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RESUMO

Introducdo: A fibromialgia (FM) é uma sindrome de dor cronica musculoesquelética difusa,
cuja etiologia ndo esta totalmente conhecida. A sindrome cursa com dor, alteragdes do humor
e sintomas de ruptura do ritmo circadiano. Sabe-se que seu processo fisiopatogénico envolve
um desbalango entre os sistemas de modulacdo excitatdrio e inibitorio da dor. A capacidade
do sistema modulatorio inibitdério estd enfraquecida, com hiperativacdo de neurdnios e da
neuroglia, constituindo um quadro de sensibiliza¢do central. Portanto, estudos adicionais séo
necessarios para compreender a relacdo entre possiveis marcadores séricos da hiperativacao
neuronal, tais como o Brain Derived Neurotrophic Factor (BDNF) e a proteina S100 beta
(S100B). Além disso, estudos que busquem opcdes terapéuticas com efeito em vias
neurobioldgicas alternativas, tais como a melatonina, uma indolamina com efeitos
ressincronizador, analgésico, anti-inflamatério e em sistemas moduladores da dor, como o
gabaérgico, opioidérgico e glutamatérgico.
Objetivos:
1) Primério: Avaliar se os niveis séricos de BDNF e S100B teriam associagdo com a FM
e se ambos os mediadores soroldgicos poderiam ser associados com o limiar de dor a pressao.
2) Secundario: Testar o tratamento com melatonina isolada ou em combinagdo com
amitriptilina € melhor que amitriptilina isolada para modificar o sistema modulatério da dor.
Assim, para provar tais hipéteses, neste estudo foram quantificados a modulagdo
condicionada da dor e niveis de BDNF serico em pacientes que receberam tratamento com
melatonina isolada ou associada com amitriptilina. Foi também testado se melatonina
melhoraria os sintomas clinicos como dor, limiar de dor a pressdo e qualidade do sono
relacionado a FM.

Metodos: Foram selecionadas pacientes com diagndstico de FM de acordo com o American



College of Rheumatology (ACR) 2010. No primeiro estudo, de desenho transversal, foram
incluidas 56 mulheres com FM, com idades entre 18 e 65 anos. Foram avaliados o limiar de
dor a presséo e dosagem sérica de BDNF e S100B. No segundo estudo, foram incluidas 63
pacientes com 0s mesmos critérios de inclusdo descritos no estudo transversal. As pacientes
foram randomizadas e receberam, ao deitar, amitriptilina (25mg) (n=21), melatonina (10mg)
(n=21) ou melatonina (10 mg) + amitriptilina (25mg) (n=21), durante seis semanas. O sistema
modulatorio descendente da dor foi acessado pela modulacdo condicionada da dor, através da
mensuragéo da escala numérica de dor (NPS.10)) durante aferi¢éo do limiar de dor ao calor.
Resultados: O resultado do estudo transversal mostrou que BDNF e S100B séricos foram
correlacionados. BDNF e S100B foram inversamente correlacionados com limiar de dor a
pressdo. BDNF sérico foi associado com limiar de dor a pressao, idade e transtorno obsessivo
compulsivo, enquanto que S100B sérica foi apenas associada com limiar de dor a pressdo. O
ensaio clinico randomizado demonstrou que a melatonina aumentou a poténcia do sistema
modulatério da dor inibitério e que a modulacdo condicionada da dor foi negativamente
correlacionada com BDNF sérico.

Conclus6es: Os estudos desta tese demonstram que S100B e BDNF, ambos mediadores
chave no processo de sensibilizagéo central, foram inversamente correlacionados com o limiar
de dor a pressdo. BDNF sérico foi, ainda, inversamente correlacionado com a reducédo da dor.
Portanto, a avaliacdo sérica de BDNF e S100B merece estudos adicionais para determinar seu
potencial papel sinalizador no espectro da sensibilizacdo central nessa doenca.
Palavras-chave: fibromialgia, sensibilizacdo central, sistema modulatério da dor, BDNF,

S100B.



ABSTRACT

Introduction: Fibromyalgia (FM) is a syndrome of chronic diffuse musculoskeletal pain
whose etiology is not fully known. This syndrome causes pain, mood swings and symptoms
of rupture of the circadian rhythm. Its pathophysiological process involves an imbalance
between excitatory and inhibitory pain modulatory systems. The ability of inhibitory systems
is weakened, providing a framework of central sensitization, with dysfunction in the
descending pain modulatory system, hyper-activation of neurons and neuroglia. Therefore,
additional studies are needed to understand the possible relationship between serum markers
of neuronal hyperactivity, such as Brain Derived Neurotrophic Factor (BDNF) and S100B.
Particularly, studies seeking therapeutic options with effect in neurobiological alternative
pathways such as melatonin, a indolamine with resynchronization, analgesic, and anti-
inflammatory effects and actions on the modulatory pain systems such as GABAergic,
opiodergic and glutamatergic.

Objectives:

1) Primary: Evaluate whether the serum levels of BDNF and S100B have association
with FM and if both serological mediators could be associated with pressure pain threshold.

2) Secondary: To test the hypothesis that treatment with melatonin alone or in
combination with amitriptyline is better than amitriptyline alone to modify the endogenous
pain modulatory system.

Thus, to prove these hypothesis, it was quantified the conditioned pain modulation and
serum BDNF levels in FM patients receiving treatment with melatonin alone or in
combination with amitriptyline. Also, it was tested whether melatonin would improve clinical
symptoms such as pain, pressure pain threshold and quality of sleep related to FM.

Methods: Patients with FM according to the American College of Rheumatology (ACR)



2010 were selected. In the first study, a cross-sectional design, 56 women aging 18-65 years
old, with FM were included. It was evaluated the pressure pain threshold, and serum levels of
BDNF and S100B. In the second study, 63 patients were included with the same inclusion
criteria described in the cross-sectional study. Patients were randomized and received at
bedtime amitriptyline (25 mg) (n = 21), melatonin (10 mg) (n = 21) or melatonin (10 mg) +
amitriptyline (25 mg) (n = 21) for six weeks. The descending pain modulatory system was
accessed by the conditioned pain modulation, measuring the numerical pain scale [NPS (o.10)]
during the heat pain threshold.

Results: On the cross-sectional study serum BDNF and S100B were correlated. Serum BDNF
and S100B were correlated with the pressure pain threshold. Serum BDNF was associated
with pressure pain threshold, age and obsessive compulsive disorder, while serum S100B was
associated with pressure pain threshold, only. The randomized clinical trial showed that
melatonin increased the efficacy of inhibitory pain modulatory system and the conditioned
pain modulation was negatively correlated with serum BDNF.

Conclusions: The studies of this thesis show that both key mediators of the central
sensitization process, BDNF and S100B, were inversely correlated with the pressure pain
threshold. They also showed that melatonin increased the inhibitory pain modutalory system.
Furthermore, it emphasizes that serum BDNF was inversely correlated with pain reduction.
Therefore, assessment of serum BDNF and S100B deserve further studies to determine their
potential as a proxy for the central sensitization spectrum in FM.

Keywords: fibromyalgia, central sensitization, pain modulatory system, BDNF, S100B.
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TERMOS E DEFINICOES

Abaixo estdo descritos alguns termos frequentes no decorrer desta tese:

Alodinia: dor provocada por estimulo inécuo

Diffuse Noxious Inhibitory Controls (DNIC) ou Conditioned Pain Modulation (CPM):
mecanismo que representa a modulacgéo inibitoria endogena da dor, € acessado através
do paradigma “dor inibe dor”.

Hiperalgesia: aumento da percepc¢édo da dor provocada por estimulo doloroso

Hiperalgesia primaria: hiperalgesia no local da lesdo.

Hiperalgesia secundaria: hiperalgesia na area adjacente ou remota do sitio da lesdo

Limiar de dor: minima energia necessaria para desencadear a percep¢ao da dor

Nociceptor: subpopulacdo de neurdnios localizados na pele, muasculos, visceras, articulacoes e
vasos, sensiveis a estimulos agressores quimicos, mecanicos ou térmicos.

Potenciacdo sinaptica de longa duracdo (LTP): aumento da eficacia sinéptica que supera a
duracdo do estimulo condicionado durante pelo menos 30 minutos (LTP precoce),
algumas horas, dias ou meses (LTP tardia).

Somacéo temporal (TS) ou Wind up (WU): progressivo aumento na descarga do potencial de
acdo de um nociceptor no corno dorsal da medula espinhal, em resposta a estimulos
repetidos de igual intensidade de nociceptores da periferia. A TS representa 0 processo
de modulacdo excitatoria, usualmente mensurada pela mudanca da percepcdo da dor
durante uma série de estimulos dolorosos similares.

Transducdo: processo pelo qual os nociceptores convertem diferentes formas de estimulo
(mecénico, quimico, calor, frio) em atividade elétrica (potenciais de acdo). Os

nociceptores, ao detectar o estimulo, geram potenciais de acdo que resultam na



percepcao da dor.
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1 INTRODUCAO

A fibromialgia (FM) é uma condicdo clinica frequente na pratica médica,
caracterizada pela presenca de dor musculoesquelética difusa (1). Distdrbios do sono,
fadiga, depressdo, alteracdes intestinais e cefaleia também sdo comumente associadas a
ela (2). Sua prevaléncia na populacdo em geral é estimada entre 1,6% (3) e 6,4% (4),
sendo que as mulheres sdo mais atingidas, na proporcao de até 10:1 em relacdo aos
homens.

A dor é um fendmeno dinamico resultante da atividade endégena dos sistemas
excitatorio e inibitério. Embora a etiologia da FM ndo esteja totalmente elucidada,
entende-se que um dos principais mecanismos seja 0 desbalango entre esses sistemas
enddgenos, com enfraquecimento do inibitério (5, 6) e/ou reforco do excitatorio, 0 que
leva a um quadro de sensibilizacdo central (CS) (7-9), que envolve disfuncdo no
sistema modulador descendente da dor e hiperativacao de neurdnios e da neuroglia.

Um desses sistemas endogenos € o mecanismo inibitério de modulacédo
condicionada da dor (CPM) (10), onde um estimulo condicionante doloroso e
heterotdpico (contralateral) é aplicado para inibir a dor de um estimulo-teste. O
mecanismo inibitério é mais eficaz quanto maior a inibicdo dessa dor pelo estimulo
condicionante. A eficacia da CPM na FM tem sido relacionada com a qualidade do
sono (11), relacdo que é suportada por bases neurobiol6gicas, pois 0S mesmos
neurotransmissores estdo envolvidos em ambos 0s processos, incluindo noradrenalina
(NA), serotonina (5-HT) e dopamina (DA) (12-15). A CPM depende do recrutamento
de opioides enddgenos na substancia periaquedutal (PAG), que ativam a liberacdo de 5-

HT pelos neurdnios do nucleo da rafe (medula oblonga), consequentemente atenuando
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a aferéncia nociceptiva para o corno posterior da medula espinhal (DHSC) (16).
Projec6es noradrenérgicas do locus ceruleus produzem efeitos similares (16).

O Brain Derived Neurotrophic Factor (BDNF) tem sido implicado como
mediador da hiperalgesia crbénica e da sensibilizacdo central. O BDNF regula o
crescimento e a sobrevida neuronal, além de manter a conectividade sinéptica no
sistema nervoso adulto. Essa neurotrofina também altera o balango excitatério/inibitorio
do sistema nervoso central (CNS) e favorece a amplificacdo da resposta a dor,
mecanismos implicados na sensibilizacdo central (17).

Outro mecanismo relacionado a producdo da dor crénica e a sensibilizacdo
central é a liberacdo de substancias pro-inflamatdrias através da ativacdo das células da
glia (18). Essas celulas, quando ativadas, regulam positivamente marcadores celulares
especificos e liberam substancias envolvidas na amplificacdo da dor (19). Uma dessas
substancias, a proteina S100 beta (S100B), desempenha papel no metabolismo
energético, na regulacdo do ciclo e no crescimento, na diferenciacdo e na motilidade
celulares (20). A S100B exerce efeitos troficos ou toxicos, dependendo da sua
concentracdo. Em minimas concentracdes, ela estimula o crescimento neuronal,
incrementa a sobrevida dos neurdnios durante o desenvolvimento e age como fator
neurotrofico e como proteina de sobrevivéncia neuronal, em resposta a ativacao glial
secundaria a lesdo. Por outro lado, em altas concentracdes, a S100B exacerba a
neuroinflamacdo e a disfuncdo neuronal, estimulando as citocinas pré-inflamatorias e
induzindo a apoptose (21). Em face dessas caracteristicas, no entanto, a S100B até o
presente momento ndo foi relacionada a FM.

A FM apresenta alteracbes do sono e ruptura do ritmo circadiano. A secrecdo de
melatonina mostra-se diminuida nesses pacientes (22), o que explicaria a auséncia de

sono restaurador (22). A melatonina, uma indolamina com efeitos analgésicos (23-30),
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anti-inflamatorios (25, 26, 31), antidepressivos (32) e em sistemas moduladores da dor,
como o gabaérgico, opiodérgico (27, 33) e glutamatérgico. Ela ainda bloqueia o ciclo
de sono ndo restaurador noturno, melhorando a qualidade do sono (28) e a fadiga diurna
(34-36) e induzindo a sincroniza¢do do ritmo circadiano (31). Adicionalmente, ha
algumas evidéncias de que a melatonina tem efeito na FM (34, 36), porém, 0s
resultados desses estudos ndo sdo consistentes, possivelmente porque a dose usada
tenha sido insuficiente, entre 3 e 5mg. Relativamente as doses da melatonina na dor,
recente ensaio clinico randomizado (RCT) mostrou que 10mg produziram um grande
tamanho de efeito na dor pélvica cronica induzida por endometriose (29), reduzindo
ainda o BDNF sérico destas pacientes.

Em um periodo prolongado de dor cronica, hd uma perda do sistema inibitorio,
como demonstrado na FM pela diminuicdo do limiar térmico doloroso e a ineficacia da
modulacdo condicionada da dor (37), além de excessiva facilitacdo (perda da inibicao)
(9), a qual é associada com baixo limiar e elevado pensamento catastrofico relacionados
a dor (38). Tais evidéncias, associadas ao fato de que o processo fisiopatogénico da FM
envolve um quadro de sensibilizacdo central que cursa com dor, alteracbes do humor e
sintomas de ruptura do ritmo circadiano apontam a necessidade de estudos adicionais
para compreender a relacdo entre possiveis marcadores séricos da hiperativacdo
neuronal, tais como BDNF e S100B. Além disso, é importante investigar o efeito
terapéutico de farmacos como a melatonina, cujo carater multifacetado pode interferir
nos mecanismos periféricos e centrais da dor, com efeitos em vias neurobioldgicas
alternativas as opgOes classicas de tratamento (por exemplo, antidepressivos,
anticonvulsivantes).

Para responder a essas questdes foram realizados dois estudos, que originaram

0s dois artigos que constituem esta tese:
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1. Higher serum S100B and BDNF levels are correlated with lower
pressure-pain threshold in fibromyalgia — estudo transversal submetido para a
Molecular Pain.

2. Melatonin analgesia is associated with improve of descendent
endogenous pain-modulating system in fibromyalgia: A phase 1, randomized, double-
dummy, controlled trial - RCT submetido ao BMC Pharmacology and Toxicology.

A estrutura da apresentacdo da tese segue as normas do Programa de Pos-
Graduacao em Medicina: Ciéncias Médicas da Faculdade de Medicina da Universidade

Federal do Rio Grande do Sul.
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2 REVISAO DA LITERATURA

21 ESTRATEGIAS PARA LOCALIZAR E SELECIONAR AS

INFORMACOES

A revisdo da literatura centrou-se nas seguintes palavras-chave: 1) fibromyalgia;
2) melatonin; 3) antidepressant; 4) amitriptilyne; 5) brain derived neurotrophic factor
(BDNF); 5) S100B; 6) conditioned pain modulation (CPM); 7) diffuse noxious
inhibitory control (DNIC); 8) central sensitization (CS) e 9) descending pain inhibitory
system. A estratégia de busca envolveu as seguintes bases de dados: MEDLINE (site
PubMed), LILACS, SCIELO, e COCHRANE. Também foi consultado o banco de teses
da CAPES, cujos termos foram traduzidos para o portugués: 1) fibromialgia; 2)
melatonina; 3) antidepressivo; 4) amitriptilina; 5) fator neurotrofico derivado do
cérebro (BDNF); 5) S100 beta; 6) modulacdo da dor condicionada (CPM); 7) controle
inibitério nocivo difuso (DNIC); 8) sensibilizacdo central (CS) e 9) sistema inibitério
descendente da dor.

Em relacdo ao termo fibromyalgia foram encontrados 7861 artigos no
PUBMED, 365 no LILACS, 200 no SCIELO e 1 no banco de teses da CAPES. Usando
o termo melatonin foram localizados 18898 artigos no PUBMED, 169 no LILACS, 100
no SCIELO e 33 no banco de teses da CAPES. Em relagcdo ao antidepressant foram
encontrados 30337 no PUBMED, 230 no LILACS e 243 no SCIELO e 0 na CAPES.
Com as expressdes brain derived neurotrophic factor (BDNF), S100B e CPM foram
localizados, respectivamente, 10863, 1533 e 4429 artigos no PUBMED.

Cruzando as palavras-chave fibromyalgia e melatonin, foram vistos 26 artigos

somente no PUBMED, sendo que apenas dois deles eram RCTs controlados. Ao se
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cruzar fibromyalgia, melatonin, antidepressant, BDNF, S100B e CPM néo foi visto

nenhum artigo nos quatro bancos de dados citados.

A tabela 1 sumariza a estratégia de busca das referéncias bibliograficas sobre as

bases que fundamentam os objetivos do estudo.

Tabela 1: Estratégia de busca de referéncias bibliograficas.

Palavras-chave PubMed | Cochrane | LILACS | SCIELO | Capes
“fibromyalgia” 7861 1016 365 200 21
“melatonin” 18898 8363 169 100 33
“antidepressant” 30337 6714 230 243 42
“amitriptyline” 8053 2067 107 45 5
“BDNF” 10863 116 43 28 50
“S100B” 1533 62 10 1309 9
“CPM” 4429 250 93 85 0
“DNIC” 334 18 1 1 0
“central sensitization” 1572 202 48 31 40
“descending pain inhibitory 308 20 2 3 0
system”

“fibromyalgia” and “melatonin” 26 2 0 0 33
“fibromyalgia” and 127 47 0 0 42
“antidepressant”

“fibromyalgia” and 131 63 0 0 5
“amitriptyline”

“fibromyalgia” and “BDNF” 8 0 0 0 50
“fibromyalgia” and “S100B” 0 0 0 0 9
“fibromyalgia” and “CPM” 5 1 0 0 0
“fibromyalgia” and “DNIC” 14 1 0 0 0
“fibromyalgia” and “central 154 11 0 0 40
sensitization”

“fibromyalgia” and “descending 2 0 0 0 0
pain inhibitory system”

“fibromyalgia” and “melatonin” 4 0 0 0 42
and “antidepressant”

“fibromyalgia” and 13 8 0 0 33
“amitriptyline” and

“antidepressant”

“fibromyalgia” and “melatonin” 0 0 0 0 5
and “amitriptyline”

“fibromyalgia” and “melatonin” 0 0 0 0 0
and “‘central sensitization”

“fibromyalgia” and “melatonin” 0 0 0 0 0

and “descending pain inhibitory
system”

BDNF: brain derived neurotrophic factor; CPM: conditioned pain modulation; DNIC:
diffuse noxious inhibitory system. As palavras-chave dessa tabela estdo em inglés para
fins praticos. Na pesquisa desses termos no site da CAPES, deve ser considerada a




traducédo para o portugués descrita no texto.
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2.2 EPIDEMIOLOGIA E ASPECTOS CONCEITUAIS

Como dito anteriormente, a FM é uma sindrome de dor difusa cuja etiologia
ainda ndo esta totalmente estabelecida (39, 40). Com prevaléncia que varia de 1,6% (3)
a 6,4% (4), € mais frequente em mulheres, com uma relacdo homem/mulher de 1:10. O
pico ocorre dos 30 aos 50 anos (41), aumentando progressivamente com a idade (42,
43). Baixo nivel educacional, baixa renda familiar (44, 45) e obesidade (46, 47) sao
fatores associados (figura 1).

Figura 1: Epidemiologia da fibromialgia na populacéo geral
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Legenda: Adaptado de Wolfe F, et al. (40)

A FM é caracterizada por dolorimento musculoesquelético generalizado e
cronico (duracdo superior a 3 meses), localizado nas partes superior e inferior do corpo
(48). Outros sintomas clinicos concomitantes incluem sensacdo de rigidez matinal de
longa duracdo, fadiga, fraqueza subjetiva, depresséo, ansiedade, cefaleia, dificuldades
com a memoria e concentragdo, sindrome do colon irritdvel e sono ndo reparador (2).

As alteracBes de sono atingem uma prevaléncia de 70-90% em pacientes fibromiagicos
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(39, 40, 49), em comparacédo a 10-30% em individuos normais (50).

A FM cursa com dor crénica e incapacitante, por muitos séculos foi denominada
simplesmente reumatismo ou reumatismo muscular. Outro termo usado para defini-la
foi fibrosite, cunhado por Gowers em 1904. Em 1976, passou a ser denominada
fibromialgia, apos a descricdo dos tender points e sua associacdo a dor difusa. J& na
década de 80, surgiram os primeiros RCTs usando critérios diagnosticos mais bem
definidos (51).

Na década subsequente, o0 American College of Rheumatology (ACR) publicou
os critérios para classificacdo da sindrome fibromialgica (48), com presenca de dor
difusa associada com dolorimento em 11 ou mais de 18 pontos sensiveis (tender points)
especificos, cuja localizacdo € descrita abaixo (figura 2):

1. Occipital bilateral: na insercdo do musculo suboccipital

2. Regido cervical baixa bilateral: no aspecto anterior dos espacos
intertransversos, entre C5-7

3. Trapézio bilateral: ponto médio do bordo superior escapular

4. Supraespinhoso bilateral: origem desse musculo acima da crista espinal

escapular, préxima ao seu bordo

5. Justalateral a juncdo costocondral ao nivel da 22 costela, bilateralmente
6. Epicondilo lateral bilateral: a 2 cm distalmente dos epicondilos

7. Glateo bilateral: no quadrante externo-superior das nadegas

8. Trocanter maior bilateral: posterior ao trocanter

9. Joelho bilateral: gordura medial dos joelhos, proximal a linha média
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Figura 2: Tender Points.

