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Abstract

Objective and design Sodium channels are highly expres-
sed in nociceptive sensory neurons during hypernociceptive
conditions. Based on the presence of a glycosidic portion in
the sodium channel B subunit associated to the antinoci-
ceptive effect of leguminous lectins via lectin domain, this
study investigated the antinociceptive activity of the lectin
isolated from Lonchocarpus araripensis seeds (LAL) in
mice behavioral models and in Nay current in the noci-
ceptor of rat dorsal root ganglion (DRG).
Material/methods LAL antinociceptive activity and the
participation of opioid system, lectin domain and sodium
channels were evaluated in Swiss mice models of noci-
ception (formalin, capsaicin, hot plate, tail flick, von Frey)
and in primary cultures of Wistar rats neurons of DRG
(patch clamp).
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Results LAL presented inhibitory effects in the nocicep-
tion induced by chemical and mechanical, but not by
thermal stimuli and reduced total Na® current. LAL
activity was inhibited by the lectin association with its
binding sugar N-acethyl-glucosamine.

Conclusion LAL inhibits peripheral hypernociception by
mechanisms that involve the lectin domain, inflammatory
mediators and Na™ channels. The innovative inhibitory
action of leguminous lectins on Nay current brings new
insights for the investigation of sodium channels role in
nociception.

Keywords Lonchocarpus araripensis - Protein -
Antinociception - Inflammatory pain - Sodium current

Introduction

Nociceptor sensitization by inflammatory mediators leads
to an increased response to noxious stimulus, characteristic
of hypernociception, that occurs through several mecha-
nisms that include the modulation of the activity of Nat,
K™ and Ca®* channels, decreasing the nociceptor threshold
excitability [1-3].

Tetrodotoxin-resistant sodium channels (TTX-R) are
considered important analgesic therapeutic targets, since
they are specifically found in nociceptive sensory neurons
and highly expressed in hypernociceptive conditions [4, 5].
The structure of these channels includes two subunits (o
and B), being the subunit o the pore-forming, and the
subunit f modulates the channel activity [6]. Besides, the
subunit B regulates the Na® channel expression in the
plasma membrane, acting as a cell adhesion molecule [7].
Importantly, the B subunit has a glycosidic portion that
could be a possible lectin target, due to the lectin property
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of specifically and reversibly binding to carbohydrates [8].
However, no data in the literature are referred to the
modulator role of lectins in nociception via Na™ channels.

Leguminous lectins presenting binding specificity for
manose-glucose have shown antinociceptive activity in
mice involving carbohydrate recognition sites [9-11]. In
respect to lectins with binding specificity for N-acethyl-
glucosamine, the lectin isolated from Lonchocarpus ser-
iceus had been studied in a model of inflammatory
hypernociception, demonstrating antinociceptive effect via
inhibition of cytokine and chemokine production [12].
Besides, the lectin studied here, isolated from Lonchocar-
pus araripensis seeds (LAL) showed anti-inflammatory
effect [13]. It is known that the increased activity on Na™
channel is involved in the mechanism of inflammation [1].
Thus, the present investigation was undertaken to assess
the antinociceptive activity of LAL in mice behav-
ioral models and its mechanism of action, including a
possible contribution of voltage-dependent Na®™ (Nay)
current inhibition on rat dorsal root ganglion.

Materials and methods
Animals

Male Swiss mice (20-25 g) and Male Wistar rats (150-250 g)
were maintained with free access to food and water. Experi-
mental protocols were approved by the Institutional Animal
Care and Use Committee of the State University of Ceara
(CEUA/UECE No. 10130208-8/40), Fortaleza, CE, Brazil, in
accordance with the Guide for the Care and Use of Laboratory
Animals of the US Department of Health and Human Services
(NIH publication No. 85-23, revised 2011).

Lectin

The seed lectin of Lonchocarpus araripensis BENTH
(LAL—family Leguminosae, subfamily Papilionoideae,
tribe Dalbergieae, subtribe Lonchocarpinae) was isolated
by affinity chromatography in a chitin column followed by
ion exchange chromatography on DEAE Sephacel. The
lectin activity was determined by hemagglutinating assay
against rabbit erythrocytes.

A voucher specimen of Lonchocarpus araripensis had
been deposited in the Herbarium Prisco Bezerra, Federal
University of Ceara (EAC18636).

