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Abstract

Phytochemicals play a prominent role as cancer preventive agents. Stevioside is a phytochemical which
is isolated from Stevia rebaudiana and is known for its medicinal properties including prevention
against cancer. Therefore, the present work intended to explore the antiproliferative activity of stevioside
on ovarian cancer cell line, OVCAR-3. The results elucidated that stevioside treatment repressed the
growth of OVCAR-3 cells and induced cytotoxicity, both dose dependently and time dependently.
Furthermore, stevioside has been found to be associated with increased ROS production in the cell
which suggests the initiation of apoptosis. Additionally, the decrease in mitochondrial membrane
potential indicated the involvement of stevioside induced intrinsic apoptotic pathway in the cell. These
results were further confirmed by increased level of caspase-3 and caspase-9 in OVCAR-3 cancer cells
after stevioside treatment. Moreover, flow cytometric study established the apoptotic behavior of
stevioside and showed cell cycle arrest in G2/M phase. Additionally, the inactivation of P13K/AKT
signaling pathway was also revealed. Thus, the results may summarize the therapeutic potential of
stevioside against ovarian cancer and its role as chemotherapeutic agent in future clinical applications.
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Abbreviation

MTT: 3-(4,5-dimethlthiazol-2-yl)-2,5-diphenyl-
tetrazoliumbromide; LDH: Lactate Dehydrogenase; SDS:
Sodium Dodecyl Sulphate; DMSO: Dimethyl Sulfoxide; PBS:
Phosphate Buffer Saline; FBS: Fetal Bovine Serum; DMEM:
Dulbecco’s Modified Eagle’s Medium; HRP: Horseradish
Peroxidase; DCFH-DA: 2'7'-Dichlorofluorescin Diacetate;
DiOC¢(3): Dihexyloxacarbocyanine lodide; ATCC: American
Type Culture Collection; NAC: N-acetyl-L-Cysteine

Introduction

Ovarian cancer, a gynecological cancer, is the foremost reason
of mortalities globally [1,2]. Although various advancements
has been made in the field of cancer diagnosis and treatments,
the difficulty in detecting ovarian cancer in its early stages still
remains a challenge which owes to the high mortality rate
among human population. Due to which, in most of the cases
ovarian cancer is diagnosed during its advanced stages
(approx. 70%), i.e. after metastasis [3]. Moreover, due to the
heterogeneous property of ovarian cancer it also shows marked
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variations in histology, molecular profile and chemosensitivity
[4]. Taxanes and platinum compounds, such as cisplatin,
constitute the contemporaneous first line chemotherapy for
ovarian cancer. Even though the patients respond well to first
line chemotherapy, the chances for cancer recurrence prevail
during ovarian cancer condition [5]. In addition, the limited
efficacy and sensitivity to platinum drugs urges the demand for
new chemotherapeutic molecules which acts through multiple
signalling pathways and are able to overcome chemoresistance
in women with advanced ovarian cancer [6]. Medicinal herbs,
fruits and vegetables are rich in phytochemicals which are of
great significance in medicinal treatments including
chemotherapy against various cancers [7,8]. Some of these
phytochemicals have also been demonstrated to perform
growth inhibitory activity against ovarian cancer [9]. Recently,
Ren et al. showed potential anticancer activity of quercetin, a
flavonoid, on ovarian cancer SKOV-3 cells [10]. The
anticancer activity of other phytochemicals, such as nobelitin
[11], (-)-epigallocatechin-3-gallate (EGCG) [12], kaempferol
[13], and apigenin [14], have also been investigated against
ovarian cancer. Stevioside (a glycoside) is among such
phytochemicals which is isolated from Stevia rebaudiana and
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consists of glucose and steviol [15]. Stevia rebaudiana is a
shrub which is present worldwide and because of its medicinal
values it is used in various industries including pharmaceutical
and cosmetic industries [16,17]. It is a member of family
Asteraceae and genus Stevia and is rich in terpenes and
flavanoids. Due to its sweetening property it is also known as
sugar leaf [18]. Furthermore, the growth inhibitory activity of
stevioside against MCF-7, a human breast cancer cell line, has
also been investigated by Paul et al. [19]. They found that
stevioside stimulates ROS mediated apoptosis in MCF-7
human breast cancer cell line. Increased expression of
apoptotic proteins like Bax, Bcl-2 and Caspase-9 was also
observed in stevioside treated MCF-7 cells. However, the
growth inhibitory potential of stevioside on ovarian cancer is
yet unidentified. The effect of phytochemicals on cancer cells
is highly modulated by the balance between cell apoptosis
(programmed cell death) and cell survival [20]. Various
mechanisms are well illustrated by which phytochemicals
induce apoptosis, e.g downregulation of anti-apoptotic
proteins, upregulation of pro-apoptotic members, and increase
in intracellular reactive oxygen species (ROS) [21-23]. In
addition, phytochemicals may also regulate signaling pathways
essential for cell survival. PI3K/AKT [24] is among the most
widely studied signaling pathways responsible for cell survival.
Therefore, we aimed to exhibit the growth inhibitory effect of
stevioside on ovarian cancer cells. Besides, the role of
PI3K/AKT signaling pathway in regulating stevioside induced
apoptosis is also investigated in the present study.

