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Bilobalide attenuates lipopolysaccharide-induced
HepG2 cell injury by inhibiting TLR4-NF-xB
signaling via the PI3K/Akt pathway
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Abstract. Inflammation is involved in the pathological
process underlying a number of liver diseases. Bilobalide
(BB) is a natural compound from Ginkgo biloba leaves
that was recently demonstrated to exert hepatoprotective
effects by inhibiting oxidative stress in the liver cancer cell
line HepG2. The anti-inflammatory activity of BB has been
reported in recent studies. The major objective of the present
study was to investigate whether BB could attenuate inflam-
mation-associated cell damage. HepG2 cells were cultured
with lipopolysaccharide (LPS) and BB, and cell damage was
evaluated by measuring cell viability using MTT assay. The
activity of the NF-xB signaling pathway was assessed by
measuring the levels of IkBa, NF-kB p65, phosphorylated
(p)-IkBa, p-p65, p65 DNA-binding activity and inflamma-
tory cytokines IL-1p, IL-6 and TNF-a. A toll-like receptor
(TLR)4 inhibitor (CLI-095) was used to detect the involve-
ment of TLR4 in cell injury caused by LPS. In addition, the
PI3K/Akt inhibitor LY294002 was applied to explore the
involvement of the PI3K/Akt axis in mediating the effects of
BB. The results demonstrated that LPS induced HepG2 cell
injury. LPS also elevated the levels of p-IkBa, p-p65, p65
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DNA-binding activity and inflammatory cytokines. However,
CLI-095 significantly attenuated the LPS-induced cell damage
and inhibited the activation of NF-kB signaling. BB also
dose-dependently attenuated the LPS-induced cell damage,
activation of NF-kB signaling and TLR4 overexpression.
Furthermore, it was observed that LY294002 diminished the
cytoprotective effects of BB on cell injury, TLR4 expression
and NF-«B activation. These findings indicated that BB could
attenuate LPS-induced inflammatory injury to HepG2 cells by
regulating TLR4-NF-«kB signaling.

Introduction

Liver diseases have become a serious public health concern
worldwide. Inflammation is involved in the pathological
process underlying a number of hepatic disorders, such as
sepsis, hepatitis, alcoholic and autoimmune liver diseases (1).
Hepatic inflammation can induce structural and functional
liver damage, ultimately resulting in liver failure or even
cancer (2). Anti-inflammatory treatment has been considered
as an important therapeutic strategy in the management of
several hepatic disorders (3,4).

Hepatic inflammation is characterized by the excessive
release of inflammatory cytokines (5). Hepatic cells are the
targets of inflammatory injury; however, following specific
stimulation they may also contribute to the production of
cytokines (5,6). Hepatic inflammation may be triggered
by a variety of stimuli, such as viral infection, alcohol and
toxins (7,8). Lipopolysaccharide (LPS) can induce the produc-
tion of inflammatory mediators, initiating inflammatory
damage to hepatic cells (9). Since LPS can induce inflamma-
tion in various animal species and cell lines, and can mimic
the typical pathophysiological process of inflammation, LPS
stimulation has been widely used in a number of experimental
models to investigate the implicated mechanisms and possible
treatments of inflammatory diseases (10).

Toll-like receptors (TLRs) are considered to be impor-
tant components of the innate immune response (11). They
are expressed by both hepatocytes and Kupffer cells and
serve important roles in hepatic inflammation (12-14). LPS,
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as a TLR ligand, can bind to TLRs and trigger the release
of multiple inflammatory mediators, leading to activation
of the inflammatory cascade and liver injury (15). Among
the several TLRs, TLR4 has been widely investigated in
a variety of diseases, such as pneumonia (16), hepatitis (17)
and diabetes mellitus (18). Activation of TLR4 by LPS may
activate inflammatory signaling via the NF-kB pathway (19).
NF-«B is expressed in nearly all types of cells (10). Under
normal conditions, NF-kB is inactivated in the cytoplasm by
binding to IkB. The activation of TLR4 by LPS can trigger
the degradation of IkB through phosphorylation, resulting
in the translocation of NF-xB into the nucleus, where it can
trigger the expression of specific inflammatory genes (20).
Therefore, NF-kB activation regulated by TLR4 serves a key
role in regulating inflammation (21). Several agents, such as
aucubin (22) and vildagliptin (23), exhibit hepatoprotective
effects by interfering with TLR4-NF-«B signaling.

