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Treatment of human cervical cancer cells with butein
leads to apoptosis and DNA damage
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Abstract: The present study demonstrates the effect of butein on the cell viability, induction of apoptosis and DNA
damage in the cervical carcinoma cell lines. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) as-
say was used for the analysis of cell viability, DNA ladder assays and flow cytometry for apoptosis induction and
alkaline comet assay for determination of DNA damage. The results revealed a marked decrease in the viability of
MCF-7 and Helacell growth at a concentration of 20 uM of butein after 36 h. The viability of MCF-7, HeLa and ME-
180 cells was reduced to 18, 23 and 19%, respectively after 36 h. It increased the percentage of apoptotic cells
in MCF-7 and Hela cells to 74 and 89%, respectively at the concentration of 20 uM after 36 h compared to 2 and
3% in untreated cells. Butein treatment caused damage to the DNA to a markedly higher level compared to the
untreated cells. Therefore, butein exhibits a significant inhibitory effect in the MCF-7 and HelLa cervical cancer cells.
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Introduction

Cervical cancer is the third most commonly
detected cancer in females globally and has
been shown to originate from pre-malignant
precursor lesions [1]. Every year more than
510,000 new cases and 288,000 deaths are
reported due to cervical cancer [2]. In cervical
cancer the rate of human papilloma viruses
(HPV) prevalence is estimated to be 99.7% [3].
Around 100 types of HPV have been identified
in humans and among them 40% enter the ano-
genital tract [3-5]. During its early stage, cervi-
cal cancer shows no clear symptoms due to
which regular pap tests are performed for its
detection [6, 7]. Detection of cervical cancer at
the early stage makes treatment possible com-
pared to the late stage detection [8]. The treat-
ment strategies used for the cervical cancer
include radiation therapy and chemotherapy [9,
10]. It has been reported that standard thera-
pies in combination with the herbal medicines
yield more efficient results [11].

Chalcones, present abundantly in plants are
the open chain analogs of flavonoids with an «,
B-unsaturated carbonyl three carbon chain join-

ing two aromatic rings [12]. Chalcones possess
various biological activities which makes them
important target for synthesis [13-15]. The
major activities shown by chalcones are antitu-
mor [16, 17], anti-inflammatory [18-20], antioxi-
dant [21], antimicrobial, anti-tubercular [22],
anti-HIV [23], antimalarial [24] and anti-allergic
activities [25]. Various efforts have been made
from time to time to evaluate the biological
activities of chalcones [26]. Chalcones are
reported to induce apoptosis, inhibit polymer-
ization of tubulin, disrupt cell cycle and inhibit
nuclear factor-kappa B (NF-kB) signaling path-
way [12, 16, 27, 28]. In the present study role of
a chalcone, butein (Figure 1) as a potential
cytotoxic drug for the cervical carcinoma treat-
ment was studied.

Butein (3,4, 2’,4’-tetrahydroxychalone) is a poly-
phenolic compound isolated from the stem
extract of Rhusverniciflua and has been shown
to inhibit colon adenocarcinoma cell prolifera-
tion [29]. It also leads to the development of
apoptosis in HL-60 cells through its effect on
caspase-3 activity, reduction of Bcl-2 expres-
sion and enhancement of Bax expression.
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Figure 1. Structure of butein.

Materials and methods
Cell line

MCF-7, HeLa and ME-180 cervical cancer cell
lines were purchased from Cell Bank of the
Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). All the cell lines
were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and antibiotics at 37°Cin a
5% CO, incubator.

Chemicals and reagents

Butein was provided by Prof. WM Whu. Dimethyl
sulfoxide, Trypan blue, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT),
N-methyl-N-nitro-N-nitrosoguanidine  (MNNG,
inducing DNA damage) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Propidium
iodide (Pl) and DMEM were obtained from Gibco
Life Technologies (Carlsbad, CA, USA). The
Apoptosis Detection kit was obtained from (BD
Biosciences, San Jose, USA). Triton X-100 and
ethidium bromide were obtained from Sigma-
Aldrich (St. Louis, MO, USA).

Cell viability assay

The MCF-7 and HelLacervical cancer cell lines
were distributed at a density of 2.5 x 10° cells
per well onto 96-well plates (BD Falcon,
Franklin, NJ). The cells were left for adherence
for a period of 12 h and then the viability of
cells was analyzed after 12 and 36 h using an
MTT assay. The Automated Microplate Reader
(MPR-A4i; Tosoh Corporation, Tokyo, Japan)
was used to read the plates at the wavelength
of 565 nm.

Extraction of DNA and analysis of DNA frag-
mentation

The MCF-7 and Hela cervical cancer cells were
treated with various concentrations of butein
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for 12 or 36 h. The cells treated with DMSO
were used as a positive control. Following treat-
ment the cells were harvested and then washed
twice with phosphate-buffered saline (PBS).
Wizard Genomic DNA Purification kit (Promega
Corporation, Madison, WI, USA) was employed
for the extraction of DNA from the cells. The
cells were stained with silver nitrate solution.
The electrophoresis on a denaturing urea poly-
acrylamide gel was used for the analysis of
DNA fragmentation.

