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Abstract: A sulfated polysaccharide (SPSG) was successfully isolated from 
seagrass Halodule wrightii Asch., Cymodoceaceae, and its antioxidant and 
anticoagulant activities were investigated. The data presented here showed 
that the SPSG is a 11 kDa sulfated heterogalactan with a sulfatation degree of 
20.63% and it also contains glucose and xylose. SPSG antioxidant activities 
were evaluated using several in vitro assays and the anticoagulant activity 
was evaluated by aPTT and PT tests. These assays suggested that the SPSG 
possessed remarkable antioxidant properties in different in vitro assays and 
an outstanding anticoagulant activity 2.5-fold higher than that of heparin 
Clexane® in the aPTT test. This data represents the first reported on the sulfated 
polysaccharide biological activities from seagrass. These results indicate that 
SPSG can be considered in the future as a drug utilized in treating diseases from 
these systems. 
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Introduction

 Sulfated polysaccharides (SP) are compounds 
which posses several biological activities like as 
anticoagulant, antiviral, antioxidant, antitumor, 
antiprotozoal, anti-inflammatory, anticomplementary, 
antipeptic (Nader et al., 2004, Costa et al., 2010, 
Pomin, 2010). They occur in a great variety of animals, 
including the sulfated glycosaminoglycans found in 
vertebrates and invertebrates animals (Nader et al., 
2004). Furthermore, marine invertebrate species are 
also rich sources of sulfated polysaccharides with 
novel structures such as sulfated fucans and galactans 
(Pomin, 2010). To the best of our knowledge, there are 
no data about the presence of SP in land plants, fungi 
or virus and few reports about sulfated polysaccharides 
synthesized for bacteria. Thus, besides the animals, the 
seaweeds are the only significant sources of sulfated 
polysaccharides.
 Seaweed is a term used to define a group of the 

largest and most complex marine multicellular algae. 
They are divided into Rhodophyceae (red seaweed), 
Chlorophyceae (green seaweed), and Phaeophyceae. In 
the system of Simpson & Roger (2004), green and red 
seaweed belongs to Plantae kingdom whereas brown 
seaweed belongs to Chromalveolata kingdom (Phylum 
Stramenopiles). However, other studies suggest red and 
brown seaweeds belong to other kingdoms. As of June 
2011, the situation appears unresolved. 
 The authors are in agreement that seaweed are 
not vascular plants, they are photosynthetic organisms 
like plants which their tissues are not organized into 
the many distinct organs found in plants, and they 
synthesize sulfated polysaccharides. The well-known 
SP from red seaweed are sulfated galactans (Souza et 
al., 2007). SP from brown algae are homo- and hetero-
polysaccharides containing α-L-sulfated fucose called 
fucan and fucoidan, respectively (Jiao et al., 2011). SP 
from green seaweed are usually heteropolysaccarides 
that contain xylose, galactose, arabinose, mannose, 
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glucuronic acid or glucose (Mao et al., 2009). 
	 In 2005, another group of organisms which 
synthesize sulfated polysaccharides was discovery; the 
angiosperms seagrass. They are vascular plant which 
grow in sea water and survive the tides unscathed. 
These flowering plants live in the coastal waters of 
most of the worlds’continents. In fact, to the best of our 
knowledge, the presence of sulfated polysaccharide was 
carried out only in three species of seagrass (Ruppia 
maritima, Halodule wrightii, and Halophila decipiens). 
However, only the SP synthesize for R. maritime was 
purified and its structure was suggested. It is a sulfated 
homogalactan composed for a regular repeating unit: 
[3-β-D-Gal-2(OSO3)-1→4-α-D-Gal-1→4-α-D-Gal-
1→3-β-D-Gal-4(OSO3)-1→]. This SP was found in the 
plant cell walls, mostly in rhizomes and roots (Aquino 
et al., 2005). Since salt intolerant plants do not contain 
SP, it was suggested a possible correlation between 
the presence of these compounds and seagrass salt 
tolerance (Aquino et al., 2011). Although, SP have are 
described as bioactive compounds, there no data about 
biological activities of seagrass SP. 
	 Heparin (a glycosaminoglycan extracted from 
porcine tissues) has been the most commonly used 
antithrombotic drug. However, it has been reported 
that the use of heparin may be accompanied by side 
effects such as bleeding complications (Nader et al., 
2004). Due to the heparin side effects, antithrombotic/
anticoagulant activities of SP from several sources have 
been investigated, including from seaweeds (Mao et al, 
2009; Camara et al., 2011).
	 In the past decade, the search for natural 
antioxidant compounds has gained considerable attention 
and the number of publications on antioxidants and 
oxidative stress has nearly quadrupled (Costa et al., 
2010). Antioxidant compounds play an important role 
against various diseases, e.g., chronic inflammation, 
atherosclerosis, cancer and cardiovascular disorders, and 
ageing processes (Barnham et al., 2004). Due to this, these 
compounds have had commercial potential in medicine, 
food production, and the cosmetic industry. In recent years, 
SP have been demonstrated to play an important role as 
free-radical scavengers and antioxidants for the prevention 
of oxidative damage in living organisms (Hu et al., 2010). 
	 The structure of sulfated polysaccharides varies 
according to the source (Nader et al., 2004; Pomin, 
2010; Magalhaes et al., 2011). Thus, each new sulfated 
polysaccharide purified from new source is a new 
compound with unique structures and, consequently, 
with potential novel biological activities. There are 
no data about the biological activities of sulfated 
polysaccharides from the vascular plants. In order 
to determine whether sulfated polysaccharides from 
seagrass show biological activities, we extracted these 
molecules from the seagrass Halodule wrightii, and the 

