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ABSTRACT

AlIM: To invegtigate the mechanism of salvianolic acid -B (SA-B) action againg liver fibrosis relating to mediating
hepatic sellate cell (HSC) activation and transforming growth factor-b1 (TGF-bl) intracdlular signal transduction.
METHODS: HSC wasisolated from norma rat through in situ perfusion of liver with pronase E and density-
gradient centrifugation with 11 % nycondenz, then cellswere subcultured. Cell proliferation was observed by
[®H] TdR uptake. Cellular collagen deposition was measur ed with Ponceau S stain and semi-quantified with image
analytic system. Type | collagen secretion in the supernatant was detected with EL ISA. The gene expression of
type | pro-collagen was analyzed by RT-PCR. The supernatant was acidified and active T GF-b1 contents were
assayed with ELISA. Mitogen-activated protei n kinase (MAPK) activity was analyzed with immunoprecipitation
and Wegtern blot. RESULTS: SA-B 0.1, 1, 10, and 100 nmol/L suppressed HSC prolif erati on concentrati on-
dependently as determined by [*H] TdR uptake by 94.1 %, 82.4 %, 62.7 %, and 4 % of the control respectively
(P<0.05 or P<0.01). SA-B 1, 10, and 100 mmol/L inhibited solubletype | col lagen secretion by 75.3 %, 69.8 %,
and 63.5 % of the control and decreased the matrix collagen deposition to 86.2 %, 75.4 %, and 73.4 % (P<0.05 or
P<0.01). SA-B 1 and 10 mmol/L decreased thecell active TGF-b1 secretion by 63.3 % and 15.6 % of the control,
down-regulated pro-collgen a ,(I) mMRNA expressonto 77.0 % and 51.8 % regpectively (P<0.05). SA-B 1and 10
mmol/L asoinhibited MAPK activity by 1to 2 fdd respectively. CONCLUSION: SA-Binhibited HSC prdiferaion
and collagen production aswell as decreased the cells TGF-b1 autocrineand MAPK activity, which might contri-
bute to the mechanism of SA-B action againgt hepatic fibross.
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the chroni ¢ hepatitis developed into cirrhosis. Hepatic
gellate cells (HSC), located at Disse' s space in liver,
was widely recognized as the main resource of hepatic
ECM and the cellular basisfor liver fibrods. Trans
forming growth factor-b1 (TGF-bl) was one of the
mogt potent pro-fibrogenetic cytokines and can stimu-
late HSC activation through paracrine or/and autocrine
by mediating Ragmitogen-activated protein kinase
(MAPK) and other signal transduction pathways™.

Radix Salviae Miltiorrhizae, one of frequently used
Chinese herbs, had good action againgt liver fibrosis?.
Salvianolic acid B (SA-B), one of water solublecompo-
nent from Radix Salviae Miltiorrhizae, has molecular
formula C;H,,Oswith M, 718. In our previous
study™®?, it isfound that SA-B can effectively reverse
liver fibros sinduced by tetrachloride carbon (CCl,) or
di-methylnitrosamine (DMN). But the mechanism of
SA-B action againg liver fibrosswas ill unclear. In
the study, we investigated SA-B effectson HSC col-
lagen production, TGF-b1 expresson, and TGF-b1-
medi ated MAPK activity, to eucidate the mechanism
of SA-B effect on liver fibross.
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Chemical structureof SA-B. CzH30046, M, 718.

MATERIALSAND METHODS

Animals Male Wigar rats, weighing (360+20) g
(SPF, Certificate He 980004), were obtai ned from the
Animal Center of Shanghai University of Traditiond
Chinese Medicine, and were fed with food and water
ad libitum.

