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Abstract

Apocynum venetum L., belonging to the family Apocynaceae, is a popular medicinal plant, which is commonly used in the
treatment of hypertension, neurasthenia, and hepatitis in China. In the present study, the total flavonoids (TFs) were prepared
from the leaves of A. venetum, and its protective effects on carbon tetrachloride (CCly)-induced hepatotoxicity in a cultured
HepG2 cell line and in mice were investigated. Cell exposed to 0.4% CCl, (v/v) for 6 h led to a significant decrease in cell
viability, increased LDH leakage, and intracellular reactive oxygen species (ROS). CCl, also induced cell marked apoptosis,
which was accompanied by the loss of mitochondrial membrane potential (MMP). Pretreatment with TFs at concentrations of 25,
50, and 100 pg/mL effectively relieved CCly-induced cellular damage in a dose-dependent manner. In vivo, TFs (100, 200, and
400 mg/kg BW) were administered via gavage daily for 14 days before CCly treatment. The high serum ALT and AST levels
induced by CCl, were dose-dependently suppressed by pretreatment of TFs (200 and 400 mg/kg BW). Histological analysis also
supported the results obtained from serum assays. Furthermore, TFs could prevent CCly-caused oxidative damage by decreasing
the MDA formation and increasing antioxidant enzymes (CAT, SOD, GSH-Px) activities in liver tissues. In summary, both
in vitro and in vivo data suggest that TFs, prepared from A. venetum, showed a remarkable hepatoprotective and antioxidant
activity against CCly-induced liver damage.
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Introduction

Being a major organ for detoxification and metabolism of
xenobiotic, liver is susceptible to various forms of injury,
which may then result in different liver disorders [10]. Up to
now, the currently available drugs used for treatment of hepat-
ic injury are limited and some of them have serious side effects
[23, 30]. So, new therapeutic approaches with reliable activity
and lower toxicity are expected. In the last decade, compre-
hensive research efforts have demonstrated the natural prod-
ucts from medicinal plants should be the promising resources
for treatment of liver injury [12].
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Apocynum venetum L., belonging to the family
Apocynaceae, is a popular medicinal plant in China and was
traditionally used for the treatment of hypertension, neurasthe-
nia, and hepatitis for hundreds of years [33]. Recently, the
extract of A. venetum has been studied pharmacologically
for its antioxidant [21, 37], antihypertensive [19], antianxiety
[15], antidepressant [4], and hepatoprotective actions [34, 36].
Phytochemical investigations have revealed that flavonoids
are the major bioactive constituents in A. venetum [1, 33].
Flavonoids are natural polyphenolic compounds found in a
wide variety of plants and exhibit various benefits to human
health. A broad spectrum of biological effects has been attrib-
uted to flavonoids [14]. In particular, the protective efficacy of
flavonoids against various drug- or toxin-induced liver injury
has been well documented [8, 9, 27].

In the present study, the total flavonoids (TFs) from
A. venetum were prepared and its hepatoprotective effects
against CCly-induced liver injury were evaluated in vitro and
in vivo. Additionally, the possible mechanisms involved in
these effects were also investigated.
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Materials and methods
Reagents

Carbon tetrachloride (CCl,) was obtained from Sinopharm
Chemical Reagent Co., Ltd., China. The reference standards
namely hyperoside, isoquercitrin, and rutin (purity >98%,
HPLC grade) were purchased from Chroma Biotechnology
Co., Ltd., China. The standard drug, bifendate drop pills,
was purchased from local medical store. Dimethyl sulfoxide
(DMSO) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) were purchased from Sigma-Aldrich
Chemical (St. Louis, MO). All other chemicals commercially
obtained were of analytical grade or HPLC grade and used
without further purification.

