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Abstract:

Background: The potential edematogenic effect and the pharmacological characterization of a glucose-mannose-binding lectin

from Dioclea violacea (DvL) were investigated.

Methods: Paw edema was induced with DvL in control animals, and in animals pretreated with glucocorticoid or with blockers of

histamine, nitric oxide synthase, cyclooxygenase, platelet activating factor (PAF), bradykinin and lipoxygenase.

Results: DvL-induced paw edema paralleled with an increase in vascular permeability and myeloperoxidase (MPO) activity. DvL-

induced edema could be prevented by pre-treatment with the lectin-binding sugar a-D-methyl mannoside. Dexamethasone, mecliz-

ine and Nw-nitro-L-arginine methyl ester hydrochloride (L-NAME) inhibited this effect.

Conclusions: DvL induces edema, increase in vascular permeability and neutrophil infiltration. The edematogenic activity involves

the lectin mannose-binding sites and is associated with histamine, cytokines and nitric oxide, since it could be treated with meclizine,

dexamethasone and L-NAME.
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Abbreviations: AUC – area under curve, DvL – Dioclea violacea,

fMLP – N-formylmethionyl-leucyl-phenylalanine, HTAB – hexade-

cyltrimethylammonium bromide, LTB4 – leukotriene B4, L-NAME

– Nw-nitro-L-arginine methyl ester hydrochloride, MPO – myeloper-

oxidase, PAF – platelet activating factor, sc – subcutaneous, TNF-a –

tumor necrosis factor alpha, TMB – tetramethylbenzidine

Introduction

An effective host response against infection or tissue in-

jury requires leukocyte migration into inflammatory sites
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stimulated by chemotactic substances such as N-

formylmethionyl-leucyl-phenylalanine (fMLP), plate-

let activating factor (PAF), leukotriene B4 (LTB4) or

pro-inflammatory cytokines released by activated resi-

dent cells (macrophages, mast cells and endothelial

cells) [14]. Leukocyte migration involves adhesive in-

teractions between endothelial cells and neutrophils via

recognition of the lectin domain of selectins expressed

on cell surfaces. P-selectins expressed on platelets and

endothelial cells are considered to be the main media-

tors in the first 20 min of neutrophil rolling after stimu-

lation with thrombin, histamine and cytokines. L-selec-

tins, which are constitutively expressed in leukocytes,

are also major mediators in the first 20 min of neutro-

phil rolling. In contrast, E-selectins expression occurs

between 4 to 6 h after stimulation with inflammatory

cytokines, such as interleukin-1 (IL-1) and tumor ne-

crosis factor alpha (TNF-a) [11].

Leguminous lectins from the Diocleinae sub-tribe

possess a binding specificity for glucose-mannose and

have a high degree of amino acid sequence homology,

but differ in their biological activities, as well as in

potency and efficacy [1, 6]. Diocleinae lectins may

exert either anti- and pro-inflammatory actions de-

pending on the route of administration. These activi-

ties have been shown to depend on sugar residues,

since it can be reversed by the association of these

lectins with their specific binding sugars [1–3, 8]. The

leguminous lectin of Dioclea violacea (DvL) is pre-

sented as a multimeric structure composed of identi-

cal 25.5 KDa monomers with each subunit containing

a hydrophobic cavity and metal-binding sites [15].

DvL has been described as a mediator of several

events that lead to inflammatory response. In vitro,

DvL stimulates production of interferon g by human

lymphocytes [4], release of histamine by peritoneal

rat mast cells [9] and release of hydrogen peroxide

from macrophages [18]. In vivo, DvL injected intrave-

nously (iv) elicits anti-inflammatory activity by inhib-

iting neutrophil infiltration to peritoneal cavities,

carrageenan-induced paw edema in rats [3] and tissue

damage induced by the antineoplasic agent cyclo-

phosphamide in a mouse model of hemorrhagic cysti-

tis [2]. However, the effect of DvL injected locally has

not yet been described. Thus, the potential edemato-

genic effect of DvL, its cellular nature, the involve-

ment of sugar residues and which drugs could treat

this type of inflammation was investigated in rat

model of paw edema.

