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Aims: To evaluate whether the purinergic receptor subtype P2X3 (P2X3R) 
in trigeminal ganglion (TG) neurons is involved in hyperalgesia of the 
temporomandibular joints (TMJs) and masseter muscles associated with 
placement of an occlusal interference. Methods: Forty-five rats were randomized 
into five groups (ie, for days 1, 3, 7, 14, or 28; nine rats per group). Six rats from 
each group were chosen to receive the occlusal interference, and the remaining 
three rats were sham-treated controls. On days 1, 3, 7, 14, and 28 after placement 
of the occlusal interference, the mechanical pain threshold (MPT) to stimulation 
of the TMJs or masseter muscles was examined using von Frey filaments. Seven 
days after the occlusal interference placement, changes in MPT were tested 
after administration of the P2X3R antagonist A-317491 into the TMJs and 
masseter muscles (60 μg/site) in six rats. The expression of P2X3R in the TGs 
was investigated by immunohistochemistry and quantitative polymerase chain 
reaction (qPCR). Retrograde tracing was combined with immunofluorescence to 
identify TMJ and masseter muscle afferent neurons in the TGs of six premature 
rats. Results: The TMJ and masseter muscle MPTs were decreased after 
placement of the occlusal interference, and the P2X3R antagonist reversed the 
mechanical hyperalgesia that was caused by the occlusal interference placement. 
The frequency of P2X3R-immunoreactive cells increased in small-sized neurons 
in the TG after occlusal interference. By contrast, there was no increase in 
medium-sized TG neurons. P2X3R mRNA increased on day 3. Retrograde 
tracing indicated that the TMJ and masseter muscle afferent neurons in the TG 
expressed P2X3R. Conclusion: Upregulated P2X3R expression in the TG may 
contribute to orofacial pain development induced by an occlusal interference. 
P2X3R may be a therapeutic target for chronic TMJ or masseter muscle pain.  
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Up to 10% of the population suffer from temporomandibular dis-
orders (TMD) at least once in their lifetime.1 Persistent pain in 
the region of the temporomandibular joint (TMJ) and/or related 

masticatory muscles is the main symptom reported by patients with 
TMD. Many studies have shown a multifactorial etiology of TMD, and 
improper occlusion has been suggested as a risk factor.2 However, an 
occlusal etiology of TMD remains controversial, and many studies have 
not found sufficient evidence in support of this etiology.1,3

According to several studies and reviews, the hyperalgesia of the 
TMJ and related masticatory muscles is thought to result from sensitiza-
tion of trigeminal sensory neurons.4 Recently, ATP has been recognized 
as an important neurostimulator and has been widely studied in pain 
processing.5–7 ATP acts on purinergic P2X and P2Y receptors, and the 
P2X3 subtype (P2X3R), which is one of seven P2X receptor subtypes, 
can be activated by ATP and has been shown to play a role in nocicep-
tive transmission.8

In the trigeminal ganglion (TG), P2X3R is expressed on both small 
and medium-sized neurons,9 and has been reported on trigeminal sen-
sory neurons innervating the TMJ and masseter muscle.10–12 In addition, 
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there is evidence that supports P2X3R involvement 
in nociceptive transmission in animals with an in-
flamed TMJ.11,13 However, little is known about the 
involvement of P2X3R in nociceptive transmission of 
occlusion-related TMD.

In the present study, an animal model of occlu-
sal interference was established to evaluate wheth-
er P2X3R in TG neurons is involved in hyperalgesia 
of the TMJs and masseter muscles associated with 
placement of an occlusal interference.

Materials and Methods

Animals
The study used 51 male Wistar rats weighing 200 to 
250 g, as well as six premature rats (3 weeks old; they 
were selected to identify TMJ and masseter muscle 
afferent neurons in the TGs). Animals were kept in 
a temperature-controlled room (25°C) and exposed 
to a 12-hour light-dark cycle with food and water ad 
libitum. The study was conducted after approval from 
the animal ethics committee of Shandong University 
(No. ECAESDUSM 2012). Efforts were taken to min-
imize the number of experimental animals used in this 
study, and their suffering.

