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Abstract

AIM: To make drug sera of Salvia miltiorrhiza and
Yigankang, both of which are Chinese herbs that activate
bleeding and eliminate stasis, in normal rats and those
with liver fibrosis, respectively. To investigate and compare
the effects of the two different drug sera on the proliferation
and activation of hepatic stellate cells (HSCs).

METHODS: Some rats were induced with liver fibrosis:
40% carbon tetrachloride (CCl4) subcutaneous injection,
twice a week for 9 wk. Salvia miltiorrhiza, Yigankang,
colchicines and normal saline were administered into the
stomachs of normal rats and those with liver fibrosis.
Drug sera were extracted 5 d later. HSCs in vitro were
cultivated in different drug sera for 24 h. The rates of
proliferation and expression of -smooth muscle actin
(-SMA) were detected by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) and immunocyt-
ochemistry stain, respectively.

RESULTS: The drug sera from normal and liver fibrotic
rats could be used to cultivate HSCs and to observe the
effects of the corresponding components of herbs on
HSCs. Salvia miltiorrhiza and Yigankang had better
inhibitory effects on HSCs than colchicines (MTT: normal
drug serum: Salvia miltiorrhiza 0.42±0.08, Yigankang
0.32±0.10 vs colchicines 0.45±0.12 pathological drug
serum: Salvia miltiorrhiza 0.33±0.02, Yigankang 0.26±0.01
vs colchicines 0.41±0.09. P<0.05). The drug sera of Salvia
miltiorrhiza, Yigankang from liver fibrotic rats had a stronger
inhibitory effect than the same ones from normal rats
(MTT: Salvia miltiorrhiza: normal drug serum 0.42±0.08 vs
pathological drug serum 0.33±0.02. Yigankang: normal drug
serum 0.32±0.10 vs pathological drug serum 0.26±0.01.
P<0.05).

CONCLUSION: Salvia miltiorrhiza and Yigankang could
inhibit the expression of -SMA and the proliferation of
HSCs. The drug sera from normal and liver fibrotic rats
had different effects on HSCs, probably due to different

metabolic processes, effective components and different
quantities of drug contents in drug sera from rats with
different states of liver.
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INTRODUCTION

The activation and proliferation of hepatic stellate cells
(HSCs) is the major cellular basis for the formation of
liver fibrosis[1,2]. No ideal Western medicine has been
developed against liver fibrosis until now, otherwise, a series
of blood-activating and stasis-eliminating Chinese medicine,
such as Salvia miltiorrhiza, has a positive effect on the
preventive treatment and inversion of liver fibrosis[3,4]. But
it is difficult to clarify the working mechanism and real
effective components of such Chinese medicine against
fibrosis. A feasible way to solve this problem appeared when
the seropharmacological method was advanced in 1984[5].
By traditional seropharmacological method, the drug sera
are always extracted from normal rats which have been
induced with drugs[6]. But it is the patients with hepatic
diseases who take the corresponding drugs clinically. What
is the difference between normal and pathologic livers
during the metabolic process? The project has been carried
out to find out if there exist differences in the working
effects and effective components of the same drugs caused
by different states of liver.

MATERIALS AND METHODS

Cell line
HSC cell line: CFSC is established and presented by
Professor Greenwell, Marion Bessin Liver Research Center,
Albert Einstein College of Medicine. The phenotype of
CFSC is HSC which has been activated. They were
obtained from CCl4-cirrhotic liver of rats, after spontaneous
immortalization in culture.

Materials
Eighty of clean, male Sprague-Dawley (SD) rats of 200-250 g



were from the Laboratory Animal Center of Hebei Medical
University. RPMI-1640 culture medium, L-Glutamine,
hydroxyethyl piperazine ethanesulfonic acid (HEPES),
pancreatin, MTT, dimethyl sulfoxide (DMSO), antibody
of  -SMA were all from Biological Technological Company.
Carbon tetrachloride (CCl4) and other materials were all
analytically pure (AP). Chinese herbs were from Lerentang
Chinese Medicine Drugstore.

Grouping
SD rats 80: 200-250 g, male, were randomized into eight
groups, 10 in each group.