Drugs
Formalin, A-carragenan, tumor necrosis factor-alpha (TNF-

o), prostaglandin E, (PGE,), serotonin (5-HT), capsaicin,
bradykinin (BK), epinephrine and N-acetyl-glucosamine
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(GIcNAc) were purchased from Sigma (St. Louis, USA).
Morphine was obtained from Cristalia (Sdo Paulo, Brazil)
and naloxone from Narcan—Rhodia Pharma (Sdo Paulo,
Brazil). Drugs and LAL were solubilized directly in sterile
saline (NaCl 0.15 M), except for capsaicin, which was
dissolved in 5 % absolute ethanol.

Behavioral models of nociception

LAL (0.1-10 mg/kg) was administered intravenously (i.v.)
in mice 30 min before chemical, thermal or mechanical
nociceptive agents. Control animals received saline in the
substitution of LAL.

Chemical nociception (Capsaicin and Formalin tests)

Capsaicin (20 pl; 1.6 pg/paw) was injected in the right hind
paws, and the time (s) in which animals spent licking its
paws was recorded at 0—5 min of observation [14].

Formalin (20 pl; 2.5 % v/v) was injected in the right
hind paws, and the time (s) in which the animals spent
licking its paws was recorded at phase 1 (0-5 min) and
phase 2 (15-30 min) [15]. The opioid system participation
was assessed by the treatment with naloxone (13.7 umol/
kg, intraperitoneal; i.p.) 15 min prior administration of
LAL (10 mg/kg; i.v.) or morphine (5 mg/kg, subcutaneous;
s.c.). Thirty minutes later the test was performed [16]. To
investigate the involvement of lectin domain, LAL (10 mg/
kg) was previously incubated with its binding sugar
GlcNAc (0.1 M) for 1 h at 37 °C, to allow lectin—sugar
interactions. Lectin or sugar was individually incubated at
the same conditions as controls.

Thermal nociception (Hot plate and Tail flick tests)

Mice were placed over a hot plate at 55 £ 0.5 °C up to
25 s. The reaction latency of thermal stimuli (time dis-
played before appearance of licking and shaking hind paws
or jumping) was recorded. Animals showing a reaction
time greater than 10 s were discarded [17].

Mice tails were immersed in a water bath (50 °C), and
the reaction latency of thermal stimuli (time displayed
before appearance of tail flick reaction) was recorded [18].
Two basal latency measures were performed up to 10 s
before test.

In both tests, the latency time was recorded immediately
before and 30, 60, 90, 120, 150 and 180 min after
treatment.

Mechanical nociception (von Frey test)

Mice were placed individually in boxes of elevated wire
mesh platforms to allow access to the ventral surface of the
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hind paws [19]. The frequency of paw withdrawal in
response to 6 applications (100 %) of von Frey filament
(0.8 g) was determined before (basal value) and 30, 60 or
180 min after intraplantar s.c. Injection of nociceptive
stimulus (50 pul):  carrageenan (300 pg/paw), BK
(100 nmol/paw), 5-HT (100 pg/paw), PGE, (30 nmol/-
paw), TNF-a (5 ng/paw) and epinephrine (5 pg/paw).

Locomotor tests (Rotarod and Open field)

Locomotor coordination was assessed in mice selected
24 h before the experiment, being excluded those that did
not remain in the Rotarod at 22 rpm for two consecutive
periods of 60 s [20]. The number of falls and the time of
permanence on the apparatus were recorded.

Spontaneous locomotion was verified by the introduc-
tion of mice in a square open field (30 cm side, 9 equal
squares each of 10 cm). The number of each animal field
crossing was observed for 4 min [21].

Electrophysiological assay

Rat dorsal root ganglions (DRG) were placed in Ca®'/
Mg2+-free Hank’s balanced salt solution (HBSS, mM)
[137.93 NaCl, 4 NaHCO3, 0.3 Na,HPO,, 5.33 KCI, 0.44
KH,PO,4 and 5.6 glucose, pH adjusted to 7.4 with NaOH],
incubated at 37 °C for 75 min with 1.0 mg/ml collagenase
type I, and for 15 min with 2.5 mg/ml trypsin. DRG neu-
rons were freed from tissue by gentle trituration in
Dulbecco’s Modified Eagle’s Medium supplemented with
10 % fetal bovine serum, 100 U/ml streptomycin and
0.1 mg/ml penicillin. Cells were plated on coverslips
coated with poly-p-lysine 0.01 % and incubated at 37 °C
for 48 h in air atmosphere containing 5 % CO, [22].

