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a  b  s  t  r  a  c  t

Alginates  are  unbranched  polymers  of polysaccharide  presented  as the  structural  components  of marine
brown  algae.  The  proinflammatory  activity  of  SVHV,  an  alginate  isolated  from  Sargassum  vulgare,  was
investigated  using  models  of paw  edema,  mast  cells  degranulation  and  neutrophil  migration  in vivo.  SVHV
induced  a dose  dependent  paw edema,  with  a peak  at 2 h,  associated  with  an  increased  myeloperoxidase
activity  and  production  of TNF-�  and  IL-1�.  Pharmacological  modulators,  remarkably  dexamethasone
eywords:
argassum vulgare
lginate

nflammation
aw edema

and  indomethacin,  inhibited  the  edema.  SVHV  (1.0 mg)  also  led to  a significant  induction  of  neutrophil
migration  in  the  peritoneal  cavity  of  rats. This neutrophil  migration  was  significantly  reduced  by  per-
itoneal  resident  macrophages  depletion,  but was  not  affected  by  the  depletion  of  mast  cells.  Our  data
suggest  that  SVHV  has proinflammatory  activity  dependent  of  the activation  of  resident  cells,  being  the
macrophages  the  main  cells  involved.
eutrophil migration

. Introduction

Alginates, unbranched polymers of polysaccharide with gel-
orming properties made up by blocks of �-(1-4)-d-mannuronic
cid (M)  and �-(1-4)-l-guluronic acid (G), have emerged as valu-
ble biomaterials with interesting biomedical and biotechnological
pplications (Gomes d’Ayala, Malinconico, & Laurienzo, 2008;
ériter et al., 2010; Zimmermann, Shirley, & Zimmermann, 2007).
ccording to several authors, alginates present low toxicity, favor-
ble mechanical properties and the capacity for bioresorption of
he constituent materials, characteristics that make them suitable
iopolymers for the development of controlled-release systems
Lai, Abu’Khalil, & Craig, 2003; Wang & He, 2010). In such con-
ext, they have been used for immobilization of Langerhans islets
n the treatment of experimental diabetes mellitus in rats and for

icroencapsulation of hormone-producing cells for the treatment
f diabetes mellitus and parathyroid disease (Darquy & Sun, 1987;
an et al., 1990; Soon-Shiong et al., 1994; Tze & Tai, 1982; Vériter
t al., 2010; Zimmermann et al., 2007).

It has been shown that alginates induce monocytes and
acrophages stimulation through a NF-�B involved pathway,
esulting in an increase of cytokine production (Otterlei et al.,
991; Pasquali et al., 2005; Son, Moon, Rhee, & Pyo, 2001; Thomas,
arding, & Moore, 2000; Yang & Jones, 2009). The macrophage
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ua  Cel. Nunes de Melo, 1127, P.O. Box 3157, 60430-270 Fortaleza, Ceará, Brazil.
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ttp://dx.doi.org/10.1016/j.carbpol.2012.08.101
© 2012 Elsevier Ltd. All rights reserved.

stimulation seems to be related to the alginates ability to enhance
the healing process (Thomas et al., 2000). Experimental data sug-
gested that low-molecular weight alginates could be useful in the
prevention of obesity, hypercholesterolemia, and diabetes (Kimura,
Watanabe, & Okuda, 1996; Wang & He, 2010).

Torres et al. (2007) reported the extraction and physicochem-
ical characterization of two Sargassum vulgare alginates, denoted
as SVLV (S. vulgare low viscosity) and SVHV (S. vulgare high viscos-
ity). Based on 1H NMR  and fluorescence data, as well as rheological
measurements, the authors concluded that SVLV and SVHV pre-
sented a higher M/G  ratio, while being much richer in mannuronic
block structures than other alginates isolated from Sargassum spp.
Further, the antitumor activity of SVLV and SVHV has been demon-
strated against sarcoma 180 cells transplanted in mice, where SVHV
was more active and less toxic (Sousa et al., 2007, 2008). It was addi-
tionally shown that the referred alginates presented no cytotoxicity
in vitro, suggesting that this anticancer activity may  be mediated
by a modulation of the immune system (Sousa et al., 2007). This
being said, the aim of the present study was to investigate proin-
flammatory activities of the alginate with high viscosity (SVHV)
isolated from the brown seaweed S. vulgare and the inflammatory
mediators involved in this process.

