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RESUMO

YAEKASHI, K. M. Maresina 2 (MaR2) reduz dor articular e ativacdo neuronal
induzidos pelo virus Chikungunya inativado e sua proteina recombinante E2 em
camundongos. 2024. 77 f. Dissertagcdo (Mestrado em Ciéncias da Saude) —
Universidade Estadual de Londrina, Londrina, 2024.

O virus Chikungunya (CHIKV), desencadeia sintomas que normalmente s&o
solucionados pelo préprio sistema imunoldgico, porém é na fase crbnica que os
pacientes mais sofrem. A artrite cronica de Chikungunya (ACC), gera implicacdes
econbmicas e sociais, incluindo o impacto na qualidade de vida dos pacientes
infectados, pela perda da mobilidade e da produtividade econdmica. ACC é
normalmente confundida com a artrite reumatica (AR), devido as similaridades
clinicas, sendo assim, medicados com AINES ou opioides, que a longo prazo podem
gerar efeitos colaterais, prejudiciais para o organismo. Dessa forma, a busca por
moléculas que sejam mais efetivas e com menos efeitos colaterais se faz necessarias.
Os mediadores lipidicos pro-resolugcao especializados (SPMs) sdo moléculas
produzidas durante a fase de resolugdo da inflamacédo e possuem atividade pro-
resolutiva e analgésica. A Maresina 2 (MaR2) um SPM, derivado do acido graxo
Omega-3, exibe efeitos anti-inflamatorios e analgésicos, com capacidade de modular
atividade dos canais ibnicos TRPV1 e TRPA1 dos nociceptores. O objetivo desse
estudo foi de investigar o potencial analgésico da MaR2 em modelo de dor articular e
ativagdo neuronal induzido pelo virus CHIKV inativado (100 UFF/10uL) e a sua
proteina envelope recombinante E2 (rE2) (100ng/10uL) pela via intra-articular (i.a.),
além de confirmar e avaliar se os canais TRPA1 e TRPV1 apresentam alguma relagéo
com a formacgao da hiperalgesia durante a infecgao e se o lipidio é capaz de modular
essa ativacdo. CHIKVi e E2 induzem hiperalgesia mecénica e térmica nos
camundongos Swiss e esse estado consegue ser reduzido ao ser tratado com 10 ng
de MaRz2, via intratecal (i.t.), demonstrando o seu efeito analgésico. Para verificar
como a parte neuronal esta envolvida na formacao da hiperalgesia, foi realizada a
técnica de imageamento de calcio, in vitro, com ganglio da raiz dorsal (DRG).
Observou que os neurbnios estimulados com CHIKVi tiveram um influxo de calcio
maior, quando comparado com o Mock (grupo controle) e isso se da pela capacidade
do virus de modular a atividade dos canais TRPV1 e TRPA1, apresentando um influxo
muito maior quando esses canais eram ativados. Quando foram pré-tratados com a
MaR2, o influxo de calcio reduziu mesmo na presenca do CHIKVi e dos agonistas para
TRPV1 e TRPA1. A imunofluorescéncia, in vivo, demonstrou a intensidade de
fluorescéncia maior em DRG de animais estimulados com o virus inativado, afirmando
a capacidade do CHIKVi em agir diretamente na ativagdo dos canais ibnicos para
gerar a hiperalgesia. Esse estado foi revertido quando tratados com a MaRz2, pela
capacidade desse lipidio de reduzir/ inibir a ativagcdo dos ambos os canais, o que leva
a sua acao analgésica. Ja se sabe que CHIKVi e rE2 tem capacidade em modular a
atividade do canal TRPV1, porém ainda ndo ha dados para TRPA1. Com os resultados
in vitro e in vivo, ha possibilidade do TRPA1 de ter a sua ativagao modulada pelo virus.
Para confirmar isso, a hiperalgesia mecanica foi realizada em animais induzidos com
CHIKVi ou rE2 e tratados apdés uma hora, via i.t., com o HC-030031, antagonista
seletivo do TRPA1. Ao bloquear o canal, a hiperalgesia mecéanica foi reduzida,
demonstrando a relagao do canal ibnico na formagao da hiperalgesia.



Palavras-chaves: Chikungunya; Hiperalgesia; Maresina 2; Canal TRPV1 e TRPA1.



ABSTRACT

YAEKASHI, K. M. Maresin 2 reduces articular pain and neuronal activation
induced by inactivated Chikungunya virus and its protein E2 in mice. 2024. 77f.
Master’s degree (Dissertation in Ciéncias da Saude) — Universidade Estadual de
Londrina, Londrina — Parana, 2024.

The Chikungunya virus (CHIKV) triggers symptoms that are normally resolved by the
immune system itself, but it is in the chronic phase that patients suffer most. Chronic
Chikungunya arthritis (CCA) generates economic and social implications, including the
impact on the quality of life of infected patients through loss of mobility and economic
productivity. ACC is normally confused with rheumatoid arthritis (RA), due to clinical
similarities; therefore, medication is taken with NSAIDs or opioids, which in the long
term can generate side effects that are harmful to the body. Therefore, the search for
molecules that are more effective and with fewer side effects is necessary. Specialized
pro-resolving lipid mediators (SPMs) are molecules produced during the resolution
phase of inflammation and have pro-resolving and analgesic activity. Maresin 2
(MaR2), an SPM derived from omega-3 fatty acid, exhibits anti-inflammatory and
analgesic effects, with the ability to modulate the activity of the TRPV1 and TRPA1 ion
channels of nociceptors. The objective of this study was to investigate the analgesic
potential of MaR2 in a model of joint pain and neuronal activation induced by the
inactivated CHIKV virus (100 FFU/10uL) and its recombinant envelope protein E2 (rE2)
(100 ng/10pL) via the intra- joint (i.a.), in addition to confirming and evaluating whether
the TRPA1 and/or TRPV1 channels have any relationship with the formation of
hyperalgesia during infection and whether the lipid is capable of modulating this
activation. CHIKVi and E2 induce mechanical and thermal hyperalgesia in Swiss mice
and this state can be reduced when treated with 10 ng of MaR2, intrathecally (i.t.),
demonstrating its analgesic effect. To verify how the neuronal part is involved in the
formation of hyperalgesia, the calcium imaging technique was performed in vitro, with
the dorsal root ganglion (DRG). It was observed that neurons stimulated with CHIKVi
had a greater calcium influx when compared to Mock (the control group) and this is
due to the virus's ability to modulate the activity of the TRPV1 and TRPA1 channels,
presenting a much greater influx when these channels were activated. When they were
pretreated with MaR2, calcium influx was reduced even in the presence of CHIKVi,
TRPV1, and TRPA1 agonists. Immunofluorescence, in vivo, demonstrated a higher
fluorescence intensity in DRG of animals stimulated with the inactivated virus,
confirming the ability of CHIKVi to act directly on the activation of ion channels to
generate hyperalgesia. This state was reversed when treated with MaR2, due to the
ability of this lipid to reduce/inhibit the activation of both channels, which leads to its
analgesic action. It is already known that CHIKVi and rE2 have the capacity to
modulate the activity of the TRPV1 channel, but there is still no information for TRPA1.
With the in vitro and in vivo results, there is a possibility that TRPA1 has its activation
modulated by the virus. To confirm this, mechanical hyperalgesia was performed in
animals induced with CHIKVi or rE2 and treated after one hour, i.t., with HC-030031, a
selective TRPA1 antagonist. By blocking the channel, mechanical hyperalgesia was
reduced, demonstrating the role of the ion channel in the formation of hyperalgesia.

Key-words: Chikungunya; Hyperalgesia; Maresin 2; TRPV1; TRPA1 channel.
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1. INTRODUQAO
1.1 Dor

Fisiologicamente a dor pode ser considerada uma experiéncia desagradavel
causada por um dano no tecido, alertando o corpo e indicando que algo anormal esta
acontecendo na regido periférica do nosso organismo, nos protegendo das lesdes
causadas pelo ambiente externo (COHEN; QUINTNER; VAN RYSEWYK, 2018;
WOOLF, 2010).

Os mediadores inflamatérios como citocinas como TNF-a e IL-18 séao
reconhecidos pelo receptor do fator de necrose tumoral 1 (TNFR1) e receptor de
interleucina 1 (IL-1) (CUNHA et al., 2005; GUDES et al., 2015; PINHO-RIBEIRO; VERRI;
CHIU, 2017) e sensibilizam os nociceptores localizados no génglio da raiz dorsal DRG
€ no ganglio trigeminal (TG) (AMAYA et al., 2013; SILVA et al., 2023).

Os nociceptores sdo neurbnios pseudo unipolares, com o corpo celular na regiao
periférica, responsaveis por captar estimulos nociceptivos periféricos e projetado para
a medula espinhal (DUBIN; PATAPOUTIAN, 2010) e podem ser formados por fibras C
nao mielinizados e fibras Ad mielinizadas (MATSUDA; HUH; JI, 2019; WOOLF, 2010),
enervando diversas regides do organismo como na pele, tecidos, musculos, articulagdes
e na maior parte dos érgaos viscerais (YAM et al., 2018). A sensibilizagdo do nociceptor
leva @ modulagao de canais idnicos, como canais de sodio (Nav1.7, Nav1.8 e Nav1.9)
(AMAYA et al., 2000) e canal de potencial receptor transiente (TRP), que podem gerar e

influenciar na intensidade da percepcéo da sensacao de dor.

Principais canais, idbnicos sdo: TRPA1 (Canal de potencial transitério anquirina
1), sensivel aos irritantes quimicos; TRPV1 (Canal de potencial transitério da subfamilia
vaniléide 1), um canal de célcio ndo-seletivo sensivel ao calor, e sabidamente ativado
pela capsaicina (componente da pimenta); e TRPM8 (Canal de potencial receptor
transiente da subfamilia melastatina membro 8), sensivel ao frio (CONSTANTIN et al.,
2008; JI et al., 2011; PINHO-RIBEIRO; VERRI; CHIU, 2017; ROH et al., 2020;
SISIGNANO et al., 2012).

A sinapse dos mediadores inflamatérios com o nociceptor primario, geram sinais,
que sao transportando da regido periférica até o corno dorsal da medula espinal, onde
fazem sinapse com o neurénio de segunda ordem, gerando potenciais de agao levados
até o cortex somatossensorial no cérebro, onde o estimulo sera traduzido em um
estimulo doloroso (BASBAUM et al., 2009; SILVA et al., 2023).
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A hipersensibilizacdo dos nociceptores pode levar a hiperalgesia, uma resposta
exacerbada a um estimulo normalmente doloroso, ou dar origem a alodinia, uma dor
gerada por um estimulo que normalmente nao é doloroso (VERRI et al., 2006). Ainda
nao existe um consenso de como a dor deve ser dividida. De acordo com Scholz & Woolf
(2002), a dor era agrupada em nociceptiva e patolégica, sendo que a patoldgica se
subdividia em neuropatica, inflamatéria e idiopatica. Porém, a classificacdo, utilizada
atualmente é a proposta pela Associagao Internacional para o Estuda da Dor (IASP)
(2017), que agrupa a dor no tipo nociceptiva, neuropatica e nociplasica ou idiopatica
(AYDEDE; SHRIVER, 2018; COHEN; VASE; HOOTEN, 2021; COSTIGAN; SCHOLZ;
WOOLF, 2009; HAANPAA et al., 2011; SHRAIM et al., 2020; SILVA et al., 2023; WOOLF;
MA, 2007; YAM et al., 2018).

Estimulo

Nociceptor

Caminho da dor para o cortex

Ganglio da raiz e
- J
£

0\} ,I” )/

-H,__{_-_;\ﬂ_/

Mio Corda Espinhal

(Inervagdo periférica)

Figura 1: Mecanismo de dor. Diagrama representativo indicando os niveis envolvidos
na deteccdo do estimulo até a parte de interpretagcdo e a modulacédo da dor. Os
estimulos sao detectados por nociceptores, depois transmitidos para a corda espinhal,
antes de ter o potencial de agao levado até o cortex cerebral (Linha representada pela

cor rosa). Ja o estimulo interpretado no cértex é convertido em sensagao de dor e volta

12
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até o local que esta sofrendo a agao, passando pela medula espinhal (Representada
pela linha azul). Adaptada do artigo da Silva, MDV, et al., 2023.

A dor nociceptiva ou fisiologica apresenta um alto limiar de dor, e serve para proteger
a integridade do organismo. Pode ser categorizada em somatica ou visceral (BASBAUM
et al., 2009; SIKANDAR; DICKENSON, 2012). (Figura 2)

A dor neuropdtica surge quando o limiar de dor passa de alto para baixo pelo
processo de sensibilizagdo, sendo gerada quando ocorre dano ao tecido nervoso ou
pela mudanca nas transmissdes sinapticas (BASBAUM et al., 2009; FINNERUP;
KUNER; JENSEN, 2021). (Figura 2)
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Figura 2: Dor nociceptiva e neuropatica. (a) Dor nociceptiva surge pela modulagao
dos nociceptores por fatores quimicos ou fisicos. (b) O acometimento do tecido nervoso

leva a formacao da dor neuropatica. Adaptado de Scholz & Woolf, 2002.

