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Application and progress of zebrafish in the study of liver fibrosis
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[ Abstract]  Zebrafish are widely used in liver disease research because of the optical transparency of embryos,
rapid development, and drug penetration into the body through the skin and gills. Hepatic fibrosis ( HF) is a
pathophysiological change in abnormal proliferation of connective tissue in the liver caused by various pathological factors.
HF can be caused by many chronic liver diseases. Because the signaling mechanism involved in the occurrence of HF in
zebrafish is similar to that in humans, a zebrafish liver fibrosis model has been successfully established. This article
discusses the relevant result of zebrafish HF model research and the current status of drug screening for liver fibrosis therapy
domestically and abroad to provide guidance for research into the pathogenesis of liver fibrosis, screening for drug treatments
of HF, and rational application of the zebrafish HF model.
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JFERAIFE T A & T W 1 2 )Rt gl A
RIE vz T HE BF5EH (H A 7R 37 5 A
o SIS RS ok AT 24 W) i 1 O 0 A5 TR
BRIV 75 Wk A s 0 R 0 58 BOR B 28 10 Y 25 1
S PRI A BERERE NI B 145 1
D, L, 255 22 Fh 3 W R A A T B HE
PG o BBy R — P ) I AR Bl T Bl K
T RAE ARSI A MEE RS . AT BE S
HE37 HF BEREHAT 200 R BB i e
B MRS DL A, SCHA WG 147 288 3l 1) 52 98 AT LU JE g
TR SR AT E 3, T LAAS 25 R A A A FAR S S 56
ZIHEE KA MR RSO X T3S a7
HF I BEAT 2554, HF B A A3 SO 2, LA
HBEE M AE HEF SRRt 2%

1 HF Z&EHHENT

2595 R P 5 05 RS 1% (alcoholic liver
disease, ALD) | JE V-5 P I 195 14 iF 9% ( non-alcoholic
fatty liver disease, NAFLD) & 5 /8 5% Flgt A% P -
SR AT 5 AL 8 B A (W) R R A i A T ik
HF ., HF ¥ B & 20 Jfl 71 3 BT (extracellular matrix,
ECM) 73 Wb 38 22 | I A o 2, BT B AR 40 S ( hepatic
stellate cell , HSC) AJ #4504k ik o~ UL 3h 2
F ( a-smooth muscle actin, a-SMA ) B9 AJLI% 2T 4 21 g
( myofibroblast, MFB) , Kl It , HSC # 1A k& HF [ &
SEANARS . HSC HH 4B 1% 2 F 41 i 43 0 412 R RIIE 27
AL T A RS S AL AN ] HF A K
&, AL FE A K P B1 ( transforming growth
factor-B1, TGF-B1)/Smad {5 5 ¥ T . TGF-B1/4E
Smad {5 5 il B, Wn/B-i% 3 & A 5 5 18 B,
hedgehog ( Hh) {55 53 #% | Notch {5 = 38 [ LA S JIg i
AR AL A . Hoh i E A2 TCF-B 7 %
W, WAL TCF-B S I B2k L5 5 HZ R
FY5 TGF-B 1 BZRIE IR TRR 1 /TR T & 514,
TS Smads 8 1, M HAFSEBE MR 1L, e & B0E
HSC™, 7 TGF-Bl/dE Smad ff 5 i ¥ H,
TGF-B 1 sZ{k¥H¥E TBR 1 /TRR I & &1, % — &
S NS S, R EEIE HF HEE T BRARIT 4N
(5553 WA HSC AR s PR 2 il & HSC i1k
AT IEHEREE ECM 73834 2, WA DF5E R,
1% P % (reactive oxygen species, ROS) 1] DL/
TGFB i ) HSC IS AL AIIF AR g =t

2 BOfa HF EEESF*®

FURG, 57 Bt HF R84 75 3 32 2047 1) 5
FEAK TS S 254 ) 0 = B8 A B Chigh fat diet,
HFD) I 1% B DR BOR 45 i (37 19 HF B AL
AR EERE GV, AR SCER I T O Ik
CETEIL
2.1 EHFESHIDE HF &2

