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Abstract

Context: In the search for new sources of safe and inexpensive antioxidants, the leaves of eight species of seagrasses

were screened for antioxidant properties.

Objective: Most of the seagrasses were evaluated for the first time for their antioxidant activities.

Materials and methods: Total phenolic content and in vitro antioxidant activity using, 2,2-diphenyl-1-picrylhydrozyl
(DPPH) radical scavenging capacity and FRAP assay.

Results: The leaves of Halophila stipulacea (Forssk.) Aschers showed high levels of phenols (1.398 +0.055 mg GAE/qg)
and high reducing power (46.289 + 1.002) in terms of mg GAE/g. Similarly, H. pinifolia exhibited high total antioxidant
activity (132.38, 75.027 mg AscAE/g) and a high percentage of DPPH radical scavenging activity (68.14%). The TAA
and FRAP assays showed positive and significantly high correlation (R?=0.646). The total phenolic content in the
seagrass extracts showed a better correlation with reducing power (R*=0.597) than the DPPH radical-scavenging
activity (R?=0.495).

Discussion and conclusions: The antioxidant capacities of the seagrasses showed potential rich sources of natural
antioxidants. Further studies are necessary for isolation and characterization of the active antioxidant compounds,

which can be used to treat various oxidative stress-related diseases.
Keywords: Phenolic content, DPPH (2, 2-diphenyl-1-picrylhydrazyl), free radical

Introduction

Antioxidants in biological systems have multiple func-
tions which include protection from oxidative damage
and in the major signaling pathways of cells. The major
action of antioxidants in cells is to prevent damage
caused by the action of reactive oxygen species (ROS).
ROS, such as, superoxide radicals (O,), hydroxyl (OH),
peroxide (ROO) and nitric acid radicals are generated in
living organisms during excessive metabolism (Aruoma
& Cuppette, 1997) and they cause extensive oxidative
damage to cells leading to age-related degenerative dis-
eases, cancer, and a wide range of other human diseases
(Reaven & Witzum, 1996; Aruoma, 1999).

Several synthetic antioxidants, such as butylated
hydroxyanisol (BHA), butylated hydroxytoluene (BHT),

and fert-butylhydroquinone (TBHQ) are commercially
available and are currently in use. However, their use is
now restricted due to their side effects. It has been shown
that they promote the development of cancerous cells
in rats. These findings have reinforced the efforts for the
development of alternative antioxidants of natural origin
(Huang & Wang, 2004). In this regard, many natural anti-
oxidants have already been isolated from various natural
resources, such as oilseeds, cereal crops, vegetables, spices,
and herbs (Ramarathnam et al., 1995). Seagrasses specifi-
cally produced bioactive compounds that reportedly have
antibacterial (Harrison & Chan, 1980; Bernard & Pesando,
1989; Devi et al., 1997; Bhosale et al., 2002; Ragupathi Raja
Kannan et al., 2010a), antialgal (Harrison, 1982), antifun-
gal (Ballesteros et al., 1982; Jensen et al., 1998), antiviral
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(Premanathan et al., 1992; Rowley et al., 2002), antipro-
tozoal (Orhan et al., 2006), antiinflammatory (Hua et al.,
2006), and antidiabetic (Gokce et al., 2008) activities. More
recently, reports have revealed that seagrasses are rich
sources of antioxidant compounds (Hasina et al., 2003;
Kolenchenko et al., 2005; Gokce et al., 2008; Sureda et al.,
2008; Ragupathi Raja Kannan et al., 2010b, 2010c).

In folk medicine, seagrasses have been used for a vari-
ety of remedial purposes, such as, the treatment of fever
and skin diseases, muscle pains, wounds, and stomach
problems, remedy against stings of different kinds of
rays and, as tranquillizer for babies (de la Torre-Castro
& Ronnbick, 2004), and so on. The seeds of the tropi-
cal seagrass Enhalus acoroides (Linnaeus f.) Royle have
been traditionally eaten in the Philippines. The raw seeds
are described as crunchy and sweet, while boiled seeds
contain more starch and taste like cooked sweet potato
(Montario et al., 1999). In addition to being edible, the
seeds are thought to have aphrodisiac and contracep-
tive properties (Alifo et al., 1991). Halophila ovalis
was used by the fishing communities of Cuddalore and
Nagapattinam districts of Tamil Nadu, South India as
medicine to treat various skin diseases, burns, and boils
(Kannan et al., 1999).