Materials and Methods

Chemicals

Stevioside hydrate of > 98% purity, MTT, propidium iodide
(PI), SDS and NAC (ROS scavenger) were acquired from
Sigma-Aldrich, St. Louis, MO, USA. Stock solution of
stevioside (50 mM) and stock solution of MTT (5 mg/ml) were
prepared in DMSO (Sigma) and PBS (Sigma), respectively.
Cytotoxicity detection kit for LDH assay was procured from
Takara Bio Inc., Shiga, Japan. FBS and DMEM medium were
attained from Invitrogen, Carlsbad, CA, while penicillin,
streptomycin, 3,3°-DiOCg4(3) and DCFH-DA were purchased
from Thermo Scientific, Pierce, Rockford, IL, USA. Caspase
activation kit was obtained from R&D Systems, Minneapolis,
MN, USA. For western blot primary antibodies (pPI3K p85,
PI3K p85, pAKT, AKT, and B-actin) and HRP conjugated
rabbit anti-mouse secondary antibodies were bought from
Santa Cruz Biotech, CA, USA. For transfection studies
myrAktdeltaPH plasmid construct (mAKT) and empty plasmid
pECE were obtained from Addgene, Cambridge. Additionally,
Fugene HD (transfection reagent) was from Promega,
Sunnyvale, CA.

Cell culture

The human ovarian cancer cell line OVCAR-3 was procured
from the ATCC (Rockville, MD). Cells were cultured in
DMEM medium containing antibiotics (100 U/ml each of
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penicillin and streptomycin) along with 10% FBS in a
humidified incubator (95% air and 5% CO,) at 37°C.

Cell viability and cell cytotoxicity assay

The effect of stevioside in growth inhibition of OVCAR-3 cells
was analyzed using MTT assay. Initially, 5 x 103 cells per well
were seeded into 96 well plate for 24 h and incubated at 37°C.
Afterwards, stevioside (0, 2.5, 5 and 10 uM) was treated to the
cells for additional 24, 48 and 72 h. After predetermined
treatment time points, medium was aspirated and fresh medium
along with MTT solution was supplemented to the wells for 2
h at same conditions. Supernatant was further discarded and
the cells were rinsed with PBS. The formed mitochondrial
succinate mediated MTT formazan in viable cells was then
evaluated by adding DMSO to the wells and measuring
absorbance at a wavelength of 570 nm. Furthermore, the
amount of LDH produced from destructed cells was estimated
via cytotoxicity detection kit to analyze the cytotoxic effect of
stevioside on OVCAR-3 cells. For LDH assay, cells were
seeded and treated similar to MTT assay. Following treatment,
10 pl of supernatant was collected at predetermined time points
and mixed with 40 pl of PBS. LDH reagent was further added
to the reaction solution in equal concentration and incubated in
dark at 25°C. After 30 minutes, stop solution (50 pl) was
mixed to the reaction mixture and absorbance was measured at
490 nm wavelength to determine cell cytotoxicity level. For
accuracy both the assays were repeated thrice and expressed
along with error bars.

