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ARTICLE INFO ABSTRACT

Keywords: Animal venoms are an almost inexhaustible source for promising molecules with biological activity and the

Antinociception venom of Phoneutria nigriventer spider is a good example of this. Among several other toxins obtained from this

E“?“ié b venom, PnTx4(6-1), also called 3-Ctenitoxin-Pnla, was isolated and initially described as an insect toxin that
nix: —

binds to the site 3 of sodium channels in cockroach nerve cord synaptosomes (Periplaneta americana) and slows
down sodium current inactivation in isolated axons of this animal. This toxin did not cause any apparent toxicity
to mice when intracerebroventricularly injected (30 pg). Subsequently, it was demonstrated that PnTx4(6-1) has
an antinociceptive effect in three different pain models: inflammatory, induced by carrageenan; nociceptive,
induced by prostaglandin E; and neuropathic, induced by sciatic nerve constriction. Using diverse antagonists
from receptors, it was shown that the cannabinoid system, via the CB; receptor, and the opioid system, through
the p and & receptors, are both involved in the antinociceptive effect of PnTx4(6-1). In the present work, it was
synthesized a peptide, named PnAnl3, based on the amino acid sequence of PnTx4(6-1) in order to try to
reproduce or increase the analgesic effect of the toxin. As it was seen for the toxin, PnAn13 had antinociceptive
activity, when intrathecally injected, and this effect involved the cannabinoid and opioid systems. In addition,
when it was evaluated the peripheral effect of PnAn13, via intraplantar administration, this peptide was able to
reverse the hyperalgesic threshold, evoked by prostaglandin E,. Therefore, using different pharmacological tools,
it was shown the participation of cannabinoid and opioid systems in this effect.

§-Ctenitoxin-Pnla
Opioid system
Cannabinoid system

1. Introduction

The molecules present in animal venoms have been under constant
evolutionary pressure and have become very specifics for their molec-
ular targets. In this way, these venoms turn into an inexhaustible source
to prospect molecules with biological activity. The venom of Phoneutria
nigriventer spider is a great example of this reality. Since the beginning of
studies with Professor Carlos Diniz in the’90s, until now, 30 years later,
41 neurotoxins have been identified from the crude venom of
P. nigriventer (Herzig et al., 2011; Pineda et al., 2017; De Lima et al.,
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2015; Peigneur et al., 2018). This spider occurs mainly in South Amer-
ica, it is extremely aggressive and actively hunts its prey and, its success
as a predator is directly related to the high toxicity of its venom (Simo
and Brescovit, 2001).

In addition to the studies on bioactive molecules isolated directly
from the P. nigriventer venom, some researchers have focused on the task
to create new molecules inspired by the native ones, reproducing or
enhancing their biological effects. An example is the recombinant PnTx4
(5-5) (I'-ctenitoxin-Pnla), successfully expressed in a heterologous sys-
tem, this toxin modified mammalian sodium channels like the native
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molecule. Moreover, the rPnTx4(5-5) showed a typical a-toxin effect on
site 3 in insect sodium channel, blocking the channel fast inactivation
kinetics and increasing the peak of the current (Paiva et al., 2016).
Another example is the peptide PnPP-19, designed from P. nivriventer
toxin PnTx2-6 (8-ctenitoxin-Pn2a). This peptide potentiates erection in
rats and mice, like the native toxin, although it seems by a different
mechanism and, according to the authors, PnPP-19 potentiates erection
through an increase in NO/cGMP production (Silva et al., 2015). Sur-
prisingly, this same peptide, unlike the native toxin PnTx2-6 used as its
template, also induces both, peripheral and central antinociception. This
effect has shown to involve the activation of opioid and cannabinoid
receptors, along with the activation of the NO/cGMP/KATP pathway
(Freitas et al., 2016, 2017; Pacheco et al., 2016).

