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Aim To determine the relationship between bilateral allo-
dynia induced by masseter inflammation and P2X3 recep-
tor expression changes in trigeminal ganglia (TRG) and the 
influence of intramasseteric P2X3 antagonist administra-
tion on bilateral masseter allodynia.

Methods To induce bilateral allodynia, rats received a uni-
lateral injection of complete Freund’s adjuvant (CFA) into 
the masseter muscle. Bilateral head withdrawal threshold 
(HWT) was measured 4 days later. Behavioral measure-
ments were followed by bilateral masseter muscle and TRG 
dissection. Masseter tissue was evaluated histopathologi-
cally and TRG tissue was analyzed for P2X3 receptor mRNA 
expression by using quantitative real-time polymerase 
chain reaction (PCR) analysis. To assess the P2X3 receptor 
involvement in nocifensive behavior, two doses (6 and 60 
μg/50 μL) of selective P2X3 antagonist A-317491 were ad-
ministrated into the inflamed masseter muscle 4 days after 
the CFA injection. Bilateral HWT was measured at 15-, 30-, 
60-, and 120-minute time points after A-317491 adminis-
tration.

Results HWT was bilaterally reduced after the CFA injec-
tion (P <0.001). Intramasseteric inflammation was con-
firmed ipsilaterally to the CFA injection. Quantitative real-
time PCR analysis demonstrated enhanced P2X3 expression 
in TRG ipsilaterally to CFA administration (P < 0.01). In com-
parison with controls, the dose of 6 μg of A-317491 signifi-
cantly increased bilateral HWT at 15-, 30-, and 60-minute 
time points after the A-317491 administration (P < 0.001), 
whereas the dose of 60 μg of A-317491 was efficient at all 
time points ipsilaterally (P = 0.004) and at 15-, 30-, and 60-
minute time points contralaterally (P < 0.001).

Conclusion Unilateral masseter inflammation can induce 
bilateral allodynia in rats. The study provided evidence that 
P2X3 receptors can functionally influence masseter muscle 
allodynia and suggested that P2X3 receptors expressed in 
TRG neurons are involved in masseter inflammatory pain 
conditions.
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Temporomandibular disorders (TMDs) are a group of mus-
culoskeletal conditions affecting the masticatory system 
and resulting in disability and pain. Common TMD symp-
toms include reduced mouth opening and jaw mobility, 
jaw locking, and temporomandibular joint (TMJ) noises. 
The most prominent symptom is pain typically located in 
the masseter muscles (1).

The cause of TMDs remains unclear. Recent studies on 
TMDs focus on changes in pain mechanisms rather than 
etiological factors, because even patients with negligible 
anatomical changes may develop pain sensations, and 
unilateral masseter or TMJ inflammation can provoke bilat-
eral and/or referred hyperalgesia and/or allodynia (2-4).

New findings point out the key role of receptor-regulat-
ed ion channels in peripheral and central neurons in pain 
mechanisms. Trigeminal ganglion (TRG) neurons express 
different receptor types and their expression changes, and 
their ability to bind ligands characteristic of tissue damage 
imply their significance in pain transmission and, therefore, 
in the etiopathogenesis of TMDs (5-7).

The purinergic signaling system, especially P2 and P2X re-
ceptor families, is one of the most important receptor sys-
tems involved in pain mechanisms. There are at least 12 
P2X purinoceptors expressed in the central and peripheral 
neurons and involved in neurotransmission, neuromodula-
tion, and neuromuscular transmission. They are all ATP-gat-
ed cation channels, although there are also other agonists 
with restricted subtype selectivity (8,9).

Although all P2X receptors are present in sensory neurons, 
P2X3 receptors are expressed at the highest levels, espe-
cially in nociceptive C and Aδ fibers (10,11). Recent stud-
ies have shown that P2X3 plays an important role in differ-
ent pain states including migraine pain states (12), diabetic 
neuropathic pain (13), bone cancer pain conditions (14), 
and many others. P2X3 as recently been identified as one of 
the most important in still unclear signaling mechanisms 
underlying orofacial pain (15,16). The stretching and ec-
centric contraction of the masseter muscle induces hype-
ralgesia and up-regulation of P2X3 expression leading to 
enhanced nociceptor responsiveness to increased ade-
nosine triphosphate (ATP) levels within occurring myofiber 
damage (17). A recent study determined P2X1, P2X3, and 
P2X2/3 receptors involvement in carrageenan-induced TMJ 
inflammatory hyperalgesia (18). Conversely, there are data 
suggesting that P2X purinoceptors, especially P2X3 and 
P2X2/3, could be involved in antinociception (19,20).

Although the underlying mechanism for masseter muscle 
pain is still unclear, recent studies highlight the involve-
ment of various receptors in the etiopathogenesis of TMDs 
and propose various antagonist and/or agonists as possi-
ble therapeutic agents. Previous studies have investigated 
receptor-regulated ion channel expression in various pain 
models, but not in the masseter inflammation model. As 
masseter pain is the most prominent symptom in patients 
with TMDs, and P2X3 receptors seem to be involved in no-
ciception originating from orofacial region, we decided to 
investigate the expression of P2X3 receptors in TRG after 
eliciting bilateral allodynia induced by unilateral masseter 
inflammation and effects of direct unilateral intramuscular 
administration of two doses of specific P2X3 antagonist on 
bilateral pain response. Out hypothesis was that bilateral 
masseter allodynia after unilateral masseter inflammation 
results from P2X3 receptor up-regulation at TRG level and 
that unilateral intramasseteric administration of P2X3 an-
tagonist leads to bilateral masseter allodynia attenuation.

MATERIAL AND METHODS

Experimental animals

Experiments were performed on 10- to 12-week-old male 
Wistar rats weighing 250-300 g (n = 52). Before any animal 
manipulation, the animals were housed under controlled 
environment for 7 days to avoid possible stress influence 
due to transport from the breeding facility. The rats were 
housed in groups of two to three per cage under a con-
trolled ambient at a temperature of 20°C to 24°C, humid-
ity of 45% to 65%, in a 12h/12h light/dark cycle, and with 
access to food and water ad libitum. All efforts were made 
to minimize animal suffering and reduce the number of 
animals. All experimental protocols involving animals were 
performed in accordance with the Croatian regulations 
(Official Gazette 135/06, 37/13, and 47/09) and approved 
by the Croatian Ministry of Agriculture, Cabinet for Veteri-
nary and Food Safety, and the School’s Ethics Committee.

