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Oxidative damage and inﬂammation are implicated in the pathogenesis of liver injury and ﬁbrosis. In
the present study, we investigated the molecular mechanism by which gomisin A conferred a hepatoprotective effect, focusing on its antioxidant and anti-inﬂammatory effects using rats with carbon tetrachloride
(CCl4)-induced acute liver injury. Pretreatment with gomisin A prior to the administration of CCl4 markedly
prevented an increase in alanine aminotransferase, aspartate aminotransferase, and histological hepatic lesions. Gomisin A was also associated with a decrease in hepatic lipid peroxidation, and increased superoxide
dismutase activity, suggesting that gomisin A has an antioxidant effect. In addition gomisin A treatment
ameliorated mRNA levels of CCl4 -induced inﬂammatory mediators, including tumor necrosis factor-α,
interleukin-1β and inducible nitric oxide (NO) synthase, and the protein levels of transcriptional upregulator nuclear factor kappa B (NF-κB) and phospho-inhibitor of NF-κB (IκB). Furthermore, α-smooth muscle
actin (α-SMA), a myoﬁbroblast marker, was also inhibited by gomisin A treatment. These results suggest that
gomisin A inhibits the oxidative stress and activation of NF-κB, leading to down-regulation of pro-inﬂammatory mediators and amelioration of ﬁbrogenesis.
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The liver has the important function of metabolizing and
eliminating biological and xenobiotic compounds. Liver injury
is considered to be a serious health problem leading to acute
hepatitis, cholestasis, and cirrhosis. Hepatocellular injury usually leads to oxidative stress, inﬂammation, and activation of
the innate immune system. These factors lead to the release of
pro-inﬂammatory cytokines (that can result in hepatic necrosis) and of pro-ﬁbrogenic cytokines that may cause increased
synthesis of extracellular matrix components by activation of
quiescent hepatic stellate cells (HSCs).1—4)
For several decade, carbon tetrachloride (CCl4), an hepatotoxin, has been used extensively to induce oxidative stress and
inﬂammatory mediators, resulting in liver injury in various
animal models. It well established that CCl4 is biotransformed
into a highly reactive trichloromethyl free radical by cytochrome P450 (CYP)-2E1.5) This free radical in turn reacts with
oxygen to from a trichloromethylperoxy radical, which may
become attached to the membrane lipids in the endoplasmic
reticulm more readily than the trichloromethyl free radical.5,6)
Reactive oxygen species promote the accumulation of lipidderived oxidation products that cause liver injury, resulting in
cell necrosis.7)
Oriental herbal medicines, widely used for treatment of various diseases, have recently attracted the interest of the modern scientiﬁc community as alternative therapies. Schisandrae
fructus is the dry fruit of Schizandra chinensis BAILL, and is
used in Japanese, Korean and Chinese traditional medicine
for its antitussive and tonic effects and nutritional beneﬁts.
Gomisin A is isolated from the fruit of S. chinensis as the
major dibenzocyclooctadine lignan. Interestingly, a number of
studies have shown that gomisin A has various pharmacological functions, including enhancement of tumor necrosis factor
(TNF)-α-induced apoptosis, vascular relaxation, memory improvement, reduction of neuronal damage, and improvement
of insulin sensitivity.8—12) In addition, gomisin A showed a
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hepatoprotective effect in various animal models of hepatotoxicity including CCl4, acetaminophen and lipopolysaccharide
(LPS) as well as promoting liver regeneration after partial
hepatectomy.13—16) However, the precise molecular mechanism
of the hepatoprotective effects has not been comprehensively
explored. In the present study, the aim was to identify the
molecular mechanisms by which gomisin A conferred a hepatoprotective effect against oxidative stress and inﬂammatory
response using rats with CCl4-induced acute liver injury.

MATERIALS AND METHODS
Materials The chemical structure of gomisin A is shown
in Fig. 1. This component was isolated from Schisandra fruits
using a method described previously.17)
Animals Male Wistar rats (150—200 g) were purchased
from Tokyo Laboratory Animals Science Co., Ltd. (Tokyo,
Japan) and were used in all experiments. The animals were
maintained in a 12 h light/dark cycle, at constant temperature
(23±2°C) and humidity (50±10%). After 1 week of acclimation, rats had free access to food and water. This study was

Fig. 1.

