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ABSTRACT

Background: In Chinese folk medicine, Corni fructus (C. fructus) has traditionally been used to
improve liver function, although the mechanism underlying its activity remains unclear. The
aim of the present study was to evaluate the protective effects of wild C. fructus methanolic
extract against acute alcoholic liver injury.

Methods: Alcohol was administered to mice for three consecutive days, either alone or in
combination with C. fructus methanolic extract (50, 100, or 200 mg/kg body weight/d). Serum
and liver tissue were collected from the animals and subjected to biochemical and
histopathological analyses.

Results: C. fructus significantly alleviated alcohol-induced liver injury by reducing serum alanine
aminotransferase, aspartate aminotransferase, and thiobarbituric acid reactive species,
inhibiting hydroxyl radicals (+OH), and increasing total superoxide dismutase, glutathione
peroxidase, and glutathione in the liver (P<0.05). In addition, the C. fructus treatment
inhibited the expression and activity of cytochrome P450 2E1 (P < 0.05).

Conclusions: C. fructus could be a promising natural substance for ameliorating acute alcohol-
induced oxidative stress and hepatic injury.
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Introduction
this enzyme, which then accelerates the metabolism of

Alcohol consumption is one of the major risk factors for
liver damage. Alcoholic liver injury (ALl) is a major
cause of morbidity and mortality in industrialized and
developing countries, especially China [1,2]. ALl
causes a series of changes, progressing from steatosis
to hepatitis, fibrosis, cirrhosis, and finally hepatocellular
carcinoma [2—-4]. Acute alcohol consumption can result
in fatty liver disease, which is associated with the induc-
tion of the cytochrome P450 2E1 (CYP2E1) enzyme [5].
Alcohol intake increases the expression and activity of

excessive alcohol and results in the generation of reac-
tive oxygen species (ROS) [6]. Binge alcohol consump-
tion (>60 g/d) can cause acute alcoholic liver injury
(AALI) [7]. Excessive ROS production caused by
alcohol consumption can adversely affect proteins,
lipids, and DNA [8], leading to hepatocyte damage. Pre-
vious studies showed that ALl was associated with an
increase in alcohol-induced CYP2E1 activity, which
caused oxidative stress and lipid peroxidation in ALI
models [9,10].
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There are no efficacious therapeutic modalities to
halt or reverse the pathogenesis and progression of
ALl. Herbal medicines and associated active com-
pounds have attracted increased attention as poten-
tial agents against ALl because of their multi-target
actions, reduced toxicity, and few side effects [1].
Corni fructus (C. fructus), obtained from the pulp of
ripe fruit of Cornus officinalis Sieb. EtZucc, is one of
the most common traditional Chinese medicines
[11]. The use of C. fructus as a treatment to invigorate
the liver and kidney dates back to the Qin dynasty
[12]. Recent pharmacological studies have suggested
that C. fructus has a wide range of biological activities,
such as antioxidative, anti-inflammatory, immuno-
modulatory, antidiabetic, and hypoglycemic [13,14].
Research has also suggested that it may be used
to treat male infertility. A recent study reported
that C. fructus prevented acetaminophen(APAP)-
induced hepatotoxicity by inhibiting or alleviating
oxidative stress [15]. Thus, the antioxidant activity of
C. fructus could play an important role in protecting
against ALL

This study aimed to evaluate the protective effects
of C. fructus methanolic extract against acute alcohol-
induced liver injury and to explore the potential mech-
anisms underlying its effects.

Materials and methods
Preparation of C. fructus methanolic extract

C. fructus fruits were collected from Huayang, Shaanxi,
in September 2014 and authenticated by Prof Xiaoying
Zhang (Northwest A&F University, China) and Associate
Prof Chen Chen (Shaanxi Sci-Tech University, China).
The fruits of C. fructus (10 g) were crushed and mixed
with 200 mL of methanol and boiled for 2 hours. The
extract was then collected. Residue biomass was
extracted with 100 mL of methanol. The two extracts
were combined, lyophilized, and stored at 4°C until
the analyses.

