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Inhibitory effect of Patrinia on BRL-3A cell apoptosis through the
TLR4/PI3K/AKT/GSK3f and TLR4/P38/JNK signaling pathways
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Abstract. The present study investigated the inhibitory effect
of Patrinia on lipopolysaccharide (LPS)-induced apoptosis
of rat liver BRL-3A cells. A Cell Counting Kit-8 assay was
performed to measure the effect of Patrinia on BLR-3A cell
activities. A biochemical assay was employed to detect the
release of lactate dehydrogenase (LDH) in BRL-3A cells
induced by different doses of LPS. Based on the release rate of
LDH, drug concentrations were setat 0.5, 1 and 2 g/1. Apoptotic
morphology of cells was observed via Hoechst 33342 staining
and flow cytometry was performed to detect apoptosis
rates. Western blotting was performed to detect the expres-
sion of toll-like receptor 4 (TLR4), protein kinase B (AKT),
phosphorylated (P)-AKT5™" | glycogen synthase kinase 33
(GSK3p), P-GSK3p5, P38, P-P38, c-Jun N-terminal kinase
(JNK), P-JINK, B-cell lymphoma-2 (Bcl-2), Bcl-2 associated
X protein (Bax) and active-caspase-3 proteins. The trans-
location of GSK3[ was observed by immunofluorescence
staining. Results revealed that Patrinia increases cell activi-
ties and inhibits apoptosis. The expression levels of TLR4,
P-P38 and P-JNK were reduced, whereas the expression of
P-AKT**™" and P-GSK33%" were increased. Patrinia signifi-
cantly reduced GSK3p nuclear translocation induced by LPS,
and significantly decreased the mRNA expression levels of
Bax/Bcl-2 and caspase-3 in BRL-3A cells induced by LPS.
In conclusion, Patrinia may significantly reduce apoptosis of
BRL-3A induced by LPS via the TLR4/PI3K/AKT/GSK3p
and TLR4/P38/INK signaling pathways, providing evidence
for its potential use in liver disease therapy.
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Introduction

In acute liver failure, hepatocellular death surpasses hepatocyte
regeneration. Studies have revealed that hepatocellular death
may be caused by a variety of biochemical signaling pathways,
and the morphological alterations are characterized by large
hepatocytes, necrosis or severe degeneration accompanied by
a large amount of hepatocellular apoptosis, which occurs in
response to viruses, drugs, ethanol, toxins and hemorrhagic
lesions, followed by necrosis (1). A large amount of hepatocel-
lular apoptosis and necrosis defines acute liver failure (2,3).
However, the underlying molecular mechanism of apoptosis in
acute liver failure remains to be understood.

It is believed that the phosphoinositide-3 kinase
(PI3K)/protein kinase B (AKT) signaling pathway mediates
cell survival and a variety of biological effects, resulting in an
anti-apoptotic effect (4,5). Activated AKT may promote the
phosphorylation of downstream substrates such as glycogen
synthase kinase 3 (GSK3p) (12). Tournier et al (6) argued that
the P38 and c-Jun N-terminal kinase (JNK) pathway is involved
in apoptosis via mitogen-activated protein kinase (MAPK) signal
transduction, and P38 also causes inflammatory responses.
Activated JNK promotes apoptosis, and is involved in the regula-
tion of apoptosis-associated gene expression and the activation of
the caspase family, making it more complex than P38.

Patrinia is commonly used for reducing heat, detoxifi-
cation, eliminating carbuncle abscess, reducing pain and
dissipating blood stasis. It is a spicy and bitter heat-clearing
herb, and may exhibit anti-viral, neuroprotective, heart-protec-
tive, antioxidant and anti-tumor effects (7). As it has a variety
of pharmacological effects, Patrinia has attracted widespread
attention. However, the inhibition of hepatocellular apoptosis
and its underlying mechanism of liver failure have yet to be
fully elucidated. The present study aimed to investigate the
inhibitory effect of Patrinia on hepatocyte apoptosis in a rat
model of acute liver failure, in order to provide experimental
evidence for the prevention and treatment of acute liver failure
with Patrinia. It was also determined whether this inhibition
was mediated through the TLR4/PI3K/AKT/GSK3f and
TLR4/P38/INK signaling pathways.

Materials and methods

Materials. The rat liver BRL-3A cell line was provided by the
Sun Yat-sen University cell bank (Guangzhou, China). Patrinia
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was purchased from Xi'an Four Seasons Biotechnology Co.,
Ltd. (Xi'an, China).

