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ARTICLE INFO ABSTRACT

Keywords: Fibromyalgia is characterized by the amplification of central nervous system pain with concomitant fatigue,
Fibromyélgif‘ ) sleep, mood disorders, depression, and anxiety. It needs extensive pharmacological therapy. In the present study,
Phoneutria nigriventer Swiss mice were treated with reserpine (0.25 mg/kg, s.c.) over three consecutive days, in order to reproduce the
;(;ilircleption pathogenic process of fibromyalgia. On day 4, the administrations of the Tx3-3 toxin produced significant

antinociception in the mechanical allodynia (87.16% +12.7%) and thermal hyperalgesia (49.46% + 10.6%) tests
when compared with the PBS group. The effects produced by the classical analgesics (duloxetine 30 mg/kg,
pramipexole 1 mg/kg, and pregabalin 30 mg/kg, p.o., respectively) in both of the tests also demonstrated
antinociception. The administrations were able to increase the levels of the biogenic amines (5-HTP and DE) in
the brain. The treatments with pramipexole and pregabalin, but not duloxetine, decreased the immobility time in
the FM-induced animals that were submitted to the forced swimming test; however, the Tx3-3 toxin (87.45% +
4.3%) showed better results. Taken together, the data has provided novel evidence of the ability of the Tx3-3
toxin to reduce painful and depressive symptoms, indicating that it may have significant potential in the
treatment of FM.

Depression-like behavior

1. Introduction

Fibromyalgia (FM) is described as chronic musculoskeletal wide-
spread pain, which is associated with notable characteristic symptoms,
such as psychiatric disorders (depression and anxiety), fatigue, sleep
disturbances, and sexual dysfunction (especially in women). In addition,
FM represents the second most common disorder that is observed by
rheumatologists (Ruggiero et al., 2018; Hauser et al., 2019).

Patients with FM have high levels of substance P, glutamate, NGF,
and BDNF, while they present low levels of the serotonin metabolites,
noradrenaline, and dopamine (biogenic amines) in the cerebrospinal
fluid (CSF) (Dadabhoy et al., 2008; Russell et al., 1992). The imbalance
between these mediators can lead to increased sensory processing, with

a consequent increase in the pain (Ledermann et al., 2017; Smith and
Harris, 2011).

Despite it being a recurrent pathology, there is no definitive treat-
ment for FM. The pharmacological intervention for FM is to relieve pain,
to induce a better quality of sleep, to control the associated psychiatric
symptoms, and to improve the physical functions. According to the FDA
(Food and Drug Administration, USA), the drugs that are most effective
for this condition when compared to other pharmacological agents are
duloxetine and pregabalin. Carville et al. (2008) stated that the use of
pramipexole is endorsed by the European League Against Rheumatism
(EULAR), but that the dosing strategy is different from the doses that are
used in Parkinson’s disease. Although it is speculative, it is conceivable
that agents, such as pramipexole, may possess beneficial effects for those
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patients with FM (Smith et al., 2011). However, the currently available
therapies exhibit limited efficacy and they can trigger several undesir-
able effects (Bennett et al., 2007; Choy et al., 2011; Macfarlane et al.,
2017). Besides, according to the Brazilian Consensus for the treatment of
fibromyalgia, pramipexole is recommended for a decrease in pain and it
is frequently prescribed in clinical practices in the country (Heymann
et al., 2010).

The Tx3-3 toxin is a peptide that is purified from the poison of the
Phoneutria nigriventer spider. This toxin blocks the voltage-gated calcium
channels, not selectively the P/Q and R types, and it inhibits the release
of glutamate in the preparations of the encephalon synaptosomes
(Gomez et al., 2002; Grishin, 1999; Peigneur et al., 2018). Studies have
shown that the Tx3-3 toxin produces antinociception in neuropathic
pain models (Dalmolin et al., 2017; Dalmolin et al., 2011). However,
there are no investigations in the literature that mention these toxin
effects in fibromyalgia models. Thus, the present study evaluated the
antidepressant and antinociceptive effects of the Tx3-3 toxin that is
isolated from the venom of the Phoneutria nigriventer spider in FM-
induced mice. The dosages of the biogenic amines validated the ani-
mal model and this was a parameter for evaluating the toxin’s efficacy.

