
ABSTRACT
The marine source variety allows the selection of polysaccharides isolated from seaweeds with specific characteristics that are 
completely absent in polysaccharides from terrestrial plants. Algal polysaccharides and their structural diversity constitute a source of 
several biological capacities that may represent an interesting tool for novel therapeutic benefits and industrial applications, including 
nutraceuticals, pharmaceuticals, and functional foods. Currently, sulfated polysaccharides are found principally as recipients in feed, 
food and pharmaceutical formulations, but the discovery of surprising biological capacities makes these polymers a very exciting 
research field. For a vision towards the future, the use of algal polysaccharides in medicine is expected to considerably progress. 
Padina is a widely available brown alga in the marine coastal region and gained great attention of researchers all over the world. 
Padina can be used as food, fodder, plant growth promoter and bio-fertilizer. The brown alga is well known and is utilized for its 
various pharmacological properties like antimicrobial, insecticidal, antioxidants, antibiotics, anti-inflammatory, hypo-allergenic, 
hepatoprotective and antidiabetic activities. However, the current work aimed to evaluate in vitro antioxidant activity of L-Fucose- 
potent polysaccharide isolated from Padina gymnospora. L-Fucose was extracted with ethanol and acetone from brown algae Padina 
gymnospora, followed by isolation and purification process. The polysaccharide composition was assessed using high-performance 
liquid chromatography. Free radical scavenging activity of purified L-Fucose was evaluated using different in vitro systems such as 
DPPH radical scavenging assay, Hydrogen peroxide, Nitric oxide, Ferric reducing antioxidant power, Deoxyribose Radical scavenging 
assay, ABTS Radical cation scavenging assay, Superoxide radical scavenging assay, Superoxide Dismutase scavenging assay. Based 
on the results obtained, we conclude that L-Fucose isolated from Padina gymnospora have potential radical scavenging activity.

KEY WORDS: ANTioxiDANT ACTiviTy, DPPH, L-FuCoSe, LiPiD PeRoxiDASe (LPo), RADiCAL SCAveNgiNg 
ACTiviTy.

INTRODUCTION

Brown seaweed (Phaeophyceae) is the largest and most 
complex type of algae, having brown, olive or yellowish–
brown in color. There are about 1800 species of brown 
seaweed, broadly distributed from tropical to polar zones of 
ocean in the world (Harris et al. 2011). Marine plants have 
long been recognized as producers of biologically active 
substances. Potential activities of some marine plants like 
mangroves, seaweeds, sea grasses and lichens have been 
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reported from india. Marine secondary metabolites are 
secretory products of marine microbial species, sponges, 
seaweeds, and another marine biota. Due to increasing 
demand shown as an output of the research towards search 
of therapeutic molecules from natural sources, greater 
interest is growing on marine organisms especially seaweeds 
(Maheswaran et al. 2013; Kumar et al. 2021).

Seaweeds are extraordinary sustainable resources found 
within the marine ecosystem which have been explored 
as a source of food and feed and about 50% of the global 
photosynthesis is being contributed through marine algae 
(Neelam 2005). Seaweeds have been used in traditional 
medicine for many centuries, and are of potential interest 
for the pharmaceutical and food industries (guaratini et al. 
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2012). Seaweed is a preferable bioactive compound as it 
comprises stable antioxidants as compared to terrestrial 
plants and helps in preventing oxidative stress and other 
mammalian diseases (Kumar et al. 2021). Seaweeds or 
marine macroalgae are primitive non-flowering plants with 
absence of true root, stem and leaves in their structural 
system. There are a lot of reports proving on antibacterial 
activity of solvent extracts from different marine algae. 
Several bioactive compounds from the seaweeds have 
shown pharmacological properties, primarily for treating 
deadly diseases like tumor, Acquired immuno Deficiency 
Syndrome (AiDS), rheumatic arthiritis etc (guaratini et al. 
2012; Kumar et al. 2021). 

