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Abstract

The anti-fibrotic effects of a hot-water extract form the traditional Chinese medicinal herb
Salvia miltiorrhiza (Labiatae) on liver fibrosis induced by biliary obstruction was studied in rats.
Liver fibrosis was induced in male Sprague-Dawley rats by bile duct ligation and scission (BDL).
After surgery, the hot-water extract of S. miltiorrhiza roots (100 mgkg ', p.o.) was
administered daily for 28 days. The concentrations of aspartate transaminase, alanine
transaminase, alkaline phosphatase, total bilirubin and total cholesterol in serum and
hydroxyproline and malondialdehyde contents in liver were significantly increased in BDL rats.
Treatment with the extract of S. miltiorrhiza significantly reduced (P < 0.01) the serum
aspartate transaminase, alanine transaminase, alkaline phosphatase, and total cholesterol
concentrations in BDL rats. The liver hydroxyproline content in BDL rats treated with extract
was also reduced to 68 % of that in BDL control rats (P < 0.01). The liver malondialdehyde
content in BDL rats treated with the extract was also reduced to 47 % of that in BDL control rats
(P < 0.01). The morphological characteristics of fibrotic livers were improved in BDL rats treated
with extract. Immunohistochemical examination of fibrotic liver showed that the extract of S.
miltiorrhiza markedly reduced protein expression of a-smooth muscle cell-like actin, which
indicates that hepatic stellate cell activation was inhibited during liver fibrosis development.
The results indicate that the hot-water extract of S. miltiorrhiza roots inhibits fibrosis and lipid
peroxidation in rats with liver fibrosis induced by biliary obstruction.

Introduction

Chronic liver injury leads to excessive deposition of collagen in liver resulting in
fibrosis/cirrhosis (Chojkier & Brenner 1988; Park et al 1997). Prevention or
suppression of fibrotic changes in liver, or protection from and treatment of liver
fibrosis/cirrhosis are therefore important (Chojkier & Brenner 1988; Friedman
1993). Therapeutic attempts with anti-fibrotic drugs are still at an experimental
stage (Park et al 1997; Nan et al 2000a). The problems associated with anti-fibrotics
are toxicity due to chronic administration and the reduced therapeutic effects when
tested in clinical studies. Developing anti-fibrotics from natural products used in
traditional medicine may reduce the risk of toxicity and maintain the therapeutic
effectiveness when the drug is used clinically (Wasser et al 1998; Li & Friedman
1999; Shimizu et al 1999).
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Table 1

Changes in bodyweight and liver weight in fibrotic rats induced by bile duct ligation and scission

(BDL), treated with the hot-water extract of Salvia miltiorrhiza roots (100 mg kg ~', p.o.) daily for 28 days.

Group n Bodyweight (g) Liver weight (g) Liver weight/100 g
bodyweight
Day 0 Day 28

Control sham- 4 245410 327419 11.741.2 3.6+0.3

operated
Sham-operated 4 247412 329427 11.8+1.3 3.61+0.2

+ extract
Control BDL 8 240420 312424 23.6+3.3*% 7.6+0.8%
BDL +extract 8 243415 309+28 17.8 £2.8%,F 5.8+0.7%,F+

Data are mean +s.d. *P < 0.001, significantly different compared with control sham-operated group. 1P <
0.05, significantly different compared with control BDL group. 11 P < 0.01, significantly different compared

with control BDL group.

Salvia miltiorrhiza (Labiatae; Danshen in Chinese)
is an important ingredient of certain recipes used in
traditional oriental medicine for the treatment of
cardiovascular disorders and liver diseases. It has been
reported that the hot-water extract of the root of S.
miltiorrhiza has pharmacological actions, such as
anti-platelet aggregation and thrombus formation,
improving cardio—cerebral circulation, and antioxidant
activity against peroxidative damage to liver micro-
somes, hepatocytes and erythrocytes of rats (Huang &
Zhang 1992; Wu et al 1998). It has also been shown to
inhibit acute liver injury induced by D-galactosamine
(Qi 1991) and to reduce carbon tetrachloride (CCl,)-
induced liver fibrosis in rats (Wasser et al 1998).

