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Abstract

Regulation on the function of the hepatic stellate cells (HSCs) is one of the proposed therapeutic
approaches to liver fibrosis. In the present study, we examined the in vitro and in vivo effects of CPU-II,, a
novel synthetic oleanolic acid (OLA) derivative with nitrate, on hepatic fibrosis. This compound alleviated
CCly-induced hepatic fibrosis in mice with a decrease in hepatic hydroxyproline (Hyp) content and his-
tological changes. CPU-II; also attenuated the mRNA expression of a-smooth muscle actin (x-SMA) and
tissue inhibitor of metalloproteinase type 1 (TIMP-1) induced by CCl, in mice and reduced both mRNA
and protein levels of a-SMA in HSC-T6 cells. Interestingly, CPU-II, did not affect the survival of HSC-T6
cells but decreased the expression of procollagen-ol (I) in HSC-T6 cells through down-regulating the
phosphorylation of p38 MAPK. Conclusion: CPU-II, attenuates the development of liver fibrosis rather by
regulating the function of HSCs through p38 MAPK pathway than by damaging the stellate cells.

Introduction

Liver fibrosis is a wound-healing process that is
elicited by various toxic stimuli, and it is charac-
terized by an excessive deposition of extracellular
matrix (ECM) proteins that type I collagen pre-
dominates [1]. As the main source of accumulated
ECM, activated hepatic stellate cells (HSCs),
which are proliferative and fibrogenic, have been
evidenced to play a key role in the development of
liver fibrosis [2, 3]. Such activated HSCs show a
character with high expression of a-smooth muscle
actin («-SMA) [4, 5], a key marker of the HSCs
activation. The degradation for the accumulated
ECM from activated HSCs is essential for the
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alleviation of fibrosis, which is catalyzed by matrix
metalloproteinases (MMPs). In contrast, tissue
inhibitor of metalloproteinase type 1 (TIMP-1)
can attenuate spontanecous resolution of liver
fibrosis by reducing the MMP activity and sup-
pressing the apoptosis of HSCs [6]. Thus, the
induction of apoptosis for stellate cells has become
one of the treatment strategies for liver fibrosis [2].
However, in physiological conditions, quiescent
HSCs play important roles in the regulation of
retinoid homeostasis and ECM remodeling by
producing ECM components as well as metallo-
proteases and their inhibitors [7]. From this
consideration, treatment by inducing apoptosis
of HSC may lead to undesired effects.

Among various factors involved in the devel-
opment of liver fibrosis [§], TGF-f is known as one
of the most essential proteins. This cytokine could
be secreted from activated HSCs, and its cell line,
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HSC-T6 cells [4, 9]. TGF-f is able to induce the
activation of p38 MAPK pathway, which is
involved in the TGF-f-induced transcriptional
activation by regulating the Smad-mediated path-
way [10, 11]. MAPKs are important signal trans-
duction enzymes, which may regulate many
cellular physiological functions including gene
expression, cell proliferation, and apoptosis. Four
subgroups of the MAPKSs family, ERK1/2, JNKs,
and p38 proteins, have been identified [12-14]. A
recent study has also shown that there is higher
activation of basal p38 MAPK in activated HSCs
than in quiescent HSCs [15], indicating the
potential importance of p38 MAPK in the activa-
tion process of HSCs. In fact, many other studies
have also proved the involvement of p38 MAPK
pathway in the process of liver fibrosis.

Oleanolic acid (OLA), on the other hand, is a
kind of clinical drug that commonly used for the
treatment of acute and chronic hepatitis. This
compound has been reported to have numerous
pharmacological activities including attenuating
hepatic inflammation and promoting regeneration
of hepatic cells [16—18]. Since its low bioavailability
and unsatisfying curative effects, many researchers
have begun to synthesize various derivatives by
adding new groups to expect more potent effects.
Meanwhile ferulic acid is an antioxidant widely
existent in plants. Based on these research back-
grounds, a novel synthetic OLA derivative CPU-
I1, (Fig. 1) has been designed and synthesized by
Prof. Yi-Hua Zhang, a co-author of this paper. In
the synthesis, leading compound OLA was coupled
with NO donors through ferulic acid as a linker to
OLA-28-COOH [19]. The present study was
designed to investigate the anti-fibrosis effect of
CPU-II, and found that CPU-II, can rescue
animals from hepatic fibrosis through inhibiting
the deposition of extra cellular matrix (ECM)
proteins and, especially through inhibiting the

Figure 1. Chemical structure of CPU-II,.

function of activated HSCs by down-regulating
the p38 MAPK signaling pathway.

