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ABSTRACT

Background: Brown algae are recognized as a source of sulfated polysaccharides of great economic value
and importance in biomedical studies due to their diverse biological activities such as anticoagulant, antioxi-
dant, antiviral, among others. Goals: In this study, an aqueous extract from the brown seaweed Stephano-
cystis dioica was evaluated to determine its potential anticoagulant activity. Methods: An aqueous extraction
was carried out at room temperature to obtain sulfated polysaccharides, which were semi-purified by frac-
tional precipitation with ethanol to obtain three fractions. These fractions were employed in prothrombin time
(PT) and activated partial thromboplastin time (aPTT) assays to evaluate anticoagulant activity at different
concentrations (6.25-100 pg mL™"). The partial chemical composition (fucose, uronic acids, and sulfates) and
S0,/sugar residue ratio were also determined. Results: In the PT assay, at a concentration of 100 pg mL™,
fraction F3 exhibited the greatest coagulation time (76 s), which was four times that of the control. In the aPTT
assay, the three fractions extended the control time (28.8 s) to more than 300 s at a concentration of 100 pg
mL". Partial chemical analysis showed that fractions F1, F2, and F3 are sulfated heteropolysaccharides rich
in fucose, with lower concentrations of uronic acids and other sugars. In the infrared spectrum, the observed
vibrations at 820 cm" indicate a twist of the sulfate group at the equatorial position of the sugar ring at 2-0
and/or 3-0 positions. Conclusions: The results showed that sulfated polysaccharide from Stephanocystis
dioica has potential anticoagulant activity.

Keywords: anticoagulant activity, bioactive, brown seaweed, fucoidan, uronic acids.

RESUMEN

Antecedentes: Las algas pardas son reconocidas como fuente de polisacaridos sulfatados de gran valor
econdmico e importancia en estudios biomédicos debido a sus diversas actividades biologicas como anti-
coagulante, antioxidante, antiviral, entre otras. Objetivos: Para este estudio se evalud un extracto acuoso ob-
tenido del alga parda Stephanocystis dioica para determinar su potencial actividad anticoagulante. Métodos:
Se realizd una extraccion acuosa a temperatura ambiente para obtener polisacaridos sulfatados, los cuales
se semipurificaron por precipitacion fraccionada con etanol, obteniendo tres fracciones. Estas fracciones se
emplearon en ensayos de tiempo de protrombina (TP) y tiempo de tromboplastina parcial activada (TTPa)
para evaluar la actividad anticoagulante a diferentes concentraciones (6.25-100 pug mL™"). También se deter-
mind la composicion quimica parcial (fucosa, &cidos urdnicos y sulfatos) y la relacion SO, /residuos de azicar.
Resultados: En el ensayo TP, a una concentracion de 100 yg mL", la fraccion F3 mostro el mayor tiempo
de coagulacion (76 s), el cual fue cuatro veces superior al tiempo del control. En el ensayo TTPa, las tres
fracciones prolongaron el tiempo del control (28.98 s) a mas de 300 s a una concentracion de 100 pg mL™".
El analisis quimico parcial mostré que las fracciones F1, F2 y F3 son heteropolisacaridos sulfatados ricos
en fucosa, con menores concentraciones de acidos urdnicos y otros azlcares. En el espectro infrarrojo, las
vibraciones observadas a 820 cm indican una torsion del grupo sulfato en la posicion ecuatorial del anillo de
azucar en las posiciones 2-0 y/o 3-0. Conclusiones: Los resultados mostraron que el polisacarido sulfatado
de Stephanocystis dioica tiene una potencial actividad anticoagulante.