Medicinal plants have a history of medical use in hepatic
diseases. A number of natural products, such as sea buckthorn
polysaccharide (24), artesunate (25) and annona squamosa
seed extract (26), have been indicated to exhibit hepatopro-
tective effects in several hepatic cellular and animal models.
Bilobalide (BB) is a sesquiterpene trilactone compound
extracted from the leaves of Ginkgo biloba that has been
reported in the literature to exhibit anti-inflammatory and
cytoprotective properties (27,28). A previous study has
demonstrated that BB abated inflammation in 3T3-L1 adipo-
cytes, partially via inhibiting NF-xB signaling (29). Another
study reported that BB attenuated oxygen-glucose depriva-
tion/reoxygenation (OGD/R) injury in BV2 microglia cells
via regulating TLR4 signaling (30). However, the role of BB
in LPS-induced inflammatory response and cell injury in the
liver and the role of TLR4-NF-«B signaling in this process
remain unclear.

Thus, the present study was undertaken to investigate the
cytoprotective effects of BB in HepG2 cells and elucidate the
underlying mechanism.

Materials and methods

Reagents and antibodies. BB (purity=99%) was purchased
from Shanghai Winherb Medical Technology Co., Ltd. and
dissolved in DMSO as a stock solution. MTT was purchased
from Sigma-Aldrich; Merck KGaA. DMEM was purchased
from Cytiva and FBS was from Gibco; Thermo Fisher
Scientific, Inc. BCA assay kit (cat. no. CW0014S) and RIPA
buffer (cat. no. CW2334S) were from CoWin Biosciences. IL-6
(cat. no. CSB-E04638h), IL-1f (cat. no. CSB-E08053h) and
TNF-a (cat. no. CSB-E04740h) ELISA kits were obtained from
CUSABIO TECHNOLOGY LLC. B-actin (cat. no. 4970S),
IkBa (cat. no. 4812S), NF-«xB p65 (cat. no. 8242S), phosphory-
lated (p)-IxBa (cat. no. 2859S) and p-p65 (cat. no. 3033S)
antibodies were purchased from Cell Signaling Technology,
Inc. Horseradish peroxidase-conjugated anti-rabbit IgG
secondary antibody (cat. no. BA1054) was purchased from
Wuhan Boster Biological Technology, Ltd. TransAM NF-«B
p65 kit (cat. no. 40096) was obtained from Active Motif, Inc.
The chemiluminescent horseradish peroxidase substrate kit
was purchased from MilliporeSigma. TRIzol® reagent was
purchased from Invitrogen; Thermo Fisher Scientific, Inc. The

ReverTra Ace qPCR Kit (cat. no. FSQ-101) was obtained from
Toyobo Life Science. CLI-095 and LY294002 were obtained
from MedChemExpress and dissolved in DMSO. QuantiNova
SYBR Green PCR kit (cat. no. 208054) was purchased from
Qiagen GmbH. Primers were purchased from Sangon Biotech
Co., Ltd. LPS (cat. no. S11060) from Escherichia coli O55:B5
was purchased from Shanghai Yuanye Bio-Technology Co.,
Ltd.

Cell line. Liver cancer cell line HepG2 (cat. no. CBP60199;
CoBioer Biosciences Co., Ltd.) were cultured with DMEM
containing 10% FBS and 1% penicillin-streptomycin at 37°C
with 5% CO,. HepG2 cells were precultured in DMEM
complete medium for 24 h, then subjected to different treat-
ments in the subsequent experiments.