Legenda: A figura especifica os locais dos tender points a partir dos critérios de
classificacdo do American College of Rheumatology (ACR). Adaptacao do quadro “As
Trés Gragas” do Bardo Jean-Baptiste Regnault, 1793, Musée du Louvre, Paris (48)
Esses critérios apresentam sensibilidade de 88,4% e especificidade de 81,1%
para distingdo de outras condigdes dolorosas (48). Ainda mais recentemente, esses

critérios foram revisitados por Wolfe et al. e desenvolvido um sistema para o

diagndstico da FM que ndo se baseia na palpacdo dos tender points (2). No entanto, a
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gravidade dos sintomas passou a ter grande relevancia, aspecto ndo considerado no
American College of Rheumatology 1990. De acordo com os critériso revisados, a FM €
diagnosticada se 0s pacientes apresentarem as trés condicGes a seguir mencionadas:

1. indice de dor difusa (WPI) igual ou superior a 7 e escore na escala de
gravidade dos sintomas (SS) igual ou superior a 5 ou WPI 3-6 e escala SS igual ou
superior a 9.

2. Os sintomas devem estar presentes ha pelo menos 3 meses.

3. O paciente ndo pode apresentar outra patologia capaz de explicar o quadro
doloroso.

Para determinar o indice de dor difusa, o paciente é questionado em quantas
areas teve dor na ultima semana, a saber: cintura escapular direita e esquerda, braco
direito e esquerdo, antebraco direito e esquerdo, quadril (gluteos, trocanter) direito e
esquerdo, coxa direita e esquerda, perna direita e esquerda, mandibula direita e
esquerda, térax, abdémen, regides dorsal, lombar e cervical. Cada regido equivale a um
ponto no escore. A soma total dos escores varia de 0 a 19.

A escala de gravidade dos sintomas é determinada pela soma da gravidade de
trés sintomas: fadiga, sintomas cognitivos e cansaco ao despertar. O paciente deve
responder sobre o grau de gravidade destes sintomas na Ultima semana: 0=sem
problemas; 1= problemas leves; 2= problemas moderados, consideraveis; 3=problemas
continuos, generalizados (o escore varia de 0 a 9). A escala também leva em conta a
presenca de sintomas somaticos em geral, tais como dor muscular, sindrome do coélon
irritavel, fadiga/cansaco, ruminacdo, fraqueza muscular, cefaleia, dor ou colicas
abdominais, dorméncia/formigamento, tonturas, insonia, depressdo, constipacdo, dor
abdominal alta, nduseas, nervosismo, dor torécica, visdo borrada, febre, boca seca,

chiado, prurido, diarreia, chiado, fenbmeno de Raynaud, urticaria, vergbes, zumbido,
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vomitos, queimacao cardiaca, uUlceras orais, perda ou alteracdo do paladar, perda de
apetite, convulsdes, olho seco, dispneia, fotossensibilidade, rash cutaneo, dificuldades
de audicdo, alopecia, miccdo dolorosa, espasmos na bexiga, facilidade para fazer
equimoses. O médico avalia a presenca desses sintomas por uma escala: 0= sem
sintomas; 1= poucos sintomas; 2= moderado ndmero de sintomas; 3= grande
quantidade de sintomas. O escore da gravidade dos sintomas final (gravidade dos
sintomas mais presenca de sintomas somaticos) varia de 0 a 12.

Esses novos critérios ndo visam substituir os de 1990, mas representam um
método diagnostico alternativo.

A concomitancia de alteracdes radiograficas, anormalidades laboratoriais (1), ou
de uma segunda condicdo patoldgica ndo exclui o diagnéstico de FM (52, 53). Assim,
0S pacientes podem ser acometidos de FM e artrite reumatoide ou osteoartrose
simultaneamente. O diagndstico diferencial da FM inclui hipotireoidismo, artrite,
polimialgia reumatica, osteomalacia, miopatias inflamatérias e metabdlicas,
espondiloartropatias, radiculopatias e dor cardiaca ou pleuritica (54). Também se deve
diferenciar a FM, invariavelmente disseminada, da sindrome dolorosa miofascial, na
qual a dor fica confinada a uma regido do corpo, exceto quando regides estdo afetadas
ao mesmo tempo (55).

A presenca do sono ndo reparador associada a FM também tem sido estudada.
Ha evidéncias de que o padrdo de sono apresenta laténcia prolongada, baixa eficiéncia,
aumentada quantidade de sono ndo REM (Rapid Eye Movement) e aumento da
frequéncia de despertares noturnos (56). DisfuncBes na fisiologia do EEG
(eletroencefalograma) do sono séo frequentes em portadores de FM, como presenga de
ondas alfa (7,5 - 11Hz) durante o sono ndo REM, fendmeno denominado sono alfa-

delta. Normalmente, a frequéncia alfa ocorre no EEG durante o estado de alerta. A onda
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alfa desaparece quando o sono inicia, sendo entdo substituida por frequéncias baixas,
delta, que caracterizam estagios especificos dos sonos REM e ndo REM. O ritmo alfa
reaparece com o despertar do sono. A persisténcia de ondas alfa durante o sono néo
REM foi demonstrada em portadores de FM, durante os estagios 1, 2, 3 e/ou 4 dessa
fase do sono. Tais achados fazem supor que as desordens desse sistema estdo
relacionadas ao sono nao reparador, mialgia difusa, alteragdes do humor e presenca de
multipos pontos dolorosos distribuidos em areas especificas (57, 58).

Muitos sintomas associados a FM, tais como dificuldade de dormir, fadiga,
mialgias, queixas gastrointestinais e diminuida funcdo cognitiva, sdo similares aqueles
observados em individuos com dessincronizacdo do marca-passo circadiano, nos que
experimentam jet-lag e nos trabalhadores noturnos ou com rotacdo de turnos (59). Os
sintomas mais frequentes da dessincronizacdo sao disforia, irritabilidade e alteracdo do
apetite, do sono e da termorregulacdo. Em animais tém sido demonstrada associacdo
entre a sincronizacdo do sono e o limiar nociceptivo. Tanto os reflexos espinhais
nociceptivos monossinapticos quanto os polissindpticos, quando comparados com o
periodo acordado, sdo mais estaveis durante o sono sincronizado. No entanto, durante o
sono dessincronizado, ambos os reflexos sdo mais instaveis e o limiar para evocar
reflexos frente aos estimulos nociceptivos fica diminuido (60).

Na FM, o processo de producdo da dor parece estar alterado em diversos niveis.
Apesar de sua fisiopatologia ndo estar completamente elucidada, estudos sugerem que
seu processo seja multifatorial, tais como predisposicdo genética (61-63), disfungdo do
sistema nervoso periférico (64) e alteracdes do eixo hipotadlamo-hipofise-adrenal (HPA)
e do sistema nervoso autbnomo (65, 66). A sensibilizagdo central (67) associada a perda
da capacidade da via inibitoria descendente da dor (10, 68) e concomitantes alteragdes

de substancias envolvidas nestes processos (29, 69-74) parecem ter um papel
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fundamental no processo da doenca.

23  PROCESSAMENTO FISIOLOGICO DA DOR: PRO-NOCICEPCAO E

ANTINOCICEPCAO

A nocicepcao é regulada através de um processo de facilitacdo (pré-nocicepcao)
ou inibicdo (antinocicepcao) (9, 75, 76) (figura 3). Enquanto que o circuito inibitdrio
nociceptivo contribui para a analgesia, a via facilitatéria e sua ativacdo sustentada

parece ser a base de certos estados de dor cronica (77-79).

Figura 3: Representacdo da pro-nocicepgdo e anti-nocicepgao
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Fonte: Adaptado de Hoffman GA, Harrington A. e Fields HL (80).
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2.3.1 PRO-NOCICEPCAO:

No seu processamento normal, a percepcdo da dor envolve dois principais
grupos de vias neurais: ascendente e descendente. Nervos periféricos transmitem sinais
sensoriais, incluindo sinais nociceptivos (indutores de dor) para a medula espinhal e,
entdo, para o cérebro, onde sdo processados através da via nociceptiva ascendente.
Sinais nociceptivos sdo emitidos quando receptores especializados dos nervos
periféricos, os nociceptores, sdo ativados por estimulos como temperatura, pressdo ou
impacto (81). Esse mecanismo indutor facilitatorio da dor também é chamado de
pronocicepcao (9). Na populacdo geral, a percepcdo da dor apresenta uma distribuicédo

normal (81) (figura 4).

Figura 4: Sensibilidade a dor na populacao geral
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Fonte: Adaptada de Clauw et al. (81)

Nesse processo, uma lesdo evidente desencadeia a cascata de eventos nas vias
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da dor, cujos estimulos sdo captados por nociceptores (mecano-termo-receptores e 0s
receptores polimodais), e a informacéo, pelo processo de transducéo, gera um potencial
de acdo de membrana conduzido aos neurénios de primeira ordem situados no ganglio
da raiz dorsal (DRG), aos neurdnios de segunda ordem localizados no corno dorsal da
medula espinhal (DHSC), aos neurdnios de terceira ordem localizados no talamo (17) e
aos de quarta ordem localizados no cortex.

Os nervos perifericos sdo constituidos de fibras aferentes mielinizadas grossas
(o e AP), mielinizadas de pequeno calibre (Ad) e amielinicas de pequeno calibre (C). A
conducéo dos sinais nociceptivos é mediada pelos dois dltimos tipos. A velocidade de
conducao dessas fibras esta diretamente relacionada ao seu diametro:

1. Fibras Ad: nociceptores termomecanicos de alto limiar, cujo
potencial de acdo é rapidamente conduzido, as fibras Ad medeiam a primeira dor, um
evento protetivo que capacita o0 organismo a localizar a dor rapida e precisamente,
ativando reflexos de retirada que visam evitar ou reduzir o dano tecidual adicional (82).
O potencial de agdo conduzido pelas fibras Ad adentra o corno dorsal da medula
espinhal através das laminas I, V e X (83).

2. Fibras C: estimulos neuroguimicos ativam nociceptores
polimodais (que respondem a varios tipos de estimulos) presentes nos tecidos. O
potencial de acdo, entdo, é conduzido mais lentamente, através das fibras finas C até as
laminas Il e 111 do corno dorsal da medula espinhal (83, 84). Esse fenbmeno caracteriza
a segunda dor, que ocorre posteriormente ao evento nocivo (cirurgia, trauma,
inflamacdo) e visa ativar comportamentos de protecdo da &rea lesada, auxiliando na

resolucgéo da leséo (82) (figura 5).
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Figura 5: Axonios aferentes primarios (a); velocidade de conducéo e potencial de acao

(b).
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Fonte: Adaptado de Julius e Basbaum (84)

Estimulos supraliminares e potencialmente lesivos ativam esses nociceptores,
com liberacdo de mediadores quimicos pelos tecidos lesados, macrofagos, terminacfes
nervosas e células endoteliais vasculares, tais como bradicinina (BK), acetilcolina,
leucotrienos, prostaglandinas (PGl e PGE2), peptidio gene relacionado a calcitonina
(CGRP), fator de necrose tumoral alfa (TNFa), fator de ativagdo plaquetario,
interleucinas (IL-1, IL-6), 5-hidroxitriptamina (5-HT), histamina, substancia P (SP),
radicais acidos, ions potassio (K+), tromboxane, fator de crescimento nervoso (NGF) e
monofosfato ciclico de adenosina (AMPc) (84, 85). Tais mediadores desencadeiam
alteracOes vasculares (vasodilatagdo e aumento do fluxo sanguineo e da permeabilidade
vascular) e inflamatérias (humoral e celular), sensibilizando 0s nociceptores ou
reduzindo seu limiar de excitabilidade (84). Essa cascata de eventos periféricos, devido
a sensibilizacdo de terminagdes nervosas nociceptivas, € chamada de hiperalgesia

priméaria e ocorre no sitio da lesdo. A hiperalgesia secundaria, por sua vez, ocorre em
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areas adjacentes ou remotas do local da leséo e depende de alteragdes no processamento
da informacéo sensitiva no sistema nervoso central. Enquanto que sua inducgéo requer
atividade das fibras nociceptoras, sua manutencao é independente desse processo (86).

Uma vez adentrando o corno dorsal da medula espinhal, a informacéo
nociceptiva proveniente das fibras Ad e C estimula neuronios de segunda ordem
localizados nas laminas I, Il, V e VI. Dentre esses neurdnios estdo os Wide Dynamic
Range (WDR), que respondem a estimulos mecanicos, térmicos e quimicos, e 0S
neurdnios nociceptores especificos (NS). Os WDR respondem a estimulos dolorosos
(fibras Ad e C) e ndo-dolorosos (AP), exercendo um papel fundamental nos
mecanismos inibitorios de supressdo da dor (87). Ao contrario dos WDR, 0s neurdnios
NS sdo predominantemente ativados por estimulos dolorosos provenientes das fibras
Ad ¢ C (88). Esses neurdnios do corno dorsal da medula espinhal, além de receberem
estimulos excitatorios dos nociceptores, sdo influenciados por sinapses inibitorias e por
células microgliais (89).

A sinapse nociceptiva do corno dorsal da medula espinhal tem basicamente dois
diferentes caminhos de funcionamento:

1. Quando uma descarga de curta duracdo ou baixa frequéncia chega ao
terminal pré-sinaptico, apenas o glutamato € liberado. Na auséncia de SP, o glutamato
abre os canais para AMPA (a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) e
cainato, resultando em uma despolarizagdo de curta duragdo da membrana do neurdénio
pos-sinaptico, devido ao influxo de ions sodio (Na+) para o interior da célula.
Subsequentemente a cessacdo do estimulo, o neurbnio volta a seu estado prévio de
excitabilidade. Nesse processo de ativagdo normal, canais NMDA (N-metil-D-
aspartato) permanecem fechados, blogueados por ions magnésio (Mg2+) (90, 91). A

maioria das sinapses AMPA com a superficie do neurénio central é inefetiva ou silente.
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Um nervo pode ter muitas sinapses silentes com neurénios em segmentos adjacentes.
Uma situacdo patoldgica pode tornar tais sinapses ativas, levando a formacéo de novas
conexdes do neurénio com a periferia, mecanismo que parece ser fundamental no
processo de sensibilizacdo central (92) e formacéo da dor difusa.

2. Quando um estimulo prolongado ou de alta frequéncia adentra a
terminacdo pré-sinaptica nociceptora, glutamato e SP sdo liberados juntos. Ao ligar-se
ao receptor metabotrépico proteina-G (trifosfato de guanosina — GTP) acoplado,
neurocinina 1 (NK1), a SP ativa uma cascata intracelular, levando a formacéo de
quinases e despolarizacdo de longa duracdo dos neurénios do corno dorsal da medula
espinhal. Simultaneamente, o acimulo intracelular de Na+ despolariza a membrana e
ha um influxo de célcio (Ca2+) para o interior da célula com deslocamento do Mg2+ e
abertura do canal NMDA. Caso se prolonguem, os eventos levam a sensibilizacdo dos

neurdnios pés-sinapticos (90, 91) (figura 6).

Ainda no corno dorsal da medula espinhal, os axdnios desses neurdnios
decussam para o outro lado e transmitem o estimulo nociceptivo pelos tratos
espinotalamico (STT) e espinorreticular para o tronco cerebral e talamo, e entdo para o
cortex somatossensorial primario (SI) e secundario (Sll), para a insula e para o cortex
cingulado anterior (ACC) (9). Neuronios taldmicos distribuem a informacéo
nociceptiva para o Sl, onde o aspecto sensério-discriminativo da dor é processado; e 0
SIlI, que parece ter um importante papel no reconhecimento, aprendizado e memoria de
eventos dolorosos. A insula tem sido proposta por estar envolvida nas reagdes
autondmicas ao estimulo doloroso e aspectos afetivos da memdria e aprendizado
relacionados a dor. O ACC estéd intimamente relacionado ao desprazer da dor e pode
auxiliar na integragé@o do afeto geral, cognicao e selecdo da resposta (93).

A primeira dor parece estar associada a ativacdo do cortex Sl, engquanto a
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segunda esta intimamente relacionada a ativacdo do ACC. Tais achados provavelmente

refletem as diferentes funcbes biologicas de cada tipo de dor, onde a primeira dor

sinaliza o dano e prové precisa informacdo sensorial para uma imediata retirada,

enguanto a segunda é mais duradoura e motiva respostas comportamentais para limitar

ainda mais a leséo e otimizar a recuperacao (82).

Figura 6: Disposicdo basal de contatos sinapticos no neurdnio nociceptor do corno
posterior da medula espinal (DHSC).

TALAMO

-

Sinapse inibitéria

Sinapse excitatoria

Nociceptor

Glutamato

N= ndcleo

NK1= neurocinina 1

NMDA= N-metil-D-aspartato

AMPA/K= a-amino-3-hidroxi-5-metil-4-isoxazol-
propionato/cainato

GABA= acido gama amino butirico

IL= interleucina

TNFa= fator de necrose tumoral a

NO= éxido nitrico

PGs= prostaglandinas

BDNF= Brain Derived Neurotrophic Factor
SP= substancia P

TrkB= receptor tirosina quinase B

Legenda: A fibra aferente de um nociceptor (fibras A 6 mielinicas ¢ C amielinicas)
forma um amplo terminal espinhal (acima, a direita). Figura adaptada de Mense e

Gerwin (89).

2.3.2 ANTINOCICEPCAO




42

Paralelamente ao processo de transmissdo ascendente da dor, vias modulatorias
descendentes enviam sinais facilitatorios e inibitorios a partir do cérebro para a medula
espinhal e periferia, aumentando ou inibindo os sinais nociceptivos ascendentes. Sinais
dessas vias sdo mediados e propagados por um numero de neurotransmissores e
neuroquimicos (por exemplo, NA e 5-HT) (9, 94).

As vias descendentes se originam de diferentes areas cerebrais, incluindo a PAG
(75), o nucleo magno da rafe, as estruturas adjacentes da medula rostral ventro-medial
(RVM) (95, 96), o hipotalamo e as estruturas corticais. Elas modulam a entrada
sensorial das fibras aferentes e dos neurénios de projecdo do corno dorsal da medula
espinhal (16), ativam comportamentos reflexos e protetivos subsequentes (97) e
influenciam grandemente a percepcao da dor.

Ha centenas de anos sabe-se que dor inibe dor, um fendmeno conhecido como
contrairritacdo (98). Mais recentemente, bases fisiologicas desse fendmeno foram
identificadas: a aplicacdo de estimulos dolorosos ativa um sistema analgésico endégeno
envolvendo o controle supraespinal descendente da atividade nociceptiva do corno
dorsal da medula espinhal. Esse fendmeno foi chamado diffuse noxious inhibitory
control ou DNIC e sua base fisiologica na medula espinhal tem sido extensivamente
estudada em animais anestesiados (99, 100). Nao obstante, quando estimulos dolorosos
competindo sdo testados em humanos conscientes, outros sistemas de modulacdo da
dor, como a distragcdo, podem entrar em a¢do na modulacdo da dor, motivo pelo qual
um grupo de pesquisadores sugeriu 0 termo conditioned pain modulation (CPM) a ser
usado em estudos com humanos para evitar uma implicagdo mecanicista (10).

Na CPM ocorre uma poderosa e seletiva inibicao difusa dos neurénios WDR no
corno dorsal da medula espinhal através de estimulo heterotdpico condicionante

aplicado em éreas remotas do corpo, com ativagdo de fibras nociceptivas Ad e/ou C
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(99-101). A CPM em humanos é tipicamente estudada pela mensuracdo da intensidade
da dor percebida por um breve estimulo teste, antes, durante e, as vezes, apés a
aplicacdo de um estimulo condicionante em outra area do corpo. A CPM é observada
quando h& reducdo da intensidade da dor percebida no estimulo teste, quando na
presenca de um estimulo heterotopico (contralateral) doloroso condicionante. O
fendmeno € mais eficiente quanto maior for a supressdo da dor percebida no estimulo
teste (102). Em pessoas higidas, esse processo é ativado em resposta ao estimulo
doloroso agudo, o que leva a diminuicdo difusa da sensibilidade dolorosa através do
aumento do limiar nociceptivo (8). O fendmeno é preditivo de dor pos-operatoria aguda
e cronica, bem como tem sido associado com niveis de dor neuropatica (10). A resposta
da CPM em humanos € parcialmente mediada pelo sistema opioide descendente (103)
e, em parte, pelas vias serotoninérgicas e noradrenérgicas (101, 104-106).

O sistema antinociceptivo descendente usa peptidios opioides enddgenos e
GABA (&cido gama amino-butirico) como neurotransmissores inibitérios. Um efeito
antinociceptivo ocorre ap6s administracdo intratecal na medula espinhal de antagonistas
dos receptores do glutamato (AMPA/cainato e metabotropic glutamate receptor type
1- mGIuR1), fenémeno que é revertido pela administracdo de antagonistas seletivos
opioides no nacleo acumbens (107). Também a administracdo de antagonistas dos
receptores p-opioides, K-opioides, GABA-A, GABA-B e glicina no nucleo acumbens
de ratos significativamente diminuiu a analgesia induzida por estimulo doloroso
heterotopico, 0 que sugere que o estimulo nociceptivo periférico faca liberar essas
substancias na medula espinhal, inibindo a atividade pro-nociceptiva e ativando a
antinocicepgéo (103).

; = apw

atividade neuronal gabaérgica e desinibicdo do neurdnio que se projeta caudalmente


http://www.ncbi.nlm.nih.gov/pubmed/24635567
http://www.ncbi.nlm.nih.gov/pubmed/24635567
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para a formacdo reticular lateral e o nacleo magno da rafe. A inibicdo dos neurdnios
espinotalamicos na medula espinhal é feita principalmente pela 5-HT, que é liberada
por fibras do nucleo magno da rafe. Ha ainda conexdes do locus ceruleos para o nucleo
magno da rafe que utilizam NA como neurotransmissor inibitorio (16).

