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ABSTRACT

Ovarian cancer is a deadly disecase with a poor prognosis, highlighting the urgent need for novel therapeutic
alternatives. Pyranocycloartobiloxanthone A (PA), an exceptional xanthone compound has garnered attention due to
its diverse medicinal properties. This study aimed to investigate the anticancer properties of PA on metastatic ovarian
cancer SKOV-3 cells. Cytotoxicity was evaluated using an MTT assay, while apoptotic mechanisms were determined
using AO/PI double staining, annexin V-fluorescein isothiocyanate, multiple cytotoxicity-3, reactive oxygen species
(ROS) production, caspases, real-time PCR, western blot, human apoptosis protein profile array and cell cycle analysis.
PA inhibited SKOV-3 cell proliferation in a time-dependent manner, with an IC, of 7.0 + 0.5 pg/mL and a selectivity
index of 13.2 after 72 h of treatment. PA induced apoptosis through the intrinsic apoptotic pathway and arrested the
cell cycle at the S phase. PA stimulated ROS production and disrupted the mitochondrial membrane potential,
releasing cytochrome ¢ from mitochondria to the cytosol. Additionally, results from human apoptotic protein profile
indicated that 21 proteins were upregulated while 22 proteins were downregulated, including Bcl-2, survivin, and
HSP70. These findings suggest that PA has the potential as a lead molecule in the development of a chemotherapy
drug for ovarian cancer. However, further research is necessary to evaluate the safety and efficacy of PA in preclinical
and clinical settings.
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ABSTRAK

Kanser ovari adalah penyakit yang membawa maut dengan prognosis yang kurang baik, menunjukkan keperluan
yang mendesak untuk terapi alternatif yang novel. Piranosikloartobilozanton A (PA), sebatian zanton yang luar
biasa telah menarik perhatian kerana sifat perubatannya yang pelbagai. Penyelidikan ini bertujuan untuk mengkaji
sifat antikanser PA ke atas sel kanser ovari metastatis SKOV-3. Sitotoksisiti dinilai menggunakan asai MTT, manakala
mekanisme apoptosis ditentukan menggunakan pewarnaan berganda AO/PI, annexin V-fluoresein isotiosianat, pelbagai
sitotoksisiti-3, pengeluaran spesies oksigen reaktif (ROS), caspases, masa nyata PCR, pemblotan western, profil protein
apoptosis manusia dan analisis kitaran sel. PA merencat proliferasi sel SKOV-3 bergantung kepada masa dengan IC_|
7.0 = 0.5 pg/mL dan indeks selektiviti sebanyak 13.2 selepas 72 jam rawatan. PA aruhan apoptosis melalui laluan
apoptosis intrinsik dan menahan kitaran sel pada fasa S. PA merangsang pengeluaran ROS dan mengganggu potensi
membran mitokondria, melepaskan sitokrom c daripada mitokondria ke sitosol. Selain itu, hasil daripada profil protein
apoptosis manusia menunjukkan bahawa pengawalaturan 21 protein telah meningkat manakala 22 protein telah
menurun termasuk Bcl-2, survivin dan HSP70. Penemuan ini mencadangkan bahawa PA mempunyai potensi sebagai
molekul utama dalam membangunkan dadah kemoterapi untuk kanser ovari. Walau bagaimanapun, kajian lanjut adalah
perlu untuk menilai keselamatan dan keberkesanan PA dalam konteks praklinikal dan klinikal.

Kata kunci: Apoptosis; Artocarpus obtusus; kanser ovari; kitaran sel; piranosikloartobilozanton A
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INTRODUCTION

Ovarian cancer is currently the most fatal gynaecological
cancer with a global report of 313,959 new cases and
207,252 deaths in 2020 alone, thus, assuming the
fourth most common cause of female cancer (Joly et
al. 2022; Marchetti et al. 2021). Furthermore, only a
small portion of ovarian malignancies originates from
the sex-cord stromal tissues or germ cells whereas the
vast majority (90%) of them are of epithelial origin
and thus, are referred to as epithelial ovarian cancer
(EOC) (Maleki et al. 2022; Schoutrop et al. 2022). The
other common EOC histological subtypes include clear
cell, endometrioid, mucinous, and low-grade or high-
grade serous carcinomas (Ivanova, Dikov & Dimitrova
2017). Though the cumulative mortality risk of ovarian
cancer is almost similar worldwide, its incidence in
more developed countries is twice as high compared to
developing countries (Marchetti et al. 2021).

Ovarian cancer is notorious for its asymptomatic
early stages, making it challenging to detect until it
reaches advanced disease stages, often classified as
stage III and IV according to International Federation
of Gynaecology and Obstetrics (FIGO) (Pellegrini et al.
2022). By the time many cases are diagnosed, the cancer
has already spread extensively within the abdominal
cavity or to distant sites. Cytoreductive surgery
(extensive debulking) followed by platinum-based
adjuvant chemotherapy with or without maintenance
therapy (such as poly adenosine diphosphate ribose
polymerase [PARP] inhibitors or angiogenesis inhibitor
bevacizumab) are the mainstay and gold standard of
ovarian cancer first-line therapy (Wu et al. 2021).
However, in many cases, despite the initial treatment
regimen, patients with epithelial ovarian cancer
(EOC) face a grim 5-year survival rate of 46%, with
recurrence and metastasis being common outcomes due
to the limited effectiveness of adjuvant chemotherapy
following cytoreductive surgery (Wang et al. 2022).

