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Background: Temporomandibular joint (TMJ)-associated inflammation contributes to the pain reported by patients with tempor-
omandibular disorders (TMD). It is common for patients diagnosed with TMD to report pain in the masticatory muscles and 
temporomandibular joints, headache, and jaw movement disturbances. Although TMD can have different origins, including trauma 
and malocclusion disorder, anxiety/depression substantially impacts the development and maintenance of TMD. In general, rodent 
studies on orofacial pain mechanisms involve the use of tests originally developed for other body regions, which were adapted to the 
orofacial area. To overcome limitations and expand knowledge in orofacial pain, our group validated and characterized an operant 
assessment paradigm in rats with both hot and cold stimuli as well mechanical stimuli. Nevertheless, persistent inflammation of the 
TMJ has not been evaluated with this operant orofacial pain assessment device (OPAD).
Methods: We characterized the thermal orofacial sensitivity for cold, neutral, and hot stimuli during the development of TMD using 
the OPAD behavior test. In addition, we evaluated the role of transient receptor potential vanilloid 1 (TRPV1) expressing nociceptors 
in rats with persistent TMJ inflammation. The experiments were performed in male and female rats with TMJ inflammation induced by 
carrageenan (CARR). Additionally, resiniferatoxin (RTX) was administered into the TMJs prior CARR to lesion TRPV1-expressing 
neurons to evaluate the role of TRPV1-expressing neurons.
Results: We evidenced an increase in the number of facial contacts and changes in the number of reward licks per stimulus on neutral 
(37°C) and cold (21°C) temperatures. However, at the hot temperature (42°C), the inflammation did not induce changes in the OPAD 
test. The prior administration of RTX in the TMJ prevented the allodynia and thermal hyperalgesia induced by CARR.
Conclusion: We showed that TRPV-expressing neurons are involved in the sensitivity to carrageenan-induced pain in male and 
female rats evaluated in the OPAD.
Keywords: temporomandibular disorder, acute pain, TRPV1, operant assay, orofacial pain

Introduction
Temporomandibular disorder (TMD) has a multifactorial etiology, including biological and psychological inducers, which can 
lead to an inflammatory phenomenon. TMD involves the temporomandibular joint (TMJ), masticatory muscles, and 
associated structures and is characterized by acute or chronic pain.1 The symptoms of TMD include mandibular deviation 
during the opening, limited mandibular movements, headache, and TMJ pain. However, TMJ pain is the main reason patients 
seek treatment.2 The TMJ pain may be derived from its internal derangement during TMD, leading to an inflammation of the 
synovial membrane.3,4 This inflammation promotes macrophage/microglia activation in the TMJ, resulting in an increase in 
proinflammatory cytokines and chemokines followed by hyperexcitability of the nociceptive neurons.5–7
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Indeed, the development of persistent pain in the TMJ involves an inflammatory cascade that includes proinflamma-
tory cytokines, chemokines, and matrix metalloproteinases released in limbic structures. For example, TMJ inflammation 
increased transient receptor potential vanilloid 1 (TRPV1) expression in the hippocampus,8 and matrix metalloprotei-
nases in the hippocampus and amygdala,9 suggesting a central sensitization driven by neuroinflammation. Emotional 
disorders have also been widely linked to the development of TMD.10,11

Joint inflammation can lead to highly responsive articular nociceptors for mechanical stimulation,12,13 which involves 
an increase in TRPV1.14 The transient receptor potential family of cation channels is involved in the perception of hot and 
cold temperatures and pain.15 The subtype TRPV1 is activated by heat (≥ 43°C), low pH, and capsaicin.16 In this 
perspective, Neubert et al17 demonstrated intracisternal treatment with resiniferatoxin (RTX), used as a lesioning agent 
that acts by opening the TRPV1 ion channel causing cytotoxicity and selectively deleting TRPV1-expressing neurons,18,19 

blocked heat nociception at 48°C and 55°C in mice evaluated using the operant orofacial pain assessment device (OPAD). 
TRPV1 is expressed in the nerves and synovial lining cells of the TMJ.20 Also, it has been shown that many TMJ TRPV1- 
immunoreactive nerves are labeled with the neuropeptide calcitonin gene-related peptide that is involved in the mechanisms 
of nociception and inflammation in this orofacial structure.20 Within this perspective, TRPV1 antagonists were developed 
as pharmacological alternatives to treat chronic pain.21,22 In particular, when orally administered, A-784168 and A-795614 
TRPV1 antagonists could to block thermal hyperalgesia induced by complete Freund’s adjuvant (CFA) in rats.23 Further, 
Ghilard et al24 have shown that acute or chronic administration of a TRPV1 antagonist results in a significant attenuation of 
both ongoing and movement-evoked nociceptive behaviors in a bone cancer pain model in mice.

