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ABSTRACT 

 

Temporomandibular disorder (TMD) is a collective term embracing a 

number of clinical problems that involve the masticatory muscles, and the 

temporomandibular joint (TMJ), commonly associated with inflammation. Despite 

anti-inflammatory drugs (NSAIDs) are frequently used in the control of 

inflammatory pain, it is well known that inflammatory pain has a sympathetic 

component that might predominate in the cases less responsive to NSAIDs 

treatments. Therefore, the aims of this study were: (i) to evaluate whether gonadal 

hormones modulate the antinociceptive responsiveness to the blockade of β-

adrenoreceptors (ARs) in the TMJ of rats, (ii) to evaluate whether one and three 

days of treatment with the nonselective β1 and β2-AR antagonist nadolol would 

reduce clinical pain symptoms in TMD patients significantly more than placebo, (iii) 

to evaluate whether women would experience relatively greater benefit from 

nadolol than men depending on their hormonal status, and (iv) compared the effect 

of nadolol with the effect of ibuprofen. The first aim was developed in male and 

female rats, intact or gonadectomized (with or without hormone replacement), by 

coadministration of formalin and specific antagonist for β1, β2 and β3-ARs in the 

TMJ region. The nocieptive behavior was quantified and used for estatistical 

analysis. For the second aim Nadolol (40 mg/day), ibuprofen (400 mg/day) or 

placebo was administred in 27 women not using oral contraceptive (OC), 28 

women using OC, and 29 men which met the Research Diagnostic Criteria for 

TMD. They completed a randomized, crossover, double–blind, placebo controlled 

study. Women participated for three months (during menstrual phase and during 

peri-ovulatory phase in women not using OC, and during menstrual phase and 

during OC using phase in women using OC) in a total of 6 stages of analysis (2 per 

month), and men participated for one month whith three stages of analysis and 6 

days of wash out. Each stage consisted of a baseline evaluation and two 

evaluations during treatment, one on the first and the other on the third day of 

treatment. Clinical pain ratings were obtained by Visual Analog Scale (VAS) and 

comparisons were made across the pre-treatment (baseline), the first and the third 
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day of intervention (post-treatment). Blockade of β-ARs significantly reduce the 

TMJ nociception in male and female rats, but females are more responsive. The 

gonadal hormones reduce the responsiveness to the blockade of β-ARs in the TMJ 

of males and females rats.  In the human study one and three days of treatment 

with nadolol or ibuprofen produces analgesia in TMD women and men significantly 

more than placebo, but women are more responsive independent of their hormonal 

status. In summary, these data demonstrate that gonadal hormones can modulate 

the analgesic effect of β-ARs blockers depending on the gonadal hormones serum 

levels, on the β-ARs activated subtype and on the dose of drug administred. The 

greater treatment efficacy in women is of clinical relevance since TMD is more 

prevalent and severe in women than in men. 

 

Key Words: Temporomandibular Joint Disorders. Nociception. Pain. Analgesia. 

Beta Adrenergic Receptors. Adrenergic beta-Antagonists. 

! !



! ix

RESUMO 

 

Disfunção temporomandibular (DTM) é um termo coletivo que abrange uma 

série de problemas clínicos que envolvem os músculos mastigatórios e a 

articulação temporomandibular (ATM) e está comumente associada à inflamação. 

Apesar de medicamentos anti-inflamatórios não esteróides (AINEs) serem 

frequentemente utilizados no controle de dor inflamatória, sabe-se que a dor 

inflamatória possui um componente simpático que pode predominar em casos 

menos responsivos a tratamentos com AINEs. Portanto, os objetivos deste estudo 

foram: (i) avaliar se os hormônios gonadais modulam a resposta antinociceptiva ao 

bloqueio dos β-adrenoreceptores (ARs) na ATM de ratos, (ii) avaliar se um e três 

dias de tratamento com o β-bloqueador não seletivo para AR β1 e β2 nadolol 

reduzem a dor em pacientes com DTM significativamente mais do que o placebo, 

(iii) avaliar se as mulheres experimentam relativamente maior benefício com o 

tratamento com nadolol que os homens dependendo do seu estado hormonal, e 

(iv ) comparar o efeito do nadolol com o efeito do ibuprofeno. O primeiro objetivo 

foi desenvolvido em ratos machos e fêmeas, intactos ou gonadectomizados (com 

ou sem reposição hormonal) através da coadministração de formalina e 

antagonista específico para AR β1, β2 e β3 na região da ATM. O comportamento 

nocieptive foi quantificado e utilizado para a análise estatística. Para o segundo 

objetivo Nadolol (40 mg/dia), ibuprofeno (400 mg/dia) ou placebo foi administrado 

em 27 mulheres que não usam contraceptivo oral (CO), 28 mulheres usando CO e 

29 homens, que estavam de acordo com os Critérios Diagnósticos para Pesquisa 

(Research Diagnostic Chriteria) para DTM. Eles completaram um estudo cruzado, 

aleatorizado, duplo-cego e com controle placebo. As mulheres participaram 

durante três meses (durante a fase menstrual e durante a fase peri-ovulatória em 

mulheres que não usam CO, e durante a fase menstrual e durante a fase de uso 

do CO em mulheres usando CO), em um total de 6 etapas de análise ( 2 por mês), 

e homens participaram durante um mês com três etapas de análise com um 

período de 6 dias entre cada etapa. Cada etapa consistiu de uma avaliação de 

basal e duas avaliações durante o tratamento, uma no primeiro e o outra no 



! x!

terceiro dia de tratamento. A dor foi avaliada por meio da utilização da escala 

visual analógica (VAS) e as comparações foram feitas através do pré-tratamento 

(basal), o primeiro e o terceiro dia de intervenção (pós-tratamento). O bloqueio dos 

ARs β reduz significativamente a nocicepção da ATM em ratos machos e fêmeas, 

mas as fêmeas são mais sensíveis. Os hormônios gonadais reduziram a resposta 

ao bloqueio de ARs β na ATM de machos e fêmeas. No estudo em humanos um e 

três dias de tratamento com nadolol ou ibuprofeno produz uma analgesia em 

mulheres e homens significativamente maior que placebo, mas as mulheres são 

mais sensíveis independente do estado hormonal. Em resumo, estes dados 

demonstram que os hormonios sexuais podem modular o efeito analgésico de 

bloqueadores de ARs β dependendo dos níveis séricos dos hormonios gonadais, 

do subtipo de ARs β ativado e da dose de droga administrada. A maior eficácia no 

tratamento da dor em mulheres é clinicamente relevante uma vez que a DTM é 

mais prevalente e mais severa em mulheres do que em homens. 

 

Palavras-chave: Transtornos da Articulação Temporomandibular. Nocicepção. 

Dor. Analgesia. Receptores Adrenérgicos Beta. Antagonistas Adrenérgicos Beta. 
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INTRODUÇÃO 

Disfunção temporomandibular (DTM) é um termo coletivo que abrange uma 

série de problemas clínicos que envolvem os músculos mastigatórios, a 

articulação temporomandibular (ATM) e estruturas associadas (Winocur et al., 

2003). Afetam mais de 12% da população (Von Korff et al., 1988; Dworkin et al., 

1990; Carlsson, 1999, Bender, 2014), com maior prevalência, severidade e 

duração no sexo feminino (Riley and Gilbert, 2001). Essas condições resultam 

principalmente de trauma agudo, desarranjo interno ou artrites, e são comumente 

associadas à inflamação aguda ou crônica (Alstergren and Kopp, 2000; Suzuki et 

al., 2003). 

A inflamação da ATM promove a sensibilização de nociceptores periféricos 

desta região (Raja et al., 1988; Alstergren and Kopp, 2000; Nordahl et al., 2000; 

Kopp, 2001; Oliveira et al., 2005) e de neurônios nociceptivos centrais do 

complexo sensório-nuclear trigeminal do tronco encefálico (Iwata et al., 1999; 

Sessle, 2000; Dubner and Ren, 2004). Tanto a sensibilização periférica como a 

central são caracterizadas por aumento da excitabilidade da membrana neuronal 

causada por mediadores inflamatórios liberados no local da lesão (Alstergren and 

Kopp, 2000; Kopp, 2001; Suzuki et al., 2003) e por neuropeptídeos e aminoácidos 

excitatórios liberados no complexo sensório-nuclear trigeminal do tronco 

encefálico, respectivamente (Bereiter and Benetti, 1996; Yu et al., 1996; Bakke et 

al., 1998; Cairns et al., 2001). Nessas condições, o limiar nociceptivo diminui 

resultando em alodínia, ou seja, dor desencadeada pela aplicação de um estímulo 

não doloroso (Alstergren and Kopp, 2000) e hiperalgesia, ou seja, um aumento da 

dor já instalada em resposta à aplicação de um estímulo doloroso (De Laat et al., 

1998). Alguns dos mediadores inflamatórios liberados no local da lesão que 

contribuem para a alodínia e hiperalgesia, incluindo as prostaglandinas E2, estão 

presentes em alta concentração no fluido sinovial de pacientes que apresentam 

dor na ATM (Kopp, 2001). 

Drogas antiinflamatórias não esteroidais (AINEs) são freqüentemente 

utilizadas no controle de dores inflamatórias (Dionne, 1997; List et al., 2003; Ta 
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and Dionne, 2004). A ação analgésica dessas drogas resulta do bloqueio da 

síntese das prostaglandinas, prevenindo assim a sensibilização periférica dos 

nociceptores (Ferreira, 1972; Ferreira, 2002). No entanto, muitos pacientes podem 

apresentar intolerância ao tratamento prolongado com AINEs e nem todos os 

pacientes com dor inflamatória na ATM respondem aos efeitos de tais 

medicamentos (Ta and Dionne, 2004).  

