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Abstract
AIM: Bicyclol, 4,4’-dimethoxy-5,6,5’,6’-dimethylene-dioxy-
2-hydroxymethyl -2’-carbonyl biphenyl, is a new anti-hepatitis
drug. The aim of the present study was to investigate the
protective effect of bicyclol on concanavalin A (Con A)-induced
immunological liver injury in mice and its mechanism.

METHODS: Liver injury was induced by injection of Con A
via tail vein of mice and assessed biochemically and
histologically. Serum transaminase and tumor necrosis factor
alpha (TNF-α) were determined. Liver lesions were observed
by light microscope. Expressions of TNF-α, interferon gamma
(IFN-γ), Fas and Fas ligand (FasL) mRNA in the livers were
measured by RT-PCR.

RESULTS: Serum transaminase level and liver lesions in
Con A-induced mice were markedly reduced by oral
administration of 100, 200 mg/kg of bicyclol. TNF-α level in
serum was also reduced by bicyclol. Con A injection induced
up-regulation of TNF-α, IFN-γ, Fas and FasL mRNA expression
in liver tissues. Bicyclol significantly down-regulated the
expression of IFN-γ, Fas and FasL mRNA, but only slightly
affected TNF-α mRNA expression in liver tissues.

CONCLUSION: Bicyclol protects against Con A-induced liver
injury mainly through inhibition of Fas/FasL mRNA expression
in liver tissues and TNF-α release in mice.
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INTRODUCTION
Viral hepatitis is a serious health problem worldwide, as more
than two billion people alive today have been infected by
hepatitis B virus, and 170 million people have been infected
by hepatitis C virus[1]. Although a number of drugs such as
interferon-2α and lamivudine have been used in the treatment
of viral hepatitis, the efficacy of these drugs is still limited and
some side effect are severe[2,3]. Therefore, it is necessary to
develop new anti-hepatitis drugs. Bicyclol is new synthesized
anti-hepatitis drug, chemically named 4, 4’-dimethoxy-5, 6,

5’, 6’-dimethylene-dioxy-2-hydroxymethyl- 2’-carbonyl
biphenyl. Our previous studies demonstrated that bicyclol has
anti-liver injury, anti-liver fibrosis and anti-hepatitis virus
activities[4]. Clinical trials indicated that bicyclol markedly
normalized the elevated level of serum transaminase in patient
with viral hepatitis B, and also inhibited HBV-DNA
replication[5]. It is known that the liver injury induced by CCl4,
acetaminophen and D-galactosamine is mainly caused by free
radicals and oxidative stress[6,7]. The protection of bicyclol
against CCl4-, acetaminophen-induced liver injury, is closely
related to its elimination of free radicals and inhibition of
oxidative stress. However, the pathogenesis of human viral
hepatitis is different from hepatotoxicants induced liver injury.
Human viral hepatitis is a disease resulting from destruction
of virus-infected hepatocytes through immune-mediated
mechanism[8,9]. Thus, it is necessary to further investigate if
there are other mechanisms involved in the protective effect
of bicyclol against liver injury in addition to its anti-oxidative
activity. Recently, a model of immune-mediated liver injury
in mice was established by injection of T cell mitogen Con A,
which is an available animal model relevant to human hepatitis
and hepatocellular damage[10]. Previous studies demonstrated
that activated T cell-mediated cellular immunity is responsible
for the liver damages in Con A model. TNF-α released from
activated T lymphocytes and Kupffer cells plays a critical role
in the process of liver damage and hepatocyte apoptosis[11-13].
In addition, Fas and Fas ligand (FasL) pathway is involved in
the pathogenesis of hepatocytes apoptosis and necrosis[14].
Therefore, the present study was to investigate the effect of
bicyclol on Con A induced immune-mediated liver injury and
its mechanisms. Figure1 shows the chemical structure of bicyclol.

Figure 1  Chemical structure of bicyclol.

MATERIALS AND METHODS
Animals
Male C57BL/6 mice weighing 21-25 g were obtained from
the Animal Center of Chinese Academy of Medical Sciences.
They were fed standard maintenance diet and water throughout
the experiments. All animals received care in compliance with
the guidelines of China Ministry of Health.

Reagents
Bicyclol was kindly provided by Professor Zhang CZ in the
Department of Pharmaceutical Chemistry of our institute. The
purity of bicyclol was over 99% and not dissolved in water.
Type IV Con A was purchased from Sigma Chemical Co. (St.
Louis, MO, USA). ALT kit was purchased from BHKT
Chemical Reagent Co., Ltd (Beijing, China). ELISA kit for
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TNF-α determination was provided by Jingmei Biotechnology
Co, Ltd (Beijing, China).

