ONCOLOGY LETTERS 12: 4187-4194, 2016

Corosolic acid inhibits the proliferation of
osteosarcoma cells by inducing apoptosis
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Abstract. Corosolic acid (CRA), a pentacyclic triterpene
isolated from medicinal herbs, has been reported to exhibit
anticancer properties in several cancers. However, the anti-
cancer activity of CRA in osteosarcoma cells is still unclear.
In the present study, the inhibitory effect of CRA in osteosar-
coma MG-63 cells was investigated, and the results revealed
that CRA significantly inhibited the viability of MG-63 cells
in a dose- and time-dependent manner. A typical apoptotic
hallmark such as DNA ladder was detected by agarose gel
electrophoresis following treatment with CRA. Further
experiments demonstrated that CRA induced apoptosis of
MG-63 cells by flow cytometry using propidium iodide and
annexin V staining. In addition, it was observed that the apop-
tosis of MG-63 cells induced by CRA was closely associated
with activation of caspase-3 and caspase-9, loss of mitochon-
drial membrane potential, and release of cytochrome ¢ from
mitochondria, suggesting that CRA may trigger the activation
of the mitochondria-mediated apoptosis pathway. In addition,
the inhibition of caspase activity attenuated the CRA-induced
apoptosis of MG-63 cells, which further confirmed the role
of the mitochondrial pathway in CRA-induced apoptosis.
These results indicated that CRA could induce the apoptosis
of osteosarcoma cells through activating the mitochondrial
pathway, which provides an evidence that CRA may be a
useful chemotherapeutic agent for osteosarcoma.
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Introduction

Corosolic acid (CRA), a triterpenoid named 2a-hydroxyursolic
acid, is a natural compound derived from traditional Chinese
medicinal herbs (1). CRA exists in various plants, including
Schisandra chinensis (2), Lagerstroemia speciosa (3), Orthosi-
phon stamineus (4) and Eriobotrya japonica (5). CR A has been
reported to possess numerous biological activities, including
anti-diabetic (4,5), antioxidant (6), anti-atherosclerotic (7),
cholesterol-reducing (8) and anti-inflammatory (9), which
suggested the potential therapeutic value of CRA. Previous
studies have reported that CRA could suppresses the growth
of various types of tumors, including glioblastoma (10),
leukemia (11), gastric cancer (12) and lung cancer (1). However,
the effect of CRA on osteosarcoma remains unclear.

Osteosarcoma is the most common malignant primary
bone tumor that occurs in children and adolescents, which
comprises 20% of all bone tumors and ~5% of all pediatric
tumors (13). The highest incidence of osteosarcoma appears
in the second decade of life, implying an association between
bone growth and tumor development (14). In recent years, due
to multimodal therapeutic approaches combining high-dose
chemotherapy, significant improvements in patient survival
rates have been achieved (15). However, the overall relapse
free-survival rate over 5 years has stagnated at 65-75% (16),
being distant metastases the leading cause of mortality in
osteosarcoma patients (17). Since chemotherapy is still the
major therapeutic option for osteosarcoma, the exploration
and development of more effective therapeutic agents is
required.

Apoptosis, the major form of cell suicide, is critical to
various physiological processes and to the maintenance
of homeostasis in multicellular organisms (18). It is clear
that apoptosis is critical for the cytotoxicity induced
by anticancer drugs (19). Over the years, accumulating
evidence has clearly indicated that anticancer drugs are
able to induce apoptosis, and that this process is involved
in the mediation of their cytotoxic effects (20). In addition,
the selective regulation of the apoptotic pathway in cancer
cells has been the goal of cancer researchers (21). However,
the effect of CRA on the apoptosis of osteosarcoma cells
remains unknown.
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In the present study, the effects of CRA on the cell prolif-
eration and tumor growth of osteosarcoma were assessed
in vitro, and the impact of CRA on the apoptosis of osteosar-
coma cells was investigated. The present study demonstrated
that CRA treatment resulted in a significant inhibition of cell
proliferation and tumor growth of osteosarcoma, which was
closely associated with the cell apoptosis induced by CRA
through the mitochondrial pathway. Therefore, our results not
only provide a potential chemotherapeutic agent for osteosar-
coma, but also an insight into the mechanism underlying the
anticancer efficacy of CRA.