chemical composition, anticoagulant, and antioxidant 
activities of this polymer were evaluated.

Material and Methods

Materials

	 Chondroitin-6-sulfate, dermatan sulfate, 
heparan sulfate, fucoidan (a homofucan from Fucus 
vesiculosus), xylose, fucose, glucose, manose, 
galactose, arabinose, fructose, glucuronic acid, ferrozin, 
nitrotetrazolium blue chloride, and 1,3 diaminopropane 
were purchased from Sigma Chemical Co. (St Louis, 
USA). Acetone, KBr, entellan, and sulfuric acid were 
obtained from Merck (Darmstadt, Germany). Clexane® 
(enoxaparine) was purchased from Sanofi-Aventis 
Farmacêutica Co. (São Paulo, Brazil). Agarose low-
MR was purchased from Biorad. Richmond, CA. DPPH 
(2,2-diphenyl-1-picrylhydrazyl) and sodium salicylate 
were purchased from Fluka (Seelze, Germany). Gallic 
acid was obtained from Nuclear (São Paulo, Brazil), 
and slides were obtained from Bioslide (São Paulo, 
Brazil).

Plant material

	 The seagrass Halodule wrightii Asch., 
Cymodoceaceae, was harvested on the coast of 
Guamare-RN, Brazil and identified by Dr. José Rubens 
Pirani (Department of Botany, Universidade de São 
Paulo). 

Extraction of sulfated polysaccharides from seagrass 
Halodule wrightii

	 In order to obtain a sulfated polysaccharide-
rich fraction, the plant material was submitted to an 
extraction method as described by Almeida-Lima et al. 
(2011). After, the sulfated polysaccharide-rich fraction 
was treated with trichloroacetic acid (10%, 4 ºC) to 
eliminate the protein content. The polysaccharide was 
then collected by centrifugation at 10000 x g for 15 min 
and dried under vacuum. The sulfated polysaccharide 
was further purified by molecular sieving in Sephadex 
G-75 (120x1.8 cm). About 50 mg of polysaccharide, 
dissolved in 2 mL of water, was applied to the column, 
eluted with a solution of 0.2 M acetic acid and 6 M 
urea; fractions of 1 mL were collected and assayed 
by the phenol-H2SO4 reaction (Dubois et al., 1956). 
The fractions containing polysaccharide were pooled, 
dialyzed against water (10 L) for 12 h. This step was 
repeated three times more. After, they were lyophilized, 
and suspended in distilled water for subsequent 
analysis.
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Chemical analyses

	 The monosaccharide composition, sulfate, 
uronic acid, protein content, and total sugar were 
determined as described by Rocha et al. (2005). The 
total polyphenolic content of samples was investigated 
according to previous studies (Costa et al., 2010) 
and a gallic acid standard curve was obtained for the 
calculation of phenolic content.

Agarose and polyacrylamide gel electrophoresis 

	 The SPSG was also analyzed by agarose gel 
electrophoresis as described previously (Dietrich & 
Dietrich, 1976). The molecular weight of the SPSG 
was estimated by PAGE in comparison with the 
electrophoretic mobility of standard compound as 
described previously (Pomin et al., 2005). 