Materials and Methods

Animals

Female Wistar rats (150–200 g body weight) were

housed (n = 5 per cage) in a temperature-controlled

room with access to water and food ad libitum until

used. In accordance with international accepted prin-

ciples, experimental protocols were approved by

the Institutional Animal Care and Use Committee of

the State University of Ceará, Fortaleza-CE, Brazil

(UECE no. 10130208-8/40).

Lectin, Drugs and Reagents

Lectin was isolated from Dioclea violacea seeds by

affinity chromatography on Sephadex G-50 [15]. Se-

phadex G-50, a-D-methyl mannoside, a-D-galactose,

BN-52021, HOE-140, dexamethasone, MK-886, me-

clizine, Nw-nitro-L-arginine methyl ester hydrochlo-

ride (L-NAME), hexadecyltrimethylammonium bro-

mide, tetramethylbenzidine (TMB), hydrogen perox-

ide, formamide and Evans blue were purchased from

Sigma (St. Louis, MO, USA). Lectin and drugs were

solubilized in sterile saline (NaCl 0.15 M), except for

indomethacin, which was dissolved with dimethyl

sulfoxide (DMSO) with 10% of the desired final vol-

ume and then brought to the final volume with saline.

Paw edema model

DvL edematogenic effect

Paw edema was induced by 0.1 ml subcutaneous (sc)

injection of DvL (50, 100 or 200 µg/paw) into the

right hind paw of rats under light ether anesthesia.

Control animals received the same volume of saline.

Paw volume was measured immediately prior to DvL

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

3, 4, 8 and 24 h) by hydroplethysmometry. The results

are expressed as the mean ± SEM increase in paw vol-

ume (ml), or the area under the time-course curve

(AUC) in arbitrary units, subtracted from the basal

volume measured at time zero [13].

Increase in vascular permeability

Animals received intravenous (iv) injection of Evans

blue (25 mg/kg) 1 h prior to sacrifice, coincident with
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the time of the highest edematogenic effect of DvL.

DvL (50, 100 or 200 µg/paw; sc) was injected 4 h

prior to sacrifice. Paws were excised, weighed and in-

cubated with formamide/water (1:1 v/v) for 72 h at

37°C. The increase in vascular permeability was esti-

mated by spectrometry (A600 nm) of the extracted dye

and expressed as µg of Evans blue/g of tissue based

on a standard Evans blue curve [20].

Role of sugar residues

Animals received DvL (200 µg/paw) or DvL incubated

at 37°C for 30 min with 0.1 M of a-D-methyl manno-

side (DvL-specific binding sugar) or a-D-galactose.

Role of inflammatory mediators

Animals were treated with the following inhibitors of

important inflammatory mediators 30 min prior to in-

duction of paw edema by DvL (200 µg/paw, sc):

indomethacin (5 mg/kg, sc), BN-52021 (10 mg/kg,

sc), HOE-140 (0.6 mg/kg, iv), dexamethasone (1 mg/

kg, sc), MK-886 (1 mg/kg, po), L-NAME (30 mg/kg,

iv) and meclizine (30 mg/kg, ip). Negative controls

were injected with saline (0.1 ml, sc). Paw volume

was measured 1 h and 4 h after DvL injection.

Myeloperoxidase (MPO)-activity

Animals were sacrificed by cervical dislocation under

light ether anesthesia 4 h after DvL injection (50, 100

and 200 µg/paw, sc). Paws were excised, frozen and

tissue samples were thawed and homogenized (ultra-

Turrax homogenizer-dispenser) in 50 nM phosphate

buffer (Na2HPO4, pH = 5.4) containing 0.5% hexade-

cyltrimethylammonium bromide (HTAB) and were

subjected to three freeze-thaw cycles prior to centrifu-

gation (10,000 × g, 15 min, 4°C). Supernatant aliquots

of 30 µl were added to individual wells of a 96 well-

plate and mixed with 200 µl of 0.05 M citrate phos-

phate buffer (pH = 5.0) containing 1 mg/ml of MPO

substrate 3,3’,5,5’-tetramethylbenzidine (TMB) and

0.012% (v/v) hydrogen peroxide. Optical density

(A450 nm) was measured over the course of 20 min.

One unit of MPO activity was defined as the quantity

of enzyme degrading 1 µM of hydrogen peroxide per

min at 25°C, expressed per mg of tissue [5].

