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ABSTRACT 

Seaweeds are the remarkable resource in marine ecosystem because of its medicinal properties and can be 

explored for the production of new drugs or compounds. The present study mainly focuses on the antioxidant 

and anticancer activity of the ethanolic extract of Gracilariacorticata. DPPH assay was performed to analyse the 

antioxidant activity and theextract showed significant antioxidant activity with IC50 value 223.46327μg/ml. 

MTT and DNA fragmentation assays were done to check anticancer activity of the extract against HeLa cell 

lines. The extract inhibited the proliferation of cancer cells in a dose dependent manner with a minimum of 

43.10% cell viability for 200 μg/ml concentration. Results of DNA fragmentation assay also revealed the 

anticancer activity of the extract by the formation of DNA laddering when the sample is subjected to 

electrophoresis 
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INTRODUCTION 

Marine ecosystems are the largest ecosystem and it houses a diverse group of organisms which are rich 

resources of a wide range of worthy compounds in the field of medicine.Marine macroalgae or seaweeds 

contribute tremendously for the production of novel materials or compounds of biologicalorigin as they are the 

primary source of energy in marine ecosystem. Seaweeds and their extracts are rich in antioxidants, 

antimicrobials, dietary fiber, and dietary iodine because of which they have been used in different countries such 

as China, Japan and Korea as food diets and also intraditionalremedies for treating various ailments [1]. 

Marine algae produce several biologically active compounds which may be of primary or secondary metabolite 

origin. They are considered to contain a diverse source of secondary metabolites having a broad spectrum of 

biological activities likecystostatic,antiviral, antihelminthic, antifungal, antitumour and antibacterial activities 

[2]. 

Gracilariais one of the largest genus of red algae with more than 150 different species across the world and 

arecommercially important agarophytesas theyserve as an potent source of bioactive natural substances such as 

antioxidants,pigments, polyphenols, enzymes and diverse functional polysaccharides[3]. These compounds 

elucidate different functions such as allopathic,cytostatic, antihelmintic, antimicrobial, antifouling, and 

herbivore deterrents, or asultraviolet-screening agents. Because of the presence ofnutritionally rich materials 

they areused as a stable diet as and are also used by several pharmaceutical industry in development of drugs 

and medicines to treatdiseases like cancer, acquired immune-deficiency syndrome,inflammation, pain, arthritis, 

infection for virus, bacteria and fungus [4]. 

Antioxidants are compounds that help to eradicate free radicals and reduce further oxidation reactions. Free 

radicals are compounds produced during oxidation reactions. They damage the cells and promote the death of 

cells. Antioxidant compounds play an important role against various diseases such as chronic inflammation, 

cancer, cardiovascular diseases, atherosclerosis and ageing processes [5]. Marine algae are frequently exposed 

to light and oxygen that leads to the formation of free radicals and other oxidizing agents. Seaweeds are found to 

exhibit anti-oxidative properties because of the free radical scavenging molecules present in it.The various 

antioxidants present in marine algae includes ascorbate and glutathione as well as other secondary metabolites 

including carotenoids, amino acids and catechins, gallate, phlorotannins, protein, vitamins and minerals [6]. 
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Cancer is one of the most deleterious and dreadful disease that affects the human health around the world and is 

mainly treated by chemotherapy. Most of the drugs used for chemotherapy have negative effects on normal cells 

and lead to immunotoxicity. Natural products derived from marine seaweeds are potential source of anticancer 

compounds. Certain seaweeds have been used in traditional Chinese herbal medicine for treating cancer. Of the 

anticancer compounds isolated so far, the marine algae contribute the maximum owing to a diverse chemical 

ecology, thereby have a great promise for providing potent, cheaper, and safer anticancer drugs [7].  

As marine macro algae is with a vast profile of bioactivities, the present study is aimed at analysing the 

antioxidant and anticancer activity of Gracilariacorticatacollected from Somatheeram, Thiruvananthapuram. 

MATERIALS AND METHODS 

Collection and Identification of Seaweed 

The seaweed was collected by hand picking during low tide from the rocky sea shore of Somatheeram, 

Thiruvananthapuram district, Kerala, India. Specimen was washedthoroughly with seawater in order to remove 

any extraneous matter, brought to thelaboratory in sterile polythene bags and stored in refrigerator for further 

studies. Collected Seaweed was identified at CMFRI Vizhinjam. 