Cell Counting Kit-8 (CCK-8) assay to determine BRL-3A
cell viability. To measure the effect of Patrinia on BRL-3A
cell viability, BRL-3A cells were seeded at a density of
1x10*cells/ml in 96 well plates for 48 h at 37°C in RMPI-1640
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA),
10% fetal bovine serum (Gibco; Thermo Fisher Scientific,
Inc.) and 1% streptomycin and penicillin. Cells were subse-
quently divided into five groups: The control group (treated
with RPMI-1640), and Patrinia treated groups at concentra-
tions of 0.25, 0.5, 1.0, 2.0 and 4.0 g/1. The wells of all groups
were replaced with fresh medium and cells were cultured for
a further 24 h at 37°C. Cells were incubated with tetrazolium
salt for 4 h and the absorbance in each well was subsequently
measured at 450 nm with a microplate reader (Beijing Biocoen
Biotechnology Co., Ltd., Beijing, China). The control group
viability was set at 100% and BRL-3A cell viability of the
Patrinia-treated groups were calculated accordingly.

To determine the effect of Patrinia on LPS-induced
BRL-3A cell viability, BRL-3A cells were seeded at a density
of 1x10* cells/ml in 96-well plates for 48 h, and then divided
into five groups: A, the normal group; B, the LPS-treated
group; C, the low-density Patrinia (0.5 g/l)-treated group; D, the
middle-density Patrinia (1 g/l)-treated group; E, the high-density
Patrinia (2 g/l)-treated group. Cells were pretreated with Patrinia
for 2 h and then treated with LPS at 10 yg/ml for 24 h, prior to
determining the BRL-3A cell viability as described above.

Measuring the effect of Patrinia on lactate dehydrogenase
(LDH) release by LPS stimulation in BRL-3A cells via a
biochemical method. BRL-3A cells (1x10*/ml) were seeded
in 96-well culture plates for 24 h, and grouped and treated
as described above. LDH release in each BRL-3A cell was
determined using a lactate dehydrogenase (LDH) kit (Genmed
Scientifics, Inc., Wilmington, DE, USA). Cells were incubated
with LDH reagent for 30 min at room temperature and absor-
bance was measured at 490 nm with a microplate reader.

Hoechst 33342 staining to observe the effect of Patrinia on
apoptosis of BRL-3A cells after LPS stimulation. BRL-3A
cell suspension was prepared and the cell density was adjusted
to 1x10* cells/ml. The cells were cultured in 12-well culture
plates with round coverslips. After incubation for 24 h, the
cells were fixed with 4% paraformaldehyde for 20 min and
subsequently incubated with Hoechst stain solution (1:1,000;
Dojindo Molecular Technologies, Inc., Kumamoto, Japan)
for 15 min at room temperature. Cells were observed with a
fluorescent microscope (IX51; Olympus Corporation, Tokyo,
Japan) at a magnification of x100.

Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) double labeling. Cells (1x10* /ml) were cultured in
6-well plates for 24 h. Cells were placed into a centrifuge tube,
then digested with 0.25% EDTA-free trypsin (Gibco, Thermo
Fisher Scientific, Inc.). Cells were collected and centrifuged at
4472 x g for 5 min at 37°C and the supernatant was discarded
before washing the cells with PBS twice. The cell density was
adjusted to 5x10° cells/ml.
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A total of 1 ml cell suspension was centrifuged at 111.8 x g
for 10 min at 4°C and the supernatant was discarded. A total of
1 ml cold PBS was added and the cells were agitated for effi-
cient suspension. The cells were centrifuged again at 111.8 x g
for 10 min at 4°C and the supernatant was discarded. The
above procedure was repeated three or four times. The cells
were re-suspended in 200 gl binding buffer (cat. no. RVBB-02;
Biomiga, Shanghai, China). Following this, the apoptotic
rate was detected using an Annexin V-FITC apoptosis jut
(Biouniquer Technology Co., Ltd., Hangzhou, China). A total
of 10 1 Annexin V-FITC was added and cells were agitated in
the dark for 1 min at room temperature. Following the addition
of a further 300 yl binding buffer and 5 ul PI, the apoptotic
rate was measured by flow cytometry (BD FACS Calibur™;
BD Biosciences, Franklin Lakes, NJ, USA). The experiment
was repeated three times.

