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Abstract Polysaccharides, galactans, obtained from edible
red seaweed Hypnea musciformis were characterized by
molecular weight and infrared spectroscopy analysis and
were evaluated for antioxidant activity in vitro and for their
effects on cell viability. The main components were galac-
tose and sulfate presenting low protein contamination.
These sulfated galactans (F1.0) showed a polydisperse pro-
file, and signs in infrared analysis were attributed to a sulfate
ester S=0 bond, the presence of a 3,6-anhydrogalactose C—
O bond, nonsulfated (3-p-galactose, and a C—O-SO,4 bond in
galactose C4. The NMR analysis showed signals at about 95
and 92 attributed to anomeric carbon of 4-linked 3,6-anhy-
dro--D-galactopyranose residue of k-carrageenans and 4-
linked 3,6-anhydro-«-D-galactopyranose2-sulfate of t-carra-
geenans. Sulfated galactan F1.0 showed strong antioxidant
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activity under lipid peroxidation assay where F1.0 at
8 mg mL™" promoted 57.92% peroxidation inhibition and
displayed the scavenging activity on hydroxyl radicals in a
dose-dependent manner leading to 32.5% scavenging of
these radicals when 5 mg mL™' of sulfated galactan F1.0
was used. The sulfated galactan fraction also exhibited
strong inhibition on the H,0,-induced hemolysis model.
Sulfated galactan F1.0 displayed low cytotoxic action in
3 T3 cells and moderate antitumoral action in HeLa cells.
These results suggest that sulfated galactan F1.0 from H.
musciformis has antioxidant potential, which is a great effect
for a compound used as food and in the food industry.

Keywords Sulfated polysaccharide - Edible seaweed -
Hypnea musciformis - Antioxidant activity

Introduction

Marine seaweeds are one of the major sources of biologic
active compounds in nature (O"Sullivan et al. 2010). Among
these compounds are the sulfated polysaccharides, which
are polymers that present several effects on the biological
process such as anticoagulant (Medeiros et al. 2008; Mao et
al. 2009), antithrombotic (Fonseca et al. 2009), antiprolifer-
ative (Costa et al. 2010), antiviral (Ohta et al. 2009), anti-
tumor (Lins et al. 2009), immunostimulating (Lee et al.
2010), anti-inflammatory (Zubia et al. 2007; Medeiros et
al. 2008), and antioxidant action (Matsuhiro et al. 2005;
Wang et al. 2008; Hu et al. 2010; Barahona et al. 2011).
Sulfated polysaccharides have a complex and heteroge-
nous structure, and they function as structural components
of the extracellular matrix of these organisms. Since 1967,
Percival and McDowell (1967) have also claimed that poly-
saccharides from red seaweed could be sulfated galactans.
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These are sulfated polysaccharides, which generally show
high molecular weight (=100 kDa) and high electronegativity
due to sulfated esters in the structure that make them fairly
anionic, enabling electrostatic interaction with specific pro-
teins leading to biologic actions (Usov et al. 1980; Pomin
2009; Silva et al. 2010). Sulfated galactans show residues
with a linear structure of alternating 3-linked 3-D-galacto-
pyranose (D configuration) and 4-linked «-galactopyranose,
which are in a D configuration in carrageenans and L
configuration in agar. Some of the residues are in anhydro-
galactose (Knutsen et al. 1994).

These polymers have a wide application in the food
industry as sulfated galactans are hydrocolloids capable of
forming aqueous gels (Lahaye 2001; Tuvikene et al. 2008),
and because of this, they are used as a texturing agent with
thickening and gelling properties for foods (McHugh 2003)
and as stabilizers. In processed meats, such as, ham and
turkey breast, carrageenans function as a water ligand agent
preventing wet loss during cooking and therefore avoiding the
undesirable dry texture of meats (Bixler and Porse 2011).

The red seaweed, Hypnea musciformis, is a natural
source of kappa carrageenan, a commercially important
galactan and therefore has been fairly exploited on the
northeastern coast of Brazil (Oliveira 1998).

The normal metabolic process as well as the exoge-
nous factors promotes oxygen reactive species genera-
tion which can induce pathologic effects such as
carcinogenesis, atherosclerosis, DNA damage, and the
degenerative process related to aging (Liu et al. 1997,
Mau et al. 2002). An antioxidant agent slows or prevents
oxidizable cellular substrate oxidation, leading to oxygen
reactive species generation inhibition or scavenging. Some
synthetic antioxidant agents such as BHA, BHT, and TBHQ
are used mainly in processed meat; however, due to safety
concerns about using these agents, there is an increasing
interest in the search for natural antioxidants (Formanek et
al. 2001).

