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RESUMO

As articulagdes temporomandibulares (ATM) podem ser afetadas por altera¢des articulares
e/ou musculares que podem progredir e iniciar mudangas degenerativas, culminando em
osteoartrite (OA). A liberagdo de mediadores quimicos, durante processo inflamatorio na
ATM, pode modular a conducdo dos estimulos nociceptivos e promover a expansdo e
agravamento do campo neuroinflamatdrio na sensibiliza¢do central. Portanto, para melhor
compreender e investigar o processo inflamatério e suas vias de conducdo da dor na
disfun¢do temporomandibular (DTM), este estudo teve como objetivo desenvolver um
modelo experimental para supressdo da condugdo de estimulo nociceptivo gerado na regido
da ATM de ratos fémeas Wistar usando piperina (Piper nigrum), bem como determinar a
concentracdo necessdria de piperina para produzir tal efeito. Para isso, foram utilizados 20
ratos fémeas, divididos em 4 grupos (n=5), que tiveram injetadas na sua ATM direita 25ul
de uma das seguintes solucgdes: salina fisiolégica, 4, 6 ou 8ug de piperina diluidas,
individualmente, em 100ml de solucdo de 10% de dlcool etilico, 10% de Tween 80 e 80%
de solucdo fisioldgica estéril. Apés 8 a 12 dias, todas as ratas, na fase estro do ciclo
hormonal receberam, na mesma ATM, a aplicagdio de 25ul de nova solucdo de 2ug
piperina, que agiu como agente irritante, diluida como previamente citado, e foram
imediatamente avaliadas quanto aos comportamentos nociceptivos de cogar a regido
orofacial com uma das patas e/ou de deslocar repetida e descoordenadamente a cabeca.
Estes dados foram quantificados sob a forma de tempo gasto pelo animal cocando a regiao
orofacial, de numero de vezes em que deslocou a cabeca, e da soma destes
comportamentos, considerando que o comportamento de deslocamento da cabeca seguiu
um padrao uniforme de 1 segundo de duracdo, cada deslocamento foi expresso com 1
segundo. Os dados coletados foram submetidos a andlise de varidncia (ANOVA, um
critério) e teste de Bonferroni (post-hoc, a=0.05). Para os animais que receberam injecao
prévia de solucdo fisiolégica estéril, 4, 6 ou 8ug/100ml de piperina, a média (+ desvio
padrdo) do tempo gasto (em segundos) cocando a cabeca foi de 54.2 (£7.29), 63.4 (£12.82),
55.4 (£9.95), e 30.8 (£4.2), respectivamente; a média do nimero de vezes em que houve

deslocamento da cabeca foi de 39 (*7.17), 47.6 (+4.91), 38.8 (£3.76), e 25.6 (£2.8),

viii



respectivamente; por fim, a média da soma dos comportamentos foi de 93.2 (+ 8.45), 111
(+ 10.79), 94.2 (£ 9.4), e 56.4 (+ 4.18), respectivamente. A injecdo prévia de 8 x 10~ug/ml
de piperina da ATM provou reduzir, significativamente, os comportamentos nociceptivos
avaliados, quando associados, em comparacdo ao grupo injetado com solucdo fisiolégica
estéril. Portanto, a injecdo de solucdo de piperina na concentracio 8 x 10~pg/ml na ATM
de ratos mostrou-se eficaz na reducdo da conducdo de estimulos nociceptivos em

comparacao a solugdo salina fisioldgica.

Palavras-chave: Comportamento Animal — Articulagio Temporomandibular — Piper nigrum



ABSTRACT

Temporomandibular joints (TMJ) may be affected by articular and/or muscle alterations
that can progress and initiate degenerative changes, culminating in osteoarthritis (OA). The
release of chemical mediators, during inflammation in the TMJ, can modulate the
conduction of nociceptive stimuli and promote the expansion and aggravation of the
neuroinflammatory field in central sensitization, which in turn, seems to contribute to the
impairment of sites other than the origin of the inflammatory process. So, to better
understand and investigate the inflammatory process and its pain pathways in
temporomandibular disorders (TMD), this study aimed to develop a model for suppression
of the nociceptive stimulus generated in the TMJ region of Wistar rats using piperine (Piper
nigrum), and to determine the necessary concentration of piperine to produce such effect.
For that, 20 female rats were divided into 4 groups (n=5), and they had their right TMJ
injected with 25ul of one of the following solutions: saline, 4, 6 or 08ug/100ml of piperine.
After 8 to 12 days, rats in the estrous phase of the hormonal cycle had the same TMJ
injected with a new piperine solution (25ul, 2ug/100ml) which acted as irritant, and were
immediately evaluated for the nociceptive behaviors of rubbing the orofacial region with
one the paws and/or of flinching the head repetitively and uncoordinatedly and the sum of
this behaviors, considering that the flinching of the head behavior followed a uniform
pattern of 1 second in duration, each flinching was expresses as 1 second. These data were
quantified in terms of time spent rubbing the orofacial region, of number of times of head
flinches, and of the sum of both behaviors. Data collected were submitted to analysis of
variance (ANOVA, one-way) and Bonferroni’s test (post-hoc, a=0.05). For the animals that
received previous injection of saline, 4, 6 or 8ug/100ml of piperine solutions, the means (+
standard deviations) for time (in seconds) spent rubbing the orofacial region were 54.2
(£7.29), 63.4 (£12.82), 55.4 (£9.95), e 30.8 (#4.2), respectively; for the number of head
flinches, the means were 39 (£7.17), 47.6 (£4.91), 38.8 (£3.76), e 25.6 (£2.8), respectively;
finally, the means for the sum of both behavior were 93.2 (£ 8.45), 111 (x 10.79), 94.2 (£
9.4), e 56.4 (+ 4.18), respectively. Previous injection of the TMJ with 8 x 10 ug/ml of

