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[Abstract] Wubeizi (Galla Chinensis) contains tannins, gallic acid, and other components. Gallic acid is a
natural polyphenolic compound. It exhibits significant hepatoprotective effects, alleviating various types of liver
injury, regulating hepatic metabolic processes, and inhibiting liver fibrosis. Its molecular mechanisms involve

multiple aspects, including antioxidation, anti—inflammation, apoptosis regulation, and signal pathway modulation.

[Keywords] Wubeizi (Galla Chinensis); gallic acid; hepatoprotective effect; liver disease; review

N AR BRI ES T, 25050 R &
AR 2R A T AR 2 R R AR R 2 PR
A2 S AT RE B ST IE , 51 R A A IS s , L4 T 4% JT&7
A fl PRI E R B IR (gallic acid, GA) , b4
H3,4,5-=FRIERPMR, R—FRRZ MUY, T2
FLMEYH G FHROIRETFREEES, A &
25 AL TG AR B2 o AR 76 3R G )i
S A L XY B R B e, B A T A R Aa
ST o T 6 1R PR LA RS 0 25 0 0% T 7 P 2R AR A 2 B H
oM B TR EA B WA PUR P Ko
BESEA WG RO, 33X SE R S AR IR YT 2 Rl vh BAR T A
NP o 3% LR s K, 25 ST a 110 1 SR 44 5 e ¢
SEP I BRI ML A 8 T RS GATERUR T I
FEAF 5B AT REA A FALHIOC LR 1) XX THHR T GAFE T
WESRR RS LB EE 2R R S ARAT e & L LA
W TR AR5, W] HE 3 FoAs 77l & R A
SCERR TR TR R A BRI VR, DU o & 30 i O

#IRA R A E P ESE AP EHAST B (2Y20251.279)
BAEEHR I, B, £S BT, BRI 6 AR IR 6 55 08

PR itSE
1 ERTFHRNEEHERS

GAHA AR FRRIRME BT, J&— P& — AR 1Y)
B , 531 2R CH 050 GAT EBE Sy - WK > TR > 2>
H>7K (25°C)> k> 2K ~ EAff ~ A Bk SC I 9 R, GA
AT B I E R B2 AR B R, (HZE O 5
FiZH 2L rh AT AG H9, GAZE AR MR BE R X R 4 2 %2
AR, MAEAE X B e BE R A 3, 11200 pmol/L, GA
Xt HepG24H B %78 40 A =5 E 1, 100 76 46 B = F°200 wmol/L
FEXTBI6FIOFIRAW 264.7 24 i A7 52 (500 240 it 3 o7 GATE
R PIRBE AR TS o I S R, 75210 mg/kg IR T,
GAXTBALB/c/N RUA FEMEAVE AT, HLD4>2 000 mg/kg¥.GA B
U0 2 ) % A e s O LSO I Y T IR B 2 W O R B T IR
LR GA B BT FTRAE R , A0 GA TRk IE B ] 38 5 )
5 YA N MA PK FINF - B3l 12 5 V89T 9 RE AT L )5
GA ] LIE S I N« BAF 58 B , BEARAE 2 [ F I 405 i 2
(eyclooxygenase—2 , COX-2) Fl1if5 T Bl — S fL A A B (inducible

129



* & (3 532

2026 F4 A F325 %48 April.2026 Vol.32 No.4

nitric oxide synthase,iNOS)ZKF-, IITH% 1, 2-— F R HFE &
Bt L 20 SINGLA EAFUHIESE , GA AT 3E o 1 i 4%
F B I H (inhibitor—k binding protein, kB )/NF-kB{& 5
B A0 B 1 L S P i ) 748 S R U 25 . GA
AR BUEAACSELE T I R AR

CYTOPLASM

INFLAMMATION

=3 TRANSCRIPTION — NUCLEUS

& R B R R GAR KA R R Fe b B A M
2 B R HE W % G 38 (mitogen —activated protein kinase,
MAPK)#= 4% B F kB (nuclear factor kB,NF-kB)ill 5% ; & & 4
¥ PIBK/AKIS 5 183 5 5 & 483 . A R 2 & & & B (matrix
metalloproteinases signaling pathway, MMPs) 13 5 i@ % ; # &,
A . AMPE L9 % & ST 8 (AMP-activated protein kinase,
AMPK ) i 54 ; % & 853 . Toll 4 % 4k (Toll-like receptor,TLR)
155l 1 & AR R GAN) BAUH), R AL T B 2 B AR
ERAZ CAMXEE R AR FRA TR G R 0 A0
IR, BERREG R H1E,
1 GARIERAPHRIEEESEEEFIATRERI S FHLE

TEELRSE

2 SR FERTERTAEERR PR EIER RS
2.1 AHK SE SN A Bk P iR ST A I I AN A
Rl K RIS 77 25 08 R B 4 B 90T S5 o JFFIIE e 240 A
S HTPIE SEAE A I fi S5 B A A A o BT 5 W 4 e 8 I i
A5 Aol 200 JE A1 5 2 52 e A o R, AT 2 505 SR AP 9
9, A E SN 55 4% R I IE S 1) AR 2 AR T 3o TuA 1]
M 3 G A T ) 2038 BRI, A AR o) A B BN, DR AT
JFEABA%5 o NF -k B2 P2 I SR E A% O S R 7 GA AT i |
PR R T« BI85 FH o (Inhibitor of nuclear factor kappa-B
alpha , IkBa ) 35 , BH 1k NF-kB—p65 W 3 1] 40 JU B 5% 7% , i
A 0L 2 P15 RAEA BT A% SRR A WF 5T 7R 78
X T 28 W 5 B 25 Pk TR 03 L GA TR I NF -kB
AN AR E T, b IE SR BE I T~ (tumor  necrosis
factor—ot, TNF—u) . FIZHifES 21 (interleukin—1,1L-1) . F ZH 41
F-6(interleukin—6,11.-6) .COX-2 MiNOSFFEJAE S TR, Il
DA/ N ARG IRBEN A SANJAY  SAFETE R G A T i i
MHINF- BT B E S AR 238 3% AL P T EAH G 72
(nuclear factor erythroid 2-related factor 2,Nrf2)il %, I
DA ST 4R ) 110 DR e 3k, DT 5817 S 08 kAR R - 5
AL A4 A2 0 o 76 e iR TR 75 AR A ORS M AR 0 1P 3 (non—
alcoholic fatty liver disease, NAFLD)H', GA 7] BH i NF —xB/
TNF—o/IL-6 54, 9 FHFJFE 155 G 240 6 352 40 -5 9 A TN 7