In their natural habitat, marine seaweeds are exposed to
high oxygen concentrations and light in a combined manner,
promoting free radical generation just as other oxidizing
agents do. Therefore, seaweeds do not suffer any photody-
namic damage, which suggests the presence of antioxidant
components and mechanisms in these organisms (Matsu-
kawa et al. 1997). The aim of this study was to evaluate
the in vitro antioxidant activity of sulfated galactans from H.
musciformis.

Materials and methods
Polysaccharide fraction 1.0 (F1.0) extraction The red sea-

weed was collected on the southern coast of Rio Grande do
Norte State, Buzios Beach, Brazil. It was washed in flowing
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water, dried, crushed, and weighed in our laboratory. To the
dried seaweed were added two volumes of acetone to re-
move the lipids. Then the acetone was removed, and the
seaweed was dried one more time at room temperature
obtaining cetonic powder. To this powder were added NaCl
0.15 M (two volumes) and the proteolytic enzyme maxatase
(pH 8.0). The suspension was filtered and a supernatant
named polysaccharides crude was acquired, which was then
centrifuged at 8.000 x g for 15 min. After that, the precipitate
was discarded and the supernatant was fractionated with
increasing volumes of acetone and centrifuged (Dietrich et
al. 1995). Sulfated galactan fraction 1.0 (F1.0) was precip-
itated with one volume of acetone.

Chemical composition Total sugars were quantified by
phenol-H,SO, reaction according to Dubois et al. (1956)
using D-galactose as standard. Sulfate content was measured
after acid hydrolysis (HC1 6 N, 6 h, 100°C) by the turbidi-
metric method (Dodgson and Price 1962). Protein content
was determined by the Bradford (1976) method using
Coomassie Brilliant Blue reagent and bovine serum albumin
as standard.

Phenolic compounds were measured by the Folin
Ciocalteau method (Swain and Hills 1959) with few
modifications using 0.5 mL ethanol, 2.5 mL distilled water,
0.25 mL Folin Ciocalteau reagent, 0.5 mL sodium carbon-
ate, and 0.5 mL sulfated polysaccharides from H. muscifor-
mis (1 mg mL™"). A reagent blank was prepared using
distilled water. Absorbance was determined at 750 nm against
the blank, and a gallic acid calibration curve (0-500 mg L™")
was constructed and was used to determine the total pheno-
lic content of the samples, expressed as gallic acid
equivalents.

Molecular weight determination Molecular weight was de-
termined by gel filtration chromatography Sephadex G-100
gel column (1.2x100 cm). The column was eluted with
0.1 M NaCl at 1.2 mL/ 10 min/tube. The sulfated galactan
fraction 1.0 was assayed for sugar content using the phenol—
sulfuric acid method with D-galactose as standard (Dubois et
al. 1956) and protein content (Bradford 1976). The column
was calibrated with standard Dextran from Pharmacia (mo-
lecular weight, 10,000; 40,000; 70,000; 133,000; 482,000;
and 2,000,000 Da). A standard curve was established before
sample analysis.

Infrared and NMR spectroscopy The IR spectrum of the
sulfated galactan fraction 1.0 from H. musciformis was
carried out using a Fourier transform infrared spectropho-
tometer (FTIR, Bruker, Germany) equipped with OPUS 3.1
software. The fraction was ground with KBr powder and
then pressed into pellets for FTIR measurement in the

frequency range of 4,000-500 cm .
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13C determinations were carried out using a 200-MHz
Bruker model DRX Avance spectrometer incorporating
Fourier transform. Samples were dissolved in H,O-d and
examined at 70 °C.

Antioxidant activity assays Hydroxyl radicals scavenging
was determined by a modified Smirnoff and Cumbes
(1989) method. Phenanthroline, 0.5 mL (5 mM L),
0.75 mL phosphate buffer (20 mM; pH 7.4), and 0.5 mL
Fe,SO4 (7.5 mM L") were added to 0.5 mL of different
concentrations of sulfated galactan F1.0 (0.08—5 mg mL™").
Then 0.5 mL 15% H,0, was added and the mixture was
incubated at 37 °C for 90 min. After incubation, the mixture
was centrifuged at 1,000xg for 5 min and absorbance was
measured at 536 nm. The scavenging activity on hydroxyl
radicals was calculated using the following equation:
scavenging activity (%)=(1—Asampie/Acontro1) * 100, where
Acontrol 18 absorbance of the mixture without samples and
Agsample 18 absorbance of the mixture with samples.

