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Abstract

Objectives The aim of this study was to investigate the

involvement of the hemoxigenase-1 (HO-1) pathway in the

anti-inflammatory action of a sulfated polysaccharide from

the red seaweed Gracilaria birdiae (SP-Gb).

Methods SP-Gb (5, 10 and 20 mg/kg) was administered

to Wistar rats in a peritonitis model using carrageenan or a

paw edema model using carrageenan or dextran. To

analyze the involvement of HO-1 in the anti-inflammatory

activity of SP-Gb, the animals were pretreated subcutane-

ously with a specific HO-1 inhibitor (ZnPP IX). To

evaluate the systemic effects, SP-Gb (10 mg/kg) was

administered to mice intraperitoneally before waiting for

48 h or for 14 days.

Results SP-Gb (10 mg/kg) caused an anti-inflammatory

effect that was evidenced by a decrease in leukocytes in the

peritoneal cavity. SP-Gb also reduced the paw edema

induced by carrageenan and inhibited the paw edema

induced by dextran in the first half-hour. After being

inhibited by ZnPP IX, the anti-inflammatory effect of SP-

Gb on carrageenan-induced rat paw edema was not

observed. SP-Gb did not cause mortality or significant

changes in the biochemical, hematological and histopa-

thological parameters.

Conclusion SP-Gb may be used as a tool for further

investigations into the inflammatory processes associated

with the hemoxigenase-1 pathway.

Keywords Seaweed � Sulfated polysaccharide �
Gracilaria birdiae � Inflammation

Introduction

The primary response to infection or injury is inflammation,

which functions to clear the injurious material or agent and to

promote tissue repair. Inflammation is characterized by the

sequential release of a battery of mediators, including bio-

active amines, eicosanoids, cytokines, chemokines and

growth factors that regulate increased vascular permeability

and the recruitment of blood-borne leukocytes. Increased
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vascular permeability also results in the extravasation of

plasma proteins that further amplify the inflammatory reac-

tion. Inflammation is essentially a salutary response that

normally resolves with the restoration of normal tissue

structure and function; however, when inflammation persists

(chronic inflammation), it can cause tissue damage and the

loss of function [1].

Hemoxygenase (HO) catalyzes the first and rate-limiting

enzymatic step of heme degradation and produces carbon

monoxide (CO), iron and biliverdin (BVD) [2, 3], which is

converted into bilirubin (BR) via biliverdin reductase [4].

Three genetically distinct HO isozymes are known: HO-1,

HO-2 and HO-3. HO-1 is inducible, whereas HO-2 and

HO-3 are constitutively expressed [5]. Generally, the

induction of HO-1 has been considered to be an adaptive

cellular response against the toxicity of oxidative stress [6].

More recently, HO-1 has also been recognized for exhib-

iting important immunomodulatory and anti-inflammatory

functions [4].

According to previous studies, zinc protoporphyrin

(ZnPP) IX has been used as a pharmacological reagent that

selectively blocks HO action, resulting in the inhibition of

carbon monoxide production [7]. Heme is also called ferrous

protoporphyrin IX [8] and ZnPP IX acts as a competitive

inhibitor, because it also presents a protoporphyrin IX group

in its structure [9]. Therefore, ZnPP IX inhibits the produc-

tion of products of heme (BVD, CO and iron), which protect

against cell damage and oxidative stress.

The sulfated polysaccharides found in red seaweeds are

mainly galactans [10]. The enantiomeric configuration of

the a-galactose classifies the various galactans into two

major groups, the carrageenans and the agars [11].

In a previous study, the chemical composition and

covalent structure of galactan from the red seaweed

Gracilaria birdiae was determined by infrared (FTIR) and

nuclear magnetic resonance (NMR) spectroscopy to be an

agar [12]. According to these authors, this structure is

formed of repeating units of b-D-galactopyranose (50.3%);

3,6-anhydro-a-L-galactopyranose (40.5%) and a-L-galacto-

pyranose-6 sulfate (9.2%).

