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Introduction

Colorectal carcinoma (CRC) is the third most common 
form of cancer and the second leading cause of morbidity 
and mortality in the world (Jemal et al., 2010). Although 
there have been advances in knowledge regarding the 
biology of the disease, treatment options for advanced 
CRC are limited due to drug resistance and side effects 
(Macdonald and Astrow, 2001; Rabik and Dolan, 2007).

Although a complex variety of mechanisms underlie 
carcinogenesis, the great majority of currently known 
oncoproteins can be assigned to a limited number of 
pathways or at least be demonstrated to act on these 
(Schulz, 2005).For example, numerous intracellular 
signaling cascades converge at the activation of the 
transcription factors, nuclear factor-κB (NF-κB) and 
activator protein-1 (AP-1). These two proteins act 
independently or coordinately to regulate the expression of 
wide arrays of genes controlling cellular activities (Kundu 
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Abstract

 Background and Aims: Colorectal cancer is one of the leading causes of death in the world. The aim of this 
study was to investigate the growth-suppression potentiality of a crude saponin extract (CSENS) prepared from 
medicinal herb, Nigella sativa, on human colon cancer cells, HCT116. Materials and Methods: HCT116 cells were 
subjected to increasing doses of CSENS for 24, 48 and 72 h, and then harvested and assayed for cell viability by 
WST-1. Flow cytometry analyses, cell death detection ELISA, fluorescent stains (Hoechst 33342 and acridine 
orange/ethidium bromide), DNA laddering and comet assays were carried out to confirm the apoptogenic effects 
of CSENS. Luciferase reporter gene assays, quantitative reverse transcription-polymerase chain reaction and 
Western blot analyses were performed to assess the impact of CAERS and CFEZO on the expression levels of 
key regulatory proteins in HCT116 cells. Results: The results demonstrated that CSENS inhibited proliferation 
and induced apoptosis. Apoptosis was confirmed by flow cytometry analyses, while CSENS-treated cells exhibited 
morphological hallmarks of apoptosis including cell shrinkage, irregularity in cellular shape, cellular detachment 
and chromatin condensation. Biochemical signs of apoptosis, such as DNA degradation, were observed by comet 
assay and gel electrophoresis. The pro-apoptotic effect of CSENS was caspase-3-independent and associated with 
increase of the Bax/Bcl-2 ratio. CSENS treatment down-regulated transcriptional and DNA-binding activities 
of NF-κB and AP-1 proteins, associated with down-regulation of their target oncogenes, c-Myc, cyclin D1 and 
survivin. On the other hand, CSENS up-regulated transcriptional and DNA-binding activities of Nrf2 and 
expression of cytoprotective genes. In addition, CSENS modulated the expression levels of ERK1/2 MAPK, p53 
and p21. Conclusions: These findings suggest that CSENS may be a valuable agent for treatment of colon cancer. 
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and Surh, 2004; Schulz, 2005). In most normal cells, the 
NF-κB is retained in the cytoplasm as an inactive complex; 
being activated by various cues, NF-κB translocates into 
the nucleus, where it binds to its cognate DNA-binding 
site and activates its target genes (Pereira and Oakley). 
In contrast, in many human cancer phenotypes including 
CRC, NF-κB has been found to be constitutively activated, 
and sustained activation of NF-κB is closely correlated 
with resistance of CRC cells to the apoptosis induced 
by various chemotherapeutic agents (Yun et al., 2009). 
Similar to NF-κB, AP-1 activation has been found to play 
important roles in various biological processes linked to 
cell transformation and tumor promotion, progression 
and metastasis (Hsu et al., 2000). Furthermore, various 
agents that activate NF-κB also activate AP-1 protein 
(Gopalakrishnan and Kong, 2009). Activation of AP-1 
plays a key role in CRC carcinogenesis and augments 
chemo- and radio-resistance in human CRC cells 
(Vaiopoulos et al., 2010).
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Apoptosis is a strictly regulated pathway responsible 
for the ordered removal of superfluous, aged, and damaged 
cells (Wong, 2011). Most importantly, a growing body 
of evidence demonstrates that current cancer therapies, 
such as chemo-, radio-, immuno- or suicide gene-therapy, 
primarily exert their antitumor effect by triggering 
apoptosis in cancer cells (Fulda and Debatin, 2004). 
However, cancer cells use multiple pathways to evade 
apoptosis, which underlie the insufficiency of current 
therapies (Khan et al., 2006; Martin, 2006). Therefore, 
searching for bioactive agents with the ability to induce 
apoptosis in cancer cells is a promising option for cancer 
chemoprevention and/or chemotherapy. In addition to the 
vital role of apoptosis-inducing agents in chemotherapy, 
cumulative studies underscore that one of the rational 
and effective approaches for cancer chemoprevention 
is the blockade of DNA damage caused by carcinogenic 
insults. This can be achieved by inducing the activities 
of phase II detoxifying and stress-responsive antioxidant 
genes. These genes mediate the expression of xenobiotic 
metabolizing enzymes that catalyze reactions involved in 
reducing the formation of reactive carcinogenic species or 
in stimulating their detoxification (Eggler et al., 2008). The 
induction of phase II and antioxidant genes is regulated, at 
least in part, by nuclear transcription factor Nrf2, which 
is sequestered in the cytoplasm by an inhibitor protein 
(Surh et al., 2008). Upon exposure of cells to inducers, 
such as an oxidative stress or electrophilic insult, Nrf2 
dissociates from its inhibitor, translocates to the nucleus, 
binds to the antioxidant response elements (ARE) found 
in phase II detoxifying and antioxidant genes and activates 
transcription (Surh et al., 2008). In addition to its role 
as a master regulator of those genes, numerous lines of 
evidence suggest that Nrf2 is a mediator of oncogenesis, 
being involved in activities related to cell growth control, 
apoptosis and oncogenic kinase pathways (Gañán-Gómez 
et al., 2013). Therefore, recent studies verified that Nrf2 is 
a key molecular target for the chemoprevention of cancer 
(Yu and Kensler, 2005) and agents that activate Nrf2 are 
promising candidates for chemotherapy (Surh et al., 2008).

Recently, considerable attention has been focused 
on dietary and medicinal phytochemicals derived from 
natural sources, such as herbs used in folk and traditional 
medicine, as a rich source for discovering novel anticancer 
agents (Aggarwal et al., 2009). Among natural products, 
the seeds and oil of Nigella sativa (commonly known 
as black cumin) have attracted the interest of medical 
scientists. For more than 2000 years, the black seeds of 
N. Sativa have been used as a spice and a natural remedy 
to promote health and treat diseases that include asthma, 
diarrhea, dyslipidaemia, allergic rhinitis, bronchial 
asthma, atopic eczema and some cancer phenotypes(Ali 
and Blunden, 2003; Assim et al., 2010; Khan et al., 2011). 
Most importantly, numerous studies have shown that 
the seeds and oil of this herb are characterized by a very 
low degree of toxicity (Ali and Blunden, 2003). Several 
classes of compounds have been isolated from the seeds 
of N. sativa, such as alkaloids, flavonol triglycosides, 
saponins and an isobenzofuranone derivative (Ahmad et 
al., 2013). Among these active compounds, much of the 
biological activities of the seeds have been attributed to 

thymoquinone, the major component of the essential oil 
(Banerjee et al., 2010). Accordingly, most researchers 
have dealt with thymoquinone and its derivatives, as the 
anticancer bioactive compounds in N. sativa and have 
paid little attention, if any, to other ingredients, such as 
saponins, present in the herb.

Saponins are a diverse group of compounds widely 
distributed in the plant kingdom, and many saponins 
exhibit cancer chemopreventive and chemotherapeutic 
activities to inhibit tumor growth in vitro and in vivo, 
suggesting that they may be promising anticancer agents. 
For example, soybean saponins have been demonstrated 
to suppress the growth of colon cancer cells (Gurfinkel 
and Rao, 2003) and Ginseng saponin metabolite, 20 
(S)-protopanaxadiol, exhibited anti-proliferative effects 
on HCT116 colon cancer cells and reduced tumor size 
in a xenograft model (Gao et al., 2013). Meanwhile, 
other saponins such as methyl protoneogracillin, methyl 
protogracillin, protoneodioscin and protodioscin have 
been identified as potential anticancer agents by the 
National Cancer Institute’s (NCI) anticancer drug 
screening program (Guclu-Ustundag and Mazza, 2007).

Though the presence of huge amounts of saponin 
compounds in N. sativa has been reported, any study 
regarding their anti-cancer activity has not been reported 
yet.Based on the abovementioned studies and considering 
the fact that in some cases herbal extracts are showing 
more potency than the purified components (Seeram 
et al., 2004; 2006), this study was undertaken. We 
investigated the anti-proliferative potentiality of the crude 
saponin extract of N. sativa on human colon cancer cells, 
HCT116, and further elaborated the molecular mechanism 
underlying this action.

