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RESUMO

Sindrome Fibromialgica caracteriza-se por dor generalizada, fadiga, sono néo
reparador e sintomas cognitivos. Os grupos farmacologicos mais utilizados para o
tratamento desta condicdo s&o antidepressivos e anticonvulsivantes. Dentre as
terapéuticas disponiveis, a pregabalina tem se mostrado uma importante opcao
farmacoldgica na reducéo da dor e melhora da qualidade de vida em pacientes. Por
outro lado, estudos pré-clinicos e clinicos tém demonstrado que técnicas
neuromodulatérias sdo promissoras no tratamento de quadros de dor crénica,
podendo ser uma opcao para o tratamento da fibromialgia. Este estudo objetiva
avaliar o possivel efeito sinérgico antinociceptivo entre estimulagéo transcraniana por
corrente continua (ETCC) e pregabalina em modelo de fibromialgia em ratos.
Quarenta ratos Wistar machos adultos foram inicialmente divididos em dois: controle
(CT) e fibromialgia (FM) e, apds a submissdo ao modelo de fibromialgia, foram
subdivididos em: grupo controle (CT), reserpina + pregabalina + ETCC-sham (RPTSs),
reserpina + pregabalina + ETCC-ativo (RPT), reserpina + veiculo pregabalina +
ETCC-sham (RVTs) e reserpina + veiculo pregabalina + ETCC-ativo (RVT). O
modelo de fibromialgia foi induzido pela aplicagdo de reserpina (3 dias, 1 mg/Kg,
s.c.). Os comportamentos avaliados foram: resposta nociceptiva (von Frey e placa
guente), comportamento do tipo depressivo (hado forcado) e comportamento do tipo
ansioso (labirinto em cruz elevado). As intervencgdes utilizadas foram 8 dias de
aplicacdo de ETCC (20 min/0,5mA) e/ou de administracdo oral de pregabalina
(30mg/kg, gavagem). Os ratos foram mortos por decapitacdo para coleta das
amostras biolégicas. Os marcadores bioquimicos fator neurotréfico derivado do
encéfalo (BDNF), interleucinas 1B e 10, e fator de necrose tumoral alfa (TNF-a) foram
mensurados por ELISA. Este estudo foi aprovado pela CEUA/-HCPA #2015-0272.
Os ratos submetidos ao modelo de fibromialgia apresentaram hiperalgesia térmica
(placa-quente) e mecanica (von Frey), indexadas por um menor limiar nociceptivo
(teste t, P<0,0001 e P=0,01 respectivamente), aumento do tempo de imobilidade no
teste de nado forcado (teste t, P=0,004), aumento no comportamento de grooming,
redugdo nos comportamentos de non-protected head-dipping (NPHD) e rearing



(ANOVA de uma via, P= 0,03, P=0,03 e P< 0,01 respectivamente) com reducédo de
niveis séricos de BDNF (teste t, P<0.05). Adicionalmente, ratos com fibromialgia
tratados com ETCC (associado ou ndo a pregabalina) apresentaram uma reversao
parcial do comportamento hipernociceptivo (ANOVA de uma via, P<0.05), reversao
do aumento do grooming e da diminuicao dos niveis séricos de BDNF induzido pelo
modelo apos tratamento com ETCC. A administracdo de pregabalina reverteu a
diminuicdo do NPHD induzida pelo modelo. O presente estudo demonstra que a
ETCC é uma importante ferramenta para aliviar comportamento nociceptivo em
guadros de dor crbnica, assim como reverter comportamentos do tipo ansioso
relacionados ao modelo de fibromialgia. Além de reverter a diminuigdo dos niveis
séricos de BDNF. No entanto, ndo foi observado efeito sinérgico na associagcao de
ETCC e pregabalina nos efeitos avaliados no modelo de fibromialgia induzido pela

reserpina.

Palavras-chave: fibromialgia, ETCC, pregabalina, ratos, dor.



ABSTRACT

Fibromyalgic syndrome is characterized by generalized pain, fatigue, non-restorative
sleep, and cognitive symptoms. The pharmacological groups most used for the
treatment of this condition are antidepressants and anticonvulsants. Among the
available therapies, pregabalin has been shown to be an important pharmacological
option in reducing pain and improving quality of life in patients. On the other hand,
preclinical and clinical studies have shown that neuromodulatory techniques are
promising in the treatment of chronic pain, and may be an option in the treatment of
fibromyalgia.This study aims to evaluate the possible synergistic antinociceptive
effect between transcranial direct current stimulation (tDCS) and pregabalin in a rat
model of fibromyalgia.Forty adult male Wistar rats were initially divided into two:
control (CT) and fibromyalgia (FM) and, after submission of the fiboromyalgia model,
they were subdivided into: control group (CT), reserpine + pregabalin + tDCS-sham
(RPTSs), reserpine + pregabalin + tDCS-active (RPT), reserpine + pregabalin vehicle
+ tDCS-sham (RVTs) and reserpine + pregabalin vehicle + active tDCS (RVT). The
fiboromyalgia model was induced by the application of reserpine (3 days, 1 mg/kg,
s.c.). The behaviors evaluated were: nociceptive response (von Frey and hot plate),
depressive-like behavior (forced swimming) and anxious-like behavior (elevated plus
maze). The interventions used were 8 days of tDCS application (20 min/0.5mA)
and/or oral administration of pregabalin (30mg/Kg, gavage). Rats were killed by
decapitation to collect biological samples. The biochemical markers brain-derived
neurotrophic factor (BDNF), interleukins 1 and 10, and tumor necrosis factor alpha
(TNF-a)] were measured by ELISA. This study was approved by CEUA/-HCPA
#2015-0272. Rats submitted to the fibromyalgia model showed thermal (hot plate)
and mechanical (von Frey) hyperalgesia, indexed by a lower nociceptive threshold (t
test, P<0.0001 and P=0.01 respectively), increased immobility in the forced swimming
test (t test, P=0.004), increase in grooming behavior, reduction in non- protected
head-dipping (NPHD) and rearing behaviors (one-way ANOVA, P=0.03, P=0.03 and
P<0.01 respectively) with reduced serum BDNF levels (t-test, P<0.05). Additionally,
rats with fibromyalgia treated with tDCS (with or without pregabalin) showed a patrtial
reversal of hypernociceptive behavior (one-way ANOVA, P<0.05), reversal of
increased grooming and decreased serum BDNF levels induced by the model. after
tDCS treatment. Pregabalin administration reversed the model-induced decrease in
NPHD. The present study demonstrates that tDCS is an important tool



for alleviating nociceptive behavior in chronic pain conditions, as well as reversing
anxious-like and anxious-like behaviors related to the fibromyalgia model. In addition
to reversing the decrease in serum BDNF levels. However, no synergistic effect was
observed in the association of tDCS and pregabalin in the effects evaluated in the
reserpine-induced fibromyalgia model.

Keywords: fiboromyalgia, tDCS, pregabalin, rats, pain
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APRESENTACAO

Esta tese esta estruturada em 3 partes:

Parte | - Introducéo, Revisdo da literatura, Justificativa, Objetivos e Referéncias da
parte |

Parte Il - Materiais e métodos, resultados, discussdo e conclusdo na forma de dois
artigos cientificos. O primeiro caracterizando o modelo de fibromialgia em ratos
Wistar; e o segundo avaliando os efeitos do tratamento com pregabalina e
estimulacao transcraniana por corrente continua em ratos submetidos ao modelo de
fibromialgia e os niveis de BDNF, IL1-B, IL-10 e TNF—a em estruturas do sistema

nervoso central e soro.

7 Artigo 1: Fibromyalgia-like animal model decreases serum BDNF levels of male

Wistar rats.

71 Artigo 2: No synergic effect between pregabalin and transcranial direct current

stimulation (tDCS) upon hyper nociceptive behavior in rats with fioromyalgia model.

Parte Il - Discussdo Geral, Conclusdes, Referéncias da parte Ill, Aprovacdo da
Comissdo de Etica, Perspectivas e Producdo Académica Durante o Periodo de

Doutorado.

Observacédo: Detalhes técnicos mais precisos sobre a metodologia empregada em cada um

dos trabalhos apresentados podem ser encontrados nos artigos cientificos.
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1 INTRODUCAO

Fibromialgia € uma sindrome musculoesquelética caracterizada por dor difusa
cronica generalizada, fadiga, sono nao reparador e sintomas cognitivos. Acomete
principalmente mulheres, atingindo cerca de 2% da populacdo mundial (Urfaloglu e
Berk, 2022). O fenémeno fisiopatoldgico principal da fibromialgia é a sensibilizacéo
central, caracterizada pela limitacdo das vias descendentes de inibicdo da dor e pelo
aprimoramento das vias ascendentes de sinalizacdo da dor (Poluha e Grossmann,
2018). Alguns modelos pré-clinicos de fibromialgia tém sido propostos com o objetivo
de melhor esclarecer a fisiopatologia desta sindrome e de buscar novos tratamentos.
Varios modelos fisiopatogénicos tém sido propostos para elucidar esta sindrome,
sendo que o mais aceito considera que h& um desequilibrio entre o processo
nociceptivo e a modulacao enddgena da dor (Yunus, 2007). Segundo este modelo,
h& uma diminuicdo global das vias inibitorias relacionadas ao processo nociceptivo.
Desta forma, estimulos de baixa intensidade ou ndo-nociceptivos sdo processados
em estruturas pré-corticais e corticais envolvidas no processo afetivo e cognitivo da
dor aumentando a resposta nociceptiva (Burgmer, et al., 2009). Portanto, as
estratégias terapéuticas objetivam modular processos de neuroplasticidade em
multiplas areas cerebrais implicadas nas respostas afetivas, cognitivas e perceptivas
da dor que compdem a neuromatriz da dor. O carater sindrémico da fibromialgia,
manifestacdes clinicas com causa desconhecida alterando diferentes fatores em sua
fisiopatologia resultam na auséncia de diagndéstico e de tratamento especifico
(Oliveira e Almeida, 2018).

O tratamento da fibromialgia geralmente é multidisciplinar, objetivando o alivio
sintoméatico, 0 que se traduz em modificagcdo da plasticidade mal adaptativa da
neuromatriz da dor. As intervencdes farmacoldgicas incluem analgésicos classicos,
antidepressivos, anticonvulsivantes e relaxantes musculares, objetivando controle
sintomético, assim como promover modificacdo na neuromatriz da dor, no entanto,
além dos efeitos adversos, os resultados podem néo ser satisfatorios (Crofford, 2004;
Goldenberg, 2007). Entre os anticonvulsivantes, a pregabalina foi aprovada pela
Food and Drug Administration (FDA - EUA) para uso no tratamento de fibromialgia
em 2007.

