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Schisantherin A alleviated alcohol-induced liver
injury by the regulation of alcohol metabolism and

NF-kB pathway
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Abstract: Schisantherin A (SinA), one of the most abundant active ingredients of Schisandra chinensis,
was reported to protect and benefit the liver, however, its effect on alcohol-induced liver injury (ALI)
was still not clear. In the present study, an ALI mice model was induced by feeding mice an alcohol-
containing liquid diet for four weeks. Then, 100 mg/kg or 200 mg/kg SinA was administered to mice
every day by gavage for the last two weeks. Histopathological analysis showed that alcohol-induced
liver lipid vacuoles were reduced by SinA. The activities of aspartate aminotransferase (AST, 61.90
+ 14.65 vs. 93.65 + 20.50, 50.46 + 13.21 vs. 93.65 £ 20.50) and alanine transaminase (ALT, 41.29
+9.20 vs. 64.04 + 18.13, 36.52 £ 7.71 vs. 64.04 £ 18.13) in the serum of ALI mice were significantly
reduced by 100 mg/kg or 200 mg/kg SinA when compared with control mice. Alcohol-induced oxidative
stress and the inflammatory response in the liver were suppressed by SinA in a dose-dependent
manner. Meanwhile, treatment with SinA decreased alcohol dehydrogenase (ADH) activity and
increased acetaldehyde dehydrogenase (ALDH) activity in ALI mice. Alcohol-induced upregulation
of CYP2E1 and CYP1A2 in the liver was inhibited by SinA. Further, SinA suppressed activation of
the NF-kB pathway in ALI mice. In conclusion, our findings demonstrate that SinA is able to protect
against ALI, and this may be, at least in part, caused by regulation of alcohol metabolism and the
NF-kB pathway. Our data suggest a therapeutic potential of SinA in the treatment of ALI.
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Introduction

Alcoholic liver disease (ALD) caused by long-term
excessive drinking is an increasing health burden world-
wide [16]. The clinical progression of ALD encompass-
es a range of liver disorders such as intrahepatic steato-
sis, steatohepatitis, and liver fibrosis, finally leading to

cirrhosis or even development into hepatocellular carci-
noma [3]. Currently, the main therapeutic strategies for
ALD include temperance, corticosteroids, biologics,
nutritional therapy, and ultimately liver transplantation
[14]. However, these therapeutic effects are all limited
due to infection or complications [24]. Therefore, there
is still an urgent need to investigate novel therapies for
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ALD.

Although the pathogenesis of ALD is a complex pro-
cess, the oxidative stress induced by ethanol oxidative
metabolism plays a noticeable role in the pathological
course of liver injury [6]. The liver is the major organ
that responsible for alcohol metabolism, and it oxidizes
ethanol mainly through the dehydrogenase system and
microsomal ethanol oxidizing system (MEOS) [5, 43].
During the metabolism processes through these two
systems, massive amounts of NADH or NADP+ will be
generated and result in excessive reactive oxygen species
(ROS), which triggers hepatic damage such as irrevers-
ible alteration of lipids, proteins, or deoxyribonucleic
acid contents [26,48]. On the other hand, chronic ethanol
consumption also increases the gut-derived lipopolysac-
charide (LPS) concentration in portal blood, which ac-
tivates the NF-kB signaling pathway, leading to the re-
lease of proinflammatory cytokines such as TNF-a,
IL-1B, and IL-6 [32]. This process further promotes the
generation of ROS and exacerbates liver damage.

Schisandra chinensis is a traditional nourishing med-
icine in China. Schisantherin A is a dibenzocyclooctadi-
ene lignan that considered to be the most abundant and
key effective constituent in the fruit of Schisandra chi-
nensis [42]. Studies have found that schisantherin A has
beneficial effects on the brain, heart, and bone due to the
anti-inflammatory, antioxidant, and detoxification phar-
macological activities [8, 10, 18, 28, 35, 39, 44]. More-
over, Zheng et al. [45], reported that administration with
schisantherin A ameliorated ischemia-reperfusion-in-
duced dysfunction, histological damage, the inflamma-
tory state and oxidative stress in the liver. Here, we in-
vestigated the protective effects of schisantherin A

against liver pathologic changes, liver functions, oxida-
tive stress, and inflammatory responses in ALI mice. The
changes in the dehydrogenase system, MEOS, and NF-
kB signaling pathway were studied as well.

