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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Glenn King The use of botulinum neurotoxin-A (BoNT-A) is an alternative for the management of orofacial pain disorders.
Although only Botox has labeled, there are other commercial brands available for use, among them: Dysport,
Keywords: Botulift, Prosigne, and Xeomin. The objective of the present study was to evaluate the possible differences in the
Pain antinociceptive effect evoked by different commercially available formulations of BONT-A in an animal model of

&?NT_,A treatment inflammatory orofacial pain induced by formalin injection. Male C57/BL6 mice (20-25 g) were submitted to the
B(;irg;le pre-treatment with five different commercial brands of BoNT-A (Botox, Botulift, Xeomin, Dysport, or Prosigne;

with doses between 0.02 and 0.2 Units of Botulinum Toxin, in 20 pL of 0.9% saline) three days prior the 2%
formalin injection. All injections were made subcutaneously into the right perinasal area. After formalin in-
jections, nociceptive behaviors like rubbing the place of injection were quantified during the neurogenic (0-5
min) and inflammatory (15-30 min) phases. The treatment using Botox, Botulift, and Xeomin were able to induce
antinociceptive effects in both phases of the formalin-induced pain animal model, however, Dysport and Prosigne
reduced the response in neither of them. Our data suggest that the treatment using different formulations of
BoNT-A is not similar in efficacy as analgesics when evaluated in formalin-induced orofacial pain in mice.

Orofacial pain

(Groenewegen e Uylings, 2000). However, some individuals are resis-
1. Introduction tant and/or refractory to conventional approaches, motivating research
in search of new therapeutic options, including the use of botulinum
neurotoxin A (BoNT-A) (Chaurand et al., 2017; Schwartz e Freund,
2002; Scott et al., 2009; Sim, 2011).
Botulinum toxin is a neurotoxin produced by Clostridium botulinum,
and there are seven (A — G) serotypes of botulinum toxin (Patil et al.,
2016). The BoNT-A, initially intended to treat hyperactive movement

Pain is a common experience that has profound societal effects, with
a greater prevalence in women that increases with age (Johannes et al.,
2010). Orofacial pain (OFP) is extremely debilitating and refers to pain
associated with the hard and soft tissues of the head, face, and neck
(Groenewegen e Uylings, 2000), affecting about 26% of the population

(Macfarlane et al., 2002). Anamnesis should be detailed, individualized, disorders such as dystonia and blepharospasms, also demonstrated being
and comprehensive. Usually, the clinical approach is multidisciplinary, effective to reduce dystonia-related pain and emerged as an alternative
proportional to the degree and level of involvement and chronification, to treat chronic pain states as neuropathic pain, joint pain, back pain
always starting from less to more invasive interventions. The treatment myofascial pain syndromes, migraine, and other headache types (Aoki,

2003; Dodick et al., 2010; Jankovic, 2018; Safarpour e Jabbari, 2018).
The Food and Drug Administration approved the use of BoNT-A and
BoNT-B for treatment in a variety of clinical and cosmetical conditions
(Brin et al., 1989; Carruthers et al., 2002). In 2011, through the PREMPT
protocol, the BoNT-A onabotulinum toxin A from Botox® (Allergan,

for OFP conditions is a significant issue and a challenge for the health
care services and pharmaceutical industry. Ruling out the possibility of
toothache, management of OFP consists of stabilizing plaque, pharma-
cotherapy, physiotherapy, in addition to thermotherapy, laser, needling,
or anesthetic trigger point infiltration are recommended and efficient
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Abbreviations:

BoNT-A: Botulinum Neurotoxin -A

SNAP-25 Synaptosomal-Associated Protein

VAMP  Vesicle-associated membrane protein 2

SNARE  Soluble N-ethylmaleimide Sensitive Factor Attachment
Protein Receptor

Irvine, CA, USA), has been approved as a treatment for chronic migraine
(Dodick et al., 2010). However, besides Botox®, at present, there are
other BoNT-A products available worldwide as Botulift® (Medytox,
Cheongwon, South Korea), Xeomin® (Merz Pharmaceuticals, Frankfurt,
Germany), Dysport® (Ipsen, Paris, France), and Prosigne® (Lanzou
Institute of Biological Products, Gansu, China), and their application for
orofacial pain relieve has not yet been described.

Despite differences among these formulations, the therapeutic effects
are believed to be addressed to the presence of the 150 kDa BoNT-A
neurotoxin, released by the C. botulinum as a large complex with 900
kDa, consisting in accessory proteins, which are non-toxic non-hemag-
glutinin plus three hemagglutinins proteins, and a 150 kDa neurotoxin
(Aoki et al., 2006; Dressler et al., 2018). This neurotoxin has a heavy
(100 kDa) and light (50 kDa) chain. In the site of injection, the heavy
chain (100 kDa) of BoNT-A seems to bind to acceptors consisting of
gangliosides and synaptic vesicle 2 (SV2A-C) protein isoform and enters
the neuron (Muraro et al., 2009). At the cytosol, the light chain (50 kDa)
cleaves nine amino acids from SNAP-25 forming SNAP-25 (1-197).
SNAP-25 (1-197) reacts with syntaxin, and VAMP-2/synaptobrevin and
forms a SNARE complex, which competes with the normal SNARE
complex, blocking the neurotransmitter release at the vesicular site
(Matak et al., 2019; Pirazzini et al., 2017). For pain relief, some mech-
anisms have been proposed like the blockage of neurotransmitters
release as acetylcholine (Pirazzini et al., 2017), glutamate (Da Silva
et al., 2014), substance P (Chien et al., 2012; Purkiss et al., 2000),
Calcitonin Gene-Related Peptide (CGRP) (Coelho et al., 2014; Lee et al.,
2011), serotonin (Ibragi¢ et al., 2016), gamma-aminobutyric acid
(GABA) and enkephalin (McMahon et al., 1992), noradrenaline and
dopamine (Ashton e Dolly, 1988), and glycine (Bigalke et al., 1981), all
of them regulated by different targets as the activation of nociceptive
receptors or SNARE modulation, for example.

Each of these BoNT-A formulations has a unique manufacturing
process and contains different excipients (Pickett, 2014), and may be
effective to treat different disorders (Baker e Nolan, 2017; Von Lindern
et al., 2003). Thus, this study aimed to evaluate different BoNT-A
commercially available formulations as possible analgesics in the
treatment of an orofacial animal model of pain in mice.