Occlusal Interference Animal Model
Forty-five rats were randomized into five groups (nine 
rats per group for days 1, 3, 7, 14, and 28). Six rats 
in each group were randomly selected to receive the 
occlusal interference, and the remaining three rats 
were sham-treated controls. Modified crowns made 
from Co-Cr alloy were applied to the mandibular first 

molars of the six experimental rats in each group. 
The crowns had a thickness of 1 mm at the occlu-
sal surface and were designed to cover the occlusal, 
buccal, lingual, and mesial surfaces. Furthermore, 
the difference between crown-applied rats and sham 
rats in the interocclusal distance was 1 mm.14 The six 
experimental animals in each group were anesthe-
tized with an intraperitoneal injection of 10% chloral 
hydrate (30 mL/kg), and the crowns were bonded 
to the mandibular right first molars with dental resin 
cement (Super-Bond C&B, Sun Medical). The three 
sham-treated rats were anesthetized and their mouth 
was gently forced open for about 5 minutes (as for 
experimental rats), but no crown was placed.

Mechanical Hyperalgesia
The mechanical pain threshold (MPT) was assessed 
using von Frey filaments with silicone rubber pellets 
of 1 mm in diameter at the tip (Semmes-Weinstein 
monofilaments, Stoelting) to avoid cutaneous pain 
during the testing,14 which was similar to that de-
scribed by Ren et al.15,16 Rats were allowed to accli-
matize to their surroundings for 15 minutes and were 
observed not to withdraw or flick their heads away 
from the tip of the filaments. During the test, two oro-
facial areas were tested: the masseter muscle region, 
at a site 10 mm inferior to the central point of the line 
between the orbit and the tragus, and the TMJ region, 
which was positioned at a site 5 mm ahead of the 
tragus. 

A graded series of three von Frey filaments was 
used during the test, which produced a bending 
force of 26, 60, and 100 g. Force was applied with 
the filaments, which were placed perpendicular to 
the surfaces of the testing points, and each rat was 
stimulated on both sides. The stimulation always be-
gan by using the filament that produced the lowest 
force. Each stimulus filament was applied five times 
onto the testing points for 3 to 5 seconds with in-
tervals of 2 to 3 minutes. Both left and right sides 
were tested in each rat. A rapid head flinching or an 
attack reaction (biting or grabbing the filament) was 
considered to represent a pain-related response, as 
it was most consistent and easy to characterize. MPT 
was defined as scores that were assessed by the ap-
pearance of the pain-related response (Table 1), and 
higher scores meant a lower MPT.17 

The analysis of the nociceptive behaviors was 
made by an investigator who was blind to the side 
of crown application. The rats underwent pilot test-
ing using von Frey filaments 7 days before the formal 
testing. The MPT scores decreased with time to a fi-
nal stabilized score. Therefore, the scores of MPT on 
day 7 were considered as the baseline. The MPT was 
subsequently tested at days 1, 3, 7, 14, and 28 after 
crown application. 

Table 1  Number of Pain-Related Responses and 
the Corresponding Scores

Pressure (g) Pain-related responses (n) Score
100 0 0
100 1 0.2
100 2 0.4
100 3 0.6
100 4 0.8
100 5 1.0

60 1 1.2
60 2 1.4
60 3 1.6
60 4 1.8
60 5 2.0
26 1 2.2
26 2 2.4
26 3 2.6
26 4 2.8
26 5 3.0
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Peripheral Administration of P2X3R Antagonist
On day 7 after crown application, the effects of the 
peripheral administration of the selective nonnu-
cleotide P2X3R antagonist A-317491 (Santa Cruz 
Biotechnology) on the MPT were studied in the six 
crown-treated rats in the remaining groups (ie, days 
14 and 28); the three sham-operated rats were con-
trols. After anesthesia by ether inhalation, A-317491 
was injected in three random rats to both sides of the 
TMJs and masseter muscles, and at a dose of 60 µg 
(1 M, 60 µL) per injection site. The dose of antagonist 
used in this study has previously been shown to be 
effective.18 Since the antagonist was dissolved in iso-
tonic saline, the remaining three rats received the ve-
hicle alone as control. Before administration of either 
antagonist or isotonic saline, animals were tested for 
their baseline MPT values. Then, MPTs were tested 
180 minutes after administration. The observer was 
also blind to the treatment received.

