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RESUMO

Introducéo: Pacientes sobreviventes de sepse desenvolvem danos cognitivos agudos
e em longo prazo e a ativacdo microglial estd envolvida com a sua fisiopatologia.
Recentemente, foram identificados receptores que formam complexos proteicos,
chamados inflamassomas. O inflamassoma NLRP3 pode estar envolvido com a
exacerbacédo da resposta inflamatéria microglial apés a sepse.

Objetivo: Investigar o envolvimento do inflamassoma NLRP3 sobre alteracGes
cerebrais precoces e tardias na sepse experimental.

Métodos: Ratos Wistar machos de dois meses de vida, submetidos a
de sepse por ligacao e perfuracéo cecal (grupo CLP) ou somente laparotomia (grupo
sham). Imediatamente apos, receberam salina ou inibidor do inflamassoma NLRP3
(MCC950, 140 ng / kg), via icv. Vinte e quatro horas apds, cortex pré-frontal e
hipocampo foram isolados. Analisou-se os niveis de citocinas, niveis de NLRP3,
ativagdo microglial e astrocitaria, estresse oxidativo, formacdo de nitrito/nitrato e
atividade da cadeia respiratoria mitocondrial. Durante dez dias houve avaliacdo de
sobrevida, e em seguida foram realizados testes comportamentais.

Resultados: MCC950 evitou a elevacéo dos niveis de citocinas IL-13, TNF-a, IL-6 e
IL-10 no hipocampo, 24 horas apds a sepse. No mesmo tempo, houve elevagado dos
niveis do receptor NLRP3 no cértex pré-frontal e hipocampo, associada a ativacado
microglial, mas nao astrocitaria. MCC950 evitou dano em lipidios e proteinas, bem
como preservou a atividade da enzima SOD no hipocampo. Houve variacdo na
atividade da cadeia respiratoria mitocondrial, sem padrdo reconhecivel. A
administracdo de uma unica dose do inibidor de formacéo do NLRP3, gerou melhora
na sobrevida, e diminuicdo do dano cognitivo nos animais avaliados 10 dias apés a
sepse.

Conclusédo: A formagdo do inflamassoma NLRP3 estd associada a alteracdes
bioquimicas e neuroinflamatdrias agudas, elevacdo da mortalidade e presenca de

dano cognitivo em longo prazo apés a sepse experimental.

Descritores: Sepse. Microglia. NLRP3.



ABSTRACT

Introduction: Surviving sepsis patients develop acute and long-term cognitive
damage and microglial activation is involved in its pathophysiology. Recently, they
have been identified as protein-forming receptors, called inflammasomes. The NLRP3
inflammasome may be present with the exacerbation of the microglial inflammatory
response after sepsis.

Objective: To investigate the involvement of the NLRP3 inflammasome in early and
late brain changes in experimental sepsis.

Methods: Two-month-old male Wistar rats submitted to sepsis by cecal ligation and
perforation (CLP group) or only laparotomy (sham group). Immediately, they received
saline or NLRP3 inflammasome inhibitor (MCC950, 140 ng / kg), via icv. Twenty-four
hours later, prefrontal cortex and hippocampus were isolated for analysis of cytokine
levels, NLRP3 levels, microglial and astrocyte activation, measures of oxidative stress,
nitrite/nitrate formation and mitochondrial respiratory chain activity. Survival was
assessed for ten days, and then behavioral tests were performed.

Results: MCC950 prevented elevated levels of cytokines IL-13, TNF-a, IL-6 and IL-10
in the hippocampus, 24 hours after sepsis. At the same time, there was an increase in
the levels of the NLRP3 receptor in the prefrontal cortex and hippocampus, associated
with microglial activation, but not astrocyte. MCC950 prevented damage to lipids and
proteins, as well as preserved the activity of the SOD enzyme in the hippocampus.
There was variation in the activity of the mitochondrial respiratory chain, with no
recognizable pattern. The administration of a single dose of the inhibitor of NLRP3
formation, improved survival, and decreased cognitive damage in animals evaluated
10 days after sepsis.

Conclusion: The NLRP3 inflammasome formation is associated with acute
biochemical and neuroinflammatory changes, increased mortality and the presence of

long-term cognitive damage after experimental sepsis.

Keywords: Sepsis. Microglia. NLRP3.
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1. INTRODUCAO

A sepse € uma sindrome complexa e extremamente comum nas unidades de
terapia intensiva ao redor do mundo, apresenta elevados indices de mortalidade e
morbidade, com prevaléncia de até 60% em pacientes internados®. Na sepse, a
resposta inflamatoria € amplificada de tal forma, que causa dano em 6rgéos diferentes
daquele que acometidos pela infeccdo inicial, sendo que o encéfalo esta entre os
acometidos, o que gera alteracdes neuroldgicas agudas e em longo prazo?2.

Ha anos, estudos tem associado o dano neurolégico na sepse com a elevacao
da permeabilidade das barreiras encefélicas, causada pela exacerbada liberacéo de
citocinas pré-inflamatérias e pelo estresse oxidativo periférico*®. Estes mediadores
ativam células imunes no encéfalo, como a microglia.

A microglia tem funcdes imunes no SNC, ela exibe diversos receptores de
superficie celular, que podem ser ativados por diferentes ligantes, e em certos
momentos, pode ocorrer até uma super ativacdo da microglia, gerando uma resposta
inflamatdria persistente, que pode ser causa de dano celular no encéfalo®. Todavia
acredita-se que ainda existam outros mecanismos, até mesmo mecanismos
fisiolégicos que quando superativados podem contribuir para o dano encefalico apés
a sepse’.

Quando ativada, a microglia libera citocinas, como a interleucina 1 (IL-1B), a
qual é sintetizada a partir de precursores inativos e que dependem da clivagem
executada pela enzima caspase-1 para se tornar ativa e exercer suas funcdes®. Para
a ativacao da caspase-1 € necessaria a clivagem de pro-caspase 1 realizada por um
complexo multiprotéico denominado inflamassoma®. O inflamassoma é um grupo de
complexos proteicos de alto peso molecular presentes no citosol que sdo formados
para mediar as respostas imunes do hospedeiro a infeccdo microbiana e ao dano
celular®. Todavia, estudos recentes vém demostrando que a ativacdo exacerbada
deste complexo estd envolvida na patogénese de diversas doencas
neuroinflamatérias, como Alzheimer® e Parkinson!® sendo responsavel pela
exacerbacédo da neuroinflamacao e danos cognitivos nestas doencas.

O inflamassoma chamado dominio de ligacdo e oligomerizacdo de
nucleotideos contendo dominios ricos em leucina e dominio pirina tipo 3 (NLRP3),

regula a ativacdo da via da caspase-1 até a liberacéo e ativacao das citocinas IL-1B e
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a interleucina-18 (IL-18), podendo assim estar relacionado com a potencializacdo da
resposta inflamatéria e com isso, levando a alteracbes neuroquimicas e
comportamentais como ja verificados em estudos experimentais e possivelmente nas
apresentadas pelos pacientes com sepse’.

Utilizando um inibidor especifico da via do inflamassoma NLRP3 diretamente
no encéfalo, acreditamos ser possivel gerarmos mais informacfes sobre o
envolvimento desse inflamassoma sob alteracdes cerebrais na sepse. Tais respostas
podem assim esclarecer o seu papel na resposta inflamatoria potencializada, na morte
celular associada a disfuncao cerebral aguda e consequentemente, em sobreviventes
da sepse, ao prejuizo cognitivo, resultado da extensa degeneracdo de neurbnios
cerebrais.

1.1 REFERENCIAL TEORICO

1.1.1 Sepse: breve historico e definicGes

A palavra sepse deriva do grego, e significa alguma coisa (animal ou vegetal)
que se decompbs na presenca de bactérias. HipGcrates foi um dos primeiros a
identificar a sepse, onde ele descreve um “decaimento biolégico” que parecia ocorrer
no célon, com a liberagéo de “principios perigosos” que causavam a autointoxicagéo?!?.

Com as diversas teorias criadas, predominando a teoria dos animalculos e do
miasma, foi apenas no século XIX que surgiram explicacBes mais cientificas sobre a
sepse. Um achado histérico relevante, foi observado por Ignaz Semmelweis, na data
de 1841, enquanto trabalhava em uma maternidade. Semmelweiss observou que a
taxa de mortalidade entre as mulheres que eram atendidas por estudantes de
medicina era muito superior (16%) a taxa de mortalidade entre as mulheres que eram
atendidas por parteiras (2%). O pesquisador intrigado comecou a fazer observacoes.
Todavia, a explicacdo para tal fato, surgiu quando um de seus colegas faleceu, apos
se machucar durante uma necropsia. Semmelweis entdo, observou que os alunos de
medicina, ndo lavavam as maos apds as necropsias e assim, levavam as “substancias
téxicas” para as proximas mulheres em trabalho de parto, o que ocasionava a elevada

mortalidade'?. Estes foram os primeiros relatos da sepse.
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No entanto, apenas na década dos anos 1990, foi que surgiu a primeira
definicdo conceitual para sepse?’3, e desde estdo o conceito vem sendo aprimorado
com o passar dos anos. O mais recente, data de 2016, onde o Jornal da Associagdo
Médica Americana publicou uma proposta para definicbes e critérios de sepse,
chamada de sepse-3. Neste consenso, a sepse, passou a ser definida como uma
sindrome, na qual o paciente apresenta disfungdo orgéanica com risco de vida em
decorréncia da inflamacéo exagerada causada por uma infecgéo'4.

Na suspeita clinica de infeccdo, o diagndstico precoce da sepse é crucial para
reducdo da mortalidade. Para isso sugerem-se o uso de critérios rapidos do sistema
de pontuacdo de disfuncdo organica (qSOFA; do inglés quick Sequential Organ
Failure Assessment Score). Onde a alteracdo de dois dos trés parametros indica a
presenca de sepse, como por exemplo, alteracdo do estado mental e presséo arterial
sistélica de 100 mmHg (milimetros de mercurio)*®.

Para a confirmacao e seguimento do paciente com disfuncdo organica, passa-
se a considerar a alteracéo de 2 pontos na pontuacgéao total do sistema de pontuacao
de disfuncdo organica completo (SOFA; do inglés Sequential Organ Failure
Assessment Score). O escore SOFA associa as seguintes alteracdes organicas:
respiracdo, coagulacdo, hipotensdo, marcadores hepéticos e renais, bem como a
escala de coma Glasgow. Quanto maior a pontuacdo do paciente, mais grave é a sua
disfuncéo organica, ou seja, mais 6rgaos estéo lesionados pela resposta inflamatoria
exacerbada!®>?'’,

Outra fase, ainda mais grave na evolucédo da sepse, é chamada de choque
séptico, nessa fase o0 paciente encontra-se em estado de hipotensao persistente apos
a reposicdo volémica. Os critérios para essa classificacdo sdo, necessidade do uso
de vasopressores para manter a pressao arterial média igual ou superior a 65mmHg,
associado ao aumento dos niveis de lactato sérico acima de 18 mg/dL, independente
do volume de reposi¢éo volémica. Pacientes com esta clinica tem um acréscimo de
40% na mortalidade hospitalar®4.