Drugs and reagents SA-B was extracted and
identified by Shanghai | ngtitute of Materia Medica Chi-
nese Academy of Sciences, and diluted into the con-
centrations of 0.1-100 mmol/L with Medium 199

(M199). Pronase E, type IV collagenase, DNase |,
Modified Eagle’ s Medium (MEM), and nycodenz were
purchased from Sigma Co. M199 and Dulbecco’ sModi-
fied Eagle' s Medium (DMEM) werefrom Gibco/BRL.
New bovine serum (NBS) was from Hyclone Co.
[®*H]TdR was from Shanghai Atom Co. TGF-bl im-
munoassay system kit, PCR marker, and Access RT-
PCR Kit were from Promega Co. Rabbit-anti mouse
type | collagen serum (1:500) and human recombinant
TGF-b1 werefrom Cabiochem Co. Trizol reagent was
from Shanghai Sangon Co.

HSC isolation and culture HSCwasisolated as
described previoudy!™. Briefly, the liver was perfused
in situ with a Ca®*/Mg**-free MEM followed with pro-
nase E and collagenase. The digested liver suspension
was filtered through double layer gauze and was
gradiently centrifuged (1450xg, 4 12, 20 min) with
11 % (w/v) nycodenz. HSC was obtained from the
interface of gradient solution and seeded onto 100-mm
uncoated plastic culture plates at a density of 1x10°/L
and incubated at 37 " in a5 % CO,-95 % air humidi-
fied atmosphere. The medium was changed with M199
containing 10 % NBS after 48 h and every other day
thereafter. The cells were tryps nized and passaged
after they grew confluent and applied for the following
experiments as the subcul tured HSC grew confl uent.

Céll proliferation assay HSC proliferation was
measured by [*H] TdR uptake®. Confluent HSCin 24-
wel plates wasincubated with SA-B for 48 h (the fol-
lowing asthe same), and impulsed with 74 kBg/well
[®*H]TdR among the last 24 h. Then the cellswere har-
vested by trypsnization and collected onto 0.45 mm
membrane. The radioactivity of intracel lular [°*H] TdR
incorporati on was counted by Beckman Wallac 1410
liquid-scintilleor.

Collagen depostion measurement After treated
with SA-B, cdls onthe 24 well-plate were washed with
phosphatebuffer saline (PBS), fixed with 10 % formadlin,
dehydrated with 70 % ethanol, and stained with Victoria
bluefor 15 min. After washing with digtilled water
twice, cellswerestained with Ponceau S for 2 min and
dehydrated with ethanol twice. The collagen deposi-
tion was analyzed according to its opticad dendty with
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computer MPIAS-500 image anaytic system.

Type | collagen and active TGF-b1 content as-
say After drug trestment, cellswere incubated with
serum free M199 for 24 h and the supernatants were
collected. Type | collagen contents were assayed with
ELISA according to Rennard’ s method”. For active
TGF-b1 content assay, the supernatants were acidified
with HCI 1 mol/L and then measured by ELISA with
the TGF-b1l immunoassay system kit according to the
manufacturer's ingructions.

Pro-collagen type | mRNA level analyss Totd
RNA was extracted from the cellsby the acid-guandium
-phenol-chloroform method asdescribed®. mRNA lev-
elsof TGF-b1 and pro-collagen type | were analyzed
by reverse-transcription paymerase chain reaction (RT-
PCR), whilehouse keeping gene-"b-actin" wasused as
the interna standard. Theleft and right primersfor b-
actin wererespectively asfollows 5 -ACA TCT GCT
GGA AGGTGG AC-3 and5 -GGT ACC ACC ATG
TAC CCA GG-3' (the expected product size 163 bp)'“.
The left and right primersfor type | pro-collagen a,(I):
5 -CACCCT CAA GAGCCT GAGTC-3 ad5 -GTT
CGG GCT GAT GTA CCA GT-3' (theexpected prod-
uct size 253 bp)*”. The RT-PCR reaction was carried
on with Access RT-PCR kit. The products were frac-
tionated in 2 % agarose e ectrophoresis contai ning
ethidium bromide (EB) 0.5 mg/L and photographed
under UV trandlluminator. Their densty was semi-
guantitatively analyzed with MPI AS-500 image system.

