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Abstract Neutrophil migration is responsible for tissue
damage observed in inflammatory diseases and is also
implicated in inflammatory nociception. The use of lectins
has been demonstrated to be effective in different activities
including anti-inflammatory, antimicrobial, and in cancer
therapy. In this study, we addressed the potential use of a
lectin from Canavalia grandiflora seeds (ConGF) to
control neutrophil migration and inflammatory hypernoci-
ception. Pretreatment of the animals intravenously (15 min
before) with ConGF inhibited neutrophil migration to the
peritoneal cavity in a dose-dependent fashion confirmed by
an inhibition of rolling and adhesion of leukocytes by
intravital microscopy. Another set of experiments showed
that pretreatment of the animals with ConGF inhibited the

mechanical hypernociception in mice induced by the i.pl.
injection of carrageenan or formalin. This anti-nociceptive
effect correlated with an effective blockade of neutrophil
influx, as assessed by the hind paw tissue myeloperoxidase
levels. Furthermore, ConGF had important inhibitory
effects on the mouse carrageenan-induced paw edema. In
addition, animals treated with ConGF showed inhibition of
cytokines release. In conclusion, we demonstrated that the
lectin ConGF inhibits neutrophil migration and mechanical
inflammatory hypernociception.

Keywords Lectin . Inflammation .Canavalia grandiflora .
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Introduction

Neutrophil migration during an inflammatory response
results mainly from the release of inflammatory mediators
by resident cells, which induce the rolling and adhesion of
neutrophils on endothelial cells, followed by their transmi-
gration to the extravascular space (Smith 1993). These
events require interaction of reciprocal adhesion molecules
present on neutrophils and endothelial cells. Rolling is
mediated by E- and P-selectins (on endothelial cells) and
L-selectin (on leukocytes) interacting with their respective
carbohydrate ligand. Thereafter, adhesion and transmigra-
tion are mediated by CD11/CD18 complex (ß2-integrins) on
leukocyte, which interacts with its ligands immunoglobu-
lins, such as intercellular adhesion molecule-1, present
mostly on endothelial cells (Mayadas and Cullere 2005).

Many new anti-inflammatory drugs aim at interfering
with transendothelial migration by antagonizing surface
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integrins, selectins, or chemokines involved in leukocyte
homing (Mackay 2008). In clinical use, since the early
twentieth century, to blunt acute inflammation, colchicine
prevents microtubule assembly by binding to tubulin,
which inhibits chemotactic migration of neutrophils and
monocytes into and within interstitial tissue (Ben-Chetrit et
al. 2006). More recently, developed strategies to interfere
with chemoattractant signaling show strong promise in
reducing tissue damage in chronic inflammation (Mackay
2008). Likewise, competitive inhibitors of the Leukotrien
B4 receptor BLT1 reduce inflammation in models of
rheumatoid arthritis and atherosclerosis (Aiello et al.
2002; Mathis et al. 2007, Grespan et al. 2008)

Chemical constituents obtained from medicinal plants
and other natural products have been increasingly used to
treat many inflammatory diseases. In this line, lectins
constitute a group of widely distributed and structurally
heterogeneous carbohydrate-binding proteins that com-
prises distinct but evolutionary-related families (Sharon
and Lis 2004). An important discovery was that due to
their high and specific reactivity with carbohydrate
epitopes, regardless whether these were in solution or on
cellular surfaces, lectins could offer the possibility of
developing useful tools and applications in bioscience and
biomedicine (Pusztai et al. 2008). Leguminosae lectins
constitute a protein family with related amino acid
sequences that may differ from each other strongly with
respect to their carbohydrate-binding specificity (Van
Damme et al. 1988).