E por fim a dor idiopatica, que ocorre pelas modulagées dos nociceptores, € uma
condicdo em que ha presenca da dor, porém nao se sabe a origem, podendo ser
induzida por doenca ou por causa psicolégica, tendo como exemplo a fibromialgia
(COHEN; VASE; HOOTEN, 2021; SHRAIM et al., 2020; WOOLF, 2010).

A Chikungunya, faz parte da dor inflamatéria, em que surge pela sensibilizagdo
periférica dos nociceptores nos tecidos inflamados pelos mediadores inflamatdrios
aminas vasoativas (histamina e serotonina), componentes do sistema complemento
(sistema de coagulacgéao e fator ativador de plaquetas (PAF)), citocinas (fator de necrose
tumoral (TNF) e interleucina-1 (IL-1)) e quimiocinas, fatores de crescimento (TGF),
produtos lipidicos (leucotrienos e prostaglandina) (ABDULKHALEQ et al., 2018; XU,
YAKSH, 2011), levando ao sintoma de hipersensibilidade mecéanica e térmica (FATTORI
et al., 2019). Pode ser subdividido em: dor aguda, um processo mais curto e intensa, ou
crbnica, um processo inflamatério mais prolongado, o que gera danos ao organismo
(YAM et al., 2018). (Figura 3)

Dor inflamatoria

© 0
Histamina H+
o Serotonina Bradicinina
Prostaglandina TNF-a
ATP Interleucina

Fator de crescimento nervoso

Figura 3: Dor inflamatéria. Os mediadores inflamatérios podem modular os neurénios

sensoriais, gerando potenciais de acao, transportados do corno da medula espinhal até

14



1 o cortex somatossensorial, onde a sensacao de dor sera gerada. Adaptado de Scholz &
2 Woolf, 2002.
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1.1.1 Canais ionicos TRP

A superfamilia dos receptores potenciais transitérios (TRP) é conhecida por sua
participacdo na nocicepgao, gerando a sensagao de dor. Essa familia é formada por
canais idnico nao-seletivos, tendo todos os integrantes, capazes de conduzir Ca?*
(JULIUS, 2013), com 28 membros, dividido em seis grupos: receptor transitorio
canonical/classico (TRPC), vaniléide (TRPV), anquirina (TRPA), melastatina (TRPM)
e mucolipinico (TRPML) (GEES et al., 2012; TALAVERA et al., 2020; WU; SWEET;
CLAPHAM, 2010).

Os canais TRP chamam a atencéo de estudiosos devido a sua versatilidade, por
apresentarem multiplas fungdes, em especial atuando como moléculas sensoriais
para diversos estimulos (fisicos, quimicos, pH, substancias pungentes, radiacido e
térmicos) (MOORE et al., 2018).

Os principais canais envolvidos na dor sdao os TRPV1 e TRPA1 (BAUTISTA et
al.,, 2006), que podem ser expressos juntamente com um neurdnio nociceptor
(FISCHER et al., 2014; KOBAYASHI et al., 2005).

1.1.1.1 TRPV1

Afamilia dos canais TRPV é formada por seis membros (TRPV1-TRPV6),
todos canais ndo-seletivos, sendo canais permeaveis ao Ca?*. Em mamiferos, o
TRPV1, sensivel a componente vaniléide, como a capsaicina (MOORE et al.,
2018).

O TRPV1, é o principal representante, sendo o mais estudado e
caracterizado. E um canal sensivel a diversos estimulos (temperatura,
componentes enddgenos e exdgenos e pela alteragédo do pH) (MOORE et al.,
2018), podendo desenvolver a hiperalgesia inflamatéria. E um canal capaz de
modular tanto a dor, a hiperalgesia inflamatéria, quanto a coceira, quando
estimulado pela histamina (JULIUS, 2013; MORALES-LAZARO et al., 2016;
ROMANOVSKY et al., 2009; VANDEWAUW et al., 2018).

Sao expressos preferencialmente em neurdnios sensoriais do sistema
periférico (PNS) de fibras C ndo mielinizadas e algumas de fibras Ad mielinizadas
(CAVANAUGH et al., 2009; DOLY et al., 2004; EDWARDS, 2014; HUANG et al.,
2012; HWANG; MIN OH; VALTSCHANOFF, 2005; KOBAYASHI et al., 2005;
PERNA et al., 2021).
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Porém, pode ser encontrado na regiao do sistema nervoso central (CNS)
e nas células do sistema imune (BERTIN et al., 2014; SPICAROVA; PALECEK,
2008), como nas células dendriticas, macréfagos, células T e Natural Killer (NK)
(BERTIN et al., 2014; MAJHI et al., 2015; OMARI; ADAMS; GERAGHTY, 2017).

Durante a inflamagao, os mediadores como citocina, prostaglandina e
bradicinina liberam sinais para aumentar a expressao e a atividade do TRPV1
(JULIUS, 2013; PINHO-RIBEIRO; VERRI; CHIU, 2017) e consequentemente,
essa reagcdo em cascata leva a mudanga nas propriedades do canal, facilitando
a sua abertura (CHENG; JI, 2008).

Durante o processo de sensibilizacdo que leva a hiperalgesia, a expressao
continua e elevada de TRV1 acaba mantendo a sensibilidade periférica e
induzindo a mudanca da dor aguda para a dor crdnica (AMAYA et al., 2003, 2004;
Jl et al., 2002).

Dentre diversos os antagonistas conhecidos, o AMG-9810, é visto como
um potente e seletivo inibidor para o canal TRPV1, pois é capaz de bloquear a
despolarizagao e também inibir a liberagdo do CGRP promovida pela capsaicina
no ganglio da raiz dorsal de ratos, e de reverter a hiperalgesia mecanica e
térmica induzida no modelo murino de dor inflamatéria por Adjuvante completo
de Freud (CFA) (GAVVA et al., 2005)

1.1.1.2.TRPA1

TRPA1, membro da familia de Receptores de Potencial Transitério (TRP) de
canais idnicos, € expresso nos neurdnios dos ganglios da raiz dorsal (DRGs) e
nas fibras aferentes periféricas (KWAN et al., 2006). Pode ser ativado por agentes
eletrofilicos como isotiocianato de alila (AITC), o qual € um componente pungente
presente no wasabi e no 6leo de mostarda, e também pode ser ativado pelos nédo
eletrofilicos como o mentol (KARASHIMA et al., 2007).

Nado é comum encontrar esse canal ibnico sozinho nos neurdnios
nociceptivos, estando geralmente (30-50%) associado aos neurbnios que
apresentam TRPV1, apresentando uma estrutura de um canal heteromérico
(FISCHER et al., 2014; KOBAYASHI et al., 2005).

TRPA1 é importante para a transdugédo de agentes irritantes e agentes
enddgenos para despolarizar os nociceptores, induzindo a dor inflamatéria

(BAUTISTA et al., 2006). Porém, a capacidade desse canal de estar envolvido na

17



N

(o) TN O I~ N ¥

hiperalgesia térmica (quente ou frio) ainda é algo controverso (ZHANG et al.,
2022).

Ha diversos antagonistas para o TRPA1 sendo comercializados, porém,
o HC-030031, derivado da Xantina, foi o primeiro antagonista selecionado, em que
bloqueia o canal TRPA1 de forma reversivel, independente dos agonistas, AITC
ou N-metil maleimide (MCNAMARA et al., 2007).
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1.2 Chikungunya

1.2.1 Estrutura

O virus Chikungunya (CHIKV) é o agente etiologico de uma arbovirose
artrogénica da familia Togaviridae, do género Alphavirus, e faz parte de um grupo de
virus com a presenca de RNA envelopado (KHONGWICHIT et al., 2021).

A palavra “Chikungunya” tem origem do dialeto Kimakonde da regi&o sudeste da
Tanzania, que significa “Aquilo que se curva” (“to become contorted”), se referindo a
posicdo curvada que os pacientes infectados desenvolvem, devido a severas dores
articulares (CAGLIOTI et al., 2013).

CHIKV é um alfa virus envelopado de estrutura esférica, com cerca de 60-70 nm
de didmetro, composta por 240 copias de proteina do capsideo, circundado por um
envelope de bicamada lipidica e uma molécula de RNA de cadeia e fita simples
(CAGLIQOTI et al., 2013; CHO et al., 2008; DA CUNHA; TRINTA, 2017). (Figura 4)

Proteina
E1/ E2

RNA
Capsidio

Figura 4: Representagao da estrutura conformacional do virus Chikungunya
(CHIKV). Mostra a estrutura esférica com trés proteinas estruturais, as proteinas do
envelope (E1 e E2), que formam triades de glicoproteinas, e a proteina do capsideo

(C), cobrindo a superficie do virus. Adaptado da Javaid A., et al., 2022.

Apresenta duas regides codificantes, 5° 7-metil guanosina (ORF 5’) e 3’ cauda
poli-a (ORF 3’), separados por uma regido nao codificante (SILVA; DERMODY, 2017),
formadas por quatro proteinas nao estruturais (nsP1, nsP2, nsP3 e nsP4) e trés
proteinas estruturais (C, E1 e E2) (CAGLIOTI et al., 2013). (Figura 5)
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A regiao ORF 5’ é responsavel por codificar quatro proteinas nao estruturais
(nsP1, nsP2, nsP3 e nsP4) que fazem parte da RNA replicase, enquanto a ORF 3’
codifica seis estruturas proteicas: as proteinas do envelope 1 (E1), 2 (E2) e 3 (E3), 0
capsideo, proteina Transframe (TF) e a 6K (SILVA; DERMODY, 2017).

Proteinas nio estruturais Proteinas estruturais

5'H I | I H__1l [ — 3
cap nsp1 nsp2 nsp3 nsp4 C E3 E2 6K E1 poly-A

Figura 5: Representacao genética do CHIKV. Indica a organizacdo do genoma,
incluindo suas proteinas n&o estruturais 1 a 4 (nsP1-nsP4) e proteinas estruturais
(E1-E3, C, 6K/TF). Adaptado de Roongaraya P, et al., 2023.

A proteina E1 é conhecida por permitir a fusdo das membranas (DA CUNHA;
TRINTA, 2017; VOSS et al., 2010) e a E3 tem funcao de se translocar para o reticulo
endoplasmatico e de auxiliar na montagem e liberagdo de particulas virais para a
parte externa da célula (TANABE et al., 2018).

Ja a E2, a parte estrutural vista como a mais importante, é o alvo das respostas
dos anticorpos, por apresentar o epitopo E2EP3, conseguindo ativar linfécitos T
CD4+ e assim levando a produgao de IFN-gama, resultando na formagao de edemas
e inflamacgao nas articulagbes (FOX et al., 2015; HOARAU et al., 2010; SUN et al.,
2013).

O virus CHIKV tem a capacidade de se replicar em diversas células de
vertebrados e invertebrados (SOURISSEAU et al., 2007), pois podem realizar

mutacoes, o que facilita a invasao do virus nos hospedeiros.

Isso s6 é possivel devido as glicoproteinas E1 e E2, sendo a proteina E2 a mais
importante. Elas sao capazes de modificar as estruturas do Chikungunya, carregar a
maioria do epitopo da carga viral e participar da ligacao e entrada do virus em células
de interesse (AGARWAL et al., 2016; DA CUNHA; TRINTA, 2017; SINGH et al., 2018;

VOSS et al., 2010), levando assim a infecgao.

CHIKYV e outros alfavirus artritogénicos, utilizando receptor de membrana, Mxra8
(Remodelacao da matriz associada 8), conseguem entrar e infectar o hospedeiro ao
ligar a estrutura de proteina com esse receptor (BASORE et al., 2019; ZHANG et al.,
2018).
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Mxra8, conhecido também como DICAM, ASP3 ou limitrina, € uma molécula
conservada, que nao interfere na transcricdo e nem na replicagdo do virus (ZHANG
et al., 2018). E encontrada em mamiferos, aves, répteis e peixes (ZIMMERMAN et
al., 2023), sendo expresso em células epiteliais, mieloides e mesenquimais (HAN et
al., 2013; JUNG et al., 2008, 2012), e considerado como homéloga a molécula de
jungdes aderentes (JUNG et al., 2008).

A expressao do receptor Mxra8 é vista como necessaria para ocorrer a infecgao
nos fibroblastos, células do musculo esquelético e condrécitos de células humanas
(BASORE et al., 2019).

