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Abstract

Ovarian cancer is the fifth main cause of pre-senescent death in women. Although chemotherapy is generally an

efficient treatment, its side effects and the occurrence of chemotherapeutic resistance have prompted the need for

alternative treatments. In this study, α-mangostin and apigenin were evaluated as possible anticancer alternatives

to the chemotherapeutic drug doxorubicin, used herein as a positive control. The ovarian adenocarcinoma cell line

SKOV-3 (ATCC No. HTB77) was used as model ovarian cancer cells, whereas the skin fibroblast line CCD-

986Sk (ATCC No. CRL-1947) and lung fibroblast line WI-38 (ATCC No. CCL-75) were used as model untrans-

formed cells. Apigenin and doxorubicin inhibited the growth of SKOV-3 cells in a dose- and time-dependent man-

ner. After 72 hr exposure, doxorubicin was mostly toxic to SKOV-3 cells, whereas apigenin was toxic to SKOV-3

cells but not CCD-986Sk and WI-38 cells. α-Mangostin was more toxic to SKOV-3 cells than to CCD-986Sk

cells. A lower cell density, cell shrinkage, and more unattached (floating round) cells were observed in all treated

SKOV-3 cells, but the greatest effects were observed with α-mangostin. With regard to programmed cell death,

apigenin caused early apoptosis within 24 hr, whereas α-mangostin and doxorubicin caused late apoptosis and

necrosis after 72 hr of exposure. Caspase-3 activity was significantly increased in α-mangostin-treated SKOV-3

cells after 12 hr of exposure, whereas only caspase-9 activity was significantly increased in apigenin-treated

SKOV-3 cells at 24 hr. Both α-mangostin and apigenin arrested the cell cycle at the G2/M phase, but after 24 and

48 hr, respectively. Significant upregulation of BCL2 (apoptosis-associated gene) and COX2 (inflammation-asso-

ciated gene) transcripts was observed in apigenin- and α-mangostin-treated SKOV-3 cells, respectively. α-Man-

gostin and apigenin are therefore alternative options for SKOV-3 cell inhibition, with apigenin causing rapid early

apoptosis related to the intrinsic apoptotic pathway, and α-mangostin likely being involved with inflammation.
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INTRODUCTION

Ovarian cancer is the fifth main cause of pre-senescent

(unnatural) death in women (1) and the most common cause

of gynecological cancer-associated deaths (2). Among cer-

vical, ovarian, and uterine cancers, ovarian cancer has

reportedly caused the highest rate of deaths (3). Ovarian

cancer, like other solid tumors, is associated with the dete-

rioration of the intracellular structure, change in cellular

adhesion, cell migration, invasion, proliferation, and angio-
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genesis (4). It is a major problem for public health glob-

ally owing to its undefined signs and symptoms, making it

essentially asymptomatic until at an advanced stage and

thus preventing its early diagnosis and treatment. For

decades, surgery and chemotherapy, especially platinum-

or taxol-based chemotherapy as well as the more recent

monoclonal antibody-directed bevacizumab, have been

introduced for ovarian cancer treatment, but these proce-

dures are not fully effective because of their adverse side

effects and the advent of chemoresistance (5). Hence,

novel or alternative treatments are necessary for the treat-

ment of patients with ovarian cancer.

Natural products, especially herbs, have gained increas-

ing attention for use in ovarian cancer therapy to inhibit

the proliferation and induce apoptosis of the cancer cells,

with the potential benefits of less side effects and reduced

resistance (for now) (6). Thus, many natural compounds

or chemicals have been isolated, mainly from plants (e.g.,

cryptotanshinone in the traditional Chinese herbal medi-

cine Salvia miltiorrhiza Bge. (7)), and the molecular mecha-

nisms of action of some of these compounds have been

reported. For example, proanthocyanidins from the leaves

of Chinese bayberry (Myrica rubra Sieb. et Zucc.) showed

strong inhibitory effects against cell growth (with cell

cycle arrest at the G1 phase), angiogenesis, and the migra-

tion and invasion of A2780/CP70 cisplatin-resistant ovar-

ian cancer cells (8). In addition to natural compounds,

synthetic compounds have been reported to be promising

therapeutic sources. For example, synthesized (1E,4E)-6-

(1-(isopentyloxy)nonyl)-5-methoxynaphthalene-1,4-dione

dioxime, which is a derivative of 1,4-naphthoquinone oxime,

was reported to be strongly toxic to the ovarian cancer cell

line A2780, with a half maximal inhibitory concentration

(IC50) value of 8.26 ± 0.22 μM (9). Furthermore, O2-(ace-

toxymethyl)-1-(iso-butylamino)diazen-1-ium-1,2-diolate

and O2-(acetoxymethyl)-1-(isopropylamino)diazen-1-ium-

1,2-diolate, synthesized from primary amine-based diaze-

niumdiolates, reduced the proliferation of SKOV-3 and

ES2 ovarian cancer cells at 0.033-1.0 mg/mL after 24 hr

of exposure (10).

