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Abstract— Colon cancer is third of cancer cases that occur in the
world's population. The incidence of new cases in men are
614.300 and women are 746.300, while the death rate in men are
373.600 and in women are 320.300. Colon cancer treatments are
surgery, chemotherapy, and radiotherapy. The problem with
chemotherapy is trigger development of a new drug and among
other from natural compound. The plant that is known to have
cytotoxic activity against cancer cells are Eleutherine bulbosa
(Mill.) Urb. This study aims to analysis the anticancer activity of
Eleutherine bulbosa (Mill.) Urb. extract on WiDr cells. The
research method includes gradual maceration using n-hexane,
ethyl acetate, and ethanol, phytochemical analysis of extracts,
cytotoxicity assay on WiDr cells with MTT (Microculture
Tetrazolium Technique) assay, and selectivity index assay on
WiDr and Vero cells. The MTT assay result show that
Eleutherine bulbosa (Mill.) Urb. has cytotoxic activity on WIDr
cells, but only ethyl acetate extract are selective. Further studies
are to assess the mechanisms of ethyl acetate extracts in induce
apoptosis, inhibit the cell cycle, and the expression of protein that
associated with it.

Keywords— Eleutherine bulbosa (Mill.) Urb.; WiDr cell line; MTT
assay; selectivity index

I. INTRODUCTION

Cancer is a disease with increasing number of mortality in
humans. The world's leading death-causing cancers are breast,
cervical, colon, lung, and stomach [1]

Global cancer stastistics reported that colon cancer is the
third cancer cases in the world population, with the number of
cases are 1.4 million and 693,900 deaths occured at 2012.
Number of cases in men is higher than that of women with a
new cases is 746,300 cases in men and 614,300 cases in
women, that cause the number of mortality becomes 373,600
cases in men and 320,300 cases in women [2].

Treatment of colon cancer are consist of surgery,
chemotherapy, and radiotherapy, depending on the stage of
cancer patients [3]. Various treatments of colon cancer still
have many weaknesses, such as resistance to chemotherapy
drugs [4]. The problems with chemotherapy drugs are

triggering the development of new drugs and the uses of
medicines from natural compounds that have potential effect
as chemotherapy drugs to overcome resistance of colon cancer
treatment [5].

One of the plants that reported to have cytotoxic activity
against cancer cells and may be developed to anticancer drug
is Eleutherine bulbosa (Mill.) Urb. [6]. To analyze the
anticancer, activity of a compound can be done by preliminary
test using in vitro method [7]. In vitro method was performed
using a colon cancer cell line. One of the colon cancer cell line
that is frequently used in research is a WiDr cells, which is
adenocarcinoma cells isolated from colon of 78-year-old
female [8]. In the case of colon cancer, it is found that almost
96% of colon cancer is an adenocarcinoma which develops
from gland cells [9].

Based on this background, researchers are interested in
analyzing anticancer activity of Eleutherine bulbosa (Mill.)
Urb. that was extracted by gradual maceration on the WiDr
cells by cytotoxic assay method.

II. MATERIALS AND METHODS

A. Preparation of Plant Material

Eleutherine bulbosa (Mill.) Urb. was obtained from
Simalingkar B Village, Medan Tuntungan, North Sumatera
that was harvested when the plant age about 4 months.
Eleutherine bulbosa (Mill.) Urb. is identified by Herbarium
Medanense (MEDA), Universitas Sumatera Utara, Medan.
And then, Eleutherine bulbosa (Mill.) Urb. dried in a drying
cabinet with the temperature of 40-60°C until water content
reaches below 10%.

B. Preparation of Crude Extract

A total of 100 parts of the simplisia are inserted into the
dark vessel, macerated with 75 parts of n-hexane, then closed
and left for 5 days protected from light, often stirred. After 5
days, the solution was filtered and the dregs were washed with
n-hexane to obtain 100 parts. The solution is accommodated
on a dark bottle, left in a cool place and protected from light
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for 2 days. Then, filtered and evaporated the maserate with a
rotary evaporator and dried with a freeze dryer. The powder is
dried by aerated and re-macerated with ethyl acetate and
ethanol with the same treatment as in the n-hexane solvent
[10].

