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A B S T R A C T

Temporomandibular joint (TMJ) disorders are a group of conditions that result in TMJ pain, which frequently
limits basic daily activities. Experimental models that allow the study of the mechanisms underlying these in-
flammatory and pain conditions are of great clinical relevance. The aim of this study was to evaluate noci-
ception, inflammation and participation of the macrophage/microglia cells in the arthritis of the TMJ induced by
two phlogistic agents. 84 rats were divided into 2 groups: Zy, which received zymosan intra-articularly, or Cg,
which received carrageenan intra-articularly. Mechanical nociception, total leukocyte influx to the synovial fluid
and histopathological analyses were evaluated in the TMJ. The participation of macrophage/microglia located in
trigeminal ganglia (TG) and in the subnucleus caudalis (V-SnC) was assessed immunohistochemically. Both
agents induced mechanical hyperalgesia 6 h after the induction, but a more persistent algesic state was perceived
in the Cg group, which lasted for 120 h. Even though both groups presented increased leukocyte influx, the Zy-
group presented a more intense influx. Zymosan recruited resident macrophage in the trigeminal ganglia 24 h
after the injection. In the V-SnC, the group Cg presented a more prolonged immunolabeling pattern in com-
parison with the group Zy. It can be concluded that zymosan induced a more intense infiltrate and peripheral
nervous changes, while Cg lead to a moderate TMJ inflammation with prominent changes in the V-SnC.

1. Introduction

Disorders regarding orofacial pain are debilitating conditions that
affect the head, face and/or neck region of around 90% of the popu-
lation and might have physical or psychological origins (Romero-
Reyes & Uyanik, 2014). With the exception of tooth-related pain, tem-
poromandibular joint (TMJ) disorders are the main reason that lead
people to seek treatment for orofacial pain, even though only 10–20%
of those patients are properly treated (Nassif, Al-Salleeh, & Al-Admawi,
2003; Von Korff, Dworkin, Le Resche, & Kruger, 1988).

Regardless of the nature of the orofacial pain, a general mechanism
for the conduction of a nociceptive impulse might be explained. A local
noxious stimulus depolarizes the peripheral free nerve endings of a
primary neuron and the action potential conducted to the subnucleus
caudalis (V-SnC), where the first synapse takes place. Consequently, the
impulse is finally conducted to the ventral posteromedial nucleus of the
thalamus and to the somatosensory cortex (Takemura, Sugiyo,
Moritani, Kobayashi, & Yonehara, 2006).

For an extensive period of time, the physiopathology of pain relied
mainly on the synaptic role of the neuron (Hucho & Levine, 2007).
However, it is now clear that macrophage/microglia cells exert an
important function within the pain process, modulating neuronal sy-
naptic function and neuronal excitability by various mechanisms
(Halassa, Fellin, Takano, Dong, & Haydon, 2007). Astrocytes, microglia
and satellite glial cells were shown to be capable of changing the pro-
duction of cytokines and chemokines in degenerative inflammatory
conditions (Souza et al., 2013; Suter, Wen, Decosterd, & Ji, 2007) and
microglial cells, different from other mononuclear macrophages asso-
ciated to the central nervous system (CNS), interact with neurons, sy-
napses and other glial cells in pathological conditions in the CNS par-
enchyma (Mosser, Baptista, Arnoux, & Audinat, 2017). Microglial
activation increases proliferation, phagocytic activity and the release of
pro-inflammatory mediators, which activate the neurons in an in-
dividualized manner, favoring nociception (Milligan &Watkins, 2009).
It was shown that TMJ inflammation induced by Complete Freund's
Adjuvant (CFA) activates glial and immune cells in both the TG and in
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the V-SnC (Villa et al., 2010). Evidence suggests that glial cells of
sensory ganglia also participate in the development and maintenance of
chronic pain condition (McMahon &Malcangio, 2009).

