. SOD R —FE /K
DN BBV 7i1e B2 AN 712 ) S VAN /I K 2K L AN
HE CLI. 74h, HhB ) B 5 b ARdE iR
1 Kelch # ECH KIKE F-1/Nrf2, 38 L 527+ 1k
PrEANTERE S, SEBLBTEA AT B3R =

2.1.5 KREEZR KBERMFAET R HiE. ¥
N VERM, TR R, EEHTIRIT
SV o 25 477 « SRR 2k 9 S 2 81
Lee S5OV B B2 4461 D-2 25~ AL 0E + G 2 05
SR/ ALT. TNF-a F1 Caspase-3/8 HIFR
Ko A, AR B E TR MR 4E i 13 C Al e-Jun
RILAR U (c-Jun N-terminal kinase, JNK) &
AT R R FE R 1~ 52 AR AH SR AE T S Rtk e Y
ik, MFURAGTHTALRRD HA71% . Yang £560)
FAR BRI RS ZHUIECH, #1] T CCly i 5 i
B KB IL-6+ IL-1B+ TNF-a K575 FHm:
UGS Nrf2/I 41 2 %A -1 (heme oxygenase-1,
HO-1) il 8 hnft LB EFTR TR T, 3B
% Bel-2 F:F#A caspase-3 5 Bax ik, #kiidid £

HURIRAEST 2. Wu SRR A B FE A0 1 2 i
B, RILHX o-Z5 57 801 5 82 3 Co-naphthyl
isothiocyanate, ANIT) 5 G HITIAFRE K B 6T
YEF 51 R BRAS S AT AL SR DTAH R .
2.2 EEEEE

221 MHEER WERZEZAAET RAFER D
WYt ER, EAEPRIERRDIF. FIWsRE1E. &
P JHT 3 38 S5 0 R PR AP LA 256 fRGEO>63), Lin
SIS BN B R T REIE L 0] TGF-B1/Smad2/3 15
TIEH. T TLRA {5538 . Tl NF-«B 1%,
A ¥ BDL 355 0K BB I8 AR 45 45
Kabirifar SFOSHEBIHH &= R BDL A SRUAEY TR
i Ras fHR C3 WEEFHREY 1 (Ras-related C3
botulinum toxin substrate 1, Racl). ¥ =R
(guanosine triphosphate, GTP). Racl-GTP. NOX1
1) mRNA 5 &Ik HAh, Hit 20E ERA B H Ik
AR ST, 9855 BDL K ERUHE ) AL
001, Wu ZE671U] F] BDL F1 CCl4 55 ) AF AL,
/NEASAL, TEBIH . 3 TGF-Bl/Smads 15538 %
) 410 ) A0 % R UL 3- 350 BE  ( phosphoinositide 3-
kinase, PI3K) /2K #/# B (protein kinase B, Akt)
T T I (O T A AL B R A R A
Bz BN S AL AN, L 5 P R B R T AT
BRIPEA, AOEILIEAT Nef2/FiE b N . NOD
FESZ AR G pyrin 45 #4935 55 [ 3(NOD-like receptor
family pyrin domain containing 3, NLRP3) /IL-1f.
TLR4/NF-kB {5 5 i@ /> ANIT -5 CLI KRUAT
2 0 9% i 55 41 £ Lo,

222 T T RITEZMAETHL. B A5E
SR B IR AL S0, H TR T O i I
EER, A MR ML IR0, R A
Mo Pan VU JARE TR CLIA RIPIER], X
A B85 T NF-«B 55 TGF-p/Smad 15 5188, T
YA sME S T NS AL, HE98 Nrf2. HO-1 1
U B A B R TS 4 % o Ahmed U2 ALR
DL, BT SRR, SRS S
05 KB R BT R U R4 4R AR
[FJIIX 2 F= 7 22 3 T B AR ML 1 ALT. AST.
ALP. BBZLZEIKF, JrEAEAKE, HE R
GATUACRE . ULAh, B R FEACH I R U A
W K p53 A TNF-a ik w2 e H IR 2 J2 4%
e H K SE AL P (glutathione peroxidase, GSH-
Px). B H K S-#4F2 1 (glutathione S-transferase,
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GST). SOD JEMEM Nrf2 ik, ZffRAPBEIRE
FIEE BB I 1Y 5 P A AT 18 R 4

223 BREFER  RERERSD BRI
R EEEE 2 —, BAAPUME . R0 I
B RPAFIEEETE, Liv Z04000E 5 RZERiE
i~ iH TGF-B1/Smad3 & TGF-B1/p38 MAPK {55
W%, o3 CCl4 Al BDL i /N R4 4tk 1
N RFERNATEDN R R P R-3-0-7 T HHRA
e 2 I E R IR 5 5 1K U0, 72 AR A FE AR
b, HEGERE SN KR AST. ALT. ALEEMA
i (lactate dehydrogenase, LDH). ALP. SOD. it
FAEARE (catalase, CAT). GSH-Px. &t H k%
K5 FERTR AL L, $0%) NF-xB £[K], J8/b> TNE-
o~ IL-1B. IL-6 SR KA1 EPUHRTHLE E, I8
59 Caspase-3+ p53 Il mRNA ¥#iG. 745, ERER
RIFALR S, a-SMA. 1 B IRE AR TGF-BI 1]
mRNA =Rk, HmHer4it.