We investigated the anti-fibrotic effect of S. miltior-
rhiza on liver fibrosis induced by bile duct ligation and
scission (BDL) in rats. Although S. miltiorrhiza has
been previously reported to reduce fibrosis, the study
involved liver fibrosis induced by chemical toxicants
(e.g. carbon tetrachloride) which is aetiologically and
pathogenically different from liver fibrosis in man. In
this study, we used a liver fibrosis model induced by
biliary obstruction, which resembles the biliary fibrosis
in man. We also determined the effects of S. miltiorrhiza
on hepatic stellate cells that are responsible for collagen
synthesis in liver (Maher & McGuire 1990).

Materials and Methods

Animals

Male Sprague-Dawley rats, 200-220 g, were purchased
from Dae Han Laboratory Animal Research and Co.
(Choongbuk, Korea). They were fed a normal standard

chow diet (Jae Il Chow, Korea) and had free access to
tap water. Throughout the experiment, the rats were
housed four or five per cage in laminar flow cages
maintained at 22 +2°C and 50-60 % relative humidity,
with a 12-h light-dark cycle. The rats were maintained
in these facilities for at least 1 week before the ex-
periment. The experiment was carried out in accord-
ance with the Guiding Principles in the Use of Animals
in Toxicology adopted by the Society of Toxicology.

Preparation of hot-water extract from S. miltiorrhiza

S. miltiorrhiza roots were purchased from Sungboe
Farm, Co. (Ahnsung, Kyunggi-do, Korea) and
authenticated by Professor Y. C. Kim, College of Phar-
macy, Wonkwang University. The hot-water extract
was prepared by boiling the dried roots with distilled
water for 5 h. The extract was filtered, freeze-dried, and
kept at 4°C. The yield of extraction was approximately
8.1% (w/w). The dried extract was dissolved in distilled
water before use.

Induction of liver fibrosis

Rats were anaesthetized with ketamine/rompun and
the common bile duct was exposed and ligated by double
ligatures with suture silk. The first ligature was made
below the junction of the hepatic ducts and the second
ligature was made above the entrance of the pancreatic
ducts. Finally, the common bile duct was resected be-
tween the double ligatures. In sham-operated rats, an
incision was made in the abdomen, which was then
closed without any treatment. The number of the rats
used in each group is shown in Table 1.



Anti-fibrotic effect of Salvia miltiorrhiza 199

Table 2 Serum biochemical values in fibrotic rats induced by bile duct ligation and scission (BDL),
treated with the hot-water extract of Salvia miltiorrhiza roots (100 mg kg™', p.o.) daily for 28 days.

Group n Aspartate Alanine Alkaline Total Total
transaminase  transaminase  phosphatase cholesterol bilirubin
auLh auLh au L (mg L) (mg dL 1)

Control sham-operated 4 86+18 4946 6034104 84+23 0.340.2

Sham-operated 4 87+10 31415 7164106 80+11 0.3+0.2

+extract
Control BDL 8 6704 95* 153+ 11* 13264+ 172* 143+ 11%* 8.610.7*
BDL +extract 8 454 +96*,1 98+ 15%+ 846+110%,7 115+10*F  8.1+0.5*

Data are mean +s.d. *P < 0.001, significantly different compared with control sham-operated group. P <
0.01, significantly different compared with control BDL group.

Animal treatment

The hot-water extract was diluted with distilled water
and given orally, using an intubation needle, to rats for
28 days, at a daily dose of 100 mg kg™' (corresponding
to crude drug, 1.2 g/100 mg). The control groups re-
ceived equal amounts of distilled water given orally,
using an intubation needle, for 28 days.

Determination of serum biochemical parameters

After 28 days of treatment, rats were anaesthetized with
ether and blood was obtained by cardiac puncture for
serum biochemical testing. Blood samples were kept at
room temperature for 1 h and centrifuged at 3000 rev
min~! for 30 min to obtain sera. Sera were kept at
—20°C until further assay. The activity of serum
aspartate transaminase, alanine transaminase, alkaline
phosphatase, levels of total cholesterol and total bili-
rubin were measured by the Autodry chemistry analyser
(Spotchem SP4410, Arkray, Japan).