Palabras clave: acidos urdnicos, actividad anticoagulante, alga parda, bioactividad, fucoidan.
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INTRODUCTION

Brown seaweeds are important sources of sulfated polysaccharides
and hold special interest in the search for natural products (Liyana-
ge et al.,, 2023). These compounds are found mainly in the cell walls
or extracellular matrices of brown seaweeds, although they have also
been isolated from microorganisms (e.g., cyanobacteria) and marine
invertebrates (e.g., jellyfish, sea urchins, and sea cucumbers) (Yang &
Zhang, 2009; Senthilkumar et al., 2013). Sulfated polysaccharides are
of great economic value and are important in biomedical research due
to the variety of biological activities they exhibit, either by themselves or
by inducing complex reaction cascades (Inécio et al., 2020).

Fucoidan is one of the most studied sulfated polysaccharides due
to its anticoagulant, antithrombotic, antiviral, and antiproliferative acti-
vities (Inacio et al., 2020). As such, a promising opportunity to develop
better and safer anticoagulant drugs with fewer and less severe side
effects has opened up with fucoidan isolated from brown seaweeds
(Pereira et al., 2002; Athukorala et al., 2006; Cumashi et al., 2007;
Wang et al., 2019). However, the high structural complexity of this sul-
fated polysaccharide makes it difficult to establish a clear relationship
between its structure and bioactivity.

Both the chemical composition and biological properties of algae
depend on multiple factors, including seasonal variation, geographic lo-
cation, species, nutrient concentrations in seawater, and other factors re-
lated to the processes of obtaining and extracting polysaccharides (Rioux
etal., 2007; Pradhan et al., 2020). Thus, each new fucoidan isolated from
a brown seaweed is a unique compound with specific structural features
that confer different physicochemical properties, which are responsible
for the diversity of biological activities with potential applications in me-
dicine and pharmacology that have been identified among sulfated poly-
saccharides (Mufioz-Ochoa et al., 2009; Inacio et al., 2020).

In Mexico, the studies of Stephanocystis dioica (N. L. Gardner)
Draisma, Ballesteros, F. Rousseau & T. Thibaut have only focused on its
taxonomy, distribution, and ecological roles (Pedroche & Senties, 2020).
Our interest in searching for novel and alternative bioactive compounds
led us to explore the potential of S. dioica to serve as a source of sulfa-
ted polysaccharides with anticoagulant activity. The results of our study
will complement our current understanding of the chemical composi-
tion of this alga and its biological properties.

MATERIAL AND METHODS

Sampling. Stephanocystis dioica was collected in Popotla, Baja Califor-
nia, Mexico (32° 18’ 06” N, 117° 02’ 43” W) in summer 2014 from the
subtidal zone at 2 m depth (Fig. 1). The samples were washed with tap
fresh water to remove epiphytes and sand, after which they were dried
in the shade for two days. The dried samples were cut into small pieces
and stored in clean containers until use.

Crude fucoidan (CF). One hundred grams of dried algae were ma-
cerated with ethanol, which was changed every third day. The extracts
were passed through Whatman No. 4 filter paper (25 p) and the algae
were extracted twice again under the same conditions. After filtration,
the ethanolic extract (EE) was evaporated under reduced pressure at 40
°C. The dry EE was stored in vials at - 4 °C until use. The residual algal
tissue was dried at 45 °C and stored for fucoidan extraction.
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Fucoidan extraction was conducted by the method of Mufioz-Ochoa
et al. (2009). A sample (50 g) of dried residual algal tissue (algae used
for EE) was placed in 600 mL of distilled water at room temperatu-
re (28 °C) and stirred continuously for 2 h. Then, the algal tissue was
removed by simple filtration using a cloth, and the resulting aqueous
solution was precipitated with two volumes of ethanol. This process
was performed twice more under the same conditions. The obtained
crude fucoidan (CF) extract was dried at 45 °C in an oven.