224 JKREIR  KTRETRE K KE R T
By, 8 FhIEEARA AR, Horb, KR
TR AEEME BRI, KRB RGN, RIFE
HIUREZE, FHTEMENR. . s
PR, Crocenzi &SR 7K "% 1 2 I8 i >
ALP, ¥4/ HCOs % th SRV R 8235 EE %
IR BRI s[RI I iR 38 7K R A 3R BRI 32
Tt A HE R 5 IE IR ARUIE K BRI IRV 2 e IR
= RV RS B RS HCOs 0 ilh &, fdTH
THIRARAR DLEZ A7), Sohail S5O JT 7K K i 28 235
ANIT /N ERAEARBUER, HALH S E FXR.
BSEP. NTCP ik, [#{k CYPTAl RKiEH K, XF
LA 3 o0of I R s A A G 5 R ) T 45 A T 9 2 JH 43
o BbAk, 7K ] 2 AL ) g AK ORI U AR
i [T R T /KRBT R B AR T, KRS R A
SYPKPRBELLE BDL KB AST. ALT. T - [E5%
K BEAK p-NF-«B. TGF-B1 Fik; %] TGF-p B
B T a-SMA KF, WAEATRFR . RAERBL 4
A AN AT A 7K P55 T TR B K TGOR 2R AR kAR
CLI, YEHIiRE.

22,5 EEHIFELOT R KT (the total
flavonoids extracted from Abelmoschi Corolla, TFA)
e M B ZALRAOMN K, EEWL R, wiiR. &
22 BR S 7 FhIEERRER A G2, (LG i &2
BRNETT SR . Al B CCly 75 S B
T, fEARAMSZEGH, TFA I3 PR Y 20 15 772

ALT. AST. ALP %, HANMEAEERS TFA IRSE
SRR . TEENPSEEG T, TFA BB 2e
ALT. AST. ALP. y-GT. &Mt H LS4 1bebr; 2
7 SOD. GSH-Px. CAT. GST i tblismte, i
] TNF-on IL-1Bv —%AAESERIEN T K,
TFA JE i BT R A HUEAL SRS I 4H 3545 . Yan
B L TFA T-1 ANIT #5519 CLI KRJE, i
RFEIFEF RN FRolcE A IRbR . PUAIL BTG
N IE AT AL, TFA i832 = BSEP MRP2. NTCP
Rk, (EHEREIT RIS .

23 Z—EHEEIE

230 PR R R B TR E Y,

FERIT O MU SR R TR 2], 1R
R IE 18 R SR AIRTT I A BRI CClL 15 F
(1454 K B P s s 4 ik . NF-«xB. TGF-B.

CTGF. IL-1B /K, #8h0 IL-10 FI7KFB0, P4
PrAAHLEI AR T8 B I RIFE R . B S, Zhang
ST IR RS B R IR BRIE I, 2 I
157 o W5 K ANIT /N B 5 FXR #0619
Jii HepaRG 20, RINFE B2 1 Al 100 5% ANIT 531
MyEH ALT. AST. EAHVR. SHHZZE. ALP.

y-GT /KF-F+; il FXR. SHP. OATP1A1. BSEP
1 MRP2, JF#k CYP7A1. CYP27A1. NTCP.

ASBT ik, /DRI & S 3 ndHE
M, S LD BRI o

232 HERSHEH HEZNHESEFMIEC,

THEREER IR, BAYUR. PrEL.

YU . (RATAETEPEES89, Lee 500\ JyH # &Kl
L2t Yes #HREK A (Yes-associated protein, YAP)
WEER A, HETm IS IR AL (hepatic stellate cells,
HSC) #HibFl TGF-B1/Smad 15 5@, Mk
CCl4 i FHI/INRATEF4E1L . Yan Z003 B H 8 4
ik ANIT %S KA % . TNF-a. IL-18 JHiE; Hk,
155 ANIT X/ ERHFALZR A Sirt] A1 FXR RIA R0
i, JEGIN Nrf2 #3805 Ak, B IniEYT R s
% H BSEP. NTCP. MRP3 1l MRP4 ] mRNA #
Ko ROHEFIEL A Sirtl/FXR/Nr2 8 #1515
MRz ®&EH, iz CLL

24 SFEEHE

241 HREEE SEHRFEFETHT. 2
W2y, TEAEPRS R M . . AT
FERIBNIAE Rt R ORIFFAE 2%, Xiang 2504
KSR RAEMEE ANIT. DDC %S CLI. &
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P& o 3 AE D I S AL W G A B B ) O 2 ARy
(peroxisome proliferator-activated receptor y, PPARy)
(PI3BEn FI, J@dEeE PPARY, T nl ge i)
NF-kB i@, it 17 PPARy/NF-«xB ##%, T E
WRAAEAL s LR, BRREHIE KC 3EfL, b IL-
1B+ TNF-o Z5fe 4 KR8, - [F]IN B IT NF-xB-p65
BEER AL, DRI T Ak, SRR RIS LA
BSEP, 2T P HH TR
242 FITEWITEER  HITEREZE  (formononetin,
FORM) 2 HEAIMERE i —Fh o 2l TP
REMAL =R, FEHT B SR
v B EEEEEEPY7), Yang 55P8HRIE FORM X
ANIT 5 AR A TRAE /N B8ORS H , FORM
I WOE Sirtl/FXR 15 ‘5188, il BSEP 1 MRP2
5, Wi ANIT 5 3H) NTCP #iHfEH : Hil¥
PPARaq i INK @55, Bk, FORM BEXMGGEH
TR FRAS M 2 E
243 GURIRE  QURIRER XMREE R, 3%
FAAE KT . Salas 2T YL Rl R AL BDL KR,
BRI e 8 & & S HZ 2. ALP. ALT.
y-GT 258 MR EY) B EBRAG  RAE YRR F A
PRSI K SR B H IR KSF L B AR B A i
FRO00L - fE ATk = GURIR R B3 CLL 2 1L I B
BEEYE .
2.5 HEkTEEE
REBTILEZEETERE [
epigallocatechin gallate, EGCG] /& HRKEE T ILAR
FRR & TRRIE ) 5 be-3- T 2R &4 . EGCG A
AR Priadb. Ter4etb /e, R rEmon. J9F
TRETENR Wt e i S S ABE 2 vh 1) HL R
YERU0-102], - Zhong 4511031, Kobayashi S04 iE 111
T 2R G SR RIRE k> BDL
KRI85, HmE7R EGCG 1E NI E B & 4 ]
A - B . Hirsova 28005045 ) EGCG i@ id
P MRP2 ik, MIM#/D EE 53 H AR IRERNE
KB H MRP2 ARV I &, A B2 fR IR AR
HAFERE M, EGCG g L ARHYTER A i R
CYP7AL, KIS F1E 4 EGCG fAEF 3
JHYHRFARI AT RE . Yu 551 iR EGCG f£ BDL K
5 TGF-B1 FIBM ANFFEIR LX-2 g0 4
L3 FHLE], EGCG RERRE 4K BDL KR 44
WA IR TNF-an IL-18+ TGF-B1+« MMP9. a-SMA
A COLIAI 3RiE; £ LX-2 4iigH, EGCG Al 2

