
P
a

K
E
a

b

a

A
R
R
A
A

K
G
G
A

1

f
d
o
i
i
o
n
e
(
n
h

a
c
e
d
e
d
I
a
i

0
d

International Journal of Biological Macromolecules 43 (2008) 346–351

Contents lists available at ScienceDirect

International Journal of Biological Macromolecules

journa l homepage: www.e lsev ier .com/ locate / i jb iomac

olysaccharides from Gracilaria corticata: Sulfation, chemical characterization
nd anti-HSV activities

ausik Chattopadhyaya, Tuhin Ghosha, Carlos A. Pujolb, María J. Carluccib,
lsa B. Damonteb, Bimalendu Raya,∗

Natural Products Laboratory, Department of Chemistry, The University of Burdwan, WB 713 104, India
Laboratorio de Virología, Departamento de Química Biológica, Facultad de Ciencias Exactas y Naturales UBA, Ciudad Universitaria-Pabellón 2 Piso 4, 1428 Buenos Aires, Argentina

r t i c l e i n f o

rticle history:
eceived 15 June 2008

a b s t r a c t

In this study, we have analyzed water-extracted polysaccharides of Gracilaria corticata. The water extract
(WE), a galactan-containing sub-fraction (F3) and their hyper sulfated derivatives (WES1, WES2, F3S1 and
eceived in revised form 9 July 2008
ccepted 10 July 2008
vailable online 23 July 2008

eywords:

F3S2) had anti-HSV activity with inhibitory concentration 50% (IC50) from 1.1 to 27.4 �g/ml. Sub-fraction
F3, which has a molecular mass of 30 kDa, consists of a backbone of �-(1 → 3) and �-(1 → 4)-linked-
galactopyranosyl residues. This linear galactan contained Gal2Xyl1, Gal2AnGal2, Gal4 and Me-Gal3AnGal2
as oligomeric building subunits. Sulfate group was located at C-4 of (1 → 3)-linked galactopyranosyl
residues of the native galactan, and appeared to be very important for the anti-herpetic activity.
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. Introduction

During the last decade, the number of antiviral agents approved
or clinical use has been increased from five to more than thirty
rugs [1,2]. However, as these compounds are not always efficacious
r well tolerated and drug-resistant strains are rapidly emerg-
ng, the demand for antiviral drugs with novel mode of action
s great. In recent years, screening assays of the antiviral activity
f extracts from marine algae have led to the identification of a
umber of sulfated polysaccharides with potent in vitro inhibitory
ffects against various animal virus including herpes simplex virus
HSV) types 1 and 2 [3–8]. These polysaccharides include predomi-
antly fucoidans, sulfated galactans, sulfated mannans and sulfated
eteroglycans.

Many researchers have conducted in vivo studies on the bioavail-
bility of sulfated polysaccharides. But the results obtained are
ontroversial. For example, it has been observed that the in vivo
ffectiveness of oral administration of dextran sulfate to HIV was
isappointing [9,10]. On the other hand, in an open phase I/II dose-
scalation study in which six AIDS patients were treated with

extrin 2-sulfate, there was a significant decrease in viral load [11].

n addition, a more recent clinical study that employed different
nalytical techniques found that dextran sulfate is absorbed rapidly
n humans after oral administration, indicating that this macro-

∗ Corresponding author. Tel.: +91 342 25 56 56 6; fax: +91 342 25 30 45 2.
E-mail address: bimalendu ray@yahoo.co.uk (B. Ray).
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olecule has therapeutic potential [12] and merits further study.
t was suggested that the main problem encountered with in vivo
tudy related to the nature of infection and the manner of treat-
ent [13]. The fact that several polysaccharides, such as cellulose

ulfate, dextran/dextrin sulfates and carrageenan have successfully
ompleted phases I and II clinical trials as antiviral candidate and
re currently undergoing Phase III trial is noteworthy [14–17]. Thus,
valuation of the potential of sulfated polysaccharides of marine
lgae as anti-HSV agents will be of considerable interest.

