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Abstract: Oxidative stress is implicated in the pathogenesis of hepatic damage induced by various factors. Bi-
lobalide (BB) is a compound extracted from Ginkgo biloba leaf. It has been reported for its anti-oxidative activity and
has been tested to treat brain damage. However, it has not been studied whether BB possesses hepatoprotective
activity though regulating heme oxygenase-1 (HO-1) which is a key antioxidant defense against reactive oxygen spe-
cies. In this study, HepG2 cells were stimulated with carbon tetrachloride (CCI4) to induce cellular oxidative damage,
and were treated with different concentrations of BB. The viability of the cells and the leakage of ALT and AST were
detected to evaluate cell damages. Levels of H,0,, MDA and 8-OHdG in HepG2 cell lysates were measured to as-
sess the cellular oxidative stress. Besides, the expression of nuclear factor erythroid 2-related factor 2 (Nrf2) and
HO-1 (mRNA and protein) were detected. The results showed that BB attenuated the cellular damage, inhibited the
oxidative stress, and increased the expression of Nrf2 and HO-1 in the CCl4-stimulated HepG2 cells. Yet, the cyto-
protective effects of BB were abolished by a HO-1 inhibitor zinc protoporphyrin (ZnPP). In addition, Nrf2 knockdown
with siNrf2 blocked the induction of HO-1 expression by BB. Furthermore, LY294002 (a PI3K/Akt inhibitor) and
SB203580 (a p38 inhibitor) significantly reversed the up-regulation of Nrf2/HO-1 expression and the cytoprotection
by BB. Our findings indicated that the hepatoprotective effects of BB were associated with the Nrf2 mediated HO-1
expression. And PI3K/Akt and p38 pathways were involved in the hepatoprotective effects and the regulation of
Nrf2/HO-1 signaling by BB. BB may be a useful agent for the treatment of oxidative stress-induced hepatic damage.
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Introduction

The liver is one of the most important organs
that play crucial roles in maintaining homeosta-
sis. The clearance and transformation of many
toxicants are performed in the liver, which
makes the liver susceptible to toxicant-induced
damage. In addition, a number of other factors
also induce liver injury in the body. Every year,
many people die of liver diseases. Yet, few
drugs that offer sufficient protection to the liver
against various damages are available in clinic
[1]. Therefore, novel agents are in need to sup-
plement or replace the currently used hepato-
protective drugs.

Among the complex hepatotoxic mechanisms,
oxidative stress is one of the common mecha-
nisms shared by toxicants, hepatic infection,
non-alcoholic fatty liver disease and other
pathogenic factors [2]. Anti-oxidative manage-
ment has been shown to be effective in the
management of hepatic damages in various
models in vivo and in vitro [3]. One of the anti-
oxidative treatment strategies is to increase the
levels of antioxidant enzymes, which may rebal-
ance the antioxidant and oxidant homeostasis
in the body. As an antioxidant enzyme, HO is a
key antioxidant defense against reactive oxy-
gen species. Up-regulation of HO-1 expression
has exhibited protective effects against oxida-
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tive stress-induced damage in various disease
models including hepaticinjury [4]. Transcription
factor Nrf2 is one of the main factors that regu-
late the expression of HO gene [5]. Protein
kinase C, MAPK pathway, PI3K/Akt pathway
and are recently regarded to be involved the
activation of Nrf2-HO signaling [6, 7]. Studies
showed that many agents increased HO-1
expression and exhibited cytoprotective effects
though MAPK and PI3K/Akt pathways in a num-
ber of cellular and animal models [8, 9.
Therefore, induction of HO-1 expression is
thought to be a potential therapeutic strategy
for oxidative stress-induced damages including
hepatic injury [10].

A number of chemicals can induce hepatotoxic-
ity in animals and hepatic cellular systems.
Several of them are frequently used to estab-
lish hepatotoxic models in vivo and in vitro. But
some species like rat are relatively resistant to
some of the chemicals which are used to induce
hepatotoxicity, such as n-acetyl-p-aminophe-
nol. Among the chemicals, CCl4 is one of the
most widely used xenobiotics to induce hepato-
toxicity and to investigate the hepatoprotective
effects of novel agents [11]. The hepatotoxicity
of CCl4 is associated with excess oxidative
stress. Studies have proven that CCl4 can initi-
ate protein oxidation, lipid peroxidation and
DNA oxidative damage in cells [12]. In vitro
studies, several hepatic cellular systems are
used to evaluate the activity of hepatoprotec-
tive agents. HepG2 cell line has similar proper-
ties to normal human hepatocytes. It has been
extensively used in assessing the hepatopro-
tective efficacy of agents in recent studies [13].

