
Original research

Pharmacology

Tereza Karla Vieira Lopes da COSTA(a)  
Mariana Silva BARROS(a)  
Renan Marrinho BRAGA(b)  
Jéssika de Oliveira VIANA(b)  
Frederico Barbosa de SOUSA(c)  
Luciana SCOTTI(b)  
Marcus Tullius SCOTTI(d)  
André Ulisses Dantas BATISTA(e)  
Reinaldo Nóbrega de ALMEIDA(f)  
Ricardo Dias de CASTRO(a)

 (a) Universidade Federal da Paraíba – UFPB, 
Faculty of Dentistry, Department of Clinical 
and Social Dentistry, João Pessoa, PB, Brazil. 

 (b) Universidade Federal da Paraíba – UFPB, 
Faculty of Pharmacy, Department of 
Pharmaceutical Sciences, João Pessoa, 
PB, Brazil. 

 (c) Universidade Federal da Paraíba – UFPB, 
Faculty of Dentistry, Department of 
Morphology, João Pessoa, PB, Brazil. 

 (d) Universidade Federal da Paraíba – UFPB, 
Faculty of Chemistry, Department of 
Chemistry, João Pessoa, PB, Brazil. 

 (e) Universidade Federal da Paraíba – UFPB, 
Faculty of Dentistry, Department of 
Restorative Dentistry, João Pessoa, PB, Brazil. 

 (f) Universidade Federal da Paraíba – UFPB, 
Institute of Drugs and Medicines Research, 
Department of Physiology and Pathology, 
João Pessoa, PB, Brazil. 

Orofacial antinociceptive activity and 
anchorage molecular mechanism 
in silico of geraniol

Abstract: We aimed to evaluate the orofacial antinociceptive effect 
of geraniol in mice and its molecular anchorage mechanism. Seven 
mice per group (probabilistic sample) were treated with geraniol 
(12.5, 25 and 50 mg/kg, i.p.), morphine (6 mg/kg, i.p.) and vehicle 
(saline + Tween 80 at 0.2%, i.p.) 30 minutes prior to the beginning of 
the experiment. Injecting glutamate (25 μM), capsaicin (2.5 μg) and 
formalin (2%) into the right upper lip (perinasal) of the mouse induced 
nociception. Behavioral analysis of the animals considered the friction 
time (in seconds) of the mentioned region using hind or front paws by a 
researcher blinded to the treatment groups. The statistical analysis was 
performed blindly, considering α = 5%. The results showed that in the 
glutamate and capsaicin tests, concentrations of 25 mg/kg and 50 mg/
kg presented antinociceptive activity (p < 0.005, power> 80%). In the 
formalin test, geraniol was able to reduce nociception at a concentration 
of 50 mg/kg (p < 0.005, power> 80%). In the molecular anchorage study, 
high values of binding between the evaluated substance and receptors 
of glutamate were observed (metabotropic glutamate receptor, -87.8501 
Kcal/mol; N-methyl-D-aspartate, -86.4451 Kcal/mol; α-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid, -85.6755 Kcal/mol). 
Geraniol presented orofacial antinociceptive activity, probably by 
interacting with glutamate-related receptors.

Keywords: Analgesics, Non-Narcotic; Analgesia; Monoterpenes; Pain 
Management; Biological Products.

Introduction

Orofacial pain is defined as pain in the soft or mineralized tissues 
(skin, blood vessels, bone, teeth, glands, and muscle) of the oral cavity 
and face. It may be located on the head and/or neck or be associated 
with cervicalgia, primary headache, and rheumatic disorders, such as 
fibromyalgia and rheumatoid arthritis. The main sources of orofacial pain 
are odontogenic problems, headache, neurogenic disorders, musculoskeletal 
pain, psychogenic pain, cancer, infection, autoimmune phenomena, and 
tissue trauma.1

This problem may have biological repercussions and impact the 
quality of life of affected individuals. Patients may exhibit physiological 
dysfunctions, leading to a higher intake of medications, sleep disorders, 
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dietary changes, and leave of absence from work. 
Given its associated morbidity, orofacial pain may be 
considered a public health problem.2,3 The prevalence 
of orofacial pain may be 30.2% in developing countries, 
and this situation can negatively impact daily life, as it 
is associated with functional limitation, psychological 
discomfort, disabilities, and handicapness.4

