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Abstract: Lectins are proteins that have the ability to bind specifically and reversibly to
carbohydrates and glycoconjugates, without altering the structure of the glycosyl ligand.
They are found in organisms such as viruses, plants and humans, and they have been
shown to possess important biological activities. The objective of this study was to purify
and characterize lectins in the seeds of Clitoria fairchildiana, as well as to verify their
biological activities. The results indicated the presence of a lectin (CFAL) in the glutelin
acid protein fraction, which agglutinated native rabbit erythrocytes. CFAL was purified by
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column chromatography ion-exchange, DEAE-Sephacel, which was obtained from a peak
of protein retained in the matrix by applying 0.5 M NaCl using the step-wise method.
Electrophoretic analysis of this lectin in SDS-PAGE indicated a two band pattern protein
molecular mass of approximately 100 and 116 kDa. CFAL proved to be unspecific to all
carbohydrates/glycoconjugates in common use for the sugar inhibition test. This lectin
showed no significant cytotoxicity to human red blood cells. It was observed that CFAL
has anti-inflammatory activity in the paw edema induced by carrageenan model,
in which a 64% diminution in edema was observed. Antinociceptive effects were observed
for CFAL in the abdominal writhing test (induced by acetic acid), in which increasing
doses of the lectin caused reduction in the number of contortions by up to 72%. It was
concluded that the purified and characterized lectin from the seeds of Clitoria fairchildiana
has anti-inflammatory and antinociceptive activity, and is not cytotoxic to human erythrocytes.
Keywords: Clitoria; purification; glycoprotein; toxicity; biological activity

1. Introduction
Lectins are nonimmune proteins or glycoproteins that have at least one non-catalytic binding site
that binds specifically and reversibly to either mono- or oligosaccharides [1,2]. These proteins are
distributed in plants, animals and microorganisms [3]. In legumes, they make up about 10% of the total
nitrogen of the seeds, thus becoming a potential research product [4].
Leguminous lectins show diverse biological activities, such as for paw edema [5], peritoneal
leukocyte migration [6], histamine release [7], apoptosis [8], NO production [9], mitosis [10] and
cytokine production in vitro and in vivo [11–13]. Additionally, our group demonstrated that plant
lectins can display either pro- or anti-inflammatory actions depending on the administration route used,
via lectin domain interaction [12,14–16]. These effects occur through indirect mechanisms, dependent
on macrophage activation by lectins, and possibly leading to the release of neutrophilic chemoattractive factors [11,17]. Considering the clear association between inflammatory processes and
development of pain, a classical sign of inflammation, our group has recently demonstrated the
antinociceptive effect of plant lectins [18–20] in models of inflammatory pain, so the purification and
verification of biological activity for new lectins reveals properties that can be of great importance in
biomedical and pharmaceutical research.
Clitoria fairchildiana R. Howard is a legume belonging to the family Fabaceae, subfamily
Faboideae, tribe Phaseoleae, and subtribe Clitoriinae, commonly known as Butterfly Pea Tree or
“sombrero”. This work describes the isolation, the in vitro hemolytic activity and the in vivo
antinociceptive and antiinflamatory effects of a lectin from C. fairchildiana.
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2. Results and Discussion
2.1. Purification and Chemical Characterization
The protein glutelin fraction showed hemagglutinating activity against rabbit erythrocytes
with specific native activity of 326.73 HU mg protein−1. This protein fraction is not able to
promote hemagglutination of human erythrocytes. These results differ from the seed lectin from
Clitoria ternatea that agglutinates both native and trypsinised human type B erythrocytes [21]. Unlike
the lectin observed in C. ternatea, which was inhibited by lactose, galactose and its derivatives, there
was no inhibition of hemagglutinating activity by any sugar or glycoprotein tested [21].
The rabbit erythrocytes membrane has a greater diversity in its carbohydrate composition, in other
words, various oligosaccharides and glycoconjugates. The distribution of these carbohydrates in the
asymmetric membrane occurs in eukaryotic cells [22]. The complexity and organization of these
carbohydrates may be promoting the best binding site lectin-carbohydrate arrangement thus enabling
hemagglutination. Some lectins have low affinity for monosaccharides or disaccharides due to binding
site spatial conformation, and require more complex molecules that favor larger chemical interactions
between the lectin and the carbohydrate [23].
This can be observed in the lectin from the seeds of Eugenia uniflora, which is nonspecific for any
simple carbohydrate, but achieving a considerable rate of inhibition for glycoproteins present in fetal
bovine serum, rabbit serum, thyroglobulin, casein and fetuin [24]. Isolectins in Acacia constricta and
Phaseolus vulgaris seeds were inhibited by fetuin and thyroglobulin [25]. As in CFAL, there are also
other nonspecific carbohydrate agglutinins, called lectin-like, that have been purified and evaluated
for biological functions; the seeds of Pouteria torta [26], and BmLec, present in the venom of
Bothrops moojeni [27]. Santi-Gadelha and collaborators [28] purified and characterized structurally a
lectin-like agglutin from seeds of Acacia farnesiana found in the albumin fraction which showed
anti-inflammatory activity.
The glutelin acids fraction was subjected to ion-exchange chromatography whereby two peaks were
obtained; a peak (PII) was eluted with 0.5 M NaCl. CFAL that was detected only in the PII, being
active in promoting agglutination of native rabbit erythrocytes (Figure 1A). The purity of the samples
and the apparent molecular weight of CFAL were verified by SDS-PAGE, where there was an
electrophoretic pattern of two protein bands with apparent molecular weights of 116 and 100 kDa
(Figure 1B). This result differs from that of lectin from Clitoria ternatea, which proved to be no longer
than one protein subunit of approximately 33.9 kDa, both in native form and reduced form [21].
The lectin of C. fairchildiana was shown to be PAS (+) (Figure 1C) thus indicating a glycoprotein
nature. The presence of carbohydrates linked to CFAL was measured by the Dubois method [29]
showing a concentration of 79 µg/mL carbohydrate. Other lectins such as those from Bauhinia
monandra [30] and Luetzelburgia auriculata [31] are also described as glycoproteins. Sodium
metaperiodate is an oxidizing agent capable of promoting ireversible changes in carbohydrates [32],
and when treated with sodium metaperiodate, the lectin of C. fairchildiana was unable to agglutinate
erythrocytes and the probable absence of hemagglutinating activity of lectin in the study may indicate
that the carbohydrate portion of the glycoprotein had changed.
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Figure 1. (A) Elution profile of the lectin from C. fairchildiana on DEAE-Sephacel
column (8 × 1.5 cm2). Fractions of 2.5 mL were collected and monitored by absorbance at
280 nm. * Peak active; (B) SDS-polyacrylamide gel electrophoresis on 12%, lane1:
molecular markers: myosin (212 kDa), β-galactosidase (116 kDa), phosphorylase B
(97.4 kDa), bovine serum albumin (66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase
(31 kDa), trypsin inhibitor soybean (21.4 kDa), and lysozyme at (14.4 kDa), lane 2:
fraction acid glutelin, lane 3: peak active; (C) SDS-polyacrylamide gel electrophoresis on
12% colored by periodic acid Schiff, lane 1: fetuin swine; lane 2: peak active.

