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Abstract: Prostate cancer is still at the forefront causes of cancer-related morbidity and mortality in men throughout 
the globe. The disease is initiated and fostered by a subset of cancer stem cells (CSCs). Costus speciosus is an orien-
tal herb used in traditional medicine and is a source of bioactive compounds with known pharmacological activities. 
The present study aims to evaluate the anticancer property of varied extracts isolated from C. speciosus against 
the human prostate cancer PC-3 cells. Extracts derived from C. speciosus were analyzed by chromatography-mass 
spectrometry and their effects on the proliferation, migration, invasion, apoptosis and cell cycle distribution of PC-3 
cells were investigated. Results showed that crude hexane extract of C. speciosus (CHECS) inhibited proliferation, 
clonogenic and metastatic potential of PC-3 cells. It induced apoptosis in PC-3 cells associated with generation of 
reactive oxygen species (ROS), reduction of GSH and permeabilization of mitochondrial and lysosomal membranes, 
induction of caspase-9/-3 activity and PARP-1 cleavage, DNA damage and an increase in ratio of Bax/Bcl-2 proteins. 
CHECS induced G0/G1 and G2/M arrest in PC-3 cells and targeted PC-3 prostaspheres. These findings indicate that 
phytochemicals of CHECS exhibit potential for natural therapeutic product development for prostate cancer. 
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Introduction

Prostate cancer is the most dominant male 
malignancy and the second important cause of 
cancer-related mortality in men throughout the 
world [1]. It is generally consented that radical 
prostatectomy, androgen-deprivation therapy 
and  radiotherapy can be remedial for the 
majority of patients with early-stage prostate 
cancer, while chemotherapies are always the 
principal choice for those patients with pro-
gressive prostate cancer [2]. However, all these 
therapies have different side-effects and above 
all are challenged by the emergence of extrinsic 
and/or intrinsic resistance in cancer cells [3, 4]. 
Therefore, there are mounting demands for 
developing novel agents to overcome these 
challenges. 

Compelling evidences continue to support that 
prostate cancer is initiated from and constantly 
replenished by CSCs. This population of CSCs 

possesses all aspects correlated to tumorigen-
esis, ranging from tumor initiation, progression, 
metastases, chemo-/radio-resistance to recur-
rence [5, 6]. Neither do they secrete androgen 
receptors [7, 8]; which confer them a marked 
capability to circumvent androgen deprivation-
based treatment strategies. Therefore, in order 
to eradicate prostate cancer and to prevent 
recurrence, it is imperative, by no means, to 
specifically target CSC population [root of tu- 
mor] coupled with effective treatments against 
the larger population of more differentiated 
tumor cells. 

A comprehensive look at the bases of cancer-
ous growths usually reveals an involvement of 
apoptotic component, which either contributes 
to disease progression or accounts for it. 
However, cancer cells develop maneuvers to 
escape apoptotic cell death in response to 
physiological stimuli and to cytotoxic agents [6]. 
This tendency makes most tumors unrespon-
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sive to conventional therapies and implies that 
the induction of apoptosis emerges as a prom-
ising strategy for prevention and treatment of 
cancer. Consistent with this, a plethora of stud-
ies indicated that a common denominator of 
the anticancer drugs, chemopreventive agents, 
radiotherapies as well as targeted strategies is 
eradication of tumors via the induction of apop-
tosis in cancer cells [9]. Apoptotic cell death is 
activated and tightly regulated by two, but  
interconnected, signaling pathways, the death 
receptor-dependent (extrinsic) and the mito-
chondrial-dependent (intrinsic) pathways [10]. 
The latter pathway takes over responsibility of 
prompting apoptotic cell death in response to  
a wide spectrum of apoptotic stimuli, such as 
cytotoxic hazards stemmed from chemo-/radio-
therapies, oxidative stresses, DNA damage or 
other unrepairable intracellular insults [10].  

For a long time, epidemiological studies as well 
as preclinical and even early phase-clinical tri-
als have supported the hypothesis that phyto-
chemical compounds derived from oriental 
herbs can block the initiation or suppress the 
development various types of malignancies 
including prostate cancer [11-13]. These phyto-
chemicals gained popularity in recent years 
being usually multi-targeted and much safer 
than synthetic drugs [12, 14-16]. Among the 
innumerable plants that have been researched 
since ancient time is Costus speciosus, a 
perennial herb native to the south and south 
east Asian countries. It has long been con-
sumed as an herbal remedy for the treatment a 
long list of illnesses and a condiment for flavor 
in cooking. Recently, the herb has attracted an 
attention as a promising reservoir for supplying 
bioactive molecules with a wide range of bio-
logical activities. For instance, the herb has an 
applications in pharmaceutical industries as a 
natural source of diosgenin, a steroidal sapoge-
nin used for synthesis of cortisone, sex hor-
mones and oral contraceptives [17]. In addi-
tion, the herb has been found to possess a 
broad spectrum of pharmacological potentials, 
including antibacterial, antifungal, antioxidant, 
antidiabetic, antihyperglycemic, hypolipidemic, 
antiinflammatory, antistress, antifertility, anti-
pyretic, antidiuretic, hepatoprotective, analge-
sic and larvicidal activities. Due to too its appar-
ent health benefits, commercial preparations 
of C. speciosus extracts are currently marketed 
as supplements used for traditional applica-

tions [18, 19]. The rhizomes of the herb are 
generally consumed in the form of decoction 
and they possess numerous therapeutic poten-
tials. For example, they have anti-fertility, ana-
bolic and diuretic properties and are prescribed 
for diseases such as jaundice, urinary diseas-
es, dropsy, rheumatism and pneumonia. Rhi- 
zomes have also been found to exhibit CNS 
depressant activities [20] and to stimulate the 
uterine contraction due to non-estrogenic 
effects [21]. An alkaloid extract from rhizomes 
had papaverine like smooth muscle relaxant 
and enhances antispasmodic activities [18, 
19]. 

The current study is a part of a large-scale proj-
ect to seek and develop novel approaches for 
treatment of prostate cancer using multi-
agents of phytochemicals. To attain this aim, 
the current study was carried out to explore the 
chemopreventive potential of extracts derived 
from C. speciosus rhizomes on human prostate 
cancer PC-3 cells and to elucidate the plausible 
underlying mechanism to provide a lead for 
development as effective drugs.  

Materials and methods 

Herbal material and extraction of initial frac-
tionations

500 g air-dried of C. sepciosus rhizomes were 
ground and extracted with 75% methanol for 5 
days at ambient temperature. The extract was 
then, filtered, and concentrated using a rotary 
evaporator under reduced pressure. The resi-
dues were suspended in warm water and fur-
ther fractionated in a stepwise manner with 
n-hexane, chloroform, ethyl acetate and n-buta-
nol. The extracts were filtered and rotary evapo-
rated; then the residues of each extract were 
dissolved in proper volumes of dimethyl sulfox-
ide [DMSO] to obtain desired concentrations of 
hexane, chloroform, ethyl acetate and butanol 
extracts. The DMSO-dissolved extracts were 
then aliquoted and saved at -20°C until applied 
to PC-3 cells in cultures. 

