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KEYWORDS Abstract The antioxidant potential of the crude extract and different fractions of Cystoseira
Antioxidant; trinodis collected from Mandapam coast was determined using total antioxidant capacity and
Brown seaweed; 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity. The dichloromethane (DCM)
Chromatography; fraction isolated from crude methanolic extract by different solvent extractions exhibited prominent
Phlorotannins antioxidant activity. The DCM fraction was further fractionated with column chromatography to

yield 45 fractions. All the column-purified fractions were subjected to thin-layer chromatography,
leading to the production of 7 fractions. The antioxidant activities of crude methanolic extract and
subfractions were evaluated. The F5 fraction exhibited higher total phenol content and antioxidant
properties. Thin-layer chromatography and UV spectral analysis revealed that all subfractions
contained phenolic compounds especially phlorotannins. To the best of our knowledge, the present
study is the first report on the isolation and purification of phlorotannins from the brown seaweed
C. trinodis from India. Further phytochemical research is needed to identify the active principles
responsible for the antioxidant activity. The results can be extrapolated to clinical studies.
© 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Seaweeds are primitive non-flowering plants without root,

stem and leaves. They comprise one of the commercially
mponding author. Tel.: +91 9952202112, important-marine renewablg resources (Kamaladh.asan and
Subramanian, 2009; Selvaraj et al., 2010; Domettila et al.,
2013). They contain different vitamins, minerals, trace
elements, proteins, iodine, bromine and bioactive substances
(Christobel, 2008; Jeeva et al.,, 2012). Algal constituents
include acids, amines, antibacterial, antifungal and antiviral
substances, lipids, sterols, steroids and fatty acids, phenolic
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compounds, phytochromes, pigments, sugar, and alcohols.
They are the source of many useful products and medicines
(Raghukumar, 2011).

Studies of bioactive substances from marine algae have
been conducted in different parts of the world. Some of the
early bioactive constituents detected in marine algae were
polysaccharides and their sulfated derivatives known as
carrageenan and agar, which are used as antigens and antico-
agulants. Bhakuni and Silva (1974) were the first to review the
studies of the bioactive substances from marine algae. Com-
pounds with cytostatic, antiviral, antihelminthic, antifungal
and antibacterial activities have been detected in green, brown
and red algae (Lindequist and Schweder, 2001; Newman et al.,
2003). A series of polyphenolic compounds such as catechins
(e.g. gallocatechin, epicatechin and catechin gallate), flavonols
and flavonol glycosides have been identified from methanolic
extracts of red and brown algae (Yoshie et al., 2000; Santoso
et al., 2002; Yoshie-Stark et al., 2003).

Phlorotannins, a group of phenolic compounds restricted to
polymers of phloroglucinol, have been identified from several
brown algal families such as Alariaceae, Fucaceae and Sargass-
aceae (Wangetal., 2009). Many studies have shown that phloro-
tannins are the only phenolic group detected in brown algae
(Jormalainen and Honkanen, 2004; Koivikko et al., 2007). They
accumulate a variety of phloroglucinol-based polyphenols as
phlorotannins of low, intermediate and high molecular weight
containing both phenyl and phenoxy units. Phlorotannins are
highly hydrophilic components with a wide range of molecular
sizes between 126 and 650 kDa (Ragan and Glombitza, 1986).
Furthermore, phlorotannins consist of phloroglucinol units
linked to each other in various ways and are of wide occurrence
among marine plants, especially brown and red algae (Singh and
Bharate, 2006). Phlorotannins purified from several brown algae
have been reported to possess strong antioxidant activity which
may be associated with their unique molecular skeleton (Ahn
et al., 2007). The multifunctional antioxidant activity of poly-
phenols is highly related to phenol rings which act as electron
traps to scavenge peroxy, superoxide anions and hydroxyl radi-
cals. Phlorotannins from brown algae have up to eight intercon-
nected rings and are therefore more potent free radical
scavengers than polyphenols derived from terrestrial plants,
including green tea catechins, which only have three to four rings
(Hemat, 2007).

The present study was undertaken to isolate and purify
phlorotannins from the brown seaweed Cystoseira trinodis
collected from the Mandapam coast of Tamilnadu, India
and assess their antioxidant properties. This study is part of
a program on screening of seaweeds for a variety of biological
activities, with interesting and potentially useful therapeutic
property.

