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�e ankle biomechanics is easily changed due to the acute injury of the tissue around the ankle joint and the damage of the ankle
joint structure, such as ankle instability and joint surface imbalance. When the mechanical load of the ankle changes, it can cause
ankle regeneration and remodeling processes such as cartilage loss, bone remodeling, and degenerative changes. �e aim of this
study was to investigate the e�ect and mechanism of ginsenoside Rg1 against interleukin-1β (IL-1β)-induced apoptosis in human
articular chondrocytes (HACs). �e apoptosis model of HAC cells was established by IL-1β induction, and then the HAC cells
were cultured with di�erent concentrations of Rg1. �e protective e�ect of Rg1 on HAC cell apoptosis was investigated by
detecting the changes of apoptosis and activity of PI3K/Akt/mitochondrial signaling pathway. �e results showed that a speci�c
concentration of Rg1 could promote the proliferation of IL-1β-induced HAC cells and inhibit apoptosis. At the same time, Rg1
treatment with speci�c concentration can reduce the content of reactive oxygen species (ROS) and malondialdehyde (MDA) in
HACs and improve the related expression of mitochondrial membrane potential (MMP). Furthermore, qRT-PCR and western
blot results showed that Rg1 could improve the low expression of Bcl-2 and inhibit the high expression of Bax, caspase-3, caspase-
8, caspase-9, FasL, AIF, and Cyto c in IL-1β-induced cells. In summary, Rg1 can inhibit IL-1β-induced apoptosis of HAC cells by
decreasing the activity of PI3K/Akt/mitochondrial signaling pathway, and Rg1 has a protective e�ect on apoptosis of HAC cells.

1. Introduction

Traumatic arthritis is followed by joint trauma; clinical pain
and dysfunction signs often lag behind the initial injury for
years or decades, accounting for about 12% of all types of
osteoarthritis (OA) [1]. Ankle sprains are the most com-
mon sports-related injuries, involving the lateral collateral
ligament complex in 85% of cases [2]. Any trauma to
damage the surface of ankle can lead to the occurrence of
ankle traumatic arthritis; the most common traumatic
causes are considered to be intra-ankle fractures resulting
in cartilage damage and ligament instability [3–5]. Apo-
ptosis is considered to be one of the main causes of the loss
of joint cartilage cells [6]. Apoptosis is designed to maintain

environmental stability in the individual body, a process of
independent and orderly cell death that is controlled by
genes, regulated by a variety of cytokines and signaling
pathways [7].

Cartilage protective drugs, which are nonsteroidal anti-
in§ammatory drugs, are the main drugs used to treat
traumatic arthritis of human ankle joints [8, 9]. But their
clinical e�ect of preventing or improving OA disease is not
obvious [10]. Chinese medicine gained popularity in recent
years for its potential therapeutic e�ects and low side e�ects
[11, 12]. At present, ginseng saponin has been shown to have
antagonistic apoptosis in many cells [13]. Gong et al. have
found that ginsenoside Rg1 protected β-amyloid-induced
apoptosis of primary cultured rat hippocampal neurons by
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increasing the Bcl-2/Bax ratio and inhibiting caspase-3 ac-
tivation [14]. Hashimoto et al. then reported that ginseng
saponins can inhibit the activation of PC12 cell line caspase-
3 by activating the Akt and ERK1/2 signaling pathways and
ultimately inhibit its apoptosis [15]. It can be seen that Rg1
does inhibit apoptosis, thus protecting related cells. In recent
years, ginsenoside Rg1 has also been studied in osteoar-
thritis. Rg1 can treat both osteoarthritis and anterior cruciate
ligament transection in rats. Rg1 can inhibit the inflam-
matory response of chondrocytes in vitro and reduce ar-
ticular cartilage damage in rats. Rg1 has good research
significance in the treatment of osteoarthritis. However, the
mechanism of Rg1 in the treatment of osteoarthritis needs
further study.

