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Combination of EHE and Silymarin ameliorates liver fibrosis by inhibiting
TGF-8/Smad pathway in LX—-2 cells
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ABSTRACT

Objectives : Ephedrae Herba has been used in the East Asian traditional medicine, for treatment of asthma, cold and
influenza, Silymarin is an effective antioxidant and its anti—fibrogenic, anti—inflammatory, and hepatoprotective
properties have been reported, This study was performed to explore an anti—fibrogenic potential of Ephedrae Herba
extract (EHE) + silymarin on immortalized human hepatic stellate cell line, LX—2 cells,

Methods : We studied the anti—fibrogenic effects of EHE + silymarin on transforming growth factor g1 (TGF—A1)
signaling pathway in LX—2 cells, Cell viability was measured using the MTT assay. mRNA levels were detected by
real—time PCR. TGF—A1 signaling—related proteins expression were detected by Western blot,

Results : Silymarin 30 p#g/mL and EHE 100 pg/mL showed cytotoxicity on LX—2 cells, Therefore, the concentrations
of silymarin and EHE were studied at 10 pg/mL, respectively. Silymarin significantly reduced PAI—-1 protein expression,
Smad binding element (SBE) luciferase activity, and mRNA (PA/—1, MMP2 and 9) expression compared to TGF—41,
EHE significantly reduced SBE luciferase activity and mRNA (PA/—1, MMPZ2 and 9) expression compared to TGF—21,
More importantly, EHE + silymarin significantly reduced all parameters compared to TGF—£1, and also significantly
reduced compared to EHE alone and silymarin alone,

Conclusion : The results indicate that EHE + silymarin has anti—fibrogenic effect in LX—2 cells induced by TGF—A1.
Additionally, EHE + silymarin shows more effective anti—fibrogenic effect than EHE alone and silymarin alone,
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equisetina Bunge), U3 (£ intermedia Schrenk &
C.A.Mey)9d] AQH FogEO=R 3¢ - fiF - | - E&HS,
Jiti - BEES] —fgoll Z-E-5heh, BTARR, BN, MAGEMR,
BEEEBY] a0l o], FNEEFEKERE, AEIIHSE Agt
IR Ens, KiER RS, RIREER, BH 59 S A
gHH | o] it Avas EATHY AL g vt
of Wt A, o] gt ALY, A o gt A0,
Aol thgt A, =5 ehd Aol thgt ALY, vjnt J2A]
QPAAel tgt AT, ratell A F4 TR 54 A a7,
rato A oFFA AT A AR 47 E 2 Ao Bu
3 LX-2 AZ A 9] A q3to] Bt A9 Fo] Hug o]
P

3tH silymarin® W3NS (milk thistle; Silybum
marianum)®] R StelA &% o=, tRFE 9 FHFIE
B 23 7hA3e A asts o WgEd " 243} silymarine]
3t o]de o] wWEW, silymaring free radical
scavenger H&E st A5H AEH A} o WE X
S AaAA SAEHA $2 Az 35 BV A=
AR G2 AEZE BS54 Gl o= dHA jlon,
E3F silymarin RS A A QAAE B4 A 7H
B ALY AAE fESHE e, H&o] oFlAd TF &4 3
AAAE silymarin FoJg Aoz BAFHYF £3
g3t distod e M3 o= silymarine 713t
o ButEdoa fxE 4 Qe B9 435 (peritoneal
fibrosis)oll Al TGF—4/Smad signaling®] AAE E35}o] &
b5 dal 22 foFto] HuE Y, bl
NOME silymarin /o] 45t HZB-E dAPE0
R, QA AROA A5 TR A% BEgoly AbY
#A7F Yo, chadt YAk ol @ 2714 o wy
of g =& Abg Bagk HE Y, FA93E Tt )
o] A silymarin¥te] ¥EAFo] et AFEE, silymarindt
caffeine #W4% silymarin® sitagliptin® =8,
silymarin® 4% B2 silymarin® ¥EF (Gardeniae
Fructus) -89 &4-43 £31 So] RuE I},

2 ATANNE iR RS a2
WY D ORHRY BEIE oA AIXE 1309 F9 o F
TGF—-p1o2 ZAstE LX-2 A ZoJA plasminogen
activator inhibitor—1 (PAI-1)2] &&& 60% ©|4 AAsh=
9%9 & F stuel el et FAH 73t s YRS
ot B Ao e e 1Rt o 2 A2 8%
gt &8= A 9 58, G5 ALsy| sk L
silymaring #-83to], TGF-1o2 S/3te A2
oA Ad-s3ket T E JAAES HIFsHAH