Partial fucoidan purification. The CF extract was dissolved in 100 mL
of distilled water, and the insoluble material was removed by centrifuga-
tion at 2500 rpm for 10 min (Beckman TJ-6/R, Beckman Coulter, Brea,
CA, USA). The clarified solution was precipitated with 10 mL of 10%
CaCl, and centrifuged at 2500 rpm for 10 min. The supernatant was
removed and subjected to fractional precipitation with three volumes
of ethanol. The precipitate from each volume of ethanol was recovered
by centrifugation at 2500 rpm for 10 min. The recovered precipitates
were dried in an oven at 45 °C and stored in vials. They were labeled as
fractions F1, F2, and F3 (Mufioz-Ochoa et al., 2009).

Anticoagulant activity. The anticoagulant activity of the extracts (F1,
F2, and F3) was evaluated with prothrombin time (PT) and activated
partial thromboplastin time (aPTT) coagulation assays, following the
instructions of the manufacturer (Siemens, Munich, Germany). Briefly,
90 pL of citrated human plasma was mixed with 10 pL of extract so-
lution and incubated for 1 min at 37 °C. After incubation, 200 pL of PT
reagent (Thromborel S, Siemens) was added to the mixture, and the
coagulation time was recorded. For the aPTT assay, 100 pL of aPTT
reagent (Actin, Siemens) was added to the mixture followed by 100
HL of 0.025 M CaCl,, and the coagulation time was recorded. Distilled
water was used as a negative control. Dilutions of CF and F1, F2, and F3
(100, 50, 25, 12.5, and 6.25 pg mL™") were prepared to determine the
lowest concentration at which anticoagulant activity was still notable
(Mufioz-Ochoa et al., 2009).

Partial fucoidan characterization. A structural characterization of
the fractions obtained from the S. dioica extracts was conducted with
Fourier transform infrared spectroscopy with a total refraction attenua-
tor (FTIR-ATR) (Spectrum Two, Perkin Elmer, Waltham, MA, USA). Each
spectrum was obtained from the sum of 24 replicates at a resolution of
4 cm™ in the spectral range of 4000-500 cm-'.

Determination of fucose. The fucose concentration was determined
by the colorimetric cysteine-sulfuric acid method (Dische, 1955) using
L-fucose (Sigma) as the standard. Briefly, 1 mL of each CF fraction (100
ug mL") was placed in a previously cooled test tube, and 4.5 mL of
85.7% H,S0, solution were added. The tubes were allowed to cool for
1 min in ice-water, and then the water bath temperature was raised to
100 °C for 10 min. After which, the samples were allowed to cool to
room temperature, and a total of 100 pL of 3% (w/v) cysteine solution
was added. After mixing, the solutions were allowed to stand for 30 min,
and absorbance was measured at 396 and 427 nm (0D, and OD

396 427
, respectively). The absorbance of fucose (00, ) was calculated using
the formula:

ob,.=0D,.-0D,, Eq. (1)

Determination of uronic acids. The relative uronic acid concentration
was estimated by the baseline method based on the infrared spectra,
considering the ratio of the area between the peaks of 1000 and 1180
cm', which is characteristic of sugars, and the area between the peaks
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Figure 1. Location of the sampling area of Stephanocystis dioica collected in Popotla, Baja California, Mexico.

of 1590 and 1650 c¢cm™', which is characteristic of uronic acids (Bociek
& Welti, 1975).

Determination of sulfates. Sulfate content was estimated by infra-
red spectroscopy using the baseline method proposed by Lijour et al.
(1994). The absorption bands around 1230 cm™, which are characte-
ristic of sulfate, and 1020-1180 c¢cm', which are characteristic of the
hemi-acetal ring of the carbon skeleton of sugars, were used with the
most probable baseline. The SO,/sugar residue relationship was deter-
mined based on the average between the maxima of the two bands.
Equation (2) was used to determine the composition of the sulfated
polysaccharides:

TS =%Fuc + %UA + %Others — %S0, Eq. (2)

where is total sugars, is the percentage of fucose, is the percentage
of uronic acids, is the percentage of sulfates, and includes mannose,
galactose, acetyl groups, and proteins (Li et al., 2008; Jiao et al., 2011;
Wijesinghe & Jeon, 2012).

