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ABSTRACT

Panax notoginseng saponins have recently been reported to suppress liver fibrosis. Since ginsenoside-Rg1 is
the most abundant component of P. notoginseng saponins, we investigated the effect of ginsenoside-Rg1 on
experimental liver fibrosis in rats. Histological analysis revealed that ginsenoside-Rg1 significantly improved
the extent of liver fibrosis in rats induced by thioacetamide. Ginsenoside-Rg1 markedly suppressed the
serum levels of fibrotic markers and hepatic hydroxyproline content in rats treated with thioacetamide.
Ginsenoside-Rg1 also reduced the serum levels of alanine transaminase, aspartate transaminase and alkaline
phosphatase. Finally, ginsenoside-Rg1 attenuated the levels of thiobarbituric acid reactive substances in
livers of rats treated by thioacetamide. In cultured hepatic stellate cells, ginsenoside-Rg1 markedly inhibited
cell proliferation, activation and formation of reactive oxygen species stimulated by platelet-derived growth
factor-BB (PDGF-BB). Additionally, ginsenoside-Rg1 down-regulated the expression of PDGF receptor-3 by
reducing the nuclear factor-xB activity, which was required for the gene expression. These results suggest
that ginsenoside-Rg1, which exhibits its antioxidant and antifibrotic properties, may be of potential

therapeutic value in protecting the liver fibrosis.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Liver fibrosis is the main complication of chronic liver diseases.
During the development of liver fibrosis, activated hepatic stellate
cells (HSCs) are able to synthesize and deposit excessive extracellular
matrix components into the liver parenchyma (Friedman, 2003).
Advanced liver fibrosis leads eventually to cirrhosis and liver failure,
for which no effective medical treatments are available except for
liver transplantation. Therefore, prevention of liver fibrosis is a critical
step for protecting the liver against the occurrence of cirrhosis and
failure.

Although interferon has been widely used to treat chronic viral
hepatitis, the effect of the therapy for liver fibrosis has not always
been satisfactory. Herbal medicines have been reported to show
protective effects from liver fibrosis and injury (Shimizu et al., 1999a;
Cyong et al., 2000; Sun et al., 2007; Lee et al., 2007; Hsieh et al., 2008)
For instance, Sho-saiko-to, a herbal medicine, is a common drug to
treat chronic liver diseases in Asia (Oka et al., 1995). Sho-saiko-to has
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been proven to effectively suppress liver fibrosis in various rat fibrosis
models, induced by dimethylnitrosamine (Shimizu et al., 1999a), pig
serum (Shimizu et al., 1999a), carbon tetrachloride (CCly) (Inao et al.,
2004), and thioacetamide (TAA) (Imanishi et al., 2004).

Panax notoginseng (Burk.) F. H. Chen, another herbal medicine, was
originally used for treatment of trauma and bleeding in Asia, due to its
therapeutic abilities to stop haemorrhages and promote blood circula-
tion (Park et al,, 2005). The major active components in the root of
P. notoginseng are P. notoginseng saponins (Dong et al., 2003). Previous
studies have shown that P. notoginseng saponins attenuate liver injury in
rats induced by p-galactosamine (Yoshikawa et al., 2003), lipopolysac-
charide (Yoshikawa et al., 2003), and ethanol (Lin et al., 2003).
P. notoginseng saponins can provide strong protection for hepatocytes
from ischemic reperfusion injury in the early stage of transplantation
(Deng et al., 2001). Arecent study revealed that P. notoginseng saponins
suppress liver fibrosis in Long-Evans rats with cinnamon coat color
(Park et al, 2005). These rats have an abnormality of the copper
transport protein; eventually develop hepatocyte necrosis and hepatic
fibrosis.

There are over 20 different saponins identified in P. notoginseng root,
including ginsenosides, notoginsenosides, and gypenosides. Among
these saponins, ginsenoside-Rg1 is the most abundant components
found in the root of P. notoginseng (Dong et al., 2003). In this study, we
evaluated the effect of ginsenoside-Rg1 on established hepatic fibrosis
in rats, induced by TAA. We currently demonstrated that ginsenoside-
Rg1 markedly suppressed liver fibrogenesis in rats.
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2. Materials and methods
2.1. Animals and experimental design

Ginsenosideginsenoside-Rg1 (molecular weight 800, purity 98%)
was obtained from Prof. Er-Yi Zhang (Kunming Medical College, China).
Adult Sprague Dawley rats were obtained from Baiyao Pharmacological
Co. (Kunming, China). The animals were housed at a constant
temperature of 22 °C, with a 12 h light/dark cycle of 12:12 h. The
protocol of the experiments was approved by the Animal Care and Use
Committee of Yunnan University. Rats were given intraperitoneal
injection of TAA (200 mg/kg body weight) (solution in saline) twice a
week for six weeks. At the same time, some of these rats were given
ginsenoside-Rg1 by a subcutaneous injection every day. Thus, five
groups each including ten animals could be distinguished. Control
group, saline water alone; TAA group, TAA with saline water; low-dose
ginsenoside-Rg1 group, TAA withginsenoside-Rg1 (15 mg/kg body
weight); middle-doseginsenoside-Rg1 group, TAA withginsenoside-
Rg1 (50 mg/kg body weight); high-doseginsenoside-Rg1 group, TAA
withginsenoside-Rg1 (100 mg/kg body weight).