Pharmacological agents represent the basis of 
treatment, and the choice of medication depends 
on the diagnosed pain type. Opioids, tricyclic 
antidepressants, anticonvulsants, nonsteroidal 
anti-inflammatory drugs (NSAIDs), and muscle 
relaxants are the main classes of drugs used for 
relief in acute and chronic cases.5 However, there is 
no ideal drug to treat pain in the orofacial complex 
because although the medications available are 
effective, they are associated with adverse events, 
including gastrointestinal, hepatic and kidney 
injury; allergic reaction; and chemical dependence.6

The therapeutic use of opioid analgesics can 
promote undesirable effects, such as tolerance, 
pharmacological dependence and alterations in 
carbohydrate and lipid metabolization. Furthermore, 
according to the Centers for Disease Control and 
Prevention of the United States, their abuse use was 
associated with more than 47,000 deaths in 2017.7,8,9

For this reason, natural products represent an 
alternative in the use of potentially therapeutic 
biologically active molecules.7 The relevance of 
these products and their metabolites for the control 
of pain and other conditions is acknowledged by 
contemporary science, such that the primary sources 
of 20% to 50% of the currently used drugs are natural 
products, including medicinal plants.10

Monoterpenes, found in essential oils obtained 
from aromatic plants, are recognized by their 
antinociceptive effects, including in the orofacial 
region, when studied in animal models.11 Within 
this context, the therapeutic potential of geraniol has 
sparked much interest because its similar properties, 
such as liposolubility and small molecular size, can 
contribute to the interaction with neuronal receptors. 
This molecule is acyclic monoterpene alcohol 
obtained from medicinal plants, such as Cymbopogon 
nardus, Cymbopogon citratus, and Cymbopogon 
winterianus, whose essential oils are recognized 

by antinociceptive action, with a wide variety of 
pharmacological actions and prominent commercial 
use.12,13,14,15 The antinociceptive activity of geraniol 
was previously reported in a study conducted by 
La Rocca et al.,16 who administered doses of 12.5, 
25, and 50 mg/kg, using different methodological 
protocols, to assess its antinociceptive activity in an 
animal model. However, there are no reports in the 
literature on the action of geraniol on nociceptive 
processes involving the orofacial region. This 
fact led us to hypothesize that geraniol is capable 
of modulating orofacial pain by interacting with 
nociceptors involved in neuronal transmission in 
this region.

Therefore, the objective of the present study 
was to investigate the orofacial antinociceptive 
activity of geraniol at the aforementioned doses in 
an experimental nociception model in mice using 
glutamate, capsaicin, and formalin tests and to 
determine the molecular docking mechanisms based 
on an in silico model.

Methodology

Drugs and reagents
For conduction of in vivo testes, geraniol 

(Sigma-Aldrich®, St. Louis, MO, USA), morphine 
hydrochloride (Sigma-Aldrich®, St. Louis, MO, USA), 
glutamate (Sigma-Aldrich®, St. Louis, MO, USA), 
capsaicin (Sigma-Aldrich®, St. Louis, MO, USA), 
formaldehyde (Vetec®, Rio de Janeiro, RJ, Brazil), and 
Tween-80 (Vetec®, Rio de Janeiro, RJ, Brazil) were used.

Animal experimentation
The present study was a randomized, controlled 

and double-blind nonclinical trial. It was approved by 
the animal ethics committee of the Federal University 
of Paraiba (CEUA-UFPB, ruling no. 068/2017).

The animals used in the experiments were 
healthy male adult Swiss mice (Mus musculus) 
weighing 25 to 35 grams and were provided by 
Professor Thomas George Bioterium (UFPB). The 
animals were subjected to a 12-hour light-dark cycle 
(light: 6:00 am to 6:00 pm) and provided a balanced 
diet and water ad libitum. Two hours before each 
experiment, the animals were transferred to the 
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experimentation room and received only water ad 
libitum. The animals were not anesthetized before the 
induction of nociception to limit potential bias. All 
experiments were conducted by the same calibrated 
examiners in the afternoon.

