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RESUMO

Na tentativa de diminuir os efeitos colaterais de acdo central associados ao uso
dos analgésicos opidides, algumas estratégias tém sido desenvolvidas para que
eles atuem especialmente nos receptores opibides periféricos. Nesse contexto, os
receptores capa opidides sdo de grande interesse, uma vez que, em contraste
com outros receptores opidides, sua ativagdo nao estd associada com efeitos
colaterais periféricos significativos. Estudo recente, realizado em nosso laboratorio
demonstrou que a ativacao de receptores capa opidides localizados na regidao da
articulacdo temporomandibular de ratos reduz significativamente a nocicepcéo
induzida pela administragcdo do agente inflamatério formalina nessa mesma
articulacao. No entanto, ainda nao havia sido investigado até entado, se a ativacéao
de receptores capa opidides localizados na regido da articulagao
temporomandibular de ratos também diminuia a inflamagdo induzida pela
formalina nessa mesma articulagdo. Nesse contexto, o objetivo deste estudo foi
investigar se a ativacado de receptores capa opibides localizados na regidao da
articulacdo temporomandibular de ratos diminui o extravasamento plasmatico e a
migracdo de neutrdéfilos induzidos pela administracao de formalina na articulacdo
temporomandibular de ratos. A intensidade do extravasamento plasmatico foi
determinada pela concentragdo do corante Azul de Evans extravasado no tecido
articular e a intensidade de migracao de neutréfilos pela avaliacao da atividade da
enzima mieloperoxidase. Para avaliar as diferencas significativas entre os grupos
de extravasamento plasmatico e migracéo de neutréfilos foi usado o teste one-way
ANOVA seguido do teste de Tukey e o nivel de significancia estatistica foi p
<0,05.0s dados estao expressos em valores como média + S.E.M.

A co- administracdo de formalina a 1,5% e U50,488 (agonista seletivo
de receptor capa opidide) (50ug) reduziu significativamente o extravasamento
plasmatico (Médiax EPM: 23,42 ug/g + 4,88) de forma dose dependente e
reversivel quando comparado com os demais grupos de 1,5ug (46,60 ug/g; + 5,40)
e 30ug (37,60 pg/g £3,64). Quando o U50,488 foi administrado na articulagdo



temporomandibular contralateral a que recebeu formalina 1,5%, ele ndo afetou o
extravasamento plasmatico.

A co- administragdo de formalina a 1,5% e U50,488 (1,5ug) reduziu
significativamente a migracdo de neutrofilo (1,10 pg/mg + 0,20) de forma dose
dependente quando comparado com os demais grupos de 0,3ug (3,23ug/mg *
0,56) e 0,75ug (2,4323 ug/mg + 0,42). Quando o U50,488 foi administrado na
articulagcdo temporomandibular contralateral a que recebeu formalina 1,5%, ele
ndao afetou a migracdo de neutrofilos induzidos pela formalina. Este efeito
antiinflamatério foi revertido pela administragdo prévia, na articulacéo
temporomandibular ipsilateral, mas nao contralateral, do antagonista seletivo do
receptor capa opidide nor-BNI (cloridrato de nor-Binaltorfimina, 200ug). Este
estudo demonstrou que a ativacao local de receptores capa opidides na regido da
articulacdo temporomandibular reduz significativamente dois parametros
importantes da inflamacgao, que sao o extravasamento plasmatico e a migracao de
neutrofilos, de uma forma dose-dependente e antagonista reversivel. Esse efeito
antiinflamatério, em conjunto com o potente efeito antinociceptivo previamente
observado desse agonista capa opidide, sugere que drogas que atuem sobre os
receptores capa opidides periféricos sao promissoras para o tratamento da dor e
da inflamacéao nas articulagbes temporomandibulares e, provavelmente, para o
tratamento de outras condigdes de dor articular que possua componente

inflamatoério.

Palavras  Chaves: inflamacdo, receptor capa opioide, articulacdo
temporomandibular.
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ABSTRACT