Materials and Methods

Animals

Eight-week-old male C57BL/6 mice were obtained
from Liaoning Changsheng Biotechnology Co., Ltd.
(Benxi, China; license number: SCXK [Liao] 2015-
0001). Mice were fed adaptively for one week with a 12
h/ 12 h light/dark cycle at a constant temperature (22 +
1°C) and humidity (45-55%). Food and water were
available ad libitum. The procedures for animal handling
were in compliance with international guidelines of
laboratory animal care, and all animal experiments in
the present study were approved by the Institutional
Animal Care and Use Committee of Shenyang Agricul-
tural University.

Treatment and experimental groups

The alcohol-induced liver injury (ALI) mouse model
was established as previously described [22]. In brief,
mice were fed with alcohol-containing Lieber-DeCarli
formulation-based liquid diet (alcohol provided 27.5%
of total calories, purchased from Trophic Animal Feed
High-Tech Co., Ltd., Nantong, China) for four weeks.
Schisantherin A (SinA, CAS No., 58546-56-8, Fig. 1a)
was obtained from Sigma-Aldrich (St. Louis, MO, USA)
and solubilized with 0.5% sodium carboxymethylcel-
lulose (CMC-Na). The animals were randomly divided
into five groups (18 mice in each group): the vehicle
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group, 200 mg/kg SinA group, ALI+ vehicle group, ALI+
100 mg/kg SinA group, and ALI+ 200 mg/kg SinA group.
The treatment procedures for each group are presented
in Fig. 1b. In short, mice were fed a liquid diet with or
without alcohol, and then 100 mg/kg SinA, 200 mg/kg
SinA, or the same volume of 0.5% CMC-Na as the ve-
hicle control was administered by gavage every day from
the third week on. At the end of treatment, the mice were
anesthetized with 50 mg/kg pentobarbital sodium, and
then the serum and liver tissues were collected for further
study.

Histopathological analysis

The liver tissues were fixed with 4% paraformalde-
hyde, and embedded in paraffin, and then serially cut
into 5-um sections. After that, the sections were stained
with hematoxylin and eosin (H&E) following the stan-
dard procedures. Oil Red O staining was performed as
previously reported [19]. Pathological changes were
observed under an optical microscope (BX53, Olympus,
Tokyo, Japan).

Biochemical analysis and enzyme-linked immunosorbent
assay (ELISA)

Liver tissues were homogenized with saline and cen-
trifuged for 10 min at 430 g, and then the supernatant
was collected. Next, the malondialdehyde (MDA) and
glutathione (GSH) levels and superoxide dismutase
(SOD), myeloperoxidase (MPO), and alcohol dehydro-
genase (ADH) activities in the liver were examined with
the appropriate kits (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). The levels of TNF-a, IL-10,
and IL-6 in the liver were determined by mouse TNF-a,
IL-1B, and IL-6 ELISA kits (MultiSciences, Beijing,
China), respectively. To detect the activity of acetalde-
hyde dehydrogenase (ALDH), liver tissues were homog-
enized with precooled ALDH detection solution and
centrifuged at 10,000 g for 10 min. Then, the supernatant
was collected, and the ALDH activity was measured
(Abnova, Walnut, CA, USA). The activities of aspartate
aminotransferase (AST) and alanine transaminase (ALT)
in serum were determined by commercial kits (Nanjing
Jiancheng Bioengineering Institute, Jiangsu, China). All
detection procedures were strictly performed in accor-
dance with the manufacturer’s instructions.

