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ABSTRACT. Heparin (HEP) is known due to their side effects and the red seaweed Halymenia 
floresia (Hf) sulfated polysaccharides (SP) are heparinoids. In this study we purified the Hf-SP 
obtained from an aqueous extract and evaluated their anticoagulant activities. Hf-SP1 (25°C),  
Hf-SP2 (80°C) and Hf-SP3 (80°C) were sequentially isolated. Hf-SP3 had the highest sulfate 
content (37.45%). Hf-SP3 was fractionated by ion exchange chromatography on a DEAE-
cellulose column using a NaCl gradient. Fractions were lyophilized and submitted to 0.5% 
agarose gel electrophoresis. The anticoagulant activity was evaluated by the activated partial 
thromboplastin time using rabbits plasma and expressed in international units per mg of SP 
using standard HEP (193 IU mg-1). The chromatographic procedure separated into four 
different SP fractions (F I, F II, F III and F IV) eluted at concentrations of 0.50, 0.75, 1.00 and 
1.25 M of NaCl, respectively, reveling among them different marked on charge density, when 
compared by electrophoresis. F III had the highest anticoagulant activity (10.72 IU mg-1), 
suggesting that the sulfate is important in this process. In conclusion, our results suggest that 
sequential extractions of Hf-SP are an important biotechnological tool for identification of novel 
anticoagulants and studies of structural characterization are already in progress. 
Keywords: marine alga, sulfated macromolecules, purification, physical-chemical characterization, 

blood coagulation. 

RESUMO. Atividade anticoagulante de frações polissacarídicas sulfatadas de um 
extrato aquoso obtido da alga marinha vermelha Halymenia floresia (Clemente) C. 
Agardh. A heparina (HEP) é conhecida devido aos seus efeitos colaterais e os polissacarídeos 
sulfatados (PS) da alga marinha vermelha Halymenia floresia (Hf) são heparinoides. Objetivou-se 
purificar os Hf-PS obtidos de um extrato aquoso e avaliar suas atividades anticoagulantes. Foram 
isolados seqüencialmente Hf-SP1 (25°C); Hf-SP2 (80°C) e Hf-SP3 (80°C). Os Hf-SP3 

apresentaram o maior conteúdo de sulfato (37,45%), sendo fracionados por cromatografia de 
troca iônica em coluna de DEAE-celulose utilizando um gradiente de NaCl. As frações obtidas 
foram liofilizadas e submetidas à eletroforese em gel de agarose a 0,5%. A atividade anticoagulante 
foi avaliada por meio do tempo de tromboplastina parcial ativada usando plasma de coelho e HEP 
padrão (193 UI mg-1). O procedimento cromatográfico separou em quatro diferentes frações de 
PS (F I, F II, F III e F IV), eluídas nas concentrações 0,50; 0,75; 1,00 e 1,25 M de NaCl, 
respectivamente, revelando diferenças marcantes na densidade de carga entre elas, quando 
comparadas por eletroforese. A maior atividade anticoagulante foi obtida na F III (10,72 UI mg-1), 
sugerindo que o sulfato é importante nesse processo. Os resultados sugerem que extrações 
seqüenciais de Hf-SP são uma ferramenta biotecnológica importante para a identificação de 
novos anticoagulantes. Estudos relacionados à caracterização estrutural já estão em andamento. 
Palavras-chave: alga marinha, macromoléculas sulfatadas, purificação, caracterização físico-química, 

coagulação sanguínea. 

Introduction 

Seaweed sulfated polysaccharides (SP) are widely 
used in pharmaceutical, cosmetic and food 
industries (MELO et al., 2002; CAMPO et al., 2009; 

 

SILVA et al., 2010), and aquatic sciences 
(BARROSO et al., 2007; ARAÚJO et al., 2008). 
These compounds have gained attention as 
biological macromolecules due to their potential as 
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anticoagulant and antithrombotic agents (ASSREUY et 
al., 2008; ATHUKORALA et al., 2006; AZEVEDO et 
al., 2009; FARIAS et al., 2000, 2001; FONSECA et al., 
2008; MEDEIROS et al., 2008; MOURÃO, 2004; 
PEREIRA et al., 2005; PUSHPAMALI et al., 2008; 
RODRIGUES et al., 2009, 2010a, 2011a; YOON et al., 
2007; ZHANG et al., 2008). In addition, the seaweed 
SP are polymers complex and heterogeneous found as 
constituents of extracellular matrix (KLOAREG; 
QUATRANO, 1988). No risk of contamination by 
viral particles or priors has also been reported (LEITE 
et al., 1998). Owing to several side effects of heparin 
(HEP) (NADER et al., 2001), a SP commercial 
anticoagulant widely used in prevention and treatment 
of thromboembolic disorders (MOURÃO; PEREIRA, 
1999) and extracorporeal circulation (MELO et al., 
2008), the development of new anticoagulant drugs is 
needed. Furthermore, HEP is extracted in low 
concentrations in pig intestine or bovine lungs 
(THOMAS, 1997). 