Crude Extract Preparation from Seaweed 

20gm of the collected seaweed sample was soaked in 100 ml ethanol. The sample was kept inthe dark for 72 

hours with intermittent shaking. After incubation, the solution wasfiltered through Whatman filter paper and the 

filtrate was collected (crude extract) andstored in refrigerator for further analysis[8]. 

Antioxidant Activity of Ethanolic Extract of Gracilariacorticata 

DPPH Assay 

DPPH (2, 2- diphenyl -1- picrylhydrosyl) radical scavenging activity was determined according to the method of 

[9].Different concentrations of ethanolic extract of Gracilariacorticata namely 25, 50, 100, 200, 400 mg/ml 

were prepared in methanol. DPPH (0.002%) in methanol was used as free radical. Equal volume of different 

concentrations of solvent extracts and DPPH were mixed in clean and labelled test tube separately. DPPH was 

taken as control and methanol was used as blank. The tubes were incubated at room temperature in dark for 30 

minutes. The optical density was measured at 517 nm using UV-Visible spectrophotometer. The degree of stable 

DPPH decolourization to DPPH yellow (reduced form of DPPH) indicated the scavenging efficiency of extract. 

The scavenging activity of extract against the stable DPPH was calculated using the following equation: 

Scavenging activity (%) =A-B/A×100 

Where, A is absorbance of DPPH, B is Absorbance of DPPH and extract in combination. Then % of scavenging 

activity was plotted against concentration and from the graph IC50 was calculated. 

Anticancer Activity of Ethanolic Extract of Gracilariacorticata 

MTT Assay 

HeLa (human cervical cancer) cell line was initially procured from National Centre for Cell Sciences (NCCS), 

Pune, India and maintained Dulbecos modified Eagles medium. The cell line was  cultured in 25 cm
2 

tissue 

culture flask with DMEM supplemented with 10% FBS,  L-glutamine, sodium bicarbonate and antibiotic 

solution containing: Penicillin (100U/ml), Streptomycin (100µg/ml), and Amphotericin B (2.5µg/ml). Cultured 

cell lines were kept at 37ºC in a humidified 5% CO2 incubator.  

Cells Seeding In 96 Well Plate 

Two days old confluent monolayer of cells were trypsinized and the cells were suspended in 10% growth 

medium, 100µl cell suspension (5x104 cells/well) wasseeded in 96 well tissue culture plate and incubated at 

37ºC in a humidified 5% CO2 incubator. 
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Preparation of Seaweed Extract and Compound Stock 

1 mg of ethanolic extract of Gracilariacorticatawas added to 1ml of DMEM and dissolved completely by 

cyclomixer. After that the extract solution was filtered through 0.22 µm millipore syringe filter to ensure the 

sterility.  

Antiproliferative Effect Evaluation 

After 24 hours the growth medium was removed, freshly prepared samples in 5% DMEM were five times 

serially diluted by two fold dilution (200µg, 100µg, 50µg, 25µg, 12.5µg in 100µl of 5% MEM) and each 

concentration of 100µl were added in triplicates to the respective wells and incubated at 37ºC in a humidified 

5% CO2incubator.The viability of cells were evaluated by direct observation of cells by inverted phase contrast 

microscope and followed by MTT assay method.  

Antiproliferative Effect by MTT Method 

15 mg of MTT was reconstituted in 3 ml PBS until completely dissolved and sterilized by filter 

sterilization.After 24 hours of incubation period, the sample content in wells were removed and 30µl of 

reconstituted MTT solution was added to all test and cell control wells, the plate was gently shaken well, then 

incubated at 37ºC in a humidified 5% CO2 incubator for 4 hours. After the incubation period, thesupernatant 

was removed and 100µl of MTT Solubilization Solution (DMSO) was added and the wells were mixed gently 

by pipetting up and down in order to solubilise the formazan crystals. The absorbance values were measured by 

using microplate reader at a wavelength of 570 nm [10]. 

