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RESUMO 

Disfunções temporomandibulares são condições dolorosas que envolvem a 

articulação temporomandibular e os músculos mastigatórios com maior prevalência, 

severidade e duração no sexo feminino. Recentemente foi demonstrado que a testosterona 

apresenta um efeito protetor ao diminuir o risco de ratos desenvolverem dor na Articulação 

Temporomandibular (ATM), o que explica pelo menos em parte, a menor prevalência de 

dor no sexo masculino. No entanto, o mecanismo através do qual a testosterona induz o 

efeito protetor em machos não é conhecido. Assim, o objetivo deste trabalho foi investigar 

se o efeito protetor da testosterona é mediado pela ativação do sistema opióide endógeno no 

sistema nervoso central e quais os subtipos de receptores opióides estão envolvidos nesse 

efeito protetor sobre o desenvolvimento de dor na ATM em ratos. Para o procedimento 

experimental foram usados ratos machos Wistar (230-300 g), intactos, gonadectomizados 

(Gx) e sham gonadectomizados (sham Gx) e a injeção de formalina 0,5% na ATM foi 

usada como estímulo nociceptivo. Para testar o envolvimento de um mecanismo neural 

central dependente da ativação do sistema opióide, os animais receberam injeção de 

naloxona, antagonista não seletivo de receptores opióides, CTOP, Naltrindole e Nor-BNI, 

antagonistas opióides seletivos para os subtipos de receptores opióides mu (μ), delta (δ) e 

capa (κ), respectivamente na região do núcleo sensorial trigeminal, antes do teste da 

formalina na ATM. A administração da Naloxona (15µg) antagonista não seletivo ou a 

combinação dos antagonistas de receptor μ opióide CTOP (30μg/10µl) mais o de receptor  

κ opióide Nor- BNI (90μg/10µl) aumentou significativamente a nocicepção induzida pela 

formalina 0,5% na ATM em ratos sham Gx, mas não em ratos Gx (31.09%, n = 6 e 26,9%, 
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n = 6; respectivamente) A resposta de ratos intactos a estes tratamentos foi semelhante à de 

ratos sham Gx. Em contraste, a administração de cada antagonista de receptores opióides 

sozinhos ou a combinação de CTOP (30µg/10µl) mais o antagonista do receptor delta 

opióide Naltrindole (90μg/10µl) ou de Nor-BNI (90μg/10µl) mais Naltrindole (90μg/10µl) 

não afetou a nocicepção induzida pela formalina 0,5% em ratos Gx, intactos e sham Gx. 

Estes resultados sugerem que o efeito protetor da testosterona no desenvolvimento da dor 

na ATM depende da liberação de opióides endógenos e a subseqüente ativação dos 

receptores opióides mu e capa no sistema nervoso central. Conclui-se que a ativação 

individual dos subtipos de receptores é insuficiente enquanto que a co-ativação dos 

receptores opióides μ e k é necessária para mediar o efeito protetor da testosterona. 

 

Palavras-chave: Testosterona; Receptores opióides; Articulação Temporomandibular; 

Formalina; Nocicepção; Dor. 
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ABSTRACT 

Temporomandibular Joints (TMJ) dysfunctions are painful conditions involving 

the masticatory muscles and temporomandibular joint with higher prevalence, severity and 

duration in females. Recently it was shown that testosterone has a protective effect by 

reducing the risk of rat develop pain in TMJ, which explains at least in part, the lower 

prevalence of pain in males. However, the mechanism through which the testosterone 

induces protective effect in males is not known. Thus, the aim of this study was to 

investigate whether the protective effect of testosterone is mediated by activation of 

endogenous opioid system in the central nervous system and what subtypes of opioid 

receptors are involved in this protective effect on the development of TMJ pain in rats. For 

the experimental procedure Intact, gonadectomized and sham Wistar (230-300g) male rats 

were used and all experimental procedures were approved by the Ethics Committee in 

Animal Research at the UNICAMP. The TMJ injection of 0.5% formalin was used as a 

nociceptive stimulus. The nociceptive behavior was quantified for 45 minutes and used as a 

quantitative nociceptive behavior measure that was defined as the cumulative total number 

of seconds that the animal spent rubbing the orofacial region asymmetrically with the 

ipsilateral fore or hind paw plus the number of head flinches counted during the observation 

period. Administration of the opioid receptor antagonist naloxone 15 mg or the 

combination of the mu-opioid receptor antagonists CTOP (30μg/10μl) plus the kappa-

opioid receptor antagonist nor-binaltorphimine (90μg/10μl), significantly increased TMJ 

0.5% formalin-induced nociception in sham (31.09%, n=6 and 26.9%, n=6; respectively) 

but not in gonadectomized rats. The response of intact rats to these treatments was similar 
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to that of sham rats. In contrast, the administration of each opioid receptor antagonist alone 

or the combination of CTOP (30µg/10µl) plus the delta-opioid receptor antagonist 

Naltrindole (90μg/10μl) or of Nor-binaltorphimine (90μg/10μl) plus Naltrindole 

(90μg/10μl) did not affect TMJ 0.5% formalin-induced nociception in intact, sham and 

gonadectomized rats. These findings suggest that the protective effect of testosterone on 

TMJ pain development depends on the release of endogenous opioids and on the 

subsequent activation of mu and kappa opioid receptors in the central nervous system. The 

conclusion is that the selective activation of individual receptor subtypes is insufficient 

while the co-activation of µ and k opioid receptors is necessary to mediate the protective 

effect of testosterone. 