In a preceding paper [18] it was shown that water-extracted
olysaccharide-containing fraction of the red seaweed Gracilaria
orticata possesses in vitro anti-herpetic activity. The present
tudy reports structural features of the purified polysaccharides
s well as oligosaccharides generated there from by partial acid
ydrolysis, and their anti-HSV activity. Sulfation of the crude and
urified galactan and their anti-HSV study were also carried out.
sing chemical and spectroscopic methods and various forms of
hromatography including MALDI-TOF-MS, we have been able to
educe structural features of a sulfated galactan with anti-herpetic
ctivity.

. Materials and methods
.1. Isolation of polysaccharide

The polysaccharide-containing fraction investigated was
btained by extraction of the depigmented algal powder
DAP) of G. corticata with water (pH 6.5, at 35–40 ◦C) as

http://www.sciencedirect.com/science/journal/01418130
mailto:bimalendu_ray@yahoo.co.uk
dx.doi.org/10.1016/j.ijbiomac.2008.07.009
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escribed [18] except that the extract, instead of purification
y freeze–thaw method, was diluted with 4 volumes of 2-propanol
nd polymeric material was isolated after lyophilization of the
recipitate.

.2. Anion-exchange chromatography

A solution (20 ml) of the crude polysaccharide-containing frac-
ion (WE, 75 mg) in 50 mM sodium acetate (pH 5.5) was applied
o a column (25 cm × 1.6 cm) of DEAE-Sepharose FF (AcO−; Amer-
ham Biosciences AB, Uppsala, Sweden). Elution was carried out
uccessively with 0.2-M (fraction F1), 0.7-M (fraction F2) and 2.0-M
aOAc (fraction F3) buffer (pH 5.5) in a stepwise manner. The flow

ate was 1.5 ml/min and elution with each eluant was carried out up
o the absence of a positive reaction for carbohydrates with phenol
nd sulfuric acid. Appropriate fractions were pooled, dialyzed and
yophilized.

.3. Size exclusion chromatography

System A: Apparent molecular mass of the sulfated galactan was
etermined by size exclusion chromatography on a Sephacryl S-300
olumn (90 cm × 2.6 cm, Amersham Biosciences AB), as described
reviously [19].

System B: Size exclusion chromatography of the oligosaccha-
ides generated by partial acid hydrolysis of F3 fraction was carried
ut on Superdex 30 prep grade column (40 cm × 2.6 cm, Pharmacia)
sing 0.5-M sodium acetate buffer (pH 5.0) as eluent. The fractions
luted at total volume was concentrated and re-chromatographed
n Sephadex G-10 column (90 cm × 2.6 cm) using water as eluent.
ractions eluted at Kav value 0.2–0.6 was pooled and lyophilized
named as ‘oligo’).

.4. Sulfate estimation and desulfation

Estimation of sulfate by IR-spectrometry [20] and solvolytic
esulfation by the method of Nagasawa et al. [21] were carried out
s described [22].

.5. Sugar analysis

Total sugars, 3,6-anhydrogalactose and uronic acids were deter-
ined by the phenol [23], resorcinol [24] and m-hydroxydiphenyl

25] assay, respectively. Neutral sugars were released by hydroly-
is in 2 M TFA and analyzed as their alditol acetates [26] by GLC as
escribed [27].

.6. Sulfation

Polysaccharide-containing fractions (WE and F3) were sul-
ated using the method as described [28]. Briefly the freeze-dried
olysaccharide (100 mg) was soaked in dry DMF (2 ml) and
O3–pyridine complex dissolved in 2.5 ml DMF mixed with the
olysaccharide. For every mol of SO3–pyridine complex, 1 mol of

yridine was added to the mixture. The reaction was carried out
nder nitrogen atmosphere at 90 ◦C. After cooling to room temper-
ture, 25 ml water was added and then the pH of the solution was
djusted to 7 with 1 M NaOH. Finally, the sulfated polysaccharide
as purified by passing through Sephadex G-25 column and freeze-
rying the eluate between Kav 0.0 and 0.8. Fraction WE and F3 upon
ulfation with SO3–pyridine complex yielded WES1 and F3S1, and

ES2 and F3S2 when the reaction time was 4 and 8 h, respectively.

f

2

u
d
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.7. Periodate oxidation

A solution of F3D (10 mg) in 0.25 M formic acid, pH adjusted to
.7 with 1 M NaOH was treated with of NaIO4 (53.5 mg) as described
29]. Dialysis of the resulting solution and lyophilization of the
etentate yielded the oxidized product (F3D-OX).

