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a  b  s  t  r  a  c  t

Isolation  and  characterization  of  polysaccharides  from  Sargassum  trichophyllum, a type  of  brown  algae,
were performed.  Three  polysaccharides,  ST-L,  -A and  -F were  obtained  and  characterized  as laminaran,
alginate  and  fucoidan,  respectively.  ST-L  was  found  to  be  a �-glucan  consisting  of  terminal-  (14.5  mol%),
1,3-  (69.4%),  1,6-  (33.4%),  and  1,3,6-linked  (12.8%)  residues.  ST-A  was  found  to  be  a mannuronic  acid-
rich  alginate  (M/G  =  1.88).  ST-F  consisted  of  fucose  (79.1  mol%)  and  galactose  (19.9  mol%),  and  its sulfate
eywords:
argassum trichophyllum
aminaran
lginate
ucoidan

content  was  estimated  to be 25.5%.  Methylation  analysis  revealed  that  ST-F  was  mainly  composed  of
terminal,  1,4-  and  1,3-linked  fucose  and  terminal,  1,2-  and  1,6-linked  galactose  residues.  Among  these
polysaccharides,  only  ST-F showed  antiviral  activity  against  herpes  simplex  virus  type  2.

© 2011 Elsevier Ltd. All rights reserved.
ntiviral activity

. Introduction

In East Asia, some of the marine macroalgae (seaweeds) are
amiliar foodstuffs and have also been used as crude drugs.
hey produce various metabolites and have been recognized
s promising targets for discovering bioactive substances. In
articular, marine macroalgae produce a variety of polysaccha-
ides, which have been attracting attention as pharmaceuticals,
ood ingredients and cosmetic ingredients. Among them, lami-
arans, alginates and fucoidans are polysaccharides produced by
rown algae. Laminarans are water-soluble storage polysaccha-
ides consisting of �-1,3- and �-1,6-linked d-glucose residues.
heir structures are known to vary considerably depending on
he source (Chizhov et al., 1998; Shevchenko et al., 2007; Usov

 Chizhov, 1993). Alginates are important phycocolloids, which
onsist of �-l-gluronic acid and �-d-mannuronic acid. These
olymers have been used for decades as thickeners, stabilizers
nd gelling agents in the food and pharmaceutical industries.
ucoidans are fucose-containing sulfated polysaccharides obtained

rom brown seaweeds. They are heterogeneous assemblages with
egard to their molecular mass, monosaccharide composition
nd number of sulfate and acetyl groups. On the other hand,

∗ Corresponding author at: Laboratory of Phamacognosy, Graduate School of
edicine and Pharmaceutical Sciences for Research, University of Toyama, 2630

ugitani, Toyama, Toyama 930-0194, Japan. Tel.: +81 76 434 7580;
ax: +81 76 434 5170.

E-mail address: lee@pha.u-toyama.ac.jp (J.-B. Lee).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.05.059
fucoidans are well known to possess various biological activ-
ities such as antitumor, antivirus and anticoagulant activities
(Berteau & Mulloy, 2003; Ghosh et al., 2009; Kusaykin et al.,
2008).

Sargassum trichophyllum belongs to Sargassaceae and dis-
tributes along the sea shore of Japan. Sargassum sp. has been
recorded as a crude drug in oriental medical dictionaries for treat-
ing goitre, scrofula, and testicular pain and swelling. In addition,
Sargassum is one of the most familiar seaweed in Japan and some
of them have been used as food. So far, we  have reported that
the structures and antiviral effects of fucan sulfates (fucoidans)
from S. horneri (Hoshino et al., 1998; Preeprame, Hayashi, Lee,
Sankawa, & Hayashi, 2001). However, these results revealed that
there are structural diversity and differences in antiviral potencies
among them. In addition, our comparative research on the bio-
logical activities of polysaccharides from algae also revealed that
the antiviral effects seemed to be correlated with not only sul-
fate contents and molecular weights but also sugar composition
and/or their linkage types (Hayakawa et al., 2000; Lee, Hayashi,
Maeda, & Hayashi, 2004). Therefore, we have been interested in
the correlation between sugar composition and antiviral effects
of sulfated polysaccharides, and this prompted us to characterize
and evaluate the structures and biological activities of polysac-
charides from various algae. During the course of the study, we
collected S. trichophyllum from Noto Island in Japan. So far, there

is no report about the chemical constituents including polysaccha-
rides of this alga. Here, we report the results of characterization
and evaluation of antiviral effects of polysaccharides from
S. trichophyllum.

dx.doi.org/10.1016/j.carbpol.2011.05.059
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:lee@pha.u-toyama.ac.jp
dx.doi.org/10.1016/j.carbpol.2011.05.059
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. Materials and methods

.1. Materials

S. trichophyllum (gametophyte) was collected from the shores
f Noto Island in Japan in May, 2006. A voucher specimen was
eposited in the Laboratory of Pharmacognosy, Graduate School
f Medicine and Pharmaceutical Sciences for Research, University
f Toyama (Japan).

