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Abstract
Background & Aims: Conophylline (CnP) is a vinca alkaloid purified from a
tropical plant and inhibits activation of pancreatic stellate cells. We investi-
gated the effect of CnP on hepatic stellate cells (HSC) in vitro. We also exam-
ined whether CnP attenuates hepatic fibrosis in vivo. Method: We examined
the effect of CnP on the expression of a-smooth muscle actin (a-SMA) and
collagen-1, DNA synthesis and apoptosis in rat HSC and Lx-2 cells. We also
examined the effect of CnP on hepatic fibrosis induced by thioacetamide
(TAA). Results: In rat HSC and Lx-2 cells, CnP reduced the expression of
a-SMA and collagen-1. CnP inhibited DNA synthesis induced by serum.
CnP also promoted activation of caspase-3 and induced apoptosis as assessed
by DNA ladder formation and TUNEL assay. In contrast, CnP did not induce
apoptosis in AML12 cells. We then examined the effect of CnP on TAA-
induced cirrhosis. In TAA-treated rats, the surface of the liver was irregular
and multiple nodules were observed. Histologically, formation of pseudolo-
bules surrounded by massive fibrous tissues was observed. When CnP was
administered together with TAA, the surface of the liver was smooth and
liver fibrosis was markedly inhibited. Collagen content was significantly
reduced in CnP-treated liver. Conclusion: Conophylline suppresses HSC
and induces apoptosis in vitro. CnP also attenuates formation of the liver
fibrosis induced by TAA in vivo.

Hepatic stellate cells (HSC) reside in the space of Disse
and store vitamin A in lipid droplets under normal con-
ditions (1). Upon liver injury, they are activated and
lose lipid droplets. They proliferate actively and differ-
entiate into myofibroblast-like cells (2–4). Chronic liver
injuries caused by viral hepatitis, autoimmune hepatitis,
alcoholic hepatitis and non-alcoholic steatohepatitis
activate and transform quiescent HSC into activated
myofibroblasts through the actions of increased growth
factors and inflammatory cytokines such as platelet-
derived growth factor, transforming growth factor-b
(TGF-b), tumour necrosis factor-a (TNF-a), interleu-
kin-6 and IL-1b (4, 5). Activated HSC undergo continu-
ous proliferation and express activation markers such as
smooth muscle a-actin (aSMA). They also produce
massive extracellular matrix proteins including type I
collagen (6). Liver fibrosis is advanced by increasing the
production of type I collagen in the extracellular matrix
component. Therefore, the majority of antifibrotic ther-
apies are designed to inhibit the activation and prolifer-
ation of HSC and to suppress their abilities to produce

excess matrix proteins. In this regard, an apoptosis-
inducing agent, which selectively induces apoptosis in
HSC, would be a potential candidate for antifibrotic
treatment (7, 8).

Conophylline (CnP) is a vinca alkaloid extracted
from leaves of the tropical plant Ervatamia microphy-
lla (9). CnP was shown to mimic the effect of acti-
vin A on the differentiation of pancreatic progenitor
cells (10). Thus, CnP induces differentiation of pan-
creatic AR42J cells, a model of pancreatic progenitor
cells, into insulin-producing cells and converts cul-
tured ductal cells to b-cells in vitro (10, 11). CnP
was also effective in vivo. This compound promoted
differentiation of pancreatic progenitors to b-cells
and, when administered to the animal model of dia-
betes, increased the b-cell mass and the insulin con-
tent, and significantly improved hyperglycaemia (12).
On the other hand, it is known that activin A is an
autocrine activator of pancreatic stellate cells (PSC)
and increases the expression of aSMA and collagen
(13). This implies that activin A promotes fibrosis of
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the pancreas. Interestingly, although CnP reproduces
the effect of activin A on b-cell differentiation, this
compound has the opposite effect on the activation
of PSC. Thus, CnP markedly inhibits the growth of
PSC and reduces the expression of aSMA and colla-
gen in vitro (14). Furthermore, when administered to
an animal model of type 2 diabetes, CnP markedly
reduced the invasion of PSC into islets and improved
islet fibrosis in GK rats, an animal model of type 2
diabetes (14).

Given the similarity of PSC and HSC, it seems likely
that CnP inhibits activation of HSC and thereby attenu-
ates hepatic fibrosis. In this study, we examined the
effect of CnP on HSC in vitro. We also examined the
effect of CnP in vivo. The results clearly show that CnP
inhibits activation of HSC and improves liver fibrosis
induced by thioacetamide (TAA) in vivo.

