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A B S T R A C T

Sulfated polysaccharides from 11 species of tropical marine algae (one edible specie of Rhodophyta, six

species of Phaeophyta and four species of Chlorophyta) collected from Natal city coast (Northeast of

Brazil) were evaluated for their anticoagulant, antioxidant and antiproliverative in vitro activities. In the

activated partial thromboplastin time (APTT) test, which evaluates the intrinsic coagulation pathway,

seven seaweeds presented anticoagulant activity. Dictyota cervicornis showed the highest activity,

prolonging the coagulation time to double the baseline value in the APTT with only 0.01 mg/100 ml of

plasma, 1.4-fold lesser than Clexane1, a low molecular weight heparin. In the protrombin time (PT) test,

which evaluates the extrinsic coagulation pathway, only Caulerpa cupresoides showed anticoagulant

activity. All species collected showed antioxidant activities. This screening emphasized the great

antioxidant potential (total capacity antioxidant, power reducing and ferrous chelating) of four species:

C. sertularioide; Dictyota cervicornis; Sargassum filipendula and Dictyopteris delicatula. After 72 h

incubation, HeLa cell proliferation was inhibited (p < 0.05) between 33.0 and 67.5% by S. filipendula; 31.4

and 65.7% by D. delicatula; 36.3 and 58.4% by Caulerpa prolifera and 40.2 and 61.0% by Dictyota menstrualis

at 0.01–2 mg/mL algal polysaccharides. The antiproliferative efficacy of these algal polysaccharides were

positively correlated with the sulfate content (r = 0.934). Several polysaccharides demonstrated

promising antioxidant, antiproliferative an/or anticoagulant potential and have been selected for further

studies on bioguided fractionation, isolation and characterization of pure polysaccharides from these

species as well as in vivo experiments are needed and are already in progress.

� 2009 Elsevier Masson SAS. All rights reserved.
1. Introduction

Sulfated polysaccharides comprise a complex group of macro-
molecules with a wide range of important biological properties.
These anionic polymers are widespread in nature, occurring in a
great variety of organisms such as mammals and invertebrates
[1,2]. Marine algae are the most important source of non-animal
sulfated polysaccharides. Furthermore, the structure of algal
sulfated polysaccharides varies according to the species of algae
[3,4]. Thus, each new sulfated polysaccharide purified from a
marine alga is a new compound with unique structures and,
consequently, with potential novel biological activities.

Sulfated polysaccharides are found in varying amounts in three
major divisions of marine algal groups, Rhodophyta, Phaeophyta
and Chlorophyta. These compounds found in Rhodophyta are
manly galactans consisting entirely of galactose or modified
galactose units [5,6]. The general sulfated polysaccharides of
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Phaeophyta are called fucans, which comprise families of
polydisperse molecules based on sulfated L-fucose. Heterofucans
are also called fucoidans [4,7–9]. The major polysaccharides in
Chlorophyta are polydisperse heteropolysaccharides, although,
homopolysaccharides also may be found [10–12].

Sulfated polysaccharides from algae possess important phar-
macological activities such as anticoagulant, antioxidant, anti-
proliferative, antitumoral, anticomplementary, anti-inflammatory,
antiviral, antipeptic and antiadhesive activities [13–15]. The
relationship between structure and biological activities of algal
sulfated polysaccharides are not yet clearly established [4].
However, it is most likely than some structural features are
required for biological activities, especially sulfate clusters to
ensure interactions with cationic proteins [16]. Indeed, the
importance of the molecular size has been reported [17,18].

Anticoagulant activity is among the most widely studied
properties of sulfated polysaccharides. Unfractionated heparins
and low molecular weight heparins are the only sulfated
polysaccharides currently used as anticoagulant drugs. However,
these compounds have several side effects such as bleeding and
thrombocytopenia, which increasing the necessity to look for
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alternative sources of anticoagulant agents [2]. Algal sulfated
polysaccharides have been described to possess anticoagulant
activity similar to heparin. Various sulfated polysaccharides have
been extracted from species from order Bryopsidales (Chloro-
phyta) and Dictyotales and Fucales (Phaeophyta) [5,19,20]. The
proposed mechanisms of action of these compounds are pre-
dominantly related to the ‘‘in vitro’’ inhibition of factors Xa and IIa
mediated by antithrombin and heparin cofactor II [3].

