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Abstract:

Background: Sulfated polysaccharides from red marine algae have presented a variety of potentially therapeutic biological effects,

however, their antinocicpetive and anti-inflammatory properties are not well understood.

Methods: Male Swiss mice were pretreated with a sulfated polysaccharidic fraction obtained from the marine alga Acanthophora

muscoides (AmII) (1, 3 or 9 mg/kg, iv) 30 min prior to either receiving an injection of 0.8% acetic acid or 1% formalin or prior to

a thermal stimulus. AmII (1, 3 or 9 mg/kg, sc) was evaluated on carrageenan-, dextran- bradykinin-, histamine- and serotonin-

induced rat paw edema models. AmII (500 µg, sc) was also injected into the paw. Additionally, mice were treated with the total sul-

fated polysaccharides from A. muscoides (Am-TSP) (20 mg/kg, ip) for 14 days.

Results: AmII reduced the number of acetic acid-induced writhes and licking time in the second phase of the formalin test, but it did

not alter the response latency in the hot plate test, suggesting that its antinociceptive action occurs through a peripheral mechanism.

AmII did not reduce carrageenan-induced paw edema and MPO activity. However, it reduced dextran-, histamine- and serotonin- in-

duced paw edemas, but not bradykinin-induced edema, suggesting that histamine is the major target of AmII anti-edematogenic ac-

tivity. AmII injected into the paw did not evoke local edema. Furthermore, Am-TSP induced no consistent signs of systemic damage,

as revealed by body mass, organs wet weight and by biochemical, hematological and histopathological analyses.

Conclusion: AmII has important antinociceptive and anti-inflammatory properties and represents an important therapeutic agent

warranting future studies.
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Introduction

Pain can be simply defined as undesirable physical or

emotional experiences which represents the most com-

mon reason why individuals seek medical attention

[26]. In addition, the inflammatory process is a com-

plex series of cellular and biochemical events that has

evolved to eliminate or contain infectious agents and to

repair damaged tissue. An ineffective or uncontrolled

inflammatory response contributes to the cellular dys-

function, tissue damage and inadequate repair that oc-

cur in many chronic inflammatory diseases [18].

The side effects of the medications currently used to

limit the extent of pain and inflammation vary based on

the class of agent used, however, most medical person-

nel are concerned with addiction, tolerance, gastroin-

testinal effects and abuse [26]. Therefore, animal mod-

els of nociception are widely used as screening tools

for the development of new analgesic drugs [21].

Marine organisms are sources of structurally diverse

bioactive compounds with valuable pharmaceutical

and biomedical potentials [11, 46, 49]. Marine algae

are the most important source of non-animal sulfated

polysaccharides, and the chemical structure of these

polymers varies according to the algal species [32].

In recent years, sulfated polysaccharides from red

marine algae have been shown to have a variety of po-

tentially therapeutic biological effects, such as antico-

agulant [28, 37], antithrombotic [16], antioxidant [6,

41], antiviral [49], antitumoral and immunomodula-

tory effects [22]. However, there are a fewer number

of reports on antinociceptive and/or anti-inflam-

matory activities of sulfated polysaccharides obtained

from marine algae [1, 2, 7, 43, 45, 46]. To the best of

our knowledge, there are no reports concerning the

biological activities of sulfated polysaccharides from

the red marine alga Acanthophora muscoides (Lin-

naeus) Bory de Saint-Vincent (Rhodomelaceae).

The purpose of the present study was to investigate

the antinociceptive and anti-inflammatory activities

of a sulfated polysaccharidic fraction from the alga A.

muscoides using experimental models. The safety of

the sulfated polysaccharides was also assessed.

Materials and Methods

Animals

Male and female Swiss mice (20–25 g) and male Wistar

rats (160–220 g) from the Animal Care Unit of the Fed-

eral University of Ceará, Fortaleza, Brazil, were used

throughout the experiments. They were housed in a tem-

perature-controlled room (20–22°C) with free access to

water and food on a 12/12 h light/dark cycle and special

care was taken to avoid environmental disturbances that

might influence animal responses. For each experiment,

groups of six animals were segregated and handled

separately. 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, l-carrageenan, histamine, serotonin, bradyki-

nin, cetylpyridinium chloride (CPC), 1,9-dimeth-

ylmethylene blue (DMB), indomethacin, agarose gel,

1,3-diaminopropane, toluidine blue, DEAE-cellulose,

o-dianisidine dihydrochloride, potassium phosphate

monobasic, potassium phosphate dibasic, hexadecyl-

trimethylammonium bromide (HTAB), cystein, pa-

pain, and bovine serum albumin were purchased from

Sigma (St. Louis, MO, USA); dexamethasone was

purchased from Aché (Guarulhos, SP, Brazil); mor-

phine sulfate Dimorf® was purchased from Cristália

(Itapira, SP, Brazil); gelatin was purchased from

Oxoid, Ltd., (England); and ethylenediaminete-

traacetic acid (EDTA), formaldehyde, glacial acetic

acid, and hydrate of chloral were purchased from

VETEC Química Farm. Ltda., (SP, Brazil). The drugs

and samples were solubilized in 0.9% sterile NaCl

(saline). The enzymatic kits used for evaluation of

systemic toxicity were purchased from LABTEST

(Diagnostic Tests, Brazil). All other chemicals were

of analytical grade.

Alga

The red marine alga Acanthophora muscoides (Lin-

naeus) Bory de Saint-Vincent was collected at the

Atlantic coast of Brazil (Pacheco Beach, Caucaia,

Ceará). After collection, the material was cleaned of

epiphytes, washed with distilled water, macerated

in liquid nitrogen and stored at –20°C until use.