piperine solution has proved to reduce the sum of the nociceptive behaviors, compared to



injection of saline solution. Therefore, the injection of piperine solution at concentration of
8 x 10”ug/ml in the TMJ of rats has shown to be effective in the reduction of the

conduction of nociceptive stimuli compared to saline solution.

Key words: Nociceptive Behavior — Temporomandibular Joint — Piper nigrum
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Introducdio

A dor temporomandibular ainda é pouco compreendida, apesar de clinicamente
importante, em fun¢do da elevada prevaléncia em paises como os Estados Unidos da
América (Lipton et al., 1993; LeResche & Drangsholt, 2008), como no Brasil (Gongalves
et al., 2010) e ainda é pouco compreendida. Isto pode ser explicado, pelo menos em parte,
pelo nimero limitado de modelos experimentais que estudem os mecanismos fisiologicos
nesta condi¢do. Desta forma, o desenvolvimento de modelos experimentais que possibilite
estas investigacdoes pode representar relevancia clinica na medida em favorecerdao a
compreensdo destes fendmenos (Roveroni et al., 2001).

A prevaléncia, duracdo e severidade da dor na disfuncdo temporomandibular
(DTM) sdao maiores em mulheres (Flake er al., 2006; LeResche & Drangsholt, 2008) e
sugerem que o estrogeno influéncia a patofisiologia da dor na DTM (Flake et al., 2006), de
modo que a mesma acomete mais mulheres durante a fase reprodutiva (Carlsson, 1999), ou
usudrias de estrogénio exdgeno (LeResche et al., 1997). Uma possivel explicagdo € que este
hormonio parece contribuir para dor na DTM modulando o processo inflamatdrio associado
com o dano local da articulacdo temporomandibular (ATM), ou aumentando a
excitabilidade das terminagdes na articulacdo ou regulando a expressdo e liberagdo de
neuropeptideos inflamatorios (Flake et al., 2006).

Modelos experimentais de induc@o de dor e/ou inflamag¢do foram desenvolvidos
e validados. Por meio deste, pdde-se estudar os mecanismos envolvidos nas condi¢des de
dor craniofacial superficial e profunda, mudancas nos sistemas nervosos central e
periférico, envolvimento dos diversos mediadores inflamatorios (Bonjardim et al, 2009;
Gameiro et al, 2005; Roveroni et al, 2001; Fiorentino et al, 1999). Entretanto, esses
modelos nao foram desenvolvidos em fémeas nem possibilitaram a avaliaram a supressao
das fibras aferentes que poderiam participar na exacerbacdo e manutengdo do processo
inflamatorio por meio da participacdo do sistema nervoso central (SNC).

A ATM recebe inervagdo sensorial do ramo mandibular do nervo trig€meo

(Sessle et al., 2008). Os corpos celulares dos neurdnios sensoriais primarios deste nervo

1



estdo localizados na porcdo postero-lateral do ganglio trigeminal, e projetam
perifericamente fibras amielinicas (fibras C) ou finamente mielinizadas (fibras Ad) para as
estruturas da face e mandibula (Kyrkanides et al., 2007). A sensibilizacio dos ntcleos
sensoriais trigeminais no tronco cerebral, que pode vir em decorréncia de um processo
inflamatoério, estd envolvida no processamento central da nocicep¢do advinda da ATM
(Sessle et al., 2008). Tanto € que injurias algicas provocadas na ATM resultam em aumento
dos niveis de expressdo de neuropeptideos envolvidos na dor, tais como a Substanica P
(SP) (Kyrkanides et al., 2002) e Peptideo Relacionado ao Gene da Calcitonina (CGRP) (Lai
et al., 2006), em fibras nervosas sensoriais primdrias no nivel do subnicleo caudal, e do
nucleo sensitivo principal do trig€meo (Kyrkanides et al., 2007).