C. Phytochemical Analysis

Secondary metabolite information was obtained by
performing phytochemical analysis on each extract which
have different polarity. The secondary metabolites was
examined are alkaloids, flavonoids, anthraquinones, saponins,
glycosides, tannins, triterpenes, and steroids [11].

D. Preparation of Crude Extract Stock Solution

The crude extract was weighed at 5 mg, and was dissolved
with DMSO at 5 ml in microtube so the concentration of the
solution are reaches 1 mg/mL and used as stock solution to be
diluted using medium culture to obtain the concentration
required for cytotoxicity assay.

E. Cell Culture

WiDr cells and Vero cells in this research were obtained
from the Parasitology Laboratory, Faculty of Medicine,
Gadjah Mada University. The WiDr cells is grown on RPMI
medium containing Fetal Bovine Serum 10% (Gibco, USA),
Penicillin-Streptomycin 2% (Gibco, USA), and Fungizone
0.5% (Amphotericin B) (Gibco, USA). Vero cells were grown
in M199 medium containing Fetal Bovine Serum 10%
(Gibco, USA), Penicillin-Streptomycin 2% (Gibco, USA),
and Fungizone 0.5% (Amphotericin B) (Gibco, USA). Cells
were grown on a flask in the incubator (5% CO2 and 95% air)
with a temperature at 37 °C [12].

F. MTT Assay

MTT assay is used to assess the viability of both WiDr and
Vero cells. The cells were grown on a 96 well plate (Iwaki,
Japan). In each well contains 1x104 cells. Cells were incubated
in incubators (5% CO2 and 95% air) at 37°C for 24 hours.
After 24 hours incubation, the medium was discarded and the
cells on a 96 well plate were tested on each extract with a
minimal of five serial concentration and incubation for 24
hours. After incubation for 24 h, the medium culture was
discarded and MTT was added on to the cells with the
concentration is 0.5 mg/mL (Sigma-Aldrich, USA) and
incubation for 4 hours. The living cell reacts with MTT to
produce of purple crystals formazan. After 4 hours, 10% SDS
(Sigma-Aldrich, USA) stopper solution was added in 0.01 N
HCl (Merck, USA) to dissolve the formazan crystals. The cells
are reincubated for 24 hours at room temperature and wrapped
to avoid light. After incubation is complete, measured of cells
absorbance with microplate reader (Bio-Rad) at λ 595 nm.

The absorbance data of each well, then converted to
percentage of viable cell using this equation

 % of viable cells = (B−C)/(A−C) x 100%   

Where A, B, and C (1) respectively are the absorbance of
the control group, treatment group and medium culture group.
All data were used to calculate IC50 value which was analyzed
by using probit regression method using SPSS 20 [13].

G. Selectivity Index

The selectivity index was calculated from the ratio of
normal cells (Vero cells) IC50 value compared to cancer cells
(WiDr cells) IC50 value using this equation [14].

 SI = Vero cells IC50/WiDr cells IC50 

  

 

III. RESULT

A. Phytochemical Analysis

The results of phytochemical analysis will be used as a
reference for identifying classes of secondary metabolite
compounds that are active as anticancer substances on WiDr
cells. The results of phytochemical analysis of n-hexane , ethyl
acetate, and ethanol extract are shown in Table 1.

TABLE I. PHYTOCHEMICAL ANALYSIS OF EXTRACT

Metabolite
Compound

extract

n-hexane ethyl acetate ethanol

Alkaloids - + +

Flavonoids - + +
Glycosides - + +

Saponins - + +

Anthraquinones - + +

Tanins - - +
Triterpenoids + + +
Steroids + + +

B. Cytotoxicity Assay

The paramater is used to know of the potential toxicity of a
compound is by doing the cytotoxic assay. The effect of each
extract on WiDr cells viability shown in Fig. 1.

