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Abstract

Orofacial musculoskeletal pain (OMP) is a common feature of temporomandibular disorders (TMD), a group of conditions
affecting the temporomandibular joint, chewing muscles, and associated structures. The etiology of muscular TMD is currently
understood within a biopsychosocial model of pain, highlighting the complexity related to OMP. In this context, the objective of
this study was to investigate the OMP induced by psychological/emotional stress (ES) in rats, regarding the role of the
endocannabinoid system (ECS) through CB1 and CB2 receptors. Male Wistar rats were divided into Control and ES groups.
OMP was induced by ES using the communication box model and evaluated through the mechanical threshold in masticatory
muscles. c-Fos, CB1, and CB2 immunostaining was evaluated in the trigeminal ganglion (TG) and in the trigeminal nucleus
caudalis (Sp5C). The selective CB1 or CB2 antagonist (AM251 or AM630, respectively) or the cannabinoid receptor non-
selective agonist (WIN55,212-2) were administered to both groups, and the OMP was evaluated. The mechanical sensitivity of
the masticatory muscles increased in the ES group, accompanied by increased c-Fos expression in the TG and Sp5C. AM251
and AM630 increased mechanical sensitivity, while WIN55,212-2 decreased the OMP. Furthermore, ES increased CB1 density
in the TG and elevated both CB1 and CB2 in the Sp5C. Additionally, CB2 was increased in the masseter muscle. Thus,
cannabinoid receptors played a protector role in OMP caused by ES, indicating that cannabinoid drugs or the modulation of the
ECS may represent a promising approach for the treatment of OMP frequently observed in patients with TMD.

Key words: Facial pain; Myofascial pain syndromes; Psychological distress; Endocannabinoids; Cannabinoid receptor CB1;
Cannabinoid receptor CB2

Introduction

Orofacial pain is a global term that comprises a
category of disorders that include neuropathic pain,
neurovascular disorders, and musculoskeletal disorders
such as temporomandibular disorders (TMD) (1). Muscu-
loskeletal pain affecting the masticatory muscles, known
as orofacial musculoskeletal pain (OMP), is considered a
painful TMD subtype and represents one of the leading
causes of pain in the orofacial region. It is characterized
by hypersensitivity in the masseter and/or temporalis
muscles and this condition can impair essential functions
of the stomatognathic system, such as chewing and

speech. The development and severity of this condition
can be influenced by different situations, like anatomical or
biomechanical factors, sleep disturbances, sedentarism,
and stress (2).

According to Svensson (1), painful TMD is typically
chronic, bilateral, diffuse, and associated with jaw move-
ment, aligning with the criterion for nociplastic pain
addressed by Kosek et al. (2). Nociplastic pain is
characterized by altered nociception without clear evi-
dence of tissue damage or dysfunction of the somatosen-
sory system and is often associated with central
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sensitization, a process involving amplification of the
central nervous system’s response to painful stimuli.
Generalized pain sensitization, as seen in conditions such
as fibromyalgia, chronic headaches, and TMDs, highlights
the role of dysfunction in central inhibitory and facilitatory
pathways in pain processing. Patients with nociplastic
pain often experience multiple widespread pain, fatigue,
sleep disturbances, cognitive difficulties, and various
somatic symptoms, in addition to high levels of emotional
distress, anxiety, depression, and pain catastrophizing
(1,2).

Clinical trials on orofacial nociplastic pain conditions,
such as painful TMD, identify stress as a predictor factor
for pain, suggesting that psychosocial factors interact with
other variables, worsening pain in the facial region (3).
Emotional stress (ES) is a prevalent medical condition that
provokes adaptive reactions controlled by neurohormonal
processes aimed at maintaining physiological integrity.
Increasing evidence indicates that ES can influence both
the onset and maintenance of orofacial pain. This interplay
between psychosocial stressors and pain highlights the
involvement of central neural mechanisms, supporting
hypotheses centered on sensitization processes (2,4,5).

The association between stress and orofacial pain
suggests that central sensitization may be a key under-
lying mechanism of OMP, thus justifying the search for
targeted modulatory treatments. This range of manifesta-
tions reinforces the hypothesis of altered central pain
mechanisms, such as reduced descending inhibitory
modulation and increased pain facilitation. In this context,
endocannabinoid system modulators, such as phytocan-
nabinoids or synthetic cannabinoids, have gained promi-
nence as a potential strategy for the treatment of chronic
nociplastic pain (5–7).

The endocannabinoid system is involved in the pain
descending modulatory system with neurochemical path-
ways that inhibit pain sensation and is activated during
stress (8). This system consists of cannabinoid receptors
(CB1 and CB2), endogenous ligands (anandamide, 2-AG,
and others), and enzymes involved in their biosynthesis
and degradation. Endocannabinoids are retrograde sig-
naling messengers at glutamatergic and GABAergic
synapses and modulate the postsynaptic transmission,
which interact with other neurotransmitters. They are
involved in several physiological and pathological func-
tions, such as: immunomodulation, inflammation, and
analgesia (9,10).