Metastasis in ovarian cancer typically occurs through
three primary routes: transcoelomic, hematogenous, or
lymphatic dissemination (Pal et al. 2023; Yeung et al.
2015). These pathways allow cancer cells to break
free from the ovaries or fallopian tubes, leading to the
formation of extensive tumours that can spread beyond
the abdominal cavity. This advanced stage of cancer is
often associated with a bleaker prognosis and a higher
mortality rate compared to cancers that remain localized.
This stark reality underscores the urgent need for more
effective treatment strategies to combat the metastatic
nature of the disease and overcome the challenges posed
by late-stage diagnosis and chemotherapy resistance.

Apoptosis, the controlled process of cell death,
is intricately regulated by two main pathways: the
extrinsic pathway, which responds to external signals
via cell surface death receptors, and the intrinsic
pathway, initiated by genotoxic stress and involving
mitochondrial mediation. These pathways harmonize the
action of numerous proteins, including members of the
BCL-2 family (Singh & Lim 2022). Any disruption or
malfunction in this intricate network can result in cancer
cells successfully evading apoptosis, posing a challenge
in cancer therapy. Therefore, the development of an
efficient cancer chemotherapeutics strategy requires an
understanding of the apoptosis pathways. On the other
hand, a new horizon to treat cancer is the exploration of
natural products and compounds derived from medicinal
plants owing to their potential to be used in combination
with chemotherapy drugs to improve their efficiency
(Gielecinska et al. 2023; Smirnova et al. 2022).

Artocarpus obtusus Jarrett (Family Moraceae)
locally known as ‘pala tupai’ is an endemic species
of Borneo mostly growing in lowland and freshwater
swamp forests both in the tropical and subtropical regions
(Sidahmed et al. 2013). Pyranocycloartobiloxanthone A
(PA) (Figure 1) is a new xanthone and a major bioactive
compound that was first isolated from 4. obtusus
(Hashim et al. 2010). Other studies, however, have
shown that PA can be isolated from A. anisophyllus
(Lathiff et al. 2015) and A. hirsutus (Nayak et al.
2018). PA has cytotoxic and antiproliferative effects
in MCF7 cells through NF-kB and Bcl2/Bax signaling
pathways (Hashim et al. 2012; Mohan et al. 2012), in
addition to other diverse range of biological activities
such as strong antimicrobial, free radical scavenging,
anti-tyrosinase inhibitory, gastroprotective activity, and
anti-acne activities (Hashim et al. 2012; Nayak et al.
2018; Sidahmed et al. 2013). Though PA has been shown
to have antiproliferative effects on several cancer cell
lines, its effects on metastatic ovarian cancer SKOV-3
cells, however, have yet to be evaluated. Therefore,
this study aims to explore the anticancer effects of PA
on SKOV-3 cells and to identify the potential apoptotic
mechanism involved.

MATERIALS AND METHODS

CHEMICAL AND REAGENTS
The analytical grade chemicals and reagents were
purchased from Sigma-Aldrich Chemical Co, United
States and Nacalai, Japan.
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FIGURE 1. The chemical structure of PA

PA AND CONTROL DRUG PREPARATION

PA was obtained from the isolation of the stem bark of
Artocarpus obtusus as previously described (Hashim
et al. 2010). Dimethyl sulfoxide (DMSO) was used
to dissolve the compound and control drug, with a
maximum of 0.1 percent final concentration of DMSO in
the final stock solution. The tested cell lines were given
a two-fold series dilution concentration of PA and the
control drug paclitaxel.

CELL CULTURE

Metastatic ovarian adenocarcinoma SKOV-3 cell line
was acquired from the American Type Culture Collection
(ATCC; Manassas, VA). The normal immortalized
human ovarian surface epithelial cell line T1074 was
originally purchased from Applied Biological Materials
(abm®) Canada. SKOV-3 cells were cultured in McCoy’s
5A medium and T1074 cells were cultured in Prigrow 1
medium. Both cultured cells were supplemented with
10% heat-inactivated foetal bovine serum (FBS), 100 u/
mL of penicillin, 100 u/mL of streptomycin, and 20 mM
of HEPES buffer at 37 °C in a humidified incubator in the
presence of 5% CO, (Rahman et al. 2016).

CELL VIABILITY ASSAY

Following the harvest of confluence cells, the cells were
centrifuged at 1,800 rpm for 5 min. The concentration of
cells was, then, adjusted to 1x10° cells/mL. Then, the cells
were treated with paclitaxel (control) and PA at various
concentrations in a 96-well plate and incubated for 24,
48, and 72 h. About 20 puL of 3-(4,5-dimethylthiazol-
2yl)-2,5-diphenyl tetrazolium bromide (MTT) reagent
(Invitrogen, Carlsbad, USA) was added to each well and
then, incubated for 3 h. The assay was carried out at an
absorbance of 570 nm to determine the IC value.