D 0 38 o R A S SR R A K
SERL HF 34 AT DL ke o 1) M e 2 vh 3y 4 R A R ok
BN A B0 2 S o M IXE D £ X & T )
TR 2 it 7% 8 I [va) 185 i 398 1, ke 22 30 % P B S
AT RIS, B MR T 1% LB 8 Ak
0.2% LT 4 J&Ja I B E I 7123 \ECM # K
55 HF BrBeRpfiE' " 557 A RUBE T 0 A0 L,
% M8 ( metronidazole, Miz )/ff F& £ J7 [
( nitroreductase ,NTR ) & Gt #4) 2 i) 2L A T 72 9 5
Zo5d CWEAL TS WA AR HE BERR ) BE T £ 4
8 7E 4 hpf( hours post fertilization ) 5t 7] DA AR A |
Hotast 78 vp i P K %) 25 R A 4 £ v g2 i B DR ST
[t Cha 287 EESE TBE I 40 4 £ 5 KPR B3
fbpEfs I b A9 (MPI-CDG ) £ 5 I8 H & & B
MPI S AE R LABK 3 HF %4, DeRossi %" i 2%
CBEAL IR [ IR 5L R B Ey ) WSS 3 2 4 Ak AH OG5
PRI 3, T H g2 A R A Al DL BN HF
AN, ETE CBEST B S AR Y AR 52 3 1
191 HF F0H-6E A0 BEAR AL, PR B SR A AN BT 5
1 HF #F5% .

2.2 BEREFESHISE HF 3

IR RN LR BE 0 2 A H 515 HF Mk
o AR (i.e.oligo-fucoidan , OF ) J&47 o =1 iR
KB 52 3 (high-fat diet plus exercise, HEX) 7] LIF
R ALY HE ) Turola 25 i BF 5% B4R
15 HF BYSCE I & B, 51 MERCR X HF H.
AIHIVERN, UP §ig 22 i °HF JE 8, /N Ea] A
T 3 O SRR TR & HE | 1 BE L A0 i 25 U0 SR
WK HF X — MR T AR A Ll e,
2.3 EFAYFSHDE HF K5
2.3.1 BRI ( thioacetamide , TAA)

TAA TEJF 5% Ak Sy i 24k 5 10175 5 T 4 i
i, S EUTF A MR FE TR 358 5 S
JIFREAC RO RIS, 21185 0 275 24 501 o 50 S 4 592 0 J] 29 )
R 234 (acute liver failure, ALF) Fl1 HCC,
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A AR 3 YRR I T 5 TAA (300 mg/kg) , 4L 6 J&
BIREBIE) Y BT R a2 TAA B ib
P AT 305 s 3 0 TAA AHABL A g 7 A2 Pk
R R AR > i 25 ~ 50 wmol/L )
LN B-3-0- 25 FWE IR IT IS, a-SMA il Collagen-I
FERFRIR BT, SR IR B -3-0- X/ B A
HF JRIT 2500001 912

2.3.2 T ZFEWAERE (diethylnitrosamine , DEN)

DEN Sk ot H B AL P B RS e , 7T B K
W WSRO 150 ~ 200 mg/L, H FHHE
4200 mg/L,4 ~ 6 JE I3RS E W BE T f4 HF A
RYEST T R AT A ) KT 2 HE &
ARIBRAR, A2 Rk $2 4 Je— 3 B4 HF 25414
T S8 Ao B ST A £ R HF Y
2.3.3 {RIEEIE L)% (brominated polystyrene , BPS)

