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The aim of the present study was to investigate the effects and mechanism of oxymatrine (OMT) combined with compound
yinchen granules (CYG) on the apoptosis of hepatocytes through the Akt/FoxO3a/Bim pathway in rats with acute liver failure.
The rat model of acute liver failure was established using lipopolysaccharide/D-galactosamine (LPS/D-GalN). The expression
of proteins in rat liver tissues was detected by western blot analysis. The mRNA expression of FoxO3a, Bim, Bax, Bcl-2, and
caspase-3 in rat liver tissues was detected by RT-qPCR. The apoptosis rate of rat hepatocytes was determined by flow
cytometry. Western blots showed that when compared with the normal group, the expression of p-Akt and p-FoxO3a in the
model group was decreased (P < 0.05), while the expression of Bim was increased (P < 0.01). Compared with the model group,
the expression of p-Akt and p-FoxO3a in the OMT group and the OMT combined with CYG groups was increased (P < 0.05
or P <0.01), while the expression of Bim was decreased (P < 0.05). The Bax/Bcl-2 ratio and caspase-3 protein expression in the
model group were significantly higher than those in the normal group (P < 0.01). The Bax/Bcl-2 ratio and the expression of
caspase-3 protein in the OMT group and the OMT combined with CYG groups were significantly lower than those in the
model group (P < 0.01). The results of RT-qPCR were consistent with those of western blot. The results of flow cytometry
showed that the apoptosis rate of hepatocytes in the OMT group and the OMT combined with CYG groups was significantly
lower than that in the model group (P<0.05 or P<0.01). We concluded that LPS/D-GalN can induce apoptosis of
hepatocytes in rats with acute liver failure through the Akt/FoxO3a/Bim pathway. OMT combined with CYG inhibits
apoptosis of hepatocytes in rats with acute liver failure via the Akt/FoxO3a/Bim pathway.

1. Introduction

Hepatocyte apoptosis plays an important role in the patho-
genesis of acute liver failure (ALF) [1-3]. However, the
mechanism of hepatocyte apoptosis in ALF is not yet fully
understood. Moreover, there are no effective drugs to inhibit
the apoptosis of hepatocytes. Therefore, it is important to
identify effective therapeutic drugs and their targets. Due
to the complicated etiology of hepatocyte apoptosis in ALF,
it is unlikely to be treated by a single factor, and a multifac-
tor comprehensive treatment is necessary. Oxymatrine
(OMT) is an alkaloid extracted from the root of Sophora fla-

vescens, Sophora, and Radix alopecuroides. Pharmacological
and clinical trials have proved that OMT has anti-inflamma-
tory, antiallergic, antifiber, antitumor, antiapoptosis, and
other pharmacological effects [4-8]. Compound yinchen
granules (CYG) are composed of yinchen (Herba artemi-
siae), danshen (Salvia miltiorrhiza), and dahuang (rhubarb).
Yinchen has many functions such as protecting the liver and
gallbladder and relieving jaundice and anti-inflammatory
and analgesic effects and can reduce apoptosis and the
expression of caspase-3 mRNA [9-11]. Danshen has anti-
ischemic activity, dilates blood vessels, and reduces toxic
liver injury and has antifibrosis and other pharmacological
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effects [12-15]. Dahuang has a variety of biological activities,
such as antibacterial, anti-inflammatory, antioxidant, and
liver and kidney protection, and can reduce the absorption
of endotoxins in order to reduce liver cell damage in ALF
[16-18]. In this study, lipopolysaccharide/D-galactosamine
(LPS/D-GalN) was used to establish the ALF rat model.
RT-qPCR, western blot, and flow cytometry were used to
investigate the molecular effect and mechanism of OMT
combined with CYG on the apoptosis of hepatocytes in rats
with ALF in order to add new therapeutic targets for the
treatment of hepatocyte apoptosis in ALF. This study will
provide an experimental basis for OMT combined with
CYG to inhibit liver cell apoptosis and identify effective
drugs for the prevention and treatment of ALF.

2. Materials and Methods

2.1. Reagents and Antibodies. LPS and D-GalN were pur-
chased from Sigma. CYG is composed of Herba artemisiae,
Salvia miltiorrhiza, and rhubarb and was purchased from
Jiangyin Tianjiang Pharmaceutical Co., Ltd. OMT was pur-
chased from Shaanxi Baoji Fangsheng Biological Develop-
ment Co., Ltd., with a purity of >98%. Akt, p-Akt*™*”
FoxO3a, p-FoxO3a, Bim, Bax, Bcl-2, and active-caspase 3
antibodies were purchased from Abcam Corporation, USA.
TRIzol was purchased from Shanghai Pufei Biotechnology
Co., Ltd. PCR primers were designed and synthesized by
Shanghai Ruigiang Biotechnology Co., Ltd. The apoptosis
detection kit was purchased from Biouniquer, USA.

