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Abstract Parasitic diseases are a human health problemmain-
ly in low-income areas. The drugs available for the treatment of
these diseases are far from satisfactory due to high costs, tox-
icity, and drug resistance. Sulfated polysaccharides are a com-
plex group of bioactive polymers and can be obtained from
seaweeds. The heterofucans from Sargassum filipendula (SF)
present strong antiproliferative and antioxidant activities.
However, their immunomodulatory and antimicrobial capacity
have not been evaluated until now. In this study, five sulfated
fucose-rich fractions were isolated (named SF0.5V, SF0.7V,
SF1.0V, SF1.5V, and SF2.0V). The chemical composition
showed slight differences among polysaccharides and,

consequently, biological activity of these polymers. Three frac-
tions (SF0.5V, SF0.7V, and SF1.0V) showed a strong immu-
nomodulatory activity enhancing the release of nitric oxide
(NO) by murine macrophages (RAW 264.7), though only
SF0.5V was able to induce interleukin-6 (IL-6) and TNF-α
release from RAW cells. The sugar to sulfate ratio was not
correlated with these activities. Meanwhile, the contents of xy-
lose (P = 0.98 for NO; P = 0.98 for IL-6; P = 0.96 for TNF-α)
and glucuronic acid (P = 0.91 for NO; P = 0.9190 for IL-6;
P = 0.79 for TNF-α) were strongly positively correlated.
SF0.7V and SF1.0V inhibited biofilm formation by Klebsiella
pneumoniae (4.2 and 6.8%, respectively), whereas SF0.5V
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showed inhibitory effect (~50%) on biofilm formation by
Staphylococcus epidermidis. Furthermore, SF0.7V and
SF1.0V showed high inhibition capacity on the survival of
the protozoan Trichomonas vaginalis. The sugar to sulfate ratio
was positively correlated (P = 0.60) with this activity. The
results demonstrate the spectrum of action of these sulfated
polysaccharides obtained from SF and show their potential as
immunomodulatory and microbicidal agents.
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Introduction

The immune response performs a fundamental role in the
defense against infectious agents and it constitutes the most
important prevention against the occurrence of infection
spreads that are normally associated with a high mortality rate
(Machado et al. 2004). The establishment of an infection, in a
vulnerable host, covers several mechanisms; one of the most
relevant is the way that the microorganism interacts with the
immune system and its response against the invader (Ayres
and Schneider 2012).

Parasites are highly diversified organisms that have devel-
oped different strategies to infect their hosts. These infectious
agents vary from single-celled organisms such as bacteria and
protozoa, to multicelled organisms such as nematodes and
helminths (worms). Bacteria are microorganisms capable of
replicating inside the host cells as much as in the extracellular
environments, blood circulation, intestinal lumen, and air-
ways, among others (Ayres and Schneider 2012). On the other
hand, protozoa are infectious intracellular agents that normally
infect the host for long periods of time (Machado et al. 2004).
The immune mechanisms involved in fighting bacterial infec-
tions and those caused by protozoa vary; generally, intracellu-
lar parasites are eliminated through mechanisms mediated by
the cell and the extracellular ones via mechanisms that mainly
involve the complement system and antibodies (Janeway et al.
2001). The drugs available for the treatment of parasite-related
diseases are far from satisfactory due to their high production
costs and toxicity, as well as the appearance of resistance
(Helms et al. 2008; Limban and Chifiriuc 2011; Chouhan
et al. 2014; Innocente et al. 2014).

The increase in knowledge about clinical immunology is re-
vealing that the physiopathology of illnesses can be caused by
exacerbation, as well as by immunodeficiencies of the immune
response.Modern immunologic therapy is divided into two basic
groups of immunomodulators: the immunostimulants, which
lead to the increase of innate and adaptive immunity, and the
immunosuppressives that diminish the activity on the immune
system (Uthaisangsook et al. 2002). Natural products are impor-
tant sources of innovative therapeutic agents for infectious

diseases, cancer, lipid disorders, and immunomodulation
(Altmann 2001).