Determination of hydroxyproline content in liver

The hydroxyproline content in liver was determined by
the method of Jamall et al (1981). Briefly, specimens of
the liver were weighed and completely hydrolysed in 6 m
HCI. A fraction of the samples was derivatized
using chloramine T solution and Erhlich reagent and
measured at 558 nm. The standard calibration curve
was prepared using trans-4-hydroxy-L-proline (Sigma
Chem. Co.).

Determination of lipid peroxidation in liver

Lipid peroxidation was quantified by the thiobarbituric
acid (TBA) method (Plaa & Charbonneau 1994) using
the S9 fraction of liver homogenates as enzyme source.
All manipulations were rapidly made on ice to avoid

peroxidation. The S9 fraction of homogenate (approx.
5 mg protein) was reacted with TBA solution in a boiling
water bath for 10 min and then extracted with n-butanol
for 10 s. The organic phase containing coloured complex
was collected for fluorescence measurement. Excitation
and emission wavelengths were 532 and 553 nm, re-
spectively. The calibration curve was prepared using
1,1,3,3-tetracthoxypropane (Sigma Chemical Co.), a
chemical that releases malondialdehyde in acidic con-
ditions.

Histological and immunohistochemical
examination of liver

The portion of removed liver was rapidly fixed with
10% neutralized formalin (pH 7.4), stained with
haematoxylin and eosin to determine histological
changes in liver fibrosis induced by BDL. «-Smooth
muscle cell actin for detection of activated hepatic
stellate cells was immunohistologically assessed by the
strepavidin—biotin—peroxidase complex method using
Lsab 2 Kit (Dako Co., USA) and anti-«-smooth muscle
cell actin monoclonal antibody (Boehringer Mannheim,
Germany).

Statistical analysis

The results were evaluated by one-way analysis of
variance and Tukey’s multiple comparison tests. Values
of P < 0.05 were considered to indicate a significant
difference.

Results

BDL rats showed the symptoms of jaundice within five
days and developed fibrosis/cirrhosis 28 days after the
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Table 3 Hydroxyproline and thiobarbituric reactive substance values in rat liver induced by bile duct
ligation and scission (BDL), treated with the hot-water extract of Salvia miltiorrhiza roots (100 mg kg ~!,

p.o.) daily for 28 days.

Group n

Hydroxyproline
(ng (g liver)™")

Thiobarbituric
reactive substance
(pmol (mg protein) )

Control sham-operated 4 341423 149+8
Sham-operated + extract 4 321429 118+ 10
Control BDL 8 1077 +195* 396+ 36*
BDL +extract 8 727 +121%F 188 +42* +

Data are mean +s.d. *P < 0.001, significantly different compared with control sham-operated group. P <
0.05, significantly different compared with control BDL group. 11 P < 0.01, significantly different compared

with control BDL group.

operation. All rats showed a slight decrease in body-
weight during the first week due to the operation, but
then returned to normal weight. There was no significant
difference in bodyweight between control BDL rats and
BDL rats treated with extract (Table 1). Liver weights
were significantly increased in BDL rats compared with
sham-operated rats (P < 0.001). The liver-to-body
weight ratio of BDL rats treated with extract was
significantly lower than that of the control BDL rats
(P < 0.01) (Table 1).

Serum biochemical parameters are shown in Table 2.
The activity of serum aspartate transaminase, alanine
transaminase, alkaline phosphatase, total cholesterol
and levels of total bilirubin were significantly elevated in
control BDL rats (P < 0.01). In BDL rats treated with
extract, serum aspartate transaminase, alanine trans-
aminase, alkaline phosphatase and total cholesterol
levels were reduced to 68, 64, 64 and 80% that of
control BDL rats, respectively (P < 0.01). In sham-
operated rats treated with extract, there were no signifi-
cant changes in serum parameters compared with con-
trol sham-operated rats (Table 2).