Mitochondria are susceptible parts of various damage
factors, and the change of mitochondrial membrane perme-
ability is a key step in the survival process of cells [16]. Caspase
is an evolutionarily conservative family of cysteine protease,
and the signaling pathway of relying on caspase is the primary
route of apoptosis [17, 18].We suspect that Rg1may inhibit the
apoptosis of human articular chondrocytes (HACs) by af-
fecting the PI3K/Akt/mitochondrial signaling pathway, ulti-
mately reducing the production of inflammatory factors.

In this study, the IL-1 β-induced HAC apoptosis model
was used to determine the protective effect of Rg1 on HAC
apoptosis through PI3K/Akt/mitochondrial signaling
pathway.

2. Materials and Methods

2.1. Culture and Identification of HAC. .e knee cartilage of
healthy volunteers was cut under sterile conditions. .e
knee cartilage was cut into 0.5–1mm3 particles on a super-
clean workbench. It was digested about 2 hours with trypsin
and washed twice with D-Hanks solution [19]. .en, the
10× cartilage volume of 0.2% II-type collagen enzyme was
added to digest the cartilage overnight. .e next day, the
raw fluid was removed by centrifuge to obtain the cells and
the media were added. .e cells were moved into 100mm
cell culture dish and incubated at 37°C. .e fluid was
changed 2 to 3 times a week. .e cells were digested 3min
with 0.05% trypsin containing EDTA when it near fusion.
.e cells were subcultured for 3-4 generations to obtain the
human articular chondrocytes (HACs). All volunteers
signed informed consent before surgery. Meanwhile, the
study has been approved by the Ethics Committee of
Foshan City Hospital of the Guangzhou University of
Chinese Medicine.

2.2. Immunofluorescence Detection. HAC cells were inocu-
lated in Petri dishes with cover glass slides for further
subculture. After the cells developed into a monolayer, the
cover glass was removed and washed twice with PBS buffer.
4% paraformaldehyde was added and fixed for 4 h and then
washed for 3 times with PBS. Sealing solution was added and
sealed for 30min and then washed with PBS for 3 times. .e
anti-collagen II antibody (GB14073; Servicebio, Wuhan,
China) was added at the dilution of 1 : 300 and incubated

overnight and then washed with PBST for 3 times. Cy3-
labeled secondary antibody (GB21401; Servicebio, Wuhan,
China) was added at the dilution of 1 : 500 and incubated at
room temperature for 1 h without light and then rinsed with
PBST for 3 times. Fluorescence microscopy was performed,
and the luminescence was excited at 570 nm.

2.3.CCK-8Assay. HACs were grown in 96-well microplates.
.e CCK-8 solution (PH687; DOJINDO, Japan) was then
added to the medium and incubated at 37°C for 4 h. Cell
viability was measured using Multiskan FC (.ermo Sci-
entific, USA).

2.4. Flow Cytometry. Annexin V-FITC/PI (KL602,
DOJINDO, Japan) staining was used to determine the
number of apoptotic cells. In simple terms, 5 μL PI and 10 μL
annexin V-FITC solutions were added to 200 μL binding
buffer, followed by cells resuspension and reaction for
10min at 25°C in the dark. .e apoptosis cells were analyzed
using flow cytometry (BD, USA).

2.5. Reactive Oxygen Species (ROS). HAC cells were added
with different concentrations of Rg1 solution and incubated
in a cell incubator at 37°C in the dark..e collected cells were
added with trypsin 10 μL and 1mL PBS buffer and incubated.
.e cells were centrifuged at 4600g for 5min. .e super-
natant was taken and centrifuged at 4,100g for 10min. .e
supernatant was discarded, the precipitation was collected,
and 200 μL PBS was added to resuspend the mitochondrial
extract. .e instructions of the ROS test kit (BB-47051;
BestBio, China) were followed. An appropriate amount of
DCFH-DA solution was added to the mitochondria sus-
pension and then incubated at 37°C in darkness for 15min.
.e excitation wavelength was set at 488 nm, and the emission
wavelength was set at 525 nm. .e fluorescence intensity of
ROS was measured using a fluorescence spectrophotometer.