.2. Isolation of polysaccharides from S. trichophyllum

Seaweed (600 g) was cut into pieces and extracted with H2O for
 h under reflux (three times). The combined extract was concen-
rated in vacuo and lyophilized to give a brownish residue (ST, 29 g).
wenty gram of ST was dissolved in H2O and dialyzed against H2O.
on-dialyzate and dialyzate were concentrated and lyophilized to
ive high molecular weight (STH, 5.8 g) and low molecular weight
ractions (STLM, 11.2 g), respectively. STH was dissolved in H2O and
pplied to a DEAE 650M anion exchange column (5 cm i.d. × 14 cm),
hich was successively eluted with H2O, 0.5 M NaCl, and 1 M
aCl to give STH1 (0.8%), STH2 (48.0%), and STH3 (24.4%), respec-

ively. STH1 (94 mg)  was dissolved in 0.1 M NaCl and applied to a
ephacryl S-100 HR column (2.5 cm i.d. × 94 cm)  and eluted with
.1 M NaCl. Fractions of 3 ml  were collected and monitored by the
henol–H2SO4 method (Dubois, Gilles, Hamilton, Revers, & Smith,
956) and UV detection at 275 nm to monitor colored materials and
roteins. Carbohydrate positive fractions were concentrated and

yophilized to give ST-L (88.2 mg). STH2 was dissolved in H2O and
pplied to a DEAE 650M anion exchange column (5 cm i.d. × 15 cm),
nd eluted with a linear gradient system prepared by H2O and

 M NaCl. Fractions of 20 ml  were collected and monitored by the
henol–H2SO4 method and UV detection at 275 nm.  STH2a (52%)
nd 2b (44%) were obtained on the basis of elution profile. STH2a
as dissolved in 10 mM citrate buffer (pH 7) containing 0.1 M NaCl

nd applied to a Sepharose 6B column (4.4 cm i.d. × 94 cm)  followed
y elution with the same buffer. Fractions of 15 ml  were collected
nd monitored by the phenol–H2SO4 method and UV detection
t 275 nm,  and gave STH2a-1 (10%), -2 (54%) and -3 (11%) on the
asis of elution profile. STH2a-2 was applied to a Sephacryl S-300
R column (2.2 cm i.d. × 94 cm)  and eluted with 0.1 M NaCl. Car-
ohydrate positive fractions were pooled together, dialyzed and

yophilized. This column chromatography was repeated three times
nd gave ST-A (37%). STH3 was dissolved in H2O and applied to a
EAE 650M anion exchange column (5 cm i.d. × 15 cm), and eluted
ith a linear gradient system prepared by H2O and 1 M NaCl. Frac-

ions of 20 ml  were collected and monitored by the phenol–H2SO4
ethod and UV detection at 275 nm.  STH3a (17%) and 3b (58%)
ere obtained on the basis of elution profile. STH3b was  dissolved

n 10 mM citrate buffer (pH 7) containing 0.1 M NaCl and applied to
 Sepharose 6B column (4.4 cm i.d. × 94 cm), which eluted with the
ame buffer. Fractions of 15 ml  were collected and monitored by
he phenol–H2SO4 method and UV detection at 275 nm,  and gave
TH3b-1 (19%) and -2 (53%) on the basis of elution profile. STH3b-2
as applied to a Sephacryl S-300 HR column (2.2 cm i.d. × 94 cm)

nd eluted with 0.1 M NaCl. Carbohydrate positive fractions were
ooled together, dialyzed and lyophilized. This column chromatog-
aphy was repeated twice to give ST-F (57%).

.3. Estimation of molecular weight
The molecular weight of isolated polysaccharides was estimated
y HPLC analysis. The sample was applied on TSK GMPWXL gel fil-
ration columns (7.6 mm × 300 mm × 2; Tosoh, Tokyo, Japan) and
luted with 0.1 M NaNO3 at 0.6 ml/min. Commercially available
ymers 86 (2011) 995– 999

pullulans (Shodex P-52; Showa Denko K.K., Tokyo, Japan) were used
as standard molecular markers.