Materials and methods

Materials

Conophylline used in in vitro study was isolated from
leaves of E. microphylla grown in Thailand and purified
as described previously (9). Because these leaves are now
difficult to obtain, we searched for other sources of CnP
and found that leaves of Tabernaemontana divaricata,
which is grown in a southern island in Japan, also con-
tain CnP (15). Crude CnP preparation II (CCP-II) used
in in vivo study was obtained from leaves of T. divari-
cata. The method for extraction was described previ-
ously (15). CCP-II contained 22 mg/g of CnP. TAA was
purchased from WAKO (Osaka, Japan). Nycodenz were
obtained from Sigma-Aldrich (St Louis, MO, USA).
Collagenase P was from Roche Diagnostics GmbH
(Mannheim, Germany). JNK inhibitor II was purchased
from Calbiochem (EMD Biosciences Inc., Darmstadt,
Germany).

Culture of hepatic stellate cells, hepatocytes and
pancreatic ductal cells

Primary HSC were isolated from normal male Wistar
rats with body weight of 240–260 g by sequential
digestion of the liver with pronase and collagenase,
followed by Nycodenz gradient centrifugation as pre-
viously described (16). The human immortalized
HSC line, Lx-2, was provided by Dr S. L. Friedman
of the Mount Sinai Medical School (New York, NY,
USA) (17). Both types of cells were cultured in Dul-
becco’s modified eagle medium (DMEM; WAKO)
containing 10% foetal bovine serum (FBS) with pen-
icillin/streptomycin (WAKO), in 5% CO2 containing
humidified atmosphere at 37°C. Primary HSC with
two to five passages were used for experiments. Rat
hepatocytes were cultured as described previously
(18). Pancreatic ductal cells were cultured as
described elsewhere (19).

Western blotting

After growing to confluence, HSC were subcultured at
equal densities and incubated with DMEM containing
10% FBS. Before the confluence, the medium was chan-
ged to serum-free medium and cells were further incu-
bated for 24 h. Pure CnP was dissolved in MeOH and
the final concentration of MeOH in culture medium
was 0.1%. After 24 h of incubation, cultured HSC were
scraped off and collected using a 29 SDS sample buffer
[125 mM Tris–HCl (pH 6.8), 4% w/v SDS, and 20%
glycerol]. Dithiothreitol at a final concentration of
50 mM was added after the protein assay. Protein con-
centrations were measured by a commercial kit (BCATM

Protein Assay Kit; PIERCE, Rockford, IL, USA) using
BSA as standard. Protein samples (10 lg) were sepa-
rated by 10% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis and transferred to the polyvinylidene
fluoride microporous membrane (Immobilon-P; Milli-
pore, Billerica, MA, USA). The membrane was blocked
with 5% skim milk in phosphate-buffered saline con-
taining 0.05% Triton X-100 (PBS-T) for 1 h at room
temperature, and was then incubated overnight at 4°C
with these primary antibodies: anti-aSMA antibody and
anti-actin antibody (Sigma-Aldrich) diluted 1:2000,
anti-b-tubulin antibody (MP Biomedicals, LLC, Morgan
Irvine, CA, USA) diluted 1:2000, anti-JNK antibody, an-
tiphospho-JNK, anti-p38 mitogen-activated protein
kinase (MAPK) antibody, antiphospho-p38 MAPK anti-
body, anti-extracellular signal regulated kinase (ERK)
antibody and antiphospho-ERK antibody (Cell Signal-
ling Technology, Danvers, MA, USA) diluted 1: 1000
and anticollagen-1 (Santa Cruz, CA, USA).

After the membranes were washed with PBS-T, they
were incubated with a secondary antibody (1:2000) for
1 h at room temperature. The antibody reaction was
detected using the enhanced chemiluminescence system
(ECL for aSMA, ECL-plus for others; GE Healthcare,
Buckinghamshire, UK) and images were obtained by a
multipurpose charge-coupled device (CCD) camera sys-
tem (LAS 4000; Fuji Film Co., Tokyo, Japan). The inten-
sity of the reaction was measured by the analysis
software application (Multi Gauge; Fuji Film Co.).

Immunocytochemistry

Hepatic stellate cells were cultured on non-coated glass
coverslips at a density of 2 9 104/ml. Cells were fixed
with 4% paraformaldehyde for 1 h at room temperature,
treated with 50 mM glycine for 6 min, 0.1% (v/v) Triton
X-100 in PBS for 5 min, and incubated sequentially with
Block Ace� (DS Pharma Biomedical Co, Osaka, Japan).
They were incubated with monoclonal mouse anti-
aSMA antibody diluted 1:400 for 1 h at room tempera-
ture. After washing with PBS, they were incubated with
Alexa FluorR 488 goat antimouse IgG (H + L) conjugate
(1:2000) (Invitrogen, Carlsbad, CA, USA) for 1 h
and then 4′diamino-2-phenylindole (DAPI: PIERCE,
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Rockford, IL, USA). Immunofluorescence images were
recorded with an Olympus AX70 Epifluorescence micro-
scope (Olympus, Tokyo, Japan) equipped with a PXL
1400 cooled-CCD camera system (Photometrics,
Tucson, AZ, USA), which was operated with IP Lab
Spectrum software (Signal Analysis, Vienna, VA, USA).

