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Abstract 
Seaweeds are exploited for their rich source of pharmacologically bioactive secondary metabolites and bioactive 
compounds for anticancer properties. In the present study, the chloroform extract of Sargassum wightii was tested for 
antitumor activity against human liver, colon and breast cancer cells. MTT assay was adopted, and the percentage of cell 
viability was calculated. The inhibitory activity of S. wightii chloroform extract tested at five different concentrations of 
treatments (25, 50, 100, 250 and 500µg/mL) with control against three different cancer cells showed significant inhibition 
at higher concentrations. The dose-dependent chloroform extract of Sargassum wightii inhibited cell growth inhibitions 
in vitro 85% of liver cancer cells (hepG2), 70% of colon cancer cells (HT-29), and 55% of breast cancer cells (MCF7) when 
compared with control. Cell morphology studies undertaken exhibited the presence of dead cancer cells of liver, colon 
and breast at the highest concentration (500µg/mL). Detailed examination is needed on the mechanisms involved in cell 
death, as Sargassum wightii chloroform extract was found to exhibit promising results towards anticancer property. 
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Cancer is a leading cause of death worldwide, accounting 

for nearly one in six deaths [1], and is estimated, that 

approximately 26 million new cases will be enrolled by 2030, 

and the quantum would increase globally in future [1-3]. 

Cancer, characterized by the uncontrolled proliferation and 

spread of abnormal cells is indicated by unrestrained cell 

division, which has the propensity to permeate into other 

tissues, by growing directly into adjoining tissues via invasion 

or by getting implanted to a distant site by metastasis via 

circulatory or lymphatic system [4]. Anticancer drugs currently 

used in chemotherapy are cytotoxic to normal cells, and causes 

immune toxicity which affects not only the tumor development, 

but also aggravates patient’s recovery. Identification of 

anticancer agents that arrest the cancer cell proliferation/growth 

without inducing toxicity to the normal cells have become 

essential in the field of cancer research [5], and is a major 

challenge in cancer treatment. Advocating of natural products 

for cancer treatment has increased owing to its availability, 

affordability and relatively lesser side effects when compared 

to chemotherapeutic agents [6-7]. It is well established that the 

marine products from seaweeds possess antitumor activity [8]. 

Seaweeds are exploited for their rich source of 

pharmacologically active metabolites for anticancer properties. 

Bioactive compounds from seaweeds possess cytotoxic effects 

on several human cancers (pancreatic, breast, bladder and lung) 

[4], [9], and the mechanisms for their anticancer activity are 

related to their ability to suppress the growth of cancer cells 

[10]. Genus Sargassum (brown macroalgae), the most diverse 

genus of seaweeds widely distributed in the temperate and 

tropical oceans of the world [11], are reported for anticancer 

property. Sargassum wightii, distributed in abundance on the 

southern coasts of Tamil Nadu, India, is known for its medicinal 

and biological properties [12], [13], and possesses antibacterial, 

anti-Alzheimer, antiasthmatic, antidiabetic, antioxidant and 

antitumor properties [14-20]. Though literature speaks on the 

miscellaneous bioactivity property of Sargassum wightii, 

information remained lacking about the antitumor activity of its 

chloroform extract. This paucity of knowledge initiated the 

current investigation on in vitro antitumor activity on human 

liver, colon, and breast carcinoma cells. 

 

MATERIALS AND METHODS 
 

Collection of seaweed 

Sargassum wightii was collected by hand picking from 

the intertidal zone of Rameswaram, Tamil Nadu, India (8 46 
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N, 78 9 E and 9 14 N, 79 14E). The collected macroalgae 

was immediately rinsed in water to remove all kinds of 

epiphytes and other particles (sand, molluscs, and sea grasses), 

and kept in sterilized ziplock bags, and transferred to laboratory 

for further studies. Taxonomical identification and 

confirmation of the collected seaweed was done at the Marine 

Algal Research Station, Mandapam, Tamil Nadu, India with the 

aid of morphological key characters and identification manual 

[21-22]. 

 
Preparation of seaweed extract 

The cleaned macroalgae was shade dried for a week, and 

powdered with the aid of a mixer grinder. The powdered sample 

(250g) was suspended in chloroform (750mL), and transferred 

to Soxhlet apparatus for extraction [23]. Thereafter, the 

extracted sample was filtered using Whatman No.1 filter paper, 

and the filtered sample was centrifuged at 5000rpm for 10 

minutes at 4°C, and the supernatant was collected in a separate 

flask. The chloroform extract was then concentrated using a 

rotary vacuum evaporator (Puchi RII, Switzerland). The final 

concentrated chloroform crude extract was stored in sterile air 

tight amber coloured bottle, and kept in a refrigerator until 

further use. Prior to this, the percentage of yield of extraction of 

this crude extract was calculated. 

 
Analysis of chemical compounds 

Sargassum wightii chloroform extract was subjected to 

qualitative tests for the identification of various chemical 

constituents, viz., alkaloids, carbohydrates, flavonoids, 

phenols, proteins, saponins, steroids, and tannins as per 

standard procedures [24]. 

