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ARTICLE

Botulinum neurotoxin type-A when utilized in 
animals with trigeminal sensitization induced 
a antinociceptive effect
Neurotoxina botulínica do tipo-A quando utilizada em animais com sensibilização 
trigeminal induz efeito antinociceptivo
Elcio J Piovesan1,2, Michael Oshinsky3, Stephen Silberstein3, Pedro Andre Kowacs1, Edison Matos Novak1, 
Lineu Cesar Werneck1

Trigeminal neuralgia (TN) is a rare and severe pain syn-
drome affecting the area innervated by one or more branch-
es of the trigeminal nerve, usually starts in the second or 
third division1. The pain is unilateral characterized by brief 
electric shock-like (lasting a second to 2 minutes), abrupt 
is onset and termination1. Generally evoked by trivial stim-
uli including washing, shaving, smoking, talking and/or 
brushing the teeth1. TN is divided into classical neuralgia 
trigeminal and painful trigeminal neuropathy, being the 
first idiopathic or caused by compression of the trigeminal 

root by tortuous or aberrant vessels and the latter second-
ary to an identificable cause such as multiple sclerosis1. The 
pain mechanism hypothesized in either type of TN is due to 
structural changes affecting the Aδ afferent fibers resulting 
in demyelination, production of ephatic potentials and neu-
ronal hyperexcitation2.

Classical trigeminal neuralgia is usually responsive, 
at least initially, to pharmacotherapy. With the evolution of 
this disorder may reduce initial response, there is a need to 
increase the dosages and combination therapies. Over time 
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ABStrACt
Purpose of the study was evaluate the possible antinociceptive effect of botulinum neurotoxin type-A (BoNT/A) in an experimental model 
of trigeminal neuralgia. Method: Neuropathic pain was induced by surgical constriction of the infraorbital nerve in rats. A control group 
underwent a sham procedure consisting of surgical exposure of the nerve. Subgroups of each group received either BoNT/A or isotonic 
saline solution. The clinical response was assessed with the -20°C test. Animals that underwent nerve constriction developed sensitization; 
the sham group did not. Results: The sensitization was reversed by BoNT/A treatment evident 24 hours following application. Pronociceptive 
effect was observed in the sham group following BoNT/A. Conclusion: BoNT/A has an antinociceptive effect in sensitized animals and a 
pronociceptive effect in non-sensitized animals.

Keywords: analgesics; botulinum toxins; facial pain; trigeminal neuralgia.

reSumo
A proposta do estudo foi avaliar o efeito antinociceptivo da neurotoxina botulínica do tipo A (BoNT/A) em um modelo experimental de 
nevralgia trigeminal. Método: O grupo estudo foi obtido através da constrição do nervo infraorbital em ratos e o grupo controle pela simples 
exposição deste nervo. Cada um dos grupos foram subdivididos de acordo com o tratamento realizado após a intervenção cirurgica: 
solução salina isotônica ou BoNT/A. A resposta terapêutica foi avaliada através do teste de -20°C. Resultados: Animais com constrição 
do nervo desenvolveram uma sensibilização nociceptiva quando comparados ao grupo controle. Ela foi revertida após 24 horas utilizando 
BoNT/A. O efeito pronociceptivo foi observado no grupo controle após a administração de BoNTA. Conclusão: BoNT/A apresenta um efeito 
antinociceptivo em animais sensibilizados e pronociceptivo em animals não sensibilizados.

Palavras-chave: analgésicos; toxinas botulínicas; dor facial; nervo infraorbital; neuralgia do trigêmeo.
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side effects may arise or therapeutic effect loses its con-
sistency. This is the perfect setting for surgical treatment. 
Surgical treatment options consist on procedures dealing 
controlled damage to trigeminal fibers or the Gasserian 
ganglion; or microvascular decompression. Surgical pro-
cedures are reserved for patients with disease refractory to 
drug therapy (which occurs approximately 30% of the time) 
or patients who initially responded but later became intol-
erant to medical therapy3.