Measurement of collagen

Collagen was determined by a dye-binding method (Sir-
col collagen assay; Biocolour Ltd, Carrickfergus, UK).
The Sirius red dye reagent binds specifically to the (Gly-
X-Y)n helical structure found in all collagen types. After
24 h of serum starvation, HSC were incubated in the
presence of CnP and 10 ng/ml TGF-b in medium con-
taining 10% FBS for 48 h. Assay of each culture was per-
formed according to the manufacturer’s instructions. In
short, 1 ml of Sirius red dye reagent was added to each
sample and mixed by shaking for 30 min to complete
collagen-dye binding. After centrifugation at 10 000g for
10 min, unbound dye was decanted. The dye bound to
the collagen pellet was then dissolved in 1 ml of alkali
reagent. The dye concentration was measured by spectro-
photometry at 550 nm. Hydroxyproline was measured
according to the method by Reddy and Enwemeka (20).

Measurement of macrophage chemoattractant protein-1

Hepatic stellate cells were incubated in the same condi-
tion for assay of collagen secretion. Macrophage chemo-
attractant protein-1 (MCP-1) in the culture medium
was measured by ELISA (Therm Fisher Scientific, Rock-
ford, IL, USA).

Detection of apoptosis

TUNEL assay. For the TUNEL assay, HSC plated on
coverslips were washed with ice-cold PBS three times
for 5 min, fixed with 4% paraformaldehyde for 25 min
and washed three times with PBS. The coverslips were
washed with 0.2% PBS-T for 15 min. TUNEL assay was
performed using a fluorescent DNA fragmentation
detection kit (Promega, Madison, WI, USA) according
to the manufacturer’s instructions. The field was chosen
randomly and 10 fields were chosen for every specimen.
The number of TUNEL-positive cells was counted to
obtain the ratio of TUNEL positivity to the total num-
ber of cells stained with DAPI.

Measurement of DNA fragmentation

Hepatic stellate cells were incubated for 48 h in DMEM
containing 10% FBS. The medium was then changed to
DMEM without FBS, and the cells were incubated with
CnP for 24 h. The cells were washed with ice-cold PBS
and scraped with 250 ll of ice-cold PBS and 250 ll of
lysis buffer (50 mM Tris/HCl (pH 8.1), 20 mM ethy-
lenediamine tetraacetic acid (EDTA) (TE) and 0.5%

Triton X-100). Lysed cells were held at 4°C for 15 min,
and centrifuged at 9000g for 10 min. The supernatants
were mixed with 0.5 ml of TE-saturated phenol and
centrifuged at 13 000g for 10 min. The supernatants
were mixed with 0.5 ml of chloroform and centrifuged
at 13 000g for 5 min. The supernatants were mixed with
40 ll of 3 M Na acetate and 800 ll of 100% ethanol,
incubated overnight at �20°C and centrifuged at
20 000g for 10 min.

To perform the DNA fragmentation assay, the DNA
pellet was dissolved in 15 ll of TE buffer (10 mM Tris–
HCl (pH 8.1), and 1 mM EDTA) together with 1 ll of
RNase A (20 mg/ml) and incubated at 37°C for 1 h.
Electrophoresis was run at 100 V in 2% agarose gels in
0.5 9 TBE buffer (44.5 mM Tris, 44.5 mM boric acid,
1 mM EDTA). The gel was incubated in ethidium bro-
mide for 10 min. The DNA fragmentation pattern was
visualized with a UV transilluminator.

Measurement of caspase-3 activation

Fluorescence resonance energy transfer images were
captured using an inverted microscope (IX-81, Olym-
pus) equipped with a cooled 3CCD camera (ORCA-
3CCD, Hamamatsu Photonics, Hamamatsu, Japan).
The excitation light source was provided by a 150W
Xenon lamp (Olympus) and was used for simultaneous
capturing images of ECFP and Venous. The cells
expressing SCAT 3.1 were incubated in Hank’s balanced
salt solution containing 0.5 lg/ml CnP (21). Live cell
images were acquired at a rate of 60 s.

Assessment of apoptotic bleb

PM-EYFP plasmid was purchased from Clonthech
(Mountain View, CA, USA). HSC cells transduced with
PM-EYFP, which was used as a plasma membrane mar-
ker (22), were incubated with 0.5 lg/ml CnP. Live cell
images were acquired at a rate of 60 s.

Measurement of DNA synthesis

DNA synthesis was assessed by measuring [3H]thymi-
dine incorporation. After the incubation in serum-free
medium for 48 h, cells were cultured in various condi-
tions for 48 h and 0.5 mCi/ml [3H] thymidine was
included in the last 4 h. After incubation, cells were
washed twice with ice-cold PBS, solubilized and radio-
activity associated with trichloroacetic acid-precipitable
materials was counted.

