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Bryothamnion seaforthii, a red alga common to the Northeastern
coast of Brazil, was used to prepare the protein fraction F0/60 by
ammonium sulfate precipitation. The chromatography of F0/60 on
DEAE-Sephadel column resulted in two lectin fractions, PI and PII,
which have antinociceptive properties in rodents. We determined the
antinociceptive activity of the PII fraction and of a carbohydratecontaining fraction (CF) in mice. The CF was prepared from the dried
algae, after digestion with 100 mM sodium acetate, pH 6.0, containing
5 mM cysteine, EDTA and 0.4% papain, at 60ºC. A 10% cetylpyridinium chloride was added to the filtrate, and the precipitate was
dissolved with 2 M NaCl:ethanol (100:15, v/v) followed by the carbohydrate precipitation with ethanol. The final precipitate, in acetone,
was dried at 25ºC. The PII fraction markedly inhibited acetic acidinduced abdominal writhing after ip administration (control: 27.1 ±
2.20; PII 0.1 mg/kg: 5.5 ± 1.85; 1 mg/kg: 1.6 ± 0.72 writhes/20 min) and
after oral administration (control: 32.0 ± 3.32; PII 0.1 mg/kg: 13.1 ± 2.50;
1 mg/kg: 9.4 ± 3.96 writhes/20 min). PII was also effective against both
phases of pain induced by 1% formalin (control, ip: 48.2 ± 2.40 and
27.7 ± 2.56 s; PII 1 mg/kg, ip: 34.3 ± 5.13 and 5.6 ± 2.14 s; control, po:
44.5 ± 3.52 and 25.6 ± 2.39 s; PII 5 mg/kg, po: 26.5 ± 4.67 and 15.3 ± 3.54
s for the 1st and 2nd phases, respectively) and in the hot-plate test.
The CF (ip) also displayed significant antinociceptive properties in
all tests but at higher doses (1 and 5 mg/kg, ip and po). Thus, CF at
the dose of 5 mg/kg significantly inhibited writhes (ip: 7.1 ± 2.47 and
po: 14.5 ± 2.40 writhes/20 min) as well as the 1st (po: 19.6 ± 1.74 s) and
2nd (po: 7.1 ± 2.24 s) phases of the formalin test compared to controls
ip and po. The antinociceptive effects of both the PII and CF in the
formalin and hot-plate tests were prevented at least partially by
pretreatment with the opioid receptor antagonist naloxone (2 mg/kg,
sc). Moreover, both fractions retained antinociceptive activity in the
acetic acid-induced writhing test following heating, a procedure
which abolished the hemagglutinating activity of the fraction, presumably due to lectins also present. Finally, both fractions also
prolonged the barbiturate-induced sleeping time. These results indicate that carbohydrate molecules present in the PII (26.8% carbohydrate) and CF (21% of the alga dried weight) obtained from B. seaforthii
display pronounced antinociceptive activity which is resistant to
heat denaturation and is mediated by an opioid mechanism, as indicated by naloxone inhibition.
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Introduction
Among the several algae species used in
popular medicine are those belonging to the
genera Codium, Sargassum, Gracilaria, and
Hypnea (1,2). Several alga species occurring
along the northeastern Brazilian coast are
known to present the same type of biological
activity such as the hemagglutinating activity
(3-5). It has been speculated that some of the
chemical constituents of algae, such as sulfated polysaccharides, may be responsible
for their fibrinolytic, antithrombotic, anticoagulant, and antiviral activities (6-14). Furthermore, polysaccharides from the red
microalga Porphyridium sp have been shown
to be potent hypocholesterolemic agents (15).
Sulfated polysaccharides are part of a complex group of macromolecules with a wide
range of important biological properties and
some of these compounds extracted from
red algae might be used as low-cost, broadspectrum antiviral agents (9). Recently (16),
sulfated polysaccharides from red microalgae
were shown to present potent anti-inflammatory properties.
In addition, several types of lectins isolated from marine algae and hemagglutinins
from red algae have been extensively studied
and lectins from the marine red alga species
Bryothamnion seaforthii and B. triquetrum
(5) occurring along the northeastern Brazilian coast have also been investigated. We
have reported that a lectin, which we named
fraction PI, isolated from these species presents antinociceptive activity in several experimental models in mice (17). Significant
anti-inflammatory, analgesic and free radical
scavenging activities have also been detected
in other species such as Chlorella stigmatophora and Phaeodactylum tricornutum (18).
Recently (19) we demonstrated that B.
seaforthii and B. triquetrum present not only
one but two different fractions containing
lectins (PI and PII). The lectins of both
species have a high carbohydrate content
which could be responsible, at least in part,
Braz J Med Biol Res 37(7) 2004