GC-MS chromatographic conditions

For gas chromatography coupled with mass 
spectrometry analyses, a Perkin Elmer Clarus 
500 GC-MS (Perkin Elmer, Shelton, CT, USA) 
was utilized throughout the experiments. The 
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software controller/integrator was TurboMass 
version 5.4.2.1617. An Elite-1, GC capillary col-
umn, Crossbond® 100% dimethyl polysiloxane 
(30-meter × 0.25 mm ID × 0.25 μm df, Perkin 
Elmer). The carrier gas was helium [purity 
99.9999%] and flow rate was 0.9 mL/min. 
Source (EI+): source temperature, 230°C. GC 
line temperature was 210°. Electron energy 
was 70 eV, and trap-emission was 100 v. The 
oven was programmed as follows: initial tem-
perature was 100° (hold 4 min) to 210° (rate 
5.0°/min, hold 2.0 min), to 270° (rate 10.0°/
min, hold 12.0 min), to 280° (rate 10.0°/min, 
hold 5.0 min) (Run time; 52 min). Injector tem-
perature, 280°. The injection volume was 1.0 
µL, and the Split ratio was 1:10. Samples were 
acquired by applying the total ion chromato-
gram. The MS scan was from 40 to 400 m/z 
(500 scan/sec). An average TIC scan of each 
peak, at definite retention times, was saved 
using the TurboMass software to characterize 
the closed peaks obtained from the MS chro-
matogram of the analyzed samples. 

GC-MS sample preparation

One g dried powder of Costus speciosus was 
transferred to 15-mL screw-capped test tube, 
mixed with 10 mL n-hexane, vortexed for 1 min, 
left in sonication water bath for 10 min, and left 
at room temperature for 10 min. The clear 
supernatant was filtered through 0.22 μ PTFE 
syringe membrane filter. A volume of 5 mL of 
this solution was dried with nitrogen gas at 
room temperature and reconstituted in 1 mL 
n-hexane. A volume of 1 μL was injected for GC/
MS analysis. A total recovery vial 0.9 mL was 
used. Attached Excel file showed the character-
ized (confirmed) compounds using NIST2008 
program. 

Cell lines and cell culture

Human prostate cancer PC-3 cells, breast can-
cer MCF-7 cells, hepatocellular carcinoma He- 
pG2, colon cancer HCT116 cells and non-malig-
nant human esophageal epithelial cells (OEP) 
were purchased from King Fahed Biomedical 
Research Center, King Abdul Aziz University, 
KSA. Cells were maintained at 37°C in a humid-
ified atmosphere under 5% CO2 in Dulbecco’s 
modified Eagle’s medium (DMEM) containing 
10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin antibiotics. The cells were sub-
cultured at 2-3 day interval. Exponentially grow-
ing cells were seeded at indicated densities in 
tissue culture plates and treated with displayed 
concentrations of each extract.

Cell proliferation, clonogenic, anchorage-
independent cell growth and scratch wound 
healing assays

Cell proliferation, clonogenic, anchorage-inde-
pendent cell growth and scratch wound healing 
assays were performed as previously detailed 
[22].

Cell migration and invasion assays

Cell migration and invasion were assessed 
using Transwell chamber. For the migration 
assay, PC-3 cells (104) were seeded in serum-
free DMEM (100 μL) in the top chamber of 
Transwell inserts (BD FalconTM 8 μm pore size) 
and treated with the indicating concentrations 
of CHECS for 24 h. For the Transwell invasion 
assay, the cells were seeded in the top cham-
ber of matrigel-coated Transwell inserts (BD 
FalconTM 8 μm pore size) and treated with the 
indicated concentrations of CHECS. The lower 
chamber was filled with DMEM containing 10% 
FBS, as a chemo-attractant for 24 h. Then, 
cells were washed, fixed with 10% formalin-
buffered saline for 30 min, stained with 0.5% 
crystal violet and visualized using a photocam-
era-equipped light microscope (Leica, Ger- 
many).

Culture of PC-3-derived prostaspheres 

The PC-3 enriched-tumorspheres (prostasp- 
heres) were isolated, cultured and treated as 
detailed previously [22]. To assess the inhibito-
ry potential of CHECS on the growth potential of 
primary sphere-forming cells to serially pas-
sage, (10 × 103/well) were cultured in 96-well 
ultra-low attachment plate (Corning) for 72 h. 
The, cells were then treated with the indicated 
concentrations of CHECS for 72 h, and primary 
spheres were collected, dissociated, and resus-
pended in serum-free DMEM/F12 to form sec-
ondary spheres. The secondary spheres were 
cultured for 7 days; after which, cells were dis-
sociated and re-cultured to form tertiary sp- 
heres. Images of primary, secondary and ter-
tiary cultures were captured at indicated times 
using phase contrast microscopy.

Detection of CD44+ and CD133+ cells by flow 
cytometry assay 

Detection of CD44+ and CD133+ positive cells 
was carried out as following. Briefly, 50 × 104 
PC-3 cells or PC-3 derived CSCs were incubat-
ed with fluorochrome-conjugated monoclonal 
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antibodies, mouse anti-CD44 antibody (SAB- 
1405590; Sigma), mouse anti-CD133 (Pro- 
minin-1) (MAB4399; EMD Millipore) or isotype 
control antibody (Mouse IgG1) (Sigma), in the 
darkness at 4°C for 10 min, then measured by 
flow cytometry analysis.

Chemoresistance assay

The chemoresistance was assessed using the 
MTT assay. Briefly, 103 cells/well were plated in 
96-well plates in 100 µL culture medium for 24 
h. Then, cells were incubated with culture medi-
um containing indicated concentrations of cis-
platin (Sigma) or control medium for 48 h. 
Subsequently, MTT assay was carried as men-
tioned above to assess cell viability. 

Toluidine blue staining 

To assess the populations of light and dark 
cells in PC-3 derived prostaspheres and PC-3 
adherent monolayer with toluidine blue, the two 
cell suspensions were stained with toluidine 
blue staining buffer containing 10 mM HEPES 
buffer (pH 7.4), 2 mM EDTA, 0.5% bovine serum 
albumin and 0.4% toluidine blue (Sigma) for 5 
min at room temperature. Stained cells were 
visualized using a photocamera-equipped light 
microscope (Leica, Germany).

Morphological assays

The morphological characteristics of apoptosis 
were examined using Giemsa, acridine orange 
(AO)/ethidium bromide (EtBr) (Sigma) and 
Hoechst 33342 staining as previously de- 
scribed [22, 23]. Briefly, PC-3 cells were cul-
tured in 24-well culture plates and treated with 
CHECS for 24 h. The cells were then washed 
with PBS, labelled with mentioned stains for 30 
min at 37°C in the dark and visualized using a 
photocamera-equipped light microscope (Lei- 
ca, Germany).