130

B, RAFNR IR T e 0o, 22 24 S s AL B (1 S MA PK R 2 46
AT 515366 1) G 4 =2 — o GA Rl 1 0 ) MA PR A 5% 7
R A | BELUT 9 AEA5 5 1] N W45 38 o AF 98 R B, GA W] i /b
c—Jun B IR IGFLAEINK (c—Jun N-terminal kinase, INK)BHR
IR, FEARCOX -2 T B IR 3R B, 56 S RE A T 283k, Wl Ik o
SiEAHSCHFE0509, CATL Y WEFIORF 5 & BAE e 0E 15 T Y
e FF R T GATT B S M ] CCAATHE 38 F 45 & B B
(CCAAT/enhancer-binding protein B,C/EBPR) K MAPK
08 5% B BT 48 S IR S, 9 I 495 o B T IR A O
{55 BR AL, G AT 3 3t PR 45 S REAH SC 53 F 7K, 4l Byam i
JHFIE AEAE o FETAE PR I 5 A v, G A T LAV JBE A0 1y =X
KA HFANIETE F7 , AR PN 2 I h R S i 6
PE BT, HGATTREMR & T R 5 A I B1 (high mobility group
box 1, HMGB1)Z3k , 1 /b 4 it AL 1) I NESE4E | SE A B RG i75
SRR BEIRFEN, G A 3255 1 1 20 B4 JEF U 2 P 45 47 3
P& NF-<BFIMAPK LA B2 T 78 G 58 472 48 4t PR 5 A Jo 1) 7
A RHESURIAER

TLRAE 5 38 % 2 8145 Hh 2 = i el 2 — o R
6] TLR B R B  5oms RS 5 15 , 3 3 T A E 5 27 4
PR 8 [, SN IF 0 005 & A & R o BUAR YR 1 JE W9 i
GARETS L TURA 58 38 R TR AR (ARG 58 CIESE
GAFE LI PHFSTLR T I8 B , AINF-B MAPK S &~ L 4
FEPE U TLRIE U GA R HEHU R AE AR B A W 1 8 77 10l .
WAL, W B B AL 3 — 3 B8 ( phosphatidylinositide 3 —kinases ,
PI3K)-ZE 3B (protein kinase B,Akt)f55i#iH , BIPI3K-
A5 538 8%, IR S INE 28 A 453 493 1) 20 ML It o AR v TE PR
W RGATT AT (F 58 H R PR IFE A (AR Wos 75
RANPAFRI P  GA P PI3K - Akf 51 B 7 bk Bk
WERR AL, DT F 5 I 200 A M AR A, e 20k 1 o s,
MR CAE T R PI3K - Ak (5 538 B R AL RAATFE A A
BH—E WS SEBETAIME17(T helper cell 17,Th17)F19
FIPETAME (regulatory T cell, Treg) KA S5 T 2B 4
P 299 , MMPs-5 Th 17/ Treg 2H i J& A7 AH 2C o 7271y B2 XU DG 1y
RELTU R GATT /D MMPRY 3 3235 , ™ R Th 1740 M i £,
8N Treg 48 A 1) Hlcdet | 28 fifk /1N BRI AU OG5 AR AE AR 00, AR
MMP{5 538 J% 72 R AL o (B 5T 3 B /b (B G AT Sl 3 1A
LA 530 & BT R SR  MMPAR 53 B2 R KA & GA
LR HFVE ROV AEWR T T 0] o SR, GA W] 38 5 4 46
L B AR S RE A0 0315 53 5 UINF—« BRTMAPK % #EHT A AR BT
YEF AR o £ 5, XHIFFE GA R AT A B B A
1852 L OTLRIE % PI3K - Akt |5\ MMPs 78 55 4 AE 151 453 AH
o R FETER R CAMIBUR PRIFAE RIS v i A B4
W AR AR AV AE TR 1)
2.2 A AR AR IR N AT S PR E R Z )
A EPIRES A 22 5 TR s i R () e i oML =2
— 2 RS AR I TR S A (reactive oxygen
species, ROS )i 5 Az B, = BUR-4H ML AR 57 50 4201k L St (R 431
15, SRR G5 o FLAE 7 T8 L GA T 1Y “VEBRROS 8 n
BUAALEE 073, KRR P AR A AR R BLTE AL