for the antinociceptive activity.
The objective of the present investigation
was to determine the mechanism of the
antinociception observed in the PII lectin
fraction and the role of the sulfated polysaccharides in this pharmacological effect.

Material and Methods
Drugs and reagents

Bovine serum albumin, naloxone, sodium
pentobarbital, and cetylpyridinium chloride
were purchased from Sigma (St. Louis, MO,
USA). Morphine sulfate was from Cristália
do Brasil S/A (Itapira, SP, Brazil) and cysteine was from Riedel-de-Haen (Seelze, Germany). Formaldehyde was purchased from
Reagen (São Paulo, SP, Brazil) and acetic
acid from Vetec (São Paulo, SP, Brazil). All
other drugs and reagents used were of analytical grade.
Plant material

Bryothamnion seaforthii was collected
on the northeastern Brazilian coast (Fleixeiras
Beach, Trairi, Ceará State, Brazil), brought to
the laboratory in water-ice bags and kept at
-20ºC until use. The alga was identified by
Dr. D.I.A. Teixeira (Universidade Federal do
Ceará, Fortaleza, CE, Brazil) and a sample
was deposited in the Prisco Bezerra Herbarium of the Federal University of Ceará
(voucher No. 30.850).
Chemical fractionation

The F0/60 fraction and the lectin were
prepared as described in Ref. 5. Briefly, algae
were thawed, rinsed with distilled water,
ground to a fine powder under liquid nitrogen, stirred for 4 h with three volumes of 20
mM phosphate buffer, pH 7.0, containing
0.15 M NaCl, filtered through a nylon mesh,
and centrifuged at 7,000 g for 30 min at 4ºC.
The supernatant was acidified to pH 1.0 with
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2 N HCl, kept for 16 h under refrigeration,
centrifuged and adjusted to pH 7.0 with 2 N
NaOH, followed by the addition of ammonium sulfate crystals to 60% saturation.
After 16 h, the precipitate was recovered by
centrifugation (F0/60), resuspended in distilled water and dialyzed.
Fractions containing lectins (PI and PII)
were obtained from lyophilized F0/60 by
chromatography on DEAE-cellulose. The
column was equilibrated and eluted with 20
mM sodium phosphate buffer, pH 7.6, followed by elution with 1 M NaCl. Active
fractions (PI and PII) were re-chromatographed on the same column, combined,
dialyzed against water, and lyophilized. The
procedure for isolation of the fraction containing lectins is a simple and reproducible
one, and provides an average yield of 10-15
mg protein/kg fresh algae. In the present
study, only the PII fraction was used, and
this fraction containing lectins, identified by
hemagglutinating reaction, was dissolved in
distilled water before use.
For the preparation of the fraction containing carbohydrate (CF), freshly collected
algae were washed with distilled water and
dried at 35ºC. Twenty grams of dried algae
was wet in 1% (w/v) sodium hypochlorite
and washed with distilled water. The dried
tissue was suspended in 500 ml of 100 mM
sodium acetate buffer, pH 6.0, containing 5
mM cysteine, 5 mM EDTA and 0.4% papain,
and incubated at 60ºC for 24 h. The mixture
was filtered and the supernatant solution
saved. The residue was washed with distilled
water and filtered and the two supernatants
combined.
Sulfated polysaccharides were precipitated with 17 ml of 10% (w/v) cetylpyridinium chloride. After standing at room temperature for 48 h, the mixture was centrifuged at 2,500 g for 20 min at 4ºC and pellets
were washed with 600 ml of a 0.05% (w/v)
cetylpyridinium chloride solution and centrifuged at 2,500 g for 20 min. The remaining
pellet was then dissolved with 150 ml of

