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Abstract

Objective and design The involvement of nitric oxide pathway in the antinociceptive activity of Lonchocarpus araripensis
lectin (LAL) was investigated in the model of carragenan-induced hypernociception.

Methods Swiss mice received LAL (0.01-10 mg/kg; i.v.) 30 min before s.c. injection of carragenan in the paws. For the
involvement of nociceptive pathways, animals were previously treated with the blockers: NOS (L-NAME, aminoguanidine,
7-nitroindazole); soluble guanylyl cyclase (ODQ); channels of ATP-dependent K* (glibenclamide); L-type Ca" (nifedipine),
or Ca?*-dependent C1~ (niflumic acid). Participation of lectin domain was evaluated by injection of LAL associated with
N-acetyl-glucosamine (GlcNAc). nNOS gene relative expression was evaluated in the paw tissues and nNOS immunostain-
ing in dorsal root ganglia.

Results LAL at all doses inhibited carrageenan-induced hypernociception (4.12 +0.58 g), being maximal at 10 mg/kg (3 h:
59%), and reversed by GlcNAc. At this time, LAL effect was reversed by nifedipine (39%), niflumic acid (59%), L-NAME
(59%), 7-nitroindazole (44%), ODQ (45%), and glibenclamide (34%), but was unaltered by aminoguanidine. LAL increased
(95%) nNOS gene expression in mice paw tissues, but not its immunoexpression in the dorsal root ganglia.

Conclusion The antinociceptive effect of Lonchocarpus araripensis lectin involves activation of the L-arginine/NO/GMPc/
K*ATP pathway.

Keywords Dalbergieae lectin - Hypernociception - nNOS - Nitric oxide

Introduction

Nitric oxide (NO) is an important neurotransmitter involved
in the nociceptive process that contributes to the develop-
ment of central sensitization in the dorsal horn of the spinal
cord. However, experimental data have demonstrated the

P< Ana Maria S. Assreuy
anassreuy @ gmail.com

Instituto Superior de Ciéncias Biomédicas, Universidade
Estadual Do Ceara, Av. Dr. Silas Munguba, 1700, Fortaleza,
CE 60740-000, Brazil

Programa de Pés-Graduaciao Em Biotecnologia, Centro
Universitario INTA (UNINTA), Rua Cel Antonio Rodrigues
Magalhaes, 359, Sobral, CE 62050-100, Brazil

Departamento de Bioquimica, Centro de Ciéncias
Bioldgicas, Universidade Federal de Santa Catarina, Campus
Universitario, Floriandpolis, SC 88040-900, Brazil

inhibitory role of NO in nociception both in peripheral and
central nervous system. In vitro, the endogenous NO pro-
duced in cultured neurons of dorsal root ganglia decreases
mechanosensitivity via inhibition of voltage-gated Na™ and
Ca* channels (Chaban et al. 2001). In addition, it has been
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shown that NO mediates the analgesic effect of opioids and
other analgesic substances (Cury et al. 2011).

Despite of the improved knowledge in the underlying pain
mechanisms, the pharmacological analgesic approach is still
insufficient (Su et al. 2014; Loeser and Melzack 1999). Thus,
the characterization of specific pathophysiological altera-
tions involved in inflammatory diseases and the investigation
of pain modulator molecules are necessary.

Lectins isolated from seeds of leguminous plants belong-
ing to Dalbergieae tribe (Platypodium elegans and Machae-
rium acutifolium) have been described to modulate the noci-
ceptive process in animal models eliciting hypernociceptive
or antinociceptive effects via interaction with carbohydrates
(Nascimento et al. 2020). Although scarce, the antinocicep-
tive mechanisms were mostly described for lectins of the
genus Lonchocarpus, such as the inhibitory effect of the
inflammatory nociception by L. sericeus and L. campestris
lectins (Napimoga et al. 2007; Pires et al. 2019).

The lectin isolated from L. araripensis (LAL), focus of
the present study, has shown pleiotropic effect in several
nociceptive pathways, including a direct action on primary
nociceptor fibers, inhibiting Na™ current, and also an indirect
effect upon hypernociceptive mediators, such as adrenaline,
bradykinin, prostaglandin E,, and TNF-a (Amorim et al.
2016). Besides, LAL presented in vivo antiinflammatory
(Pires et al. 2016) and in vitro vasodilator (Pires et al. 2017)
effects via NO.