2. Materials and methods
2.1. Animals

The experiments were conducted when using 85 Swiss male mice
(35-40 g) that were obtained from the animal house of the Lutheran
University of Brazil (ULBRA). All of the animal experiments complied
with the ARRIVE guidelines and they were carried out and followed in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and
associated guidelines, EU Directive 2010/63/EU for Animal Experi-
ments, and the National Institutes of Health Guide for the Care and Use
of Laboratory Animals (NIH Publications No. 8023, revised 1978). They
were also approved by the Institutional Committee for Animal Care and
Use from ULBRA under Protocol n° 2015-52P. Five (Can et al., 2012)
mice per box were maintained with food and water ad libitum in a
temperature-controlled room (24 + 2 °C), while under a 12-h light/dark
cycle.

2.2. Drugs

Reserpine, pregabalin, and pramipexole were obtained from Sigma-
Aldrich (USA). Duloxetine was acquired from the Lilly Laboratory
(Brazil). Before the experiments, reserpine was dissolved in acetic acid
and then diluted to a final concentration of 0.5% acetic acid with
distilled water. The control drugs of pregabalin, pramipexole, and
duloxetine were diluted in a sterile saline solution (NaCl 0.9%).

The Tx3-3 toxin purification was performed by a combination of
chromatographic steps, according to the method of Cordeiro Mdo et al.
(1993). The purification presented a purity that was better than 95%.
The amino acid sequence of the toxin was GKCADA-
WESCDNYPCCVVNGYSRTCMCSANRCNCDDTKTLREHFG and its mo-
lecular weight was 510,000 Da. The Tx3-3 toxin isolation, purification,
and amino acid sequencing were carried out by the Ezequiel Dias
Foundation (FUNED, Brazil). The Tx3-3 toxin was received in a lyoph-
ilized form and then dissolved in phosphate-buffered saline (PBS, mmol/
L composition: NaCl 137, KCl 2.7, and phosphate buffer 10, pH 7.4).

2.3. Fibromyalgia model (FM)

FM was induced in accordance with the methodology as confirmed
by Nagakura et al., (2018). For the biogenic amine depletion, the
selected mice received the reserpine injection (0.25 mg/kg) by an s.c.
route, once a day, over three consecutive days. The control animals
received the vehicle (saline 10 ml/kg) at the same schedule of
administration.
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2.4. Intrathecal injections

The intrathecal injections were performed according to the previ-
ously described method for mice (Hylden and Wilcox, 1980). Briefly, a
volume of 5 pL was administered between the lumbar vertebrae (L4-L5)
by using a 28-gauge needle that was connected to a 10 pL. Hamilton
Microsyringe, while the animal was gently restrained, in order to
maintain the position of the needle. The puncture of the dura was
indicated behaviorally by a slight flick of the tail.

2.5. Experimental groups

On the 4th day after the reserpine injections (0.25 mg/kg), the mice
were randomized into six groups, according to their treatment: 1) saline
(10 ml/kg, p.o., n = 10); 2) duloxetine (30 mg/kg, p.o., n = 13); 3)
pramipexole (1 mg/kg, p.o., n = 13); 4) pregabalin (30 mg/kg, p.o.,n =
13); 5) PBS (5 pL/site, i.t., n = 13); and 6) Tx3-3 toxin (30 pmol/site, i.t.,
n = 13). Saline and PBS were used as controls for the drugs and the Tx3-3
toxin. There were two groups that received either saline (10 ml/kg, s.c.,
and p.o.), or saline (10 ml/kg) and PBS (5 pL/site, i.t.). All of the
treatments were administered 1 h before the behavioral tests.