The results reported by La Rocca et al.16 were used 
to calculate the sample size. For a two-tailed study 
with a 5% significance level, an r-value of -0.878 (effect 
size), and a statistical power of 80%, the required 
sample size calculated was 7 mice per group for a 
total of 105 animals.

Induction of orofacial nociception
The following experiments were performed 

to investigate orofacial pain in the animal model: 
glutamate-induced orofacial nociception, capsaicin-
induced orofacial nociception, and formalin-induced 
orofacial nociception.

At the beginning of the experiment, geraniol was 
administered to the test groups. The doses suggested 
investigating its pharmacological efficacy were based 
on a previous study that assessed the antinociceptive 
effect of geraniol in classical models (i.e., 12.5, 25, 
and 50 mg/kg; intraperitoneal—IP).16 A solution of 
NaCl and 0.2% Tween 80 was used as a negative 
control, and morphine (6 mg/kg IP) was used as a 
positive control.

Approximately 30 minutes after the administration 
of these substances, orofacial nociception was induced 
through the administration of the inducer substances 
to the right orofacial (perinasal) region. For the 
present study, the behavior analysis model was 
selected, which consists of observing the animals’ 
behavior (namely, measuring the time (in seconds) 
that they rubbed the injected area with their front 
or rear limbs).

The assessment was performed using triangular 
wooden boxes, with two walls made of mirror and 
clear glass measuring 25 cm in height and width. 
A previously calibrated examiner directly observed 
the behaviors of the mice intensely.

The glutamate-induced nociception test was 
performed first. This experiment followed the 
protocol described by Beirith et al.,17 with slight 
modifications. A total of 45 µl (25 µM) of glutamate 
was injected into the upper lip (perinasal region) 

with a 27-gauge needle. The animals were then 
observed over the subsequent 15 minutes. Capsaicin-
induced nociception involved the subcutaneous 
injection of 20 µl (2.5 µg) of capsaicin dissolved in 
ethanol, dimethyl sulfoxide and distilled water 
(1:1:8) into the upper lip (perinasal region) with a 
27-gauge needle. Nociceptive behavior was observed 
for 20 minutes.18 Last, in the formalin-induced 
nociception test, 20 µl of 20% formalin solution was 
injected into the right upper lip (perinasal region) 
with a 27-gauge needle. Nociceptive behavior 
was observed after injection at two time points: 
phase 1 or neurogenic (0-5 minutes) and phase 2 
or inflammatory (15–40 minutes).19

Data management and blinding
Data management and blinding were performed 

to reduce possible sources of bias in data collection 
and analysis. The test sequence and allocation of 
animals into groups were randomized using the 
program Random Allocation 2.0.

Blinding was performed as follows: investigator 
A prepared the materials needed for testing and 
coded the animals; investigator B administered 
the substances; investigator C, who was blinded 
to the substances and doses administered to the 
animals, performed direct intensive observation of 
nociceptive behavior during the period set for each 
inducer substance; and investigator D, who was also 
blinded, then performed the statistical analysis. 
Finally, investigator A recoded the data analyzed 
by investigator D.

Euthanasia method
Prior to euthanasia, in a private room and with 

the aid of sterile syringes, the animals were treated 
with an injection of anesthetics (thiopental, 100 mg/
kg IP, and lidocaine, 10 mg/kg IP). After the loss of 
the corneal reflex, euthanasia was performed by 
cervical dislocation. The euthanasia procedures were 
recommended by the Brazilian Euthanasia Practice 
Guidelines and Animal Research: Reporting of In Vivo 
Experiments (ARRIVE).20,21
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Molecular docking analysis: in silico
The structure of geraniol was obtained from 

PubChem (https://pubchem.ncbi.nlm.nih.gov/
compound/637566#section=Top) as a .sdf file. All 
receptors are coupled with an inhibitory ligand 
previously described in enzyme activity studies in 
vitro. The receptors that, once activated, trigger a 
biochemical cascade that culminates in nociception 
were selected for the present study.22,23,24