Materials and methods

Antibodies and reagents. Primary antibodies specific for
cytochrome ¢ (sc-8385), complex (COX) IV (sc-69359) and
[B-actin (sc-47778) were purchased from Santa Cruz Biotech-
nology, Inc. (Santa Cruz, CA, USA). Secondary antibodies
were purchased from Cell Signaling Technology, Inc. (Beverly,
MA, USA). 3-(4,5-Dimethyl-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) and propidium iodide (PI) were obtained
from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany).
The Annexin V-FITC Apoptosis Detection kit was purchased
from BD Pharmingen™ (BD Biosciences, Franklin Lakes, NJ,
USA). The Caspase-3 Activity Assay kit and the Caspase-9
Activity Assay kit were purchased from NanJing KeyGen
Biotech Co., Ltd. (Nanjing, China). CRA was purchased from
Jianfeng Natural Product R&D Co., Ltd. (Tianjin, China).

Cells and culture conditions. Human osteosarcoma cells
MG-63 were obtained from the American Type Culture
Collection (Rockville, MD, USA) and cultured in Dulbecco's
modified Eagle's medium (Sigma-Aldrich; Merck Millipore)
supplemented with 10% heat-inactivated fetal bovine serum
(HyClone; GE Healthcare Life Sciences, Logan, UT, USA),
100 mg/ml penicillin and 100 mg/ml streptomycin (Invit-
rogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
in a humidified incubator at 37°C in a 5% CO, atmosphere.
CRA was dissolved in 100 gl dimethylsulfoxide (DMSO) prior
to addition to the medium. The maximum concentration of
DMSO in the medium did not exceed 0.1% (v/v). Cells treated
with DMSO only served as a vehicle control.

Cell viability assay. Cell viability was detected by MTT
assay as described previously (22). Briefly, cells were seeded
in 96-well culture plates at a density of 1x10* cells/well and
incubated for 12 h at 37°C. Then, cells were treated with
several concentrations of CRA and further incubated for 12,
24,36 and 48 h. Finally, MTT was added to each well and
incubated for 4 h at 37°C. The resulting formazan product
was then dissolved in 100 ul DMSO, and the absorbance was
determined at 540 nm using a Bio-Rad 3350 microplate reader
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Detection of apoptosis. Once the cells were harvested, double
staining with annexin V and PI was conducted using the BD
Pharmingen™ Annexin V-FITC Apoptosis Detection kit
according to the manufacturer's protocol. Then, the stained
cells were detected using a FACSCalibur flow cytometer (BD
Biosciences, San Jose, CA, USA).
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DNA gel electrophoresis. DNA was isolated from MG-63
cells treated with CRA according to the method described
by Ariffin et al (23). DNA samples were subjected to electro-
phoresis in a 1% (w/v) agarose gel for 1 h at 100 V. The gel
was examined under ultraviolet transillumination following
ethidium bromide staining to determine the extent of apoptotic
DNA fragmentation.

Detection of caspase-3 and -9 activities. The activities of
caspase-3 and -9 in cell lysates were determined using a colo-
rimetric assay kit according to the manufacturer's protocol.
Briefly, the cells were harvested in cell lysis buffer (NanJing
KeyGen Biotech Co., Ltd.), and cell lysates were prepared
following the manufacturer's protocol. The protein concentra-
tions were determined using the BCA Protein Assay reagent
(Pierce Biotechnology, Inc., Rockford, IL, USA). Samples of
the cell lysates (100 ug protein/sample) were mixed with reac-
tion buffer and substrate, and incubated for 4 h at 37°C in the
dark. The absorbance was measured at 405 nm, and the sample
readings were calculated by subtracting the absorbance of the
blank samples.

Measurement of mitochondrial membrane potential. The
change in mitochondrial membrane potential in osteosarcoma
cells following exposure to CRA was measured by flow
cytometry using the fluorescent lipophilic cationic probe
5,5',6,6'"-tetrachloro-1,1',3,3'-tetracthylbenzimidazolcarbo-
cyanine iodide (JC-1) as described previously (24). JC-1
accumulates selectively within normal mitochondria to form
multimer J-aggregates emitting red fluorescence (25). If the
mitochondrial membrane potential is altered, JC-1 can not
aggregate in the mitochondria and remains in the cytoplasm
in its monomeric form emitting green fluorescence (26). Thus,
the color of the dye changes from orange to green depending
on the mitochondrial membrane potential, and can be analyzed
by fluorescence-activated cell sorting (FACS) with green fluo-
rescence in channel 1 and orange emission in channel 2.