Annexin V-FITC assay for assessment of apop-
tosis

Briefly, PC-3 cells (300 × 103) were cultured in 
25 cm2 culture flasks for 24 h; then cells were 
incubated with the displayed concentrations of 
CHECS for 24 h. The cells were then trypsin-
ized, harvested, washed in PBS and apoptosis 
induced by CHECS was assessed using Annexin 
V-FITC Apoptosis Detection Kit (Sigma) by flow 
cytometry as previously described [22]. 

Measurement of mitochondrial and lysosomal 
membrane permeabilization 

Mitochondrial membrane potential (Δψm) was 
assessed using Mitochondrial Membrane 
Potential Assay Kit (Cayman Chemicals), follow-
ing vendor’s recommendations. Briefly, PC-3 
cells were cultured in 96-well culture plates and 
treated with CHECS for 24 h; then, Δψm and 
fluorescence intensity of the cells were mea-
sured as described previously [22]. 

For lysosomal membrane permeabilization 
(LMP), PC-3 cells were grown in 96-well culture 
plates and incubated with CHECS for 24 h. 
Then, quantitative analyses and fluorescence 
intensity of the cell cells were measured as 
described previously [22]. 

Determination of ROS production 

PC-3 cells were grown in 96-well culture plates 
and incubated with CHECS for 24 h; then ROS 
level and fluorescence intensity of the cell cells 
were measured as described previously [22]. 

Determination of GSH level

PC-3 cells were grown in 96-well culture plates 
and incubated with CHECS for 24 h as men-
tioned above. Then, cells were then washed, 
labelled with 10 μM fluorescent probe, CMFDA 
(Cayman Chemicals) for 30 min at 37°C in the 
dark and fluorescence intensity of the cell was 
measured using a micro-plate reader [BioTek 
Synergy] with excitation at 492 nm and emis-
sion at 517 nm. The cells were also photo-
graphed using fluorescence microscope (Leica, 
Germany).

Single-cell gel electrophoresis (comet assay) 

Briefly, PC-3 cells (100 × 103 cells/mL) were 
cultured and treated with CHECS for 24 h as 
mentioned above. Then, the cells were harvest-
ed, resuspended in ice-cold PBS and DNA dam-
age was evaluated by comet assay utilizing 
OxiSelectTM Comet Assay Kit (Cell Biolabs, Inc) 
as previously described [22].

DNA fragmentation assay 

Briefly, PC-3 cells (100 × 103 cells/mL) were 
cultured and treated with CHECS for 72 h as 
mentioned above. Then, the cells were harvest-
ed, resuspended in ice-cold PBS and DNA was 
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extracted and gel-electrophoresed as previ-
ously described [22].

Cell cycle analysis

Briefly, PC-3 cells (300 × 103) were cultured 
and treated with CHECS for 48 h. Then cells 
were harvested, washed with PBS, fixed in ice-
cold 70% overnight ethanol at 4°C and cell 
cycle analysis was performed essentially as 
described previously [22]. 

Western blot analyses

Briefly, PC-3 cells were cultured in six-well 
plates and incubated with the displayed con-
centrations of CHECS for 24 h as mentioned 
above. Next, the cells were harvested, washed 
in PBS and pelleted by centrifugation. Then, 
preparation of whole and nuclear protein 
lysates, polyacrylamide gel electrophoresis, 
immunoblotting and detection of desired pro-
teins were performed as previously detailed 
[22].

Statistical analysis

All experiments were performed in triplicate for 
several times and the results were displayed as 
mean ± standard deviation (SD). The statistical 
significance of results was determined by 
Student’s t-test using GraphPad Prism 6 pro-
gram, and a p value of less than 0.05 was con-
sidered statistically significant.

Results

Bioassay-guided fractionation of C. speciosus 
extracts

Initially, the effects of C. speciosus extracts on 
PC-3 cells was determined by analyzing the 24 
h dose-response curve  to delineate the opti-
mal concentration at which each extract affects 
growth kinetics of PC-3 cells. The cells were 
treated with increasing concentrations of meth-
anol, hexane, chloroform, ethyl acetate or buta-
nol extract for 24 h. The growth-inhibitory 
potentials of all extracts were consistently 
dose- and time-dependent, monotonic and 
accumulative, indicating the specific cytotoxic 
effect of the extracts (Figure 1A). The IC50 (50% 
inhibition concentration) values for the extracts 
were 2.3, 6.0 and 90 μg/mL for hexane, chloro-
form and methanol, respectively. On the other 

hand, the highest doses of ethyl acetate (100 
μg/mL) and butanol (500 μg/mL) extracts dem-
onstrated only 45% and 35%, respectively, a 
reduction in cell viability. These results indicate 
that hexane extract (CHECS) has the strongest 
growth-inhibitory potential. So this extract was 
selected for further analysis and mechanistic 
studies. 

CHECS treatment alters growth kinetics of 
PC-3 cells 

To further characterize the effect of CHECS on 
growth kinetics of PC-3 cells, the cells were 
treated with increasing concentrations of 
CHECS (0.25-4.0 μg/mL) and cell viability was 
monitored for 24, 48 and 72 h. The response 
was a dose- and time-dependent, with a 
10-60% reduction after 24 h, a 22-75% reduc-
tion after 48 h and 35-92% reduction after 72 
h (Figure 1B). The IC50 values at 24, 48 and 72 
h were 2.0, 0.5 and 0.35 μg/mL, respectively. 
All these findings demonstrate that CHECS 
inhibited the growth of PC-3 cells in a signifi-
cant manner. 

Next, a clonogenic assay was carried out to test 
whether growth-inhibitory properties of CHECS 
can affect the clonogenic potential of PC-3 
cells. CHECS caused a considerable decrease 
both in colony number and size compared with 
control colonies (Figure 1C). To validate these 
results, a soft agar assay was conducted. Once 
again, a decrease in the number and size of 
growing colonies were observed following 
CHECS exposure (Figure 1D). 

Finally, to validate growth-inhibitory effects of 
CHECS in the contexts of other cancer cell 
lines, the time and dose course effects of 
CHECS on the growth of breast (MCF-7), liver 
(HepG2) and colon (HCT-116) cancer cell lines 
were analyzed. As shown in Figure 1E, all test-
ed cell lines were especially sensitive to 
CHECS’s growth-inhibitory potential, in a time- 
and concentration-dependent manner. The IC50 
for 24 and 48 h treatments appeared to be 1.0 
and 0.6 μg/mL for MCF-7, 0.6 and 0.35 μg/mL 
for HCT-116 and 2.25 and 0.6 μg/mL for HepG2 
cells. On the other hand, CHECS exhibited a 
marginal cytotoxic effect on the non-malignant 
human esophageal epithelial cells (OEP). The 
maximal effect was observed after 72 h and at 
a concentration of 4.0 μg/mL CHECS, where 
CHECS induced 30% decrease in the percent-
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Figure 1. CHECS treatment alters growth kinetics of PC-3 cells. (A) The PC-3 cells were treated with the displayed 
concentrations of the indicated extracts for 24 h. (B) The PC-3 cells were treated with the indicated concentrations 
of CHECS for 24 (dotted), 48 (solid) and 72 (dashed) lines. Colony formation (C) and soft agarose (D) assays of PC-3 
cells treated with CHECS for 13 days (magnification: 5 ×). The histogram (C) shows the colony forming potential of 
the cells at each dose of CHECS. (E) The displayed cell lines were treated with the indicated concentrations of the 
CHECS for 24. Dose points represent mean ± SD of independent experiments in triplicates.
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age of cell viability (Figure 1E). Taken together, 
these findings denote that CHECS might pre-
vent proliferation or induced apoptosis in can-
cer cells ultimately resulting suppression of 
cancer cell growth. 