The experiments were performed in two phases. In the 
first phase, bilateral pain model was established by induc-
ing unilateral masseter inflammation in 16 animals. Eight 
of these 16 animals received complete Freund’s adjuvant 
(CFA) and served as the experimental group. The other 8 
animals received saline solution and served as the con-
trol group. Twelve of these 16 animals (6 from the experi-
mental and 6 from the control group) were subsequently 
subjected to tissue isolation. The masseter muscle was 
isolated for histopathological examination and TRG 
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was isolated for quantitative real-time polymerase chain 
reaction (PCR) analysis. In the second phase, the effect of 
P2X3 receptor antagonist administration on the nocifen-
sive behavior was examined in 36 animals (Table 1).

Bilateral pain induced by unilateral masseter muscle 
inflammation

In the first phase, all animals (n = 16) were submitted to 
masseter inflammation induction as described in previous 
studies (3,21,22). Briefly, animals were anesthetized with 
4% isoflurane (Forane, Abbott Laboratories Ltd, Queen-
borough, UK) in O2:N2 = 1:2 mixture to abolish righting and 
corneal reflexes. Eight animals were injected with 50 μL 
CFA (Sigma F5881, Sigma-Aldrich, Saint Louis, MO, USA, 0.5 
mg/mL, heat killed Mycobacterium tuberculosis suspend-
ed in oil:saline at 1:1 emulsion) in the mid-region of right 
masseter muscle. The exact injection site was established 
by palpating the masseter muscle between the angle of 
the mandible and the zygomatic bone. Upon contacting 
the mandible, the needle was slowly withdrawn into the 
mid-region of the masseter muscle. CFA and saline admin-
istrations were made via a 27-gauge needle and complet-
ed within 5-10 seconds. Animals in the control group (n = 8) 
received 0.9% saline injection in the same manner. All so-
lutions were freshly prepared before use. Animals were 
closely monitored on daily basis for evidence of edema af-
ter injection of CFA or saline. Development of masseter in-
flammation was examined by a histopathological method. 
Behavior assessment was performed as the next step to 
confirm bilateral allodynia development.

Behavior assessment. We defined mechanical allodynia as 
the presence of a nocifensive behavioral response evoked at 
a mechanical threshold that previously did not evoke a nocif-
ensive response. Changes in nocifensive behavioral respons-
es were evaluated by using previously described methods 
(3,23,24). To confirm bilateral allodynia, the nocifensive be-
havior response after unilateral CFA or saline injection into 

the masseter muscle was measured bilaterally at differ-
ent time points using a von Frey anesthesiometer 

(VFA; type 2391, IITC Inc., Woodland Hills, CA, USA) with the 
tip size of 1.0 mm. The threshold was defined as the lowest 
force necessary to evoke an active withdrawal of the head 
from the probing tip. The probing tip attached to the VFA 
was applied to the mid-region of the masseter muscle five 
times at one minute intervals; the average value of these five 
measurements was considered the withdrawal threshold.

Before the VFA measurements, animals were accustomed 
to stand unrestrained on the experimenter’s glove. Me-
chanical thresholds were then tested by probing the 
masseter muscles bilaterally before and on Day 4 after CFA 
or saline injection, when the nocifensive response is most 
prominent (3). A baseline mechanical threshold for evok-
ing the head withdrawal responses was determined 15 
minutes before the CFA or saline injection. All behavioral 
tests were conducted under blind conditions, ie, by an in-
vestigator blind to grouping and drug administration.

Administration of P2X3 receptor antagonist

We initially examined the effect of intramasseteric injection 
of either P2X3 receptor antagonist or saline on the baseline 
head withdrawal threshold (HWT) in 36 animals (Table 1) 
(3,25). Animals were lightly anesthetized with 2% isoflu-
rane in O2:N2 = 1:2 mixture before the administration of 
P2X3 receptor antagonist A-317491 (A2979, Sigma-Aldrich, 
Saint Louis, USA), which is a selective P2X3 antagonist with 
very limited penetration to the central nervous system 
(CNS) (26). The P2X3 receptor antagonist A-317491 was ad-
ministered at the dose of either 6 µg/50 µL (D6; n = 6) or 
60 µg/50 µL (D60, n = 6). The animals in the control group 
(n = 6) were administered 50 µL of saline solution. The HWT 
was measured before and 15, 30, 60, and 120 minutes after 
the A-317491 or saline administration.

To evaluate the effect of P2X3 receptor antagonist on bilat-
eral mechanical threshold after unilateral masseter inflam-
mation (Table 1), the animals were unilaterally injected 
with CFA under 4% isoflurane anesthesia. On Day 4 after 
the intramasseteric CFA injection, the bilateral nocifensive 
response was measured to verify the development of bilat-
eral mechanical allodynia. After the behavioral evaluation, 
each animal was lightly anesthetized with 2% isoflurane. 
The P2X3 receptor antagonist A-317491 was diluted in dis-
tilled water and administered in two different doses, ie, 6 
µg/50 µL (D6; n = 6) or 60 µg/50 µL (D60; n = 6). The sham 
rats in the control group (n = 6) were injected with 0.9% sa-
line in the corresponding volume. All solutions were fresh-
ly prepared before use, and the dose and volume of P2X3 

TABLE 1. Number of animals included in the testing of the ef-
fect of P2X3 receptor antagonist administration*

P2X3 receptor antagonist administration

sham rats CFA-injected rats

saline D6 D60 saline D6 D60

No. of rats 6 6 6 6 6 6
* Abbreviations: CFA - complete Freund’s adjuvant; D6 - dose of 6 
µg/50 µL of P2X3 receptor antagonist A-317491; D60 - dose of 60 µg/50 
µL of P2X3 receptor antagonist A-317491.
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antagonist were based on previous studies (15,27). The 
A-317491 was administered unilaterally to the mid-region 
of the masseter muscle. The exact injection site was estab-
lished by palpating the masseter muscle between the an-
gle of the mandible and the zygomatic bone. Upon con-
tacting the mandible, the needle was slowly withdrawn 
into the mid-region of the masseter muscle. CFA, A-317491, 
and saline were administered via a 27-gauge needle within 
5-10 seconds. The HWT was re-evaluated at 15, 30, 60, and 
120 minutes after the A-317491 injection (3,23).

Tissue isolation, preparation, and analysis

On Day 4 after the unilateral intramasseteric administration 
of CFA or saline (Table 1), the final behavioral evaluation 
was performed. The rats were decapitated and tissue iso-
lation was performed in 6 rats from each group. Bilateral 
masseter muscles were harvested for histopathological 
inflammation assessment. Bilateral TRGs were isolated for 
the evaluation of the P2X3 receptor mRNA expression. All 
tissues were frozen in liquid nitrogen and stored at -80°C 
until processed.