In this context, the antinociceptive effects of the
endocannabinoid system in orofacial pain have been
increasingly recognized in recent years (9,11). Traditional
treatments for chronic pain, particularly nociplastic pain,
show limited efficacy, which highlights the need to identify
alternative therapeutic options. Moreover, the endocanna-
binoid system is also involved in neural modulation during
the systemic stress response (8,12). Preclinical studies
suggest that the endocannabinoid system may play a

crucial role in maintaining homeostasis by counteracting
exaggerated behavioral responses to stress (13).

Although it is challenging to mimic TMD in preclinical
research due to its nociplastic nature, experimental
models involving emotional stress with orofacial muscu-
loskeletal repercussions may offer a viable alternative.
Therefore, the aim of this study was to better understand
OMP induced by psychological/emotional stress, focusing
on the role of the endocannabinoid system through the
modulation of CB1 and CB2 cannabinoid receptors.

Material and Methods

Animals and ethical aspects
Wistar male rats (8 weeks old; 250 to 300 g), provided

by the Central Animal Facility of Federal University of
Ceará, were used in this study. The rats were randomly
allocated into experimental groups (6–8 rats/group) in
appropriate cages (3 animals per cage) in a special room
under controlled temperature (24±2°C) and a 12-h light/
dark cycle, with solid food and water ad libitum. This study
was conducted following the ARRIVE guidelines. The
experimental protocol was analyzed and approved by
the Ethics Committee on Animal Research of the Federal
University of Ceará (protocol 35/2013).

In this study, the sample size was calculated to detect
a 20% difference in the intragroup head-withdrawal
response (primary outcome) with a statistical power of
80%. The standard deviation of the mean and confidence
interval were set at 15 and 95%, respectively. Based on
these parameters, the estimated sample size was 8
animals per experimental group. Based on the methodo-
logical requirements for the induction of OMP through
emotional stress using the communication box, a well-
established model in Wistar rats (14), 8 animals are
placed inside the individual compartments of the commu-
nication box during the protocol to ensure effective stress
induction. The communication box contains 16 compart-
ments: 8 housing electric foot-shock (EFS) animals that
served exclusively as stress inducers (not included in the
experimental groups and not subjected to any experi-
mental evaluations) and 8 housing experimental animals.
Failure to meet this distribution compromises the effec-
tiveness of the stress protocol. Humane endpoints criteria
were predefined, and although no animals required
euthanasia for this reason, all animals were continuously
monitored throughout the protocol for signs of extreme
distress or suffering. After the triage phase (animals that
responded to the von Frey stimulation with a clear head
withdrawal response), animals were randomly assigned to
either the Control (not exposed to emotional stress) or
emotional stress (ES) condition using a computer-gener-
ated randomization list. Blinding was ensured throughout
the experiment, with researchers responsible for drug
administration and ES induction being distinct from those
conducting the behavioral assessments.
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Cannabinoid drugs
CB1 (AM251; Tocris Biosciense, UK) or CB2 (AM630;

Cayman Chemical, USA) receptor-selective antagonists
(11) was dissolved in 4% dimethylsulfoxide (DMSO) and
diluted in sterile 0.9% saline solution. A non-selective
cannabinoid receptor agonist (WIN55,212; Cayman Chem-
ical) was dissolved in absolute ethanol (5 mg:1 mL) (15).
AM251 or AM630 (1 mg/kg) was administered on D4, and
WIN55,212-2 (1 mg/kg) was administered on D11 of the
emotional stress induction, 30 min before the stimulus in
the communication box. The doses of the CB1 and CB2

antagonists (1 mg/kg) and the agonist (1 mg/kg) were
selected based on previous studies demonstrating their
efficacy in modulating nociceptive responses in rodents
(11,15).

Emotional stress experimental model
The communication box was used as an instrument to

induce ES (14). The box consists of 16 compartments
(16� 16 cm) separated by transparent acrylic plates with
several small holes. The plates prevent physical contact
among the animals while allowing visual, auditory, and
olfactory sensations of neighboring animals. The compart-
ments were equipped with a grid floor of stainless-steel
rods. An electro-stimulator (LE 12406, Panlab Harvard
Apparatus, USA) of direct current (1 Hz) was connected to
the grid to generate an electric current of 40 V to generate
an electric foot-shock for 10 s with an interval of 60 s. The
floors of eight compartments were covered by plastic plates
to prevent electric stimulation and served as a non-shock
compartment for the animals of the ES groups. Animals
were divided into Electric Foot-Shock (EFS) groups and
experimental groups. The ES group in the non-shock
compartment were exposed to emotional stimuli from the
neighboring animals (EFS group), such as vocalizations,
urine or feces smell, and jump response. The control group
was also confined in the non-shock compartment, but the
electro-stimulator remained turned off.

The animals were first confined in compartments of the
communication box for one hour without any electric foot-
shock for 5 days in order to adapt to the environment.
After the adaptation period, ES was induced for 14 days
(D1–D14). Body weight gain was recorded on the first day
(D1), before the stimulus, on the seventh day (D7), and on
the fourteenth day (D14) of the ES. During the experi-
mental protocol, the animals were evaluated daily for
spontaneous behavior, breathing, posture, and facial
expression, which were used as humane endpoint criteria.