Uma recente conquista, para a disseminacdo da importancia do diagnostico
precoce da sepse, ocorreu no ano de 2017, ocasido na qual a Organizacdo Mundial
da Saude reconheceu a sepse como uma doenca de prioridade na saude global,
incluindo-a nas estatisticas globais da carga de doencas, o Global Burden of Disease

Statistics. Sendo assim, as ag¢0es voltadas ao objetivo de melhoria, prevencéo e
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gerenciamento da sepse em carater mundial, visando diminuicdo de morbidade e
mortalidade, recebem maior importancia e destaque, fortalecendo acdes de saude
publica?®.

1.1.2 Epidemiologia da sepse

Devido a sua gravidade e prevaléncia, a sepse é uma importante preocupacao
em saude publica, com estimativas globais de 31,5 milhdes de casos anualmente,
incluindo 19,4 milhdes de casos graves, resultando potencialmente em 5,3 milhdes de
mortes'®. No Brasil, os dados disponiveis, demonstram prevaléncia de 290 casos de
sepse para cada 100.000 habitantes adultos por ano, o que gera 420.000 casos por
ano, dos quais mais, da metade dos pacientes falecem ainda no hospital?°. Embora
sejam dados alarmantes, os mesmos sdo semelhantes aos encontrados em paises
desenvolvidos, onde descrevem-se 270 casos por 100.000 habitantes por ano®®.

Felizmente, na ultima década houve a diminuicdo da mortalidade de pacientes
com sepse. Em 2014, 1,3 milh&o de adultos norte-americanos sobreviveram a uma
internagdo por sepse, dos quais 56% tinham 65 anos ou mais?!. Entretanto, outros
desafios surgem, principalmente os relacionados a qualidade de vida e ao manejo dos
danos neuroldgicos agudos e persistentes apresentados pelos sobreviventes. Dentre
0S pacientes que sobrevivem a sepse, até 75% sofrem de alguma incapacidade
funcional e/ou laboral, e cerca de 17% manifestam algum grau de comprometimento
cognitivo, o que afeta diretamente a sua qualidade de vida??.

Durante a internacdo por sepse 0s pacientes experimentam delirio e
comprometimento da consciéncia, independente do uso de medicamentos que
poderiam causar essas manifestacoes. Apos a alta hospitalar, um estudo evidenciou
comprometimentos a longo prazo, na memoria, atencdo, fluéncia verbal e
funcionamento executivo?3. Outro estudo demonstra que os sobreviventes, enfrentam
alta taxa de mortalidade em um ano, quando comparados com sobreviventes de
outras doencas?*. Ainda, existem evidéncias, que demonstram que essas sequelas
ndo podem ser atribuidas, apenas, ao mau estado de saude antes da admissdo com
sepse, 0 que indica que a sepse agrava a saude do paciente, mesmo depois da
recuperacao?®. Dessa forma, conclui-se que mecanismos relacionados a fisiopatologia

da sepse no encéfalo, e ainda néo totalmente esclarecidos, sejam os causadores ou
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potencializadores das sequelas observadas nos sobreviventes de sepse, em outras
palavras, o que ocorre no SNC durante a sepse, pode resultar em danos permanentes

nos pacientes sobreviventes.

1.1.3 Fisiopatologia da sepse

A resposta imunoldgica inata do hospedeiro contra uma infec¢do bacteriana é
um processo complexo, que visa identificar o foco infeccioso, eliminar o agente
patogénico e reparar o tecido lesionado?®. Envolve a ativacdo de células fagociticas
residentes e circulantes, bem como a geracdo de mediadores pré-inflamatérios e
oxidantes necessarios para a eliminacéo do patdbgeno?’. Na grande maioria das vezes,
o sistema imunolégico é capaz de controlar a infecdo, sem que ocorra doenca
infecciosa, em outros casos, ha necessidade do uso de medicamentos. Entretanto,
em determinados pacientes, embora ocorra o controle dos microrganismos no foco
infeccioso, por diferentes motivos a resposta imune se torna descontrolada, e os
mediadores quimicos que deveriam ter acao local, passam a gerar resposta sistémica
que levam a disfuncéo organical, o que caracteriza a sepse.

As células humanas, como os neutréfilos, macréfagos, microglia, entre outras,
apresentam em sua superficie celular um receptor de reconhecimento de padrdes
(RRP). Esses sdo capazes de reconhecer, microrganismos, que apresentam
diferentes padrées associados a patégenos (chamados de PAMPSs). E da mesma
forma, os RRP podem reconhecer padrbes moleculares associados ao dano celular
(DAMPs)?8, Estes RRP estdo ligados a vias de transducéo de sinais intracelulares que
ativam varias respostas celulares, incluindo o estimulo a inflamac&o?°.

Sao exemplos de RRP, os receptores semelhantes a Toll (TLR), os receptores
varredores, as lectinas tipo C, os receptores semelhantes a NOD (NLR), e os
receptores N-formil-Met-Leu-Phe?8. Na sepse, tem se estudado majoritariamente os
receptores semelhantes a Toll tipo 4 (TLR-4), especializados em reconhecimento de
lipopolissacarideo (LPS) de bactérias gram-negativas e o TLR-2, responsavel pela
sinalizacéo da presenca dos peptiodeoglicanos de bactérias gram-positivas3°-34,

Como exemplo, na sepse polimicrobiana, ha liberacdo de LPS e
peptiodeoglicanos que apos reconhecidos pelos RRP, ativam vias de sinalizacao

levando a translocacéo do fator nuclear kappa B (NF-kB) do citoplasma para o interior
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do nucleo da célula humana. O NF- kB é responsavel pela ativacéo de diversos genes,
incluindo os codificadores de citocinas pro-inflamatérias, como a proé-interleucina IL-
18, fator de necrose tumoral alfa (TNF-a), interferon gama (IFN-y) e a interleucina-6
(IL-6)%°. A liberagdo in loco destas citocinas é muito importante para o estimulo do
recrutamento de leucécitos para o foco infecioso, onde acontecera a fagocitose, com
liberacdo de radicais livres, processo este importante para o controle dos patégenos.
Todavia, na sepse, mesmo ocorrendo o controle dos microrganismos no local inicial
da infeccéo, a resposta inflamatoria gerada pelo hospedeiro é capaz de causar dano
tecidual em 6rgéos diferentes do acometido pelo infeccdo?.

Na fisiopatologia da sepse, ha envolvimento de respostas geradas pela
inflamacé@o exacerbada, como isquemia tecidual, lesdo citopatica por mediadores
inflamatorios e espécies reativas de oxigénio (EROs). Desse modo, ocorre lesao
endotelial difusa, trombose microvascular, ruptura das juncdes das células endoteliais
gerando dano tecidual e organico. A combinagédo desses mecanismos contribui para
a disfuncéo organica, incluindo dano no SNC37-3,

1.1.4 Disfuncdo do SNC na sepse

Normalmente a sepse tem inicio com uma infeccdo periférica, ou seja, externa
ao encéfalo, como pneumonia ou apendicite, sendo entdo a resposta inflamatoria
disseminada por todo organismo, incluindo o SNC®. Certamente, s&o crescentes as
evidéncias de acometimento do SNC, tanto em modelos animais3® como em estudos
clinicos*®. Humanos sobreviventes de sepse, experimentam diferentes sequelas,
entre estas as fisicas, como fraqueza muscular?4, as cognitivas, como deficiéncias de
longo prazo na memodria, atencéo, fluéncia verbal e funcionamento executivo*?. Ainda
ha a possibilidade de sintomas de ansiedade, de depressdo e 0 aparecimento de
estresse pés traumatico*—43,

Em pacientes sobreviventes existem evidéncias de melhora na funcéo cognitiva
nos primeiros seis meses apos a alta hospitalar, alguns estudos evidenciam que as
alteracdes cognitivas podem persistir por até seis anos**. Nestes casos 0s pacientes
apresentam alteracdes na velocidade de processamento mental, na memoria, atencao
e nas habilidades espaco-visuais*>#¢. Quando ha comprometimento da meméria e

cognicao, existe um indicativo de disfuncéo do hipocampo e cortex pré-frontal, sendo
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este Ultimo ainda responsavel por funcdes executivas e que requerem atencao*’48,
funcBes estas prejudicadas em pacientes que passaram por um episodio de sepse.

De fato, no encéfalo de pacientes sobreviventes de sepse foram encontradas
lesbes isquémicas, leucoencefalopatia difusa, edema vasogénico grave com
anormalidades de distribuicdo posterior predominante e eventualmente a presenca de
atrofia no hipocampo, por exemplo*®-°2, achados estes que podem justificar, pelo
menos em partes, as alteracdes cognitivas apresentadas.

No entanto, estas manifestacdes neuroldgicas e em exames de imagem podem
decorrer de alteragcbes neuroimunes causadas pela sepse e que afetam a
homeostasia do SNC. Estudos pré-clinicos tentam evidenciar possiveis mecanismos
fisiopatologicos envolvidos nessa disfuncédo, e cada vez mais evidéncias sustentam o
envolvimento da elevacdo da permeabilidade da BHE, ativacdo microglial com
estresse oxidativo e nitrosativo que sustentam a neuroinflamacdo por periodos
prolongados e que por sua vez causam danos aos neurdnios e seu funcionamento

normal®3.

1.1.4.1 Fisiopatologia da encefalopatia associada a sepse

A resposta imune exacerbada que ocorre durante a sepse, pode elevar a
permeabilidade da BHE, facilitando a infiltracdo de células imunes da corrente
sanguinea para o encéfalo, que, juntamente com a resposta imune enceféalica, causam
danos neuronais (Figura 1)%4.

A sinalizacdo periférica gerada pelos mediadores inflamatorios, leva a ruptura
da BHE, elevacéao de infiltrado de células imunes periféricas no encéfalo, causando a
ativacdo microglial e fenbmenos de estresse oxidativo e nitrosativo. A ativagcao
microglial favorece a elevacdo do estresse oxidativo e da presenca de substancias
pré-inflamatérias, potencializando os danos neuronais®. Dessa forma, dois fatores
gue podem ser os iniciadores das alteracdes encefalicas, poderiam ser a sinalizacao
imune gerada pela reposta sistémica da sepse associada ao aumento da

permeabilidade da BHE, seguida de neuroinflamacéo®*.
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Figura 1- Fisiopatologia da encefalopatia associada a sepse
AlteragGes cognitivase «——— Disfungao encefalica

comportamentais
Ativagao e \
Ativagao ruptura da BHE

microglial .Dano
~ neuronal

‘ Mediadores inflamatérios

Espécies reativas de oxigénio

Fonte: Adaptado de Danielski LG., et al, 2018

Durante a sepse hé liberacdo de mediadores inflamatérios, capazes de ativar
o endotélio da BHE e elevar sua permeabilidade®®. Com elevacéo da permeabilidade,
tais mediadores e moléculas potencialmente toxicas acessam mais facilmente o
SNC®. Em resposta a estes eventos agressores, ocorre ativacdo microglial, na
tentativa de recuperacéo da homeostase®’. As microglias ativadas liberam citocinas e
espécies reativas de oxigénio, por exemplo, que podem causar dano a BHE e além
disso, aos proprios neurdnios e outras células gliais®®. Estas alteracGes originam
danos teciduais importantes, que podem causar alteracdes agudas e/ou persistentes
na cognicdo e comportamento do paciente sobrevivente de sepse®s.