2.6. Behavioral tests

2.6.1. Mechanical allodynia (von Frey test)

The mechanical allodynia threshold was measured by using the up-
down paradigm, as described by Dixon (1980). Following the appro-
priate treatments, the animals were acclimatized for 1 h in individual
acrylic compartments with a mesh floor, in order to allow for access to
the plantar surface of the hind paws. Von Frey filaments of increasing
stiffness (0.02-4.0 g) were directed perpendicular to the right-hind paw
plantar surface of the animals, with a high enough pressure to bend the
filament. The sessions began with an application of the 0.4 g filament. If
the tension-response was harmful (paw withdrawal), a filament with less
value in (g) was used. However, if the voltage-response was innocuous,
the filament with the highest subsequent value in (g) was tested from the
last response. The von Frey filaments were applied for six sessions and
the thresholds for a 50% mechanical paw withdrawal threshold (PWT)
response were recorded for the subsequent calculations.

2.6.2. Hot plate test

Each mouse was submitted to the hot plate test for evaluating ther-
mal hyperalgesia, as described by Hunskaar and Hole (1987). The metal
surface of the plate was heated to a constant temperature of 52 + 0.1 °C.
The time in s that elapsed to the first pain response, such as a hind paw
licking, a sudden raising of or jumping, was measured as a nociceptive
response. A 30-s cut-off was used, in order to avoid tissue injury.

2.6.3. Forced swimming test

The forced swimming test was carried out, as described by Nomura
et al. (1982). In order to investigate the antidepressive activities, the
mice were placed inside a polyvinyl chloride (PVC) cylinder that con-
tained at least 30 cm of water (24 °C - 30 °C) for recording their mobility
(an expression of some movement, except for motions to preserve the
mouse’s head above the water) over a period of 6 min.

2.6.4. Open field test

For this test, the study used the methodology as previously described
by Pietropaolo (2010). The mice were individually placed in the center
of an acrylic open box (40 x 60 x 50 cm), with the background equally
divided into 12 squares by black lines. This test occurred in a sound-
attenuated room and under low-intensity light. The horizontal loco-
motor activity (segments crossed by the four legs) and the vertical ac-
tivity (number of erected movements with the front legs) of the animals
were evaluated over a period of 5 min.
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2.7. Biochemical assays

After the behavioral tests, the animals were euthanized by an iso-
flurane overdose, followed by cervical dislocation for the collection of
their brains. A pool of 4 to 5 brains was performed for each sample.

2.7.1. Measurement of the serotonin (5-HTP) and dopamine (DE)
neurotransmitters

The levels of 5-HTP and DE were measured in the brain samples of
the reserpine-treated mice, according to the method as described by
Gonzalez et al. (2011), with minor modifications. Briefly, all of the
brains were harvested and stored at -80 °C until the moment of extrac-
tion. The samples were moved into an ice-containing box during ho-
mogenization in a 10-fold volume of formic acid (0.1 M) and then
centrifuged at 20,000 xg for 20 min at 4 °C. Afterward, the supernatant
was filtered (0.22 pm filter) and then injected into a UHPLC 1290/MS
TQ-Agilent 6460 system (all of the HPLC components and the Mass-
Hunter software were from Agilent Technologies®, Santa Clara, CA,
USA). The chromatographic separations were performed by using a
Zorbax Eclipse Plus C18 2.1 x 50 mm 1.8-pym column, at a flow rate of
0.2 ml/min, with a column temperature of 30 °C. Methanol (eluent A)
and 0.05% formic acid with 1 mM of heptafluorobutyric acid (HFBA)
(eluent B) were used as the mobile phase. A gradient was used, starting
at 95% of eluent B, constant for 0.5 min, and subsequently decreasing to
0% in 3.5 min. Five microliters of the samples were injected into the
UHPLC system. The monitored transitions were DE (154 > 137 and 154
> 91) and 5-HTP (177 > 160). The results were expressed in nano-
grams/g of tissue for DE and 5-HTP, and micrograms/g of tissue for GLU.