2.2. Cytotoxic Activity against Human Erythrocytes
The lectin of C. fairchildiana induced little hemolytic activity in human erythrocytes; types A
(0% in all concentrations), B (3.46% at a concentration of 1,000 µg/mL), and O (2.09%, 1.74%, 1.04%
e 5.4%, at concentrations of 1, 10, 100 and 1,000 µg/mL, respectively). Not calculated was the HC50
(Hemolytic Media Concentration) since the percentages of hemolysis observed were less than 20%.
These data differ from those found by Dresch and collaborators [33] where extracts of Petromica citrina
and Acervochalina sp., showed hemolytic activity for erythrocytes from different animal species. Less
than 50% activity after heating at 100 °C, for 10 min in Acervochalina sp. extract was observed,
suggesting temperature susceptibility. Marine sesquiterpene quinones gave values of HC50 ranging
from 10 to 10 at 60 µg/mL [34].
Lectins can promote different effects on erythrocyte membranes. Some may be able to exert
hemolytic activity in rabbit and human erythrocytes, but without promotion of hemagglutination [35],
but also exert its cytotoxic activity in some cell types, however other cells are not sensitive to this
effect [36].
It is important to investigate the lectins cytotoxic effect on human erythrocytes because, although
CFAL not promote hemagglutination of human erythrocytes, could have hemolytic activity on these,
this fact is undesirable when it is a molecule with considerable biological action.

Molecules 2012, 17

3281

2.3. Antinociceptive Activity
In the mice writing test C. fairchildiana lectin (0.1, 1, 10 mg/kg) showed significant antinociceptive
effects, at all doses tested. The number of writhes was reduced by 35% at 0.1 mg/kg (22 ± 6.81),
by 70% at 1 mg/kg (10.25 ± 3.54) and by 72% at 10 mg/kg (9.37 ± 2.27) compared to the control at
(34 ± 2.63 writhes) (Figure 2A) Intraperitoneal injection of acetic acid produces nociception via
activation of chemosensitive nociceptors [37], or visceral surface irritation, leading to release of
inflammatory mediators, such as histamine, bradykinin, prostaglandins and serotonin [38,39].
This antinociceptive effect of C. fairchildiana lectin could be associated to anti-inflammatory action.
In the formalin test C. fairchildiana lectin (10 mg/kg) showed significant antinociceptive effect,
reducing by 43% (89.25 ± 18.64 s) the licking time induced by formalin (157.25 ± 21.87 s), in the
inflammatory phase of the test (Figure 2B). The first phase of the formalin test (neurogenic) involves
direct stimulation of nociceptors and release of substance P. However, the second phase
(inflammatory), is triggered by a combination of stimuli, including inflammation of peripheral tissues
and central sensitization [40,41], in which different chemical mediators are involved such as excitatory
amino acids, neuropeptides, PGE2, nitric oxide, kinins [41–45], serotonin and histamine [46]. It is well
known that the actions of analgesic drugs differ in the two phases of the formalin test. Central acting
drugs (opiate analgesics) inhibit similarly both phases, while anti-inflammatory drugs (non-opiate
analgesics) especially inhibit the second phase [47,48]. Thus, the antinociceptive action of
C. fairchildiana in the formalin test is in agreement with that obtained in the writing test.
Figure 2. Antinociceptive effect of C. fairchildiana lectin. (A) C. fairchildiana lectin
(0.1, 1, 10 mg/kg; i.v.) was injected in mice 30 min before 0.8% acetic acid (v/v; i.p.).
Control group received acetic acid only; (B) C. fairchildiana lectin (10 mg/kg) was
injected i.v. 30 min before formalin (1.5% v/v; s.c.). Mean ± S.E.M. (n = 8). * p < 0.05
compared to control. ANOVA and Bonferroni test.