Western blot analysis. Cells were collected from all treatment
groups and washed with PBS twice. A total of 400 ul cell
lysate was mixed with 40 x1 10 mmol/l phenylmethylsulfonyl
fluoride, gently agitated and put on ice for 10 min for sufficient
lysis. The cells were gauged with sterile syringes repeatedly.
The lysates were placed into Eppendorf tubes, placed on an
ice-bath for 30 min and centrifuged at 12,000 x g at 4°C for
15 min. The supernatant was subsequently transferred to
fresh Eppendorf tubes. Protein concentration was determined
using a BCA protein assay kit. Protein sample 6X buffer
(20 ul; Beijing Biocoen Biotechnology Co., Ltd.) was added
to each sample (100 ul), boiled for 5 min and then stored at
80°C. Protein (30 pg/lane) was separated by 12% SDS-PAGE
and transferred onto polyvinylidene difluoride membranes.
The primary antibodies against toll-like receptor 4 (TLR4
(cat. no. 76B357; Novus Biologicals, LLC, Littleton, CO,
USA), AKT (cat. no. 9272S; CST Biological Reagents Co.,
Ltd., Shanghai, China), phosphorylated (P)-AKT™7 (cat.
no. 9271S; CST Biological Reagents Co., Ltd.), GSK3f (cat.
no. 9315S; CST Biological Reagents Co., Ltd.), P-GSK35"
(cat. no. 9323S; CST Biological Reagents Co., Ltd.), P38
(cat. no. ab32142; Abcam, Cambridge, UK), P-P38 (ab47363,
Abcam, USA), INK (cat. no. ab110724; Abcam), P-JNK
(cat. no. ab76572; Abcam), B-cell lymphoma-2 (Bcl-2; cat.
no. S1460; Selleck Chemicals, Houston, TX, USA), Bcl-2
associated X protein (Bax; cat. no. S1076; Selleck Chemicals)
and active-caspase-3 (cat. no. S7524; Selleck Chemicals)
were added at a 1:1,000 dilution and incubated overnight
at 4°C. The cells were washed with PBS with 0.05% Tween
(PBST) three times. Horseradish peroxidase-conjugated goat
anti-rabbit IgG (cat. no. 01-15-06; 1:1,000; Sigma-Aldrich;
Merck KGaA) was added and incubated for 1 h at 4°C. The
cells were washed with PBST three times. Proteins were visu-
alized using a chemiluminescence substrate (Merck KGaA).
The expression levels of the above proteins were measured
using the ChemiDox XRS+ system (version 4.6; Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Effect of Patrinia on GSK3f translocation in BRL-3A cells
after LPS stimulation. A BRL-3 cell suspension was prepared
and the cell density was adjusted to 1x10* cells/ml. After
incubation for 24 h in a 12-well culture plate with coverslips,
cells were grouped and treated as described above. Following
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this, the coverslips containing cells were removed and immu-
nofluorescence staining of GSK3f was performed. Cells were
fixed in 4% paraformaldehyde for 30 min at room temperature
and blocked with 1% bovine serum albumin (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) for 20 min at room
temperature. Cells were then incubated with GSK3[ primary
antibody (cat. no. 9315S; 1:500; CST Biological Reagents Co.,
Ltd.) for 12 h at 4°C followed by incubation with Alexa Fluor®
488 Donkey Anti-Rabbit IgG (H+L) secondary antibody (cat.
no. A121206; Invitrogen; Thermo Fisher Scientific, Inc.) at
37°C for 1 h. GSK3p nuclear translocation was observed and
images were captured using a IX51 fluorescence microscope
(Olympus Corporation).

Statistical analysis. Data are expressed as mean + standard
deviation of three independent experiments. Comparison
between two groups was performed via a Student's t-test,
whereas comparisons between >2 groups was determined by a
one-way analysis of variance followed by Tukey's post-hoc test
for multiple comparisons. P<0.05 was considered to indicate a
statistically significant difference. Data were analyzed using
GraphPad Prism version 5.0 software (GraphPad Software,
Inc., La Jolla, CA, USA).

Results

Effect of Patrinia on BRL-3A cell viability. The CCK-8 assay
was used to determine the effect of Patrinia on the viability
of BRL-3A cells. BRL-3A cells were cultured in medium
containing different concentrations of Patrinia for 24 h.
The results demonstrated that the cell viability was 100%
in the control group. Compared with the control group, the
Patrinia-treated groups did not show cytotoxicity, suggesting
that the subsequent inhibitory effect of Patrinia was not due to
its cytotoxicity (Fig. 1).

Effects of Patrinia on the viability of BRL-3A cells after LPS
stimulation. The CCK-8 assay was used to determine the
effect of Patrinia on the viability of BRL-3A cells after LPS
stimulation. The results revealed that the cell viability of the
LPS-stimulated group decreased significantly compared with
the control group. However, compared with the LPS-stimulated
group, the cell viability of the Patrinia-pretreated groups
increased in a dose-dependent manner (Fig. 2).