Pain from inflammatory and neuropathic origins are the two most common types of chronic or persistent pain. In 
addition, TMJ-associated inflammation is one of the reasons for the pain reported by patients with temporomandibular 
disorders.25 Inflammation can occur in the synovial membrane (ie, synovitis) or the capsule (ie, capsulitis). It may result 
from local trauma, infection or degeneration, changes in collagen formation, or systemic polyarthritis, such as rheumatoid 
arthritis.26 Among patients with TMDs, about 80% present signs and symptoms of joint disease.27,28 It is noteworthy that 
among the categories for diagnosing TMD, including arthritis, arthralgia and arthrosis, the masticatory muscle pain is the 
most common.1,26,29 Therefore, the knowledge of the underlying pathobiology of TMJ diseases would benefit 
a substantial proportion of patients with TMDs.

TMJ inflammation is often produced in animals’ models through the intra-articular administration of carrageenan 
(CARR), CFA, mustard oil, formalin, or adenosine triphosphate (ATP).30,31 Notably, persistent inflammation in the TMJ 
induced by CFA correlates with anxiety-like behavior and pain responses.32 Although TMD can be evaluated from 
physical and psychological perspectives,13,33 therapies considering these two optics are still not applicable to clinical 
practice because of the lack of direct clinical and experimental evidence. Thus, approaches including this relation 
between persistent orofacial pain and anxiety behavior can contribute to the understanding of the role of TMD in 
emotional responses.

To assess pain in animal models, some tests usually employed to evaluate sensitivity originating in other body regions 
were adapted for the orofacial area. In particular, mechanical sensitivity is frequently assessed by applying a von Frey 
filament to the orofacial region. This procedure involves visual anticipatory cues because the animal’s eyes are 
unshielded. Furthermore, the researcher’s definition of a painful response may be as varied as a head withdrawal 
threshold to freezing which consists of attentive immobility and is also used to evaluate responses of fear and 
anxiety.17 To overcome these limitations and expand knowledge in orofacial pain, our group validated and characterized 
an operant assessment paradigm in rats with both hot30–35 and cold36 stimuli as well mechanical stimuli.37 We also 
evaluated this system using different pain models, including capsaicin-induced neurogenic inflammation,38 carrageenan- 
induced inflammation,33 and menthol-induced sensitization.35,36 For example, capsaicin-induced orofacial pain decreased 
the animals’ tolerance to push mechanical stimulus to achieve the reward, and prior treatment with morphine can alter 
this effect on OPAD.39 Also, through this operant assay, it was evidenced that intracisternal injection of the alpha2- 
adrenoreceptor agonist clonidine produced a dose-dependent increase in the licks, contacts, and reward intake in male 
and ovariectomized females injected with CARR in the TMD region. Interestingly, these parameters were not affected in 
ovariectomized females previously treated with estradiol.40 Another benefit is that this assay can measure pain over 
extended periods (1 to 2 months) without losing sensitivity.41,42
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This study aimed to characterize thermal orofacial sensitivity during the development of TMJ inflammation using this 
operant behavior assay in male and female rats since evidence has suggested a sex difference in the development of pain 
sensitivity.43,44 In addition, we wanted to evaluate the role of TRPV1-expressing neurons in the nociceptive responses of 
rats (male and female) with persistent TMJ inflammation.

Methods
Animal Care
Experiments were performed with hairless male and female Sprague-Dawley rats (Charles River, Raleigh, NC) weighing 
250–300g. Rats were housed in pairs at 22°C and 31% humidity-controlled rooms with a 12-hour light/dark cycle (lights on 
from 6 am-6 pm). Water and standard laboratory chow were available ad libitum when animals were not being tested, and 
animal weights were recorded weekly. The behavioral sessions were performed between 8 am and 12 pm. The experiments 
were carried out in compliance with the Association for Assessment and Accreditation of Laboratory Animal Care and with 
the University of Florida’s Institutional Animal Care and Use Committee (IACUC number approval 201408528).

Operant Orofacial Pain Assessment Device (OPAD)
The methods described by Anderson et al34 were used in this study. Rats were trained on the OPAD (Stoelting, Co., 
Wood Dale, IL) to press their faces into Peltier devices whose temperature could be heated or cooled to aversive 
temperatures. If they performed this task, they received access to a rewarding bottle filled with diluted sweetened 
condensed milk (1:2, milk: water). Food-fasted male and female rats (15 ± 1 hour) were trained until consistent behavior 
was observed at a neutral temperature (32°C). Measures include the number of reward bottle activations (licks), facial 
contact stimuli (face contacts) and lick/face ratio (number of licks divided by the number of facial contacts within 
a session). The lick/face ratio is used as a pain index as the number of licks per facial contact with the stimulus decreases 
when an animal experiences pain, even when the total number of licks remains constant.17 About six sessions (three 
times a week for two weeks) are sufficient to train rats to lick about 2000 licks during an 11-minute session.35 Following 
training, baseline measurements were obtained for three temperatures (21°C, 37°C, and 42°C) within a single session. 
This was accomplished by ramping the temperature several times throughout an 11 min session (Figure 1). The room 
temperature was maintained at 22°C ± 1°C for all behavioral tests. Rats were divided into three treatments: I: PBS, rats 
submitted to PBS intra_TMJ injections (n = 6–9); II: CARR, rats submitted to CARR intra_TMJ injections (n = 4–6); III: 
RTX + CARR, rats submitted to RTX followed 1 week by carrageenan (n = 4–6).