Preparation of TFs

The leaves of A. venetum were harvested in Shanxi Province,
China, in August 2013, and identified according to the iden-
tification standard of the Pharmacopeia of the People’s
Republic of China. The air-dried leaves of A. venetum (1 kg)
were refluxed twice in 70% (v/v) aqueous ethanol (10 L) for
2.0 h at 90 °C. The combined filtration was evaporated under
reduced pressure to obtain a crude ethanol extract. The mass
was suspended in distilled water and defatted with petroleum
ether. The aqueous layer was further concentrated and then
chromatographed on HPD100 macroporous resin (Cangzhou
Baoen Chemical Co. Ltd., Hebei Province, China). After
washing the column with water and 15% ethanol, respectively,
to remove polar components, the adsorbed fraction was then
eluted with adequate 70% ethanol. The elution was collected,
concentrated, and dried to obtain TFs.

Quality control of TFs

The total flavonoid content of the extract was determined
using a colorimetric method described by Chen J et al. [5]
with slight modification. Briefly, the extract (10 mg) was di-
luted appropriately and mixed with 1 mL NaNO, (5%),
1.0 mL of AICl; (10%), and 4.0 mL NaOH (1.0 M). The final
volume was adjusted to 25 mL with 70% ethanol and allowed
to rest for 15 min. The absorbance (A) was measured at
510 nm by UV-vis spectrophotometer (UV-2450, Shimadzu,
Japan), with 70% ethanol as a blank control. The total flavo-
noid contents (%) were estimated using calibration curves
with rutin as the reference standard. All determinations were
performed in triplicate.

The contents of hyperoside and isoquercitrin in the TFs were
determined by HPLC according to the previous report [21]. A
Shimadzu HPLC system (Shimadzu Corporation, Kyoto,
Japan) consisting of a solvent delivery pump (LC-10AD),
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UV-VIS detector (SPD-10A), and column oven (CTO-10A)
was used. Analyses were performed with an Agilent SB-C g
column (4.6 mm x 150 mm, 5 um). Each sample (20 uL) was
filtered through a 0.22-pum Minipore filter and injected into the
column. The isocratic mobile phase consisted of acetonitrile-
0.1% phosphoric acid (13:87, v/v) was used with a flow rate of
0.9 ml/min. The column temperature was maintained at 25 °C,
and the detection wavelength was 360 nm. The standards used
were hyperoside and isoquercitrin.

In vitro experiments
Cell culture

Human hepatocellular liver carcinoma cell line, HepG2 cell,
was obtained from the American Type Culture Collection
(ATCC) and cultured at 37 °C under 5% CO, in DMEM
supplemented with 10% heat-inactivated fetal bovine serum,
100 U/ml of penicillin and 100 pg/ml of streptomycin. When
reaching 80-90% confluence, the cells were passaged. HepG2
cells were pretreated with different concentrations (25, 50 and
100 pg/mL) of TFs for 24 h. After the culture medium was
discarded, the cells were washed with phosphate buffered sa-
line (PBS) and exposed to 0.4% CCl, for another 6 h. Then,
the treated cells were used for the following assays.

Cell viability assay

Cell viability was assessed by 3-(4,5-dimethythiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay. Briefly, the
cells were seeded in 96-well plates at 0.5 x 10* cells/well.
After the above treatment, 10 uL. of MTT (5 mg/mL) was
added to each well and the plate was incubated for 4 h at
37 °C. Finally, the medium was removed and the formazan
crystals were dissolved in 100 uL DMSO. The optical density
(OD) of each well was measured at 570 nm using a microplate
reader (Model 680, Bio-Rad, USA).

Lactate dehydrogenase release assay

Plasma membrane integrity was assessed using the lactate
dehydrogenase (LDH) kit from Jiancheng Institute of
Biotechnology (Nanjing, China). At the end of treatment,
the cell media was collected, and the LDH activity was mea-
sured according to the supplied manufacturer’s instructions.

