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[ Abstract] TGF-B1 is considered a key mediator in the formation of hepatic fibrosis and mainly acts by activating
the downstream Smad signaling pathway. Smad2 and Smad3 are two major downstream regulators that promote TGF-B1-
mediated tissue fibrosis, while Smad7 is a negative-feedback regulator of the TGF-B1/Smad pathway and inhibits TGF-B1-
mediated hepatic fibrosis. A growing number of studies are showing that natural products can delay the progression of
hepatic fibrosis by regulating the TGF-B1/Smad pathway, inhibiting HSC activation, and reducing ECM deposition. This

article reviews the molecular mechanism of the TGF-B1/Smad signaling pathway in hepatic fibrosis, and summarizes the
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natural products that target the regulation of this pathway, providing a reference for research into the treatment of hepatic

fibrosis.
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Table 1 Natural products treat HF by regulating TGF-$1/Smad

ES KK ) oy i ESE7 Rk EX7/pyemd 275 3CHk
Classification Natural product Experimental model Drug dose Biological effect References
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MCD diet induced C57BL/6
mice
THIEEAES SD KR | Cell proliferation and
' . TGF-B1 155 HSC-T6 4 iy activation ,ALT ,AST | TBIL ,«-
Qm&% Dimethylnitrosamine induced SD 1?65’;430 mg{ﬁi; SMA [TIMP1 ,Snail , Collagen (32
uereetm rats; TGF-B1 induced HSC- pmo I .Collagen Il ,Smad2
S T6 cells 1 E-cadherin MMP1
Flavonoid ! ALT (AST ,Collagen 1 |
WEAMGEE CCl, 755 KM /M 100 ~ 400 mg/kg Collagen 1l \TGF-B1 Smad2 .
[34]
Dihydromyricetin CCl, induced KM mice Smad4 ,a-SMA
1 Smad7
TS 24 CCl, 75 KM /ML 100 mg/kg barr ‘IASTS‘C"lEggn Ilz‘TGF' [35)
Tengcha flavonoids CCl, induced KM mice B1.p-Smad2, Sma
1 Smad7
N | Cell proliferation . Collagen I
4 2 N N
S ?EE‘ /\t@ﬂ HSC-T6 4l fifd 1 ~ 2 me/ml Collagen IIl ,Vimentin \ TGF-B1 [38]
e Sarmentosum HSC-T6 cells mem Smad2/3
total flavanones .
1 E-cadherin
| ALT AST .LDH Hyp .TNF-a ,
yp
IL-1B .IL-6 ,Caspase-3 , Cleaved
TGF-B1 'S HSC-T6 4L ; caspase-3 Cleaved PARP Bcl2 |
izgﬁ CC14 i?_;:ﬁﬂ‘ C57BL/6] /J\ﬁ 1.25 ~ 5 mg/mL CyClIn AZ‘CyC]Il’] Bl ‘Cyclln BZ\
Ganoderma . . . ’ Cyclin D1, Collagen I \a-SMA | (40]
. . TGF-B1 induced HSC-T6 cells; 150 ~ 300 mg/kg
lucidum polysaccharide CCl, induced C57BL/6] mic TGF-B1,p-Smad2 ,p-Smad3 |
4 1cuce fmiee ITGA6 . ITGAS
1 Smad7 . Cleaved caspase-3 |
Cleaved PARP ,Cyclin E1 |
L AST ALT .collagen I .-
5L e TGF-B1 5% 1LX-2 4ii}f; CCl, SMA ,TIMP1 MMP9 MDA
) N iNOS \IL-6 . IL-11 ,TNF-«a
Radix S KM /N 50 ~ 200 pg/mL; b es NFL : (4]
. . TLR4 ,MyD88 ,NF-kBp65 ,p-
codonopsis TGF-B1 induced LX-2 cells; 50 ~ 100 mg/kg kB NF-kBo65_I<B
polysaccharide CCl, induced KM mice KB pIVETKEPDI KB