 

Key words: Testosterone; Opioid receptors; Temporomandibular Joint; Formalin; 

Nociception; Pain 
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INTRODUÇÃO 

 

A Disfunção Temporomandibular (DTM) constitui em uma condição na qual 

há uma desarmonia no sistema estomatognático, podendo ocorrer envolvimento e prejuízo 

nos músculos mastigatórios, na ATM propriamente dita, ou em ambos (Okeson, 1997; 

Quinto, 2000; Vazquez-Delgado et al., 2004; Leeuw, 2010). A etiologia da DTM é 

considerada complexa e multifatorial por envolver fatores de origem anatômica, oclusal, 

muscular e psicológica. É caracterizada pela presença de sinais e sintomas como ruídos 

articulares, redução da amplitude ou alteração dos movimentos mandibulares, limitações 

funcionais, dores na musculatura mastigatória, na região pré-auricular e/ou na própria 

articulação (Garcia et al., 2000; Ash et al., 2001; Ozan et al., 2007; Silveira et al., 2007). 

Na região orofacial, correspondem à condição de dor crônica de maior prevalência, e 

parecem ser até duas vezes mais comuns em mulheres que em homens (Lund et al., 2001; 

Leeuw, 2010) e esses dados sugerem que os hormônios sexuais atuam modulando a dor na 

ATM. 

A dor é definida pela Associação Internacional para o Estudo da Dor (IASP) 

como sendo “uma experiência emocional e sensorial desagradável associada com uma 

lesão tecidual real ou potencial ou descrita em termos de tal lesão”. A sensação dolorosa 

tem papel fisiológico e funciona como um sinal de alerta para percepção de algo que está 

ameaçando a integridade física. Uma vez instalada a injúria pode se introduzir o conceito 

de dor patológica que, segundo sua origem, pode ser classificada como nociceptiva 

(somática ou visceral) ou neuropática. A dor pode também ser classificada segundo 

determinação temporal em dor aguda ou crônica. (Rocha et al., 2007). 
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O componente sensorial da dor corresponde a nocicepção e consiste de três 

fases, transdução, transmissão e modulação. Transdução é a transformação do estímulo 

nociceptivo, captado por terminações nervosas periféricas que o transformam em sinais 

elétricos. Transmissão é a propagação dos impulsos elétricos através de fibras sensoriais de 

dois tipos A δ e C polimodais. Modulação refere-se à alteração do estímulo no corno dorsal 

da medula espinhal, por meio de vias opioidérgicas, serotoninérgicas e noradrenérgicas. A 

combinação destas três fases de percepção, ou nocicepção, estimula o sistema nervoso 

central à consciência da dor (Sessle, 2000; Lund et al., 2001). 

 O estímulo nociceptivo é transformado em potencial de ação no receptor de 

dor no nervo periférico sensitivo e propagado ao sistema nervoso central para, então, 

ocorrer sua integração cortical e identificação como dor. Os receptores específicos para dor 

estão localizados nas terminações de fibras nervosas A- δ e C. Quando ativados, esses 

receptores sofrem alterações em sua membrana, com abertura de canais de sódio e rápida 

entrada de sódio, despolarizando a membrana celular e deflagrando o estímulo e sua 

propagação. Nesse processo, os nociceptores são sensibilizados por substâncias químicas 

tidas como algiogênicas, tais como: prostaglandinas (PGE2), serotonina, acetilcolina, 

adenosina, bradicinina, histamina, serotonina, leucotrienos, substância P, fator de ativação 

plaquetário, radicais ácidos, íons potássio, tromboxane, interleucinas, fator de necrose 

tumoral (TNFα), fator de crescimento do nervo (NGF) e monofosfato cíclico de adenosina 

(AMPc). Esses estímulos são conduzidos através de fibras nervosas (fibras A-δ e C) até o 

corno dorsal da medula espinal, onde realizam sinapses com interneurônios medulares, 

podendo ser modulados por peptídeos opióides. Da medula espinal, os estímulos dolorosos 

percorrem os tratos espinotalâmicos e espinorreticulares, alcançando estruturas nervosas 
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centrais (formação reticular, tálamo, sistema límbico, córtex cerebral), onde são modulados 

novamente via receptores opióides (Andrade, 2000). 

A interpretação do estímulo doloroso é individual e sofre influência dos 

padrões culturais, do medo e ansiedade e das experiências dolorosas prévias. A partir dessa 

percepção da dor pelo SNC, são obtidas as respostas motoras, autonômicas e 

comportamentais. (Thurmon et al, 1999; Teixeira, 2001; Ferreira, 2002; Tranquilli, 2004; 

Klaumann et al., 2008).  

A modulação central da dor é mediada pelos sistemas analgésicos endógenos 

descendentes (opióide, serotonérgico e noradrenérgico) que modulam a nocicepcão ao 

longo da via nociceptiva ascendente (Harlan et al., 2002; Yoshimura et al., 2006). Essas 

vias descendentes controlam a transmissão de impulsos dolorosos (relacionados com a 

sensação de dor) no corno posterior da medula espinal. A sinapse entre aferentes primários 

e neurônios no interior do complexo trigeminal do tronco encefálico representa outro 

importante local para modulação da dor. Os terminais centrais das fibras nociceptivas C 

também possuem receptores opióides que, uma vez estimulados, suprimem a produção de 

neuromoduladores algogênicos e de neurotransmissores. Os opióides estão envolvidos 

tanto em componentes ascendentes quanto descendentes da modulação da dor (Stamford, 

1995). 