As shown in Table 3, the liver content of hydroxy-
proline increased about 3.5-fold 28 days after BDL
operation (P < 0.01). Compared with the control BDL
rats, treatment with the extract reduced the hydroxy-
proline content to 68 % that of control BDL rats (P <
0.01). In sham-operated rats treated with extract, there
were no significant changes in hydroxyproline content
compared with control sham-operated rats. MDA levels
increased 2.5-fold in fibrotic rat liver induced by BDL,
indicating that 28 days of bile duct obstruction signifi-
cantly increases lipid peroxidation in liver (P < 0.001)
(Table 3). In BDL rats treated with extract, the MDA
level was reduced to 47 % that of control BDL rats (P <

0.01). In sham-operated rats treated with extract, there
were no significant changes in MDA content compared
with control sham-operated rats (Table 3).

Histological analysis of liver sections showed that 28
days of biliary obstruction is accompanied by an increase
in collagen deposition around the portal triad, excessive
bile duct proliferation and inflammatory cell deposition
resulting in destruction of the lobular architecture (Fig-
ure 1B). In BDL rats treated with extract (Figure 1C),
there was a tendency towards less pronounced destruc-
tion of the liver architecture, bile duct proliferation and
fibrosis compared with control BDL rat liver. Liver
from sham-operated rats treated with extract showed no
histological alterations compared with sham-operated
rats (Figure 1A and D).

Using an antibody against a-smooth muscle cell actin,
amarker of stellate cell activation, we assayed expression
of this protein in liver immunohistochemically. In sham-
operated livers, vascular smooth muscle cells around the
vessel were positive for a-smooth muscle cell actin,
whereas stellate cells positive for a-smooth muscle cell
actin were rarely observed (Figure 2A). Activated hep-
atic stellate cells, which express a-smooth muscle cell
like actin, showed marked proliferation in the livers of
control BDL rats (Figure 2B). In contrast, treatment
with the extract markedly reduced the numbers of o-
smooth muscle cell actin positive stellate cells (Figure
2C) in fibrotic liver induced by BDL.

Discussion

We have screened a number of liver protective and anti-
fibrotic agents from natural products used in traditional
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Figure 1 Light microscopic appearance of fibrotic rat liver induced by bile duct ligation and scission (BDL) and treated with the hot-water
extract of Salvia miltiorrhiza roots for 28 days (H&E, magnification x 100 ). A, Control sham-operated group; B, control BDL group; C, BDL
group treated with extract; D, sham-operated group treated with extract.

oriental folk medicine for the treatment of liver diseases
(Park et al 1997, 2000a, b, ¢; Song et al 1998 ; Nan et al
2000a, b). S. miltiorrhiza roots are inexpensive and
widely available, and have traditionally been used for
the treatment of cardiovascular and liver diseases in
China, Japan and Korea. The hot-water extract of S.
miltiorrhiza roots contains a mixture of natural phenolic
compounds, which have antioxidant effects in-vitro and
in-vivo (Liu et al 1992, 1999; Wu et al 1998). These
compounds are reported to be salvianolic acid A, salvi-
anolic acid B, protocathechualdehyde, protocathechuic
acid, caffeic acid, p(+)f 3,4-dihydroxyphenol lactic
acid, danshensu and rosmarinic acid. S. miltiorrhiza has
been reported to improve experimental liver damage

induced in rats by p-galactosamine (Qi 1991) and CCl,
(Hu et al 1997; Wasser et al 1998). Moreover, a recent
report indicated that S. miltiorrhiza prevented liver
fibrosis formation and even reversed the cirrhotic change
induced by carbon tetrachloride in rats (Wang & Wang
1995). It is also reported to exhibit anti-tumour proper-
ties, inducing apoptosis in HepG2, HL60, A549 and
K562 cells (Sung et al 1999; Yoon et al 1999; Liu et al
2000). Magnesium lithospermate in an aqueous extract
of S. miltiorrhiza was also reported to reduce newly
synthesized skin collagen when administered orally
(Shigematsu et al 1994).