2.4. Anti-inflammatory Activity
Carrageenan induced intense rat paw edema, that reached maximal levels 4 h after administration
(0.73 ± 0.10 mL versus saline: 0.13 ± 0.037 mL), and decreased over the subsequent hours. The i.v.
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treatment of animals with C. fairchildiana lectin significantly reduced the edema at all doses, with a
maximal inhibition at 0.015 mg/kg (0.067 ± 0.21 mL) 4 h after stimuli. The inhibitory percentages,
based on the AUC, were 71%, 68% and 46% at 0.015, 0.15 and 1.5 mg/kg, respectively (Figures 3A
and B). However, vascular permeability was not altered by lectin administration at 1.5 mg/kg (Figure 3C).
Carrageenan evokes biphasic edema that lasts up to 6 h: the first two hours are sustained by
histamine and serotonin release from mast cells, and the second phase (3–6 h) involves neutrophil
infiltrate, and the release of prostaglandin E2, cytokines (mainly interleukin-1β) and NO [49,50].
C. fairchildiana lectin showed anti-inflammatory effects via inhibition of the paw edema induced
by carrageenan, such effects seem to be associated with the inhibition of neutrophil migration.
Carrageenan also elicits increases in vascular permeability and neutrophil migration to the rat
peritoneal cavity by an indirect mechanism, via activation of macrophages and mast cells [51].
In the peritonitis model induced by carrageenan (neutrophils: 6,410 ± 238; mononuclears: 1,409 ± 117),
C. fairchildiana lectin (1.5 mg/kg) decreased either the number of neutrophils (4,535 ± 502 cells),
or mononuclear cells (1,133 ± 141 cells) to peritoneal cavities by about 29% and 20%, respectively
(Figure 3D). This data corroborates that obtained for carrageenan-induced paw edema, in which the
lectin inhibited mainly the edema late phase (rich in leukocyte infiltrate) without interfering with the
increase in vascular permeability.
Figure 3. Anti-inflamatory effect of C. fairchildiana lectin. C. fairchildiana lectin (0.015,
0.15 or 1.5 mg/kg) was injected in rats 30 min before carrageenan at 300 μg/paw or cavity.
(A) Edema time-course (mL); (B) Area under the time-course curve-AUC (arbitrary units);
(C) Vascular permeability (g/g Evans blue); (D) Leuckocyte migration (×103/L).
Mean ± S.E.M. (n = 6). * p < 0.05 compared to saline; # p < 0.05 compared to carrageenan.
ANOVA and Bonferroni test.
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Experimental studies have demonstrated that inhibition of neutrophil migration reduces
hypernociception elicited by different inflammatory stimuli [52–54]. Lonchocarpus sericeus lectin
decreased leukocyte migration and mechanical hypernociception via inhibition of cytokine and
chemokine production [18]. Other lectins show antinociceptive activity associated with inhibitory
effects on neutrophil migration [19,55]. We speculate that the antinociceptive effect of C. fairchildiana
lectin could be associated with its inhibitory effect on neutrophil migration.
3. Experimental
3.1. Plant Material
Clitoria fairchildiana seeds were collected in the state of Ceará, Brazil.
3.2. Animals
Wistar rats (150–200 g) and Swiss albino mice (25–30 g) were kept in controlled cycles (12/12 h
light/dark) with free access to food and water. The experimental protocols were approved by the State
University of Ceará-UECE Ethics Committee, (N° 10130208-8/40), Fortaleza, CE-Brazil.
3.3. Erythrocytes
Rabbit erythrocytes were obtained from the Federal University of Paraiba, in Brazil, and human
blood was obtained from healthy donors at the Hematology Center of Paraiba.
3.4. Purification of C. fairchildiana Lectin
Clitoria fairchildiana flour was de-lipidated with hexane, extracted with 0.15 M NaCl, and
fractioned, and after centrifuging at 9,000 rpm (4 °C) we obtained the albumins and globulins. To the
centrifuged precipitate was added 0.1 M HCl (100 mL) and it was subjected to 2 h of extraction,
centrifuged at 9,000 rpm (4 °C), and the supernatant fraction, called the glutelin fraction, was dialyzed
and lyophilized for subsequent analyses. The glutelin fraction (10 mg) was applied to a ion exchange
column of DEAE-Sephacel and equlibrated with 0.025 M Tris-HCl (pH 7.6). The material not retained
(Peak I) was eluted with column equilibration buffer, and the lectin retained on the column (Peak II)
was eluted with 0.5 M NaCl in 0.025 M Tris-HCl (pH 7.6) to yield 4.4 mg of CFAL.
3.5. Determination of Protein and Soluble Carbohydrates
The quantification of soluble proteins was assayed by Bradford [56] using bovine serum albumin as
the standard, and determination of soluble carbohydrates was determined by the Dubois method [29]
using glucose as the standard.
3.6. Hemagglutinating Activity
Hemagglutinating activity was determined in tubes by serial dilution. All tubes in the series
received 100 μL of 0.1 M Tris-HCl buffer (pH 7.6) containing 0.15 M NaCl. In the first tube of the
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series, 100 μL of that which was obtained in step 3.4 (fraction and peaks) was added. The second tube
received 100 μL from the mixture of the first and so on until the last tube accumulated 200 μL, and
was left out of the assay. Afterwards, 100 μL of 3% rabbit and human erythrocyte suspension in the
same buffer was added to each tube. Hemagglutination was determined after 1h of incubation at 37 °C.