2.2. Histopathological examination

After development of liver fibrosis, the animals were anesthetized
with phenobarbital. A part of the liver was immediately removed and
quickly frozen in liquid nitrogen. The remaining part of liver was fixed in
formalin, dehydrated in graded ethylic alcohol, and embedded in
paraffin. All slides were evaluated at random with sections stained with
hematoxylin and eosin (HE) and Masson's Trichrome. The extent of liver
fibrosis was graded with the METAVIR scale, which grades fibrosis on a
five-point scale (0, no fibrosis; 1, portal fibrosis without septa; 2, portal
fibrosis with few septa; 3, numerous septa without cirrhosis; and 4,
cirrhosis) (Bedossa and Poynard, 1996). To avoid sampling errors, the
evaluation of the extent of liver fibrosis was performed by an
independent pathologist blinded to the treatment protocol.

2.3. Measurement of hydroxyproline content

Hydroxyproline content in fresh liver samples was determined
according to the method described previously (Lee et al., 2007). Liver
samples were homogenized and hydrolyzed in 6 M HCI for measure-
ment of hydroxyproline content. Protein concentration was deter-
mined by the Bradford reagent (Bio-Rad) using bovine serum albumin
as the standard. Results were normalized by protein concentration.

2.4. Measurement of thiobarbituric acid reaction substrate in liver

Lipid peroxidation in the liver was determined by measuring the
level of thiobarbituric acid reaction substrate (Fraga et al., 1988). The
fluorescence of the samples was detected at an excitation wavelength
of 515nm and an emission wavelength of 555 nm in a F4500
fluorescence spectrophotometer (Hitachi, Japan). Results were nor-
malized by protein concentration.

2.5. Serum markers of hepatic fibrosis and function

Serum hyaluronic acid (HA), and type III procollagen (PCIII) were
determined by radioimmunoassay according to the manufacturer's
instructions (Navy Medical Institute, Shanghai, China). Measurements
of alanine transaminase (ALT), aspartate transaminase (AST) and
alkaline phosphatase (AKP) were performed by an automated
biochemistry analyzer (Hitachi 7060, Japan).

2.6. Isolation of hepatic stellate cells

HSCs were isolated from the livers of male SD rats by sequential
digestion of the liver with 0.1% pronase E (Merck, Darmstadt,
Germany) and 0.3% collagenase (Sigma, St. Louis, MO), as previously
described (Shimizu et al, 1999b). The HSCs were used in their
activated phenotype (passages 3-7). The immortalized rat HSC line
HSC-T6 (a gift from Dr. L-M Xu, Shanghai University of Chinese
Traditional Medicine, China), which exhibits characteristics compat-
ible with those of rat HSCs (Vogel et al., 2000), was also used in this
study. When cells were 60-80% confluent, the culture medium was
changed to phenol-red free M199 (Gibco) lacking FBS. Then cells were
preincubated with ginsenoside-Rg1 before the addition of test agents.

2.7. Determination of cell growth and [PH]-thymidine incorporation
assay

HSCs were grown in phenol-red free M199 supplemented 10% FBS
and maintained at 37 °C. When cells were 60-80% confluent, the
culture medium was changed to phenol-red free M199 lacking FBS.
Then cells were preincubated with ginsenoside-Rg1 for 24 h before
the addition of PDGF-BB (PeproTech, Rocky Hill, NJ) (10 ng/ml). Cells
were counted in triplicate in a hemocytometer after 48 h of incubation
with PDGF-BB.

After pretreated with ginsenoside-Rg1 for 24 h, HSCs were
incubated with PDGF-BB (10 ng/ml) for 18 h. Then, 50 pl of serum-
free medium containing [*H]-thymidine (Atom High-Tech Co., Beijing,
China) at 1 uCi/ml were added to cells in each well. After incuba-
tion for an additional 6 h, cells were washed with PBS three times.
[*H]-thymidine incorporation was determined according to the
method reported by Zou et al. (2009).

2.8. Measurement of reactive oxygen species

Formation of reactive oxygen species, mainly H,0,, in cells was
measured by using the method described previously (Zou and Banerjee,
2003), but with some modifications. HSC-T6 cells were pretreated with
2’, 7'-dichlorodihydrofluorescein diacetate (H,DCFDA) (Molecular
Probes, Junction City, OR, USA) for 15 min and then with ginsenoside-
Rg1 for 30 min. After incubated with PDGF-BB(10 ng/ml) for an
additional 1 h, the cells were washed twice, harvested by trypsinization,
and then resuspended in 1 ml of PBS. The cell suspension (20 pl) was
mixed with PBS (980 pl). DCF fluorescence was measured by a Shimadzu
RF551S fluorometer (Japan) with excitation at 490 nm and emission at
520 nm and a slit width of 5 nm for both excitation and emission. The
fluorescence values of tested drug treatment groups were normalized
by the mean value of control group.

2.9. Quantitative real-time PCR analysis

Total RNA from liver tissues was isolated using Trizole reagent
(Invitrogen Corp., Carlsbad, CA). Random-primed cDNAs were gener-
ated by reverse transcription of total RNA samples with SuperScript Il
(Invitrogen). A real-time-PCR analysis was performed with the ABI
Prism 7000 Sequence Detection system (Applied Biosystems, Foster
City, CA) using SYBR® Premix-Ex Tag™ (Takara, Dalian, China). All
results were standardized to the levels of GAPDH. The primers used for
PCR were as follows: PDGFRP: 5’-CATCTGTGAGGGCAAGTTGGTC-3’ (F),
5’-TCAAGGTGGTGTAGAGGCTGTT-3’ (R); GAPDH: 5'-CATGTTCCAGTAT-
GACTCAACTC-3' (F), 5'-AGTGTCACCCCATT TGATGT -3’ (R).

