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Of all new cancer cases, osteosarcoma (OS)
accounts for 0.2% and results in 0.3% of cancer-
related death worldwide (1). In the clinic, the char-
acter of OS is that the immature bone or osteoid tis-
sue comprises directly malignant cells in children
and adults (2). The major approaches for the treat-
ment of OS include neoadjuvant chemotherapy and
surgery. However, the prognosis for OS is still
despondent due to the lack of specific therapy,
which leads to the poor survival rate resulted from
drug resistance, relapse, invasion and distant metas-
tasis (3). Therefore, it is necessary to discover novel,
effective and reliable treatment for OS.

In the discovery of new drugs targeting OS,
some phytochemicals have been explored because
of their wide distribution, abundant existence, and
structural diversity. Acutumine (Fig. 1) is an alka-
loid found in Sinomenium acutum (4), Menispe-
rmum dauricum (5), and Hypserpa nitida (6).
Previous investigations have revealed acutumine
afforded selectively cytotoxicity in T-cells (5). To
search novel therapy for OS, its inhibitory effects,
and possible mechanisms in MG-63 human
osteosarcoma cells were explored herein.

MATERIALS AND METHODS

Chemicals and reagents

Acutumine was supplied by Shanghai Yuanye
Bio-Technology Co., Ltd (Shanghai, China) and its
purity was more than 98% analyzed by HPLC. 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT) and dimethyl sulfoxide
(DMSO) were provided by Sigma-Aldrich Inc (St.
Louis, MO, USA). Dulbeccoís Modified Eagleís
Medium (DMEM) was purchased from Invitrogen
Gibco Co., Ltd (Grand Island, NY, USA).
Bicinchoninic acid (BCA) assay kit was supplied
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Figure 1. Chemical structure of acutumine.
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by from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China). Hoechst 33258 staining
solution, reactive oxygen species (ROS) assay kit,
mitochondrial membrane potential assay kit, crystal
violet staining solution, caspase-3 assay kit, horse-
radish peroxidase (HRP) labeled secondary anti-
body, enzyme-link chemiluminescence (ECL) kit
and N-acetyl cysteine (NAC) were gained from
Beyotime Biotechnology Institute (Shanghai,
China). Primary antibodies against Bcl-2, Bax,
cytochrome c, cleaved caspase-3, and β-actin were
obtained from Cell Signaling Technology, Inc.
(Danvers, MA, USA).

Cell culture and treatment

Human osteosarcoma MG-63 cells were pro-
vided by American Type Culture Collections
(ATCC, Manassas, VA, USA) and maintained in
DMEM including 10% FBS, 100 U/mL penicillin G
and 100 µg/mL streptomycin at 37OC at a humidified
atmosphere with 5% CO2 and 95% air. The cells
were assigned as the control group and experimental
groups. The cells in the control group were just sub-
jected to the culture medium. And the cells in exper-
imental groups were exposed to certain concentra-
tions of acutumine (0.1, 1 and 10 µM as final con-
centrations) for 24 h. Human normal osteoblasts
were supplied by Procell Life Science &
Technology Co, Ltd. (Wuhan, China) and cultured
in DMEM with FBS, glutamine, penicillin and
streptomycin under humid conditions at 37OC with
5% CO2 and 95% air.

MTT assay

To detect the viability of MG-63 cells
exposed to acutumine, MTT assay was carried out.
Briefly, cells were seeded in 96-well plates at a
density of 1 ◊ 104 cells per well. When 70-80%
confluence, the cells were treated with or without
indicated concentrations of acutumine for 24 h.
Subsequently, the culture medium was replaced
with fresh culture medium containing MTT 
(1 mg/mL) and the cells were incubated for 4 h.
And 100 µL was introduced to dissolve the for-
mazan. The absorbance at 570 nm was recorded on
a SpectraMax M5 microplate reader (Molecular
Devices, Sunnyvale, CA, USA) and the relative
cell viability was expressed as a percentage of
absorbance from experimental groups against the
control group. Meanwhile, to explore the cytotoxic
effects of acutumine on normal cells, MTT assay
was also carried out for the human normal
osteoblasts treated with certain acutumine (0.01-
100 µM) as above.