Total flavonoids and phenols of C. fructus
methanolic extract

The total phenolic content of the extract was measured
using the Folin—Ciocalteu method [16]. Briefly, 0.5 mL
of C. fructus extract, 0.5mL of Folin-Ciocalteu
reagent, and 1.5 mL of 20% Na,COs solution were
mixed in a 10 mL test tube. The mixture was diluted
with distilled water to 10 mL and incubated at 75°C
for 10 minutes. The absorbance of the mixture was
measured using a spectrophotometer at 760 nm. A
standard curve for the total phenol content was pre-
pared using gallic acid, and the total phenolic
content was expressed as milligrams of gallic acid
equivalents per gram of dried C. fructus extract.

The total flavonoid content was determined using
the method described by Liu et al [17]. Briefly, 0.5 mL
of C. fructus extract, 0.3 mL of 5% Na,NO,, and 0.3 mL
of 10% AlCI;-methanol solution were mixed in a
10 mL test tube. After 6 minutes, 2 mL of NaOH (1 M)
solution were added. The mixture was then diluted
with a 50% methanol solution to 10 mL and allowed
to stand for 10 minutes at room temperature. The
absorption value was measured using a spectropho-
tometer at 510 nm. A standard curve for total flavo-
noids was prepared using rutin, and the total
flavonoid content was expressed as milligrams of
rutin equivalents per gram of dried C. fructus extract.

2, 2-Diphenyl-1-picryhydrazyl radical
scavenging assay

2, 2-Diphenyl-1-picryhydrazyl (DPPH) radical scaven-
ging activity was measured as previously described
[18]. Briefly, 1mL of different concentrations of
C. fructus extract (10, 50, 100, 200, 400, 600, and
1000 pg/mL) was mixed with 1 mL of methanolic sol-
ution containing DPPH radicals. The mixture was
shaken vigorously and left to stand for 30 minutes in
the dark. The DPPH absorbance was then measured at
517 nm. All samples were analyzed in triplicates. N-
acetyl-l-cysteine (NAC) was used as the positive
control. The percentage scavenging effect was calcu-
lated as

. A=A
Scavengingrate = ( 1 — 2 +100%,

o]

where A, was the absorbance of the DPPH radicals, A;
was the absorbance of C. fructus/NAC, and A; was the
absorbance of C. fructus/NAC without the DPPH radicals.

Animals and experimental design

In total, 36 adult female Kunming mice weighing 22 +
2 g were purchased from the Experimental Animal
Center of the Fourth Military Medical University (Xi'an,
China). The animals were housed under normal
environment conditions, with free access to pelleted
food and drinking water, and they were maintained
under 12-hour dark/light cycles in polypropylene
cages. The experimental procedures were carried out
in accordance with the university’s guidelines for the
care and use of laboratory animals.

The mice were randomly divided into six groups of
six mice each. Group 1 served as the normal control
(NC) group. Group 2 was the model group and
treated with 50% alcohol (10 mL/kg, 4 g/kg). Groups
3, 4, and 5 were the experimental groups and treated
with alcohol (10 mL/kg) and low (50 mg/kg; LCF + alco-
hol), moderate (100 mg/kg; MCF + alcohol), and high
(200 mg/kg; HCF + alcohol) doses of C. fructus. Group
6 served as the positive control and was treated with



both alcohol (10 mL/kg) and 50 mg/kg of silybin (posi-
tive drug of hepatoprotective effect, SI + alcohol). The
mice were administered the alcohol, followed by
C. fructus (dissolved in distilled water) an hour later,
twice a day by oral gavage for three consecutive
days. The experimental animals were sacrificed after
the final alcohol and/or C. fructus administration. The
serum and liver tissue were stored until experiment.

Serum aspartate aminotransferase and alanine
aminotransferase measurements

Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) activities were determined
using commercial kits (Nanjing Jiancheng Bioengineer-
ing Institute, Nanjing, China), according to the manu-
facturer’s instructions.