2.10. Western blotting
Cells were lysed on ice for 30 min in lysis buffer (containing 0.15 M

NaCl, 30 mM Tris, 1 mM phenylmethanesulfonyl fluoride, 1% Triton
X-100, 1 mM EDTA, 10 pg/ml leupetin, 2 pg/ml pepstatin, 2 pg/ml
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aprotinin). Total protein of cell lysates (25 pg) was loaded per well
and separated on a 10% SDS polyacrylamide gel. Proteins were then
transferred to PVDF membranes. Primary antibodies were: anti actin,
anti-a-smooth muscle actin (a-SMA), anti-type I collagen antibodies
(Sigma, St. Louis, MO), and anti-PDGFRp antibodies (Boster Biol Tech).
The secondary antibody was a peroxidase-coupled anti-rabbit or mouse
IgG (Amersham Biosciences, Piscataway, NJ). The membrane was
exposed to ECL Hyperfilm (Amersham Biosciences), and the film was
developed.

2.11. Transfection and luciferase assays

The full-length PDFGR-( reporter plasmid pp12 was a gift from Dr.
Keiko Funa (Ludwig Institute for Cancer Research, Uppsala, Sweden).
In this plasmid, a fragment, containing 1366 base pair nucleotides
upstream from the start codon of the mouse PDFGR-{> gene, was
subcloned into a luciferase expression vector pGL2 (basic) (Ballagi et
al., 1995). Transient transfection in HSC-T6 cells was performed using
Lipofectamine 2000 Reagent in OPTI-MEM medium (Invitrogen)
according to the manufacturer's specifications. Cotransfection experi-
ments with an expression vector for 3-galactosidase reporter, pSV-3-
gal (1pg of DNA/well) (Promega) was performed. Forty-eight
hours following transfection, the HSC-T6 cells were incubated with
ginsenoside-Rg1 for 24 h. For luciferase activity determinations, cells
were harvested, and cellular proteins were extracted using reporter
lysis buffer (400 nl/well) according to the manufacturer's instructions
(Promega Corp., Madison, WI). The cell lysate was centrifuged for
5min at 12,000 x rpm. From an aliquot of the supernatant (50 pl),
luciferase enzymatic activity (in light units) was measured by adding
luciferase substrate (Promega), and measuring in a Cytofluor II fluo-
rescent plate reader (Millipore Corp., Bedford, MA). B-Galactosidase
activity was measured using the Galacto-Star System (Applied
Biosystems, Bedford, MA).

2.12. Electrophoretic mobility shift assay(EMSA)

Primary HSCs were incubated with serum-free medium M199
medium in the presence of ginsenoside-Rg1 (10 uM) for 6 h. Nuclear
extracts were prepared from primary HSCs by the method described
previously (Dignam et al., 1983). The nuclear factor-xB (NF-kB) site at
—759 to — 736 in the PDGFRP promoter (5’-TGG TAA AGG GAG GCT
CCA TTT ACA-3’) were synthesized as complementary oligodeoxyr-
ibonucleotide strands for EMSA (Chen and Zhang, 2003). EMSA was
performed using a light-shift chemiluminescent EMSA kit (Pierce,
Rockford, IL) according to the manufacturer's standard protocol.
Binding reactions were performed with 5 pg of nuclear extracts.

2.13. Statistical analysis

Data were expressed as mean = S.D. Statistical difference between
the groups was analyzed using one-way ANOVA, followed by
Student-Newman-Keuls' test.

3. Results
3.1. Histological findings

The rat livers treated with TAA for six weeks developed hepatic
fibrosis. Histological analysis by HE and Masson's trichrome staining
showed distorted tissue architecture with bundles of collagen
surrounding the lobules as well as large fibrous septa (Fig. 1AB). Co-
administration of ginsenoside-Rg1 significantly attenuated the depo-
sition of collagen fibers. In the TAA group, 8 of 10-rats presented liver
fibrosis of score-3. In contrast, in the high-dose ginsenoside-Rg1
groups, there were no rats showing liver fibrosis of score-3 and 6 of
10-rats showed liver fibrosis of score-1 (Table 1).

Fig. 1. Photomicrographs of liver sections from rats treated with TAA. (A) HE staining;
(B) Masson's trichrome staining. (a), control group, rats were treated with saline water
for six weeks; (b), TAA group, rats were treated with TAA for six weeks; (c), ginsenoside-
Rg1 group, rats were treated with TAA and ginsenoside-Rg1 (100 mg/kg) for six weeks.
Original magnification x400.

3.2. Body and relative liver weight

The administration of ginsenoside-Rg1 (100 mg/kg body weight)
alone did not influence the body weight or the relative liver weight of
rats. However, a sharp decline in body weight was observed in rats
after treatment with TAA for six weeks. The mean body weight of rat
in the TAA-treated group was approximately 61% that of the control
group (Table 2). However, co-administration of ginsenoside-Rg1l
improved the decrease in body weight of those rats treated with TAA.
A significant increase in the relative liver weight was detected in TAA-
treated rats (Table 2). Ginsenoside-Rg1 treatment prevented the
increase of the relative liver weight induced by TAA.

3.3. Serum markers of liver fibrosis

HA and PCIIl in serum have been shown to reflect the extent of
liver fibrosis (Ponomarenko et al., 2002). We thus evaluated the
serum levels of HA and PCIII. TAA caused three and five-fold increases
in serum HA and PCIII levels, respectively, compared with the control
group (Fig. 2AB). Ginsenoside-Rg1 significantly attenuated the TAA-
induced increase in serum HA and PCIII levels in a dose-dependent
manner (Fig. 2AB).

