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Marine algae are known to produce an extensive variety of bioactive metabolites and several novel drugs have
been derived for the pharmaceutical industries. However glycoproteins from the algae have not been adequately
explored for their potential as a source of bioactive substances. The objectives of this study were to investigate
the antioxidant activity effect of glycoprotein (GLP). In the experiment of the radical elimination ability by
means of 1,1-diphenyl-2-picryhydrazyl (DPPH) expressed anti-oxidative effect depending on the concentration
considering GLP. Hydroxyl (OH) radical, superoxide radical (O,) and nitric oxide radial (NO) scavenging also
showed that antioxidant abilities in the dose depended concentration. These results express that GLP eliminates
reactive oxygen species (ROS), protect cell membrane, and can act as antioxidants. Therefore, it is thought that
GLP can be used to new material of food supplements related to antioxidants.

INTRODUCTION

Seaweed contains diverse biological activity in
potential medicinal value, such as anticoagulant, antiangiogenic,
anti-inflammatory,  antitumor, antiviral, and antioxidant
(Athukorala et al., 2007; Dias et al., 2005; Chang et al., 2008;
Zhu et al., 2006; Zhou et al., 2008). Generally all the organisms
are capable to defense antioxidant and repair oxidative damage in
the systems that develop, as these systems are unable to prevent
the damage entirely. Antioxidants can prevent or delay the
oxidizable substrates in the cell. Generally this mechanism in two
ways: ROS scavenging and inhibiting the generation of ROS.
Food processing industries are using some synthetic antioxidant
compounds. However, the alternative natural antioxidant from
available biological sources and interest of extensive finding has
arisen. In the recent years, seaweeds crude extracts, secondary
metabolites, polysaccharides have been demonstrated to be
potential ROS scavengers. Nowadays there is an interest to
recognize and exploit anti-oxidative compounds in many natural
sources, In fact, seaweeds and their different extracts have
confirmed strong antioxidant activity (Yuan and Walsh, 2006).
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Proteins with antioxidative properties, phenolic compounds, such
as flavonoids and coumarins, tocopherols, nitrogen containing
compounds including alkaloids, chlorophyll derivatives, amino
acids and amines, as well as other compounds like carotenoids,
ascorbic acid, glutathione and uric acid, are powerful antioxidant
molecules found in macro algae (Celikler et al., 2009). Several of
the currently available synthetic antioxidants exhibiting toxicity,
and this necessitates searching for novel, effective and nontoxic
antioxidants compounds from natural sources. There are reports in
the literature on the antioxidant ability of algae. However, reports
are limited for algal glycoproteins having antioxidant properties.
The present study aims to determine the antioxidant potential of
the purified glycoproteins from C. decorticatum. In order to assess
the antioxidant potential of GLP, antiradical activities were
characterized by different biochemical methods, namely by
evaluating their 2,2-diphenyl-1-picrylhydrazyl radical (DPPH),
Hydroxyl (OH) radical, superoxide radical ( O,) and nitric oxide
(NO) scavenging abilities. To the best of our knowledge, this is the
first report on glycoproteins of C. decorticatum.

MATERIALS AND METHODS

The collection of fresh and healthy specimen of C.
decorticatum green seaweeds was made between December 2013
and January 2014 during low tide at the depth of 1-3 m along the
coast of Kilakarai, Gulf of Mannar, Tamil Nadu, India. All the
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experimental conditions for extraction and purification of the
glycoprotein (GLP) were followed as per our previous study
(Thangam et al., 2014). The purified GLP was dialyzed and
lyophilized for further in vitro antioxidant analysis.

Free radical scavenging activity

The DPPH* (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging activity of purified GLP from Codium decorticatum
was determined (Spector et al., 1998 and Suresh et al., 2013). A
solution of 0.15 mM ethanolic DPPH* was prepared. About 0.1
mL of each sample (with the appropriate dilution) was added to
3.0 mL of ethanolic DPPH* solution. Discolorations were
measured with a proper blank at 517 nm after incubation for 30
min at 30 °C in the dark. Measurements were performed in
triplicate. The percentage of DPPH* scavenged was calculated
using the following formula:

1-4 -4
DPPH* Scavenging (%) = sample” “hlank

x 100

Acontrol

where A control is the absorbance of the DPPH* solution without
addition of the sample or taken as positive control, A blank is the
absorbance of the sample without DPPH* solution, and A sample
is the absorbance of the incubation mixture containing both the
sample and DPPH* solution

Hydroxyl radical scavenging activity

The hydroxyl radical scavenging of purified GLP was
investigated using Fenton’s reaction (Fe,+ + H,O,— Fes+ + OH—
+ OHe) according to Leong et al., 2002 method. Hydroxyl radicals
were generated using 3 mL of sodium phosphate buffer (150 mM,
pH 7.4), which contained 10 mM FeSQO,-7H,0, 10 mM EDTA, 2
mM sodium salicylate, 30% H,O, (200 mL) and varying
concentrations of purified GLP. In control, sodium phosphate
buffer was replaced with H,O,. The solutions were incubated at
37°C for 1 h, and the presence of the hydroxyl radical was detected
by monitoring the absorbance at 510 nm. Gallic acid was used as
the positive control.