2026 SF4 1 F325 %48 April.2026 Vol.32 No.4

*+ & s 518

J7 G R SRR S B TR O P, GA T i Y BRROS HI
REBTEAALEE , P ROSA A BT AR5 5 g Bt Ak, Kk
FECRAP T 2000 4 1 P eo-20,, FY S0 0y = 82 30 o 1 ) — S0 iR
S EEHI G R A= 1, ) S EUIFIEA AL CART LA 3%
U Y R BT B R BT 2B A FE b i, A = 4 e
H K (glutathione , GSH )ZK - 34 filid AL S catalase , CAT)
B A A 5L AL (superoxide  dismutase , SOD ) F14 e H K
ALY (glutathione peroxidase , GSH-Px ) 5 T Bl bt & 1k il
TG AE , H.GA PTG T 2H U 52 Nef2 2 PR 4 A T A AL fE
TIOR3 N o GA RT3 2 30T Nef2/ AR 6 , 39 56 JE Ik
IR BE ) o TES RS PRI 8Y vh  GATE R I Nef2
O T £ BEA R T A B R OSSR 2H A 1 4545 , ) £ 1t
Vo MR A SR ZEME R 707 Ak, ok A P R 1 B
Z Ay (peroxisome—proliferator—activated receptory , PPARy ) X
ik s A BRI 527 A % 5 HE B . CHRISTOFIDES - AZE2IR 3¢
& B GA T $2 5 PPARy 3 35 7K -, IF H GA g i i PPARy -
PKA—-cAMPAH I N 15 5 BRI 2E XF 05 B 1 (paraoxonase—1,
PON) AYZIRTERL , W57 £ W55 5 1 X0 e WA RS PR AT, DA
GRS TR i A ME 29 AN A% 7 KA 5 AR FI Y G
BTGV RSY , BERE I A G BRROS AT T A AL B K P41
TEV SRR, SR F B VR % Nef2/ ARE . PPA Ry 45188 B80T T
JEE S DR LR AP BILIR] o 3K S 2459 P 25 5 5 O L 03 Bl T 4
T EERFS T

2.3 AL SRBURA RSSO R AR
(hepatic stellate cells, HSC )t 458 I K124 LA A A Jk
J%i (extracellular matrix, ECM) o 1 fk I HSCHEZ £k J UL ET 4 4
M, S o WU 1 (a—smooth muscle actin,a—SMA )
AR T B, R ECMAEFIEH L R TI,
A UL A, R TR HSCIE 1k SEFE A
eI 4R 3 i T8 R B G ARE LA TH] RN FE AR
ey =AM S HSC HE AL BB, GATESO g/ mL AT = e
(FRF248 h) I ELA 1009 19 40 M 2 1 1 T o 3 Pk R A 5 57
PRI AT 520 S Ak A2 K B 1 (transforming
growth factor = B1, TGF-B1) BN & il i Smad i 115 &
W HIE AL HSCRY G HELT 2 A iR 720 FEdi AR 4 oA b
M FNZEML IR T R OCE B MIEM LT Q NEEPSE o —I
SRR SR RIE B GA V] BB 3 T JA TGF-B/Smad 5 5
3t , BELIBT HSC I &, W ECMITUAR , et S HASTAL e 4
LUB MG R EE R BURE GAELA AL A8 TGF-B/Smad
5 IR AN o 55— TS5 o e A L T
(thioacetamide , TAA ) 53 i K BT £F 4E AL A AL v, GAF
1 TGF - g1 F Smad3 335 , NI I HSCHG 5 , 19/ B2 S 4
AETEIFRERTUR, REARYS G KT LT AL R B A 9T A
GA M]3 3 TNF —of5 5 1 175 0 AL i HSC & A= SR ST 1 i
T2, TR ff 27 44k, HLGA Wi 5 0 3 i S AR 00 38, T4
JELPN GSHIFES | 200 e A s (AP — 8 ) i S Ak S T i LA
KROSFRER , S EUAHHIREME 14 & A= o3 20 B R4 F 2 T4
HAI, (HAEHSCHY e L T RE- S5 AR AT 5 R A i AL &
B , PTIHBRGAVE TR SRR A OC o [RII , GAICRE!

EARHETNF -1 3006 RS2 AR AH B AE F 82 11 1 ( Receptor—inter—
acting protein 1, RIP1)RYF=AE  BEARANAEL PN GSHAK T, I HSC
HiCaspase-8HIBLIE, ILAN , GAR BB T 2 P A e S 4, un4n
LN ST X BT Ca2 I TR I 55 8 1 AT B, Fre & 3
JifL g e Btk e, S R HSCIR BB I T UL AT L, GA—
J7 ] AR HSCIE AL, 53— J7 T ]38 A il & T T A HSC
PSRZLA AL (AN GSHAE Y \ROSTR ), BB TNF -5 5
i P (R HETNF -3 A FIRIP 17 A2, 9 Caspase—8 ) , IR A&
AN AR AR BEE T 0 GA X HSCH AT 3 4f 14 1k 428
ANER  TEBUEF Ak HEA B8 )

