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Trapa acornis (TA) pulp is one of the most popular vegetables and fruits with unique taste in China. Our
previous study showed that T. acornis shell (TAS) had strong antioxidant activity in vitro. Polyphenols
and flavonoids have contributed to antioxidant activity; and hepatoprotective activity also has
relationship with antioxidant activity. Nevertheless, there have been no reports on total phenolic
content (TPC) and total flavonoid content (TFC) of extracts of TAS and hepatoprotective activity of TAS
extracts against CCly-induced liver injury in rats. There was intragastric administration of ethyl acetate
extract (TASEA) and n-butanol extract (TASBU) of T. acornis shell in rats for 8 days; and the last
administration was done after 2 h, except for the normal control group. Other groups were all given
0.4% CCl, at the dose of 100 mL/kg diluted in olive oil by intraperitoneal injection. Results showed that
the levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in each treatment
group were significantly decreased (P<0.001 and P<0.01 respectively). The level of malondialdehyde
(MDA) was significantly decreased in liver tissue (P<0.001). In addition to TASEA (200 mg/kg b.w.), the
level of superoxide dismutase (SOD) in liver tissue for treatment group was significantly increased
(P<0.001, P <0.01 and P<0.05, respectively). It is demonstrated that extracts of TAS had
hepatoprotective effect on CCly-induced liver injury, which may be attributable to its antioxidant activity.
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INTRODUCTION

CCl, is widely used to induce liver injury in animal models
and is a potent lipid-soluble hepatotoxic agent. It
produces peroxidative degeneration of many tissues
(Szymonik-Lesiuk et al., 2003). The mechanism of CCl,
hepatotoxicity rests with its biotransformation by the
cytochrome P-450 system, giving rise to the
trichloromethyl radical (CCls) which is further converted to
the trichloromethyl peroxyl radical (CCl;0,"). CCl,
metabolites react with polyunsaturated fatty acids and
form covalent adducts with lipids and proteins. These
events lead to lipid peroxidation and destruction of cell
membranes with the consequent liver injury (Clawson,
1989; Recknagel et al., 1989). Reactive oxygen species
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(ROS) lead to various diseases such as
angiocardiopathy, diabetes, cancer, neurodegenerative
diseases, liver cirrhosis and the ageing process (Sabir et
al., 2012). Natural constituents of plant can be derived
from any parts of plants like bark, leaves, roots, fruits,
seeds and fruit shells. These parts of a plant may contain
active components (Gordon and David, 2001). Many
studies have shown that polyphenolic and flavonoid
compounds were found in tea, fruits, vegetables and
herbs, several of which display antioxidant and ROS
scavenging properties (Abdelly, 2009; Ksouri et al., 2010;
Prasad et al., 2009; Komes et al., 2010; Micek and Rop,
2011).

Trapa acornis Nakano (Chinese name is Nanhuling)
belongs to the Trapaceae family and is one of the most
popular vegetables and fruits with unigue taste and
medical functions in China. The genus Trapa was widely
distributed in the tropical, subtropical and temperate regions



of Asia, Africa and central Europe (Institute of
Botany, Chinese Academy of Sciences, 2004). In China,
this genus is mainly distributed in South of Yangtze River
and many of its species have been used as traditional
medicinal herbs to treat ulcer and cancer. Phytochemical
research showed that flavonoids, polyphenols alkaloids
and sterols were main compounds in this genus (Niu et
al., 2003; Shang et al., 2007), and pharmacological
investigation showed that extract of shells of Trapa
species had anti-cancer activity, antimicrobial activity,
antioxidant activity and hepatoprotection (Parekh and
Chanda, 2007; Chiang and Ciou, 2010; Xie, 2011; Wang
et al.,, 2011). Our previous studies showed that the
extracts of TAS had good antioxidant activity (Kang et al.,
2011).

However, there was no report concerning its
polyphenols and flavonoids content, and hepatoprotective
of TAS against CCl,-induced liver injury in rats in vivo. In
this work, the relationship between hepatoprotective
properties and antioxidant compounds extracts of TAS
was evaluated.