Materials and Methods

Unless otherwise noted, all chemicals were purchased 
from Sigma.

Preparation of crude extracts
Crude saponin extract of N. sativa was essentially 

prepared as described previously (Elkady and El-Hamidy, 
2013). After preparation, the stock was further diluted in 
water to give the final indicated concentrations and was 
termed as crude saponin extract of N. sativa (CSENS). For 
crude alkaloid of N. sativa (CAENS), dried seeds of N. 
sativa (250 g) were soaked in 75% ethanol (1 L) at ambient 
temperature for 3 days after which the alcoholic extract 
was evaporated in a rotatory evaporator and the remaining 
residue was suspended in water and then filtered. Then 
the aqueous extract was handled as previously detailed 
(Elkady et al., 2013). The crude flavonoid extract of N. 
sativa (CFENS) was prepared as detailed in our previous 
study (Elkady et al., 2014) with one modification, where 
the starting material was ground seeds of N. sativa rather 
than ground rhizome of Zingibarofficinale. The crude 
alkaloid extract of Rhazyastricta (CAERS) was prepared 
as detailed in our previous study (Elkady et al., 2014). 

Phytochemical examination for testing the presence 
of saponins in CSENS was adapted from Trease and 
Evans (Trease and Evans, 2002). The extract (2 mL) was 
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mixed and shaken with 5 mL water; the formation of foam 
for 15 min is an indication of the presence of saponins. 
Phytochemical examinations for testing the presence of 
alkaloids and flavonoids were carried out as described in 
our previous study (Elkady et al., 2014).

Cell viability, clonogenic and soft agar colony-forming 
assays 

The human CRC (HT116), breast cancer (MCF-
7), hepatocellular (HepG2) and non-malignant human 
foreskin fibroblast (HF-5) cell lines were obtained from the 
King Fahd Center for Medical Research, King Abdulaziz 
University, Saudi Arabia. Cell viability and the effects 
of CSENS extract on the growth of HCT116 cells were 
assessed byWST-1 Cell Proliferation Assay Kit (Cayman 
Chemicals, USA) according to the manufacturer’s 
instructions. Briefly, HCT116 cells were seeded onto 
96-well plates (104 cells/well) and grown overnight. The 
cells were then treated with indicated concentrations of 
the extracts and incubated for 24, 48 or 72 h. At the end 
of each incubation, 10 μl of freshly prepared WST-1 
solution was added to each well. The culture medium 
and WST-1 solution were added in an empty well as a 
blank for the microtiter plate reader. The absorbance of 
the treated and untreated samples was measured after 2 
h by a micro plate reader (BioTek  Synergy HT), at 450 
nm with a reference wavelength of 630 nm to avoid the 
interference of cell layer absorbance that blocks light 
passing through. Clonogenic and soft agar colony-forming 
assays were essentially carried out as previously described 
(Elkady et al., 2014).

Apoptosis assays
Cellular DNA fragmentation ELISA assays were 

performed using the kit according to the manufacturer’s 
instructions (Roche Molecular Biochemicals, Mannheim, 
Germany). Briefly, HCT116 cells were seeded in 96-well 
round bottom plate (104 cells/well) and incubated for 12 
h at 37°C with the non-radioactive thymidine analog 
5-bromo-2’-deoxyuridine (BrdU). Then, BrdU-containing 
culture medium was discarded and labeled cells were 
resuspended in BrdU-free culture medium and treated 
with the indicated concentrations of CSENS for 24 h. 
Supernatants were collected and saved to measure the 
level of labeled DNA fragments in late apoptotic/necrotic 
cells. Subsequently, cells were lysed and transferred to a 
microtiter plate coated with an anti-DNA antibody; then, 
anti-BrdU-peroxidase conjugate solution was added to 
each well, and the plate was incubated for 90 min at 
room temperature. The plate was then washed, substrate 
solution was added, and the plate was incubated in the 
dark on a shaker until color development was sufficient. 
The reaction was then stopped by adding 25 µl of 0.56 
M H2SO4. The absorbance was measured at 450 and 
655 nm for each well using a microplate reader (BioTek 
Synergy HT).

For flow cytometry analyses, HCT116 cells were 
seeded in 6-well plates (200×103 cells/well) and treated 
with indicated concentrations of CSENS extracts for 24 h. 
Then, cells were collected and washed in PBS; cell pellets 
were resuspended in 500 μl of 1X Binding Buffer. Next, 5 

μl of Annexin V-FITC and 10 μl of propidium iodide were 
added and cells were incubated at room temperature for 15 
min in the dark. The cells were then analyzed immediately 
by flow cytometry (Beckman Coulter).

Nuclear and cytoplasmic staining assays
The nuclear morphological changes associated with 

apoptosis were analyzed using Hoechst 33342 or acridine 
orange/ethidium bromide staining. HCT116 cells were 
suspended at a final concentration of 150×103 cells/well 
and cultured above a 35 mm slip in 6-well flat-bottomed 
plates and allowed to adhere to the bottom of the wells for 
24 h before CSENS treatment. Cells were then exposed 
to indicated concentrations of the CSENS for 24 h, 
before being washed with PBS and stained with Hoechst 
33342 or acridineorange/ethidium bromide for 15 min 
at 37°C. Subsequently, cells were washed with PBS and 
viewed under fluorescence microscope (Axioplan 2 Zeiss, 
Germany).

Single-cell gel electrophoresis (comet) and DNA 
fragmentation assays

For single-cell gel electrophoresis (Comet) and DNA 
fragmentation assays, cells were treated with indicated 
concentrations of CSENS for 24 h in complete medium, 
harvested, resuspended in ice-cold PBS and processed 
as described in our previous study (Elkady et al., 2014).

Caspase activity assays
Caspase-3/7 activities were determined by using the 

Apo-ONE® Homogeneous Caspase-3/7 Assay (Promega). 
HCT116 cells were seeded on a 96-well luminometer plate 
(104 cells/well) and treated with indicated concentrations 
of CSENS for 24 h. Then, activities of Caspase-3/7 were 
measured according the manufacturer’s instructions. 
Briefly, 100 μl of Apo-ONE® Caspase-3/7 reagent was 
added to each well and the contents of the wells were 
mixed using a plate shaker at 300-500 rpm for 12 h. The 
fluorescence of each well was measured using a micro-
plate reader (BioTek Synergy) with excitation at 485/20 
nm and emission at 528/20 nm.

Transient transfection and luciferase activity assays 
HCT116 cells (40×103 cells/well) were plated in 24-

well plates and transiently transfected with either pNF-
κB-Luc, pAP-1-Luc plasmid (Stratagene) or Nrf2 Cignal 
reporter (QIAGEN) using Lipofectamine® 2000 according 
to the manufacturer’s specifications (Invitrogen, Carlsbad, 
CA, USA). For normalization, cells were co-transfected 
with 10 ng/well of the Renilla luciferase reporter hRL-
TK (Promega). The transfected cells were treated with 
indicated concentrations of CSENS for 24 h. Luciferase 
activity was measured using the dual-luciferase reporter 
assay system (Promega), according to the manufacturer’s 
instructions. 

Detecting DNA-binding activities of NF-κB, AP-1 and 
Nrf-2 proteins

For measuring the DNA-binding activities of NF-κB, 
AP-1 and Nrf-2 proteins, HCT116 cells were seeded in 
6-well plates (20×104cells/well) and treated with indicated 
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concentrations of CSENS extracts for 24 h. Then, cells 
were collected and nuclear extracts were prepared 
using NE-PER® Nuclear and Cytoplasmic Extraction 
Reagents (Thermo Scientific), and protein concentration 
was quantitated using Pierce™ BCA Protein Assay 
Kit (Thermo Scientific), following the manufacturers’ 
instructions. DNA-binding activities of the NF-κB, AP-
1, and Nrf2 were assessed using the TransAm Active 
Transcription Factor Assay Kit (Active Motive, USA), 
following the manufacturer’s instructions. Three assay kits 
were used, TransAMTM NF-κB family kit, TransAM™ 
AP-1 family kit and TransAM™ Nrf2 family kit. Briefly, 
10 μg of nuclear protein samples were incubated overnight 
at 4°C, without shaking in a 96-well plate coated with a 
binding site for either NF-κB, AP-1, or Nrf2, to which 
activated NF-κB/p65, Ap-1/c-Fos, Ap-1/c-Jun or Nrf2 
in nuclear extracts specifically binds. The plates were 
extensively washed according to the manufacturer’s 
instructions and incubated with primary antibody raised 
against NF-κB/p65, Ap-1/c-Fos, Ap-1/c-Jun or Nrf2. The 
plates were then washed and incubated with secondary 
antibody, horseradish peroxidase (HRP)-conjugated 
antibody; specific binding was detected by colorimetric 
estimation at 450 nm and normalized to the background 
readings.