Animals and induction of cirrhosis by thioacetamide

All animal experiments were performed with the per-
mission of the Animal Care and Experimentation Com-
mittee, Gunma University. Sprague-Dawley rats with a
mean body weight of 70–80 g were purchased from
Charles River Japan (Yokohama, Japan). Rats were
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maintained in a climate-controlled (21°C) room under
12 h light–dark cycles and were given tap water and
standard laboratory chow. Cirrhosis was induced by
intraperitoneal injections of TAA (200 mg/kg body
weight), administered three times a week for a period of
12 weeks (23). The body weight was measured every
week. The animals were sacrificed 5 days after the last
treatment, the body weight and liver weight were mea-
sured and photos were taken. Formalin-fixed liver tissue
was embedded in paraffin, and sections were stained
with haematoxylin and eosin and Masson’s staining.

Treatment with conophylline (CCP-II)

Rats were randomly divided into three groups. All rats
were given TAA for 12 weeks. In the CnP group,
0.9 lg/g of CnP were administered via an oral tube
every day for 12 weeks, and in the control group, vehi-
cle was administered via an oral cannula. In the in vivo
study, CCP-II was used. CCP-II was diluted in 4.09 mg/
ml of water containing 0.5% Tween-80 solution.

The serum CnP concentration peeked at 3 h after the
oral administration and then decreased gradually to 6%
of the peak value by 24 h (15).

Quantitative analysis of fibrosis in the liver

Quantification of the collagen content was performed in
formalin-fixed, paraffin-embedded tissue sections after
the Masson’s trichrome staining. Masson’s trichrome-
positive areas were measured using the Image J 1.44 image
analysis software (National Institute of Health, Bethesda,
MA, USA) by means of a CX41 microscope (Olympus)
with a DP21 digital camera (Olympus). The amount of
collagen deposition was calculated from 25 randomized
and non-overlapping areas at 920 magnification.

Statistical analysis

Results were expressed as means ± SD. For comparison
between the two groups, the unpaired t-test was used.
P < 0.05 was considered to be significant.

Results

Effect of conophylline on hepatic stellate cells

We first examined whether or not CnP affected HSC
in vitro. Rat HSC in primary culture were incubated with
various concentrations of CnP in medium containing
5% FBS for 48 h. In the absence of CnP, HSC extended
the process and stress fibre-like structure was clearly
observed. The stress fibre-like structure was reduced by
CnP in a dose-dependent manner. Also, the size of the
cells was reduced by CnP (Fig. 1A). At a concentration
of 100 ng/ml, CnP markedly reduced the immunoreac-
tivity of aSMA. Similar effects were observed with Lx-2
cells, a cell line of HSC (data not shown). Subsequent

studies were done in Lx-2 cells. We then measured
changes in the expression of aSMA and collagen-1 by
immunoblotting. CnP suppressed the expression of
aSMA in a dose-dependent manner. Likewise, the
expression of collagen-1 was reduced by CnP in a dose-
dependent manner (Fig. 1B–D). CnP at a concentration
of 100 ng/ml markedly reduced the expression of both
aSMA and type 1 collagen. Consistent with these results,
collagen secreted to the medium was also reduced signif-
icantly by CnP (Fig. 1E). CnP also inhibited secretion of
MCP-1 in a dose-dependent manner (Fig. 1F).

We next examined the effect of CnP on DNA synthe-
sis by measuring [3H]thymidine incorporation in Lx-2
cells. As shown in Figure 2A, thymidine incorporation
induced by 5% serum was markedly decreased by CnP
in a dose-dependent manner. At a concentration of
100 ng/ml, CnP inhibited [3H]thymidine incorporation
by 20%. At this concentration, CnP did not affect [3H]
thymidine incorporation in AML12 cells, a cell line
resembling mature hepatocytes.

Likewise, 100 ng/ml CnP did not inhibit DNA synthe-
sis in rat hepatocytes in primary culture (Fig. 2B). Fur-
thermore, CnP did not affect DNA synthesis at the same
concentration in rat pancreatic ductal cells (Fig. 2C).