Measurement of ROS production and mitochondrial
membrane potential (A¥Ym) level

The ROS production was assayed using previously reported
study with slight modification [25]. In this assay, cellular
esterases deacetylates DCFH-DA into DCFH which further
gets oxidized by ROS into 2',7'-dichlorofluorescin (DCF; a
fluorescent compound). Therefore, it can be assumed that the
level of fluorescence in the cells is directly proportional to the
ROS level. To determine the level of ROS production within
the cells, 2 x 105 OVCAR-3 cells/well was seeded in 24 wells
plate. Thereafter, the cells were exposed to varying doses of
stevioside (0 pM to 10 puM) for 72 h followed by cell
harvesting as pellet and washing the pellet by PBS. The cells
were stained by resuspending the pellet into DCFH-DA, a
fluorescent probe. The reaction solution was incubated in the
absence of light at 37°C for 30 min. DCF fluorescence levels
in the stained cells were analyzed at 480 nm (excitation
wavelength) and 525 (emission wavelength) using FACScan
flow cytometer. Mean fluorescence intensity of three repeated
experimental values was calculated. In addition, to confirm the
role of ROS generation in stevioside induced apoptosis,
OVCAR-3 cells were cultured in 48 wells plate till 70-80%
confluence level. Cells were then pre-exposed to 5 mM of ROS
scavenger (NAC) for 2 h. Later on, cells were treated with
stevioside for 72 h followed by MTT assay.

As ROS production is associated with mitochondrial
membrane potential (A¥m), the level of A¥Ym was also
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determined [26]. After seeding the cells, appropriate doses of
stevioside were treated for 72 h. DiOC6(3) was then added to
the harvested cells in dark for 20 min at 37°C and the
fluorescent intensity was assayed by FACScan flow cytometer.

Caspase-3 and caspase-9 activity measurement

Caspase activation kit was used to measure caspase-3 and
caspase-9 activity in stevioside treated OVCAR-3 cells in
accordance to manufacturer’s protocol. Concisely, 72 h
stevioside treated OVCAR-3 cells were collected as pellet after
centrifugation. Cells were further mixed with lysis buffer (ice
cold) for 15 min. After cell lysis total protein was collected
from the supernatant and added with respective substrate and
amount of p-nitroaniline was measured at 400 nm.

Cell cycle distribution and apoptosis analysis

In brief, stevioside was treated on seeded OVCAR-3 cells at a
dose range of 0 uM tol0 puM for 72 h. Afterwards, the treated
cells were centrifuged at 1000 rpm for 15 min and the pellet
was procured. The harvested cells were then fixed and washed
followed by the addition of Triton X-100 (1% v/v) at 37°C for
15 min. DNA in the cells were stained by mixing PI solution
(40 pg/ml) with the treated cells and incubate them in the dark
at 4°C. Cell cycle distribution and apoptosis rate in OVCAR-3
cells induced by stevioside was then measured using FACScan
flow cytometry (BD Biosciences, Calibur, USA). Experiment
was performed thrice and shown as = SD.

Western blot analysis

Stevioside treated OVCAR-3 cells were collected by
centrifugation and rinsed with PBS. Ice cold RIPA buffer and
protease inhibitor cocktail (Roche) mixture was added to lyse
the cells and to collect total cell extract. Proteins were
collected as supernatant by first vortexing the extracts and then
centrifuging them at 12,000 rpm for 15 min at 4°C. The total
amount of protein in the samples was measured using BCA
protein assay reagent (Pierce). Equal quantity (50 mg) of each
protein samples were loaded on SDS polyacrylamide gel
(10%-12%) and SDS-PAGE (SDS polyacrylamide gel
electrophoresis) was performed to separate the protein bands.
The separated protein bands were transferred to nitrocellulose
membrane which was further incubated with 5% skim milk in
Tween 20-Tris buffered saline (TBST). After blocking the non-
specific sites on the membrane, required quantity of primary
antibodies (pPI3K p85, PI3K p85, pAKT, AKT, and B-actin)
was added to the membrane and incubated overnight.
Membrane was washed and incubated with secondary antibody
(horseradish peroxidase (HRP) conjugated rabbit anti-mouse
secondary antibody). The signals from the membrane were
then detected using enhances chemiluminescence detection
system (FUJFILM Las-3000 mini, Tokyo, Japan).