2.8. Statistical analysis

The data is expressed as mean + SEM. The statistical analyses were
carried out by a One-Way Analysis of Variance (ANOVA), followed by
the Student-Newman-Keuls post-hoc test (GraphPad Prism 5.0, USA).
The values of p that were less than 0.05 were considered significant.
3. Results

3.1. Mechanical antiallodynic effects of TX3-3 in the fibromyalgia model

The researchers first evaluated the responses to reserpine (0.25 mg/
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kg) when it was subcutaneously applied once daily over three consec-
utive days. As illustrated in Fig. 1, the mice in the Reserpine/Saline
group that were submitted to the von Frey test on the 4th day presented
a significant decrease (1.1 + 0.14 g; p < 0.01) in the PWT when in
comparison to the Saline/Saline group (3.8 + 0.25 g). This evidenced
the nociceptive effect and the development of symptoms that mimic FM.
The oral treatments with duloxetine 30 mg/kg (2.6 + 0.28 g), prami-
pexole 1 mg/kg (3.0 £+ 0.34 g), and pregabalin 30 mg/kg (2.7 + 0.27 g)
increased the mean threshold to a value that was different from that of
the control animals (p < 0.01). Hypersensitivity to the von Frey fila-
ments was confirmed by intrathecal administrations of PBS (5 pL/site) in
the reserpine-induced mice (1.12 + 0.13 g). Conversely, the Tx3-3 toxin
(30 pmol/site) produced antiallodynic effects, with mean threshold
values that were significantly different (3.5 + 0.47 g; p < 0.001) to the
Saline/PBS animals (3.9 &+ 0.45 g; p < 0.001) (Fig. 1), thus resulting in
an inhibition of 87.16 + 12.7%.

3.2. Thermal antihyperalgesic effects of TX3-3 in the fibromyalgia model

In the hot plate test, when reserpine (0.25 mg/kg) was injected for
three consecutive days, it produced thermal hyperalgesia on the 4th day
in both of the vehicle groups, saline (7.6 + 0.5 s; p < 0.001) or PBS (8 +
0.68 s; p < 0.001), when compared to the control groups Saline/Saline
(17.6 £ 0.5 s) or Saline/PBS (17 + 0.91 s) (see Fig. 2). The treatments
with duloxetine (14.3 + 0.99 s; p < 0.05), pramipexole (13.22 + 0.99 s;
p < 0.01), and pregabalin (13.22 + 0.99 s; p < 0.01) increased the la-
tency time that the mice remained on the hot plate. However, their
permanency was significantly lower than that of the mice in the Saline/
Saline control. The animals that were administered with the Tx3-3 toxin
(17 £ 0.91 s) manifested thermal antihyperalgesic effects to the thermal
stimulus, with their nociceptive responses statistically different (p <
0.001) from the Reserpine/PBS group.

3.3. TX3-3 decreased the mice immobility times in the fibromyalgia model

According to Fig. 3, the mice models with the establishment of
depression were detected in the forced swimming test by the high
immobility times that were verified in the reserpine-induced animals
when injected with both saline vehicles (96.1 + 9.98 s) (p < 0.05 from
the control groups) or PBS (160.3 + 37.74 s). The duloxetine (98.8 +
16.41 s) administration did not affect the immobility times of the
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Fig. 1. Effects of the treatments in the mechanical allodynia test (von Frey filaments). The animals received reserpine (0.25 mg/kg, s.c.) for three consecutive days
and they were then treated with the Tx3-3 toxin (30 pmol/site, i.t.), duloxetine (30 mg/kg, p.o.), pramipexole (1 mg/kg, p.o.), pregabalin (30 mg/kg, p.o.), PBS (5 pl/

site, i.t.), or saline (10 ml/kg, p.o.) on the 4th day. Each bar represents the mean + SEM of 10-13 animals.