Experimental design. The study consisted of four experi-
ments as follows: Experiment 1 aimed to exclude the possible
cytotoxicity of BB. HepG2 cells were seeded in 96-well plates
(5x10° cells/well). Cells were grown in DMEM for 24 h,
followed by incubation with various concentrations of BB (0,
5, 10, 20 and 40 uM) for 2, 24, 48 and 72 h. The viability of
HepG2 cells was detected using an MTT assay. Experiment 2
aimed to detect whether BB could protect HepG2 cells against
LPS-induced damage. HepG2 cells were incubated with BB
(10 and 20 uM) for 2 h, then stimulated with LPS at the concen-
tration of 50 pg/ml (31-34) for 24 h. Cell viability was detected
using an MTT assay. The levels of TLR4 mRNA, p-IxBa,
p-p65, p65 DNA-binding activity, IL-1p3, IL-6 and TNF-a were
measured. Experiment 3 aimed to explore whether TLR4 was
involved in mediating LPS-induced cell injury and inflam-
matory response in HepG2 cells. HepG2 cells were incubated
with LPS and the TLR4 inhibitor CLI-095 (10 uM) for 24 h.
Cell viability and inflammatory response were assessed as
aforementioned. Finally, experiment 4 aimed to confirm the
role of the PI3K/Akt pathway in mediating the effects of BB.
Cells were pretreated with BB (20 xM) with the presence of the
PI3K/Akt inhibitor LY294002 (20 #M) for 2 h, followed by a
24-h LPS incubation. All incubations were performed at 37°C.

MTT assay. Following each treatment, cells were incu-
bated with 20 ul MTT solution (5 mg/ml) for 4 h at 37°C.
Subsequently, 100 x1 DMSO were added to dissolve the
formazan crystals after removing the supernatant from the
wells. The absorbance of each well was measured at 570 nm
using a microplate reader (Bio-Rad Laboratories, Inc.). Cell
viability was expressed as a percentage of the control cells
(considered to be 100%).

Measurement of inflammatory cytokines. Following each
aforementioned treatment, the culture medium was collected.
The concentrations of IL-1p, IL-6 and TNF-a were measured
using commercially available ELISA kits according to the
manufacturer's instructions.

Western blot assay. HepG2 cells were harvested separately,
washed in cold PBS and lysed using RIPA buffer. The protein
concentrations of the samples were detected via BCA assay.
Briefly, 25 ul of each sample and BSA standard solution (0,
0.125, 0.25,0.5, 1 and 2 pg/ul) from the BCA assay kit were
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added to 96-well plates. Then, 25 ul BCA solution was added
to each well and the plates were incubated at 37°C for 30 min.
The absorbance of each well was measured at 570 nm using a
microplate reader. Ultimately, the protein concentration of the
samples was calculated according to the standard curve. After
the measurement of the protein concentrations, 40 ug protein/
sample were loaded on 10% SDS-PAGE gels, separated and
subsequently transferred to PVDF membranes. Following
blocking with 5% skimmed milk buffer for 1 h at 37°C, the
membranes were incubated overnight at 4°C with rabbit anti-
bodies (p65, p-p65, IxkBa, p-IxkBa and -actin) diluted 1:1,000.
Subsequently, the membranes were incubated with 1:5,000
HRP-conjugated anti-rabbit IgG secondary antibody for 1 h
at room temperature. Protein expression was visualized with
a chemiluminescent HRP substrate kit. The intensity of the
bands was measured using ImageJ software v1.52a (National
Institutes of Health). The ratio of phosphorylated/total protein
was evaluated.

