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RESUMO

Dor cronica e 0 uso nocivo do alcool representam um problema de satde publica mundial, com
altas prevaléncias, reducao da qualidade de vida e elevados custos sociais e econdmicos. Ambas
as doencas resultam de processos mal adaptativos no sistema nervoso e as inter-relagdes entre
a dor e o consumo de alcool sdo consideradas de natureza bidirecional. Mecanismos complexos
envolvendo processos neuroplasticos sdo intrinsicamente ligados e a ineficacia das terapias
atuais para o tratamento de dor cronica e do uso nocivo do alcool, pelo menos em parte, resulta
da pouca compreensdo cientifica para os processos envolvidos em cada uma dessas condicdes,
assim como na associacdo delas. Por outro lado, as técnicas neuromodulatérias, como a
estimulacéo transcraniana por corrente continua (ETCC, ou tDCS, da sigla em inglés), atuam
por multiplos mecanismos de acdo e apresentam poucos efeitos adversos, sendo promissoras
abordagens terapéuticas. Considerando a relevancia do tema, esta tese, composta por 3
manuscritos cientificos (artigo 1 — publicado, artigo 2 — submetido, artigo 3 — submetido), teve
como objetivo avaliar o efeito do tratamento repetido com a ETCC sobre parametros
comportamentais e neurais em ratos machos adultos submetidos ao modelo animal de dor
neuropética crénica e / ou exposicao involuntéaria ou voluntéaria ao alcool (dependendo do
experimento). Foram desenvolvidos 2 experimentos, sendo em ambos, utilizado o modelo de
dor neuropética pela constricdo do nervo isquiatico (CCl, da sigla em inglés). No primeiro
experimento (artigos 1 e 2), os animais dos grupos que receberam alcool, foram tratados 1 vez
ao dia, durante 15 dias por gavagem e foram divididos em 5 grupos: controle (CT), dor
neuropatica (NP), dor neuropética + ETCC (NPtDCS), dor neuropética + alcool (NPAL), dor
neuropatica + alcool + ETCC (NPALtDCS). No segundo experimento (artigo 3), 0s animais
foram expostos ao consumo de alcool de forma voluntaria junto a agua de beber, podendo optar
por uma de duas garrafas, e foram divididos em 6 grupos: controle (CT), dor neuropatica +

shamETCC (NP), dor neuropatica + alcool (NPAL), alcool + shamETCC (AL), alcool + ETCC
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(ALtDCS) , dor neuropética + alcool + ETCC (NPALtDCS). No artigo 1 foram avaliados a
hiperalgesia térmica e os niveis de NGF, IL-10, IL-1 a ¢ IL-1 3 em cOrtex e tronco encefélico;
no artigo 2 foram avaliados o comportamento do tipo ansioso e os niveis centrais de IL-1 a ¢
IL-1 B (hipocampo, estriado, cerebelo e medula espinhal), RNA mensageiro da Il1a e IL1b em
cerebelo, hipocampo e medula espinhal; e imunorreatividade de neuropeptideo Y (NPY) em
hipotalamo; e o artigo 3 avaliou consumo de alcool, imunorreatividade de NPY em cortex preé-
frontal (CPF), amigdala e estriado, e BDNF, NGF, IL-10,e IL-6 em cerebelo e estriado. Os ratos
com CCI apresentaram hiperalgesia térmica que foi revertida pelo tratamento com ETCC, e a
acdo da ETCC foi retardada pela abstinéncia ao alcool. Além disso, a CCI induziu um
progressivo aumento no consumo de alcool que foi reduzido ao longo do tempo pelo tratamento
com a ETCC. Tanto o CCI quanto a exposi¢do ao alcool induziram a comportamentos do tipo
ansioso, que foram revertidos pela ETCC. Dor neuropatica crbnica, exposicao ativa ou passiva
ao alcool e o tratamento com ETCC modularam a imunorreatividade central do NPY, os niveis
centrais de IL-1a, IL-1 e IL-10 e de NGF; aumentaram expresséo de Il1a e 111b em medula
espinhal e de 111b em cerebelo. CCl e / ou ETCC reduziram os niveis de BDNF no estriado.
ETCC aumentou os niveis cerebelares de IL-6 e IL-10. CCl e / ou exposicao ao tDCS reduziram
os niveis de IL-1a no estriado e ratos expostos a associacdo de CCI, alcool e ETCC
apresentaram um aumento nos niveis de IL-1a em hipocampo. Concluindo, nossos resultados
sugerem a ETCC como uma ferramenta promissora no tratamento de quadros de dor cronica e
do uso nocivo do alcool. Neste sentido esta tese aumenta a compreensdo neurobioldgica
relacionada ao paradigma da associagdo das duas doencas e dos mecanismos envolvidos no
tratamento com a ETCC. E importante salientar o aspecto translacional, pois tratamentos no
farmacologicos como a ETCC s@o importantes ferramentas na terapia de transtornos que
envolvam neurocircuitos complexos, como processos de dor cronica e abuso de alcool.

Palavras-Chave: Dor neuropatica; Etanol; Wistar; Biomarcadores; NPY’; interleucinas.
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ABSTRACT

Chronic pain and harmful use of alcohol represent a worldwide public health problem, with
high prevalence, reduced quality of life and high social and economic costs. Both diseases result
from maladaptive processes in the nervous system and the interrelationships between pain and
alcohol consumption are considered bidirectional in nature. Complex mechanisms involving
neuroplastic processes are intricately linked and the ineffectiveness of current therapies for the
treatment of chronic pain and the harmful use of alcohol, at least in part, results from little
scientific understanding of the processes involved in each of these conditions, as well as in their
association. On the other hand, neuromodulatory techniques, such as transcranial direct current
stimulation (tDCS), act by multiple mechanisms and have few adverse effects, being promising
therapeutic approaches. Considering the relevance of the theme, this doctoral dissertation,
composed of 3 scientific manuscripts (article 1 - published, article 2 - in preparation, article 3 -
submitted), aimed to evaluate the effect of repeated treatment with tDCS on behavioral and
neural parameters in adult male rats submitted to the animal model of chronic neuropathic pain
and / or forced or voluntary exposure to alcohol (depending on the experiment). Two
experiments were developed, and both used the neuropathic pain model due to sciatic nerve
constriction (CCI). In the first experiment (articles 1 and 2), the animals in the groups that
received alcohol were treated once a day, during 15 days by gavage and were assigned to one
of 5 groups: control (CT), neuropathic pain (NP), neuropathic pain + tDCS (NPtDCS),
neuropathic pain + alcohol (NPAL), neuropathic pain + alcohol + tDCS (NPALtDCS). In the
second experiment (article 3), the animals were voluntarily exposed to alcohol consumption, in
which alcohol and water were offered in separate bottles, and rats were assigned to one of 6
groups: control (CT), neuropathic pain + shamtDCS (NP), neuropathic pain + alcohol (NPAL),
alcohol + shamtDCS (AL), alcohol + tDCS (ALtDCS), neuropathic pain + alcohol + tDCS

(NPALtDCS). In article 1, thermal hyperalgesia and the levels of NGF, IL-10, IL-1a and IL-1P
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in the cortex and brain stem were evaluated. In article 2, anxious-like behavior and central levels
of IL-1a and IL-1P (hippocampus, striatum, cerebellum and spinal cord), mRNA of Il1a and
[11b in cerebellum, hippocampus and spinal cord were evaluated, and NPY immunoreactivity
in hypothalamus. Finally, in article 3 alcohol consumption, NPY immunoreactivity in PFC,
amygdala and striatum, and BDNF, NGF, IL-10, and IL-6 in cerebellum and striatum were
assessed. The rats with CCI showed thermal hyperalgesia that was reversed by treatment with
tDCS, and the action of tDCS was delayed by alcohol withdrawal. In addition, CCI induced a
progressive increase in alcohol consumption that was reduced over time by treatment with
tDCS. Both the CCI and exposure to alcohol induced anxiety-like behaviors, which were
reversed by the tDCS. Chronic neuropathic pain, active or passive exposure to alcohol and
treatment with tDCS modulated the central immunoreactivity of NPY, the central levels of IL-
la, IL-1B, IL-10 and NGF, and increased the expression of 111a and I11b in the spinal cord and
111b in the cerebellum. CCl and / or tDCS reduced the levels of BDNF in the striatum. tDCS
increased the cerebellar levels of IL-6 and IL-10. CCl and / or exposure to tDCS reduced levels
of IL-1a in the striatum and rats exposed to the association of CClI, alcohol and tDCS showed
an increase in IL-1a levels in the hippocampus. In conclusion, our results suggest tDCS as a
promising tool for the treatment of chronic pain and of harmful alcohol use. In this sense, this
dissertation increases the neurobiological understanding related to the paradigm of the
association of the two diseases and the mechanisms involved in the treatment with tDCS. It is
important to highlight the translational aspect, since non-pharmacological treatments such as
tDCS are important tools in the treatment of disorders involving complex neurocircuits, such
as chronic pain processes and alcohol abuse.

Keywords: Neuropathic pain; Ethanol; Wistar; Biomarkers; NPY’; interleukins.
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APRESENTACAO

Esta Tese esta estruturada em 3 partes:
- Parte | - Introducdo, Revisdo da Literatura, Objetivos e Referéncias
Bibliograficas;
- Parte Il - Materiais e Métodos, Resultados e Discussdao na forma de 3
manuscritos cientificos;
- Parte I11 — Consideracgdes Finais e anexos.
O item Referéncias Bibliograficas refere-se somente as referéncias
contidas nos itens Introducéo, Revisao da Literatura e Consideracdes Finais.
Detalhes técnicos mais precisos sobre a metodologia empregada em cada
um dos trabalhos apresentados podem ser encontrados nas referéncias citadas nos

manuscritos.
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INTRODUCAO

Dor crénica € uma das condi¢cdes mais complexas na pratica de atencéo a saude,
com altas prevaléncias, reducdo da qualidade de vida e elevados custos sociais e
econdmicos [1]-[4]. O processamento e interpretacdo de sinais de dor envolve a ativagdo
de nervos periféricos e de circuitos ascendentes e descendentes deste a medula espinhal
até estruturas supraespinhais [5]. Assim como no sistema nociceptivo, as diferentes fases
do processo de dependéncia ao alcool demonstram uma notavel capacidade de sofrer
alteracOes neuroplasticas que envolvem processos mal adaptativos [6]. Medir os efeitos
do alcool sobre a saude requer consideracdo cuidadosa de multiplos fatores, como volume
e padrdo de consumo [7], mas sem dlvidas representa outro complexo problema de salde
publica [8].

Evidéncias tém mostrado que as condi¢des de dor crénica assim como o0s quadros
envolvendo o uso nocivo de alcool desencadeiam uma série de alteragcfes nos mecanismos
moleculares e celulares de areas especificas, tais como a amigdala, o hipotdlamo, o
hipocampo e o cortex pré-frontal [9], [10], promovendo neuromodula¢Ges em sistemas
de neurotransmissdo como o glutamatérgico, GABAGérgico, opioidérgico, e mediadores
como CRF/ urocortinas (Ucns) e proteina quinase C-épsilon (PKCg) [11]. A desregulacao
dessas vias decorrentes de lesdo nervosa e / ou envolvida no uso nocivo do alcool
promove, por exemplo, liberagdo de interleucinas (ILs), entre elas a IL-1 [12]-[14];
alteracdo do neuropeptidio Y (NPY) que é um importante promotor da plasticidade
neuronal e amplamente distribuido no sistema nervoso [15]-[17].

Neste contexto, a relagédo entre a dor crénica e 0 uso nocivo do alcool € estreita e
parece bidirecional. Revisdo sobre o tema aponta trés principais interacdes entre o uso de

alcool e a dor: 1. 0 uso de alcool levando a hiperalgesia, 11. 0 uso de alcool modulando a
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hiperalgesia, Il1. a dor crénica como um fator de risco predispondo a recaida ao &lcool
[11]. A compreensdo dos circuitos de sobreposicdo mal adaptativa entre ambas as doencas
pode fornecer avancos no entendimento do processo de comorbidade entre as mesmas,
assim como nas abordagens terapéuticas. Mais especificamente, a estimulagéo
transcraniana por corrente continua (ETCC) apresenta efeito primario de modulacéo do
potencial de repouso neuronal [18] ja sendo usada na prética clinica como alternativa de
tratamento para essas doengas [19].

Por outro lado, os estudos experimentais utilizando modelos animais permitem a
investigacdo e detalhamento daqueles neurocircuitos por detras dessas doengas
complexas [20]. Bem como, permitem o estudo dos mecanismos de acdo das terapias
farmacoldgicas e ndo-farmacolégicas, avaliando impacto nas respostas nociceptivas, nos
efeitos neurais, no perfil de seguranca, entre outros. Portanto, considerando o
conhecimento ainda insuficiente para a intrinseca ligacdo entre as condi¢des de dor
crénica e uso nocivo do alcool, e a ineficacia das terapias atuais que, pelo menos em parte,
também resulta da lacuna de conhecimento na area, essa tese tem importante aspecto
translacional. Esta tese utilizou modelos animais de condi¢des com alta relevancia clinica,
dor neuropética cronica e uso nocivo de alcool, demonstrando o efeito promissor do uso
repetido da ETCC no tratamento destas condi¢bes e contribuindo para um melhor

entendimento dos mecanismos que contribuem e perpetuam essas doencas.
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2.1 ESTRATEGIAS PARA LOCALIZAR E SELECIONAR

INFORMACOES

Nesta revisdo de literatura buscou-se apresentar 0s principais aspectos da dor,
alcool e ETCC, e suas relacbes com biomarcadores. A estratégia de busca envolveu as
seguintes bases de dados: MEDLINE (site PubMed), LILACS e SciELO. Foram

selecionados artigos publicados entre 2000 e 2020.

Nos sites PubMed, LILACS e SciELO foram realizadas buscas utilizando os
seguintes termos: pain, alcohol, tDCS, NPY, BDNF, NGF, IL-6, IL-10, IL-/a, IL-1f. Em
relagcdo ao termo pain, foram encontrados 635.230 artigos no PubMed e 21.839 artigos
no LILACS, j&4 no SciELO foram encontrados 17.324 artigos. Utilizando-se o termo
alcohol foram encontrados 548.582 artigos no PubMed, 9.073 artigos no LILACS e 8.261
no SciELO. Com o descritor tDCS a busca no PubMed encontrou 6.257 artigos, 47 no
LILACS e 39 no SciELO. Para NPY, 6.422 artigos foram encontrados no PubMed, 36 no
LILACS e 0 no SciELO. Com o descritor BDNF, foram encontrados 24.051 no PubMed,
131 no LILACS e 102 no SciELO. Para NGF, 9.866 artigos foram encontrados no
PubMed, 89 no LILACS e 33 no SciELO. Para IL-6, 128.795 artigos foram encontrados
no PubMed, 1.746 no LILACS e 1.531 no SciELO. Ao utilizar o descritor 1L-10 foram
encontrados 60.803 artigos no PubMed, 1.391 no LILACS e 6.794 no SciELO. Em
relagdo a IL-/a, 6.178 artigos foram encontrados no PubMed, 0 no LILACS e 423 no
SciELO. Por ultimo, a busca simples de IL-/p revelou 78.088 artigos no PubMed, 0 no

LILACS e 407 no SciELO.

Refinando-se a busca, com cruzamentos entre as palavras-chave, foi encontrado

um reduzido namero de artigos como mostrado na Figura 1.
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Palavras-Chave

1 Pain :
2 Alcohol :
3tDCS ;
4 NPY ;
5 BDNF :
6 NGF ;

1

1

71L-6
8 1L-10
9IL-la
10 IL-1P

Figura 1. Fluxograma da pesquisa realizada com as palavras-chave Pain, Alcohol, tDCS,
NPY, BDNF, NGF, IL-6, IL-10, IL-1a e IL-1p.
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2.2 DOR

Registros pré-historicos mostram que antigas civilizag@es ja buscavam entender o
porqué da ocorréncia de dor e os métodos de como controla-la [21]. De acordo com
definicdo atualizada pela Associacdo Internacional para Estudos da Dor (International
Association for the Study of Pain — IASP), dor ¢ “uma experiéncia sensorial e emocional
desagradavel associada, ou semelhante aquela associada a dano real ou potencial ao
tecido” [22]. A dor é considerada um fenémeno subjetivo complexo, na qual cada
individuo tem uma percepgdo Unica, influenciada por fatores bioldgicos, psicoldgicos e

sociais [23].

2.2.1 Epidemiologia e impacto para a saude dos quadros de dor

A dor, como um sintoma de lesdo ou doenca, € experimentada por quase todos 0s
individuos em algum momento ao longo da vida [4]. Porém, na maioria das pessoas, a
experiéncia da dor é breve e facilmente resolvida com o tratamento ou procedimento
adequado que resolva a sua causa [24]. Atualmente, a dor € avaliada como o quinto sinal
vital em ambientes hospitalares [4], [25]. Por outro lado, a dor crbnica ¢ uma das
condi¢des mais complexa na préatica de atencdo a satde, deixando de ser um sintoma de
doenca para ser tratado como uma doenca, sendo responsavel por 40% da procura por
profissionais da saude [3], [26]. Apesar da variacdo nas estimativas de prevaléncia de dor
crbnica, mais de 20% da populacdo mundial sofre de dor cronica, segundo dados da
Organizacdo Mundial da Saude (OMS) [1], corroborando a importéncia epidemiolégica
da dor [4], [27].

Como € possivel observar, dor cronica € um importante problema de satde [28],

onde mais de um terco dos individuos com dor cronica definem sua dor como grave e
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40% daqueles que sofrem de dor cronica ndo apresentam analgesia satisfatdria [29], [30],

gerando altos custos aos sistemas de satde publica [28].

2.2.2 Fisiopatologia da dor

Fisiologicamente, a dor é um alerta de que algo esta errado no organismo, por
exemplo, a dor produzida ao tocarmos em uma chapa quente, ao desenvolver uma leséo
em musculo, 0sso ou 6rgdo, a dor no peito decorrente de isquemia, entre outras [24], [31].
Nesses casos, a dor desempenha um papel de alerta, com funcéo protetora, € um sintoma,
conhecido como dor aguda [32]. No entanto, quando esta dor persiste por um tempo
prolongado, decorrente de um processo mal adaptativo, passa a ser uma dor cronica,
tornando-se doenca e ndo mais um sintoma [24], [26].

O processo nociceptivo € o processamento da informacédo nociceptiva desde a
periferia até o sistema nervoso central (SNC). Este processo compreende as etapas de
transducdo, transmissao e modulacao de sinais neurais gerados em resposta a um estimulo
nocivo [5]. Os nociceptores sdo receptores sensoriais de alto limiar que enviam sinais,
induzindo a percepcdo dadorem resposta a um estimulo com potencial de dano.
Nociceptores sdo terminacfes nervosas livres das fibras dos tipos C e Ad [33], que
possuem diferentes caracteristicas em relacdo a constituicdo de fibras e velocidade de
conducdo, lenta e rapida, respectivamente. Podem ser classificados, de acordo com a
modalidade do estimulo ao qual respondem: mecéanicos, quimicos, térmicos e polimodais
[33]. Os nociceptores sdo estimulados por substancias, como a serotonina, H*, K%,
histamina, bradicinina, colecistocinina e substancia P [5], [33]. O estimulo nociceptivo
detectado na periferia é transmitido ao SNC como estimulo elétrico, por meio de
potenciais de acédo [34].

A comunicagdo entre os neur6nios de 1* e 22 ordem ocorre no corno dorsal da

medula espinhal por meio de neurotransmissores, como o glutamato, substancia P e
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peptideo relacionado ao gene da calcitonina (CGRP) [5]. Enquanto os dois Gltimos geram
potenciais lentos, o glutamato promove potenciais excitatorios pos-sinapticos rapidos por
meio da ativacdo de receptores &cido a-amino-3-hidroxi-5-metil-4-isoxazolepropidnico
(AMPA) [5], [35].

