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Abstract
AIM: Estradiol treatment regulates estrogen receptor (ER)
level in normal rat liver. However, little information is available
concerning the role of estrogen in regulating liver ER in
hepatic fibrosis in rats. The present study was conducted to
determine whether estradiol treatment in CCl4-induced liver
fibrosis of female and ovariectomized rats altered liver ERα
and its mRNA expression, and to investigate the possible
mechanisms.

METHODS: Seventy female rats were divided into seven
groups with ten rats in each. The ovariectomy groups were
initiated with ovariectomies and the sham operation groups
were initiated with just sham operations. The CCl4 toxic
fibrosis groups received 400 mL/L CCl4 subcutaneously at a
dose of 2 mL/kg twice weekly. Estrogen groups were treated
subcutaneously with estradiol 1 mg/kg, the normal control
group and an ovariectomy group received injection of peanut
oil vehicle twice weekly. At the end of 8 weeks, all the rats
were killed to detect their serum and hepatic indicators,
their hepatic collagen content, and liver ER and ER mRNA
expression.

RESULTS: Estradiol treatment in both ovariectomy and
sham ovariectomy groups reduced liver levels of ALT (from
658±220 nkat/L to 311±146 nkat/L and 540±252 nkat/L to
314±163 nkat/L, P<0.05) and AST (from 697±240 nkat/L to
321±121 nkat/L and 631±268 nkat/L to 302±153 nkat/L,
P<0.05), increased serum nitric oxide (NO) level (from
53.7±17.1 µmol/L to 93.3±24.2 µmol/L and 55.3±23.1 µmol/L
to 87.5±23.6 µmol/L, P<0.05) and hepatic nitric oxide synthase
(NOS) activity (from 1.73±0.71 KU/g to 2.49±1.20 KU/g and
1.65±0.46 KU/g to 2.68±1.17 KU/g, P<0.05), diminished
the accumulation of hepatic collagen, decreased centrolobular
necrotic areas as well as the inflammatory reaction in rats
subjected to CCl4. The positive signal of ER and ER mRNA
distributed in parenchymal and non-parenchymal hepatic
cells, especially near the hepatic centrolobular and periportal
areas. Ovariectomy decreased ER level (from 10.2±3.2 to
4.3±1.3) and ER mRNA expression (from 12.8±2.1 to 10.9±1.3)
significantly (P<0.05). Hepatic ER and ER mRNA concentrations
were elevated after treatment with estradiol in both
ovariectomy (15.8±2.4, 20.8±3.1) and sham ovariectomy

(18.7±3.8, 23.1±3.7) fibrotic groups (P<0.05).

CONCLUSION: The increase in hepatic ER and mRNA
expression may be part of the molecular mechanisms
underlying the suppressive effect of estradiol on liver fibrosis
induced by CCl4 administration.
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INTRODUCTION
The progression of various forms of chronic liver diseases is
more rapid in men than in women. This has been specifically
noted in hepatic cirrhosis and hepatocellular carcinoma[1-3].
The specific mechanisms underlying these clinical findings
are unclear. Hepatic fibrosis is a consequence of severe liver
damage, which occurs in many chronic liver diseases as a
forerunner to cirrhosis. We recently found[4] that estradiol
treatment inhibited the proliferation of hepatic stellate cells,
suppressed hepatic collagen content and reduced hepatic type
I collagen in fibrotic rats induced by CCl4 administration,
and thus improved liver fibrosis. The mechanisms of the
antifibrogenic effect of estradiol have been hypothesized by
an indirect way-a hepatocellular membrane protection and a
radical scavenging action.
     Chronic fibrotic diseases can differ from each other in
etiology. But, in terms of pathogenesis, they share some basic
common features[5]. For instance, three serious chronic
diseases-atherosclerosis, glomerulosclerosis, and liver fibrosis-
have many properties in common. Therefore, factors that affect
the development of atherosclerosis or glomerulosclerosis may
affect liver fibrosis by similar mechanisms. Studies showed[6]