In this study, α-mangostin and apigenin were focused

on as possible therapeutic agents because both can be iso-

lated from many natural products in Thailand. α-Mangos-

tin is mainly isolated from the pericarp of Garcinia

mangostana (11) and the cerumen of the stingless bee

Tetragonula laeviceps (12), whereas apigenin is the main

compound extracted from Roman chamomile (Chamae-

melum nobile (L.)) (13) and bee pollen (Apis mellifera)

(14). Both compounds have been reported to have many

bioactivities, including anti-biofilm formation (15), anti-

aging (16), anti-inflammatory (17), and anti-gout (18) activ-

ities. Furthermore, only a few studies have been reported

on the contribution of both compounds to SKOV-3 ovarian

cancer prevention. Considering only gynecological can-

cers, α-mangostin has been reported to inhibit the growth

of HeLa human cervical cancer cells (19), but there are no

reports on its effect on the SKOV-3 ovarian cancer cell

line. For apigenin, only a few studies on its effect on the

SKOV3 cancer cell line are available (20,21). Thus, more

data on these two natural compounds are necessary.

The aim of this present study was to evaluate the in vitro

toxicity of α-mangostin and apigenin in SKOV-3 ovarian

cancer cells in comparison with that in the untransformed

CCD-986Sk skin fibroblast and WI-38 lung fibroblast

lines as model normal human cells, using the 3-[4,5-dimeth-

ylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT)

assay. Changes in the morphology of the treated cells were

observed by light microscopy. Programmed cell death was

investigated by flow cytometry following annexin V-Alexa

Fluor 488 and propidium iodide (PI) staining, whereas cell

cycle arrest was likewise investigated after PI staining

only. The activities of caspase-3, -8, and -9 were also eval-

uated, and changes in the transcript expression levels of

representative inflammation-associated genes, proto-onco-

genes, autophagy-associated genes, and apoptosis-associ-

ated genes were investigated by the quantitative real-time

reverse-transcription polymerase chain reaction (RT-qPCR).

Overall, the data obtained provide a broader insight into

how α-mangostin and apigenin inhibit the growth of

SKOV-3 ovarian cancer cells.

MATERIALS AND METHODS

Cell culture. The human ovarian adenocarcinoma-

derived cell line SKOV-3 (ATCC No. HTB77) was cul-

tured in McCoy’s 5A (modified) medium supplemented

with 10% (v/v) fetal calf serum (FCS). The untransformed

(normal) human skin fibroblast line CCD-986Sk (ATCC

No. CRL-1947) and lung fibroblast line WI-38 (ATCC No.

CCL-75) were used for direct comparison with SKOV-3.

Both CCD-986Sk and WI-38 cells were cultured in Eagle’s

Minimum Essential Medium (MEM) supplemented with

10% (v/v) FCS. All three cell lines were cultured and tested

at 37oC with 5% (v/v) CO2 in a humidified environment.

MTT assay of cell viability and proliferation. CCD-

986Sk and WI-38 cells were seeded at 1 × 104 cells/well

in 96-well plates containing 200 μL of medium for over-

night culture, whereas SKOV-3 cells were cultured in the

same manner but seeded at 5 × 103 cells/well. Then, the

cells were treated with various concentrations of apigenin,

α-mangostin, or doxorubicin, or the 0.1% (v/v) dimethyl

sulfoxide (DMSO) solvent only (control). The SKOV-3

cells were treated for 24, 48, and 72 hr, whereas the CCD-

986Sk and WI-38 cells were treated for 24 hr only. After

the indicated incubation (exposure) time was reached,

10 μL of 5 mg/mL MTT solution was added to each well

and the culture plates were incubated for 3 hr to allow for-
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mazan formation. The culture medium was then removed,

the formazan was solubilized by the addition of 150 μL of

DMSO, and the absorbance at 560 nm (A560) was mea-

sured with a microplate reader. The cell viability (%) was

calculated using Eq. (1) as follows:

Cell viability (%) = 100 × (A560 treated cells

− A560 blank)/(A560 untreated cells − A560 blank) (1)

The IC50 value of each compound was calculated from

the graphical plot of the relative number of viable cells

(%) vs. the test compound concentration.