Hemagglutinating activity was expressed as a titer, namely the reciprocal of the highest dilution that
gave a positive result.
3.7. Sugar Specificity
The lectin sugar specificity determination was tested by comparing the inhibitory activity of sugars
and glycoproteins on hemagglutination. The initial concentrations of carbohydrates and glycoproteins
were 0.1 M and 5 mg/mL, respectively. The carbohydrates used included D-glucose, D-galactose,
D-mannose, N-acetyl-D-glucosamine, N-acetyl-D-galactosamine, L-fucose, lactose, α-methylmannoside,
fucoidan, carrageenan, mucin and fetuin. Results were expressed as the minimum sugar or glycoprotein
concentration required to inhibit hemagglutination.
3.8. Electrophoresis Polyacrylamide Gel-SDS (SDS-PAGE)
The SDS-polyacrylamide gel electrophoresis was carried out on slabs of 12% polyacrylamide gel
and 3% stacking gel and run at 20 mA for 4 h Laemmli [57]. The molecular markers used were myosin
(212 kDa), β-galactosidase (116 kDa), phosphorylase B (97.4 kDa), bovine serum albumin (66.2 kDa),
ovalbumin (45 kDa), carbonic anhydrase (31 kDa), trypsin inhibitor soybean (21.4 kDa), and lysozyme
at (14.4 kDa). The protein bands were viewed by staining with coomassie brilliant blue R 250.
To identify glycoproteins, the polyacrylamide electrophoresis was colored by periodic Schiff acid (PAS)
in the second method described by Kapitany and Zabrouski [58] using swine fetuin as the standard.
3.9. Action of Sodium Metaperiodate Oxidizing Agent
An aliquot of lectin was diluted in sodium metaperiodate (10 mM), diluted in 10 mM sodium
acetate buffer solution (pH 5.5) and subsequently incubated for 10 min at room temperature while
being protected from light. The solution was dialyzed against 0.1 M Tris-HCl buffer (pH 7.6) with
0.5 M NaCl for 12 h. The haemagglutinating activity test was performed afterwards to verify the integrity
of the lectin.
3.10. Nociceptive Models in Mice
3.10.1. Writing Test
Acetic acid (0.8%; v/v; 0.1 mL/10 g body weight) was intraperitoneally injected (i.p.) in the mice.
Ten min later the number of abdominal constrictions (writhes) was recorded at 20 min [59]. Animals
were treated intravenously (i.v.) with C. fairchildiana lectin (0.1, 1.0, 10 mg/kg) or sterile saline
(0.9% w/v NaCl) 30 min before the acetic acid.
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3.10.2. Formalin Test
Twenty microliters of 1.5% formalin (v/v in distilled water) were injected by subcutaneous route
(s.c.) in the dorsal surface of the mice right-hind paws. Immediately after formalin, animals were
individually placed in a glass observation chamber with a transparent floor, beneath which a mirror
was mounted at a 45 °C angle to allow clear observation of animal paws. The time (in seconds) that
animals spent licking the injected paws was recorded during the first 5 min of formalin injection
(1st phase, corresponding to direct chemical stimulation of nociceptors), and from 15 to 30 min
(2nd phase, involving the release of inflammatory mediators) [47]. The animals received sterile saline
(0.1 mL, i.v.), or C. fairchildiana lectin (10 mg/kg, i.v.) 30 min before the formalin.
3.11. Inflammatory Models in Rats
3.11.1. Paw Edema
Paw edema was induced by intraplantar s.c. injection of 0.1 mL of carrageenan (300 µg/paw).
Paw volume displacement was measured, with a hydroplethysmometer (PanLabs, Barcelona-Spain)
apparatus, immediately before stimuli (zero time), and at selected time intervals thereafter (1, 2–5 h).
Control animals received sterile saline s.c. instead of carrageenan. Results were expressed as the
increase in paw volume (mL), calculated by subtraction of the basal volume, measured at zero time, or
as the area under the time-course curve-AUC (arbitrary units), using the trapezoidal rule, and
compared to control animals injected with the same volume of sterile saline [60].
Vascular permeability was evaluated 1 h after i.v. administration of Evans’ blue (25 mg/kg), time in
which the animals were sacrificed by cervical dislocation in the fifth hour after the beginning
of experiment. Paws were sectioned, weighed and incubated in formamide for 72 h at 37 °C.
The extracted dye was estimated at A600 nm (µg Evans’ blue/g tissue) [61]. The animals were treated
(i.v.) with C. fairchildiana lectin 30 min before carrageenan at 0.015, 0.15, and 1.5 mg/kg for
evaluation of edema, and at 1.5 mg/kg for evaluation of vascular permeability.
3.11.2. Peritonitis
Peritonitis was induced by i.p. injection of 1 mL carrageenan (300 μg), or sterile saline (0.9% w/v
NaCl). Four hours later, animals were sacrificed and the peritoneal cavity washed with 10 mL of saline
containing 5 IU/mL heparin. Peritoneal fluid was recovered for total and differential leukocyte
(neutrophil, eosinophil, mast cell, mononuclear) counts. Results were expressed as number of
cells × 103/mL of peritoneal fluid [62]. Animals were treated, i.v. with C. fairchildiana lectin
(1.5 mg/kg) or sterile saline (0.9%), 30 min before stimuli.
3.12. Assessment of the Potential Cytotoxicity Assay of Lectin from C. fairchildiana in Human Erythrocytes
Different concentrations of lectin (1, 10, 100 e 1,000 µg/mL) were added to a 2 mL suspension of
human erythrocytes (A, B e O) at 0.5%. As negative control we used 0.15 M NaCl, and as positive
control we used Triton X-100. After incubating for 1 h at 25 °C, slow and steady agitation (100 rpm),