In this paper, we report the antioxidative potential
of eight species of seagrasses from the coasts of Gulf of
Mannar (India) by measuring the total antioxidant activ-
ity, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scav-
enging activity, ferric reducing antioxidant power (FRAP),
and the total phenolic content in ethanolic extracts.

Materials and methods

Chemicals and reagents

2,2-Diphenyl-1-picrylhydrazyl (DPPH) was purchased
from Sigma-Aldrich. Gallic acid, ascorbic acid, FeCl,
AlCl,, Folin-Ciocalteus’s phenol reagent, and sodium
carbonate were purchased from Merck (Mumbai, India).
All the chemicals used including the solvents were of
analytical grade.

Plant material

The fresh leaves of Enhalus acoroides (Linnaeus f.) Royle,
Halophila ovalis (R. Br.) Hook. f. (Hydrocharitaceae),
Halophila ovata Gaidich (Hydrocharitaceae), Halophila
stipulacea(Forssk.)Aschers(Hydrocharitaceae), Thalassia
hemprichii (Ehrenberg) Ascherson (Hydrocharitaceae),
and Syringodium isoetifolium (Ascherson) Dandy
(Cymodoceaceae), Cymodocea serrulata (R. Brown)
Ascherson & Magnus (Cymodoceaceae), Halodule pini-
folia (Miki) den Hartog (Cymodoceaceae) were collected
from the intertidal region of the Mandapam coast (Lat.
09° 17.417'N; Long. 079° 08.558'E) during March 2009
and immediately brought to the laboratory in plastic bags
containing seawater to prevent dehydration of plants. The
plants were washed thoroughly with tap water to remove
all sand particles and epiphytes. The samples were shad-
edried at room temperature for five days until a constant
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weight was obtained and ground in an electric mixer. The
powdered samples were kept in air tight containers and
stored in refrigerator for further use.

Preparation of seagrass extracts

Dried finally crushed powdered samples (10g) were
extracted for 24h in 200ml of ethanol at room tem-
perature under dark condition. The extraction was twice
repeated and filtered using Whatmann No. 1 filter paper.
Each filtrate was concentrated to dryness under reduced
pressure using a rotary flash evaporator.

Determination of total phenolic content

Total phenolic content was estimated as gallic acid
equivalents (GAE) according to the Folin-Ciocalteu
Reagent (Velioglu et al., 1998). A 1.0mL aliquot of each
sample (0.1mg/ml in ethanol) was added to 1.5ml deion-
ized water and 0.5mL of 0.1 M Folin-Ciocalteu reagent
and thoroughly mixed. After 1 min, 1.0ml of 20% sodium
carbonate solution was added, and the mixture was
mixed thoroughly. The control contained all the reaction
reagents except the sample. After 30 min of incubation
at 37°C, the absorbance was measured at 750 nm, using
the PerkinElmer Lamda 25 UV-VIS Spectrophotometer.
Total phenolic content was expressed as mg/g gallic acid
equivalent. A calibration curve of gallic acid was prepared
and the total phenolic content was standardized against
gallic acid and was expressed as mg GAE per gram of
sample on a dry weight (DW) basis.

Total antioxidant activity

Total antioxidant activities of the crude extracts were
determined according to the method of Prieto et al.
(1999). Briefly, 0.3ml of sample solution (0.1mg/ml)
was mixed with 3.0ml reagent solution (0.6 M sulfuric
acid, 28mM sodium phosphate and 4mM ammonium
molybdate). Reaction mixture was incubated at 95°C for
90min in a water bath. Absorbance of all the sample mix-
ture was measured at 695 nm. Total antioxidant activity is
expressed as the number of equivalence of ascorbic acid.
A calibration curve of ascorbic acid was prepared and the
total antioxidant activity was standardized against ascor-
bic acid and was expressed as mg ascorbic acid equiva-
lents per gram of sample on a dry weight (DW) basis.