Chemical Structure of Gomisin A
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Table 1.
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Sets of Primers Used for Quantitative PCR Analysis
Gene
β-Actin
TNF-α
IL-1β
iNOS
α-SMA

Forward primer

Reverse primer

5′-TGTCACCAACTGGGACGATA-3′
5′-ACAAGGCTGCCCCGACTAT-3′
5′-TACCTATGTCTTGCCCGTGGAG-3′
5′-CAGCCCTCAGAGTACAACGAT-3′
5′-CGAAGCGCAGAGCAAGAGA-3′

5′-AACACAGCCTGGATGGCTAC-3′
5′-CTCCTGGTATGAAGTGGCAAATC-3′
5′-ATCATCCCACGAGTCACAGAGG-3′
5′-CAGCAGGCACACGCAATGAT-3′
5′-CATGTCGTCCCAGTTGGTGAT-3′

TNF-α: tumor necrosis factor-α, IL-1β: interleukin-1β, iNOS: inducible NO synthase, α-SMA: α-smooth muscle actin.

Table 2.

Effects of Gomisin A on Parameters of Liver Necrosis in Acute Liver Rats
Groups

Doses (mg/kg)

Normal
CCl4
Gomisin A

—
—
50
100

ALT (IU/L)
29.32±6.08
5860.23±1743.96##
3364.11±1595.07**
539.92±251.65**

AST (IU/L)
10.11±4.83
857.19±219.51##
170.49±73.51**
53.50±54.54**

Each value presents the mean±S.D. (n=8). CCl4 was orally injected to induce acute liver injury in rats. Gomisin A was administrated i.p. at 30 min and 24 h before CCl4
administration. Blood was collected 36 h after CCl4 injection. ##p<0.01 compared with normal group **p<0.01 compared with CCl4 group

Fig. 2.

Effect of Gomisin A on the Histological Morphology in CCl4 -Induced Acute Liver Injury

Rats were pretreated with gomisin A (50 or 100 mg/kg, i.p.) at 30 min and 24 h before 5 mg/kg CCl4 administration. Hepatic tissue was collected 36 h after CCl4 injection
and subjected to HE staining. (a) Normal group. (b) CCl4 group. (c) CCl4+gomisin A 50 mg/kg. (d) CCl4+gomisin A 100 mg/kg. All slides are 100× magniﬁcation.

performed in accordance with the animal experimentation
guidelines of Musashino University.
Experimental Protocol To establish acute CCl4-induced
acute liver injury, rats were given a single intragastric injection of 50% CCl4 dissolved in olive oil at a dose of 5 mL/kg
body weight. Rats were intraperitoneally injected with gomisin
A (50 or 100 mg/kg), suspended in 10% tween 80 solution, at
30 min and 24 h before CCl4 administration. Normal rats were
injected with similar volumes of olive oil for each treatment.