1.1.4.2 Ativacédo do SNC e disfuncdo da BHE apoés a sepse

Os mediadores inflamatorios liberados durante a sepse podem causar ativacao
do SNC por diferentes vias. Uma delas, seria por meio da ativagéo das fibras nervosas
do sistema nervoso autbnomo, mais especificamente através do nervo vago, que se
comunica diretamente com as estruturas encefalias®®. As outras duas compreendem
a permeacdo através dos 6rgaos circunventriculares®, ou a difusdo através da BHE
ativada ou danificada®%62,

A BHE é componente da maioria dos microvasos do SNC sendo formada por
células endoteliais especializadas, cercadas por astrécitos e microglias®®. No entanto,
em alguns casos a presenca desta barreira ndo é suficiente para proteger o SNC,

justamente o que ocorre nos pacientes que desenvolvem sepse®64. A sinalizacédo
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imune através da ativacao das células endoteliais que compdem a BHE, € bastante
estudada, uma vez que pode causar o aumento da permeabilidade da mesma e nesse
sentido gerar sua disfuncéo®®, aumentando a infiltracdo de substancias téxicas dos
tecidos periféricos para o encéfalo.

As citocinas pré-inflamatérias liberadas perifericamente desempenham papel
importante na ruptura da BHE, seja por ativacado endotelial direta ou relacionada a
capacidade que as mesmas tém de elevar a expressdo de metaloproteinases de
matriz extracelular (MMPs, do inglés matrix metalloproteinase), enzimas da classe das
proteases zinco-dependentes®®. Na sepse, se sabe que as MMP-2 e MMP-9 tém o
potencial de degradar as jun¢des entre as células endoteliais da BHE entre 12 a 48
horas apds a indugdo da doenca em modelo animal, especialmente no hipocampo®’,
0 gque leva ao aumento de permeabilidade desta barreira encefalica.

O aumento da permeabilidade da BHE tem sido descrito como uma
caracteristica inicial de diversas doencas inflamatorias, como esclerose mdultipla,
convulsbes e doencas neurodegenerativas®. Os estudos que buscaram avaliar as
causas da elevacdo da permeabilidade da BHE na sepse, demonstram que o maior
dano as células endoteliais ocorre 24 horas apds o inicio da sepse, momento este em
que também foi verificada a elevacao do rolamento de leucécitos nos microvasos do
encéfalo®®°,

Ainda, ha evidéncias de aumento de expressdo de molécula de adeséo do tipo
1, responsavel pelo rolamento e infiltracdo de leucdcitos na microvasculatura cerebral
do hipocampo, estriado, cértex total e cortex pré-frontal por até 24 horas apés a
inducdo de sepse experimental®:7%, Com a ruptura da BHE, citocinas, células imunes
periféricas e outras moléculas imunogénicas e tdxicas tem acesso livre ao encéfalo,
podendo migrar para regides cerebrais que estédo relacionadas a memoaria e cognigao,
como o cortex pré-frontal e hipocampo, causando danos neuronais, por ativacao
microglial e astrocitaria’t. Evidéncias demonstram que a presenca de citocinas em
regides encefdlicas mais profundas pode levar a apoptose e insuficiéncia
bioenergética neuronal, bem como interferéncias no metabolismo oxidativo, elevando
a producéo de EROs e diminuindo a capacidade energética celular’>"3, resultando em

lesdo cerebral e edema do tecido axonal’*-76.

1.1.4.3 Ativagéo microglial e astrocitaria na sepse
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A microglia representa até 12% das células no SNC’’. Ela é a principal célula
imune residente no encéfalo e esta relacionada com a homeostasia e defesa contra
patdogenos. No entanto, sua ativacdo constante, tem forte associacdo com a
fisiopatologia de doengas neuroinflamatérias e neurodegenerativas’®. Uma das
primeiras evidéncias de ativagao microglial em pacientes com sepse foi relatada em
20077°, onde os encéfalos de 13 pacientes que faleceram de sepse tinham niveis mais
elevados de CD68 (marcador de microglia ativada) quando comparados com
pacientes controle. Outro estudo, mais recente demonstrou a ativagdo microglial
(também com o uso do marcador CD68) em pacientes que ndo sobreviveram ao
choque séptico®.

Em resposta a um estimulo, a microglia pode iniciar uma resposta
neuroinflamatdria, onde exibe fendtipos capazes da producao e liberacédo de citocinas
como o fator de necrose tumoral alfa (TNF-a) e a IL-1B%%, e possivelmente moléculas
de adeséo celular®?, importantes para recrutamento de células imunes adicionais com
objetivo de reestabelecer a homeostasia. No entanto, a ativacdo microglial de forma
sustentada pode induzir neurotoxicidade, levando a neurodegeneracéo’®.

Assim como as células imunes periféricas, a microglia expressa TLR (por
exemplo, TLR-4 e TLR-6). A ativacdo destes receptores, gera respostas
intracelulares semelhante as células periféricas, além da capacidade de causar a
polarizacdo da microglia, para seu estado dito com pré-oxidante®*. Além dos TLR, ha
envolvimento de outros receptores presentes nessas células, como os receptores da
via CD40-CD40 ligante. Com o bloqueio do receptor CD40, houve reducgao
significativa na liberacdo de citocinas proé-inflamatérias, como IL-18 em cultura
microglial. Ainda houve a melhora da memoaria de habituacdo com a inibicdo desta via
de ativacdo em ratos submetidos a sepse®.

Além da capacidade de ativagdo microglial através de PAMPs, acredita-se que
0s DAMPs também tenham um papel muito importante durante a sepse. Por exemplo,
interacOes entre microglia e depdsitos de proteina B-amildide, podem levar a perda
precoce de sinapses®, producédo de EROs e 6xido nitrico (NO, do inglés nitric oxide)
bem como a ativacéo do inflamassoma NLRP3 em modelo animal de Alzheimer®’. O
mesmo pode estar ocorrendo na sepse, uma vez que trabalhos recentes demonstram

depositos desta proteina no encéfalo de ratos.8°,
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Sendo a microglia, uma célula imune, as respostas geradas por sua ativacao
tém como objetivo inicial, o reestabelecimento da homeostase encefalica. No entanto,
sua ativacao excessiva e sustentada, pode causar danos as células adjacentes, como
0s neur6nios®®. A microglia pode causar danos aos neuronios de forma direta ou
indireta. A forma indireta deve-se a mudancas geradas por substancias liberadas pela
microglia e que podem influenciar na homeostasia nos neurdnios. Seja, por meio da
liberacdo de TNF-q, IL-1B e mediadores oxidativos, ou pela reducdo da sua producéo
de fator neuroprotetor derivado do encéfalo (BDNF) e do fator de crescimento simile
a insulina tipo 1 (IGF-1), fatores estes, importantes na reducdo da apoptose
neuronal®®. Ou ainda pela liberacédo de glutamato, o que favorece o mecanismo de
exitotoxicidade neuronal mediado por este neurotransmissor®?.

Por outro lado, a liberacéo de proteinas como as catepsinas e MMP>® é capaz
de causar dano direto aos neurénios. Ainda, quando ativadas, as microglias podem
reconhecer células estressadas e elimina-las, nesse sentido, neurdnios estimulados
durante a sepse podem ser reconhecidos como estressados e serem fagocitados®®.

As microglias sdo capazes de formar radicais livres, mediante complexos
enzimaticos como a NADPH oxidase, ou por escape de elétrons na cadeia respiratoria
mitocondrial. Ha formacéo de radical superdxido (O~), que pode ser transformado em
peroxido de hidrogénio (H20:2) pela acdo da superoxido dismutase (SOD) ou ao reagir
com o Oxido nitrico (NO) formar peroxinitrito (ONOO") importante espécie reativa de
nitrogénio (ERNs), moléculas estas que sao capazes de causar dano em
macromoléculas, e portanto, podem lesionar as células neuronais e entéo,
comprometem sua funcdo®?. Este fendmeno de ataque as macromoléculas, é
chamado de dano oxidativo. Quando ocorre danos aos lipidios ou proteinas de
membrana, por exemplo, ha reducdo da fluidez, alteracbes no potencial de
membranas e elevacgdo da permeabilidade celular aos ions, resultando em edema das
organelas, perda de despolarizacdo da membrana e ruptura da membrana plasmatica,
levando a necrose, neuronal por exemplo?’8.

Outra célula que faz parte da glia, e que pode estar envolvida com a
fisiopatologia do dano neuronal na sepse, € o astrocito. Esta célula ndo tem funcéo
imune como a microglia, no entanto € muito importante para a manutencdo da
homeostasia no encéfalo, devido a capacidade de liberacdo de metabalitos, fluidos,

neurotransmissores e fatores de crescimento®s. Interessantemente os astrdcitos tem
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papel importante no auxilio da manutencao da integridade da BHE®*, no entanto sdo
poucas as evidéncias pré-clinicas na sepse e sao ainda mais raras as evidéncias
clinicas. Alguns estudos recentes, utilizando modelo de endotoxemia, demonstraram
gue os canais de calcio podem estar envolvidos na ativacao astrocitaria e liberacéo
de radicais livres e portanto quando ativados poderiam contribuir para a diminuicédo da
homeostasia encefalica®.

Nesse sentido, a formacé&o de radicais livres, derivados de fagossomos ou de
disfuncdo da mitocondria, que se unem ou ndo ao NO, podem atacar as células
encefélicas levando ao dano tecidual e alteracfes encontradas em modelos animais

e, provavelmente expliquem parte do dano cognitivo em sobreviventes de sepse®.

1.1.4.4 Estresse oxidativo/nitrosativo e disfuncao energética mitocondrial na sepse

O termo radical livre é empregado na quimica para identificar moléculas que
apresentam um ou mais elétrons desemparelhados®. Este fendmeno ocorre também
em células de organismos vivos. Estes radicais apresentam elevada instabilidade
guimica, e nesse sentido, podem reagir de forma espontanea com macromoléculas
biolégicas, o que por sua vez causa danos as mesmas, 0 oxigénio e nitrogénio sdo as
principais moléculas precursoras destes radicais®’. Ainda, algumas moléculas podem
ser altamente reativas e lesivas, mesmo sem elétrons desemparelhados, por esse
motivo, utiliza-se o termo espécies reativas, que representa ambas as moléculas®.

As espécies reativas podem causam danos em macromoléculas, e esse dano
tém papel ambiguo. Por exemplo, quando os radicais livres reagem com
macromoléculas de patdgenos, os mesmos acabam sendo lesados e por vezes
mortos, e este se torna um mecanismo de defesa contra doencas infeciosas®. Por
outro lado, quando ha reatividade contra as macromoléculas de células humanas, as
mesmas podem ser desestabilizadas e enfim entrarem em morte celular programada,
0 que em grandes extensdes pode ser altamente prejudicial para o ser humano!®,

No ser humano, as principais fontes geradoras de espécies reativas sao as
reacdes que utilizam oxigénio ou nitrogénio®. As mitocéndrias representam a maior
fonte endogena de producdo de EROs nos eucariotos, onde até 2% do oxigénio
utilizado na respiracdo celular pode se transformar em espécies reativasi®. No

entanto, as células imunes, como a propria microglia, macréfagos e neutréfilos, que
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apresentam as enzimas NADPH oxidase, sado capazes de produzir elevadas
concentracdes destes metabdlitos com potencial microbicida®!.