Even though several experimental models are used for studying
disorders of the TMJ, little is known about the nociceptive mechanism
and the changes in the central and peripheral nervous systems among
the different models. A proper study of the pathogenesis of induced
arthritis models is then indicated in order to elucidate the choice of the
most accurate experimental model depending on the aims of the study.
Therefore, the purpose of this study was to evaluate the nociception,
inflammation and the participation of macrophage/microglial cells in
two different models of TMJ arthritis.

2. Materials and methods

2.1. Sample size

For calculating the sample size, Wistar rats (180–200 g) were con-
sidered as the study unit and the head withdrawal threshold was con-
sidered the primary outcome. The sample size was determined in order
to recognize a significant difference of 20% from the baseline in the
primary outcome with a power of 80%. The standard deviation was
established at 15% with a 95% interval of confidence. Therefore, a
sample size of 7 animals was required for each experimental group.

2.2. Animals

The experimental protocols for this study was approved and ana-
lyzed by the Ethics Committee on Animal Research at Federal
University of Ceará - UFC (protocol 27/10) and considered in com-
pliance with the ethical principles of animal experimentation, as well as
standards for the didactic-scientific practice of vivisection and the
National Institutes of Health guide for the care and use of laboratory
animals

Eighty-four adult male rats (Rattus norvegicus, albinus, Wistar),
weighing between 180 g and 200 g, were provided by the Animals
Facility in the Department of Physiology and Pharmacology of the
Federal University of Ceará. The animals were housed in proper plastic
cages, with no> 6 animals per cage, with solid food and water ad li-
bitum in a room with a 12 h light/dark cycle at a temperature of
22 ± 2 °C.

The animals were then divided into 2 major groups: group Zy,
which received a 40 μl intra-articular injection of a 5% zymosan solu-
tion, and group Cg, which received a 10 μl intra-articular injection of a
5% carrageenan solution, following well established models for TMJ
arthritis (Cavalcante et al., 2013; Chaves et al., 2011).

2.3. Induction of the TMJ arthritis

The animals were anesthetized by an intraperitoneal injection of a
solution of Ketamine (70 mg/kg) and Xylazine (10 mg/kg) and received
an intra-articular (i.art.) injection of zymosan (2 mg, 40 μl total vo-
lume) or 5% Cg solution (500 μg per articulation;10 μl) dissolved in
sterile saline into the supra-discal space of the left TMJ (ipsilateral)
using a microsyringe (Hamilton model 705RN; Hamilton, Reno, NV,
USA) coupled to a 30-gauge needle (BD, Franklin Lakes, NJ, USA). As a
control procedure, another group of animals was intraarticularly in-
jected with saline unilaterally in the left joint.

In order to properly locate the TMJ capsule, the animals' mandibles
were manipulated and the needle was inferiorly inserted to the pos-
terior inferior border of the zygomatic arch. When a resistance was
found, the mandible was once again manipulated to confirm the capsule
location. The accuracy of the injection was confirmed by the lack of
resistance when the needle passed through the capsule (Chaves et al.,
2011; Gondim et al., 2012).

2.4. Evaluation of the mechanical sensitivity

The nociceptive threshold of the animals was assessed by the in-
tensity of pressure applied to the left TMJ area that generated a reflex
response (head withdrawal threshold; HWT), using an electronic Von
Frey equipment (Analgesímetro Digital, Insight, Ribeirão Preto, SP,
Brazil). The facial areas to be tested around the TMJ were carefully
shaved, and the animals were placed into individual plastic cages
45 min before beginning the tests. During the 5 days preceding the
experimental period, the animals were adapted for manipulation in
order to properly assess their nociceptive threshold without stressing
the animals. The transducer was perpendicularly applied to the central
area of the TMJ region with a gradual increase in pressure. The stimulus
was automatically discontinued, and the intensity was recorded when
the head was withdrawn. The end-point was characterized by the re-
moval of the head in a clear flinch response after head withdrawal
(Denadai-Souza et al., 2010).

In both groups, the HWT was measured before the induction of the
arthritis of the TMJ and 6, 24, 48, 72 and 120 h after the administration
of the phlogistic agents.