A dor temporomandibular passa pela sensibilizagdo periférica de nervos
sensoriais primarios, podendo provocar uma neuroinflamacio que leva a ativagdo de células
da glia (astrécitos e micréglia), bem como a expressao de mediadores da inflamac¢do, como
a IL-1B (Guo et al., 2007; Fiorentino et al., 2008). Embora esta sensibilizacdo possa ser
localizada inicialmente, ao longo do tempo o campo neuroinflamatdrio pode expandir e
incluir um ndmero cada vez maior de células adjacentes (Fiorentino et al., 2008). A
expansdo deste campo pode causar a sensibilizacdo central de neurdnios sensoriais
primarios, que por sua vez, podem contribuir para o desenvolvimento e manutencdo da
artrite via a liberacdo antidromica de fatores inflamatorios na articulagio (Fiorentino et al.,
2008). E possivel, entdo, especular sobre um possivel papel do sistema nervoso sensorial no
desenvolvimento de condicdes artriticas.

A este respeito, estudos ja demonstraram que a presenga de Il-1 no corno
dorsal da medula de ratos foi suficiente para o desenvolvimento de artrite na ATM
(Fiorentino et al., 2008), e que a indugdo da expressdo de receptores p-opidides humanos
(HuMOR) na ATM de ratos ndo s6 preveniu o desenvolvimentos de dor orofacial, como
atenuou o grau de alteracdes histopatoldgicas na articulagcdo, o que foi mediado pela
expressdo de HuMOR nos corpos celulares neuronais localizado no ganglio trigeminal,
assim como em seus ramos nervosos proximal e distal, localizados nos nucleos sensorial
principal e subnicleo caudal do tronco cerebral e nas articulacdes, respectivamente

(Kyrkanides et al., 2007). Mediante estes fatos, parece claro que o sistema nervoso
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sensorial estd de alguma forma, envolvido no acometimento da ATM por processos
inflamatérios. Especula-se se a combinacdo entre sensibilizacdo central e expansido do
campo neuroinflamatério e liberacdo antidromica de fatores inflamatorios pode estar
implicada no acometimento de uma ATM sauddvel e contralateral aquela afetada por um
processo inflamatério, como a osteoartrite (OA).

Na ATM, a OA ¢ caracterizada por ser uma condi¢do cronica que resulta na
deterioragdo e abrasdo das superficies da cartilagem articular e dos tecidos moles,
remodelamento e espessamento do osso subjacente, e formacdo de ostedfitos e cistos
subarticulares (Takahashi er al., 1998; Zarb & Carlsson, 1999; Bonnet & Walsh, 2005;
Grandmont, 2007). Na maioria dos casos, ocorrem unilateralmente e os sintomas parecem
piorar com os dias (Zarb & Carlsson, 1999; Grandmont, 2007). Quando bilateral, um lado
comumente mostra maior severidade (Grandmont, 2007).

As citocinas pré-inflamatérias, dentre elas a IL-1 e o TNF-q, estdo envolvidas
na patogénese da OA (Kubota et al., 1997; Takahashi et al., 1998; Curtis et al., 2002;
Goldring & Goldring, 2004;) e na dor articular (Shafer et al., 1994; Takahashi et al., 1998).
Ambas tém papel chave na amplificacdo e perpetuacdo da inflamacdo (Curtis et al., 2002;
Lobbezoo et al., 2004). A IL-1p parece ser um dos determinantes de dor, alodinia e
hiperalgesia da ATM (Lobbezoo et al., 2004) pela existéncia de uma rela¢do entre dor na
drea articular e a deteccdo de IL-1P (Takahashi et al., 1998; Suzuki et al., 1999). O TNF
também pode estar associado a producdo de dor através de seus efeitos na sintese de
prostaglandina (Shafer et al., 1994).

Na inflamagdo, essas substancias quimicas agem nos receptores de dor
(Nishimura et al., 2002) provocando mudancas marcantes nas conexdes centrais dos nervos
sensitivos e na sintese e liberacdo de neurotransmissores e neuromoduladores (Niissalo et
al., 2002), desenvolvendo a sintomatologia dolorosa (Nishimura et al., 2002).
Neuropeptideos como SP, que consiste em um dos principais neurotransmissores de
estimulo doloroso (Nishimura er al., 2002) conduzido por fibras C ndo-mielinizadas
(Appelgren et al., 1998), sdo liberados e agem nos nociceptores aferentes primarios
podendo causar dor lenta e ardente, como descrito por muitos pacientes com OA (Bonnet &
Walsh, 2005). A presenca da SP no fluido articular provoca aumento na temperatura
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intrarticular, no limiar e na tolerancia a dor, além do envolvimento na resposta nociceptiva
da articulag@o artritica e na modulacdo da dor artritica e hiperalgesia (Appelgren et al.,
1998).

Com todo o exposto até aqui, parece haver uma intrincada relacdo entre
inflamacao na ATM, libera¢do de mediadores inflamatdrios, sensibiliza¢do neuronal local e
central e, provavelmente, manutencdo e exacerbacdo da condi¢ao inflamatdria via sistema
nervoso sensorial.