Porém, em certas situacdes, pode ocorrer a entrada do virus mesmo na auséncia
do Mxra8 e de um mosquito com ancestralidade em comum, indicando que pode
haver fatores adicionais que contribuem para isso, porém ainda nao foram totalmente
identificados (ZHANG et al., 2018).

A entrada do CHIKV no hospedeiro depende da proteina recombinante E2 (rE2).
O rE2 se liga ao receptor de membrana Mxra8 (BASORE et al., 2019; SONG et al.,
2019; ZHANG et al., 2018) e essa ligacdo acaba ativando a via de sinalizagao
mediada pela clatrina, levando a endocitose do virus, criando um endossomo (LEE
et al., 2013). O pH do meio acaba se tornando acido, e essa acidificagado faz com que
dissocie as moléculas de clatrina, modificando as proteinas do envelope viral, o que
permite a fusdo da membrana viral com a membrana endossomal do hospedeiro
(LEE et al., 2013). (Figura 6).

ApOs esse processo, o nucleocapsidio do virus € liberado no citoplasma e o RNA
viral comeca a fazer ao processo da tradugao das quatro proteinas do complexo de
replicacao viral (nsP1-nsP4) e das proteinas estruturais como o capsideo, pE2
(precursor de E2 e E3), E1 e 6K, que serdo utilizados para dar origem a novas
particulas virais (CONSTANT et al., 2021).

As proteinas precursoras do envelope sao transportadas para o complexo de
Golgi e para o reticulo endoplasmatico, para formar o heterodimero E1-E2 (YAP et
al., 2017). Depois, serdo levadas até a membrana da célula hospedeira, onde o virus
€ liberado novamente para poder encontrar uma nova célula alvo e assim dar
continuidade a replicacéo viral (CONSTANT et al., 2021).
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Figura 6: Etapas para a entrada do virus Chikungunya. Os alfas virus utilizam da
estrutura de proteina para se ligar ao receptor de membrana Mxra8, para entrar no
hospedeiro. Essa ligagdo promove uma endocitose do virus, levando a modificagao
do envelope viral, permitindo a fusdo da membrana do virus com a do hospedeiro.
Esse processo permite a liberacdo do nucleosideo para o citoplasma, e com isso o
RNA inicia o processo da traducao, para criar novas particulas virais. Adaptado da
Constant L.E.C. et a./ (2021).

Durante a infecg¢ao pelo virus CHIKYV, inicia-se uma resposta imune mediada por
macrofagos (M), neutrdfilos, células dendriticas, células natural killer (NK),
eosindfilos e basdfilos (CHIRATHAWORN; CHANSAENROJ; POOVORAWAN,
2020). Tendo uma maior atuacgao de interferons (IFN -a, -3 e -y), das as interleucinas
1 B (IL-1B) e 6 (IL-6), do ligante 10 de quimiocina relacionada a C-X-C (CXCL10 ou
IP10), do fator de necrose tumoral alfa (TNF-a), fator estimulador de colénias de
granulécitos (G-CSF) e da proteina quimioatraente de mondécitos 1 (MCP-1/ CCL2),
como descrito em outros trabalhos na literatura (CHIRATHAWORN;
CHANSAENROJ; POOVORAWAN, 2020; TANABE et al., 2018)
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1.2.2 Epidemiologia

Cerca de 30 espécies de arbovirus sao incluidas no género alphavirus, sendo
virus amplamente distribuidos ao redor do mundo, com exceg¢do da Antartica
(CAGLIOTI et al.,, 2013). A mudanga na quantidade de hospedeiros, os fatores
sociais, demograficos e ecoldgicos, influenciam na diversidade genética de

Alphavirus (OLIVIA et al., 2015), que acaba dificultando a sua prevencgéo.

O CHIKV tem uma rapida disseminagéo, e quando mantidos em condi¢cbes
apropriadas, podem levar a efeitos citopaticos de 1 a 3 dias apés a infecgao, diferente
de outros arbovirus (OLIVIA et al., 2015). E um dos responsaveis pela severa e
debilitante doenca articular na populagao mundial, impactando a economia mundial
(SONG et al, 2019). Embora seja uma doenca amplamente estudada, o
conhecimento sobre a imunopatogénese do virus ainda é limitado (TANABE et al.,
2018).

O primeiro caso envolvendo CHIKV foi em meados de 1952-53 na Tanzania,
enquanto os primeiros casos urbanos foram registrados na Tailandia e na india em
meados de 1970. Desde entdo, varios casos vém sendo contabilizados ao redor do

mundo (Figura 7).

1975 1976 até 1985
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Figura 7: Distribuicdo da Chikungunya (1975 até 2015). O primeiro caso relatado
foi na Tanzania (1952-53). Foram registrados casos na Tailandia e na india em
meados de 1970 e depois disso disseminou-se no mundo todo. No Brasil, foi em 2014
que o virus foi relatado, sendo que envolvendo humano ocorreu em 2015. Adaptado
do Lwande O.W. et al., 2015.

O primeiro caso do CHIKV no Brasil foi no estado do Amapa—AP, em 2014. Até
0 momento, 256.927 casos provaveis de Chikungunya foram registrados no pais,
segundo o boletim epidemioldgico (2023), o que demonstra sua importancia,
caracterizando um grande problema de Saude Publica que reflete na economia do

pais.

Nos ultimos anos, a doenca causada pelo CHIKV emergiu novamente, gerando
alarde ao nivel de Saude Publica Mundial (DAVID et al., 2017). Até o més de
dezembro do ano de 2023, 500.000 casos e 400 mortes por CHIKV, ao redor do
mundo (European Centre for Disease Prevention and Control — ecdc, 2023). A
Organizacdo Pan-Americana da Saude (OPAS) de 2023 notificou um total de
3.110.442 casos de arboviroses, incluindo dengue, chikungunya e Zika virus, sendo
271.006 casos de chikungunya (OPAS/OMS, 2023).

Chikungunya tem um ciclo de transmiss&o enzodtico/silvatico e um ciclo urbano,
em que infectam animais e humanos, servindo como reservatério do virus para
quando forem ativos novamente, permitirem um desenvolvimento e disseminagao de
forma mais amplificada (ALTHOUSE et al., 2018; TSETSARKIN; CHEN; WEAVER,
2016). Em ambientes florestais, ocorre pela picada de varios mosquitos fémeas do
género Aedes, ja em ambiente urbano a transmissdo acontece por duas espécies,

Aedes aegypti e/ou albopictus, sendo eles os principais vetores de transmissao.

ApOs a picada do mosquito, o virus vai para a pele e sistema sanguineo, onde
ocorrem as primeiras replicagdes nos fibroblastos da derme e nos macréfagos, para
depois se dispersar pela corrente sanguinea para outras regides do corpo como o
figado, musculos, articulagbes, bago, nédulos linfaticos e até o cérebro (DA CUNHA,;
TRINTA, 2017; SILVA; DERMODY, 2017). (Figura 6).

24



1. Ainfecgdo pelo CHIKV se inicia com
a picada do mosquito, introduzindo o
virus na pele e corrente sanguinea.

—~ / Y EPIDERMIS

2. Ovirus se replicanos
fibroblastos da derme e se

> { {
LL 100 e W\
(D 7 l )‘ dissemina para outros
PR T ) tecidos.
=l Fibroblasts | |
- e A

Iy DERMIS s

tﬁ?’/amoq
'

Replication

K cycle
N e
No @@ vom

3. Areplicagdo viral ocorre em
tecidos alvos —principalmente
tecido muscular, articulagéese
pele. Também pode acometer
figado, baco e meninges em
neonatais e pacientes com
condicGes subjacentes.

»

5. As articulagdes (incluindo
dedos, punhos, cotovelos,
joelhos, tornozelos e pés)

inflamam em respostaa
replicagdo viral e infiltrado

: 5 4, Células inflamatdrias sdo recrutadas para o
inflamatério.

tecido infectado.

Figure 8: Etapas da infecgdo por CHIKV. O mosquito Aedes pica o hospedeiro e, com
iss0, 0 virus é inoculado na pele e corrente sanguinea. No fibroblasto da derme e nos
macrofagos, ocorrem as primeiras replicacdes virais. Apos isso, 0s virus replicados sdo

transportados para outros 6rgaos como bago, figado, musculo, articulagbes, vasos
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linfaticos e até no cérebro. Adaptado de Couderc & Lecuit, 2015.

Em humanos, o virus causa, uma doenca febril, denominada de febre
Chikungunya, que resulta em sintomas como febre alta, irritagdo e erupgdes na pele,
dores nas juntas, mialgia (dor muscular), dores de cabecga, vomitos, nauseas e
artralgia, que € uma dor exacerbada nas articulagcbes (BURT et al., 2017; DA CUNHA;
TRINTA, 2017). Sao sintomas que podem durar algumas semanas e depois

desaparecer, pois o proprio sistema imune do paciente consegue combater o virus.

Porém, em alguns pacientes, podem se desenvolver na doenga crdnica,
afetando principalmente as articulagées, dificultando as atividades do dia a dia (DA
CUNHA; TRINTA, 2017; JAVELLE et al., 2015; SCHWARTZ; ALBERT, 2010).

Em camundongos, a infecgdo por CHIKV apresenta dois picos de agao. O
primeiro pico, entre 2-3 dias apds a infecgao, ocorre a replicagio viral levando a morte

celular, produgéo de citocinas e a formagéo de edema no local da inoculagao, ja no
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segundo pico, entre 6-7 dias, a infecgao sai da corrente sanguinea e passa a ocorrer
nos tecidos, associada ao aumento de células inflamatérias nas articulacoes,
gerando mais edema, sinovites e miosites (CAGLIOTI et al., 2013; FOX; DIAMOND,
2016; GARDNER et al., 2010).

1.2.3 Dor articular

A formacao da artrite grave nao é algo especifico do CHIKV, podendo ser
desenvolvida por outros virus do género Alphavirus como Mayaro, Sinbis, Ross River
e O’nyong Nyontambém podem (MARKS; MARKS, 2016; OLIVIA et al., 2015;
VASSILOPOULOS; CALABRESE, 2008).

E uma fase que afeta em torno de 40-59% dos pacientes, gerando implicacdes
econdOmicas e sociais, por impactar a qualidade de vida dos pacientes infectados,
devido a perda da morbilidade e da produtividade econémica (MARIMOUTOU et al.,
2015; MOREIRA et al., 2023). Os pacientes apresentam inchago, mialgia, disturbios
cognitivos e principalmente a artrite cronica de Chikungunya (ACC), que afetam
regides do punho e tornozelo, podendo levar a bursite e tendinite, que tem como
sintomas durante esse periodo (AMARAL; BILSBORROW; SCHOEN, 2020;
BENJAMANUKUL et al., 2021; BORGHERINI et al., 2008; RODRIGUEZ-MORALES
et al., 2016).

A duracao da artrite cronica varia de dias a meses, as vezes até anos, sendo que
isso pode variar para cada paciente, pois a artrite pode originar durante a fase aguda
e se tornar algo permanente, ou ocorrer a fase inicial e depois se tornar cronico
(KENNEDY AMARAL PEREIRA; SCHOEN, 2017).

O surgimento da dor e inflamagéo nas articulagbes pode estar relacionada a
liberagéo de citocinas e quimiocinas pelos macréofagos e também pela mudanga no
perfil de citocinas liberadas durante a fase aguda, como IL-1, IL-6 e TNF-a
(COUDERC et al., 2008; KENNEDY AMARAL PEREIRA; SCHOEN, 2017; ROJAS et
al.,, 2018), ja demonstrado em modelos de camundongos, com infiltracdo de
mondcitos, macréfagos e linfocitos (GARDNER et al., 2010; GOUPIL et al., 2016;
MORRISON et al., 2011) em articula¢des inflamadas com efeitos significativos nos
fibroblastos residentes (COUDERC et al., 2008).

A patogénese da artrite crénica de CHIKV, pelas hipéteses levantadas, ocorre

devido a persisténcia do RNA viral no liquido sinovial, uma persisténcia na replicagao.
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viral nas articulagdes e a indugado da autoimunidade pelo virus levarao a disfuncao
das células T e B, resultando em autoimunidade (HOARAU et al., 2010; OZDEN et
al., 2007; PERL, 1999; ZAID et al., 2018).

A ACC, geralmente, € denominada de “Reumatismo inflamatério crénico pds-
Chikungunya”, sendo colocado no mesmo grupo da artrite reumatoide (AR) por imitar
clinicamente e por atender aos critérios de diagnéstico do American College of
Rheumatology (ACR) de 2010 (AMARAL; BILSBORROW; SCHOEN, 2020;
AMARAL; BINGHAM; SCHOEN, 2020; BOUQUILLARD; COMBE, 2009; JAVELLE et
al., 2015; RODRIGUEZ-MORALES et al., 2016; SCHILTE et al., 2013; ZAID et al.,
2018). Além disso, ACC afeta mais mulheres de meia-idade, apresentam elevados
marcadores inflamatdrios (Fator reumatoide Imunoglobulina M (FR-IgM) e anticorpo
anti peptideo citrulinado ciclico (Anti-CCP), tem padrdo e simetria de
desenvolvimento articular, e uma resposta positiva a corticosteroides e anti-reumatica
modificadora de doenca (DMARSSs), se assemelhando ao AR (AMARAL et al., 2023;
KENNEDY AMARAL PEREIRA; SCHOEN, 2017; RODRIGUEZ-MORALES et al.,
2016).