Several biological activities of plant lectins have been
described (Machuka et al. 1999; Rhodes and Campbell
2002; Dube and Bertozzi, 2005; Teixeira et al. 2006,
Teixeira et al. 2007). Regarding the inflammatory process,
some previous works have reported the useful application
of lectins as anti-inflammatory approach by inhibiting the
leukocyte migration (Mota et al. 2006; Napimoga et al.
2007; Bitencourt et al. 2008), since lectins are recognized
among the adhesion molecules that actively participate in
those responses, such as the selectins (L-, P-, and E-
selectin), the integrin CD11b/CD18 (Mac-1), CD31
(PECAM-1), and CD44 (Hébert 2000). Therefore, in the
present study, we evaluated the potential use of Canavalia
grandiflora seeds lectin (a D-glucose/D-mannose-specific
lectin) on the inhibition of carrageenan-induced peritonitis
as well the mechanisms by which this lectin inhibits
neutrophil migration and inflammatory hypernociception
(hyperalgesia and/or allodynia in experimental animals).

Materials and methods

Lectin isolation A D-glucose/D-mannose-specific lectin
from seeds of C. grandiflora (ConGF) was purified by

affinity chromatography on Sephadex G-50 as previously
described (Ceccatto et al. 2002). By sodium dodecyl sulfate
polyacrylamide gel electrophoresis, ConGF yielded three
protein bands with apparent molecular masses of 29–
30 kDa (alpha chain), 16–18 kDa (beta fragment), and
12–13 kDa (gamma fragment), like other related lectins
from the genus Canavalia (Leguminosae), and is endotoxin
free.

Animals Male Swiss mice (30–35 g) were housed in
temperature-controlled rooms (22–25°C) with access to
water and food ad libitum. All experiments were conducted
in accordance with the National Institutes of Health guide-
lines for the welfare of experimental animals and with the
approval of the Ethics Committee of the University of
Uberaba, Brazil. The animals were used only in a single
experimental group.

Experimental procedure to evaluate neutrophil migration For
the determination of neutrophil migration to peritoneal
cavity, ConGF was administered i.v. 15 min before (1, 3, or
10 mg/kg) the administration of inflammatory stimuli by
intraperitoneal injection of carrageenan (Cg; Sigma, St.
Louis, MO, USA) at 500 μg/cavity in naive mice.

Mice were killed 4 h after the challenge (carrageenan)
administration, and the peritoneal cavity cells were
harvested by washing the cavity with 3 ml of phosphate-
buffered saline (PBS) containing ethylenediamine tetra-
acetic acid (EDTA) 1 mM. The volumes recovered were
similar in all experimental groups and equated to approx-
imately 95% of the injected volume. Total counts were
performed in a Newbauer chamber, and differential cell
counts (100 cells total) were carried out on cytocentrifuge
(Cientec, Piracicaba, SP, Brazil) slides stained with Rosenfeld.
The results are presented as the number of neutrophils per
cavity.

Vascular permeability The vascular permeability was ana-
lyzed by Evans blue test, as described previously (Thurston
et al. 2000). Thirty minutes before Cg administration,
Evans blue (50 mg/kg) was injected with 100 μl of saline
intravenously into the ocular plexus. Mice were killed 4 h
after Cg administration, and the peritoneal cavity was
washed with 3 ml of PBS. Evans blue content was
calculated using an Evans blue standard curve, and the
absorbance of each sample was measured at 620 nm using a
spectrophotometer.

Determination of myeloperoxidase activity We evaluated
the neutrophil migration to the intraplantar hind paw using
the myeloperoxidase activity. Mice were pretreated 15 min
before with lectin solution i.v. at 10 mg/kg in a final
volume of 100 μl. The animals received an i.pl. injection of
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Cg (100 μg/paw; 50 µl), and neutrophil migration was
measured after 3 h. The extent of neutrophil accumulation
in the hind paw was measured by assaying myeloperox-
idase activity as previously described (Cunha et al. 2008).
Briefly, the hind paw tissue was removed and homogenized
in pH 4.7 buffer (0.1 M NaCl, 0.02 M NaPO4, 1.015 M
NaEDTA) followed by centrifugation at 3,000×g for
15 min. The pellet was subjected to hypotonic lyses
(1.5 ml of 0.2% NaCl solution followed 30 s later by
addition of an equal volume of a solution containing NaCl
1.6% and glucose 5%). After further centrifugation, the
pellet was resuspended in 0.05 M NaPO4 buffer (pH 5.4)
containing 0.5% hexadecyltrimethylammonium bromide.
After that, the tissue was snap-frozen in liquid nitrogen
three times and was centrifuged at 10,192×g for 15 min and
was re-homogenized. Myeloperoxidase activity in the
resuspended pellet was assayed by measuring the change
in optical density at 450 nm using tetramethylbenzidine
(1.6 mM) and H2O2 (0.5 mM). Results were calculated by
comparing the optical density of hind paw tissue superna-
tant with a standard curve of neutrophil (>95% purity)
numbers.