2. Materials and methods
2.1. Animals

A total of 92 male C57/BL6 mice (20-25 g) were used in the ex-
periments and were obtained from the Rodent Vivarium Network
(REBIR) of the Federal University of Uberlandia (UFU). The animals
were housed in cages at 22 °C with a 12:12 h light/dark cycle, with free
access to food and water, and environmental enrichment. The animals
were used only once. All the animals were euthanized using xylazine and
ketamine, followed by cervical dislocation.

The experimental protocol was approved by the Ethics Committee in
Animal Experimentation of the Federal University of Uberlandia (CEUA-
UFU), approval number 92/2019, and performed in accordance with the
National Institutes of Health guide for the care and use of Laboratory
Animals (NIH Publications No. 8023, revised 1978). The number of
animals is indicated for each group on the legend of the figure. To reduce
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the number of animals we used only 4 animals for the formalin control
group in the majority of the experiments due to the reproducibility of the
face rubbing in the animals. For more information see S1.

2.2. Drugs and reagents

For experiments, the following reagents and drugs were used:
Botox® (Allergan, Irvine, CA, USA), Botulift® (Medytox, Cheongwon,
South Korea), Xeomin® (Merz Pharmaceuticals, Frankfurt, Germany),
Dysport® (Ipsen, Paris, France), Prosigne® (Lanzou Institute of Biolog-
ical Products, Gansu, China), formalin (Sigma Aldrich, St. Louis, MO,
USA), isoflurane (Cristélia, Sao Paulo, Brazil) and saline.

2.3. Treatments

Right before treatment, the toxins were diluted in 0.9% saline
(vehicle) as the manufacturer instructions described in the label. The
animals were pre-treated with vehicle 20 pL (control group for pain
development) or one of the five selected brands of Botulinum neurotoxin
A, both injected subcutaneously at the right upper lip (perinasal area)
using a 27 '»-gauge needle, 3 days prior to the formalin test. Before in-
jections, the animals were firstly anesthetized with isoflurane 2%, sup-
plemented with Oy 100%. Doses-response curves were constructed for
Botox® (0.02, 0,06 e 0.2 Units of Botulinum Toxin in 20 pL of 0.9%
saline), as described for Cui et al. (2004) and Luvisetto et al. (2006),
with some modifications. For Dysport® (0.06, 0.18 e 0.6 Units of Bot-
ulinum Toxin in 20 pL of 0.9% saline) doses were selected based on the
proportionality described on Dysport® leaflet and used in clinical
management, following a 1:3 ratio (Botox®: Dysport®). Botulift®,
Xeomin®, and Prosigne® were administered at 0,06 U/20 pL of saline,
following the same proportionality in comparison to Botox® doses
described in the clinic. Assuming that 100 units are equals to 5 ng of
neurotoxin protein, our doses correspond to 1-10 pg/mouse (Cui et al.,
2004). After the BONT-A treatment, all animals were acclimatized to the
experimental room for at least 1 h per day, during 3 days, preceding the
formalin test. Each experiment was performed at least twice (duplicate),
on different days, to reduce environmental risk, and with a different
group of animals.

2.4. Formalin test

Orofacial nociception was induced by a subcutaneous injection of 20
pL of 2% formalin into the right perinasal area of animals briefly anes-
thetized with isoflurane (Luccarini et al., 2006). The nociception was
quantified by measuring the time that the mouse spent rubbing the
injected area with the paws for the first 5 min (considered the first phase,
neurogenic), and 15-30 min (second phase, inflammatory) after the
formalin injection. Results were expressed as the percentage of face
rubbing, where formalin-inducing face rubbing was considered as being
100% of the response, to facilitate the comparison between the analgesic
effects of the different brands.

2.5. Data analysis

All experiments submitted to this project had their sample size
calculated using the G* Power 3.0.10 Software (0.25 effect size, error
probability of 0.05, and proof power of 0.85). Kolmogorov-Smirnov
normality test was used to determine whether the data values had
normal distributions. For analysis, the data obtained with Botox® and
Dysport® treatment were evaluated by a One-way analysis of Variance
(ANOVA) followed by Dunnett post hoc test. The data obtained with the
other treatments were evaluated by t-test. Were considered significant
the differences with a P < 0,05. All graphs and statistical analyses were
performed using GraphPad Prism 5.0 (GraphPad Software, San Diego,
CA).
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3. Results

All animals submitted to the procedure were included in the statis-
tical analysis. Only one mouse did not present the appropriate weight on
the day of the experiment and was not submitted to intervention. Firstly,
we verified if Botox® was able to prevent nociception in the orofacial
pain animal model induced by formalin, which is regarded as being
pertinent to clinical pain (Raboisson e Dallel, 2004), and which dose had
the best therapeutic response. Based on this result, the dose to be tested
for the other commercial brands was established as explained in the
“treatment” subtitle, and the results are described below.

3.1. Antinociceptive effects of Botox® on formalin-induced orofacial pain

We observed that orofacial subcutaneous treatment using Botox®
0.02 U and 0.06 U reduced the face rubbing behavior by 42.9% and
34.5%, respectively; when analyzing the first phase of the formalin-
induced orofacial pain (Fig. 1A). The second phase was prevented
using Botox® at 0.06 U and 0.2 U, in 29.2% and 29.8%, respectively
(Fig. 1B). Based on this experiment, we decided to use 0.06 U as the
reference dose for the following experiments, when analyzing the
possible analgesics effects of the other formulations of BoNT-A, per-
forming the proportionalities of 1:3 and 1:1 with Botox, as described
before.

3.2. Antinociceptive effects of Botulift® on formalin-induced orofacial
pain

To evaluate Botulift® we used the same dose of Botox® (1:1) that has
analgesic effects on both phases of the selected pain test. As we could
observe, the treatment using Botulift® (0.06 U/20 pL) injection reduced
the face-rubbing response at the first (57.2% of reduction) and second
(54.5% of reduction) phase, compared to the control group (Fig. 2).
Since our objective was not to make a comparison between BoNT-A
analgesic potentials, but to evaluate if each formulation was able to
elicit analgesic effects, we did not perform more doses of Botulift.

3.3. Antinociceptive effects of Xeomin® on formalin-induced orofacial
pain

The treatment using Xeomin® (0.06 U/20 pL) injection reduced the
face-rubbing response at the first (37.5% of prevention) and second
(51.9% of prevention) phase, compared to the control group (Fig. 3).
Since our objective was not to make a comparison between BoNT-A
analgesic potentials, but to evaluate if each formulation was able to
elicit analgesic effects, we did not perform more doses of Xeomin®.
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3.4. Antinociceptive effects of Dysport® on formalin-induced orofacial
pain

Dysport® is used in the clinic at 1:3 in relationship to Botox® doses.
As it was established that we would use the dose of 0.06U for Botox,
based on references for mice treatment with BoNT-A, we adopted the
concentration of 0.18U as a possible therapeutic dose for Dysport®. The
treatment did not reduce the face-rubbing response of the first or second
phase of formalin-induced orofacial pain when compared to the control
group. The dose of 0.06U was then evaluated and no antinociceptive
effects were observed. A third dose was tested, 0.6U, and it was observed
an increase in face-rubbing response in the first (45,92%) and in the
second phase (38%) in total rubbing time. (Fig. 4). We also observed
adverse effects in the eyes of 3 of the 6 animals that used a dose of 0.6U,
possibly related to the overdose of BoNT-A (Fig. 5).

