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Abstract: Background: Aberrant apoptosis in nucleus pulposus (NP) cells is the primary cause of intervertebral disc
degeneration (IDD). In contrast, a large number of studies have confirmed that autophagy may protect NP cells from
apoptosis. Sinomenine is an alkaloid monomer, which has been reported to stimulate cell autophagy. Therefore,
the aim of the present study was to investigate the effects of sinomenine on IDD. Methods: The effects of sinome-
nine on the proliferation and apoptosis of NP cells were evaluated with the CCK-8 assay and Annexin V/PI stain-
ing, respectively. Results: The data obtained from the present study demonstrated that sinomenine could notably
reverse TBHP-induced growth inhibition and apoptosis in rat NP cells. In addition, sinomenine significantly induced
autophagy in rat NP cells, which was completely inhibited by 3-methyladenine (3MA). In addition, the protective ef-
fect of sinomenine against TBHP in rat NP cells was abolished following treatment with 3MA. Finally, an in vivo study
further confirmed that sinomenine could ameliorate rat IDD. Conclusion: Taken together, the results of the present
study indicated sinomenine could ameliorate rat IDD via induction of autophagy in vitro and in vivo. These findings

suggest the therapeutic potential of sinomenine in the prevention of IDD.
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Introduction

Intervertebral disc degeneration (IDD) is a dis-
ease characterized by cervical spondylosis,
lumbar disc herniation, and degenerative scoli-
osis. According to statistics, the lower back
pain of 40% of patients is caused by degenera-
tion of the intervertebral disc [1]. The current
treatments for such diseases include conser-
vative anti-inflammatory analgesics, physio-
therapy, surgical discectomy, replacement and
spinal fusion [2]. However, these methods only
cure the symptoms and not the disease; there-
fore, their efficacy is highest for early and mid-
dle stage disc degeneration, which does not
require surgery.

The adult intervertebral disc is a completely
enclosed avascular tissue composed of three
highly specific structures, namely the cartilage

endplate, the annulus fibrosus and the nucleus
pulposus [3]. Changes in the nucleus pulposus
(NP) tissue were most pronounced in IDD at the
early stage of disease [4]. At present, studies
have demonstrated that the loss of water and
extracellular matrix in the NP, causing the living
environment of NP cells to become unfavour-
able [5]. Therefore, aberrant apoptosis of NP
cells is the principal cause of IDD [6].

Autophagy is a process whereby cells phagocy-
tose and degrade their own cytoplasm and
organelles via a lysosomal system. It serves a
significant role in numerous cellular processes
such as growth and development, cell self-sta-
bility, and mature differentiation [7]. A large
number of studies have confirmed that autoph-
agy protected cells by inhibiting apoptosis [8,
9]. In studies investigating orthopedic degener-
ative diseases, autophagy has been confirmed
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to serve a crucial role in the development of
osteoarthritis. For example, the autophagy of
articular cartilage in severe osteoarthritis was
significantly reduced, while the rate of apopto-
sis was obviously increased [10]. In addition, in
a study investigating the intervertebral disc
annulus of rats, autophagy protected the de-
generation of the annulus by inhibiting apopto-
sis [11].

Sinomenine is an alkaloid monomer extracted
from the Sinomenium acutum, which has anti-
inflammatory and immunosuppressive effects
(12). Sinomenine is widely used in the treat-
ment of rheumatoid arthritis, systemic lupus
erythematosus and other inflammatory and
autoimmune diseases [12, 13]. Recent studies
have demonstrated that sinomenine could pro-
mote autophagy in tumor cells [14, 15]. There-
fore, we hypothesize that sinomenine could
regulate the apoptosis of intervertebral NP
cells by regulating autophagy, thereby, affect-
ing the progression of IDD.

Therefore, the present study aimed to elucidate
the biological effects of sinomenine on the
apoptosis of NP cells. In addition, the therapeu-
tic potential of sinomenine in a puncture-in-
duced rat IDD model was further examined.