Overexpression of AKT allele

Overnight seeded OVCAR-3 cells were transfected with
mAKT plasmid construct (0.50 pg) along with transfection
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reagent Fugene HD. Empty plasmid pECE was taken as
control. After 4 h of incubation medium was aspirated and
cells were treated with stevioside for 72 h followed by MTT
assay.

Statistical analysis

Two-tailed student t test and one way ANOVA (significance
value was P<0.05) was performed on the results based on the
experiments which were conducted in triplicate.

Results

Stevioside affects proliferation of OVCAR-3 cells and
induces cell cytotoxicity

To investigate the antiproliferative effect of stevioside on
OVCAR-3 cells, MTT and LDH assays were performed to
determine the cell viability and cell cytotoxic effect of
stevioside on OVCAR-3 cells, respectively. For this,
OVCAR-3 cells were exposed to stevioside at concentrations
ranging from 0 pM to 10 uM from O h to 72 h. Both MTT and
LDH results showed dose dependent anti-proliferative effect of
stevioside on OVCAR-3 cells at all the selected time points
indicating its therapeutic potential. However, during early time
points significant antiproliferative effect of stevioside was
witnessed at only 10 uM of treatment dose. While, more time
was required for lower doses of stevioside to show prominent
antiproliferative effect. MTT assay showed approximately 70
% decrease in the viability of OVCAR-3 cells after 72 h of
treatment at 10 pM dose of stevioside (Figure 1a). In a similar
manner, LDH assay showed approximately 60 % enhanced cell
cytotoxicity at 10 uM of stevioside treatment after 72 h which
was in agreement to MTT assay (Figure 1b). Based on MTT
and LDH assay 72 h was selected as an effective time point for
further experiments.

Stevioside enhances the production of intracellular
ROS and decreases A¥m level

To examine the role of ROS generation in stevioside induced
apoptosis in OVCAR-3 ovarian cancer cells, cells were first
treated with stevioside for 72 h and then stained with DCFH-
DA DCF followed by fluorescence intensity measurement.
Increased level of ROS was observed with an increase in the
treatment dose of stevioside indicating the involvement of ROS
production in inducing apoptosis in stevioside treated
OVCAR-3 cell (Figure 2a). This phenomenon was confirmed
by MTT assay after stevioside exposure in NAC (ROS
scavenger) pretreated OVCAR-3 cells. Data showed that NAC
pretreatment inhibited the antiproliferative effect of stevioside
confirming the association of ROS generation and apoptosis in
OVCAR-3 ovarian cancer cells (Figure 2b). According to
previous studies, the correlation of apoptosis and variation in
A¥m is well defined [27]. Therefore, we also evaluated the
effect of stevioside treatment on AYm in OVCAR-3 cells using
DiOC6 fluorescent dye, a voltage and mitochondria specific
dye. As anticipated, a dose dependent decrease in A¥Ym was
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observed in stevioside exposed OVCAR-3 cells signifying the
stimulation of mitochondria mediated apoptotic signaling
pathway in the cells (Figure 2c).
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Figure 1. Growth inhibitory effect of stevioside on OVCAR-3 ovarian cancer cells proliferation. (4) MTT assay, (B) LDH assay. Data are shown

as mean + SD. *p<0.05.
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Figure 2. (4) Effect of stevioside on ROS production in OVCAR-3
ovarian cancer cells, (B) Growth inhibitory effect of stevioside on
OVCAR-3 ovarian cancer cells after treament with NAC (ROS
scavenger), (C) Effect of stevioside on mitochondrial membrane
production (4¥m) in OVCAR-3 ovarian cancer cells. Data are shown
as mean + SD. *p<0.05, **p<0.0, ***p<0.001.