Como nenhum tratamento antiviral especifico demonstrou ser eficaz contra a
artrite cronica por CHIKV (ABDELNABI; NEYTS; DELANG, 2016; SUTARIA;
AMARAL; SCHOEN, 2018), acabam sendo recomendados tratamentos para a artrite
reumatoide, em que acabam sendo eficazes por ACC ter semelhanga patogénica
com a AR (AMARAL; BINGHAM; SCHOEN, 2020; AMARAL; SUTARIA; SCHOEN,
2018; JAVELLE et al., 2015).

Sao recomendados como opgdes de tratamento, anti-inflamatérios nao
esteroides (Aines), corticosteroides, hidroxicloroquina (HCQ), sulfassalazina (SSZ),
leflunomida, metotrexato (MTX), analgésicos comuns como opioides,
anticonvulsivantes, antidepressivos e até fisioterapia (JAVELLE et al., 2015; SIMON

et al., 2015), mostrando ser eficazes para o tratamento da dor articular por CHIKV.

Porém, o uso a longo prazo pode gerar efeito adverso ao paciente, sendo algo
desvantajoso. Com isso, novos tratamentos alternativos estdo sendo procurados. E
uma das formas é por meio da utilizagdo do produto da fase resolutiva, os mediadores

lipidicos especializados pré-resolugao (SPMs).
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1.3 Fase resolutiva do processo inflamatoério

O processo inflamatorio € uma resposta adaptativa do organismo, servindo como
uma defesa essencial para permitir a sobrevivéncia do individuo. A inflamacéo pode
ser regulada por duas classes de mediadores, pro-inflamatéria e anti-inflamatoria
(Figura 9).

SPMs
Edema
A
a r B
=] ' bt
i) r M ;
= miRNAs
o ;“af especificos
H‘h.
Tempo
Inicio » Resolucao

Figura 9: Fase Inicial e resolutiva do processo inflamatério. O reconhecimento da
lesdo ou agente infeccioso induz o processo inflamatério. Isso gera uma cascata de

sinalizacao para a liberacdo de mediadores inflamatdrios. Adaptado do Serhan, 2014.

A inflamagao inicia quando padrées moleculares associados a patdgenos
(PAMPs), padrdes moleculares associados ao dano (DAMPs) que surgem do préprio
organismo (FILHO, 2018) ou alarminas, sdo reconhecidos pelos receptores de
reconhecimento do padréo (PRRs). PRRs podem ser receptor do tipo toll (TLRs)
presente nos endossomos, tipo NOD (receptores similares ao dominio de
oligomerizacéo ligante de nucleotideo) (NLR) presente no citosol de macrofagos e
mastocitos, e do tipo RIG-1 (RLRs) (BIANCHI, 2007; JANEWAY; MEDZHITOV, 1998;
MATZINGER, 2002; MEDZHITOV, 2008; TAKEUCHI; AKIRA, 2010).

Esse reconhecimento leva a ativagao dos fatores de transcricdo como o fator
nuclear (NF-kB), induzindo a produgdo e liberagdo de mediadores inflamatdrios
(quimiocinas e citocinas) levando a sinalizagéo e consequentemente estimulam células

imunes residentes a dar inicio a fase inicial da inflamagéao (CHIU; VON HEHN; WOOLF,
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2012; GHASEMLOU et al., 2015; LUOSTARINEN; HAMALAINEN; MOILANEN, 2021;
SERHAN; CHIANG, 2008; TAN et al., 2022; WOOLF, 2010; ZHANG et al., 2022).

Na fase inicial, sdo formadas pelos mediadores lipidicos pro-inflamatérios, como
as aminas vasoativas (histamina e serotonina), componentes do sistema complemento
(sistema de coagulagdo e fator ativador de plaquetas (PAF)), citocinas (fator de
necrose tumoral (TNF) e interleucina-1 (IL-1)) e quimiocinas (Interleucina-1 beta (IL-
1B), proteina quimiotatica de mondcito 1 (CCL2), Quimiocina CXC ligante 5 (CXCL5)),
fatores de crescimento (TGF), produtos lipidicos (leucotrienos e prostaglandina) e

produtos da ativacao do complemento (CHEN et al., 2018).

A liberacdo dos mediadores inflamatérios leva a vasodilatacdo da regido préoxima
do foco inflamatério para melhorar o fluxo sanguineo, levando a uma maior
permeabilidade vascular e uma melhor quimiotaxia, contribuindo para a formacao do
edema e também permite que os leucdcitos, como os neutréfilos e os
mondcitos/macrofagos, consigam se concentrar mais nas areas marginais e assim
entrando na fase resolutiva, para trazer o organismo a homeostase (ABBAS;
LICHTMAN; PILLAI, 2014).

O processo resolutivo, quando sofre falhas ou erros, pode desencadear
inflamacdes exacerbadas que levam a destruicdo de tecidos e até desenvolver o 5°

sinal cardinal, o qual é a perda da fungéo do tecido e/ou 6rgao.
1.3.1 Mediadores lipidicos especializados pré-resolucao (SPMs)

Os mediadores lipidicos especializados pro-resolugédo (SPMs) sao sintetizados
por componentes inflamatérios, como leucdcitos, induzindo a apoptose dos
neutrofilos, infiltragdo dos macréfagos, polarizagdo do macréfago tipo M2 e a
eferocitose, para estimular a fase resolutiva, e assim trazer a homeostase
(MULLER-LADNER et al., 2005; RASQUEL-OLIVEIRA et al., 2023).

Os SPMs podem originar dos acidos graxos essenciais do dmega-6, que gera
0 4acido araquidonico (ARA), e do 6mega-3, que pela acdo da enzima 15-
lipoxigenase, induzidas pela sinalizacdo da PGE:2 nos neutréfilos da origem ao
acido graxo eicosapentaendico (EPA) e o acido graxo docosahexaendico
(DHA)(SERHAN, 2010, 2014). Origina a familia lipoxina (LX) a partir do ARA,
resolvinas da série E (RvVE1, RVE2 e RvE3), pelo EPA e série D (RvD1, RvD2,
RvD3, RvD4, RvD5 e RvD®6), juntamente com as neuroprotectinas (NPD1/ PD1) e
as maresinas (MaR1 e MaR2) do DHA (LEVY et al., 2001; SERHAN, 2010, 2014;
SERHAN; CHIANG, 2008; SERHAN; PETASIS, 2011).
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O uso dos SPMs vem sendo estudado por apresentarem caracteristicas
farmacologicas relacionadas a prevencdo de doencas, pelas acgbes anti-
inflamatorias, pro-resolutivas e analgésicas (FATTORI et al., 2019; SERHAN, 2010,
2014; XU et al., 2010), levando a diminuicdo no recrutamento de neutrdfilos para o
local de inflamacdo e limpeza das superficies endoteliais, além da inibicao na
producao de citocinas pré-inflamatdrias e aumento de citocinas anti-inflamatérias
(CALDER, 2006; FATTORI et al., 2019; HONG et al., 2003; LARSSON et al., 2004;
SERHAN, 2010, 2014).
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Figura 10: Biossintese das SPMs por 6mega-3 e 6mega-6. Os mediadores
lipidicos especializados pro-resolugcao derivam da transformacéao dos acidos graxos
essenciais do 6mega-6, que gera o acido araquidénico (ARA), e o dmega-3, que
forma o acido graxo eicosapentaendico (EPA) e acido graxo docosahexaendico
(DHA). Adaptado da Rasquel-Oliveira F.S., et al., 2023.

A familia das maresinas, formada por Maresina 1 (MaR1) e Maresina 2 (MaR2),
foram descobertos inicialmente na peritonite de camundongos e em macréfagos
humanos (SERHAN et al., 2009). Sao lipidios derivados do DHA e produzidos por
macréfagos, com agdes anti-inflamatoérias e analgésicas, sendo isso comprovado por

diversos estudos com diferentes modelos de dor e inflamagéo na literatura.

A MaR1 foi inicialmente identificada em fluidos sinoviais humanos de pacientes
com artrites (GIERA et al., 2012). E um lipidio com acgdes pro-resolutivas, anti-
inflamatdrias, anti-nociceptivas e capacidade de regenerar tecidos (CHIANG et al.,
2012; SERHAN et al., 2009). Além disso, é capaz de reduzir resposta pré-inflamatdria
nas células epiteliais dos brénquios provocada pela poeira (NORDGREN et al., 2013),
tem capacidade de fazer as células mesenquimais funcionarem e de curar leséo

provocada por diabetes e isquemia renal (TIAN et al., 2011, 2012).

Ja a MaRz2 foi adicionada posteriormente (DENG et al., 2014), funcionando
para tratamento de dores inflamatdrias e neuropaticas, no modelo de dor orofacial,
com uma potente e duradoura acéo analgésica, prevenindo o desenvolvimento do
calor facial e a hiperalgesia mecénica, e levando a inibigdo dos neurénios CRGR+
nos ganglios trigeminais (TG) (LOPES et al., 2023).
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Também demonstrou agao anti-inflamatéria no modelo de dor induzida por LPS,
levando a diminuicao do recrutamento de neutrofilos e mondcitos para as patas dos
camundongos (FATTORI et al., 2022). Reduziu a inflamagéo crénica no modelo de
obesidade, por agir sobre os macréfagos do figado e também por ativar os tecidos
adipocitos marrons (SUGIMOTO et al., 2022).

Deng et al. (2014) e Fattori et al. (2022) mostraram que a MaR2, em modelo de
peritonite induzido por Zymosan, conseguiu reduzir o recrutamento de neutrofilos
CD11b* Ly6G* para a cavidade peritoneal e induzir a fagocitose das particulas de

zymosan pelos macréfagos humanos in vitro.

Miranda et al. (2022) apresentaram evidéncias de que a inflamagao cronica no
intestino induzida pelas feridas na mucosa do colon in vivo, quando tratada com
MaRz2, induzia a migragao das células epiteliais do intestino para reparar a lesdo na
mucosa do célon (MIRANDA et al., 2023).

No modelo de asma, a MaR2, minimiza a inflamacdo alérgica das vias
respiratorias induzida pela Ovalbumina, diminuindo o niumero de células inflamatoérias
na lavagem de fluido bronco alveolar, além de reduzir a expressdo do mielo
peroxidase (MPO), Ly-6G, ICAM-1, NLRP3 e a enzima Caspase-1 no tecido pulmonar,

inibindo o estresse oxidativo em camundongos (YU et al., 2022).

Essas informacdes demostram as amplas e positivas acdes da Maresina 2 em
diferentes modelos de doencas, indicando suas propriedades promissoras como

alternativa de tratamento.
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2. OBJETIVOS

2.2 Objetivo Geral

Investigar a atividade e os mecanismos de acao envolvidos nos efeitos da
Maresina 2 em modelo de dor aguda provocada pela infeccio por virus Chikungunya

inativado e a sua proteina recombinante E2.

2.3 Objetivos Especificos

¢ Avaliar o efeito da MaR2 na hiperalgesia mecanica e térmica induzidas pelo virus
Chikungunya inativado e a sua proteina recombinante E2;

o Avaliar o efeito do antagonista do canal ibnico TRPA1, HC-030031 na
hiperalgesia mecanica induzia pelo virus Chikungunya inativado e a sua proteina
recombinante E2;

¢ Avaliar o efeito da MaR2 na ativacao de neurdnios do ganglio da raiz dorsal por
imageamento de caélcio e imunofluorescéncia estimulados pelo virus

Chikungunya inativado;
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3 MATERIAL E METODOS

3.2 Animais

Os camundongos Swiss machos (25-30g, 8 semanas) foram obtidos do Biotério
do Departamento de Ciéncias Patolégicas da Universidade Estadual de Londrina
(UEL) para realizacdo dos experimentos. Os animais foram mantidos em caixas de
polipropileno padrao que medem 41 x 34 x 16 CM (maximo de 12 animais por caixa),
tendo livre acesso a agua e ragao (comercial propria para a espécie de roedores) e
condicbes de temperatura (22 °C), ciclo claro/escuro (12/12 h) e exaustdo do ar

controladas.