Brown algae contains a broad spectrum of acid 
polysaccharides which constitutes alginic acids, comprising 
of uronic acid; the homo fucans, consisting of sulfated 
fucan and the heterofucans, that contain portions of mixed 
neutral sugars and uronic acids in addition to sulfated 
fucose. in all these polysaccharides, difference in branched 
structures, a varied distribution of sulfate and occasionally 
acetyl groups may be observed (Castro et al. 2016). Free 
radicals are highly reactive molecules with an unpaired 
electron that are produced by radiations or as by-products of 
metabolic products of metabolic processes. The free radicals 
in excited state initiate chain reaction within biological 
system which lead to disintegration of cell membrane and 
cell compound, including lipids, protein and nucleic acids. 
Antioxidants are defensive compounds released by the cell 
during such oxidative stress to scavenge free radicals such 
as peroxide, hydro peroxide or lipid peroxyl and decreases 
the levels of oxidative stress and prevent the development 
of complication associated with oxidative stress related 
disease. Thus, naturally occurring antioxidants are non-toxic 
without any deleterious side effects when compared to the 
chemically synthesised (Wu et al. 2008; Castro et al. 2016; 
(Kumar et al. 2021).

Sulfated polysaccharides (SP) of marine resources are 
the anionic polymers that occurs abundantly in most of 
the macroalgal community. Fucoidan represents the SPs 
exclusively of marine brown algae whereas agar and 
carrageenan are present mainly in those SPs that occur in the 
red algae. green algae have a heterogeneous class of SPs with 
different sugar residues such as glucuronoxylorhamnans, 
glucuronoxylor rhamnogalactans, and xyloarabinogalactans 
(Na et al. 2010; Costa et al. 2010). Fucoidan refers to 
structural polysaccharide composed mainly on sulfated 
L-fucose, and consists of less than 10% of othercontributing 
monosaccharides. The term sulfated fucan can be used 
to define heterofucans containing sulfated fucose and 
neutral sugars. However, fucans and fucoidans are often 
interchangeably used to describe the SPs of seaweeds. 
Fucoidans are extracted from brown seaweeds such as 
Ecklonia cava, Saccharina longicruris, Fucus vesiculosus, 
Ascophyllum nodusum, and Undaria pinnatifida (Ramli et 
al. 2020; Kumar et al. 2021).

Fucoidan is a sulphated polysaccharide containing important 
biological activities due to having a different amount of 
sulphate group in its chemical structure. Fucoidans are a 
series of sulphated polysaccharides that occurs widely in 

the cell walls of brown macroalgae. Fucoidans are reported 
to exhibit diverse physiological and biologically therapeutic 
properties. in addition, the pharmacological potential of 
fucoidans tends to increase with their degree of sulfation and 
they can be easily extracted from the source using either by 
percolation in hot water or an acid solution. These polymers 
generally occur in the intercellular tissues or mucilaginous 
matrix of brown algae. However, the structure of algal 
fucans varies among species and sometimes also among 
different parts of the seaweed of same species (Rocha et 
al. 2005; Kumar et al. 2021).

Thus, each purified sulfated L-fucose is a unique novel 
compound and thus can be explored as a potential lead 
compound or a prodrug. Many research has proved the 
anti-inflammatory activity of a fucoidan from the alga Fucus 
vesiculosus, called sulphated fucan. During inflammatory 
response, fucoidans are potent inhibitor of migration of 
leucocytesto the site of inflammation, which is contributed 
by its interaction with P and L-selectin (Zang et al. 2001; 
Klintman et al. 2002; Cardoso et al. 2010). Sulfated fucans 
from the Fucales and Laminariales orders has been reported 
to prevent recruitment of leucocytes in an inflammation 
model studied in rats (Cardoso et al. 2010; Paiva et al. 
2011; Kumar et al. 2021). However, the present study was 
an attempt to determine the antioxidant potential of the 
L-Fucose purified from Padina gymnospora.