that estradiol could suppress atherosclerosis and glomerulosclerosis
in rats by directly affecting the estrogen receptor (ER) on
smooth muscle cells and mesangial cells. The liver is not
considered as a kind of classic estrogen-dependent tissue, as
are the breast and uterus, but livers in both male and female
rats have shown to contain high affinity, low capacity of ER
and respond to estrogen by regulating liver function[7]. Previous
data have shown[4] that tamoxifen, an antiestrogen agent, acts
by occupying the estrogen-binding site of the receptor protein,
increases fibrogenesis in CCl4-induced fibrosis of the liver. It
was proposed that estrogen might suppress hepatic fibrosis
also by a receptor mechanism. In the liver, ERα is the dominant
form of ER, while the other subtype, ERβ, has not yet been
demonstrated[8]. Hence, only ERα would be further considered
in this paper.
     Previously published data indicated that 17 β-estradiol
treatment could regulate the levels of ER in normal rat liver[9].
However, little information is available concerning the role of
estrogen in the regulation of liver ER in fibrotic rats. The
present study was conducted to determine whether estradiol
treatment in CCl4-induced liver fibrosis of female and



ovariectomy rats altered the liver ER and its mRNA expression,
and to investigate the possible mechanisms.

MATERIALS AND METHODS

Animals
Seventy female Sprague-Dawley rats (obtained from the
Experimental Animal Holding Unit of Shaanxi Province,
China), weighing 209±19 g, with an average age of approximately
10 weeks, were housed in a temperature-humidity-controlled
environment with 12 h light-dark cycles (lights on from 07:00
AM to 19:00 PM) and had free access to food and water. They
were randomly divided into seven groups with ten rats in each.
Ovariectomy groups were initiated with a bilateral ovariectomy
and sham operation groups were initiated with just a sham
operation. For two CCl4 toxic fibrosis groups, with bilateral
ovariectomy (CCl4+Ovx) and sham operation (CCl4), 400 mL/L
CCl4 in peanut oil was injected subcutaneously at a dose of
2 mL/kg twice weekly, and the first dosage was doubled. The
two estrogen groups, with bilateral ovariectomy (CCl4+Ovx+E)
and sham operation (CCl4+E), were treated subcutaneously
with estradiol (benzoic estradiol) 1 mg/kg twice weekly (The
Ninth Pharmaceutical Factory of Shanghai, China). All of the
above four groups were fed with a modified high fat diet
containing 5 g/kg cholesterol and 200 g/kg pig oil. CCl4 and
estradiol were used 2 weeks after operation. A control
ovariectomy treated group (Ovx+E) was just given estradiol
1 mg/kg twice weekly. The normal control group (Control)
and an ovariectomy group (Ovx) were given normal food and
water, and received injection of peanut oil vehicle twice weekly.
At the end of a 8-week experimental period, all the rats were
fasted overnight and sacrificed by cervical dislocation after
anaesthetised by intramuscular injection of sodium pentobarbital
(40 mg/kg). Blood was collected from the animals and serum
was analysed. The livers were removed immediately.

Estimation of serum indicators and hepatic nitric oxide
synthase
Activities of serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were assayed by a 917-Hitachi
automatic analyzer. Serum nitric oxide (NO) and hepatic nitric
oxide synthase (NOS) were measured following the instructions
of the reagent kit (purchased from Jiancheng Medical Institute,
Nanjing, China).

Histopathological study
Tiver tissues excised from each rat were fixed in 100 mL/L
neutral formalin, embedded in paraffin, and stained with
hematoxylin-eosin (HE) and Masson’s trichrome. Evaluation
of hepatic fibrosis was determined by a semi-quantitative
method to assess the degree of histologic injury, applying the
following scores[10,11]: 0, absence of fibrosis; 1, perivenular
and/or pericellular fibrosis; 2, septal fibrosis; 3, bridging fibrosis
(incomplete cirrhosis); 4, complete cirrhosis.