A voucher specimen (no. 46093) was deposited in the

Herbarium Prisco Bezerra (EAC) in the Department

of Biology, Federal University of Ceará, Brazil.
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Extraction of total sulfated polysaccharides

The total sulfated polysaccharides were extracted as

described previously [14], with some modifications.

Essentially, the dried tissue (5 g) was suspended in

250 ml of 0.1 M sodium acetate buffer (pH 5.0), con-

taining 1.0 g of papain, 5 mM EDTA and 5 mM cys-

teine and incubated at 60°C for 6 h. The incubation

mixture was then filtered by a nylon membrane and

the homogenate was saved. The residue was washed

with 125 ml of distilled water, and filtered again, and

the two homogenates were combined. The sulfated

polysaccharides in solution were precipitated with

16 ml of 10% cetylpyridinium chloride (CPC) solu-

tion. After 24 h at room temperature, the mixture was

centrifuged at 2,560 × g for 20 min at 5°C. The sul-

fated polysaccharides in the pellet were washed with

500 ml of 0.05% CPC solution, dissolved with 100 ml

of a 2 M NaCl-ethanol (100 : 15, v/v) mixture and

precipitated with 200 ml of absolute ethanol. After

24 h at 4°C, the precipitate was collected by centrifu-

gation (2,560 × g for 20 min at 5°C), washed twice

with 200 ml of 80% ethanol and washed once with

150 ml of absolute ethanol. The final precipitate was

dialyzed, and freeze-dried. After these procedures, the

total sulfated polysaccharides from A. muscoides

(Am-TSP) were obtained.

Fractionation by ion-exchange chromatography

The Am-TSP (30 mg) were dissolved in 15 ml of

50 mM sodium acetate buffer (pH 5.0) and submitted

to an ion-exchange chromatography on a DEAE-

cellulose column (20.0 × 2.0 cm) equilibrated with the

same buffer. The elution was performed by a stepwise

gradient of 0–1.5 M NaCl in the same buffer. The

flow rate of the column was 2.5 ml/min. Fractions of

5.0 ml were collected and assayed for the detection of

the sulfated polysaccharide using the metachromatic

assay with 1,9-dimethylmethylene blue [15].

Chemical analyses

The total sugar content was estimated by phenol-

sulfuric acid analysis using D-galactose as a standard

[12]. After acid hydrolysis of the soluble polysaccha-

rides (1 M HCl, 110°C, 5 h), free sulfate was meas-

ured using Na2SO4 as standard in the gelatin-barium

method [10]. The protein content was measured by

binding of Coomassie Brilliant Blue G-250 using bo-

vine serum albumin (BSA) as a standard [4].

Agarose gel electrophoresis

Sulfated polysaccharides were analyzed by agarose

gel electrophoresis as described previously [8]. The

samples (~15 µg) were applied to a 0.5% agarose gel

and run for 1 h at 110 V in 0.05 M 1,3-diaminopro-

pane acetate (pH 9.0). The sulfated polysaccharides in

the gel were fixed with 0.1% HTAB. After 12 h, the

gel was dried and stained with 0.1% toluidine blue in

0.1 : 5 : 5 acetic acid : ethanol : distillated water solu-

tion (v/v/v).

Antinociceptive activity

Writhing test

The writhing test is used for the evaluation of analge-

sic activity [20]. First, male mice received an injec-

tion of either AmII (1, 3 or 9 mg/kg, iv) or sterile sa-

line (0.9% NaCl w/v, iv). After 30 min, 0.8% v/v of

acetic acid was injected intraperitoneally (10 ml/kg).

The number of writhes, consisting of abdominal mus-

cle contractions and hind paw extensions, occurring

between 0 and 30 min after acetic acid injection, was

recorded. Morphine (5 mg/kg, sc), a non selective

opioid agonist, or indomethacin (5 mg/kg, sc), a non-

specific inhibitor of cyclooxygenase [27], were used

as controls.

Formalin test

The formalin test, which causes a local tissue injury to

the paw, has been used as a model for localized in-

flammatory pain [19]. Mice received an injection of

either AmII (1, 3 or 9 mg/kg, iv) or sterile saline

(0.9% NaCl w/v, iv). After 30 min, 1% aqueous for-

malin (20 µl) was injected into the right hind paw.

The amount of time that the animal spent licking the

injected paw was measured during the first 5 min

(Phase 1, direct chemical stimulation of nociceptors)

and 20–25 min after formalin injection (Phase 2, in-

flammatory phase). Morphine (5 mg/kg, sc) or

indomethacin (5 mg/kg, sc) were used as controls.

Hot plate test

The hot plate test also measures analgesic activity

[13]. Each mouse was placed onto the heated plate

(51 ± 1°C) two times, with a 30-min inter-trial inter-

val. The first trial familiarized the animal with the test
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procedure and the second served as the control reac-

tion time (licking the paw or jumping). Animals

showing a reaction time greater than 10 s were not in-

cluded in subsequent analyses. Immediately after the

second trial (control reaction time), mice received an

injection of either sterile saline (0.9% NaCl w/v, iv),

AmII (1, 3 or 9 mg/kg, iv), morphine (5 mg/kg, sc) or

indomethacin (5 mg/kg, sc) and reaction times were

measured at time zero (0 time) and 30, 60 and 90 min

after drug administration. A cut-off time of 40 s was

used to avoid paw lesions.

Anti-inflammatory activity

Carrageenan-induced rat paw edema

One hour before injections with carrageenan (Cg) into

the right hind paw (500 µg/paw; 100 µl, sc) rats were

pretreated with either sterile saline (0.9% NaCl w/v, sc),

AmII (1, 3 or 9 mg/kg, sc) or dexamethasone (1 mg/kg,

sc), a synthetic glucocorticoid with potent anti-

inflammatory and immunosuppressant properties [25].