Measurement of intracellular reactive oxygen species

DCFH-DA, a reactive oxygen species (ROS)-sensitive fluo-
rescent probe, was used to determine the intracellular ROS
level as described previously [3]. For this assay, the commer-
cially available kit (Applygen Technologies, Beijing, China)
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was used. In brief, after incubation, cells were harvested,
washed twice, and resuspended in PBS. Then, the cells were
loaded with 10 uM DCFH-DA for 30 min at 37 °C in the dark,
washed with PBS (pH 7.2) three times, and measured by
FACS flow cytometry (Becton Dickinson, USA) with
480 nm excitation and 530 nm emission.

Assessment of mitochondrial membrane potential

JC-1 exists as a green fluorescent monomer at low membrane
potential and forms red fluorescent aggregates at higher mem-
brane potential. Thus, the ratio of red to green fluorescence
can represent changes in mitochondrial membrane potential
(MMP) [25]. MMP was measured using the fluorescent probe
JC-1 (KeyGen Technology, Nanjing, China) according to the
manufacturer’s protocol. After the treatment, cells were har-
vested, washed, and incubated with 10 pg/mL JC-1 at 37 °C
for 30 min in the dark. Then, stained cells were washed, re-
suspended, and used for flow cytometry analysis.

Cytotoxicity assessment

Cellular apoptosis was analyzed by an Annexin V-FITC/PI
double staining kit (KeyGen Technology, Nanjing, China).
At the end of the incubation, the cells were harvested and
resuspended in 500 pL of binding buffer. Then, the cell sus-
pension was incubated with 5 pL Annexin V conjugated to
FITC and 10 pL propidium iodide (PI) in the dark at room
temperature for 15 min according to the manufacturer’s in-
structions. At least 10,000 cells were collected and detected
by flow cytometer within 15 min using a FACScan flow
cytometer (Becton Dickinson, USA). The Annexin V(—) and
PI (-) population was regarded as normal cells, Annexin V(+)
and PI (—) cells were defined as early apoptotic cells, Annexin
V(+) and PI (+) cells as late apoptotic/secondary necrotic cells,
Annexin V(—) and PI (+) cells as primary necrotic (Annexin-
V-FITC—/PI+) cells.

In vivo experiments
Animals

Male Kunming mice weighing 18-24 g were purchased from
Beijing Vital River Laboratory Animal Co., Ltd. The animals
were housed at 23 + 1 °C, with relative humidity of 55 + 10%,
under a 12-h light/dark cycle and had free access to standard
pellet diet and water. All procedures were in strict accordance
with the China legislation on the use and care of laboratory
animals and were approved by the committee for animal
experiments.

Experimental design

After acclimation for 1 week, the mice were randomly
divided into six groups with each group containing 10
mice. Mice in group I (control group) and group II
(model group) were given 0.5% sodium carboxymethyl
cellulose (CMC-Na) solutions orally. Groups III-V (TF-
treated groups) were administrated with TFs at the doses
of 100, 200, and 400 mg/kg, respectively, while group
VI (positive control) was given bifendate (200 mg/kg).
Bifendate is a synthetic hepatoprotective compound de-
rived from schisandrin C, a component of Fructus
Schizandrae. Bifendate drop pill (BP) is clinically used
for the treatment of chronic hepatitis in China, and nor-
mally regarded as positive control for exploring other
hepatoprotective agents [16, 17]. After the oral admin-
istration for 14 consecutive days, the animals were treat-
ed as described previously with some modifications
[38]. Two hours after the final administration, the mice
in groups II-VI were injected intraperitoneally with
0.3% (v/v) CCly (10 mL/kg, dissolved in olive oil),
while the mice in group I were injected with an equiv-
alent volume of olive oil alone (i.p.). Twenty-four hours
after CCl, challenge followed by fasting, the animals
were anesthetized to collect the blood sample and
sacrificed to obtain the livers.

Measurement of biochemical parameters in serum

Serum was obtained by centrifugation of blood at 900g for
15 min and stored at — 20 °C until use. Serum aspartate trans-
aminase (AST) and alanine transaminase (ALT) activities
were determined spectrophotometrically by commercial kits
according to the manufacturer’s instructions (Jiancheng
Institute of Biotechnology, Nanjing, China).