Induction of apoptosis by conophylline

We next examined whether or not CnP induced apopto-
sis in HSC using Lx-2 cells. Lx-2 cells were cultured on
coverglass for 12 h with various concentrations of CnP.
The number of TUNEL-positive cells was significantly
increased in CnP-treated cells (Fig. 3A). The effect of
CnP was dose-dependent and at 100 ng/ml approxi-
mately 10% of the cells were TUNEL-positive (Fig. 3B).
In this condition, DNA fragmentation was observed in
CnP-treated cells (Fig. 3C). Next, we monitored cas-
pase-3 activation in Lx-2 cells using cells transfected with
SCAT3.1. The colour in the Lx-2 cells was turned from
blue (a) to red (d) several minutes after the administra-
tion of 100 ng/ml CnP, indicating that caspase-3 was
activated in these cells (Fig. 3D). Lx-2 cells were then
transfected with PM-EYFP in order to observe morpho-
logical changes in the plasma membrane. Apoptotic bleb
in the plasma membrane was observed several minutes
after the administration of CnP and the cell was con-
tracted after the CnP treatment (Fig. 3E). Note that CnP
did not activate caspase-3 in AML12 hepatocytes
(Fig. 3F). We then measured changes in the expression
of proteins involved in induction of apoptosis by immu-
noblotting. CnP did not affect the expression of Bcl-2,
Bax or procaspase-9. As shown in Figure 4, CnP
increased the protein level of cleaved caspase-3.

Effect of conophylline on mitogen-activated protein
kinase signalling pathways

We previously showed that CnP induces differentiation
of pancreatic b-cells by activating p38 mitogen-activated
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kinase (MAPK) (10, 11). We therefore examined
whether or not CnP activated MAPKs in HSC. Lx-2 cells
were incubated with DMEM containing 100 ng/ml CnP
for various periods and activation of MAPKs was mea-
sured. As shown in Figure 5A, CnP markedly increased
phospho-JNK. The effect of CnP was rapid and tran-
sient. Increase in phospho-JNK was detected within
15 min and returned to the basal levels by 60 min.
Other types of MAPKs including Erk and p38 were also
affected by CnP but the effect of CnP was not as great as
that on JNK. We then examined whether or not apopto-
sis-inducing activity of CnP was mediated by JNK. To
this end, we used JNK inhibitor II. Lx-2 cells were pre-
treated with 20 lM JNK inhibitor II and CnP was then
administered. As shown in Figure 5B, JNK inhibitor II
did not affect the number of TUNEL-positive cells

induced by CnP. Also, JNK inhibitor II did not inhibit
formation of DNA ladder induced by CnP (Fig. 5C).
Likewise, PD098059 and SB203580, inhibitors of Erk
and p38, respectively, did not influence the effect of
CnP (data not shown).

Effect of conophylline on liver fibrosis in thioacetamide-
treated rats

To induce hepatic fibrosis, TAA was injected intraperi-
toneally three times a week and CnP was orally adminis-
tered every day. Twelve weeks later, the body weight of
control and CnP-treated rats was not changed
(Table 1).

The morphology of the liver in rats after the adminis-
tration of TAA was very different in control and
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Fig. 1. Effect of CnP on cultured HSC. (A) Effect of CnP on the expression of aSMA in HSC. Rat cultured HSC were incubated for 24 h with
various concentrations of CnP and then immunostained with anti-aSMA antibody. a: none, b: 0.01 lg/ml CnP, c: 0.1 lg/ml CnP, d: 1 lg/ml
CnP. (B) Effect of CnP on the expression of collagen-1 and aSMA. Lx-2 cells were incubated for 24 h with various concentrations of CnP and
the expression of collagen-1 and aSMA was determined by immunoblotting. (C) Quantification of the effect of CnP on the expression of
aSMA. Expression of aSMA shown in (B) was quantified by densitometry. Values are the mean ± SD (n = 4). *P < 0.05 vs without CnP. (D)
Quantification of the effect of CnP on the expression of collagen-1. Expression of collagen-1 shown in (B) was quantified by densitometry.
Values are the mean ± SD (n = 4). *P < 0.05 vs without CnP, **P < 0.01 vs without CnP. (E) Effect of CnP on secretion of collagen. Lx-2 cells
were incubated for 48 h with 10 ng/ml TGF-b and various concentrations of CnP. Collagen secreted to the culture medium was measured.
Values are the mean ± SD (n = 4). *P < 0.05 vs without CnP. (F) Effect of CnP on secretion of MCP-1. Lx-2 cells were incubated for 48 h
with 10 ng/ml TGF-b and various concentrations of CnP. MCP-1 secreted to the medium was measured. Values are the mean ± SD (n = 4).
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CnP-treated groups. Macroscopically, the surface of the
liver was irregular and a high number of nodules were
observed in the livers of the control group (Fig. 6A-a).
In contrast, the surface of the liver was smooth and nod-
ules were not observed in the CnP-treated groups
(Fig. 6A-b). In control group, some rats had ascites at
the time of sacrifice. Histologically, the sinusoidal struc-
ture was completely destroyed and the formation of cir-
rhotic nodules was observed in control rats (Fig. 6A-c).
In contrast, sinusoidal structure was maintained and no
nodules were found in the specimen of CnP-treated
rats (Fig. 6A-d). By Masson’s trichrome staining, an
increased fibrotic area with typical bridging fibrosis was
observed in control rats (Fig. 6A-e). In CnP-treated rats,
however, cirrhotic nodules were rarely observed and
fibrosis was minimal (Fig. 6A-f). When the liver speci-
mens were immunostained with the anti-aSMA anti-
body, numerous aSMA-positive cells were found in the
perifibrotic area in control rats (Fig. 6B-a, B-c). In con-
trast, aSMA-positive cells were found only in the peri-
vascular area in CnP-treated rats (Fig. 6B-d). The
fibrotic area was quantified in slices stained with Mas-
son’s trichrome by using Image J. The fibrotic area was
significantly decreased in CnP-treated group than in the
control group (Fig. 7A).