2.6. Malondialdehyde (MDA) Activity. HAC cells were
collected and evaluated for MDA activity using a com-
mercial ELISA kit (MSK, Wuhan). .e blank control well
was set. .e 50 μL sample was taken out and added into the
sample well. 50 μL detection antibody was added, and the
reaction well was sealed with a sealing plate membrane and
incubated in an incubator at 37°C for 2 h. .e reaction
solution was disposed, and 300 μL washing solution was
added, washed 5 times repeatedly. Substrates A and B 50 μL
were added to each well and incubated at 37°C for 15min in
the dark. .e 50 μL stop solution was added and shook well.
.eOD value at 450 nmwas determined by using an enzyme
plate analyzer.

2.7. Mitochondrial Membrane Potential (MMP) Assay.
.eMMP kit (Beyotime, Haimen, China) was used to detect
MMP in cells. HAC cells in 6-well plates were routinely
cultured, washed with PBS, and resuspended. .e cells were
cultured in 500 μL JC-1 working solution at 37°C for 20min
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and washed with PBS twice. MMP ratios of cells were an-
alyzed using a flow cytometer system (BD, USA).

2.8. qRT-PCR. .e mRNA expression of gene was detected
by RT-PCR. .e total RNA was extracted by using the Total
RNA Extraction Kit (TIANGEN, Beijing, China) and then
reversely transcribed into cDNA. .e corresponding reac-
tion system was configured to conduct PCR on cDNA. .e
reaction conditions were as follows: preheating at 95°C for
3min, 95°C for 1min, 60°C for 30 seconds, 72°C for 1min, a
total of 35 cycles.

2.9. Western Blot. Cells were collected and cultured in cell
culture plates. Total proteins were extracted from the cells for
gel electrophoresis andmembrane transfer..e target protein
was detected by anti-Cyto c (1 :1000), caspase-9 (1 :1000), Bcl-
2 (1 : 500), and FasL (1 :1000) (Abcam, USA) antibodies.
HRP-labeled secondary antibody (1 :1000; Santa Cruz, USA)
was combined with primary antibody and cultured at 25°C for
1 h. .e bands were detected using an infrared imaging
system (LI-COR Biosciences, Nebraska, USA).

2.10. Statistical Analysis. GraphPad 8.0 software was used to
analyze the data, and the mean± standard deviation was
used for all analyses. ANOVA was used to analyze the
differences between groups, with P< 0.05 regarded as sig-
nificant. All experiments were repeated three times.

3. Results

3.1. Culture and Identification of HAC. Primary cells gen-
erally adhered early and gradually extended to the sur-
rounding after adherence, tiling into a polygon or short
shuttle shape (Figure 1(a)). After cultivating for about 1
week, 80% of the cells were nearly confluent, at which time
they could be digested and passaged. .e shape of the third-
generation cells was similar to the primary cells, evenly
distributed (Figure 1(b)) and can produce cartilage-specific
matrix, which was conducive to the maintenance and re-
covery of chondrocyte phenotype (Figure 1(c)). .e ex-
pression of collagen type 2 in HAC cells was observed by
immunofluorescence assay, and the cells were cultured well
(Figure 1(d)).

3.2. Rg1 Promotes the Proliferation of HAC. .ere was no
significant difference between the groups at 24 h (P> 0.05),
and there was significant difference in cell proliferation
promotion between the groups at 48 h and 72 h (Figure 2).
Moreover, the high dose of Rg1 (100 μg/mL) exhibited an
increase in cell viability between the groups at 48 h and 72 h.
.is indicates that the appropriate concentration of Rg1
obviously promotes the proliferation of HAC, and the high
concentration of Rg1 obviously promote the cell prolifera-
tion with the culturing time.

3.3. Rg1 Inhibits Apoptosis of IL-1β-Induced HAC. We used
the culture of IL-1β (10 μg/L) as an experimental

concentration to induce HAC for 24 h and then treated the
HAC with different concentrations of Rg1. Figure 3 shows
the result of HAC being tested by a flow cytometer. .e rate
of apoptosis cells in the IL-1β+0 μg/mL Rg1 group was
significantly higher than that of the control group (P< 0.05).
.e apoptosis rate of Rg1 treatment group was markedly
lower than that of the IL-1β group and was in a concen-
tration-dependent manner.