In the last years, the search for natural antioxidant compounds
has gained considerable attention and the number of publications
on antioxidants and oxidative stress has nearly quadrupled.
Antioxidants compounds play a role in a wide range of common
diseases and age-related degenerative conditions. These include
cardiovascular disease, inflammatory conditions and neurode-
generative disease such as Alzheimer’s disease, mutations and
cancer [21,22]. In recent years, algal sulfated polysaccharides,
especially that extracted from Phaeophyta, have been demon-
strated to play an important role as free-radical scavengers and
antioxidants for the prevention of oxidative damage in living
organisms [23–25].

A role of sulfated polysaccharides from algae as antineoplastic
agents has also been suggested. Several investigations have
reported that sulfated polysaccharides have antiproliferative
activity in cancer cell lines in vitro, as well as inhibitive activity
in tumors growing in mice [24,26]. Moreover, these polymers have
been reported to induce apoptosis in several cancer lines and
stimulate immune system cells to induce tumor cell death [27,28].
In addition, they have antimetastatic activity blocking the
interactions between cancer cells and the basement membrane
[29]. Finally, some algal sulfated polysaccharides have been found
to inhibit angiogenesis by interfering with the binding of vascular
endothelial growth factor [30] and basic fibroblast growth factor
(bFGF) to their respective receptors [31].

Thus, marine algae are among the richest sources of known and
novel bioactive sulfated polysaccharides. However, very little
research has focused on tropical seaweeds as a source of sulfated
polysaccharides with potential biological activities. The Braziĺs
northeast coast possesses a tropical climate with annual medium
temperatures above 25oC. Additionally, recent studies have
demonstrated promising results for sulfated polysaccharides from
tropical seaweeds for several biological activities [8,18,20,32,33].
On the basis of these considerations, the purpose of the present
study was to obtain sulfated polysaccharides from 11 selected
tropical algal species and to evaluate their anticoagulant and
antioxidant activities in vitro and antiproliferative activity against
cancer cell line HeLa. Our results show several noteworthy
differences in the activities of polysaccharides from different
species of algae, which are likely connected to differences in the
chemical structure of these compounds. This work was directed to
the selection of the most active sulfated polysaccharide samples to
be studied further as potential novel drugs for thrombosis,
antioxidant and/or cancer therapy.

2. Materials and methods

2.1. Materials

Potassium ferricianyde, ferrous sulphate II and sulfuric acid
were obtained from Merck (Darmstadt, Germany). HeLa cells were
obtained from American Type Culture Collection (Manassas, VA).
Cell culture medium components (minimum essential medium
[MEM], L-glutamine, sodium bicarbonate, non-essential amino
acids, sodium pyruvate, foetal bovine serum [FBS] and phosphate
buffered saline [PBS]) were purchased from Invitrogen Corporation
(Burlington, ON). All other solvents and chemicals were of
analytical grade.
2.2. Extraction of sulfated polysaccharides fractions

Eleven species of seaweeds were collected along the coast of
Natal, Brazil. The Phaeophyta: Dictyota cervicornis (Kuetzing);
Dictyopteris delicatula (Lamouroux); Dictyota menstrualis (Hoyt,
Schnetter); Dictyota mertensii (Martius, Kuetzing); Sargassum

filipendula (C. Agardh) and Spatoglossum schroederi (C. Agardh,
Kützing). The edible Rodophyta gracilaria caudata (J. Agardh), the
Chlorophyta Caulerpa cupressoides (west) (C. Agardh); Caulerpa

prolifera (P. Forsskal, Lamouroux); Caulerpa sertularioides

(S.G. Gmelin, M. Howe); Codium isthmocladum (Vickers). Immedi-
ately after collection, the alga was identified by Dr Eliane Marinho
from Centro de Biociências/UFRN, Natal, RN, Brazil. The seaweeds
were stored in our laboratory and dried at 50 8C under ventilation in
an oven, ground in a blender and incubated with acetone to
eliminate lipids and pigments. About 50 g of powdered algae was
suspended with five volumes of 0.25 M NaCl and the pH was
adjusted to 8.0 with NaOH. Ten milligrams of maxataze, an alkaline
protease from Esporobacillus (BioBrás, Montes Claros, MG, Brazil),
was then added to the mixture for proteolytic digestion. After
incubation for 24 h at 60 8C under agitation and periodical pH
adjustments, the mixture was filtered through cheesecloth and
precipitated with 2.0 volumes of ice-cold acetone under gentle
agitation at 4 8C. The precipitate formed was collected by
centrifugation at 10,000 g for 20 min, dried under vacuum,
resuspended in distilled water and reserved to posterior analysis.