MATERIAl AND METhODS

Padina gymnospora was collected from coastal water bodies 
in Rameshwaram. These algae were washed using tap water, 
dried under sunlight and then dried in an oven at 60 °C. 
Finally, they were crushed into a fine powder and stored 
in a 4 °C refrigerator for further analysis. The method for 
extraction of fucoidan from brown macroalgae as described 
in the past studies, were followed with some modification 
(yang et al. 2008; Rodriguez-Jasso et al. 2011; Foley et 
al. 2011).Ten grams of algal powder was mixed with 100 
mL of 85% ethanol and incubated in shaker for around 
12 h at room temperature to remove lipids and pigments. 
The solutions were then subjected to centrifugation for 
10mins at 3273g to remove the supernatant. The remaining 
sediment was repeatedly washed with acetone to remove 
any contaminants and left to dry at room temperature 
overnight. Five grams of the sediment of was extracted with 
200 mL of deionized water for 1 h upon hot plate at 65 °C 
and stirred occasionally. The mixture was again subjected 
to centrifugation at 3273 × g for 10 min.

1% CaCl2 was added to the supernatant to precipitate the 
alginate and the solution was subsequently added to 95% 
ethanol to obtain a final ethanol concentration of 30% (v/v). 
Finally, the fucoidan was recovered after centrifuging at 
3273 × g for 10 min. The fucoidan extract obtained was 
lyophilised and stored at 4°C. The commercial Fucoidan 
from Padina gymnospora (Sigma, uSA) were used as 
a reference to check the purity of the experimentally 
recovered fucoidan. 200 mg of extracted fucoidan was 
separately dissolved in 20 ml of distilled water and heated 
at reflux with 0.75 ml of 3.0M HCl for 3 h. After cooling, 
the mixture was centrifuged at 3000 rpm and 1.0 M NaoH 
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was added to neutralise the supernatant solution and poured 
over 100 ml of ethanol. Then the precipitate was redissolved 
in distilled water and freeze dried.

The polysaccharide content was assessed using an HPLC 
system comprising a pump, injection valve with a 20-μL 
sample loop, PL Hi-Plex H column and refractive index 
detector. 10 mg of the sample was treated with 2 mL of 2 
M trifluoroacetic acid at 121°Cfor 1 h. After trifluoroacetic 
acid hydrolysis, the reaction medium was dried with a 
vacuum concentrator, and distilled water was added to 
redissolve the sample. The resultant mixture was neutralized 
to approximately pH 7 by using 1N NaoH. one milligram 
per millilitre of polysaccharide sample was injected into 
the HPLC system. The column was kept in a 65°C column 
oven (CoLBox), and distilled water was used as the 
mobile phase at a flow rate of 0.6 mL/min. The data were 
analyzed using the software Chromera Perkin elmer system. 
The antioxidant activity such as DPPH radical scavenging 
assay, Hydrogen peroxide scavenging activity, Nitric oxide 
scavenging activity, Ferric reducing antioxidant Power 
(FRAP), Deoxyribose Radical Scavenging Activity, ABTS 
[2, 2’-azinobis-(3-ethylbenzothiazoline-6-sulfonicacid)] 
Radical Cation Scavenging Assay, Superoxide radical 
scavenging activity (So), Superoxide Dismutase Scavenging 
Assay (SoD) (Suganya et al. 2017).

The statistical analyses for all the experiments were done 
using excel 2013 through statistical formula. experimental 
data were expressed as mean ± SD and iC 50 values were 
calculated. The experiment was performed in triplicates for 
all the test samples (Suganya et al. 2017).

RESUlTS AND DISCUSSION

Chemical composition of l-Fucose result: Collected 
algae was first cleaned with filtered seawater to remove 
contamination and then dipped in tap water to remove 
salt. The fucose content of sample was found to be12% 
and HPLC chromatogram of L-Fucose standard and 
L-Fucose extracted from was depicted in Figure 1 and 
figure 2 respectively. in recent years, a broad series of 
polysaccharides from edible seaweeds have emerged as an 
important class of bioactive natural products, possessing 
many important properties of pharmacological relevance. 
Fucose, sulfate, and L-fucose can be used to represent 
the quality of the fucoidan. Cho et al. (2010) reported 
that the bioactivity of fucoidan was positively correlated 
with sulfate content (yangthong et al. 2009; Cho et al. 
2010). Fucoidan is a sulphated polysaccharide containing 
important biological activities due to having a different 
amount of sulphate group in its chemical structure. it has 
anticoagulant, immunomodulation, anticancer, antiviral, 
anticomplement, antithrombotic, and antiproliferative 
activity (Hentai et al. 2019).

