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ABSTRACT 

The present research was aimed to evaluate the anti-cancer potential of fucoidan extracted from Padina distromatica 

Hauck in Hare Island, Thoothukudi, Tamil Nadu, India for the inhibitory effect against A-431, A-549, HL-60, HT-29 and MCF-7 

cell lines. The viability percentage of the cell lines were carried out by using Trypan blue dye exclusion method and the 

cytotoxicity of fucoidan of Padina distromatica Hauck on A-431, A-549, HL-60, HT-29 and MCF-7 cell lines were evaluated by 

MTT assay. The fucoidan from Padina distromatica Hauck has significant cytotoxicity effect on A-549 cell line followed by 

moderate activity against HL-60 and A-431. However fucoidan was found to have less activity on HT-29 and MCF-7 in the 

concentration range between 250 to 1000µg/ml of fucoidan by using MTT assay. From the performed assay, it was concluded 

that fucoidan extracted from Padina distromatica Hauck shows greater activity on all the tested cell lines which can be used as 

anti-cancer activity.   
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INTRODUCTION 

 Cancer is considered as the second 

leading cause for death in worldwide. Cancer can be 

characterized by the failure in the regulation of tissue 

growth results in the uncontrolled multiplication of the 

normal cells to form tumors which in further invades into 

nearby parts of the body [1]. The cancer can be caused by 

both carcinogenic factors and also hereditary. The cancer is 

considered as a preventable disease since the majority of the 

cancer was caused by the environmental (including 

lifestyle) factors [2]. Currently, Chemotherapy and 

Radiotherapy treatments were followed for the treatment of 

various cancers, but are found to be having limited 

survivability and possess various side effects [3]. Hence 

there is an urge for the development of new anticancer drug 

for its treatment and prevention. Natural products from 

plants play a dominant role in the discovery of such new 

drugs. It has been estimated that about 60% of approved 

drugs were of natural origin [4]. 

Common basic steps of in vitro cytotoxic screening 

include: (a) isolation of cells, (b) incubation of cells with 

drugs, (c) assessment of cell survival and (d) interpretation 

of the result. The trypan blue dye exclusion assay is the 

most commonly accepted method for the measurement of 

cell viability. It relies on the alteration in membrane 

integrity as determined by the uptake of dye by dead cells, 

thereby giving a direct measure of cell viability [5]. It is 

now well documented that apoptosis or programmed cell 

death is the key mechanism by which chemotherapeutic 

agents exert the cytotoxicity [6]. Colorimetric assay (MTT) 

is mainly useful in determination of cellular proliferation, 

viability and activation. The need for sensitive, quantitative, 

reliable and automated methods led to the development of 

standard assays. Cell proliferation and viability assays are of 

particular importance for routine applications. Tetrazolium 

salts are especially useful for assaying the quantification of 

viable cells. MTT works by being converted to a formazan 

dye only by metabolic active cells [7]. Formazan dyes were 

solubilized and are directly quantified using an ELISA 

reader with the respective reference wavelengths. 

Cancer has become one of the biggest challenges to 

the scientific community over the world, and despite 

development of drugs and other modalities for treatment of 

cancer, however there are complexities at every level of 

treatment. Cancer chemotherapy is associated with many 

unwanted side effects such as nausea, loss of taste, 

tiredness, loss of hair, loss of libido, immune-suppression 

and myelo-suppression, and tumorogenesis [8].  
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Thus there is need to find out relatively safe, 

effective and economical solution for the treatment of 

cancer. The scientific community is looking at traditional 

holistic system of the medicines for treatment of cancer.  

Fucoidan is one of the sulfated polysaccharides 

produced by marine macro algae especially brown 

seaweeds. Several biological activities of fucoidan have 

been reported. For example, a complex sulfated 

polysaccharide from the algae Fucus vesiculosus was found 

to inhibit HIV in vitro and had a synergistic effect [9]. 

Fucoidan from the brown seaweed Adenocystis utricularia 

was reported to inhibit the action of the type I and II herpes 

simplex viruses [10]. Some extracts from marine algae also 

have antibacterial properties [11]. An extract from the 

brown seaweed Sargassum thunbergii has shown anti-tumor 

activity [12] and the inhibition of tumor metastasis of the rat 

mammary adenocarcinoma cell has also been reported [13]. 