Regarding the potential antinociceptive effect of the toxins present in
P. nigriventer venom, we highlight the toxins belonging to the inset-toxic
family. PnTx4(5-5) (I'-ctenitoxin-Pnla) reversibly inhibited the current
of N-methyl-D-aspartate (NMDA), a subtype of ionotropic glutamate
receptors, in rat hippocampal neurons (de Figueiredo et al., 2001). This
toxin was able to reduce the hyperalgesia, induced by prostaglandin E;
(PGEy) in the rat paw when systemically administered (Oliveira et al.,
2019). Concerning the local effect, PnTx4(5-5) promoted a peripheral
and dose-dependent antinociceptive effect on hyperalgesia induced by
carrageenan and PGE; (Oliveira et al., 2019). In previous work, it was
shown that PnTx4(6-1), also named §-Ctenitoxin-Pnla (King et al.,
2008), initially characterized as an insect-toxin (Figueiredo et al., 1995),
induced a clear analgesic effect in inflammatory, neuropathic and
nociceptive in vivo pain models. This analgesic effect, in the nociceptive
pain model, seems to involve CB; cannabinoid and p and §-opioid re-
ceptors (Emerich et al., 2016). This insect-toxin is extremely toxic to
house flies and cockroachs and did not cause any apparent toxicity to
mice when intracerebroventricularly injected (30 pg) (Figueiredo et al.,
1995). PnTx4(6-1) also binds to site 3 of sodium channels in cockroach
nerve cord synaptosomes (Periplaneta americana), however, it does not
affect the currents in rat skeletal muscle (rNav1l.4/rSKM1) or brain
(rNav1.2/rBIIA) (de Lima et al., 2002). However, it does not exclude the
possible action of this toxin on others not yet tested sub-types of sodium
channels, as it was observed to PnTx4(5-5) that, although did not show
apparent toxicity when intracerebroventricularly injected in mice,
showed to be active in different sodium channels sub-types (Paiva et al.,
2016).

One of the biggest problems faced in the study of toxins derived from
arthropods is the small amount of toxin obtained after purification of the
crude venom. The pure PnTx4(6-1) toxin, for example, corresponds to
only 0.65% of the total venom applied at the beginning of the purifi-
cation process (Figueiredo et al. 1995). Given that, a smaller and easily
synthesized peptide, which reproduces the effects of the native toxin,
show to be much more advantageous in allowing both the synthesis of
large quantities and the deepening of studies related to its activity.

Undoubtedly, everyone in life has gone through some situations that
caused considerable physical pain. In The International Association for
the Study of Pain described the pain as “an unpleasant sensory and
emotional experience associated with actual or potential tissue damage
or described in terms of such damage”. Besides, it is known that the
ability to feel pain was also progressively selected, as it contributes to
the physical integrity of our bodies (Cox et al., 2006). However, pa-
thologies related to painful disorders have been increasing and the
research for molecules capable to treat these cases is extremely neces-
sary. So, in this work, based on the amino acid sequence of PnTx4(6-1),
it was proposed a peptide with 13 amino acid residues, named PnAn13,
trying to reproduce or even potentialize the analgesic effect of the toxin.

2. Material and methods
2.1. Animals

Male Wistar Rats, weighing 180-200 g, were kept in a home cage
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environment, with free access to water and food, in a temperature-
controlled room at 24 £+ 2 °C, and a 12-12 h light-dark cycle (lights
on at 6:00 a.m.). Animals were habituated with the experimental room
for one day before testing. All experiments were performed according to
the current guidelines for the care of laboratory animals and ethical
guidelines for investigations of experimental pain in conscious animals
(Zimmermann, 1983), and were approved by the Ethics Committee on
Animal Experimentation of the Federal University of Minas Gerais
(protocol number: 102/2012).