Animals were sacriﬁced 36 h after CCl4 treatment. Blood
was collected from the abdominal inferior vena cava with a
heparin-treated syringe, centrifuged, and plasma samples were
stored for further analysis. Livers were rapidly dissected out,
weighted, stored in RNA stabilization reagent, RNAlater®,
(Life Technologies, Inc., MD, U.S.A.), and snap-frozen in liquid nitrogen and kept at −80°C for protein extraction.
Assessment of Hepatotoxicity Plasma levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
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were measured using a commercially available assay kit
(Wako Pure Chemical Industries, Ltd., Osaka, Japan).
Measurement of Lipid Peroxidation Lipid peroxidation
in the liver was determined by measuring the level of malondialdehyde (MDA), an end product of lipid peroxidation. The
assay was performed using a thiobarbituric acid-reactive substances (TBARS) assay kit (Cayman Chemical Company, MI,
U.S.A.) in accordance with the manufacturer’s recommended
protocol. Brieﬂy, the liver samples were homogenized in icecold KCl buffer (1.15%). The homogenates were centrifuged at
1600×g for 10 min at 4°C. Aliquot samples of the supernatant
were analyzed for lipid peroxidation.
Determination of Superoxide Dismutase (SOD)
Activity SOD activity in the liver tissues was calculated
using the SOD assay kit (Dojindo Laboratories, Kumamoto,
Japan), in accordance with the manufacturer’s protocol.
Histological Analysis Livers were ﬁxed immediately in
Mildform®10NM (WAKO Pure Chemical Industries, Ltd.),
embedded in parafﬁn, and sectioned at 5 μm. After deparafﬁnization and dehydration, sections were stained with hematoxyline and eosin (H&E) for microscopic examination. Liver
sections were also stained with anti-α-smooth muscle actin
(SMA) antibody (Sigma Aldrich, St. Louis, MO, U.S.A.), and
the signals were enhanced using an ABC kit (Vector Lab, CA,
U.S.A.) and developed with dimethylaminoazobenzene (DAB)
substrate (Vector Lab).
Quantitative Reverse Transcription-Polymerase Chain
Reaction (RT-PCR) Analysis Liver total RNA was isolated
using RNeasy kit (QIAGEN, Tokyo, Japan). RNA (1 μg) was
utilized for reverse transcriptase reaction (QIAGEN) in accordance with the manufacturer’s instructions Aliquots of cDNA
were used as template for quantitative real-time PCR using the
Quantitect SYBR Green qPCR kit (QIAGEN) in accordance
with manufacturer’s protocol. The sequences of oligonucleotide primers used in these experiments are listed in Table 1.
qRT-PCR data were analyzed using ΔΔCt model.
Western Blot Analysis The liver tissue was lysed in a lysis buffer containing 50 m M Tris–HCl pH 7.4, 150 m M KCl, 1%
Triton-X-100, 1 m M ethylenediaminetetraacetic acid (EDTA)
and then homogenized in ice-cold water. After centrifugation
for 10 min at 4°C and 13400×g, the protein concentration of
the obtained supernatant was determined using the Bio-Rad
DC protein Assay Reagent (Bio-Rad, Hercules, CA, U.S.A.).
Protein was electrophoretically resolved in 12% sodium dodecyl sulfate (SDS) polyacrylamide gel, and successively
transferred to polyvinylidene diﬂuoride (PVDF) membranes
(Bio-Rad). The membranes were blocked with 5% non-fat dietary milk solution in phosphate buffered saline (PBS)-Tween
(150 m M NaCl) with 0.1% Tween-20. They were then incubated
overnight with primary antibodies using anti-phospo inhibitor
of NF-κB (IκB) (Cell Signaling Technology, MA, U.S.A.), anti-nuclear factor kappa B (NF-κB) (Santa Cruz Biotechnology,
CA, U.S.A.) and anti-β-actin (Sigma) at 4°C and successively
with horse-radish peroxidase (HRP)-conjugated horse antimouse immunoglobulin G (IgG) (Cell Signaling Technology)
at a dilution of 1 : 1000 at room temperature for 1 h. The signals were detected using a GE healthcare ECL system (GE
Healthcare, Buckinghamshire, England). Finally, band intensity was determined by scanning video densitometry (LAS3000, FUJIFILM, Tokyo).
Statistical Analysis Data were expressed as means±S.D.,
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and the statistical signiﬁcance of differences among groups
was assessed by Dunnett’s multiple comparison tests. p values
<0.05 were regarded as statistically signiﬁcant.

RESULTS
Liver Enzyme Activity A signiﬁcant increase in ALT
and AST levels was observed in the CCl4 group compared
with the normal group. Treatment with gomisin A (50,
100 mg/kg) markedly reduced plasma ALT and AST levels in
a dose-dependent manner (Table 2).
Histological Examination The histology of the liver sections of the normal group showed normal hepatic cells and
prominent nuclei. CCl4-administration resulted in fatty deposition and focal necrosis. By contract, the histological hepatic
lesions were markedly ameliorated by treatment with gomisin
A (Fig. 2).
Lipid Peroxidation and SOD Activity in the Liver The
concentration of MDA, an end product of lipid peroxidation,
was assayed to evaluate the level of oxidative stress. A signiﬁcant increase in MDA was observed in the liver tissue obtained from the CCl4 group compared with the normal group.
Treatment with gomisin A resulted in a statistically signiﬁcant
decrease in the concentration of MDA compared with the
CCl4 group (Fig. 3A). Furthermore, SOD activity was assayed
to evaluate the antioxidant defense system. A signiﬁcant decrease in SOD activity was observed in the liver of the CCl4

Fig. 3. Effect of Gomisin A on Lipid Peroxidation and SOD Activity
after CCl4 Treatment
Rats were pretreated with gomisin A (50 or 100 mg/kg, i.p.) at 30 min and 24 h
before 5 mg/kg CCl4 administration. Hepatic tissue was collected 36 h after CCl4
injection. Liver tissues were snap-frozen in liquid nitrogen and kept at −80°C. (A)
The degree of lipid peroxidation expressed as the content of MDA formation determined in liver from normal, CCl4 with or without gomisin A (50, 100 mg/kg). (B)
Activity of antioxidant enzyme, SOD, in the liver of normal, CCl4 with or without
gomisin A (50, 100 mg/kg). Values represent means±S.D. (n=7—8 rat/per group).
##
Signiﬁcantly different from the normal group with p<0.01. ** Signiﬁcantly different from the CCl4 group with p<0.05.
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Fig. 4.
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Effect of Gomisin A on CCl4 -Induced Alteration in Hepatic Expressions of TNF-α, IL-1β, and iNOS mRNA

