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ABSTRACT

Objective: To evaluate the antinociceptive activity of perillyl
acetate in mice and in silico simulations.

Methods: The vehicle, perillyl acetate (100, 150 and/or 200 mg/
kg, i.p.), diazepam (2 mg/kg, i.p.) or morphine (6 mg/kg, i.p.)
was administered to mice, respectively. Rotarod test, acetic acid-
induced abdominal writhing, formalin-induced nociception, hot
plate test, and tail-flick test were performed. Opioid receptors-
involvement in perillyl acetate antinociceptive effect was also
investigated.

Results: Perillyl acetate did not affect the motor coordination
of mice. However, it reduced the number of acetic acid-induced
abdominal twitches and licking times in the formalin test. There
was an increase of latency time in the tail-flick test of 30 and 60
minutes. Pretreatment with naloxone reversed the antinociceptive
effect of perillyl acetate (200 mg/kg). In silico analysis
demonstrated that perillyl acetate could bind to p-opioid receptors.
Conclusions: Perillyl acetate has antinociceptive effect at the spinal
level in animal nociception models, without affecting the locomotor
integrity and possibly through p-opioid receptors. In silico studies
have suggested that perillyl acetate can act as a p-opioid receptor

agonist.
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1. Introduction

Pain is defined as an unpleasant sensory and emotional experience
associated with or similar to that associated with actual or potential

tissue damage[l]. As one of the most relevant causes of human

suffering, pain causes disability and impairment of life quality[2].
Pain is considered a complex experience, which beyond transduction
of nociceptive stimulus, involves both cognitive and emotional
processing, and differential behavioral responses are also processed
by the brain[3]. Pain is present in some moments of human life,
especially when affected by several pathologies. For example, the
world population has been suffering the consequences of the serious
pandemic of COVID-19, including different strains of SARS-CoV-2
and the risk of reinfection[4]. Pain is one of the symptoms present in
SARS-CoV-2 infection, such as headache, muscle pain, pain in the
pectoral region, and sore throat]5].

Vegetable products are an important source of pharmacologically
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Perillyl acetate is a monoterpene in essential oils of plants and
is synthesized from perillyl alcohol, which presents several
applications in oncology and pain. Therefore, in the present
study, the antinociceptive potential of perillyl acetate and its
possible mechanism of action were investigated. Perillyl acetate
has antinociceptive effect in animal models, as p-opioid receptors
agonist and may become a new option for the pharmacological
treatment of pain.
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active compounds with an analgesic profile, such as morphine[6].
Studies using animal models of pain show that several chemical
classes found in nature are good candidates for antinociceptive
drugs[7]. Some of these compounds have other biological activities,
including anti-coronavirus and antioxidant potential[8]. Many
essential oils and their chemical constituents play a promising
antinociceptive activity via various mechanisms of action[9]. The
chemical structures of some of these components have been used
as prototypes for the development of synthetic derivatives with
antinociceptive potential[10.11].

Perillyl acetate (PAC) is a monoterpene found in essential oils of
plants, such as Fortunella japonica Swingle and Citrus natsudaidai
Hayata[12.13], and is synthesized from perillyl alcohol[14]. This
precursor presents several applications in oncology[15] and other
disorders, especially those involving pain[16,17]. PAC is a structurally
similar monoterpene and more lipophilic than perillyl alcohol.
Therefore, in the present study, the antinociceptive potential of PAC

and its possible mechanism of action were investigated.

2. Materials and methods

2.1. Drugs, reagents, and equipment

PAC was prepared via acetylation of perillyl alcohol using
acetic anhydride and pyridine at reflux temperature as previously
published[14]. Main reagents included polyoxyethylene sorbitan
monooleate (Tween 80, Vetec, Brazil), acetic acid (Merck, Brasil),
diazepam (DZP) (Merck, Brazil), naloxone (Sigma-Aldrich, Brazil),
and morphine (Merck, Brazil). Agents were intraperitoneally (i.p.)
administered at 0.1 mL/10 g. The choice of doses of 100, 150, and
200 mg/kg of PAC was based on a pharmacological behavioral
screening, where these doses promoted antinociception in a dose-
response curve. The equipment used in the tail-flick test, rotarod test,

and tail-flick test was from the company Insight-Brazil.