TMJ Administration of the Carrageenan (CARR)
To examine the nociceptive behavior in rats with TMJ inflammation, rodents received CARR administration bilaterally in 
their TMJs one day after training on the OPAD. Briefly, rats were anesthetized by 2.5% isoflurane inhalation followed by 
bilateral intra-articular administration with 50µL of 1% CARR (C1867, Sigma-Aldrich, St. Louis, MO) in phosphate- 
buffered saline solution. Doses of CARR were based in previous studies.33,45 According to studies of Barretto et al,45 

intra-articular injections with 50µL of 1% CARR in rats promoted an inflammatory infiltrate that was mainly centered in 
the retrodiscal region of the TMJ. The PBS group was injected with 50 µL of 0.9% phosphate-buffered saline solution. 
A 30 G ½” needle attached to a 1 mL plastic syringe was used for the injection. The zygomatic arch and the condyle were 

Figure 1 Temperature ramping of the thermode during testing sessions.
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palpated to locate the TMJ for the injection. The needle was inserted immediately below the posteroinferior border of the 
zygomatic arch and advanced anteriorly to contact the edge of the posterolateral condyle.46 The same 11 min ramping 
protocol was repeated during different stages of temporomandibular inflammation. In this way, the nociceptive behavior 
was evaluated 1, 3, 5, 8, and 10 days after CARR administration into TMJ (Figure 2). At the end of the protocol, the rats 
were euthanized by 2.5% isoflurane inhalation followed by decapitation.

Figure 2 Measuring nociception with the OPAD at 21°C, 37°C, and 42°C. (A) Licking contacts (Licks); (B) Facial contacts (Stimulus Contacts) and (C) Lick/Face ratio (L/F) 
during a training session in female (n = 12) and male (n = 12) rats. Data are expressed as the means ± the S.E.M. *P < 0.05 Bonferroni’s test compared to 37°C at the same 
sex. #P < 0.05 Bonferroni’s test compared to female group at the same temperature.
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TMJ Administration of the Resiniferatoxin (RTX)
The methods of Neubert et al17 were adapted for this study. Briefly, bilateral TMJ administration was achieved by 
injection of 50 μL RTX (250 ng, 0.25% Tween-80 in PBS, 0.05% ascorbic acid, kindly provided by Dr. Michael 
Iadarola). For this procedure, the skin overlying the TMJ was disinfected with Betadine. The zygomatic arch and the 
condyle were palpated to locate the TMJ. The needle was inserted immediately below the posteroinferior border of the 
zygomatic arch and advanced anteriorly to contact the edge of the posterolateral condyle.46 RTX was injected slowly by 
a 30 G ½” needle attached to a 1 mL plastic syringe. Rats recovered 1-week before behavioral testing. To evaluate the 
role of TRPV1 expressing neurons on nociceptive behavior in the OPAD in rats with TMJ inflammation, rodents received 
the RTX one day after training on the OPAD, and one week later, they were submitted to CARR bilaterally in the TMJs. 
The same 11 min ramping protocol was repeated during different stages of temporomandibular inflammation. Thus, the 
nociceptive behavior was evaluated 1, 3, 5, 8 and 10 days after CARR administration into TMJ. At the end of the 
experiment, the rats were euthanized by 2.5% isoflurane inhalation followed by decapitation.

Statistical Analysis
Statistical analyses were performed, including Student's t-test, One-way and Two-way repeated measures ANOVAs to 
evaluate the effects of temperature or treatment on the reward licking outcome measure. A general linear model for 
multivariate analysis was used to assess the effects of time and treatment on nociceptive behavior. When significant 
differences were found, post-hoc comparisons were made using Dunnett or Bonferroni’s test. All data in this study 
showed a normal distribution of scores as detected by Shapiro–Wilk and Kolmogorov–Smirnov tests. *P < 0.05 was 
considered significant in all instances.

Results
Rats were trained in the OPAD test at a constant neutral temperature of 37°C, and the number of licks, contacts, and lick/ 
face ratio during the test were evaluated. The lick/face ratio represents an aversive score in the OPAD test.34,35 After 
baseline measurements with the cold/hot ramp as described in the methods (Figure 1), our results show that the number 
of licks is higher at 37°C compared to 21°C and 42°C in both female and male rats (p < 0.05; Figure 2).