2.5. Total leukocyte count in the synovial fluid

Our group has previously shown that the 6th hour is marked by an
intense inflammatory infiltrate followed by the injection of both Zy and
Cg (Cavalcante et al., 2013; Chaves et al., 2011). Therefore, 6 h after
the induction of TMJ arthritis, a subgroup of the animals was eu-
thanized by intracardiac perfusion with 40 ml of saline solution fol-
lowed by 40 ml of 4% paraformaldehyde (PFA). The skin and the
temporal muscle were deflected and the articular wash was performed
by injecting and aspirating 100 μl (2 × 50 μl) of saline solution with
heparin (5 U/ml) using ultrafine insulin syringes. A sample of 20 μl
from the articular wash was mixed with 380 μl of Turk's solution and
the cells were counted under light microscopy with a Newbauer's
Chamber.

The synovial fluid of the TMJ of saline group was collected, fol-
lowing the same procedures, in order to compare the leukocyte count
within these animals with the animals treated with the phlogistic
agents.

2.6. Histopathological analysis

A histopathological analysis of the TMJs was performed in the peak
of pain for each model. The rats were euthanized, the facial skin was
excised, and the temporal muscle that overlays the TMJ was dissected.
After the TMJ and periarticular tissue were excised, the tissues were
fixed in 10% neutral buffered formalin for 24 h, demineralized in 10%
ethylenediaminetetraacetic acid, embedded in paraffin and sectioned
along the long axis of the TMJ. Sections (4 μm) showing the mandibular
condyle, articular cartilage, articular disc, synovial membrane, peri-
articular tissue, and skeletal muscle periarticular tissue were evaluated
under light microscopy by a certified histotechnologist (G.A.B.), who
evaluated the inflammatory infiltrate influx, as well as the integrity of
the articular tissues (synovial membrane, mandible condyle and ar-
ticular cartilage).

2.7. Immunofluorescence analysis of ionized calcium binding adaptor
molecule-1 (Iba-1) expression in the trigeminal ganglion

After the animals were euthanized, their brains were removed and
the left trigeminal ganglia were easily seen in the intern aspect of the
neurocranium. The ipsilateral TG was removed and fixed for 2 h in 4%
PFA. It was then cryoprotected in 30% sucrose solution for 72 h, em-
bedded in Tissue-Tek® and froze-stored at −80 °C until further eva-
luation. Sixteen μm-thick histological sections were mounted in poly-L-
lysine microscope slides and went through antigenic retrieval in citrate
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buffer (pH 6.0) for 15 min at 95 °C. Then, the sections were incubated
overnight (4 °C) with primary rabbit anti-Iba-1 (Wako Chemicals,
Richmond, VA, USA) diluted 1:400 in phosphate buffered saline (PBS)
and 5% bovine serum albumin (BSA). The slides were then washed with
PBS and incubated for 90 min in secondary goat anti-rabbit IgG com-
bined with Alexa fluor 594 (Invitrogen, CA, USA) diluted 1:400 in 5%
BSA. Finally, the sections were washed with PBS, incubated for 10 min
with 4′,6-diamidino-2-phenylindole (DAPI) and mounted with a spe-
cific medium for fluorescent staining (Fluoromount, Sigma-Aldrich,
MO, USA).

The sections were visualized by confocal microscopy (Olympus
f1000) by a certified operator (M.L.V.) and the area marked in red was
quantified using the appropriate image processing software (Fiji, NIH,
WI, USA).