Ferrous ion chelating activity was determined using
different concentrations of sulfated galactan F1.0 (0.08-
5 mg mL ") mixed with 0.025 mL FeCl, 2 mM and
incubated for 1 min at room temperature. Ferrozine,
0.1 mL, 5 mM was added and the mixture was incubated
for 20 more minutes at the same temperature. Next,
distilled water was added to reach 2 mL, and absorbance
was measured at 562 nm. The chelating activity percentage
was given by the following formula: activity rate
(%):[(Apositive control_Asample)/Apositive contro]]xlooa where
Apositive control 18 positive control absorbance (sample is
replaced by distilled water) and Agmpie refers to sample
absorbance (Saltarelli et al. 2009).

The scavenging activity on 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radicals was determined according to the Ye et al.
(2008) method with slight modifications. Different concen-
trations of 0.1 mL of sulfated galactan F1.0 (0.08—
5 mg mL™") was added to the 1.5 mL ethanol solution
0.1 mM of DPPH. After 30 min at room temperaure, the
absorbance was measured at 517 nm. The scavenging activ-
ity on DPPH radicals was calculated using the following
equation: scavenging activity (%)=(1—Asampic/Acontror) X
100, where A oniro) 1S absorbance of the ethanol solution of
DPPH without sample (sample was replaced by ethanol) and
Asamplc 18 absorbance of the ethanol solution of DPPH with
tested samples.

Superoxide radicals were generated in the phenazin
methosulphate-NADH system with 3 mL of Tris—HCI buffer
(16 mM; pH 8) containing 50 puM nitroblue tetrazolium,
10 uM phenazin methosulphate, 78 uM NADH (reduced
form), and different concentrations of sulfated galactan F1.0
(0.08-5 mg mL™"). Colorimetric reaction was detected at
560 nm (Zhang et al. 2003). Percentage of scavenging
activity on superoxide radicals was determined by the

formula: (%):[(Apositive control7Asample)/Apositive control
Anegative control)]>< 100» where Apositive control is positive con-
trol absorbance (all reagents without sample), Agmpie is
sample absorbance, and Aycgative control 1S Negative control
absorbance (NADH absence).

Reducing power was evaluated based on Yuan et al.
(2005) with slight modications. Sulfated galactan, 0.2 mL,
F1.0 in different concentrations (0.08-5 mg mL ') was
incubated with 0.5 mL phosphate buffer (0.2 M; pH 6.6)
and 0.5 mL K5Fe(CN)g (1.0% w/v) in a water bath for
20 min at 50°C. Samples were cooled and mixed with
0.5 mL TCA (10% w/v) and were then centrifuged for
10 min at 3,000xg. The supernatant (0.5 mL) was mixed
with 0.1 mL FeCl; solution (1.0%, p/v) and 0.5 mL distilled
water. Absorbance was measured at 700 nm, and the results
were expressed in absorbance. The greater the absorbance,
the greater the reducing power. As a negative control, a
buffer was used instead of the sample and as a reaction
blank all reagents were used with the exception of ferric
chloride, which was replaced by water. BHT was used as
standard antioxidant.

Lipid peroxidation inhibition was determined by acid
thiobarbituric reaction using egg yolk as an oxidable sub-
strate. The system was generated with 0.25 mL homoge-
nized egg yolk in 10% PBS (0.2 M; pH 7.4), 0.025 mL
FeSO,4 0.07 M (to start lipid peroxidation), and 0.25 mL of
sulfated galactan F1.0 in different concentrations (0.08—
5 mg mL™"). The mixture was incubated at 37°C for
30 min. After incubation, 0.75 mL 20% (v/v) trichloroacetic
acid and 0.75 mL 0.8% (w/v) thiobarbituric acid were added.
Then the mixture was shaken and heated at 100°C for
15 min and centrifuged at 2,000 % g for 10 min and measured
at 532 nm (Zhang and Yu 1997). Percentage of inhibition
of lipid peroxidation was expressed in inhibition rate
(%):[1_(Asample/Apositive contro])]>< 1003 where Asample and
Apositive control Tefers to sample and positive control absor-
bance (sample absence), respectively.