DPPH radical-scavenging activity
The scavenging effects of samples for DPPH radical were
monitored accordingto the method of Yen and Chen (1995).
Briefly, a 2.0 ml of aliquot of test sample solution was added
to 2.0ml of 0.16 mM DPPH methanolic solution. The mix-
ture was vortexed for 1 min and then left to stand at room
temperature for 30 min in the dark, and its absorbance was
read at 517nm. The ability to scavenge the DPPH radical
was calculated using the following equation:

ScaVenging _ _ (Asample - Asample blank )

X100
effect (%)

Acontrol
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Where the A is the absorbance of the control (DPPH
solution without sample), the Asample is the absorbance of
the test sample (DPPH solution plus test sample), and the

cample biank 1S the absorbance of the sample only (sample
without DPPH solution). Synthetic antioxidants, gallic

acid, and ascorbic acid were used as positive controls.

FRAP assay

The reducing power of the crude extract was determined
by the method prescribed by Oyaizu (1986). Briefly, 1.0 ml
of sample was mixed with 2.5ml of phosphate buffer
(0.2M, pH 6.6) and 2.5ml potassium ferricyanide (1%).
The reaction mixture was incubated at 50°C for 20 min.
After incubation, 2.5 ml of trichloroacetic acid (10%) was
added and centrifuged (650g) for 10 min. From the upper
layer, 2.5 ml solution was mixed with 2.5 ml distilled water
and 0.5ml FeCl, (0.1%). Absorbance of all the sample
solutions was measured at 700 nm. Ascorbic acid is used
as a positive control. Reducing power is expressed as the
number of equivalence of gallic acid. A calibration curve
of gallic acid was prepared, and the FRAP was standard-
ized against gallic acid and was expressed as mg GAE per
gram of sample on a dry weight (DW) basis.

Statistical analysis

Three replicates of each sample were used for statisti-
cal analysis and the values were reported as mean + SD.
Statistical analysis were performed by one-way analysis of
variance followed by Duncan test. Pearson’s correlation
test was used to assess correlations between means.
A significant difference was considered at the level of
p<0.05. All computations were done by employing the
statistical software (SPSS, version 16.0).

Results and discussion

Total phenolic content in seagrasses

Phenolic compounds are well known, as high-level
antioxidant constituents because of their high ability to
scavenge toxic free radicals and reactive species such as
superoxide radical (O,), hydroxyl radical (OH), peroxide
radical (ROO) and nitric oxide (NO) radicals (Hall &
Cuppett, 1997). The total phenolic content of the extracts
are presented in Table 1. Halophila stipulacea showed a
significantly higher amount of phenols (1.3987 +0.055)
when compared to other seagrasses followed by H. pini-
folia (0.6468 +0.040). The presence of phytoconstituents,
such as phenols, flavonoids and tannin in seaweeds and
seagrasess indicated a possible role that its extracts may
have antioxidant activity. This activitywas believed to help
in preventing a number of diseases through free-radical
scavenging activity (Anggadiredja et al., 1997; Ruberto
et al., 2001). Similarly, some earlier reports reveal that
seagrasses especially their polyphenols have the anti-
oxidant activity (Hasina et al., 2003; Kolenchenko et al.,
2005; Gokce et al., 2008; Sureda et al., 2008; Ragupathi
Raja Kannan et al., 2010b, 2010c). It is also reported that
the presence of condensed tannins in seagrasses may act

as deterrents against herbivore feeding as well as against
fungal and bacterial invasion (McMillan, 1984).