MATERIALS AND METHODS
Plant material and extract preparation

TAS was obtained in September 2009 in Jiaxing, Zhejiang
Province, China, and identified by Professor Changqin Li (Institute
of Chinese Materia Medica, Henan University). A voucher specimen
was deposited in the Institute of Chinese Materia Medica, Henan
University (No. 0910103). The air dried T. acornis shell (3.9 kg) was
extracted three times with 80% ethanol for 2 d at room temperature.
After evaporation of solvent in vacuo (Rotary Evaporators), the
concentrated extract was suspended in water and extracted
successively with petroleum ether, ethyl acetate extract and n-
butanol respectively. Solution was concentrated under reduced
pressure to yield petroleum ether extract (TASPE), ethyl acetate
extract (TASEA) and n-butanol (TASBU).

Chemicals

CCls was purchased from Tianjin Hongyan Chemical Reagent
Factory. Bifendate was obtained from Zhejiang Pharmaceutical Co.,
Ltd, Wenling, China; ALT (alanine aminotransferase), AST
(aspartate aminotransferase), Maleicdialdehyde (MDA) and
Superoxide dismutase (SOD) were obtained from NanJding
JianCheng Bioengineering Institute, Nanjing, China. Coomassie
brilliant blue G-250 was obtained from Shanghai Chemical Reagent
Company, Shanghai, China. Bovine serum albumin was obtained
from Beijing Aoboxing Bio-tech Co., Ltd, Beijing, China.

Animals

Male Kunming mice, weighted 20 + 2 g, were obtained from the
Experimental Animal Center of Henan Province (Zhengzhou,
China). Room was maintained in a temperature of 22 + 2°C,
humidity of 55-60% and controlled in 12-h light/dark cycle. Animals
were housed in plastic cages with a standard commercial rat chow
diet and water ad libitum. All animal procedures were approved by
the ethical committee in accordance to the Institute’s Ethical
Committee Guidelines for Animal Experimentation and Care
(HNPR-2009-05003).
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Determination of total phenol (TPC) and flavonoid contents
(TFC)

Total phenolic content (TPC) and total flavonoid content (TFC) of
TASPE, TASEA and TASBU were determined by the method of
Kang et al. (2010). Total phenolic content of T. acornis shell was
expressed as milligram of catechol equivalents (CE) per gram of dry
weight sample. Briefly, appropriate volumes were determined by
Folin—Ciocalteu colorimetric method. Total flavonoid contents were
measured according to aluminum nitrate colorimetric method.
Results are expressed in rutin equivalents (mg RE/g of dry sample).
The data are presented as the average of three measurements for
different extracts of TAS.

Experimental design and treatment schedule

Mice were randomly divided into nine groups with 10 mice in each
one. Group 1 (normal control) was treated with 0.5% CMC-Na
(sodium carboxymethylcellulose); group 2 (liver injury model
control), 0.5% CMC-Na; groups 3, 4 and 5, 400, 200 and 100 mg/kg
of TASEA, respectively; groups 6, 7 and 8, 300, 150, 75 mg/kg of
TASBU, respectively; group 9 (positive control), bifendate (70
mg/kg). The duration of treatment was 8 days by intragastric
administration. After 2 h at the last administration, except for the
group 1, the mice were all given 0.4% CCl, at the dose of 100
mL/kg diluted in olive oil by intraperitoneal injection. Group 1 was
injected with an equivalent volume of olive oil. Blood was collected
from the eyes after fasting for 16 h, and then the mice were
sacrificed by cervical dislocation. The liver was removed promptly
and weighed. A portion of liver was fixed by immersion in 0.9%
NaCl. Blood samples were centrifuged (3000 rpm for 15 min at 4°C)
for separating the serum. After that, the serum was stored at -20°C
for analysis of ALT, AST.

Preparation of liver homogenates

Hepatic tissue was homogenized in 0.9% NaCl. The tissues were
homogenized by homogenizer. The 10 and 1% supernatant was
used for the determination of total protein and the activity of the
following antioxidant enzymes: the content of MDA and the activity
of SOD.