This study investigated the underlying mechanism of the
nitric oxide pathway in the antinociceptive activity of the
lectin isolated from Lonchocarpus araripensis seeds in the
mice model of hypernociception.

Materials and methods
Lectin

LAL was isolated and purified by affinity and ion-exchange
chromatography (Pires et al. 2016) from seeds of Lon-
chocarpus araripensis BENTH (Leguminosae, Papilion-
aceae, Dalbergieae).

Drugs and reagents

Lambda carrageenan, N-acetyl-glucosamine (GlcNAc),
L-NG-Nitroarginine Methyl Ester (L-NAME), aminoguani-
dine, 7-nitroindazole, 1H-[1,2,4]oxadiazolo[4,3-a]-quinoxa-
lin-1-one (ODQ), glibenclamide, nifedipine, niflumic acid,
and RNAlater were purchased from Sigma (St. Louis, Mis-
souri, USA); Anti-nNOS and anti-rabbit IgG from Biogen
(Sao Paulo-SP, Brazil); Reverse transcriptase MMLV from
GE Healthcare (Sao Paulo-SP, Brazil); primers Oligo (dT)
and ANTP from Thermo Fisher (Waltham—Massachusetts,
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USA); Brazol kit from LGC Biotecnologia (Cotia—SP, Bra-
zil); DNAse from Invitrogen® (Carlsbad—California, USA);
GelRed from Biotium (Fremont—California, USA); Primers
for B-actin and iNOS from Integrated DNA Technology-IDT
(Coralville—Iowa, USA).

Animals

Swiss male mice (25-30 g) were maintained in adequate
environmental conditions (12 h/12 h dark/white cycles,
25 °C), receiving water and food ad libitum. Experimen-
tal protocols were conducted according to the international
ethic principles (National Institute of Health—NIH n°
85-23, revised in 2011) and approved by the Ethic Com-
mittee for the use of Experimental Animals of the State Uni-
versity of Ceara (CEUA/UECE n° 2127461/2015).

Hypernociception model: mechanical allodynia

Mice were individually placed in boxes of elevated wire
mesh platforms to allow access to the ventral surface of hind
paws, in which were applied 6 consecutive mechanical pres-
sures, using a polypropylene tip (0.5 mm diameter) coupled
to digital analgesimetry. The paw withdrawal response (g)
was determined before (basal value), 60 and 180 min after
intraplantar subcutaneous (s.c.) injection of carrageenan
(300 pg/paw/50 pl) as nociceptive stimulus (Fig. 1). The
reduced intensity force required to evoke paw withdrawal is
indicative of hypernociception (Cunha et al. 2014).

Pharmacological modulation of LAL antinociceptive
effect

Animals were treated with LAL (0.01, 0.1, 10 mg/kg)
by intravenous (i.v.) route 30 min before injection of
carrageenan.

For evaluation of the nociceptive pathways, animals were
treated s.c. or intraperitoneal (i.p.) 30 min before LAL with
inhibitors of the following mediators: NOS (L-NAME;
100 mg/kg), iNOS (aminoguanidine; 50 mg/kg), nNOS
(7-nitroindazole; 25 mg/kg), soluble guanylyl cyclase (ODQ;
50 pg/paw), ATP-dependent K* channels (glibenclamide;
200 pg/paw), L-type Ca** channels (nifedipine; 5 mg/kg),
or Ca2*-dependent C1~ channels (niflumic acid; 30 mg/kg)
(Fig. 1).

The participation of the lectin domain was evaluated by
previous incubation (1 h, 37 °C) of LAL (10 mg/kg) associ-
ated to its ligand sugar N-acetyl-glucosamine (0.1 M Glc-
NACc) before injection. GIcNAc was previously incubated in
the same conditions before being injected i.v. in the animals
to investigate its effect per se (Fig. 1).
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Fig. 1 Outline scheme of the mice treatment and experimental proto-
cols. Mice were intravenously treated with LAL alone or associated
with GIcNAc 30 min after treatment with the inhibitors (L-NAME,
aminoguanidine, 7-nitroindazole, ODQ, glibenclamide, nifedipine,
or niflumic acid 30 min before the administration of nociceptive

Relative nNOS gene expression

Animals were euthanized 3 h after carrageenan. Total RNA
was extracted from longitudinal paw tissues (100 mg),
treated with DNase using 1 ml Brazol reagent (Fig. 1), resus-
pended in RNase-free water and the concentration deter-
mined at A,g,,..- RNA purity was checked at optical density
ratio (OD260/0D280) between 1.8 and 2.0, being its qual-
ity and integrity analyzed in 1.2% agarose gel stained with
GelRed® (Biotium).