3.5. Antinociceptive effects of Prosigne® on formalin-induced orofacial
pain

The treatment using Prosigne® (0,6 U/20 pL) injection was not able
to prevent the development of face-rubbing response in the formalin
orofacial pain test (Fig. 6) when compared to the control group. All the
animals had an adverse effect on the eye, as shown in Fig. 4. Since our
objective was not to make a comparison, but to evaluate if each
formulation was able to elicit analgesic effects, we did not perform more
doses of Prosigne®.

4. Discussion

This study evaluated the potential to induce antinociceptive effects
for the following BoNT-A trademarks: Botox®, Botulift®, Xeomin®,
Dysport®, and Prosigne®. Doses were based on previous animal studies
using Botox for orofacial pain treatment and dilutions considered for
humans treatments with BoNT-A. Our data suggest that the treatment
using different formulations is not similar in efficacy as analgesics.
Botox®, Botulift®, and Xeomin® were able to reduce the rubbing
response in both, first and the second phase of formalin-inducing oro-
facial pain. Differently, Dysport® and Prosigne® did not reduce the pain
response in any phase.

To study pain, different animal models are available and the formalin
test is widely used as a preclinical pain model to investigate the anal-
gesic effect of drugs (Dubuisson e Dennis, 1977). Usually accessed by
subcutaneous intraplantar injections, it results in a series of behavioral
responses, which are biphasic with an early short-lasting phase (phase
1), due to direct stimulation of nociceptors and inflammation start,
followed by a second prolonged phase (phase 2) reflecting pain sensi-
tization (Coderre et al., 1990; Dickenson e Sullivan, 1987). Formalin is
also standardized as an animal model to study orofacial pain in rodents
inducing face-rubbing episodes following the typical biphasic
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Fig. 1. Effect of Botox® (0,02 U, 0,06 U, and 0,2U, n = 9 each group) on formalin-induced orofacial pain in mice (control n = 9. A) represents the first phase
(neurogenic, 0-5 min) and B) represents the second phase (inflammatory, 15-30 min) of formalin-induced pain. Each column represents the mean + S.E.M. One-way
ANOVA followed by Dunnett’s test. (*p < 0,05 and **p < 0,01 vs. Control group).
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Fig. 2. Effect of Botulift (Control, n = 4, Botulift, n = 8) on formalin-induced orofacial pain in mice. A) represents the first phase (neurogenic, 0-5 min) and B)
represents the second phase (inflammatory, 15-30 min). Each column represents the mean + S.E.M. Unpaired T-test. (***p < 0,001 vs Control group).

A 150~
[=]
5 100 I
=1
2 *
'S 504
3
0 T T
Control Xeomin 0.06U

[+
-
o
S

-
=)
T

Fekk

% Face rubbing
o
<

o

Con'trol Xeomi|'1 0.06U

Fig. 3. Effect of Xeomin® (Control, n = 4, Xeomin, n = 6) on formalin-induced orofacial pain in mice. A) represents the first phase (neurogenic, 0-5 min) and B)
represents the second phase (inflammatory, 15-30 min). Each column represents the mean =+ S.E.M. Unpaired T-test (*p < 0,05 and ***p < 0,001 vs. Control group).
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Fig. 4. Effect of Dysport® (0,06 U, 0,18 U, and 0,6U, n = 6 per group) on formalin-induced orofacial pain in mice (control n = 6). A) represents the first phase
(neurogenic, 0-5 min) and B) represents the second phase (inflammatory, 15-30 min) of formalin-induced pain. Each column represents the mean + S.E.M. One-way

ANOVA followed by Dunnett’s test. (*p < 0.05 vs control group).

time-course seen in all formalin models (Clavelou et al., 1995; Luccarini
et al., 2006). Since the orofacial region is one of the most densely
innervated areas of the body, and these innervations are due to the tri-
geminal nerve, we used the animal model of formalin-induced orofacial
pain for this study. Firstly, our experimental data support the analgesic
effect of BONT-A previously observed in an orofacial pain model induced
by formalin in rodents (Magalhaes et al., 2018; Matak et al., 2013; Silva
et al., 2016). However, we observed analgesic effects for BONT-A on the
first phase of the formalin-induced orofacial pain, which was different
from the previous findings demonstrated by Matak (2013). There are
some differences between these studies that can reinforce these differ-
ences. Matak used rats and observed that animals spent rubbing around
40 s on the first phase of the formalin test, and 500 s on the second
phase, while we observed this behavior for 100 and 200 s, respectively.
Also, BoNT-A doses used in the studies were considerably different, 0,
02-0,2 U for us and 1,25 U for Matak. Additionally, we evaluated the
analgesic effects of BONT-A 3 days after the toxin injection, and Matak
observed these effects 6 days after treatments. Following, we could
observe that the different formulations of BONT-A exert different effects
on the pain-behavioral responses induced by formalin.

The doses and protocol of treatment used here were based on the
literature, where BoNT-A from Botox® shows analgesic effects when
being administered in rodents three days before formalin injections and
in these same doses (Cui et al., 2004; Luvisetto et al., 2006). Following,
the doses for the different products of BONT-A were defined using the
conversion factor of 1:3 for Botox®: Dysport®, and 1:1 for Botox®:
Botulift®, Prosigne®, and Xeomin®, as previously described (Bar-
asnevicius Quagliato et al., 2010; Dressler et al., 2014; Odergren et al.,
1998; Seo et al., 2015). Additionally, it is worth to be mention here that
we observed some adverse effects in the animal eye when they were
treated with the highest doses of Dysport® (0.6 U), and Prossigne® (0,
06 U). The same adverse reactions in the eyes, as ptosis and dry eye,
were previously described in the clinical trials done by the manufac-
turers, and this potential side effect is described at the label (Allergan
Inc.,, 2011; IpsenBiopharm, 2009; MerzPharmaceuticals, 2010).
Furthermore, we could observe that the analgesic effects of Botox in
phase 1 decreased as we increase the concentration of Botox, probably
due to adverse effects of high concentration of Botox, also indicated in
humans where high doses of Botox are described as painful (Kazerooni e
Armstrong, 2018). So, we do believe that the use of rodents to evaluate
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Fig. 5. Adverse effect in the eye observed when animals were treated with
Dysport 0,6U and Prosigne 0,06U.

orofacial analgesic effects of BoNT-A is a strongly validated animal
model to study pain.