Seaweeds exhibit diverse biological properties, includ-

ing antioxidant [13], antitumor [14], immunostimulant

[15], antinociceptive and pro-inflammatory activities [16,

17], and thus there is great interest in discovering from

them new natural analgesic and anti-inflammatory com-

pounds with few collateral effects [18].

The present study was aimed at investigating the

unexplored anti-inflammatory activity of a sulfated poly-

saccharide isolated from the red seaweed Gracilaria

birdiae (SP-Gb). We also investigated whether this anti-

inflammatory effect depends on the integrity of the HO-1

pathway. A systemic evaluation of this polysaccharide was

also performed.

Materials and methods

Animals

Male Swiss mice (20–25 g) and Wistar rats (180–240 g)

from the Animal Care Unit of the Federal University of

Ceará, Fortaleza, Brazil, were used throughout the exper-

iments. They were housed in a temperature-controlled

room with free access to water and food on a 12/12-h light/

dark cycle. For each experiment, groups of six animals

were segregated and handled separately. All procedures

and animal treatments were carried out at a controlled

ambient temperature (20–22�C), and special care was taken

to avoid environmental disturbances that might influence

animal responses. This study was conducted in accordance

with the guidelines set forth by the U.S. Department of

Health and Human Services and with the approval of the

Ethics Committee of the Federal University of Ceará,

Fortaleza, Brazil (CEPA No. 80/10).

Drugs and reagents

The following drugs and reagents were used: dextran sulfate,

k-carrageenan, cetylpyridinium chloride (CPC), 1-9 dime-

thyl-methylene blue (DMB), DEAE-cellulose, O-dianisidine

dihydrochloride, N-acetyl-N,N,N-trimethylammonium bro-

mide, potassium phosphate monobasic, potassium phosphate

dibasic, hexadecyltrimethylammonium bromide (HTAB),

zinc protoporphyrin IX (ZnPP IX), cystein, papain and

bovine serum albumin, which were purchased from Sigma

Aldrich (St. Louis, MO, USA). Dexamethasone was pur-

chased from Aché (Guarulhos, SP, Brazil). Gelatin was

purchased from Oxoid Ltd. (Basingstoke, UK). Ethylene-

diaminetetraacetic acid (EDTA), formaldehyde, glacial

acetic acid and chloral hydrate were purchased from Vetec

Quı́mica Fina, Ltda (SP, Brazil). The drugs and the SP-Gb

were solubilized in 0.9% sterile NaCl (saline). The enzy-

matic kits used for evaluation of the systemic toxicity of

SP-Gb were from Labtest Diagnosis (Brazil). All other

chemicals were of analytical grade.

Isolation of sulfated polysaccharides (SP)

G. birdiae was obtained from the Atlantic coast of Brazil

(Flecheiras Beach, Trairı́-Ceará). After collection, the

specimens were taken to the Carbohydrates and Lectins

Laboratory (CarboLec), Department of Biochemistry and

Molecular Biology, Federal University of Ceará, and then

cleaned of epiphytes, washed with distilled water and

stored at -20�C until further use. A voucher specimen (No.

40781) was deposited in the Herbarium Prisco Bezerra in

the Department of Biological Sciences, Federal University

of Ceará, Brazil.
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The dried tissue (5 g) was cut into small pieces and

suspended in 250 ml of a 0.1 M sodium acetate buffer (pH

5.0) containing 510 mg of papain, 5 mM EDTA and 5 mM

cysteine. It was then incubated at 60�C for 6 h as previ-

ously described [19], with some modifications. The total

sulfated polysaccharides (TSP) obtained from G. birdiae,

which is an agar formed by a complex chain of the alter-

nating disaccharide repeating units (50 mg), was dissolved

in 25 ml of a 50 mM sodium acetate buffer (pH 5.0) and

applied to a DEAE-cellulose column (28 9 2.0 cm)

equilibrated with the same solution. The column was

developed by a step-wise gradient of 0 ? 1.5 M NaCl in

the same solution with intervals of 0.25 M between each

concentration. The flow rate of the column was 2.5 ml/min.