Molecules 2012, 17

3286

hemolysis was quantified by spectrophotometry at 540 nm [63]. The results were expressed as an
average ± standard deviation of three independent experiments.
3.13. Statistical Analysis
Results were presented as the mean ± S.E.M. of animals (n = 6–8) and statistical differences were
detected by variance analysis (ANOVA), and followed by the Bonferroni correction test, p < 0.05 was
considered significant.
4. Conclusions
A lectin from C. fairchildiana was purified and shown to be a glycoprotein with an electrophoretic
pattern consisting of two bands with molecular weights of approximately 100 e 116 kDa. The
characteristic lectin was confirmed to be capable of binding native rabbit erythrocytes. This lectin has
antinociceptive action, probably through a peripheral mechanism, and anti-inflammatory action,
associated with an inhibitory mechanism on neutrophil migration. These results point out the need for
investigations into the possible use of C. fairchildiana lectin as a prototype in the development of new
drugs to treat inflammatory pain.
Acknowledgements
The authors gratefully acknowledge to Benildo Sousa Cavada and Ana Maria Sampaio Assreuy.
This work was supported by grants from Conselho Nacional de Pesquisa (CNPq, Brazil),
Coordenadoria de Aperfeiçoamento de Pessoal de Nível Superior (CAPES, Brazil), Universidade
Federal da Paraíba (UFPB), Universidade Federal do Ceará (UFC) and Universidade Estadual do
Ceará (UECE).
Conflict of Interest
The authors declare no conflict of interest.
References and Notes
1.
2.
3.

4.

Beuth, J.; Ko, H.L.; Pulver, G.; Uhlenbruck, G. Importance of lectins for the prevention of
bacterial infections and cancer metastases. Glycoconjugate 1995, 12, 1–6.
Peumans, W.J.; Van Damme, E.J. Lectins as plant defense proteins. Plant Physiol. 1995, 109,
347–352.
Rangel, T.B.A.; Assreuy, A.M.S.; Pires, A.F.; Carvalho, A.U.; Benevides, R.G.; Simões, R.C.;
Silva, H.C.; Bezerra, M.J.B.; Nascimento, A.S.F.; Nascimento, K.S.; et al. Crystallization and
characterization of an inflammatory lectin purified from the seeds of Dioclea wilsonii. Molecules
2011, 16, 5087–5103.
Oliveira, T.M.; Delatorre, P.; Rocha, B.A.M.; Souza, E.P.; Nascimento, K.S.; Bezerra, G.A.;
Moura, T.R.; Benevides, R.G.; Bezerra, E.H.S.; Moreno, F.B.M.B.; et al. Crystal structure of
Dioclea rostrata: Insights into understanding the pH-dependent dimer-tetramer equilibrium and the
structural basis for carbohydrate recognition in Diocleinae lectins. J. Struct. Biol. 2008, 164, 177–182.

Molecules 2012, 17
5.
6.

7.

8.

9.
10.

11.

12.

13.

14.

15.

16.

17.

18.