 

The percentage of growth inhibition was calculated using the formula:     

   

    Mean OD of Sample 

% of viability    =     X100 

    Mean OD of control  

 

 DNA Fragmentation Assay 

HeLacells were purchased from NCCS Pune and was maintained in Dulbecco’s modified eagles media 

supplemented with 10% FBS (Invitrogen) and grown to confluency at 37°c in 5 % CO2 in a humidified 

atmosphere in a CO2 incubator. The cells were trypsinizedand passaged to T flasks in aseptic conditions. The 

cells were then sub cultured to a 24 well plate. After attaining 80% confluency, 100µg/mL of sample   was 

added respectively from a stock of 1mg/ml and incubated for 24 hours. 

The cells were trypsinised, counted and were pelletized by centrifuging for 5 minutes at 500 x g at 4
0
C. The 

cells were washed in ice cold PBS and re-pelletized. It was then resuspended in 1 volume of digestion buffer. 

0.3 mL digestion buffer/10
8
 cells were used for concentrations of 3 x 10

7
 cells. The samples were incubated at 

50
0
c for 12-18 hours while rotating and then extracted with phenol/ chloroform/ isoamyl alcohol followed by 

centrifugation for 10 minutes at 1700 x g. Aqueous layer was transferred to a new tube and added half volume 

of 7.5M ammonium acetate and 2 volumes of 100% ethanol. DNA was pelletized by spinning 2 minutes at 1700 

x g. It was then washed with 70% ethanol. Ethanol was decanted and air dried. DNA was resuspended in 

1mg/ml TE buffer and analyzed by agarose gel electrophoresis[11]. 

 RESULTS 

Collection and Identification of Seaweed 

A biologically active marine alga was collected from Somatheeram beach, Thiruvananthapuram, 

Kerala and it was identified at CMFRI, Vizhinjam as Gracilariacorticata (Plate-1). 
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Taxonomy  

Empire              :           Eukaryota 

Kingdom           :           Plantae 

Subkingdom    :            Biliphyta 

Phylum             :            Rhodophyta 

Subphylum      :            Eurhodophytina 

Class                :            Florideophyceae 

Subclass          :            Rhodymeniophycidae 

Order             :            Gracilariales 

Family           :            Gracilariaceae 

Genus             :            Gracilaria 

           Species: corticata 

 

Antioxidant Activity 

DPPH Radical Scavenging Activity 

DPPH assay has been used for analyzinginvitro antioxidant activity. The decrease in absorbance by the DPPH 

radical with increase in concentration of ethanolic extract of Gracilariacorticata manifested in the rapid 

discolouration of purplecolour. Results of the DPPH assay showed that the extract has significant antioxidant 

activitywith IC50 value 223.46327μg/ml. Moreover the scavenging activity was found to be in a dose dependent 

manner with maximum percentage inhibition (69.21053) for 400μg/mlconcentration (Table-1and Figure-1). 

Anticancer Activity 

Anticancer Activity by MTT Assay 

             The addition of various concentration of ethanolic extract of Gracilariacorticatato the HeLa cell lines 

showed anticancer activity. Viability of the cells was reduced to 97.43%, 78.59%, 69.25%, 54.12% and 43.10% 

for the concentrations 12.5, 25, 50, 100 and 200μg respectively. It indicates that the anticancer activity of the 

extract is in dose dependent manner (Table-2and Plate-2).  

DNA Fragmentation Assay 

DNA fragmentation assay is done to authenticate that the apoptotic activity of ethanolic extract of 

Gracilariacorticata on HeLa cells is mediated through DNA fragmentation. Results of the fragmentation assay 

analyzed through agarose gel electrophoresis revealed laddering formation which depicts that the genome gets 

fragmented by the seaweed ethanol extract (Plate-3). 

DISCUSSION 

Marine macroalgaesynthesize a variety of potent compounds which are collectively referred to as secondary 

metabolites. They are produced by these organisms at the end stage of growth phase and due to several 

metabolic alterations stimulated by environmental stress conditions. Carotenoids, phenolic compounds, 

pigments, polysaccharides and unsaturated fatty acids are some of the algal natural products which are found to 

have various biological activities, including antioxidant activity and anticancer activity [12]. 