SELECTIVITY INDEX ANALYSIS

The selectivity index (SI) of a drug or compound is a
significant metric for determining a potential drug’s
ability to selectively kill cancer cells while being less
toxic to healthy cells in vitro (Lopez-Lazaro 2015). The
SI was calculated using the following equation:

ICSO calculated for normal cells

Selectivity Index =
ICSO calculated for cancer cells

APOPTOTIC MORPHOLOGICAL DUAL STAINING
The morphology of apoptosis was assessed using
acridine orange (AO) and propidium iodide (PI)
dual staining following the standard procedure. The
examination was carried out under a fluorescent
microscope (Leica, Wetzlar, Germany) attached to
Q-Floro software. Briefly, a 25 mL culture flask (Nunc®,
Sigma-Aldrich) was used for the assay. SKOV-3 cells
were treated with the IC,  concentration of PA after
being seeded at a density of 1x10° cells/mL. Then, the
flasks were incubated for 24, 48, and 72 h at 37 °C. The
harvested cells were later washed and then, stained with
fluorescent dyes (AO/PI) comprising 10 puL (10 pg/mL)
each of AO and PI. An ultraviolet fluorescent BX60
microscope (Olympus, Tokyo, Japan) was used to observe
the cell morphology for 30 min before the disappearance
of the fluorescence intensity. The categorization of
healthy, apoptotic, and necrotic cells was carried out
according to the literature (Kitazumi & Tsukahara 2011).

ANNEXIN-V-FITC ASSAY
A six-well plate was used to seed SKOV-3 cells (5x10*
cells/mL). After exposure to PA for 24, 48, and 72
h, the cells were later harvested and then, washed
with phosphate-buffered saline. A FITC (fluorescein
isothiocyanate) Annexin V Apoptosis Detection Kit I
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(BD Pharmingen™, San Diego, CA, USA) was used
for the assay. The treated cells were first centrifuged at
1,600 rpm for 5 min. Then, 100 uL of each sample was
taken and placed into a tube containing 5 pL of FITC
Annexin V and 10 pL of PI stain. Following the mixing
of the suspension, 100 pL of 1x assay buffer was added
per tube prior to the analysis of all the samples using a
flow cytometer (BD FACSCanto™ II, San Jose, CA, USA).

CELL CYCLE ANALYSIS

A T75cm? flask was used for SKOV-3 cells at a
concentration of 5x10° cells and incubated overnight to
allow attachment. The attached cells were treated with
PA for 24, 48, and 72 h. Following the treatment, the cells
were first trypsinized and then, centrifuged at 1,500 rpm
for 10 min. The fresh pellets obtained were, then, washed
twice with PBS, fixed with 500 pL of cold ethanol
(70%), and incubated at —20 °C overnight. Following
the removal of the remaining ethanol, the cells were
resuspended in PBS containing 20 uL. of RNase A (10 png/
mL) and 2 pL of PI (2.5 pg/mL). The resulting mixture
was then incubated at 37 °C for 30 min in the dark. FACS
Canto 11 Becton-Dickinson flow cytometry was used
for immediate analysis of the samples (10,000 cells per
sample). The percentage of cells at different phases was
analysed using ModFit LT software (Verity Software
House, Topsham, ME).

MULTIPLE CYTOTOXICITY 3 ASSAY

Cellomics® Multiparameter Cytotoxicity 3 kit (Thermo
Scientific, Pittsburgh, PA, USA) was used for multiple
cytotoxicity assays using a 96-well microplate. The
concentration of cells in each well was 5x10° cells. Then,
the cells were treated with PA for 24, 48 and 72 h and
then, incubated overnight at 5% CO, saturation and 37
°C. Several solutions were then added successively to
each well starting from 50 uL of live cell staining to 100
pL of fixation solution, 100 pL of 1x permeabilization
buffer, and 100 uL of 1x blocking buffer for an incubation
duration of 30, 20, 10, and 15 min. Two antibody
solutions (primary and secondary antibody) were used
(50 uL each) and added to the wells. An ArrayScan HCS
reader was used to read the plate and evaluate the results.

REACTIVE OXYGEN SPECIES GENERATION ASSAY

The production of intracellular reactive oxygen species
in PA-treated SKOV-3 cells was examined using
2',7'-Dichlorofluorescin diacetate (DCFH-DA). The

cells were first seeded in a 96-well black plate and then,
incubated overnight to attach. Then, the cells were
treated with PA for 24, 48, and 72 h. The cells were
washed using Hank’s balanced salt solution without
serum. Then, 100 pL of DCFH-DA solution was added
to each well prior to 30 min incubation at 37 °C. A
fluorescence microplate reader (Tecan Infinite M 200
PRO, Minnedorf, Switzerland) was used to analyse the
results at 485 nm excitation and 520 nm emission.