Table 1

Grading of liver fibrosis for rats in different treatment groups.
Score 0 1 2 3 4 Mean S.D.
Control 10 0 0 0 0 0.00 0.000
TAA treatment 0 0 2 8 0 2.80 0.421
Rgl (15 mg/kg) * 0 2 5 3 0 2.10 0.738
Rgl (50 mg/kg) ° 0 4 6 0 0 1.60 0516
Rgl (100 mg/kg) ® 1 6 3 0 0 1.20 0.632

Control group, rats were treated with PBS for six weeks; TAA group, rats were treated
with TAA alone for six weeks;ginsenoside-Rg1 treatment Groups, rats were treated
with TAA andginsenoside-Rg1 for six weeks. The extent of liver fibrosis was graded by
5-grade scores.

¢ P<0.05.

b P<0.001 versus TAA group.
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Table 2
Effect of ginsenoside-Rg1 on body weight and relative liver weight of TAA-treated liver
fibrosis in rats (n=10; mean 4-S.D.).

Groups Body weight (g) Relative liver weight (%)
Control 2512421 3.8+0.18

Rg1 (100 mg/kg) 262.6+3.4 3.7+0.14

TAA treatment 1544457 ° 5440.21

TAA +Rg1 (15 mg/kg) ¢ 1773 +3.1 ENERONS

TAA +Rg1 (50 mg/kg) ° 2072 +4.6° 44+0.18°

TAA +Rg1 (100 mg/kg) ° 215342.7° 43+0.20°

4 P<0.05 compared with group.
b P<0.05 compared to TAA treatment.

3.4. Effect of ginsenoside-Rg1 on hepatic hydroxyproline content

Hepatic hydroxyproline content is also an index of liver fibrosis. In
this study, elevated hydroxyproline levels were observed in the
hepatic homogenate of TAA-treated rats (Fig. 3). There was a sig-
nificant decrease in hepatic hydroxyproline content with ginsenoside-
Rg1 administration in the TAA-treated rats (Fig. 3).

3.5. Effects of ginsenoside-Rg1 on liver damage and the levels of
thiobarbituric acid reaction substrate

We next investigated whether ginsenoside-Rg1 has the protective
effect on liver damage induced by TAA. As shown in Fig. 4ABC, rats
treated with TAA increased the levels of serum AST, ALT, and AKP. Co-
administration of ginsenoside-Rg1 was associated with a significant
reduction in the serum levels of AST, ALT, and AKP. The data suggested
that ginsenoside-Rg1 protects hepatocytes against TAA-induced
damage in rats.

It has been shown that P. notoginseng saponins suppress liver
fibrosis and lipid peroxidation in Long-Evans rats with cinnamon coat
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Fig. 2. Effect of ginsenoside-Rg1 on serum markers of liver fibrosis. (A) and (B), TAA
treatment. Serum levels of hyaluronic acid (HA) and type III procollagen (PCIII) were
determined by radioimmunoassay. *P<0.05 versus TAA group (n=10).
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Fig. 3. Effect of ginsenoside-Rg1 on hepatic hydroxyproline content. Each group consists of
8 rats. *P<0.05 versus TAA group.

color (Park et al., 2005). We thus tested whether ginsenoside-Rg1
could inhibit lipid peroxidation in the livers of TAA-treated rats.
Increased levels of thiobarbituric acid reaction substrate, as indicators
of lipid peroxidation, were observed in rats treated with TAA (Fig. 5).
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Fig. 4. Effect of ginsenoside-Rg1 on liver function. (A) (B) (C), TAA treatment.
Enzymatic activities of alanine transaminas (ALT), aspartate transaminase (AST) and
alkaline phosphatase (AKP) were determined by an automated biochemistry analyzer.
*P<0.05 versus TAA group (n=10).
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Fig. 5. Effect of ginsenoside-Rg1 on thiobarbituric acid reaction substrate levels in livers.
Each group consists of 8 rats. *P<0.05 versus TAA group.

Co-administration of ginsenoside-Rg1 markedly suppressed the levels
of thiobarbituric acid reaction substrate.

3.6. Ginsenoside-Rg1 inhibits PDGF-induced proliferation and activation
in HSCs

Since PDGF-BB is the most potent proliferating cytokine for HSCs
(Olaso and Friedman, 1998), we examined the effect of ginsenoside-
Rg1 on PDGF-BB-induced HSC proliferation. Before addition of PDGF-
BB, we made HSCs quiescent by incubating them in serum-free
medium for 24 h. [*H]-thymidine incorporation was then determined
to assess the rate of DNA synthesis after incubation with PDGF-BB for
24 h. As shown in Fig. 6A, PDGF-BB (10 ng/ml) significantly promoted
[>H]-thymidine incorporation in HSCs. Ginsenoside-Rg1 at 0.1, 1, and
10 uM markedly inhibited [*H]-thymidine incorporation in HSCs by
24%, 42%, 54%, respectively. Meanwhile, ginsenoside-Rg1 suppressed
the proliferation of HSCs induced by PDGF-BB as also indicated by cell
numbers. By 48 h, ginsenoside-Rg1 at 0.1, 1, and 10 uM reduced cell
number by 12%, 30%, and 42%, respectively (Fig. 6B). In this study, we
found that ginsenoside-Rg1l (100 uM) did not cause a significant
lactate dehydrogenase leakage (an index of cell injury) for 72 h
treatment in HSCs (data not shown).

a-SMA is the marker of HSC activation. We thus investigated
whether ginsenoside-Rg1 exhibits antifibrotic effect by suppres-
sing the activation of HSCs. Western blot analysis indicated that
ginsenoside-Rg1 significantly inhibited the protein levels of a-SMA
by PDGF-BB in HSCs (Fig. 6C). Since the activated HSCs could
promote the production of collagen, we also tested the effect of
ginsenoside-Rg1 on the expression of type I collagen. As shown in
Fig. 6C, ginsenoside-Rg1 also markedly reduced the protein levels
of type I collagen.