In an attempt to decrease central side effects associated with the use of
opioids, some strategies have been developed by targeting peripheral opioid
receptors. In this context, kappa opioid receptors are of major interest, since, in
contrast to other opioid receptors, their activation is not associated with potent
peripheral side effects. We have recently demonstrated that local activation of
kappa opioid receptors significantly decreases formalin-induced
temporomandibular joint nociception, however, whether it also decreases
temporomandibular joint inflammation is not known. To address this issue, we
evaluated if the selective kappa opioid receptor agonist, U50,488 (trans-(1S,2S)-
3,4-dichloro-N-methyl-N-[2-(1-pyrrolidinyl)cyclohexyl] benzeneacetamide
hydrochloride hydrate), administered into the temporomandibular joint decreases
formalin-induced plasma extravasation and neutrophil migration. The intensity of
plasma extravasation was determined by measuring the concentration of Evan’s
blue dye extravasated in the articular tissue and the intensity of leukocyte migration
was determined by measuring Myeloperoxidase activity also in the articular tissue.
Data were analyzed by ANOVA and Tukey post hoc test (p<0.05) and the results
are expressed as mean £ EPM. The co-administration of 1.5% formalin with the
selective kappa opiod receptor agonist U50,488 at 50 ug significantly reduced the
plasma extravasation (MeantEPM: 23.42 ug/g + 4.88) compared to the other
groups receiving 1.5% formalin plus U50,488 at 1.5ug (46.60 ug/g + 5,40) and at
30ug (37.60 pg/g = 3.64). When applied on the contralateral temporomandibular
joint, U50,488 had no effect on formalin-induced plasma extravasation. The co-
administration of 1.5% formalin with U50,488 at 1.5ug significantly reduced
formalin-induced neutrophil migration (1.10 pg/mg £0.20) compared to the other
groups receiving 1.5% formalin plus U50,488 at 0.3ug (3.23ug/mg = 0.56) and at
0.75ug (2.43 pg/mg + 0.42). When applied on the contralateral temporomandibular
joint, U50,488 had no effect on formalin-induced neutrophil migration. The anti-
inflammatory effect of U50,488 was blocked by the ipsilateral, but not contralateral
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administration of the selective kapa opioid receptor antagonist nor-BNI (Nor-
Binaltorphimine dihydrochloride). This study demonstrates that local activation of
kappa opioid receptors decreases two important parameters of temporomandibular
joint inflammation, that is, plasma extravasation and neutrophil migration, in a
dose-dependent and antagonist-reversible manner. This anti-inflammatory effect
taken together with the previously demonstrated potent antinociceptive effect of
U50,488, suggest that drugs targeting peripheral kappa opioid receptors are
promising for the treatment of inflammatory temporomandibular joint pain and

probably, other articular pain conditions with an inflammatory basis.

Key Words: Inflammation, Kappa opioid receptor and temporomandibular joint.
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1. INTRODUCAO

Os analgésicos opidides estdo entre as drogas mais efetivas e
amplamente utilizadas no tratamento e controle da dor. No entanto, os efeitos
colaterais associados ao uso de analgésicos opidides, tais como tonturas,
nauseas, vomitos, constipagado, sedacao, tolerancia e dependéncia, limitam seu
uso clinico. Embora sua utilizacao generalizada seja dificultada por graves efeitos
colaterais centrais, os opidides também podem induzir analgesia potente e
clinicamente mensuravel sem efeitos colaterais centrais atuando sobre receptores

opidides periféricos (Tambeli et al., 2009).

Ha algumas décadas, as evidéncias de que os receptores opidides dos
subtipos capa, mu e delta, sdo expressos em neurbnios periféricos, células
inflamatérias e endoteliais, condrocitos e fibroblastos (Stein et al., 2003) e em
células do sistema imune como os macrofagos e linfocitos (Kulkarni-Narla et al.,
2001), introduziram a idéia de que o uso de analgésicos opidides com agéo
periférica poderia ser uma alternativa terapéutica eficaz, pois a maior parte dos
efeitos colaterais se deve a acdo central dessas drogas. Desde entédo, o uso de
baixas doses locais de opidides convencionais ou a administragdo sistémica de
opidides com restrita absorcdo central tém sido utilizadas com sucesso em
diferentes condicbes dolorosas clinicas (Oeltjenbruns & Schafer, 2005) e
experimentais (Binder & Walker, 1998; Amarante & Duarte, 2002; Garlicki et al.,
2006; Jimenez et al., 2006). Muitos estudos tém demonstrado que opidides
administrados local ou sistemicamente durante a inflamagéo periférica possuem
poder antinociceptivo (Stein, 1995) e efeito anti-inflamatorio, incluindo a diminuigéao
do edema de pata (Binder et al., 2001) e do extravasamento plasmatico (Green &
Levine, 1992) na articulacdo do joelho. Perifericamente, os receptores opibdides
sdo expressos nas fibras sensoriais e em terminais pds-ganglionares simpaticos,
onde participam da modulacdo da informacdo nociceptiva sob certas condi¢oes

patoldgicas.



A dor aguda e crbnica esta frequentemente associada a dano tecidual,
reacdo imunoldgica anormal ou injuria neural que resultam em inflamacéo
periférica, condigdo na qual ocorre aumento na expressao de receptores opidides
periféricos e rompimento da barreira perineural que, em condigdes normais, limita
0 acesso dos opidides aos seus receptores neuronais (Stein et al., 2003).
Recentemente, tem sido demonstrado que além de atenuar a excitabilidade do
neurénio nociceptivo primario o que resulta em efeito analgésico direto, o efeito
periférico dos opidides também envolve a diminuicdo da liberacao de
neuropeptideos e da expressdo de citocinas, mediadores inflamatérios e
moléculas de adesao a partir das células inflamatérias (Stein et al.,, 2001), o que
resulta em um potente efeito antiinflamatério. Apesar da maior parte dos estudos
avaliarem o efeito periférico de agonistas do receptor opidide mu, recentemente os
agonistas dos receptores capa vém ganhando destaque, especialmente em
condicoes de dor e inflamacgéao articular. O desenvolvimento de agonistas capa
opidides de acdo periférica € de especial interesse porque ao contrario dos
agonistas de outros receptores opidides, eles ndo estdo associados a efeitos
colaterais viscerais, tais como espasmo e constipacado (Eisenach et al., 2003).
Como outros agonistas opidides, os agonistas capa opidides (Gaveriaux et al.,
2008; Alebouyeh et al., 2002) também tém efeitos antiinflamatérios (Jimenez et al.,
2006; Green & Levine, 1992). Varios estudos demonstraram que agonistas capa
opidide atenuam a dor e a progressdo da artrite de joelho em modelos
experimentais (Walker et al., 1996; Wilson et al., 1996; Binder & Walker, 1998;
Walker et al., 2000).