14



7

A pregabalina é estruturalmente semelhante ao aminoé&cido inibitério acido
gama-aminobutirico (GABA), liga-se com elevada afinidade na subunidade alfa-2-
delta dos canais de célcio dependentes de voltagem no sistema nervoso central
(Lang et al., 2005). No entanto, ndo esta claro de que forma promove alivio nos
sintomas da fibromialgia. A hipétese mais aceita sugere que ha hiperatividade
glutamatérgica na sindrome fibromialgica, e que a pregabalina promove bloqueio do
influxo de calcio, estabilizando a membrana em terminais pré-sinapticos (Oliveira e
Almeida, 2018). In vitro, a pregabalina demonstrou ser capaz de reduzir a liberacéo
de diversos neurotransmissores calcio-dependentes, incluindo glutamato,
norepinefrina, calcitonina e substancia P (Lang et al., 2005). Estudo em voluntérios
saudaveis usando 600 mg de pregabalina e estimulacdo magnética transcraniana
demonstrou efeitos em diferentes circuitos inibitorios no cértex motor, sugerindo um
efeito ativador de receptores GABA-B (Lang et al., 2005). Ensaios clinicos
randomizados tém demonstrado o efeito neuromodulador da pregabalina ao longo
do tempo (Arnold et al., 2012; Hauser et al., 2009). No entanto, poucos estudos
abordam o mecanismo de acdo deste farmaco (Burgmer et al., 2009). Um estudo
comparou o efeito da pregabalina na ativacéo cortical ao estimulo doloroso usando
ressonancia magnética funcional (fMRI) em grupos de mulheres fibromialgicas e
saudaveis sem tratamento. Este estudo demonstrou efeito no giro supramarginal,
giro frontal superior e inferior, giro temporal médio, talamo, cerebelo e coértex visual
primario (Kim et al., 2013). Outro estudo experimental crossover avaliou, com
técnicas de neuroimagem combinadas (fMRI, espectroscopia de prétons) e analise
de conectividade funcional, o efeito de 450 mg de pregabalina diarios, durante 14
dias em pacientes fibromiélgicas (Harris et al., 2014). O estudo demonstrou que a
pregabalina diminui os niveis de neurotransmissores excitatérios (glutamato e
glutamina) na insula posterior e reduz a conectividade funcional em areas do cérebro
em condicdes de dor crénica (Harris et al., 2014). Estes estudos sugerem que, além
das caracteristicas farmacodinamicas da pregabalina, devem ser considerados o0s
efeitos neuromodulatérios que dependem das caracteristicas basais dos circuitos
neurais do paciente.

Associadas as terapias farmacologicas tém sido propostas intervengfes nao
15



farmacolégicas, incluindo terapia cognitivo comportamental, técnicas de
relaxamento, estimulacbes periféricas como eletroacupuntura e estimulacdo
transcraniana por corrente continua (ETCC, ou tDCS do inglés “transcranial Direct
Current Stimulation”) e magnética (TMS — Transcranial Magnetic Stimulation)
(Hassett e Gevirtz, 2009). A ETCC é uma técnica nao invasiva e segura, podendo
ser combinada com outras estratégias terapéuticas (Zaminotto et al., 2019). Na
ETCC, uma corrente continua de baixa intensidade direcionada ao escalpo é
aplicada usando eletrodos (catodo e anodo). A corrente atinge o cOrtex cerebral,
produzindo hiperpolarizacdo ou despolarizacdo do potencial de repouso de
membrana axonal (conforme montagem dos eletrodos). Ensaios clinicos tém
suportado estimativas matematicas (Mendoca et al., 2011) demonstrando que a
ETCC induz correntes significativas em areas corticais, alterando a excitabilidade
cortical (Antal et al., 2010). Este efeito tem sido associado a inducéo de analgesia na
fiboromialgia quando aplicada conforme esquemas terapéuticos apropriados
(Fagerlund et al., 2015; Villamar et al., 2013). Os efeitos induzidos pela ETCC
dependem da montagem dos eletrodos, do local e da duracdo de estimulacdo e
podem ser de longa duracao (Medeiros et al., 2012). Os efeitos de longa duracdo na
excitabilidade se assemelham aos processos de potenciagéo e depressdo em longa
duracéo ( da sigla em inglés, LTP e LTD, respectivamente), como alteracdes na
intensidade das sinapses glutamatérgicas (Boros et al., 2008). No entanto, estas
alteracdes podem envolver outros sistemas neurobiolégicos tais como o
GABAérgico, serotoninérgico, e colinérgico, conforme tem sido demonstrado em
estudo utilizando farmacos em sujeitos saudaveis (Medeiros et al., 2012). Porém, os
mecanismos neurobioldgicos pelos quais esta técnica induz o seu efeito terapéutico
em pacientes com fibromialgia ainda ndo estdo esclarecidos. Esta davida ganha
relevancia considerando os mecanismos fisiopatoldgicos desta doenca, como
alteracdes neurofisiolégicas significativas envolvendo oS sistemas
catecolaminérgico, serotoninérgico e dopaminérgico (Dadabhoy et al., 2008), os
quais podem ser modulados por farmacos e/ou outras técnicas de estimulagéo ndo
invasivas.

Considerando que a dor é entendida como um processo de neuroplasticidade
16



mal adaptativa, que envolve a sintese de mediadores pela neuroglia, 0os quais
apresentam potencial adjuvante a este processo, dentre estes destacam-se BDNF e
S100B. Os niveis de BDNF estao associados a medidas psicofisicas da dor tanto em
sujeitos higidos (Stefani et al., 2012) quanto em pacientes fibromialgicas (Zanette et
al., 2014). O efeito desta neurotrofina €& complexo, podendo aumentar a
excitabilidade ou diminuir a inibicdo das vias da dor. Este efeito pode estar
relacionado a sua concentracdo, estado neuroplastico do sistema e niveis de
hormonios gonadais (Stefani et al., 2012). Em mulheres saudaveis, o incremento dos
niveis séricos esta associado a elevacao no limiar de dor, enquanto em homens esta
resposta € reversa. Em fibromiélgicas menopéausicas a elevacdo do BDNF foi
associada a efeito similar ao observado em homens saudaveis. Enquanto a proteina
S100B é fixadora de calcio, que em circunstancias normais, e no contexto do
estresse, pode ativar vias sensibilizadoras da nocicepcdo. Grupo de pesquisa
demonstrou que o0s niveis séricos de S100B estéo correlacionados com redug&o no
limiar de dor em pacientes fibromialgicas (Zanette et al., 2014).

Estudos pré-clinicos utilizando modelos animais de fibromialgia permitem
mimetizar a doenca e avaliar hip6teses por meio de experimentos que em humanos
nao poderiam ser conduzidos. Os modelos animais de fibromialgia mais utilizados
sdo os que envolvem a inducédo de dor generalizada, como por exemplo, injecées de
salina acidificada, fadiga associada a aplicacdo de injecdes de salina acidificada,
priming hiperalgésico (inducdo de processo inflamatério agudo e posterior
administracdo de prostaglandina 2), deplecdo de aminas biogénicas no sistema
nervoso central e inducdo de estresse, todos conhecidos como indutores de
sintomas semelhantes aos que ocorrem em pacientes de fibromialgia (Nagakura et
al., 2009).

Entre os modelos animais que promovem deple¢éo de aminas biogénicas esta
0 modelo induzido por reserpina. Este modelo foi proposto considerando as
alteracbes descritas em circuitos serotoninérgicos, dopaminérgicos e
catecolaminérgicos em pacientes fibromialgicas (Nagakura et al., 2009). A injecao
repetida de reserpina é capaz de induzir deplecédo das aminas biogénicas em ratos,

induzindo hiperalgesia generalizada, achado que é caracteristico da doenca. Desta
17



maneira, este modelo oferece um substrato neurobioldgico plausivel, com correlacdo
comportamental consistente com a doenca, possibilitando o estudo da combinacéo
de intervengbes farmacologicas e ndo farmacoldgicas buscando avaliar efeitos
comportamentais, bioquimicos e moleculares nos animais submetidos ao modelo e

aos tratamentos propostos.
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2. REVISAO DE LITERATURA
2.1 ESTRATEGIAS PARA SELECIONAR E LOCALIZAR INFORMACOES

Para realizagdo desta revisdo, buscou-se ressaltar os principais aspectos
relacionados a fibromialgia, pregabalina e estimulacdo transcraniana por corrente
continua (ETCC). A estratégia de busca envolveu as seguintes bases de dados:
LILACS, PubMed e Embase, sem restricdo de data de publicacdo. Para a busca
foram utilizadas as seguintes palavras-chave: Fibromyalgia, pregabalin etranscranial
direct current stimulation. Refinando-se a busca por meio de cruzamentoentre as
palavras-chave acima, foi encontrado um numero reduzido de publica¢des,conforme

demonstrado na figura 1.

Palavras-chave
+ Fibromyalgia

+ Pregabalin
« tDCs

|
! | J

l l

1. Fibromyalgia (11.830) 1. Fibromyalgia (624) 1. Fibromyalgia (22.378)
2. Pregabalin (3.758) 2. Pregabalin (34) 2. Pregabalin (14.530)
3.1DCs (5.363) 3.1DCs (51) 3. tDCs (7.854)

! !

1+2(5)
1+3(2)

1+2(357)
1+3(53)

1+2(95)
1+3(21)

2+3(4)
1+2+3(0)

2 +3(0)
1+2+3(0)

2+3(0)
1+2+3(0)

Figura 1. Fluxograma da busca na literatura. Abreviatura: tDCS - Estimulacéo transcraniana

por corrente continua (traducao livre do inglés transcranial direct current stimulation).
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2.2 FIBROMIALGIA

A fibromialgia € uma sindrome de etiologia desconhecida, caracterizada por
dor cronica generalizada, sono nao reparador, fadiga e sintomas cognitivos, tais
como, lacunas de memodria, dificuldades de concentracao e alteracdes de linguagem,
acometendo 3% da populacdo mundial, e mais prevalente em mulheres (Bazzichi et
al., 2020). Frequentemente, estes pacientes apresentam aumento da prevaléncia de
diagndstico de depressao, ansiedade e enxaqueca (Monteiro et al., 2021).

A etiologia da sindrome fibromialgica néo esté elucidada; no entanto, ela tem
sido relacionada a sensibilizacdo central, caracterizada por hiperalgesia e alodinia
(Cordeiro et al., 2020). Atualmente, ndo existem testes clinicos objetivos para o
diagndstico da fibromialgia. A avaliagdo € baseada em sintomas clinicos e exames
de diagnéstico que afastem outras doencas que cursam com dor cronica (Heyman
et al., 2010).