Group A: normal rats.
A1: Salvia miltiorrhiza A2: Yigankang A3: colchicines A4:

normal control (normal saline).
Group B: liver fibrotic rats.
B1: Salvia miltiorrhiza B2: Yigankang B3: colchicine B4:

fibrosis control (normal saline).
The rats in group A were all normal and healthy. The

rats in groups A1-A4 were fed with corresponding drugs or
normal saline. The rats in group B were all induced with
liver fibrosis, then corresponding drugs or normal saline
were fed.

Inducing liver fibrosis in rats
The rats in group B were induced with liver fibrosis by
40% CCl4, subcutaneous injection, 4 mL/kg the first time,
then 2 mL/kg, twice a week, for 9 wk.

Preparation of drug solution
Salvia miltiorrhiza and Yigankang were from Lerentang
Drugstore of Hebei Province. They were decocted and
concentrated. The solutions were sealed and kept in 4 ℃.
The quantities of  raw herbs in solution: Salvia miltiorrhiza
0.51 g/mL, Yigankang 0.72 g/mL. Colchicines (tablets) were
dissolved in normal saline to form 0.04 mg/mL.

Preparation of drug serum
Corresponding drugs were poured into the stomachs of
rats for 5 d. The quantity of drugs is 10 times that of the
normal adults per kilogram per day, twice a day. Rats were
fasted since the night of the 4th day. Blood was extracted
from inferior vena cava 2 h after the drugs were given on
the fifth morning. Then serum was obtained by centrifugation,
3 000 r/min, 4 ℃, for 20 min. The serum from the rats in
the same group were mixed, then were inactivated at 56 ℃,
for 30 min. The sera were stored at -70 ℃. Drug sera
sterilized by filtration, were dissolved in 8% new calf serum
(NCS)/RPMI-1640 cell culture medium to produce 10%
drug serum-1640 culture medium, which was ready for
use at -20 ℃.

Detection of the inhibitory rate of drug serum on HSC growth
by MTT
Cell solutions were incubated on 96-well plate. When HSCs
grew to 90%, they were cultivated in pure RPMI-1640 (no
serum) overnight, so as to synchronize HSCs into the G0

period. The next morning, corresponding groups of 10%
drug serum-1640 media in the wells were changed. There
were nine such holes for each kind of drug serum. The

results were obtained from an average of nine numbers.
A group of  control was set at the same time. Twenty
microliters of MTT was added after the drug serum was
allowed to have worked for 24 h. Then DMSO was added
4 h later. Optical density (A) in all holes was measured.
Then the inhibitory rate (IR) of all drug sera on the growth
of HSCs were calculated. IR = (Aexperiment group-Acontrol group)/
Acontrol group×100%.

Detecting the expression of -SMA in HSCs by immunocyt-

ochemistry stain
HSCs were transferred onto the bottle chip. HSCs were
cultured in pure RPMI-1640 overnight when HSCs grew
to 90% on the chip. There were three similar chips for each
kind of drug serum. The chips were taken out after being
cultivated in drug serum for 24 h. HSCs were fixated.
Antibody of -SMA was added on HSCs, then SP
immunocytochemistry stain was performed. The rate of
positive cells was obtained by analyzing the stain (using the
analysis software from Huadong Normal University) under
microscope (×200). Final results were obtained from the
average.

Statistical analysis
SPSS 10.0 was used to perform F and 2 test and P<0.05
was regarded as statistically significant.

RESULTS

Obvious proliferation of fibers appeared in the liver when
the rats in group B were modeled for 9 wk. There were
inflammation necrosis and vacuole degeneration in the liver.
No obvious changes appeared in the rat livers of group A.
(Figure 1).