Tissue Preparation
On each of days 1, 3, 7, 14, and 28 after placement 
of the occlusal interference, three rats in each group 
were overdosed with chloral hydrate, and transcar-
dially perfused with heparinized saline followed by 
a cold fixative containing 4% paraformaldehyde in 
0.01 M phosphate-buffered saline (PBS, pH 7.2). 
Their scalps were skinned, and the brains and mus-
cles around the TMJs were removed. TGs, TMJs, and 
masseter muscles were clearly identified bilaterally, 
immediately dissected after perfusion, and immersed 
in the same fixative overnight at 4°C. After dehydra-
tion and paraffin embedding, the TGs and masseter 
muscles were sectioned in the horizontal plane along 
the long axis of the TG or muscle fiber at a thickness 
of 4 µm. After decalcification in 10% EDTA, the TMJs 
were dehydrated, embedded in paraffin, and sec-
tioned on the sagittal plane at a thickness of 4 µm. 
For analysis, five sections per TG were chosen for 
each rat.

The other three rats in each group were also anes-
thetized with an intraperitoneal injection of chloral hy-
drate. The TGs were dissected on both sides, rinsed 
with cold sterile saline solution, and stored at −80°C 
for quantitative polymerase chain reaction (PCR) as-
say. Total RNA was extracted from the TGs by using 
TRIZOL (TaKaRa Bio) and used (1 µL) for comple-
mentary DNA (cDNA) synthesis using the first-strand 
cDNA synthesis kit (TaKaRa Bio), according to the 
manufacturer’s recommendations.

Histology of TMJs and Masseter Muscles
To visualize the pathologic changes after the crown ap-
plication, sections of the TMJs and masseter muscles 
were stained using hematoxylin and eosin (Solarbio).

Immunohistochemistry
After routine deparaffinization and rehydration, the 
sections underwent antigen retrieval in 0.125% 
trypsin-EDTA (Solarbio) for 20 minutes at 37°C. 
HistostainTM-Plus kits (ZSGB-Bio) were used accord-
ing to the manufacturer’s recommendations. After in-
cubation in goat serum, sections were incubated with 
the rabbit anti-P2X3R polyclonal antibody (Bioss) at a 
dilution of 1:800 in 0.01 M PBS overnight at 4°C. After 
rinsing with 0.01 M PBS, the sections were exposed 
to a solution of peroxidase-conjugated avidin-biotin 
complex (1:100; Vector Laboratories) for 20 minutes at 
37°C. Sections were then visualized with 0.1% 3,3'-di-
aminobenzidine dihydrochloride (DAB) (ZSGB-Bio). 
The digital images were captured using a microscopy 
digital camera system (Olympus) and were analyzed 
using Image-Pro Plus 6.0 software. The neurons that 
were stained two-fold more intense than the average 
background were considered immunoreactive (IR) for 
P2X3R. No specific labeling was observed in the ab-
sence of the primary antibody. The neurons were clas-
sified into three groups according to the neuronal size: 
small neurons (< 400 µm2), medium neurons (> 400 
and < 1,000 µm2), and large neurons (> 1,000 µm2).19 
The number of P2X3R-IR neurons in each animal was 
calculated using the equation 100 × total number of 
P2X3R-IR neurons in five sections of the TG/total num-
ber of neurons in five sections of the TG. The frequen-
cy of small-sized and medium-sized neurons was also 
calculated.

