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Abstract
Polysaccharides (PS) were isolated from the edible, medicinal plant, Emilia sonchifolia. Cytotoxicity activities of the polysaccharides were studied by MTT assay in 
human cervical cancer cell lines (HeLa). PS decreased the viability of HeLa cells, and the IC50 value was found to be 40 μg/ml for HeLa cells at 48 h in a concentration 
dependent manner. Intracellular reactive oxygen species level was increased by PS in a concentration dependent manner which is the suggested mechanism of action. 
Further studies on anticancer activities of the compound are in progress.
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Introduction
Natural products are important in drug development programme. 

About half of the clinical drugs available today are of natural product 
origin. Emilia sonchifolia (L.) DC (Compositae), an herbaceous 
plant found in Taiwan and India, is used as folk medicine [1]. Emilia 
sonchifolia has also been reported to possess anti-fever activities [2,3] 
antimicrobial activity [4] analgesic and anti-inflammatory activities 
[5-7], anticancer activities [8-10] antioxidant activities [11-14], anti-
diabetic[15]; anti-cataract activities Asije, Couto, Gao, Cheng et al. [16-
19] anticonvulsant activity [20]. The aerial part of the plant has been 
reported to contain alkaloids [21] flavonoids, and terpenes [22]. Emilia 
sonchifolia extract, is reported to contribute to apoptosis through p53-
mediated ATM/Fas signalling activating both extrinsic and intrinsic 
pathways in HCT 116 human colorectal cancer cells [23]. Emilia 
sonchifolia is used as a salad plant before flowering and the leaves and 
stem are used as vegetable [24].

Cervical cancer is the fourth common cause of death from cancer 
in women worldwide [25]. 70% of cervical cancers occur in developing 
countries. It was estimated that there were 528,000 cases of cervical 
cancer and 266,000 deaths in 2012 [26]. This is about 8% of the total 
cases and total deaths from cancer. In low income countries it is the 
most common cause of cancer death. In developed countries, the 
widespread use of cervical screening programs has dramatically 
reduced rates of cervical cancer [27]. Polysaccharides are reported 
to possess antitumor properties. For example, lentinan which is a 
beta–1-6, glucan produced from Shiitake mushroom, Lentinus edodes, 
possess anticancer effect against human carcinomas [28]. Our earlier 
studies have revealed that polysaccharides isolated from the medicinal 
mushroom, Ganoderma lucidum, possess capacity of enhancing DNA 
repair in human lymphocytes [29].

The traditional claims enthused us to select the plant for this 
study. We isolated polysaccharides (PS) from Emilia sonchifolia and 
studied its cytotoxicity and antioxidant activity in HeLa cervical 
cancer cell line.

Materials and methods
Chemicals

All the chemicals were obtained from Merck Genei, Bangalore.

Isolation of polysaccharides
Whole plant material was collected from the outskirts of Thrissur, 

Kerala, India. The polysaccharides were isolated from the leaves and 
stem by the method of Mizuno [30], with slight modifications. The 
water extract obtained after boiling leaves and stem of the plant were 
filtered and concentrated to about one third of its original volume and 
chilled ethanol about 5 times the volume of the extract was added and 
kept at 4°C for 48 hrs. The extract was centrifuged at low temperature. 
The precipitate obtained was dissolved in water and reprecipitated 
with equal volume of cetyltrimethyl ammonium hydroxide and kept 
for overnight. The supernatant was separated again and precipitated with 
chilled ethanol. After centrifugation, the precipitate obtained was dried and 
loaded on a DEAE cellulose column and eluted with deionised water (25 
ml fractions). The polysaccharide fraction was tested with Phenol sulphuric 
acid reagent [31] for confirmation. The fraction was then evaporated at 
low temperature and lyophilized to obtain a light brown powder. Further 
characterization of the compound was done by IR, NMR and ESR analysis. 
The compound was dissolved in double distilled water for the studies.

Cell culture

Human cervical cancer cell line, HeLa were maintained as adherent 
monolayers in a tissue culture flask with complete DMEM (GIBCO) 
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supplemented with 10% (v/v) fetal bovine serum (FBS) containing 100 
mg/l penicillin and 66.6 mg/l streptomycin. Cells were incubated in a 
humidified incubator at 37℃ with 5% CO2. During the experiment, 
the cells were washed using 1XPBS-EDTA, trypsinized using 0.25% 
trypsin, neutralized with complete DMEM, centrifuged at 1500 rpm 
for 5 min, and the supernatant was aspirated whereas the pellet was 
suspended in complete DMEM for seeding or culturing.