I. Az 9 3y

1. AJek
AlZufjoko] "Q3t Williams' media E, Dulbecco’s
modified Eagle medium (DMEM), fetal bovine serum

(FBS), L—glutamine, penicillin—streptomycin< GibcoBRL
(Eggenstein, Germany)olA Y39, TGF-A12 R&D
Systems (Minneapolis, MN, USA)o|A F3t¥ch Anti—
PAI-1, anti—phospho—Smad2 (p—Smad2), anti—p—Smad3
2 anti—Smad2/3%} horseradish peroxidase’} 25 o|x}
3A = Cell Signaling Technology (Danvers, MA, USA)9j
A FYst4t. Silymarin, Dimethylsulfoxide (DMSO),
3—(4,5—dimethylthiazol—2—yl)—2, 5—diphenyl—tetrazoli
um bromide (MTT), anti—¢ smooth muscle actin (a¢—
SMA), anti—f—actin ¥ 7]g} A|2kF = Sigma—Aldrich
(St. Louis, MO, USA)oll A 43}t

2. fit# 94 #&%5 (Ephedrae Herba water

extract; EHE) A&

S ) UoFd At (Daegu, Korea)oll A tskg.on, fifgk
100 g& & 1.2 Lol ¥ 84 &3¢ ch. 300 mm filter
paper (Toyo Roshi Kaishal.td, Tokyo, Japan)Z F&%-&
Axgt & oS 3 - E5%7| (EYELA, Tokyo, Japan)Z
=235t9tt. 29HE Ultra—low temperature freezer
(Operon, Korea)oll 231, 0|8 4 4%7] (LABCONCO,
MO, USA)R Az3tY HFHo R FAARES #5313t
(& 23.26%). il FEE2 A 711 -20CoAA B
skal, AY A fiiE FEES B 59 0.22 pum filter
(Millipore, MA, USA)Z o3t & A3}, silymaring
DMSOo°| o] A X8t

3. A Zul ¥

AEAFS ole] AFHE T Lo ARt 3,
LX-2 AlZ (HAAAIE, HSC; human hepatic stellate
cel)= 10% FBS, 1% penicillin—streptomycin, 1%
L—glutamine X3}5l= DMEMo=Z |35l on,
t—HSC/Cl6 AlZ+= FBS ¥ 1% penicillin—streptomycin,
L—glutamine®] 3% Williams' media EE ARESHS 37T,
5% COp 2704 vigFstgit, LX-2 N2+ vi¢F dish vhe
w59] 80% ol 4 eL U] FBSTF ZatElA) e A2
nste] 5A7F Fet F7F wigd ¥, 1-100 pg/mLe
EHE, 1-30 pg/mL9] silymarin, 5 ng/mL% TGF-81<&
A% BAo] w2t AR elich,

4. NIZBEE 34

LX-2 AlZE 8 x 10" cells/well2 £33} 1-100 pg/
mL2 EHE 2 1-30 pg/mL9 silymaring 24A17F < A
2% % 0.5 mg/mLe] MTT &3t 24|17k 9h-&-A17]3L, A4 H
formazang DMSOZ £3|A1A 570 nmolA microplate
reader (Infinite M200 pro, Tecan, Minnedorf, Switzerland)
2 olgalo] FHES 2Yaiddct, A AERLES B
A2 control AlZgto] thieh WEE&= Yehfict,
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5. AN Z 229 AZX 9 immunoblot ¥4

EHE ¥ silymarin, TGF-81 5& S @A A3 &
A% LX-2 A|3EE radioimmnoprecipitation buffer®}
Halt protease and phosphatase inhibitor cocktail
(Thermo Scientific, Rockford, IL, USA)E Z33 lysis
bufferg 7}ste] 4TCoA 1A7F F2F ¥HEA]Z]2L 15,000
X gollA 108 &< YHEET T AFHE AAE =29
(whole cell lysates)© 2 FH3}lgtt, HAZ E=&HL BCA
protein assay kit (Thermo Scientific)S AHg-3}o] ghill S
AP &3 @il A-ES Laemli's sample buffer (Bio—
Rad, Hercules, CA, USA)2 Ao 587F &2 = 10%
polyacrylamide gel oA FA7gFetAct. 7|95 =
Ea " T A-E nitrocellulose membrane2 2 Ho|sto] U
AgA R oAt A o2 HEEAIZ] ¥ enhanced
chemiluminescence detection reagent (GE Healthcare
Life Sciences, Buckinghamshire, UK)®} Amersham™
Imager 600 (GE Healthcare Life Sciences)2 AF&3te] ¢
Wy Ud A=E ST 4 ddE A2 Imaged
(http://imagej.nih.gov/ij) B 4= LA

