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Summary

Vitro nistration of ovatodiolide led to de-
tion of prostate cancer cells. The reduction
tes was attributed to the induction of apo-
ostate cancer cells and mitotic cell cycle arrest.
e, the anticancer effects of ovatodiolide on pros-
Methods: The proliferation of prostate cancer cells was cer cells were exerted through the inhibition of Ras/
sessed by using the CCK8 reagent. DAPI and acridine EK/ERK signaling cascade.

Purpose: The current research was set with a goal to char- Result,
acterize the anticancer role of ovatodiolide against human
prostate cancer along with the underlying mechanism of its i
action.

Conclusion: This study established the anticancer role of
diterpenoid ovatodiolide in restricting the growth and pro-
liferation of human prostate cancer cells.

was used for the inference of expressi i Key words: ovatodiolide, prostate cancer, anticancer, apo-
of interest. ptosis, cell cycle arrest, flow cytometry

Introduction

Cancer is one of the most deadly human dis- the researchers are actively engaged in exploring
eases and poses a serious threat to health and well the cellular targets for the management of pros-
being of humans [1]. Prostate cancer is the most tate cancer and to develop more potent anticancer
prevalent cancer in males and in North America agents against this malignancy. In this regard, the
it ranks 2™ in terms of cancer-specific mortality recent research studies have laid lot of focus on
among the male population [2]. The most common the characterization of natural compounds for their
reason for high mortality rates of prostate cancer anticancer effects against the growth and prolifera-
is its metastatic spread, the mechanics of which tion of prostate cancer cells [5]. The natural com-
are far from being fully understood [3]. The tra- pounds possess health beneficial effects on human
ditional chemo and radiotherapy-based antican- body and they act as vital source for the develop-
cer approaches along with surgical interventions ment of effective drug molecules [6]. These com-
have been seen with limited success because of the pounds possess antioxidant and anticancer proper-
chances of recurrence of this disease [4]. Hence, ties [7]. Taking these facts into consideration, the
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present research work was aimed at the exploration
of the anticancer effects of a diterpenoid compound,
ovatodiolide, against human prostate cancer cells.
Ovatodiolide is the principal bioactive component
of Anisomeles indica [8]. It has been demonstrated
in previous studies that ovatodiolide has anticar-
cinogenic effects and inhibits the proliferation of
human tumor cells [9]. Furthermore, it was shown
to induce apoptosis and cell cycle arrest in cancer
cell lines [10]. However, the anticancer property
of ovatodiolide has not been studied against the
human prostate cancer. Against this background
the present study was designed to investigate the
anticancer effects of ovatodiolide against the hu-
man prostate cancer cells and explore the underline
mechanism.

Methods

Cell lines and culture

The human prostate cancer cell line PC-3 as well
as the normal prostate epithelial cell line PNT1A were
acquired from the ATCC collection center, USA. The cell
lines were cultured using Roswell Park Memorial In-
stitute-1640 (RPMI-1640) medium (Thermo Scientific,
Waltham, Mass, USA). The cell lines were maintained
in a humidified CO, incubator at 37°C with 5% CO,/9
air concentration.

Analysis of cell proliferation

The proliferation of prostate cancer
mined by cell counting kit-8 (CCKS8, T
following the manufacturer’s proto
lines (both normal and cancerou
well plate at 37°C for 48h. The
with 0, 0, 3.25, 6.5, 9.75, 13
ovatodiolide for 24h. Afte
gent was added to each
continued for another 4h.
was used to record the optic
ments at 450nm which were used to calculate the per-
cent cell proliferation using the proliferation rate of cell
culture without ovatodiolide treatment as 100%.

DAPI staining

The PC-3 prostate cancer cells were put at the cell
density of 10° cells/well in 6-well plates and cultured
for 24h at 37°C. The cell cultures were then adminis-
tered 0, 15, 30 or 45uM ovatodiolide. After 24-h incuba-
tion at 37°C, the cells were harvested by centrifugation,
phosphate buffered saline (PBS) washed, fixed with 70%
ethanol and subsequently stained with 4’,6-diamidino-
2-phenylindole (DAPI) solution. Then, the cells were
then examined under fluorescent microscope.

AO/EB dual staining

The PC-3 cancer cells treated with 0, 15, 30 or 45pM
ovatodiolide for 24h were centrifuged and the collected
cell pellets were washed with PBS and fixed using 70%

ethanol. The cells were then stained with acridine or-
ange and ethidium bromide (AO/EB) dual staining mix
and analyzed for morphological examinations under a
fluorescent microscope.