A fim de investigar esta relacdo, em meio a protocolos ja bem estabelecidos que
promovem a inflamagcdo e hiperalgesia na ATM de ratos (Roveroni et al., 2001),
esbarramos na caréncia de um modelo experimental que permita a supressiao de estimulos
nociceptivos partindo de uma articulagdo inflamada em dire¢do ao sistema nervoso central.
Ao estabelecer tal protocolo, torna-se possivel investigar os efeitos da inflamagdo local na
sensibilizacdo central e expansdo do campo neuroinflamatério, bem como os possiveis
efeitos da liberagdo antidromica de fatores inflamatérios no acometimento de uma ATM
sauddvel e contralateral aquela afetada por um processo inflamatorio.

Com isto em mente, experimentos em animais empregando pungentes naturais
sdo desenvolvidos para estudar comportamento nociceptivo, devido ao seu poderoso
estimulo nocivo em neurdnios sensoriais primarios (Geppetti & Trevisan, 2004). A piperina
(1-piperoilpiperidina) € um alcaldide que consiste no principal principio ativo da pimenta
do reino (Piper nigrum), e que promove uma sensacao de ardéncia supostamente mediada
pela ativagdo do receptor de potencial transiente vaniléide, membro da subfamilia vaniléide
1 (TRPV1), o qual foi, inicialmente, descrito como um receptor para capsaicina (Fu et al.,
2010). Além da diferenca estrutural pela substituicdo do grupo vanilil pelo metilenodioxi
(McNamara, et al., 2005; Szallasi, 2005), a piperina é mais eficiente em induzir
dessensibilizacdo do receptor (McNamara, et al., 2005).

Tal suposi¢do se deve ao fato de que estudos iniciais demonstraram que a
piperina compartilha sitios de ligacio em comum a outros produtos naturais de plantas,
como a propria capsaicina e a resiniferatoxina (Liu & Simon, 1996; Szallasi & Blumberg,
1999). Estudos subseqiientes conseguiram definir um sitio de ligacio em comum entre

piperina e capsaicina e demonstraram a habilidade da piperina em ativar correntes em
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neuronios sensoriais de ratos, isolados do ganglio trigeminal (Liu & Simon, 1996; Szallasi
& Appendino, 2004). Mais recentemente, outro estudo mostrou que as a¢des da piperina
sobre o TRPV1 sdo coerentes com as acdes de um agonista para este receptor, mas também
que ela exibe uma clara propensdo para induzir dessensibilizacdo do receptor (McNamara
et al., 2005).

Acredita-se que o TRPV1 funcione como um integrador molecular de estimulos
nocivos, incluindo calor, acidos, poluentes com mudanga elétrica negativa, e substancias
enddgenas pro-inflamatorias (Szallasi & Blumberg, 1999). Expresso em tecidos neuronais,
tais como medula espinhal (primariamente em fibras eferentes sensoriais) hipotdlamo,
hipocampo e substancia negra, e nao-neuronais, tais como mastécitos e glia, sua ativagao
resulta em rdpido aumento dos niveis de Ca®* intracelular (Cortright & Szallasi, 2004). O
TRPV1 também € altamente expresso em neurdnios primdrios sensoriais, fibras A-6 e C,
nociceptores polimodais que respondem a diversos estimulos como quimicos, mecanicos e
térmicos (Geppetti & Trevisan, 2004). Linfécitos e mastocitos expressam o TRPV1,
evidenciando uma interagdo entre os sistemas nervoso e imune (Szallasi, 2005).

Mecanismos, ainda pouco esclarecidos, mantém o TRPV1 no estado inativo
(Szallasi, 2005). Possivelmente, o TRPV1 esteja sob o controle inibitério do
fosfatidilinosito (4,5)-bisfosfato [Ptd Ins (4,5) P,], que na presenca de agonistas,
fosoflipase C (que cliva o Ptd Ins (4,5) P;) ou proteinas cinases (especialmente a cinase C)
podem ativar esse receptor e acopld-la a outros receptores da dor, como o receptor da
bradicinina B, (DiMarzo, 2002). O evento i6nico desencadeado pela ativagdo do TRPV1
resulta em um efeito excitatério dos terminais de neurdnios sensoriais primdrios com a
subseqiiente despolarizacdo da fibra nervosa e o inicio da propaga¢do do potencial de acao
(Geppetti & Trevisan, 2004). Influxo de Ca®** em terminacdes nervosas, impulsionada tanto
pela conducdo antidromica do potencial de acdo ou diretamente pela propagacdo do
TRPV1, provoca a liberacdo de neuropeptideos, incluindo CGRP e as taquicininas, SP e
neurocinina A (NKA) (Geppetti & Trevisan, 2004). A liberagdo de SP e de CGRP pode
contribuir para o componente neurogénico da inflamacdo, por terem propriedades pro-
inflamatérias (Khan et al., 2008). Esses mediadores podem provocar vasodilatagdo,

extravasamento plasmatico, liberacdo de histamina, PGE2, citocinas (IL-1, IL-6, TNF-a)
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contribuindo para a dor e inflama¢ao neurogénica (Khan et al., 2008). Foi comprovada a
participacdo do TRPV1 no desenvolvimento de hiperalgesia pds-inflamatéria, pois a
expressdo desse receptor encontrar-se aumentada em varias desordens humanas como
doencas inflamatérias intestinais e trato urindrio e condi¢des de dor cronica (Szallasi &
Appendino, 2004).