The whole-cell patch-clamp configuration in voltage-
clamp mode was used to register DRG Na™ current. A
perfusion pipette was positioned in the vicinity of the cell
to be challenged. Thick-walled flint glass tubing (outside
diameter 1.5 mm, inside diameter 1.1 mm, Perfecta, SP,
Brazil) was pulled with a Flaming/Brown type puller (P-97
micropipette puller model, Sutter instruments, Novato, CA,
USA). The electrode resistance attained 1-3 MQ after the
filling solution: 10 mM NaCl, 100 mM CsCl, 10 mM
HEPES, 11 mM EGTA, 10 mM TEA-Cl, and 5 mM
MgCl, (pH 7.2 adjusted with CsOH). Axopatch 200B
amplifier driven by Clampex 10.2 software (Molecular
Devices, Sunnyvale, CA, USA) was used for recording
[23]. Experimental time points: control; test solution per-
fusion (30 mM NaCl, 90 mM choline-Cl, 10 mM CsCl,
2 mM CaCl,, | mM MgCl,, 20 mM TEA-Cl, 0.2 mM
CdCl,, 10 mM HEPES, and 10 mM glucose, pH 7.4
adjusted with TEA-OH); test solution containing LAL
(10-500 pg/ml). Capacitance and leakage subtraction were

performed using a P/6 subtraction protocol. Na™ current
was sampled at 40 kHz, low-pass filtered at 5 kHz. Data
acquisition was performed using computer hardware
(Digidata 1440A model, Molecular Devices, Sunnyvale,
CA, USA).

Statistical analysis

Data were expressed as Mean £ SEM (n = 6-8). Behavior
assays were analyzed by one-way ANOVA followed by
Bonferroni test and electrophysiological assays by
ANOVA followed by Holm-Sidak test. The values of
p < 0.05 were considered significant.

Results

LAL inhibits chemical nociception induced
by formalin and capsaicin

In response to formalin, paw licking time was increased in
both phases (phase 1: 553 £4.98s; phase 2:
241.66 £ 32.95 s) compared to animals that received 50 pl
of saline intraplantar (P1: 1.6 = 2.8 s; P2: 1.6 & 2.0 5). In
phase 1, LAL decreased the licking time by 52 %
(26.09 £ 2.52 s) at 10 mg/kg. In phase 2, LAL decreased
the licking time at all doses tested: 0.1 mg/kg
(129.417 £ 26.10 s) by 46 %; 1 mg/kg (72.38 £ 17.54 s)
by 70 %; 10 mg/kg (49.81 + 18.91 s) by 79 % (Fig. 1a).
Similarly, LAL (10 mg/kg) reduced by 50 %
(34.5 £ 5.70 s), and the paw licking time induced by
capsaicin (69.12 £ 10.02 s) (Fig. 1c). For the subsequent
tests, LAL was used at 10 mg/kg.

The antinociceptive effect of LAL at 10 mg/kg (phase 1:
26.23 £ 2.57 s; phase 2: 49.81 + 18.91) was inhibited by
GlcNAc (phase 1: 52 £ 7.52 s; phase 2: 195.04 4 28.02 s)
(Fig. 1a), but was not altered by the opioid antagonist
naloxone (phase 1: 17.11 £+ 1.79; phase 2: 27.33 &£ 9.70 s)
(Fig. 1b). In contrast, the antinociceptive effect of mor-
phine (phase 1: 2.36 & 0.43 s; phase 2: 1.7 £ 0.57 s) was
inhibited by naloxone (phase 1: 37 + 1.62; phase 2:
240.8 £ 11.95 s).