Materials and methods
Isolation and culture of rat NP cells

5 SD rats (225-250 g) purchased from the
Fourth Military Medical University Model Animal
Center (Xian, China) were sacrificed using CO,
at a displacement rate of 20%/L/min. The spi-
nal column then was exposed under aseptic
conditions in order to reveal the lumbar inter-
vertebral disc, and the annulus fibrosus was
isolated for separating the gelatinous nucleus
pulposus. The gelatinous nucleus pulposus
was placed in sterile D-hanks and washed 3
times to remove blood. The nucleus pulposus
tissue was separated to a thickness of 1 mm§,
and was subsequently digested with 0.1% col-
lagenase type Il (Gibco; Thermo Fisher Sci-
entific, Inc., Waltham, MA, USA) for 2 h at 37°C.
The tissues were subsequently centrifuged at
800 g for 5 min, and the precipitate was incu-
bated with 10 U/ml hyaluronidase (Sigma, St
Louis, MO, USA) for an additional 2 h. NP cells
were collected by centrifugation (1,000 g for 5
min) and washed three times with DMEM-F12
(Gibco; Thermo Fisher Scientific, Inc.). The cells
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were then cultured in DMEM-F12 with 15%
fetal bovine serum (FBS; HyClone; GE Hea-
Ithcare Life Sciences, Logan, UT, USA) at 37°C.
The National Institutes of Health guide for the
care and use of laboratory animals was fol-
lowed. All experimental procedures were ap-
proved by the Ethics Committee of The Zhong-
da Hospital Affiliated to Southeast University.
The animal care and use were followed the
policy of Institutional animal care and use com-
mittee (IACUC).

Sinomenine treatment

To examine the effects of sinomenine on rat NP
cells, cells were pre-treated with 0.33, 0.67,
1.00, 3.33, 6.67 or 10 mM sinomenine for 24
h. The cells were then cultured with different
concentrations of tert-butyl hydroperoxide (TB-
HP) (50, 100, 200 or 300 uM) for 24 h. For
treatment with 3-methyladenine (3MA), cells
were cultured with 5 mM 3MA for 1 h prior to
treatment with sinomenine.

Dansylcadaverine (MDC) staining

The MDC staining kit (Beijing Solarbio, Science
& Technology Co., Ltd., Beijing, China) was ap-
plied to detect cell autophagy in the present
study according to the manufacture’s protocol.
In brief, cells were collected and adjusted to a
concentration of 1x10° cells/ml. Then, 10 pl
MDC reagent was added into 90 pl cell suspen-
sion at room temperature for 30 min. The MDC
staining was observed and photographed un-
der a fluorescence microscope (Olympus Cor-
poration, Tokyo, Japan).

LC3 immunofluorescence staining

Cells were seeded into 6-weel plates and treat-
ed with 3MA, sinomenine or TBHP. For LC3 im-
munofluorescence staining, cells were fixed
with 4% paraformaldehyde at room tempera-
ture for 1 h and washed twice with PBS buff-
er. The cells were subsequently perforated wi-
th 0.5% Triton-X100 for 15 min, and 5% BSA
was added into samples at room tempera-
ture for 5 min to block non-specific backgrou-
nd staining. The cells were incubated with pri-
mary antibodies against LC3 (1:200) at 4°C
overnight. Following washing with PBS, the
cells were incubated with the secondary anti-
body and DAPI at room temperature for 1
h. Finally, LC3 immunofluorescence staining
was observed and photographed under a fluo-
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rescence microscope (Olympus Corporation,
Tokyo, Japan).

Western blotting assay

Total protein was extracted with RIPA buffer.
The proteins then were separated with 10%
sodium dodecyl sulfate-polyacrylamide gel el-
ectrophoresis (SDS-PAGE), and transfected
onto PVDF membranes (Bio-Rad, Laboratories,
Inc., Hercules, CA, USA). The membranes were
blocked with 5% non-fat milk in TBST buffer for
1 h. Following blocking, the membranes were
incubated with primary antibodies against Bax
(Abcam, ab32503), Bcl-2 (Abcam, ab32124),
active caspase 3 (Abcam, ab2302), Beclin 1
(Abcam, ab62557), ATG5 (Abcam, ab109490)
and B-actin (Abcam, ab8227) at 4°C for 12 h,
which was followed by incubation with the sec-
ondary antibodies. The protein expression lev-
els were measured by an enhanced chemilu-
minescence detection kit (Thermo Fisher Sci-
entific, Inc.).