FEA A COLIAL. MMP2. MMP9. TGF-
Bl. i & )& & AR ZHIHI R F 1. a-SMA 3R
ik MeAh, Smad2/3 F1 Akt FIBERRL I EGCG
#], F M PI3K/Akt/Smad B N5 T EGCG KIPT
YEER .
3 HiESRE

CLI & AH 773 MAHE I SZ 453 15 FF P4 R BR3P A
£, NI FEUBE A AR Z R ERES,
HIHVTBRASAS RAT . SORER L. FALRIAE A CLI
RIBMDCHEE, RRhIREIT PRI . B
WEMTEIRIT CLIAR(E Z M E/E RG], A5
MR RIS R PUEMNI. PURER ML, Bt
UM PUEF4Etbss . JUT A SRR &3
Red P R APUEAMLE R IERITER, s
WIS, SRR K REIZR . TRAL R H
TR, HEH. FORM. Ykl AR, EGCG R
RE 7 BR R A5 AH O 2 IR L RE v R i 12 R R BGE
R R, M W= R BR RS L R I 1R
o Beah, BB, Ao, HBRE . MR &R,
FRER. K EEIR, HHEZE. EGCG batiEd it
YA RS ENE . SEERSAL S I DR AT A FE AL 3=
3 K JAK2/STAT3 . p38 MAPK/NF-kB-p65/iNOS.
TGF-B1/Smad2/3. TLR4. Sirt]/FXR/Nrf2. PI3K/Akt/
Smad I Nrf2/HO-1 565 5@ . WHoeikiE, 155
FAENIRTT CLI INLHIREFE A, AR IR 3
WA EE A ST 2, oo FHLHIAE X B R . 78
XF CLI AT AiG T AL B 7o, S, il
AL MR RS AT KBRERYAIRE. HEE

J&,  H ARl B DO s U B S B BT AT 4L
T S, XN TE S SR 9T CLI Y
TEFIPLEIR AL 7Bl -

HAr, B2 s B SEA & 45 W 1 it
7T, 145 CLI KB FEARR A T3 fiSi 54
FIRpSRASCEFE, HAREOR R WA M. [,
CLI A bl = 2% H2aWfE At 2 kF, DAAEXS
CLI A Ip WL P ] it T A OE e b B AL R,
A IE MR BRASAS A1 L R G e iR PR R A 3
AR RE S HIR AN 7> A2 5 CLI BBk,
KA TRASAS . SOERSL A RLEs & JF ik — 35
PRV =F RIAT O A CLI & 2R HL i A8 4L
o X T REASAL S P0IR T HE R RIRT U D g K EAT
SN 2 2K SR IR S ML, DU IR I2
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SR T S oY N1 =W Y1E =3 20 g &I E =g aNi b
Al SR DB 1 B DR A S O, T AE ML) ) ik
A RS SR 5y — I A AE SRS R
RS E, UMD T REME, MEAIERT
A AW oIS 5 OB, TE T IR G
VI CLL BT 5 S id s, JUPARTE NI
LT NFxB f5%, 52 Li#ES (W TGF-B.
NLRP3 1 TLR4 55) (5% % 1E H 25 BT, 1 Hippo
PPARy. Nrf2 565 S 7EELE A2 R4 B A i
8, {AE CLI W5 HARE 5 O v AN, A
Reift— DR . AT s Rk S 4% CLI [ B A
MEEFRNLHIEFFIRART . HIR, IR A
e, SEIGAERY ZHCR A BDL LS A T
IRV AR /IR AL, /D H A LX-2. HepaRG
A THLE-3 4iijfd. BDL %2 F5 XIS 52 4 454,
TR SRR A6, DI PR IE A A P R L A
B, 38 HTEA S R R 5 2 5 4 RO PR
Tabr R AR, 2 H T 2R AR AL, SR
T A7 AE A G B0 T2 2R i R U 1 ) 00 2
V5 AR AR B o &y, IR 2R M I
WABURE,  JHAR e AR e @A Rz B, W T
18 P AR AR (PRI T, AEASE R ) o A0, 4
K, o IR S5 LA BEARE 7T g BN A5 495 AH AL
il (BT A AR T 7 2, YA R I TR] P S R AR T
[ b S5 3 BRI R PR T 2R IS8 A s IR, XK i
KA G SEI6 B2 A A SR AR I 00 R 3, 3 it
FEMEVPAY 5 4518 FIHER DT, oAb, BRI 5
B E VTSR RBIVE R, PRUETT R [R5 75 22
DU BRI A 2R, AR T
MR 5T EER N EDA RIFHPTIRA R Z
FETE, XHEFERRINE B G0 CLI )2
A FUREAT S aE AR B A 2 . Bk, AT
it 245 FAE ) SR B S R 2 6 CLI AR S ML 3R 47 1
g4, LR HArBhiG CLI BER A mt st Jg, 14k
IR 8 38 W A S e T 97 IR TR FR B 0 Hh B
BT Z B AT S, AR — 20 Hlm R R FH A8 24
RIS
FBAR FAVHEHYFARGEF TR