Sulfated polysaccharides are a complex group of bioactive
polymers in which some of the hydroxyl groups from sugar
waste are replaced by sulfate groups. Seaweeds are the main
non-animal sources to obtain these anionic polysaccharides; in
this group, we find the Fucans, which are a family of polysac-
charides that contain L-fucose in its constitution (Albuquerque
et al. 2004).

Over the last few years, a variety of groups reported that
sulfated polysaccharides obtained from Phaeophyta species,
especially from the genus Sargassum, show various biological
activities: Sargassum horneri (Hoshino et al. 1998);
S. tenerrimum (Sinha et al. 2010); S. patens (Zhu et al.
2003); S. fusiforme (Bhadja et al. 2016), S. wightii
(Josephine et al. 2007), S. vulgare (Dore et al. 2013),
S. siliquosum (Diamond 1957). Our group assessed the
heterofucans from Sargassum filipendula (Costa et al. 2011),
a common seaweed along the northeastern coast of Brazil, and
demonstrated that these polymers are bioactive molecules
with strong antiproliferative and antioxidant activities.
However, the immunomodulator and antimicrobial activities
of the sulfated polysaccharides from S. filipendula have not
yet been examined. In this context, the objective of this study
was to obtain these sulfated polysaccharides from
S. filipendula and evaluate their immunomudulating and anti-
microbial activities facing Trichomonas vaginalis,
Staphylococcus epidermidis, and Klebsiella pneumonia
(KPC).

Materials and methods

Materials

Bromide of 3-(4,5-dimetiltiazol-2-il)-2-5-diphenyltetrazoli-
umbromide (MTT), Griess reagent, methanol PA, and medi-
um of bacterial cultivation Luria Bertani (LB), Serum AB
(SIGMA), and metronidazole were from Sigma Chemical
Company, USA. Medium of cellular culture (RPMI 1640)
(developed by Roswell Park Memorial Institute) and
DMEM (Dulbecco’s modified Eagle’s medium), trypsin, and
bovine fetal serum (BFS) were obtained from CULTILAB
(Campinas-SP, Brazil). L-glutamine, gentamicin, penicillin,
streptomycin, sodium bicarbonate, HEPES, sodium pyruvate,
and saline solution tamponed with phosphate-buffered saline
(PBS) were from Invitrogen Corporation (USA). ELISA kits
(for TNF-α and IL-6) were from BD Biosciences. Ficoll-
Hypaque was from GE Healthcare. Panoptic dye was from
NewProv. Half Schneider’s insect was obtained from Gibco.
All of the other solvents and chemical products were of ana-
lytical grade.
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Biological material

The cell line of murine macrophages RAW 264.7 (ATCC
number TIB-71) was donated by Dr. Carmen Ferreira
(Biochemistry Department, UNICAMP, Brazil). The protozo-
an Trichomonas vaginalis (ATCC number 30236) was given
by Dr. Tiana Tasca (Clinical Analysis and Toxicology
Laboratory, Faculdade de Farmácia, UFRGS, Brazil).

The bacterial strains Staphylococcus epidermidis (ATCC
35984) and the clinical isolate of Klebsiella pneumoniaewere
given by Dr. Alexandre Jose Macedo (Biotechnology Center
and Faculdade de Farmácia, UFRGS, Brazil).

Maintenance of cell lines

The cell lines of murine macrophages (RAW 264.7) were
cultivated in supplemented DMEM with 10% of BFS and
antibiotics (100 U mL−1 of penicillin and 100 μg mL−1 of
streptomycin). The cells were maintained as cultures in mono-
layers at a humidified atmosphere of 5% of CO2 at 37 °C.

Trichomonas vaginaliswere cultivated in vitro in the TYM
(trypticase-yeast extract-maltose) medium, pH 6.0, supple-
mented with 10% (v/v) of serum inactivated by heat, and in-
cubated at 37 °C (Diamond 1957). The organisms in logarith-
mic growing phase, displayingmore than 95% of viability and
normal morphology, collected retracted, centrifuged, and
suspended again in medium TYM for utilization in tests.