Medicinal plants are important sources of hep-
atoprotective drugs. Recently, some herbal
products were tested to manage hepatic dis-
eases [11, 14]. Ginkgo biloba leaf has a long
history of medical use. Several compounds
have recently been obtained from Ginkgo bilo-
ba leaf, such as ginkgolide A, B, C, J, G, K and
bilobalide (BB). Some of the ginkgolides have
exhibited hepatoprotective effects in several
hepatic cellular and animal models through
anti-inflammatory, anti-oxidative and other me-
chanisms [15]. A recent study reported that the
freeze-dried methanolic leaf extract of Ginkgo
biloba which contained several compounds
(ginkgolide A, B, C, G, J and BB) attenuated the
lantadenes-induced hepatic damage in guinea
pig [16]. However, no study investigated wheth-
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er BB itself has hepatoprotective effects. Some
recent studies have demonstrated the anti-oxi-
dative and cytoprotective activities of BB in
human melanocytes [17], 3T3-L1 adipocytes
[18] and PC12 cells [19]. Studies also showed
BB exhibited neuroprotective effects in animals
with brain ischemia [20], AR (25-35) induced
learning and memory impairments [21], loss of
dopaminergic neurons in substantia nigra [22]
and some other disorders. But, to our knowl-
edge, it is unclear whether BB can protect
hepatic cells against oxidative stress-induced
damage.

Therefore, this study aimed to investigate the
possible hepatoprotective effect of BB on the
CCl4-induced damage in HepG2 cells and to
detect the possible underlying mechanisms.

Methods
Cell culture

HepG2 cell line (Xiangya Cell Bank, Changsha,
China) was cultured in Dulbecco Modified
Eagle’s Medium (DMEM; GE Healthcare Life
Sciences, Logan, UT, USA) supplemented with
10% fetal bovine serum (Grandlsland, NewYork,
NY, USA), 100 U/ml penicillin and 100 ug/ml
streptomycin in a humidified atmosphere of 5%
CO, at 37°C.

Cell viability

3-(4,5-dimethylthiazole-2yl)-2,5-diphenyl tetra-
zolium bromide (MTT) assay was conducted to
measure the cell viability. Briefly, after the incu-
bation procedure described in the following
experiments, cells were incubated with MTT (5
mg/ml) (Sigma-Aldrich, MO, USA) for 4 h. Then
the medium was removed, and 100 ul of DMSO
was added to dissolve the formazan crystals.
The absorbance was read at the wavelength of
570 nm using a microplate reader (Bio-Rad,
Hercules, CA, USA).

Detection of cytotoxicity of BB

To study the cytotoxicity, HepG2 cells were plat-
ed in 96 well plates (5 x 108 cells/well) and cul-
tured for 24 h. Then the cells were respectively
incubated with 0.1, 1, 5, 10, 20 and 30 uM BB
for 0.5, 2, 4, 12, 24 and 48 h. Following the BB
incubation, the viability of the HepG2 cells was
determined using MTT assay.
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Table 1. Viability of the HepG2 cells cultured with different concentrations of BB

0.5h 2h 4h 12 h 24 h 48 h
Control (BB O uM) 1.00+0.05 1.00+0.06 1.00+0.06 1.00+0.04  1.00+0.05 1.00+0.08
BB 0.1 uM 1.03+0.05 1.01+0.06 1.05+0.08 1.04+0.09  0.99+0.07 1.03+0.09
BB 1 uM 1.03+0.07 1.04+0.06 1.03+0.07 1.05+0.08 1.01+0.07 0.9810.08
BB 5 uM 1.04+0.09 1.06+0.09 1.02+0.09 1.00+£0.08  0.98+0.12 1.02+0.08
BB 10 uM 0.99+0.11 1.01+0.13 0.98+0.10 0.98+0.11 1.02+0.09 1.01+0.11
BB 20 uM 1.01+0.09 0.98+0.10 0.98+0.12 0.96+0.12 0.98+0.11 0.97+0.12
BB 30 uM 0.97+0.10 0.96+0.14 0.94+0.11 0.94+0.10 0.95+0.09 0.9310.10

Data were expressed as mean + SD. ?P<0.05 if compared to the control group.