2.2. Design, synthesis and Purification of PnAnl3

In order to obtain more informatios about PnTx4(6-1) theoretical
three-dimensional structure, we used the epitope prediction tool,
available on the website “Immune Epitope Database and Analysis
Resource” (www.iedb.org), to identify the most exposed residues on
PnTx4(6-1) amino acid sequence. We obtained that amino acid residues
24 to 30 were considered the most exposed. We also compared the
amino acid sequence of PnTx4(6-1) and PnTx4(5-5) (I'-ctenitoxin-
Pnla), another Phoneutria nigriventer antinociceptive toxin from the
same venom (Oliveira et al., 2019) and one of the most conserved region
in these sequences are the residues 21 to 33 (Fig. 1). In this similar re-
gion the cysteines residues 23 and 29 were replaced by serine residues
peptide to facilitate both manual synthesis and subsequent studies of
peptide conformation, allowing the formation of only one disulfide
bond.

The peptide PnAn13 (H-CDSYWSKSSKCRE-NH)), was synthesized by
stepwise solid-phase using the N-9-fluorenylmethyloxycarbonyl (Fmoc)
strategy (Chan and White, 2000) on a Rink-amide resin (0.68 mmol.g-1).
The couplings were performed with 1,3-diiso-propylcarbodiimide (DIC),
dichloromethane in dimethylformamide (DMF) for 3-4 h. Fmoc depro-
tection steps were carried out with 4-methylpiperidine in DMF (1:4; by
volume) (20 min, twice). The cleavage step and the side chain depro-
tection were performed with trifluoroacetic acid (TFA)/thioanisole/-
water/1,2-ethanedithiol/triisopropylsilane, (86.5/5.0/5.0/2.5/1.0, by
volume) at room temperature during 3 h. The final product was
precipitated with cold diisopropyl ether and lyophilized. The crude
synthetic products were purified by RP-HPLC, using a semi-preparative
Discovery® BIO Wide Pore C8 column (Supelco analytical, United
States), previously equilibrated with 0.1% aqueous TFA (solvent A). The
elution was performed with a stepped gradient of 0.1% TFA in aceto-
nitrile (solvent B) (0-15% of solvent B in 4 min; 15-27% of solvent B in
27 min; 27-100% of solvent B, in 4 min). The flow was 5.0 mL min~! and
detection at 214 nm the fractions were manually collected, and the pure
peptide was lyophilized and stored at — 20 °C. PnAn13 was named in this
way to represent Phoneutria nigriventer (Pn), antinociception (An) and
the number of amino acid residues composing the molecule (13).

2.3. Mass spectrometry analysis

The quality of peptide synthesis and purification were evaluated by
MALDI-TOF/TOF mass spectrometry analyses carried out on an Auto-
Flex III instrument (Bruker Daltonics, Billerica, MA, United States). The
samples were co-crystallized with a supersaturated a-ciano-4-hydrox-
ycinnamic solution (1:1, by volume) on MTP AnchorChip 400/384 or
600/384 plates (Bruker Daltonics, Billerica, MA, United States). The
instrument was operated in positive reflector mode and the results were
analyzed on FlexAnalysis 3.1 (Bruker Daltonics, Billerica, MA, United
States).

2.4. Drugs

The following drugs and chemicals were used: Prostaglandin E,
(PGE,, Enzo Life Sciences, USA), Naloxone (Sigma, USA), MAFP (acid
(5Z,82,11Z,14Z)-eicosatetraenil- fosfonofluoridrico metil ester) (Tocri-
solve, EUA), AM251 (N-(piperidin-1-yl)-5-(4-iodophenyl)-1-(2,4-
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Fig. 1. Comparison of the amino acid sequences of PnTx4(6-1), PnTx4(5-5) and PnAn13. (*) Conserved amino acids. Obtained and modified from Clustal Omega.

dichlorophenyl)-4-methyl-1H-pyrazole-3-carboxamide; Tocris, USA),
AM630 (6-iodo-2-methyl-1-[2-(4-morpholinyl)ethyl]-1H-indol-3-y1(4-
ethoxyphenyl) methanone; Tocris), VDM11 [(5Z,8Z,11Z,14Z)-N-(4-
Hidroxi-2-  metilfenil)-5,8,11,14-eicosatetraenamida]  (Tocrisolve,
EUA). These drugs were dissolved as follows: PGE, (2% ethanol in sa-
line); AM251 and AM630 (10% DMSO in saline); MAFP (3% ethanol in
saline); VDM11 (10% Trocrisolve in saline); PnAnl3 and Naloxone
(saline).