Materials and methods
Materials

CPU-II,, 3-O-trifluoro-acetyl-Oleanolic-acid-2-
methoxy-4-[2-(3-nitrooxy-propoxycarbonyl)-vinyl]-
phenyl ester (Fig. 1) was synthesized by Prof.
Yi-Hua Zhang at China Pharmaceutical University.
Colchicine was purchased from Shanghai Kefeng
Co. Ltd. (Shanghai, China). Kits for determining
serum alanine transaminase (ALT), aspartate trans-
aminase (AST), lactic dehydrogenase (LDH), and
hydroxyproline (Hyp) were obtained from Nanjing
Jiancheng Bioengineering Institute (Nanjing, Chi-
na). CytoTox 96 Nonradioactive Cytotoxicity assay
was from Promega (Madison, WI). TGF-f1 was
purchased from Peprotech (Rocky Hill, NJ). Anti-
bodies against phospho-p38 and secondary anti-
bodies of anti-mouse and rabbit IgG conjugated
with horseradish peroxidase (HRP) were bought
from Cell Signaling Technology (Cell Signaling
Technology, MA). Antibodies to a-SMA and to «
tubulin were from Santa Cruz (Santa Cruz Biotech-
nology, Inc, CA). Antibodies to Actin were from
Boster (Wuhan, China).

Animal treatments

Male ICR mice (body weight 18-22 g) were
supplied by the Experimental Animal Center of
Nanjing Medical University (Nanjing, China).
They were maintained with free access to pellet
food and water in plastic cages at 21 = 2 °C and
kept in a 12-hour light-dark cycle. Animal welfare
and experimental procedures were carried out
strictly in accordance with the guide for the care

CH=CHCOO(CH,);0NO,



and use of laboratory animals (Ministry of Science
and Technology of China, 2006) and the related
ethical regulation of our university. All efforts
were made to minimize animals’ suffering and to
reduce the number of animals used.

The mice were given 50 pumol/kg of OLA,
50 and 100 pumol/kg of CPU-II, subcutaneously
or 6 umol/kg of colchicine intragastrically daily
for 8 weeks, respectively. Those in normal and
control groups were given equal volume of vehicle
solution. After one-week administration, all mice
except for those in normal group were intraperi-
toneally injected with CCly (0.8% CCly/olive oil
10 ml/kg body weight three times a week) for
seven weeks. Then, the mice were sacrificed 24 h
after the last injection by bleeding. The serum was
collected and stored at —70 °C for the assays of
ALT, AST and LDH. Liver and spleen were taken
away, and weighted. Then livers were divided into
three portions: (1) preserved in 10% formalin for
histological examination, (2) frozen at —70 °C for
Hyp assay and other biochemical assays, and (3)
immediately used for total RNA isolation.

Morphometric collagen determination

The liver sections imbedded in paraffin were cut
(5 um) and stained with hematoxylin-cosin (H&E)
and Masson’s trichrome to determine the collagen
distribution [20].

Hydroxyproline content

Hydroxyproline content in the liver was deter-
mined by the spectrophotometric method as Hyp
assay kit’s instruction manual [21]. The data was
expressed as Hyp (mg)/wet liver weight (g).

Cell culture

HSC-T6 cells were purchased from Cancer Insti-
tute and Hospital, Chinese Academy of Medical
Sciences. The cells were cultured in RPMI 1640
medium (Gibco, NY) supplemented with 100 U/ml
penicillin, 100 pg/ml streptomycin and 10% new
bovine serum (Hangzhou Sijiging Co., Ltd.,
Hangzhou, China), under a humidified 5% (v/v)
CO, atmosphere at 37 °C. LX-2 cells were pur-
chased from Xiangya Central Experiment Labo-
ratory, Central South University, China. The cells
were cultured in Dulbeco’s Modifed Eagle Medium
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(DMEM) medium (Gibco, NY) supplemented with
100 U/ml penicillin, 100 pg/ml streptomycin and
10% new bovine serum (Hangzhou Sijiqing Co.,
Ltd., Hangzhou, China), under a humidified 5%
(v/v) CO, atmosphere at 37 °C.

