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3,5,4'-Trihydroxy-6,7-dimethoxy-flavone (Eupalitin) has been isolated from the leaves of Asparagus
falcatus (Linn.). Anti-proliferation and apoptosis studies were conducted on eupalitin. Results showed
that eupalitin exhibited significant cytotoxicity against human colorectal tumor cells. It is found that
eupalitin induces the activation of caspases 3/7, a hallmark of apoptosis. The study suggests that the
anti-proliferative property of eupalitin towards the human colorectal tumor cells may be probably due to

its capability to induce apoptosis in cells.
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INTRODUCTION

It has been investigated that flavonoids may be effective
in combating certain types of cancer (Sarin et al., 1976;
Kupchan and Bauerschmidt, 1971; Zhao et al., 2010;
Wen et al., 2010; Shao et al., 2010). The effect of fla-
vonoids on cancer cells in various pharmacokinetics of a
flavonolignan couple has also been studied (Zhao et al.,
2010). Many flavones, isoflavones, and flavanones have
been found to have antineoplastic activity and cytotoxicity
(Edwards et al., 1979). A recent survey of literature
showed that the flavonoids field is still very important to
chemists, and their interest is increasing in screening the
new flavonoids and their physiological activities. Several
flavonoids have been shown to have potential as
hepatoprotective agents such as dihydro kaempferol-3-
rhamnoside, and 5, 7,3’,5'-tetrahydroxy flavononol-3-

rhamnoside showed some hepatoprotective natural
products and their analogues as activity (Martini et al.,
2004). The research for bioactive chemotherapeutic
agents continues in preclinical development (Lee, 2004).
Various phytochemicals originating from medicinal plants
have been shown to have anti-tumor activities, and some
of them are currently used in clinical trials (DaRocha et
al., 2001). There is an increasing awareness that
chemotherapeutic agents act primarily by inducing cancer
cell death through the mechanisms of apoptosis (Lowe
and Lin, 2000). Colorectal cancer is one of a major public
health problems worldwide and its incidence is increasing
annually (Dulabh et al., 2006; Hoff et al., 2001). Most
physiologically related cell deaths in the body occur by an
active process of self-destruction known as programmed
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cell death or apoptosis. The frequency of apoptosis could
contribute to cell loss in tumors and promote tumors
regression (Bold et al., 1997). One of the characteristic
features of cancer cells is to escape from apoptosis path-
ways, so the induction of apoptosis is a brilliant approach
to eradicate the cancerous cells without damaging the
surrounding tissue (Naik et al., 1996). The treatment of
cancer may benefit from the introduction of novel
therapies derived from natural products.

Natural products have served to provide a basis for
many of the pharmaceutical agents in current use in
cancer therapy (Pietras and Weinberg, 2005). Eupalitin
(Ghalib et al., 2010) (Figure 1) is a rarely found flavnoidic
compound. Previous publications have reported it from
Mikania micrantha (Wei et al., 2004), Rudbeckia bicolor
(Kalidhar, 1990), Flaveria chloraefolia (Barron and
Ibrahim, 1987), Boerhaavia diffusa Linn. (Pandey et al.,
2005), Artemisia lindleyana (McCormick and Bohm,
1986) and Rudbeckia serotina (Waddell et al., 1985). An
attempt is made to evaluate the in vitro anti-cancer
property of eupalitin isolated from Asparagus falcatus
(Linn.) against human colorectal tumor cells HCT116.

MATERIALS AND METHODS
Plant

The leaves of A. falcatus (Linn.), family Asparagaceae, were
collected in December, 2009 from South Africa. Botanical identifica-
tion of the plant material was performed by Taxonomist Mrs. Siti
Nurdijati Baharuddin, School of Biological Sciences, USM,
Malaysia. A voucher specimen has been deposited in the
herbarium of the School of Biological Sciences, USM, Malaysia (No.
11129).

Extraction and isolation

The air dried and crushed sample (1.0 kg) was extracted with
chloroform (5 x 3 L) under reflux for 3 x 3 h. The extract was con-
centrated to dryness on rotary evaporator under reduced pressure
to give dry chloroform extract (120 g). The chloroform (60 g) was
then chromatographed over silica gel (60 to 120 mesh, merck)
column (8 x 140 cm) loaded in light petroleum ether. The column
was eluted successively with light petroleum ether (4 L), light
petroleum ether-diethylether (9:1 to 1:1, each 4 L), ethyl acetate (4
L), and ethyl acetate-methanol (9:1 to 1:1, each 4 L) as eluting
solvents. The elutants obtained in solvent system ethyl acetate,
ethyl acetate-methanol (9:1 to 4:1) on crystallization with
chloroform-methanol (1:1) gave the crystals of the eupalitin (40 mg)
(Ghalib et al., 2010). Furthermore, we got a very good amount (640
mg) of a solid compound from fractions obtained in light petroleum
ether-diethylether (1:1) which was crystallized with chloroform-
methanol and confirmed as Eupalitin by X-ray analysis (Figure 1)
and by comparing with previously published data (Ghalib et al.,
2010). Total yield of 680 mg eupalitin was obtained from 60 g
extract.

