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Abstract

AlM: To study the therapeutic effects of anti-fibrosis herbs
and selenium on hepatic fibrosis induced by carbon
tetrachloride (CCl,) in rats and the underlining molecular
mechanisms.

METHODS: Fifty-three Wistar rats were randomly divided
into: normal control group, model control group, colchicine
group, anti-fibrosis herbs group (AF group) and anti-fibrosis
herbs plus selenium group (AS group). The last four groups
were administered with CCl, at the beginning of experiment
to induce hepatic fibrosis. Then colchicine, anti-fibrosis herbs
and selenium were used to treat them. The normal control
group and the model control group were given normal saline
at the same time. At the end of the 6" week, rats in each
group were sacrificed. Blood and tissue specimens were
taken. Serum indicators (ALT, AST, HA, LN) were determined
and histopathological changes were graded. Lymphocyte CD,
and CDgwere examined by flow cytometry. Expression of
TGF-b, and NF-kB was detected by immunohistochemistry
and expression of TGF-b; mRNA was detected by semi-
quantified RT-PCR.

RESULTS: Histological grading showed much a smaller
degree of hepatic fibrogenesis in AS group and AF group
than that in colchicine group and model control group. The
serum content of ALT, AST, HA and LN in AF group and AS
group were significantly lower than that in colchicine group
(ALT: 65.8426.5, 67.3£18.4 and 96.2+20.9 in AF, AS and
colchicine groups respectively; AST: 150.8+34.0, 154.6+27.3
and 215.8+24.6 respectively; HA: 228+83, 216458 and
416+135 respectively; LN: 85.9+15.0, 80.6+18.6 and
106.3+14.2 respectively) (P<0.05). The level of CD,and
CD./CD; ratio in AF group and AS group was significantly higher
that those in cochicine group (CD,: 50.84+3.8, 52.6+3.4 and
40.24+2.1 in AF, AS and colchicine groups respectively;
CD,/CDg ratio: 1.45, 1.46 and 1.26, respectively (P<0.05).
The expression level of NF-kB and TGF-b; in the liver tissues
of AF and AS treatment groups was markedly decreased
compared with that in cochicine group, and TGF-b; mRNA
was also markedly decreased (1.07+0.31 and 0.98+0.14 vs
2.3440.43, P<0.05).

CONCLUSION: Anti-fibrosis herbs and selenium have
beneficial effects on hepatic fibrosis in rats by enhancing
immunity and inhibiting NF-kB and TGF-b, expressions.
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INTRODUCTION

Hepatic fibrosisis a common pathological process of chronic
hepatic disease, leading to the development of irreversible
cirrhosig*3. Theincidence of hepatitisis high in China*®. If
treated properly at fibrosis stage, cirrhosis could be prevented®.
However, there are no effective antifibrosis drugs to date.
Chinese herbs, which are well known for their long history of
proven therapy of various diseases with low cost and few side
effects, have particular potentials in the treatment of hepatic
fibrog §'*9. In addition, some studieshaveindicated that selenium
is closely related to the inhibition of hepatic fibrosig*2?, In
the present study, we first established arat model of chronic
liver injury - hepatic fibrosis-cirrhosis and then tested the
therapeutic effects of Chinese herbs and selenium on hepatic
fibross. An array of indexesin proteinsand mRNA levelswere
evaluated in order to understand the mechanism underlying
the effects observed.

MATERIALS AND METHODS

Reagents

TGF-b; mRNA primers were purchased from Sangon
Biological Technology Company, China. Anti-TGF-b;
monoclonal antibody and anti-NF-kB polyclonal antibody were
purchased from Santa Cruz Biological Technology Company,
USA. Streptomycin avidin peroxidase immunohischemistry
kit for immunohistochemistry and RNA isolation kit were
purchased from Boster Biological Technology Ltd, China
Anti-CD, and CDg polyclonal antibodies were purchased
from Caltag Biological Technology Company, USA. Serum
activities of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were determined by the Laboratory
Department of 4th affiliated hospital, Hebel Medical Universty,
China. Serum hyaluronic acid (HA) and laminin (LN)
concentrations were measured radioimmunologicaly using a
commercial kit (Shanghai Navy Medical Institute, China).

Preparation of Chinese herbs

The anti-fibrosis herbs included Salvia miltiorrhiza,
Sparganium stoloniferum, Angelicasinensis, Amydasinensis,
Curcuma aromatica, Carex phacota. These were purchased
from Shijiazhuang L erentang Pharmacy, China. The herbswere
boiled with water and extracted by alcohol: put 95% al cohol
in liquid of anti-fibrosis herbs, mixed the alcohol and herbs,
filtrate the protein and amylum, then heat the liquid at 90-95 'C
to evaporate the remained alcohol.