Receptores de peptídeos opióides estão distribuídos por todo o SNC, incluindo 

o hipocampo; uma das áreas cerebrais de grande importância nos processos de memória, 

resposta ao estresse e recompensa. Os peptídeos opióides são os neurotransmissores e 

neuromoduladores naturais da dor constituindo o sistema de controle endógeno da dor 

(Volpato, 2008). Os peptídeos opióides endógenos consistem de três grupos principais: 
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encefalinas, beta-endorfinas e dinorfinas. Ambos os opióides endógenos e exógenos 

produzem analgesia através da ligação a receptores opióides específicos que bloqueiam a 

liberação de neurotransmissores excitatórios. Os receptores opióides pertencem a uma 

superfamília de receptores acoplados à proteína G e são observados em áreas 

correlacionadas com a percepção da dor (lâminas I, II e V), a modulação do 

comportamento afetivo (amígdala, hipocampo, locus coeruleus e córtex) e a regulação do 

sistema nervoso autônomo e funções neurodegenerativas (bulbo e hipotálamo) (Harlan et 

al, 2002). 

Os opióides endógenos podem ser liberados após estímulos dolorosos, agindo 

em vários receptores opióides mu (μ), delta (δ) e kappa (κ) de modo a suprimir as respostas 

nociceptivas na periferia, na medula espinhal e no cérebro. Um dos efeitos dos opióides é 

inibir a liberação de neurotransmissores excitatórios locais (Schaible, 2006). A ativação 

dos receptores opióides apresenta inúmeras conseqüências: inibição da atividade da 

adenilciclase levando a uma redução da concentração intracelular de monofosfato cíclico 

de adenosina (cAMP), a abertura dos canais de K+, causando a hiperpolarização do 

neurônio nociresponsivo, com conseqüente redução da excitabilidade e o bloqueio da 

abertura dos canais de Ca++ voltagem – dependentes, inibindo a liberação do glutamato e 

da substância P pelos terminais aferentes primários. Estes mecanismos explicam o 

bloqueio opióide da liberação de neurotransmissores e na transmissão da dor em várias 

vias neuronais (Andersen et al, 2004; Becker et al, 2004). O sistema de modulação opióide 

não é exclusivamente central, apresenta componentes periféricos. Foram encontrados 

receptores opióides nos macrófagos, mastócitos, nos gânglios trigeminais e espinhais, e nas 

fibras sensitivas que inervam nociceptores (Binder, 2001). 
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Durante a última década, várias pesquisas têm demonstrado diferenças sexuais 

na percepção e modulação da dor, bem como na resposta à ativação do sistema opióide e 

seus efeitos analgésicos. Há evidências que as mulheres têm menor limiar que os homens 

para alguns estímulos álgicos embora pareçam ser mais sensíveis aos efeitos analgésicos e 

colaterais decorrentes da administração sistêmica de medicamentos analgésicos (Gordon et 

al., 1995; Gear et al., 1996a; Gear et al., 1996b; Larijani et al., 2004, Craft & Ulibarri, 

2009). As diferenças entre homens e mulheres, quanto ao metabolismo, estrutura física, e 

variações hormonais podem influenciar os mecanismos biológicos da transmissão 

dolorosa, da sensibilidade dolorosa, e da percepção à dor (Unruh, 1996). 

Demonstrou-se, também, que as concentrações regionais dos receptores 

opióides mu no cérebro diferem em homens e mulheres e também podem ser regulados 

pela idade e pelos esteróides gonadais circulantes (Zubieta et al, 2002). Sabe-se que os 

hormônios gonadais e o controle endógeno da dor estão relacionados. Os receptores para 

os neuropeptídios opióides e hormônios esteróides gonadais estão localizados em 

neurônios no sistema nervoso central e periférico e podem modular uns aos outros 

(Wiesenfeld-Hallin, 2005). 

Os hormônios esteróides gonadais são produzidos pelos ovários e os testículos 

(gônadas). Os principais produtos dos testículos são os androgênios especificamente a 

testosterona e a diidrotestosterona, enquanto os ovários produzem dois tipos de hormônios: 

os estrógenos e progesterona. Os androgênios também são produzidos pelo córtex adrenal 

e são liberados em resposta ao hormônio adrenocorticotrófico. A testosterona é precursora 

do estradiol e, portanto, os ovários também sintetizam testosterona e os testículos também 
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produzem alguns estrógenos, já que o estradiol é um metabólito da testosterona (Kohn, 

2006).  

No organismo masculino, a testosterona é o esteróide sexual endógeno mais 

abundante, e é considerado o hormônio testicular fundamental. Na mulher, estes 

hormônios também são produzidos, entretanto em menores quantidades, pelas glândulas 

supra-renais No homem, as células testiculares secretoras de testosterona são denominadas 

células intersticiais de Leydig e são estimuladas pelo hormônio luteinizante (LH) 

hipofisário (Marques et al., 2003). 

Os hormônios gonadais promovem a diferenciação sexual. Esta diferenciação 

sexual do sistema nervoso pode ser dividida em duas fases: organizacional e ativacional 

dos hormônios sexuais. A primeira e caracterizada como período crítico, que ocorre logo 

após o nascimento, onde circuitos neurais específicos de cada sexo são consolidados, a 

testosterona circulante durante os primeiros dias de vida medeia à diferenciação sexual do 

sistema nervoso, induzindo mudanças morfológicas permanentes que irão se refletir 

durante a vida adulta. A segunda é quando o individuo, na fase adulta, requer os hormônios 

sexuais para ativar os circuitos e proporcionar o desencadeamento dos aspectos 

fisiológicos da função reprodutiva e produzir ações temporárias e reversíveis, 

desencadeando uma dada resposta somente na presença do hormônio apropriado ( Borzan 

& Fuchs, 2006; Sakuma, 2009). 