LAL inhibits hypernociception

Carrageenan and TNF-o increased animals paw withdrawal
in response to mechanical stimulation with von Frey fila-
ments. At 30 min, LAL (10 mg/kg) reduced in 82 % the
response elicited by carrageenan (74.0 £ 3.4 % vs. LAL
39.55 £7.68 %) and abolished that of TNF-a
(66.66 £ 8.13 % vs. LAL 22.91 % 3.05 %). At 180 min,
LAL (10 mg/kg) reduced in 63 % the response of car-
rageenan (72.88 £ 7.00 % vs. LAL 49.97 £ 7.27 %) and
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Fig. 1 LAL inhibits chemical nociception. a, b Formalin test: LAL
(0.1, 1 or 10 mg/kg) or LAL (10 mg/kg) + GlcNAc (0.1 M) was
administered 30 min before 2.5 % formalin (s.c.); Naloxone
(13.7 pmol/kg) was injected i.p. 15 min before LAL (10 mg/kg) or
morphine (13.3 pmol/kg, s.c.). Morphine was administered 15 min
before formalin. ¢ Capsaicin test: LAL (10 mg/kg; i.v.) was
administered 30 min before capsaicin (1.6 pg/paw; s.c.). Mean +
SEM (n = 6-8). One-way ANOVA/Bonferroni. *p < 0.05 vs. for-
malin or capsain; *p < 0.05 vs. LAL

in 76 % that of TNF-a (63.89 4 9.036 % vs. LAL
35.41 & 6.99 %). There were no differences in the interval
of 60-180 min (Fig. 2a).

The hypernociceptive effect of BK (80.95 + 7.65 %)
and 5-HT (90.47 &+ 3.36 %) at 30 min was also reduced by
LAL (10 mg/kg) in 100 % (29.16 £ 6.09 %) and in 87 %
(40.47 £ 3.36 %), respectively (Fig. 2b). In addition, LAL
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Fig. 2 LAL inhibits hypernociception. LAL (10 mg/kg; i.v.) was
administered 30 min before s.c. stimuli injection: a carrageenan
(300 pg) or TNF-a (5 ng); b BK (10 nmol), PGE, (30 nmol), 5-HT
(100 pg) or epinephrine (5 pg). Mean = SEM (n = 6-8). One-way
ANOVA/Bonferroni. *p < 0.05 vs. zero time; #p < 0.05 vs. stimulus

(10 mg/kg) reduced in 80 % (43.75 + 7.67 %) the hyper-
nociception induced by PGE, (79.16 &+ 4.16 %) and in
82 % (3747 £ 4.17 %) that of epinephrine (62.47 +
7.55 %) (Fig. 2b).

LAL per se did not alter the response in naive/normal
mice, showing that the lectin did not present nociceptive
effect.

LAL does not inhibit nociception induced
by thermal stimulus

LAL (10 mg/kg), unlike morphine, did not alter the latency
of animals response to thermal stimulation in the hot plate
(50 °C) or the tail flick latency after immersion in a water
bath (50 °C), at any time evaluated (Table 1).

LAL does not interfere with motor coordination
or spontaneous locomotion

LAL (10 mg/kg) did not alter the time of animals perma-
nence in the Rotarod [LAL 57.5 £3.65s (n=7) vs.
Saline 59.67 £ 7.46 s (n = 6)] or the number of crossing
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Table 1 LAL does not inhibit the nociceptive response to thermal stimuli

Time (min) Experimental tests

Hot plate Tail flick

Control LAL Morphine Control LAL
0 6.67 & 0.30°° 6.37 £ 0.32 5.66 £ 0.44 6.67 &+ 0.30°° 6.37 £ 0.32
30 6.69 £ 0.61 5.12 £0.35 12.90 £ 0.48* 6.69 £ 0.61 5.12 £ 0.35
60 5.46 £ 0.82 475 £ 0.52 12.09 £ 1.05% 5.46 £ 0.82 4.75 £ 0.52
90 5.46 £ 0.82 6.37 £ 0.86 12.28 £ 0.97* 5.46 £ 0.82 6.37 £ 0.86
120 6.38 £ 0.60 6.12 £ 0.95 9.66 £+ 0.28* 6.38 £ 0.60 6.12 £ 0.95
150 6.30 £+ 0.67 6.50 = 0.90 10.00 £ 0.89* 6.30 &+ 0.67 6.50. £ 0.90
180 5.84 £ 0.57 5.87 £ 0.89 10.22 £ 0.87* 5.84 £ 0.57 5.87 £ 0.89

One-way ANOVA/Bonferroni
* p < 0.05 vs. control
# Mean & SEM (n = 8) ® Reaction latency (s)

in the open field [LAL 94.53 4+ 9.55 (n = 8) vs. Saline
103.16 £ 11.13 (n = 6)].