6, 2| Z¥ A2 &4

Smad binding element (SBE) w7} A} 4 &4 93]
fFxEy {AX pGL4.48[luc2p/SBE/Hygro] (Promega,
Madison, WI, USA)7} 3 =3 2% (~HSC/CI6 Al
IE o]-gste 77| FES AX|F F M| E passive lysis
buffer (Promega)® &35}t Luciferase Reporter Assay
System™ kit (Promega)E ©]83}9 luciferase L =
SEER FRRCERTERE

7. real-time PCR ¥4

X
AAZE PCR £A4& o] de] daga®a sda gyos,
Z7re] oFEEE AXT F $A% LX-2 AlZ2FH TRIzol
reagent (Thermo Scientific)E ©]83}9] total RNAS &
8% total RNA (2 pg)9F d(T)is primer 2 AMV HHA}
A4 (reverse transcriptase)S AFE3te] ¢cDNAE A3
t}, AA|ZF PCR £4]& SYBR Ex Taq (TaKaRa, Shiga,
Japan)¥} CFX96 Thermal Cycler (Bio—Rad)E& ARSI Th.
B Ao] A}&3t primer+ Bioneer (Daejeon, Korea)ol|A &
A3l 272} sequence= table 13} Zth, G2 A
A% GAPDH 4-4219] dradzg 7]& 02 27" Ty 93

4
J
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o
g
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=
n
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o

EAA £914L one way analysis of
variance® ARESIGoH, AMTEHAL FEAVIY O] HYst
& wolEs Tukey HSD test® AMESIAL, SEA 710l
AY8}A] S Ao Dunnett testS AHE3IATH E4
A g4 HAAL PL0.05 B= P 0,012 st4ar},

Table 1. Primer sequences used for RT-PCR analysis.
Product

Sequence

Sense 5 —TCGTCCAGCGGGATCTGA-3

PAI-1
Antisense 5 —CCTGGTCATGTTGCCTTTC-3
Sense 5 —GTATTTGATGGCATCGCTCA-3’
MMP2
Antisense 5 —CATTCCCTGCAAAGAACACA-3'
Sense 5 —CACTGTCCACCCCTCAGAGC—3'
MMP9
Antisense 5 —GCCACTTGTCGGCGATAAGG—3
Sense 5 ~GAAGGTGAAGGTCGGAGTC—3
GAPDH

Antisense 5 -GAAGATGGTGATGGGATTTC-3

m 2 =
1. EHE ¥ silymarin®] AN|ZAIE&&] u]x]+=
QI
, THRAA ZFQ] LX-2 A4 EHE®} silymarin®)
Nxz54E& Z+zt Hristgc. EHEE 1-100 pg/mL,
silymaring 1-30 pg/mL9 HE2 ZHzF 24X 7t AR5 &
MTT assay= &9t Al ZAYE&S ST
EHE 1-30 pg/mLE& A X|g 9= controlo] H]5}H
o3t N ZAEE9] H3tE yehA] ¢%kal, EHE 100 g
g/mLE HAXT ALE control (100.00 + 1,18%) thH]|
77.74 + 10.87%% §-2J3t N|EZEAL Ut Silymarin
1-10 pg/mLE AXE ¢+ controlwol H|ste] 9%t
N EZAEE0 H3lE YEeYR] 4%k, silymaring 30 pg/
mLE A X3 9L control (100,00 = 7.23%) thH] 69,77
+ 1.58%% 93t AZ25A4E ettt (Fig. 1).
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2. Silymarin®] PAI-19] W&o] u]x & 3%

TGF-B1/Smad A 29] BASH= H-98tet Ba® gAY
AAE 2dshH, TGF-419 F8 &3 $32<] PAI-12
Ty Aek Agke] 24 1ot Silymarin®] F4H4
35 B7kst7| $lgte] TGF-A122 B3t LX-2 A 204
PAI-19] 9T 9 $2& BAST,

PAI-1 Tl - o] WS TGF-A1 AX| el M & 13.44 +
0.559 2 control (1,00 + 0,13) o8] $-2J3HA Z7l5l82oH,
silymarin 10 pgg/mL7E 8,96 + 0.60812 TGF—B1A X+
diu] Fofgt HAE Jetdgleh. =3 silymarin 30 #g/mL
= 94 0.36 £ 0.03812 F-2J5t THAE Uetfdy (Fig. 2),
silymarin 30 pg/mLt2 Fig, 19| Aato A NEZEAHES
ebf it

o3 A1ZANE vlgto 2 0]%9 EHE + silymaring

= silymarin® %=+ 10 gg/mL, EHEQ] X += o] 9]
A7 Ao 'Y wat 10 pg/mLY] FEZ AFsEH,
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Fig. 1. Effect of EHE and silymarin on LX—2 cell viability.