Behavioral tests
Masticatory muscles mechanical sensitivity test. The

sensitivity of masticatory muscles was assessed by
recording the force applied to the masseter and temporalis
region required to elicit a reflex response (head with-
drawal). Measurements were taken using a digital instru-
ment by an examiner who was not informed of the

treatment groups. For this, the electronic von Frey
apparatus (Digital Analgesiometer, Insight, Brazil) was
used. The apparatus is a force transducer that measures
the pressure in grams (g), applied perpendicularly to the
evaluated region. The reflex response to pressure is
expressed as head withdrawal response (g), which
reflects the nociceptive threshold. The animals were
exposed to a five-day habituation period in the test room
for head-withdrawal threshold measurements, under
standardized temperature and reduced illumination.

The animals were kept for 10 min in plastic boxes and
submitted to the application of the Von Frey apparatus in
the region of the left masticatory muscles. An observer
was trained to apply a gradual pressure to the region and
the apparatus was automatically removed when the
animal withdraw the head (16,17). Triplicate measure-
ments of force thresholds were taken from the masseter
and temporalis muscles. The baseline test was performed
on D1 of the ES protocol, before the exposure to the
communication box. The test was performed on D4, D8,
D11, and D14, 90 min after the communication box
protocol. The animals’ spontaneous behavior was
respected throughout the procedure, with sufficient inter-
vals between measurements to allow free movement
within the cage. The animals were gently restrained only
during the assessment of the nociceptive threshold.

The results were registered as the delta of force (g)
calculated by subtracting the value (g) obtained on D4,
D8, D11, and D14 from the value on D1 (before the
emotional stress protocol).

Elevated plus-maze test. To assess anxiety-like
behavior, the elevated plus-maze test (16) was performed
on D14, 30 min after the communication box protocol. For
this, the animals were randomly placed at the center of the
plus maze and observed for 5 min to record the number of
entries into the open arms and the time spent in the open
arms. The time spent in the open arms was converted to
percentage (time in seconds in the open arms � 100/total
observation time).

Adrenal histological analysis
Histological analysis was performed in adrenal gland

samples, harvested on D14. For this, sixteen rats were
anesthetized with an intraperitoneal injection of ketamine
(100 mg/kg) and xylazine (10 mg/kg) and intracardially
perfused. Adrenal glands were fixed in 10% formaldehyde
for 24 h, then placed in 70% alcohol for another 24 h, and
processed for paraffin inclusion. Serial sections (4-mm
thickness) were obtained and stained with hematoxylin
and eosin. Slides were examined and photographed
under a microscope (Leica DM 2000, Leica, Germany)
with 400� and 1000� magnification. In the adrenal
glands, the zona fasciculata region was observed in the
cortex, quantifying the area of cytoplasmic vacuoles with
of 1000� magnification using the ImageJ software (NIH,
USA). The color threshold defined the higher and lower
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limits to selected and unselected pixels. Results are
reported in percentage of the total positive cytoplasmic
vacuoles area (selected pixels).

c-Fos, CB1, and CB2 immunofluorescence assay
Immunofluorescence analyses were performed in the

masseter muscle, TG, and Sp5C sections, which were
harvested on D14. The TG and Sp5C areas were
dissected, placed in 4% paraformaldehyde (PFA)
(Sigma-Aldrichs, USA) for 2 h and cryoprotected in a
30% sucrose solution (Dinâmica Química Contemporânea
Ltda., Brazil) for 72 h. The collected tissues were
embedded in Tissue-tek O.C.T. compound (Sakuras,
Netherlands) and stored at � 80°C. Serial sections (10-
mm thickness) for the immunofluorescence assay were
performed in a cryostat (Leica CM1850, Leica) at –24°C.
The sections used in the study were cut at –13.92 mm to
–15.48 mm from bregma. Masseter muscle samples were
fixed in 10% formaldehyde for 24 h, then placed in 70%
alcohol for another 24 h and processed for paraffin
inclusion. Serial sections (4-mm thickness) were obtained
for the immunofluorescence protocol. Sections were fixed
in methanol (Vetec Química Fina Ltda., Brazil), and the
antigenic recovery was performed (95°C) in 0.1 M (pH 6.0)
citrate buffer. Subsequently, the nuclear membrane was
permeabilized with 0.2% triton X-100 (in c-FOS slides)
and blocked with 5% bovine serum albumin and 0.3 M
glycine in all slides. Sections were incubated (4°C)
overnight with the primary antibody rabbit anti-c-Fos
(Santa Cruz Biotechnologys; Cat# sc-253; RRID:
AB_2231996, USA), rabbit anti-CB1 (Abcams, UK; #Cat
ab23703; RRID: AB_447623); or rabbit anti-CB2 (Santa
Cruz Biotechnologys; #Cat sc-25494; RRID:
AB_2082784) in a 1:200 dilution. After this, sections were
incubated (room temperature) with secondary antibody
donkey anti-rabbit IgG Alexa fluor 568 (Invitrogens; Cat#
A10042, RRID: AB_2534017; 1:400, USA). For the
labeling of neuron cell bodies in nervous tissue samples,
sections were incubated with mouse anti-NeuN antibody
conjugated with Alexa fluor 488 (Merck Millipores; Cat#
MAB377X, RRID: AB_2149209; 1:100, USA). Tissue
sections were incubated for 30 min with DAPI (4,60-
diamidino-2-phenylindole) (Invitrogens; D1306, RRID:
AB_2629482) (4 mL in 200 mL of PBS) to label the cell
nucleus. Then, the slides were mounted with ProLong
Gold Antifade Mountant (Invitrogens) and photographed
in a laser scanning confocal microscope (Zeiss LSM 710,
Carl Zeiss, Germany). The fluorescent area in the photos
was quantified by differentiating the fluorescent areas
(pixels) by the greater color saturation, associated with the
fluorescence (red or green). For this, the program Fiji
ImageJ (NIH) was used by a blinded examiner. The color
threshold defined the upper and lower limits for the
positive fluorescent area. Two sections from the TG and
Sp5C regions of at least 6 animals per group were
evaluated and the results are reported in percentage of