Quantitative RT-PCR
Cells were seeded (20×104/well) onto 6-well plates 

and treated with indicated concentrations of CSENS 
for 24 h. After this period, floating and adherent cells 
were collected, washed with PBS and pelleted by 
centrifugation (700 g, 5 min). For RNA extraction and 
reverse transcriptase-PCR, gene-specific primers were 
used as previously described (Elkady et al., 2013). 

Western blot analysis
For Western blot analysis, polyacrylamide gel 

electrophoresis and immunoblotting were performed as 
previously described (Elkady et al., 2013). 

Statistical analysis 
All experiments were repeated from three to five times 

independently and in triplicate. The results were presented 
as mean±standard deviation (SD) for continuous variables. 
The statistical significance of results was determined 
by Student’s t-test, and a p value of more than 0.05 was 
considered statistically significant.

Results 

CSENS inhibits cell proliferation and colony growth in 
HCT116 cells

Initially, we independently assessed the effects 
of CSENS, CFENS and CAENS on the growth of 
HCT116 cells. The cells were incubated with increasing 
concentrations (0, 75, 100, 125 and 150 μg/mL) of each 
extract for 24, 48 and 72 h, before being harvested and 
assayed for cell viability by WST-1 Cell Proliferation 
Assay Kit. The results summarized in [Figure 1A] 
demonstrate that only CSENS, but not CFENS or 
CAENS, has an anti-proliferation potentiality. This is 

because CSENS efficiently inhibited cell viability in 
dose- and time-dependent manner. Calculated IC50 (IC50, 
the concentration of test compound that inhibits 50% of 
the cell growth) after 24, 48 and 72 h of incubation with 
the CAERS were 150, 125 and 85 μg/mL, respectively.

To this end, a question was raised whether CSENS-
dependent growth inhibition was selective toward colon 
cancer cells, HCT116. This question was addressed by 
repeating the above experiments using other human 

Figure 1. CSENS Inhibits Cell Proliferation and 
Colony Growth in HCT116 Cells. (A) The displayed 
cell lines were seeded, at a density of 104/well in 96 wells 
plates and treated with the indicated concentrations of CSENS 
for the displayed and time intervals. The inhibition of cell 
proliferation was assessed by the tetrazolium salt WST-1 kit 
as detailed in section Materials and Methods. The experiments 
were repeated five times in triplicates, and cell viabilities at 
each dose of extract(s) were expressed in terms of percent of 
control and reported as the mean±SD. (B) HCT116 cells were 
seeded onto a 6-well plate at 1000 cells/well and treated with 
the indicated concentrations of CSENS as has been detailed 
in Materials and Methods. The colonies were counted under a 
dissection microscope and the experiment was repeated three 
times. (C) CSENS inhibited anchorage-independent growth in 
HCT116 cells in growth in soft agarose assays. HCT116 cells 
were plated, in triplicate, in 0.35% soft agarose and treated with 
the indicated concentrations of CSENS as has been detailed in 
Materials and Methods. After 2 weeks, the colonies were stained 
with 0.0005% crystal violet and photographed. Representative 
images of colonies in soft agar are shown
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cancer cell lines, including breast and hepatic cancer 
lines MCF-7 and HepG2, respectively, as models. As 
shown in Figure 1A, CSENS recapitulated its growth-
inhibitory potentiality in the contexts of MCF-7 and 
HepG2 cells, in a dose- and time-dependent manner. To 
find out whether CSENS-dependent growth inhibition 
was selective toward cancer cells, we assessed the effect 
of CSENS on viability of non-malignant human foreskin 
fibroblasts, HF-5 cells. As can be seen in Figure 1A, the 
HF-5 cell line was significantly more resistant to growth 
inhibition by CSENS. The strongest effect was seen at the 
highest dose of the CSENS, where survival of HF-5 cells 
was inhibited by only ~20% on a 72-h exposure. These 
data suggest that CSENS has a cytostatic/cytocidal effect, 
selectively, on cancer cells. 

Next, we determined the effect of CSENS on colony 
formation (clonogenicity assay) in HCT116 cells. This 
assay provides an indirect estimation of the tendency of 
tumor cells to undergo neoplastic transformation. The 
HCT116 cells were plated at low density, treated with 
increasing doses (0, 75, 100, 125 and 150 μg/mL) of 
CSENS and maintained in culture for 14 days to allow 
the formation of colonies. Figure 1B shows that CSENS 

Figure 2. CSENS Treatments Induces Apoptosis in 
HCT116 Cells. (A) Cellular DNA fragmentation ELISA 
assays; HCT116 cells were seeded in 96-well round 
bottom plate (104 cells/well) and incubated for 12 h at 
37°C with the nonradioactive thymidine analog 5-bromo-
2’-deoxyuridine (BrdU). Then, BrdU-containing culture 
medium was discarded and labeled cells were resuspended 
in BrdU-free culture medium and treated with the indicated 
concentrations of CSENS for 24 h before being assayed 
as detailed in Materials and Methods. Values present 
the mean of triplicates±S.D. and each experiment was 
performed three times. (B) Dot plots display the apoptotic 
death of HCT116 cells evaluated by flow cytometry. The 
cells were treated with indicated concentration of CSENS, 
stained with monoclonal antibodies against Annexin 
V-FITC and PI. Cells in left lower quadrants represent 
viable population (Annexin V-negative and PI-negative); 
cells in right lower quadrants represent early apoptotic 
population (Annexin V-positive, PI-negative); cells in 
right top quadrants represent late apoptotic population 
(Annexin V-positive and PI-positive) and cells in left 
top quadrants represent necrotic population (Annexin 
V-negative and PI-positive).

was able to reduce both the numbers and sizes of growing 
colonies, in a dose-dependent manner. 

To further validate the effect of CSENS extract on 
HCT116 colony formation, we carried out Agar colony-
forming assays. This assay is used to measure the ability 
of cells to grow in soft agar in an anchorage-independent 
manner. In this assay, cells are seeded in a soft agar media 
matrix, where they are unable to attach to an underlying 
substrate. If cells are able to proliferate, they will grow 
and form colonies. As seen in Figure 1B, the growth of 
untreated HCT116 cells on soft agar was noticeable; in 
contrast, the treatment of HCT116 cells with CSENS 
inhibited the growth of colonies. These data suggest 
that CSENS extract has the ability to inhibit anchorage-
dependent and -independent growth of HCT116 colon 
cancer cells.

CSENS treatments inhibit DNA synthesis and induce 
apoptosis in HCT116 cells

There are two principal scenarios to reduce the number 
of cells in a cell population; cell death or inhibition of 
proliferation. As most phytochemical agents mediate 
their chemopreventive potentialities via inhibition of cell 
proliferation[19], we assumed that the reduction of cell 
number in the aforementioned experiments is due to the 
inhibition of proliferation. To confirm this assumption, we 
determined the rates of DNA synthesis. Figure 2A shows 
that the incubation of HCT116 cells with escalated doses 
of CSENS increased the appearance of DNA fragments 
in the HCT116 cells indicating that CSENS impaired the 
DNA synthesis pathway. Therefore, these experiments 
suggest that CSENS suppressed the growth of HCT116 
cells via inhibition of cell proliferation. 

One of the targets of chemopreventive potentialities 
of phytochemicals is the induction of apoptosis in 
cancer cells[13]. Thus, we tested whether CSENS has 
an apoptogenic potentiality. To achieve this goal, we 
employed flow cytometry analyses to measure the 
fluoresce intensity of Annexin V FITC and propidium 
iodide (PI) in cells treated with CSENS. This assay is 
a marker for assessing early stages of apoptosis and 
helps to distinguish between apoptotic and necrotic cell 
death. We treated the cells with CSENS for 24 h and 
measured the Annexin V FITC/PI staining responses by 
flow cytometry. In the cytometry images (Figure 2B), 
viable cells appear negative for both PI and Annexin 
V (left bottom quadrants); early apoptotic cells appear 
positive for Annexin V and negative for PI (right bottom 
quadrants); whereas late apoptotic/necrotic cells display 
both high Annexin V and PI labeling (right top quadrants); 
non-viable cells undergoing necrosis are positive for 
PI and negative for Annexin V (left top quadrants). We 
observed that CSENS treatments resulted in a significant 
elevation in the percentage of Annexin V-FITC (+)/PI(+) 
cells (upper right quadrant), in a concentration-dependent 
manner. The percentages of Annexin V and PI positive 
cells were (3.38±2.2)%, (12.31±2.6)% and (13.73±3.8)% 
in 0, 75 and 100 μg/mL CSENS, respectively. Therefore, 
this assay demonstrates the emergence of late apoptotic 
(or secondary necrotic) death in treated cells, and we 
concluded that CSENS has a potentiality to trigger 
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apoptosis.