LAL attenuated the Nay current

LAL (10 and 500 pg/ml) reversibly and time-dependently
attenuated in 20 % the Nay current in DRG neurossomas of
small diameters (18-30 pm) held at —80 mV with 200 ms
conditioning pulse at —120 mV delivered prior to 100 ms
depolarizing test pulse at 10 mV in 5 s intervals (Fig. 3a,
b). In addition, the evaluation of the sodium channel kinetic
of inactivation showed that LAL (10 and 500 pg/ml) sig-
nificantly accelerated the slow and fast component of the
Nay current decay time course, described by a sum of two
exponential functions representing the contribution of each
component [24]. In the presence of LAL, the slow com-
ponent was 6527 £ 1596 % at 10 pg/ml and
72.63 + 6.83 % at 500 pg/ml, while the fast component
was 72.63 £ 5.57 % at 10 pg/ml and 75.03 £ 4.95 % at
500 pg/ml compared to control (100 %) (Fig. 3c).

Discussion

This study demonstrated that the leguminous lectin of L.
araripensis presented inhibitory effects in behavioral
models of nociception, induced by chemical (formalin,
capsaisin) or mechanical (von Frey) stimuli, but not by
thermal stimuli (hot plate, tail flick). It suggests that several
mechanisms contribute to LAL antinociceptive effect, as
discussed below. In addition, LAL reduced total Na™ cur-
rent, and its antinociceptive activity was associated with its
sugar recognition site, but not with the opioid pathway.
The inhibitory effect of LAL demonstrated in both the
phases of formalin test suggests the lectin interference in

either neurogenic or inflammatory nociceptive pathways.
These data are in accordance with the literature that
describes the same pattern of behavior of other lectins
isolated from the Diocleinae subtribe [9-11, 25, 26]. It is
important to emphasize that, similar to LAL, most of these
studies showed the participation of the lectin domain. In
addition, the LAL neurogenic effect, demonstrated in the
first phase of formalin (phase 1), was corroborated with
that obtained in the capsaicin test that evaluates neurogenic
nociception, pointing that LAL plays a role in the pain of
such origin. However, LAL predominantly inhibited the
inflammatory phase of formalin (phase 2), suggesting the
involvement of pain peripheral components and inflam-
matory mediators in the lectin antinociceptive effect. In
fact, Pires [13] had shown the anti-inflammatory activity of
LAL via attenuation of neutrophil-endothelium interac-
tions implying prostaglandin E,, nitric oxide and tumor
necrosis factor-alpha.

In this line, of reasoning the present study demonstrated
that LAL inhibited the hypernociception induced by
inflammatory mediators, such as TNF-o and BK, which
initiate the release of other inflammatory mediators and
contribute to pain maintenance [27]. LAL also inhibited
the hypernociception induced by PGE, and epinephrine,
considered final hypernociceptive mediators [27].
Accordingly, the literature has shown that a lectin isolated
from another specie of Lonchocarpus (L. sericeus) inhib-
ited selectively the second phase of formalin test and the
hypernociception stimulated by carrageenan via reduction
of neutrophil migration and inflammatory cytokines
[12, 28].

Furthermore, the demonstration that LAL does not
interfere in the latency of response to the thermal stimulus
(hot plate and tail flick) and the lack of reversal of its
antinociceptive effect by the opioid antagonist morphine
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Fig. 3 LAL reduces total Na™*
current of small-sized DRG
neurons. a Representative
current traces of INa under
control, after 60 s exposure to
LAL (500 pg/ml) or washout;
b Normalized Na™ current in
the presence of LAL;

¢ normalized time constants bi-
exponential sommatory of the
slow and fast channel
components. Mean == SEM

(n = 5-6). ANOVA/Holm-
Sidak. *p < 0.05 vs. Control
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(formalin test) lead to the possible exclusion of central
mechanisms in the LAL activity. It is generally believed
that centrally active drugs, such as morphine, inhibit both
phases of formalin response, and that anti-inflammatory
drugs inhibit mainly the second phase [29]. Although the
well-described central antinocicetive effect (via opioid
system) of the lectins from Canavalia boliviana [25] and
Canavalia brasiliensis [11] in models using thermal stim-
uli, LAL nor L. sericeus lectin showed effect in these
models [12].