Fig. 1. Graph of log concentration of extract on WiDr cells viability
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Based on Fig. 1, the cytotoxic activity on the WiDr cells is
calculated to obtain IC50 value of each extract shown at Table
2.

TABLE II. IC50 VALUE OF EACH EXTRACT ON WiDr CELLS

Extract IC50 valuea (µg/mL)

n-hexane 56.145 ± 3.539

ethyl acetate 70.758 ± 7.702

ethanol 364.103 ± 31.169

a.
Expressed in mean value (n=3)  ± Standard Deviation

Cytotoxic assay on Vero cells are only performed by
extracts that have strong cytotoxic activity (IC50 value on
WiDr cells < 100 μg/mL). The effect of each extract on Vero
cells viability shown in Fig. 2.

Fig. 2. Graph of log concentration of extract on Vero cells viability

Based on Fig. 2, the cytotoxic activity on Vero cells is
calculated to obtain IC50 value of each extract shown at Table
3.

TABLE III. IC50 VALUE OF EACH EXTRACT ON VERO CELLS

Extract IC50 valuea (µg/mL)

n-hexane 162.291 ± 8,336

ethyl acetate 323.171 ± 12,821

a.
Expressed in mean value (n=3)  ± Standard Deviation

C. Selectivity Index

Selectivity index is a safety parameter of an extract against
normal cells. The results of selectivity index of each extract on
WiDr cells are shown in Table 4.

TABLE IV. SELECTIVITY INDEX VALUE

Extract Selectivity Index

n-hexane 2.89

ethyl acetate 4.57

IV. DISCUSSION

The results of phytochemical analysis showed that n-
hexane extract contains secondary metabolite compound of

triterpenoid/steroid. Ethyl acetate extract contains secondary
metabolite compounds of flavonoids, glycosides, saponins,
anthraquinones, and triterpenoids/steroids. Ethanol extract
contains secondary metabolite compounds class of alkaloids,
flavonoids, glycosides, saponins, anthraquinones, tannins,
triterpenoids. The cytotoxic effect of Eleutherine bulbosa
(Mill.) Urb. on various cancer cells are thought to be caused
by the secondary metabolites of flavonoids, anthraquinones,
and triterpenoids contained in these plants. Eleutherine
bulbosa (Mill.) Urb. containing the quinone group compound
of naphthaquinone and some of its species are isoeleutherin,
eleutherin and eleutherol [15]. The naphthaquinone and
derivatives are soluble in non polar solvents such as n-hexane
and chloroform [16]. Eleutherin is known to be cytotoxic to
colon cancer cells HT-29, HCT-116, COLO-25,
erythroleukemia cancer cells K562 and cervical cancer cells
HeLa [17-19].

In the cytotoxic test results, IC50 extract of n-hexane, ethyl
acetate extract and ethanol extract were respectively 56.145 ±
3.539 μg/mL, 70.758 ± 7.702 μg/mL, 364.103 ± 31.169 μg/
mL. The extract of n-hexane and ethyl acetate from
Eleutherine bulbosa (Mill.) Urb. has strong cytotoxic activity,
whereas ethanol extract has only moderate cytotoxic activity.
The extract can be said to have strong cytotoxic activity when
IC50 values are 10-100 μg/mL and moderate cytotoxic activity
if IC50 value are 100-500 μg/mL [14]. Cytotoxicity assay of
each extract from Eleutherine bulbosa (Mill.) Urb. was
performed by MTT method [3- (4,5-dimethyltiazole-2-yl) -
2,5-diphenyl tetrazolium bromide] which is one of the
quantitative cytotoxicity assay. This test is based on the
measurement of the color intensity (colorimetry) that occurs as
a result of the metabolism of a substrate by living cells into
colored products. In this test, tetrazolium salt MTT is used.
This tetrazolium salt MTT will be involved in the work of
dehydrogenase enzymes. Tetrazolium salt MTT will be
reduced to formazan crystal by succinic- tetrazolium reductase
system, which is included in the mitochondria of living cells
[20].