Nesse contexto, apesar de poucos achados, tem sido sugerido o envolvimento
de citocinas inflamatérias que podem potencializar a neuroinflamacdo e a
sensibilizacdo central e periférica (Galvez-Sanchez e Reyes, 2020). No entanto, tém
sido descritas diferentes funcdes e niveis de citocinas pré-inflamatérias na
fibromialgia. Alguns estudos demonstraram uma associagao positiva entre os niveis
de citocinas no soro e no liquido cefalorraquidiano e a intensidade da dor, enquanto
outros mostraram pouca ou nenhuma evidéncia na correlagédo entre eles (Galvez-
Sanchez e Reyes, 2020; Peck et al., 2020). Tem sido evidenciada o papel das
citocinas na geragdo de dor em multiplas condigbes associadas a dor cronica
(Galvez-Sanchez e Reyes, 2020; Peck et al., 2020). Por outro lado, além do
envolvimento do Sistema imunoldgico, investigam-se possiveis associacdes
genéticas e variantes de polimorfismos especificos relacionados com a fibromialgia,
sugerindo que individuos com tais alteracdes sdo mais suscetiveis a desenvolver a
doenca (Peck et al., 2020).

Por conseguinte, estudos clinicos descrevem que na fibromialgia ocorre um

aumento do input sensorial mediado pelo sistema nervoso central (SNC) (Uceyler et
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al., 2013), assim como pelo sistema nervoso periférico (SNP). Achados demonstram
qgue pacientes fibromialgicos, quando comparados a individuos saudaveis,
demonstram maior limiar térmico e menor limiar mecénico, caracterizando alteracéo
funcional de fibras A delta e fibras C. Essa alteracdo foi confirmada por meio da
biépsia de pele que evidenciou menor quantidade de fibras C nociceptivas
desmielinizadas nesses pacientes quando comparados com individuos saudaveis
(Ugeyler et al., 2013).

Evidéncias demonstram hiperativacao global do SNC, com desequilibrio entre
niveis de neurotransmissores excitatorios e inibitorios em pacientes fibromiélgicos
comparados com individuos saudaveis. Niveis elevados do neurotransmissor
excitatério glutamato e glutamina foram encontrados em &reas corticais e
subcorticais, incluindo o cingulado posterior, insula posterior e amigdala nessa
populacdo, quando avaliados por meio de espectroscopia de prétons por
ressonancia magnéticam (Fayed et al., 2010; Harris et al., 2009). Tal fato pode
explicar a indicacdo do uso de pregabalina como tratamento farmacoldgico na FM
pela Food and Drug Administration (FDA), pois o mecanismo de acéo desse farmaco
envolve a inibicao da liberacéo pré-sinaptica de glutamato (Harris et al., 2009). Niveis
elevados de glutamato foram correlacionados positivamente com a reducao do limiar
a baixa presséo e altas pontuac¢des no questionario de impacto da fibromialgia (FIQ,
do inglés Fibromyalgia Impact Questionnaire) (Harris et al., 2009). Além disso, foram
encontrados niveis trés vezes mais elevados de substancia P no liquido
cefalorraquidiano (LCR) destes pacientes, quando comparados com individuos
saudaveis (Russell et al., 1994; Mountz et al., 1995). Este neuropeptideo coexiste
com o glutamato nas vias aferentes nociceptivas e geram sensibilizacdo dos
neurdnios do corno dorsal da medulla espinhal (Becker e Schweinhardt, 2012).

Por outro lado, alguns estudos relataram que a dopamina e a norepinefrina
estdo em niveis metabdlitos reduzidos no LCR quando comparados com individuos
saudaveis (Russell et al., 1994; Becker e Schweinhardt, 2012). Além disso, foram

identificados baixos niveis metabdlitos de serotonina no LCR e no sangue, indicando
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forte envolvimento desse neurotransmissor em transtornos de sono e de humor
nesses pacientes (Becker e Schweinhardt, 2012). O &cido gama-aminobutirico
(GABA) é um neurotransmissor que desempenha papel importante na inibicdo da
transmissdo de dor, principalmente na insula anterior direita, area envolvida na
percepcao de dor (Harris et al., 2009). Em relacdo as neurotrofinas, os niveis de
BDNF estdo associados as medidas psicofisicas da dor em sujeitos saudaveis e em
pacientes fibromialgicas (Zanette et al., 2014). Os efeitos do BDNF s&o complexos,
podendo aumentar ou diminuir a excitabilidade neuronal, dependendo da sua
concentracdo, capacidade neuropléstica do sistema e niveis de horménios gonadais
(Stefani et al., 2012).

Considerando o exposto acima, a complexidade da Fibromialgia e sua
refratariedade aos tratamentos tradicionais € necessaria uma abordagem
multidisciplinar, o qual inclui ativamente o paciente e baseia-se nas modalidades
farmacoldgicas e ndo farmacolégicas (Figueiredo-Dourado et al., 2020). Porém, o
tratamento farmacoldgico disponivel ndo é significativamente resolutivo, sendo
insatisfatorio principalmente no controle dos sintomas dolorosos (Heymann et al.,
2010). As intervencbes farmacoldgicas incluem analgésicos simples, sedativos,
relaxantes musculares antidepressivos e 0s anticonvulsivantes, sendo a pregabalina

0 medicamento mais utilizado para tratar essa sindrome (Poluha e Grossman, 2018).

2.3 PREGABALINA (PG)

A pregabalina tem sido a primeira escolha para tratamento da fibromialgia,
possui um perfil conveniente de efeitos adversos e demonstrou uma reducéo
significativa na intensidade da dor quando utilizada pelo periodo de 12 a 26 semanas
na dose de 300 a 600mg (Alles et al., 2020; Oliveira e Almeida., 2018). PG é
estruturalmente semelhante ao GABA, sendo sua estrutura quimica o S-enantidmero
do acido 3-aminometil-5-metilhexandico (Barata et al, 2019; Gerardi, 2016).

PG possui elevada afinidade a subnudade alfa-2-delta dos canais de calcio
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dependentes de voltagem no SNC (Barata et al., 2019). Alfa-2-delta € uma proteina
auxiliar associada aos canais de calcio dependente de voltagens, que sé&o
subdivididos em quatro subtipos, mas a pregabalina, assim como a gabapentina,
somente se liga com alta afinidade aos subtipos 1 e 2 (Gerardi et al., 2016; Maitra et
al., 2017). A ligacao da pregabalina a proteina alfa-2 delta € o que confere o efeito
analgésico, ansiolitico e anticonvulsivante (Gerardi et al., 2016), uma vez que modula
o influxo de célcio nos terminais nervosos, inibindo a liberagdo de
neurotransmissores excitatorios como glutamato, serotonina, noradrenalina,
dopamina e substancia P (lllez et al., 2022). A pregabalina € um dos farmacos de
primeira linha para o tratamento da fibromialgia, com favoravel perfil de efeitos
adversos. O tratamento deve ser iniciado com doses baixas e aumentar
gradualmente (Girardi et al., 2016).

Os efeitos adversos (EA) da pregabalina tem sido descritos em varios
ensaios clinicos randomizados (Crofford et al., 2004; Arnold et al., 2008; Mease et
al., 2008; Ohta et al., 2012; Dogan et al., 2011; Arnold et al., 2012; Ohta et al., 2013),
eles sao frequentes, mas a taxa de EA graves sdo semelhantes ao placebo. A taxa
de descontinuacdo do uso do farmaco também é baixa e esta relacionada com a
dose. Dentre os EA mais frequentes estédo tontura, sonoléncia, ganho de peso e
edema (Gerardi et al., 2016).

Estudo em voluntarios saudaveis usando 600 mg de pregabalina e
estimulacdo magnética demonstrou que o farmaco pode agir em diferentes circuitos
inibitérios no cértex motor humano, o que sugere um efeito ativador de receptores
GABA-B (Lang et al., 2005). Varios ensaios clinicos randomizados tém demonstrado
o efeito modulador da pregabalina ao longo do tempo (Arnold et al., 2012; Hauser et
al., 2009), no entanto, sdo escassos estudos sobre o mecanismo de acao deste
farmaco in vivo (Burgmer et al., 2009).

Dentre os poucos estudos existentes, um deles comparou o efeito da
pregabalina na ativacao cortical ao estimulo doloroso usando ressonancia magnética
funcional (fMRI) em mulheres fibromialgias e mulheres saudaveis sem tratamento. O
estudo demonstrou efeito no giro supramarginal, giro frontal superior e inferior, giro

temporal médio, talamo, cerebelo e cértex calcarino (Kim et al., 2013). Outro estudo
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experimental, crossover, com pacientes fibromialgicas avaliou o efeito de 450 mg de
pregabalina diarios, durante 14 dias. O efeito foi avaliado com técnicas de
neuroimagem combinadas (fMRI, espectroscopia de protons, e analise de
conectividade funcional), onde foi demonstrado que a pregabalina diminui os niveis
de neurotransmissores excitatorios (glutamato e glutamina) na insula posterior, e
reducdo da conectividade funcional nas areas de funcionamento em repouso do
encéfalo (Harris et al., 2013). Usando estes métodos de avaliacédo é possivelobservar
in vivo os mecanismos de acdo de um farmaco nos sistemas modificados pela
doenca.

Os efeitos adversos do tratamento com pregabalina geralmente sdo leves e
moderados e bem tolerados pelo paciente em longo prazo, tornando favoravel o uso
gquando avaliado o risco/beneficio e a sua eficacia. Estudos mostram que a
pregabalina para tratamento da fibromialgia é promissora, pois um ndamero
significativo de pacientes alcancou beneficios no controle da dor, melhora da
gualidade do sono e funcionalidade, impactando diretamente na qualidade de vida

do individuo (Bhusal et al., 2016).

2.4 ESTIMULACAO TRANSCRANIANA POR CORRENTE CONTINUA

Associado as terapias farmacoldgicas, tem sido propostas intervencdes ndo
farmacolégicas com potencial efeito analgésico, como as técnicas
neuromoduladoras, e mais especificamente a estimulacdo transcraniana por
corrente continua (ETCC) (Silva et al., 2020).

Ha cerca de 60 anos atras, foi mostrado em um estudo pré-clinicos, utilizando
ratos anestesiados, que a atividade neuronal e a excitabilidade cortical poderiam ser
modificadas por uma estimulacdo de corrente continua no cortex sensoriomotor
(Bindmann et al.,, 1964). Anos depois, a Eletroestimulacdo Transcraniana de
Corrente Continua (ETCC), mostrando que a excitabilidade do cértex motor ao ser
estimulado por uma corrente continua, modula a atividade neuronal e psicologica
(Nitsche e Paulus, 2000). A estimulag&o ocorre por um deslocamento subliminar dos

potenciais de membrana em repouso, causando hiperpolarizagao ou despolarizacéo,
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dependendo da direcdo da corrente. Estimulagcbes de poucos segundos sé&o
suficientes para induzir alteracées neuronais, entretanto ndo duram muito tempo
apos a aplicacdo. J4 estimulacdes de minutos podem durar mais de uma hora
(Coélho et al., 2021). No geral, sabe-se que a plasticidade sinaptica é dependente
de calcio de neurbnios glutamatérgicos, sendo uma das vias de acdo da ETCC, uma
vez que o bloqueio de receptores do tipo N-metil-D-aspartato (NMDA) diminui os
efeitos da estimulacdo (Nitsche et al., 2003). Além disso, a ETCC pode reduzir
localmente a neurotransmissdo do GABA, independentemente da polaridade da
estimulacao e isso pode impactar na neuroplasticidade devido a relacéo entre os dois
neurotransmissores, além disso, pode envolver o sistema serotoninérgico e
colinérgico.