Although seaweed SP have been described as 
anticoagulants for some time, difficulty of the isolation 
in pure form is still reported (ASSREUY  
et al., 2008; FARIAS et al., 2000, 2001; LEITE et al., 
1998; PUSHPAMALI et al., 2008; RODRIGUES  
et al., 2009; SILVA et al., 2005). Their heterogeneity 
and polydispersity limit their structural study 
(AZEVEDO et al., 2009; FARIAS et al., 2000; MELO 
et al., 2002; MOURÃO, 2004; PEREIRA et al., 2005; 
RODRIGUES et al., 2009; YOON et al., 2007; 
ZHANG et al., 2008). In contrast, some researchers 
have been done for obtaining of these macromolecules 
more homogeneous (RODRIGUES et al., 2009, 
2010b). 

In this context, we also expanded our investigations 
to purification of SP from marine alga. In case of red 
seaweeds, we have observed that SP species of the 
Halymenia genus occur on distinct molecular 
characteristics into the algal tissue when obtained by 
successive extractions. These studies have also revealed 
as an important biotechnological tool for identification 
of novel anticoagulants (RODRIGUES et al., 2009, 
2010b). More recently, we extended our studies to 
green alga Caulerpa cupressoides (RODRIGUES et al., 
2011a). The C. cupressoides SP also occur on distinct 
molecular characteristics into the algal tissue. However, 
we observed macromolecules excessively poly-
disperses along of the technique. Thus, the studies 
suggest that the molecular characteristics of seaweed 
SP vary among different species, when obtained by 
papain digestion. 

The Halymenia floresia SP (Hf-SP) have been 
studied (AMORIM et al., 2011). We report now the 

purification and anticoagulant activity of Hf-SP 
fractions from an aqueous extract obtained from this 
species. 

Material and methods 

Marine algae 

The red seaweed H. floresia (Clemente) C. 
Agardh was collected in March, 2004 on the 
Northeast coast of Brazil (Pedra Rachada Beach, 
Ceará State). After collection, the material was 
washed with distilled water, and stored at –20°C at 
Carbohydrate and Lectins Laboratory (CarboLec), 
Department of Biochemistry and Molecular 
Biology, Federal University of Ceará, Brazil. Hf-SP 
were extracted as previously described (AMORIM 
et al., 2011). Briefly (Figure 1), the algae were 
submitted to mechanical stirring for 24h at room 
temperature in water at 1.5% (w v-1). The residue 
was removed by centrifugation (5.000 × g for 15 
min. at 4oC). The supernatant was precipitated with 
absolute EtOH (1:3, v v-1), centrifuged, re-dissolved 
in distilled water, dialyzed against water, freeze-
dried and denominated Hf-SP1. The algal residue 
was reextracted but this time at 80°C for 4h, 
followed by centrifugation under the same 
conditions. The hot extraction was repeated once 
more, using the second extraction residue. The 
supernatants were precipitated with absolute EtOH 
(1:3, v v-1), and denominated Hf-SP2 and Hf-SP3 for 
the second and third extractions, respectively. 

 

 
Figure 1. Protocol of obtaining of crude sulfated polysaccharides 
(Hf-SP1, Hf-SP2 and Hf-SP3) from the red seaweed Halymenia floresia. 
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Chemical composition of Hf-SP 

The total sugars (TS) content was estimated by 
phenol-sulfuric acid analysis using D-galactose as 
the standard (DUBOIS et al., 1956) at 490 nm. After 
acid hydrolysis of the soluble polysaccharides (1 mL 
of HCl for 5h at 100°C), free sulfate (FS) was 
measured by the BaCl2/gelatin method 
(DODGSON; PRICE, 1962). The contaminant 
proteins (CP) content was measured by the method 
of Bradford (1976), using bovine serum albumin to 
construct the standard curve. 

Ion-exchange chromatography 

Hf-SP3 (16 mg) were dissolved in 0.05 M 
sodium acetate buffer (pH 5.0) (Vetec Química) 
(2 mg mL-1) and submitted to an ion exchange 
chromatography on a DEAE-cellulose column 
(1.5 × 12 cm) (Sigma Chemical) equilibrated and 
washed with this same buffer. Hf-SP3 adsorbed on 
gel were eluted at different concentrations of NaCl 
(0.50, 0.75, 1.00 and 1.25 M). Fractions of 3 mL 
were collected in a collector FRAC-920 (90 mL h-1) 
and monitored by metachromasia with the  
1,9 dimethylmethylene blue (Sigma-Aldrich) at 525 
nm (AMERSHAM BIOSCIENCES ULTROSPEC 
1100) (FARNDALE et al., 1986). Then, the 
metachromatic fractions were exhaustively dialyzed 
against distillate water and freeze-dried for posterior 
use. 

Total sugar (TS) content of metachromatic fractions 
obtained by ion-exchange chromatography (DEAE-
cellulose) 

The TS content was estimated by phenol-
sulfuric acid analysis using D-galactose as the 
standard (DUBOIS et al., 1956) a plate (MASUKO 
et al., 2005), using an Elisa raider (AMERSHAM 
BIOSCIENCES, BIOTRAK II) at 492 nm. The 
presence of sulfate in the obtained fractions by ion 
exchange chromatography (DEAE-cellulose) was 
also estimated by the metachromatic integrated area 
using the 7.0 ORIGIN program. 