.8. Linkage analysis

Two mg each of the sulfated galactan (F3), its desulfated deriva-
ive (F3D), and the periodate oxidized material (F3D-OX) were
ubjected to two rounds of methylation [30], with the modifications
uggested by Stevenson and Furneaux [31]. The permethylated
aterials were converted into their partially methylated alditol

cetates and analysed by GLC and GLC/MS (Shimadzu QP 5050A
LC/MS) as described [32].

.9. NMR analysis

The 1H NMR spectra of the native and desulfated galactan were
ecorded on a Bruker 600 spectrometer (Bruker Biospin AG, Fallan-
en, Switzerland) operating at 600 MHz for 1H. The 13C NMR was
ecorded on a Bruker 300 spectrometer.

.10. Partial acid hydrolysis

Partial hydrolysis of the sulfated galactan (F3; 50 mg) with
00 mM TFA at 100 ◦C for 75 min was carried out as described [33].

.11. Matrix assisted laser desorption ionisation-time of flight
MALDI-TOF) mass spectrometry

MALDI-TOF-mass spectrum of the acid-generated
ligosaccharides-containing fraction (oligo) was recorded on
Bruker Daltonics flexAnalysis MALDI-TOF mass spectrometer.

.12. Cells and viruses

Vero (African green monkey kidney) cells were grown as
onolayers in minimum essential medium (MEM) (GIBCO, USA)

upplemented with 5% inactivated calf serum. For maintenance
edium (MM), serum concentration was reduced to 1.5%. Virus

tocks of HSV-1 strain F and HSV-2 strain MS were propagated and
ssayed by plaque formation in Vero cells.

.13. Cytotoxicity assay

Vero cell viability was measured by the 3-(4,5-dimethylthiazol-
-yl)-2,5-diphenyl tetrazolium bromide (MTT) (Sigma–Aldrich,
SA) method as described [3].

.14. Antiviral assay

Antiviral activity was evaluated by reduction of virus plaque
ormation as described [4].
.15. Anticoagulant activity

Anticoagulant activity of the galactan fractions was determined
sing the activated partial thromboplastine time (APTT) assay as
escribed [6].
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. Results and discussion

.1. Chemical characterization of sulfated galactans from G.
orticata

.1.1. Purification by anion-exchange chromatography
To investigate the structural features of the crude extract

olysaccharide (WE) of G. corticata having in vitro activity against
SV we have extracted the depigmented algal powder (DAP) with
ater as described [18]. Anion-exchange chromatography on DEAE-

epharose FF column separated the WE fraction into two major
eaks, named as F2 and F3, eluted from the column with 0.7 and
.0 M NaOAc, respectively. Minor amounts of sulfated polysaccha-
ides were also eluted with 0.2 M NaOAc, 6.0 M Urea and 0.2 M
aOH but these fractions were not further analyzed. The sugar
ompositions of the sub-fractions are given in Table 1. Fraction
2, which accounted for 20% of the total polymers recovered from
he column, contained higher amount of 6-O-methyl galactose
esidues (Table 1). The major sub-fraction F3 contained galactose,
-O-methyl galactose, 3,6-anhydrogalactose and xylose residues as
eutral sugars, characteristic of agar type molecule. The presence
f agar in Gracilaria species had been established [34]. Sub-fraction
3 amounted to 61% of the total carbohydrates recovered from the
olumn and contained 3% uronic acid. It is, therefore, essentially a
alactan that might contain high amount of sulfate group, as indi-
ated by its late elution. Indeed, the high charge density of this
alactan was confirmed by its degree of sulfation (DS, 0.9), i.e. num-
er of sulfate group per monosaccharide residue. The major fraction
F3) was subjected to further chemical analysis. Because uronic
cid is only a minor constituent of the polysaccharide, it was not
ncluded in the structural hypothesis.