Fractions measuring 5 ml were collected and analyzed for

sulfated polysaccharide content using the metachromatic

assay (A525 nm) with DMB, as described [20], and for total

sugar content according to the phenol–sulfuric acid method

[21]. The biological protocols were performed with the

fraction that showed the highest yield of sulfated poly-

saccharide (SP-Gb).

Chemical composition

The total sugar content was estimated by phenol–sulfuric

acid analysis using D-galactose as the standard [21]. After

acid hydrolysis of the soluble polysaccharides (1 M HCl,

110�C, 5 h), free sulfate was measured using Na2SO4, as is

standard in the gelatin–barium method previously descri-

bed [22]. The protein content was measured by binding

Coomassie Brilliant Blue G-250 to protein using bovine

serum albumin (BSA) as the standard [23].

Peritonitis model

Carrageenan (Cg) (700 lg/cav) or sterile saline (1 ml) were

injected intraperitoneally (i.p.) in the rats. The animals were

treated subcutaneously (s.c.) with SP-Gb (5, 10 or 20 mg/

kg) 1 h before stimuli. Dexamethasone (1 mg/kg; s.c.), a

synthetic glucocorticoid with potent anti-inflammatory and

immunosuppressant properties, was administered 1 h

before Cg as a reference compound [16]. Four hours later,

the animals were killed, and the peritoneal cavity was

washed with 10 ml of saline containing 5 IU/ml of heparin.

The peritoneal fluid was recovered, and total and differen-

tial leukocyte counts were performed. Results are expressed

as mean ± SEM of the number of cells 9 103/ml of peri-

toneal fluid [24].

Carrageenan-induced rat paw edema

Carrageenan (500 lg/paw, 100 ll) was injected s.c. into

the right paw of the rats. The animals were pretreated with

SP-Gb s.c. at doses of 5, 10 or 20 mg/kg (0.1 ml/100 g

body weight) 1 h before the stimuli. Dexamethasone

(1 mg/kg, s.c.) was administered 1 h before carrageenan as

a reference compound. Paw volume was measured imme-

diately before (0 h) the stimulus and at selected time

intervals (1, 2, 3 and 4 h) using a plethysmometer (Panlab,

Spain). The results are expressed as the variation in paw

volume (ml), calculated as the difference from the basal

volume [25].

Dextran-induced rat paw edema

Dextran (400 lg/paw, 100 ll), a classical osmotic agent

[26], was injected s.c. into the right paw of the rats. One

hour before stimuli, the animals were pretreated (0.1 ml/

100 g body weight s.c.) with SP-Gb (5, 10 or 20 mg/kg).

Paw volume was measured immediately before (0 h) the

stimulus and at selected time intervals (0.5, 1, 2, 3 and 4 h).

Determination of myeloperoxidase activity

Myeloperoxidase (MPO) is an enzyme found primarily in

the azurophilic granules of neutrophils and has therefore

been used extensively as a biochemical marker of granu-

locyte infiltration into various tissues. The extent of

neutrophil accumulation in the paw tissue was measured

using an MPO activity assay, as previously described [27].

Briefly, 50–70 mg of paw tissue was homogenized in 1 ml

of potassium phosphate buffer containing 0.5% HTAB for

each 50 mg of tissue. Then, the homogenate was centri-

fuged at 4,000g for 12 min at 4�C. MPO activity was

assayed by measuring the change in absorbance at 450 nm,

taking two readings at 60 s intervals, using 1 mM O-dian-

isidine dihydrocloride and 0.0005% hydrogen peroxide in a

microplate. A unit of MPO activity was defined as that

which converted 1 lmol of hydrogen peroxide to water in

1 min at 22�C. The results are reported as MPO units/mg

of tissue.