H,0,-induced hemolysis evaluation was by the Ugartondo
et al. (2009) method with slight modifications. A 10% red
blood cell suspension was added to increasing concentra-
tions of sulfated galactan F1.0 (diluted in saline solution).
Then 400 mM L' H,0, was added, and the mixture incu-
bated at 37°C for 90 min on a shaker. Erythrocytes were
incubated with only saline as the negative control. In the
positive control, hemolysis was induced by H,O, but no
treatment with sulfated galactan fraction 1.0 was done. After
incubation, the erythrocytes were centrifuged at 1,000 x g for
5 min, and the supernatant absorbance measured at 540 nm.
Results are expressed in hemolysis induced by H,O, inhi-
bition percentage (%)=(1 _(Asample_Anegative control)/ (Apositive
control_Anegative conrrol)>< 100, where Asample> Anegative control €
Apositive control TeTer to tested samples, negative control, and
positive control absorbance, respectively.
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Cytotoxic action of F1.0 on different ABO and Rh groups of

red blood cells Direct hemolytic assay was as described by
Belokoneva et al. (2003) with slight modifications. Blood
samples were collected in EDTA tubes. Red blood cells
were rinsed with PBS buffer (0.15 M; pH 7.4) until the
supernatant reached a transparent state. A 10% red blood
cell suspension in PBS buffer was incubated with different
amounts of sulfated galactan F1.0 (50, 100, 150 pg) at room
temperature for 1 and 6 h. After incubation, red blood cell
suspension was centrifuged at 1,000 x g for 5 min and super-
natants were read at 540 nm. As positive and negative
control, the red blood cell suspension was incubated under
the same conditions with 1% Triton X-100 and PBS buffer,
respectively. Results of direct hemolytic assay were
expressed as hemolysis percentage (%)=(Asample—4pBs)/
(A1% Triton x-100~4pBs)* 100, where Asample> ApBs» and 4,9,
Triton X-100 Tefers to tested samples, negative control (PBS),
and positive control (1% Triton X-100), respectively. Incu-
bation was done in triplicate using different groups of red
blood cells (A, B, AB, and O groups) as well as of different
Rh groups (A positive and A negative red blood cells).

Effect of F1.0 on cell viability (MTT assay) The MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide)
method is a cellular viability assay used to evaluate the cytotox-
icity of compounds. The cytotoxicity of sulfated galactan F1.0
was measured as previously described by Mosmann (1983)
using HeLa and 3 T3 cell lineage. Cultures were exposed
to 25, 50, and 100 pg of sulfated galactan F1.0 (triplicate)
and incubated at 37°C for 24, 48, and 72 h. After incubation,
100 uL of medium containing MTT (final concentration,
5 mg mL™") was added in each well, and plates were
incubated at 37°C for 4 h. The supernatant was removed,
and ethanol P.A. was added to each well. The plate was
mixed thoroughly to dissolve the dark blue crystals and was
then read at 570 nm.

Statistical analysis Values are presented as mean+SEM.
Analysis of variance (ANOVA) and the Turkey—Kramer
test were used for biological activity data assessment,
with p<0.05 accepted as statistically significant. ECs, and
ICsq values were calculated using GraphPad Prism 5.

Results

Crude polysaccharides were extracted from H. musciformis
and then fractionated with increasing concentrations of acetone.
From this fractionating the sulfated galactan fraction 1.0 (F1.0)
was obtained, which was precipitated with one volume of
acetone.

The chemical composition of sulfated galactan F1.0 is
presented in Table 1. The results show that sulfated galactan
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F1.0 is mainly composed of carbohydrates (49.70+0.10%)
and high sulfate content (44.59+0.015%). However, it pos-
sesses a low protein contamination (0.92+0.001%) and low
phenolic compounds content (4.79+0.016%). These results
indicate that the total phenolics and protein contents were
removed in the extraction process.

Gel filtration chromatography of sulfated galactan F1.0
monitored by total sugar content (Dubois et al. 1956) and
protein content (UV light/280 nm) showed a polydisperse
profile. Sulfated galactan F1.0 is composed of two molecular
weight populations of polysaccharides of MW 147-155 kDa.
This sulfated galactan (F1.0) showed a low contamination by
proteins.