CHECS inhibits invasion and migration of PC-3 
cells

Convenient evidences indicated that both cell 
migration and invasion play a central in the 
metastasis [6]. To test whether growth-inhibito-
ry properties of CHECS can affects the migra-
tion potential of PC-3 cells, the effect of CHECS 
on PC-3 cell migration was performed using a 
classic wound healing assay. The results 
revealed CHECS effectively inhibited the migra-
tion potential of treated cells, in a dose- and 
time-dependent manner (Figure 2, Rows I, II 
and III). The untreated cells replenished the 
wound area completely after 12 h; in contrast, 
the cells treated with 0.5 μg/mL CHECS showed 
a wider wound gap 24 hours and took a longer 
time to fill in the wound gap. Furthermore, for 

the cells treated with the higher concentrations 
(1.0, 2.0 and 4.0 μg/mL) of CHECS, the wound 
gaps were not completely filled, indicating a 
defect in migration. To substantiate these find-
ing the migration assay was repeated using 
Transwell invasion assay. Consistent with the 
findings in wound healing assay, CHECS-treated 
cells exhibited a substantial decrease in the 
number of migrated cells (Figure 2, Row IV). 
Next, the effect of CHECS on the invasive 
potential of PC-3 cells was assessed using 
matrigel-coated Transwell chambers. CHECS 
decreased PC-3 cell invasion ability in a dose- 
and time-dependent manner (Figure 2, Row V). 
Collectively, these results imply that CHECS 
diminished the migratory and invasive poten-
tials of PC-3 cells. 

CHECS induces hallmarks of apoptosis in PC-3 
cells 

To examine whether the cytotoxic of CHECS is 
linked to the induction of apoptosis, PC-3 cells 
were treated with increasing concentrations of 

Figure 2. CHECS inhibits invasion and migration of PC-3 cells. Wound healing (Row I, II and III), cell migration (Row 
IV) and cell invasion (Row V) assays show the inhibitory effect of CHECS on PC-3. In all experiments, images were 
photographed under a light microscope; magnification of × 20.
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CHECS and morphological characteristics of 
apoptosis were monitored. The images of light 
microscopy demonstrated that treated cells 
clearly exhibited significant morphological fea-
tures of cells committing apoptotic death; these 
include loss of adhesion, sporadic distribution, 
shrinkage of cell volume, atypical cell shapes, 
karyopyknosis and formation of apoptotic bod-
ies (Figure 3A, Rows I and II). Next, cells were 
stained with a mixture of acridine orange (AO) 
and ethidium bromide (EtBr) and analyzed 
under fluorescent microscopy. The cells in con-
trol culture exhibit homogenous green color 
indicating cells are viable (Figure 3A, Raw III). 
On the other hand, the CHECS-treated cells 
exhibited a gradual decrease in green fluores-
cence accompanied by a parallel increase in 
red fluorescence. These observations indicate 
that treated cell lost their membrane integrity, 
which is a hallmark of cells advancing apoptotic 
death. Finally, when the cells were stained with 
a nuclear stain, Hoechst 33342 dye; the nuclei 
appeared highly bright indicating that CHECS 
dose-dependently increased the content of 
chromatin condensation (Figure 3A, Row IV), a 
characteristic signs of apoptotic cell death. 

To further confirm the pro-apoptotic potential of 
CHECS, the percentage of apoptotic cells were 
analyzed by flow cytometer. The results of these 
experiments explained that 24 h exposure to 
CHECS induced an increase in apoptotic cell 
populations in PC-3 compared to controls 
(Figure 3B). The proportions of cells underwent 
apoptotic death in right quadrants were 
increased up to 52.97, 64.7, 87.41 and 92.92% 
after treating the PC-3 cells with 0.25, 0.5, 1.0, 
2.0 and 4.0 μg/mL CHECS, respectively (Figure 
3C). Taken together all these results are all hall-
marks of apoptotic cell death and demonstrate 
the ability of CHECS to induce apoptosis in PC-3 
cells. 

CHECS induces accumulation of ROS, deple-
tion of GSH, permeabilization of mitochondrial 
and lysosomal membranes and activation of 
caspse-9/-3 

To investigate whether ROS generation is 
involved in CHECS-induced apoptosis, cells 
were treated with increasing concentrations of 
CHECS and the level of ROS was quantified 
using fluorescent probe, DCFH-DA. When cells 
were incubated with CHECS, the level of ROS 
increased 2.3-fold above its basal level (Figure 

4A). Next, the possibility that CHECS-induced 
production of ROS could deplete intracellular 
glutathione (GSH) level was investigated using 
a fluorescent probe, CMFDA. The observations 
of these experiments indicated that treatment 
of PC-3 cells with CHECS led to a decline in the 
means of CMF fluorescent intensity (Figure 4B). 
Collectively, these findings suggest that ROS 
production is an intermediate step involved in 
CHECS-induced apoptotic cell death.

Amongst well-known consequences of exces-
sive ROS accumulation is the induction of LMP 
and MMP [24]. Therefore, the effect of CHECS 
on the lysosomal integrity was tracked using AO 
staining; the PC-3 cells were treated with 
increasing concentrations of CHECS for 24 and 
labeled with AO. Quantitative analysis show 
that 4.0 μg/mL CHECS increased the intensity 
of green fluorescence to 3.5-fold compared to 
the untreated cells (Figure 4C). Compatible 
with this analysis, fluorescent microscopy imag-
es showed that untreated cells obviously dis-
played red staining of punctuate lysosomes dis-
seminated throughout the cytoplasm indicating 
the integrity of lysosomal membranes. On the 
other hand, after CHECS treatments, the cells 
displayed less intense red fluorescence and 
more intense green fluorescence, indicating 
high concentrations of CHECS caused LMP. 