2.8. Immunohistochemical analysis of Iba-1-positive cells in the V-SnC

After the euthanasia of the animals, the brain and the brainstem
were dissected and positioned in a specially confectioned acrylic matrix
(Insight, Ribeirão Preto, São Paulo, Brazil). The trigeminal nuclei area
was dissected and fixated/set for 2 h in 4% PFA. It was then cryopro-
tected in 30% sucrose solution for 72 h, embedded in Tissue-Tek® and
froze-stored at −80 °C until further evaluation. The sections used in
this study were cut −10.5 mm to −14.04 mm from bregma (Gondim
et al., 2012) The samples were then histologically processed and em-
bedded in paraffin as mentioned before. Sections of 4 μm sections were
mounted in poly-L-lysine microscope slides. The antigenic retrieval was
performed similarly to the trigeminal ganglia slides. Endogen perox-
idase was blocked with 3% hydrogen peroxide for 20 min. The sections
were washed with PBS and incubated overnight (4 °C) with a primary
rabbit anti-Iba-1 antibody (Wako Chemicals, Richmond, VA, USA).
Then, the sections were washed with PBS and incubated for 30 min
with a biotinylated goat anti-rabbit IgG antibody, rewashed with PBS
and incubated for 30 min with avidin-biotin-horseradish peroxidase
conjugate (Strep ABC Complex; Santa Cruz Biotechnology, CA, USA)
according to the manufacturer's protocol. The immunolabeling was
visualized with a cromogen 3, 3′-diaminobenzidine (DAB, Santa Cruz
Biotechnology, CA, USA) and counterstained with Mayer's hematoxylin.
Negative control for the reactions was performed following the same
protocol, except for the incubation with the primary antibody. The
sections were dehydrated and cleared in series of alcohol and xylol and
cover-slipped. The Iba-1 immunolabeling pattern was qualitatively
analyzed by an experienced histolotechnologist (M.L.V.).

2.9. Statistical analyses

All data were grouped and expressed as means ± standard error of
the mean. Normality was evaluated by Shapiro-Wilk's test. Outliers
were removed. The Student's t-test or one-way ANOVA were used to
analyze two or three groups, respectively. The two-way ANOVA with
Tukey pos hoc test was used to analyze the interaction between Zy and
Cg groups at the same time. Statistical analyses were performed using
the GraphPad Prism 6 (GraphPad Prism software, La Jolla, CA, USA)
computer software programs. Probability level (p value)< 0.05 was
assumed.

3. Results

3.1. Effects of Cy and Cg in mechanical sensitivity

In both groups, the injection of the phlogistic agents induced a re-
duction in the HWT in the 6th hour. The hyperalgesic response per-
sisted for 24 h among the animals that received Zy injection, while the
effect lasted for 120 h among the animals that received intra-articular
Cg. Intergroup evaluation showed that Cg induced a significantly more
intense hyperalgesia in all periods after the injection (p < 0.001),

except in the 6th hour, when it was statistically similar to the Zy group
(p > 0.05; Fig. 1).

3.2. Leukocyte influx after Zy or Cg injection in the TMJ

Seeing that the peak of the hyperalgesic response was in the 6th
hour for both phlogistic agents, a cell count was performed at this
period. A severe influx was observed in group Zy (12.25 × 106 cells/
ml) and it was statistically different from the one observed in the naïve
group (0.55 × 106 cells/ml; p < 0.01) (Fig. 2A). In the Cg group, a
moderately increased leukocyte count was found (2.15 × 106 cells/ml)
in comparison with the same saline group (p < 0.01; Fig. 2B). The data
of the infiltrate influx were further normalized to the saline values, in
order to evaluate the increase of the infiltrate influx. The Cg group
showed a 3.91-fold increase in comparison with the saline animals,
while the Zy group showed a 22.28-fold increase.

3.3. Histopathological evaluation of the TMJ

The TMJ of the animals was removed in the peak of pain after the
induction the arthritis in both groups. By way of comparison, saline
group had their TMJ histologically processed (Fig. 3A–B). A neu-
trophilic infiltrate and edema in the synovial membrane could be ob-
served in the TMJ and the periarticular tissues of both Zy (Fig. 3C–D)
and Cg groups (Fig. 3E–F). These characteristics were more evident
within the Zy group, in which a much more intense inflammatory in-
filtrate was observed. In this group, the edema of the synovial mem-
brane led to tissue disorganization and increased thickness of the sy-
novial membrane. Moreover, erythrocytes were evident in the TMJ of
the animals treated with Cg, indicating a possible micro haemorrhage.

