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Effects of salvianolic acid-A on rat hepatic stellate cell proliferation
and collagen production in culture!
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ABSTRACT

AIM: To investigate the effects of salvianolic acid-A
(SA-A), one of main effective components of Salvia
miltiorrhiza for its antifibrotic action, on the cell prolifer-
ation and collagen production in cultured hepatic stellate
cells (HSC). METHODS: HSC were isolated through
in situ perfusion of liver with pronase E and collagenase,
and gradient centrifugation with Nycodenz. The cultured
HSC were incubated with SA-A 0.1 — 100 umol/L for 24
h.  MTT spectrometric assay and intercellular incorpora-
tion of methyl-[*H]thymidine ([*H]TdR) was used to
assess the cell proliferation. The amount of collagen was
semi-quantified by ponceau staining and image analysis,
the amount of type 1 collagen secretion was measured with
ELISA and nomalized by the total protein of cell layer.
The total RNA was prepared from the control cells and
the drug treated cells respectively, and the expression of
procollagen « (1) mRNA was semi-quantitatively ana-
lyzed with RT-PCR. RESULTS: SA-A 100 pmol/L
showed a little cytotoxity, SA-A 0.1 — 10 pmol/L did
not influence cell morphology, and SA-A 1 - 100 pmol/
L decreased the cell proliferation significantly in a con-
centration-dependent manner (P <0.05). SA-A 1, 10,
100 pmol/L decreased the cell collagen deposition by
78.6 %, 71.8 %, and 61.3 % of the control respec-
tively ( P <0.05), and decreased type 1 collagen secre-
tionto 53.1 %, 52.6 %, and 49.5 % (P <0.0l or P
<0.05). Both SA-A 1 and 10 pmol/L downregulated
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procollagen a; {1) mRNA expression remarkably ( P <
0.05). CONCLUSION: SA-A inhibited HSC prolifer-
ation and collagen expression. The inhibitory effect on
HSC activation is the main mechanism of SA-A action a-
gainst liver fibrosis.

INTRODUCTION

Salviae miltiorrhizae, one of the commonly used
Chinese herbs, promotes both bloed production and circu-
lation according to the theory of traditional Chinese
medicine, and is widely applied in clinical therapy for the
liver diseases, such as chronic hepatitis and hepatic cir-
thosis,  Salvianolic acid-A (SA-A) one of water-soluble
components from Salvia miltiorrhizae, has good antioxi-
dant actions'") . It is widely recognized that hepatic stel-
late cell (HSC) plays a central role in the pathogenesis of
hepatic fibrosis'>).  Following liver injury of any etiolo-
gy, such as cytokines, free radical species, lipid perox-
idative production etc, HSC undergoes a process of acti-
vation, transmitting into a myofibroblast-like phenotype
associated with increased proliferation and extracellular
matrix ( ECM) production, especially type [ collagen
synthesis. The overproduced ECM is deposited in liver,
and leads to fibrosis. In our previous work™™ , it was
found that SA-A could protect hepatic lipid peroxidation,
and had marked effects against liver injury and fibrosis in
carbon tetrachloride induced fibrosis in rats. In order o
investigate the mechanism of SA-A actions against liver
fibrosis, we observed effects of SA-A on HSC prolifera-
tion, collagen production, and procollagen gene expres-
sion.

MATERIALS AND METHODS

Drug SA-A, G HxOy and M, 494, was extract-
ed and identified by Shanghai Instiume of Materia Medi-
ca, Chinese Academy of Sciences. SA-A was freshly
diluted with Medium 199 (M199) conlaining 10 % new-
bom bovine serum (NBS) before use.
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Animals Wistar rats, grade [[, male, 400 - 500
2, were purchased from the Shanghai Experimental Ani-
mal Center, and maintained with foed and water ad kb .