3.7. Ginsenoside-Rg1 inhibits PDGF-induced ROS formation in HSCs

It has been shown that ROS play a critical role in the pathogenic
process of fibrosis (Adachi et al., 2005). ROS, which produces via
activation of NAD(P)H oxidases in response to PDGF-BB, can stimulate
the HSC proliferation (Adachi et al., 2005). To elucidate the possible
mechanisms underlying the inhibition of HSC proliferation by
ginsenoside-Rg1, we examined the effect of ginsenoside-Rgl on
formation of ROS induced by PDGF-BB using a fluorescence probe,
H,DCFDA. A 2.9-fold in DCF fluorescence production was observed in
HSCs after treatment with PDGF-BB (10 ng/ml) for 1h (Fig. 7).
ginsenoside-Rg1 markedly suppressed DCF fluorescence stimulated
by PDGF-BB at a dose-dependent manner (Fig. 7).

3.8. Down-regulation of PDGFR-3 expression by ginsenoside-Rg1

To further elucidate molecular mechanisms by which ginsenoside-
Rg1 inhibits PDGF-mediated cell proliferation, we evaluated the effect

= 10000 '
a %
= T
| =4 L
5 8000
s
g 6000 | - -
Q
S 4000 b
=
B
£ I
E 2000
£
_—
DE. 0 1 1 'l 1 I
CTR PDGF PDGF PDGF PDGF
250 p
B3
200 | _[
9 e
5 150 } § P
0
E
=
Z 100 |
50 ¢
0 i L L i 1
CTR PDGF PDGF PDGF PDGF
RgIuM) — — 0.4 1 10
PDGF — + + +
Rgl (uM) —  — 0.1 10

42 kD )
Actin

Fig. 6. Effect of ginsenoside-Rg1 on prolieration and activation in HSCs. (A) Primary
HSCs were cultured in serum-free medium containing ginsenoside-Rg1 at the indicated
doses for 1 h. Then these cells were treated with PDGF-BB (10 ng/ml) for another 24 h.
DNA synthesis by the cells was evaluated by [*H]-thymidine incorporation into DNA.
Data represent mean=+S.D. of five separate experiments. *P<0.05 versus control;
**P<0.05 versus PDGF alone. (B) The cells in serum-free medium were preincubated
with ginsenoside-Rg1 for 1 h at the indicated doses before treatment with PDGF-BB
(10 ng/ml) for another 48 h. Cells were collected and counted in a hemocytometer.
Data represent mean+S.D. of five separate experiments. *P<0.05 versus control;
**P<0.05 versus PDGF alone. (C) The cells in serum-free medium were preincubated
with ginsenoside-Rg1 for 1 h at the indicated doses before treatment with PDGF-BB
(10 ng/ml) for another 24 h. The protein levels were detected by Western blotting. The
blot is typical of five experiments. COL1A1, type I collagen.

of ginsenoside-Rg1 on the expression of PDFGR—in HSCs. As shown in
Fig. 8, ginsenoside-Rg1 treatment resulted in a decrease in the mRNA
and protein levels of PDFGR-f3 in a dose-dependent manner in HSCs.
Thus, the antifibrotic effect of ginsenoside-Rg1 is probably due to
inhibition of PDGFR-3 expression.

3.9. Ginsenoside-Rg1 inhibits PDGFR-3 promoter activity and NF-xB
binding activity

To further confirm effect of ginsenoside-Rg1 on PDGFR-3 gene
transcription, an immortalized rat liver stellate cell line, HSC-T6, was
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After PDGF-BB (10 ng/ml) treatment for 1 h treatment for 10 min. The fluorescence
values for various tested drug treatment were normalized by the value of control. Data
represent mean + S.D. of five separate experiments. *P<0.05 versus control; **P<0.05
versus PDGF alone.

used to examine the activity of PDGFR-3 promoter. HSC-T6 cells were
transiently transfected with the full-length PDGFR-{ reporter plasmid
pPR12 fused to a luciferase reporter gene. After 48 h transfection, HSC-
T6 cells were incubated with ginsenoside-Rg1 for 24 h. As shown in
Fig. 9A, ginsenoside-Rg1 treatment resulted in a significant decrease
in luciferase activity.

PDGFR-f3 gene promoter contains a consensus binding site for NF-
KB binding. To confirm the role of NF-«B in the expression of PDGFR-(,
we tested NF-kB DNA binding activity using EMSA. As shown in
Fig. 9B, ginsenoside-Rg1 significantly suppressed NF-«xB DNA binding
activity.
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Fig. 8. Down-regulation of PDGFR-beta by ginsenoside-Rg1. (A) Primary HSCs were
cultured in serum-free medium containing ginsenoside-Rg1 (10 uM) for 6 h. Total RNA
was extracted and subjected to real-time PCR. All results are standardized to the levels
of GADPH and are the means+S.D. of five experiments. *P<0.05 versus control
(without ginsenoside-Rg1). (B) The protein levels were detected by Western blotting.
The blot is typical of five experiments.
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Fig. 9. Ginsenoside-Rg1 inhibits PDGFR-{3 promoter activity and NF-kB binding activity.
(A) HSC-T6 cells were transfected with the full-length PDFGR- reporter plasmid pp12.
After transfection for 48 h, the cells were incubated with ginsenoside-Rg1 for 6 h.
Luciferase assays were performed as described under Materials and methods. Data are
the mean and S.D. of five independent experiments performed in triplicate. *P<0.05
versus control (without ginsenoside-Rg1). (B) After primary HSCs were cultured in
serum-free medium in the presence of ginsenoside-Rg1 (10 pM) for 6 h. The nuclear
proteins were extracted for EMSA. A typical experiment is shown. CTR, control;
unlabeled probe, 100-fold excess unlabeled probe.