Histopathological evaluation of masseter muscle tissue. 
Both ipsilateral and contralateral masseter muscles were 
fixed in 4% paraformaldehide, embedded in paraffin, cut 
at 40 µm, and stained with hematoxylin and eosin.

Quantitative real-time PCR. After rat decapitation and bi-
lateral harvesting of TRG, tissue samples sized to 1 cm2 
were frozen in 500 µL of RNAlater (Ambion, Austin, TX, 
USA) at -80°C. The RNA isolation process involved tissue 
homogenization performed using a MagNA Lyser instru-
ment (Roche Life Sciences, Mannheim, Germany). The 
RNA isolation protocol was continued using NucleoSpin 
RNA kit (Macherey-Nagel, Düren, Germany) according to 
the manufacturer’s instructions. The concentration of to-
tal RNA was determined using Qubit 3.0 instrument and 
Qubit RNA Broad Range reagent (Life technologies, Carls-
bad, CA, USA). Transcription was performed using High Ca-
pacity cDNA kit (Applied Biosystems, Foster City, CA, USA). 
In the process, 500 ng of total RNA was used. Random hex-
amer primers provided with the kit were used for reverse 
transcription. cDNA libraries were stored at -25°C prior to 
the quantification process.

The expression levels of P2X3-specific mRNA were mea-
sured using Applied Biosystems 7500 Fast Real-Time PCR 
and Taqman Gene Expression Assays (Applied Biosys-
tems) for P2X3 (Rn00579301_m1) as the target and beta-

actin (Rn00667869_m1) and GAPDH (Rn01775763_g1) as 
housekeeping genes (27,28). The evaluation of two differ-
ent housekeeping genes was used to normalize the values 
of the cDNA libraries used in the real-time quantification 
and minimize the RNA isolation and transcription errors. 
The P2X3 relative expression levels were determined by the 
2-ΔΔCt method with to compare the expression of genes of 
interest with that of housekeeping genes.

Statistical analysis

Data are presented as mean ± standard deviation (SD). All 
measurements were tested with Kolmogorov-Smirnov test 
for the normality of distribution. To establish the changes in 
mechanical HWT before and after the CFA or saline injection, 
a linear mixed model was used. The one-sample t test was 
used to analyze differences in P2X3 mRNA expression levels 
between the two groups. For statistical analysis of behavior-
al measurements between the groups of rats injected with 
CFA and P2X3 antagonist or saline afterwards, a mixed ANO-
VA was used with time points as within-subjects factor and 
group as between-subject factor. P < 0.05 was considered 
statistically significant. All statistical tests were performed 
using SPSS 21.0 software (SPSS Inc., Chicago, SAD).

RESULTS

Unilateral intramasseteric CFA injection induced 
ipsilateral masseter muscle inflammation

The unilateral intramasseteric CFA injection resulted in 
edema and redness in the injection area. No such changes 
were observed in the masseter muscle contralateral to the 
injection site in the CFA-injected rats, nor in the ipsilateral 
and contralateral masseter muscles in saline-injected rats.

The intramasseteric CFA injection induced unequivocal 
histological signs of inflammation including numerous 
vacuoles and massive infiltration of granular leukocytes at 
the CFA injection site (Figure 1A). No histological signs of 
inflammation were perceived in the contralateral masseter 
muscle of CFA-injected rats nor in the masseter muscles of 
saline-injected rats (Figure 1B and 1C).

Bilateral mechanical allodynia induced by unilateral 
intramasseteric CFA injection

The CFA-injected rats (n = 8) showed the reduction in 
both ipsilateral and contralateral HWT in comparison 
with saline-injected control rats (n = 8). A statisti-



BASIC SCIENCE534 Croat Med J. 2016;57:530-9

www.cmj.hr

cally significant decrease was identified in bilateral HWT 
4 days after the CFA injection (P < 0.001; Figure 2). Saline 

injection in the masseter muscle did not affect HWT on 
either side (Figure 2).

FIgURE 1. Histopathological examination of the masseter 
muscle tissue 4 days after unilateral complete Freund’s adju-
vant (CFA) injection showed unequivocal inflammation signs 
(hematoxylin and eosin staining, ×20). The masseter tissue 
ipsilaterally to CFA injection showed clear signs of inflam-
mation – inflammatory cells infiltration and vacuoles (A). 
Contralaterally to CFA administration, no signs of inflamma-
tion are visible in the masseter muscle tissue (B). The masseter 
tissue after saline injection showed no signs of inflammation 
on either side (C).

FIgURE 2. Head withdrawal threshold was statistically lower 
bilaterally 4 days after complete Freund’s adjuvant (CFA) 
injection into the masseter muscle region. No differences were 
observed between the CFA-injected group and saline-injected 
control group before CFA or saline injection either ipsilater-
ally or contralaterally. Four days after the CFA injection, a 
statistically significant differences were observed ipsilaterally 
and contralaterally (P < 0.001 for both) in comparison with 
the saline-injected control group. The results are presented as 
mean values, using a linear mixed model. Each group included 
8 animals.

FIgURE 3. P2X3 receptor mRNA expression was up-regulated in 
ipsilateral trigeminal ganglia (TRg). A statistically significant in-
crease in P2X3 receptor mRNA expression was observed at TRg 
ipsilaterally to the masseter muscle injected with complete 
Freund’s adjuvant (CFA) in comparison to P2X3 expression in 
ipsilateral TRg in control animals (P = 0.010). Although the 
P2X3 receptor mRNA expression was elevated, no statistically 
significant differences were observed between experimental 
and control groups at TRg contralaterally to the CFA-injected 
masseter muscle (P = 0.105). Results are presented as me-
dian ± standard deviation. Each group included 6 animals. As-
terisk indicates a statistical significance of P < 0.05 (one-sample 
t test) between the CFA- and saline-injected groups.
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Masseter muscle inflammatory allodynia enhanced 
P2X3 expression in the trigeminal ganglion

Changes in the expression levels of P2X3 receptor mRNA 
in both ipsilateral and contralateral TRGs after the uni-
lateral CFA injection into the masseter muscle were de-
termined by the quantitative real-time PCR technique. 
Bilateral TRGs were harvested 4 days after the CFA injec-
tion. A statistically significant increase in the P2X3 mRNA 
levels was found in the TRG ipsilaterally to CFA injection 
(P = 0.010; Figure 3) in comparison with the controls. Con-
tralateral P2X3 mRNA levels were elevated, but they did 
not show significant differences in comparison with the 
controls (P = 0.105; Figure 3).