Table 2. Cytoprotective and anti-oxidative effects of BB in CCl4-simulated HepG2 cells

H,0, 8-OHdG - ALT AST
Viability
(mmol/L) (ng/ml) (nmol/mgprot) (MIU/ml) (mU/mil)
Control 1.27+0.09 1.09+0.15 0.18+0.03 1.00+0.07 28.69+2.12 25.90+4.63
CCl4 4.66+0.712  3.07+0.40° 0.63+0.06% 0.48+0.05* 100.01+8.18% 60.77+4.82°

CCl4+BB 10 uM 3.15+0.40°> 2.25+0.30°

0.44+0.05° 0.68+0.08" 76.61+8.50° 46.50+5.33°

CCl4+BB20 uM  1.7940.24°¢ 1.66+0.18>° 0.31+0.04*¢ 0.90+0.10°° 44.19+6.00°°¢ 36.11+2.84°°

Data were expressed as mean + SD. ?P<0.05 if compared to the control group; °P<0.05 if compared to the CCI4 group;

°P<0.05 if compared to the CCI4+BB 10 uM group.

Knockdown Nrf2 with siRNA in HepG2 cells

HepG2 cells were seeded in 6-well plates with a
density of 2 x 10° cells/well and cultured for 24
h. then HepG2 cells were transfected with 50
nM Nrf2 siRNA or scrambled siRNA using Hi-
Perfect transfection reagent (QIAGEN, Valencia,
CA, USA). Western blot assay was carried out to
verify the knockdown of Nrf2. After incubation
with siRNA for 3 days, the cells were harvested
for further experiments.

Cytoprotective effect of BB on the CCl4-
simulated HepG2 cells

To detect the cytoprotective effect, HepG2 cells
were seeded in the in 96 well plates at 5 x 103
cells/well. After grown in the wells for 24 h,
cells were incubated with 10 or 20 uM BB with/
without the presence of HO-1 inhibitor, PI3K/
Akt inhibitor and MAPK pathway inhibitors
(p38, JNK and JNK inhibitors) for 2 h (Sigma
Chemical Co., St. Louis, MO, USA). Then CCl4
was added to the wells and the cells were fur-
ther cultured with 0.4% CCI4 for 22 h. The cell
culture medium was collected detect the leak-
age of ALT and AST using ELISA kits (Cusabio
Company, Wuhan, China). Some wells of cells
were used to analyze the cell viability using
MTT assay. The other cells were lysed. The cell
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lysates were collected for the further detec-
tions.

Oxidative stress markers and HO-1 assess-
ments

Levels of H,0,, MDA and 8-OHdG in the HepG2
cell lysates were detected using commercial
detection kits (Nanjing lJiancheng Company,
Nanjing, China; Xinqidi Company, Wuhan, Chi-
na). Levels of HO-1 in cell lysates were detected
by ELISA (Xingidi Company, Wuhan, China).

Real-time PCR analysis

The expression of Nrf2 and HO-1 genes was
quantified using quantitative real-time PCR
(qRT-PCR). Briefly, the total RNA was extracted
from cells with TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) and reverse-transcribed
into cDNA using iScript cDNA synthesis kit
(Thermo Scientific, Shanghai, China). The qRT-
PCR reactions were run on a Real Time System
machine as follows: at 95°C for 30 s, then sub-
jected to 40 cycles of 95°C for 10 s, and at
55°C for 45 s. The forward and reverse primer
sequences were as follows: GAPDH, 5-CTTT-
GTCAAGCTCATTTCCTGG-3' and 5-TCTTCCTCT-
TGTGCTC TTGC-3’; Nrf2, 5-CCGCTCGAGATGA-
TGGACTTGG AGCTGCC-3’ and 5-GGGGTACCG
TGTTTTTCTTAACATCTGGC-3’; HO-1, 5-G CCAC-
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Figure 1. BB increased the expressions of Nrf2 protein and mRNA in the CCl4-simulated HepG2 cells. Data were
expressed as mean + SD. 2P<0.05 if compared to the control group; °P<0.05 if compared to the CCl4 group; °P<0.05