ACTIVATION OF CASPASE-3, CASPASE-8 AND CASPASE-9
ASSAY

An R & D system kit (USA) was used to conduct the
colorimetric assay of the activation of caspase-3,
caspase-8, and caspase-9. Briefly, 90% confluent cells
were induced in a T75¢m? flask with PA for 24, 48, and
72 h. The induced cells were first trypsinized and then,
centrifuged at 1,800 rpm for 10 min. Then, the fresh
pellets were washed with cold PBS and lysed immediately
with protein lysis buffer. The cell lysates were first kept
on ice for 10 min, centrifuged at 10,000 g for 15 min, and
then, transferred into a new tube. The fresh cell lysates
(50 uL) containing 100-200 pg of protein was added to a
96-well plate in triplicate. Then, 50 pL of reaction buffer
and 5 pL of caspase were then transferred into each well
prior to incubation at 37 °C in a CO, incubator for 2 h.
The analysis was carried out using a microplate reader
(Tecan Infinite M 200 PRO, Méannedorf, Switzerland) at
405 nm.

REAL-TIME PCR

The RNeasy Mini Kit was used to extract total RNA
from SKOV-3 cells (Qiagen, Germany). A Nanodrop
2000 spectrophotometer was used to determine the
final concentration of total RNA as well as its purity
(Thermo Scientific). The 2-Step qRT-PCR Kit
was used for RNA to cDNA conversion (Applied
Biosystems, USA). In the gene expression assay, 1 puL
of cDNA (at a concentration of 1 pg/mL) was combined
with specific TagMan primers and probes for the
target genes, including B-actin, survivin, Bax, Bcl-2,
HSP70, caspases-3, caspase-8, and caspase-9 (Applied
Biosystems, USA). The gene expression levels were then
measured with the StepOne Plus Real-time PCR System
(Applied Biosystems, USA). The qRT-PCR cycling
program typically involved cycling through 2 min of
reverse transcription at 50 °C, followed by 20 s of initial
polymerase activation at 95 °C. Subsequently, there was a
1 s denaturation step at 95 °C, and then 20 s of annealing



and extension at 60 °C. This entire cycle was repeated
40 times to amplify the target cDNA. Data analysis was
performed using the comparative Ct (2-AACt) method
to determine gene expression levels relative to reference
genes or controls (Wong & Medrano 2005).

WESTERN BLOT

PA was exposed to SKOV-3 cells in a 75cm? culture flask
for 24, 48, and 72 h. The total protein was extracted using
lysis buffer (50 mM Tris—HCI, pH 8.0; 120 mM NaCl,
0.5% NP-40; and 1 mM PMSF). A BCA protein assay
reagent kit (Bio-Rad, USA) was used to determine the
protein concentration. Equal amounts of protein (40 pg)
extract were subjected to SDS-PAGE and electroblotted
onto a polyvinylidene difluoride membrane (Bio-Rad).
Blots were then blocked with 5% non-fat milk in TBS-
Tween buffer 7 (0.12 M Tris-base, 1.5 M NaCl, and
0.1% Tween 20) for 1 h at room temperature. Following
incubation with the appropriate primary antibody
overnight at 4 °C, the blots were first washed and later
incubated with horseradish peroxidase-conjugated
secondary antibody for 1 h at room temperature. The
protein bands were detected using pico or Femto
chemiluminescence (ECL system) and visualized using
a UV gel documentation system. The subsequent primary
antibodies including those for B-actin (1:1000) (Cat. No.
ab8227), survivin (1:1000) (Cat. No. ab24479), Bax
(1:1000) (Cat. No. ab32503), Bcl-2 (1:1000) (Cat. No.
ab7973), HSP70 (1:1000) (Cat. No. ab45133), cleaved
caspase -3 (1:10000) (Cat. No. ab32351), cleaved caspase
-8 (1:10000) (Cat. No. ab25901) and cleaved caspase
-9 (1:10000) (Cat. No. ab32539) were purchased from
Abcam, Cambridge, United Kingdom.

HUMAN APOPTOSIS PROTEIN PROFILE ARRAY

The Proteom Profiler Array (RayBio® Human
Apoptosis Antibody Array Kit, Raybiotech, USA)
was used to determine the apoptosis-related proteins
following the marker’s instructions. The goal was to
examine the pathways through which PA promotes
apoptosis. The cells were treated with the IC,  values of
PA for 48 h treatment. The treated cells were first lysed
and then extracted. A total of 300 pg of proteins from
each sample were incubated overnight. The data were
obtained by scanning the membrane using a Biospectrum
AC ChemiHR 40 (UVP, Upland, CA) and an examination
of the file of the array image was conducted using
image analysis software following the instruction of
the company.
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STATISTICAL ANALYSIS

All data were presented as means + standard deviations
(mean + SD) and analysed using one-way ANOVA and
post hoc Tukey HSD multiple comparison tests. Statistical
analysis was carried out using the SPSS-16.0 software
package and GraphPad prism 5.0, with p<0.05 considered
significant.

RESULTS

PA SELECTIVELY INHIBITS THE PROLIFERATION OF
SKOV-3 CELLS AND NORMAL CELLS

PA treatment resulted in a noticeable decrease in cell
viability in SKOV-3 cells in a time-dependent fashion,
with IC, values of 7.0 + 0.5 pg/mL observed after 72 h
of treatment (Table 1). This compound exhibited a lesser
effect on normal cells T1074 compared to the positive
control, paclitaxel. The selectivity index analyses of PA
and paclitaxel on SKOV-3 cells at different time points
are also presented in Table 2. The selectivity index of PA
increased over time and reached its highest value of 13.2
after 72 h of treatment.