Assim sendo, agentes como a piperina t€m o potencial de oferecer beneficio
terapéutico pela dessensibilizacdo direta do receptor TRPVI e/ou por uma
‘desfuncionalizacdo’ (McNamara et al., 2005; Boudaka et al., 2007) muito menos seletiva
de neurdnios sensoriais que carregam este receptor.

Diante dos fatos expostos, parece-nos imprescindivel e interessante desenvolver
um modelo experimental para supressdo de estimulos nociceptivos gerados na regido da
ATM de ratos Wistar fémeas utilizando piperina, e determinar a concentragdo minima de

piperina para produzir tal efeito.
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Abstract: We aimed to develop a model for nociceptive stimulus suppression in the TMJ
region of female Wistar rats using piperine. Twenty female rats were divided into 4 groups
(n=5), that received an injection in right TMJ of 25ul right TMJ of one of the following
solutions: sterile saline (control) or piperine (4, 6 and 8 x 107 pug/ml). After 8 to 12 days of
this procedure, the rats in the estrous phase had the same TMJ injected with a new piperine
solution (25ul; 2 x 10 pug/ml), and were immediately evaluated for the nociceptive
behaviors. The nociception was quantified through the sum of orofacial rubbing time and,
the number of head flinches during 45 minutes. The data were submitted to the ANOVA
one-way test and Bonferroni’s test (post-hoc, 0=0.05). For the sterile saline (control), and
the 0,04; 0,06 or 0,08ug/ml of piperine injected animals, the means (+ SD) for time
(seconds) of rubbing were 54.2 (£7.29), 63.4 (£12.82), 55.4 (£9.95), and 30.8 (+4.2),
respectively; for head flinches, the means were 39 (£7.17), 47.6 (+4.91), 38.8 (£3.76), and
25.6 (£2.8), respectively; finally, the means for the sum of both behavior were 93.2 (+
8.45), 111 (% 10.79), 94.2 (+ 9.4), and 56.4 (+ 4.18), respectively. Previous 8 x 10"2pg/m1
TMJ piperine injection has proved to reduce nociceptive behaviors in rats.

Key words: Nociceptive Behavior — Temporomandibular Joint — Piper nigrum

1. Introduction

Temporomandibular joint (TMJ) pain and arthritis have been associated with
peripheral sensitization of primary sensory afferents and inflammation at the dorsal horns
(Lai et al, 2006). Indeed, the expression of human p-opioid receptors in primary sensory
neurons along the central and peripheral trigeminal sensory nerve projections and in the
neuronal cell bodies located in the trigeminal sensory ganglion resulted in prevention of
orofacial nociceptive behavior and in decreased severity of histopathologic abnormality in
the joint in rats (Kyrkanides et al, 2007).

Persistent states of pain and inflammation can activate glia cells to release
mediators of inflammation, such as interleukin (IL)-1 and tumor necrosis factor (TNF)-a
in osteoarthritis (OA), which are known to be released by neurons (Yang et al, 2004). Over
time, these cytokines evokes the sensitization of afferent nerves that can expand the
neuroinflammatory field to include an increasing number of adjacent cell populations and

cause central sensitization of primary sensory nerves, contributing to the development and



maintenance of arthritis via the antidromic release of inflammatory mediators (Fiorentino et
al, 2008).

Arthritis affects the TMJ unilaterally (Grandmont, 2007, Zarb & Carlsson,
1999), and when it is bilateral, morphological alterations are more severe in one of the
joints (Grandmont, 2007). It is considered a progressive pathology (Zarb & Carlsson, 1999)
and its symptoms seem to worsen with time (Grandmont, 2007, Zarb & Carlsson, 1999).

Experimental models of TMJ pain and inflammation are long available and
validated in the pertinent literature (Lai et al, 2006, Noguchi et al, 2005, Roveroni et al,
2001), however, there is a lack of experimental models capable of suppressing the
conduction of nociceptive stimuli from the TMJ region to investigate the involvement of
the sensory nervous system in the development and maintenance of arthritis.

Piperine (1-piperoylpiperidine), the primary pungent alkaloid derived from
Piper nigrum (McNamara et al, 2005), shares a common site of action with capsaicin
(Green, 1996) and has the ability to activate whole-cell currents in rat sensory neurons
isolated from trigeminal ganglia (Liu & Simon, 1996), which is thought to occur via the
transient receptor potential vaniloid (TRPV)-1 (Szallasi & Blumberg, 1991).