Carrageenan-induced mouse paw edema Mice were pre-
treated 15 min before with lectin solution i.v. at 10 mg/kg
in a final volume of 100 μl. The animals received a 100-μl
i.pl. injection in one hindpaw (right paw) of saline 0.9%
containing carrageenan (300 μg/paw). The contralateral
paw (left paw) received 100 μl of saline, and it was used as
a control. Edema was measured using a plethysmometer
(Ugo Basile) at several time points after carrageenan
injection. Edema is expressed in microliters as the
difference between the right and left paws.

Real time in situ microscopic analysis for rolling and adhesion
events of neutrophils in the mesenteric microcirculation The
leukocyte rolling and adhesion were examined as
described previously (Fortes et al. 1991). Briefly, mice
were anesthetized i.p. with tribromoethanol (250 mg/kg),
and the mesenteric tissue was exposed for microscopic
examination. The animals were maintained on a special
board thermostatically controlled at 37°C. Images were
recorded on a video recorder using a long-distance
objective lens (×40) with a 0.65 numerical aperture.
Vessels selected for study were third-order venules,
defined according to their branch-order location within
the microvascular network. These vessels corresponded to
postcapillary venules, with a diameter of 10–18 μm.
Rolling leukocytes were defined as the white blood cells
that moved at a lower velocity than erythrocytes in the
same stream and were determined at 10-min intervals 2 h
after challenge with carrageenan. Adherent leukocytes
were considered to be the white blood cells that remained

stationary on the venular endothelium at the end of the
observation period and were determined 4 h after
challenge with carrageenan (Granger et al. 1989). The
venular area in which the adhesion process was deter-
mined varied from 350 to 450 μm2, and the results were
expressed as the number of adherent leukocyte per
100 μm2 of venule. The time points selected to determine
rolling (2 h) and adhesion (4 h) processes were based on
previous studies, which observed that these processes peak
at these times after inflammatory stimuli injection (Dal
Secco et al. 2003; Napimoga et al. 2008).

Effect of pretreatment of animals with ConGF upon
mechanical hypernociception induced by Cg or formalin
in mice Separate sets of mice were tested for behavioral
responses to mechanical stimuli using calibrated von Frey
nylon filaments (tip diameter, 0.8 mm; Insight Equipments,
Brazil). The mice were placed in an elevated plastic cage on
a wire mesh floor. Von Frey hairs were applied from below
to the plantar surface of right hind paw in ascending order
of stimulus force (maximum, 50 g). At threshold, the mouse
withdraws its paw away from the hair. Right hindpaw were
tested three times, and the interval between two consecutive
trials on the same paw was at least 1 min. The results are
presented as the average of responses against a given
stimulus force.

All mice groups tested were pretreated 15 min before
with lectin solution i.v. at 10 mg/kg in a final volume of
100 μl. Vehicle was injected i.pl. and used as a negative
control. In a separate set of animals, hypernociception was
measured at 0 and 3 h after injection of Cg (100 μg/paw;
50 µl) into the hind paws (i.pl.). The Cg dose injected were
the smallest doses that evoked maximum acute mechanical
hypernociception (Napimoga et al. 2007).

Formalin-induced hypernociception behavior was
assessed as described previously (Tjolsen et al. 1992).
Mice were allowed to acclimate for 15 min in a plastic box
and injected subcutaneously with 50 µl of 1% formalde-
hyde in 0.9% saline into the plantar right hindpaw of mice
pretreated 15 min before with ConGF (10 mg/kg) or
vehicle. The mice were observed for 60 min after the
formalin injection and the paw flinches counted during the
observation period time. The acute phase (phase 1) was
defined as 0–10 min after injection, and the persistent
(tonic) phase (phase 2) was defined as 10–40 (phase 2a)
min and 40–60 (phase 2b) after injection.