Cell imaging. Test cells at 5 × 105 cells in 5 mL of

medium in a 25-cm2 flask were cultured overnight and

treated the next day with 0.1% (v/v) DMSO alone (con-

trol) or DMSO containing α-mangostin (7.309 μM), api-

genin (18.502 μM), or doxorubicin (0.431 μM) for 24, 48,

and 72 hr. Live cell images were captured using a Nikon

Eclipse TS100 microscope coupled with a DS-L3 imag-

ing system at 40×, 100×, and 200× magnifications.

Apoptosis and cell cycle analysis. The test cells were

cultured as described in the Cell imaging section above

and harvested at the indicated times by trypsinization with

0.05% (w/v) trypsin in 0.5 mM ethylenediaminetetraacetic

acid buffer. The cells were then washed twice with cold

phosphate-buffered saline (PBS), using centrifugation at

3,000 × g for 5 min at 4oC to harvest the cells each time.

For apoptosis detection, the cell pellets were resuspended

in 50 μL of binding buffer (10 mM HEPES, pH 7.4,

140 mM NaCl, and 2.5 mM CaCl2) and stained with 5 μL

of annexin V-Alexa Fluor 488 and 5 μL of PI for 30 min

at room temperature in the dark. For the cell cycle study,

the cell pellets were fixed in 200 μL of cold 70% (v/v)

ethanol at −20oC overnight, harvested, and washed as

described above. The washed cell pellet was then sus-

pended in 250 μL of PBS containing 0.1 mg/mL RNase A

and incubated at 37oC for 30 min. Thereafter, it was washed

as described above, resuspended in staining buffer (12.5 μL

of 1 mg/mL PI in PBS), and incubated at room temperature

for 30 min in the dark. The samples were then analyzed by

flow cytometry on a FC 500 MPL cytometer (Beckman

Coulter, Brea, CA, USA) that recorded 10,000 events per

sample. The experiment was performed in triplicate.

Caspase activity assay. The test cells were plated

and treated as described above for the apoptosis and cell

cycle studies. The treated cells were harvested by tryp-

sinization at 12 and 24 hr and then tested with caspase-3,

-8, and -9 colorimetric assay kits (Catalog No. ab39401,

ab39700, and ab65608, respectively; Abcam, Cambridge,

UK) according to the manufacturer’s instructions. In brief,

the harvested cells were washed with cold PBS and centri-

fuged at 800 × g. The cell pellet was then lysed by the

addition of 50 μL of chilled cell lysis buffer and incuba-

tion on ice for 10 min. The lysed mixture was clarified by

centrifugation at 10,000 × g for 1 min and the supernatant

was transferred to a new microcentrifuge tube. The pro-

tein concentration in the supernatant of each sample was

measured using the Bradford assay and then adjusted to

100 μg of protein per 50 μL of cell lysis buffer for subse-

quent application to each well of a 96-well plate. Next,

50 μL of 2× reaction buffer containing dithiothreitol at a

final concentration of 10 mM was added into each sample

well. After mixing, the respective substrate of each caspase

was added to each well and the plate was incubated at

37oC for 1-2 hr. Finally, the absorbance of each reaction at

400-405 nm was measured on a microplate reader. Each

experiment was performed in triplicate.

Analysis of transcript expression levels by RT-qPCR.
The cell lines were treated and processed as described pre-

viously for the apoptosis detection assay until the cell pel-

let was collected. After cell harvesting, total RNA from

each sample was extracted using an RNeasy mini kit (Cat-

alog No. 74104; Qiagen, Valencia, CA, USA). The RNA

concentration and purity were evaluated by spectropho-

tometry at an absorbance of 260 and 280 nm, respectively.

The RT-qPCR was performed using the One-Step SYBR®

PrimeScriptTM RT-PCR Kit II (Perfect Real Time; Catalog

No. R086A; Takara, Tokyo, Japan). The PCR mixture

contained 20 ng of total RNA, 0.4 μM of both forward and

reverse primers, 1 μL of PrimeScriptTM Enzyme Mix II, and

1× One-Step SYBR® RT-PCR Buffer IV. The nucleotide

sequences of the primers used in this study are listed in

Table 1.