2. Experimental

2.1. Sample collection and preparation

Live and healthy samples of the edible brown seaweed C.
trinodis were collected from the intertidal region of Mandapam
(09°17.417'N; 079°08.558'E) located in the southeast coast of
India. The collected samples were immediately brought to
the laboratory in new plastic bags containing natural sea
water. Thallus was washed thoroughly with tap water to

remove extraneous materials and shade-dried. Dry plant mate-
rial was ground in an electric mixer and stored at 4 °C.

2.2. Extraction of phenolic compounds

Fine powder of dry seaweed (25 g) was extracted with 450 mL
of methanol at room temperature for 24 h. The extraction pro-
cedure was repeated twice and the extract was filtered through
Whatmann No. 1 filter paper. The filtrate was concentrated to
dryness under reduced pressure using a rotary flash evapora-
tor. The combined methanolic extracts were evaporated under
reduced pressure to a dark green semisolid and dissolved in
distilled water. The aqueous suspension was partitioned
sequentially in three different solvents, dichloromethane
(DCM), ethyl acetate, and n-butanol, to fractionate the polar
and non-polar compounds in the crude methanolic extract.
The resulting fractions were evaporated to dryness in a rotary
evaporator to give the DCM (0.4140 g), ethyl acetate (0.202 g)
and butanol (0.151 g) fractions. All the fractions were stored at
4 °C until future use (Lim et al., 2002).

2.3. Purification of phenolic compounds

The DCM fraction was further purified because it showed high
antioxidant and anticoagulant activity. For column chroma-
tography, the DCM fraction (100 mg/mL) was placed on the
column. The column was prepared by mixing 100 g of silica
(60200 pm mesh size) and chloroform, and the mixture was
stirred until it became less viscous. The reaction was exother-
mic in nature, with the initially thick mixture loosening up
after stirring, producing a slurry.

The amount of silica was determined as at least 10% of the
extract weight i.e. as the extract was approximately 0.1 g, 100 g
of silica was used but then extra silica was added to increase
the length of the column (5.0 cm diameter X 61 cm length).
The mixture was then carefully poured into the column, which
was agitated using rubber tubing to help expel air bubbles
within the column and to facilitate the elution of compounds
more evenly. The extract previously dissolved in the reaction
mixture was then placed on top of the prepared column and
leveled off. More chloroform was used to help hydrate the
dried silica and to produce an even, thin band of the extract.

Then the fractions were eluted by starting with chloroform/
methanol in the following ratios successively: 99:1, 95:5, 90:10,
80:20 and 50:50. Each fraction was then collected in pre-la-
beled test tubes. A total of 45 fractions were collected and they
were combined by TLC. Finally, TLC led to the production of
7 subfractions. Solvents in each subfraction were removed by
using a rotary evaporator and the biological activity of the res-
idue in each subfraction was determined.

2.4. Thin-layer chromatography

Thin-layer chromatography was performed on a silica gel plate
(5 %20 cm, Kieselgel 60F, 0.25 mm, Merck). An aliquot of
each fraction was spotted on the silica gel plate with a solvent
system of chloroform/ethanol/acetic acid/water (98:10:2:2 v/v).
The spots were visualized by spraying the plates with 1%
solution of potassium ferricyanide in water and a 1% solution
of ferric chloride in water (Adegoke and Krishna, 1998). Blue
colored spots produced indicated that the fractions were phe-
nolic compounds.
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2.5. Ultraviolet and Visible (UV-Vis) Spectrophotometry

UV-Vis absorption of all the subfractions (F1-F7) dissolved in
ethanol was recorded in a spectrophotometer. The bathochro-
mic shift of the absorption maxima was determined by adding
2 drops of 2M NaOH to the sample solutions in a cuvette
(Waterman and Mole, 1994).