2.3. Chemical methods and composition

Total sugars were estimated by the phenol-H2SO4 reaction
[34] using D-galactose as a standard. After acid hydrolysis of
the polysaccharides (6 N HCl, 100 8C, 4 h) sulfate content
was measured by the toluidine method as previously described
[35].

2.4. Determination of total antioxidant capacity

The assay is based on the reduction of Mo (VI) to Mo (V) by the
sulfated polysaccharide and subsequent formation of a green
phosphate/Mo(V) complex at acid pH [36]. The tubes containing
sulfated polysaccharides and reagent solution (0.6 M sulfuric acid,
28 mM sodium phosphate and 4 mM ammonium molybdate) were
incubated at 958 C for 90 min. After the mixture had cooled to room
temperature, the absorbance of each solution was measured at
695 nm against a blank. The antioxidant capacity was expressed as
ascorbic acid equivalent.

2.5. Hydroxyl radical scavenging activity assay

The scavenging activity of seaweed polysaccharides against the
hydroxyl radical was investigated using Fenton’s reaction
(Fe2 ++ H2O2! Fe3 ++ OH� + OH�). These results were expressed
as an inhibition rate. Hydroxyl radicals were generated using a
modified method [37] in 3 mL sodium phosphate buffer (150 mM,
pH 7,4), which contained 10 mM FeSO4. 7H2O, 10 mM EDTA, 2 mM
sodium salicylate, 30% H2O2 (200 mL) and varying polysaccharide
concentrations. In the control, sodium phosphate buffer replaced
H2O2. The solutions were incubated at 378 C for 1 h, and the
presence of the hydroxyl radical was detected by monitoring
absorbance at 510 nm.

2.6. Superoxide radical scavenging activity assay

The assay was based on the capacity of sulfated polysaccharides
fractions to inhibit the photochemical reduction of nitroblue
tetrazolium (NBT) in the riboflavin–light–NBT system [38]. Each



Table 1
Chemical composition and anticoagulant activity of sulfated polysaccharides from

tropical seaweeds.

Alga Total sugars/sulfate (%/%) APTTa PTa

D. cervicornis 0.62 0.010 nd

D. delicatula 0.37 0.040 nd

D. menstruallis 0.23 – –

D. mertensis 0.36 0.040 nd

S. filipendula 0.49 nd nd

S. schroederi 0.23 – –

G. caudata 0.19 nd nd

C. cupresoides 0.31 0.050 0.020

C. prolifera 1.12 0.040 nd

C. sertularioides 0.90 0.100 nd

C. isthmocladum 0.75 0.040 nd

Heparina1 – 0.001 0.002

Clexane1 – 0.007 –

APTT: activated partial thromboplastin time; PT: protrombin time; nd: antic-

oagulant activity not detected at concentrations tested; –: not determinated.
a Data are reported as concentration (mg/mL) required to double APTT compared

to saline control.
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3 mL reaction mixture contained 50 mM phosphate buffer (pH 7.8),
13 mM methionine, 2 mM riboflavin, 100 mM EDTA, NBT (75 mM)
and 1 mL sample solution. The production of blue formazan was
followed by monitoring the increase in absorbance at 560 nm after
a 10 min illumination from a fluorescent lamp. The entire reaction
assembly was enclosed in a box lined with aluminum foil. Identical
tubes with the reaction mixture were kept in the dark and served
as blanks.

2.7. Ferric chelating

The ferrous ion chelating ability of samples was investigated
according to posterior studies [23]. Briefly, the reaction mixture,
containing samples of FeCl2 (0.05 mL, 2 mM) and ferrozine (0.2 mL,
5 mM), was shaken well and incubated for 10 min at room
temperature. The absorbance of the mixture was measured at
562 nm against a blank.

2.8. Reducing power

The reducing power of the samples was quantified as described
later [23]. Briefly, 4 mL of reaction mixture, containing different
sample concentration in phosphate buffer (0.2 M, pH 6.6), was
incubated with potassium ferricyanide (1% w/v) at 50 8C for
20 min. The reaction was terminated by TCA solution (10% w/v).
The solution was then mixed with distilled water and ferric
chloride (0.1% w/v) solution and the absorbance was measured at
700 nm. The result was expressed as a percentage of the activity
shown by 0.2 mg/mL of vitamin C.