First, the following receptors and corresponding 
ligands were downloaded: metabotropic glutamate 
receptor 6 (mGluR6; PDB ID: 1S50; ligand: glutamic 
acid), N-methyl-D-aspartate (NMDA; PDB ID: 2A5S; 
ligand: glutamic acid), α-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid (AMPA; PDB ID: 3DLN; 
ligand: glutamic acid), mu opioid receptor (µ; PDB 
ID: 4DKL; ligand: morphine), kappa opioid receptor 
(ĸ; PDB ID: 4DJH; ligand: JDTic), delta opioid receptor 
(δ; PDB ID: 4EJA; ligand: naltrindole), and transient 
receptor potential vanilloid receptor 1 (TRPV1; PDB 
ID: 5IRZ; ligand: C24H45O13P).

Geraniol and seven ligands present in PDB proteins 
were drawn in the program HyperChem for Windows 
v. 8.0.5.25 The molecular geometries of the compounds 
were optimized using the molecular mechanics 
force field MM+ and the AM1 (Austin Model 1) 
semiempirical method.26

Next, geraniol was subjected to molecular docking 
using the software Molegro Virtual Docker v. 
6.0.1–MVD.27 All the water molecules were deleted 
from the enzyme structure. The structures of the 
enzymes and compounds were prepared with the 
same software in the following standard parameter 
configuration: ligand evaluation: determination of 
the internal ES, internal HBond; number of runs: 
10; algorithm: MolDock SE; maximum iterations: 
1,500; maximum population size: 50; maximum steps: 
300; distance factor: 1.0; and maximum number of 
poses: 5. Coupling was performed with a 15 Å radial 
grid and a resolution of 0.30 to cover the site of ligand 
binding to the protein structure. The strength of 
the protein-ligand interaction is expressed as the 
MolDock Score (MDS), in which negative scores 
represent stronger interactions.

The results of each calculation were analyzed 
to obtain the affinity energy (kcal/mol) of each 

ligand conformation in its respective complex; 
possible structural imprecisions were dismissed 
in the calculation.

Statistical analysis
Statistical analysis was performed with the 

software Statistical Package for the Social Sciences 
(SPSS) version 21 in a two-tailed study with a 5% 
significance level. One-way analysis of variance 
(ANOVA) was first performed to detect the occurrence 
of significant differences among groups. Next, the 
t-test for heterogeneous variances was performed 
to establish which groups differed from the control.

Ethical approval was obtained from the local 
ethics committee of the Federal University of Paraíba, 
Paraíba, Brazil (Nr. 068/2017).

Results

Pretreatment with geraniol was associated with a 
reduction (dose-response dependent) in face-rubbing 
behavior induced by glutamate, formalin, and 
capsaicin when compared to the control group (saline).

The orofacial antinociceptive effect of geraniol 
was evident in the glutamate test. Doses of 25 mg/kg 
(p = 0.01; mean = 23.85; standard deviation [SD] = 1 5.26; 
strength = 86.42%; confidence interval [CI]: 0.42–3.15) and 

Figure 1. Effect of geraniol on glutamate-induced nociception. 
Control (0.2% Tween 80); geraniol (12.5, 25 and 50 mg/kg 
IP); morphine (6 mg/kg IP). Values are expressed as the mean 
± SD (n = 7 in each group), p* =n0.01; p** = 0.005; 
p*** = 0.001 versus control (one-way ANOVA followed by 
the t-test for heterogeneous variances).

100

80

60

40

20

0

*
**

***

Treatments (mg/Kg;IP)

Control Ger12,5 Ger25 Ger50 Morf6

Fa
ce

 R
ub

bi
ng

 (s
)

4 Braz. Oral Res. 2020;34:e094



Costa TKVL, Barros MS, Braga RM, Viana JO, Sousa FB, Scott L, et al.

50 mg/kg (p = 0.004; mean = 17.14; SD = 10.12; strength 
= 94.90%; CI: 0.70–3.61) were effective. Morphine exerted 
a similar effect (p  =0.001; mean = 1.5; SD = 2.6; strength 
= 99%; CI: 1.26–4.58), as shown in Figure 1.