Control animals received the same volume of sterile sa-

line (0.9% NaCl w/v, sc). Paw volume was measured

immediately before (zero time) the stimulus and at se-

lected time intervals (1, 2, 3 and 4 h) using a plethys-

mometer (Panlab, Spain). The results were expressed as

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

ference from the basal volume (zero time) [48].

Determination of myeloperoxidase activity

Myeloperoxidase (MPO) is an enzyme found primar-

ily in the azurophilic granules of the neutrophils and

therefore has been extensively used as a biochemical

marker of the granulocytes infiltration into various

tissues. The extent of neutrophil accumulation in paw

tissue was measured using an MPO activity assay as

previously described by Bradley et al. [5]. Briefly,

50 mg of paw tissue was homogenized in 1 ml potas-

sium phosphate buffer 50 mM, pH 6.0, containing

0.5% HTAB, using a Polytron homogenizer (two cy-

cles of 10 s). After centrifugation at 4,000 × g for

7 min, supernatant fractions were assayed for MPO ac-

tivity. Samples (7 µl) were mixed with phosphate buffer

(200 µl) containing 1 mM o-dianisidine dihydrochloride

and 0.0005% hydrogen peroxide in a microplate. Absor-

bance was measured at 450 nm, taking two readings at

60 s interval. Calculation of units of MPO was realized

considering that 1U MPO = 1 mmol H2O2 split

and 1 mmol H2O2 gives a change in absorbance of 1.13

× 10�2 (change in absorbance = nm/min). Results are re-

ported as MPO units/mg of tissue.

Dextran-induced rat paw edema

Dextran (400 µg/paw, 100 µl), a classical osmotic

agent [23], was injected sc into the right hind paws of

rats. Animals were pretreated with either AmII (0.3,

1, 3 or 9 mg/kg, sc) or sterile saline (0.9% NaCl w/v,

sc) 1 h before stimuli. Control animals received the

same volume of sterile saline (0.9% NaCl w/v, sc).

Paw volume was measured immediately before (zero

time) the stimulus and at selected time intervals fol-

lowing the stimulus (0.5, 1, 2, 3 and 4 h) using a ple-

thysmometer (Panlab, Spain).

Bradykinin, histamine and serotonin-induced rat
paw edema

Bradykinin (30 µg/paw, 100 µl), histamine (100 µg/

paw, 100 µl) or serotonin (20 µg/paw, 100 µl) were in-

jected sc into the right hind paws of rats. Animals were

pretreated with either AmII (1 mg/kg, sc) or sterile sa-

line (0.9% NaCl w/v, sc) 1 h before stimuli. Control

animals received the same volume of sterile saline

(0.9% NaCl w/v, sc). Paw volume was measured im-

mediately before (zero time) the stimulus and at se-

lected time intervals following the stimulus (0.5, 1, 2, 3

and 4 h) using a plethysmometer (Panlab, Spain).

Edematogenic effect

AmII (500 µg/paw) was injected (sc) into the right

hind paws of rats (0.1 ml/100 g of body mass).

Control animals received the same volume of sterile

saline (0.9% NaCl w/v, sc). Paw volume was meas-

ured immediately before (zero time) AmII or saline

injection and at selected time intervals (1, 2, 3 and

4 h) using a plethysmometer (Panlab, Spain). The re-

sults were expressed as the variation in paw volume

(ml), calculated as the difference from the basal vol-

ume (zero time).

Systemic evaluation of Am-TSP

Acute toxicity study

Male and female mice received a single dose of Am-

TSP (20 mg/kg, ip) or sterile saline (0.9% NaCl w/v,
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ip). Survival rate, mucosa, eyes, hair erection,

scratching or licking of paws, freezing reactions, gen-

eral overall behavior, body mass and organ weight al-

teration were evaluated. After 48 h, mice were sacri-

ficed and the liver, right kidney, heart and spleen were

removed and weighed.

Subchronic toxicity study

Male and female mice were treated daily with either

Am-TSP (20 mg/kg, ip) or sterile saline (0.9% NaCl

w/v, ip) for fourteen consecutive days. Body mass,

organ weight alteration and biochemical, hematologi-

cal and histopathological parameters were evaluated.

After treatment, mice were anesthetized with chloral

hydrate and peripheral blood was collected for analy-

ses. For plasma biochemistry analyses, blood was

centrifuged at 500 × g for 15 min after collection. The

plasma samples were stored at –80°C prior to use.

The following plasma biochemistry parameters were

evaluated using enzymatic and colorimetric tests

(LABTEST): alanine transaminase (ALT), aspartate

transaminase (AST), alkaline phosphatase (ALP),

urea and creatinine.

Heparinized whole blood samples were applied to

a fully automated analyzer (pocH 100iV DIFF Sysmex

Europe GmbH, Hamburg, Germany) for the analysis of

the following parameters: red blood cell count (RBC),

hemoglobin concentration, hematocrit, mean corpuscu-

lar volume (MCV), mean corpuscular hemoglobin

(MCH), mean corpuscular hemoglobin concentration

(MCHC), white blood cell count (WBC), platelet count

and lymphocyte, monocyte and neutrophil percentages.

After sacrificing the animals, liver, right kidney,

heart, spleen, thymus and lymph node were removed,

weighed and fixed with formalin. The material was

then dehydrated by adding increasing concentrations

of ethanol (70 to 100%) and processed for inclusion in

paraffin. The resulting blocks were sliced into 5 µm

thick sections, stained with hematoxylin eosin and ob-

served under a light microscope.