DPPh radical scavenging assay: DPPH is extensively 
utilized stable free radical mediator used to evaluate the 
radical scavenging efficacy of plant extracts. in the presence 
of hydrogen donating antioxidant, stable DPPH radical 
is converted into a non-radical component (DPPH-H), 
due to this reaction that the colour of the DPPH solution 

is converted from purple to yellow. in this assay, all the 
tested polysaccharide samples showed high DPPH radical 
scavenging capacities. The present study indicates DPPH 
scavenging activity for L-Fucose in Padina gymnospora as 
15.70 ± 1.012 to69.31±2.08 (Fig. 3), which is high level that 
of L-Fucose in the present study. DPPH is a compound that 
possesses a nitrogen free radial and is readily destroyed by a 
free radical scavenger. This assay was carried out to assess 
the anti-oxidative potential of compounds functioning as 
proton radical scavengers or hydrogen donors in an in vitro 
system (Singh et al. 2004). Moreover, Kumar et al. (2021) 
reported that, DPPH is a stable free radical appears in purple 
color in methanol/ethanol turns colorless by reduction in 
the presence of hydrogen donating antioxidants (Kumar 
et al. 2021).

Figure 1: Standard l-Fucose

Figure 2 l-Fucose in Padina gymnospora

Figure 3: DPPh radical scavenging assay

hydrogen peroxide scavenging activity: Hydrogen 
peroxide itself being very unreactive, becomes toxic to 
cells as a consequence of increase in concentration of 
hydroxyl radicals in the cells (Halliwell 1991). Hence, 
compounds with good hydrogen peroxide scavenging 
ability are considered physiologically important. The 
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commercial fucoidan sample exhibited the most potent 
hydrogen peroxide scavenging activity in contrast the other 
polysaccharide samples showed 22.26-81.71% inhibition 
Fig 4. The measurement of H2o2 scavenging activity 
is one amongst the potent methods for determining the 
ability of antioxidants to decrease the level of pro-oxidants 
such as H2o2 (Czochra et al. 2002). However, it can cross 
biomembranes and can slowly oxidize a number of reactive 
compounds leading to cell death (Kumar et al. 2021).

result was given in Figure5.The inhibition was founded in 
L-Fucose with percentage of 28.71% to 84.69%. The low 
inhibition was recorded in standard (23% to 82.45%). All 
the test samples possess higher percentage of inhibition 
when compared with standard ascorbic acid which produced 
(Kumar et al. 2021).

Ferric reducing antioxidant Power (FRAP): in ferric 
reducing Antioxidant power (FRAP), the antioxidant activity 
was determined based on the ability of the components in 
the samples to reduce Ferric (iii) to Ferrous in a redox linked 
colorimetric reaction that involves single electron transfer. 
The L-Fucose which is usually present in brown seaweeds 
is potent antioxidant. in the present study results showed 
increased level (26.48-88.67%) which is shown in Fig 6. 
oxygen derived free radicals or reactive oxygen species 
(RoS) formed in the within biological system during energy 
producing metabolic process, plays an important role in 
pathophysiology of a number of diseases (Cuzzocrea et al. 
2001; Li et al. 2006; Bhuyar et al. 2021).

Figure 4: hydrogen Peroxide scavenging assay

Figure 5: Nitric Oxide scavenging assay

Figure 6: FRAP scavenging assay

Nitric oxide scavenging assay: Nitric oxide radical is an 
important signalling molecule in human body; however, the 
accumulation of this radical creates adverse side effects. 
Therefore, compounds with high nitric oxide radical 
scavenging activities are important, but fewer compounds 
have been documented for their No scavenging ability 
(Kim et al. 2007; Kumar et al. 2021). The nitric oxide 
scavenging assay was performed with L-Fucose samples 
along with the standard. Based on percentage of inhibition 
and different concentration ranges 100 – 500 μg/ml the 