>
?

e
——

[=2]
[=]
1

Caspase-3 Activity
(% of control)
3
il

%)
(=1
L

[=]

25 5 10 (M)

Stevioside enhances caspase activity

Followed by 72 h of stevioside treatment, caspase-3 and
caspase-9 activities were investigated in OVCAR-3 cells to
determine the potential mechanism of stevioside induced
apoptosis. It was observed that treatment with stevioside lead
to an increase in the levels of both caspase-3 and caspase-9
activities dose dependently in OVCAR-3 cells which were
found significant (Figures 3a and 3b). As measured by caspase
detection kit, caspase-3 activity was increased by 50% while
caspase-9 activity was enhanced by 57%, approximately, at 10
uM dose. These results suggest that stevioside induced
apoptotic pathway is caspase dependent in OVCAR-3 cells.
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Figure 3. Effect of stevioside on (4) caspase-3 and (B) caspase-9 activities in OVCAR-3 ovarian cancer cells. Data are shown as mean + SD.

#9<0.05, **p<0.0, ***p<0.001.
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Stevioside induces apoptosis and affects cell cycle
arrest

Apoptotic effect of stevioside on OVCAR-3 cells was explored
using flow cytometry by staining the cells with DNA binding
dye, propidium iodide, to ascertain that the antiproliferative
effect of stevioside was due to cell apoptosis. OVCAR-3 cells
exhibited increased apoptosis rate after 72 h of stevioside
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treatment, in a dose dependent manner (Figure 4a). The results
revealed increase in apoptosis rate from 1.63% to 25.35 % at 0
pM  to 10 pM of treated stevioside, respectively.
Corresponding to apoptosis rate, it was observed that
stevioside also promoted dose dependent cell cycle arrest at
G2/M phase in OVCAR-3 cells (Figure 4b).
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Figure 4. (4) Apoptotic effect of stevioside in OVACR-3 ovarian cancer cells, (B) Phases of cell cycle arrest in OVACR-3 ovarian cancer cells.

Data are shown as mean + SD. *p<0.05, **p<0.0, ***p<0.001.

Inhibitory effect of stevioside on PI3K/AKT
phosphorylation

Previous studies have reported that PI3K/AKT signaling
pathway is associated with cell growth and survival [28]. Thus,
in an attempt to examine whether the apoptotic effect of
stevioside on OVCAR-3 cells is due to the involvement of
PI3K/AKT signaling pathway western blotting was done. It is
well documented that the activation of AKT phosphorylation
protects the cells from apoptosis [29]. In this study it was
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found that stevioside inhibited the levels of pPI3K and pAKT
in a dose dependent manner (Figure 5a). These results were
further confirmed by overexpressing AKT through
myrAktdeltaPH  plasmid DNA  transfection. Results
demonstrated that the viability of OVCAR-3 cell was dose
dependently increased after AKT overexpression (Figure 5b),
suggesting that stevioside performs apoptosis via deactivating
PI3K/Akt pathway in OVCAR-3 cells.
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Figure 5. (A) Stevioside induced regulation of p-P13K, P13K, p-AKT, AKT and f-actin expression in OVACR-3 ovarian cancer cells, (B) Growth
inhibitory effect of stevioside on OVACR-3 ovarian cancer cells after overexpression of Akt allele. Data are shown as mean £+ SD. *p<0.05,

*#4p<0.001.
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Discussion

The ability of cancer cells to develop resistance against
chemotherapeutic agents is creating a need to develop novel
anticancer molecules with a reduced level of toxicity and
upgraded effectiveness. Nowadays, cancer suppression via
dietary components is attaining scientific as well as clinical
benefits. Therefore, the anticancer potential of natural
compounds, mainly phytochemicals, has been explored in
various studies. Phytochemicals may obstruct various
pathways responsible for carcinogenesis. In addition,
phytochemicals are well known to act as anticancer agents by
persuading apoptosis. Stevioside, a phytochemical, showed
anticancer effect on 12-O-tetradecanoylphorbol-13-acetate
(TPA) induced skin cancer in mice [30]. In MCF-7 human
breast cancer cells stevioside reduced cell viability by
inhibiting DNA synthesis and inducing cell apoptosis [19].
Also, a hydrolysis product of stevioside (isosteviol) performed
cell growth inhibitory activity by targeting DNA polymerases
and DNA topoisomerase II [31]. In accordance to above
studies, our MTT and LDH assay results also demonstrated
dose dependent (0 pM to 10 uM) and time dependent (0 h to
72 h) growth inhibitory effect of stevioside on OVCAR-3
ovarian cancer cells (Figure 1).