Analysis of HO-1 pathway involvement in the anti-

inflammatory activity of SP-Gb

In order to analyze the involvement of HO-1 in the anti-

inflammatory efficacy of SP-Gb, the animals were pre-

treated (s.c.) with ZnPP IX (3 mg/kg), followed by

injection (s.c.) of SP-Gb (10 mg/kg) 60 min later. After 1

h, carrageenan (500 lg/paw) was injected s.c. [28]. Paw

volume was measured immediately before (0 h) the stim-

ulus and at selected time intervals (1, 2, 3 and 4 h) using a

plethysmometer (Panlab, Spain). The results are expressed

as the variation in paw volume (ml), calculated as the

difference from the basal volume (0 h).
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Systemic evaluation of SP-Gb

Survival rate, hair erection, scratching or licking of paws,

freezing reactions and general overall behavior were

evaluated for 48 h after a single dose of SP-Gb (10 mg/kg,

i.p.) or sterile saline.

In addition, body mass loss, organ weight alteration, and

hematological and biochemical parameters were evaluated

in the mice injected i.p. daily with a single dose of SP-Gb

(10 mg/kg) or sterile saline for 14 consecutive days. His-

topathological analyses were also performed.

Hematological and biochemical parameters

On the 15th day, all the animals were anesthetized with

chloral hydrate, and blood samples were collected from the

retro-orbital plexus for hematology and serum biochemistry.

Hematology analysis was performed using an automated

pocH 100iV DIFF hematology analyzer (Sysmex Europe

GmbH, Hamburg, Germany). Blood samples (15 ll) were

applied to the automatic analyzer to measure the following

parameters: red blood cells count (RBC), hemoglobin con-

centration (HGB), hematocrit (HCT), mean corpuscular

volume (MCV), mean corpuscular hemoglobin (MCH),

mean corpuscular hemoglobin concentration (MCHC),

platelet count (PLT), white blood cell count (WBC), and

differential WBC (leukocytes, monocytes and neutrophils).

For serum biochemistry analysis, the blood was centrifuged

at 1,500g for 15 min after collection. The serum samples

were stored at -80�C prior to analysis. The following serum

biochemistry parameters were determined by enzymatic and

colorimetric tests from Labtest: alkaline phosphatase (ALP),

aspartate aminotransferase (AST), alanine aminotransferase

(ALT), creatinine and urea. After killing the animals, the

liver, thymus, lymph nodes, spleen, kidney and heart

were removed and weighed. Possible ulcerative lesions

or hemorrhaging were quantified and macroscopically

measured.

Histopathological analysis

The liver, thymus, lymph nodes, spleen, kidney and heart

were fixed with formalin. The material was then dehy-

drated by increasing concentrations of 70% ethanol and

processed for inclusion in paraffin. The resulting blocks

were sliced in 5-lm-thick sections, stained with hematox-

ylin–eosin (H&E) and observed under a light microscope.

Statistical analysis

The data are presented as the mean ± standard error

(SEM) for six animals per group. Analysis of variance

(ANOVA) was performed using Bonferroni’s test and

Student’s t test for unpaired values. Values of p \ 0.05

were considered to be statistically significant.

Results

Isolation of sulfated polysaccharides

Enzymatic extraction of TSP from the seaweed Gracilaria

birdiae, followed by the application of TSP on DEAE-

cellulose chromatography, resulted in the determination of

two fractions of TSP (FI and FII). Because FI provided a

higher yield than FII, biological experiments were per-

formed with FI (SP-Gb) (Fig. 1).

A yield of 4.66% TSP was obtained. The two fractions

of TSP (FI and FII) were obtained using their metachro-

matic properties and their total sugar content (Fig. 2a).

These fractions showed yields of 23.6 and 6.4%, respec-

tively. The following values were obtained during the

determination of soluble carbohydrates in the TSP and the

fractions (FI and FII): 68.2% total carbohydrates for TSP,

37.4% soluble carbohydrates for FI and 30.8% soluble

carbohydrates for FII. The following values were obtained

Fig. 1 Scheme of the isolation procedure of the total sulfated

polysaccharide (TSP) from red seaweed Gracilaria birdiae. A TSP

was obtained with papain digestion (60�C, 6 h) in a 0.1 M sodium

acetate buffer (pH 5.0) containing 5 mM cysteine and 5 mM EDTA.