2.4. Colorimetric analyses of polysaccharides

Uronic acid content was  determined by m-hydroxydiphenyl
method (Blumenkrantz & Asboe-Hansen, 1973). Protein content
was determined using a Bio-Rad protein assay kit. Sulfate content
was determined by rhodizonate method (Silvestri, Hurst, Simpson,
& Settine, 1982).

2.5. Sugar composition and methylation analyses of
polysaccharides

Polysaccharides were hydrolyzed with 2 M trifluoroacetic acid
at 120 ◦C for 1 h. After removal of TFA under N2 gas, the hydrolyzates
were converted to alditol acetates, which were analyzed by GC
using a SP-2330 fused silica capillary column (30 m × 0.32 mm
i.d.; Supelco, MA,  USA) with the oven temperature of 200–240 ◦C
(4 ◦C/min). Desulfation of ST-F was performed by solvolytic desul-
fation with 10% MeOH/DMSO (Nagasawa, Inoue, & Tokuyasu,
1979). After dialysis and lyophilization, a colorless polysaccha-
ride was  obtained (D-ST-F, Yield: 35%). ST-F was converted to the
triethylammonium salt (TEA-ST-F) by dialyzed against 0.1 M tri-
ethylammonium hydrogen chloride (Stevenson & Furneaux, 1991).
Methylation of polysaccharides was performed by the Ciucanu’s
method (Ciucanu & Kerek, 1984). In the case of TEA-ST-F, it was
methylated twice to achieve complete methylation. The methy-
lated polysaccharides were hydrolyzed with 2 M TFA at 120 ◦C for
1 h, reduced with NaBD4, and acetylated. The partially methylated
alditol acetates were analyzed GC using a SP-2330 fused silica cap-
illary column and GC–MS using a DB-5MS fused silica capillary
column. Identification of partially methylated alditol acetates was
carried out on the basis of relative retention time to 1,5-di-O-acetyl-
2,3,4,6-tetra-O-methylglucitol and its mass fragmentation patterns
(Carpita & Shea, 1988). Peak area was corrected using published
molar response factors (Sweet, Shapiro, & Albersheim, 1975).

2.6. Spectroscopic analyses of polysaccharides

IR spectra of polysaccharides were recorded with a FT/IR-
460plus spectrophotometer using KBr method (Jasco, Tokyo,
Japan). NMR  spectra were recorded at 303 K on a Varian Unity 500
plus spectrophotometer, and sodium 2,2-dimethyl-2-silapentane-
5-sulfonate (DSS) was used as an internal reference.

2.7. Cells and viruses

Vero and MDCK cells were grown in Eagle’s minimum essential
medium (MEM)  supplemented with 5% fetal bovine serum (FBS)
and kanamycin (60 mg/l). RAW 264.7 cells were grown in Dul-
becco’s modified MEM  (DMEM) supplemented with 10% FBS. HSV-2
(UW264 strain) and influenza A virus (IFV-A, A/NWS/33 strain,
H1N1 subtype) were propagated on Vero and MDCK cells, respec-
tively. Those viruses were stored at −80 ◦C until use. An aliquot of
the virus stock was titered by plaque assay.

2.8. Antiviral activity and cytotoxycity of polysaccharides

Vero and MDCK cell monolayers were infected with HSV-2 or
influenza virus, respectively, at 0.1 plaque forming unit (PFU) per
cell at room temperature. After 1 h of viral infection, the mono-

layers were washed three times with phosphate-buffered saline
(PBS) and incubated in a maintenance medium (MEM plus 2% FBS)
at 37 ◦C. Samples were added either during infection and through-
out the subsequent incubation (A) or immediately after the viral
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Sargassum trichophyllum (Fresh weight 600 g)
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ig. 1. Scheme for the extraction and purification of polysaccharides from the brown
lga  Sargassum trichophyllum.