BPS 5 DEN Z&4pL, S fhit ) T B8 A =L
SRS HE , AF5E3R U], BPS REARHE NG 17 7F 1%
PUREFIIF R B Y 4 BPS B FR )5, 44T 90 d
A, IR PR R A RIS 5 4 £ I ] 2
#8 T BPS, fdi i N R4 & 8 11 L (unfolded protein
response , UPR) #3415 , S 2UMEM:BE 5 £ i rp = Bh 3
ol AR Mk R HFY B fa 41 i
SR> 5 T FLSh W AR L, (BT B = /it S5 4,
Fhta it ECM & RS ARk sh A E .,
2.3.4 HAbzhY)

HAER A BA PR R b 2y, MR8
FEIBGR YA ] Al B AR SR IR o M AR Z i, b &
MR LIRSEIUY) (AcOEE ) 22 51 B AT AR ALl 25 AL IF
14t HE 218 3O 2 5 BT 40 M 5
Pi, A Z TR a R g E R, 0.5 ~ 2
mmol/L PIZT 8 ZE /KR YL 7 72 h J5 , W2 3] 4y fo JiF
IR, T AR Y8/, BE A 25 25 U B 1, P
ZIYINAETE Y RE B R 1gfbl FEPR 35K 1
TGF-B A48 33 P HIEE 1, e Tef-B1 7 HSC %
b, bRz [E B Al (ECM 7 A 4 ik A% o OCBEVE I
TEKAE A7 5 Tof-B1 P i KA BE 5t JIF b &
B, 2R R R R TR R 3R A B R T
TGF {55 M #A S HF H U5, I, 1A
Al FHF 5387 Tef-B1 78 HF & R R B/ER .

2.4 BEEREHDE HF HE
2.4.1 HBV/HCV ¥ L BED fh

N R 95 B (hepatitis C virus, HCV) 15 F 32

RN T B A A TR B S R B £

(14 0 AR AR Ao b i e 1 3 A A, 3 o I O
pFL-GIC (HCV IRES 4" $ 40> 8 F Core K ik) il
pFL-5AIR( &4 HCV NSSA {335 Bk #4F s
Core 5 NS5A WAl -8 Tgf-B H%E 5k -, 421 HSC
FEAL ) MFB, 4RI K ECM, 77 A= £F 4 Ak VE I
A Z B RS  HCV S5 5EHBE S A4 ) N Tef-B
MO B R B AFE HF b RE T, RIALEE R
B, %t HF A —E M /EA ™, R - 2 R 5%
5 3% (hepatitis B virus, HBV) /HCV & If-/8&Y kb #—
JREEEB T 55 & HF FUEAL, 1 J]# HBx+HCP
Tl B DRI D £ 240 L 8 & A SRR AR IS 5K K
HF &[40 i
2.4.2 B-catenin FEIER BT £

TENS P B ™ 8O 0 B, I AH 48 B ( liver
progenitor cell, LPCs ) 3458731 Jhy JF- 41 Jifd 55 J1H 487 290 i
Z 54, [HWF5ERM , LPCs M4 117 5 P
95 B A AR IIE EE o B4R, LPCs 38 23 43 UAIE RAE
AR DR, K A7 A 23 0 ) 98 i RN EF i gk
So FEM HE AL T — FhEr A9 BE I o R, B Tg
(fabp10a : pt-B-catenin )™ | 1% 557 0] 78 JIT 20 ffd 4 5+
PEJR B+ Fabp10a 1E 1T {2 35 J7F 4 g i1 30 DNA $i
AT, 3245000 I 40 JifL 38 1] 5 1 4R 4E | LPCs 1% 4k
LI HF il EGFR-ERK-SOX9 %l il fig #F K&
(%) LPCs 7] 4l 71k, 2 52 B g
2.4.3  Sox9b FEIH Rk 5 AR A