2.4 AV AFIERS R NAFLDARREA LT+, B h i
TN i IR 2 — S NAFLD 1 FEAIL 1 &2 4%, (A
“TRATH U e 32 MR B AR R JENAFLD Y E
B UR 35  o JHAI HOB £ fr R BB TR 2> 7 AR e B
S 75 SR RS M A5 05 Mg o A 2 o S U R 1D
A R R S —F T M O e AR R AT
AR SR AT M 4 (mitochondrial reactive oxygen species,
mtROS) 7=, FE 17 G B L R AR D RE B AR . A T & BRAR AT
% 1% £k & H ¥ B (adenosine 5 ‘ —monophosphate (AMP) —
activated protein kinase, AMPK) . Z Bkl i A JR {6 i (acetyl -
coA carboxylase, ACC) . 3 %Ak 40y Flg 1K 18 5 ) V1% 32 1K
(peroxisome proliferator—activated receptor—alpha, PPARa )31
¥ A ELAE FIE BB AMPK -ACC—PPARo AR 5 5 i il
TERR WA R R D B IR Y B ia T TR LA R EAE A,
SEVHT AR AR A OGS (5 5 E %, H AMPKZENAFLD & 9
BAEBOCERSLZHANG ] XFEPIHF5E & I GA AL 7] il
1 WO AMPK-ACC-PPARHIS D T HE AR BUAR 22 , TEAR S
VP 75 1 JFPAE A 2 , 308 T 30 a3 3 2 AR Dy R D 4 I U
mtROSIYIT HE 724 LU Y Z5EPIFSE & 3L GA T 3@ i AMPK
HITHISREBP-1/ACC/F ASNZLIR SN , J8i4% FHF 00 TR i A5
P o A BFSE R IR, GATT 38 3o 410 il 1k 7 3% T BEL BTN -« B/
TNF-o/IL-6 49 {5 538 i , (R4 & JR I &1 5 I NAFLD K
U EF . ZHANG D YSESIIF 5T & B GA v i 33 G Ik 4%
FE NG R 2 R B SRR U Hep G241 i HR I BE A 25 (1 AY 4
I, TR FEBGENAFLDIYE FH . GABGENAF LD AL o AE T
1B AMPKAE 540, 25 G VR IFNERR BTG 5 43 A I 0 - A
(i) B 2 LA DA SR R AR T i L Wl S A IO B R ) 5 i, DT
ZH T B HERE o GATEAR A SCB h IR A s )

2.5 HhPsE  EAERIOBIGT K BLG AN PR A R
9 R S IR B R A RO G B B A G Al
MRIEEE AN (MALATL ) 7EME b 2% B, anfiides LRI |
WU RAE | B g Ao A AR A T MALAT U R] i it e 4
L0 200 MR | b R — (W) FE B Ak R RS R AR R i 241,
SHI C JEFIRF5E R BLGAREIMHIMALATI N RIE , I Wy
B—cateninfi S F I T , DT & FEA il e Jgd A= KR B 11
FH o175 5 Mo 4 B AT T O B AR B R A B 0 A 80 ik 2
— SRS BT E XIE ] YEWRFIE A& LGA & —
T 8 ) R FE T 15 30, 7T 3 23 BH BT B — catenin M 4H A% 1)
2 T 1) % 32 SR A i HepG2 TR R BE T 40 5C 2 I SLCTA 11T

131



* & (3 532

2026 F4 A F325 %48 April.2026 Vol.32 No.4

GPX4MIFRIL , M7 T Wnt/B—catenini® [ 2 T , 14 F 310 il JiF
A1 38 A 1 B o A S i 5 SE (hTERT ) 28 36 15 )2
N a1 2 AR AR, T 5 0% A0 M A9 ok AR FINe23d
Fik  BEINTERTHEEF ARSI MOGHADAM  DZEHIRFF 57 % B
GA(40 pumol/L) T AR N2 A IR , TR Hep G2 40 AL 98 11 4
AR B o TRl GA (40 wmol/L) 7] BB 1 SIRT1/Nrf215 518
1 2 HEAM ] P9 A A VR ot A B 5T SR GA T 3 BRI
HepG24 i 3% M , 3075 HepG 2400 i Hh Ay s s JiHi7% 4 , DA 410
i g 2B A K 27 B GA 32 B A T Y BOR 15 5 i
(Wnt/B—catenin) . 7557 BV )P M 41 M FE T (R FET) I
95 40 B A 2B b i ) B i 4 S Ak B Y- 45 2 R AR R
BUIF A s VR o
3 BESRE

RE ST B EAE 25 ) PR I A T 45 4 B
A= W) EE RV 0 AR L b R P T AR, HP# BE
AR SR AU L GAXT P A SR B — v
LA Sl A A M4, HX IR AR B R AT a0 R
FAF I (DPUEALR B GATE ELIETH R ROS, & 34 5 JiT
I PN R PE BT SH AR R SE (UNSOD .CAT .GPx .GSH) i1 ; GARE
T A VO Nef2/ ARE S BT S A0 B 10038 I AR 3P PR T X R
XFBUAS RSN 05 (25 R 2 RS 55 ) kel (2) 4T
RAEF : GAREA SN HINF-kB .MAPK (JNK , p38 ) % S A 46
55l BTG L, F A TNF - JIL-1B . IL-6 .COX -2 .iNOS %
P48 K7 FIA™ JoE A 238, D JHF IR A RE B2 3 (3)HL4F Ak
YEF : GABEBENS BRI R HSCIG /L3 5 , X REE i R I TCR-
B/Smad/K - B PDGF-BB/K - S TNF—of5 5 i % S5 AL
i, W AN E IR R IR AL HSCIRSEPE A T (4) 7R
Pl AR : GA T WINAFLD A9 82 0 AL 76 T 3076 AMPK {5
S, BRI 6 BE T A A (SREBP-1¢/ACC/FASN ) 542 kB
i B2 A AL (PPAR) , B R AR 35 L o (5) BUMR T 1 GA
AE L IR BURE B (Wnt/B—catenin) . % FHRRIET
CRRFET ) R0 ) o e 355 28 A 440410 o JFF 9 40 24 K 19 1
o GAM PR SR R S IIFNEIR T R AR
TERHBIPLE S EE LR .