if compared to the CCI4+BB 10 uM group.
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Figure 2. BB increased the expressions of HO-1 protein and mRNA in the CCl4-simulated HepG2 cells. Data were
expressed as mean + SD. 2P<0.05 if compared to the control group; °P<0.05 if compared to the CCI4 group; °P<0.05

if compared to the CCI4+BB 10 uM group.

CAAGTTCAAGCAGCTCTA-3’ and 5-AGCAGCTCC-
TGCAACTCCTCAA-3..

Western blot
Cells were lysed using lysate containing RIPA

buffer and protease inhibitor on ice. Total pro-
tein was extracted. Equal amounts of protein
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sample (40 pg) were separated by 12% SDS-
PAGE gel and transferred to PVDF membranes.
The membranes were blocked with 5% skim
milk blocking buffer at room temperature for 1
h. The membranes were then incubated with
rabbit anti-human Nrf2 (1:1000) or rabbit anti-
human HO-1 (1:1000) (Santa Cruz Biotech-
nology, Inc., Santa Cruz, CA, USA) overnight at
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Table 3. HO-1 inhibitor diminished the effects of BB on the CCl4-simulated HepG2 cells

H,0, 8-0HdG MDA Viability ALT AST
(mmol/L) (ng/ml) (nmol/mgprot) (pIU/ml) (mU/ml)
Control 1.35+0.07 1.13+0.14 0.20+0.04 1.00+£0.06  30.31+2.36 26.65+4.04
CCl4 4.31+0.57% 3.41+0.55* 0.69+0.09° 0.49+0.07* 101.17+9.12* 61.58+5.70°

CCl4+BB 20 uM 1.60+0.23* 1.75+0.20°
CCl4+BB 20 yM+ZnPP  3.39+0.41° 2.89+0.35°

0.33+0.05° 0.91+0.11° 48.09+6.14> 34.87+3.28°
0.56+0.07¢ 0.59+0.08° 80.20+9.51° 48.91+4.10°

Data were expressed as mean * SD. ?P<0.05 if compared to the control group; °P<0.05 if compared to the CCI4 group;

°P<0.05 if compared to CCI4+BB 20 uM group.
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Figure 3. Nrf2 siRNA transfection reduced the ex-
pression of Nrf2 protein in HepG2 cells. Data were
expressed as mean + SD. 2P<0.05 if compared to the
control group; °P<0.05 if compared to the scrambled
SiRNA group.

4°C. After the rinsing step, the membranes
were incubated with secondary antibody (1:
1000) (goat anti-rabbit IgG: Zhongshan Golden
Bridge Biotechnology, Beijing, China) at room
temperature for 2 h. B-Actin was used as a
loading control. Protein bands were visualized
by enhanced chemiluminescence and the
intensity of the bands were quantified using
image analyzer software.

Statistical analysis

The results were presented as the mean *
standard deviation. Statistical analysis was
carried out using the SPSS 16.0. The signifi-
cance of the data was analyzed with one-way
ANOVA and Student-Newman-Keuls test. The
difference was considered statistically signifi-
cant when P<0.05.

Results
BB exhibited no obvious toxic effects

Toxicity study was carried out to ascertain that
BB was safe for the treatment on HepG2 cells.
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The result of the MTT assay showed that there
was no significant difference in cell viability
among the normal control HepG2 cells and the
HepG2 cells with BB (0.1, 1, 5, 10, 20 and 30
MM) incubation for 0.5, 2, 4, 12, 24 and 48 h
(Table 1), suggesting that all the concentra-
tions of BB used in the study had no marked
cytotoxicity on HepG2 cells.