Agarose gel electrophoresis 

The fractions obtained by ion-exchange 
chromatography (DEAE-cellulose) were analyzed by 
0.5% agarose gel electroforesis according to Dietrich 
and Dietrich (1976). Sample of 25 μg was applied to 
a gel and run for 1h at 110 V in 0.05 M 1,3 
diaminopropane-acetate buffer (pH 9.0). SP on gel 
were fixed with 0.1% N-cetyl-N-N-N-
trimethylammonium bromide solution. After 12h, 
the gel was dried and stained with 0.1% toluidine 
blue and discolored with an acetic acid: absolute 
ethanol: distillated water solution (0.1:0.45:0.45). 

Evaluation of SP fractions by the Activated Partial 
Thromboplastin Time (APTT) test 

The assay was carried out using citrated rabbit 
plasma according to the manufacturers’ 
specifications. 50 μL of rabbit plasma was mixed 
with 10 μL of a solution of different amounts of 
polysaccharide before addition of 50 μL of APTT 
reagent. The mixture was then incubated at 37°C for 
3 min. Then, 50 μL of 0.025 M of calcium chloride 
reagent was added to the mixture to trigger the 
coagulation cascade. The clotting time was recorded 
in a coagulometer (DRAKE QUICK TIMER). HEP 
(National Institute for Biological Standards and 
Control (Potters Bar, UK)) with 193 international 
units per mg of polysaccharide (IU mg-1) was used 
as the standard. All tests were performed in 
triplicate. 

Results and discussion 

We have previously reported that the red 
seaweed H. floresia is composed by three crude SP 
(Hf-SP1, Hf-SP2 and Hf-SP3). These 
polysaccharides showed in vitro anticoagulant activity 
(APTT test) dependent of the sulfate content. The 
Hf-SP accelerates thrombin inhibition by heparin 
cofactor II. The chemical composition also showed 
that the Hf-SP is composed of 6-O-metylgalactose 
and 3,6-anidrogalactose (AMORIM et al., 2011). 
Here, to further evaluate other characteristics of Hf-
SP, we extended our investigation to an aqueous 
extract (80°C) (denomined Hf-SP3) obtained and 
fractionated by ion-exchange chromatography on a 
DEAE-cellulose column and analyzed by agarose gel 
electrophoresis procedure. Initially, the different 
obtained aqueous extracts (Hf-SP1 (25°C), Hf-SP2 
(80°C) and Hf-SP3 (80°C)) were obtained. Among 
them, the crude Hf-SP3 had the highest FS content 
(37.45%), TS (85.88%) and the low CP content 
(1.63%), as shown in Table 1, and was used on 
subsequent studies. The high CP found in these 
crude SP may perhaps be the presence of amino 
acids (GHOSH et al., 2004) and/or polysaccharides-
protein complex forms (MELO et al., 2002; 
PUSHPAMALI et al., 2008). Thus, a more detailed 
study of these macromolecules is suggested. 

Table 1. Chemical composition of aqueous extracts obtained 
from the red seaweed Halymenia floresia. 

Polysaccharides  °C a TS b 
(%) 

FS c 
(%) 

CP d  
(%) 

Hf-SP1 25 62.40 20.60 8.20 
Hf-SP2 80 74.29 32.20 2.50 
Hf-SP3 80 85.88 37.45 1.63 
a - Polysaccharides obtained by aqueous extractions at 25 and 80 oC; b – Dosage by 
Dubois et al. (1956)’ method using D-galactose as standard; c – Dosage by Dodgson and 
Price (1962)’ method using NaSO3 as standard; d – Dosage by Bradford (1976)’ method 
using bovine serum albumin. 
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In this study, the obtaining of distinguish isolated 
SP at different temperatures from the H. floresia tissue 
support the hypothesis of Percival and McDowell 
(1967), suggesting that the use of consecutive 
extractions result in the obtaining of different 
macromolecules in chemical composition. This fact 
further justifies the occurrence of distinct SP into 
tissue of the studied species. Therefore, such 
disproportions in chemical composition also justify the 
complexity and heterogeneity of these polymers 
(FARIAS et al., 2000; GHOSH et al., 2004; SILVA  
et al., 2005; RODRIGUES et al., 2010a, 2011b). From 
these data (Table 1), we chose the Hf-SP3 (80°C) 
which was submitted to ion-exchange chromatography 
on a DEAE-cellulose column, an important technique 
for separation of these compounds. 

Ion-exchange chromatography 

The DEAE-cellulose chromatography profile is 
shown in Figure 1. The chromatographic profile 
indicated the separation into four different fractions 
of SP (F I, F II, F III, and F IV) eluted at 
concentrations of 0.50, 0.75, 1.00, and 1.25 M of 
NaCl, respectively. F II had the highest 
metachromatic peak compared to other obtained 
fractions. The highest yield of SP and TS and FS 
contents were also obtained in F II, eluted with 0.75 
M of NaCl, compared to F I, F III and F IV (Table 2). 
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Figure 1. Purification of Hf-SP3 from red seaweed Halymenia 
floresia by DEAE-cellulose. Fractions were collected and checked 
by metachromasia using 1,9-dimethymethylene blue (⎯). 
Vertical steps represent the NaCl concentration (⎯). 

Table 2. Yield and chemical composition of sulfated polysaccharides 
fractions obtained by ion exchange chromatography (DEAE-
cellulose) from the red seaweed Halymenia floresia. 