Collagen content was then measured using liver tissue
from control and CnP-treated rats by the Sircol collagen

assay. The collagen content in CnP-treated group was
significantly decreased compared to that of the control
group (Fig. 7B). Collagen content in the liver measured
by immunoblotting was also reduced in CnP-treated
rats (Fig. 7C, D). Similarly, CnP significantly reduced
the hydroxyproline content (Fig. 7E).

We also examined whether or not CnP was effective
in reversing established hepatic fibrosis. To this end, we
administered TAA for 12 weeks. Either CnP or vehicle
was then administered for 4 weeks. Rats were then sacri-
ficed and liver samples were obtained. Macroscopically,
there was no apparent difference in the two groups.
Microscopically, liver fibrosis was slightly improved in
both groups compared to that in rats treated with TAA
for 12 weeks but there was no morphological difference
between vehicle- and CnP-treated rats (data not
shown).

Discussion

Hepatic stellate cells are key cellular components
involved in the development of hepatic fibrosis. When
exposed to soluble factors, including reactive oxidative
radicals, growth factors or cytokines released from dam-
aged hepatocytes, activated Kupffer cells, endothelial
cells, infiltrating macrophages and neutrophils, HSC
undergo morphological transition to myofibroblast-like
cells (1, 24, 25). Activated HSC produce massive extra-
cellular matrix proteins and also further promote
inflammation by secreting chemokines. Hence, activa-
tion of HSC is a central event in the pathogenesis of
liver fibrosis and cirrhosis (26). Consequently, HSC are
a major target for the treatment of liver fibrosis.

In this study, we assessed suppressive effects of CnP
on HSC both in vitro and in vivo. Quiescent HSC
undergo spontaneous activation when plated on
uncoated plastic dishes. They obtain a myofibroblast-
like phenotype accompanied by loss of vitamin A and
increased expression of aSMA and type 1 collagen (26,
27). As shown in Figure 1, CnP decreased the expres-
sion of aSMA and type 1 collagen in a dose-dependent
manner and significantly reduced secretion of collagen
into the medium. These results are in good agreement
with the previous results obtained in PSC (14).

Conophylline also inhibited DNA synthesis in HSC
as assessed by [3H]thymidine incorporation. Interest-
ingly, the suppressive effect of CnP on DNA synthesis
was dependent on the cell type. Thus, while 0.1 lg/ml
CnP nearly completely suppressed DNA synthesis in
HSC, this compound was essentially without effect in
AML12 hepatocytes, rat hepatocytes in primary culture
and pancreatic ductal cells in primary culture (Fig. 2).
Furthermore, CnP induced apoptosis of HSC: CnP acti-
vated caspase-3, induced apoptotic blebs in the plasma
membrane and caused ladder formation of DNA. Again,
the apoptosis-inducing effect of CnP was dependent on
the cell type and CnP did not activate caspase-3 in
AML12 hepatocytes. CnP also inhibits secretion of

100

50

[3 H
]T

hy
m

id
in

e 
In

co
rp

or
at

io
n

   
   

   
   

   
   

   
 (%

)
[3 H

]T
hy

m
id

in
e 

In
co

rp
or

at
io

n
   

   
   

   
   

   
   

 (%
)

[3 H
]T

hy
m

id
in

e 
In

co
rp

or
at

io
n

   
   

   
   

   
   

   
 (%

)

100

50

100

50

0 1
[CnP] (μg/ml)

0.01 0.1 0 1
[CnP] (μg/ml)

0.01 0.1

0 1
[CnP] (μg/ml)

0.01 0.1

(A) (B)

(C)