2.2. Animals

The animals were male Swiss mice (Mus musculus), 2-3 months
old, weighing between 25-30 g, randomly housed in appropriate
cages, following a 12-hour light-dark cycle and free access to water

and food (Purine). Each experimental group contained 6 animals.

2.3. Locomotor activity—rotarod test

The rotarod test checks motor coordination and muscle relaxation
produced by central nervous system (CNS) depressant drugs

in animals[18]. The animals were preselected 24 h before the
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experiments, and those who were unable to remain on the rotating
bar (2.5 cm in diameter, with a frequency of 7 rpm) for 1 min were
excluded. Three groups were formed (n=6): PAC (200 mg/kg; i.p.);
vehicle (5% Tween 80; i.p.) or DZP (2 mg/kg; i.p.). The animals
were individually submitted to the rotarod test at 30, 60, and 120
min after treatments and the time (s) they remained on the bar, up

to a maximum of 180 s was recorded.

2.4. Acetic acid—induced abdominal writhing

Acetic acid-induced writhing test is considered a classic model of
visceral inflammatory nociception. An acetic acid solution (1%, v/
v) is administered intraperitoneally, promoting an irritation of the
peritoneum, causing abdominal contractions known as contortions
(extension of the abdomen and stretching of the hind limbs)[19].
Five groups were formed (n=6): PAC (100, 150, and 200 mg/kg),
vehicle (5% Tween 80), or morphine (6 mg/kg). Acetic acid was
injected intraperitoneally into each animal 30 min after treatments.
The number of writhes was counted for 20 min after acetic acid

injection[20].

2.5. Formalin—induced nociception

A 2.5% formalin solution was injected (20 pL) in the subplantar
region of the right hind paw of the animal. After this noxious
stimulus, the mice were placed in a triangular apparatus composed
of two mirrored walls and clear glass, the licking time on the
injected paw was considered indicative of nociceptive during two
phases: an initial acute phase (0-5 min) and a phase late (15-30
min after formalin injection)[21]. The animals were treated in the

writhing test 1 h before formalin injection.

2.6. Hot plate test

The mice were submitted to a hot plate [(55 + 1) °C]. The latency
to jump off the hot plate surface or lick a hind paw was measured.
The maximum time the animals remained on the hot plate was 30
s, after which the animals were removed to avoid tissue damage[22].
One day before the test, the mice were pre-selected. Only animals
with latency times < 10 s were used. Latencies (s) were measured
at 0, 30, 60, and 120 min after intraperitoneal administration of
vehicle (5% Tween 80), PAC (200 mg/kg), or morphine (6 mg/kg).

2.7. Tail—flick test

A radiant source of heat was focused on the animal’s tail as a
thermal nociceptive stimulant, causing its withdrawal/movement

(flick). A maximum cut-off of 30 s was used to avoid tissue
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damage(23]. The animals were treated with PAC (200 mg/kg),
vehicle (5% Tween 80), or morphine (6 mg/kg). Withdrawal
latencies (s) were measured at 0, 30, 60, 120, and 240 min after

treatment.

2.8. Opioid receptors—involvement in PAC antinociceptive

effect

To identify possible opioid receptor involvement in the antinociceptive
effect of PAC, six groups were used: the control, PAC (200 mg/kg,
i.p.), morphine (6 mg/kg, i.p.), and the remaining groups received
the same prior treatments. However, 15 min earlier, they were
given naloxone (5 mg/kg, s.c.), a non-selective opioid antagonist.

The writhing test was then performed|24].