2.2. Treatment of Animals. Sprague-Dawley (SD) rats, male,
clean grade, aged 10-12 weeks, weighing 220 +20g were
provided by the Experimental Animal Center of Nantong
University, license number: SYXK (su) 2012-0031. Ninety
SD rats were randomly divided into the following six groups
after one week of adaptive feeding: normal group, model
group, OMT group, and OMT combined with CYG low,
medium, and high dose groups, with 15 rats in each group.
In CYG, the ratio of Herba artemisiae, Salvia miltiorrhiza,
and rhubarb was 2:1: 1. The ratio of low, medium, and high
doses of CYG was 1:2:4, and the medium dose was equiva-
lent to the clinical dose (6 g/kg/d). CYG was prepared with
ddH,O and then administered to the animals. The groups
and doses are shown in Table 1. Normal saline (NS) was
injected intraperitoneally in the normal group and model
group for three consecutive days. In the OMT group, OMT
was injected intraperitoneally, once every day, at a dose of
2ml/kg. The CYG low, medium, and high dose groups were
given preconfigured CYG irrigation, and OMT at the same
dose was injected 2 h later. In addition to the normal group,
rats in the other groups fasted for 24 h and received a subcu-
taneous injection of LPS 10 ug/kg and intraperitoneal injec-
tion of D-GalN 700 mg/kg to prepare the rat model of liver
failure. Rats were sacrificed at 24 h after LPS/GalN injection.
Liver samples were collected for further assessment. Disin-
fected scissors were then used to quickly cut the right outer
lobe of the liver approximately 5cm x 5cm in size, and the
liver tissue was placed in a frozen storage tube. The frozen
tube was quickly placed in liquid nitrogen. When all rat liver
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TaBLE 1: Experimental animals in each group.

Group
Normal NS

Model (LPS/D-GalN) 10 ug/700 mg
OMT+LPS/D-GalN 120 mg + 10 ug/700 mg

OMT+CYG-L+LPS/D-GalN
OMT+CYG-M+LPS/D-GalN
OMT+CYG-H+LPS/D-GalN

Dosage (per kg)

120 mg + 3 g + 10 ug/700 mg
120 mg + 6 g + 10 ug/700 mg
120mg + 12 g + 10 ug/700 mg

tissues were removed, the frozen tubes in the liquid nitrogen
tank were stored at -70°C.

2.3. RT-qPCR. Total RNA was extracted from liver tissue
and quantified by an Eppendorf nucleic acid protein ana-
lyzer. RNA reverse transcription was performed according
to the instructions, and RT-qPCR was performed. In the
experiment, three wells were included for each sample, and
three negative controls without samples were also included.
All calculations were performed using the average cycle
threshold value (Ct value) obtained from the three wells
for each sample, and the difference between the Q values
of the three wells was less than one cycle. Statistical analysis
was also performed.

2.4. Western Blotting. One hundred mg liver tissue was
weighed, cut into small pieces and washed in 1 ml precooled
PBS (containing 0.1 mm PMSEF), and repeated three times to
remove red blood cells. One ml of precooled protein lysate
(including 1 mM PMSF) was added to the ice bath homoge-
nate until fully cracked. Protein concentration was detected
by the BCA method, and western blot analysis was repeated
three times. The gray analysis was performed by Image]J soft-
ware, and GraphPad Prism 5 software was used to analyze
and count the expression levels of each group of characteris-
tic proteins (with f-actin as the internal reference). Akt and
FoxO3a showed the relative expression of the target protein
by the ratio of the phosphorylated target protein to the total
target protein, and then, SPSS 21.0 was used for statistical
analysis.

2.5. Flow Cytometry. A 0.2g sample of middle liver tissue
was obtained. A single-cell suspension was prepared as fol-
lows: the liver tissue was cut into small pieces and placed
in a grinder. NS was added, and the tissue was ground to a
homogenate, and the grinder was repeatedly rinsed with
NS to collect cells and filter out cell clusters. The cells were
centrifuged for 5min at 800 r/min, washed with PBS three
times, and centrifuged for 5min at 500 r/min, and the super-
natant was discarded. The cells were resuspended in 250 ul
loading buffer, and 2.5 ul Annexin V-FITC was added and
gently mixed. The cells were incubated at room temperature
and away from light for 10 min and centrifuged at 500 r/min
for 5min, and the supernatant was discarded. A total of
250 ul of loading buffer was then added to resuspend the
cells followed by the addition of 2.5yl of PL. The cells were
placed in an ice bath away from light, and flow cytometry
was performed within 1 hour.
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FIGURE 1: Expression of Akt and p-Akt protein in liver tissues of rats in each group. (a) Protein development diagram of Akt and p-Akt. (b)
Statistical graph of transformed data. **P < 0.01, compared with normal group; *P < 0.05, **P < 0.01, compared with the model group.