Cell viability assay

To determine specific cell viability, we used the
CytoTox 96 Nonradioactive Cytotoxicity assay
(Promega) based on the calorimetric detection of
the lactate dehydrogenase activity present in the
cytoplasm of intact cells. HSC-T6 cells were
cultured in 96-well plate at a density of 5x 10*
cells/ml in the media (0.2 ml) for 12, 24 and 48 h in
the presence or absence of CPU-II, (10, 100, 1000
and 10000 nM) or colchicine (200 nM). Then, cell
samples of interest were lysed by adding 15 pl of
lysis solution (9% (v/v) Triton X-100 in water) per
100 pl of culture medium, followed by incubation
at 37 °C for 50 min. Sample supernatants (50 pl)
were then transferred to a fresh 96-well enzymatic
assay plate. Reconstituted Substrate Mix (50 pl)
was added to each supernatant sample, and the
enzymatic reaction was allowed to proceed for
30 min at room temperature, protected from light.
The enzymatic assay was then stopped by adding
50 pl/well of the stop solution. The plate was read
at 490 nm using an ELISA plate reader.

Reverse transcriptase-polymerase chain reaction
(RT-PCR) and real-time PCR

Total RNA was extracted from the liver tissues of
the mice using Tripure reagent (Roche Diagnos-
tics, Indianapolis, IN) as described by the manu-
facturer. Single-stranded cDNA was synthesized
from 2 pg of total RNA by reverse transcription
using 0.5 ug primer of oligo(dT);s. Then the
amplification was performed using the primers
(Genebase, Shanghai, China) as follows: GAPDH
(mouse) forward 5-AACGACCCCTTCATTGA
C-3’, reverse 5-TCCACGACATACTCAGCAC-
3, a-SMA (mouse) forward 5-CATCCACGAA
ACCACCTA-3, reverse 5-GGGCAGGAATGA
TTTGGA-3’; TIMP-1 (mouse) forward 5-ACT-
CGGACCTGGTCATAAGGGC-3, reverse 5-T
TCCGTGGCAGGCAAGCAAAGT-3’. The PCR
cycle conditions were: 94 °C for 30s, 58 °C for
45 s, and 72 °C for 30 s for 28 cycles, respectively.
After amplification, PCR products were separated
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by electrophoresis on 1.5% agarose gels and
visualized by ethidium bromide dying. The relative
expressions were quantified densitometrically
using the LabWorks 4.0 software, and calculated
according to the reference bands of GAPDH.

After incubation with CPU-II, (0.1, 1, 10 and
100 nM) for 24 h, HSC-T6 cells were harvested,
and total RNA was extracted using Tripure
reagent (Roche Diagnostics, Indianapolis, IN).
Single-stranded cDNA was synthesized from 2 pg
of total RNA by reverse transcription using 0.5 pg
primer of oligo(dT);s. Amplification was carried
out in a total volume of 20 ul for 40 cycles of the
same PCR condition mentioned above and prod-
uct was detected using EvaGreen (Biotium, Inc.,
CA). Quantitative RT-PCR was done in the ABI
7000 Sequence Detection System (Applied Biosys-
tems Inc.), by using the following primers: «-SMA
(rat) forward 5-GATCACCATCGGGAATGA-
ACGC-3’, reverse 5-CTTAGAAGCATTTGCG-
GTGGAC-3’; procollagen-ol (I) (rat) forward
5-CCTCAAGGGCTCCAACGAG-3, reverse 5'-
TCAATCACTGTCTTGCCCCA-3"; GAPDH (rat)
forward 5-GTGCTGAGTATGTCGTGGAG-3,
reverse  5-GTCTTCTGAGTGGCAGTGAT-3".
Samples were run in triplicate, and their relative
expression was determined by normalizing expres-
sion of each target to GAPDH, and then compar-
ing this normalized value to the normalized
expression in a reference sample to calculate a
fold-change value.

Western blot analysis
HSC-T6 or LX-2 cells were seeded into 60 mm

dishes at 1x 10° cells/dish. In the next day, the
HSC-T6 cells were treated with (0.01, 0.1, 1, 10 and

100 nM) CPU-II, for 48 h and LX-2 cells were
treated with (1, 10 and 100 nM) CPU-II, in the
presence of 2 ng/ml TGF-f1 for 48 h, then they
were harvested and extracted in the lysis buffer
consisting of 50 mM Tris—=HCI, pH 8.0; 50 mM
KCIL, 5 mM DTT, 1 mM EDTA, 0.1% SDS, 0.5%
Triton X-100 and protease inhibitor cocktail tab-
lets (Roche, IN). The extracted proteins were
separated by polyacrylamide/SDS gel and electro-
phoretically transferred onto polyvinylidene fluo-
ride (PVDF) membranes (Roche, IN). The
membranes were probed with antibodies overnight
at 4 °C, and then incubated with a HRP coupled
secondary antibody. Detection was performed
using a LumiGLO chemiluminescent substract
system (KPL, Guildford, UK). The relative expres-
sions were quantified densitometrically using the
LabWorks 4.0 software, and calculated according
to the reference bands of a-tubulin or Actin.