2. Experimental

2.1. Drugs and reagents
Carrageenin, compound 48/80, dextran, indomethacin
(Sigma–Aldrich, St Louis, MO,  USA) pentoxifylline (Trental®,
Hoechst, São Paulo, Brazil, 100 mg  ampoule), diphenhydramine

dx.doi.org/10.1016/j.carbpol.2012.08.101
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:costalotufo@gmail.com
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Difenidrin; Cristália – São Paulo, Brazil, 4 mg ampoule), thalido-
ide (Talidomida®, CEME, Minas Gerais, Brazil, 100 mg  tablet)
ere used in the experiments. ELISA kits for TNF-�, IL-1� and IL-10

uantitation were purchased from R&D Systems (Minneapolis,
SA). All other reagents were of analytical grade. SVHV was
btained essentially as described by Torres et al. (2007).

.2. Animals

The animals were obtained from the Central Animal House of the
niversidade Federal do Ceará, Brazil, where they were produced.
ats Wistar (150–180 g) were housed in cages with free access to

ood and water. All animals were kept under a 12 h:12 h light–dark
ycle (lights on at 6:00 a.m.). Animals were treated according to
he ethic principles of animal experimentation of COBEA (Colégio
rasileiro de Experimentaç ão Animal), Brazil. The Animal Studies
ommittee of Universidade Federal do Ceará approved the experi-
ental protocol.

.3. Inflammatory paw edema induced by SVHV

SVHV (0.1, 0.3 and 1 mg/0.1 mL)  was injected subcutaneously
nto the right hind paw of the rats. Carrageenan (0.3 mg/0.1 mL)
nd Dextran (0.3 mg/0.1 mL)  were used as positive controls. Paw
olume was measured immediately before SVHV injection and at
elected time intervals (1, 2, 3 and 4 h) with a hydroplethysmome-
er apparatus (Ugo Basile, Italy). The results were expressed as the
ncrease in paw volume (mL) calculated by subtracting the basal
olume. After the experiment, the paw skin was used to measure
he enzyme MPO  and cytokines TNF-�, IL-1� and IL-10.

.4. Measurement of paw tissue myeloperoxidase (MPO) activity

The neutrophil infiltration into the paw with edema induced
y SVHV was investigated indirectly by measuring myeloperoxi-
ase (MPO) activity, as previously described by Bradley, Priebat,
hristenses, and Rothstein (1982).  The right hind paw skin was
laced in 50 mM potassium phosphate buffer, pH 6.0, containing
.5% hexadecil-trimethyl-ammonium bromide (1 ml/50 mg  of tis-
ue) in a Potter homogenizer. The homogenate was  vortex-mixed
nd centrifuged for 5 min  at 2500 rpm. A volume of 10 �l of the
upernatant was obtained and added to a 96-well microplate, in
riplicate. The followings were added: 200 �l of a buffer solution
ontaining O-dianisidine dihydrochloride (16.7 mg), distilled water
90 �l), potassium phosphate buffer (10 �l) and 1% H2O2 (50 �l).
he enzyme activity was  determined by measuring the absorbance
460 nm)  in a plate reader, and recorded at 15 s intervals for 2 min.

.5. Citokines determination

The amount of TNF-�, IL-1�, IL-10 of tissue supernatants were
etermined by ELISA kit (purchased from R&D Systems, Minneapo-

is, USA) following the instruction of manufacturers.