To assess whether CHECS-induced ROS accu-
mulation leads to destabilization of the mito-
chondrial membrane, the collapse of mitochon-
drial potential, ΔΨm (MMP) was examined after 
CHECS treatment. The PC-3 cells were treated 
with increasing concentrations of CHECS for 24 
h and were then labeled with the lipophilic dye, 
JC-1. The spectrophotometric analyses showed 
that CHECS provoked substantial mitochondri-
al membrane depolarization, where 4.0 μg/mL 
CHECS concentration caused ~2.5-fold de- 
crease in the ratio of red/green fluorescence 
intensity (Figure 4D). In addition, fluorescent 
microscopy observations demonstrated that 
there is a noticeable dose-dependent disap-
pearance of red fluorescence coupled with 
increased green fluorescence (Figure 4D). Co- 
llectively, these findings indicate that CHECS-
mediated ROS accumulation and GSH deple-
tion induced MMP and LMP. 

Next, the expression levels of the antiapoptotic 
protein Bcl-2 and the pro-apoptotic protein Bax 
were analyzed. Western blot analyses showed 
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Figure 3. CHECS promotes apoptosis in PC-3 cells. (A) The cells were treated with the displayed concentrations of 
CHECS for 24 h and observed directly under phase contrast microscopy (Row I; magnification: 20 ×), after being 
labeled with Giemsa stain (Row II; magnification: 20 ×), a mixture of AO and EtBr stains (Row III; magnification: 40 ×) 
or Hoechst 33342 stain (Row IV; magnification 20 ×). (B) Representative flow cytograms and (C) histogram display 
total percent of apoptotic cells treated with CHECS; dose points represent mean ± SD of independent experiments 
in triplicates.

that the treatment of PC-3 cells with CHECS 
resulted in a marked increase in the expression 
of Bax and a decrease in the levels of Bcl-2 
when compared with control cells. At the level 
of the highest dose of CHECS (2.0 μg/mL) the 

ratio of Bax to Bcl-2 increased 4-fold above its 
basal level (Figure 5A). 

To examine the engagement of caspase-9 and 
-3 activation in apoptotic scenario induced by 
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CHECS, the activation of both caspases was 
monitored by flow cytometry. The findings in 
Figure 5B and 5C clearly indicate that cas-
pase-9 (B) and caspase-3 (C) were markedly 
stimulated after CHECS treatment in PC-3 cells. 
Following treatment with 2.0 μg/mL CHECS, 
there was an increase in the levels of active 
forms of caspase-9 and caspase-3 by 6.5- and 
4.5-fold, respectively. To attain further evi-
dence of caspase-3 activation, the cleavage of 
PARP-1, a downstream effector of activated 
caspase-3, was inspected. The flow cytometry 
analyses confirmed CHECS treatment led to an 
increase in the level of cleaved PARP-1 (Figure 
5D). All these findings indicate that CHECS 
treatment triggered apoptotic cascades in PC-3 
cells. 

CHECS induces DNA damage and G0/G1 and 
G2/M phase arrest in the PC-3 cells 

To confirm CFENS induces DNA damage lead-
ing to apoptotic death, PC-3 cells were exposed 
to 1.0 μg/mL CHECS and the effect of CFENS 
on cellular DNA damage was detected, after 24 
h, using comet assay. The observations showed 
the nucleoids of control cells appeared uni-
formly spherical in shape indicating DNA mate-
rials are intact; on the other hand, the nucle-
oids of CHECS-treated cells emerged as com-
ets indicating a massive DNA damage (Figure 
5E). 

Next, the effect of CHECS on oligo-nucleoso- 
mal DNA fragmentation was examined using an 

Figure 4. CHECS induces accumulation of ROS, depletion of GSH and 
permeabilization of mitochondrial and lysosomal membranes in PC-3 
cells. Cells were treated with the displayed concentrations of CHECS 
for 24 h and stained with (A) DCFH-DA to show generation of ROS, with 
CMFDH (B) to show a depletion of GSH, with AO (C) to show induction of 
LMP and with JC-1 (D) to show induction of MMP. Dose points represent 
mean ± SD of independent experiments in triplicates.
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Figure 5. CHECS modulates expression levels of apoptosis-related proteins and induces DNA damage and cell-cycle 
phase arrest in the PC-3 cells. The PC-3 cells were incubated with the displayed concentrations of CHECS for 24 h 
and assayed. (A) Expression levels of Bcl-2 and Bax proteins were altered by CHECS treatment as determined by 
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agarose gel electrophoresis. The PC-3 cells 
were treated with increasing concentrations of 
CHECS for 24, 48 and 72 h; then DNA fragmen-
tation was analyzed. As shown in Figure 5F, no 
DNA fragmentation was observed even after as 
high as 4.0 µg/mL of CFENS for 72 h treatment. 
These findings suggest that CFFNS employs 
non-classical DNA fragmentation scenario to 
process chromatin during apoptosis.

To investigate the effect of CHECS on cell cycle 
progression, the PC-3 cells were treated with 
increasing concentrations of CHECS for 48 h 
and the cell cycle phases were monitored by 
flow cytometry. At a level of 1.0 μg/mL, CHECS 
induced increase in G2/M phase from 14% to 
21%, which was associated with a decrease in 
S phase from 47% to 39% suggesting that 
CHECS may have caused cells to accumulate in 
G2/M. Upon increasing concentration of CHECS 
to 2.0 μg/mL, there was an increase in G0/G1 
from 23% to 28%, which was associated with a 
parallel decrease in S phase from 39% to 33% 
hinting that CHECS arrested cells at G0/G1 
phase (Figure 5G). These findings suggest that 
CHECS significantly halt cell proliferation via 
hampering progression of the cell cycle at the 
G0/G1 and G2/M phases. 

CHECS inhibits the growth of PC-3-derived 
CSCs 

To explore whether CHECS could inhibit the 
growth of prostate CSCs, PC-3 derived tumor-
spheres were isolated, from the cultured PC-3 
cells using tumorsphere formation assay. 
Microscopic observations revealed some cells 
formed clonal non-adherent prostaspheres and 
could also be serially passaged signifying that 
they possess CSC properties (Figure 6A). 
Thereby, it is reasonable to assume that the 
PC-3 cell-derived prostaspheres contain stem-
like cells. 

Next, the cultured prostaspheres were ana-
lyzed to assess the existence of hypothesized 
CSC-like properties; the expression levels of 
the distinct prostate CSC markers, CD133+ and 
CD44+ [5, 25], were analyzed. Flow cytometric 

analyses indicated that PC-3 prostaspheres 
expressed obviously elevated protein levels of 
CD133+ and CD44+ markers than the parental 
counterparts (Figure 6B). There were a 32-fold 
increase in CD133+ expression and a 2.7-fold 
increase in CD44+ expression in spheres com-
pared with adherent PC-3 cells. 

To evaluate the chemoresistance properties of 
the PC-3 prostaspheres and a parental adher-
ent PC-3 cells, the two cell populations were 
exposed to cisplatin for 48 h and their sensitivi-
ties to the drug were compared. The observa-
tions of these experiments showed viability of 
PC-3 prostaspheres was generally higher than 
adherent PC-3 cells at the alike doses of the 
drug (Figure 6C). At the level of 1.0, 2.0 and 4.0 
μg/mL cisplatin, the survival rates of PC-3 pros-
taspheres were 1, 3-, 1.6-, 1.8-folds, respec-
tively, higher than survival rates of parental 
PC-3 cells. 