Establishment of animal model
Wistar rats, half males-half females, weighing 180-200 g were
obtained from Experimental Animal Center of Hebei Medical
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University, China. The rats were housed 5 heads per cage and
subjected to 12 h-d/12 h-night cycle with free access to basic
food and water. All animalswere treated humanely according
to the national guiddline for the care of animalsin the country.

Hepatic fibrosiswasinduced in rats by carbon tetrachloride
(CCly). Wister rats were randomly assigned to normal control
group (10), model control group (13), Colchicine group (10),
anti-fibrosis herbs group (AF group, 10) and anti-fibrosisherbs
plus selenium group (AS group, 10). On the first day of
experiment, the rats in model group, colchicine group, AF
group and AS group were given hypodermic injection of bean
oil solution containing 400g/L CCl, (0.5 mL/100 g body mass),
followed by injection of the same solution (0.3 mL/100 g body
mass) every 4 d. The ratsin normal control group received
hypodermicinjection of bean oil at the same dose and frequency.
Fourteen times after CCl, administration, 3 rats in model
control group were sacrificed to evaluate the liver histological
change, which indicated the devel opment of chronic hepatitis.
Then colchicine group was given colchicine oraly at a dose
of 0.01 mg/100 g body weight daily, AF group was given anti-
fibrosis herbs (2.11 g/mL) orally at a dose of 0.5 mL/100 g
body massdaily, AS group was given orally anti-fibrosisherbs
containing sodium selenite (Na,Se03.5H,0) at 3 ng/mL daily.
Normal control group was given saline orally at a dose of
0.5 mL/100 g body mass daily. All the administrations lasted
for 6 weeks.

Collection of specimens

At the end of the 6" week of the administration, ratsin each
group were sacrificed by amobarbital sodium anesthesia.
Midline laparotomy was performed. Livers and thymus were
excised and blood was collected through cardiopuncture.

Histological grading
Liver tissueswerefixed in formalin and embedded in paraffin.
Hematoxylin and eosin (HE) staining and Masson staining were
performed according to the standard procedure. Histological
grade of chronic hepatic fibrosis was determined by a semi-
guantitative method based on the criteria described below:
grade 0: normal liver, grade 1: few collagen fibrils extended
from the central vein and portal tract, grade 2: collagen fibrils
extension was apparent but had not yet encompassed thewhole
lobule, grade 3: collagen fibrils extended into and encompassed
the whole lobule, grade 4: diffuse extension of collagen fibrils
and pseudo-lobule formed.

Two pathologists who had no knowledge of their sources
and each other’ s assessment examined the stained slide
independently.

Flow cytometry of CD, and CDgpositive cells

Sample fluorescence staining was performed using indirect
immufluoredence labeling method. Sample cells were washed
in 10 mL Na-azide-PBS and centrifuged. Primary mAb to
human CD, and CDswas added to each tube. The tube was
vortexed and incubated at 37 °C for 30 min, 10 mL azide-PBS
was added for inactivation and the cellswere centrifuged. The
supernatant was sucked away. The second antibody of FITC-
IgG was added to each tube. The tube was vortexed and
incubated in the dark at 37 °C for 30 min. 10 mL azide-PBS
was added for inactivation and the cellswere centrifuged. The
samples were stored at 4 °C in the dark for FACS analysis.
The primary antibody and secondary antibody were replaced
by 30g/L BSA in azide-PBS as negative controls, the primary
antibody wasreplaced by 30g/L BSA in azide-PBS asthe second
antibody control. The stained sampleswere analyzedinaFACS
420 flow cytometer (FACS 420 Fluorescence Activited Cell
Sorting, Becton. Dickinson, Sunnyvale. California, USA.) The

light source was a 2W argon ion laser using awave-length of
488 nm. The working power was 300 mW. Single parameter
was measured respectively. Usually, 10 000 cells for each
sample were analyzed. The analytic data were processed with
aHP-Consort 30 computer. The coefficient of variation of the
instrument was adjusted within 5% using Pl staining chicken
red blood cells.

Immunohistochemistry

Liver samples were formalin-fixed, paraffin-embedded and
sectioned serialy at 5 mm thickness. Immunohistochemistry
was performed as described in streptomycin avidin peroxidase
immunohischemistry kit (Boster). The sections were treated
with 30mL/L H,O, methanol at room temperature for 10 min
and then washed with PBS for 5 min. After antigen retrieval,
nonspecific binding siteswere blocked by normal non-immune
goat serum. The sectionswereincubated with primary antibody
overnight at 4 °C, secondary antibody at 37 “C for 30 min, and
avidin peroxidase at 37 ‘C for 20 min, followed by DAB
visualization. After several washings, the sections were
counterstained with hematoxylin. Negative control sideswere
treated with PBS.