.6. Effect of pharmacological modulators on the paw edema
nduced by SVHV

In a second set of experiments, some animals were pre-
reated with saline (control group), indomethacin (2 mg/kg,
.c.); dexamethasone (2 mg/kg, s.c.), thalidomide (45 mg/kg, s.c.),

iphenhydramine (10 mg/kg, i.p.), pentoxifylline (45 mg/kg, i.p.)
nd L-NAME (10 mg/kg, i.p.) 1 h before the subcutaneously admin-
stration of SVHV (1 mg/0.1 mL)  into the right hind paw of the rats.
aw edema were evaluated at selected time intervals (1, 2, 3 and

 h), and then compared to the corresponding controls.
olymers 92 (2013) 414– 420 415

2.7. Effect of SVHV on peritoneal mast cell degranulation

The animals were i.p. treated either with saline, carrageenan
(500 �g), compound 48/80 (0.6 mg/kg), or SVHV (1 mg). After
30 min, the mesentery was harvested, placed and fixed with albu-
mine on microscope slides and dyed with a solution of 0.1%
toluidine blue (in 0.9% sodium chloride) for 60 s followed by exten-
sive rinsing in deionized water as described previously (Zhong,
Chunn, Volmer, Fozard, & Blackburn, 2001). The percentage of
degranulated mast cells was  determined by counting one hundred
stained cells per tissue section.

2.8. In vivo neutrophil migration to peritoneal cavities induced
by SVHV

The neutrophil migration to peritoneal cavity was  induced by
the intraperitoneal injection of saline, carrageenan (0.3 mg) or
SVHV (1 mg). After 4 h the animals were sacrificed under anes-
thesia and cells were recovered by washing the peritoneal cavity
with 10 ml  of sterile saline containing 5 UI heparin/ml. The fluid
was recovered for total and differential cell counts as described
previously (Souza & Ferreira, 1985). The results were reported as
mean ± SEM of the number of cells per ml.

2.9. Evaluation of the role of peritoneal resident cell population
(mast cells and macrophages) in SVHV-induced neutrophil
migration

For the investigation of the influence of peritoneal resident mast
cells in the SVHV-induced neutrophil migration, this cell population
was depleted by chronic treatment with compound 48/80, accord-
ing to the method described by Di Rosa, Giroud, and Willoughby
(1971). The animals were i.p. treated with compound 48/80 for 4
days (0.6 mg/kg twice a day for 3 days and 1.2 mg/kg twice on the
day 4). On the fifth day the mast cell depletion was  assessed in six
rats submitted to 48/80 treatment by counting the number of mast
cells stained by toluidine blue in mesenteric tissue. The other rats
submitted to depletion procedure received i.p. injections of saline,
carrageenan (0.3 mg)  or SVHV (1 mg)  with the purpose of induc-
ing neutrophil migration. Four hours later the neutrophil migration
was evaluated as described above.

For the investigation of the influence of peritoneal resident
macrophages in the SVHV-induced neutrophil migration, the
rats were anesthetized with a mixture of ketamine (100 mg/kg,
vetanarcol®, Konig do Brasil, São Paulo, Brasil) and xilazine
(10 mg/kg, Kensol®, Konig do Brasil, São Paulo, Brasil) and three
hypodermic needles were inserted into the abdominal cavity. Ster-
ile saline was injected through the needle placed next to the
sternum. The abdominal cavity was  then gently massaged for 1 min
and the peritoneal fluid collected via the two needles inserted into
the inguinal region. This operation was repeated 3 times. Over 80%
of the peritoneal resident macrophages were removed in the lavage
fluid and more than 90% of the saline injected was recovered. Sham
animals were submitted to the same procedure, but no fluid was
injected or recovered. If blood was visually detected in the recov-
ered saline, the animal was  discarded. This method was initially
described by Faccioli, Souza, Cunha, Poole, and Ferreira (1990) and
modified by Ribeiro et al. (1997).  Thirty minutes later the perit-
oneal macrophage population was  estimated in 6 rats that were
submitted to peritoneal wash and 6 rats that were submitted to
sham procedures injecting 10 ml  of sterile saline containing 5 UI
heparin/ml. The fluid was recovered for total and differential cell