2.6. Immunohistochemistry. A portion of middle liver tissue
was cut into 6 mm X 5mm X 5mm pieces and immersed in
10% neutral formaldehyde solution for fixation for HE stain-
ing and immunohistochemical analysis. The tissue blocks
were fixed for 24h and prepared into paraffin sections
according to the steps of dehydration, transparency, dipping,
embedding, and sectioning. The protein expressions of
active-caspase-3, Bax, and Bcl-2 in liver tissue were observed
by SP staining. Grade according to the Formwitz method.

2.7. Statistical Analysis. The experimental data are expressed
as the mean + standard deviation (x +s), and SPSS21.0 sta-
tistical software was used for data analysis. One-way analysis
of variance was used to compare various means. The chi-
squared test was used for comparisons between groups.

3. Results

3.1. General Observation and Liver Function. During the
experiment, six rats died in the model group, one rat died
in the OMT group, and no rats died in the OMT and CYG
groups. In the model group, rat livers were obviously swollen
and hyperemic with diffuse bleeding on the surface and large
petechiae. The levels of ALT and AST in the normal group
were 25+ 121U/1 and 35 + 151U/, respectively, while those
in the LPS/D-GalN group were 2563 + 5871U/1 and 2476 +
5251IU/L, respectively. Compared with the normal group, it
was significantly increased (P <0.05,P<0.05). ALT and
AST levels in the OMT group were 1709 + 344U/l and 1732
+ 345U/, respectively, which were lower than those in the
model group (P <0.05,P <0.05). The levels in the OMT+-
CYG-H+LPS/D-GalN group were 698 + 252U/l and 639 =

2311U/1, respectively, which were further decreased compared
with the OMT group (P < 0.05, P < 0.05).

3.2. The Expressions of p-Akt, Akt, p-FoxO3a, FoxO3a, Bax,
Bcl-2, Caspase-3, and Bim Proteins in Rat Liver Tissues Were
Detected by Western Blot Analysis

3.2.1. Expression of Akt and p-Akt in Rat Liver Tissues in
Each Group. The results of western blot analysis showed that
Akt and p-Akt were expressed in the normal group. Com-
pared with the normal group, the expression of p-Akt pro-
tein in the model group was significantly reduced (P < 0.01).
Compared with the model group, the expression of p-Akt pro-
tein in all dose groups of OMT combined with CYG increased
(P<0.050rP<0.01), and the ratio of p-Akt/Akt increased
with increasing CYG doses in the OMT+CYG groups within
a certain dose range. The result is shown in Figure 1.

3.2.2. Expression of FoxO3a and p-FoxO3a in Rat Liver
Tissue. The results of western blot analysis showed that
FoxO3a and p-FoxO3a proteins were expressed in the nor-
mal group. Compared with the normal group, the expression
of p-Foxo3a protein in the model group was significantly
reduced (P <0.01). Compared with the model group, the
expression of p-FoxO3a protein in the OMT and OMT+-
CYG groups was increased (P <0.01). The result is shown
in Figure 2.

3.2.3. Bim Protein Expression in Rat Liver Tissue in Each
Group. Bim protein expression was observed in the liver tis-
sues of rats in the normal group. Compared with the normal
group, Bim protein expression in the model group was
increased (P < 0.01). Compared with the model group, Bim
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FIGURE 2: Expression of FoxO3a and p-FoxO3A in liver tissues of rats in each group. (a) Protein development diagram of FoxO3a and p-
FoxO3a. (b) Statistical graph of transformed data. *P < 0.05, *P < 0.01, compared with the normal group; **P < 0.01, compared with the

model group.

protein expression in each dose group of the OMT and
OMT+CYG groups was decreased (P < 0.01) and decreased
with increasing CYG doses within a certain dose range.
The result is shown in Figure 3.

3.2.4. Expression of Bax, Bcl-2, and Caspase-3 Proteins in Rat
Liver Tissues in Each Group. The Bax/Bcl-2 ratio and
caspase-3 protein expression were relatively low in the nor-
mal group and were significantly higher in the model group
(P<0.01). The Bax/Bcl-2 ratio and caspase-3 protein
expression in the OMT and OMT+CYG groups were signif-
icantly lower than that in the model group (P <0.01). The
result is shown in Figure 4.