TGF-B1.Smad3 ,P-Smad3
1 MMP1 .GSH ,SOD
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S KR W) SR 2R A YIRON; 275 Sk
Classification Natural product Experimental model Drug dose Biological effect References
| ALT AST TBIL.CIV PCII .
LN HA MDA IL-1B.IL-6
R W . JHAL N N N
W‘F f Yflg*ﬁ CCl, %5 SD KR S0 - 200 sk TNF-a.Smad4 PAI-1 . Imp7 . .
frond mln a harid CCl, induced SD rats me/kg Imp8 .miR-54
. rondosa polysaccharide £ 50D GSH-Px .Smad7 .
E20 =S miR-146a
Polysaccharides
SRR B TGF-B1 5% LX-2 4l ; CCl, | TGF-B1 .Smad2 Smad3 p-
PRI RSB 4H4LIE S €57 /ML smad2 p-smad3 ,COLIAI a-
Propylene glycol 5.8 mg/mL; [44]

alginate
sodium sulphate

BT M

Piperlongumine

LR ES
Alkaloids LS

Ligustrazine

S

Oxymatrine

Curcumin

‘ A
liES Honokiol

Phenols

FHERER b

Salvianolic acid b

NSRBI rgl
Ginsenoside rgl
EATES
Saponins
! S
Panax
notoginseng saponins

FIE S c-21 SRR

Total c-21 steroidal

glucosides from the root

of cynanchum
auriculatum

SIS

Steroids

o- P PRI AE ) 155 i

Plant sterol ester of
a-linolenic acid

TGF-B1 induced LX-2 cells;
CCl, and common bile duct

ligation induced C57 mice

GEVSRERAE (N7 S R T AN
Common bile duct ligation
induced Swiss albino mice

TGF-B1 55 HSC-T6 i)l ; &
P S A S5 SD /MR
TGF-B1 induced HSC-T6 cells;
Ethanol-induced common bile
duct ligation in SD mice

TGF-B1 55 HSC-T6 4
TGF-B1 induced HSC-T6 cells

TGF-B1 55 1X-2 4iliid ; CCl,
B €57 /MR
TGF-B1 induced LX-2 cells;
CCl, induced C57 mice

Con A 55 SD KR
Con A induced SD rats

TGF-B1 55 LX-2 HSC-T6 i
il ; — 2 FE WA EA T KM
N
TGF-B1 induced LX-2 HSC-T6

cells; Diethylnitrosamine induced

KM mice

FIRIR T S CSTBL/6) /MR
ngh fat diet induced C57BL/6]

mice

CCl, 5% C57BL/6 /MR
CCl, induced C57BL/6 mice

TGF-B1 B4 %ﬁ%wﬁ‘? LX-2

TGF-B1 Lomblned with LPS
induced LX-2 cells

o e e L R B
C57BL/6] /M
High fat and high cholesterol diet
induced C57BL/6] mice

12.5 ~ 50 mg/kg

1.25 ~ 5 mg/kg

2.5 pg/mL;
10 mg /kg

125 ~ 500 pg/mL

20 pmol/L;
100 mg/kg

10 mg/kg

25 ~ 100 pmol/L;
15 ~ 30 mg/kg

20 ~ 40 mg/kg

400 mg/kg

10 ~ 40 mg/L.

3.3% o- T RIRAH
Wy 54 e i
3.3% plant sterol
ester of a-linolenic
acid

SMA IL-6 TIMP1  Beclin-1 ,p-
STAT3
T MMP2 p62

| Fibronectin , Vimentin ,
Collagen 1 ,Collagen I -
SMA Smad2/Smad3 . TGF-B1
TGF-BR I . TGF-BR 1
1 Smad7

| Collagen T .a-SMA TGF-BR
II .Smad4 ,p-Smad2 ,p-Smad3 .
TGF-B1,
1 miR-145

| Cell viability ,a-SMA |
miR-195
1 Smad7

| Cell activation . AST ALT .Cr.
BUN HYP ,a-SMA | Collagen
I .Collagen I \IL-10 IFN-y,
Smad2 ,p65

| ALT AST ALP MDA .iNOS .