Staphylococcus epidermidis and the clinic isolate of
K. pneumoniae (KPC) were utilized as biofilm former bacte-
rial models. Staphylococcus epidermidis and K. pneumoniae
were cultivated in LB medium at 37 °C under agitation of
150 rpm (Shaker Série Excella E25; New Brunswick
Scientific) and adjusted to an OD600 equivalent to
108 CFU mL−1 for utilization in antibacterial and antibiofilm
trials.

Extraction of sulfated polysaccharides (heterofucans)

Sargassum filipendula was collected at Búzios beach, Nísia
Floresta, Rio Grande do Norte, Brazil. The heterofucans
SF0.5V, SF0.7V, SF1.0V, SF1.5V, and SF2.0V of
S. filipendula were obtained utilizing the methodology de-
scribed by Costa and collaborators (Costa et al. 2011).

Production of nitric oxide (NO)

The production of NO was analyzed through quantification of
nitrite production by the Griess reaction (Green et al. 1982).
To measure the production of nitrite, aliquots of 100 μL—
obtained from supernatants of the cultures to be dosed—were
incubated with equal volumes of Griess reagent and were
incubated at room temperature for 10 min. The negative con-
trol consists of untreated cells with the heterofucans and

positive control those in the presence of LPS (2 μg mL−1).
The analysis was carried out in the microplate reader
Multiskan Ascent (Thermo Labsystems, USA) with absor-
bance at 540 nm. NaNO2 was used to generate the standard
curve.

Cytokine analysis

RAW 264.7 (3 × 105 cells mL−1) cells treated with different
heterofucans in the concentrations of 0.125, 0.25, and
0.5 mg mL−1 were cultivated in 24-well plates. After 24 h,
the supernatants were collected. They then were centrifuged at
1500×g for 5 min. The levels of TNF-α and IL-6 were deter-
mined by utilizing specific ELISA kits (immunoabsorbent en-
zymatic test); the negative control consists of untreated cells
with the heterofucans and positive control those in the pres-
ence of LPS (2 μg mL−1). The plate was read at 450 nm, with
remediation at 570 and 590 nm.

Cytotoxicity tests in macrophages

The cytotoxicity in RAW 264.7 cells was measured by the
MTT test as described previously by Telles and collaborators
(Telles et al. 2011). The cells were cultivated in 96-well plates
to a density of 5 × 103 cells well−1 with the heterofucans in
different concentrations (0.125, 0.25, 0.5, and 1.0 mg mL−1)
for 24 h at 37 °C and 5% of CO2. After incubation, 100 μL of
MTT was added to each well, incubated for 4 h at 37 °C and
5% of CO2, in the dark. The product MTT-formazan, dis-
solved in 100 mL of ethanol, was estimated by the measure-
ment of the absorbance to 570 nm in a Multiskan Ascent
(Thermo Labsystems, USA) microplate reader.

Anti-Trichomonas vaginalis assay

Heterofucans from S. filipendula were analyzed against
T. vaginalis trophozoites (ATCC 30236). In 96-well micro-
plates, 50 μL well−1 of solutions containing the different
heterofucans and 150 μL well−1 of the suspension of tropho-
zoites were added, resulting in a final volume of 200 μL con-
taining 2.5 × 105 trophozoites mL−1 and 2.0 mg mL−1 of the
heterofucans to be tested. In control cultures, heterofucan
samples were substituted by distilled water. The plates were
incubated for 24 h at 37 °C. Then 20 μL of a solution of
resarzurin at 0.1 mg mL−1 in phosphate-buffered saline was
added in each well. After 1 h incubation at 37 °C, the fluores-
cence of each well was measured in a fluorescence spectro-
photometer (Spectramax Gemini XS–Molecular Devices
Cooperation, USA), the quantification of viable trophozoites
was carried out as described by Duarte et al. (2009).
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Antibiofilm assay