3.3. The Expressions of FoxO3a, Bim, Bax, Bcl-2, and
Caspase-3 mRNA in Liver Tissues of Rats in Each Group

3.3.1. The Expression of FoxO3a and Bim mRNA in Rat Liver
Tissues in Each Group. The RT-qPCR results showed that
the expression of FoxO3a and Bim mRNA in the model
group was significantly increased compared with the normal
group (P <0.01). Compared with the model group, the
expression of FoxO3a and Bim mRNA in the OMT and
OMT+CYG groups was decreased (P <0.05 or P<0.01).
The result is shown in Figure 5.

3.3.2. The Expression of Bax, Bcl-2, and Caspase-3 mRNA in
Rat Liver Tissues in Each Group. Compared with the normal
group, the Bax/Bcl-2 mRNA ratio in the model group was
significantly increased (P < 0.01), and the Bax/Bcl-2 mRNA
ratio in the OMT and OMT+CYG groups was significantly

reduced (P <0.01). The expression of caspase-3 mRNA in
the model group was significantly higher than that in the
normal group (P <0.01). The expression of caspase-3
mRNA in all dose groups of OMT and OMT+CYG was sig-
nificantly lower than that in the model group (P < 0.01). The
result is shown in Figure 6.

3.4. Flow Cytometry Was Used to Detect the Rate of
Hepatocyte Apoptosis in Each Group. The results of flow
cytometry showed that the rate of hepatocyte apoptosis in
the model group was significantly higher than that in the
normal group (P < 0.01). Compared with the model group,
the rate of hepatocyte apoptosis in the OMT and OMT+CYG
groups was significantly reduced (P <0.05 or P<0.01).
Within a certain dosage range, the effect of reducing the rate
of apoptosis showed an increasing trend with increased CYG
dosage. The result is shown in Figure 7.

3.5. Expression of Active-Caspase-3, Bax, and Bcl-2 in Liver
Tissue. The expression of active-caspase-3 was relatively
low in the normal group but significantly increased in the
nucleus and cytoplasm of the model group. OMT could
downregulate the expression of active-caspase-3, and CYG
could further downregulate the expression of active-
caspase-3. A small amount of Bax expression was found in
the normal group, and the cytoplasm was pale yellow. The
expression of Bax in the model group was significantly
increased and brownish yellow. OMT could downregulate
the expression of Bax, and CYG could further downregulate
the expression of Bax. Bcl-2 showed obvious granules in the
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FIGURE 3: Bim protein expression in rat liver tissues of each group. (a) Bim protein development diagram of Bim; (b) statistical graph of
transformed data. *P < 0.05, *P < 0.01, compared with normal group; **P < 0.01, compared with the model group.

normal group and decreased granules in the model group.
OMT could upregulate the expression of Bcl-2, and CYG
could further upregulate the expression of Bcl-2, as shown
in Figure 8.

4. Discussion

The main pathological changes in ALF are massive liver cell
death and massive necrosis of liver tissue. It has been found
that apoptosis is one of the main forms of hepatocyte death
in ALF, and the occurrence of ALF is closely related to apo-
ptosis of hepatocytes [19, 20]. In this study, flow cytometry
was used to detect the rate of hepatocyte apoptosis in each
treatment group. It was found that the apoptotic rate of rat
hepatocytes in the model group induced by LPS/D-GalN
was significantly higher than that in the normal group. The
apoptotic rate in the OMT and OMT combined with CYG
groups was significantly lower than that in the model group,
and the decreasing effect of the apoptosis rate increased with
increasing doses of CYG within a certain dose range. These
results suggested that OMT combined with CYG could sig-
nificantly reduce apoptosis of rat hepatocytes in ALF
induced by LPS/D-GalN.

The mechanism of hepatocyte apoptosis is very complex
and is regulated by many signal transduction pathways. In
recent years, it was found that Toll-like receptor 4 (TLR4)
expression is increased in liver tissue after liver injury and
ALF and is involved in mediating multiple signaling path-
ways [21, 22]. The TLR4-mediated Akt/FoxO3a/Bim signal-