2.6. Determination of total phenolic content

Total phenolic content was estimated as gallic acid equiva-
lents (GAE) by using the Folin—Ciocalteu reagent (Tiitto,
1985). The seaweed fraction (0.1 mL) was diluted with
deionized water (7.9 mL). Folin—Ciocalteu phenol reagent
(0.5mL) was added, and the contents were mixed
thoroughly. After 1 min, 1.5mL of 20% sodium carbonate
solution was added, and again the mixture was mixed
thoroughly. After 1 h of incubation at 37 °C, the absorbance
of the blue color produced was measured at 750 nm, using
the PerkinElmer Lambda 25 UV-Vis spectrophotometer.
Phenolic content was expressed based on a standard curve
of gallic acid (GA), as mg gallic acid equivalent (GAE)
per gram of sample on a dry weight basis.

2.7. Total antioxidant activity

Total antioxidant activities of the all the fractions were
determined according to the method of Pricto et al. (1999).
Briefly, 0.3 mL of sample was mixed with 3 mL of reagent
(0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The reaction mixture was incubated
at 95°C for 90 min in a water bath. Absorbance of all the
sample mixtures was measured at 695 nm. A calibration curve
of ascorbic acid was prepared and the total antioxidant activity
was standardized against ascorbic acid and was expressed as
mg ascorbic acid equivalent per gram of sample on a dry
weight basis.

2.8. DPPH radical-scavenging activity

The scavenging of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical by the sample was monitored according to the method
of Yen and Chen (1995). Briefly, a 2-mL aliquot of test sample
was added to 2 mL of 0.16 mM DPPH methanolic solution.
The mixture was vortexed for 1 min and then left to stand at
room temperature for 30 min under dark conditions, and the
absorbance was read at 517 nm. The ability of the test sample
to scavenge the DPPH radical was calculated using the follow-
ing equation:

Scavenging effect (%) = [1 - (Asample - Asumple blank)/Acontrol} x 100

where A onuol 18 the absorbance of the control (DPPH solution
without sample), Agumpie the absorbance of the test sample
(DPPH solution plus test sample), and Agmpic biank the
absorbance of the sample only (sample without DPPH
solution). Synthetic antioxidants, gallic acid and ascorbic acid
were used as positive controls.

3. Results and discussion

3.1. Extraction and fractionation

An yield of about 6.452 g (25.808%) was obtained from the
methanolic extract of C. trinodis. The combined methanolic
extract was further fractionated with DCM, ethyl acetate
and butanol, which yielded 0.4140 g of DCM fraction,
0.202 g of ethyl acetate fraction and 0.151 g of butanol-soluble
fraction (Table 1). The DCM fraction with the higher antiox-
idant potential was further fractionated in a silica gel column
chromatography and 45 fractions were collected. All the 45
fractions were subjected to TLC, leading to the production
of 7 subfractions namely F1-F7.

3.2. Identification of phlorotannin

The methanolic extract was combined with water and
fractionated with DCM, ethyl acetate, n-butanol and water.
The DCM fraction which showed higher antioxidant property
was further purified by using silica gel column chromatogra-
phy to yield 45 fractions. Finally, 7 fractions were obtained
through TLC profile. The UV-Visible spectra for active
column-purified fractions of ethanol were recorded. The
spectral properties are given in Figs. 1-3.

Tentative identification of antioxidant compounds from C.
trinodis was based on TLC and UV-Vis spectra. The four
fractions isolated from the methanolic crude extract by solvent
extraction were separated by using TLC. Blue and orange
spots were observed in the DCM fraction after spraying with
the spray reagent (Table 2). This indicated the presence of
phenolic compounds. Table 2 shows the Rf values and colors
of spots from the TLC chromatograms of the seven subfrac-
tions after application of spray solution.

According to the UV-Visible spectral data (Table 3), the
seven subfractions isolated from the DCM extract contained
different components despite some fractions containing similar
absorption maxima.

The use of modifying reagent NaOH confirmed that the
peak corresponded to a phenolic compound as shifting of
the wavelengths of absorption maxima to longer ones was
observed. This effect is known as a bathochromatic shift
caused by the ionization of the phenolate ion (Waterman

Table 1 Extraction yield crude extract and fractions (% dry
weight).

Fractions Extract wt (mg) Total sample wt (g) % yield
Methanol 6452 25 25.808
EtOAc 202 25 0.808
DCM 414 25 1.656
Butanol 151 25 0.604
F1 23.1 25 0.092
F2 25.4 25 0.101
F3 13.1 25 0.052
F4 6.5 25 0.026
F5 3.3 25 0.013
F6 9.2 25 0.036
F7 10.2 25 0.040
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Figure 2 UV-Visible spectral identification of column-purified
fractions 1-4.

and Mole, 1994). The present study suggests that the absorp-
tion maxima of F1, F5 and F6 exhibited bathochromatic shift
(16 nm) with NaOH, confirming the presence of phenolic
compounds.