Antioxidant capacities of the seagrass species

The total antioxidant activities in ethanol extracts of
the eight seagrasses are presented in Table 2. In the
phosphomolybdenum method, molybdenum VI (Mo®)
is reduced to form a green phosphate/Mo* complex.
Higher activity of 132.382, 75.027, and 32.415mg
ascorbic acid equivalent/g was observed respectively
in H. pinifolia, H. stipulacea, and C. serrulata. The
total antioxidant activity was significantly different
among the eight seagrasses. Published reports on
the in vitro total antioxidant activity of seagrasses are
limited. Similarly, H. pinifolia, showed stronger anti-
oxidant activity than T. hemprichii, E. acoroides and
S.isoetifoliumwhen tested by thinlayer chromatography
(Ragupathi Raja Kannan et al., 2010c). Athiperumalsami
etal. (2010) have reported highest antioxidant activity in
the methanolic extract of Halophila ovalis than H. pini-
folia tested by the NO scavenging method. Ragupathi
Raja Kannan et al. (2010b) have reported antioxidant
activity of 11.77mg ascorbic acid equivalent/g of the

Table 1. Levels of total phenolic content in seagrasses.
Seagrasses Phenol (mg GAE/g)
0.4078+0.023°¢
0.4247+0.020¢
0.3340+0.025"
1.3987+0.055°
0.4631+0.034¢
0.5449+0.039¢

Enhalus acoroides
Halophila ovalis
Halophila ovata
Halophila stipulacea
Syringodium isoetifolium
Cymodocea serrulata
Thalassia hemprichii 0.7421+0.034°
Halodule pinifolia 0.6468+0.040°

Data are expressed as mean * standard deviation, means within
each column with different letters (a-f) differ significantly
(p<0.05).

Table 2. Antioxidant activity of seagrass extracts determined by
TAA and FRAP assays.
Total Antioxidant Activity
(mg ascorbic acid/g)
8.439+0.779"

FRAP Assay
(mg Gallic acid/g)
3.373+0.1088

Seagrasses
Enhalus acoroides

Halophila ovalis 17.602+1.005% 12.042+0.247¢
Halophila ovata 11.908 £0.972°f 5.856+0.104f
Halophila 75.027+£5.199° 46.289+1.002*
stipulacea

Syringodium 32.959+3.971¢ 26.557+1.119¢
isoetifolium

Cymodocea 32.415+3.935°¢ 28.423+1.086°
serrulata

Thalassia 20.453+2.329¢ 27.979+1.445%
hemprichii

Halodule pinifolia 132.382+7.524° 42.611+0.800°
Ascorbic acid NA 122.880+1.535
Gallic acid NA NA

Data are expressed as mean * standard deviation, means within
each column with different letters (a-g) differ significantly
(p<0.05), NA—not analyzed.
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leaf of Enhalus acoroides collected from Chinapallam,
Gulf of Mannar, India which is higher than the value of
the present study (8.439 mg ascorbic acid equivalent/g).
However, Kumaran and Karunakaran (2007) have
reported total antioxidant activity in the range of 245 to
376 mg ascorbic acid equivalents/g in some Phyllanthus
species. Ganesan et al. (2008) reported higher activity
(32.01 mg ascorbic acid equivalent/g) in ethyl acetate
fraction of the red seaweed Acanthophora spicifera. Ye
et al. (2009) on the other hand reported higher anti-
oxidant activity (30.50pmol FeSo,/mg) in the ethanol
extract of the brown seaweed Sargassum pallidum. It
appears that solvents used for extraction dramatically
influence the chemical composition of the extracts
(Yuan et al., 2005).

The effect of antioxidants on DPPH radical scavenging
is thought to be due to their hydrogen donating ability.
DPPH is a stable free radical and it accepts an electron
or hydrogen radical to become a stable diamagnetic mol-
ecule. When a DPPH solution is mixed with a substrate
acting as a hydrogen atom donor, a stable non-radical
form of DPPH is obtained with the simultaneous change
of the violet color to pale yellow (Molyneux, 2004).
Hence, DPPH has been used extensively as a free radical
to evaluate reducing substances (Cotelle, 1996) and is a
useful reagent for investigating the free radical scavenging
activities of compounds (Duan et al., 2006). DPPH radical
scavenging activities (%) of eight species of seagrasses are
presented in Table 3. In the present study, higher DPPH
radical scavenging activities was recorded in Halodule
pinifolia (68.066%) followed by H. stipulacea (67.413%)
and C. serrulata (61.853%). The minimum DPPH radical
scavenging activity was recorded in H. ovata (16.926%).
The scavenging effect of standards on the DPPH radical
decreased in the order: ascorbic acid > gallic acid, which
was 57.28 and 55.753%, respectively.