Statistical analyses

The data were presented as the means ± standard er-

rors (SEM) for six animals per group. Student t-test

for unpaired values and one-way analysis of variance

(ANOVA) followed by Bonferroni’s test were per-

formed. Values of p < 0.05 were considered to be sta-

tistically significant.

Results

Isolation of sulfated polysaccharides

The yield of TSP from the red alga A. muscoides

(Am-TSP) was 11.6% and presented a high content of

both total sugar and free sulfate and trace amounts of

protein content (Tab. 1). Anion-exchange chromatog-

raphy on DEAE-cellulose separated the sulfated poly-

saccharides from the red alga A. muscoides into three

major peaks, named as AmI, AmII and AmIII, eluted

from the column with 0.5, 0.75 and 1.0 M NaCl, re-

spectively (Fig. 1A).

The fractions showed yields, total sugar and free

sulfate contents of 28.7, 18.5 and 2.7% (AmI), 54.7,

21.8 and 26.84% (AmII) and 8.0, 22.0 and 20.3%

(AmIII), respectively. Contaminant proteins were not

detected in any sample (Tab. 1). Agarose gel electro-

phoresis revealed that the fractions AmII and AmIII,

contained single bands (Fig. 1B); therefore, they are

homogeneous in charge density. The fraction AmI

was not revealed due to its low content of sulfate.

Subsequent experiments were performed with AmII

due to its higher yield.

Antinociceptive activity

AmII (1, 3 or 9 mg/kg; iv), injected 30 min prior to

acetic acid, inhibited the writhing response by 60.0,

64.4 and 71.3%, respectively. There was no statistical

difference between the doses of AmII used. Morphine

or indomethacin (5 mg/kg, sc) showed significant

98.20 and 55.70% inhibition of writhing response, re-

spectively, as compared to saline group (Fig. 2).
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Tab. 1. Total yield and chemical analyses of sulfated polysaccha-
rides from the red marine alga Acanthophora muscoides

Fraction Yield (%) Total galactose (%) Free sulfate (%)

Am-TSP 11.6 54.0 31.8

AmI 28.7a 18.5 2.7

AmII 54.7a 21.8 26.8

AmIII 8.0a 22.0 20.3

a Yield expressed in relation to the Am-TSP obtained



AmII (1, 3 or 9 mg/kg, iv), injected 30 min prior to

formalin, reduced the licking time only in the second

phase (inflammatory) of the test by 87.36, 88.44 and

93.10%, respectively. There was no statistical differ-

ence between the doses of AmII used. Indomethacin

inhibited the second phase by 63.28%. Morphine sig-

nificantly reduced the formalin response in both

phases (92.0% in the first phase and 91.6% in the sec-

ond phase) (Fig. 3).

In the hot plate test, neither AmII (1, 3 or 9 mg/kg,

iv) nor indomethacin induced significant antinocicep-

tive effects on reaction time during 90 min of observa-

tion. Morphine induced analgesia, as shown by the de-

lays in reaction time of 34.1 ± 2.8, 29.8 ± 1.4 and 23.1

± 2.7 s at the 30, 60 and 90 min time points, respec-

tively (Tab. 2). In addition, AmII at the dose of 0.3

mg/kg (iv) has been analyzed on acetic acid, formalin

and hot plate models of nociception, but the results did

not differ from the control group (data not shown).

Anti-inflammatory activity

Cg caused intense paw edema, which reached a maxi-

mum level at 3 h (0.58 ± 0.04 ml). AmII (1, 3 or

9 mg/kg, sc) did not alter the occurrence of edema

when compared to the control group at all time inter-

vals (Tab. 3). Dexamethasone (1 mg/kg, sc) inhibited

the edema at all time intervals and reduced the MPO

activity by 87.17%. In addition, myeloperoxidase lev-

els (MPO), a biochemical marker of neutrophils infil-

tration, were measured according to Bradley et al. [5].

AmII (1, 3 or 9 mg/kg, sc) did not reduce the MPO ac-

tivity in the paw tissue while dexamethasone reduced

the MPO activity by 87.17% (Fig. 4).

Dextran caused intense paw edema, which reached

a maximum level at 0.5 h (0.55 ± 0.02 ml) after ad-

ministration and decreased over the subsequent hours.

AmII (1, 3 or 9 mg/kg, sc) reduced the occurrence of

edema by 60.00, 63.64 and 65.46%, respectively, at
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Fig. 2. Effect of administration of AmII on the writhing response induced
by acetic acid. Mice received sterile saline (iv) or AmII (1, 3 or 9 mg/kg,
iv), morphine (5 mg/kg, sc) or indomethacin (5 mg/kg, sc) 30 min before
stimulus. Data were expressed as the means ± SEM (n = 6). * p < 0.05
indicates significant difference from the saline group, # p < 0.05 indi-
cates significant difference from indomethacin and § p < 0.05 indicates
significant difference from morphine (ANOVA; Bonferroni’s test)

Fig. 1. Fractioning and agarose gel electrophoresis of sulfated polysaccharides from the red marine alga Acanthophora muscoides. (A) Frac-
tioning of total sulfated polysaccharides from A. muscoides by ion-exchange chromatography on DEAE-cellulose. The column was developed
by a stepwise gradient of NaCl (¾). The fractions were collected from the column and assayed by metachromasia using 1,9-dimethylmethylene
blue (�¾�). (B) Agarose gel electrophoresis of sulfated polysaccharides. Samples (~20 µg of each) of total sulfated polysaccharides (Am-TSP)
and fractions AmI (0.5 M), AmII (0.75 M) and AmIII (1.0 M) were stained with toluidine blue, as described under methods



half hour interval (Tab. 4). In addition, AmII at the

dose of 0.3 mg/kg (sc) has been analyzed on both the

Cg and dextran-induced paw edemas, however, the re-

sults did not differ from the control group (data not

shown). As the doses of 1, 3 and 9 mg/kg (sc) had

similar effects, the dose of 1 mg/kg (sc) was used in

the subsequent assay, in which AmII (1 mg/kg, sc) re-

duced the paw edemas elicited by histamine and sero-

tonin by 33.33 and 16.67%, respectively, at one hour

interval, but was ineffective on bradykinin-induced

paw edema (Tab. 5).