counts. The other sham and washed rats were submitted to neu-
trophil migration induction by i.p. injections of saline, carrageenan
(0.3 mg)  or SVHV (1 mg). Four hours later the neutrophil migration
was evaluated as described above.
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Fig. 1. (A) Effect of the alginate isolated from Sargassum vulgare (SVHV) on paw
edema formation. Rats were injected subcutaneously into the right hind paw
with saline (�), carrageenan (0.3 mg/0.1 mL,  �), dextran (0.3 mg/0.1 mL,  �), SVHV
(0.1  mg/0.1 mL,  o), (0.3 mg/0.1 mL,  �) or (1 mg/0.1 mL,  �). (B) Effect of SVHV on
myeloperoxidase (MPO) activity. Paw skins were collected after paw edema test and
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treated rats (44.1 × 104 neutrophils/mL), the neutrophil migration
sed to measure MPO activity. Data are presented as mean ± S.E.M. from 6 animals.
p  < 0.05, compared with saline by ANOVA followed by Student Newman–Keuls.

.10. Statistical analysis

All results were expressed as mean ± SEM for n experiments.
tatistical evaluation was undertaken by analysis of variance
ANOVA) followed by Bonferroni’s test for multiple comparisons
nd t-test for comparisons between two groups. A p value below
.05 was considered statistically significant.

. Results

.1. Paw edema induced by SVHV: neutrophill recruitment and
ytokine production

The subplantar injection of SVHV (0.1, 0.3 and 1.0 mg/paw)
aused an intense and dose-dependent (maximal volume of
.75 ± 0.03 mL  at a dose of 1.0 mg/paw) paw edema (Fig. 1A).

he increase in paw volume was significant 0.5 h after SVHV
1 mg/paw) administration, peaked at 2 h and remained signif-
cantly elevated up to 4 h after the challenge. The maximum
olymers 92 (2013) 414– 420

response was  comparable to that observed with carrageenan after
3 h (0.82 ± 0.09 mL)  and dextran after 1 h (0.82 ± 0.06 mL).

SVHV proinflammatory effect is associated with a dose depend-
ent migration of neutrophils, as indicated by the significant increase
in the MPO  activity (0.3 and 1.0 mg/paw) in the s.c. tissue of the rat
paw at 4 h (Fig. 1B). As expected, both, carrageenan and dextran,
also led to a massive neutrophill migration to the damaged tis-
sue. Additionally, SVHV (0.3 and 1.0 mg/paw) also led to TNF-� and
IL-1�, but not IL-10, production on the site of inflammation (Fig. 2).

3.2. Effect of pharmacological modulators on the paw edema
induced by SVHV

In order to examine which inflammatory mediators may  be
involved in SVHV-induced paw edema, it was studied the effects
of several different inhibitors: a TNF-� production inhibitor
(thalidomide), a cyclooxigenase inhibitor (indomethacin), an anti-
histamine (diphenidramine), a nitric oxide synthase inhibitor
(L-NAME), a PDE4 inhibitor (penthoxyphiline) and a glucocorticoid
(dexamethasone). As shown in Fig. 3, all substances were able to
inhibit, at some extension, the SVHV-induced paw edema. How-
ever, dexamethasone (2 mg/kg s.c.) and indomethacin (2 mg/kg s.c.)
were more efficient, inhibiting SVHV activity by 86 and 78% at 2 h,
respectively.

3.3. The involvement of mast cells in SVHV proinflammatory
activity

The onset of SVHV proinflammatory activity (0.5 h) and the inhi-
bition of SVHV activity observed after the pre-treatment of rats with
diphenidramine suggested the involvement of mast cells on the
response elicited by SVHV. Thus, the activity of SVHV in peritoneal
rat mast cells was  assessed by counting the number of degran-
ulated mast cells present in the peritoneal cavity of treated rats
(Fig. 4). In fact, SVHV (1.0 mg)  led to a significant degranulation
of the mast cell population (52.3 ± 2.8%) compared to control ani-
mals (9.2 ± 0.8%) and carragenan-treated animals (17.7 ± 1.7%), but
in a weaker fashion than that observed to compound 48/80 itself
(96.0 ± 1.5%).

3.4. The involvement of neutrophils in SVHV activity and the role
of resident cells

The edema kinetics associated to the MPO  activity observed after
the subcutaneous plantar injection of SVHV in the rat paw sug-
gests that neutrophils are involved in this proinflammatory activity,
which is corroborated by induction of neutrophil migration to per-
itoneal cavity by SVHV single injection (Figs. 5B and 6B).