Chemicals and reagents

Roswell Park Memorial Institute medium (RPMI) 1640 was
purchased from ScienCell, USA. Trypsin and heat inactivated foetal

bovine serum (HIFBS) were obtained from GIBCO, UK. Phosphate
buffered saline (PBS), penicillin/streptomycin (PS) solution, (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) (MTT)
reagent and 5-flurouracil were purchased from Sigma-Aldrich,
Germany. All other chemicals used in this study were of analytical
grade or better.

Cell lines and culture conditions

Human colorectal tumor (HCT116) cell line was purchased from
American type culture collection (Rockvill, MD, USA). HCT116 cells
were maintained in RPMI 1640 containing 10% HIFBS and 1% PS.
Cells were cultured in 5% CO.-humidifed atmosphere at 37°C.

Cells proliferation assay

Cytotoxicity of eupalitin was evaluated using MTT assay against
human colorectal tumor cell line (HCT 116). The assay was carried
out using the method described by Mosmann (1983) but with minor
modification, following 48 h of incubation. Assay plates were read
using the micro-titer plate reader (Hitachi U-2000, Japan) at 570 nm
absorbance. 0.1% dimethyl sulphuroxide (DMSO) was used as
negative control. 5-Flurouracil was used as positive control.

Apoptosis assay with caspases 3/7 activities

Following treatment with eupalitin, HCT 116 cells were subjected to
caspase 3/7, activities measurement was done with Caspase-Glo
assay kit (Promega, USA). In brief, after 3 h treatment, 100 pl of
Caspase-Glo reagent was added to each well. The plate was then
incubated for 30 min at room temperature. The luminescence which
is proportional to net caspases activities was measured in a plate-
reading luminometer (HIDEX, Finland). The experiments were
performed in triplicate.

RESULTS AND DISCUSSION

In the present study, we report for the first time that
eupalitin has significant ability to inhibit the proliferation of
human colorectal cancer cells by activating the caspase
3/7 cascade. The anti-proliferative property was
assessed using MTT assay, and the activity of caspases
(cysteine-dependent aspartate-specific proteinase) which
is known as an important biochemical feature in apoptotic
signaling was further determined to investigate whether
the apoptosis was induced by the eupalitin. Since
caspases 3 and 7 are the main downstream effecter
caspases that are present in most cell types and play an
important role in the execution of apoptosis cell death by
cleaving the cellular substrates (Kumar, 2007), we then
compared its activity in treated and untreated control
cells. The result showed that caspases 3 and 7 were
significantly activated in the treated cells.

Cytotoxic potency of eupalitin was evaluated using
MTT assay on HCT 116, MCF7 cell line. Eupalitin
exhibited significant cytotoxicity against colorectal cancer
(HCT 116) cell line with ICsy (concentration of test sub-
stance to achieve 50% inhibition) 22.9 pg/ml (P < 0.01).
Figure 2 depicts the dose dependent inhibitory response
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Figure 1. Ortep view of Eupalitin.
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Figure 2. Inhibition of cell proliferation by eupalitin.

of cell proliferation due to the effect of eupalitin. On the
other hand, the cytotoxic effect of 5-flurouracil on HCT
116 cells was very strong with 1Cso 4.6 pg/ml (Figure 3).
An attempt was made to identify whether the eupalitin
induced inhibition of cell proliferation was due to induction
of apoptosis.

After three hour treatment, eupalitin induced the
appearance of caspases activities in HCT 116 cells in
presence of Caspase-Glo reagent. From the results, it is
conspicuous that eupalitin activates the promoter
caspases that is, caspases 3/7. Figure 4 illustrates the
induction of caspases activity by eupalitin. Our results

demonstrated that eupalitin induced apoptosis as
detected by the activation of caspases 3 and 7 in HCT
116 cells which seems to account for anti-proliferative
activity determined by the MTT assay. The cytotoxic
response of the HCT 116 cells to eupalitin was dose
dependent.
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Figure 3. Inhibition of cell proliferation by 5-flurouracil.
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Figure 4. Caspases activity by eupalitin.
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