SEEk

[1] Hirschfield G M, Jenny Heathcote E, Eric Gershwin M.
Pathogenesis of cholestatic liver disease and therapeutic
approaches [J]. Gastroenterology, 2010, 139(5): 1481-
1496.

[2]1 ARWI, FEOGHE. HE B A AR 5 I M A SR R 2
W Je W (0] BREET AN, 1999, 9(2): 61-62.

[B] Z=fe, MIZERH, sRASAE. MR BRI VA AR T
R IE AL R 2R (3], IR 28 &, 2021,
37(10): 2482-2487.

[4] ChenJ, Zhang S J. The role of inflammation in cholestatic
liver injury [J]. J Inflamm Res, 2023, 16: 4527-4540.

[5] Wang J F, XulY, Xia M Y, et al. Correlation between
hepatic oxidative damage and clinical severity and
mitochondrial gene sequencing results in biliary atresia [J].
Hepatol Res, 2019, 49(6): 695-704.

[6] YangY S, He X S, Rojas M, et al. Mechanism-based target
therapy in primary biliary cholangitis: Opportunities
before liver cirrhosis? [J]. Front Immunol, 2023, 14:
1184252.

[7] ChapmanR W, Lynch K D. Obeticholic acid-a new therapy
in PBC and NASH [J]. Br Med Bull, 2020, 133(1): 95-104.

[8] FEIR, ML, 1. FUHRLRIRZGYDIENE
FUHERE [7]. R EZE, 2021, 30(24): 128-134.

[91 KW, $5%, OO, 55, HEE A A i il R
JA B R AN LRI 7R (7], 52y, 2024, 55(10):
3539-3548.

[10] BA4kzR, #Hocil, M98, & RS EH £ 1F
FES @GR (7] P EZET, 2023,
41(7): 10-14.

[11] Guo Y L, Wu Y F, Huang T R, et al. Licorice flavonoid
ameliorates ethanol-induced gastric ulcer in rats by
suppressing apoptosis via PI3K/Akt signaling pathway [J].
J Ethnopharmacol, 2024, 325: 117739.

[12] A&, %%, RFETT, 5. /N R EEH 2 S TR
ANIT FrB8UH AR S (7], o 222
B, 2010, 26(6): 780-783.

[13] BRih, skRut, 75, & ARSI o
25 57 SR 1 175 /N BRI AR 45 4% DR 4 R
FU [J]. ERERIKEE, 2018, 43(1): 32-35.

[14] Z=#, B, 53540, 4. B S IEIRNT PU & Lkl S
KR 4equisizm 7). 2, 2019, 41(7): 1710-
1713.

[15] ZFWesR, MRZZ, e, &5 (Lo S s R
PR U R 2 KRR AL4Y COX-2/Nrf2 FRIEIIFE I [J].
T E 24 E, 2016, 41(4): 711-715.

[16] Abusaliya A, Jeong S H, Bhosale P B, et al. Mechanistic
action of cell cycle arrest and intrinsic apoptosis via
inhibiting Akt/mTOR and activation of p38-MAPK
signaling pathways in Hep3B liver cancer cells by
prunetrin-a flavonoid with therapeutic potential [J].
Nutrients, 2023, 15(15): 3407.

[17] Kim S, Han S Y, Yu K S, et al. Impaired autophagy



* 5990 « ¢ER 2025E8H $56% B 168 Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 16
promotes bile acid-induced hepatic injury and 107(1): 244-254.
accumulation of ubiquitinated proteins [J]. Biochem [32] Hyogo H, Tazuma S, Nishioka T, et al. Phospholipid
Biophys Res Commun, 2018, 495(1): 1541-1547. alterations in hepatocyte membranes and transporter

[18] LiY, TangR Q, LeungP S C, et al. Bile acids and intestinal protein changes in cholestatic rat model [J]. Dig Dis Sci,
microbiota in autoimmune cholestatic liver diseases [J]. 2001, 46(10): 2089-2097.

Autoimmun Rev, 2017, 16(9): 885-896. [33] Li M, Cai S'Y, Boyer J L. Mechanisms of bile acid

[19] Chen M J, Liu C, Wan Y, et al. Enterohepatic circulation mediated inflammation in the liver [J]. Mol Aspects Med,
of bile acids and their emerging roles on glucolipid 2017, 56: 45-53.
metabolism [J]. Steroids, 2021, 165: 108757. [34] Allen K, Kim N D, Moon J O, et al. Upregulation of early

[20] Jia W, Xie G X, Jia W P. Bile acid-microbiota crosstalk in growth response factor-1 by bile acids requires mitogen-
gastrointestinal inflammation and carcinogenesis [J]. Nat activated protein kinase signaling [J]. Toxicol Appl
Rev Gastroenterol Hepatol, 2018, 15(2): 111-128. Pharmacol, 2010, 243(1): 63-67.