No SNC, a ativacdo do neurénio de segunda ordem conduz a informag&o ao talamo e, via
neurbnio de terceira ordem, chega ao cortex cerebral, onde a informacdo é percebida
como dor, em especial no cértex somatossensorial e sistema limbico [5]. Dependendo do
substrato neural, a percepcdo da dor pode ser subdivida em dois componentes: 1)
componente sensorial, que codifica os aspectos discriminativos da dor como localizacéo,
intensidade, duracdo e caréater; e 2) componente afetivo, que envolve contexto afetivo-
cognitivo, emocdo, percepcao, aprendizado e memoria [26], [36].

O processo de transicdo da dor aguda para crénica € complexo [26]. A IASP
adotou paradmetros temporais para classificar a dor cronica, considerando trés meses de
presenca de dor como 0 ponto mais conveniente de transi¢do da dor aguda a dor cronica
[2], [37]. Dor crénica é uma doenca debilitante que pode levar, em longo prazo, a
incapacidade fisica, reducdo da qualidade de vida e aumento dos gastos com assisténcia
médica [28]. Embora o mecanismo exato de seu desenvolvimento seja desconhecido,
sabe-se que sdo desencadeadas alteracGes plasticas relacionadas aos processos de
sensibilizacdo periférica e central [34], [38]. Por exemplo, alteragdes neuroplasticas
podem durar além do processo cicatricial ou da cessacdo da nocicepgdo periférica,
tornando-se "mal adaptativas”, desencadeando um processo de sensibilizacdo central
[24], [38]. Além disso, alteragBes em circuitos neurais nociceptivos induzem alteragdes
nos sistemas sensorial e afetivo-emocional relacionados a quadros de hiperalgesia e

alodinia [5], [39], [40]. Evidéncias mostram que trés processos neurais estdo envolvidos
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nos quadros de dor crbnica: (i) sistema corticoespinal motor; (ii) sistema de modulacéo

descendente da dor; e (iii) neuroplasticidade [41].

Dor também é classificada de acordo com o mecanismo fisiopatologico em: a) dor
nociceptiva ou inflamatoria; b) dor neuropatica; ¢) dor mista [42]. A dor nociceptiva é
decorrente de ativacdo de nociceptores e relacionada a lesdo de 0ssos, musculos ou
ligamentos, e 6rgaos. A transmissdo nociceptiva é influenciada por processos centrais e
periféricos e pela liberacdo de substancias mediadoras (neurotransmissores, peptideos e
neuromoduladores) que podem ativar ou inibir este processo [5]. Sdo exemplos de dores
cronicas nociceptivas: osteoartrose, artrite reumatoide, fratura e rigidez muscular na dor
lombar inespecifica, entre outras. Geralmente, responde bem ao tratamento com
analgésicos, anti-inflamatérios classicos como os ndo-esteroidais (AINES) e opioides
fracos [43]. Por outro lado, a dor neuropatica ¢ induzida por lesao ou disfuncdo do sistema
nervoso central ou periférico [31], [34], [43]. Além disso, caracterizada como em
queimacao, agulhadas ou dorméncia, tem uma distribui¢do anatomica plausivel e uma
condicdo de base predisponente, como - diabetes ou tratamento quimioterapico. Néo
responde bem aos tratamentos classicos, sendo necessario o uso outras abordagens
farmacoldgicas que atuem nos sistemas opioidérgico, gabaérgico, glutamatérgico e
adrenérgico, além de bloqueio de canais de sodio e calcio. Os farmacos mais
frequentemente descritos em dor neuropatica sdo o0s antidepressivos, 0S
anticonvulsivantes, os beta-bloqueadores e os antagonistas de receptores NMDA.
Entretanto, estes farmacos sao relacionados a efeitos adversos que muitas vezes limitam
0 Seu uso [22], [44], assim como seus efeitos analgésicos ndo abrangem todos 0s grupos

de pacientes com a doenca. Por fim, a dor mista é relacionada a lesdo de nervos e

10
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inflamacdo em tecidos adjacentes, como ocorre, por exemplo, na dor oncologica e

sindrome do tinel do carpo [42].

A dor neuropatica, alvo desta tese, € causado por doenca, lesdo ou disfuncdo no
sistema somatossensorial ou pelo seu envolvimento em outros processos morbidos, como
compressdo ou inflamacéo [31]. Constitui uma sindrome, com mecanismos ainda pouco
esclarecidos, como, por exemplo, neuropatia alcodlica e neuralgia do trigémeo. Ha
aumento da atividade neuronal e de circuitos nociceptivos (multicelulares, neuronais, e
gliais) [45], [46], induzidos por aumento na excitabilidade de membrana, na eficacia
sinaptica e na plasticidade do SN somatossensitivo e / ou por reducdo da inibicao
nociceptiva descendente [31], [33], [34]. Estes fendmenos geralmente ocorrem depois de
um estimulo nociceptivo intenso ou repetitivo, podendo ser desencadeados em resposta a
inflamacgdo periférica, atividade neuronal anormal ou lesdo nervosa, levando a
cronificacdo da dor [46].

2.2.3 Modelos animais de dor

Modelos animais fornecem sistemas fundamentais para o estudo pré-clinico a
medida que permitem investigar fisiopatologia, processos neurobiolégicos e tratamento
de doencas, sendo, para tanto, necessario elaboracdo de protocolos de pesquisa e a
submissdo a comités de ética institucionais [47]. Os roedores sdo 0s mais utilizados pelas
suas caracteristicas: reproducdo rapida, pequeno porte, similaridade dos genes com o
humano, entre outras.

A utilizacdo de modelos animais de dor é uma ferramenta muito importante para
um melhor entendimento dos processos nociceptivos e busca de novas terapéuticas
analgésicas e anti-inflamatorias [48]. Estes modelos mimetizam situaces de doenga ou

de lesdo, auxiliando na compreensdo da etiopatogenia destes fenémenos [20].

11
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Para estudo da dor inflamatéria podem ser usadas substancias algogénicas
injetadas em diferentes regides do corpo do animal (pele, pata, masculos, articulagGes e
visceras). Exemplo desse tipo € o modelo da formalina, inicialmente descrito por
Dubuison e Dennis [49]. Para mimetizar a dor visceral, tém sido utilizados estimulos
nocivos como corrente elétrica, trauma mecénico, isquemia e substancias quimicas [48].

Diferentes modelos também foram desenvolvidos para o estudo da dor
neuropética, baseados nos multifatores da mesma. Alguns modelos servem para estudar
0s mecanismos periféricos e outros para 0s mecanismos centrais, exemplos: axotomias
completas ou parciais, excitotoxicos, lesbes centrais por contusdo, e ligadura de nervos
[50]. O modelo animal de dor neuropatica utilizado nesta tese foi o da constri¢éo cronica

do nervo isquiatico por meio de 4 ligaduras frouxas e continuas ao redor do nervo [51].

2.3 ALCOOL

O éalcool, como substancia psicoativa, tem seu consumo bastante antigo na historia
da humanidade. No entanto, seu uso cronico leva a dependéncia fisica, tornando-se nocivo
ao individuo, tanto em nivel de saude fisica e mental quanto em nivel social [52]. Os
diagnosticos formais relacionados ao uso nocivo do alcool sdo baseados na ultima
atualizacd do Manual Diagnostico e Estatistico de Transtornos Mentais (DSM-V), em
Transtornos relacionados a substancias e Transtornos aditivos, na qual o alcool é uma das
10 classes distintas de drogas [53]. Os diagnosticos formais incluem: Transtorno por uso
de alcool, Intoxicacao por alcool, Abstinéncia de alcool, Outros transtornos induzidos por

alcool e Transtorno relacionado ao alcool ndo especificado (ver anexo D).

12
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2.3.1 Epidemiologia e impacto para a saude do uso nocivo de alcool

O uso nocivo de alcool esta associado a uma serie de consequéncias fisicas,
psiquiatricas e sociais adversas [52]. Globalmente, 3 milhdes de mortes por ano resultam
do uso nocivo de alcool, representando 5,3% de todas as mortes. Além de ser atribuiveis
ao consumo de alcool, a perda de 139 milhdes de anos de vida ajustados por incapacidade
(disability-adjusted life years - DALYS) e 5,1% por doencas e lesbes incapacitantes, com
a magnitude do dano determinado pelo volume de alcool consumido e o padrdo de
consumo [54]. Das mortes atribuidas ao alcool mais de 30% sdo decorrentes de lesdes,
como as causadas por acidentes de transito, autolesdo e violéncia interpessoal; mais de
20% relacionadas a transtornos digestivos; aproximadamente 20% relacionadas a doencas
cardiovasculares e o restante a doencas infecciosas, cancer, transtornos mentais e outras
condicdes de saude [54], [55].

Os efeitos nocivos do uso do alcool dependem de varidveis como, por exemplo:
sexo, idade, quantidade consumida, associacdo com outras drogas, padrdo de consumo,
entre outras [7], [54]. A exposicdo pré-natal ao alcool pelo consumo materno pode causar
danos ao feto em desenvolvimento, além de ser relacionada a baixo peso ao nascer [56].
E a principal causa evitavel de defeitos congénitos e deficiéncias intelectuais e de
desenvolvimento neuroldgico [57]. A sindrome alcodlica fetal foi descrita pela primeira
vez em 1973, e engloba uma série de defeitos inatos a crianca, decorrente de consumo
materno de alcool durante a gestacdo. Essa condicdo pode causar danos cerebrais e
problemas de crescimento que ndo podem ser revertidos [58]. O chamado Transtorno do
espectro do alcool fetal (fetal alcohol spectrum disorders - FASDs) inclui diagnosticos
diversos: sindrome alcoolica fetal (fetal alcohol syndrome - FAS), sindrome alcodlica
fetal parcial, defeitos congénitos relacionados ao alcool (alcohol-related birth defects -

ARBD), transtorno do neurodesenvolvimento relacionado ao alcool (alcohol-related
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neurodevelopmental disorder - ARND), e transtorno neurocomportamental associado a
exposicao pré-natal ao &lcool (neurobehavioral disorder associated with prenatal alcohol
exposure - ND-PAE) [57]. Além disso, o alcool é um fator de risco para outros resultados
adversos de gravidez e parto, como aborto espontaneo e natimorto [59].

O élcool € a droga de escolha para a maioria dos adolescentes e a droga mais
frequentemente associada a morte de adolescentes [60], [61]. Os transtornos decorrentes
do uso de alcool estdo associados a episodios depressivos, ansiedade severa, insonia e
suicidio [62]. O comportamento violento sob a influéncia do alcool ¢ um fenémeno
conhecido e causa grande sofrimento as pessoas afetadas, além de enormes custos para a
sociedade [63]. Problema no trabalho é outra consequéncia social e econémica associado
ao uso abusivo de alcool [64]. Mudangas fisioldgicas relacionadas ao envelhecimento
podem alterar a apresentacdo das complicagdes médicas relacionadas ao alcoolismo. Por
exemplo, em pacientes idosos os efeitos do alcool podem ser aumentados devido as
associacOes farmacoldgicas préprias da idade [65].

Além de tudo isso, consumidores de altas doses e / ou de uso crénico de &lcool
também sdo mais propensos ao consumo de outras drogas [66] e ha uma relacdo causal
entre 0 uso nocivo do alcool e uma série de transtornos mentais e comportamentais [54],
[67]. Em uma cidade da Russia, pesquisadores identificaram que os transtornos mentais
e comportamentais causados pelo alcool estdo presentes em 6,5% dos pacientes e
apresentam longevidade diminuida [68]. Pacientes com problemas de salide mental e uso
de substancias coexistentes representam um grande problema para os servi¢os de salde
[69], apesar de muitas vezes 0 estigma agravar as consequéncias médicas e sociais do uso

nocivo de alcool [70].
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2.3.2 Fisiopatologia e a neuroquimica do dlcool

Apesar de ser aceito socialmente, o &lcool é uma substancia psicoativa, seu
consumo agudo ou cronico tem efeitos diretos sobre o SNC [71], modulando multiplos
sistemas de neurotransmissores, como GABAGérgico, glutamatérgico, dopaminérgico,
serotonérgico e opioidérgico [72], [73], e canais iGnicos dependentes de voltagem. Cabe
ainda salientar que o neuropeptideo Y (NPY) também parece desempenhar importante
papel nas respostas dos mamiferos ao alcool [17], [74], [75].

Altas doses de alcool reduzem agudamente a fungdo do cértex pré-frontal e do
lobo temporal, incluindo planejamento, fluéncia verbal, memdria e controle motor
complexo, como a funcdo cerebelar [76]. Revisdo sobre achados de neuroimagem,
neurocognitivos e a toxicidade relacionada ao alcool em adolescentes demostrou que o
uso do alcool piora o desempenho neurocognitivo, provocando alteraces na estrutura
cerebral da substancia cinzenta e branca, e padrdes de ativacao cerebral funcionais [77],
[78]. Esse outro estudo em ratos expostos ao alcool durante o inicio da adolescéncia (PD
28-42) aumentou a densidade de espinhos dendriticos longos / finos da camada 5 de
neurdnios piramidais no cdrtex pré-limbico adulto, induzindo anormalidades celulares e
dopaminérgicas, com reducdo pronunciada na modulacdo do receptor D1 da dopamina
(DA), tanto do disparo intrinseco quanto das correntes NMDA evocadas em células
piramidais [79].

A intoxicacdo aguda por alcool resulta em desinibicdo comportamental,
interrupcdo do processamento socioemocional e desempenho psicomotor prejudicado
[76]. Por outro lado, o uso crénico esta associado a varias condi¢bes neuroldgicas graves,
uma das quais é a encefalopatia de Wernicke [76]. Este transtorno neurolégico agudo

caracteriza-se pela triade clinica: estado mental alterado, disfun¢bes oculomotoras e
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cerebelares. Quando ndo tratado pode progredir para a sindrome de Korsakoff, mais grave
e classicamente caracterizada por amnésia anterdgrada (e retrégrada), junto a déficits preé-
frontais [76].

Estudos neuropatoldgicos estabeleceram a atrofia cerebelar no uso crénico de
alcool [76], [80]. Volume reduzido da amigdala também foi descrito naqueles com
consumo elevado de alcool [76], [81]. Até mesmo a abstinéncia alcodlica tem sido
associada a perda de substéncia branca nos lobos temporais [82]. Para explicar todos esses
efeitos deletérios do consumo de alcool, diferentes mecanismos tém sido propostos: o
alcool sendo diretamente neurotoxico; a regulacdo positiva dos receptores NMDA,
deixando os neur6nios vulneraveis a excitotoxicidade do influxo macico de célcio; a
morte celular que também pode ser por via neuroinflamatéria, inducdo de mediadores
inflamatorios e ativacdo microglial [76]. O uso crénico de alcool também € responsavel
por produzir neuropatia periférica dolorosa, que esta presente em 25-66% dos pacientes
alcodlatras [83]. E potencialmente incapacitante, caracterizada por dor e disestesias,
principalmente nas extremidades inferiores [84].

Além de tudo isso, 0 alcool e seus metabdlitos sdo considerados hepatotoxicos. O
figado, como principal 6rgédo responsavel pelo metabolismo, é também o mais afetado
pelo uso nocivo do alcool [85]. Existem basicamente trés tipos de doencas do figado
determinadas pelo uso de alcool: esteatose (figado gorduroso), hepatite alcodlica e cirrose
alcodlica. Mas o é&lcool ainda exerce efeito toxico, direta ou indiretamente: (1) no
pancreas — lesando as células acinares e as células estreladas que acabam induzindo
sequéncias de "necrose-fibrose™ e posterior atrofia; e (2) no trato gastrointestinal,
provocando dano direto @ mucosa do esdfago e do estdmago, modificacdo da pressédo

esfincterial e comprometimento da motilidade, alteracdo da producéo de acido gastrico, e
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dano direto pelo etanol a mucosa intestinal ou indiretamente, alterando a microflora,
levando a prejuizos no sistema imunoldgico da mucosa [85].

Apesar do esforco de varias pesquisas na busca por delinear uma associacdo
gendmica para a condicdo do uso abusivo do alcool, principalmente no desenvolvimento
para a dependéncia [73], [86], nenhum gene isolado ainda foi conclusivamente associado
ao risco de dependéncia ao alcool [87], [88]. Evidéncias estabelecem um papel para o0s
microRNAs no desenvolvimento e na patogénese da doenca hepéatica [89]. E provavel
que Varios genes interajam de formas complexas entre si e com experiéncias unicas de
vida dos individuos para determinar a suscetibilidade a dependéncia do alcool [86].

Neste sentido, modelos animais, acessiveis a analises genéticas e farmacoldgicas,
tém sido amplamente utilizados para estudar comportamentos complexos relacionados ao

alcool [90]-[92].

2.4 RELACAO ENTRE DOR CRONICA E O CONSUMO DE ALCOOL

Alteracbes mal adaptativas nas redes cerebrais e desregulacdo dos sistemas
neuroguimicos sdo reconhecidas como causas de estados de doenca com sintomas
persistentes, como a dor crénica e o uso nocivo de alcool [6], [93]. A relacdo entre essas
duas condi¢bes muitas vezes se apresenta de forma direta, mas também indireta. E, apesar
de muitos estudos na area, ainda ndo foi atingida uma compreensdo clara e completa dos
mecanismos envolvidos. Considerando o aspecto multidimensional de ambas, vérias sao
as caracteristicas comuns entre dor cronica e uso do alcool [94]. E, assim como para
desenvolvimento e manutencdo da dor crénica existem estagios [94]-[96], o uso nocivo
de alcool apresenta-se em ciclos: desejo, abstinéncia e recaida; com mecanismos

especificos fundamentando cada uma das fases [9], [97].
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InvestigacBes experimentais e clinicas evidenciam que o uso de &lcool e / ou
abstinéncia ao alcool pode levar a hiperalgesia (dor aguda) ou induzir dor crénica por
meio de neuropatia alcodlica [11]. Além do efeito do alcool, como recompensa e alivio
da dor [98], h& os efeitos da abstinéncia, como hiperexcitabilidade, ansiedade, alteracfes
de sono e disforia, entre outros, que contribuem para o abuso e a recaida [99]. O ciclo é
perpetuado pelo aumento constante do consumo do alcool para aliviar os sintomas
motivacionais desencadeados pela abstinéncia [97], [100]. J& os efeitos neuropéticos
periféricos do alcool estdo associadas a axonopatia e a redugdo da densidade das fibras
nervosas [101]. Devido aos niveis menores de tiamina, induzidos pelo uso do &lcool, ha
interrupgdo do metabolismo dos carboidratos, aumento do estresse oxidativo ou carga
mitocondrial, desencadeando apoptose ou necrose, respectivamente [102]. Assim como,
0 acumulo de metabdlitos (acetaldeido) pode levar a uma maior producdo de citocinas,
estresse oxidativo potencializado e / ou aumento da proteina quinase ativada por
mitogénio (MAPK) ou sinalizacdo de PKC [11], [83], [103].