Fig. 2. Effect of CnP on DNA Synthesis in Lx-2 and AML12 Cells.
(A) Lx-2 cells (●) and AML12 cells (○) were incubated for 48 h with
various concentrations of CnP and [3H]thymidine incorporation was
measured as described in Methods. Values are the mean ± SD
(n = 4). (B) Rat hepatocytes were incubated for 48 h with 10%
serum and various concentrations of CnP and [3H]thymidine incor-
poration was measured. Values are the mean ± SD (n = 4). (C) Rat
pancreatic ductal cells were incubated for 48 h with 10% serum
and various concentrations of CnP and [3H]thymidine incorporation
was measured. Values are the mean ± SD (n = 4).
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MCP-1 from HSC (Fig. 1F). CnP perhaps inhibits
recruitment of macrophages and suppresses innate
immunity to some extent. CnP is a vinca alkaloid puri-
fied from a tropical plant. Originally, CnP was isolated

as a compound that reversed the morphological changes
induced by K-ras. Subsequently, CnP was shown to
induce differentiation of pancreatic progenitor cells to
b-cells (10, 11, 28). The effect of CnP was independent
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Fig. 3. Effect of CnP on apoptosis in Lx-2 Cells. (A) Lx-2 cells were incubated for 24 h in serum-free medium with (b) or without (a)
0.1 lg/ml CnP. TUNEL staining was done as mentioned in Methods. (B) Lx-2 cells were incubated for 24 h in serum-free medium contain-
ing various concentrations of CnP. The number of TUNEL-positive cells was counted. Values are the mean ± SD (n = 4). (C) Effect of CnP
on DNA Ladder Formation. Lx-2 cells were incubated for 12 h in the presence and absence of 0.1 lg/ml CnP and DNA ladder formation
was determined. The result is a representative of five experiments. (D) Effect of CnP on activation of caspase-3 in Lx-2 Cells. Lx-2 cells
expressing SCAT3.1 were incubated with 0.1 lg/ml CnP and FLET images were obtained at 0 (a), 2 (b), 5 (c) and 10 (d) min. Warm colour
indicates the activation of caspase-3. The figure shows changes in the fluorescence in typical two cells and the results are representative
of three experiments. (E) Effect of CnP on the formation of apoptotic bleb in Lx-2 cells. Lx-2 cells expressing PM-YFP were incubated with
0.1 lg/ml CnP and YFP signal was detected at 0 (a), 2 (b), 5 (c) and 10 (d) min. The plasma membrane is visualized in green. The figure
shows changes in the fluorescence in a typical cell and the results are representative of four experiments. (F) Effect of CnP on activation of
caspase-3 in AML12 cells. AML12 cells expressing SCAT3.1 were incubated with 0.1 lg/ml CnP and FLET images were obtained at 0 (a), 2
(b), 5 (c) and 10 (d) min. Warm colour indicates the activation of caspase-3. Compare this figure with (D). The figure shows changes in
the fluorescence in a typical cell and the results are representative of three experiments.
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of Ras. In fact, CnP induced differentiation by up-regu-
lating the expression of neurogenin-3, a critical tran-
scription factor involved in differentiation of pancreatic
endocrine cells (11). This effect of CnP was mediated by
p38 MAPK. Thus, CnP stimulates the expression of
neurogenin-3 by activating p38 MAPK (11). As shown
in Figure 5, CnP activated three types MAPKs – Erk,
JNK and p38 – in HSC. Nevertheless, inhibition of these
MAPKs did not alter the effect of CnP on HSC. In gen-
eral, activation of MAPKs is thought to activate HSC
(2–4). However, CnP effectively blocked activation of
HSC. This implies that CnP may generate a strong sig-
nal(s) to suppress HSC. At present, we have not identi-
fied the mechanism of action of CnP in HSC. Further
studies are clearly needed to identify the site and mecha-
nism of action of CnP in HSC.

We assessed the in vivo effect of CnP using TAA-
induced cirrhosis model in rats. The doses of CnP
(0.9 lg/g) used in in vivo and in vitro experiments
were the same as those used in our previous study in
the pancreas (14, 15), which demonstrated no appar-
ent side effects. In particular, CnP did not induce hae-
matological dysfunction (15). In agreement with this,
side effects were not observed in this study. In our
in vivo study, we used CCP-II, partially purified prep-
aration of CnP. As mentioned previously, purified
CnP and CCP-II had essentially the same effects in vi-
tro (14). A major contaminant in CCP-II is a cono-
phillidine (15), which has a CnP-like structure with
CnP-like action. Accordingly, CCP-II is slightly more
potent than expected in terms of suppressing stellate
cells (14). Collectively, it seems likely that suppression
of HSC by CCP-II in vivo is caused by CnP rather
than contaminant in CCP-II preparation. We showed
that CnP markedly reduced the fibrosis in the rat
liver. Previous reports showed that liver fibrosis