For cDNA synthesis, total RNA (1 pg) was incubated
with the following: reverse-transcriptase MMLYV, primer
Oligo (dT), and ANTP. Reverse transcription reaction (20 ul)
was performed at 37 °C for 50 min, the enzyme denatura-
tion at 70 °C for 15 min, followed by rapid cooling at 4 °C.
cDNA concentration was determined at A, .. RT-negative
control was performed in the same conditions, but lacking
reverse transcriptase.

Quantitative real-time polymerase chain reaction (qQRT-
PCR) was assayed using termocycler Bioer LineGene 9660
(Bioer, China) and software PCR LineGene 9660. GoTaq®
gPCR Master Mix kit (Promega) was used to amplify the
genes. The reaction (20 pl) included 0.2 uM of each primer,
1 pl cDNA and 10 pl of GoTaq® gPCR Master Mix. An ini-
tial cycle was performed at 95 °C for 5 min, followed by 40
cycles at 95 °C for 10 s, 60 °C for 20 s, and 72 °C for 30 s.
Melting curve was performed to evaluate primers, dimers,
and other artifacts. The gene expression was determined
using the 2744CT method (Livak and Schmittgen 2001).

Immunohistochemistry

Animals were anesthetized i.p. with ketamine (100 mg/kg)
and xylazine (10 mg/kg) 3 h after carrageenan injection

stimulus (carrageenan) in mice paws. Before experiment and 60 and
180 min after carrageenan injection, the paw withdrawal response
(mechanical allodynia) was measured by digital analgesimetry. Mice
were euthanized 180 min after carrageenan and the paws collected to
nNOS relative gene expression and immunohistochemistry

into animal paws, Animals received intracardiac perfusion
(paraformaldehyde 4%, 4 min) (Fig. 1), before removal and
dissection of dorsal root ganglia (L3-L5). Tissues were
fixed in 4% paraformaldehyde for 4 h and incubated (12 h,
4 °C) with the polyclonal anti-nNOS and with the sec-
ondary antibody IgG (30 min, r.t.) and streptavidin—biotin
peroxidase (sABC). The chromogen 3,3 diaminobenzidine
(DAB) peroxide was applied to tissues for 10 min, and
counterstained with Mayer’s hematoxylin. For semiquan-
titative evaluation, areas presenting high concentration
of immunostained cells (cytoplasm and nucleolus) were
randomly selected in five fields/slide (400x) and scored
as follows: (0) no positive cells; (1—mild) 1-33% positive
cells; (2—moderate) 34-66% positive cells; (3—intense)
67-100% positive cells (HSU et al. 1981).

Statistical analysis

Statistical differences were determined by analysis of
variance (one-way ANOVA) followed by Bonferroni test.
Parametric data were expressed as mean + SEM (n =8/
group or n=3/group for gene expression). Clinical signs,
histopathological, and immunohistochemical data were
expressed as % frequency (f), median (maximum and mini-
mum), and analyzed by Kruskal-Walls followed by Dunn
and Chi-square tests. P <0.05 was considered statistically
significant.
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Results

LAL inhibits carrageenan-induced hypernociception:
reversion by N-acetyl-glucosamine

Carrageenan reduced the nociceptive threshold in response
to mechanical stimulation of the animal paws at 1 h (carra-
geenan: 4.12+0.58 vs. saline: 9. 62+0 98 g) and 3 h (car-
rageenan: 4 +0.56 vs. saline: 10.62 +0.98 g) after its admin-
istration. The hypernociception induced with carrageenan
was inhibited by LAL at 0.1 mg/kg (1 h: 4.72+0.37 g;
3 h: 5.22+0.37 g); 1 mg/kg (1 h: 8.62+0.32 g; 3 h:
7.22+0.32 g); and 10 mg/kg (1 h: 9.37+0.70 g; 3 h:
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Fig.2 LAL inhibits carrageenan-induced hypernociception: reversion
by N-acetylglucosamine. LAL was administered i.v. 30 min before
carrageenan (Cg: 300 pg/paw; s.c.). Hypernociception was evaluated
1 h and 3 h after Cg administration by digital analgesimetry. a LAL
(0.01; 0.1, 1, or 10 mg/kg), b LAL (10 mg/kg), LAL + N-acetylglu-
cosamine (GIcNAc: 0.1 M) or GlcNAc (0.1 M) was administered
30 min before Cg. Mean + SEM (n=6-8). An one-way ANOVA/
Bonferroni: Filled circle p <0.05 vs. saline; filled triangle p <0.05 vs.
Cg; dashed symbol p <0.05 vs. LAL (10 mg/kg)
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9.77+0.70 g) (Fig. 2a), showing maximal inhibition at
10 mg/kg (1 h: 56%; 3 h: 59%). The inhibitory effect of
LAL (10 mg/kg) was reversed by the lectin association with
N-acetyl-glucosamine (1 h: 5.5+0.5 g; 3 h: 5.75+0.75 g)
(Fig. 2b). N-acetylglycosamine exhibited no effect per se.