Rats were pretreated with gomisin A (50 or 100 mg/kg, i.p.) at 30 min and 24 h before 5 mg/kg CCl4 administration. Hepatic tissue was collected 36 h after CCl4 injection. Total hepatic RNA extracted from each group was subjected to real-time PCR analysis with each primer. Values represent means±S.D. (n=7—8 rat/per group).
##
Signiﬁcantly different from the normal group with p<0.01. *,** Signiﬁcantly different from the CCl4 group with p<0.05 and p<0.01.

group compared to the normal group (Fig. 3B). Administration
with gomisin A signiﬁcantly inhibited the decrease of SOD
activity caused by CCl4.
Hepatic mRNA Expression of Inﬂammatory Mediators To provide evidence showing the anti-inﬂammatory
effect of gomisin A, we analyzed the intrahepatic levels of
TNF-α, interleukin-1β (IL-1β) and inducible NO synthase
(iNOS) mRNA. The mRNA levels of TNF-α, IL-1β and iNOS
were signiﬁcantly increased in the CCl4 group. Treatment with
gomisin A resulted in a signiﬁcant reduction in these mRNA
levels compared to the CCl4 group (Fig. 4).
Nuclear Factor Kappa B (NF-κB) Signaling in the
Liver To obtain evidence for the anti-inﬂammatory action
of gomisin A, we analyzed the intrahepatic protein levels involved in the NF-κB signaling pathway. NF-κB activation was
present at very low levels in the livers of the normal group but
NF-κB activation was markedly increased in the CCl4 group.
A signiﬁcant reduction was seen following gomisin A treatment. Furthermore, expression of phosphor-IκB was negligible
in the normal group. A marked up-regulation of phosphor-IκB
expression was observed in the CCl4 group. By contrast, treatment with gomisin A resulted in a marked and signiﬁcant
reduction in phosphor-IκB expression (Fig. 5).
α-Smooth Muscle Actin (α-SMA) Expression in the
Liver To investigate the effect of gomisin A on hepatic ﬁbrogenesis, the expression of α-SMA, as a marker of activated
HSCs, was assessed by RT-PCR and immunohistochemistry.
As expected, the level of α-SMA mRNA in the liver increased
after CCl4 injection. Treatment with gomisin A signiﬁcantly
prevented this increase. Furthermore, immunohistochemical
staining for α-SMA was performed to conﬁrm the observed

Fig. 5.

Effect of Gomisin A on NF-κB Signaling Pathway

Rats were pretreated with gomisin A (50 or 100 mg/kg, i.p.) at 30 min and 24 h
before 5 mg/kg CCl4 administration. Hepatic tissue was collected 36 h after CCl4
injection. NF-κB, p-IκB protein expression in the liver was detected using Western
blotting.

decrease in α-SMA mRNA. Signiﬁcantly higher numbers of
α-SMA positive cells were observed in the pericentral area
of the liver after CCl4 injection. This induced expression of
α-SMA expression in the liver was suppressed dramatically by
treatment with gomisin A (Figs. 6A, B).
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Fig. 6.
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Effect of Gomisin A on Expression of α-SMA

Rats were pretreated with gomisin A (50 or 100 mg/kg, i.p.) at 30 min and 24 h before 5 mg/kg CCl4 administration. (A) Hepatic α-SMA mRNA level was quantiﬁed by
real-time PCR in total liver RNA. (B) The expression and localization of α-SMA in the liver were detected by immunohistochemistry (Original magniﬁcation: ×100). (a)
Normal group. (b) CCl4 group. (c) CCl4+gomisin A 50 mg/kg. (d) CCl4+gomisin A 100 mg/kg. All slides are 100× magniﬁcation. Values represent means±S.D. (n=7—8
rat/per group). ## Signiﬁcantly different from the normal group with p<0.01. ** Signiﬁcantly different from the CCl4 group with p<0.01.