induced by CCl4 or TAA was suppressed by armepa-
vine (29), follistatin (30), salvianolic acids (31) and
other agents (32–37). Compared to these compounds,
suppression of liver fibrosis by CnP was much more
significant; indeed, the effect of CnP was visible on
the surface of the liver. Microscopically, the suppres-
sive effect of CnP was observed in the H.E. stained
specimen. Thus, cirrhotic nodules typical of cirrhosis
were absent in CnP-treated rats and histological archi-
tecture of sinusoid was maintained. Because of Mas-
son’s trichrome staining, massive fibrous tissues
surrounding pseudolobes were almost absent in CnP-
treated rats. Furthermore, invasion of aSMA-positive
HSC surrounding pseudolobes was not observed
in CnP-treated rats. Taken together, morphological
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Fig. 4. Effect of CnP on the expression of Bcl-2, Bax, caspase-9
and caspase-3. Lx-2 cells were incubated for various periods of time
and the expression of Bcl-2, Bax, activated caspase-9 and cleaved
caspase-3 was measured by immunoblotting. The results are repre-
sentative of four experiments.
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Fig. 5. Effect of CnP on activation of MAP kinases. (A) Lx-2 cells
were incubated with 0.1 lg/ml CnP for various periods of time and
activation of ERK, p38 and JNK was measured by immunoblotting.
The results are representative of three experiments. (B) Effect of
JNK inhibitor II on CnP-induced apoptosis. Lx-2 cells were incubated
with 0.1 lg/ml CnP for 24 h in the presence (shaded column) and
absence (open column) of JNK inhibitor II and the number of TUN-
EL-positive cells was counted. Values are the mean ± SD (n = 4).
(C) Effect of JNK inhibitor II on CnP-induced DNA ladder formation.
Lx-2 cells were incubated for 12 h with or without 0.1 lg/ml CnP
in the presence and absence of JNK inhibitor II (JNKI). DNA ladder
formation was measured. The results are representative of six
experiments.
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changes typical of cirrhosis induced by TAA were
nearly completely blocked by CnP. Unfortunately,
CnP was less effective on established liver fibrosis

induced by TAA. This may be because of the inability
of CnP on fibrinolytic processes. CnP is effective in
preventing the formation of liver fibrosis.

Table 1. Effect of CnP on various parameters in TAA-treated rats

BW (g) LW (g) Albumin (mg/dl) AST ALT T-bil Glucose

Control 309.6 ± 37.5 16.5 ± 2.8 0.88 ± 0.15 88.3 ± 28.6 46.3 ± 11.4 0.12 ± 0.04 120 ± 16
CnP 294.2 ± 50.2 14.4 ± 3.5* 0.99 ± 0.13 103.9 ± 79.1 42.9 ± 18.0 0.17 ± 0.21 133 ± 17

Rats were treated with TAA for 12 weeks and CnP (0.9 or 1.8 lg/g) or vehicle was administered. Five days after the last administration of TAA, rats

were sacrificed and the body weight, liver weight, albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin (T-bil)

and plasma glucose concentration (glucose) were measured. Values are the mean ± SD (n = 9). *P < 0.05 vs control.

(A) a b

c d

e f

a b

c d

(B)

Fig. 6. Effect of CnP on TAA-induced liver fibrosis. (A) Effect of
CnP on the morphology of the liver. Rats were treated with TAA for
12 weeks and either vehicle (a, c, e), or 0.9 lg/g CnP (b, d, f) was
administered daily. Macroscopic morphology (a, b), HE staining
(c, d) and Masson’s trichrome staining (e, f) are presented. (B) Effect
of CnP on aSMA-positive Cells. Liver specimens obtained from
TAA-injected rats treated with vehicle or 0.9 lg/g CnP were immu-
nostained with anti-aSMA antibody. a: vehicle, b: 0.9 lg/g CnP. c,
d are higher magnification of a, b respectively.
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Fig. 7. Effects of CnP on fibrosis and the expression of collagen.
(A) Effect of CnP on the fibrotic area. Slices obtained from TAA-
injected rats treated with vehicle (control) or 0.9 lg/g CnP were
stained with Masson’s trichrome and fibrotic area was measured.
Values are the mean ± SD (n = 9). *P < 0.05 vs control. (B) Effect
of CnP on the collagen content. Liver extracts were obtained from
TAA-injected rats treated with vehicle (control) or 0.9 lg/g CnP
and the collagen content was measured. Values are the mean ± SD
(n = 9). *P < 0.05 vs control. (C) Effect of CnP on the expression of
collagen 1. Expression of the collagen-1 was measured by immuno-
blotting. (D) Quantification of the expression of collagen-1. Results
obtained in (C) were quantified by densitometry. Values are the
mean ± SD (n = 9). *P < 0.05 vs without CnP. (E) Effect of CnP on
the hydroxyproline content. Liver extracts were obtained from TAA-
injected rats treated with vehicle (control) or 0.9 lg/g CnP and the
hydroxyproline content was measured. Values are the mean ± SD
(n = 9). *P < 0.05 vs control.
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In conclusion, CnP attenuated activation of HSC
in vitro. In particular, CnP induced apoptosis of HSC
and reduced the production of matrix proteins. In vivo,
TAA-induced cirrhosis was effectively blocked by simul-
taneous administration of CnP. Hence, CnP is a poten-
tial therapeutic agent to prevent cirrhosis.
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