Sabe-se que a dor inflamatória possui um componente simpático (Levine et 

al., 1986; Nakamura and Ferreira, 1987) que pode predominar em casos com 

menor sensibilidade aos AINEs. Há alguns anos nosso laboratório tem se 

dedicado ao estudo do envolvimento dos β-adrenoreceptores (AR) na hiperalgesia 

da ATM. Por exemplo, demonstramos que as aminas simpatomiméticas são 

liberadas no local da lesão articular onde contribuem com o desenvolvimento de 

hiperalgesia na ATM de ratos através da ativação de AR β2 localizados nessa 

região, mas não de AR β1 (Rodrigues et al., 2006). Em outro trabalho 

demonstramos que durante a inflamação na ATM de ratos a ativação de AR β2, 

mas não de AR β1, localizados na região da ATM, induz a sensibilização 

necessária para ocorrência de dor pelo fator de crescimento neural (Pelegrini-da-

Silva et al., 2008). 

Estes resultados estão de acordo com dados publicados previamente 

(Nackley et al., 2007) que demonstram que a inibição da enzima catecol-o-metil-

transferase (COMT), que metaboliza as catecolaminas, induz hiperalgesia 

mecânica e térmica na pata de ratos semelhante à induzida pela administração do 

agente inflamatório carragenina. Esse efeito induzido pela inibição da COMT foi 

bloqueado pela administração conjunta de antagonista de AR β2 e AR β3, mas não 

de AR β1. Esses dados, juntamente com dados previamente publicados (Khasar et 

al., 1999a; 1999b; Aley et al., 2001) indicam o envolvimento de AR β2 em estados 

hiperalgésicos e demonstram pela primeira vez a participação dos AR β3 na 

hiperalgesia. 

Em seguida, demonstramos que o bloqueio do AR  β1, β2 e β3 na ATM de 

ratos reduz significativamente a nocicepção induzida por formalina na ATM de 
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maneira dependente da dose (Fávaro-Moreira et al., 2012). Corroborando com 

estes resultados estudos recentes demonstraram que de fato mulheres com DTM 

e fibromialgia frequentemente apresentam atividade β-adrenérgica desregulada o 

que contribui para a severidade clínica da dor. Neste estudo, o número de sítios 

dolorosos espalhados pelo corpo e a dor clínica de maneira geral diminuíram 

significativamente depois do tratamento intravenso com β-bloqueador propranolol 

indicando a participação dos AR β1 e/ou β2 na dor clínica em geral (Light et al., 

2009). Mais especificamente com relação às DTMs outro estudo demonstra que 

ocorre uma redução na intensidade da dor relacionada à ATM em mulheres 

durante o tratamento com propranolol (Tchivileva et al., 2010). 

Clinicamente, a utilização de β-bloqueadores no tratamento da dor na ATM 

é um alvo em potencial, uma vez que a ATM possui rica inervação simpática 

(Widenfalk and Wiberg, 1990; Yoshino et al., 1998; Kido et al., 2001), e a 

modulação da dor por esta via iria contribuir para o tratamento de pacientes que 

apresentam dor inflamatória nessa região e que não respondem bem ao uso dos 

AINEs (Ta and Dionne, 2004).  

Os β-bloqueadores já são vastamente utilizados no tratamento da 

enxaqueca sendo que esta condição e a dor da ATM apresentam algumas 

características em comum. Por exemplo, tanto a enxaqueca (O'Brien et al., 1994; 

Stewart et al., 1994; Rasmussen, 1995) quanto à dor da ATM (Dworkin et al., 1990; 

LeResche, 1997) apresentam maior prevalência, severidade e duração em 

mulheres, durante o período reprodutivo (Stewart et al., 1992), o que sugere que 

essas duas condições dolorosas são moduladas por fatores hormonais. Ainda, 

estudos sugerem que variações dos níveis dos hormônios sexuais associados ao 

ciclo menstrual podem modular a percepção dolorosa (Hapidou and Rollman, 1998; 

Riley et al., 1999).  

Nesse aspecto, curiosamente a literatura vem sugerindo que, apesar de 

apresentar uma maior sensibilidade dolorosa (Martinez-Gomez et al., 1994; 

LeResche, 1997), o gênero feminino parece ser mais sensível aos efeitos 

analgésicos e colaterais decorrentes da administração sistêmica de medicamentos 
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analgésicos. Por exemplo, tem sido demonstrado que a administração sistêmica 

de drogas colinérgicas (Chiari et al., 1999; Lhomme et al., 1999), canabinóides 

(Tseng and Craft, 2001) ou nicotínicas (Craft and Milholland, 1998) é mais eficaz 

na redução da resposta nociceptiva induzida experimentalmente em fêmeas. 

Resultados semelhantes têm sido observados após o uso sistêmico de opióides. 

Em animais experimentais, os agonistas dos receptores opióides ĸ induzem um 

efeito antinociceptivo significativamente maior em fêmeas quando comparadas 

com machos (Binder et al., 2000; Tershner et al., 2000). Similarmente, em 

humanos, a administração sistêmica de morfina (Larijani et al., 2004), ou de 

agonistas seletivos para os receptores opióides ĸ (Gear et al., 1996a; Gear et al., 

1996b) ou µ (Gordon et al., 1995), tem proporcionado uma maior analgesia pós-

operatória no sexo feminino.  

Com relação à dor na ATM, dados obtidos em nosso laboratório (Clemente 

et al., 2004) demonstram que fêmeas são mais sensíveis ao efeito antinociceptivo 

desencadeado pela administração local do agonista do receptor opióide ĸ, quando 

comparadas com machos. No entanto, se existe um dimorfismo sexual atuando 

sobre o efeito antinociceptivo de antagonistas seletivos de AR β1, β2 e β3, este  

ainda permanece desconhecido.  

 Se as diferenças hormonais endógenas entre os gêneros parecem ter um 

papel importante na modulação da dor associada à DTM e à enxaqueca, presume-

se então que hormônios reprodutivos exógenos (por exemplo, contraceptivos orais) 

também possam modular estas condições. A influência dos hormônios exógenos 

especificamente com relação à dor na ATM ainda é contraditória na literatura. Por 

um lado alguns estudos demonstram que o uso de CO parece estar associado ao 

desenvolvimento da DTM, levando à um aumento no número de casos em 

tratamento para dor relacionada à DTM (Abubaker, 1992; LeResche, 1997). No 

entanto, existem estudos demonstrando um baixo uso de CO em mulheres com 

DTM quando comparadas ao grupo controle (Marbach et al., 1988). 

 Portanto, é possível que o efeito dos β-bloqueadores no tratamento da dor 

da ATM também seja influenciado por variações hormonais endógenas ou 
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exógenas, além de apresentar um possível dimorfismo sexual, sugerindo que 

doses dos medicamentos β-bloqueadores talvez devam ser diferenciadas entre 

homens e mulheres, e entre mulheres em diferentes status hormonal, para 

obtenção do efeito analgésico mais eficiente entre os sexos. 

 Assim, os objetivos deste trabalho foram: 

1 - Demonstrar a participação do componente simpático (β-AR) na 

modulação da nocicepção/dor na região da ATM  de ratos e humanos; 

2 - Verificar a presença de dimorfismo sexual no efeito do bloqueio dos β-

AR na ATM; 

3 - Verificar se os hormônios gonadais modulam o efeito do bloqueio dos β-

AR na ATM. 
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Abstract 

Background: We have previously demonstrated that blockade of β-

adrenoreceptors (-AR) located in the temporomandibular joint (TMJ) of rats 

suppresses formalin-induced TMJ nociceptive behavior in both males and females, 

but females are more responsive. In this study we investigated whether gonadal 

hormones modulate the antinociceptive responsiveness to the blockade of β-AR in 

the TMJ of rats. Methods: Co-administration of each of the selective β1 (Atenolol), 

β2 (ICI 118.551) and β3 (SR59230A) -AR antagonists with equinociceptive 

concentrations of formalin in the TMJ of intact, gonadectomized and hormone-

treated gonadectomized male and female rats. Results: Atenolol, ICI 118.551 and 

SR59230A significantly reduced formalin-induced TMJ nociception in a dose 

response fashion in all groups tested. However, a lower dose of each β-AR 

antagonist was sufficient to significantly reduce nociceptive responses in 

gonadectomized but not in intact and testosterone-treated gonadectomized male 

rats. In the female groups a lower dose of β1-AR antagonist was sufficient to 

significantly reduce nociceptive responses in gonadectomized but not in intact or 

gonadectomized rats treated with progesterone or a high dose of estradiol; a lower 

dose of β2-AR antagonist was sufficient to significantly reduce nociceptive 

responses in gonadectomized but not in intact and gonadectomized rats treated 

with low or high dose estradiol. Conclusion: Gonadal hormones may reduce the 

responsiveness to the blockade of β-AR in the TMJ of male and female rats. 

Therefore, lower doses of β-blockers may be required to reduce TMJ pain in 

women of reproductive age during phases of low levels of gonadal hormones and 

in women at menopause. 
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Introduction  

Temporomandibular disorder (TMD) is a common pain condition of the 

temporomandibular joint (TMJ) and/or associated muscles (Von Korff et al., 1988; 

Dworkin et al., 1990; Carlsson, 1999). TMD pain has an important sympathetic 

component (Rodrigues et al., 2006; Pelegrini-da-Silva et al., 2008; Light et al., 

2009; Tchivileva et al., 2010; Fávaro-Moreira et al., 2012) that may predominate in 

pain less sensitive to the analgesic effect of non-steroidal anti-inflammatory drugs 

(NSAID).  