nfection (B). Virus yields were determined by plaque assay at 1-
ay incubation point. The 50% inhibitory concentration (IC50) was
btained from the concentration–response curves. For cell growth
nhibition study, Vero or MDCK cells were incubated at an initial
ensity of 1 × 104 cells/well in 96-well plates. After cells had been

ncubated for 1 day at 37 ◦C, sample was added and the incuba-
ion was continued for 3 days. Viable cell yield was  determined
y the trypan blue exclusion test. The 50% cytotoxic concentra-
ion (CC50) was obtained from concentration–response curves. All
ate were expressed as mean ± SD from triplicate assays. To deter-
ine the effect of polysaccharides on direct inactivation of virus

articles, HSV-2 or IFV-A (2 × 104 PFU/100 �l) was  treated with an
qual volume of polysaccharides at 37 ◦C. After 1.5 h, 100-fold dilu-
ions of the mixture were added to Vero or MDCK cell monolayers
or 1 h at room temperature. The cell monolayers were overlaid
ith media containing 0.8% methylcellulose and 2% FBS to be
laque-assayed.

. Results

.1. Isolation of polysaccharides from S. trichophyllum

Extraction and isolation of polysaccharides from S. trichophyllum
ere performed according to Fig. 1. Hot water extract (ST) was  frac-

ionated by dialysis to remove the relatively low molecular weight
ortion (STLM). Crude polysaccharide (STH) was fractionated by
nion exchange chromatography into three sub-fractions (STH1,
TH2 and STH3). STH1 was suggested to be neutral polysaccha-
ides because it was not bound to the anion exchange resin. STH1
as purified by gel filtration on Sephacryl S-100 HR to yield a col-

rless polysaccharide (ST-L). STH2 was further purified by anion
xchange and gel filtration column chromatographies including
EAE 650M, Sepharose 6B and Sephacryl S-300 HR. Thus obtained
urified polysaccharide was named ST-A. STH3 was also purified
y the combination of anion exchange and gel filtration to give a
olorless polysaccharide (ST-F).

.2. Characterization of ST-L

Molecular weight of ST-L was estimated to be 6.14 × 103, and
ts polydispersity index (Mw/Mn = 1.17) revealed that ST-L was
solated as a homogeneous polysaccharide. FT-IR spectrum of ST-
 showed no characteristic absorption bands such as >S O or
COO stretching. Sugar composition analysis revealed that ST-L
onsisted of glucose with trace amounts of xylose. Methylation
nalysis indicated that ST-L was composed of non-reducing ter-
Fig. 2. HSQC and HMBC spectrum of the glucan (ST-L) in D2O at 300 K.

minal glucopyranose (14.5%), 1,3-linked glucopyranose (69.4%),
1,6-linked glucopyranose (3.4%), and 1,3,6-linked glucopyranose
(12.8%). Therefore, it was  suggested that ST-L might be a highly
branched glucan. We  employed NMR  analyses to clarify the chem-
ical structure of ST-L. As shown in Fig. 2, three anomeric signals,
ıH 4.78 (d, 8.4 Hz) and ıC 105.2 ppm, ıH 4.76 (d, ∼8 Hz) and ıC
105.3 ppm and ıH 4.52 (d, 8.1 Hz) and ıC 105.5 ppm were observed
in the in HSQC spectrum, and they were named as residue A, B and
C, respectively. Therefore, three spin systems were suggested to be
present mainly in ST-L. All signals were assigned by the combina-
tion of several 2D NMR  spectra as shown in Table 1. Residues A, B
and C were found to be �-glucose residues since their chemical shift
values and coupling constants. Residues A and B were suggested to
be 3-substituted and 3,6-disubstituted residues because 13C chem-
ical shift values of the positions were obviously down-field shifted.
In the HMBC spectrum, a long range correlation between H-1 of A
and C-3 of A and B were observed. Therefore, it was  suggested that
A residue was  linked at 3 positions of A or B residues. On the other
hand, H-1 of C residue showed a strong long range correlation to
C-6 of B residue. This observation revealed that C residue was con-
nected to 6 position of B residue. These assignments agreed well
with the data of methylation analysis, and ST-F was  shown to be a
branched laminaran.

3.3. Characterization of ST-A

ST-A was  obtained as an acidic polysaccharide because it
was retained by an anionic exchange column chromatography.
Its molecular weight and polydispersity index were estimated
to be 2.36 × 104 and 1.15, respectively. FT-IR spectrum showed
the absorption bands at 3400 cm−1 (OH stretching), 1610 and
1402 cm−1 (COO stretching), which were characteristic bands of
alginate. In addition, two bands at 1100 and 1036 cm−1 respon-
sible for mannuronic and guluronic units, respectively, were also
observed. In the 13C NMR  spectrum of ST-A (Fig. 3), four anomeric
carbon signals at ı 104.0, 103.5, 102.8 and 102.3 ppm were observed

and assigned to be C-1 of MG,  GG, MM and GM,  respectively
(Kawarada, Hirai, Odani, Iida, & Nakajima, 1990). Other ring carbon
signals were also identical to the reported spectra (Kawarada et al.,
1990), therefore, ST-A was  identified to be an alginate. In order to
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Table  1
1H and 13C NMR  spectral data of the glucan (ST-L) in D2O.