Relative cell viability was assessed by MTT assay. LX-2 cells
were starved for 5 h and incubated with different concentrations
of (A) EHE (1, 3, 10, 30, 100 ug/mL) and (B) silymarin (1, 3, 10,
30 wg/mL) for 24 h. Data represent mean = SD of three
independent experiments. (*p  0.05, **p { 0.01 compared with
control cells)

—— — — PAI-1
B-Actin

16
G *%
s 14
E 12
o
£ 10 4
2
°
5 8
% 6
o
R
= 2
7]
x ##

0

Control - 1 3 10 30 Silymarin (ug/mL)
TGF-B1

Fig. 2. Effect of silymarin on TGF—41—stimulated PAI-1 expression.
LX—2 cells were pre—treated with indicated concentrations of
silymarin (1, 3, 10, 30 ug/mL) for 1 h, then stimulated with the 5
ng/mL of TGF—A1 for 24 h, The expression of TGF—31—induced
PAI-1 was analyzed by Western blot. Relative expression of
PAI-1 was quantified by densitometry scan. S—actin was used
as a loading control. Results are expressed as the mean = SD
of three independent experiments. (**o { 0.01 compared with
control cells; ##o { 0.01. compared with TGF—31 treated cells)

3. EHE + silymarin®] PAI-1 ¥ ¢—-SMA %
o n X = FFF

TGF—41/Smad 29| B34 Afstel Fad fa72)
AXE 2483 TGF-819] 2 %3 |HAQ PAI-12
Ty At Aol Fa dxtolm ¥ EF TGF-A1L 1z
ZHYRAZO A a—SMA HES GEsteg’ TGF-p1o8
B93te LX-2 A|2of|A PAI-13t ¢—-SMAS] W&o tigt

EHE+ silymarin®| &3+& A HE gttt

PAI-1 Thel o] Wt e TGF-R1AX|FAAE 12,43 +
0.68H1Z control (1,00 + 0,26) thH] {2314 Z71slg.0H,
silymarin 10 pgg/mL7 9,03 + 1, 11812 TGF-B1A X+
e &%t A4S UYeElglen, EHE 10 pg/mLa-2 13.64
+ 11082 {93 235 YetlA gttt 12U EHE +
silymarin?< 5,08 £ 0.97H|& TGF-A14 2]+ tiv] {95t
aE yelgglen, E£3 EHE 10 pg/mL+ ¥ silymarin
10 pg/mLad HWSAAE {3 S5 YeERfich
(Fig. 3A).

a—SMAY] &2 TGF-B1A Aol A= 1.95 + 011812
control (1.00 £ 0.24) tiu] §-2l8tA 7kt H, silymarin
10 pg/mL7L 1.63 + 0,208, EHE 10 pg/mL72 2.44
+ 0.14¥2 TGF-R1AXZ diH] |23t A5 YehlA
F3l9t, 28y EHE + silymaring2 1,01 + 0,258]2
TGF-B1AX T o8] o5 AAaE Uetfiglen, E3 EHE
10 pg/mL7 ¥ silymarin 10 gg/mL+3} B XSl AE &
9% IAE YER St (Fig. 3B).
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Fig. 3. Effect of EHE + silymarin on TGF—31—stimulated PAI-1 and
a—SMA expressions,

[X—2 cells were pre—treated with 10 ug/mL of EHE or silymarin
for 1 h, then stimulated with the 5 ng/mL of TGF—31 for 24 h.
(A) The expressions of TGF—31—induced PAI-1 and (B) a—SMA
were analyzed by Western blot. Relative expression of the bands
were quantified by densitometry scan. S—actin was used as a
loading control. Results are expressed as the mean = SD of
three independent experiments. (**o ( 0.01 compared with
control cells; ##o { 0.01. compared with TGF—81 treated cells)
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4, EHE + silymarin®] Smad®] Q14lste] u]x]+&=
q3F

autd o 2 3 TGF-B12 TGF-B 484 (TGF-ART,
TGF-AR 1)¢} 2319 Smad29t Smad3S A8l 914k
319 p—Smad29} p—Smad3E Ho 2 A3t A3t B
GARY] AALE §=5tr, AZ7]E (ECM; extracellular
matrix)g &2,