In this investigation, an attempt has been taken to examine 

the effect of fucoidan extracted from Padina distromatica 

Hauck in Hare Island, Thoothukudi, Tamil Nadu, India for 

the inhibitory effect on A-431, A-549, HL-60, HT-29 and 

MCF-7 cell lines. 

 

MATERIALS AND METHODS 

Collection of Materials 

The collection of Padina distromatica Hauck 

(Figure 1) was made during the low tidal and subtidal 

regions (up to 1m depth) by hand picking from Hare island, 

Thoothukudi (Lat 8° 48'N; Long 78° 11'E) located in the 

south east coast of Tamil Nadu, India. The collected 

materials were washed thoroughly with marine water in the 

field itself to remove the epiphytes and sediment particles. 

Then the samples were packed separately in polythene bags 

in wet conditions and brought to the laboratory, then 

thoroughly washed in tap water followed by distilled water 

to remove the salt on the surface of the thalli. They were 

stored in 5% formalin solution. For drying, washed 

specimens were placed on blotting paper and spread out at 

room temperature in the shade. The shade dried samples 

were grounded to fine powder using a tissue blender. The 

powdered samples were then stored in the refrigerator for 

further use. 

 

Extraction of Fucoidan  
Fucoidan was extracted by Rioux method [14]. 

Dried seaweed was mixed with 1% (w/v) CaCl2 solution 

(1:30 ratio) and then stirred for 4 hours at 85℃ at 455 ± 

5rpm using a stirrer RZR1 (Caframo Ltd. Canada). The 

supernatant was separated by centrifugation (16,887g, 20 

min), and vacuum filtration on Whatman No. 4 filter. The 

filtered liquid was mixed with 2 volumes of 95% ethanol 

and 1 volume of 2% (w/v) NaCl and then stirred for 1 hour 

at room temperature for alcoholic precipitation of fucoidan. 

This solution was kept at -20ºC for 48 hours. The pellet 

containing fucoidan was recovered by centrifugation 

(16,887 g, 12 min). Then, it was resolubilized in 100 ml of 

fresh deionized water and dialyzed for 48 hr by using 

membrane of 15 KDa (Sigma, USA) to remove minor 

constituents and solvents. Fucoidan was recovered by freeze 

drying and preserved at -20℃ in a sealed tube to keep away 

from humidity.  

 

Cell lines and culture conditions  
Five cell lines, HL-60 (Human leukemia cell lines), 

HT-29 (Huma colon cancer cell lines), MCF-7 (Human 

breast cancer cell lines), A-431(Human skin cancer cell 

lines) and A-549 (Human lung cancer cell lines) were 

procured from the National Centre for Cell Science 

(NCCS), Pune. The cell lines were cultured in Dulbecco’s 

Modified Eagle’s Medium (DMEM), supplemented with 

10% Fetal Bovine Serum (FBS) and streptomycin and 

penicillin (100μg/ml and 100IU/ml respectively). Cells were 

cultured in a 5% CO2 humidified atmosphere at 37˚C until 

confluence. All the processes were carried out in a vertical 

laminar air flow chamber. 

 

In vitro cell viability  

Trypan Blue Exclusion Assay  
The percentage of viable and non-viable cells was 

determined using trypan blue exclusivity stain. Cell growth 

and viability was measured by adding 0.4% trypan blue in 

0.9% saline to a 50% dilution and cells were counted using 

haemocytometer. Cells were examined and counted in 

duplicates under light binocular microscope 100× 

(Olympus, Japan). Percentage cell viability was calculated 

by the formula,  

 
Cytotoxicity assay  
MTT assay [15-17]  

MTT Colorimetric assay is based on the capacity 

of Mitochondrial succinate dehydrogenase enzymes in 

living cells to reduce the yellow water soluble substrate 3-

(4,5-Dimethyl Thiazol-2-yl)-2,5-diphenyl Tetrazolium 

bromide (MTT) into an insoluble, colored formazan product 

which is measured spectrophotometrically. Since reduction 

of MTT can only occur in metabolically active cells, the 

level of activity is a measure of the viability of the cells. 

