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Algae polysaccharides are commonly used in alternative medicine. Toxicity study of the isolated polysaccharide 

was carried out prior to the exploration of its bioactivities. In the present study we examined the toxicity of 

sulfated polysaccharides isolated from marine green algae Codium tomentosum.  In this in vitro study, normal 

mouse fibroblast cells (L929) cells were used and Cytotoxicity was screened using 3-(4, 5-d imethylthiazol-2-

yl)-2, 5 diphenyltetrazolium bromide (MTT) reduction assay. This study showed that Polysaccharides from 

Codium tomentosum had no toxic effects, so these polysaccharides can be utilized for future studies. 
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INTRODUCTION 
 

Marine natural products are well known for their facile 

applications to therapeutics and today research has been focused 

on finding pharmaceutical agents with selective pharmaceutical 

effects and less toxicity.  Natural products have been the source 

of medicinal use since the advent of traditional medicine and 

healing, and remain a dominant source till date. The key factor 

that should be examined for the development of biomolecules as 

drugs for various diseases is their toxicity in mammalian cells 

(Lahlou, 2013). Anticipated increase in therapeutic use of 

polysaccharide and their role in new therapeutic formulations 

need the creation of complete toxicological data to find out its 

safety. In drug development the passage from discovery to 

preclinical study is a continuous process and results of 

pharmacology and toxicology testing often important   

in medication.   Although  various  bioactivities  of   the   sulfated  
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polysaccharides are available, little information on their toxicity is 

presently available. The polysaccharides from several sources 

exhibit no toxic effect even at high concentration (Gideon and 

Rengasamy, 2008). 

 Cell culture is highly desirable, as it is an impotent tool to 

study problems of clinical relevance, mainly those associated with 

diseases and studies of cell toxic machineries. Cytotoxicity testing 

is important for determining the potential toxicity of the 

compounds being studied. Now a day, the calorimetric MTT assay 

system has been used for determining the cell viability in vitro. In 

this assay living cells changes the MTT into purple-colored MTT 

formazan and in dead cells decrease the cellular MTT reduction is 

a sign (Abe and Matsuki, 2000). Mostly, cytotoxicity screening of 

algal polysaccharides were done in cancerous cells and very rare in 

normal cell cultures. Cytotoxicity studies of polysaccharides from 

marine algae with normal cell lines have not been studied 

extensively and this is essential for the safety evaluation. So this 

study was under taken to evaluate the potential cytotoxicity of 

polysaccharides isolated from marine green seaweed codium 

tomentosum in normal mouse fibroblast cells (L929).  
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MATERIALS AND METHODS 
 

Collection of Seaweed and Processing 

 The fresh specimens of green seaweed Codium 

tomentosum stockhouse, 1797 were collected from Tamil Nadu 

coast, India, in August, 2015. The seaweed species was identified 

by J.R Ramalingam, Regional Centre of Central Marine Fisheries 

Research Institute (CMFRI), Mandapam, Tamilnadu, India. The 

collected seaweed was first rinsed in seawater and then in distilled 

water for removing the macroscopic epiphytes and extraneous 

matters. The specimen was dried and powdered. 

 

Ultrasound-enhanced Extraction of Polysaccharides (UEP) 

 Ultrasound-enhanced extraction of polysaccharides was 

done by following the method as described by Shao et al., 2013 

with little modifications. 100g of codium tomentosum powder was 

assorted with distilled water at a m/v ratio of 1:10 and kept at 

room temperature for overnight. The Sonics vibra cell (VCX500), 

input ultra-sound power was 500W, 20 KHz was used. The 

extraction time and tempersture was 30 min and 45
0
c respectively. 

After cooling the slurry was filtered and evaporated to 1/4th of the 

original volume then precipitated with ethanol. The precipitate 

obtained was collected by centrifugation and lyophilized.  

  

Partial Purification of Sulfated Polysaccharides  

 The UEP were further purified by column 

chromatography. The crude polysaccharides were mixed with 

distilled water (10μg/ 10ml) centrifuged at 6000 rpm for 10 min 
and the supernatant was collected and poured in a DEAE-cellulose 

column (3×45 cm) equilibrated with distilled water. The column 

was washed out step by step using distilled water having a linear 

gradient of 0-3 mol/ NaCl at a flow rate of 0.55 ml/min and 15 

fractions were collected. They were further proceded for the 

carbohydrate content. The fractions which contains high amount of 

carbohydrates were mixed together and dialyzed for 24 hours by 

using distilled water. The active fractions were identified by 

carbohydrate estimation using phenol-sulphuric acid method and it 

was used for the further study. 