ing pathway is an intracellular signal transduction pathway
associated with cell proliferation, differentiation, and apo-
ptosis [23]. Akt is a serine/threonine protein kinase B (pro-
tein kinase B, PKB). Akt activation can induce FoxO3a
phosphorylation and transfer p-FoxO3a from the nucleus
to the cytoplasm, and p-FoxO3a then cannot play the role
of transcription factor (loss of apoptosis promoting activity).
When the Akt activity declines, the FoxO3a phosphorylation
level drops; nonphosphorylated FoxO3a is transferred to the
nucleus with the help of the nuclear shuttle system, exerting
its transcription factor effects, thus inducing the transcrip-
tion of target genes and increasing the expression of proa-
poptotic protein Bim [24, 25]. As a member of the Bcl-2
proapoptotic family, Bim is an important apoptotic regula-
tory protein. As a transcription factor, FoxO3a can combine
with the Bim promoter to upregulate the expression of Bim,
which can promote the release of cytochrome ¢ from mito-
chondria and activate caspase, leading to cell apoptosis [26,
27]. In this study, western blot analysis was used to detect
p-Akt, Akt, p-FoxO3a, FoxO3a, and Bim proteins in rat liver
tissue. It was found that Akt, p-Akt, FoxO3a, p-FoxO3a, and
Bim proteins were expressed in normal rat liver tissue. The
expression of p-Akt and p-FoxO3a in the model group was
significantly lower than that in the normal group, while the
expression of Bim protein in the model group was signifi-
cantly higher than that in the normal group. The expression
of p-Akt and p-FoxO3a proteins in the OMT and OMT
combined with CYG groups at each dose was higher than
that in the model group, while the expression of Bim protein
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FIGURE 4: Expression of caspase-3, Bax, and Bcl-2 proteins in liver tissues of rats in each group. (a) Protein development diagram of caspase-
3, Bax, and Bcl-2. (b, c) Statistical graph of transformed data. *P < 0.05, **P < 0.01, compared with normal group; **P < 0.01, compared with

the model group.

was lower than that in the model group. The results of RT-
qPCR showed that the expression of FoxO3a and Bim
mRNA in the model group was significantly higher than that
in the normal group. The expression of FoxO3a and Bim
mRNA in the OMT group and OMT combined with CYG
in each dose group was lower than that in the model group.
These results suggested that p-Akt expression was decreased

in rats in the model group, inactivated Akt could reduce the
phosphorylation level of FoxO3a, and nonphosphorylated
FoxO3a was translocated into the nucleus. FoxO3a, as a
transcription factor, could induce the transcription of target
genes [28], increase the expression of proapoptotic protein
Bim, and thus increase the rate of rat hepatocyte apoptosis
in the model group. The expression of p-Akt increased in
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FIGURE 6: Expressions of Bax, Bcl-2, and caspase-3 mRNA in liver tissues of rats in each group. P <0.05,*P<0.01, compared with normal

group; **P < 0.01, compared with the model group.
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#P <0.01, compared with normal group; *P < 0.05, **P < 0.01, compared with the model group.

the OMT and OMT combined with CYG groups at each
dose, which increased the activity of Akt, and the expression
of p-FoxO3a increased, which significantly reduced the
expression of Bim, thus inhibiting the apoptosis of rat
hepatocytes.

The Bcl-2 gene is closely related to apoptosis [29, 30].
The Bcl-2 gene family includes apoptotic suppressor genes
and proapoptotic genes. Of these, Bax protein has an antia-
poptotic effect against Bcl-2 protein. When the expression of
Bax and Bcl-2 is balanced, cell survival is normal. When the

expression of Bcl-2 is increased, the expression of Bax is not
correspondingly increased, which could inhibit the apoptosis
of cells. When the expression of Bax is increased, an isodi-
mer is formed with Bcl-2, which could initiate the caspase
enzyme cascade reaction to promote cell apoptosis. There-
fore, the Bax/Bcl-2 ratio can be used as a reliable indicator
for the detection of apoptosis. The caspases are a family of
proteases closely related to apoptosis [31-33]. Caspase-3 is
a key enzyme and executor of apoptosis [34, 35]. In this
study, western blot analysis was used to detect Bax, Bcl-2,
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FIGURE 8: Expression of active-caspase-3, Bax, and Bcl-2 in liver tissue.

and caspase-3 proteins in rat liver tissue. It was found that
the Bax/Bcl-2 ratio and caspase-3 protein expression were
relatively low in the normal group. The Bax/Bcl-2 ratio
and the expression of caspase-3 protein in the model group
were significantly higher than those in the normal group.
The Bax/Bcl-2 ratio and the expression of caspase-3 protein
in all dose groups of OMT and OMT+CYG were signifi-
cantly lower than those in the model group. The RT-qPCR
results showed that the proportion of Bax/Bcl-2 mRNA in
the model group was significantly higher than that in the
normal group, while the proportion of Bax/Bcl-2 mRNA in
the OMT and OMT+CYG groups was significantly lower
than that in the model group. The expression of caspase-3
mRNA in the model group was significantly higher than that
in the normal group, and the expression of caspase-3 mRNA
in the OMT and OMT+CYG groups was significantly lower
than that in the model group. These results showed that the
Bax/Bcl-2 ratio and the expression of caspase-3 in the liver
tissue of ALF rats were increased by LPS/D-GalN, thus
increasing the apoptosis of hepatocytes. OMT and OMT+-
CYG can reduce the Bax/Bcl-2 ratio in ALF rat liver tissue,
reduce the expression of caspase-3, and inhibit the apoptosis
of liver cells.