Immunohistochemical examination for estrogen receptor-α
Liver tissue sections were mounted on slides, deparaffinized
in xylene, and rehydrated in alcohol. Estrogen receptor-α(ERα)
was assessed and semi-quantitated by immunohistochemistry
using a commercial antibody against ERα (Boster, Wuhan,
China) followed by DAB detection. For each sample, ten
random fields were evaluated for positively stained cells. The
results were expressed as the percentage of positive cells to
the total number of cells counted.

In situ hybridization for estrogen receptor mRNA of liver tissue
In situ hybridization kit was purchased from Boster Biological

Technology Limited Company (Wuhan, China, No. MK1069α).
In situ hybridization was performed according to the
manufacturer’s instructions. Briefly, the paraffin embedded
serial sections (thickness of 4 µm) were dried at 80 , and
their paraffin was removed by xylene and rehydrated with
graded ethanol. The sections were acidified in HCl for 30 min,
and blocked in 3 mL of 300 mL/L H2O2 for 10 min before
digestion in proteinase K for 30 min, and then dehydrated with
graded ethanol. After prehybridization at 37-40  for 2 h, the
labeled cDNA probes of ERα were denatured in hybridization
buffer at 95  for 10 min, then at -20  for 10 min, then
added into tissues prehybridized at 37  overnight. Sections
were washed in turn with 2×SSC, 1×SSC, 0.2×SSC, and Buffer
I, blocking water was added at room temperature for 20 min,
and then mouse anti-digoxin serum at 37  for 60 min,
biotinylated goat anti-mouse serum at 37  for 30 min, SABC
at 37  for 30 min, finally DAB was added to be stained.
After several times of washing, the sections were counterstained
with hematoxylin, dehydrated with ethanol, rinsed in xylene
and mounted with gum for microscopic examination and
photography. For each sample, ten random fields were
evaluated for positively stained cells. The results were
expressed as the percentage of positive cells to the total number
of cells counted.

Statistical analysis
Data were presented as x±s unless otherwise indicated. Mann-
Whitney u test for nonparametric and unpaired values,
Student’s t-test or Fisher’s exact test was used as appropriate.
Results were considered significant when P<0.05.

RESULTS

Estimation of serum indicators and hepatic nitric oxide
synthase
At the end of a 8-week experimental period, 5 rats died because
of infection at the site of injection and hepatic crack due to
improper handling. It was evident that CCl4 produced a marked
increase in the activities of serum ALT and AST in both
ovariectomy and sham ovariectomy rats. The extent of increase
was lower in sham ovariectomy group than in ovariectomy
group, but without statistical significance (P>0.05). CCl4

plus estradiol in both ovariectomy and sham ovariectomy
groups showed a significant decrease in enzyme levels.
However, they were still higher than those of control groups.
The enzyme levels in the ovariectomy and estradiol treatment
groups were similar to those in control group. The levels of
serum NO2

-/NO3
- and hepatic NOS activity increased

significantly in both ovariectomy and sham ovariectomy rats
when CCl4 was injected, especially in estradiol treatment
groups (Table 1). Ovariectomy itself had no influence on the
above parameters.

Table 1  Serum ALT, AST, NO2
-/NO3

- and hepatic NOS activity
(x±s)

Group  n         ALT           AST          NO2
-/NO3

-         NOS
         (nkat/L)    (nkat/L)       (µmol/L)        (KU/g)

Control 10      35.8±7.9     64.5±20.8      21.8±13.7      0.65±0.08
Ovx 10      31.6±6.5     66.4±18.3      19.3±11.2      0.54±0.33
Ovx+E   9      38.5±11.2    68.4±21.2      84.8±24.9ac    2.57±1.06ac

CCl4   9       540±252a    631±268a      55.3±23.1a       1.65±0.46a

CCl4+Ovx 10       658±220a     697±240a 
      53.7±17.1a     1.73±0.71a

CCl4+E   8       314±163c    302±153c      87.5±23.6c     2.68±1.17c

CCl4+Ovx+E   9       311±146c    321±121c      93.3±24.2c     2.49±1.20c

aP<0.05, vs control; cP<0.05, vs CCl4.
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Histopathological changes
The control livers showed a normal lobular architecture with
central veins and radiating hepatic cords. Prolonged administration
of CCl4 caused severe pathological damages such as fat
accumulation, inflammation, necrosis, and collagen deposition,
especially in ovariectomy group. Administration of estradiol
reduced the accumulation of hepatic collagen, decreased
centrolobular necrotic areas as well as inflammatory reaction
in rats subjected to CCl4. Semi-quantitative hepatic collagen
staging scores are shown in Table 2.