Apoptosis analysis

For apoptosis, 2.5 x 10° cells were harvested,
washed with PBS, incubated with Annexin
V-FITC and propidium iodide followed by flow
cytometry. For both FL1 (FITC) and FL3 (propid-
ium iodide) channels logarithmic amplification
of data was performed. The quantitative analy-
sis of hypodiploid sub-G1 cells was performed
using flow cytometry.

Alkaline comet assay

The MCF-7 and Helacells after treatment with
butein for 36 h were collected, washed and
suspended in PBS (pH 7.4). 2.5 x 10° cells were
then dispersed in molten low-melting-point
agarose (1%) at 37°C. The cell suspension was
then put onto the microscopic slides covered
with a layer of 0.8% regular-melting-point aga-
rose. Olympus BX53 fluorescent microscope
(Olympus Corporation, Tokyo, Japan) with a fil-
ter of wavelength 515-560 nm was used to
capture the images. The image analysis system
(CASPLab) was used to measure the level of
DNA migration.

Statistical analysis

All the data are expressed as means of + SD.
SPSS software, version 15.0 (SPSS, Inc., Chi-
cago, IL, USA) was used for the analysis of the
data. The differences were taken to be signifi-
cant statistically at P < 0.05 was considered to
indicate a statistically significant difference.

Results

Inhibition of cervical cancer cell growth by
butein

The effect of butein on the growth of cervical
cancer cells was examined by analyzing the cell
viability after exposing the cells to a range of
butein doses. Butein exhibited inhibitory effect
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Figure 2. Butein treatment causes inhibition of the growth of MCF-7, HeLa and ME-180 cervical cancer cells.
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Figure 3. butein induces apoptosis in MCF-7 and Hela cervical cancer cells. A. Apoptosis-associated DNA fragmen-
tation in MCF-7 cells. B. Apoptotic rates of MCF-7 and Hela cells treated with butein (20 uM) for 36 h.

on the growth of cervical carcinoma cells in
dose and time dependent manner. The viability
of MCF-7, HeLa and ME-180 cells was reduced
to 18, 23 and 19%, respectively after 36 h of
exposure to butein (Figure 2A). Treatment of
the tested cell lines with butein for 12, 24, 36
and 48 revealed that the inhibition of cell
growth was significant after 36 h (Figure 2B).

Induction of apoptosis in cervical carcinoma
cells by butein

Treatment of MCF-7 and Hela cervical cancer
cells with butein led to the formation of ladder-
like pattern of DNA on the urea polyacrylamide
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gel electrophoresis (PAGE) whereas no such
changes were observed in the untreated cells
by DNA fragmentation analysis and flow cytom-
etry (Figure 3A). Exposure of MCF-7 and HelLa
cells to butein at the concentration of 20 uM
led to a marked increase in the percentage of
apoptotic cells (Figure 3B). Thus butein inhibits
the growth of cervical cancer cells through the
process of apoptosis.

DNA damage in MCF-7 and Hela cervical can-
cer cells by butein

The comet assay was used to investigate the
effect of butein on the structure of DNA in
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Figure 4. Comet images (magnification, x 200) of alkaline gel electrophoresis demonstrating DNA damage in the

MCF-7 and Hela cells.

MCF-7 and Hela cervical cancer cells. Exposure
of the cells to butein led to transfer of DNA seg-
ments and the formation of comet shaped
structures. However, the untreated cells show-
ed high-density DNA and normal nuclei. In
MCF-7 and Hela cells a marked increase was
observed in comet-positive cells at 20 uM con-
centration of butein (Figure 4).

These results indicated that the cells, which
were exposed to different concentrations of
butein, exhibited significantly higher DNA dam-
age (P < 0.01) compared with the control sam-
ples. In these cell lines, butein significantly in-
creased the tail length (P < 0.01) and tail mo-
ment (P < 0.01) when used at concentrations of
1.25to 5 uM.

Discussion

The discovery of molecules with roles in the
treatment of cervical cancer from the natural
isolates is an efficient strategy [30]. Chalcones
have been reported to possess various biologi-
cal activities including antitumor [16, 17], anti-

11087

inflammatory [18-20], antioxidant [21], antimi-
crobial, anti-tubercular [22], anti-HIV [23], anti-
malarial [24] and anti-allergic activities [25].
The factors responsible for the death of cells
include apoptosis, autophagy, paraptosis, mi-
totic catastrophe and necrosis [31, 32]. These
findings suggest that the induction of tumor cell
apoptosis by butein may be one of the mecha-
nisms through which these compounds exert
their antitumor effects.

Apoptosis is the programmed death of cells
and is induced by the process of condensation
of chromatin material and fragmentation of
DNA [32]. The process of apoptosis has a vital
role in the cell development. The treatment
strategies like radiation therapy and chemo-
therapy induce the fragmentation of DNA in
various types of cancers. The present study
reveals that butein treatment causes breakage
of DNA in cervical cancer cells. The results from
the alkaline comet assays showed that expo-
sure of cervical cancer cells to butein caused
damage to the cell DNA. Our results revealed
that butein treatment exhibits inhibitory effect
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on the growth of cervical cells and induces
apoptotic cell death.

In conclusion, the present study demonstrated
that butein was anticarcinogenic, inducing cell
DNA damage and apoptosis in vitro, and the
DNA damage induced by butein may be associ-
ated with apoptosis. The results of the present
study confirmed the antitumor effects of Butein
and the potential of Butein as an agent of che-
motherapeutic activity in human cervical can-
cer cells.
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