O GABA, por sua vez, age através da abertura de canais de cloro (CI') na
membrana neuronal, o que leva a um influxo de cargas elétricas negativas nos
neurdnios do trato espinotalamico e, consequentemente, a uma hiperpolarizacéo, a qual
diminui a excitabilidade do neurbnio pos-sinaptico, inibindo a transmissao da dor. Os
ions CI' sdo removidos da célula por um transportador K+/ CI' que troca K + pelo CI .
Em condic¢des patologicas, o transportador pode ndo funcionar corretamente e ions CI-
acumulam-se nos neurdnios do trato espinotalamico. Quando o canal de CI é aberto
novamente pelo GABA, os ions CI deixam a célula e causam despolarizacdo, em vez
de hiperpolarizacdo. Assim, o neurénio pos-sinaptico pode ser excitado por GABA, isto

é, o classico neurotransmissor inibitério GABA passa a atuar como excitatorio (89).

2.4  PROCESSAMENTO FISIOPATOLOGICO DA DOR NA

FIBROMIALGIA

A FM compartilha muitos sintomas com a dor neuropatica cronica, tais como
alodinia (dor provocada por estimulos indcuos) e hiperalgesia (aumento da intensidade
e duracdo da dor evocada por estimulos normalmente dolorosos) da pele e muasculos
(108), devido ao fato de que as duas principais vias de processamento da dor operam
anormalmente, resultando na amplificagéo da sinalizacdo dolorosa.

O modelo fisiopatolégico mais aceito na fisiopatogenia da FM € a existéncia de

um desequilibrio entre os mecanismos de pré-nocicepcdo e antinocicepcdo (109).
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Segundo esse modelo, ha uma diminuicdo global das vias inibitérias relacionadas a dor
(68, 110) e/ou hiperalgesia secundaria, a qual depende de mecanismos de sensibilizacéo
central (67, 111). Adicionalmente, niveis anormais de neurotransmissores e
neuromoduladores (ou seus metabdlitos) sdo encontrados no liquido cefalorraquidiano
de fibromialgicos. As concentracGes de SP estdo significativamente aumentadas no
liquido cefalorraquidiano desses pacientes, quando comparados a controles saudaveis
(69-71, 112-114). Também baixos niveis de metabdlitos de aminas biogénicas
(noradrenalina, serotonina, dopamina) (14, 115, 116) e altos niveis de fator neurotrofico
de crescimento (NGF) (72), um facilitador da producédo de SP, sdo encontrados na FM.
Juntas, essas alteracBes permitem que estimulos de baixa intensidade ou ndo
nociceptivos sejam processados em estruturas pré-corticais e corticais envolvidas no
processo afetivo e cognitivo da dor (117), resultando em aumento na percepc¢do

dolorosa.

2.4.1 SISTEMA MODULATORIO DESCENDENTE NA FIBROMIALGIA

Nas sindromes de dor cronica, dentre as quais a FM, a atividade do sistema
analgésico descendente € frequentemente prejudicada ou ausente (118), o que ¢é
refletida pela reduzida eficiéncia da CPM. A expressdo perda da analgesia descendente
sintetiza esse processo e é sinénimo de perda da CPM (10, 119).

A CPM apresenta baixa eficiéncia em pacientes fibromialgicos, ou seja, o limiar
doloroso encontra-se diminuido e ndo ha supressdao do estimulo teste pelo estimulo
heterotdpico condicionante, quando comparados aos controles saudaveis. Esses achados
representam uma falha no mecanismo de analgesia produzido pelo estimulo doloroso

condicionante (6, 68, 110, 120, 121). O estudo de Julien et al., controlado para os
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efeitos da distracdo e habituacdo, demonstrou limitada CPM na FM (6), sugerindo que

este fendmeno esta danificado nesses pacientes (tabela 2). Contrariamente a essa

hipdtese, a CPM e outros sistemas inibitorios da dor podem estar ativados na FM e a

faléncia em demonstrar os seus efeitos pode representar um efeito teto, no qual esses

sistemas ativados ndo podem ser sobrecarregados por manipulacdes experimentais (8).

Adicionalmente, a distracdo pode também ter um efeito inibitorio nociceptivo em

humanos, e alguns pesquisadores sugerem que na FM ha uma alteracdo no foco de

atencdo, com aumento da vigilancia para estimulos desprazerosos (122, 123).

Tabela 2:Controled Pain Modulation (CPM) e Fibromialgia (FM)

Estimulo
Ano NUmero NUmero Heteretdpico
do de de Estimulo Teste Doloroso
Referéncia Estudo Pacientes Controles (doloroso) Condicionante Achados

Normand et 2011 29 26 MDD Calor aplicado Frio (doloroso) CPM

al. (121) 40 HC por termodo diminuida em
FM;
semelhante
entre HC e
MDD

Julien et al.. 2005 30 30 NC Agua gelada Agua gelada CPM

(6) 30 CLBP (doloroso) diminuida em
FM; ndo em
CLBP

Staud et al.. 2003 11 22 mulheres | Wind Up Agua quente CPM

(124) 11 homens (doloroso) diminuida em
mulheres (HC
e FM)

Kosek e 1997 10 10 CT, WT, HPT, Torniquete CPM

Hansson (68) CPT diminuida em
FM

Lautenbacher 1997 25 26 Limiar elétrico Calor tbnico CPM

e Rollman doloroso doloroso ou diminuida em

(110) inécuo, aplicado | FM

por termodo
Limiar elétrico
ndo doloroso

Nenhuma
diferenca

CLBP: dor lombar cronica; CT: limiar de percepcao ao frio; CPT: limiar doloroso ao

frio; HC: individuos controles saudaveis; HPT: limiar de dor ao calor; MDD: transtorno
depressivo maior; WT: limiar de percepcdo do calor. Observagéo: nos artigos originais,
o termo DNIC (diffuse noxious inhibitory control) foi usado, porém, nesta tese optou-se
pela terminologia atualizada de CPM (10)




47

Na FM a atividade opioidérgica parece estar normal ou mesmo aumentada, uma
vez que a concentracdo de encefalinas no liquido cefalorraquidiano é trés vezes maior
nesses pacientes quando comparados a controles saudaveis (125). Um estudo com
imagens corrobora esses achados, mostrando diminuida disponibilidade dos receptores
p-opioides em mudltiplas areas de processamento da dor em pacientes com FM, o que
sugere haver aumento da liberacdo de ligantes enddgenos u-opioides levando a uma
macica ocupacao basal desses receptores (126), uma tentativa de reduzir a dor apos
prolongada estimulacdo. A atividade aumentada ou intacta do sistema opioidérgico na
FM € consistente com a experiéncia clinica limitada do uso de opioides nesses
pacientes (127-129).

Por outro lado, hd uma diminuicdo das atividades serotoninérgica,
noradrenérgica e dopaminérgica na FM. Metabdlitos da noradrenalina (NA), serotonina
(5-HT) (13) e dopamina (DA) (115, 116, 130) estdo baixos no liquido
cefalorraquidiano, ao passo que a 5-HT, seu precursor, o L-triptofano, e o metabdlito
acido 5-hidroxindolacetico (5-HIAA) apresentam niveis séricos também reduzidos
nesses pacientes (131). A deficiéncia desses mecanismos é suportada pela eficacia do
uso de medicamentos que simultaneamente aumentam a NA e a 5-HT (triciclicos,
duloxetina, milnacipram, tramadol) na FM. Esses achados sugerem que individuos
fibromialgicos com limitada CPM apresentam, principalmente, déficit na atividade

serotoninérgica e noradrenérgica ao invés de atividade opioidérgica diminuida.

2.4.2 SENSIBILIZACAO CENTRAL NA FIBROMIALGIA

A sensibilizacdo central (CS) apresenta basicamente trés tipos de alteracdes: 1)

alterac6es funcionais, que se expressam pela alta responsividade dos neurénios centrais



48

aos estimulos dolorosos; 2) alteragdes metabdlicas, que ocorrem ndo apenas nos
neurdnios, mas também nas células gliais; 3) alteracGes estruturais, que perpetuam o
estado de hiperexcitabilidade. Os trés estados acontecem quase simultaneamente (89).

Na sensibilizacdo central ha incremento da funcao neuronal e dos circuitos das
vias nociceptivas, causado por aumento na excitabilidade das membranas e eficacia
sinaptica, com difusdo da hiperalgesia secundaria em varios segmentos da medula
espinal (118), bem como reduzida inibicdo. Ela esta associada com o aumento da
atividade espontanea dos neurénios do corno dorsal da medula espinhal, incremento da
resposta aos estimulos nociceptivos e ndo nociceptivos e alargamento do campo
receptivo (132): um estado de facilitacdo, potencializacdo ou amplificacdo. Tais
alteracbes sdo manifestacbes de remarcavel plasticidade do sistema nervoso
somatossensorial em resposta a atividade, inflamacéo e lesdo neurais (7).

A sensibilizacdo central parece ser consequéncia da lenta somacéo temporal da
segunda dor nos neurdnios do corno dorsal da medula espinhal. Somacéo temporal (TS)
refere-se ao progressivo aumento na descarga do potencial de a¢do de um nociceptor no
corno dorsal da medula espinhal, em resposta a estimulos repetidos de igual intensidade
de nociceptores da periferia (108), fendmeno também conhecido como wind up
(amplificacdo do estimulo ) (97).

O wind up é dependente dos estimulos das fibras C e ocorre somente se a
frequéncia dos estimulos for igual ou superior que 0,33Hz. Os neurotransmissores
envolvidos no wind up incluem neurotrofinas (p. ex., BDNF), aminoacidos excitatérios,
taquicininas, SP, e neurocinina A, 0s quais levam a uma progressiva remogao do
blogueio do Mg2+ e ativacdo dos receptores NMDA nos neurénios do corno dorsal da
medula espinhal (133). Em situagGes que produzem forte e ou persistente estimulacéo

nociceptiva, suficientes quantidades de SP e glutamato sdo liberadas para sustentada
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despolarizacdo dos neurbnios espinhais. Na sequéncia deste evento, o Mg 2+
normalmente presente no canal NMDA é removido permitindo que o Ca 2+ adentre a
celula, facilitando a transmissdo do sinal doloroso. Este influxo de Ca2+ ativa a
producdo e liberacdo da proteinoquinase C (PKC), do 6xido nitrico (NO), através da
NO sintase (NOS) ativada, e de PGs, pela enzima cicloxigenase (118), resultando em
aumento significativo das taxas de disparo nos terminais pre-sinapticos dos
nociceptores do corno dorsal da medula espinhal, o que amplifica a entrada periférica
(134, 135). Consequentemente ha um efeito em cascata com ativacdo dos receptores
NMDA resultando na amplificacdo da mensagem dolorosa que € transmitida para 0s
centros cerebrais superiores.

Um estudo investigando o wind up (136) demonstrou que esse fendmeno, apds
uma série de estimulos repetidos de calor, foi evocado em controles saudaveis e em
pacientes fibromialgicos, porém nestes ultimos, foram maiores a magnitude da resposta
sensorial percebida no primeiro estimulo e o grau de somacéo temporal dentro da série
de estimulos. As sensacOes tardias, detectadas 15 e 30 segundos apds o término do
teste, também foram maiores nesses pacientes, tanto em magnitude quanto na
permanéncia das sensacbes dolorosas, o que sugere um aumento inicial e lento
decréscimo posterior da entrada nociceptiva nos portadores de FM, secundario a
sensibilizacdo central. Entretanto, apesar dessa resposta anormal do wind up na FM, os
efeitos de um antagonista dos receptores NMDA foram similares em pacientes e em
controles saudaveis (133), sugerindo gque outros mecanismos possam estar implicados

na producdo de sintomas dessa sindrome.

2.4.2.1 BRAIN-DERIVED NEUROTROPHIC FACTOR
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O BDNF ¢ uma neurotrofina expressa nos neurbnios nociceptores e €
transportado anterogradamente no corno dorsal da medula espinhal para os terminais
espinais dos neurénios nociceptivos (fibras C), onde permanece em densas vesiculas
(137). O BDNF também ¢ liberado pela microglia, célula envolvida no incremento da
dor em estados de dor cronica (19).

Marcadores mostram que 0 BDNF é encontrado principalmente nos terminais
nervosos das laminas | e 1l do corno dorsal da medula espinhal, onde é armazenado
junto com neuropeptidios como SP e CGRP (17). Ele também é encontrado nos centros
integrativos superiores, em varias camadas do cdrtex somatossensorial e nas vias
descendentes relacionadas a modulacéo supraespinhal da dor (138, 139).

Seu papel na modulacdo dolorosa é suportado pela sua liberagdo basal medular
(140) e através de estimulos elétricos em fibras C, com a participacdo dos receptores
NMDA (141). Perifericamente, 0 BDNF age sensibilizando neurénios nociceptivos do
corno dorsal da medula espinhal por facilitar a ativacdo dos receptores NMDA (142).

O BDNF promove um sprouting dos neurdnios serotoninérgicos maduros,
aumentando a atividade serotoninérgica central e modulando a ativacdo dos neurénios
do nucleo dorsal da rafe e a funcdo transportadora serotoninérgica (143). A inflamacao
periférica e a atividade elétrica das fibras C estimulam sua producdo no ganglio da raiz
dorsal (DRG). Ambos os fenbmenos aumentam os niveis de seu receptor TrkB (tirosina
quinase B) nesse local. O BDNF regula a diferenciacdo, a sobrevida neuronal e € um
potente modulador sinaptico do sistema nervoso central e do sistema nervoso periférico
(SNP).

Nos processos da sensibilizacdo central, a microglia estimulada pelo ATP
(trifosfato de adenosina) causa um desvio da polarizagdo no potencial anion reverso (E

anion) em neurdnios da lamina | da medula espinhal, o qual inverte a polaridade da
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corrente ativada pelo GABA, levando o neurdnio a despolarizagdo ao invés de
hiperpolarizacdo, consequentemente, tornando-o um neurotransmissor excitatério (pro-
nociceptivo). A administracdo do BDNF mimetiza essa acao, enfraquecendo o sistema
modulatorio descendente da dor ligado ao GABA. O bloqueio da sinalizacéo entre o
BDNF e seu receptor TrkB reverte a alodinia e o desvio do E anion secundarios a leséo
nervosa e ativacao da microglia pelo ATP (144).

Ele regula a integridade e diferenciacdo dos neurbnios durante seu
desenvolvimento e também estd envolvido em varias funcBes na vida adulta,
funcionando como um mecanismo adaptativo essencial no processo de potenciacdo
sinaptica de longa duracdo (LTP) (145) e no mecanismo de neuroplasticidade neuronal
desencadeador e sustentador do processo de memdria de dor. A ligacdo do BDNF com
receptores Trk-B é essencial para a inducdo da potenciacdo sindptica de longa duragédo
nas sinapses da primeira dor entre 0s nociceptores primarios e os do corno dorsal da
raiz espinhal (73). O aumento de BDNF incrementa a potenciacdo sinaptica de longa
duracdo enquanto a reducdo de seus niveis a atenua (146-148). A potenciacao sinaptica
de longa duracéo evocada nas fibras C pode ser produzida por eletroestimulacdo (149)
ou por estimulos dolorosos naturais sobre essas fibras (150) no dorsal da raiz espinhal.
O BDNF aplicado na medula espinhal produz uma potenciacdo sinaptica de longa
duracdo duradoura nas fibras C, cuja fase tardia é inibida pela administracdo prévia de
um antagonista (K252a) de seu receptor TrkB ou um eliminador do BDNF (TrkB-
Fc)(149). Ao influenciar a atividade sinaptica a curto e longo prazos, o BDNF regula a
atividade neural e a plasticidade relacionada ao receptor NMDA em vias nociceptivas
ascendentes e descendentes (151). Assim, essa neurotrofina pode regular a plasticidade
sinaptica e o processo de sensibilizac¢do central.

O BDNF plasmaético foi encontrado significativamente aumentado em pacientes
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fibromidlgicos, quando comparados a controles saudaveis pareados por idade e sexo. O
aumento, porém, nao foi correlacionado com tempo da doenga, idade, nivel de dor e
escore na escala de avaliacdo de Hamilton para depressdao ou nimero de tender points
(152). Niveis séricos do BDNF também foram aumentados independentemente do sexo,
da presenca de depressdo ou do uso de antidepressivos em baixas doses (74). No
liquido cefalorraquidiano, o BDNF, o fator neurotréfico de crescimento e o glutamato
mostraram-se aumentados e positivamente correlacionados na FM (73). Os resultados
sugerem que o BDNF esteja envolvido no processo fisiopatoldgico de sensibilizacdo
central da doenca.

Fica evidente que o estabelecimento da dor cronica cursa com sensibilizacdo
central, envolvendo uma série de adaptacGes de médio e longo prazos que levam a
alteracdo do processo nociceptivo. Processos dolorosos crénicos, como na FM,
dependem de eventos em cadeia de longo prazo, entdo, o0 BDNF poderia ser um

marcador desse processo.

2.4.2.2 PROTEINA S100 BETA

Outro mecanismo relacionado a producdo da dor cronica e a sensibilizacéo
central é a liberacdo de substancias pro-inflamatorias através da ativacdo das células da
glia (microglia e astrécitos) (18), as quais, quando ativadas, liberam substancias pro-
inflamatorias envolvidas na amplificacdo da dor (19), tais como citocinas (TNF alfa e
IL1pB) e neurotrofinas (BDNF) (144).

A intima relagdo astrocito-neurdnio permite a ativacao da célula glial, uma vez
que ela expressa varios receptores para neurotransmissores. Entre os receptores estdo 0s

NMDAs, os ndo NMDAs (AMPA), bem como os receptores para o glutamato (mMGIuR3
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e mGIuRb5) e a SP. Sob ativacdo dos astrdcitos, quinases [extracellular signal-regulated
kinase (ERK); c-Jun N-terminal kinase (JNK)] sdo ativadas, o que leva a um aumento
na sintese de fatores inflamatdrios [interleucinalp (IL-1 ), IL-6, TNF o, PGE2 e 6xido
nitrico], os quais alteram a funcéo transportadora do glutamato e facilitam a ativacéo
astrocito-astrocito, através da cascata de Ca2+ (153).

A S100B é uma proteina Ca**-ligante, também produzida pelas células gliais
ativadas, que age através do seu receptor for advanced glycation end products (RAGE)
e desempenha papel no metabolismo energético, na regulacdo do ciclo, no crescimento,
na diferenciacdo e na motilidade celulares do sistema nervoso central (20, 154). Ela
exerce efeitos troficos ou toxicos, dependendo da sua concentracdo. Em minimas
concentracgdes, estimula o crescimento neuronal, incrementa a sobrevida dos neurdnios
durante o desenvolvimento e age como fator neurotréfico e proteina de sobrevivéncia
neuronal, em resposta a ativacdo glial secundaria a lesdo. Por outro lado, em altas
concentracdes, a S100B exacerba a neuroinflamacdo e disfuncdo neuronal, com
estimulo de citocinas pro-inflamatérias e inducdo da apoptose (21, 155). Nessas
condicdes, a S100B aumenta a expressao da IL-1B e do TNF alfa e ativa NF-kB (fator
nuclear de transcricdo presente em neurdnios glutamatérgicos e células da glia), todos
envolvidos na progressdo e manutencdo da sensibilizacdo central (156, 157). Altos
niveis séricos de S100B também tém sido correlacionados com alteragdes de humor
(158) e parecem ser preditores de lesdo traumatica cerebral (159, 160).

A expressdo aumentada da S100B no cérebro tem um efeito positivo na
proliferacdo neural e dos astrdcitos (161). Em modelo de dor neuropatica, a S100B
mostrou-se aumentada na medula espinhal e reduziu o limiar téatil, com consequente
incremento da resposta aos estimulos inocuos (21). Além disso, alteragdes

comportamentais, tais como aumento da atividade exploratdria, diminuicdo da
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ansiedade, memoria e aprendizado prejudicados, associadas as mudancas na
plasticidade sinéptica do hipocampo foram encontradas em camundongos S100B
transgénicos (162-165). Em humanos com dor crénica infectados pelo HIV (166), a
autopsia revelou aumento da expressdo da S100B no corno dorsal da medula espinhal,
quando comparados aos controles (infectados pelo HIV, mas sem dor cronica).
Também em estudos clinicos, a S100B mostrou-se aumentada no periodo ictal da
enxaqueca (167, 168).

Apesar de os astrocitos e a micrdglia terem reconhecido papel na sensibilizacao
central (169), mecanismo implicado na dor crdnica, outros indicadores dessa atividade,
além do BDNF, até o presente momento tém sido escassamente explorados na

associacdo com FM.

25  TERAPEUTICA FARMACOLOGICA NA FIBROMIALGIA

A FM cursa com dor cronica difusa, que frequentemente é associada com
distdrbios do sono, disfuncdo cognitiva e fadiga. Os pacientes comumente queixam-se
de altos niveis de incapacidade e pobre qualidade de vida. A terapéutica medicamentosa
deve, entdo, centrar-se nos sintomas e na melhora da qualidade de vida (170).

Dados o parcial entendimento da fisiopatologia e a constelacdo de sintomas
associados com a sindrome, a escolha de um tratamento efetivo para a FM tem sido um
desafio. Recentes evidéncias implicam o sistema nervoso central como sistema-chave
na producéo da dor e outros sintomas. O tratamento atual para a FM deve, entéo, tentar
influenciar esses mecanismos centrais (171). Uma abordagem multimodal tem sido
recomendada, incluindo terapias farmacoldgicas e ndo farmacoldgicas (172); no

entanto, a presente tese atém-se aos aspectos farmacoldgicos para fundamentar a
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escolha da melatonina nesse cenario. O tratamento farmacoldgico da FM inclui:
antidepressivos, anticonvulsivantes, opioides, anti-inflamatérios ndo esteroides
(NSAIDs), relaxantes musculares e sedativos, porém o maior nivel de evidéncia
existente e recomendado € o uso de antidepressivos (173) e de anticonvulsivantes (174).
Portanto, a revisdo a seguir sera focada nessas duas classes de medicamentos e na

melatonina, o farmaco alvo de interesse desta tese.

2.5.1 ANTIDEPRESSIVOS

Os antidepressivos séo frequentemente utilizados para tratar, além da depressao,
outras doencas que tenham como base fisiopatoldgica alteracGes do sistema nervoso
central, tais como dor neuropatica (neuralgia pds-herpética, neuropatia diabética) e FM.
O uso dessa classe de farmacos na FM objetiva melhorar o humor, regular disfungdes
do sono e diminuir os niveis de dor. Revisdes sistematicas e diretrizes baseados em
evidéncias fornecem uma grande variedade de opc¢des de tratamentos farmacoldgicos e
ndo farmacoldgicos para a FM (46). A American Pain Society (52) recomenda
fortemente uma intervencdo farmacologica (amitriptilina) e varios tratamentos nao
farmacoldgicos (exercicios aerdbicos, terapia comportamental cognitiva, terapia
multicomponentes), enquanto que a European League Against Rheumatism (EULAR)
(175) tem recomendado enfaticamente uma variedade de terapias farmacoldgicas, tais
como antidepressivos triciclicos, inibidores da recaptacdo da serotonina-noradrenalina e
analogos do GABA, como a pregabalina. Ha ainda evidéncias no tratamento da FM

com o uso dos inibidores da recaptacédo da serotonina e noradrenalina.