Unilateral administration of P2X3 receptor antagonist 
attenuated bilateral masseter muscle allodynia

The specific P2X3 receptor antagonist A-317491 was unilat-
erally administered into the masseter muscle of rats to test 
the possible effect of P2X3 receptor changes on bilateral al-
lodynia induced by unilateral masseter inflammation.

To exclude the possible influence of the P2X3 receptor an-
tagonist A-317491 on baseline HWT in untreated rats, HWT 
was measured bilaterally before and after the intramasse-
teric injection of the P2X3 receptor antagonist A-317491 in 
the D6 (n = 6) and D60 (n = 6) groups of rats and before and 
after the intramasseteric injection of saline in control rats. 

FIgURE 4. Unilateral administration of A-317491 in two different doses (6 µg [D6] and 60 µg [D60]) attenuated bilateral masseter 
inflammatory allodynia at 15-, 30-, and 60-minute time points. No significant changes were observed between the groups in head 
withdrawal threshold (HWT) measurements either ipsilaterally or contralaterally to A-317491 or saline injection in sham rats (A, B). 
Ipsilaterally to complete Freund’s adjuvant (CFA) injection, significant HWT increase in comparison with controls was observed in 
D6 groups at 15-, 30-, and 60-minute time points after intramasseteric A-317491 injections (P < 0.001). At 120-minute time point, 
the difference between the D6 and saline-injected groups was not significant (P = 0.491). In the D60 group, significant differences 
were found at all observed time points in comparison with controls (P ≤ 0.004). Differences between D6 and D60 groups appeared 
at 120-minute time point (P = 0.042) (C). In the contralateral masseter muscle, the HWT increase occurred at 15-, 30-, and 60-minute 
time points in both A-317491 groups compared with controls. No significant difference was observed at 120-minute time point. No 
significant difference was found between D6 and D60 groups (D). Data are presented as mean values (mixed ANOVA). Each group 
included 6 animals. Asterisks indicate statistical significance of *P < .05; **P < 0.01; ***P < 0.001 for difference between D6 and saline-
injected groups after A-317491 administration. Caret indicates a statistical significance of ^P < 0.05; ^^P < 0.01; ^^^P < 0.001 for 
difference between D60 and saline-injected groups after A-317491 administration.
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No statistically significant differences were found between 
the A-317491-injected and saline-injected groups of rats 
at any observed time point either ipsilaterally or contralat-
erally to A-317491 or saline injection (Figures 4A and 4B). 
Neither dose of A-317491 or saline influenced the bilateral 
baseline values of HWT at any observed time points.

On Day 4 after the CFA injection, HWT values significantly 
decreased in all groups (P ≤ 0.001 for all), reconfirming the 
allodynia occurrence both ipsilaterally and contralaterally 
to the CFA injection (Figures 4C and 4D). Ipsilaterally to CFA 
and A-317491 or saline injections, a significant increase in 
HWT occurred 15, 30, and 60 minutes after the A-317491 
injection in the D6 group in comparison with the saline-in-
jected control group (P < 0.001), whereas in the D60 group, 
a significant increase in HWT occurred at 15, 30, 60, and 
120 minutes after the A-317491 injection in comparison 
with saline-injected control group (P < 0.001 at 15-, 30-, 
and 60-minute time points; P = 0.004 at 120-minute time 
point). No significant differences were noticed between 
D6 and D60 groups at any time points except at 120-min-
ute time point (P = 0.042; Figure 4C).

Contralaterally to CFA and A-317491 or saline administra-
tion, allodynia attenuation occurred at 15-, 30-, and 60-
minute time points in both D6 and D60 groups in com-
parison with the saline-injected control group (P < 0.001). 
No significant differences were noticed at 120-minute time 
point (P = 0.990 for D6 group, P = 0.077 for D60 group). Be-
tween D6 and D60 groups, no statistically significant differ-
ences were found at any time point (Figure 4D).

DISCUSSION

We aimed to determine the role of P2X3 receptors in 
pathophysiological mechanisms underlying bilateral al-
lodynia induced by unilateral masseter inflammation and 
found that unilateral masseter inflammation enhances 
P2X3 receptor expression within neurons of the ipsilateral 
TRG. No changes in the P2X3 receptor expression were ob-
served in the contralateral TRG neurons.

P2X3 receptors are involved in many pain states within the 
orofacial area. Hyperalgesia induced by occlusal interfer-
ence resulted in enhanced P2X3 mRNA expression and in-
creased frequency of P2X3-immunoreactive small-sized TRG 
neurons and was attenuated by P2X3 antagonist adminis-
tration (29). Pain transmission in tooth is regulated through 

ATP transport in odontoblasts and signal transduction to 
P2X3 receptors on pulp axons (30). Noma et al (15) re-

ported increased P2X3 expression in masseter hyperalgesia 
following excessive masseter contraction. As mentioned 
earlier, eccentric muscle contraction and muscle stretching 
can lead to hyperalgesia and P2X3 up-regulation in afferent 
TRG neurons (17). Unilateral TMJ arthritis enhanced P2X3 re-
ceptors expression in the ipsilateral small TRG neurons 15 
days after CFA injection. Unilateral P2X agonist administra-
tion resulted in bilateral TMJ pain (17). It has been suggested 
that lip inflammation leads to increased P2X3 receptors ex-
pression in TRG mediated by calcitonin gene-related pep-
tide and could be involved in ectopic mechanical allodynia 
(31). In addition, some previous studies have determined 
enhanced P2X3 receptors expression in dorsal root ganglion 
(DRG) after muscle inflammation (32). However, some stud-
ies claim that P2X3-expressing TRG neurons considerably 
differ from DRG afferent neurons, suggesting differences in 
pain transmission depending on the location of pain occur-
rence, and that the underlying mechanisms of pain originat-
ing from different body regions are unique (21,22).

We investigated whether unilateral masseter inflamma-
tion led to changes in P2X3 receptor expression at bilateral 
TRG level. Our quantitative real-time PCR analysis results 
showed increased P2X3 receptor expression in TRG both 
ipsilateral and contralateral to CFA injection, but only the 
changes in the ipsilateral inflamed TRG showed statistical 
significance in comparison with controls, leading us to a 
conclusion that the up-regulation of P2X3 receptors is re-
lated to inflammation and that allodynia in the contralater-
al non-inflamed masseter muscle probably arises from the 
changes in expression of some other receptor-regulated 
ion channels involved in neuromuscular pain transmission. 
It seems that the inflammation is responsible for changes 
in P2X3 expression at primary neuronal level.