2.9. Molecular docking

The structure of the protein p-opioid receptor bound to the BU72
agonist (PDB ID: 5C1M)[25] was downloaded from the RCSB
Protein DataBank (PDB). The PAC structure was then submitted
to molecular docking using the Molegro Virtual Docker, v. 6.0.1
(MVD))26]. All water molecules were deleted from the enzyme
structure, and the enzyme and compound structures were prepared
using the default parameter settings in the MOLE software package
(Score function: MolDock Score; ligand evaluation: internal
hydrogen bond, Sp2-Sp2 torsions, internal ES, all checked; number
of runs: 10 runs; algorithm: MolDock SE; maximum inter-actions:
1500; maximum population size: 50; maximum number of steps:
300; neighbor distance factor: 1.00; and the maximum number of
conformations returned: 5). The docking procedure was performed
using a GRID with a radius of 15 A, and a resolution of 0.30 a to

cover the ligand-binding site in the structure of the enzyme.

2.10. Statistical analysis

Results were analyzed using Kruskal-Wallis followed by Dunn's

test or Mann Whitney test for non-parametric data. Results
were expressed as median (IQR). Differences were considered
statistically significant when P<0.05. The data were analyzed using
the GraphPad Prism program version 7.00 (GraphPad Software
Incorporated, San Diego, CA, USA).

2.11. Ethical statement

All experimental procedures were approved by the Ethics
Committee on the Use of Animals of UFPB, under Certificate No.
015/2016.

3. Results

3.1. Effect of PAC on motor coordination

There was no significant difference in the time spent on the
rotating bar between the PAC group (200 mg/kg) and the control
group at 30, 60, and 120 min after treatment. DZP (2 mg/kg, i.p.)
significantly reduced the time spent on the rotating bar at 30 and

60 min after treatment (P<0.001) (Figure 1).

3.2. Effect of PAC on acetic acid—induced writhing

PAC at 150 and 200 mg/kg markedly reduced the number of
abdominal contortions compared to the control group (22.1 + 3.1)
(P<0.01). Morphine also significantly reduced the number of
writhes (P<0.01).

3.3. Effect of PAC on formalin—induced nociception

PAC at 100 and 150 mg/kg did not significantly decrease the paw
licking time in the first phase of the formalin test, in comparison
to the control group. However, PAC at the dose of 200 mg/kg
significantly reduced licking time (P<0.01) (Figure 2A). PAC at

A B C
2001 2005 190,
= - — -
1504 1501 1804
a “ a @ Py T
~ ~ skeskok
2 1004 ﬂ 2 100 g 170 ==
50 @ 504 160 =
0. . . . 0 . . . 150 . r T
Control PAC200 DZP Control PAC200 DZP Control PAC200  DZP

Figure 1. Effect of perillyl acetate (PAC) (200 mg/kg) on rotarod test in mice. The data are expressed in median (IQR) (n=6). Data were analyzed by Mann
Whitney’s test. " "P<0.001 s. the control. DZP: diazepam (2 mg/kg). A: 30'; B: 60'; C: 120
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Figure 2. Effect of PAC (100, 150, and 200 mg/kg) in phase 1 (A) and phase 2 (B) of the formalin test. The data are expressed in median (IQR) (n=6). Data
were analyzed using Kruskal-Wallis (phase 1, H=23.04; phase 2, H= 21.5) followed by Dunn’s test; " P<0.01, ""P<0.001 ps. the control. MOR: morphine.
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Figure 3. Effect of PAC (200 mg/kg) in the hot plate test in mice. The data are expressed in median (IQR) (n=6). Data were analyzed using Mann Whitney test
(0°, H=7.39; 30°, H=13.29; 60°, H=13.37; 120°, H=13.67) followed by Dunn’s test; "P<0.01 vs. the control. A: 0'; B: 30"; C: 60'; D: 120'.
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Figure 4. Effect of PAC (200 mg/kg) in the tail-flick test in mice. The data are expressed in median (IQR) (n=6). Data were analyzed using Mann Whitney test
(0°, H=3.74; 30°, H=17.80; 60’, H=14.50; 120°, H=5.21; 240’, H=6.50) followed by Dunn’s test; 'P<0.05, “P<0.01 ps. the control. A: 0'; B: 30'; C: 60'; D: 120';
E: 240'.