Amplification and quantification of each gene of inter-

est were performed using the Minicon® system (Bio-Rad,

Hercules, CA, USA). Thermocycling was performed as

follows. First, the total RNA was reverse transcribed into

cDNA at 42oC for 5 min. Then, qPCR was performed with

an initial 95oC for 10 s, followed by 40 cycles of 95oC for

10 s and 60oC for 30 s. Dissociation analysis was per-

formed to validate the specific product for each primer

pair. The expression level of all target genes was normal-

ized to that of GADPH in each sample and compared as

the relative expression level between the control and

treated samples.

Statistical analysis. Data are presented as the mean ±

one standard deviation (1SD), derived from three indepen-

dent repeats in each experiment. The data were analyzed

by one-way analysis of variance (ANOVA) followed by

Tukey’s multiple-comparisons test for the significance of

differences between the means. Significance was accepted

at the p < 0.01 and p < 0.05 levels. All analyses were per-

formed using the SPSS version 19.0 program (IBM corpo-

ration, Chicago, IL, USA).
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RESULTS

In order to determine the cytotoxic IC50 values of α-

mangostin, apigenin, and doxorubicin for direct compari-

son (Table 2, 3, Fig. 1, 2), SKOV-3 ovarian cancer cells

were cultured on a small scale (5 × 103 cells in 200 μL of

medium in each well of a 96-well plate). With regard to

the viability of the treated SKOV-3 cells, α-mangostin,

apigenin, and doxorubicin all clearly inhibited cell growth

in a dose-dependent manner (Fig. 1). Both apigenin and

doxorubicin also showed a time-dependent inhibition, but

not α-mangostin. However, at any given time point, α-

mangostin was more toxic to the SKOV-3 cells than api-

genin was, with the cytotoxicity being 10.8-fold  at 24 hr

to 5.9-fold higher at 24 and 72 hr, respectively (Table 2).

All three compounds affected the number of viable cells

and growth of SKOV-3 cells from an early exposure time

(24 hr). The longer the exposure to apigenin, the signifi-

cantly lower was the IC50 value, but the compound still

remained less inhibitory than α-mangostin and, espe-

cially, doxorubicin.

After 24 hr of exposure, apigenin was nontoxic to CCD-

986Sk and WI-38 cells, in contrast to α-mangostin. The

IC50 value of apigenin for CCD-986Sk cells was not

obtained since it resulted in 70% cell survival even at a

high concentration of the compound (92.510 μM) (Fig. 2,

Table 3); furthermore, the relative cell survival of 100%

detected at 1.156-55.506 μM indicated that apigenin did

not affect cell proliferation/survival (Fig. 2B). Likewise

for WI-38 cells, apigenin at 1.156-2.313 μM did not affect

the cell growth, and a concentration of up to 27.753 μM

was nontoxic to the cells (Fig. 2B). Although α-mangos-

tin was toxic to CCD-986Sk cells, the cytotoxicity was

about 4-fold less than that in SKOV-3 cells. As with api-

genin, the IC50 value of doxorubicin for CCD-986Sk cells

was not obtained since the compound did not affect the

Table 2. IC50 values of α-mangostin, apigenin, and doxorubicin for SKOV-3 cells

Compound
IC50 value (μM) at an incubation time of:

24 hr 48 hr 72 hr

α-Mangostin 02.466 ± 0.338 02.977 ± 0.054 03.062 ± 0.349
Apigenin 26.538 ± 6.024 21.175 ± 5.249** 18.197 ± 3.095**
Doxorubicin 00.534 ± 0.084 00.343 ± 0.023 00.117 ± 0.008

**Indicates a significant difference to the IC50 value of 24 hr when treated with the same compound.

Table 1. Targeted genes and primers used for their amplification by RT-qPCR

Gene Forward primer (5'→ 3') Reverse primer (5'→ 3')