2.9. Cell proliferation studies.

HeLa cells were grown in 75 cm2 flasks in Dulbecco’s Modified
eagle medium (DMEM) medium. Cells were seeded into 96-well
plates at a density of 5 � 103 cell/well and allowed to attach
overnight in 300 mL medium incubated at 37 8C, 5% CO2. The
sulfated polysaccharides fractions were added at a final concen-
tration of 0.01; 0.1; 1.0 and 2.0 mg/mL, for 72 h at 37 8C and 5% CO2.
After incubation, traces of sulfated polysaccharides fractions were
removed by washing the cells twice with 200 mL PBS and applying
100 mL of fresh medium plus and 10 mL of 12 mM 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
dissolved in PBS to determine the effects of the algal sulfated
polysaccharides on cell proliferation. Cells were then incubated for
4 h at 37 8C, 5% CO2. To solubilize the product of MTT cleavage,
100 mL of isopropanol containing 0.04 N HCl was added to each
well and thoroughly mixed using a multichannel pipettor. Within
1 h of HCl-isopropanol addition, the absorbance at 570 nm was
read using a Multiskan Ascent Microplate Reader (Thermo
Labsystems, Franklin, MA). The percent inhibition of cell prolifera-
tion was calculated as follows:

%Inhibition ¼ Abs:570 nm Control� Abs:570 nm sample

Abs:570 nm Control
� 100

Each concentration of the respective sulfated polysaccharide
was assayed in seven fold.

2.10. Anticoagulant activity

All the protrombin time (PT) and activated partial thrombo-
plastin time (APTT) coagulation assays were performed with a
coagulometer as described earlier [18] and measured using citrate-
treated normal human plasma. All assays were performed in
duplicate and repeated at least three times on different days
(n = 6).
2.11. Statistical analysis

All data were expressed as mean � standard deviation. Statistical
analysis was done by one-way Anova using the SIGMAStat version
2.01 computer software. Student-Newmans-Keuls post-tests were
performed for multiple group comparison. In all cases statistical
significance was set at p < 0.05.

3. Results

3.1. Chemical analysis

Using a methodology that combined proteolysis and acetone
precipitation, we obtained sulfated polysaccharides from 11 tro-
pical seaweeds from Braziĺs Northeast littoral. The chemical
analysis of sulfated polysaccharides is summarized in Table 1. The
Rodophyta G. caudata presented the lowest total sugar/sulfate
ratio (0.19). The total sugar/sulfate ratio from sulfated poly-
saccharides from Phaeophyta species ranged from 0.23
(D. menstruallis) to 0.62 (D. cervicornis). Interestingly, with
exception of sulfated polysaccharides from C. cupresoides, of all
polysaccharides those one from Chlorophyta, C. prolifera,
C. sertularioides and C. isthmocladum were great sulfated
polysaccharides with 1.12, 0.90 and 0.75 total sugar/sulfate ratio,
respectively. Additionally, the presence of sulfated polysacchar-
ides for all seaweeds also was confirmed by agarose gel
electrophoresis (data not shown).

3.2. Anticoagulant activity by APTT and PT assays

The anticoagulant activity of sulfated polysaccharides is
depicted in Table 2. Polysaccharides from two algae showed no
anticoagulant activity in all conditions tested (G. caudata and
S. filipendula). In the APTT test, which evaluates the intrinsic
coagulation pathway, seven seaweeds presented anticoagulant
activity: D. cervicornis; D. mertensis; D. delicatula; C. isthmocladum;
C. prolifera; C. sertularioides and C. cupresoides (Table 2).
D. cervicornis showed the higher activity, prolonging the coagula-
tion time to double the baseline value in the APTT with only
0.01 mg/100 ml of plasma, 1.4-fold lesser than Clexane1, a low
molecular weight heparin. In PT test, which evaluates the extrinsic
coagulation pathway, only C. cupresoides showed anticoagulant
activity, doubling time clotting in the concentration of 0.02 mg/
100 ml of plasma.



Table 2
Hydroxyl and superoxide radical scavenging activity of sulfated polyssacharides

from tropical seaweeds.

Alga Concentration Inhibition (%)