4. Discussion

A previous study has shown that P. notoginseng saponins can
suppress hepatic fibrosis in Long-Evans rats with cinnamon coat color
(Park et al., 2005). Currently, over 20 different saponins, including
ginsenosides, notoginsenosides, and gypenosides, have been identi-
fied in P. notoginseng root. Among these saponins, ginsenosides-Rg1 is
the most abundant components found in the root of P. notoginseng
(Dong et al., 2003). Like the majority of other traditional Chinese
medicines, the efficacy and safety of P. notoginseng are mainly based
on historical experience rather than on scientific and clinical evidence.
Currently, we observed that ginsenoside-Rgl administered alone
(200 mg/kg) had no effect on clinical or biological parameters (data
not shown). We have evaluated the effect of ginsenoside-Rg1 on
the extent of hepatic fibrogenesis in a rat model of liver fibrosis.
We demonstrated for the first time that a single component of
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P. notoginseng saponins, ginsenoside-Rg1, significantly inhibited
hepatic fibrogenesis induced by TAA.

In this study, histological findings showed that liver fibrogenesis in
rats given TAA was ameliorated by administration of ginsenoside-Rg1
(Fig. 1). This improvement was paralleled by a decrease in the serum
levels of HA and PCIII as well as the hepatic hydroxyproline content,
which are the indexes for liver fibrosis. These results indicate that
suppression of activated hepatic stellate cells contributes to the anti-
fibrotic effect of ginsenoside-Rg1.The administration of ginsenoside-
Rg1 significantly decreased the serum levels of ALT, AST, and AKP in
rats given TAA. Previous studies demonstrated that P. notoginseng sa-
ponins protect rats against hepatic injury induced by p-galactosamine,
lipopolysaccharide as well as ethanol (Yoshikawa et al., 2003; Lin
etal,, 2003). Liver fibrosis is not only the result of derangements in the
synthesis and degradation of matrix, but also the result of liver injury.
Thus, these data implicates that the improvement of TAA-induced
hepatic fibrosis by ginsenoside-Rg1 may result partially from
attenuation of hepatocyte injury.

Although all hepatic cell types contribute to fibrogenesis, HSCs
play the most important role in fibrotic progression. It has been shown
that HSC proliferation and activation are the crucial steps for hepatic
fibrosis (Olaso and Friedman, 1998). In this report, we demonstrated
that ginsenoside-Rg1 significantly suppressed DNA synthesis and the
protein expression of a-SMA and type I collagen in HSCs treated by
PDGF-BB. These results indicate that ginsenoside-Rg1 exerts its
antifibrotic action by inhibiting HSC proliferation and activation.
PDGF-BB is the most potent mitogen for HSC proliferation in vivo and
in vitro (Olaso and Friedman, 1998). During liver injury, the
expression of its receptor PDGFRP is mainly up-regulated along
with HSC activation (Kinnman et al., 2003). Our results demonstrated
that ginsenoside-Rg1 inhibited the expression of PDGFRB in HSCs.
Thus, the antifibrotic effect of ginsenoside-Rg1 is partially due to
inhibition of HSC proliferation through down-regulation of PDGFRB
gene. To elucidate the mechanisms by which ginsenoside-Rgl
inhibited the expression of PDGFR in HSCs, we evaluated the effect
of ginsenoside-Rgl on the gene promoter activity. Our results
revealed that ginsenoside-Rg1 suppressed the promoter activity of
PDGFRP by reducing NF-xB DNA activity. NF-kB has been shown to
play a critical role in regulating the promoter activity of PDGFRp in
HSCs (Chen and Zhang, 2003). Thus, these results suggest that the
effect of ginsenoside-Rg1 on the expression of PDGFR-{3 is mainly
exerted at the level of transcription.

A previous study has demonstrated that PDGF-BB activates
NAD(P)H oxidases in HSCs, resulting in the formation of ROS
(Adachi et al., 2005). ROS are believed to be involved in prolif-
eration of HSCs (Galli et al., 2005; Adachi et al., 2005). Thus, ROS
play a critical role in liver fibrosis (Parola and Robino, 2001). Indeed,
antioxidants seem to be promising for the inhibition of liver fibrosis.
Antioxidants, such as vitamin E (Wong et al., 1994; Houglum et al.,
1997), flavonoids (Kawada et al., 1998), N-acetyl-L-cysteine (Kawada
et al, 1998) and (—)-epigallocatechin-3-gallate (Chen and Zhang,
2003), can effectively inhibit the proliferation of HSCs. For instance,
(—)-epigallocatechin-3-gallate can block the activation of two
transcription factors, AP-1 and NF-kB, resulting in inhibition of
PDGFRP expression (Chen and Zhang, 2003). Ginsenoside-Rg1 is an
antioxidant (Liu et al, 2002). We speculate that the following two
mechanisms might be involved in inhibition of ROS by ginsenoside-
Rg1: (I) ginsenoside-Rg1 directly scavenges ROS formation induced by
PDGF-BB; (II) ginsenoside-Rg1 inhibits PDGF-BB-mediated ROS
formation by down-regulating the expression of PDGFRp.