Antibiofilm activity was measured as described by Melo-
Silveira and collaborators (Jiang et al. 2013). Eighty microli-
ters of bacterial suspension (S. epidermidis ATCC-35984 or a
clinic isolate of K. pneumoniae type 174), 80 μL of the
heterofucans (0.5, 1.0, 1.5, and 2.0 mg mL−1), and 40 μL of
tryptone soy broth (TSB) (Oxoid Ltd., England) were added to
the 96-well plate and incubated (37 °C for 24 h). Then, the
content of the wells was removed and the plate was washed
three times with sterile saline. The remaining adhered bacteria
were fixed at 60 °C for 1 h. The biofilm formed was dyed with
0.4% crystal violet for 15 min at room temperature. The crys-
tal violet bonded to the cells/biofilm was solubilized with
99.5% of DMSO and read at 570 nm (Spectramax M2e mul-
timode Microplate Reader, Molecular Devices, USA). The
controls (samples containing no fucans) were considered as
100% of the formation of biofilm and the values obtained for
the extract were the average of three experiments.

Bacterial inhibition assay

The experiment was carried out as described byMelo-Silveira
et al. (2012). The bacterial growth of S. epidermidis and a
clinical isolate of K. pneumoniae was evaluated by the differ-
ence of absorbance measured at 600 nm at the end and at the
beginning of the incubation time, in 96-well polystyrene
microtitration plates. Different concentrations of the
heterofucans (0.5, 1.0, 1.5, and 2.0 mg mL−1) were incubated
in the presence of each bacterial strain. The control with dis-
tilled water was considered as 100% of bacterial growth. All
of the experiments were carried out in triplicate.

Pearson correlation coefficient

The Pearson correlation coefficient was calculated for the sul-
fate to sugar ratio, xylose, fucose, mannose, or glucuronic acid
and the results of the biological assays obtained with fucans
from S. filipendula.

Statistical analysis

All the data are expressed in average ± standard deviation. The
analysis was carried out by analysis of variance. Student-
Newman-Keuls posttests were done for multiple comparison
by group. In all cases, statistical significance was established
at P < 0.05.

Results and discussion

Chemical characterization of fucans

Chemical characteristics of heterofucans SF0.5V, SF0.7V,
SF1.0V, SF1.5V, and SF2.0V obtained from S. filipendula
are presented in Table 1. The heterofucans SF0.5V and
SF2.0V were the ones that had the lowest sugar to sulfate
ratio, indicating that the amount of sulfate by sugar residue
is bigger when compared to that of the other heterofucans. The
monosaccharides fucose, galactose, glucose, and xylose were
found in different amounts in all polysaccharides. Mannose
and glucuronic acid are also present in almost all of the
heterofucans, except for SF1.5V, that does not have mannose
residues, and SF2.0V that does not have glucuronic acid in its
structure. Comparing the data described in Table 1 with the
data published by Costa et al. (2011), it is possible to verify
that both are very similar. The small differences between our
data and the data presented by Costa and colleagues may be
due to the fact that seaweeds were collected in different years.
These fucans present antioxidant and antitumor activities;
however, other activities have not been assessed yet; therefore,
we verified whether these fucans had immunomodulator and
antimicrobial effects.

Imunomodulator effect of the sulphated heterofucans
from S. filipendula in murine macrophages (RAW 264.7)

Macrophages are essential for the maintenance of homeostasis
and play a main role in the defense of the host against patho-
gens. In this process, activated macrophages release some

Table 1 Chemical characteristics
of the heterofucans from
S. filipendula

Heterofucans Total sugar/sulfate
(%/%)

Fuc:Gal:Glc:Man:Xyl:Gluc
acid (molar ratio)

SF 0.5V 4.06 1.0:1.4:0.5:0.3:1.0:1.0

SF0.7V 4.27 1.0:1.2:0.8:0.2:0.6:0.7

SF1.0V 4.69 1.0:1.2:0.4:0.2:0.3:0.6

SF1.5V 5.27 1.0:1.0:0.3:0.0:0.1:0.4

SF2.0V 3.72 1.0:2.0:0.4:0.5:0.2:0.0

Fuc fucose, Gal galactose, Man mannose, Xyl xylose, Gluc acid glucuronic acid
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immunomodulator factors, such as NO, IL-6, and TNF-α,
among others (Gamal-Eldeen et al. 2007). Therefore, initially,
we evaluated the effect of heterofucans in murine macro-
phages (RAW 264.7) in culture conditions.