the total positive fluorescent area (Alexa Fluor 568) in
relation to NeuN (Alexa Fluor 488) positive fluorescent
area. Two sections from the masseter muscle of at least
6 animals per group were evaluated and the results are
presented in percentage of the total positive fluorescent
area (Alexa Fluor 568) in relation to total image area.

Experimental protocol
The experimental protocol was divided into Protocol I

and Protocol II.
Protocol I was designed to evaluate nociceptive

behavior induced by emotional stress through the masti-
catory muscles mechanical sensitivity test, anxiety-like
behavior through the elevated plus-maze test, c-Fos
expression in areas of the trigeminal nociceptive pathway
(TG and Sp5C), and cannabinoid receptors in these
same areas, as well as in the masseter muscle.
Systemic response to stress was evaluated by adrenal
histological analysis and weight gain. For this, sixteen
rats were randomly divided into 2 groups (n=8/group):
Control group and ES.

Protocol II aimed to investigate the effect of the
endocannabinoid system pharmacological modulation.
For this, 96 rats were randomly divided into 12 experi-
mental groups (n=8/group), allocated into two main
conditions: Control and ES. Each condition was sub-
divided into six groups: three groups received pharmaco-
logical treatment with AM251, AM630, or WIN55,212-2,
and three groups received only the respective vehicle solu-
tion. Therefore, the Control groups consisted of: Control +
AM251, Control + AM630, Control + WIN55,212-2, Con-
trol + Vehicle of AM251, Control + Vehicle of AM630, and
Control + Vehicle of WIN55,212-2. Similarly, the Emotional
Stress (ES) groups consisted of: ES + AM251, ES +
AM630, ES + WIN55,212-2, ES + Vehicle of AM251,
ES+ Vehicle of AM630, and ES+ Vehicle of WIN55,212-2.
In these groups, nociception was evaluated by the mechan-
ical sensitivity test of masticatory muscles. Supplementary
Figure S1 illustrates the steps described in both protocols.

Statistical analysis
Initially, data normality was checked using the Shapiro-

Wilk test. Data are reported as means±SE. Statistical
analyses of the data from the masticatory muscle mechan-
ical sensitivity test were performed by two-way ANOVA
followed by Tukey’s test. For other data, Student’s t-test
was used and statistical significance was considered when
Po0.05. All analyzes were performed using the GraphPad
Prism version 9.0 for Mac (GraphPad Software, USA).

Results

Effects of emotional stress on adrenal glands and
body weight gain

The analysis of cytoplasmic vacuoles in the adrenal
gland cortex fasciculata zone showed distinct profiles in
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the ratio of cytoplasmic vacuole area to total area (%). The
ES group showed a 90.94% higher concentration of
cytoplasmic vacuoles (10.03±0.52), while the control
group (5.25±0.38) showed a basal content of these
vacuoles (Po0.0001; Figure 1A and B). ES had no effect
on adrenal gland weight (P=0.624) (Figure 1C and D).
There were no statistical differences in the animals’ body
weight among the ES and control groups (P=0.734)
(Figure 1E).

Emotional stress induced anxiety-like behavior and
masticatory muscle sensitivity

The plus maze test showed that the animals of the ES
groups had fewer entries into the open arms (P=0.022)
(Figure 2A) and less time spent in the open arms
(P=0.025) (Figure 2B).

The results involving mechanical sensitivity of the
masticatory muscles are expressed as a delta (D) of the
head withdrawal response threshold in grams, calculated
by the difference between the nociceptive threshold
measured on D1 (before stress induction) and the other
experimental days. Thus, the intensity of sensitivity was
proportional to the delta value. Figure 2 shows that ES
increased the D head withdrawal threshold of the
masseter (Figure 2C) and temporalis (Figure 2D) muscles
from D8 compared with the control group (Po0.0001).
The nociceptive response remained until D14 of the
emotional stress induction (Po0.0001).

Emotional stress increased c-Fos density in TG and
spinal trigeminal nucleus caudalis (Sp5C)

Results showed that ES increased the neuronal c-Fos
positive area (%) by immunofluorescence staining in both
TG (P=0.0006) (Figure 3A and B) and Sp5C (Po0.0001)
(Figure 3C and D) areas compared to the control group.