PA SELECTIVELY INHIBITS THE PROLIFERATION OF
SKOV-3 CELLS AND NORMAL CELLS

The morphological changes in SKOV-3 cells treated with
PA were observed under normal inverted microscopy
as shown in Figure 2. The dissociated morphological
structure of the treated SKOV-3 cells was apparent after 24
h exposure to PA with the formation of apoptotic bodies.
The marked reduction in the cell number was clearly
visible, indicating that growth inhibition had occurred.
However, the untreated SKOV-3 cells remained healthy
with an intact structure.

PA INDUCES TIME-DEPENDENT APOPTOTIC
MORPHOLOGICAL CHANGES IN SKOV-3

Figure 3 demonstrates that after 24 h of PA treatment,
notable morphological changes were observed in SKOV-3
cells, signifying the onset of apoptosis. These changes
encompassed membrane blebbing, cellular shrinkage,
and nuclear alterations, all consistent with the early stages
of apoptosis. The difference in apoptosis induction was
statistically significant (p<0.05) in the treated cells.
Furthermore, with extended exposure time (72 h after
treatment), a concurrent increase in cell death, including
secondary necrosis, was observed.
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TABLE 1. The IC, values of PA and paclitaxel on SKOV-3 and T1074 cells at different time points

IC,, values at different time points (ng/mL)

Compounds/
Treatment period (h) SKOV-3 T1074
24 48 72 24 48 72
PA 10.0£0.5 8.5+0.5 7.0+£0.5 96.0+0.5 90.5+0.5 82.0+0.28
Paclitaxel 4.6+0.28 2.5+02 0.8+0.2 60.0+0.5 49.5+0.76 30.5+0.5
TABLE 2. The selectivity index analysis of PA and paclitaxel on SKOV-3 cells at different time points
KOV-3 cell
Compounds/ Treatment period SKOV-3 cells
(h) 24 48 72
PA 9.6 10.6 13.2
Paclitaxel 13.0 19.7 38.12
Control
Treated

FIGURE 2. Microscopic evaluation of SKOV-3 cells treated with PA (8.5 pg/mL) at
different time points (200x magnification). (A) Untreated cells 24 h. (B) Untreated
cells 48 h. (C) Untreated cells 72 h. (D) Cells at 24 h treatment. (E) Cells at 48 h
treatment. (F) Cells at 72 h treatment. IC: Intact cell structure; DC: dissociate cell
structure and AB: apoptotic body
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FIGURE 3. AOPI analysis of SKOV-3 cells treated with PA (8.5 pg/mL) at different
time points. (A) Normal SKOV-3 cells. (B) SKOV-3 cells treated at 24 h. (C)
SKOV-3 cells treated at 48 h. (D) SKOV-3 cells treated at 72 h. (E) Quantitative
results of morphological cell changes at different time points. (EA: Cell at early
apoptosis; LA: Cells at the late stage of apoptosis; and SN: Cell at secondary
necrosis stage). Results are depicted as mean + SD of three replicates. * Indicates a
significant difference from the control of each phase (p<0.05)
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PA TRIGGERS PHOSPHATIDYLSERINE EXPOSURE AND
EARLY APOPTOSIS

The different kinetics of phosphatidylserine (PS) exposure
on the plasma membrane’s outer leaflet is one of the
earliest biochemical changes in apoptosis events. Annexin
V, a Ca*-dependent phospholipid-binding protein, has
been shown to interact with PS specifically and strongly
and can be used to detect apoptosis by targeting the loss
of plasma membrane asymmetry. A significant increase
in early apoptosis and late apoptosis was observed in
SKOV-3 treated with PA at 24 h of treatment, which
accounts for more than 50% of cells in apoptosis stages
(Figure 4). After 48 and 72 h of continuous exposure to
the PA, there was an increase in cells in the late apoptosis
and necrotic region.
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PAINDUCES S PHASE CELL CYCLE ARREST

The antiproliferative effect of PA regarding cell cycle
arrest was evaluated using flow cytometry. As displayed
in Figure 5, there was a time-dependent PA-induced
depletion of SKOV-3 cells in the S phase. In the G0/G1
phase, however, there was a decrease in the proportion
of cells despite the significant (»<0.05) increase in the
accumulation of cells arrested at the S phase at 72 h. A
significant increase (p<0.05) in the proportion of cells in
the apoptosis phase was also observed.