Similarly, the lick/face ratio (L/F) is increased at 37°C compared to 21°C and 42°C in both female and male rats (p < 
0.05; Figure 2). Moreover, the number of contacts is higher at 21°C compared to 37°C and 42°C in both female and male 
rats (p < 0.05; Figure 2). Additionally, the number of licks by male rats was lower compared to female rats at 21°C (p < 
0.05; Figure 2); however, this difference was not found at 37°C and 42°C (p > 0.05). Moreover, the number of contacts 
and L/F at all temperatures between female and male rats did not differ (p > 0.05).

The effects of CARR-induced TMJ inflammation on the licks, contacts and aversive score are presented in Figure 3. 
CARR injections intra_TMJ bilaterally led to a reduction in the L/F ratio on Day 5 in females and Day 1 and 10 in males 
at 21°C compared to baseline and their respective PBS groups (p < 0.05).

At 37°C, the number of face contacts was increased on days 1 and 5 in females and days 1 and 3 in males compared 
to baseline and their respective PBS groups (p < 0.05). However, there was a reduction in the L/F ratio on Days 1, 3, 5, 
and 8 in females and Days 1 and 3 in males at 37°C compared to baseline and their respective PBS groups (p < 0.05).

At 42°C, CARR-induced TMJ inflammation decreased the L/F ratio on day 1 in males compared to baseline (p < 0.05).
As shown in Figure 4, the role of TRPV1-expressing neurons in TMJ inflammation was evaluated following the 

administration of RTX into the TMJs. RTX prevented the changes in the number of licks, number of face contacts, and on 
the L/F ratio induced by TMJ treatment with CARR at 21°C, 37°C, and 42°C in male and female rats. Moreover, prior 
RTX increased the number of face contacts on Day 3 in females at 37°C compared to baseline during CARR-induced 
TMJ inflammation.

In addition, RTX promoted a reduction in the L/F ratio on day 10 at 21°C compared to the CARR group, while RTX 
promoted an increase in the L/F ratio on day 5 at 37°C (Figure 5).

The values of Fs and Ps for each data are described in Tables 1–5.
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Figure 3 Effects of Carrageenan (CARR)-induced temporomandibular joint inflammation on orofacial sensibility at cold, neutral, and hot temperatures evaluated by the OPAD test 
(n = 6–9 per group). (A) Experimental design diagram; (B) Licks, (C) Face contact and (D) Lick/Face ratio in females at 21°C; (E) Licks, (F) Face contact and (G) Lick/Face ratio in 
males at 21°C; (H) Licks, (I) Face contact and (J) Lick/Face ratio in females at 37°C; (K) Licks, (L) Face contact and (M) Lick/Face ratio in males at 37°C; (N) Licks, (O) Face contact 
and (P) Lick/Face ratio in females at 42°C; (Q) Licks, (R) Face contact and (S) Lick/Face ratio in males at 42°C in the control period (Baseline) or after phosphate buffered saline 
solution saline (PBS, 0.9%, 50 μL) or carrageenan (CARR, 1% phosphate buffered saline solution, 50 μL) administration into the temporomandibular joint in male and female rats. 
Data are expressed as the means ± the S.E.M. *P < 0.05 Dunnett’s test compared to the respective Baseline. #P < 0.05 Bonferroni’s test compared to the respective PBS group. 
Abbreviations: S.E.M, standard error means; RT, ramping temperature.
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Figure 4 Effects of lesion of TRPV1 receptors on temporomandibular joint inflammation on orofacial sensitivity at cold, neutral and hot temperatures evaluated by the OPAD test (n = 
4–6 per group). (A) Experimental design diagram; (B) Licks, (C) Face contact and (D) Lick/Face ratio in females at 21°C; (E) Licks, (F) Face contact and (G) Lick/Face ratio in males at 
21°C; (H) Licks, (I) Face contact and (J) Lick/Face ratio in females at 37°C; (K) Licks, (L) Face contact and (M) Lick/Face ratio in males at 37°C; (N) Licks, (O) Face contact and (P) Lick/ 
Face ratio in females at 42°C; (Q) Licks, (R) Face contact and (S) Lick/Face ratio in males at 42°C in the control period (Baseline) or after phosphate buffered saline solution saline (PBS, 
0.9%, 50 μL) or after resiniferoxitoxin (RTX, 250 ng, 50 μL) followed 1 week by carrageenan (CARR, 1% phosphate buffered saline solution, 50 μL) administration into the 
temporomandibular joint in male and female rats. Data are expressed as the means ± the S.E.M. *P < 0.05 Dunnett’s test compared to respective Baseline. 
Abbreviations: S.E.M, standard error means; RT, ramping temperature.
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Discussion
The present results show that persistent inflammation in the TMJ- altered orofacial sensitivity as evaluated by the OPAD. 
In particular, intra_TMJ injections of CARR reduced the lick/face contact ratio (L/F) at cold (21°C) and neutral (37°C) 
temperatures in female and male rats. However, at the hot temperature (42°C), persistent inflammation of TMJ promoted 
a reduction in L/F just on Day 1 in male rats. The pre-administration of RTX prevented these effects on male and female 
rats, indicating that TRPV1-expressing neurons were involved in the allodynia and hyperalgesia induced by CARR.