Reverse transcription-quantitative PCR (RT-gPCR) analysis.
Total RNA was obtained from HepG2 cells with TRIzol
reagent and the extracted RNA in each group was reversely
transcribed into cDNA using the ReverTra Ace qPCR kit
according to the manufacturer's instructions. gPCR was then
carried out on a Real Time system machine using the cDNA
samples and QuantiNova SYBR Green PCR kit. The PCR
amplification conditions were as follows: 95°C for 30 sec,
followed by 40 cycles at 95°C for 10 sec and at 60°C for
60 sec. The primer sequences use for the qPCR were as listed
follows: TLR4 forward, 5-TGAGCAGTCGTGCTGGTA
TC-3" and reverse, 5'-CAGGGCTTTTCTGAGTCGTC-3';
B-actin forward, 5'-CACACTGTGCCCATCTACGA-3' and
reverse, 5'-CTCAGTGAGGATCTTCATGAGGTAGT-3'. The
expression of the target gene was determined using the 2444
method (35) and was normalized to the endogenous control
[-actin.

Measurement of p65 DNA-binding activity. Nuclear extracts
were obtained from HepG2 cells and used to measure p65
DNA-binding activity with TransAM NF-«xB p65 kit strictly
according to the manufacturer's protocol. Following comple-
tion of the reactions, the absorbance of each sample was
measured at 450 nm using a plate reader. The DNA-binding
activity was expressed as a percentage of the control cells
(considered to be 100%).

Statistical analysis. Data are presented as the mean + SEM
and were analyzed with SPSS software version 21.0 (IBM
Corp.). Differences between groups were compared using
one-way ANOVA followed by Tukey's honestly significant
difference test. All the experiments were performed in trip-
licates and repeated three times. P<0.05 was considered to
indicate a statistically significant difference.

Results

BB exerts no significant toxic effects on HepG2 cells. In exper-
iment 1, there were no significant differences in the viability
of HepG2 cells incubated with different concentrations of BB
0,5, 10,20 and 40 M) for 2, 24,48 and 72 h. This indicated
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Figure 1. BB exerts no significant cytotoxic effects on HepG2 cells. MTT
assay results revealed that BB (0-40 xM) exerted no significant toxic effects
on HepG2 cells. The results are presented as the mean + SEM. All the
experiments were performed in triplicate and repeated three times. DMSO
as solvent was used for the 0 #M BB treatment. BB, bilobalide.
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Figure 2. BB attenuates LPS-induced HepG2 cell injury. MTT assay results
revealed that LPS significantly decreased the viability of HepG2 cells.
Preincubation with BB (10 and 20 xM) markedly increased the viability
of LPS-stimulated HepG2 cells in a dose-dependent manner. The results
are presented as the mean + SEM. All the experiments were performed in
triplicate and repeated three times. DMSO was used as the control. "P<0.05
vs. control; “P<0.05 vs. LPS; “P<0.05 vs. LPS + BB 10 M. BB, bilobalide;
LPS, lipopolysaccharide.

that BB at concentrations of 0-40 uM exerted no significant
cytotoxic effects (Fig. 1).

BB attenuates LPS-induced HepG?2 cell injury. In experi-
ment 2, the MTT assay results revealed that LPS stimulation
significantly decreased the viability of HepG2 cells, but BB
(10 and 20 #M) dose-dependently increased the viability of the
LPS-stimulated HepG2 cells, indicating that BB may protect
HepG2 cells from LPS-induced injury (Fig. 2).

BB inhibits LPS-induced activation of NF-kB signaling. In
experiment 2, LPS markedly increased the phosphorylation of
IxBa and p65 and elevated p65 DNA-binding activity. In addi-
tion, LPS promoted the production of TNF-a, IL-1f3 and IL-6.
However, preincubation with BB diminished the NF-kB activa-
tion and inflammatory cytokine release induced by LPS (Fig. 3).

