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mediated apoptosis, inhibition of cell migration and sub-G1
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Summary

Purpose: Prostate cancer is the most frequently diagnosed
malignancy in men and the second major reason of cancer
death in males. Currently, there are no viable options available
for the treatment of advanced-stage prostate cancer. Against
this backdrop, the present study aimed to study the antican-
cer effect of panaxatriol against prostate DU-15 cancer cells.

Methods: MTT cell viability assay evaluated the effects of
the drug on cell cytotoxicity, while clonogenic assay was used
to assess the effects on colony formation in DU-15 cells. Apo-
ptotic effects were evaluated by DAPI staining using fluores-
cence microscopy. Effects on reactive oxygen species (ROS)
and mitochondrial membrane potential (MMP) were evalu-
ated by flow cytometry using DCFH-DA and DiOCg. Effects
on cell cycle were measured by flow cytometry, while cell mi-
gration tendency of the cells was evaluated by in vitro wound
healing assay.

Introduction

Prostate cancer is the most frequently iden-
tified malignancy in men and the second major
reason of cancer death in males. Most of the ini-
tial tumors are androgen-dependent, thus cutting
the supply of tumor of androgens through sur-
gical interventions [1] has proved to be a viable
option at initial stages of prostate cancer. How-
ever, advanced prostate cancer is difficult to con-
trol with such treatments and ultimately relapses
with upsetting results [2]. Therefore, there is an

Results: The results indicated that panaxatriol exerts dose-
dependent cytotoxic effects on prostate DU-15 cancer cells.
The ICsq of panaxatriol was 30 uM. Panaxatriol was found
to exert its anticancer activity through induction of apoptosis.
The apoptosis of DU-15 cancer cells was prompted by ROS-
mediated alterations in mitochondrial membrane potential.
Additionally, panaxatriol induced sub-G1 cell cycle arrest and
suppressed the DU-15 cell migration ability in a concentra-
tion-dependent manner.

Conclusion: Taken together, we strongly believe that panax-
atriol may prove handy in the treatment and management of
prostate cancer and deserves further research.
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urgent need for development of viable treatment
options for prostate cancer and anticancer mol-
ecules of plant origin offer many opportunities
for the management of this disease. Several plant-
derived natural products have shown remarkable
results in the management of a diversity of can-
cers. Recently, it has been reported that several
triterpenes and their derivatives have exhibited
anticancer activities against different cancer cells
[3]. Panaxatriol (Figure 1) is one such compound
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isolated from Panax notoginseng, however it has
not be evaluated against prostate cancer [4]. The
present study was therefore designed to evaluate
the anticancer activity of panaxatriol against a
prostate cancer cell line. Moreover, the probable
underlying mechanism was assessed with special
emphasis on the effect of this natural product on
cell migration and cell cycle arrest.

Figure 1. Chemical structure of panaxatriol.

Methods

Chemicals and Reagents

Several chemicals and reagents were used in the
present study and included (i) panaxatriol, RNase A,
triton X-100 and dimethyl sulfoxide (DMSO) obtained
from Sigma-Aldrich Co. (St. Louis, MO, USA); (ii) the
fluorescent probes DCFH-DA, DiOC,, 4’-6-diamidino-
2-phenylindole (DAPI), RPMI-1640 medium, L-glu-
tamine and antibiotics obtained from Invitrogen Life
Technologies (Carlsbad, CA, USA).

Cell line and culture conditions

DU-15 prostate cancer cell line was procured from
the Food Industry Research and Development Institute
(Hsinchu, Taiwan) and preserved in RPMI-1640 medi-
um tissue culture flasks at 37°C in a humidified atmos-
phere with 5 % CO, and 95 % air.

Determination of cytotoxicity

The cytotoxic effect of panaxatriol against prostate
cancer cells was determined by MTT assay. DU-15 cells
were cultured at the density of 1x100¢ cells per well in
96 well plates for 12 hrs and then treated with vary-
ing concentrations of panaxatriol (0-120 pM) for 48-72
hrs. MTT solution (20 pl) was added to each well. After-
wards, 500 pl of DMSO was added to solubilize MTT
formazan crystals, and ELISA plate reader was used for
the determination of optical density. To evaluate the
effect of the test compound on the colony formation
potential, prostate cancer DU-15 cells were grown to
exponential phase and thereafter collected and counted
with a hemocytometer. Platting of the cells was done
at 200 cells per well and then the cells were incubated
for 48 hrs to allow the cells to adhere. This was fol-

lowed by the addition of different doses (0, 15 30 and
60 pM) of panaxatriol. After treatment, the cells were
again kept for incubation for 6 days, washing was done
with phosphate buffered saline (PBS) and methanol was
used to fix colonies and then stained with crystal vio-
let for about 30 min before being counted under light
microscope.