Entretanto, devido a dualidade exibida pelas espécies reativas, e ao potencial
toxico que sua elevacdo oferece, nosso organismo dispbe de mecanismos
enzimaticos antioxidantes que visam exercer controle negativo sobre as espécies
geradas, evitando dano na células humanas®’192, Portanto, quando a producédo de
espécies reativas ndo é demasiadamente elevada o sistema antioxidante é capaz de
manter equilibrio entre a geracdo e a conversao destas moléculas em metabdlitos
menos reativos. Todavia, quando a producdo €é exacerbada ou a
concentracdo/atividade das enzimas antioxidantes € prejudicada, ocorre o fendmeno
conhecido como estresse oxidativo, e nesse processo as células humanas acabam
sendo excessivamente prejudicadas?®,

Na mitocondria, por exemplo, os complexos mitocondriais I, Il e Il so capazes
de se auto oxidarem e produzirem semiquinona, que transfere diretamente elétrons
para o oxigénio, formando o radical O2!°. O radical superéxido também pode ser

formado pela enzima NADPH oxidase?®* (Figura 2).

Figura 2 - Formacao de espécies reativas e as enzimas antioxidantes

0, > 0 > H,0, 0, .H,0
NAD_PHnoxid_ase SOD CAT
Mitocondria

Fe +?

Fe +3 Cu+

Cu +2 !

OH-
Arg NO
NOS
ONOO-

Fonte: Adaptado de: Poprac P., et al, 2017%®

Imediatamente apos a geragdo de O, a enzima antioxidante, SOD, converte o
02 em H20:2 e oxigénio molecular. Outra enzima, a catalase (CAT) entra em acédo e
converte o H202 em agua e oxigénio molecular. Quando ndo ha efetividade da acao
da catalase, ou excesso de H202gerado, este é capaz de se difundir entre as camadas

lipidicas livremente, ou ainda, na presenca do ion ferro ou do Oz ser convertido no
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radical hidroxila (OH"). O radical OH" é considerada a molécula com maior capacidade
de causar dano tecidual, pois ndo existe sistema enzimatico que garanta sua
eliminacéot®2,

Além destas, sdo geradas a partir da acdo de enzimas conhecidas como 6xido
nitrico sintase, presentes em células nervosas, epiteliais, endoteliais e macrofagos as
ERNSs. Estas enzimas 6xido nitrico sintase, catalisam a oxida¢cdo do aminoacido L-
arginina através da reducdo do oxigénio molecular, sendo gerados a citrulina e o
NO6, Existem, trés isoformas destas enzimas, as isoformas endotelial e neuronal séo
constitutivas, e a isoforma 6xido nitrico sintase induzivel (INOS)'°’, como o préprio
nome sugere, pode ser induzida por processos inflamatérios, sendo inclusive a
responsavel pela elevacdo das concentracdes de NO na disfuncdo neuroldgica na
sepsel®® bem como em mecanismos de neurodegeneracaol®®.

Quando presente em altas concentracdes, o NO reage diretamente com
oxigénio molecular produzindo ONOO-, um produto altamente oxidante, instavel e com
tempo de meia-vida curto'®’. E existem evidéncias de elevacéo dos niveis de enzima
INOS 24 horas ap6s a administracao de LPS via intraperitoneal, em diferentes regides
do encéfalo de ratos, como hipocampo e cortex*'°. Em outros estudos, foi evidenciado
que a microglia é capaz de liberar NO através da ativacdo da iINOS, quando
ativada!!t11?,

Diversas doencas neuroinflamatdrias estdo associadas com o0 estrese
oxidativo, inclusive a sepse'!'3. Dados pré-clinicos demonstram que 0s niveis de
marcadores de dano lipidico e proteico encontra-se elevado no encéfalo apds sepse.
Além disso, os niveis de enzimas antioxidantes como SOD e CAT encontram-se
diminuidos, gerando condi¢cBes para dano celular. Igualmente, ha evidéncias de
estresse oxidativo nas horas iniciais apés a sepse (6, 24 e 48 horas), e que associada
a disfuncdo mitocondrial pode contribuir para o aparecimento da disfuncao
neurolégica aguda®'4.

A disfuncdo energética mitocondrial, ou dano direto causado pelas EROs e
ERNs as mitocondrias, podem afetar diretamente a geragdo de ATP. No encéfalo,
evidéncias de estudos pré-clinicos utilizando modelo animal de sepse, demonstram
gue o hipocampo apresenta alteracdes na atividade dos complexos | e Il entre 12 e
24 horas apos a sepse, persistindo por até 96 horas®. No cortex pré-frontal também

foi demonstrado aumento da atividade dos complexos Ill e IV 10 dias apés a sepse’®.
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Assim, as alteracdes na atividade dos complexos da cadeia respiratoria mitocondrial
podem levar a producdo de niveis inadequados de ATP, comprometendo a
homeostasia das células encefalicas!?®.

Dessa forma, por todos os aspectos mencionados até o momento, a
perpetuacdo das respostas neuroinflamatorias na sepse parece ser um ponto critico
no desenvolvimento das alteragbes estruturais celulares e alteracdes cerebrais
agudas e a longo prazo. No entanto, provavelmente outras vias de sinalizacao
presentes na microglia, devem estar relacionadas com a producdo exacerbada e
sustentada de citocinas proé-inflamatérias e dos mediadores pré-oxidantes. Nesse
sentido, outra classe de receptores de reconhecimento de padrdes, a dos receptores
semelhantes a NOD, tem sido relacionada com doencas neuroinflamatérias como
doenca de Parkinson!!’ e doenca de Alzheimer!!®, que também tem na sua

fisiopatologia a ativagdo microglial.

1.1.5 Receptores do tipo NOD e formacéao do inflamassoma NLRP3

Os receptores semelhantes a NOD (NLRs, do inglés NOD-like receptors) estéo
presentes no citoplasma de diferentes células imunes e atuam como receptores de
reconhecimento de padrdes, PAMPs ou DAMPs, assim como os TLR. A ativacéo
destes receptores gera respostas imunes importantes para a defesa do hospedeiro e
reparo tecidual®®®.

Nos seres humanos, ja foram descritos, 22 membros desta familia. Dentre os
diferentes membros da familia NLRs, os receptores NLRP1, NLRP2, NLRP3, NLRC4,
NLRP6, NLRP7 e NLRP12 quando recebem estimulos especificos, sdo capazes de
se ligarem a outras moléculas e formar estruturas chamadas de inflamassomas 120:121,
Os inflamassomas sdo um grupo de complexos proteicos de alto peso molecular,
presentes no citosol, que sdo formados para mediar as respostas imunes do
hospedeiro frente a infecgcdo microbiana e danos celulares, através da ativagdo de
proteases chamadas de caspases. A caspase -1 ativa € capaz de clivar pré-IL-18 e
pro-IL-18, promovendo a maturagao destas citocinas. A formacao deste inflamassoma
também é responsavel pela ativacdo de gasdermina D, molécula capaz de formar
poros na membrana celular e causa morte celular por piroptose!?2.

O receptor NLRP3, também conhecido como criopirina ou NALP3, é um

receptor expresso na maioria das células da linhagem mieloide, inclusive na microglia.
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Sua capacidade de formar inflamassomas foi inicialmente associado a doencas
autoimunes, mas atualmente sabe-se que estd relacionado a diversas doencas
humanas, devido a sua sensibilidade para componentes de bactérias gram
negativas!?3,

Os inflamassomas séo constituidos por trés partes: (1) por uma proteina
sensoral/receptora de localizagéo citosoélica que serve como uma plataforma para a
formacdo do complexo, como por exemplo, o receptor NLRP3; (2) uma proteina
adaptadora ASC com dominio N-terminal efetor de piridina e uma porcéo responsavel
pelo recrutamento de caspase (CARD); (3) e por uma proteina efetora, a pro-caspase-

1 que sera clivada em caspase-1 (Figura 3)24125,

Figura 3 - Representacao da estrutura do complexo do inflamassoma NLRP3
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Adaptado de Jo et al., 2016 125,

diferentes estimulos, e estes ocorrem em duas etapas complementares (Figura 4). O
primeiro estimulo consiste na sinalizacdo de PAMPs e DAMPs atraves dos receptores
TLR ou citocinas endogenas através dos receptores TNF-a, elevando a expressao de
NF-kB, e dos niveis do receptor NLRP3, da molécula adaptadora ASC, de pro-
caspase-1, pré-IL-1B e pro-1L-8%27.

Apés essa etapa, para que ocorra a formagdo do complexo inflamassoma
NLRP3 propriamente dito, sdo necessarios, pelo menos um de trés diferentes
estimulos. 1-estimulo de EROs derivados da mitocondria e que iniciam a formacéo do
inflamassoma; 2 - ATP extracelular ou toxinas bacterianas induzem influxo de K+
através do receptor P2X7 e, 3 - a fagocitose de substancias cristalinas especificas
causam ruptura de lisossomos e leva a liberacdo de catepsina B que contribui para a

ativacao e formacéo do inflamassoma NLRP3. Apos a formacdo do complexo NLRP3,
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ha clivagem de pro-caspase-1 em caspase-1, que por sua vez cliva as pro-
interleucinas nas formas ativas de IL-1B e IL-181%%,

Trata-se, portanto de um mecanismo fisiolégico de maturacdo das citocinas
citadas, no entanto, quando se trata de doencas inflamatérias, com exacerbacéo da
resposta imune, eventualmente o inflamassoma pode estar super estimulado,
propiciando a elevacdo dos niveis de citocinas acima dos niveis aceitaveis e
propiciando um ambiente favoravel ao dano celular por exacerbagdo da resposta
inflamatoria. Nesse sentido, o inflamassoma NLRP3 pode ser um alvo promissor para

terapias anti-inflamatérias em doencas como a sepse.

Figura 4 - Mecanismo de ativacao do inflamassoma NLRP3
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1.1.5.1 Inflamassoma na sepse

Atualmente sdo poucos os estudos envolvendo inflamassoma NLRP3 na sepse

e principalmente os relacionados a disfuncdo neurolégica. Na sepse existem
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evidéncias da ativacdo da via TLR/ NF-kB como primeiro sinal, capaz de elevar a
expressdo das moléculas necessarias para a formacgédo do inflamassoma?t®°,

Embora a formacdo do inflamassoma seja um processo fisiolégico, tem-se
mostrado efeitos negativos da ativacdo do inflamassoma NLRP3 nos tecidos
periféricos durante a sepse!®®13l A deplecdo de niveis de ATP intracelular nos
macréfagos, estimula a proteina desacopladora 2 na mitocéndria (UCP2), e por
consequéncia causa a ativacdo do NLRP3%2,

Ainda existem evidéncias do envolvimento do NLRP3 sobre o dano no sistema
cardiovascular 133135 na presenca de piroptose no tecido hepatico26:37 na elevacéo
dos niveis de IL-1B e apoptose no tecido renal'® e tecido pulmonar®®. Como
observado, diferentes trabalhos apontam para os efeitos deletérios da ativacdo do
inflamassoma NLRP3 na sepse em diferentes tecidos. Nesse sentindo, alguns
estudos, utilizaram com sucesso substancias inibidoras da formacéo do inflamassoma
NLRP3, onde observou-se principalmente a reducéo de IL-1B4%14!, Todavia ainda n&o

existem estudos suficientes sobre a sua influéncia no encéfalo apos a sepse.