(mg/mL) OH O2

D. cervicornis 0.05 0�0 2.2�3.8

0.1 0�0 22.1�3.1

0.25 0�0 30.7�2.1

0.5 0�0 29.4�0.8

D. delicatula 0.05 0�0 0�0

0.1 0�0 13.3�3.7

0.25 0�0 23.1�1.8

0.5 0�0 32.5�2.4

D. menstruallis 0.05 3.6�0.7 0�0

0.1 4.3�2.4 0�0

0.25 4.7�1.2 5.2�2.5

0.5 8.7�3.1 16.8�3.1

D. mertensis 0.05 2.4�0.8 2.8�0.4

0.1 2.6�0.7 4.1�0.8

0.25 3.6�0.4 7.7�1.0

0.5 7.5�1.2 9.0�0.7

S. filipendula 0.05 0�0 0�0

0.1 0�0 0�0

0.25 0�0 0�0

0.5 0�0 0�0

S. schroederi 0.05 0�0 0�0

0.1 0�0 0�0

0.25 0�0 0�0

0.5 0�0 0�0

G. caudata 0.05 1.4�1.1 0�0

0.1 2.4�2.2 0�0

0.25 3.8�1.3 0�0

0.5 8.0�3.1 0�0

C. cupressoides 0.05 0�0 0�0

0.1 0�0 0�0

0.25 0�0 0�0

0.5 0�0 0�0

C. prolifera 0.05 0�0 0�0

0.1 0�0 0�0

0.25 0�0 0�0

0.5 0�0 0�0

C. sertularioides 0.05 4.5�2.4 13.8�1.0

0.1 8.4�9.0 17.8�0.3

0.25 9.0�1.8 21.0�2.7

0.5 11.8�0.5 23.3�0.5

C. isthmocladum 0.05 0�0 0�0

0.1 0�0 0�0

0.25 0�0 0�0

0.5 0�0 0�0

Gallic acid 0.05 11.6�1.7 28.9�3.8

0.1 43.6�2.4 41.8�4.7

0.25 64.3�3.0 72.1�2.9

0.5 93.7�3.7 86.3�3.1
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3.3. Antioxidant activity

Antioxidant activity was evaluated in different assays:
total capacity antioxidant (TCA), scavenging hydroxyl and
superoxide radicals, power reducing and ferrous chelating. In
the total antioxidant capacity (expressed as ascorbic acid
equivalents) all seaweeds showed activity (Fig. 1). The sulfated
polysaccharides from Chlorophyta C. isthmocladum and from
Phaeophyta S. schroederi showed the lowest activity with 9.2
and 14.4 mg/g of acid ascorbic equivalents. Moreover, the
sulfated polysaccharide from Rodophyta G. caudata had the
greatest activities with approximately 53.9 mg/g of acid ascorbic
equivalents.
Only the sulfated polysaccharides from D. mertensis,
D. menstruallis, G. caudata and C. sertularioides have shown activity
in hydroxyl radical scavenging. Sulfated polysaccharides from
C. sertularioides at 0.5 mg/mL showed 11.8% scavenging activity
whereas those from D. mertensis, D. menstruallis and G. caudata at
the same concentration showed 8.7, 7.5 and 8.0% scavenging
ability, respectively. For this assay, gallic acid showed 93.7% radical
scavenging effect at 0.5 mg/mL concentration. In fact, the
inhibitory ability of the sulfated polysaccharides from seaweeds
was inferior to those of the commercial counterparts such as acid
gallic (Table 2).

Superoxide anion scavenging results with the presence of the
sulfated polysaccharides and commercial antioxidant are exhib-
ited in Table 2. In this assay, the Rodophyta G. caudata and
Phaeophyta S. filipendula and S. schroederi did not showed
antioxidant activity, while C. sertularioides was the unique
Chlorophyta with superoxide radical scavenging activity (23.3%
of scavenging at 0.5 mg/mL). The sulfated polysaccharides from
Phaeophyta D. cervicornis and D. delicatula showed the greatest
superoxide radical scavenging activity with approximately 2.6 and
2.9-fold lesser than gallic acid, respectively, at 0.5 mg/mL.

Antioxidants inhibit interaction between metal and lipid
through formation of insoluble metal complexes with ferrous
ion or generation of steric hindrance. The iron-chelating capacity
test measures the ability of antioxidants to compete with ferrozine
in chelating ferrous ion. Activity is measured as the decrease in
absorbance of the red Fe2+/ferrozine complex. The plot of iron-
chelating capacity as a function of sample concentration is shown
in Fig. 2. The results revealed that sulfated polysaccharides from
C. isthmocladum, S. filipendula and S. schroederi do not presented
significative ferrous chelating capacity. It was clear that the effect
of the sulfated polysaccharides on the chelating capacity was dose-
dependent upon concentrations. The most active compounds were
from green seaweeds C. prolifera and C. sertularioides with 69.9 and
57.8% of ferrous chelating, respectively, at 2 mg/mL. Indeed the
activity of sulfated polysaccharides from C. prolifera was only
1.36 times lower than EDTA activity at the same concentration
under the same experimental condition. From the members of
Phaeophyta tested, the sulfated polysaccharide from D. cervicornis

(2.0 mg/mL) and D. mertensis (2.0 mg/mL) presented the most
potent ferrous chelating activity with 46.1 and 43.3%, respectively,
while the Rhodophyta G. caudata showed 40.2% of ferrous
chelating activity at 1.5 mg/mL.