Biochemical analyses

The protein content in homogenates was assayed by the method of
Lowry et al. (1951) using bovine plasma albumin as a standard.
The levels of ALT, AST, SOD and MDA were measured following
the commercial kit's instructions.

Statistical analysis

Statistical analyses were carried out by one-way ANOVA using
SPSS 17.0. The overall significance of the results was examined
using one-way analysis of variance (ANOVA) followed by Tukey's

multiple comparisons test. P<0.05 was considered statistically
significant. All values were expressed as mean values + SD.

RESULTS

Total phenolic and total flavonoid contents

TPC of TASPE, TASEA and TASBU varied from 0.07
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Table 1. Total flavonoid and polyphenol contents.

Sample Total phenolic content (mg/g)®

Total flavonoid content (mg/g)®

TASPE 0.07+0.01°
TASEA 17.16+0.10°
TASBU 12.43+0.07°

0.12+0.03"
2.66+0.05°
4.4620.02°

®Results are presented as mean + SD (n =3) and
PResults are presented as mean = SD (n =3) and

calculated as catechol equivalents.
calculated as rutin equivalents.

Table 2. Effects of TASEA and TASBU on serum ALT and AST in liver injury mice.

Group Dose (mg/kg)

ALT (UimL)

AST (UimL)

Normal control
Liver injury control

400
TASEA 200
TASEA 100
TASBU 300
TASBU 150
TASBU 75
Bifendate 70

52.57 + 9.98***
931.05 £ 128.25AAA
400.52 + 165.21***
165.98 £ 70.79***
327.98 + 26.93***
452.26 + 51.47%*
388.21 + 94.71***
357.33 + 130.45***
381.83 + 28.34***

57.594+13.78***
573.38£138.95AAA
259.61+98.60%**
335.27+60.67**
193.72+22.59***
200.59+94.60%***
301.62+75.89%**
128.74+46.08***
169.18+78.56***

Data expressed as means + s.d (n=10). AP was compare with normal group. *P was compare with

Treated group compared with liver injury model control.

t017.16 mg/g (dry T. acornis shell) as shown in Table 1.
The extracts appear to have the TFC varied from 0.12 to
4.46 mg/g and TPC varied from 0.07 to 17.16 mg/g (dry
T. acornis shell). TASEA contains a higher polyphenol
and TASBU, a higher flavonoids.

Effects of TASEA and TASBU on activity of ALT and
AST in serum

Effect of TASEA and TASBU on serum ALT and AST in
liver injury mice and the results are shown in Table 2.
Compared with normal control group, the levels of ALT
and AST in serum were highly increased within 12 h after
CCl, treatment in the 8 days. The level of ALT and AST in
serum of liver injury control group showed significant
increase (P<0.001) and indicated that the model of CCl;,-
induced liver injury mice was established. Intragastric
administration of TASEA and TASBU, ALT and AST
levels were significantly decreased (P<0.001 and P<0.01,
respectively) in liver injury mice. Bifendate (70 mg/kg)
was less effective in attenuation of the enzyme activity of
ALT and AST than that of TASBU (75 mg/kg). The level
of ALT in the group treated with TASEA (200 mg/kg) was
similar to normal control. Treatment with TASBU (75
mg/kg) is the most effective method in decreasing the
level of AST. It had no dose-dependent inhibitory effects,
as shown in Figure 1.

Effects of TASEA and TASBU on liver tissue SOD and
MDA in liver injury mice

To test the effect of TASEA and TASBU on oxidation
stress caused by intraperitoneal injection CCl,;, hepatic
SOD and MDA were measured, with results shown in
Table 3, Figures 2 and 3. The level of SOD in liver injury
control group was significantly lower than that of the
normal control groups (P<0.001). Oral administration of
TASEA and TASBU at dose of TASEA (400 and 100
mg/kg, respectively) and TASBU (300, 150 and 75
mg/kg, respectively) for 8 days can significantly reduce
the level of SOD (P<0.05, P<0.01, P<0.001, respectively)
compared to the liver injury control group. The level of
MDA was reduced significantly in TASEA and TASBU
(P< 0.001) compared to liver injury control group.