[21] 75T, #hViE, SRm, 2. AR I I IER K [35] Gujral J S, Liu J, Farhood A, et al. Functional importance
IR ZARAENENEAR U R R IEIER (7. shiE 78243k, of ICAM-1 in the mechanism of neutrophil-induced liver
2019, 31(8): 3511-3521. injury in bile duct-ligated mice [J]. Am J Physiol

[22] Trauner M, Boyer J L. Bile salt transporters: Molecular Gastrointest Liver Physiol, 2004, 286(3): G499-G507.
characterization, function, and regulation [J]. Physiol Rev, [36] Wintermeyer P, Cheng C W, Gehring S, ef al. Invariant
2003, 83(2): 633-671. natural killer T cells suppress the neutrophil inflammatory

[23] Meier P J, Stieger B. Bile salt transporters [J]. Annu Rev response in a mouse model of cholestatic liver damage [J].
Physiol, 2002, 64: 635-661. Gastroenterology, 2009, 136(3): 1048-1059.

[24] Lu XY, Liu L, Shan WY, et al. The role of the sodium- [37] Cai SY, Ouyang X S, Chen Y L, et al. Bile acids initiate
taurocholate co-transporting polypeptide (NTCP) and bile cholestatic liver injury by triggering a hepatocyte-specific
salt export pump (BSEP) in related liver disease [J]. Curr inflammatory response [J]. JCI Insight, 2017, 2(5):
Drug Metab, 2019, 20(5): 377-389. €90780.

[25] Keppler D. The roles of MRP2, MRP3, OATP1BI, and [38] Zhang Q, Raoof M, Chen Y, et al. Circulating
OATPIB3 in conjugated hyperbilirubinemia [J]. Drug mitochondrial DAMPs cause inflammatory responses to
Metab Dispos, 2014, 42(4): 561-565. injury [J]. Nature, 2010, 464(7285): 104-107.

[26] Evangelakos I, Heeren J, Verkade E, et al. Role of bile [39] Xu Y F, Yao Y, Ma M, et al. The proinflammatory
acids in inflammatory liver diseases [J]. Semin cytokines 1L-18, IL-21, and IFN-y differentially regulate
Immunopathol, 2021, 43(4): 577-590. liver inflammation and anti-mitochondrial antibody level

[27] Deferm N, De Vocht T, Qi B, et al. Current insights in the in a murine model of primary biliary cholangitis [J]. J
complexities underlying drug-induced cholestasis [J]. Crit Immunol Res, 2022, 2022: 7111445.

Rev Toxicol, 2019, 49(6): 520-548. [40] Barreiro O, Yanez-Mo M, Serrador J M, et al. Dynamic

[28] Potmesil P, Szotkowska R. Drug-induced liver injury after interaction of VCAM-1 and ICAM-1 with moesin and
switching from tamoxifen to anastrozole in a patient with ezrin in a novel endothelial docking structure for adherent
a history of breast cancer being treated for hypertension leukocytes [J]. J Cell Biol, 2002, 157(7): 1233-1245.
and diabetes [J]. Ther Adv Chronic Dis, 2020, 11: [41] Ho J S, Buchweitz J P, Roth R A, et al. Identification of
2040622320964152. factors from rat neutrophils responsible for cytotoxicity to

[29] Yang K, Kock K, Sedykh A, et al. An updated review on isolated hepatocytes [J]. J Leukoc Biol, 1996, 59(5): 716-
drug-induced cholestasis: Mechanisms and investigation 724.
of physicochemical properties and pharmacokinetic [42] Rodrigues C M, Fan G, Wong PY, et al. Ursodeoxycholic
parameters [J]. J Pharm Sci, 2013, 102(9): 3037-3057. acid may inhibit deoxycholic acid-induced apoptosis by

[30] Jansen P L M, Ghallab A, Vartak N, ef al. The ascending modulating mitochondrial transmembrane potential and
pathophysiology of cholestatic liver disease [J]. reactive oxygen species production [J]. Mol Med, 1998,
Hepatology, 2017, 65(2): 722-738. 4(3): 165-178.

[31] Puglielli L, Amigo L, Arrese M, et al. Protective role of [43] Orozco-Aguilar J, Simon F, Cabello-Verrugio C. Redox-

biliary cholesterol and phospholipid lamellae against bile
acid-induced cell damage [J]. Gastroenterology, 1994,

dependent effects in the physiopathological role of bile
acids [J]. Oxid Med Cell Longev, 2021, 2021: 4847941.



FED 20256F87 $56% H 168  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 16

* 5991

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

Che Y, Xu W F, Ding C J, et al. Bile acids target mitofusin
2 to differentially regulate innate immunity in
physiological versus cholestatic conditions [J]. Cell Rep,
2023, 42(1): 112011.

Zhang J X, Wang X L, Vikash V, et al. ROS and ROS-
mediated cellular signaling [J]. Oxid Med Cell Longev,
2016, 2016: 4350965.

Winterbourn C C, Kettle A J, Hampton M B. Reactive
oxygen species and neutrophil function [J]. Annu Rev
Biochem, 2016, 85: 765-792.

Yang J Y, Xiang D C, Xiang D, et al. Baicalin protects
against 17a-ethinylestradiol-induced cholestasis via the
sirtuin 1/hepatic nuclear receptor-1o/farnesoid X receptor
pathway [J]. Front Pharmacol, 2020, 10: 1685.

