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Introduction
Ovarian cancer is the fifth most common cancer in the 
female population in the United States, accounting for 
approximately 5% of all cancers diagnosed among women.1-

4 The conventional course of therapy is maximal surgical 
debulking of the tumor mass followed by a combination of 
taxane and platinum-based chemotherapy.5 Despite 70% of 
patients initially responding well to treatment, the emer-
gence of drug resistance and side effects has rendered a 
wide variety of the currently available chemotherapeutic 
agents ineffective,6 and the 5-year survival rate remains less 
than 40%.1-3,5,7,8 Hence, there is a compelling need to 
explore novel therapeutic interventions for this disease.

The present studies were aimed at identification of alter-
native therapeutic approaches to enhance the efficacy of 
current chemotherapeutic regimes using nontoxic nutraceu-
ticals that have health benefits beyond their normal nutri-
tional properties.9 Bitter melon (Momordica charantia), 
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Abstract
Objective. Acquired chemoresistance is a major obstacle in the clinical management of ovarian cancer. Therefore, searching 
for alternative therapeutic modalities is urgently needed. Bitter melon (Momordica charantia) is a traditional dietary fruit, 
but its extract also shows potential medicinal values in human diabetes and cancers. Here, we sought to investigate 
the extract of bitter melon (BME) in antitumorigenic and cisplatin-induced cytotoxicity in ovarian cancer cells. Methods. 
Three varieties of bitter melon were used to prepare the BME. Ovarian cancer cell lines, human immortalized epithelial 
ovarian cells (HOSEs), and nude mice were used to evaluate the cell cytotoxicity, cisplatin resistance, and tumor inhibitory 
effect of BME. The molecular mechanism of BME was examined by Western blotting. Results. Cotreatment with BME 
and cisplatin markedly attenuated tumor growth in vitro and in vivo in a mouse xenograft model, whereas there was no 
observable toxicity in HOSEs or in nude mice in vivo. Interestingly, the antitumorigenic effects of BME varied with different 
varieties of bitter melon, suggesting that the amount of antitumorigenic substances may vary. Studies of the molecular 
mechanism demonstrated that BME activates AMP-activated protein kinase (AMPK) in an AMP-independent but CaMKK 
(Ca2+/calmodulin-dependent protein kinase)-dependent manner, exerting anticancer effects through activation of AMPK 
and suppression of the mTOR/p70S6K and/or the AKT/ERK/FOXM1 (Forkhead Box M1) signaling cascade. Conclusion. BME 
functions as a natural AMPK activator in the inhibition of ovarian cancer cell growth and might be useful as a supplement 
to improve the efficacy of cisplatin-based chemotherapy in ovarian cancer.
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C-terminal FLAG tag followed by an XhoI site. The result-
ing polymerase chain reaction (PCR) product was cloned 
into the pcDNA5/FRT (Flp recombinase target)/TO plasmid 
(Invitrogen) to create the plasmid pcDND5/FRT/TO/�2. The 
R531G mutation was created in this plasmid using the 
QuikChange Site-Directed Mutagenesis system (Stratagene). 
T-Rex HEK293 cells containing a single FRT site (Invitrogen) 
were transfected with Fugene6 (Promega, Madison, WI, 
USA ) using the plasmids POG44 encoding Flp recombinase 
(Invitrogen) and pcDND5/FRT/TO/�2 at a ratio of 9:1. After 
48 hours, the cells were detached using trysin and replated in 
medium containing hygromycin B (200 µg/mL) and blastici-
din (15 µg/mL). The medium was replaced every 3 days 
until cell foci could be identified, and individual foci were 
then selected and expanded. The expression of FLAG-
tagged AMPK-�2 was checked using Western blotting with 
anti-FLAG antibodies (Sigma-Aldrich, St Louis, MO). 
Expression of AMPK-�2 (wild-type, AMP-sensitive [WT] 
or AMP/ADP-insensitive R531G mutant [RG]) was induced 
with tetracycline (1 µg/mL) for 48 hours. To knockdown 
human AMPK�1, the TriFECTa RNAi Kit, which contains 3 
siRNAs specifically targeting human AMPK�1, was pur-
chased from IDT (Integrated DNA Technologies, Inc, Iowa). 
Cell transfection was carried out using LipofectAMINETM 
2000 (Invitrogen) according to the manufacturer�s instruc-
tions. The universal negative control siRNA (IDT) was used 
as scrambled control, and Western blotting was used to 
verify the expression of AMPK�1.