Production of NO

The production of NO by RAW 264.7 cells, stimulated by the
different heterofucans (0.125, 0.25, and 0.5 mg mL−1) is dem-
onstrated in Fig. 1. After a 24-h treatment, the level of NO in
the cultures stimulated with the heterofucans SF1.5V and
SF2.0V was similar to that observed for the non-stimulated
cells (control group). On the other hand, the amount of NO
present in the supernatant of the macrophages increased con-
siderably when the cells were incubated with SF0.5V, SF0.7V,
and SF1.0V, and this effect had a tendency to be dose-depen-
dent. It is important to stress that the RAW cells, in the pres-
ence of SF0.5V (0.5 mg mL−1), made the amount of NO in
extracellular environment similar to the one found in the ex-
tracellular environment of the cells that was treated with the
positive control, which suggests a strong immunostimulating
action of the macrophages by this heterofucan.

Other groups also have shown that different fucans have dis-
tinct potentials as immunostimulating agents, e.g., fucans obtain-
ed from Ascophyllum nodosum and Fucus vesiculosus increased
the amount ofNO released to the extracellular environmentwhen
in contact with RAWcells. However, theAscophyllum fucanwas
six times more potent than that of Fucus (Jiang et al. 2011). The
presented information clearly indicates that the potency of stim-
ulation of the RAW cells carried out by the fucans in order to
release NO is not the same and depends on the properties of each
fucan, as was observed with the heterofucans from S. filipendula.

Among the properties featured as important for a fucan to
interfere in the amount of NO releases, it is important to men-
tion the degree of sulfation. Nevertheless, the results obtained
with the heterofucans (SF0.5V and SF2.0V) were intriguing;
despite the two having similar sugar to sulfate ratios, they had
different effects in the immunostimulation of macrophages
and release of NO, which means that one of them is a stimu-
lator (SF0.5V), whereas the other one (SF2.0V) does not af-
fect the amount of NO in the environment. In addition, the
Pearson correlation coefficient was negative (P = −0.33), sug-
gesting that Sargassum fucan sulfation is not an important
factor for these polymers to stimulate NO release.

According to Leiro et al. (2007), sulfate groups are
important points so that a sulfated polysaccharide is able
to stimulate RAW 264.7 cells to release NO to the extra-
cellular environment. These authors showed that sulfated
polysaccharides of the Ulva rigida were stimulating agents
of RAW cells; however, when they were desulfated, their
activity was lost. Jiang et al. (2013) also demonstrated that
when disulfating ascophylan, a homofucan obtained from
A. nodosum, its RAW macrophages’ stimulating activity
was significantly decreased when compared to that of the
native ascophylan.

Despite many authors finding that the amount of sulfate
groups present in the polysaccharide is important to its action,
the position in which these groups are distributed in the mol-
ecule is a much more determining factor so that a sulfated
polysaccharide can show higher or lower activity (Haroun-
Bouhedja et al. 2000; Barahona et al. 2012; Liang et al.
2014). Therefore, we believe that this would be the reason that
makes SF0.5V and SF2.0V, which have a similar sugar to
sulfate ratio, show distinct activities.
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Fig. 1 Effect of the heterofucans from S. filipendula over the release of
NO by RAW264.7 cells. The data are presented as average ± standard
deviation (n = 3). The letters a and b indicate a significant difference
(P < 0.05) between the concentration of the heterofucans. Number signs
indicate the significant difference (P < 0.05) between the concentration of

the heterofucan and positive control. Asterisks indicate significant
difference (P < 0.05) between the concentration of the heterofucan and
negative control. NC negative control; PC positive control (LPS
2 μg mL−1)
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The Sargassum fucans with a higher xylose and glucuronic
acid content exhibited greater NO stimulatory action, as con-
firmed by the high positive Pearson correlation coefficient be-
tween the xylose (P = 0.98) or glucuronic acid (P = 0.92) and
NO levels. Unfortunately, we did find other articles showing
correlation between these monosaccharides and NO stimulato-
ry action of fucans. However, polysaccharides containing xy-
lose and glucuronic acid, such as xylan from corn cobs, have
shown great NO stimulatory effect (Albuquerque et al. 2013).