Fraction a NaCl (M) Yield (%) b TS (%) c FS (%) d 
F I 0.50 21.87 68.37 17.36 
F II 0.75 24.38 87.64 40.75 
F III 1.00 19.38 77.33 28.66 
F IV 1.25 14.37 56.00 13.23 
a – Fractions obtained on DEAE-cellulose column; b – Yields from a sample of SP applied 
on DEAE-cellulose column; c – Expressed by Dubois et al. (1956)’ method in plate by 
Masuko et al. (2005)’ method using D-galactose as standard; d – Sulfate expressed by 
metachromatic integrated area from the chromatographic profile (DEAE-cellulose). 

The employment of DEAE-cellulose as a matrix 
has been widely reported for separation of SP, to 
reveal the characteristics of different algal species, 
such as on Gelidium crinale (PEREIRA et al., 2005), 
Ecklonia cava (ATHUKORALA et al., 2006), 
Champia feldmannii (ASSREUY et al., 2008), 
Lomentaria catenata (PUSHPAMALI et al., 2008), 
Halymenia pseudofloresia (RODRIGUES et al., 2009), 
C. cupressoides, C. racemosa (RODRIGUES  
et al., 2010a), Halymenia sp. (RODRIGUES et al., 
2010b) and Hypnea musciformis (RODRIGUES et al., 
2011b). 

Agarose gel electrophoresis 

The electrophoretic profile is shown in Figure 2. 
The agarose gel electrophoresis procedure showed 
marked differences in charge density among the 
isolated fractions. However, this was not 
corroborated by the higher presence of sulfate 
(Table 2). Thus, fractions F I, F II and F III were 
not observed on agarose gel, suggesting little sulfated 
groups in their chemical structures. On the other 
hand, F III, eluted with 1.00 M of salt, had a strong 
metachromatic band on gel, showing a similar 
migration to glycosaminoglycan condroitin sulfate 
(CS), while the Hf-SP3 showed a similar charge 
density when compared to glycosaminoglycan 
dermatan sulfate (DS), both glycosaminoglycans 
obtained from animal tissues. Curiously, F III was 
also a homogeneous SP when compared to Hf-SP3. 
This suggests that the native crude compound (Hf-
SP3) is homogeneous molecule (Figure 2) and the 
ion-exchange chromatography procedure is efficient 
for separation of Hf-SP (Figure 1). Therefore, the 
isolation of these compounds could be a useful tool for 
posterior structural characterization studies (FARIAS  
et al., 2000; PEREIRA et al., 2005; RODRIGUES  
et al., 2009, 2010a and b; SILVA et al., 2005). 

 

Hf-SP3 F I   F II   F III   F IV  SD

CS
DS
HS

Origin  
Figure 2. Agarose gel electrophorese of sulfated polysaccharides 
isolated from Halymenia floresia. Hf-SP3, fractions (F I, F II, F III 
and F IV) and standards (SD) (condroitim sulfate (CS), dermatan 
sulfate (DS) and heparan sulfate (HS)) presents on gel were 
stained with 0.1% toluidine blue. 
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In this study, it was observed more 
homogeneous molecules in third aqueous extraction 
(Figure 2) compared to first (25°C) and second 
(80°C) ones, respectively (data not shown). 
According some researchers involving the obtaining 
of SP by successive extractions from other Halymenia 
species (RODRIGUES et al., 2009, 2010b). It seems 
that their molecular characteristics are common on 
this genus, but not show the same profile when 
compared to polysaccharides isolated from green 
seaweed C. cupressoides (RODRIGUES et al., 2011a). 
Therefore, this technique could also be a valuable 
tool for identification of molecular characteristics 
among different algal species and biological agents. 
However, the chemical composition of these 
compounds can vary due to, for example, 
temperature, light and water nutrients, as well as the 
place and season of the year (MARINHO-
SORIANO; BOURRET, 2003; PERCIVAL; 
McDOWELL, 1967). In this connection, a more 
detailed study of these macromolecules is indicated. 
Our study also involved to evaluate the potential 
anticoagulant from their isolated fractions. In this 
line, the homogeneous SP (F III) shown by the 
electrophoretic technique led us to conduct 
anticoagulant assays. 

Anticoagulant activity 

We have been recently described that Hf-SP are 
heparinoids. The anticoagulant activity determined 
by APTT test for crude fractions Hf-SP1, Hf-SP2 
and Hf-SP3 about 37, 68 and 36 IU mg-1

, 

respectively. Sulfate content is important in this 
process (AMORIM et al., 2011). Although showing 
the lowest activity, Hf-SP3 was explored because of 
its more homogeneous form (Figure 2). Thus, the 
anticoagulant assays (APTT) showed fractions of SP 
capable of modifying the normal coagulation time 
(Table 3). Fraction F III (1.00 M of NaCl), at a 
concentration of 0.25 mg mL-1 of SP, prolonged the 
APTT of normal rabbit plasma (20.45 s), whose 
activity was 10.72 IU mg-1, comparing to standard 
HEP (193.00 IU mg-1). Fractions F I, F II and F IV, 
eluted with 0.50, 0.75 and 1.25 M of NaCl, 
respectively, no practically extended the APTT, 
when 1.00 mg mL-1 of SP was measured. Therefore, 
Hf-SP3 fractions had a low anticoagulant potential. 