In a second set of experiments, it was verified whether resident
mast cells or macrophage depletions interfered with neutrophill
migration elicited by SVHV. Fig. 5A shows that the peritoneal wash
significantly reduced the resident macrophage in 81.50% when
compared to sham group and that this depletion reduced the SVHV-
induced neutrophil migration to peritoneal cavity in about 75.38%
when compared to the sham group (Fig. 5B). Fig. 6A shows that
subchronic treatment of animals with compound 48/80 completely
depleted the mast cell population in comparison with the control
group. Intraperitoneal injection of SVHV (1.0 mg)  induced a sig-
nificant neutrophil migration into rat peritoneal cavities despite
pre-treatment with compound 48/80 (Fig. 6B). Compared with non-
induced by SVHV (38.8 × 104 neutrophils/mL) was only slightly
reduced in the mast cell-depleted animals, but with no statistical
significance (p > 0.05).
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Fig. 2. Effect of the alginate isolated from Sargassum vulgare (SVHV) on cytokines
production in tissue harvested from rat paw. Rats were injected subcuta-
neously into the right hind paw with saline, carrageenan (0.3 mg/0.1 mL), dextran
(0.3  mg/0.1 mL), or SVHV (0.1, 0.3, 1 mg/0.1 mL). Four hours later the paw tissue was
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Fig. 3. Effect of pharmacological modulators on the paw edema induced by
the alginate isolated from Sargassum vulgare (SVHV). Rats were pretreated with
saline (control group), indomethacin (2 mg/kg, s.c.); dexamethasone (2 mg/kg,
s.c.), thalidomide (45 mg/kg, s.c.), diphenidramine (10 mg/kg, i.p.), pentoxyphiline
(45 mg/kg, i.p.) and L-NAME (10 mg/kg, i.p.) before the subcutaneously administra-

a potent rat paw edema with the same magnitude, but a differ-
ent timing, than that observed with carrageenan or dextran. The
SVHV-induced edema reached a maximum volume after 2 h, while

Fig. 4. Effect of the alginate isolated from Sargassum vulgare (SVHV) upon mast
cell  degranulation. Rats were i.p. treated either with saline, carrageenan (500 �g),
compound 48/80 (0.6 mg/kg), or SVHV (1 mg). After 30 min, depletion of the mast
arvested and TNF-� (A), IL-1� (B), and IL-10 (C) levels were measured by ELISA.
ata  are presented as mean ± S.E.M. from 6 animals. *p < 0.05, compared with saline
y  ANOVA followed by Student Newman–Keuls.

. Discussion

Many polysaccharides can induce inflammation when locally
dministered, as these molecules target different cells related to

he immune system, such as macrophages, lymphocytes and natu-
al killer cells, stimulating cytokine release and immune responses
Leung, Liu, Koon, & Fung, 2006; Yang & Jones, 2009). In this
ontext, carrageenan, a complex group of polysaccharides made
tion of SVHV (1 mg/0.1 mL) into the right hind paw of the rats. Data are presented as
mean ± S.E.M. from 6 animals. *p < 0.05, **p  < 0.01 and ***p < 0.001 compared with
saline by ANOVA followed by Student Newman–Keuls.

up of repeating galactose-related monomers also isolated from
algae, is greatly characterized as an inflammatory stimulus, and
the carrageenan-induced rat paw edema is amongst the most used
model for the study of the inflammatory response and inhibitors
(Morris, 2003).

In the present work, it was demonstrated that SVHV induces
cell mesenteric population was estimated by counting of the granulated and
degranulated cells stained with toluidine blue. Data are presented as mean of the
percentage of degranulated cells ± S.E.M. from 6 animals. *p < 0.05, compared with
saline and #p < 0.05, compared with carrageenan by ANOVA followed by Student
Newman–Keuls.
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Fig. 5. Role of resident macrophages in the neutrophil migration to peritoneal cav-
ity  induced by the alginate isolated from Sargassum vulgare (SVHV). Rats were
submitted to the depletion of the total peritoneal cell population by peritoneal
lavage. To confirm the peritoneal depletion 30 min  later the number of peritoneal
macrophage was  estimated by counting the number of mononuclear cell harvested
from peritoneal cavity of washed animals (W)  and Sham animals (Sh) (Panel A). Neu-
trophil migration was  induced by SVHV (1 mg)  in washed and sham animals (Panel
B
s
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). Data are presented as mean ± S.E.M. from 6 animals. *p < 0.05, compared with
aline and #p < 0.05, compared with sham group by ANOVA followed by Student
ewman–Keuls.