1.1.5.2 Inflamassoma no sistema nervoso central

As evidéncias sobre o envolvimento do estresse oxidativo nas doencas
neurodegenerativas sdo crescentes'#?, De fato, 0 SNC esta predisposto aos efeitos
toxicos das EROs e ERNs. O tecido nervoso apresenta elevada concentracdo de
lipidios e oxigénio, e geralmente baixas concentracdes de enzimas antioxidantes, o
que o torna um dos 6rgdos mais vulneraveis ao estresse oxidativo43. Especialmente
cada vez mais ha associacdo entre o SNC e sistema imune®°.

Niveis basais de citocinas sdo essenciais para as fung¢des fisioldgicas, mesmo
no encefalo!#4, todavia quando sua liberacédo extrapola a homeostasia, ocorre lesdo
tecidual. Além disso, as citocinas, como a IL-1B e IL-18 participam ativamente de
mecanismos celulares e moleculares ligados a fun¢des de aprendizado, memoria e
funcGes sensoriais'4®.

O inflamassoma NLRP3 € o mais abundante inflamassoma presente no SNC,
sendo uma molécula chave em processos de neuroinflamacgdo!*®. Em modelo animal
gue mimetiza a depressao, a microglia foi a primeira célula a elevar a sua expresséo

do receptor NLRP3, associada com a elevacédo dos niveis de IL-1p48,
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Assim como ocorre em tecidos periféricos, a liberacdo de DAMPs no SNC é
capaz de ativar receptores na microglia que contribuem para formagédo de
inflamassomas'4’. Embora a ativacdo do inflamassoma faca parte da resposta
imunoldgica fisiolégical?®, doengcas que cursam com neuroinflamacdo podem ter
niveis elevados do receptor NLRP3 contribuindo para a sustentacédo da inflamacao no
SNC.

Recentemente, Fu e colegas demonstraram pela primeira vez que a inibicado da
formacéo do inflamassoma NLRP3 pode contribuir positivamente para a reducao do
comprometimento neuroldgico dos animais submetidos a sepse!*®. No entanto, novos
estudos serdo muito importantes para elucidar os efeitos potenciais do uso de
inibidores do inflamassoma no dano cognitivo apds a sepse.

Tendo em vista o exposto até 0 momento, nossa hipotese € de que a reacéo
inflamatoria encefalica gerada durante a sepse possa ser potencializada pela
formacao do inflamassoma NLRP3/ IL-13. Esse processo levaria a exacerbagéo da
liberagdo da citocina IL-13. Os efeitos dessa citocina associados aos danos diretos e
indiretos causados pela microglia e astrdcitos ativos durante a sepse, poderiam estar
relacionadas com as alteracbes neuroquimicas e comportamentais encontradas
durante a apds a sepse. Com a inibicdo do inflamassoma NLRP3, acreditamos ser
possivel encontrarmos dados mais concretos sobre o envolvimento deste mecanismo
na disfuncdo cerebral aguda e consequentemente, no prejuizo cognitivo em longo

prazo na sepse.
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2. OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o envolvimento da via regulada pelo inflamassoma NRLP3 sobre

alteracdes cerebrais precoces e tardias apds a sepse experimental.

2.2 OBJETIVOS ESPECIFICOS

Determinar os niveis de IL-13, TNF-q, IL-6 e IL-10 no hipocampo e cortex
pré-frontal de ratos 24 horas ap0s inducéo de sepse por CLP seguida pela
administracéo do inibidor especifico de NLRP3;

Determinar os niveis de NLRP3, ativacdo microglial e astrocitaria no
hipocampo e cértex pré-frontal de ratos 24 horas apés a inducdo de sepse
por CLP seguida pela administracéo do inibidor especifico de NLRP3;
Avaliar o dano oxidativo em lipidios e proteinas, e a atividade antioxidante
das enzimas catalase e superéxido dismutase no hipocampo e cértex pré-
frontal de ratos 24 horas apos a inducdo de sepse por CLP seguida pela
administracao do inibidor especifico de NLRP3;

Verificar a formacéo de nitrito/nitrato no hipocampo e cortex pré-frontal de
ratos 24 horas ap0s a inducao de sepse por CLP seguida pela administracéo
do inibidor especifico de NLRP3;

Avaliar a atividade dos complexos da cadeia respiratéria mitocondrial I, II, II-
[Il e IV no hipocampo e cortex pré-frontal de ratos 24 horas ap0s a indugéo
de sepse por CLP seguida pela administragcdo do inibidor especifico de
NLRPS;

Determinar a sobrevida em 10 dias ap6s a inducdo de sepse por CLP
seguida pela administracdo do inibidor especifico de NLRP3;

Realizar os testes de esquiva inibitoria passiva e reconhecimento de novo
objeto 10 dias apos a inducao de sepse por CLP seguida pela administracéo
do inibidor especifico de NLRP3.
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3. METODOS

3.1 TIPO DE ESTUDO

Estudo experimental com modelo animal de sepse polimicrobiana induzida pelo

modelo de ligacdo e perfuracéo cecal.

3.2 MATERIAIS E EQUIPAMENTOS

O inibidor de formacédo do NLRP3, MCC950 foi obtido de Sigma, St. Louis, USA.
Os reagentes utilizados para as analises bioquimicas foram: acido tiobarbitarico,
1,1,3,3 -tetrametoxipropano, brometo de hexadeciltrimetilamonio, dinitrofenilhidrazina,
epinefrina, catalase de figado bovino, albumina bovina, sulfanilamina, azida sédica,
naftil etilenodiaminadicloridrato e reagente de Griess (Sigma, St. Louis, USA), acido
cloridrico, alcool etilico, acetato de etila, hidroxido de sodio, carbonato de sddio, acido
tricloroacético e peroxido de hidrogénio, acido aminoacético (Labsynth, Sdo Paulo,
Brasil). Foram ainda utilizados kits para citocinas da marca R&D Systems®.

Para a realizacdo das técnicas laboratoriais foram utilizados os seguintes
equipamentos: agitador magnético (752A, Fisatom), balanca analitica (M214A, BEL
engeening), banho-maria (DeLeo equipamentos laboratoriais), espectrofotometro
(NOVA1103, Novainstruments), espectrofotometro (U2010, Hitachi), estufa de
secagem (DelLeo), Freezer (F21, Eletrolux), homogeneizador potter (Marconi), leitor
de microplaca (TP reader, Thermo Plate), medidor de pH (pHB500, ION),
microcentrifuga refrigerada (NT805, Novatécnica), osmose reversa (RO/0520,
Permution), refrigerador (R270,Eletrolux), Vortex (Biomixer).

As analises nivel de NLRP3, ativagdo microglial (IBA-1) e ativacdo de astrocitos
(GFAP) foram realizadas em parceria com a University of Texas Health Science
Center at Houston, no Texas, Estados Unidos da América, (EUA). Enquanto que as
analises bioenergéticas mitocondriais em parceria com a Universidade do Extremo Sul
Catarinense (Criciima, SC). As demais analises foram realizadas no Laboratorio de
Neurobiologia de Processos Inflamatdrios e Metabdlicos - UNISUL.
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3.3 ANIMAIS

Foram utilizados um total de 194 ratos machos da linhagem Wistar (Rattus
norvegicus) com 60 dias de vida (250-300g), adquiridos do Biotério da Universidade
Federal de Santa Catarina (UFSC-SC) e mantidos no Biotério da Universidade do Sul
de Santa Catarina (UNISUL-SC). Os animais tiveram livre acesso a 4gua e ao alimento
(racdo comercial especifica para a espécie). Foram alocados 4 animais por gaiola,
alojadas em ambiente que possui sistema de exaustédo de ar e controle de temperatura
de acordo com as condicOes ideais para a espécie em questdo. Sendo que a
temperatura foi mantida a 22°+1 e sistema de iluminacdo que garante 12 horas de
ambiente claro e 12 horas de ambiente escuro.

Com base em estudos prévios em modelos animais'4®, para uma diferenca de
até 20% nos parametros a serem analisados entre 0s grupos, com uma variancia de
no maximo 10% entre as médias, calculou-se o seguinte nimero de animais por grupo,
no minimo 6 animais para as analises bioquimicas e entre 10 a 12 animais para cada
grupo para os testes comportamentais, considerando um erro alfa de 0,05 e poder de
80%. Ainda, tendo em vista que a sepse causa elevada mortalidade, espera-se em

torno de 40% de perda de animais submetidos a sepse.

3.4 DELINEAMENTO DO ESTUDO

3.4.1 Desenho Experimental

Devido ao elevado numero de analises, a necessidade de realizacdo de
procedimentos exclusivos para avaliagdo de determinados parametros e o bem-estar
animal, o estudo foi desenvolvido em 4 experimentos. No experimento 1 0s animais
foram randomizados em cinco grupos experimentais: sham + salina (n=10), CLP +
salina (n=12), CLP + MCC950 1,4 ng/kg (n=12), CLP + MCC950 14 ng/kg (n=12) e
CLP + MCC950 140 ng/kg (n=12)%%, No tempo zero apés o protocolo de indugédo de
sepse, 0s animais receberam salina ou MCC950 icv, na cisterna magna com o auxilio
de um aparato estereotaxico, de acordo com o grupo experimental a qual pertenciam.
Decorridas 24 horas, hipocampo e coértex pré-frontal foram isolados para avaliagdo
dos niveis de citocinas, IL-13, TNF-a, IL-6 e IL-10, com o objetivo de determinar qual

a melhor dose de inibidor para prosseguir com o estudo (Figura 5). ApGs a avaliacéo
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da melhor dose de inibidor, os outros experimentos foram realizados. As amostras
coletadas foram armazenadas em freezer com temperatura de -80°C até 0 momento

da realizacdo das andlises de citocinas.

Figura 5 - Esquema representativo do experimento 1
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Apds o experimento 1 e a dosagem de citocinas pro-inflamatorias, foram
realizados os proximos experimentos (Figura 6). Em todas as etapas os animais foram

randomizados em 4 grupos, a dose de inibidor utilizada foi a de 140 ng/kg.

Figura 6 - Esquema representativo do experimento 2, 3 e 4
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No experimento 2, vinte e quatro horas apos a inducao de sepse, 0 enceéfalo
total foi extraido e conservado em formol a 10% para posterior fixagdo em lamina e
realizacdo das analises de niveis do receptor NLRP3, GFAP (marcador de ativacao
astrocitaria) e IBA-1 (marcador de ativagdo microglial) no cértex pré-frontal e no
hipocampo. No experimento 3, o cortex pré-frontal e hipocampo foram isoladas e
armazenadas em freezer com temperatura de -80°C até o momento da realizacdo das
analises bioquimicas de estresse oxidativo, dosagem de nitrito/nitrato, e atividade da
cadeia respiratoria mitocondrial. Para os experimentos 2 e 3, 0os animais foram
randomizados em quatro grupos, sendo estes o grupo sham + salina (n=8), sham +
MCC950 (n=8), CLP + salina (n=12), CLP + MCC950 (n=12).
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No quarto experimento, os animais foram seguidos diariamente durante 10 dias
para analise da sobrevida e ao final deste tempo foram realizados os testes
comportamentais para avaliagdo do dano neuroldgico. Os grupos experimentais foram
0S seguintes: grupo sham + salina (n=10), sham + MCC950 (n=10), CLP + salina
(n=18), CLP + MCC950 (n=18).