RESULTS

Extract yields. The yield of the CF extract was 9.78%. Fraction F1 ex-
hibited a higher yield (2.22%) than those of fractions F2 and F3 (1%).

Anticoagulant activity tests. In the PT assay, the coagulation time of
fraction F1 was similar to that of the control (17.45 s) at all evaluated
concentrations, while those of fractions F2 and F3 were similar to the
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control time at a concentration of 6.25 pg mL", with clot formation
times of 18.12 s and 19.10 s, respectively. At a concentration of 100
pg mL", fraction F3 exhibited the greatest coagulation time (76.0 s),
which was almost four times that of the control, followed by fraction F2,
which exhibited a coagulation time (52.85 s) that was three times that
of the control. Fractions F2 and F3 exhibited similar coagulation times,
which were nearly double that of the control at a concentration of 50
pg mL" (Table 1).

In the aPTT assays, the high anticoagulant potential of S. dioica
was evident. At a concentration of 100 pg mL™, all fractions exhibited
coagulation times greater than 300 s, surpassing the coagulation time
of the control (28.89 s) by almost ten times. Even at the lowest concen-
tration (6.25 pug mL™), the three fractions showed strong anticoagulant
activity, with a coagulation time for fraction F1 that was almost double
that of the control (51.06 s), while fractions F2 and F3 exhibited coagu-
lation times that were four (127.6 s) and three (91.06 s) times greater
than that of the control, respectively. The highest anticoagulant activity
in the aPTT assay occurred in the F3 fraction at a concentration of 12.5
pg mL" with a time greater than 300 s (Table 1).

Structural characterization of fucoidan. The infrared spectrum of the
CF fractions ranged from 4000 to 500 cm™ (Fig. 2). In the diagnostic
region, extensive signals around 3300 cm™' due to the vibration of hy-
droxyl group bonds (OH) were detected, while the signals around 2900
cm' were due to the stretching of methyl bonds (CH). When analyzing
the fingerprint region for each spectrum, the characteristic bands re-
ported for fucoidans were evident. The signals between 1630 and 1415
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cm™ were attributed to the vibrations of the bonds of the carboxyl acid
group belonging to the uronates, with higher intensity vibrations obser-
ved in the F1 fraction.

The observed difference in the intensity of the signals around
1220-1230 cm for the three CF fractions indicates a concentration of
sulfate ester groups (S=0), with a low sulfate concentration for fraction
F1 and a higher sulfate concentration for fraction F2, which was co-
rroborated by the vibrations at 570 cm". The signals observed around
820 cm™ indicate sulfate ester group torsion at the equatorial position
of the sugar ring at the 2-0 and/or 3-0 positions, with higher intensity
bands for fraction F2.

The spectrum also showed bands at 1024-1022 cm™ correspon-
ding to the vibrations of the hemiacetal bonds of the sugar ring (C-0-C),
with bands of greater intensity for fraction F2 as well as other vibrations
within this peak that indicated the presence of more than one type of
sugar. The small shoulder at 963 cm™" observed with fractions F2 and
F3 agrees with the signals reported for fucoidans given the vibration of
fucose methyl group residues (CH,) (Mufioz-Ochoa et al., 2009; Ptak et
al., 2021; Augustyniak et al., 2024).

Partial chemical characterization. The chemical analysis of the three
fractions indicated that fraction F1 is partially composed of sulfates
(10%) and total sugars (90%), of which 15% was fucose and 60% uro-
nic acids. Fraction F1 showed the lowest SO,/sugar residue ratio of
0.11. On the other hand, fraction F2 was partially composed of sulfates
(38%) and total sugars (62%), of which 20% was fucose and 13% uro-
nic acid. In contrast to fraction F1, fraction F2 showed the highest SO,/
sugar residue ratio (0.61). Finally, fraction F3 was partially composed of
sulfates (27%) and total sugars (72%), of which 18% was fucose and
8% uronic acids. Fraction F3 showed a SO,/sugar residue ratio of 0.38
(Table 2).