As disfuncbes temporomandibulares (DTMs) sao condi¢gdes de dor
cronica envolvendo o0os musculos da mastigagdo e a articulacdo
temporomandibular (ATM) (Dworkin et al., 1990) que na maior parte das vezes
estdo associadas a um importante componente inflamatério (Alstergren & Kopp,
2000; Suzuki et al., 2003). Muitos estudos clinicos em analgesia opidide periférica

foram desenvolvidos em pacientes que sofrem de dor articular persistente, um



problema de grande relevancia e prevaléncia. Entre estas condicdes de dor, a dor
da articulagdo temporomandibular, ha muito tempo, tem sido reconhecida como
um dos mais dificeis tipos de dor articular para tratar. A inflamagcdo é uma das
principais caracteristicas desta condicao dolorosa quando associada a artrite,
trauma agudo e desarranjo interno (Alstergren & Kopp, 2000; Suzuki et al., 2003).
A aplicagdo de doses sistemicamente inativas de opiaceos diretamente na
articulacao é benéfica no tratamento da dor articular (Stein et al., 2006; Ziegler et
al., 2010) devido a auséncia de efeitos colaterais centralmente mediados. No
entanto, a necessidade de injecoes repetidas é uma limitacdo séria deste
procedimento. Por essa razdo, tém sido envidados esforcos para desenvolver
novos compostos opidides que nao atravessem a barreira hemato-encefalica e

que possam ser administrados por via oral ou intravenosa.

O adequado controle e tratamento das DTMs ainda € um grande
desafio terapéutico, pois € marcado por um alto indice de insucesso (Shankland,
2004; Herb et al., 2006). Em nosso laboratério, foi desenvolvido um modelo animal
para o estudo dos mecanismos envolvidos na dor e inflamagao da ATM, utilizando
a injecao de formalina na ATM de ratos (Roveroni et al., 2001), um agente
inflamatério considerado altamente representativo de condicbes clinicas
associadas a dor e inflamacdo (Le Bars et al, 2001). Recentemente,
demonstramos que a administracdo do agonista do receptor capa opidide,
U50,488, na regido da ATM de ratos, reduz significativamente a resposta
comportamental nociceptiva (Clemente et al., 2004) induzida pela formalina. Estes
resultados sugerem a existéncia de receptores capa opidides funcionais na regido
da ATM e evidenciam o potencial terapéutico de agonistas dos receptores capa
opidides periféricos no tratamento da dor inflamatéria articular. A ativagédo de
receptores capa opidides diminui o extravasamento plasmatico, um importante
sinal de inflamacao aguda, durante a inflamagéo no intestino (Jimenez et al., 2006)
e na articulacdo do joelho (Green & Levine, 1992). No entanto, ndo existe um

consenso sobre o seu efeito na migracdo de neutréfilo, um importante evento



relacionado a lesdo no tecido (Bastos et al., 2011; Qu et al., 1993). Apesar da
ativacao dos receptores capa opioides, localizados na ATM de ratos, reduzirem
significativamente a nocicep¢ao induzida pela formalina na ATM (Clemente et al.,
2004), ainda é desconhecido se ele também diminui a inflamacao da ATM.
Portanto, o objetivo deste estudo foi investigar se a ativagdo dos receptores capa
opidides na regido da ATM de ratos diminui a migracdo de neutréfilos e o
extravasamento plasmatico induzidos pela administracao de formalina na ATM de
ratos.



2. CAPITULO 1

Artigo publicado em 2011 na revista “Inflammation”

Local Kappa opioid receptor activation decreases temporomandibular
joint inflammation

Tania C. Chicre-Alcantara a,c, Karla E. Torres-Chavez a, Juliana T.
Clemente-Napimoga a, Luana Fischer d, Carlos Amilcar Parada b, Claudia Herrera
Tambelia, b

a Department of Physiology, Piracicaba Dental School, State University of
Campinas—

UNICAMP, Piracicaba, Sao Paulo, Brazil

b Department of Physiology and Biophysics, Institute of Biology, State
University of

Campinas - UNICAMP, Campinas, Sao Paulo, Brazil

¢ State University of Amazon

d Department of Physiology, Federal University of Parana, Curitiba, Parana,
Brazil