150 and 200 mg/kg significantly decreased the paw licking time in 3.4, Hot plate test
the second phase compared to the control group (P<0.01) (Figure
2B). Morphine significantly decreased paw licking time in the first There was no significant difference in the latency times between

phase (P<0.001) and the second phase (P<0.01). the PAC 200 mg/kg group and the control group at 30, 60, and
120 min after administration. Morphine significantly increased the

latency times (P<0.01) (Figure 3).
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3.5. Tail—flick test

PAC at 200 mg/kg significantly increased latency times at 30 and
60 min after administration when compared to the control group
(P<0.05). After 120 min of PAC treatment, the effect was not
significant. Morphine also increased the latency at 30 (P<0.01) and
60 (P<0.05) min after treatment significantly (Figure 4).

3.6. Acetic acid—induced writhing test using an opioid

antagonist

According to Figure 5, PAC at 200 mg/kg significantly reduced
the number of writhes compared to the control group (P<0.01).
However, the reduction in the number of writhes induced by PAC
was significantly reversed with naloxone (5 mg/kg) pretreatment
when compared to PAC alone (P<0.05). Naloxone also reverted
the effect of morphine (6 mg/kg) when compared to the group

receiving morphine alone (P<0.001).

3.7. Molecular docking

Docking was validated by redocking the original ligand BU72
in the active site of the p-opioid receptor. The superposition of
poses is represented in Figure 6 and reveals a perfect match. We
evaluated the potential of using PAC as an p-opioid receptor
agonist and the Re-rank Score of both compounds indicated
that PAC (=70.10 kJ/mol) exhibited potential agonist activity in
p-opioid as BU72 (—68.26 kJ/mol) (Figure 7).
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Figure 5. Effect of naloxone (NLX) on the antinociceptive effect of PAC
and MOR on acetic acid-induced writhing in mice. The data are expressed in
median (IQR) (n=6). Data were analyzed using Kruskal-Wallis test (H=27.68)
followed by Dunn’s test; ~"P<0.01, ""P<0.001 vs. the control. "P<0.05 vs. PAC;

4p<0.01 ps. MOR.
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Figure 6. Superposition of crystal pose (green) and docking pose (blue),
validating the methodology.

4. Discussion

Perillyl alcohol has several applications in treatment of oncologyl15]
and other diseases, many of which involve pain(16.17]. In this paper, we
studied the phenylpropanoid PAC, a synthetic derivative of perillyl
alcohol, which has an antinociceptive central effect mediated by
the opioid pathway.

Aiming to estimate PAC antinociceptive property, mice were used
for nociceptive behavioral tests with different stimuli and types of
nociception: visceral nociception (writhing test), neurogenic and
inflammatory nociception (formalin-induced nociception), and
thermal nociception (hot plate and tail-flick test)[24,27].

It's already known that compounds capable of altering locomotor
activity can impair the interpretation of the antinociceptive effect|28].
Rotarod test evaluates the effects of drugs on muscle relaxation or
neurotoxicity. Excluding a possible false-positive response in the
nociceptive behavior, PAC did not affect the locomotor integrity
of treated animals. However, there are still no acute and chronic
toxicity studies on PAC.

The present study evaluated PAC antinociceptive effect with
acetic acid-induced abdominal writhing test[19], which is used to
screen new drugs for the treatment of pain and inflammation[27].
The injection of acetic acid into the peritoneal cavity promotes
activation of acid-sensing ionic channels and proton-gated cation
channels in peripheral sensory neurons[29]. Acetic acid also
stimulates the release of cytokines, such as prostaglandin E, and
prostaglandin F,[30]. According to the results, PAC reduced the
number of writhes. However, due to the low specificity of the
method, we can’t affirm if antinociception promoted by PAC was
related to a reduction in inflammatory events or direct inhibition
of nociceptors. So, the formalin-induced nociception test was
employed, since it is a more specific model that can differentiate
pain into two phases: central and peripheral(31].