Quantitative real-time PCR (qgPCR)
Total RNA was extracted by using the TRIzol solution

(Bioteke Corporation, Beijing, China). cDNA was syn-
thesized from total RNA with Super M-MLV Reverse
Transcriptase (Bioteke Corporation). The primer se-
quences used in this study were as follows: 5’-ctggaga-
tctaccgatacaca-3’, forward, and 5’-gcagcaggatggcta-
agaag-3’, reverse, for CYP1A2; 5’-ccaccctcctectcgtate-3°,
forward, and 5’-ccttgacagccttgtagee-3°, reverse, for
CYP2E1; and 5’-ctgtgcccatctacgagggcetat-3°, forward,
and 5’-tttgatgtcacgcacgatttcc-3°, reverse, for fB-actin.
gPCR was performed with 2xPower Taq PCR MasterMix
(Bioteke Corporation) and SYBR Green (Solarbio, Bei-
jing, China) on an Exicycler TM 96 (Bioneer, Daejeon,
Korea). Relative mRNA levels were analyzed by using
the 2-22Ct method [31]. B-actin was used as an internal
control.

Western blot

Proteins from liver tissues were isolated with RIPA
buffer (Beyotime, Haimen, China) and were quantified
with a bicinchoninic acid (BCA) protein quantitation kit
(Beyotime). Equal amounts of proteins were separated
by 5% or 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and electrophoreti-
cally transferred onto polyvinylidene difluoride (PVDF)
membranes (Millipore, Bedford, MA, USA). After
blocking with 5% nonfat milk, the membranes were in-
cubated with primary antibodies (rabbit anti-CYP2EI
antibody, rabbit anti-CYP1A2 antibody, rabbit anti-p65
antibody, each 1: 1,000 diluted, purchased from protein-
tech, Wuhan, China; rabbit anti-p-p655¢33¢ antibody,
rabbit anti-p-IkBS2 antibody, rabbit anti-IkB antibody,
each 1: 1,000 diluted, purchased from Cell Signaling
Technology, Danvers, MA, USA) at 4°C overnight. Af-
ter that, the membranes were incubated with a horserad-
ish peroxidase-conjugated goat anti-rabbit secondary
antibody (1:5,000 dilution, Beyotime) at 37°C for 45
min. Finally, the specific protein bands were visualized
with an enhanced chemiluminescent (ECL) reagent
(Beyotime).

Electrophoretic mobility shift assay (EMSA)

Nuclear proteins from the liver were collected with a
Nuclear and Cytoplasmic Protein Extraction Kit (Beyo-
time). After quantification by the BCA method (Beyo-
time), the proteins were combined into the specific oli-
gonucleotides (sequence: 5’-agttgaggggactttcccagge-3”)
as per the users manual (Viagene, Changzhou, China).
Then the binding complexes were separated by electro-
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phoresis on 6.5% polyacrylamide gel and electropho-
retically transferred onto a nylon membrane. The biotin-
labeled DNA on the membrane was cross-linked under
an ultraviolet lamp, and then the specific bands were
finally detected by ECL assay.

Statistical analysis

All data were expressed as the mean + SD. Differ-
ences between groups were analyzed with one-way
analysis of variance (ANOVA) followed by Tukey’s
multiple comparisons test by using GraphPad Prism
software version 6.0 (GraphPad Software, San Diego,
CA, USA). A P-value less than 0.05 was considered to
be statistically significant.