 

Analysis of biochemical composition 

(i) Estimation of total carbohydrates 

 Phenol sulphuric acid method was used for determining 

the total carbohydrate content as followed by Dubois et al. (1956). 

100mg of polysaccharides was dissolved in 5ml of 0.5N HCl and 

kept in boiling water bath for 3 hours. The solution was then 

neutralized with sodium carbonate and the volume was made up to 

100ml with distilled water. 0.1 and 0.2ml of the solution were used 

for the estimation of total carbohydrates. D-glucose (Stock: 1mg / 

ml) was used as the standard.  

Various concentrations of standard and test solutions 

were taken in different test tubes and by using distilled water the 

volume was made up to 1ml. 5% phenol of 1ml was taken and 

added to all the tubes followed by 5ml of 96% sulphuric acid. The 

mixtures were shaken well and incubated for 10 minutes in room 

temperature. After incubation, tubes were kept in a water bath at 

30
o
C for 20 minutes and the absorbance was taken at 490nm.  

 

(ii) Determination of sulfate content 

The amount of sulfate presented in polysaccharides was 

estimated by using barium chloride gelatin method as proposed by 

Lloyd et al. (1961). Crude polysaccharide sample of about 0.1 ml 

(mg/ml) was used for the estimation of sulfate concentration. 

Potassium sulfate (0.6 mg/ ml) at various concentrations was used 

as the standard.  

They were taken in different test tubes and were 

recompense with 0.2 ml solution with hydrochloric acid. Then 3.8 

ml of trichloroacetic acid was added and followed by 1.0 ml of 

barium chloride gelatin solution and kept at room temperature for 

15min of incubation, then absorbance were read at 360 nm. 0.2 ml 

hydrochloric acid solution was taken as a blank and the amount of 

sulfate was calculated from the standard graph. 

 

(iii) Determination of uronic acid content 

 Estimation of uronic acid content by the carbazole-

sulfuric acid method as described previously by Egan et al.1981. 

Polysaccharide samples, standards and controls (250 μl) were 
cooled in an ice bath. Ice cold reagent A [0.95 g of sodium 

tetraborate decahydrate was dissolved in 2mL of hot water and 98 

mL of ice-cold concentrated sulphuric acid was added (1.5 ml)] 

was added with mixing and cooling in ice bath and then was 

heated at 100 °C for 10 min. After it become cooled, 50 μl of the 
reagent B [125 mg of carbazole was dissolved in 100mL of 

absolute ethanol] was added and mixed well. Reheated at 100 °C 

for 5 min. Cooled rapidly to room temperature and absorbance was 

read at 525 nm. The glucuronolactone was taken as a standard  

 

Cytotoxicity assay 

Cell culture 

 L929 cells (mouse fibroblasts) were purchased from 

National center for cell science (NCCS), Pune.  L929 cells were 

mostly used for cytotoxicity test, because it is easy to store, culture 

and subculture in vitro, and it was used as cell lines of cytotoxicity 

screening for most of the compounds (Richardson et al., 1993). 

The cells 2-4 X 10
5
 were seeded in 96 well cell culture plate with 

DMEM medium (Himedia) supplemented with 1% anti-

mycotic antibiotic (Himedia) and 10% FBS (Himedia), then 

incubated for 24 hr in CO2 incubator at 37 
o
C. 

 

Preparation of test solutions 

 Dissolved MTT in Dulbecco’s Phosphate Buffered 

Saline, pH=7.3 (DPBS) to 5.1 mg/ml. Filtrate and sterilize the 

MTT solution by using a 0.2 µM filter into a sterile, dark 

container. Soluble solution was made in a vessel which is 

impervious to solvent and kept in an aerated fume hood. Prepared 

40% (vol/vol) dimethylformamide (DMF) in 2% (vol/vol) glacial 

acetic acid, then Added 16% (wt/vol) sodium dodecyl sulfate 

(SDS) and dissolve. 
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Determination of cell viability by MTT assay 

 Prepared cells (L929) and test samples in 96-well plates 

with a final volume of 100 µl/ well. Incubate for certain time and 

added 10 µl MTT Solution per well to have a last concentration of 

0.45 mg/ml. Incubate 1 to 4 hours at 37 °C. Add 100 µl soluble 

solutions to all wells for dissolving formazan crystals.  Read the 

absorbance at 570 nm and percentage of cell viability is calculated 

by using following formula: Percentage of viability = (Test 

OD/Average control OD) X 100. 