Fourier transforms spectra (FT-IR)

	 The SPSG (10 mg) was mixed thoroughly 
with dry potassium bromide. A pellet was prepared and 
the infrared spectrum was measured using a Thermo 
Nicolet Nexus spectrometer instrument.

Histological analysis 
  	
	 Samples of the seagrass were collected in the 
same area described, transported to the laboratory in 
plastic bags with river water, and cleaned of other 
organisms. Fragments of 5 mm diameter were cut 
from the seagrass and were immediately fixed in 70% 
F.A.A.; they were then conserved in 70° GL ethanol, 
submitted to dehydration, and embedded in paraffin 
wax according to the usual techniques utilized in 
plant anatomy. Sections (5 µm) were obtained in a 
microtome (Spencer, AO Company, New York, USA) 
and stained with 1% toluidine blue (Sigma), pH 4.4, 
for 3 min at 40 ºC. This stain indicates the presence 
of sulfated polysaccharides by metachromasia. The 
slides of the three compartments of the seagrass were 
observed using a Nikon Eclipse, and digital images 
were acquired using the software Image Pro Plus.

Antioxidant activity in vitro

	 The antioxidant activity of SPSG was carried 

out using several in vitro assays: total antioxidant 
capacity, DPPH free-radical scavenging activity, power 
reducing, superoxide radical scavenging and hydroxyl 
radical scavenging assays, and ferric chelating, as 
described earlier (Costa et al., 2010; Camara et al., 
2011).
Anticoagulant activity

	 All the Prothrombin Time (PT) and Activated 
Partial Thromboplastin Time (aPTT) coagulation assays 
were performed with a coagulometric as described earlier 
(Costa et al., 2010) and the anticoagulant activity was 
measured using citrate-treated normal human plasma. 
All assays were performed in duplicate and repeated at 
least three times on different days (n=6).

Statistical analysis

	 All data were expressed as mean±SD. 
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.

Results

Extraction and physical and chemical properties of 
sulfated polysaccharide from seagrass (SPSG)

	 A sulfated polysaccharide-rich fraction from 
the seagrass Halodule wrightii (SPSG) was obtained 
using a methodology that combined proteolysis and 
methanol precipitation. This fraction showed high 
content of protein (data not shown); thus, we used 
trichloroacetic acid to eliminate this contaminant. The 
sulfated polysaccharide from this fraction was further 
purified by molecular exclusion chromatography. A 
single peak was observed containing polysaccharide 
which was eluted at the end stage of the chromatography, 
indicating the molecular mass at ~11 kDa. This 
molecular mass was confirmed by SDS PAGE (data not 
shown).
	 The chemical composition of the SPSG is 
shown in Table 1. This polymer showed galactose, 
glucose, xylose , and sulfate at the same molecular 
ratio. In addition, the SPSG showed low levels phenol 
contaminants.

Table 1. Chemical analyses and molar relation of the sugar and sulfate content of SPSG. 

Sample Molecular 
weight (KDa) Phenolics (%) Total sugar (%) Proteins (%) SO3Na (%)

Molar Ratio

Gal1 Glc1 Xyl1 SO3Na

SPSG 11.0 <0.3 59.0 nd 20.6 0.9 1.0 1.0 1.0
1Gal: galactose; Glc: glucose; Xyl: xylose; nd: not detected.
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 The FT-IR spectrum (Figure 1) showed that 
the major absorption bands were observed at 3415 cm-1 
(O-H stretching), 1043 cm-1 (hemiacetal stretching), 
and 1252 cm-1 (S=O asymmetric stretching). The band 
close to 825 cm-1 could be assigned to the sulfate group 
in the axial position of the C-6 of galactose. The band 
around 1650 cm-1 was due to the bound water.

Figure 1. FT-IR spectra of the SPSG. The arrows indicate 
absorption bands at 3415 cm-1, 1650 cm-1, 1252 cm-1, and 825 
cm-1.

Tissue localization of SPSG

 The SPSG (Figure 2) was mostly localized in 
the plant cell wall, like the sulfated polysaccharides 
from marine algae. High amounts of the SPSG were 
detected in the roots of the seagrass as indicated by 
the arrows in the epidermal region (Figure 1C) and a 
low proportion in the stalks and leaves as demonstrated 
by the low staining intensities in the microscopy 
experiments (Figure 2A and 2B).