Infrared analysis of sulfated galactan F1.0 extracted from
H. musciformis showed bands in 3,423; 2,930; 1,653; 1,416;
1,262; 1,156; 1,074; 930; 900; and 850 cm ! (Fig. 1). The
band in 1,262 cm ! was from sulfate esters S=O bond,
which refers to the presence of sulfation in the sample
(Pereira et al. 2009). This signals intensity was positively
related to the sulfate content of the tested compound (Hu et
al. 2010). Signals in 1,074 and 930 cm ' revealed the
presence of a 3,6-anhydrogalactose C—O bond. Signs in
900 and 850 cm ' were attributed to non-sulfated p-D-
galactose and a C—O—SQO4 bond in galactose C4, respective-
ly (Pereira et al. 2009). Bands in 3,423 and 2,930 cm ' were
from stretch vibration of H-O existing in the hydrogen bond
of molecules and stretch vibration of —-CH, respectively (Sun
et al. 2009).

F1.0 NMR analysis (Fig. 2) showed signals at about 95
and 92 ppm attributed to anomeric carbon of 4-linked 3,6-
anhydro-o-D-galactopyranose residue of k-carrageenans
and 4-linked 3,6-anhydro-«-D-galactopyranose 2-sulfate of
t-carrageenans (Usov and Shashkov 1985). The signal at
97.0 ppm may probably be attributed to C-1 of 3,6-anhy-
drogalactose residues in oversulfated carrabiose units having
sulfate at C-2 or C-6 of 3-linked (-D-galactose residues
(Van de Velde et al. 2002). Signal at 102.9 ppm belongs to
the anomeric carbon of 3-linked (-D-galactose residues
and is common to all the 3,6-anhydrogalactose-containing
carrageenans.

Antioxidant activity assays

Hydroxyl radicals, subsequently, radicals are the most
prejudicial reactive species and the ones that cause more
oxidative damage in biomolecules (Ke et al. 2009).
Removal of these radicals is very important for antioxidant
defense in cells and in the food system (Aruoma 1998).
Sulfated galactan F1.0 displays the scavenging activity on
hydroxyl radicals in a dose-dependent manner leading to
32.5% scavenging of these radicals when 5 mg mL™"' of
F1.0 was used, as shown in Table 2. The ECs, was
13.68 mg mL .
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Table 1 Chemical composition (% dry weight) of fraction 1.0 (F1.0) extracted from H. musciformis

Fraction Yield Total sugars Sulfate content

Protein content

Phenolic compounds Molecular weight

F1.0 59.76 49.70+0.10 44.59+0.015

0.92+0.001 4.79+0.016 147 kDa

Values are mean + SEM (n=3)

Iron has high reactivity and is known as the most impor-
tant prooxidant to lipid peroxidation. The ferrozine forms a
complex with ferrous ion (Fe?); however, in the presence of
iron chelating agents, there is an interruption of this com-
plex formation which can be evaluated by the decreasing of
red color generated by the complex. Therefore, color reduc-
tion refers to the chelating activity of the tested compound
(Qi et al. 2006). In tested concentrations, sulfated galactan
F1.0 displays low iron chelating activity with 8% of chelat-
ing activity at 5 mg mL ™" and with ECs; of 56.19 mg mL™"
(Table 2).

DPPH is a stable free radical that has been widely applied
in antioxidant test models to evaluate the ability of natural
compounds to scavenge DPPH radicals (Chen et al. 2008).
In the presence of a hydrogen donator, the DPPH radical is
reduced to diphenyl-pricryl-hydrazine, which has a yellow
color leading to decreasing absorbance at 517 nm. Thus, the
antioxidant activity of a given compound is expressed as the
scavenge ability on DPPH free radicals (Wang et al. 2010).
As shown in Table 2, sulfated galactan F1.0 displays the

342321
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scavenging activity on DPPH of 9.88% when used at
5 mg mL ™" with an ECs, of 37.46 mg mL ™.

Superoxide radicals are usually the first radicals to be
generated in cellular oxidation reactions (Liu and Ng 2000)
and function as the precursor of singlet oxygen and hydroxyl
radicals; thus, they are responsible for generating other oxi-
dant agents (Athukorala et al. 2006). In the presence of a
scavenge agent on superoxide radicals, there is a decreasing
intensity of color generation. As shown in Table 2, the
sulfated galactan F1.0 fraction has moderate scavenging
activity on superoxide radicals, showing 15.39% scavenging
activity at 5 mg mL™" with ECs, of 19.61 mg mL ™.