Measurement of biochemical parameters in liver tissues

Liver tissue was weighed and homogenized in cold Tris-
HCI1 (5 mmol/L containing 2 mmol/L EDTA, pH 7.4).
The homogenate was centrifuged at 10,000g for 20 min
at 4 °C. The supernatant was collected and used for the
determination of the activities of superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase
(GPH-x), as well as malondialdehyde (MDA) level in
liver by using commercial assay kits (Jiancheng
Institute of Biotechnology, Nanjing, China) according
to the manufacturer’s protocols. Protein concentrations
were determined according to the method of Bradford,
using bovine serum albumin as standard.
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Histopathological examinations

Liver tissues were fixed in 4% paraformaldehyde, and then
embedded in paraffin. The paraffin blocks were sliced into
5-pm sections which were processed for staining with hema-
toxylin and eosin (HE). Histopathologic changes were ob-
served using an optical microscope (Olympus Optical Co.,
Tokyo, Japan).

Acute toxicity

The mice were fasted overnight and then orally administered
with TFs, with graded doses of up to 1.2 g/kg body weight,
while the control group received distilled water. The groups
were observed for 14 days and mortality was recorded for
each group at the end of the experiment.

Statistical analysis

All experimental values are expressed as means + stan-
dard deviation (SD). A one-way analysis of variance
(ANOVA) with the Turkey post hoc test was performed
using the Statistical Package for the Social Sciences soft-
ware (SPSS 17.0 for Windows, 2010, SPSS Inc.,

Chicago, IL, USA). Values of P<0.05 were considered
to indicate statistical significance. All the experiments
were performed in triplicate.

Results
Quality evaluation of TFs

The prepared TFs from A. venetum leaves contained 56.18 +
2.76% rutin equivalents (n = 3) as determined via UV spectro-
photometry. As shown in Fig. 1, two flavonoid compounds,
namely hyperoside and isoquercitrin, were identified as main
chemicals using HPLC method, and their contents in TFs
were 25.19+0.55% (n=3) and 21.88+0.93% (n=3),
respectively.

In vitro experiments
TFs attenuated CCl;-induced cytotoxicity in HepG2 cells
The toxicity of CCly on cell viability was first determined

by MTT assay. As shown in Fig. 2b, when cells were ex-
posed to CCly for 6 h, there was a concentration-dependent
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Fig. 1 HPLC analysis of TFs prepared from A. venetum. The isolated compounds were identified in TFs by comparing their retention times. The
chromatograms were obtained at a wavelength of 360 nm. (a) hyperoside and (b) isoquercitrin
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Fig. 2 Protective effects of TFs on CCly-induced cytotoxicity in HepG2
cells. (a) Effect of TF on proliferation of HepG2 cells after treatment for
24 h. (b) HepG2 cells were treated with CCly at concentrations of 0.2—
0.8% for 6 h. (c) Effect of pretreatment with various concentrations of TFs
(25, 50, and 100 png/mL) for 24 h on the proliferation of HepG2 cells

decrease in cell viability. In particular, cell growth was
reduced to 52.56 +4.31% in the presence of 0.4% CCly
after 6 h of incubation compared with that of untreated
cells. Thus, 0.4% CCl, and 6 h were selected as the con-
centration and incubation time, respectively, for the subse-
quent experiments. On the other hand, TFs did not show
apparent cytotoxic effects even up to the concentration of
400 pg/mL for 24 h (Fig. 2a). However, when cells were
pretreated with TFs at the different concentrations (25, 50,
and 100 pg/mL) for 24 h before CCl, exposure, cell via-
bility was enhanced to 69.50+2.49, 72.67 £4.11, and
76.06 +3.74% of the control, respectively (Fig. 2c¢).