PA TRIGGERS TIME-DEPENDENT REACTIVE OXYGEN
SPECIES FORMATION

A time-dependent generation of intracellular reactive
oxygen species (ROS) was significantly (p<0.05)
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FIGURE 4. Annexin V-FITC flow cytometry assessment of SKOV-3 cells treated
with PA (8.5 pg/mL) at different time points. The movement of the cell population
commenced in Q3 (viable) to Q4 (early apoptosis) to Q2 (late apoptosis) and then

to Q1 (secondary necrosis). [A] Control (untreated), [B] 24 h treatment, [C] 48 h
treatment, and [D] 72 h treatment. [E] Histogram. Results are presented as mean +
SD of three replicates. *p<0.05 indicates a significant difference from the control
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increased in SKOV-3 cells treated with PA as shown compared with untreated cells and decreased slightly after
in Figure 6. At 24 and 48 h post-treatment, the treated 72 h treatment.
cells displayed a 2-fold increase in the formation of ROS
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FIGURE 5. Cell cycle phase distribution analysis of SKOV-3 treated with PA (8.5
pg/mL) at different time points. [A] Control (untreated), [B] 24 h treatment, [C]
48 h treatment, and [D] 72 h treatment. [E] Histogram examination denoted cell

cycle arrest in the S phase. Results are presented as mean + SD of three replicates.

*p<0.05 indicates a significant difference from the control
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FIGURE 6. Effects of PA (8.5 pg/mL) on ROS generation in SKOV-3 cells. Cells
were treated with PA for 24, 48, and 72 h. Values are expressed as mean + SD from
three independent experiments. Statistical significance was expressed as *p<0.05
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PA TRIGGERS MITOCHONDRIAL DISRUPTION AND
CYTOCHROME ¢ RELEASE
For further investigation of the effect of PA on
mitochondrial membrane potential (MMP) changes, cell
permeability, cytochrome c localization and release from
mitochondria, Hoechst staining and MMP fluorescence
probe were used to evaluate the function of the nucleus

and mitochondria. As shown in Figure 7, the decrease
in both nuclear size and cell number due to exposure
of SKOV-3 cells to PA was clearly visible. The treated
cells exhibited clear nuclear condensation while the
untreated SKOV-3 cells showed intact nuclei, as seen
in Hoechst 33342 staining. The alterations in nuclear
intensity, which are closely associated with apoptotic
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FIGURE 7. lllustrative image of SKOV-3 cells in a 96-well black plate exposed to either medium
alone or 8.5 pg/mL PA for 24, 48, and 72 h. Images were observed at a magnification of 20x%.
(A) Untreated SKOV-3 cells and (B) SKOV-3 cells treated with 8.5 pg/mL of PA. (C) Time-

dependent quantitative analysis of SKOV-3 cells treated with PA for different apoptosis parameters.

Average intensities were observed simultaneously in SKOV-3 cells for total nuclear intensity, cell

permeability, MMP, and cytochrome c release. All data were expressed as means + SD. *p<0.05

indicates a significant difference from the control



chromatin changes, such as membrane fragmentation,
blebbing, and condensation, were quantified in Figure
7. Time-dependent increment in cell permeability upon
SKOV-3 treatment was associated with a significant
(p<0.05) reduction of green fluorescence intensity of
MMP. These changes were also associated with the
collapse of MMP. PA has been shown to clevate the
highest translocation level of cytochrome c as early as
24 h treatment and decreased slightly after 48 and 72
h. The cyan fluorescence intensities of cytochrome c
dye were markedly increased indicating the significant
(p<0.05) cytochrome c release from mitochondria into
the cytosol. The present findings exhibited a time-
dependent significant (p<0.05) increase upon SKOV-3
treated with PA in total nuclear intensity, increased
cell permeability, collapsed of MMP and elevated
translocation of cytochrome ¢ in the cytosol when
compared to the control SKOV-3 cells.

PA INDUCES CASPASE ACTIVATION VIA INTRINSIC
PATHWAY

Treatment of SKOV-3 cells with PA resulted in a
significant (p<0.05) time-dependent activation of
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caspase-9 and caspase-3, as shown in Figure 8. The
highest activation of caspase-9 was observed at 24 h
of treatment, while the highest activation of caspase-3
was observed at 48 h. However, there was no significant
increase (p<0.05) in the activation of caspase-8
throughout the treatment periods.

PA-INDUCED CHANGES IN APOPTOTIC MRNA
EXPRESSION

Figure 9 illustrates the mRNA expression levels of
Bax, Bcl-2, HSP70, survivin, caspase-3, caspase-8, and
caspase-9 in untreated and PA-treated SKOV-3 cells.
The expression levels of Bax, caspase-3, and caspase-9
increased significantly over time, with Bax and caspase-3
showing the highest upregulation, with 7-fold and
6-fold changes in mRNA levels after 72 h of treatment,
respectively. Conversely, the expression levels of Bcl-
2, survivin, and HSP70 genes were significantly (p<0.05)
down-regulated over time in PA-treated SKOV-cells.

WESTERN BLOT ANALYSIS
The Western blot analysis performed on SKOV-3 cells
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FIGURE 8. Effect of PA (8.5 pg/mL) on caspases activation at different time points.
Results are represented as mean + SD of three replicates. *p<(0.05 indicates a
significant difference from the control
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HSP70, Caspase 3, Caspase 8 and caspase 9 in SKOV-3 cells after 24, 48, and 72
h. B-Actin was used as a loading control. All data were expressed as mean + SD.
Statistical significance was expressed as *p<0.05

treated with PA showed a time-dependent upregulation
of Bax, cleaved caspase-3, and cleaved caspase-9
proteins. The expression levels of cleaved caspase-3 and
cleaved caspase-9 were significantly increased after 48
and 72 h of treatment. In addition, the expression levels
of Bcl-2, survivin, HSP70, and cleaved caspase-8 were
down-regulated in a time-dependent manner (Figure 10).