Antioxidant and lipid peroxidation analyses

The liver tissue homogenate was prepared in ice-cold
saline using an automatic homogenate machine and
then centrifuged at 626g for 15 minutes. The hepatic
levels of biochemical markers (total superoxide
dismutase [T-SOD], glutathione peroxidase [GSH-Px],
glutathione [GSH], hydroxyl radicals [«OH], and thiobar-
bituric acid reactive species [TBARS]), in the super-
natant were measured using commercial detection
kits (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China), according to the manufacturers’
instructions. The hydroxyl radical assay was based on
the Fenton reaction, and the content of <OH hydroxyl
radicals was determined by the color shade. The
protein concentration of the tissue homogenates was
measured using the Bradford protein assay, with
bovine serum albumin as the standard (Tiangen
Biotech, Beijing, China).

CYP2E1 protein expression and activity

A microsomal fraction was prepared according to the
method of Jiang et al. [19]. The protein concentration
was determined using the Bradford protein assay,
with bovine serum albumin as the standard (Tiangen
Biotech, Beijing, China).

The microsome preparation was mixed with a
loading buffer and boiled for 10 minutes. The sample
mixture was run on 12% SDS-PAGE gel and transferred
to a polyvinylidene fluoride membrane. Gel electro-
phoresis was conducted at 200 mA for 40 minutes.
The membranes were blocked for 2 hours at room
temperature with TBST containing 5% skimmed milk
powder. Subsequently, the blocked membranes were
incubated with rabbit polyclonal anti-CYP2E1 (1:800;
Wuhan Boster Biological Technology, Wuhan, China)
and mouse polyclonal anti-B-actin antibodies (1:800;
Boster Biological Technology, Wuhan, China) overnight
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at 4°C. After incubation with the primary antibodies,
the membranes were washed three times with TBST.
HRP-conjugated goat anti-rabbit or goat anti-mice anti-
body (1:2000; Tianjin Sungene Biotech, Tianjin, China)
was then added, followed by incubation for 1 hour at
37°C. After incubation, the membranes were washed
three times with TBST. Signal detection was carried
out using chemiluminescence detection reagents
(Advansta, CA, US.A) and a Chemi Doc Imaging
System (Tanon-3500, Shanghai, China).

The CYP2E1 activity of the liver microsome was
determined by colorimetrically measuring the conver-
sion (hydroxylation) of p-nitrophenol to 4-nitro-
catechol, a reaction that is catalyzed specifically by
CYP2E1. Briefly, the hepatic microsome was incubated
in an incubation system for 30 minutes at 37°C. After
terminating the reaction by adding 100 uL of cold
20% trichloroacetic acid, the samples were centrifuged
to pellet the debris. The resulting supernatant was
mixed with NaOH to produce a color reaction, and
the absorbance was measured at 535 nm. A standard
curve of 4-nitrocatechol was established to determine
the quantity of 4-nitrocatechol in the CYP2E1-depen-
dent oxidation reaction. The activity of CYP2ET was
expressed by generation of 4-nitrocatechol (nmol x
min~' x mg~"' protein).

Histological study

Liver samples were embedded in paraffin, sectioned at
5 um thickness, and stained with hematoxylin and
eosin for histopathological examination, as described
previously [20].

Statistical analysis

All the data were expressed as the mean + standard devi-
ation and analyzed using a one-way analysis of variance
procedure in SPSS 19.0 (SPSS, Inc., Chicago, IL, US.A). A
value of P < 0.05 was considered statistically significant.

Results

Total phenolic and total flavones of C. fructus
extracts

The values of standard gallic acid and rutin showed an
excellent linear relation, with y = 16.049x + 0.099 (R =
0.9923), and y = 3.9471x + 0.0082 (R*= 0.9996), respect-
ively. The extract was rich in phenolic content (153.88
+ 1.26 mg/g) and total flavones (51.69 + 0.66 mg/qg).