LDH release from cells into the culture medium is consid-
ered as an indicator of cellular damage [2]. As shown in Fig.
2d, the LDH release in CCl,-treated cells was observed to be
significantly increased when compared with the control group
(P<0.01), pretreatment of HepG2 cells with TFs for 24 h
inhibited this leakage in a concentration-dependent manner.
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induced by 0.4% CCl, for 6 h, and cell viability was measured by MTT
test. (d) LDH release in culture medium after treatment. Data are present-
ed as means + SD (n=3). #P <0.01, compared with the control group;
"P<0.01, "P<0.05, compared with CCly-treated group

TFs reduced CCl-induced intracellular ROS generation

To investigate whether ROS is involved in cytoprotective ef-
fect of TFs, intracellular ROS levels were measured using the
DCFH-DA probe. As illustrated in Fig. 3, treatment of cells
with 0.4% CCly significantly increased ROS level, and this
increment was markedly attenuated by pretreatment with TFs
at the concentration of 25, 50, and 100 pg/mL.

TFs inhibited CCl4-induced MMP disruption

MMP is an important parameter of mitochondrial function and
is critical for maintaining the physiological function of the
respiratory chain to generate ATP. A collapse of MMP is
thought to be an initial and irreversible step of apoptosis
[11]. As shown in Fig. 4, when the cells were incubated with
0.4% CCly for 6 h, the MMP of cells decreased to 59.36 +
2.27% compared with that of untreated cells (100%),
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Fig. 3 Effect of TFs on intracellular ROS generation induced by CCly in
HepG2 cells. Cells were incubated with or without TFs (25, 50, and
100 pg/mL) for 24 h and then treated with or without 0.4% CCl, for
6 h. Then, ROS levels were determined by with flow cytometry using
DCFH-DA. Data are as means + SD (n=3). ¥P<0.01, compared with
the control group; “P<0.01, “P<0.05, compared with CCly-treated

group

indicating that CCl, induced a significant loss of MMP in
HepG2 cells. Whereas, pretreatment of cells with 25, 50 and
100 pg/mL of TFs rescued markedly the loss of MMP in a
concentration-dependent manner.

TF-protected HepG2 cells from CCl,-induced apoptosis

To quantitatively analyze apoptosis, flow cytometry

using the FITC-Annexin V/PI double staining method
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Fig.4 Effect of TFs on MMP disruption induced by CCl, in HepG2 cells.
Cells were incubated with or without TFs (25, 50, and 100 pug/mL) for
24 h and then cultured in the presence or absence of 0.4% CCly for 6 h.
MMP was monitored by flow cytometry using JC-1 probe. Data are as
means = SD (n=3). *P<0.01, compared with the control group;
"P<0.01, "P<0.05, compared with CCl-treated group
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was used to determine whether TFs could protect
against CCly-induced cell apoptosis. As depicted in
Fig. 5a, an increase in Annexin V-positive apoptotic
cell population was observed posttreatment with 0.4%
CCly, as compared to the untreated control, this eleva-
tion was decreased by pretreatment with TF. More intu-
itively, Fig. 5b indicated that treatment with 0.4% CCly
for 6 h dramatically increased the frequency of apopto-
tic cells from 4.07+0.31 to 34.68+1.73% (P<0.01),
while preincubation with TFs (25, 50, and 100 pg/mL)
for 24 h decreased this rate to 24.18 £1.86, 18.32+
1.35, and 17.40+1.29%, respectively. Furthermore, in
line with the results from LDH release assay, flow cy-
tometry analysis showed that CCl, also induced primary
necrotic cell death. Compared with the model group,
treatment with TFs at all doses could significantly de-
crease necrotic cells albeit in a rather concentration-
independent mode (Fig. 5b). These results suggested
that TFs could inhibit both CCl,-induced apoptosis
and necrosis in HepG2 cells.