Hoechst 33258 staining

The cells were seeded in 96-well plates at a
density of 1 ◊ 104 cells per well. After exposure to
indicated acutumine for 24 h, the cells were rinsed
with PBS twice. Then at room temperature, 4%
paraformaldehyde was added to fix the cells. After
30 min, the addition of Hoechst 33258 (1 µg/mL)
was performed to stain the cells. After 10 min, the
morphology of cell nuclei was visualized under a
fluorescence microscope (Olympus, Tokyo, Japan).

Colony formation assay

To evaluate the effects of acutumine on the
proliferating MG-63 cells, colony formation assay
was implemented as a previous description (7). The
cells were seeded in 6-well plates at 5 ◊ 103 cells per
well and incubation was implemented at 37OC for 24
h. Then the cells were exposed to certain acutumine
for another 24 h. After replacing acutumine with the
fresh culture medium, the cells were incubated for
10 days. Then, 4% of paraformaldehyde was used to
fix the cells at -20OC. After 15 min, 0.1% crystal
violet was employed to stain the cells at room tem-
perature. After another 15 min, the images of
colonies were recorded using a SONY digital cam-
era (SONY, Tokyo, Japan).

Production of intracellular ROS

To detect the production of intracellular ROS,
the ROS assay kit was employed in light of the man-
ufacturerís instructions. The treated cells were
washed with PBS. Then cells were incubated with
10 µM DCFH-DA in the assay kit at 37OC for 20
min. After rinsed twice with PBS, intracellular ROS
was detected on a fluorescence microplate reader at
485/520 nm as ex/em wavelength.

Mitochondrial membrane potential assay

According to the supplierís instruction, the
mitochondrial membrane potential in MG-63 cells
was monitored by means of the assay kit. In brief,
MG-63 cells were seeded in 6-well plates and treat-
ed as above. Then the cells were treated with indi-
cated acutumine for 24 h. After detachment with
trypsin solution, 1 mg/mL JC-1 solution in the assay
kit was added. Thereafter the incubation was imple-
mented in the dark at 37∫C for 20 min, and then
rinsed with PBS. The fluorescence intensity was
measured on the SpectraMax M5 microplate reader.
The excitation wavelength was set at 525 nm and the
emission wavelength at 590 nm. The mitochondrial
membrane potential was derived from the relative
percentage of fluorescence intensity in experimental
groups versus the control group.
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Caspase-3 activity

The activity of caspase-3 in MG-63 cells was
determined using the colorimetric assay kit follow-
ing the supplierís protocol. The treated cells were
rinsed with PBS and lysed on ice-cold lysis buffer.
After centrifugation, the supernatant was collected
as samples. After incubation with a specific sub-
strate (Ac-DEVD-pNA) at 37OC for 2 h, the
absorbance was read on a microplate reader at 405

nm. The activity of caspase-3 was calculated from
absorbance for pNA produced by caspase-3 against
that of the control group.

Western blot analysis

The treated cells were lysed on ice-cold lysis
buffer and centrifuged at 10000 ◊ g for 15 min at
4OC. The supernatant was collected as a sample for
the following analysis. Then the proteins were quan-

Figure 2. Effect of acutumine on cell viability. (a) Viability of human normal osteoblasts treated with acutumine; (b) viability of MG-63
cells treated with acutumine. n = 3, *P < 0.05, **P < 0.01, and ***P < 0.001 versus control group.
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tified using a BCA assay kit. After that equal
amounts of protein samples (50 µg) were separated
on 15% SDS-PAGE. Thereafter, the bands were
transferred onto polyvinylidene fluoride (PVDF)
membranes and with 5% defatted milk for 1 h at
room temperature. And then incubation with respec-
tive primary antibodies including anti-Bcl-2 
(1 : 1000), anti-Bax (1 : 1000), anti-cytochrome c 
(1 : 1000), anti-cleaved caspase-3 (1 : 1000) and
anti-β-actin (1 : 1000) was carried out overnight at
4OC. After rinsed three times with Tris buffer includ-
ing 0.1% Tween-20, the membranes were subjected
to the corresponding HRP-conjugated secondary
antibody (1 : 1000) in blocking solution at room
temperature for 2 h. The bands were visualized with
an ECL kit. And the band density was monitored
using free Image J software (NIH, Bethesda, USA),
normalized by β-actin, and quantified through the
ratio of the densitometric values.