arrageenan-induced edema reached a maximum volume after

–5 h and dextran effects could be observed as soon as 15 min
fter injection with a peak 0.5–1 h later (Di Rosa et al., 1971;
ori, Bentivoglio, & Garattini, 1961; Metcalfe, 2008; Morris, 2003;

inter, Risley, & Nuss, 1962).

ig. 6. Role of mast cells in the neutrophil migration to peritoneal cavity induced by
he alginate isolated from Sargassum vulgare (SVHV). Rats peritoneal mast cells were
epleted by sub chronic pretreatment with compound 48/80 for 4 days (0.6 mg/kg
wice a day for 3 days and 1.2 mg/kg twice on the day 4). Panel (A): peritoneal mast
ell population in saline and compound 48/80 pre-treated animals stained by tolu-
dine blue. Panel (B): neutrophil migration induced by saline, carrageenan (0.3 mg)
r  SVHV (1 mg). Data are presented as mean ± S.E.M. from 6 animals. *p < 0.05, com-
ared with Saline by ANOVA followed by Student Newman–Keuls.
olymers 92 (2013) 414– 420

The timing of the inflammatory response is highly related to
the released mediators and consequently to the elicited biolog-
ical phenomena. Evidence found in the literature demonstrates
that carrageenan-induced paw edema has two  phases (Vinegar,
Schreiber, & Hugo, 1969). The early phase is the result of increased
histamine and serotonin concentrations in the extracellular space
(Vinegar, Truax, Selph, & Voelker, 1982), while the late edema
phase is known to be dependent on cytokine production by resi-
dent cells and neutrophil infiltration (Di Rosa et al., 1971; Kulkarni,
Mehta, & Kunchandy, 1986; Vinegar et al., 1969). On the other hand,
the edema induced by dextran is only mediated by an increase in
vascular permeability, through fluid accumulation and mast cell
degranulation (Metcalfe, 2008).

The alginate edematous activity seems to have the involvement
of neutrophils, since the damage tissue presented an increase in
MPO  activity. Moreover, it also seems to be dependent on the pro-
duction of proinflammatory cytokines, as SVHV was  able to induce
the production of TNF-alpha and IL-1 beta, two cytokines with
known proinflammatory activities (Feldmann & Saklatvala, 2001;
Haddad, 2002; Hopkins, 2003). The production of IL-10, on the other
hand, was not affected by inflammatory stimuli including alginates.
IL-10 is a cytokine recognized as antiinflammatory due to its ability
to inhibit the production of proinflammatory cytokines and inflam-
matory mediators, such as prostaglandins and nitric oxide (Haddad,
2002).

In fact, the inflammation response elicited by exogenous stimuli,
such as carrageenan, zymosan and lipopolissacharide (LPS), or by
chemotactic mediators such as IL-1 and TNF, which induces neu-
trophil migration by an independent mechanism, involves resident
macrophages and mast cell as the key cells controlling neutrophil
migration. These resident cells respond to those exogenous stimuli
with the release of proinflammatory cytokines with chemotactic
activity on neutrophils (Faccioli et al., 1990; Ribeiro et al., 1997;
Souza & Ferreira, 1985).