Quantitative PCR 
Quantitative PCR was performed using the 
LightCycler 480 system (Roche) and the FastStart 
DNA Masterplus SYBR Green kit (Roche). The re-
action product was quantified with the Relative 
Quantification tool (LightCycler Software 4, Roche 
Diagnostics), with rat β-actin as the reference gene. 
The sequences of the P2X3R primers were: forward 
5'-CAG GGC ACC TCT GTC TTT GTC-3' and re-
verse 5'-TCA GAC ACA CAG CGG TAC TT-3'; The 
sequences of the β-actin primers were: forward  
5'-CAT TGC TGA CAG GAT GCA GAA G and re-
verse 5'-GAG CCA ATC CAC ACA GAG T-3'. Real-
time PCR was performed with initial denaturation at 
95°C for 10 minutes, followed by 30 cycles of 95°C 
for 5 seconds and 60°C for 30 seconds.

Identification of the TMJ and Masseter Muscle 
Afferent Neurons in the TGs
The TMJ and masseter afferent neurons in the TGs 
were identified by using retrograde labeling with hy-
droxy-stilbamidine (Fluoro-gold, [FG], Biotium), as 
described in a previous study,11 but using premature 
rats (3 weeks old) instead of naïve Lewis rats as used 
by Shinoda et al because they are easier to operate 
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on. After anesthesia with diethyl ether, three prema-
ture rats were injected with a 2% solution of FG in 
saline into the upper joint cavity of the TMJs (2 µL per 
TMJ), and three premature rats received injections 
into the masseter muscle region (2 µL per masseter). 

One week after the FG injection, all animals were 
anesthetized and then perfused transcardially with 
heparinized saline followed by 4% paraformaldehyde 
in 0.01 M PBS. The TGs were quickly dissected, post-
fixed in the same fixative for 4 hours, and cryoprotect-
ed by infiltration with 30% sucrose solution overnight 
at 4°C. The TGs were cut into 7-µm sections on a 
cryostat along the long axis of the ganglion, and five 
sections in each rat were chosen for immunohisto-
chemistry. All sections were incubated with diluted rab-
bit anti-P2X3R polyclonal antibody (1:100) overnight 
at room temperature. Sections were then reacted with 
the fluorescein-isothiocyanate (FITC)-conjugated goat 
anti-rabbit IgG antibody (Bioss) at a concentration of 
1:100 in PBS, and coverslipped in mounting medium 
(Beyotime). A negative control test was obtained by 
omitting the primary antibody, and no specific label-
ing was observed. The positive neurons (FG-labeled, 
FITC-labeled, or double-labeled) were examined un-
der a fluorescence microscope (Olympus) equipped 
with a digital camera and using appropriate filters.

Statistical Analyses
Continuous data are expressed as mean ± SEM. 
The Kruskal-Wallis test was applied to compare 
three or more groups; if there was a difference, the 
Mann-Whitney U test was used for comparing two 
groups, which was followed by the LSD post hoc test. 
Statistical analysis was performed using the SPSS v 
17.0 statistical analysis software (IBM). P values < .05 
were considered significant.

Results

Histology of TMJs and Masseter Muscles
In the experimental model, the TMJs and masseter 
muscles of rats did not show significant inflammato-
ry cellular infiltration, but they showed an increase in 
synovial folds in the TMJs and hyperplasia of some 
synoviocytes. There was vasodilation in the synovial 
lamina propria (Fig 1b). Disarrays of myofibers with 
central nuclei were observed in the masseter mus-
cles (Fig 1d). These phenomena are consistent with 
those reported in a previous study.20 These abnor-
malities were not observed in the sham-treated con-
trols (Fig 1a). 

Nociceptive Behaviors 
TMJ and masseter muscle hyperalgesia was induced 
on both ipsilateral and contralateral sides following 
application of the occlusal interference. The TMJ and 
masseter muscle hyperalgesia induced by the occlu-
sal interference began on day 1, peaked on day 7, 
and persisted at least until 28 days (Fig 2). In addi-
tion, the reduction of the MPTs on both ipsilateral and 
contralateral sides showed no significant difference. 
No significant change in the MPTs of the sham-treat-
ed group was observed during the experimental peri-
od compared to baseline.