Results

SinA attenuated alcohol-induced liver pathological and
Sfunctional injury

The pathological changes of the liver were analyzed
by H&E assay. As shown in Fig. 2a, mice in the vehicle
and 200 mg/kg SinA groups showed normal structures
in the liver; however, micro- and macrovesicular steato-
sis was obviously seen in the hepatocytes around the
central vein of alcohol-fed mice. As expected, alcoholic
liver mice administrated 100 or 200 mg/kg SinA exhib-
ited reduced steatosis. These changes were also con-
firmed by Oil Red O staining (Fig. 2b). To evaluate the
effects of SinA on liver function in mice, we further
examined the activities of ALT and AST in serum. As
shown in Fig. 2c and d, feeding with the alcohol-con-
taining diet resulted in significant increases in ALT
(64.04 £18.13 vs. 25.68 £5.69) and AST (93.65 £ 20.50
vs.38.49 + 10.25) activities as compared with the mice
in the vehicle group. Treatment with 100 mg/kg or 200
mg/kg SinA markedly reduced the ALT (41.29 + 9.20
vs. 64.04 + 18.13, 36.52 = 7.71 vs. 64.04 + 18.13) and
AST (1.90 + 14.65 vs. 93.65 +20.50, 50.46 + 13.21 vs.
93.65 + 20.50) activities compared with the ALI mice.
These data indicate that SinA has protective potential in
alcohol-induced liver injury.

SinA alleviated alcohol-induced liver oxidative stress
and inflammatory responses

Excessive ROS and the resulting oxidative stress are
major causes of alcohol-induced liver injury. Thus, the
levels and activities of several oxidative stress indicators
were measured. As shown in Fig. 3a—d, we found that

alcohol feeding strongly increased the liver MDA level
and MPO activity and reduced the GSH level and SOD
activity. Nevertheless, when compared with ALI mice,
administration of 200 mg/kg SinA to alcoholic liver mice
decreased the MDA level and MPO activity and elevat-
ed the GSH level and SOD activity. Effects of SinA on
liver inflammatory response were also detected (Fig.
3e—g). Alcohol feeding led to increased inflammatory
cytokine contents in the liver, such as TNF-a, IL-1p, and
IL-6, which were all decreased by SinA treatment in a
dose-dependent manner. Collectively, these results sug-
gested that SinA could ameliorate alcohol-induced liver
oxidative stress and inflammatory responses in a dose-
dependent manner.

SinA regulated alcohol metabolism in the liver

To determine the effects of SinA on alcohol metabo-
lism in the liver, the activities of the primary metaboliz-
ing enzymes ADH and ALDH were measured. Compared
with the mice in the vehicle group, the activity of ADH
in the liver of ALI mice was markedly enhanced, while,
the ALDH activity was inhibited distinctly; however,
such changes were prominently reversed by treatment
with SinA (Fig. 4). Cytochrome P450 (CYP) is the main
component of MEOS; hence, the expression of two ma-
jor forms of CYP, CYP2E1 and CYP1A2, was measured
(Fig. 5). qPCR and western blot analysis revealed that
the expression levels of CYP2E1 and CYP1A2 were
upregulated in alcoholic liver mice and that treatment
with SinA inhibited alcohol-induced overexpression of
these two proteins in a dose-dependent manner. Overall,
these data indicated that SinA improved liver alcohol
metabolism by regulation of the ADH/ALDH dehydro-
genase system and MEOS system.

Sind suppressed alcohol-induced activation of the NF-kB
pathway

NF-kB is a nuclear transcription factor that acts as an
important mediator of oxidative stress and the inflam-
matory response [49]. To investigate the mechanism of
the liver-protective effect of SinA, we further examined
the activation of the NF-kB signaling pathway. As il-
lustrated in Fig. 6a and b, as compared with the vehicle
group, the expression levels of p-p65 and p-1IkB in the
liver of ALI mice were upregulated in conjunction with
a decrease in IkB level, and these changes were reverted
by SinA in a dose-dependent manner. Consistent with
these data, EMSA results showed that the NF-kB binding
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Fig. 2. The effects of SinA on liver pathological changes and liver function. Liver pathological changes were ana-
lyzed by hematoxylin and eosin (H&E) staining (a) and Oil Red O staining (b). Scale bars = 100 um.
Typical pictures from six independent experiments are shown. Serum aspartate aminotransferase (AST)
activity (c) and alanine transaminase (ALT) activity (d) were determined with commercial kits. Each ex-
periment was repeated six times. Data are expressed as the mean + SD. The black stars indicate the central
vein, the black arrows indicate steatosis, and the green arrows indicate the inflammatory cell infiltration.
ALLI, alcohol-induced liver injury; SinA, Schisantherin A.

activity was significantly enhanced in alcoholic liver Discussion

mice and was reduced by treatment with SinA (Fig. 6c¢).