Abstract

In an attempt to decrease central side effects associated with the use of
opioids, some strategies have been developed by targeting peripheral opioid
receptors. In this context, kappa receptors are of major interest, since, in contrast
to other opioid receptors, their activation is not associated with potent peripheral

side effects. We have recently demonstrated that local activation of kappa opioid



receptors significantly decreases formalin-induced temporomandibular joint
nociception, however, whether it also decreases temporomandibular joint
inflammation is not known. To address this issue, we evaluated if a specific kappa
opioid receptor agonist, U50,488 (trans-(1S,2S)-3,4-dichloro-N-methyl-N-[2-(1-
pyrrolidinyl)cyclohexyl] benzeneacetamide hydrochloride hydrate), administered
into the temporomandibular joint decreases formalin-induced plasma extravasation
and neutrophil migration. Ipsilateral, but not contralateral administration of U50,488
into the temporomandibular joint blocked formalin-induced plasma extravasation
and neutrophil migration in a dose dependent manner. This anti-inflammatory
effect was reversed by the ipsilateral, but not contralateral administration of the
kappa opioid receptor antagonist nor-BNI (Nor-Binaltorphimine dihydrochloride).
This study demonstrates that local activation of kappa opioid receptors decreases
two important parameters of temporomandibular joint inflammation, that is, plasma
extravasation and neutrophil migration, in a dose-dependent and antagonist-
reversible manner. This anti-inflammatory effect taken together with the potent
antinociceptive effect, suggest that drugs targeting peripheral kappa opioid
receptors are promising for the treatment of inflammatory temporomandibular joint

pain and probably, other articular pain conditions with an inflammatory basis.

Key words: kappa opioid receptors; inflammation; temporomandibular joint



Introduction

Opioids are the most powerful drugs for pain treatment. Although its
widespread use is hampered by serious central side effects, opioids can also
induce potent and clinically measurable analgesia without central side effects by
acting on peripheral opioid receptors [1]. Many clinical studies on peripheral opioid
analgesia have been developed in patients suffering from persistent articular pain,
a problem of major relevance and prevalence. Among these pain conditions,
temporomandibular joint (TMJ) pain has long been recognized as one of the most
difficult types of articular pain to treat. Inflammation is a major feature of this pain
condition, especially when associated with arthritis, acute trauma and internal
derangement [2-3]. While intra-articular application of systemically inactive doses
of opioids is beneficial in articular pain management [4-6] due to absence of
centrally mediated side effects, the requirement of repeated intra-articular
injections is a serious limitation of this procedure. For this reason, efforts have
been made to develop novel opioid compounds that do not pass the blood-brain
barrier and that may be orally or intravenously administered. The development of
peripherally acting kappa opioid agonists is of special interest because in contrast
to agonists of other opioid receptors, they are not associated with visceral side
effects, such as spasm and constipation [7] . Like other opioid agonists, [8-9]
kappa opioid agonists have also anti-inflammatory effects [10-11]. Kappa opioid
receptor activation decreases plasma extravasation, a major sign of acute

inflammation, during inflammation in the gut [10] and in the knee joint [11].



However, there is not a consensus about its effect on neutrophil migration, an
important event related to tissue injury [12-14]. We have demonstrated that the
activation of kappa opioid receptors located in the rat’s TMJ significantly reduces
formalin-induced TMJ nociception [15]. However, whether it also decreases TMJ
inflammation is presently unknown. To address this issue, we investigated whether
the activation of kappa opioid receptors in the rat’s TMJ region decreases formalin-
induced plasma extravasation and neutrophil migration in a dose-dependent and

antagonist-reversible manner.



Material and Methods

Animals:

Male Wistar rats (150 - 250g) were used. The experiments were in
accordance with IASP guidelines for the study of pain in animals [16]. All animal
experimental procedures and protocols were approved by the Committee on
Animal Research of the State University of Campinas. The animals were housed in
plastic cages with soft bedding (five/cage) on a 12-h light/dark cycle (lights on at
6:00 a.m.) in a temperature-controlled (£23°C) vivarium. Food and water were

available ad libitum.
Drugs

Formalin was prepared from commercially (Sigma Chemicals) available
stock formalin (an aqueous solution of 37% of formaldehyde) further diluted in
0.9% NaCl to a concentration of 1.5%. The k-opioid receptor agonist, U50,488
(trans-(1S,2S)-3,4-dichloro-N-methyl-N-[2-(1-pyrrolidinyl)
cyclohexyllbenzeneacetamide hydrochloride hydrate), and antagonist, Nor-
Binaltorphimine dihydrochloride (nor-BNI), were obtained from Sigma (USA) and

dissolved in saline (0.9% NaCl).
TMJ injection

Rats were anaesthetized with an intramuscular injection of a mixture of

ketamine (55mg/kg) and xylazine (5.5 mg/kg). Formalin (1.5%) or its vehicle (0.9%



NaCl) was unilaterally injected in the TMJ (30 ul) with a 30-gauge needle
introduced into the TMJ at the moment of injection. The needle was inserted in the
posteroinferior border of the zigomatic arch and advanced in an anterior direction
until contacted the posterolateral aspect of the condyle. This contact was to a
depth approx 3mm and was verified by moving the needle and mandible together.
A cannula consisting of a polyethylene tube (PE-50; Intramedic, Clay Adams,
Becton-Dickinson, Franklin Lakes, NJ, USA) was connected to the needle and also

to a 50-pl syringe (Hamilton, Reno, NV, USA).
TMJ Plasma extravasation measurement