DISCUSSION

Currently, many products contain various functional compounds obtai-
ned from natural marine sources. Indeed, brown seaweeds have been
widely used to produce industrially useful ingredients. Numerous stu-
dies have focused on sulfated fucoidans and their bioactive proper-
ties, with anticoagulant activity receiving notable attention (Wijesinghe
& Jeon, 2012). It is now understood that the degree of anticoagulant
activity depends in large part on the degree of sulfation, structure, and
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molecular weight of the fucoidan (Zvyagintseva et al., 2003; Jiang et
al., 2010; Wijesinghe & Jeon, 2012; Wang et al., 2019).

In the present study, the dry base yield of the CF obtained from S.
dioica was 9.78%. Lower yields have been reported for Laminaria japo-
nica Areschoug (1.9%), Saccharina longicrusis (Bachelot Pylaie) Kuntze
(1.3%), and Ascophyllum nodosum (Linnaeus) Le Jolis (2.6%) (Rioux et
al., 2007; Zhang et al., 2008). It is important to emphasize that fucoi-
dan content varies among brown seaweeds due to the developmental
differences among species and the influence of other factors, including
local environmental conditions, seasonal variations, and the extraction
method (Rioux et al., 2007; Inacio et al., 2020).

In this study, all fucoidans were able to prolong blood coagulation
time. The results of the PT assay suggest that fucoidans obtained from
S. dioica inhibited the extrinsic pathway, as all fractions exhibited clotting
times longer than that of the control. Indeed, the coagulation time of frac-
tion F3 was four times that of the control at a concentration of 100 yg mL-
'. A more evident inhibitory effect was observed in the aPTT assay, which
inhibited the intrinsic pathway. All fractions doubled the coagulation time
established by the control (28.9 s), even at the minimum concentration.

Similar results to those of the aPTT assay in this study have been
reported for Sargassum species, with times greater than 300 s for S.
vulgare C. Agardh and S. horneri (Turner) C. Agardh and a time of 200
s for S. siliquastrum (Mertens ex Turner) C. Agardh (De Lara-Isassi &
Alvarez-Hernandez, 1999; Athukorala et al., 2007). Other sulfated he-
teropolysaccharides with similar anticoagulant activity have been iso-
lated from brown seaweeds, including Dictyota dichotoma (Hudson) J.
V. Lamouroux, Padina pavonia (Linnaeus) J. V. Lamouroux, P. tetrastro-
matica Hauck (Abel-Fattah et al., 1974; Dobashi et al., 1989), Ecklonia
cava Kjellman, A. nodosum, and Undaria pinnatifida (Harvey) Suringar
(Athukorala et al., 2006). Thus, the fucoidans obtained from brown
seaweeds are active modulators of coagulation and constitute poten-
tial therapeutic compounds and viable alternatives to heparin (Mourao,
2004; Cumashi et al., 2007).

The specific anticoagulant effects of fucoidans are determined by
their composition and chemical structure, especially the positions of sul-
fate groups and sulfated fucose chains (Jiang et al., 2010; Wijesinghe &
Jeon, 2012; Dore et al., 2013). Among fucoidans, the bonds, branching,
and positions of the monosaccharides and the arrangement and content
of the sulfate groups notably differ, which seriously impedes clear rela-
tionships from being established between chemical structures and bio-
logical activity (Cumashi et al., 2007; Holtkamp et al., 2009; Jiao et al.,

Table 1. Coagulation times obtained in the prothrombin time (PT) and activated partial thromboplastin time (aPTT) assays of the three polysaccha-

ride fractions (F1, F2, and F3; Mean + SD, n = 3).