DISCUSSION

ROS is generated from both endogenous and exogenous
sources and may be involved in the aetiologies of several
human diseases (Skandrani et al., 2010). In our previous
studies, the extracts of TAS had good antioxidant activity
(Kang et al., 2011). Phenolic compounds, biologically
active components, are the main agents that can donate
hydrogen to free radicals and thus break the chain
reaction of lipid oxidation at the first initiation step. Dietary
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Figure 1. Effects of TASEA and TASBU on serum ALT and AST in liver injury mice.
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Figure 2. Effects of TASEA and TASBU on liver tissue MDA in acute liver injury mice.

polyphenol intakes from fruits and vegetables are known
to reduce the risk of coronary heart disease and cancer
(Reddy et al., 2010). Flavonoids have many biological
activities such as the inhibition of plasma platelet aggre-
gation and cyclooxygenase activity, the suppression of
histamine release and SRS-A biosynthesis in vitro, potent
nitric oxide radical scavenging activity and exhibiting
antibacterial, antiviral, anti-inflammatory and antiallerge-
nic effects (Tounsi et al., 2009). TAS was commonly
discarded as fertilizer in China. Bravo had pointed out
that polyphenolic compounds usually accumulate in the
outer parts of plants such as shells and skins (Bravo
1998). Our research demonstrated that antioxidant activity

was consistent with an increase of total phenolics. Some
researchers have reported that fractions of water caltrop
pericarps contained total phenolic content from 3.8 to
42.1 g GAE/ 100 g d.b, and total flavonoids from 9.2 to
47.7 g QE/100 g d.b. (Chiang and Ciou, 2010). Some
studies have reported correlations between polyphenols
and antioxidant activity measured by various methods
(Awika et al., 2003; Rop et al., 2010) and have demon-
strated that high degree correlation of total polyphenol
content is in accordance to an increase in antioxidant
activity. It shows that the assay for total phenolic content
would be a useful technique for rapid evaluation of anti-
oxidant activity inthis plant (Velioglu et al., 1998). According
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Figure 3. Effects of TASEA and TASBU on liver tissue SOD in acute liver injury mice.

to the results, the high total phenolic and total flavonoid of
TASEA and TASBU suggested their potential uses as a
potential source of antioxidants in food applications.
Hepatoprotective studies showed that plants have active
ingredients that are capable of free radical scavenging in
living systems (Mitra et al., 1998). In this study, the
antioxidant activity of TAS was assayed by estimation of
MDA and SOD levels in vivo. Results showed that the
level of MDA was decreased significantly significantly
(P<0.001) and the level of SOD was increased
significantly (P<0.001, P<0.01 and P<0.05, respectively).
Reducing the level of MDA and increasing the level of
SOD to decreased lipid peroxidation and/or decreased
utilization enhance antioxidant capability and protect the
body to further oxidative damage from free radicals
(Gong et al., 2012).

CClg-induced liver injury is an experimental model
widely used for hepatoprotective drug screening.
Increase of free radical production has been implicated in
the pathogenesis of acute hepatic disorders
(Chandrashekhar et al., 2010). The metabolism of CCl,
by cytochrome P450 leads to the formation of free radi-
cals, inducing lipid peroxidation and impairing antioxidant
status (Ye et al., 2009). Results showed that the levels
the levels of ALT and AST were significantly decreased
(P<0.001 and P<0.01, respectively) in administrating
each dose group of TASEA and TASBU compared to
liver injury control. Our results suggested that the high
content of phenolic and flavonoids compounds may be
responsible for hepatoprotective effect.

In conclusion, results indicated that TAS has a
remarkable protective effect against CCly-induced liver
injury in mice and its mechanism is related, at least in
part, to its free radical scavenging and antioxidant activity
on account of containing high polyphenols and
flavonoids. The present study indicated that TASEA and
TASBU possess potential hepatoprotective activity

against CCl-induced acute liver injury. Hence, they may
be used in treating acute liver injury. Further work is
necessary to isolate active ingredients and elucidate the
actual mechanism involved in the hepatoprotective
activity of this plant.
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