In this study, geraniol promoted a significant 
reduction in capsaicin-induced nociception at doses 
of 25 mg/kg (p = 0.003; mean = 25.71; SD = 32.25; 
strength = 95.44%; CI: 0.62–3.68) and 50 mg/kg (p = 0.01; 
mean = 5.28; SD = 12.68; strength=98.88%; CI: 1.16-4.40). 
Morphine exerted an antinociceptive effect at a 
dose of 6 mg/kg (p = 0.001; mean = 1.5; SD = 2.63; 
strength = 99.14%; CI: 1.24–4.55). These results are 
depicted in Figure 2.

In the formalin-induced nociception test, the 
effects of the tested substances were assessed 
at two different phases: neurogenic (phase 1) 
and inflammatory (phase 2). In the neurogenic 
phase, immediately after the administration of 
formalin, only morphine exerted a significant effect 
(p = 0.0001; mean = 0.833; SD = 1.16; strength = 99.99%; 
CI: 3.36-9.60), as shown in Figure 3.

In the inflammatory phase, geraniol, at a dose 
of 50 mg/kg (p = 0.01; mean = 95.66; SD = 27.69; 
strength = 89.99%; CI: 0.53–3.62), and morphine, at a 
dose of 6 mg/kg IP (p = 0.0008; mean = 0.83; SD = 1.16; 
strength = 99.79%; CI: 1.90–6.30), reduced face-rubbing 
behavior, as shown in Figure 4.

The possible interaction of geraniol with nociceptors 
was evaluated using the molecular anchorage method, 
and Table and Figure 5 describe the binding energies 
of geraniol with the following receptors: mGluR6 (PDB 
ID: 1S50), NMDA (PDB ID: 2A5S), AMPA (PDB ID: 
3DLN), µ (PDB ID: 4DKL), ĸ (PDB ID: 4DJH), δ (PDB 
ID: 4EJA), and TRPV1 (PDB ID: 5IRZ).

Figure 2. Effect of geraniol on capsaicin-induced nociception. 
Control (0.2% Tween 80); geraniol (12.5, 25 and 50 mg/kg 
IP); morphine (6 mg/kg IP). Values are expressed as the 
mean ± SD (n = 7 in each group), p* = 0.003; P** = 0.01; 
p*** = 0.001 versus control (one-way ANOVA followed by 
the t-test for heterogeneous variances).
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Figure 3. Effect of geraniol on formalin-induced nociception. 
Control (0.2% Tween 80); geraniol (12.5, 25 and 50 mg/kg IP); 
morphine (6 mg/kg IP). Values are expressed as the mean ± 
SD (n = 7 in each group); p* = 0.001 versus control (one-way 
ANOVA, followed by the t-test for heterogeneous variances).
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Figure 4. Effect of geraniol on formalin-induced nociception. 
Control (0.2% Tween 80); geraniol (12.5, 25 and 50 mg/kg 
IP); morphine (6 mg/kg IP). Values are expressed as the 
mean ± SD (n = 7 in each group); p* = 0.01; p**= 0.0008 
versus control (one-way ANOVA followed by the t-test for 
heterogeneous variances).
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Molecular docking analysis yielded high negative 
energy values, especially for glutamate receptors 
(mGluR, MDS=-87.8501), involving amino acids Leu189, 
Glu191, Thr143, and Arg56; NMDA (MDS=-86.4451), 
interacting with Val116, Gly172, Thr174, His88, and 
Thr116; and AMPA (MDS=-85.6755), establishing 
interactions with Val169, Gly172, Thr174, His88, 
Thr116, and Ser173. Analysis of geraniol interactions 
at the active sites of these receptors revealed a higher 
prevalence of ester and hydrogen bonds.

Discussion

Delta and C fibers in the orofacial region convey 
nociceptive stimuli to the trigeminal nerve. Animal 
models involving the administration of inducer 
substances (glutamate, capsaicin, and formalin) to 
this region are a relevant tool to study nociception 
and the development of new drugs.