The effects of pharmacological modulators such as thalido-
mide and pentoxifylline, two  inhibitors of cytokine production
(Aarestrup, Goncalves-Da-Costa, & Sarno, 1995; Doherty, Jensen,
Alexander, Buresh, & Norton, 1991; Moreira et al., 1993; Sampaio,
Sarno, Galilly, Cohn, & Kaplan, 1991; Sampaio et al., 1998),
a cyclooxygenase inhibitor indomethacin, the glucocorticoid
dexamethasone, an H1 histamine receptor antagonist diphenhy-
dramine, and an inhibitor of nitric oxide synthesis L-NAME were
further investigated seeking to evaluate, in vivo, the mechanisms
underlying the edematous properties of SVHV. In fact, all these
inhibitors are able to prevent the paw edema induced by SVHV
at some extension. However, dexamethasone, indomethacin and
thalidomide were more efficient, inhibiting SVHV activity while L-
NAME and diphenidramine had a reduced activity. Thus, it can be
suggested that SVHV edema is dependent on the release of various
types of inflammatory mediators, such as cytokines, chemokines,
histamine, nitric oxide and prostaglandins. In such a complex pro-
cess, histamine, released by mast cell degranulation, may  exhort its
main contribution to SVHV edematogenic activity during the first
and second hours.

The importance of mast cells in the genesis of SVHV-induced
edema and the possible role of these cells in the neutrophil migra-
tion was further explored. To investigate this hypothesis, the
population of mast cells in the peritoneal cavity of rats was  depleted
by treatment with compound 48/80, however neutrophil migra-
tion induced by SVHV was not significantly affected, indicating that
mast cells are not the key cells in the genesis of this inflammatory
parameter. Previous studies indicate that mast cells are important

for the inflammatory activity of carrageenan and dextran, although
being more important for the latter stimulus. In addition, previous
data have shown that the treatment with 48/80 did not change the
peritoneal macrophage population (Ribeiro et al., 1997). However,
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hen we investigated the activity of SVHV upon mast cell degra-
ulation, we  found that it is capable to induce degranulation in a

ower degree than compound 48/80, but higher than carrageenan.
aking these results together, we suppose that SVHV induces mast
ell degranulation, which may  be important for the early phase of
dema, but not for the late phase, which seems to be dependent
n neutrophil migration, since mast cell depletion did not mod-
fy neutrophil migration. In addition we can observe that edema
licited by SVHV is different from that elicited by carrageenan,
ainly in the first 2 h. During the first and second hours, SVHV

eems to be more potent than carrageenan, resembling dextran-
nduced edema, which is fast and mast cell dependent. Afterwards,
t was investigated the importance of resident macrophages in the
enesis of proinflammatory effect of SVHV, since it was  demon-
trated that some endogenous substances such as TNF-� and IL-1�
nd exogenous stimuli, such as carrageenan and LPS, induces neu-
rophil migration through the activation of resident cells (Ribeiro
t al., 1997). Indeed, animals, whose resident macrophage deple-
ion was induced by peritoneal lavage presented a decrease in
eutrophil migration induced by SVHV injection, suggesting the
lginate induced neutrophil migration by an indirect mechanism,
ependent on the presence of macrophages but not of mast cells.
hen confronted these results with those described in the litera-

ure for different stimuli, it can be suggested that the SVHV has a
imilar profile to carrageenan and LPS, and the release of cytokines
L-1� and TNF-� should be related to macrophage activation. Thus,
VHV has a proinflammatory activity that depends on the stimu-
ation of resident cells, specifically, macrophages. Probably these
esident cells are initially activated by the SVHV and start to pro-
uce proinflammatory cytokines such as TNF-� and IL-1� that, in
urn, could be inducing the generation of chemotactic mediators
nd vasoactive substances like prostaglandins. In accordance, Yang
nd Jones (2009) have demonstrated that low viscosity sodium algi-
ates isolated from brown algae induces activation of macrophages
hrough NF-�B pathway leading to the release of proinflammatory
ytokines.

. Conclusion

Gathering all this information, it can be concluded that the SVHV
as proinflammatory activity, as demonstrated in the model of paw
dema and neutrophil migration into the peritoneal cavity of rats.
he referred edematous activity seems to depend much more on
he migration of neutrophils than on the activation of mast cells
nd release of vasoactive substances, such as histamine and nitric
xide. These, in turn, may  have a role in the initial phase, but not
n the migration phase, of the edema. It may  also be suggested
hat SVHV-proinflammatory activity depends on the activation of
esident cells, which seems to have macrophages as the main cell
nvolved.
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