CSENS treatments induce morphological features of 
apoptosis

To confirm that CSENS induced apoptotic cell death, 
we assessed its morphological hallmarks in treated cells. 
Thus, cells were treated with increasing concentrations of 
CSENS for 24 h, and the frequency of programmed cell 
death was initially assessed by phase contrast microscopy. 
As seen in Figure 3A, untreated HCT116 cells appeared 
adherent and assumed a normal epithelial morphology 
forming a confluent monolayer. In contrast, CSENS-
treated cells appeared much more readily detached and 
exhibited rounded-up, balloon-like shapes. Next, we 
further ascertained the pro-apoptotic effect of CSENS by 
Giemsa stain, where we noticed the emergence of apoptotic 
signs in treated cells, in a dose-dependent manner. 
As shown in Figure 3B, while control cells appeared 
with a homogenous morphology containing lightly and 
evenly stained nuclei, CSENS-treated cells exhibited 
characteristic features of apoptosis. These include cellular 
shrinking, membrane blebbing and condensation of the 
peripheral heterochromatin and cleavage of the nucleus 
and cytoplasm into multiple membrane-enclosed apoptotic 
bodies. As it has been cited that some phytochemicals 
might exert their anti-proliferative potentiality via 
induction of necrosis (see Discussion), we treated the cells 
with the highest dose (150 μg/mL) of CSENS for 72 h and 
we monitored their morphological changes. We observed 
the characteristics of secondary necrosis in some treated 
cells; these include cellular swelling, loss of membrane 
integrity with leaking cell contents, clear vesicles in 
the cytoplasm and eventually, cellular and nuclear lysis 
(Figure 3B). Therefore, we concluded that long- time 
exposure or application of high doses of CSENS might 
induce necrosis.

Next, we watched the nuclear changes in HCT116 cells 
after CSENS treatment utilizing a fluorescent nuclear stain 
Hoechst 33342. In untreated cells, the nuclei fluoresced 
a faint green homogenous color, while in the treated 
cells, the green emission was much brighter than in the 
unaffected ones owing to chromatin condensation (Figure 
3C). Although most CSENS-treated cells showed nuclear 
clumps of condensed chromatin, indicative of apoptosis-
like changes, we could not see a nuclear fragmentation, 
suggesting that cell death induced by CSENS does not 
have the characteristics of classical apoptosis (Figure 3C).

Staining of apoptotic cells with fluorescent dyes such 
as acridine orange (AO) and ethidium bromide (EB) is 
considered the correct method for evaluating the changed 
nuclear morphology. In this assay, only AO, but not EB, 
can cross the plasma membrane of vital cells and stain 
nuclei green. When the plasma membrane is disrupted 
at late apoptotic phase or due to necrosis, EB can also 
enter the cell and stain the nuclei red. Based on this, live 
cells will show a normal green nucleus. Early apoptotic 
cells show bright green nucleus owing to condensation 
of chromatin, while necrotic cells show intact normal red 
nucleus. Our results depicted in Figure 3D indicate that the 
nuclei of untreated control cells were found to be intact, 
round in shape and were stained green. On the other hand, 

Figure 3. CSENS Treatments Induced Characteristic 
Features of Apoptosis in HCT116. The cells were treated 
with the indicated concentrations of CSENS for 24 h, after which 
cells were examined for emergence of apoptotic hallmarks. 
(A) Phase contrast microscope images showing morphological 
changes in HCT116 cells after incubation with CSENS; 
magnification: 20x (I) and 40x (II). (B) Light microscope images 
displaying cells fixed in formalin-buffered phosphate and stained 
with Giemsa stain; notice gradual alteration of cell shapes as 
a result of increasing doses of CSENS. These include cellular 
shrinkage (second and third panels), irregularity of cell shape 
and blebbing of cell membrane (fourth panel), condensation 
of chromatin, apoptotic bodies and late apoptosis/secondary 
necrosis (solid arrows, fifth panel); magnification as following: 
40x (I) and 60x (II). In third row (III), emergence of necrotic cell 
death was observed in HCT116 cells incubated with150 μg/ml of 
CSENS for 72 h. Notice hallmarks of necrotic cell death; these 
include cellular swelling (first panel), often accompanied by 
loss of membrane integrity (second panel) leaking cell contents 
(third panel), clear vesicles in the cytoplasm (fourth panel) and 
eventually cellular and nuclear lysis (fifth panel); magnification 
100x. (C) Cells were stained with vital nuclear stain (Hoechst 
33342) for 15 min at 37° C and visualized by florescent 
microscope. Note control cells presented homogeneously stained 
green nuclei of chromatin while nuclei of treated cells stained 
bright green, indicating chromatin condensation; magnification 
20x. (D) Cells stained with 1 μg/ml acridine orange/ethidium 
bromide for 15 min at 37° C and visualized by florescent 
microscope. At onset of apoptosis viable cells stain uniformly 
green (75 CSENS μg/mL), early apoptotic cells with intact 
plasma membranes appear green, with “dots” of condensed 
chromatin that are highly visible at 100 CSENS μg/mL, at middle 
stage of apoptosis cells are stained bright green-orange because 
plasma membrane losses its integrity, ethidium bromide can 
enter the cell (125 CSENS μg/mL) and at late stage of apoptosis 
late apoptotic/necrotic nonviable cells are stained red due to the 
entry of ethidium bromide into these cells (150 CSENS μg/mL). 
Magnification as following: 20x (I), 40x (II) and 1000x (III)
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cells treated with 75 and 100 μg/mL CSENS had some 
cells stained green and some orange nuclei indicating 
an emergence of early apoptotic signs in the treated 
cells. At the highest doses of CSENS (125 and 150 μg/
mL), an increase in the number of cells with red-colored 
nuclei (necrotic/late apoptotic) was predominant. Thus, 
the morphological analysis of AO/EtBr stained HCT116 
cells indicated significant morphological changes. These 
independent assays (phase contrast microscopy, Giemsa 
stain, Hoechst 33342 and AO/EtBr staining) for assessing 
apoptosis provided similar results, suggesting that the 
anti-proliferative potential of CSENS is coupled with its 
ability to induce apoptosis in HCT116 cells.

CSENS treatments induce DNA breakage lacking 
oligonucleosomal degradation 

Degradation of DNA is an irreversible event in 
apoptotic cascade events (Broker et al., 2005). To find 
whether CRENS treatment may induce DNA degradation, 
we carried out comet assay. This assay is a sensitive 
method for monitoring single strand (ss) DNA breaks at 
the single cell level and used as a biomarker of apoptosis 
(Collins, 2002). As shown in Figure 4A, treatment of 
HCT116 cells with increasing doses of CSENS for 24 

h resulted in significant DNA damage compared with 
control cells; the comet tails of the treated cells show the 
extent of DNA migration out of the nucleus due to DNA 
breakage and loss of structure. We estimated the length of 
the comet tail using Extended Dynamic Range Imaging 
(EDRI) technology; we found that the comet tail moment 
increased from 0.03 in the control to 1.4, 1.8 and 7.6 at 
doses of 100, 125 and 150 μg/mL CSENS, respectively. 
In addition, at the highest dose, the comet head showed 
a typical apoptotic head (stained clusters of apoptotic 
bodies) and the comet tail clearly showed a fan-like 
comet shape, which are typical characteristics of apoptotic 
phenomenon (Chakraborty et al., 2006). It has been 
demonstrated that necrotic/genotoxic agents can induce 
comet tail; nonetheless, the comet image generated by an 
apoptosis-inducing agents is different from that obtained 
with a cell treated with necrotic/genotoxic agents. Thus, 
to further prove that comet images induced by CSENS 
are related to its ability as an apoptogenic, rather than 
being a genotoxic agent, we treated HCT116 cells with 
known genotoxic agents, H2O2 and Benz(a)pyrene, and 
we compared the comet shapes in all cases. We noticed 
a difference regarding the head and tail shapes between 
CSENS and genotoxic agents, where the latter did not 
generate either a typical apoptotic head or a fan-like 
comet shape. Based on these findings, we concluded that 
CSENS has a potentiality to trigger DNA damage, and 
consequently, apoptotic events in HCT116 cells.