O efeito protetor da testosterona sobre o sistema nociceptivo em machos foi 

apoiado por alguns estudos clínicos, demonstrando que baixos níveis de testosterona 

podem contribuir para o desenvolvimento e a manutenção de algumas condições de dor 

(Morales et al., 1994; Stoffel et al., 2005) e ratos submetidos a estímulos nociceptivos 
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repetitivos, a testosterona induz adaptação progressiva com diminuição das respostas 

nociceptivas (Aloisi et al., 2003).  

Foi demonstrado que a injeção de formalina em uma concentração de 0,5%, 

que é insuficiente para nocicepção, induziu um comportamento nociceptivo em ratos 

machos gonadectomizados e fêmeas intactas, mas não em ratos machos intactos sugerindo 

que a testosterona possui um efeito protetor em machos, diminuindo seu risco de 

desenvolver dor na ATM (Fischer et al., 2007). Esses resultados sugerem que o efeito 

protetor observado nos machos intactos é devido à testosterona e apesar deste hormônio 

estar presente em ambos os sexos, a sexo-especificidade do seu efeito protetor no sexo 

masculino não é surpreendente, uma vez que os níveis de testosterona circulante nas 

fêmeas são normalmente cerca de 10% daqueles observados em machos (Evans, 2004). 

 O modelo de dor da formalina (nociceptiva e inflamatória) é amplamente 

utilizado no estudo das diferenças sexuais na percepção de dor (Palmeira et al., 2011). Em 

um estudo de reposição hormonal realizado em ratos fêmeas e machos gonadectomizados 

para observar os efeitos dos hormônios sexuais nas fases excitatória e inibidora das 

respostas nociceptivas induzidas pela formalina, observou-se que a testosterona tinha efeito 

hipoálgico nas fases I e II do teste de formalina e que os hormônios femininos atuavam 

apenas na interfásica: os resultados levaram a acreditar que a testosterona desempenha 

papel protetor na percepção de dor (Gaumond et al, 2005). 

Posteriormente em novo estudo de Fischer et al. (2009) foi demonstrado que o 

efeito antinociceptivo da testosterona suprafisiológica é mediado pela ativação do sistema 

opióide endógeno, possivelmente na região do núcleo do trato espinhal trigeminal, uma 

vez que foi possível inibir o efeito antinociceptivo da testosterona por meio da injeção 
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subaracnóide de naloxona (antagonista de receptores opióides) em ratos machos intactos. 

Portanto neste contexto o efeito protetor da testosterona no desenvolvimento da dor na 

ATM em ratos poderia ser mediado pelo sistema opióide na região do núcleo espinal 

trigeminal, mais especificamente no subnúcleo caudal, que é o correspondente trigeminal 

do corno dorsal da medula espinal. 

O complexo trigeminal do tronco cerebral pode ser subdividido em núcleo 

sensorial principal e núcleo do trato espinal. Este último é constituído por três subnúcleos: 

oral, interpolar e caudal (Sessle, 1996). O subnúcleo caudal é o subnúcleo que está 

localizado na porção mais inferior do núcleo do trato espinhal, estendendo–se até o corno 

dorsal da medula espinhal cervical, fundindo-se com a mesma. É a principal estação de 

transmissão da informação nociceptiva proveniente da região orofacial. Os neurônios 

nociceptivos do subnúcleo caudal apresentam uma extensa convergência de fibras nervosas 

aferentes, sendo estas provenientes da pele e da mucosa (tecidos superficiais), e da ATM, 

músculos mastigatórios, língua e da dura-máter (Lund et al., 2001). 

O mecanismo envolvido no efeito protetor da testosterona de ratos machos 

ainda não está totalmente esclarecido e o estudo da influência da testosterona, principal 

hormônio masculino, sobre os mecanismos nociceptivos contribuiria para o entendimento 

dos mecanismos responsáveis pela menor prevalência e severidade da maioria das 

condições dolorosas crônicas no sexo masculino. 

Dentro deste contexto o objetivo deste estudo se o efeito protetor da 

testosterona no desenvolvimento da dor na ATM é mediado pelo sistema opióide. Para 

responder a essa pergunta, nós usamos uma abordagem farmacológica para avaliar a 

capacidade dos antagonistas dos receptores opióides em bloquear o efeito protetor da 
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testosterona endógena, esses antagonistas foram administrados no espaço subaracnóide da 

região do complexo sensorial trigeminal, em ratos machos intactos, sham 

gonadectomizados (sham GX), gonadectomizados (GX) e em ratos gonadectomizados 

(GX) com reposição de testosterona. Para avaliar o desenvolvimento da nocicepção, 

usamos a resposta comportamental induzida pela injeção de formalina 0,5% na ATM. O 

objetivo deste trabalho foi investigar quais os subtipos de receptores opióides (receptores 

delta, mu e capa) ao nível do subnúcleo caudal, que é o correspondente trigeminal do corno 

dorsal da medula espinhal, medeiam o efeito protetor da testosterona sobre o 

desenvolvimento de dor na ATM em ratos. 