Con A-induced hepatitis in mice and drug administration
Control mice were injected pyrogen-free phosphate-buffered
saline (PBS). A dose of 23 mg/kg of Con A was injected
via tail vein. Bicyclol was suspended in 5 g/L sodium
carboxymethylcellulose (Na-CMC) just before use. The
200 mg/kg and 100 mg/kg of bicyclol were administered orally
three times, 24, 12, 1 h before Con A injection.

Assay for serum ALT activity and TNF-α levels
Serum from individual mouse was obtained at various intervals
after Con A injection. Alanine aminotransferase (ALT) level
was determined by a biochemical kit according to the
manufacturer’s instruction. The assay of serum TNF-α level
was performed with specific ELISA kit.

Histopathological examination of liver tissue
Liver samples from individual mouse were fixed in 40 g/L
neutral formaldehyde solution, embedded in paraffin, sliced
into sections 5-µm of thickness and stained with hematoxylin
and eosin for histological examination. The degrees of liver
injury were graded based on a score of 0-3[15] and expressed as
the mean of 10 different fields of each slide.

Detection of Fas, Fas ligand (FasL), TNF-α, and IFN-γ expression
by semiquantitative RT-PCR
Total RNA from mouse liver was extracted by TRIzol reagent
(Gibco USA)[16]. RT-PCR was conducted to detect Fas, FasL,
TNF-α and IFN-γ gene expression. The primers for Fas were as
follows: 5’-TGCACAGAAGGGAAGGAGTA-3’ and 5’-ATG
GTTTCACGACTGGAGGT-3’; for FasL: 5’-GACAGCAGTG
CCACTTCATC-3’ and 5’- TTAAGGCTTTGGTTG GTGAA-3’;
for IFN-γ: 5’-CTCAAGTGGCATAGATGTGG-3’ and 5’-ACT
CCTTTTCCGCTTCCTGA-3’; for TNF-α: 5’-GGCGGTGCCT
ATGTCTCAG-3’ and 5’-GGGCAGCCTTGTC CCTTGA-3’;
and for Cu/Zn SOD: 5’-TCTGCGTGCTGAAG GGCGAC-3’;
and 5’-CTCCTGAGAGTGAGATCACA-3’. mRNA was
reversely transcribed with AMV reverse transcriptase and then
amplified using Tfl DNA polymerase for 35 cycles as follows:
at 94  for 30 s (dissociation), at 60  for 60 s (annealing), and
at 72  for 90 s (primer extension). PCR amplification products
were visualized in 2% agarose gels after staining with ethidium
bromide. The density of the PCR products was compared with
Cu/Zn SOD, which was used as an internal control. Briefly,
the spot density of each band in the gel was measured with
the Kodak digital imaging system (Kodak DC120, Digital
science 1D system, USA). The percentage of gene expression
was calculated by the following equation: (density of cytokine
product/density of SOD product) ×100.

Statistical analysis
All data are expressed as mean±SD and analyzed by Student’s
t-test.

RESULTS
Effect of bicyclol on Con A-induced aminotransferase
elevation in serum
Injection of Con A to mice caused a time dependent increase
in serum ALT levels (Figure 2). ALT levels increased significantly
and reached a maximum at 6 h and maintained at plateau for
16 h after Con A injection. Administration of 200 mg/kg and
100 mg/kg of bicyclol to mice for three times significantly
reduced the elevated serum ALT levels at 12 h and 16 h after
Con A administration (Table 1).

Effect of bicyclol on liver histology
Twelve hours after Con A injection, histological analysis of
the liver sections of Con A-treated mice showed widespread
areas of necrosis and inflammation within the liver lobules
and around the central veins and portal tracts (Figure 3A,B).
Extensive lesions were characterized by massive hepatocytes
coagulative necrosis, and cytoplasmic swelling of most living
hepatocytes and nuclear chromatin condensation were found
frequently, which indicated hepatocytes apoptosis. A moderate
infiltration of lymphocytes and mononuclear cells in the portal
area and around the central vein were also observed. As shown
in Figure 3C, bicyclol reduced the areas of lesions and the
extent of liver injury induced by Con A. The extent of lymphocyte
infiltration in bicyclol treated mice also reduced significantly.
The extent of liver necrosis was classified using a four degree
score as shown in the footnote of Table 2.

Figure 2  Time-course of Con A-induced liver serum ALT el-
evation in mice. bP<0.01 vs other time.