Extract concentration F1 F2 F3
(ug mL) PT (s) aPTT (s) PT (s) aPTT (s) PT (s) aPTT (s)
100 19.70+0.72 >300 52.85+3.69 >300 76.00+4.24 >300
50 18.70+0.61 234.5+10.6 32.42+2.70 >300 33.94+0.53 >300
25 17.11+0.91 ND 25.66+1.13 ND 23.93+1.55 >300
12.5 16.15+0.44 59.79+2.10 20.37+0.22 243.8+1.59 20.83+0.54 >300
6.25 15.53+0.07 51.06+1.40 18.12+0.26 127.6+2.94 19.10+0.86 91.06+3.73
Control 17.45+2.07 28.89+0.97 17.45+2.07 28.89+0.97 17.45+£2.07  28.89+0.97

ND = Not determined

Hidrobiol6gica
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Figure 2. Comparison of the spectra obtained from the crude fucoidan fractions (F1, F2, and F3) of Stephanocystis dioica

2011). The anticoagulant capacity of S. dioica observed in this study can
be attributed to the ability of heterofucans to inhibit the catalytic activity
of thrombin by acting directly on the enzyme or by activating inhibitors
in the plasma.

On the other hand, we observed that prior to the formation of the
clot, F2 and F3 promoted the formation of platelet aggregates. In a
previous study, Manne et al. (2013) reported that fucoidans obtained
from Fucus vesiculosus Linnaeus promoted platelet aggregation, hi-
ghlighting its potential alternative use as a CLEC-2 agonist in treating
hemophilia, given that CLEC-2 is a C-type lectin-like type Il trans-
membrane receptor. Zhu et al. (2010) evaluated the effect of high and
low molecular weight fucoidans from Laminaria japonica on platelet
aggregation. These authors reported a pro-aggregation effect of high
molecular weight fucoidans and an inhibitory effect of low molecular
weight fucoidans, indicating that L. japonica is a promising candidate
to develop treatments for thrombosis-related cardiovascular diseases.
Due to the platelet aggregation effect we detected with the F2 and F3
fractions, the majority of the fucoidans produced by S. dioica are likely
of high molecular weight.

In the present study, the infrared spectra of the three CF fractions
were similar to those that have been previously published for sulfated
heterofucans obtained from brown seaweeds (Chevolot et al., 1999;
Silva et al., 2005). In addition, the absorption patterns of the three CF
fractions were similar, which suggests that all fractions contained simi-
lar functional groups, although they exhibited differences in composi-
tion that were evident in the different intensities of the absorption peaks
(Fig. 2). In addition, the sulfate groups of the three fractions were in the
equatorial position (C-0-S) according to the moderate band detected
around 820 cm™'. This has been generally attributed to sulfates in fuco-
se residues at the 0-2 and/or 0-3 positions, which is a common feature
reported for anticoagulant fucoidans (Nishino ef al., 1989; Patankar et
al., 1993; Dore et al., 2013). In addition, the fucoidans presented gly-
cosidic bonds of the L-fucose type with a- (1 — 3) and a- (1 — 4)
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bonds responsible for anticoagulant activity, as has been reported for a
heterofucans obtained from A. nodosum (Chevolot et al., 1999).

It has been suggested that in addition to the position of the sul-
fate group and the length of the sulfated fucose chain, the difference
in fucose, uronic acid, and sulfate content among fucoidan fractions
may be related to the observed difference in bioactivity (Shanmugam
& Mody, 2000; Mourdo, 2004; Cumashi et al., 2007; Li et al., 2008).
This agrees with what has been reported in previous studies, namely
that compounds containing higher amounts of uronic acids and neutral
sugars (other than fucose) and small amounts of sulfates show little or
no inhibitory effect on the thrombin-fibrinogen reaction (Shanmugam &
Mody, 2000; Trejo, 2004; Awad et al., 2009). In this study, the characte-
ristics of the F1 fraction included bands of greater intensity for sugars
and uronates (1590 and 1650 cm™') and a composition high in uronic
acids (60%) and low in sulfates (10%) (Table 2).