Statistical analysis

Data are presented as the means ± SEM and were ana-

lyzed by ANOVA and Bonferroni’s test; p < 0.05 was

considered to be statistically significant.

Results

DvL induces time- and dose-dependent paw

edema with an increase in vascular permeability

DvL (200 µg/paw) induced a time-course of paw

edema that initiated 1 h after lectin injection (0.50

± 0.035 ml), peaked at 4 h (0.66 ± 0.051 ml) and

remained significant 24 h post-injection (Fig. 1A).

The DvL edematogenic effect was also dose-related

with significant increases of 7- and 11-fold at 100 and

200 µg, respectively, compared to saline (0.05 ± 0.04

AUC) (Fig. 1B). In addition, DvL induced 2.5-fold in-

crease in vascular permeability (16.01 ± 2.31 AUC)

compared to saline (6.05 ± 2.11 mg/g paw wet

weight) (Fig. 1C).

DvL elicits neutrophil infiltration in rat paws

DvL induced a dose-dependent increase in MPO

activity, an enzyme highly expressed in neutrophils,

4 h after injection. There was significant MPO activ-

ity in the animal paws after DvL injection of 100 µg

(1.4 ± 0.2 units/mg of paw tissue) and 200 µg

(1.7 ± 0.3 units/mg of paw tissue) when compared to

saline (0.35 ± 0.09 units/mg of paw tissue) (Fig. 1D).

Dexamethasone, meclizine and L-NAME

prevent the edematogenic effect of DvL

Pretreatment of animals with different pharmacological

blockers presented different inhibition profiles of DvL-

mediated edema observed at 1 h (0.5 ± 0.035 ml) and

4 h (0.66 ± 0.051 ml). Meclizine (an inhibitor of

histamine-H1 receptor) only reduced the DvL edemato-

genic effect at 1 h in 64% of animals (0.18 ± 0.027 ml),

while L-NAME (a nitric oxide synthase inhibitor)

only reduced the DvL edematogenic effect at 4 h in

32% of animals (0.45 ± 0.03 ml). However, dex-

amethasone (a potent non-specific anti-inflammatory

glucocorticoid) reduced the DvL edematogenic effect

at both 1 h and 4 h in 50% (0.25 ± 0.041 ml) and 87%
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Fig. 1. DvL induces time- and dose-dependent rat paw edema with an increase in vascular permeability and myeloperoxidase activity. Animals
were injected sc with DvL (50, 100, or 200 µg/paw) or saline (0.01 ml/paw). (A, B, D) Edema (ml or AUC) was measured immediately before DvL
injection at time zero and at 1, 2–8 or 24 h thereafter. (C) For evaluation of vascular permeability (µg Evans blue/g of paw wet weight), animals
received Evans blue (25 mg/kg, iv) 3 h after DvL (50, 100 or 200 µg/paw). (D) DvL (50, 100 or 200 µg/paw) or saline were injected (sc). After 4 h,
samples of subcutaneous plantar tissue were collected for myeloperoxidase (MPO) activity assay. The mean ± SEM (n = 5) of MPO activity
(units/mg of tissue). * p < 0.05 compared to saline using ANOVA and Bonferroni’s test

Fig. 2. Dexamethasone, meclizine and
L-NAME reduce the DvL edemato-
genic effect. Indomethacin (5 mg/kg,
sc), BN-52021 (10 mg/kg, sc), HOE-
140 (0.6 mg/kg, iv), dexamethasone
(1 mg/kg, sc), MK-886 (1 mg/kg, po),
L-NAME (30 mg/kg, iv) or meclizine
(30 mg/kg, ip) were injected 30 min
prior to DvL injection (200 µg/paw, sc).
Negative controls were injected with
saline (0.1 ml, sc). The mean ± SEM
(n = 6). * p < 0.05 compared to DvL
alone using ANOVA and Bonferroni’s
test



(0.08 ± 0.003 ml), respectively. In contrast, BN-52021

(a PAF antagonist), HOE-140 (an antagonist of bra-

dykinin receptor B2), MK-886 (a lipoxygenase inhibi-

tor) and indomethacin (a cyclooxygenase inhibitor)

did not alter the DvL edematogenic effect (Fig. 2).