R AR R R 22 Fl PN RO S0 9 D RS 3
JELF S WA S A5 P B o T A5 A48 B R 448 e 4
17, e 5 ECM FEJF o BE B RS A 25 4L
A (bile duct ligation, BDL) J& & 7. /N BRI K B AR 71
TR HF AR 5 1 22— (H N % s 57 1
HF SBIGET 345 5, A R AR 25 9 0 4 FH T
Hro Sox9 FEPH EHIFIKFNAAE AN MY , 7248 1 - #6145
BF LN Y Sox9 FERIFRIR 1, 5 AEAVNER
ANTA] B Hy f0 B PR 20 AEFE A Sox9 R, 43 51
M Sox9a  Hl Sox9b"* 4 dpf ( days post
fertilization ) IE 55 £ 5B HAG #2558 A Sox9a/b FHEH
FIKAF T, s0x9b™ P FE R BEH #1 7E 5 mpf ( months
post fertilization ) , FH T H y1 I R 75 1 g it 22
BT SRR
2.4.4 MicroRNA-21( miRNA-21) #% 5L R B 2 £

MicroRNA-21 ( miRNA-21) %% 3 [ 5 & fa 7€ 6
mpf, AT B 5 U 52 3] 240 B PN ) B 5 52 ) 6 TR A
(Mallory-Denk bodies, MDBs ) 34 22 3£} B 48 4iF #11 HF
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W& A, anlE e DEN 402 3 ~ 9 AN H , &k
HF (&R R 5 — b2k L,
FEEFEE AR TN DEN 1A A B AT LR R 47 46 52 56
A,
2.4.5 Tol2 ¥4 F i HE A B Hy £y

N 2 % (endothelin, ET ) 2R I ) 3= 2235 Bir A B
fE ET 1Y 3 4~ H BT % % (Ednl , Edn2  Edn3) 17,
Edn1 R EAT P85 58 RE 5 0 R 195 240 e 43 £k 1) A
F., HSC WS LBIA R & HE AR A0 i i
ET 932K EAF HSC 7Y ednl H 3L BETh £
163 ~ 11 mdp, TR IR LT 45 B m e

Rz 4 i b Rz ] BT FR AR ( epithelial-
mesenchymal transition, EMT) Akl MFB ;&&= 5
HFP | BF5E %3, Dact2 3B e 2k EMTS |
Su S5 fifi R A I DR BRE I £ A 5T RO SR A
(Aurora A) TEMFH IVER, & 38 AURKA (V3521) #%
JEABE Lt 5L T AURKA(WT) ¥5 5L R BEE 0 2 > H
KA HF TE 5 ~ 7 mpf BIFpEEIE A0 Crgfa T
Hpse &R FIE LA, IF 2 it ey HCC, X T/
FRUp e PRI AR R U, BRIV 28 5k K 00375 5 i o 4 2 o
{PBSREAR" , FRIL AT AR B 25 A Lb /N U Ry 4
J& T A NS BB Y T

2.4.6 Tet-off/Tet-on 415 &4t

HF FREEH %5 HCC g 2 17 AH ¢, BIFE HCC
S HF ARa A2k R, i 0100 s B0 R R A R
7 ~ 12 A Gankyrin FFEHNBE L 2 A AR % |
AR ASPE HF (HCC %5 — R AL, Yan
LT 2 G PE YL AT S PR, Kras"™ 6 3 IR BXE 25 £ T TN
Collagen I FJZHR i £ PR 16 AL HSC 19 LE
BB ERE I, IAVE S KRG, 7% 5 K B 5 £ HF
FEArR I R A

FE_ R HF BRI 28 1 A5 R R E) 5 R
IRAG — 8 I LR (R L 2 5 — I AR AR T A
W R AR, HF B &L — R8I, 2
Wiy AR ] LR 41 A 2 A2 HF 54 B Be Y
SFAERAE  AH 259 R A FH B AR [R] 25 4 1 AL I 17
AR, 254 HF R 25 4 F e A7 78— 1 Jm PR
P UTEEAE R TR T B ORI BB, B 5T B
L 2830 1o A B ) 356 PR 4 fe S B AR o 3 PR 7
RO Rk I HAEBR RSN R, LK
e SR 22 15 B 2 0805557, 5 | & B4 JHF 95 28 1 45 153
R A, 434 Sk R 3t 16 Js AR T DARRE A &I 1 HIF
H et Ji y HCC, PR G 6 P HF A7 B 5
5T HF AR bR LT X 2507 &