2.5.1.1 ANTIDEPRESSIVOS TRICICLICOS
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Os antidepressivos triciclicos (TCAs) foram os primeiros farmacos
extensivamente estudados no tratamento da FM. O mecanismo de acdo comum a eles é
0 bloqueio pré-sindptico da recaptacdo de monoaminas, principalmente noradrenalina e
serotonina, em menor proporcdo dopamina (176), envolvidas no sistema inibitdrio
descendente da dor, 0 que produz aumento da concentracdo dessas substancias na fenda
sinaptica, com consequente incremento da eficiéncia da transmissdo monoaminérgica (e
possivelmente gabaérgica) e diminuicdo da sinalizacdo da dor (176, 177). Os TCAs
bloqueiam receptores muscarinicos (colinérgicos), histaminérgicos, adrenérgicos,

serotonérgicos diversos e, mais raramente, dopaminérgicos (tabela 3).

Tabela 3: Efeito dos antidepressivos no blogueio de receptores

Farmacos Ach Alfa-1 H1 5-HT1 5-HT2
Amitriptilina +++ +++ + +/- +
Nortriptilina + + + +/- +
Fluoxetina 0 0 0 0 +/-

Receptores: Ach = colinérgicos; alfa 1 = alfa adrenérgicos; H1 = histaminicos tipo 1; 5-
HT1 = serotonérgicos tipo 1; 5-HT2 = serotonérgicos tipo 2; 0 = sem efeito; +++ =
efeito acentuado

O efeito analgésico dos antidepressivos difere da dose antidepressiva.
Amitriptilina (AMT) demonstrou eficcia analgésica, em relacdo ao placebo, com doses
que variam de 10-150 mg/dia, inferiores as tradicionais utilizadas para depressao (150-
300 mg). Revisdes sistematicas e metanalises indicam que a AMT, na dose entre 25-
50mg/dia, reduz a dor e a fadiga, melhora os sintomas depressivos e a qualidade de vida

e do sono em pacientes com FM, o que foi considerado um efeito de moderada

magnitude (173). Os beneficios iniciam nas duas primeiras semanas de tratamento
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(177), persistem até a 8% semana e declinam apds 12 semanas, com perda da
significancia (171).

Em uma metandlise comparando AMT, duloxetina (DLX) e milnacipram
(MLN), os dois ultimos inibidores da recaptacdo da noradrenalina e serotonina, a AMT
mostrou-se superior na reducdo da dor e melhora da qualidade do sono e fadiga. O NNT
(nimero necessario para tratar) para uma reducédo da dor de 30% para AMT foi de 3,54
(intervalo de confianca (CI) 95% 2,74-5,01), para DLX foi de 8,21 (Cl 95% 5,91-
13,26) e para MLN de 10,96 (CI 95% 8,27-16,26) (170). Os trés farmacos mostraram-
se superiores ao placebo, exceto na fadiga para DLX, alteracdes do sono para MLN e
qualidade de vida relacionada a saide (HRQOL) para AMT. A aceitabilidade das
medicacdes foi semelhante entre os pacientes.

Ciclobenzaprina, usualmente marcada como um relaxante muscular,
estruturalmente apresenta um componente triciclico e é efetiva no tratamento da FM, de
6 a 12 semanas, com doses que variam de 10-40mg/dia (178-180).

Os TCAs apresentam efeitos colaterais, tais como xerostomia, visdo borrada,
aumento da pressdo intraocular e de peso, tonturas, taquicardia, constipacdo, disfuncbes
sexuais, retencdo urinaria, sedacdo, fadiga, sonoléncia, vertigens, nauseas, geralmente
relacionados ao efeito anticolinérgico. Enquanto a sonoléncia é um efeito adverso
esperado no tratamento da FM, os demais efeitos colaterais tendem a limitar o aumento
da dose e o uso prolongado dos farmacos (tabela 4). A AMT apresenta mais parefeitos,
enguanto que a nortriptilina tem um melhor perfil de efeitos adversos, porém requer

doses terapéuticas mais altas (177).

2.5.1.1 INIBIDORES SELETIVOS DA RECAPTACAO DA SEROTONINA
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Os inibidores seletivos da recaptacdo da serotonina (SSRIs) inibem de forma
potente e seletiva a recaptacdo de serotonina, resultando em potencializacdo da
neurotransmissao serotonérgica. Os SSRIs sdo mais bem tolerados e apresentam menos
efeitos colaterais que os TCAs (176).

Os SSRIs apresentaram efeitos positivos no tratamento da FM, exceto o
citalopram que ndo se mostrou superior ao placebo. Fluoxetina (20-40mg/dia),
sertralina (50mg/dia) e paroxetina (20mg/dia) reduzem a dor e sintomas depressivos,
melhoram o sono e a qualidade de vida (173), mas citalopram ndo foi superior ao
placebo na melhora desses sintomas, o que pode dever-se ao fato de ele ser mais
seletivo na recaptacdo da serotonina que os outros SSRIs, 0s quais apresentam alguma
atividade na recaptacdo da noradrenalina quando em altas doses (94).

Os SSRIs, de modo geral, sdo menos eficazes que os TCAs, porém, devido a
menor incidéncia de efeitos adversos, eles sdo opcdo em pacientes com intolerancia aos
triciclicos. E importante enfatizar que as evidéncias de eficacia disponiveis sdo
provenientes, na maioria das vezes, de ensaios com curto tempo de seguimento,
variando de semanas a meses. Em um estudo com duracdo de 6 semanas, paroxetina (20
mg/dia) foi superior a AMT (100 mg/dia) na reducdo da dor e tolerabilidade (181). No
entanto, durante dois meses de tratamento, quando comparada a paroxetina (40mg/dia),
AMT (20mg/dia) foi mais efetiva na reducdo da dor, da rigidez e dos distdrbios do sono
(182). Em outro estudo que avaliou a associacdo entre farmacos e monoterapia, AMT
(25mg/dia) apresentou efeito positivo similar ao de fluoxetina (20mg/dia) em relagéo ao
placebo. Quando associados, esses farmacos tiveram efeitos significativamente

superiores aos da monoterapia (183).

2.5.1.2 INIBIDORES DA  RECAPTACAO DA  SEROTONINA E
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NORADRENALINA

Os inibidores da recaptacdo da serotonina e noradrenalina (SNRIs), DLX e
MLN, apresentam efeitos positivos semelhantes aos outros antidepressivos. Apesar de o
exato mecanismo de acdo dos SNRIs na FM néo estar totalmente elucidado, o aumento
da neurotransmissdo mediada por noradrenalina e serotonina pode corrigir o déficit
funcional desses neurotransmissores e reduzir a dor e outros sintomas associados (184).

DLX (60-120 mg) demonstrou efeitos significativos na reducdo da dor e da
depressdo e melhora da qualidade de vida e do sono (185, 186), sem modificacdes no
grau de fadiga. Em uma andlise agrupada de quatro estudos, Arnold et al. relataram
uma diferenca significativa entre DLX e placebo, com 38,4% dos pacientes tratados
com duloxetina reportando pelo menos “muita melhora” da dor, em comparacdo com
21,7% dos que receberam placebo (P<0,001)(187).

Em dois estudos conduzidos na América do Norte (184) e na Europa (188), o
MLN (100 e 200 mg/dia, respectivamente) também demonstrou diferenca significativa
em relacdo ao placebo na reducdo da dor (30% ou mais de melhora VAS), melhora na
impressdo global do paciente, na fadiga e na qualidade de vida e do sono.

Os parefeitos mais comuns dessa classe de medicamentos incluem nauseas (184,
188), que ocorrem principalmente nas primeiras semanas de aumento da dose do
farmaco (188). Também palpitacdes (94), boca seca, constipacdo, -cefaleia,
sonoléncia/tonturas ou insdnia sdo frequentes. Raras complicacbes de ambos 0s
farmacos incluem aumento da suicidabilidade, lesdo hepética, sangramento anormal,

aumento da pressdo arterial e hesitacdo urinaria (tabela 4) (170).
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Antidepressivos Triciclicos (ADTSs)

Xerostomia, visdo borrada, aumento da
pressdo intra-ocular, aumento de peso,
tonturas,

taquicardia, constipacéo,

disfuncBes sexuais, retengdo urinéria,
sedacdo, fadiga, sonoléncia, vertigens,

nauseas.

Inibidores Seletivos da Recaptacdo da

Serotonina (SSRI)

Nauseas, vomitos, dor abdominal, diarreia,

agitacdo, ansiedade, insbnia, mania,
nervosismo, alteracbes do sono, fadiga,
tremores, efeitos extrapiramidais, perda ou
ganho de peso, disfuncdes sexuais, reacoes

dermatoldgicas.

Inibidores da Recaptacdo da Serotonia e

Noradrenalina (SNRI)

Tonturas, cefaleia, nauseas, sonhos

anormais, mialgias, diarreia, depressao,

ansiedade, insonia, xerostomia,
constipacdo, sonoléncia. Complicagdes
raras: suicidalidade, lesdo hepatica,

sangramento anormal, aumento da pressao

arterial e hesitagdo urinaria.

Em metanalise com 18 RCTs controlados com placebo, envolvendo 1427

pacientes e 0 uso de antidepressivos no tratamento da FM durante uma mediana de 8
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semanas (variacdo de 4 a 28 semanas), Hauser et al. (189) observaram que,
globalmente, ha forte evidéncia na associacao de antidepressivos com a reducéo da dor,
da fadiga, do humor depressivo, dos distarbios do sono e melhora da qualidade de vida
relacionada a saude. O tamanho do efeito para a reducdo da dor foi grande para os
TCAs [desvio da média-padréo (SMD) —1,64; CI 95% —2,57 a —0,71], e pequeno para
0s SSRIs [SMD —0,39; CI 95% —0,77 a —0,01] e SNRIs [SMD —0,36; CI 95% —0,46 a
—0,25]. Em metanalise mais atualizada (190), o mesmo grupo avaliou o efeito dos
antidepressivos na FM com 35 RCTs comparando diversas classes de antidepressivos
entre si ou com placebo. Apesar de 0 SMD ser significativo no tratamento da dor, do
sono, da fadiga, da depressdo e qualidade de vida relacionada a saide com o uso de
TCAs, SSRIs e SNRIs, o tamanho do efeito (beneficio adicional de um farmaco em

relacdo ao placebo) desses tratamentos variou de moderado a ndo substancial (tabela 5).

Tabela 5: Desvio da média-padrdo e tamanho do efeito entre os antidepressivos

Antidepressivo SMD significativo Tamanho do efeito (ES)
(categorias de Cohen)

Inibidores da Recaptacgéo da Dor, sono, fadiga, Pequeno = Dor
Serotonina e Noradrenalina depressdo, HRQOL Né&o substancial = Sono, fadiga,
(SNRI) depressdo, HRQOL
Inibidores Seletivos da Dor, sono, depressao, Pequeno = Dor, depressdo, HRQOL
Recaptacdo da Serotonina HRQOL N&o substancial = Sono
(SSRI)
Antidepressivos Triciclicos Dor, sono, fadiga, Moderado = Dor, sono
(ADT) HRQOL Pequeno = Fadiga, HRQOL

HRQOL = qualidade de vida relacionada a saide; SMD = desvio da média-padréo;
categorias de Cohen: avaliam a magnitude do tamanho do efeito: g = 0,0 — 0,2 =
tamanho do efeito (ES) ndo substancial, g > 0,2 — 0,5 = pequeno ES, g >0,5-0,8 =
moderado ES e g > 0,8 = grande ES.




62

2.5.2 ANTICONVULSIVANTES

Os anticonvulsivantes exercem seu efeito farmacoldgico por bloqueio de canais
ibnicos. Somente gabapentina e pregabalina apresentam evidéncias no tratamento da
FM. No entanto, até o presente momento, ndo ha estudos avaliando a eficacia de outros
farmacos antiepiléticos, tais como lamotrigina, carbamazepina, oxicarbamazepina,

fenitoina, valproato de sédio e topiramato (191) no tratamento da doenga.

2.5.2.1 GABAPENTINA

A gabapentina (GBP) é um aminoacido analogo estrutural a0 GABA, mas atua
por acdo gabaérgica direta. Tem a propriedade de aumentar os niveis de GABA e
serotonina no sistema nervoso central e de diminuir o glutamato. Seus efeitos devem-se
ao bloqueio dos canais de Ca2+ voltagem dependente do tipo L, ligando-se a
subunidade a3, e a reducdo discreta da sintese de glutamato. O farmaco ndo possui
metabdlitos ativos, sua ligacdo as proteinas plasmaticas é insignificante e apresenta
baixo potencial de interacdo com outros farmacos. Estudos com ratos tém sugerem que
a GBP diminui a alodinia e a hiperalgesia (192). Apenas um RCT foi encontrado no
tratamento com GBP na FM, que mostrou eficacia na reducdo da dor (melhora igual ou
superior que 50%), na melhora da qualidade do sono, do escore do Questionario de
Impacto da Fibromialgia (FIQ), da vitalidade, da impresséo clinica global da severidade
e impressao da melhora global pelo pacientes, porém ndo modificou o limiar de dor dos
tender points nem agiu no humor deprimido (193). Nesse estudo, os efeitos adversos do

uso da GBP (tonturas, vertigens, ganho de peso e sedacdo) ndo foram significativos em
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relacdo ao placebo (16% no grupo intervencdo e 9% no grupo placebo, p = 0,34).
Apesar dos achados positivos e da seguranga no seu uso, estudos adicionais sdo

necessarios para se chegar a conclusdes definitivas sobre seu uso na FM.

2.5.2.2 PREGABALINA

A pregabalina (PGB), um anticonvulsivante analogo do GABA, foi aprovada
pelo FDA (Food and Drugs Administration, 6rgdo regulatorio do uso de medicacgdes
nos Estados Unidos) para o tratamento da FM.

A PGB exerce seu efeito ao se ligar a subunidade a2 de canais de Ca2+
voltagem-dependentes, reduzindo o influxo de calcio nos terminais nervosos e, portanto
a liberacdo de neurotransmissores como glutamato, noradrenalina e SP (194). A PGB
apresenta eficicia para o tratamento da neuropatia diabética e da dor fibromialgica, com
beneficio de efeito menos acentuado nesta ultima (191). Seus efeitos adversos mais
frequientes sdo sonoléncia, edema periférico e xerostomia.

Em uma metanalise, quando comparada ao placebo, a PGB demonstrou mais frequentes
relatos de melhora de 50% ou mais na reducdo da dor que o placebo [risco relativo
(RR) 1,59, Cl1 95% 1,33 a2 1,90; NNT 12, Cl 95% de 9 a 21]. O nimero de pessoas que
relataram “muita” ou “muitissima” melhora foi maior no grupo PGB do que no placebo
[RR 1,38; C195% 1,23 a 1,55; NNT 9, Cl 95% 7 a 15]. Seu efeito, no que concerne a
reducdo da fadiga, ndo foi significativo (170). Nesses estudos, o grupo intervencéo
apresentou maior taxa de dropouts por efeitos adversos que do o grupo placebo [RR
1,68, C195% 1,36 a 2,07; NNT para um efeito deletério adicional de 13, Cl 95% 9 a
23], porém, ndo houve diferenca significativa da ocorréncia de graves eventos adversos

entre o uso da PGB ou placebo.
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Comparando-se amitriptilina, PGB, DLX e MLN, todos os medicamentos foram
superiores ao placebo na melhora de 50% ou mais da dor e no escore de melhora ou
mudanca na impressdao global do paciente. PGB, DLX e MLN, quando comparados
entre si, ndo apresentaram diferenca significativa dos efeitos nesses desfechos (172).

Héuser et al. compararam os efeitos de DLX, MLN e PGB nos distlrbios do
sono, humor depressivo e qualidade de vida relacionada a saide. DLX mostrou-se
superior ao MLN em todos os desfechos, porém quando comparada a PGB, foi superior
apenas na melhora do humor depressivo. PGB foi superior a esses antidepressivos

guanto aos disturbios do sono e qualidade de vida relacionada a saude (tabela 6) (195).

Tabela 6: Andlise de RCTs placebo-controlados com o uso de PGB, MLN e DLX no
tratamento da fibromialgia

DLX vs. MLN DLX vs. PGB MLN vs. PGB
Distdrbios do 6,20 0,14 0,84
sono (6,05 a 6,35) (-0,01a0,29) (0,69 a 0,99)
SMD (CI1 95%)
Humor 2,45 27,0 11,0
depressivo (2,32 a2,58) (26,83 a 27,17) (1,89a11,11)
SMD (CI1 95%)
HRQOL 1,47 0 0,44
SMD (CI1 95%) (1,29 a,.65) (-0,25a0,25) (0,28 a 0,60)

Abreviagfes: DLX: duloxetina; MLN: milnacipram; PGB: pregabalina; HRQOL:
qualidade de vida relacionada a satde; SMD: diferenca entre médias-padrao

Com base nesses resultados no tratamento da FM e considerando-se os efeitos
na regulacdo de multiplas fungdes, muitas delas ndo relacionadas a vias nociceptivas
classicamente descritas (196), a melatonina poderia ser uma droga alternativa no

tratamento da doenga.

2.5.3 MELATONINA COMO AGENTE TERAPEUTICO

A melatonina (N-acetil-5-methoxytryptamina), uma indolamina secretada
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primariamente pela glandula pineal, apresenta um ritmo circadiano endogeno e regula
diversos processos fisioldgicos, tais como ciclo sono-vigilia (197) e funcGes
cardiovasculares (198, 199), reprodutivas (200), neuroenddcrinas e imunes (201, 202).
Com sua atividade regulada pelo estimulo simpéatico e receptores amplamente
distribuidos na medula espinhal e no cérebro, a melatonina coordena ritmos bioldgicos
em mdltiplos niveis e tem sua atividade ligada a diversas vias, como a opioide,
gabaérgica e serotoninérgica (201).

A noradrenalina, atuando nos receptores poés-sindpticos tipo al ¢ Bl-
adrenérgicos dos pinealdcitos, com aumento secundario do AMPciclico, transforma o
triptofano em 5-hidroxitriptofano, serotonina, N-acetilserotonina e, finalmente em
melatonina. Participam dessa sequéncia de eventos as enzimas serotonina-N-
acetiltransferase (NAT) e hydroxyindole-O-methyltransferase (HIOMT) (203, 204). A
melatonina, entdo, difunde-se através de todas as membranas bioldgicas, inclusive pela
barreira hemato-encefalica, e atua praticamente em todas as células do organismo (205)
Suas acdes sdo mediadas por receptores melatoninérgicos de membrana tipo 1 e 2
(MT1 e MT2)(206) ou receptores hormonais nucleares associados a diferenciacdo
celular e regulacdo da resposta imune (207).

Inimeros sitios extrapineais produzem melatonina, inclusive a medula espinhal.
Além disso, seus receptores sdo amplamente distribuidos no sistema nervoso central e
em estruturas envolvidas na transmissao nociceptiva, tais como as laminas I-V e X da
medula espinhal (208). Portanto, é provavel que a melatonina tenha efeito modulatério
na producdo da dor atraves de mecanismos periféricos e centrais, 0s quais podem ser
mediados por receptores do GABA (209) e/ou dos opioides (210, 211). Tanto os
receptores para 0 GABA B, os opioides e a melatonina sdo do tipo G-proteina acoplada

e, quando ativados, reduzem a concentragdo do AMPciclico (212-214), implicado na
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cascata de alteracbes dos mecanismos da sensibilizacdo central. Entdo, a melatonina
modula a acao desses receptores por agir sobre esse segundo mensageiro comum (215).
Foi demonstrado que a melatonina ativa, ainda, canais de K+ acoplados a proteina G e
inibe o potencial de acdo neuronal (216, 217) e os canais de célcio voltagem-
dependentes (218), os quais sdo relacionados a dor neuropética e a sensibilizacédo
central.

Outros possiveis mecanismos pelos quais a melatonina pode interferir no
processo inflamatério e algogénico sdo a inibicdo da producdo de 6xido nitrico e a
reducdo da expressao da enzima oxido nitrico-sintetase. O éxido nitrico (NO) tem papel
crucial na neuromodulacdo, neurotransmissdo e plasticidade cerebral, aléem de estar
envolvido nos processos patoldgicos de neurodegeneracdo e neuroinflamacéo (219). A
melatonina diminui a producdo do nitrito/nitrato, produtos da quebra do 6xido nitrico,
por reduzir a expressdo da iNOS (inducible nitric oxide synthase) através da inibicéo da
ativacdo do NF-xB pelo estresse oxidativo (220). Também reduz os niveis de PGs e da
expressao da COX-2, evitando a ativacdo desta Ultima e da iINOS nas células gliais sem
inibir simultaneamente a enzima COX-1, o que indica uma acdo anti-inflamatoria
(221). Sua relacdo com os niveis séricos do S100B, proteina implicada no mecanismo
de ativacdo das células gliais e amplificacdo da dor, porém, ainda ndo foi estudada.

A melatonina regula a producdo de citocinas pelas células imunocompetentes
(222). Estudos experimentais e clinicos mostram que a melatonina reduz as moléculas
de adeséo e citocinas pro-inflamatorias incluindo IL-6, IL-8 e o fator de necrose
tumoral (TNFa) (223, 224).

Schwertner et al. demonstram que a melatonina diminui os niveis séricos do
BDNF, implicado nos mecanismos de sensibilizacdo central e dor crénica, quando

tratadas pacientes com dor inflamatdria secundaria a endometriose (29).


http://www.ncbi.nlm.nih.gov/pubmed/15914026
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A melatonina é uma opcédo terapéutica atrativa em patologias que cursam com
ruptura do sistema sincronizador endogeno, associada com dor, inflamacéo e alteracdes
do ritmo sono-vigilia. Isto se explica por apresentar acdo pleotrofica que inclui acGes
cronobioticas, analgésicas e anti-inflamatorias. Tais efeitos foram demonstrados em dor
aguda em humanos e modelos de dor experimental com animais (24, 225). Suas doses
como coanalgésico nos estudos em humanos variaram de 3 —10 mg/dia (226).