In the FRAP assay, antioxidants in the sample reduced
ferric (IIT) to ferrous (II) in a redox-linked colourimet-
ric reaction (Li et al., 2006) that involves single electron
transfer. The reducing power indicates that the antioxi-
dant compounds are electron donors and reduce the oxi-
dized intermediate of the lipid peroxidation process, so
that they can act as primary and secondary antioxidants
(Yen & Chen, 1995). Table 2 shows the results of FRAP
assay of the seagrasses. In this present study, Halophila
stipulacea (46.289+1.002), and Halodule pinifolia
(42.611+0.800) had the highest ability for reducing Fe®**
compared to the other seagrasses. The same trend was
obtained for total phenolic content. The positive control
ascorbic acid showed significantly higher antioxidant
activity than all the seagrass samples. A similar trend has
been reported by Kumaran and Karunakaran (2007) in
methanol extracts of Phyllanthus species.

The correlation between the total phenolic content
and antioxidant assays were studied and the results are
presented in Figures 1-3. In this study, the positive cor-
relation between TAA and FRAP assays results (R?=0.646)
indicated the compounds presentin the ethanolic extracts
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of seagrasses which were capable of reducing the ferric
radical were also able to reduce ferric ions. In agreement
with previous studies (Duan et al., 2006), there was a sig-
nificant correlation between antioxidant activity and phe-
nolic content of these eight species of seagrasses. The total
phenolic content in the seagrass extracts showed a higher
correlation with reducing power (R*=0.597) than the
DPPH radical-scavenging activity (R*=0.495). According
to Athiperumalsamy et al. (2010), other than phenolic

Table 3. Antioxidant activity of seagrasses.
Seagrasses
Enhalus acoroides

DPPH assay (%)
24.133+£0.153¢

Halophila ovalis 21.21+0.233¢
Halophila ovata 16.926+0.386°
Halophila stipulacea 67.413+0.956*

23.676+0.468°¢
61.853+0.317°
61.64+0.695°

Syringodium isoetifolium
Cymodocea serrulata
Thalassia hemprichii

Halodule pinifolia 68.066+0.181°
Ascorbic acid 57.28+0.531
Gallic acid 55.753+0.441
140
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Figure 1. Correlation of FRAP and TAA values of seagrass
ethanolic extracts from (1) Enhalus acoroides, (2) Halophila ovalis,
(3) H. ovata, (4) H. stipulacea, (5) Syringodium isoetifolium, (6)
Cymodocea serrulata, (7) Thalassia hemprichii, and (8) Halodule
pinifolia.
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Figure 2. Correlation of FRAP and TPC values of seagrass
ethanolic extracts from (1) Enhalus acoroides, (2) Halophila ovalis,
(3) H. ovata, (4) H. stipulacea, (5) Syringodium isoetifolium, (6)
Cymodocea serrulata, (7) Thalassia hemprichii, and (8) Halodule
pinifolia.
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Figure 3. Correlation of TAA and TPC values of seagrass ethanolic
extracts from (1) Enhalus acoroides, (2) Halophila ovalis, (3)
H. ovata, (4) H. stipulacea, (5) Syringodium isoetifolium, (6)
Cymodocea serrulata, (7) Thalassia hemprichii, and (8) Halodule
pinifolia.

compounds some other phytoconstituents like vitamin A,
C, E and B-carotene have been implicated as antioxidants
in the scavenging of radicals in seaweeds and seagrasses.

Conclusions

From the present findings it was concluded that the
seagrasses have strong antioxidant properties due to the
total phenolic content. Several studies reported that phe-
nols are the major contributor for the antioxidant capaci-
ties of seagrasses. Also, studies are being carried out on
other species of seagrasses of different habitats in order
to provide more comprehensive data on the antioxidant
activity. Further research studies are needed to study the
polyphenols of these seagrasses using HPLC-DAD and
NMR technique and those results can be extrapolated to
clinical studies.
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