Cytotoxicity assay

Cell viability was assessed using MTT (3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide) dye. Briefly, 5000 cells/well 
were seeded in 96-well plates and allowed to adhere overnight. Cells 
were treated with different concentrations (25-250 µg/ml) of PS from 
E.sonchifolia for 48 h, and MTT (5 mg/mL) was added, incubated for 
3.5 h, followed by aspiration of the medium and solubilization of the 
formazan crystals by adding dimethyl sulfoxide (DMSO). After 5 min, 
the color developed was read as an optical density (OD) using a Bio-
Rad 680 model colorimeter at 570 nm with 655 nm as background 
reference.

Reactive Oxygen Species (ROS) assay

HeLa cells (15000 cells) were seeded on 96 well/plates were treated 
with various concentrations (25-250 µg/ml) of PS from E.sonchifolia 
for 24 h. Media was completely removed and the cells were washed 
with 1X Phosphate buffer saline (PBS). Stock solution of 20 mM 
Dichloro-dihydro-fluorescein diacetate (DCFH-DA) was prepared in 
dimethyl sulfoxide (DMSO). DCFH-DA was diluted in 1XPBS (1:2000) 
to make working concentration of 5 µM. To the each well, 50 µl of the 
DCFH-DA and incubated at 37℃ in dark for 30 min. Then, DCFH-
DA is removed and 100 µl of 1XPBS was added to each well and read 
at 480 nm (excitation wavelength) and 530 nm (emission wavelength). 
Simultaneously, cell viability was performed using alamar blue and 
normalized with the ROS readings.The assay was performed at least 
three independent experiments, each comprising no less than four 
replicates.

Results
The polysaccharides isolated from G.lucidum answered phenol 

sulphuric acid tests giving typical colour reactions indicating the 
presence of carbohydrates. Three absorption bands characteristic of 
(H-O-H bending) 1637 cm.sup.-1, (OH) 3448.64 cm.sup.-1 and (C=O 
bond)1636.83 cm.sup.-1 were observed. The band between 1000-1100 
(1110 cm-1) is characteristic for the presence of beta-glucan. In the 
HNMR spectrum, H.sup.-1 signals were observed at less than 4.8 ppm 
(4.685, 4.682, 4.677 ppm), which suggest that component sugars have 
beta (1,6) configuration. 

PS decreased the viability of HeLa cells, and the IC50 value was found 
to be 40 μg/ml for HeLa cells at 48 h (Figure 1) in a concentration-
dependent manner. The intracellular levels of reactive oxygen species 
(ROS) production were measured using DCFH-DA. PS increases the 
production of ROS in HeLa cells in a concentration dependent manner 
(Figure 2). The result suggests that PS induces ROS production in HeLa 
cells which could be one of the mechanism through which it exerts its 
cytotoxic effect [32].

Discussion
It has been reported that the alcohol extract of this plant (aerial 

part) has cytotoxicity, as well as anti Ehrlich ascitic carcinoma 
(EAC) and anti-Dalton′s lymphoma ascites (DLA) activities in mice. 
Polysaccharides are the major components of water extract.

The ability of bioactive polysaccharides and polysaccharide-bound 
proteins to modulate so many important immune cells may due to the 
structural diversity and variability of these macromolecules. Unlike 
proteins and nucleic acids, polysaccharides contain repetitive structural 
features which are polymers of monosaccharide residues joined to 
each other by glycosidic linkages [33]. Among these macromolecules, 
polysaccharides offer the highest capacity for carrying biological 
information because they have the greatest potential for structural 
variability. For example, the number of possible permutations for four 
different sugar monomers can be up to 35,560 unique tetrasaccharides, 
whereas four amino acids can form only 24 different permutations 
[33]. Therefore, this enormous potential variability in polysaccharide 
structure gives the necessary flexibility for the precise regulatory 
mechanisms of various cell-cell interactions in higher organisms. 
Evidence suggest that the activity of polysaccharides is also dependent 
on their conformation, composition and size, with high molecular 
weight fraction being more active, while fractions with low molecular 
weight from same source show no activity [34].

Chemical modification is often carried out to improve the antitumor 
activity of polysaccharides and their clinical qualities (mostly water 
solubility). Their activity is especially beneficial in clinics when used in 
conjunction with chemotherapy. 
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Figure 1. Effect of ESP on reactive oxygen species in HeLa cells 
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Figure 2. Effect of ESP on viability of HeLa cells
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Reactive oxygen species play an important role in apoptosis. In 
apoptotic process an increase in cellular Reactive oxygen species (ROS) 
production is often observed enhanced by various stimuli like APO-
1/Fas/CD95 ligands [35-42]. Increased ROS concentrations stimulate 
apoptotic cell death in various cell types [43,44], suggesting that ROS 
contribute to cell death subject to their generation in the context of the 
apoptotic process.

Herbal polysaccharides are natural compounds with much 
therapeutic potential. Continued advancements in our understanding 
of particular structure-function relationships and polysaccharide-
specific receptors should provide a foundation for the further 
development of these compound that have novel cytotoxic activity. 
As Emilia sonchifolia is a medicinal plant its application in disease 
management will be a promising approach. 
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