 

 

 

 

 

 

O presente estudo está apresentado em formato alternativo, conforme deliberação da 

Comissão Central de Pós-Graduação (CCPG) da Universidade Estadual de Campinas 

(UNICAMP) nº 001/98. 
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 Abstract 

 

We have previously demonstrated that endogenous testosterone protects males 

from developing temporomandibular nociception. In this study, we asked whether the 
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protective effect of testosterone on TMJ nociception development in males is mediated by 

activation of central opioid mechanisms. To answer this question, we used a 

pharmacological approach to assess the ability of opioid receptor antagonists administered 

in the surrounding of the spinal trigeminal nucleus to block the protective effect of 

testosterone in sham gonadectomized and in testosterone replaced gonadectomized male 

rats. To assess nociception development, we used the behavioral response induced by a 

TMJ injection of 0.5% formalin in naïve, sham, gonadectomized and testosterone replaced 

gonadectomized male rats. We found that the non-selective opioid receptor antagonist, 

Naloxone (15 µg), or the combination of the mu-opioid receptor antagonist CTOP 

(Cys2,Tyr3, Orn5,Pen7amide, 30 μg) and the kappa-opioid receptor antagonist Nor-

Binaltorphimine (90 μg) significantly increased 0.5% formalin-induced behavioral 

response. In contrast, combination of CTOP or Nor-Binaltorphimine and the delta -opioid 

receptor antagonist Naltrindole (90 μg) or the administration of each selective opioid 

receptor antagonist alone had no effect. These findings indicate that the co-activation 

central mu and kappa opioid receptors is necessary for testosterone to protect males from 

developing TMJ nociception.  

Key words: Testosterone; Opioid receptors; Temporomandibular Joint; Formalin; 

Nociception; Pain 

 

1. Introduction 

Temporomandibular Disorder (TMD) is a term generally applied to conditions 

characterized by pain and/or dysfunction in the temporomandibular joint (TMJ) and 

masticatory muscles. Its characterization has been difficult because of the large number of 
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symptoms and signs attributed to this disorder (Cooper and Kleinberg, 2007). TMD is 

considered to be 1.5-2 times more prevalent in women than in men and 80% of patients 

treated for this disorder are women (LeResche, 1997; Carlsson and LeResche, 1995). We 

have previously proposed that the lower prevalence of TMJ pain in males may result, at 

least in part, from a protective effect of endogenous testosterone on reducing their risk of 

developing TMJ pain (Fischer et al., 2007). This was evidenced by the findings showing 

that a low concentration of formalin (0.5%) injected into the rat’s TMJ induces a 

significant nociceptive behavior in gonadectomized (Gx) males and in naive females but 

not in naive males. However, the mechanisms underlying the protective effect of 

testosterone on TMJ nociception development remains to be elucidated.  

In addition to its protective effect on TMJ nociception development, 

testosterone, at a supraphysiological dose, decreases  TMJ nociception induced by a higher 

dose (1.5%) of formalin (Fischer et al., 2007) in male rats through the activation of the 

endogenous opioid system in the trigeminal subnucleus caudalis region (Fischer et al., 

2009). Therefore, in the present study we asked whether the protective effect of 

testosterone on reducing the risk of males developing TMJ nociception is mediated by the 

opioid system. To answer this question we used a pharmacological approach to assess the 

ability of opioid receptors antagonists administered in the surrounding of the spinal 

trigeminal nucleus in blocking the protective effect of endogenous testosterone in sham 

GX rats and of exogenous testosterone in GX rats. To assess nociception development, we 

used the behavioral response induced by a TMJ injection of 0.5% formalin in naïve, sham, 

Gx and Gx with testosterone replacement male rats. 
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2. Materials and Methods 

2.1. Subjects 

This study was carried out in male Wistar rats (200 to 300 g), six rats per 

group, housed (5 per cage) in a temperature-controlled room (23 ±1°C) on a 12:12 light 

cycle, with food and water available ad libitum. All animal experimental procedures and 

protocols were approved by the Committee on Animal Research of the University of 

Campinas (2102-1/2010) and are in accordance with IASP guidelines for the study of pain 

in animals (Zimmermann, 1983). 

2.2. Drugs 

Formalin solution was prepared from commercially available stock formalin 

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

concentration of 0.5%. Naloxone hydrochloride, non selective opioid receptor antagonist 

(15µg, Fischer et. al., 2009; Danzebrink et al. 1995), CTOP (Cys2,Tyr3, Orn5,Pen7amide), 

mu-opioid (μ) receptor antagonist (0.2, 10 and 30 µg, Tambeli et al., 2003), nor-BNI (nor-

Binaltorphimine dihydrochloride), kappa-opioid (κ) receptor antagonist (15, 45 and 90 µg, 

Tambeli et al., 2003) and naltrindole hydrochloride, delta-opioid (δ) ( receptor antagonist 

(10, 30 and 90 µg, Tambeli et al., 2003),  were dissolved in 0.9% NaCl and injected in the 

subarachnoid medullary space (Fischer, et al., 2005). The drugs were purchased from 

Sigma-Aldrich (St. Louis, MO, USA). 

2.3. Gonadectomy 

The procedure was performed in 45-day-old male rats through a single scrotal 

incision, as previously described (Fischer et al., 2008; Gordon & Soliman, 1994). The 

testicular bundles were ligated and removed and the skin was sutured. The efficacy of 
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gonadectomy was confirmed by postmortem observation of prostate and seminal vesicles 

atrophy. These procedures were carried out under anesthesia induced by an intramuscular 

injection of a mixture of ketamine (55 mg/kg) and xylazine (5.5 mg/kg). Sham-operated 

rats underwent a surgical procedure similar to that of gonadectomized ones, except that the 

gonads were not removed. 

2.4. Testosterone replacement 

Testosterone replacement protocol consisted of three daily subcutaneous 

injections of testosterone propionate (2mg/Kg) (Liu et al., 2006; Banu et al., 2002). 

Nociceptive testing was performed at the fourth day. Testosterone (17β-Hydroxy-3-oxo-4-

androstene) was purchased from Sigma-Aldrich (St. Louis, MO, USA) and diluted in 

propylene glycol. Serum testosterone level was determined by radioimmunoassay using a 

specific kit (DSL-4100) from Diagnostic System Laboratories, Inc. (Webster, TX, USA). 