 Antioxidant activity from SPSG

 Seagrasses inhabit primarily intertidal areas, a 
harsh environment where they are subjected to repeated 
immersion and emersion due to tidal fluctuations. As a 

result, they are exposed twice daily to a wide range of 
environmental stress, including exposure to ultraviolet 
radiation, rapid temperature fluctuations, osmotic 
stress, and desiccation. Some of these factors contribute 
to free radical generation. However, these organisms 
have not serious damage in the presence of these 
reactive species, indicating that they possess protective 
mechanisms mediated by enzymes or antioxidant 
compounds. Corroborating these data, several sulfated 
polysaccharides from marine organisms have been 
recently described as potential antioxidant compounds 
(Costa et al., 2010; Camara et al., 2011). Thus we have 
evaluated the antioxidant activity of SPSG.
 Antioxidants are compounds that can prevent 
biological and chemical substances from radical-
induced oxidation damage. Because radical oxidation 
of substrates occurs through a chain reaction that 
includes three stages (i.e. initiation, propagation and 
termination), antioxidants show their effects through 
various mechanisms. Thus, we have used different 
methods that can evaluate the polysaccharide effects 
in initiation (total antioxidant and DPPH-scavenging 
capacities and reducing power), propagation (ferric 
chelating) and termination (superoxide and hydroxil 
radical scavenging activities) stages. 
 In the total antioxidant activity assay, the 
SPSG presented the ability to reduce Mo (VI) to form 
a green phosphate/Mo (V) complex total. However, it 
presented the lowest activity with 15.21 ascorbic acid 
equivalents.
 Figure 3A shows the DPPH-scavenging 
activity of the SPSG at various concentrations. The 
SPSG scavenged the DPPH radical over 41.4 % at 500 
μg/mL and the scavenging pattern observed was dose-
dependent. The reducing power of the SPSG is shown 

Figure 2. Sulfated polysaccharide localization in different regions of the seagrass determined by histological analysis. Optical 
microscopy images of the leaf (A), stem (B) and root (C) of the seagrass show differences in the metachromasia intensity of 
toluidine blue represented for the arrows. Original magnification was 200 for images (A, B) and 400 for image C. The bar 
represents 50 μm. 
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 	 The SPSG (ranging from 0.001 to 1000 mg/
mL) showed neither hydroxyl radical scavenging 
activity nor ferric chelating activity (Data not shown).

Anticoagulant activity from SPSG

	 The anticoagulant activity is a well-known 
effect of sulfated polysaccharides in general. Here, 
we evaluated the anticoagulant activity of SPSG using 
aPTT and PT tests, which evaluate the intrinsic and 
extrinsic pathway of the coagulation, respectively. 
	 No anticoagulant activity was found when the 
PT test was used. However, the SPSG showed strong 
anticoagulant activity in the aPTT test, indicating that 
the SPPG acts in the intrinsic coagulation pathway. To 
prolong the coagulation time to double baseline value 
in the aPTT, the required concentration of the SPSG and 
LMW heparin Clexane® was 20.0 and 8.0, respectively. 
Thus, to prolong the coagulation time to double baseline 
value in the aPTT, the required concentration of the 
SPSG was 2.5-fold higher than LMW heparin Clexane® 
(Table 2).

Table 2. Anticoagulant activity of SPSG of Halodule 
wrightii and LMW heparin Clexane®.

Compound
Test

PT (s) aPTT (s)
Controla 12.2±03 31.5±0.8

2.5μg 11.2±0.8 32.4±1.2
5.0μg 12.3±0.1 32.2±0.7
10μg 12.9±0.5 49.2±2.7

SPSG b20μg 11.4±0.4 #63,2±3.7
40μg 11.9±0.3 #123.5±1.7
80μg 12.0±0.9 #>240

Clexane® b8.0μg - #66.2±2.7
The data are the mean values of six determinations±SD; 
#values were considered significant with p<0.05; acontrol 
sample without polysaccharide. bmass needed (μg) to double 
the normal time of coagulation.