The degradation of DNA into oligonucleosomal 
fragments of multiples of 180 base pairs is an essential 
feature of classical programmed cell death (Nagata, 2000). 
Therefore, we examined whether CSENS might induce 
DNA fragmentation in HCT116 cells. Thus, genomic 

Figure 4. CSENS Treatments Induce DNA Breakage 
Lacking Oligonucleosomal Degradation. HCT116 cells 
were treated with the indicated concentration of CSENS for 24 h, 
harvested and assayed. (A) Comet assay showing DNA damage 
in HCT116 cells treated with CSENS; analysis of comet images 
was performed using Extended dynamic range imaging (EDRI) 
technology. At 100 μg/mL CSENS, cells displayed mean tail 
moment 1.4; at 125 μg/mL CSENS, cells displayed mean tail 
moment 2.8, and at 150 μg/mL CSENS, cells displayed mean 
tail moment 7.4. Notice the last image shows clear appearance 
of a fan like comet formation, which is a typical characteristic 
of apoptotic phenomenon. The lower panels show necrotic effect 
of H2O2 (10uM) and Benzo (a)pyrene (10uM). The cells were 
treated with H2O2 or Benzo(a)pyrene, then subjected to single 
cell gel electrophoresis under alkaline conditions and analyzed 
by comet analysis system based on extended dynamic range 
imaging (EDRI) technology. (B) Agarose gel images showing 
DNA laddering in cells undergoing apoptosis; Left panel, agarose 
gel showing CSENS treatments did not induce oligonucleosomal 
degradation in HCT116 cells. Right panel, agarose gel showing 
crude alkaloid extract prepared from medicinal herb, R. stricta, 
did induced oligonucleosomal degradation in HCT116 cells. 
Lane `M’ indicates the DNA marker ladder

Figure 5. CSENS Induces Apoptosis In HCT116 Via 
A Caspase-Independent Pathway and Increasing Bax/
Bcl-2 Ratio. (A) HCT116 cells were seeded on a 96-well 
luminometer plate (104 cells/well) and treated with indicated 
concentrations of CSENS for 24 or 48 h. Then, activities of 
Caspase-3/7 were measured using Caspase-3 Fluorometric 
Assay, Apo-ONE Caspase-3/7 Homogeneous Assay Kit 
(promega) as detailed in Section Materials and Methods. Values 
present the mean of triplicates ± S.D. and each experiment 
was performed three times. (B) Immunoblot showing CSENS 
treatment altered expression ratio of Bax/Bcl-2 proteins, in 
favor of apoptosis
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DNA was extracted from cells treated with CSENS and 
separated by agarose gel electrophoresis. Figure 4B shows 
that there was no DNA fragmentation in samples from 
cells treated with CSENS. Previously, we demonstrated 
that a crude alkaloid extract prepared from another 
medicinal herb, Rhazyastricta, led to oligonucleosomal 
DNA fragmentation in HCT116 and other cell lines[32]. 
So, to confirm that the failure to detect oligonucleosomal 
DNA fragmentation in response to CSENS was not due 
to an intrinsic fault in the classical apoptotic cascade in 

HCT116 cells, we treated HCT116 cells with the crude 
alkaloid extract of R.strictaand we observed the formation 
of a classical DNA ladder (Figure 4B). Therefore, we 
concluded that CSENS employs a non-classical DNA 
fragmentation scenario to process chromatin during 
apoptosis.

CSENS induces apoptosis in HCT116 via a caspase-
independent pathway and increasing Bax/Bcl-2 ratio

Apoptosis can advance either via caspase-dependent 
or independent signaling pathways (Broker et al., 
2005), therefore, the involvement of caspase-3/7 in 
CSENS-induced HCT116 cell apoptosis was assessed. 
HCT116 cells were incubated for 24 h with increasing 
concentrations of CSENS and the activity of caspase-3/7 
was assayed by Apo-ONE® Homogeneous Caspase-3/7 
Assay Kit. The data depicted in Figure 5A demonstrate that 
there was no difference in caspase-3/7 activity between 
CSENS-treated and control cells even after treatment 
either for 24 h or 48 h. These data suggest that CSENS-
induced cell death is not associated with the caspase-
dependent apoptotic signaling cascade.

In addition to caspases, apoptosis is tightly regulated 
by the Bcl-2 family of proteins, such as Bcl-2 and Bax[11]. 
To this end, we employed Western blotting to examine 
the changes in the expression levels of the Bcl-2 (anti-
apoptotic) and Bax (pro-apoptotic) following CSENS 

Figure 6. CSENS Inhibits Transcriptional and DNA-
Binding Activities of NF-κB and AP-1 Proteins. (A-C) 
CSENS Inhibits Transcriptional and DNA-binding Activities 
of NF-κB. (A)HCT116 cells were transfected with a plasmid 
reporter construct (pNF-κB-Luc) containing NF-κB binding 
sites linked to the firefly luciferase reporter gene. (B) Cells 
were co-transfected with the pNF-κB-Luc reporter along with 
an upstream kinase MEKK expression construct (pFC-MEKK). 
(C) Cells were treated with the indicated concentrations of 
CSENS for 24 h; then nuclear extracts were prepared and 
DNA-binding activity of NF-κB was performed on 10 μg of 
nuclear extract using TransAm Active Transcription Factor 
Assay Kit as detailed in Materials and Methods. (D-G) CSENS 
inhibits transcriptional and DNA-binding activities of AP-1. 
(D) HCT116 cells were transfected with a plasmid reporter 
construct (pAP-1-Luc) containing AP-1 binding sites linked to 
the firefly luciferase reporter gene. (E) Cells were co-transfected 
with the AP-1-Luc reporter along with an upstream kinase 
MEKK expression construct (pFC-MEKK). To normalize for 
transfection efficiencies (in A, B, D and E), cells were also 
cotransfected with 5 ng/well of the Renilla luciferase reporter 
plasmid. 24-h post-transfection, cells were treated with indicated 
concentrations of CSENS for 24 h, then cells were harvested and 
assayed for luciferase level as has been detailed in Materials and 
Methods. Firefly activities were corrected for Renilla activities 
and expressed as adjusted RLU. (F and G) CSENS inhibits 
DNA-binding activities of AP-1 heterodimer, c-Fos (C) and Jun 
D (D). Cells were treated with the indicated concentrations of 
CSENS for 24 h; then nuclear extracts were prepared and DNA-
binding activities of c-Fos and Jun D was performed on 10 μg 
of nuclear extract using TransAm Active Transcription Factor 
Assay Kit as detailed in Materials and Methods. (H) CSENS 
treatments modulated the expression levels of the displayed 
gene products. After CSENS treatments total RNA was isolated, 
reverse-transcribed, and subjected to PCR with gene-specific 
primers. The PCR products of the genes were then subjected to 
electrophoresis in 1% agarose gels and visualized by staining 
with ethidium bromide. GAPDH was used as the internal control, 
M, DNA ladder

Figure 7. CSENS Enhances Transcriptional and DNA-
Binding Activities of Nrf2. (A) The ability of CSENS to 
inhibit constitutive transcriptional activity of Nrf2–dependent 
gene expression was determined by luciferase reporter gene 
assay. HCT116 cells were transfected with the Nrf2 reporter 
construct containing ARE-response element linked to the 
firefly luciferase reporter gene. To normalize for transfection 
efficiencies, cells were also cotransfected with 5 ng/well of 
the Renilla luciferase reporter plasmid. 24-h post-transfection, 
cells were treated with indicated concentrations of CSENS for 
24 h, then, cells were harvested to assay luciferase level as has 
been detailed in Materials and Methods. Firefly activities were 
corrected for Renilla activities and expressed as adjusted RLU. 
(B) CSENS enhances DNA-binding activity of Nrf2. Cells were 
treated with the indicated concentrations of CSENS for 24 h; 
then nuclear extracts were prepared and DNA-binding activity of 
Nrf2 was performed on 10 μg of nuclear extract using TransAm 
Active Transcription Factor Assay Kit as detailed in Materials 
and Methods. (C) CSENS enhanced expression levels of the 
HO-1, NQO1 and UGT1A1genes in HCT116 cells. The cells 
were treated with the indicated concentrations of CSENS for 24; 
then total RNA was isolated, reverse transcribed and subjected 
to PCR with gene-specific primers. GAPDH was used as the 
internal controls for the RT PCR. The data are representative of 
three independent experiments
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treatments. As shown in Figure 5B, CSENS treatments 
highly increased the expression of Bax and concomitantly 
reduced the expression of Bcl-2 so as to favor apoptosis. 
These results are related to CSENS treatments, as 
confirmed by uniform expression of β-actin.