3.4. Effect of Rg1 on HAC Cell Mitochondrial Signaling
Pathways. In order to further clarify the protective effect of
Rg1 on mitochondrial apoptosis, we detected the levels of
ROS and MDA in cells of different treatment groups. .e
results of the fluorescence spectrophotometer showed that
the ROS content in IL-1β-induced cells was significantly
increased (P< 0.001). .e ROS contents in the IL-1β+(10,
50, 100 μg/mL Rg1) groups were significantly lower than that
in the IL-1β group (Figure 4(a)). In addition, the MMP test
results showed that the MMP was significantly decreased in
the IL-1β group, but the inhibition was reversed with the
increase of Rg1 concentration (Figure 4(b)). .e results
showed that MDA content in IL-1β -induced cells was
significantly increased, and increased Rg1 concentration
could effectively reduce MDA content in IL-1β -induced
cells (Figure 4(c)). To further explore how Rg1 inhibits
mitochondrial pathway apoptosis, qRT-PCR and western
blot analysis showed that IL-1β-induced cells reduced Bcl-2
expression and increased the expression of Bax, caspase-3,
caspase-8, caspase-9, FasL, AIF, and Cyto c expressions (all
P< 0.01) (Figures 4(d) and 4(e)). Mitochondrial apoptosis
induced by IL-1β can be ameliorated by treatment with Rg1.

4. Discussion

Recent studies have found that Rg1 has a higher medicinal
effect because of its antiapoptosis effect in a variety of cells.
Gong et al. observed that in the neurons of the hippocampus,
Rg1 has antagonistic amyloid-induced apoptosis, which can
be used as a neuroprotector [14]. Yan et al.’s study found that
Rg1 had a protective effect on β-amyloid-induced epithelial
apoptosis [20]. In our present study, we found that the use of
different concentrations of Rg1 pretreatment of HAC of IL-
1β showed that the apoptosis rate of HAC was significantly
lower than that of the IL-1β group, indicating that Rg1 did
have an effect in suppressing HAC apoptosis.

.e signaling pathway mechanism for the effect of Rg1 on
the apoptosis of cartilage cells is not yet known. Studies have
shown that blocking the PI3K/Akt/mitochondrial signaling
pathway can reduce the apoptosis of IL-1β-induced cartilage
cells in cartilage cells [21, 22]. Mitochondrial function plays an
important role in the process of apoptosis [23]. Bcl-2 family
protein is the main protein for mitochondrial pathways to
regulate apoptosis, while Bcl-2 and Bax are the most repre-
sentative inhibitory apoptosis and promoter proteins in the
Bcl-2 family, respectively [24, 25]. Caspase-3 is the most im-
portant promoter of apoptosis, downstream of the apoptosis-
affiliated reaction, resulting in cell death [26]. .e Fas/FasL
system is one of the leading signal transduction pathways for
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mediated apoptosis. Most cell procedural deaths are involved
in the Fas/FasL system [27]. AIF is present in mitochondrial
gap and can reduce the damage caused by oxidation stress to
cell membranes and DNA by removing free radicals in cells
through the redox reaction, thereby preventing apoptosis and
acting as anti-cell apoptosis [28]. In this study, ROS and MDA
content in IL-1β-induced HAC cells were signi�cantly reduced