Figure 3  Light micrographs of livers from mice treated with
Con A alone or in combination with bicyclol. Original
magnification×200. A: normal control mouse. B: Con A injected
mouse; C, mouse treated with bicyclol 200 mg/kg.
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Table 1  Protection of bicyclol against Con A induced liver
injury in mice as determined by ALT(U/L)

Time Con A alone Con A+bicyclol Con A+bicyclol
    200 mg/kg     100 mg/kg

12 h  161.5±63.11      27.1±10.8b      50.1±15.9a

16 h  165.8±8.76      10.6±12.8b      30.7±27.4b

Data are mean±SD of 8 mice per group. aP<0.05, bP<0.01. vs
Con A alone. Serum ALT levels were measured 12 h and 16 h
after Con A injection, respectively.

Table 2  Effect of bicyclol on liver histology by evaluation the
degree of liver injury 12 h after Con A injection

    Grade of liver injury
Group

0 1 2 3

Normal (n=7) 7 0 0 0
Con A alone (n=7) 0 0 0 7
ConA+bicyclol 200 mg/kg (n=8) 3 2 1 2
ConA+bicyclol 100 mg/kg (n=7) 1 2 3 1

Histological degree of liver injury is classified according to the
area of coagulative necrosis in hepatic lobules as follows: grade
0, no coagulative necrosis; grade 1, coagulative necrosis area
<10%; grade 2, coagulative necrosis area between 10% and 25%;
grade 3, coagulative necrosis area >25%.

Lowering effect of bicyclol on serum TNF-α level in Con A-
injected mice
Mice were killed at the indicated time points after injection of
23 mg/kg Con A. As shown in Figure 4, serum TNF-α level
increased significantly 1-2 h after Con A injection, and then
showed a marked decline at 4 h. At 24 h, the level of TNF-α
level was still slightly higher than the normal mice but not
significantly (Figure 4).
      The treatments of mice with bicyclol 200 mg/kg caused a
decrease of the elevated TNF-α level by about 50% two hours
after Con A injection (P<0.05). Bicyclol 100 mg/kg also
decreased serum TNF-α concentration about 25% but not
significantly statistically (Figure 5).

Figure 4  Dynamic changes of serum TNF-α level after Con A
injection in mice. Each point represents mean±SD of six mice.

Effect of bicyclol on expressions of liver TNF-α, IFN-γ, Fas
and FasL mRNA in Con A-treated mice
One hour after the last administration of bicyclol, mice were
injected 23 mg/kg of Con A. The livers were removed 2 h
later. Total liver RNA was isolated, reversely transcribed, and
amplified by PCR using primers for TNF-α, IFN-γ, Fas and FasL,
respectively. Cu/Zn SOD was used as an internal control. As
shown in Figure 6, TNF-α and IFN-γ mRNA were undetectable
in livers from normal control mice, while the mice injected
with Con A showed TNF-α and IFN-γ mRNA expression

apparently. Prior administration of bicyclol 200 mg/kg reduced
about 40% IFN-γ mRNA expression induced by Con A, but
had slight influence on up-regulation of TNF-α mRNA in Con
A injected mice.
      Although Fas and FasL mRNA levels were detectable in
normal control mice, significant increase of both Fas and FasL
mRNA levels was demonstrated in Con A challenged mice.
Mouse liver Fas mRNA level was more than that of FasL both
in normal control and Con A injected groups. Administration
of bicyclol down-regulated Fas and FasL mRNA expression
to approximately normal level.

Figure 5  Lowering effect of bicyclol on the elevated serum
TNF-α Level induced by Con A injection in mice. Each bar
represents mean±SD of 6 mice per group bP<0.01 vs Con A alone.

Figure 6  Effect of bicyclol on Con A induced TNF-α, IFN-γ, Fas
and FasL mRNA expression determined by RT-PCR. A: Pho-
tograph of ethidium bromide-stained amplification products.
Lane 1, molecular mass markers; lane 2 and lane 3, control
liver; lane 4 and lane 5, liver 2 h after Con A administration
alone; lane 6 and lane 7, liver 2 h after injection of Con A in
combination with 200 mg/kg bicyclol. B: Relative band intensity
of amplification products compared with Cu/Zn SOD mRNA.
Data represent the mean of two lanes. Each lane corresponds
to the pooled livers from two mice. aP<0.05 vs Con A alone.