CB1 and CB2 agonists and antagonists affected the
emotional stress-induced masticatory muscle
mechanical sensitivity

The CB1 or CB2 receptor antagonists increased the
ES-induced mechanical sensitivity in both the masseter
and temporalis muscles on D4 (Po0.0001) and D5
(Po0.01; Po0.0001, respectively) experimental days
(Figure 4A and B). AM251 did not alter the D head
withdrawal response in rats not submitted to the ES
protocol (Control+AM251). The selective CB2 antagonist
AM630 increased the ES-induced mechanical sensitivity
in both the masseter and temporalis muscles (Figure 4C
and D). The differences between the ES and ES+AM630
groups were observed on D4 and D8 for the temporalis
muscle and only on D4 for the masseter muscle
(Po0.0001). AM630 also did not alter the D head with-
drawal response in rats not submitted to ES (Control+
AM630).

The cannabinoid receptor non-selective agonist
WIN55,212-2 (1 mg/kg; ip, single injection on D11)

decreased the ongoing ES-induced mechanical sensitivity
in both the masseter and temporalis muscles (Po0.0001)
(Figure 4E and F). The differences between ES and ES+
WIN55,212-2 groups were observed on D11 (injection
day; Po0.0001) and D14 (Po0.0001). WIN55,212-2 also
altered the D head withdrawal response in rats not

Figure 1. Effect of emotional stress on adrenal glands and body
weight gain. A, Photomicrographs of hematoxylin and eosin
staining showing the zona fasciculata of the adrenal gland cortex
(magnification of 400� and 1000�, scale bars 50 and 20 mm) of
rats subjected to emotional stress and animals not submitted to
emotional stress (control), showing cytoplasmic vacuoles (arrow)
mainly in the emotional stress group. B, Cytoplasmic vacuole
area in the zona fasciculata of the adrenal gland cortex. C, Gross
weight of the adrenal glands. D, Adrenal gland weight relative
to body weight. E, Body weight gain. Data are reported as
means±SE. ***Po0.001; unpaired t-test and (D) two-way
ANOVA, Tukey post-test.
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submitted to ES (Control+WIN55,212-2) when compared
to the control group (Control+Vehicle) on D11 (injection
day; Po0.0001) and D14 (Po0.01) (Figure 4E and F).

Effect of emotional stress on CB1 and CB2 density
ES induced an increase in CB1-positive area (%) by

immunofluorescence staining in TG (Po0.0001) (Figure
5A and B) and in Sp5C sections (P=0.0006) (Figure 5C
and D). When evaluating the positive area for CB2, the
results were similar in Sp5C (Po0.0001) (Figure 6C and
D), but the expression of CB2 in TG was not different
between the groups (P=0.936) (Figure 6A and B). In the
masseter muscle, ES increased CB2-positive area
(P=0.0002) (Figure 6E and F), but not CB1-positive area
(P=0.313) (Figure 5E and F) compared to the control group.

Discussion

This study demonstrated that ES induced mechanical
sensitization in the masseter and temporalis muscles.
This sensitization was evidenced by reduced response
thresholds to the electronic von Frey test and a
concomitant increase in c-Fos expression within the TG
and the Sp5C, indicating activation of the trigeminal pain
pathway. Furthermore, animals subjected to ES exhibited
upregulated expression of both cannabinoid receptors
CB1 and CB2 throughout this neural pathway. The
functional relevance of this upregulation was confirmed
pharmacologically, as the administration of CB1/CB2

receptor agonists and antagonists significantly modulated
the stress-induced nociceptive behavioral responses.

The communication box is an experimental model
used to investigate stress induced by auditory, olfactory,
and visual exposure to other animals undergoing distress
(14,16). This model has been shown to be effective to
elicit systemic stress responses, such as increased
plasma corticosterone and adrenocorticotropic hormone
(ACTH) levels (18,19) and behavior changes in the
elevated plus maze apparatus (16). In our study, the ES
group animals presented stress signals confirmed by the
plus-maze test, as evidenced by a reduced number of
entries into the open arms.

Another parameter used to assess stress was the
evaluation of the adrenal glands. Stressful situations
activate the HPA axis, leading to stimulation of the zona
fasciculata and production of glucocorticoid (20). Results
showed an increased number of cytoplasmic vacuoles in
the zona fasciculata of the adrenal gland cortex in the ES
group. These vacuoles may be related to changes in lipid
enzymatic activity in the adrenal glands associated with
an increased synthesis of corticosterone, a hormone
related to stress in rodents (20,21). Interestingly, body
weight gain and adrenal gland gross weight were not
significantly different between Control and ES groups,
which can be related to a short ES induction time.

The model by Rosales et al. (14), which was used
in this study, evaluates the impact of ES using the
communication box to promote hyperactivation in the

Figure 2. Effect of emotional stress on the plus maze test and on mechanical sensitivity of masseter and temporalis muscles in rats.
A, Number of open arm entries in plus maze test. B, Time spent in the open arms (%) of plus maze test. The time course of the increase
in mechanical sensitivity (delta head withdrawal threshold in the von Frey test) in masseter (C) and temporalis (D) muscles. Data are
reported as means±SE; *Po0.05; unpaired t-test (A and B) and ****Po0.0001 vs control; two-way ANOVA, Tukey post-test (C and D).
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masticatory muscles, suggesting a bruxism-like effect. In
addition, another study (16) demonstrated changes in the
masticatory muscle nociceptive threshold. Accordingly,
this work focused on the orofacial region, and nociceptive
thresholds in other regions of the body were not assessed.
This represents a limitation of this study, as it cannot be
determined whether this model of ES selectively affects
the masticatory muscles or also influences nociception in
other regions.