by Rg1 treatment at di�erent concentrations. In addition, high
concentrations of Rg1 treatment increased the decrease of
MMP in IL-1β-induced cells. Furthermore, qRT-PCR and
western blot results showed that Rg1 increased the Bcl-2
downregulation and the expression of Bax, caspase-3, caspase-
8, caspase-9, FasL, AIF, and Cyto c in IL-1β-induced cells.
Huang et al. also con�rmed that ginsenoside Rg1 can block
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Figure 1: Culture and identi�cation of HAC. (a)�e primary cells of HAC. (b)�e third-generation cells of HAC. (c)�e third-generation
cells of HAC adherent growth (200×). (d) Detection of type 2 collagen in HAC by immuno§uorescence.
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Figure 2: Rg1 promotes the proliferation of HAC. �e cell viability was evaluated by MTT assay (∗p< 0.05).
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caspase-3 release and protect rat chondrocytes from IL-1β-
induced mitochondrial activated cell apoptosis through the
PI3K/Akt signaling pathway [29]. �is study is consistent with
Huang’s study that the PI3K/Akt signaling pathway plays a
signi�cant role in osteoarthritis. In the future, we can explore
more treatments for osteoarthritis from the PI3K/Akt signaling
pathway and mitochondrial activation pathway.

�ere are some shortcomings in our experiment. We
have only conducted an in vitro experimental study of the
e�ects of Rg1 inhibiting HAC apoptosis, and evidence of in
vivo experiments is needed to further determine that Rg1 has
inhibited HAC apoptosis.

5. Conclusion

In summary, we found that Rg1 may regulate IL-1β-induced
HAC apoptosis through the PI3K/Akt/mitochondrial sig-
naling pathway. Our results provide reliable evidence that
Rg1 regulates the PI3K/Akt/mitochondrial signaling path-
way in human ankle traumatic arthritis and strongly support
Rg1 as a promising drug target for the treatment of ankle
traumatic arthritis.

Data Availability

�e data used to support this research are included within
this manuscript.

Conflicts of Interest

�e authors declare that they have no con§icts of interest.

Authors’ Contributions

Zhiqiang Xu and Xue Li contributed equally to this study.

Acknowledgments

�is paper was supported by the Foshan Self-Funded Science
and Technology Foundation (2018AB001571).

References

[1] A. C. �omas, T. Hubbard-Turner, E. A. Wikstrom, and
R. M. Palmieri-Smith, “Epidemiology of posttraumatic

C
on

tro
l

0 
μg

/m
L

10
 μ

g/
m

L

50
 μ

g/
m

L

10
0 

μg
/m

L

0

IL-1β

1

2

3

4

M
D

A
 (n

g/
m

l)

∗

(c)

Ba
x

Bc
l-2

Ca
sp

as
e-

3

Ca
sp

as
e-

8

Ca
sp

as
e-

9

Fa
sL A
IF

Cy
to

 c

0

1

2

3

5

4

Re
lat

iv
e m

RN
A

 ex
pr

es
sio

n

∗

∗

∗

∗
∗

∗

∗

∗

Control
0 μg/mL
10 μg/mL
50 μg/mL
100 μg/mL

IL-1β

(d)
Bax

Bcl-2
Caspase-3
Caspase-8
Caspase-9

FasL
AIF

Cyto c
β-actin

IL-1β

C
on

tro
l

0 
μg

/m
L

10
 μ

g/
m

L

50
 μ

g/
m

L

10
0 

μg
/m

L

(e)

Figure 4: E�ect of Rg1 on HAC cell mitochondrial signaling pathways. (a) �e relative intensity of ROS was evaluated by cellular
immuno§uorescence. (b)�e variation of MMP was evaluated by JC-1. (c)�e content of MDA was evaluated by ELISA assay. (d)�e Bax,
Bcl-2, caspase-3, caspase-8, caspase-9, FasL, AIF, and Cyto c mRNA expressions were evaluated by qRT-PCR. (e) �e Bax, Bcl-2, caspase-3,
caspase-8, caspase-9, FasL, AIF, and Cyto c protein expressions were evaluated by western blot. Values with di�erent letters within the same
column di�er signi�cantly (∗p< 0.05).

6 Evidence-Based Complementary and Alternative Medicine



osteoarthritis,” Journal of Athletic Training, vol. 52, no. 6,
pp. 491–496, 2017.

[2] A. Iqbal, E. Mcloughlin, D. Beale, S. L. James, and R. Botchu,
“A rare pattern of ligamentous injury of the ankle: a case
report and review of the literature,” Ae Journal of Foot and
Ankle Surgery, vol. 60, no. 4, pp. 870–872, 2021.