Para todos os experimentos, foram usados 12 animais no total, sendo 6 animais
no primeiro experimento e outros 6 animais para a repeticdo. Todos os experimentos
realizados foram avaliados e autorizados pelo Comité de Etica Animal da Universidade
Estadual de Londrina (CEUA N° 114/2020). Todos os procedimentos de cuidado e
manuseio estdo conforme as diretrizes da Associacao Internacional de Estudo da Dor
(IASP).

3.3 Protocolos experimentais

Tendo como referéncia o protocolo experimental do Segato-Vendrameto, et
al. (2023), foram utilizados Mock (10uL) ou salina (10uL), virus Chikungunya inativado
(CHIKVi) (100 FFU, 10 uL) ou com a proteina recombinante E2 (rE2) (100 ng/ 10pL),
para estimular os animais pela via intra-articular (i.a.). Depois de 1 hora, os animais
foram tratados com 1, 3 e 10 ng de MaR2 (Cayman Chemical, Ann Arbor, MI, EUA) ou
veiculo de forma intratecal (i.t.), sendo posteriormente medidos a hiperalgesia

mecéanica e térmica.

Para o imageamento de calcio, foram utilizados os ganglios da raiz dorsal (DRGs)
de camundongos naives, coletados da regiao L1-S5 da medula espinhal, para depois

serem induzidos e/ou tratados apds processadas e plaqueadas.

Ja para imunofluorescéncia, os animais foram induzidos in vivo, e depois, na
sétima hora, DRGs foram coletados, da regido L2-L6 e processados seguindo o

protocolo do laboratério.

E para finalizar, foi realizada a hiperalgesia mecéanica com o HC-030031 (Sigma-

Aldrich), antagonista do canal TRPA1, em duas etapas, com as doses 10 ug, 30 ug e
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50 ug e 0,1 ug, 1 pg e 10 pg, administrada via i.t. 1 hora apés a indugcao com CHIKVi
ou rE2.

3.4 Virus Chikungunya Inativado (CHIKVi)

O virus utilizado neste experimento (CHIKV BR_2015/15010) foi isolado do soro
de um paciente com doenca de chikungunya do Nordeste do Brasil no ano de 2015. O
virus foi amplificado, titulado pelo ensaio de formagao de focos em células C6/36 e
inativado usando (- propiolactona (0,025%, 72h, 4°C). O virus inativado foi
concentrado por precipitacdo com PEG 7%/NaCl 2,3% e purificado usando almofada

de sacarose.

Um controle ndo infectado (Mock) foi preparado do mesmo modo a partir do
sobrenadante da cultura de células C6/36 inativadas com [B-propiolactona, como ja
descrito (SEGATO-VENDRAMETO et al., 2023).

3.5 Proteina Recombinante E2 (rE2)

A proteina E2 recombinante do CHIKV (rE2) foi expressa por células S2 de
Drosophila. Células S2 foram co-transfectadas com os plasmideos pMt/Bip/V5-HisA
(Invitrogen) contendo o gene da proteina E2 de CHIKV e pCoBlast. As células
transfectadas foram selecionadas com 25 ug/mL de blasticidina e cultivadas em meio
SF900II (Invitrogen) com 25 mg/mL de gentamicina (Gibco). A expresséo da proteina
rE2 foi induzida por 700 mM de CuSO4 por 24 h, e a proteina foi purificada do
sobrenadante da cultura celular por cromatografia de afinidade com metal imobilizado

(usando resina Ni-NTA agarose).

Um controle Mock foi preparado a partir do sobrenadante de células S2 induzidas
por 700 mM de CuSOs e purificadas seguindo o mesmo protocolo (SEGATO-
VENDRAMETO et al., 2023).

3.6 Hiperalgesia Mecanica

Aintensidade de dor nociceptiva a estimulos mecanicos foi avaliada pelo método
de von Frey eletrénico (FERRAZ et al., 2015), com o auxilio analgesimetro eletrdnico
(Insight ®), um aparelho que consiste em um transdutor de pressao adaptado a um

contador digital de forga expressa em gramas (g).

Os camundongos foram colocados dentro de caixas de acrilico com o piso de

grade metalica. O contato do transdutor de pressdo com a pata sera feito por meio de
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uma ponta descartavel de polipropileno, entre as malhas de rede, onde se aplicou uma
forca linearmente crescente no centro da planta da pata do camundongo até produzir
uma resposta de retirada e "sacudida" (flinch) da pata estimulada. Os comportamentos
de pulo e o flinch de patas foram considerados como comportamentos que indicam

que os estimulos estao ocorrendo.

3.7 Hiperalgesia Térmica

A avaliacdo da hiperalgesia térmica foi realizada pelo uso do teste plantar de
Hargreaves. Consiste nos aquecimentos da regido plantar da pata traseira do
camundongo, pelo uso de fonte de luz infravermelha, até que o animal apresente o
comportamento de retirada da pata, ou até que o aquecimento da pata chegue ao

tempo limite ja determinado (tempo de corte de 20 segundos).

Os animais foram colocados dentro de compartimentos de acrilicos que ficam em
cima de uma superficie de vidro especial, que permite que a luz e o calor passem de
forma homogénea, durante 30 minutos, para a adaptagcao ao ambiente. Apds esse
periodo, a luz infravermelha foi colocada sob cada pata traseira do animal, sendo esse
tempo cronometrado eletronicamente, até que o camundongo retirasse a pata, fazendo

com que tanto a luz quanto o relégio parem automaticamente.

3.8 Cultura primaria de neurénios e imageamento de Ca2+ Intracelular

As imagens de calcio foram realizadas conforme descrito anteriormente
(FATTORI et al., 2019).

Ap6s a dissecagao, os DRGs (L4 — L6, ipsilateral) foram processados e
carregados com 1,2 yM de Fluo-4AM em meio Neurobasal-A, incubados por 30 min a
37°C, lavados com HBSS e filmados em microscopio confocal. Para avaliar a ativagao
neuronal, os DRG foram estimulados com mock, iCHIKV ou rE2 e tratados com 3ng

de MaR2 ou veiculo.

As placas DRGs foram gravadas por 9 min, sendo divididas em 1 min de registro
inicial (marca de 0 s, valores basais), seguido de estimulagcdo com mock, iCHIKV ou
rE2 e tratamento com MaR2 ou veiculo por 4 min na marca de 60s, com capsaicina 1
uM, agonista TRPV1) ou AITC (100 uM agonista TRPA1) por 3 min na marca de 360s
e finalizado com KCL (40 mM) por 1 min na marca de 480s. O influxo de calcio foi
analisado a partir da fluorescéncia média medida com o Software LAS X (Leica

Microsystems).
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3.9 Coloracgao e quantificagao por imunofluorescéncia

Para a anadlise de presenca dos canais idbnicos TRPV1 e/ou TRPA1 em neurdnios
positivos para p-NF-kB por imunofluorescéncia, as amostras de ganglios da raiz dorsal
(DRG) foram coletadas 7h apés a indugao com o CHIKV. Os ganglios da raiz dorsal
(L4 — L6, ipsilateral) foram dissecados e pds-fixados em paraformaldeido (PFA 4%) por
24 horas. Posteriormente, as amostras foram lavadas, duas vezes com PBS 1%,
sendo transferidas para sacarose a 30%, onde ficaram por 24h e, por ultimo, foi
passada para a sacarose 30% com reagente O.C.T. (Optimal Cutting Temperature),

sendo mantidas por mais 24 horas.

As pecas foram embebidas em reagente O.C.T. e congeladas. As amostras
entdo foram seccionadas em um criostato com espessura de 10 ym (CM1520, Leica
Biosystem, Richmond, IL, USA). Os cortes foram depositados em laminas de vidro
carregadas positivamente, sendo assim bloqueadas e incubadas over night com

anticorpo primario especifico.

Os cortes de DRG foram incubados com anticorpos primarios TRPV1 (1:500,
Merckmiller) com p-NF-kB p65 (1:200, Santa Cruz) e TRPA1 (1:200, Invitrogen) com
p-NF-kB p65 (1:200, Santa Cruz). Em seguida, os cortes foram incubados com
anticorpo secundario Alexa Fluor 647, e/ou Alexa Fluor 488 (1:500, Thermo Fisher

Scientific, Waltham, MA, USA) e DAPI para marcacao do nucleo.

As imagens foram obtidas usando um microscépio confocal (Leica TCS SPsg,
Leica, Wetzlar, Germany) com uma objetiva de 20x de amplificagdo. As imagens foram
processadas utilizando o software Leica EL6000 (Leica, Wetzlar, Germany). A
intensidade de fluorescéncia dos marcadores nos diferentes grupos foi quantificada
em campos selecionados aleatoriamente. Os resultados foram calculados pela
intensidade total e parcial de fluorescéncia dos neurbnios positivos para os canais
TRPV1 e TRPA1 e positivos para p-NF-kB.

3.10 Analise Estatistica

Os resultados dos parametros hiperalgésicos foram apresentados como média +
EPM (erro padréo da média) das medidas realizadas em 6 animais contidos em cada
grupo, os quais passaram por 2 repeticoes. Foi realizada a analise de variancia (TWO-
WAY ANOVA) seguida do teste de Tukey para comparar os grupos e doses em todos
os tempos (curvas) quando as respostas da hiperalgesia foram medidas em diferentes

tempos apds a administragdo do estimulo.
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Ja para os outros ensaios, os resultados foram apresentados como + EPM (erro

padrdo da média). Sendo realizada a analise de variancia (ONE WAY ANOVA) seguida

do teste Tukey ou do Shapiro-Wilk para os experimentos com tempos especificos.

Foram consideradas significativas as diferengas para P<0.05 para ambos os casos.
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Abstract

Chikungunya virus (CHIKV), an arboviruses, mainly transmitted by Aedes aegypti and
Aedes albopictus, causes a severe and debilitating infection. The main symptom is
severe joint pain (arthralgia), which can turn out to be a chronic disease. It is known that
beyond Chikungunya, the recombinant protein E2 (rE2), is part of CHIKV’s structure, is
also responsible for transmission, infection and symptoms like hyperalgesia, as well as
the expression of TRPV1 channel modulation. So far, no specific treatment alternatives
for this type of joint pain are available, whereas potent analgesics with severe unwanted
effects, like opioids, have been the Only resource. Therefore, the effects of Maresin 2
(MaR2) as an anti-inflammatory and analgesic agent, through TRPV1 and TRPA1
nociceptor modulation were investigated. Mechanical and thermal hyperalgesia were
induced in male Swiss mice by inactivated Chikungunya or rE2 joint injections, which
were inhibited by intrathecal administration of MaR2. This study also demonstrated that
besides TRPV1 channel, TRPA1 signaling is involved in iCHIKV- and rE2-induced pain,
observed by behavior hyperalgesia assessment using the TRPA1 antagonist HC-
030031. Moreover, the roles of the both TRPV1 and TRPA1 channels on MaR2 pain
modulation were observed in vitro and in vivo by calcium influx Imaging and
immunofluorescence staining, respectively. Taken together, the results indicate MaR2’s
efficacy as an analgesic agent for iCHIKV-induced joint pain. Additionally, we
demonstrated for the first time TRPA1’s role in arthralgia caused by Chikungunya virus.

Key-words: Chikungunya; Protein E2; Hyperalgesia; Maresin 2; TRPA1 ionic channel;

1 Introduction

Chikungunya virus (CHIKV) is an arbovirus that belongs to the Alphaviruses
genus, characterized by a single-stranded positive-sense RNA (1). CHIKV was first
identified in Tanzania in 1952, and since then has been observed in most parts of the
world, including countries in Europe, Africa, Asia and even the American regions.
Transmission to humans usually occurs through the bite of an infected mosquito, mainly
Aedes aegypti and Aedes albopictus (1,2).

Its prevalence is mainly located in tropical/subtropical regions (3). According to a
Pan American Health Organization (PAHO) epidemiological update in South America
realized in December 2022, Dengue, Chikungunya and Zika viruses accounted for a total
of 3.110.442 cases, of which 271.006 corresponded to Chikungunya virus cases (PAHO/
WHO, 2023).

CHIKV, which presents in acute and chronic phases, shows symptoms
characterized, normally by high fever, skin rash, headaches, and muscular pain, can
generate hemorrhagic fever and cause shock, but more worrying is the development of
severe joint pain (arthralgia) (4-6). Recombinant E2 protein (rE2), is part of CHIKV’s
structure and has an important function, being responsible for connecting to the host
membrane receptor and making it easier to spread infection and replication of virus
resulting in symptoms viewed during CHIKYV infection, as edema and joint inflammation
(5,7-10).

It is in the chronic phase of CHIKV that it generates economic and social
implications, including the impact on the quality of life of infected patients, responsible
for the loss of morbidity and economic productivity (11,12). Chronic Chikungunya arthritis
(CCA) mainly affects people with comorbidity and middle-aged women, presenting
clinical signs and mechanisms of action similar to those of rheumatoid arthritis (RA) (13—
15). In most cases, they end up considering CCA and RA as the same disease.