GATE R —Fh AR AR SR I , CLBIE BH R A 4 5E Pk e
g AR R AR TR T T RS R AR . 5
I R & FHEIPTR 25 L, GAHAR ZAE AR 8, i EL B
BB KE , GAL TR A i sl R0 o s 1) B¢

P, BRI B A T REF T 98 i AH S 1 KR T o Z R kg
PR FFIE S AE LT 0L A D R 3 35000 JFPs , FL v RJFFIE
i 115 5 30 [ A INF -k BAE 538 6 RIMAPK A 53 5 , 76 )40
HA5 5 AR S RE FNZF A A 5 5 1 & A T T EAE bR R AE
PERA G341, L iR g Hh BT 2 T80T B A ROSAE AL, 1
B AE P IS S I 5 40 , A S TS A 8 e B o U355
SRR T e 2 Hp s & SR I B B N 2 —  GA T i iy
NF-«BFIMAPKAS 538 % B4 B S8 A SEHL I K AR T 1
FARMFIE ] S8 5 1R (5538 B sk pL I 56 2R B VT I
FIEBEN , A2 Mt 405 L N 7 R MR AT 05 AR R R i 1
TS T G AR FFECRAP VR A S Ah , AR RIS T DA 3
FTYF Sl S B PLHIE T, S Sh YA R S GATE
ARG TP AR E D R A TR & DL B Bk %
PP FE = i A T A A AT 56

GAEARIFER R BLUS IR AT 200, ke 2% Ak
W R R IS, GAAE S — B 5 BT SR A B R L5 1, A
B ORGSR o PG, AR A5 T 38 2o A T L 3 4 i )8
ORI LR T A R BE oA 2 TE GA R 30 A R
L, 18 HATEYIM3OMG . AR5 | AT GA Y 5%
B A A, F B0 B G (T 5 2 BTSRRI A, R A oK
FORUGH GATI Y, 7T LAAR 5 GA 19 A= 49 1) T 3 o A B 5 LA
Eudragit RS 1003 AW FEE 245155 R A8 , 38 52 W 7L Ak AN
BHNZER TR GA , e A K BRI K GAXTTL—6  TNF-o Fl I
by 92 PR R AR A A Tl G Aol B T 3l 1o AR
FIRRAR = HAE YR RS , GAS A2 Pyt A i R mT LA
P H 2 A IF T i N T A R CA 5 AR Ss &35
TEYCA-1-ZE IR (GAL) WY, Z LS i
T PR 2 Fi A AR AR S GATE MR P I 40 A A5 I, 7E — 2 A2
FE L BRI T X CARITATR o KR 57 T ZilE — B R R CATE IR
P2 R B 122 R AR R A AR AR RS DA
AR I v (14 00 B S A PR i) S5 S5 S 80 S8 VE 2
FOLUE T AR IR YR (0 B B oe 4 v 2e 4 s
SR/ E S S B B, ELAA R A A TG v S AR
FLA A FRARAS o X SERAL ) B — A48 B AR , T TG
PERR W PEIFIG L 2 R G 248 B8 o IR AR 77 ml i 1ot
T e 2 2R A IR TS R A 30 R R Gk
HE L2 i A0 A T ARSI RS 0 SE SR AT

25 L TR , GATEAS 2 SE 0 M I A5 70 vh 35 L — 2 (R

R 1 CAEBLEFBERFRDRIERIPVMERTTROEZNHEN

[RAPTER NGt KRBT TR
i NHY/ARE HO-1, GST, GCL, NQOI; | ROS YT A LB e )
% NF-kB; MAPK (INK, p38) + TNF-q, IL-18, [L-6, COX-2, iNOS; 1 IxBa AR 7t SR

VEEARZ RFSIND, NF-kB; MAPK
WIS AMPK: PPARw; SREBP-1c

GSH, SOD, CAT, GPy; | CYP2EL

“«— —> —> —> <« —

filFaa NF-a/RIPI
YUl JE (HBY) HHSEEATRE | HBedg | core DNA, | cceDNA (HBY)
St WatB-catenin; SIRTIN2

AMPK = | ACC, | SREBP-Ic, | FASN, | PPARa

i AL
BOMBIR, %

ROS in HSC, 1 TNF-o, T RIPL; | Caspase-85 | TGE-BL, | Smad23, | TIMP-I; * MMP-1 %45 biiE fCHSC AMHECMA, febsf

LR

| MALATI (lncRNA) > | WolB-catening | B-cateninf§i&—, SLCTALL | GPXd; | WIERT, | Nel2 OISR GATHCT- (M1 BHET) ik

E: T AT BARKESE e | AR T AR R Y CHSCHT E K n B ECM s 4e B R R

132



2026 SF4 1 F325 %48 April.2026 Vol.32 No.4

+ & 3 Far

VERT, PRI B 1R 7 SO EAT T Rl (R 5 T s s A
G RN (L 48 T AR 25 Bz Rp P ORI FE £ ek PRI
J7 ATy ve it 2 Pk A WHR AT BN RS
JrERUEET A E AN 25 iR

SE

[1] FANAEI H, ALI MARD S, SARKAKI A, et al. Gallic
acid treats dust-induced NAFLD in rats by improving
the liver’s anti —oxidant capacity and inhibiting ROS/
NFkB/INFa inflammatory pathway|J] Iran J Basic Med Sci,
2021,24(2):240-247.

[2] SHRUTHI S, SHENOY K B. Gallic acid: A promising
genoprotective and hepatoprotective bioactive compound
against cyclophosphamide induced toxicity in mice [J].
Environ Toxicol,2021,36(1):123-131.

[3] WANG X, CONG J Y, ZHANG L H, et al. Antiultraviolet,
antioxidant, and antimicrobial properties and anticancer
potential of novel environmentally friendly amide-modi-
fied Gallic acid derivatives[]]. J Agric Food Chem,2023,
71(41):15352-15362.

[4] GOVEA-SALAS M, RIVAS-ESTILLA A M, RODRIGUEZ-
HERRERA R, et al. Gallic acid decreases hepatitis C
virus expression through its antioxidant capacity[J]. Exp
Ther Med,2016,11(2):619-624.