Detection of apoptosis, ROS and MMP

DU-15 cells at a density of 2x105 cells/well were
platted in 6-well plates exposed to 0, 15, 30 and 60 pM
panaxatriol for 48 hrs. The cells were then stained with
DAPI and each of the cell samples was studied under
fluorescence microscopy as described elsewhere [5].
For determination of ROS and MMP, DU-15 cells were
platted at a density of 2x105 cells/well in a 6-well plate,
were retained for 24 hrs and treated with 0, 15, 30 and
60 pM panaxatriol for 72 hrs at 37°C in an atmosphere
with 5% CO, and 95% air. Thereafter cells from all sam-
ples were collected, washed twice by PBS and re-sus-
pended in 500 pl of DCFH-DA (10 pM) for ROS estima-
tion and DiOC (1 pmol/l) for MMP at 37°C in the dark
for 30 min. The samples were then examined instantly
using flow cytometer as described elsewhere [6].

Estimation of cell cycle phase distribution of DU-15 cells

For estimation of cell cycle phase distribution, the
cells were platted in 6-well plates (2x105 cells/well)
and panaxatriol was added to the cells at O, 20, 40 and
80 pM doses followed by 24-h incubation. DMSO was
used as control. For estimation DNA content, PBS was
used to wash the cells and fixed in ethanol at -20°C.
This was followed by re-suspension in PBS holding 40
pg/ml propidium iodide (PI) and, RNase A (0.1 mg/ml)
and Triton X-100 (0.1%) for 30 min in the dark at 37°C.
Afterwards, analysis was carried out by flow cytometry
as reported previously [7].

Wound healing assay

Prostate cancer DU-15 cells were platted at a den-
sity of 5x10% in 96-well plates and then kept overnight
to attach. As they reached confluence, a wound was
scratched across each well by wound maker device. Fi-
nally, the cells were washed with PBS to remove the
detached cells and photographed.

Statistics

All experiments were carried out in triplicate and
the results were expressed as mean + standard devia-
tion (SD). The results were considered statistically sig-
nificant at p<0.01, p<0.001 and p<0.001. The statistical
analysis was carried out by Graph Pad prism 7.

Results
Cytotoxicity of panaxatriol on prostate DU-15 cancer
cell line

The results of our study showed that panaxa-
triol displayed a potent anticancer activity against
the prostate cancer DU-15 cells. The cytotoxic ac-
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tivity was found to be concentration-dependent
and increased with the increase in the concentra-
tion of panaxatriol. The ICsy of panaxatriol against
DU-15 cells was 30 pM (Figure 2). Additionally,
the cytotoxic potential of panaxatriol was further
confirmed by the colony formation assay wherein
panaxatriol administration was observed to re-
duce the number of colonies in a dose-dependent
manner (Figure 3).

Panaxatriol induced apoptosis in DU-15 cancer cells

Apoptotic cell death induced by panaxatriol
was detected by DAPI staining. It was observed
that the apoptosis of prostate DU-15 cancer cells
increased with panaxatriol treatment. The apop-
totic effect was observed to increase in a concen-
tration-dependent manner (Figure 4).
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Figure 2. Effect of indicated doses of panaxatriol on the
viability of DU-15 prostate cancer cells. All experiments

were carried out in triplicate and expressed as mean + SD.
*p<0.01, **p<0.001, ***p<0.0001.
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Figure 3. Effect of indicated doses of panaxatriol on colo-
ny forming potential of DU-15 cells at indicated doses. All
experiments were carried out in triplicate. Cancer cells de-
creased significantly with increasing doses of panaxatriol
(crystal violet, original magnification 200x).
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Figure 4. Induction of apoptosis by panaxatriol at indi-
cated doses as depicted by DAPI staining. All experiments
were carried out in triplicate. Apoptosis increased with in-
creasing doses of panaxatriol.
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Figure 5. Effect of indicated doses of panaxatriol on ROS
generation. All experiments were carried out in triplicate
and expressed as mean + SD. ROS generation increased
significantly with increasing doses of panaxatriol. *p<0.01,
**p<0.001, ***p<0.0001.