Statistical analysis

Results were expressed as mean = SEM. Statisti-
cally evaluated by Student’s ¢ test when only two
value sets were compared, and one-way ANOVA
followed by Dunnett’s test when the data involved
three or more groups. P < 0.05 was considered to
be significant.

Results

Effects of CPU-II, on CClinduced liver fibrosis in

mice

As shown in Table 1, CCl,-treated mice showed
higher plasma ALT, AST and LDH levels as well

Table 1. Changes in various parameters in CClg-induced fibrotic mice with or without receiving CPU-II, (50 and 100 pmol/kg),

Colchicine (6 pmol/kg) or vehicle treatment.

Group Normal Control CPU-II, CPU-II, Colchicine OLA

50 pmol/kg 100 pmol/kg 6 umol/kg 50 umol/kg
Body weight (g) 40.7 £ 1.5 383+ 1.7 382+ 1.0 392+ 1.4 36.2+ 1.0 38.1+ 1.4
Liver weight (g) 22 +0.11 2.0 +£0.12 2.1 +£0.18 2.0+0.1 1.7 £0.1%* 1.7 £ 0.1%*
ALT (U/L) 81.98 £ 8.10  714.8 £ 46.9## 525.6 £48.6  451.9 £ 14.1¥*  455.6 + 44.7%* 694 £ 49.9
AST (U/L) 68.0 = 15.4 790.7 + 67.3## 526.3 £ 37.4*% 476.8 £ 38.4%* 401.1 + 39.0%* 661.4 + 57.3
LDH (U/L) 2175.5 £ 197.1 4636 + 362.84# 4008.5 + 187.3 3682.8 + 142.0* 3755.7 +203.6 4148 + 220.1
Hydroxyproline (mg/g liver) 117.0 9.4 363.7 £ S1.3## 338.7 £91.6 263.1 &£ 55.2%*%  229.4 £+ 49.0%* 3439 £ 87.1

Data are expressed as the mean + SEM. The number of mice in each column is 8. *P < 0.05, P < 0.01 compared with Normal

group; *P < 0.05, **P < 0.01 compared with Control group.



as liver Hyp content compared with normal mice.
Against the control mice that were treated with
CCly and given saline, the administration of CPU-
I1, significantly reduced the blood ALT and AST
levels elevated by CCly. At the dose of 100 pmol/
kg, CPU-II, also significantly decreased serum
LDH and liver Hyp levels. However, the mother
compound OLA at 50 pmol/kg only showed a
slight tendency to reduce the ALT and AST
activities. Colchicine also significantly decreased
ALT, AST and Hyp. In this case, CPU-II, did not
reduce body weights and liver weights of the mice,
while colchicine significantly decreased the liver
weights and tendentiously reduced the body
weights.
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Pathological examination of the mice liver
sections indicated that CPU-II, remarkably ame-
liorated adipose degeneration of hepatocytes, but
did not affect the inflammatory cell infiltration
(Fig. 2 H.E.). As shown in Fig. 2A, as stained by
Masson, the collagen fibers in CCly-treated mice
were obviously more than those in normal mice.
When treated with CPU-II,, the collagen deposi-
tion in liver was decreased by the dose of 50 pmol/
kg, and the collagen fibers nearly disappeared by
100 pmol/kg.

Collagen content was also determined by
measurement of Hyp content assay in the livers
(Table 1). The mean Hyp level was significantly
higher in the CCly-treated group (P < 0.01).

A
(1)HE.
(2) Masson
B
a-SMA
TIMP-1
GAPDH
Normal  Control 50 100 50 umolrkg
3 colchicine CPU-II2 OLA
iy O «-SMA/GAPDH
TIMP-1/GAPDH
2
o
©
'd
1
ek
*edke
0 - ?
Normal ~ Control 00 50 pmollkg
colchicine CPU-II2 OLA