Annexin V- FITC/PI fluorescent staining

The annexin V-FITC/PI staining assay was per-
formed to assess the level of cell apoptosis under O, 15,
30 or 45pM ovatodiolide administration for 24h. The
PC-3 cancer cells were fixed using methanol and stained
with dual annexin V-FITC/PI staining solution. Then, the
cells were examined for nuclear morphology under a
fluorescent microscope and the percentage of apoptotic
cells was determined.

Flow cytometric examination of the cell cycle

For studying the mitotic cell cycle phase distribu-
tion, the PC-3 prostate cancer cells were treated with O,
15, 30 or 451M ovatodiglige for 24h. Centrifugation was
used to harvest the § % s which were then washed

with PBS three i 3ing 4% formaldehyde and
stained with

RIPA lysis buffer (Thermo Scientific). The
ethod was used to determine the total pro-
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Figure 1. Ovatodiolide selectively inhibits the proliferation
of prostate cancer cells. A: Chemical structure of ovatodi-
olide. B: Assessment of proliferation of PC-2 cancer and
PNT1A normal prostate cell lines under ovatodiolide ad-
ministration. The experiments were performed in triplicate
and expressed as mean + SD (*p<0.05).
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concentrations were loaded on 8% SDS-PAGE gel. The
page gel was then blotted to transfer the contents to
nylon membranes which were exposed to primary and
secondary antibodies designed for respective proteins of
interest which were then visualized and their expression
levels assessed by the chemiluminescence method.

Statistics

The experiments were performed at least in tripli-
cate. The final values were presented as mean+standard
deviation. T-test was performed using the Graphpad
Prism 7.0 software and p values <0.05 were considered
as statistically significant.

Results

Ovatodiolide inhibited the cancer cell proliferation in
a selective manner

Ovatodiolide is a macrocyclic diterpenoid
compound (Figure 1A). To investigate the effects
of ovatodiolide on the cell proliferation, the PC-2
cancer and PNT1A normal prostate cell lines were
treated for 24h with 0, 3.25, 6.5, 9.75, 13, 16.25, 30,
50 or 100pM ovatodiolide. CCK-8 assay was per-
formed to determine the proliferation rates which
were represented in percentages. It was observed
that ovatodiolide declined the proliferation of bg
PC-2 and PNT1A prostate cells (Figure 1B). H
ever, the antiproliferative effects were signifieant
more severe on the PC-2 cancer cells.

30uM 45;M

Figure 2. DAPI staining showing the nuclear morphological
analysis of PC-2 cancer cells treated with ovatodiolide. The
Figure shows that ovatodiolide induced apoptosis in PC-2
cells in a concentration-dependent manner (arrows show apo-
ptotic cells). The experiments were performed in triplicate.
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ovatodiolide for PC-2 cancer cells was 13uM but it
was 85uM for PNT1A prostate cells which suggests
that ovatodiolide selectively targets the prostate
cancer cells and has limited effect against the nor-
mal prostate cell.

Ovatodiolide treatment induced apoptosis in prostate
cancer cells

The PC-2 cancer cells were treated with 0, 15,

30 and 45pM ovatodiolide to see whether the an-
tiproliferative effects of the molecule against the
prostate cancer cells was due to induction of cell
apoptosis. The cells were assessed for nuclear mor-
phology by DAPI staining. The observations made
indicated that the ovatodiolide treatment led to the
nuclear deformation of prostate cancer cells and
the effects were m rominent at higher con-
centrations (Figu ilar observations were
noted in the fl icroscopic examination
s (Figure 3). The results
by the annexin V-FITC/PI
dual s ing ure. The percentage of apop-
totic cell s seen to increase from 2.3% to 47.5%
u 0 and #5M ovatodiolide administration, re-
ctivally (Figure 4A). Taken together, the results

A gestive of the role of ovatodiolide in in-
ing apoptosis of prostate cancer cells and were

er confirmed by the western blot analysis of

ax and Bcl-2 protein expression study where the

were fur

15uM

30uM 45uM

Figure 3. AO/EB staining for nuclear morphological analy-
sis of PC-2 cancer cells treated with ovatodiolide. The Fig-
ure shows that ovatodiaolide promoted apoptosis in PC-2
cells dose-dependently (arrows depict apoptotic cells). The
experiments were performed in triplicate.
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cancer cells treated without/with ovatodiolide. The Figure sh
of Bax increased, while that of Bcl-2 decreased dose-depend:

expressed as mean + SD (*p<0.05).

ovatodiolide treatments increased the Bé3
level in a dose-dependent manner (Figir
2 protein expression followed the set

Ovatodiolide caused G2/M cell e
cancer cells

rest O prostate

r cell mitosis
ovatodiolide for

The analysis of p ca
treated with O, 15, 30
24h revealed that the m
hibited higher cell percentage at G2 phase and
the percentage of G2 phase cells increased in a
concentration-dependent manner (Figure 5). The
percentage of G2 prostate cancer cells was 67.9 at
45uM ovatodiolide concentration, against only 9.6

in controls.