Panaxatriol caused ROS production and MMP reduc-
tion in DU-15 cancer cells

The apoptosis triggering potential of panaxa-
triol as evidenced from DAPI staining study indi-
cated that this compound might induce production
of intracellular ROS. Therefore, we determined the
ROS levels at varying concentrations of panaxa-
triol for 48 hrs. The results revealed that the in-
tracellular ROS levels of treated cells increased up
to 210% at 60 pM concentration as compared to
untreated cells (Figure 5). Therefore, our results
indicated that panaxatriol is a potent molecule for
triggering ROS production in DU-15 cells. We also
investigated whether panaxatriol induces MMP
loss in DU-15 cells exposed at varying concentra-
tions. Panaxatriol-treated DU-15 cells showed a
considerable reduction in MMP in a dose-depend-
ent manner (Figure 0).
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Figure 6. Effect of indicated doses of panaxatriol on mi-
tochondrial membrane potential (MMP). All experiments
were carried out in triplicate and expressed as mean + SD .
Increasing doses of panaxatriol led to significant decrease
of MMP. *p<0.01, **p<0.001, ***p<0.0001.
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Panaxatriol caused alterations in cell cycle distribu-
tion of DU-15 cancer cells

In addition to apoptosis inducing potential of
panaxatriol, it was also observed to induce sub-G1
cell cycle phase arrest in DU-15 prostate cancer
cells. This effect of panaxatriol was found to be
concentration-dependent. The results of the pre-
sent study showed that panaxatriol administration
caused considerable increase of DU-15 prostate
cancer cells in sub-G1 phase of cell cycle. Moreo-
ver, the highest effect of panaxatriol on cell cy-
cle distribution was observed at the highest dose
tested (60 pM) (Figure 7).

Panaxatriol inhibited cell migration

Panaxatriol was shown to suppress the migra-
tion of prostate cancer cells at the ICsy concentra-
tion (30 pM). The results of wound healing assays
showed that panaxatriol reduced the migratory
capability of prostate cancer DU-15 cells (Figure
8), providing strong evidence towards the use of
panaxatriol as anti-metastatic agent.

Discussion

Prostate cancer is the second major causes of
death due to cancers in men world over. [1]. Al-
though surgical interventions at initial stage ex-
hibit promising results, there are complete and
viable treatment options available for advanced
stages [2]. With this background, natural products
can offer considerable opportunities for the devel-
opment of efficient and novel anticancer molecules
with low or no associated health risks. In the pre-
sent study, panaxatriol, a molecule generally iso-
lated from the plants of Panax notoginseng, showed
potent cytotoxic activity against DU-15 prostate
cancer cells as evidenced from the MTT and colony
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Figure 7. Effect of indicated doses of panaxatriol on cell
cycle arrest detected by flow cytometry. All experiments
were carried out in triplicate. Increasing doses of panaxa-
triol led to increased fraction of cells in sub-G1 (cell cycle
arrest) causing cell death via cell cycle disruption.
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Figure 8. Cell migration inhibitory potential of panaxa-
triol at ICsg concentration (30 pM) investigated by wound
healing assay. Panaxatriol treatment led to suppression of
cancer cell migration after 48 hrs.

formation assays. There is concrete evidence that
several anticancer molecules exert their cytotoxic
effects through induction of apoptosis, therefore
we investigated the apoptosis inducing potential of
panaxatriol through DAPI staining. Interestingly,
panaxatriol induced apoptosis in DU-15 prostate
cancer cells in a dose-dependent manner. Our re-
sults are well supported by the existing literature
on anticancer drugs [8-13]. For example anticancer
cannabinoids have been reported to induce apop-
tosis in gliomas [8], pheochromocytoma [9], neuro-
blastoma [10] and hippocampal neurons [11]. Since
it is well reported that ROS play an important role
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in the induction of cell death, we further examined
the ROS levels in control and panaxatriol-treated
DU-15 prostate cancer cells and we observed that
panaxatriol-administered cells showed very high
levels of ROS associated with the reduction of MMP.
These results are consistent with a study carried
out previously [14]. Panaxatriol also caused sub-G1
cell cycle arrest and led to a considerable increase
of sub-G1 cells dose-dependently. Cell cycle is con-
sidered as an important mechanism for inhibiting
cell division. Several natural products have been
reported to arrest cell cycle, such as azadirachtin
A which has been reported to induce cell cycle ar-
rest in different cell lines [15]. These findings are
promising since it is well established that prostate
cancer is one of the deadly cancers and panaxa-
triol could suppress its growth through cell cycle
arrest. Additionally, panaxatriol also inhibited the
cell migration of DU-15 cells as evidenced from
the wound healing assays. Cell migration is the
key feature of cancer progression and metastasis
[15] and suppression of cell migration may prove
crucial in inhibition of metastasis in vivo. This may
ensure comparatively longer survival of patients.
Therefore, the potential of panaxatriol to suppress
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migration of prostate DU-15 cancer cells indicates
that this compound may prove as an efficient mol-
ecule in inhibiting the metastasis of cancer cells in
vivo and therefore deserves further investigation.

Conclusion

We conclude that panaxatriol exerts its anti-
cancer activating through of ROS and MMP medi-
ated apoptosis in prostate DU-15 cancer cells and
may prove to be an efficient molecule for the treat-
ment of prostate cancer. However, further studies
are required for better evaluation of the molecule.
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