DPPH scavenging activity

The color of the DPPH decreased following the addition
of the antioxidants, and DPPH absorbance gradually
declined with time. The ICsy values of the C. fructus
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Figure 1. DPPH free radical scavenging rate of C. fructus.
Note: Each value represents the mean + SD. NAC, N-acetyl-L-cysteine.

extract and NAC were 90.98+0.35pug/mL and
85.86 pg/mL, respectively. The DPPH free radical
scavenging activity of the C fructus extract was
similar to that of NAC (Figure 1).

Effect of C. fructus on serum AST and ALT
activities

Compared with the NC group, the serum ALT and AST
levels were significantly elevated (2.7- and 1.5-fold,
respectively) in the alcohol group (Figure 2). The levels
of serum ALT and AST were markedly decreased in LCF +
alcohol, MCF + alcohol, and HCF + alcohol group.

Effect of C. fructus on hepatic lipid peroxidation

In the alcohol group, the production of lipid peroxi-
dation was significantly increased compared to the
NC group. However, lipid peroxidation was inhibited
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Figure 2. Effects of C. fructus on serum ALT and AST activities.
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Figure 3. Effect of C. fructus on TBARS.

Note: TBARS, thiobarbituric acid reactive substances; NC, normal control
group; alcohol group, treated with 50% alcohol (10 mL/kg, 4g/kg); LCF +
alcohol group, treated with 50 mg/kg of C. fructus and alcohol; MCF +
alcohol group, treated with 100 mg/kg of C. fructus and alcohol;
HCF + alcohol group, treated with 200 mg/kg of C. fructus and alcohol;
SI + alcohol group, treated with 50 mg/kg of silybin and alcohol.
*P <0.05 compared with the NC group; *P <0.05 compared with the
alcohol-treated groups.

in the LCF + alcohol, MCF + alcohol, and HCF + alcohol
group, as shown by a decrease in TBARS (Figure 3).

Effect of C. fructus on levels of «OH hydroxyl
radicals

The inhibition of «OH hydroxyl radicals was evidently
decreased in the alcohol group compared to the NC
group (Figure 4). With an increase dose of C. fructus
treated, the inhibition of +OH hydroxyl radicals was sig-
nificantly increased (HCF + alcohol group) compared to
the alcohol group.
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Note: A, Serum ALT activity; B, Serum AST activity. ALT, alanine aminotransferase; AST, aspartate aminotransferase; NC, normal control group; alcohol group,
treated with 50% alcohol (10 mL/kg, 4g/kg); LCF + alcohol group, treated with 50 mg/kg of C. fructus and alcohol; MCF + alcohol group, treated with 100 mg/
kg of C. fructus and alcohol; HCF + alcohol group, treated with 200 mg/kg of C. fructus and alcohol; SI + alcohol group, treated with 50 mg/kg of silybin and
alcohol *P < 0.05; **P < 0.01 compared with the NC group; *P < 0.05 and *P < 0.01 compared with the alcohol-treated groups.
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Figure 4. Effect of C. fructus on the inhibition of free hydroxyl
radicals.

Note: NC, normal control group; alcohol group, treated with 50% alcohol
(10 mL/kg, 4g/kg); LCF + alcohol group, treated with 50 mg/kg of C. fructus
and alcohol; MCF + alcohol group, treated with 100 mg/kg of C. fructus and
alcohol; HCF + alcohol group, treated with 200 mg/kg of C fructus and
alcohol; SI + alcohol group, treated with 50 mg/kg of silybin and alcohol.
*P <005 compared with the NC group; *P<005 compared with the
alcohol-treated groups.
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Effect of C. fructus on antioxidative defense

The activities of SOD and GSH-Px and the level of GSH
were significantly reduced in the alcohol group (P<
0.05). In contrast, the activities of SOD and GSH-Px
and levels of GSH were increased in the C. fructus-
treated groups (Figure 5).

Effect of C. fructus on CYP2E1 protein
expression and activity

The protein expression and activity of CYP2E1 were
noticeably increased in the alcohol group (P<0.01).
In contrast, the protein expression (61.61-80.71%)
and activity (33.93-45.94%) of CYP2E1 were inhibited
in the C. fructus-treated groups (Figure 6).