Em pacientes fibromialgicos, na dose de 3mg/dia, por 30 dias, melhorou a dor, a
fadiga, a qualidade de sono (34) e o escore Fibromyalgia Impact Questionnaire (FIQ).
Também na FM, a melatonina mostrou reducdo dos escores da doenca com doses de 3 e
5mg, combinadas ou ndo com a fluoxetina, durante 8 semanas (36). Na endometriose, a
melatonina diminuiu a dor diaria e a dismenorréia e melhorou a qualidade do sono (29).
Em estudo com animais, a melatonina produziu efeito antidepressivo equivalente ao da
nortriptilina (32). A combinacdo com antidepressivo triciclico no tratamento da FM
ainda néo foi examinada.

Considerando, entdo, suas propriedades analgésicas e o efeito antidepressivo,
associado aos resultados dos RCTs publicados pelo Laboratério de Dor e
Neuromodulacdo do Hospital de Clinicas de Porto Alegre (HCPA) - UFRGS (23, 24,
28, 29) e de ensaios clinicos com pacientes fibromialgicos (34, 36), pode-se hipotetizar
qgue a melatonina apresenta bom potencial para ser utilizada como agente isolado ou
combinado em patologias como a FM. Essa premissa € sustentada por mecanismos
farmacodindmicos e por ser a melatonina um agente com propriedades farmacoldgicas

multifacetadas.
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3 MAPA CONCEITUAL

A sensibilizacdo central, caracterizada pela facilitacdo das vias nociceptivas
e/ou dimimuicdo da funcdo inibitéria modulatéria e ativacdo das células da glia,
desempenha papel primordial no mecanismo da dor crénica da FM. O BDNF participa
desse processo ao incrementar sinapses excitatorias e enfraquecer as inibitorias. Tanto a
proteina S100B quanto o BDNF estdo envolvidos na ativacdo das células da glia, mas
ndo estdo definitivamente relacionados a FM. Trata-se, portanto, de um processo que
depende de eventos em cadeia de longo prazo e cuja terapéutica deve tentar englobar
esses multiplos mecanismos. Assim sendo, a melatonina, por sua caracteristica
multifacetada, poderia ser uma alternativa no tratamento da FM.

Nesta tese, como apresentado no texto e sumarizado no marco conceitual,
contemplamos trés questdes tratadas nos dois estudos que a compde:

1. Explorar a associacdo do BDNF e do S100B com o limiar de dor a
pressdo em mulheres com FM.

2. Avaliar se o tratamento com melatonina isolada ou em combinacdo com
amitriptilina € melhor do que o com amitriptilina isolada na modificacdo do sistema
modulatorio enddgeno, quantificado através da modulacdo condicionada da dor, e se
este achado poderia estar relacionado ao BDNF sérico.

3. Avaliar o efeito do tratamento com melatonina nos demais sintomas
associados a FM.

A figura 7 sumariza esse processo.



Figura 7: Mapa Conceitual
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4 JUSTIFICATIVA

O fato de o processo fisiopatogénico da FM envolver um quadro de
sensibilizacdo central, que cursa com dor, alteracbes do humor e sintomas de ruptura do
ritmo circadiano; levam a necessidade de estudos adicionais para compreender a
relacdo entre possiveis marcadores séricos da hiperativacdo neuronal, tais como o
BDNF e a S100B. Além disso, € importante investigar o efeito terapéutico de drogas
como a melatonina, cujo carater multifacetado pode interferir nos mecanismos
periféricos e centrais da dor, com efeitos em vias neurobioldgicas alternativas as opcdes
classicas de tratamento (p. ex. antidepressivos, anticonvulsivantes).

A hipotese deste trabalho € que a melatonina possa ser um agente terapéutico
com potencial analgésico no tratamento de condi¢cGes dolorosas crénicas, que
apresentam em seu curso cronopatoldgico sinais e sintomas de disfuncdo do eixo
imune-pineal, como ocorre na FM.

O interesse nesta questdo se deve ao fato de a FM ser responsavel por grande
parcela dos pacientes com dor crdnica ndo oncolégica e com limitadas possibilidades
terapéuticas. Portanto, novos estudos sdo necessarios para explorar com maior
profundidade o impacto de novas intervengdes com o intuito de suplantar a limitada
eficacia dos tratamentos disponiveis.

Na busca de respostas, foram realizados dois estudos, que originaram os dois
artigos que constituem esta tese:

1. Higher serum S100B and BDNF levels are correlated with lower
pressure-pain threshold in fibromyalgia — estudo transversal submetido para a

Molecular Pain.
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2. Melatonin analgesia is associated with improve of descendent
endogenous pain-modulating system in fibromyalgia: A phase 11, randomized, double-

dummy, controlled trial — RCT submetido ao BMC Pharmacology and Toxicology.
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5 OBJETIVOS

51 OBJETIVO GERAL

Avaliar a associcdo entre os marcadores biogénicos (BNDF e S100B) do insulto
neural, secundario a sensibilizacdo central, com o processo fisiopatogénico da FM,
assim como avaliar o possivel beneficio da melatonina no tratamento de pacientes

fibromialgicas.

5.2  OBJETIVOS ESPECIFICOS

° Relacionar o uso da melatonina com a modifica¢do dos niveis séricos do
BDNF.

° Relacionar BDNF, S100B e o limiar de dor a pressdo de pacientes com
FM.

° Explorar a acdo da melatonina isolada ou associada ao uso da

amitriptilina na melhora do sistema modulatério enddgeno da dor, avaliada através da
modulacdo condicionada da dor, e dos niveis séricos do BDNF.

° Avaliar o efeito da melatonina isolada ou associada com amitriptilina na
melhora dos sintomas clinicos como dor, limiar de dor e qualidade do sono

relacionados a FM.
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ABSTRACT

Background

Fibromyalgia (FM) is conceptualized as a central sensitization (CS) condition, that
presents high serum brain-derived neurotrophic factor (BDNF) and neuroglia
activation. Although the S100B protein regulates neuroglia functions, it has been
traditionally used as a proxy of central nervous system damage. However, neither
BDNF nor S100B association with the clinical picture of FM has been elucidated. To
explore their association with the pressure-pain threshold (PPT) in FM, we performed a
cross-sectional study, including 56 females with confirmed FM aged 18-65 years.
Linear regression models were used to adjust for potential confounding factors between
serum BDNF, S100B and PPT.

Results

Serum BDNF and S100B were correlated (Spearman’s Rho=0.29). Serum BDNF (log)
and S100B (log) were correlated with the PPT (log) (Partial n?=0.129, P=0.012 for the
BDNF (log), and Partial 1n?=0.105, P=0.025 for the S100B (log)). Serum BDNF (log)
was inversely associated with PPT (log) (B=-1.01, SE=0.41), age (f=-0.02, SE=0.15)
and obsessive compulsive disorder ($=-0.36, SE=0.15), while serum S100B (log) was
inversely associated with PPT (log) (B=-1.38, SE=0.50), only.

Conclusions

Both neuroglia key mediators in the CS process were inversely correlated with the PPT.
Serum assessment of BDNF and S100B deserve further study to determine its potential
as a proxy for the CS spectrum in FM.

Key words

Fibromyalgia, S100B, BDNF, pain-pressure threshold, central sensitization.
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Background

Fibromyalgia (FM) is estimated to affect between 1.6% [1] and 6.4% [2] of the
population, and is characterized by widespread chronic pain accompanied by fatigue,
non-satisfying sleep and cognitive symptoms [3]. Although its pathophysiology is not
fully understood, abnormalities in pain processing [4] related to central sensitization
(CS) and a reduced descending pain modulation with sensory amplification [5, 6] have
been recognized as components of FM. In the CS model, pain hypersensitivity and
enhanced receptive field characteristics of the disease [7] may be explained as a
consequence of increased neuronal membrane excitability, synaptic facilitation and
nociceptive pathway disinhibition mediated at the molecular level by the modification
of receptor kinetics (e.g., N-methyl-D-aspartate (NMDA) and a-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA)) [8] and at the cellular level by the
interaction of both neurons and microglia interchanging neurotransmitters and
inflammatory cytokines (e.g., substance P, tumor necrosis factor alpha, and brain-
derived neurotrophic factor (BDNF)), which results in enhanced neuronal and
nociceptive pathway functions [8-10].

BDNF is a neurotrophic factor that is widely distributed in the central nervous system
(CNS) and is capable of strengthening excitatory (glutamatergic) synapses as well as
weakening inhibitory (GABAergic) synapses [11]. In the context of CS, microglial
cells activated by astrocytes can also release BDNF, which reduces the expression of
the Cl™-cotransporter K*-CI” exporter (KCC2) in the dorsal horn. This results in the
accumulation of intracellular CI', which further limits the GABAergic inhibitory effect
on these nociceptors, thereby promoting disinhibition [8]. BDNF produced in the CNS
is transported through the blood-brain barrier via saturable systems [12-14], and

contributes to 70-80% of circulating BDNF [15]. Although circulating levels of BDNF
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have been found to be elevated in FM compared with controls, its association with the
patients’ clinical complaints remains elusive.

Despite known role of astrocytes and microglia in the CS [16], surrogates of their
activity other than BDNF have been scarcely explored in FM patients. S100B is a
Ca®*-binding protein that, at higher concentrations, upregulates Interleukin-1p and
Tumor Necrosis Factor a expression and activates the Nuclear Factor kappa-light-
chain-enhancer of activated B cells (NF-kB) via the receptor for advanced glycation
end products (RAGE) in microglia and astrocytes [17, 18], all of which are involved in
CS progression and maintenance [8]. Elevated S100B serum levels have been
correlated with mood disorders [19] and have been studied as an outcome predictor in
severe traumatic brain injury [20, 21] but have not been previously explored in a
chronic pain syndrome.

Thus, considering that both BDNF and S100B play relevant roles in CS and that
both factors can be assessed in serum, we hypothesized that 1) serum levels of both
BDNF and S100B may be associated with FM, and 2) both serum mediators could have
an association with the pressure-pain threshold (PPT). To test our hypotheses, we
performed a cross-sectional study of FM patients, examined their serum BDNF and

S100B levels, and evaluated their clinical and algometrical characteristics.

Results

Two hundred and seventy-one patients were screened, and 215 patients were excluded
(205 patients did not meet the inclusion criteria, and 10 of the patients did not consent
to participate). Fifty-six subjects were included in the final analysis. The demographic
and clinical characteristics of the sample are described in Table 1. The assessed levels

of serum BDNF and S100B are described in Table 2. Both serum BDNF and S100B
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showed a significant non-parametric correlation (Spearman’s Rho=0.289, P=0.031),
which means that the patients with higher BDNF presented higher S100B (Figure 1).
To study the potential effect of confounders, multiple linear regressions were performed
independently using the logarithmic transformation of both BDNF and S100B as
dependent variables and the clinical characteristics with the potential confounding
effect as covariates, including age, body mass index (BMI), years of education,
employment status, smoking status, use of alcohol (yes/no), diagnosis of arterial
hypertension, psychiatric diagnoses according to the MINI, frequency of use of over-
the-counter analgesics, mean pain on the visual analog scale on the 0-100 mm scale
(VASo.100), score on the Pittsburgh Sleep Quality Index (PSQI), score on the Hamilton
Depression Rating Scale (HDRS), Pain Catastrophizing Scale score adapted for the
Brazilian population (B-PCS) and its dominions, the Fibromyalgia Impact
Questionnaire (FIQ), the PPT (log), the Widespread Pain Index (WPI) and the
Symptom Severity (SS) scale score.

Variables that were independently correlated with BDNF (log) and S100B (log)
significant in the multiple linear regression models included age, log PPT and obsessive
compulsive disorder according to the MINI. These variables were subsequently entered
as independent variables in the multivariate linear regression model, where both BDNF
and S100B logarithmic transformations were entered as dependent variables. The
analysis showed a significant correlation between the PPT (log) (Wilks® A=0.809,
F=5.306 P=0.009, Partial > =0.191) and obsessive compulsive disorder (Wilks’
1=0.864, F=3.553 P=0.037, Partial n’ =0.136) (Table 3).

Estimators of the association in the multivariate model are presented in Table 3. Both
serum mediators were inversely correlated with PPT (log). Scatter plots of the raw

PPT, BDNF and S100B are presented for illustrative purposes in Figure 2, showing
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that an inverse non-parametric correlation between them and the PPT was also
presented. Such non-parametric correlation means that patients with greater PPT had
lower serum mediators. The PPT (log) (Cohen’s £=0.23) had medium effect size for
the BDNF (log), and a small effect size for the S100B (log) (Cohen’s {°=0.16).
Although the WPI presented a non-parametric correlation with the PPT (log)
(Spearman’s Rho=-0.506, P<0.001) it was not correlated with BDNF (Spearman’s
Rho=0.105, P=0.465) nor S100B (Spearman’s Rho=0.260, P=0.065).

Discussion

Our results support the hypothesis of a correlation between serum BDNF and S100B in
FM patients and their association with PPT. This is the first report of serum S100B
levels in a human FM sample and its association with another mediator of CS, serum
BDNF. Furthermore, we observed that both serum BDNF and S100B were higher in
FM patients with lower PPT.

To the best of our knowledge, this is the first study to assess serum S100B in a human
sample with FM. In animal models of hyperalgesia induced by chronic restraint and
with unpredictable stress, serum S100B was found to be consistently elevated, although
its concentration was not related to brain tissue levels [22, 23]. Nevertheless, in healthy
female humans, serum S100B has been correlated with its concentration in
oligodendrocytes, particularly in the frontal, parietal, corpus callosum, dorsolateral
prefrontal, and temporal white matter [24, 25], and, to a lesser degree, in the
dorsolateral prefrontal and temporal cortices [25]. Thus, the serum levels of S100B
may represent white matter structural changes, which, at the cellular level, indicate that
this serum mediator might be a proxy of neuroglia changes. Thus, the indirect
assessment of CS is valuable because it would demonstrate the role of neuroglia in this

pathological phenomenon [16]. Although astrocytic S100B has been correlated with



97

serotonergic drug activity [19, 26], our study did not assess neither adjust for
serotonergic parameters or psychotropic drugs to address this possible correlation in the
present sample.

BDNF had previously been studied in FM, and although its serum [27, 28], plasma [29]
and cerebrospinal fluid [30] levels have been consistently found to be elevated
compared with controls, its association with PPT has not been previously reported in
FM. A relationship between BDNF and the PPT has been previously described in
healthy volunteers, and its direction is dependent on gender, where females exhibit
proportional PPT and BDNF, while males demonstrate an inverse relationship [31].
Although our female FM sample had a response that contrasted to that found in healthy
females and was similar to the samples of healthy males, we cannot exclude the
possibility that menopause could be involved in the observed effect, due to the mean
age of our sample and the lack of control for hormonal levels in our study [31]. The
serum BDNF relationship with PPT may be tracked at different levels, because BDNF
is widely distributed in the CNS and its binding to its high-affinity trkB receptor
enhances C fiber-evoked responses, thereby activating signaling pathways in the
spinothalamic track and subsequently strengthening excitatory synapses while
promoting disinhibition of descending pathways [8].

Using different neuroimaging approaches (i.e., magnetoencephalograpy (MEG) [32],
functional magnetic resonance imaging (fMRI) [33], proton magnetic resonance
spectroscopy (H-MRS) [34]), it has been shown that lower PPT is correlated with
higher brain activation in FM compared to controls. Lower PPT has also been
associated with higher concentrations of glutamate within the posterior insula, which
supports the finding of enhanced excitatory neurotransmission in FM [34].

Furthermore, single nucleotide polymorphisms (SNPs) in the gene encoding the
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catechol-O-methyltransferase (COMT) (i.e., met/met genotype Val158Met SNP), which
has also been postulated to contribute to the pathogenesis of FM, have been correlated
with lower PPT [35]. Taken together, these findings support the validity of using PPT
in FM as a proxy for these hypothesized pathophysiological mechanisms. Our results
further suggest that the PPT might also represent the CS mechanisms involved in FM,
because lower PPT is correlated with higher BDNF and S100B, which are mediators
involved in CS. Also, the WPI was inversely correlated with the PPT, indicating that
those with lower threshold tend to present greater number of painful areas.

Other clinical characteristics were also correlated with serum BDNF and S100B. The
inverse correlation of age with BDNF has been previously described in healthy subjects
[28] but not in FM patients. As a component of the regression modeling, the effect of
other confounders on the association between PPT and serum mediators was adjusted.
In more than half of our sample, a major depression disorder in the MINI was
identified, thereby representing a higher prevalence than previously reported in a
Canadian representative survey [36]. Nevertheless, these differences may be attributed
to different diagnostic and sampling methods employed by the study. Importantly,
chronic pain is strongly associated with depressive symptoms [37, 38], which limits the
extent to which this potential confounding factor may be controlled, because it is a
component of chronic pain syndromes. Psychiatric disorders are expected to affect the
association of the PPT and serum mediators studied; however, only the obsessive
compulsive disorder, which is a component of the spectrum of anxiety disorders,
showed an effect on serum BDNF. Although other studies have failed to demonstrate
that serum BDNF levels differ between FM and controls with comparable anxiety
levels [28], we cannot conclude that anxiety itself [39] or the associated antidepressant

drugs [27] used had an effect on both BDNF and S100B levels. Because we only
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recruited females in our sample, care should be taken when extrapolating for the male
population because the association of BDNF with PPT is correlated with gender in
healthy subjects [31] and male FM patients present lower PPT compared to females
[40].

Because CS is conceptualized as a continuum phenomenon in which FM lies at one of
its extremes[41] and PPT is proportionally associated with alterations in genetic and
cortical activation in the FM, our findings suggest that the serum assessment of BDNF
and S100B may also be considered as a proxy of the CS spectrum in FM. A serum test
related to CS and available for clinicians would provide patients and caregivers with an
additional tool to improve their understanding of FM, and would help to alleviate the
burden of suffering or accompanying a condition that is unfortunately socially
perceived as occurring “all in the head” of patients. The cross-sectional nature of our
study design does not allow for the inference of causality, and thus, future studies are
required to determine how these mediators may be responsible of the reduction in PPT
in FM patients, and if they may represent biomarkers for this condition. Besides that,
because our study did not include healthy controls, care must be taken regarding
generalization out of the FM population. Also, it is worth noting that as expected for the
characteristics of the disease, plenty of patients in our sample used psychotropic drugs
including antidepressants, which have been associated with modulation of the BDNF
[27].  Taken together, these findings may be applicable for clinical use to define
therapeutic approaches, particularly considering that PPT is a quantitative clinical tool
to assess tenderness and sensitization in FM with good reproducibility and
discrimination ability [22-24]. Because genetic [25] and neuroimaging studies [26-28]
have consistently shown its association with changes attributed to the CS, PPT may also

be considered as a powerful tool for translational purposes in FM research.
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Conclusions

This study provides additional evidence supporting the existence of a relationship
between serum S100B and BDNF in FM and brings attention towards their value as
clinical tools to assess CS. Taken together, these results suggest that similar to the
BDNF, S100B serum levels may also be studied as a proxy of CS mechanisms in FM,
raising the possibility of further exploration of its potential use as a biomarker in CS
syndromes.

Methods

The methods and results sections are reported according to STROBE guidelines [42].
All patients provided written informed consent prior to their participation in this study,
and the protocol was approved by the Research Ethics Committee at the Hospital de
Clinicas de Porto Alegre (HCPA) (Institutional Review Board IRB 0000921),
according to the Declaration of Helsinki (Resolution 196/96 of National Health

Council).
Study Design, Settings and Participants

A cross-sectional study was performed at HCPA, Brazil, between March 2011 and
December 2013. Subjects were invited from the outpatient clinics of Physical Medicine
& Rehabilitation at HCPA, and by newspaper advertisement. Adult female patients
with a diagnosis of FM were invited to participate. We included patients with FM
diagnosis confirmed by an experienced physiatrist (SAZ) according to the criteria of the
American College of Rheumatology [3] and who had pain on the visual analog scale
(VAS 0o.100 mm) equal to or higher than 50 mm during one week preceding the
assessment. To assess pain on the VASo.100mm, patients were presented a continuous
100mm line and were asked to mark the point that best represented their mean pain

during most of the time of the past week, where 0 mm represented no pain at all and
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100 mm represented the worst pain ever. A psychiatric interview was also performed
on patients to screen for potential disorders; however, patients were not excluded based
on these diagnoses. Exclusion criteria were evidence of inflammatory rheumatic
disease, autoimmune disorder, and history of substance abuse, neurological or

oncologic disease, ischemic heart disease, kidney or hepatic insufficiency.
Dependent variables

The dependent variables of interest were serum BDNF and serum S100B. Biological
samples were collected early in the morning. All the materials were obtained in plastic
tubes and centrifuged for 10 minutes at 4500 rpm at 4°C. Serum was frozen at —80°C
until further analyses. Serum mediator concentrations were determined using BDNF
(Chemicon/Millipore, catalog no. CYT306, lower detection limit of the kit = 7.8
pg/mL) and S100B (Millipore, Missouri, USA, catalog no. EZHS100B-33K, lower
detection limit of the kit = 2.7 pg/mL) enzyme-linked immunosorbent assay (ELISA)

kits, according to the manufacturers’ instructions.
Independent variables

After gathering biological samples an interview to address all the questionnaires was
performed. Diagnoses of psychiatric disorders were performed according to the criteria
of the psychiatrist interviewer using the MINI screening questionnaire. All of the
psychological tests used in this study had been validated for the Brazilian population
and were applied by a physiatrist experienced in the administration of these tests. The
patients’ baseline depressive symptoms were assessed using the Hamilton Depression
Rating Scale (HDRS). The pain catastrophizing scale validated for the Brazilian
population (B-PCS) was a self-administered questionnaire that consisted of 13 items to
assess the extent of the patients' catastrophizing thoughts and behaviors, with a score
ranging from 0 to 52 [43]. Sleep quality was assessed using the Pittsburgh Sleep

Quality Index (PSQI) [44]. Demographic data and medical comorbidities were assessed
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using a standardized questionnaire from our laboratory. Analgesic use was assessed by
the number of doses used weekly within the last 3 months. The Fibromyalgia Impact
Questionnaire (FIQ) was applied because it is a disease-specific questionnaire that has
been validated for use in the Brazilian population [45]. It consists of 10 domains, and
the maximum possible score is 100.