Main reagents MI99 and minimum essential
medium Eagle {MEM) were purchased from Gibco BRL
Co. Nycodenz, collagenase (type IV), DNase (type
ID, type I collagen standard from mouse tail and 3-(4,5-
dimethylthiazol-2-yl )-2, 5-diphenylterazolium bromide
{MTT) were from Sigma Co. Pronase E was from Mer-
ck Co, Germany. DC protein kit was from Bio-Rad
Co. Rabbit antibody to mouse type I collagen was from
Calbiochem Co. Access RT-PCR kit and PCR marker
was from Promega Co. Diethylpyrocarbonate, guanidi-
um thiocyanate, saturated phenol/chloroform mix, and
agarose were from Shanghai Sangon Biotech Co. NBS
was from Shanghai Sino-American Co. Methyl-[* H]
thymidine (TdR) was from Shanghai Institute of Atomic
Erergy. All other reagents were of analytical grade.

PCR primers The PCR primers for procollagen
op(1) and f-actin were adopted or designed according to
the published sequences and references as in Tab 11%,
and were synthesized by Gibco BRL Co.

Tab 1. PCR primer sequences and expected size of am-
plified products.

Primers Sequence Size
oa(1) Procollagen 5, 1 66T GGT TCT CAG GGT AG3'
upstream
(1) Procollagen o, pre 170G TAG CAG GGTTCT T3 2 P
downstream
3-Actin upstream 5'-ACA TCT GCT GGA AGG TGG AC-3'
3 Actin downsiream 5'-GGT ACC ACC ATG TAC CCA GG-3' 163 bp

HSC isolation and cultivation HSC were iso-

lated from the rat liver as described previously!™ .
Briefly, the liver was perfused in situ through the portal
vein with Ca** free D-Hanks’ solution at 37 C at a flow
rale of 9 ml/min for 10 min, then with 100 mbL of
0.1 % pronase E, finally with 225 mL of 0.015 % col-
lagenase. The digested liver was excised, minced, and
agitated in 100 mL solution of 0.015 % pronase E,
0.015 % collagenase, and 0.002 % DNase in 37 C wa-
ter bath at 40 x g for 30 min. The resulting suspension
was filtered through double layers of gauze, resuspended
with 12 % Nycodenz and centrifuged at 1450 x g at 4 T
for 20 min. The cells in the interface were collected and
suspended in M199 supplemented with 10 % NBS, pem-
cillin 10° U/L, streptomycin 0.1 g/L, and 1 % glu-
lamine.

The cell purity was more than 90 %, which was
identified by positive immunocytochemical staining for
desmin, typical appearance with the cytoplasm full of
lipid drop via phase-contrast microscope and intrinsic vi-
lamin A autofluorescence. The cell recovery was 2 x 107
- 5% 107 cells per liver, and the viability was more than
98 % as examined by trypan blue exclusion. The cells
were cultured in humidified atmosphere containing 5 %
CO;, and passaged with 0.25 % trypsin-0.02 % edetic
acid after growing confluent, at this time the cell purity
increased to 98 % . The subcultured HSC were used in
all the tests of the study and observed for the morphology
with phase-contrast microscope.

Cell proliferation assay 1) MTT spectrometric
assay'® ; HSC were planted on 96-well plate at a density
of 1x 10° cells/L.  When the cells were confluent, the
culture medium was replaced with the drug for a 24-h in-
cubation (the following drug incubation as the same).
Then 10 ;L of MTT {5 g/L in PBS) was added per 100
uL of medium, and the plates were incubated at 37 T for
4 h. After the supernatant was aspirated, 100 uL of HCI
0.01 mol/L -isopropanol was added to dissolve the blue
crystals, and the values of absorbence Ay were read on
the microplate reader (Labsystem, Finland) while Agn
was kept as a background. Bach sample had triplicates
or four replicates, all tests were repeated 2 — 3 times. 2)
{(*H] TdR incorporation: confluent HSC in 24 well plates
were incubated with SA-A 0.1 - 100 ymol/L diluted in
M199 containing 10 % NBS for 24 h, and [*H] TdR
{55.5 kBq/well) was added in the last 16 h. Then cells
were harvested with trypsin digestion and collected on the
filter membrane, and sample radioactivity was measured
by Backman Wallac 1410 Scintllator.
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Semi-quantification of cell collagen deposi-
ton The media of cells in 24 well plates were aspirated
and cell layers were rinsed twice with PBS. After fixing
with 10 % formaldehyde ( containing NaH,PQ, 0.033
mol/L and Na,HPQ, 0.092 mol/L, pH 7.0) for 10
min, the cell layer was stained with 0.5 % Victorial blue
for 15 min and 0.05 % ponceau for 2 min, and washed
with alcohol. The collagens was stained with ponceau
and appeared to be red in color, and the images of pon-
ceau-stained cells under microscope were transformed to
the computer and semi-quantitatively measured with
MPIAS 500 image system for the collagen deposition by
the optical density values.