“p < 0.001 and **p < 0.01 represent the significance

level when compared to the Reserpine/Saline group. ###p < 0.001 and ##p < 0.01 represent the significance level when compared to the Reserpine/PBS group.
The statistical analyses were performed by One-Way ANOVA, followed by the Student-Newman-Keuls post-hoc test.
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Fig. 2. Effects of the treatments for thermal hyperalgesia in the hot plate test. The animals received reserpine (0.25 mg/kg, s.c.) for three consecutive days and they
were then treated with the Tx3-3 toxin (30 pmol/site, i.t.), duloxetine (30 mg/kg, p.o.), pramipexole (1 mg/kg, p.o.), pregabalin (30 mg/kg, p.o.), PBS (5 pl/site, i.t.),
or saline (10 ml/kg, p.o.) on the 4th day. Each bar represents the mean + SEM of 10-13 animals. ***p < 0.001 represents the significance level when compared to the
Reserpine/Saline group. ###p < 0.001 represents the significance level when compared to the Reserpine/PBS group. $p < 0.05 represents the significance level
when compared to the Saline/PBS group. +p < 0.05 and ++p < 0.01 represent the significance level when compared to the Saline/Saline group. The statistical
analyses were performed by One-Way ANOVA, followed by the Student-Newman-Keuls post-hoc test.
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Fig. 3. Effects of the treatments on the depressive-like behavior in the forced swimming test. The animals received reserpine (0.25 mg/kg, s.c.) for three consecutive
days and they were then treated with the Tx3-3 toxin (30 pmol/site, i.t.), duloxetine (30 mg/kg, p.o.), pramipexole (1 mg/kg, p.o.), pregabalin (30 mg/kg, p.o.), PBS
(5 pl/site, i.t.), or saline (10 ml/kg, p.o.) on the 4th day. Each bar represents the mean + SEM of 10-13 animals. *p < 0.05 and ***p < 0.001 represent the significance
level when compared to the Reserpine/Saline group. ##p < 0.01 and ###p < 0.001 represent the significance level when compared to the Reserpine/PBS group.
The statistical analyses were performed by One-Way ANOVA, followed by the Student-Newman-Keuls post-hoc test.

reserpine-induced mice when compared to the Reserpine/Saline group.
Conversely, the pramipexole (62.1 £+ 11.05 s) drug demonstrated
mobility when in comparison with the other classical control drugs that
were utilized in this study (pregabalin 86.8 + 15.41 s).

The immobility time responses of the Tx3-3-treated mice (40.55 +
5.76's; p < 0.001) were closer to the value of the Saline/PBS group (24.2
+ 10.49 s). They were statistically different from the PBS vehicle group,
evidencing the toxin effects on mobility.

3.4. Tx3-3 altered the locomotor and exploratory activities of the
reserpine-treated mice

The present results exhibited a marked decrease in the open field test
parameters with the number of segments crossed (Fig. 4A) between the
reserpine-induced mice that were treated with saline (15.5 + 4.09) and

PBS (18.2 + 6.69) (p < 0.001) and the control mice in the Saline/Saline
(74.5 £ 9.76) and Saline/PBS groups (63.8 + 8.16). These parameters
were also detected statistically by the classical drugs when compared
with the saline control groups (p < 0.001), especially with the pre-
gabalin applications (20.3 £ 2.13). The Tx3-3 toxin (30.6 + 5.74)
showed similar values to duloxetine (29.67 & 5.0). However, the best
result was with pramipexole (38.5 + 4.41). Nevertheless, none of the
treated groups was statistically different from the Reserpine/Saline
group.