Stressed animals developed changes in the mechan-
ical threshold of masticatory muscles, showing nocicep-
tive behavior after 8 experimental days and lasting until
the last day of the experimental protocol, with a peak in
D11. The study of Huang et al. (16) concluded that
stressed animals showed a decrease in the masticatory
muscle nociceptive threshold, but with a peak on D7, a
difference that may be associated with the animal strain
used. The authors used Sprague-Dawley rats, which are

more sensitive to mechanical stimuli than Wistar rats and
other species. The authors also showed that mechanical
sensitivity in the masticatory muscles is associated with
stress exposure, since the mechanical threshold returns to
baseline 14 days after the end of the experimental stress
protocol.

The results shown here suggest that emotional stress
activates the trigeminal nociceptive pathway, which is
corroborated by the increase in c-Fos immunostaining
observed in the TG and Sp5C nucleus. The TG contains
the cell bodies of primary sensory afferent neurons, while
the Sp5C area within the medulla oblongata constitutes
the principal site of synaptic relay between afferent
neurons and second-order central neurons of the trigem-
inal nociceptive pathway. This circuitry mediates orofacial
pain transmission arising from masticatory muscles,
particularly the temporalis and masseter. Other preclinical
studies have shown that psychological stress induces

Figure 3. Emotional stress increases c-Fos expression in trigeminal ganglia (TG) and in spinal trigeminal nucleus caudalis (Sp5C).
Confocal photomicrography of the TG (A) and Sp5C (C): NeuN (neuronal marker) shown in green, c-Fos shown in red, merge shown
in yellow. Magnification: 200�; scale bar: 50 mm. B, Quantification of the fluorescent areas of the c-Fos expression in TG.
D, Quantification of the fluorescent areas of the c-Fos expression in Sp5C. Data are reported as means±SE. ***Po0.001,
****Po0.0001; unpaired t-test.
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masticatory muscle mechanical sensitivity in animal
models (16,22); however, these studies did not assess
c-Fos labeling in the trigeminal nociceptive pathway. The
increased expression of c-Fos, a well-established marker
of neuronal activation (23), in these regions corroborates
the neuronal activation in the trigeminal pathway (24).

In the present study, the pain in the masticatory
muscles that developed from the 8th experimental day
onward was exclusively induced by emotional stress.
Notably, no hyperalgesic or phlogistic substances were
injected into the masticatory muscles. Thus, this model
intends to simulate alterations in the brain regions
involved in pain processing, stimulating a central sensiti-
zation process that is directly related to the pathophysiol-
ogy of nociplastic pain. Chronic stress is closely related to
this type of pain condition (25).

In the same manner, the origin of symptoms in patients
with painful TMD may not always be attributed to local
anatomical alterations. Psychosocial factors must also be
considered, as they are directly related to the neurobiol-
ogy of pain. Supporting this view, painful TMD are
classified as a form of nociplastic pain, as described by
Svensson (1) and consistent with the altered nociception
criteria proposed by Kosek et al. (2), where alterations in
pain processing, such as central sensitization, play a
pivotal role in the underlying mechanism.

Extending this perspective to the epidemiological
context, TMD has recently been reported to have an

incidence of 34% in the world population, and the majority
of affected people have pain related to masticatory
muscles (OMP), which is considered the main type of
non-odontogenic orofacial pain (4,26). In this clinical
condition, stress can be a predicting factor. Furthermore,
individuals with OMP have high levels of anxiety, depres-
sion, and catastrophization, which are factors closely
related to stress. Psychological or emotional stress is
clearly implicated in the etiology of OMP (27), initially
functioning as a systemic adaptive response, but leading
to the maintenance of pain in the long term. Additionally,
stress increases sympathetic activity and contributes to
changes in pain threshold, influencing the descending
pain modulatory systems (28).

TMD in women is possibly influenced by sex
hormones and biopsychosocial factors (4,26). Sex-related
neurobiological differences are known to influence stress-
induced analgesia and pain responses, but these differ-
ences were not studied in the present work which, to the
best of the authors’ knowledge, is the first to investigate
the relationship between emotional stress, masticatory
muscle pain, and the endocannabinoid system in rats.
To ensure greater control of experimental variables and
improved standardization of the evaluated groups, the
present study was conducted using only male animals.
This methodological choice represents a limitation of the
study and highlights the importance of including females in
future investigations.

Figure 4. Effect of AM251, AM630, and WIN55,212-2 on emotional stress (ES)-induced mechanical sensitivity of masseter (A, C, E) and
temporalis muscles (B, D, F) of rats. Data are reported as means±SE. *Po0.05, **Po0.01, ***Po0.001, ****Po0.0001 vs control +
vehicle; ##Po0.01, ###Po0.001, ####Po0.0001 vs ES + vehicle; ̂̂Po0.01, ̂̂̂