BB inhibits LPS-induced TLR4 mRNA expression. In experi-
ment 2, LPS markedly increased TLR4 mRNA expression,
whereas BB abolished the LPS-induced TLR4 mRNA increase
in a dose-dependent manner (Fig. 4).
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Figure 3. BB inhibits LPS-inducted NF-«B activation and inflammatory cytokine production. LPS induced NF-«B activation and the release of inflammatory
cytokines in a dose-dependent manner. LPS stimulation significantly increased the phosphorylation of (A) IkBa and (B) p65, (C) elevated p65 DNA-binding
activity and (D) promoted the production of IL-1f, IL-6 and TNF-a. Preincubation with BB (10 and 20 xM) markedly diminished the effects of LPS. The
results are presented as the mean = SEM. All the experiments were performed in triplicate and repeated three times. DMSO was used as the control. "P<0.05
vs. control; “P<0.05 vs. LPS; #P<0.05 vs. LPS + BB 10 xM. BB, bilobalide; LPS, lipopolysaccharide; p-, phosphorylated.

TLR4 serves an important role in LPS-induced HepG?2 cell
injury, NF-kB activation and inflammatory cytokine release.
In experiment 3, the TLR4 inhibitor CLI-095 (10 uM)
significantly inhibited the LPS-induced increase in the
phosphorylation of IxBa and p65, p65 DNA-binding activity
and the production of inflammatory cytokines. CLI-095 also
attenuated the LPS-induced decrease in cell viability. These
results suggested that TLR4 may be involved in LPS-induced
cell injury and NF-kB activation in HepG2 cells (Fig. 5).

BB inhibits LPS-induced TLR4 mRNA expression, NF-kB
activation and inflammatory cytokine release through the
PI3K/Akt pathway. The results of experiment 4 demonstrated
that the PI3K/Akt inhibitor LY294002 abolished the inhibition
of TLR4 mRNA by BB in the LPS-stimulated HepG2 cells
(Fig. 6A). Consistently, LY294002 also abolished the inhibi-
tory effects of BB on the phosphorylation of IxBa and p65, p65
DNA-binding activity (Fig. 6B-D) and inflammatory cytokine
release (Fig. 6E) in LPS-stimulated HepG2 cells. Moreover,
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Figure 4. BB inhibits LPS-induced TLR4 mRNA expression in HepG2
cells. LPS stimulation for 24 h markedly increased the expression of TLR4
mRNA, whereas preincubation with BB (10 and 20 #M) partially abolished
the LPS-induced increase in TLR4 mRNA expression in a dose-dependent
manner. The results are presented as the mean + SEM. All the experiments
were performed in triplicate and repeated three times. DMSO was used as the
control. "P<0.05 vs. control; “P<0.05 vs. LPS; 2P<0.05 vs. LPS + BB 10 uM.
BB, bilobalide; LPS, lipopolysaccharide.
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Figure 5. Toll-like receptor 4 is involved in LPS-induced HepG2 cell injury, NF-kB activation and inflammatory cytokine release. CLI-095 significantly
decreased LPS-induced increase in (A) IkBa phosphorylation, (B) p65 phosphorylation, (C) p65 DNA-binding activity and (D) IL-1f, IL-6 and TNF-a levels.
(E) CLI-095 attenuated LPS-induced cell injury. The results are presented as the mean + SEM. All the experiments were performed in triplicate and repeated
three times. DMSO was used as the control. "P<0.05 vs. control; "P<0.05 vs. LPS. LPS, lipopolysaccharide; p-, phosphorylated.

LY294002 diminished the cytoprotective effects of BB after
LPS treatment (Fig. 6F). These results strongly suggested
that the effects of BB on LPS-stimulated HepG2 cells may be
mediated via the PI3K/Akt pathway.

Discussion

An increasing amount of experimental and clinical studies
have focused on the regulation of inflammatory response by
natural products (36-39). A number of natural agents have been
indicated to exhibit hepatoprotective properties (24-26,40).