F1 HLfa HF BIR
Table 1 Zebrafish liver fibrosis model

IR IR Vit S
39 B R K] I WIRES Exoerimental AR 275 3CHk
Period of onset Inducing drug/ Dose Method pert d Mold basis References
of exposure modifying gene peno
RIRBELYe (0 G e e (0, KR
2F 4k 9 L, Collala, Hpse2 . Mmp?2 |
7. RETLEARE 34 Tefola. Timp2a 335 L
7 mpf 1% . IF and Sirius red staining, deposition of [ 11]
P Ethanol Exposure with ethanol 3 months g, e
collagen fibers in liver; expression up-
regulation of Collala, Hpse2, Mmp2,
Tgfbla, Timp2a
8 mof - 0.2% T LK 4 J4 Collala ik 1M (2]
p Ethanol ’ Exposure with ethanol 4 weeks Expression up-regulation of Collala
. TR T LHIKIE W Collagen I TR
12 mpf EOH/MTZ Exposure with ethanol 3d Deposition of Collagen [ [13]
|~ 4 & MASSON | % % 9 ' Y €, Jie ot 2T 4k
" - . - o TR VIR Collala Acta2 3235 i
;hﬂyq N 4 mpL:Zt;thc | 2% E%ﬁ?lﬁiik{g(& ! 5d IF and MASSON staining, deposition of [ 18]
1l emb mprTetiang xposure with ethano collagen fibers in liver; expression up-
cetl embryo regulation of Collala, Acta2
RIRBLG A RIFLF AV ; Crgfa
2 ] 24H Hpse .Collala PR M
3 mpf I—'ﬁljiglﬂl—fat feeding 83 mg - 2 months Sirius  red staining, deposition of [19]

collagen fibers in liver; expression up-
regulation of Cigfa, Hpse, Collala
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embryo