3287

Bento, C.A.; Cavada, B.S.; Oliveira, J.T.; Moreira, R.A.; Barja-Fidalgo, C. Rat paw edema and
leukocyte immigration induced by plant lectins. Agents Actions 1993, 38, 48–54.
Rodriguez, D.; Cavada, B.S.; Abreu-de-Oliveira, J.T.; de-Azevedo-Moreira, R.; Russo M.
Differences in macrophage stimulation and leukocyte accumulation in response to intraperitoneal
administration of glucose/mannose-binding plant lectins. Braz. J. Med. Biol. Res. 1992, 25, 823–826.
Gomes, J.C.; Ferreira, R.R.; Cavada, B.S.; Moreira, R.A.; Oliveira, J.T. Histamine release
induced by glucose (mannose) specific lectins isolated from Brazilian beans. Comparison with
concanavalin A. Agents Actions 1994, 41, 132–135.
Brabosa, T.; Arruda, S.; Cavada, B.S.; Grangeiro, T.B.; Freitas, L.A.; Barral-Netto, M. In vivo
lymphocyte activation and apoptosis by lectins of the Diocleinae subtribe. Mem. Inst. Oswaldo
Cruz 2001, 96, 673–678.
Andrade, J.L.; Arruda, S.; Barbosa, T.; Paim, L.; Ramos, M.V.; Cavada, B.S.; Barral-Neto, M.
Lectin-induced nitric oxide production. Cell Immunol. 1999, 194, 98–102.
Barral-Netto, M.; Santos, S.B.; Barral, A.; Moreira, L.I.; Santos, C.F.; Moreira, R.A. Human
lymphocyte stimulation by legume lectins from the Diocleae tribe. Immunol. Invest. 1992, 21,
297–303.
Alencar, N.M.; Assereuy, A.M.; Alencar, V.B.; Melo, S.C.; Ramos, M.V.; Cavada, B.S.; Cunha, F.Q.;
Ribeiro, R.A. The galactose-binding lectin from Vatairea macrocarpa seeds induces in vivo
neutrophil migration by indirect mechanism. Int. J. Biochem. Cell Biol. 2003, 35, 1674–1674.
Alencar, N.M.; Assreuy, A.M.; Criddle, D.N.; Souza, E.P.; Soares, P.M.; Havt, A.; Aragão, K.S.
Bezerra, D.P.; Ribeiro, R.A.; Cavada, B.S. Vatairea macrocarpa lectin induces paw edema with
leukocyte infiltration. Protein Pept. Lett. 2004, 11, 195–200.
Alencar, N.M.; Assreuy, A.M.; Havt, A.; Benevides, R.G.; Moura, T.R.; Sousa, R.B.; Ribeiro, R.A.;
Cunha, F.Q.; Cavada, B.S. Vatairea macrocarpa (Leguminosae) lectin activates cultured macrophages
to release chemotactic mediators. Naunyn Schmiedebergs Arch. Pharmacol. 2007, 374, 275–282.
Assreuy, A.M.; Shibuya, M.D.; Martins, G.J.; Souza, M.L.; Cavada, B.S.; Moreira, R.A.;
Oliveira, J.T.A.; Ribeiro, R.A.; Flores, C.A. Anti-inflammatory effect of glucose-mannose
binding lectins isolated from Brazilian beans. Mediators Inflamm. 1997, 6, 201–210.
Assreuy, A.M.; Martins, G.J.; Moreira, M.E.; Brito, G.A.; Cavada, B.S.; Ribeiro, R.A.; Flores, C.A.
Prevention of cyclophosphamide-induced hemorrhagic cystitis by glucose-mannose binding plant
lectins. J. Urol. 1999, 161, 1988–1993.
Alencar, N.M.; Teixeira, E.H.; Assreuy, A.M.; Cavada, B.S.; Flores, C.A.; Ribeiro, R.A.
Leguminous lectins as tools for studying the role of sugar residues in leukocyte recruitment.
Mediators Inflamm. 1999, 8, 107–113.
Alencar, N.M.; Cavalcante, C.F.; Vasconcelos, M.P.; Leite, K.B.; Aragão, K.S.; Assreuy, A.M.;
Nogueira, N.A.; Cavada, B.S.; Vale, M.R. Anti-inflammatory and antimicrobial effect of lectin
from Lonchocarpus sericeus seeds in an experimental rat model of infectious peritonitis.
J. Pharm. Pharmacol. 2005, 57, 919–922.
Napimoga, M.H.; Cavada, B.S.; Alencar, N.M.; Mota, M.L.; Bittencourt, F.S.; Alves-Filho, J.C.;
Grespan, R.; Gonçalves, R.B.; Clemente-Napimoga, J.T.; Freitas, A.; et al. Lonchocarpus sericeus
lectin decreases leukocyte migration and mechanical hypernociception by inhibiting cytokine and
chemokines production. Int. Immunopharmacol. 2007, 7, 824–835.

