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Enteromorpha sp is one of the filamentous green-algal genus
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and has a widespread distribution in Caspian Sea Coast.
Objectives: The current study was initiated to explore the

free radical potential of Enteromorpha. Methods: The green /

seaweed, Enteromorpha sp was collected from Mandapam I - standard
coastal region, Rameswaram, Tamilnadu. The collected
seaweed was extracted by using two solvents namely, ethanol
and water. The antioxidants activity of Enteromorpha was o 0 1 a0 s
determined by free radical scavenging assays such as DPPH, Concentration (ng/mi)
ABTS, Superoxide anion, Hydroxyl ion and Nitric oxide
radical assay. Results: The ethanolic extract of Enteromorpha  Keywords: Enteromorpha sp, Free radical
sp has exhibited better scavenging activity when compared to  scavenging, Antioxidants

the aqueous extract. Conclusion: The findings evidently

showed that the scavenging activity which revealed that the *Correspondence

antioxidant properties might be due to the presence of R.Subashini,

Phenolic compounds. Email: dr.r.subashini@gmail.com
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Introduction

Seaweed is the most accessible marine resource of the coastal zone that occupies potential importance source of
biochemical compound. As more than 70% of the world’s surface is covered by oceans, the wide diversity of marine
organisms offer a rich source of natural products 1. Marine environment contains a source of functional materials,
including polyunsaturated fatty acids, polysaccharides, essential minerals and vitamins, antioxidants, enzymes and
bioactive peptides. Among marine organisms, marine algae are rich sources of structurally diverse bioactive
compounds with various biological activities. A marine algae in human consumption has been documented since 600
BC.

Recently, their importance as a source of novel bioactive substances is growing rapidly and researchers have
revealed that marine algal originated compounds exhibit various biological activities 2. While marine algae have
traditionally formed part of the oriental diet, especially in Asian-pacific region; their major use in Western countries
has traditionally concentrated on the extraction of compounds used by pharmaceutical, cosmetics, and food industries
Bl, Nowadays, the field of marine natural products becomes more sophisticated. Hence, most consumers prefer
additive-free foods or a safer approach like the utilization of more effective antioxidants of natural origin.

ROS, along with reactive nitrogen species (collectively labelled RS) have been identified as agents in various
pathogenic diseases and deleterious clinical conditions related to human health. These include cancer, cardiovascular
disease, atherosclerosis, hypertension, ischemia / re-perfusion, diabetes mellitus, hyperoxaluria, neurodegenerative
diseases such as Alzheimer’s and Parkinson’s diseases, rheumatoid arthritis and ageing *2!. There is ample evidence
that reactive oxygen species (ROS) generated in the human body can cause oxidative damages associated with many
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degenerative diseases such as atherosclerosis, coronary heart diseases, aging and cancer 131, Recently, various
phytochemicals like polyphenols, which are widely distributed in plants, have been reported to act as free radical
scavengers 41, Marine plants like seaweeds also contain high amount of polyphenols.

Pharmaceutical importance of seaweed is well known all over the world and extensive efforts were given to bring
out substances from algae. There are a number of reports regarding the medicinal importance of seaweeds belonging
to Phaeophyceae, Rhodophyceae and Chlorophyceae from all over the world [5€. The green algae genus
Enteromorpha has great potential for commercial exploitation because of its abundant and varied chemical
composition, and quality and concentration of basic nutriments for other living organisms 7181, According to those
naturally developed antioxidants such as seaweed, green algae and plants evolved to prevent the excess oxidative
stress of cells 9. Hence, the present study was undertaken to evaluate the free radical potential of Green algae,
Enteromorpha sp.

Materials and Methods

Chemicals

Methanol, ethanol, acetone, and hexane were at HPLC grade of purity and it was purchased were obtained from
Sigma-Aldrich Chemicals Pvt. Ltd., Bangalore, India. Folin-ciocalteu’s phenol reagent, dpph (1, 1-Diphenyl-2-pikryl-
hydrazin) and sodium carbonate purchased from Hi-media Laboratories Mumbai, India. All other chemicals and
solvents used were of analytical grade.