TRPVI1, a calcium-permeable nonselective cation channel, is activated by
inflammatory mediators, protons and noxious heat (Szallasi & Blumberg, 1999). It is an
important integrator of a multitude of noxious chemical and physical stimuli, and it is
expressed in neurons of the trigeminal ganglion and dorsal root ganglion, mostly associated
with unmyelinated fibers (C) and less with small myelinated fibers (Ad) (Geppetti &
Trevisani, 2004).

Piperine has been proved to be a potent and effective agonist of the human
TRPV1 receptor, with a clear propensity to induce receptor desensitization (McNamara et
al, 2005). This pungent-tasting compound offers therapeutic benefits due to direct
desensitization of TRPV1 receptors and/or by a rather more nonselective
‘defunctionalization’ of the sensory neurons bearing such receptors (Geppetti & Trevisani,
2004, Szallasi & Blumberg, 1999), but also to be useful in the development of an

experimental model aimed at suppressing the conduction of nociceptive stimuli.



Based on this, our study aimed to develop an experimental model for
suppression of the conduction of nociceptive stimuli generated at the TMJ region of rat
using piperine, as well as determining the minimal concentration of piperine required to

produce such effect.

2. Methods

2.1 Animals

This study used 20 female Wistar rats (200-250g) obtained from the
Multidisciplinary Center for Biological Research (CEMIB — State University of Campinas
(Unicamp), Brazil). Experimental procedures were conducted in accordance with the
International Association for the Study of Pain guidelines for using laboratory animals. The
Ethics Committee for Animal Experimentation of Unicamp approved all animal
experimental procedures and protocols (n. 1859-1). The animals were maintained in a
temperature controlled room (23+1°C), and housed in plastic cages with soft bedding
(five/cage) on a 12-h light/dark cycle (lights on at 07:00 AM) with food and water available

ad libitum for at least two months prior to the experiments.

2.2 Piperine injection

Three piperine solutions were prepared from commercially (Sigma-Aldrich)
available stock piperine containing 4,0, 6,0, and 8,0ug further diluted in 10% ethylic
alcohol (Chemco, Ltda, Sdo Paulo), 10% Tween (Dinamica, Ltda, Sdo Paulo), and 80%
sterile saline solution (Med Flex®, Rio de Janeiro, Brazil). All animals were anesthetized
with intraperitoneal ketamine (55mg/kg)-xylazine (5.5mg/kg) solution prior to TMJ
injection, and were randomly assigned to receive O (sterile saline) (n=05), 0,04ug/ml
(n=05), 0,06pg/ml (n=05), or 0,08ug/ml (n=05) of piperine into their right TMJ. The
injections were performed by one examiner blinded to the experimental design by palpating
the zygomatic arch area and inserting a 30-gauge needle immediately inferior to the
posteroinferior border. The needle was advanced in the anterior direction until reaching the
posterolateral aspect of the condyle and 25ul of the assigned solution was inserted. A
cannula consisting of a polyethylene tube was connected to the needle and also to a
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Hamilton syringe previously filled with one of the different concentrations of piperine
(Roveroni et al, 2001).

After this, animals were placed back into their cages for a period of 8 to 12 days
for nociceptive behavior testing: rubbing the orofacial region (Clavelou et al, 1995),
flinching the head, and the sum of both behaviors (Roveroni et al, 2001). During this
period, there was no restriction of food and water.

2.3 Testing procedures for nociceptive behavior

Animals were daily checked for estrous cycle by microscope examination of
vaginal smears. Behavior testing was performed during the light phase (between 8:00 and
17:00 PM) by an examiner blinded to experimental manipulation. At the day of testing,
estrous phase rats were individually placed in a chamber (30 X 30 X 30 cm mirrored wood,
with a glass at the front side) for a 10-minute habituation period, during which no food or
water were available. After this, animals were lightly anesthetized by inhalation of
halothane (Sigma-Aldrich) to allow TMJ injection. A different examiner performed all
injections, as previously described, and 25ul of a 2ug piperine solution was injected in the
right TMJ. After regaining consciousness, animals were placed back into the mirrored
chamber for counting the nociceptive responses. The nociceptive behavior characterized by
rubbing the orofacial region (Clavelou et al, 1995) and flinching the head (Roveroni et al,
2001) was counted for 45 minutes divided into 9 blocks of 5 minutes. During each block,
the amount of time that the animal spent rubbing the orofacial region was quantified, and
considering that the head flinching behavior follows a uniform pattern of one second in
duration, each flinching was expressed as one second (Gameiro et al, 2005 ; Roveroni et al,
2001), those behaviors were quantified by the number of times they happened. The
examiner responsible for counting the nociceptive behaviors was blinded to the rat’s group
assignment (Roveroni et al, 2001).