Figure 2. Histopathological changes in CCly-induced liver fibrosis mice receiving CPU-II, treatment. (A) The sections of mice liver
were stained with (1) hematoxylin-eosin or (2) Masson and examined by a blinded histologist. (a) from normal mouse; (b) from
control mouse; (¢) from mouse treated with 50 umol/kg of CPU-II,; (d) from mouse treated with 100 pmol/kg of CPU-IL,; (e)
from mouse treated with 6 pmol/kg of Colchicine; (f) from mouse treated with 50 pmol/kg of OLA. (Original magnification x200).
(B) Analysis for gene transcripts of «-SMA and TIMP-1 genes in liver tissues. The total mRNA was extracted from liver tissue of
each mouse, then the mRNA expressions of --SMA and TIMP-1 were detected by RT-PCR. Top: sample RT-PCR. Bottom: histo-
grams of RT-PCR analyses. Intensities of «-SMA and TIMP-1 bands were respectively normalized to that of GAPDH of corre-
sponding treatment groups. *P < 0.05, P < 0.01 compared with Normal group; *P < 0.05, **P < 0.01 compared with Control

group. The data are representative of three independent experiments.
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CPU-II, at 100 umol/kg significantly reduced the
value of liver Hyp. Colchicine also decreased liver
Hyp significantly.

There were significantly increased expressions
in liver a-SMA and TIMP-1 mRNA in CCly-
treated mice compared with those in normal mice
(Fig. 2B). Against the increased expressions,
CPU-II,, OLA and colchicine showed a marked
inhibition.

Effects of CPU-I1, on cell viability of HSC-T6 cells

CPU-II, neither influenced the wviability of
HSC-T6 cells after treatments (Fig. 3), nor
induced the apoptosis of HSC-T6 cells at 24 h
after treatments (data not shown), while colchi-
cine showed a significant inhibition on the
viability of HSC-T6 cells (Fig. 3).

Effects of CPU-II, on a-SM A expression
in HSC-T6 cells

HSC-T6 cells were activated HSCs characterized
by high expression of «-SMA [4, 5]. The CPU-II,
treatment dose-dependently reduced both mRNA
and protein expressions of x-SMA in HSC-T6 cells
(Fig. 4).
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Figure 3. Effect of CPU-II, on cell viability of HSC-T6 after
treatments. After HSC-T6 cells were treated with CPU-II, of
different concentrations or colchicine (200 nM) for 12, 24 and
48 h, the CytoTox 96 assay was carried out to detect the cell
number as described in the Materials and Methods. Data are
given in the form of mean + SEM of three experiments and
each experiment includes triplicate wells. *P < 0.05,
**P < 0.01 compared with medium group.
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Figure 4. Effects of CPU-II, on mRNA and protein expres-
sions of -SMA in HSC-T6 cells. (A) Quantitative real-time
polymerase chain reaction analysis for the expression of
o-SMA in HSC-T6 cells at 24 h after treatments. Data are
expressed as the mean &= SEM of three independent experi-
ments. *P < 0.05, **P < 0.01. (B) expression levels of
a-SMA protein detected by western blot at 48 h after treat-
ments. Representative data from three individual experiments
are depicted here.

Effect of CPU-1I, on the mRNA expression
of procollagen-ol (1) in HSC-T6 cells

The expression of procollagen-o1 (I) mRNA on
HSC-T6 cells was measured by quantitative PCR.
As shown in Fig. 5, CPU-II, dose-dependently
decreased the mRNA expression of pro-collagen I
in HSC-T6 cells.
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Figure 5. Quantitative real-time PCR analysis for the expres-
sion of EMC-related gene procollagen-z1 (I). Data are ex-
pressed as the mean = SEM of three independent
experiments. ¥*P < 0.05, **P < 0.01.



Effect of CPU-II, on the expression of phospho-p38
MAPK protein in HSC-T6 cells and LX-2 cells

As revealed by Western blot analysis, pretreatment
with 0.01-100 nM CPU-II, inhibited the expres-
sion of phospho-p38 MAPK (Fig. 6A). LX-2
(human HSC line) cells were also treated with 1—
100 nM CPU-II, in the presence of 2 ng/ml TGF-
f1 for 48 hours. This compound also reduced the
expression of phosphorylated p38 (Fig. 6B).

Discussion

The effective anti-fibrotic drugs are required for
the treatment of liver fibrosis, which should be
liver-specific, low toxic and effective in attenuating
excessive collagen deposition. However, the cur-
rent drugs such as corticosteroids and colchicine,
usually show various side effects due to immune
suppression or cytotoxicity [22, 23]. Due to the
physiological roles of quiescent HSCs in the
regulation of ECM remodeling [7], the drug for
liver fibrosis by targeting the HSCs seems to be
focused on the activation or function of HSCs
rather than on the cell viability. In fact, inhibition
of the accumulation of activated HSCs and pre-
vention of the deposition of ECM have been
linked to the resolution for liver fibrosis [2].

