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Abstract
Osteosarcoma is the most common primary malignant bone tumor; the main treatment method is surgery and adjuvant 
chemotherapy, with a 5-year survival rate of less than 20% for metastatic patients. Schisandrin B is the most abundant and 
active ingredient found in the fruit of Schisandra chinensis (Turcz.) Baill., Schisandraceae, which has document properties 
such as liver protection, antioxidant, anti-inflammatory, antiaging, and antitumor. The present investigation explored the 
therapeutic effect of schisandrin B on osteosarcoma (MG63 cells). Cell proliferation and viability, scratch assay, and transwell 
migration analysis were used to detect the effects of schisandrin B on the growth activity, migration, and invasion of MG63 
cells. The effects of schisandrin B on MG63 cell apoptosis were detected by flow cytometry and tunel staining. Western 
blot was used to detect the expression levels of autophagy and apoptosis related proteins. Immunofluorescence staining was 
used to detect schisandrin B effects of autophagy and apoptosis on MG63 cells. Schisandrin B inhibited the growth activity, 
migration ability, and invasion ability of osteosarcoma cells. In addition, schisandrin B induced apoptosis of MG63 cells 
through autophagy mediated by PI3K/AKT/mTOR signaling pathway.
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Introduction

Osteosarcoma is a tumor derived from bone forming mes-
enchymal stem cells; it is also the most common primary 
bone malignant tumor (Harrison et al. 2018). The highest 
incidence occurs in children and adolescents (median age: 
18 years), followed by older adults over 60 years of age, 
with a bimodal age distribution. Globally, the incidence is 
about 1 to 3 cases per million people per year (Cersosimo 
et al. 2020). Osteosarcoma mainly occurs in long bones, 
near the growth plate of diaphysis, and less in skull, jaw, 
and pelvis. Typical symptoms are local pain followed by 
local swelling and limited joint mobility; however, patho-
logical fractures at the disease site are a rare event (Yoshida 

2021). Osteosarcoma is a highly metastatic tumor, and lung 
was the most common site of metastasis, followed by dis-
tal bone and lymph nodes. Metastatic disease and relapse 
remain the leading causes of death in patients with osteo-
sarcoma (Chen et al. 2021). At present, the main treatment 
methods are neoadjuvant therapy combined with surgery 
and chemotherapy (Kager et al. 2017). The 5-year survival 
rate for localized disease in children and young adults after 
treatment is 78%, but the 5-year survival rate for metastatic 
patients at diagnosis or recurrence is still only 20% (ElKordy 
et al. 2018). Therefore, improving the treatment of osteosar-
coma remains a primary goal of research at clinical com-
munities worldwide.

Schizandrin B (1) is the most abundant, biologically 
active dibenzocyclooctadiene lignan found in the fruit of 
Schisandra chinensis (Turcz.) Baill., Schisandraceae, or 
“Bei Wu-Wei-Zi” a commonly used herb in traditional 
Chinese medicine. It has a variety of activities and plays 
an important role in hepatoprotection, and as antioxidant, 
antiaging, and antitumor agent (Nasser et al. 2020). The 
antitumor effects of schizandrin B are mainly manifested 
in blocking the cell cycle, promoting cell apoptosis, and 
enhancing oxidative stress and autophagy (Zhao et  al. 
2021a, b). Another study found that schizandrin B could 
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inhibit the proliferation of prostate cancer cells and promote 
apoptosis by enhancing oxidative stress, inhibiting androgen 
receptors, and activating the autophagy pathway PI3K/AKT 
(Nasser et al. 2019). Similarly, Li and Lu studied the effect 
of schizandrin B on glioma cells in vitro and in vivo and 
found that it induced apoptosis of glioma cells in a concen-
tration dependent manner in vitro. Also, schizandrin B sig-
nificantly inhibited tumor growth in vivo after subcutaneous 
inoculation of U87 cells in nude mice without thymus (Li 
et al. 2015). Study has also shown that schizandrin B can 
inhibit glial cell proliferation and metastasis by regulating 
the H0TAIR-microRNA-125a-mTOR signaling pathway 
(Jiang et al. 2017). Inhibited the proliferation of lung cancer 
cells A549 by blocking cell cycle and promoting apoptosis 
(Zhuang et al. 2019). In patients with triple-negative breast 
cancer, schizandrin B plays a powerful antitumor role by 
inhibiting STAT3 expression (Dai et al. 2018). Currently, 
there are many studies on the inhibitory effects of schizan-
drin B on tumors (Nasser et al. 2020), but there are a few 
related to its effects on osteosarcoma and its mechanism 
of action. Therefore, the therapeutical potential on human 
osteosarcoma cells was investigated.
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Materials and Methods