Reference gene

GADPH GGGCATCCTGGGCTACTCTG GAGGTCCACCACCCTGTTGC

Inflammation-associated genes

COX2 TCTGCAGAGTTGGAAGCACTCTA GCCGAGGCTTTTCTACCAGAA
NFκB ATGGCTTCTATGAGGCTGAG GTTGTTGTTGGTCTGGATGC

Proto-oncogene

CTNNB1 CTTGTGCGTACTGTCCTTCG AGTGGGATGGTGGGTGTAAG

Autophagy-associated gene

CTSB CAGCGTCTCCAATAGCGA AGCCCAGGATGCGGAT

Apoptosis-associated genes

BCL2 ATGTGTGTGGAGACCGTCAA GCCGTACAGTTCCACAAAGG
CASP3 TGTTTGTGTGCTTCTGAGCC CACGCCATGTCATCATCAAC
CASP7 CCAATAAAGGATTTGACAGCC GCATCTGTGTCATTGATGGG
CASP8 GATCAAGCCCCACGATGAC CCTGTCCATCAGTGCCATAG
CASP9 CATTTCATGGTGGAGGTGAAG GGGAACTGCAGGTGGCTG

GADPH, glyceraldehyde 3-phosphate dehydrogenase; COX2, cyclooxygenase 2; NFκB, nuclear factor kappa B; CTNNB1, catenin beta 1;
CTSB, cathepsin B; BCL2, B-cell lymphoma 2; CASP, caspase.

Table 3. IC50 values of α-mangostin, apigenin, and doxorubicin
for CCD-968Sk and WI-38 cells after 24 hr of treatment

Compound
IC50 value (μM)

CCD-986Sk cells WI-38 cells

α-Mangostin 9.805 ± 3.169 01.502 ± 0.464
Apigenin ND 36.873 ± 0.971
Doxorubicin ND 00.604 ± 0.156

ND = not determined.
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growth of this cell line. However, for WI-38 cells, doxoru-

bicin was more cytotoxic than α-mangostin (Table 3).

For all the other experiments, the SKOV-3 cells were

cultured on a larger scale at 5 × 105 cells in 5 mL of

medium in T25 flasks. Since α-mangostin treatment of the

SKOV-3 cells at the IC50 value obtained from the small-

scale (200 μL) culture (Table 2) was not effective at all in

the larger-scale cultures, the concentration of α-mangos-

tin was increased to 3× the IC50 value. The most obvious

changes observed are summarized in Fig. 3-7. Hence, the

Fig. 1. Toxicity of (A) α-mangostin, (B) apigenin, and (C) doxo-
rubicin in SKOV-3 cells. Cell survival (%) was estimated after
treatment for 24, 48, and 72 hr (blue, orange, and grey lines,
respectively). Data are shown as the mean ± 1SD, derived from
three independent repeats.

Fig. 2. Toxicity of (A) α-mangostin, (B) apigenin, and (C) doxo-
rubicin in CCD-986Sk skin fibroblasts (blue line) and WI-38
lung fibroblasts (orange line). Cell survival (%) was estimated
after 24 hr of treatment. Data are shown as the mean ± 1SD,
derived from three independent repeats.
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potency of α-mangostin at any given concentration depended

directly on the density and amount of cells as well as its

dose. This phenomenon has been reported before (22-24).

Morphological changes in the treated SKOV-3 cells were

evident at the later exposure times compared with the con-

trol (DMSO-treated cells). After 24 hr of exposure, the

SKOV-3 cells treated with each test compound looked

somewhat similar to the control cells; however, after 48

and 72 hr, the treated cells had a lower cell density and a

higher proportion of unadhered and round cells (Fig. 3A).

At the higher magnification of 200×, it was evident that

after 48 hr of exposure, the α-mangostin-treated SKOV-3

cells were mostly damaged, with very few spindle-shaped

cells present. Cell shrinkage was observed in the α-man-

gostin- and apigenin-treated SKOV-3 cells, whereas some

cell blebbing was seen in the doxorubicin-treated cells. In

Fig. 3. Morphology of SKOV-3 cells treated with 0.1% (v/v) dimethyl sulfoxide (DMSO) alone or DMSO containing α-mangostin
(7.309μM), apigenin (18.502 μM), or doxorubicin (0.431μM) for (A) 24, 48, and 72 hr (100× magnification) and (B) after 48 hr (200×
magnification). Images shown are representative of those seen from at least three such fields of view per sample and three inde-
pendent repeats.
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Fig. 4. Flow cytometric analysis of SKOV-3 cells stained for annexin-V and propidium iodide (PI) after incubation of cells in 0.1% (v/
v) dimethyl sulfoxide (DMSO) alone or DMSO containing α-mangostin (7.309μM), apigenin (18.502μM), or doxorubicin (0.431μM)
for 24, 48, and 72 hr. (A) FACS profiles and (B) derived histogram analyses are shown for 10,000 events and are representative of
those seen from three replications. * and ** represent a significant difference between the control and treated cells at p < 0.05 and
p < 0.01, respectively.
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addition, the apigenin- and doxorubicin-treated SKOV-3

cells had more vacuoles (Fig. 3B).