Immediately after the TMJ injection, the Evans blue dye (Sigma Chemicals,
5 mg/kg), was injected into the right femoral vein. The Evans blue dye binds to
plasma protein extravasated in the inflammatory site and therefore, was used as a
marker for plasma extravasation [17]. Forty-five minutes after the Evans blue dye
injection, animals were perfused transcardially with saline (NaCl 0.9%) to flush the
dye from the vasculature. Joint tissues were dissected to a standardize size (30 + 2
mg) and stored at -30°C until analysis. The dye was extracted by immersing the
samples in 1 ml of formamide at 60°C for 24 h. The amount of Evans blue dye (ug)
in the tissue sample was determined using a spectrophotometer that measured the
absorbance of the formamide solution (v= 620 nm). The concentration of dye was

then calculated per gram weight of tissue.
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Determination of neutrophil standard curve

Neutrophils collected from peritoneal cavity after injection of 1% oyster
glycogen (15ml/ intraperitoneal) were used to obtain the neutrophil standard for
myeloperoxidase assay, as described below. Four hours later intraperitoneal
injection of oyster glycogen, rats were killed by an overdose of halothane. On a
laminar air flow unit, peritoneal cavity cells were harvested by washing the cavity
with 5 ml of RPMI-1640 medium (Sigma Chemicals, Sdo Paulo, Brazil). The
samples of four animals were pooled and total cells per ml of isolate were counted.
The percent of neutrophils in the isolate was determined by taking 100 cells in the
total cell population, attaching them to a slide using a cytocentrifuge and then
staining with Rosenfeld stain. After staining, neutrophils could be identified and

counted within this mixed population and the percentage of neutrophils calculated.
TMJ myeloperoxidase activity measurement

Myeloperoxidase (MPQO) is one of the enzymes released from neutrophils
and directly associated to tissue injury [18]. Therefore, the measurement of its
activity was used as a maker of neutrophil migration to the inflamed TMJ. The
MPO kinetic-colorimetric assay was used, as previously described [19]. Forty-five
minutes after the TMJ injection of formalin or its vehicle, the TMJ tissue was
dissected in standardized size, weighted, quickly frozen by liquid isopentane in dry
ice and stored at -70°C. In the assay procedure, each sample was homogenized in
500 pl of buffer 1 (0.1M NaCl, 0.02 M NaPQy, 1.015 M Na EDTA, pH 4.7) followed

by centrifugation at 3000 rpm for 15 min. The pellet was ressuspended in 500 pl of
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buffer 1 and subjected to hypotonic lyses by the addition of 500 pl of 0.2% NaCl
followed 30 s later by addition of 500 pl of 1.6% NaCl in 5% glucose. After a further
centrifugation, the pellet was ressuspended in 0.05 M NaPO4 buffer (pH 5.4)
containing 0.5% hexadecyl-trimethylammonium bromide (HTAB). After that, the
samples were snap-frozen in liquid nitrogen and defrosted, three times, and
centrifuged at 10000 rpm for 15 min. 50 pl of each sample (supernatant) and of
0.08 M NaPO4 were dropped into wells of a 96-well microplate. 25 pl of 3,3', 3,3’ -
Tetramethylbenzidine was added in each well and the reaction was initiated by the
addition of 100 pl de H>O.. The reaction was stopped 5 min later by the addition of
50 ul of 4M H.SO4. The optical density was read at 450 nm using an Anthos 2020.
Results were calculated by comparing the optical density of TMJ tissue
supernatant with the standard curve of neutrophil (>95% purity). The results were

presented as number of neutrophils x10%/mg tissue.
Statistical analysis

To determine if there were significant differences in TMJ plasma
extravasation and neutrophil migration between groups one-way ANOVA was
used. If there was a significant between-subjects main effect of treatment group
following one-way ANOVA, post-hoc contrasts, using Tukey test, was performed to
determine the basis of the significant difference. The level for statistical

significance was p < 0.05. Data are expressed in figures as means + S.E.M.
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Results

Formalin (1.5%) plus the kappa opioid receptor agonist U50,488 or its
vehicle (0.9% NaCl) was injected into either the ipsilateral TMJ (1.5, 30 or 50ug in
plasma extravasation experiments and 0.3, 0.75 or 1.5 ug in neutrophil migration
experiments) or the contralateral TMJ (50 pg in plasma extravasation experiments
and 1.5 pg in neutrophil migration experiments).

TMJ injection of 1.5% formalin induced a significantly greater plasma
extravasation and neutrophil migration than that induced by its vehicle (0.9% NaCl)
(p < 0.05, t test).