2.5. Drug treatments

PnAnl3 (0.25-20 pg/site), AM251 (80-320 pg/site), AM630 (100
pg/site) and Naloxone (100 pg/site) were injected intrathecally (it.)
(Mestre et al., 1994) in a volume of 20 pL/site per rat, and for intra-
plantar route (ipl.) PnAnl3 (2.5-20 pg/site), AM251 (80-320 pg/site),
AM630 (100 pg/site), Naloxone (100 pg/site), MAFP (0.5 pg/site) and
VDM11 (2.5 pg/site) were administered in a volume of 50 pL. Prosta-
glandin E; (2 pg/site) was injected intraplantarlly (ipl.) in a volume of
100 pL.

2.6. Prostaglandin Ez-Induced nociceptive hyperalgesia

Rats received 100 pL intradermal injection of PGE; (0.02 mg/mlL,
stored in ethanol, diluted in isotonic saline at the moment of the
experiment) into the right hind paw. PnAn13 (0.25, 0.5, 1, 2 and 20 pg/
site) was intrathecally administered 2 h and 55 min after PGE; injection,
the same condition performed for the toxin PnTx4(6-1) in previous work
(Emerich et al.,, 2016). Peripherally, to establish the dose-response
curve, the peptide was injected into the paw 3 h after PGE; injection,
in the doses of 2.5, 5, 10 and 20 pg/site. The nociceptive threshold was
evaluated 5 min after the PnAn13 administration and every 10 min. To
test the antagonists, PnAn13 (10 pg/site) was intraplantarlly or intra-
thecally administered 2 h and 55 min after PGE; injection. The doses and
times of administration of each antagonist considered the peak of action
of each one, were indicated in the legend of the corresponding results.

2.7. Nociceptive test

The nociceptive threshold was measured according to the rat paw
pressure test (Randall and Selitto, 1957) using an analgesimeter (Ugo
Basile, Varese, Italy) with a cone-shaped paw presser with a rounded tip,
which applies a linearly increasing force to the rat’s hind paw. The
nociceptive threshold was determined as being the weight (g) required
to elicit a nociceptive response, in this case, paw flexion. A cutoff value
of 300 g was applied to minimize damage to the rat paws. The noci-
ceptive threshold was measured in the right paw (except in the systemic
effect exclusion test, where both paws were measured) and determined
as the average of three consecutive trials recorded. All the experiments
were performed in a blind way, where one person did know the treat-
ment while the other one did not.

2.8. Statistical analysis

Data were analyzed for statistical significance by one-way ANOVA
analysis of variance followed by Bonferroni’s test. The minimum level of
significance considered was p < 0.05. All graphics and analyses were

performed using Prisma 5.0 (GraphPad Software, Inc.).
3. Results
3.1. Desing, Synthesis and Purification of PnAnl3

When compared both antinociceptive toxins PnTx4(6-1) and PnTx4
(5-5) (Fig. 1) it is possible to note that the residues 21 to 33 are very
similar in the two molecules. Furthermore, using an epitope prediction
tool, we identify that the most exposed residues of PnTx4(6-1) amino
acid sequence are 24-30. Considering these data, we chose the sequence
between residues 21 to 33 to compose the peptide. In order to facilitate
both manual synthesis and subsequent studies of peptide conformation
we replaced the cysteines residues 23 and 29 for serine residues as
shown below.

The synthetic pure products were assessed by RP-HPLC (Fig. 2a). The
chromatogram exhibited the compounds present in the synthetic prod-
uct, the major and well-defined peak (*), corresponds to the peptide
PnAn13, the manual collection allowed to obtain PnAn13 with high
purity. The peak was collected and analyzed by MALDI-TOF-MS and
data showed the expected molecular weight for the peptide, 1577.6 Da
(Fig. 2b).