Collection of seaweed

The algae biomass was collected from Mandapam Coast, Rameswaram. It was harvested by hand from sea water and
washed after with fresh water to remove the salt and sand. After that the biomass was left in freezer for 24 hours, at -
70°c. It was performed the lyophilisation and after that, the dry biomass was kept in freezer at -20°C for preservation
until the next step.

Preparation of the extract

All samples were brought to the laboratory in plastic bags containing sea water to prevent evaporation. Few collected
seaweeds were preserved for identification. Algae samples were cleaned such that epiphytes and necrotic parts were
removed. Samples were rinsed with sterile water and shade dried for 7-14 days and ground thoroughly to powder in a
kitchen-type blender. The extraction of the sample was carried out with solvents namely: ethanolic and water by
macerating the samples in the respective solvents (1:10, w/v) on a rotary shaker at 150 rpm at room temperature (25-
30°c) for 72 hours. The extracts from three consecutive soakings were pooled and filtered using filter paper
(whatmann no.4); the obtained filtrate was evaporated and the residues (crude extracts) obtained were suspended in
the DMSO to a final concentration of 100 pg/ml; the extracts were stored at -20°c.

Free radical scavenging activity of seaweed
DPPH radical scavenging activity

The free radical scavenging activity of the seaweed extracts was measured by 1, 1-diphenyl-2-picryl-hydrazil (DPPH)
following the method of Blois ©°. This method is based on the reduction of stable DPPH (2, 2-diphenyl-1-
picrylhydrazyl) radical antioxidants in a methanolic solution. In the presence of antioxidants the purple colour of the
DPPH radical solution changes to a bright yellow and the intensity of this can be monitored spectrophotometrically.
Used as a reagent, DPPH evidently offers a convenient and accurate method for the titration of oxidizable groups of
natural or synthetic antioxidants. 0.1 mM solution of DPPH in methanolic was prepared and 1 mL of this solution was
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added to 3 mL of seaweed extracts at different concentrations (50, 100, 250, 500 and 1000pg). After 10 minutes,
absorbance was measured at 517 nm. All the measurements were measured in triplicates. The percentage scavenging
was calculated as follows.

Radical scavenging activity (%) = [(Aq-A1/ Ay) x100]
Where A= Absorbance of control; A;= Absorbance of sample

ABTS radical scavenging assay

The free radical scavenging activity was also determined by ABTS (2, 2’azino bis (3-ethylbenzo thiazoline-6-
sulphonic acid) diammonium salt) radical cation decolourization assay ?11. ABTS was generated by mixing 5 mL of 7
mM ABTS with 88 pL of 140 mM potassium per sulphate under darkness at room temperature for 16 hours. The
solution was diluted with 50% ethanolic and the absorbance at 734 nm was measured. The ABTS radical cation
scavenging activity was assessed by mixing 5ml ABTS solution (absorbance of 0.7 £ 0.05) with 0.1 mL seaweed
extract (50, 100, 250, 500 and 1 000pg). The final absorbance was measured at 743 nm with spectrophotometer. The
percentage of scavenging was calculated by the following formula,

Radical scavenging activity (%) = ((A.-A1) / A,) x 100
Where A, is absorbance of control and A; is absorbance of sample.

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activity was measured by studying the competition between deoxyribose and test
compounds for hydroxyl radical generated by Fe3*- Ascorbate EDTA H,O, system (Fenton reaction) according to the
method of Kunchandy and Rao 22, The hydroxyl radicals attack deoxyribose that eventually results in TBARS
formation. The reaction mixture contained in a final volume of 1.0mL, 100pL of 2-deoxy-2-ribose (28mM in
potassium phosphate-potassium hydroxide buffer, pH 7.4), 500uL solutions of various concentrations of extracts (50,
100, 250, 500 and 1000 pg) and standard in KH,PO,-KOH buffer (20mM, pH 7.4), 200 pL of 1.04mM ethylene
diamine tetra acetic acid and 200 pL of 200 uM Ferric chloride, 100 pL of 10 mM hydrogen peroxide and 100 pL of
1.0mM ascorbic acid was incubated at 37°C for 1 hour. The free radical damage imposed on the substrate,
deoxyribose was measured as TBARS by the method of Yuan et al. 1.0 mL of thiobarbituric acid (1%) and 1.0 mL of
trichloroacetic acid (2.8%) were added to the test tubes and were incubated at 100°C for 30 minutes. After cooling,
absorbance was measured at 535nm against control containing deoxyribose and buffer. The percentage scavenging
was determined by the comparing the result of the test compound and control using the formula,

Radical scavenging activity (%) = [(A.,-Ai/ A,) x 100]
Where A,= Absorbance of control; A;=Absorbance of sample.