A ETCC, por modular os potenciais da membrana em repouso no nivel
sinaptico, pode promover efeitos ndo sinapticos e, portanto, apresentar efeitos
prolongados de duracgéo (Ardolino et al., 2005). A ETCC utiliza uma corrente continua
de baixa intensidade aplicada no escalpo, por meio de eletrodos (catodo e anodo). A
polaridade da estimulacdo pode ser anodal ou catodal, aumentando ou diminuindoa
excitabilidade cortical, respectivamente, podendo atingir areas corticais e
subcorticais do encéfalo (Esteves et al., 2019). Os efeitos dessa terapia, entre outros
fatores, dependem do tempo de estimulagdo, posicionamento dos eletrodos,
intensidade da corrente aplicada e numero de sessfes realizadas, permanecendo
por horas ou até por dias (Stagg e Nitsche, 2011; Medeiros et al., 2012). Seu
mecanismo de acdo pode estar relacionado a modulacdo de diferentes
neurotransmissores (Medeiros et al., 2012, Souza et al., 2018), destacando os
serotoninérgicos, glutamatérgicos, adenosinérgicos, opioidérgicos, gabaérgicos e
outros. Esse estimulo pode alterar a excitabilidade neural, excitando ou inibindo as
regides corticais e subcorticais, promovendo, por exemplo, a liberacéo de opidides

enddgenos que auxiliam a via descendente da dor (Souza et al, 2021).
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JUSTIFICATIVA E OBJETIVOS
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3 JUSTIFICATIVA

Fibromialgia € uma sindrome caracterizada por dor generalizada, fadiga,
transtornos do sono, altera¢cdes de humor e rigidez musculoesquelética, associada a
plasticidade mal-adaptativa nos circuitos neuronais centrais. O tratamento
farmacoldgico da fibromialgia demonstra eficacia limitada, ndo oferecendo alivio
satisfatorio da dor (Matias et al., 2022), evidenciando a necessidade de estudos com
tratamentos nao farmacoldgicos associados, objetivando resultados mais efetivos.
Embora haja disponibilidade de farmacos como a pregabalina para tratamento desta
condicdo, pela sua capacidade de reduzir a liberacdo de neurotransmissores
associados a sensibilizacdo central, os pacientes ndo apresentam alivio completo
dos sintomas. A ETCC tem sido descrita como uma técnica segura e eficaz, sendo
aplicada no tratamento de diversas doencas. Além disso, existem poucos estudos
pré-clinicos que investigam os mecanismos de acéo relacionados a este tratamento,
os efeitos no SNC, no processo nociceptivo e comportamental em ratos. Desta
forma, este estudo se propde a contribuir para um melhor entendimento dos
mecanismos de a¢ao da ETCC na fibromialgia, viabilizando o uso para o tratamento

desta condicéo.

4 OBJETIVOS

4.1 Obijetivo geral
Avaliar os efeitos do tratamento combinado de Pregabalina e ETCC sobre
parametros comportamentais e neuroquimicos em ratos submetidos a um modelo de

fibromialgia.

4.2 Obijetivos especificos
Refinar o modelo animal de fibromialgia induzido por reserpina avaliando;
e comportamento hipernociceptivo, hiperalgesia mecanica e térmica;

e comportamento do tipo depressivo;
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e 0s niveis do fator neurotrofico derivado do encéfalo (BDNF) em
tronco encefalico, medula espinhal, cortex cerebral, hipocampo e
SOro;

e 0s niveis de TNF-a em tronco encefalico, cortex cerebral,
hipocampo e soro.

Avaliar o efeito do tratamento combinado de pregabalina e ETCC em ratos

submetidos a um modelo de fibromialgia sobre:
e comportamento hipernociceptivo, hiperalgesia mecanica,
e comportamento do tipo ansioso de ratos;

e 0s niveis do fator neurotréfico derivado do encéfalo (BDNF) em

tronco encefalico, cértex cerebral, hipocampo e soro;

e 0s niveis de citocinas (IL-1beta, TNF-a e IL-10) em estruturas do
sistema nervoso central (tronco encefalico, coértex cerebral,

hipocampo) e soro.
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ABSTRACT

Fibromyalgia syndrome is characterized by central sensitization, with imbalance
between the descending pain inhibition pathways and the ascending pain signaling
pathways, including changes in the serotonergic, dopaminergic and catecholaminergic
circuits. The aim was to refine a fibromyalgia-like model induced by reserpine in Wistar
rats, assessing nociceptive response, depression-like behavior, and central and
peripheral biomarkers levels (BDNF and TNF-a). Forty male adult Wistar rats were
allocated by weight in control and fibromyalgia groups. Mechanical and thermal
hyperalgesia were evaluated by Von Frey test and Hot Plate test respectively, and
depression-like behavior was evaluated by Forced Swim test. Tests were
accomplished before the administration and 5 days after the last administration of the
reserpine (8th day). Rats in the fibromyalgia group presented a lower thermal and
mechanical threshold (Student t test, P<0.001 and P=0.01, respectively), and an
increased immobility time (Student t test, P=0.004). also reduced serum BDNF levels
(Student t test, P=0.05), without changes in TNF-a levels. In summary, it is possible to
conclude that the fibromyalgia-like model induced by reserpine was able to mimic
fibromyalgia symptoms, at least in the nociceptive response, which is related to BDNF

levels reduction.

Keywords: Fibromyalgia, Rats, BDNF, TNF-a
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INTRODUCTION

Fibromyalgia syndrome is characterized by chronic widespread pain, fatigue,
non-restorative sleep, and cognitive symptoms (Ceca et al. 2020), afflicting mainly
women and affecting nearly 2% of the world population. The main pathophysiological
phenomenon of fibromyalgia is the central sensitization, characterized by a limitation
of descending pain inhibition pathways and by the improvement of the ascending pain
signaling pathways (Poluha and Grossmann 2018). Several pathophysiological
hypotheses have been proposed to elucidate this syndrome, which the most accepted
considers that there is an imbalance between nociception and physiological pain
control (Yunus 2007). According to this hypothesis, there is a global decrease in
inhibitory pathways related to the pain, thereby allowing low-intensity or non-
nociceptive stimuli to be processed in pre-cortical and cortical structures involved in
the affective and cognitive pain process, resulting in an increase of painful perception
(Burgmer et al. 2009). Therefore, therapeutic strategies aim to modulate
neuroplasticity processes in the pain neuromatrix (multiple brain areas implied in
affective, cognitive, and evaluative responses to pain).

Animal models of disease allow us to evaluate hypotheses through experiments
that cannot be tested on humans. Due to the serotonergic, dopaminergic and
catecholaminergic described circuit changes, in fioromyalgia patients, a model of this
disease has been proposed in rats, using the drug reserpine (Nagakura et al. 2009).
The repeated injection of reserpine can induce depletion of biogenic amines in rats,
inducing generalized allodynia, a finding that is characteristic of this disease. In this

way, this model of the disease offers a plausible neurobiological substrate, with a
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consistent disease behavioral correlation which thus offers subsidies to study the
combination of pharmacological and non-pharmacological intervention, their
behavioral, neuroanatomical, and neurobiological effects.

In face of this, the goal of this study was to refine the fibromyalgia-like model
induced by reserpine, assessing nociceptive response, depression-like behavior, and
central and peripheral neurotrophy and inflammatory biomarkers levels in adult Wistar

rats.

MATERIALS AND METHODS

Animals

A total of 40 male Wistar rats [55 - 65 days old (= 2509) at the beginning of
treatment were used, which was provided by the Animal Reproduction and
Experimentation Center (CREAL) through the Institute of Basic Health Sciences(ICBS)
of Federal University of Rio Grande do Sul (UFRGS). Rats were assigned or weight-
matched (in grams) and housed in groups of 2 to 3 rats per polypropylene cage(49 cm
x 34 cm x 16 cm). Rats were kept at a 12-hour light/dark standard cycle (lightson at
7am and lights off at 7pm), in a controlled temperature environment (22+2°C) having
free access to water and to Nuvital® feed.

All experiments and procedures were approved by the Institutional Committee
for Animal Care and Use (GPPG-HCPA protocol N° 2015-0272) and according to the
Guide for the Care and Use of Laboratory Animals 8th ed. 2011 and law 11.794
(Brazil). The experimental protocol complied with the ethical and methodological

standards of the ARRIVE guidelines (Kilkenny et al. 2013).
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Experimental Design

Rats were assigned or weight-matched and divided into 2 experimental groups:
Control group (reserpine vehicle) and fibromyalgia groups (reserpine). The mechanical
hyperalgesia threshold was evaluated by the electronic von Frey test before the
administration of reserpine and five days after the last dose of the drug. Also, forced

swim and hot plate tests were performed five days after the last dose of the drug.

Fibromyalgia Model

To induce a fibromyalgia-like model, rats received vehicle or reserpine
subcutaneously (1mg/kg) diluted in 0.5% acid acetic glacial for three consecutive days.
This drug can induce depletion of biogenic amines in rats, inducing generalized
hyperalgesia, a finding that is characteristic of the disease (Nagakura et al. 2012). Five
days after the last reserpine administration (8th day), the rats were assessed for
behavioral tests (von Frey, hot plate and forced swim). For weight maintenance, it was
needed to add hypercaloric food and sunflower seed, which were placed on the floor

of the housing box, due to the difficulty of movement presented by the animals.

Von Frey Test

Mechanical hyperalgesia was assessed by the electronic von Frey test (Cioato
et al. 2016). First, rats were allowed to acclimate in acrylic boxes on a wire metal grid

for 15 minutes 24h before testing to avoid stress-induced novelty. Then, in the next
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day rats were allowed to the boxes again, and after 5 minutes a plastic tip was
perpendicularly probed under the animal’s right rear paw. Flick, biting or shaking
responses were taken as nociceptive measures and recorded in grams (g) throughout

the mean of 3 trials.

Hot Plate Test

For thermal hyperalgesia, the rats were also acclimated 24h before testing for
allowing them to explore the apparatus for 5 minutes in the switched off mode. On day
testing the temperature was set up to 55°C. After that, rats were lowered on a warmed
surface circumvented by a transparent polypropylene funnel. The time between the
placement, and the first aversive response to thermal noxious stimulus understood as
paw shaking or biting was timed in a single trial and expressed in seconds (s). A 20

second cutoff was established to avoid tissue damage (Woolfe and Macdonald 1944).