B The freeze-dried TSP (50 mg) was submitted to a DEAE-cellulose

column (28 9 2.0 cm) equilibrated with a 50 mM sodium acetate

buffer (pH 5.0), separated into two SP fractions [F I (SP-Gb) and F II]

eluted at concentrations of 0.5 and 0.75 M of NaCl, respectively
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during the determination of free sulfate in the hydrolysates

of the TSP and the fractions (FI and FII): 8.38% of free

sulfate in TSP, 14.81% of free sulfate for FI and 13.22% of

free sulfate for FII. No content protein was detected in TSP

or either fraction. The SP obtained was analyzed using

0.5% agarose gel electrophoresis and exhibited different

charge densities. Each purified fraction showed a polydis-

perse band, whereas TSP exhibited a weak metachromasia

on gel because it presented a lower sulfate level, according

to the values obtained for the free sulfate content (Fig. 2b).

Anti-inflammatory activity

SP-Gb (10 mg/kg) injected s.c. caused a 52% reduction in

total leukocyte migration when administered 1 h before Cg

(Fig. 3a). This reduction was attributed to the inhibition of

neutrophil and mononuclear cell influx (54.76 and 54.0%,

respectively) (Fig. 3b, c). As a reference, dexamethasone

decreased the Cg-induced neutrophil migration by 73.2%.

Saline injection did not induce neutrophil migration or

mononuclear cell influx (Fig. 3). In addition, Cg (500 lg/

paw, s.c.) caused intense paw edema, which reached a

maximum level at 3 h (0.47 ± 0.01 ml). Again, SP-Gb

(10 mg/kg) significantly reduced the occurrence of edema

after the stimulus, especially in the third hour, with a

reduction of 44%. Pre-treatment of the animals with dexa-

methasone inhibited the edema by 66% (Fig. 4). These data

were confirmed by MPO activity showing that 10 mg/kg SP-

Gb and 20 mg/kg SP-Gb inhibited neutrophil accumulation

in the paw by 59.3 and 36.92%, respectively. Dexametha-

sone also inhibited the MPO activity by 81.9% (Fig. 5).

Finally, dextran (400 lg/paw, s.c.) induced a significant

increase in vascular permeability, with the maximum level

being reached at 30 min (0.64 ± 0.04 ml) and then

decreasing over the subsequent hours. SP-Gb (10 mg/kg)

administered 1 h before dextran reduced the increase in

vascular permeability by 48.4%, especially during the first

30 min, when compared to the non-treated group (Fig. 6).

To investigate the role of HO-1 activity in the anti-

inflammatory effect of SP-Gb, the animals were pretreated

(s.c.) with ZnPP IX (3 mg/kg), a specific HO-1 inhibitor.

The anti-inflammatory effect of SP-Gb (10 mg/kg) on the

Cg-induced rat paw edema test was not observed in the

presence of ZnPP-IX (3 mg/kg) (Fig. 7).

Systemic effects of SP-Gb

SP-Gb injected in a single dose (10 mg/kg; i.p.) did not

produce any signs of toxicity or mortality during the

experimental period of 48 h.

After fourteen consecutive days of administration in

mice, the animals’ body mass, and wet weights of the liver,

kidney, thymus, lymph nodes and heart were considered

normal. However, there was an increase in the weight of

the spleen, but histopathological analyses of the organs

removed from the animals treated with SP-Gb (10 mg/kg)

did not reveal any damage to their tissues. The liver

showed mild vacuolar panlobular degeneration of the

hepatocytes, which might be a response to injury and is

considered to be reversible. However, there were no sig-

nificant lesions in the organs analyzed, and the above-

mentioned mild histological change was taken to be

reversible. Therefore, there were no consistent signs of

systemic damage (data not shown).