Superoxide anion radical scavenging assay

Measurement of superoxide anion scavenging activity of the extracts was done based on the method described by the
slightly modified method of Nishimiki 1. About 1 mL of nitro blue tetrazolium (NBT) solution (156M NBT in
100mM phosphate buffer, pH 7.4), 1 mL of NADH solution (468M in 100mM phosphate buffer, pH 7.4) and 0.1 mL
of sample at various concentrations (50, 100, 250, 500 and 1 000g in distilled water) were mixed and the reaction was
started by adding 100 L of phenazine metho sulphate (PMS) solution (60M PMS in 100 mM phosphate buffer, pH
7.4). The reaction mixture was incubated at 25°C for 5 minutes, and the absorbance at 560nm was measured against
blank samples. The percentage scavenging value was determined as follows.

Radical scavenging activity (%) = [(A.,-A1/ A,) X100]
Where A, = Absorbance of control; A, = Absorbance of sample.
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Nitric oxide radical scavenging assay
Nitric oxide radicals generated from sodium nitroprusside solution at physiological pH interacts with oxygen to
produce nitrite ions which were measured by the Griess reaction ?4. 2 mL of sodium nitroprusside (10 mm) was
mixed with 1 mL of the test extracts (50, 100, 250, 500 and 1000ug) in phosphate buffer (pH 7.4). The mixture was
incubated at 25° C for 150 minutes. To 0.5 mL of the incubated solution, 1 mL of sulphanilic acid reagent (0.33%
sulphanilamide in 20% acetic acid) was added and allowed to stand for 5 minutes for completing diazotization. 1mL
of 0.1% napthyl ethylene diamine dihydrochloride was added and incubated at room temperature for 30 minutes.
Absorbance was read at 540nm and percentage scavenging was calculated as follows

Radical scavenging activity (%) = [(A.,-Ai/ A,) x 100]
Where A, = Absorbance of control; A; = Absorbance of sample.
Results
Free radical scavenging of Enteromorpha sp (ethanolic and aqueous extract)
DPPH radical scavenging activity
Figure 1.1 & 1.2 shows the effect of seaweed extracts (Enteromorpha sp) on DPPH radical was compared with

standard. The scavenging effect increases with the concentration of standard and samples. All the concentration of
Enteromorpha sp (ethanolic extract) showed higher activity than the aqueous extract.

ABTS cation scavenging activity

Figure 2.1 & 2.2 shows the effect of seaweed extracts on ABTS cation was compared with standard. The scavenging
effect increases with the concentration of standard and samples. All the concentration of Enteromorpha sp (ethanolic
extract) showed higher activity than the aqueous extract.

Hydroxyl scavenging activity

Figure 3.1 & 3.2 shows the effect of seaweed extracts on Hydroxyl scavenging activity was compared with standard.

The scavenging effect increases with the concentration of standard and samples. All the concentration of
Enteromorpha sp (ethanolic extract) showed elevated activity than the aqueous extract.

Superoxide anion radical scavenging activity
Figure 4.1 & 4.2 shows the effect of seaweed extracts on Superoxide scavenging assay was compared with standard.

It indicates that Enteromorpha sp (ethanolic extract) exhibited the maximum Superoxide scavenging activity which is
drastically higher than the aqueous extract.

Nitric oxide radical scavenging activity
Figure 5.1 & 5.2 shows the effect of seaweed extracts on Nitric oxide scavenging assay was compared with standard.