NF-kB IFN-y . TNF-a .a-SMA

TGF-B1,p-Smad2/3 p-JUN p38
1 GSH .SOD

| a-SMA, Collagen I \PAI-1,
p-ERK1/2 ERK1/2 p-JNK1/2,
JNK1/2 .p-p38.p38 .p-Smad2C ,

p-Smad2L p-Smad3L  TGF-B1

L FBG Insulin SBP (OGTT,
ITT \ALT ,AST TG \TC ,a-SMA |
Collagen I Collagen Il \TGF-
B1.p-Smad3

| TC TG \,TGF-B1 ,Smad3

1 cell proliferation ,a-SMA |
TGF-B1 NF-kB HYP p-
Smad2 ,Smad2 ,p-Smad3 |

Smad3
1 IkB-a

} ALT AST HYP .COL1A1
CTGF ,a-SMA \TGF-B1 ,p-
Smad2 ,Smad2/3

[45]

[47]

[48]

[49]

[50]

[51]

[53]

[54]

[57]
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S KR W) SR Bk bR A YIRON; 275 Sk
Classification Natural product Experimental model Drug dose Biological effect References
TGF-B1 iS5 JFEAR SD K HSC | Cell proliferation ,ROS ,a-
H e P HER 4l i SMA ,Smad2/3 .p-Smad2/3 , (58]
. . . 2 ~ 8 pmol/L
Plumbagin TGF-B1 induced primary SD rat Collagen Il
HSC cells 1 Smad7
=S
Quinones TGF-B1 S LX-2 4l ; R4 | Cell viability ALT AST . TC .
i A 3 : ~
FEE fia M- MHMER Z RS Wistar 0y g, TGLTBILUTBAHAIV-C LN, .
Tanshinone iia K 20 mg/kg PCII TGF-BL,a-SMA,
i ’ TGF-B1 induced LX-2 cells; Smad2 ,Smad3
MCD diet induced Wistar mice 1 Smad7
i | ALT AST Hyp ,a-SMA |
R e CCl, 5 C57BL/6 /MR, 10 me/k Collagen I .TGF-B1.p-Smad2. [60]
Forsythin CCl, induced C57BL/6 mice me ke p-Smad3
1 Smad7
byt 3
ji?;:ifs | a-SMA Collagen I PI-1 p-
TR T TGF-B1 i 1X-2 40 5 wmol/L ERK .ERK ,p-JNK ,JNK,p-p38 , o
Schisandrol TGF-B1 induced LX-2 cells p38 p-Smadl Smadl p-Smad/
’ S o 23 Smad2/3 Smad4 \NF-«B p-
NF-«B |
TGF-B1 55 HSC-T6,JS-1,LX-
. 2 21 CCL, S SD /ML | Hyp .Collagen 1 .a-SMA |
wACA al . . 0.1 ~ 10 pmol/L;  CD31,p-Smad2/3 TGF-BR T (63]
Amvedalin TGF-B1 induced HSC-T6 ,JS-1 1.35 ~ 2.7 mg/k TGF-R 1l
Ve LX-2 cells; CCl, induced : : 6 ¢
D mi TCh44
N mice
Hpbzk
Other types CClL+ AP ERE + Mk
WEEE + 20 + SR

Zedoary turmeric oil C(fl4+ norepmephr'me + fetal
bovine serum albumin + ethanol
+ A high-fat, low-protein diet

induced KM mice

O AR

Gentianella turkestanorum

TGF-B1 i3 LX-2 4l
TGF-B1 induced LX-2 cells

CCl, 5 C57BL/6] /N ; IH
BEHIAS CSTBL/6) /)
R TGF-B1 755 LX-2 4l

CCl, induced C57BL/6] mice;

