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ABSTRACT

Aim: The aim was to determine the action mode of cornel iridoid glycoside (CIG) from Fructus
corni on hepatoprotective activities, the effects of CIG on human hepatocyte cell line (L02) injured
by D-galactosamine (GalN) and tumor necrosis factor-o (TNF-a) were examined. Materials and
Methods: The percentage of cell viability was evaluated by cell counting kit-§ assay. Apoptosis
was detected by flow cytometric analysis in human L02 hepatocytes. The expression levels of
activating transcription factor-4 (ATF4), and C/EBP homologous protein (CHOP) were detected
by western-blot analysis. In addition, the activity of caspase-3 was tested by enzyme-linked
immunosorbent assay. Results: The results showed that CIG caused a significant increase in the
viability of L02 cells injured by GalN/TNF-a., in accordance with a dose-dependent decrease of
apoptotic cell death confirmed by flow cytometric analysis. Based on western blot and colorimetric
assay, we found that GalN/TNF-o induced increased expression of ATF4, CHOP, and activation
of caspase-3 while CIG pre-treatment had a dose-dependent suppression on them in this cell
model. Conclusion: Overall, these findings demonstrate that CIG can effectively protect 102
hepatocytes against apoptosis induced by GalN/TNF-a,, suggesting that it is a possible candidate
target for liver disease therapy.

Received: August 22, 2014
Accepted: September 16, 2014
Published: September 27, 2014

INTRODUCTION

Fructus corni is derived from the dry ripe sarcocarp of Cornus
officinalis Sieb. et Zucc. As an important traditional Chinese
medicine, it is clinically used to treat vertigo, tinnitus, sweating,
back pain, as well as soreness, and weakness of the waist and
knees [1]. A number of chemical studies showed “F corni”
mainly contained loganin and morroniside, both belonged to
iridoid glycosides, which we have usually named cornel iridoid
glycoside (CIG) [2,3]. Recently, CIG has been found to possess
a number of good biological activities, including blood glucose
reduction, anti-tumor, anti-inflammatory, and protective
effects on rat mesangial cell proliferation [2-4]. But so far,
a few studies have been conducted on the hepatoprotective
action of CIG.

The D-galactosamine (GalN)/tumor necrosis factor-o (TNF-o)
model is a newly-developed experimental model used to trigger
apoptosis of hepatocytes both in vitro and in vivo [5]. TNF-a,
a pro-inflammatory cytokine, is identified as a key mediator
of hepatocellular cell death in several hepatic diseases [5-7].
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GalN, which has a broad impact on hepatocyte transcription
and translation, could enhance sensitization to TNF-o [7]. In
our previous study, we establish a model of hepatocyte injury
in hepatocyte LO2 cell line after 12 h combined administration
of GalN (44 pg/ml) and TNF-o (100 ng/ml) [8]. Thus, in the
present study, we have performed an experimental rescarch on
the protective effects of CIG using this cell model to explore
its hepatoprotective potential.

MATERIALS AND METHODS

Reagents

CIG, with purity higher than 54%, mainly including morroniside
and loganin [Figure 1], was provided by Jiangsu Zhongkang
Fingerprint Development Co. Ltd. (]1angsu China). Dulbecco’s
modified cagle’s medium (DMEM) and fetal bovine serum
(FBS) were purchased from Gibco Co. (New York, USA).
TNF-a was obtained from PeproTech Inc. (Rocky Hill, USA).
Cell counting kit-8 (CCK-§) and the Annexin V-FITC apoptosis
detection kit were from dojin laboratory (Kumamoto, Japan)

201



Jiang, et al.: Hepatoprotective effect of cornel iridoid glycosid

morroniside loganin
(‘()()(‘]—[3 COOCH,
"o h : HO b CH,OH
0 o CH,OH o G
O~ 0
CH; O ([) | CH; O O I{
OH [ OH
OH OH

Figure 1: Chemical structure of cornel iridoid glycoside represented
by morroniside and loganin

and Invitrogen Life Technologies (Carlsbad, USA), respectively.
The antibodies against activating transcription factor-4 (ATF4)
and C/EBP homologous protein (CHOP) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Cell Culture

Human hepatocyte cell line LO2 was provided by the Institute of
Biochemistry and Cell Biology, Shanghai Institutes for Biological
Sciences (Shanghai, China). Cells were cultured in a humidified
5% CO, incubator at 37°C in DMEM medium supplemented
with 10% FBS. In subsequent experiments, the cells were
divided into five groups: Normal control group, GalN/TNF-o
group and three concentrations of CIG (10, 20, and 100 ug/ml)
groups. The normal control group was incubated with medium
alone; the GalN/TNF-o group were pre-incubated with vehicle
phosphate buffer saline (PBS) for 24 h, and then apoptosis
was induced by GalN (44 ug/ml) and TNF-o. (100 ng/ml) for
12 h; the CIG groups were pre-treated with CIG at 10, 20 and
100 wg/ml for 24 h, and then were treated with GalN (44 ug/ml)
and TNF-o (100 ng/ml) for 12 h.