Molecules 2012, 17

3288

19. Figueiredo, J.G.; Bitencourt, F.S.; Beserra, I.G.; Teixeira, C.S.; Luz, P.B.; Bezerra, E.H.;
Mota, M.R.; Assreuy, A.M.; Cunha, F.Q.; Cavada, B.S.; et al. Antinociceptive activity and
toxicology of the lectin from Canavalia boliviana seeds in mice. Naunyn. Schmiedebergs Arch.
Pharmacol. 2009, 380, 407–414.
20. Pires, A.F.; Assreuy, A.M.; Lopes, E.A.; Celedônio, N.R.; Soares, C.E.; Rodrigues, N.V.; Sousa, P.L.;
Benevides, R.G.; Nagano, C.S.; Cavada, B.S.; et al. Opioid-like antinociceptive effects of oral
administration of a lectin purified from the seeds of Canavalia brasiliensis. Fundam. Clin.
Pharmacol. 2011, doi:10.1111/j.1472-8206.2011.00987.x.
21. Naeem, A.; Haque, S.R.; Khan, H. Purification and characterization of a novel β-D-galactosidesspecific lectin from Clitoria ternatea. Protein J. 2007, 26, 403–413.
22. Singer, S.J. Some early history of membrane. Annu. Rev. Physiol. 2004, 66, 1–27.
23. Gabius, H.J.; André, S.; Jiménez-Barbero, J.; Romero, A.; Solís, D. From lectin structure to
functional glycomics: Principles of the sugar code. Trends Biochem. Sci. 2011, 36, 298–313.
24. Oliveira, M.D.L.; Andrade, C.A.S.; Santos-Magalhães, N.S.; Coelho, L.C.B.B.; Teixeira, J.A.;
Cunha, M.G.C.; Correia, M.T.S. Purification of a lectin from Eugenia uniflora L. seeds and its
potential antibacterial activity. Lett. Appl. Microbiol. 2008, 46, 371–376.
25. Guzman-Partida, A.M.; Robles-Burgueno, M.R.; Ortega-Nieblas, M.; Vazquez-Moreno, I.
Purification and characterization of complex carbohydrate specific isolectins from wild legume
seeds: Acacia constricta is (vinorama) highly homologous to Phaseolus vulgaris lectins.
Biochimie 2004, 86, 335–342.
26. Boleti, A.P.A.; Ventura, C.A.; Justo, G.Z.; Silva, R.A.; Sousa, A.C.T.; Ferreira, C.V.; Yano, T.;
Macedo, M.L. Pouterin, a novel potential cytotoxic lectin-like protein with apoptosis-inducing
activity in tumorigenic mammalian cells. Toxicon 2008, 51, 1321–1330.
27. Barbosa, P.S.F.; Martins, A.M.C.; Toyama, M.H.; Joazeiro, P.P.; Beriam, L.O.S.; Fonteles, M.C.;
Monteiro, H.A.S. Purification and biological effects of a C-type lectin isolated from Bothrops
moojeni. J. Venom. Anim. Toxins 2010, 16, 493–504.
28. Santi-Gadelha, T.; Rocha, B.A.M.; Oliveira, C.C.; Aragão, K.S.; Marinho, E.S.; Gadelha, C.A.A.;
Toyama, M.H.; Pinto, V.P.T.; Nagano, C.S.; Delatorre, P.; et al. Purification of a PHA-like chitin
binding lectin from Acacia farnesiana seeds: A time-dependent oligomerization protein.
Appl. Biochem. Biotechnol. 2008, 150, 97–111.
29. Dubois, M.; Gilles, K.A.; Hamilton, J.K.; Rebersand, P.A.; Smith, F. Colorimetric method for
determination of sugars and related substances. Anal. Chem. 1956, 28, 350–356.
30. Souza, J.D.; Silva, M.B.R.; Argolo, A.C.C.; Napoleão, T.H.; Sá, R.A.; Correia, M.T.S.;
Paiva, P.M.G.; Silva, M.D.C.; Coelho, L.C.B.B. A new Bauhinia monandra galactose-specific
lectin purified in milligram quantities from secondary roots with antifungal and termiticidal
activities. Int. Biodeter. Biodegr. 2011, 65, 696–702.
31. Oliveira, T.J.; Melo, V.M.; Câmara, M.F.; Vasconcelos, I.M.; Beltramini, L.M.; Machado, O.L.
Purification and physicochemical characterization of a cotyledonary lectin from Luetzelburgia
auriculata. Phytochemistry 2002, 61, 301–310.
32. Ferreira, A.P.; Corrêa, T.; Cunha, R.; Marques, M.J.; Montesano, M.A.; Souza, M.A.; Teixeira, H.C.
Human serum antibody reactivity towards Paracoccidioides brasiliensis antigens treated with
sodium metaperiodate. Rev. Soc. Bras. Med. Trop. 2008, 41, 325–329.

Molecules 2012, 17

3289

33. Dresch, R.R.; Haeser, A.S.; Lerner, C.; Mothes, B.; Vozári-Hampe, M.M.; Henriques, A.T.
Detection of lectinic activity and hemolytic activity in extracts of native sponges (Porifera) of
atlantic coast of Brazil. Rev. Bras. Farmacogn. 2005, 15, 16–22.
34. Prokof’eva, N.G.; Utkina, N.K.; Chaikina, E.L.; Makarchenko, A.E. Biological activities of
marine sesquiterpenoid quinones: Structure-activity relationships in cytotoxic and hemolytic
assays. Comp. Biochem. Phys. B 2004, 139, 169–173.
35. Hatakeyama, T.; Kohzaki, H.; Nagatomo, H.; Yamasaki, N. Purification and characterization of
four Ca2+-dependent lectins from the marine invertebrate Cucumaria echinata. J Biochem. 1994,
116, 209–214.
36. Kuramoto, T.; Uzuyama, H.; Hatakeyama, T.; Tamura, T.; Nakashima, T.; Yamaguchi, K.; Oda, T.
Cytotoxicity of a GalNAc-specific C-type lectin CEL-I toward various cell lines. J. Biochem.
2005, 137, 41–50.
37. Stai, H.Y.; Chen, Y.F.; Wu, T.S. Anti-inflammatory and analgesic activities of extract from roots
of Angelica pubescens. Planta Med. 1995, 61, 1–8.
38. Schowb, M.; Dubost, M.C. Entendre La Douleur; Pharmapost: Rc Montargis, France, 1984; p. 99.
39. Garcia, M.D.; Fernandez, M.A.; Alvarez, A.; Saenz, M.T. Antinociceptive and anti-inflammatory
effect of the aqueous extract from leaves of Pimenta racemosa var. ozua (Mirtaceae).
J. Ethnopharmacol. 2004, 91, 29–73.
40. Tjolsen, A.; Berge, O.G.; Hunskaar, S.; Rosland, J.H.; Hole, K. The formalin test: An evaluation
of the method. Pain 1992, 51, 5–17.
41. Tjolsen, A.; Hole, K. Animal models of analgesia. In The Pharmacology of Pain; Besson, M.J.,
Deckson, A., Eds.; Springer-Verlag: Berlin, Germany, 1997; pp. 21–41.
42. Malmberg, A.B.; Yaksh, T.L. Cyclooxygenase inhibition and the spinal release of prostaglandin
E2 and amino acids evoked by paw formalin injection: A microdialysis study in unanesthetized
rats. J. Neurosci. 1995, 15, 2768–2776.
43. Omote, K.; Kawamata, T.; Kawamata, M.; Namiki, A. Formalin-induced nociception activates a
monoaminergic descending inhibitory system. Brain Res. 1998, 814, 194–198.
44. Santos, A.R.; De Campos, R.O.; Miguel, O.G.; Cechinel-Filho, V.; Yunes, R.A.; Calixto, J.B.
The involvement of K+ channels and Gi/o protein in the antinociceptive action of the gallic acid
ethyl ester. Eur. J. Pharmacol. 1999, 379, 7–17.
45. Vanegas, H.; Schaible, H.G. Prostaglandins and cyclooxygenases [correction of cycloxygenases]
in the spinal cord. Prog. Neurobiol. 2001, 64, 327–363.
46. Gaertner, M.; Müller, L.; Roos, J.F.; Cani, G.; Santos, A.R.; Niero, R.; Calixto, J.B.; Yunes, R.A.;
Delle Monache, F.; Cechinel-Filho, V. Analgesic triterpenes from Sebastiania schottiana roots.
Phytomedicine 1999, 6, 41–44.
47. Hunskaar, S.; Hole, K. The formalin test in mice: Dissociation between inflammatory and
non-inflammatory pain. Pain 1987, 30,103–114.
48. Shibata, M.; Ohkubo, T.; Takahashi, H.; Inoki, R. Modified formalin test: Characteristic biphasic
pain response. Pain 1989, 38, 347–352.
49. Kulinsky, V.I. Biochemical aspects of inflammation. Biochemistry 2007, 72, 733–746.
50. Vinegar, R.; Schreiber, W.; Hugo, R. Biphasic development of carrageenan edema in rats.
J. Pharmacol. 1969, 166, 95–103.