[S] BAI J R, ZHANG Y S, TANG C, et al. Gallic acid:

mechanisms

Biomed

Pharmacological activities and molecular
involved in inflammation —related diseases[J].
Pharmacother, 2021,133:110985.

[6] CHENG Y Y, LI X C, TSE H F, et al. Gallic acid—
L-leucine conjugate protects mice against LPS-induced
inflammation and sepsis via correcting proinflammatory
lipid mediator profiles and oxidative stress[J]. Oxid Med
Cell Longev,2018,2018:1081287.

[71 TANAKA M, SATO A, KISHIMOTO Y, et al. Gallic
acid inhibits lipid accumulation via AMPK pathway and
suppresses apoptosis and macrophage—mediated inflamma—
tion in hepatocytes[]J]. Nutrients,2020, 12(5): 1479.

[8] VARIYA B C, BAKRANIA A K, MADAN P, et al
Acute and 28 —days repeated dose sub —acute toxicity
study of Gallic acid in albino mice[J].
Pharmacol, 2019,101:71-78.

[9] DOMINGUEZ R, ZHANG L L, ROCCHETTI G, et al.

Elderberry

Regul Toxicol

(Sambucus nigra L.) as potential source of
antioxidants. Characterization, optimization of extraction
parameters and bioactive properties[]J]. Food Chem,2020,
330:127266.

[10] SHREE A, ISLAM J, VAFA A, et al. Gallic acid
prevents 1, 2-Dimethylhydrazine induced colon inflam—
mation, toxicity,

mucin depletion, and goblet cell

disintegration[J]. Environ Toxicol,2020,35(6):652-664.
[11] SINGLA E, DHARWAL V, NAURA A S. Gallic acid

protects against the COPD-linked lung inflammation and

emphysema in mice[J]. Inflamm Res,2020,69(4):423-434.

[12] EZHILARASAN D, SHREE HARINI K, KARTHICK M,

—_—

et al. Ethyl gallate concurrent administration protects
against acetaminophen —induced acute liver injury in
mice: An in vivo and in silico approach[J]. Chem Biol
Drug Des,2024,103(1):e14369.

[13] SANJAY S, GIRISH C, TOI P C, et al. Gallic acid

—_

attenuates isoniazid and rifampicin—induced liver injury
by improving hepatic redox homeostasis through influence
on Nrf2 and NF—«B signalling cascades in Wistar Rats[]J].
J Pharm Pharmacol,2021,73(4):473-486.

[14] FANAET H, ALI MARD S, SARKAKI A, et al. Gallic
acid protects the liver against NAFLD induced by dust
exposure and high—fat diet through inhibiting oxidative
stress and repressing the inflammatory signaling pathways
NF-kB/TNF-a/IL-6 in Wistar rats[J]. Avicenna J Phy—
tomed, 2021, 11(5):527-540.

[15] LIN W H, KUO H H, HO L H, et al. Gardenia
jasminoides extracts and Gallic acid inhibit lipopolysac—
charide—induced inflammation by suppression of JNK2/1
signaling pathways in BV-2 cells[J]. Iran J Basic Med
Sci, 2015,18(6):555-562.

[16] CAI Y W, ZHAO D H, PAN Y, et al. Gallic acid
attenuates sepsis—induced liver injury through C/EBPB-
dependent MAPK signaling pathway[J]. Mol Nutr Food
Res, 2024,68(11):e2400123.

[17] ZHOU Y, JIN H H, WU Y, et al. Gallic acid protects
against ethanol —induced hepatocyte necroptosis via an
NRF2-dependent mechanism[J]. Toxicol In Vitro,2019,
57:226-232.

[18] ZHANG R B, YANG W J, LI K, et al. Gallic acid
promotes M2 macrophage polarization through mitochon—
drial oxidative phosphorylation in periodontitis[J]. Arch
Oral Biol, 2025,174:106237.

[19] LIU S, LI J, FENG L H. Gallic acid regulates immune

—

response in a mouse model of rheumatoid arthritis[J].
ImmunInflamm Dis,2023,11(2):e782.

[20] OMOBOWALE T O, OYAGBEMI A A, AJUFO U E,

[

et al. Ameliorative effect of Gallic acid in doxorubicin—

induced hepatotoxicity in wistar rats through antioxidant

defense system[]]. J Diet Suppl,2018,15(2):183-196.
[21] DOGAN D, MEYDAN I, KOMUROGLU A U. Protective

effect of silymarin and Gallic acid against cisplatin—in—

duced nephrotoxicity and hepatotoxicity[J]. Int J Clin
Pract, 2022,2022:6541026.

[22] CHRISTOFIDES A, KONSTANTINIDOU E, JANI C,
133



-+

& <3 512

2026 F4 A F325 %48 April.2026 Vol.32 No.4

[24

—

[25]

126

—_

[27]

(28]

[29

—

[30]

[31]

[33]

[34]

et al. The role of peroxisome proliferator —activated
receptors (PPAR) in immune responses[J]. Metabolism,
2021,114:154338.

KARTKAYA K, OGLAKCI A, SENTURK H, et al.
Investigation of the possible protective role of Gallic
acid on paraoxanase and arylesterase activities in livers
of rats with acute alcohol intoxication[J]. Cell Biochem
Funet,2013,31(3):208-213.

KHATEEB J, GANTMAN A, KREITENBERG A ], et al.
Paraoxonase 1 (PON1) expression in hepatocytes is
upregulated by pomegranate polyphenols: A role for
PPAR-gamma pathway[J]. Atherosclerosis,2010,208(1):
119-125.