Although our goal with this study was not to analyze the best BONT-A
for pain, instead to evaluate each one despite its possible effect as an
analgesic for orofacial pain, some observations were made. Botulift® has
demonstrated to have the best antinociceptive effect in formalin-
inducing orofacial pain, reducing the face rubbing response in 57.2%
at the first phase, and 54.5% at the second phase, in comparison with
37.5% (first phase) and 52% (second phase) of reduction for Xeomin®
and 34,5% (first phase) and 29,2% (second phase) of reduction for
Botox®. Certainly, these preclinical results need to be translated into
clinical data, however, this study demonstrated, for the first time,
possible orofacial analgesic effects being developed by other BoNT-A
brands and with increased analgesia effects. On the other hand, we
did not analyze the duration of the treatments, which is an important
point to be observed in human analgesia.

This different potential as an analgesic is not surprising considering
many factors related to BONT-A manufacturing. The efficacy of different
products can be affected by the diluent. Formulations using bulking
agents and stabilizers, as gelatin phosphate buffer and human serum
albumin, can be more potent. Some formulations can be more active and
stable in saline than others (Brin et al., 2014; McLellan et al., 1996).

A 150-

[=

5 1004 I —
]

2

@

Q

©

w 50

B

0 T T
Control Prosigne 0.06U

Toxicon: X 12 (2021) 100083

Also, the potency of preparations of BONT-A is calculated using an LD50
essay, and are expressed in mouse units, but there is no international
reference standard against which potency is normalized, besides, each
company uses a unique reference standard for the test (Dressler e Ben-
ecke, 2007; Hunt e Clarke, 2009). Because of the difference between the
essays the units of biological activity of the commercial formulations of
BoNT-A are not equivalent (Frevert et al., 2018; McLellan et al., 1996).
Dressler (2011), using an LD50 essay compared the potency of five
batches of Botox and Xeomin and observed that Botox has a potency of
103,1 MU (mouse units), and Xeomin has a potency of 101,7 MU
(Dressler et al., 2012). The potency of Botox and Botulift were analyzed
for Jeong et al. (2019), the estimated potency for Botox was 101,23%
and for Botulift was 105,03% (Jeong et al., 2019).

Additionally, the difference in the manufacturing process originates
products containing different amounts of the 150 KDa BoNT-A neuro-
toxin, which is described as responsible for mediating the therapeutic
effects (Pickett, 2014; Pirazzini et al., 2017). The total amount of
BoNT-A described in the literature, giving values of 5 ng per 100 U vial
of Botox®, is related not only to the core of neurotoxin, but also the
complexing proteins present in the formulation (Frevert, 2010; Pan-
jwani et al., 2008). For example, Botox and Botulift have a 900 kDa
complex, that is formed by botulinum neurotoxin (150 kDa), the
non-toxic non-hemagglutinin, and three hemagglutinins proteins. Xeo-
min is formed only by the 150 kDa toxin. Dysport and Prosigne have a
molecular mass ranging from 500 to 900 kDa. The presence of BoONT-A
may impact the therapeutic effect: the lower amount of neurotoxin
molecules, the lower cleave rate of SNAP-25. Field et al., in 2018 re-
ported that Botox, Dysport, and Xeomin have different amounts of
neurotoxin. In a 100 U vial of Botox there was 0,90 ng of BoNT-A, in a
100 U vial of Xeomin there was 0,4 ng and, in a 500 U vial of Dysport
there was 2,69 ng of BoNT-A, resulting in 0.009 ng/U for Botox, 0.004
ng/U for Xeomin, and 0.005 ng/U for Dysport, respectively (Field et al.,
2018). Additionally, the literature already demonstrated differences
between the subtypes of BONT-A (A1-8) related to their catalytic activ-
ity, toxicity, the capacity of entry neurons and elicit paralysis and there
is a lack of information about the different BONT-A subtypes present in
these formulations (Christina L. Pier, Chen Chen, William H. Tepp,
Guangyun Lin et al., 2011; Wang et al., 2013; Whitemarsh et al., 2013).

5. Conclusion

The analgesic treatment using different formulations of BoNT-A is
not similar in efficacy. Here, the treatment using Botulift, Xeomin, and
Botox had the analgesic response, while the treatment with Dysport and
Prosigne did not show any antinociceptive effect. All the differences
observed in the BoNT-A formulations, from the diluents used to the
amount of neurotoxin, may affect the analgesic effects of the product.
More preclinical and clinical studies comparing the effect of different
preparations are required to elucidate the better treatment option for
each case.
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Fig. 6. Effect of Prosigne® (Control, n = 4, Prossigne, n = 6) on formalin-induced orofacial pain in mice. A) represents the first phase (neurogenic, 0-5 min) and B)
represents the second phase (inflammatory, 15-30 min). Each column represents the mean + S.E.M. Unpaired T-test.



T.C. Abrahao Cunha et al.
Ethical statement

The authors declare that this work has not been published elsewhere.
The animal experiments comply with the ARRIVE guideline and are
carried out following the guideline for animal welfare.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors would like to thank professor Veridiana de Melo
Rodrigues Avila from the Federal University of Uberlandia, by sup-
porting with the infrastructure and physical space, the undergraduate
student Nariani Rocha Saraiva, which assisted some experiments stan-
dardizations, for the Pro-Reitoria de Pesquisa e Pés-graduagao (PROPP-
UFU) and Rodent Vivarium Network (REBIR-UFU) by animal supply,
infrastructure, and services provided.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.toxcx.2021.100083.

Credit author statement

Thays C Cunha: Conceptualization, Writing — original draft and su-
pervision. Ana Claudia G. Couto: Investigation, Formal analysis, and
writing- Original draft. Eduardo Januzzi: Conceptualization, Visualiza-
tion and resources. Rafael T Gongalves: Conceptualization, Visualization
and resources. Graziella Silva: Conceptualization, Visualization and re-
sources. Cassia Regina Silva: Project administration, Conceptualization,
Methodology and writing - Review & Editing.

Disclosure of potential conflicts of interest

The authors declare no potential conflicts of interest with respect to
the authorship and/or publication of this article.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

Allergan Inc., 2011. Botox [package Insert]. CA, USA.