Protective effect of BB against oxidative stress
in CCl4-stimulated HepG2 cells

As shown in Table 2, levels of H,0,, MDA and
8-0OHdG in the lysates of the CCl4-stimulated
HepG2 cells were much higher the normal con-
trol HepG2 cells, indicating CCl4 induced oxida-
tive stress in the cells. However, BB (10 and 20
MM) treatment significantly diminished the
increases of the oxidative stress markers in a

dose-dependent manner.

BB increased Nrf2 and HO-1 expression in the
CCl4-simulated HepG2 cells

As shown in Figures 1 and 2, CCl4-simulation
increased the levels of transcription factor Nrf2
and HO-1 (mRNA and protein) if compared to
the normal control cells. Treatment with BB (10
and 20 uM) further elevated the levels of Nrf2
and HO-1 (mRNA and protein) in the CCl4-
simulated HepG2 cells, and the effects were
dose-dependent.

Cytoprotective effect BB on the CCl4-simulated
HepG2 cells

As shown in Table 2, the viability of the CCl4-
stimulated HepG2 cells were much lower the
normal control HepG2 cells; but the levels of
ALT and AST in the culture medium markedly
increased compared to the normal control
HepG2 cells. However, BB (10 and 20 uM) treat-
ment significantly diminished the changes of
cell viability, ALT and AST induced by CCI4 in a
dose-dependent manner.

Int J Clin Exp Med 2017;10(4):6115-6125
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Figure 4. Nrf2 silence reversed the effects of BB on HO-1 expression in the CCl4- simulated HepG2 cells. Data were
expressed as mean + SD. ?P<0.05 if compared to the group 1; °P<0.05 if compared to the group 2; °P<0.05 if com-
pared to group 3. (Group 1: control group; Group 2: CCl4 group; Group 3: CCl4+BB 20 uM+ scrambled siRNA group;

Group 4: CCI4+BB 10 uM+siNrf2).

Table 4. Nrf2 silence reversed the effect of
BB on the viability of CCl4-simulated HepG2
cells

Viability
Control 1.00+£0.08
CCl4 0.51+0.06°
CCl4+BB 20 uM+ scrambled siRNA  0.90+0.11°
CCl4+BB 10 yM+siNrf2 0.60+0.07°¢

Data were expressed as mean + SD. 2P<0.05 if com-
pared to the control group; °P<0.05 if compared to the
CCl4 group; °P<0.05 if compared to the CCI4+BB 20 uM+
scrambled siRNA group.

HO-1 inhibitor diminished the effects BB in the
CCl4-simulated HepG2 cells

As shown in Table 3, the anti-oxidative effects
of BB in the CCl4-simulated HepG2 cells were
markedly diminished by a HO-1 inhibitor ZnPP.
Consistently, the cytoprotective effects of BB
also were significantly abolished by ZnPP (Table
3). The results indicated that HO-1 played a cru-
cial role in mediating the effects of BB.

Nrf2 silence reversed the effects of BB on
HO-1 expression

We carried out Nrf2 siRNA transfection in
HepG2 cells and verified the silencing effect by
examining the expression of Nrf2 using west-
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ern blot. We found that the expression of Nrf2
protein was dramatically reduced by Nrf2 siRNA
transfection (Figure 3).

Furthermore, Nrf2 silence with siNrf2 signifi-
cantly decreased the HO-1 expression (MRNA
and protein) in BB-treated HepG2 cells (Figure
4). Consistently, siNrf2 significantly decreased
the viability of the HepG2 cells (Table 4). The
results suggested the involvement of Nrf2 in
the induction of HO-1 expression by BB in CCl4-
stimulated HepG2 cells.

Involvement of PI3K/Akt and p38 MAPK path-
ways in the effects of BB

In order to detect the upstream factors that
mediated the effects of BB on Nrf2/HO-1 sig-
naling, inhibitors of PI3K/Akt and MAPK (p38,
JNK and JNK) pathways were used. We found
LY294002 (a PI3K/Aktinhibitor)and SB203580
(@ p38 inhibitor), but not SP600125 (a JNK
inhibitor) or PD98059 (an ERK inhibitor), signifi-
cantly abolished the elevations in cell viability
(Table 5) and the expression of Nrf2 and HO-1
(mRNA and protein) (Figures 5 and 6) by BB in
the CCl4-stimulated HepG2 cells. LY294002
and SB203580 also significantly reversed the
reduction in ALT and AST leakage by 20 uM BB,
but SP600125 and PD98059 had no effects
on ALT and AST levels (Table 5).