Forced Swim Test

This test was performed to assess depressive-like behavior. The animals were
placed into a round glass tank (dimensions 40 cm x 40 cm x 52 cm), the tank was filled
with water (22-25°C) until a depth of 35 cm, in such a way that the tail of the rats could
not touch the bottom of the tank. The animals were placed into water for five minutes,
the immobility time of the rat was recorded in seconds, considering the total of
immobility and/or movements to keep the head out of the water with no intention of
escaping. After the test, the rats were dried with cotton pads and a hairdryer (Moreira

et al. 2016). The tests were filmed and analyzed by two trained researchers, with the
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goal of subsequently performing a double check of obtained results to guarantee their

reliability and was carried out five days after the last dose of reserpine.

Tissue collection

Rats were killed by decapitation 24 hours after the last behavioral evaluation;
and the cerebral cortex, spinal cord, hippocampus, and brainstem were harvested and
immediately stored in the -80°C freezer. Also, the serum was collected and stored in

the -80°C freezer for further analysis.

Biochemical assays

TNF-a and BDNF levels were determined by enzyme-linked immunosorbent
assay (ELISA) using monoclonal antibodies for each cytokine and neurotrophin (R&D
Systems, Minneapolis, United States) using the manufacturer's protocol. Optical
density was measured using an ELISA reader at a wavelength of 450 nm. Total protein
was measured by the Bradford method using bovine serum albumin as the standard

(Bradford 1976). Data were expressed in picograms per milligram (pg/mg) of protein.

Statistical analysis

For behavioral and biochemical data, a t test for independent samples (Student
t test) was used by comparing the control group and fibromyalgia-like model induced
by reserpine injection. A P<0.05 was taken as significant. All data are expressed as
mean + standard error of the mean (S.E.M.) and were run in the SPSS 26.0 statistical

program.
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RESULTS

Behavioral measures

There was no difference between groups upon the mechanical hyperalgesia at
baseline (P>0.05; Panel A). After the reserpine-induced fibromyalgia-like model there
was difference between groups, rats that received reserpine displayed decrease in the
mechanical nociceptive threshold compared to those that received vehicle, five days
after the last injection (Student t test P<0.05; Figure 1, Panel A).

Regarding thermal sensitivity, we found differences between groups by showing
that reserpine-induced fibromyalgia-like model group displayed a marked thermal
hyperalgesia compared to the vehicle group five days after the last injection (Student t
test, P<0.05; Figure 1, Panel B; P<0.05).

Concerning the forced swimming test, we also noted that a reserpine-induced
fibromyalgia model triggered an increased immobility time compared to vehicle groups

(Student t test, P=0.004, Figure 1, Panel C).

Biochemical Analysis
Regarding cerebral cortex, brainstem, and spinal cord BDNF levels, we found
no statistical difference between groups (t test for independent samples, P>0.05).

However, the serum BDNF levels were decreased in rats subjected to reserpine-
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induced fibromyalgia rat model in relation to the control group (t test for independent
samples; P<0.05; Table 1).

Regarding TNF-a no significant differences were found in all evaluated
structures (hippocampus, brainstem, cerebral cortex, and serum) (t test for

independent samples, P>0.05; Table 1).

DISCUSSION

The results of the current study demonstrated that rats submitted to the
fiboromyalgia model presented mechanical and thermal hyperalgesia, an increase in
immobility time. In addition, there was a reduction in serum BDNF levels in those rats.
Altogether, these results outline that reserpine-induced fibromyalgia-like models can
unleash behavioral phenotypes related to chronic pain, probably with participation of
the peripheral BDNF levels.

It is important to note that on the third day of reserpine, the rats began to reveal
eye compression, vocalization at the manipulation moment, arched posture, weight
loss and prostration behaviors, that indicate the presence of pain (Neves et al. 2013).
According to the four behavior units of the Grimace scale for rats (orbital tightening,
nose/cheek flattening, ear changes and whisker change) (Sotocina et al. 2011), in the
current study, the rats presented an indication of severe pain, and also loss of weight.

Altogether, our findings showed that rats in the fioromyalgia model displayed a hyper
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nociceptive behavior, such as thermal and mechanical hyperalgesia, both linked to
central sensitization (Price et al. 2022; Staud and Rodriguez, 2006; Yuto et al. 2022).

It is important to highlight that in the hot plate evaluation, the lower thermal
threshold was characterized by presenting only ocular compression and vocalization
for thermal sensitivity signaling, and not presenting the expected response which was
the “tap dance” movement and the licking of the feet (Woolfe and Macdonald 1944).
Another previous study showed that monoamines (serotonin, norepinephrine, and
dopamine) are reduced in the spinal cord in rats subjected to an animal model of
fiboromyalgia (Nagakura et al. 2009). So, considering this changed answer in the test,
it is possible to suggest that the fibromyalgia rats present alterations in the supraspinal
pain process, since the hot plate test involves complex supraspinal sensory integration
(Kiso et al. 2018).

In addition, depressive-like behavior was assessed, the fibromyalgia rats
presented a significant increase in immobility time, indicating the depressive-like
behavior. Previous studies have used this model also to evaluate antidepressant drugs
(Gao et al. 2016; Kim et al, 2021). Thus, the depletion of monoamines resulting from
the administration of reserpine may be reproducing, in addition to fibromyalgia,
comorbidities attributed to this condition, such as depression. It is known that the
pathophysiology of depression is complex, but there is an involvement with deficiency
of monoaminergic neurotransmitters, specifically norepinephrine (NE) and serotonin
(5-HT) (Miri et al. 2017).

A clinical diagnosis from the patient's complaints related to several complicated
trouble spots throughout the body, such as pain, aches, palpitations, and often

psychopathological changes, such as anxiety and depression (Alves et al., 2022). Also,
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evidence suggests that patients diagnosed with fibromyalgia have reduced serum
levels of BDNF, corroborating the worsening of the psychopathologies involved in this
condition (Merino and Simon 2022).

In relation to BDNF levels in the model like fibromyalgia, there was a reduction
in serum BDNF levels in those rats. It is possible to infer that the depression-like
behavior also observed in the forced swimming test to be related to the decreased
peripheral BDNF levels. This result corroborated another study that showed a
reduction in this neurotrophin induced by a fibromyalgia-like model conducted by
intermittent cold stress with slight modification (Lee et al. 2018), however, we did not
observe change in the central BDNF levels, at least in the structures evaluated.

In conclusion, this study was effective in proving the establishment of an animal
model of fibromyalgia induced by reserpine, contributing to a better understanding of
pathophysiology of this disease. In this way, it will also contribute to future studies that

can evaluate pharmacological and non-pharmacological therapies.
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FIGURE CAPTIONS

Figure 1. Experimental design
Figure 2. Behavioral assessments (N = 40).

Panel A. Mechanical hyperalgesia threshold assessed in the Von Frey test.
*Significant difference from control group (Student t test, P = 0.01). The vertical lines

indicate the mean + S.E.M of paw withdrawal threshold in grams (g).

Panel B. Thermal hyperalgesia assessed by the Hot Plate test. The vertical lines
indicate the mean + S.E.M of paw withdrawal threshold in seconds (s) *Significant

difference from control group (Student t test, P < 0.001).

Panel C. Immobility time assessed by the Forced Swim test. The vertical lines indicate
the mean £ S.E.M of immobility time in seconds (s). *Significant difference from control
group (Student t test, P = 0.004).

Table 1. Biomarkers profile after reserpine-induced fibromyalgia rat model in serum
and central nervous system structures (brainstem, cerebral cortex, spinal cord and

hippocampus).
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Table 1. Biomarkers profile after reserpine-induced fibromyalgia rat model in serum
and central nervous system structures (brainstem, cerebral cortex, spinal cord and

hippocampus).

Biomarker Structure Control group  Fibromyalgia group P value

BDNF Brainstem 3.23+0.21 3.44+0.21 0.507
(pg/mg of protein)

Cerebral Cortex 0.61+0.15 0.46+0.12 0.453

Spinal Cord 3.11+0.44 2.59+0.75 0.576

Serum 0.60+0.01 0.45+0.02* <0.01

TNF-a Brainstem 2.15+0.44 3.29+0.84 0.262
(pg/mg of protein)

Cerebral Cortex 1.87+0.49 0.88+0.29 0.120

Hippocampus 2.17+1.05 0.71+0.13 0.213

Serum 10.86+2.59 13.29+1.79 0.459
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ABSTRACT

Fibromyalgia is a widespread musculoskeletal disease, in which the etiology
and the pathophysiology are not well elucidated. As a complex disease and
refractoriness, there is no specific and single treatment. The pregabalin, as a
pharmacological tool, has shown effective benefits; however, its side effects may
decrease the treatment adherence. In this context, neuromodulatory techniques, like
transcranial direct current stimulation (tDCS), may be used as a complementary tool
to relieve pain and increase life quality in fibromyalgia. Thus, the objective of this study
was to evaluate the effects of association of pregabalin and tDCS in a rat model of
fibromyalgia, in behavioral parameters and biomarkers levels. Forty male adult Wistar
rats were randomized in five experimental groups: control group (CT), reserpine +
pregabalin + tDCS-sham (RPTs), reserpine + pregabalin + tDCS-active (RPT),
reserpine + pregabalin vehicle + tDCS-sham (RVTs) and reserpine + pregabalin
vehicle + active tDCS (RVT). This study was approved by the Institutional Ethics
Committee (GPPG-HCPA #2015-0272). The fibromyalgia model was induced by
administration of one dose of reserpine (1 mg/kg) for 3 consecutive days. The
behavioral parameters evaluated were mechanical allodynia (von Frey test); anxiety-
like behaviors (elevated plus-maze and forced swim) The nociceptive response was
evaluated five days after the last administration of reserpine and 24 hours after the end
of treatment. The animals submitted to the reserpine-induced fibromyalgia model
exhibited a reduced mechanical threshold, which was partially reversed by tDCS
(isolated or combined with pregabalin) (one way ANOVA/SNK, P<0.001). There was
no difference between the groups in the percentage of arm entries (P>0.05) and
percentage of time spent in the open arms (P>0.05). There was an increase in
grooming time (P=0.03), and a decrease in NPHD (P=0.03) and rearing (P<0.01); while
the grooming increase was reversed by tDCS, the NPHD decrease was reversed by
pregabalin. There was a decrease in serum BDNF levels, which was reversed by tDCS
(one-way ANOVA/SNK, P<0.01). In summary, considering the translational aspect, our
findings, in a rat fibromyalgia-like model in rats, suggest that tDCS can be a potential
non-pharmacologic treatment to fibromyalgia. However, in this study, no synergic effect

between tDCS and pregabalin was observed.
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INTRODUCTION

Fibromyalgia is a disease of unknown etiology, characterized by generalized
chronic pain, non-restorative sleep, fatigue, mood disorders and cognitive symptoms.
Fibromyalgia patients have biological, psychological, and social changes, negatively
influencing the individual's quality of life [1]. Its prevalence is estimated at 2.5% in
Brazil, affecting 2 to 10% of the adult population [2].