The TMJ receives rich sympathetic innervations arising from cells of the 

superior cervical ganglion (Widenfalk and Wiberg, 1990; Yoshino et al., 1998; Kido 

et al., 2001) that may release sympathetic amines.  Sympathetic amines released 

in the TMJ region contribute to TMJ pain (Rodrigues et al., 2006; Fávaro-Moreira et 

al., 2012) through the activation of β-adrenoreceptors (β-AR) located into the TMJ 

region. For example, local blockade of β1, β2 or β3-AR significantly reduces formalin-

induced TMJ nociception (Fávaro-Moreira et al., 2012), and local blockade of β2-

AR significantly reduces carrageenan-induced hyperalgesia (Rodrigues et al., 2006) 

and nerve growth factor-induced nociception during TMJ inflammation (Pelegrini-

da-Silva et al., 2008). 

TMJ pain is significantly more prevalent in women than in men and 

represents 80% of the treated cases (Dworkin et al., 1990). We have recently 

demonstrated that blockade of β-AR in the TMJ suppresses formalin-induced TMJ 

nociceptive behavior in both males and females, but females are more responsive, 

suggesting that the use of β-blockers in the treatment of TMJ pain might be of 

benefit, especially in females. However, it is not known whether gonadal hormones 

modulate the antinociceptive effect induced by the blockade of β-AR in the TMJ, 

although they can modulate TMJ analgesia such as kappa-mediated TMJ 

antinociception (Clemente et al., 2009). Therefore, the aim of this study was to 
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determine whether gonadal hormones modulate the antinociceptive 

responsiveness to the blockade of β1, β2 or β3-AR in the TMJ of rats. 

  

Methods 

Animals 

 This study was carried out in males  and females Wistar rats (200-250g) 

housed in a temperature-controlled room (23±1°C) on a 12:12 light cycle (lights on 

at 6:00 A.M.) with food and water available ad libitum. Animals were handled at 

least 1 week prior to the experiments, which were approved by the Committee on 

Animal Research of the University of Campinas (protocols number: 2014-1 and 

2015-1) and conformed to IASP guidelines for the study of pain in animals 

(Zimmermann, 1983). Each rat was used only once. 

 

Estrous phase determination 

 Estrous phase was determined by daily microscope examination of vaginal 

smears between 7 and 8 a.m. On the day of the experiment, estrous phase was 

confirmed before and immediately after each experiment to ensure that the rats 

remained in the same phase. The proestrus phase and the initial phase of diestrus 

(first 4 h) were identified by the predominance (>70%) of nucleated epithelial cells 

and leukocytes, respectively (Butcher et al., 1974) in rats with at least two 

consecutive regular 4-5 day cycles. These phases were chosen because they 

represent phases of high and low levels of ovarian hormones, respectively (Fischer 

et al., 2008). 

 

Gonadectomy 

Male and females rats (21 days old) were anesthetized with an 

intramuscular injection of a mixture of ketamine (55 mg/Kg) and xylazine (5.5 

mg/kg). Ovariectomy (OVX) was achieved via bilateral flank incisions (Green et al., 

1999). The ovarian bundles were ligated with silk sutures and removed, followed 

by the fascia and the skin separated suture (Green et al., 1999). Orchiectomy 
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(ORX) was achieved through a single scrotal incision; the testes were ligated with 

silk suture and removed followed by the skin suture.  

The efficacy of ovariectomy was assessed by the absence of an estrous 

cycle verified by observation of vaginal smears for 10 days and by post-mortem 

examination of uterine atrophy in animals that did not received hormones. The 

efficacy of orchiectomy was verified by post-mortem examination of prostate and 

seminal vesicles which were atrophied in orchidectomized animals that did not 

received testosterone. The animals were used in experiments when they weighed 

200-300g (Green et al., 1999). 

 

Hormone treatment 

When gonadectomized rats reached the required weight for experiments, 

they received gonadal steroid hormone through daily subcutaneous injection. 

Hormones were purchased from Sigma Chemicals, St. Louis, MO, USA, and 

dissolved in propylene glycol. Control groups received injections of propyleneglycol 

only. 

Testosterone (ORX+T): ORX male rats were subcutaneously injected with 

testosterone propionate (100 µg/100 g) for 3 days and the experiment was 

performed on day 4 (Campos et al., 2003; Fischer et al., 2007). 

Estradiol (OVX+LE2 and OVX+HE2): two protocols of 17β-estradiol-3-

benzoate treatment were used as previously described (Okamoto et al., 2013). 

OVX female rats were subcutaneously injected with low (OVX+LE2, 3 µg/Kg/day) 

or high (OVX+HE2, 30 µg/Kg/day) doses of 17β-estradiol-3-benzoate for 3 days, 

and the experiment was performed on day 4.  

Progesterone (OVX+P): OVX female rats were subcutaneously injected with 

a first dose of Progesterone (700 µg/250 g) followed 7 hours later by a second 

dose (350 µg/250 g) and the experiment was performed immediatly after the last 

injection (Kramer and Bellinger, 2009). 

 

Drugs and doses 
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Formalin solutions were prepared from commercially available stock 

formalin (an aqueous solution of 37% of formaldehyde) further diluted in 0.9% NaCl 

(saline) to concentrations of 1.0 or 1.5%. Equi-nociceptive concentrations of 

formalin were used to compare β-blockers-mediated effects among groups. 1.0% 

formalin was used in diestrus, OVX and OVX+LE2 females and 1.5% in proestrus, 

OVX+HE2 and OVX+P females and in intact, ORX and ORX+T males. Equi-

nociceptive concentrations of formalin were previously described (Clemente et al., 

2004; Fisher et al., 2007; Clemente et al., 2009; Fávaro-Moreira et al., 2012) and 

confirmed in the present study. 

 Drugs used were atenolol ((RS)-4-[2-hydroxy-3-[(1methylethyl) amino] 

propoxy] benzeneacetamide), a selective β1-AR antagonist (doses: 2, 6, 18, 54 and 

162 µg/15 µL) (Rodrigues et al., 2006); ICI 118.551 ((±)-1-[2,3-(dihydro-7-methyl-

1H-inden-4-y) oxy]-3-[(1-methylethyl) amino]-2- butanol hydrochloride), a selective 

β2-AR antagonist (doses: 0.1, 0.3 and  0.9 µg/15 µL) (Rodrigues et al., 2006) and 

SR59230A hydrochloride 1-(2-Ethylphenoxy)-3-[[(1S)-1,2,3,4-tetrahydro-

1naphthalenyl]amino]-(2S)-2-propanol hydrochloride, a selective β3-AR antagonist 

(doses: 0.1, 0.5, 1.5, 4.5 and 13.5 µg/15 µL) (Nackley et al., 2007). SR59230A 

hydrochloride was dissolved in dimethylsulfoxide (DMSO) and diluted in sterile 

0.9% saline (1:4). All other drugs were dissolved in sterile saline (0.9% NaCl). 

SR59230A was obtained from Tocris Bioscience (Ellisville, MO) and all other drugs 

were obtained from Sigma–Aldrich (MO, USA). 

 

TMJ Injections 

Animals were briefly anesthetized by inhalation of isoflurane prior to the TMJ 

injection, which was performed with a 30-gauge needle connected to a 50 µl 

Hamilton syringe (Roveroni et al., 2001). Injection volumes were 15 µl per drug in 

all cases. Each animal regained consciousness approximately 30 s after 

discontinuing the anesthetic and was returned to the test chamber for counting 

nociceptive responses during the 45- min observation period. 
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Testing procedure for TMJ pain 

 Testing sessions took place during the light phase in a quiet room 

maintained at 23ºC (Rosland, 1991). Prior to the experiments, each animal was 

placed in the test chamber (30 cm x 30 cm x 30 cm mirror-wood chamber with a 

glass at the front side) for a 15-min habituation period. The nociceptive response 

was assessed by an observer blinded to the experimental manipulation. After the 

TMJ injection, the animal was returned to the test chamber for counting two types 

of nociceptive behavior, rubbing the orofacial region asymmetrically with the 

ipsilateral fore or hind paw and flinching the head in an intermittent and reflexive 

way characterized by high frequency shakes of the head. These behaviors were 

quantified in blocks of 5 minutes for 45 minutes. For each block of 5 min, the 

behavior characterized by rubbing the orofacial region was quantified by a 

chronometer that recorded the amount of time that the animal exhibited it and the 

behavior characterized by flinching the head was quantified by a hand tally counter 

that recorded its occurrence. Considering that the flinching head behavior followed 

a uniform pattern of 1 second in duration, each flinching was expressed as 1 s. The 

TMJ formalin nociceptive behaviors (flinching and rubbing) were summed and 

expressed in seconds as previously described (Roveroni et al., 2001). 

After the conclusion of each experiment, animals were anesthetized with an 

intraperitoneal injection of a mixture of urethane (1 g/Kg) and α-chloralose (50 

mg/Kg). Evans blue dye (0.1 %, 5 mg/Kg) was then intravenously administred in 

order to visualize formalin-induced plasma extravasation upon postmortem 

examination of the injected TMJs. This procedure also allowed confirmation that 

the plasma extravasation induced by the TMJ injection at the correct site was 

restricted to the immediate TMJ region. 

  

Statistical analysis 

 The nociceptive behavior score, wich was obtained by summing the flinching 

and rubbing behaviors recorded during the entire duration of the experiment was 

used in statistical analysis. A One-way analysis of variance (ANOVA), as 
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appropriate, was used to determine if there were significant differences in 

nociceptive responses among the groups. Tukey post hoc tests were employed to 

determine the basis of significant differences. A t-test analysis was used to 

determine if there were significant differences in nociceptive responses between 

control groups, that is, the groups receiving 0.9 % NaCl alone and the groups 

receiving the antagonists plus formalin vehicle. A probability level of p less than 

0.05 was considered to indicate statistical significance. The data are plotted in 

figures as the mean±S.E.M.. 

 

Results 

Effect of formalin on intact, gonadectomized and hormone-treated 

gonadectomized rats. 