To assess the pressure-pain threshold (PPT), patients were asked to differentiate the
perception of pressure versus the perception of “onset of pain”. The patients were
instructed to verbally report as soon as the perception of pain began. The investigator
(SAZ) assessing the PPT was trained and unable to view the display of pressure
intensities. An electronic algometer (J Tech Medical Industries, USA) was used. The
device consisted of a 1-cm? hard-rubber probe, which was applied over all of the tender
points. The average values of the PPT in kgf/cm? (Ib/cm?) for three successive readings
were obtained at intervals of 3-5 min and used as outcomes. The number of tender
points was determined using the PPT in the classical areas previously described by the

American College of Rheumatology for FM criteria [46].
Efforts to address potential sources of bias

To reduce assessment bias, only one researcher (SAZ) was involved in all of the
assessments with the exception of the MINI, which in turn was applied by one
psychiatrist. The evaluator (SAZ) is a practicing physiatrist of the outpatient clinic at
HCPA with vast clinical expertise, who is well trained in the application of clinical
scales and PPT assessment, as well as in the care of chronic pain patients. The
algometer used (J Tech Medical Industries, USA) was calibrated and was acquired from

a recognized provider in Brazil.

Sample size

Considering type I and Il errors of 0.05 and 0.20, respectively, and anticipating an
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effect size () of 0.25 for multiple regression analysis, which allows for four predictors
[47], a sample size of 53 patients was estimated. A sample of 56 patients was
determined to account for unexpected factors, which would decrease the study power

and increase the increased variability of our sample or missing data.
Statistical Methods

Conventional central tendency statistics were used to summarize and present the main
features of the sample. Distribution of the variables was tested using the Shapiro-Wilk
test. Non-normally distributed variables were subjected to logarithmic transformation.
After confirming the corresponding assumptions, linear regression analysis with
forward selection controlling for co-linearity [48] and autocorrelation (Durbin-Watson
test) was performed to identify potential confounders in the association between the
main independent variables of interest (i.e., clinical scales and PPT) and serum markers
(i.e., BDNF and S100B). The covariates included in the model were those that
presented a correlation coefficient equal to or higher than 0.3 with a P-value <0.15,
including age, body mass index, years of education, employment status, smoking status,
alcohol use, diagnosis of arterial hypertension, presence of psychiatric diagnosis
according to the Mini International Neuropsychiatric Interview (MINI), the Widespread
Pain Index (WPI), the Symptom Severity (SS) scale score according to the ACR 2010
FM diagnostic criteria, and the number of analgesic doses used per week. Each MINI
potential diagnosis was entered in the model as a dichotomous variable, where having a
diagnosis (i.e., major depression, major depression with dysthymia, dysthyma, suicidal
risk, hypo-maniac episode, panic disorder, agoraphobia, social phobia, obsessive
compulsive disorder, post-traumatic stress disorder, alcohol dependence or abuse, non-
alcoholic substance abuse, psychotic syndrome, nervous anorexia, nervous bulimia,

anti-social personality disorder, or maniac-depressive disorder) was coded as 1 or 0
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otherwise. Only covariates (PPT, age, and obsessive compulsive disorder) that were
retained in each model were included in the final multivariate linear regression model
with both serum markers as dependent variables (i.e. BDNF and S100B). Cohen’s 2
effect size was calculated using an effect size calculator for multiple regressions given
the values of R? [47]. The alpha level was set at 0.05. The data were analyzed using
SPSS version 18.0 (SPSS, Chicago, IL).
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Table 1. Characteristics of the sample (n=56)

Characteristic Mean = SD
Age (years) 48.78 £ 7.91
Body Mass Index (kg/m?) 27.38 + 3.89
Years of education (median (Qzs.75)) 11 (6 - 14)
Number of trigger points (median (Q2s.75)) 14 (13 - 16)
Employed (yes/no) 41/15
Smoking (yes/no) 4/52
Alcohol use (yes/no) 7/49
Psychiatric Disorder according to the MINI (yes/no)*
Major Depressive Episode 32/23
Major Depressive Episode with dysthymia 18/37
Dysthymia 10/45
Suicidal Risk 11/44
Hypo-maniac Episode 13/42
Panic Disorder 12/43
Agoraphobia 22/33
Social Phobia 11/44
Obsessive Compulsive Disorder 12/43
Post-Traumatic Stress Disorder 3/52
Psychotic Syndrome 1/54
Generalized Anxiety Disorder 28/27
Maniac-Depressive Disorder 2/53
Psychotropic drugs (yes/no)** 38/18
Tricyclic antidepressant (yes/no) 24/15
Selective Serotonin Reuptake Inhibitor (yes/no) 10/28
Benzodiazepine 4/35

109



Other chronic disease (yes/no)
Hypertension (yes/no)
Type 2 Diabetes Mellitus (yes/no)
Asthma (yes/no)

Number of analgesic doses used per week (median (Qzs.75))

Widespread Pain Index (WPI)

Symptom Severity (SS) Scale Score

Pain on the VAS

Pittsburgh Sleep Quality Index

Hamilton Depression Rating Scale

Pain Catastrophizing Scale (B-PCS) score
Hopelessness
Magnification
Rumination

Pressure Pain Threshold (kg/cm?)

Fibromyalgia Impact Questionnaire

28/28
14/42
1/55
14/42
14 (7 - 21)
15.11 + 2.04
7.43+151
70.21 + 14.54
22.09+7.35
19.93+5.81
30.73 + 11.65
11.38+4.91
12 (7 - 15)
8.14 +2.42

2.09+0.23

61.20 +12.82

110

* Patients could have none or more than one psychiatric disorder. One patient missed the interview for the MINI

application.

** Some patients were using more than one type of drug
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Table 2. Serum concentration of BDNF and S100B (n=56)

S100B (pg/mL)  14.42 (8.78 - 19.77) 16.15+9.57

BDNF (ng/mL)  43.37 (30.03 -69.99)  49.72 +24.84
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Table 3. Multivariate linear regression model of the association between serum BDNF,

S100B and clinical parameters, including the pressure-pain threshold (n=56)

BDNF (log) 4.369 3 1456  7.855 0.001 0.339

S100B (log) 3.098 3 1.033 3.583 0.021 0.189

Intercept 5.54 0.43 12,77 <0.001 0.760
PPT (log) -1.01 0.41 -2.62 0.012 0.129
Age -0.02 0.15 -2.31  0.025 0.104
Obsessive Compulsive Disorder -0.36 0.15 -2.42  0.019 0.113
Intercept 3.66 0.37 9.89 <0.001 0.189

PPT (log) -1.38 0.50 -2.78 0.008 0.105
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Figure 1. Scatter plots of serum S100B and BDNF.
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Figure 2. Scatter plot of the correlation between the pressure-pain threshold and serum

BDNF (A) and serum S100B (B).
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ABSTRACT (250 WORDS)

A mechanism involved in the physiopathology of fibromyalgia is the central
disinhibiting. Melatonin might improve sleep quality, the pain and the pain threshold.
We hypothesized that the treatment with melatonin alone or in combination with
amitriptyline would be better than at amitriptyline to modify the endogenous pain-
modulating system (PMS) quantified by conditioned pain modulation (CPM), and that
this change in CPM could be associated with the serum brain-derived neurotrophic
factor (BDNF). We also tested whether melatonin would improve the clinical
symptoms as pain, pain threshold and sleep quality. Sixty two females, aged 18 to 65,
were randomized to receive in bedtime amitriptyline (25mg) (n=21), melatonin (10mg)
(n=21) or melatonin (10 mg)+amitriptyline (25mg) (n=20) for a period of six weeks.
The descendent PMS was assessed by the CPM-TASK. Melatonin increased the
inhibitory PMS according assessed by the reduction on Numerical Pain Scale NPS .10
during CPM-TASK.: melatonin+amitriptyline [heat pain threshold (HPTO) 6.89 (1.92)
vs. 4.49 (2.17) HPT1]; melatonin [HPTO 7.52 (1.39) vs. 4.87 (1.97) HPT1] and
amitriptyline [HPTO 6.07 (1.95) vs. 5.03 (2.17) HPT1 (P<0.05). The CPM was
negatively correlated with serum BDNF, also the groups melatonin treated was better
than amitriptyline alone to improved pain on VAS, score on FIQ and PPT. Whereas its
association with amitriptyline produced only marginal additional clinical effect.
Melatonin increased the inhibitory endogenous pain-modulating system according
assessed by the reduction on NPS.10) during CPM-TASK. Also, it highlight that the
serum BDNF, a neuromodulator of central sensitization was inversely correlated with

the pain reduction in CPM-TASK.

Key words: melatonin;  amitriptylin; CPM; BDNF; clinical trial.
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INTRODUCTION

Fibromyalgia (FM) is a syndrome characterized by chronic pain widespread
musculoskeletal pain, hyperalgesia, allodynia, stiffness of the body, fatigue, sleep
disorders, circadian rhythm disturbances, anxiety, depression and is common high level
of catastrophizing related to pain [1, 2]. Given that previous study showed that patients
with fibromyalgia have low melatonin secretion, which could explain the lack of
restorative sleep [3], which is a predisposing factor in trigger point formation, [4] and to
dysfunction the pain modulation mechanisms [3]. Melatonin properties should block
the cycle of impaired sleep at night, fatigue during the day [5-7], and to induces
circadian rhythm synchronization [8]. In addition, in mouse it presented antidepressant
effect [9] and anxiolytic properties in human [10].

The melatonin’s effect on pain has been demonstrated in animals, in inflammatory [8]
and neuropathic pain [11-13], as well in acute [10, 14] and chronic pain in humans [15,
16]. Also, there are some clinical evidences about melatonin’s effect on FM [5, 6].
However, the results are not consistent between studies, a possibly reason is that the
dose used is low, which range to 3-5 mg. Regarding the melatonin doses in pain, a
recent randomized clinical trial (RCT) showed that 10 mg bedtime produced a large
size effect in chronic pelvic pain [16]. Additionally, the melatonin reduced the level of
serum BDNF in patients with chronic pelvic pain induced by endometriosis [16].

The pain is a dynamic phenomenon resulting from the activity of both endogenous pain
excitatory and inhibitory systems, including inhibitory conditioned pain modulation
(ICPM) [17]. The efficacy of inhibitory conditioned pain modulation (ICPM) in FM has
been related with sleep quality [18]. This relationship is supported in neurobiological
grounds, by common neurotransmitters involved in both sleep and ICPM, including

noradrenalin (NA), serotonin (5- HT) and dopamine (DA) [19-22]. Thereby, it is
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important to investigate therapeutic effect of drugs as melatonin with multifaceted
mechanisms, which should interfere in peripheral and central pain mechanisms. The
rational to support this hypothesis are evidences that in long term chronic pain, there is
a loss of inhibitory system, as demonstrated in FM by the pain threshold and the
conditional pain modulation (CPM) [23]. Accordingly, in recent study we demonstrated
that long term musculoskeletal pain concurs with excessive cortical facilitation (lack
inhibition), which is associated with lower pain threshold and higher catastrophizing
thinking related to pain [24] Additionally, numerous pre-clinical studies have shown
that the ICPM depends on the recruitment of endogenous opioids in the periaqueductal
gray, which trigger the release of 5-HT from neurons localized in the raphe nuclei
(medulla), which dampens nociceptive afferents at the dorsal horn of the spinal cord
[25]. Noradrenergic projections from the locus coeruleus produce similar effects [25].
Together, these evidences justify to assess the melatonin effect in the descendent
modulatory pain systems, alone or combined with classic therapeutic agents as
amitriptyline, since has been demonstrated that the melatonin increased the pain
threshold in healthy subjects [26], it improved sleep quality [15] and it modulates
systems involved in pain, such as gabaergic and opioid [12, 27].

Taking all these into account, we hypothesized that the treatment with melatonin alone
or in combination with amitriptyline would be better than at amitriptyline alone to
modify the endogenous pain-modulating system quantified by conditioned pain
modulation (CPM)-TASK, as well the BDNF serum levels in FM. We also tested
whether melatonin would improve the clinical symptoms as pain, pain threshold (PPT)

and sleep quality related to fibromyalgia.

2. METHODS
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The methods and results sections are reported according to the CONSORT guidelines
(Schulz et al., 2010). The figure 1 shows the flow chart of the study. The protocol is

registered at clinical trials.gov upon number NCT02041455.

2.1 Design overview, setting, and participants

All patients provided written informed consent before participating in this randomized,
double-blind, double-dummy, three-group parallel, clinical trial, which was approved
by the Research Ethics Committee at the Hospital de Clinicas de Porto Alegre (HCPA)
(Institutional Review Board IRB 0000921) in accordance with the Declaration of
Helsinki (Resolution 196/96 of the National Health Council). We included 60 adult
patients aged higher 18 years old from the pain and physiatrists clinical outpatient of
the HCPA and by newspaper publicity. Patients with FM were enrolled according to
American College of Rheumatology criteria [28]. To be eligible, patients had to be
refractory to treatment that they were taken. Patients were required to have a score of at
least 50 mm on the 0-100 mm visual analogue scale (VAS, which 0 means “no pain”
and 100 means “worst possible pain” [29] during the baseline week preceding
randomization and to have completed at least four pain diaries out of seven. Patients
were allowed to remain on analgesic medications, including drugs that they were
refractory, which could not be adjusted during the study. At screening, all patients
underwent physical examination by a pain specialist, and a psychiatric interview with a
psychiatrist. Patients could enroll with or without a history of major depressive
disorder, however it could not be the main reason for their functional impairment or
study enrollment. Rather subjects were recruited solely for fiboromyalgia pain. Patients
were excluded if evidence was found of inflammatory rheumatic disease, auto immune

disease or other painful disorders that might confound the assessment of fibromyalgia
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pain or a history of substance abuse. Patient pregnant, in breast-feeding, with history of
neurologic or oncologic disease, ischemic heart disease, kidney or hepatic insufficiency

did also excluded.

2.2. Sample size justification

The number of patients in each study group was determined by previous clinical trials
[30]. An a priori estimate indicated that a total sample size of 57 patients divided into
three balanced treatment groups (n=19) was needed to detect a 1.4 cm reduction
(average standard deviation 1.2 cm) in pain intensity associated with melatonin or
placebo at power and o levels of 0.8 and 0.01, respectively [31, 32]; such a reduction
would be clinically relevant and comparable to other pharmacological interventions. To
account for multiple outcomes and attrition, we increased the sample size to 20 patients
per group. For these calculations, we assumed that this remission was clinically

relevant.

2.3. Randomization and masking

The participants were randomized into of the three groups: amitriptyline (+ placebo);
melatonin (+ placebo), and amitriptyline + melatonin. Before the recruitment phase,
envelopes containing the protocol materials were prepared. Each envelope was sealed
and numbered sequentially and contained an allocated treatment. After the participant
consent to participate in the trial, the envelope in the sequence was opened by the nurse
who administered the medications. During the entire protocol timeline, two
investigators who were not involved in patient evaluations were responsible for the

blinding and randomization procedures. Other individuals who were involved in patient
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care were unaware of the treatment group to which the patients belonged.

2.4. Interventions

Over a six-week period (42 days) the following oral medications were taken at bedtime
by the three groups: melatonin (10 mg) tablets + placebo (Sigma Chemical, Germany,
provided batch-by-batch certificates of analysis authenticating the purity of each batch),
amitriptyline (25 mg) + placebo or amitriptyline (25 mg) + melatonin (10 mg) with
identical characteristics. The capsules were manufactured in such a way that the
placebo and active treatment had the same size, color, smell and flavor. To measure
adherence to medication use, we employed the following strategies: i) a researcher
counted the number of tablets consumed weekly during the study period; ii) the patients
were asked to record a diary entry if they failed to use the medication; and iii) eligible
patients were strongly encouraged to remain on the medication throughout the six
weeks, during which time they visit to the clinical center in third week after begin the
treatment. Regardless of their decision to continue or discontinue medication at this

stage, the patients continued to be assessed during the study period.

2.5. Supplementary analgesic use

All of the patients were permitted to use supplementary analgesic medication
(acetaminophen, ibuprofen, codeine or tramadol) to relieve their pain if necessary.
Patients were allowed to take 750 mg of acetaminophen up to four times per day (QID)
and 200 mg of ibuprofen at maximum QID as a rescue analgesic. If their pain persisted,
patients could use Dorflex® (Sanofi Aventis, Sdo Paulo, Brazil; 35 mg orfenadrine
citrate combined with 300 mg dypirone and 50 mg caffeine). If their pain persisted,

patients were permitted to use 60 mg of codeine up to QID or tramadol three times per
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day (TID). These medications could be used at a maximum of four times a day. The
patients were asked to record their analgesic intake during the treatment period in their
diaries, and these diaries were reviewed in the end of treatment section. The total

analgesic dose taken during treatment was considered for the analysis.

2.6. Instruments and assessments

All of the psychological tests used in this study had been validated for the Brazilian
population [33, 34]. Two independent medical examiners that were blind to the group
assignments were trained to administer the pain scales and to conduct the psychological
tests. The baseline depressive symptoms of the patients were assessed using the
Hamilton Depression Scale [34], and sleep quality was assessed using the Pittsburgh
Sleep Quality Index [35]. Psychiatric disorders were evaluated with the Structured
Clinical Interview for DSM-IV Axis | Disorders (SCID-I) [36]. To assess catastrophic
thinking due to chronic pain, we used the B-PCS [37]. Demographic data and medical
comorbidities were assessed using a standardized questionnaire; patients were asked
about any changes that occurred during treatment, such as changes in mood, sleepiness,

dizziness, headaches or allergic reactions.

2.7. Outcomes

The primary outcome, pain score diaries on VAS [global pain in the last 24 hours]
obtained during the last week of treatment and pain reduction on numerical Pain Scale
[(NPS)o-10)] during CPM-TASK. Secondary outcomes were the amount of analgesics
used in the last week of treatment, the score on Fibromyalgia Impact Questionnaire
(FIQ), PPT, sleep quality and serum BDNF. The outcomes are described below.

2.7.1. Assessment of pain and sleep quality
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a) Pain intensity was measured by a 100-mmVAS. The VAS scores ranged from no
pain (zero) to worst possible pain (100 mm). The time of the worst pain during the last
24 h was recorded daily in the patients’ diaries obtained in baseline during seven days
before begin the treatment and the last week of treatment period. They were asked to
answer the following questions using the pain VAS: i) considering your pain - how
intense was your worst pain during the last 24 hours?

a) Diary entries recording analgesic intake (acetaminophen, non-steroidal anti-
inflammatory drugs (NSAIDs) or opioids). The total analgesic dose taken during
treatment was considered for analysis.

b) The quality of life of the patients in this study was evaluated using the
Fibromyalgia Impact Questionnaire (FIQ), a disease-specific questionnaire initially
proposed by Burckhardt et al. [38] for the evaluation of quality of life in patients with
fibromyalgia. It was validated for use in the Brazilian population by Marques et al.
[39]. This questionnaire is composed of 10 domains, the first consisting of 10 sub-items
or questions and the other nine of only one question each. The first domain contains
questions concerning the capacity of the patient to perform certain routine activities.
Responses range from 0, always able to perform the activity, to 3, never able to perform
the activity. Item two refers to the number of days during which the patient felt well in
the previous week and item three to the number of days on which the patient was
unable to go to work because of the disease. Possible answers range from 0 to 7 for
each item or domain. For domains 4-10, scores range from 0 to 10 in each. These final
seven items are designed to collect data on the patient’s capacity to work and their
perceptions of pain, fatigue, morning stiffness, mood, anxiety and depression. The data
from the FIQ are arranged so that no more than 10 points can be scored for any single

item. Items 2 and 3 are considered inversely proportional; therefore, the maximum
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possible score in this questionnaire will generally be 100.
c) Sleep quality during the study period was assessed using the Pittsburgh Sleep

Quality Index sleep quality was assessed using the Pittsburgh Sleep Quality Index [35].

Assessment of PPT and conditioned pain modulation

d) Pressure Pain thresholds (PPT alone): Prior to the test trial, the patient learned to
differentiate the perception of pressure versus the perception of the onset of pain. The
patient was instructed to verbally report the perception of pain onset. The investigator
who assessed pain threshold levels was trained, blinded to the intervention and unable
to view the display of pressure intensities. An experienced rehabilitation physician
(SAZ) systematically evaluated superficial and deep hyperalgesia by assessing PPT
using an algometer [40]. The device had a 1-cm? hard-rubber probe, which was applied
over eleven predefined different areas to be examined to define the diagnosis of FM
according to American College of Rheumatology criteria [28]. We determined the
individual’s PPT using the area that was present the lower PPT. The average values of
PPT in kgf/ cm? (Ib/cm?) for three successive readings taken at intervals of 3-5 min
were used as the outcomes).

e) To test CPM (the term CPM rather than diffuse noxious inhibitory
control/DNIC is chosen based on the recent recommendations of Yarnitsky et al. [17]),
we used the protocol of Tousignant-Laflamme (2008) and consulted the guidelines for
the cold-heat task (CPM-TASK) as an experimental pain stimulus [41]. The CPM-
TASK activates the diffuse noxious inhibitory control-like effect (CPM), as it is a
strong nociceptive stimuli that takes place over a lengthy span of time [42] and is
applied over a large body surface area [43]. Thus, the CPM-TASK allows us to modify

the endogenous pain-modulating system. To quantify CPM, we evaluated the pain
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intensity of three heat pain (HPT) test stimuli separated by a CPM-TASK. Even if the
HPT may lead to both habituation and sensitization according to the dual process
theory, the cold water zero to is a reliable stimulus to induce CPM [44].

f) CPM-Task: The cold-heat task was used as a conditioning stimulus to elicit a
strong and prolonged pain sensation to trigger CPM. The CPM-TASK consisted of
immersing the non-dominant hand cold water (zero to 1°C) for 1 minute. During the
last 30 seconds of cold-water immersion, the HPT procedure was administered over the
right forearm (dominant forearm). The temperature was held constant during the
experiment for each subject. The mean temperature eliciting pain ratings of 0/10 on the
Numerical Rating Pain Scale [(NRS)o.10] (HPT) was used for the HPT. After a short
break, the first HPT (Pain baseline, HPTO) was applied at the extensor carpi radialis
longus muscle (forearm) of the dominant forearm. Following the first HPT (HPTO), the
CPM-TASK was used to trigger CPM. One minute after the CPM-TASK, we applied
the second HPT (HPT1). We quantified the amount of CPM by subtracting the mean
pain rating of the second HPT after the CPM-TASK (HPT1) from the first HPT before
the CPM-TASK (HPT1) [45].

g) Laboratory outcome included serum levels of BDNF. Samples of blood were
collected at two time points: at baseline and at the end of treatment. The blood samples
were centrifuged in plastic tubes for 10 min at 4500 x g at 4°C, and serum was stored at
-80°C for assay. Serum BDNF was determined by the Enzyme-Linked Immunosorbent
Assay (ELISA) using a ChemiKine BDNF Sandwich ELISA Kit, CYT306
(Chemicon/Millipore, Billerica, MA, USA). The lower detection limit of the kit is 7.8

pg/mL of BDNF.