Figure 7: Deoxyribose scavenging assay

Figure 8: ABTS scavenging assay

Deoxyribose Radical Scavenging Activity: oxidative 
stress induced by the free radicals has been gained a vital 
importance as it forms the root cause of about 200 human 
diseases. Free radicals are highly reactive molecules with 
unpaired electrons and are generated during various cellular 
processes. They represent an essential part of metabolism 
and aerobic life. Many of the reactive oxygen species (RoS) 
and reactive nitrogen species (RNS) are grouped under free 
radicals. The Deoxyribose radical assay was expressed as 
percentage activity of ascorbic acid control at 100 to 500 
µg/mL and the data are shown in Fig.7. The polysaccharides 
are arranged from the highest activity, which ranged from 



Swaminathan et al.,

BioSCieNCe BioTeCHNoLogy ReSeARCH CoMMuNiCATioNS                      ANTioxiDANT PoTeNTiAL oF FuCoSe 1306

30.78 to 81.94% (Hybertson et al. 2011; Finosh et al.2013; 
Bhuyar et al. 2021).

ABTS Scavenging Activity: The ABTS radical reactions 
involves the transfer of electrons and the process take place 
faster rate when compared with that of DPPH radicals. in 
the present study the ABTS radical scavenging activity 
from Padina gymnospora (18.56 to 86.19) was given in 
fig 8. There are numerous reports in the literature on the 
antioxidant capacity of algae. Bhuyar et al. (2021) reported 
that, antioxidant potential in which the Padina gymnospora 
showed 15.56 to be the best antioxidants and scavenging 
among all the polysaccharides studied. The hydroalcoholic 
and aqueous extracts of many seaweeds have been studied 
and reported for antioxidant activity by their inhibitory 
activity on lipoxygenase activity, DPPH radical and 
deoxyribose assays (Jimenez-excriget al. 2001; Lekameera 
et al. 2007; Lekameera et al. 2008; Bhuyar et al. 2021). 

Recently, several marine alginate derivatives like those of 
sulphated fucoidans from Laminaria japonica the brown 
seaweed, agar-like sulfated galactans from Nori, the 
red seaweed and sulphated polysaccharides from Fucus 
vesiculosus, have been reported to possess antioxidant 
activity. This property is contributed by the presence of 
reductones that are reported to be terminators of free radical 
chain reaction (Duh 1998; xue et al. 2001; Ruperez et al. 
2002; Duan et al. 2006; Bhuyar et al. 2021).

Superoxide Dismutase radical scavenging activity (SoD): 
The radical-scavenging activity of L-Fucose extracted 
from Padina gymnospora varied in a range from 18.50 to 
84.64 % on SoD radicals at a concentration of 100 to 500 
mg/ml. Antioxidants can grant protection from oxidative 
damages and prevent the onset of many chronic diseases. 
They are naturally present in our body (endogenous) and 
the additional supplementation can be done through the 
diet (exogenous). Natural antioxidants like ascorbic acid 
(vitamin C), α-tocopherol, and carotenoids are readily 
absorbed through diet (Padayattyet al. 2003; Bhaskar 2013). 
Butyl hydroxyanisole (BHA) and butyl hydroxytoluene 
(BHT) are commercial synthetic antioxidants which are 
proven to cause major side effects leading to cancer. Hence 
natural antioxidants always gained importance as safe, cost 
effective food supplements (Bhuyar et al. 2021).

CONClUSION

The finding of the present study states that, the total 
sulfated polysaccharide in Padina gymnospora showed a 
potential free radical scavenging ability responsible for the 
antioxidant activity. The results showed an equally good 
radical scavenging activity when compared to the standard. 
Several Preparative approach and analytical techniques in 
isolation and purification of the compound may be thus 
helpful in obtaining sufficient quality of the bioactive 
principle and determination of its radical inhibiting 
capacity along with its median inhibitory concentration 
will be helpful to assess the drug potentiality of compounds 
from the natural source. Further studies are required to 
assess antioxidant based therapeutic potential of Padina 
gymnospora.
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