In addition, we demonstrated that ipsilateral adminis-
tration of P2X3 receptor antagonist, A-317491, into the 
masseter muscle results in bilateral masseter pain allevia-
tion in previously unilaterally CFA-injected rats.

To demonstrate P2X3 receptor involvement, we tested the 
effect of unilateral administration of P2X3 receptor antag-
onist on bilateral nocifensive response in previously CFA-
injected rats. Our results showed that unilateral CFA injec-
tion in the central region of masseter muscle followed by 
ipsilateral injection of A-317491 significantly increased the 
HWT values both ipsilateral and contralateral to CFA injec-
tion site. A-317491 decreased nocifensive response on the 
side ipsilateral to inflammation and A-317491 injection due 
to its direct influence on P2X3 receptors; however, changes 
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also occurred on the contralateral side. Because A-317491 
is an antagonist with limited CNS penetration, these data 
also suggest that unilateral inflammation results in bilater-
al allodynia due to P2X3 receptor enhancement ipsilateral 
to inflammation, while contralateral allodynia is more like-
ly related to other receptor-regulated ion channel expres-
sion changes induced by the CNS pathways that seem to 
be crucial in bilateral pain development after unilateral in-
flammation. Recent studies have demonstrated the impor-
tant role of trigeminal interpolaris/caudalis (Vi/Vc) transition 
zone and rostral ventromedial medulla (RVM) in processing 
trigeminal pain arising from masseter muscle inflammation 
and in the development of bilateral hyperalgesia/allodynia. 
It has been suggested that contralateral hyperalgesia in the 
orofacial region is mediated through descending facilitato-
ry mechanisms of the RVM-Vi/Vc circuitry (33-35). It has also 
been suggested that inhibition of glia and inflammatory cy-
tokines cascade blockage following inflammation provides 
pain relief (35). Taking into consideration that A-317491 has 
a poor ability to penetrate the blood-brain barrier, its bilat-
eral pain alleviation effect may arise from its blockage of 
P2X3 receptors at TRG neurons and interrupted cytokines 
cascade leading to activation of CNS pathways.

The significant difference between D6 and D60 groups at 
120-minute time point ipsilateral to A-317491 administra-
tion lead us to the conclusion that the lower A-317491 dose 
could be enough to obtain analgesic effect, but further ex-
periments are needed to establish the appropriate dose.

An additional finding of our study was that unilateral 
masseter inflammation led to bilateral masseter pain. Al-
though pain sensation development and mechanisms in-
volved in various pain models have been extensively in-
vestigated (15,29,36-38), only limited number of studies 
focused on bilateral pain (3,16,36,39). A few research proj-
ects reported confusing data on whether unilateral inflam-
mation can provoke bilateral nocifensive behavior (36,40), 
whereas several studies reported that unilateral inflamma-
tion resulted in bilateral allodynia (3,41,42).

We managed to establish a bilateral masseter pain mod-
el after unilateral inflammation. We used the CFA-induced 
model of inflammatory pain commonly used in studies in-
vestigating orofacial pain (3,43-45). Our findings confirm 
that unilateral masseter inflammation can cause bilater-
al nocifensive behavior on Day 4 after CFA injection. We 
chose the Day 4 time point according to previous studies 
reporting that most prominent bilateral allodynia occurs 4 
days after the CFA injection (3). Pain develops in both in-

flamed and contralateral non-inflamed masseter area, sug-
gesting the activation of signaling pathways at both local 
peripheral level and CNS level.

There were several limitations of our study. The number of 
experimental animals was low and we did not investigate 
the changes at the CNS level. Also, we used the 60 µg/50 
µL dose of P2X3 receptor antagonist A-317491, which had 
already been proved effective in other pain models, ie, we 
could have used a different, lower dose of A-317491.

In conclusion, our findings demonstrate that unilateral 
masseter inflammation can induce bilateral allodynia in 
rats and enhanced P2X3 receptors expression in the TRG 
ipsilateral to inflammation induction, ie, that bilateral 
masseter allodynia induced by unilateral masseter inflam-
mation is related to the enhanced P2X3 receptor expres-
sion at TRG ipsilaterally to inflammation. Our study results 
showed that unilateral P2X3 antagonist administration into 
the masseter muscle led to bilateral alleviation of masseter 
allodynia, suggesting that P2X3 receptors expressed in TRG 
neurons can functionally influence masseter allodynia and 
are involved in pain conditions related to masseter inflam-
mation. Contralateral masseter allodynia is likely to be me-
diated by other receptor-regulated ion channels.

Acknowledgment We would like to thank members of Department of 
Pharmacology, University of Rijeka School of Medicine, for assistance and 
technical support in animal housing and surgery. We would also like to 
thank Department of Anatomy, University of Rijeka School of Medicine, for 
assistance in histopathological evaluation.

Funding Experiment was financed by the University of Rijeka, Croatia 
within the project “Ethiopathogenesis of orofacial pain”, project number 
13.06.1.2.19.

Ethical approval All experimental protocols involving animals were per-
formed in accordance with the regulations set by the Croatian related laws 
and rules (NN 135/06; NN 37/13; NN47/09) and approved by the Croatian 
Ministry of Agriculture, Cabinet for Veterinary and Food Safety and by the 
University of Rijeka, Faculty of Medicine ethical committee.

Declaration of authorship PTK performed behavioral assessments, rat sur-
gery, histopathological evaluation, drafted and wrote the manuscript. RV 
carried out rat surgery and behavioral experiments. RA, ZK, and IU partici-
pated in behavioral experiments and in performance of quantitative real-
time PCR. SSK performed behavioral assay, rat surgery and was responsible 
for the study design and wrote the manuscript. All authors have discussed 
the results, read, revised and commented on the manuscript and approved 
the final manuscript.

Competing interests All authors have completed the Unified Competing 
Interest form at www.icmje.org/coi_disclosure.pdf (available on request 
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3 
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References
1  McNeill C, Mohl ND, Rugh JD, Tanaka TT. Temporomandibular 

www.icmje.org/coi_disclosure.pdf


BASIC SCIENCE538 Croat Med J. 2016;57:530-9

www.cmj.hr

disorders: diagnosis, management, education, and research. 

J Am Dent Assoc. 1990;120:253, 255, 257, 259, 261, 263. 