Assay of type I collagen secretion The media
and cell layers were collected. The media were assayed
for the amounts of type I collagen according to modified
Remnard SI method”.  Briefly, 100 pL of medium
sample was coated in 96-well plates in carbonate-bicar-
bonate buffer at 4 T ovemnight. Afier aspirating, each
well was incubated with 100 gL of 1:500 dilution of rab-
bit polyantibody to mouse type I collagen in PBS at 37 C
for 2 h. After washing 3 times with PBS containing
0.05 % Tween 20, each well was incubated with 100 L
of 1:1000 dilution of goat anti-rabbit [gG-HRP at 37 T
for 2 h. Then 100 uL of 0.02 % o-phenylene-diamine
and 0.01 % He0; in citrate-phosphate 0,05 mol/L. (pH
5.0) was added for 30 min at room temperature. The
reaction was quenched by adding sulfuric acid 1 mol/L,
and the plate was read in a microplate reader at 492 nm,
the sample concentration was determined by a plot of ap-
tical density versus concentration (0 — 1000 mg/L) of
type I collagen standards. While the cell layer was mea-
sured for the total protein with Bio-Rad DC protein kit,
the medium amounts of type 1 collagen was normalized
with the cell layer protein and expressed as “mg/g pro-
tein”.

RNA extraction and reverse transcription
and polymerase chain reaction (RT-PCR) The
total RNA was extracted from the control cells and SA-A
incubated cells by the acid guanidium thiocyanate-phenol-
chloroform method'®’. The RNA amount was deter-
mined by Agg, its purity was confirmed with Aggy/ Aggy
read by spectrophotometer that ranged from 1.6 to 1.9.
Its integrity was checked by 1 % agarose gel elec-
trophoresis with ethidium bromide (EB) staining of 18 §
and 28 § ribosomal RNA. With RT-PCR kit, the cDNA
synthesis and amplification were made in one step follow-
ing the manufacturer’s instructions. Briefly, 1 g RNA,

primers 50 pmol/L for procollagen o, (1) or B-actin were
added to each reaction mix respectively, which included
dNTPs 10 mmol/L 1 xL, MgSO; 25 mmol/L 2 pL,
AMV reverse transcriptase 5U, Tfl DNA polymerase 5U,
AMV/Tfl 5 x buffer 10 pL..  The final volume was 50
¢l and was covered with 20 L mineral oil. Then with
PCR Touchdown thermal cycler (Hybaid, England), RT-
PCR reaction was run as follows: (1) 48 T for 45 min,
1eyele. (2) 94 C for2 min, 1 cycle. (3) %4 T for
30's, 60 T for 1 min, 38 T for 2 min, 30 cycles. (4)
68 T for 7 min, 1 cycle. Five pL PCR product was run
on 1.5 % agarose gel and visualized by EB staining un-
der UV light, the electrophoresis photo was transmitted to
computer, and pro-collagen oz (I) intensity was analyzed
with image system ( MPIAS-500), and normalized by #-
actin band intensity taken as an internal standard.

Statistical amalysis Data were expressed as
X % 5 and compared with 1 test.