2.5. Subarachnoid Medullary Injection 

The injection of opioid antagonists or vehicle (0.9% NaCl) in the surrounding 

of trigeminal sensory complex was performed as previously described (Fischer et al., 

2005). Ten minutes before the TMJ injection of formalin, rats were briefly anesthetized by 

inhalation of halothane and were dorsally positioned. A small skin area overlying the high 

cervical region was shaved with an electric razor. A 30-gauge needle connected to a 50µl 

Hamilton syringe by a polyethylene cannula was first inserted below the occipital bone up 

to 2 mm and slightly inclined in a cranial direction. The needle was advanced 2 mm more 

to perforate the atlanto-occipital membrane and reach the medullary subarachnoid space. 

Total volume injection in all experiments was 10 µl. All injections were performed at a 

rate of 1 µl/s. 
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2.5. TMJ Injections 

The injection of 0.5% formalin or its vehicle (0.9% NaCl) in the TMJ region 

was performed as previously described (Roveroni et al., 2001). Rats were briefly 

anesthetized by inhalation of halothane and a 30-gauge needle was introduced into the 

TMJ at the moment of injection. A cannula consisting of a polyethylene tube was 

connected to the needle and also to a Hamilton syringe (50 µl). Total injection volume in 

all experiments was 30 µl. Each rat regained consciousness approximately 30 s after 

discontinuing the anesthetic. At the conclusion of the nociceptive behavioral testing, each 

rat was anesthetized by an intraperitoneal injection of a mixture of urethane (1 g/kg) and α 

chloralose (50 mg/kg). The Evans blue dye (30 mg/kg) was injected systemically; 40 min 

later, the animals were perfused transcardially with saline (NaCl 0.9%). Since this dye 

binds to plasma protein, the correct site of injection was indicated by the observation that 

the plasma extravasation induced by the TMJ injection of formalin was restricted to the 

TMJ region (Roveroni et al., 2001). 

2.6. Nociceptive Assay 

Nociceptive behavioral testing was performed during the light phase (between 

9:00 AM and 5:00 PM) in a quiet room maintained at 23°C (Rosland, 1991). Before the 

experiments, each animal was manipulated for 7 days to be habituated to the experimental 

manipulation. On the day of the experiment, each animal was individually placed in a test 

chamber (30 x 30 x 30 cm mirrored-wood chamber with a glass at the front side) for a 15-

minute habituation period to minimize stress. The TMJ injection of formalin was 

performed as described above and animals were immediately returned to the test chamber 

for counting behavioral nociceptive responses during a 45-minute observation period. This 
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response was defined as the cumulative total number of seconds that the animal spent 

rubbing the orofacial region asymmetrically with the ipsilateral fore or hind paw plus the 

number of head flinches counted during the observation period, as previously described 

(Roveroni et al., 2001). From a theoretical perspective, the occurrence of a given behavior 

is expressed as the proportion of time that the behavior occupies. Since head flinches 

followed an uniform pattern of 1 second of duration, each flinch was expressed as 1 second 

(Roveroni et al., 2001). The recording time was divided into 9 blocks of 5 minutes. When 

the behavioral response induced by formalin is significantly higher than that induced by its 

vehicle (0.9% NaCl), the behavioral response is characterized as nociceptive, as previously 

standardized (Roveroni et al., 2001), and when it is not, it is characterized as basal and not 

nociceptive. Rats did not have access to food or water during the test, and each animal was 

used once.  

2.7. Data Analysis 

The behavioral response obtained by summing the flinching and rubbing 

behaviors recorded during the entire duration of the experiment, was used in statistical 

analysis. To determine if there were significant differences (p 0.05) between the 

treatment groups, one-way ANOVA was performed. If there was a significant between-

subjects main effect of treatment group, post-hoc contrasts, using the Tukey test, were 

performed to determine the basis of the significant difference. 

Data are presented in figures as means ± SEM. GraphPad Prism5 program was 

used for statistical analysis.  
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3. Results  

3.1. The protective effect of testosterone on TMJ nociception development 

To assess nociception development and to confirm the protective effect of 

testosterone on TMJ nociception development, we measured the behavioral response 

induced by a TMJ injection of 0.9% NaCl in naïve and of 0.5% formalin in naïve, sham 

Gx, Gx and testosterone replaced Gx male rats. As expected, we found that the TMJ 

injection of 0.5% formalin induced a behavioral response similar to that induced by 0.9% 

NaCl and a significantly greater behavioral response in Gx than in naïve and sham Gx 

male rats receiving 0.5% formalin into the TMJ (Figure 1). Testosterone replacement 

prevented the increase in the behavioral response of Gx male rats confirming the protective 

effect of testosterone on TMJ nociception development. 

The total serum level of testosterone in Gx was significantly lower than that of 

sham Gx male rats (0.60 ± 0.04 vs. 4.66 ± 0.58 ng/ml in 6 rats, P < 0.05). Testosterone 

replacement in Gx induced a total serum level of testosterone that was significantly 

different (2.87 ± 0.54 ng/ml) from that Gx male rats (P > 0.05). The total serum level of 

testosterone in testosterone replaced GX males was sufficient to restore the protective 

effect of testosterone, preventing TMJ nociception development. 

 

3.2. Effect of opioid receptor antagonists  

The administration of the non selective opioid receptor antagonist naloxone (15 

µg) into the medullary subarachnoid space of sham Gx and of testosterone replaced Gx 

males receiving 0.5% formalin into the TMJ induced a behavioral response significantly 

greater (Figure 2) than that induced by the administration of its vehicle. Thus blockade of 
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opioid receptors into the medullary subarachnoid space inhibited the protective effect of 

testosterone indicating that this effect is mediated by endogenous opioids. Importantly, 

naloxone treatment by itself did not affect the behavioral response of Gx male rats. 