3.4.2 Modelo animal de sepse

A sepse intra-abdominal (Figura 7) foi produzida usando a técnica de ligacao e
perfuracdo cecal (CLP)™!. Para isso, os ratos foram anestesiados com 80mg/kg de
cetamina (Cloridrato de Cetamina 10%, Vetnil) e 10mg/kg de xilazina (Calmium 2%,
Agener Unido Saude Animal) por via intraperitoneal, apos certificacdo da inducéo
anestésica, os mesmos foram submetidos a laparotomia com incisdo média
abdominal. O ceco foi identificado e ligado abaixo da juncéo ileo-cecal com fio seda
3-0 e perfurado com uma agulha nimero 14, gentilmente comprimido até a extruséo
de conteudo fecal. Os planos cirtrgicos foram fechados e os animais mantidos em
ambiente aquecido e observados por duas horas. A reposicdo volémica foi realizada
através da administracdo de 50mL/kg de NaCl 0,9% estéril (Eurofarma) por via
subcutanea. Além disso, a administracdo de 30mg/kg de ceftriaxona (Triaxin,
Momenta) por via subcutanea foi realizada em todos animais logo apés CLP e apés
12 horas.

Como controle, denominado grupo sham, foram utilizados animais submetidos
a laparotomia, sem ligacdo ou perfuracdo cecal, recebendo também a reposicao
volémica e o antibidtico. Para minimizar a variabilidade entre os diferentes
experimentos, o procedimento cirdrgico para inducdo de sepse foi realizado sempre

pelo mesmo pesquisadort®?,
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Figura 7 - Modelo animal de sepse por ligacédo e perfuracao cecal
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Adaptado de Buras, JA., Holzmann,B., Sitkovsky, M., 2005 153,

3.4.3 Coleta de amostras bioldgicas

Apbs os experimentos todos os animais foram eutanasiados obedecendo as
disposi¢cdes da Resolucdo n°. 1000 do Conselho Federal de Medicina Veterinaria
(CFMV), de 20/06/2002, e ocorreram de forma indolor e assistida, por anestesia de
uma mistura de xilazina e cetamina seguida de decapitacdo. O cortex pré-frontal e o
hipocampo foram rapidamente dissecados e armazenados em freezer -80°C para
analises bioquimicas subsequentes. Para os testes de imuno-histoquimica, o encéfalo
total foi dissecado e conservado em formol na concentracdo de 10%, até o momento

da preparacao e andlise das amostras.

3.5 ENSAIOS/TESTES/TECNICAS

3.5.1 Dosagem de citocinas

A quantificacdo das citocinas (IL-18, TNF-a, IL-6 e IL-10) foi realizada por
ensaio de imunoabsor¢do enzimatica (ELISA, do inglés; Enzyme Linked
ImmunonoSorbent Assay), seguindo as instru¢cdes das bulas dos kits comercias.
Inicialmente em uma placa com 96 pocos, foram adicionados 100 pl/pogo do branco,
padrdao ou das amostras, procedendo-se a incubacdo da placa por 2 horas a

temperatura ambiente em agitador tipo Kline com baixa rotacéo. Apds esse periodo
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foi adicionado 100 pl de reagente de deteccéo A, e incubado por 1 hora a 37°C. Lavou-
se trés vezes a placa com a solucdo de lavagem. Depois desse procedimento,
adicionou-se 100ul do reagente B em cada poco, seguindo uma incubacao de 30
minutos. Repete-se o procedimento de lavagem por cinco vezes. Entdo adiciona-se
90 pl de 3,3',5,5-tetrametilbenzidina em cada poco, incubando a placa por 20 minutos
a 37°C, esse procedimento gera uma coloracao azul. Ao final da incubacgéo deve ser
adicionado, rapidamente, uma solugdo de parada de reacao, e a leitura pontual foi

realizada em leitora de microplaca, a 450 nm. A unidade de medida utilizada foi pg/ml.

3.5.2 Imuno-histoquimica

A imunocoloragéo foi realizada em amostras de tecido cerebral embebidas em
parafina e fixadas em formalina. A desparafinizacao e reidratacdo foram realizadas
usando uma série de xilenos, alcoois graduados e agua de qualidade reagente. A
recuperacado de antigeno a base de calor foi realizada usando uma solucao de citrato
de sbdio para recuperacao de antigeno 1 x a pH 9 (Agilent Technologies, Santa Clara,
CA) por 30 minutos a 950 °C, seguidos por 30 minutos em gelo. As etapas de lavagem
subsequentes foram realizadas usando uma solucdo salina tamponada com fosfato
1x (PBS) (Bio-rad, EUA). A solucdo de peroxido de hidrogénio a 3% (VWR
International, Radnor, PA) usada para bloquear a peroxidase endégena por 10
minutos. O anticorpo primario NLRP3 (Novus, NBP2-12446, 1: 100), IBA-1 (Abcam,
ab178846, 1: 1000), GFAP (Abcam, ab7260, 1: 1000) foi aplicado e mantido a 40 ° C
durante a noite apdés uma hora etapa de bloqueio a temperatura ambiente com soro
de cavalo a 2,5% (Vector Laboratories, Burlingame, CA). As laminas foram lavadas
com PBS e o anticorpo secundario biotinilado anti-coelho de cabra (Millipore, MA,
EUA) foi aplicado por 1 hora a temperatura ambiente. Em seguida, o complexo Avidin-
Biotin (ABC) foi adicionado por 1 hora. Seguindo etapas de lavagem adicionais, o
antigeno alvo foi visualizado usando o cromogénio DAB em tampao (Vector,
Burlingame, CA). Para a contra-coloragéo, foi aplicada hematoxilina e as laminas
foram levadas ao xileno e montadas com Permount ™ (Fischer Chemicals). A
coloragéo foi visualizada usando Nikon ECLIPSE Ci-S (Nikon Instruments, Toquio,

Japdao) e as imagens foram capturadas (ampliagédo x 20)%%4,

3.5.3 Avaliacdo do dano oxidativo
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A técnica de formacédo de substancias reativas ao &acido tiobarbitirico (TBARS)
é usada como indice de dano oxidativo em lipidios*®®. Nesse procedimento, 250ul de
amostra homogeneizada foi precipitada com acido tricloroacético a 10%, ao
sobrenadante foi adicionado acido tiobarbittrico (0,67%). Na sequéncia ha uma
incubagéo protegida da luz, em banho—maria a 100°C durante 30 min. A leitura da
absorbancia foi realizada em 535 nm usando 1,1,3,3-tetrametoxipropano como padréo
externo. Os resultados foram expressos em equivalentes de malondialdeido (nmol/mg
de proteina).

O dano oxidativo em proteinas foi determinado pela reacdo dos grupamentos
carbonilados com dinitrofenilhidrazina. As proteinas foram precipitadas por adicédo de
acido tricloroacético a 20%, o precipitado foi dissolvido e entdo adicionado
dinitrofenilhidrazina. Incuba-se por uma hora em temperatura ambiente, apds esse
periodo redissolve-se as amostras com 1 mL de NaOH 3% e incuba-se em banho-
maria por 30 min a 60°C. A leitura € realizada a 370 nm, com resultados expressos

como carbonilacéo proteica por nmol/mg de proteina®®®.

3.5.4 Atividade das enzimas antioxidantes

A atividade da SOD foi medida com base em sua capacidade de inibir
espontaneamente a oxidacdo da adrenalina em adrenocromo®®’. A SOD presente na
amostra compete pelo radical hidroxila diminuindo a oxidacdo da adrenalina. Dessa
forma a velocidade de formacdo do adrenocromo em um meio de reagdo contendo
glicina-NaOH (50 mM em pH 10,2) e adrenalina (60 mM), indica a atividade da SOD.
A variagdo de absorbancia foi medida em 480nm e os resultados foram expressos
como U/mg de proteina.

A atividade da CAT é diretamente proporcional a taxa de decomposi¢édo do
peroxido de hidrogénio. A reagdo utiliza o método que emprega peroxido de
hidrogénio (H202) de deve ser convertido pela CAT em H20 e O2'%8, O tecido cerebral
foi homogeneizado em tampédo de fosfato 50 mmol/ L (pH 7,0), e a suspenséo
resultante foi centrifugada a 3000 g durante 10 min. Uma aliquota de 100 pl da amostra
(20 pl) foi adicionada a 1000 pl da mistura de substrato. A mistura de substrato
continha 0,3 ml de peréxido de hidrogénio em 50 ml de tampé&o ao fosfato 0,05 M (pH

7,0). As absorbancias foram registadas em 240 nm nos tempos 0, 30 e 60 segundos
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apos o inicio da reacdo. Uma curva padrdo foi estabelecida utilizando catalase
purificada (Sigma, MO) em condi¢des idénticas. Os resultados foram expressos em
U/mg de proteina.

3.5.5 Andlise da concentracao de nitrito e nitrato

A concentragdo de nitrito/nitrato foi medida usando-se o reagente de Griess
(1% sulfanilamida em 5% &acido fosférico e 0.1% N-1- N-dicloridrato de (1-naftil)-
etilenodiamina em agua purificada) e cloreto de vanadio (lll) como previamente
descrito!®®, Uma curva padrdo foi medida simultaneamente com as amostras e a
absorbéancia para a leitura foi de 550 nm. Os resultados da concentracéo de nitrito e

nitrato foram expressos em nmol/mg de proteina.

3.5.6 Atividade da cadeia respiratdria mitocondrial

Determinacédo da atividade do complexo I: A atividade do complexo | foi
avaliada pela taxa de Nicotinamida adenina dinucleotideo reduzido (NADH)
dependente da reducéo do ferrocianeto de potassio, este ultimo sendo utilizado como
aceptor de elétrons'®°. No meio de reacéo foi adicionado tampéo fosfato de potassio
100 mM, ferricianeto 10 mM, NADH 14 mM, rotenona 2 mM e amostra. A leitura foi
realizada em espectrofotometro a cada 60 segundos, durante 3 min, em 420 nm.

Determinacéo da atividade do complexo II: foi mensurada pela diminuicdo da
absorbancia do 2,6-dicloroindofenol (DCIP)!61. A amostra foi adicionada a um meio de
incubacéo contendo tampéo fosfato de potéassio 62,5 mM, succinato de soédio 250 mM
e 2,6-diclorofenol-indofenol (DCIP) 0,5 mM, seguindo de incubacao por 20 minutos a
30°C em banho-maria. Apos a incubacéo adicionou-se azida sédica na concentracéo
de 100 mM, rotenona a 2 mM e novamente DCIP 0,5 mM, para entao realizar leitura
em espectrofotdbmetro em 600 nm por 5 min, sendo registrados a absorbancia a cada
minuto.

Determinacéo da atividade do complexo Il-1ll 0 meio de reacao, constituido de
tampao fosfato de potassio 40 mM (pH 7,4) contendo 16 mM de succinato de sodio,
foi pré-incubado com 40-8 ug de proteinas do homogeneizado a 30 °C por 30 minutos.
Em seguida, foram adicionados 4 mM de azida sodica e 7 uM de rotenona e a reagao

se iniciou pela adicdo de 0,6 pg/mL de citocromo c e as absorbancias foram
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registradas por 5 minutos a 550 nm. A atividade do complexo IlI-lll foi medida pelo
aumento da absorbancia causado pela reducédo do citocromo C1€2,

Determinagéo da atividade do complexo IV: foi determinada de acordo com a
técnica descrita por Rustin et al'®? . O meio de incubacéo continha tampé&o fosfato de
potassio 10 mM (pH 7,0), 0,6 mM de n-dodecil-D-maltosideo e 10-2 ug de proteinas
(homogeneizado). A reacdo foi iniciada pela adicdo de 0,7 pug de citocromo c
previamente reduzido. A atividade do complexo IV foi medida a 25 °C por 10 minutos

pelo decréscimo da absorbancia a 550 nm devido a oxidagéo do citocromo c reduzido.