As there is no specific antiviral treatment for CHIKV and there is no standard
treatment for alphavirus-induced arthritis (16—18), are prescribed medications usually to
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treat rheumatoid arthritis, as they show positive results for Chikungunya arthritis
(13,15,19). Non-steroidal painkillers, or common painkillers such as opioids, are
prescribed to minimize pain or reduce joint damage (15). However, corticoid- or opioid-
based therapies can have severe side effects, like leading to hemorrhage and renal
failure (20) and are not suited for long treatment periods, so the search for a new, more
effective, and safe analgesic treatment is essential.

One of the therapies viewed as promising is based on the use of endogenous
bioactive molecules derived from omega-3 and omega-6 fatty acids that participate
actively in the resolution of inflammation (21). These molecules are called Specialized
Lipid Mediators (SPMs), a group constituted by lipoxins (derived from -6 PUFAS),
resolvins, protectins and maresins (derived from w-3 polyunsaturated fatty acids)
(22,23), which have shown analgesic and anti-inflammatory properties in several disease
models (24—26). Maresin 2 (MaR2), is a DHA-derived SPM produced by macrophages,
with the cascade for MaR2 biosynthesis described in other studies (27-29).
Demonstrated analgesic and anti-inflammatory potential in different pain and
inflammation murine models (27,30,31) and could represent a suitable therapy for pain
related to Chikungunya virus infection. Therefore, this study aimed to evaluate the effects
of MaR2 on inactivated CHIK- and rE2-induced hyperalgesia and the neuronal effects in
mice.

2 Methods

2.1 Animals

All experiments were performed under the guidelines of the International
Association for the Study of Pain guidelines and with the approval of the Londrina State
University Ethics Committee on Animal Research and Welfare (process number
114/2020). In this study, we used healthy male Swiss mice (25-30 g, 8 weeks) from
Londrina State University, Parana, Brazil. Mice were randomly assigned and housed in
standard clear plastic cages, kept in a light/dark cycle of 12:12 hours with ad libitum food
and water. Behavioral testing was performed in a room kept at 21°C + 1°C. The
investigators were blinded to the treatments. All efforts were made to minimize the
number of animals used and their suffering. Animals were euthanized with isoflurane
anesthesia (5% oxygen using a precision vaporizer), followed by decapitation as a
confirmation method.

Using the experimental protocol by Segato-Vendrameto, et al. (2023), mice were
stimulated with inactivated Chikungunya virus (iCHIKV) (100UFF/ 10uL/animal),
recombinant E2 protein (100ng/ 10uL/ animal), Mock (10 uL) or saline (10 uL), by intra-
articular injection in the knee joint. After 1 hour, animals were treated with 1, 3 or 10ng
of MaR2 (Cayman Chemical, Ann Arbor, MIl, EUA) or vehicle via intrathecal (100 pL/
animal).

The doses of iCHIKV and rE2 were previously standardized by previous studies
in our laboratory (32), as well as the doses of MaR2 (25,31). iCHIKV- and rE2-induced
mice were treated with the TRPA antagonist, HC-030031, by intrathecal injection (0,1ug,
1ug and 10ug) to investigate whether the TRPA channel has a correlation with
hyperalgesia. Also, to verify the neuronal action of iCHIKV, we performed in vitro calcium
imaging with collected dorsal root ganglia (DRG) from the L4—L6 spinal cord region from
naive mice and immunofluorescence staining in vivo, collecting DRG from the L2-L6
region.
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Figure 1: The experimental design. For the behavioral experiment, the baseline was
measured, and induced, intra-articular (i.a.), with Mock (group control), iCHIKV or rE2.
After one hour, they were treated intrathecally with Maresin 2, and mechanical and
thermal hyperalgesia were measured at 1, 3, 5 and 7 hours. The mechanical
hyperalgesia, induced by iCHIKV or rE2, were measured and used the TRPA1
antagonist, HC-030031, was used as treatment. The next step was to carry out a calcium

imaging test with DRG from naive animals and immunofluorescence, with DRG collected
after the seventh hour of induction.

2.2 Chikungunya virus

The virus used in these experiments (CHIKV BR_2015/15010) was isolated from
the serum of a patient with chikungunya disease from Northeast Brazil in the year 2015.
The virus was amplified, titrated by foci-forming assay in C6/36 cells and inactivated
using B-propiolactone (0.025%, 72h, 4°C). The inactivated virus was concentrated by
PEG 7% (polymer compounds)/NaCl 2.3% precipitation and purified using sucrose
cushion. A noninfected control (Mock) was prepared in the same manner from [3-
propiolactone inactivated C6/36 cell-culture supernatant (32).

2.3 Recombinant E2 protein

The rE2 was expressed by Drosophila S2 cells. S2 cells were co-transfected with
the plasmids pMt/Bip/V5-HisA (Invitrogen) containing the gene of the E2 protein from
CHIKV and pCoBlast. The transfected cells were selected with 25 pg/mL of blasticidin
and cultured in SF900II (Invitrogen) medium with 25 mg/mL gentamicin (Gibco). The rE2
protein expression was induced by 700 mM of CuSOy4 for 24 h, and the protein was
purified from the cell-culture supernatant by immobilized metal affinity chromatography
(using Ni-NTA agarose resin). A Mock control was prepared from the supernatant of S2
cells induced by 700 mM of CuSO4 and purified following the same protocol (32).
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2.4 Mechanical hyperalgesia

Mechanical hyperalgesia was evaluated by the electronic version of von Frey's
test. The protocol was followed as previously described (32). The animals were tested
before (baseline) and at time points: 1, 3, 5, and 7 hours after MaR2 treatment and daily
until day 3, post iCHIKV or rE2 stimulus. Measurements were taken until the third day,
as according to the study already carried out with inactivated Chikungunya and rE2, the
induced animal presents hyperalgesia until the third or fourth day.

The results were calculated by dividing the difference between the average of two
measures after the treatment (the baseline) and the average of two measures before the
treatment. The investigators were blinded by the treatment (32).

2.5 Thermal hyperalgesia

For the heat-thermal hyperalgesia test, mice were allowed to habituate to the
apparatus for at least thirty to one hour during three consecutive days before the
measurements. After this process, a baseline measurement was obtained. To measure
pain sensitivity to heat hyperalgesia, mice were placed on a glass plate of a Hargreaves
apparatus (Model 390G, IITC Life Science, Woodland Hills, CA, USA).

The test occurs when radiant heat stimulates the plantar surface of the mice’s
paw, and the endpoint is characterized by the removal of the paw followed by clear hind
paw flinching or licking movements. The animals were tested before (baseline) and at
time points: 1, 3, 5, and 7 hours after MaR2 treatment and daily until day 3, post iCHIKV
or rE2 stimulus. The results were calculated through the difference between the average
of two measures after the treatment (the baseline) and the average of two measures
before the treatment. The investigators were blinded by the treatment (32).

2.6 Neuron primary culture and Calcium influx Imaging

Calcium imaging was performed as previously described (31). DRGs (from L4 to
L6 spinal cord segments) from naive Swiss mice were collected. Naive DRG neurons
were dissected into Neurobasal-A medium (NBM) (Life Technologies, Thermo Fisher
Scientific, Waltham, MA, USA) and dissociated in collagenase A (1 mg/mL)/dispase Il
(2.4 U/mL) solution (RocheApplied Sciences, Indianapolis, IN, USA) in HEPES-buffered
saline (MilliporeSigma, Burlington, MA, USA) for 15 min at 37 -C.Cells were then
centrifuged for 5 min at 1500 rpm and resuspended in 800 pyL of DMEM/10% FBS
containing DNase |. DRGs were then dissociated with pipettes of decreasing size and
centrifuged for 10 min at 1500 rpm over a 15% BSA gradient.

The resulting pellet was resuspended in NBM for cell counting and plating. Cells
(5000 DRG neurons per dish) were plated overnight in NBM supplemented with nerve
growth factor (50 ng/mL, Life Technologies, Thermo Fisher Scientific, Waltham, MA,
USA) on laminin-coated cell culture dishes before proceeding with the assay. DRGs were
then loaded with 1.2 uM of Fluo-4AM in NBM supplemented with nerve growth factor,
incubated for 30 min 37 -C, washout three times with Hank’s Balanced Salt Solution
(HBSS), and imaged in a Confocal Microscope (TCS SP8, Leica Microsystems,
Mannheim, Germany).

To assess neuron activation, DRG were stimulated with mock, iCHIKV or rE2 and
pre-treated with 10 ng of MaR2 or vehicle one hour before starting the experiment. DRGs
plates were recorded for 9 min, divided in 1 min of initial recording (0 s mark, baseline
values), followed by stimulation with mock, iCHIKV or rE2 for 4 min at 296 s mark, and
capsaicin (1uM in HBSS, TRPV1 agonist) or AITC (100 uM in HBSS, TRPA1 agonist)
for 4 min at the 476-s mark, and KCL (40Nm) for 1 min at the 540 s mark. Next, the data
was analyzed on Graphapad Prism.
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2.7 Immunofluorescence staining and quantification

Immunofluorescence was performed using DRGs (from L4 to L6 spinal cord
segments) collected from Swiss mice 7h after intra-articular stimulus with CHIKVi. DRGs
were post-fixed with 4% PFA overnight at 4° C. The following day, samples were washed
with PBS 1% and kept on 30% sucrose overnight at 4° C. The solution was replaced with
30% sucrose + O.C.T. (Optimal Cutting Temperature) for more than 24 hours. DRGs
were embedded in O.C.T. compound and 10um sections were sliced in a cryostat
(CM1520, Leica Biosystem, Richmond, IL, USA) and processed for
immunofluorescence. Before incubation with antibodies, slides were blocked with Bovine
Serum Albumin (BSA) in PBS, 0.3% Triton X-100 (0.3% PBST). Primary antibodies used
in this study were: anti-TRPA1 (1:200, Invitrogen) or anti-TRPV1 (1:500, Merckmiller)
and p-NF-kB p65 (1:200, Santa Cruz).

All primary antibodies were incubated over night at 4° C and then washed four
times with 0.3% PBSt before proceeding with secondary antibody incubation. Secondary
antibodies used in this study were: anti-rabbit Alexa Fluor 488 (1:500, ThermoFisher
Scientific, Waltham, MA, USA); anti-guinea pig Alexa Fluor 488 (1:500,); anti-mouse
Alexa Fluor 647 (1:500, ThermoFisher Scientific, Waltham, MA, USA); and DAPI. All
secondary antibodies were incubated for 60 min at room temperature and after, stained
slides were then washed three times with 0.3% PBST and mounted in Fluoromount-G
compound. The images were taken in a Confocal Microscope (TCS SP8 Leica
Microsystems, Wetzlar, Germany) and fluorescence intensity was measured using
software Leica EL6000 (Leica, Wetzlar, Germany).

2.8 Data and statistical analysis

Data were analyzed using GraphPad Prism statistical software (GraphPad Prism
software version 6.0). Results are presented as means + SEM of measurements made
with six mice per group. Each experiment was conducted twice. Two-way ANOVA,
followed by the Tukey post-test, was used to analyze data from multiple-moment
experiments (mechanical and thermal hyperalgesia and edema). One-way ANOVA was
applied, followed by Tukey's post-test or Shapiro-Wilk test for experiments with specific
times. Significant statistical differences were considered when P <0.05.

3 Results

3.1 Maresin 2 inhibits iCHIKV-induced mechanical and thermal hyperalgesia.

The joint pain was stimulated by 100 FFU of iCHIKV, Mock (10 uL) or saline (10
ML) injected in mice knee joints. One hour after stimulus, animals received treatment with
1ng, 3ng or 10ng of MaR2 or vehicle (10% ethanol) intrathecally (i.t.). All doses were
able to reduce mechanical hyperalgesia induced by this inactivated virus, however only
the dose of 10 ng demonstrated analgesia starting in the first hour and lasting until the
2" day after treatment, indicating that the effect of MaR2 was dose-dependent.
Therefore, the dose of 10 ng of MaR2 was chosen for the following experiments.
Experimental groups were compared to saline and mock groups as controls.

After selecting the 10 ng for MaR2 treatments, we tested if this lipid could inhibit
thermal hyperalgesia. The results indicate that MaR2 reduces thermal hyperalgesia. The
analgesic effect started in the first hour until the 2" day after treatment, similar to the
results observed after mechanical hyperalgesia testing, which indicate that the selected
dose of MaR2 was able to reduce both thermal and mechanical hyperalgesia.
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Figure 1: MaR2 can reduce mechanical and thermal hyperalgesia induced by
iCHIKV. Mice received intra-articular (i.a.) injections of inactivated CHIKV virus (100
FFU, 10 uL saline), Mock (negative control, 10 uL) or saline (10 uL), and were treated
intrathecally (i.t.) with Maresin 2 (1ng, 3ng and 10ng). Mechanical (A) and thermal (B)
hyperalgesia were evaluated 1-7 hours after injection and in the following three days.
The results are presented as the mean = SEM of six mice per group per experiment and
are representative of two independent experiments. *P<0.05 compared to the mock
group; #P<0.05 compared to the iCHIKV group. Two-way ANOVA followed by Tukey’s
test.