Semi-quantitative PCR

Total RNA was extracted using an RNA isolation kit, and
quantity and quality of the RNA extracted were measured on
a spectrophotometer. Purified RNA 2 ng and primer Oligo
(dT) were used for reverse transcription (Promega). 5 nL
reverse transcription template was used for amplification
through PCR. The primers were: TGF-b;, 113 bp: forward:
5" -AGGGCTACCATGCCACTTC-3', reverse: 5’ -
GCGGCACGCAGCACGGTGAT-3', GAPDH, 299 bp:
forward: 5 -GTGAAGGTCGGAGTCAACG-3 ,reverse: 5' -
GGTGAAGACGCCAGTGGACTC-3' . Amplification
conditionsincluded initial denaturation for 5 minutesat 94 °C,
30 cycles of amplification with denaturation at 94 ‘C for 45
seconds, annealing at 61 C for 45 s, and extension at 72 'C
for 1 min. PCR products were analyzed by agarose gel
electrophoresis (15 g/L) and visualized by ethidium bromide
staining and ultraviolet illumination. Expression of each TGF-
b, was scanned by a computer. The obtained values were
related to housekeeping gene GAPDH, and the resulting
relative ratios were analyzed statisticaly.

Statistical analysis

Datawere analyzed with SPSS software. Quantitative datawere
presented as mean+SD and compared using one way ANOV A
procedure. Frequency datawere compared using Ridit procedure.

RESULTS

Anti-fibrosis herbs and anti-fibrosis herbs plus selenium
treatment suppressed fibril deposition in and ameliorated
liver function of hepatic fibrosis
Specimens from normal control group showed normal
structures. Specimens from model control group showed
apparent formation of fibrotic septa, encompassing regenerated
hepatocytes into pseudo-lobules. Regenerated hepatocytes
underwent severe lipoid degeneration. Specimensfrom AF and
ASgroups showed only mild fibrogenesiswithout pseudo-lobule
formation. Statistical analysis presented significant differences
between either AF group or AS group and model control group
in higtologica gradings, indicating that fibrogenesisin both AS
and AF groups was much less severe than that in colchicine
group and model control group (Table 1).

Serum content of ALT, AST, HA and LN in AF group and
AS group was slightly higher than that of normal control
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group, but significantly lower than that in model control group
(P<0.05). Serum content of ALT, AST, HA and LN in AF
group and AS group was also lower than that in colchicine
group (P<0.05). These data confirmed the histological
findings that anti-fibrosis herbs and anti-fibrosis herbs plus
selenium could inhibit hepatic fibrogenesis and ameliorate
liver function (Table 2).

Table 1 Histological grading of hepatic fibrosis

Group Gradeo Gradel Gradell Gradelll GradelV
Normal 10 0 0 0 0
Model 0 0 0 0 8°
Colchicine 0 1 3 4 1c
AF 4 3 1 1 02
AS 3 3 2 1 0%

aP<0.05, vs colchicine group; °P<0.05, vs normal control group.

Table 2 Serum content of ALT, AST, HA and LN

Group ALT (u/L)  AST(u/L) HA(m/L) LN (ng/L)
Normal 52.549.2° 137.8+18.7°  178258°  59.8+21.8°
Model 165.6432.7°  257.4%22.6°  550#68°  130.0£30.5°
Colchicine 96.2420.9°  215.8+24.6° 416#135°  106.3x14.2°
AF 65.8£26.5¢  150.8+34.0° 22883  85.9+15.0°
AS 67.3£18.4°  154.6+27.3° 216258  80.6x18.6°

aP<0.05, vs colchicine group; °P<0.05, vs normal control group;
¢P>0.05, vs control group.

Anti-fibrosis herbs and anti-fibrosis herbs plus selenium
treatment enhanced immunity of rats with hepatic fibrosis

The percentage of CD,and CDs and the ratio of CD, to CDs
were significantly lower in model control group than that in
normal control group. Both AF group and AS group showed a
lower percentage of CD,and alower ratio of CD,to CDg than
normal control group. However, these valueswere significantly
higher than those in colchicine group, suggesting that anti-
fibrosis herbs and anti-fibrosis herbs plus selenium could
enhance the immunity of ratswith hepatic fibrosis (Table 3).

Table 3 Content of CD,and CDgin thymus

Group Rats CD4(%) CDg(%) CD./CDg
Normal 10 54.1+1.42 34.1+£1.2 1.58
Model 8 40.2+2.1° 31.7£1.3 1.26°
Colchicine 9 42.1+2.0° 32.1+0.9 1.31°
AF 9 50.8+3.8% 34.842.1 1.45
AS 9 52.6+3.42 35.9+2.2 1.46

3P<0.05, vs Colchicine group; °P<0.05, vs normal control group.