3.2. Central antinociceptive effect of PnAnl13

To verify the possible antinociceptive effect of PnAn13, the peptide
was tested against PGEy hyperalgesia, and it was observed that the
peptide increased, in a dose-dependent manner, the nociceptive
threshold of rats. The highest dose tested (20 pg) induced a significant
antinociception, which persisted for all the time of experiment, 1 h. This
effect was less durable for the other tested doses (2, 1, and 0.5 pg). The
lowest dose tested (0.25 pg) did not show any antinociceptive effect
(Fig. 3).

3.2.1. Involvement of cannabinoid and opioid systems in central PnAnl3
antinociception

The mechanism underlying PnAn13 central effect on the hyper-
algesia induced by PGE; was investigated and the involvement of the
cannabinoid and opioid systems was assessed. In order to explore the
participation of the cannabinoid system, animals were treated with
AM251 (80, 160 and 320 pg), a selective CB; receptor antagonist, or
AM630 (100 pg) (Romero et al., 2013), a selective CB; receptor antag-
onist, both intrathecally administered 10 min prior to peptide. We
observed that AM251 reduced, in a dose-dependent manner, the anti-
nociceptive effect of PnAnl3 (Fig. 4a), on the other hand, 100 pg of
AM630 showed no significant effect on PnAn13 antinociceptive effect
(Fig. 4b).

Animals were treated with opioid receptor antagonists, in order to
explore the involvement of the opioid system. As a result, we showed
that the non-selective opioid antagonist, Naloxone in a dose of 100 pg,
completely reversed the antinociceptive effect of PnAn13 (Fig. 4c).

3.3. Peripheral antinociceptive effect of PnAnl3

In order to explore the peripheral antinociceptive effect of the pep-
tide, PnAn13 was administered intraplantarlly (2.5, 5, 10 and 20 pg)
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Fig. 2. Purification of PnAn13 synthetic peptide (a). The crudely synthesized peptide was purified by RP-HPLC, using a semi-preparative Discovery® BIO Wide Pore
C8 column (Supelco analytical, United States) with a stepped gradient of 0.1% TFA in acetonitrile. The flow was 5.0 mL min ' and detection at 214 nm the fractions
were manually collected. Mass spectrometer spectra of PnAn13 (b). The molecular weight was 1577.6 Da.

into the animals paw 3 h after PGE; injection. It was found that PnAn13
had an analgesic effect in a dose-dependent manner (Fig. 5a). All tested
doses promoted a fast antinociception 5 min after administration. It is
possible to observe that the higher doses promoted longer-lasting anti-
nociception when compared to the lower doses. The dose of 20 pg had an
effect lasting 50 min while the dose of 2.5 pg had an effect that lasts for
only 10 min. The effect of all the doses decreasead along the time.

Further assay confirmed the peripheral antinociceptive effect of
PnAnl3 (20 pg/paw), since its effect was restricted to the peptide-
treated paw, in our case the right paw. No change in the nociceptive
threshold was observed in the contralateral paw (Fig. 5b).

3.3.1. Involvement of opioid and cannabinoid systems in peripheral
PnAnl3 antinociception
Once we saw the involvement of the opioid system in the central

antinociceptive effect of PnAn13, it was used the same antagonist to test
the participation of this system in the peripheral effect of the peptide. It
was observed that the non-specific opioid antagonist Naloxone, in a dose
of 100 pg, partially prevents the peripheral effect of PnAn13 (Fig. 6¢).

In the same way, it was investigated the participation of the canna-
binoid system in the PnAn13 peripheral effect, using the selective an-
tagonists AM251 and AM630. AM251, but not AM630, was able to
partially antagonize the analgesic effect of the peptide, indicating the
participation of the CB; cannabinoid receptor in the PnAnl3 effect
(Fig. 6a and b).