Aoki, K.R., 2003. Evidence for antinociceptive activity of botulinum toxin type A in pain
management. Headache J. Head Face Pain 43, 9-15. https://doi.org/10.1046/
j.1526-4610.43.7s.3.x.

Aoki, K.R., Ranoux, D., Wissel, J., 2006. Using Translational Medicine to Understand
Clinical Differences between Botulinum Toxin Formulations, vol. 13, pp. 10-19.
https://doi.org/10.1111/j.1468-1331.2006.01649.x.

Ashton, A.C., Dolly, J.O., 1988. Characterization of the inhibitory action of botulinum
neurotoxin type A on the release of several transmitters from rat cerebrocortical
synaptosomes. J. Neurochem. 50, 1808-1816. https://doi.org/10.1111/j.1471-
4159.1988.tb02482.x.

Baker, J.S., Nolan, P.J., 2017. Effectiveness of botulinum toxin type A for the treatment
of chronic masticatory myofascial pain: a case series. J. Am. Dent. Assoc. 148, 33-39.
https://doi.org/10.1016/j.adaj.2016.09.013.

Barasnevicius Quagliato, E.M.A., Carelli, E.F., Viana, M.A., 2010. Prospective,
randomized, double-blind study, comparing botulinum toxins type a botox and
prosigne for blepharospasm and hemifacial spasm treatment. Clin. Neuropharmacol.
33, 27-31. https://doi.org/10.1097/WNF.0b013e3181c46f61.

Bigalke, H., Heller, 1., Bizzini, B., Habermann, E., 1981. Tetanus toxin and botulinum A
toxin inhibit release and uptake of various transmitters, as studied with particulate
preparations from rat brain and spinal cord. Naunyn-Schmiedeberg’s Arch.
Pharmacol. 316, 244-251. https://doi.org/10.1007/BF00505657.

Toxicon: X 12 (2021) 100083

Brin, M.F., Blitzer, A., Fahn, S., Lovelace, R.E., Gould, W., 1989. Adductor laryngeal
dystonia (spastic dysphonia): treatment with local injections of botulinum toxin
(Botox). Mov. Disord. 4, 287-296. https://doi.org/10.1002/mds.870040401.

Brin, M.F., James, C., Maltman, J., 2014. Botulinum toxin type A products are not
interchangeable: a review of the evidence. Biol. Targets & Ther. 8, 227-241. https://
doi.org/10.2147/BTT.S65603.

Carruthers, J.A., Lowe, N.J., Menter, M.A., Gibson, J., Nordquist, M., Mordaunt, J.,
Walker, P., Eadie, N., 2002. A multicenter, double-blind, randomized, placebo-
controlled study of the efficacy and safety of botulinum toxin type A in the treatment
of glabellar lines. J. Am. Acad. Dermatol. 46, 840-849. https://doi.org/10.1067/
mjd.2002.121356.

Chaurand, J., Pacheco-Ruiz, L., Orozco-Saldivar, H., Lépez-Valdés, J., 2017. Efficacy of
botulinum toxin therapy in treatment of myofascial pain. J. Oral Sci. 59, 351-356.
https://doi.org/10.2334/josnusd.16-0614.

Chien, C.T., Lee, H.M., Wu, C.C,, Li, P.C., 2012. Inhibitory effect of botulinum toxin type
A on the NANC system in rat respiratory models of neurogenic inflammation. Arch.
Biochem. Biophys. 524, 106-113. https://doi.org/10.1016/j.abb.2012.05.016.

Clavelou, P., Dallel, R., Orliaguet, T., Woda, A., Raboisson, P., 1995. The orofacial
formalin test in rats: effects of different formalin concentrations. Pain 62, 295-301.
https://doi.org/10.1016/0304-3959(94)00273-H.

Coderre, T.J., Vaccarino, A.L., Melzack, R., 1990. Central nervous system plasticity in the
tonic pain response to subcutaneous formalin injection. Brain Res. 535, 155-158.
https://doi.org/10.1016/0006-8993(90)91835-5.

Coelho, A., Oliveira, R., Rossetto, O., Cruz, C.D., Cruz, F., Avelino, A., 2014. Intrathecal
administration of botulinum toxin type A improves urinary bladder function and
reduces pain in rats with cystitis. Eur. J. Pain 18, 1480-1489. https://doi.org/
10.1002/ejp.513.

Cui, M., Khanijou, S., Rubino, J., Aoki, K.R., 2004. Subcutaneous administration of
botulinum toxin a reduces formalin-induced pain. Pain 107, 125-133. https://doi.
0rg/10.1016/j.pain.2003.10.008.

Da Silva, L.B., Karshenas, A., Bach, F.W., Rasmussen, S., Arendt-Nielsen, L., Gazerani, P.,
2014. Blockade of glutamate release by botulinum neurotoxin type A in humans: a
dermal microdialysis study. Pain Res. Manag. 19, 126-132. https://doi.org/
10.1155/2014/410415.

Dickenson, A.H., Sullivan, A.F., 1987. Peripheral origins and central modulation of
subcutaneous formalin-induced activity of rat dorsal horn neurones. Neurosci. Lett.
83, 207-211. https://doi.org/10.1016/0304-3940(87)90242-4.

Dodick, D.W., Turkel, C.C., Degryse, R.E., Aurora, S.K., Silberstein, S.D., Lipton, R.B.,
Diener, H.C., Brin, M.F., 2010. OnabotulinumtoxinA for treatment of chronic
migraine: pooled results from the double-blind, randomized, placebo-controlled
phases of the PREEMPT clinical program. Headache 50, 921-936. https://doi.org/
10.1111/j.1526-4610.2010.01678.x.

Dressler, D., Benecke, R., 2007. Pharmacology of therapeutic botulinum toxin
preparations. Disabil. Rehabil. 29, 1761-1768. https://doi.org/10.1080/
09638280701568296.

Dressler, D., Mander, G., Fink, K., 2012. Measuring the potency labelling of
onabotulinumtoxinA (Botox®) and incobotulinumtoxinA (Xeomin®) in an LD50
assay. J. Neural. Transm. 119, 13-15. https://doi.org/10.1007/5s00702-011-0719-1.

Dressler, D., Tacik, P., Adib Saberi, F., 2014. Botulinum toxin therapy of cervical
dystonia: comparing onabotulinumtoxinA (Botox®) and incobotulinumtoxinA
(Xeomin®). J. Neural. Transm. 121, 29-31. https://doi.org/10.1007/500702-013-
1076-z.