.1.2. Molecular mass
Size exclusion chromatography of F3 on Sephacryl S-300 sug-

ests that the polymer is homogeneous (Fig. 1). Based on calibration
ith standard dextrans, the apparent molecular mass of the
olysaccharide would be 30 kDa.

.1.3. Desulfation
The purified sulfated galactan F3 upon solvolytic desulfa-

ion yielded compound F3D in 41% yield. Sugar composition did
ot change significantly after desulfation. The FT-IR spectrum
f F3 showed a peak at 1252 cm−1 related to >S O stretching
ibration of the sulfate group and a band at 930 cm−1 charac-
eristics of 3,6-anhydrogalactosyl residues [35]. In the spectrum
f desulfated polymer F3D band characteristics of sulfate groups

−1
1240–1260 cm ) was very weak.

.1.4. Linkage analysis
The glycosidic linkages and the position of sulfate groups in

his galactan were determined by methylation analysis of F3 and

3

a
y

able 1
ugar composition of the crude water extract (WE) of Gracilaria corticata, fractions obtain
or the identification of fractions)

ugar WE WES1 WES2 WED

Sa 34 32 31 32
S 1.0 1.2 1.5 –
ylb Tr 03 02 Tr
-O-Me-Galb 33 40 38 40
,6-AnGalb 20 03 Tr 10
alb 46 54 59 50

S: neutral sugar. DS: degree of sulfation. Tr: trace. (–): not determined.
a Percent weights of fraction dry weight.
b Mole percent.
ig. 1. Size exclusion chromatography of the fraction F3 obtained from Gracilaria
orticata on Sephacryl S-300 column.

ts desulfated derivative F3D. Methylation analysis of F3D revealed
he presence of 2,4,6-tri-O-methyl galactose and 2,3,6-tri-O-methyl
alactose, indicating the presence of (1 → 3)- and (1 → 4)-linked
alactopyranosyl residues. On the other hand, permethylated sul-
ated galactan F3 demonstrated the presence of (1 → 3)- and
1 → 3,4)-linked galactose together with some (1 → 4)-linked and
erminal galactose residues. The increase in the proportion of
1 → 3)-linked galactose residue after desulfation and the conse-
uent disappearance of (1 → 3,4)-linked galactose residue in F3D
uggests that the sulfate group, if present, located at C-4 of (1 → 3)-
inked galactose residues. Although 3,6-anhydrogalactose residues
re present as constituent sugar, the presence of small, but sig-
ificant amount of (1 → 4)-linked galactose residues suggest that
ll the (1 → 4)-linked galactose residues are not present as 3,6-
nhydrogalactose units.
.1.5. Periodate oxidation
The desulfated polymer F3D was treated with periodic

cid. Methylation analysis of the oxidized material (F3D-OX)
ielded mainly 1,3,5-tri-O-acetyl-2,4,6-tri-O-methyl galactitol,

ed there from by AEC as well as their sulfated and desulfated derivatives (see text

F1 F2 F3 F3S1 F3S2 F3D

21 17 27 26 24 52
– – 0.9 02 2.1 –
– 06 05 02 02 04

91 34 14 16 18 18
– 17 32 02 Tr 30

09 43 49 80 79 58



K. Chattopadhyay et al. / International Journal of Bi

F
G
C

w
r
a

3

i
p
T
t
u
l
m
T
t
p
a
a
a
a
3
r
t
O
6
s
t
c
s
5
g
I
r
t
a
m
r
c

f
a
p
g

3

H
a
s
c
(

3

a
t
t
m
o
(
b
r
c
s
b
g
p
t
(
i
o
p
w
p
f

3

c
t
t
e
(
t
s
1

i
a
9
l
i
d
s
s
t

3

3

g
h
m

ig. 2. 1H NMR spectrum at 600 MHz of the sulfated galactan (F3) obtained from
racilaria corticata. The spectrum was recorded at 60 ◦C for samples in D2O solution.
hemical shifts are relative to external trimethylsilylpropionic acid at 0 ppm.

hich demonstrate the presence of (1 → 3)-linked galactose
esidues. This suggests that the (1 → 4)-linked galactose residues
re oxidizable by periodic acid.