On the other hand, fucoidans with higher fucose and sulfate con-
tent and lower uronic acid and neutral sugar content were also obtained
with fractions F2 and F3. For these fractions, absorption bands of higher
intensity were observed for the sulfate group (1230 cm™). In addition,
both fractions exhibited high sulfated fucose compositions (Fig. 2), na-
mely 38% sulfates and 20% fucose for fraction F2 and 27% sulfates
and 18% fucose for fraction F3 (Table 2).

Ciancia et al., 2010 cited that the SO,/sugar residue ratio must
approach or be greater than unity for potent anticoagulant activity to
develop in fucoidans obtained from brown seaweeds. Thus, fucoidans
with SO,/sugar residue ratios < 0.3 should show low or no bioactivity;
however, it is not yet fully understood if the degree of sulfation in fucoi-
dans increases or decreases anticoagulant activity. In agreement with
these authors, the SO,/sugar residue ratio of fraction F1 (0.11) reflects the
low bioactivity observed in the PT and aPTT tests. In contrast, fractions
F2 and F3 exhibited higher SO,/sugar residue ratios of 0.61 and 0.38,
respectively, which were consistent with higher anticoagulant activity
when compared to that of fraction F1 (Table 2). Similar results have been
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Table 2. Partial chemical composition expressed as a percentage of the polysaccharide fractions (F1, F2, and F3) obtained from Stephanocystis

dioica, and the SO, /sugar residue ratio. ("Mean = SD, n = 3).

Fraction srl(_:]t:rls Fucose* Uronic acids Sulfates c om[?(tprrllzats** S0,/sugar residues
F1 90.09 14.39 + 0.00 60.36 9.91 15.34 0.11
F2 62.11 20.19 +0.02 13.04 37.88 28.88 0.61
F3 72.46 17.76 + 0.02 7.97 27.53 46.73 0.38

**Other components: acetyl groups and proteins

reported for sulfated fucoidans with chemical characteristics and similar
anticoagulant activity isolated from Eisenia bicyclis (Kjellman) Setchell
(sulfated fucans), U. pinnatifida (fucogalactan sulfate), and Ecklonia kuro-
me Okamura (sulfated galactofucan; Dobashi et al., 1989).

It is important to mention that the bioactivity reported in this study
does not exclude the possibility of S. dioica exhibiting variable anticoa-
gulant activity. Bioactivity is influenced by specific biosynthetic factors
that are directly related to the physiological requirements of the algae.
This leads to the formation of generally heterogeneous and branched
algal polysaccharides with different structures and bioactivity (Matsub-
ara, 2004). Furthermore, we must consider that different coagulation
pathways interact with different factors, thus the heterofucans extrac-
ted from S. dioica may or may not be active depending on the coagu-
lation pathway being evaluated (Shanmugam & Mody, 2000; Dore et
al., 2013).

This study is the first to provide a partial characterization of fucoi-
dan isolated from S. dioica and its anticoagulant activity. The results
contribute to our fundamental understanding of sulfated polysacchari-
des from this brown alga and highlight the great pharmacological po-
tential of fucoidans as anticoagulant agents with potential for use in the
treatment of thrombotic diseases.

In conclusion, the sulfated polysaccharides produced by Stepha-
nocystis dioica are heterofucans composed mainly of fucose, uronic
acids, and sulfate. A direct relationship was observed between the
sulfate content and anticoagulant activity observed. Platelet pro-ag-
gregation was also observed, suggesting that the fucoidans present
in S. dioica are of high molecular weight. It is necessary to deepen the
study of sulfated polysaccharides to develop alternative compounds to
treat cardiovascular diseases like thrombosis, platelet aggregation di-
sorders, and other maladies that involve regulating blood coagulation
mechanisms.
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