Effect of P2X3R Antagonist on MPT
On day 7 after crown application, at which time the 
rats showed significant mechanical hyperalgesia, 
the injection into the TMJs and masseter muscles of 
A-317491, as compared with isotonic saline treat-
ment alone, reversed the bilateral mechanical hyper-
algesia in the TMJs and masseter muscles (Fig 3). 

Fig 1 Histology of the TMJ and masseter 
muscles in hematoxylin-eosin stained sec-
tions. The synovial membrane of the TMJ 
in the (a) sham-treated controls and (b) 
experimental rats is shown. Masseter mus-
cle tissue in (c) sham-treated controls and  
(d) experimental rats is also shown. Scale 
bar = 50 µm. Arrows indicate myofibrils 
with central nuclei.
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Fig 3 Comparison of the mechanical pain threshold (MPT) in TMJs and masseter muscles after injection of A-317491 or isotonic saline 
on day 7 after crown application. (a) Right masseter muscles. (b) Left masseter muscles. (c) Right TMJ. (d) Left TMJ. Data are shown 
as mean ± SEM. *P < .05 vs isotonic saline.

Fig 2 Time course of the mechanical pain threshold (MPT) in the TMJs and masseter muscles after experimental occlusal interference. 
The occlusal interference increased pain-related responses (ie, reduced the MPTs) evoked by stimulation of the (a) masseter muscles 
on both sides and (b) TMJs. This effect started on day 1 after crown application, peaked on day 7, and persisted for the duration of the 
study period. Data are shown as mean ± SEM. *P < .05 vs the ipsilateral side and sham-treated controls; †P < .05 vs the contralateral 
side and sham-treated controls.
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P2X3R-IR Cells in TGs
The P2X3R-IR cells could be distinguished from the 
non-IR cells in the TGs (Figs 4a and 4b). The IR cells 
were abundant among the small- and medium-sized 
neurons, and few were observed in the large-sized 
neurons in the TGs. After interference application, 
the percentage of P2X3R-IR cells was not signifi-
cantly increased in the ipsilateral and contralateral 

TGs as compared with sham-treated rats (P > .05; 
Fig 4c). However, compared with sham-treated rats, 
an increase in the small-sized P2X3R-IR neurons was 
observed in the ipsilateral TGs on days 3 and 7, peak-
ing on day 7 (P < .05; Fig 4d), although the proportion 
of the medium-sized P2X3R-IR neurons in the ipsilat-
eral and contralateral TGs was not significantly high-
er as compared with the sham-treated rats (P > .05) 

Fig 4 Evaluation of P2X3R expression in TGs. P2X3R immuno-
histochemistry in the TGs from (a) sham-treated controls and  
(b) experimental rats receiving the occlusal interference is shown. 
Arrows indicate P2X3R-positive neurons; scale bar = 50 µm. 
Quantification of P2X3R in the TGs is shown in c, d, and e. (c) Ratio 
of total P2X3R-positive cells in the TGs of all groups after inter-
ference application. (d) Frequency of small-sized P2X3R-positive  
neurons in all groups. (e) Frequency of medium-sized P2X3R- 
positive neurons in all groups. Data shown are mean ± SEM.  
*P < .05 vs sham-treated controls.
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(Fig 4e). Also, in all experimental groups, there was 
no significant difference between the ipsilateral and 
contralateral TGs in the frequency of small-sized and 
medium-sized neurons.

P2X3R mRNA Expression
The expression of P2X3R mRNA in the TGs was 
examined by quantitative PCR. Compared with the 
sham-treated rats, the expression of P2X3R mRNA 
in the group receiving the occlusal interference was 
significantly increased on day 3, without any differ-
ence being observed between the ipsilateral and 
contralateral TGs in the experimental group (Fig 5).