Discussion

	 We obtained a 11 kDa sulfated 
heteropolysaccharide composed of 
glucose:xylose:galactose (1:1:0.9) from the seagrass 
Halodule wrightii Asch., Cymodoceaceae. Another 
study had shown that the seagrass Ruppia maritime 
synthesized homopolysaccharides composed of sulfated 
β-galactan (Aquino et al., 2005). These findings led 
us to suggest that the mechanism of production of 
sulfated polysaccharides of seagrass is similar to that 
found in green algae, which can synthesize sulfated 
heteropolysaccarides that contain xylose, galactose, 

in Figure 3B. The SPSG showed a dose-dependent 
antioxidant effect, reaching saturation at around 0.25 
mg/mL. This experiment also showed that in order to 
obtain the higher reducing power of the SPSG equivalent 
to 50 % of ascorbic acid, the required concentration 
of this compound was only 2.5-fold higher than that 
of vitamin C. The capacity of the SPSG to scavenge 
superoxide radicals was confirmed when these radicals 
were generated in a Riboflavin-NBT-Light system 
(Figure 3C). The scavenging activity of the SPSG was 
not dose-dependent. Also, at the concentration of 0.005 
mg/mL the SPSG activity was 3-fold higher than gallic 
acid.

Figure 3. Antioxidant activity of SPSG. The scavenging 
effect of SPSG of the DPPH radical (A). Reducing power of 
SPSG (B). Superoxide radical scavenging activity of SPSG 
(C). Values are means±SD (n=9) and followed by the Tukey-
Kramer test. *Differences were considered to be statistically 
significant if p<0.05. AA: ascorbic acid; GA: gallic acid.
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arabinose, mannose, glucuronic acid, and/or glucose 
(Matsubara et al., 2001) and homopolysaccharides 
as homogalactan (Farias et al., 2008), varying their 
composition according to the species. This result is not 
surprising since some studies have shown that higher 
plants have a higher phylogenetic relationship with 
green algae than with other groups of marine algae 
(Pomin, 2010).
	 The FT-IR spectrum showed that the major 
absorption bands were observed at 3415 cm-1 (O-H 
stretching), 1047 cm-1 (hemiacetal stretching), and 1252 
cm-1 (S=O asymmetric stretching). The band close to 
825 cm-1 could be assigned to the sulfate group in the 
axial position of the C-6 of galactose (Hirst et al., 1965; 
Mazumder et al., 2002). This result is consistent with 
that of Mourão and colleagues, who showed that algae 
and marine angiosperms have a tendency to present 
sulfate group in the C-2 or C-6 (Pomin, 2010).
	 Seaweed sulfated polysaccharides appear to 
play a role in the algal cell wall organization and could 
be involved in the cross-linkage of other polysaccharides 
as cellulose, selecting the molecules that enter in the cells 
and also maintaining the ion balance between cytoplasm 
and the environment (Aquino et al., 2005). Histochemical 
analyses have shown that the SPSG is located mainly in 
the plant cell wall of root from Halodule wrightii, which 
suggests that the physiological properties of the SPSG 
are the same as those of sulfated polysaccharides from 
seaweeds. These data are in agreement those observed 
by Aquino et al. (2005) who demonstrated that sulfated 
galactan from the seagrass Ruppia maritima  is localized in 
the plant cell walls, mostly in rhizomes and roots, indicative 
of a relationship with the absorption of nutrients and of a 
possible structural function. However, little is known about 
the role of sulfated polysaccharides in seagrass and further 
investigation could define the physiological properties of 
sulfated polysaccharide in these plants.
	 SPSG showed 15.21 ascorbic acid equivalents. 
In a previous study using sulfated polysaccharides 
from seaweeds Padina tetrastomatica and Turbinaria 
conoides, Chandini et al. (2008) found 9.79 and 9.65 
mg/g of ascorbic acid equivalent, respectively, which was 
considered an elevated total antioxidant capacity. Thus, 
the values detected here for sulfated polysaccharides 
from H. wrightii are extremely interesting, leading 
us to further testing of different antioxidant assays to 
determine their possible antioxidant mechanisms.
	 The ability of the SPSG in the reducing power 
assay was only 3-fold weaker than L-ascorbic acid at 
0.05 mg/mL. However, L-ascorbic acid loses its activity 
at higher concentrations, which may reduce its benefits 
when used as a food supplement and/or antioxidant 
drug. Zhang et al. (2010) showed that acetylated 
polysaccharides with high donating-hydrogen abilities 
showed excellent reducing power, and in sulfated 