Figure 5 Effects of the RTX on the aversive score in CARR-induced tempomandibular inflammation at cold, neutral and hot temperatures evaluated in the OPAD test (n = 
4–6 per group). (A) Experimental design diagram; (B) Lick/Face ratio in females at 21°C; (C) Lick/Face ratio in males at 21°C; (D) Lick/Face ratio in females at 37°C; (E) 
Lick/Face ratio in males at 37°C; (F) Lick/Face ratio in females at 42°C; (G) Lick/Face ratio in males at 42°C as a percent baseline (% Baseline L/F) for males and females that 
received carrageenan (CARR, 1% PBS, 50 μL) administration into the temporomandibular joint (TMJ) or that received pre-treatment intra-articular (TMJ) resiniferoxitoxin 
(RTX, 250 ng, 50 μL) followed 1 week by CARR. Data are expressed as the means ± the S.E.M. *P < 0.05 Bonferroni’s test compared to the respective to CARR group. 
Abbreviations: S.E.M, standard error means; RT, ramping temperature.
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Table 1 Statistical Analyses of the Pain Measures 
During Training of All Rats at 21°C, 37°C, and 42°C 
in the Orofacial Operant Pain Assessment Device 
(OPAD)

Student’s t-test

Parameter Temperature P value

Licks 21°C 0.0288

Licks 37°C 0.09613

Licks 42°C 0.2876

Contacts 21°C 0.3660

Contacts 37°C 0.1635

Contacts 42°C 0.4542

L/F 21°C 0.8158

L/F 37°C 0.4869

L/F 42°C 0.8158

Abbreviation: L/F, lick/face ratio.

Table 2 Statistical Analyses of the Pain Measures During Training of Female and 
Male Rats at 21°C, 37°C, and 42°C in the Orofacial Operant Pain Assessment 
Device (OPAD)

Two-Way (ANOVA)

Parameter Gender Treatment Interaction

Licks F (1, 66) = 3.58 

p = 0.0629

F (2, 66) = 50.29 

p < 0.0001

F (2, 66) = 1.607 

p = 0.2083

Contacts F (1, 66) = 7.797 

p = 0.1847

F (2. 66) = 18.92 

p < 0.0001

F (2, 66) = 0.3634 

p = 0.6967

L/F F (1, 66) = 0.2712 

p = 0.6043

F (2. 66) = 24.49 

p < 0.0001

F (2, 66) = 0.5127 

p = 0.6012

Abbreviation: L/F, lick/face ratio.

Table 3 Statistical Analyses of the Behavioral Parameters of Rats at 1-, 3-, 5-, 8- and 10-Days Following 
Carrageenan (CARR) or PBS Intra-Temporomandibular Joint Administration

Two-Way (ANOVA)

Parameter Temp. Gender Treatment Time Interaction

Licks 21°C Female F (1,10) = 10.40 
p = 0.0091

F (2.716, 27.16) = 0.2980 
p = 0.8075

F (5, 50) = 1.125 
p = 0.3593

Contacts 21°C Female F (1, 10) = 7.817 
p = 0.0189

F (2.470, 24.70) = 2.535 
p = 0.0897

F (5, 50) = 2.482 
p = 0.0439

L/F 21°C Female F (1, 10) = 9.264 
p = 0.0124

F (2.800, 28.00) = 1.722 
p = 0.1878

F (5, 50) = 1.744 
p = 0.1418

(Continued)
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Moreover, we evidenced that when the stimulus is at an uncomfortable temperature the rats adopt a strategy of many 
short stimulus contacts rather than a few sustained contacts to access the reward solution. Our group have already 
published similar data in a previous study in the OPAD assay.35

It is important to explain that the hyperalgesia phenomenon consists of an increased pain sensation evoked by 
a stimulus that usually causes pain. While allodynia is described when a non-painful stimulus induces pain. In the present 
results, we can suggest that TMJ inflammation promoted thermal hyperalgesia as evidenced by the reduction of the L/F 
ratio at 21°C and 42°C, and mechanical allodynia due to the decrease in L/F at 37°C, considering that 37°C is not 
a noxious stimulus. The involvement of TRPV1 in thermal hyperalgesia associated with inflammatory response has been 
shown in previous reports.47,48 Intrathecal injections of a TRPV1 antagonist suppressed the allodynia and hyperalgesia 

Table 3 (Continued). 