Ipsilateral U50,488 blocked formalin-induced TMJ plasma extravasation
(Figure 1A) and neutrophil migration (Figure 1B) (p < 0.05, Tukey test) in a dose
dependent manner. Contralateral U50,488 had no significant effect, indicating that
local kappa opioid receptors mediate the anti-inflammatory effect on ipisilateral

TMJ.
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Figure 1
Figure 1: Ipsilateral, but not contralateral administration of the kappa opioid

receptor agonist U50,488 dose dependently blocked formalin-induced TMJ plasma
extravasation (A) and neutrophil migration (B), as indicated by the symbol * (Tukey
test, p<0.05). In this and the subsequent figures, data are plotted as mean + SEM
and group sample sizes are shown in parentheses. See material and methods for

additional details regarding data prese ntation and analysis.
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Considering that the anti-inflammatory effect of U50,488 could derivate from
a non-specific action, we evaluated the ability of the kappa opioid receptor
antagonist nor-BNI to block the anti-inflammatory effect induced by U50,488. Prior
ipisilateral, but not contralateral nor-BNI administration reversed the anti-
inflammatory effect of US50,488 evaluated on formalin- induced plasma
extravasation (Figure 2A) and neutrophil migration (Figure 2B), indicating that
U50,488 acts specifically on kappa opioid receptors to decrease formalin-induced

TMJ inflammation.
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Figure 2: Ipsilateral, but not contralateral administration of the kappa opioid
receptor antagonist nor-BNI blocked the effect of U50,488 on formalin-induced
TMJ plasma extravasation (A) and neutrophil migration (B), as indicated by the

symbol * (Tukey test, p<0.05).
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Discussion

In this study we provided evidence that activation of kappa opioid receptors
located into the TMJ region reduces two important parameters of inflammation,
plasma extravasation and neutrophil migration. Intra-TMJ administration of the
selective kappa-agonist U50,488 blocked formalin-induced plasma protein
extravasation and neutrophil migration in a dose-dependent manner. Moreover,
this effect was arguably the result of activation of local kappa opioid receptors
since U50,488 injection into the contralateral joint did not reproduce the effect and
also because prior injection of the selective kappa-antagonist nor-BNI into the
inflamed joint reversed the anti-inflammatory effect of U50,488. These findings
support our previous suggestion that functional kappa opioid receptors are present
in the rat TMJ [15], which is consistent with the expression of kappa opioid receptor
in trigeminal ganglia [20]. These receptors when activated suppress formalin-
induced TMJ inflammation and TMJ afferent activity [15], which suggest that drugs
targeting peripheral kappa opioid receptors are promising for the treatment of TMJ
inflammatory pain conditions and probably other articular pain conditions with an
inflammatory basis.

The ability of peripheral kappa opioid receptors in modulating vascular
permeability is well known and it has been previously demonstrated in models of
neurogenic inflammation [11] and adjuvant arthritis [21], in the knee joint. In the
current study we extended these findings by showing their ability in decreasing
plasma extravasation also in the temporomandibular joint. In addition, we showed

the ability of peripheral kappa opioid receptors in modulating neutrophil migration,
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which is consistent with the in vitro demonstration that kappa opioid agonists inhibit
neutrophil chemotaxis [13]. In contrast, local activation of kappa opioid receptors
has been reported to decrease inflammatory reaction by lowering the levels of IL-6
and increasing IL-10 without affecting neutrophil migration in a model of
periodontal inflammation [12]. One possible explanation for this apparent
discrepancy may be found in the local mechanisms that affect the infiltration of
neutrophils into the site of inflammation such as expression of inflammatory
mediators at the inflamed tissue. These local mechanisms may differ in different
tissues and/or inflammatory conditions. Another possible explanation may lie in the
high dose of the kappa agonist U50,488 used in the model of periodontal
inflammation, and in the lack of demonstration of a receptor-mediated action of
U50,488 with a selective kappa opioid receptor antagonist. In this case, a non-
specific action of U50,488 at the dose used cannot be exclude and might explain
the divergences between the studies.

The mechanisms underlying the inhibition of plasma extravasation and
neutrophil migration induced by the activation of TMJ kappa opioid receptors are
presently unknown but are under investigation in our laboratory. They may be
triggered by the activation of kappa opioid receptors located on the TMJ
nociceptors and on leukocytes, which is consist with the expression of these opioid
receptors in the trigeminal ganglia [20] and in neutrophils [13], respectively.
Potential mechanisms that may be common or specific to these two parameters of
inflammation may involve modulation of the release of neuropeptides, cytokines

and other inflammatory mediators, such as nitric oxide, that has been reported to
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reduce plasma extravasation in a model of intestinal inflammation [10]. In addition
to these potential mechanisms, neutrophil migration may also be inhibited by the
activation of kappa opioid receptors expressed in neutrophils. Consistent with this
idea, the activation of these receptors has been reported to rapidly modulate
chemotaxis of neutrophils by decreasing the expression of proteins involved in
neutrophil function, such as B.-integrin that is involved in neutrophil adhesion,
degranulation, and receptor-mediated phagocytosis [13]. One interesting
observation of this study was that U50,488 was more potent in inhibiting formalin-
induced neutrophil migration than plasma extravasation. While 1.5ug was sufficient
to inhibit neutrophil migration, 50ug was necessary to inhibit plasma extravasation.
The mechanism underlying this higher potency of U50,488 in inhibiting neutrophil
migration is not known. However, it may lie, at least in part, in its direct action on
kappa opioid receptors expressed on neutrophils.