Int J Clin Exp Med 2017;10(4):6115-6125
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Table 5. Involvement of PI3K/Akt and p38 MAPK pathways
in the cytoprotective effects of BB (20 uM) on the CCl4-

simulated HepG2 cells

Viebilty et )
Control 1.00+0.08 30.80+2.71 26.61+4.10
CCl4 0.48+0.06* 101.44+8.90* 59.97+6.38°
CCl4+BB 0.90+0.11* 44.93+6.55° 35.72+4.05°
BB+CCI4+LY294002 0.68+0.08° 70.22+4.89° 46.60+3.63°
BB+CCI4+SB203580 0.65+0.10° 73.25+6.61° 48.15+3.04°
BB+CCI4+SP600125 0.85+0.13 48.51+42.95 38.55+4.91
BB+CCI4+PD98059 0.82+0.17 46.96+6.30 37.21+4.20

Data were expressed as mean + SD. ?P<0.05 if compared to the control
group; °P<0.05 if compared to the CCI4 group; °P<0.05 if compared to

the CCI4+BB group.

Discussion

In this study, we demonstrated that BB amelio-
rated the CCl4-induced cell damage, inhibited
the production of H,0,, MDA and 8-OHdG, as
well as increased the expression of Nrf2 and
HO-1 in HepG2 cells. And the effects of BB were
reversed by HO-1, p38 and PI3K/Akt inhibi-

tors.

Herbal productions have been long used to
treat liver disease. These agents exhibit hepa-
toprotective effects via various mechanisms
such as inhibiting oxidative stress, inflammato-
ry response, fibrogenesis and other pathogenic
factors [1, 23]. Some extracts of Ginkgo bi loba
leaf, such as ginkgolide A, have been tested to
manage hepatic damage in recent studies [15].
Yet, little is known about the hepatoprotective
effects of BB which is also a compound extract-
ed form Ginkgo biloba leaf. Our toxic detection
in this study showed that BB exhibited no
marked cytotoxicity in HepG2 cells. In order to
investigate its hepatoprotective effects, we
stimulated the HepG2 cells with CCl4 which is a
chemical extensively used to induce hepatic
damage in vivo and in vitro. Our results showed
CCl4 induced significant damage to the cells
with the manifestations of decreased viability,
as well as increased ALT and AST leakage. The
cellular damages were similar to those obser-
ved in previous reports [24]. However, we found
BB dose-dependently attenuated the CCl4 in-
duced-damage to HepG2 cells. Although this is
the investigation that demonstrated the hepa-
toprotective effects of BB in HepG2 cells, its
cytoprotective activity has been proven in hu-
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man melanocytes [17], 3T3-L1 adipo-
cytes [18] and PC12 cells [19] in
recent studies. Evidence from animal
studies also showed BB had neuro-
protective effects on brain damage
[20-22].

Oxidative stress is involved in the
CCl4-induce cell damage [25]. In order
to detect the possible mechanisms by
which BB protected HepG2 cells, lev-
els of 8-OHdG (a marker of gene oxi-
dative damage), H,0, and MDA were

measured. Results showed CCl4 sig-
nificantly increased levels of these
oxidative markers. It is regarded that
HO-1 which is an important antioxi-
dant defense is activated under the condition
of excessive oxidative stress [26]. Consistently,
we found the mRNA and protein expression of
HO-1 in the CCl4-stimulated HepG2 cells in-
creased in this study. However, our results
showed that BB dose-dependently decreased
the levels of H,0,, MDA and 8-OHdG, but fur-
ther increased the expression of HO-1 mRNA
and protein in the cells. A number of recent
studies have well demonstrated that HO-1 is a
key defense against cellular oxidative damage
[26, 27]. Up-regulation of HO-1 expression has
exhibited cytoprotective effects in various cel-
lular systems [27, 28]. To confirm the role HO-1
in mediating the effects of BB in this study, a
HO-1 inhibitor was used. Interestingly, HO-1
inhibitor markedly reversed the anti-oxidative
and cytoprotective effects of BB in the cells.
The data demonstrated that HO-1 played a cru-
cial role in mediating the effects of BB.