 

RESULTS AND DISCUSSION 
 

Yield of the crude extract 

Extraction of bio-compounds is usually performed by 

conventional methods. It involves consumption of more amounts 

of solvent and an increase in the extraction time (Yan et al., 1999). 

The Ultrasound Extraction (UE) method provides important 

advantages for the extraction process of organic compounds; it can 

minimize the extraction time and solvent usage (Mason et al., 

1996). Currently, to extract active compounds such as rutin and 

querceting sonication have been utilized (Yang et al., 2008), 

antioxidants (Albu et al., 2004). However, there are fewer 

evidences on ultrasound-enhanced extraction of sulfated 

polysaccharides from seaweeds (Shao et al., 2013)  

Sulfated Polysaccharide were extracted using ultra 

sonication and the dry weight of the crude polysaccharides were 

extracted from 100 g of the seaweeds (Codium tomentosum) 

powder were found to be 16.2g. The crude polysaccharides were 

partially purified in DEAE cellulose52 using 1M sodium chloride 

and the yield was 12.5 g. The active fractions were identified by 

carbohydrate estimation using phenol sulphuric acid method and it 

was used for the further study. The chemical structure and 

composition of polysaccharide is important to understand their 

activities. Composition of polysaccharide was analyzed and was 

found to constitute carbohydrates, sulphate and uronic acid.  

The percentage of total carbohydrate, sulfate and uronic 

acid content was found to be 65.84 ± 0.27%, 16.38 ± 0.81%, 8.31 

± 0.18% respectively. Secondary metabolites show medicinal 

properties at the same time they assume to be toxic under different 

stressed conditions. Therefore, toxicity testing is of therapeutic 

screening and it can be exhibit some of the risks that may correlate 

with their uses. This in turn will make easier in the recognition of 

toxicants at a starting stage of drug discovery. 

The cytotoxic effect of the polysaccharides from Codium 

tomentosum was investigated using MTT assy and results are 

shown in Table 1. From the study, it was observed that the 

cytotoxicity of the polysaccharides from Codium tomentosum were 

found to be dose dependent and did not shows any lethality to the 

healthy normal cell lines L929. However, the cells started 

proliferation markedly with increased concentration (figure 2). 

Although this proliferation activity indicates that the isolated 

polysaccharides may have a role to play in the process of wound 

healing. The wound healing process involves a series of cellular 

events like cell migration, proliferation, and remodeling. Upon the 

onset of the inflammatory response, fibroblasts begin to proliferate 

and migrate into the wound area. Collagen and fibronectin are 

subsequently deposited in the wound bed, serving as a temporary 

matrix on which epithelial cells can migrate (Singer et al., 1999).  

 

 
Fig. 1: Effect of isolated polysaccharides on L929 cell at different 

concentrations (A: Control; B: 100 µg/ml; C:250 µg/ml; D: 500 µg/ml; E: 750 

µg/ml; F: 1000µg/ml) 

 

Table 1: Effect of isolated polysaccharides on L929 cell lines (Values are 

average of triplicates) 

Tested concentration (µg/ml) OD at 570nm % of cell viability 

100 0.510±67 147.09±67 

250 0.688±33 199.46±67 

500 0.724±06 209.86±67 

750 0.735±10 213.00±10 

1000 0.742±33 215.01±10 

Control 0.345±33 100 

 

CONCLUSION  
 

 The polysaccharides from green algae codium 

tomentosum shows no toxicity against mouse fibroblast cells 

instead it shows proliferating activity. Proliferation and migration 

of cells is a series of intricate cellular events involved in wound 

healing process, so it might have potential therapeutic use in 

guiding cell movement in wound healing. Hence, further study is 

needed to explore its bioactivities. 
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