Based on the above results, an Akt/FoxO3a/Bim signal-
ing pathway is present in rat liver tissue. ALF induced by
LPS/D-GalN can promote apoptosis of rat hepatocytes
through the Akt/FoxO3a/Bim pathway. OMT combined
with CYG can increase the expression of p-Akt and p-
FoxO3a in ALF rat liver tissue and reduce the expression

of proapoptotic proteins Bim and caspase-3 and the ratio
of Bax/Bcl-2. OMT combined with CYG inhibits the apo-
ptosis of ALF rat hepatocytes via the Akt/FoxO3a/Bim
pathway.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding authors on reasonable
request.

Conflicts of Interest

We declare that there are no conflicts of interest.

Authors’ Contributions

Xian Zhang and Jiajia Ge contributed equally to this work.

Acknowledgments

This work was supported by the China Postdoctoral Sci-
ence Foundation (2020M670041ZX) and Nantong Science
and Technology Bureau (JC2018151 and HS2020001).
We thank International Science Editing (http://www
.internationalscienceediting.com) for editing this manuscript.


http://www.internationalscienceediting.com
http://www.internationalscienceediting.com

10

References

(1]

(2]

(10]

(11]

(12]

(13]

(14]

(15]

S. Wu, X. Huang, W. Sun et al,, “Role of the microRNA-214/
Bax axis in the progression of acute liver failure,” Molecular
Medicine Reports, vol. 22, no. 1, pp. 117-126, 2020.

G. Zhang, C. Yan, D. Chen et al., “Up-regulation of miR-155
contributes to TNF-mediated hepatocyte apoptosis in acute
liver failure,” The Turkish Journal of Gastroenterology,
vol. 30, no. 5, pp. 475-484, 2019.

E. Triantafyllou, O. T. Pop, L. A. Possamai et al., “MerTK
expressing hepatic macrophages promote the resolution of
inflammation in acute liver failure,” Gut, vol. 67, no. 2,
pp. 333-347, 2018.

H.J. Shi, H. Zhou, A. L. Ma et al., “Oxymatrine therapy inhib-
ited epidermal cell proliferation and apoptosis in severe plaque
psoriasis,” The British Journal of Dermatology, vol. 181, no. 5,
pp. 1028-1037, 2019.

X. Li, J. Sun, Q. Xu et al., “<p>Oxymatrine inhibits colorectal
cancer metastasis via attenuating PKM2-mediated aerobic
Glycolysis</p>,” Cancer Management and Research, vol. -
Volume 12, pp- 9503-9513, 2020.

H. Zhang, L. Yang, Y. Wang et al,, “Oxymatrine alleviated
hepatic lipid metabolism via regulating miR-182 in non- alco-
holic fatty liver disease,” Life Sciences, vol. 257, p. 118090,
2020.

H. W. Wang, L. Shi, Y. P. Xu, X. Y. Qin, and Q. Z. Wang,
“Oxymatrine inhibits renal fibrosis of obstructive nephropathy
by downregulating the TGF-f1-Smad3 pathway,” Renal Fail-
ure, vol. 38, no. 6, pp. 945-951, 2016.

L. Zhao, Y. Xu, L. Tao et al., “Oxymatrine inhibits transform-
ing growth factor 1 (TGF-f1)-induced cardiac fibroblast-to-
myofibroblast transformation (FMT) by mediating the notch
signaling pathway in vitro,” Medical Science Monitor, vol. 24,
pp. 6280-6288, 2018.

J. M. Tang, H. Q. Liang, H. G. Wang, M. T. Lin, L. M. Zhang,
and S. D. Chen, “Efficacy of Zaozhu Yinchen Recipe for treat-
ing non-alcoholic steatohepatitis and its effect on free fatty
acid and TNF-alpha,” Zhongguo Zhong Xi Yi Jie He Za Zhi,
vol. 36, no. 5, pp. 544-548, 2016.

Z.Xie, J. Qiang, X. Pi et al., “Favorable outcome of adjunctive
traditional Chinese medicine therapy in liver cirrhosis: a large
cohort study in Southwest China,” Complementary Therapies
in Medicine, vol. 51, p. 102446, 2020.