Entretanto, a relacdo é mais intrincada, bidirecional e com disfun¢des do circuito
neuroimunoenddcrino comum entre dor cronica e alcool [6], [11]. Os estudos apontam
pelo menos trés interagdes que ha entre a dor e o alcool: (I) o uso de alcool levando a
hiperalgesia, (1) o uso de &lcool moderando a dor e a hiperalgesia, e (I11) a dor cronica
como um fator de risco que predispde a recaida ao alcool [11]. O desequilibrio
dopaminérgico na via mesocorticolimbica explica parte do efeito [104], [105]. Ainda,
como ocorre na dor crénica, ha uma reorganizacdo das conexdes sinapticas (plasticidade
estrutural) em circuitos cerebrais relevantes para a evolugdo aos transtornos por alcool
[11], [106]. Glutamato/GABA, opioides, CRF/UCNs e PKCe sdo 0s principais

mecanismos moleculares apontados para a comorbidade [6], [11], [107]. Ambas as
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doencas envolvem circuitos limbicos ativados [93], [96], sendo o sistema de recompensa
atribuido para o estado de cronicidade [108]-[110]. As disfun¢Bes emocionais e
cognitivas envolvidas na dor crénica como para 0 uso nocivo do alcool resultam de um
processo mal adaptativo na estrutura do encéfalo e alteragdes de conectividade no cortex
pré-frontal, hipocampo, amigdala, hipotadlamo e estriado [9], [11]. Estudos clinicos
apontam os sintomas de ansiedade como provavel fator explicativo subjacente as
associacGes de dor e uso de &lcool [111]. A intensidade da dor e a incapacidade
relacionada a dor foram associadas a alteracdo emocional, que por sua vez foi associada
a gravidade do uso de alcool [111]. Maior catastrofizacdo da dor foi associada a niveis
mais elevados de desejo e sintomas mais elevados de ansiedade [112]. Bebedores
moderados a pesados relatam uma maior fissura e intencdo de beber quando submetidos
a um protocolo experimental de hiperalgesia [113]. Em resumo, a desregulacéo afetiva e
sensorial relacionada a dor crbnica e associada as alteracdes funcionais em resposta ao
uso nocivo de alcool, explicam parte da inter-relacdo da comorbidade e varios sdo 0s

neurocircuitos que se sobrepdem.

2.5 ESTIMULACAO TRANSCRANIANA POR CORRENTE CONTINUA
(ETCC)

Estimulacdo transcraniana por corrente continua (ETCC) é uma técnica de
estimulacdo ndo invasiva baseada em uma modulagdo do potencial de repouso neuronal
(sem induzir potenciais de acdo) [114], [115], na qual uma corrente elétrica continua e de
baixa intensidade (entre 1 e 2 mA) é aplicada em areas corticais com o objetivo de facilitar
ou inibir a atividade neuronal espontanea [116]. Os efeitos da ETCC em sessdes repetidas
podem ser do tipo neuromodulatorios e também plasticos [18], [39], [117]-[119]

produzindo mudancgas em nivel central e periférico [120]. Esses efeitos dependem de
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variados parametros, como: regido cerebral da aplicacdo, distancia e orientacdo dos
axonios ou corpos celulares dos neurdnios em relagdo ao campo elétrico [121] e
disposicao dos eletrodos (anodal, catodal e bimodal) [122]. O &nodo possui uma carga
positiva em relacdo ao catodo [123]. Estudo propGe que as alteracdes na polarizacao da
membrana neuronal sdo o resultado da atividade (atracdo e repulsdo) de ions de sodio e
potéssio, principalmente no meio extracelular [123]. ETCC altera a atividade em &reas
corticais localizadas diretamente abaixo dos eletrodos, e também em &reas remotas do
encéfalo, provavelmente devido a comunicagGes primarias entre a &rea estimulada e
outras estruturas encefalicas [124]. O protocolo de aplicacdo mais frequentemente usado
em humanos prevé aplicacdo da corrente por periodos de até 30 minutos por dia [125].
Os efeitos da ETCC envolvem uma cascata de eventos em niveis celular e
molecular, além de estarem associados a modulacdo de atividade glutamatérgica,
gabaérgica, dopaminérgica, serotonérgica e colinérgica [39], [40], [126]-[128]. Como
exemplo, em um trabalho o blogueio de receptores NMDA, 0s quais sdo ativados pelo
glutamato, produz inibicdo dos efeitos da ETCC [129]. Estudos em modelos animais,
modelos computacionais e culturas celulares tém sido desenvolvidos com a finalidade de
aprofundar o conhecimento acerca dos mecanismos de acdo [130], [131]. Como técnica
de estimulagdo cerebral ndo invasiva, acessivel, de facil aplicacdo e baixo risco ao
paciente, a ETCC é promissora no tratamento de dor cronica e do uso nocivo de alcool,
bem como para outras doencas neuropsiquiatricas e neuroldgicas [132]. Os eventos
adversos relatados incluem queimaduras leves na pele devido ao contato ineficiente com
o eletrodo, além de cefaleia e fadiga ap0ds a estimulacéo, e sensagédo de queimacéo durante

0 procedimento [116], [133]. Entretanto, ainda se fazem necessarios mais estudos que
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objetivem ampliar uma melhor compreensdo dos mecanismos neurobioldgicos

envolvidos, bem como, que sustentem sua aplicagdo em uma configuragéo clinica.

2.5.1 ETCC no tratamento da dor e do uso nocivo de alcool

Uma revisdo epidemiologica de 2019 sobre a prevaléncia de dor cronica
demonstrou que 30% da populacdo mundial é acometida [27], sendo igualmente
prevalente os problemas relacionados ao consumo de alcool [7]. Ambas as condicdes
impdem altos custos a economia e salde publica global [134]. Embora existam alguns
tratamentos farmacoldgicos para a dor cronica [31], [43], [135] e 0 uso nocivo do alcool
[136], grande parte dos pacientes sdo refratarios aos tratamentos [137]. Assim, a busca de
novas estratégias para o tratamento da dor crbnica e do uso nocivo do alcool se faz
necessaria, sendo nesse contexto que as terapias adjuvantes, como a estimulacéo cerebral,
desempenham significativo papel [138].

Um exemplo de terapia ndo farmacoldgica que vem sendo empregada em varias
doencas do SNC ¢ a técnica de estimulacéo cerebral - ETCC — que modula a atividade
cerebral dependente da polaridade do eletrodo aplicado [139], [140]. Estudos do nosso
grupo de pesquisa tém demonstrado efeitos imediatos e duradouros sobre a nocicepc¢ao
apos tratamento com a ETCC [39], [119], [127], [141]. Os efeitos analgésicos da ETCC
também foram demonstrados em estudos clinicos, reduzindo os escores de dor e a
frequéncia do uso de analgésicos em diferentes estados de dor cronica [142], [143],
provavelmente devido a sua capacidade de modular estruturas corticais e subcorticais,
direta ou indiretamente envolvidas na inibicdo descendente do controle da dor [127],
[143], [144]. Os efeitos analgesicos da ETCC envolvem mecanismos como a participagdo
do BDNF e de receptores glutamatérgicos do tipo NMDA, relacionados ao processo de

plasticidade sinaptica [39], [119], [126]. Assim como na dor, a ETCC tem sido

21



Impacto da Estimulacao Transcraniana por Corrente Continua (ETCC) em ratos Wistar machos submetidos a um

modelo de dor crénica e/ou a exposi¢ao ao alcool.

investigada na neuromodulagdo dos efeitos ao alcool [140], [145]. Um estudo clinico
demonstrou que a ETCC anddica aplicada & DLPFC esquerda melhorou as funges
cognitivas e reduziu sintomas de depressao e craving por alcool [146]. Ainda em 2008,
Boggio et al., ja demostraram que o ETCC ativo diminui o desejo por &lcool em pacientes
adictos. ETCC bilateral aplicada no cortex pré-frontal dorsolateral em bebedores de altas
doses e / ou de uso cronico alterou 0 comportamento em relagdo a recompensa e consumo
de &lcool [148]. Outro estudo clinico mostrou que 10 sessGes de ETCC bilateral sobre o
cortex DLPFC (catodico direito e anddico esquerdo) diminuiu o desejo e as recaidas do
uso de alcool em pacientes com problemas graves relacionados ao alcool, mas nédo
chegaram a reduzir os sintomas de ansiedade e nem melhoraram o desempenho cognitivo
[138]. Estudos pré-clinicos do grupo também demostraram que a ETCC inibe o craving
alimentar [144], [149].

Ensaio clinico randomizado controlado por placebo avaliou sessdes mdltiplas de
ETCC bilateral sobre 0 DLPFC no transtorno por uso de alcool, e sugeriu a ETCC como
ferramenta adjunta promissora para reduzir fissura e recaida ao uso de alcool, facilitando
a cessacdao do alcoolismo. ETCC é uma técnica bem tolerada, sem eventos adversos
significativos [138]. A estimulagdo neuromodulatéria do encefdlo demonstra que a
alteracdo da neuroplasticidade no DLPFC em pacientes alcoolistas é promissora como
um tratamento para a dependéncia de alcool, mas os parametros neuromodulatérios ideais
ainda ndo foram identificados [150]. Prévios estudos do grupo de pesquisa tém focado na
plasticidade mal adaptativa associada a dor cronica e nos efeitos do tratamento com
ETCC. Nosso grupo de pesquisa tem demonstrado em ensaios pré-clinicos utilizando
ratos, que o tratamento repetitivo com ETCC reverteu a hiperalgesia e alodinia induzidas

por estresse crénico [40], por dor cronica inflamatdria (Laste et al., 2012) e por dor
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neuropética (Cioato et al., 2016). Além disso, demonstramos o efeito profilatico do ETCC
no estabelecimento de hiperalgesia e alodinia induzida por estresse cronico (Fregni et al,
2018). Estudos clinicos utilizando uma Unica sessdo de ETCC sobre a &rea motora
esquerda mostram que esta reduz significativamente a dor neuropatica associada a leséo
da medula espinhal [151]. Na busca dos mecanismos neuroquimico envolvidos na ETCC,
usando a estimulacdo invasiva do cortex motor, demonstrou que a liberacdo de
aminoacidos glicina e GABA na éarea cinzenta periaquedutal pode estar envolvida no
efeito analgésico [152]. O tratamento com ETCC modula o sistema dopaminérgico no
cortex frontal, promovendo a liberacdo de dopamina [128], [153].

Atual diretriz baseada em evidéncias e meta-analise secundéaria para o uso da
ETCC, indica o tratamento com a técnica para dor neuropatica e dependéncia de alcool
como sendo provavelmente eficaz (Nivel B) [19]. Os mediadores inflamatorios e as
neurotrofinas, como veremos no topico seguinte dessa tese, podem exercer funcbes
diversas, tanto adaptativas, quanto mal adaptativas no processamento e desenvolvimento
da dor crénica, assim como do uso nocivo do alcool. Especificamente, a ETCC parece
neuromodular os principais circuitos neurolégicos, readequando a plasticidade aberrante
subjacente as fisiopatologias dessas doencas. Trabalho do nosso grupo demostrou que o
efeito antialodinico da ETCC foi associado a diferentes sistemas de neurotransmissores,

incluido o opioidérgico, noradrenérgico, gabaérgico e glutamatérgico, entre outros [128].

2.6 BIOMARCADORES

Biomarcadores séo utilizados como parametros de confirmacéo de diagndstico, de
relacdo causa-efeito e de efetividade de tratamento. Varios estudos buscam marcadores

que possam estar relacionados com processos de doengas, entre elas a dor cronica e 0 uso
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nocivo do alcool [93], [96], [97], [154], que podem ser avaliados tanto em nivel periférico
quanto central. Tanto as progressdes para dor cronica como as condicdes relacionadas ao
uso nocivo de alcool estdo associadas a estados disfuncionais caracterizadas por
desregulacdo em vias neuroinflamatdrias e neuroenddcrinas [155], [156]. E, estes
mecanismos moleculares e celulares parecem ser responsaveis pela natureza progressiva
e perpetuadora desses transtornos, especialmente quando sdo sub-tratados ou em
pacientes refratarios ao tratamento [9], [155].

Revisdes sobre 0 assunto destacam alguns dos principais mecanismos moleculares
implicados tanto na dor crdnica quanto no uso nocivo do alcool [6], [11]. O &lcool inibe
a atividade dos receptores ionotrépicos do glutamato e intensifica a inibicdo mediada por
GABA em todo o SNC. AlteracGes nestes sistemas também podem ser observadas em
condicGes de dor cronica, levando ao aumento dos niveis de glutamato e diminui¢do dos
niveis de GABA [11]. Agonistas do receptor delta (DOR), um dos trés subtipos principais
de receptores opioides, sdo responsaveis pela analgesia em quadros de dor cronica [157]
e apresentam também atividade protetora nos comportamentos relacionados ao alcool,
por exemplo, na abstinéncia, diminuindo os comportamentos de ansiedade [158]. Ja a via
mesocorticolimbica, responsavel por aspectos emocionais e cognitivos, tais como o
reforco a estimulos prazerosos e a organizacdo de fungbes executivas como atencéo,
planejamento e flexibilidade comportamental também ¢é alterada em ambas as doencas
[96], [97], [159]. Revisdo sobre os efeitos do alcool no habenula lateral (LHb), uma
estrutura epitaldmica, sugerem que canais de potassio do tipo M e a transmissao
glutamatérgica, sdo alteradas pela exposi¢do aguda e repetida ao alcool [160]. O uso
nocivo do alcool também mostra relagdo com um desequilibrio dopaminérgico na via

mesocorticolimbica [105]. Esta via é composta por neurdnios cujos corpos celulares se
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originam na area tegmental ventral que inervam o estriado ventral, nicleo accumbens
(NAC) e cortex pré-frontal (CPF). Por outro lado, a exposi¢cdo ao ETCC esta associada a
diferentes sistemas de neurotransmissores (como o opioidérgico, gabaérgico e
glutamatérgico, etc) e a duracdo dos efeitos posteriores depende do tempo de exposicao
ao tratamento [126], [128]. Em um estudo clinico, Taylor et al. (2012) indicaram
alteracbes no sistema opioide endogeno induzidas pela modulagdo cerebral por
estimulacgdo elétrica (Taylor et al., 2012).

Estudo que enfoca os efeitos das mudancas cronicas destaca varios neuropeptideos
pré-estresse (CRF, dinorfina) e anti-estresse (NPY, oxitocina) [156]. O NPY, amplamente
distribuido no SNC e periférico dos mamiferos [15] é expresso em neur6nios especificos
do hipotadlamo e sistema limbico, aparecendo alterado tanto na condi¢do da dor
neuropéatica como no uso nocivo do alcool [16], [17]. H& evidencias sobre o NPY em
processos neurodegenerativos abordando-o como um alvo terapéutico [161]. O NPY, co-
secretado com outros neurotransmissores como GABA e glutamato [15], [74], [162], atua
em 4 receptores especificos: Y1, Y2, Y4 e Y5. A estimulacdo do receptor Y1 parece ter
efeito ansiolitico e do receptor Y2, ansiogénico [161]. Como um importante promotor da
plasticidade neuronal, o NPY tem impacto na regulacdo de estados afetivos negativos,
comportamento semelhante a ansiedade, nocicepcdo e recompensa. Diversas pesquisas
pré-clinicas sugerem o papel anti-hiperalgésico do NPY em vérios modelos de dor
inflamatoria e neuropética [163]. A infusdo de NPY nos ventriculos ou na amigdala
produz antinocicepcdo em modelo de dor neuropatica em ratos, e esses efeitos sdo
sinérgicos aos efeitos antinociceptivos da morfina [164], [165]. Um estudo prévio em
roedores utilizando ablacdo seletiva ou inibicdo do receptor Y1 espinhais produziu

diminuicdo da dor e preveniu a transic¢ao para dor crénica [163]. Outro estudo investigou
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as cascatas em que NPY atua, evidenciou uma via de sinalizagdo molecular intracelular
envolvendo o NMDAR=> adenilil ciclase tipo 1 (AC1) e induzida pela lesdo de nervo

[166]. Estudos pré-clinicos demonstram que os receptores Y1 e Y2 apresentam acGes
diferentes sobre o uso de alcool (uso agudo e crbnico e abstinéncia) com padrdes
divergentes dependente da regido do cérebro [74]. Postula-se que, no NAc, por meio de
interacbes com a DA, o NPY module o comportamento de recompensa associado a
resposta ao alcool [167]-[170]. Plescia et al., (2014) mostraram que mudancas plasticas
complexas ocorrem no NPY durante a intoxicacao (redugédo na expressédo de NPY) por
acetaldeido (o primeiro metabdlito do alcool) e subsequente retirada (aumento dos niveis
de NPY) nas regides do hipocampo e NAcc de rato [171].

Véarios mediadores interagem nos processos de dor cronica e de uso nocivo do
alcool, como citocinas e fatores neurotr6ficos. Estudos anteriores em animais,
demonstraram a complexidade da regulacdo da dor neuropética por fatores imunolégicos
enddgenos [10], [14], [95], e nos quadros de uso nocivo de alcool [172], [173]. Por
exemplo, as citocinas pro-inflamatorias liberadas durante o processo inflamatério podem
causar hiperexcitabilidade nos neurdnios transmissores da dor, levando a hiperalgesia e
alodinia. Estudos do nosso grupo evidenciam alteragcbes que acontecem no sistema
neuroimunoldgico (no eixo cortex-tronco e medula espinhal-encéfalo) apds modelos de
lesdo inflamatdria e de dor cronica [39], [119], [141] e a ETCC também desempenha um
papel neuroimmunomodulador semelhante [18], [118]. Estudo pré-clinico demonstrou
que ETCC anodal reverte a hiperalgesia e alodinia induzidas por estresse cronico e
diminui os niveis de TNFa em hipocampo [40]. Outro estudo, também em ratos expostos
ao modelo de dor neuropatica por CCI, investigou os efeitos da ETCC na resposta

nociceptiva que mostrou-se eficaz em promover analgesia e reverter o aumento dos niveis
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de IL-1pB, IL-10 e TNF-o produzido pelo quadro de dor [118]. Portanto, a analgesia
induzida por ETCC pode estar relacionada a neuroimunomodulacéo espinhal em longo
prazo [118]. Esse estudo utilizando o mesmo modelo de dor neuropatica em ratos
demostrou alteragdo no comportamento do tipo ansioso e dos niveis de BDNF periféricos
e centrais (diminuiu os niveis de BDNF em soro e cortex cerebral e aumentou em medula
espinhal), na qual a ETCC reverteu as alteragdes [39]. Outro estudo do grupo utilizando
ratas ovariectomizadas e tratadas com ETCC apresentou uma reversao da hiperalgesia e
alteragdo nos de niveis de BDNF séricos e hipotalamicos [174]. O BDNF é um importante
regulador da plasticidade sinaptica, formacdo de memdria [175] e seu papel correlaciona
a estrutura analisada. NGF por sua vez, outra neurotrofina também crucial, participa da
génese da dor neuropética aumentando a transmissao excitatoria, reduzindo a transmissao
inibitéria e promovendo reforgo da facilitacdo descendente no corno dorsal da medula
espinhal [176]. Além disso, o consumo crénico de grandes quantidades de alcool em ratos
leva a um aumento transitorio dos niveis de NGF em regides distintas do encéfalo [177].
Outro estudo demostrou que a exposicdo cronica ao alcool diminuiu os niveis de NGF,
mas que esse efeito é dependente do tempo e do local, com efeitos variando dependendo
da duracdo da exposicdo ao alcool e das estruturas analisadas [178]. No SNC, o NGF é
responsavel por uma regulagdo positiva de varios genes, como 0 BDNF nos neurdnios
nociceptivos, modulando e sensibilizando uma populacéo representativa de neurdnios
envolvidos no processo de dor neuropatica, mas também do uso nocivo do alcool [176].
Quanto as citocinas, elas podem ser pro-inflamatérias, que incluem IL-6 e IL-1p,
ou anti-inflamatdrias, como a IL-10 e o antagonista do receptor de IL-1 (IL-1Ra); suas
funcbes séo dependentes de estruturas especificas. Estudo visando avaliar a contribuicéo

do sistema purinérgico na modulacéo dos niveis de interleucinas apds CCI, demostrou
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que a administracdo de um antagonista do receptor P2X4 reduziu os niveis de IL-1p, IL-
18, IL-6 e regulou positivamente o IL-1Ra [179]. O sistema IL-1 inclui trés ligantes
soluveis: dois agonistas conhecidos como IL-1a ¢ IL-1p, e um antagonista natural o IL-
1Ra [10], [14], [180], [181]. A IL-1pB é conhecida por desempenhar um papel importante
na nocicepc¢do na medida em que modula a excitabilidade neuronal ao afetar receptores
neuronais como TRPV1, canais de sodio e GABA e receptores NMDA [14], [182]. Por
outro lado, a IL-1a. ¢ um membro incomum da familia IL-1 e uma citocina de fungéo
dupla, pois desencadeia a inflamagdo por &cidos nucléicos e padrGes moleculares
associados a danos (DAMPs), enquanto os demais membros das citocinas da familia IL-
1 desencadeiam apenas a inflamag&o inata por meio da familia de receptores I1L-1 [181].
Ainda, IL-1a nuclear funciona para aumentar a expressao génica (como fator de
transcricdo) e pode ser encontrada em individuos saudaveis, enquanto IL-1p ¢ induzida
apenas nas condicdes de doenca [181], [183]. Trabalho que investigou a influéncia dos
polimorfismos na familia de genes de IL-1 (ll1a, Il1b e no antagonista do receptor 111)
em pacientes caucasianos com cancer, indicou que a variacdo genética no gene Il1b pode
influenciar os niveis séricos com consequéncias proporcionais na resposta relacionada a
dor [184]. Ha associacgdo entre alteracdes em sistemas inflamatorios e oxidativos, varios
mediadores imunolégicos liberados e que interagem com a dor crénica e 0 uso nocivo do
alcool, como fator de necrose tumoral alfa (TNF-a), citocinas, éxido nitrico (NO),
bradicinina e NGF que atuam, por exemplo, ligando aos receptores acoplados a proteina
G e ativando as proteinas quinase A e C responsaveis pela fosforilacdo de receptores, ou

aumentando a expressao desses [185], [186].
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III. MARCO CONCEITUAL
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3.1 Da dor
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RELACIONADOS
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Figura 2. Marco conceitual da dor.
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3.2 Do alcool