This is the first study to evaluate the orofacial 
antinociceptive effect of geraniol. Although a previous 
investigation has demonstrated the antinociceptive 
action of this molecule16 (La Rocca et al), nerve 
transmission in the orofacial region has specificities. 
Unlike the spinal system, nociception conducted by 
trigeminal nerves includes a group of organs not 
located elsewhere in the body. Nervous processing 
of the orofacial region occurs at the level of the 
brain stem in the spinal trigeminal nuclear complex, 
particularly in the subnucleus caudalis.29

Geraniol presents low acute toxicity (LD50 
of 3.6 g/kg) when administered orally to mice.30 
A previous animal (mouse) study on the evaluation 
of acute toxicity reported that doses of 100 mg/kg/
day, administered orally for 27 weeks, did not cause 
hematological or tissue changes.31 This evidence 
stimulates further pharmacological investigations 
of genariol, including its analgesic effect.

In the present study, geraniol at doses of 25 and 
50 mg/kg promoted a significant reduction in the 
nociceptive activity induced by glutamate injected 

into the right upper lips of mice. Glutamate is the most 
abundant amino acid in the central nervous system 
(CNS). It acts as an excitatory neurotransmitter and 
is involved in the transmission of nociceptive stimuli 
through the activation of glutamatergic receptors.32

Glutamate may bind to metabotropic or ionotropic 
receptors. The action of the metabotropic receptors 
(mGluRs) is mediated by protein G, as is the case for 
mGluR6. Once activated, these receptors modulate the 
second messenger within the intracellular biochemical 
cascade. In turn, ionotropic receptors, such as NMDA 
and AMPA, constitute the site of neurotransmitter 
binding as a part of an ion channel. These receptors 
are responsible for rapid synaptic transmission. Once 
activated, they cause calcium ion influx, the intracellular 
activation of metabolic pathways, and the production 
and release of nitric oxide.23 The results of the present 
study suggest that geraniol blocks the transmission of 
nociceptive stimuli along the glutamatergic pathway 
through the aforementioned receptors.

Capsaicin is the main component of red pepper and 
accounts for the burning feeling it elicits. It behaves as 
a proinflammatory agent by stimulating the release of 
neuropeptides, such as neurokinin A, substance P, and 
calcitonin gene-related peptide (CGRP), in the trigeminal 
nerve. It is an agonist of TRPV1 receptors, which are 
present in the A-delta and C fibers of primary afferent 
neurons. Once activated, these receptors promote 
ion calcium influx into the cells, causing membrane 
depolarization and consequent cell excitation.33,34 In 
the case of capsaicin-induced nociception, geraniol, at 
doses of 25 and 50 mg/kg, exhibited antinociceptive 
activity, suggesting that its pharmacological effect may 
be associated with TRPV1 receptor blockade.

The formalin test is considered a valid and reliable 
nonclinical test to investigate the modulation of 
orofacial nociceptive stimuli. When administered 
to the right upper lips of animals, it causes episodes 
of face rubbing. This test is divided into two phases: 
phase 1 or neurogenic (0–5 minutes) and phase 2 or 
inflammatory (15–40 minutes). The biphasic nature 

Table. Binding energies of geraniol to receptors.

Receptores mGlur6 NMDA AMPA μü Kappa Delta TRPV1 

Energia (Kcal/mol) -87.8501 -86.4451 -85.6755 -57.6318 -79.5355 -62.349 -68.5058

6 Braz. Oral Res. 2020;34:e094



Costa TKVL, Barros MS, Braga RM, Viana JO, Sousa FB, Scott L, et al.

Glu 191

Lou 189

Arg 56

Ala 9

Thr 143

Thr 116

Thr 116

Tyr 148

Cya 315(A)

Ie 316(A)

Gly 319(A)

Thr 174

Thr 174

His 88

His 88

Arg 121

Arg 121

Ser 173

Ser 173

Val 169

Val 169

Gly 172

Gly 172

Glu 570(B)