Because PnAnl3 effect was antagonized by CB; antagonist, it was
used MAFP, an inhibitor of the fatty acid amide hydrolase (FAAH), the
major anandamide metabolizing enzyme, and the anandamide uptake
inhibitor VDM11 to confirm the potentiation of PnAn13 effect on the
nociceptive pathway. Both MAFP (0.5 pg) (Fig. 7a) and VDM11 (2.5 pg)
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Fig. 4. Effect of cannabinoid and opioid antagonists on PnAn13 antinociception following prostaglandin E,-induced hyperalgesia. Rats received AM251 (a) or
AMG630 (b) intrathecally 2 h and 45 min after prostaglandin E, (PGE5) injection (2 pg/paw). PnAn13 (0.5 pg/0.3 nmol) or saline (control) were intrathecally injected
10 min after the antagonists. Rats received Naloxone (c) intrathecally 2 h and 25 min after prostaglandin E; (PGE,) injection (2 pg/paw). PnAn13 (0.5 pg) or saline
(control) were intrathecally injected 30 min after the antagonists. The nociceptive threshold was measured 5 min after peptide or saline injection. Vertical bars
represent MEAN + SEM. n = 4 rats per group. Data were analyzed using ANOVA and Bonferroni post-test. p < 0.05 compared to PGE, + Saline (*) or PGE; + PnAn13

+ Saline (#).

(Fig. 7b) enhanced the antinociception induced by a low dose of PnAn13
(2.5 pg per paw). MAFP and VDM11 given alone did not induce any
effect.

4. Discussion

Peptides with biological activity, based on toxins isolated from ani-
mal venoms, used as templates, can be a promising strategy to obtain
new drugs. It is the case of our work. Inspired in the toxin PnTx4(6-1)
(8-Ctenitoxin-Pnla) it was designed the peptide PnAn13, which re-
produces similar central antinociceptive effect of the toxin in the noci-
ceptive pain model, involving both cannabinoid and opioid systems

(Emerich et al., 2016). Comparing the dose-response curves of PnTx4
(6-1) (Emerich et al., 2016, Fig. 3) and PnAn13 (Fig. 3, in this work)
there is a remarkable similarity of the antinociceptive effect in both
cases. We highlight that PnAn13, when administered at the dose of 0.5
pg (0.3 nmol), had an antinociceptive effect for 30 min, the same
duration observed for the equimolar dose of PnTx4(6-1) (Emerich et al.,
2016).

The literature describes the presence of cannabinoid receptors in
several sites of the central nervous system (Mackie, 2005). The injection
of the CB; receptor antagonist, but not CBy, partially antagonized the
antinociceptive effect of PnAn13. Comparing to PnTx4(6-1) in both
cases, the specific antagonist for the CB; receptor, but not for CBy
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Fig. 7. Potentiation on PnAnl3 antinociception by
the FAAH inhibitor - MAFP and anandamide uptake
inhibitor -VDM11. Rats received The MAFP (0.5 pg/
paw) and VDM11 (2.5 pg/paw) intraplantarlly 2 h
and 45 min after prostaglandin E, (PGEy) injection (2
pg/paw). PnAn13 (2.5 pg/1.5 nmol) was injected at 2
h and 55 min after local administration of PGE, (2
ng/paw). Nociceptive threshold was measured 5 min
after toxin or saline injection. Vertical bars represent
MEAN + SEM. n = 4 rats per group. Data were
analyzed using ANOVA and Bonferroni post-test. p <
0.05 compared to PGE, + Saline (*) or PGE, +
* # PnAn13 + Saline (#).
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receptors, antagonized the antinociceptive effect of the toxin and the
peptide. With a careful look, it is possible to observe that the analgesic
effect of PnTx4(6-1) is more susceptible to the antagonism of AM251,
once the dose of 320 pg of AM251 completely antagonized the analgesia
promoted by the toxin (Emerich et al., 2016, Fig. 5) but partially
antagonized the effect of PnAn13 (Fig. 4, in this work). This could
happen due to the greater involvement of different systems in this
analgesic effect of the peptide.