Cell Culture and Treatment

Human osteosarcoma cell line MG63 was purchased from the 
Shanghai Chinese Academy of Sciences Cell Bank. Schizan-
drin B powder (purity > 98%, Lot number: E1822053) was pur-
chased from aladdin and dissolved in PBS. The cells were cul-
tured in Minimum Essential Medium (MEM) (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc) and 1% (penicillin/streptomy-
cin) at 37 °C in a humidified incubator with 5% CO2.

Cell Proliferation Assay

To investigate the cytotoxicity of schizandrin B, the cell 
counting kit-8 assay was used. MG63 cells (1 × 105 cells/

well) were transferred in 96-well plates for 24 h and tested 
different concentrations (0, 1, 2, 5, 10, 20, 40, 80 and 160 μg/
ml) of schizandrin B for 24 h. After the exposure period, cell 
counting was carried out.

Scratch Assay

MG63 cells with logarithmic growth were planted in 6-well 
plates with about 5 × 105 cells/well. When the cells grew 
to 100% confluence, they were carefully scraped with a 
200 μl sterile gun tip to keep the straight line and single 
layer, and then gently washed with cold PBS to remove float-
ing cells. Then different concentrations of schizandrin B, 
prepared with MEM containing 2% FBS, were added and 
incubated for 72 h. After incubation time, the floating cells 
were washed with PBS and representative images were 
captured under an inverted fluorescence microscope using 
ImageJ software (v1.8.0.112; National Institutes of Health). 
All experiments were performed at least 3 times.

Transwell Migration Assay

The transwell invasion assay was performed using a transwell 
chamber and an 8-micron aperture filter (EMD Millipore). 
Polycarbonate filter coated with matrigel (30 µg/well; BD 
matrix matrix) and incubated in a 37 °C incubator for 1 h 
before inserting the cavity into a 24-well culture plate. MG63 
cells were starved overnight in FBS free MEM, and a sin-
gle cell suspension was seeded into the upper compartment 
(5 × 104 cells/well, in FBS free MEM). Minimum essential 
medium (600 μl) containing 10% FBS was added into the 
lower cavity. After incubation in the 37 °C incubator for 24 h, 
the non-invasive cells above the filter were removed using 
cotton swabs. The invasive cells were fixed in methanol at 
room temperature for 30 min, stained with 0.1% crystal pur-
ple at room temperature for 15 min, and finally observed 
under a fluorescence microscope (Olympus, × 100 magnifica-
tion). All experiments were performed at least 3 times.

Flow Cytometry

Annexin V-PE apoptosis assay kit (BD, Biosciences, Frank-
lin Lakes, NJ, USA) was used to detect the apoptosis rate of 
osteosarcoma cells. Firstly, cells were inoculated into 6-well 
plates with about 5 × 105 cells per well. After the cells were 
adhered to the wall and grew to 80% full plate rate, they were 
treated with schizandrin B (0, 20 and 40 µg/ml) at 37 °C 
for 24 h. At the end of incubation time, they were washed 
twice with cold PBS, then resuspended in 100 µl, 1 × bind-
ing buffer and transferred to 1.5 ml culture tubes with 1 µl 
annexin V-PE and 1 µl 7-AAD. Incubate the mixture at room 
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temperature in the dark for 15 min. Results were immediately 
evaluated by FACS flow cytometry (BD, Biosciences, Frank-
lin Lakes, NJ, USA) and analyzed by Flowjo software. All 
experiments were performed at least 3 times.