Table 2  Effects of ovariectomy and estradiol on histological
scores of CCl4 – induced hepatic fibrosis

           Hepatic fibrosis scores
Group  n

 - + ++ +++       ++++

Control 10 10 0  0   0    0
Ovx 10 10 0  0   0    0
Ovx+E   9   9 0  0   0    0
CCl4   9   0 2  2   3    1
CCl4+Ovxa 10   0 0  2   5    3
CCl4+Ea   8   0 4  2   1    0
CCl4+Ovx+Ea   9   0 5  2   2    0

aP<0.05, vs control.

Immunohistochemical staining and in situ hybridization for
estrogen receptor-α
By immunohistochemical detection, the positive signal of ERα
as brown particles was scattered or diffused only in cytoplasm
other than in nuclei of parenchymal (hepatocytes) and non-
parenchymal hepatic cells, especially near the hepatic
centrolobular and periportal areas. The positive signal of in
situ hybridization for ERα mRNA also showed brown particles,
and distributed in cytoplasm and partly in nuclei (Figure 1).

Figure 1  ERα and ERα mRNA in female rat liver.

     It showed that livers of female rats contained ER, and
ovariectomy decreased ER level and ER mRNA expression
significantly (P<0.05). Treatment with estradiol at a high dose
restored the liver ER and ER mRNA levels. CCl4 administration

in control and ovariectomized groups was associated with an
increase in ER level and ER mRNA expression, but the
difference was not significant in control group (P>0.05).
Hepatic ER and ER mRNA concentrations were elevated
significantly after treatment with estradiol in CCl4 induced
fibrotic rats (P<0.05, Figures 2 and 3).

Figure 2  Positive signal of ER in female rat liver (Immunohisto-
chemistry staining PAP method, magnification ×400). 2A: CCl4

group, 2B: Estradiol treatment group shows increased ER ex-
pression compared with 2A.

Figure 3  Positive signal of ER mRNA in female rat liver (in
situ hybridization staining, SP method, magnification ×400).
3A: CCl4 group, 3B: Estradiol treatment group shows increased
ER mRNA expression compared with 3A.
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DISCUSSION
Hormone receptors are generally down regulated by high
concentrations of their own ligands. This also seems to be the
case with ER in reproductive tissues such as the uterus, ovaries,
and mammary glands where estrogens are involved in cell
growth and differentiation[12]. In the liver, however, ER has an
entirely different function and the hepatic responses to
estrogens appear to require high concentrations of estrogens.
Some data indicated[9] that treatment with a low (physiological)
dose of estradiol could increase ER and ER mRNA in livers of
male rats. But the regulation of hepatic ER and ER mRNA in
female rats by estrogen has been reported differently[13,14]. The
majority of studies concerning estrogenic effects have been
performed in ovariectomized female rats. Some data showed[15]