Despite this condition having no specific treatment, patients have obtained
improvement after pharmacological approach. Pregabalin is a pharmacological option
for the management of fibromyalgia in humans, being structurally like the
neurotransmitter gamma-aminobutyric acid, but it binds to the alpha2-delta subunits of
the voltage-dependent calcium channels [3]. However, the mechanisms of pregabalin
promoting clinical benefits in fibromyalgia patients remains unknown [3]. It is
considered an “anchor drug” for the treatment of fiboromyalgia, since it has significant
effects in terms of pain control, improvement of sleep disorders and individual
functionality, positively impacting the quality of life of patients [4].

On the other hand, non-invasive neuromodulatory techniques have been
proposed, and can be used in combination with pharmacological or isolated treatment
[5]. Among them, the Transcranial Direct Current Stimulation (tDCS) has been used to
treat different conditions, since depression, chronic pain, anxiety, compulsive
disorders, among others. It is a non-invasive technique that modulates neuronal
thresholds through weak, anodal and cathodic electrical currents that can increase and
decrease the cortical excitability [6]. The application of the electric current is through
electrodes placed on the scalp and its effects are related to the applied brain region
and the polarity of the electrodes, which can persist for hours or even days [7].

The tDCS action mechanisms are involved with different neurotransmitter
signaling, such as serotonergic, glutamatergic, adenosinergic, opioidergic, gabaergic,
among others [8]. In the same sense, our previous studies have described that the
antinociceptive effect of tDCS in different chronic pain animal models may be linked to
central levels of neurotrophins and cytokines [9-11].

Clinical and preclinical research aimed to search for biomarkers that can
facilitate the diagnosis of fiboromyalgia. A recent study has found no difference in the
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brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) plasma levels
between fibromyalgia patients and pain-free controls [12]. On the other hand,
Jablochkova and colleagues [13] have shown that fibromyalgia patients display higher
BDNF and lower NGF levels than healthy controls [14]. In the preclinical setting, a
previous study has shown a reduction in the BDNF and phosphorylated cAMP
response element-binding protein (p-CREB) expression in central nervous system
structures, like medial prefrontal cortex and hippocampus, of mice in a fiboromyalgia-
like model, using chronic restraint stress and intermittent cold stress paradigm [15].
Considering these findings, no successful biomarkers were found until nowadays once
controversial results have been found in the literature.

Thus, our objective was to evaluate the synergic effect of pregabalin combined
with tDCS upon nociceptive response, depressive-like and anxiety-like behaviors in
rats subjected to fibromyalgia pain model. Also, we have investigated the effect of this
treatment combination in the central levels of biomarkers (BDNF, IL-18, TNF-a and IL- 10)

in the central nervous structures.

METHODS

Animals

Forty male Wistar rats (55 - 65 days old, ~250g) were provided by the Animal
Reproduction and Experimentation Center (CREAL) of Federal University of Rio
Grande do Sul (UFRGS). Rats were randomized by weight (in grams) and housed in
groups of 2 to 3 rats per polypropylene cage (49 x 34 x 16 cm). Rats were kept at a
12-hour light/dark standard cycle (lights on at 7am), in a controlled temperature
environment (22 £ 2 °C) having free access to water and Nuvital® chow. All
experiments and procedures were approved by the Institutional Committee for Animal
Care and Use (GPPG-HCPA protocol N° 2015-0272). The experimental protocol
complied with the ethical and methodological standards of the ARRIVE guidelines [16].

Experimental Design
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The experimental design was performed according to Figure 1, briefly after 14
days of adaptation, the animals were randomized by weight and von Frey into 5
experimental groups: total control (CT), which received only the vehicle reserpine
(acetic acid glacial 0.5% in distilled water); reserpine + pregabalin + tDCS-sham
(RPTSs), the animals received reserpine, were treated with pregabalin and subjected to
sham stimulation; reserpine + pregabalin + tDCS- active (RPT), the animals received
reserpine, treated with pregabalin and submitted to active stimulation; reserpine +
pregabalin vehicle + tDCS-sham (RVTs), animals received reserpine, treated with
pregabalin vehicle and subjected to sham stimulation; reserpine + pregabalin vehicle
+ active tDCS (RVT), the animals received reserpine, treated with pregabalin vehicle
and submitted to active stimulation. The mechanical hyperalgesia test was performed
at the beginning of the study, after induction of the model and after treatment, the
evaluation of thermal hyperalgesia was carried out after the induction of the model and
after treatment, and the elevated plus maze test was performed after the end of the
treatment. The fibromyalgia model was induced by administering reserpine 1 mg/Kg,
subcutaneously (s.c.) for three consecutive days, after an interval of five days, to
establish the model, behavioral tests were performed (von Frey), 24 hours after the
end of the treatment, behavioral tests (von frey and elevated plus maze), 48 hours after

the end of treatment, the animals were decapitated to collect the structures.

Insert Figure 1

Fibromyalgia Model

To induce a fibromyalgia-like model, rats received vehicle or reserpine
subcutaneously (1mg/kg) diluted in 0.5% acetic glacial acetic acid for three
consecutive days. This drug can induce depletion of biogenic amines in rats, inducing

generalized hyperalgesia, a finding that is characteristic of the disease [17].

Von Frey Test

Mechanical hyperalgesia was assessed by the electronic von Frey test [9,10].

First, rats were allowed to acclimate in acrylic boxes on a wire metal grid for 15 minutes
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24h before testing to avoid stress-induced novelty. Then, in the next day rats were
allowed to the boxes again, and after 5 minutes a plastic tip was perpendicularly probed
under the animal’s right rear paw. Flick, biting or shaking responses were taken as

nociceptive measures and recorded in grams (g) throughout the mean of 3 trials.

Elevated plus-maze test (EPM)

The anxious-like behavior was assessed in the EPM test. This apparatus
consists of two enclosed and two open arms (50 x 40 x 10 cm) in an orthogonal fashion
positioned 50 cm from the floor level. The animals were placed in the central area of
the equipment, facing one of the closed arms, then it was allowed to explore for 5 min.
The following measures were evaluated: number of protected head-dipping (PHD);
number of unprotected head-dipping (NPHD); number of entries in the open arms
(EOA); number of entries in closed arms (ECA); time spent in the open arms (TOA);
tim spent in closed arms (TCA); grooming time and breeding number (Moreira et al,
2015). The percent of open arm entries (100 x open/total entries) and of time spent in
the open arms (100 open/open + enclosed arms) was calculated for each rat [18]. The
experimental tests were recorded using a video camera placed 150cm above the

apparatus. The videos were subsequently analyzed by a blinded experimenter.

Pregabalin treatment

After the establishment of fioromyalgia model, pregabalin (Lyrica, Pfizer®) was
dissolved in saline to a final concentration of 30 mg/kg and administered by gavage
[19] for 8 consecutive days 30 minutes before tDCS session. Treatments were carried
out between 9 and 11 am.

tDCS treatment

Initially, rats had their heads shaved and were gently restrained in a soft and
clean towel. Then, EEG electrodes containing conductive gel were trimmed to 3.5mm
and connected to a battery driven stimulator with an intensity of 0.5mA and current

density of 0.33mA/cm?. Next, the rat's head was soaked with saline 0.9% and the
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anode and cathode electrodes were placed on the supraorbital and parietal areas,

respectively [9,10].

Tissue collection

Rats were killed by decapitation 24 hours after the last behavioral evaluation;
and brainstem, cerebral cortex, hippocampus, were harvested and stored immediately
in the -80°C freezer. Also, the serum was collected and stored in the -80°C freezer for

further analysis.

Biochemical assays

TNF-a, IL-1B, IL-10 and BDNF levels were determined by enzyme-linked
immunosorbent assay (ELISA) using monoclonal antibodies for each cytokine and
neurotrophin (R&D Systems, Minneapolis, United States) using manufacturer’s
protocol. Optical density was measured using an ELISA reader at a wavelength of 450
nm. Total protein was measured by the Bradford method using bovine serum albumin
as the standard [20]. Data were expressed in picograms per milligram (pg/mg) of

protein.

Statistical analysis

The data were analyzed in the SPSS 26.0 statistical program and expressed as
mean + standard error of the mean (S.E.M.). It was considered a significant difference
when P<0.05. One-way ANOVA followed by Student Newman Keuls (SNK) was
performed to compare differences between groups in each time point assessed (before
or after treatment).

RESULTS
Mechanical Hyperalgesia

Regarding mechanical hyperalgesia, there was an increased hypersensitivity in
the reserpine-induced fibromyalgia-like model compared to the control group (one-way
ANOVA/SNK, F@4,33=17.793, P<0.001, Figure 2), comparison made at time point
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before treatment. After treatment, it is possible to observe tDCS associated or not (RVT
and RPT) partially reversed the mechanical hypersensitivity when compared to the
control group (one-way ANOVA/SNK, F@4,24=9.690, P<0.001, Figure 2). In addition,
pregabalin alone (RPTs) was not efficient to reverse the mechanical hypersensitivity,
once it was not different from reserpine plus vehicle plus sham-tDCS (RVTs)(one way
ANOVA, P>0.05). Also, no synergic effect was found between the combination

between tDCS and pregabalin, as we have hypothesized.

Anxious-like behavior

In the elevated plus maze test, no significant differences were found in the
percentage of open arm entries (one-way ANOVA/ SNK, P = 0.265) and percentage of
time spent in the open arms (one-way ANOVA/ SNK, P = 0.419) among the groups

assessed.

Also, it is possible to observe that there was a statistically significant increase
in the grooming time in rats subjected to reserpine (RPTs, RPT and RVTs groups),
which was reversed by tDCS alone (one-way ANOVA/ SNK, P=0.03, Table 1). In
addition, we found a decrease in the number of NPHD (one-way ANOVA/ SNK, P =
0.03, Table 1) and in the number of rearing induced by reserpine (one-way ANOVA/
SNK, P<0.01, Table 1), however pregabalin alone was able to reverse NPHD behavior.
We did not observe any significant difference in the number of fecal boluses and PHD
(one-way ANOVA/ SNK, P =0.55 and P = 0.21, respectively, Table 1).

Biomarkers

Regarding biomarkers, we showed a statistically significant decrease in serum

BDNF levels in reserpine-induced fibromyalgia rat models (one way ANOVA/SNK,
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P=0.003, Table 2), which was completely reversed by tDCS. However, no significant
differences were found regarding the other biomarkers assessed (IL-10, TNF-a, IL-13, and
BDNF) in all structures analyzed (brainstem, cerebral cortex, spinal cord or serum)(one-
way ANOVA/ SNK, P>0.05, Table 2).