To evaluate the contribution of opioid receptor subtypes to the protective effect 

of testosterone on TMJ nociception development, selective antagonists, except nor-

binaltorphimine, were administered into the medullary subarachnoid space alone 10 

minutes prior to the TMJ administration of 0.5% formalin; nor-binaltorphimine was 

administered the day preceding the experiment (see Methods). CTOP (μ-opioid receptor 

antagonist; 0.2, 10 and 30 µg; Figure 3A), naltrindole (δ-opioid receptor antagonist; 10, 30 

and 90 µg; Figure 3B and nor-binaltorphimine (κ-opioid receptor antagonist; 15, 45 and 90 

µg; Figure 3C) failed to affect the protective effect of testosterone on TMJ nociception 

development because each one of them induced a behavioral response similar to that 

induced by the administration of their vehicle. These findings taken together with the 

finding that the non selective opioid receptor antagonist naloxone blocked the protective 

effect of testosterone on TMJ nociception development suggest that co-activation of opioid 

receptors may be necessary for testosterone to protect males from TMJ nociception 

development. Therefore, to determine if co-activation of two opioid receptors is sufficient 

for that, opioid receptor selective antagonists were administered into the medullary 

subarachnoid space of naïve rats in combination (Figure 4A).  

The ability of the combination of CTOP (μ-antagonist, 30 µg) and nor-

binaltorphimine (k-antagonist; 90 µg) to block the protective effect of testosterone on TMJ 

nociception development was indicated by two findings. The first finding showed that the 

combination of these antagonists significantly increased the behavioral response induced 
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by the TMJ injection of 0.5% formalin in naïve male rats (Figure 4A).  The second finding 

showed that the combination of these antagonists prevented the reestablishment of the 

protective effect of testosterone in testosterone replaced Gx males as indicated by the 

significant increase in the behavioral response after the combination of these antagonists in 

testosterone replaced Gx males (Figure 4A). In contrast, combination of CTOP or Nor-

Binaltorphimine and Naltrindole (δ-antagonist; 90 μg) or the administration of each 

selective opioid receptor antagonist alone had no effect (Figure 4A).  Taken together, these 

findings indicate that central μ/κ opioid receptor co-activation is necessary for testosterone 

to protect males from developing TMJ nociception.  
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Figure 1. The protective effect of testosterone on TMJ nociception development.  The 

TMJ injection of 0.5% formalin did not induce nociception in naïve, in sham and in 

testosterone replaced Gx male rats, since it induced a behavioral response similar to that 

induced by 0.9% NaCl. The TMJ injection of 0.5% formalin induced nociception in Gx 

males, since it induced a behavioral response significantly greater than that induced by 

0.9% NaCl. The symbol ‘*' indicates a behavioral response significantly greater than that 

of the other groups (p< 0.05, ANOVA, Tukey Test). In this and in subsequent figures data 

are expressed as mean + EPM of behavioral score (flinching + rubbing), six rats per group. 

Abbreviations:  Gx = gonadectomized; GX+T = gonadectomized receiving testosterone 

replacement. See methods for additional details regarding data presentation and analysis.  
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Figure 2. Non-selective blockade of opioid receptors. The subarachnoid injection of 

naloxone (15 µg) in the surrounding of trigeminal sensory complex significantly increased 

the behavioral response induced by 0.5% TMJ formalin in sham and in testosterone 

replaced Gx (Gx+T) male, but did not affect it in Gx male rats. The symbol ‘*’ indicates a 

behavioral response significantly greater than that of sham and GX+T male rats receiving a 

subarachnoid injection vehicle (0.9% NaCl) (p< 0.05, ANOVA, Tukey Test).  

Abbreviations:  Gx = gonadectomized; GX+T = gonadectomized receiving testosterone 

replacement. 
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Figure 3. Selective blockade of μ, k or δ - opioid  receptors. The subarachnoid injection of 

(A) CTOP (μ-opioid receptor antagonist 0.2, 10 and 30 µg); (B) Nor-Binaltorphimine (k-

opioid receptor antagonist, 15, 45 and 90 µg) or (C) Naltrindole (δ-opioid receptor 

antagonist 10, 30 and 90 µg) in  the surrounding of trigeminal sensory complex did not 

affect 0.5% formalin induced behavioral response (p >0.05, ANOVA, Tukey). 
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Figure 4. μ/κ-opioid receptor cooperativity. (A) The administration of CTOP (30 µg) plus 

Nor-Binaltorphimine (90 µg), but not that of Naltrindole (90 μg) plus CTOP or Nor-

Binaltorphimine in the surrounding of trigeminal sensory complex significantly increased 

0.5% TMJ formalin-induced behavioral response. The symbol ‘*' indicates a behavioral 

response significantly greater than that of the other groups (p< 0.05, ANOVA, Tukey test). 

(B) The subarachnoid injection of CTOP plus Nor-Binaltorphimine in the surrounding of 

trigeminal sensory complex significantly increased the behavioral response induced by 

0.5% TMJ formalin in sham and in testosterone replaced Gx (Gx+T) male, but did not 

affect it in Gx male rats. The symbol ‘*’ indicates a behavioral response significantly 

greater than that of sham and GX+T male rats receiving a subarachnoid injection vehicle 

(0.9% NaCl) (p< 0.05, ANOVA, Tukey Test).    Abbreviations:  Gx = gonadectomized; 

GX+T = gonadectomized receiving testosterone replacement. 
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4. Discussion 

This study confirms our previous findings that testosterone decreases the risk of  males 

developing TMJ pain (Fischer et al., 2007) and shows that it does so by an opioid 

mechanism mediated by the co-activation of μ and κ-opioid receptors in the surrounding of 

trigeminal sensory nuclei.  