Cytokine measurements assay Mice received lectin solution
i.v. at 10 mg/kg in a final volume of 100 μl, and after 2 h of
Cg stimuli, peritoneal exudates were recovered to cytokine
measurements. Levels of TNF-α and IL-1β were deter-
mined by enzyme-linked immunosorbent assay (ELISA)
using protocols supplied by the manufacturers (R&D
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Systems, Minneapolis, USA). The results are expressed as
picograms.

Statistical analysis

Data were expressed as mean±SD. Statistical comparisons
between groups were made using analyses of variance
(ANOVA) followed by Bonferroni’s test. Significance was
accepted when the P value was ≤0.05.

Results

The pretreatment with ConGF (1, 3, or 10 mg/kg; i.v.)
decreased, in a dose-dependent manner (P<0.05), the
neutrophil migration in mice, induced by intraperitoneal
injection of Cg (500 μg/cavity) determined 4 h later
(Fig. 1a). In addition to neutrophil migration, vascular
leakage is a major parameter in inflammation. Therefore,

we tested the effect of ConGF in the carrageenan-induced
microvascular permeability. Figure 1b shows that pretreat-
ment (15 min, i.v.) with 10 mg/kg of ConGF significantly
decreased (P<0.05) the content of Evans blue in peritoneal
fluid. To confirm the mechanisms by which the lectin
decreases the neutrophil migration to the inflammatory site,
we administered ConGF lectin and evaluate the leukocyte–
endothelium interaction in vivo. Leukocyte–endothelium
interaction (rolling and adhesion) was examined in mesen-
teric postcapillary venules using intravital microscopy
system. The intraperitoneal injection of Cg (500 μg/cavity)
caused a significant augment in rolling (Fig. 1c) and
adhesion (Fig. 1d) of leukocytes on endothelium compared
with the i.p. injection of saline (P<0.05). The pre-treatment
of the Cg-injected mice with ConGF, at a dose of 10 mg/kg,
significantly decreased leukocyte rolling and adhesion, as
shown Fig. 1c and d, respectively (P<0.05).

Supporting the anti-inflammatory effects of ConGF in
peritonitis-induced inflammation, we observed that the
concentration of the pro-inflammatory mediators interleu-
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Fig. 1 Anti-inflammatory effect of ConGF on carrageenan-induced
peritonitis in mice. a Mice were treated with saline (0.1 ml, i.v.) or
ConGF (1, 3, or 10 mg/kg, i.v., 15 min before) and then injected i.p.
with carrageenan at a dose of 500 μg/cavity. The neutrophil migration
was evaluated 4 h later. The white bars represent the neutrophil
migration induced by saline injected i.p. b Effects of the pretreatment
with ConGF lectin on vascular permeability. Vehicle (saline) or
ConGF (10 mg/kg) was injected i.v. and, 15 min later, carrageenan
(500 μg/cavity). The ConGF treatment decreases leukocyte rolling and

adhesion on venular endothelial cells. The mice were treated with
saline (0.1 ml, i.v.) or ConGF (10 mg/kg, i.v., 15 min before) and then
injected with Cg (500 μg/cavity). The leukocyte rolling (c) and
adhesion (d) were evaluated by intravital microscopy in the mesentery
4 h after Cg injection. The first bar in c and d represents the rolling
and adhesion, respectively, in PBS i.p.-injected animals. The values
are means±SD. *P<0.05 compared to carrageenan group; #P<0.05
compared to saline group (ANOVA followed by Bonferroni’s t test)
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kin (IL)-1β and tumor necrosis factor alpha (TNF-α) in the
peritoneal fluid of mice challenged with Cg were decreased
(Fig. 2a and b, respectively).