The reducing power assay was expressed as percentage activity
of ascorbic acid control at 0.2 mg/mL and the data are showed in
Fig. 3. The polysaccharides are arranged from the highest to the
lowest activity, which ranged from 19 to 110%. The reducing
activity of the polysaccharides from brown seaweeds, except
S. schroederi, was greater than that of any of the seaweeds, among
of them, the polysaccharides from S. filipendula were the most
potent compounds. Thus, three groups were clearly distinguish-
able; the first group including polysaccharides from C. sertularioides

(59.3%) and those from brown seaweeds, except S. schroederi;
the second group including polysaccharides from S. schroederi,
the Rodophyta G. caudata and the green seaweeds; and third
group including sample with low activity, polysaccharides from
C. isthmocladum.

3.4. Antiproliferative activity

The viability of HeLa cells treated with sulfated polysaccharides
for 72 h was determined using a colorimetric MTT-based assay
(Fig. 4). All sulfated polysaccharides showed antiproliferative
activity in a dose-dependent manner. Among the Chlorophyta
sulfated polysaccharides from C. prolifera was the most active with
57.1% of cell proliferation inhibition at 0.1 mg/mL. The sulfated



Fig. 1. Total antioxidant capacity of sulfated polysaccharides from tropical seaweeds. The results are expressed as ascorbic acid equivalents. Data are expressed as

means� standard deviation. Different letters indicates a significant difference between sulfated polysaccharides by one-way Anova followed by Student-Newman-Keuls test (p < 0.05).

Fig. 2. Chelating effect of sulfated polysaccharides from tropical seaweeds on ferrous ions. Data are expressed as means � standard deviation. Different letters indicates a

significant difference between concentrations of individual algal sulfated polysaccharides by one-way Anova followed by Student-Newman-Keuls test (p < 0.05).

Fig. 3. Reducing power of sulfated polysaccharides from tropical seaweeds. Data are expressed as means � standard deviation. Reducing power is expressed as a percentage of

the activity shown by 0.2 mg/mL of ascorbic acid. Different letters indicates a significant difference between concentrations of individual algal sulfated polysaccharides by one-way

Anova followed by Student-Newman-Keuls test (p < 0.05).
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Fig. 4. Influence of sulfated polysaccharides from tropical seaweeds on inhibition of cell proliferation of HeLa cells after 72 h incubation. Different letters indicates a significant

difference between concentrations of individual algal sulfated polysaccharides by one-way Anova followed by Student-Newman-Keuls test (p < 0.05).
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polysaccharides from C. isthmocladum, C. cupresoides, C. sertularioides

have also shown high antiproliferative activity 42.1, 38.4 and 36.4%,
respectively, but only at 2.0 mg/mL. The Rhodophyta G. caudata and
the Phaeophyta D. cervicornis, D. mertensis and S. schroederi showed
similar antiproliferative effect. Interestingly, sulfated polysacchar-
ides from S. filipendula was the most active with 61.1% of cell
proliferation inhibition at 0.1 mg/mL, while sulfated polysacchar-
ides from D. delicatula and D. menstruallis also presented an excellent
antiproliferative activity in high concentration (2.0 mg/mL) with
61.0 and 58.4% of inhibition ratio, respectively.

4. Discussion and conclusion

Several works have shown antioxidant, anticoagulant and/or
antiproliferative sulfated polysaccharides from green seaweeds of
the order Bryopsidales and from brown seaweeds of the orders
Fucales and Dictyotales [20,25,26,39]. Various species from these
orders are common along the Natal city coast (Brazil). However,
biological proprieties of their sulfated polysaccharides have not yet
been studied. Therefore, evaluation of the polysaccharide bioac-
tivity of these algae seems to be imperative for the utilization of
this rich resource. Thus, in this study, we have chosen abundant
seaweeds of Natal coast belong the orders Fucales (S. filipendula),
Dictyotales (D. cervicornis, D. delicatula, D. menstrualis, D. mertensis

and S. schroederi) and Bryopsidales (C. cupressoides, C. prolifera,

C. sertulariodes and C. isthmocladum). In addition, the red alga
G. caudata was also chosen because it is the unique macroalga used
as food by local people. The sulfated polysaccharides from these
algae were extracted and their antioxidant, anticoagulant and
antiproliferative activities were analyzed. The sulfated polysac-
charides from S. schroederi and D. menstruallis were not tested as
anticoagulant agents since early we have studied them as
anticoagulant polysaccharides [7,8,18,40].