3.4. Iba-1 expression in the trigeminal ganglion

The immunofluorescence assay showed that Zy and Cg administra-
tion induced an increased immunoreactivity for Iba-1 in the TG of the
animals (Fig. 4). However, a significant increase in immunoreactivity
was only observed in the Zy group 24 after Zy injection in comparison
to the group receiving saline injection (p < 0.05; Fig. 5). No statistical
difference was observed between the Zy and Cg groups over the time
(p > 0,05).

3.5. Iba-1 expression in the V-SnC

A sole dose of Zy or Cg was capable of increasing the im-
munolabeling pattern of Iba-1 in the V-SnC of the animals, in com-
parison with saline group (Figs. 6 and 7). A more intense im-
munoreactivity in the Zy group was observed 24 and 48 h after the
administration of the Zy (Fig. 6G–I). An increased immunolabeling

Fig. 1. Temporal evaluation of the mechanical nociception (head withdraw threshold -
HWT) with comparison among the groups. The phlogistic agents were injected after the
baseline evaluation (0 h). Data are represented as mean ± standard error of the mean.
*p < 0.001, (Two way ANOVA).
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within the Cg group was observed up to the 72nd hour (Fig. 7D–L).
Moreover, it was interesting to find that both drugs led to morpholo-
gical differentiations in the microglia, inducing them to a more swollen
and branched state. The administration of Cg seemed to lead to a more
intense immunolabeling pattern than the administration of Zy in the V-
SnC.

4. Discussion

TMJ disorders are a set of conditions that lead to orofacial pain and
have a highly negative impact on life quality (Ahmed, Mustafa,
Catrina, & Alstergren, 2013; Ahola et al., 2015). The TMJ inflammation
influences the central processing of nociceptive input in the trigeminal
pathway. In the presence of inflammatory process, monocyte derived
macrophages invade injured tissue and release a complex array of cy-
tokines, chemokines and growth factors such as NGF, transforming the
nociceptor phenotype to pathophysiologic states of persistent noci-
ceptor activation, lowered firing thresholds and/or exaggerated re-
sponse properties (Guan, Hellman, & Schumacher, 2016). As these
conditions might have many etiologic factors, different experimental
models try to properly mimic their clinical outcomes. Therefore, the
aim of this study was to evaluate the nociceptive and inflammatory

parameters and macrophage/microglial cells activation on in-
flammatory orofacial pain due to TMJ arthritis induced by two different
phlogistic agents.

Initially, both agents succeeded in inducing hyperalgesia in the
TMJ, as observed by the mechanical nociception assay. Both Zy and Cg
induced a decrease in the HWT by the 6th hour, as previously shown
(Cavalcante et al., 2013; Chaves et al., 2011; da Conceição Rivanor
et al., 2014; Denadai-Souza et al., 2010; do Val et al., 2014). Signs of
articular inflammation were also found in both groups, as evidenced by
the histopathological analysis and the leukocyte count in the synovial
wash. Indeed, studies (Cunha, Poole, Lorenzetti, & Ferreira, 1992;
Gondim et al., 2012; Ribeiro et al., 2000) have shown that local ad-
ministration of Cg and Zy lead to a release of proinflammatory cyto-
kines, such as tumor necrosis factor-α (TNF-α), interleukins(IL)-1β and
8, and cyclooxygenase-2, resulting in inflammatory outcomes and
sensitization of nociceptive neurons. Moreover, both agents induced
peripheral and central changes in the TG and the V-SnC, respectively,
which is in accordance with previous studies (Cavalcante et al., 2013;
Gondim et al., 2012).

Regarding the mechanical nociception evaluation, the Zy group
presented a significantly reduced HWT that lasted until the 24th hour
after the administration of the drug. These data are in accordance with
other researchers (Chaves et al., 2011; da Conceição Rivanor et al.,
2014) who found that Zy-induced TMJ arthritis led to increased me-
chanical hyperalgesia in rats up to the 6th hour. The Cg group, on the
other hand, presented a more persistent reduction in the HWT, which
lasted until the end of the experimental period. In fact, it has been
shown that Cg is able to influence the mechanical threshold in rats' TMJ
up to 7 days after the intra-articular injection (Denadai-Souza et al.,
2010).