£ Aol p—Smad29] IdL TGF-RIAHX| A=
control (1,00 = 1,57) ti¥] 24,47 + 0.89°]Z 5-2]3}A
F7Fetg e, slilymarin 10 pg/mL7-2 20,24 + 3,544,
EHE 10 pg/mLa2 17.44 + 3.35¥|2 TGF-B1A4 X< o
H) {9 s UehfiA] gekeyt, EHE + silymarinet&
9.86 £ 3.35M|2 TGF-A1AAZ tu] §9& F4E ve
Weleom, E3F EHE 10 gg/mL+ ¥ silymarin 10 pgg/mL
o3} H| Wt M= §o% HAaE ettt (Fig. 4A and B),

p—Smad39] ¥&EL TGF-L1AXZ)A = control (1,00

A)
—— — | p-Smad2
e v e | P-Smad3
o we = o ‘ Smad2/3
- - - + + EHE (10 pg/mL)
= & + -+  Silymarin (10 pg/mL)
o + o+ + + TGF-p1
)

Relative p-Smad3 protein level

EHE (10 ug/mL)
Silymarin (10 pg/mL)

+
+

- + -
+ + + + TGF-p1

+

Fig. 4. Inhibitory effect of EHE + silymarin on TGF—31/Smad pathway.

* 0.41) ?iH] 20.92 + 2.68¥]2 [o5HA F7tetR e,
slilymarin 10 pgg/mL7-& 17.80 + 2.554), EHE 10 pg/
mL7-& 15,38 + 265812 TGF-A1-Z thu] {23t 2+
A5 Yel R gteyt, EHE + silymaring?< 9.63 +
1.16W12 TGF-B1A A thr] {23 AaE Uehliglen,
E3 EHE 10 pg/mLa ¥ silymarin 10 pg/mLat3} v
sty A= Fo5t A5 Ut AT (Fig. 4A and O).

Smad Z&49 ¥ (SBE) luciferase EAlol|A TGF-B1A X
2o A= control (1,00 £ 0.33) thH] 19.25 + 1.07H|=2
FoJ5HA F718lR e, slilymarin 10 pg/mLa-2 8,54 +
2. 7492 TGF-B1A A Hi8] §4 (p € 0.01) F2E
e, EHE 10 pgg/mLat FA| 14,97 + 02282
TGF-B1IAA T HH] 9% (p € 0.05) F2E Uetfi it
E3 EHE + silymarind2 2.49 + 1. 38H12 TGF-B14A]
= E] FofRt HAag YEhlglen, B3 EHE 10 pg/mLat
4 silymarin 10 x g/mL=3} BlRStAANE o3t F2E

UER sl (Fig. 4D).

B)

30 p<0.01

% % | p<0.05
E 25 |
£
[
‘é’ 20
a
NG
'§ A #
2
2 10
o
2
=
°© 5
4

0

R + + EHE (10 pg/mL)
. + e +  Silymarin (10 pg/mL)
+ + + + TGF-p1
D) 25 -
el w5k
= p<0.01
2 20
o
©
2 #
g 15
S~
=3
33 iy
w10
)
n
2
£ s #
Kl
4
0 A
R + + EHE (10 yg/mL)
- + - +  Silymarin (10 pg/mL)
+ + + + TGF-1

(A) The levels of Smads phosphorylation induced by TGF—31 were analyzed by western blot. Serum—starved LX—2 cells were pre—treated
with incubated with EHE (10 ug/mL) or silymarin (10 ug/mL) for 1 h, then stimulated with the 5 ng/mL of TGF—A31 for 1 h. Whole cell lysates
were blotted. Smad2/3 was used as a loading control. (B and C) The relative expressions of p—Smad?2 and p—Smad3 were quantified by
densitometry scan. (D) Recombinant t—HSC/C16 cells which express pGL4.48 were incubated with EHE (10 ug/mL) or silymarin (10 ug/mL)
for 1 h followed by stimulation with 5 ng/mL of TGF—31 for 24 h. All data represent the means = SD of three independent experiments
(**p ( 0.01 compared with control cells; ##o { 0.01. #0 < 0.05 compared with TGF—31 treated cells).

5. EHE + silymarin®] PAI-1 ¥ MMP2] mRNA
FHof u|X= FIF

EHE + silymarin®] TGF—A19°] 23t PAI-12] Tz

L RY5HA dAIGtAe =g, PAI-1 © TGF-A1 ¥4 &
AR F Ul MMPS] mRNA Hdof vx|& G3+5 AAZE
(real—time) PCRZ E43}5 T},

PAT-19] @& TGF-A1AAZ A+ control (1.00 +
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0.54) ©fH] 2544 + 152802 {ofstA Frtstaom,
slilymarin 10 pgg/mL++2 12,80 + 1,354, EHE 10 pg/
L72 12,89 + 23982 TGF-A1A AT HH| 23 Fa
E yehglew, £3] EHE + silymarintt2 4.53 + 1,00
2 TGF-A1AAZ thu] §-23F a5 Yehfglen, £33
EHE 10 pg/mL7 9 silymarin 10 gg/mLa3} 8] a3}od 4]
T fY% a5 Uetl it (Fig. 5A)