Inhibitor treatment

To further elucidate the role of ROS in the
apoptosis of MG-63 cells, N-acetyl cysteine (NAC),

a common inhibitor of ROS was employed. The MG-
63 cells were treated with 5 mM NAC for 2 h before
exposed to certain acutumine. Then the cells were
treated as above and MTT assay was implemented.

Data analysis

All the experimental data were expressed as
means ± standard deviation and analyzed by
GraphPad Prism 5.0 (GraphPad Software, Inc., La
Jolla, CA, USA). One way ANOVA followed by
Dunnettís test was used for multiple comparisons as
well as Studentís t-test for single comparisons. And
P < 0.05 was regarded as statistical significance.

RESULTS

Effects of acutumine on the survival of MG-63

cells

As shown in Figure 2a, the viability of normal
osteoblasts was not inhibited significantly by acutu-
mine at 10 µM though the inhibition was found with
acutumine at 100 µM. However, after treated with
certain acutumine, the viability of MG-63 cells was

Figure 3. Colony formation assay for MG-63 cells. (a) Control group; (b) acutumine (0.1 µM); (c) acutumine (1 µM); (d) acutumine 
(10 µM).
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Figure 4. Hoechst 33258 staining of MG-63 cells. (a) Control group; (b) acutumine (0.1 µM); (c) acutumine (1 µM); (d) acutumine 
(10 µM).

Figure 5. Caspase-3 activity in MG-63cells by colorimetric method. n = 3, **P < 0.01, and ***P < 0.001 versus control group.
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Figure 6. Apoptosis of MG-63 cells induced by acutumine underwent intrinsic pathway. (a) Western blot analysis; (b) relative expression
of caspase-3; (c) relative expression of cytochrome c; (d) relative expression of Bcl-2; (e) relative expression of Bax. n = 3, *P < 0.05, 
**P < 0.01, and ***P < 0.001 versus control group.

Figure 7. Overproduction of ROS in MG-63 cells. n = 3, *P < 0.05, and ***P < 0.001 versus control group.
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reduced (85.8 ± 4.0%, 76.4 ± 4.5% and 56.2 ± 4.2%)
in a concentration-dependent manner compared to
the control group (100.0 ± 7.7%) (Fig. 2b). Further
colony formation assay has shown acutumine can
decrease the formation of a colony in MG-63 cells in
a concentration-dependent manner (Fig. 3), which

indicated the proliferation of MG-63 cells was
inhibited by acutumine.

Acutumine induces apoptosis of MG-63 cells

To further explore the inhibitory effect of acu-
tumine on MG-63 cells, Hoechst 33258 staining was

Figure 8. Collapse of mitochondrial membrane potential in MG-63 cells. n = 3, *P < 0.05, **P < 0.01, and ***P < 0.001 versus control
group.

Figure 9. Effect of NAC on the apoptosis of MG-63 cells induced by acutumine. n = 3, ***P < 0.001 versus control group, @@@P < 0.001
versus acutumine (10 µM) group.
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performed to observe the nuclear morphology. As a
result, normal nuclei displayed dispersed and weak
fluorescence, whereas with certain acutumine the
nuclei emitted condensed and asymmetric fluores-
cence due to the chromatin condensation and DNA
fragmentation, which revealed apoptosis occurred in
MG-63 cells in the presence of acutumine (Fig. 4).

The apoptosis induced by acutumine undergoes

an intrinsic pathway

As the effector enzyme, the activity of caspase-
3 in MG-63 cells was monitored to elucidate the
mechanism of apoptosis induced by acutumine. As
shown in Figure 5, compared to control group (100.0
± 5.4%), caspase-3 activity in MG-63 cells was ele-
vated remarkably (154.7 ± 11.0%, 208.0 ± 9.4% and
256.5 ± 11.6%). Meanwhile, western blot analysis
has also exhibited acutumine up-regulated the
expression of active caspase-3 (Fig. 6a and b). As the
key node in intrinsic apoptosis, cytochrome c will
release into the cytosol from mitochondria. Herein,
cytochrome c in the cytosol was analyzed by western
blot to disclose the release of cytochrome c from
mitochondria. The result demonstrated the expres-
sion of cytochrome c was up-regulated in MG-63
cells following the addition of acutumine (Fig. 6a
and c). Then the upstream proteins including Bcl-2
and Bax were detected by western blot analysis. And
the expression of Bcl-2 was down-regulated while
Bax was up-regulated (Fig. 6a, d and e). These find-
ings implied the intrinsic pathway was involved in
the apoptosis of MG-63 cells induced by acutumine.