BB (Fig. 7), which is a sesquiterpene trilactone extracted from
the Ginkgo biloba leaf, has been indicated to exhibit multiple
pharmacological effects (41-43), and it has been investigated
as a therapeutic agent for cardiovascular diseases (44), neuro-
logical disorders (41,45), ethanol-induced gastric ulcer (46) and
cuprizone-induced demyelination (47). Previous studies also
demonstrated that BB exerts anti-inflammatory effects (27,28).
However, whether BB exhibits beneficial effects on hepatic injury
following an inflammatory response has yet to be elucidated.
The liver cancer cell line HepG2 has been widely used in
evaluating the hepatoprotective activities of novel agents (48),


https://www.spandidos-publications.com/10.3892/etm.2023.12312

6 MAO et al: BILOBALIDE ATTENUATES LPS-INDUCED HepG2 CELL DAMAGE

c 600 1
A B ° g A#
4 * £ 500+ *
3 = 53 = B
X 61 = -
:(, A# g’.g. 400
P =S 2 8 300
C 4 8%
S < .o
E # %EZOO‘
2 21 9 1004 l_—.I
[ Q.
2 1
- 0 L T T T
£ 3 o i3 zs A
T [ 2 »3 =8 £ i oS 29
g - QS 23 8 -« oD
© P &< o oS
o @2 @ Q-
3 5
%) Q
o -
-
D
LPS -+ + + LPS -+ + +
BB - - + + BB - - + +
LY294002 - - - + LY294002 - - - +

P ——T I
——————— o
p-actin [N <5 kDa p-actin [ 45 kDa

6_
59 *
A# e A#
c * g ——
9/\4- —_—— —— gA
fge
5% 31 g5 4
x
x # o8
[0 > 7
> ¥ 21 =2 24
T o T
cﬂt) 1_ [ I=I
0 | | 0 T T T T
T T T T -—
— o [72] + S + Al
[ o
2 2 »= =3 £ % = =8
c | Qg 3_3 o _|8 og
3 -« oo o o Qo
(6] o S m @2
3] 0> M
m +
+ %)
%) o
a 4
.}
E 400+ Hl TNF-o F _125-
Z B3 1L-1B S
S~ +
D = IL-6 S 100 4
£ 3004 . A# Au S : 4
1)) —
g S 754
)
€ 200 < * A#
5 ¥ £ 501
5 : : 2
o 1007 A " S 254
Q " : =
2 :=: 3 3
0- Y Y 0 T T T T
T 2 43 13 : £ 43 2%
g 3 oz 2Q < — =y =3
3 -« ) 8 -« oo
o fin} m
m_I [a] cn_l
+ +
%) %)
o a
| |