Dressler, D., Pan, L., Bigalke, H., 2018. Comparing incobotulinumtoxinA (Xeomin®) and
onabotulinumtoxinA (Botox®): identical potency labelling in the hemidiaphragm
assay. J. Neural. Transm. 125, 1351-1354. https://doi.org/10.1007/s00702-018-
1897-x.

Dubuisson, D., Dennis, S.G., 1977. The formalin test: a quantitative study of the analgesic
effects of morphine, meperidine, and brain stem stimulation in rats and cats. Pain 4,
161-174. https://doi.org/10.1016,/0304-3959(77)90130-0.

Field, M., Splevins, A., Picaut, P., Schans, M. Van Der, Langenberg, J., Noort, D.,
Foster, K., 2018. AbobotulinumtoxinA (Dysport®), OnabotulinumtoxinA (Botox®),
and IncobotulinumtoxinA (Xeomin®) neurotoxin content and potential implications
for duration of response in patient. Toxins 10, 1-14. https://doi.org/10.3390/
toxins10120535.

Frevert, J., 2010. Content of botulinum neurotoxin in botox®vistabel ®,
dysport®azzalure®, and xeomin®bocouture. Drugs R 10, 67-73. https://doi.org/
10.2165/11584780-000000000-00000.

Frevert, J., Ahn, K.Y., Park, M.Y., Sunga, O., 2018. Comparison of botulinum neurotoxin
type a formulations in asia. Clin. Cosmet. Invest. Dermatol. 11, 327-331. https://doi.
org/10.2147/CCID.S160723.

Groenewegen, H.J., Uylings, H.B.M., 2000. The prefrontal cortex and the integration of
sensory, limbic and autonomic information. Prog. Brain Res. 126, 3-28. https://doi.
0rg/10.1016/50079-6123(00)26003-2.

Hunt, T., Clarke, K., 2009. Potencyevaluation of a formulated drug product containing
150-kd botulinum neurotoxin type a. Clin. Neuropharmacol. 32, 28-31. https://doi.
org/10.1097/WNF.0b013e3181692735.

Ibragi¢, S., Matak, 1., Draci¢, A., Smajlovi¢, A., Muminovi¢, M., Proft, F., Sofi¢, E.,
Lackovi¢, Z., Riederer, P., 2016. Effects of botulinum toxin type A facial injection on
monoamines and their metabolites in sensory, limbic and motor brain regions in rats.
Neurosci. Lett. 617, 213-217. https://doi.org/10.1016/j.neulet.2016.02.020.

IpsenBiopharm, 2009. Dysport [package Insert]. Paris.

Jankovic, J., 2018. An update on new and unique uses of botulinum toxin in movement
disorders. Toxicon 147, 84-88. https://doi.org/10.1016/j.toxicon.2017.09.003.

Jeong, G.J., Kim, J.H., Park, K.Y., Seo, S.J., 2019. Potency and persistence of
reconstituted botulinum neurotoxin type A: mouse IP LD50 assay. Dermatol. Surg.
1-4. https://doi.org/10.1097/DSS.0000000000002070, 00.


https://doi.org/10.1016/j.toxcx.2021.100083
https://doi.org/10.1016/j.toxcx.2021.100083
http://refhub.elsevier.com/S2590-1710(21)00019-9/sref1
https://doi.org/10.1046/j.1526-4610.43.7s.3.x
https://doi.org/10.1046/j.1526-4610.43.7s.3.x
https://doi.org/10.1111/j.1468-1331.2006.01649.x
https://doi.org/10.1111/j.1471-4159.1988.tb02482.x
https://doi.org/10.1111/j.1471-4159.1988.tb02482.x
https://doi.org/10.1016/j.adaj.2016.09.013
https://doi.org/10.1097/WNF.0b013e3181c46f61
https://doi.org/10.1007/BF00505657
https://doi.org/10.1002/mds.870040401
https://doi.org/10.2147/BTT.S65603
https://doi.org/10.2147/BTT.S65603
https://doi.org/10.1067/mjd.2002.121356
https://doi.org/10.1067/mjd.2002.121356
https://doi.org/10.2334/josnusd.16-0614
https://doi.org/10.1016/j.abb.2012.05.016
https://doi.org/10.1016/0304-3959(94)00273-H
https://doi.org/10.1016/0006-8993(90)91835-5
https://doi.org/10.1002/ejp.513
https://doi.org/10.1002/ejp.513
https://doi.org/10.1016/j.pain.2003.10.008
https://doi.org/10.1016/j.pain.2003.10.008
https://doi.org/10.1155/2014/410415
https://doi.org/10.1155/2014/410415
https://doi.org/10.1016/0304-3940(87)90242-4
https://doi.org/10.1111/j.1526-4610.2010.01678.x
https://doi.org/10.1111/j.1526-4610.2010.01678.x
https://doi.org/10.1080/09638280701568296
https://doi.org/10.1080/09638280701568296
https://doi.org/10.1007/s00702-011-0719-1
https://doi.org/10.1007/s00702-013-1076-z
https://doi.org/10.1007/s00702-013-1076-z
https://doi.org/10.1007/s00702-018-1897-x
https://doi.org/10.1007/s00702-018-1897-x
https://doi.org/10.1016/0304-3959(77)90130-0
https://doi.org/10.3390/toxins10120535
https://doi.org/10.3390/toxins10120535
https://doi.org/10.2165/11584780-000000000-00000
https://doi.org/10.2165/11584780-000000000-00000
https://doi.org/10.2147/CCID.S160723
https://doi.org/10.2147/CCID.S160723
https://doi.org/10.1016/S0079-6123(00)26003-2
https://doi.org/10.1016/S0079-6123(00)26003-2
https://doi.org/10.1097/WNF.0b013e3181692735
https://doi.org/10.1097/WNF.0b013e3181692735
https://doi.org/10.1016/j.neulet.2016.02.020
http://refhub.elsevier.com/S2590-1710(21)00019-9/sref31
https://doi.org/10.1016/j.toxicon.2017.09.003
https://doi.org/10.1097/DSS.0000000000002070

T.C. Abrahao Cunha et al.

Johannes, C.B., Le, T.K., Zhou, X., Johnston, J.A., Dworkin, R.H., 2010. The prevalence
of chronic pain in United States adults: results of an internet-based survey. J. Pain
11, 1230-1239. https://doi.org/10.1016/j.jpain.2010.07.002.

Kazerooni, R., Armstrong, E.P., 2018. Botulinum toxin type A overdoses: analysis of the
FDA adverse event reporting system database. Clin. Drug Invest. 38, 867-872.
https://doi.org/10.1007/540261-018-0668-7.