 
Cell line and cell culture 

Human carcinoma cell lines were used to evaluate the 

antitumor property of Sargassum wightii chloroform extract. 

Three cell lines, viz., liver cancer cells (hepG2), colon cancer 

cells (HT-29) and breast cancer cells (MCF-7) used for the 

present study were procured from the National Centre for Cell 

Science (NCCS), Pune, Maharashtra, India. The three cell lines 

were cultured in Dulbecco’s Modified Eagle’s Medium 

(DMEM) supplemented with 10% Foetal Bovine Serum (FBS) 

and streptomycin and penicillin (100µg/mL and 100 IU/ mL 

respectively). Cells were then cultured in carbon dioxide (5%)  

and humidified atmosphere (37°C) until confluence. The entire 

processes was carried out in a vertical laminar air flow chamber. 

 
In vitro cytotoxicity assay 

The in vitro analysis was carried at the Biological 

Research Centre in Pondicherry University, Puducherry, India. 

Antitumor activity was carried by 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyl tetrazolium bromide (MTT) assay technique [25]. 

MTT cell proliferation and viability assay is a safe, sensitive, in 

vitro assay for the measurement of cell proliferation, because 

metabolic events lead to apoptosis or necrosis, resulting in 

reduction in the cell viability. The monolayer cells were 

detached with trypsin-ethylene diamine tetra acetic acid 

(EDTA) to make single cell suspensions, and viable cells were 

counted using a haemocytometer and diluted with medium 

containing 5% FBS to give a final density of 1x105 cell mL-1. 

One hundred microlitres per well of cell suspension were 

seeded into 96-well plates at plating density of 10,000 cells 

well-1, and incubated to allow for cell attachment at 37°C, 5% 

carbon dioxide, 95% air and 100% relative humidity. After 24 

hours, the cells were treated with serial concentrations of 

Sargassum wightii chloroform crude extract. They were 

initially dissolved in dimethyl sulfoxide (DMSO), and an 

aliquot of the sample solution was diluted twice the desired final 

maximum test concentration with serum free medium. 

Additional four serial dilutions were made to provide a total of 

five concentrations. Aliquots of 100µL of each sample dilutions 

were added to the appropriate wells already containing 100µL 

of medium, resulting in the required final sample 

concentrations. Following sample addition, the plates were 

incubated for an additional 48 hours at 37°C, 5% carbon 

dioxide, 95% air and 100% relative humidity. The medium 

containing 5% FBS without treated samples served as control, 

and triplicates were maintained for all concentrations. After 72 

hours of incubation, 20µL of MTT dye at 5mg mL-1 phosphate 

buffered saline (PBS) was added to every well. The cells were 

again incubated at 37°C and 5% carbon dioxide for four hours, 

followed by addition of DMSO (100μL) to each well. 

Absorbance was read at 570nm using ELISA micro plate reader 

to assess the cytotoxicity [26], and percentage of cell viability 

was calculated. 

 

Cell morphology studies 

The cell lines and numbers of cells used were same as in 

the MTT assay. After 24 hours of seeding in a 96-well plate, the 

cells were treated with Sargassum wightii chloroform extract, 

and incubated for another 24 hours. Micrographs were taken at 

20x magnification to observe any changes in the cell 

morphology, viz., unattached rounded cells, membrane 

blebbing, apoptotic bodies, and enlarged cells undergoing 

necrosis. 
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Fig 1 Inhibitory activity of Sargassum wightii chloroform extract 
on human cancer cells 

 

Liver cancer cells 

Colon cancer cells 

Breast cancer cells 
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Fig 2 Micrographs of human cancer cells treated with Sargassum wightii chloroform extract 

RESULTS AND DISCUSSION 
 

The percentage yield of Sargassum wightii chloroform 

extract was 2.35%, and its qualitative chemical analysis 

revealed presence of alkaloids, carbohydrates, flavonoids, 

phenols, saponins, and tannins. The inhibitory activity of 

Sargassum wightii chloroform extract tested at five different 

concentrations of treatments (25, 50, 100, 250 and 500µg/mL) 

with control against three different human cancer cells showed 

significant inhibition at higher concentrations. The dose-

dependent chloroform extract of Sargassum wightii inhibited 

85% liver cancer cells (hepG2), 70% colon cancer cells (HT-

29), and 55% breast cancer cells (MCF7) growth inhibitions in 

vitro at the highest concentration (Fig 1). Cell morphology 
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studies exhibited the presence of dead cancer cells of liver, 

colon and breast at the highest concentration (500µg/mL). 

Cancerous cells were stressed with blebbed membranes, 

shrunken appearance, and were enlarged which could be 

considered necrotic (Fig 2). 