Pdgf-a, Pdgf-b

&Rl
REAL w2t -
e et R Al ik o 5 B3k
Period of onset Inducing drug/ Dose Method pert d Mold basis References
of exposure modifying gene peno
MASSON Yt | i JE T 4E DT R ; o-SMA
. ik bk
B 124 Rl y
6 mpf . . 20% - MASSON  staining, deposition of [20]
High-fat feeding 12 weeks Lo .
collagen fibers in liver; expression up-
regulation of a-sma
RIRRLLG, JEIR LT 4T Tef-B
. ik bk
B 2 JOREW y
18 mpf . . 20 mg - Sirius  red staining, deposition of [21]
High-fat feeding 24 weeks L .
collagen fibers in liver; expression up-
regulation of Tgf-B
KRB 2 g ) I i D 2F 4k DU
300 mg/kg 2~ 4/ Collagen I | Tgf-B1. Ctgf, Timp 3 ik
A3 RS oA
2 hpf HCP+TAA/TAA 300 mg/kg Intraperitoneal 24 ks/ Sirius red staining, deposition of [23]
3 times  injection 4-3 Week:s collagen fibers in liver; expression up-
per-week weeks regulation of Collagen 1, TgfBl1,
Ctgf, Timp
= . G i ety B JRET 4R LA
it TAA 5 mg/mL BT TAA KRR 72 h Cixzz :a%inﬁ¥ﬂﬁfliﬁoz;tf): of collagen [24]
Adult Exposure with TAA yemor) Saiing, epos orase
fibers in liver
e e m N Taf-B1 . Tef-Br2 ik I
3 dpf TAA L~ 100 BT TAA KI5y Ef:)issioﬁfirp—iz;ati(jnj of TefBl, [25]
mmol/L  Exposure with TAA ’
Tgf-Br2
PNE/ SRR AN N N o VAR
collagen lal | acta2 | hand2, TGF B,
SDF-1a SDF-1b 3k [
TR T TAA KB Sirius  red staining, deposition of
2 dpf TaA 0. 06% Exposure with TAA 6d collagen fibers in liver [26]
Expression up-regulation of collagen
lal . acta2 . hand2 , TGF B, SDF-la
SDF-1b
Gemori (0 FI R AR LT YL 6 , R £T
150 ~ 200 #§E T DEN KiEHR 4 ~ 6 JA Heid YA
3 mpf DEN . . .. - [29]
mg/L Exposure with DEN 4 ~ 6 weeks Gemori and  Sirius red staining,
deposition of collagen fibers in liver
- PN YA R S £ 4 TR
. L~ 100 BEET BPS K RIRBILRE, BIRF AR
3 hpf BPS . . 120 d Sirius  red staining, deposition of [32]
wg/L Exposure with BPS . -
collagen fibers in liver
FTET AcOELE
0.3 IR JEE LT AT
4 dpf AcOEE we/mL Exposure 24h Deposition of collagen fibers in liver [34]
with AcOEtE
FEER TR R/ A
AHR/ B EHHE BHHRKBEW Fabp10  Lepr , Tgfb1 Fik 17/
3 dpf Erythromycin/ 2 mmol/L Exposure with 72 h Expression up-regulation of Fabpl0, [35]
Azithromycin Erythromycin/ Lepr, Tgfbl
Azithromycin
GIETOCR AR LR E R
3 mof KAE FIH +igf-Bla 1~3 6 JH L YEGIA [37]
P Mifepristone+igf-Bla pmol/L 6 weeks IF and Sirius red staining, deposition of
collagen fibers in liver
8 21 i N
’ AT - - - s
JIEiG pFL-GIC/pFL-GIC + B LTS 04 gg/ B fdgf @ Pdgf I;?‘Lzﬁ e, [39]
8-cell pFL-5AiR Microinjection xpression - up-regitation o R
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&Rl
R w2, i
) et R Al ik o IR 231k
Period of onset Inducing drug/ Dose Method pert d Mold basis References
of exposure modifying gene peno
MASSON R AR JE 21 Je &, Jie Ji £F 4
YUBL; Tefbl Mmp9 F2ik L
F3 1% 11H MASSON and Sirius red staining,
+ - _
F3 generation HBx+HCP 1 month deposition of collagen fibers in liver; [41]
expression up-regulation of
Tgfbl, Mmp9
F1 1t 51MH JE R LT HEDTAR
. s0x9b - - .. . L. [48]
F1 generation 5 months Deposition of collagen fibers in liver
. I e MASSON K22 £1 3 6, ¢ T
\ MicroRNA-21/ AT DEN K 31 H R MAS 1 Sirine rod staini
21 dpf . . JLFL MASSON and Sirius red staining, [ 49]
MicroRNA-21+DEN Exposure with DEN 6 months/ .. . .
deposition of collagen fibers in liver
3 months
a-sma, Collagenlal , Cigfa, Mmp9 .
L
FI A TR EETFAS 11 Lova Jam2 FE LI
F1 Al Ednl - Tol2 tr: X 1 ths Expression up-regulation of a-sma, [51]
generation 0]2 transposon months Collagenlal, Cigfa, Mmp9. Lova.
lamb2
S AT 4 LR
2 1t 6 1A MASSON, JJREFAEDIR
. dact2 - - MASSON  staining, deposition of [53]
F2 generation 6 months . L
collagen fibers in liver
F1 1% AURKA _ Tol2 ¥ &4 7 5~71H Ctgfa Hpse Fik 17 [54]
F1 generation Tol2 transposon 5 ~ 7 months  Expression up-regulation of Cigfa, Hpse
p et el R4 T~ 2AA R -
e antyrm Tet-off system 7 ~ 12 weeks  Deposition of collagen fibers in liver
generation
N y2E 7 - Y o ]
. Tet-On Z4: ﬁfi{a.}[ﬁ*@,(loll.agen I B&m -
3 dpf Kras - 4d IF staining, expression up-regulation of  [57]