Lee, W.H., Shin, T.J., Kim, H.J., Lee, J.K., Suh, HW., Lee, S.C., Seo, K., 2011. Intrathecal
administration of botulinum neurotoxin type a attenuates formalin-induced
nociceptive responses in mice. Anesth. Analg. 112, 228-235. https://doi.org/
10.1213/ANE.0b013e3181ffald7.

Luccarini, P., Childeric, A., Gaydier, A.M., Voisin, D., Dallel, R., 2006. The orofacial
formalin test in the mouse: a behavioral model for studying physiology and
modulation of trigeminal nociception. J. Pain 7, 908-914. https://doi.org/10.1016/
j.jpain.2006.04.010.

Luvisetto, S., Marinelli, S., Lucchetti, F., Marchi, F., Cobianchi, S., Rossetto, O.,
Montecucco, C., Pavone, F., 2006. Botulinum neurotoxins and formalin-induced
pain: central vs. peripheral effects in mice. Brain Res. 1082, 124-131. https://doi.
org/10.1016/j.brainres.2006.01.117.

Macfarlane, T.V., Blinkhorn, A.S., Davies, R.M., Kincey, J., Worthington, H.V., 2002.
Oro-facial pain in the community : prevalence and associated impact. Community
Dent. Oral Epidemiol. 30, 52-60. https://doi.org/10.1034/j.1600-
0528.2002.300108.x.

Magalhaes, F.E.A., Batista, F.L.A., Serpa, O.F., Moura, L.F.W.G., Lima, M., da, C.L., da
Silva, A.R.A., Guedes, M.LF., Santos, S.A.A.R., de Oliveira, B.A., Nogueira, A.B.,
Barbosa, T.M., Holanda, D.K.R., Damasceno, M.B.M.V., de Melo, J. de M.A.,
Barroso, L.K.V., Campos, A.R., 2018. Orofacial antinociceptive effect of Mimosa
tenuiflora (Willd.). Poiret. Biomed. Pharmacother. 97, 1575-1585. https://doi.org/
10.1016/j.biopha.2017.11.001.

Matak, I., Stracenski, I., Lackovi¢, Z., 2013. Comparison of analgesic effects of single
versus repeated injection of botulinum toxin in orofacial formalin test in rats.

J. Neural. Transm. 120, 141-144. https://doi.org/10.1007/500702-012-0846-3.

Matak, 1., Bolcskei, K., Bach-Rojecky, L., Helyes, Z., 2019. Mechanisms of botulinum
toxin type A action on pain. Toxins 11. https://doi.org/10.3390/toxins11080459.

McLellan, K., Gaines Das, R.E., Ekong, T.A.N., Sesardic, D., 1996. Therapeutic botulinum
type a toxin: factors affecting potency. Toxicon 34, 975-985. https://doi.org/
10.1016/0041-0101(96)00070-0.

McMahon, H.T., Foran, P., Dolly, J.O., Verhage, M., Wiegant, V.M., Nicholls, D.G., 1992.
Tetanus toxin and botulinum toxins type A and B inhibit glutamate, y- aminobutyric
acid, aspartate, and met-enkephalin release from synaptosomes: clues to the locus of
action. J. Biol. Chem. 267, 21338-21343.

MerzPharmaceuticals, 2010. Xeomin [package Insert]. Frankfurt, Germany.

Muraro, L., Tosatto, S., Motterlini, L., Rossetto, O., Montecucco, C., 2009. The N-terminal
half of the receptor domain of botulinum neurotoxin A binds to microdomains of the
plasma membrane. Biochem. Biophys. Res. Commun. 380, 76-80. https://doi.org/
10.1016/j.bbrc.2009.01.037.

Odergren, T., Hjaltason, H., Kaakkola, S., Solders, G., Hanko, J., Fehling, C., Marttila, R.
J., Lundh, H., Gedin, S., Westergren, I., Richardson, A., Dott, C., Cohen, H., 1998.
A double blind, randomised, parallel group study to investigate the dose equivalence
of Dysport® and Botox® in the treatment of cervical dystonia. J. Neurol. Neurosurg.
Psychiatry 64, 6-12. https://doi.org/10.1136/jnnp.64.1.6.

Panjwani, N., O’Keeffe, R., Pickett, A., 2008. Biochemical, functional and potency
characteristics of type A botulinum toxin in clinical use. Botulinum J. 1, 153.
https://doi.org/10.1504/tbj.2008.018956.

Toxicon: X 12 (2021) 100083

Patil, S., Willett, O., Thompkins, T., Hermann, R., Ramanathan, S., Cornett, E.M., Fox, C.
J., Kaye, A.D., Kaye, A.D., 2016. Botulinum Toxin : pharmacology and therapeutic
roles in pain states. Curr. Pain Headache Rep. 20, 1-8. https://doi.org/10.1007/
$11916-016-0545-0.

Pickett, A., 2014. Clinical Applications of Botulinum Neurotoxin, Botulinum Toxin as a
Clinical Product: Manufacture and Pharmacology. Springer, New York. https://doi.
org/10.1007/978-1-4939-0261-3.

Pier, Christina L., Chen, Chen, Tepp, William H., Guangyun Lin, K.D.J., T, J., Barbieri,
Pellett, Sabine, E, A.J., 2011. Botulinum neurotoxin subtype A2 enters neuronal cells
faster than subtype Al. FEBS Lett. 585, 199-206. https://doi.org/10.1016/j.
febslet.2010.11.045.

Pirazzini, M., Rossetto, O., Eleopra, R., Montecucco, C., 2017. Botulinum neurotoxins:
biology, pharmacology, and toxicology. Pharmacol. Rev. 69, 200-235. https://doi.
org/10.1124/pr.116.012658.

Purkiss, J., Welch, M., Doward, S., Foster, K., 2000. Capsaicin-stimulated release of
substance P from cultured dorsal root ganglion neurons: involvement of two distinct
mechanisms. Biochem. Pharmacol. 59, 1403-1406. https://doi.org/10.1016/50006-
2952(00)00260-4.

Raboisson, P., Dallel, R., 2004. The orofacial formalin test. Neurosci. Biobehav. Rev. 28,
219-226. https://doi.org/10.1016/j.neubiorev.2003.12.003.

Safarpour, Y., Jabbari, B., 2018. Botulinum toxin treatment of movement disorders. Curr.
Treat. Options Neurol. 20 https://doi.org/10.1007/511940-018-0488-3.

Schwartz, M., Freund, B., 2002. Treatment of temporomandibular disorders with
botulinum toxin. Clin. J. Pain 18, 198-203. https://doi.org/10.1097/00002508-
200211001-00013.