Wittert et al., 1996, described the expression of opioid receptors on
the central nervous system, therefore, it was used the non-specific opioid
antagonist naloxone to analyze the participation of this system. It was
observed, for both PnTx4(6-1) and PnAn13, that the non-specific opioid
antagonist Naloxone, in a dose of 100 pg, completely antagonized the
antinociceptive effect of both molecules, against the hyperalgesia pro-
moted by PGE; (Fig. 4). To determine the specific opioid receptors
involved in the analgesic effect of PnAnl3, was not a concern of this
work, instead of that, we focused on exploring the peripheral effect of
the peptide.

Pain treatment using intrathecal administration of peptides derived
from animal toxins already occurs. The example is Ziconotide (Prialt®),
a synthetic version of the peptide ®-conotoxin MVIIA, isolated from the
venom of Conus magus, used to treat severe chronic pain, which has its
analgesic effect related to a potent and selective blockade of N-type
voltage-gated calcium channels (Miljanich, 2004). Because of its action
on calcium channels in the central nervous system, Ziconotide has a
limited therapeutic window; patients who received Ziconotide had a
much higher risk of experiencing dizziness, confusion, ataxia, abnormal
gait and memory impairment (Rauck et al., 2006). It is noted that the
treatment via intrathecal administration may not be the best alternative
to treat pain. In addition, it requires a special device to inject the drug
into the spinal cord.

Therefore, to investigate the peripheral effect of PnAnl3 it was
performed a dose-response curve against the hyperalgesia promoted by
PGE,. It was observed a fast antinociceptive effect 5 min after admin-
istration of all doses tested, restoring the nociceptive threshold of the
animal when compared to the control, equally found in the central
assay. It is interesting to observe the relationship between the dose and
the time of the duration of antinociception when intraplantarlly injec-
ted, 20 pug of PnAn13 has 50 min of action, whereas, 2.5 pg has only 10
min of action (Fig. 5). The decreasing effect of the antinociception is also
dependent on the doses of the peptide. The dose of 20 pg did not change
the nociceptive threshold of the contralateral paw, showing the pe-
ripheral action of the peptide at the highest dose. The literature also

(b)

PGE,

shows the peripheral analgesic effect of different peptides from toxins
(Freitas et al., 2016; Machado et al., 2014). The presence of proteases in
the body is the major limitation to use peptides as a drug (Bruno et al.,
2013), some strategies can be employed to avoid the degradation by
endoproteases, like encapsulation in cyclodextrin, inclusion in lipo-
somes, pegylation of the molecule, among others. These strategies could
be employed to PnAn13 in an attempt to increase its time of action.

There is an intrinsic relationship between the cannabinoidergic and
opioidergic pathways. The central and peripheral antinociception pro-
duced by morphine, for example, by a potent and selective agonism of
p-opioid receptors, has also been shown to involve the release of
endogenous cannabinoids that, in turn, activate CB;j-type receptors
(Pacheco et al., 2008, 2009).

To investigate the participation of the opioid system in the peripheral
antinociception of PnAnl3, it was used the non-specific antagonist
Naloxone, which partially antagonized the effect of the peptide, sug-
gesting greater involvement of opioid system in its antinociception
(Fig. 6). When analyzing the involvement of the cannabinoid system in
this event, it was used four pharmacological tools: AM251, a selective
antagonist for CB; receptors; AM630, a selective antagonist for CBy re-
ceptors; MAFP, an inhibitor of the fatty acid amide hydrolase (FAAH),
the major anandamide metabolizing enzyme, and VDM11 an ananda-
mide uptake inhibitor. These four experimental approaches show the
participation of the cannabinoid system in peripheral PnAnl3 anti-
nociception in the nociceptive pain model induced by PGE;.