 The nociceptive responses of diestrus, OVX and OVX+LE2 females 

administred 1.0 % formalin were not significantly different from those of intact, ORX 

or ORX+T males and proestrus, OVX+HE2 or OVX+P females administred 1.5 % 

formalin into the TMJ region  (Fig. 1, p>0.05, One-way Anova and post hoc Tukey 

test). Therefore, these equinociceptive concentrations of TMJ formalin were used 

in the respective groups in subsequent experiments. 
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Figure 1 

 

Fig. 1 – Effect of formalin on intact, gonadectomized and hormone-treated 

gonadectomized male and female rats. 

The TMJ administration of 1.0 % formalin in diestrus, OVX and OVX+LE2 

females and of 1.5 % formalin  in proestrus, OVX+HE2 and OVX+P females and 

intact, ORX and ORX+T males induced nociceptive responses similar to each 

other. The number of rats used is between parentheses (p>0.05, ANOVA post hoc 

Tukey test). 

 

Effect of testosterone on the antinociceptive response to the blockade of β-

AR in the TMJ of male rats. 

 Co-administration of the selective antagonist for β1 (Atenolol, Fig. 2), β2 (ICI 

118.551, Fig. 3) or β3 (SR59230A, Fig. 4) -AR with 1.5 % formalin into the TMJ 

significantly reduced formalin-induced nociception in intact males (Fig. 2a, 3a and 
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4a), ORX males (Fig. 2b, 3b and 4b) and ORX+T males (Fig. 2c, 3c and 4c) in a 

dose related fashion (p<0.05, Tukey test).  

The lowest dose of Atenolol (6 µg, Fig. 2), ICI 118.551 (0.1 µg, Fig. 3) and 

SR59230A (0.1 µg, Fig. 4) significantly reduced (p<0.05, One-way Anova and post 

hoc Tukey test) nociceptive responses in the ORX groups (Fig. 2.b, 3b and 4b) but 

not in the intact (Fig. 2a, 3a and 4a) and ORX+T groups (Fig. 2c, 3c and 4c).  

The highest dose of each one of these antagonists did not affect formalin-

induced nociception when applied to the contralateral TMJ (Fig. 2, 3 and 4, 

penultimate bar, p>0.05, t test), confirming their local action. Co-administration of 

the highest dose of each antagonist with 0.9 % NaCl had no effect by itself, as the 

response was similar to that induced by the TMJ injection of 0.9 % NaCl plus 

vehicle (Fig. 2, 3 and 4, last bar, p>0.05, t test).  

Taken together these findings indicate that TMJ formalin-induced 

nociceptive responses are significantly less responsive to β1, β2 and β3-AR 

antagonists in the presence of testosterone. 
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Figure 2 
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2C 

 

Fig.2 – Effect of testosterone on the antinociceptive response to the blockade of 

β1-AR in the TMJ of male rats. 

Co-administration of the selective antagonist for β1-AR Atenolol with 1.5 % 

formalin into the TMJ significantly reduced formalin-induced nociception in intact 

males (Fig. 2a), ORX males (Fig. 2b) and ORX+T males (Fig. 2c)  in a dose-related 

fashion. The lowest dose of Atenolol (6 µg) significantly reduced nociceptive 

responses in the ORX group (Fig. 2b) but not in the intact (Fig. 2a) and ORX+T 

(Fig. 2c) rats. The highest dose of the antagonist did not affect formalin-induced 

nociception when applied to the contralateral TMJ. Co-administration of the highest 

dose of the antagonist with 0.9 % NaCl had no effect by itself, as the response was 

similar to that induced by the TMJ injection of 0.9 % NaCl. The symbol "*" indicates 

a response significantly lower than that of other groups (p<0.05, Tukey test). ct= 

contralateral. 
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Figure 3 
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3C 

 

Fig.3 – Effect of testosterone on the antinociceptive response to the blockade of 

β2-AR in the TMJ of male rats. 

Co-administration of the selective antagonist for β2-AR ICI 118.551 with 1.5 

% formalin into the TMJ significantly reduced formalin-induced nociception in intact 

males (Fig. 3a), ORX males (Fig. 3b) and ORX+T males (Fig. 3c) in a dose related 

fashion. The lowest dose of ICI 118.551 (0.1 µg) significantly reduced nociceptive 

responses in the ORX group (Fig. 3b) but not in the intact (Fig. 3a) and ORX+T 

(Fig. 3c) rats. The highest dose of the antagonist did not affect formalin-induced 

nociception when applied to the contralateral TMJ. Co-administration of the highest 

dose of the antagonist with 0.9 % NaCl had no effect by itself, as the response was 

similar to that induced by the TMJ injection of 0.9 % NaCl. The symbol "*" indicates 

a response significantly lower than that of other groups (p<0.05, Tukey test). ct= 

contralateral. 
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Figure 4 
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4C 

 

Fig.4 – Effect of testosterone on the antinociceptive response to the blockade of 

β3-AR in the TMJ of male rats. 

Co-administration of the selective antagonist for β3-AR SR59230A with 1.5 

% formalin into the TMJ significantly reduced formalin-induced nociception in intact 

males (Fig. 4a), ORX males (Fig. 4b) and ORX+T males (Fig. 4c) in a dose related 

fashion. The lowest dose of SR59230A (0.1 µg) significantly nociceptive responses 

in the ORX group (Fig. 4b) but not in the intact (Fig. 4a) and ORX+T (Fig. 4c) rats. 

The highest dose of the antagonist did not affect formalin-induced nociception 

when applied to the contralateral TMJ. Co-administration of the highest dose of the 

antagonist with 0.9 % NaCl had no effect by itself, as the response was similar to 

that induced by the TMJ injection of 0.9 % NaCl. The symbol "*" indicates a 

response significantly lower than that of other groups (p<0.05, Tukey test). ct= 

contralateral. 
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Effect of estradiol and progesterone on the antinociceptive response to the 

blockade of β-AR in the TMJ of female rats. 

  Co-administration of the selective antagonist for β1 (Atenolol, Fig. 5), β2 (ICI 

118.551, Fig. 6) or β3 (SR59230A, Fig. 7) -AR with equinociceptive concentrations 

of formalin, that is, 1.5 % formalin into the TMJ of proestrus (Fig. 5a, 6a and 7a), 

OVX+HE2 (Fig. 5e, 6e and 7e) and OVX+P females (Fig. 5f, 6f and 7f) and with 1.0 

% formalin into the TMJ of diestrus (Fig. 5b, 6b and 7b), OVX (Fig. 5c, 6c and 7c) 

and OVX+LE2 females (Fig. 5d, 6d and 7d) significantly reduced TMJ formalin-

induced nociception in all groups in a dose related fashion (p<0.05, One-way 

Anova and post hoc Tukey test).  

The lowest dose of Atenolol (2 µg, Fig. 5) significantly reduced (p<0.05, 

Tukey test) nociceptive responses in diestrus (Fig. 5b), OVX (Fig. 5c), and 

OVX+LE2 (Fig. 5d) females. A higher dose was necessary to significantly reduce 

(p<0.05, One-way Anova and post hoc Tukey test) nociceptive responses in 

proestrus (Fig. 5a), OVX+HE2 (Fig. 5e) and OVX+P (Fig. 5f) females, indicating 

that estradiol at higher levels and progesterone may reduce the antinociceptive 

response to the blockade of β1-AR in the TMJ of females.  

The lowest dose of ICI 118.551 (0.1 µg) significantly reduced (p<0.05, One-

way Anova and post hoc Tukey test) nociceptive responses only in OVX (Fig. 6c) 

and OVX+P (Fig. 6f) females. A higher dose was necessary to significantly reduce 

(p<0.05, Tukey test) nociceptive responses in proestrus (Fig. 6a), diestrus (Fig. 

6b), OVX+LE2 (Fig. 6d), OVX+HE2 (Fig. 6e) and OVX+P (Fig. 6f) females, 

indicating that estradiol at different plasma levels may reduce the antinociceptive 

response to the blockade of β2-adrenoceptors in the TMJ of females.  

The lowest dose of SR59230A (0.1 µg) induced significantly reduced 

(p<0.05, One-way Anova and post hoc Tukey test) nociceptive responses in all 

female groups (Fig. 7). 

The highest doses of these antagonists did not affect formalin-induced 

nociception when applied to the contralateral TMJ (penultimate bar of each graphic 

of Fig. 5, 6 and 7, p>0.05, t test), confirming their local peripheral action. Co-
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administration of the highest dose of each antagonist with 0.9 % NaCl had no 

effect by itself, as the response was similar to that induced by the TMJ injection of 

0.9 % NaCl (last bar of each graphic of Fig. 5, 6 and 7, p>0.05, t test).  

Taken together these findings indicate that TMJ formalin-induced 

nociceptive responses are significantly less responsive to the β1-AR antagonist 

Atenolol in the presence of estradiol at higher levels and progesterone and to the 

β2-AR antagonist ICI 118.551 in the presence of lower and higher estradiol levels. 
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5F 

 

Fig.5 – Effect of estradiol and progesterone on the antinociceptive response to the 

blockade of β1-AR in the TMJ of female rats. 

Co-administration of the selective antagonist for β1-AR Atenolol with 

equinociceptive concentrations of formalin, that is, 1.5 % formalin into the TMJ of 

proestrus (Fig. 5a), OVX+HE2 (Fig. 5e) and OVX+P females (Fig. 5f) and with 1.0 

% formalin into the TMJ of diestrus (Fig. 5b), OVX (Fig. 5c) and OVX+LE2 females 

(Fig. 5d) significantly reduced TMJ formalin-induced nociception in all groups in a 

dose related fashion. The lowest dose of Atenolol (2 µg) significantly reduced 

nociceptive responses in the OVX (Fig. 5c), diestrus (Fig. 5b) and OVX+LE2 (Fig. 

5d) females. A higher dose was necessary to significantly reduce nociceptive 

responses in proestrus (Fig. 5a), OVX+HE2 (Fig. 5e) and OVX+P (Fig. 5f) females. 