̂
Po0.0001 vs control + drug [AM251 or AM630 or

WIN55,212-2]; two-way ANOVA, Tukey post-test. AM251: selective CB1 receptor antagonist; AM630: selective CB2 cannabinoid
antagonist; WIN55,212-2: non-selective cannabinoid receptor agonist.
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Figure 5. Effect of emotional stress on CB1 expression in trigeminal ganglia (TG), spinal trigeminal nucleus caudalis (Sp5C), and
masseter muscle. Confocal photomicrography of TG (A), Sp5C (C), and masseter (E). Panels A and C: NeuN (neuronal marker), green;
CB1, red; merge, yellow. Panel E: CB1, red; DAPI, blue; merge, magenta. Magnification: 200�; scale bar: 50 mm. Quantification of the
fluorescent areas of CB1 expression in TG (B), in Sp5C (D), and in masseter muscle (F). Data are reported as means±SE. ***Po0.001,
****Po0.0001; unpaired t-test.
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Figure 6. Effect of emotional stress on CB2 expression in trigeminal ganglia (TG) and in spinal trigeminal nucleus caudalis (Sp5C), and
masseter. Confocal photomicrography of the TG (A), Sp5C (C), and masseter (E). Panels A and C: NeuN (neuronal marker), green;
CB2, red; merge yellow. Panel E: CB2, red; DAPI, blue; merge, magenta. Magnification: 200�; scale bar: 50 mm. Quantification of the
fluorescent areas of the CB2 expression in TG (B), in Sp5C (D), and in masseter muscle (F). Data are reported as means±SE.
***Po0.0001, unpaired t-test.
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The descending pain modulatory system operates
through several mechanisms, including the opioid and
endocannabinoid systems. The ECS comprises endoge-
nous ligands (anandamide and 2-AG), cannabinoid
receptors, and enzymes responsible for their synthesis
and degradation (9). In this sense, cannabinoid receptors
CB1 and CB2 are pivotal in the regulation of physiological
pain, exerting their effects through the modulation of
neuronal glutamate release and interactions with micro-
glial cells, thereby maintaining a fine balance between
excitatory and inhibitory neurotransmission (9).

Emerging evidence has proposed that nociplastic pain
may be underpinned by an ECS deficiency, a framework
that could account for the increased expression of
cannabinoid receptors observed in our study within the
TG and the Sp5C, both critical nodes for the activation and
transmission of nociceptive signal in the masseter and
temporalis muscles (29). Such upregulation may consti-
tute a homeostatic response to persistent emotional

stress, a well-recognized factor contributing to pain
chronification. Additionally, it is known that nociplastic
pain, in which central sensitization represents a key
feature, involves microglial activation within the context
of neuroinflammation, as well as glutamatergic changes
among the mechanisms studied. The ECS may influence
the development of these mechanisms, highlighting the
need for future investigations that differentiate central and
peripheral mechanisms (9).

Another example of chronic pain mediated by the
trigeminal pathway is chronic migraine, a neurovascular
disorder arising from abnormal sensory processing and
involving both central and peripheral sensitization
mechanisms. Recent studies have suggested that the
ECS may represent a promising therapeutic avenue to
mitigate the physiological and inflammatory components
underlying migraine-related pain (30). Nevertheless, in
painful TMD, these therapeutic benefits remain largely
unsubstantiated, underscoring the relevance of our

Figure 7. Emotional stress-induced orofacial musculoskeletal pain (OMP) is attenuated by the endocannabinoid system. Emotional
stress induced pain in the masticatory muscles, as evidenced by increased mechanical sensitivity in the masseter and temporalis
muscles, is accompanied by elevated c-Fos expression in the trigeminal ganglion (TG) and trigeminal nucleus caudalis (Sp5C).
Pharmacological modulation with AM251 (a CB1 receptor antagonist) and AM630 (a CB2 receptor antagonist) increased OMP, whereas
WIN55,212-2 (a non-selective cannabinoid receptor agonist) inhibited masticatory muscles mechanical sensitivity. Additionally,
emotional stress increased CB1 receptor density in the TG, enhanced both CB1 and CB2 receptor densities in the Sp5C, and elevated
CB2 receptor density in the masseter muscle.
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findings as an initial step toward elucidating the compen-
satory upregulation of CB1 and CB2 receptors and their
modulatory role in orofacial pain. Moreover, the involve-
ment of the ECS in stress processing may further reinforce
its contribution to the maintenance of maladaptive
mechanisms associated with the transition from acute to
chronic pain states (29).

Our study focused on CB1 and CB2 receptor modula-
tion, with the absence of direct biochemical assessment of
anandamide and 2-AG representing a limitation. Future
studies may incorporate endocannabinoid quantification
to further elucidate system dynamics in stress-induced
orofacial pain, which would help to determine whether the
observed upregulation of CB1 and CB2 receptors reflects
a compensatory response or an endocannabinoid system
deficiency.

The data showing the upregulation of CB1 and CB2

receptors in trigeminal pain-processing areas, prompted
us to investigate whether these receptors participated in
the modulation of OMP induced by ES. Thus, cannabinoid
receptor antagonists (AM251 and AM630) and non-
selective cannabinoid receptor agonist (WIN55,212-2)
were administered to investigate if the blockade or
activation of CB1 and CB2 receptors would modify the
painful response. The findings showed that a single
administration of WIN55,212-2 inhibited ongoing mechan-
ical sensitivity on masticatory muscles caused by ES, and
the analgesic effect remained until the last experimental
day. Interestingly, the cannabinoid agonist increased the
nociceptive threshold suggesting a hypoalgesic effect in
the non-stressed group. Although WIN55,212-2 caused
this effect, it does not appear to be a cannabimimetic
effect, as other studies showed that the utilized dose
(1 mg/kg) did not promote cannabimimetic effects (31,32).