Preparation of mitochondrial and cytosolic fractions. The
extraction of the mitochondrial and cytosolic fractions was
performed using a Mitochondria/Cytosol Fractionation kit
(Abcam, Cambridge, MA, USA). Cells exposed to CRA at
the concentrations indicated were harvested and washed
with ice-cold phosphate-buffered saline (PBS) twice, and
then the cells were resuspended in cytosol extraction buffer.
Upon incubation on ice, the cells were homogenized, and the
homogenates were centrifuged at 700 x g for 10 min at 4°C.
The supernatants were further centrifuged at 10,000 x g for
30 min at 4°C to separate the cytosolic fraction. Then, the
pellet, which represented the mitochondrial fraction, was
resuspended in mitochondrial extraction buffer. All the frac-
tions were stored at -80°C for further detection.

Western blotting. Following treatment of MG-63 cells with
CRA, the cells were harvested, washed with cold PBS and
lysed with ice-cold lysis buffer supplemented with protease
inhibitors as detailed previously (27). For western blot analysis
of cytochrome ¢ and COX IV, the mitochondrial and cytosolic
fractions were prepared, respectively, and proteins were
separated by 10% sodium dodecyl sulfate polyacrylamide
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gel electrophoresis and transferred onto polyvinylidene fluo-
ride membranes. Upon blocking with 5% fat-free milk, the
membrane was incubated with the corresponding primary
antibody at 1:300 dilution at 4°C overnight. Upon washing,
the membrane was incubated with the appropriate horseradish
peroxidase-conjugated secondary antibody at 1:10,000 dilu-
tion for 1 h at room temperature, and the immunoreactive
bands were visualized using enhanced chemiluminescence
reagents (EMD Millipore, Billerica, MA, USA).

Statistical analysis. All experiments were performed in
triplicate and repeated three times independently. The data
were expressed as the mean + standard deviation. Statistical
analysis was performed using Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA). One-way analysis of vari-
ance followed by Dunnett's test were performed, and P<0.05
was considered to indicate a statistically significant difference.

Results

CRA inhibits osteosarcoma cell proliferation in vitro. To assess
the effect of CRA on the proliferation of osteosarcoma cells, the
viability of osteosarcoma cells treated with different concen-
trations of CRA (10-40 uM) was detected using MTT assay.
Osteosarcoma cells (MG-63) were cultured for 12, 24 and 48 h.
As shown in Fig. 1, the treatment of MG-63 cells with CRA
resulted in a significant reduction in the viability of the cells
in a dose-dependent manner (P<0.001). Treatment with CRA
for 12 h did not result in a significant reduction in cell viability,
whereas following treatment for 24 and 48 h, a significant reduc-
tion in cell viability was observed. In addition, it was observed
that the inhibitory effect of CRA was also time dependent. These
results indicated that CRA effectively inhibited the viability
of osteosarcoma cells, suggesting that CRA could inhibit the
proliferation of osteosarcoma cells. Since a significant decrease
in cell viability of MG-63 cells was observed after 24 h of CRA
treatment, this time point was selected for further studies.

CRA induces apoptosis in osteosarcoma cells. To determine
whether CRA induced the apoptosis of osteosarcoma cells, the
change in DNA of MG-63 cells following CRA treatment was
measured using a DNA ladder assay (Fig. 2A). Once MG-63
cells were treated with the indicated concentrations of CRA
for 24 h, DNA was extracted. Via agarose gel electropho-
resis, an obvious DNA ladder, a classic indicator of apoptotic
changes (28), was detected in MG-63 cells treated with CRA
(20, 30 and 40 uM), suggesting that CRA treatment may
induce apoptosis in osteosarcoma cells.