The highest doses of the antagonist did not affect formalin-induced nociception 

when applied to the contralateral TMJ. Co-administration of the highest dose of the 

antagonist with 0.9 % NaCl had no effect by itself, as the response was similar to 

that induced by the TMJ injection of 0.9 % NaCl. The symbol "*" indicates a 
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response significantly lower than that of other groups (p<0.05, Tukey test). ct= 

contralateral. 

 

Figure 6 

6A   

 

  

NaCl

(6)

0.9

NaCl (6)

0.9

(ct)

0.90.3
0

50

100

150

200

250

300

350

*

*
*

1.5% Formalin  (6)

ICI 118.551 (µg)

0.1

Proestrus Females

N
o
c
ic

e
p
ti
v
e
 b

e
h
a
v
io

r 
(s

)

*



29 
!

6B  

 

6C 

 

 

  

NaCl

(6)

0

50

100

150

200

250

300

350

* *

0.9

NaCl (6)

0.9

(ct)

0.90.3

1.0% Formalin  (6)

ICI 118.551 (µg)

0.1

Diestrus Females

*

N
o
c
ic

e
p
ti
v
e
 b

e
h
a
v
io

r 
(s

)

*

NaCl

(6)

0

50

100

150

200

250

300

350

*
*

0.9

NaCl (6)

0.9 (ct)0.90.3

 1.0%  Formalin (6)

ICI 118.551 (µg)

0.1

*

OVX Females

* *

N
o
c
ic

e
p
ti
v
e
 b

e
h
a
v
io

r 
(s

)



30 
!

6D         

 

 

6E 

 

 

 

NaCl

(6)

0

50

100

150

200

250

300

350

*

0.9

NaCl (6)

0.9 (ct)0.90.3

1.0% Formalin  (6)

ICI 118.551 (µg)

0.1

*

OVX+LE2 Females

* *

N
o
c
ic

e
p
ti
v
e
 b

e
h
a
v
io

r 
(s

)

NaCl

(6)

0

50

100

150

200

250

300

350

0.9

NaCl (6)

0.9 (ct)0.90.3

1.5% Formalin (6)

ICI 118.551 (µg)

0.1

*

OVX+HE2 Females

*

*

*

N
o
c
ic

e
p
ti
v
e
 b

e
h
a
v
io

r 
(s

)



31 
!

6F 

 

Fig. 6 – Effect of estradiol and progesterone on the antinociceptive response to the 

blockade of β2-AR in the TMJ of female rats. 

  Co-administration of the selective antagonist for β2-AR ICI 118.551 

with equinociceptive concentrations of formalin, that is, 1.5 % formalin into the TMJ 

of proestrus (Fig. 6a), OVX+HE2 (Fig. 6e) and OVX+P females (Fig. 6f) and with 

1.0 % formalin into the TMJ of diestrus (Fig. 6b), OVX (Fig. 6c) and OVX+LE2 

females (Fig. 6d) significantly reduced TMJ formalin-induced nociception in all 

groups in a dose related fashion. The lowest dose of ICI 118.551 (0.1 µg) 

significantly reduced nociceptive responses only in OVX (Fig. 6b) and OVX+P (Fig. 

6f) females. A higher dose was necessary to significantly reduce nociceptive 

responses in proestrus (Fig. 6a), diestrus (Fig. 6b), OVX+LE2 (Fig. 6d) and 

OVX+HE2 (Fig. 6e) females. The highest doses of these antagonists did not affect 

formalin-induced nociception when applied to the contralateral TMJ. Co-

administration of the highest dose of each antagonist with 0.9 % NaCl had no 

effect by itself, as the response was similar to that induced by the TMJ injection of 
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0.9 % NaCl. The symbol "*" indicates a response significantly lower than that of 

other groups (p<0.05, Tukey test). ct= contralateral. 

 

Figure 7 
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Fig. 7 – Effect of estradiol and progesterone on the antinociceptive response to the 

blockade of β3-AR in the TMJ of female rats. 
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  Co-administration of the selective antagonist for β3-AR SR59230A 

with equinociceptive concentrations of formalin, that is, 1.5 % formalin into the TMJ 

of proestrus (Fig. 7a), OVX+HE2 (Fig. 7e) and OVX+P females (Fig. 7f) and with 

1.0 % formalin into the TMJ of diestrus (Fig. 7b), OVX (Fig. 7c) and OVX+LE2 

females (Fig. 7d) significantly reduced TMJ formalin-induced nociception in all 

groups in a dose related fashion. The lowest dose of SR59230A (0.1 µg) used 

significantly reduced nociceptive responses in all female groups. The highest 

doses of these antagonists did not affect formalin-induced nociception when 

applied on the contralateral TMJ. Co-administration of the highest dose of each 

antagonist with 0.9 % NaCl had no effect by itself, as the response was similar to 

that induced by the TMJ injection of 0.9 % NaCl. The symbol "*" indicates a 

response significantly lower than that of other groups (p<0.05, Tukey test). ct= 

contralateral. 

 

Discussion 

This study extends our previous findings that blockade of β-AR into the rat's 

TMJ significantly reduces formalin-induced TMJ nociception in a dose response 

fashion (Fávaro-Moreira et al., 2012) by showing that gonadal hormones may 

reduce the responsiveness to the blockade of β-AR in the TMJ of male and female 

rats. Specifically in males testosterone attenuated the responsiveness to the 

blockade of TMJ β-AR because a lower dose of the selective β1 (Atenolol), β2 (ICI 

118.551) and β3 (SR59230A) -AR antagonist was sufficient to significantly reduce 

nociceptive responses only in the absence of testosterone (ORX males) and a 

higher dose of each antagonist was necessary to significantly reduce nociceptive 

responses in the presence of testosterone (intact and ORX+T males). In females 

progesterone and high plasma levels of estradiol attenuated the responsiveness to 

the blockade of TMJ β1-AR because a lower dose of Atenolol was sufficient to 

significantly reduce nociceptive responses only in the absence of gonadal 

hormones (OVX females) or in the presence of low levels of estradiol (diestrus and 

OVX+LE2 females), and a higher dose of Atenolol was necessary to significantly 
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reduce nociceptive responses in the presence of progesterone (OVX+P females) 

and estradiol at higher levels (proestrus and OVX+HE2 females). Additionaly, in 

females estradiol at low and high plasma levels, but not progesterone, attenuated 

the responsiveness to the blockade of TMJ β2-AR because a lower dose of ICI 

118.551 was sufficient to significantly reduce nociceptive responses only in the 

absence of gonadal hormones (OVX females) or in the presence of progesterone 

(OVX+P females), and a higher dose of ICI 118.551 was necessary to significantly 

reduce nociceptive responses in the presence of estradiol independent of its 

plasma level (proestrus, diestrus, OVX+LE2 and OVX+HE2).  

The findings that the administration of the highest doses of each β-AR 

antagonist in the TMJ contralateral to that receiving formalin did not affect formalin-

induced nociception in males and females confirmed the local action of the β-AR 

antagonists. 

The mechanisms by which gonadal hormones reduce the responsiveness to 

the blockade of β-AR in the TMJ of rats are not known. One possibility is that 

gonadal hormones modulate the expression of β-AR expression in the TMJ. For 

example, gonadal hormones might up regulate β-AR expression in the TMJ region 

and as a consequence low doses of β-blockers may not be sufficient for blocking 

all expressed receptors. This could explain the requirement of higher doses of 

each of the β-blockers to significantly reduce formalin-induced TMJ nociception in 

the presence of testosterone and the requirement of higher doses of Atenolol in the 

presence of estradiol and progesterone in females and higher doses of ICI 118.551 

in the presence of estradiol in females. 

Consistent with the idea that gonadal hormones might up regulate β-AR 

expression in the TMJ region, it has been demonstrated in other tissues, such as 

the cardiac tissue, that testosterone treatment in gonadectomized rats increases 

the expression of β2-AR (Sun et al., 2011) or β1-AR mRNA levels (Golden et al; 

2002).  

In the TMJ region, gonadal hormones might act on inflammatory and/or 

resident cells to increase the expression of β-AR in these cells. Consistent with this 
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idea, TMJ formalin induces inflammatory cell migration (Chicre-Alcântara et al., 

2012) and β-AR are expressed in neutrophils, macrophage, eosinophils, mast cells 

lymphocytes, (Barnes, 1993) and basophiles cells (Perper et al., 1972). 

Futhermore, gonadal hormones receptors are known to be expressed in 

inflammatory cells as demonstrated by the presence of androgen receptor in 

macrophages (Fang et al., 2013), progesterone receptors in T lymphocytes cells 

(Butts et al., 2008) and estradiol receptors in mast cells (Nicovani and Rudolph, 

2002) macrophages (Capellino et al., 2006) and T-cells (Tornwall et al., 1999). 

Estradiol has also been shown to regulate proinflammatory cytokines in mast cells 

(Harnish et al., 2004), macrophages (Corcoran et al., 2010) and T-cells (Suzuki et 

al., 2008). 

Gonadal hormones might also act on neuronal structures of the trigeminal 

ganglia and up-regulate expression of β-ARs on the nociceptive primary afferent 

fibers of the TMJ. Although β-AR RNA has not been detected in the dorsal root 

ganglion (Nicholson et al., 2005), we have recently demonstrated the presence of 

β-AR in trigeminal neurons of the trigeminal ganglia (Melo et al., 2012, unpublished 

data). In addition to β-AR, estradiol receptors (Puri et al., 2005a, 2005b) are also 

expressed within the trigeminal ganglia whereas no previous studies appear to 

have examined the presence of testosterone and progesterone receptors within 

this region.  