The reducing power presented by a compound may serve
as an indicator of its antioxidant potential (Sun et al. 2009).
In the presence of an antioxidant agent there is reduction of
K3Fe(CN)4 potassium ferrocyanide, which reacts with Fe*
forming Prussian blue (Zou et al. 2008). This leads to a
change in test solution color from yellow to blue in the
presence of antioxidants; therefore, the greater the reducing
activity of a compound, the greater the absorbance at

=
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Fig. 1 Infrared spectroscopy analysis of F1.0 polysaccharides from H. musciformis
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Fig. 2 ">C-NMR analysis of F1.0 obtained from Hypnea musciformis

700 nm. Figure 3 shows that sulfated galactan F1.0 reducing
power is dose dependent. By the studied method, in the
presence of sulfated galactan F1.0 at 5 mg mL™", the absor-
bance at 700 nm is 0.145. In previous studies in our labora-
tory with the same methodology, BHT at 4 mg mL™'
displayed 0.790 absorbance at the same wavelength. Using
the equation line, we suggest that the concentration of F1.0
necessary to achieve 0.790 absorbance is 33.4 mg mL™".
Lipid peroxidation is a consequence of the chain reaction
caused by a reactive oxygen species leading to the genera-
tion of products such as lipid hydroperoxide, which has
unpaired electrons or shows the ability to attract electrons
from other molecules causing direct or indirect DNA dam-
age (Zhu et al. 2004). The occurrence of the oxidation of
unsaturated fatty acids in biological membranes promotes
lipid radical regeneration and thus the destruction of
lipid membranes (Zubia et al. 2007). The breakdown of
these unsaturated fatty acids leads to the formation of
malondialdehyde, which acts as an index to determine the
extent of lipid peroxidation (Zhang et al. 2003). By lipid
peroxidation, the system induced in egg yolk-sulfated
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galactan F1.0 promotes 57.92% inhibition of lipid peroxi-
dation at 0.08 mg mL ™", showing the high inhibition power
of sulfated galactan F1.0 in this methodology. However, it
reaches a plateau and at 5 mg mL ™" displays 66.98% per-
oxidation inhibition with ICs, of 0.0030 mg mL ™" (Fig. 4).

H,0,-induced hemolysis Inhibition

Erythrocytes possess an abundance of polyunsaturated fatty
acids, membrane proteins, high cellular oxygen concentra-
tion, iron, and hemoglobin, and are therefore highly suscep-
tible to oxidative damage and consequently are widely used
to study oxidative damage in membranes. Erythrocyte ex-
posure to free radicals can cause lipid peroxidation, protein
damage, and hemolysis (Srour et al. 2000). Hydrogen per-
oxide is a reactive oxygen species presenting relatively high
stability, diffusion, and involvement in signaling cascades
and is thus considered an attractive oxidant model (Ugartondo
et al. 2009). Figure 4 displays the protective action of
sulfated galactan F1.0 under erythrocytes in the H,O,-in-
duced hemolysis model. Sulfated galactan F1.0 at
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Table 2 Antioxidant activity assays

Antioxidant activity F 1.0 (mg mL™") Activity (%)
Scavenging ability on 0.08 2.08+0.72
hydroxyl radical 0.16 3.75+1.77
0.31 6.88+0.88

0.63 15.00+3.54

1.25 23.75+1.77

25 26.88+2.65

5.0 32.50+1.77

Metal chelating activity 0.08 1.03£0.09
0.16 1.25+0.43

0.31 1.34+0.06

0.63 1.42+0.24

1.25 3.25+0.54

2.5 3.46+0.98

5.0 8.03+0.13

Scavenging activity 0.08 4.49+0.32
on DPPH radicals 0.16 4.49+1.30
0.31 4.89+1.01

0.63 5.60+1.44

1.25 5.98+0.96

25 6.05+0.26

5.0 9.88+0.09

Scavenging activity on 0.08 7.73+0.41
superoxide radical 0.16 7.44+1.24
0.31 9.56+1.34

0.63 10.21+0.21

1.25 11.314£0.72

2.5 12.11+0.21

5.0 15.39+1.34

Values are mean+SEM (n=3)