FATORES SOCIAIS

CONSUMO DE ALCOOL

Volume Padroes

TIPOS DE CONSUMO

Cronico Agudo

FATORES DE
VULNERABILIDADE
INDIVIDUAIS

Figura 3. Marco conceitual do alcool (adaptado de Organizacdo Mundial da Satide (OMS). Relatério Global sobre Alcool e Satde — 2018. Genebra
— Disponivel https://www.who.int/news-room/fact-sheets/detail/alcohol).
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IV. JUSTIFICATIVA
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4 JUSTIFICATIVA

Dor crbnica € uma doenca debilitante que afeta o0 SNC, com consequéncias
nefastas para a condigdo fisica, psicolégica e comportamental. Por outro lado, 0 consumo
do alcool também tem efeitos diretos no SNC, alterando pardmetros bioquimicos e
comportamentais, com consequéncias negativas para o individuo e para a sociedade.
Tratamentos farmacoldgicos convencionais apresentam um grande ndmero de efeitos
colaterais e muitas vezes, sdo ineficientes, tanto no tratamento da dor crénica quanto no
uso nocivo de &lcool. Desta forma, a técnica neuromodulatoria, ETCC, por ser de
aplicagdo simples e de baixo custo e risco, pode ser uma ferramenta terapéutica néo
farmacoldgica eficaz no tratamento destes transtornos. No entanto S40 necessarios
estudos para melhor elucidacdo de seus mecanismos de acdo. Considerando que ambas
as condicOes tém altas prevaléncias e elevados custos sociais e econdmicos, 0 objetivo
deste projeto foi investigar o efeito do tratamento repetido com a ETCC sobre parametros
comportamentais e neurais induzidos por um modelo animal de dor crénica e / ou uso de
alcool. Assim como, ampliar o conhecimento dos mecanismos que estdo intrinsicamente

ligados a essas doengas, dor cronica e uso nocivo de alcool.
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V. OBJETIVOS
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5.1 Objetivo Geral

O objetivo geral desta Tese foi investigar o efeito do tratamento repetido com a
ETCC sobre parametros comportamentais e neurais induzidos por um modelo animal de

dor cronica e / ou exposicao ao alcool.

5.2 Objetivos Especificos

Esta tese objetivou avaliar o efeito do tratamento repetido com a ETCC em ratos
machos adultos submetidos ao modelo animal de dor crénica e / ou exposicao ao alcool
(ativa / passiva). Os resultados foram compilados em trés manuscritos cientificos. Os

objetivos especificos seguem abaixo:

Artigo |

v" Investigar o efeito do tratamento com ETCC como uma ferramenta
neuromodulatéria sobre a associacdo da dor neuropética e abstinéncia de alcool
nos limiares nociceptivos;

v" Investigar o efeito do tratamento repetido com a ETCC em ratos machos adultos
submetidos ao modelo animal de dor neuropética e / ou exposicao ativa ao alcool
nos niveis de NGF em cortex e tronco cerebral,

v" Avaliar mudancas nos niveis centrais de IL-1a, IL-1p e IL-10, em cortex e tronco
cerebral, a partir do uso do ETCC como uma ferramenta neuromodulatéria em
ratos machos adultos submetidos ao modelo animal de dor neuropética e / ou

exposicao ativa ao alcool,
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Artigo Il

v" Investigar o efeito do tratamento com ETCC como uma ferramenta
neuromodulatéria sobre o comportamento do tipo ansioso em ratos machos
adultos submetidos ao modelo animal de dor neuropética e / ou exposicao ativa
ao alcool;

v" Avaliar mudangas nos niveis de centrais de IL-1a e IL-1p em estriado, hipocampo,
medula espinhal e cerebelo, a partir do uso do ETCC como uma ferramenta
neuromodulatéria em ratos machos adultos submetidos ao modelo animal de dor
neuropética e / ou exposicado ativa ao alcool;

v" Investigar a expressdo génica de Il1a e Il1b em medula espinhal, cerebelo e
hipocampo em ratos com lesdo nervosa e exposi¢do ativa ao alcool e tratados com
ETCC;

v" Investigar o efeito do tratamento da ETCC em ratos com lesdo nervosa e

exposicao ativa ao alcool, nos niveis de neuropeptidio Y em hipotalamo.

Artigo 111

v Avaliar o efeito do tratamento repetido com ETCC no consumo de alcool
associado ou nédo a presenca de dor crénica;

v Avaliar o efeito do tratamento repetido com ETCC em ratos machos adultos
submetidos ao modelo animal de dor crénica e / ou exposic¢ao passiva ao alcool

nos niveis de neuropeptidio Y em cortex pré-frontal, amigdala e estriado;
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v Avaliar o efeito do tratamento repetido com a ETCC em ratos machos adultos
submetidos a0 modelo animal de dor cronica e / ou exposicao passiva ao alcool
nos niveis de BDNF e NGF em cerebelo e estriado;

v Avaliar o efeito do tratamento repetido com a ETCC em ratos machos adultos
submetidos a0 modelo animal de dor cronica e / ou exposicao passiva ao alcool

nos niveis de IL-10 e IL-6 no cerebelo e estriado.
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ABSTRACT

Background: Neuromodulatory techniques have been studied to treat drug addiction or
compulsive eating as well as different chronic pain conditions, such as neuropathic and
inflammatory pain in the clinical and preclinical settings. In this study, we aimed to
investigate the effect of transcranial direct current stimulation (tDCS) on the association
of alcohol withdrawal with neuropathic pain based on nociceptive and neurochemical
parameters in rats. Methods: Thirty-six adult male Wistar rats were randomized into five
groups: control, neuropathic pain, neuropathic pain+tDCS, neuropathic pain+alcohol, and
neuropathic pain+alcohol+tDCS. The neuropathic pain model was induced by chronic
constriction injury (CCl) to the sciatic nerve. Rats were then exposed to alcohol (20%)
by oral gavage administration for 15 days (beginning 24 h after CClI). tDCS was started
on the 17th day after surgery and lasted for 8 consecutive days. The nociceptive test (hot
plate) was performed at baseline, 16 days after CCI, and immediately and 24 h after the
last session of tDCS. Rats were killed by decapitation, and structures were removed and
frozen for biochemical analysis (nerve growth factor and interleukin (IL-1a, IL-1p, and
IL-10 measurements). Results: Neuropathy-induced thermal hyperalgesia was reversed
by tDCS, an effect that was delayed by alcohol abstinence. In addition, tDCS treatment
induced modulation of central levels of IL-1a, IL-1R, and IL-10 and neurotrophic growth
factor. Conclusion: We cannot rule out that the antinociceptive effect of tDCS could be
related to increased central levels of IL-1a and IL-10. Therefore, tDCS may be a

promising non-pharmacological therapeutic approach for chronic pain treatment.

Keywords: tDCS, alcohol withdrawal, neuropathic pain, analgesia, rats
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INTRODUCTION

Neuropathic pain (NP) is a relevant clinical problem since it is severely
debilitating and largely resistant to treatment because its mechanisms are poorly
understood. Similarly, alcohol abuse is an extremely serious public health problem
because alcohol is the most widely used addictive substance worldwide [2]. Alcohol
consumption is also a risk factor for many chronic diseases, with its effects dependent on
volume, alcohol content, and frequency of use [2, 3]. Taken together, these conditions
change neurotransmitter levels, leading to changes in widespread modulation of neuronal
activity [4].

Chronic alcohol exposure or withdrawal may cause detrimental impairment of the
nociceptive system. A systematic review and meta-analysis [5] reported an association
between chronic pain and alcohol use, which can be related to dysfunction in the neuro-
immuno-endocrine circuitry, leading to greater susceptibility to substance abuse,
including alcohol abuse. It is related to dopaminergic imbalance in the mesocorticolimbic
pathway [6] and changes in the reward system through dopaminergic signaling pathways
between the ventral tegmental area, nucleus accumbens, and medial prefrontal cortex as
observed in conditioned place preferences for pain in rats [7]. This modulation is similar
to those reported in brain areas activated by alcohol-induced analgesic effects [8, 9]. This
hypothesis is supported by reports showing that 25% of individuals who use alcohol aim
to relieve some type of pain [10, 11, 12, 13]. . The use of alcohol induces analgesia in
humans and animals due to changes in the central and peripheral nervous systems.

However, these effects can lead to positive feedback loops and contribute to alcohol abuse
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[14]. It is important to note that the previous preclinical study of the research group
demonstrated that protracted alcohol withdrawal produced an analgesic effect indexed via
an increased nociceptive threshold, which can be related to the increased central levels of
BDNF and IL-10 [15]. On the other hand, some studies showed that alcohol withdrawal
can trigger hyperalgesia as a component of withdrawal syndrome [16, 17]. The side
effects of alcohol abstinence (hyperexcitability, anxiety, sleep disorders, and dysphoria,
among others) also contribute to alcohol abuse as well as relapse [12, 18, 19]. In such
instances, alcohol is consumed in increasing quantities to alleviate the motivational
symptoms triggered by withdrawal [20, 21]. Paradoxically, hyperalgesic alcoholics
respond better to the analgesic effects of alcohol than non-users, and this can be attributed
to the belief that alcohol normalizes perceptions of pain and discomfort [22].
Additionally, a greater tendency toward familial alcoholism in the presence of chronic
pain has been suggested [23].

It should also be stressed that both chronic pain and alcohol exposure/withdrawal
lead to modifications in both central and peripheral neuroinflammatory patterns [2, 15,
24]. For example, previous studies have reported altered patterns of cytokines and
neurotrophic factors following inflammatory and chronic pain injury models throughout
the cortex-brainstem-spinal cord axis [25, 26]. Additionally, binge drinking and binge-
like alcohol exposure induced the production of several cytokines, such as interleukins
IL-10, IL-10, and IL-1pB, showing that both interventions can cause broad neuroimmune
signaling throughout the peripheral and central nervous systems [2, 15, 27, 28]. Thus, it
should be emphasized that an intermingled relationship  between

neuroimmunomodulatory and behavioral changes is involved in neuropathic pain and
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symptoms of alcohol withdrawal, with new therapeutic approaches required to better
understand and treat these conditions.

Non-invasive brain stimulation techniques (NIBS) have been used to treat
different conditions such as inflammatory and neuropathic pain in clinical [29] and
preclinical settings [26, 30]. These neuromodulatory techniques can reduce cravings in
individuals with drug addiction [31] or compulsive eating [32, 33]. Transcranial direct
current stimulation (tDCS) is notable in that it is considered a safe, low-cost, and an easily
applied technique for modulating the neuronal membranes’ resting potential using a weak
electrical current applied through the scalp [34, 35 The analgesic effects of tDCS have
also been demonstrated in clinical studies by reducing pain scores and the frequency of
analgesic use in different chronic pain states [29, 36] probably due to its ability to
modulate cortical and subcortical structures directly or indirectly involved in inhibitory
descending pain control [29, 32, 37]. The neuromodulatory features of tDCS corroborate
its use as a non-pharmacological approach modulating behavior and neuroimmune
alterations induced by chronic pain and alcohol abstinence.

Thus, we aimed to investigate the effect of tDCS treatment on the association
between neuropathic pain and alcohol withdrawal based on the nociceptive and
neurochemical parameters of rats. Furthermore, we hypothesized that the use of tDCS as
a neuromodulatory tool would lead to modification of pain thresholds accompanied by

changes in central biomarker levels.

METHODS

Animals
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Thirty-six male Wistar rats (weight 200-250 g) were randomized by weight and
kept in groups of three or four animals per home cage (49 x 34 x 16 cm). Rats were
maintained in a room under controlled temperature (22+2°C), on a standard 12 h
light/dark cycle (lights on at 7 a.m.), with access to water and chow ad libitum during the
whole experiment. All experiments and procedures were approved by the Institutional
Animal Care and Use Committee (GPPG-HCPA protocol no. 20150501). The
experimental protocol complied with the ethical and methodological standards of the

ARRIVE guidelines [38].

Experimental Design

The rats were assigned into five groups: control (CT), neuropathic pain (NP),
neuropathic pain plus transcranial direct current stimulation (NPtDCS), neuropathic pain
plus alcohol (NPAL), and neuropathic pain plus alcohol plus tDCS (NPAL tDCS). During
the establishment of NP (from 1 to 15th after the surgery procedure), the rats were given
oral alcohol gavage. After that, the rats were subjected to a daily tDCS session for eight
consecutive days. The nociceptive test (hot plate) was performed at baseline, 16 days after
the CCl surgical procedure, immediately after the last session of tDCS, and 24 hours after
the last session of tDCS. The rats were killed by decapitation 48 h post-treatment (Figure
1). For all procedures (nociceptive and biochemical assays), the experimenter was blinded

to the group of rats being tested.
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Fig 1 Experimental Design. CCI: Chronic Constriction Injury; tDCS: Transcranial Direct

Current Stimulation.

Transcranial direct current stimulation

The rats were subjected to bimodal tDCS (0.5 mA) for 20 min per day for 8 days
under immobilization from the 17'"- to 24"-day post-CCI surgery [37, 39]. The cathode
was positioned at the midpoint between the lateral angles of both eyes (supraorbital area)
and the anode was placed on the head using landmarks of the neck and shoulder lines as
a guide (the anterior and posterior regions in the midline between the two hemispheres of
the parietal cortex, as described by Takano et al [40]. Adapted electroencephalogram
electrodes (1.5 cm?) with a conductive hydrogel were fixed to their heads with an adhesive
tape to prevent removal and connected to a battery-driven stimulator to deliver a constant
electrical current. The rats had their heads shaved for better adherence. To deliver the
current, animals had to be immobilized using a soft cloth during stimulation. The
stimulation was performed at the same time of day (11 a.m.) by the same researcher. This
technique has been applied by our research group and has been found to show long-lasting

effects and is able to mirror human tDCS protocols used in pain treatment [35, 41].
Neuropathic pain model: Chronic constriction injury (CCI) of the sciatic nerve
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Chronic constriction injury (CCI) was induced as described by Bennett [42].
Briefly, each rat was anesthetized by isoflurane inhalation (5% for induction and 2.5%
for maintenance). The common sciatic nerve was then exposed and freed from the
adherent tissue at the mid-thigh by blunt dissection of the biceps femoris muscle. Three
loose ligatures were placed 1 mm apart using a chromic gut suture vicryl 4.0. After the
procedure, the wound was closed with non-absorbable mono nylon yarn 4.0. Rats
undergoing surgery received intraperitoneal tramadol (5mg/kg) for pain relief

immediately after surgery and once every 12 hours for 2 days after CCI induction [43].

Model of Exposure to Alcohol

For alcohol administration, the ethanol was diluted daily with distilled water to
prepare a 20% v/v solution. It was then delivered by oral gavage in a volume of 4 g/kg
body weight according to previous studies [15, 44]. Administrations were performed from
the 1%t until the 15" day after the surgical procedure, between 8 a.m. and 10 a.m. The rats
were weighed every three days to allow for adjustment of the volume/weight

administered.

Behavioral Tests
The behavior test (hot plate) was performed at baseline, 16 days post-surgery, as

well as immediately and 24 hours after the last tDCS session.

Thermal Hyperalgesia (Hot Plate Test)

This test was carried out to determine changes in latency such as licking or

jumping responses, which resulted from supraspinal sensory integration and indicate
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modifications in the supraspinal process [45, 46, 47]. The rats were acclimated 24 h prior
to the test for a period of 5 min inside the switched apparatus. During the test, the plate
temperature was maintained at 55°C + 0.1. The rats were placed in a transparent
polypropylene funnel on the heated surface. The time between placing the animals and
the beginning of paw withdrawal or "tapping” was recorded as response latency in

seconds, with each being a single measurement in each evaluation period [48, 49].

Sample Collection
The rats were killed by decapitation 48 h after the last treatment session with
tDCS, and the central nervous system structures (cerebral cortex and brainstem) were

removed and frozen at —80°C for further analysis.

Biochemical Assays

Nerve growth factor (NGF), IL-1a, IL-1pB, and IL-10 levels were determined by
sandwich ELISA using monoclonal antibodies specific for each measurement (R&D
Systems, Minneapolis, United States). Total protein was measured using the Bradford's
method using bovine serum albumin as a standard [50] Results were expressed as pg/mg

of protein.

Statistical Analysis

The behavioral tests were analyzed using generalized estimated equations (GEE)
by Bonferroni. The biomarkers data were analyzed through a one-way ANOVA followed
by a Student-Newman-Keuls test. P-values < 0.05 were considered statistically

significant. SPSS 19.0 for Windows was used for statistical analyses.
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RESULTS
Thermal Hyperalgesia

There was no difference between the groups at baseline (GEE: Wald 2 = 79.99,
P = 0.60). There was an interaction between group and time (GEE/Bonferroni; Wald y2
=79.99, P =0.001). The neuropathic pain groups displayed thermal hyperalgesia 16 days
after CCI surgery as indexed by a decrease in the nociceptive threshold (Figure 2), thus
confirming the effectiveness of neuropathic pain induction. This effect was immediately
reversed 24 h after the end of tDCS treatment. However, this analgesic tDCS effect was
only observed 24 h post tDCS treatment in the neuropathic pain + alcohol + tDCS group
(Figure 2).
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Fig 2 Thermal hyperalgesia assessed by hot plate test at baseline, 16 days after the CCI
model, immediately, and 24 hours after bicephalic tDCS treatment (n=36). Data are
presented as mean xstandard error of the mean (SEM) of paw withdrawal latency (5).
Control-Group (CT), Neuropathic pain (NP), Neuropathic pain+tDCS (NPtDCS),

Neuropathic pain+Alcohol (NPAL) and Neuropathic pain+Alcohol+tDCS (NPALtDCS).
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*There was an interaction between group and time (GEE/Bonferroni, Wald 2 = 79.99, P

= 0.001).