HUMAN APOPTOSIS PROTEIN PROFILE ARRAY

Figure 11 shows the results of an apoptosis protein
profile assay that examined the expression levels of 43
apoptotic proteins in SKOV-3 cells treated with PA. The
assay showed that 21 apoptotic proteins, including Bad,
Bax, Bid, Bim, caspase-3, Cytochrome ¢, DR6, Fas, fasL,
HTRA, IGFBP-3, IGFBP-4, p53, SMAC, sTNFRI, sTNFRII,
TNF-a, TNF-B, TRAIL-R1, TRAIL-R2, TRAIL-R3, and
TRAIL-R4, were upregulated in the treated cells. Among
these, caspase-3, cytochrome ¢, DR6, FasL, HTRA, and
TRAIL-R4 showed the highest levels of upregulation. On

the other hand, 22 apoptotic proteins, including Bcl-2,
Bel-w, CD40, CD40L, cIAP-2, HSP27, HSP60, HSP70,
IGF-1, IGF-2, IGFBP-1, IGFBP-2, IGFBP5, IGFBP6, IGF-
IsR, livin, p21, p27, survivin, and Xiap, were down-
regulated in the PA-treated SKOV-3 cells. Caspase-8 did
not show any significant difference when compared to
the control.

DISCUSSION

Our study uncovers the notable potential of PA, derived
from the stem bark of 4. obtusus, to exert a selective
antiproliferative effect on SKOV-3 cells through the
induction of apoptosis. It is noteworthy that while
previous research has documented PA’s ability to inhibit
the proliferation of MCF7 cells (Mohan et al. 2012),
there has been a dearth of information regarding its
apoptotic actions specifically in SKOV-3 cells and the
associated mechanisms. Thus, our investigation serves
as a pioneering effort, establishing for the first time
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the apoptotic capabilities of PA against SKOV-3 cells,
characterized by the mitochondria-dependent activation
of the caspase cascade, heightened ROS levels, induction
of S-phase cell cycle arrest, and modulation of Bcl-2
family proteins.

The adverse impact of existing chemotherapeutic
drugs on both normal tissues and the development
of drug resistance is a pressing concern affecting
approximately 75% of ovarian cancer patients (Maleki
et al. 2022). Consequently, there is an urgent demand for
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the discovery of highly safe and effective agents that can
mitigate drug side effects and combat drug resistance
in advanced ovarian cancer (Teckaraman et al. 2019).
In recent years, there has been growing interest in the
potential of phytochemicals to influence mechanisms
involved in tumorigenesis across various human
malignancies (Hashemi et al. 2021; Lang et al. 2018).
The primary objective of this study was to investigate
the antiproliferative properties of xanthones, which may
offer a safer alternative to current chemotherapy drugs,
and to assess the role of PA as a potential anti-cancer
agent against ovarian cancer cells. Furthermore, we
aimed to unravel the underlying mechanisms responsible
for their anti-cancer potential. Our findings align with
previous research on artonin E, a prenylated flavonoid
found in various Artocapus plants (Rahman & Hashim
2022).

In our study, we utilized the MTT assay to assess
the impact of PA on the viability of SKOV-3 cells,
which are derived from stage 3 ovarian cancer patients
(Rasouli et al. 2021). SKOV-3 cells are notoriously
resistant to various cytotoxic drugs, including tumour

necrosis factors (Braga et al. 2020). Notably, our results
demonstrated that PA induced a significant reduction in
the viability of SKOV-3 cells, whereas normal human
ovarian cell lines (T1074) exhibited lower susceptibility
to PA-induced cytotoxicity. Achieving therapeutic
selectivity is a paramount objective in drug discovery,
as it helps mitigate the risk of non-specific toxicity and
adverse side effects associated with many cytotoxic
drugs.

Our findings indicate that PA possesses a higher
selectivity index, comparable to that of the positive
control drug paclitaxel. A higher selectivity index
ratio suggests that a drug may potentially offer greater
effectiveness and safety when administered in vivo
(Calderéon-Montafio et al. 2019). Importantly, this
selective inhibition of SKOV-3 cells while sparing
normal cells aligns with observations from other
studies utilizing innovative approaches such as
enzyme-instructed self-assembly and carbon quantum
dots/Cu20 composite materials to target the cellular
microenvironment (Chen et al. 2021; Li et al. 2017).
This consistent pattern of selective inhibition against



highly resistant SKOV-3 cells, while preserving normal
cell viability, underscores the promise of PA as a lead
compound for potential anticancer therapy.