Formalin into the mice paw promotes two phases of nociceptive
response (paw licking time) which consists of early neurogenic and

inflammatory phases. The first phase occurs 0-5 min after intraplantar
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Figure 7. Structure of the p-opioid receptor (A) and 3D interactions with compounds. B: structure of BU72 and C: structure of perilyl acetate.

administration of formalin and reflects intense stimulation of
sensory C-fibers through activation of transient receptor potential
ankyrin 1 receptors[32]; it is also reported that calcitonin gene-
related, substance P and mediators like bradykinin and glutamate
exert an effect on neurogenic pain response[21.33]. The interphase
period (5-15 min) is observed, where the response of the animal to
the pain stimulus is reduced, which is due to not fully understood
inhibitory processes|34]. Some authors suggest certain mechanisms
that may be involved, such as activation of the opioid system[35], or
release of gamma-aminobutyric acid neurotransmitters that target
the gamma-amino butyric acid A receptor in the spinal cord and
result in decreased C-fiber activity[36]. In the second phase (15-30
min) we can see an inflammatory process, increasing mediators
like prostaglandin, histamine, serotonin, bradykinin(37], and
nitric oxide[38]. Drugs such as opioid analgesics act by inhibiting
nociception in the neurogenic and inflammatory phases. While
non-steroidal anti-inflammatory drugs only inhibit the second
phase|21]. PAC (200 mg/kg) decreases the paw licking time in the
first and second phases. This is a characteristic of analgesic central
drugs, such as opioids. Similar results were reported for perillyl
alcohol which also reduced paw licking times in both phases of
the test[16]. The literature reports that transient receptor potential
vanilloid] (TRPV1) and TRPA1 antagonists reduce the pain

response stimulated by formalin[32]. According to Endres-Becker et
al.[39], p-opioid receptor activation can inhibit TRPV1 activity and
cAMP pathway via Gi/o proteins[40]. Thus, our results demonstrated
that PAC inhibited pain in both phases of the formalin test, we
can suggest a possible opioid, TRPV1 and TRPA1 receptor
involvement in the antinociceptive effect.

To verify the central antinociceptive involvement of PAC, a
hot plate test was performed|27]. The plate heated at a constant
temperature [(55 = 1) “C] causes behavioral responses such as hind
paw licking and jumping[41], which represent supra-spinal sensory
activation, once thermal stimulation can activate VR-1 type
receptors (activation threshold = 43 °C), and type VRL-1 receptor
(activation threshold = 52 °C), stimulating A8 and C fibers[42].
These fibers carry the impulse through the dorsal horn of the spinal
cord to the somatosensory cortex where they are interpreted[37].
In contrast to perillyl alcohol, which reported a higher latency of
response to the hot plate thermal stimulation[16], PAC presented no
significant changes. This indicates non-participation of supra-spinal
mechanisms in the central antinociception mediated by PAC.

The tail-flick test evaluates nociception at the central spinal level[22].
Tail withdrawal reflex in the tail-flick assay is a nociceptive parameter
that represents spinal sensory integration, where an increase in latency

time is relevant for evaluating central antinociceptive action. Central
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analgesics, such as opioids, are capable of suppressing spinal neuron
response to thermal stimuli in the tail, increasing the latency time[43].
The effectiveness of PAC (200 mg/kg) in the tail-flick test suggested
antinociceptive effect through reduction of painful stimulation in the
spinal cord|23]. This result is different from perillyl alcohol which
acts at supra-spinal levels. The results highlight the importance of
structural drug modifications where structurally similar drugs can
reveal different routes for promoting analgesic effects.

Since the tail-flick test can identify the activity of compounds whose
mechanisms are similar to opioid analgesics, the PAC mechanism
of action was investigated. To explore the PAC antinociceptive
mechanism, the opioid receptor pathway was investigated in the
abdominal writhing test, which is considered useful in investigating
opioid analgesic drugs[44]. u, k, and @ opioid pathway receptors
are found both in the central nervous system and in peripheral
tissues. p-opioid receptor is the main target for analgesic opioids.
Naloxone, a nonspecific antagonist of the opioid receptors, more
selective for the p-opioid receptor, is frequently used in researching
the involvement of opioid signaling in pain control[45]. PAC
appears to promote its antinociceptive effects by the opioidergic
pathway since its effects were partially reversed by pretreatment
with naloxone. These findings are in accordance with previous
reports where naloxone partially reverted perillyl alcohol’s
antinociceptive effect|16], thus reinforcing the possible participation
of opioid signaling in the antinociceptive action.