3.3. Total phenolic content

Phenolics are secondary metabolites that play a role in the
maintenance of the human body (Latha and Daniel, 2001).
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Figure 3 UV-Visible spectral identification of column-purified
fractions 5-7.

Table 2 Rf values and color of TLC spots.

Fraction Color Rf value
DCM Blue 0.89
Orange 0.74
Fl1 Blue 0.88
Orange 0.74
F2 Orange 0.90
F3 Orange 0.88
F4 Blue 0.82
F5 Blue 0.87
Fé6 Blue 0.76
F7 Blue 0.91

Table 3 Spectral data of isolated fractions.

Fraction Amax (nm) Bathochromic shift A,,,, (nm)

DCM 209.99, 231.68, 211.02, 215.04, 218.98, 222.09,
407.30, 665.97 230.90, 233.76, 402.05, 664.00

F1 216.02, 230.78, 209.16, 213.96, 219.09, 224.07,
403.53, 666.55 229.62, 402.30, 665.07

F2 237.07, 401.68, 208.02, 210.05, 212.99, 225.96,
666.12 233.96, 239.12, 401.50

F3 229.79 228.97

F4 230.11 207.02, 227.25

F5 206.98, 230.43 223.97

F6 208.08 223.59

F7 232.04 223.73
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These phenolics, which include phenol and flavonoids, were
estimated in the present study. Earlier reports revealed that
seaweed extracts, especially polyphenols, have antioxidant
activity (Yan et al., 1999; Lim et al., 2002; Kuda et al.,
2005). The major compounds in different seaweed extracts
have been reported to be phlorotannins and fucoxanthin
(Yan et al., 1996, 1999).

In the present study, the total phenolic content of the var-
ious fractions was determined by using the Folin—Ciocalteu
method and the results are presented in Fig. 4. The total phe-
nolic content of the crude extract and all the subfractions was
expressed as mg gallic acid equivalent (GAE) per gram of the
extract or fraction (Fig. 4). The F5 subfraction had the highest
amount of phenolic compounds (17.30 mg GAE/g) ranging
from 1.574 + 0.05 to 17.3 + 0.08 mg GAE/g. The values var-
ied significantly and decreased in the following order:
F5 > F2 > F3 > Fl > DCM > F4 > EtOAc > F6 > Met-
hanol > F7. The polyphenols present in seaweeds such as
phlorotannins (Burtin, 2003), are bi-polar in nature, and are
mostly found in brown seaweeds (Targett and Arnold, 1998),
such as C. trinodis. They function as antioxidative components
due to the presence of multiple phenolic groups. The presence
of antioxidant phlorotannins in subfraction F5 of C. trinodis
could have led to its higher phenolic content when compared
with other fractions.

3.4. Antioxidant properties

In the present study the antioxidant activity of crude extract
(Methanol), fractions (DCM and EtOAc) and subfractions
(F1-F7) was analyzed and the results are presented in Fig. 5.

In the phosphomolybdenum method, molybdenum VI
(Mo®™") is reduced to form a green phosphate/Mo’* complex.
A higher activity of 180.89 £+ 0.08 mg AscAE/g extract was
observed in the F2 fraction followed by the DCM fraction
(155.10 £ 0.09 mg AscAE/g) and F5 fraction (124.235 +
0.25 mg AscAE/g). The total antioxidant activity was signifi-
cantly different between the fractions. Published reports on
the in vitro total antioxidant activity of C. trinodis are limited.
However, Kumaran and Karunakaran (2007) have reported
total antioxidant activity in the range of 245-376 mg ascorbic
acid equivalents/g in some Phyllanthus species. Ganesan et al.
(2008) reported higher total antioxidant activity (32.01 mg As-
cAE/g) in the ethyl acetate fraction of the red seaweed
Acanthophora spicifera. Ye et al. (2009) reported higher antiox-
idant activity (30.50 pmol FeSO,4/mg) in the ethanolic extract

mg GAE/ g
-
=3

Methanol EtOAc DCM F1 F2 F3 F4 F5 F6 F7
Fractions

Figure 4 Total phenolic content of crude methanolic extract and
its subfractions.
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Figure 5 Total antioxidant activity of crude methanolic extract
and its subfractions.