Acknowledgements
This work was supported in part by a grant (07Z210657) from the

Department of Education of Yunnan. We thank Prof. Er-Yi Zhang
(Kunming Medical College, China) and Dr. Keiko Funa (Ludwig Institute

for Cancer Research, Sweden) for their generous gifts of ginsenoside-
Rg1 and the full-length PDFGR-(3 reporter plasmid p312, respectively.
We are grateful to Dr. Yu-Chen Xie (The Second People's Hospital of
Yunnan, China) for her technical help for immunochemistry.

References

Adachi, T., Togashi, H., Suzuki, A., Kasai, S., Ito, ., Sugahara, K., Kawata, S., 2005. NAD(P)
H oxidase plays a crucial role in PDGF-induced proliferation of hepatic stellate cells.
Hepatology 41, 1272-1281.

Ballagi, A.E., Ishizaki, A., Nehlin, ].0., Funa, K., 1995. Isolation and characterization of the
mouse PDGFB-receptor promoter. Biochem. Biophys. Res. Commun. 210, 165-173.

Bedossa, P., Poynard, T., 1996. An algorithm for the grading of activity in chronic
hepatitis C. The METAVIR Cooperative Study Group. Hepatology 24, 289-293.

Chen, A, Zhang, L., 2003. The antioxidant (—)-epigallocatechin-3-gallate inhibits rat
hepatic stellate cell proliferation in vitro by blocking the tyrosine phosphorylation
and reducing the gene expression of platelet-derived growth factor-f3 receptor.
] Biol. Chem. 278, 23381-23389.

Cyong, J.C., Ki, S.M,, lijima, K. Kobayashi, T., Furuya, M., 2000. Clinical and
pharmacological studies on liver diseases treated with Kampo herbal medicine.
Am. ]. Chin. Med. 28, 351-360.

Deng, X.G., Chen, J.S., Chen, W.Q., Zeng, B.S., Ou, Q.J., 2001. Effects of hepatocyte growth-
promoting factor and Panax notoginseng saponins on intrasplenic hepatocellular
autotransplantation. Acta Pharmacol. Sin. 22, 393-398.

Dignam, J.D., Lebovitz, R.M., Roeder, R.G., 1983. Accurate transcription initiation by RNA
polymerase II in a soluble extract from isolated mammalian nuclei. Nucleic Acids
Res. 11, 1475-1489.

Dong, T.T.X., Cui, X.M., Song, Z.H., Zhao, KJ., Zhao, N.Ji., Lo, Ch.K., Tsim, KW.K., 2003.
Chemical assessment of roots of Panax notoginseng in China: regional and seasonal
variations in its active constituents. J. Agric. Food Chem. 51, 4617-4623.

Fraga, C.G., Leibovitz, B.E., Tappel, AL, 1988. Lipid peroxidation measured as
thiobarbituric acid-reactive substances in tissue slices: characterization and
comparison with homogenates and microsomes. Free Radic. Biol. Med. 4, 155-161.

Friedman, S.L., 2003. Liver fibrosis—from bench to bedside. ]. Hepatol. 38 (Suppl 1),
S38-S53.

Galli, A., Svegliati-Baroni, G., Ceni, E., Milani, S., Ridolfi, F., Salzano, R., Tarocchi, M.,
Grappone, C., Pellegrini, G., Benedetti, A., Surrenti, C., Casini, A., 2005. Oxidative
stress stimulates proliferation and invasiveness of hepatic stellate cells via a
MMP2-mediated mechanism. Hepatology 41, 1074-1084.

Houglum, K., Venkataramani, A., Lyche, K., Chojkier, M., 1997. A pilot study of the
effects of d-a-tocopherol on hepatic stellate cell activation in chronic hepatitis C.
Gastroenterology 113, 1069-1073.

Hsieh, C.-C,, Fang, H.-L., Lina, W.-C,, 2008. Inhibitory effect of Solanum nigrum on
thioacetamide-induced liver fibrosis in mice. ]. Ethnopharmacol. 119, 117-121.

Imanishi, Y., Maeda, N., Otogawa, K., Otogawa, K., Seki, S., Matsui, H., Kawada, N.,
Arakawa, T. 2004. Herb medicine Inchin-Ko-To (TJ-135) regulates PDGF-BB-
dependent signaling pathways of hepatic stellalte cells in primary culture and
attenuates development of liver fibrosis induced by thioacetamide administration
in rats. J. Hepatol. 41, 242-250.

Inao, M., Mochida, S., Matsui, A., Eguchi, Y., Yulutuz, Y., Wang, Y., Naiki, K., Kakinuma, T.,
Fujimori, K., Nagoshi, S., Fujiwara, K., 2004. Japanese herbal medicine Inchin-ko-to
as a therapeutic drug for liver fibrosis. J. Hepatol. 41, 584-591.

Kawada, N., Seki, S., Inoue, M., Kuroki, T., 1998. Effect of antioxidants, resveratrol,
quercetin, and N-acetylcysteine, on the functions of cultured rat hepatic stellate
cells and Kupffer cells. Hepatology 27, 1265-1274.

Kinnman, N., Francoz, C., Barbu, V., Wendum, D., Rey, C., Hultcrantz, R., Poupon, R.,
Housset, C., 2003. The myofibroblastic conversion of peribiliary fibrogenic cells
distinct from hepatic stellate cells is stimulated by plateletderived growth factor
during liver fibrogenesis. Lab. Invest. 83, 163-173.