Two-Way (ANOVA)

Parameter Temp. Gender Treatment Time Interaction

Licks 21°C Male F (5, 50) = 1.744 

p = 0.5253

F (3.597, 35.97) = 1.114 

p = 0.3619

F (5, 50) = 0.2435 

p = 0.9411

Contacts 21°C Male F (1, 10) = 12.04 

p = 0.0060

F (2.688, 26.88) = 0.9517 

p = 0.4216

F (5, 50) = 0.7072 

p = 0.6208

L/F 21°C Male F (1, 10) = 9.519 

p = 0.0115

F (3.486, 34.86) = 2.191 

p = 0.0982

F (5, 50) = 3.372 

p = 0.106

Licks 37°C Female F (1, 11) = 1.551 

p = 0.2388

F (3.211, 35.32) = 1.760 

p = 0.1697

F (5, 55) = 1.596 

p = 0.1766

Contacts 37°C Female F (1, 11) = 17.28 

p = 0.0016

F (2.079, 22.87) = 2.798 

p = 0.0801

F (5, 55) = 2.541 

p = 0.0386

L/F 37°C Female F (1, 11) = 18.58 

p = 0.0012

F (2.894, 31.84) = 4.077 

p = 0.0156

F (5, 55) = 3.956 

p = 0.0039

Licks 37°C Male F (1, 13) = 0.5586 

p = 0.4773

F (3.418, 44.44) = 0.1900 

p = 0.9222

F (5, 65) = 0.9145 

p = 0.4681

Contacts 37°C Male F (1, 13) = 13.69 

p = 0.0027

F (3.071, 39.93) = 2.419 

p = 0.0791

F (5, 65) = 2.801 

p = 0.0237

L/F 37°C Male F (1, 13) = 18.71 

p = 0.0008

F (3.812, 49.56) = 0.6767 

p = 0.6045

F (5, 65) = 2.737 

p = 0.0264

Licks 42°C Female F (1, 11) = 0.1440 

p = 0.7166

F (3.649, 40.14) = 0.3802 

p = 0.8048

F (5, 55) = 1.765 

p = 0.1353

Contacts 42°C Female F (1, 11) = 0.5336 

p = 0.4804

F (3.002, 33.02) = 1.274 

p = 0.2995

F (5, 55) = 0.5945 

p = 0.7042

L/F 42°C Female F (1, 11) = 0.2330 

p = 0.6388

F (3.572, 39.30) = 0.8762 

p = 0.4771

F (5, 55) = 0.7141 

p = 0.6155

Licks 42°C Male F (1, 11) = 1.106 

p = 0.3155

F (2.779, 30.56) = 0.4693 

p = 0.6917

F (5, 55) = 1.220 

p = 0.3121

Contacts 42°C Male F (1, 11) = 1.950 

p = 0.1902

F (1.992, 21.91) = 2.100 

p = 0.1466

F (5, 55) = 0.8248 

p = 0.5375

L/F 42°C Male F (1, 11) = 0.2849 

p = 0.6041

F (3.016, 33.18) = 0.9175 

p = 0.4435

F (5, 55) = 1.102 

p = 0.3701

Abbreviation: L/F, lick/face ratio.
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Table 4 Statistical Analyses of the Behavioral Parameters of Rats at 1-, 3-, 5-, 8- and 10-Days Following 
Carrageenan (CARR), Resiniferatoxin (RTX) + CARR or PBS Intra-Temporomandibular Joint Administration

Two-Way (ANOVA)