5 mg mL ™' promotes 67.89% hemolysis inhibition with an
IC5¢ of 0.3750 mg mL!. These data show that sulfated
galactan F1.0 possesses strong protective action.
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0.000
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Fig. 3 Reducing power of different concentrations of F1.0 from H.
musciformis. Values are mean+SEM (n=3)
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Fig. 4 Antioxidant activities of F1.0 from H. musciformis. a Lipid
peroxidation inhibition; b hemolysis induced by H,O, inhibition.
Values are mean+SEM (n=3)

Cytotoxic action of F1.0 on different ABO and Rh groups
of red blood cells

By this methodology, F1.0 showed no cytotoxic activity on
erythrocytes, which can be demonstrated by the non-
occurrence of significative hemolysis in tested concentra-
tions. No statistically significant difference was seen be-
tween erythrocytes of the Rh-positive and -negative groups
or among the erythrocytes of the B, AB, and O groups.
Thus, F1.0 does not cause erythrocyte membrane damage
in any of the blood groups tested (Fig. 5).

Effect of F1.0 on cell viability (MTT assay)

F1.0 showed low cytotoxic activity on 3 T3 lineage when
treated for 24 and 48 h. The more pronounced cytotoxic action
(Fig. 6a) was seen when this lineage was treated with 100 pg
of sulfated galactan F1.0, leading to 76+4.7% and 64+4.8%
cell viability after 24 and 48 h, respectively. After treatment
for 72 h with 25, 50, and 100 pg of sulfated galactan F1.0 in
HeLa lineage, the cell viability was 75.83+£2.51%, 72.11+
3.41%, and 60.73+3.40%, respectively. Therefore, sulfated
galactan F1.0 displays low cytotoxic action on 3 T3 cells
and moderate antitumoral action on HeLa cells (Fig. 6b).
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Fig. 5 Cytotoxic action of F1.0
from H. musciformis on different
ABO and Rh groups of red
blood cells. a Direct hemolysis
on A positive and A negative
erythrocytes. Erythrocytes were
incubated for 1 and 6 h with
different amounts of F1.0. There
was no statistically significant
difference between Rh groups
tested (P>0.05). b Direct
hemolysis on A, B, AB, and

O positive blood group erythro-
cytes. Erythrocytes were incu-
bated for 1 and 6 h with 50 ug of
F1.0. There was no statistically
significant difference (P>0.05)
between erythrocytes of B, AB,
and O blood groups. *P<0.05;
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Discussion

BHA and BHT are synthetic antioxidants (Williams et al.
1999) that are commonly used; however, they have been
associated with liver damage and carcinogenesis (Grice
1988; Qi et al. 2005). Sulfated galactan fraction 1.0 (F1.0)
acquired in this study was rich in polysaccharides with high
sulfate content. This is contrary to the Saito and Oliveira
(1990) findings that H. musciformis has a low sulfate con-
tent. However, the high sulfate content of sulfated galactan
F1.0 (49.47%) is consistent with data from the previous
studies of our laboratory which found lamba, iota, and
kappa carrageenans that possess a high degree of sulfation
(38+0.06%, 27.60+0.12%, and 17.90+0.05%, respectively)
(Souza et al. 2007) and are consistent with the De Ruiter and
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ABO group of red blood cells

Rudolph (1997) studies with commercial carrageenans with
high sulfate content (lamba, 38%; iota, 32%; and kappa,
22%). However, variations can occur due to differences in
seaweed species. Some evidence has pointed to a relation-
ship between the molecular weight and sulfation degree of
sulfated polysaccharides from seaweeds with antioxidant
activity of these polysaccharides (Zhao et al. 2004; Qi et
al. 2005). This correlation was found by Tannin-Spitz et al.
(2005) on polysaccharides from Porphyridium, where it was
demonstrated that one of the groups of polysaccharides with
the highest sulfate content (4.5%) showed 20% higher anti-
oxidant activity than the other polysaccharide group with
3% sulfate when the antioxidant capacity was evaluated by
the FOX method (Wolf 1994). Therefore, in this same study
lamba carrageenan with a sulfation degree of about 40%
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Fig. 6 Effect of F1.0 isolated from H. musciformis on cell viability. a
3 T3 cell lineage treated with F1.0 for 24 and 48 h. b HeLa cell lineage
treated with F1.0 for 72 h. **P<0.01; ***P<0.001. Values are mean+
SEM (n=3)

showed a low antioxidant effect when compared with poly-
saccharides from Porphyridium with low sulfate content.