Tunel Assay

MG63 cells were seeded on 6-well plates cell slides. After 
the cells adhered, they were stimulated with different con-
centrations of schizandrin B (0, 20 and 40 μg/ml) for 24 h. 
The slides were collected and used according to the manu-
facturer's instructions. Apoptotic cells were detected by a 
one-step Tunel kit (Beyotime, Shanghai, China), and nuclei 
were stained with DAPI (5 mg/ml) for 3 min at room temper-
ature. It was then observed under a fluorescence microscope.

Western Blot Analysis

The MG63 cells were washed twice with PBS and lysed in RIPA 
buffer (Beijing Sora Biotechnology Co., Ltd.) containing 2 mM 
phenylmethylsulfonyl fluoride (PMSF). Protein concentrations 
were determined using the bicinchoninic acid method (CoWin 
Biosciences). Proteins were separated using 12% SDS-PAGE 
and transferred to 0.45 µm PVDF membranes and blocked 
with 10% nonfat milk for 2 h at room temperature. Membranes 
were then incubated overnight at 4 °C with the following pri-
mary antibodies: β-actin (1:1000, 4ab020185, 4A Biotech), 
LC3 (1:1000, NB100-2220, Novus Biologicals), P62 (1:1000, 
88588S, Cell Signaling Technology), ATG5 (1:1000, 12994 T, 
Cell Signaling Technology), cleaved caspase-3 (1:1000, 9661, 
Cell Signaling Technology), Bax (1:1000, 50599–2-Ig, pro-
teintech), Bcl-2 (1:1000, 26593–1-AP, proteintech), Beclin1 
(1:1000, ab210498, abcam), AKT (1:1000, 4685, Cell Signaling 
Technology), p-AKT (1:1000, 4060, Cell Signaling Technol-
ogy), PI3K (1:1000, 4255, Cell Signaling Technology), p-PI3K 
(1:1000, 17366, Cell Signaling Technology), mTOR (1:1000, 
66888–1-Ig, proteintech), p-mTOR (1:1000, 67778–1-Ig, pro-
teintech). Then, the membranes were mixed with HRP-labeled 
secondary antibodies (goat anti-rat, cat. no. A0192; goat anti-
rabbit, A0208 (both 1:10,000) (both from Beyotime Institute 
of Biotechnology) for 1 h at room temperature. Protein bands 
were detected using a gel imaging and analysis system (Tanon 
Scuence and Technology Co., Ltd.). Densitometry was per-
formed using ImageJ software (National Institutes of Health). 
3-methyladenine (3-MA, 10 mM, MedChemExpress).

Immunofluorescence

In the culture plate, slides were washed the with PBS for 
3 times, 3 min each time; the slides were fixed with 4% 
paraformaldehyde for 15 min, and washed 3 times in PBS, 
3 min each time; 0.5% Triton X-100 (prepared with PBS) 

was permeabilized at room temperature for 20 min, the 
slides were soaked in PBS for 3 times, 3 min each time, 
the PBS was dried on absorbent paper, normal goat serum 
was added dropwise on the glass slides, and the glass slides 
were blocked for 30 min at room temperature; the blocking 
solution was removed by the absorbent paper without wash-
ing, a sufficient amount of diluted primary antibody was 
dropped into each slide and put it in a wet box, incubated 
at 4 °C overnight. The next day, fluorescent secondary anti-
body was added, slides were dipped in PBST 3 times, 3 min 
each time. Absorbent paper was used to dry up the excess 
liquid on the slides, diluted fluorescent secondary antibody 
dropwise was added and incubated at 20–37 °C for 1 h in 
a wet box; the slides were washed 3 times with PBST for 
3 min each time; DAPI was added and incubated in the 
dark for 5 min, then the specimens were subjected to nuclei 
staining, and the excess DAPI was washed off with PBST 
5 min × 4 times, the liquid on the slide was blotted with 
absorbent paper, and the slide was sealed with a mounting 
liquid containing anti-fluorescence quencher, and then the 
images were collected under a fluorescence microscope.