Cancer is characterized by excessive and abnormal 

proliferation of cells [27]. During the cancer multi-stage 

cascade, normal cells undergo initiation, promotion, and 

progression processes [28]. Extensive researches on the cellular 

and molecular basis of the carcinogenesis cascade provide a 

targeted approach for cancer chemoprevention, which aims to 

reverse the development and progression of precancerous cells 

through pharmacological agents. Chemotherapy are prone to 

cause several side effects, and to overcome this, the research 

thirst of searching new natural compounds from seaweeds to 

treat cancer is on the rise. Antiproliferative screening is a 

technique to determine anticancer activities [29]. It is 

mandatory to determine the potential of cytotoxicity against 

human cancer cell lines, because the agents which display 

specific activity on cell lines are recommended for in vivo 

studies. Therefore, it is necessary to screen the agents with the 

common methods like tryphan blue and MTT assay [30], and 

for the present study MTT assay was adopted. Sargassum 

species have been reported for anticancer property, as its 

extracts induced cytotoxicity against cancer cells31, since they 

contain a glycoprotein with anticancer effects [12]. 

Sargassum wightii seaweeds reduces the progression of 

cancer [32]. The present investigation showed that the 

chloroform extract of Sargassum wightii showed significant 

anti-proliferative activities (in three different human cancer cell 

lines). The ability of a cell to survive toxicity has been the basis 

of most cytotoxic assays. Living cells did not allow the entry of 

dye due to cells permeability. A dead cell loses its permeability 

and allows dye to enter in to the cells. Hence, living cells are 

colourless and dead cells are blue to violet in colour. 

Cytotoxicity of this study was found to be time-dependent, and 

cell viability was also found to be diminishing with increasing 

concentrations of extracts. Further, the cell morphology studies 

also indicated the death of cancerous cells. The same was 

reported by Murugan and Iyer [33] too by Sargassum wightii 

chloroform and ethyl acetate extracts against cancer cells. 

Theisen [34] reported that Sargassum wightii possessed cancer 

chemopreventive activity that prevented different stages of 

carcinogenesis process, and this was due to polysaccharides 

present in it. Anjana et al. [35] reported that the decrease in the 

cancer cell number observed in Sargassum wightii ethanolic 

extract indicated significant inhibitory effect on the tumor cell 

proliferation. Sargassum wightii exhibited inhibitory effect 

against on HeLa, K-562 and MDA-MB cell lines [36]. The 

cytotoxicity of Sargassum wightii aqueous extract based 

synthesized silver nanoparticles showed profound effect on PC-

3 cells due to chemical compounds, viz., tannins, phenols, 

alkaloids, flavonoids and saponins [37]. Sargassum wightii 

ethanol extract possessed novel polysaccharides which 

exhibited anti proliferative activity against AGS, HeLa, MCF 7 

and PC 12 cell lines [30]. Taskin et al. [38] also stated that 

polysacchardies and terpenoids from brown algae are 

considered as promising bioactive molecules with anticancer 

activity. Zhang et al. [39] stated that brown seaweeds with low 

molecular weight fucoidan, mediated the broad-spectrum 

growth inhibition of human carcinoma cells like HeLa, 

HT1080, K562, U937, A549 and HL-60. 

Organic solvents provide higher efficiency in extracting 

bioactive compounds than aqueous methods. Reports confirm 

that bioactive compounds, viz., carbohydrates, steroids, 

tannins, saponins, fats, gums and proteins are extracted from 

Sargassum wightii [40]. Seenivasan et al. [41] reported high 

flavonoid and phenol content in Sargassum wightii, and the 

same was observed in the present study also. The cytotoxic 

potential of seaweeds via the inhibition of the proliferation of 

human cancer cell lines are likely to be related to bioactive 

compounds, viz., alkaloids, flavonoids, phenols, and saponins 

which were reported in the present study too. Alkaloids 

cytotoxic activity is due to the presence of microtubule 

interfering agents that can bind to β-tubulin, inhibiting the 

formation of the mitotic spindle fibre required for cell division 

[42-43]. Flavonoids affect the development of hormones, and 

prevent aromatase to avoid the proliferation of cancer cells, 

while polyphenolic compounds modify carcinogens metabolic 

activation and inhibit cancer cells [44], and interact with main 

enzymes in the cell cycle, cellular signaling pathways, 

metastasis, and apoptosis [45]. Saponins protect cells from 

being cancerous, by improving immune function, delaying the 

growth of cancer cells, reducing the development of cancer-

related hormones, and in addition serve as antioxidants [46]. A 

close relationship exists between anticancer and antioxidant 

bioactive compounds, viz., polyphenols, flavonoids, saponins, 

tannins, alkaloids, and fatty acids, and the present study 

reported these bioactive compounds for the anticancer activity. 

Hence, prevalence of both cytotoxic and antioxidant properties 

in a single compound could be beneficial in terms of rational, 

preventive or therapeutic purposes. Hence, additional studies 

are needed to prove this dual property of Sargassum wightii 

chloroform extract. 
 

CONCLUSION 
 

Detailed examination on the mechanisms involved in 

cell death, impact on cell cycle, and induced mitochondrial and 

DNA damages, as Sargassum wightii chloroform extract was 

found to exhibit promising results towards anticancer 

properties.
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