2 M NaCl:ethanol (100:15, v/v) and precipitated with 300 ml absolute ethanol. After 24
h at 4ºC, the precipitate was collected by
centrifugation at 2,500 g for 20 min at 4ºC,
washed with 300 ml of 80% ethanol, followed by the same volume of absolute ethanol, and finally by the same volume of acetone. The final precipitate was dried at room
temperature. The yield was about 21% by
weight. The carbohydrate-containing fraction was dissolved in distilled water before
use. For the determination of the degree of
sulfation, the carbohydrate fraction was submitted to infrared spectrophotometry in KBr
from 4000 to 400 cm-1 using a model 100
Perkin Elmer spectrophotometer (Perkin
Elmer, San Francisco, CA, USA). Both the
PII and carbohydrate fractions were dissolved in distilled water before use and their
pH was 7.0. This vehicle was used in all
control groups.
Animals

Swiss mice of both sexes weighing 20 to
25 g, from the Animal House of the Federal
University of Ceará, maintained on a 12-h
light/dark cycle with free access to water
and food were used. Since both the PII and
carbohydrate fractions were dissolved in
distilled water, this vehicle was used for all
control groups. Experiments were carried
out according to the Guide for the Care and
Use of Laboratory Animals of the US Department of Health and Human Services.
Evaluation of antinociceptive activity

Writhing test. Male and female mice were
used in each of the two experiments performed. Animals were treated with the PII or
carbohydrate fractions from B. seaforthii
for 30 min (intraperitoneal, ip, administration) or 60 min (oral, po, administration)
before receiving a 0.6% acetic acid injection
(10 ml/kg, ip), and the number of contractions was recorded for 20 min after a 10-min
Braz J Med Biol Res 37(7) 2004
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interval (20). Naloxone (2 mg/kg, ip) was
injected 15 min before the fractions or morphine (used as standard).
Formalin test. Twenty microliters of a
1% formalin solution was injected into the
right hind paw of male Swiss mice (25 g),
and the licking time was recorded after the
first 5 min (1st phase) and after 20 min (2nd
phase), for 5 min each time. Animals were
pretreated with lectin or carbohydrate fractions, 30 or 60 min before for ip or po
administration, respectively. Naloxone, an
opioid antagonist, was injected 15 min before
the fractions, and morphine was used as
standard (21,22).
Hot-plate test. Male Swiss mice (25 g)
were pre-selected according to their reactions to a thermal stimulus (jumping or licking of hind limbs when placed on a hot plate
at 55ºC). Latency times were recorded immediately before and 30, 60, 90, and 120 min
after drug administration up to a maximum
time of 40 s in order to avoid paw lesions
(23). In order to detect a possible involvement of the opioid system, animals were
pretreated with naloxone 15 min before treatment with the fractions or morphine.
Barbiturate-induced sleeping time

Sleep was induced in female mice by ip
administration of 40 mg/kg sodium pentobarbital by the method of Ferrini et al. (24).
Sodium pentobarbital was injected 30 min
(ip) or 60 min (po) after the administration of
PII or carbohydrate fractions and latency
time to sleep (time to lose the righting reflex)
and sleeping time (duration of time to recover
the righting reflex) were determined.
Hemagglutination assay

Hemagglutination assays were conducted
on rabbit erythrocytes according to the procedure described by Chiles and Bird (25).
Approximately 4 ml of the erythrocyte suspension was washed four times with three
Braz J Med Biol Res 37(7) 2004

volumes of cold PBS and the final pellet was
used to prepare a 2% (v/v) suspension. Serial
two-fold dilutions of the algal fractions were
then prepared with PBS and added to 96-well
round bottom microtiter plates. An equal
volume of the erythrocyte suspension was
added to each well and the plates were
shaken and allowed to stand at room temperature for 24 h. The activity of the fractions
was reported as the minimum amount of
protein causing agglutination.
Statistical analysis

Data were analyzed statistically by
ANOVA and by the Bonferroni t-test as the
post hoc test, with the level of significance
set at P < 0.05. This test is based on the
Student t statistic and adjusts the level of
significance observed to the fact that multiple comparisons are made. We also used the
Student-Newman-Keuls test to detect homogeneity of the subset means.