C. A. Geng, X. Y. Huang, X. L. Chen et al., “Three new anti-
HBYV active constituents from the traditional Chinese herb of
Yin-Chen (Artemisia scoparia),” Journal of Ethnopharmacol-
ogy, vol. 176, pp. 109-117, 2015.

X. Wang, D. Guo, W. Li et al., “Danshen (Salvia miltiorrhiza)
restricts MD2/TLR4-MyD88 complex formation and signal-
ling in acute myocardial infarction-induced heart failure,”
Journal of Cellular and Molecular Medicine, vol. 24, no. 18,
pp. 10677-10692, 2020.

X. D. MEIm, Y. F. Cao, Y. Y. Che et al., “Danshen: a phyto-
chemical and pharmacological overview,” Chinese Journal of
Natural Medicines, vol. 17, no. 1, pp. 59-80, 2019.

Z. M. Li, S. W. Xu, and P. Q. Liu, “Salvia miltiorrhiza Burge
(Danshen): a golden herbal medicine in cardiovascular thera-
peutics,” Acta Pharmacologica Sinica, vol. 39, no. 5, pp. 802-
824, 2018.

G. X. Zhang, Y. Y. Zhang, X. X. Zhang et al., “Different net-
work pharmacology mechanisms of Danshen-based Fangjis

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

BioMed Research International

in the treatment of stable angina,” Acta Pharmacologica Sinica,
vol. 39, no. 6, pp. 952-960, 2018.

F. Nong, S. Luo, Y. Liang et al., “Evaluation of the effect of
Dahuang-Mudan decoction on TNBS-induced colitis using
UPLC-QTOF/MS-based metabolomic analysis,” Biomedical
Chromatography, vol. 35, no. 3, p. 5003, 2021.

G.X. Shui, D. Sang, X. Yin, Y. Cai, and W. Sun, “Dahuang Fuzi
decoction attenuates renal fibrosis and ameliorates mitochon-
drial dysfunction in chronic aristolochic acid nephropathy,”
Evidence-Based Complementray and Alternative Medicine,
vol. 2017, article 9536458, 8 pages, 2017.

L. Wu, J. Zhao, H. Cai et al., “Dahuang Zhechong Pill com-
bined with doxorubicin induces cell death through regulating
energy metabolism in human hepatocellular carcinoma cells,”
Evidence-Based Complementray and Alternative Medicine,
vol. 2017, article 6279576, 8 pages, 2017.

R. F. Schwabe and T. Luedde, “Apoptosis and necroptosis in
the liver: a matter of life and death,” Nature Reviews. Gastroen-
terology & Hepatology, vol. 15, no. 12, pp. 738-752, 2018.

L. Xu, X. Zheng, Y. Wang et al,, “Berberine protects acute liver
failure in mice through inhibiting inflammation and
mitochondria-dependent apoptosis,” European Journal of
Pharmacology, vol. 819, pp. 161-168, 2018.

Q. Chen, Y. Wang, F. Jiao et al., “Betaine inhibits Toll-like
receptor 4 responses and restores intestinal microbiota in
acute liver failure mice,” Scientific Reports, vol. 10, no. 1,
p. 21850, 2020.

C. Engelmann, M. Sheikh, S. Sharma et al., “Toll-like receptor
4 is a therapeutic target for prevention and treatment of liver
failure,” Journal of Hepatology, vol. 73, no. 1, pp. 102-112,
2020.

L. Xu, A. L. Zhou, and M. Zhao, “Involvement of Toll-like
receptor 4 in apoptosis of hippocampal neurons through
Akt/FoxO3a/Bim signaling pathways,” Sheng Li Xue Bao,
vol. 66, no. 3, pp. 315-322, 2014.

S. Aroui, L. Dardevet, F. Najlaoui et al., “PTEN-regulated
AKT/FoxO3a/Bim signaling contributes to human cell glio-
blastoma apoptosis by platinum-maurocalcin conjugate,”
International Journal of Biochemistry & Cell Biology, vol. 77,
Part A, pp. 15-22, 2016.

G. Bin, Z. Bo, W. Jing et al., “Fluid shear stress suppresses
TNF-a-induced apoptosis in MC3T3-El cells: involvement
of ERK5-AKT-FoxO3a-Bim/FasL signaling pathways,” Exper-
imental Cell Research, vol. 343, no. 2, pp. 208-217, 2016.

D. Li, L. Luo, M. Xu et al., “AMPK activates FOXO3a and pro-
motes neuronal apoptosis in the developing rat brain during
the early phase after hypoxia-ischemia,” Brain Research Bulle-
tin, vol. 132, pp. 1-9, 2017.