[3] E. Feria-Arias, K. Boukhemis, C. Kreulen, and E. Giza, “Foot
and ankle injuries in soccer,” American Journal of Orthope-
dics, vol. 47, no. 10, 2018.

[4] W. Yan, X. Meng, J. Sun, H. Yu, and Z. Wang, “Intelligent
localization and quantitative evaluation of anterior talofibular
ligament injury using magnetic resonance imaging of ankle,”
BMC Medical Imaging, vol. 21, no. 1, p. 130, 2021.

[5] E. C. Nwankwo, L. A. Labaran, V. Athas, S. Olson, and
S. B. Adams, “Pathogenesis of posttraumatic osteoarthritis of
the ankle,” Orthopedic Clinics of North America, vol. 50, no. 4,
pp. 529–537, 2019.

[6] C. M. .omas, C. J. Fuller, C. E. Whittles, and M. Sharif,
“Chondrocyte death by apoptosis is associated with cartilage
matrix degradation,” Osteoarthritis and Cartilage, vol. 15,
no. 1, pp. 27–34, 2007.

[7] A. Ramachandran, M. Madesh, and K. A. Balasubramanian,
“Apoptosis in the intestinal epithelium: its relevance in
normal and pathophysiological conditions,” Journal of Gas-
troenterology and Hepatology, vol. 15, no. 2, pp. 109–120, 2000.

[8] J. F. Dickson and R. F. Willkens, “Nonsteroidal anti-in-
flammatory drugs in the treatment of rheumatoid arthritis,”
Clinical Immunotherapeutics, vol. 2, no. 3, pp. 185–191, 1994.

[9] P. A. Rochon, J. H. Gurwitz, R. W. Simms et al., “A study of
manufacturer-supported trials of nonsteroidal anti-inflam-
matory drugs in the treatment of arthritis,” Archives of In-
ternal Medicine, vol. 154, no. 2, pp. 157–163, 1994.

[10] A. Boffa, D. Previtali, G. Di Laura Frattura, F. Vannini,
C. Candrian, and G. Filardo, “Evidence on ankle injections for
osteochondral lesions and osteoarthritis: a systematic review
and meta-analysis,” International Orthopaedics, vol. 45, no. 2,
pp. 509–523, 2021.

[11] N. N. Zhang, P. Bu, H. H. Zhu, and W. G. Shen, “Inhibitory
effects of scutellaria barbatae D. Don on tumor angiogenesis
and its mechanism,” Chinese Journal of Cancer, vol. 24, no. 12,
pp. 1459–1463, 2005.

[12] Z. H. Xu, Y. Y. Gao, H. T. Zhang, K. F. Ruan, and F. Yi,
“Progress in experimental and clinical research of the diabetic
retinopathy treatment using traditional Chinese medicine,”
Ae American journal of Chinese medicine, vol. 46, no. 7,
pp. 1421–1447, 2018.

[13] T. K. Milugo, L. K. Omosa, J. O. Ochanda et al., “Antagonistic
effect of alkaloids and saponins on bioactivity in the quinine
tree (Rauvolfia caffra sond.): further evidence to support
biotechnology in traditional medicinal plants,” BMC Com-
plementary and Alternative Medicine, vol. 13, no. 1,
pp. 285–294, 2013.

[14] L. Gong, S.-L. Li, H. Li, and L. Zhang, “Ginsenoside Rg1
protects primary cultured rat hippocampal neurons from cell
apoptosis induced by β-amyloid protein,” Pharmaceutical
Biology, vol. 49, no. 5, pp. 501–507, 2011.

[15] R. Hashimoto, J. Yu, H. Koizumi, Y. Ouchi, and T. Okabe,
“Ginsenoside Rb1 prevents MPP+-Induced apoptosis in PC12
cells by stimulating estrogen receptors with consequent ac-
tivation of ERK1/2, Akt and inhibition of SAPK/JNK, p38
MAPK,” Evidence-based Complementary and Alternative
Medicine, vol. 2012, Article ID 693724, 8 pages, 2012.