Conversely, the blockade of the cannabinoid recep-
tors, CB1 and CB2, by the acute administration of
the respective selective antagonists, AM251 and AM630,
provoked an increase in the mechanical sensitivity
associated with ES, anticipating the nociceptive state to
the 4th experimental day of the stress protocol and
increased mechanical sensitivity on the 8th day. This
suggests that cannabinoid receptor blockade possibly
prevented endocannabinoids modulation of the nocicep-
tive threshold.

An additional finding was that the effect of AM251 was
longer lasting when compared to AM630, especially in the
masseter muscle, suggesting a greater participation of
CB1 in this process. In line with this observation, previous
studies indicate a greater participation of CB1 than CB2

receptors in pain pathway modulation (8,9). Corroborating
these results, CB1 expression increases in both the TG
and the Sp5C, whereas CB2 expression is upregulated
only in the Sp5C nucleus. Other authors have also
demonstrated that CB1 plays a critical role in mediating
the effects of 2-AG on the glutamatergic system. In this
context, elevated 2-AG levels are thought to exert a

protective function by stimulating CB1 receptors, thereby
restricting glutamate release and safeguarding the ner-
vous system from the excitotoxic effects of this neuro-
transmitter (33). Corroborating these findings, Zoppi et al.
(34) demonstrated the regulatory role of the CB1 receptor
in stress-induced excitotoxicity and neuroinflammation.
The results obtained by western blotting and PCR show
an increase in CB1 protein expression in agreement with
the increase in gene expression of its mRNA. The authors
associate this increase of the homeostatic response to the
excess glutamate that is normally released upon exposure
to stress (35). Another study showed that rodents exposed
to chronic unpredictable stress exhibited an increase in
the maximum density of the CB1 receptor binding site in
the prefrontal cortex, showing that this receptor is
important in the homeostatic response to stress (35).

CB2 also appears to be differentially modulated
depending on the type of pain. In an inflammatory pain
model, its expression increases in peripheral sites such as
DRG and peripheral nerve endings and, in a neuropathic
pain model, it increases in DRG and spinal cord (36). An
interesting finding was observed when evaluating canna-
binoid receptor labeling in the masseter muscle of animals
subjected to emotional stress. A higher density of CB2

labeling was found in stressed animals, while no changes
were detected in CB1 labeling. Indeed, skeletal muscle
expresses both types of receptors, as demonstrated in
both humans and rodents (37). To our knowledge, no
studies have assessed cannabinoid receptor expression
in masticatory muscles. Thus, this would be the first study
to evaluate differences in CB1 and CB2 receptor density in
the masseter muscle of male rats with stress-induced
OMP and to integrate emotional stress, OMP, and ECS.
These findings highlight a potential nociplastic mechanism
underlying stress-related OMP and suggest the ECS as a
promising therapeutic target.

The cannabinoid receptor expression has been
investigated in other muscles. Dalle and Koppo (38)
reported higher CB2 expression in type II fibers and higher
CB1 expression in type I fibers in the human vastus
lateralis skeletal muscle of older men compared to
younger. This is particularly interesting because type II
fibers have low fatigue resistance and appear to be
involved in the pathophysiology of bruxism. Studies
suggest that bruxism may shift the composition of the
masseter muscle toward a higher proportion of type II
fibers (39). This shift could be related to increased
mechanical demand on masticatory muscles during
bruxism episodes, such as clenching or grinding (40).
Thus, the increase in type II fibers might explain the higher
CB2 density in the masseters of stressed animals, given
that the communication box ES model not only enhances
masseter mechanical sensitivity, but also increases
masticatory muscle activity, mimicking bruxism (14).
However, further experiments would be needed to confirm
this correlation.
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Here, we demonstrated that the non-selective agonist
WIN55,212-2 effectively inhibited OMP, which may result
from its action on CB1 and CB2 receptors in the trigeminal
pain pathway. However, the fact that the masseter muscle
expresses both CB1 and CB2 receptors, and that CB2

expression increases in stressed animals, suggests that
WIN55,212-2 might also influence masticatory muscle
contraction. This provides additional support for the
potential use of cannabinoids in reducing pain and fatigue
in patients with painful TMD. Furthermore, there is
consistent evidence that the ECS is involved in the
modulation of stress, plays a central role in pain control,
and participates in the trigeminal pain pathway. These
findings highlight a potential nociplastic mechanism
underlying stress-related OMP and suggest the ECS as
a promising therapeutic target.

In conclusion, the data suggest that ES causes
mechanical sensitivity in the temporalis and masseter
muscles, mimicking what happens in patients with painful
TMD. ES also increases the expression of cannabinoid
receptors in the trigeminal pain pathway and in the
masseter muscle (Figure 7). The blockade or activation
of these receptors, mainly CB1, modifies the sensitivity in
the evaluated muscles, indicating that cannabinoid drugs
or the modulation of the ECS may represent a promising
therapeutic strategy for the treatment of stress-associated
OMP, which is frequently observed in patients with TMD.
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