Pharmacotherapy includes mainly agents used to con-
trol neuropathic pain such as carbamazepine, oxcarbaze-
pine, baclofen, lamotrigine and pimozide4. In refractory cases 
of surgical and drugs therapy such as Botulinum Neurotoxin 
Type A (BoNT/A) may be a therapeutic option.

The BoNT/A is currently used to treat numerous med-
ical conditions, including hyperactive skeletal-muscular 
disorders and pain. The analgesic effect of BoNT/A has 
been showed in animal experiments models of neuropath-
ic pain over the sciatic nerve that were constriction in-
jury procedure,6,7,8,9 and infraorbital nerves8,10. In humans 
we did an open study of BoNT/A found it was effective in 
treating TN11. Recently a double-blind, placebo-controlled 
trial showed that BoNT/A is more efficient and safe than 
isotonic saline solution in treating TN12. Althought in 
other studies that utilized BoNT/A for chronic migraine 
treatment showed a positive therapeutic effect and par-
adoxically this patients showed side effects such as pain 
symptoms13. This includes pronociceptive effects (neck 
pain; headache, myalgia and musculoskeletal pain greath-
er than placebo group)13.

Thus clinical and preclinical studies have shown that 
BoNT/A can produce dual sensory responses. The aim 
of our study was to evaluate and understand the mecha-
nisms involved in pronociceptive and antinociceptive ef-
fect of BoNT/A in an experimental model of TN utilizing the 
Infraorbital nerve constriction.

metHoD

Subjects
Experiments were conducted in male Norvegicus rats 

(n  =  89) weighing 140-200 g. Groups of four animals were 
housed four in a cage at 22 ± 1°C with a 12-hour light/dark 
cycle (lights on at 07:00 a.m.) and free access to food and wa-
ter except during the test periods. All experiments and exper-
imental procedures were conducted with the approval of the 
local ethics committee for research on animals).

Eighty-nine animals were allocated to the study. Fifty ani-
mals were excluded based on their baseline thermal nocicep-
tive response (TNR) (48 scored less than four seconds and 
two animals scored higher than 14 sec). Of the 39 remain-
ing animals, 24 and 15 were randomly placed into the active 
and sham groups, respectively. Of the 24 animals selected 

for nerve constriction, eight were excluded because they 
failed to show cold sensitization. The 16 remaining animals 
were then divided equally between botulinum toxin group 
(BoNT/A) (Group 1) and isotonic saline solution group (ISS) 
(Group 2). Of the 15 animals in the sham group, seven and 
eight rats were allocated to the BoNT/A (Group 3) and ISS 
(Group 4) treatments, respectively (Figure 1).

Phases of the study
The study consisted of a 21 day run-in period. During 

this time, three behavioral tests were done that evaluat-
ed facial nociception using cold stimulation testing (CST) 
(the -20°C test). This determined their thermal nocicep-
tive response (TNR) (the time spent performing facial 
cleaning movements) baseline score (Figure 1). As sug-
gested in previous work any animal that scored less than 
4 or more than 14 sec was excluded because pain behavior 
was outside expected limits14,15. The animals were then di-
vided into two groups: an experimental group that under-
went left infraorbital nerve (ION) constriction, and a sham 
group that underwent ION exposure but not nerve con-
striction. Both groups were assessed by the CST four and 
six days after surgery. Only rats in the active group whose 
TNR score increased by at least 45% relative to baseline 
remained in the study. This increase in scores featuring 
a nociceptive sensitization16,17. No animals in the sham 
group were excluded (none experienced sensitization). 
On post-surgery day six, the animals were subdivided into 
four groups: Group 1 – constriction treated with BoNT/A 
(BoNT/A-C); Group 2 – constriction treated with isotonic 
saline solution 0.9% (ISS-C); Group 3 – sham surgery treat-
ed with BoNT/A (BoNT/A-S); and Group 4 – sham surgery 
treated with ISS (ISS-S). The animals were evaluated by 
the CST test six, 24, 48, 72, and 96 hours after treatment. 
Post-surgery day six was the baseline of the study.