Production of the cytokines TNF-α and IL-6

In Fig. 2, we show that the cells RAW 264.7, when exposed to
the heterofucans SF1.5V and SF2.0V, did not promote alter-
ation on the level of TNF-α and IL-6 in the extracellular
environment, proving, together with the previous data, that
these polymers possibly do not act as immunomodulator
agents.

The heterofucan SF1.0Valso did not induce the cells RAW
264.7 to produce and release a significant amount of TNF-α
and IL-6. This characteristic is not entirely of these fucans;
another heterofucan, extracted fromDictyota menstrualis, was
also not able to interfere on the production of these two cyto-
kines (Nakayasu et al. 2009). The presented data lead to the
observation that the immunomodulator mechanism of SF1.0V
would be centered in its capacity to interfere on the production
and release of NO.

The fucans that altered the highest amount of TNF-α and
IL-6 were SF0.5V and SF0.7V. In both the cases, the TNF-α
was the cytokine that was most affected by the presence of the
fucans. In addition, we found a Pearson correlation coefficient
between the xylose (P = 0.956) or glucuronic acid

(P = 0.796) and TNF-α levels as well as the xylose
(P = 0.98) or glucuronic acid (P = 0.91) and IL-6 levels.

For SF0.5V, it was observed that the presence of
0.25 mg mL−1 of this fucan increased in about a thousand
times the amount of TNF-α in the extracellular environment
in comparison with the amount of TNF-α found in the con-
trol group. This result was very expressive, since other
fucans from F. vesiculosus (Jiang et al. 2013) and
A. nodosum (Nakayasu et al. 2009), in the concentration of
0.2 mg mL−1, were only capable of increasing the amount of
TNF-α in the extracellular environment by 20 times.

Do et al. (2010), evaluating the effect of the
homofucan extracted from F. vesiculosus in the induction
of the production of NO by macrophages (RAW 264.7
and primary peritoneal cells), observed that this fucan
made the cells that were being studied increase the re-
lease of NO to the extracellular environment, as well as
TNF-α. These authors suggest that TNF-α has a synergic
effect and increases the release of NO to the extracellular
environment even more, which would explain the effect
of SF0.5V and SF0.7V. In other words, the way these
fucans stimulate the release of TNF-α induces a higher
release of NO. This also explains why SF1.0V stimulates
the release of a smaller amount of NO, because that fucan
does not affect the release of TNF-α.

Different groups that study fucans state that they are im-
munomodulators because they induce the activation in vitro of
murine macrophages (RAW 264.7) leading to the increase of
the production of NO and cytokines such as TNF-α and IL-6
(Nakamura et al. 2006; Teruya et al. 2010; Jiang et al. 2013;
Cho et al. 2014). This leads us to propose that S. filipendula
synthesizes imunomodulator fucans.

Fig. 2 Effect of the heterofucans from S. filipendula over the release of
TNF-α and IL-6 by RAW 264.7 cells. The data are presented as
average ± standard deviation (n = 3). The letters a and b indicate a
significant difference (P < 0.05) between the concentration of the
heterofucans. Number signs indicate significant difference (P < 0.05)

between the effect of the heterofucan and positive control. Asterisks
indicate significant difference (P < 0.05) between the effect of the
heterofucan and negative control. NC negative control; PC positive
control (LPS 2 μg mL−1)
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Cytotoxicity of the heterofucans related to RAW 264.7 cells

In order to evaluate whether the increase in the production of
these chemical mediators, NO and the cytokines (TNF-α and
IL-6), was not a response arising from the toxicity of the
heterofucans, we evaluated the cytotoxicity of these
heterofucans facing the same lineage used in previous trials.
The data are in Fig. 3.