It indicates that Enteromorpha sp (ethanolic extract) exhibited the maximum Superoxide scavenging activity which is
drastically higher than the aqueous extract.
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Figure 1.1 Shows the DPPH scavenging activity of Enteromorpha (ethanolic extract) compared with standard
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Figure 1.2 Shows the DPPH scavenging activity of Enteromorpha (aqueous extract) compared with standard
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Figure 2.1 Shows ABTS scavenging activity of Enteromorpha sp (ethanolic extract) compared with standard
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Figure 2.2 Shows ABTS scavenging activity of Enteromorpha sp (aqueous extract) compared with standard.
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Figure 3.1 Shows the Hydroxyl scavenging activity of Enteromorpha sp (ethanolic extract) compared with standard.
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Figure 3.2 Shows the Hydroxyl scavenging activity of Enteromorpha sp (aqueous extract) compared with standard.

Chem Sci Rev Lett 2014, 3(12), 931-940 Article CS29204509 936



Chemical Science Review and Letters ISSN 2278-6783

100 -

90 -

80 -

70 -
®
c 60
Q
s 50 -
2 =—4=—enteromorpha
€ 40 -

30 - == Ascorbic acid

20

10 -

0
10 20 30 40 50
Concentration {ug/ml)

Figure 4.1 Shows the Superoxide anion radical scavenging activity of Enteromorpha (ethanolic extract) compared
with standard
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Figure 4.2 Shows the Superoxide anion radical scavenging activity of Enteromorpha sp (agueous extract) compared
with standard

80 +

70 -

60 -
R 50
5
=40
% =—4—enteromorpha
£ 30 -

—— Ascorbic acid

[
(=)
I

=
o
I

(=]

Concentration (nug/ml)

Figure: 5.1 Shows the Nitric oxide scavenging activity of Enteromorpha (ethanolic extract) compared with standard
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Figure 5.2 Shows the Nitric oxide scavenging activity of Enteromorpha (aqueous extract) compared with standard

Discussion

Seaweeds are low in fat but contain vitamins and bioactive compounds like terpenoids, sulfated polysaccharides and
polyphenolic compounds, the latter being a potential natural antioxidant not found in land plants 2%, Dietary natural
antioxidants are reported to help in preventing aging and other diseases. There are some evidences that seaweeds
contain compounds with a relatively high antioxidant and antiproliferative activity. Many metabolites isolated from
marine algae have been shown to possess bioactive efforts 26281, Among the different compounds with functional
properties, antioxidants are the most widely studied. Moreover the important role of antioxidants in human health has
been demonstrated thus increasing the interest in such products and their demand by consumers.

Naturally seaweeds are contains novel antioxidant compounds which control the free radical formation from
metabolic reaction. Phenols are very important seaweed constituents because of their scavenging ability due to their
hydroxyl groups 2°1. It was reported that phenolic compounds were associated with antioxidant activity and play an
important role in stabilizing lipid peroxidation [°1,

The antioxidant activity of several naturally occurring compounds have been known for decades. Recently, many
types of seaweed have been considered as source of reactive oxygen species inhibitors. They can be used as food
additive and can also provide protection against tissue oxidation B, In our previous communication, we have
reported that Nelumbo nucifera leaf extract (NNE) posses free radical scavenging and antioxidant properties in 1SO-
induced rats 2. This study revealed that the Seaweed polyphenols possess antioxidant activity to scavenge free
radicals.

Antioxidant compounds scavenge free radicals such as peroxide, hydro peroxide or lipid peroxyl and thus reduce
the level of oxidative stress and slow or prevent the development of complications associated with oxidative stress
related diseases [¥1. Many synthetic antioxidants have shown toxic and mutagenic effects, which have shifted

attention towards naturally occurring antioxidants. A great number of naturally occurring substances like seaweeds
have been recognized to have antioxidant abilities 341,

Our findings showed that the data may contribute to a rational basis for the use of antioxidant rich marine algal
extracts in the therapy of diseases related to oxidative stress. In addition, the results signify that bioactive compounds
might be major contributors to the antioxidant activities of Enteromorpha Sp. From the results it was quite evident
that, the ethanolic extracts of Enteromporpha sp (seaweed) has elevated antioxidant activity when compared to
aqueous extract.
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Conclusion

The finding of the current report appear useful for further research aiming to isolate, identify and characterize the
specific phenolic compounds in Enteromorpha sp for its industrial and pharmaceutical purposes. In the future, these
marine algae derived compounds will be used more often in pre-clinical studies for drug discovery.
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