ZHANG M F, SERNA-SALAS S, DAMBA T, et al
Hepatic stellate cell senescence in liver fibrosis: Char—
acteristics, mechanisms and perspectives|J]. Mech Ageing
Dev,2021,199:111572.

AKKiZ H, GIESELER R K, CANBAY A. Liver fibrosis:
From basic science towards clinical progress, focusing
on the central role of hepatic stellate cells[J]. Int J Mol
Sci,2024,25(14):7873.

HORN P, TACKE F. Metabolic reprogramming in liver
fibrosis[J]. Cell Metab,2024,36(7):1439-1455.
EL-LAKKANY N M, EL-MAADAWY W H, SEIF
EL-DIN S H, et al. Antifibrotic effects of Gallic acid
on hepatic stellate cells: in vitro and in vivo mechanis—
tic study[J]. J Tradit Complement Med,2019,9(1):45-53.
TSUCHIDA T, FRIEDMAN S L. Mechanisms of hepatic
stellate cell activation[J]. Nat Rev Gastroenterol Hepatol,
2017,14(7):397-411.

ROEHLEN N, CROUCHET E, BAUMERT T F. Liver
fibrosis: Mechanistic concepts and therapeutic perspec—
tives[J]. Cells,2020,9(4):875.

LI Q N, LYU C M, CHEN D Q, et al. Gallic acid
treats hypertrophic scar in rabbit ears via the TGF-{/
smad and TRPC3 signaling pathways[J]. Pharmaceuticals,
2023,16(11):1514.

HUSSEIN R M, ANWAR M M, FARGHALY H S, et al.
Gallic acid and ferulic acid protect the liver from
thioacetamide —induced fibrosis in rats via differential
expression of miR-21, miR-30 and miR-200 and impact
on TGF-B1/Smad3 signaling[J].
2020,324:109098.

CHANG Y J, HSU S L, LIU Y T, et al. Gallic acid

Chem Biol Interact,

induces necroptosis via TNF —a signaling pathway in
activated hepatic stellate cells[J]. PLoS One,2015,10(3):
€0120713.

HSIEH S C, WU C H, WU C C, et al. Gallic acid
selectively induces the necrosis of activated hepatic

134

[35]

[36]

[38]

[40]

[41]

[42]

[43]

[44]

[46]

stellate cells via a calcium—dependent calpain I activation
pathway[J]. Life Sci,2014,102(1):55-64.

SMITH B K, MARCINKO K, DESJARDINS E M, et al.
Treatment of nonalcoholic fatty liver disease: Role of
AMPK][J]. Am J Physiol Endocrinol Metab,2016,311(4):
E730-E740.

ZHANG J X, ZHANG W X, YANG L, et al. Phyto-
chemical Gallic acid alleviates nonalcoholic fatty liver
disease via AMPK —ACC -PPARa axis through dual
regulation of lipid metabolism and mitochondrial functionJ].
Phytomedicine,2023,109:154589.

LU Y Z, ZHANG C, SONG Y Y, et al. Gallic acid
impairs fructose—driven de novo lipogenesis and amelio—
rates hepatic steatosis via AMPK-dependent suppression
of SREBP-1/ACC/FASN cascade[]J]. Eur J Pharma-
col , 2023,940:175457.

ZHANG D Y, ZHOU Q X, YANG X X, et al. Gallic
acid can promote low —density lipoprotein uptake in
HepG2 cells
receptor accumulation[J]. Molecules,2024,29(9):1999.
JIANG Y, PEI J, ZHENG Y, et al. Gallic acid: A

via increasing low —density lipoprotein

potential anti—cancer agent[J]. Chin ] Integr Med,2022,
28(7):661-671.

CHANG H L, BAMODU O A, ONG J R,
Targeting the epigenetic non-coding RNA MALAT1/wnt

et al.

signaling axis as a therapeutic approach to suppress
stemness and metastasis in hepatocellular carcinomal]].
Cells,2020,9(4): 1020.

GOYAL B, YADAV S R M, AWASTHEE N, et al
Diagnostic, prognostic, and therapeutic significance of
long non-coding RNA MALATI! in cancer [J]. Biochim
Biophys Acta Rev Cancer,2021,1875(2):188502.

FAN L, HUANG X, CHEN J, et al. Long noncoding
RNA MALAT1 contributes to sorafenib resistance by
targeting miR-140-5p/aurora—a signaling in hepatocellular
carcinoma[J]. Mol Cancer Ther,2020,19(5):1197-1209.
SHI C J, ZHENG Y B, PAN F F, et al. Gallic acid
suppressed tumorigenesis by an LncRNA MALATI-wnt/
B—catenin axis in hepatocellular carcinomal[J]. Front
Pharmacol, 2021, 12:708967.

XIE J Y, WANG H J, XIE W X, et al. Gallic acid
promotes ferroptosis in hepatocellular carcinoma via
inactivating Wnt/—catenin signaling pathway[J]. Naunyn
Schmiedebergs Arch Pharmacol,2024,397(4):2437-2445.
LIU T Z, LONG Q, LI L' T, et al. The NRF2—-dependent
transcriptional  axis,  XRCCS5/hTERT  drives tumor
progression and 5 —Fu insensitivity in hepatocellular
carcinoma[J]. Mol Ther Oncolytics,2022,24:249-261.

MOGHADAM D, ZAREI R, VAKILI S, et al. The effect



2026 SF4 1 F325 %48 April.2026 Vol.32 No.4

+ & 3 Far

Gallic acid, and

of natural polyphenols Resveratrol,

Kuromanin chloride on human telomerase reverse
transcriptase (WTERT) expression in HepG2 hepatocellular
carcinoma: Role of SIRT1/Nrf2 signaling pathway and
oxidative stress[J]. Mol Biol Rep,2023,50(1):77-84.