Lee, T.-Z., Chang, H.-H., Chen, ].-H., Hsueh, M.-L., Kuo, J.-]., 2007. Herb medicine Yin-Chen-
Hao-Tang ameliorates hepatic fibrosis in bile duct ligation rats. J. Ethnopharmacol.
109, 318-324.

Lin, C.F., Wong, K.L., Wu, R.S., Huang, T.C,, Liu, C.F,, 2003. Protection by hot water extract
of Panax notoginseng on chronic ethanol-induced hepatotoxicity. Phytother. Res.
17,1119-1122.

Liu, Z.-Q., Luo, X.-Y., Sun, Y.-X., Chen, Y.-P., Wang, Z.-C., 2002. Can ginsenosides protect
human erythrocytes against free-radical-induced hemolysis? Biochim. Biophys.
Acta 1572, 58-66.

Oka, H., Yamamoto, A., Kuroki, T., Harihara, S., Marumo, T., Kim, S.R., Monna, T.,
Kobayashi, K., Tango, T., 1995. Prospective study of chemoprevention of
hepatocellular carcinoma with Sho-saiko-to. Cancer 76, 743-749.

Olaso, E., Friedman, S.L., 1998. Molecular regulation of hepatic fibrogenesis. . Hepatol.
29, 836-847.

Park, W.H., Lee, S.-K., Kim, C.-H., 2005. A Korean herbal medicine, Panax notoginseng,
prevents liver fibrosis and hepatic microvascular dysfunction in rats. Life Sci. 76,
1675-1690.

Parola, M., Robino, G., 2001. Oxidative stress-related molecules and liver fibrosis. ]. Hepatol.
35, 297-306.

Ponomarenko, Y., Leo, M.A,, Kroll, W., Lieber, C.S., 2002. Effects of alcohol consumption
on eight circulating markers of liver fibrosis. Alcohol Alcohol. 37, 252-255.

Shimizuy, I, Ma, Y.R., Mizobuchi, Y., Liu, F., Miura, T., Nakai, Y., Yasuda, M., Shiba, M.,
Horie, T., Amagaya, S., Kawada, N., Hori, H,, Ito, S., 1999a. Effects of Sho-saiko-to, a
Japanese herbal medicine, on hepatic fibrosis in rats. Hepatology 29, 149-160.



J. Geng et al. / European Journal of Pharmacology 634 (2010) 162-169 169

Shimizu, I., Mizobuchi, Y., Yasuda, M., Shiba, M., Ma, Y., Horie, T., Liu, F,, Ito, S., 1999b.
Inhibitory effect of oestradiol on activation of rat hepatic stellate cells in vivo and in
vitro. Gut 44, 127-136.

Sun, W.-Y., Wei, W., Gui, S.-Y., Wang, H., 2007. Effects and mechanisms of extract from
Paeonia lactiflora and Astragalus membranaceus on liver fibrosis induced by carbon
tetrachloride in rats. ]. Ethnopharmacol. 112, 514-523.

Vogel, S., Piantedosi, R, Frank, J., Lalazar, A., Rockey, D.C., Friedman, S.L., Blaner, W.S,,
2000. An immortalized rat liver stellate cell line (HSC-T6): a new cell model for the
study of retinoid metabolism in vitro. J. Lipid Res. 41, 882-893.

Wong, L., Yamasaki, G., Johnson, RJ., Friedman, S.L., 1994. Induction of beta-platelet-
derived growth factor receptor in rat hepatic lipocytes during cellular activation in
vivo and in culture. J. Clin. Investig. 94, 1563-1569.

Yoshikawa, M., Morikawa, T., Kashima, Y., Ninomiya, K., Matsuda, H., 2003. Structures of
new Dammarane-type triterpene saponins from the flower buds of Panax
notoginseng and hepatoprotective effects of principal Ginseng saponins. J. Nat.
Prod. 66, 922-927.

Zou, C.-G., Banerjee, R., 2003. Tumor necrosis factor-alpha-induced targeted proteolysis
of cystathionine beta-synthase modulates redox homeostasis. J. Biol. Chem. 278,
16802-16808.

Zou, CG., Gao, XY., Zhao, YS., Li, S.D., Cao, X.Z, Zhang, Y. Zhang, K.Q., 2009.
Homocysteine enhances cell proliferation in hepatic myofibroblastic stellate cells.
J. Mol. Med. 87, 75-84.



	Ginsenoside-Rg1 from Panax notoginseng prevents hepatic fibrosis induced by
thioacetamide in rats

	Introduction
	Materials and methods
	Animals and experimental design
	Histopathological examination
	Measurement of hydroxyproline content
	Measurement of thiobarbituric acid reaction substrate in liver
	Serum markers of hepatic fibrosis and function
	Isolation of hepatic stellate cells
	Determination of cell growth and [3H]-thymidine incorporation assay
	Measurement of reactive oxygen species
	Quantitative real-time PCR analysis
	Western blotting
	Transfection and luciferase assays
	Electrophoretic mobility shift assay(EMSA)
	Statistical analysis

	Results
	Histological findings
	Body and relative liver weight
	Serum markers of liver fibrosis
	Effect of ginsenoside-Rg1 on hepatic hydroxyproline content
	Effects of ginsenoside-Rg1 on liver damage and the levels of thiobarbituric acid reaction subst.....
	Ginsenoside-Rg1 inhibits PDGF-induced proliferation and activation in HSCs
	Ginsenoside-Rg1 inhibits PDGF-induced ROS formation in HSCs
	Down-regulation of PDGFR-β expression by ginsenoside-Rg1
	Ginsenoside-Rg1 inhibits PDGFR-β promoter activity and NF-κB binding activity

	Discussion
	Acknowledgements
	References