Superoxide radical scavenging activity

The superoxide radical scavenging activity assay was
performed based on the ability of purified GLP to inhibit the
photochemical reduction of nitro-blue tetrazolium (NBT) in the
riboflavin—light-NBT system as described previously by Costa et
al., 2010. About 3 mL of each reaction mixture contained 50 mM
phosphate buffer (pH 7.8), 13 mM methionine, 2 mM riboflavin,
100 mM EDTA, 75 mM NBT and 1 mL sample solution. After the
formation of blue formosan, the increase in absorbance was
measured at 560 nm. The entire reaction assembly was enclosed in
a box lined with aluminum foil. The identical tubes with the
reaction mixture which served as blanks were kept in the dark
conditions. Gallic acid was used as positive control.

Nitric oxide (NOe) radical scavenging activity
Nitric oxide generated from sodium nitroprusside was
measured (Nitha et al., 2010). The 5mM of sodium nitroprusside

was mixed with 1 ml of the purified GLP different concentration
(1-5 mg/mL) in phosphate buffer (pH 7.4). The mixture was
incubated at 25°C for 150 min. About 0.5 ml of the incubated
solution was added with 0.5 mL of Griess Reagent (1%
sulfanilamide, 2% 0-phosphoric acid and 0.1%
naphthylethylenediamine dihydrochloride). The absorbance was
measured at 546 nm and galic acid used as positive control. The
inhibition of nitric oxide generation was estimated and the
scavenging activity was calculated from the same equation that
was used to calculate DPPH scavenging activity.

Statistical analysis

All the experiments were done in triplicates, and the
experiments were repeated at least thrice. The statistical software
SPSS version 17.0 was used for the analysis. p values were
determined using the t test; p value <0.05 was considered
significant.

RESULTS AND DISCUSSION

Recently our group reported that the extraction and
purification of glycoprotein (GLP) with a molecular mass of ~48
kDa from C. decorticatum. The purified fraction was confirmed in
the SDS-PAGE of Periodic acid-Schiff (PAS) staining that the
detected protein is a glycoprotein. The yield of the purified GLP
was found to be 195 mg (0.13%) from 150 g of dried extract of C.
decorticatum, and the contents of carbohydrate and protein in GLP
were found to be 36.24 and 63.76%, respectively. (Thangam et al.,
2014)

Free radicals are highly reactive molecules with an
unpaired electron and are produced by byproducts of metabolic
processes or radiation. They initiate sequence reactions, which
lead to the degeneration of cell membranes and cell compounds,
including proteins, lipids and nucleic acids. In addition free
radicals are the major reason of food deterioration through lipid
oxidation, which finally affects the organoleptic properties and
edibility of foods. Hence, the use of an antioxidant may have a
therapeutic effect and maintain the freshness of food products.
Free radicals scavenge through antioxidants such as lipid peroxyl
or peroxide, peroxide, thus reducing the level of oxidative stress
and slowing or preventing the development of complications
associated with oxidative stress related diseases (Wu and Hansen
et al., 2008; Suresh et al., 2013).

Free radical scavenging activity

The scavenging DPPH radicals, hydroxyl radical,
superoxide radical and nitric oxide radical activity of the studied
GLP are represented in Tables 1. In this work, the DPPH
scavenging activities of GLP from C. decorticatum marine macro
algae were measured (Table 1). The results demonstrated that their
degradation fragments all exhibited dose-dependent DPPH
scavenging capacities at concentrations ranging from 1.0 to 5.0
mg/mL. Moreover, the scavenging effects were directly
proportional to the concentration of the GLP. The total DPPH
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scavenging effects of the GLP were depicted in Fig. 1. The radical
scavenging activities increased significantly (p<0.05) for samples.
DPPH radicals encounter a proton-donating substance such as an
antioxidant, the radicals would be scavenged and the absorbance is
reduced (Jao and Ko, 2002). The differences in the radical
scavenging ability found here might be attributed to the glycan
part or protein part or both parts are the reason.