Tet-On system

Collagen |

3 WO& HF ARPEZUHGYIER
ML

BG4 30 , (B T 1. HF R k47 24
WY R AT T 22, L4 I 5 1 3 9 2 1) B/ |
RPN BT SRR B A A 3 A O ARG L P TS
B RO O S BRI, K 8 HF
P2 (178 A ANBE D 0 2 il AR <P 1Y, R 76
BEI 0 A Y AT 5 A P A I B 458 0 1 25 9 43
TR, B4 HF 16T 254 B b e sh 24
RN T 108037045, FLXF HE A — 52 B F55 AA T
TER(LZR2)

4 MOERASHMIHWMEBR LR

/NS D WL 3 T e o A T A AR, LT 4%
HFIZhRE S AL, (EFL s IR h &k & T R
Ferh B E R, Ok B Y A L
Z R AE— ey i BA /N R AR A sh B e ik
BACAIE S (1) B AR AGZE A, m] LR
O B0 i A e R O W

F2BE 0 g 0 R HF 358 3 90k I R AR
Bifi 7 25 ) A RS [] SE A, JH21 21 PN H B Dt 41 4 7T
UG, (2) BT 76 BEAE RE 7 ok S 50 J8 10 Je 1)
ey AT DA ST IR s R AT, BEEL A
FIFH U0 B4 P A8 35T LIAE 8 d NI EE ST HF A5
RIS (3) BEIh A R AR Al 5 B R R K
B ot4r, 4hfa HF AT G JC 1k 50 5 i i e A 2 1)
PR A, T BE D £ B A0 5k AR 4 R Kb T X R OR
R UNRIE Y e 1 ~ 2 % B a7
2 ~ 5% WL R B, BE S £l TR GE A HE X
B VEPIRIARSE . (4) D5 AKEFREH
LR AL R PR | ELBE T 78 F AN M 4L A S 1%
AR B A5 TSN 28 HLAT W v A AR
(5) AMAEMAS HSC 1 MFB 0% 3458 T8 4k
R TS 5 B A BE S A iy Ay 2 B,

5 RE

M AT AL IR R R AR 2, A BEMIL i B A
AT o L 435 A ok T 2T 2 A 2 vh st A TR 0 RG /
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Table 2 Anti-fibrotic drugs and their mechanisms of action