Triterpenoid/steroid compounds has anticancer activity by
inhibiting the expression of the nuclear factor kappa-B (NF-
kB), inducing apoptosis, and inhibiting the expression of
proteins involved in angiogenesis and cancer cell metastasis
[21].

The isolated naphthaquinone compounds has cytotoxic
activity on leukemia cells RAW 264.7 by inhibiting the
production of nitric oxide induction enzyme (iNOS), iNOS
plays a role in increasing the activity of NF-KB in cancer
incidence. Inhibition of iNOS production will decrease NF-
KB activity which will eventually cause cells to undergo
apoptosis [22]. Naphtoquinones also has antiproliferative and
cytotoxic activity on colon cancer and cervix cancer [23, 24].

Flavonoids have been used as disease prevention and
therapeutic agents in traditional medicine in Asia, one of them
as anticancer [25]. Flavonoid compounds work by inhibiting
proliferation through inhibition of oxidative processes that can
lead to cancer initiation. Flavonoids inhibit the expression of
topoisomerase I and topoisomerase II enzymes that play a role
in catalysis of playback and relaxation of DNA.
Topoisomerase enzyme inhibitors will stabilize the
topoisomerase complex and cause the DNA to be cut and
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damaged and induce cell to undergo apoptosis. Flavonoids
have been shown to inhibit proliferation in various models of
cancer cells [26, 27].

The class of anthraquinone compounds has cytotoxic
activity on colon cancer cells COLO 320 through the
activation mechanism of p53 protein, p53 protein will increase
the expression of proapoptotic protein families such as Bax
and suppress the expression of antiapoptotic proteins such as
Bcl-2 which will induce apoptosis [28]. The process of
occurrence apoptosis can occur through two lines of the
pathway, from the cell outside (extrinsic) and from the
mitochondrial stress (intrinsic). Both the extrinsic pathway
and the intrinsic pathway will end in the execution phase by
activating the caspase cascade which is the final path of
apoptosis [29]. The anthraquinone group compounds are
thought to cause apoptosis either through extrinsic or intrinsic
pathways with the activation of caspase cascade [30].

Anthraquinone also works by increasing the intracellular
production of ROS (reactive oxidative species) in HCT-116
colon cancer cell model, increasing ROS will trigger an
increase in p53 expression due to oxidative stress response.
Increased p53 protein can lead to apoptosis through an
intrinsic pathway, p53 protein plays an important role in the
regulation of Bcl-2 antiapoptosis and proapoptosis protein
families, excessive expression of p53 results in increased
expression of proapoptotic proteins such as Bax and decreased
expression of antiapoptotic proteins such as Bcl-2, changes in
expression in the Bcl-2 family will alter the permeability of
mitochondrial membranes that will regulate the release of
Cytochrome-c from mitochondria. Cytochrome-c in the
cytosol is binds and activates Apaf-1 and procaspase-9,
forming an apoptosome that will activate caspase cascade and
eventually cause apoptosis [31]. In the extrinsic pathway, the
anthraquinone compound induces death ligand to bind to death
receptor, thus modulating procaspase-8 which then forms a
death-inducing signaling complex (DISC). This complex
causes activated caspase-8, which will activating caspase-3
[32].

To assess the selectivity of an extract against cancer cells
can be calculated the selectivity index value, by compare the
IC50 value of Vero cells to IC50 value of WiDr cells. The
extract is said to have high selectivity if the selectivity index
value is greater than 3, so it can be said that the n-hexane
extract is less selective against the WiDr cells while the
ethylacetate extract is selective against WiDr cells [33].

V. CONCLUSION

Eleutherine bulbosa (Mill.) Urb.) has cytotoxic activity on
WiDr cells, in which n-hexane extract has the strongest
cytotoxic activity compared with both ethylacetate and ethanol
extracts. However, n-hexane extract is less selective against
WiDr cells compared with ethylacetate extract. We suggest to
do further research to assess the mechanisms of ethyl acetate
extract in induce apoptosis, inhibition of cell cycle, and to
observe the expression of the proteins associated with it.
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