Based on the popular use of marine algae for 
disorders such as cardiovascular diseases and cancer, 
studies with SP from algae have intensified. In this 
context, the discovery of new anticoagulant 
compounds is needed (MOURÃO; PEREIRA, 
1999), and seaweed SP are a potentially attractive 
source of macromolecules to investigate. These 
anticoagulant SP include fucoidans, sulfated 

galactans, ulvans and rhamnose (ASSREUY et al., 
2008; ATHUKORALA et al., 2006; FONSECA  
et al., 2008; MOURÃO, 2004; PEREIRA et al., 
2002; PUSHPAMALI et al., 2008; RODRIGUES  
et al., 2009, 2010a, 2011b; SILVA et al., 2005; 
MEDEIROS et al., 2008; YOON et al., 2007; 
ZHANG et al., 2008). It has been believed that the 
sulfate is important in this process (AZEVEDO  
et al., 2009; FARIAS et al., 2000; NISHINO et al., 
1991; RODRIGUES et al., 2011a). 

Table 3. Anticoagulant activity of sulfated polysaccharides 
fractions (Hf-SP3) obtained by ion-exchange chromatography 
(DEAE-cellulose) from Halymenia floresia compared to HEP. 

Fractions  NaCl 
(M) 

APTT testa 

  1.00b 0.75b 0.50b 0.25b IU mg-1 c

F I 0.50  26.10 - - - 
F II 0.75  25.70 - - - 
F III 1.00  101.00 80.30  66.15  55.80 
F IV 1.25 58.30 - - - 

1.25 
1.23 

10.72 
2.65 

a - APTT in seconds; b - Concentration of SP (mg mL-1) for prolonging the APTT; c - 
Activity express in international units (IU) per mg of SP; -  Without activity; HEP 
(193.00 IU mg-1; 0.01 mg mL-1; APTT: 40.15 s); 

In the present study, we extended to explore of 
SP fractions from H. floresia (Hf-SP3) obtained by 
ion-exchange chromatography (DEAE-cellulose). 
All the SP fractions were capable of prolonging the 
APTT (Table 3). Fraction F III had the highest 
activity when compared to F I, F II and F IV. As 
expected, the difference in the activities of these 
fractions was dependent of the charge density 
observed by electrophoresis procedure, showing 
clearly that the presence of sulfate groups is also 
important in this process. This point of view was 
observed in a previously investigation, using a 
dessulfated crude SP (AMORIM et al., 2011). On 
the another hand, the effect of SP on coagulation 
system do not occur merely as function of charge 
density, but also of chemical composition, position 
of sulfate groups and the occurrence of dessulfated 
units (MOURÃO, 2004). Each polysaccharide has a 
structural requirement for interaction with 
coagulation cofactors and their target proteases are 
stereospecific (FARIAS et al., 2000; PEREIRA et al., 
2002, 2005). Therefore, the chemical characteristics 
are also prerequisites for understanding of these 
polymers as their structure/biological function 
relationships (AZEVEDO et al., 2009; ZHANG  
et al., 2008). Animals model of thrombosis have 
been important tools in these investigations 
(MOURÃO; PEREIRA, 1999; FARIAS et al., 2001; 
FONSECA et al., 2008). 

Our study suggest the hypothesis of Farias et al. 
(2000) that an addition of sulfate ester in a single 
unit of α – galactose and the molecular weight of the 
galactan have an amplifying effect on the 
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prolongation of clotting time, a finding also reported 
for the algae Botryocladia occidentalis. The inhibitory 
mechanism of the anticoagulant activity previously 
reported for H. floresia showed that the crude 
polysaccharide (Hf-SP3) is able to inhibit the action 
of thrombin by heparin cofactor II. The clotting 
time (APTT) is also considerably prolonged in the 
presence of cofactor VIII and IX deficient plasma. 
However, the results showed that these two factors 
are not important to the inhibitory effects of 
polysaccharide (AMORIM et al., 2011). Thus, the 
obtained polysaccharide (Figure 2) could also be 
very important to evaluate and compare not only the 
doses required to achieve thrombosis inhibition, but 
also the persistence of the effect, circulating plasma 
levels, the correlation between the anticoagulant 
action and antithrombotic effect, as well as 
bioavailability and absorption when administered by 
different routes (MOURÃO; PEREIRA, 1999). 

Overall, our study reported a homogeneous 
heparinoid from H. floresia. Although showing a low 
anticoagulant potential, its posterior investigation 
may help to determine a close relationship between 
the structure and anticoagulant activity of SP, as has 
already been reported for heparin, arousing thus a 
great interesting for our group. Structural analysis of 
this SP fraction by infrared and NMR 
spectroscopies can help to this end, including animal 
studies. 

Conclusion 

The anticoagulant activity of sulfated 
polysaccharides fractions obtained from an aqueous 
extracted from the red alga Halymenia floresia were 
fewer actives than heparin. However, the used 
technique for isolation of these molecules showed to 
be an important tool in the identification of more 
homogeneous polysaccharides. Structural analysis of 
polysaccharide by infrared and NMR spectroscopies 
and its mechanism of action in posterior studies can 
help to better understanding its particular biological 
action using animal models of thrombosis. 