MTT assay was employed to assess cell proliferation. 

Viable cells were seeded into 96-well microtitre plates at 

2×104 cells/well in DME medium supplemented with FBS 

(Fetal Bovine Serum), 100units/ml penicillin, 100μg/ml 

streptomycin, and were cultured in a humidified atmosphere 

of 5% CO2 and 95% air at 37°C. 150μl of cell suspension 

was cultured with 10μl of various concentrations i.e. 250, 

500, 750 and 1000μg/ml (18) of the fucoidan dissolved in 

DMSO (Dimethyl sulphoxide) as solvent and incubated for 

48h. Similar solutions containing the same concentrations of 



Vol 4 | Issue 4 | 2014 | 217-221. 

219 | P a g e  

 

cyclophopamide were also be prepared and served as 

standard solutions. Control cells were incubated in DME 

medium only. Wells containing only media were considered 

as a blank. All cyclophosphamide and fucoidan dilution 

doses were tested in triplicates. The cell proliferation is 

based on the ability of the mitochondrial succinate 

terazolium reductase system to convert 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide 

(MTT) to a blue colored formazan.  

The test denotes the survival cells after toxic 

exposure. 10μl of MTT labeling mixture was added and 

incubated for 4h at 37°C and 6.5% CO2. After 4h, 100μl of 

solubilization solution was added in each well. After 48h 

incubation at 37°C temperature and 5% CO2, the absorbance 

of soluble formazan product produced by viable cells was 

measured at 450nm using ELISA plate reader. Reference 

wavelength used was 630 nm. Percentage inhibition of the 

cell proliferation by cyclophosphamide and fucoidan against 

all cell lines was calculated using the following formula, 

 
Statistical analysis  

Statistical analysis was carried out by using INTA 

Software. Data were analyzed by one way analysis of 

variance (ANOVA) followed by Dunnet’s test. Results were 

presented as Mean± SEM. Values of *p<0.05, **p<0.01 

were regarded as statistically significant. 

 

RESULTS AND DISCUSSION 

 Fucoidan is a family of sulfated homo and hetero 

polysaccharides and is composed mainly of α-(1-2) or α-(1-

3) linked L-fucose residues [18-19]. A lot of fucoidan’s 

structure analysis has been reported and various structural 

characteristics depend on algal species. The precise 

structure of the fucoidans from Fucus vesiculosus and 

Ascophyllum nodosum [20] remains uncertain although the 

main repeating unit has been confirmed (Figure 2). 

Most fucoidans have very complex chemical 

composition and only little regularity in the structural 

components is known present [21]. Fucoidan largely 

contains sulphated L-fucose residues. Hence fucose is the 

primary sugar in fucoidan. Sulphate groups also represent a 

large component of fucoidan and the biological activities of 

fucoidan is strongly related to its sulphate content [22]. 

Besides fucose and sulphate, other monosaccharides 

(glucose, mannose, galactose, xylose, etc), uronic acids, and 

even protein are present in detectable amounts. All these 

compounds have increased the difficulty in structural 

elucidation of fucoidan [23]. 

 

 

Viability and characterization of cell lines  
Cell lines derived from NCCS, Pune were free 

from any kind of bacterial and fungal contamination. 

Percentage cell viability of cell lines was carried out by 

using trypan blue dye exclusion technique. Treatment of 

different concentrations such as 250µg, 500µg, 750µg and 

1000µg extracted from Padina distromatica Hauck in Hare 

Island, Thoothukudi, Tamil Nadu, India against HL-60, HT-

29, MCF-7, A-549 and A-431 showed decrease in percent 

cell viability, as compared to that of negative control i.e. 

DME media containing cells. Percentage cell viability of all 

these cell lines was decreased with increase in concentration 

of fucoidan from 250 to 1000μg/ml. In overall variation of 

test samples of fucoidan extracted from Padina distromatica 

Hauck showed the best activity in the concentration of 

1000μg/ml. When compared with activity of standard drug 

cyclophosphamide, 1000μg/ml showed closely related 

activity than other concentration of fucoidan (Table 1 & 

Figure 3). 