In addition, no significant changes were noted in the

blood parameters of the treated group. The slight decrease

in platelet count is not thought to be of toxicological sig-

nificance and is within the control range. The slight

reduction in WBC and RBC counts were not associated

with microscopic change in the associated hematopoietic

tissues (Table 1). Although histopathological lesions were

sporadically observed in the liver, there were no changes in

the enzymatic activity of transaminases and alkaline

phosphatase in the treated mice compared to the respective

controls. Therefore, it is reasonable to conclude that they

were of little toxicological significance. The treatment

Fig. 2 a Separation of SP-Gb

by DEAE-cellulose. Fractions

were collected and checked by

metachromasia using 1,9-

dimethymethylene blue (filled
squares) and by total sugar

content according to the

phenol–sulfuric acid method

(open squares). Down arrows
represent the NaCl

concentration. b Agarose gel

electrophoresis of SP-Gb. Total

sulfated polysaccharides (TSP)

and fractions F I (0.5 M) and F

II (0.75 M) on gel were stained

with 0.1% toluidine blue
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group also presented with normal kidney function, since

SP-Gb did not induce any alteration in blood urea and

creatinine levels (Table 2).

Discussion

Marine organisms are sources of structurally diverse bio-

active compounds that contain substances with valuable

pharmaceutical and biomedical potentials [29, 30]. The

results reported here demonstrate that SP-Gb exerts an anti-

Fig. 3 The effect of SP-Gb on

neutrophil migration induced by

carrageenan in the rats. Before

receiving an injection of

carrageenan (700 lg/cav, s.c.),

some groups of animals

received SP-Gb (5, 10 or 20 mg/

kg) and dexamethasone (1 mg/

kg) s.c. Another group received

only saline without Cg. Total

leukocytes (a), neutrophils

(b) and mononuclear cells

(c) counts were performed. Data

are expressed as mean ± SEM

of six rats for each group.

* Statistically significant

difference (p \ 0.05) from

the carrageenan group

Fig. 4 Activity of myeloperoxidase (MPO) in the supernatant of

homogenates of the paw sections given carrageenan, SP-Gb (5, 10 or

20 mg/kg), dexamethasone or saline (s.c.), expressed as MPO units/

mg of tissue. Data are expressed as mean ± SEM of six rats for each

group. *Statistically significant difference (p \ 0.05) from the

carrageenan group (ANOVA; Bonferroni’s test)

Fig. 5 The effect of SP-Gb on paw edema induced by carrageenan in

the rats. Before receiving an injection of carrageenan (500 lg/paw,

s.c.), some groups of animals received SP-Gb (5, 10 or 20 mg/kg) or

dexamethasone (1 mg/kg) s.c. Another group received only saline

without Cg. Data are expressed as mean ± SEM of six rats for each

group. *Statistically significant difference (p \ 0.05) from the

carrageenan group (ANOVA; Bonferroni’s test)
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inflammatory effect in two models of acute inflammation

caused by different inductors, carrageenan and dextran.

SP-Gb was tested initially in carrageenan-induced

peritonitis in the rats in order to investigate the possible

alterations in leukocyte chemotaxy. Carrageenan induces

neutrophil migration into the rat peritoneal cavity by an

indirect mechanism, via activation of macrophages [31]. In

this model, SP-Gb (10 mg/kg) significantly decreased the

leukocyte count in the rat peritoneal cavities. The anti-

inflammatory effect elicited by SP-Gb is in line with the

literature that demonstrated that sulfated galactans of the

red algae Pophyridium sp. also showed anti-inflammatory

activity [32].