The experiment of  pure sera from normal and fibrotic
rats on HSCs in vitro for 48 h showed that the RPMI-1640
culture media with serum from normal and fibrotic rats
could keep the growth of  HSCs’ normal. The effect of
drug sera from normal and fibrotic rats on HSCs for 48 h
showed that drug sera from three kinds of drugs could be
used to cultivate HSCs in vitro, but HSCs’ growth and
differentiation were very slow. The typical phenotype of
HSCs was disappearing gradually; synapses were getting
fewer and smaller; and cell bodies expanded. All showed that

Figure 1  Liver fibrosis with inflammation necrosis and ballooning after CCl4
injection for 9 wk (Masson, 100×).
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components in drug sera had worked on HSCs (Figure 2).
The detection of IR of drug sera on HSCs growth by

MTT showed that Salvia miltiorrhiza, Yigankang inhibited
the proliferation of HSCs more than colchicines (P<0.05).
The drug sera from rats in groups B1 and B2 (sera of
Salvia miltiorrhiza, Yigankang from fibrotic rats) had a
stronger effect than that from A1 and A2 (sera of Salvia
miltiorrhiza, Yigankang from normal rats) (P<0.05) (Table 1).

The detection of -SMA in HSCs by SP immunocyt-
ochemistry stain showed that the drug sera of Salvia
miltiorrhiza and Yigankang from normal and fibrotic rats
could all inhibit the expression of -SMA, compared with
colchicines (P<0.05). The drug sera from B1 and B2 had a
stronger effect than that from A1 and A2 (P<0.05) (Figure 3,
Table 2).

Table 2  Effect of drug sera on the expression of -SMA in HSC (%)

Group SMA               Group SMA

A1 41.72±1.48a B1 37.13±2.42c,e

A2 37.00±0.45a B2 32.13±1.46c,e

A3 48.13±1.08 B3 46.12±0.48

A4 64.10±2.85 B4 60.88±2.07

aP<0.05 vs group A3 and A4; cP<0.05 vs group B3 and B4; eP<0.05 vs group

A1 and A2, respectively; -SMA (number of positive HSCs ÷ number of all

HSCs ×100%).

DISCUSSION

Today, chronic hepatic diseases caused by hepatitis virus,
and the following liver fibrosis, cirrhosis and a few of liver
cancer are still a serious problem, which is harmful to
people’s health in China. Liver fibrosis is a necessary stage
during the development of liver cirrhosis[7,8]. Therefore the
preventive treatment and inversion of liver fibrosis is the
key point to cure chronic hepatic diseases and to improve
the prognosis. Now the researches mainly focus on how to
inhibit and cut the initiative factor of fibrosis-the activation
and proliferation of  HSC[9]. No ideal Western drug and
therapeutic method have emerged until now[10]. Otherwise,
a few blood-activating and stasis-eliminating Chinese
medicine, such as Salvia miltiorrhiza, Yigan Granule (Yigankang),
show a positive effect in clinical and experimental studies[11,12].
Based on Yigan infusion, YigankangY is a new generation
drug which was developed in recent years, and shows
outstanding superiority in treating liver fibrosis (A recipe
of  Traditional Chinese Medicine, TCM, by Professor Xi-
Xian Yao, who is a famous expert of  gastrointestinal disease
in China. The medicine has been commonly put into clinical

use for 18 years, widely welcomed by sufferers because of
its minimal side effects and excellent clinical efficiencies).
But it is difficult to clarify the effective components of
herbs which consist of complex parts. It is also a bottleneck
that obstructs the development and application of new TCM.
Chinese herbs come mostly from nature. They could be
taken only after being dried and decocted under certain
conditions. Also certain kinds of herbs do not have specific
and exact structures like Western medicine, quite compressed
to make complex prescriptions. Some nonpharmocological
effect may occur if the herbs were added into the culture
media of HSCs in vitro directly. Some drugs and drug
precursors work through the effective substance which was
produced after being transformed in vivo[13], or real effective
components were physiologically active matters which were
induced in vivo by the drugs. Such kind of drugs could be
believed to be useless if they are added into the cell lines in
vitro directly[14,15]. How to represent the effective components
and the working mechanism of TCM by organic metabolism
is the key problem.