We previously demonstrated that neutrophils play a
critical role in carrageenan-induced mechanical hypernoci-
ception (Cunha et al. 2008). Thus, we tested if ConGF can
prevent the neutrophil influx and, consequently, the Cg-
induced nociception into mouse hind paw. As shown in
Fig. 3a, ConGF (10 mg/kg; i.v.) given 15 min before i.pl.
injection of Cg (100 μg/paw) inhibited mechanical hyper-
nociception. This effect on inflammatory hypernociception
seems to be closely associated with the capacity of ConGF
to inhibit Cg-induced neutrophil migration to the plantar
tissue, as evaluated by myeloperoxidase (MPO) activity
assay (Fig. 3b). In addition, the treatment with ConGF
significantly diminished edema formation by carrageenan
(300 μg/paw) injection into mouse paw (Fig. 3c). ConGF
injected i.v. at 10 mg/kg, 15 min before formalin, did not
inhibited the first phase (first 10 min) of the formalin. This
first phase results essentially from the direct stimulation of
nociceptors. However, a significant antinociceptive effect was
observed (P<0.05) in the second phase (10–40 min) of the
test (Fig. 3d), which involves a period of sensitization during
which inflammatory phenomena occur (Le Bars et al. 2001).

Furthermore, mice treated i.v. with ConGF at 10 mg/kg
dose, in which the lectin presented anti-inflammatory action,
in a single dose scheme over seven consecutive days did not
show any signal of toxicity, such as the animal’s corporal mass
and unaltered urea, aspartate transaminase and alanine
transaminase values (data not shown).

Discussion

New research directions in the last decade have led to major
developments in the uses of plant lectins in bioscience and

biomedicine. In the present study, we demonstrated that the
pretreatment of mice with C. grandiflora lectin (ConGF)
decreases leukocyte–endothelium interaction (rolling and
adhesion), neutrophil transmigration, and also the inflam-
matory hypernociception in response to injection of
inflammatory stimuli. The inhibition of pro-inflammatory
cytokine production by treatment of the animals with
ConGF correlates with the reduction of neutrophil influx
to inflammatory site.

Any acute or chronic inflammation in the tissue in
response to damage, infection, and in autoimmune disease
prompts tissue infiltration by effector cells, including
neutrophils, monocytes, T cells, and in chronic states, B
cells (Friedl and Weigelin 2008). Since the lectin-mediated
interactions are involved in many pathological processes,
such as host–microbial interaction and inflammation,
carbohydrates and exogenous lectins, by blocking these
glycobiological interactions, can be potentially useful as
tools or therapeutic modulators in these processes. In
this study, we demonstrated that ConGF, a D-glucose/D-
mannose-specific lectin can dose-dependently inhibit the
neutrophil migration to peritoneal cavity by inhibiting the
rolling and adherence of leukocytes to microvessel param-
eter keys to induce neutrophil migration (Mayadas and
Cullere 2005). Besides, the inflammatory response is
orchestrated by a large range of mediators able to promote
vascular events, edema, and consequently, the recruitment
of inflammatory cells (Mackay 2008). In line with this, we
studied the mechanism by which C. grandiflora lectin
could inhibit the leukocyte transmigration.

Our results demonstrated that pretreated animals with
ConGF present decrease in pro-inflammatory cytokines
such as TNF-α and IL-1β levels. This is important since it
is well documented that both cytokines are important for
neutrophil recruitment, which is a complex process that
involves a sequence of molecular–mechanical events on
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leukocytes and endothelial cells that depends on distinct
cell–cell adhesion molecules and cytokines/chemokines
production (Hogg and Walker 1995). Thus, our data
suggest that the in vivo anti-inflammatory effect of this
lectin could be by inhibition of pro-inflammatory cytokine
production at inflammatory sites, which in turn inhibit
the leukocyte interaction with endothelial cells (rolling and
adhesion). On the other hand, under inflammatory
conditions, the resident cells such as dendritic cells,
macrophages, mast cells, and lymphocytes are tissue cells
that, after recognizing the inflammatory stimuli, release
cytokines. These cytokines play an essential role in the
development of inflammatory pain as well as other
inflammatory events, such as leukocyte migration. (Cunha
et al. 1992; Safieh-Garabedian et al. 1995; Cunha et al.
2005; Verri et al. 2006). The mediators involved in the
genesis of inflammatory pain also play an essential role
in triggering other inflammatory events, including edema
and leukocyte migration. In agreement, neutrophil infil-
tration into the joint of arthritis patients precedes clinical

signs of inflammation and is predictive of pain (Jones et
al. 1991).