The relationship between anticancer phytochemicals and ROS
production is explained in various studies. ROS acts as a
secondary messenger and is usually associated with cell
proliferation and apoptosis [32]. ROS is mainly produced in
mitochondria due to which it is also associated with
destabilization of AY¥Ym [33,34]. Loss of A¥Ym reflects
mitochondrial damage resulting in early stage apoptosis [35].
In our study, stevioside displayed increase in ROS production
along with declined AYm in OVCAR-3 cells indicating the
commencement of intrinsic apoptotic pathway. As ROS is able
to perform dual function by inducing both apoptosis and cell
proliferation, we examined the apoptotic behavior of stevioside
in this study by pretreating the cells with NAC (ROS
scavenger). Here, NAC tends to neutralize the apoptotic effect
of stevioside. The increased cell viability of OVCAR-3 cells
ascertains that the elevated ROS generation is directly related
to the induction of apoptosis (Figure 2). ROS generation causes
cell death by interfering with many physiological processes
resulting in damage to DNA, membranes and proteins [36].

Moreover, ROS generation reduces A¥Ym which leads to
activation of mitochondrial factors responsible for apoptosis.
Caspase-9 and cytochrome-c are among such mitochondrial
factors which are involved in apoptotic phenomenon [37].
Upon receiving stress signals, the cell secretes cytochrome c
which attaches to apoptotic protease-activating factorl
(Apaf-1) finally forming a complex. This complex activates the
inactive caspae-9 (the initiator caspase) and forms apoptosome
[38]. Here, significant increase in both caspase-9 and caspase-3
was also observed which showed implication of mitochondrial
intrinsic apoptotic pathway (Figure 3).

The check points in a cell cycle are of great importance as they
are essential to make sure that the upstream processes are well
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accomplished before downstream processes proceeds, such as
completion of DNA replication and chromosome attachment to
spindle apparatus. If the checkpoints find any improper
functioning in the upstream processes, the cell undergoes
apoptosis [39]. However, in case of any impairment in the
checkpoints, the normal cells show uncontrolled growth and
may get converted into tumor cells. Studies showed that the
growth inhibitory effect of phytochemicals is also associated
with cell cycle arrest and apoptosis [40]. Flow cytometeric
studies performed here also demonstrated significant increase
in apoptosis rate and cell population in G2/M phase indicating
cell cycle arrest (Figure 4).

Furthermore, we investigated the specific regulatory
mechanism of stevioside at the molecular level which may be
responsible for the cell cycle arrest. In cell physiology,
phosphatidylinositol acts as a secondary messenger that
regulates various cellular processes that are accountable for
cell survival and apoptosis. Phosphatidylinositol gets
phosphorylated after the activation of a dimer enzyme i.e.
PI3K. Regulatory unit (p85) and catalytic unit (p110) are the
two components of PI3K which are responsible for Akt
phosphorylation [41]. AKT is well identified to inhibit
apoptosis and promote cell survival, therefore, the
phosphorylation of AKT is a critical factor in the progression
of various cancers including ovarian cancer [11]. Previous
studies showed that AKT phosphorylation inhibits caspase-9
mediated apoptosis by inactivating procaspase-9 [42]. As
shown in the current study, stevioside inactivate PI3K/AKT by
inhibiting the phosphorylation of both PI3K and AKT in a dose
dependent manner (Figure 5). Western results were further
confirmed by analyzing cell viability after transfecting the cells
with plasmid DNA that overexpress AKT. The decrease in
pPI3K and pAKT level and an increase in caspase-9 level can
be associated together, suggesting that stevioside may induce
intrinsic apoptotic pathway in OVCAR-3 ovarian cancer cells.

Conclusion

In summary, our study showed the antiproliferative effect of
stevioside on OVCAR-3 ovarian cancer cells by inducing
apoptosis and cell cycle arrest. Furthermore, it was observed
that stevioside exhibit apoptotic effect on OVCAR-3 ovarian
cancer cells by promoting ROS generation and stimulating
caspase-3 and caspase-9 activities. The current study also
showed that stevioside deactivates PI3K/AKT signaling
pathway by inhibiting phosphorylation of PI3K and AKT.
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