By analyzing Fig. 4, it was possible to observe that under
all the conditions tested, the heterofucans did not compromise
the cellular viability of the phagocytic cells, suggesting that
these polymers do not have a cytotoxic effect over RAW
264.7 cells. Considering the cited aspects, we suggest that
the increase in the release of NO, TNF-α, and IL-6 results
from the immunomodulating capacity of the heterofucans fac-
ing the line of macrophages.

Antimicrobial activity

Considering that heterofucans from S. filipendula showed to
be immunomodulator agents, we also evaluated the effective-
ness of these heterofucans against various parasites, for in-
stance, T. vaginalis, K. pneumoniae, and S. epidermidis.

Anti-Trichomonas vaginalis activity

Heterofucans from S. filipendula were analyzed against tro-
phozoites of T. vaginalis (Fig. 4). The screening revealed that
the heterofucans SF0.5V and SF2.0V did not present inhibi-
tory activity against the trophozoites. Whereas, SF0.7V,
SF1.0V, and SF1.5V presented anti-T. vaginalis activity after
the 24-h treatment.

The Pearson correlation coefficient for the sugar to sulfate
ratio and the anti-T. vaginalis activity showed a positive cor-
relation (P = 0.60), suggesting that fucan sulfation is an im-
portant factor in the anti-T. vaginalis activity of these
Sargassum fucans.

The action of the heterofucans as strong inhibitory
agents of the flagellate protozoan T. vaginalis is of key
importance since the treatment of trichomoniasis, the
most common non-viral sexually transmitted disease
(STD) in the world (Sharafi et al. 2013), is essentially
based in the use of the drug 5-nitroimidazole (Helms
et al. 2008). However, some reports have demonstrated
the appearance of resistant T. vaginalis isolates (Blaha
et al. 2006). Therefore, it is necessary to search for a
new therapeutic arsenal. Besides, there is no study that
has demonstrated the activity of polysaccharides against
T. vaginalis, so this is the first study that shows that
polysaccharides obtained from seaweed (SF0.7 V,
SF1.0 V, and SF1.5 V) have cytotoxic action against this
pathogenic protozoan.

Antibacterial and antibiofilm activities

All of the heterofucans from S. filipendula were evaluated
as to their antibacterial and inhibitory capacity concerning
the formation of bacterial biofilms (Table 2). In this study,
no heterofucan of S. filipendula was shown to be effective
in the fighting of bacterial growth; also, they did not con-
siderably inhibit the formation of biofilms, promoted by
the association of bacteria of the species K. pneumoniae.
The heterofucans also did not have antibacterial activity
against S. epidermidis. However, SF0.5V presented
antibiofilm activity, inhibiting about 50% of biofilm for-
mation by these bacteria.

The difference in the activity of SF0.5V in the formation of
biofilms between the two species of bacteria studied may re-
sult from the structural difference presented by these two bac-
terial groups, since S. epidermidis is gram positive, whereas
K. pneumoniae is a Gram-negative bacterium, and therefore
has a membrane external to the bacterial cellular wall, thus
having binders distinct from the ones presented by
S. epidermidis.

Fig. 3 Effect of the heterofucans
from S. filipendula over the
proliferation of RAW 264.7 cells.
The data are presented as
average ± standard deviation
(n = 3). There were nomeaningful
differences in all of the tested
concentrations
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Considering that the heterofucan SF0.5V does not
have bactericidal activity (Table 2), its antibiofilm activ-
ity of S. epidermidis should be mediated by other mech-
anism unrelated to the inhibition of bacterial growth.
Some studies show that the charge of the surface is an
important parameter to the formation of biofilms.
Positively charged surfaces promote stronger bacterial
adhesion, probably due to attractive electrostatic forces
(Gottenbos et al. 1999). This way, sulfated polysaccha-
rides or with carboxylic groups, when bound to surfaces,
would provide negative charges to the surface and would
affect bacterial adhesion by electrostatic repulsion. As an
example, we have the effect of two ulvans (sulfated poly-
saccharides) extracted from the green seaweeds Ulva
rotundata and Ulva compressa. They were efficient in
the reduction of the colonization of titanium substrate

by S. epidermidis, reducing 96% of the initial adhesion
(Gadenne et al. 2013). However, we do not completely
agree with this hypothesis, since only one of the five
tested heterofucans presents antibiofilm activity.
Probably, as in other sulfated polysaccharides activities,
the distribution of negative charges by the molecule is a
factor that is more important than the simple fact of hav-
ing a negative charge for a polysaccharide to present
antibiofilm activity.