Cell Viability Assay

Cell viability was determined using CCK-8 assay. Briefly, 1.02
hepatocytes (8 X 10%) were seeded into 96-well plates and
cultured for 24 h, followed by various designated treatments
as described previously. Before terminating the cell culture,
5 mg/ml 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium water-soluble tetrazolium-§,
was added to each well and incubated at 37°C for 1 h. Then
the optical density was measured at 450 nm using an enzyme-
immunoassay instrument (BioRad, Richmond, USA). Cell
viability rate = (OD__/OD x 100%.

groups control)

Flow Cytometric Analysis

Apoptotic cells were measured by flow cytometry as described
clsewhere [9]. Briefly, the cultured cells were collected by
centrifugation at 1000 rpm for 10 min, rinsed with ice-cold PBS
twice, and stained in 200 ul of a working solution containing
5 ul of Annexin-V-FITC and 1 ul of 100 pug/ml PI in the dark
for 15 min. The stained cells were then analyzed immediately
on a fluorescence-activated cell sorter (Becton Dickinson, San

Jose, CA, USA).
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Western Blot Analysis

After various treatments, cell lysates were prepared
in a lysis buffer containing 0.1% Triton X-100, 1 mM
phenylmethylsulfonyl fluoride, I mg/ml aprotinin, and
10 mg/ml leupeptin. Following centrifugation at 12,000 rpm
for 10 min, the protein concentrations of the supernatants
were determined with a bicinchoninic acid protein assay kit
(Bio-Rad, Hercules, CA, USA). For Western blot analysis,
equal amounts of cellular protein (30 ug/lane) were separated
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and blotted onto polyvinylidene difluoride membranes
(Bio-Rad, Hercules, CA, USA). These membranes were
subsequently blocked overnight with 5% skim milk in tris-
buffered saline containing 0.1% Tris-buffered saline tween
20 (TBST). After three washes with TBST, membranes
were incubated with primary antibodies overnight at 4°C
and then further incubated with secondary horseradish
peroxidase-conjugated antibodies (Amersham Pharmacia
Biotech, Buckinghamshire, UK). Expression levels were
normalized to B-actin (sigma, St Louis, MO, USA). The
image capture and analysis were performed using an enhanced
chemiluminescence system (Pierce, Rockford, USA).

Measurement of Caspase-3 Activity

Cell lysates were prepared after their respective treatment. The
activity of caspase-3 was measured using a specific chromogenic
enzymatic assay kit (Beyotime Institute of Biotechnology,
Haimen, PR China) according to the manufacturer’s protocol.
The assay is based on spectrophotometric detection of the
chromatophore p-nitroaniline (pNA) after cleavage from the
labeled substrate Ac-DEVD-pNA by caspase-3 protease. The
optical density of pNA was measured at 405 nm using an
enzyme-immunoassay instrument.

Statistical Analysis

Data were presented as mean * standard deviation of three
independent experiments. The analysis of variance and
Student’s t-test were used to test for significant differences,
and P < 0.05 was considered statistically significant.

RESULTS

As shown in Figure 2, compared with normal control group,
the survival of cultured L02 cells exposed to GalN/TNF-o
was significantly inhibited (P < 0.01), while pretreatment of
CIG (10, 20 and 100 pug/ml) dose-dependently increased the
cell viability. There was no cytotoxicity on CIG at 10, 20, and
100 pg/ml (data not shown).

As shown in Figure 3, data analyzed by flow cytometry showed
that after 12 h of exposure to GalN/TNF-q, the rate of cell
apoptosis was markedly increased (P < 0.01) while CIG
pretreatment decreased the apoptotic rate in a dose-dependent
manner [Figure 3]. Collectively, these data indicate that CIG
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protects LO2 cells from GalN/T'NF-a-induced cytotoxicity by~ To investigate the involved mechanism of CIG’s inhibitory
attenuation of apoptosis. effect on hepatocyte apoptosis, we examined the expression
of two signature endoplasmic reticulum (ER) stress marker
proteins, ATF4 and CHOP, using western blotting analysis

140% 1 in LO2 cells. The data in Figure 4 demonstrated that their
= 120% | expression was dramatically increased after 12 h-treatment by
g oo | » GalN/TNF-o.. However, their up-regulation was significantly
< - i suppressed by CIG at different concentrations [Figure 4]. The
S W% » # result supports the involvement of ER stress in inhibition of
g 0% | apoptosis by CIG in GalN/TNF-a. treated LO2 cells.

3 40% [ The result in Figure 5 showed a significant increase in the
Y oo | activity of caspase-3 in GalN/I'NF-a-injured LO2 hepatocytes,
while incubation of the cells with CIG (10, 20 and 100 ug/ml) for
% - ' ' 24 h suppressed the activation of caspase-3 in a dose-dependent
contiol vehicle 10 20 100 .
CIG (ug/onl) manner. The results suggested that CIG had a suppressive effect
GalN/TNF-a on the activation of caspase-3.