Results
Table 1 shows that acetic acid-induced
abdominal contractions were reduced by 80
and 94% in mice after ip administration of
0.1 and 1 mg/kg PII, respectively. Somewhat lower inhibitions (59 and 71%) were
observed after oral administration of the
same doses. Similarly, the carbohydrate fraction significantly decreased the acetic acidinduced abdominal contractions by 49 and
74% at ip doses of 1 and 5 mg/kg.
In the formalin test (Table 2), PII also
produced dose-dependent inhibitions (50 and
80%) predominantly of the 2nd phase of the
response after administration of 0.1 and 1
mg/kg, ip, respectively. At the higher dose (1
mg/kg, ip), a significant inhibition was observed during the first phase as well (29%
inhibition). Similar to morphine, naloxone
reversed the effect of PII, indicating the
involvement of the opioid system. When the
carbohydrate fraction was administered ip at
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the dose of 5 mg/kg no significant effect was
detected, whereas 23 and 56% inhibitions of
the 1st and 2nd phases, respectively, were
observed after ip administration of 10 mg/
kg. These effects were also totally blocked
by pretreatment with naloxone. Percent inhibitions were 40 and 56% (1st phase) and 40
and 72% (2nd phase) after the oral administration of 5 mg/kg PII and of the carbohydrate fraction, respectively (Table 2).
In the hot-plate test (Figure 1), increases
in the reaction time to thermal stimuli of 31,
58 and 37%, and 47, 45 and 48% were
detected 30 and 60 s after PII administration
at doses of 1, 5 and 10 mg/kg, ip, respectively. In this case, the effect was also totally
reversed by naloxone pretreatment. Morphine, used as a positive standard, increased
the reaction time to thermal stimuli by 75 and
71% after 30 and 60 min, respectively. As
expected, in this case, the effect was totally
blocked in the presence of naloxone. The
carbohydrate fraction (5 mg/kg, ip) increased
the reaction time to thermal stimuli by 25, 38
and 38% 30, 60 and 90 min after its administration, respectively. Similarly, the administration of 10 mg/kg, po, also increased the
reaction time by 37 and 28% after 60 and 90
min, respectively. The effect of the carbohydrate fraction was reversed by pretreatment
with naloxone (Figure 1).
Administration of the PII fraction (1 and
2 mg/kg) significantly increased the barbiturate-induced sleeping time by 52 and 55%
and by 47 and 55% after ip and oral administration, respectively. Similarly, the carbohydrate fraction (1 and 5 mg/kg) increased
sleeping time by 60 and 58% and by 40 and
73% after ip and oral administration, respectively (Table 3).
Although no hemagglutinating activity was
demonstrated for the PII fraction after heating at 120ºC for 15 min, its antinociceptive
effect was well maintained (Table 4) and the
inhibition of abdominal contractions was
similar before and after heating (about 94%).
On the other hand, while the inhibition of

Table 1. Antinociceptive effect of PII and carbohydrate fractions from Bryothamnion
seaforthii on acetic acid-induced abdominal contractions in female Swiss mice.
Group

No. of abdominal contractions/20 min

% Inhibition

27.1 ± 2.20 (19)

-

5.5 ± 1.85 (8)*
1.6 ± 0.72 (7)*

80
94

Carbohydrate fraction (ip)
0.1 mg/kg
1.0 mg/kg
5.0 mg/kg

25.4 ± 5.67 (7)
13.9 ± 1.53 (12)*
7.1 ± 2.47 (7)*

49
74

Control (po)

32.0 ± 3.32 (11)

-

PII fraction (po)
0.1 mg/kg
1.0 mg/kg

13.1 ± 2.50 (7)*
9.4 ± 3.96 (7)*

59
71

Carbohydrate fraction (po)
1.0 mg/kg
5.0 mg/kg

16.6 ± 2.93 (16)*
14.5 ± 2.40 (16)*

48
55

Control (ip)
PII fraction (ip)
0.1 mg/kg
1.0 mg/kg

Distilled water (10 ml/kg) was used as control. Data are reported as mean ± SEM for
the number of animals indicated in parentheses.
*P < 0.05 vs control (ANOVA and Student-Newman-Keuls post hoc test).