Due to the anti-inflammatory effect elicited by SP-Gb on

the carrageenan-induced peritonitis, the anti-inflammatory

effect of SP-Gb was tested in Cg- and dextran-induced rat

paw edema. Carrageenan is classically used as a positive

control in experimental models of inflammation because of

its pro-inflammatory effects that involve cell migration and

the participation of diverse mediators, such as histamine,

serotonin, bradykinin, nitric oxide, and prostaglandins, and

that are characterized by intense neutrophil infiltration [33,

Fig. 6 The effect of SP-Gb on paw edema induced by dextran in the

rats. Before receiving an injection of dextran (400 lg/paw, s.c.), some

groups of animals received SP-Gb (5, 10 or 20 mg/kg). Another group

received only saline without dextran. Data are expressed as mean ±

SEM of six rats for each group. *Statistically significant difference

(p \ 0.05) from the dextran group (ANOVA; Bonferroni’s test)

Fig. 7 HO-1 activity in paw edema induced by carrageenan in the

rats. Before receiving an injection of carrageenan (500 lg/paw, s.c.),

some groups of animals received SP-Gb (10 mg/kg) with or without

ZnPP IX (3 mg/kg, s.c.). Another group received only saline without

Cg. Data are expressed as mean ± SEM of six rats for each group.

*Statistically significant difference (p \ 0.05) from the carrageenan

group (ANOVA; Bonferroni’s test)

Table 1 The hematological parameters of SP-Gb (10 mg/kg) in the

mice

Parameters Treatment (i.p.)

Saline SP-Gb (10 mg/kg)

RBC (106/ll) 8.68 ± 0.23 7.43 ± 0.32

HGB (g/dl) 14.14 ± 0.32 12.45 ± 0.52

HCT (%) 44.45 ± 1.42 40.35 ± 1.78

MCV (fl) 51.68 ± 1.09 53.17 ± 0.24

MCH (pg) 16.10 ± 0.20 16.37 ± 0.08

MCHC (g/dl) 31.17 ± 0.32 30.80 ± 0.11

WBC (103/ll) 3.44 ± 0.48 2.12 ± 0.27

Lymphocytes (%) 88.54 ± 1.43 84.78 ± 1.03

Monocytes (%) 0.0 ± 0.0 0.0 ± 0.0

Neutrophils (%) 11.46 ± 1.43 15.22 ± 1.03

PLT (103/ll) 767.40 ± 98.94 638.30 ± 86.53

The animals were weighed and injected once daily with of SP-Gb

over fourteen consecutive days.

The values are reported as mean ±SEM

* p \0.05 indicates a statistically significant difference from the

saline group. Student t-test for unpaired values

Table 2 The biochemical parameters of SP-Gb (10 mg/kg) in the

mice

Parameters Treatment (i.p.)

Saline SP-Gb (10 mg/kg)

Body mass (g) before treatment 25.39 ± 0.89 25.43 ± 1.13

Body mass (g) after treatment 29.09 ± 1.51 31.29 ± 0.97

Liver (g)/body mass 6.02 ± 0.34 5.39 ± 0.15

Kidney (g)/body mass 0.91 ± 0.04 0.85 ± 0.02

Heart (g)/body mass 0.60 ± 0.02 0.59 ± 0.01

Spleen (g)/body mass 0.42 ± 0.03 0.65 ± 0.05*

Thymus (g)/body mass 0.11 ± 0.00 0.08 ± 0.00

Lymph nodes (g)/body mass 0.31 ± 0.02 0.47 ± 0.05

AST (UI/L) 31.82 ± 8.38 26.13 ± 7.20

ALT (UI/L) 7.16 ± 0.71 7.20 ± 1.10

ALP (UI/L) 68.16 ± 10.04 70.17 ± 6.63

Urea (mg/dl) 36.31 ± 1.00 31.14 ± 1.12

Creatinine (mg/dl) 0.61 ± 0.04 0.77 ± 0.05

The animals were weighed and injected once daily with 10 mg/kg of

SP-Gb over fourteen consecutive days. After fourteen days of treat-

ment, the animals were weighed, blood samples were collected for

biochemical dosage (AST, ALT, ALP, creatinine and urea), the mice

were killed, and the wet weight of the organs was determined

Values are reported as mean ± SEM *Indicates a statistically sig-

nificant difference (p \ 0.05) from the saline group. Student’s t test

for unpaired values
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34]. Conversely, dextran increases vascular permeability by

releasing vasoactive amines, such as histamine and seroto-

nin, causing an osmotic edema with low levels of protein and

neutrophils [26]. SP-Gb (10 mg/kg) inhibited both Cg- and

dextran-induced rat paw edema and neutrophil migration, as

confirmed by myeloperoxidase activity. Myeloperoxidase

tissue levels are a well-standardized marker of neutrophil

infiltration into tissue and have been clearly shown to cor-

relate with the disease severity [34]. These results suggest

that the anti-edematogenic response of SP-Gb is complex

and may be related to the inhibition of both neutrophil

migration and the release of vasoactive amines. This is

probably a result of the anti-histaminic effect that may be

caused by the inhibition of mast cell degranulation [35, 36].