3.2 Maresin 2 inhibits mechanical and thermal hyperalgesia induced by
recombinant E2 protein from Chikungunya virus.

The first set of experiments indicated that the dose of 10 ng of MaR2 was effective
in reducing mechanical and thermal hyperalgesia induced by inactivated CHIKV.
Therefore, the next step was to evaluate whether MaR2 could reduce mechanical and
thermal hyperalgesia induced by structural protein E2, which is presented on the
envelope of CHIKV. It was observed that in both mechanical and thermal hyperalgesia
tests, MaR2 showed analgesic effects that started in the first hour and lasted until the
seventh hour, not showing any effect in 1~ or 2~ days after stimulus.
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Figure 2: MaR2 reduces mechanical and thermal hyperalgesia induced by rE2
protein from Chikungunya virus. Animals received intra-articular (i.a.) injections of rE2
(100 ng, 10 uL saline), Mock (control, 10 uL) or saline (control, 10 uL). The mechanical
(A) and thermal (B) hyperalgesia were evaluated 1-7 hours after treatment intrathecally
(i.t.) with 10 ng of MaR2, and daily for two days after treatment. The results are presented
as the mean £ SEM of six mice per group per experiment and are representative of two
independent experiments. *P<0.05 compared to the mock group; #P<0.05 compared to
the rE2 group. Two-way ANOVA followed by Tukey’s test.

3.3 iCHIKYV increases calcium influx by activation on TRPV1 and TRPA1 channels.
MaR2 can act in both of channels, decreasing Ca+ influx, and leading to reduced
nociceptor activation.

In summary, animals stimulated with inactivated CHIKV or rE2 developed
mechanical and thermal hyperalgesia.

Segato-Vendrameto, et al (2023), demonstrated that the mechanical and thermal
hyperalgesia present during infection by iCHIKV or by the action of its E2 protein occurs
due to the ability to modulate the activation of the TRPV1 channel, leading to nociception.
Also, MaR2 used as a treatment is known to have the capacity to inhibit or reduce the
activation of both TRPV1 and TRPA1 channels, unlike MaR1, which modulates only
TRPV1 channels. (25,31,33).

So to verify and have support for these findings, it was decided to investigate
whether the ion channel, TRPV1, already described, have relation with the virus, and if
TRPA1, which does not present any information regarding this subject, can trigger the
formation of hyperalgesia present during infection (32), and whether Maresin 2 can inhibit
both of these channels, leading to analgesic effect, like was observed in the behavior
experiment.

This next step is important because in the in vivo experiments, non-neuronal cells
could contribute secreting hyperalgesia-inducing mediators, therefore, through the cell
culture of axotomized DRG-derived neuronal somas, we can observe the direct effect of
iCHIKV on neurons receptor’s activation. Culture plates were pretreated with MaR2 or
vehicle before induction with inactivated Chikungunya, followed by the activation with
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capsaicin (TRPV1 agonist) or AITC (TRPA1 agonist), and finally adding the activation
control (KCL).

The representative images of the aforementioned time points can be observed
on panels A of Figure 3 e 4, as well as the representative traces of calcium levels (mean
+ S.E.M. — panels BI) and the bar graphic representing the calcium influx peaks (mean
+ S.E.M. — panels BIl), demonstrating that iICHIKV activates DRG neurons. Venn
diagrams (panels C) show the percentage of the population of neurons, induced by
CHIKVi, that were responsive to TRPV1 or TRPA1 and how MaR2 was able to modulate
the activity of this channel by reducing or inhibiting its activity.

The data demonstrated by Figure A-C, along with the findings described by
Segato-Vendrameto et al. (2023), show direct neuronal activation by stimuli. Additionally,
this data supports the in vivo neuronal activation observed in Figures 1 and 2, and is
indicative of direct neuronal activation by iCHIKV, even though the exact receptors being
activated remain to be confirmed, because co-activation, potentiation or even activation
may occur per other receptors, which can help by changing the conformation of TRP,
also leading to the observed inhibition.
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Figure 3: Nociceptor TRPV1* activation by iCHIKV can be inhibited by Maresin 2 in
vitro. (A - C) iCHIKV-induced TRPV1 activation. (A) To verify TRPV1 activation in vitro,
plates containing naive DRG neurons were subjected to analysis for 9 min: 1 min of initial
reading for baseline, followed by pre-treatment with MaR2 (100nM in HBSS) or Vehicle,
at 56 sec mark, stimulus with iCHIKV (100FFU in HBSS,10ul) or Mock (control, 10ul in
HBSS) were added and recorded for 4 minutes, at 296 sec mark stimulus with capsaicin
(Caps, 1uM in HBSS, TRPV1 agonist) were added and recorded for 3 min, and finally at
476 sec mark, KCL (40mM) was added and recorded for 1 min. Panels (BI) refer to the
fluorescence intensity traces, and (BIl) refers to the mean fluorescence intensity of
calcium influx in each stimulus and/or treatment mark throughout the 9 min of recording.
(C) Venn diagrams show the percentage of the population of neurons, induced by
iCHIKV, that were responsive to TRPV1, and how MaR2 was able to modulate the
activity of this channel by reducing or inhibiting its activity. Results are expressed as
mean % s.e.m. of 40 DRG neurons per plate (each plate is a neuronal culture from six
naive mice) per group, two independent experiments *P<0.05 vs. Mock, **P<0.05 vs.
iCHIKV alone. Two-way repeated measures ANOVA, followed by Tukey's post-test.
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Figure 4: Nociceptor TRPA1* activation by iCHIKV can be inhibited by Maresin 2
in vitro. (A - C) iCHIKV-induced TRPA1 activation. (A) To verify TRPA1 activation in
vitro, plates containing naive DRG neurons were subjected to analysis for 9 min: 1 min
of initial reading for baseline, followed by pre-treatment with MaR2 (100nM in HBSS) or
Vehicle, at 56 sec mark, stimulus with iCHIKV (100FFU in HBSS,10ul) or mock (control,
10ul in HBSS) were added and recorded for 4 minutes, at 296 sec mark stimulus with
AITC (100uM in HBSS, TRPA1 agonist) were added and recorded for 3 min, and finally
at 476 sec mark, KCL (40mM) was added and recorded for 1 min. Panels (BI) refer to
the fluorescence intensity traces, and (BIl) refers to the mean fluorescence intensity of
calcium influx in each stimulus and/or treatment mark throughout the 9 min of recording.
(C) Venn diagram shows the percentage of the population of neurons induced by
iCHIKV, that were responsive to TRPA1, as well as how MaR2 was able to modulate the
activity of this channel by reducing or inhibiting its activity. Results are expressed as
mean % s.e.m. of 40 DRG neurons per plate (each plate is a neuronal culture from six
naive mice) per group, two independent experiments *P<0.05 vs. Mock, **P<0.05 vs.
iCHIKV alone. Two-way repeated measures ANOVA, followed by Tukey's post-test.

3.4 MaR2 reduces NF-kB p65 and of TRPA1*- and TRPV1*-neuron activation after
iCHIKV stimulus.

In the previous test, DRGs from naive animals demonstrated greater activation
of TRPV1 and TRPA1 channels after iCHIKV stimulus, in vitro, when compared to a
mock group. Additionally, in groups that were stimulated with iCHIKV and treated with
MaRz2, the calcium influx-induced fluorescence signal was reduced. This indicates that
nociceptor ion channels are related to hyperalgesia and that this state can be reversed
when treated with the lipid Maresin 2. To observe TRPV1 and TRPA1 expression in vivo
and their relation to the neuroinflammation process, immunofluorescence labeling of
TRPV1/p-NFkB and TRPA1/p-NFkB in DRG neurons was carried out.

Immunofluorescence was performed to verify whether the channels of interest,
TRPV1 and TRPA1, are being expressed in neurons in this pain model. It was confirmed
that in the stimulated group there was a greater expression of TRPV1 and TRPA1-
positive neurons, and this can be confirmed by the marker, p65 NFkB, chosen to verify
the activity, which was also expressed in these neurons. This demonstrates that the
inactivated virus can directly modulate the activity of these channels, where neurons
express receptors to detect both iCHIKV and the agonists' capsaicin (TRPV1) and AITC
(TRPAT1), leading to greater potentiation, generating hyperalgesia. And this was reversed
when they were treated with MaR2. The expression of TRPV1 and TRPA1 had their
expression reduced even in the presence of the stimulus, showing the ability of MaR2 to
inhibit or reduce the activity of ion channels; that is, iCHIKV was unable to exacerbate
the activity of the channels, leading to the analgesic effect observed in behavioral
experiments.
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Figure 5: iCHIKV increases TRPV1+ neurons and NF-kB p65 activity of DRG
neurons, and it was reduced when treated with maresin 2. DRG neurons were
collected 7 h after intra-articular (i.a.) injection of inactivated CHIKV virus (100 FFU, 10uL
saline), Mock (negative control, 10uL) and saline (10uL) and treated intrathecally (i.t.)
with 10ng of Maresin 2. (A - B) Percentage of TRPV1+ (488) or p-NFkB p65 (647)
activated DRG neurons without stimulus or stimulated with iCHIKV, and treated with
MaR2 or vehicle. (C) Percentage of TRPV1+ expression on p-NFkB p65 activated DRG
neurons. Results are presented as the mean £ SEM of six mice per group per experiment
and are representative of two independent experiments. *P<0.05 compared to Mock
group; #P<0.05 compared to the vehicle group. One-way ANOVA followed by Shapiro-
Wilk post-test.
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Figure 6: iCHIKV increases TRPA1+ neurons and NFkB p65 activity on DRG
neurons, effects inhibited after Maresin 2 treatment. DRG neurons were collected 7
h after intra-articular (i.a.) injection of inactivated CHIKV virus (100 FFU, 10uL saline),
Mock (negative control, 10uL) and saline (10uL) and treated intrathecally (i.t.) with 10ng
of Maresin 2. (A - B) Percentage of TRPA1+ (488) or p-NF-kB p65 (647) activated DRG
neurons without stimulus or stimulated by iCHIKV and treated with MaR2 or vehicle. (C)
Percentage of p-NFkB p65 activation in TRPA1+ DRG neurons. Results are presented
as the mean £ SEM of six mice per group per experiment and are representative of two
independent experiments. *P<0.05 compared to Mock group; #P<0.05 compared to the
vehicle group. One-way ANOVA followed by Shapiro-Wilk posttest.

3.5 HC-030031, a TRPA1 antagonist, reduces mechanical hyperalgesia induced by
inactivated Chikunungya virus and/or recombinant E2 protein.

Behavioral data demonstrated that inactivated chikungunya and the E2 protein
lead to the formation of mechanical and thermal hyperalgesia. Segato-Vendrameto., et
al. (2023) showed that the modulation of the TRPV1 ion channel is related to the
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presence of the inactivated virus and its protein. With the data obtained by calcium
imaging and immunofluorescence, we confirmed that in addition to the TRPV1 channel,
iCHIKV can also activate the action of the TRPA1 channel. Furthermore, when they were
treated with Maresin 2, the lipid was able to act on these channels, inhibiting or reducing
their action, demonstrating analgesic capacity. Indicating that the hyperalgesia present
during behavioral tests is occurring due to the ability of the inactivated virus and rE2 to
modulate the channels present in nociceptors.

To make sure that the TRPA1 channel is also affected by iCHIKV and rE2, HC-
030031, a TRPA1 antagonist, was used to confirm this fact. To perform mechanical
hyperalgesia, HC-030031 was tested, intrathecally (i.t.), in two stages: one with doses
10 ug, 30ug and 50ug (Complementary figure 1), which induced back itching, so after,
we tried to reduce the doses to 0,1 pg, 1 ug and 10 ug (Figure 7).

The next step, using the choosing dose, 10 pg, aimed to determine if HC-030031,
also could reduce mechanical hyperalgesia induced by the recombinant E2 protein. In
this case, blocking the channel, showed lower hyperalgesia.