Acknowledgements 

This study was supported by grants from the 
National Scientific and Technological Development 
Council (CNPq), Northeast Biotechnology 
Network (Renorbio), Coordination for the 
Improvement of Higher Education Personnel 
(Capes) and Ceará State Scientific and 
Technological Development Foundation (Funcap). 
BENEVIDES, N. M. B. is senior investigator of 
CNPq/Brazil. 

References 

AMORIM, R. C. N.; RODRIGUES, J. A. G.; 
HOLANDA, M. L.; MOURÃO, P. A. S.; BENEVIDES, 
N. M. B. Anticoagulant properties of a crude sulfated 
polysaccharide from the red marine alga Halymenia floresia 
(Clemente) C. Agardh. Acta Scientiarum. Biological 
Sciences, v. 33, n. 3, 2011. 
ARAÚJO, G. S.; FARIAS, W. R. L.; RODRIGUES, J. A. 
G.; TORRES, V. M.; PONTES, G. C. Administração oral 
dos polissacarídeos sulfatados da rodofícea Gracilaria 
caudata na sobrevivência de pós-larvas de tilápia. Revista 
Ciência Agronômica, v. 39, n. 4, p. 548-554, 2008. 
ASSREUY, A. M. S.; GOMES, D. M.; SILVA, M. S. J.; 
TORRES, V. M.; SIQUEIRA, R. C. L.; PIRES, A. F.; 
CRIDDLE, D. N.; ALENCAR, N. M. N.; CAVADA, B. 
S.; SAMPAIO, A. H.; FARIAS, W. R. L. Biological effects 
of a sulfated polysaccharide isolated from the marine red 
algae Champia feldmannii. Biological and 
Pharmaceutical Bulletin, v. 31, n. 4, p. 691-695, 2008. 
ATHUKORALA, Y.; JUNG, W. K.; VASANTHAN, T.; 
JEON, Y. J. An anticoagulative polysaccharide from an 
enzymatic hydrolysate of Ecklonia cava. Carbohydrate 
Polymers, v. 66, n. 2, p. 184-191, 2006. 
AZEVEDO, T. C. G.; BEZERRA, M. E.; SANTOS, M. 
G. L.; SOUZA, L. A.; MARQUES, C. T.; BENEVIDES, 
N. M. B.; LEITE, E. L. Heparinoids algal and their 
anticoagulant hemorragic activities and platelet 
aggregation. Biomedicine and Pharmacotherapy, 
v. 63, n. 7, p. 477-483, 2009. 
BARROSO, F. E. C.; RODRIGUES, J. A. G.; TORRES, 
V. M.; SAMPAIO, A. H.; FARIAS, W. R. L. Efeito do 
polissacarídeo sulfatado extraído da alga marinha vermelha 
Botryocladia occidentalis nas pós-larvas do camarão 
Litopenaeus vannamei. Revista Ciência Agronômica, 
v. 38, n. 1, p. 58-63, 2007.  
BRADFORD, M. M. A rapid and sensitive method for 
the quantification of microgram quantities of protein 
utilizing the principle of protein-dye binding. Analytical 
Biochemistry, v. 72, n. 1-2, p. 248-254, 1976. 
CAMPO, V. L.; KAWANO, D. F.; SILVA, D. B.; 
CARVALHO, I. Carrageenans: biological properties, 
chemical modifications and structural analysis – a review. 
Carbohydrate Polymers, v. 77, n. 2, p. 167-180, 2009. 
DIETRICH, C. P.; DIETRICH, S. M. C. Electrophoretic 
behaviour of acidic mucopolysaccharides in diamine buffers. 
Analytical Biochemistry, v. 70, n. 2, p. 645-647, 1976. 
DODGSON, K. S.; PRICE, R. G. A note on the 
determination of the ester sulfate content of sulfated 
polysaccharides. Biochemistry Journal, v. 84, n. 1,  
p. 106-110, 1962. 
DUBOIS, M.; GILLES, K. A.; HAMILTON, J. K.; 
REBERS, P. A.; SMITH, F. Colorimetric method for 
determination of sugars and related substances. 
Analytical Chemistry, v. 28, n. 3, p. 350-356, 1956. 
FARIAS, W. R. L.; VALENTE, A. P.; PEREIRA, M. S.; 
MOURÃO, P. A. S. Structure and anticoagulant activity 
of sulfated galactans. Isolation of a unique sulfated 
galactan from the red alga Botryocladia occidentalis and 



