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ABSTRACT

Objective: To investigate the ability of 50% hydro-ethanolic extract of Pothos scandens (P. scandens) to induce cytotoxicity and apoptosis in MCF-7
cell lines.

Methods: Aerial parts of P. scandens were extracted with 50% ethanol. The crude extract obtained was evaluated for its ability to induce
cytotoxicity against MCF-7 (breast cancer) and L929 (normal fibroblast) cell lines by MTT (3-(4, 5 dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide) assay. The ability to induce apoptosis was determined by acridine orange (AO) and ethidium bromide (EB) double staining method. The
above activity was confirmed using the comet assay.

Results: The study revealed that the plant extract showed significant cytotoxic activity against MCF-7 cell lines with an ICso of 90.18+5.20 pg/ml
Further it was also found that the cell death of MCF-7 treated with crude extract was due to the induction of apoptosis, which was ascertained by
comet assay.

Conclusion: The study provides scientific evidence for the anticancer activity of extracts of P. scandens paving a way to further research of using
this plant in the development of the novel anticancer drug.
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INTRODUCTION

Cancer is the third leading cause of death worldwide, only preceded
by cardiovascular disease, infectious and parasitic disease [1].
Despite a large number of studies, we are still uncertain as to the
cause of the most type of human cancer [2]. Breast cancer is the
most common form of cancer and the leading cause of cancer
mortality among women worldwide. It is estimated that one out of
eight women develop breast cancer in their lifetime [3, 4]. It is a
serious clinical problem that possesses significant social and
economic challenges to the health care system [5].

Though there are many therapeutic strategies including
chemotherapy to treat cancer, high systemic toxicity and drug
resistance limit the successful outcomes in most cases. Moreover,
cancer treatment is usually accompanied by diverse side effects to
different body organs [6]. Multidisciplinary scientific investigations
are making best efforts to combat this disease, but the sure-shot,
perfect cure is yet to be brought into the world of medicine [7, 8]
and hence there is a worldwide trend to go back to natural resources
(medicinal plants) which are therapeutically effective, culturally
acceptable and economically affordable [9]. As part of this effort,
many natural products have been tested against various types of
cancer cell lines [10] and still there has been a long-standing interest
in the identification of medicinal plants and derived natural
products for developing cancer therapeutics [11].

Pothos scandens (P. scandens) is a medicinal aroid, which belongs to
the family Araceae. Many medicinal properties of this plant have
been reported. The bruised root of the plant is applied to promote
healing of abscesses, after being fried in oil. It has also been reported
that the whole plant is used against various health problems and
disorders such as diarrhea, smallpox, etc. According to the
ethnobotanical data collected during the field surveys made on
several visits between 2004 and 2006 to three Akha communities in
Chiang Rai in northern Thailand, it was found that the traditional

healers use whole aerial parts of P. scandens to treat cancer [12-14].
But so far the anticancer property of this plant has not been studied.
Hence, the present study aims to investigate the therapeutic
properties of P. scandens for its potential anticancer activity by
evaluating their cytotoxicity and apoptotic ability against MCF-7
breast cancer cell lines.

MCF-7 breast cancer cell lines and L929 (Fibroblast cells) cell lines
were obtained from National Center for Cell Sciences (NCCS), Pune
and was maintained in Dulbecco’s modified eagles media (HIMEDIA)
supplemented with 10% FBS (Invitrogen) and grown to confluency
at 37 °Cin 5 % CO2 in a humidified atmosphere in a CO: incubator
(NBS, EPPENDORF, Germany). All other chemicals are of the
standard analytical grade.

P. scandens were collected from in and around Palai, Kottayam,
Kerala. They were identified and certified by the Taxonomist,
Botanical Survey of India (BSI), Coimbatore, Tamil Nadu, India
(Plant identification no.-BSI/SRC/5/23/2013-14/Tech/685). The
aerial parts of P. scandens were shade dried and ground to coarse
powder. The coarse powder was extracted using 50% ethanol using
soxhlet apparatus for 48 h. The extracts were condensed to dryness
using rotary evaporator.

Cytotoxic effects of P. scandens against MCF-7 and L929 cells were
assessed by MTT (3-(4, 5 dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide) assay [15]. The ability of the extract to induce
apoptosis of MCF-7 was determined by acridine orange (AO) and
ethidium bromide (EB) double staining method [16]. The above
activity was confirmed using the comet assay (alkaline version) as
described by Singh et al. [17]. All experiments were performed in
triplicate (n=3) and the results were expressed as mean+SD.
Statistical analysis was carried out using SPSS 16.0.