In vivo rat IDD model

20 SD rats (225-250 g) were purchased from
Fourth Military Medical University Model Animal
Center (Xian, China) and fasted 1 day prior to
surgery. The rats underwent an intraperitoneal
injection with 7% chloral hydrate (0.5 g/kg) for
general anesthesia (5 rats/per group). When
the pain response disappeared, a right side of
midline incision in rat was performed. The skin
and subcutaneous tissue were subsequently
cut open, and the L5/6 intervertebral disc and
the endplate were exposed, and treated with
the 21 G micro-puncture. A segmental punc-
ture, parallel to the cartilage endplate needle
(controlled penetration depth of 2.3 mm) was
performed, and when the operation was com-
pleted, the subcutaneous fascia and skin of rat
were sutured in sequence. Rats in the IDD-
group were intraperitoneally injected with 0.1
ml physiological saline per 10 g body weight
daily. Rats in the sinomenine-25 or 75 mg/kg
groups were intraperitoneally injected with
sinomenine at doses of 25 or 75 mg/kg, res-
pectively. After 16 weeks, all rats were sacri-
ficed using CO, at a displacement rate of
20%/L/min.

Histopathological analysis

The samples were fixed with 4% paraformalde-
hyde at room temperature for 30 min, and then
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embedded in paraffin at a melting point of
57°C. Sections 3 um-thick were obtained and
baked at 55°C for 1 h. The samples were then
stained with hematoxylin for 5 min, then added
with 0.5% hydrochloric-alcohol mixture for 10 s.
The samples were treated with eosin solution
for 30 s, and were washed with ethanol and
xylene. The morphological changes of the NP
cells were observed and the annulus fibrosus
were evaluated by grading scale according to
the protocol outlined in previous studies [16,
17]. Briefly, the cellularity and morphology of
the NP and the border between the two struc-
tures were assessed. Grades ranged from 5 to
15 and all discs were divided into normal, mod-
erately degenerated, and severely degenerated
according to the histological grading scale
(Table 1). The histological score of 5 was con-
sidered to be normal; 6 to 11 was moderate
degeneration; and severe degeneration was 12
to 15.

Statistical analysis

SPSS software (SPSS standard version 19.0;
SPSS Inc.) was performed for statistical analy-
sis. Each group were executed at least three
independent experiments and all data were
expressed as the mean + standard deviation
(SD). The mean value of the 3 experiments per-
formed for each group was used. The results of
different experiments were similar, since the
standard deviation of each group was small.
The results of the CCK-8 assay, the apoptosis
assay, western blot assay, and immunofluores-
cence staining assay were analyzed by one-
way analysis of variance (ANOVA) followed by
Dunnett’s test. P values less than 0.05 was
considered to be significant difference.

Results

Sinomenine reversed TBHP-induced growth
inhibition in rat NP cells

To explore the effect of sinomenine on the via-
bility of rat NP cells, the cells were treated with
varying concentrations of sinomenine. The
chemical structure of sinomenine is illustrated
in Figure 1A. In addition, as indicated in Figure
1B, the treatment of cells with 0.33, 0.67, 1.00
or 3.33 mM sinomenine resulted in no signifi-
cant changes in cell viability. However, treat-
ment of cells with 6.67 or 10 mM sinomenine
significantly decreased cell viability (P < 0.01).
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Table 1. Histologic grading scale

Score Morphology of the nucleus pulposus
1 > 50%: the ratio of round shape and the nucleus pulposus to the disc area
2 25%-50%: the ratio of nucleus pulposus to the disc area; Intermediate morphology
3 < 25%: the ratio of irregular shape and the nucleus pulposus to the disc area
Score Cellularity of the nucleus pulposus
1 Stellar-shaped cells distributed evenly, with a proteoglycan matrix located at the periphery
2 Partially round cells and partially stellar cells, more stellar than round
3 Mostly large and round cells, isolated by dense areas of proteoglycan matrix
Score Morphology of anular fibrosus
1 Well-organized collagen lamellae with no ruptures
2 < 33%: the ratio of anulus to the ruptured fibers; Intermediate morphology
3 > 33%: the ratio of anulus to the ruptured fibers; Inward annular bulging
Score Cellularity of the anular fibrosus
1 > 75%: the ratio of fibroblasts to the cells
2 Intermediate
3 < 75%: the ratio of chondrocytes to the cells
Score Endplates
1 Continuous
2 Disrupted

£ 1.0

c

S 0.8

2

2 0.6

F 0.4 o

[=]

o 0 2- [
0.0-

“ﬂ?é‘"s"’% N

Concentratlon of smomemne (mM)

1.0+ #
2

0.6

0.4

0.2+

0.0- r

Sinomenine (mM) = 3.33
TBHP (uM) - - 100 100

=]
-
(Y

o
-]