To further verify the observation of apoptosis in MG-63
cells, cells treated with CRA were analyzed by flow cytometry.
In this assay, cells were stained with annexin V conjugated
with fluorescein isothiocyanate (FITC) and PI. The cells in the
lower right (LR) quadrant of the histogram in Fig. 2B represent
the number of early apoptotic cells, and those in the upper right
quadrant represented the cells in late apoptosis, which have
taken up both FITC and PI (29). It was observed that treat-
ment with CRA for 24 h significantly increased the number of
early apoptotic cells from 6.52 to 15.65% in a dose-dependent
manner. The number of late apoptotic cells also increased from
1.23% in the untreated control group to 20.51% in the group
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Figure 1. In vitro treatment of osteosarcoma cells with CRA inhibits the cell
viability in a dose- and time-dependent manner. MG-63 cells were treated
with different doses of CRA, and the cell viability was determined using the
3-(4,5-dimethyl-2-yl)-2,5-diphenyl tetrazolium bromide assay at 12, 24 and
48 h. Cell viability following treatment with CRA was expressed in terms
of percentage of control cells not treated with CRA and was presented as
the mean + standard deviation of three experiments in triplicate. "P<0.05 vs.
control, ““P<0.01 vs. control. CRA, corosolic acid.
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Figure 2. CRA induces apoptosis of osteosarcoma cells in a dose-dependent
manner. MG-63 cells were treated with varying doses of CRA for 24 h and
then harvested. (A) A representative ladder of DNA fragments was observed
by agarose gel electrophoresis. (B) The cells were double stained using
annexin V-FITC and PI, and then the stained cells were analyzed by flow
cytometry. The lower right quadrant of the histograms indicated the per-
centage of early apoptotic cells, while the upper right quadrant indicated the
percentage of late apoptotic cells. (C) CRA treatment resulted in a significant
reduction in the percentage of total apoptotic cells. Results are expressed as
the mean + standard deviation of three experiments in triplicate. 'P<0.05 vs.
control, “P<0.01 vs. control. CRA, corosolic acid; M, marker; PI, propidium
iodide; FITC, fluorescein isothiocyanate.

treated with the highest CRA concentration (40 M). The total
percentage of apoptotic cells is summarized in Fig. 2C, and the
results indicated that CRA treatment resulted in a significant
increase in the apoptosis of MG-63 cells (P=0.001).
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Figure 3. CRA enhances the activity of caspase-3 and -9 in osteosarcoma cells. MG-63 cells were treated with the indicated concentrations of CRA for 24 h
and then harvested. (A) Caspase-3 and (B) caspase-9 activities in MG-63 cells were measured using a colorimetric protein assay. MG-63 cells were treated with
30 uM CRA, and the activities of (C) caspase-3 and (D) caspase-9 were detected at 12, 24 and 48 h. Results are presented as the mean + standard deviation
from three independent experiments. ‘P<0.05 vs. control, “P<0.01 vs. control. CRA, corosolic acid.
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Figure 4. CRA induces the loss of mitochondrial membrane potential in osteosarcoma cells. (A) MG-63 cells were treated with different concentrations of CRA
for 24 h and then harvested. The cells were stained with JC-1 dye and measured by flow cytometry, and representative scatterplots are shown. (B) Treatment
with CRA resulted in a significant loss in mitochondrial membrane potential in MG-63 cells. Results are presented as the mean + standard deviation from three
independent experiments. “P<0.01 vs. control. CRA, corosolic acid; JC-1, 5,5',6,6'-tetrachloro-1,1',3,3'-tetraethylbenzimidazolcarbocyanine iodide.

CRA treatment activates the caspase-3 and -9 activities
of osteosarcoma cells. It is well known that the caspase
pathway is important in apoptosis (30). To examine whether
the apoptosis of osteosarcoma cells induced by CRA was
associated with caspase protein activation, the activities
of caspase-3 and caspase-9 were detected using a colori-
metric method. The results revealed that the treatment of

MG-63 cells with the indicated concentrations of CRA for
24 h resulted in a significant increase in caspase-3 activity
in a dose-dependent manner (Fig. 3A), and the activity
of caspase-9 in MG-63 cells treated with CRA was also
significantly increased compared with that in the untreated
cells (Fig. 3B, P<0.001). In addition, it was also observed a
time-dependent increase in the activities of caspase-3 and -9
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Figure 5. CRA induces cytochrome ¢ release from mitochondria. Cells were treated with varying concentrations of CRA for 24 h and then harvested. (A) The
expression level of cytochrome c in the cytoplasm was determined by western blotting, and representative blots are shown. (B) CRA treatment resulted in a sig-
nificant increase in the relative expression levels of cytochrome c in the cytoplasm. (C) The expression levels of cytochrome ¢ in mitochondria were determined
by western blotting, and representative blots are shown. (D) CRA treatment resulted in a significant decrease in the relative expression levels of cytochrome ¢
in mitochondria. -actin and COX IV were used as internal controls for the mitochondrial and cytoplasmic fractions, respectively. Results are expressed as
the mean + standard deviation of three experiments in triplicate. "P<0.05 vs. control, “P<0.01 vs. control. CRA, corosolic acid; COX IV, complex IV; Cyto,

cytosol; Mito, mitochondria; Cyto-c, cytochrome c.
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detected by flow cytometry using annexin V/propidium iodide staining. The results were expressed as the mean + standard deviation of triplicate samples.
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in MG-63 cells following treatment with CRA. The activities
of caspase-3 and caspase-9 increased by ~2.1- and 1.3-fold
after 12 h, by 4.1- and 2.8-fold after 24 h, and by 5.2- and
3.3-fold after 48 h of treatment (Fig. 3C and D). These results
indicated that the apoptosis of osteosarcoma cells induced by
CRA involved caspase pathway activation.