Firstly, responses for piperine-induced nociceptive behaviors measured for 45
minutes were evaluated separately, and then their sum was also used for statistical analysis
(Roveroni et al, 2001). After the behavior test, and according to the International
Association for the Pain Study, all the animals were killed.

2.4 Statistical analysis
11



Data with homogeneity of variance were analyzed by one-way analysis of
variance (ANOVA) and multiple post-hoc comparisons were performed using the
Bonferroni’s test. Correlation between different concentrations of piperine and piperine-
induced nociceptive behaviors was tested using Spearman’s rank correlation coefficient.
Probability level of less than 0.05 was considered statistically significant. Data obtained are

presented in the figures and text as means * standard deviation.

3. Results

Although the time the animals spent rubbing the orofacial region or flinching
the head seemed to decrease with increasing concentrations of piperine, the injection of
piperine solution at concentrations up to 0,08ug/ml could not significantly decrease the
amount of responses (Figure 1).

On the other hand, when the sum of both behaviors was considered, the
injection of 0,08ug/ml piperine solution significantly decreased the amount of nociceptive
responses (p<0.05) compared to saline-treated animals (Figure 2). Figure 4 presents the
time course of nociceptive responses evoked by 0,08ug/ml piperine solution characterized
by rubbing the orofacial region, flinching the head, and the sum of both behaviors.

The graph on Figure 3 illustrates the time course of the sum of nociceptive
behaviors induced by the injection of different concentrations of piperine into the TMJ.
Overall, nociceptive responses evoked by all solutions, including saline, increased towards
10 minutes after injection, except for the solution concentrated at 0,04ug/ml, which resulted
in the highest peak of nociceptive responses after 15 minutes of injection. After 15 minutes,
the lower concentrations of piperine used (0,04ug/ml and 0,06pg/ml) alternated peaks of
responses until 30 minutes after the injection, time at which nociceptive responses were
lowest. Saline-treated animals presented nociceptive responses somewhat similar to animals
treated with 0,06pg/ml piperine solution, except for the absence of alternated peaks of
response. Interestingly, animals treated with 0,08ug/ml piperine solution generally

exhibited the lowest nociceptive responses (Figure 4).

12



The injection of all solution into the TMJ resulted in a final peak of responses,
which was lowest and earlier (30 minutes) for animals treated with 0,08ug/ml piperine

solution, and higher and later (35 minutes) for the other solutions, including saline.

4. Discussion

The novelty of this study is the development of an experimental model of
nociceptive behavior in females and the use of piperine to reduce the nociceptive stimulus
conduction. The utilization of females is justified by the higher prevalence of TMJ pain in
women (LeResche & Drangsholt, 2008; Isong et al, 2008; Lipton et al, 1993). Thus, the
behavior test was conducted during the hormonal cycle - during diestrus - when animals
present higher nociceptive response (Clemente et al, 2004). Another factor to be
emphasized is the use of piperine to reduce the conduction of nociceptive stimuli. Under
different concentrations, piperine activates the TRPV1 present in afferent C fiber and
spreads nociceptive stimuli, and also desensitize or defunctionalize the receptor, blocking
the stimulus conduction. (Roveroni et al, 2001). This model of pain in females using
piperine has clinical relevance because it allows the study the mechanisms of chronic pain
and inflammation in the TMJ, as well as analyzes the efficiency of drugs that act directly on
the C fibers by blocking conduction of nociceptive stimulus.

Based on in these results, it was demonstrated that increasing concentrations of
piperine solution injected into the rats TMJ seem to reduce the overall nociceptive
responses up to 0.08ug/ml, concentration at which the sum of the commonly known
nociceptive behaviors of rubbing the orofacial region and flinching the head was
significantly reduced. To the best of our knowledge, the sum of these responses offers a
clearer view of the animal’s nociceptive behavior, once they are all responses triggered by
the same nociceptive stimulus, and seem to complement each other (Figure 3).

It is noteworthy that all animals seemed to reduce their of nociceptive responses
between 30 to 35 minutes after the injection, including saline-treated animals, after what
responses increased again. Probably, the first phase of responses may be attributed to the
effect of piperine on sensory nerves, which is a potent agonist of TRPVI1 lower

concentrations. During this initial phase, 0.08ug/ml piperine solution proved to be
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sufficient to desensitize sensory nerves, as it reduced the nociceptive behavior of the
animals. The second phase of responses, however, may be attributed to a subsequent
development of inflammation and spinal cord sensitization due to the puncture and
injection of the TMJ (Hunskaar & Hole, 1987), and 0.08ug/ml piperine solution also
evoked less responses. The second phase of responses better characterizes overt pain and
bears more resemblance to clinical pain than that provoked by a transient stimulus
(Roveroni et al, 2001).

The first peak of nociceptive behavior may result from the action of piperine on
fibers Ao present in the TMJ region, which are responsible for conducting acute and faster
nociceptive stimuli. The second peak may be explained by sensitization of C fibers that
were not desensitized previously by the injection of the higher concentration of piperine.