Bioprospection of heparinoids from Halymenia floresia 377 

Acta Scientiarum. Technology Maringá, v. 33, n. 4, p. 371-378, 2011 

comparison of its anticoagulant action with that of sulfated 
galactans from invertebrates. Journal of Biological 
Chemistry, v. 275, n. 38, p. 29299-29307, 2000. 
FARIAS, W. R. L.; NAZARETH, R. A.; MOURÃO, P. A. S. 
Dual effects of sulfated D-galactans from the red algae 
Botryocladia occidentalis preventing thrombosis and inducing 
platelet aggregation. Thrombosis and Haemostasis, 
v. 86, n. 6, p. 1540-1546, 2001. 
FONSECA, R. J. C.; OLIVEIRA, S. N. M. C. G.; MELO, 
F. R.; PEREIRA, M. G.; BENEVIDES, N. M. B.; 
MOURÃO, P. A. S. Slight differences in sulfatation of 
algal galactans account for differences in their 
anticoagulant and venous antithrombotic activities. 
Thrombosis and Haemostasis, v. 99, n. 3, p. 539-545, 
2008. 
FARNDALE, R. W.; BUTTLE, D. J.; BARRETT, A. J. 
Improved quantitation and discrimination of sulphated 
glycosaminoglycans by use of dimethylmethylene blue. 
Biochimica et Biophysica Acta, v. 883, n. 2, p. 173-177, 
1986. 
GHOSH, P.; ADHIKARI, U.; GHOSAL, P. K.; PUJOL, 
C. A.; CARLUCCI, M. J.; DAMONTE, E. B.; RAY, B. In 
vitro anti-herpetic activity of sulfated polysaccharide 
fractions from Caulerpa racemosa. Phytochemistry, v. 65, 
n. 23, p. 3151-3157, 2004. 
KLOAREG, B.; QUATRANO, R. S. Structure of the cell 
wall of marine algae and ecophysiological functions of 
matrix polysaccharides. Oceanography Marine 
Biological Annual Review, v. 26, n. 1, p. 259-315, 1988. 
LEITE, E. L.; MEDEIROS, M. G. L.; ROCHA, H. A. O.; 
FARIAS, G. G. M.; SILVA, L. F.; CHAVANTE, S. F.; 
ABREU, L. D.; DIETRICH, C. P.; NADER, H. B. 
Structure and pharmacological activities of a sulfated 
xylofucoglucuronan from the alga Spatoglossum schröederi. 
Plant Science, v. 132, n. 2, p. 215-228, 1998. 
MARINHO-SORIANO, E.; BOURRET, E. Effects of 
season on the yield and quality of agar from Gracilaria 
species (Gracilariaceae, Rhodophyta). Bioresource 
Technology, v. 90, n. 3, p. 329-333, 2003. 
MASUKO, T.; MINAMI, A.; IWASAKI, N.; MAJIMA, 
T.; NISHIMURA, S. I.; LEE, Y. C. Carbohydrate analysis 
by a phenol-sulfuric acid method in microplate format. 
Analytical Biochemistry, v. 339, n. 1, p. 69-72, 2005. 
MEDEIROS, V. P.; QUEIROZ, K. C. S.; CARDOSO, 
M. L.; MONTEIRO, G. R. G.; OLIVEIRA, F. W.; 
CHAVANTE, S. F.; GUIMARAES, L. A.; ROCHA, H. 
A. O.; LEITE, E. L. Sulfated galactofucan from Lobophora 
variegata: anticoagulant and anti-inflammatory properties. 
Biochemistry, v. 73, n. 9, p. 1018-1024, 2008.  
MELO, M. R. S.; FEITOSA, J. P. A.; FREITAS, A. L. P.; 
PAULA, R. C. M. Isolation and characterization of soluble 
sulfated polysaccharide from the red seaweed Gracilaria 
cornea. Carbohydrate Polymers, v. 49, n. 4, p. 491-498, 
2002. 
MELO, E. I.; PEREIRA, M. S.; CUNHA, R. S.; SÁ, M. 
P. L.; MOURÃO, P. A. S. Controle da qualidade das 
preparações de heparina disponíveis no Brasil: implicações 
na cirurgia cardiovascular. Revista Brasileira de 
Cirurgia Cardiovascular, v. 23, n. 2, p. 169-174, 2008.  