Y. Zhuang, H. Xu, A. Richard et al.,, “Inhibition of EPAC2
attenuates intracerebral hemorrhage-induced secondary brain
injury via the p38/BIM/caspase-3 pathway,” Journal of Molec-
ular Neuroscience Mn, vol. 67, no. 3, pp. 353-363, 2019.

M. J. Herold, L. Rohrbeck, M. J. Lang et al., “Foxo-mediated-
Bimtranscription is dispensable for the apoptosis of hemato-
poietic cells that is mediated by this BH3-only protein,”
EMBO Reports, vol. 14, no. 11, pp. 992-998, 2013.

A. Pena-Blanco and A. J. Garcia-Séez, “Bax, Bak and beyond:
mitochondrial performance in apoptosis,” FEBS Journal,
vol. 285, no. 3, pp. 416-431, 2018.

J. H. Zheng, A. Viacava Follis, R. W. Kriwacki, and
T. Moldoveanu, “Discoveries and controversies in BCL-2



BioMed Research International

(31]

(32]

(33]

(34]

(35]

protein-mediated apoptosis,” The FEBS Journal, vol. 283,
no. 14, pp. 2690-2700, 2016.

K. W. Nkpaa, I. O. Awogbindin, B. A. Amadi et al., “Ethanol
exacerbates manganese-induced neurobehavioral deficits,
striatal oxidative stress, and apoptosis via regulation of p53,
caspase-3, and Bax/Bcl-2 ratio-dependent pathway,” Biological
Trace Element Research, vol. 191, no. 1, pp. 135-148, 2019.

N. V. Opdenbosch and M. Lamkanfi, “Caspases in cell death,
inflammation, and disease,” Immunity, vol. 50, no. 6,
pp. 1352-1364, 2019.

A. V. Zamaraev, G. S. Kopeina, E. A. Prokhorova,
B. Zhivotovsky, and I. N. Lavrik, “Post-translational modifica-
tion of caspases: the other side of apoptosis regulation,” Trends
in Cell Biology, vol. 27, no. 5, pp. 322-339, 2017.

R. Jeelani, C. Chatzicharalampous, H. R. Kohan-Ghadr et al,,
“Hypochlorous acid reversibly inhibits caspase-3: a potential
regulator of apoptosis,” Free Radical Research, vol. 54, no. 1,
pp. 43-56, 2020.

O. Glushakova, A. O. Glushakov, C. Borlongan, A. B. Valadka,
R. L. Hayes, and A. V. Glushakov, “Role of caspase-3-mediated
apoptosis in chronic caspase-3-cleaved tau accumulation and
blood-brain barrier damage in the corpus callosum after trau-
matic brain injury in Rats,” Journal of Neurotrauma, vol. 35,
no. 1, pp. 157-173, 2018.

11



	Effects and Mechanism of Oxymatrine Combined with Compound Yinchen Granules on the Apoptosis of Hepatocytes through the Akt/FoxO3a/Bim Pathway
	1. Introduction
	2. Materials and Methods
	2.1. Reagents and Antibodies
	2.2. Treatment of Animals
	2.3. RT-qPCR
	2.4. Western Blotting
	2.5. Flow Cytometry
	2.6. Immunohistochemistry
	2.7. Statistical Analysis

	3. Results
	3.1. General Observation and Liver Function
	3.2. The Expressions of p-Akt, Akt, p-FoxO3a, FoxO3a, Bax, Bcl-2, Caspase-3, and Bim Proteins in Rat Liver Tissues Were Detected by Western Blot Analysis
	3.2.1. Expression of Akt and p-Akt in Rat Liver Tissues in Each Group
	3.2.2. Expression of FoxO3a and p-FoxO3a in Rat Liver Tissue
	3.2.3. Bim Protein Expression in Rat Liver Tissue in Each Group
	3.2.4. Expression of Bax, Bcl-2, and Caspase-3 Proteins in Rat Liver Tissues in Each Group

	3.3. The Expressions of FoxO3a, Bim, Bax, Bcl-2, and Caspase-3 mRNA in Liver Tissues of Rats in Each Group
	3.3.1. The Expression of FoxO3a and Bim mRNA in Rat Liver Tissues in Each Group
	3.3.2. The Expression of Bax, Bcl-2, and Caspase-3 mRNA in Rat Liver Tissues in Each Group

	3.4. Flow Cytometry Was Used to Detect the Rate of Hepatocyte Apoptosis in Each Group
	3.5. Expression of Active-Caspase-3, Bax, and Bcl-2 in Liver Tissue

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