Since naloxone presents a high affinity for the p-opioid receptor, it
suggests that PAC exerts its antinociceptive effects via the p-opioid
receptor pathway. In this context, to evaluate the interaction between
PAC and the p-opioid receptor, we decided to perform a docking
study. In the docking results, the PAC was assigned a similar re-
rank score to BU72, an agonist of p-opioid receptors, presenting
the same types of interactions with certain critical residues. Binding
energy values and in vivo analysis suggest that PAC promotes
antinociceptive effect via the p-opioid receptor. The activity of
PAC was not completely reversed by naloxone, an indication of
activity with undesignated antinociception mechanisms.

The main limitations of this work were that we are not yet able
to proceed with clinical trials, once the acute and chronic toxicity
of PAC has not yet been determined, and in addition, to better
understand its mechanism of action, electrophysiological methods
should be done.

Taken together, the results of this study proved that PAC has an
antinociceptive effect at the spinal level in animal nociception
models, without affecting the locomotor integrity and possibly
through p-opioid receptors. In silico studies have suggested that

PAC can act as a p-opioid receptor agonist.

Conlflict of interest statement

The authors declare no conflict of interest.

Renan Braga et al./ Asian Pactfic Journal of Tropical Biomedicine 2022; 12(4): 156-163

Funding

This study was supported by funds from the Coordination for
the Improvement of Higher Education Personnel (CAPES) and
National Council for Scientific and Technological Development
(CNPg).

Authors’ contributions

All authors contributed to the development of the article. BRM,
AHHN, and CRMD involved in the development of the research
and the writing of the manuscript. LCUGB, SAF, DABS, and
MAM participated in the process of data collection, analysis and
interpretation of the data. SMT and MMS contributed to in silico
analysis. SDP and ARN contributed to the critical review and final

writing of the manuscript.

References

[1] Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson S, et al.
The revised International Association for the Study of Pain definition of
pain: Concepts, challenges, andcompromises. Pain 2020; 161(9): 1976-
1982.

[2] Patel ZS, Hoffman LK, Buse DC, Grinberg AS, Afifi L, Cohen SR. et
al, Pain, psychological comorbidities, disability, and impaired quality
of life in Hidradenitis suppurativa[corrected]. Curr Pain Headache Rep
2017; 21: 49.

[3] Julius D, Basbaum Al. Molecular mechanisms of nociception. Nature
2001; S413: 203-210.

[4] Costa AOC, de Carvalho Aragdo Neto H, Lopes Nunes AP, Dias de
Castro R, Nobrega de Almeida R. COVID-19: Is reinfection possible?
EXCLI J 2021; 20: 522-536.

[5] Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y. et al. Epidemiological
and clinical characteristics of 99 cases of 2019 novel coronavirus
pneumonia in Wuhan, China: A descriptive study. Lancet 2020; 395:
507-513.

[6] Benyhe S. Morphine: New aspects in the study of an ancient compound.
Life Sci 1994; 55: 969-979.

[7] Xiao X, Wang X, Gui X, Chen L, Huang B. Natural flavonoids as
promising analgesic candidates: A systematic review. Chem Biodivers
2016; 13: 1427-1440.

[8] Diniz LRL, Bezerra Filho CDSM, Fielding BC, de Sousa DP. Natural
antioxidants: A review of studies on human and animal coronavirus.
Oxid Med Cell Longev 2020; 2020: 3173281.

[9] de Cassia da Silveira E Sa R, Lima TC, da Nobrega FR, de Brito AEM,
de Sousa DP. Analgesic-like activity of essential oil constituents: An
update. Int J Mol Sci 2017; 18: 2392.

[10]de Sousa DP. Analgesic-like activity of essential oils constituents.
Molecules 2011; 16: 2233-2252.

[11]da Rocha ML, Oliveira LE, Patricio Santos CC, de Sousa DP, de

Almeida RN, Aratjo DA. Antinociceptive and anti-inflammatory



Analgesic-like activity of perillyl acetate 163

effects of the monoterpene o, B-epoxy-carvone in mice. J Nat Med
2013; 67: 743-749.