MOURÃO, P. A. S.; PEREIRA, M. S. Searching for 
alternatives to heparin: sulfated fucans from marine 
invertebrates. Trends in Cardiovascular Medicine,  
v. 9, n. 8, p. 225-232, 1999. 
MOURÃO, A. P. S. Use of sulfated fucans as 
anticoagulant and antithrombotic agents: future 
perspectives. Current Pharmaceutical Design, v. 10, 
n. 9, p. 967-981, 2004. 
NADER, H. B.; PINHAL, M. A. S.; BAÚ, E. C.; 
CASTRO, R. A. B.; MEDEIROS, G. F.; CHAVANTE, S. 
F.; LEITE, E. L.; TRINDADE, E. S.; SHINJO, S. K.; 
ROCHA, H. A. O.; TERSARIOL, I. L. S.; MENDES, A.; 
DIETRICH, C. P. Development of new heparin-like 
compounds and other antithrombotic drugs and their 
interaction with vascular endothelial cells. Brazilian 
Journal of Medical and Biological Research, v. 34, 
n. 6, p. 699-709, 2001. 
NISHINO, T.; AIZU, Y.; NAGUMO, T. The influence 
of sulfated content and molecular weight of a fucan sulfate 
from the brown seaweed Ecklonia kurome. Thrombosis 
Research, v. 64, n. 6, p. 723-731, 1991. 
PERCIVAL, E.; McDOWELL, R. H. Chemistry and 
enzymology of marine algal polysaccharides. New 
York: Academic Press, 1967. 
PEREIRA, M. S.; MELO, F. R.; MOURÃO, P. A. S. Is 
there a correlation between structure and anticoagulant 
action of sulfated galactans and sulfated fucans? 
Glycobiology, v. 12, n. 10, p. 573-580, 2002. 
PEREIRA, M. G.; BENEVIDES, N. M. B.; MELO, M. R. 
S.; VALENTE, A. P.; MELO, F. R.; MOURÃO, P. A. S. 
Structure and anticoagulant activity of a sulfated galactan 
from the red alga, Gelidium crinale. Is there a specific 
structural requirement for the anticoagulant action? 
Carbohydrate Research, v. 340, n. 12, p. 2015-2023, 
2005. 
PUSHPAMALI, W. A.; NIKAPITIYA, C.; ZOYSA, M. 
D.; WHANG, I.; KIM, S. J.; LEE, J. Isolation and 
purification of an anticoagulant from fermented red 
seaweed Lomentaria catenata. Carbohadrate Polymers, 
v. 73, n. 2, p. 274-279, 2008. 
RODRIGUES, J. A. G.; TORRES, V. M.; ALENCAR, D. B.; 
SAMPAIO, A. H.; FARIAS, W. R. L. Extração e atividade 
anticoagulante dos polissacarídeos sulfatados da alga 
marinha vermelha Halymenia pseudofloresia. Revista 
Ciência Agronômica, v. 40, n. 2, p. 224-231, 2009. 
RODRIGUES, J. A. G.; VANDERLEI, E. S. O.; 
QUINDERÉ, A. L. G.; FONTES, B. P.; BENEVIDES, 
N. M. B. Polissacarídeos sulfatados isolados das 
clorofíceas Caulerpa racemosa e Caulerpa cupressoides – 
extração, fracionamento e atividade anticoagulante. Acta 
Scientiarum. Biological Sciences, v. 32, n. 2, p. 113-120, 
2010a. 
RODRIGUES, J. A. G.; TORRES, V. M.; ALENCAR, D. 
B.; SAMPAIO, A. H.; FARIAS, W. R. L. Heparinoides 
naturais isolados de algas marinhas vermelhas (Halymenia 
sp.) arribadas na costa cearense. Acta Scientiarum. 
Biological Sciences, v. 32, n. 3, p. 235-242, 2010b. 
RODRIGUES, J. A. G.; VANDERLEI, E. S. O.; 
QUINDERÉ, A. L. G.; FONTES, B. P.; QUEIROZ, I. 



378 Rodrigues et al. 

Acta Scientiarum. Technology Maringá, v. 33, n. 4, p. 371-378, 2011 

N. L.; BENEVIDES, N. M. B. Extraction and 
anticoagulant activity of sulfated polysaccharides from 
Caulerpa cupressoides var. lycopodium (Vahl) C. Agardh 
(Chlorophyceae). Acta Scientiarum. Biological 
Sciences, v. 33, n. 2, p. 133-140, 2011a. 
RODRIGUES, J. A. G.; ARAÚJO, I. W. F.; PAULA, G. 
A.; BESSA, E. F.; LIMA, T. B.; BENEVIDES, N. M. B. 
Carragenana da epífita Hypnea musciformis obtida do cultivo 
experimental de Solieria filiformis em Flecheiras, Estado do 
Ceará, Brasil. Acta Scientiarum. Technology, v. 33,  
n. 2, p. 137-144, 2011b. 
SILVA, T. M. A.; ALVES, L. G.; QUEIROZ, K. C. S.; 
SANTOS, M. G. L.; MARQUES, C. T.; CHAVANTE, 
S. F.; ROCHA, H. A. O.; LEITE, E. L. Partial 
characterization and anticoagulant activity of a heterofucan 
from the brown seaweed Padina gymnospora. Brazilian 
Journal of Medical and Biological Research, v. 38, 
n. 4, p. 523-533, 2005. 
SILVA, F. R. F.; DORE, C. M. P. G.; MARQUES, C. T.; 
NASCIMENTO, M. S.; BENEVIDES, N. M. B.; 
ROCHA, H. A. O.; CHAVANTE, S. F.; LEITE, E. L. 
Anticoagulant activity, paw edema and pleurisy induced 
carrageenan: action of major types of commercial 

carrageenans. Carbohydrate Polymers, v. 79, n. 1, p. 26-33, 
2010. 
THOMAS, D. P. Does low molecular weight heparin 
cause less bleeding? Thrombosis and Haemostasis, 
v. 78, n. 6, p. 1422-1425, 1997. 
YOON, S. J.; PYUN, Y. R.; HWANG, J. K.; MOURÃO, 
P. A. S. A sulfated fucan from the brown alga Laminaria 
cichrioides has mainly heparin cofactor II-dependent 
anticoagulant activity. Carbohydrate Research, v. 342, 
n. 15, p. 2326-2330, 2007. 
ZHANG, H. J.; MAO, W. J.; FANG, F.; LI, H. Y.; SUN, 
H. H.; CHEN, Y.; QI, X. H. Chemical characteristics and 
anticoagulant activities of a sulfated polysaccharide and its 
fragments from Monostroma latissimum. Carbohydrate 
Polymers, v. 71, n. 3, p. 428-434, 2008. 

 
 

Received on January 1, 2010. 
Accepted on October 6, 2010. 

 
 

License information: This is an open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 

 
 
 
 