RESULTS

Effects on cell morphology and proliferation

In the group incubated with SA-A 100 pmol/L, parts of
cells shrunk and died, and the amount of intercellular
[*H | TdR incorporation was very low, just 2.58 % of the
control. The cell morphelogy in other groups had mo
marked changes compared with the control. SA-A 1 -
100 pmol/L remarkably decreased both the cellular MTT
transformation and intercellular [*H ] TdR incorporation in
a concentration dependent manner, and SA-A 0.1 pmol/
L had no obvious influences. (Tab 2).

Tab 2. Effects of SA-A on MIT transfornmmation and [*H]
TdR incorporation in HSC. n=4. Xzs. P<0.05, P
<0.01 vs control.

MTT [*H]TdR inc tion
Giroups (Asn-Agm} (WWZ;BOM
Control 0.480.04 663 =48
SA-A 0.1 pmol/L 0.48+0.06 665 £ 97
SA-A 1 pmol/L 0.43£0.03° 562+ 11°
SA-A 10 pmol/L 0.42+0.02° 357 £ 20°
SA-A 100 pmol/L 0.32x0.07° 179

Effects on cellular collagen deposition and
type I collagen secretion SA-A decreased both cel-
lular collagen deposition in culture dishes and type I colla-
gen secretion in a concentration-dependent manner.  SA-
A 1- 100 pmol/L decreased cellular coilagen deposition
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by 78.6 %, 71.8 9%, and 61.3 % of the control (P < Iy i
0.05), and type I collagen secretion by 33,1 %, ’ a
52.6 %, and 49.5 % of the control { P <0.01 or P < e a
0.05). (Tab3, Fig 1), =' A

Effects on procollagen o (I} mRNA expres- r
sion  SA-A | and 10 pmol/L decreased procollagen o, ol [
(1) mRNA expression greatly { P < 0.05}, but there was R
no difference between the two groups. (Tab 4, Fig 2). My i‘,i,\' &

DISCUSSION o »

Hepatic fibrosis, a precursor of cirmhosis, is a com- oo oon A o ¢
mon and important pathological feature of the chronie liv- e,
er diseases, and consists of the abnormal accumulation o S Mg
and deposition of extracellular matrix {ECM )} proteins in ; W
liver. The collagens are the major components of the _ .
normal and fibrotic liver, and type I collagen is particu- ' i
larly produced predominantly during fbrogenesis'®! . It
is widely docurmented that HSC is the major cellular re- Es ' . *ﬁ‘lﬂﬁﬁ‘g T
source of ECM in liver injury, and HSC activation plays W b ks
an important role in liver fibrosis.  The HSC activation & :
has two predominant features® ; proliferation and fibro- W N o9 R
genesis, the former led to increase of the cell number, > il Wi ' g .{...
the later increases the fibrogenic ability per cell, both - :
contribuie to the accumolation of ECM.  HSC culred in C - oy
uncaated plastic well fr vitre can spontanecusly undergo . ¥
the activation similar to the in vive process, and is a reli- i 4 '
able cell model for the investigation of antifibrotic 2 y ! : .
d]‘l.lggl‘lj'l . " ’ o

In order to Tule out the possibility of SA-A's cyto- i, P <
toxic influence fn virre, the cell morphology was ob- S & j"‘j
served by microscopy as well as the intracellular _ gt T
[*H]|TdR incorporation. In SA-A 100 umol/L group, \ v 6
parts of cells died and *H_ TdR mcorporation was very \ 0 [lfﬂ
low, it indicated SA-A at the concentration of 100 umal/ ] i

— E
L was cytotozic on HSC o some extent. SA-A 1. i¢ stellate cells stained with poncean
(.1 =100 pmol/L had no obvious influence on the cell ﬂ.gm] (A C;“m (B) SA-A 1 _l;;ulfla Mﬁi
morphology, but SA-A 1100 umol/L obviously  jor24h. (C) SA-A 10 pmol/L treated for 24 h.

n

Tab3. Effect of SA-A on collagen deposition and type I collagen secretion in HSC. x+s. "P<0.05, “P < 0.01 vs con-
trol.