Next, both PC-3 prostaspheres and parental 
PC-3 cells were stained with toluidine blue and 
visualized. The findings of this stain indicated 
that there was a marked decrease of toluidine 
blue pale cell subpopulation and the increase 
of dark cell subpopulation in adherent PC-3 
cells compared with PC-3 prostaspheres 
(Figure 6D). Taken together, these assays dem-
onstrate that PC-3 derived tumorspheres pos-
sess the putative characteristics of cancer 
stem cells. 

To determine whether CHECS would be able to 
overcome acquired chemotherapy resistance 
of PC-3 prostaspheres, the prostaspheres were 
treated with escalating concentrations of 
CHECS for 72 h and the percentages of growth 
inhibition were determined. The observations 
of these experiments demonstrate that CHECS 
treatments dose-dependently inhibited the 
growth of PC-3 prostaspheres with an IC50 
value of 1.25 μg/mL; meanwhile a dose of 6.0 
μg/mL CHECS caused a 95% decrease in pros-
tasphere growth (Figure 6E). These data imply 
that the PC-3 prostaspheres are responsive to 
the cytotoxic effect of CHECS.

Western blotting (Left) and quantitative analyses (Right). (B-D) The histograms and representative flow cytograms 
show CHECS treatment increased activity of caspase-9 (B) and caspase-3 (C) and cleavage of PARP-1 (D). (E) Dam-
age of the genomic DNA after treatment with CHECS as determined by comet assay. (F) CHECS treatments did not 
induce oligonucleosomal degradation of the genomic DNA after treatment for 72 h. (G) Cell-cycle progression was 
arrested at the G0/G1 and G2/M phases after treatment with CHECS for 48 h. Dose points represent mean ± SD of 
independent experiments in triplicates.
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Figure 6. CHECS Inhibits the Growth of PC-3-Derived CSCs. (A) The PC-3 pros-
taspheres (Top) were enriched from PC-3 adherent cells (Bottom). (B) Repre-
sentative flow cytograms and quantitative analyses show expression levels of 
CD133+ and CD44+ proteins in the prostaspheres (CSCs) and parental PC-3 
cells. (C) Significant differences in cisplatin chemosensitivity observed be-
tween parental PC-3 cells and prostaspheres. (D) The light microscope images 
of PC-3 Cells (Left) and prostaspheres (Right) show a significant decrease of 
toluidine blue pale cell subpopulation in PC-3 adherent cells and a marked 
increase of dark cell subpopulation in prostaspheres. (E and F) CHECS inhibits 
proliferation (E) and new-self potential (F) of PC-3 prostaspheres. 
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To confirm that CHECS can inhibit self-renew- 
al potential of PC-3 prostaspheres, the clonal 
expansion (formation of secondary and tertiary 
spheres) of the prostaspheres was monitored 
after including CHECS in the medium during pri-
mary prostaspheres formation. The prosta-
spheres were seeded and treated with 1.0 µg/
mL CHECS for 72 h to evaluate the potential of 
a secondary spheroid formation. Then, the cells 
were dissociated and reseeded at low density 
to allow self-renewing for two weeks. As clearly 
seen in Figure 6F when CHECS was added to 
the culture media of the primary prostaspheres, 
it inhibited the ability of cells isolated from 
these spheres to form secondary prosta-
spheres by more than 50% and to form tertiary 
prostaspheres compared to control culture. 
These findings denote that CHECS affect pros-
tate stem cell self-renewing potential and that 
this process is irreversible since the removal of 
CHECS did not restore the ability of these cells 
to form prostaspheres upon serial passage. 

Chemical identification of CHECS 

The total ion chromatogram profile is displayed 
in Figure 7: To identify the most active ingredi-
ents in CHCES, the extract was analyzed by 
GC-MS. The total ion chromatogram profile indi-
cated that CHECS contained three dominant 
peaks, constituting 73.67% of the UV detect-
able components of the total mixture (Figure 
7A and 7B; original materials will be supplied 
upon request). The largest peak was ereman-
thin, detected at 21.92 min and constituted 

61.3% of the extract. Eremanthin is followed by 
dehydrosaussurea lactone (9.1%) and costum-
lide (3.27%); they were detected at 18.69 and 
23.21 min, respectively. Some of the other 
minor peaks, recorded in data base and others 
not recorded and identification of these con-
stituents is in progress. 

Discussion

Comprehensive studies in in vitro and in vivo 
approaches as well as human epidemiological 
trials demonstrated dietary derived phyto-
chemicals could offer preventive and therapeu-
tic competences against different types of can-
cers, including prostate phenotype [11-13]. In 
this study, the cytotoxic effect of methanol, hex-
ane, chloroform, ethyl acetate and butanol 
extracts derived from C. speciosus were indi-
vidually tested on PC-3 cells. The results herein 
support the premise that among the five tested 
extracts, the hexane extract (CHECS) emerges 
to be the most suitable candidate for restricting 
the growth of PC-3 cells. This is because its 
growth-inhibitory potential surpassed all those 
of the other extracts. It also exerted a marked 
anti-proliferative activity against the breast, 
liver and colorectal cancer cell lines and signifi-
cantly it showed a minimal cytotoxic effect 
against the growth of normal cell line. The 
growth-inhibitory properties of CHECS were fur-
ther backed up by the results from clonogenic 
and soft agar assays. Findings of these assays 
are noteworthy since the clonogenic assay 
assesses the ability of a single cell to prolifer-

Figure 7. Chemical Identification of CHECS. A. Base peak chromatograms of C. speciosus hexane fraction recorded 
in GC-MS. B. Mass spectra of some major identified peaks. Red (Top Panels) analyses are identified peaks and blue 
(Bottom Panels) analyses represent identical compounds found in synthetic compound libraries; dehydrosaussurea 
lactone, 9.1%; RT 18.69; eremanthin, 61.3%; RT 21.92 and costunlide, 3.27%; RT 23.21. 
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ate indefinitely to form a large colony/clone and 
a reduced clonogenic potential implies a loss of 
invasion potential in tumor cells [26]. The soft 
agar assay assesses the potential of a single 
cell to grow unattached to a substrate; this 
mode of growth is a hallmark of cell transfor-
mation [26, 27] and accounted as an initial 
stage in carcinogenesis and as a marker for 
metastatic potentials of cancer cells in vivo. A 
loss of the ability to grow in soft agar indicates 
a decrease in metastatic potential of cancer 
cells [28]. Therefore, inability of PC-3 cells 
treated with CHECS to form clones or to grow in 
soft agar compared to control cells adds fur-
ther evidence demonstrating the anti-carcino-
genic potential of CHECS. 