CRA induces loss of mitochondrial membrane potential.
Loss of mitochondrial membrane potential has been
associated with the initiation and activation of the apop-
totic process in cells (31), and the variations observed for
caspase-3 and caspase-9 activities prompted us to research
a potential loss in mitochondrial membrane potential. For
that purpose, a cationic lipophilic dye, JC-1, was used,

which accumulates within the mitochondria in a poten-
tial-dependent manner, to determine the integrity of the
mitochondrial membrane. After CRA treatment for 24 h,
MG-63 cells were harvested and incubated with JC-1 dye,
and the fluorescence emission was analyzed by flow cytom-
etry (Fig. 4A). The results revealed that CRA treatment of
MG-63 cells resulted in a significant increase in the number
of green fluorescence-positive cells (P<0.001, Fig. 4B),
as shown in the LR quadrant of the FACS histogram,
suggesting that CRA could induce osteosarcoma cells to
lose mitochondrial membrane potential. Collectively, these
studies suggest that CRA treatment induces the apoptosis
of osteosarcoma cells through disruption of their mitochon-
drial membrane potential.
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CRA induces cytochrome c release from mitochondria.
Mitochondria are important in the apoptosis triggered by
exogenous chemical agents (32). The disruption of the mito-
chondrial membrane results in the release of cytochrome ¢
into the cytosol (33). In the cytosol, cytochrome ¢ binds to
apoptotic protease activating factor 1 (Apaf-1), allowing the
recruitment of caspase-9 and the formation of an apoptosome
complex, resulting in caspase-3 activation and execution of
cell death (25). To examine whether the apoptosis induced
by CRA involved the release of mitochondrial cytochrome c,
the levels of cytochrome c in the cytoplasm and mitochondria
were detected using western blotting. As shown in Fig. 5,
treatment of MG-63 cells with CRA resulted in a gradual
increase in cytochrome c levels in the cytoplasm (Fig. 5A) and
a dose-dependent decrease in cytochrome c levels in the mito-
chondria (Fig. 5C). The relative levels of cytochrome c in the
cytoplasm and mitochondria were further calculated through
normalization with -actin and COX IV levels (Fig. 5B and D).
The results indicated that CRA treatment provoked the release
of cytochrome ¢ from the mitochondria to the cytoplasm,
further confirming the above observations that CRA resulted
in the loss of mitochondrial membrane potential.

Inhibition of caspase activity attenuates the apoptosis induced
by CRA. To confirm whether CR A-induced apoptosis involved
caspase cascade activation, MG-63 cells were pretreated with
100 M of z-VAD-FMK (Sigma-Aldrich; Merck Millipore),
a general caspase inhibitor (34), for 1 h, prior to be treated
with CRA. The colorimetric assay revealed that the increased
activity of caspase-3 and -9 induced by CRA was signifi-
cantly diminished in the presence of z-VAD-FMK (Fig. 6A),
suggesting that z-VAD-FMK indeed blocked the activity of
caspase-3 and -9. Further analysis of apoptosis demonstrated
that treatment of cells with z-VAD-FMK markedly attenuated
the CRA-induced apoptosis. As shown in Fig. 6B, apoptosis
was observed in ~28.5% of the cells at 24 h following treat-
ment with CRA in the absence of z-VAD-FMK, but only in
17.3% of the cells in the presence of z-VAD-FMK. These
results clearly indicated that CR A-induced apoptosis is associ-
ated with caspase activation.

Discussion

Human osteosarcoma, a primary malignant bone tumor, is
most prevalent in adolescence (35). Survival rates of osteo-
sarcoma patients have not improved significantly in the last
25 years (36). Aiming to increase this survival rate, numerous
studies have been carried out (37). Recently, several bioactive
components from plant origin have been reported to offer
promising options for the development of effective strategies
for the therapy of cancers (33). CRA, a natural compound
derived from apple pomace, has recently been shown to have
anticancer activity (1,38,39). To understand the effects of CRA
on osteosarcoma, the effects of CRA on the osteosarcoma cell
line MG-63 were evaluated in vitro in the present study.