In addition to the modulation of β-AR expression in the TMJ region, gonadal 

hormones might modulate the release of endogenous agonists of β-AR in the TMJ 

region. For example, gonadal hormones might increase the release of endogenous 

agonists of β-AR in the TMJ region, such as norepinephrine, and as a 

consequence, higher doses of β-blockers would be necessary to compete with 

norepinephrine for β-AR binding. This is another hypothesis that could explain the 

requirement of higher doses of each of the β-blockers to significantly reduce 

formalin-induced TMJ nociception in the presence of testosterone and the 

requirement of higher doses of Atenolol in the presence of estradiol and 



38 
!

progesterone in females and higher doses of ICI 118.551 in the presence of 

estradiol in females. 

 Although testosterone can influence norepinephrine metabolism, storage, 

and release (Lara et al., 1985), there is not a consensus about its effect on 

norepinephrine release. Testosterone has been reported to decrease 

norepinephrine release in some studies (Knoll et al., 2000) but to enhance renal 

norepinephrine release in others (Jones et al., 1998). Estradiol appears to 

generally decrease norepinephrine release in the cardiovascular system (Acs et 

al., 2001; Fukumoto et al., 2012) while progesterone does not influence the 

endogenous release of norepinephrine from the adrenal gland (Bukhari et al., 

1981). It is important to note that the effect of gonadal hormones on the release of 

endogenous agonists of β-AR may depend on the tissue. 

The effect of female gonadal hormones on the responsiveness to the 

blockade of β-AR in the TMJ of females depends on the β-AR subtype. We 

showed that in contrast to estradiol, which attenuated the responsiveness to the 

blockade of β1-AR and β2-AR in the TMJ of females, progesterone attenuated the 

responsiveness to the blockade only of β1-AR. We also showed that both estradiol 

and progesterone did not affect the responsiveness to the blockade of β3-AR in 

females. The lowest dose of the β3-AR antagonist SR59230A used in the TMJ of 

females (0.1 µg) was chosen because it was ineffective in males. However, this 

dose was high enough to significantly reduce TMJ formalin-induce nociception in 

all females independent of their hormonal status and may have masked the effect 

of female gonadal hormones on the responsiveness to the blockade of β3-AR in the 

TMJ of females. Therefore the effect of gonadal hormones on the responsiveness 

to the blockade of β-AR in the TMJ region may depend on the local dose of β-

blockers.  

The effect of estradiol on the responsiveness to the blockade of β-AR in the 

TMJ of females depends not only on the β-AR subtype but also on the estradiol 

plasma level. This is supported by the findings that estradiol at high (OVX+HE2) but 
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not at low plasma levels (OVX+LE2) reduced the antinociceptive response to the 

blockade of β1-AR in the TMJ of females. 

 

Conclusion 

In summary, the present findings indicate that gonadal hormones may 

reduce the antinociceptive response to the blockade of β-AR in the TMJ of male 

and female rats. However their effect depends on their plasma level, on the 

subtype of β-AR and on the dose of β-blockers used. Furthermore, our findings 

suggest that lower doses of β-blockers may be required to reduce TMJ pain in 

women of reproductive age during phases of low levels of gonadal hormones and 

in women at menopause. 
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Abstract 

We hypothesized that one and three days of treatment with the nonselective 

β1 and β2-adrenergic antagonist nadolol (40 mg once a day) would reduce clinical 

pain symptoms in TMD patients significantly more than placebo. We further 

hypothesized that women would experience relatively greater benefit from nadolol 

than men depending on their hormonal status and compared the effect of nadolol 

with the effect of ibuprofen (400 mg once a day).  Nadolol, ibuprofen or placebo 

was administred in 27 women not using oral contraceptive (OC), 28 women using 

OC, and 29 men (all subjects between 18 and 48 years old) which met the 

Research Diagnostic Criteria for TMD. They completed a randomized, crossover, 

double–blind, placebo controlled study. Women participated for three months 

(during menstrual phase and during peri-ovulatory phase in women not using OC, 

and during menstrual phase and during OC using phase in women using OC) in a 

total of 6 stages of analysis (2 per month), and men participated for one month 

whith three stages of analysis and 6 days of wash out. Each period consisted of a 

baseline  evaluation and two evaluations during treatment (nadolol, ibuprofen or 

placebo administration), one on the first day and the other on the third day of 

treatment. Clinical pain ratings were obtained by Visual Analog Scale (VAS) and 

comparisons were made across periods of pre-treatment (baseline), the first and 

the third day of intervention (post-treatment). Nadolol and ibuprofen significantly 

reduced pain associated with TMD in men and women when compared to placebo, 

but women were more responsive. Nadolol and ibuprofen also reduced pain in 

women using or not using OC, but their effect did not differ between menses and 

peri-ovulatory period in women not using OC, or between menses and the period 

using OC in women using OC. In all groups tested three days of drug intake 

induced a significantly higher analgesic effect than only one day of drug treatment. 

Taken together these findings indicate that one and three days of treatment with 

nadolol (40 mg once a day) or ibuprofen (400 mg once a day) produces analgesia 

in TMD women and men significantly more than placebo, but women are more 

responsive to all treatments independent of their hormonal status. The greater 
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treatment efficacy in women is of clinical relevance since TMD is more prevalent 

and severe in women than in men.  

 

Keywords: Temporomandibular Joint Disorders. Pain. Beta Adrenergic  Receptors. 

Adrenergic beta-Antagonists. 

 

Introduction 

Temporomandibular disorder (TMD) is a collective term embracing a 

number of clinical problems that involve the masticatory musculature, the 

temporomandibular joint (TMJ) and associated structures, or both (Winocur et al., 

2003). Pain associated with TMD can be clinically expressed as masticatory 

muscle pain or TMJ pain. 

Recently, animal and human studies have shown an important sympathetic 

component in TMJ pain which is consistent with the dense innervation of the TMJ 

by sympathetic fibers arising from cells of the superior cervical ganglion (Widenfalk 

and Wiberg, 1990; Yoshino et al., 1998; Kido et al., 2001) from where sympathetic 

amines may be released. Animal studies have demonstrated that sympathetic 

amines released in the TMJ region contribute to TMJ pain (Rodrigues et al., 2006, 

Fávaro-Moreira et al., 2012), through the activation of local β-adrenoceptors (β-

ARs). Blockade of β-ARs located in the TMJ region suppresses formalin-induced 

TMJ nociception in both males and females rats (Fávaro-Moreira et al., 2012). 

Human studies have demonstrated that acute treatment with intravenous low-dose 

of the non-selective β-blocker propranolol produces improvement in clinical pain 

reported by women (Light et al., 2009) by a genetic dependent manner (Tchivileva 

et al., 2010).  

Gender differences in the analgesic effect of drugs have been reported 

(Craft and Milholland, 1998). Regarding to the sympathetic component of TMJ 

pain, females appear to be more responsive to the antinociceptive effect of β-ARs 

blockade (Fávaro-Moreira et al., 2012) and gonadal hormones may reduce the 

responsiveness to the blockade of β-ARs in the TMJ of male and female rats 
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(unpublished data). However, whether the gonadal hormones modulate the effect 

of nadolol in women remains an open question.  

Therefore, the aim of this randomized, double–blind, placebo controlled 

crossover study was to test the hypothesis that one and three days of treatment 

with the nonselective β1 and β2-ARs antagonist nadolol (40 mg once a day) would 

reduce clinical pain symptoms in TMD patients significantly more than placebo. We 

further hypothesized that women would experience relatively greater benefit from 

nadolol than men depending on their hormonal status. Finally, because 

nonsteroidal  anti-inflammatory  drugs (NSAIDs) do represent  first-line drugs for 

many clinicians treating TMD pain (Hersh et al., 2008), we also compared the 

effect of nadolol with the effect of the NSAID ibuprofen. 

 

Materials and Methods 

Subjects 

A total of 178 subjects were evaluated, but only 108 subjects were 

examinated through the RDC questionnaire. Final sample that reached both 

inclusion and exclusion criteria were 84 subjects, 29 men, 28 women using oral 

contraceptive (OC) and 27 women not using OC. This study was approved by the 

Research and Ethics Committee of Piracicaba Dental School (protocol number 

089/2008), and all volunteers signed and informed, written consent to participate. 

Participants were recruited from patients who sought treatment at the Piracicaba 

Dental School. 

 

Inclusion and Exclusion Criteria 

Individuals were eligible for the study if they were between 18 and 48 years 

of age and met Research Diagnostic Criteria for TMD (RDC/TMD) (Dworkin et al., 

1990). The RDC/TMD consists of a dual-axis approach (Axis I and II), established 

by a 30-item questionnaire and a physical examination. Axis I is used to stratify 

TMD into three groups: Group I, TMD with muscular disorders; Group II, TMD with 

temporomandibular joint (TMJ) disc displacement; and Group III, TMD with (a) 
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arthralgia, (b) osteoarthritis, or (c) osteoarthrosis of the TMJ. Axis II assesses 

TMD-related chronic pain, depression, nonspecific physical symptoms, and 

limitations in jaw function.  

Women using or not OC and men were recruited. Exclusion criteria were 

self-reported osteoarthroses (RDC group IIIc), rheumatoid arthritis, fibromyalgia, 

trigeminal neuralgia, gynecological disorders (endometriosis), asthma, chronic lung 

disease, bronchospasm, renal, hepatic or cardiovascular diseases, nasal polyps, 

angioedema, reactivity to acetylsalicylic acid or other NSAIDs. Exclusion criteria 

also included unregularly menstrual cycles, use of hormonal replacement therapy, 

pregnancy or nursing, facial trauma or orofacial surgery within the last 6 weeks, 

orthodontic treatment, and major depression or other major psychiatric disorders, 

seizures, drug or alcohol abuse, current chemotherapy or radiation therapy; 

patients taking the following medications: drugs with central nervous system 

activity (e.g., opioids, benzodiazepines, nonbenzodiazepine sedative hypnotics, 

tricyclic antidepressants, monoamine oxidase inhibitors, and anticonvulsants) and 

β-blockers. The use of selective serotonin reuptake inhibitors was permitted only if 

the subject had already been taking it for at least 1 month before study enrollment. 