The present study has documented that CPU-
I1, significantly attenuated the experimental hepa-
tic fibrosis induced by CCly in mice and exerted
inhibitory effects on HSC-T6 cells. The Hyp

A Ratio
(Phospho-p38/a-Tubulin)  1.00
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content, collagen deposition, and mRNA expres-
sion of «-SMA and TIMP-1 genes in the liver of
CCly-treated mice with high dose (100 pmol/kg) of
CPU-II, were significantly reduced in comparison
with those of CCly-treated mice receiving saline,
together with the improvement of hepatic injury
markers including plasma AST, ALT and LDH
activities. However, the mother compound of
CPU-II,, OLA only showed a slight tendency to
reduce the ALT, AST, LDH and Hyp contents.
This finding suggests that the structure modifica-
tion for OLA produces a possibility for OLA
derivatives to become a novel candidate for anti-
fibrotic drugs.

On the other hand, we observed that CPU-II,
decreased the expression of TIMP-1 in vivo, which
was known to strongly promote the liver fibrosis
development [24], suggesting that the prevention
of liver fibrosis by CPU-II, is related to the
inhibition of TIMP-1.

In addition, «-SMA has been known as a
specific activation marker of HSCs [5], and the
HSC is the predominant cell type responsible for
excess collagen deposition during liver fibrosis [25].
The reduction in the expression of a-SMA in vivo
by CPU-II, suggests that this compound may
influence the activation of HSCs. However, this
compound neither affected the cell viability nor
induced the apoptosis of HSC-T6 cells in vitro.
For confirming whether CPU-II, affects the stel-
late cells, we designed other assays and found that
the compound dose-dependently decreased levels
of the gene transcription and protein expression of

048 038 060 O l"
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G-TUDUlIL = s c— a— —
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Figure 6. Effect of CPU-II, on the phosphorylation of p38 MAPK. (A) HSC-T6 cells were treated with CPU-II, for 48 h. The sig-
nal intensity of the Phospho-p38 bands was normalized to that of the corresponding o-tubulin protein. (B) LX-2 cells were treated
with CPU-II, for 48 h in the presence of TGF-£1(2 ng/ml). The signal intensity of the Phospho-p38 bands was normalized to that
of the corresponding Actin protein. The untreated CPU-II, group was assigned a value of 1. Representative data from three indi-

vidual experiments are depicted here.
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a-SMA, as well as the mRNA expression of
procollagen-z1 (I) in HSC-T6 cells. These data
suggest that CPU-II, rather reduces the function
of HSC-T6 cells than causes the cell death. This
characteristic may be unique and beneficial to the
long term treatment of liver fibrosis, which is
different from gliotoxin that is known to induced
HSC apoptosis [26, 27]. These results also consist
with and reconfirm our findings from previous
studies in vivo. Thus, CPU-II, seemed to persuade
activated HSCs to become quiescent-like HSCs.
OLA also reduced mRNA expression of a-SMA
and TIMP-1 (Fig. 2B). However, Liver fibrosis
appears multiple stages and is regulated by many
factors such as MMPs, TIMPs, TGF-f and
platelet-derived growth factor (PDGF). In addi-
tion to a-SMA and TIMP-1, other markers should
also be emphasized for the evaluation of antifib-
rotic drugs, such as collagen deposition and
MAPKSs activation. Indeed, in the present study,
CPU-II, also showed a marked regulation on
collagen deposition while OLA did not.

Moreover, the p38 MAPK signaling pathway is
involved in the induction of procollagen-ol(I)
mRNA by TGF-f1 in rat glomerular mesangial
cells [28]. The p38 MAPK signaling independently
and additively regulates alphal(I) collagen gene
expression by transcriptional activation, and in-
creases alphal(I) collagen mRNA stability [29]
and p38 MAP kinase also mediates PDGF-BB-
stimulated hepatic myofibroblasts migration, but
not proliferation [30]. Dilinoleoylphosphatidylch-
oline (DLPC), the active component of poly-
enylphosphatidylcholine extracted from soybeans,
decreased TGF-f1-induced collagen mRNA by
inhibiting p38 MAPK in HSCs [31]. These findings
suggest that the p38 MAPK serves as a key
molecule in HSCs to secrete alphal (I) collagen. In
this study, we found that CPU-II, could also
decrease the phospho-p38 MAPK matching with
the reduction of pro-collagen I in HSC-T6 cells
and we also found that CPU-II, could decrease the
phospho-p38 MAPK in LX-2 cells. The anti-
fibrotic effect of CPU-II, via down regulating p38
MAPK may be a new character for liver fibrosis
resolution.