The treatment of MG-63 cells with different concentra-
tions of CRA resulted in a significant decrease in cell viability
in a dose- and time-dependent manner. These data suggested
that CRA could inhibit the proliferation of osteosarcoma
cells. It is known that apoptosis plays an essential role in the
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development and maintenance of tissue homeostasis through
eliminating unwanted or damaged cells (40), and the aberrant
suppression of apoptosis is frequently associated with tumori-
genesis (41,42). For this reason, the induction of apoptotic
cell death is an effective strategy to inhibit cancer growth. To
determine whether CRA could induce the apoptotic cell death
of osteosarcoma cells, the DNA from MG-63 cells treated
with CRA was extracted and subjected to a DNA ladder assay.
An obvious DNA ladder, which is a typical characteristic of
apoptosis (28), was observed in the cells treated with CRA,
but not in the untreated cells, suggesting that CRA was likely
to induce the apoptotic cell death of MG-63 cells. To further
confirm these results, through double staining with annexin V
and PI, the percentage of apoptotic cells was quantitatively
analyzed by flow cytometry. The results also demonstrated
that CRA treatment led to a dose-dependent increase in the
apoptosis of MG-63 cells. Collectively, these results suggested
that CRA could induce the apoptosis of osteosarcoma cells,
and that the induction of apoptosis by CRA is likely to be an
important mechanism of growth inhibition in MG-63 cells.

To the best of our knowledge, the induction of apoptosis is
associated with two major different activation pathways: The
intrinsic pathway and the extrinsic pathway (43). The intrinsic
pathway involves the loss of mitochondrial membrane potential
and the release of cytochrome ¢ from the mitochondria to the
cytosol (44,45). The cytosolic cytochrome ¢ binds to Apaf-1
and then recruits pro-caspase-9, forming an apoptosome
complex, which finally results in the activation of caspase-3,
one of the key mediators of apoptosis, and the execution of
cell death (46). The extrinsic pathway is initiated with death
receptor ligation or Fas/Fas ligand interaction, resulting in
the subsequent recruitment of Fas-associated death domain
protein and the execution of apoptosis (47). Therefore, to
clearly understand the exact mechanism of the apoptotic effect
of CRA on osteosarcoma cells, the activity of caspase proteins
and the integrity of the mitochondrial membrane were exam-
ined. In the present study, it was observed that treatment of
MG-63 cells with CRA resulted in a significant increase in
the activity of caspase-3 and -9 and in a loss in mitochondrial
membrane potential. These results suggested that the apop-
tosis of MG-63 cells induced by CRA was likely to involve the
mitochondrial apoptotic pathway. Consistent with this notion,
further investigation revealed that the levels of cytochrome ¢
in the cytoplasm of MG-63 cells treated with CRA were
significantly increased compared with those in the untreated
cells. On the contrary, the cytochrome c levels in the mito-
chondria were significantly decreased compared with those in
the untreated cells, which suggested that the treatment with
CRA caused the cytochrome c release from the mitochondria
to the cytoplasm, and that the subsequent caspase cascade
activation was likely to be the executive mechanism involved
in CRA-mediated apoptosis.

Notably, it was also observed that the CRA-mediated
increase in activity of caspase-3 and -9 was abrogated when
the general caspase inhibitor z-VAD-FMK was employed. In
addition, the apoptosis of MG-63 cells induced by CRA was
also significantly inhibited, suggesting that the activation of the
mitochondria-mediated intrinsic death signaling pathway was
completely blocked by z-VAD-FMK. These findings provide
evidence that the apoptosis induced by CRA in MG-63 cells
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is mediated by the mitochondrial pathway. Our observations
regarding the caspase cascade-mediated apoptosis-inducing
properties of CRA were in agreement with those from previous
studies (1,34).

Overall, our results demonstrated that CRA could induce
the apoptosis of osteosarcoma cells, and that CRA triggered
the apoptosis of osteosarcoma cells via loss of mitochondrial
membrane potential, release of cytochrome ¢ and activation
of the caspase cascade, suggesting that the apoptosis induced
by CRA was mediated by the mitochondrial pathway. The
outcome of the present study indicated that CRA is a potential
bioactive phytochemical for chemotherapy of osteosarcoma.
However, further studies are required to determine the safety
and efficacy of CRA in vivo.
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