When related to the number of rearings (Fig. 4B), the same situation
happened. Pramipexole (16.2 + 2.66; p < 0.001), pregabalin (14.7 +
2.91; p < 0.001), and duloxetine (13.0 + 2.12; p < 0.01) showed values
that were statistically different to the Saline/Saline control (34. 7 +
3.56) while showing values that were similar to the reserpine-induced
animals that were treated with saline (6.9 4+ 1.75). Tx3-3 (7.45 +
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Fig. 4. Effects of the treatments on the horizontal locomotor activities and on
the vertical exploratory activities in the open field test. The animals received
reserpine (0.25 mg/kg, s.c.) for three consecutive days and they were then
treated with the Tx3-3 toxin (30 pmol/site, i.t.), duloxetine (30 mg/kg, p.o.),
pramipexole (1 mg/kg, p.o.), pregabalin (30 mg/kg, p.o.), PBS (5 pl/site, i.t.),
or saline (10 ml/kg, p.o.) on the 4th day. Each bar represents the mean + SEM
of 10-13 animals; ***p < 0.001 represents the significance level when
compared to the Reserpine/Saline group. ###p < 0.001 represents the sig-
nificance level when compared to the Reserpine/PBS group. $$p < 0.05 rep-
resents the significance level when compared to the Saline/PBS group. ++p <
0.01 and +-++p < 0.001 represent the significance level when compared to the
Saline/Saline group. The statistical analyses were performed by One-Way
ANOVA, followed by the Student-Newman-Keuls post-hoc test.

1.65) and Reserpine/PBS (5.33 + 2.04). They were also statistically
different from the Saline/PBS animals (22.8 + 2.94; p < 0.001).

There were no expressive differences in the locomotor activities and
in the rearings between the depressive-like animals and the ones that
were treated with the Tx3-3 toxin (p > 0.05) when evaluated for 5 min.
In this study, therefore, no treatment values were fully effective for the
reversion of the locomotor activities.
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3.5. Increases in the 5-HTP and the DE brain levels of the fibromyalgia
model mice

The present data has revealed that the 5-HTP (51.6 + 3.1 ng/g tissue)
and the DE (3.07 + 0.87 ng/g tissue) brain levels were significantly
decreased in the animal model of depression (p < 0.001, when compared
to the Saline control group). As can be observed in Fig. 5A and B, the
treatments with the Tx3-3 toxin were able to slightly reverse the reser-
pine administration effects of the 5-HTP (61.3 + 0.61 ng/g tissue; p <
0.05) and the DE (8.1 + 1.10 ng/g tissue; p < 0.01) neurotransmitter
levels in the brain.

4. Discussion

It is suggested that the primary disorder of FM is a change in some of
the central mechanisms of pain control, resulting in dysfunction that
induces a deficiency in the inhibitory neurotransmitters (such as sero-
tonin, enkephalin, and norepinephrine) at the spinal or supraspinal
levels (Littlejohn, 2015; Littlejohn and Guymer, 2018). Thus, the main
symptoms of fibromyalgia (heightened pain perception, fatigue, sleep
disturbances, and depression, as well as anxiety-related symptoms) are
closely linked to alterations in the neurotransmitter systems (Becker and
Schweinhardt 2012). Besides, the fibromyalgia model, as proposed by
Nagakura et al. (2018), and reproduced in the current work, promoted a
depletion of the biogenic amines in the spinal cord and in the prefrontal
cortex. Since serotonin contributes to the hyperfunction of the gluta-
matergic system (Benson et al., 2015), the present study’s results have
shown that the Tx3-3 toxin was significantly able to elevate the dopa-
mine and the 5-HTP levels in the brains of the fibromyalgic animals.
These results may be related to the activity in the glutamatergic system
at the spinal and supraspinal levels; however, the mechanisms by which
this occur still needs to be elucidated.