MMP29| H@-L TGF-P1AA Tl A= 3,54 + 0.38W|=
control (1.00 + 0.11) tH¥] FeaA JF7tstgeH,
slilymarin 10 pgg/mL7-2 2.10 = 0,349, EHE 10 pg/ L
T2 2,02 £ 054812 TGF-RIAXZ v {5 A2 &
etk EHE + silymarind=& 0.77 + 0.379]2

A) 30 -
25 4
20 4
15 1

10 1

Relative PAI-1 mRNA level (fold)

B) 4.5 - o

p<0.05

Relative MMP2 mRNA level (fold)

" + +  EHE (10 ug/mL)
+ + Silymarin (10 pg/mL)
+ + + + TGF- g1
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=
#aE

TGF-B1AXZ v Fofgt Hetfiglen, =3t
EHE 10 pg/mLa* ¥ silymarin 10 pgg/mLa-3} B2 3}o] A
T fo3 F4aE Uyt (Fig. 5B) MMP9S] HAL
TGF—-B1A X A= 3.82 + 0.628|Z control (1,00 +
1.37) o] f-ol8HA 5718t92H, slilymarin 10 pg/mL*
£ 2,57 + 0.508], EHE 10 gg/mLZE 2.31 + 0.228]2
TGF-B1AXZ div] §% HF2E Ugdigitt. EHE +
silymarin®& 1,07 + 0,458 2 TGF-A1A X2 th8] §-23t
Z2E Uyehyglen, ®3F EHE 10 pg/mLa ¥ silymarin
10 pg/mLatdt HWAStAANE {3t FAE B
(Fig. 5C)

+ +  EHE (10 yg/mL)
+ Silymarin (10 pg/mL)
+ + TGF- g1

Relative MMP9 mRNA level (fold)

+ +  EHE (10 pg/mL)
+ = + Silymarin (10 pg/mL)
+ + + + TGF- g1

Fig. 5. Inhibitory effect of EHE + silymarin on the TGF—81-induced PAI-1, MMP2 and 9 gene expressions.

Serum—starved LX—2 cells were pre—treated with EHE (10 ug/mL) or silymarin (10 ug/mL) for 1 h, then stimulated with the 5 ng/mL of
TGF—41 for 6 h. Real—time PCR analysis was used to detect the expressions of (A) PA—1, (B) MMP2 and (C) MMP9. All data represent the
means * SD of three independent experiments (**p { 0.01 compared with control cells; ##p ¢ 0.01, #p ¢ 0.05 compared with TGF—31

treated cells).

v,

3}t (Ephedrae Herba)2 #iF, 3%, bk, AlAkZ R
2% 22 o] 'R Mk 71%S M Y7
ol N AF2E TF7] Ao ig A A A
Ab 2 u]gho]] A0 o] B A7, FEE
AT kA AT A gFo] ghF A707} o] 2
oA gtomy 7hu} T A= B AFAA Bk 7HA
Ao A 2] A58 T !0 R i),

Atz o 2 n|YEA7+EE (NAFLD; non—alcoholic fatty

liver disease progression)2 AA7ZF (Fat in (5% of
hepatocyte)ollA] B]EEAX|W7E (NAFL: non—alcoholic
fatty liver; Fat in )5% of hepatocyte), A|H7t - = - A
312 EZ3elE H|SEFAR LY (NASH: non—alcoholic
steatohepatitis), 4153} B|YEAHA 7Y (NASH with
fibrosis), AR3te] HFTTAJA A3 HLIAAAETE
(NASH with cirrhosis), 7+ (HCC; hepatocellular
carcinoma)®] A2 AHPLcH?

H7RHFS AAZSRE 14HAZ S5 AP YdolH, 1d
APSEL 735 dA o whet 1%l 57%0) o]k, 7+
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HZ2S  FAYZE (necroinflammation) % A$3}
(fibrogenesis)E F+¥3st= 7F £49] tpefst 7|do=2 A3
B, 2ATGH R E AU A4 Ao R SRl
g Z2Z2A AA (diffuse nodular regeneration)d Z19j|
w2 7F 229 &8 9 53 E EFJO 2 5y, 7+ @ 729
23t P FL fIE

o] T HAR3tE WY EEOE, HEAH]] H &4 ¢
Aol 83 QYA A fibrillar collagen©] 535t
9]718 (ECM: extracellular matrix) ©r¥§&o] tjgFo g
ZE]o] MhAYFHTHO) 7h 2abo] WAYEE, AMY 9 M=
ArEA THAZE B BA7]7] A5t WA U Fol A= 7 A
Aol DAl AA Af E dF wh-go] A=A, o]HTh
&40 BhEA A71H o2 A&EH ECM @A (collagens
I, 1II, III, wundulin, fibronectin, laminin, elastin,
proteoglycans, hyaluronan %)o] =34 &&= o], 7H4
$3 0 14sE SEDY,