Considering that activated neutrophils produce and
release pro-inflammatory cytokines, including TNF-α, IL-
1β, and CINC-1/CXCL1, and mediators such as prosta-
glandins (Conti et al. 1988; Edamatsu et al. 1997; Kasama
et al. 2005), which are essential to the development of
inflammatory hypernociception, it is conceivable to suggest
that neutrophils could be a relevant source of hyper-
nociceptive cytokines or, alternatively, of the direct-acting
hypernociceptive mediators, such as prostaglandins. Our
group previously demonstrated that during the inflamma-
tory process, the migrating neutrophils participate in the
cascade of events leading to mechanical hypernociception
(Cunha et al. 2008). Thus, in the present study, we tested
the potential usefulness of ConGF as a pharmacological
tool to inhibit neutrophil migration to mice hind paw. In
fact, we observed an analgesic effect in the pretreated
animals with ConGF, and this effect was correlated with
lower neutrophil influx to mice hind paw confirmed by
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Fig. 3 ConGF inhibits mechanical hypernociception and neutrophil
migration to the plantar tissue. Mice were treated with ConGF (10 mg/
kg, i.v.) or vehicle (saline) 15 min before the i.pl. injection of
carrageenan (Cg; 100 μg/paw) or saline. The hypernociceptive
responses were evaluated 3 h after stimuli, followed by the collection
of the plantar hind-paw tissue for MPO analysis (a and b,
respectively). c Effect of treatment with ConGF (10 mg/kg, i.v.) on
mouse paw edema induced by carrageenan (300 μg/paw). d To

perform formalin test, ConGF was injected i.v. 15 min before formalin
administration. The mice were observed for 60 min after the formalin
injection, and the paw flinches were counted during the observation
time period. Results are expressed as means±SD at 10, 40, and 60 min
after injection. #P<0.05, compared with the control saline paw-
injected group; * compared with the vehicle-treated group; one-way
ANOVA followed by Bonferroni’s t test (n=5)

614 Naunyn-Schmied Arch Pharmacol (2009) 379:609–616



MPO activity assay. Importantly, ConGF also diminished
the mice paw edema. The edema induced by carrageenan is
a temporal and multimediated phenomenon involving the
participation of a diversity of mediators (Ozaki 1990). In
the initial phase (1/2–1 h), bradykinin, histamine, and
serotonin are released by local cells. In a later phase (3–
4 h), the release of prostaglandins takes place (Di Rosa et
al. 1971; Morris 2003). In our study, ConGF potently
inhibited the edema evoked by carrageenan, until the fourth
hour after challenge, time coincident to prostaglandins
release, suggesting an inhibition of this prostaglandin.

The pretreatment of mice with ConGF did also inhibit
the second phase of hypernociception induced by formalin
in the mice paw. Importantly, intraplantar injections of
formalin produce a biphasic behavioral reaction in which
the first phase results essentially from the direct stimulation
of nociceptors, whereas the second involves a period of
sensitization during which inflammatory phenomena occur
(Le Bars et al. 2001). Opioid analgesics seem to be
antinociceptive for both phases, although the second is
more sensitive to these substances. In contrast, non-
steroidal anti-inflammatory drugs such as indomethacin
seem to suppress only the second phase, since this phase
possesses inflammatory characteristics (Jourdan et al.
1997). These results reinforce the proposal that ConGF
antihyperalgesic effect is mostly due to a reduction in
neutrophils, which mediate the release of direct-acting
hypernociceptive mediators (e.g., prostaglandins and sym-
pathetic amines; Cunha et al. 2008).

In summary, our results demonstrate an important effect
for the ConGF as a modulator of key inflammatory events
occurring at the interface of leukocytes and the vascular
endothelium during inflammatory responses. Furthermore,
the anti-inflammatory and analgesic effects of ConGF
appear to be mediated via IL-1β, TNF-α, rolling and
leukocyte adhesion on endothelium reduction, and conse-
quently, neutrophil trafficking inhibition. Together, these
results identify ConGF as a potential target for novel anti-
inflammatory and analgesics therapies.
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