Cold stimulation test (CSt or -20ºC test)
This protocol was performed according the standard of 

previous studies14,15. The animals were placed in an obser-
vation box (WxLxH  =  30 x 34 x 30 cm) for 30 min to ha-
bituate them. Tetrafluoroethane spray (1 second of ex-
posure) was applied to the left ION emergence. The spray 
was projected onto the ION emergence using a tube driv-
er positioned a few millimeters away to avoid releasing the 
spray onto the animals’ eyes. The rat was observed for two 
minutes; the time (in seconds) spent on bilateral synchro-
nous or unilateral independent facial cleaning movements 
(i.e., grooming) was recorded. Each animal was tested 
twice, and the average for both test scores was considered 
to be its TNR (cold). To confirm that the temperature from 
the stimulus was -20°C, a group of animals was examined 
immediately after the spray with a surface thermometer, as 
previously described for other studies15.
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Surgery
The animals were anesthetized with a mixture of ket-

amine (50 mg/kg) and xylazine (10 mg/kg) injected in-
traperitoneally five to ten minutes prior to the surgical 
constriction or exposure of the ION. The procedure to 
constrict the left ION has been previously described14,15. 
Briefly, the skin under the left eye was incised approxi-
mately 3 mm caudal to the myofascial pads. The muscles 
in this region (the superior lip elevator and anterior su-
perficial masseter muscles) were dissected to expose the 
ION. During the procedure, the nerve was continuously ir-
rigated with ISS 0.9%. Two silk 4-0 ligatures spaced 2 mm 
apart were then tied loosely around the ION and the in-
cision was closed with 4-0 sutures. Animals in the sham 

group underwent the same procedure, with the exception 
of ION ligation. The animals were kept in the surgery room 
until they fully recovered.

Drugs and doses
BoNT/A or ISS was injected on post-surgery day six 

into the area of nerve ligation. A syringe with an ultra-
fine 5/16” needle (30-G/8 mm/0.3 mm) was used for the 
injections. The BoNT/A used was Botox® (Allergan, Inc., 
Irvine, CA, USA). Vials containing 100 mouse units were 
reconstituted with 2 ml of ISS 0,9% ( final concentration: 
50 mouse units/ml). The BoNT/A dosage was 15 units/Kg 
(30 µl/Kg); rats in the ISS groups received 30 µl/Kg of iso-
tonic saline solution 0,9% (ISS). The dose of BoNT/A used 

Figure 1. Study design. CST: cold stimulation test; TNR: thermal nociceptive response; ION: infraorbital nerve; BoNT/A-C: group 
of animals subjected to constriction of the infraorbital nerve and treated with Onabotulinumtoxin-A; ISS-C: group of animals 
which underwent constriction of the infraorbital nerve and treatment with normal saline 0.9%; BoNT/A-S: group of animals 
which underwent only exposure of the nerve - sham procedure - and treated with Onabotulinumtoxin-A; ISS-S: group of animals 
subjected to nerve exposure and treated with isotonic saline solution.
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in this study (~3 units) was based on previous studies16. All 
animals received only one treatment.

Baseline groups
The study used two times of baseline: Baseline I - related 

to the initial phase of the study, where all the animals were 
submitted to TNR with no intervention (surgery to therapeu-
tic intervention). This phase was called Naive Baseline phase. 
This phase was used to evaluate the sensitizing potential of 
the method (infraorbital nerve constriction). Baseline II - pe-
riod after surgery constriction nerve or exposure to evalu-
ate the analgesic effect of BoNTA or pronociceptive called 
Baseline Post-Surgery Phase (Figure 1).

evaluation of motor activity
A possible influence of BoNT/A on motor activity in this 

model of the study was previously evaluated utilizing The 
Open Field Test; it did not produce interference17.

Blinding of the investigators
The researcher who applied the drugs did not partici-

pate in any other phase of this study (EMN). The investigator 
did not know which animals belonged to the active or sham 
groups. The values of the CST were correlated with their re-
spective groups only at the end of the study.