DvL edematogenic effect is reduced by

a-D-methyl mannoside

The paw edema induced by DvL (0.51 ± 0.11 AUC) at

200 µg/paw was inhibited in 65% (0.19 ± 0.05 AUC)

by incubating the lectin with the binding sugar a-D-

methyl mannoside (0.1 M). However, treatment of

animals with a solution of DvL incubated with the

non-binding sugar a-D-galactose did not alter the

lectin edematogenic effect (Fig. 3).

Discussion

In the present study, DvL produced a prominent paw

edema characterized by marked neutrophil infiltration

and MPO activity that was associated with an increase

in vascular permeability in the inflamed tissues. In ad-

dition, the DvL effect was nearly abolished by pre-

treatment with the lectin binding sugar a-D-methyl

mannoside. This finding supports the hypothesis that

the lectin domain and/or the likely glycoconjugates

containing mannose residues are involved in the ede-

matogenic effect, which has also been observed in

studies using similar approaches with Diocleinae lect-

ins [1–3, 8].

The cell-infiltrated edema elicited by DvL was in-

hibited by dexamethasone, meclizine and L-NAME

demonstrating the efficacy of several anti-inflam-

matory drugs to treat this type of inflammation. In the

early stages of the inflammatory process, macro-

phages, mast cells and lymphocytes participate in the

modulation of neutrophil migration via release of che-

motactic factors, such as the components of the com-

plement system – leukotrienes and cytokines [17, 19].

The inhibitory effect of dexamethasone could be ex-

plained by the blockage of the release of chemotactic

factors, such as leukotrienes, PAF or cytokines, stimu-

lated by DvL.

The paw edema elicited by DvL was reduced by

meclizine, indicating that histamine arising from mast

cells play an important role in triggering the edemato-

genic response and increase in vascular permeability

in the inflamed paws. The protein leakage elicited by

histamine has been associated with vasodilatation and

endothelial contraction [10]. The role of histamine in

inflammatory events elicited by glucose-mannose-

specific lectins isolated from Brazilian beans has been

previously reported in vivo [16] and in vitro [9]. In ad-

dition, the DvL edematogenic effect was shown to be

dependent on nitric oxide, which is a mediator with

a complex role in the inflammatory response. The

edema induced by nitric oxide is associated with

vasodilatation and increase in vascular permeability,

which contrasts with its anti-inflammatory effect,

wherein the leukocyte-endothelial interaction is re-

duced in diverse organs and tissues [7]. Accordingly,

other Diocleinae lectins belonging to the genus Dio-

clea (D. rostrata and D. wilsonii) and Canavalia (C.

brasiliensis, C. gladiata and C. ensiformis) are able to

stimulate production and release of NO in vitro and in

vivo [1, 7, 12, 16].

It is important to highlight that both the anti-

inflammatory [3] and the pro-inflammatory (shown in

the present study) effects of DvL demonstrated in

acute inflammation models could be inhibited by the

association of the lectin with mannose residues. Thus,

one could suggest that mannose residues are impor-

tant for these effects to occur. Further research would

be of interest to explain the exact mechanism, as well
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Fig. 3. a-D-mannose prevents paw edema induced by D. violacea
lectin (DvL) in rats. DvL (200 µg/paw) alone or DvL incubated with
a-D-mannose (MM, 0.1 M), a-D-galactose (Gal, 0.1 M) or saline was
injected (sc intraplantar). Edema was measured 1, 2, 3 and 4 h after
lectin injection. The area under the time-course curve was calculated
using a trapezoidal rule. The results are expressed in arbitrary units.
The mean ± SEM (n = 5). * p < 0.05 compared to animals injected
with saline, and # p < 0.05 compared to animals injected with DvL
alone using ANOVA and Bonferroni’s test



as the role of mannose residues in the DvL edemato-

genic effect.

In conclusion, this study demonstrates that DvL in-

duces edema, increase in vascular permeability and

neutrophil infiltration. The edematogenic activity in-

volves the lectin mannose-binding sites and is associ-

ated with histamine, cytokines and nitric oxide, since

it could be treated with several drugs, such as mecliz-

ine, dexamethasone and L-NAME.
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