Evaluation of AmII edematogenic effect

Local injection of AmII (500 µg, sc) into the paw did

not induce paw edema when compared to control ani-

606 Pharmacological Reports, 2013, 65, 600�613

Fig. 3. Effect of AmII on formalin test in mice. The licking time spent was determined during the first 5 min (1st phase; panel A), and during
20–25 min (2nd phase; panel B) after 1% formalin injection in mice. Sterile saline (iv), AmII (1, 3 or 9 mg/kg, iv), morphine (5 mg/kg, sc) or
indomethacin (5 mg/kg, sc) were given 30 min before stimulus. Data were expressed as the means ± SEM (n = 6). * p < 0.05 indicates signifi-
cant difference from the saline group, # p < 0.05 indicates significant difference from indomethacin and § p < 0.05 indicates significant differ-
ence from morphine (ANOVA; Bonferroni’s test)

Tab. 2. Effect of AmII in reaction times (s) in the hot plate test. Mice received sterile saline, AmII, morphine or indomethacin 30 min before the
stimulus

Experimental groups
Reaction time (s)

0 min 30 min 60 min 90 min

Saline (iv) 7.33 ± 0.56 4.67 ± 0.80 6.33 ± 0.88 6.50 ± 1.31

Morphine (5 mg/kg; sc) 10.20 ± 0.7 34.10 ± 2.8* 29.80 ± 1.4* 23.10 ± 2.7*

Indomethacin (5 mg/kg; sc) 8.10 ± 1.00 6.70 ± 1.00 4.80 ± 0.8 4.10 ± 0.60

AmII (1 mg/kg; iv) 4.33 ± 0.88 4.67 ± 0.80 3.66 ± 0.88 5.33 ± 0.88

AmII (3 mg/kg; iv) 5.66 ± 1.08 2.33 ± 0.76 5.66 ± 0.84 3.50 ± 0.99

AmII (9 mg/kg; iv) 7.00 ± 0.86 3.66 ± 0.95 5.17 ± 1.08 4.50 ± 0.67

Data were expressed as means ± SEM (n = 6). * p < 0.05 indicates significant difference from the saline group (ANOVA; Bonferroni’s test)

Fig. 4. Myeloperoxidase (MPO) activity in the supernatant of paw tis-
sue from rats submitted to carrageenan(Cg)-induced paw edema.
AmII (1, 3 or 9 mg/kg, sc), dexamethasone (Dexa; 1 mg/kg, sc) or
sterile saline (sc) were given 1 h before stimulus. MPO activity was
expressed as units per mg of tissue. Data were expressed as the
means ± SEM (n = 6). * p < 0.05 indicates significant difference from
the carrageenan group (ANOVA; Bonferroni’s test)
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Tab. 4. Effect of AmII on dextran-induced rat paw edema (400 µg/paw). Animals received sterile saline, AmII (1, 3 or 9 mg/kg, sc) or 1 h before
receiving an injection of dextran (400 µg/paw, sc). Another group received only sterile saline (sc) in the paw

Experimental groups
Paw edema (ml)

0.5 h 1 h 2 h 3 h 4 h

Saline (sc) 0.01 ± 0.01* 0.06 ± 0.02* 0.01 ± 0.01* 0.00 ± 0.00* 0.00 ± 0.00*

Dextran + Saline (sc) 0.55 ± 0.02 0.37 ± 0.04 0.18 ± 0.07 0.18 ± 0.06 0.18 ± 0.04

Dextran + AmII (1 mg/kg, sc) 0.22 ± 0.04* 0.35 ± 0.11 0.23 ± 0.09 0.24 ± 0.1 0.07 ± 0.04

Dextran + AmII (3 mg/kg, sc) 0.20 ± 0.08* 0.30 ± 0.06 0.23 ± 0.06 0.27 ± 0.08 0.14 ± 0.05

Dextran + AmII (9 mg/kg, sc) 0.19 ± 0.10* 0.18 ± 0.06 0.19 ± 0.08 0.17 ± 0.05 0.17 ± 0.03

Data are expressed as the means ± SEM (n = 6). * p < 0.05 indicates significant difference from the dextran group (ANOVA; Bonferroni’s test)

Tab. 3. Effect of AmII on carrageenan-induced rat paw edema (Cg; 500 µg/paw). Animals received sterile saline, AmII or dexamethasone
(Dexa) 1 h before receiving an injection of Cg (500 µg/paw). Another group received only sterile saline (sc) in the paw

Experimental groups
Paw edema (ml)

1 h 2 h 3 h 4 h

Saline (sc) 0.01 ± 0.01* 0.06 ± 0.02* 0.01 ± 0.01* 0.00 ± 0.00*

Cg + Saline (sc) 0.25 ± 0.05 0.49 ± 0.06 0.58 ± 0.04 0.35 ± 0.04

Cg + Dexa (1 mg/kg; sc) 0.17 ± 0.02 0.11 ± 0.04* 0.09 ± 0.05* 0.08 ± 0.04*

Cg + AmII (1 mg/kg; sc) 0.17 ± 0.03 0.37 ± 0.07 0.48 ± 0.03 0.29 ± 0.05

Cg + AmII (3 mg/kg; sc) 0.14 ± 0.02 0.37 ± 0.07 0.43 ± 0.06 0.23 ± 0.04

Cg + AmII (9 mg/kg; sc) 0.20 ± 0.04 0.39 ± 0.04 0.56 ± 0.03 0.34 ± 0.06

Data are expressed as the means ± SEM (n = 6). * p < 0.05 indicates significant difference from the carrageenan group (ANOVA; Bonferroni’s test)