Since a lower density of cells was observed after a lon-

ger exposure to α-mangostin, apigenin, and doxorubicin,

suggesting cell death as well as inhibition of proliferation,

the possibility of the induction of programmed cell death

was further investigated. The SKOV-3 cells were treated

with the same concentration of each reagent as used for

evaluating the change in morphology. Programmed cell

death can be analyzed by staining target cells with annexin

V and PI, whereas cell cycle arrest can be investigated by

staining target cells with PI alone. In both cases, the stain-

ing level for each cell can be quantitatively determined

using flow cytometry.

Since apoptosis causes a loss of membrane phospho-

lipid asymmetry (25), the phosphatidylserine that is nor-

mally located in the cytosol is flipped outside, allowing

annexin V (conjugated with Alexa fluor 488) to bind to it.

Thus, the annexin V-Alexa fluor 488 conjugate can bind to

apoptotic but not to viable cells. At a longer time beyond

death, necrotic cells have an even more damaged and leaky

membrane that allows PI to pass into the nucleus and bind

to the DNA. Thus, viable cells are negative for both annexin

V-Alexa fluor 488 and PI staining, showing only autofluo-

rescence. Apoptotic cells will be positive for annexin V-

Alexa fluor 488 (green fluorescence) but negative for PI

staining, whereas necrotic cells will be positive for both

annexin V-Alexa fluor 488 and PI staining (red and green

fluorescence, respectively) (26). Flow cytometry can also

be used to quantitatively analyze cell cycle arrest, where

the amount of bound PI (and thus red fluorescence) equates

to the amount of DNA; thus, the cell cycle position (sub-

phases G1, S, and G2/M) is identified by the DNA content

through PI staining.

After staining with annexin V-Alexa fluor 488 and PI, it

was evident that apigenin had caused a significant level of

early and late apoptosis from 24 hr onwards, but with less

early apoptosis at the later time points, and subsequently

caused significant necrosis, especially at 72 hr (Fig. 4). On

the other hand, doxorubicin caused a significant level of

both late apoptosis and necrosis, but only after a longer

exposure of 72 hr. Although α-mangostin gave a similar

result to doxorubicin, the level of necrosis was signifi-

cantly increased and detected slightly earlier (from 48 hr)

than the 72 hr time span for the other compounds (Fig. 4).

From Fig. 4, it was evident that the programmed cell

death of the SKOV-3 cells was induced by each of the

three compounds and that it involved apoptosis (early and/

or late). Hence, apoptosis was further investigated by eval-

uating the cellular caspase activity. As is known, both

Fig. 5. Relative caspase activity in doxorubicin-, α-mangostin-, and apigenin-treated SKOV-3 cells. Cells were treated with 0.1% (v/
v) dimethyl sulfoxide (DMSO) alone (control) or DMSO containing α-mangostin (7.309μM), apigenin (18.502μM), or doxorubicin
(0.431μM) for 12 and 24 hr and then assayed for (A) caspase-8, (B) caspase-9, and (C) caspase-3 activity. Data are shown as the
mean ± 1SD, derived from three replications, where * and ** represent a significant difference between the control and treated cells
at p < 0.05 and p < 0.01, respectively.
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caspase-8 and caspase-9 are involved in the intrinsic path-

way, whereas the apoptosis-mediating caspase-3 is involved

in both the extrinsic and intrinsic pathways. Herein, the

very early exposure time (12 and 24 hr) to each com-

pound was evaluated. The activity of caspase-3 was sig-

nificantly (p < 0.05) increased in the α-mangostin-treated

SKOV-3 cells after 12 hr of exposure, while its activity

was also significantly (p < 0.01) increased in both the α-

Fig. 6. Cell cycle arrest of SKOV-3 cells after treatment with 0.1% (v/v) dimethyl sulfoxide (DMSO) alone (control) or DMSO contain-
ing α-mangostin (7.309μM) or apigenin (18.502μM) for 24, 48, and 72 hr. (A) Flow cytometric histograms (5,000 events) representa-
tive of those seen from three replications, and (B) the derived mean % (± 1SD) of cells in each phase of the cell cycle after 24, 48, and
72 hr treatment. * and ** represent a significant difference between the control and treated cells at p < 0.05 and p < 0.01, respectively.
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mangostin- and apigenin-treated cells after 24 hr of expo-