Retrograde Neuronal Tracing 
Retrogradely labeled cells were detected in the TGs 
at 1 week after the injection of the fluorescent neuro-
nal tracer into the TMJs and masseter muscles.11 FG-
positive cells with P2X3R-IR were present in the TGs 
(Fig 6). In the TGs, 14.4 ± 2.0% of the neurons inner-
vated the TMJs (FG-positive cells), and 18.1 ± 2.5% 
of the neurons innervated the masseter muscles. 
Furthermore, 44.1 ± 7.0% of the neurons innervat-
ing the TMJs and 48.5 ± 5.4% of the neurons inner-

vating the masseter muscles manifested P2X3R-IR 
expression.

Discussion

The aim of this study was to evaluate whether P2X3R 
in TG neurons is involved in TMJ and masseter muscle 
hyperalgesia associated with placement of an occlu-
sal interference. Results showed that the MPT of the 
bilateral TMJs and masseter muscles was decreased 
after occlusal interference and persisted for the en-
tire experimental period of 28 days. The P2X3R an-
tagonist A317491 reversed the hyperalgesia induced 
by the occlusal interference. 

The frequency of small-sized P2X3R-IR neurons 
in the TGs increased after placement of the occlu-
sal interference. By contrast, there was no increase 
found for the medium-sized P2X3R-IR neurons. 
Quantitative PCR showed that the P2X3R mRNA 
increased on day 3 after the occlusal interference 
placement. Retrograde tracing confirmed that the af-
ferent neurons innervating TMJs or masseter muscles 
in the TGs expressed P2X3R.

Fig 5 (right) Expression of mRNA P2X3R in the TGs by quantita-
tive PCR. On day 3, the expression of P2X3R had increased in the 
group receiving the occlusal interference; on day 7, the increase 
was still evident in the ipsilateral TGs of this group. Data shown 
are mean ± SEM. *P < .05 vs sham-treated controls.

Fig 6 (below) Retrograde staining of P2X3R in TG neurons in-
nervating the masseter and TMJ in the TGs of premature rats.  
(a) P2X3R-positive cells. (b) FG-labeled neurons. Arrows indi-
cate double-labeled neurons. Scale bar = 50 µm.
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In previous studies, experiments on animal mod-
els, involving injection of algesic agents in the region 
of the TMJ and related masseter muscle and exces-
sive jaw movements, have been used to study hyper-
algesia of the TMJs and masseter muscles.11–13,21 
However, injection of algesic agents could not imi-
tate most clinical conditions that are known to induce 
pain in the TMJ and masseter muscle. According to 
the symptoms, the pain of the TMJ region and mas-
seter muscle is frequently reported after an improper 
or pathologic occlusion.2 Therefore, an animal mod-
el using an artificial occlusal interference is closer 
to the clinical reality. Despite the fact that the rela-
tionship between occlusal interference and masse-
ter muscle pain remains controversial, some studies 
conducted in animals and humans have suggested 
that this relationship does exist.22 Some previous 
studies have identified occlusion as a major risk fac-
tor for TMJ pain,22–27 while other studies have not.28–30 
However, many factors are involved in TMJ and mas-
seter muscle pain, thus making it very difficult to 
determine the exact role of occlusion in this type of 
pain. Nevertheless, a number of studies using differ-
ent approaches suggest that occlusal interference is 
involved in hyperalgesia, and that TGs are involved.22

Compared with several other methods of occlu-
sal alteration,31–33 crown application as used in the 
present study has the advantage of allowing quan-
titative measurements, long-term retention, and 
harmless effects to the pulp. In the present study, 
the modified crowns were bonded to the mandibular 
first molars of rats, thus establishing an animal mod-
el of occlusal interference. The bilateral hyperalge-
sia of the TMJs and masseter muscles was rapidly 
induced after the crown application, and lasted for 
at least 4 weeks. These results are consistent with 
a clinical study showing that facial pain appeared in 
volunteers within 3 days after induction of a unilateral 
occlusal highspot, and remained for at least 6 days.34 
Results of the present study strongly suggest that 
occlusal interference can directly cause chronic TMJ 
and masseter muscle pain in an experimental animal 
model. Combined with some of the previous clinical 
findings, the findings support an occlusal etiology of 
TMD.