Tab. 5. Effect of AmII on bradykinin, histamine or serotonin-induced rat paw edemas. Animals received sterile saline or AmII 1 h before receiv-
ing an injection of bradykinin (30 µg/paw, sc), histamine  (100 µg/paw, sc) or serotonin (20 µg/paw, sc)

Experimental groups
Paw edema (ml)

0.5 h 1 h 2 h 3 h 4 h

Bradykinin

Saline (sc) 0.38 ± 0.05 0.49 ± 0.04 0.33 ± 0.03 0.21 ± 0.04 0.14 ± 0.06

AmII (1 mg/kg, sc) 0.46 ± 0.06 0.48 ± 0.05 0.38 ± 0.04 0.17 ± 0.03 0.16 ± 0.03

Histamine

Saline (sc) 0.38 ± 0.06 0.33 ± 0.03 0.39 ± 0.02 0.27 ± 0.02 0.21 ± 0.02

AmII (1 mg/kg, sc) 0.34 ± 0.03 0.22 ± 0.03* 0.36 ± 0.04 0.25 ± 0.03 0.15 ± 0.02

Serotonin

Saline (sc) 0.61 ± 0.08 0.90 ± 0.05 0.52 ± 0.07 0.40 ± 0.06 0.30 ± 0.07

AmII (1 mg/kg, sc) 0.79 ± 0.05 0.75 ± 0.05* 0.50 ± 0.05 0.50 ± 0.04 0.25 ± 0.05

Data expressed as the mean ± SEM (n = 6). * p < 0.05 indicates significant difference from the saline group. Student t-test for unpaired values



mals that received an injection of the same volume of

sterile saline (0.9% NaCl w/v, sc) (Tab. 6).

Systemic evaluation of Am-TSP

Am-TSP (20 mg/kg, ip) did not produce any signs of

toxicity or mortality during the experimental period of

48 h (data not shown). In addition, repeated injections of

Am-TSP (20 mg/kg, ip) over fourteen consecutive days

did not alter the overall body mass and the wet weights

of the liver, kidney, heart, spleen, thymus and lymph

nodes. Plasmatic levels of enzymatic indicators of he-

patic function (ALT and AST) did not differ from the

respective controls. Plasmatic levels of creatinine, an in-

dicator of renal function, also did not differ from the

controls. There was a reduction of the levels of urea and

ALP in the female group only of 55.16 and 47.15%, re-

spectively (Tab. 7). In relation to the hematological pa-

rameters there was only a slight reduction of the lym-

phocyte percentage and a slight increase of the neutro-

phil percentage in the male group (Tab. 8). However,

these values were within the normal range, according to

Reference Values for Laboratory Animals from Re-

search Animal Resources, University of Minnesota [33].
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Tab. 6. Edematogenic effect of AmII in rats. Animals received sterile saline or AmII (in the paw)

Experimental groups
Paw edema (ml)

0.5 h 1 h 2 h 3 h 4 h

Saline (sc) 0.25 ± 0.05 0.3 ± 0.06 0.03 ± 0.03 0.00 ± 0.00 0.00 ± 0.00

AmII (500 µg, sc) 0.2 ± 0.03 0.24 ± 0.06 0.04 ± 0.04 0.10 ± 0.10 0.00 ± 0.00

Data were expressed as the means ± SEM (n = 6). ANOVA; Bonferroni’s test

Tab. 7. Systemic effects of Am-TSP in mice. Animals were weighed and injected daily with Am-TSP (20 mg/kg, ip) during fourteen days. After
that, animals were weighed, anesthetized and the blood samples were collected for biochemical dosage (AST, ALT, ALP, urea and creatinine).
Mice were then sacrificed and the wet weights of organs were taken

Parameters

Treatment (ip)

Males Females

Saline AmII
(20 mg/kg)

Saline AmII
(20 mg/kg)