CSENS treatments abrogate the transcriptional and 
DNA-binding activities of the NF-κB and AP-1 proteins 
in HCT116 cells

Constitutive activation of NF-κB was observed 
in colon cancer (Lind et al., 2001). Therefore, we 
investigated whether CSENS could suppress the activity 
of luciferase reporter driven by NF-κB-response 
elements. HCT116 cells were transiently transfected 
with NF-κB-regulated luciferase reporter construct; the 
cells were treated with increasing doses of CSENS and 
the basal activity of the reporter construct was assayed. 
The findings of these assays demonstrated that CSENS 
treatment, dose-dependently inhibited the transcriptional 
activity of the reporter driven by NF-κB (Figure 6A). NF-
κB is known to be stimulated by MAP kinase pathway. 
Thus, we co-transfected HCT116 cells with the NF-κB 
reporter construct along with an upstream kinase (MEKK) 
expression construct (pFC-MEKK). We observed that 
CSENS consistently inhibited the activity of the reporter 
(Figure 6B). These experiments indicate that CSENS 
treatment has the potentiality to abolish constitutive as 
well as MEKK-inducible transcriptional activities of 
NF-κB in HCT116 cells. To elucidate the mechanism 
underlying the suppression of NF-κB activity by CSENS 
treatments, we tested whether CSENS modulates the 
binding of p65 subunit to the NF-κB DNA response 
element. The cells were treated with CSENS, then nuclear 
lysates were prepared and a colorimetric p65 transcription 
factor assay was used to assess the amount of nuclear 
p65 bound to the consensus NF-κB response element 
immobilized on the assay plate. As shown in Figure 6C, 
CSENS, dose-dependently, noticeably abrogated the 
DNA-binding activity of p65 subunit. Therefore, we 
concluded that abrogating the transcriptional activity of 
NF-κB by CSENS is due to the inhibition of binding p65 
subunit to DNA.

Next, we examined the effect of CSENS on the 
basal and MEKK-stimulating transcriptional activity of 
a reporter gene directed by AP-1-response element. We 
noticed that CSENS inhibited both the constitutive and 
MEKK-inducible activities of AP-1 (Figure 6D and E). 
Thus, we investigated whether CSENS modulates the 
binding of AP-1 protein to its response elements. The AP-1 
molecule encompasses heterodimeric protein complexes 
including products of the Jun D and c-Fos genes (Hess et 
al., 2004). We tested whether CSENS treatments affect 
the DNA-binding activities of the AP-1 heterodimers, 
c-Fos and Jun D using colorimetric assays of c-Fos and 
Jun D transcription factors. The data generated from these 
experiments indicate that CSENS inhibited the DNA-
binding activities of both AP-1 heterodimers (Figure 6F 
and G).

Finally, we examined the effects of CSENS on 
the expression and activities of genes known to be 
downstream effectors of the NF-kB and AP-1 and 

involved in cell survival or apoptosis pathways, including 
c-Myc, cyclin D1 and survivin. As displayed in Figure 
6H, CSENS treatments apparently decreased mRNA 
expression levels of all these genes, in a dose-dependent 
manner. Collectively, these findings indicate that CSENS 
treatments modulated the molecular and cellular pathways 
relevant to CRC carcinogenesis, leading to the inhibition 
of HCT116 cell growth.

CSENS enhances the transcriptional and DNA-binding 
activities of Nrf2

Many bioactive agents are known to exert their 
chemopreventive roles through the induction of Nrf2, a 
master regulator of ARE genes that mediate the expression 
of antioxidant/phase II detoxifying enzymes (Surh et al., 
2008). Therefore, we investigated whether CSENS has an 
ability to stimulate the transcription activity of a reporter 
gene driven by ARE. Cells were transiently transfected 
with ARE-regulated luciferase reporter gene, treated with 
increasing doses of CSENS, and then the expression level 
of luciferase was monitored. As shown in Figure7A, 
CSENS treatments caused dose-dependent induction of 
ARE-regulated luciferase reporter. To further corroborate 
the positive effects of CSENS on the regulation of 
Nrf2 activity, we prepared nuclear extracts from cells 
treated with increasing concentration of CSENS and we 
assessed the amount of Nrf2 bound to the consensus ARE 
immobilized on the assay plate. We observed an increase 
in florescence intensity paralleling the increase in CSENS 
dose, indicating that CSENS has a positive impact on 
binding Nrf2 to its response elements (Figure 7A). To 
confirm this conclusion, we assessed the expression 

Figure 8. CSENS Modulated Expression Pattern of the 
Cell Cycle-Regulating proteins.  HCT116 cells were treated 
with indicated concentrations of CSENS for 24 h and assayed 
as detailed in MATERIALS AND METHODS. Immunoblots 
show effect of CSENS on the displayed proteins.
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levels of the Nrf2 down-stream targets after CSENS 
treatments. We observed that CSENS dose-dependently 
induced the expression levels of Hemeoxygenase (HO-1), 
NAD(P)H quinine oxidoreductase 1 (NQO1) and UDP-
glucuronyltransferase (UGT1A1) (Figure 7B).

Effect of CSENS on the expression of cell cycle related 
proteins

It has been reported that the over-expression and 
activation of the MAPK pathway, notably ERK1/2 
cascade, play a central role in the progression of CRC (see 
Discussion), so we examined the possible involvement 
of the ERK1/2 MAPK pathway in HCT116 cells treated 
with CSENS. As shown in Figure 8, CSENS significantly 
inhibited the activation of ERK1/2 (phosphorylated 
isoform) in a dose-dependent manner. Next, we assessed 
the effect of CSENS on the expression levels of key 
regulators of the cell cycle, including cyclin D1, cyclin-
dependent kinase-4 (CDK-4), p21 and p53. Figure 8 
demonstrates that CSENS consistently down-regulated the 
expression of cyclin D1 and CDK-4, in a dose-dependent 
manner, while it promoted the expression of p21 and p53. 
Collectively, these results indicate that cyclin D1, CDK-4, 
p21 and p53 genes are targets of CSENS.

Discussion

The treatment options for advanced CRC are limited 
due to drug resistance and side effects (Macdonald and 
Astrow, 2001; Rabik and Dolan, 2007). Therefore, there 
has been substantial interest in the search for potential 
chemopreventive agents for the treatment of CRC. The 
discovery and use of active medicinal compounds from 
herbal/natural sources have provided alternative remedies 
for CRC treatment (Aggarwal et al., 2009). Among 
natural herbs, N. sativa has been used for medicinal 
purposes as a natural remedy for a number of disorders 
including cancerous growths (Ahmad et al., 2013). It has 
been found that the most active component in N. sativa, 
is a phenolic compound, thymoquinone (Ahmad et al., 
2013). Despite thymoquinone’s generally low toxicity, it 
exhibits weak antitumor effects in numerous cancer-cell 
studies and animal models (Badary  et al., 2001; Badary 
et al., 199; Gali-Muhtasib et al., 2006; 2008). In addition, 
some in vitro and in vivo experiments have demonstrated 
that thymoquinone has oxidative effects and genotoxic 
properties as it is metabolized to reactive species, which 
lead to DNA damage (Harzallah et ., 2012; Khader et al., 
2009). Therefore, there is an urgent demand to search 
for a novel agent with fewer side effects. Notably and 
unwittingly, this study led to the examination of the 
effect of crude saponin extract prepared from N. sativa 
on the growth of the CRC cell line, HCT116. However, 
no study addressing the anticancer potentiality of N. 
sativa’ssaponins on HCT116 cells has been reported 
yet. Saponins are widely known for their wide range of 
activities including antimicrobial, antidiabetic, cytotoxic, 
phytotoxic, antioxidant, antispasmodic and as anthelmintic 
(Guclu-Ustundag et al., 2007). Accumulative studies 
found that crude saponins have anti-cancer activities inin 
vitro and in vivomodels. Moreover, several saponins have 

been found to inhibit tumor cell growth by cell cycle 
arrest and apoptosis with IC50 values up to 0.2 mM. In 
addition, a combination of saponins with conventional 
tumor treatment strategies improved the therapeutic index 
in cancer therapy (Man et al., 2010). 