MAPK activity assay HSC was treated with
TGF-b1 5 ng/L for 1 h and then incubated with SA-B.
The cytoplasmic prote ns were lysed and i mmuno-
precipitated with p44/p42 MAPK antibody. After re-
acting with EIK-1 and ATP subdrate, the i mmunopre-
cipitated antigen was fractionated by SDS/polyacryla
mide gel electrophoress, and were transferred onto
PVDFmembranes. After blocking with 5% skimmilk,
the blot was incubated with p44/p42 MAPK primary
antibody (1:1000) overnight at 4 =. Then theblot was
washed and incubated with HRP-coupl ed second anti-
body and s gnals were detected by ECL film.

Statigical analyss All data are expressed as
meantSD and were analyzed with t tedt.

RESULTS

Effect of SA-B on HSC proliferation SA-B
0.1-100 nmol/L inhibited the HSC intracellular uptake
of [*H]TdR in a concentration-dependent manner and
the inhibitory rateswere 94.1 %, 82.4 %, 62.7 %, and
4 % of the control, respectively (Tab 1).

Tab 1. Effect of SA-B on HSC intracdlular [*H]TdR uptake.
n=4 samples. Mean+SD. "P<0.05, °P<0.01 vs Control. The
datais arepresentative of 2-3 experiments.

Group [*H]TdR (Bg/wdl)
Control 408+52
SA-B 0.1 mmol/L 384+48°

1 nmol/L 336+£24°
10 nmmol/L 256+28°
100 nmol/L 16+4°

Effect of SA-B on HSC collagen production
Overproduction of extracellular matrix, particularly
collagen, is an important feature of liver fibross. SA-B
1, 10, and 100 mmol/L suppressed soluble type | col-
lagento 75.3 %, 69.8 %, and 63.5 % of the contral,
and inhibited HSC totd col lagen deposition to 86.2 %,
75.4 %, and 73.4 % of the control, respectively (Tab
2). Also RT-PCR anaysis showed that SA-B 1 and 10
mmol /L down-regulated the expresson of typel pro-
collagen mRNA to 77.0 % and 51.8 % of the control
(Tab 3, Fig 1).

Tab 2. SA-B effect on HSC collagen secretion and
deposition. n=4 samples. Mean%SD. °P<0.05, “P<0.01 vs
Control.

Group Soluble typel Matrix collagen
collagen/mgy™ protein A
Control 475174 812+196
SA-B 0.1 mmol/L 424122 766+48
1 nmol/L 358+57° 699+117°
10 mmol/L 332+69° 613+194°
100 mmol/L 302+56° 596+134°
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Tab 3. Effect of SA-B on typel procollagen mRNA and
active TGF-b 1 levd. n=4 samples. MeanSD. "P<0.05,
°P<0.01 vs Control.

Pro-collagen a,(I)mRNA Active TGF-b1

Group
% of b-actin Imgx.?
Control 54+8 3451+661
SA-B 1 mmol/L 42+6° 2185734
10 nmol/L 28.0£1.5° 539+282°

w— [RPction, IG5 bp
= Pro-colagone M,

254 bp

Fig 1. Effect of SA-B on the geneexpression of typel pro-
collagen in HSC. RT-PCR product 5 mL wasrun on 2%
agarose gd stained with EB. Lanel: PCR markers; Lane?2
and 3: a 4(I) pro-collagen and b -actin in SA-B 1 mmol/L
treated HSC; Lane4 and 5: a , (I) pro-collagen and b -actin
in SA-B 10 mmol/L treated HSC; Lane6and 7: a 4(1) pro-
collagen and b -actin in the control respectively.

Effect of SA-B onHSC TGF-b 1 secretion TGF-
bl isoneof the most potent cytokinesfor extracellular
matrix synthes's and HSC is main effector and pro-
ducer of TGF-b1l intheliver. On idification, the ac-
tive TGF-b1 was released from the complex of TGF-
b1 and |latency-associated peptide (LAP), while SA-B 1
and 10 mmol/L sgnificantly decreased the active TGF-
b1 content in the culture medium (Tab 3).