Table 2. Antinociceptive effect of the PII and carbohydrate fractions from Bryothamnion
seaforthii on the formalin test in male Swiss mice.
Group

1st phase

2nd phase

% Inhibition
1st phase 2nd phase

Control, ip (25)
0.1 mg/kg PII, ip (8)
1.0 mg/kg PII, ip (8)
Mor, ip (11)
Nal, sc (11)
Nal + Mor (5)
Nal + 1 mg/kg PII (8)
5 mg/kg CF, ip (8)
10 mg/kg CF, ip (21)
Nal + 10 mg/kg CF (14)

48.2
46.9
34.3
11.4
49.2
40.8
44.5
41.6
37.1
45.9

±
±
±
±
±
±
±
±
±
±

2.40
5.63
5.13*
3.07*
3.25
6.04
8.41
4.16
2.81
1.78

27.7
13.9
5.6
5.4
23.2
29.6
12.0
23.3
12.2
21.6

±
±
±
±
±
±
±
±
±
±

2.56
3.08 a
2.14 a
1.93 a
2.82
3.36 b
2.26 a,c
2.72
1.74 a
3.24 d

29
76
23
-

50
80
81
57
56
-

Control, po (12)
1 mg/kg PII, po (6)
5 mg/kg PII, po (6)
5 mg/kg CF, po (7)

44.5
44.7
26.5
19.6

±
±
±
±

3.52
3.11
4.67*
1.74*

25.6
31.8
15.3
7.1

±
±
±
±

2.39
5.48
3.54 a
2.24 a

40
56

40
72

Distilled water (10 ml/kg) was used as control. Data are reported as mean ± SEM for
the number of animals indicated in parentheses. Nal = naloxone, 2 mg/kg, sc; Mor =
morphine, 5 mg/kg, ip. aP < 0.05 vs control, bP < 0.05 vs morphine, cP < 0.05 vs
1 mg/kg PII and dP < 0.05 vs 10 mg/kg carbohydrate fraction (CF) (ANOVA and
Student-Newman-Keuls post hoc test).
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hemagglutinating activity was zero before
heating it was 100% after heating.
Table 4 shows the treatment of the carbohydrate fraction with 1 M NaOH followed by
heating at 80ºC for 1 h to destroy carbohydrate sulfate groups. This treatment (after
pH adjustment to 7.0 with 1 N HCl) did not
change significantly the antinociceptive effect of the fraction, as demonstrated in the
writhing test with mice. Inhibition of about
90% was observed with PII at the dose of 2
mg/kg, ip, before and after heating. Simi30

A

Latency to thermal stimulus (s)

a
a

Control
1 mg/kg PII, ip
5 mg/kg PII, ip
10 mg/kg PII, ip
Mor, ip
Nal + Mor
Nal + 10 mg/kg
PII, ip

a
a

20
c
b

c

b

10

0
0

Latency to thermal stimulus (s)

35

30
60
Time of measurement (min)

90

B
a

28

a

Control
a

21
b

10 mg/kg CF, po
5 mg/kg CF, ip

a

Mor
Nal + Mor

14

Nal + 5 mg/kg
CF, ip

c
c b

7

0
0

30
60
Time of measurement (min)

90

Figure 1. Effect of PII (A) and carbohydrate (B) fractions from Bryothamnion seaforthii on
the hot-plate test in male mice. Data are reported as means ± SEM. P < 0.05 avs controls,
bvs morphine, cvs 10 mg/kg PII or 5 mg/kg CF at the same period of time (ANOVA and
Bonferroni as a post hoc test). CF = carbohydrate fraction; Mor = morphine, 4 mg/kg, ip;
Nal = naloxone, 2 mg/kg, sc.
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larly, percent inhibition ranged from 70 to
84% (before heating) and from 86 to 97%
(after heating), with the administration of the
carbohydrate fraction (1, 5 and 20 mg/kg,
ip). This treatment decreased by 75% the
degree of sulfation of the carbohydrate fraction, indicating that sulfate groups are not
important for antinociception.