It was shown that AM251 antagonized the antinociceptive effect of
PnAn13 in PGEy-induced hyperalgesia, whereas AM630 in a dose of 100
pg did not change PnAn13 analgesia (Fig. 6). Literature describes the
presence of cannabinoid receptors in peripheral sensory neurons (Hoh-
mann and Herkenham, 1999a; Price et al., 2003; Agarwal et al., 2007)
and their axonal transport to the sensory nerve terminals (Hohmann and
Herkenham, 1999b). In addition, the receptor expression and axonal
transport appear to be increased in response to peripheral inflammation
(Amaya et al., 2006). Furthermore, although studies report a higher
presence of CB; receptors instead of CB; in immune cells (Pertwee and
Ross, 2013), Jourdan et al. (2013) described that the CB; receptor is
highly expressed in macrophages. Mai et al. (2015), also have shown the
ability of these cells to express CBi-type receptors. According to the
literature, these immune cells have specific machinery able of synthesis,
reuptake, and degrade endocannabinoids such as anandamide and pal-
mitoylethanolamide (PEA) (Bisogno et al., 1997) corroborating the idea
of the possible participation of the CB; receptor in these cells. CB; re-
ceptors are densely expressed in the superficial laminae of the dorsal
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horn of the spinal cord, in the dorsal root ganglion, in the peripheral
terminals of the primary afferent neurons and in the descending
pathway of pain (Stein, 2003). This wide distribution may be related to
the antagonism of AM251 on the analgesic effect of PnAn13, both at the
medullary and peripheral levels.

Using both, MAFP and VDM11 that promote bigger availability of
the neurotransmitter anandamide, it was observed a potentiation of the
antinociceptive effect of the peptide, showing that PnAn13, somehow,
stimulates the endocannabinoids release, perhaps by a synergistic effect
with these drugs. However, although the literature describes that the
endocannabinoids are synthetized on demand in a presence of a stimulus
(Guindon and Hohmann, 2009), the doses of MAFP and VDM11 used
possibly were not enough to induce antinociception by themselves.
Ferreira et al. (2018), used the same doses of MAFP and VDM11 (0.5 pg
and 2.5 pg respectively) in rats, and have shown the same response
found in this study. Even using a higher dose of these drugs (4 pg and 20
ug), our research group also demonstrated that MAFP and VDM11 were
not able to induce antinociceptive response in presence of PGE; or in an
absence of hyperalgesic stimulus in rats (Freitas et al., 2016).

PnPP19, a peptide synthesized by our research group and derived
from another P. nigriventer toxin PnTx2-6, showed antinociceptive ac-
tivity against PGEy hyperalgesia through activation of p and & opioid,
and CB; cannabinoid receptors. This peptide also seems to be able to
induce, indirectly, antinociception through inhibition of a neuronal
endopeptidase responsible for the cleavage of the endogenous opioid
peptide encephalin (Freitas et al., 2016). Different from these findings,
Crotalphine, a peptide derived from the Crotalus durissus terrificus
venom, reduced PGEy-induced hyperalgesia through increased activa-
tion of both x-opioid and CB; cannabinoid receptors, being this effect
mediated by dynorphin A (Machado et al., 2014). This result reinforces
the interaction between cannabinoid and opioid systems, as observed in
our work, and highlights the complexity of the nociceptive pathways.

5. Conclusions

In the present study, we reveal that PnAnl3, a synthetic peptide
based on the sequence of the toxin PnTx4(6-1) isolated from the venom
of Phoneutria nigriventer spider, shows a clear analgesic effect in the
nociceptive in vivo rat pain model, both centrally and peripherally.
Moreover, it was shown the involvement of CB; cannabinoid and opioid
systems in this effect, although it is unclear if the receptor activation is
directly or indirectly. Therefore, taken together, our results may
contribute to the development of novel therapeutic agents for the
management of pain, although studies are still necessary to better clarify
the mechanisms involved in the PnAn13 effects.
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