The sulfated polysaccharides from S. filipendula and G. caudata

have not shown anticoagulant activity. This was a surprising result
considering the sulfate content of the polysaccharide. Possibly, the
presence of nonsulfate monosaccharides units at the nonreducing
terminal ends of the branches found in the polysaccharide may
prevent their interaction with coagulation cofactors and their target
proteases. A similar observation was reported for a variety of
sulfated galactans from marine invertebrates and heterofucans from
brown seaweeds. In this case, insertion of nonsulfated mono-
saccharide residues as branched units abolished the anticoagulant
effect of the polysaccharide [7,8,41]. D. cervicornis produces the
most potent anticoagulant sulfated polysaccharides followed by
D. delicatula, D. mertensis, C. prolifera and C. isthmocladum. There
was not correlation between total sugar/sulfate and APTT test
(R2 = 0.059). These data is in agreement with several works that
clearly show that the anticoagulant effect of sulfated polysacchar-
ides was stereo-specific and not merely a consequence of their
charge density or sulfate content [3,4]. None of the sulfated
polysaccharides assayed were more active than heparins, antic-
oagulant drugs used as the positive control. However, it is necessary
to take into account that heparin is a pure compound and a reference
drug. On the other hand, the sulfated polysaccharides from
D. cervicornis prolonging the coagulation time to double the baseline
value in the APTT with only 0.01 mg/100 ml of plasma, 1.4-fold lesser
than low molecular weight heparin. Although our investigation did
not involve structure elucidation, the literature search revealed that
sulfated polysaccharides from brown seaweed are fucans [4], thus
we believe that the potent anticoagulant activity of D. cervicornis

comes from its fucans. Further to this study the seaweeds
D. delicatula, D. mertensis, C. prolifera, C. isthmocladum and as well
as D. cervicornis have been selected for further bioguided fractiona-
tion and isolation of active anticoagulant polysaccharides.

Total antioxidant activity of total polysaccharides from the
macroalgae is presented on Fig. 1. In this phosphomolybdenum
method, Mo (VI) is reduced to form a green phosphate/Mo (V)
complex. The polysaccharides are arranged from the highest to the
lowest activity, which ranged from 53.9 to 9.2 mg/g of acid
ascorbic equivalents. Interesting, 9.2 mg/g of acid ascorbic
equivalents have been considering high antioxidant activity for
several authors. For example, Kumar et al., who found extracts with
high total antioxidant from seaweeds Padina tetrastomatica and
Turbinaria conoides with 9.79 and 9.65 mg ascorbic acid equiva-
lent/g extract, respectively [42]. Anyway, the antioxidant activity
of the tropical seaweeds found herein is not surprising because
these seaweeds live in highly dynamic upper littoral areas
characterized by numerous stress factors (i.e. high irradiance,
temperature and desiccation) which stimulate the algae produce
high amount of antioxidant compounds, including polysacchar-
ides.
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Polysaccharide-rich extract from the seaweed Eklonia kava have
shown high superoxide anion scavenging ability (65%), at 0.5 mg/
mL [43]. Fucoidans (sulfated polysaccharides) from the seaweed
Laminaria japonica [23] and ulvans (sulfated polysaccharides) from
the seaweed Ulva pertusa [44] have much stronger scavenging
activity on superoxide radical than vitamin C. In addition, these last
two works have proposed that the scavenging ability is depend on
the sulfate content, high sulfated polysaccharides have higher
scavenging activity than low sulfated polysaccharides. Moreover,
when chitosan was sulfated it exhibited high scavenging activity in
comparer to original compound [45]. In this work, from 11 algal
polysaccharides analyzed, only five sulfated polysaccharides have
shown scavenging abilities over superoxide anion. However, their
scavenging activity was weak thus the EC50 was not read. We did
not find correlation between polysaccharide sulfate content and
superoxide anion scavenging ability which indicates that scaven-
ging activity of the sulfated polysaccharides studied here is
depending on spatial patterns of sulfate groups and it is unlikely to
be merely a charge density effect.