In the present study the antioxidant and anticancer activity of red algae Gracilariacorticata collected from 

Somatheeram beach, Thiruvananthapuram, Kerala, India was evaluated. Analysis of the ethanolic extract of 

Gracilariacorticata revealed that the extract has good antioxidant activity with IC50 value 223.46327μg/ml. The 

extract has the capability to scavenge free radicals in a concentration dependent manner with maximum activity 

for extract concentration 400μg/ml.Several in-vitro studies have proved that algal-derived secondary metabolites 

exhibit good antioxidant activity. The declination in absorbance of DPPH radicals is mainly because of the 

antioxidants present in seaweeds that have the capability of hunting of free radicals [13].Studies made on red 

algae suggests that the algae contain compounds with high antioxidant efficacy equal to that of antioxidants 

which are available commercially such as BHA, BHT and α tocopherol [14]. 
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Seaweeds having rich antioxidant properties are also found to contain compounds that have the property of 

inhibiting cell proliferation and treatment for cancer. MTT assay was done for exploring the antiproliferative 

activity of the ethanolic extract ofGracilariacorticataagainst HeLa cell lines. The extract showed a remarkable 

decrease in the viability of treated cells. The extract showed a maximum of 97.43% cell viability for 12.5 μg/ml 

concentration and a minimum of 43.10 cell viability for 200 μg/ml concentration. Further the decrease in 

absorbance with increase in extract concentration highlights that the anticancer activity of the analysed extract is 

in a dose dependent manner. The algae Gracilariacorticatahas the potential for the synthesis of new natural 

medicines that could suppress the formation of cancer cells. Certain metabolites such as bromophenols, carotene 

and steroids that were isolated from marine algae are found to be effective in suppressing cancer cell 

proliferation [15]. 

DNA fragmentation assay made with the isolated genome of Gracilariacorticataethanolicextract treated HeLa 

cell lines also shows that the extract elicits potent anticancer activity which could be seen from the formation of 

DNA laddering, when the genome is subjected to electrophoresis 

CONCLUSION 

From the results of the present study it could be concluded that the ethanolic extract of Gracilariacorticata have 

potent antioxidants that have the capability to scavenge free radicals and inhibit the proliferation of cancer cells. 

This may be because of the various secondary metabolites present in the seaweed. Further these seaweeds can 

be explored for the development of novel drugs or new compounds with therapeutic potential. 
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Table-1.DPPH Free Radical Scavenging Activity of Ethanolic Extract of Gracilariacorticata 

Concentration 

μg/ml 

Absorbance at 

517 nm 

% scavenging activity 

(scv) 

 

IC50 

 

Control 

 

1.14 
 

 

 

 

 

 

223.46327 

 

 

25 

 

0.961 

 

15.70175 

 

50 

 

0.884 

 

22.45614 

 

100 

 

0.625 

 

45.17544 

 

200 

 

0.550 

 

51.75439 

 

400 

 

0.351 

 

69.21053 

Table 2.Anticancer Activity of Ethanolic Extract of Gracilariacorticata. 

 

Sample  Concentration (µg/ml) 

 

Average OD at  540nm 

 

Percentage Viability 

(%) 

Control 1.0254 100 

12.5 0.9991 97.43 

25 0.8059 78.59 

50 0.7101 69.25 

100 0.5550 54.12 

200 0.4420 43.10 

 

Figure-1.  DPPH Free Radical Scavenging Activity of Ethanolic Extract of Gracilariacorticata 
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%SCV- Percentage scavenging activity 

Plate-1: Gracilariacorticata 

 

 

 

Plate-2.Anticancer Activity of Ethanol Extract of Gracilariacorticata. 

            Plate-2.1. Control                             Plate-2.2.12.5 µg/ml 
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  Plate-2.3. 25 µg/ml                                              Plate-2.4.50 µg/ml 

 

 Plate-2.5. 100 µg/ml                                        Plate-2.6.200 µg/ml 

 

Plate-3. DNA Ladder Formation by Sample Treated with Ethanol Extract of Gracilariacorticata in DNA 

Fragmentation assay 
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