Another possibility that cannot be excluded would be
that of the ability of the fucan to bond to the bacterial
surface. Some studies indicate that the acting mechanism
of some polysaccharides happens through a competitive
inhibition of carbohydrate-protein interactions. As an ex-
ample, Zinger-Yosovich and Gilboa-Garber (2009) ob-
served that the adhesion that depends on the lectin of
Pseudomonas aeruginosa to human cells is effectively
inhibited by galactomannans. That way, antibiofilm poly-
saccharides would block the sugar-binding proteins pres-
ent on the surface of bacteria, or adhesins present in fim-
bria and pili (Zinger-Yosovich and Gilboa-Garber 2009).
It is intended, in the future, to produce antibodies anti-
SF0.5V and use them as a tool to discover its molecular
antibiofilm target.

This antibiofilm activity presented by the heterofucan
SF05V is fundamentally important since biofilms hamper
the arrival of antimicrobial drugs and even phagocytic
cells to the infection site. This can be harmful to health,
as in the case of bacterial pellicles that develop on teeth—
the origin of cavities—and other problems related to the
mouth, lungs, urinary catheters, and contact lenses, which
can cause serious infections on tissues (osteomyelitis and
endocarditis) and rejection of prosthetic materials
(Bjarnsholt 2013; Mohammadi et al. 2015).

Table 2 Antibacterial and
antibiofilm activities of the
heterofucans from S. filipendula

Microorganisma, b

Samples KPC producing Klebsiella pneumoniae
(clinical isolate)

Staphylococcus epidermidis
(ATCC 35984)

S. filipendula Antibacterial (%) Antibiofilm (%) Antibacterial (%) Antibiofilm (%)

SF0.5V 0 0 0 46.2 ± 0.04

SF0.7V 0 4.17 ± 0.03 0 0

SF1.0V 0 6.75 ± 0.02 0 0

SF1.5V 0 0 0 0

SF2.0V 0 0 0 0

Rifampicin (Sigma-Aldrich Co., USA) was used as control antibiotic
a The data are the average values of three determinations ± SD
b The results were obtained in the concentration of 2 mgmL−1 ; other tested concentrations did not have significant
activity

Fig. 4 Effect of different heterofucans from S. filipendula (2 mg mL−1)
against isolates of T. vaginalis sensitive to metronidazol. Control:
Trophozoites in untreated culture (no presence of heterofucans). The
data represent averages ± standard deviation of at least three
experiments. Number signs indicate significant difference (P < 0.05)
between the concentration of the heterofucan and control
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Conclusions

The heterofucans from S. filipendula presented distinct activi-
ties as stimulators of the immune system and antimicrobial
agents. The heterofucans SF0.5V, SF0.7V, and SF1.0V were
able to act in the activation of murine macrophages promoting
increase in the release of the chemical mediators that are im-
portant for fighting intracellular parasites. In addition, SF0.5V
presented antibiofilm activity facing the strain of S. epidermidis
whereas SF0.7V and SF1.0V reduced almost completely the
viability of the protozoan T. vaginalis. Therefore, these fucans
act as double-acting drugs; they stimulate the immune system
to fight the pathogens, and at the same time, they directly com-
bat these pathogens.

All five heterofucans obtained from S. filipendula showed
different/specific levels of activities in the trials carried out,
again making it evident that their biological activities depend
on their structural characteristics. Results such as these reflect
the great spectrum of action of these sulfated polysaccharides,
but also intensify the need of further studies to elucidate the
complete structure of these polysaccharides, configuration of
glycosidic bonds, their position as well as the position of sul-
fate groups and ramification points.
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