polysaccharides, the presence of the sulfate groups lead 
to the diminution of hydroxyl groups, which resulted in 
the descent of the reducing power, which may explain 
the lower SPSG reducing power activity compared to 
vitamin C. However, this SPSG activity was higher than 
the sulfated polysaccharide from green algae reported 
in the literature, the Ulvan, a sulfated polysaccharide 
purified from Ulva lactuta (Qi et al., 2006). It has been 
previously reported that there was a direct correlation 
between antioxidant activities and reducing power of 
polysaccharide. 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 nonenzymatic 
antioxidative activity is mediated by redox reactions 
(Costa et al., 2010). This led us to suggest that SPSG 
act as reductone and seagrass may be a better source of 
natural antioxidants than green algae; however, more 
studies are necessary. 
	 In hydroxyl scavenging assay and ferrous 
chelating, no activity was found, although, this result is 
similar to the most of sulfated polysaccharides reported 
in literature that displayed very low activity in these 
assays (Magalhães et al., 2011). However, sulfated 
heterofucans from Padina gymnospora (Souza et al., 
2007), as well as, sulfated homofucans from Fucus 
vesiculosus and Laminaria japonica (Souza et al., 
2007; Wang et al., 2008), have high activity as hydroxyl 
radical scavengers.
	 The superoxide radical scavenging of the SPSG 
was not dose-dependent in the tested system. However, 
in low concentrations (0.005 mg/mL), the SPSG showed 
better superoxide scavenging than gallic acid, the positive 
control. This finding is interesting since SPSG might be 
effective even in low concentrations when used in the 
processed and/or functional food and pharmaceutical and/
or chemical industries. 
	 Antioxidant effects of SPSG were evaluated 
in a comprehensive manner employing a variety of 
in vitro methods. We found that SPSG was active in 
scavenging DPPH and superoxide radicals as well 
in reducing power assay. Thus, SPSG probably have 
antioxidant action by breaking the free radical chain by 
donating a hydrogen atom. The antioxidant potential of 
SPPG can be attributed to the fact that the seagrass such 
as seaweeds are located in intertidal region, therefore, 
they are exposed to not only wide-variations in 
photosynthetically available radiation (400-700 nm) and 
more specifically, UV-B (280-320nm) and UV-A (320-
400 nm) irradiation depending upon the season, depth in 
the water and water turbidity, but also, dehydration due 
to daily tidal fluctuations. Consequently, these marine 
organisms require endogenous antioxidant protection 
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against cell and organelle membrane damage (Aguilera 
et al., 2002).
	 In the PT test, no anticoagulant activity was 
found. However, the SPSG showed strong dose-
dependent anticoagulant activity in the aPTT test. To 
prolong the coagulation time to double baseline value 
in the aPTT, the required concentration of the SPSG 
was 2.5-fold higher than that of LMW heparin, a 
reference drug used in the treatment of thromboembolic 
diseases in recent years. These data are in agreement 
with several studies that clearly showed that the 
sulfated polysaccharides extracted from seaweeds 
exhibited anticoagulant activity as potent as heparin. 
However, the literature revealed that the relationships 
between anticoagulant activity and structure are not 
merely a consequence of their charge density. The 
structural basis of this interaction is complex because 
it involves naturally heterogeneous polysaccharides 
but depends on the distribution of sulfate groups and 
on monosaccharide composition. Thus, in addition to 
the content of the sulfate groups in polysaccharides, 
the positions of these groups in a monosaccharide 
residue also influenced the anticoagulant activity. 
Here, the SPSG has galactose-6-sulfate as observed in 
FT-IR, indicating that this sulfated residue is important 
for the anticoagulant activity of SPSG. In agreement 
with our results, Chaidedgumjorn et al. (2002) showed 
polysaccharides that were specifically desulfated at 
position C6 lost their anticoagulant activity, whereas 
desulfation on C4 did not affect the polysaccharide 
anticoagulant activity. This result suggests that sulfated 
polysaccharides from C. cupressoides may be used in 
anticoagulant therapy. Thus, more detailed studies are 
needed to elucidate the structural requirements for the 
interaction of SPSG with coagulation inhibitors and 
their target proteases. 
	 In conclusion, we obtained a 11 kDa sulfated 
polysaccharide (SPSG) from the seagrass Halodule 
wrightii composed mainly of galactose, glucose, 
and xylose. This polysaccharide showed antioxidant 
activity (CAT test), superoxide radical and DPPH 
scavenge, and also reducing power activity. It also 
showed potent anticoagulant activity in the APTT 
tests. With such strong concomitant antioxidant and 
anticoagulant activities, the SPSG was identified as a 
potential multipotent drug.
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