MTT assay is based on the conversion of yellow tetrazolium salt
MTT to purple formazan crystals by metabolically active cells. The
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amount of formazan produced is proportional to the number of
viable cells. The study was carried out to evaluate the cytotoxic
effect of 50% ethanolic extract of P. scandens on MCF-7 and L929. It
was found from the study that the extract showed a significant
cytotoxic effect against MCF-7 cell lines in a dose-dependent
manner. The extract showed a little cytotoxic effect against L929 cell
lines used. The viability of the MCF-7 cell lines which was
78.35+2.14 % at a concentration of 6.25 pg/ml was decreased to
50.54+1.67 % at a concentration of 100 pg/ml. The viability of L929
cell lines were 96.26+0.78 % and 76.98+1.72 % at 6.25 pug/ml and
100 pg/ml concentrations respectively (fig. 1). The ICso of 50%
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ethanolic extract of P. scandens for MCF-7 cell line was found to be
90.1845.20 pg/ml. MTT assay is commonly used in cell biology for
the study of growth factor, cytokines and cytotoxicity of
chemotherapeutic agents as it offers a quantitative and simple
method for evaluating cell population’s response to external factors.
In the present study, it was found that the plant extract decreased
the viability of MCF-7 cell lines in a dose-dependent manner at the
same time being less effective against L929-normal fibroblast cell
lines. It can be explained that the reduction in the number of cells by
particular agents (cytotoxicity) may be due to cell and/or cell
proliferation [18].

Concentration in pg/ml

Fig. 1: Cytotoxic effect of 50% ethanolic extract of P. scandens on MCF-7 and L929 cell lines after 24 h treatment. Each data point
represents the mean from three independent experiments (mean+SD)

Most anti-cancer drugs induce apoptosis, as a primary mechanism for
inhibition of cell proliferation. In order to determine whether the
decrease in cell viability was due to apoptosis, a morphological change
at cellular and nuclear levels was assessed with cells treated with 50%
ethanolic extract of P. scandens. AO selectively stains the living cells as
green whereas EB stains dead cell DNA as red. Microscopic analysis of

cellular and nuclear morphologies suggests the presence of both
apoptotic and necrotic cells. The untreated control MCF-7 cell lines
were characterized by bright green nucleus with uniform intensity and
the absence of EB uptake. Nuclear condensation and fragmentation,
hallmark features of apoptosis were present in the plant extract
treated cells in a dose dependent manner (fig. 2).

Fig. 2: Analysis of apoptosis by AO and EB double staining: Nuclear uptake of dyes depends on membrane integrity and based on that cells
are divided into three categories: (i) green fluorescent nuclei show intact cells, (ii) orange coloured nuclei show early apoptotic cells and
(iii) dark red colored cells show fragmented nuclei evident for late apoptotic or necrotic cells. (A) Untreated MCF-7 cells (B & C) MCF-7
cells treated with 50png/ml and 100pg/ml of 50% ethanolic extract of P. scandens respectively. Data are representative of three
independent experiments

Apoptosis, identified as one of the most fundamental biological
processes in eukaryotes in which individual cells die by activating
intrinsic “suicide” mechanisms, has been suggested to play a key
role in damage to cells [19]. The results of the study indicate that
the plant extract resulted in apoptosis of MCF-7 cell lines which
again support the cytotoxic activity of the plant. Our observations
of altered nuclear morphology after treatment with the P. scandens
extract (fig. 2: B & C) are consistent with previous reports [20, 21]

of cells undergoing apoptosis. Comet assay is a sensitive and
reliable technique for evaluating the presence and level of DNA
strand breaks [22].

In the present study, MCF-7 cells treated with extract at ICso
showed fluorescence intensity that increased in the comet tail,
revealing that the fragments of DNA were excluded from their
nuclei, while the control cells displayed only fluorescent nuclei
without comet tails (fig. 3).
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Fig. 3: Representative slides of comet profiles for MCF-7 cells visualized with fluorescence microscopy. (A) Control untreated MCF-7cellS
(B) MCF-7 cells treated with 90.18 pg/ml (ICs0), 50% ethanolic extract of P. scandens. Data are representative of three independent
experiments

As cellular DNA damage becomes serious, more DNA fragments
migrate into the comet tail region and are quantified by the intensity
of fluorescence according to comet parameters including tail length,
tail intensity and Olive tail moment, representing the levels of DNA
damage [23]. Our studies indicate that fluorescence intensity
increased in the comet tail, revealing that the fragments of DNA
were excluded from their nuclei, while control cells displayed only
fluorescent nuclei without comet tails, after exposure to ICso
concentration.

The ability of P. scadens to induce cytotoxicity may be attributed to
the presence of phytochemicals like phenolic and flavonoid
compounds present in the plant [24]. The presence of flavonoid and
phenolic compounds in the plant has been reported in previous
works [25, 26].

To the best of our knowledge, this is the first publication about the
cytotoxic and apoptotic effect of P. scandens extract. From the study,
it is concluded that the plant is having significant anticancer
activities against MCF-7 breast cancer cell lines. Studies are on the
way to evaluate the efficacy of P. scandens against breast cancer in
animal models.
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