Zroll= ZHAEAIE (hepatocyte), FHAIZ (Kupffer cell),
W A3E (endothelial cell), ZAMNE (HSC; hepatic stellate
cell) 5 ohoFgh A7t EAstA T, 7t d3ket THE F4
A Axzes F Aot B4 AEY ZtelA HSC+=
ECMY] 34 #A, 119 344 &, retinoid HAL, oFE
A 2 &, ZHAZEAMES] mass FA], EH9 tension &
59| dgg b @iy HSC7F E43HE ] lipid droplet
243 d4s §F AF AR (plateletderived growth
factor; PDGF) £83|, fibrillar collagen ¥ @—smooth
muscle actin (¢—SMA)Z} Z-& {FAx9] HHE Futete
ECM2] A2 9 matrix stiffness®] =712 o]0 A 950

HSCY] &4 3t= thekst WHolA 422 4= ok, & 7H4
AANE &40 =2 QI8 free radical ¥ TGF-A1, TNF—¢,
FGF, IGF 5°] HSCY 435 4= &+ glov, =3
Kupffer cell @ T—celloA] EH]E= free radical, IL—6,
IFN—y, TGF—1, TNF—¢, IGF ¥ E@A|3ZoAx ExH|E=
TNF—@a, endothelin—1, PDGF S% HSC9 &A3E 4=
T % STk, e of 3 2 A9 9ol g BNl
2 drke TGR-1olt, TGF-A1& TGF-g -84 o)

canonical (Smad dependent) pathway2} non—canonical

4
= ya

Ao b

(Smad independent) signaling pathwayZ %3l quiescent
HSC7} a—SMAE W83}l activated HSC7} ®T05%59)
o] % Smad dependent pathway= TGF-A7} TGF-3
784 typel (TGF-BRI) ¥ TGF-B +8&A typel
(TGF-AR I )%}t Agtst, EAstE TGF-BR1E receptor—
associated Smads (R—Smads)®] C—terminal serine
residue® ¢14kslslar, ¢4kstE R—Smads:= TGF-ARI &
HE E2 5ol common Smad$l Smad4®} heterotrimeric
complexE A5t HoZ HAY3}Y co—activatore} o E
AR Zepelel 455 BRAGHA) NS FEaeR)
2 AFoAE 7] Bad e 33 55 st %
ATE T silymaring B85, 7HF3Hol A A H
I 3} HSCOlA TGF-4 102 9= 43 o o
2 o] S Smad dependent BEE Y52 AU

A, A EFQ] LX-2 Al 204 EHES} silymarin®]

Al254E Z2+2F B7hstkgith, EHE= 1-30 pg/mLolA £
e A ZAYEEY WIS YEhA 4%ta, EHE 100 pg/mL
e FYst N=ZEAE Yt EF silymarin
1-10 pg/mLoXe |93 AZPESE HIE YA
AL, silymarin 30 pg/mLoA= Fo3 AEZEHES U
B ek,

Silymarin®| 43t A= & dA AR, 2 AT
oA EHE + silymarin® %<& 37}5H7] Y3l, silymarin
o] TGF—B1 F& %2 Tzl PAI-19] W&o u|X|= Fg
< H7kstleh, PAI-1 @i o] W2 silymarin 10 xg/mL
3 30 pg/mLel| o8 F9% HA2E U Y, silymarin
30 pg/mL2 Fig, 19 ATo|A NZ=4E Uegitt o
Hot AT ZTE v o g 0]3 9] EHE + silymarind++=,
silymarin® X+ 10 pg/mL, EHES] X+ o|A9 A+
Ao !9 e} 10 pg/mLe] =2 ATEET}

EHE + silymarin 952+ WA plasminogen activator
inhibitor type 1 (PAI-1)T} ¢—SMA &@0| v JF&
B71stgth. TGF-A1/Smad A29] BA3h= A-haket w3
H FARL HAE 2ds, TGF-19] 38 #2 {AAR1
PAI-12 7HY M98} ABe] F2 Rl Egk TGR-
B1L 217t ZHAAFN| E o A fibrosis?] markerQ] e—SMA g
L ey,