Statistical Analysis

SPSS 19.0 was used for data analysis and GraphPad Primer 
8 was used for graph generation. The data conforming to 
the normal distribution were expressed as mean ± standard 
deviation; t test was used to compare two groups of data, 
and one-way ANOVA was used to compare more than 
two groups of data. p < 0.05 was considered statistically 
significant.

Fig. 1   The effect of schizandrin B (1) on the viability of MG63 cells. 
Cells were incubated with various concentrations of schizandrin B for 
24 h; cell viability was determined by the CCK-8 assay. Data are pre-
sented as mean ± SD of three independent experiments
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Results and Discussion

MG63 Cells Proliferation

Initially, the toxic effect of schizandrin B (1) on the viability 
of MG63 cells. CCK-8 assay showed no significant differ-
ence in cell viability when cells were pretreated with schi-
zandrin B 0 to 10 µg/ml. However, cell viability was gradu-
ally inhibited with increasing schizandrin B concentration 
(Fig. 1); therefore, the concentrations used in subsequent 
experiments were 20 and 40 µg/ml.

MG63 Cells Migration and Invasion

In order to confirm the effect of schizandrin B on the migra-
tion and invasion ability of MG63 cells, the migratory ability 
of the cells was first detected by scratch assay. The results 

are shown in Fig. 2A, after MG63 cells were stimulated with 
different concentrations of schizandrin B (0, 20 and 40 µg/
ml) for 72 h, the number of cells migrating to the middle of 
the scratch decreased with increasing concentrations of the 
tested sample. In addition, the invasive ability of schizandrin 
B on MG63 cells was detected by the transwell assay. As 
shown in Fig. 2B, schizandrin B (0, 20 and 40 µg/ml) sig-
nificantly inhibited the invasive ability of MG63 cells. The 
inhibitory ability was stronger when the concentration was 
40 µg/ml. Statistical analysis was performed on the experi-
mental results of the two groups (Fig. 2C and D), and the 
results were all statistically significant.

Cells Apoptosis

The effect of schizandrin B on apoptosis of MG63 cells 
was studied by flow cytometry. After 24 h of treatment with 

Fig. 2   Effects of schizandrin B (1) on migration and invasion ability 
of MG63 cells. A MG63 cells were stimulated with different concen-
trations of schizandrin B for 72 h, and the migration ability of cells 
was detected by scratch test. B MG63 cells were incubated with dif-

ferent concentrations of schizandrin B for 24 h, and the invasive abil-
ity of the cells was detected by transwell assay. C and D Statistical 
analysis. Different data are expressed as the mean ± SD of three inde-
pendent experiments
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different concentrations of schizandrin B (0, 20 or 40 μg/ml), 
the early apoptosis rates of cells were 11.5, 17.2, and 23.9%, 
respectively, and increased significantly in a dose-dependent 
manner (Fig. 3C). Compared with the control group, there 
was statistical significance (p < 0.05). To further explore the 
potential mechanism of schizandrin B induced apoptosis of 
MG63 cells, the expression levels of apoptotic proteins were 
detected by western blot. The results showed that the expres-
sion levels of the pro-apoptotic proteins cleaved caspase-3 
and Bax were increased, while the expression level of the 
anti-apoptotic protein Bcl-2 was decreased (Fig. 3A). All 
were found to be statistically significant (Fig. 3B). Finally, 
tunel staining was used to detect the number of apoptotic 
cells after stimulating MG63 cells with different concentra-
tions of schizandrin B. The results were consistent with the 
results of flow cytometry (Fig. 3D). The number of apoptotic 
cells increased in a concentration dependent manner after 
schizandrin B stimulated MG63 cells.

Autophagy

In order to further explore the mechanism of apoptosis 
induced by schizandrin B in MG63 cells, different concen-
trations of schizandrin B (0, 20, and 40 µg/ml) were used 
to stimulate MG63 cells for 24 h, and autophagy related 
proteins were collected and detected by western blot. As 
shown in Fig. 4A, with the increase of schizandrin B con-
centration, the expression of autophagy related protein P62 
was down-regulated, and the expressions of LC3II/LC3I, 
ATG5, and Beclin1 were up-regulated, demonstrating that 
schizandrin B can enhance autophagy with a statistical 
significance (Fig. 4B). Similarly, after different concentra-
tions of schizandrin B stimulated MG63 cells for 24 h, the 
expression levels of autophagy related proteins P62 and LC3 
were detected by immunofluorescence. Results are shown in 
Fig. 4C and D, the expression of autophagy protein LC3 was 
up-regulated, and the expression of P62 was down-regulated. 