[47] MOGHADAM D, ZAREI R, TATAR M, et al.
Anti —proliferative and anti—telomerase effects of black—
berry juice and berry— derived polyphenols on HepG2
liver cancer cells and normal human blood mononuclear
cellgJ]. Anticancer Agents Med Chem,2022,22(2):395-
403.

[48] ZAMUDIO-CUEVAS Y, ANDONEGUI-ELGUERA M A,
APARICIO-JUAREZ A, et al. The enzymatic poly(Gallic

acid) reduces pro —inflammatory cytokines in vitro, a

potential application in inflammatory diseases[J]. Inflam—
mation,2021,44(1): 174-185.

[49] NABAVI S F, HABTEMARIAM S, DI LORENZO A,
et al. Post—stroke depression modulation and in vivo
antioxidant activity of Gallic acid and its synthetic
derivatives in a murine model system[J]. Nutrients,2016,
8(5):248.

[50] DEHGHANIM A, SHAKIBA MARAM N, MOGHIMIPOUR
E, et al. Protective effect of Gallic acid and Gallic
acid-loaded Eudragit—-RS 100 nanoparticles on cisplatin—
induced mitochondrial dysfunction and inflammation in
rat kidney[J]. Biochim Biophys Acta Mol Basis Dis,
2020,1866(12):165911.

(A5 B H:2025-06-03 %3 FIL)

(E#E128TD

[25] hul, AL, RS0 EAMRIK & BRI B Y= 4 i
B AR L B R HGIE I A FROREE (0] M s 25 K241
2021,38(2):236-241.

[26] VLEE, HAE B3 BAA, 26 BT Tim-3/aletin-9fF 510 IR SY
AR Hp A G I VR AR e R e S AR
JRUAR AR S R [ 7] A AR = ROR - b R 253401, 2025, 27
(2):484-491.

[27] WU FLAERS , 5KIE , G5 ORI A4 100 55 25 BRAE T K
527 e RIS P JR ). e e B2 24544 1), 2020, 38 (1) : 69—
73.

(28] P I, S hgha R , 55 B EIR YT A TR B AR DG
THACTE 15t 97 O HE 1] 1 W5 DR A 027 T g 0 A B LA 0
FER %)) AR EE 25,2022, 62(21): 20-25.

[29] TKek, RARTE ART, % I T ML 200 prof B - 55—
BT YT WA TR AR SCHE B R M AR FABILEI ). K 4R
YIRS & ,2020,32(4): 592-599.

[30] SR, ik AFis 87, 45 3 7 RN YL A T IEAF B /N B
RS b e AR ) S HE S P BE 24,2021, 16(18) :
2702-2705,2713.

[31] Z=iE5R  IVE , e , 45 SRR G A BuRy T e M 25 40
T B RIGRTFFIE T ER 2024, 39(14): 2863-2865.

[32] ZEEEMN, PREIM , R IE , 45 THREID A 17 % 1L 15 10 A1 R
I TRRAT R A M B R YT RO SR (0] M T R 2 K 2
244,2019,36(6): 787-790.

[33] Syl , XU 22, A WL 175 1A 25 5 VA A ol R DU IR 7 YRR Y7
VLS AR Hp SR G 18 1 F 8 S8 A I PRAE 5 0. Wi T v
P 2 K24, 2021, 45(11): 1223-1228.

[34] XUEE ARE:, skif R, 55 80 Bl e R DU T YRR Y T A ]
BT AT BH M 97 SR R Bk B ROE S (TGF -

B.Smad3. B MR M [J]. G R RIZIRIF ,2020,33(5):
38-43.

[35] FEaE T, 24500 T4 K A2 15 17 YT AL 75 1 AR T8 1 [T AT P
2t B 5 HIRYTVE L L PE B 254575, 2020, 49(13)
1718-1721.

[36] 275, 20K, ot S5 I SVL IR A B 5 g i T e
S 9 YT A% B FP S A Hp MR BR R A S R[], 70) 1] P 2
2020,38(6): 117-120.

(37] S5, XUHEHT, sk B, 6. 78 25 B A WIS I8 YT
HpAHSCHE IR P B 4 M5 B IR HIE (I PRORE . K v =
24,2020, 37(6): 666-670.

[38] RIHM, BRAERL, X1 , . rA 5 DUE AL IR G5 FLPG

2R YT WA IR TR B 12 1 A R T IR AAGIE R T
ROWER T R h PO R4S 4%, 2023, 18(10):2055-2059.

(39] F2HKHE, TR, T 2R, S5 KIS T IR DT IR

JT HpAH I M B ARG RATFE (). L AR P BE 447, 2022, 41

(6):620-625.

Pk, R E, S5 AT A TR B AR S R A

B IEHGE/NEPTEN-PI3 K-Akt—FoxOU T=15 53l #% 1Y

M. T EESS G 41, 2020,29(26): 2869-2875.

[41] AR, PN , 25580 S 14 JE 20 % L T 0 AR il ) WL
FRRA G AR MR 2R 40 1 B R MR 1)) P E B2 T8t
2023,20(7): 89-92.

[42] FEE, N5 A —, 5 T AN S ORI & DU R YT
HpARCHE B R ITT R [0 P P Y B 25 S b 24
2022,30(11):765-768.

[43] MM, SN, UE A B AR ORI & B R DU IR TRY T
TR TR PP 0 P AR 2 4 1 1 AR A I PRI S (). v
PG EE LS A IE AR, 2019,27(4): 260-263.

ObcA% B #1:2025-05-19 %% 555 )

[40

[

135