For hydroxyl radical, there are two type of antioxidant
mechanism: one suppresses the generation of the hydroxyl radical
and the other scavenges the hydroxyl radicals generated. In the
former, the antioxidant activity may link to the metal ions which
H2O2 to give the metal complexes. The metal complexes thus
formed cannot further react with H2O2 to give a hydroxyl radical
[44]. Fucans from Padina gymnospora and Fucus vesiculosus and
sulfated galactans from Gigartina acicularis, Eucheuma cottonii and
E. spinosa have high activity as hydroxyl radical scavengers [25,46].
Whereas fucoidan from Laminaria japonica presents a weak activity
[47]. In this work, all the polysaccharides from the tropical
seaweeds were poor effective hydroxyl radical scavengers. On the
other hand, polysaccharides from seven seaweeds have shown
excellent chelating ability on ferrous ions. Ferrous ions are
considered to be the most effective pro-oxidants present in food
systems [48]. The high chelating effect of these polysaccharides,
mainly those from the edible G. caudata, also would be beneficial if
they were formulated into foods. And the metal-chelating property
of these polymers showed that they might be applied in
adsorption, metal ions separation or wastewater treatment.

The reducing power of sulfated polysaccharides from different
seaweeds was determined in this study. They were divided into
three groups according their reducing power, amongst the
samples, the highest amount of reducing power was observed in
sulfated polysaccharide from S. filipendula, followed by sulfated
polysaccharide from D. cervicornis. Indeed, polysaccharides from
S. filipendula were stronger than vitamin C. This result also
indicated that compounds with strongest reducing power were
concentrated in the brown seaweeds. Moreover, the relation
between reducing power and sulfate content was not significant.
Fucans from L. japonica [23] and ulvans from U. pertusa [44] have
shown reducing power, however their effects were weaker than
that of vitamin C. The reducing activities were usually related to
the development of reductones. Reductones were reported to be
terminators of free radical chain reactions by donating a hydrogen
atom. In most cases, irrespective of the stage in the oxidative chain,
in which the antioxidant action is assessed, most non-enzymatic
antioxidative activity is mediated by redox reactions [49]. Thus,
several workers have reported that the antioxidant activity was
concomitant with the reducing power. Our data on the reducing
power of all polysaccharides suggested that it was likely to
contribute toward the observed antioxidant effect.

Here, we have found sulfated polysaccharides with high activity
in some antioxidant test whereas in other tests their activity was
quit low. The relationship between the structure of these seaweed
polysaccharides and antioxidative mechanisms has not yet been
elucidated. Therefore, it is of great interest to have available highly
purified and well-characterized seaweed polysaccharides with
which to elucidate their mode of action.

Antiproliferative activity of many sulfated polysaccharides has
been reported in recent years. Ulvans from U. lactuca inhibits human
epithelial colorectal adenocarcinoma cells (CACO-2) proliferation
[50]. Fucans were effective against several tumor cells, like as HL60
cells [26], sarcoma 180 [51], murine colon cancer cell line (CT-26);
mouse melanoma cell line (B-16), human leukemia cell line (U-937)
[43]. In this work, all sulfated polysaccharides showed antiproli-
ferative activity in a dose-dependent manner. Correlation coefficient
analyses showed that there were no significant relationships
between sulfated content of polysaccharide algal and inhibition of
HeLa cell proliferation. However, when the analyses were made only
with those most potent antiproliferative polysaccharides (from the
algae C. prolifera, S. filipendula, D. delicatula and D. menstruallis) a high
positive relationship between sulfate content and inhibition of HeLa
cell proliferation (R2 = 0.934) was found. These indicate that the fine
structural feature of the polysaccharide is very important for their
antiproliverative activity. It has been reported that the polysacchar-
ide bioactivities of seaweeds are closely related to several structural
parameters, such as the degree of sulfation, the molecular weight,
the sulfation position, type of sugar and glycosidic branching [52].
Also, the sulfate content of a sulfated polysaccharide is one of the
most important factors for its biological effects.

In conclusion, we have extracted sulfated polysaccharides from
the 11 tropical seaweeds which have shown anticoagulant,
antioxidant and antiproliferative activities at different level of
activity. It was clear that their biological activities were dependent
to their fine structural features. Further work will identify and
purified the actives polysaccharides in the Brazilian tropical
seaweeds to further our understanding of the complete structure
of the polysaccharides, including composition and sequence of
monosaccharides, configuration of glycosidic linkages, position of
glycosidic linkages, position of branching points and the structure–
function relationship, which will certainly present a good oppor-
tunity to elucidate the biological roles of polysaccharides and
develop potential antitumor, antioxidant and/or anticoagulant
drugs based on the three-dimensional structures. Moreover, studies
of the bioactivity of algal polysaccharides will contribute to the body
of knowledge about marine-derived compounds and their use in the
processed and/or functional food, pharmaceutical and chemical
industries.
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