Recent studies that focused on purinergic recep-
tors have explored pain processing, especially with 
respect to P2X receptors. Seven P2X receptor sub-
types (ie, P2X1 to 7) have been cloned,35 and all P2X 
receptor subtypes (with the exception of P2X7) are 
expressed in neurons that are located in sensory gan-
glia (including TG) and the primary afferent terminal 
region in areas such as the spinal dorsal horn and the 
trigeminal subnucleus caudalis.36,37 Several studies 
have emphasized the role played by the P2X3R in no-
ciceptive signaling. Indeed, Staikopoulos et al9 have 

shown that about half the neurons in the TGs express 
the P2X2 receptor or P2X3R. Hsieh et al38 observed 
that chemically induced sensory neuropathy was as-
sociated with enhanced expression of P2X3R. The 
P2X3R have also been found to play a role in den-
tal, TMJ, and masseter muscle pain associated with 
orofacial inflammation.11 Hu et al39 have shown that 
P2X2R and P2X3R play a role in the initiation and 
maintenance of central sensitization in the trigemi-
nal subnucleus caudalis and subnucleus oralis after 
application of mustard oil to the dental pulp. Chiang 
et al40 and Jennings et al41 have also shown that en-
dogenous ATP is involved in this process. However, 
until the present study, no studies have reported on 
the relationship between the P2X3R and occlusion- 
related orofacial pain. 

In the present study, it was demonstrated that the 
P2X3R in TGs is involved in the mechanical hyper-
algesia of the TMJs and masseter muscles which 
was induced by the occlusal interference, and that 
the P2X3R antagonist A-317491 significantly re-
duced TMJ and masseter muscle hyperalgesia, con-
sistent with previous findings with other antagonists 
of P2X3R.40 P2X3R was predominantly expressed 
in the small-sized and medium-sized TG neurons, in 
agreement with previous studies.11,19 After application 
of the occlusal interference, there were no observable 
changes in the total number of P2X3R-IR neurons 
and medium-sized P2X3R-IR neurons, but the pro-
portion of P2X3R-IR small-sized neurons increased 
on day 3 and peaked on day 7, in association with the 
occurrence of hyperalgesia in the TMJs and masse-
ter muscles. The expression of P2X3R mRNA was 
also markedly increased on day 3 after the occlusal 
interference. The reason the mRNA levels reached a 
peak that was seen earlier than that of the P2X3R-IR 
small-sized neurons might be due to the time delay 
for the production of proteins after mRNA synthe-
sis. These results indicate that the hyperalgesia 
induced by the occlusal interference may be initial-
ly influenced by enhanced expression of P2X3R, 
and the small-sized neurons in the TGs may possi-
bly participate in development of the hyperalgesia. 
Furthermore, the results of retrograde tracing demon-
strated that almost half of the neurons innervating the 
TMJs and masseter muscles showed P2X3R-IR. In 
addition, the administration of the P2X3R antagonist 
A-317491 significantly attenuated TMJ and masseter 
muscle hyper algesia that was associated with the 
application of the interference. 

The present study was not without its limitations. 
The study was performed in animals, and therefore 
further studies are necessary before P2X3R antago-
nists might be considered for use in human subjects 
presenting with hyperalgesia of the TMJ and masse-
ter muscles. In addition, the present study was not 
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designed to assess the mechanisms of P2X3R ex-
pression in the TGs, and further studies are neces-
sary to address this.

Conclusions

The findings of this study suggest that P2X3R might 
play an important role in nociceptive transmission in-
duced by an occlusal interference and might repre-
sent a new clinically relevant therapeutic target.
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