Nifedipine and niflumic acid reverses LAL
antihypernociceptive effect

Nifedipine reversed the antihypernociceptive effect of LAL
by 49% at 1 h (5.67+0.56 vs. LAL: 11 +0.31 g) and 39% at
3h (6.2+0.37 vs. LAL: 10.2+0.68 g) (Fig. 3a). Niflumic
acid also inhibited the antihypernociceptive effect of LAL
by 62% at 1 h (6.3 +0.35 vs. LAL: 16.62+0.94 g) and 59%
at3h (6.1+0.37 vs. LAL: 14.75+1.39 g) (Fig. 3b). The
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Fig. 3 Nifedipine and niflumic acid inhibit LAL antihypernocicep-
tive effect. LAL (10 mg/kg) was administered i.v. 30 min before car-
rageenan (Cg: 300 ug/paw; s.c.). Hypernociception was evaluated 1 h
and 3 h after Cg administration by digital analgesimetry. a Nifedipine
(5 mg/kg; i.p.) or b Niflumic acid (30 mg/kg; i.p.) was administered
30 min before LAL. Mean+ SEM (n=6-8). One-way ANOVA/Bon-
ferroni: Filled circle p<0.05 vs. Saline; filled triangle p <0.05 vs.
Cg; dashed symbol p <0.05 vs. LAL.
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hypernociceptive profile of carrageenan (1 h: 4.12+0.58 g;
3 h: 4+0.56 g) was reduced by the reference drug nifedi-
pine, both at 1 h (5.67+£0.56 g) and 3 h (5.73 +£0.65 g), but
was unaltered by niflumic acid.

L-NAME, 7-nitroindazole, ODQ, or glibenclamide,
but not aminoguanidine, reverses LAL
antihypernociceptive effect

LAL antihypernociceptive effect was reversed by the fol-
lowing blockers: L-NAME by 59% at 1 h (6.87 +£0.58 vs.
LAL: 16.62+0.94 g) and 59% at 3 h (5.62+0.41 g vs.
LAL: 13.65+1.39 g) (Fig. 4a); 7-nitroindazole by 49%
at 1 h (5.01+0.79 vs. LAL: 9.75+0.78 g) and 44% at 3 h
(6.05+0.66 vs. LAL: 10.75+0.59 g) (Fig. 4c); ODQ by
61% at 1 h (4.62+0.37 vs. LAL: 11.87+0.61 g) and 45%
at 3 h (5.37+0.65 vs. LAL: 9.7+0.70 g) (Fig. 4d); gliben-
clamide by 48% at 1 h (4.5+0.54 vs. LAL: 8.7+0.64 g)
and 34% at 3 h (5.75£0.75 vs. LAL: 8.7 £0.88 g) (Fig. 3e).
However, aminoguanidine did not alter LAL effect (Fig. 4b).

LAL increases relative nNOS gene expression in mice
paw tissues stimulated with carrageenan but not its
immunoexpression in the dorsal root ganglia

Total RNA quantitative profile maintained a relationship
between absorbances (260/280 nm) in the range of 1.5 to
1.9. The qRT-PCR revealed that LAL increased by 95% the
relative gene expression for nNOS compared to carrageenan
(LAL: 76.82 vs. carrageenan: 3.49 vs. saline: 1) (Fig. 5). On
the other hand, LAL did not alter nNOS immunostaining
[median score: 3 (+3;+3)] in the dorsal root ganglia of mice
paw tissues stimulated with carrageenan [median score: 3
(4+2;+3) vs. saline: 2 (+2; + 3)] (Fig. 6).

Discussion

The present study demonstrates that the lectin isolated from
Lonchocarpus araripensis (LAL) presents antinociceptive
effect, observed in the experimental model of mechani-
cal allodynia, that occurs via lectin domain. This is the
first report that associates LAL effect and the nitric oxide
pathway.