In the morphological evaluation of the mode of
cell death induced by PA, the cell number decreased
after prolonged exposure to PA as shown by normal
inverted microscopy. The early and late phases of
apoptosis in cells treated with PA were morphologically
identified with AOPI double staining. In consistence
with morphological results, the biochemical analysis
using flow cytometry study also demonstrated that
PA induces apoptosis in the early stage of apoptosis
as detected by Annexin V-FITC. Annexin V and its
conjugates are used to detect early apoptosis by binding
specifically to exposed phosphatidylserine, a hallmark
of this process (Worsley, Veale & Mayne 2022). Thus,
the present findings suggest that PA induces apoptosis,
as evidenced by apoptotic morphological alterations and
early activation of biochemical apoptosis, as indicated by
Annexin-V analysis.

ROS and mitochondria have recently received
significant scientific attention due of their importance
in apoptosis and cancer (Czabotar & Garcia-Saez 2023).
Specifically, the apoptotic impact of PA on SKOV-3
cells is directly associated with increased intracellular
ROS levels. This increase correlates with substantial
enhancements in various cellular aspects, including
total nuclear intensity, cell permeability, Mitochondrial
Membrane Potential (MMP) levels, and the release
of cytochrome ¢ from mitochondria into the cytosol.
Mitochondria serve as receivers of various signals,
whether endogenous or external stimuli. The swift
production of ROS can lead to the oxidative modification
of mitochondrial pores, potentially disturbing the MMP
and facilitating the translocation of cytochrome ¢ from
the mitochondria to the cytosol, ultimately promoting cell
death. The results are in agreement with the literature
where methotrexate also reportedly acts on SKOV-3
cancer cells, altering the MMP and causing DNA damage
with apoptotic gene upregulation through an increase in
intracellular ROS levels (Albasher et al. 2019). On the
contrary, myricetin mechanistically reduced ROS levels
in tumour cells and inhibited oxidative stress to suppress
ovarian cancer (Li et al. 2022).

The process of cell division is tightly regulated,
and any abnormalities in this process can lead to the
development of cancer. One mechanism by which PA
induces apoptosis in SKOV-3 cells appears to be through
its effect on the cell cycle. Understanding the cell cycle in
cancer is crucial for improving cancer treatment. In this
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study, it was observed that PA induces cell cycle arrest in
the S phase. The S phase is a critical phase during which
DNA synthesis occurs. Previous research has shown
that inhibition of cyclin A-cdk2 during S phase leads to
S phase arrest and apoptosis (Kim et al. 2022). When
the cell activates cyclin-CDK-dependent transcription,
it signals the decision to initiate a new round of cell
division and enter S phase (Ditano, Sakurikar &
Eastman 2021). Consequently, any compound or drug
that induces S phase cell arrest can also cause apoptosis.
Therefore, the findings of this study confirm that PA
induces apoptosis and cell cycle arrest at the S phase in
SKOV-3 cells.

This study explored the effectiveness of two
common therapeutic strategies through stimulation of
proapoptotic molecules and inhibition of antiapoptotic
molecules. The results showed that proapoptotic
molecules were stimulated by PA through caspase
activation and modulation of Bcl-2 family proteins.
The increased expression levels of caspases-9 and
caspase-3 in this study suggests that PA induced apoptosis
predominantly through mitochondria-mediated intrinsic
pathway. In addition, the decrease in cleaved caspase-8
expression further supports the induction of apoptosis via
the intrinsic pathway, as caspase-8 is typically involved
in the extrinsic pathway of apoptosis (Green 2022).

The Bcl-2 family plays a central role in regulating
apoptosis, encompassing both pro- and anti-apoptotic
functions within the mitochondrial pathway (Czabotar
& Garcia-Saez 2023). Our study demonstrated the
prevention of apoptosis through the restoration of
the Bcl-2/Bax balance in SKOV-3 cells treated with
PA, as evidenced by the downregulation of Bcl-2 and
upregulation of Bax protein. Notably, we observed
a significant decrease (p<0.05) in the expression of
survivin and HSP70, essential components of the
apoptosis inhibition pathway. This downregulation is of
particular significance, given the well-established roles
of survivin and HSP70 in promoting aggressiveness and
drug resistance across various cancer types (Albakova et
al. 2020; Wheatley & Altieri 2019; Zhang et al. 2022).
These findings underscore the potential therapeutic
implications of targeting these proteins in the context
of cancer treatment. Furthermore, paclitaxel exhibited
a similar effect by increasing the Bax/Bcl-2 ratio and
inhibiting HSP27 expression, ultimately leading to
hyperthermia-induced apoptosis (Kong et al. 2020).
Inhibiting antiapoptotic molecules sensitizes cancer cells
to proapoptotic signals, thereby inducing programmed
cell death.
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CONCLUSION

In summary, this study explored the potential of PA as
an anti-cancer agent against metastatic ovarian cancer
cells. The noteworthy feature of selectively targeting
cancer cells while sparing normal cells underscores
PA’s promise as a leading candidate for future
anticancer therapies. PA achieved this by inducing
apoptosis in SKOV-3 cells through the mitochondria-
mediated intrinsic pathway, involving ROS level
elevation, cytochrome c release, caspase activation,
and modulation of Bcl-2 family proteins. Additionally,
PA caused S-phase cell cycle arrest, contributing to its
overall anti-cancer effects. These findings contribute
to the ongoing quest for safer and more effective
alternatives to existing chemotherapeutic drugs in the
treatment of advanced ovarian cancer.
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