Hydroxyl (OH) radical scavenging activity

Hydroxyl radical scavenging is well known that the
radical system used for antioxidant evaluation might be influence
the experimental results and two or more radical systems are
required to investigate the radical-scavenging capacities of some
antioxidant (Yu et al., 2002). The hydroxyl radical-scavenging
capabilities of different concentrations of glycoprotein from
Codium decorticatum are shown in Fig. 1 and Table 1.
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Fig.1: Antioxidant activities of glycoproteins from C. decorticatum

All the different concentrations showed relatively good
hydroxyl radical-scavenging activity. Hydroxyl radical is the most
reactive free radical from superoxide anion and hydrogen
peroxide, in the presence of metal-ions, such as copper or iron.
The hydroxyl radical reacts with aromatic compounds, can be add
on across a double bond, resulting in hydroxylcyclohexadienyl
radical. The resulting radical can undergo further reactions, such as
reaction with oxygen, to give peroxyl radical, or decompose to

phenoxyl-type radicals by water elimination (Lee et al., 2004). The
finding in this study revealed that the purified glycoproteins may
have some aromatic amino acid that reacting and leading to the
reaction.

Superoxide radical scavenging activity

The superoxide radical was a highly toxic species that
was generated in a system of PMS/NADH for the reduction of
NBT. The scavenging ability of samples on superoxide radicals
were shown significant in a concentration-dependent manner
(Table 1). The concentration of the scavenging effect significantly
increased with increasing concentration. At a concentration 5.0
mg/mL, the inhibitory effect of GLP was 18.1+ 0.42.

Nitric oxide (NOe) radical scavenging activity

Nitric oxide is involved in many physiological processes,
such as blood pressure control, neural signal transduction, platelet
function and antimicrobial defense (Furchgott, 1999; Ignarro,
1999). Even though the beneficial effects, an overproduction of
this reactive species is associated with several types of biological
damage (Beckman, 1996). The scavenging activity of the GLP
against nitric oxide released by sodium nitroprusside was
investigated.

The purified glycoprotein GLP showed quite similar
protective activity against nitric oxide, which was concentration
dependent as shown in Fig. 1 and Table 1. The standard compound
ascorbic acid used in the present study.

We have recently reported about GLP from Codium
decorticatum have potential anticancer properties particularly on
MDA-MB-231 breast cancer cell lines (Thangam et al., 2014). In
2010 Valentao et al., reported that Codium tomentosum has a
potent antioxidant activity.

Interestingly in this study reporting that GLP from C.
decorticatum have antioxidant properties confirmed by various
scavenging activities such as DPPH radical scavenging, hydroxyl
radical scavenging, superoxide radical scavenging and nitric oxide
radical scavenging assays could be attributed to presence of
antioxidant compounds.

Table 1: Free radical, hydroxyl, superoxide radical and nitric oxide radical scavenging activity of glycoprotein from Codium decorticatum. Each value is the
mean + SD of three determinations and different concentration of the same glycoprotein (GLP).

Sample Concentration (mg/mL)

Scavenging effects (%)

DPPH OH 0, NO
1.0 11.73x1.21 53%053 0% 0 7.91% 031
2.0 15.30+ 0.27 15.8+£0.91 50+0.72 11.23+0.62
Purified glycoprotein (GLP) 3.0 23.87+1.03 23.0+053 9.0+0.15 15.34+0.94
4.0 26.41%0.56 26.2+1.87 122+121 22,52+ 0.99
5.0 33.94+0.28 31.8+0.25 18.1%0.42 27.43+0.78
0.05 196+ 1.11 116+ 1.72 28.9+0.86 10.8£0.22
0.10 33.6+ 0.44 436+ 0.44 418+0.74 27.1+0.95
Gallic acid 0.25 743+ 0.42 64.3% 0.78 72.1+0.93 425+052
0.50 96.7+1.24 93.7+0.73 86.3+0.19 66.7+0.83
1.0 99.0+0.29 99.0+0.24 99.0+0.45 92.1+0.82
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CONCLUSION

The results clearly demonstrated that purified
glycoproteins (GLP) fractions extracted from C. decorticatum
were antioxidative. However, the antioxidant ability of GLP was
somewhat different. GLP were stronger antioxidant when the
increasing the dose concentration. Moreover, the radical
scavenging ability/ some aromatic amino acid present in the
glycoproteins which was applicable in the future experiments
understanding the relationship between chemical property of GLP
and its antioxidant activity. Furthermore which part of GLP is
responsible for antioxidant activity, that glycan or protein or both
parts are the interest in the responsible for the biological activity.
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