Figure 6. BB inhibits LPS-induced TLR4 mRNA expression, NF-kB activation and inflammatory cytokine release through the PI3K/Akt pathway.
(A) LY294002 attenuated the inhibitory effects of BB on TLR4 mRNA expression in LPS-stimulated HepG2 cells. LY294002 abolished the effects of BB
on (B) p65 DNA-binding activity, (C) IkBa phosphorylation, (D) p65 phosphorylation and (E) inflammatory cytokine release. (F) The cytoprotective effect
of BB was also abolished by LY294002. The results are presented as the mean + SEM. All the experiments were performed in triplicate and repeated three
times. DMSO was used as the control. "P<0.05 vs. control; “P<0.05 vs. LPS; “P<0.05 vs. LPS + BB 20 M. BB, bilobalide; TLR4, toll-like receptor 4; p-,
phosphorylated; LPS, lipopolysaccharide.
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as these cells retain several morphological and biochemical
characteristics of normal hepatocytes (49). In the present
study, the possible cytotoxic effects of BB on HepG2 cells
were firstly excluded. HepG2 cells were incubated with
various concentrations of BB for 2, 24, 48 and 72 h, and the
viability of HepG2 cells was evaluated. The results revealed
that incubation with BB at concentrations of 0-40 M demon-
strated no adverse effects on cell viability, indicating that
BB was not cytotoxic to HepG2 cells. In order to observe
whether BB could protect HepG2 cells from inflammatory
damage, HepG2 cells were stimulated with LPS, which has
been widely used to induce inflammation in animal models
and cell lines (50). The results demonstrated that LPS
stimulation resulted in decreased cell viability, indicating
that LPS caused HepG2 cell injury, whereas 10 and 20 pM
BB treatment dose-dependently attenuated the LPS-induced
cell damage. Our previous pilot study demonstrated that
10 and 20 M BB exhibited a relevant potency on inhibiting
LPS-induced damage; therefore, 10 and 20 uM BB were used
in the current study (data not shown). Similar to the findings
of the present study, the cytoprotective effects of BB have
also been demonstrated in other cell lines. Hua et al (51)
revealed that BB could protect neural cells against aggregated
a-synuclein-induced apoptosis. Cao and Li (52) observed
that BB ameliorated OGD-induced injury in H9c2 cells.
A study by Mao et al (53) demonstrated that BB alleviated
IL-17-induced inflammatory injury in ATDCS cells. In addi-
tion to the cytoprotective effects of BB, the present study
also demonstrated that BB treatment markedly suppressed
the production of TNF-a, IL-1p and IL-6 induced by LPS
in HepG2 cells. The role of these cytokines in exacerbating
hepatocyte apoptosis (54,55), hepatic fibrosis (56,57), hepatic
stellate cell activation (58,59) and Kupffer cell activation (60)
has been demonstrated in numerous studies. Considering the
important role of these cytokines in hepatic injury, inhibiting
the overproduction of these cytokines has been regarded as an
important therapeutic strategy in the management of hepatic
disorders in both clinical and experimental studies (61-63).
Therefore, it was hypothesized that the downregulation of
inflammatory cytokines by BB should contribute to the
attenuation of the LPS-induced HepG?2 cell injury in the
present study. Consistent with the findings of the current
study, BB has been reported to attenuate inflammatory injury
in different disease models. In a previous study performed by
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Zhou et al (30), BV2 cells were subjected to oxygen-glucose
deprivation/reoxygenation (OGD/R) and treated with BB. The
results of the study revealed that OGD/R induced inflamma-
tory response and cellular damage in BV2 cells in vitro, but
BB treatment suppressed the production of IL-1f, IL-6, IL-8
and IL-10, and attenuated cell damage. In another study by
Jiang et al (27), BB treatment alleviated brain damage and
inhibited the expression of the inflammatory cytokines TNF-a
and IL-1p in rats with middle cerebral artery occlusion/
reperfusion. Simultaneously, Jiang et al (27) observed that
BB significantly downregulated TNF-a and IL-1f expression
in rat cortical neurons after OGD/R-induced injury in vitro.
Hui and Fangyu (46) reported that BB decreased TNF-a, IL-6
and IL-1p levels in mice with gastric ulcers. Additionally,
other studies also demonstrated the protective effects of
BB in several disorders through various mechanisms. For
example, Liu et al (64) demonstrated that bilobalide acts
against cerebral ischemia injury by activating the Akt/
Nrf2 pathway in vitro and in vivo; Qin et al (65) reported
that bilobalide alleviates neuroinflammation in Alzheimer's
disease by upregulating lincRNA-p21; and Zheng et al (66)
demonstrated that bilobalide inhibits autophagy and promotes
angiogenesis following focal cerebral ischemia reperfusion by
activating Akt/eNOS.