Molecules 2012, 17

3290

51. Souza, G.E.; Cunha, F.Q.; Mello, R.; Ferreira, S.H. Neutrophil migration induced by
inflammatory stimuli is reduced by macrophage depletion. Agents Actions 1988, 24, 377–380.
52. Levine, J.D.; Lau, W.; Kwiat, G.; Goetzl, E.J. Leukotriene B4 produces hyperalgesia that is
dependent on polymorphonuclear leukocytes. Science 1984, 225, 743–745.
53. Verri, W.A., Jr.; Schivo, I.R.; Cunha, T.M.; Liew, F.Y.; Ferreira, S.H.; Cunha, F.Q. Interleukin-18
induces mechanical hypernociception in rats via endothelin acting on ETB receptors in a
morphine-sensitive manner. J. Pharmacol. Exp. Ther. 2004, 310, 710–717.
54. Santodomingo-Garzón, T.; Cunha, T.M.; Verri, W.A., Jr.; Valério, D.A.; Parada, C.A.; Poole, S.;
Ferreira, S.H.; Cunha, F.Q. Atorvastatin inhibits inflammatory hypernociception. Br. J. Pharmacol.
2006, 149, 14–22.
55. Bitencourt, F.S.; Figueiredo, J.G.; Mota, M.R.L.; Bezerra, C.C.R.; Silvestre, P.P.; Vale, M.R.;
Nascimento, K.S.; Sampaio, A.H.; Nagano, C.S.; Saker-Sampaio, S.; et al. Antinociceptive and
anti-inflammatory effects of a mucin-binding agglutinin isolated from the red marine alga
Hypnea cervicornis. Naunyn. Schmiedebergs Arch. Pharmacol. 2008, 377, 139–148.
56. Bradford, M.M.A. A rapid and sensitive method for the quantification of microgram quantities of
protein utilizing the principles of protein-dye binding. Anal. Biochem. 1976, 72, 248–254.
57. Laemmli, U.K. Cleavage of structural proteins during the assembly of the bacteriophage t4.
Nature 1970, 227, 680–685.
58. Kapitany, R.A.; Zebrowski, E.J. A high resolution PAS stain for polyacrylamide gel
electrophoresis. Anal. Biochem. 1973, 56, 361–369.
59. Koster, R.; Anderson, M.; Debeer, E.J. Acetic-acid for analgesil screening. Fed. Proc. 1959, 18, 412.
60. Landucci, E.C.; Antunes, E.; Donato, J.L.; Faro, R.; Hyslop, S.; Marangoni, S.; Oliveira, B.;
Cirino, G.; de Nucci, G. Inhibition of carrageenin-induced rat paw edema by crotapotin,
a polypeptide complexed with phospholipase A2. Br. J. Pharmacol. 1995, 114, 578–583.
61. Wilhelm, D.L. The mediation of increased vascular permeability in inflammation. Pharmacol.
Rev. 1962, 14, 251–280.
62. Souza, G.E.; Ferreira, S.H. Blockade by antimacrophage serum of the migration of PMN
neutrophils into the inflamed peritoneal cavity. Agents Actions 1985, 17, 97–103.
63. Rangel, M.; Malpezzi, E.L.A.; Susini, S.M.M.; Freitas, J.C. Hemolytic activity in extracts of the
diatom Nitzsnhia. Toxicon 1997, 35, 305–309.
Sample Availability: Contact the authors.
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