that hepatic sinusoidal endothelial cell and Kupffer cell in the
livers of female rats contained ER, and they were decreased
by ovariectomy. Long-term treatment of 17β-estradiol elevated
the level of ER in hepatic sinusoidal endothelial cell and
Kupffer cell in ovariectomized rats. On the other hand,
ovariectomy has also been reported to increase ER level and
decrease ER mRNA level in hepatocytes from female rats[12].
This is somewhat divergent to what was seen in this study,
where as ovariectomy decreased ER level and ER mRNA
expression in parenchymal and non-parenchymal hepatic cells
of female rats, and treatment with estradiol at a high dose
restored their levels. These observations confirmed a reported
increase in hepatic ER mRNA after estrogen treatment in
ovariectomized female rats[16]. An explanation for the
mechanism whereby hepatic ER was increased is difficult based
on our limited observations. It is possible that the effect of
estrogen-treatment on ER levels in ovariectomized female rats
was affected indirectly through the pituitary, or by increased
hepatic growth hormone receptors. Treatment with 17β-estradiol
in combination with growth hormone and dexamethasone was
reported to increase ER levels to eightfold, while estradiol
treatment alone had a minimal influence on them in cultured
hepatocytes from female rats[12]. This may suggest that the
regulation of hepatic ER is under a more complex control
involving other factors.
      It has been shown[17] that prolonged alcohol abuse induced
a marked increase in ER levels in livers of both male and female
patients, especially in patients who had histological evidence
of acute liver damage (alcoholic hepatitis). As we know, CCl4-
induced hepatitis and fibrosis shared several characteristics with
human hepatitis and fibrosis of different etiologies[18-24]. In this
study, prolonged administration of CCl4 induced increases in
hepatic ER and ER mRNA expression in female rats, especially
in ovariectomized group. The increase extent of ER and ER
mRNA was correlated histologically with inflammation, fat
accumulation, necrosis, activities of serum ALT and AST, and
hepatic collagen diposition. As it is impossible to provide a
detailed explanation of the regulation of hepatic ER in normal
female rats, we can not establish whether the increase in ER is
due CCl4 administration in our study. Further investigations
are thus required to clarify this point. Within these limitations,
our data indicate that prolonged CCL4 administration can affect
ER levels and ER mRNA expression in female rat livers.
     In our study, hepatic ER and ER mRNA concentrations
were significantly elevated after treatment with estradiol in
CCl4-induced fibrotic rats, and the elevation of ER was
correlated with a marked decrease in hepatic damage and
fibrosis. It suggested that estradiol might suppress hepatic
fibrosis by a receptor mechanism. This finding has not been
reported previously[25,26] but is in line with the experimental
data obtained from cultured hepatic sinusoidal endothelial cells
in rats. In the experiment[27], ER was demonstrated in hepatic
sinusoidal endothelial cells, and estrogen increased NOS
activity and upregulated NO production in the cells through

an ER-mediated system, and then regulated the hepatic
sinusoidal microcirculation. It has been found that in the liver,
NO is produced by hepatic sinusoidal endothelial cells, Kupffer
cells, hepatic stellate cells and hepatocytes[28-32], and NO is
synthesized by NOS from L-arginine as a substrate[33,34]. It was
observed that endogenous NO could protect the liver from lipid
peroxidation, damage, and fibrosis[35]. In the present study,
estradiol treatment led to a paralleled increase in ER with serum
NO and hepatic NOS activity in fibrotic rats. These findings
suggest that in liver fibrosis, estrogen may promote NO
synthesis through hepatic ER, resulting in improvements of
liver damage and fibrosis in rats.
      The liver has been found to be extremely sensitive to the
action of sex hormones[4,26], estrogen-dependent regulation of
hepatic function could occur through ER present in the liver[7].
We demonstrated that administration of estradiol elevated
ER levels in hepatic fibrotic rats, and ER was distributed in
parenchymal (hepatocytes) and non-parenchymal hepatic cells,
especially near the hepatic centrolobular and periportal areas
where non-parenchymal cells were mainly located. Although
we could not identify the exact location of ER in hepatic cells
in the present study, we know that the high affinity ER in
Kupffer cells of rat liver could exhibit the same characteristics
as that presented in hepatocytes[15]. Therefore, estrogen may
modulate Kupffer cell function. Kupffer cells upon stimulation,
could produce mediators such as TNF, IL-6 and IL-10, and
therefore playing a central role in the regulation of CCl4-
induced liver injury and fibrotic progression[17,36-42].
     As is generally believed that the expression of specific
genes and cell responses to steroid hormones are related to the
amount of receptors, the increase in hepatic ER and its mRNA
as described in this paper may be part of the molecular
mechanisms underlying the suppressive effect of estradiol on
liver fibrosis induced by CCl4 administration.
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