Shen K Z, Feng X W, Pan H, et al. Baicalin ameliorates
experimental liver cholestasis in mice by modulation of
oxidative stress, inflammation, and Nrf2 transcription
factor [J]. Oxid Med Cell Longev, 2017, 2017: 6169128.
T, Gk, &E, % ZERBEESTX O
755 A0 R BRUIEL VA A 451403 B R AP AT S (0],
B E, 2021, 35(2): 140-145.

Zhang L, Chen D Z, Tu Y L, et al. Vitexin attenuates
autoimmune hepatitis in mouse induced by syngeneic liver
cytosolic proteins via activation of AMPK/Akt/GSK-
3B/Nrf2 pathway [J]. Eur J Pharmacol, 2022, 917:
174720.

Song J Y, Wang H R, Sheng J Y, ef al. Vitexin attenuates
chronic kidney disease by inhibiting renal tubular
epithelial cell ferroptosis via NRF2 activation [J]. Mol
Med, 2023,29(1): 147.

Zhang C, Li S L, Sun C, ef al. Vitexin ameliorates
injury
through SIRT6 and JAK2/STAT3 pathways [J]. fran J
Basic Med Sci, 2021, 24(12): 1717-1725.

Yang J L, Pi C C, Wang G H. Inhibition of PI3K/Akt/

mTOR pathway by apigenin induces apoptosis and

glycochenodeoxycholate-induced  hepatocyte

autophagy in hepatocellular carcinoma cells [J]. Biomed
Pharmacother, 2018, 103: 699-707.

Zheng S H, Cao P C, Yin Z Q, et al. Apigenin protects
mice against 3,5-diethoxycarbonyl-1,4-dihydrocollidine-
induced cholestasis [J]. Food Funct, 2021, 12(5): 2323-
2334,

Gerges S H, Wahdan S A, Elsherbiny D A, et al.
Pharmacology of diosmin, a Citrus flavone glycoside: An
updated review [J]. Eur J Drug Metab Pharmacokinet,
2022, 47(1): 1-18.

Ali F E M, Azouz A A, Bakr A G, et al. Hepatoprotective

effects of diosmin and/or sildenafil against cholestatic liver

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

cirrhosis: The role of Keap-1/Nrf-2 and p38-MAPK/NF-
«kB/iNOS signaling pathway [J]. Food Chem Toxicol, 2018,
120: 294-304.

Miean K H, Mohamed S. Flavonoid (myricetin, quercetin,
kaempferol, luteolin, and apigenin) content of edible
tropical plants [J]. J Agric Food Chem, 2001, 49(6): 3106-
3112.

LAFE, 0, B, 5. ORRERI GBS
AEVEERT U [J]. TP EEZ, 2023, 54(20): 6889-
6902.

Lee W C, Jung H A, Choi J S, et al. Protective effects of
luteolin against apoptotic liver damage induced by D-
galactosamine/lipopolysaccharide in mice [J]. J Nat Prod,
2011, 74(9): 1916-1921.

Yang Y, Chen J, Yang L, et al. Combination of metformin
and luteolin synergistically protects carbon tetrachloride-
induced hepatotoxicity: Mechanism involves antioxidant,
anti-inflammatory, antiapoptotic, and Nrf2/HO-1 signaling
pathway [J]. Biofactors, 2019, 45(4): 598-606.

Wu W Y, Li K X, Ran X H, et al. Combination of
resveratrol and luteolin ameliorates a-
naphthylisothiocyanate-induced cholestasis by regulating
the bile acid homeostasis and suppressing oxidative stress
[J]. Food Funct, 2022, 13(13): 7098-7111.

R, HEiE, BHER, & W RSB AR
VG TERT FORERE [J]. HHEEZ4, 2023, 54(5): 1636-1653.
Zhao F Q, Wang G F, Xu D, et al. Glycyrrhizin mediated
liver-targeted alginate nanogels delivers quercetin to
relieve acute liver failure [J]. Int J Biol Macromol, 2021,
168: 93-104.

Lin SY, Wang Y Y, Chen WY, et al. Beneficial effect of
quercetin on cholestatic liver injury [J]. J Nutr Biochem,
2014,25(11): 1183-1195.

Kabirifar R, Ghoreshi Z A S, Safari F, et al. Quercetin
protects liver injury induced by bile duct ligation via
attenuation of Racl and NADPH oxidasel expression in
rats [J]. Hepatobiliary Pancreat Dis Int, 2017, 16(1): 88-
95.

Doustimotlagh A H, Taheri S, Mansourian M, et al.
Extraction and identification of two flavonoids in
Phlomoides hyoscyamoides as an endemic plant of Iran:
The role of quercetin in the activation of the glutathione
peroxidase, the improvement of the hydroxyproline and
protein oxidation in bile duct-ligated rats [J]. Curr Comput
Aided Drug Des, 2020, 16(5): 629-640.

Wu L W, Zhang Q H, Mo W H, ef al. Quercetin prevents
hepatic fibrosis by inhibiting hepatic stellate cell activation

and reducing autophagy via the TGF-B1/Smads and



* 5992 «

FES 20256F87 $56% H 168  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 16

(68]

(69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

PI3K/Akt pathways [J]. Sci Rep, 2017, 7(1): 9289.

Fawzy M A, Nasr G, Ali F E M, et al. Quercetin potentiates
effect of sildenafil
pentoxifylline against intrahepatic cholestasis: Role of
Nrf2/ARE, TLR4/NF-kB, and NLRP3/IL-1fB signaling
pathways [J]. Life Sci, 2023, 314: 121343.