Effect of Patrinia on the release of LDH in BRL-3A cells
after LPS stimulation. The release of LDH was an indicator
of toxicity of BRL-3A cells after LPS stimulation. The results
demonstrated that, compared with the control group, LDH
release was significantly increased in the LPS-stimulated
groups. However, pre-treatment with Patrinia significantly
reduced LDH release, in a dose-dependent manner (Fig. 3).

Morphological effects of Patrinia on BRL-3A cell apop-
tosis after LPS stimulation. Fluorescence microscopy was
employed to observe the morphological features of apoptosis.
The control group exhibited normal nucleus morphology and
nuclear membrane integrity, with no signs of apoptosis. The
LPS group displayed enhanced staining of apoptotic cells and
nuclear debris and pyknosis were observed. The fluorescence
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Figure 1. Effect of Patrinia on BRL-3A cell viability. Cells were treated with
0.25,0.5, 1, 2 or 4 g/1 Patrinia or with media alone as a control, prior to
determining cell viability by a Cell Counting Kit-8 assay.
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Figure 2. Effects of Patrinia on the cytotoxicity of BRL-3A cells after
LPS stimulation, as determined by the Cell Counting Kit-8 assay. "P<0.05,
“P<0.01 vs. LPS. LPS, lipopolysaccharide.
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Figure 3. Effects of Patrinia on the release of LDH in BRL-3A cells after LPS
stimulation. "P<0.05, *"P<0.01 vs. LPS. LDH, lactate dehydrogenase; LPS,
lipopolysaccharide.
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intensity of the Patrinia-treated groups appeared to be lower,
suggesting a reduced number of apoptotic cells (Fig. 4).

Effect of Patrinia on apoptosis of BRL-3A cells after LPS
stimulation. Flow cytometric analysis demonstrated that
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Control LPS model 0.5g/ 149/ 2g/l
Figure 4. Morphological effects of Patrinia on BRL-3A cells after LPS stimulation, as determined by Hoechst staining.
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Figure 5. Annexin V-FITC/PI double labelling of BRL-3A cells for the detection of apoptosis, after treatment with or without Patrinia or LPS. FITC, fluores-

cein isothiocyanate; PI, propidium iodide; LPS, lipopolysaccharide.

apoptosis of BRL-3A cells in the LPS group was signifi-
cantly higher compared with the control group. However,
the Patrinia-treated groups exhibited reduced apoptosis of
BRL-3A cells induced by LPS, with a statistical significance
(Fig. 5).

Western blotting to detect the expression levels of TLR4,
AKT, P-AKT**73, GSK3p, P-GSK3B5°, P38, P-P38, JNK,
P-JNK, Bax, Bcl-2 and active-caspase-3 proteins. The
results revealed that the expression levels of TLR4, P-P38,
P-JNK, Bax and active-caspase-3 were reduced by treat-
ment with Patrinia, whereas the expression of P-GSK335,
P-AKT5* and Bcl-2 were increased, compared with the
LPS group (Fig. 6A-C).

Effects of Patrinia on GSK3f translocation in BRL-3A cells
after LPS stimulation. Immunofluorescence staining was
performed to observe the nuclear translocation of GSK3§,
which was localized primarily in the cytoplasm (green fluo-
rescence) in the control group. After 24 h of LPS stimulation,
the majority of the GSK3p may have translocated to the
nucleus, as the green fluorescence appeared to be co-localized
with the blue nucleus. Compared with the LPS group, the

Patrinia-treated groups exhibited a decrease in GSK3f nuclear
translocation (Fig. 7).

Discussion

TLR4 is a member of the TLR family and is a pattern-recog-
nition receptor (8). Studies have demonstrated that TLR4
expression is increased in liver injury and acute liver
failure (9).

The PI3K/AKT signaling pathway is an important regu-
lator of cell survival and apoptosis (10). PI3K is a conservative
signal transduction enzyme, involved in regulating cell prolif-
eration and inhibiting apoptosis (11). PI3K is an enzyme
complex consisting of a regulatory subunit (p85) and a cata-
lytic subunit (p110) (12). Activation of PI3 K may promote
the formation of a secondary messenger, phosphatidylino-
sitol (3-5)-triphosphate, which activates AKT phosphorylation.
Activated AKT may then activate or inhibit its downstream
substrates, including the phosphorylation of GSK3, thereby
regulating cell proliferation, differentiation, apoptosis and
migration processes (13-15). AKT may also inhibit apoptosis
by inhibiting the release of cytochrome c via the suppression
of Bax activities, and also by phosphorylating Bcl-2 at Ser136
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Figure 6. The effect of Patrinia on the expression levels of various apop-
tosis-associated proteins, following LPS stimulation. (A) Western blotting
and (B and C) densitometric analysis. "P<0.05, “P<0.01 vs. LPS. LPS, lipo-
polysaccharide.