Taken together, SinA treatment suppressed activation of SinA (molecular formula, C30H32009; formula weight,
the NF-kB pathway in the liver of ALI mice. 536.57) is one of the native lignans of Schisandra chi-

nensis that formed by the polymerization of two phen-
ylpropanoid derivatives. Studies have reported that SinA
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Fig. 3. The effects of SinA on oxidative stress and inflammatory responses in the liver. The malondialdehyde (MDA) level, super-
oxide dismutase (SOD) activity, glutathione (GSH) level, myeloperoxidase (MPO) activity, and TNF-1a, IL-1pB, and IL-6
content in the liver were measured by commercial kits. Each experiment was repeated six times. Data are expressed as the
mean = SD. ALI, alcohol-induced liver injury; SinA, Schisantherin A.

could reduce the ROS level [44], inhibit the P-glycopro-
tein expression [34], multidrug resistance-associated
protein 1 [25], TLR4/CD88 [39], mitogen-activate pro-
tein kinase [45], and NF-kB pathways [10, 28, 46], and
possesses antioxidant effects, anti-carcinogenic effects,
and anti-hepatotoxic effects; and have protective effects
on the respiratory system, nervous system, and bone
tissues [10, 25, 28, 34, 39, 44-46]. In the present study,
the effects of SinA on the alcohol-induced liver injury
were investigated, the underlying mechanisms were also
explored. Treatment with SinA improved liver function
and alleviated alcohol-induced liver pathologic changes,
oxidative stress, and inflammatory responses. SinA also
promoted liver alcohol metabolic status by the regulation
of the ADH/ALDH dehydrogenase and MEOS systems.
In addition, alcohol-induced activation of the NF-kB
pathway was suppressed by the administration of SinA.
Our study disclosed a liver-protective effect of SinA, and
this effect seemed to depend on its regulation of alcohol
metabolism and the NF-kB pathway.

Alcohol metabolism in the liver produces ROS, which
enhance peroxidation of lipids, protein, and DNA, ulti-
mately leading to abnormal liver function and lipid ac-
cumulation [5]. In this study, we demonstrated that SinA

decreased vesicular steatosis and the activities of ALT
and AST in alcohol-fed mice. These results indicat a
liver-protective property of SinA. The beneficial effects
of SinA on liver function were also confirmed in isch-
emia/reperfusion-induced liver injury mice [45].
During the processes of alcohol-induced liver injury,
oxidative stress and the resulting inflammatory response
play a central role [1, 16, 20]. MDA is an indicator of
lipid peroxidation that has often been used to evaluate
the ROS level [11]. MPO, the marker of oxidative stress,
is capable of producing free radicals with the oxidizing
ability [23]. SOD and GSH are antioxidant enzymes that
can scavenge ROS [4]. In the current study, the alcohol-
induced rise in MDA level and MPO activity, and de-
crease in SOD and GSH activities were strongly reversed
by the administration of SinA, suggesting an anti-oxi-
dation effect of SinA. These results were in agreement
with previous studies showing that SinA is a potent
antioxidant in 6-OHDA-induced dopaminergic neuron
damage [44] and AB-induced neurodegeneration [27].
Additionally, the levels of inflammatory cytokines,
TNF-a, IL-1pB, and IL-6, in the livers of the ALI mice
were all decreased by treatment with SinA, indicating
an anti-inflammatory action of SinA. In fact, SinA has
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Fig. 4. The effects of SinA on the ADH/ALDH
dehydrogenase system. The activities of
alcohol dehydrogenase (ADH) and acetal-
dehyde dehydrogenase (ALDH) were de-
tected by commercial kits. Each experiment
was repeated six times. Data are expressed
as the mean = SD. ALI, alcohol-induced
liver injury; SinA, Schisantherin A.

been reported to exhibit anti-inflammatory properties in
lipopolysaccharide-induced acute respiratory distress
syndrome [46], ischemia/reperfusion-induced neuronal
injury [39] and IL-1B-induced chondrocytes inflamma-
tion [28]. Altogether, our data imply that SinA limits
alcohol-induced liver injury by reducing oxidative stress
and inflammatory responses.