Scott, N.A., Guo, B., Barton, P.M., Gerwin, R.D., 2009. Trigger point injections for
chronic non-malignant musculoskeletal pain: a systematic review. Pain Med. 10,
54-69. https://doi.org/10.1111/j.1526-4637.2008.00526.x.

Seo, H.G., Paik, N.J,, Lee, S.U., Oh, B.M., Chun, M.H., Kwon, B.S., Bang, M.S., 2015.
Neuronox versus BOTOX in the treatment of post-stroke upper limb spasticity: a
multicenter randomized controlled trial. PloS One 10, 1-13. https://doi.org/
10.1371/journal.pone.0128633.

Silva, J.C., Almeida, J.R.G.S., Quintans, J.S.S., Gopalsamy, R.G., Shanmugam, S.,
Serafini, M.R., Oliveira, M.R.C., Silva, B.A.F., Martins, A.O.B.P.B., Castro, F.F.,
Menezes, 1.R.A., Coutinho, H.D.M., Oliveira, R.C.M., Thangaraj, P., Aratjo, A.A.S.,
Quintans-Jtnior, L.J., 2016. Enhancement of orofacial antinociceptive effect of
carvacrol, a monoterpene present in oregano and thyme oils, by f-cyclodextrin
inclusion complex in mice. Biomed. Pharmacother. 84, 454-461. https://doi.org/
10.1016/j.biopha.2016.09.065.

Sim, W.S., 2011. Application of botulinum toxin in pain management. Korean J. Pain 24,
1-6. https://doi.org/10.3344/kjp.2011.24.1.1.

Von Lindern, J.J., Niederhagen, B., Bergé, S., Appel, T., 2003. Type A botulinum toxin in
the treatment of chronic facial pain associated with masticatory hyperactivity.

J. Oral Maxillofac. Surg. 61, 774-778. https://doi.org/10.1016/50278-2391(03)
00153-8.

Wang, D., Krilich, J., Pellett, S., Baudys, J., Tepp, W.H., Barr, J.R., Johnson, E.A., Kalb, S.
R., 2013. Comparison of the catalytic properties of the botulinum neurotoxin
subtypes Al and A5. Biochim. Biophys. Acta Protein Proteonomics 1834,
2722-2728. https://doi.org/10.1016/j.bbapap.2013.09.007.

Whitemarsh, R.C.M., Tepp, W.H., Bradshaw, M., Lin, G., Pier, C.L., Scherf, J.M.,
Johnson, E.A., Pellett, S., 2013. Characterization of botulinum neurotoxin A
subtypes 1 through 5 by investigation of activities in mice, in neuronal cell cultures,
and in vitro. Infect. Immun. 81, 3894-3902. https://doi.org/10.1128/IA1.00536-13.


https://doi.org/10.1016/j.jpain.2010.07.002
https://doi.org/10.1007/s40261-018-0668-7
https://doi.org/10.1213/ANE.0b013e3181ffa1d7
https://doi.org/10.1213/ANE.0b013e3181ffa1d7
https://doi.org/10.1016/j.jpain.2006.04.010
https://doi.org/10.1016/j.jpain.2006.04.010
https://doi.org/10.1016/j.brainres.2006.01.117
https://doi.org/10.1016/j.brainres.2006.01.117
https://doi.org/10.1034/j.1600-0528.2002.300108.x
https://doi.org/10.1034/j.1600-0528.2002.300108.x
https://doi.org/10.1016/j.biopha.2017.11.001
https://doi.org/10.1016/j.biopha.2017.11.001
https://doi.org/10.1007/s00702-012-0846-3
https://doi.org/10.3390/toxins11080459
https://doi.org/10.1016/0041-0101(96)00070-0
https://doi.org/10.1016/0041-0101(96)00070-0
http://refhub.elsevier.com/S2590-1710(21)00019-9/sref44
http://refhub.elsevier.com/S2590-1710(21)00019-9/sref44
http://refhub.elsevier.com/S2590-1710(21)00019-9/sref44
http://refhub.elsevier.com/S2590-1710(21)00019-9/sref44
http://refhub.elsevier.com/S2590-1710(21)00019-9/sref45
https://doi.org/10.1016/j.bbrc.2009.01.037
https://doi.org/10.1016/j.bbrc.2009.01.037
https://doi.org/10.1136/jnnp.64.1.6
https://doi.org/10.1504/tbj.2008.018956
https://doi.org/10.1007/s11916-016-0545-0
https://doi.org/10.1007/s11916-016-0545-0
https://doi.org/10.1007/978-1-4939-0261-3
https://doi.org/10.1007/978-1-4939-0261-3
https://doi.org/10.1016/j.febslet.2010.11.045
https://doi.org/10.1016/j.febslet.2010.11.045
https://doi.org/10.1124/pr.116.012658
https://doi.org/10.1124/pr.116.012658
https://doi.org/10.1016/S0006-2952(00)00260-4
https://doi.org/10.1016/S0006-2952(00)00260-4
https://doi.org/10.1016/j.neubiorev.2003.12.003
https://doi.org/10.1007/s11940-018-0488-3
https://doi.org/10.1097/00002508-200211001-00013
https://doi.org/10.1097/00002508-200211001-00013
https://doi.org/10.1111/j.1526-4637.2008.00526.x
https://doi.org/10.1371/journal.pone.0128633
https://doi.org/10.1371/journal.pone.0128633
https://doi.org/10.1016/j.biopha.2016.09.065
https://doi.org/10.1016/j.biopha.2016.09.065
https://doi.org/10.3344/kjp.2011.24.1.1
https://doi.org/10.1016/S0278-2391(03)00153-8
https://doi.org/10.1016/S0278-2391(03)00153-8
https://doi.org/10.1016/j.bbapap.2013.09.007
https://doi.org/10.1128/IAI.00536-13

	Analgesic potential of different available commercial brands of botulinum neurotoxin-A in formalin-induced orofacial pain i ...
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Drugs and reagents
	2.3 Treatments
	2.4 Formalin test
	2.5 Data analysis

	3 Results
	3.1 Antinociceptive effects of Botox® on formalin-induced orofacial pain
	3.2 Antinociceptive effects of Botulift® on formalin-induced orofacial pain
	3.3 Antinociceptive effects of Xeomin® on formalin-induced orofacial pain
	3.4 Antinociceptive effects of Dysport® on formalin-induced orofacial pain
	3.5 Antinociceptive effects of Prosigne® on formalin-induced orofacial pain

	4 Discussion
	5 Conclusion
	Ethical statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	Credit author statement
	Disclosure of potential conflicts of interest
	Funding
	References