Tyr 129

Figure 5. A - Binding of geraniol (blue) to the active site of the mGlur6 receptor and its interactions. B - Interaction of geraniol 
(blue) on the active site of NMDA. C - Interaction of geraniol (blue) on the active site of AMPA. D - Interaction of geraniol (blue) 
on the active site of AMPA. E - Interaction of geraniol (pink) on the active site of opioid k. F - Interaction of geraniol (blue) on the 
active site of opioid δ. G - Interaction of geraniol (yellow) on the active site of TRPV1.
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of this test reflects two different mechanisms. Phase 
1 corresponds to the chemical stimulation of type C 
nociceptive nerve endings, which reflects centrally 
mediated pain involving the release of neuropeptides 
such as substance P. The neurogenic phase is inhibited 
by drugs acting on the CNS, such as opioids. In this 
study, morphine was able to promote this effect. Phase 
2 is characterized by the interaction of the central and 
peripheral nervous systems and involves the release 
of excitatory amino acids, nitric oxide, and peptides.35

The administration of geraniol promoted a 
reduction in orofacial nociceptive activity among 
the tested animals. This phenomenon occurred 
in phase 2 and only at a dose of 50 mg/kg. In the 
study by La Rocca et al.16, geraniol exhibited the 
same behavior at the same dose. Therefore, geraniol 
may be an anti-inflammatory agent useful for the 
treatment of orofacial complex pain, with a central 
action. The anti-inflammatory effect of geraniol may 
be due to its participation in the regulation of NMDA 
receptors and the reduction in tumor necrosis factor 
alpha (TNF-α) levels.36

The essential oil obtained from Cymbopogon citratus, 
which contains geraniol, was also able reduce formalin-
induced nociception in the second phase in mice when 
administered orally or intraperitoneally. The use of 
naloxone, an opposing receptor antagonist, was able 
to reverse the effect, suggesting possible action of 
this essential oil at the central and peripheral levels.37

Similarly, the essential oil of Cymbopogon winterianus, 
which contains 40.06% geraniol, promoted formalin-
induced antinociception, as evidenced by the time of leg 
licking, in the first and second phases of the test when 
administered orally at doses of 50, 100 and 200 mg/kg. 
These results corroborate the findings of this study.15

The antinociceptive activity of other monoterpenes 
has been reported in the literature. Silva et al.38 found 
that carvacrol—a monoterpene found in essential 
oils—and its combination with β-cyclodextrin reduced 
orofacial nociception in a rodent model. Using the 
same methods, Venâncio et al.39 obtained similar 
results with linalool.

Brito et al.40 analyzed the antinociceptive ability 
of citronellol, i.e., a monoterpene found in medicinal 
plants. The doses tested were 25, 50, and 100 mg/kg, 
all of which exhibited this activity by activating 

certain areas of the CNS. Their results are similar 
to those in the present study, as geraniol at doses of 
25 and 50 mg/kg exhibited the same effect.

In silico studies, such as molecular docking, are a 
fast, low-cost alternative for screening substances with 
potential biological activity. This method increases 
the probability of finding molecules with promising 
therapeutic use. Molecular docking helps identify 
possible molecular interactions and thus provides 
predictions for the mechanisms of action of new drugs.41

To better understand the pharmacological basis 
of the orofacial antinociceptive effect of geraniol, we 
performed molecular docking analysis that consisted 
of the in silico investigation of possible interactions 
with receptors involved in nociception modulation 
related to the in vivo tests. The results indicate that 
the analyzed molecule acted on the mGluR6, NMDA, 
AMPA, µ-, ĸ- and δ-opioid, and TRPV1 receptors.

The high binding energies of geraniol to the 
analyzed receptors suggest an action involving the 
glutamatergic transduction pathway. Similarly, based 
on molecular docking, Santos et al.14 found that 
citronellol—also a monoterpene—can theoretically 
interact with the glutamatergic receptor GluR2. The 
binding of citronellol to the receptor involved high 
levels of energy and interaction with amino acids 
Arg-485, Glu-705, Thr-480, Ser-654, and Pro-478 in 
the binding site.

To better understand the effect of geraniol in the 
control of orofacial nociception, further studies involving 
methodologies that consider the use of antagonistic 
pharmacological agents and patch-clamp analysis are 
needed to elucidate the mechanisms of antinociception 
mediated by the neurotransmission pathway.

Conclusion

We conclude that geraniol exhibits orofacial 
antinociceptive activity, and theoretical evidence 
points to enhanced chemical interaction with receptors 
involved in the glutamatergic transduction pathway.
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