In conclusion, we demonstrated that CPU-II,
inhibited CCl,-induced liver fibrosis, and its anti-
fibrosis effects may be related to the inhibition of
the function of activated HSCs through regulating
p38 MAPK pathways without damaging the cell

itself. A possible clinical application due to this
unique character could be expected to have ben-
efits for chronic liver disorders accompanied by
liver fibrosis.

Acknowledgements

This work was supported by the Cultivating
Fund for Key Project, Ministry of Education of
China (no. 706026) and the 973 program of
China (no. 2002CB513000).

References

1. Friedman S.L, Molecular regulation of hepatic fibrosis, an
integrated cellular response to tissue injury. J. Biol. Chem
2754: 2247-2250, 2000.

2. Bataller R. and Brenner D.A, Hepatic stellate cells as a
target for the treatment of liver fibrosis. Semin. Liver Dis.
213: 437451, 2001.

3. Lotersztajn S., Julien B., Teixeira-Clerc F., Grenard P. and
Mallat A, Hepatic fibrosis: molecular mechanisms and drug
targets. Annu. Rev. Pharmacol. Toxicol. 45: 605-628, 2005.

4. Vogel S., Piantedosi R., Frank J., Lalazar A., Rockey D.C.,
Friedman S.L. and Blaner W.S, An immortalized rat liver
stellate cell line (HSC-T6): a new cell model for the study of
retinoid metabolism in vitro. J. Lipid. Res. 416: 882-893,
2000.

5. Rockey D.C., Boyles J.K., Gabbiani G. and Friedman S.L,
Rat hepatic lipocytes express smooth muscle actin upon
activation in vivo and in culture. J. Submicrosc. Cytol.
Pathol. 242: 193-203, 1992.

6. Yoshiji H., Kuriyama S., Yoshii J., Ikenaka Y., Noguchi
R., Nakatani T., Tsujinoue H., Yanase K., Namisaki T.,
Imazu H. and Fukui H, Tissue inhibitor of metallopro-
teinases-1 attenuates spontaneous liver fibrosis resolution
in the transgenic mouse. Hepatology 364(Pt 1) 850-860,
2002.

7. Sarem M., Znaidak R., Macias M. and Rey R, Hepatic
stellate cells: it’s role in normal and pathological conditions.
Gastroenterol. Hepatol. 292: 93-101, 2006.

8. Gressner A.M. and Weiskirchen R, Modern pathogenetic
concepts of liver fibrosis suggest stellate cells and TGF-beta
as major players and therapeutic targets. J. Cell Mol. Med.
101: 76-99, 2006.

9. Luk J.M., Zhang Q.-S., Lee N.P., Wo J.Y., Leung P.P., Liu
L.-X., Hu M.-Y., Cheung K.-F., Hui C.-K., Lau G.K. and
Fan S.-T, Hepatic stellate cell-targeted delivery of M6P-
HSA-glycyrrhetinic acid attenuates hepatic fibrogenesis in a
bile duct ligation rat model. Liver Int. 274: 548-557, 2007.

10. Yamaguchi K., Shirakabe K., Shibuya H., Irie K., Oishi I.,
Ueno N., Taniguchi T., Nishida E. and Matsumoto K,
Identification of a member of the MAPKKK family as a
potential mediator of TGF-beta signal transduction.
Science 2705244: 20082011, 1995.

11. Hanafusa H., Ninomiya-Tsuji J., Masuyama N., Nishita
M., Fujisawa J., Shibuya H., Matsumoto K. and Nishida
E, Involvement of the p38 mitogen-activated protein kinase



12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

pathway in transforming growth factor-beta-induced gene
expression. J. Biol. Chem. 27438: 27161-27167, 1999.
Chang L. and Karin M, Mammalian MAP kinase signal-
ling cascades. Nature 4106824: 37-40, 2001.

Davis R.J, Signal transduction by the JNK group of MAP
kinases. Cell 1032: 239-252, 2000.

Ono K. and Han J, The p38 signal transduction pathway:
activation and function. Cell Signal. 121: 1-13, 2000.
Reeves H.L., Dack C.L., Peak M., Burt A.D. and Day C.P,
Stress-activated protein kinases in the activation of rat
hepatic stellate cells in culture. J. Hepatol. 323: 465-472,
2000.