In vivo experiments
Effects of TFs on serum ALT and AST levels

The serum ALT and AST enzymatic activities have been
commonly considered as indicator of liver toxicity since
injury of the hepatocytes could alter their transport
functions and membrane permeability, leading to leak-
age of enzymes from the cells [28]. As shown in Fig. 6,
the serum levels of ALT and AST of the CCly-treated
group were markedly elevated at 145.06+13.71 U/L
(P<0.01) and 202.53 £26.63 U/L (P<0.01) compared
with those of the normal control group, which were
29.92+3.49 and 75.77+14.52 U/L, respectively.
Pretreatment with TFs at doses of 200 and 400 mg/kg/
BW once daily for 14 consecutive days significantly
prevented these elevations of ALT and AST in compar-
ison with the CCl4; model group (P <0.05 and P<0.01).
In addition, BP treatment, used as positive control, also
markedly reversed the alterations of the AST and ALT
levels compared with the model group (P<0.01).

Effect of TFs on histopathological damage in CCl,-induced
liver tissue

Histopathological changes were presented in Fig. 7 to
support the results obtained from serum assays. The
histology of the liver sections of control group showed
normal cellular architecture with distinct hepatic cells,
sinusoidal spaces, and central veins. In the CCly-treated
group, vacuole formation, inflammatory cells infiltra-
tion, centrilobular fatty changes, and widespread
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Fig. 5 Inhibitory effect of TFs on CCly-induced HepG2 cell apoptosis.
Cells were pretreated with TFs (25, 50, and 100 pg/mL) for 24 h, and then
treated with or without 0.4% CCl, for 6 h. (a) Representative flow
cytometric plots after Annexin V-FITC/PI double staining; (b)

hepatocellular necrosis were obviously observed (Fig.
7b). Pretreatment with 100 mg/kg of TFs failed to im-
prove those histological damages in liver. In contrast,
the hepatic lesions were markedly prevented by pre-
treatment with TF (200 and 400 mg/kg) and BP. This
result indicated that TFs could protect the liver from
CCly-induced histopathological alterations.

Effects of TFs on hepatic lipid peroxidation and antioxidant
enzymes

MDA, a lipid peroxidation end product, was utilized to eval-
uate oxidative injury. Figure 8a shows that the CCly treatment

Frequency of apoptotic and primary necrotic cells shown as histograms
after treatment. Data are presented as means + SD (n=3). #p<0.01,
compared with the control group; ~"P<0.01, "P<0.05, compared with
CCly-treated group

markedly increased hepatic MDA level by 121% as compared
with that of the control (P < 0.01), while administration of TFs
(200 and 400 mg/kg) significantly decreased the MDA levels
in liver tissue compared with model group (P < 0.05).

Meanwhile, the activities of antioxidant enzymes
(SOD, CAT and GSH-Px) in liver tissue were also de-
termined. As shown in Fig. 8b-d, the hepatic SOD,
CAT, and GSH-Px activities in the CCly-treated group
were significantly lower than those in the control group
(P<0.01). However, pretreatment with TFs (200 and
400 mg/kg) afforded a significant and dose-dependent
protection against CCly-induced decrease in activities
of all the antioxidant enzymes studied.
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Fig. 6 Effects of TFs on the serum levels of ALT (a) and AST (b) in the
CCly-induced hepatic injury mouse model. The mice were intragastrically
administered TFs at 100, 200, or 400 mg/kg/BW or BP at 200 mg/kg/BW
once daily for 14 consecutive days prior to a single intraperitoneal

Acute toxicity

No any symptom of toxicity or mortality was observed
during the 14 consecutive days of oral treatment with
TFs at doses of 0.40, 0.80, or 1.20 g/kg body weight.
In general, the abnormal changes of body weight have
been used as an indicator of adverse effects of testing
substances [22]. The body weights of control and TF-
treated mice are presented in Fig. 9, there were no sig-
nificant differences in the body weights of the mice
between the groups for each time period. Nevertheless,
systemic toxicity should be further investigated
hereafter.

Discussion

In China, the leaves of A. venetum are a well-known medicinal
herb that have many benefits to human health, especially in
prevention and treatment of cardiovascular and liver diseases
[33, 34, 36]. These biological activities were largely attributed
to flavonoids, which are the main components in A. venetum
[1, 21, 33, 37].