Medline:2179355 doi:10.14219/jada.archive.1990.0049

2 Alonso-Blanco C, Fernández-de-Las-Peńas C, de-la-Llave-Rincón 

AI, Zarco-Moreno P, galán-Del-Río F, Svensson P. Characteristics 

of referred muscle pain to the head from active trigger points 

in women with myofascial temporomandibular pain and 

fibromyalgia syndrome. J Headache Pain. 2012;13:625-37. 

Medline:22935970 doi:10.1007/s10194-012-0477-y

3 Simonic-Kocijan S, Liu W, Wu Y, Uhac I, Wang KW. TRPV1 channel-

mediated bilateral allodynia induced by unilateral masseter muscle 

inflammation in rats. Mol Pain. 2013;9:68. Medline:24377488 

doi:10.1186/1744-8069-9-68

4 Slade gD, Smith SB, Zaykin DV, Tchivileva IE, gibson Dg, Yuryev A, 

et al. Facial pain with localized and widespread manifestations: 

separate pathways of vulnerability. Pain. 2013;154:2335-43. 

Medline:23867732 doi:10.1016/j.pain.2013.07.009

5 Ambalavanar R, Dessem D. Emerging peripheral receptor targets 

for deep tissue craniofacial pain therapies. J Dent Res. 2009;88:201-

11. Medline:19329451 doi:10.1177/0022034508330176

6 Magni g, Ceruti S. P2Y purinergic receptors: new targets 

for analgesic and antimigraine drugs. Biochem Pharmacol. 

2013;85:466-77. Medline:23146663 doi:10.1016/j.bcp.2012.10.027

7 Abd-Elsayed AA, Ikeda R, Jia Z, Ling J, Zuo X, Li M, et al. KCNQ 

channels in nociceptive cold-sensing trigeminal ganglion neurons 

as therapeutictargets for treating orofacial cold hyperalgesia. Mol 

Pain. 2015;11:45. Medline:26227020 doi:10.1186/s12990-015-

0048-8

8 Burnstock g, Kennedy CP. 2X receptors in health and disease. Adv 

Pharmacol. 2011;61:333-72. Medline:21586364 doi:10.1016/B978-

0-12-385526-8.00011-4

9 Syed NH, Kennedy C. Pharmacology of P2X receptors. WIREs 

Membrane Transport and Signaling. 2012;1:16-30. doi:10.1002/

wmts.1

10 Chen CC, Akopian AN, Sivilotti L, Colquhoun D, Burnstock 

g, Wood JNA. P2X purinoreceptor expressed by a subset of 

sensory neurons. Nature. 1995;377:428-31. Medline:7566119 

doi:10.1038/377428a0

11 Kim YS, Paik SK, Cho YS, Shin HS, Bae JY, Moritani M, et al. 

Expression of P2X3 receptor in the trigeminal sensory nuclei 

of the rat. J Comp Neurol. 2008;506:627-39. Medline:18067147 

doi:10.1002/cne.21544

12 Marchenkova A, Vilotti S, Ntamati N, van den Maagdenberg AM, 

Nistri A. Inefficient constitutive inhibition of P2X3 receptors by 

brain natriuretic peptide system contributes to sensitization of 

trigeminal sensory neurons in a genetic mouse model of familial 

hemiplegic migraine. Mol Pain. 2016;12:1744806916646110. 

Medline:27175010 doi:10.1177/1744806916646110

13 Wang S, Zhu HY, Jin Y, Zhou Y, Hu S, Liu T, et al. Adrenergic 

signaling mediates mechanical hyperalgesia through activation 

of P2X3 receptors in primary sensory neurons of rats with 

chronic pancreatitis. Am J Physiol gastrointest Liver Physiol. 

2015;308:710-9. Medline:25634810 doi:10.1152/ajpgi.00395.2014

14 guedon JM, Longo g, Majuta LA, Thomspon ML, Fealk MN, 

Mantyh PW. Dissociation between the relief of skeletal pain 

behaviors and skin hypersensitivity in a model of bone cancer 

pain. Pain. 2016;157:1239-47. Medline:27186713 doi:10.1097/j.

pain.0000000000000514

15 Noma N, Shinoda M, Honda K, Kiyomoto M, Dezawa K, Nakaya Y, et 

al. Interaction of IL-1β and P2X(3) receptor in pathologic masseter 

muscle pain. J Dent Res. 2013;92:456-60. Medline:23520364 

doi:10.1177/0022034513483770

16 Sun S, Qi D, Yang Y, Ji P, Kong J, Wu Q. Association of occlusal 

interference-induced masseter muscle hyperalgesia and 

P2X3 receptors in the trigeminal subnucleus caudalis and 

midbrain periaqueductal gray. Neuroreport. 2016;27:277-83. 

Medline:26836462 doi:10.1097/WNR.0000000000000533

17 Dessem D, Ambavalanar R, Evancho M, Moutanni A, Yallampalli 

C, Bai g. Eccentric muscle contraction and stretching evoke 

mechanical hyperalgesia and modulate CgRP and P2X(3) 

expression in a functionally relevant manner. Pain. 2010;149:284-

95. Medline:20207080 doi:10.1016/j.pain.2010.02.022

18 Teixeira JM, Oliveira MC, Nociti FH Jr, Clemente-Napimoga 

JT, Pelegrini-da-Silva A, Parada CA, et al. Involvement of 

temporomandibular joint P2X3 and P2X2/3 receptors in 

carrageenan-induced inflammatory hyperalgesia in rats. Eur J 

Pharmacol. 2010;645:79-85. Medline:20558155 doi:10.1016/j.

ejphar.2010.06.008

19 Fukui M, Takishita A, Zhang N, Nakagawa T, Minami M, Satoh 

M. Involvement of locus coeruleus noradrenergic neurons in 

supraspinal antinociception by alpha,beta-methylene-ATP in rats. 

J Pharmacol Sci. 2004;94:153-60. Medline:14978353 doi:10.1254/

jphs.94.153

20 Fukui M, Nakagawa T, Minami M, Satoh M, Kaneko S. Inhibitory role 

of supraspinal P2X3/P2X2/3 subtypes on nociception in rats. Mol 

Pain. 2006;2:19. Medline:16753051 doi:10.1186/1744-8069-2-19

21 Ambalavanar R, Moritani M, Dessem D. Trigeminal P2X3 

receptor expression differs from dorsal root ganglion and is 

modulated by deep tissue inflammation. Pain. 2005;117:280-91. 