Sulfated galactan F1.0 from H. musciformis has high
sulfate content displaying moderate or high antioxidant ac-
tivity, depending on the methodology used. Thus, there is a
need for more studies to clarify the relationship between
sulfate content and antioxidant action.

Sulfated galactan F1.0 has high molecular weight show-
ing two populations (one of 147 and another 155 kDa)
consistent with the fact that sulfated galactan F1.0 is consti-
tuted by k- and t-carrageenans. Commercial carrageenans
possess high molecular weight structures ranging from 100
to 1,000 kDa (Van De Velde et al. 2002). Studies of NMR by

Greer et al. (1984) demonstrated that carrageenan of H.
musciformis is a hybrid consisting mainly of k-carrageenan
repeating units with minor proportions of L-carrageenan.
And previously, studies of Hamilton and Carroll (1962)
had shown that Hypnea extract contains a potassium sensi-
tive fraction named k-carrageenan. All these data support
our data that Hypnea extracts contain k-carrageenan with
minor proportions of t-carrageenan. The Zou et al. (2008)
studies with sulfated polysaccharides from the lac tree (Rhus
vernicifera) showed that the higher molecular weight poly-
saccharides display lower antioxidant activity when com-
pared with the same polysaccharides with lower molecular
weight obtained after treatment with sulfur trioxide—pyri-
dine complex in DMSO at different temperatures and for
varying periods of time. However, F1.0 obtained from H.
musciformis possesses high molecular weight displaying po-
tential antioxidant action in lipid peroxidation, H,O,-induced
hemolysis inhibition, and scavenging on hydroxyl radicals.

H,0,-induced hemolysis is a process where H,O, reacts
with Fe?" in erythrocytes leading to hydroxyl radical forma-
tion, which substantially promotes hemolysis. Zhang et al.
(2003) showed sulfated polysaccharide fractions from Por-
phyra haitanensis with low protective action against H,O,-
induced hemolysis in rat erythrocytes causing about 30%
of hemolysis inhibition when the fractions were utilized
at approximately 8 mg mL'. These data show the high
inhibitory action of sulfated galactan F1.0 from H. musci-
formis on the H,O,-induced hemolysis model
in human erythrocytes. Sulfated galactan F1.0 at
0.3750 mg mL ! reaches ICs,. Besides this protective action
on H,0,-induced hemolysis, sulfated galactan F1.0 does not
cause significant damage action on erythrocyte membranes
of different ABO and Rh blood groups.

Sulfated polysaccharides from H. musciformis show low
reducing power when compared with BHT. However, sul-
fated galactan F1.0 at 2.5 mg mL ', when compared with
the chromatography column eluted polysaccharide F2 fraction
extracted from Laminaria (Saccharina) japonica at the same
concentration, shows a similar action (Wang et al. 2008).

Generation of hydroxyl radicals occurs by reaction of
Fe'? and H,0,. The sulfate group of polysaccharides can
reduce hydroxyl radical generation by Fe™? chelating activity
(Zou et al. 2008). However, our results are not consistent
with those of the study cited above since sulfated galactan
F1.0, rich in sulfate, presents moderate antioxidant activity
on hydroxyl radicals, promoting their scavenging and
presenting low Fe®" chelating activity.

Lipid peroxidation is responsible for a range of harmful
events in organisms such as inflammation, cellular aging,
and metabolic disorders (Wiseman and Halliwell 1996). Sun
et al. (2009), evaluating the antioxidant activity of purified
polysaccharides from marine fungus Penicillium sp. F23-2,
showed PS1-1, PS1-2, and PS2-1 polysaccharides at
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0.8 mg mL™" displaying high inhibitory activity 42.32%,
53.58%, and 64.70%, respectively, on lipid peroxidation
induced in egg yolk. In this same study, BHT at
0.8 mg mL ™" showed 81.32% peroxidation inhibition. These
data reveal the strong inhibitory activity of sulfated galactan
F1.0 on lipid peroxidation induced in egg yolk, where
sulfated galactan F1.0 at 0.08 mg mL™' promotes 57.92%
peroxidation inhibition.

In conclusion, the sulfated galactan F1.0 from the red
seaweed H. musciformis, composed mainly of polysacchar-
ides and sulfate, possesses high antioxidant activity on some
in vitro systems as well as moderate antitumoral action
against HeLa cells.
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