It has been previously shown that Lonchocarpus sericeus
lectin inhibits carrageenan-induced hypernociception, an
effect that was associated to reduced neutrophil migration
and inhibition of cytokines and chemokines (Napimoga et al.
2007). Our research group also reported the antinocicep-
tive effect of another lectin isolated from the genus Lon-
chocarpus (L. araripensis-LAL). LAL reduced carrageenan-
induced hypernociception and that induced by several other
mediators. Among these, LAL inhibited TNF-a, BK, PGE2

and adrenaline-induced hypernociception. The fact that LAL
inhibits hypernociception caused by different mediators
leads to a hypothesis that the mechanism of its antinocicep-
tive action may be related to a direct action on the nocic-
eptor or on the primary fibers, preventing the development
of the hypernociceptive state. This hypothesis was justified
because LAL decreased the total current produced by Na*
movement in an in vitro model of nerve transmission, cor-
roborating the proposal of the direct-action on nociceptive
fibers (Amorim et al. 2016).

In addition to the antinociceptive activity, LAL presents
anti-inflammatory activity via the lectin domain, inhibiting
neutrophil migration to rat peritoneal cavity and modulat-
ing inflammatory mediators, such as PGE2, TNF-a and NO
(Pires et al. 2016). These inflammatory mediators produced
by neutrophils also induce hypernociception. Therefore,
there is a possibility that the reduction in neutrophil influx
decreases the production of hypernociceptive mediators,
contributes to the antinociceptive effect of LAL. However,
this theory needs to be proven. It seems that LAL has a
pleiotropic effect in several nociceptive pathways, being
associated with the modulation of inflammatory and/or
hypernociceptive mediators, including NO.

NO is considered a nociceptive neurotransmitter; how-
ever, the duality of its functions is increasingly recognized.
Pharmacological experiments have shown that reduction in
NO inhibits nociception in rodents (Hao and Xu 1996; Aley
et al. 1998), but the injection of NO donor reduces the sensi-
tivity to nociceptive stimuli, suggesting that endogenous NO
acts on other targets than exogenous NO (Schmidtko et al.
2009). Besides, NO is a versatile molecule that contributes
to the functional adaptations of nociceptive synapses in the
primary sensory neuron, spinal cord, and brain (Aley et al.
1998; Ikeda et al. 2006; Miyamoto et al. 2009). This mol-
ecule has been mainly related to adaptations of nociceptive
circuits due to its diffuse capacity, which allow paracrine and
retrograde signaling of presynaptic neurons with neighbor-
ing cells (Ikeda et al. 2006).

The Experimental data of the present work demonstrate
that the previous administration of L-NAME reversed the
effect of LAL. As L-NAME is a non-selective NOS inhibi-
tor, the effects of selective inhibitors for different NOS
isoforms on LAL activity were evaluated. These results
demonstrated that the antinociceptive effect of LAL may
have the participation of nNOS, since the previous treat-
ment with 7-nitroindazole reversed the lectin antinocic-
eptive effect. Some studies highlight the involvement of
nNOS in peripheral nociceptive effects, being NO produc-
tion demonstrated in primary nociceptive neurons and that
its peripheral antinociceptive effects are abolished in nNOS
knockout rats (Cunha et al. 2010). In addition, it has been
documented that the antinociceptive effect of acetylcholine,
dipyrone, and diclofenac involves the participation of NO,
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Fig.4 L-NAME, 7-nitroindazole, ODQ, or glibenclamide, but not b aminoguanidine (50 mg/kg; s.c.), ¢ 7 NI (25 mg/kg; s.c.), d ODQ
aminoguanidine, reverses LAL antihypernociceptive effect. LAL (8 pg/paw; s.c.), or e glibenclamide (200 pg/paw; s.c.) was adminis-
(10 mg/kg; i.v.) was administered i.v. 30 min before carrageenan (Cg: tered 30 min before LAL. Mean +SEM (n=6-8). One-way ANOVA/
300 pg/paw). Hypernociception was evaluated 1 h and 3 h after Cg Bonferroni: Filled circle p <0.05 vs. saline; filled triangle p <0.05 vs.
administration by digital analgesimetry. a L-NAME (10 mg/kg; i.p.), LAL
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Fig.5 LAL increases nNOS gene expression in mice paw tissues
stimulated with carrageenan. LAL (10 mg/kg; i.v.) was adminis-
tered i.v. 30 min before carrageenan (Cg: 300 pg/paw). Animals were
euthanazied 3 h after Cg before collection of paw tissues. nNOS
expression was evaluated by qRT-PCR. ANOVA and Bonferroni:
Filled circle p <0.05 vs. carrageenan

which was not blocked by iNOS inhibitor. Besides, nNOS
is involved in peripheral antinociception of many analgesic
drugs (Maihofner et al. 2000).