Medications for headaches (such as the triptans) and NSAIDs were not allowed 

during the last 2 days prior to the study visits.  

To minimize the risk of an adverse hypotensive response to β-blockade, 

subjects with heart rate (HR) under 55 bpm and diastolic blood pressure below 50 

mmHg were excluded from the study. 

 

Study design 

This study was a randomized, double–blind, placebo-controlled, crossover 

clinical trial. Patients (men, women using OC and women not using OC) were 

randomly allocated in one of six study arms (nodolol/ ibuprofen/placebo, 

nadolol/placebo/ibuprofen, ibuprofen/nadolol/placebo, ibuprofen/placebo/nadolol, 

placebo/nadolol/ibuprofen, placebo/ibuprofen/nadolol). During 3 days of treatment 
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period subjects received 40 mg of nadolol (Garcia-Monco et al., 2007), 400 mg of 

ibuprofen  (Misra et al., 2004) or placebo once a day.  

The following protocols were used in normally cycling women (protocol 1), 

women using OC (protocol 2) and in men (protocol 3): 

Protocol 1 (Figure 1A) - Normally cycling women were treated and evaluated 

during the menstrual and peri-ovulatory phases for 3 months (one month for each 

treatment). During the menstrual phase pain baseline assessement was performed 

on first day of bleeding and nadolol, ibuprofen or placebo was administred once a 

day for 3 days from the second to the fourth day.  In this phase, post-treatment 

pain intensity rating was evaluated on the first and last day of treatment 3 hours 

after drug intake. During the peri-ovulatory phase pain intensity rating evaluation 

was based on menstrual cycle length. Pain baseline assessement was performed 

3 days before the expected ovulation day and nadolol, ibuprofen or placebo was 

administred once a day for 3 days starting 2 days before the ovulation day. In this 

phase, post-treatment pain intensity rating was evaluated on the first and last day 

of treatment (ovulation day) 3 hours after drug intake. In face of a negative result 

for ovulation test, measurements were discarded and carried out in the following 

ovulatory menstrual cycle.  

Protocol 2 (Figure 1B) - Women using OC were treated and evaluated 

during the menstrual and OC use phases for 3 months (one month for each 

treatment). During the menstrual phase the procedures were similar to those of 

protocol 1, that is, pain baseline assessement was performed on first day of 

bleeding and nadolol, ibuprofen or placebo was administred once a day for 3 days 

from the second to the fourth day. During the period of OC use pain baseline 

assessement was performed on day 6 after the initiation of OC use and nadolol, 

ibuprofen or placebo was administred once a day during the following 3 days. In 

both the menstrual and OC use phases, post-treatment pain intensity rating was 

evaluated on the first and last day of treatment 3 hours after drug intake. 

Protocol 3 (Figure 1C) – a protocol similar to that used in women was used 

in  men except that men were treated and evaluated during only one month starting 
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groups reported whether they were having menstrual bleeding each day and 

women who were not on OCs also reported whether they had used the ovulation 

detection kit and, if so, whether results were negative or positive. 

 

Menstrual cycle determination 

All female subjects not using OC presented regular menstrual cycle and 

were observed during 2 months prior to the study to determine the length of the 

cycles, which remained between 28 and 32 days. Menstrual cycle was divided 

considering the date of last menstruation, ovulation period, and on the length of the 

cycle, into 4 phases (Janse de Jonge et al., 2001): (I) Menstrual: first day of 

bleeding, (II) Follicular: from 6th to 11th day; (III) Peri-ovulatory: from 12th to 16th 

day, determined by means of the ovulatory predictor test; and (IV) Luteal: stated 

between the 17th and the 28th day of the menstrual cycle. Menstrual phase was 

determined by self-report in the first day of bleeding. Based on the length of the 

cycle, subjects near to the expected time of ovulation were instructed to use 

Bioeasy ovulation prediction test (BioEasy Diagnóstica, Belo Horizonte, MG, Brazil) 

until identification of the peak of luteinizing hormone (LH), which occurs 

immediately before ovulation. 

 

Outcome measure  

Pain self-report (PSR) — Pain intensity rating was obtained via the PSR based on 

a ‘no pain at all’ and ‘the most intense pain imaginable’ scale. Subjects rated pain 

level in a paper Visual Analog Scale (VAS) once by each analyses time, used as 

primary outcome variable for this study (Wewers and Lowe, 1990). 

 

Statistical analysis 

 Differences in age between treatments in the groups of men, women using 

OC and women not using OC were determined using one-way ANOVA. 
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 The pain score obtained by rating the pain level on a 10-cm Visual Analog 

Scale (VAS) was used in statistical analysis. Baseline pain ratings represent 

absolute pain intensity scores obtained 1 day before treatment initiation. “Change 

in VAS pain rating” (cm) represents the value obtained by subtracting the baseline 

pain rating from the post-treatment pain rating of 1- and 3-day treatment. 

The assumptions of equality of variances and normal distribution of errors 

were checked for all response variables tested. 

For Table 1 a two-way analysis of variance (ANOVA) with two between-

subjects factors, that is, sex (men and women using or not OC) and treatment (with 

three levels) was used to determine if there were significant sex differences in 

baseline pain ratings. A two-way ANOVA with one between-subjects (that is, 

treatment with three levels) and one within-subjects factor (that is, phase with two 

levels) was performed for each menstrual cycle phase of women not using OC 

(menses and peri-ovulatory menstrual cycle phases) and women using OC 

(menses and using OC phases) to determine if there were significant differences in 

baseline pain ratings among treatments. 

For figure 2A a two-way ANOVA with two between-subjects factors, that is, 

sex (men and women not using OC) and treatment (with three levels) was used to 

determine if there were significant differences in “Change in VAS pain rating” 

among treatments considering the 1-day treatment. For figure 3A and 3B a two-

way ANOVA with one between-subjects factors (that is, treatment with three levels) 

and one within-subjects factor (that is, phase with two levels, menses and peri-

ovulatory menstrual cycle phases for women not using OC and menses and using 

OC phases for women using OC) was used to determine if there were significant 

differences in “Change in VAS pain rating” among treatments considering the 1-

day treatment. 

For figure 2B, 3C and 3D a pareaded Student´s t test was performed for 

each treatment to determine if there were significant differences in “Change in VAS 

pain rating” between One and Three Days post-treatment. A one-way ANOVA was 

performed to each post-treatment day (One Day and Three Days) to determine if 
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there were significant differences in “Change in VAS pain rating” among 

treatments. 

Tukey posthoc tests were employed to determine the basis of significant 

differences. A probability level of 95% (α=0.05) was considered to indicate 

statistical significance. Data are plotted in figures as mean±s.d.. The SAS software 

system (version 9.2; SAS Institute Inc., Cary, NC, USA) was used for statistical 

analysis. 

 
Results 

Characteristics of participants receiving Nadolol, Ibuprofen or Placebo. 

Age was lower in women using OC group (27.71±4.93; max. = 41 and min. 

= 21) than in women not using OC (33.34±8.24; max. = 47 and min. = 21) or men 

(34.55±8.52; max. = 47 and min. = 19) groups (One-way Anova, Tukey post hoc 

test, p<0.05). Because the difference in age (approximately 6.2 years) was not 

considered to be a confounding variable, age was not included in the treatment 

analyses. 

Baseline pain ratings were not significantly different between men and 

women considering the treatments (Two-way Anova, Tukey post hoc test, p>0.05). 

However, baseline pain ratings were significantly different among treatments in 

both phases of women not using OC (menses and peri-ovulatory menstrual cycle 

phases) and were significantly higher in the menses than in using OC phase in 

women using OC for each treatment (Two-way Anova, Tukey post hoc test, 

p<0.0001) (Table 1). The differences in baseline pain ratings between phases in 

women using OC indicate that women using OC experience greater pain during 

menses than during the phase using OC. Furthermore, because baseline pain 

rating differed in these groups, pain rating data are presented as ‘Change in VAS 

pain rating (cm)’ which represents the value obtained by subtracting the baseline 

pain rating from the post-treatment pain rating of 1- and 3-day treatment in order to 

normalize the differences in all figures, except Table 1. 
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Table 1 – Baseline VAS characteristics of participants receiving Nadolol, Ibuprofen 

or Placebo. 

 

B
a

s
e

lin
e

 V
A

S
 

  Nadolol Ibuprofeno Placebo 

Women not using 

OCs 

Menses 7.77±1.94 7.34±1.70 7.55±1.57 

Peri-ovulatory 6.70±1.86 6.39±2.13 8.19±1.21 

Women using OCs 
Menses * 8.06±1.46 7.42±1.96 7.01±1.75 

Using OC 6.24±2.03 5.60±2.18 5.61±1.77 

Men  7.36±1.60 7.01±1.57 7.73±1.62 

 

Baseline pain ratings were not significantly different between men and 

women considering the treatments (Two-way Anova, Tukey post hoc test, p>0.05). 

However, baseline pain ratings were significantly different among treatments when 

considering the phases of women not using OC (menses and peri-ovulatory 

menstrual cycle phases) and were significantly higher in the menses phase when 

compared to using OC phase in women using OC considering the treatments. The 

symbol “*” indicates a Baseline pain rating significantly greater than that of the 

phase using OC in women using OC (Two-way Anova, Tukey post hoc test, 

p<0.0001). Values are means ± s.d.. 

 

Effect of nadolol, ibuprofen and placebo in women and men 

Nadolol and ibuprofen produced a significantly produced a greater analgesia 

than placebo when considering 1-day treatment in both women and men but 

women were more responsive to treatments (Two-way Anova, Tukey post hoc test, 

p=0.0449) (Figure 2A). Three days of treatment produced a greater analgesia than 

only one day in both women and men (pareaded Student´s t test, for Nadolol and 

ibuprofen p<0.0001 and for placebo p=0.0040) (Figure 2B). 
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Figure 1 

A      B 

 

 

Fig.1 – Effect of nadolol, ibuprofen and placebo in women and men. 