Parameter Temp. Gender Treatment Time Interaction

Licks 21°C Female F (1, 8) = 6.708 
p = 0.0321

F (3.341, 26.73) = 2.544 
p = 0.0719

F (5, 40) = 1.711 
p = 0.3593

Contacts 21°C Female F (1, 8) = 8.359 
p = 0.0202

F (1.962, 15.69) = 1.259 
p = 0.3104

F (5, 40) = 1.047 
p = 0.0436

L/F 21°C Female F (1, 8) = 10.11 
p = 0.0130

F (2.717, 21.74) = 0.7555 
p = 0.5192

F (5, 40) = 0.3688 
p = 0.8669

Licks 21°C Male F (1, 8) = 0.015 
p = 0.9047

F (2.564, 20.51) = 0.4355 
p = 0.7006

F (5, 40) = 1.257 
p = 0.3011

Contacts 21°C Male F (1, 8) = 43.72 
p = 0.0002

F (1.726, 13.81) = 1.466 
p = 0.2623

F (5, 40) = 1.602 
p = 0.1819

L/F 21°C Male F (1, 8) = 67.82 
p < 0.0001

F (3.486, 34.86) = 2.191 
p = 0.8231

F (5, 50) = 3.372 
p = 0.7551

Licks 37°C Female F (1, 8) = 12.86 
p = 0.0071

F (2.490, 19.92) = 1.299 
p = 0.2997

F (5, 40) = 0.7426 
p = 0.5962

Contacts 37°C Female F (1, 8) = 0.944 
p = 0.3596

F (2.867, 22.94) = 2.444 
p = 0.0921

F (5, 40) = 1.656 
p = 0.1675

L/F 37°C Female F (1, 8) = 0.003 

p = 0.9538

F (2.970, 23.76) = 1.183 

p = 0.3371

F (5, 40) = 1.917 

p = 0.1130

Licks 37°C Male F (1, 8) = 6.544 

p = 0.0337

F (3.627, 29.02) = 1.509 

p = 0.2283

F (5, 40) = 1.533 

p = 0.2015

Contacts 37°C Male F (1, 8) = 1.269 

p = 0.2925

F (2.979, 23.84) = 2.299 

p = 0.1036

F (5, 40) = 1.708 

p = 0.1551

L/F 37°C Male F (1, 8) = 0.270 

p = 0.6173

F (2.161, 17.29) = 1.946 

p = 0.1708

F (5, 40) = 2.792 

p = 0.0296

Licks 42°C Female F (1, 8) = 2.344 

p = 0.1643

F (2.492, 19.93) = 1.347 

p = 0.2861

F (5, 40) = 0.6597 

p = 0.6560

Contacts 42°C Female F (1, 8) = 4.484 

p = 0.0671

F (2.570, 20.56) = 1.004 

p = 0.4011

F (5, 40) = 0.6321 

p = 0.6763

L/F 42°C Female F (1, 8) = 1.766 

p = 0.2205

F (3.567, 28.54) = 0.7160 

p = 0.5731

F (5, 40) = 0.9279 

p = 0.4731

Licks 42°C Male F (1, 8) = 10.15 

p = 0.0129

F (2.977, 23.82) = 0.6491 

p = 0.5901

F (5, 40) = 1.523 

p = 0.2043

Contacts 42°C Male F (1, 8) = 0.046 

p = 0.8353

F (3.081, 24.65) = 0.6879 

p = 0.5717

F (5, 40) = 0.1465 

p = 0.9799

L/F 42°C Male F (1, 8) = 0.516 

p = 0.4929

F (1.912, 15.29) = 0.4764 

p = 0.6216

F (5, 40) = 1.167 

p = 0.3421

Abbreviation: L/F, lick/face ratio.
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induced by intra-plantar injections of CARR.49 Mainly, inflammatory responses can induce enhancement of trigeminal 
and dorsal root ganglia neuronal excitability, resulting in increasing TRPV1 receptor expression.49,50 TRPV1 receptors 
are activated by noxious heat (> 42°C),17 and hyperalgesia and allodynia can result from sensitization of this receptor.51 

In addition, previous reports have demonstrated that CARR, mustard oil, or CFA promoted TRPV1 sensitization.47,48 

Since intra_TMJ injections of CARR mediated an increase in the number of contacts and a reduction of L/F at both cold 
and neutral temperatures, and these effects were prevented by RTX lesions of TRPV1-expressing neurons,17 we can 
hypothesize that the TRPV1-expressing neurons could be sustaining central sensitization which leads to allodynia and 
cold hyperalgesia. Therefore, killing off the TRPV1 neurons prevents central sensitization. Alternatively, the loss of 
TRPV1 primary afferent fibers prevents transmission of these sensory modalities from the face.

Similar to our results, Honda et al52 demonstrated that facial capsaicin injection significantly decreased the head- 
withdrawal reflex threshold to cold stimulation of the lateral facial skin, and this effect was reversed by local injection of 
a TRPV1 antagonist. Indeed, TRPV1 is widely expressed in nociceptive primary sensory neurons of the trigeminal ganglia.53 

Previous studies showed an increased TRPV1 expression associated with the initial stages of force-induced orthodontic pain 
and an increased co-expression of TRPV1/CGRP in the trigeminal neurons. On the other hand, the antagonism of TRPV1 has 
been shown to have an analgesic effect in CARR-, CFA-, capsaicin- or acid-induced inflammatory pain.23,54–57 Our data 
consistently show increased mechanical allodynia in a persistent phase of CARR-induced inflammatory pain and the blocking 
of these effects after RTX treatment, indicating that TRPV1 is sensitized by CARR-induced inflammation.

TRPV1 receptors are found in sensory nerve fibers that innervate the face and mouth, including TMJ.20 There is growing 
evidence that TRPV1 receptors play a significant role in orofacial pain. Indeed, TRPV1 receptors have been found to be 
upregulated during TMD,8,9 and the activation of TRPV1 per se is able to induce pain. For example, TRPV1 activation induced 
by capsaicin injection into the masseter muscle led to acute pain in healthy human subjects evidenced by increase in the 
amplitude of the jaw-stretch reflex.58 While CFA-induced acute pain was reduced by blocking TRPV1 receptors in the masseter 
muscle in mice evaluated in the mouse grimace scale and face wiping behavior tests.59 These results, along with our results, 
suggest that TRPV1 contribute to development and maintenance of TMD. Consistently, Neubert et al60 found that perineural 
RTX injections inhibits CARR-induced inflammatory nociceptive processes in a dose- and time-dependent manner in rats.