Discussion
Sulfated polysaccharides are present in
several marine organisms, including sponges
(26), marine invertebrates (10), and red algae
(15,27). Sulfated polysaccharides have many
biological functions which depend on the
binding of specific carbohydrate structures
to several types of protein molecules, including lectins (11,28-31). Recently reported
data (14) have shown that polysaccharides
isolated from brown algae possess significant anti-inflammatory and antithrombotic
activities. In addition, polysaccharides with a
fucosylated chondroitin sulfate structure were
shown to present anticoagulant and antithrombotic activities (10).
The anticoagulant and antiproliferative
effects of low molecular weight fucans with
different sulfate content depend on their
degree of sulfation (11). Polysaccharides,
identified as sulfated D-galactans isolated
from marine red algae, present anticoagulant
activity whose potency is a function of the
chemical structure of the molecule, and some
investigators have suggested that conformational analysis may explain the differences in
biological activity among sulfated polysaccharide molecules. In addition, a pharmacological study (18) of hydrosoluble and liposoluble extracts of the marine microalgae
Chlorella stigmatophora and Phaeodactylum
tricornutum showed significant anti-inflammatory, analgesic, and free scavenging activities in the hydrosoluble components from
both species. No activity was detected in the
liposoluble fractions and the activated constituents present in the hydrosoluble fractions
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probably are of a polysaccharide nature.
A recent study (32) demonstrated antiulcer activity of polysaccharides from marine
algae and antipeptic activity has been observed in several types of sulfated polysaccharides such as dextran sulfate, carrageenan and fucoidan (29,33). The cited investigators showed that non-sulfated polysaccharides such as mannan and dextran had no
antipeptic activity.
In the present study, we showed that the
lectin fraction (PII) isolated from the B.
seaforthii F0/60 fraction as well as the carbohydrate fraction isolated from the fresh
alga possess a potent and dose-related antinociceptive activity against acetic acid-induced abdominal contractions and in the
formalin and hot-plate tests in mice. The
effects were manifested after both ip and
oral administration, indicating that active
compounds are well absorbed by the gastrointestinal tract. It seems that sulfate moieties in the polysaccharide molecules are not
involved in antinociception, since treatment
of the carbohydrate fraction with 1 M NaOH
followed by heating at 80ºC for 1 h did not
modify the effect. This treatment not only
destroys the sulfate moieties but also denatures any protein/lectin present as a contaminant in the carbohydrate fraction.
In addition, in the formalin test, PII and
the carbohydrate fraction seemed to act
predominantly on the 2nd phase of the response, suggesting that their antinociceptive
effect is mainly against pain of an inflammatory nature. Both fractions were also active
in the hot-plate test, significantly increasing
the animal’s reaction time to the thermal
stimulus. The presence of the opioid antagonist naloxone reversed at least in part the
antinociceptive effect, indicating the involvement of the opioid system in the effects of
both PII and the carbohydrate fraction. The
antinociceptive effect was also manifested at
a central level since both fractions significantly increased the barbiturate-induced
sleeping time in mice in a dose-dependent

manner after both ip and oral administration.
A maximum effect was already observed at
the dose of 1 mg/kg, ip. These data are
Table 3. Potentiation of the barbiturate-induced sleeping time in mice by the PII and
carbohydrate fractions from Bryothamnion seaforthii.
Group

Sleeping time (min)

Control (52)
PII fraction
0.5 mg/kg,
1.0 mg/kg,
2.0 mg/kg,
0.5 mg/kg,
1.0 mg/kg,
2.0 mg/kg,

-

32.5 ± 1.94
ip (10)
ip (20)
ip (20)
po (17)
po (21)
po (13)

Control (28)
Carbohydrate
1.0 mg/kg,
5.0 mg/kg,
1.0 mg/kg,
2.0 mg/kg,

% Potentiation

30.4
49.5
50.5
33.9
47.7
50.2

±
±
±
±
±
±

52
55
47
55

3.80
3.65*
3.60*
3.95
3.44*
5.24*

24.8 ± 1.93
fraction
ip (10)
ip (10)
po (10)
po (8)

39.7
39.2
34.8
42.8

±
±
±
±

-

4.78*
3.62*
2.32*
4.44*

60
58
40
73

Female Swiss mice were used. Distilled water (10 ml/kg) was used as control. Data
are reported as mean ± SEM for the number of animals indicated in parentheses.
*P < 0.05 vs control (ANOVA and Student-Newman-Keuls as a post hoc test).