As an antioxidant enzyme, HO-1 is activated by
various stimuli. It has been recently proven that
the expression of HO-1 gene can be regulated
by Nrf2. Nrf2 is a critical transcription factor
that regulates the genes encoding phase Il
detoxifying and antioxidant enzymes. The acti-
vation of the Nrf2-antioxidant response ele-
ment (ARE) signaling pathway is regarded as
a major mechanism of the cellular defense
against oxidative stress. The induction of Nrf2
expression has been proven to eliminate reac-
tive oxidants and ameliorate oxidative damage
in many cellular and animal models [29, 30].
Therefore, Nrf2-ARE pathway has been recog-
nized as an important therapeutic target for
treatment of various diseases including hepatic
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Figure 5. PI3K/Akt inhibitor LY294002 and p38 inhibitor SB203580 diminished the effects of BB (20 uM) on Nrf2
expression (protein and mRNA) in CCl4-simulated HepG2 cells. Data were expressed as mean + SD. @P<0.05 if
compared to the control group; °P<0.05 if compared to the CCl4 group; °P<0.05 if compared to the CCI4+BB group.
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Figure 6. PI3K/Akt inhibitor LY294002 and p38 inhibitor SB203580 diminished the effects of BB (20 uM) on HO-1
expression (protein and mRNA) in CCl4-simulated HepG2 cells. Data were expressed as mean + SD. 2P<0.05 if
compared to the control group; °P<0.05 if compared to the CCI4 group; °P<0.05 if compared to the CCI4+BB group.

damage [31, 32]. Nrf2-HO-1 signaling is regard-
ed to have a crucial role in maintaining antioxi-
dant and oxidant homeostasis. A number of
recent studies have well demonstrated the
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cytoprotective effects resulting from the activa-
tion of Nrf2/HO-1 signaling [33, 34]. In this
study, we found BB significantly increased the
expression of Nrf2 mRNA which was in line with
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the increase in HO-1 expression. Furthermore,
we found the knockdown of Nrf2 by using siRNA
markedly inhibited the effects of BB on the
HO-1 expression and cell viability in CCl4-
stimulated HepG2 cells. The findings were in
agreement with a recent study showing that
Nrf2 activation positively regulated HO-1 ex-
pression in HepG2 cells [35]. The data strongly
suggested the involvement of Nrf2 in the medi-
ating the effects of BB.

As an important regulator of cellular redox sta-
tus, Nrf2 is modulated by several signaling.
Some recent studies have proven that PI3K/
Akt and MAPK pathways have a central role in
Nrf2 activation associated HO-1 expression
[36]. MAPKs are a family of protein serine/thre-
onine kinases, including p38, ERK and JNK
subgroups. In order to clarify the up-stream
pathways that mediated the induction of Nrf2/
HO-1 signaling by BB, inhibitors specific to
PI3K/Akt and MAPKs pathways were used. We
found that incubation of the HepG2 cells with
LY294002 and SB203580 diminished the
induction of Nrf2/HO-1 expression by BB in
CCl4-stimulated HepG2 cells. SP600125 and
PD98059, however, exhibited no significant
influence on the effects of BB. Consistently, the
cytoprotective effects of BB were also inhibited
by LY294002 and SB203580. Our findings indi-
cated that p38 and PI3K/Akt pathways were
very important for the BB-induced Nrf2/HO-1
expression and cytoprotection. In line, PI3K/
Akt and p38 pathways were reported to be
involved in mediating the effects of some other
natural compounds in previous studies [37]. In
addition, similar to our findings, Shi C reported
that BB prevented the apoptosis of SH-SY5Y
cells through activation of the PI3K/Akt path-
way [38].

Therefore, BB exhibited cytoprotective effect in
HepG2 cells, which was associated with the
induction of Nrf2-mediated HO-1 expression.
PI3K/Akt and p38 pathways were involved in
the hepatoprotective effects and the regulation
of Nrf2/HO-1 signaling by BB. The findings sug-
gested a therapeutic potential of BB for the
treatment of oxidative-associated hepatic da-
mage.
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