Statistics
For comparations variables we utilized mean and me-

dian. For measures of dispersion we utilized standart devia-
tion (sd). Statistical analysis was performed using one-way 
Analysis of Variance and Analysis of Variance for Repeated 
Measures and (LSD) test for multiple comparisons. The data 
are expressed as percentage of baseline. For all tests, p-values 
less than 0.05 were considered significant.

reSuLtS

Group comparison over the Baseline I
All animals of the four subgroups in the baseline I 

phase showed the similar TNR (p  =  0,326). These results 

show that all animals showed the same pattern nocicep-
tive experimental interventions before the intervention 
procedures (Table 1).

Group comparasion over the Baseline II 
(Sensitization phase)

The evaluation of TNR 6 days post-surgical treatment 
in four groups showed a statistically significant difference 
(p < 0,001) (Table 1). The groups were subjected to constric-
tion nerve were also sensitized (p = 0.070) in the same man-
ner as the sham group were also desensitized (p  =  0.823) 
(Table 2). All comparisons between groups have undergone 
constriction and sham groups were statistically significant 
(p < 0,001) (Table 2). The results demonstrate that the tech-
nique utilized (constriction of the infra-orbital nerve) was 
effective to induce a state of sensitization (peripheral neu-
ropathy infra-orbital nerve). The various comparisons are 
shown in (Table 2).

Group comparison after the treatment
The comparison of the percentage changes of val-

ues from baseline II after the treatment found that at all 
times (six, 24, 48, 72, and 96 hours post-treatment) and 
groups the TNR score varied significantly (Table 3). The 
BoNT/A-C group showed a TNR reduction beginning six 
hours after treatment and maintaining this reduction 24, 
48, and 72 hours after treatment. The ISS-C group showed 
a slight TNR decrease at six hours, followed by an increase 
in the TNR values at 24, 48, 72, and 96 hours, suggest-
ing a conservation of sensitization. The BoNT/A-S group 
showed an increase in TNR values at six, 24, 48, 72, and 
96 hours suggesting a pronociceptive effect (Table 3). The 
ISS-S group showed a decrease in TNR values at six, 24, 
48, and 72 hours (Table 3).

2x2 Group comparisons at different times
The comparison of the percentage changes of values 

from baseline II after the treatment when 2X2 group com-
parisons found that at all times the BoNT/A-C subgroup 
had evidence of antinociception compared with the ISS-C 
group 24 hours after treatment (Table 3). At other times, 

Table 1. Comparison between the subgroups in relation to the time baseline I and II.

Subgroups N Average Median Minimum Maximum SD p-value*

Baseline I

BoNTA-C 8 6.3 6.3 4.1 8.9 1.8  
ISS-C 8 7.5 7.8 4 10 2.3  

BoNTA-S 7 8.7 9 4.1 14 3.8  
ISS-S 8 8.5 7.7 4.7 14 3.2 0,326

Baseline II

BoNTA-C 8 20 20.2 10.4 25.6 5.1  
ISS-C 8 16.5 16.3 12 19.9 2.4  

BoNTA-S 7 6.4 7.7 1 12.6 4.7  
ISS-S 8 6.8 6.9 4 10.6 2.2 < 0,001

BoNTA-C: constriction treated with BoNT/A; ISS-C: constriction treated with isotonic saline solution 0.9%; BoNTA-S: sham surgery treated with BoNT/A; 
ISS-S: sham surgery treated with isotonic saline solution 0.9%; *One-way ANOVA, p < 0,05.
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this antinociceptive effect was not observed (six, 48, 72, and 
96 hours). BoNT/A when utilized in animals without sensi-
tization induce a pronociceptive behavior at all times (com-
parison between BoNT/A-S and ISS-S groups) (Table 3 and 
Figure 2). The TNR does not fluctuate significantly in ani-
mals subjected to treatment with ISS in the surgery or sham 
groups (Table 3 and Figure 2).

DISCuSSIoN

Our results showed that BoNT/A induces two distinct an-
swers: antinociception effect over the animals that were sen-
sitization state and pronociceptive effect over the animals 
without sensitization.