Central NGF Levels

There was an increase in cerebral cortex NGF levels in the neuropathic pain +

alcohol group, when compared to the control group. In addition, neuropathic pain + tDCS

and neuropathic pain + alcohol + tDCS groups displayed increased NGF levels compared

to the control and neuropathic pain groups (one-way ANOVA/SNK, F@27) = 7.876, P =

0.001; Figure 3, Panel A). There were no differences among the groups in terms of NGF

levels in the brainstem (one-way ANOVA, Fa27=2.371; P = 0.07, Figure 3, Panel B).
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Fig 3 NGF levels in the cerebral cortex (Panel A) and brainstem (Panel B) of rats

subjected to CCI and alcohol abstinence as well as tDCS treatment. Data are presented as

mean = standard error of the mean (SEM) of pg/mg of protein. Control-Group (CT),
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Neuropathic pain (NP), Neuropathic pain+tDCS (NPtDCS), Neuropathic pain+Alcohol
(NPAL) and Neuropathic pain+Alcohol+tDCS (NPALtDCS).

Panel A: There were significant differences among groups in terms of cerebral cortex
NGF levels (one-way ANOVA/SNK, P = 0.001).* - significant difference from CT
group, and ** - significant difference from CT and NP group Panel B: There were no
differences among the groups in terms of brainstem NGF levels (one-way ANOVA, F27)

=2.371; P = 0.07).

Central IL-1a Levels

There was an increase in IL-1a levels in the cerebral cortex in the neuropathic
pain + tDCS and neuropathic pain + alcohol + tDCS groups compared to the other groups
(one-way ANOVA/SNK, Fu27=5.364, P = 0.003; Figure 4, Panel A). There were no
differences among groups in terms of IL-1a levels in the brainstem (one-way ANOVA,

Fa2n=1.035, P = 0.40; Figure 4, Panel B).
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Fig 4 IL-1a levels in the cerebral cortex (Panel A) and brainstem (Panel B) of rats
subjected to CClI and alcohol abstinence as well as tDCS treatment. Data are presented as
mean = standard error of the mean (SEM) of pg/mg of protein. Control-Group (CT),
Neuropathic pain (NP), Neuropathic pain+tDCS (NPtDCS), Neuropathic pain+Alcohol
(NPAL) and Neuropathic pain+Alcohol+tDCS (NPALtDCS).

Panel A: There was a significant difference in IL-1a levels in the cerebral cortex between
groups (one-way ANOVA/SNK, Fu.27y=15.364, P =0.003)

* Significant difference from CT, NP, and NPAL groups

Panel B: There was no difference among the groups in terms of IL-1a levels in the

brainstem (one-way ANOVA, Fu2n=1.035, P = 0.40).

Central IL-1p Levels
There was increase in IL-1p levels in the cerebral cortex in the neuropathic pain

+ tDCS and neuropathic pain + alcohol + tDCS groups compared to the control group
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(one-way ANOVA/SNK, Fu27=3.391, P = 0.02; Figure 5, Panel A). There were no

differences among groups in terms of IL-1p levels in the brainstem (one-way ANOVA,

Fa,27=1.776, P = 0.16; Panel B).
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Fig 5 IL-1B levels in the cerebral cortex (Panel A) and brainstem (Panel B) of rats

subjected to CCI and alcohol abstinence as well as tDCS treatment. Data are presented as

mean = standard error of the mean (SEM) of pg/mg of protein. Control-Group (CT),

Neuropathic pain (NP), Neuropathic pain+tDCS (NPtDCS), Neuropathic pain+Alcohol

(NPAL) and Neuropathic pain+Alcohol+tDCS (NPALtDCS).

Panel A: There were differences among the groups in terms of IL-1f levels in the cerebral

cortex (one-way ANOVA/SNK, P =0.02).

* Statistically significant difference from the CT group.

Panel B: There were no differences among the groups in terms of IL-1pB levels in the

brainstem (one-way ANOVA, Fu27)=1.776, P =0.16).
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Central IL-10 Levels

There were no differences among the groups in terms of IL-10 levels in the
cerebral cortex (one-way ANOVA, Fu2n=2.335, P = 0.08; Figure 6, Panel A). In the
brainstem, there was an increase in IL-10 levels in the neuropathic pain + tDCS group
compared to other groups (one-way ANOVA/SNK, Fu27)=5.686, P = 0.002; Figure 6,

Panel B).
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Fig 6 IL-10 levels in the cerebral cortex (Panel A) and brainstem (Panel B) of rats
subjected to CCI and alcohol abstinence as well as tDCS treatment. Data are presented as
mean = standard error of the mean (SEM) of pg/mg of protein. Control-Group (CT),
Neuropathic pain (NP), Neuropathic pain+tDCS (NPtDCS), Neuropathic pain+Alcohol

(NPAL) and Neuropathic pain+Alcohol+tDCS (NPALtDCS).
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Panel A: There were no differences among the groups in terms of IL-10 levels in the
cerebral cortex (one-way ANOVA, F@27=2.335, P =0.08).

Panel B: There was a significant difference in IL-10 levels in the neuropathic pain + tDCS
group compared to other groups (one-way ANOVA/SNK, Fu,27=5.686, P =0.002).

* Significant difference from CT, NP, NPAL, and NPALtDCS groups
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DISCUSSION

The present study showed that bimodal tDCS induced short- and long-term
antinociceptive effects in rats with neuropathic pain. However, when alcohol abstinence
was associated with CClI, only long-term effects were observed. These results corroborate
our previous research which showed that tDCS may have analgesic effects in different
chronic pain models [26, 37, 39]. Besides, tDCS treatment induced modulation of central
levels of interleukins (IL-1a, IL-1R, and IL-10). Cerebral cortex NGF levels were
increased by tDCS treatment and alcohol withdrawal, with the effect of the latter
intensified when simultaneously administered with the former.

This study interestingly found that tDCS-induced analgesia was delayed by
alcohol withdrawal. It is well known that alcohol consumption induces depressant effects
in the central nervous system, modulates pain thresholds, and displays analgesic and anti-
inflammatory effects [51, 52]. As such, its withdrawal associated with chronic pain drives
an imbalance between excitatory/inhibitory neurotransmission in different cortical and
subcortical brain regions, such as the medial prefrontal cortex, nucleus accumbens, and
amygdala, which are connected to important brain regions related to
nociception/analgesia, including the periaqueductal gray and rostral ventromedial
medulla. The delayed tDCS-induced analgesia may be due to its neuromodulatory role,
after-effects, as well as its non-specific modes of action [53]. Alcohol is a psychoactive
substance that acts on multiple important neurotransmitter systems, including the
GABAergic, glutamatergic, serotonergic, and opioidergic systems [54-58]. Indeed,
GABAA and NMDA receptors participate in alcohol-induced analgesia and alcohol

withdrawal-induced hyperalgesia/hyperexcitability [59-64]. In this way, we can suggest
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that the imbalance between these neurotransmitter systems could be involved in the
delayed response observed in tDCS-induced analgesia.

Despite a previous study showing an increase in the thermal nociceptive threshold
induced by alcohol withdrawal in rats not experiencing pain as evaluated by the tail-flick
latency test [15], effects of alcohol withdrawal effect upon thermal hyperalgesia were not
observed in the current study. This difference can be interpreted in two ways: a) different
status of the animals, with a group experiencing pain and the other not experiencing pain;
and b) differences in evaluated behavior, nociceptive thresholds, and the degree of
hyperalgesia. While the nociceptive threshold is the latency of response to the nociception
stimulus, hyperalgesia is an abnormal increase in the sensitivity to nociceptive stimuli,
including different activation of fibers and supraspinal responses triggered by each test
[65]. In addition, our data are in agreement with those of previous studies, which
suggested that alcohol withdrawal exacerbates the symptoms of mechanical hyperalgesia
without affecting the thermal response [66]. In contrast, previous studies have shown
mechanical and thermal hypersensitivity in Sprague-Dawley rats subjected to alcohol
withdrawal [67, 68]. On the other hand, studies have suggested pain relief induced by
alcohol, but the mechanisms of action as well as the variables involved are still unclear
[69-72]. It is important to note that the inconsistencies found in the literature may be
related to the protocol for alcohol use, withdrawal times, as well as the strains and baseline
status of the animals. Currently, it is believed that neurotransmitter and inflammatory
systems are common pathways involved in the pathologies of both chronic pain [24, 37]
and alcohol withdrawal [15, 73]. In this study, we showed that tDCS improved thermal
hyperalgesia and modulated central biomarker levels, corroborating previous studies from

our research group [24, 30, 32, 36, 37]. tDCS treatment increased IL-1a in the cerebral
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cortex in rats with chronic pain and alcohol abstinence. Previous studies have shown that
IL- 1o has antiallodynic and antihyperalgesic effects in a rat neuropathic pain model [74].
Thus, it is likely that an increase in central IL-1a levels might be the mechanism
underlying the pain relief induced by tDCS treatment.

It is important to note that the increased brainstem IL-10 levels found in the
current study in the neuropathic pain group may have also contributed to the tDCS-
induced antinociceptive effect once it takes effect on key centers for pain modulation [25,
37, 75]. In contrast, alcohol abstinence attenuated the effects of tDCS on IL-10 levels
without leading to changes in long-lasting tDCS antinociceptive effects. On the other
hand, a previous study using a different alcohol protocol showed an increase of IL-10
levels in the hippocampus, prefrontal cortex, and brainstem in rats after alcohol
abstinence [15]. Altogether, these findings highlight an important interaction between the
immune system and alcohol exposure/withdrawal.

It is interesting to note that IL-1a and IL-1R act on the same receptor to
differentially influence nociceptive transmission and neuropathic pain responses [74, 76,
77]. As such, neurochemical measures were performed 48 h after the end of tDCS
treatment or 26 days after CCl Model induction in the current study. This corroborates
our previous findings that the levels of substances associated with neuropathic pain did
not change when measured at the same time point. However, 29 days after CClI,
neuropathic pain rats showed an increase in IL-11 levels in the cerebral cortex. [37]. On
the other hand, the tDCS group showed an increased level of IL-1 B in rats with
neuropathic pain independent of alcohol abstinence. Previous studies have shown that
intrathecal 1L-1R administration in normal and inflamed rats led to different effects [78]

without changing the latencies of paw withdrawal in normal rats while producing
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significant antinociception when administered intrathecally in rats with peripheral
inflammation (carrageenan model). Considering the dual effect of IL-1[3, we cannot
disregard the involvement of this interleukin in the observed antinociceptive effect in the
current study. Analysis of the results of interleukin modulation should thus be related to
the neuroimmunomodulatory effects of tCDS.

NGF mediates neuronal activity as well as the synaptic plasticity of neurons [79]. In the
current study, tDCS was able to cause analgesia in rats with neuropathic pain, with this
effect linked to elevated levels of NGF in the cerebral cortex. In addition, we found that
alcohol withdrawal also increased NGF levels in the cerebral cortex of rats with
neuropathic pain, with the alcohol withdrawal effect intensified when associated with
tDCS. A previous study showed that chronic exposure to ethanol decreased NGF levels
but that this effect was time- and site-dependent, with effects varying depending on the
length of alcohol exposure and structures analyzed [80]. Besides, chronic consumption of
high amounts of alcohol in rats leads to a transient increase in NGF levels in distinct brain
regions [81]. We also highlight that the changes in NGF levels observed in the study may
have been influenced by the length of alcohol exposure or withdrawal. tDCS also triggers
a central neuromodulatory effect once it modulates NGF levels independent of the alcohol

withdrawal effect.

CONCLUSION

The rationale of the current study was that pain from chronic conditions can be relieved
by alcohol consumption. However, this substance is highly addictive for humans and
animals. In this context, it is important to understand the central effects induced by

alcohol exposure or withdrawal. In the same line, tDCS as a central neuromodulatory
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technique may benefit patients suffering both from alcohol abuse and chronic neuropathic
pain. Besides, alcohol abuse and neuropathic pain treatments are oftentimes refractive to
pharmacological treatment. Thus, tDCS may be a promising non-pharmacological
therapeutic approach for both chronic conditions. This study showed that bimodal tDCS
was able to effectively induce analgesia in rats with neuropathic pain, which was delayed
by alcohol abstinence. We suppose that the analgesic effect of tDCS might be related to
increased central levels of IL-1a, IL-10, and NGF, since its antinociceptive role has been
well described in key pain pathways likely due to its capacity to neuromodulate immune
signaling. Concerning alcohol exposure/withdrawal, the increase in central NGF levels
suggests that alcohol-induced neuroplasticity might contribute to this dependence taking
into consideration its broad interference upon biological processes. Overall, further
research is needed to improve and broaden existing knowledge regarding tDCS and the

effects of alcohol on pain.
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ABSTRACT

The aim of this study was to evaluate the effects of transcranial direct current stimulation
(tDCS) on anxiety-like behavior and neural parameters of rats with chronic pain and
exposed to alcohol. Thirty-six adult male Wistar rats were randomized by weight and
assigned to one of five groups: control (CT), neuropathic pain (NP), NPtDCS, NP plus
alcohol (NPAL), and NPALtDCS. The rats were exposed to chronic constriction injury
(CCI) of the sciatic nerve and alcohol (20% v/v solution, 4 g/kg) or vehicle (distilled
water) by gavage for 15 days. Afterward, rats were treated using bimodal tDCS (0.5mA
/ 20 min / 8 days) and tested twice in the open field (OF). Rats were killed 24h after the
last behavioral assessment, and brain tissue samples were collected and processed for
NPY immunohistochemistry, expression of IL1a and IL1b in the spinal cord, cerebellum,
and hippocampus, and levels of IL-1a and IL-1p in the same brain structures and the
striatum. Both, CCI and alcohol exposure, induced anxiety-like behavior, indexed by the
lower number of central crossings and rearings in the OF. These behaviors were reversed
by tDCS, which also modulated the hypothalamic NPY -immunoreactivity. NP decreased
the levels of IL-1a in the striatum. The association of NP, AL, and tDCS increased the
levels of IL-1a in the hippocampus. The alcohol-induced an increase in the expression of
IL1a in the spinal cord, which is reverted by tDCS. The alcohol and tDCS increase the
expression of IL1b in the spinal cord. The alcohol increased the expression of IL1b in the
cerebellum. Thus, tDCS may be considered as a treatment option for anxiety symptoms
induced by NP and alcohol consumption. Thus, the current study showed that tDCS
changes anxiety-like behavior induced by chronic neuropathic pain, which could be
related to its modulatory effect in the immunoreactivity of NPY and spinal cord

expression of IL1a and IL1b.
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1. INTRODUCTION

Neural diseases may occur due to the alterations and adaptations of brain networks,
promoting persistent symptoms, such as chronic pain and alcohol dependence (Sperry et
al., 2021). Chronic pain triggers functional changes that are responsible for affective and
cognitive dysfunctions (anxiety, emotional decision-making, and memory) (Llorca-
Torralba et al., 2019), just as activation of specific brain regions can occur due to ethanol
dependence at particular stages of development (Vilpoux et al., 2009).

The relationship between harmful alcohol use and pain is known to be bidirectional: on
one hand, alcohol intake modulates pain and, on the other hand, acute and chronic pain
influence alcohol-related behaviors (Robins et al., 2019). Both conditions seem to involve
activated limbic circuits (Sperry et al., 2021), while brain regions such as the amygdala,
the hippocampus, and the hypothalamus are activated by alcohol relapse-inducing

stressors (Vilpoux et al., 2009).

Pain intensity and pain-related disability have been associated with emotional
dysregulation, which in turn is associated with the severity of alcohol use (Paulus et al.,
2017). It is important to highlight that alcohol dependence, which is a chronic condition
with repeated cycles of withdrawal, craving, and relapse, is associated with a progressive
(allostatic) dysfunctional state characterized by changes in neuroendocrine and brain
stress pathways that underlie the expression of withdrawal symptoms reflecting a

negative affective state (dysphoria, anxiety) (Becker, 2017).

Moreover, chronic pain affects sensory and emotional aversive responses causing
anxiety-related illnesses (Llorca-Torralba et al., 2019). Additionally, it is known that the

inflammatory pathways dysregulation alters brain circuits that modulate mood, pain, and
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the response to stress (Maletic & Raison, 2009). Neuroinflammation is hypothesized to
be influenced by alcohol consumption and also by chronic pain. In particular, the
interleukin-1 (IL-1) system has been recognized as a key regulator of neuroimmune
responses in several conditions, including alcohol intake and tissue injury (Mika et al.,
2008; Patel et al., 2019). Considering that neuroinflammation plays an important role in
pain and alcohol conditions, many efforts have been combined to unravel its mechanisms

and to develop new therapeutic strategies with anti-inflammatory properties.

Besides, among the various neurotransmitter and neuropeptides involved in neuropathic
pain and alcohol consumption, the neuropeptide Y (NPY) has implications in
neurodegenerative diseases with stress-relieve, anxiolytic and neuroprotective properties
(Reichmann & Holzer, 2016). NPY is expressed in specific neurons in the limbic system,
brain stem, and hypothalamus, which may explain why NPY impacts stress-related
changes in affective-emotional behavior (Reichmann & Holzer, 2016). A better
understanding of the neural circuits affected by chronic pain and alcohol exposure and
their adaptations and their relationship with the NPY system will provide new

opportunities for the development of appropriate therapies.

In this context and considering that individuals with neuropathic pain and alcohol-related
problems are oftentimes refractive to pharmacological treatment, transcranial direct
current stimulation (tDCS) emerges as a non-invasive neuromodulatory technique that
may benefit these patients. tDCS is a safe and low-cost tool that can be easily applied
(lannone et al., 2016; Schulze-Bonhage, 2017), and it has been used to treat different
conditions. In our previous study, we showed that treatment with bimodal tDCS induced
analgesia in rats with neuropathic pain, which was delayed by alcohol abstinence, and

was associated with an increase in the central levels of IL-1a, IL-10, and NGF (Santos et
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al., 2020). In other studies conducted in our group using different animal models we
showed short- and long-term effects of tDCS treatment on anxiety-like behavior (de
Oliveira et al., 2019; Filho et al., 2016), nociceptive parameters, and cytokines levels
(Cioato et al., 2016; Laste et al., 2012; Lopes et al., 2020; Santos et al., 2020; Spezia

Adachi et al., 2012, 2015).

Thus, we aimed in the present study to investigate the effects of repeated tDCS over the
anxious-like behavior and neurochemical parameters in nerve-injured rats exposed or not

to alcohol consumption.

2. MATERIALS AND METHODS

2.1 Animals

Thirty-six adult male Wistar rats (200-250 g / 45 to 60 days old) were randomized by
weight and assigned to one of the five following groups: control (CT), NP, NP plus tDCS
(NPtDCS), NP plus alcohol (NPAL), and NP plus AL plus tDCS (NPALtDCS). Rats were
maintained in a room under controlled temperature (22 £ 2 °C), on a standard 12 h
light/dark cycle, with ad libitum access to water and rodent chow. All experiments and
procedures were approved by the Institutional Animal Care and Use Committee (GPPG-
HCPA protocol #150501) and complied with the ethical and methodological standards of
the ARRIVE guidelines (Kilkenny et al., 2013).

2.2 Experimental Design

On day zero the rats were submitted to the chronic constriction injury (CCI) surgery, and
subsequently started on alcohol passive drinking for the next 15 days (Figure 1). For

alcohol administration, the ethanol was diluted daily with distilled water to prepare a 20 %

95



Impacto da Estimulacao Transcraniana por Corrente Continua (ETCC) em ratos Wistar machos submetidos a um

modelo de dor crénica e/ou a exposi¢ao ao alcool.

v/v solution and delivered in a volume of 4 g/kg body weight according to previous
studies (Santos et al., 2020; Schunck et al., 2015). One day after the end of alcohol
administration, rats were tested in the open field (OF). Subsequently, the rats received
eight consecutive days of treatment with tDCS and were tested in the OF for a second
time twenty-four hours after the end of treatment. A day after the second OF test, the rats
were killed by decapitation and brain tissue samples were collected and stored at —80 °C
for further analysis. For all procedures, the experimenter was unaware of the experimental

group each rat belonged to.
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Figure 1 - Experimental timeline. CCl = chronic constriction injury surgery. tDCS =
transcranial direct current stimulation.