Table 4. Heating has no effect on the antinociceptive activities of the PII and
carbohydrate fractions from Bryothamnion seaforthii on the acetic acid-induced
abdominal contractions in mice.
Group

Dose/route of
administration

Control
PII fraction
Before heating
After heating
Control
Carbohydrate fraction
Before heating
After heating

No. of abdominal
contractions/20 min

% Inhibition

10 ml/kg, ip (6)

28.7 ± 3.50

-

1.0 mg/kg, ip (7)
2.0 mg/kg, ip (8)
2.0 mg/kg, ip (6)

1.6 ± 0.72
3.0 ± 1.56
1.8 ± 1.34

94*
90*
94*

1.0 ml/kg, ip (11)

25.6 ± 3.04

-

1.0 mg/kg, ip (8)
5 mg/kg, ip (7)
20 mg/kg, ip (24)
1 mg/kg, ip (8)
5 mg/kg, ip (8)
20 mg/kg, ip (9)

7.6
4.1
4.5
3.7
1.4
0.9

±
±
±
±
±
±

1.25
1.36
1.19
1.6
0.37
0.31

70*
84*
82*
86*
95*
97*

The PII fraction was heated at 120ºC in autoclave for 15 min and the carbohydrate
fraction was treated with 1 N NaOH, adjusting final pH to 7.0, followed by heating at
80ºC for 1 h. Male Swiss mice were used. Data are reported as mean ± SEM for the
number of animals indicated in parentheses.
*P < 0.05 vs control (ANOVA and Student Newman-Keuls as the post hoc test).
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consistent with the observation that both the
PII and carbohydrate fractions decrease spontaneous locomotor activity in the open-field
test, with no alteration in motor coordination
as measured by the rota rod test (34).
The carbohydrate fraction was isolated
from fresh algae and the yield was about
21%. On the other hand, the carbohydrate
content present in the lectin fraction (PII
from the DEAE cellulose column) was reasonably high (close to 40% of the alga dried
weight) and thus carbohydrate type compounds are probably responsible for the biological activity of the lectin. Also, the antinociceptive effect of the lectin fraction was
well maintained after heating at 120ºC for 15
min. Under these conditions, its hemagglutinating activity, used as an index of lectin
activity, almost completely disappeared. In
addition, we recently showed that the treatment of the F0/60 fraction with 0.1% sodium-dodecyl sulfate plus 0.1% mercaptoethanol, heating at 100ºC for 1 min, or the
enzymatic treatment with a mixture of trypsin and papain, all of which cause protein
denaturation, did not interfere with the observed antinociceptive effect (34). Besides,
the removal of the sulfate groups from the
carbohydrate molecules by treatment with

1 N NaOH, followed by heating at 80ºC for
1 h, actually increased the antinociception
observed with the carbohydrate fraction.
In conclusion, our results indicate that
carbohydrate molecules present in the PII
and carbohydrate fractions of the lectin from
B. seaforthii display pronounced antinociceptive activity which is resistant to heat
denaturation and is mediated to a significant
extent via opioid mechanisms. Furthermore,
the fact that heating did not change the action
of PII, but both heating and NaOH treatment
enhanced the action of the carbohydrate
fraction, may suggest that the antinociceptive actions of both fractions are mediated by
multiple carbohydrate compounds. The present findings, taken together with some of our
previous data (18), show that lectins and
carbohydrates from some species of red
algae of the Northeastern Brazilian coast
present significant analgesic and anti-inflammatory properties and could therefore be of
potential therapeutical use.
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