The fact that 0.08ug/ml piperine solution evoked less, but still, did evoke
responses, seems to indicate that this concentration is capable of desensitizing, but not
‘defunctionalizing’ sensory nerves. That is, by desensitising sensory nerves but not
‘defunctionalising’ them, the conduction of nociceptive stimuli may be suppressed without
completely inhibiting cell functions, which shall be extremely useful in future studies
attempting to investigate the role of the sensory nervous systems in the development and
maintenace of painful and inflammatory conditions, such as TMJ athritis.

Studies conducted with animals have supported a role for TRPV1 receptors in
the development of post-inflammatory hyperalgesia, and the expression of TRPV1
receptors has been shown to be up-regulated in a number of human disorders, such as
inflammatory diseases and chronic pain conditions (Szallasi & Appendino, 2004), such as
TMJ arthritis.

The regulation of TRPV1, however, is complex. It seems to be inactive at rest,
but it can be activated by agonist agents, such inflammation (Szallasi & Appendino, 2004);
enzymes can couple other key pain mediators, such as bradykinin B, to activate TRPV1
(Szallasi & Appendino, 2004). Adding up to that, TRPV1 is not only found in sensory
neurons, but also in a variety of non-neuronal tissues, such as mast cells, lymphocytes, and

glia (Szallasi & Appendino, 2004, Szallasi & Blumberg, 1999), indicating an intricate
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feedback between the nervous and immunological systems underlying the hyperalgesia
(Szallasi & Appendino, 2004).

Therefore, TRPV1 desensitisation using piperine seems to be promising, but the
molecular mechanisms underlying desensitization have not been clarified (Liu & Simon,
1996, Szallasi & Appendino, 2004).

It has been proposed that dephosphorylation via phosphatases, such as
calcineurin, may be responsible for the desensitization, although it possibly only explains
rapid tachyphylaxis and not the long-lasting functional impairment that follows the agonist
injection (Cortright & Szallasi, 2004).

Due to its lypophilic and unsaturated double bonds, it is conceivable that
piperine may act directly on neuronal membranes and initiate lipid peroxidation. The
consequences would be the rupture of neuronal membrane integrity and the release of
reactive oxygen species, leading to cellular death via necrosis or apoptosis (McNamara et
al, 2005).

Piperine also inhibits intracellular calcium oscillation in neuronal networks and
suppresses spontaneous synaptic activities in terms of spontaneous synaptic currents, which
may have direct action on the release of neurotransmitters (Fu et al, 2010).

Regardless of the mechanism involved, 0.04pg/ml piperine solution acted as a
potent TRPV1 agonist, as these animals showed the highest amount of nociceptive
behavior. It is possible to suggest that the 0.06ug/ml piperine solution began to desensitize
sensory neurons via its action on TRPV1, as animals treated with this solution presented
less nociceptive behaviors, and somewhat similar to that evoked by the injection of saline.
Finally, the injection of 0.08ug/ml piperine solution into the TMJ of rats proved to be
sufficient to desensitize sensory neurons, as it evoked the lesser nociceptive responses on
both phases of response.

Therefore, it can be concluded that the injection of 0.08ug/ml piperine solution
into the TMJ of rats is capable of suppressing the conduction of nociceptive stimuli,
without ‘defunctionalization’. With regard to TMJ arthritis, the development of this

experimental model is extremely important for further studies attempting to evaluate if
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central sensitization of primary sensory neurons is implicated on the impairment of both

joints in bilateral cases.

10.
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Figure 1. Effect of increasing concentrations of TMJ piperine on the
duration of head flinches or of the rubbing the orofacial region behavior.
Each column represent the group mean.
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Figure 3. Time course of the sum of nociceptive behaviors of piperine
characterized by head flinches of orofacial rubbing. Each drawing
represents the average of the sum of each period of 5 min of assessment
behavioral.
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Conclusao

Baseados nos dados obtidos neste experimento, a aplicagao de solugao de 0,08ug/ml de
piperina na regido de ATM de ratos provocou uma redugdo significativa nos

comportamentos nociceptivos destes animais.
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ANEXO 1




ANEXO IT

Tabela 1: Comportamento dos grupos com diferentes solugdes avaliados no periodo de 45 minutos

(média e desvio padrio).

Soluciao Injetada

Solucao 4ug de 6ug de 8ug de
Comportamento Fisiolégica Piperina Piperina Piperina
Nociceptivo
Deslocamento da Cabeca 39 (+7,17) 47,6 (£4,91)" 38,8 (+£3,76) 25,6 (¥2,30)"
Cocar regiao orofacial 54,2 (£7,29)" | 63,4 (£12,82)" | 55,4(£9,95)" | 30,8 (+4,20)*
Soma dos Comportamentos 93,2 (+8,45)" 111 (+10,79)* 94,2 (+9,40)* 56,4 (+4,18)°

(Letra diferente referente a diferenca estatisticamente significante p<0.05 na comparagdo

entre grupos).
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