of the brown seaweed Sargassum pallidum. It appears that sol-
vents 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 molecule. When DPPH
is mixed with a substrate acting as a hydrogen atom donor, a
stable non-radical form of DPPH is obtained, with the simul-
taneous change in the color of the solution from violet to pale
yellow (Molyneux, 2004). Hence, DPPH has been used exten-
sively as a free radical to evaluate reducing substances (Cotelle
et al., 1996) and is a useful reagent for investigating the free
radical-scavenging activities of compounds (Duan et al., 2000).

DPPH radical-scavenging activities (%) of crude methano-
lic extract and subfractions are presented in Fig. 6. In the pres-
ent study, higher DPPH radical-scavenging activity was
recorded in the F1 fraction (70.44%) followed by the DCM
(69.62%) and F6 (64.96%) fractions. The scavenging effect
of standards on the DPPH radical decreased in the order:
BHT > ascorbic acid > gallic acid, which was 69.27%,
57.28% and 55.75%, respectively.

Many researchers have shown that polyphenolic compounds
from marine algae have strong antioxidant activities on free rad-
icals (Heo et al., 2005; Kang et al., 2005; Shibata et al., 2008).
Antioxidant activity can be the result of specific scavenging of
radicals formed during peroxidation, scavenging of oxygen-
containing compounds, or metal-chelating ability. Results of to-
tal antioxidant activity of phlorotannins compared with
tocopherol (positive control) in the linoleic acid model system
reveal that the former had a very high potential against DPPH,
hydroxyl, superoxide and peroxyl radicals in vitro, using

w o
o o
L L

% Scavenging activity
w S
o o

~
1=

-
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BHT Methanol EtOAc DCM F1 F2 F3 F4 FS F6 F7
Fractions

Figure 6 DPPH radical scavenging activity of crude methanolic
extract and its subfractions.
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electron spin resonance technique (Li et al., 2009). Researchers
were able to overcome the sensitivity problem inherent in the
detection of endogenous radicals in biological systems by using
various phlorotannins. Several phlorotannins purified from
Ecklonia cava were found to exhibit antioxidant activity and
protect cells against hydrogen peroxide-induced damage (Kang
et al., 2005). Polyphenols are electron-rich compounds, which
are prone to enter into efficient electron-donation reactions
and produce phenoxyl radical species as intermediates in the
presence of oxidizing agents. Phenoxyl radicals are stabilized
by resonance delocalization of the unpaired electron to the
ortho and para positions of the ring. In addition, phenoxyl rad-
icals can also be stabilized by hydrogen bonding with an adja-
cent hydroxyl group. The celluclast extract of the enzymatic
hydrolysate of E. cava has been found to have antioxidant activ-
ity against hydrogen peroxide-mediated cell damage in vitro
(Kim et al., 2006). In addition, a 1 uM concentration of eckol,
phlorofucofuroeckol A, dieckol, and 8,8 -bieckol has been
shown to have potent inhibitory activity against phospholipid
peroxidation in a liposome system (Shibata et al., 2008). These
phlorotannins have significant radical-scavenging activities
against superoxide and DPPH radicals, and are found to be as
effective as ascorbic acid and a-tocopherol.

4. Conclusion

The crude methanolic extract of C. trinodis was obtained from
25 g of dried powder and the extract was further fractionated
with DCM, ethyl acetate and n-butanol. The DCM fraction
was further fractionated with column chromatography to yield
45 fractions. All the column-purified fractions were subjected
to TLC and 7 fractions were produced. The antioxidant activ-
ities of the crude methanolic extract and subfractions were
evaluated. The F5 fraction exhibited higher total phenolic con-
tent and antioxidant properties.

To the best of our knowledge, the present study is the first
report on the isolation and purification of phlorotannins from
the brown seaweed C. trinodis from India. Further phytochem-
ical research is needed to identify the active principles respon-
sible for the antioxidant activity. These results can be
extrapolated to clinical studies.
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