Behaviorally, the mice that were treated with the Tx3-3 toxin pre-
sented similar results to the control animals in the forced swimming test.
This showed that the animals without depressive-like behavior pre-
sented floating times equal to the animals that were treated with the
Tx3-3 toxin. This was, even when behavioral despair was induced, the
mice never lost hope of escaping the stressful environment, proving the
antidepressive effect of the drug (Can et al., 2012). Pramipexole also
demonstrated an antidepressant effect. However, the action of the Tx3-3
toxin was superior to all of the control drugs. On the other hand, it
should be noted that the animals that were treated in this study did not
present locomotor activities similar to the control groups in the open
field test. Even with their impaired exploratory activities, the animals
showed themselves to be active, indicating an absence of sedation. In
both of the evaluations in the open field test, pramipexole scored slightly
better. It is known that serotonin, mainly, modulates neuroplasticity and
it contributes to the pathophysiology of depression (Kraus et al., 2017).
In this way, it has also been suggested that decreased dopamine activity
may contribute to patients’ pain symptomatology (Becker and
Schweinhardt, 2012). Although pramipexole is a dopaminergic agonist,
with a D2 receptor affinity, and a drug with no known affinity for
norepinephrine or the 5-HTP neuronal elements, it exerts a facilitating
action on serotonergic neurotransmission (El Mansari et al., 2010).

The venom of the Phoneutria nigriventer spider has been increasingly
relevant in the scientific community for its ability to alter a large number
of physiological systems, particularly those that are related to pain
(Prado et al.,, 1996; Guatimosim et al., 1997; Gomez et al., 2002;
Agostini et al., 2011). Leao et al. (2000) explained that the Tx3-3 toxin
blocked the voltage-dependent calcium channels (VGCC) in the pre-
synaptic terminals, with the consequent inhibition of glutamate release.
According to Dalmolin et al. (2017), the Tx3-3 toxin exhibited a higher
potency after nerve damage since its action profile was blocking the R-
type voltage-gated calcium channels. Still related to depression, firstly,
Boldrini et al. (2013) demonstrated a reduction in the number of gran-
ular neuron cells in the postmortem hippocampus and in the dentate
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gyrus of depressive patients. Secondly, these cells mostly have P/Q and
R-type calcium channels, respectively (Randall and Tsien, 1995). Thus,
in the current study, the probable blockade of the R-type calcium
channels that was promoted by the Tx3-3 toxin in the brain regions with
granular neurons may be related to a decrease in the depressive symp-
toms that were manifested in the fibromyalgia mice. However, more
studies when directed at the spinal cord, the cerebellum, and the pre-
frontal cortex should be developed, in order to confirm this hypothesis.

Studies on the calcium channel blockers and the N-methyl-p-aspar-
tate (NMDA) antagonists, which have the ultimate aim of rendering a
decrease in glutamate, have shown antidepressant (Murrough et al.,
2017) and analgesic effects (Mochida, 2018; Patel et al., 2018; Saegusa
et al., 2000). Individuals with fibromyalgia present diffuse hyperalgesia
(increased pain to normally painful stimuli) and/or allodynia (pain to
normally non-painful stimuli) (Sluka and Clauw, 2016). The anti-
nociceptive effects of the Tx3-3 toxin are evident in other studies (Dal-
molin et al., 2011; Dalmolin et al., 2017; Silva et al., 2015). In this
current research, for the fibromyalgia model with reserpine, the results
have shown that the Tx3-3 toxin produced a significant response of
increased latency in the thermal hyperalgesia (hot plate test) and
threshold mechanical allodynia (von Frey filaments test) tests when
compared with the reserpine-induced animals. These results were as
effective as the pregabalin drug. The duloxetine drug showed slightly
higher levels than did the Tx3-3 toxin in the hot plate test, as well as
pramipexole in the mechanical allodynia test.

All of the data that was acquired in this study has demonstrated that
the treatments with the Tx3-3 toxin triggered significant antinociceptive
effects and decreased the depressive-like behavior in most of the
behavioral tests when compared to the control animals. The Tx3-3
treatments were fully effective for the biochemical assay and this
showed that the toxin reversed the biogenic amine levels in the brain. It
is also likely that this toxin will not have an antidepressant effect. The
increased mobility, as shown in the forced swimming test, may have
possibly occurred due to the antinociceptive effects of the toxin. In this
way, the animals without pain would have a decrease in immobility time
(de Souza et al., 2014). In this study, the Tx3-3 toxin was shown to be an
excellent candidate for further studies from a pharmacological
perspective for treating pain, together with the relief of depressive
symptoms in those patients with fibromyalgia.
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