 

Cytotoxicity assay  
The effect of DME media (control), 

cyclophosphamide (standard), fucoidan extracted from 

Padina distromatica Hauck on the growth of HL-60, HT-

29, A-431, A-549 and MCF-7 cell lines were examined by 

MTT assay. Dose response curves constructed between the 

range of 250-1000μg/ml, express decreasing number of 

viable cells with increasing concentration of 

cyclophosphamide and fucoidan. Calculation of EC50 was 

done by using graphs generated from Microsoft Excel 2007 

edition. The susceptibility of cells to the cyclophosphamide 

and different concentration of fucoidan exposure was 

characterized by EC50 values. Results indicate that the anti-

cancer effect strengthens with increase in the concentration 

of fucoidan. Highest cytotoxicity of fucoidan was found 

against A-549 followed by moderate activity against HL-60 

and A-431. However fucoidan was found to have less 

activity on HT-29 and MCF-7 (Table 2 & Figure 4).  

The search for anticancer agents from natural 

sources has been successful worldwide. Active constituents 

have been isolated and nowadays are used to treat human 

tumors [24]. The ethnopharmacological knowledge is 

helpful to lead the search for plants with potential cytotoxic 

activity [25]. Melanoma is the most lethal and aggressive 

form of skin cancer. Available treatment for metastatic 

melanoma is still poor in overall response and survival. 

New treatment options as single or in combinations with the 

use of natural phytocompounds or herbal medicines may 

provide breakthrough results in the treatment of malignant 

melanoma. In this context fucoidan from brown seaweeds 

especially Padina distromatica Hauck may be used as a 

drug to inhibit the tumor cells. Therefore, it is concluded 

from cell viability and MTT assay that fucoidan exhibited 

very good source for anti-cancer activity. 
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Figure 1. Natural Habit of Padina distromatica Hauck 

 

Figure 2. Structure of Fucoidan 

 

  

 

Table 1. Effect of Standard and various concentration of Fucoidan on cell viability (%) of different cell lines 

Groups 
Cell viability of different types of cell lines 

HL-60 HT-29 MCF-7 A-43 A-549 

Control 97.01±0.93 97.20±1.25 94.32±1.19 96.50±1.88 96.31±2.11 

Cyclophophamide 48.72±1.22 53.11±2.78 59.44±3.30 56.32±2.70 58.47±1.18 

250μg/ml Fucoidan 91.54±2.87 93.56±1.28 93.32±2.90 92.47±1.70 86.34±2.40 

500μg/ml Fucoidan 88.31±1.86 89.55±2.83 90.43±1.54 89.90±1.25 80.29±2.69 

750μg/ml Fucoidan 71.90±2.98 85.71±1.46 88.75±0.80 79.21±2.67 71.57±1.48 

10μg/ml Fucoidan 68.11±1.14 82.69±0.09 85.29±0.45 75.47±2.67 65.44±1.35 

 

Table 2. Determination of cytotoxicity (% of inhibition of cell growth) by MTT Assay 

Concentration of Fucoidan 
Percentage of inhibition of cell growth of different types of cell lines 

HL-60 HT-29 MCF-7 A-43 A-549 

250μg/ml 12.25 9.10 2.86 10.00 26.32 

500μg/ml 18.37 18.19 11.33 17.50 62.11 

750μg/ml 53.61 27.18 17.35 42.50 65.79 

1000μg/ml 60.18 34.10 25.72 52.50 81.58 
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CONCLUSION  
The present work confirms that fucoidan, a new 

sulphated polysaccharide was isolated and elucidated from 

Padina distromatica Hauck collected in Hare Island, 

Thoothukudi, Tamil Nadu, India. Fucoidan presented potent 

inhibitive effects on A-549 followed by moderate activity 

against HL-60 and A-431.  

However fucoidan was found to have less activity 

on HT-29 and MCF-7. which was studied by performing 

MTT based cytotoxic assay and trypan blue dye exclusion 

assay. These results provide promising baseline information 

for the potential use of fucoidan extracted from Padina 

distromatica Hauck in the treatment of cancer.
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