Common bile duct ligation
induced C57BL/6] mice; TGF-
B1 induced LX-2 cells

i I 5 A T S )
Withanolide extract of
physalis angulate

TOF.A] FRE: Ty T6 41
FIRT TGF-B1 55 LX-2 HSC-T6
O vk o CCL, 7 /ML
Natural product Lamiophlomis herba TGF-B1 induced LX-2 HSC-T6
extracts cells; CCl, induced mice
2yt Ak CCl, 7% CSTBL/6 /MR
Leaves of

CCl, induced C57BL/6 mice

tectona grandis

HSC-T6 ZiJid ; Porcine Serum 75

SEAT A (e /i

Vo Bﬁﬁﬁiﬁd 7 SD AR
yu HSC-T6 cells; Porcine Serum
vinegar )

induced SD rats

0.25 ~ 0.75 mg/100g

100 ~ 300 pg/mL

2.5 ~ 10 mg/kg;
5 ~ 10 mg/kg;
5 ~ 10 pg/mL

50 ~ 200 pwg/mL;
50 ~ 100 mg/kg

50 ~ 200 mg/kg

5% ~ 20%% 24 1ML
W (14.25 g/kg)

5% ~ 20%; 0.95
~ 1.9 g/kg
Drug-containing
serum (14.25 g/kg) ;
0.95 ~ 1.9 g/kg

} TGF-B1 .Smad2 Smad3

| Cell proliferation and
activation ,Smad3 .Smad4 |
TGF-B1
1 Apoptosis . Smad7

| ALT AST ACTA2 .COLIALI .
a-SMA [ YAP p-Smad2 |
Smad2/3

| Cell viability ,AST ,ALT Hyp ,
FN.COL1Al ,a-SMA . TGF-B1 .
Smad2/3 ,Smad4
1 Caspase-3,-8,-10 ,Smad7

| Collagen 1 ,a-SMA Smad2 .
TGF-B1.PDGF TIMP1 1 Smad7,
MMP3 MMP3/TIMP1

| ALT (AST AKP TGF-BI .
TGF-BR I .TGF-BR I |
Smad2 Smad3 PAI-1 TIMP1
1 Apoptosis ,Smad7 ,MMP-2 |
MMP3/TIMP1

[66]

[67]

[70]

T TR B | FORT IR

Note. 1. Up regulation or activation. | . Down regulation or inhibition.
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JH AR 40
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Natural product

PR

TGF-p1 Wk
—_— . .
Activation
l i
T ' Inhibition

ili Bessssas
WI BE S

MAPK. JNK. ERK.
p38. NF-kB. AKT.
mTOR

Smad-{F O E B
Smad-independent pathway
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Nucleus

B 1 RKRZYIME HSCs o TGF-B1/Smad 5 S ML
Figure 1 Mechanism map of natural products regulating TGF-B1/Smad transduction in HSCs

4 BE5RE
KR 7=y 0 38 3 P TGF-B1/Smad 3 [ | jﬂ]ﬁﬂ
HSC Ak, J/> ECM TTRR, NI SESE HF #EFE, 2R

,mfﬁ%FﬁﬂwBﬁfﬂm%ﬁﬁﬁ%ﬂn,%ﬁﬂ
*,Efﬁ L ML) o LA 4 o el i, DA B e = 75 B
HLARIIESE , HAM ] TGF-B1/Smad 1 BEETH 9 ELAHL
TR #E— L RAWFTE . I H AT R 7 ) 1 o
A R AE S | 20 PR ASE Y By B, 5 LR AT R T o
(R II PR AL X RS2 300 A6, 4T % 3 %0 0 T S
WFFEI ey B, A R 5 22 5 2 BF 5 48 7 K AR =)
P45 TGF-B1/Smad T HF BY/EHHLHI, N HF 24
YR K 5 7 P AL RS SR, HoA B A B B X
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