2.3 Open field test (OF)

The behavioral assessment was performed in a 60 x 40 x 50 cm varnished wooden cage
with glass-lined inside walls. The linoleum floor was divided by dark lines into twelve 13
x 13 cm squares. The OF test is often used to assess anxiety, exploration, and locomotion
(Prut & Belzung, 2003). Each trial started immediately after the animals were placed in
the back left corner and allowed to explore the surroundings for 5 min (Medeiros et al.,
2012). The box was cleaned between trials to remove odor from previously tested
subjects. Three parameters were evaluated during the test: (1) number of total crossings,

(2) number of internal square crossings; and (3) number of rearings (i.e., vertical activity).
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The number of crossings of internal squares (all paws crossing the boundary into an
adjacent marked-out area) assessed anxiety-like behaviors (Vuralli et al., 2019). Anxious
rodents are afraid to explore and prefer to stay in a safer place, which is the outer perimeter
of the OF. The number of rearing behaviors (standing upright on its hind legs) was used
to assess exploratory activity and as an additional measure of anxiety in rodents (Sturman
etal., 2018).

2.4 Chronic constriction injury (CCI) of the sciatic nerve

CClI was induced according to the method of Bennett and Xie (Bennett & Xie, 1988).
Rats were anesthetized by isoflurane inhalation at doses of 5 % for induction and 2.5 %
for maintenance. Four loose ligatures were made in the common sciatic nerve at the mid-
thigh, 1 mm apart using vicryl 4.0 suture. After the procedure, the incision site was
sutured with non-absorbable mononylon yarn 4.0. Rats undergoing surgery received
intraperitoneal tramadol (5 mg/kg) for pain relief immediately after surgery, and once
every 12 hours for 2 additional days (Guzman-silva et al., 2008).

2.5 Transcranial Direct Current Stimulation (tDCS)

Our group has expertise using the tDCS technique in experimental models (de Oliveira et
al., 2019; Filho et al., 2016; Laste et al., 2012; Santos et al., 2020). This technique mirrors
the tDCS protocols for humans (da Graca-Tarrago et al., 2019; Fregni et al., 2006). The
tDCS treatment started 16 days after the CCl model induction and confirmation of
nociception by the hot plate test. It consisted of a bimodal stimulation by low-intensity
constant current (0.5 mA) applied for 20 min during 8 days under immobilization using
a soft cloth. The cathode was positioned at a point between the lateral angles of the eyes
(supraorbital region) and the anode over the parietal cortex (Takano et al., 2011). All rats

had their heads shaved for better adherence to the adapted electrocardiogram electrodes
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(1.5 cm?) with a conductive hydrogel. Electrodes were fixed to the head with an adhesive
tape (Micropore™) and connected to a battery-driven stimulator. The stimulation was
performed at the same time of the day (11 AM), and by the same blind researcher in all
eight sessions.

2.6 Determination of IL-1a and IL-1P central levels

The rats were killed by decapitation 24 hours after the last treatment session, and central
nervous system structures (Spinal cord + Hippocampus + Cerebellum + Striatum) were
removed and frozen at —80 °C. The levels of IL-1 alpha and beta were determined by
sandwich ELISA using monoclonal antibodies specific for each measurement (R&D
Systems, Minneapolis, United States). Total protein was determined by Bradford's
method using bovine serum albumin as the standard (Bradford, 1976).

2.7 Immunohistochemistry NPY

The hypothalamus was fixed in 10 % buffered formaldehyde, processed, and embedded
in paraffin. Afterward, brains were sliced (4 um) using a microtome (Microm/HM360)
and mounted on previously silanized glass slides. To perform immunohistochemistry, the
slides were heated in an oven at 80 °C for 30 minutes, deparaffinized in xylol, and
rehydrated in ethyl alcohol followed by distilled water. Antigen retrieval was performed
in a citrate buffer (pH 6.0) in a 95 °C water bath for 20 minutes. The specimens were then
cooled for 10 minutes in the buffer itself. Endogenous peroxidase activity was blocked
using 5 % hydrogen peroxide solution in methanol for 20 minutes. Protein blocking was
performed for 20 minutes using powdered skim milk diluted to 5 % in PBS. The sections
were then incubated overnight at 2-8 °C with an anti-NPY primary antibody (Sigma,
N9528) at 1:8000 dilution. Next, a rabbit IgG secondary antibody (Millipore, AP132P)

was applied at 1:200 dilution for 90 min at room temperature. The reaction was then
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visualized using Liquid Dab (Dako, K3468), as recommended by the manufacturer. The
slides were counterstained in Harris hematoxylin for 10 seconds and differentiated in 2 %
ammoniacal water for 30 seconds. The sections were dehydrated in absolute alcohol and
placed in xylol to allow assembly of resin-type Entellan slides. For the number of cells,
the total area, and the average size, the counts were stereologically made in 6 fields/slides
for 2 rats/group. The results were calculated by the percentage of control and expressed
as delta variation of control (value of group - 100). The numbers of cells indicate an
increase or decrease of staining in comparison to the control group (% of control of
immunoreactive cells/field).

2.8 Analysis of gene expression by gRT-PCR

After decapitation, the central nervous system structures (Spinal cord + Hippocampus +
Cerebellum) of each animal were collected and individually stored in tubes at -80 °C. For
RNA extraction, 100 mg of marrow and cerebellum and 50 mg of hippocampus were
used. For the striatum, extraction was not possible due to the small size of the structure.
RNA was extracted using TRIzol Reagent (Ambion, Inc - cat. number 15596026),
according to manufacturers’ instructions. RNA integrity for each sample was measured
using the Nanodrop 1000 spectrophotometer (Thermo Fisher, Waltham, Massachusetts,
USA) and stored in a -20 °C freezer. 100 nanograms of RNA was reverse transcribed into
complementary DNA (cDNA) using the M-MLV Reverse Transcriptase (Invitrogen,
Carlsbad, California, USA - cat. number 28025-013) enzyme, according to
manufacturers’ instructions. Reverse transcription was performed in the Veriti PCR
System Thermal Cycling Block (Applied Biosystems, Foster City, California, USA) for
5 minutes at 65 °C, 2 minutes at 37 °C, 50 minutes at 37 °C, and 15 minutes at 70 °C.

The gene expression reaction was performed in 10 pL reactions containing 5 pL of

99



Impacto da Estimulacao Transcraniana por Corrente Continua (ETCC) em ratos Wistar machos submetidos a um

modelo de dor crénica e/ou a exposi¢ao ao alcool.

TagMan Universal Master Mix 11 with UNG, 1 uL cDNA product, 0.5 pL gene expression
assay (20X) of interest, 0.5 pL of gene expression assay (20X) housekeeping gene, and 3
ML nuclease-free water. The following thermal cycling specifications were performed on
the StepOne Real-Time PCR System Thermal Cycling Block (Applied Biosystems,
Foster City, California, USA): 2 minutes at 50 °C, 10 minutes at 95 °C (polymerase
activation), and 40 cycles each for 15 seconds at 95 °C (denature) and 1 minute at 60 °C
(anneal/extend). gPCR gene expression was performed using a customized TagMan
probe. The fluorescent dye 6-carboxy-fluorescein (FAM) was used for detecting the genes
of interest, and the fluorescent dye victoria (VIC) was used for detecting the reference
gene GAPDH. All reactions were performed in triplicate in 48-well plates sealed with
adhesive film. Relative fold change was computed using the 244t method, in which each
sample’s AACt is used to calculate a fold change relative to controls. ACt values were
first calculated by subtracting the Ct value of GAPDH normalizer gene from Ct of interest
gene from each sample (ACt = gene interest Ct — GAPDH Ct), and AACt values were
calculated by subtracting the average of the control ACt values from each ACt sample
(AACt = ACt sample — ACt control average). The value obtained from this calculation is
applied to the formula 222€T and, thus, we obtained the relative expression of the gene of
interest normalized to a reference gene (normalizer gene).

2.9 Data analysis

Data were expressed as the mean + standard error of the mean (S.E.M.). The behavioral
analysis in the OF was performed using Generalized Estimated Equations (GEES)
followed by Bonferroni’s correction. The data of immunohistochemical detection of NPY
were calculated as the percentage of control of the number of immunoreactive cells per

field and expressed as delta variation of control. Expressive changes were conventionally
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considered when there was an increase or decrease in NPY staining over 40 % of the
control group. The levels and expression of ILs were analyzed using one-way analysis of
variance (ANOVA) followed by the Student-Newman-Keuls (SNK) method. P—values <

0.05 were reported as statistically significant. SPSS 26.0 was used for statistical analysis.

3. RESULTS

3.1 Open field test

The OF is a largely used test for detecting anxiety-like behavior in rodents. In this
experiment, behaviors similar to anxiety were evaluated at two time points, before and
after treatment with tDCS (Figure 1). Regarding the number of crossings of internal
squares and the number of rearings, there was interaction between group and time (GEE:
Wald 42 = 17.510, P < 0.001), and significant effects of time (GEE: Wald 2 = 9.690, P
< 0.05) and group (GEE: Wald y2 = 23.021, P < 0.001). The Bonferroni post hoc analysis
revealed that animals submitted to the CClI / alcohol presented a lower number of central
crossings (Figure 2 a) and a lower number of rearings (Figure 2 b) in the pre-treatment
test in the OF, compared to controls. On the other hand, tDCS treatment reversed the
decrease of the number of central crossings and rearings as observed in the post-treatment
test in the OF (Figure 2 a-b), suggesting an anxiolytic effect of tDCS. The number of total
crossings was similar for all groups (GEE, P > 0.05), suggesting that there was no effect

on the locomotor activity.
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Figure 2 - Anxiety-like behavior parameters in the open field (OF) test (5 min sessions).
(@) number of central crossings; (b) number of rearings. Data are expressed as mean +
SEM (GEE / Bonferroni, P<0.05). Phase | = test before treatment; Phase Il = test after
treatment. (*) Significant difference from CT; (#) Significant difference from CT,
NPtDCS and NPALtDCS. n = 6-8/group.

3.2 Central levels of IL-1a and IL-1B in striatum, hippocampus, spinal cord, and

cerebellum
In the striatum, it is possible to observe a pain effect in the levels of IL-1a. All groups

subjected to CCI presented lower IL-1a levels in comparison with the control group (one-

102



Impacto da Estimulacao Transcraniana por Corrente Continua (ETCC) em ratos Wistar machos submetidos a um

modelo de dor crénica e/ou a exposi¢ao ao alcool.

way ANOVA, Fup24) = 7.491, P < 0.001; Table 1); there are no significant differences
between groups in the striatal 1L-1 levels (one-way ANOVA, F@27=01.933, P > 0.05;
Table 1).

Regarding the hippocampus, the NPALtDCS group presented higher IL-1a levels in
comparison with control group (one-way ANOVA, F(4,27) = 2.656, P < 0.05; Table 1);
without significant differences between groups regarding hippocampal IL-1p levels (one-
way ANOVA, F(4,27) = 0.806, P > 0.05; Table 1).

In the spinal cord and cerebellum, no significant differences were observed between
groups regarding IL-1o and IL-1B levels (one-way ANOVA, Fu27n = 2.122 and F@27) =
1.984, respectively for spinal cord; Fu27) = 2.187 and Fa,27) = 0.456, respectively for

cerebellum, P > 0.05 for all; Table 1).
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Table 1 —IL-lo and IL-1p levels in central structures.

Brain Structure
Variable
Experimental Groups Striatum Hippocampus Spinal Cord Cerebellum
IL-lo IL-18 II-la II-18 II-Io IL-18 II-Ia IL-18
391.07 156.12 61.57 91.17 258.67 75.59 93.06 43.78
Control (CT)
+24.06 +12.17 +8.18 £23.56 +51.91 +11.33 +2.87 +5.96
: ) 259.50 99.42 103.52 95.71 245.61 122.95 110.87 50.09
Neuropathic Pain (NP)
+ 31.15% +7.18 +7.62 +£24.38 +64.36 £19.61 +2.53 + 7.08
, ) 258.84 143.20 89.26 50.24 243.15 145.53 109.57 47.41
Neuropathic Pain + tDCS (NPtDCS)
+44.90* +£46.76 +19.20 +9.76 +2831 +£29.32 +6.12 + 0.65
221.68 96.59 100.04 103.90 124.77 150.79 99.83 49.74
Neuopathic Pain + Alcohol (NPAL)
+10.46*% £ 15.17 +17.04 £2047 +28.51 +£20.23 +5.01 +7.18
Neuropathic Pain + Alcohol + tDCS 190.38 110.30 128.67 97.21 128.42 144.55 105.54 57.12
(NEALIDCS) +12,36%  +13.28 +21.92* +£21.85 +36.12 +£33.15 £825 +1023

Data are expressed as mean = SEM of pg/mg of protein. (*) Indicate a significant difference from CT (one-way ANOVA/SNK. P < 0.05). tDCS
= Transcranial Direct Current Stimulation. n = 6-8/group.
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3.3 Expression of I1L1a and IL1b in spinal cord, cerebellum, and hippocampus

In the spinal cord, we observed an increase in the IL1a mRNA induced by alcohol; the
NPAL group was different from the NP and NPtDCS groups (one-way ANOVA, F,25) =
4.992, P <0.05; Figure 3 a). In addition, there was an increase in the IL1b mRNA induced
by alcohol and/or tDCS; the NPAL, NPtDCS, NPALtDCS groups were different from the
CT and NP groups (one-way ANOVA, Fa,2s = 4.106, P < 0.05; Figure 3 b).

Regarding the cerebellum, there was no significant difference observed regarding
cerebellar IL1a mRNA between groups (one-way ANOVA, F@.27) = 1.514, P > 0.05;
Figure 3 c). On the other hand, there was an increase in the 1L1b mRNA induced by
alcohol observed in the NPAL and NPALtDCS groups (one-way ANOVA, F,25 = 6.004,
P < 0.05; Figure 3 d).

In the hippocampus, there was no difference between groups in the IL1a and I11b mRNA
(one-way ANOVA, F,25)= 0.556, F,26) = 2.042, respectively, P > 0.05; Figure 3 e and

).
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Figure 3 - Gene expression of I11a and 1l1b, respectively, in the Spinal Cord (a, b), Cerebellum (c, d), and Hippocampus (e, f). Data are expressed
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3.4 Neuropeptide Y detection

The analysis of hypothalamic immunohistochemical detection of NPY antibody (Figure
4) showed a tDCS treatment modulatory effect (Table 2). The NPtDCS group showed an
increase in the immunoreactivity for NPY in the number of cells (123.19%) and total area
marked (117.02%). Also, the NPALtDCS group showed an increase in the
immunoreactivity for NPY in total area (66.31%) and average cell size (42.34%).

However, NPY-immunoreactivity in untreated rats was similar to controls.

Figure 4 - Illustrative images from NPY immunodetection in the hypothalamus of rats
(Image-J; Magnification: 40X; Scale bars: 500 um). (A) control, CT; (B) neuropathic
pain, NP; (C) neuropathic pain plus transcranial direct current stimulation, NPtDCS; (D)
neuropathic pain plus alcohol, NPAL; (E) neuropathic pain plus alcohol plus tDCS,
NPALLtDCS. Arrows point to NPY immunodetection in cell bodies and neurites.
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Table 2 — NPY immunodetection in the hypothalamus.

Hypothalamus
Experimental Groups Variable
Number of Cells Total Area Average Size
Neuropathic Pain (NP) - 14.34 - 13.19 39.00
Neuropathic Pain + tDCS (NPtDCS) 123.19* 117.02% - 37.39
Neuopathic Pain + Alcohol (NPAL) - 3583 - 2452 2.07
Neuropathic Pain + Alcohol + tDCS (NPALIDCS) 37.54 66.31* 42.34*

Data were calculated as % of control (CT) of immunoreactive cells/field and expressed as delta variation of control (value of control - 100). NPY
= Neuropeptide Y; tDCS = Transcranial Direct Current Stimulation. (*) Expressive changes were considered: a decrease or an increase of over

40% of control (bold). n = 2/group.
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DISCUSSION

The current study shows that rats exposed to a model of neuropathic pain, associated or not
with alcohol consumption, present anxiety-like behaviors. These behaviors, indexed by a
decrease in the spontaneous rearing and in the number of central crossings in the open field test
(Sturman et al., 2018; Vuralli et al., 2019), were reverted by tDCS treatment over the course of
eight days. Besides that, we showed that these behavioral alterations were associated with
changes in the IL-1a and IL-1pB levels, in the IL1a and IL1b expression in the spinal cord,
hippocampus, striatum, and cerebellum, and in the hypothalamic NPY immunoreactivity.
Empirical evidence supports the hypothesis that alcohol dependence is among the pathologies
arising from aberrant neurobiological substrates of pain (Egli et al., 2012). In a previous study
using the same protocols, we showed the effectiveness of the CCI pain model in inducing
hypernociception (Santos et al., 2020). The interrelation between chronic pain and alcohol
consumption is of increasing interest since both conditions have a high impact on public health
(Zale et al., 2015). However, despite evidence that alcohol has effects on pain processes and
symptoms (Thompson et al., 2017), and that pain contributes to alcohol consumption (Egli et
al., 2012), not enough attention has been devoted to the mechanistic understanding of this
relationship, paramount for preventing and treating both problems. Among other emotional
problems, symptoms of anxiety are highly prevalent in NP and alcohol consumption conditions,
as has been reported in both preclinical and clinical studies (Lee et al., 2015; Radat et al., 2013;
Sieberg et al., 2018; Smith & Randall, 2012). We have previously demonstrated that rats
submitted to the CCI pain model exhibit anxiety-like symptoms for at least 21 days after surgery
(Filho et al., 2016; Lopes et al., 2021).

In the current study, we demonstrate that CCI rats develop an anxious-like state that was
reversed by repeated tDCS treatment. Some previous studies have already shown that tDCS has

anxiolytic effects in rodents under several conditions (Filho et al., 2016; Lopes et al., 2021;
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Macedo et al., 2016). Furthermore, the literature on the use of tDCS to treat anxiety in humans
has been recently reviewed by us (Stein et al., 2020), and shows that, despite the small number
of clinical studies to date, tDCS is a well-tolerated method of neuromodulation that holds
promise for the treatment of this condition.

Chronic pain and alcohol are known to change the levels of cytokines in different tissues (Crews
et al., 2006). Among several cytokines, IL-1 is considered to have diverse physiological
functions and pathological significance in health and disease (Kaneko et al., 2019).
Furthermore, IL-1a and B play a fundamental role in the development and progression of
anxiety-like states (Murray et al., 2013; Rossi et al., 2012). Here, we mainly show that rats
under CCI, regardless of whether they were exposed to alcohol or treated with tDCS, have
reduced IL-1a - but not IL-1f - levels in the striatum. In contrast, IL-1a levels were significantly
increased in the hippocampus of rats with CCI exposed to alcohol and treated with tDCS. No
changes were observed in IL-1a levels in the spinal cord and cerebellum, nor in the IL-1 levels
in any of the analyzed brain structures. Our previous studies demonstrate the complexity of
regulating neuropathic pain by endogenous immunological factors (Callai et al., 2019; Cioato
etal., 2016; Lopes et al., 2020; Santos et al., 2020). Also, exposure to alcohol produces changes
in the immune function, as shown in a study involving prenatal alcohol exposure in combination
with neuropathic pain, resulting in increased protein expression of IL-1B, TNF-a, and IL-6
(Noor et al., 2017). It is important to note that ILs have important homeostatic functions in
normal organisms; however, overproduction of pro-inflammatory cytokines is implicated in the
pathophysiological changes that occur during different disease states (Furman et al., 2019),
including neuropathic pain (Gongalves dos Santos et al., 2020) and alcohol exposure (Neupane,
2016). However, in the current study, we did find a significant reduction of IL-1a level in the
striatum induced by CCI, without the effect of alcohol or tDCS. Previous studies have shown

that IL-1a has antiallodynic and antihyperalgesic effects in a rat neuropathic pain model (Mika
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et al.,, 2008), Thus, we can suggest that a decrease in central IL-1a levels might be the
mechanism underlying the neuropathic pain.