In summary, this study demonstrates that the kappa opioid receptor agonist
U50,488 inhibits TMJ inflammation by a local, dose-dependent and antagonist-
reversible action. Among opioid receptors, kappa receptors are of major interest as
targets for new peripherally acting opioids because their activation is not
associated with the peripheral side effects attributed to mu agonists [7]. However,
despite their well known antinociceptive properties, their ability in decreasing
inflammation was unclear. By using the same TMJ nociceptive and inflammatory
model, we have demonstrated that local kappa opioid receptor activation inhibits
TMJ nociception [15] and two parameters of TMJ inflammation, plasma

extravasation and neutrophil migration. These potent antinociceptive and anti-
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inflammatory effects, suggest that peripheral kappa opioid receptors are excellent
targets for new drugs designed to treat and control articular inflammatory pain

conditions.
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3. CONSIDERACOES GERAIS

Neste estudo foi demonstrado o efeito da ativacdo de receptores capa
opidides localizados na regido da articulagdo temporomandibular na redugéo de
dois parametros importantes do processo inflamatério, ou seja, o extravasamento
plasmatico e a migracdo de neutréfilos induzidos pelo agente inflamatério
formalina. A formalina foi escolhida como agente inflamatorio, porque em estudos
anteriores realizados através da administracdo da mesma na ATM de ratos, foi
demonstrado que a ativacdo de receptores capa opidides na regiao dessa
articulacao reduz significativamente a resposta nociceptiva (Clemente et. al, 2004,
Clemente-Napimoga et al. 2009). Portanto, este estudo, da continuidade a estudos
anteriores realizados pelo grupo da Professora Claudia Tambeli e sugere que a
reducdo da resposta nociceptiva induzida pela ativacdo de receptores capa
opidides na regidao da ATM, resulte, pelo menos em parte, de seu efeito anti-
inflamatério no tecido articular.

Sabe-se que a prevaléncia das condi¢gdes dolorosas da ATM é maior no
sexo feminino do que no masculino (Carlsson & LeResche, 1995), até mesmo
porque o nivel de testosterona enddgena, presente no sexo masculino, diminui o
risco do mesmo desenvolver dor na ATM (Fischer et al., 2007). No entanto, essa
condicao dolorosa também afeta o sexo masculino, motivo pelo qual este trabalho
inicial foi realizado em machos. Porém, em outro estudo realizado por nosso grupo
e ainda nao publicado, foi demonstrado que a ativacdo de receptores capa
opidides na regiao da ATM também reduz significativamente o extravasamento
plasmatico em fémeas.

O mecanismo pelo qual a ativagdo de receptores capa opidides na regiao
da ATM reduz o extravasamento plasmatico e a migracao de neutréfilos ainda nao
€ conhecido, e é o foco de atuais pesquisas coordenadas pela Profa. Claudia
Tambeli.

Finalmente, em uma perspectiva clinico - terapéutica, os resultados obtidos

sugerem que o desenvolvimento de compostos opidides que atuem apenas em
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receptores capa opidides periféricos € de grande relevancia, uma vez que poderao
contribuir também para o controle da dor inflamatéria na articulacdo

temporomandibular e possivelmente em outras articulagdes do corpo.
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4.CONCLUSAO

Os resultados deste estudo permitem concluir que a ativacao de
receptores capa opidides localizados na regido da articulagdo temporomandibular
reduz significativamente dois parédmetros importantes da inflamacéo
temporomandibular, que sdo o extravasamento plasmatico e a migracao de
neutrofilos, de uma forma dose-dependente e antagonista reversivel. Esse efeito
antiinflamatério, associado ao efeito antinociceptivo previamente observado,
sugere que os receptores capa opidides periféricos sdo excelentes alvos para
novas drogas designadas para o tratamento e controle das condi¢ées dolorosas

inflamatorias da articulagdo temporomandibular.
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6. ANEXOS
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6.2 PROTOCOLOS