Studies have shown that the enhanced hyperalgesia induced by Cg
and Zy is dependent on inflammatory infiltration, increased cytokines
release and activation of the nuclear factor κ B (Chaves et al., 2011; da
Conceição Rivanor et al., 2014; Guerrero et al., 2012; Pena-dos-Santos
et al., 2009; Ruiz-Miyazawa et al., 2015). In fact, our data showed an
intense inflammatory infiltrate in the synovial fluid of both groups after
the injection of the phlogistic agents. It is interesting to see that a much
higher leukocyte count can be observed within the Zy group, indicating
a more intense influx in the first 6 h after the administration, in com-
parison with the animals that received Cg.

In the qualitative histopathological analysis, both groups presented
interstitial edema, evidenced by tissue disorganization and increased
thickness of the synovial membrane, and a moderate to intense in-
flammatory infiltrate. It was noticed that these characteristics were
more evident in the Zy group. Intra-articular injection of Zy leads to a
higher vascular permeability in the TMJ, thus culminating in articular
edema and intense cellular migration to the articular tissues and the
synovial fluid, as found in this study (Gondim et al., 2012).

In the temporomandibular disorders, neuropeptides stimulate sy-
novial tissues to produce several cytokines such as TNF-α and IL-1β and
IL-6, and these are responsible for activating neurons and glia of sy-
novial membrane at the bilaminar regions of the TMJ (Liu et al., 2014).
Many recent studies have shown that macrophage/microglial cells play
an important role in the response to pain by controlling the synaptic
environment (Clark et al., 2007; Mika, 2008; Sweitzer,
Schubert, & DeLeo, 2001). In the present study, it was found that intra-
articular injection of zymosan induced an increased immunolabeling of
Iba-1 in the trigeminal ganglion at 24 h. These data corroborate with
Cady, Glenn, Smith, and Durham (2011), which showed that TMJ in-
flammation increases p-ERK staining intensity in satellite glial cells in
trigeminal ganglia at 24 h (Cady et al., 2011). It has been shown that
ERK stimulates the synthesis and secretion of cytokines from glial cells,
which promote the state the hyperexcitability of neurons. CFA injection
into the TMJ induced a strong up-regulation of ED1 (a specific marker
for activated macrophages) in the ipsilateral trigeminal ganglion, but
there was no increase in either the number or the average cell size of

Fig. 2. Total leukocyte influx to the synovial fluid of the animals the groups Zy (Fig. 2A)
and Cg (Fig. 2B). For comparison, the synovial wash of animals treated with intra-ar-
ticular saline. Data are represented as mean ± standard error of the mean. *p < 0.05,
when compared to the saline group; #p < 0.05, when compared to the Cg group (Stu-
dent's t-test).
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Iba1+ macrophages (Villa et al., 2010), thus this phlogistic agent did
not cause macrophage infiltration into the trigeminal ganglion. How-
ever, to the best of our knowledge, this is the first evidence that Zy-
induced inflammatory orofacial pain leads to increased im-
munolabeling of Iba-1 in the trigeminal ganglion.

It was observed that a peripheral paw inflammation induced by both
Cg and Zy caused a central sensitization, marked by microglial cells
activation in the spinal cord (Vega-Avelaira, Ballesteros, & López-
García, 2013). Similarly, we found that peripheral TMJ inflammation
with both agents led to an increased immunolabeling of Iba-1 in the V-
SnC when compared to the saline group. These data are corroborated by
other studies (Cady, Denson, Sullivan, Durham, 2014; Villa et al.,
2010), in which arthritis of the TMJ induced by CFA induced an in-
creased immunolabeling of Iba-1 in the V-SnC. However, this is the very
first evidence that both Zy and Cg also induce the aforementioned ef-
fect.