)%

0D value (450 nm)

0 50 100 200 300
Concentration of TBHP (uM)

Figure 1. Sinomenine reversed TBHP-induced growth inhibition in rat NP
cells. A. Chemical structures of sinomenine. B. CCK-8 assay was performed
to evaluate the proliferation of rat NP cells treated with different concentra-
tions of sinomenine, respectively. C. CCK-8 assay was used to evaluate the
proliferation of rat NP cells treated with different concentrations of THBP, re-
spectively. D. CCK-8 assay was performed to evaluate the proliferation of rat
NP cells treated with sinomenine or/and THBP. N = 3, “*P < 0.01 vs. control
group. #P < 0.01 vs. 100 uM THBP group.

bility in a dose-dependent
manner (Figure 1C; P < 0.01).
Due to the aforementioned
results, 3.33 mM sinomeni-
ne and 100 yM TBHP were
selected for use in the follow-
ing studies. In addition, as
presented in Figure 1D, 3.33
mM sinomenine nearly recov-
ered cell viability to normal
levels in the presence of TB-
HP, compared with the TBHP
group. Collectively, sinome-
nine could reversed TBHP-
induced growth inhibition in
rat NP cells.

Sinomenine reversed TBHP-
induced apoptosis in rat NP
cells

To investigate the effects of
sinomenine or/and TBHP on
the apoptosis of rat NP cells,
the present study performed
Annexin V/PI staining. As pre-
sented in Figure 2A and 2B,

The rat NP cells were subsequently treated with treatment with 3.33 mM sinomenine alone
0, 50, 100, 200 or 300 uM TBHP. The results resulted in no significant changes in cell apop-
of the CCK-8 assay demonstrated that treat- tosis. However, treatment with 100 mM uM
ment with TBHP significantly inhibited cell via- TBHP alone notably induced cell apoptosis,
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Figure 2. Sinomenine reversed TBHP-induced apoptosis in rat NP cells. A, B. PI/Annexin V assays were performed to evaluate the apoptosis rate in NP cells treated
with 3.33 mM sinomenine, 100 uM THBP or 3.33 mM sinomenine + 100 uM THBP, respectively. C-F. Western blotting assay was performed to measure the protein
expressions of Bax, Bcl-2 and active caspase 3 in NP cells treated with 3.33 mM sinomenine, 100 yM THBP or 3.33 mM sinomenine + 100 uM THBP, respectively.
N = 3, P < 0.01 vs. control group. #P < 0.01 vs. 100 uM THBP group.
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Figure 3. Sinomenine induced autophagy in rat NP cells, which was completely inhibited by 3MA. A, B. MDC as-
say was performed to measure the autophagosomes and autophagolysosomes in NP cells treated with 3.33 mM
sinomenine, 100 yM THBP, 3.33 mM sinomenine + 100 uM THBP, or 3.33 mM sinomenine + 100 uM THBP + 5
mM 3MA, respectively. C. Double immunofluorescence of LC3 in NP cells. D-F. Western blotting assay was used to
measure the protein levels of Beclin-1 and ATG5 in rat NP cells. N = 3, P < 0.01 vs. control group. *#P < 0.01 vs.

3.33 mM sinomenine + 100 uM THBP.

compared with the control cells (P < 0.01). Si-
milar to the results of the CCK-8 assay, treat-
ment with sinomenine significantly attenuated
TBHP-induced cell apoptosis (Figure 2A and
2B, P < 0.01). Western blotting was subsequ-
ently performed to measure the expression of
the apoptosis-related proteins Bax, Bcl-2 and
active caspase 3. As illustrated in Figure 2C-F,
the relative protein expressions of Bax and
active caspase 3 were significantly up-regulat-
ed in the cells treated with 100 uM TBHP, when
compared with the control cells (P < 0.01).
However, compared with TBHP group, Bax and
active caspase 3 protein levels were signifi-
cantly decreased in cells treated with 3.33 mM
sinomenine with 100 yM TBHP (Figure 2C-F, P

5961

< 0.01). As hypothesized, the protein expres-
sion of Bcl-2 was significantly decreased in
cells treated with 100 pyM TBHP alone (P <
0.01), which was also reversed following treat-
ment with sinomenine (Figure 2C and 2E, P <
0.01). Collectively, the above results indicated
that sinomenine could significantly reverse
TBHP-induced apoptosis in rat NP cells.