Figure 2: Effect of cornel iridoid glycoside on cell viability in
D-galactosamine/tumor necrosis factor-o. (GalN/TNF-o)-treated L02 DISCUSSION
cells. Data are presented as means + standard deviation of values

from triplicate samples. **P < 0.01, versus control group; *P < 0.05, Initially, we assessed the effect of CIG on hepatocyte apoptosis
#P < 0.01, versus GalN/TNF-o. group using a human cell line LO2 stimulated by GalN/TNF-a.
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Figure 3: Effect of cornel iridoid glycoside (CIG) on D-galactosamine/tumor necrosis factor-o. (GalN/TNF-o)-induced apoptosis detected by flow
cytometric analysis in LO2 hepatocytes. (a) control group; (b) GalN/TNF-o group; (c-e) CIG (10, 20, and 100 pg/ml) groups. Results are expressed
as the percentages of early or late apoptotic cells. Data were presented as mean + standard deviation from triplicate samples. **P < 0.01, versus
control group; #P < 0.01, versus GalN/TNF-a. group
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control vehicle
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Figure 4: Effect of cornel iridoid glycoside on the expression of activating transcription factor-4 and C/EBP homologous protein after treatment

with D-galactosamine/tumor necrosis factor-a
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Figure 5: Effect of cornel iridoid glycoside on D-galactosamine/tumor
necrosis factor-o. (GalN/TNF-a) -induced caspase-3 activation. Values
were expressed as the ratio of the caspase-3 activation levels to the
control level, and the value of normal control was set to 1. Data are
presented as means + standard deviation of values from triplicate
samples. **P < 0.01, versus control group; #P < 0.05, #P < 0.01, versus
GalN/TNF-a group

The result of CCK-8 assay showed that CIG pretreatment
protected LO2 cells from GalN/TNF-a-induced cytotoxicity in
a dose-dependent manner [Figure 2]. Further flow cytometry
examination revealed that the treatment with GalN/TNF-o
resulted in obvious apoptosis of L02 cells while CIG decreased
the apoptosis rate in a dose-dependent manner [Figure 3],
indicating that the hepatoprotective effects of CIG might be
related to resisting apoptosis under present in vitro conditions.

To explore the mechanism of the in vitro protective effect of
CIG on GalN/TNF-a-induced apoptosis in LO2 hepatocytes,
a number of potential targets-including the mediators in ER
stress signaling pathway, and the caspase family proteases were
analyzed. There is increasing evidence that ER stress is a central
initiator of liver cell injury and cell death in almost all acute,
and chronic liver disease processes [10,11]. Previous reports have
demonstrated that on cells exposed to agents that cause ER
stress, general translation is suppressed, but selected ER stress-
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specific genes are translationally up-regulated, participating in
ER-stress-corrective actions [12-14]. Among them, the two most
studied signature markers are AT'F4 and its downstream target,
the CHOP, which are known to be required in the apoptotic
response to ER stress [15,16]. Numerous studies have reported
that during the later apoptotic phase of prolonged ER stress,
the expression of ATF4 and CHOP, are usually upgraded to a
constant high level in a variety of cell types [12-18]. It has been
reported that some drugs could initiate cellular protection to
enhance cell survival in vitro and in vivo models, targeting the
ATF4-CHOP pathway of apoptosis [17-20]. Most evidence
supports that selectively increased translation of ATF4, and
subsequent induction of CHOP were able to cause growth
arrest and apoptosis, which may all be associated with severe
and prolonged ER stress [21,22].

Therefore, in subsequent experiments, we characterized the
effects of CIG on the transcription factor ATF4 and the pro-
apoptotic protein CHOP in L02 hepatocytes stimulated by
GalN/TNF-o.. Our results showed that the treatment with
GalN/TNF-o induced a significant increase in ATF4 and
CHOP expression. However, both the ER stress markers were
significantly inhibited by CIG at a concentration-dependent
manner [Figure 4]. These findings further indicate that the
anti-apoptotic action of CIG could be associated with the
ATF4-CHOP signaling cascade that mediates ER stress-induced
apoptosis in L02 hepatocytes.

Furthermore, it is now well-established that proteases of the
caspase family play a vital role in the effector mechanism of cell
apoptosis [22,23]. Among them, caspase-3 is believed to be a
key factor in apoptosis execution, and its activation represents a
hallmark of apoptotic cell death [22,23]. In current research, as
expected, we found that GalN/TNF-o resulted in a significant
increase in the activation of caspase-3 in L02 cells, but in the
presence of CIG of different concentrations, its activity was
significantly reduced in a dose-dependent manner [Figure 5].
These observations suggest that inhibition of caspase-3 by CIG
blocks L02 cell apoptosis.
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In summary, data of this study provide direct evidence that
CIG was able to protect L02 hepatocyte against apoptosis
induced by GalN/TNF-o, suggesting that it is a potential
hepatoprotective agent for liver disease therapy. The
mechanisms may involve inhibition of ER stress-induced
apoptosis via the ATF4-CHOP signaling pathway and related
caspase-3 Inactivation. Further studies will be needed to
determine the exact mechanisms in the signal transduction
pathways.
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