Studies on neuronal transmission show that nociceptive
primary afferent neurons release glutamate after nocicep-
tive stimulation. This neurotransmitter acts on NMDA recep-
tors of postsynaptic neurons and interneurons, causing Ca**
influx, stimulating calmodulin kinase, and producing reflex
activation of nNOS (Schmidtko et al. 2009). Our results sug-
gest that increase in intracellular calcium is an important
event for nNOS activation by LAL because prior administra-
tion of the calcium channel blocker nifedipine prevented the
lectin antinociceptive effect.

The intracellular influx of Ca®* with subsequent stimu-
lation of calmodulin kinase is a key event in the activa-
tion of nNOS (Schmidtko et al. 2009). Our experiments

Saline

Fig.6 LAL does not alter nNOS immunoexpression in the dorsal root
ganglia of mice in the model of hypernociception induced by car-
rageenan. LAL (10 mg/kg; i.v.) was administered i.v. 30 min before
carrageenan (Cg: 300 pg/paw). Immunohistochemistry (DAB/Harris

showed that the previous administration of calcium chan-
nel blocker prevented the antinociceptive effect of lectin.
This finding reinforces the theory of the participation of
nNOS in the effect of LAL.

nNOS activation induces NO production accompanied
by increase in cGMP, which induces stimulation of PKG
(Lewin and Walters 1999). Increased cGMP and PKG con-
centrations in peripheral sensory neurons promote ATP-
dependent K* channel opening, leading to repolarization
and inhibition of the action potential generation (Ferreira
et al. 1991; Sachs et al. 2004; Cury et al. 2011). Thus, the
effect of ODQ and glibenclamide, guanylate cyclase and
ATP-dependent K* channel blockers, respectively, were
investigated. The prior administration of both blockers
prevented the antinociceptive effect of LAL. Therefore, the
hyperpolarization of the membrane caused by the opening
of potassium channels, could be an important event for
the antinociceptive effect of this lectin. However, there is
a need for electrophysiological experiments to reinforce
this hypothesis.

The present study also demonstrated increased nNOS
gene expression in the paw tissues stimulated with car-
rageenan. Accordingly, nNOS is expressed in dorsal and
peripheral root ganglion neurons, which is amplified in
inflammatory processes (Maihofner et al. 2000). LAL
significantly increased expression of the messenger RNA
for nNOS relative to carrageenan, which demonstrates its
direct effect on nNOS gene expression. In contrast, LAL
was unable to elevate nNOS immunoexpression in the dor-
sal root ganglia as compared to carrageenan. An important
information is that this experiment was performed three
hours after i.v. injection of LAL. The synthesis of various
proteins, such as nNOS is a complex process involving
transcription, translation, and various regulation at dif-
ferent cellular levels. Thus, the gene expression does not
always reflect the synthesis of the protein.

H&E, 400x), arrowheads in b, c. a Saline, b carrageenan, and ¢ LAL.
Median (maximum and minimum), Kruskal-Walls followed by Dunn
and Chi-square test
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The use of non-steroidal anti-inflammatory drugs pro-
duces antinociceptive effect via inhibition of prostaglandin
synthesis; however, surprisingly, the antinociceptive effect
of LAL, rather than being potentiated, was prevented by
prior administration of niflumic acid (non-steroidal anti-
inflammatory drug used as a calcium-activated chloride
channel blocker) (Collin et al. 2005). Studies show that the
transmission at GABA , receptors is inhibited by niflumic
acid and that calcium-activated chloride channels play an
important role in pain transmission (Wang et al. 2017).
Therefore, the present study demonstrated, for the first time,
the participation of calcium-activated chloride channels in
the antinociceptive effect of LAL; however, there is a need
to conduct further studies to better understand how these
channels are associated with the effect of this lectin.

In conclusion, the antinociceptive effect of the lectin iso-
lated from Lonchocarpus araripensis seems to be associated
with the activation of nNOS and involvement of ionic chan-
nels, such as calcium channel, ATP-dependent K* channel,
and calcium-activated chloride channels.
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