P KU YR TR B Z:7% Sk
Active ingredient Source Animal model Down-regulated genes Rathogenesis References
. o TAA 5 5 Bt & . HF - o
FRMZB B oy I WAL 1
S[a}}vml plil?el.? R. Br. ;al];fla plebeia TAA-induced sebrafish meri)ve R [24]
ethanol extracts .Br. HF model epatocyle apoptosis
Ly DEN % & f HF s Vo
SR sy T W A
Ml]]ettlé . )t‘specmsa Mlll)e.llfla o DEN-induced sebrafish Bax, a-SMA, Tnf-a me'ri)vfx,t . [30]
aqueous extracts speciosa Champ (. " odel epatocyle apoptosis
PPAR % /& ¥ DEN i 5 3¢ & fa HF 114 TGF-B/smad 15 54
. . Bl Al . 3 B
CFT505.F35M PPAR receptor  DEN-induced  zebrafish  &/0"20» Smad Inhibition of the TGF-B/ [29]
agonist HF model smad signaling pathway
DEN ¥ & Bt & fi HF .
vl iaE IV cafbr2b SEP ik
AL i s Tgfvor2b, Smad Inhibits tgfbr2b [29]
Piperine Pepper DEN-induced zebrafish ’ .
HF model gene expression
LJEEE X %k DEN ¥ % B 4 fo HF i TGF-B/smad {55 54
LANYilEL HshHl i) . i
OCA farnesoid X  DEN-induced zebrafish Tefor2b, Smad Inhibition of the TGF-B/ [29]
receptor agonist HF model smad signaling pathway
W % } ; N , Wnt/Notch {553
D T UL T ol 7 R
SB415286 ,CHIR99021 ! Ethanol-induced  zebrafish A L [13]
Wnt receptor Notch signaling pathway Wnt/Notch signaling
. HF model . .
agonist pathway interaction
HFD % 5 Bt & 4 HF
RE AR FR ki ]
Oligo-fucoidan Brown seaweeds ~ High fat  diet-induced Hpse, Collala, Cigfa [19]
zebrafish HF model
N TAA i F & fi HF ;
4 A RS A HSC I
Mesenchymal /MR ol Actad, Hand-2SAf-1a, g pnie hepatic stellate [ 257
esenciiyma Mice TAA-induced  zebrafish  Sdf-1b, Tgf-B frubis - Aepatic - steflate
stromal cells cell activation
HF model
TAA i % B 5 fi HF
INZEB-3-0- 20T 44E Al
kaempferol-3-rutinoside Flos Carthami TAA-induced zebrafish o-SMA, Collagen 1 [26]
HF model
A | HSC §
D-H & H k7| MPI-CDG Bt 1 fh 5 7 Collalb, Acta2, Pdgfrb, imhFF}J Esch‘ﬂf_ ellat (18]
D-Mannose Plant MPI-CDG zebrafish model ~ Lamb4a, Timp2b frubis - hepatie - steflate
cell activation
A N i LPCs [ FF405
ECFRAGF  HEAEAEET fK) ek LPC RIAFANIRYS fe
AG1478 . . N Acta2, Collagen 1 Promote the differentiation [48]
EGFR inhibitor Transgenic zebrafish model -
of LPCs into hepatocytes
HEER By, #A:K B, HCV IRES-BE L fa il Heparanase , Pdgf-a, [40]
Vitamin B, Vitamin B, HCV IRES-zebrafish model  Pdgf-B, Tgf-B
W75 BABPEHA hras AP B 1V HSC T At
Cilengitide Integrin kras"'? transgenic ~ Collagen [, TgfBl Inhibits  hepatic ~ stellate [57]
trifluoroacetate salt Antagonist zebrafish model cell activation

PRI TR R T 2 SR R G R
(S5 3 A0 TS P o 7 M2 44 Al F s 2 3
R rb P9 2% i 240 22 [ A9 AR EL VR R e Bz o B
FNARAE LA 5 | R R 2k 27 24 Ak 2 R 400 e R UL
LT U0 A i A SRR A A R Ak
T I, HOR A ARSI W/ B-EE R FAE

S38 %  Notch 15 5 %  #% A F kB (nuclear factor-
kB, NF-«B ) {5 5 il | 22 2536 16 & B 0
( mitogen-activated protein kinase , MAPK) 15 5 i i |
Hippo ( -0 H (4 85 I ) / YAP ( Yes M EE 1) 15
50 %, TGF-B/Smad M B MR UL B 3-34 Al
( phosphoinositide 3-kinase, PI3K ) -AKT-Iii 7. 3 ¥ 5
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PA2E 2 AR ( mammalian target of rapamycin, mTOR )
F I O S 5 IR A AR ol
WoE & BB g, T FURNAKHS T Caspase A%
FET- S5 B FLF A i) e A AL e v 27 ik
1A RIFA LA B I, A LB LR G5 DL B & A
TR I PR S s BRI

A BE Byt HF S5 125 A 0] LA SE 3 MA [7)
F18) 9 D R SRS AL ek IR v EH BT B AZ AL, AN
A LLNESCEE 0 S 6 R0 24 ) 7 8 1) 7 5K, 38 TT LA
TE S B AR TP o0 2% A PR 1T AT AR AR AT S B
XF HF & L] i E J 107 245 ) i e  AH OG e
o R SEHEATIR A BRI SE . BT 2, FHA T M ik
SRR, BETh A0 HF BRI S — R4S | 5
g AR TT 8, R 9 s 45Ul 0T 507 ok 15 Y
SO FRATHIE , BE S f HF BemAs A i itk — 25 4R
UV SRR TTNE N N N T L 3
UEHTHIRY T HE RURRY T O AR R L2
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