The analgesic or antinociceptive effect can be found in 
experimental or clinical studies. In animals BoNT/A reduces 
nociceptive behavior 24 hours after injection over sensitized 

nerves suggesting an analgesic effect9. Kitamura et al. dem-
onstrated that unilateral infraorbital nerve constriction 
(IoNC) results in long-lasting (superior to 2 weeks) tactile al-
lodynia associated with vesicle secretion of neurotransmit-
ters from trigeminal ganglion18. The main neurotransmitters 
involved in the therapeutic effect of BoNT/A are substance 
P19 and CGRP20,21.The animals of Kitamura study were treated 
with intradermal BoNT/A and showed reduced immediate 
release vesicular of this neurotransmitters with consequent 
control of allodynia 11 days after treatment18. The differences 
of time results of this study and our results may be due to the 
different methodologies.

Probably peripheral injection of BoNT/A may affect 
neuropathic pain at the central level not only by an indirect 
effect but also through a direct action of axonal retrograde 
transport9. The BoNT/A after injection intra plantar reduce 
the allodynia in chronic constriction injury of the sciat-
ic nerve4,6,7,8. This is a strong indication for the retrograde 
transport of peripherally injected BoNT/A. After treatment 
with peripheral injections of BoNT/A in chronic constrict 
injured sciatic nerve, cl-SNAP-25 (cellular membrane ex-
pression protein) was detected in spinal astrocytes. This is 
also an indication that BoNT/A may be transcytosed from 
nociceptive fibers in spinal cord and may enter into glial 
cells9. BoNT/A enters peripheral trigeminal nerve endings 
and later is axonally transported through the trigeminal 
ganglion to the spinal trigeminal nucleus6.

The IoNC accompanied by hyperalgesia and allodyn-
ia is used as a model of trigeminal neuropathy in rats14,15. 
We utilized this model because it can be used to assessment 

Table 3. Group comparison after the treatment in different times.

Time Group Valid N Mean Median Minimum Maximum SD p-value*

6 h

BoNT/A-C 8 -53.31 -53.81 -76.88 -18.37 20.14  
ISS-C 8 -6.01 -10.89 -45.68 34.46 26.07  

BoNT/A-S 7 64.57 12.34 -4.28 197.04 83.20  
ISS-S 8 -15.18 -35.59 -79.15 114.24 59.63 0.002

24 h

BoNT/A-C 8 -44.94 -42.03 -91.49 -9.22 25.15  
ISS-C 8 21.55 15.07 -21.05 75.40 33.47  

BoNT/A-S 7 43.41 30.55 -11.95 95.41 44.48  
ISS-S 8 -13.21 -18.09 -75.28 61.89 38.59 <  .001

48 h

BoNT/A-C 8 -28.53 -40.27 -82.01 34.75 45.66  
ISS-C 8 28.62 21.94 -17.76 80.95 39.65  

BoNT/A-S 7 202.83 72.36 14.61 819.47 286.21  
ISS-S 8 33.98 -1.87 -49.48 235.27 99.47 0.034

72 h

BoNT/A-C 8 -34.06 -34.64 -79.79 19.88 36.33  
ISS-C 8 51.35 42.48 -3.65 153.27 54.40  

BoNT/A-S 7 166.19 174.15 -4.81 449.56 148.74  
ISS-S 8 -7.25 -19.97 -76.20 109.43 65.45 0.001

96 h

BoNT/A-C 8 3.64 -9.85 -58.16 96.26 52.25  
ISS-C 8 23.24 28.36 -36.76 66.41 32.84  

BoNT/A-S 7 284.75 101.47 12.56 854.87 307.86  
ISS-S 8 27.47 20.94 -62.67 143.52 66.92 0.004

SD: stantdard deviation; BoNTA-C: constriction treated with BoNT/A; ISS-C: constriction treated with isotonic saline solution 0.9%; BoNTA-S: sham surgery 
treated with BoNT/A; ISS-S: sham surgery treated with isotonic saline solution 0.9%; *One-way ANOVA, p < 0.05.