Body mass (g) before 25.68 ± 0.67 22.33 ± 0.33 22.15 ± 0.67 23.67 ± 0.42

Body mass (g) after 29.58 ± 0.72 25.38 ± 0.50 25.17 ± 0.60 30.00 ± 0.60

Liver (g/100 g body mass) 5.24 ± 0.18 6.14 ± 0.14 5.46 ± 0.08 6.16 ± 0.17

Kidney (g/100 g body mass) 0.77 ± 0.03 0.86 ± 0.02 0.86 ± 0.14 1.04 ± 0.02

Heart (g/100 g body mass) 0.72 ± 0.03 0.67 ± 0.02 0.81 ± 0.03 0.83 ± 0.05

Spleen (g/100 g body mass) 0.42 ± 0.04 0.46 ± 0.03 0.49 ± 0.03 0.62 ± 0.04

Thymus (g/100 g body mass) 0.30 ± 0.03 0.30 ± 0.03 0.41 ± 0.02 0.52 ± 0.07

Lymph node (g/100 g body mass) 0.22 ± 0.02 0.19 ± 0.03 0.22 ± 0.02 0.27 ± 0.07

AST (UI/l) 76.57 ± 5.49 76.42 ± 4.16 51.60 ± 10.08 65.39 ± 6.60

ALT (UI/l) 31.00 ± 1.56 39.92 ± 4.27 45.86 ± 6.47 36.64 ± 2.88

ALP (UI/l) 104.80 ± 4.24 100.80 ± 11.54 87.32 ± 9.62 37.63 ± 5.60*

Urea (mg/dl) 32.93 ± 3.03 29.37 ± 2.78 30.33 ± 1.83 17.61 ± 1.05*

Creatinine (UI/l) 2.18 ± 0.28 1.52 ± 0.13 1.75 ± 0.21 1.80 ± 0.17

Data are expressed as the mean ± SEM (n = 6). * p < 0.05 indicates significant difference from the saline group. Student t-test for unpaired values
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Fig. 5. Histopathological analyses of
organs from mice after subchronic
treatment with Am-TSP (20 mg/kg, ip)
for fourteen days. Saline groups:
spleen (A), heart (B), thymus (C), liver
(G), lymph nodes (H) and kidney (I).
Am-TSP groups: spleen (D), heart (E),
thymus (F), liver (J), lymph nodes (K)
and kidney (L). The organs were fixed
with paraformaldehyde and stained
with hematoxylin and eosin. Analyses
of the cross sections revealed no dif-
ference among the spleens, the thy-
mus and the lymph nodes from Am-
TSP groups compared to saline groups.
Analyses of Am-TSP groups revealed
microvesicular degeneration of the
cardiac fibers (E), mild vacuolar de-
generation in the livers (J), mixed in-
flammatory infiltrate only in perirenal
fat (L) (arrows). There was no differ-
ence between males and females in
any of the groups. The tissue sections
were observed under light microscope
at 400´. Scale bars represent 50 µm

Tab. 8. Hematological parameters of mice. Animals were weighed and injected once daily with Am-TSP (20 mg/kg, ip) during fourteen days

Parameters

Treatment (ip)

Males Females

Saline AmII
(20 mg/kg)

Saline AmII
(20 mg/kg)

RBC (106/ µl) 8.30 ± 0.80 8.89 ± 0.14 8.22 ± 0.24 9.45 ± 0.18

Hemoglobin (g/dl) 14.62 ± 0.44 14.05 ± 0.24 13.18 ± 0.36 15.12 ± 0.16

Hematocrit (%) 43.58 ± 2.72 44.07 ± 0.66 40.78 ± 1.37 46.87 ± 0.83

MCV (fl) 228.2 ± 176.6 49.60 ± 0.53 49.60 ± 0.43 49.57 ± 0.78

MCH (pg) 29.03 ± 12.97 15.80 ± 0.20 16.05 ± 0.18 16.00 ± 0.19

MCHC (g/dl) 25.92 ± 5.19 31.88 ± 0.21 32.35 ± 0.29 32.27 ± 0.29

WBC (103/µl) 10.77 ± 6.80 4.97 ± 0.82 2.08 ± 0.36 4.86 ± 1.07

Lymphocytes (%) 89.43 ± 1.47 74.48 ± 4.35* 81.62 ± 1.98 80.34 ± 1.72

Monocytes (%) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Neutrophils (%) 10.57 ± 1.47 26.57 ± 4.29* 18.27 ± 2.01 19.66 ± 1.72

Platelets (103/µl) 720.9 ± 160.5 995.2 ± 203.1 699.5 ± 92.64 827.2 ± 134.8

Data are expressed as the mean ± SEM (n = 6). * p < 0.05 indicates significant difference from the saline group. Student t-test for unpaired values



Histopathological analyses of the spleen, thymus

and lymph nodes removed from animals treated with

repeated injections of Am-TSP (20 mg/kg, ip) did not

reveal any damage to the tissues. Mild sparse myo-

cyte microvesicular degeneration was noted in the

heart. The liver displayed discrete vacuolar degenera-

tion of hepatocytes, and perirenal fat showed mild

mixed inflammatory cell infiltration (Fig. 5). There

were no significant lesions in the organs analyzed; the

mild histological changes that were previously noted

are hypothesized to be reversible. Therefore, there

were no consistent signs of systemic damage.

Discussion

This study is the first report of the isolation and phar-

macological activities of a sulfated polysaccharide

from the red marine alga A. muscoides, which pre-

sented antinociceptive and anti-inflammatory effects.

The intravenous and subcutaneous routes of admini-

strations have been selected to allow a rapid systemic

response sulfated polysaccharide. They have also

been chosen based on previous articles evaluating the

biological activities of other sulfated polysaccharides

[1, 39, 40]. In addition, the sulfates polysaccharides

from marine algae are considered as dietary fiber

since they are usually resistant to human digestive

tract enzymes and they are not absorbed after oral ad-

ministration [17, 30]. Therefore, the oral administra-

tion was not used.

The antinociceptive activity was initially evaluated

by an acetic acid-induced writhing response. This test

is a typical model of inflammatory pain that is widely

used to screen for new agents with peripheral analge-

sic and anti-inflammatory properties [21, 44]. The no-

ciceptive activity of acetic acid is associated with the

release of inflammatory mediators, such as prosta-

glandins, sympathomimetic amines and several cyto-

kines, including IL-1b, TNF-a and IL-8 from resident

peritoneal macrophages and mast cells [36].

In the present study, AmII decreased the number of

acetic acid-induced abdominal constrictions (Fig. 2).

The mechanism of its action may be through the inhi-

bition of the release of endogenous substances that

excite pain nerve endings. Even though there are few

reports of antinociceptive sulfated polysaccharides

from the red marine algae, the polysaccharides iso-

lated from Bryothamnion triquetrum, B. seaforthii,

Champia feldmannii, Gracilaria cornea and Solieria

filiformis also inhibited the writhing response of mice

after the injection of acetic acid [1, 2, 7, 45, 46].