site to prevent the inhibition of B-cell lymphoma extra-large.
In the present study, the underlying mechanism of Patrinia
inhibition of BRL-3A cell apoptosis was investigated. Western
blotting was performed to detect the expression levels of
certain proteins. The expression of TLR4 in BRL-3A cells
was significantly increased by LPS stimulation, the expres-
sion of P-AKT5™*” and P-GSK3p5" was decreased by LPS,
and the PI3K/AKT/GSK3p signaling pathway was activated.
However, treatment with Patrinia reduced the expression of
TLR4 induced by LPS, and promoted the phosphorylation
of AKT and GSK3p. This suggested that Patrinia inhibited
LPS-induced apoptosis of BRL-3A cells.
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Figure 7. Effect of Patrinia on GSK3f nuclear translocation following LPS
stimulation. Cells were immunostained for GSK3f and nuclei were stained
with Hoechst 33342. LPS, lipopolysaccharide; GSK3p, glycogen synthase
kinase 3.

MAPK, as a signal transporter, carries external signals
to the nucleus, and mediates a number of biological effects,
including cell proliferation, differentiation and apoptosis,
via a series of protein kinase cascade reactions. Studies have
demonstrated that the MAPK signaling pathway includes P38
and JNK signaling pathways (16). p38 is a 38 kDa protein
consisting of 360 amino acids, which belongs to the stress
protein kinase family. It has been revealed that P38 has five
isomers. The P38 pathway may be activated by inflammatory
factors, such as tumor necrosis factor and interleukin-1, stress
stimuli such as UV light, hypoxia and heat shock, as well as
LPS and gram-positive bacterial cell wall components. The
phosphorylation of P38 indicates its activation (17).

JNK is a serine/threonine protein kinase identified in
1990 (18). In mammalian cells, JNK in encoded by the JNK]I,
JNK?2 and JNK3 genes. Cell model studies have shown that
activation of the JNK pathway is involved in the initiation
of apoptosis induced by various stimuli. JNK activation is
involved not only in drug-induced apoptosis, but also in DNA
damage-induced apoptosis (19). P-JNK, the phosphorylated
productof INK,indicates the activation of INK.JNK s activated
in the presence of inflammatory factors, such as heat shock,
ionizing radiation, oxidative stress and DNA damage (20,21).
JNK may phosphorylate a variety of transcription factors,
such as JNK, p53 and ETS domain containing protein Elk-1,
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which have been involved in the expression of genes associ-
ated with cell proliferation and apoptotic processes. In the
present study, BRL-3A cells were stimulated with LPS, and
western blotting was performed to detect the expression levels
of P38, JINK and their phosphorylated proteins. LPS increased
the expression levels of phosphorylated P38 and JNK proteins,
suggesting that the activation of P38 and JNK promote apop-
tosis of BRL-3A cells. However, the phosphorylation levels of
JNK and P38 in BRL-3A cells were significantly reduced by
Patrinia treatment; thus apoptosis of BRL-3A cells was inhib-
ited. The inhibition of LPS-induced BRL-3A cell apoptosis by
Patrinia was associated with a decrease in P-JNK and P-P38
expression. Patrinia may serve an anti-apoptotic role through
inhibition of the TLR4/P38/JNK signaling pathway.

In conclusion, treatment with Patrinia may reduce apop-
tosis of BRL-3A cells induced by LPS. Through inhibition
of the expression levels of TLR4 in BRL-3A cells, Patrinia
increased the expression of P-AKTS*”* and P-GSK3p5",
decreased GSK3f nuclear translocation, reduced P38 and
JNK phosphorylation levels and decreased Bax/Bcl-2 ratio
and caspase-3 expression. Therefore, Patrinia may inhibit
BRL-3A cell apoptosis via the TLR4/PI3 K/AKT/GSK3p
and TLR4/P38/INK signaling pathways. However, further
research is required to quantitatively confirm that Patrinia
treatment in LPS-stimulated BRL-3A cells leads to GSK3p
nuclear translocation, as this was determined by eye in the
present study. In conclusion, evidence was provided for the
effects of TLR4-mediated signaling on hepatocyte apoptosis
in acute liver failure, and targeting of this signaling may aid
in the development of effective drugs for the prevention and
treatment of hepatocyte apoptosis in acute liver failure.
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