Fig. 3   Schizandrin B (1) induces apoptosis in MG63 cells. A Western 
blot analysis was used to determine the expression levels of apoptosis 
related proteins in cells treated with different concentrations of schi-
zandrin B for 24 h. B Statistical analysis. C Apoptosis was detected 

by FITC-labeled Annexin V/7-AAD apoptosis detection kit and flow 
cytometry. D Tunel staining was used to detect the number of apop-
totic cells. Different data are expressed as the mean ± SD of three 
independent experiments
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It was also demonstrated that schizandrin B stimulated 
MG63 cells to enhance autophagy.

Autophagy Mediated by PI3K/AKT/mTOR

The results illustrated in Fig. 5A represents the expressions 
of proteins p-PI3K, p-AKT, and p-mTOR, which were 
up-regulated, and the statistical analysis was significant, 
indicating that schizandrin B induced autophagy in MG63 
cells mediated through the PI3K/AKT/MTOR pathway 
(Fig. 5B). After treating MG63 cells with the autophagy 
inhibitor 3-MA, it was found that the autophagy related pro-
tein P62 was up-regulated, LC3II/LC3I was down-regulated, 
the pro-apoptotic protein Bax was down-regulated, and the 
anti-apoptotic protein Bcl-2 was up-regulated (Fig. 5C) with 
a statistical significance (Fig. 5D). Similarly, the expression 
of apoptotic protein caspase-3 after 3-MA treatment was 

detected by immunofluorescence assay and the expression 
of this apoptotic protein decreased after autophagy inhibi-
tion (Fig. 5E). The above results confirm that schizandrin 
B promotes apoptosis of osteosarcoma cells by enhancing 
autophagy.

The main clinical manifestations of osteosarcoma are pain 
due to tumor tissue erosion and cortical dissolution (Har-
rison et al. 2018). Currently, the main treatment for osteo-
sarcoma is surgery combined with neoadjuvant chemother-
apy (Meltzer and Helman 2021). Although this combined 
approach improves the prognosis for patients with osteosar-
coma, the prognosis for patients with metastatic or recurrent 
bone cancer remains unsatisfactory (Yoshida 2021).

Tumor cell death can be induced in a variety of ways, 
among which the most common way is to induce tumor 
cell apoptosis. Autophagic apoptosis is the most important 
form of apoptosis, which induces apoptosis by enhancing 

Fig. 4   Schizandrin B (1) enhances autophagy in MG63 cells. A 
Western blot analysis was used to determine the expression levels of 
autophagy related proteins in cells treated with different concentra-
tions of schizandrin B for 24 h. B Statistical analysis. C and D Immu-

nofluorescence detection of the expression levels of autophagy pro-
teins LC3 and P62. Different data are expressed as the mean ± SD of 
three independent experiments
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autophagy (Lin et al. 2019). Autophagy is a fundamental 
physiological process widely present in eukaryotic cells that 
maintains cellular homeostasis and homeostasis by remov-
ing harmful protein aggregates, damaged organelles, and 
certain pathogens through lysosomal degradation (Sciarretta 
et al. 2018; Kumariya et al. 2021 Li et al. 2021). Autophagy 
has a dual effect on tumor cells, proper autophagy is criti-
cal for maintaining cellular homeostasis, and excessive 
autophagy can lead to cell death (Xu and Hu 2022). There-
fore, autophagy plays an important role in the process of 
antitumor drug treatment. There are many proteins related to 
autophagy, mainly including LC3、P62, ATG5, and Beclin1 
(Levine and Kroemer 2019). LC3, which plays a key role 
in the maturation of autophagosomes, LC3 is modified by 
Atg4 in its C-terminal domain to become LC3-I, which is 