Moreover, the interaction between nociception and anxiety-like states in rodents may also be
regulated by endogenous anxiolytic neuropeptides and neurotransmitters (Zhang et al., 2014).
An important neuropeptide is NPY, which has appeared as a relevant component in nociceptive
signaling modulation through its action on several receptors in the central nervous system
(Gibbs et al.,, 2004; Gupta et al., 2019). In addition, NPY (co-secreted with other
neurotransmitters, GABA and glutamate) and its receptors are related to the etiology and
pathophysiology of mood and anxiety disorders, and the central regulation of drug/alcohol use,
nociception, reward, and energy homeostasis (Baliki & Apkarian, 2015; Pilat et al., 2015;
Reichmann & Holzer, 2016; Robinson & Thiele, 2017; Vilpoux et al., 2009). NPY is a highly
conserved endogenous peptide in the central and peripheral nervous systems of all mammals,
which has been implicated in both pro- and antinociceptive effects (Diaz-delCastillo et al.,
2018). The analgesic effects of NPY was previously demonstrated by Yalamury and colleagues
(2012); using pharmacological modulation of NPY Y1 and Y2 receptors in a postoperative
model of pain, these authors show that a single dose of intrathecally administered NPY was
sufficient to attenuate postoperative pain behaviors for 48 h and that the administration of a Y2
receptor antagonist has anti-hyperalgesic effects (Yalamuri et al., 2013). Accordingly, selective
ablation or inhibition of spinal Y1 interneurons produced changes in the endogenous NPY-Y1
signaling cascade, generating pain reduction and preventing the transition to chronic pain
(Nelson & Taylor, 2021). Furthermore, the anxiolytic activity of NPY is primarily mediated by
Y1 receptors. For instance, the administration of a selective Y1 receptor antagonist before or
together with NPY abolishes its anxiolytic effect (Lach & de Lima, 2013). Unpublished data
from our lab using CCI and alcohol consumption in rats suggest a modulatory role of tDCS in

the immunoreactivity of NPY in central structures (PFC, amygdala, and striatum) (Santos et al,
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personal communication). In the present study, we show that the CCI or alcohol consumption
did not change the expression of NPY in the hypothalamus; however, its expression was
increased by tDCS treatment. Therefore, we can suggest that this effect could be related to the
tDCS anxiolytic effects, which could be a result of the neuromodulation-induced
neuroplasticity (Monai et al., 2016; Nitsche et al., 2012). In addition, the peptide’s regulation
of disease states suggest that modulation of the activity of the NPY system via receptor
agonists/antagonists may be a putative treatment mechanism in affective disorders as well as
alcohol use disorders (Thorsell & Mathe, 2017).

We recognize that the present study has some limitations. First, the causal relationship between
alcohol consumption and comorbidity with neuropathic pain has not been defined, as it was not
our primary objective at this point (we focused specifically on the effects of the association of
both conditions). Future studies still need to clarify this causal relationship that involves
complex brain circuits. Second, the sample size was limited, especially for the assessment of
central NPY immunoreactivity, and it should be further amplified. Third, other brain regions,
such as the amygdala, crucial in both NP and alcohol consumption processes, need to be further
investigated to unravel their role in both conditions. Beyond that, future studies should
investigate the effects of brain modulatory interventions in chronic pain and alcohol
consumption conditions through the dopamine and the endogenous opioid system.

Despite the limitations, the results of the current study offer insights into how limbic structures
may be involved in the establishment and the modulation of both diseases. The current findings
also support the understanding of the modulatory characteristics of transcranial direct current
stimulation. Since chronic pain and harmful use of alcohol reduce the quality of life and they
are important clinical and economic problems, promising modulatory therapies, including

tDCS, must be encouraged.
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CONCLUSION

Our results collaborate with the better molecular understanding involved in the paradigm of the
association of chronic pain and alcohol consumption. An important result was the robust
decrease in the IL-1a levels observed in the striatum induced by CCI, suggesting a role of the
IL-1a in the neurobiology of NP. Thus, the current study showed that tDCS changes anxiety-
like behavior induced by chronic neuropathic pain, which could be related to its modulatory

effect in the immunoreactivity of NPY and spinal cord expression of IL1a and IL1b.
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Abstract- This study aimed to evaluate the effects of repeated bimodal transcranial direct
current stimulation (tDCS) on alcohol consumption and immunohistological and neurochemical
parameters in nerve-injured rats. Forty-eight adult male Wistar rats were distributed into six
groups: control, neuropathic pain (NP)+sham-tDCS, NP+alcohol+sham-tDCS, alcohol+sham-
tDCS, alcohol+tDCS, and NP+alcohol+tDCS. NP is induced by chronic sciatic nerve
constriction (CCI). The rats were exposed to a 10% alcohol solution by voluntary consumption
for 14 days. From the 16th day after surgery, bimodal tDCS was applied for 20 minutes/day for
8 days. Brain structures were collected to evaluate the number of neuropeptide Y (NPY)-
positive neurons, neurites, and argyrophilic grains by immunohistochemistry, and brain-derived
neurotrophic factor (BDNF), nerve growth factor (NGF), interleukin (IL)-6, and IL-10 by
ELISA. Nerve-injured rats showed a progressive increase in alcohol consumption compared to
the non-injured rats. In addition, there was a reduction in voluntary alcohol consumption over
time induced by tDCS. Alcohol exposure, chronic pain, and tDCS treatment modulated the
central NPY immunoreactivity. tDCS increased the cerebellar levels of I1L-6 and IL-10, and
CCl and/or tDCS reduced striatal BDNF levels. The current data suggest that tDCS could be a
promising non-pharmacological adjuvant to treat patients with chronic pain who use alcohol to
relieve their symptoms.

Keywords- Chronic pain, Alcohol, tDCS, Neuropeptide Y, Cytokines, Rats

Introduction

Alcohol provides an accessible means for chronic pain patients to relieve their symptoms,
despite its potential consequences for long-term health, such as alcohol dependence and alcohol
withdrawal syndrome. Approximately 25% of patients with chronic pain consume alcohol to
relieve their symptoms [1]. However, chronic alcohol intake is known to induce selective

neuronal damage [2] and exacerbates pain, with marked increases in sensitivity occurring after
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a period of abstinence [3,4]. Both pain and chronic alcohol consumption result in the interaction
of a broad range of physiological mechanisms in the nervous system [5,6]. Several biochemical
markers seem to be involved in both chronic alcohol consumption and the development of
chronic pain.

The development of alcohol dependency induces an adaptive process in the amygdala-NPY
system, as well as in the levels of brain-derived neurotrophic factor (BDNF) in areas such as
the hippocampus, cerebral cortex, and striatum [7]. In rodents, NPY regulates negative affective
states, anxiety-like behavior, nociception, and reward [7]. Furthermore, through its action on
the dopaminergic system, NPY may modulate reward circuitry in animals subjected to alcohol
consumption [7]. Preclinical studies have shown significant and temporally dynamic changes
in the central and peripheral cytokines under pain conditions [8,9] and alcohol exposure [10].
Considering the complexity of chronic pain and alcohol dependence, it is important to search
for new therapeutic options. Neuromodulatory techniques have been used to relieve chronic
pain and drug cravings, including alcohol dependence [11]. Particularly, transcranial direct
current stimulation (tDCS) is a safe and low-cost tool that can be easily applied to such
therapeutic options [12]. Our previous preclinical studies have shown short- and long-term
effects on nociceptive parameters after tDCS treatment in different chronic pain models,
altering central cytokine (IL-1B, IL-10, TNF-a), and neurotrophin (BDNF) levels
[8,13,14,15,16,17]. However, there have been no studies on the effects of tDCS on chronic pain
associated with alcohol exposure. In this way, it has been suggested that noninvasive brain
stimulation may represent a promising alternative treatment when these conditions are
associated.

Thus, in the current study, considering that chronic pain can trigger alcohol consumption in

individuals to relieve their symptoms and induce alcohol dependence, we aimed to evaluate the
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effects of repeated bimodal transcranial direct current stimulation (tDCS) on alcohol

consumption and immunohistological and neurochemical parameters in nerve-injured rats.

Materials and Methods

An expanded version of all methods is available in the Supplementary Methods section.
Animals

Forty-eight adult male Wistar rats (200-250 g) from the Center for Reproduction and
Experimentation of Laboratory Animals at Universidade Federal do Rio Grande do Sul/Brazil
were used in this study. Initially, animals were randomized by weight and maintained in groups
of four per cage (49 x 34 x 16 cm). Rats were housed in a vivarium under standard
environmental conditions under a 12-hour light/dark cycle (lights on at 7 a.m.). The animals
had ad libitum access to water and rodent chow. All experimental procedures were approved
by the Institutional Animal Care and Use Committee (GPPG-HCPA#15.0501). The
experimental protocol complied with the ethical and methodological standards of the ARRIVE
guidelines [18].

Experimental design

The rats were acclimated to the vivarium for 15 d. The rats were randomly assigned by weight
to six groups (n = 8/group): control (CT) - no manipulation; neuropathic pain (NP) - chronic
sciatic nerve constriction injury (CCI) plus sham tDCS; NP+alcohol (NPAL) - CCI and alcohol
administration plus sham-tDCS; alcohol (AL) - alcohol administration plus sham-tDCS;
AL+tDCS (ALtDCS) - alcohol administration and tDCS treatment; and NP+AL+tDCS
(NPALtDCS) - CCI, alcohol administration, and tDCS treatment. The sequence of steps and
experimental group sizes are elaborated in the experimental design (Figure 1). All investigators
were blinded to the treatment so that the bias between the groups receiving active or sham tDCS

treatment could be diminished. Three researchers analyzed the results; importantly, these
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evaluators were unaware of the experimental protocol. Rats were killed by decapitation 7 days

after the end of the tDCS treatment and alcohol withdrawal.

Environmental
Habituation
(15d) |
¢ h
| Aleohol J|
Habituation Voluntary Consumption Withdrawal

Experimental
7 910 16 BH 0]

Day
tDCs l

Pain Euthanasia
Surgery
ca

Figure 1. Experimental timeline. CCI: chronic constriction injury; tDCS: transcranial direct current

stimulation.
Neuropathic pain model
NP was induced by CCI of the sciatic nerve according to the method described by Bennett and
Xie [19].
Model of alcohol exposure
The protocol for voluntary ethanol consumption in the two-bottle choice model was adapted
from Carnicella et al. [20].

Transcranial direct current stimulation (tDCS)
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Rats were subjected to bimodal tDCS (0.5 mA) under immobilization for 20 min per day for 8

consecutive days, starting on the 16th day after CCI surgery [14,8,17].

wm

b 4

Figure 2. Electrode placement on the rat scalp during tDCS sessions. A = Anode; C = Cathode.

Created with BioRender.com

Immunohistochemistry

Two animals were used for evaluating the brain structures (PFC, amygdala, and striatum) that
had been fixed in 10% buffered formaldehyde, processed, and embedded in paraffin. An
average of 16 fields were used to obtain the immunoreactivity of NPY in neurons, neurites, and
argyrophilic grains per field per rat, and the average was obtained between two rats per group.
Numbers indicate an increase or decrease of staining in comparison to the control group (% of
control of immunoreactive cells/field) (Table 1). Expressive changes were conventionally
considered when there was an increase or decrease in NPY staining in over 40% of the control
group. The results were calculated as the percentage of control and expressed as delta variation

of control (value of group -100).
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Determination of biomarker central levels

The levels of BDNF, NGF, IL-6, and IL-10 were determined using a sandwich enzyme-linked
immunosorbent assay (ELISA) (R&D Systems, Minneapolis, USA), which uses specific
monoclonal antibodies.

Statistical analysis

Data are expressed as the mean + standard error of the mean (SEM). NP establishment was
detected by the von Frey test at baseline and 14 days after surgery, and alcohol consumption
analysis was carried out using generalized estimated equations (GEEs) followed by
Bonferroni’s correction. The levels of biomarkers were analyzed using one-way ANOVA
followed by the Student—-Newman—Keuls (SNK) method. The immunohistochemical detection
of NPY was calculated as the percentage of control of the number of immunoreactive cells per
field and expressed as delta variation of the control. Statistical significance was set at P <0.05.
Statistical analysis was performed using SPSS version 26.0.

Results

Data from the nociceptive tests were reported in the Supplementary Results section
(Supplementary Figure 1).

Alcohol consumption

There was an interaction between group and time (GEE: Wald 42 = 9929.081, P <0.001). On
day 11, nerve-injured rats consumed less alcohol than non-injured rats. On days 13 and 15,
alcohol consumption decreased in all the groups. On day 17, a peak of alcohol consumption
was observed in all groups, except in the non-injured groups subjected to tDCS. On day 19,
there was a decrease in alcohol consumption in all groups; however, the consumption of injured
rats increased from this point on. On day 23, the nerve-injured rats exposed to alcohol (NPAL)
increased their consumption, while both groups subjected to tDCS (ALtDCS and NPALtDCS)

showed less alcohol consumption, and the AL group presented stabilized levels of alcohol
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consumption. It is interesting to note that rats in pain increased alcohol consumption over time,
while pain-free rats showed decreased alcohol consumption (Figure 3; Supplementary Figure

2; Supplementary Table 1).

Alcohol Consumption --a--NPAL

—— AL

20

= ALtDCS
--8-- NPALIDCS

g/kg/48h

Treatment (tDCS)

11 13 15 17 19 21 23

Experimental Day
Figure 3. Measurement of alcohol consumption. Data were expressed as mean + S.E.M. Different
letters show significant differences between groups. There was a significant effect of time (GEE, P <
0.05) and group (GEE, P < 0.001). There was an interaction between group and time (GEE, P <
0.001). AL: alcohol group; NPAL: neuropathic pain plus alcohol group; ALtDCS: alcohol plus tDCS
group; NPALtDCS: neuropathic pain plus alcohol plus tDCS group. n = 8 / group.

Neuropeptide Y

Alcohol exposure, nerve injury, and tDCS treatment modulated central NPY immunoreactivity
(Table 1). Analysis of the PFC showed that the CCI induced an increase in the immunoreactivity
for NPY in the argyrophilic grains (169.38%); the NPAL group showed an increase in neurites
(91.14%) and argyrophilic grains (205.26%); and the AL group showed increased
immunoreactivity in neurites (100.24%) and argyrophilic grains (255.98%). The rats subjected
to alcohol consumption plus tDCS treatment (ALtDCS group) showed an increase in NPY

immunoreactivity in argyrophilic grains (184.78%); the NPALtDCS group showed increased
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NPY in neurites (54.73%) and argyrophilic grains (96.17%) (Figure 4; Table 1).

Figure 4. Representative images of NPY immunodetection in neurons (a), neurites (b), and
argyrophilic grains (c) in the Prefrontal Cortex (Image-Pro Plus 7.0, Media Cybernetics, Rockville,
MD, USA). (A) CT: control group; (B) NP: neuropathic pain group; (C) NPAL: neuropathic pain plus
alcohol group; (D) AL: alcohol group; (E) ALtDCS: alcohol plus tDCS group; (F) NPALtDCS:

neuropathic pain plus alcohol plus tDCS group. Magnification: 40X; Scale bars: 500pm.

The amygdala analysis showed that the NP group presented an increase in the number of NPY -
positive neurons (117.29%), neurites (115.66%), and argyrophilic grains (66.97%). The NPAL
group showed an increase in NPY immunoreactivity in neurites (129.38%); however, the
increase in neurons induced by CCI was reversed when the rats were exposed to alcohol (a
decrease of 12.91%), while the argyrophilic grains (an increase of 12%) were similar to control
levels. The AL group showed an increase in immunoreactivity in neurites (89.40%), while the
NPALtDCS group showed a decrease in neurons (46.19%), reverting the pain effect, and an

increase in the immunoreactivity for NPY in neurites (136.70%) and argyrophilic grains
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(42.71%) (Figure 5; Table 1).

Figure 5. Representative images of NPY immunodetection in neurons (a), neurites (b), and
argyrophilic grains (c) in the amygdala (Image-Pro Plus 7.0, Media Cybernetics, Rockville, MD,
USA). (A) CT: control group; (B) NP: neuropathic pain group; (C) NPAL.: neuropathic pain plus
alcohol group; (D) AL: alcohol group; (E) ALtDCS: alcohol plus tDCS group; (F) NPALtDCS:

neuropathic pain plus alcohol plus tDCS group. Magnification: 40X; Scale bars: 500um.

The striatum analysis showed that NPY immunoreactivity decreased in the NP group (56.46%
in neurons; 61.19% in neurites), AL group (57.21% in neurons), and ALtDCS group (60.36%

in neurons; 56.72% in neurites). The animals exposed to CCl, alcohol, and tDCS presented a
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reversal of these decreases in immunoreactivity (Figure 6; Table 1).

Figure 6. Representative images of NPY immunodetection in neurons (a), neurites (b), and
argyrophilic grains (c) in the striatum (Image-Pro Plus 7.0, Media Cybernetics, Rockville, MD, USA).
(A) CT: control group; (B) NP: neuropathic pain group; (C) NPAL.: neuropathic pain plus alcohol
group; (D) AL: alcohol group; (E) ALtDCS: alcohol plus tDCS group; (F) NPALtDCS: neuropathic

pain plus alcohol plus tDCS group. Magnification: 40X; Scale bars: 500um.

BDNF, NGF, IL-6, and IL-10 levels in the cerebellum and striatum

In the cerebellum, the ALtDCS group presented an increase in IL-6 levels compared to the
NPAL group (one-way ANOVA/SNK, F(5,42) = 2.61, P < 0.05), and IL-10 levels compared to
the other groups (one-way ANOVA/SNK: F(5,42) =2.92, P < 0.05). There were no differences
in cerebellar BDNF and NGF levels between groups (one-way ANOVA: P > 0.05, for both)
(Table 2).

In the striatum, the NPAL, ALtDCS, and NPALtDCS groups showed lower BDNF levels than
the CT group (one-way ANOVA/SNK, F(5,42) = 5.24, P < 0.05). In addition, the NP group

showed a significant decrease in the CT and AL groups (one-way ANOVA/SNK: F(5,42) =
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5.24, P < 0.001). The striatal NGF, IL-10, and IL-6 levels were not different between groups
(one-way ANOVA, P > 0.05, for all) (Table 2).

Discussion

In the current study, we showed that tDCS decreases alcohol consumption, an effect that is
more pronounced in non-injured rats. The alcohol consumption level is dependent on the state
of the animal; while the non-injured animals consumed more alcohol initially, during the
treatment, it was the injured animals that consumed more alcohol, as observed on day 23 (NPAL
group). The peak of alcohol consumption was observed on day 17, except for the non-injured
rats subjected to tDCS treatment. Alcohol exposure, CCI, and tDCS treatment modulated NPY
immunoreactivity in the PFC, amygdala, and striatum. Moreover, only the association between
alcohol withdrawal and tDCS treatment increased the cerebellar levels of IL-6 and IL-10. The
striatal BDNF levels were decreased by CCl and tDCS treatment, demonstrating the long-term
effect of tDCS (7 days after the end of treatment).

The increased alcohol consumption over time induced by CCI may be related to its analgesic
effect, as suggested previously [21], and corroborated by a systematic review suggesting
alcohol-inducing pain relief [22]. A study showed an inverse relationship between drinking
levels and hyperalgesia over four weeks in rats with inflammatory pain, without an increase in
the absolute value of alcohol consumption over time, corroborating the analgesic effect [23].
However, the mechanisms of action remain unclear [24]. Currently, it is believed that the
neurotransmitter systems and inflammation are common pathways involved in both
pathologies: chronic pain [8] and alcohol withdrawal [25]. In addition, previous studies have
shown that the affective and sensory dimensions of pain may be important factors in alcohol
abstinence syndrome, and the relief of negative emotional states can trigger alcohol
consumption [26,27]. Our results corroborate clinical studies, where repeated tDCS applied

bilaterally over the PFC is a promising adjunctive tool to reduce alcohol craving and relapse,
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facilitating alcoholism cessation [28,29]. We have also shown that tDCS inhibits food cravings
in rats [30]. Both drugs and food are known to develop addiction by activation of brain
circuitries involved in reward, motivation, and decision-making processes [31].