The results presented allowed us to characterize an inhibitory

profile on cell migration. However, SP-Gb (5 or 20 mg/kg)

did not show efficacy. These data are in accordance with the

literature that reports both anti- and pro-inflammatory effects

with sulfated polysaccharides from seaweeds [16, 17, 37–

39]. It is believed that the presence of an effect with SP-Gb

only at the intermediate dose is related to the ‘‘all or none’’ or

quantal stimulus, in which the animal discriminates the

presence or absence of the ideal dose and then emits a ‘‘yes or

no’’ response [40].

Numerous studies have demonstrated that the HO-1/

BVD/CO pathway expression has anti-inflammatory con-

sequences [4]. HO-1 is a stress-responsive protein induced

by various oxidative agents, and its expression in response

to the different inflammatory mediators may contribute to

the resolution of inflammation and has protective effects

against oxidative injury in several organs [41]. Some

authors have demonstrated that a sulfated polysaccharide

fraction from the brown algae Porphyra haitanesis shows

antioxidant properties in vivo [42]. Also, the anti-inflam-

matory effects of HO-1 have been reported in rat models

induced by carrageenan [43]. Considering these data, in

this work we explored the involvement of HO/BVD/CO in

the anti-inflammatory effect of SP-Gb.

In the present study, after pretreatment with ZnPP IX, an

anti-inflammatory effect of SP-Gb on Cg-induced paw

edema was not observed, suggesting that HO-1 activity is

involved in the inhibitory effect of SP-Gb in this model. Our

group has recently determined the bilirubin levels (product

of BVD conversion by the BVD reductase enzyme) in peri-

toneal exudates, as indexes of the HO-1 activity, in the

writhing test [44]. After an acetic acid challenge, increased

levels of bilirubin were detected in the peritoneal exudate

and ZnPP IX reduced bilirubin production [44]. Thus, our

findings corroborate other data showing that the inhibition of

the HO-1 pathway is associated with the inhibition of the

inflammatory response [45, 46].

It has been demonstrated in toxicological studies that

sulfated polysaccharides are well tolerated in experimental

animals [17, 47]. According to the literature, sulfated

polysaccharides isolated from C. feldmannii induced mor-

phological changes in the organs of experimental animals;

nevertheless, these effects were reversible [14]. Subchronic

SP-Gb treatment in mice did not affect animal body mass

or the wet weight of organs such as the liver, heart, kidney,

thymus or lymph nodes. Though an increase in the relative

weight of the spleen was observed, there were no histo-

pathological lesions in this organ suggestive of an

immunostimulant action. Considering this, some authors

have demonstrated that a sulfated polysaccharide fraction

extracted from the brown algae Porphyra haitanesis shows

an antioxidant property in vivo, causing an increase in the

spleen and thymus sizes [42]. Furthermore, neither renal

nor hepatic function nor the number of circulating leuko-

cytes was altered by the SP-Gb treatment. These data

suggest that SP-Gb is safe and well tolerated in mice.

Conclusion

The present study described both the efficacy and safety of

sulfated polysaccharides from the seaweed G. birdiae in

models of inflammation and toxicity. It provides evidence,

for the first time, that our knowledge of the anti-inflam-

matory effect of sulfated polysaccharides from the red

seaweed G. birdiae is related to the integrity of the HO-1/

BVD/CO pathway, giving a new insight into the mecha-

nism of the action of this sulfated polysaccharide.
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