HC-030031 or vehicle

A reaction, g
-

2-
0 T T T T T T T T
1h I15 30 45 60 75 90 105I
Minutes
Time
- Saline & [CHIKV + HC-030031 10ug
@ Mock # [CHIKV + HC-030031 1ug

# iCHIKV 100FFU + Vehicle ® iCHIKV + HC-030031 0.1ug

Figure 7: HC-030031, a TRPA1 antagonist, reduces mechanical hyperalgesia
induced by iCHIKV. Mice received intra-articular (i.a.) injection of iCHIKV (100 FFU,
10uL saline) or mock (negative control, 10 pL), and were treated intrathecally with HC-
030031 (10ug, 1ug and 0,1ug). The mechanical hyperalgesia was evaluated for a total
of 105 minutes, with an interval of 15 minutes between each measure. Results are
presented as the mean + SEM of six mice per group per experiment. * p < 0.05 compared
to Mock group; ANOVA followed by Tukey’s test.

52



[EEN

OCooNOOTULLPWN

[ERY
o

NNNNNNNNNPRPRRRRRRR R
ONOOUDWNRPOWOVLOONOOUDA WN PR

29

10

HC-030031 or vehicle

A reaction, g
a

1h 15 30 45 60 75 90 165I

Minutes
Time

# Saline @ rE2 protein + Vehicle
& Mock & rE2 proteina + HC0300031 10ug

Figure 8: HC-030031, a TRPA1 antagonist, reduces mechanical hyperalgesia
induced by rE2Mice received intra-articular (i.a.) injection rE2 (100 ng, 10uL saline) or
Mock (negative control, 10 uL), and treated intrathecally with HC-030031 (10ug, 1ug and
0,1ug). The mechanical hyperalgesia was evaluated for a total of 105 minutes, with a 15
minutes interval between each measure. Results are presented as the mean + SEM of
six mice per group per experiment. * p < 0.05 compared to Mock group; ANOVA followed
by Tukey’s test.

4 Discussion

Although classified as a self-limiting infection, Chikungunya (CHIKV) can
progress to a chronic disease for patients at risk, causing severe joint pain (34).The E2
protein can also generate similar symptoms, for being able to replicate viral genes and
directly infect macrophages, increasing joint recruitment of inflammatory cells, and
leading to synovitis, edema, and myositis (3,8,35).

Maresin 2 (MaR2) was selected for this study, in the search for a promising new
treatment for CHIKV. This lipid, has demonstrated the ability to impair neuroinflammatory
factors activity in vivo and in vitro, being known for its pro-resolutive, anti-inflammatory,
and analgesic effects, as well as for reducing and/or inhibiting the action of nociceptor
neurons, via TRPV1 and TRPA1 channel modulation (31).

Using the murine joint pain model, animals were induced intra-articularly (i.a) by
Mock, iCHIKV, or protein E2, in doses previously defined (32). Groups, receiving iCHIKV
or rE2 stimuli, developed mechanical and thermal hyperalgesia. And both of cases were
reversed using 10 ng of Maresina 2 administered intrathecally (i.t.), showing lipid’s
efficiency on analgesic effect, for relieving iCHIKV- or rE2-induced pain (Fig 1 and 2).
These results indicated that structure E2, also has a part in Chikungunya virus-induced
joint pain, leading to symptoms already described (7,32,36).

It is known that iCHIKV and rE2 can directly activate the nociceptor TRPV1 channel in
mice, inducing hyperalgesia (32). However, studies regarding the TRPA1 channel's role
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in pain establishment were still lacking. It is believed that TRPA1's physiological function
is to be a neuronal chemosensor, sensing and responding to noxious compounds,
mediating itch, neurogenic inflammation and pain (37). Additionally, TRPA1 is believed
to be activated by noxious mechanosensation and cold thermosensation (38,39).
Knowing that TRPV1 and TRPA1 channels are commonly co-related in nociceptive
neurons (39,40), leading to nociception, it was decided to collect mice’s dorsal root
ganglions (DRGs) to perform calcium imaging and immunofluorescence.

Results obtained by calcium Imaging, showed that using capsaicin and AITC,
agonists for TRPV1 and TRPA1 neurons, indicated a relationship with the development
of hyperalgesia during iCHIKV infection (Figs. 3 and 4). The data demonstrated a greater
increase in the stimulated group after capsaicin than with AITC, compared to the control
group, Mock (Fig. 3-4Bl). This result can be explained due to the fact that TRPA1 acts
more like a neuronal chemosensor to noxious compounds, as can be observed in its
ability to detect bacterial endotoxins such as lipopolysaccharide (LPS) (37,41), thus not
being directly activated after CHIKV infection as it appears to occur with TRPV1 (42).

Plates treated with MaR2 lowered calcium influx, proving its capacity of acting on
nociceptive neurons, inhibiting or reducing TRPV1- and TRPA1+ neuron activation,
which would lead to analgesic effects in in vivo settings (31) (Fig 3-4C). Nonetheless,
this result confirms that TRPA1 is, at least partially, a modulator in CHIKV-induced
nociception, like TRPV1 (32).

In corroboration with our calcium imaging data, the following step was to perform
immunofluorescence tests labeling TRPV1 or TRPA1 channels in association with an
inflammatory indicator. To perform this experiment, animals were induced with iCHIKV
or Mock, and treated with MaR2 or vehicle, and seven hours after stimuli, DRGs were
harvested. After following all the steps already described on material and methods,
antibodies anti-TRPV1, anti-TRPA1 and anti-NF-kB p65 (Nuclear factor kappa B) were
used to incubate the slides. NF-kB, especially its p65 subunit, was chosen for playing an
important role during cellular activation since it is known to be translocated from the
cytoplasm to the nucleus after its phosphorylation, leading to the transcription of pro-
inflammatory cytokines, and aiding inflammation development and progression (43—47).

Compared to the control group, the fluorescence intensity was higher in the group
stimulated with iCHIKV, showing the direct relationship in the activation of TRPV1 (32)
(Figure 5) and TRPA1 channels in the presence of this virus (Figure 6). The intensity of
NF-kB was greater in the presence of neurons with expression of the TRPV1 channel
(Figure 5C) than TRPA1 (Figure 6C), and this is due to the presence of iCHIKV and the
ability of TRPV1 to modify the functioning of the cell, which ends up inducing more
nuclear translocation of the p65 (42,48). The lower intensity in TRPA1 neurons occurs
not directly with nuclear translocation like the TRPV1 channel, but because of TNF-q, a
key proinflammatory cytokine, that upregulates TRPA1 via NFB and hypoxia-inducible
factor 1a (HIF-1a), increasing TRPA1 promoter activity (49-51) in human synoviocytes.

Based on these results, to confirm whether the TRPA1 channel also has its
activation modulated by iCHIKV and rE2, we decided to use HC-030031, a TRPA1
antagonist, to conduct mechanical hyperalgesia. It has been previously demonstrated
that this antagonist can suppress mechanical hyperalgesia in an inflammatory and in a
neuropathic pain model (38,40), indicating it would be suitable for this study as well.

Animals stimulated with iCHIKV and/or rE2, when treated with HC-030031,
intrathecally, managed to block the channel, reducing hyperalgesia. This shows that the
inactivated virus and its protein act directly on TRPA1, modulating the channel's
activation. When the stimulated animals received doses of 50 ug and 30 pg, the animals
were itching the treated region, showing an adverse effect due to the inhibition of the
TRPA1 channel. (Supplementary Figure 1).

It is known that the TRPV1 and TRPA1 channels, in addition to modulating pain,
are also capable of modulating histaminergic and non-histaminergic itching behavior
(52), and it is believed that pain can be dominant over itch, and when the painful stimuli
are removed, the itching sensation predominates (53). That's why it was decided to do a
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new test, using smaller doses (Figure 7). In both tests, the 10 ug dose showed the best
result, blocking the channel and reducing hyperalgesia more efficiently.

To confirm and complement the previous result, E2 protein was used as stimulus
too (Figure 8). Also, in this test, HC-030031 blocked the channel, and reduced
mechanical hyperalgesia. With this, we conclude that TRPA1 is also related to
hyperalgesia induced by iCHIKV and rE2.

5 Conclusion

Nowadays, Chikungunya treatment is based on symptom relief, and the
development of effective non-opioid treatments for the prevention and resolution of
neuroinflammation and CHIKV-induced joint pain is of utmost urgency.

According to our findings, TRPV1 and TRPA1 nociceptive activation can induce
mechanical and thermal hyperalgesia induced by inactivated Chikungunya and its
structural component, protein E2. Likewise, Maresin 2 demonstrated an analgesic effect
modulating TRPV1 and TRPA1 channel activation, showing a broader effect of this lipid
mediator on TRP channels, when compared to the other member of the same family,
Maresin 1.

Based on the premise that pain is regulated by nociceptive modulation, the
inhibition of TRPV1 and TRPA1 on nociceptive neurons indicates their potential as
targets to create alternative analgesic treatment options (54,55) with reduced side
effects, which is what affects patients the most. Maresin 2 presents itself as a promising
analgesic and pro-resolutive alternative treatment for the symptoms elicited by this virus
and may help patients, in the future, minimize the major Chikungunya-derived
complication, severe joint pain.
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Supplementary Figure 1: HC-030031, a TRPA1 antagonist, reduces mechanical
hyperalgesia induced by iCHIKV. Mice received intra-articular (i.a.) injection of iCHIKV
(100 FFU, 10pL saline) or Mock (negative control, 10 uL), and were treated intrathecally
with HC-030031 (10ug, 30pg and 50pg). The mechanical hyperalgesia was evaluated for
a total fo 105 minutes with an interval of 15 minutes between each measure. Results are
presented as the mean + SEM of six mice per group per experiment. * p < 0.05 compared
to Mock group; ANOVA followed by Tukey’s test.
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5. CONCLUSAO

Nesse trabalho, foi demonstrado que, juntamente com o canal TRPV1, o canal
TRPA1 também atua no processo nociceptivo durante infecgdo causada pelo CHIKV e
rE2. A hiperalgesia induzida pode ser minimizada com o uso do mediador lipidico
Maresina 2, tendo demonstrado o seu papel analgésico na dor aguda, quando tratada

pela via de administragdo i.t.

O tratamento pela por esta via permite que o mediador atue de forma mais direta
nos canais TRPV1 e TRPA1, localizados nos neurénios do ganglio da raiz dorsal, como
ja descrito na literatura, levando ao bloqueio da transmissao do estimulo doloroso para
a via ascendente, inibindo a percepcao de dor e, consequentemente, a sensibilizacao

que levaria a hiperalgesia.

Como observado em nossos resultados, o estimulo por Chikungunya inativado ou
pela proteina recombinante E2, geram hiperalgesia, ao menos em parte, pela
modulacdo dos canais TRPV1 e TRPA1, enquanto o mediador lipidico pré-resolutivo

Maresina 2 € capaz de induzir a analgesia ao inibir a ativagdo desses canais.

Em conclusido, somando todos os fatores supracitados, a capacidade analgésica
promovida pela MaR2 através da administragdo intratecal, proporciona analgesia
satisfatoria em doses baixas, na faixa dos nanogramas, fato que, somado a produgao
endogena deste mediador e auséncia de efeitos adversos descritos, contribuem para

seu potencial como analgésico efetivo e seguro.
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Prezade (a) professor (a),
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modele murine de dor e infeccio pelos virus Dengue e Chikungunya e pela protema EI do virus
Chikungunya™ protecelo CEUA n® 056.2020 sob a responsabilidade de Waldicen Aparecide Verri Junior.
que envolve a producdo. manutencio e/ou utilizagio de animais pertencentes ao filo Chordata, subfilo Vertebrata
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11.794, de § de cutubro de 2008, do Decreio n® 6.899, de 15 de julho de 2009, e com as normas editadas pelo
Conselho Nactonal de Controle da Expenimentagiio Animal (CONCEA). e foi aprovadoe pela Comissio de Etica
no Uso de Animais da Universidade Estadual de Londrina (CEUA/UEL) em reunifio realizada em 17/11/2020.

Este projeto tem por objetivos avaliagdo dos potenciais analgésico e mecanismos de agdo do tratamento
mtratecal com 135-Epi-lipoxina A4 (13-epi-1 XA4). Resolvina D1. D2 e D5 (RvD1, BvD2 e RvD5). Maresina
2(MaR2). e Protectina DX (FDX) em modelo murinho de dor induzida peles virns Dengue e Chilungnnya e pela
proteina E2 do vims Chikungonyva. Grau de invasividade: 3.

Finalidade { )Ensino (X)) Pesqumisa cientifica
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Especie/ linhagem/ raca Cammundengo heterogénico/ Swiss

N® de animais 4.608

Peso! Idade 20-25 g/ 2 meses

Sexo Machos

Origem Biotério Central da Universidade Estadual de Londring
Amostras a serem coletadas Medula espinal. ganglio da raiz dorsal

Cumpre orientar que caso prefendam-se quaisquer alteragdes no protocele experimental aprovado.
deve-se submeter o novo protocole & apreciacio da CEUA/UEL anteriormente 4 execugdo das modificacdes.

Em cumprimento as exigéncias do Conselho Nacional de Controle de Experimentacio
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