A- Nadolol and ibuprofen induced a significantly greater analgesic effect than 

placebo in women and men considering 1-day treatment. Women were more 

responsive to all treatments. The symbol “+” indicates an analgesic effect 

significantly greater than that of placebo and the symbol “*” indicates an analgesic 

effect significantly greater in women than in men (Two-way Anova, Tukey post hoc 

test, p=0.0449). 

B- Three days of treatment induced a significantly greater analgesic effect than 

only one day, independently of gender.  The symbol “*” indicates an analgesic 

effect significantly greater than that of one day treatment (pareaded Student´s t test, 

for Nadolol and ibuprofen p<0.0001 and for placebo p=0.0040), the symbols “#” 

and “+” indicate an analgesic effect significantly greater than that of one and three 

days of placebo treatment, respectively (One-way Anova, Tukey post hoc test, 

p<0.05).  

In this and in the subsequent figure the number between parenthesis 

indicates sample size number. 
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Effect of nadolol, ibuprofen and placebo in women in different hormonal status 

Nadolol and ibuprofen produced a greater analgesia than placebo when 

considering 1-day treatment in both women using OC (Figure 3A) and women not 

using OC (Figure 3B) (Two-way Anova, Tukey post hoc test, p<0.0001). The 

analgesic effect of treatments was not significantly different between menses and 

peri-ovulatory menstrual cycle phases in women not using OC (Figure 3A) and 

between menses and OC use phases in women using OC (Figure 3B) (Two-way 

Anova, Tukey post hoc test, p>0.05).  

Three days of treatment induced a greater analgesia than only one day in 

both women not using OC (Figure 3C) and women using OC (Figure 3D) 

(pareaded Student´s t test, p<0.0001). 

 

Figure 2 

A- Women not using OC   C-  Women not using OC 
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B- Women using OC   D- Women using OC 

 

 

Fig.2 – Effect of nadolol, ibuprofen and placebo in women using or not OC. 

A and B - Nadolol and ibuprofen induced a significantly greater analgesic effect 

than placebo considering 1-day treatment. Cycle phases did not affect treatments-

induced analgesia. The symbol "“+” indicates a response significantly greater than 

that of placebo (Two-way Anova, Tukey post hoc test, p<0.0001). 

C and D - Three days of treatment induced a significantly greater analgesic effect 

than only one day.  The symbol “*” indicates an analgesic effect significantly 

greater than that of one day treatment (pareaded Student´s t test, p<0.0001), the 

symbols “#” and “+” indicate an analgesic effect significantly greater than that of 

one and three days of placebo treatment, respectively (One-way Anova, Tukey 

post hoc test, p<0.05).  

 

Discussion 

The results of this study indicate that one and three days of treatment with 

nadolol (40 mg once a day) or ibuprofen (400 mg once a day) produces analgesia 

in TMD women and men significantly more than placebo, but women are more 

responsive to treatments independent of their menstrual cycle phase. This human 

study is consistent with our previous animal studies showing that blockade of β-AR 

into the rat´s TMJ (Fávaro-Moreira et al., 2012) and local administration of NSAIDS 

(Oliveira-Fusaro et al., 2012) significantly reduces formalin-induced TMJ 
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nociception.  They are also consistent with human studies showing that NSAIDS  

such as naproxen (Ta and Dionne, 2004) and  ibuprofen are effective in reducing 

TMD pain compared with placebo (Marini et al., 2012) and with studies carried out 

only in women showing that propranolol significantly reduces the number of painful 

body sites and ratings of total clinical pain in women experiencing TMD and 

fibromyalgia (Light et al., 2009) and pain intensity rating in women experiencing 

TMD (Tchivileva et al., 2010).  

To our knowledge, this is the first controlled study that evaluated gender and 

menstrual cycle phases differences in the effect of a β-blocker and of a NSAID on 

TMD pain. Our findings that nadolol and ibuprofen are more efficacious in women 

than in men are clinically relevant because TMD pain is more prevalent and severe 

in women (Dworkin et al., 1990). Furthermore, they are consistent with our 

previous findings that female rats are more responsive than male rats to the TMJ 

antinociception induced by β-blockers (Fávaro-Moreira et al., 2012).  

The physiological basis for the sex-related difference in analgesic response 

to nadolol and ibuprofen treatment is not presently known. However, it is possible 

that a male-related hormone, such as testosterone, interacts negatively with 

nadolol and ibuprofen pathway, which is consistent with our previous findings that 

in male rats testosterone attenuates the responsiveness to the blockade of TMJ β-

ARs (Fávaro-Moreira et al., 2012). Another possibility is that females-related 

hormones, such as progesterone and estradiol, potentiate the action of nadolol. 

However, this is unlikely because levels of female hormones vary during the 

menstrual cycle phases and there was not a significant difference in the analgesia 

induced by nadolol and ibuprofen between the menstrual and peri-ovulatory 

phases in normally cycling women (current findings). In addition, in female rats 

estradiol and progesterone appear to interact negatively with nadolol (unpublished 

data). Finally, it is possible that differences between males and females are not 

attributable to sex hormones but to genetic factors related to the sympathetic 

pathway. For example, common haplotypes in the gene encoding catechol-O-

methyltransferase (COMT) have been associated with pain modulation and the risk 
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of developing TMD (Diatchenko et al., 2006, 2007). Extending this genetic-based 

approach, it has been demonstrated that individuals with COMT haplotypes coding 

for reduced enzyme activity experience relatively greater benefit from propranolol 

treatment than participants with other COMT haplotypes, suggesting that genetic 

factors may serve as a predictor of propranolol treatment outcome (Tchivileva et 

al., 2010). 

Although the possibility that our results might be explained by differences in 

the pharmacokinetic mechanisms of nadolol and ibuprofen cannot be entirely 

excluded there are not studies that examined sex differences in the 

pharmacokinetics of nadolol and the avaiable study that examined the 

pharmacokinetic of ibuprofen does not support such an explanation (Knights et al., 

1995). 

The findings that the analgesic response to nadolol and ibuprofen did not 

differ between menses and peri-ovulatory period in women not using OC, or 

between menses and the period using OC in women using OC suggest that 

estradiol and progesterone do not moduate their analgesic effect. However, 

additional work is warranted with women in differents hormonal status, such as in 

women experiencing the menopause phase, to more precisely correlate female sex 

hormone levels with the analgesic response to nadolol and ibuprofen. Furthermore, 

the doses of nadolol and ibuprofen used in this study might be sufficient to mask a 

possible distinct response to the nadolol analgesic effect between the menstrual 

cycle phases.  

It is well established that drugs pharmacokinetic, specifically the drug 

distribution, can be modified depending on a person's weight, which could 

represent a source of variation in this study. However, some drugs, including 

nadolol, have their doses adjusted during a period of time to define the individual 

dose depending on drug tolerance and on individual response but not on individual 

weight. Oral nadolol produces its antihypertensive effect in the wide dose range of 

80 to 160 mg/day, and the greatest effect is obtained with the dose of 80 mg/day 

(Papadoyannis et al., 1982). Since the antihypertensive effect was an undesired 
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effect in this study and it has been demonstrated, after titration of the dose, that for 

prophylaxis treatment of migraine a single dose of 40 mg/day provides a good 

risk/benefit profile (Garcia-Monco et al., 2007), this dose was used in this study. 

Ibuprofen has been shown to be effective in relieving pain on a dose of 400 mg/day 

(Misra et al., 2004). 

Despite of the doses used, nadolol and ibuprofen were effective to reduce 

TMJ associated pain in the first and in the third day of treatment, but third day was 

more effective. Therefore three days of nadolol and ibuprofen treatment produces 

a greater benefit in the treatment TMD pain.  

In summary, we showed that one and three days of treatment with nadolol 

(40 mg once a day) or ibuprofen (400 mg once a day) produced greater analgesia 

in TMD women and men than placebo, but women were more responsive 

independent of their menstrual cycle phase. The analgesic efficacy of nadolol was 

similar to that of ibuprofen. Considering that many patients are intolerant to 

prolonged treatment with NSAIDs and that not all TMD pain patients respond to its 

effects, our findings point out nadolol as a great pharmacological option to treat 

TMD pain. 

 

Conclusions 

In summary, the present findings indicate that nadolol and ibuprofen reduce 

pain in the TMJ region in men and women since their analgesic effect was 

significantly more effective than placebo, but women are more responsive. In light 

of the evidence that clinical TMJ pain is more prevalent in women than in men, the 

use of β-blockers could be a pharmacological alternative in the treatment of TMJ 

pain, especially in women. 
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CONCLUSÃO 

Em resumo, os dados deste trabalho demonstram que os hormônios 

gonadais podem modular o efeito analgésico dos bloqueadores de β-AR 

dependendo dos níveis plasmáticos dos hormônios gonadais, do subtipo de β-AR 

ativado e da dose do β-bloqueador administrada.  

Embora a prevalência de dor relacionada às DTMs seja maior em mulheres, 

elas também parecem ser mais sensíveis aos efeitos analgésicos dos 

medicamentos β-bloqueadores. E embora os hormônios femininos pareçam não 

participar da modulação do efeito analgésico dos β-bloqueadores nas mulheres 

durante o período reprodutivo, os dados apresentados sugerem que a ausência 

desses hormônios aumenta a responsividade ao efeito analgésico dos β-

bloqueadores, sendo uma alternativa interessante para o tratamento da dor 

relacionada às DTMs em mulheres com baixos níveis hormonais como no período 

da menopausa.  
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ANEXO 1 - Certificado do Comitê de Ética em Pesquisa em Animais



82 
!

 

 

 

  



83 
!

ANEXO 2 – Certificado do Comitê de Ética em Pesquisa em Humanos 
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ANEXO 3 – Research Diagnostic Criteria for Temporomandibular Disorders (RDC-TMD)
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