Giner-Larza E.M., Manez S., Recio M.C., Giner R.M.,
Prieto J.M., Cerda-Nicolas M. and Rios J.L, Oleanonic
acid, a 3-oxotriterpene from Pistacia, inhibits leukotriene
synthesis and has anti-inflammatory activity. Eur. J.
Pharmacol. 4281: 137143, 2001.

Zhu Y.-M., Shen J.-K., Wang H.-K., Cosentino L.M. and
Lee K.-H, Synthesis and anti-HIV activity of oleanolic acid
derivatives. Bioorg. Med. Chem. Lett. 1124: 3115-3118,
2001.

. Jeong H.G, Inhibition of cytochrome P450 2E1 expression

by oleanolic acid: Hepatoprotective effects against carbon
tetrachloride-induced hepatic injury. Toxicol. Lett. (Shan-
non) 1053: 215-222, 1999.

Chen L., Zhang Y., Kong X., Peng S. and Tian J, Synthesis
and biological evaluation of nitric oxide-releasing deriva-
tives of oleanolic acid as inhibitors of HepG?2 cell apopto-
sis. Bioorg. Med. Chem. Lett. 1711: 2979-2982, 2007.
Malkusch W., Rehn B. and Bruch J, Advantages of Sirius
Red staining for quantitative morphometric collagen mea-
surements in lungs. Exp. Lung. Res. 211: 67-77, 1995.
Lange M. and Malyusz M, Improved determination of
small amounts of free hydroxyproline in biological fluids.
Clin. Chem. 409: 1735-1738, 1994.

Schiavon F, Transient joint effusion: A forgotten side effect
of high dose corticosteroid treatment. Ann. Rheum. Dis.
625: 491-492, 2003.

Dvorak Z., Ulrichova J., Pichard-Garcia L., Modriansky
M. and Maurel P, Comparative effect of colchicine and

24.

25.

26.

217.

28.

29.

30.

31

259

colchiceine on cytotoxicity and CYP gene expression in
primary human hepatocytes. Toxicol. In Vitro 163: 219—
227, 2002.

Yoshiji H., Kuriyama S., Miyamoto Y., Thorgeirsson U.P.,
Gomez D.E., Kawata M., Yoshi J., Ikenaka Y., Noguchi
R., Tsujinoue H., Nakatani T., Thorgeirsson S.S. and
Fukui H, Tissue inhibitor of metalloproteinases-1 promotes
liver fibrosis development in a transgenic mouse model.
Hepatology 326: 12481254, 2000.

Friedman S.L., Roll F.J., Boyles J. and Bissell D.M,
Hepatic lipocytes: the principal collagen-producing cells of
normal rat liver. Proc. Natl. Acad. Sci. 8224: 8681-8685,
1985.

Kweon Y.-O., Paik Y.-H., Schnabl B., Qian T., Lemasters
J.J. and Brenner D.A, Gliotoxin-mediated apoptosis of
activated human hepatic stellate cells. J. Hepatol. 391: 38—
46, 2003.

Orr J.G., Leel V., Cameron G.A., Marek C.J., Haughton
E.L., Elrick L.J., Trim J.E., Hawksworth G.M., Halestrap
A.P. and Wright M.C, Mechanism of action of the
antifibrogenic compound gliotoxin in rat liver cells. Hepa-
tology 401: 232-242, 2004.

Chin B.Y., Mohsenin A., Li S.X., Choi A.M. and Choi
M.E, Stimulation of pro-alpha(1)(I) collagen by TGF-
beta(1) in mesangial cells: role of the p38 MAPK pathway.
Am. J. Physiol. Renal. Physiol. 2803: F495-F504, 2001.
Tsukada S., Westwick J.K., Ikejima K., Sato N. and Rippe
R.A, SMAD and p38 MAPK signaling pathways indepen-
dently regulate alphal(I) collagen gene expression in
unstimulated and transforming growth factor-beta-stimu-
lated hepatic stellate cells. J. Biol. Chem. 28011: 10055~
10064, 2005.

Tangkijvanich P., Santiskulvong C., Melton A.C., Rozen-
gurt E. and Yee H.F. Jr, p38 MAP kinase mediates platelet-
derived growth factor-stimulated migration of hepatic
myofibroblasts. J. Cell Physiol. 1913: 351-361, 2002.

Cao Q., Mak K.M. and Lieber C.S, DLPC decreases TGF-
betal-induced collagen mRNA by inhibiting p38 MAPK in
hepatic stellate cells. Am. J. Physiol. Gastrointest. Liver
Physiol. 2835: G1051-1061, 2002.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