To further evaluate the AmII antinociceptive prop-

erties the model of formalin-induced nociception was

also used. The injection of formalin produces a bipha-

sic behavioral response. The first phase is character-

ized by neurogenic pain caused by the direct chemical

stimulation of nociceptors. The second phase is char-

acterized by inflammatory pain triggered by a combi-

nation of stimuli, including inflammation of the pe-

ripheral tissues and mechanisms of central sensitiza-

tion [42]. Inflammatory mediators such as substance P

and bradykinin participate in the early phase, while

histamine, serotonin, prostaglandins, nitric oxide and

bradykinin, released from damaged cells, are involved

in the late phase [24]. Drugs that act primarily on the

central nervous system inhibit both phases equally,

while peripherally acting drugs, like nonsteroidal

anti-inflammatory drugs and corticosteroids, inhibit

the late phase [3]. In this test, AmII showed a greater

inhibition in the second phase than the first phase

(Fig. 3), suggesting that its antinociceptive effect is

related to inflammatory pain [42].

In order to confirm the absence of central antino-

ciceptive action of AmII, the hot plate test was per-

formed. It is well established that this test is an appro-

priate means of measuring the specific central antino-

ciceptive activity in which opioid agents exert their

analgesic effects via supra spinal and spinal receptors

[29, 34]. This method, however, is insensitive to non-

steroidal analgesics like cyclooxygenase inhibitors

[21]. AmII did not alter the latency time for reaction re-

sponses (Tab. 2), indicating that the antinociceptive ac-

tion of AmII occurs via a peripheral rather than

a central-acting mechanism [29]. Similarly, the sulfated

polysaccharide from S. filiformis also presented periph-

eral antinociceptive effect at the same doses [1].

Because our results suggested that the antinocicep-

tive effect of AmII is related to inflammatory pain, we

evaluated its properties in models of acute inflamma-

tion. Initially, AmII was tested using the Cg-induced

rat paw edema test, a temporal and multimediated

phenomenon, involving the participation of a diver-

sity of mediators. Following the increase in vascular

permeability, there is cell infiltration, mainly of neu-

trophils, that contributes to the inflammatory response

[9, 33]. The myeloperoxidase tissue levels are a well-

standardized marker of neutrophil infiltration in tis-
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sue, and they have been clearly shown to correlate

with the disease severity [33].

AmII reduced neither the Cg-induced paw edema

(Tab. 3) nor the MPO activity (Fig. 4) in the paw tis-

sue. However, AmII was able to inhibit the dextran-

induced paw edema, which is characterized by a dif-

ferent mechanism (Tab. 4). Dextran is a pro-inflam-

matory agent that increases vascular permeability by

releasing vasoactive amines, such as histamine, sero-

tonin and bradykinin, causing an osmotic edema, with

low levels of protein and neutrophils [23].

Based on these results, it is possible to suggest that

the anti-inflammatory action of AmII is associated to

the inhibition of vascular events [40]. To confirm this

hypothesis, histamine, serotonin and bradykinin-

induced paw edemas were performed. AmII did not

inhibit the bradykinin-induced paw edema, but inhib-

ited histamine and serotonin-induced paw edemas

(Tab. 5). Interestingly, AmII exhibited its most potent

inhibitory effect on the second phase of the formalin

(Fig. 3), which is characterized by the involvement of

histamine H1 receptors [31] and on the histamine-

induced paw edema (Tab. 5).

Sulfated polysaccharides obtained from different

species of red marine algae have presented marked

differences in their pharmacological activities. The

sulfated polysaccharides from Gelidium crinale

strongly inhibited the dextran and histamine-induced

paw edemas; slightly inhibited the Cg-induced paw

edemas and did not influence the serotonin or the bra-

dykinin edemas [40]. Differently, the sulfated poly-

saccharides from Gracilaria birdiae and G. cornea in-

hibited both the dextran and Cg-induced paw edemas

[7, 43]. Herein, we demonstrated that AmII did not

present inhibitory effects in the Cg-induced edema,

but reduced dextran, histamine and serotonin-induced

paw edemas (Tabs. 3, 4 and 5).

In order to verify a possible edematogenic effect of

AmII, we used a local route of administration. How-

ever, local injection of AmII (2 mg/kg, sc) did not

evoke paw edema (Tab. 6). These vary in the litera-

ture, which report that some sulfated polysaccharides

from red marine algae are edematogenic. It has been

demonstrated that the local administration of the sul-

fated polysaccharides isolated from C. feldmannii

evoked a pro-inflammatory response at all doses

tested (0.1, 0.3 or 0.9 mg/kg). This response was sug-

gested to depend upon the release of primary cytoki-

nes, prostaglandins and histamines [2]. The sulfated

polysaccharide from S. filiformis also caused paw

edema by local injection, which involved cyclooxyge-

nase enzymes, prostaglandins, nitric oxide and the

primary cytokines IL-1 and TNF-a [1].

Additionally, this study evaluated the integrity of

heart, liver, kidneys, spleen, thymus and lymph node of

mice subjected to Am-TSP treatment in a subchronic

toxicity assay using biochemical, hematological and

histopathological parameters. Animals did not present

any consistent signs of systemic damage (Fig. 5, Tabs.

7 and 8). It has been reported that sulfated polysaccha-

rides from other marine algae were considered safe on

toxicological evaluations [1, 2, 7, 38, 39, 40, 43].

In summary, our work describes antinociceptive

and anti-inflammatory activities of a sulfated polysac-

charidic fraction from the red marine alga Acantho-

phora muscoides. Additionally, the total sulfated

polysaccharides did not present any consistent signs

of systemic toxicity. Further studies aiming to eluci-

date the underlying molecular mechanisms of action

of the antinociceptive and anti-inflammatory effects

of sulfated polysaccharides from marine red algae

might to be performed.
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