The results of this research show that the drug sera of
blood-activating and stasis-eliminating Chinese medicine
such as Salvia miltiorrhiza, Yigankang (complex prescription)

Table 1  Inhibitory rate of drug sera on the proliferation of HSC (MTT)

Group       IR (%) A                Group IR (%)       A

A1 33.62±0.72a            0.42±0.08a B1             47.42±0.17c,e 0.33±0.02c,e

A2 49.74±1.02a            0.32±0.10a B2             58.12±1.04c,e 0.26±0.01c,e

A3 29.38±0.75            0.45±0.12 B3             34.66±0.78 0.41±0.09

A4          -            0.64±0.08 B4     - 0.62±0.11

aP<0.05 vs group A3 and A4 A(mean±SD); cP<0.05 vs group B3 and B4; eP<0.05 vs group A1 and A2, respectively; IR = (Aexperiment group–Acontrol group) ÷Acontrol group×100%.
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Figure 2  HSCs in the media of different sera (immunocytochemistry stain of -
SMA, 400×). A: HSCs in NCS/RPMI-1640, B: HSCs in drug sera/RPMI-1640:
cells expanded and synapses became fewer and smaller.
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had an apparently inhibitory effect on HSC proliferation
and the expression of -SMA, which is the marker of the
activation of HSCs[16,17]. The expressive rate of -SMA on
HSC of  Salvia miltiorrhiza, Yigankang was 37.13%, 32.13%,
respectively, which were lower than that of colchicines and
normal saline (46.12%, 60.88%, respectively) obviously
(P<0.05) (Table 2, Figure 3). The inhibitory rate of  Salvia
miltior rhiza and Yigankang on HSC proliferation was
47.42%, 58.12%, respectively, which were higher than that
of  the control group (P<0.05) (Table 1). So it might be
considered that some effective components were produced

when Salvia miltiorrhiza, Yigankang was taken into the body
and transformed after they were decocted. The effective
components enter the liver and inhibit the activation and
proliferation of HSC through certain mechanisms (such as
inhibiting lipid peroxidation[18,19]). But the exact working
components and their structures need further investigation.

In this experiment we mimicked the real condition of
the usage of herbs clinically and in the manner of their
disposal afterwards, the style of usage, the dosage and the
metabolic process in vivo. The drug sera thus obtained
contain the real working components which are produced

Figure 3  Immunocytochemistry stain of -SMA in HSCs-positive cells: brown
in plasm. When HSCs were inhibited, the number of HSCs decreased, while the
expression of -SMA increased, with cell bodies expanded and synapses
fewer and smaller (200×). A: HSCs in normal serum of Salvia miltiorrhiza; B:

HSCs in normal serum of Yigankang; C: HSCs in normal serum of colchicines;
D: HSCs in normal serum of rats; E: HSCs in pathological serum of Salvia
miltiorrhiza; F: HSCs in pathological serum of Yigankang; G: HSCs in pathological
serum of colchicines; H: HSCs in pathological serum of fibrotic rats.
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after the metabolic process in vivo and then enter the serum.
To research the effect of  the sera on the function and the
phenotype of HSCs, we applied the sera to cell culture in
vitro in order to clarify the working mechanism of TCM.
This is the traditional “pharmacological method”[20]. At the
same time we noticed that, usually it is patients with liver
diseases that take the herbs clinically. Different (normal
and pathological) conditions of  liver, which is the biggest
organ for biological metabolism, could lead to some difference
in the conversion of the same drug. The final effective
components in the sera and the effects may differ when the
same drug is metabolized by the body with different states
of  liver. In traditional pharmacological method, healthy rats
are the drug receivers, and drug serum resources. So the aim
of  the study is to improve the traditional seropharmacological
method in order to make the drug serum provider animals
resemble the real body condition of clinical drug users. So
we could mimic the possible condition, possible process,
the products of the herbs’ metabolism in vivo, and patients’
condition clinically to the greatest extent, more exact than
traditional “pharmacological method”. Thus we call it
“modified seropharmacological method”.