Statistical Analysis
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The differences between the groups on baseline were examined by analysis of variance
(ANOVA) for parametric variables with normal distribution or Kruskall Wallis, and
categorical variables were examined by chi-square or Fisher’s exact tests given that our
main independent outcome (intervention) was also categorical.

The results were evaluated using the absolute mean variation on pain measurements,
sleep quality and BDNF on delta values (post-treatment minus pre-treatment). Given
the several outcomes of pain measurements (VAS, FIQ, PPT, number of tender points
and PPT) did not present normal distribution. Linear mixed models were used to
compare outcomes within subjects and between subjects in which the independent
variables was the treatment (amitriptyline, melatonin and melatonin+amitriptyline) with
Bonferroni’s Multiple Comparison Test. We performed post hoc analysis using paired t
tests to assess the effects of each treatment group. The reduction on NPS (p.10) induced
by CPM-TASK was adjusted for the baseline HPT and serum BDNF.

To identify possible predictors associated with the change on NPS.10) during CPM-
TASK we fitted a multiple linear regression model, with the stepwise enter method.
The variables include in the model were: the B-PCS score, HPTO, FIQ-score obtained
before treatment. Also, it was included the number of analgesic used in the last week of
treatment.  Finally, in an exploratory analysis to understand a reverse effect of
interaction of HPTO and BDNF [each alone isolated presented a negative correlation
with NPS.10) during CPM-TASK] that becomes positive it was used the Spearman
correlation coefficient (rs). Within-group the standardized mean difference (SMD) was
computed in terms of the ratio between the mean change and the pool of baseline
standard deviation (SD). The SMD was interpreted as follows: small, 0.20 to 0.4,
moderate, 0.50-0.70 and large, 0.80 or higher, with respective confidence interval (CI)

[29 KAZIS 1989]. All of the analyses were performed in assuming intention-to-treat,
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hence including all of the randomized subjects for whom there were observations in the
study outcomes. The analyses were performed with SPSS version 18.0 (SPSS, Chicago,

IL).

RESULTS

3.1. Patient characteristics

The clinical and demographic characteristics of the patients are shown in Table 1.
Twenty one patients were allocated to the amitriptyline group; twenty one were
allocated to the melatonin group, and twenty for the melatonin+amitriptyline group.
Filthy nine patients completed the study; three patients in the melatonin+amitryptiline
and two in both amitriptyline and melatonin group withdrew due to treatment side
effects. Baseline characteristics are presented in (Table 1). The randomization
produced a balance groups in the most part of characteristics, whereas, it was observed
an imbalance between groups in pain on VAS, FIQ and PPT (Table 1). Regarding the
side effects in amitriptyline group 38.09% (8/21) patients presented minor side effects
(MSE) (nausea, mild dizziness, weight gain, dry mouth, and mild headache) and 23.8%
(5/21) major side effects (MJSE) (severe dizziness, vivid nightmares, crippling
drowsiness, severe headache, behavioral changes, and pain worsening), with three
withdraw. In the melatonin group, 23.8% (5/21) presented MSE and 23.8% (5/21)
MJSE, with two withdraw. While the association melatonin+amitriptilyne produced

15% (3/20) MSE, whereas 25% (5/20) presented MJSE with two withdraw.

3.2. Analysis of the treatment effect on the main outcomes: descendent modulatory

system and pain on VAS



130

Patients receiving melatonin alone or in combination with amitriptyline had significant
lower pain on VAS than those receiving amitriptyline alone (P<0.01) (Figure 2). A
mixed model analysis showed that the increase of one supplementary analgesic dose
was associated with 5.1% increase in the adjusted VAS pain change from baseline
(t=5.87), P=0.0001.

The change within the group was statistically significant in all treatment groups
(P<0.0001, for all comparisons). The cumulative mean (SD) on VAS one week
pretreatment vs. the pain scores in the last week of treatment in amitriptyline group was
[62.87 (14.26) vs. 50.02 (25.60)], whereas in melatonin was [64.90 (15.43) vs. 47.53
(21.96)] and melatonin+amitriptyline [69.57 (9.09) vs. 48.64 (15.38)], respectively. The
effect size assessed by SDM [confidence interval (CI) 95%] within group in
amitriptyline group was 0.99 (CI 95%, 0.68-1.30), while in melatonin 1.29 (Cl 95%,

0.98-1.58) and melatonin + amitriptyline 1.47 (Cl 95% 1.14-1.79), respectively.

The descendent modulators system function was assessed by the CPM-TASK. It was
observed that in overall treatment group there was a reduction on pain scores during the
CPM-TASK: melatonin+amitriptyline [HPTO 6.89 (1.92) vs. 4.49 (2.17) HPT1];
melatonin [PPTO0 7.52 (1.39) vs. 4.87 (1.97) HPT1] and amitriptyline [HPTO 6.07 (1.95)
vs. 5.03 (2.17) HPTL1]. The effect of treatment on CPM is presented in Figure 3. The
CPM-TASK induced a pain reduction in melatonin and melatonin+amitryptiline
statistically higher than the amitryptiline. However, it was observed that there were
patients in all treatment groups that increased the pain intensity (conditioned pain
modulation) between HPTO pain measures (test stimulus) and HPT1 after the cold-
pressor task (CPM-TASK, conditioning stimulus). The incidence this summation effect

was 15.8% in melatonin, 36.8% in melatonin+amitriptyline and 42% in amitriptyline-
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treated. These results are showing that the descendant modulatory system loss its

inhibitory function and the heterotopy stimulus induced a summation effect.

----------------- Insert figure 3 -

To understand this result we run an exploratory analysis to identify possible factors
associated with this summation effect on pain score during the CPM-TASK. To identify
possible predictors it was run a multiple linear regression model, with the stepwise
enter method. The variables include in the model were: the B-PCS score, HPTO, FIQ-
score obtained before treatment. Also, it was included the number of analgesic used in
the last week of treatment. Accordingly, the HPT was only variable retained in the
model, that is, that was associated with pain changes on NPS (0 — 10) during CPM-
TASK [(r-square= -0.21), standard B coefficient for the HPT=-5.99, P<0.05)].

Thus, it was run a mixed model to assess the effect of treatments groups and its
relationship with the serum BDNF adjusting by the HPT. It was observed that the HPT
and serum BDNF were inversely correlated with the change on NPSo.10) during the
CPM-TASK (table 3). However, when was analyzed the interaction between HPT and
BDNF, this effect changed the direction, (it becomes positively associated with the
change on NPS.19) during the CPM-TASK) (table 3). To understand this result we run
a simple correlation between serum BDNF and HPT, and the Spearman coefficient (rs)
was -0.35 (P=0.02). That is, when the HPTO is low (higher the pain) the serum level of
BDNF is high, or vice versa. Hence, it is plausible to suppose that the effect this
interaction (HPT*serum BDNF) on pain score during the CPM-TASK, that was
negatively correlated when they were included in the model as isolate factor; it
becomes in a factor correlated positively with the change reduction during CPM-TASK

(Table 3).
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3.3. Analysis of the efficacy on secondary outcomes: the Delta of pain scores on

FIQ score, PPT, tender points, analgesic use, sleep quality and BDNF

Between-group changes in pain, pain threshold, analgesic consumption and sleep
quality are shown in Table 3. The post hoc analysis indicated significant differences
between the amitriptyline+ melatonin and the melatonin from those that had received
amitriptyline in the FIQ score and in the PPT. It was not observed difference
statistically significant between groups in the number of analgesic used in the last week
of treatment, sleep quality and number of tender points. We observed a large effect size
within group considering the change pre to post treatment in pain measures, number of

tender points and sleep quality Table 3.

Although we not observed statistically significant difference between treatment groups
in the serum BDNF on baseline, it is possible to see a large variability in the serum
level this neurotrophin (Table 1) From the baseline the mean of serum BDNF
decreased 22.57% in the amitriptyline group, whereas the melatonin in the melatonin
plus amitriptyline group presented a mean reduction of 36.6 and 34.49% group,
respectively (Figure 3). The effect size within group as assessed by SDM in
amitriptyline group was 0.43 (CI 95%, 0.05-0.83), while in melatonin was 0.8 (Cl 95%,

0.4-1.2) and melatonin+amitriptyline 0.67 (Cl 95%, 0.24-1.09), respectively.

DISCUSSION
The most clinical relevant finding this study was the melatonin’s effect to improve the
function of inhibitory endogenous pain-modulating system according assessed by the

reduction on NPS.10) during CPM-TASK. Also, it highlight that the HPT and serum
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BDNF on baseline were inversely correlated with the magnitude of treatment effect on
descend modulatory system as assessed by CPM-TASK. Furthermore, these findings
showed that in general all treatments improved the FM symptoms (pain, sleep quality),
however, the clinical effect was better when they used melatonin alone or associated
with amitriptyline.

These finding suggests that the melatonin treatment have a direct effect on pain
pathways or on the levels of signaling chemicals that regulate pain. Melatonin induced
a reduction higher than 35% on NPS.109) during CPM-TASK, and as can be observed
by the lower limit of confidence interval regarding pain score on VAS presented as
SDM [1.29 (C1 95%, 0.98-1.58)], its effect was larger than amitriptyline alone [0.99 (CI
95%, 0.68-1.30)]. The melatonin effect on CPM is biologically plausible and it is
supported by evidences of experimental studies about its effect on GABA-ergic [46],
opiod and glutamatergic systems [47]. Additionally, this hypothesis is supported by
other studies that well-characterized anatomical network that enables us to regulate
nociceptive processing (largely within the dorsal horn) in various circumstances to
produce either facilitation (pronociception) or inhibition (antinociception) [48].
Thereby, it also may reduce the descending pathways that facilitate pain transmission,
which is thought to be circuits with a sustained activation that is underlie of chronic
pain, such as a FM [49, 50]. In overall, these findings suggest that the melatonin
increased the inhibitory descending pain system effect, which involve anatomical
connections between cortical and brainstem regions in the human brain, as
demonstrated by tractrography [51].

The inverse correlation between CPM-TASK, BDNF and HTTO (Table 2) corroborates
with the presence of central sensitization theory, that is related with a reduction of the

descending inhibitory system [52], and with greater activation in the brainstem [53].
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Hence the reduction on BDNF suggests that this neuromediator is involved in the
central sensitization [54, 55]. This neurotrophin is also involved in altering the
excitatory/inhibitory balance in the central nervous system (CNS), and in the
amplification of pain response [56, 57]. Because BDNF levels can serve as a molecular
““sensor’’ of the global levels of neuronal activity, it has been suggested that the
induction of BDNF expression in response to increases in the level of neuronal activity
may dampen cortical excitability by promoting the development and/or strengthening of
inhibitory synapses in local circuits [58, 59]. Together, these multifaceted mechanisms
of melatonin on pain, it also accomplished to reduce the serum BDNF, an effect
observed in this study that corroborates similar effect described in previous randomized
clinical trial in chronic pelvic pain induced by endometriosis [16].

In addition, the melatonin’s effect on BDNF observed in this study may be explained
by its anti-inflammatory effect. This hypothesis is supported by the relation between
BDNF and pro-inflammatory cytokines that has been demonstrated in FM patients [60-
62]. Melatonin has marked anti-inflammatory effects on peripheral sites by inhibiting
the release of proinflammatory cytokines [12]. Additional mechanisms involved in the
melatonin’s effect on pain pathways include: an important reduction of nitric oxide
(NO) and malondialdehyde (MDA) levels, two compounds that are closely related to
inflammation [63], it inhibits the inflammatory response and inducible NO synthase
(iNOS) isoform expression [64] as showed in FM patients by Citera et al. (2000). Also,
the melatonin’s effect as adjuvant therapy with drugs that increase the serotonin (e.g.,
SSRIs, tricyclic antidepressant) could be a benefit pharmacological approach for the
management of patients with FM [6]. In overall, these findings show that the melatonin

may interrupt a response associated with a maladaptive neuroplasticity process
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orchestrated by neuronal, endocrinal, and immune mechanisms that can amplify
sensory pain signals to the neural pain matrix.

The present study demonstrated that all treatments reduced pain, whereas in melatonin-
treated this effect was better than amitriptyline. The melatonin’s effect on pain was
demonstrated in VAS, FIQ and PPT. These findings corroborate evidences of
experimental studies [8], and previous randomized clinical trials in acute pain [10, 14],
and chronic pain such as fibromyalgia [5, 6], temporomandibular disorders [15],
endometriosis and a dose response study with healthy subjects [26]. Possibly melatonin
play a role in the modulation of nociceptive transmission at peripheral and central pain
pathways [65]. The highly lipid-soluble nature of melatonin allows it to easily penetrate
the blood-brain barrier. The antinociceptive effect of melatonin is known to involve the
activation of supraspinal sites and the inhibition of ‘‘spinal windup’’ [66]. Evidences of
experimental studies suggest that the analgesic effects of melatonin are mediated by
opioids [55] and by gamma-aminobutyric acid ([GABA]ergic) systems [67] but it is not
possible to dissociate the effect of each individual neurobiological system in human
experimental and clinical studies. Indeed, only the net effect can be assessed. Studies
have also suggested that additional pathways play a role in the analgesic actions of
melatonin, such as nuclear signaling pathways, receptor-independent radical
scavenging, and inhibition of the release of proinflammatory cytokines at peripheral
sites.

According previous clinical studies the most prevalent complains in patients with FM
are sleep disturbance, fatigue, and chronic pain; and these symptoms might be a
consequence in melatonin secretion disruption [68]. Moreover, serum levels of
melatonin precursors (tryptophan and serotonin) were reported to be low in patients

with FMS [32]. This could explain the lack of restorative sleep and to be a mechanism
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involved in dysfunctional pain modulation [3], thus, the restoring of melatonin could be
an additional mechanism of others yet discussed, to explain the discrepancy of its effect
compared to amitriptyline. However, one can realize that in overall the association with
amitriptyline induced an increment on the clinically effect only marginal. This finding
is contrary of our initial hypothesis that the combined (melatonin+amitritilyne) could
provide an effect with higher clinical impact. Also, these results not corroborate
previous studies that demonstrated that antidepressant drugs (SSRI) associated with
melatonin improved fibromyalgia symptoms [6]. This discrepancy can be explained by
factors such as sample characteristics, type of antidepressant, differences related to
technique, and time of dosage.

The strengths of this study include the comparison of melatonin and amitriptyline
association, in a phase Il, randomized, in a double-dummy factorial design, placebo-
controlled trial, and the use of multiple efficacy and safety measures based on previous
trial experience. Although it is well known the important effects of the SSRIs in FM,
the effects of association of melatonin and amitriptyline in this chronic pain condition
was not previously studied. We conducted this trial according to CONSORT guidelines,
and given that we used the Delphi List (a list of criteria for the quality assessment of
randomized controlled trials), our trial can be considered to be of strong quality because
all 8 items in this scale can be positively scored in our randomized controlled trial [69].
Also, we used the double-dummy method and shield placement to prevent the patient
and team members from follow the patients, to control assessment bias. This finding is
important, because it demonstrates that the application of new therapeutics can be
assessed by each particular context to determine whether it provides enough benefit
over those already available [70]. The factorial design is a proposed method for

examining the interactions between treatments by generating an interaction ratio, also
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this method permit us estimate whether the "at the margins™ analyses may have
overestimated or underestimated the efficacy (and adverse effects) of each agent. A
potential limitation is the short treatment duration, as it would have been difficult to
justify a prolonged treatment period in patients experiencing chronic pain if they had
high incidence of severe side effects. Accordingly, the incidence of MJSE in
amitriptyline group was 38.09%. This finding is according literature, that the tricyclic
antidepressants are effective at alleviating pain and improving sleep quality [71],
however, the complaints related to common anticholinergic side effects such as dry
mouth, sedation, constipation, orthostasis and weight gain are common [72]. We
emphasize that the results of this study are relevant only to the patient population
investigated. Although the homogeneity of this study population is methodologically
advantageous, the issue of external validity arises. Thus, additional research with a
larger number of patients is needed to more widely assess the potential benefits of
melatonin in several different clinical settings, and future studies are required before
definitive conclusions regarding melatonin and pain treatment can be made. Finally,
although several strategies were used to prevent patients and evaluator team from
unblinding, formal assessment for awareness of the allocation (either active or placebo)
was not performed. However, our objective surrogates less prone to bias (ie, serum
BDNF, analgesics requirements, CPM-TASK) were consistent with pain scores, hence,
unblinding is unlikely to have influenced the direction of our conclusions.

In conclusion, in this 6-week, randomized, double-dummy, placebo-controlled study,
melatonin alone or associated with amitriptyline was better than amitriptyline to
improve pain on VAS, score on FIQ and PPT, whereas its association with
amitriptyline produced only marginal additional clinical effect. Melatonin increased the

inhibitory endogenous pain-modulating system according assessed by the reduction on
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NPS(o-10) during CPM-TASK. Also, it suggests that peripheral BDNF could be used as a
biomarker of central sensitization inversely correlated with the pain reduction in CPM-

TASK.
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List of abbreviations

Brain-derived neurotrophic factor (BDNF).
Dopamine (DA)

Fibromyalgia (FM)

Heat pain threshold (HPT)

Noradrenalin (NA)

Pain-modulating system (PMS)
Randomized clinical trial (RCT)

Serotonin (5- HT)
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Table a 1. Epidemiological and clinical characteristics at baseline, according to the treatment group. Values
are given as the mean (SD) or frequency (n=62).

Amitriptyline Melatonin Amitriptyline + P
(n=21) (n=21) melatonin (n=20) value
Age (years) 49.80 + (8.91) 47.40 + (7.84) 49.72 + (7.24) 0.59
Body index 27.65 + (3.91) 27.18 + (4.04) 27.58 + (4.62) 0.60
Education (years) 10.95 + (5.09) 11.30 + (3.76) 8.22+(5.6) 0.39
Smoking (n / %) 2 (9,5) 2 (9,5) 1(5) 0.83
Clinical Comorbidity Yes/No 10 (47,6) 9 (42,9) 13 (65) 0.33
Hypertension (n/%) 5(23,8) 5(23,8) 8 (40)
Hypothyroidism (n/%) 3(14,3) 1(4,8) 7 (35)
Asthma (n/%) 1(4,8) 1(4,8) 2 (10)
Other (n/%) 3 (15) 0 (0) 1(4,8)
Global pain on visual analogue 62.88 + (14.26)* 64.90 + (15.44)®  69.57 + (10.94)®  0.03
scale 7
FIQ7 53.78 + (12.83)*  64.87 + (12.83)° 65.15 + (9.94)°  0.005
Pain catastrophizing scale for the Brazilian population (B-PCS)#
25.90 +(10.38)  32.90 + (12.28) 25.90 + (10.38) 0.07
Pittsburgh Sleep Questionnaire 19.31 + (6.58) 22.67 + (7.69) 24.28 + (7.79) 0.16
Hamilton Depression Scale# 17.61 + (6.37) 21.70 + (5.88) 17.61 + (6.33) 0.05
Pain pressure threshold 2.17 + (0.21)* 1.99 + (0.16)° 2.05 + (0.24)* 0.04
Brain-derived neurotrophic factor (BDNF)€
Mean (SD) 48.28 + (24.00)  52.54 + (23.87) 48.28 + (27.34)
Median [interquartile  (1Q) 45.51 54.78 (20.66; 37.51 (18.75;92.32) 0.79
25;75)] (12.8;101.51) 97.85)
Psychiatric disease (SCID-I) 16 (76%) 15 (71 ) 13 (65%) 0.45
Depression 8 (38%) 13 (62%) 11 (55%)
Anxiety 11(52%) 12 (57%) 5 (25%)
Analgesic used weekly in last 3
months
Median (Qzs.75)€ 6 (3; 28) 7 (2;26) 7 (3;29) 0.91
Analgesic use: days/week in last 3 months ¥
(<4=no,>4 = es) 20 (95%) 20(95%) 17 (85%) 0.43
Ace aminophen/Dipirone 19 (90,5%) 16 (76,2%) 15 (75%)
NSAID 7 (33,3%) 10 (47,6%) 9 (45%)
Opioid 1 (4,8%) 0 0
Active use of central nervous system active medication ¥
Yes/No 14 (66,7%) 16 (76%) 14 (70%) 0.16
Antidepressant (n/%) 14 (66,7%) 15 (71%) 13 (65%)
Anticonvulsant (n/%) 2 (9,5%) 2 (9,5%) 15 )
Benzodiazepine (n/%) 0 5 (23,8%) 2 (10%)

Structured Clinical Interview for DSM-IV Axis | Disorders (SCID-1). € Kruskal-Wallis Test; ¥ Qui-Square

or Fisher's test, 74 NOVA.



Table a 2. Multivariate linear regression of the interaction between the change on NPS (0-10) during the
CPM-TASK by the treatment group considering the BDNF and pain thresholds (n = 62).

Parameters B t P 95% CI
Dependent variable: CPM-TASK
Intercept 9.0 1.14 0.01 (4.33t0 32.35)
Treatment group
Melatonin + Amitryptiline -1.27 - 0.09 (-2.76 t0 0.21)
1.72
Melatonin -1.75 -25 0.01 (-3.18 t0 -0.31)
Amitryptiline Qolreterence)
BDNF (ng/mL) -0.28 - 0.01 (-0.53 to -0.04)
2.23
Heat pain threshold -8.06 - 0.01 (-14.56 to -1.55)
2.49
Interaction
Serum BDNF (ng/mL) vs.
PPT  Pain  pressure  threshold 0.12 2.07 0.04 (0.04 t0 0.24)
(Kgflem?)
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Table a 3. The mean delta score [standard deviation (SD)] (post-treatment values minus pre-treatment
values) of pain measures (FIQ, PPT, analgesic consumption, tender points) and sleep quality (n = 62).