Residue 1 2 3 4 5 6

A: 105.2 75.9 87.0 70.8 78.3 63.4
→3)-Glc-(1→ 4.78  3.57 3.78 3.51 3.51 3.92 3.73

B: 105.3  75.4 87.5 70.9 77.2 71.4
→6,3)-Glc-(1→  4.76 3.58 3.78 3.59 3.69 4.21 3.87
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C:  105.5 75.9 78.3
Glc-(1→  4.52 3.30 3.4

valuate the content of M and G units, we have investigated the 1H
MR  spectrum of ST-A by the procedures as described previously

Chattopadhyay et al., 2010; Torres et al., 2007), and the M/G  ratio
as calculated to be 1.88.

.4. Characterization of ST-F

ST-F was isolated as a colorless polysaccharide, and its molecular
eight was estimated to be 1.98 × 104 (Mw/Mn = 1.36). Cellulose

cetate membrane electrophoresis also revealed that ST-F was  an
nionic polysaccharide because single band was detected by tolu-
dine blue staining (data not shown). FT-IR spectrum showed an
bsorption band at 1256 cm−1 related to S O stretching vibration
f the sulfate group. The sulfate content was estimated to be 23.5%
y barium-rhodizonate method. Colorimetric assays also indicated
he presence of small amounts of uronic acids (1.3%). Monosaccha-
ide composition analysis revealed that ST-F consisted of fucose
79.8%) and galactose (20.2%). In order to elucidate the sugar link-
ges and substitution sites of sulfate groups, methylation analyses
ere performed against ST-F and its desulfated material (ST-F-D).
s shown in Table 2, ST-F-D was mainly composed of non-reducing

erminal, 4-, 3-, and 3,4-disubstituted fucose residues. In addition,
on-reducing terminal, 2-, and 6-substituted galactose residues
ere also detected. On the other hand, native polysaccharide (ST-

) showed the presence of 2,3-disubstituted and 2,3,4-trisubstitued
ucose residues. By comparison of these data, sulfate groups were
uggested to be linked C-2 or C-4 positions of fucose residues.
he 1H NMR  spectrum of ST-F-D also suggested that this poly-
er  had a complicated structure because many anomeric proton

nd methyl proton signals were observed in the region between

.0 and 5.4 ppm and between 1.2 and 1.5 ppm, respectively (data
ot shown). In addition, those anomeric resonances indicated
hat the fucose residues in ST-F were suggested to be �-linked
esidues.

110 100 90 80 70

170180

C6MM
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GG

M(C4)
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Fig. 3. 13C NMR  spectrum of the alginate (ST-A) in D2O at 303 K at 125 MHz.
72.3 78.5 63.4
3.38 3.44 3.92 3.73

3.5. Antiviral activities of polysaccharides

Among the isolated polysaccharides from S. trichophyllum,  ST-F
only showed antiviral activities against HSV-2. ST-F showed a low
toxicity on the host cell growth, with the 50% cytotoxic concen-
tration (CC50) being higher than 5000 �g/ml. When it was added
to the medium during infection and throughout the incubation
(experiment A) or immediately after viral infection (experiment B),
the 50% inhibitory concentrations against virus replication (IC50)
were 18 and 410 �g/ml, respectively. The resultant selectivity
indices (CC50/IC50) of ST-F were >280 and >12 for experiment A
and B, respectively. In general, a sample was regarded as pos-
sessing antiviral activity when its selectivity index (SI, CC50/IC50)
was higher than 10. Therefore, ST-F possesses anti-HSV-2 activity
in vitro. In addition, the main antiviral target of ST-F might be virus
adsorption and/or penetration step(s) on host cell surface because
the SI value in the experiment A was higher than that in the exper-
iment B. So far, virucidal effect has been thought to be favorable in
preventing from virus infection (Carlucci, Scolaro, Noseda, Cerezo,
& Damonte, 2004; Ohta et al., 2009). However, ST-F had no viruci-
dal effects when we  examined whether ST-F possessed this effect
or not (data not shown).