.1.6. NMR analysis
NMR spectroscopy is a nondestructive technique for giv-

ng valuable structural information on the structure of sulfated
olysaccharides. F3 has a complex 1H NMR spectrum (Fig. 2).
he anomeric resonances at 5.14–5.27 and 4.60–4.79 ppm suggest
he presence of �-(1 → 4)- and �-(1 → 3)-linked galactopyranosyl
nits, respectively [36–39]. Normally, the (1 → 3)- and (1 → 4)-

inked galactosyl residues present in the sulfated galactan of
arine red macroalgae are respectively �-and �-linked [34,39–41].

he four �-anomeric signals probably denote non-uniform dis-
ribution of substitutents (sulfate and methyl ester groups) along
olymeric backbone. The spectrum also included resonances char-
cteristic of signals from ring protons (H-2 to H-6) between 3.61
nd 4.56 ppm. The very high intensity sharp signals appearing
t 3.50 and 3.42 ppm in the 1H NMR spectrum were tentatively
ttributed to the methoxy group of 2-O-methyl �-(1 → 4)-linked-
,6-anhydrogalactose and 6-O-methyl-�-(1 → 3)-linked-galactose
esidues, respectively [37]. Integration of these signals suggests
hat 17% of the �-(1 → 4)-linked-3,6-anhydrogalactose units are 2-
-methylated and 15% of the �-(1 → 3)-linked-galactose units are
-O-methylated. Based on comparison with the NMR spectra of
tandard galactan the sharp signal at 1.45 ppm may be assigned
o the methyl group of pyruvic acid ketal [18,36]. It remains to be
larified the possible occurrence of 3,6-anhydro-�-galactose in the
ulfated galactan from G. corticata. The chemical shift of signal at
.27 ppm is comparable to the anomeric signals of 3,6-anhydro-�-
alactose residues of native galactan from Catenella nipae [39,40].
n order to check whether the 3,6-anhydro ring of galactose is dis-
upted during the desulfation reaction with DMSO we submitted
he galactan from G. corticata for solvolytic desulfation. The �-
nomeric region of the NMR spectrum of the galactan was not
odified after this reaction therefore assuring that the 3,6-anhydro

ing resists the condition used for the desulfation of the polysac-

haride.

In conclusion, NMR analysis indicates that the sulfated galactan
rom G. corticata F3 is a linear polysaccharide, containing �-(1 → 4)-
nd �-(1 → 3)-linked-galactopyranosyl units. A variable sulfation
attern and probably a non-uniform distribution of the methoxyl
roups confer high heterogeneity to this polysaccharide.
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.1.7. Partial acid hydrolysis
To investigate the role of molecular weight in inhibition of

SV we have partially hydrolyzed the sulfated galactan with
cid. The generated fragments were purified on Superdex-30 into
everal populations. The major one, eluted at total volume, on re-
hromatography with a Sephadex G-10 column yielded a fraction
named as ‘oligo’) at Kav 0.2–0.6.

.1.8. MALDI-TOF-MS analysis
MALDI-TOF-mass spectrometry, because of its sensitivity and

pplicability to the analysis of mixtures is a convenient tool for
he structural analysis of oligosaccharides [42]. We have applied
his technique for the analysis of acid-generated oligomeric frag-

ents (oligo). MALDI-TOF-mass spectrum in the positive mode
f ‘oligo’ fraction shows the presence of four oligosaccharides
Fig. 3). Pseudo-molecular ions at m/z 497, 656, 688 and 861 could
e assigned to Gal2Xyl1, Gal2AnGal2, Gal4 and Me-Gal3AnGal2,
espectively on the basis of their molecular weight and the sugar
omposition data. Ion at m/z 656, which is the major peak corre-
ponding to Gal2AnGal2 suggests the presence of an oligomeric
uilding block containing two galactose and two 3,6-anhydro-
alactose residues. It is well known that agar, the major matrix
hase polysaccharide of red seaweeds, is a linear sulfated galac-
an that contain alternating (1 → 3)-�-d-galactopyranosyl and
1 → 4)-�-l-galactopyranosyl residues [34,43]. Pseudo-molecular
on at m/z 688 corresponding to Gal4 suggests the presence of an
ligomeric building block containing four galactose residues. The
resence of ion at m/z 497 gives direct evidence that xylose residue,
hich is linked to galactose, is a component of this galactan. Thus,
artial hydrolysis is a useful method in determining the structural

eatures of G. corticata galactan.