The regulation of inflammatory gene transcription has
been demonstrated to be regulated by specific signaling path-
ways and transcriptional regulators (67,68). NF-«xB is one of
most important inflammatory regulators, and serves a key role
in determining cytokine expression (69). After being released
from its inhibitor, IxB, the activated p65 subunit translocates
to the nucleus to regulate the expression of inflammatory
genes (70). NF-xB has been considered to be an important
therapeutic target in treating inflammatory disorders (71,72).
In the present study, it was observed that LPS stimulation
activated NF-kB signaling in HepG2 cells by enhancing
the phosphorylation of IxBa and p65 and increasing p65
DNA-binding activity. However, BB significantly abolished
NF-«B activation induced by LPS. These inhibitory effects
on NF-kB activation were in accordance with its effects
on inflammatory cytokine release in the present study. In a
similar manner, a number of other natural agents, such as
raspberry ketone, grape-leaf extract and fraxetin, have also
been demonstrated to exert hepatoprotective effects through
suppressing NF-«kB activation (73-75). Although this is, to the
best of our knowledge, the first study to demonstrate the effects
of BB on NF-«B activation in HepG2 cells, a recent study by
Priyanka et al (28) demonstrated that BB abated inflammation
and inhibited NF-«B activation in 3T3-L1 adipocytes. In addi-
tion, Zhang et al (76) also reported that BB attenuated colitis
by inhibiting NF-kB signaling in mice.

As one of the receptors of LPS, TLR4 serves a key function
in hepatic diseases (77,78). Certain agents, such as raspberry
ketone (73) and monotropein (79), have been demonstrated to
attenuate liver injury by acting on the TLR4 signaling pathway.
In the present study, BB was indicated to abolish LPS-induced
TLR4 mRNA overexpression. To confirm the involvement of
TLR4 in mediating the LPS-induced alterations in HepG2
cells, the TLR4 inhibitor CLI-095 was used to inhibit TLR4,
as described previously (80). The results demonstrated that
CLI-095 reduced LPS-induced cell injury and suppressed the
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activation of NF-kB signaling. These results suggested the
involvement of TLR4 in the LPS-induced damage to HepG2
cells. This is in line with the conclusions of previous studies
reporting that LPS primarily induces inflammatory response
through TLR4-NF-«B signaling (79,81). Therefore, the inhibi-
tion of TLR4 by BB in the present study may contribute to the
suppressive effects of BB on NF-kB activation and cytokine
release. In addition to the inhibitory effects of BB on TLR4
expression observed in the present study, a previous study
also demonstrated that BB inhibited TLR4 expression in BV2
microglia cells (30).

It has been demonstrated that the PI3K/Akt pathway is
involved in regulating TLR4 expression (82,83). It has been
reported that PI3K/Akt activation can inhibit LPS-induced
IL-6 and TNF-a production from microglia and bone marrow
macrophages (84,85). Notably, a previous study demonstrated
that BB could activate PI3K/Akt signaling in SH-SY5Y
cells (86). Therefore, it was hypothesized that the effects of BB
on HepG2 cells may be mediated via the PI3K/Akt pathway.
To confirm this hypothesis, the PI3K/Akt inhibitor LY294002
was applied to block the PI3K/Akt pathway. The use of specific
inhibitors is considered to be the optimal method for assessing
the pharmacological action of a drug. When assays with
inhibitors are used, three possible results may be observed: No
alteration, total inhibition or partial inhibition. The results of
the present study demonstrated that LY294002 partially abol-
ished the downregulation of TLR4 mRNA expression by BB.
In addition, LY294002 significantly diminished the effects of
BB on NF-kB activation and cytokine release. Furthermore,
the beneficial effects of BB on cell viability were also abol-
ished by LY294002. These results suggested that the PI3K/
Akt pathway was involved in mediating the effects of BB
on HepG2 cells, as most of the aforementioned effects were
entirely inhibited by LY294002. Similar to BB, other agents
such as lithium, hypaphorine and ginkgolide A have also been
indicated to inhibit TLR4-associated cytokine release through
the PI3K/Akt pathway in microglia and human vascular endo-
thelial cells (85,87,88).

In conclusion, the results demonstrated that BB may
attenuate LPS-induced HepG2 cell injury by regulating TLR4/
NF-«B signaling through the PI3K/Akt pathway. Therefore,
BB may be of value as a potential agent for the treatment of
inflammation-associated hepatic injury.
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