sure, but the numerical increase observed in the doxorubi-

cin-treated cells was not significant (Fig. 5). Caspase-8

activity was not significantly changed by all three treat-

ments at both time points. Although the caspase-9 level

was numerically increased in all treatments at 24 hr, it was

only statistically significant (p < 0.01) for the apigenin-

treated SKOV-3 cells. Thus, it may be possible that the

early apoptosis induced by apigenin in SKOV-3 cells at

24 hr was influenced by the intrinsic pathway.

Next, we evaluated if cell cycle arrest was induced in

the SKOV-3 cells by these compounds. After 24 hr of expo-

sure, α-mangostin had induced arrest at the G2/M phase

(p < 0.01), whereas apigenin likewise arrested the cells

only after 48 hr of exposure (Fig. 6). Thus, α-mangostin

caused cell cycle arrest faster than apigenin, which con-

curs with α-mangostin being more toxic to the SKOV-3

cells (Table 2).

To determine in deeper detail how α-mangostin and api-

genin affect the proliferation or death of SKOV-3 cells,

changes in the transcript expression levels of selected genes

from four groups were investigated. The first group was

inflammation-associated genes, of which cyclooxygenase

2 (COX2) and nuclear factor kappa B (NFκB) were repre-

sentatives. The second group was proto-oncogenes, from

which catenin beta 1 (CTNNB1) was selected. The third

group was autophagy-associated genes, with cathepsin B

(CTSB) being a representative. The last group was apopto-

sis-associated genes, from which B-cell lymphoma 2 (BCL2),

and the caspase genes CASP3, CASP7, CASP8, and CASP9

were selected. The data are summarized in Fig. 7. Although

a trend of mostly an increase in the gene expression level

relative to that in the control cells was numerically observed

for all tested genes (except for NFκB) among the different

treatments, the upregulation was significant only for BCL2

(p < 0.01) and COX2 (p < 0.05) in the apigenin- and α-

mangostin-treated SKOV-3 cells, respectively.

DISCUSSION

α-Mangostin extracted from the cerumen of Tetragonula

laeviceps was reported to have potent cytotoxicity against

several types of cancer cell lines, including the breast can-

cer BT474, undifferentiated lung cancer Chago, hepato-

blastoma Hep-G2, gastric carcinoma KATO-III, and colon

adenocarcinoma SW620 cell lines, with IC50 values that

ranged from 0.88 ± 0.16 to 2.25 ± 0.20 μM (12). Some of

the molecular details on how α-mangostin inhibits the

growth of BT474 cells have been under continuous study

in our laboratory. With some congruence, breast and gyne-

cological cancers, especially ovarian cancer, have been

reported to be related to each other owing to their similar

genetic basis (27), while a patient with breast cancer was

later found to have primary ovarian small cell carcinoma

and endometrioid adenocarcinoma of the uterus (28).

Indeed, an increased risk of breast and ovarian cancers has

been reported to be associated with germline mutations in

BRCA1 and BRCA2 (29). This led us to investigate the

role of α-mangostin in SKOV-3 ovarian cancer cells.

There have been diverse reports that oxidative stress,

chronic inflammation, and cancer are closely linked (30-

32). Not only do reactive oxygen species (which cause

oxidative stress in cells) damage biological molecules, but

they can also lead to chronic inflammation and eventually

mediate chronic diseases such as cancer (30). In addition,

the oxidative stress caused by the abnormal activation of

nuclear factor E2-related factor 2 due to epigenetic alter-

ations can increase anticancer drug resistance (33). Thus,

finding an antioxidant or a free-radical-scavenging com-

pound is likely to be beneficial for preventing cancer. Api-

Fig. 7. Changes in the transcript expression levels of the selected inflammation-associated genes (COX2 and NFκB), proto-onco-
gene (CTNNB1), autophagy-associated gene (CTSB), and apoptosis-associated genes (BCL2, CASP3, CASP7, CASP8, and CASP9). SKOV-3
cells were cultured with 0.1% (v/v) dimethyl sulfoxide (DMSO) alone (control) or DMSO containing α-mangostin (7.309 μM), api-
genin (18.502 μM), or doxorubicin (0.431μM) for 24 hr. Data are shown as the mean ± 1SD, derived from three independent repeats.
* and ** represent a significant difference between the control and treated cells in each group at p < 0.05 or p < 0.01, respectively.
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genin is a major compound extracted from Apis mellifera

bee pollen and was reported to have free-radical-scaveng-

ing activity (14). Thus, in this work, we evaluated if it

could inhibit the growth of SKOV-3 ovarian cancer cells.