3.5.7 Determinacao de proteinas totais

Todos os resultados das analises bioquimicas foram normalizados com a
guantidade de proteinas avaliada de acordo com o método descrito por Lowry e

colaboradores?83,

3.5.8 Anélise da Sobrevida

Para a avaliacdo da sobrevida, os animais foram observados diariamente, durante

10 dias ap6s inducdo de sepse para verificar a taxa de mortalidade4°,

3.5.9 Teste de esquiva inibitdria passiva

Para este teste foi utilizada uma caixa retangular acrilica de 30x33x54
centimetros (cm) (Insight), dividida em duas salas (uma clara e outra escura) onde no
chéo existem barras paralelas de ferro (1 mm de didmetro) com espagamento de 1
cm. Na secéo de treino os animais s&o colocados na sala clara e ao entrar na sala
escura o animal recebia um choque pelas barras de ferro de 0,4 mA até que o animal
retornasse a sala clara. Apés 1,5h os animais retornaram ao aparato, e foi verificado
o tempo que o animal demorou para entrar na sala escura, chamado de laténcia, como
indicativo da memaria aversiva de curto prazo. E apds 24h, foi realizado o mesmo
procedimento, para verificar a memadria em longo prazo. Cada sec¢éo teve a duracao

maxima de cinco minutos64,

3.5.10 Teste de reconhecimento do objeto novo
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O teste de reconhecimento do novo objeto foi realizado no aparato de campo
aberto, medindo 40 x 60 cm e delimitado por 4 paredes com 50 cm de altura, sendo
trés de madeira e uma de vidro transparente, com o piso dividido em 12 quadrados

iguais marcados por linhas pretas conforme a figura 8.

Figura 8 - Esquema representativo do teste de reconhecimento do novo objeto

24h | A A | 15h | A [ | 24h | A .
SESSAO DE ‘ SESSAO DE TREINO ‘ MEMORIA DE MEMORIA DE
HABITUACAO CURTA DURACAO LONGA DURAGAO

No dia 1 foi realizado o treino para habituacédo do animal ao ambiente, onde ele
foi colocado em um quadrante do aparato e pode explorar o ambiente por cinco
minutos, sem a presenca de objetos. No segundo dia o animal foi recolocado no
aparato, no qual estavam dois objetos iguais (Al e A2, de mesma forma, tamanho e
cor), foi cronometrado o tempo que o animal explorou cada objeto. Decorridas uma
hora e trinta minutos, o objeto A2 foi substituido por um objeto B, com outro formato,
mas mantendo tamanho e cor, entdo, realizou-se a cronometragem de tempo de
exploracdo em cada objeto. Este teste avalia a memaria de curta duracao.

Vinte e quatro horas apos este teste, foi realizado o mesmo procedimento,
apenas trocando o objeto B pelo objeto C (diferente do objeto A e B), novamente o
tempo de exploracdo de cada objeto era cronometrado. Este ultimo teste avalia a
memoéria de longa duragéo. Neste teste aplicou-se o indice de reconhecimento, a fim
de se calcular o tempo gasto para cada animal para explorar o objeto, expresso como
uma razao (TB/(TA+TB), onde TA = tempo gasto para explorar o objeto familiar; e TB

= tempo gasto para explorar o novo objeto!.

3.6 PROCESSAMENTO E ANALISE DOS DADOS

A andlise estatistica dos dados e a elaboracdo dos graficos foi realizada no

programa estatistico GraphPad Prism® versao 6.0. Os dados foram analisados quanto
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a normalidade utilizando o teste de Shapiro-Wilk e para homogeneidade usando o
teste de Levene. Para dados normais e homogéneos, foi utilizado teste paramétrico;
caso contrario, foi utilizado testes ndo-paramétricos. Para as andlises bioquimicas, os
dados foram apresentados como média £ desvio padréo e analisados por ANOVA de
uma via, seguido de teste post hoc Tukey. Dados da tarefa de esquiva inibitoria
passiva e reconhecimento do novo objeto foram avaliados pelo teste U de Mann-
Whitney. As comparagdes dentro dos grupos foram realizadas pelo teste de Wilcoxon.
A sobrevida foi avaliada por Kaplan-Meier. Para todas as analises, foi adotado um

nivel de significancia de 95% (p<0,05).

3.7 ASPECTOS ETICOS DA PESQUISA

Os experimentos foram realizados apés a aprovacdo do protocolo pela
Comiss&o de Etica no Uso de Animais (CEUA) sob o nimero 16.032.5.01.1V e foram
realizados de acordo com as diretrizes brasileiras atuais para o cuidado de animais
de laboratdrio e as diretrizes éticas para investigacdes de dor experimental em animais

conscientesl¢¢.



45

4. ARTIGO

Nesta sessdo sera apresentado o artigo intitulado: “NLRP3 activation
contributes to acute brain damage leading to memory impairment in sepsis-surviving
rats”, submetido em abril de 2020 para a revista Molecular Neurobiology, com fator de
impacto de 4.500 no ano de 2019, e classificacdo Al no Qualis CAPES na é&rea de
Medicina Il. O manuscrito foi aceito para publicacdo em agosto e publicado em
setembro do ano corrente.

O mesmo estéa disponivel no seguinte DOI: https://doi.org/10.1007/s12035-020-
02089-9 e pode ser citado como: Danielski, L.G., Giustina, A.D., Bonfante, S. et al.

NLRP3 Activation Contributes to Acute Brain Damage Leading to Memory Impairment

in Sepsis-Surviving Rats. Mol Neurobiol (2020). https://doi.org/10.1007/s12035-020-
02089-9.
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Abstract

Sepsis survivors present acute and long-term cognitive impairment and the pathophysiology of neurological dysfunction in sepsis
involves microglial activation. Recently, the involvement of cytosolic receptors capable of forming protein complexes called
inflammasomes have been demonstrated to perpetuate neuroinflammation. Thus, we investigated the involvement of the NLRP3
inflammasome activation on early and late brain changes in experimental sepsis. Two-month-old male Wistar rats were submitted
1o the sepsis model by cecal ligation and perforation (CLP group) or laparotomy only (sham group). Immediately afler surgery,
the animals received saling or NLRP3 inflammasome formation inhibitor (MCC950, 140 ng'kg) intracerchroventriculardy,
Prefrontal cortex and hippocampus were isolated for cytokine analysis, microglial and astrocyte activation, oxidative siress
measurements, nitric oxide formation, and mitochondrial respiratory chain activity at 24 h after CLP. A subset of animals was.
followed for 10 days for survival assessment, and then behavioral tests were performed. The administration of MCC950 restored
the elevation of IL- 13, TNF-oc, IL-6, and IL-10 cytokine levels in the hippocampus. NLRP3 receptor levels increased in the
prefrontal cortex and hippocampus at 24 h after sepsis, associated with microglial, but not astrocyte, activation. MCC950 reduced
oxidative damage 1o lipids and proteins as well as preserved the activity of the enzyme SOD in the hippocampus. Mitochondrial
respiratory chain activity presented variations in both structures studied. MOC950 reduced microglial activation, decreased acute
neurochemical and behavioral alleration, and increased survival after experimental sepsis.

Keywords Sepsis - NLRP3 - Inflammasome - MCC950 - Neuroinflammation - Cognitive impaiment

Introduction

In the last decade, there has been a decrease in mortality in

[0 Fabricia Petronilho patients with sepsis. Age-standardized sepsis incidence fell by
fabricia petronilho @unisul br 37% and montality decreased by S2.8% from 1990 o 2017 [1].
La ry of Neurobiokogy of Inflammatory and Metabolic In lh]s mw ather challenges a!w:. a:spcc]zﬂ]y_1hwc related to
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Unit, University of South Santa Catarina, Tubario, $C, Brazil sented by survivors, Surviving an episode of sepsis represents a
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Health Sciences, Health Sciences Unit, University of Southem Santa function affecting a patient’s ability to live independently, as well
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miatrix metalloprotenses, resctive oxyeen specics (ROS) produc-
tion, overexpression of iINOS, and by mechanisms of
excitotoxicity [7-10].

Microglia express on its surface different constitutive re-
ceplors that can be activated in the presence or absence of
pathogens in the CNS [11-13]. Recently, the presence of
nucleotide-binding domain leucine-rich repeat—containing re-
ceptors (NOD-like receptors or NODs) in microglial cells was
verified [14]. These receplors when activated are able to form
complexcs called inflammasomes [15], Inflammasomes arc a
group of high molecular weight protein complexes present in
the cytosol that are formed to mediate host immune responses
to microbial infection and cell damage [16].

The inflammasome MLRP3 is the most abundant
inflammasome in the CNS, being a key molecule in neuroin-
flammation processes [17]. In an animal model of depressien,
microglia is the first cell to present elevate expression of
MLRP3 with elevation of IL-13 levels [18]. In addition. recent
studies show that activation of this complex is involved with
the pathogenesis of several neurodegenerative diseases such
as Alzheimer [19] and Parkinson [20].

Tin light of these findings, we hypothesize that brain inflam-
matory reaction generated during sepsis can be exacerbated by
NLRP3 inflammasome activation in microglial cells and per-
petuate the brain damage leading to long-term cognitive
impairment.

Materials and Methods
Animals

Adult male Wistar rats (weighing 250-350 g£) from the
Universidade Federal de Santa Catarina and maintained at
the Universidade do %ul de Santa Catarina were used. The
animals were housed five per cage under controlled conditions
of temperature (22 + 1 °C), relative humidity (45-33%), and
day/light cyele (12:12 h, lights on at 06:00). Rat chow (stan-
dard diet for laboratory animals—MNUVILAB CR-1®, Brazil)
and tap water were available ad libitum. The present siudy was
approved by the Animal Research Ethic Commitiee of the
Universidade do Sul de Santa Catarina (protocol
#16.032.5.01.1V).

Sepsis Induction—CLP Model

Rats were subjected to CLP as previously described with mi-
nor modifications [13] to induee mid-grade sepsis [21].
Briefly, animals were anesthetized intraperitoneally (L.p.) with
amixture of ketamine (80 mg/kg) and xylazine (10 mgkg). A
J-cm midline laparotomy was performed to expose the cecum
and adjoining intesting. The cecum was tightly ligated with a
3-0 silk suture in the middle of its length (below the ileocecal
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valve), perforated once with a 14-gauge necdle, squeczed
gently to extrude a small amount of feces through the perfio-
ration site, and returned to the peritoneal cavity, and the lap-
arotomy was closed with 4-0 silk sutures, Animals were re-
suscitated with regular saline (30 mL/kg) once immediately
after CLP. All rats received ceftriaxone (30 mg'kg) and
dipyrone (80 mg'kg) subcutancously (s.c.) immediately after
CLP and at 12 h after. All animals were returned to their cages
with free access to food and water. In the sham-operated group
{eontrol), the rats were submitted o all surgical procedures,
but the cecum was neither ligated nor perforated. To minimize
variability between different experiments, the CLP procedure
was always performed by the same investigators,

Treatment and Sample Obtention

NLRP3 formation inhibitor, MCC950 (Sigma, St Louis,
USA), was dissolved in saline immediately before use and
protected from the light during the experiments. In the first
experiment (Fig. 1a), the following doses were immediately
used after surgery: rats were placed in a sterectactic apparatus
and received 1.4, 14, or 140 ng/kg intracerebroventricular
{i.c.v.) administration or the same volume of saline [22]. To
i.e.v. injection, under anesthesia of the CLP procedure, a 27-
gauge needle attached to a 10-pL Hamilton syringe was
inserted perpendicularly 3 mm deep through the skull, into
the left ventricle, and 2 mm laterally from the midline on the
Tine drawn through the anterior base of the ears.