A hallmark of colon carcinogenesis, as well as other 
cancer phenotypes, is enhanced cell proliferation and 
ablation of apoptosis (Huerta et al., 2006; Yang et al., 
2009). In the present study, we have demonstrated for 
the first time that CSENS suppressed colon cancer cell 
proliferation and induced apoptosis, in a dose- and time-
dependent manner. On the other hand, crude flavonoid 
or alkaloid extract prepared from N. sativa had trivial 
effect on the growth of HCT116 cells. These observations 
suggest that the growth inhibitory potentiality of the 
CSENS is not fortuitous and raises a possibility that a 
specific component(s) in CSENS target(s) the growth 
of HCT116 cells. Furthermore, CSENS suppressed the 
growth of human hepatocellular carcinoma (HepG2) 
and breast cancer (MCF-7) cell lines, indicating that 
the cytotoxic effect of CSENS is not restricted to colon 
cancer cells, but extends to a wide range of cancerous 
lines. In contrast, CSENS had no significant effect on non-
malignant human fibroblasts (HF-5 cells), which raises the 
possibility that CSENS may selectively target colon cancer 
cells. These findings deserve attention because selectivity 
toward cancer cells is a highly advantageous feature of 
potential cancer chemopreventive and therapeutic agents. 
However, the experiments described here cannot exclude 
the possibility of tissue-specific differences between 
human fibroblasts and colon cancer cells. Additional 
cytotoxicity studies using a normal colon cell line and 
different colon cancer cell lines, as well as studies in 
vivo in nude mice are necessary to prove that CSENS 
can inhibit tumor growth without major side effects. 
A further proof of the anti-proliferation potentiality of 
CSENS was concluded from colony findings showing that 
CSENS efficiently ablated potentialities of the HCT116 
cells to form colonies and to grow on agar medium. 
Because these assays measure the ability of tumor cells 
to grow and form foci in a manner unrestricted by growth 
contact inhibition as is characteristically found in normal, 
untransformed cells, therefore, these assays are further 
evidence demonstrating the anti-cancerous potentialities 
of CSENS. Thus, in the present study, we have identified 
a novel dietary agent, CSENS, which exhibited a highly 
anti-proliferative effect and efficiently inhibited the 
formation of colonies in CRC cells.

Next, we elucidated the molecular mechanism 
underlying the anti-proliferative potentiality of CSENS. 
It is highly accepted that apoptosis and/or necrosis are 
among the key mechanisms by which most anticancer 
agents exert their cytotoxic effects. To address whether the 
cell death induced by CSENS could be due to apoptosis, 
we ascertained the apoptogenecity of CSENS by Annexin 
V FITC/PI dual staining. This assay was based on the fact 
that phosphatidylserine (PS)] localized to the cytoplasmic 
face of the cell membrane in healthy cells, translocates to 
the extracellular face of the cell membrane in apoptotic 
cells. This translocation process occurs relatively at 
early stage of apoptosis and can be detected by binding 
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Annexin V to translocated PS, which makes it a marker for 
assessing early stages of apoptosis. During late apoptosis 
or necrosis, membrane integrity is lost; therefore, PI 
also enters the cell through damaged membranes, binds 
to cellular DNA and stains the nucleus red. Therefore, 
Annexin V FITC/PI assay helps to distinguish between 
apoptotic and necrotic cell death. The flow cytometry 
analyses demonstrated that the percentage of cells stained 
with Annexin V and PI increased with the increasing 
concentrations of CSENS. Because the rupture of the 
cellular membrane is one of the crucial criteria used to 
distinguish necrosis from apoptosis (Kim et al., 2001), 
thus, it seems that the cell membrane was disrupted 
and the cells died by necrosis at higher concentrations 
of CSENS exposure. Based on this, we report that the 
cytotoxic efficacy of CSENS in HCT116 cells may be 
associated, at least in part, with apoptosis accompanied 
by secondary necrotic cell death probably due to the 
loss of membrane integrity. The fact that high doses of 
CSENS triggered necrotic cell death does not argue with 
its potentiality as a promising chemopreventive agent, as 
it has been reported that with increasing concentration or 
exposure time of the cytotoxic agents, cell death changes 
its type from apoptotic to necrotic (Sun et al., 2006; Han 
et al., 2007). In addition, some recent studies advocate 
that necrosis could be an alternative form of cell death 
when apoptotic pathways are impaired, as seen in cancer 
cells, and the agents having potentiality to induce necrosis 
could be promising chemotherapeutics to circumvent the 
impaired apoptotic pathways found in cancer cells (Sun 
et al., 2006; Han et al., 2007). 

Consistent with the observation from flow cytometry, 
microscopic inspections revealed an abundance of 
morphological alterations characteristic to programmed 
cell death in CSENS-treated cells. These alterations 
were dose-dependent and included loss of cell viability, 
cell shrinkage, irregularity in cellular shape, cellular 
detachment, chromatin condensation and eventual 
cleavage of the nucleus and cytoplasm into multiple 
membrane-enclosed bodies called apoptotic bodies. The 
AO/Et double staining displayed predominance of the 
red color at the highest dose of CSENS, which parallels 
the findings from flow cytometric analyses and suggests 
an incidence of late apoptotic death associated with 
secondary necrotic cell death. 

Genomic lesions due to the activation of the DNA 
damage response were detected by comet assay, where 
CSENS treatments resulted in the formation of comet tail. 
It has been reported that comet assay is more sensitive 
than DNA ladder assay in detecting DNA damage and 
distinguishes apoptosis from necrosis, which makes it 
a reliable assay for the detection of programmed cell 
death (Yasuhara et al., 2003). This assay was originally 
developed for measuring DNA damage of cells exposed 
to any genotoxic agents (Collins, 2002). However, the 
comet image generated by apoptotic agents is different 
from that obtained with a cell treated with genotoxic 
agents. The comet head formed by apoptotic agents 
is characterized by the presence of apoptotic bodies, 
which are not seen in genotoxic comet. Therefore, we 
characterized and analyzed the different features of comet 

images induced by CSENS with those generated by known 
genotoxic agents, H2O2 and Benzo(a)pyrene (Kirilova 
et al., 2005). We did observe CSENS, but not H2O2 
or Benzo(a)pyrene,  induced DNA comet tail and head 
images typical of apoptosis-inducing agents. Therefore, 
the results of comet assay add a further proof that CSENS 
treatments mediated DNA damage in HCT116 cells. 
Cells with damaged DNA could undergo apoptosis if the 
damage can hardly be repaired, therefore, the observation 
of these assays suggests that CSENS treatments might 
trigger events leading to DNA damage and initiation of 
apoptotic cascade, which may contribute, at least in part, 
to the diminution of cell viability in HCT116.

It has been suggested that there are two redundant 
parallel pathways that lead to chromatin processing during 
apoptosis (Susin et al., 2000). One of these involves the 
activation of caspases, and eventual oligonucleosomal 
DNA fragmentation (Samejima et al., 1998). The other 
engages translocation of the mitochondrial protein (AIF) to 
the nucleus resulting in peripheral chromatin condensation 
and large-scale DNA fragmentation, with a size of ~50 
kbp (Broker et al., 2005). Treatment of HCT116 cells with 
CSENS resulted in chromatin condensation, as shown by 
vital nuclear stain (Hoechst 33342), but it did not produce 
oligonucleosomal DNA fragmentation. In contrast, 
treatment of HCT116 cells with crude alkaloid extract 
prepared from other medicinal herb called Rhazya stricta 
resulted in the formation of a classical oligonucleosomal 
DNA ladder, demonstrating that the failure to detect 
oligonucleosomal DNA fragmentation in response to 
CSENS was not due to an inherent impairment in the 
classical apoptotic cascade in HCT116 cells. Therefore, 
these results suggest that CSENS has a potentiality to 
induce apoptosis, but it does not implement classical 
apoptotic pathway to process DNA during apoptosis. 
A further support to this conclusion was driven from 
the result showing the null activation of caspase-3 after 
treatment of cells with CSENS. It is generally accepted 
that the activation of caspase-3 is a key step that provokes 
down-stream events mediating oligonucleosomal DNA 
fragmentation, cleavage of proteins essential for cell 
viability and morphological hallmarks of apoptosis[11]. 
However, increasing bodies of evidence support the 
notion of caspase-independent programmed cell death 
pathways, where caspase activation and other markers 
of classical apoptosis are completely absent (Broker et 
al., 2005). This caspase-independent pathway manifests 
peripheral chromatin condensation and large-scale (i.e. 
non-oligonucleosomal) DNA fragmentation (Susin et al., 
2000), which may explain why we could not see DNA 
fragmentation or caspase-3 activation. The induction 
of programmed cell death without caspase activation 
or DNA fragmentation has been attributed to other 
chemotherapeutic agents, such as curcumin and Matrine 
(Cipriani et al., 2001; Zhou et al., 2014). Similar to these 
agents, it seems that CSENS bestows, as yet unknown, 
caspase-independent pathway to impose its apoptogenic 
potentiality.