ZRg, WOEH, WA, ST RSB RS
PERFFCRERE [ T2, 2021, 52(20): 6413-6424.

Sun C, Wang L, Sun J, et al. Hypoglycemic and

the hepatoprotective and/or

hypolipidemic effects of rutin on hyperglycemic rats [J]. J
Tradit Chin Med, 2020, 40(4): 640-645.

Pan P H, Lin S Y, Wang Y Y, et al. Protective effects of
rutin on liver injury induced by biliary obstruction in rats
[J]. Free Radic Biol Med, 2014, 73: 106-116.

Ahmed O M, Elkomy M H, Fahim H I, ef a/. Rutin and
quercetin counter doxorubicin-induced liver toxicity in
wistar rats via their modulatory effects on inflammation,
oxidative stress, apoptosis, and Nrf2 [J]. Oxid Med Cell
Longev, 2022, 2022: 2710607.

Gong G, Guan Y Y, Zhang Z L, et al. Isorhamnetin: A
review effects [J]. Biomed
Pharmacother, 2020, 128: 110301.

Liu N, Feng J, Lu X Y, et al. Isorhamnetin inhibits liver

of pharmacological

fibrosis by reducing autophagy and inhibiting extracellular
matrix formation via the TGF-B1/Smad3 and TGF-31/p38
MAPK pathways [J]. Mediators Inflamm, 2019, 2019:
6175091.

Feriani A, Tir M, GOmez-Caravaca A M,

Zygophyllum album leaves extract prevented hepatic

et al.

fibrosis in rats, by reducing liver injury and suppressing
oxidative stress, inflammation, apoptosis and the TGF-
p1/Smads signaling pathways. Exploring of bioactive
compounds using HPLC-DAD-ESI-QTOF-MS/MS [J].
Inflammopharmacology, 2020, 28(6): 1735-1750.
Soleimani V, Delghandi P S, Moallem S A, et al. Safety
and toxicity of silymarin, the major constituent of milk
thistle extract: An updated review [J]. Phytother Res, 2019,
33(6): 1627-1638.

Gillessen A, Schmidt H H. Silymarin as supportive
treatment in liver diseases: A narrative review [J]. Adv
Ther, 2020, 37(4): 1279-1301.

Crocenzi F A, Sanchez Pozzi E J, Pellegrino J M, ef al.
Beneficial effects of silymarin on estrogen-induced
cholestasis in the rat: A study in vivo and in isolated
hepatocyte couplets [J]. Hepatology, 2001, 34(2): 329-
339.

Crocenzi F A, Sanchez Pozzi E J, Pellegrino J M, et al.

Preventive effect of silymarin against taurolithocholate-

[80]

[81]

[82]

(83]

[84]

[85]

[86]

[87]

(88]

(89]

[90]

[91]

induced cholestasis in the rat [J]. Biochem Pharmacol,
2003, 66(2): 355-364.

Sohail I, Malkani N, Tahir N, et al. Silymarin protects the
liver from o-naphthylisothiocyanate-induced cholestasis
by modulating the expression of genes involved in bile
acid homeostasis [J]. Cell Mol Biol, 2022, 68(7): 208-212.
Clichici S, David L, Moldovan B, et al. Hepatoprotective
effects of silymarin coated gold nanoparticles in
experimental cholestasis [J]. Mater Sci Eng C Mater Biol
Appl, 2020, 115: 111117.

Lai X Y, Liang H, Zhao Y Y, et al. Simultaneous
determination of seven active flavonols in the flowers of
Abelmoschus manihot by HPLC [J]. J Chromatogr Sci,
2009, 47(3): 206-210.

Ai G, Liu Q C, Hua W, et al. Hepatoprotective evaluation
of the total flavonoids extracted from flowers of
Abelmoschus manihot (L.) Medic: in vitro and in vivo
studies [J]. J Ethnopharmacol, 2013, 146(3): 794-802.
Yan J Y, Ai G, Zhang X J, et al. Investigations of the total
flavonoids extracted from flowers of Abelmoschus
manihot (L.) Medic against o-naphthylisothiocyanate-
induced cholestatic liver rats [J]. J
Ethnopharmacol, 2015, 172: 202-213.

Ytk WIEN, FER, 5. BT AR AL
WERBERE [7]. WFEZY, 2023, 54(21): 7222-7231.

Eliuth Pérez-Vargas J, Zarco N, Shibayama M, et al.

injury in

Hesperidin prevents liver fibrosis in rats by decreasing the
expression of nuclear factor-kB, transforming growth
factor- and connective
Pharmacology, 2014, 94(1/2): 80-89.

Zhang G Q, Sun X H, Wen Y J, et al. Hesperidin

alleviates cholestasis via activation of the farnesoid X

tissue growth factor [J].

receptor in vitro and in vivo [J]. Eur J Pharmacol, 2020,
885: 173498.

LiuY Q, Wang Y X, Yang Y R, et al. Liquiritigenin induces
cell cycle arrest and apoptosis in lung squamous cell
carcinoma [J]. Cell Biochem Biophys, 2024, 82(2): 1397-
1407.

Shi M J, Zhang J, Li M M, et al. Liquiritigenin confers
liver protection by enhancing Nrf2 signaling through both
canonical and non-canonical signaling pathways [J]. J Med
Chem, 2023, 66(16): 11324-11334.

Lee E H, Park K I, Kim K Y, et al. Liquiritigenin inhibits
hepatic fibrogenesis and TGF-B1/Smad with Hippo/YAP
signal [J]. Phytomedicine, 2019, 62: 152780.