Medline:16153775 doi:10.1016/j.pain.2005.06.029

22 Harriott AM, Dessem D, gold MS. Inflammation increases 

the excitability of masseter muscle afferents. Neuroscience. 

2006;141:433-42. Medline:16690218 doi:10.1016/j.

neuroscience.2006.03.049

23 Ro JY, Lee JS, Zhang Y. Activation of TRPV1 and TRPA1 leads 

to muscle nociception and mechanical hyperalgesia. Pain. 

2009;144:270-7. Medline:19464796 doi:10.1016/j.pain.2009.04.021

24 Bai X, Zhang X, Li Y, Lu L, Li B, He X. Sex differences in peripheral 

mu-opioid receptor mediated analgesia in rat orofacial persistent 

pain model. PLoS One. 2015;10:e0122924. Medline:25807259 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2179355&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2179355&dopt=Abstract
http://dx.doi.org/10.14219/jada.archive.1990.0049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22935970&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22935970&dopt=Abstract
http://dx.doi.org/10.1007/s10194-012-0477-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24377488&dopt=Abstract
http://dx.doi.org/10.1186/1744-8069-9-68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23867732&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23867732&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2013.07.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19329451&dopt=Abstract
http://dx.doi.org/10.1177/0022034508330176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23146663&dopt=Abstract
http://dx.doi.org/10.1016/j.bcp.2012.10.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26227020&dopt=Abstract
http://dx.doi.org/10.1186/s12990-015-0048-8
http://dx.doi.org/10.1186/s12990-015-0048-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21586364&dopt=Abstract
http://dx.doi.org/10.1016/B978-0-12-385526-8.00011-4
http://dx.doi.org/10.1016/B978-0-12-385526-8.00011-4
http://dx.doi.org/10.1002/wmts.1
http://dx.doi.org/10.1002/wmts.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7566119&dopt=Abstract
http://dx.doi.org/10.1038/377428a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18067147&dopt=Abstract
http://dx.doi.org/10.1002/cne.21544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27175010&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27175010&dopt=Abstract
http://dx.doi.org/10.1177/1744806916646110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25634810&dopt=Abstract
http://dx.doi.org/10.1152/ajpgi.00395.2014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27186713&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000000514
http://dx.doi.org/10.1097/j.pain.0000000000000514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23520364&dopt=Abstract
http://dx.doi.org/10.1177/0022034513483770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26836462&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26836462&dopt=Abstract
http://dx.doi.org/10.1097/WNR.0000000000000533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20207080&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2010.02.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20558155&dopt=Abstract
http://dx.doi.org/10.1016/j.ejphar.2010.06.008
http://dx.doi.org/10.1016/j.ejphar.2010.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14978353&dopt=Abstract
http://dx.doi.org/10.1254/jphs.94.153
http://dx.doi.org/10.1254/jphs.94.153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16753051&dopt=Abstract
http://dx.doi.org/10.1186/1744-8069-2-19
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16153775&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16153775&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2005.06.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16690218&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroscience.2006.03.049
http://dx.doi.org/10.1016/j.neuroscience.2006.03.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19464796&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2009.04.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25807259&dopt=Abstract


539Tariba Knežević et al: P2X
3
 in masseter muscle allodynia in rat

www.cmj.hr

doi:10.1371/journal.pone.0122924

25 Bu F, Tian H, gong S, Zhu Q, Xu gY, Tao J, et al. Phosphorylation 

of NR2B NMDA subunits by protein kinase C in arcuate nucleus 

contributes to inflammatory pain in rats. Sci Rep. 2015;5:15945. 

Medline:26515544 doi:10.1038/srep15945

26 Ballini E, Virginio C, Medhurst SJ, Summerfield Sg, Aldegheri L, 

Buson A, et al. Characterization of three diaminopyrimidines 

as potent and selective antagonists of P2X3 and P2X2/3 

receptors with in vivo efficacy in a pain model. Br J Pharmacol. 

2011;163:1315-25. Medline:21410458 doi:10.1111/j.1476-

5381.2011.01322.x

27 Bhattacharya A, Vavra V, Svobodova I, Bendova Z, Vereb g, 

Zemkova H. Potentiation of Inhibitory Synaptic Transmission 

by Extracellular ATP in Rat Suprachiasmatic Nuclei. J Neurosci. 

2013;33:8035-44. Medline:23637193 doi:10.1523/JNEUROSCI.4682-

12.2013

28 Deiteren A, van der Linden L, de Wit A, Ceuleers H, Buckinx 

R, Timmermans J-P, et al. P2X3 Receptors Mediate Visceral 

Hypersensitivity during Acute Chemically-Induced Colitis and 

in the Post-Inflammatory Phase via Different Mechanisms of 

Sensitization. PLoS One. 2015;10:e0123810. Medline:25885345 

doi:10.1371/journal.pone.0123810

29 Qi D, Yang Y, Ji P, Kong J, Wu Q, Si H. Upregulation of the Purinergic 

Receptor Subtype P2X3 in the Trigeminal ganglion Is Involved 

in Orofacial Pain Induced by Occlusal Interference in Rats. J 

Oral Facial Pain Headache. 2016;30:51-60. Medline:26817033 

doi:10.11607/ofph.1459

30 Shinoda M, Ozaki N, Asai H, Nagamine K, Sugiura Y. Changes in 

P2X3 receptor expression in the trigeminal ganglion following 

monoarthritis of the temporomandibular joint in rats. Pain. 

2005;116:42-51. Medline:15936887 doi:10.1016/j.pain.2005.03.042

31 Andó RD, Méhész B, gyires K, Illes P, Sperlágh B. A comparative 

analysis of the activity of ligands acting at P2X and P2Y receptor 

subtypes in models of neuropathic, acute and inflammatory pain. 

Br J Pharmacol. 2010;159:1106-17. Medline:20136836 doi:10.1111/

j.1476-5381.2009.00596.x

32 Wang S, Xu H, Zou L, Xie J, Wu H, Wu B, et al. LncRNA uc.48+ is 

involved in diabetic neuropathic pain mediated by the P2X3 

receptor in the dorsal root ganglia. Purinergic Signal. 2016;12:139-

48. Medline:26686228 doi:10.1007/s11302-015-9488-x

33 Shimizu K, Chai B, Lagraize SC, Wei F, Dubner R, Ren K. 

Microinjection of IL-1β into the trigeminal transition zone produces 

bilateral NMDA receptor-dependent orofacial hyperalgesia 

involving descending circuitry. Open Pain J. 2009;2:76-83. 