Collagen deposition i Type | collagen secretion
Group (Optical densiry, 7=9) % of Contred R S0 of Control
Control R328 £ 697 100 208+ 37 L
SA-A 0.1 punol/L 2083 £ 365 m.6 HT %04 718
SA-A 1 pmol/L 214 = 316 8.6 152 & 440 541
SA-A 10 pmol/L 2301 £ 275¢ 71.8 151 = 36" 52.6

SA-A 100 pmol/L 2040 £ 233 61.53 143 £ 4F 40.5
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Tab 4. The relative amomt of procollagen o {1} mRNA

expression (% of fractin}. a=4. xts. "P<0.05 s
contral.
Group Provollagen wpi I} mENA
Control B+a
SA-A | jomul/T. 13t
SA-A 10 perrd L 724+ 15"

B -actin (163 bp)
procollagen a, (1)
(254 bp)

1 2 3 4 5

6 7 8

Fig2. RTY.PCR products of procollagen o; (1] and B-
actn 5 pL run on 1.5 % agarose gel stained with EB.
Lane 1 a8 PCR marker, lane 2 as control, lane 3 and 4
as the control for procollagen «:{1) and f-actin, respec-
tively; lane 5 and 6 as SA-A 1 pmol/L for procollagen o;
(I} and f-actin, respectively; lane 7 and 8 as SA-A 10
pmol/L for procollagen o, (I) and p-actin, respectively.

decressed both the cellular MTT  transformation  and
[*H TR meorporation. It suggests that SA-A has a po-
tential action against NBS stimulated HSC prolileration,
but this action is the pharmacological effect, not associat-
ed with the drug cytotoxity .

Type I collagen is composed of two o (1) chains and
one o; { I) chain, In the experiment, SA-A not only
down-regulated procollagen op(T) steady-state mRNA ex-
pression, but also decressed the cell secretion of ype 1
collagem and collagen deposition, suggesting that SA-A
had inhibitory effect on HSC collagen synthetic process.
In the stady, SA-A not only inhibited HSC praliferation,
bul also decreased the cell collapen synthesis, indicaring
that SA-A was elfective we against HSC activation and
liver fibrosis.

In Asia especially in China, herbal medicines have
been used for centuries to treal hver diseases, among
which Salvia miltiorrhiza s 2 typical one. Recent shad-
ies have found that the herb mbibits fibrosis in animal
models and down-regulates mBENA expression In pro-col-
lagens, indicating an aetion on liver fibrosis '
Salvianolic acid-A. one of water-soluble ingredients from

Salvig miltiorrhiza, has effective actions on bepatic per-
oxidation and fibrosis fr v as found n our previous
study'® . Usually herbal medicines are prepared in boil-
ing water and taken orally, thus the aguenus soluble com-
ponents may play an important role-'?,  In our swdy,
SA-A has been found to have u polential action against
hepatic fibrosis in vitro . It is deduced that SA-A s one
of the major effective components of Salvia miltiorrhiza
and the main mechanisms of s anbfibrotic action is asso-
vigled with the inhibition of HSC proliferation and downe-
regulation of procollagen gene cxpression .
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BH. IRARE A TIERA KR 2 RMREH
SEEAERREE. Fik AEBEORSRER
Xt BFIE 4T TR0 HE 5 04 1k, Nycodenz % # B .0
AEXKRFERMEMR, £ KKK MITES
PHITRRBAEREHMME, WHEIEG, B

arirEEE RFBRKRIFEMEE, ELISA 20 24K
RELIEPIBERTPE, GHNARESROR
KIESME. RT-PCRIESIAIEE o(D) EHHER
. BR. FFER A 100 pmol/L 31 AR5 40 i fi A%
ST, B, S8R A0.1-10 pmol/
LA 4piE S EHEEW. FHRE A L-100 pmol/
L ¥ HE B 0 A B, BRI R R 5 1R
BEE T E. FHEEE A 1— 10 umol/L X AT o
(D mRNA ZEH AW B AGER. &g, ABE
AMBIITRRFEHEHESKIFRE, RIISHATEH
R FEARETZ—, WHFERAKFBELE
HF AT sk iy T E 6 RHLE .

(A £HE)