DISCUSSION
The immune cell-mediated liver injury is a critical event in the
pathogenesis of human viral hepatitis[17-19]. Cell immunity is
involved in the immune clearance of virus-infected hepatocytes
and at the same time damage virus-infected hepatocytes. This
conclusion came from the findings that infiltrating T cells were
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observed in the liver tissue of hepatitis patients[20,21]. Con A
induced liver injury is a T-cell-dependent hepatitis model,
which situation is relevant to human liver injury[22]. In Con A
induced hepatitis, T cell activation plays a crucial role in the
process of liver injury, because lymphocytes depleted mice or
severe combined immunodeficiency disease (SCID) mice can
not develop liver injury after Con A injection, and pretreatment
of mice with a monoclonal antibody which in vivo destroys
Thy1.2 antigen-bearing T cells abrogated the susceptibility of
these animals toward the hepatotoxicity induced by Con A[10].
In the present study lymphocyte infiltration was observed in
the portal area and around the central vein of damaged liver
tissue. Biochemical and histological data showed that prior
administration of bicyclol, a new anti-hepatitis drug has
protective effect against Con A induced liver injury in mice.
In order to elucidate how bicyclol exerts its protective effect
against Con A induced liver injury, mice were pretreated with
bicyclol. The results showed that bicyclol markedly decreased
lymphocyte accumulation into liver.
      Cytotoxic T lymphocytes play an important role in the
pathogenesis of viral hepatitis by inducing hepatocyte
apoptosis[23,8]. In the study of Moriyama et al.[24] transfer of
HBV-specific cytotoxic T lymphocytes can mediate liver cell
necrosis in the HBV transgenic murine. As viral hepatitis,
hepatocytes apoptosis is a dominant feature of Con A induced
hepatitis as measured by DNA fragmentation and morphological
observation. The apoptosis cascade can be initiated by a ligand,
which binds to its receptors on the cell surface. Ligands such
as FasL and TNF-α play an important role in Con A induced
hepatitis. Interaction of Fas and FasL is an important pathway
that mediates the target cytolysis by cytotoxic T lymphocytes[25].
In gld/gld mice, in which FasL is defective, the development
of the disease is completely suppressed and in lpr/lpr mice,
the suppression of Fas mRNA is incomplete, the hepatitis is
partially suppressed. Antibody against Fas can block the
development of hepatitis[14]. When FasL binds to Fas, the
receptor molecules trimerize, leading to clustering of death
domains, activation of a series of caspases and the final
apoptosis of liver cells[26]. In chronic hepatitis B (CHB), the
intensity of FasL mRNA showed a positive correlation with
the histological activity and serum alanine aminotransferase
level[27]. Immunohistochemical study suggested that Fas antigen
expression plays an important role in inflammation in the
hepatitis C virus-infected liver[28]. In our previous study, we found
that bicyclol inhibited Con A induced DNA fragmentation[29].
To further investigate the mechanism of bicyclol in protection
against liver injury, we measured the expression of Fas/FasL
in Con A-induced liver injury.
     In our study, we found that both FasL and Fas mRNA
expressions were up-regulated significantly after Con A
injection. Bicyclol down-regulated the expression of FasL
and Fas close to normal level. The results explained why
bicyclol could inhibit apoptosis of hepatocytes in Con A
hepatitis model in our previous experiment[29]. It is known that
Fas expression can be activated by IFN-γ to enhance apoptosis.
Fas mRNA expression was reduced by 50% in the liver of
IFN-γ-/- mice compared with that in IFN-γ+/- mice[30]. Because
IFN-γ can affect the expression of Fas, we further investigated
the effect of bicyclol on IFN-γ mRNA expression. Our results
indicated that bicyclol reduced the expression of IFN-γ mRNA
by about 40% in the livers of Con A treated mice, which was
associated with the inhibition of Fas.
      TNF-α is another important ligand to induce hepatocyte
apoptosis. Activated lymphocytes stimulated the macrophages
to release TNF-α and the activated lymphocyte itself is the
potential source of TNF-α[31]. This proinflammatory cytokine
can produce a direct cytotoxic effect to transcription-inhibited
hepatocytes in vitro when bound to TNF-R[32]. In addition to

the effect on Fas/FasL pathway, bicyclol significantly inhibited
the release of TNF-α. Con A significantly increased the release
of serum TNF-α and mRNA expression in liver tissue. Bicyclol
reduced the serum level of TNF-α by about 50%. It, however,
showed a slight effect (10%) on the mRNA expression in liver.
It seems that bicyclol inhibited TNF-α release mostly at
posttranscriptional level, which needs further investigation.
       In conclusion, bicyclol protects mice against Con A-induced
liver injury through at least two mechanisms: down-regulation
the expression of Fas/FasL mRNA, and prevention of
proinflammatory cytokine TNF-α release.
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