DISCUSSION
The present study was aimed to investigate the molecular
mechanisms by which gomisin A protected against oxidative stress and inﬂammatory response following acute CCl4
administration. In this study, CCl4 induced fatty deposition,
centrilobular necrosis and induction of pro-inﬂammatory mediators such as TNF-α, IL-1β, and iNOS mRNA levels, similar
to other reports.18—20)
As demonstrated in a present study, gomisin A was able
to reduce CCl4-induced liver damage, including higher serum
ALT, AST, fatty deposition, and hepatocellular necrosis in
the liver. Furthermore, gomisin A signiﬁcantly improved increased liver MDA levels and decreased SOD activity caused
by CCl4 administration. Gomisin A has been shown to have a
protective effect against oxidative stress.15) Many antioxidants
have been shown to have protective or therapeutic effects on
liver injury.21—23) These results suggest that gomisin A en-

hances the antioxidant defense system, inhibits lipid peroxidation, and thus has the potential to prevent CCl4-induced liver
damage.
There is growing evidence that activation of the antioxidant
system is required to attenuate the inﬂammatory response and
inhibit pro-inﬂammatory mediators such as TNF-α, IL-1β,
and iNOS, which regulate inﬂammation and hepatocellular
necrosis.20,24,25) In the present study, pro-inﬂammatory mediators, such as TNF-α, IL-1β, and iNOS mRNA were markedly increased in CCl4-induced acute liver injury. Prophylactic
treatment with gomisin A led to a decrease in the expression
of these mediators.
NF-κB plays an important role in liver injury by regulating the expression of inﬂammatory mediators such as TNF-α,
IL-1β, iNOS.26—28) NF-κB is located in the cytoplasm and
is bound to IκB-α. Once stimulated by oxidative stress, cytokines and free radicals, NF-κB is dissociated from IκB-α
through phosphorylation, and is translocated into the nucleus,
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where it induces transcriptional upregulation of various inﬂammatory mediators.26,29) It has been reported that it would
be highly desirable to develop a pharmacological strategy to
suppress the activation of NF-κB.30,31) In the present work,
gomisin A remarkably suppressed p-IκB and NF-κB expression following acute liver injury. This is the ﬁrst report to
show that gomisin A inhibited the activation of NF-κB, which
may be associated with a reduction in the phosphorylation of
IκB. It was reported that gomisin N, a dibenzocyclooctadiene
lignan similar to gomisin A, suppressed the NF-κB signaling
pathway in HeLa cells.8) These results suggest that inhibition
of p-IκB and NF-κB reactions by gomisin A resulted in inhibition of the expression of pro-inﬂammatory mediators. It has
been reported that gomisin A does not inhibit CCl(3) radical
formation caused by CCl4 induced hepatotoxicity.13) In addition, the results of DPPH assay indicate that gomisin A does
not have ROS scavenging activity (data not shown). The above
suggests that inhibition of NF-κB activation by gomisin A is
not related to ROS scavenging activity. Because it is well established that NF-κB is activated by oxidative stress, it woud
appear that gomisin A ameliorate oxidative stress, resulting
in the blocking NF-κB activation. Further studies will be
required to elucidate the mechanisms by which gomisin A inhibit NF-κB activation, including the direct effect of gomisin
A on NF-κB activity.
NF-κB activation has also been reported to regulate the
development of liver ﬁbrosis, and to be associated with the
transdifferentiation of HSCs into myoﬁbroblasts, an event
that is considered pivotal in the ﬁbrogenic response.32—36)
Suppression of NF-κB activation may represent a target for
the prevention and treatment of liver ﬁbrosis.32,36) It has been
generally accepted that the expression of α-SMA in HSCs increases in CCl4-induced acute liver injury.35,37,38) In this study,
gomisin A inhibited the increase in the hepatic mRNA and
protein levels of α-SMA. Our data suggest gomisin A has the
potential to suppress activation of HSCs, leading to inhibition
of hepatocellular injury and liver ﬁbrosis. However, the extent
to which each mechanism contributed to this is unclear, so
further studies will be required to elucidate the mechanism of
action of gomisin A.
In conclusion, we conﬁrmed that the hepatoprotective effect
of gomisin A was related to the suppression of the oxidative
stress and activation of NF-κB, resulting in the inhibition
of proinﬂammatory mediators and the amelioration of ﬁbrogenesis by attenuating CCl4-induced acute liver injury. These
actions of gomisin A are of signiﬁcant clinical importance in
the treatment of viral hepatitis, alcohol steatohepatitis, and
non-alcohol steatohepatitis.
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