6.2.1 Extravasamento Plasmatico

Sob anestesia geral, os animais foram submetidos a canulacdo da veia
femoral esquerda. Imediatamente apds a injecao na ATM, o corante azul de Evans
foi injetado na veia femoral esquerda (Haas et al., 1992). Como esse corante se
liga as proteinas plasmaticas extravasadas, a quantificagdo do extravasamento
plasmatico foi realizada através da mensuragcdo da quantidade de corante
extravasado no sitio da inflamagéo. Quarenta e cinco minutos apo6s a inje¢cdao na
ATM, os animais foram perfundidos com 60ml| de solug&o salina. As amostras do
tecido periarticular foram coletadas e armazenadas a -30°C. Para a andlise, as
amostras do tecido (30 = 2 mg) foram imersas individualmente em tubo de
eppendorf contendo 1 ml de formamida. Apds incubacao por 24 horas a 60°C, o
corante que se ligou as proteinas plasmaticas extravasadas foi extraido do tecido
para a solucao de formamida. A quantidade de corante extravasado no tecido foi
determinado em um leitor de microplacas (Anthos 2020, versédo 1.2) que mediu a
absorbancia das diferentes solu¢des de formamida (v = 620 nm) simultaneamente.
Os resultados dessas leituras foram posteriormente comparados com os
resultados de leituras correspondentes a solugdes com quantidades conhecidas
do corante Azul de Evans (curva de calibragdao com 4ug, 2ug, 1ug, 0,5ug e 0,25ug
de corante por ml de formamida). Finalmente, a quantidade de corante
extravasada (ng) em cada solugéo foi dividida pelo peso (g) do respectivo tecido
incubado. Dessa forma, o extravasamento foi calculado em micrograma de

corante por grama de tecido dissecado.

6.2.2 Determinacao da curva de neutrofilo

Apos a injecdo intraperitoneal de 15 ml de glicogénio de ostra a 1% os
neutrofilos foram coletados e usados para obter a curva padréo de neutréfilos para

0 ensaio da mieloperoxidase. Quatro horas apo6s injecdo intraperitoneal de
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glicogénio de ostra, os ratos foram sacrificados por uma overdose de halotano. Em
uma capela de fluxo laminar, as células da cavidade peritoneal foram colhidas por
lavagem da cavidade com 5 ml do meio RPMI-1640 (Sigma Chemicals, Sdo Paulo,
Brasil). As amostras de quatro animais foram agrupadas e armazenadas em um
unico tubo de falcon e o total de células foi contado na camara de Newbauer com
a ajuda de um contador de células e a contagem diferencial foi realizada pelo
preparo de esfregacos em citocentrifuga, Citospin, os quais foram corados pela
técnica de Rosenfeld e as células diferenciadas em microscépio Optico através da
objetiva de imersao em 6leo (aumento de 1000x). Apés a coloragéo, os neutréfilos
foram identificados e contados dentro desta populacdo mista para calcular a
porcentagem de neutréfilos a cada 100 células. Posteriormente a contagem das
células, a amostra coletada do peritdneo foi centrifugada a 1200rpm por 10 min a
4°C e o sobrenadante foi descartado. Adicionamos 1ml do meio RPMI-1640 e
levamos a centrifuga (1200rpm,10 min a 4°C), novamente o sobrenadante foi
descartado e adicionamos 2 ml de buffer 2 com H-TAB, agitamos manualmente e
as aliquotas das amostras processadas foram armazenadas no freezer a -20°C.

6.2.3 Quantificacdao da migracao leucocitaria para ATM

A quantificacdo da migracdo leucocitaria foi realizada pelo método da
mieloperoxidase (MPQO), segundo o protocolo descrito por Bradley et al. (1982).

A MPO é uma enzima presente nos granulos azurofilicos das células
polimorfonucleares (PMN), e esta envolvida na formacdo de espécies reativas de
oxigénio responséveis pelo dano tecidual. Como esta enzima é liberada pelas
células PMN ativadas, € um marcador da migragao dessas células para o sitio de

inflamacao.

Quarenta e cinco minutos apds a injecdo na ATM, os animais foram
perfundidos com 60 ml de solucéo salina. As amostras do tecido que circundam a
ATM foram coletados e estocados a -70°C em 500ul de buffer 1 (Na,EDTA

0,015M) em eppendorf de fundo chato. As amostras foram homogeneizadas com
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auxilio do Politron® (13000rpm), seguido de centrifugacdo (15min, 3000rpm) a
4°C. O sobrenadante foi desprezado e o pellet ressuspendido em solugdo de
buffer 1 (500 pl), posteriormente foi acrescentado 500l de solugédo de NaCl 0,2%
gelado e apds 30s colocamos mais 500ul de solugéo de NaCl a 1,6% com glicose
a 5%gelada. Novamente as amostras foram cetrifugadas por 15min, 3000rpm a 4°
C, o sobrenadante foi desprezado e o pellet ressuspendido em 500ul de buffer 2
(NaPO, 0,05M + H-TAB). Finalmente as amostras foram congeladas e

descongeladas 3 vezes e centrifugadas por 15 min,10.000rpm a 4°C.

Cinquenta microlitros do sobrenadante de cada amostra e de 0,08 M
NaPO4 foram desprezadas em pogos de uma microplaca de 96 pocos.
Vinte e cinco microlitros de 3,3°,3,3 -tetrametilbenzidina foi adicionado em cada
poco,e a reacado iniciada pela adicao de 100ul de H,O,. Apdés 5 min a reacgao
foi encerrada a partir da adicao de 50ul de 4M de H,SO,. A densidade Optica foi
lida a 450nm usando um Anthos 2020. Os resultados foram calculados através da
comparagdo da densidade éptica do sobrenadante do tecido da ATM com a
curva padrao de neutréfilos (>95% de pureza). Os resultados foram apresentados

como numero de neutréfilos x 10%/mg tecido.
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