PAI-1 ¥ ¢—SMA Z&oA silymarin 10 pg/mLat
2E F9% FA2E vetlsley, EHE 10 pg/mL7 25
23 ATE A @9kt et EHE + silymarin
2 PAI-1 9 ¢—SMA EFoX TGF-A1A A7 thH] §-25t
A8 el e, £3F EHE 10 pg/mL7 2 silymarin
10 pg/mL7d BlwStAME Fo3t FaE bl St
TGF—-B1& TGF-8 &4 (TGF-AR1I, TGF-BR1)9} &
el Smad29t Smad3E A4rEsEa, Q1AM Smad29t
Smad3+= ez HeJste] Hf3t W 47 AAE fr=
5l1, ECME =#3l22% EHE + silymarin® Smad<]
Akt B 2= FFE BristETh £ dAFtolA TGF-B1+=
p—Smad22} p—-Smad3® L FsHA FIMAFH I,
silymarin 10 gg/mL+ % EHE 10 pg/mL72 Smad®] <l
AEHE AAIEHA Byt 23y EHE + silymarintt<
TGF—R1A AT thH] FoJet a5 Uetliglen, E3 EHE
10 pg/mL7 ¥ silymarin 10 gg/mL+3} B XSl AE &
93t ZH4E e glth EHE + silymarin®] 23] Smad9)
QAArsl7l IR HS Belsta, TGF-A1/Smad AE AL A
Smad #A¢] DNA Zgo]| o3t 4 {2 YdsS A%
& 4 9JE= Smad 29 Y (SBE; smad binding element)2
233 F2EH FARE LX-2 Ao =Y 5 SBE 2| ZE
BA4e AAEHETH TGF-B1L SBE luciferase 844 @A
3HA EA3tAF 1, EHE ¥ silymarin, EHE + silymarin
oA B SBE luciferase @43 F25HA daAx o,
E3] EHE + silymarintt2 EHE 10 pg/mL+ 9 silymarin
10 pg/mLao} Hla st A= {27t aE Yeh it

EHE + silymarino] PAI-1 @} Qo] W5 & A3 &
915}l PAT-72] mRNA ¥ ZHdG3loA Z7iEe Aoz
B MMP29 MMP92] mRNA 4~ H71sF4 Tt

PAI—-1 9 MMP2, MMP92] real-time PCR &4ZA1}
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slilymarin, EHE, EHE + silymarin®?< 2% TGF-814
A oH {9 FL2E vEiglen, E3 EHE +
silymarin®2 EHE 10 gg/mLa ¥ silymarin 10 gg/mL
23 vl watol A o3t A4S Lrehyelet

0|2 st Z3= EHE + silymarin®] TGF—4122 ZA43}
H Smad 9J&H ATHGNA Samd?] UAEE A5}
o) MRS oATE oulely, w9 BHE ©E 9
silymarin @53 2| Fto] YF A #o| A= TGF—41°] H| w5}
of folg A4lH 5 B34 AN, BHE + silymarin
T2 BE AHFEAA TGF-A1ET ofel, EHE ©% 9
silymarin BFEANZRG S0 FARS BIE YErIL
oful g},

2 dFdMLe TGF-B1/Smad HZEo| ot EHE +
silymarin®] &SUHE H©7EE Ao|E2  FE Smad
independent A =2¢] st A= HastH, E3F in vivo A
T& 539 EHE + silymarin® 453 23tof it A5
% o] Y silymarin ¥-§ A<t Hla AdFE F7HE 8
do] Atk

V.2 &

£ A7l M 1 94 252 (BHE)T silymarin®)
gol WHMAEZ (LX-2)NH TGF-g1e] % Smad
dependent 415 Ae|A R34S AT 4 YLAS 3

st} theat 2L Anke A,

=
d

18 4 22 B2 30 pg/mL 0|5+2] HE, silymarine
10 pg/mL °|8t9] FToi= AZ 54& UsyXA
i

o

2. Silymarin< 103} 30 pg/mLe] F=o|A PAI-1T4)
A9 WS F-o5HA AR FT.

3. EHE + silymarine 443} n}# <l ¢—SMAL] w&
2 TGF-419] F8& #4 §22 PAI-1& #9351
A A3,

4, EHE + silymarin® p—Smad2 ¥ p—Smad3& &9
3HA JAIstF e, T35t SBE B EZH 1A A4S
oJ&tA AAsH ATt

(o)
T

5. EHE + silymarin PA/—719] &d 9 MMP-2, —92]
HAS FostA e FHT

6. EHE + silymarine & @79 ZE X EA TGF-A1
29 oty EHE @5 9 silymarin 54X =}
o3t JAE YER T

e 2
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