[12]Lan Phi NT, Nishiyama C, Choi HS, Sawamura M. Evaluation
of characteristic aroma compounds of Citrus natsudaidai Hayata
(Natsudaidai) cold-pressed peel oil. Biosci Biotechnol Biochem 2006;
70: 1832-1838.

[13]Choi HS. Characteristic odor components of kumquat (Fortunella
Japonica Swingle) peel oil. J Agric Food Chem 2005; 53:1642-1647.
[14]Andrade LN, Lima TC, Amaral RG, Pessoa Cdo O, Filho MO, Soares
BM, et al. Evaluation of the cytotoxicity of structurally correlated

p-menthane derivatives. Molecules 2015; 20: 13264-13280.

[15]Belanger JT. Perillyl alcohol: Applications in oncology. Altern Med Rev
1998; 3: 448-457.

[16]Benedito RB, Alves MF, Pereira WB, de Arruda Torres P, Costa JP,
da Rocha Tomé A, et al. Perillyl alcohol: Antinociceptive effects and
histopathological analysis in rodent brains. Nat Prod Commun 2017;
12: 1934578X1701200902.

[17]Tomaz-Morais JF, Braga RM, de Sousa FB, de Sousa DP, de M
Pordeus LC, de Almeida RN, et al. Orofacial antinociceptive activity
of (S)-(-)-perillyl alcohol in mice: A randomized, controlled and triple-
blind study. Int J Oral Maxillofac Surg 2017; 46: 662-667.

[18]Dunham NW, Miya TS. A note on a simple apparatus for detecting
neurological deficit in rats and mice. J Am Pharm Assoc Am Pharm
Assoc 1957; 46: 208-209.

[19]Koster R. Acetic acid for analgesic screening. In Fed Proc 1959; 18:
412.

[20]Saleem A, Javeed A, Ashraf M, Akhtar MF, Akhtar B, Sharif A, et
al. Anti-inflammatory, anti-nociceptive and antipyretic potential of
Terminalia citrina fruit extracts. Afr J TraditComplem Altern Med 2017,
14: 24-30.

[21]Shibata M, Ohkubo T, Takahashi H, Inoki R. Modified formalin test:
Characteristic biphasic pain response. Pain 1989; 38: 347-352.

[22]Kaygisiz B, Kilic FS, Senguleroglu N, Baydemir C, Erol K. The
antinociceptive effect and mechanisms of action of pregabalin in mice.
Pharmacol Rep 2015; 67: 129-133.

[23]Connor J, Makonnen E, Rostom A. Comparison of analgesic effects
of khat (Catha edulis Forsk) extract, D-amphetamine and ibuprofen in
mice. J Pharm Pharmacol 2000; 52: 107-110.

[24]Vidyalakshmi K, Kamalakannan P, Viswanathan S, Ramaswamy
S. Antinociceptive effect of certain dihydroxy flavones in mice.
Pharmacol Biochem Behav 2010; 96: 1-6.

[25]Huang W, Manglik A, Venkatakrishnan AJ, Laeremans T, Feinberg EN,
Sanborn AL, et al. Structural insights into p-opioid receptor activation.
Nature 2015; 524: 315-321.

[26]Thomsen R, Christensen MH. MolDock: A new technique for high-
accuracy molecular docking. J Med Chem 2006; 49: 3315-3321.

[27]Almeida SD. In vivo methods for the evaluation of anti-inflammatory
and antinoceptive potential. Br JP 2019; 2: 386-389.

[28]Fonséca DV, Salgado PR, Aragdo Neto H de C, Golzio AM, Caldas
Filho MR, Melo CG, et al. Ortho-eugenol exhibits anti-nociceptive and
anti-inflammatory activities. /nt Immunopharmacol 2016; 38: 402-408.

[29]Xiong ZG, Pignataro G, Li M, Chang SY, Simon RP. Acid-sensing ion
channels (ASICs) as pharmacological targets for neurodegenerative
diseases. Curr Opin Pharmacol 2008; 8: 25-32.