Medline:20221418 doi:10.2174/1876386300902010076

34 Chai B, guo W, Wei F, Dubner R, Ren K. Trigeminal-rostral 

ventromedial medulla circuitry is involved in orofacial 

hyperalgesia contralateral to tissue injury. Mol Pain. 2012;8:78. 

Medline:23092240 doi:10.1186/1744-8069-8-78

35 Shimizu K, guo W, Wang H, Zou S, Lagraize SC, Iwata K, et al. 

Differential involvement of trigeminal transition zone and 

laminated subnucleus caudalis in orofacial deep and cutaneous 

hyperalgesia: the effects of interleukin-10 and glial inhibitors. Mol 

Pain. 2009;5:75. Medline:20025765 doi:10.1186/1744-8069-5-75

36 Ambalavanar R, Moutanni A, Dessem D. Inflammation of 

craniofacial muscle induces widespread mechanical allodynia. 

Neurosci Lett. 2006;399:249-54. Medline:16510243 doi:10.1016/j.

neulet.2006.02.003

37 Aoki Y, Mizoguchi H, Watanabe C, Takeda K, Tsukasa S, Sakurada S. 

Potential Involvement of µ-Opioid Receptor Dysregulation on the 

Reduced Antinociception of Morphine in the Inflammatory Pain 

State in Mice. J Pharmacol Sci. 2014;124:258-66. Medline:24553404 

doi:10.1254/jphs.13242FP

38 Chen KH, Yang CH, Juang SE, Huang HW, Cheng JK, Sheen-Chen 

SM, et al. Pulsed radiofrequency reduced complete Freund’s 

adjuvant-induced mechanical hyperalgesia via the spinal c-Jun 

N-terminal kinase pathway. Cell Mol Neurobiol. 2014;34:195-203. 

Medline:24242210 doi:10.1007/s10571-013-0003-z

39 Fernandes ES, Russell FA, Alawi KM, Sand C, Liang L, Salamon 

R, et al. Environmental cold exposure increases blood flow and 

affects pain sensitivity in the knee joints of CFA-induced arthritic 

mice in a TRPA1-dependent manner. Arthritis Res Ther. 2016;18:7. 

Medline:26754745 doi:10.1186/s13075-015-0905-x

40 Takeda M, Takahashi M, Matsumoto S. Inflammation enhanced 

brain-derived neurotrophic factor-induced suppression of the 

voltage-gated potassium currents in small-diameter trigeminal 

ganglion neurons projecting to the trigeminal nucleus 

interpolaris/caudalis transition zone. Neuroscience. 2014;261:223-

31. Medline:24388921 doi:10.1016/j.neuroscience.2013.12.048

41 Miao X, Meng X, Wu g, Ju Z, Zhang H-H, Hu S, et al. Upregulation 

of cystathionine-β-synthetase expression contributes to 

inflammatory pain in rat temporomandibular joint. Mol Pain. 

2014;10:9. Medline:24490955 doi:10.1186/1744-8069-10-9

42 Magni g, Merli D, Verderio C, Abbracchio MP, Ceruti SP. 2Y2 

receptor antagonists as anti-allodynic agents in acute and sub-

chronic trigeminal sensitization: role of satellite glial cells. glia. 

2015;63:1256-69. Medline:25779655 doi:10.1002/glia.22819

43 Ikeda E, goto T, gunjigake K, Kuroishi K, Ueda M, Kataoka S, et al. 

Expression of Vesicular Nucleotide Transporter in Rat Odontoblasts. 

Acta Histochem Cytochem. 2016;49:21-8. Medline:27006518 

doi:10.1267/ahc.15022

44 Yasuda M, Shinoda M, Kiyomoto M, Honda K, Suzuki A, Tamagawa 

T, et al. P2X3 receptor mediates ectopic mechanical allodynia 

with inflamed lower lip in mice. Neurosci Lett. 2012;528:67-72. 

Medline:22981884 doi:10.1016/j.neulet.2012.08.067

45 Schiavuzzo Jg, Teixeira JM, Melo B, da Silva dos Santos DF, Jorge 

CO, Oliveira-Fusaro MC, et al. Muscle hyperalgesia induced 

by peripheral P2X3 receptors is modulated by inflammatory 

mediators. Neuroscience. 2015;285:24-33. Medline:25446353 

doi:10.1016/j.neuroscience.2014.11.020

http://dx.doi.org/10.1371/journal.pone.0122924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26515544&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26515544&dopt=Abstract
http://dx.doi.org/10.1038/srep15945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21410458&dopt=Abstract
http://dx.doi.org/10.1111/j.1476-5381.2011.01322.x
http://dx.doi.org/10.1111/j.1476-5381.2011.01322.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23637193&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.4682-12.2013
http://dx.doi.org/10.1523/JNEUROSCI.4682-12.2013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25885345&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0123810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26817033&dopt=Abstract
http://dx.doi.org/10.11607/ofph.1459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15936887&dopt=Abstract
http://dx.doi.org/10.1016/j.pain.2005.03.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20136836&dopt=Abstract
http://dx.doi.org/10.1111/j.1476-5381.2009.00596.x
http://dx.doi.org/10.1111/j.1476-5381.2009.00596.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26686228&dopt=Abstract
http://dx.doi.org/10.1007/s11302-015-9488-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20221418&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20221418&dopt=Abstract
http://dx.doi.org/10.2174/1876386300902010076
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23092240&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23092240&dopt=Abstract
http://dx.doi.org/10.1186/1744-8069-8-78
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20025765&dopt=Abstract
http://dx.doi.org/10.1186/1744-8069-5-75
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16510243&dopt=Abstract
http://dx.doi.org/10.1016/j.neulet.2006.02.003
http://dx.doi.org/10.1016/j.neulet.2006.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24553404&dopt=Abstract
http://dx.doi.org/10.1254/jphs.13242FP
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24242210&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24242210&dopt=Abstract
http://dx.doi.org/10.1007/s10571-013-0003-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26754745&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26754745&dopt=Abstract
http://dx.doi.org/10.1186/s13075-015-0905-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24388921&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroscience.2013.12.048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24490955&dopt=Abstract
http://dx.doi.org/10.1186/1744-8069-10-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25779655&dopt=Abstract
http://dx.doi.org/10.1002/glia.22819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27006518&dopt=Abstract
http://dx.doi.org/10.1267/ahc.15022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22981884&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22981884&dopt=Abstract
http://dx.doi.org/10.1016/j.neulet.2012.08.067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25446353&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroscience.2014.11.020