Sinomenine induced autophagy in rat NP cells

The present study then investigated whether
sinomenine induced autophagy in rat NP cells
using MDC staining. As presented in Figure 3A
and 3B, treatment with 3.33 mM sinomenine
significantly induced autophagy in rat NP cells,
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Figure 4. 3MA abolished the protective effect of sinomenine against TBHP in rat NP cells. A. CCK-8 assay was performed to evaluate the proliferation of rat NP cells
treated with 3.33 mM sinomenine + 100 uM THBP or 3.33 mM sinomenine + 100 uM THBP + 5 mM 3MA, respectively. B, C. Annexin V/PI assay was performed to
evaluate the apoptosis rate in NP cells treated with 3.33 mM sinomenine + 100 yM THBP or 3.33 mM sinomenine + 100 uM THBP + 5 mM 3MA, respectively. D, E.
Western blotting assay was performed to measure the protein level of active caspase 3 in NP cells treated with 3.33 mM sinomenine + 100 yM THBP or 3.33 mM
sinomenine + 100 yM THBP + 5 mM 3MA, respectively. N = 3, #P < 0.01 vs. 3.33 mM sinomenine + 100 uM THBP.
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while 100 uM TBHP had no effect on it. In addi-
tion, pretreatment of 3MA notably inhibited
sinomenine-induced autophagy in rat NP cells
(Figure 3A and 3B, P < 0.01). The above results
were validated by LC3 immunofluorescence an-
alysis. As illustrated in Figure 3C, the fluores-
cence intensities of sinomenine-treated cells
were significantly higher than those of the con-
trol group, while pretreatment with 3MA potent-
ly inhibited the increase of fluorescence inten-
sities. Western blot analysis was subsequently
performed to measure the expressions of the
autophagy-related proteins Beclin-1 and ATG5.
As indicated in Figure 3D-F, sinomenine signifi-
cantly up-regulated the levels of Beclin-1 and
ATG5 in cells (P < 0.01), while TBHP alone had
no effect on them. As hypothesized, pretreat-
ment of 5 mM 3MA resulted in a significant
decrease of Beclin-1 and ATG5 in cells (Figure
3D-F, P < 0.01). Taken together, these results
suggested that sinomenine significantly indu-
ced autophagy in rat NP cells, which was com-
pletely revered by pretreatment with 3MA.

3MA abolished the protective effect of sinome-
nine against TBHP in rat NP cells

As presented in Figure 4A, pretreatment with
3MA resulted in a significant decrease in cell
viability, compared with the cells treated with
3.33 mM sinomenine plus 100 uM TBHP (P <
0.01). The apoptosis analysis data indicated
that pretreatment with 3MA significantly inc-
reased the apoptosis rate of NP cells (Figure
4B and 4C, P < 0.01) compared with the cells
treated with sinomenine with TBHP. The west-
ern blotting results demonstrated that pretreat-
ment with 3MA notably up-regulated the level
of active caspase 3, compared with sinome-
nine plus TBHP (Figure 4D and 4E, P < 0.01).
Taken together, these data indicated that 3MA
could abolish the protective effect of sinome-
nine against TBHP in rat NP cells.

Sinomenine ameliorated rat IDD in vivo

To further explore the effects of sinomenine on
IDD in vivo, a rat model of IDD was established
by the anulus needle puncture method. The
results of HE staining indicated that the NP was
fibrotic; however, the inner layer of the annulus
was unable to be conclusively determined due
to 16 weeks of anulus needle punctures (Figure
5A). As expected, 25 or 75 mg/kg sinomenine
significantly improved IDD. Especially in the 75
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mg/kg sinomenine group, the nucleus pulpo-
sus and the annulus fibrosis were clearly de-
fined, and the structure of the annulus was
close to those in the control group (Figure 5A).
In addition, the histologic scores of rats in the
IDD group were markedly higher than those of
control group (Figure 5B, P < 0.01). As hypoth-
esized, the histological scores were notably
decreased in the rats treated with sinomenine,
compared with the IDD group (Figure 5B, P <
0.05). The western blotting assay indicated the
expressions of active caspase 3 in IDD group
were markedly higher than those of control
group (Figure 5C and 5D, P < 0.01), which was
significantly inhibited following treatment with
sinomenine. Furthermore, there was no differ-
ence in the Beclin 1 levels between the IDD and
control groups (Figure 5C and 5E). However,
the level of Beclin 1 in the sinomenine-treated
groups were markedly higher than those in the
IDD group (P < 0.01, Figure 5C and 5E). Both
Shapiro-Wilk normality test indicated the data
were normally distributed. Taken together, th-
ese results indicated that sinomenine could
notably ameliorated rat IDD in vivo.