[30]Deraedt R, Jouquey S, Delevallée F, Flahaut M. Release of
prostaglandins E and F in an algogenic reaction and its inhibition. Eur
J Pharmacol 1980; 61: 17-24.

[31]Tjelsen A, Berge OG, Hunskaar S, Rosland JH, Hole K. The formalin
test: An evaluation of the method. Pain 1992; 51: 5-17.

[32]McNamara CR, Mandel-Brehm J, Bautista DM, Siemens J, Deranian
KL, Zhao M, et al. TRPA1 mediates formalin-induced pain. Proc Natl
Acad Sci USA 2007; 104: 13525-13530.

[33]Shields SD, Cavanaugh DJ, Lee H, Anderson DJ, Basbaum Al. Pain
behavior in the formalin test persists after ablation of the great majority
of C-fiber nociceptors. Pain 2010; 151: 422-429.

[34]Henry JL, Yashpal K, Pitcher GM, Coderre TJ. Physiological evidence
that the 'interphase' in the formalin test is due to active inhibition. Pain
1999; 82: 57-63.

[35]Moslem AR, Amin B, Heidari-Oranjaghi N, Azhdari-Zarmehri H.
Involvement of endogenous opioid system in swim stress-induced
pain modulation during the interphase of the formalin test. Basic Clin
Neurosci 2019; 10: 305-312.

[36]Kaneko M, Hammond DL. Role of spinal gamma-aminobutyric acid A
receptors in formalin-induced nociception in the rat. J Pharmacol Exp
Ther 1997; 282: 928-938.

[37]Araujo FL, Melo CT, Rocha NF, Moura BA, Leite CP, Amaral JF, et
al. Antinociceptive effects of (O-methyl)-N-benzoyl tyramine (riparin
I) from Aniba riparia (Nees) Mez (Lauraceae) in mice. Naunyn
Schmiedebergs Arch Pharmacol 2009; 380: 337-344.

[38]Azevedo AP, Farias JC, Costa GC, Ferreira SC, Aragao-Filho WC,
Sousa PR, et al. Anti-thrombotic effect of chronic oral treatment with
Orbignya phalerata Mart. | Ethnopharmacol 2007; 111: 155-159.

[39]Endres-Becker J, Heppenstall PA, Mousa SA, Labuz D, Oksche A,
Schifer M, et al. Mu-opioid receptor activation modulates transient
receptor potential vanilloid 1 (TRPV1) currents in sensory neurons in a
model of inflammatory pain. Mol Pharmacol 2007; 71: 12-18.

[40]Nucci-Martins C, Nascimento LF, Venzke D, Brethanha LC, Sako AV,
Oliveira AS, et al. Antinociceptive effect of hydroalcoholic extract and
isoflavone isolated from Polygala molluginifolia in mice: Evidence for
the involvement of opioid receptors and TRPV1 and TRPA1 channels.
Phytomedicine 2016; 23: 429-440.

[41]0rlandi L, Vilela FC, Santa-Cecilia FV, Dias DF, Alves-da-Silva G,
Giusti-Paiva A. Anti-inflammatory and antinociceptive effects of the
stem bark of Byrsonima intermedia A. Juss. J Ethnopharmacol 2011;
137: 1469-1476.

[42]Davis JB, Gray J, Gunthorpe MJ, Hatcher JP, Davey PT, Overend
P, et al. Vanilloid receptor-1 is essential for inflammatory thermal
hyperalgesia. Nature 2000; 405: 183-187.

[43]Fischer BD, Zimmerman EI, Picker MJ, Dykstra LA. Morphine in
combination with metabotropic glutamate receptor antagonists on
schedule-controlled responding and thermal nociception. J Pharmacol
Exp Ther 2008; 324: 732-739.

[44]Martin WR. Pharmacology of opioids. Pharmacol Rev 1983; 35: 283-
323.

[45]Zendehdel M, Torabi Z, Hassanpour S. Antinociceptive mechanisms
of Bunium persicum essential oil in the mouse writhing test: Role of

opioidergic and histaminergic systems. Vet Med 2015; 60: 63.