It is documented that metastasis is the major 
causes of morbidity and mortality in cancer 
patients [29]. The key events in the metastatic 
process are related to the invasion and migra-
tion potentials of cancer cells [6]. The findings 
herein indicated that CHECS consistently im- 
peded invasion potential of PC-3 cells, dimin-
ished healing of the scratched PC-3 monolay-
ers and restrained the migration potential of 
the PC-3 cells to the bottom chamber in Tr- 
answell invasion assay. Thus, all these findings 
strengthen the potential development of CH- 
ECS as an anti-metastatic agent in prostate 
cancer.

An overwhelming body of evidence accumulat-
ed in the last decades indicated that a key 
property of a candidate anticancer agent is the 
induction of apoptosis in cancer cells, which 
discriminates between cytotoxic drugs and 
toxic compounds [30, 31]. In addition, clinical 
observations explain that induction of apopto-
sis prompts complete eradication of estab-
lished tumors in vivo without causing deleteri-
ous effects to normal cells [32]. The light and 
fluorescent microscopy analyses indicated that 
the CHECS-treated PC-3 cells exhibited typical 
morphological features of apoptotic cell death. 
The observations of the morphological analy-
ses were also corroborated by flow cytometer 
analysis. The results of this analysis showed 
that the proportions of cells in the lower- and 
upper-right quadrants corresponding to early 
and late apoptosis cells, respectively, increased 
after treating the PC-3 cells with CHECS. All 
these findings suggest that CHECS treatment 
might induced apoptosis in PC-3 cells, which 
may underlie the reduction of cell viability. 

Elucidating the potential molecular mecha-
nisms underlying the induction of apoptosis in 
PC-3 by CHECS revealed that CHECS provoked 
events leading to an increase in ROS. These 
findings deserve attention, since cumulative 
studies indicated that most phytochemicals 
exert their pro-apoptotic potential through in- 
duction of ROS [33]. The results herein show- 
ed that CHECS dose-responsibly increased 
ROS level and depleted GSH pool in PC-3 ce- 
lls, implying the cells suffer oxidative stress. 
Therefore, the pro-apoptotic activity of CHECS 
was accompanied by the generation of ROS 
and PC-3 cell death by CHECS is a ROS-
dependent process. Despite the details of how 
CHECS induced oxidative stresses are not yet 
known and demand further investigations, one 
possibility, CHECS generated excessive amount 
of ROS that facilitate the consumption of GSH 
or CHECS might directly or indirectly reduced 
regeneration or synthesis of GSH. 

Experimental evidences indicated that high lev-
els of ROS can induce LMP and MMP [34]. The 
incidence of LMP results in the release of lyso-
somal enzymes to the cytosol, where they 
digest cellular biomolecules and organelles 
leading to the execution of apoptotic scenario, 
through caspase-dependent and -independent 
pathways [35]. Similarly, induction of MMP 
leads to the release of apoptogenic factors 
(such as cytochrome c) that initiate the activa-
tion series of biochemical reactions resulting in 
stimulation of caspase-3, an apoptosis-execut-
ing caspase [10]. Therefore, the induction of 
either LMP or MMP is sufficient to trigger down-
stream cascades of apoptosis. LMP was ana-
lyzed after treatments of PC-3 cells with CHECS, 
using AO vital stain. The fluorescent microsco-
py observations showed that untreated cells 
displayed distinct red fluorescence indicating 
lysosomes are intact. In contrast, in treated 
cells, red fluorescence was reduced and green 
fluorescence was maximally increased, nearly 
3.5-fold above its basal level indicating that 
LMP is involved in CHECS-induced cell apo- 
ptosis. 

MMP was also analyzed after treatments of 
PC-3 cells with CHECS, using JC-1 dye. The fluo-
rescent microscopy observations demonstrat-
ed that untreated cells fluoresce red indicating 
presence of electrochemical potential across 
the mitochondrial membrane. On the other 
hand, upon exposure to CHECS, the intensity of 
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red fluorescence dimmed gradually, whilst the 
intensity of green became the maximal indicat-
ing release of JC-1 dye molecules into cytosol 
due to loss of mitochondrial membrane poten-
tial. Quantitative analysis showed that the cells 
exposed to CHECS exhibited dose-dependently 
a decrease in JC-1 aggregate/monomer ratio, 
where the red/green fluorescent ratio de- 
creased down to 40% of its basal level in 
untreated cells. Thereby, these findings imply 
that LMP and MMP could be, at least in part, a 
key factor involved in CHECS-induced apopto-
sis. LMP- and MMP-mediating apoptosis induc-
tion is not unique to CHECS and was indicated 
in a long list of phytochemicals-derived chemo-
preventive agents and nutritional supplements 
[36-38]. 

At the molecular level, both Bcl-2 and Bax pro-
teins are the most important players controlling 
the permeability of mitochondrial membrane 
[10]. The expression ratio of Bax to Bcl-2, rather 
than individual expression of each protein, 
determines the susceptibility of a cell to com-
mit suicide or to maintain survive [39] and is 
considered a prognostic marker for therapeutic 
response to radiotherapy [40]. The Western 
blot analysis clearly showed treatment of PC-3 
cells with CHECS led to a dose-dependent 
increase in the level of Bax with a parallel 
decrease in Bcl-2 levels, resulting in an increase 
in the ratio of Bax/Bcl-2 protein levels, thereby, 
tipping the balance of cell survival/apoptosis 
toward the latter. 

Consistent with the increase of Bax/Bcl-2 ratio 
are the findings of flow cytometer showing acti-
vation of caspase-9, caspase-3 and cleavage 
of PARP-1. The caspase-3 works at the most 
distal stage of the apoptotic cascade and upon 
its activation, it mediates the cleavage and 
inactivation of key cellular proteins such as 
PARP-1, a central player involved in DNA repair 
[41]. Herein, the flow cytometer analysis dem-
onstrated an increase in the level of cleaved 
PARP-1. In addition, the observations of comet 
assay (generally accepted as an indicator of 
apoptosis [42]) showed that the DNA in PC-3 
cells treated with CHECS exhibited typical 
comet head and fan-like shape tail, implying 
most DNA migrated out nuclear compartment 
due to a massive DNA damage and breakdown 
of nuclear scaffold. Since when cells suffer 
severe DNA damage, they activate apoptotic 
signaling [43] and many chemopreventive 

agents have been found to impart their apopto-
genic potential through induction of DNA dam-
age in cancer cells [44], thereby, it is rational to 
conclude that CHECS caused severe DNA dam-
age in PC-3 prompting apoptotic signaling. 