.1.9. Sulfation
Degree of sulfation (DS) affects the antiviral activity of polysac-

harides [8]. In general, for a particular class of polysaccharide,
he higher the charge density, the higher is its activity. To study
he effect of charge density, we have hypersulfated the water-
xtracted fraction (WE) and the major galactan-containing fraction
F3) under various conditions as given in experimental section
o yield sulfated derivatives WES1, WES2, F3S1 and F3S2. Their
ugar composition and degree of sulfation are given in the Table 1.
3C NMR spectrum of F3S1 revealed the presence of four signals
n the anomeric region. The higher intensity of anomeric signals
round 101–103 ppm compared to anomeric resonances around
7–99 ppm confirms the presence of large amount of �-(1 → 3)-
inked galactopyranosyl residues (Figure not shown). Moreover,
t also suggests that the 3,6-anhydro-galactose residues degraded
uring sulfation. The 13C NMR spectrum also contained a strong
ignal at 59.1 ppm indicative of methoxyl groups. The fact that no
ignal was present around 61 ppm suggests that most of the galac-
ose residues are either methoxylated or sulfated at C-6 position.

.2. Biological activities of sulfated galactans from G. corticata

.2.1. Antiviral activities
The antiviral activities of crude and purified original sulfated

alactans (WE and F3) and their desulfated (WED and F3D) and
ypersulfated (WES1, WES2, F3S1 and F3S2) derivatives are sum-
arized in Table 2. Both WE and F3 exhibited a moderate inhibitory

ffect against HSV-1 and HSV-2 with IC50 values in the range

.8–27.4 �g/ml. The inhibition against HSV-2 (7.8–14.6 �g/ml) was
lightly higher when compared with that obtained against HSV-
(16.2–27.4 �g/ml). When both WE and F3 were further sulfated

nder different conditions, antiviral activity was altered. For WE, a
ignificant increase of effectiveness was observed only for WES2,
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Fig. 3. MALDI-TOF-mass spectrum of oligosaccharides (oligo) generated f

he derivative corresponding to the more prolonged time of sul-
ation, with IC50 values of 3.7 and 1.7 �g/ml against HSV-1 and
SV-2, respectively, whereas the variations in IC50 for WES1 were
ot significantly different from values of WE. With respect to F3,
ntiviral activity was highly improved for both reaction condi-
ions since the IC50 values for F3S1 and F3S2 against both virus
erotypes were about 1 �g/ml. As the original and further sulfated
erivatives lacked cytotoxicity for Vero cells at concentrations up
o 1000 �g/ml, both hypersulfated F3 derivatives were very selec-
ive HSV inhibitors with selectivity indices (SI: ratio CC50/IC50) in
he range 617.3–877.7 (Table 2). This behavior was in agreement
ith the corresponding increase of degree of sulfation observed for

hese fractions, from 0.9 to 2–2.1 (Table 1), although F3S1 and F3S2
lso exhibited a significant reduction in the amount of 3,6-AnGal
n comparison to F3 (Table 1).