NF-κB and AP-1 are pleiotropic transcription factors 
emerging as important targets in the pathogenesis of colon 
cancer. These two transcription factors are reported to play 
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a synergistic role in many biological processes and cross-
coupling of these transcription factors has been reported 
(Glinghammer and Rafter, 2002). The NF-κB family of 
transcription factors exists as homo- and heterodimers; 
the most commonly encountered dimer in mammalian 
cells is the p65/p50 dimer (Pereira and Oakley, 2008). 
In most normal cells, the p65/p50 dimer is retained in 
the cytoplasm as an inactive complex by means of direct 
binding with specific inhibitors. Upon activation by 
molecular cues, NF-κB dimer migrates to the nucleus, 
where it binds to a common DNA sequence, the κB-site, 
within the enhancer elements of the NF-κB target genes 
and promotes transcription (Pereira and Oakley, 2008). 
Contrary to this scenario, NF-κB has been found to be 
constitutively activated in colon cancer and the sustained 
activation of NF-κB underlies resistance of CRC cells to 
the apoptosis induced by various chemotherapeutic agents 
(Yun et al., 2009). Thereby, agents that can suppress NF-
κB activation have the ability to suppress carcinogenesis 
and thus, have therapeutic potential (Aggarwal and 
Shishodia, 2006). Consistent with this notion, several 
phytochemicals, such as curcumin, resveratrol, and others, 
have been found to mediate their chemopreventive effects 
through the suppression of NF-κB activation (Su et al., 
2006). All these studies prompted us to address whether 
CSENS affects the activity of NF-κB in HCT116 cells; in 
particular, we tested whether CSENS decreases the activity 
of a luciferase reporter gene driven by NF-κB response 
elements. The data herein demonstrate that CSENS 
suppressed the activity of the reporter gene. In addition, 
when we transfected cells with NF-κB-driven luciferase 
reporter along with MEKK expression construct, which 
induces the activity of NF-κB, we obtained parallel results, 
luciferase inhibition, indicating that CSENS negatively 
modulated constitutive and MEKK-dependent inducible 
activities of the NF-κB. The mechanism whereby CSENS 
inhibits NF-κB activity was further investigated. The 
NF-κB dimer (p50/65) binds to its DNA element via the 
p65 subunit; we found that CSENS abrogated the DNA-
binding activity of p65. Therefore, it is possible that an 
ingredient(s) found in CSENS formed an adduct with p65, 
resulting in the alteration of p65 properties, including 
DNA binding activity. Similar to CSENS, curcumin has 
been found to induce apoptosis in human colon cancer 
cells through the inhibition of NF-κB activation (Su et 
al., 2006). 

AP-1 is composed of a mixture of heterodimeric 
complexes of protein families, including Fos and Jun (Hess 
et al., 2004). AP-1 is involved in CRC pathogenesis[10]; 
high concentrations of bile acids induce AP-1 expression 
resulting in the stimulation of COX-2 that mediates anti-
apoptosis, motility and invasion (Debruyne et al., 2001). 
Several phytochemicals, such as green tea resveratrol, 
curcumin, β-lapachone and others have been shown to exert 
their chemo-therapeutic potentialities via suppressing the 
AP-1 activation process (AggarwalandShishodia, 2006; 
Debruyne et al., 2001). We investigated the transactivation 
of the AP-1 luciferase reporter in HCT116 cells treated by 
CSENS and we found that CSENS treatment suppressed, 
in a dose-dependent manner, the transcriptional activity 
of AP-1. This observation was correlated with a decrease 

in DNA-binding activities of two Ap-1 subunits, c-Fos 
and Jun D. Therefore, one of the seminal findings in the 
current study is that CSENS treatment targeted survival 
signaling pathways regulated by NF-κB and AP-1, which 
could boost the pro-apoptotic effect of CSENS leading to 
growth-inhibition in HCT116 cells.

One of the most prominent strategies of cancer 
chemoprevention counts on protecting cells/tissues 
against various carcinogens and carcinogenic metabolites 
that could come from exogenous and/or endogenous 
sources. This could be achieved via induction of phase 
II detoxifying/anti-oxidant enzymes expressed by 
cytoprotective genes (Eggler et al., 2008). These genes 
are controlled by an ARE enhancer and Nrf2 protein (Lee 
et al., 2004). Under basal condition, Nrf2 is sequestered 
in the cytoplasm as an inactive complex with a cytosolic 
inhibitor protein, Keap1. Exposure of cells to ARE 
inducers results in the dissociation of Nrf2 from Keap1 and 
translocation of Nrf2 to the nucleus, where it activates the 
expression ARE-dependent genes (Yu and Kensler, 2005). 
Various phytochemicals have been found to mediate the 
activation of ARE-regulated genes through the induction 
of Nrf2 signaling (Surh et al., 2008).Furthermore, several 
chemopreventive agents have been found to exert their 
anti-carcinogenic effect through the activation of Nrf2-
ARE pathway and attenuation of NF-κB signaling 
(Bellezza et al., 2010; Yu and Kensler, 2005). The results 
herein demonstrate that CSENS treatments increased 
DNA binding, and consequently, transactivation activities 
of Nrf2. Therefore, these data hint at a point that CSENS 
has this dichotomous potentiality, the activation of Nrf2 
and attenuation of NF-κB, which may maximize CSENS 
chemopreventive efficacy.

The MAPK signaling pathway is a family of signal 
transduction proteins that couples signals from cell surface 
receptors to the intracellular machineries, which control 
fundamental cellular processes, such as gene expression, 
growth, proliferation, differentiation and apoptosis 
(Pearson et al., 2001). The MAPK cascade comprises 
three main subdivisions, namely (i) extracellular signal-
related kinases 1 and 2(ERK1/2), (ii) c-JUN N-terminal 
kinase (JNK) 1, 2, and 3, and (iii) p38-MAPK (Pearson 
et al., 2001). Several lines of evidence suggest that 
the activation of the MAPK pathway, in particular 
ERK MAPK cascade, plays an important role in the 
pathogenesis, progression, and oncogenic behavior of 
human CRC (Fang and Richardson, 2005). Therefore, 
strategies to block the activity of ERK would ideally lead 
to the inhibition of proliferation and induction of apoptosis 
in CRC. Consistent with this notion, a growing list of 
phytochemicals has been found to modulate the ERK1/2 
pathway and to inhibit the progression of adenoma to 
adenocarcinoma in vivo via a down-regulation of ERK1/2 
activity (Prouillet et al., 2004; Lu et al., 2006; ; Wruck 
et al., 2007; Corona et al., 2009). Activation of ERK1/2 
pathway promotes cell cycle progression and division 
(Wright et al., 1999), at least in part, through the induction 
of cyclin D1 expression (Lavoie et al., 1996; Lee et al., 
2006). The elevated expression level of cyclinD1 forms a 
complex with a family of serine/threonine protein kinases, 
cyclin-dependent kinases-4/6 (CDK-4/6); this cyclin D1/
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CDK-4/6 complex initiates events that facilitate transition 
through the restriction point in the G1 phase (Ekholm and 
Reed, 2000). Therefore, over-expressed or hyper-activated 
cyclin D1/CDK-4/6 complex often leads to uncontrolled 
cell division and malignancy (Kouraklis et al., 2006).
Consequently, the role of cyclin D1 and CDK-4 in the 
evolution and progression of CRC has been documented 
(Arber et al., 1997; Hogan et al., 2007; Karim et al., 2013; 
Shan et al., 2009). The activity of the cyclin D1/CDK-4/6 
complex is counteracted by cell cycle inhibitory proteins, 
p21WAF1/CIP1 and p27KIP1, which block the G1 to S 
phase transition via binding to CDK-4, thereby resulting 
in a G0-G1 phase arrest of the cell cycle (Vermeulen et 
al., 2003). Importantly, reduced p21 protein level has been 
found to play an important role in the progression of colon 
cancer (Bukholm andNesland, 2000). In addition to cyclin/
CDK complexes, cell cycle progression is tightly regulated 
by other hub proteins, p53, a stress-inducible transcription 
factor that mediates the induction of cell cycle arrest and 
apoptosis following DNA damage or cellular stress in 
human cells (Hainaut and Wiman, 2009). p53 mutations 
are present in more than 50% of all cancers (Oren and 
Rotter, 2010) and have been found in approximately 
40%-50% of sporadic CRC (Li et al., 2015). The Western 
blot analyses, herein, demonstrate that the inhibition of 
ERK1/2 phosphorylation by CSENS was paralleled by 
a reduction in cyclin D1 and CDK4 levels and a marked 
increase in the expression levels of p21 and p53. Based 
on these data, it is reasonable to speculate that CSENS 
has a potential to induce cell cycle arrest, which leads to 
a reduction in HCT116 cell number. Therefore, CSENS 
has the ability to induce apoptosis and cell cycle arrest 
in HCT116 cells, which highlights its potential to act as 
a therapeutic agent for the treatment of colonic cancer 
progression. 
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