The observations of cell cycle analysis herein 
explain that induction of cell cycle arrest seems 
to be the mechanism underlying inhibition of 
PC-3 proliferation following CHECS treatment. 
At a level of 1.0 μg/mL CHECS treatment, the 
population of PC-3 cells at G2/M phase was 
increased at the expense of S phase cell popu-
lation. Furthermore, increasing concentration 
of CHECS up to 2.0 μg/mL led to the accumula-
tion of PC-3 cells in G0/G1 phase, which was 
associated with a further decrease in S phase 
cell population indicating that CHECS can mod-
ulate cell cycle phases based on the exposure 
dose. Most chenopreventive agents induce G0/
G1 or G1/M phase arrest and some can agents 
induce arrest in both phases [45]. Herein, the 
results show that CHECS induced cycle arrest 
at G0/G1 and G2/M phases. An explanation for 
this dual arrest is the mixture formula of the 
CHECS, which comprises different classes of 
ingredients. These ingredients have substan-
tially different biochemical properties and 
mostly target different molecular targets in cell 
cycle machinery resulting in cycle arrest in both 
phases. Further investigations are on progress 
to decipher the molecular targets of CHECS in 
each phase of the cell cycle. Similar to CHECS, 
berberine-induced G0/G1 and G2/M phase 
arrest in PC-3 [46]. The results herein explain 
that DNA damage detected by comet assay was 
observed 24 h post CHECS treatment, whilst 
cell cycle arrest was noticed 48 h post-CHECS 
exposure. Thus, the timeframe required to 
induce DNA damage was shorter than that 
needed to provoke PC-3 cell cycle arrest, sug-
gesting that DNA damage might be an upstream 
event leading to cell cycle arrest.  

Clinical evidences indicated prostate CSCs fos-
ter progression of the tumor and pose formida-
ble challenges to attain curative therapies in 
patients [5, 25]. In this study, the impact of 
CHECS’s growth inhibitory properties on the 
viability of CSCs derived from PC-3 tumor-
spheres was investigated. Initially, isolated 
spheres were characterized to confirm they 
possess the putative prostate CSC properties. 
The gold standards for evaluating the presence 
of CSCs involve the ability to form spheres and 
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to express the positive stemness markers [47, 
48]. The results herein demonstrate the prosta-
spheres could be serially passaged forming fur-
ther tumorspheres indicating that these cells 
possess CSC properties. In addition, flow 
cytometry analysis indicated the expression 
levels of CD133+ and CD44+, representative 
stem cell surface markers of PC-3 [49], were 
higher in the growing prostaspheres than in 
parental PC-3 cells indicating these prosta-
spheres possess prostate CSCs. The identifica-
tion of CD44+ expression in the prostaspheres 
indicates the authenticity of CSC properties 
since it is a basal cell marker characteristic to 
human prostate CSCs and prostate cancer cell 
lines sorted for high expression of CD44+ exhib-
ited enhanced expression of other stemness 
markers [5, 50]. Furthermore, studies on 
human prostate cancer cell lines and xeno-
grafts demonstrated the CD44+ population is 
more proliferative, clonogenic, tumorigenic, 
and metastatic than CD44- cells. Finally, CD44+ 
+ CD133+ subpopulations obtained from hu- 
man tissue have enhanced capacity for in vitro 
serial passaging [51-53]. Herein, the PC-3 
derived prostaspheres were also more resis-
tant than parent adherent monolayer PC-3 cells 
to the cytotoxic effect of cisplatin and exhibited 
the minimal appearance of cells stained with 
toluidine blue. All these observations indicate 
that the PC-3 derived tumorspheres cultured in 
this study exhibited stemness properties. 
Mounting evidences confirmed assessing the 
in vitro anti-self-renewal potential of phyto-
chemicals and herbal extracts by tumorsphere 
assay could reflect the anti-tumorigenic poten-
tial of those agents in vivo [54, 55]. One of the 
seminal findings in the present study explains 
that when CHECS was included in the medium 
of prostasphere cultures, the cells underwent 
apoptotic death indicating that CHECS pos-
sesses a potential to overcome acquired che-
motherapy resistance and to inhibit the growth 
of CSCs. Furthermore, when CHECS was includ-
ed at an early stage of culture, during primary 
prostasphere formation, it significantly reduced 
the clonal expansion of the prostaspheres; they 
were barely able to form secondary prosta-
spheres and failed completely to form tertiary 
prostaspheres. Therefore, on the top of its abil-
ity to kill highly proliferating PC-3 cells, CHECS 
did inhibit growth of PC-3 derived CSCs. Thus, 
these findings suggest the therapeutic benefit 
of the CHECS is in its ability to inhibit the PC-3 
proliferating cells and to target the resistant 

CSCs pool, making it to be a suitable candidate 
for restricting the growth of PC-3 cells and for 
potential development as a chemopreventive 
regimen for prostate cancer. 

The C. specious rhizome is a source of a num-
ber of bioactive compounds; albeit some of 
which were compiled, the full range of the com-
pounds has not yet been identified [56]. Herein, 
the ingredients in C. specious rhizomes were 
successively extracted with methanol, hexane, 
chloroform, ethyl acetate and butanol, and the 
bioassay-guided fractionation analysis indicat-
ed the anti-proliferative potentials of the 
extracts gradually decreased in the following 
rank order: hexane > chloroform > methanol > 
ethyl acetate > butanol. Thus, the most potent 
chemopreventive ingredients in the rhizomes 
reside in hexane. To attribute the observed 
growth-inhibitory potential of hexane extract to 
definite component[s], GC-MS analysis was 
pursued. The analysis identified some major 
compounds with well-known pharmacological 
potentials as well as many others with unknown 
and/or untested activity. The most well-known 
ingredient identified in the extract was costuno-
lide, a common secondary metabolite found in 
important medicinal plants and previously iso-
lated from the hexane extract of C. speciosus 
[57]. The existence of costunolide in CHECS 
may elucidate the observed cytotoxic proper-
ties of the CHECS, since it exhibited marked 
anti-cancer activities against various cancer 
cell lines including prostate cancer [58-60] and 
inhibited growth of colon cancer in vivo [61]. In 
addition, costunolide and eremanthin, another 
constituent found in CHECS, exhibited marked 
antioxidant activity in vivo, which is a hallmark 
of chemopreventive agents [62]. Therefore, it 
seems that the cytotoxic potential of CHECS 
might be imparted by additive and/or synergis-
tic interactions of its individual constituents. 

In conclusion, the current study demonstrate 
CHECS inhibited the proliferation, clonal grow- 
th, invasion and migration of PC-3 cells via 
induction of apoptosis. The apoptotic death 
was associated with accumulation of ROS, 
depletion of GSH, induction of LMP and MMP, 
DNA damage and cell cycle arrest. CHECS also 
down-regulated expression of Bcl-2, upregulat-
ed expression of Bax and stimulated activation 
of caspase-3 and cleavage of PARP-1. Addi- 
tionally, CHECS was able to target the growth of 
PC-3 enriched in tumorsphere cultures. The 
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results herein put forth essential information 
on the action of CHECS for justification as a 
potential source of anticancer drug leads. The 
forthcoming challenge will be to determine the 
effect of CHECS on critical genes associated 
with prostate cancer and to evaluate the effi-
cacy of CHECS on xenograft models of prostate 
cancer. Studies are conducted to identify 
untested active constituents and an effective 
combination among CHECS individual constitu-
ents for their optimal utilization. 
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