[16] P. Grover, H. Shi, M. Baumgartner, C. J. Camacho, and
T. E. Smithgall, “Fluorescence polarization screening assays

for small molecule allosteric modulators of ABL kinase
function,” PLoS One, vol. 10, no. 7, Article ID e0133590, 2015.

[17] N. A. .ornberry, “.e caspase family of cysteine proteases,”
British Medical Bulletin, vol. 53, no. 3, pp. 478–490, 1997.

[18] S. Koszinowski, K. Buss, K. Kaehlcke, and K. Krieglstein,
“Signaling via the transcriptionally regulated activin receptor
2B is a novel mediator of neuronal cell death during chicken
ciliary ganglion development,” International Journal of De-
velopmental Neuroscience, vol. 41, no. 1, pp. 98–104, 2015.

[19] J. Liu, L. Cao, X. Gao et al., “Ghrelin prevents articular
cartilage matrix destruction in human chondrocytes,” Bio-
medicine & Pharmacotherapy, vol. 98, pp. 651–655, 2018.

[20] J. Yan, Q. Liu, Y. Dou et al., “Activating glucocorticoid re-
ceptor-ERK signaling pathway contributes to ginsenoside Rg1
protection against β-amyloid peptide-induced human endo-
thelial cells apoptosis,” Journal of Ethnopharmacology,
vol. 147, no. 2, pp. 456–466, 2013.

[21] B.-S. Pan, Y.-K. Wang, M.-S. Lai, Y.-F. Mu, and B.-M. Huang,
“Cordycepin induced MA-10 mouse leydig tumor cell apo-
ptosis by regulating p38 MAPKs and PI3K/AKT signaling
pathways,” Scientific Reports, vol. 5, no. 1, pp. 13372–13380,
2015.

[22] Y. Safdari, M. Khalili, M. A. Ebrahimzadeh, Y. Yazdani, and
S. Farajnia, “Natural inhibitors of PI3K/AKT signaling in
breast cancer: emphasis on newly-discovered molecular
mechanisms of action,” Pharmacological Research, vol. 93,
pp. 1–10, 2015.

[23] J. Yuan and B. A. Yankner, “Apoptosis in the nervous system,”
Nature, vol. 407, no. 6805, pp. 802–809, 2000.

[24] Y. Shi, “A structural view of mitochondria-mediated apo-
ptosis,” Nature Structural Biology, vol. 8, no. 5, pp. 394–401,
2001.

[25] C. Tan, P. J. Dlugosz, J. Peng et al., “Auto-activation of the
apoptosis protein Bax increases mitochondrial membrane
permeability and is inhibited by bcl-2,” Journal of Biological
Chemistry, vol. 281, no. 21, pp. 14764–14775, 2006.

[26] J. Ribera, V. Ayala, and J. E. Esquerda, “c-Jun-like immu-
noreactivity in apoptosis is the result of a crossreaction with
neoantigenic sites exposed by caspase-3-mediated proteoly-
sis,” Journal of Histochemistry & Cytochemistry, vol. 50, no. 7,
pp. 961–972, 2002.

[27] D. L. Eizirik and T. Mandrup-Poulsen, “A choice of death -
the signal-transduction of immune-mediated beta-cell apo-
ptosis,” Diabetologia, vol. 44, no. 12, pp. 2115–2133, 2001.

[28] B. Schumacher, J. H. Hoeijmakers, and G. A. Garinis, “Sealing
the gap between nuclear DNA damage and longevity,” Mo-
lecular and Cellular Endocrinology, vol. 299, no. 1, pp. 112–
117, 2009.

[29] Y. Huang, D.Wu, andW. Fan, “Protection of ginsenoside Rg1
on chondrocyte from IL-1β-induced mitochondria-activated
apoptosis through PI3K/Akt signaling,” Molecular and Cel-
lular Biochemistry, vol. 392, no. 1-2, pp. 249–257, 2014.

Evidence-Based Complementary and Alternative Medicine 7