Anticancer effects of ovatodiolide against the prostate
cancer cells were modulated through the inhibition of
Ras/Raf/MEK/ERK signaling pathway

The western blotting studies carried out for
the expression analysis of Ras, Raf, MEK and ERK
proteins revealed that the protein concentration of
Ras protein decreased under ovatodiolide treatment.
The decrease in the concentrations of phosphoryl-
ated Raf, MEK and ERK (p-Raf, p-MEK and p-ERK)
was also observed (Figure 6). The concentrations of
non-phosphorylated Raf and ERK proteins remained

etric examination of apoptosis analysis of
cl-2 protein expression analysis of PC-2
on treatment with ovatodiolide the expression
experiments were performed in triplicate and
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Figure 5. Flow cytometric examination for mitotic cell cy-
cle phase distribution of PC-2 cancer cells treated without/
with Ovatodiolide (represented in percents). The experi-
ments were performed in triplicate and expressed as mean
+ SD (p<0.05).

unchanged but non-phosphorylated MEK protein
concentration increased under the ovatodiolide treat-
ment. The protein concentrations were affected in a
dose-dependent manner. The results suggested that
the growth inhibitory effects of ovatodiolide against
the prostate cancer cells were exerted through the
inhibition of Ras/Raf/MEK/ERK pathway.
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Figure 6. Western blotting for Raf, Ras, p-Ras, MEK, p-
MEK, ERK, p-ERk protein expression analysis of PC-2 cancer
cells treated without/with ovatodiolide. The Figure shows
that ovatodiolide blocked the Raf/Ras/MEK/ERK pathway
dose-dependently.

Discussion

Of the various deadly diseases fa

mankind, cancer is ranked amongst serl-
ous health disorder because of t bidit§and
mortality it causes annually w ide rostate
cancer is at the top in ter evalence rates
among the male populatjesn econd most

deathly malignancy in America [2].
The mortality associaté & human prostate
cancer has been seen to ré§ilt from the metastasis
of this cancer to the neighboring tissues and organs
[3]. The currently employed anticancer approaches
against the prostate cancer are seen with lesser suc-
cess rates and are associated with many undesirable
side effects [11]. Taking these facts into considera-
tion, the researchers are trying the search for more
effective strategies to combat this disorder in a sus-
tainable manner. For this, the natural products are
being evaluated for their anticancer role against the
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growth and proliferation of human prostate cancer
[12-14]. In a similar type of study, we herein deduced
the anticancer role of a bio-active substance, ova-
todiolide, which is a macrocyclic diterpenoid com-
pound. Ovatodiolide has already been found to be
effective against a number of human cancers making
the current study more reliable [9,15]. In the current
study, the ovatodiolide exhibited selective prolifera-
tive inhibition against the human prostate cancer
cells and its effects were limited against the normal
prostate cells. Such selective inhibitory potential
has been noticed for other natural compounds also
[16,18]. The inhibitory effects of ovatodiolide on the
proliferation of prostate cancer cells were due to in-
duction of apoptosis. This finding is in conformity
with previous studies on ovatodiolide [17]. Further-
more, the natural compounds have shown potential
to inhibit the cell pgression in cancer cells.
Our results also st imilar type of anticancer
effect of ovat lidé Ye human prostate cancer
cells. The ide*€aused the G2/M cell cycle
arrest ofgpros cer cells in a dose-dependent
manngy, Which 1$'In accordance with its previous
es ishe e [10]. The Ras/Raf/MEK/ERK path-
y has heen shown to act as a vital target in cancer
agelilent and it was stated that molecules may
e ed to target this pathway to effectively in-
the cancer progression [18]. In our study, we
concluded that ovatodiolide exerted its anticancer
effects on prostate cancer cells by blocking the Ras/
Raf/MEK/ERK signaling pathway which highlights
its potential to serve as a vital lead molecule in an-
ticancer drug discovery.

Conclusion

The results of the present research indicate that
ovatodiolide is effective in inhibiting the growth
and proliferation of prostate cancer cells by modu-
lating the Ras/Raf/MEK/ERK pathway. The effec-
tiveness of ovatodiolide could be enhanced through
semi-synthetic chemistry approaches and as such
this molecule merits further future research.
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