Effect of C. fructus on alcohol-induced hepatic
histopathological changes

As shown in the photomicrograph in the figure, the
architecture of the liver tissue obtained from the NC
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Figure 5. Effect of C. fructus on GSH-Px (A), T-SOD (B), and GSH (C).

Note: NC, normal control group; alcohol group, treated with 50% alcohol (10 mL/kg, 4g/kg); LCF + alcohol group, treated with 50 mg/kg of C. fructus and alcohol;
MCF + alcohol group, treated with 100 mg/kg of C. fructus and alcohol; HCF + alcohol group, treated with 200 mg/kg of C. fructus and alcohol; SI + alcohol group,
treated with 50 mg/kg of silybin and alcohol. *P < 0.05 compared with the NC group; *P < 0.05 and *P < 0.01 compared with the alcohol-treated groups.



6 (&) Z.JIANGETAL.

0.064 A
z. —_ * %
28
5.2
g ' 0.044
£ . s
° &
- #
o § 0.02
> £
5 E
o-oc L} L} L) L T L}
3 3 3 3 3
RS o 6“0 6“0 6°° ©
& o \C 2 &
v \x?' \x?' \,‘V' \x?'
N R
O O <) O
& & &
S S > &
& & L9

CYP2EL | oo o o | 56 KD
B-actin 42 KD
0.20- B
o=
B °\° *%
5 < 0151 e
L
£2
(4
8 5 0.10-
a3 #
oE #
[}
P § 0.0549 # o
S miN Nl
o-oc T L § L} L) ) L]
> > > > >
Y 6‘\0 P é\o
& &
F & & &
F & & &
& & & &
& & &
& & &

Figure 6. Effect of C. Fructus on CYP2E1 activity (A) and protein expression (B).

Note: NC, normal control group; alcohol group, treated with 50% alcohol (10 mL/kg, 4g/kg); LCF + alcohol group, treated with 50 mg/kg of C. fructus and
alcohol; MCF + alcohol group, treated with 100 mg/kg of C. fructus and alcohol; HCF + alcohol group, treated with 200 mg/kg of C. fructus and alcohol; SI +
alcohol group, treated with 50 mg/kg of silybin and alcohol. **P < 0.01 compared with the NC group; *P < 0.05 and **P < 0.01 compared with the alcohol-

treated groups.

group and HCF + alcohol group appeared normal. In
contrast, the architecture of the liver tissue in the
alcohol group had an abnormal appearance: The
spaces between the hepatic sinusoids appeared to be
increased. The liver tissue also contained tiny cavities,
and the liver cells showed hepatic steatosis, suggesting
that the liver cells were severely damaged. However,
the alcohol-induced abnormalities in the architecture
of the liver tissue were clearly reversed in accordance
with an increase in the dose of C. fructus. Thus, the
spaces between the hepatic sinusoids were decreased,
and the structure of the liver cells was intact (MCF +
alcohol and HCF + alcohol group) (Figure 7).
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Discussion and conclusions

AST and ALT are semiotic markers of hepatocyte damage
and reflect the severity of liver injury. The present study
demonstrated that C. fructus (50, 100, 200 mg/kg body
weight) provided significant protection against AALI by
suppressing alcohol-induced increases in serum AST
and ALT levels (Figure 1). The histopathological examin-
ation suggested that C. fructus reversed alcohol-induced
abnormalities in liver morphology, pointing to the poten-
tial of C. fructus in AALI interventions.