The confirmation that testosterone protects males from developing TMJ nociception is that 

the TMJ injection of formalin at a concentration (0.5%) that did not induce TMJ 

nociception in naïve and in sham Gx males, induced in gonadectomized males; an effect 

that was blocked by testosterone replacement in Gx male rats. The protective effect of 

testosterone in male’s nociceptive system has also been supported by some clinical studies 

demonstrating that its deficit can contribute to the development and maintenance of some 

pain conditions (Morales, 1994). One evidence that the protective effect of testosterone on 

TMJ nociception development is mediated by a central opioid mechanism is that blockade 

of opioid receptors by the administration of the non selective opioid receptor antagonist 

naloxone into the medullary subarachnoid space blocked the protective effect of 

testosterone on TMJ nociception development in sham Gx and in testosterone replaced Gx 

males. In fact, blockade of opioid receptors in the surrounding of trigeminal sensory nuclei 

of these rats induced a nociceptive response similar to that of Gx male rats suggesting that 

testosterone induces endogenous opioid release in this region. Although it is well known 

that testosterone interacts with the opioid system in different brain areas (Pluchino et al., 

2009) this is the first demonstration that this interaction can decrease the risk of pain 

development. 
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The interaction of testosterone with the opioid system to protect males from developing 

TMJ nociception, requires the co-activation of μ and κ-opioid receptors in the surrounding 

of trigeminal sensory nuclei. This is because the administration of the combination of 

selective antagonists for either μ- or κ-opioid receptors into the medullary subarachnoid 

space, blocked the protective effect of testosterone on TMJ nociception development in 

sham Gx and in testosterone replaced Gx males, while the administration of the 

combination of μ or κ and δ-opioid receptor antagonist or the administration of each 

selective opioid receptor antagonist alone had no effect. These findings are another 

evidence that the protective effect of testosterone on TMJ nociception development is 

mediated by a central opioid mechanism. Importantly, neither the non selective opioid 

antagonist naloxone nor the combination of selective antagonists for either μ- or κ-opioid 

receptors into the medullary subarachnoid space affected the behavioral response of Gx 

male rats by themselves indicating that their effect occurs only in the presence of 

testosterone. 

Although the mechanism underlying the testosterone requirement for μ- and k-opioid 

receptor co-activation to protect males from developing TMJ nociception is unknown, a 

μ/κ receptor heterodimerization was recently demonstrated by estrogen- induced 

antinociception in the spinal cord (Liu et al., 2011). However, whether testosterone can do 

the same to protect males from developing TMJ pain remains to be investigated. 

Alternatively, μ and κ-opioid receptors may be located in different neurons of the same 

pathway involved in the protective effect of testosterone and activation of each one of 

them may be essential to activate this pathway. Testosterone could activate the opioid 

system either by raising opioid peptides release or opioid receptor expression. In both 
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cases, blockade of opioid receptors would block the protective effect of testosterone, as 

demonstrated. 

Consistent with the idea that testosterone could activate the opioid system by raising opioid 

peptides release, it has been previously demonstrated that androgenic steroids increase  the 

expression of beta-endorphin levels in the ventral tegmental area in the male rat brain 

(Johansson et al., 1997), and that orchidectomy reduces opioid concentration in some brain 

regions while testosterone replacement in the orchidectomized rats significantly increase 

beta-endorphin levels in some brain regions as well as in the plasma (Pluchino et al., 

2009). However, it is not known whether testosterone affects opioid receptor expression. 

In this study, opioid antagonists were injected in the surrounding of the trigeminal sensory 

complex, which includes the spinal trigeminal nucleus also known as medullary dorsal 

horn. The spinal trigeminal nucleus receives the majority of the sensory afferents of the 

orofacial region and has an important role in modulating the nociceptive information that 

ascends to higher brain levels (Sokolov et al., 2011; Borsani et al., 2010; Wang et al., 

2002; Amandusson et al., 1996). Therefore, the protective effect of testosterone may be 

modulated by a neuronal circuit located at this region which is consistent with evidence 

that androgen (Hamson et al., 2004) and opioid receptors (Atweh and Kuhar, 1977)  are 

detected in the spinal trigeminal nucleus. However, because the antagonists injected into 

the subarachnoid space could diffuse through the cerebrospinal fluid to neighboring 

regions, the involvement of other regions cannot be excluded.  

Although ligand binding studies have demonstrated a substantial reduction in the number 

of binding sites for opioid receptors in rats treated neonatally with capsaicin (Besse et al., 

1990) suggesting that a large number of these receptors are presynaptic, 
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immunohistochemical studies using antisera raised against the cloned receptor subtypes 

suggest that μ- and κ-receptors are targeted more at post-synaptic sites (Arvidsson et al., 

1995a; 1995b) 

In summary, this study reports that a central opioid mechanism mediated by co-activation 

of μ and κ-opioid receptors is activated by testosterone to protect males from developing 

TMJ nociception.  Thus, understanding sex hormones pain development modulation 

mechanisms could potentially shed light on strategies for preventing chronic pain 

development as well as increase understanding of the neural basis of pain development. 
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CONCLUSÕES 

 

Os resultados sugerem que o efeito protetor da testosterona no 

desenvolvimento da dor da ATM em ratos é mediado pela ativação de receptores opióides 

centrais mais especificamente a co-ativação dos receptores μ e κ opióides. O entendimento 

dos mecanismos responsáveis pela menor prevalência e severidade das condições 

dolorosas no sexo masculino é de suma importância para prevenir o desenvolvimento de 

dor crônica, bem como aumentar a compreensão da base neural do desenvolvimento de 

dor. 
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