Flavonoids, as a group of polyphenolic compounds, pos-
sess a wide range of biological properties ranging from anti-
oxidant, antibacterial, anti-inflammatory, anti-allergic, antivi-
ral, and anticancer to hepatoprotective actions [31]. In the last
decade, a large body of evidence indicates that flavonoids
exhibited significant protective activities against liver damage
in vitro and in vivo models [8, 9, 27]. In particular, the hepa-
toprotective effects of A. venetum and its major flavonoid
hyperoside were also confirmed in recent studies [6, 34-36].

CCly-induced hepatic injury is the most common model for
investigating various hepatoprotection. In liver cell, CCly is
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administration of CCly. Values are presented as means + SD for 10
mice in each group. ##P<0.01, compared with the control group;
*P<0.01, "P<0.05, compared with CCly-treated group

metabolized by cytochrome P450 to generate a highly reactive
trichloromethyl free radical (CClse), which could be further
converted to trichloromethylperoxy radical (CC1300¢). These
toxic radicals react with lipids, DNA, or proteins, resulting in
lipid peroxidation, cell necrosis, and liver fibrosis radicals
[32]. In the current study, the total flavonoids (TFs) were
prepared from the leaves of A. venetum, and its protective
effects against the CCly-induced hepatotoxicity were investi-
gated both in vitro and in vivo.

Adsorption resin column chromatography was successfully
used for enrichment and purification of TFs, the content of
obtained TF was 56.18 +2.76% (n =3). HPLC analysis dem-
onstrated that hyperoside and isoquercitrin are major ingredi-
ents in TFs, which constitute 25.19 +£0.55% (n=3) and 21.88
+0.93% (n =3), respectively.

HepG2, hepatocellular carcinoma cells, have been shown
to express a wide range of liver-specific functions and can be
used as a model system for studies of toxicity of xenobiotics,
the detection of environmental and dietary cytotoxic and
genotoxic agents [24].

As demonstrated in our MTT result, pretreatment with TFs
significantly prevented the loss of cell viability induced by
CCly (Fig. 2c). LDH is an intracellular enzyme present in cell
cytoplasm, and its leakage from the cell indicates membrane
damage. In this study, treatment with 0.4% CCly for 6 h in-
creased the cell LDH release significantly compared to control
group, and this increase was attenuated by pretreatment with
TFs in a concentration-dependent manner (Fig. 2d). The re-
sults of the MTT and LDH leakage assays suggested that TFs
could exert a protective effect against CCly-induced
cytotoxicity.

Accumulating evidences have indicated that CCly-induced
liver failure was accompanied by ROS production and
peroxidative damage [20, 29]. An excess level of ROS can
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Fig. 7 Effects of TFs on CCly-induced liver histopathological changes in
mice. A portion of the liver tissues was stained with hematoxylin and
eosin (H&E), and histological assessment was performed under a
microscope. Typical photographs of liver sections demonstrate the
pathological changes under microscopy (x200). Vacuoles and

lead to mitochondrial membrane depolarization, induce MMP
loss and cytochrome c release to the cytosol, and eventually
trigger cell apoptosis [18]. In this study, we showed that CCl,
markedly increased the intracellular ROS generation and re-
duced MMP in HepG2 cells (Figs. 3, 4). These CCly-induced
cell events were attenuated significantly when pretreated with
TFs. On the other hand, Fig. 3 shows that excessive ROS were

inflammatory cell clusters are indicated by yellow and black arrows,
respectively. (a) Normal control group; (b) CCl,-intoxicated group; (c)
positive BP (200 mg/kg BW) + CCl, group; (d) TFs (100 mg/kg BW) +
CCly group; (e) TFs (200 mg/kg BW) + CCl, group; (f) TFs (400 mg/kg
BW) + CCl, group