The depressing activity of various analgesic drugs on
central nervous and muscular systems can reduce animal
motor coordination and the expression of nociceptive
behaviors [3]. Similar to other plant lectins [10, 11, 25], the
demonstration that LAL unaltered motor coordination of
animals in the Rotarod test nor spontaneous locomotion in
the open field test, suggested the selectivity of its
antinociceptive response. In addition, the mice treatment
with LAL by intravenous route during nine consecutive
days was well tolerated by mice, since there was no
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mortality or systemic alterations, such as in hematological
and biochemical parameters [13], a profile also demon-
strated for another lectin isolated from a leguminous plant
belonging to the same genera as L. sericeus lectin [12].
Due to the inhibitory action of LAL in the nociception
induced by stimuli that lead to the depolarization of pri-
mary nociceptors, i.e., activation of TTX-R and the
consequent alteration in sodium current, such as inflam-
matory mediators (TNF-o, BK, and PGE,) and neurogenic
substances (capsaicin and formalin), allow us to hypothe-
size a direct action in TTX-R sub-population. In fact, the
literature has shown nociceptor sensitization by inflam-
matory mediators via decrease of the nociceptor threshold
excitability, facilitating hypernociception [1], in part via
modulation of Na™, K and Ca® * channels activity [2, 3].
Besides, TTX-R has been considered important analgesic
therapeutic targets [30], and the cells used in this study are
within the group of neurossomas of small diameter
(18-30 pm) (DRG), associated with nociception [31, 32].
Nevertheless, we cannot exclude the hypothesis that LAL
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acts on other neuronal population. Further studies using
pharmacological modulators are being conducted to deeply
investigate this issue. Besides, TTX-R has been considered
important analgesic therapeutic targets [30], and the cells
used in this study are within the group of neurossomas of
small diameter (18-30 pm) (DRG), predominantly associ-
ated with nociception and expressing TTX-R and TTX-S
sodium channels [31, 32]. Nevertheless, we cannot exclude
the hypothesis that the LAL acts on other neuronal popu-
lation, although the LAL absence of alteration in motricity
suggests that its effect is largely restricted to a sub-popu-
lation of Na™ channels, such as TTX-R.

It is to mention that the LAL inhibited only 20 % of
total Na* current amplitude. This prompts the question: is
not the effect in magnitude too small to exert blockade of
cell excitability, and therefore, the component of noci-
ception due to cell excitability alteration? We do not have a
precise answer to that. It is known that the protocol used
here to evaluate the inhibition (from —120 mV condition-
ing pulse to 10 mV) measures predominantly channel pore
blockade. However, this protocol did not evaluate inhibi-
tory effect through the alteration of kinetic mechanism
(displacement of steady-state inactivation curve), which is
likely to have occurred, since time constants of current
inactivation were decreased. For example, 1,8-cineole
blocks only approximately 20 % of total Na current with
this protocol, but at —60 mV resting potential, this inhi-
bition is largely increased [33]. In any case, even if
maximal LAL Na® current inhibition was restricted to
20 % only, it probably contributed to other mechanisms to
the antinociceptive effect.

It is important to highlight that the B subunit of Nay,
responsible for the kinetics and voltage dependence of the
channel activation and inactivation, presents a glycosidic
site [7], being a possible target for LAL, since the
demonstrated involvement of the lectin domain in the
antinociceptive activity. Thus, the inhibitory action of a
plant lectin on Nay current is innovative and brings new
insights for its use as biotechnological tool in the investi-
gation of the role of sodium channels in nociception. It is
important to highlight that the B subunit of Nay, respon-
sible for the kinetics and voltage dependence of the channel
activation and inactivation, presents a glycosidic site [7],
being a possible target for LAL, since the demonstrated
involvement of the lectin domain in the antinociceptive
activity. This is coherent with the suggestion that LAL acts
on the Na™ channel inactivation kinetics. Thus, the inhi-
bitory action of LAL on Nay current is innovative and
brings new insights for its use as a biotechnological tool in
the investigation of plant lectin on nociception.

In conclusion, the leguminous lectin isolated from
L. araripensis inhibits peripheral hypernociception by

mechanisms that are likely to involve the lectin domain,
anti-inflammatory mediators and Na* channels.
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