ROS mediates the apoptosis induced by acutu-

mine in MG-63 cells

To further reveal the mechanism, the level of
ROS in MG-63 cells was monitored with or without
acutumine (Fig. 7). Compared to control group
(100.0 ± 13.9%), acutumine can elevate ROS levels
(139.0 ± 19.2%, 204.8 ± 10.3% and 295.1 ± 7.4%)
significantly. Since mitochondria are the major site
for the generation of ROS, the mitochondrial mem-
brane potential in MG-63 cells was detected (Fig. 8).
It was observed acutumine could result in the depo-
larization of mitochondrial membrane potential in
MG-63 cells in a concentration-dependent manner
(84.5 ± 6.0%, 69.1 ± 6.0% and 49.0 ± 6.5%) by
comparison with the control group (100.0 ± 7.5%).
To further validate the effect of ROS on the apopto-
sis induced by acutumine, the ROS inhibitor NAC
was used to inhibit the redox status in MG-63 cells.
The result showed in the presence of NAC, The
reduced viability of MG-63 cells resulting from acu-
tumine was reversed (Fig. 9). These results impli-

cated ROS-mediated mitochondrial dysfunction was
involve in the apoptosis.

DISCUSSION

As a serious malignant cancer, OS has afflict-
ed the physical and mental health of human beings
all over the world. Since the side effects and drug
resistance to chemotherapy, the discovery of new
drugs targeting OS is imperative (7). In our present
studies, we have evaluated the inhibitory effects of
acutumine on the human OS MG-63 cells and found
it could reduce the viability and inhibit the prolifer-
ating MG-63 cells via inducing apoptosis.

In apoptosis, caspase-3 affords the morphologi-
cal changes such as mitochondrial damage, nuclear
membrane breakdown, DNA fragmentation, chro-
matin condensation, and the formation of apoptotic
bodies (8). As the key member of aspartate-specific
cysteine proteases, caspase-3 is activated through the
proteolysis from procaspase-3 at the aspartate residues
(9). Bcl-2 and Bax are major members of Bcl-2 pro-
tein family as central regulators of caspases (10). Bcl-
2 is anti-apoptotic while Bax is pro-apoptotic. Bcl-2
can form a heterodimer with Bax to prohibit the
release of cytochrome c (11). Therefore, the opposing
factions of Bcl-2 and Bax arbitrate the life-or-death
decision. Overexpression of Bax will give rise to the
release of cytochrome c, and the latter activates the
caspase-3 via signaling cascades (12). Herein, we
have found acutumine elevated the activity of caspase-
3 through up-regulating activated caspase-3. Further
analysis has revealed this effect was associated with
the up-regulation of Bax together with down-regula-
tion of Bcl-2 and following release of cytochrome c.

As the major site of ROS generation, mito-
chondria play a crucial role in apoptosis (13). Due to
the oxidation of DNA, proteins and lipids, the over-
production of ROS will result in apoptosis through
the mitochondrial dysfunction (14). The collapse of
mitochondrial membrane potential is an early event
in apoptosis, which results from the mitochondrial
membrane damage and indicates the mitochondrial
function (15). Our results have implied that acutu-
mine promoted the overproduction of ROS in MG-
63 cells and brought about the collapse of mito-
chondrial membrane potential, which indicates the
ROS-mediated mitochondrial dysfunction is impli-
cated in acutumine-induced apoptosis.

CONCLUSION

In conclusion, we have found acutumine inhib-
ited the proliferation of MG-63 cells through induc-
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ing apoptosis via the intrinsic pathway. And further
investigations have elucidated the apoptosis is close-
ly relevant to ROS-mediated mitochondrial dys-
function. These facts can supply information for the
following investigation in vivo and the application
for the treatment of OS.
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