4. Discussion

As described above, we isolated three polysaccharides, ST-L, -A
and -F, from S. trichophyllum.  It has been reported that Turbina-
ria conoides, which is a related species of Sargassum sp., contains
laminaran, alginate and fucoidan (Chattopadhyay et al., 2010).
In addition, Sinha, Astani, Ghosh, Schnitzler, and Ray (2010) has
reported the isolation of alginate and fucoidan from S. tenerrimum.
Although there are slight differences in chemical characteristics of
polysaccharides between S. trichophyllum and the others, we  could

obtain almost the same results as those described in the previous
reports. We  could isolated a branched �-1,3-d-glucan from S. tri-
chophyllum. Laminaria gurjanovae has been reported to contain two

Table 2
Results of methylation analyses of fucoidan (ST-F) and desulfated fucoidan.

Methylated sugar Deduced linkage Fucoidan Desulfated
fucoidan

2,3,4-Me3-Fuc Fuc-(1→ 8.9 16.3
2,3-Me2-Fuc →4)-Fuc-(1→ 16.9 15.3
2,4-Me2-Fuc →3)-Fuc-(1→ 12.9 34.6
3,4-Me2-Fuc →2)-Fuc-(1→ 6.9 4.0
2-Me-Fuc →4,3)-Fuc-(1→  17.3 8.6
3-Me-Fuc →3,2)-Fuc-(1→ 20.8 n.d.
Unmethylated Fuc →4,3,2)-Fuc-(1→ 10.0 n.d.
2,3,4,6-Me4-Gal Gal-(1→ 1.4 7.3
2,4,6-Me3-Gal →4)-Gal-(1→ 1.3 n.d.
2,4,6-Me3-Gal →3)-Gal-(1→ 0.5 1.5
3,4,6-Me3-Gal →2)-Gal-(1→ 1.2 5.1
2,3,4-Me3-Gal →6)-Gal-(1→ n.d. 6.2
3,4-Me2-Gal →6,2)-Gal-(1→ 0.9 1.3
2,6-Me2-Gal →4,3)-Gal-(1→ 1.6 2.0
3.6-Me2-Gal →4,2)-Gal-(1→ 1.0 n.d.
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ypes of laminaran, �-1,3- and �-1,3:1,6-d-glucans (Shevchenko
t al., 2007). On the other hand, ST-A was suggested to be an alginate
nd its M/G  ratio was 1.88. Alginate is one of the extensively stud-
ed polysaccharides, and there are several reports comparing their
hemical characteristics (Davis et al., 2003; Llans, Sauriol, Morin,

 Perlin, 1997; Zubia, Payri, & Deslandes, 2008). Based on its M/G
atio, ST-A could be regard as a high mannuronic acid-containing
lginate. Finally, ST-F was found to be a fucoidan consisted of fucose
nd galactose. So far, numerous fucoidans have been obtained from
rown algae and their structures seem to be dependent on their ori-
in. Among Sargassum sp., a fucan sulfate from S. horneri was solely
omposed of fucose (Hoshino et al., 1998; Preeprame et al., 2001),
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alactose (Duarte, Cardoso, Noseda, & Cerezo, 2001). This research
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inkage modes of those were almost identical with those of fucoidan
rom S. stenophyllum.

When three isolated polysaccharides were applied to anti-HSV-
 tests in vitro, ST-F was confirmed to be an antiviral polysaccharide.
ts antiviral target(s) were suggested to be virus–host cell inter-
ction, such as virus binding to and penetration onto host cells.
ecently, attention has been paid to the management of HSV-2

nfection because this virus is recognized as one of important risk
actors of HIV spread, and co-infection of HSV-2 with HIV lead-
ng to changes in HIV tropism (Pelú, Benetti, & Calistri, 2001).
herefore, ST-F might be a candidate for anti-HSV-2 agent since
t showed a potent antiviral activity. Although ST-A showed no
nti-HSV-2 activity, Sinha et al. (2010) reported that a sodium
lginate (polyguluronic acid-enriched type) possessed anti-HSV-1
ffect (SI > 67). When compared with molecular weights between
T-A and the sodium alginate from S. tenerrimum, there were no
ignificant differences (23.6 kDa versus 26 kDa, respectively). Thus,
ntiviral potency of alginates might be dependent on their chemical
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