then combined with phosphatidyl, ethanolamine coupling 
becomes LC3-II (Nakamura et al. 2021). P62/SQSTM1 is 
the most well-known autophagy target and acts as a scaf-
fold protein in various tissues (Jeong et al. 2019). It usu-
ally forms aggregates in the cytoplasm and is selectively 
degraded by autophagy (Kageyama et al. 2021). Beclin1, a 
homologue of the Atg6/vacuolar protein sorting (Vps)-30 
protein in yeast, plays an important role in a key step in 
the autophagy process by interacting with inositol 3-kinase 
class III phosphate (Tran et al. 2021). The discovery of the 
autophagy gene (Atg) in yeast has had a huge impact on our 
understanding of the process and mechanism of autophagy 
(Nishimura and Tooze 2020). Most Atg genes are conserved 
in humans and play various roles, including autophagy ini-
tiation, autophagosome formation and maturation.

Fig. 5   Schizandrin B (1) enhances autophagy and induces apoptosis 
in MG63 cells via PI3K/AKT/mTOR signaling pathway. A Western 
blot was used to analyze the expression levels of autophagy related 
pathways in cells treated with different concentrations of schizandrin 
B for 24 h. C Western blot was used to analyze the expression lev-

els of autophagy and apoptosis proteins in MG63 cells treated with 
3-MA. B and D Statistical analysis. E The expression of apoptotic 
protein caspase-3 after 3-MA treatment was detected by immunoflu-
orescence method. Different data are expressed as the mean ± SD of 
three independent experiments
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In our study, stimulation of MG63 cells with schizan-
drin B was performed and observed its effect on the growth 
activity of osteosarcoma cells. The results of proliferation 
and viability experiments showed that schizandrin B could 
inhibit the growth of MG63 cells. It is known that the main 
characteristics of tumor cells are local invasion and distant 
metastasis. Next, the effects of schizandrin B on the migra-
tion and invasion of MG63 cells were observed by scratch 
and transwell experiments, and it was found that schizan-
drin B could inhibit the migration and invasion of OS cells. 
Therefore, it was concluded that schizandrin B could inhibit 
the growth and metastasis of osteosarcoma cells. For tumor 
cells, autophagy is usually two-sided, it can recycle senes-
cent organelles and nutrients to maintain energy reuse, but 
at the same time it can also be stimulated by stress or injury. 
It can inhibit the growth of tumor cells by activating the 
apoptosis signaling pathway, causing the cells to undergo 
autophagic cell death (Datan and Salman 2020; Schwartz 
2021), which is also known as type II programmed death, 
compared with type I programmed death, its main feature is 
that a large number of autophagosomes and autophagolys-
osomes appear in the cytoplasm, and finally lysosome diges-
tion and degradation cause cell death. In our study, after 
MG63 cells were treated with schizandrin B, the conversion 
of LC3-I to LC3-II could be clearly observed by Western 
blot assay, and the green fluorescence of autophagy protein 
P62 was weakened and the green fluorescence of LC3 was 
enhanced by immunofluorescence staining. These results 
all prove that schizandrin B can induce autophagy in osteo-
sarcoma cells. In our study, an increase in early apoptotic 
cells was observed after schizandrin B treatment of MG63 
cells, western bolt experiment observed that the expression 
of pro-apoptotic proteins Bax and caspase-3 increased, and 
the expression of anti-apoptotic protein Bcl-2 decreased. 
Tunel staining also indicated that green fluorescent spots 
increased after schizandrin B stimulated MG63 cells. The 
above three experimental methods all showed that schi-
zandrin B could induce apoptosis of osteosarcoma cells. 
Finally, after inhibiting autophagy by using the autophagy 
inhibitor 3-MA, both western bolt assay and immunofluo-
rescence assay observed a decrease in the expression of 
pro-apoptotic proteins and an increase in the expression of 
anti-apoptotic proteins.

Conclusion

In conclusion, schizandrin B, a bioactive principle from a tra-
ditional Chinese herbal medicine with multiple functions, can 
reduce the growth activity of osteosarcoma cells, inhibit their 
migration and invasion ability, and induce their apoptosis by 
enhancing autophagy, which was mediated by the PI3K/AKT/
mTOR signaling pathway.
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