Numerous studies have demonstrated the associ-
ation of alcohol-induced hepatotoxicity with oxidative
stress and lipid peroxidation [21,22]. Lipid peroxidation

’\ ”' i
| SI(50mg/kg)+Alcohol

-,

.\.._

Figure 7. Effect of C. fructus on alcohol-induced histopathological changes in the livers of mice (original magnification 400x).
Note: NC, normal control group; alcohol group, treated with 50% alcohol (10 mL/kg, 4g/kg); LCF + alcohol group, treated with 50 mg/kg of C. fructus and
alcohol; MCF + alcohol group, treated with 100 mg/kg of C. fructus and alcohol; HCF + alcohol group, treated with 200 mg/kg of C. fructus and alcohol; SI +
alcohol, group, treated with 50 mg/kg of silybin and alcohol. The mice were exposed to alcohol (10 mL/kg) or different concentrations of C. Fructus (50, 100,
and 200mg/kg body weight/d) for 3 days. Increased hepatic sinus gaps; : hepatic steatosis; : damaged liver cells.



is a primary marker of oxidative injury, resulting in
structural and/or functional membrane damage, and
TBARS is an important product of lipid peroxidation,
which is formed when ROS attack polyunsaturated
fatty acids [23]. The present study demonstrated that
alcohol administration significantly increased the
TBARS content (0.75 nmol/mg protein) in mice but
that it decreased to nearly normal levels (0.62 nmol/
mg prot) following the treatment containing the
C. fructus extract (Figure 3).

Binge alcohol consumption can result in overpro-
duction of ROS, such as OH™, superoxide anion rad-
icals, and hydrogen peroxide, all of which strongly
contribute to ALl [7]. Previous research reported that
oxidative stress was induced by elevated levels of
ROS and that this affected antioxidant defense by
SOD, GSH-Px, and GSH [24]. In the current study,
C. fructus enhanced antioxidant defense in vivo by
enhancing the activities of SOD (12-20%) and GSH-
Px (11-27%) and the level of GSH in the alcohol-
treated groups (Figure 5). Previous studies showed
that flavonoids, phenols, and polysaccharides of
C. fructus possessed strong free radical scavenging
activity in terms of DPPH reduction (59.2, 81.2, and
89.9%, respectively) [17,25,26], similar to the findings
of the present study (80.12%). In the current study,
both the in vitro and in vivo data demonstrated that
C. fructus possessed strong antioxidant effects and
radical scavenging ability.

CYP2E1 is an important metabolic enzyme, which
catalyzes the oxidation of exogenous and endogenous
compounds, and it plays a significant role in the metab-
olism of alcohol by the liver. Thus, it is particularly rel-
evant to the development of ALl caused by the
generation of alcohol-induced ROS [27]. Previous
studies showed that the administration of CYP2E1
inhibitors ameliorated acute alcohol-induced oxidative
stress and lipid accumulation in CYP2E1 knockout mice
[5,28]. A similar study showed that a wide range of
natural products and their active substances possessed
strong CYP2E1 inhibitory abilities [10]. The results of
the present study revealed that C. fructus significantly
inhibited CYP2E1 expression and activity. Previous
studies suggested that C. fructus contained many
active components, such as flavones (quercetin and
kaempferol), organic acids, phenolic acids (gallic acid
and tannic acid), iridoid glycosides, saponins, and
other chemical components [29,30]. In the present
study, the methanolic extract of C. fructus is rich in
phenols (153.88 +1.26 mg/g) and flavones (51.69 +
0.66 mg/qg). A previous study reported that the one of
major polyphenol, gallic acid significantly decreased
the expression of CYP2E1 in rat liver tissue in carbon
tetrachloride-induced chronic liver injury [31]. The fla-
vonoid kaempferol was also reported to inhibit
CYP2E1 expression and protect against alcohol-
induced liver injury in mice [10]. The results of the
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current study suggested that down-regulation of
CYP2E1 (61.61-80.71% of protein expression and
33.93-45.94% of activity, Figure 6) was a potential
mechanism underlying the activity of C. fructus in redu-
cing alcohol-induced oxidative stress. The results also
indicated that flavonoids and phenolic substances
may play an important role in inhibiting CYP2E1
expression and activity.

In conclusion, C. fructus significantly ameliorated
AALI by enhancing antioxidative defenses. C. fructus
could be an effective therapeutic agent for ALl by inhi-
biting the activity and expression of CYP2E1 and inhi-
biting oxidative stress.
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