2A.Secondary outcomes

Treatment Mean (SD) Mean
Difference
(SD)
Fibromyalgia Impact Questionnaire (FI1Q) score
Amitriptyline (n= 41.16 (14.61) vs. 53.78 -12.19
21) (12.83) (16.27)
Melatonin (n=21) 46.42 (16.18) vs. 64.87  -17.73 (13.0)
(12.83)
Amitriptyline +
melatonin (n=20) 40.89(10.94) vs. 65.15 -24.65
(9.94) (12.14)
b. Mean pressure pain threshold (PPT) in (kg/cm2/second)
Amitriptyline (n= 2.34 (0.45) vs. 2.05 (0.24)  0.29 (0.31)
21)
Melatonin (n=21) 2.47 (0.33) vs. 1.99 (0.16)  0.47 (0.34)
Amitriptyline +
melatonin (n= 20) 2.70 (0.23) vs. 2.17(0.21)  0.54 (0.60)

Analgesic doses (mean during the last week of treatment)

Amitriptyline (n= 1.35(1.2) vs. 2.07 (1.37) -0.72 (1.40)

21)

Melatonin (n=21) 1.33(1.29) vs. 2.16 (1.20)  -0.79 (1.52)

Amitriptyline +

melatonin (n= 20) 1.04 (0.92) vs. 2.10 (1.03)  -1.1(1.14)

Number of tender points

Amitriptyline (n=) 10.62 (3.36) vs. 14.10 -3.45 (0.84)
(2.27)

Melatonin (n=) 10.95 (2.94) vs. 14.71 - 3.75 (2.46)
(1.70)

Amitriptyline +

melatonin (n=) 10.29 (3.15) vs. 14.61 -4.18 (1.91)
(2.32)

Pittsburgh Sleep Questionnaire

Amitriptyline (n= 11.84 (5.82) vs. 19.31 -71.47 (7.34)

21) (6.58)

Melatonin (n=21) 16.68 (8.38) vs. 22.67 -6.42 (6.53)
(7.69)

Amitriptyline +

melatonin (n=20) 16.11 (8.40) vs. 24.28 -7.58 (1.91)

(7.79)

Median of the
difference (Quartile
75;25)

—1?.78 (-24.39, -4.95)

*%

-16.30 (-22.29, -
12.94)"°

-26.41 (-32.59, -
14.50) " ®

0.2 (0.1, 0.5)**"

0.4 (0.23, 0.55)**"

0.6 (0.5, 0.7)**
-0.22 (-0.82, 0.54) *

-0.14 (-1, 0.57) *
-0.35 (-0.74, 0.47) *

-4 (-5, 1.25)**

-4 (-6.5, -2.25)%*
-4 (-5, -3)**

-7 (-11, -4)*

-5 (-11, -2)*

-8 (-12, -1.5)*

P
Valu

er
0.04

0.03

0.98

0.89

0.94

SDM CI 95%

0.88 (0.43 -
1.33)
1.28 (0.83-
1.74)

1.79 (1.29-
2.28)

0.69 (0.34-
1.04)
1.13 (0.79-
1.47)

1.27 (0.9-1.64)

1.03 (0.33-
1.67)
1.09 (0.51-
1.66)

1.33 (0.77-
1.89)

1.99 (1.35-
2.63)
2.17 (1.53-
2.80)

2.41 (1.72-
3.10)

1.07 (0.51-
1.63)
0.9 (0.38-1.44)

1.06 (0.52-
1.59)

* P< 0.01, ** P<0.0001 Comparisons using Mixed ANOVA model.
7 Mixed ANOVA model. Mean difference grou .Different superscripts (a, b, and c) indicate significant
differences among treatment groups according to the Bonferroni test.
Standardized mean difference (SMD) [(pre minus post)/pool baseline standard deviation] with

confidence interval (Cl) 95%. The size effect was interpreted as follows: small, 0.20 to 0.40; moderate,

0.50-0.70 and large, 0.80 or higher.
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275 FM patients evaluated (n=180 out-

patient clinic + newspaper publicity

n=95)

Requested and attended inicial

consultation n=62

Randomized

215 were excluded:
Not meeting inclusion
criteria n=205
Refused to participate

n=10

v

Baseline Assessment
PPT; FIQ; Pittsburg; VAS
pain; Hamilton; Blood
samples; Catastrophizing;

CPM-TASK; SCID

Amitriptyline Melatonin Amitriptyline + Melatonin
n=21 n=21 n=20
Assessment
Pain VAS
Analnesi Withdraw by
naigesic Withdraw by Withdraw by —
—> —1 MJSEs n=2
use MJSESs n=3 MJSEs n=2
\ 4
\ 4 A\ 4

n=18

Completed treatment:

Completed treatment:

n=19

Completed treatment:

n=18

Figure a 1. Flow chart.
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Figure 1: Flow chart showing recruitment and progress through the study. FM: fibromyalgia syndrome;
FIQ: fibromyalgia impact questionnaire; PPT: pain pressure threshold;CPM-TASK: conditioned pain
modulation mesures; SCID: Structured Clinical Interview for DSM-1V; pain VAS: visual analog scale of
pain; major side effects (MJSE) (severe dizziness, vivid nightmares, crippling drowsiness, severe

headache, behavioral changes, and pain worsening)

Figure 2. Mean pain levels as Delta value (scores on VAS (0-100 mm) in last week of treatment minus
scores one week pretreatment), in the three experimental groups. The error bars indicate the standard
error of the mean. Asterisk indicates significant difference between the melatonin and
melatonin+amitriptyline from those that had received amitriptyline (P<0.05). All comparisons were
performed by a mixed analysis of variance (ANOVA) model, followed by the Bonferroni correction for

post hoc multiple comparisons.

Figure 3. Delta value on pain NRS (o.10) during the CPM-TASK. The error bars indicate the standard
error of the mean. Asterisk indicates difference between the melatonin+placebo and melatonin +
amitriptyline than amitriptyline group. All comparisons were performed by a mixed analysis of variance

(ANOVA) model, followed by the Bonferroni correction for post hoc multiple comparisons.

Figure 4. Mean serum BDNF (ng/mL) at baseline and the after treatment presented as mean +SEM. The
asterisk indicates difference statistically significant within group by paired Wilcoxon signed-rank test.
Delta values (serum BDNF before treatment minus serum BDNF after pretreatment) were performed by
Mixed ANOVA model with Bonferroni test to identify changes between groups. The error bars indicate the
standard error of the mean. ? Indicates that the treatment did not induce an effect with difference statically

significant between treatment groups (P>0.05).
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9 CONCLUSOES

Neste estudo, observou-se que 0 uso da melatonina isolada ou associada a amitriptilina
no tratamento da FM, durante seis semanas, foi melhor que o uso da amitriptilina isolada na
melhora da dor na escala analdgica visual, no escore do questionario de impacto da
fibromialgia (FIQ) e no limiar de dor a presséo.

A melatonina também atuou no incremento do sistema modulatério endégeno da dor,
avaliado através da reducdo da dor na escala numérica durante a modulagdo condicionada da
dor (CPM-TASK).

Resultados adicionais sugerem ainda que o BDNF e a S100B possam ser usados como
biomarcadores do mecanismo de sensibilizacdo central, uma vez que a neurotrofina mostrou-
se inversamente correlacionada com a reducdo da dor na CPM-TASK e ambas foram
inversamente correlacionadas ao limiar de dor a presséo.

Os achados referentes ao BDNF corroboram resultados de estudos anteriores, nos
quais essa neurotrofina mostrou-se aumentada em pacientes portadores de FM. Por outro lado,
este é o primeiro estudo a relacionar a FM a S100B, proteina produzida nas células da glia e

implicada nos mecanismos de insulto do sistema nervoso central.
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10 PERSPECTIVAS FUTURAS

Apesar de, nas Ultimas décadas, grandes avancos terem sido feitos em relacdo ao
conhecimento da fisiopatologia e do manejo da FM, ainda ndo se dispde de marcadores
diagnosticos e de um padrdo-ouro de tratamento.

Mecanismos neurais distintos e ndo totalmente elucidados, tais como a CS e um
desequilibrio entre os sistemas pré e antinociceptivos, estdo implicados na fisiopatologia
dessa doenca. Seu tratamento, portanto, deve ser baseado em medicamentos e técnicas ndo
farmacoldgicas que atuem nos varios mecanismos, na tentativa de inibi-los, modifica-los e até
mesmo reverté-los. A melatonina, por seus mecanismos de acdo multifacetados, demonstrou
interferir nesses mecanismos, sugerindo ser uma op¢éao no tratamento da FM.

O diagndstico da FM ¢ firmado a partir de critérios clinicos, ndo apresentando até o
presente momento um marcador bioldgico patognomonico. Sabe-se, porém, que hd um
aumento das substdncias algiogénicas (substancia P, glutamato) e déficit de
neurotransmissores envolvidos na modulagdo inibitéria da dor (serotonina, dopamina) nesta
condigdo. O presente estudo relaciona o BDNF, marcador amplamente associado a
sensibilizacdo central, e a S100B, proteina produzida a partir da ativacao glial e implicada nos
mecanismos de lesdo central, ao limiar de dor & pressdo em pacientes fibromialgicos. Este
estudo foi o primeiro a relacionar esses trés aspectos na FM, e seus achados corroboram a
ideia de que a fisiopatologia da doenca esta intimamente relacionada a alteragGes do sistema
nervoso central, seja através da sensibilizacdo central e/ou alteragfes no sistema modulatorio

descendente da dor.

Este projeto fez parte de uma das linhas de pesquisa multidisciplinares que vém sendo

desenvolvidas pelo Laboratorio de Dor e Neuromodula¢do do HCPA - UFRGS, voltadas ao
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estudo de mecanismos de neuroplasticidade, com énfase no estudo da dor, e que conta com a
participacdo dos dois centros mundiais de exceléncia no estudo da neuromodulagédo, quais
sejam o Laboratory of Neuromodulation da Harvard Medical School e o Laboratory of

Clinical Neurophysiology da Universidade de Goettingen (Alemanha).

Os estudos desta tese inseriram-se no projeto tematico desse Laboratério, cujo alvo
das investigacOes € a integracdo dos diversos mecanismos neurobioldgicos, diagndsticos e
terapéuticos usando técnicas de neuromodulacdo, e que visam gerar conhecimento para

alicercar novas politicas de assisténcia e treinamento no manejo das dores aguda e cronica.

Essa abordagem integra a pesquisa a assisténcia envolvendo uma equipe de salde
multidisciplinar e permite estabelecer as interfaces da assisténcia ao paciente com dor e com a
educacdo da equipe de saude, tendo como prioridade o diagnostico e tratamento aplicados.
Colabora, assim, para a concretizacdo da aplicacdo do conhecimento aos pacientes, cria uma
estrutura funcional para que o conhecimento gerado seja transferido ao paciente e a sociedade
e auxilia na elaboragdo de protocolos clinicos de diagnéstico e de tratamento. Esse conjunto
de ac¢des visa qualificar o sistema de salde com terapéuticas eficazes, baseadas no processo
fisiopatolégico e suportadas por desfechos clinicos relevantes aos pacientes e a sociedade.
Desta forma, buscou-se contribuir para o desenvolvimento dos grupos de pesquisa envolvidos,
colaborando tanto qualitativa quanto quantitativamente com o desempenho cientifico e
tecnoldgico. Com isto, auxiliar o fortalecimento da pesquisa brasileira no cenario nacional e

internacional.
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11 ANEXOS
ANEXO |
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
NOME DO ESTUDO: EIXO IMUNE-PINEAL NA FIBROMIALGIA: MODULACAO
NORADRENERGICA E ASPECTOS CRONOTERAPEUTICOS

Numero do protocolo:

Instituicdo: Hospital de Clinicas de Porto Alegre- HCPA

Pesquisadores Responsaveis: Dr. Wolnei Caumo —9981-3977 e Dr?, Iraci Torres - 84764710
Comité de pesquisa e Etica em salide do HCPA: (51) 3359-8304

Nome da Paciente:

Vocé esta sendo convidada a participar, se quiser, de um estudo denominado de “Eixo
imune-pineal na fibromialgia: modulacdo noradrenérgica e aspectos cronoterapéuticos”.
A sua participacdo é voluntaria e, caso decida ndo participar deste estudo, o seu atendimento
clinico ndo sera prejudicado. 1. OBJETIVOS DESSE ESTUDO A finalidade desse estudo é
relacionar a producdo de substancias do eixo imune-pineal (melatonina, por exemplo), os
ritmos bioldgicos (temperatura, ciclo de sono e vigilia) e a fibromialgia. 2. EXPLICACAO
DOS PROCEDIMENTOS. Na 12 fase do estudo, durante 7 dias, a Sr® devera responder a
alguns questionarios. Na 22 fase do estudo, realizaremos a comparacdo do efeito da
melatonina (substancia que regula o ritmo de dormir e acordar) associada a um
comprimido sem efeito (tratamento 1), amitriptilina associada a um comprimido sem efeito
(tratamento 2) ou amitriptilina associada a melatonina (tratamento 3) durante 6 semanas (na
3% semana, a Sr? vai preencher o diario de dor e sono por 7 dias). O tipo de comprimidos que a
Sr2 utilizara sera definido por sorteio, por isso, nem a Sr® nem os profissionais envolvidos com

a pesquisa saberdo qual o tratamento que estard recebendo, mas um medico que néo
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participara das avaliacbes conhecera o tratamento. Apesar de os medicamentos serem
bastante seguros, a Sr? sera informada de qualquer efeito colateral (boca seca, por exemplo)
que possa aparecer e também poderd informar a equipe pesquisadora de qualquer efeito
diferente que a Sr? venha a sentir. A Sr? tera que responder varias perguntas antes, durante e
depois do estudo. Sera coletado sangue em duas ocasides, no inicio e no final do tratamento,
para avaliar a secre¢des de substancias. O seu exame e tratamento serdo realizados conforme
0 protocolo desse estudo. Se concordar em participar do estudo, a Sr? tera que cooperar em
todas as etapas do mesmo. 3. POSSIVEIS RISCOS E DESCONFORTOS Possivel
desconforto do presente estudo podera ser sentido, por algumas pessoas, na coleta de sangue.
Durante o tratamento, algumas pessoas poderdo relatar sonoléncia e algum efeito colateral
dos medicamentos (boca seca, tonturas, dor de cabeca). 4. POSSIVEIS BENEFICIOS
DESTES ESTUDOS O tratamento que sera avaliado visa diminuir a dor e melhorar a
qualidade de vida das pacientes portadoras de fibromialgia. Acredita-se que, se a melatonina
tiver efeito na dor fibromialgica sozinha ou associada a amitriptilina, ela poderd ser uma
alternativa no tratamento desse tipo de dor. Com os resultados deste estudo poderemos obter
informacdes importantes, sobre a relagdo entre fibromialgia e a regulacdo do eixo pineal
(glandula que produz melatonina). 5. EXCLUSAO DO ESTUDO O investigador
responsavel podera exclui-la do estudo, sem o seu consentimento, quando julgar necesséario,
para 0 melhor encaminhamento do seu caso ou se a Sr? ndo cumprir o programa estabelecido.
6. DIREITO DE DESISTENCIA A Sr? pode desistir de participar a qualquer momento.
Suas decisdes de ndo participar ou de deixar a pesquisa depois de iniciada, ndo afetara seu
atendimento posterior no HCPA. 7. PRIVACIDADE Todas as informagfes obtidas deste
estudo poderdo ser publicadas com finalidades cientificas, preservando os dados da sua
identificacéo.
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8. CONSENTIMENTO

Declaro ter lido — ou me foi lido — as informacGes acima antes de assinar este formulario. Foi-
me dada ampla oportunidade de fazer perguntas, esclarecendo plenamente minhas duvidas.
Por este instrumento, torno parte, voluntariamente, do presente estudo.

Porto Alegre, de de 20
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ANEXO 11

—————————— Forwarded message —-———-———-——-

From: BioMed Central Customer Services <infol@biomedcentral.com>

Date: 2014-07-03 13:03 GMT-03:00

Subject: Please pay the article-processing charge for your article in
Molecular Pain

To: WOLNEI CAUMO <caumo@cpovo.net>

MS: 1226214500123663

Higher serum S100B and BDNF levels are correlated with a lower pressure-
pain threshold in fibromyalgia

by SimoneA Zanette, JairoA Dussan-Sarria, Andressa Souza, Alicia Deitos,
IraciDSL Torres and Wolnei Caumo.

Accepted to Molecular Pain on 3 July 2014.
Dear Prof CAUMO,

We are delighted to confirm that your manuscript has been received by the
Production team for publication in Molecular Pain and we will be in touch
with you shortly.

Please remember that the article-processing charge (APC) must be paid prior
to publication. Details of the APC for this manuscript, as well as both
credit card and invoice payment methods, are available at:
http://www.molecularpain.com/author/manuscript/payment/1226214500123663.
Note, invoice (off-line) payments will incur an additional charge of GBP
50.00 / EUR 55.00 / USD 75.00.

Please do not hesitate to contact us if you have any questions.

Best wishes,
BioMed Central Customer Services

email: info@biomedcentral.com

Wolnei Caumo MD, PhD.

Professor of Pharmacology-ICBS/UFRGS

Laboratory of Pain & Neuromodulation

Hospital de Clinicas de Porto Alegre

Rua Ramiro Barcelos, 2350 - CEP 90035-003

Bairro Rio Branco - Porto Alegre - RS - Phone (51) 3359.8083

Vocé recebeu essa mensagem porgue estd inscrito no grupo quot;Dor e
Neuromodulacgdo" dos Grupos do Google.

Para cancelar inscricdo nesse grupo e parar de receber e-mails dele, envie
um e-mail para dor-neuromodulacaot+unsubscribel@googlegroups.com.
Para mais opg¢des, acesse https://groups.google.com/d/optout.
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ANEXO 111

—————————— Forwarded message —-———-———-——-

From: BioMed Central Editorial <editorial@biomedcentral.com>

Date: 2014-06-12 11:29 GMT-03:00

Subject: MS: 2910612041243158 - Melatonin analgesia is associated with
improvement of the descending endogenous pain-modulating system in
fibromyalgia: A phase II, randomized, double-dummy, controlled trial
To: Prof WOLNEI CAUMO <caumo@cpovo.net>

MS: 2910612041243158

Melatonin analgesia is associated with improvement of the descending
endogenous pain-modulating system in fibromyalgia: A phase II, randomized,
double-dummy, controlled trial

Simone A Zanette, Rafael Vercelino, Gabriela Laste, Joanna R Rozisky, André
Schwertner, Caroline B Machado, Fernando Xavier, Izabel CS de Souza, Alicia
Deitos, Iraci LS Torres and Wolnei Caumo

Dear Prof Caumo,

I am delighted to inform you that our Editor has recommended the acceptance
of your manuscript for publication in BMC Pharmacology and Toxicology.
Before we can proceed, however, we must ask for the following Editorial
Requests to be addressed.

Ak kA khkhk Ak Ak Ak hkkhk

Editorial Requests

1. CONSORT checklist

Thank you for including a statement regarding adherence to CONSORT
guidelines. It is also our journal policy to ask for a copy of the
completed checklist to be attached as an additional file
(http://www.consort-statement.org/). Please also ensure this is given it's
own file description at the end of the manuscript that includes the
following:

File name (e.g. Additional file 1)

File format including the correct file extension for example .pdf, .xls,
.txt, .pptx (including name and a URL of an appropriate viewer if format is
unusual)

Title of data

Description of data

2. Trial Registration date
Due to a recent change in journal policy we now must ask that you include
the date that your trial was registered at the end of the Abstract.

3. Abstract
At present the Abstract on our submission system does not match that in the
main text. Please be sure to upload the lastest version onto our system.

4. Competing Interests

Where no financial or non-financial competing interests occur we recommend
the following statement; "The authors declare that they have no competing
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interests."

5. Authors' Contributions
Thank you for providing this information. Unfortunately we must ask that
you refer to each author by their individual initials in this section.

6. Duplicate text
Please remove the duplicate figure headings from pages 39-41.

kkkhkkkhkhkkkk Ak kA kA kA kA kkh*k

We would be grateful if you could address the comments in a revised
manuscript and provide a cover letter giving a point-by-point response to
the concerns.

Please also ensure that your revised manuscript conforms to the journal
style (http://www.biomedcentral.com/info/ifora/medicine journals ). It is
important that your files are correctly formatted.

We look forward to receiving your revised manuscript by 3 July 2014. If you
imagine that it will take longer to prepare please give us some estimate of
when we can expect it.

You should upload your cover letter and revised manuscript through
http://www.biomedcentral.com/manuscript/login/man.asp?txt nav=man&txt man i
d=2910612041243158. You will find more detailed instructions at the base of
this email.

Please don't hesitate to contact me if you have any problems or questions
regarding your manuscript.

With best wishes,
Clare Partridge

Assistant Editor

Tel: +44 (0) 20 3192 2013
e-mail: editorial@biomedcentral.com
Web: http://www.biomedcentral.com/

To submit your revised manuscript

When you have revised your manuscript please upload the revised version by
following these instructions:

1. Go to

http://www.biomedcentral.com/manuscript/login/man.asp?txt nav=man&txt man i
d=2910612041243158 and log on with your email address and password.

2. With the 'Manuscript details' tab, please update the title, abstract and
author details if they have changed since the previous version. It is very
important that all changes are updated on this page, as well as in the
manuscript file as the information on this page will be used in PubMed and
on BioMed Central if your manuscript is accepted for publication.

3. With the 'Cover letter' tab, please provide a covering letter with a
point-by-point description of the changes made.
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4. With the 'Upload files' tab, please upload the revised version of the
manuscript and press 'Submit new version'. Please wait for the confirmation
page to appear - this may take a few moments.

Wolnei Caumo MD, PhD.

Professor of Pharmacology-ICBS/UFRGS

Laboratory of Pain & Neuromodulation

Hospital de Clinicas de Porto Alegre

Rua Ramiro Barcelos, 2350 - CEP 90035-003

Bairro Rio Branco - Porto Alegre - RS - Phone (51) 3359.8083

Vocé recebeu essa mensagem porgue estd inscrito no grupo quot;Dor e
Neuromodulacgdo" dos Grupos do Google.

Para cancelar inscricdo nesse grupo e parar de receber e-mails dele, envie
um e-mail para dor-neuromodulacao+unsubscribe@googlegroups.com.

Para mais opc¢des, acesse https://groups.google.com/d/optout.
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