Table 5 Statistical Analyses of the Aversive Score of Rats at 1-, 3-, 5-, 8- and 10-Days Following 
Carrageenan (CARR), Resiniferatoxin (RTX) + CARR Intra-Temporomandibular Joint Administration

Two-Way (ANOVA)

Parameter Temp. Gender Treatment Time Interaction

L/F 21°C Female F (1, 8) = 2.382 
p = 0.1613

F (2.298, 18.38) = 0.06467 
p = 0.9546

F (4, 32) = 2.460 
p = 0.0653

L/F 21°C Female F (1, 9) = 18.97 
p = 0.0018

F (2.146, 19.32) = 0.6757 
p = 0.5304

F (4, 36) = 1.422 
p = 0.2464

L/F 21°C Female F (1, 9) = 0.002 
p = 0.9606

F (2.043, 18.39) = 0.6216 
p = 0.5513

F (4, 36) = 0.4962 
p = 0.7386

L/F 21°C Male F (1, 8) = 0.01528 
p = 0.9047

F (2.564, 20.51) = 0.4355 
p = 0.7006

F (5, 40) = 1.257 
p = 0.3011

L/F 21°C Male F (1, 8) = 6.887 
p = 0.0304

F (2.102, 16.82) = 3.260 
p = 0.0616

F (4, 32) = 2.821 
p = 0.0412

L/F 21°C Male F (1, 11) = 1.479 
p = 0.2494

F (4, 44) = 2.513 
p = 0.0551

F (4, 44) = 0.2312 
p = 0.9194

L/F 37°C Female F (1, 8) = 1.502 
p = 0.2552

F (2.150, 17.20) = 0.5970 
p = 0.5730

F (4, 32) = 0.5971 
p = 0.6674

Abbreviation: L/F, lick/face ratio.
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Due to previous studies which showed that hot temperature is more aversive than cold in the OPAD35 and also that intra- 
plantar injections of CARR caused thermal hyperalgesia in mice,61 the lack of a statistically significant effect of CARR on 
nociceptive measures at 42°C was unexpected in this study. Additionally, we show that CARR-induced allodynia at 37°C 
lasted longer in females than males, while males showed greater peak allodynia than females, suggesting that females and 
males have a different form of sensitization during TMJ inflammation. In line with this finding, Tonsfeldt et al62 have 
demonstrated that gamma-aminobutyric acid (GABA) signaling is modulated in the ventrolateral periaqueductal gray 
(PAG) by persistent inflammation differently in female and male rats. The ventrolateral PAG and its descending circuit are 
sexually dimorphic, providing a substrate for the differential responses to pain and opioid analgesia observed in males and 
females.63 In addition, females and males can also differ in response to drug treatments and pain models. Notably, the report 
demonstrated that male mice could utilize 5-hydroxytryptamine (5-HT) and noradrenaline to decrease nociceptive 
responses when treated with agents that alter these neurotransmitter systems, while female mice cannot.

On the other hand, in rats without TMJ inflammation, we did not observe a difference in the aversive score (L/F) 
when comparing male and female rats. However, a previous report has shown that female rats are more sensitivity to cold 
stimulation than male rats.62

Considering that TMD involve pain upon palpation of the TMJ and/or masticatory muscles, mechanical stimuli is an 
important parameter in the translation of the TMD symptomatology in humans to the animal models. Here, the metal 
tubing of the thermode in the OPAD was positioned in a way that it was in contact with trigeminal nerve dermatomes 
(maxillary or mandibular) and, at least in part, masseter muscle.38,63,64 However, due to orofacial pain assessment used 
here, our results have thermal stimulation influence, not mechanical, as widely discussed in previous studies.38 In this 
way, our findings corroborated clinical studies that showed that TMD patients have a reduced pain threshold and 
tolerance to thermal stimuli.65–68 Despite that, further studies involving the joint mechanical sensitivity are needed to 
explore the advantages of using OPAD to evaluate both CARR-induced allodynia and hyperalgesia.

In conclusion, we showed that persistent inflammation of the TMJ induces allodynia and hyperalgesia effects in male 
and female rats using an operant orofacial pain assessment device. Moreover, prior RTX in the TMJ prevented these 
effects, suggesting that TRPV1-expressing neurons were involved in the allodynia and hyperalgesia during CARR- 
induced TMJ inflammation.

Abbreviations
5-HT, 5-hydroxytryptamine; ATP, adenosine triphosphate; CARR, carrageenan; CFA, Complete Freund’s adjuvant; 
GABA, gamma aminobutyric acid; L/F, lick/face ratio; OPAD, operant orofacial pain assessment device; PAG, peria-
queductal gray; RTX, resiniferatoxin; TMD, temporomandibular disorder; TMJ, temporomandibular joint; TRPV1, 
transient receptor potential vanilloid 1.
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