The current study showed that CCI promoted a more pronounced decrease in striatal BDNF
levels than other conditions, and alcohol consumption and tDCS increased the cerebellar levels
of IL-6 and IL-10. Like cytokines, BDNF is an important regulator of synaptic plasticity and
memory formation [32]. Our previous study showed an increase in PFC BDNF levels and IL-
10 levels in the hippocampus, PFC, and brainstem in rats even after 11 days of alcohol
withdrawal [25]. Proinflammatory cytokines, such as IL-6, play a major role in initiating and
sustaining inflammatory events, and their roles are tissue-specific and can be altered by alcohol
[33], and by tDCS [8,9,13,14]. The striatum and cerebellum participate in the accessory motor
system, acting in fine-tuning motor movements, which can be related to the tDCS effects and
alcohol abstinence observed in the current study. A previous study showed that patients
abstaining from alcohol had reduced inhibitory control and higher trait impulsivity, which
characterized a dysfunction in the neural inhibitory ability during movement preparation [34].
Thus, we suggest that tDCS over the cerebral cortex of rats can modify inhibitory processes,
decrease alcohol consumption, and alter biomarkers.

To the best of our knowledge, this is the first study to demonstrate the effects of tDCS treatment
on NPY-immunoreactivity in alcohol consumption/withdrawal. NPY has been shown to
modulate both alcohol consumption and aversion-resistant intake, which may be a secondary
effect of prolonged alcohol consumption [35]. PFC, amygdala, and striatum were chosen by
their involvement in the rewarding system [36], and drug addiction [37]. NPY is associated
with both alcohol consumption/withdrawal and chronic pain [38,39]. We observed that CCI
modulated the NPY-immunoreactivity in the PFC and in the amygdala, increasing its levels,

and decreasing it in the striatum; however, the association with alcohol reversed this effect in
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the amygdala. In addition, tDCS reversed the increased NPY-immunoreactivity by alcohol
consumption/withdrawal in the PFC, demonstrating the modulatory effect of tDCS. Moreover,
the association between alcohol and tDCS induced a decrease in NPY immunoreactivity in the
amygdala. These results suggest a modulatory effect of tDCS and alcohol consumption in a
maladaptive state induced by CCI.

In the PFC, alcohol, CCl, and tDCS treatment altered NPY immunoreactivity, characterizing a
greater sensitivity of argyrophilic grains to these interventions, and cells' specific NPY
response. The PFC participates in decision-making, executive function, and reward circuitry
[40,41,42]. In addition, individuals with chronic pain have been hypothesized to present deficits
in PFC functioning and may be more susceptible to alcohol misuse and poor pain management
[26]. Considering that argyrophilic grains are granular or punctuate deposits related to
neurodegenerative disorders [43], the increase in NPY immunoreactivity in the grains from the
PFC may be involved in these harmful effects.

Finally, some limitations of our study should be pointed out: (1) we did not evaluate the cause-
effect relationship between the central NPY immunoreactivity and alcohol exposure or tDCS;
(2) the groups of non-injured rats did not undergo surgery, anesthesia, or analgesic procedures.
Thus, the possible effect on alcohol consumption cannot be discarded; (3) there is no sham-
tDCS group; however, to replace this, we opted to immobilize rats from all groups except for
the control.

Conclusion

Our results show that the level of alcohol consumption is dependent on the state of the animal,
and bimodal tDCS treatment decreases alcohol consumption independent of the presence of
CCl in rats. Considering our results, and given that the changes in the NPY and BDNF levels
were modulated in the striatum, we believe that an investigation of the relationship between

NPY and BDNF may clarify aspects of pain and tDCS effects. Thus, these results suggest that
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tDCS can be a non-pharmacological adjuvant for treating alcohol consumption or withdrawal

symptoms in patients with chronic pain who use alcohol to relieve their symptoms.
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VIII. CONSIDERACOES FINAIS
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CONSIDERACOES FINAIS

A ineficécia das terapias atuais para as condic¢@es de dor cronica e uso nocivo do alcool,
pelo menos em parte, resulta da pouca compreensdo dos varios mecanismos envolvidos em
cada uma dessas condicdes, assim como na associacdo delas. Considerando que séo transtornos
prevalentes, com piora na qualidade de vida, os tratamentos atuais insuficientes e os altos gastos
com a salde e para a economia, ha uma busca continua por novas terapéuticas. Nesta tese
buscamos avaliar os efeitos da ETCC como estratégia terapéutica promissora para tratar ambas
as doencas, uma vez que é de baixo custo e com poucos efeitos adversos. O uso de modelos
animais adequados € essencial para compreensdo dos mecanismos e translacionalidade da
técnica.

Nesta tese demonstramos que um protocolo de estimulacdo com ETCC por 8 dias €
capaz de, 1. reverter a hiperalgesia térmica induzida pelos modelos de CCl e / ou exposi¢édo ao
alcool; 2. reverter o comportamento do tipo ansioso induzido pela dor neuropatica crénica e dor
neuropatica associada ao alcool, 3. reduzir o consumo voluntario de alcool independente da
presenca de CCI. Além disso, vimos que CCI aumentou o consumo de alcool.

Levando em consideracdo a ampla interferéncia sobre os processos bioldgicos das
doencas e do tratamento, sugerimos: que a modulacdo do NPY avaliada por meio da
imunoreatividade no hipotalamo e outras estruturas do sistema limbico, a expressdo génica e 0s
niveis das proteinas IL-1a e p em areas distintas do SNC podem ser mecanismos de acéo
envoltos na estimulacdo com a ETCC; que 0 aumento nos niveis centrais de NGF pode estar
relacionado com a neuroplasticidade induzida pelo alcool contribuindo assim para sua
cronicidade.

Em resumo, nossos resultados aumentam a compreensdo molecular envolta no

paradigma da associacdo da dor neuropatica crénica e uso nocivo de alcool e que a ETCC se
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caracteriza como uma alternativa terapéutica promissora para estas condi¢Ges. Apesar dos
resultados interessantes obtidos nesta tese, entendemos que ainda hd campo a ser melhor
explorado tanto na interface da comorbidade dor crénica/ uso de &lcool quanto nos mecanismos

da técnica de ETCC.
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IX. PERSPECTIVAS
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9. PERSPECTIVAS

Acreditamos que nossos resultados expandem o conhecimento presente no campo de
pesquisa sobre a dor cronica e uso nocivo de alcool. Como perspectivas futuras podemos
caracterizar o perfil oxidativo em diferentes estruturas cerebrais envoltos para essas doencas.
Incluir a investigacdo mais pormenorizada dos mecanismos de acao envoltos nos receptores —
opioidérgico, glutamatérgico e dopaminérgico — através de estimulacdo ou antagonismo
farmacoldgico dos mesmos. Quanto ao tratamento com a ETCC, a insula pode ser alvo para a
estimulacdo cerebral, visto ter muitas fungdes criticas relacionadas ao vicio/sistema de
recompensa, mas para isso seria necessario estudar um meio que permita o direcionamento da

estimulacao a esta estrutura.
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A) APROVACAO DO COMITE DE ETICA

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUAGAO

COMISSAC DE ETICA NO USO DE ANIMAIS

A Comisséo de Etica no Uso de Animais (CEUA/HCPA) analisou o projeto:

Projeto: 150501
Data da Versdo do Projeto:  04/11/2015

Pesquisadores:
IRACI LUCENA DA SILVA TORRES

DANIELA SILVA SANTOS

Titulo: Impacto da Estimulagdo Transcraniana por Corrente Continua (ETCC) em ratos
Wistar machos submetidos a um modelo de dor crbnica e/ou a exposigéo ao alcool.

Este projeto foi APROVADO em seus-aspectos éticos e metodol6gicos de acordo com as Diretrizes e
Normas Nacionais e Internacionais, especialmente a Lei 11.794 de 08/10/2008, que estabelece
procedimentos para o uso cientifico de animais.

- Os membros da CEUA/HCPA néo participaram do processo de avaliagio de projetos onde constam
como pesquisadores.

- Toda e qualguer alteragdo do Projeto devera ser comunicada a CEUA/JHCPA.

- O pesquisador deverd apresentar relatérios semestrais de acompanhamento e relatorio final ao
CEUA/HCPA.

7_.,\_ rto Alegre, 24 de novembro de 2015.
e

A

Biol. Michael Everton Andrades
Coordenador CEUA/HCPA
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B) CARTAS RECOMENDACOES

\5_-’)((3 HOSPITAL DE

"3 ‘e CL[NICAS

PORTO ALEGRE At

UNIVERSIDADE FEDERAL
DO RIO GRAMDE DO 5UL

Porto Alegre, 16 de maio de 2016,

Assunto: Carta de recomendacao para aluna Daniela Silva Santos

Recomendo a aluna Daniela Silva Santos para o Programa de Bolsa Especial para
Doutorado em Pesquisa Medica, disponibilizado pela Capes.

Conheco a candidata desde 2014 quando fui seu professor de farmacologia clinica
no 5° semestre da graduacdao em medicina da Universidade Federal do Rio Grande do Sul.
Naquela época, ja entusiasmada pela neurociéncia, a aluna me procurou interessada em
participar das reunidées do meu grupo de pesquisa, as quais ela tem comparecido com
frequéncia. Considero a candidata uma otima aluna e preparada para ingressar no
programa.

A Daniela trabalha sob a orientacao da professora Dra. Iraci Lucena da Silva Torres,
ha trés anos, em diferentes projetos na area da neuromodulagao, usando modelo animal.
Atraves de parcerias, também trabalha em pesquisas clinicas. A aluna demostra destreza na
execucdo de todas as fases de um projeto cientifico, deste a revisdo da literatura, a
realizacdo de testes comportamentais e ensaios bioquimicos, até a analise estatistica e boa
interpretacao dos resultados. A candidata propds ainda estudo original sobre a associacao
dor crénica e o consumo de alcool, bem como a utilizacdo da Estimulacdo Transcraniana
por Corrente Continua (ETCC), como tratamento ndo-farmacoldgico para ambas condi¢cdes,
projeto com o qual pretende receber a bolsa de doutorado em pesquisa médica. Saliento,
entretanto, que a candidata ja possui resultados importantes nessa area que estdo sendo
registrado em forma de artigo cientifico, demonstrando a viabilidade do referido projeto.

Alem de dedicada e com aptiddo para pesquisa, ela € uma jovem com qualidades
humanas e de relacionamento interpessoal. A Daniela apresenta étimo desempenho
académico e atua desde cedo em diferentes aspectos da vida académica. Assim, posso
recomendar seu ingresso nNo programa.

Atenciosamente,

Prof. Dr. Rafael Roesler
Departamento de Farmacologia

Instituto de Ciéncias Basicas da Saude
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\‘-")@" HOSPITAL DE "'yﬂ; §2
‘ N ) UFRGS
E CLINICAS /Q UFRGS

PORTO ALEGRI RS e Al

Porto Alegre, 11 de maio de 2015,

De: Prof. Lavinia Schuler Faccini

Assunto: Carta de recomendac¢é&o da aluna Daniela Silva Santos

Recomendo a aluna Daniela Silva Santos para o Programa de Bolsa
Especial para Doutorado em Pesquisa Médica, disponibilizado pela Capes.

A candidata foi minha aluna da graduagao na Faculdade de Medicina e
também bolsista de Extensdo no Projeto SIAT - Gravidez Segura da Universidade
Federal do Rio Grande do Sul (UFRGS) desde 2013 quando estava em seu terceiro
trimestre da faculdade. Além do periodo de bolsa, desenvolveu também atividades
voluntarias ao integrar o grupo de pesquisa de neuromodulag&o com a professora
Iraci Torres.

Durante seu periodo no SIAT — Sistema de Informacao sobre Teratdgenos,
sob minha coordenacgao, Daniela teve envolvimento tanto com pacientes como com
pesquisa. Publicou diversos resumos em congresso dos trabalhos que desenvolveu
conosco enfocando aspectos teratogénicos de anestésicos, retindides, cosméticos,
alem de medicamentos na amamentag&o e a descri¢do geral do SIAT. Um destes
trabalhos esta como manuscrito em preparo para ser submetido em breve.

Daniela sempre mostrou interesse na questao dos efeitos do alcool durante a
gravidez e esta participando de um projeto multidisciplinar sobre a sindrome fetal do
alcool em escolares da cidade de Porto Alegre.

Além de sua capacidade de trabalho cientifica, mostra ainda empenho,
dedicacgéo e excelente disposicéo para trabalhar em grupo. Tenho a satisfagéo de
recomenda-la fortemente para esta modalidade de p6s-graduacéo.

Estou disponivel para maiores informagoes
_r'/ 1 I T 9 ‘-.
{/w"; /Z—"g/ f?"‘ S

Prof. Dra. Lavinia Schuler Faccini

Departamento de Genética / Programa de Pds-graduagao em Genética e Biologia Molecular
Universidade Federal do Rio Grande do Sul

Servico de Genética Medica — Hospital de Clinicas de Porto Alegre

lavinia.faccini@ufrgs.br

5551 9975-6770
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Capitulos de livros
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Artigos Publicados
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Artigo submetido
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Resumos expandidos publicados em anais de congressos
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(ETCC) e dor crénica. In: Latin-American Workshop on Computational Neuroscience, 2017,
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Outras participacdes em eventos, congressos e outros relacionados
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D) DIAGNOSTICOS DE USO NOCIVO DO ALCOOL CONFORME DSM-5

a. TRANSTORNO POR USO DE ALCOOL

Transtorno por Uso de Alcool

Critérios Diagnosticos

A. Um padrao problematico de uso de alcool, levando a comprometimento ou sofrimento clinica-
mente significativos, manifestado por pelo menos dois dos seguintes critérios, ocorrendo duran-
te um periodo de 12 meses:

1. Alcool é frequentemente consumido em maiores quantidades ou por um periodo mais longo
do que o pretendido.
2. Existe um desejo persistente ou esforgos malsucedidos no sentido de reduzir ou controlar o
uso de alcool.
3. Muito tempo é gasto em atividades necessarias para a obtengéo de alcool, na utilizacéo de
alcool ou na recuperacéao de seus efeitos.

Fissura ou um forte desejo ou necessidade de usar alcool.

5. Uso recorrente de alcool, resultando no fracasso em desempenhar papéis importantes no
trabalho, na escola ou em casa.

6. Uso continuado de alcool, apesar de problemas sociais ou interpessoais persistentes ou
recorrentes causados ou exacerbados por seus efeitos.

7. Importantes atividades sociais, profissionais ou recreacionais sdo abandonadas ou reduzidas
em virtude do uso de alcool.

8. Uso recorrente de alcool em situagdes nas quais isso representa perigo para a integridade fisica.

9. O uso de alcool € mantido apesar da consciéncia de ter um problema fisico ou psicologico
persistente ou recorrente que tende a ser causado ou exacerbado pelo alcool.

10. Tolerancia, definida por qualquer um dos seguintes aspectos:

a. Necessidade de quantidades progressivamente maiores de alcool para alcancar a intoxi-
cagao ou o efeito desejado.
b. Efeito acentuadamente menor com o uso continuado da mesma quantidade de alcool.

11. Abstinéncia, manifestada por qualquer um dos seguintes aspectos:

a. Sindrome de abstinéncia caracteristica de alcool (consultar os Critérios A e B do conjunto
de critérios para abstinéncia de alcool, p. 499-500).

b. Alcool (ou uma substancia estreitamente relacionada, como benzodiazepinicos) é consu-
mido para aliviar ou evitar os sintomas de abstinéncia.

s

b. INTOXICACAO POR ALCOOL
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Intoxicacao por Alcool

Critérios Diagnosticos

A. Ingestao recente de alcool.

B. Alteragdes comportamentais ou psicologicas clinicamente significativas e problematicas (p. ex.,
comportamento sexual ou agressivo inadequado, humor instavel, julgamento prejudicado) de-
senvolvidas durante ou logo apds a ingestao de alcool.

C. Um (ou mais) dos seguintes sinais ou sintomas, desenvolvidos durante ou logo apoés o uso de alcool:

1.

oO0ewN

D. Os

Fala arrastada.
Incoordenacgao.
Instabilidade na marcha.
Nistagmo.
Comprometimento da atengéo ou da memdria.
Estupor ou coma.
sinais ou sintomas nao sdo atribuiveis a outra condicdo médica nem sdo mais bem explica-

dos por outro transtorno mental, incluindo intoxicagéo por outra substancia.

c. ABSTINENCIA DE ALCOOL

Abstinéncia de Alcool

Criterios Diagnosticos

A
B.

L NO O o~

Cessacgdo (ou redugio) do uso pesado e prolongado de alcool.

Dois (ou mais) dos seguintes sintomas, desenvolvidos no periodo de algumas horas a alguns
dias apés a cessacdo (ou reducdo) do uso de alcool descrita no Critério A:

Hiperatividade autonédmica (p. ex., sudorese ou frequéncia cardiaca maior que 100 bpm).
Tremor aumentado nas maos.

Insénia.

Nausea ou vémitos.

Alucinagdes ou ilusdes visuais, tateis ou auditivas transitérias.
Agitacdo psicomotora.

Ansiedade.

Convulsdes ténico-clonicas generalizadas.

C. Os sinais ou sintomas do Critério B causam sofrimento clinicamente significativo ou prejuizo no
funcionamento social, profissional ou em outras areas importantes da vida do individuo.

D. Os sinais ou sintomas n&o séo atribuiveis a outra condigdo médica nem sdo mais bem explica-
dos por outro transtorno mental, incluindo intoxicagdo por ou abstinéncia de outra substancia.

d. OUTROS TRANSTORNOS INDUZIDOS POR ALCOOL
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Outros Transtornos Induzidos por Alcool

Os seguintes transtornos induzidos por dlcool sdo descritos em outros capitulos do Manual, jun-
tamente aos transtornos com os quais compartilham fenomenologia (ver transtornos mentais in-
duzidos por substancia/medicamento nestes capitulos): transtorno psicotico induzido por alcool
(“Espectro da Esquizofrenia e Outros Transtornos Psicoticos”); transtorno bipolar induzido por
alcool (“Transtorno Bipolar e Transtornos Relacionados”); transtorno depressivo induzido por al-
cool (“Transtornos Depressivos”); transtorno de ansiedade induzido por alcool (“Transtornos de
Ansiedade”); transtorno do sono induzido por alcool (“Transtornos do Sono-Vigilia”); disfuncao
sexual induzida por alcool (“Disfuncdes Sexuais”); e transtorno neurocognitivo maior ou leve
induzido por dlcool (“Transtornos Neurocognitivos”). Para delirium por intoxicacao por alcool e
delirium por abstinéncia de alcool, ver os critérios e a abordagem de delirium no capitulo “Trans-
tornos Neurocognitivos”. Esses transtornos induzidos por alcool sdo diagnosticados em lugar de
intoxicacao por alcool ou abstinéncia de alcool apenas quando os sintomas sdo suficientemente
graves para justificar atencao clinica independente.

e. TRANSTORNO RELACIONADO AO ALCOOL NAO ESPECIFICADO

Esta categoria aplica-se a apresentagdes em que sintomas caracteristicos de um transtorno rela-
cionado ao alcool que causam sofrimento clinicamente significativo ou prejuizo no funcionamento
social, profissional ou em outras areas importantes da vida do individuo predominam, mas ndo sa-
tisfazem todos os critérios para qualquer transtorno relacionado ao alcool especifico nem para outro
transtorno na classe diagnéstica de transtornos relacionados a substancias e transtornos aditivos.
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