Ethanol metabolism in the liver is a two-step process;
it is first converted to acetaldehyde by ADH, and then,
acetaldehyde is rapidly oxidized into acetate by ALDH
[33]. Acetaldehyde, the intermediate metabolite, is a
highly reactive compound that is strongly toxic to hepa-
tocytes [13, 37]. We found that the activity of ADH was
increased in the livers of the ALI mice, while the ALDH

activity was decreased; however, this metabolic imbal-
ance were dramatically reversed by the treatment with
SinA. These findings suggest that SinA could promote
the elimination of acetaldehyde by regulation of the
ADH/ALDH dehydrogenase system.

The MEOS system, including CYP2E1, CYP1A2, and
CYP3A4, is another metabolic system that participates
in alcohol metabolism [2, 17]. Initiation of the MEOS
system by intake of excessive alcohol will lead to the
production of free radicals that cause oxidative stress in
liver [7, 9, 12]. CYP2EI plays a major role in liver
microsomes-mediated ethanol oxidation; however, etha-
nol is oxidized also by CYP1A2 in the livers of human
and rat [29, 36]. Whether CYP1A2 is involved in alcohol
metabolism in the livers of mice has not yet been re-
ported, but it is clear that CYP1A2 could accept electrons
from CYP2EI and decrease the microsomal ROS pro-
duction [38]. Here, the expression levels of CYP2E1 and
CYP1A2 were upregulated in ALI mice, indicating that
the MEOS was activated by long-term alcohol intake.
In addition, the upregulation of CYP2EI and CYP1A2
induced by alcohol was significantly decreased by the
treatment with SinA, and these results demonstrated that
SinA could protect the liver from alcohol-induced in-
jury by the deactivation of MEOS. The MEOS suppres-
sion effect of SinA in the liver was also confirmed in
acetaminophen-induced liver injury mice [21] and nor-
mal rat liver microsomal incubations in vitro [41].

In agreement with previous observations in alcohol-
induced liver injury [30, 40], we found that the NF-kB
pathway in the liver was activated by alcohol feeding.
Activation of NF-kB has been reported to contribute to
liver injury through production of pro-inflammatory
cytokines [15, 47]. It is reported that treatment with SinA
could alleviate inflammatory reactions and inhibit the
NF-kB pathway in LPS-treated RAW 264.7 cells [10],
IL-1pB-treated human chondrocytes [28] and LPS-induced
acute respiratory distress syndrome mice [46]. Consistent
with previous studies [10, 28, 46], treatment with SinA
abrogated the activation of the NF-kB pathway, and this
could be another explanation for the protective effect of
SinA against alcohol-induced liver injury.

Taken together, our study demonstrated that treatment
with SinA reduced liver vesicular steatosis, oxidative
stress, and inflammatory responses and improved liver
function of ALI mice. The liver-protection effects of
SinA seem to be at least partly depend on its regulation
of alcohol metabolism and the NF-kB pathway. Our
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ALLI, alcohol-induced liver injury; SinA, Schisantherin A.
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Fig. 6. The effects of SinA on NF-kB activity. The protein levels of p-p65 and p65 (a) and p-IkB and IkB (b) were
determined by western blot. The binding activity of NF-kB was detected by electrophoretic mobility shift
assay (EMSA). The typical bands from six repeats are shown. Data are expressed as the mean + SD. ALI,

alcohol-induced liver injury; SinA, Schisantherin A.
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