RNA Extraction and Real-Time Quantitative 
Reverse Transcription PCR (qPCR)
Total RNA was extracted using TRIzol reagent (Invitrogen) 
according to the manufacturer�s instructions. Complementary 
DNA (cDNA) was synthesized using a reverse transcription 
reagent kit (Applied Biosystems, Foster City). The expression 
level of FOXM1 was evaluated by qPCR in an ABI PRISM 
7500 system (Applied Biosystems) using Taqman gene 
expression assays: human FOXM1 (Assay ID: Hs00153543_
m1). Human 18S rRNA (Assay ID: Hs99999901_m1) was 
used as an internal control.

Western Blot Analysis
Proteins in cell lysates were separated by 10% SDS-PAGE 
and transferred to polyvinylidene-difluoride membranes. 
The membranes were blotted with 5% skimmed milk and 
subsequently probed overnight at 4°C with primary antibod-
ies specific for anti-p-AMPK�, anti-AMPK�1, anti-AMPK�, 
anti-p-AKT, anti-AKT, anti-p-p70S6K, anti-p-mTOR, anti-
mTOR (Cell Signaling, Beverly, MA), anti-p-ERK, anti-ERK, 
anti-FOXM1 (Santa Cruz Biotechnology, Inc, Santa Cruz, CA), 
and anti-�-actin (Sigma-Aldrich, St Louis, MO) and then incu-
bated with horseradish peroxidase conjugated goat antirabbit 

or antimouse secondary antibody (Amersham, Uppsala, 
Sweden). Immunodetection was performed with enhanced 
chemiluminescence reagent solution (Amersham ECL) and 
visualized by medical X-ray film.

Cell Proliferation and Focus Formation Assays
An XTT cell proliferation kit (Roche, Basel, Switzerland) 
was used to measure cell viability according to the manu-
facturer�s protocol. Three independent experiments were 
performed in triplicate. For focus formation assay, approxi-
mately 1000 to 3000 cells were cultured in each well of a 
6-well plate and treated with different drugs. After incuba-
tion at 37°C in an incubator for 2 weeks, colonies were 
stained with crystal violet and counted.

Wound Healing and Matrigel Cell Migration and 
Invasion Assays
For wound healing assays, an equal amount of cells was 
grown as a monolayer to 90% confluence in a 6-well plate. 
The cells were pretreated with 10 µg/mL mitomycin C for 2 
hours, and a wound was then scratched with a sterile 200 µL 
pipette tip in each well. After washing each well with phos-
phate buffered saline (PBS), cells were treated with drugs 
and incubated at 37°C in a humidified, 5% CO

2
 atmosphere. 

The width of each wound was monitored at specific time 
intervals, with the relative velocity of cell migration being 
calculated by dividing the width over time.

For Matrigel cell migration and invasion assays 
(Millipore), 300 µL of cell suspension containing 1 × 106 
cells/mL in serum-free medium was added to each insert. 
The medium (500 µL) containing 10% fetal bovine serum 
was added to the lower chamber as a chemoattractant. After 
1 to 2 days, the migrated cells were stained and counted by 
microscopy.

Fluorescence-Activated Cell Sorting
Cell cycle analysis was carried out to elucidate cell cycle 
arrest and apoptosis induced by AMPK activator or BME 
by means of propidium iodide staining and flow cytometry. 
Ovarian cancer cells were initially suspended in serum-free 
medium and subsequently seeded into 6-well plates at a 
density of 0.5 × 106 viable cells per well. The cells were 
incubated overnight at 37°C in an incubator with a humidi-
fied atmosphere of 5% CO

2
 and 95% air. The full medium 

together with either AMPK activator or BME was applied 
to the cells on the next day, and the plates were incubated 
overnight as before. Cell pellets were collected by centrifu-
gation at 1500g for 5 minutes and fixed in cold 70% etha-
nol. The cells were analyzed by a flow cytometer (BD 
Biosciences), and the number of cells in each phase of the 
cell cycle was quantified by Modfit software.
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