not completely eliminated, when pretreated with TFs. ROS,
once generated, cause massive oxidation of redox sensitive
proteins and lipids leading to mitochondrial damage. Then,
the damaged mitochondria decline in function, which in turn
generates more ROS [13]. Although TFs cannot reduce the
intracellular ROS to its basal level, at least within the range of
concentrations tested, its protective effect is reliable.
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Fig. 8 Effects of TFs on hepatic lipid peroxidation and antioxidant
enzymes activities in the CCly-treated mice. (a) Level of MDA; (b)
SOD activities; (¢) CAT activities; (d) GSH-Px activities. The mice were
orally administered TFs at 100, 200, or 400 mg/kg/BW or BP at 200 mg/

Furthermore, FITC-Annexin V/PI double staining method can
provide the direct evidence about cell apoptosis. The result
confirmed that TFs decreased CCly-induced cell apoptosis rate
in a concentration-dependent manner. These findings suggest
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Fig. 9 Changes in the body weight of mice after oral treatment with TFs
(0, 0.4, 0.8, and 1.2 g/kg) for 14 consecutive days (n=10/group). Data
were analyzed by one-way analysis of variance; there were no significant
differences between the control and test groups for each time period
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kg/BW once daily for 14 consecutive days prior to a single intraperitoneal
administration of CCly. Values are presented as means + SD for 10 mice
in each group. P <0.01, compared with the control group; ““P<0.01,
“P<0.05, compared with CCly-treated group

that TFs exhibited protective activity against oxidative stress,
and that might contribute to its inhibition of CCls-induced
apoptosis. In view of the fact that a fraction of xenobiotic
pathways is active in a potentially genomically instable, trans-
formed cell type, the hepatoprotective effect of TF needs to be
further verified in primary hepatocytes.

In vivo experiments, mice administered with CCl, ex-
hibited serious liver toxicity, as evidenced by significant
elevations in serum markers (ALT and AST) for hepatic cell
damage (Fig. 6). This observation was in agreement with
the previous reports [6, 38]. Whereas, pretreatment with
TFs (200 and 400 mg/kg) along with BP (positive control,
200 mg/kg) for 14 days significantly decreased the eleva-
tions of serum levels of ALT and AST. Furthermore, the
protective effect of TFs on CCly-induced liver toxicity
was also supported by histopathological observations
(Fig. 7). The above results suggest that orally administered
TFs exerted therapeutic effects on CCls-induced liver inju-
ry in mice, which is in line with previous findings of
A. venetum on acetaminophen-induced toxicity [34].



Protective effect of the total flavonoids from Apocynum venetum L. on carbon tetrachloride-induced... 3N

MDA, an end product of lipid peroxidation, is used as an
indicator for oxidative damage of tissues [7]. The present
study showed that content of MDA in liver homogenate was
dramatically increased in the CCly-treated mice, while TFs
(200 and 400 mg/kg) dose-dependently decreased the elevated
level of MDA (Fig. 8a). Moreover, organisms possess antiox-
idant systems including antioxidant enzymes to protect the
damage caused by oxidative stress [26]. As shown in Fig.
8b—d, our study showed that the activities of all three antiox-
idant enzymes, SOD, CAT, and GSH-Px, in CCly-treated liver
tissues decreased significantly (P <0.01). Compared to the
model group, pretreatment with TF (200 and 400 mg/kg) ef-
fectively protected the loss of these antioxidant enzymes ac-
tivities. These observations indicated that TFs can prevent
CCly-induced hepatic impairment in mice via inhibiting ex-
cessive radicals and suppressing oxidative stress.

Conclusions

In conclusion, the present study indicated that the obtained
TFs from A. venetum exert a protective effect on CCly-induced
hepatocyte damage in vitro and in vivo. The possible mecha-
nisms may be due to its ability to scavenge free radicals, in-
hibit the apoptosis, and improve the antioxidative defense sys-
tem. Our finding showed that TFs are a potential candidate to
treat oxidative stress-mediated liver disorders.
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