The results of the research showed that, the drug sera
of  Salvia miltiorrhiza and Yigankang from liver fibrotic rats
have a stronger inhibitory effect on the activation and
proliferation of HSCs than the corresponding serum from
normal rats. At the same time, the drug serum of  Salvia
miltiorrhiza from fibrotic rats inhibits the proliferation of
HSCs at the rate of 47.42%, which is higher than the drug
serum of  Salvia miltiorrhiza from normal rats: 33.62%
(P<0.05) (Table 1). The expressive rates of  -SMA on HSCs
in the sera of  Salvia miltiorrhiza from fibrotic and normal
rats are 37.13%, 41.72% (P<0.05) (Table 2, Figure 3). The
drug sera of  Yigankang from fibrotic and normal rats
inhibited the proliferation of HSCs at the rate of 58.12%,
49.74% (P<0.05) (Table 1). The rate of  expression of  -
SMA in HSCs in the sera of Yigankang from fibrotic and
normal rats were 32.13%, 37.00%, respectively (P<0.05)
(Table 2, Figure 3). So we considered that the drug sera
extracted from liver fibrosis could reflect the metabolic
process better, products and working components of the
TCM against liver fibrosis in vivo theologically, and this
kind of drug serum could be applied in the experimental
study of TCM against liver fibrosis. The effects of
pathological drug sera from liver fibrotic rats were
strengthened than those from normal rats (both Salvia
miltiorrhiza and Yigankang), which may be related with the
different drug effects caused by different functional status
of livers. From the Chinese traditional theory of “diagnosis
based on different symptoms and pathogenesis” in Chinese
traditional medicine[21], TCM will work best only if the
symptoms and etiology are best suited to the indication.
Both Salvia miltiorrhiza and Yigankang, are blood-activating
and stasis-eliminating herbs; undoubtedly they indicate liver
fibrosis. Normal rats had no illness or symptoms, so the
effects of blood-activating and stasis-eliminating are not
obvious. So the blood-activating and stasis-eliminating herbs
such as Salvia miltiorrhiza and Yigankang might have a better
effect on fibrotic rats. We considered that different functional
status of livers metabolized drugs differently, so there was a

difference in metabolic effective components and their content.
The drug sera that come from pathological liver (fibrotic

model) (pathological drug serum) inhibited the activation
and proliferation of HSCs more strongly than those from
normal rats. The following factors may work. (1) TCM has an
advantage to doubly regulate the physiological functions.
They have no obvious effect on the normal liver cells, but
perform a better regulatory effect on pathological liver,
thereby making an effective indication. (2) In liver fibrosis
models caused by CCl4, some responsive factors such as
toxins and inhibitory cytokines induced by CCl4 in vivo
entered the serum, which cannot be inactivated by the
pathological (fibrotic) liver may inhibit the HSC in vitro. The
inhibitory effect of this kind of inhibitory cytokines may
not be HSC specific, which is to say that, they could inhibit
the activation and proliferation of many kinds of cells
in vivo besides HSC. (3) The ability of  the liver to transform
and inactivate drugs decreases because the metabolic
function of the fibrotic livers decreases generally. So it makes
the concentration of the effective components higher, and
prolong the working time, so as to inhibit HSCs more
(Figure 3). Further researches needs to be performed to
clarify the reason why drug sera from normal and fibrotic
rats have different effects on HSC. For example, the rats
could be modeled into liver fibrosis not by CCl4 in order to
know whether or not the effect caused by nonspecific factors
induced by CCl4 exists. Also we can optimize the conditions
of serum inactivation so as to inactivate nonspecific factors.
Or we can carry out the comparative study of pharmacokinetics
after healthy volunteers and fibrotic patients take the same
drugs, then compare the corresponding effective components
in drug sera. Thus we can know the real reason why
pathological drug sera work stronger, and modify the
pharmocological method further.

Blood-activating and stasis-eliminating Chinese herbs
such as Salvia miltiorrhiza and Yigankang have obvious effects
on liver fibrosis[22,23]. But there is no ideal way to clarify the
effective components among them. The value of this research
lies in that we could get the real effective components of
Salvia miltiorrhiza and Yigankang after they were metabolized
by normal and fibrotic liver, which could provide reliable
samples for analyzing the working components in the sera
by HPLC, etc. Still there are difficulties in analyzing the
sort, quantity and structure of effective components in the
serum. It is also the key problem that needs to be solved in
the study and development of new TCM. Making the drug
sera of effective TCM against liver fibrosis by “modified
seropharmacological methods”, by analyzing the effective
part may be a feasible way to get the working part in the
drug sera which are effective against fibrosis. It is also an
important direction for future development. It might be
possible to analyze the components and structures of the
effective parts in drug sera against liver fibrosis, by high
volume gene microarray chips, etc. It is also one of the
important tasks in the research of TCM in future.
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