Table 2. Relationship between subgroups in phase II baseline.

Groups under comparison p-value*
BoNTA-C x ISS-C 0.07
BoNTA-C x BoNTA-S < 0.001
BoNTA-C x ISS-S < 0.001
ISS-C x BoNTA-S < 0.001
ISS-C x ISS-S < 0.001
BoNTA-S x ISS-S 0.823

BoNTA-C: constriction treated with BoNT/A; ISS-C: constriction treated with 
isotonic saline solution 0.9%; BoNTA-S: sham surgery treated with BoNT/A; 
ISS-S: sham surgery treated with isotonic saline solution 0.9%;* Fisher LSD 
test, p < 0,05.
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the therapeutic effects of future drugs in the trigeminal 
neuropathy treatment. Experiments showed that after the 
IoNC the animal’s developed mechanical bilateral allodynia 
and dural extravasation of neurotransmitters. This was sig-
nificantly reduced 2 and 3 days following the BoNT/A in-
jection into the vibrissal pad10. Probably this analgesic ef-
fect occurs in central levels. When axonal transport blocker 
colchicine was injected ipsilateral to BoNT/A injection into 
the trigeminal ganglion, BoNT/A failed to reduce bilater-
al mechanical allodynia and dural neurogenic extravasa-
tion10. Other studies utilized the IoNC models treated with 
BoNT/A corroborate for this observations10.

In our study the experimental model (ION ligation) pro-
duced a hypernociceptive state six days after surgery. The uti-
lization of BoNT/A completely reversed this hypernocicep-
tive state 24 hours post-injection (compared to saline) but it 
returned after 48 hours. Our results suggest that analgesic ef-
fect was limited to 48 hours.

Clinical and experimental correlates in humans
Several clinical studies demonstrate the antinocicep-

tive effect of BoNT/A. In humans, intradermal injection of 
BoNT/A in the trigeminal nerve territory has been shown 
to reduce capsaicin-induced trigeminal pain. This injection 
lead also to a local reduction in both blood flow and skin 
temperature with peaked at the third and seventh days af-
ter the injection22. BoNT/A increased the perceived ther-
mal thresholds but did not change the pressure threshold 
or perceived threshold for electrical stimuli. These findings 

suggest that BoNT/A acts on C fibers, in particular at their 
TRPV1 receptors22.

Patients with neuropathy and focal mechanical allo-
dynia secondary to postherpetic neuralgia, trauma, or sur-
gery reported a reduction of their allodynia within two to 
14 weeks of intradermal BoNT/A application23. Patients 
with diabetic polyneuropathy who received intrader-
mal injections of BoNT/A had improvement in pain four, 
eight and 12 weeks after treatment24. In a double-blind, 
placebo-controlled study of chronic migraine patients, 
BoNT/A was effective in reducing the number, frequency, 
and intensity of migraine attacks25.

We showed the analgesic effect of BoNT/A on primary 
stabbing headaches, a primary headache with ultra-short 
duration associated with migraine whose etiology is not 
fully understood and may be related to the sensitization 
of the trigeminal nerve26. In this study the patients were 
treated with intradermal injections of 12 units of BoNT/A. 
Using the follow-the-pain approach; clinical improvement 
was observed by seven days and lasted up to 60 days26. In an 
open study of refractory trigeminal neuralgia, BoNT/A con-
trolled the pain within a few days; the clinical response last-
ed approximately 60 days11. The double blind placebo con-
trolled study in trigeminal patients the BoNT/A inject over 
the pain symptoms territory showed superior results27.

Our findings support and add to previous experimen-
tal and clinical data. In experimental models, BoNT/A has 
an analgesic effect that starts within three hours and peaks 
at 24 hours (as our results)11. This initial analgesic effect 

Figure 2. Distribution of the results in different moments and different groups: isotonic saline solution (ISS); onabotulinumtoxin 
type A (BoNT/A); sham (S); constrict (C); days after surgery (DAS); hours after treatment (HAT); thermal nociceptive response (TNR).
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