DISCUSSION

Our findings highlight those rats subjected to a reserpine-induced fibromyalgia
model displayed reduced mechanical threshold. In addition, the tDCS (combined or not
with pregabalin) probed antinociceptive effects as shown by a partial reversal of
mechanical hyperalgesia. On the other hand, pregabalin alone was not effective in
showing reduction in the mechanical hypersensitivity in the current rat fiboromyalgia
model used. Here, we also showed that reserpine induced increased grooming
behavior which was reversed only by tDCS. Also, it induced decreased NPHD and
rearing behaviors, and NPHD was reversed by pregabalin treatment. Additionally,
reserpine decreased serum BDNF levels that were restored after tDCS treatment.

Altogether, these effects might be attributed to the depletion of important
neurotransmitters involved in the pain descending control such as monoaminergic
systems as well as through an imbalance between excitatory (glutamatergic) and
inhibitory (GABAergic) mechanisms. Corroborating our results, previous studies of our
group have demonstrated that tDCS mediate analgesia by means of all these
pathways [21]. As shown before, norepinephrine, dopamine, and serotonin from the
dorsal horn were significantly lower after reserpine-induced myalgia in rats [22]. And
tDCS can modulate all these neurotransmitters, while pregabalin increases only
norepinephrine [22]. Thus, it can contribute to explain the partial reversion of the hyper
nociceptive behavior found in our data. Furthermore, it is important to stress that
complementary methods targeting the combination between therapies to provide more
powerful and consistent outcomes (pain relief) should be pursued.

Pregabalin is considered a gold standard treatment for fiboromyalgia patients
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[23]. However, in preclinical settings it has been used to alleviate hyper nociceptive
behavior in different chronic pain conditions [19,24]. The binding is believed to be to
the alpha-2 delta subunit responsible for its antinociceptive effect, since with a binding,
an excessive reduction of multiple excitatory neurotransmitters (noradrenaline,
serotonin, dopamine, glutamate, and substance P) occurs [25]. In the same sense, a
previous study has shown no improvement in acute or chronic muscle hyperalgesia
after pregabalin-treated groups [26]. Also, it is interesting to note that pregabalin (10
and 30 mg/kg) significantly increased muscle pressure threshold in reserpine-induced
myalgia rats [22]. However, in the current study using a similar dose (30 mg/kg) we did
not observe a decrease in the hyper nociceptive behavior, however, the nociceptive
tests in this study were performed 24 hours after the last dose of reserpine. A study
demonstrated the reversal of mechanical hyperalgesia in a rat neuropathic model, with
when evaluated 1 hour after pregabalin administration [27]. Altogether these findings
highlight the complexity of the action mechanism of pregabalin in front of different
chronic conditions, including in the fiboromyalgia model.

We also observed that reserpine increased grooming behavior, decreased
NPHD and rearing behaviors. The grooming behavior, which is a rodent self-cleaning
movement related to anxiety [28], was reverted by tDCS. Previous studies from our
research group showed the anxiolytic effect of tDCS, reversing the anxiety-like
behavior in rats submitted to a neuropathic pain model [29,30]. On the other hand, our
results showed that the pregabalin reversed only NPHD. The involvement of the
GABAergic system in the imbalance between excitatory and inhibitory pathways may
be related to this behavior anxious profile presented by the animals, and the anxiolytic
effect of pregabalin reversed this behavior [31].

In the current study, the reserpine-induced fibromyalgia model induced a
reduction in the BDNF serum levels, which was reverted by tDCS. There was no
reserpine effect in the BDNF levels in the central nervous structures. It is important to
note that a previous study using a different fiboromyalgia model showed a reduction in
the BDNF expression in central nervous system structures (prefrontal cortex and
hippocampus) of mice [15]. It is important to highlight that the tDCS effects upon
peripheral and central biomarkers need to be elucidated, once no consensus was
achieved yet [32-34].
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Unfortunately, any effect of the pain model was observed, neither treatment
in the cytokine’s levels, such as TNF-a, IL-1B, and IL-10, in central and peripheral
samples regarding the pain model and after-effects of pregabalin or tDCS action and
structures assessed. On the other hand, we have showed that bimodal tDCS treatment
induced analgesia in rats submitted to different pain models, and this was associated
with alterations in neurotrophin and cytokines levels [9,10,35,36]. It is important to
highlight that fiboromyalgia syndrome is still not well understood in the clinical or
preclinical settings; however more studies are necessary to increase knowledge about
this condition.

In summary, our findings highlight no synergic effect between tDCS and
pregabalin treatments in reserpine-induced fibromyalgia rat model. However, there
were complementary effects in the anxiety-like behavior. It is known that fibromyalgia
is a complex syndrome, and its mechanisms are not well elucidated, further studies
can contribute with a better understanding of the pathophysiology of this disease and

the treatment options to relieve pain and improve quality of life.
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FIGURE CAPTIONS
FIGURE 1: Experimental Design. tDCS: transcranial direct current stimulation.

FIGURE 2: Threshold of mechanical hyperalgesia in an animal model of fioromyalgia,
assessed by the von Frey test before and after treatment. The data are presented as
mean + S.E.M of paw withdrawal threshold in grams (g) (n=40). Control (CT);
Reserpine + pregabalin + Sham tDCs (RPTs); Reserpine + pregabalin + tDCs (RPT);
Reserpine + vehicle pregabalin + Sham tDCs (RVTSs); Reserpine + vehicle pregabalin
+tDCs (RVT).

*Significant difference from CT group at time point before treatment (one way
ANOVA/SNK, P<0.001).

Different letters mean significant statistical difference at time point after treatment (one
way ANOVA/SNK, P<0.001).

FIGURE 3: Elevated plus maze test. Data expressed as mean + SEM of percentage
of control (N = 40). Control (CT); Reserpine + pregabalin + Sham tDCs (RPTSs);
Reserpine + pregabalin + tDCs (RPT); Reserpine + pregabalin vehicle + sham tDCs
(RVTs); Reserpine + pregabalin vehicle + tDCs (RVT).

PAINEL A: Percentage of the animals’ stay in the open arms assessed by the elevated
plus-maze test. There was no difference between groups (one Way ANOVA/ SNK, P
= 0.265).

PAINEL B: Percentage of time spent in open arms assessed by the elevated plus-
maze test. There was no difference between (one Way/ANOVA/ SNK, P=0.419).
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Table 1. Behavioral parameters assessed in the Elevated Plus Maze. Data
expressed as mean = SEM (N = 40) of number of fecal boluses, protected head-dipping
(PHD), unprotected head-dipping (NPHD) and rearing, and time of grooming
(seconds). Control (CT); Reserpine + pregabalin + Sham tDCs (RPTSs); Reserpine +
pregabalin + tDCs (RPT); Reserpine + pregabalin vehicle + sham tDCs (RVTSs);
Reserpine + pregabalin vehicle + tDCs (RVT). 2 significant difference from the CT and
RVT groups (one way ANOVA/ SNK, P<0.05); ° significant difference from the CT and
RPTs groups (one way ANOVA/ SNK, P<0.05); ¢ significant difference from the CT
group (one way ANOVA/ SNK, P<0.05).

Fecal boluses

Group Grooming (s) ) PHD (n) NPHD (n) Rearing (n)
CT 441 +251 0.25+0.25 3.00+0.78 2.57+£0.86 16.29£0.71
RPTs 34.25 £ 13.622 0.50 £0.50 1.13+£0.47 1.25+0.77 9.38 £ 0.86°
RPT 10.02 £ 2.762 0.00 = 0.00 1.75+£0.62 0.25 +0.25° 9.63 £ 1.67¢

RVTs 17.88 £ 7.942 0.00 £ 0.00 2.75+0.70 0.25 +0.16° 12.50 +1.30¢
RVT 3.42+1.88 0.00 £ 0.00 1.63 £0.56 0.50 + 0.50° 8.25+0.81¢
P 0.03 0.55 0.21 0.03 <0.01
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Table 2. Biomarkers analyzed in the central and peripheral samples. Data
expressed as mean £ SEM (N = 40). Control (CT); Reserpine + pregabalin + Sham
tDCs (RPTSs); Reserpine + pregabalin + tDCs (RPT); Reserpine + pregabalin vehicle +
sham tDCs (RVTs); Reserpine + pregabalin vehicle + tDCs (RVT). * significant
difference from the CT and RVT groups (one way ANOVA/ SNK).

Biomarker  Structure CT group RPTsgroup RPTgroup RVTsgroup RVTgroup Pvalue

Brainstem 3.18+0.24 3.64+0.40 3.58+0.65 3.43+0.08 3.80+0.34 0.852
BDNF Cerebral 0.53+0.10 0.63+0.06 0.65+0.05 0.35+0.06 1.09+0.49 0.207
(pg/mg of Cortex
protein)
Spinal Cord 2.93+0.51 2.56+0.36 4.21+0.89 2.59+0.75 2.76+0.30 0.828
Serum 0.59+0.02 0.45+0.03* 0.51+0.04* 0.45+£0.03* 0.61+0.04 0.003
Brainstem 1.34+0.93 4.65+1.76 1.85+0.68 3.02+1.01 3.44+1.21 0.514
TNF-o
(pg/mg of Cerebral 1.54+0.005 1.00+0.56 2.29+0.97 1.2040.31 0.78+0.10 0.339
protein) Cortex
Hippocampus 1.01+0.18 1.58+0.71 0.92+0.21 0.75+0.19 0.62+0.12 0.610
Serum 9.20+8.76 6.91+4.46 9.63+1.72 14.20+2.42 12.51+2.88 0.337
IL-1B
(pg/mg of Hippocampus 1.47+0.18 2.82+0.72 1.45+0.34 0.69+0.19 1.25+0.37 0.315
protein)
IL-10 Brainstem 19.71+6.50 24.96+2.56 16.22+3.76 16.87+2.79 24.93+3.67 0.267
(pg/mg of
protein) Cerebral 43.77+£27.76 8.30+£1.77 11.86+2.55 12.97+1.48 23.12+10.32 0.039
Cortex
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6 DISCUSSAO GERAL

Os resultados desta tese demonstram que os ratos submetidos ao modelo de
fibromialgia induzido por reserpina apresentaram hiperalgesia mecéanica e térmica,
comportamento do tipo ansioso, e reducao nos niveis séricos de BDNF. Desta forma,
€ possivel sugerir que este modelo reproduziu caracteristicas da sindrome
fibromialgica, demonstrando comportamentos relacionados a dor crénica, com
provavelmente a participacdo do BDNF. E importante destacar que no terceiro dia de
inducdo do modelo de fibromialgia, os ratos jA comecaram a apresentar fenotipos
indicativos de dor, como, compressdo ocular, vocalizagdo no momento de
manipulacdo, postura arqueada, e comportamentos de prostracdo (Neves et al.,
2013). Essa sintomatologia reproduzida pelos animais, sdo condizentes com a
doenca, que caracteriza-se por dor intensa difusa, fadiga e por muitas vezes esta
associada a comorbidades como ansiedade e depresséao (Alves et al., 2022).