Discussion

The issue of delaying or even inhibiting the
degeneration of the intervertebral disc has
become the focus of an increasing amount of
interest in the field of spinal surgery in recent
years. Studies have confirmed that the earliest
stage of degeneration of the intervertebral disc
is the degeneration of the nucleus pulposus [4].
The results of the present study indicated that
treatment with sinomenine inhibited oxidative
stress-induced apoptosis of NP cells via pro-
moting autophagy. In addition, the in vivo exper-
iments confirmed that sinomenine could allevi-
ate rat IDD.

Sinomenine is an alkaloid component extract-
ed from the dried rhizome of Sinomenium acu-
tum. Its pharmacological properties include
anti-inflammatory and immunosuppressive ef-
fects, and it is often administered in the form of
its hydrochloride [18]. Due to the increasing
amount of research on sinomenine, specific
novel pharmacological effects and mechani-
sms of action have been discovered. For exam-
ple, Sun et al demonstrated that sinomenine
inhibited the growth of melanoma via the
enhancement of autophagy [14]. In addition,
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another similar study also demonstrated that
sinomenine promoted apoptosis in renal carci-
noma via enhancing autophagy [15]. Converse-
ly, to the best of our knowledge, the present
study demonstrated for the first time that sino-
menine alleviated IDD by enhancing autophagy
in NP cells in vitro and in vivo. The difference
between these results may be due to the dif-
ferent cell types used in these investigations.

In humans, NP cells are continuously lost due
to the apoptotic process. The excessive apop-
tosis of NP cells is considered to be an impor-
tant cause of IDD [19]. It is well established
that the body’s oxidative stress level and reac-
tive oxygen species (ROS) accumulation incre-
ase with aging, which culminates in the destruc-
tion of extracellular matrix of the intervertebral
disc tissue [20, 21]. In present study demon-
strated that sinomenine could reverse TBHP-
induced apoptosis in rat NP cells. Wang et al
reported that apoptosis in degenerative disc
tissues is mediated by three pathways, includ-
ing the death receptor pathway, the mitochon-
drial pathway and the endoplasmic reticulum
pathway. In addition, their confirmed that these
three pathways work at different stages of disc
degeneration [22]. The mitochondrial pathway
is primarily activated by various cellular com-
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pressive stresses and various apoptotic sig-
nals, and is a significant pathway for apoptosis
during IDD [23]. Similar to these studies, the
present study identified that pretreatment with
sinomenine could notably decrease mitochon-
drial pathway markers Bax and cleaved-cas-
pase 3, while increasing Bcl-2 in NP cells under
conditions of oxidative stress.

Autophagy is an independent type Il progra-
mmed cell death process and is closely associ-
ated with apoptosis [24]. The study of Jiang et
al identified that SIRT1 (silent information regu-
lation 2 homolog 1) can inhibit the apoptosis of
human NP cells by up-regulating autophagy
[25]. Miyazaki et al also reported that SIRT1
inhibited apoptosis in human NP cells induced
by serum deprivation by promoting autophagy
[26]. In addition, the study of Chen et al demon-
strated that the levels of apoptosis and autoph-
agy in rat NP cells were increased following
stimulation with H,0, (27). However, an addi-
tional study demonstrated that metformin
could inhibit TBHP-induced apoptosis of rat NP
cells by promoting autophagy [27]. Similarly,
the results of the present study indicated that
sinomenine inhibited TBHP-induced apoptosis
in rat NP cells by promoting autophagy. These
above findings illustrate the complex relation-
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ship between autophagy and apoptosis in inter-
vertebral disc cells under different conditions
and remains to be further investigated. Ne-
vertheless, the limitation of current study was
the lacking of mechanical testing or Magnetic
Resonance Imaging (MRI), which could provide
some idea that either mechanical function or
hydration was protected. Thus, further investi-
gation are needed.

In conclusion, the present study provided evi-
dence that treatment with sinomenine exerted
an anti-apoptotic effect against oxidative stress
in rat NP cells by promoting autophagy, where-
as the autophagy inhibitor 3MA abolished this
effect. These findings suggested the therapeu-
tic potential of sinomenine in the prevention of
the IDD.
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