Effect of SA-B on HSC MAPK activity Rag
MAPK isan important pathway of TGF-b sgnaling in
HSC. To elucidate the possible effects of SA-B on TGF-
b1 sgnaing in HSC, we examined MAPK activity. As
shown in Fig 2, the TGF-b1 5 ng/L increased MAPK
phosphorylation level remarkably, while SA-B 1 nmad/
L and 10 nmol/L reduced TGF-b1 simulated-MAPK
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Fig 2. SA-B effect on phosphorylated MAPK leve in HSC.
Lane 1: protein markers, Lane2: normal HSC; Lane 3:
control HSC stimulated with TGF-b 1 5mg/L ; Lane 4: the
HSC treated SA-B 1 mmol/L and TGF-b 1 5mg/L ; Lane5:
the HSC stimulated with SA-B 10 mmol/L and TGF-b 1 5
mg/L.

phosphorylation level by 1- and 2-fold respectively.

DISCUSSION

It iswidely known that HSC isthe key cellular
bass for liver fibrods. On liver injury, free radicals,
cytokines, etc, would gtimul ate HSC activation. HSC
cultured in uncoated plagtic plate can spontaneoudy ac-
tivate in vitro, which mimics the activation processes
invivo. AsHSC activated, they transformed from the
quiescent state full of cytoplasmic lipid dropl etsto the
myofibroblast like cell phenotypically, produced alot
extracellular matrix in liver and ledto liver fibrosis™.
Activation of gellate cells were mediated by cytokines,
which include pl atelet derived growth factor (PDGF),
basic fibroblagt growth factor (bFGF), hepatic growth
factor (HGF), and tranforming growth factor-b1
(TGF-b1), etc. Theses cytokines promoted HSC pro-
liferation and matrix production. Moreover, activated
HSC could secrete TGF-b1 itsdlf, which help to per-
petuate HSC activation. Therefore, cultured HSCisa
goodand relialde cell model for hepatic fibrosisresearch
and interference with HSC activation and cytokines ef-
fect on HSC was usually regarded as the main strategy
for curing liver fibross.

SA-B isoneof main phenol acid compounds from
Radix Salviae Miltiorrhizag™. It had good effect aganst
liver injury and fibrosis?®. HSC activation had two
obvious features, proliferation and ECM production.
The deposition and accumulation of ECM, particularly
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type | collagen, isthe main feature of liver fibross. In
this sudy, we found that SA-B inhibited the prolifera
tion of HSC in a concentration-dependent manner, de-
creased excessve type | collagen secretion and ECM
deposition, and down-regulated pro-collagen gene
expresson. It suggeststhat SA-B can inhibit or re-
versethe HSC activation and this effect is one of the
important mechanisms of SA-B action againgt hepatic
fibrogs.

TGF-blisknown to bethe most potent fibrogenic
cytoking™, HSC was the main producer and eff ector
of TGF-b1 during liver fibrogensis*!. TGF-b1 was
synthesized in HSC as precursor that includes LAP,
proteolyti c cleavage of the precursor occurs intracel lu-
larly, but active peptide (M, 25 000) and noncovaently
associated LAP are secreted as a complex that lacks
biological activity. With plasmin or acid condition, eic,
the active TGF-b1 is secreted™. The active TGF-b1
could bind its cell membrane receptors, then down-
stream the sgnal through the signal molecules such as
MAPK from plasmato the nucleus, and regulate the
target genetranscription, through combinatoril binding
of transcription factors (such as AP1 and SP1) to the
gene regulatory elements™®. Pro-collagen gene isone
of main target genes of TGF-b1. Inthisdudy, SA-B 1
and 10 mmol/L suppresed active TGF-b1 secretion and
MAPK phosphorylationin HSC. Itindicated that SA-B
can inhibit TGF-b1/MAPK signd transduction, and that
isimportant reason for SA-B down-regulation of col-
lagen geneand protein expresson.

In summary, SA-B could effectively inhibit HSC
proliferation and collagen production and intefere with
TGF-b1/MAPK sgna transduction. Theseactions un-
derlie the mechanism of SA-B effect againg hepatic
fibross.
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