Additionally, the influence of the charge density in the anti-
erpetic activity of these galactans was corroborated by desulfation

f WE and F3. The desulfated compounds WED and F3D reduced
rastically their inhibitory activity (IC50 23.7 to >100 �g/ml). The
raction obtained by partial acid hydrolysis (named oligo) was inac-
ive for both types of viruses up to a concentration of 100 �g/ml,

able 2
nti-HSV activity and selectivity indices of galactan-containing fractions from
racilaria corticata (see text for abbreviations)

ractions IC50 (�g/ml)a SIb

HSV-1 (F) HSV-2 (MS) HSV-1 (F) HSV-2 (MS)

E 16.2 ± 2.3 7.8 ± 1.3 >61.6 >128.0
ES1 15.0 ± 1.2 7.0 ± 0.3 >66.6 >142.4
ES2 3.7 ± 0.4 1.7 ± 0.1 >273.2 >571.4
ED 55.6 ± 7.8 23.7 ± 1.8 >17.9 >42.2

3 27.4 ± 2.5 14.6 ± 1.9 >36.4 >68.2
3S1 1.6 ± 0.03 1.1 ± 0.3 >621.1 >877.7
3S2 1.6 ± 0.4 1.5 ± 0.3 >617.3 >662.2
3D >100 37.6 ± 3.5 Inactive >26.6

a IC50 (inhibitory concentration 50%): concentration required to reduce virus
laque number by 50%.
b SI (selectivity index): ratio CC50/IC50. CC50 (cytotoxic concentration 50%): con-

entration required to reduce cell viability determined by MTT method by 50%. The
alues of CC50 were >1000 �g/ml for all samples.

s
I
o
t
f
a
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F

W
W
W
F
F
F

o
p

he sulfated galactan (F3) of Gracilaria corticata by partial acid hydrolysis.

howing that the molecular weight is also an important feature in
he inhibitory activity of the polysaccharides (data not shown).

No virucidal effects were observed by direct incubation of HSV-1
nd HSV-2 virions with either the original polysaccharide fractions
E and F3 or their hypersulfated derivatives (data not shown). This

nding is in agreement with a previous work carried out with other
ulfated galactans from G. corticata [18].

.2.2. Anticoagulant activity
APTT was measured to evaluate the anticoagulant activity of the

alactan fractions from G. corticata and results are shown in Table 3.
he APTT value of the blood treated with saline as negative control
as 36.0 s whereas the value corresponding to heparin, tested as

eference positive control, was >180 s at a concentration of 1 �g/ml.
reatment of the blood with the original fractions WE and F3 at con-
entrations in the range 2–20 �g/ml, near the antiviral IC50, did not
roduce a significant change in the APTT value respect to the control
aline sample. It was required a concentration highly exceeding the
C for both galactans (200 �g/ml) to produce anticoagulant effect
50
f the same order of that induced by heparin at a concentration 200
imes lower of 1 �g/ml. When crude and purified fractions were
urther sulfated, the values of APTT increased considerably when
ssayed at a concentration of 20 �g/ml, indicating that the negative

able 3
nticoagulant activity of fractions from Gracilaria corticata (see text for
bbreviations)

ractions APTT (s)a

Concentration (�g/ml)

200 20 2

E 103.3 ± 39 42.3 ± 9.7 36.0 ± 2.0
ES1 >180 66.0 ± 4.1 27.0 ± 3.7
ES2 >180 >180 32.3 ± 5.2

3 54.4 ± 0.9 35.3 ± 1.4 36.0 ± 3.3
3S1 >180 >180 34.3 ± 1.0
3S2 >180 >180 32.1 ± 4.1

a APTT: Activated partial thromboplastine time (in s). The data are the mean values
f two experiments ± standard deviation. APTT for negative control sample with
hosphate saline buffer = 36 s. APTT for positive control heparin (1 �g/ml) >180 s.
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harge also affected the anticoagulant ability of the polysulfates.
owever, the antiviral properties of the most active galactans F3S1
nd F3S2 still maintained independently of the anticoagulant activ-
ty since at a concentration of 2 �g/ml, around the IC50s against
SV-1 and HSV-2 (Table 2), APTT values were as low as that of the
ontrol saline (Table 3).

. Conclusions

In conclusion the high molecular weight galactan sulfates of G.
orticata efficiently reduced the infectivity of HSV-1 and HSV-2.
ere we have intended diverse experimental approaches to cor-

oborate the central role of degree of sulfation for polysaccharide
ntiviral effectiveness. The sulfation and desulfation reactions per-
ormed with the original algal polysaccharides as well as generated
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ere fundamental determinants for the anti-HSV activity of these
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