Different naturally occurring compounds can inhibit the

growth of SKOV-3 cells to different extents and potentially

by different mechanisms. In this work, apigenin was clearly

toxic to SKOV-3 cells but not to normal cells. α-Mangos-

tin showed an almost similar toxicity as that of doxorubi-

cin to SKOV-3 cells, but it was unfortunately also toxic to

the WI-38 normal lung fibroblasts. α-Mangostin at less than

6.091 μM was safe for CCD-986Sk skin fibroblasts (Table

3). Thus, the cell-type specificity is of concern and has

been reported before (34-37). Although α-mangostin was

more toxic than doxorubicin to the normal CCD-986Sk

skin fibroblasts, it was less toxic than doxorubicin to the

normal WI-38 lung fibroblasts. Aside from the data obtained

indicating that finding an alternative compound for the

antiproliferation of SKOV-3 cancer cells is still needed,

the application of α-mangostin in broad systemic applica-

tion for cancer prevention and treatment must be of some

concern. It has been suggested that the plant-based metal-

lic nanoparticles synthesized from Abutilon inducum, Butea

monosperma, Gossypium hirsutum, Indoneesiella echioi-

des, and Melia azedarach were toxic to cancer cells and

not to normal cells (38).

Because both α-mangostin and apigenin induced apop-

tosis, but after different exposure times, the activities of

caspase-3, -8, and -9 were assayed. Although late apopto-

sis and necrosis were clearly detected after 72 hr, the sig-

nificant increase in activity of caspase-3 (the final executor

of apoptosis and the most significant member of the apop-

totic pathway) was investigated after a 12-hr exposure in

order to optimize the detection of this early apoptotic

response. After exposure for 24 hr, the transcript expres-

sion level of COX2 (inflammation-associated gene) was

significantly upregulated, whereas that of NFκB remained

the same as in the control cells. Thus, by 24 hr, the promo-

tion of apoptosis in α-mangostin-treated SKOV-3 cancer

cells had not reduced the inflammatory response. How-

ever, the changes in gene expression should be observed

after longer exposures to α-mangostin, since NFκB plays

a role in activating many inflammatory factors, such as

TNF-α, interleukin (IL)-6, IL-8, matrix metalloprotein-

ase, COX2, and nitric oxide synthase (39). It, therefore,

remains plausible that α-mangostin may affect the expres-

sion of NFκB earlier (faster) than COX2.

For apigenin-treated SKOV-3 cancer cells, significantly

increased caspase-9 activity was detected after 24 hr of

exposure, which is the same timing as the onset of early

apoptosis. Hence, the death of apigenin-treated SKOV-3

cells was likely to have been induced by the intrinsic path-

way.

The expression of BCL2 (an anti-apoptotic gene) tran-

scripts, but not those of CTNNB1 (a proto-oncogene), was

significantly upregulated by apigenin, implying that other

biomolecules or pathways are involved in this apoptotic

process. This notion is potentially supported by Otake et

al. (40), who reported that the overexpression of BCL2 in

lymphocytes alone did not cause cancer, whereas the simul-

taneous overexpression of BCL2 and MYC (a proto-onco-

gene) could induce aggressive B-cell malignancies, including

lymphoma. However, berbamine, isolated from the Ber-

beris amurensis plant, could suppress the growth and inva-

sion of the human ovarian cancer cell lines SKOV-3 and

ES2 by inducing apoptosis via the increased activity of

caspase-3 and -9 and the decreased expression of BCL2

(3).

In the future, in order to enhance the efficacy of α-man-

gostin and apigenin as chemotherapeutic agents for ovar-

ian cancer, other application approaches could be applied,

such as with fatty acid-conjugated compounds (41), or the

synergistic inhibition induced by co-administration with

other promising compounds (42). Moreover, the toxicity

of these compounds in an in vivo model system, such as

the rat, should be determined (43,44).
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