Anti-fibrosis herbs and anti-fibrosis herbs plus selenium
treatment reduced TGF-b, expression

Positive staining of TGF-b, was found at central vein and
Disse' s areas but not at hepatocytes on sections of normal
controls, whereas on sections of model control group, the
positive staining was seen at interstitial cells, inflammatory
cells, impaired hepatocytes as well as normal hepatocytes.
Fibrotic septa were only dightly stained.

Compared with model control group, the staining index of
TGF-b; in AF and AS groups was markedly decreased (P<0.05
in both groups). TGF-b; mRNA was detected in normal rat
liver, but the expression level was increased significantly in

model control group. Compared with colchicine group, TGF-b;
level in AF and AS groups was markedly decreased (P<0.05,
Table 4). Thus, the data at both transcript and protein levels
suggested that anti-fibrosis herbs and anti-fibrosis herbs plus
selenium could reduce TGF-b, expression in hepatic fibrosis.

Table 4 Level of TGF-b,; mRNA in relation to GAPDH

Group Rats Ratio

Normal 10 0.5740.11
Model 8 2.34+0.43¢
Colchicine 9 1.88+0.21°¢
AF 9 1.07+0.312
AS 9 0.98+0.212

3P<0.05, vs Colchicine group; °P<0.05, vs normal control group.

Anti-fibrosis herbs and anti-fibrosis herbs plus selenium
treatment reduced NF-k B expression

Positive staining of NF-kB was not found on sections of normal
control group. In model control group, NF-kB was extensively
expressed in nuclel of hepatocellular cells. The cells positive
for NF-kB were diffusaly distributed. After treatment with anti-
fibrosis herbs and anti-fibrosis herbs plus selenium, the level
of NF-kB staining decreased markedly.

DISCUSSION

Hepatic fibrosisis a common pathological process of chronic
hepatic disease, resulting in development of irreversible
cirrhosis in patients. In recent years, the mechanism of
development of hepatic fibrosis has been partly disclosed?+9.,
If treated properly at fibrosis stage, cirrhosis could be
prevented. The present study demonstrated that administration
of anti-fibrosis herbs and selenium was effective in treating
hepatic fibrosisin rats based on both histological examination
and functional analysis. The underlying therapeutic mechanism
may involve enhanced immunity and down regulation of the
expression of NF-kB and TGF-b;.

There are various kinds of chronic liver injuries al over
the world, causing great affliction to patients. The incidence
of hepatitisin Chinais high. Searches for effective waysto
inhibit fibrogenesisand to prevent the development of cirrhosis
are of great significance. Although many agents were tested,
there have been no satisfactory agents with ascertained
effectiveness and few side effects. Colchicine has been
commonly used for anti-fibrosig?, but its side effect is high
and itsclinical useis, therefore, limited. Chinese herbs, well
known for their wide range of effectiveness and low prices
and few side effects, have particular potentialsin the treatment
of hepatic fibrosis. In this study anti-fibrosis herb treatment
for chronic liver injury in rats, prevented hepatic fibrosisfrom
developing of cirrhosis was shown by histological grading.
HA and LN have been found to be good serum markers of
hepatic fibrogenesis??. We showed that the serum content of
HA and LN in AF group and AS group dropped markedly
when compared with colchicine group, indicating that anti-
fibrosis herb could prevent hepatic fibrogenesis. Anti-fibrosis
herb could also enhance theimmunity of the body by increasing
the percentage of CD,and theratio of CD,to CDg in AF group,
especialy in ASgroup, compared with that in colchicine group.

To understand the mechanism, we evaluated the effect of
anti-fibrosis herb treatment on the expression of TGFb; at both
the protein and mRNA levels as TGFb1 has been considered
to bethekey cytokinein acceleration of the cirrhotic procession
and over expression of this cytokine was closely associated
with fibrogenesis in many ways%21. Our results showed that
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both TGFb; and its MRNA expression decreased significantly
in AF group and AS group compared with those in control
groups, indicating that anti-fibrosis herb down-regulated the
expression of this cytokine, which may have contributed to
the reduction of fibrosis.

NF-kB is known to be a family of dimeric transcription
factors. It was ubiquitously expressed in non-B cells as an
inactive form sequestered in cytoplasm by binding to specific
inhibitory proteins termed 1-kB[233, When cells were
simulated by inducing agents, the I-kB became phosphorylated,
ubiquitinated, and degraded. Degradation of I-kB could free
NF-kB, which was then transl ocated into the nucleus, where it
activate transcription®*%!, NF-kB/Rel has been shown to be
implicated in the inflammatory response and synthesis of
adhesion molecules. Furthermore, NF-kB has been found to
be related to cell proliferation and transformation®. Down-
regulation of NF-kB/Rel activity could decreasethetranscription
of TGFDb; to reduce theliver injury.
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