It is important to emphasize that a remarkable difference was found

in Iba-1 labeling among the groups. Zy induced a more prominent
change in Iba-1 immunoreactivity in the TG. Resident macrophage in
the trigeminal ganglion may secrete inflammatory mediators, such as
TNF-α, IL-1β, IL-6 and bradykinin, which modify the resting membrane
potential of the primary afferent neuron, making it more positive, a
process called peripheral sensitization (Villa et al., 2010; Franceschini
et al., 2013). Such process might be responsible for the primary hy-
peralgesia observed in the Zy stimulated rats. Carrageenan, however,
leads to a more intense alteration in Iba-1 positive cells in the V-SnC.
Microglial cells exert an important role in the homeostasis of neurons in
the central nervous system. These cells express many of the neuro-
transmitter receptors that are found in astrocytes and neurons
(Pocock & Kettenmann, 2007) and, once microglia become activated,
they produce and release many substances that activate nearby astro-
cytes, microglia and neurons, which might lead to a central sensitiza-
tion and chronic hyperalgesia observed in the Cg-stimulated group
(Milligan &Watkins, 2009).

Fig. 3. Histological evaluation of the TMJ in peak of nociception (4 h). For comparison, the TMJ of animals treated with intra-articular injection of saline solution was similarly processed.
Saline, Zy and Cg are shown in the magnification of 100× (A, C and E, respectively) and 200× (B, D and F, respectively). Abbreviations: SM, synovial membrane; CD, condylar process of
mandible.
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In addition to the inherent limitations of experimental models, it is
important to emphasize that disorders of the TMJ are multifactorial
conditions influenced by the environment and the subject's response to
psychological and physical stressor factors. This multifactorial nature
hampers the development of experimental models that properly follow
the clinical outcomes of the disorders. Nevertheless, the understanding
of the physiopathology of TMJ arthritis is the key for the development
of new approaches to treat orofacial pain induced by TMJ disorders.

5. Conclusion

In summary, even though both drugs induced orofacial pain, their
peripheral and central nervous mechanisms were clearly different. To
our understating, the preference for one or another phlogistic agent
used in the model of TMJ arthritis must be based on the aim of the
study. Zy-induced TMJ arthritis seemed to be more indicated to study
the inflammatory aspects of the TMJ and the mechanisms of activation
of the primary afferent, which means primary peripheral sensitization
and cellular changes in the TG. On the other hand, the model of Cg-
induced TMJ arthritis is more representative for studies that aim to
evaluate the persistent aspect of the orofacial hyperalgesia or the al-
terations in the central nervous system due to a peripheral TMJ in-
flammation.
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Fig. 4. Temporal evaluation of the immunolabeling pattern of Iba-1 (red) and DAPI (blue) in the trigeminal ganglia of the animals in the Zy and Cg group shown in the magnifications of
200× and 600×. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 5. Temporal quantification of the percentage of immunoreactive area of Iba-1 in the
trigeminal ganglia of the animals in the Saline, Zy and Cg groups. Data are represented as
mean ± standard error of the mean. *p < 0.05, when compared to the saline group
(Two-Way ANOVA, Tukey).
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Fig. 6. Immunolabeling of Iba-1 in the V-SnC within the animals from the Zy group. The figures represent the immunohistochemical reaction in the baseline (A–C), 4 h (D–F), 24 h (G–I),
48 h (J–L), 72 h (M–O) and 120 h (P–R) after Zy injection in the magnifications of 40× (A, D, G, J, M and P), 200× (B, E, H, K, N and Q) and 1000× (C, F, I, L, O and R).
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Fig. 7. Immunolabeling of Iba-1 in the V-SnC within the animals from the Cg group. The figures represent the immunohistochemical reaction in the baseline (A–C), 4 h (D–F), 24 h (G–I),
48 h (J–L), 72 h (M–O) and 120 h (P–R) after Cg injection in the magnifications of 40× (A, D, G, J, M and P), 200× (B, E, H, K, N and Q) and 1000× (C, F, I, L, O and R).
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