Nesta tese, a ETCC apresentou efeitos antinociceptivos demonstrados pela
reversao parcial da hiperalgesia mecanica, ja a pregabalina isolada né&o foi eficaz em
mostrar reducao da hipersensibilidade mecanica no modelo utilizado. Considerando
gue o modelo de fibromialgia utilizado induz a deplecdo de dopamina, serotonina e
norepinefrina provocando um desequilibrio entre 0os mecanismos excitatorios
(glutamatérgicos) e inibitorios (GABAérgicos), € possivel sugerir que a modulacéo
destas vias de neurotransmissdo pela ETCC esteja relacionada ao seu efeito
analgésico (Souza et al., 2018).

Por outro lado, a pregabalina, considerada um tratamento padrdo ouro em
pacientes fibromialgicos (Allen et al., 2020), tém sido utilizada em estudos pré-clinicos,
no alivio do comportamento hipernociceptivo em diferentes modelos de dor (Tanimoto-
Morri et al., 2008; Pires et al., 2020). Sua ligacdo a subunidade alfa-2 delta pode ser
responsavel por seu efeito antinociceptivo, promovendo redugcdo de
neurotransmissores excitatorios (noradrenalina, serotonina, dopamina, glutamato e
substancia P) (Toth, 2014). E interessante ressaltar que a pregabalina (10 e 30 mg/kg)
aumentou significativamente o limiar de pressdao muscular em ratos com mialgia
induzida por reserpina (Kiso et al., 2018). Por outro lado, um estudo ndo mostrou

melhora na hiperalgesia muscular aguda ou cronica apds tratamento com pregabalina
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(Ohmichi et al., 2018). Este ultimo estudo corrobora os dados desta tese utilizando
dose semelhante (30 mg/kg) em que ndo houve diminuicdo no comportamento
hipernociceptivo. No entanto, é importante salientar que, nesta tese, 0s testes
nociceptivos foram realizados 24 horas apés a Ultima dose de pregabalina. Um recente
estudo avaliando 1 hora apés a administracdo de pregabalina mostrou que esta foi
capaz de reverter a hiperalgesia mecanica em um modelo neuropatico em ratos
(Ungard et al., 2020). Em suma, esses achados destacam a complexidade da
pregabalina, considerando propriedades farmacocinéticas e farmacodinamicas, frente
a diferentes condicdes cronicas, inclusive no modelo de fibromialgia.

O modelo de fibromialgia induzido pela reserpina promoveu aumento no
comportamento de autolimpeza (grooming), induziu diminuicdo de NPHD e numeros
de rearing, comportamentos esses relacionados a ansiedade (Estanislau et al., 2019).
O tratamento com a pregabalina reverteu a NPHD, demonstrando seu efeito ansiolitico
(Baldwin and Ajel, 2007), enquanto o comportamento de autolimpeza foi restaurado
pela ETCC, efeito corroborado por estudos prévios do nosso grupo de pesquisa que
mostraram o efeito ansiolitico da ETCC, revertendo o comportamento do tipo ansioso
em ratos submetidos a um modelo de dor neuropatica (Santos et al., 2021; Lopes et
al., 2021).

O modelo de fibromialgia induzida por reserpina induziu uma reducao nos
niveis séricos de BDNF, que foi revertida pela ETCC. E, ndo houve efeito da reserpina
sobre os niveis de BDNF nas estruturas cerebrais centrais. Prévio estudo usando um
outro modelo de fibromialgia mostrou uma reducéo na expressao de BDNF em cértex
pré-frontal e hipocampo de camundongos (Lee et al., 2017). Por outro lado, associado
a estes dados comportamentais observados nesta tese, a reserpina diminuiu 0s niveis
séricos de BDNF, e estes foram restaurados pela ETCC. E importante salientar que o
BDNF é um neurotrofina envolvida na neuroplasticidade, sendo um componente critico
de mecanismos moleculares, principalmente na presenca de processos mal
adaptativos como a fibromialgia (Bidari, et al; 2022). Nao foi observado efeito do ETCC
nos niveis periféricos de BDNF, corroborando a ndo existéncia de consenso na
literatura neste topico (Brunoni et al., 2018; Moreira et al., 2016).

N&o foram observados efeitos do modelo de dor ou dos tratamentos nos niveis de

citocinas, como TNF-q, IL-1P e IL-10 tanto em nivel periférico quanto central. Prévios
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achados do grupo de pesquisa que demonstram que o tratamento com ETCC bimodal
induz analgesia associada a alteracdes nos niveis centrais de neurotrofinas e citocinas
em ratos submetidos a diferentes modelos de dor (Cioato et al., 2016; Lopes et al.,
2020; Adachi et al. 2015; Laste et al., 2012), no entanto no modelo de fibromialgia ndo
foi observado este efeito. E importante destacar que a sindrome da fibromialgia ainda
nao é bem compreendida no cenario clinico ou pré-clinico; porém mais estudos séo
necessarios para aumentar o conhecimento sobre esta condigédo.

Sumarizando os dados desta tese ndo demonstram efeito sinérgico entre os
tratamentos com ETCC e pregabalina em um modelo animal de fibromialgia induzida
por reserpina dentre os parametros avaliados. No entanto, houve efeitos
complementares no comportamento de ansiedade. Sabe-se que a fibromialgia é uma
sindrome complexa, e seus mecanismos ndo estdo bem elucidados, portanto mais
estudos podem contribuir para um melhor entendimento da fisiopatologia desta
doenca, e a busca de métodos complementares, visando a combinacao de terapias
para fornecer resultados mais consistentes no alivio da dor, proporcionando melhor

qualidade de vida.
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7 CONCLUSOES

Com base nos resultados desta tese, foi possivel demonstrar que o modelo animal de
fibromialgia induzido por reserpina é capaz de reproduzir caracteristicas da sindrome
fibromiélgica., sendo desta forma uma ferramenta adequada para a busca de um
melhor entendimento da fisiopatologia da doenga. No entanto, n&o foi observado efeito
sinérgico entre os tratamentos pregabalina e ETCC em relacdo aos parametros
analisados. Houve uma complementacéo dos tratamentos em relacdo a reversao de
comportamentos do tipo ansioso nos ratos com dor. No entanto, os resultados
demonstram que a ETCC pode ser uma potencial terapéutica ndo farmacoldgica
adjuvante no tratamento da sindrome fibromialgica e de outras doencas de dificil
manejo terapéutico, trazendo beneficios de impacto positivo na qualidade de vida dos

individuos.
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8 PERSPECTIVAS

A partir deste trabalho, novas pesquisas serdo desenvolvidas buscando esclarecer os
mecanismos de acdo envolvidos nos efeitos antinociceptivos da ETCC, bem como
desenvolvimento de protocolos que possibilitem a avaliacdo de tratamentos mais

longos, duracao dos seus efeitos e possiveis efeitos sinérgicos.
Portanto, pretende-se avaliar em novos estudos:

s Protocolos de tratamento de ETCC mais prolongados;

s Associacdo da ETCC com outros farmacos utilizados para o manejo da
fibromialgia e possiveis efeitos sinérgicos;

o Avaliar diferentes vias de sinalizacdo que podem estar relacionados com o
efeito da ETCC neste modelo de fibromialgia, como vias serotonérgicas,

dopaminérgicas e noradrenérgicas.
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Flbromyalgia Is a widespread musculoskeletal disease, In which the etiology and the
pathophysiology are not well elucidated. As a complex disease and refractoriness,
there Is no specific and single treatment. The pregabalin, as a pharmacological tool,
has shown effective benefits; however, its side effects may decrease the treatment
adherence. In this context, neuromodulatory techniques, like transcranial direct current
stimulation (tDCS), may be used as a complementary tool to relieve pain and Increase
life quality in fibromyalgia. Thus, the objective of this study was to evaluate the effects
of association of pregabalin and tOCS in a rat model of fibromyalgia, in behavioral
parameters and blomarkers levels. Forty male adult Wistar rats were randomized in
five experimental groups: control group (CT), reserpine + pregabalin + tDCS-sham
(RPTs), reserpine + pregabalin + tDCS-active (RPT), reserpine + pregabalin vehicle +
tDCS-sham (RVTs) and reserpine + pregabalin vehicle + active tDCS (RVT). This
study was approved by the Institutional Ethics Committee (GPPG-HCPA #2015-0272).
The fibromyalgia model was induced by administration of one dose of reserpine (1
mg/kg) for 3 consecutive days. The behavioral parameters evaluated were mechanical
allodynia (von Frey test); anxiety-like behaviors (elevated plus-maze and forced swim)
The nociceptive response was evaluated five days after the last administration of
raserpine and 24 hours after the end of treatment. The animals submitted to the
reserpine-induced fibromyalgia model exhibited a reducad mechanical threshold, which
was partially reversad by tOCS (isolated or combined with pregabalin) (one way
ANOVASSNK, P<0.001). There was no difference between the groups in the
percentage of arm entries (P>0.05) and percentage of time spent in the open anms
(P>0.05). There was an increase in grooming time {P=0.03), and a decrease in NPHD
(P=0.03) and rearing (P<0.01); while the grooming Increase was reversed by tDCS, the
NPHD decrease was reversed by pregabalin. There was a decrease In serum BDNF
levels, which was reversed by tDCS (one-way ANOVA/SNK, P<0.01). In summary,
considering the translational aspect, our findings, in a rat fibromyalgia-like model! in
rats, suggest that tDCS can be a potential non-pharmacologic treatment to
fibromyalgla. However, In this study, no synergic effect betwaen tOCS and pregabalin
was obsarved.

Izabel Custodio, PhD
Federal University of Pelotas

izabel.souza@ufpel.edu_br
Expertise in chronic pain

Tetsuo Kiso

Powered by Editonal Manager® and ProduXion Manager® from Aries Systems Corporation

97



DA ACADEMIA BRASILEIRA
DE CIENCIAS

ANBALS OF ToE BAADILAN ACADIMY OF SOENCES

MOMAYY

FIBROMYALGIA-LIKE ANIMAL MODEL DECREASES SERUM
BDNF LEVELS OF MALE WISTAR RATS

Journal:  Anais da Academia Braslleira de Ciéncias

Manuscript ID | Draft
Manuscript Type: | Original Article

Date Submitted by the
Author:

Complete List of Authors: | Souza, Vanessa; UFRGS
Medeiros, Liclane; Unliasalle, PPGSDH
Ollveira, Camilla; UFRGS
Medeiros, Helouise; UFRGS
Dussan-Sarria, Jairo; FEEVALE University
Torres, Iracl; UFRGS,
Souza, Andressa; Unilasalle

n/a

Keyword: | flbromyalgia, rats, BDNF, TNF alpha

Classifications: ' Health Sclences

httpsy//mc04.manuscriptcentral.com/aabc-sclelo