Yan M, Guo L, Ma J T, et al. Liquiritin alleviates alpha-
naphthylisothiocyanate-induced intrahepatic cholestasis
through the Sirtl/FXR/Nrf2 pathway [J]. J Appl Toxicol,



FED 20256F87 $56% H 168  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 16

* 5993 »

2023, 43(3): 350-359.

[92] Duan R Q, Huang K, Guan X, et al. Tectorigenin
ameliorated high-fat diet-induced nonalcoholic fatty liver
disease through anti-inflammation and modulating gut
microbiota in mice [J]. Food Chem Toxicol, 2022, 164:
112948.

[93] Zhang LJ, Zhao Y L, Fan L X, et al. Tectorigenin protects
against experimental fulminant hepatic failure by
regulating the TLR4/mitogen-activated protein kinase and
TLR4/nuclear factor-«B pathways and autophagy [J].
Phytother Res, 2019, 33(4): 1055-1064.

[94] XiangJQ, Yang GY,MaC R, et al. Tectorigenin alleviates
intrahepatic cholestasis by inhibiting hepatic inflammation
and bile accumulation via activation of PPARy [J]. Br J
Pharmacol, 2021, 178(12): 2443-2460.

[95] Li QY, Chen L, Yan M M, et al. Tectorigenin regulates
adipogenic differentiation and adipocytokines secretion
via PPARy and IKK/NF-«B signaling [J]. Pharm Biol,
2015, 53(11): 1567-1575.

[96] Liu G W, Zhao W X, Bai J M, et al. Formononetin
protects against concanavalin-A-induced autoimmune
hepatitis in mice through its anti-apoptotic and anti-
inflammatory properties [J]. Biochem Cell Biol, 2021,
99(2): 231-240.

[97] Ma Z Y, Zhang D, Sun J, et al. Formononetin inhibits
hepatic I/R-induced injury through regulating PHB2/
PINK 1/parkin pathway [J]. Oxid Med Cell Longev, 2022,
2022: 6481192.

[98] Yang S, Wei LL, Xia R L, et al. Formononetin ameliorates
cholestasis by regulating hepatic SIRT1 and PPARa [J].
Biochem Biophys Res Commun, 2019, 512(4): 770-778.

[99] Salas A L, Ocampo G, Farifia G G, et al. Genistein
decreases liver fibrosis and cholestasis induced by
prolonged biliary obstruction in the rat [J]. Ann Hepatol,
2007, 6(1): 41-47.

[100]Lee Y M, Choi J S, Kim M H, et al. Effects of dietary
genistein on hepatic lipid metabolism and mitochondrial
function in mice fed high-fat diets [J]. Nutrition, 2006,
22(9): 956-964.

[101]Tang G Y, Xu Y, Zhang C, et al. Green tea and
epigallocatechin gallate (EGCG) for the management of

nonalcoholic fatty liver diseases (NAFLD): Insights into
the role of oxidative stress and antioxidant mechanism [J].
Antioxidants, 2021, 10(7): 1076.

[102] Zhou Z M, Li K, Guo J K, et al. Green tea catechin
EGCG
encephalopathy in rats via modulation of the microbiota-
gut-liver axis [J]. Mol Nutr Food Res, 2023, 67(8):
€2200821.

[103] Zhong Z, Froh M, Lehnert M, et al. Polyphenols from

Camellia sinenesis attenuate experimental cholestasis-

ameliorates  thioacetamide-induced hepatic

induced liver fibrosis in rats [J]. Am J Physiol Gastrointest
Liver Physiol, 2003, 285(5): G1004-G1013.

[104] Kobayashi H, Tanaka Y, Asagiri K, et al. The antioxidant
effect of green tea catechin ameliorates experimental liver
injury [J]. Phytomedicine, 2010, 17(3/4): 197-202.

[105] Hirsova P, Karlasova G, Dolezelova E, et al. Cholestatic
effect of epigallocatechin gallate in rats is mediated via
decreased expression of Mrp2 [J]. Toxicology, 2013, 303:
9-15.

[106] Yu D K, Zhang C X, Zhao S S, et al. The anti-fibrotic
effects of epigallocatechin-3-gallate in bile duct-ligated
cholestatic rats and human hepatic stellate LX-2 cells are
mediated by the PI3K/Akt/Smad pathway [J]. Acta
Pharmacol Sin, 2015, 36(4): 473-482.

[107] Yu T, Lu X J, Liang Y, et al. Naringenin alleviates liver
fibrosis by triggering autophagy-dependent ferroptosis in
hepatic stellate cells [J]. Heliyon, 2024, 10(7): €28865.

[108]Javadi F, Ale-Ebrahim M, Mohseni-Moghaddam P, et al.
Hepatoprotective and antifibrotic effects of trans-
Chalcone against bile duct ligation-induced liver fibrosis
in rats [J]. Iran J Basic Med Sci, 2023, 26(10): 1194-
1201.

[109] fEifgdte, L0745, SKAIRR, 5. #40 IRAE a5 LB R
U R R D7 iR 2T T (D). th E SER s W) o
%, 2024, 32(5): 620-629.

[110] XU, XIEiis, FESLEE, 4. JHE S5 LAY SALmkis
T Wistar K ST EF4EACRETL ) ST SR OGARBR R LE
ST ], WRPRFARR 2 &, 2015, 31(2): 219-224.

[111] Yokota S, Ono Y, Nakao T, et al. Partial bile duct ligation
in the mouse: A controlled model of localized obstructive
cholestasis [J]. J Vis Exp, 2018(133): 56930.

[Frfemis REx]