In this study, liver fibrosis was induced by bile duct
ligation and scission in rats. To evaluate the anti-fibrotic
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Figure 2 Immunohistochemical appearance of fibrotic rat liver stained against a-smooth muscle cell-like actin (magnification x 100). A,
Control sham-operated group; B, control bile duct ligation and scission (BDL) group; C, BDL group treated with hot-water extract of Salvia
miltiorrhiza root for 28 days; D, sham-operated group treated with extract for 28 days.

potential of a given agent, the selection of appropriate
animal models that most closely represent human
chronic liver diseases is important. Most studies have
used models of injury induced by free radicals, severe
necrosis or inflammation such as CCl,- or dimethyl-
nitrosamine-induced liver fibrosis (Perez 1984). These
models do not represent the common human chronic
liver diseases, which are often characterized by moderate
or even absent inflammation and necrosis in spite of
progression to fibrosis/cirrhosis.

Bile duct ligation and scission induces a type of liver
fibrosis aetiologically and pathogenically different from
the experimental liver fibrosis induced by toxicants such
as CCl, (Kountouras et al 1984). Extra-hepatic ob-

struction of the bile duct leads to dilation of bile canali-
culi, reduction of canalicular microvilli, widening of the
pericanalicular space and increased lysosomal activity.
Biliary obstruction for 28 days or more leads to fibrosis
and resembles the biliary fibrosis/cirrhosis in man
(Milani et al 1990).

In this study, there were marked increases in liver
weight, serum bilirubin, and the activity of serum as-
partate transaminase, alanine transaminase, alkaline
phosphatase, as well as in hydroxyproline and malondi-
aldehyde content in liver after 28 days of bile duct
ligation and scission. The elevation of these serum
biochemical parameters and the distortion of normal
lobular architecture in liver showed the major charac-



teristics of biliary liver fibrosis (Kountouras et al 1984).
Treatment with the hot-water extract of S. miltiorrhiza
roots for 28 days significantly reduced deposition of
hydroxyproline and malondialdehyde in fibrotic liver
(P < 0.01). These results indicate that the extract signi-
ficantly inhibited collagen accumulation and lipid per-
oxidation in liver fibrosis induced by biliary obstruction.
Treatment with hot-water extract of S. miltiorrhiza roots
reduced the activity of serum aspartate transaminase,
alanine transaminase, alkaline phosphatase and level of
total cholesterol in rats with liver fibrosis (P < 0.01).
From the immunohistological appearances, hot-water
extract of S. miltiorrhiza roots reduced the a-smooth
muscle cell actin-positive area in liver, showing inhibi-
tion of hepatic stellate cell activation during the fibro-
genic process.

Although the mechanism of liver fibrosis is not fully
understood, activated hepatic stellate cells play an im-
portant role in connective tissue synthesis and deposition
during fibrogenesis. The pharmacological inhibition of
new connective tissue formation and deposition appears
to be a promising therapeutic approach. Thus, the
extract of S. miltiorrhizaroots, which suppressed hepatic
stellate cell activation and reduced collagen in biliary
liver fibrosis, could be a promising anti-fibrotic agent in
biliary liver fibrosis. Furthermore, it has been reported
that S. miltiorrhiza roots strongly inhibited the pro-
liferation and induced apoptosis in human hepatoma
cell line, HepG2 (Liu et al 2000). Thus, the hot-water
extract of S. miltiorrhiza roots may have a cancer-
preventive action, as liver fibrosis/cirrhosis can develop
into cancer.

In conclusion, this study demonstrates that the hot-
water extract of S. miltiorrhiza roots can effectively
improve the liver fibrosis induced by bile duct ligation
and scission as monitored by reduced levels of con-
nective tissue, lipid peroxidation and hepatic stellate cell
activation in liver. Further systematic study is needed to
reveal the anti-fibrotic mechanism and to identify the
active compounds in the hot-water extract of S. miltior-
rhiza roots that inhibit liver fibrosis induced by biliary
obstruction in rats.
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