In the following experiments (Fig. 1b), the dose of 140
ng'kg was selected to reduce proinflammatory cytokine levels.
Four groups (v = 10 or 12) were randomly divided into (1)
sham + saline: (2) sham + MCC9350, (3) CLP + saline, and (4)
CLP + MCC950.

Cytokine Measurements

The levels of tumor necrosis factor alpha (TNF-a),
interleukin-1§ (IL-1/3), interleukin-6 (IL-6). and interleukin-
10(IL-10) in the brain structures were determined by a stan-
dard sandwich ELISA [23], with commercially available kits
(R&D Systems, Minneapolis, MN) in accordance with the
manufacturer’s instructions and the analysis protocol, The re-
sults were expressed as picograms/milliliter.

Immunohistechemistry

Immunostaining was performed on formalin-fixed, paraffin-
embedded brain tissue samples, The deparaffinization and re-
hydration were carried out using a series of xylenes, graded
alcohols, and reagent-grade water. Heat-based antigen retriev-
al was performed wsing a 1= antigen retricval sodium citrate
solution at pH 9 {Agilent Technologies, Santa Clara, CA) for
30 min at 95 °C, followed by 30 min on ice. Subsequent
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Fig. 1 Rats were submitted to CLP or sham operation and immediately
afier surgery received 14, 14, or 140 ngkg L.ev. of MOCY30 or saline
{a). Twenry-four hours afler sepsis induction, the prefrontal conex and
hippocampus were collected for eyiokine analysis. In another experiment,
mats were submitted to CLP or sham and immediately after surgery, me-
ceived 140ngkg icv. of MCCO50or saline (b). Twenty-four hours afier

washing steps were carried out using a 1% PBS solution (Bio-
Rad, USA). The 3% hydrogen peroxide solution (VWER
International, Radnor, PA) was used w block endogenous
peroxidase for 10 min. Primary antibody NLRP3 (Movus,
NBP2-12446, 1:100), 1BA-1 (Abcam, abl 78846, 1:1000),
GFAP (Abcam, ab7260, 1:1000) was applied and kept at 4
“C overnight following a 1-h blocking step at room tempera-
ture with 2.5% horse serum {Vector Laboratories,
Burlingame, CA). Slides were washed with PBS and goat
anti-rabbit biotinylated secondary antibody (Millipore, MA,
USA) was applied for 1 h at room temperature. Then
avidin-biotin complex (ABC) was added for | h. Following
additional washing steps, target antigen was visualized using
3.3 diaminobenzidine (DAB) chromegen in substrate buffer
(Vector, Burlingame, CA), For counterstaining, hematoxylin
was applied and slides were taken to xylene and mounted with
Permount™ {Fischer Chemicals). The staining was visualized
using Nikon ECLIPSE Ci-S (Nikon Instruments, Tokyo,
Japan) and the images were captured (magnification, =20).
We used the Imagel software for the quantification of the

captured images (hitps:/image] mih.gov/ij’.
Oxidative Damage Parameters

The formation of thiobarbituric acid reactive species
(TBARS) during an acid-heating reaction was verified as an

sepsis induction, the prefromtal corex and hippocampus were collected
for NLRF3, IBA-1. GFAP, oxidative damage, antioxidant enzymes,
itrite/mitrae concentration, and mitochondrial dysfunction determtina-
tion. In addition, cognitive impairment { passive avoidance task and novel
object recognition) were cammied out 10 days after CLP. The survival was
verified fiom the induction of sepsis (day 0) until the tznth day

index of oxidative damage on lipids, as previously described
[24). Briefly, the samples were mixed with | mL of 10%
trichloroacetic acid and 1 mL of 0.67% thiobarbiturie acid,
and then heated in a boiling water bath for 15 min. TBARS
was determined by the absorbance at A = 535 nm using
11,3, 3-tetramethox ypropane as an external standard. Results
were expressed as malondialdehyde equivalents nanomoles/
milligram protein. The protein oxidation was assessed by the
determination of carbonyl groups based on the reaction with
dinitrophenylhydrazine, as previously deseribed [25]. Briefly,
profeins were precipitated by the addition of 20% trichloro-
acetic acid and dissolved in dinitrophenylhydrazine, and the
absorbance was read at A = 370 nm. The results were
expressed as protein carbonylation nanomoles/milligram of
protein,

Antioxidant Enzyme Activity

Brain structures was sonicated with glycine buffer and the
resulting suspension was centrifuged at 3000 = g for 10 min.
Superoxide dismutase (S0OD) (EC 1,15, 1.1 activity was de-
termined on the samples using a spectrophotometric assay
based on superoxide-dependent oxidation of epinephrine to
adrenochrome at 32 °C [26]. Absorption was measurcd at A
=480 nm. 30D specific activity was represented as milliunits/
milligram protein. For catalase (CAT) (EC 1.11.1.6) activity
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determination, brain tissue was sonicated in phosphate buffer
{pH 7.0), and the resulting suspension was centrifuged at 3000
* g for 10 min. The sample aliquot was added to a reaction
medivm containing 20 mM H-O5, 0,19 Triton X-100, and
10 mM potassium phosphate buffer, pH 7.0 [27]. Initial and
final absorbance were recorded at 240 nm after 1 and & min,
respectively. A standard curve was established using purified
catalase (Sigma, MO, USA) under identical conditions. The
specific activity was expressed as milliunits/milligram of
profein,

Measurement of Nitrite/Nitrate Concentration

Brain tissue was sonicated in phosphate buffer (pH 7.0), and
nitrite/nitrate concentration was assayed in the resulting sus-
pension spectrophotometrically using Griess reagents (1%
sulfanilamide in 5% phosphoric acid and 0,1% N-1-
naphthylethylenediamine dihydrochloride in bidistilled H,0
{MEED solution)) and vanadium(I11) chloride as described
previously [28], A standard curve was run simultaneously
with each set of samples and the optical density at A =
550 nm was measured using ELISA microplate reader. Data
wiere expressed as nanomoles/milligram of protein.

Mitochondrial Electron Transport Chain Enzyme
Activity

NADH dehydrogenase (complex 1) was evaluated according
to Cassina and Radi by the determination of the rate of
MADH-dependent ferricyanide reduction at A = 420 nm
[29). The activities of succinate-2,6-dichloroindophenal
(DCIP)-oxidoreductase (complex 11} and succinate: cyto-
chrome ¢ oxidoreductase (complex 1) were determined by
the method described by Fischer and colleagues [30].
Complex 11 activity was measured by following the decrease
in absorbance due to the reduction of 2,6-DCIP at A\ = 600 nm.
Complex TI-11T activity was measured by cytochrome ¢ reduc-
tion using succinate as substrate at A = 550 nm. The activity of
cylochrome ¢ oxidase (complex I'V) was assayed according to
the method described by Rustin and colleagues [31], mea-
sured by following the decrease in absorbance due to the ox-
idation of previously reduced eytochrome ¢ (prepared by re-
duction of cytochrome with NaBH, and HCI)y at A = 550 nm
with 580 nm as the reference wavelength, The activities of the
mitochondrial respiratory chain complexes were caleulated as
nanomoles per minute per milligram of protein.

Protein Determination

All results are normalized with proteins were measured by the
Lowry method at A = 700 nm [32].
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Survival Curve

To assess survival, the animals were observed daily for 10
days after sepsis induction to verify mortality rates [33],

Passive Avoidance Task

The active inhibitory avoidance test was used to assess aver-
sive memory. A 30 = 33 = 54 cm orectangular aerylic box
(Insight) was used. The deviee is divided into two rooms
{one bright and one dark) and contains a parallel iron bar
{1 mm in diameter, with 1 cm spacing) floor. Individually,
it the training test the animal was put in the bright room and
when entering the dark room, the animal suffered a shock of
0.4 mA by the iron bars, so the animal was stimulated 1o
escape and return 1o the bright room., The short-term aversive
memory evaluation was performed at 1.3 h after the training
session, while the long-lerm memory evaluation occurred at
24 h after the training session. In the two test sessions, the
animal was again placed inside the device and the time taken
for the ammal to leave the bright field and enter the dark field
was measured. Memory impairment was indicated by a
shorter latency time between training and test sessions. Each
session had a maximum duration of 3 min [34].

Novel Object Recognition Task

This task evaluates non-aversive and non-spatial memory.
The apparatus and procedures for the object recognition task
have been descnibed elsewhere [35, 36]. This test was per-
formed in the open field device, measuring 40 * 60 cm and
bounded by four 50-cm-high walls, three of wood and one of
transparent glass, or the floor divided into 12 squares marked
by black lines. On day 1. the animal habituation was per-
formed, where it was placed in the quadrant of the device
and can explore the environment for 3 min without the pres-
ence of objects. On the second day, the animal was relocated
to the deviee, neither were two items equal (Al and A2, same
size and color), timed or time the animal explored each object,
and is characterized as training section. After 1.5 h, object A2
was replaced by object B, of another shape, but with the same
size and color, then executed an exploration time timer on
each object. This test evaluated short-term memory. Twenty-
four hours after this test, the same procedure was performed,
just exchanging object B for object C (different from objects A
and B), again or the holding time of each object that was
timed. This last test evaluated long-term memory. In this test,
the recognition index is applied, an end of calculation of the
time spent for each animal to explore the object, expressedasa
ratio (TBATA + TB), where TA = time spent exploning the
familiar object and TB = time taken to explore new object.
Exploration was defined as sniffing (exploring the object 3-5
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cm away from it) or touching the object with the nose and/or
forepaws [37].

Data analysis

Statistical analysis of the data and graphing were performed
using GraphPad Prism® version 6.0 statistical program, Data
were analyzed for normality using the Shapiro-Wilk test and
for homogeneity using the Levene test. For normal and home-
geneous data, a parametric test was used; otherwise, nonpara-
metric tests were used. For biochemical analyses, data were
presented as mean + SD and analyzed by one-way ANOVA,
followed by Tukey post hoc test, Data from the passive avoid-
ance task and novel object recognition were evaluated by the
Mann—Whitney {/ test. Comparisons within groups were per-
formed by the Wilcoxon test, Survival was assessed by
Kaplan-Meier. For all analyses, a significance level of 95%
{p < 0L05) was adopted.

Results

NLRP3 Inhibitor Reduces Brain Inflammatory
Cytokine Levels

To determine the better dose of MCC930 to inhibit elevation
of evtokine levels at 24 h afier sepsis induction, the levels of
proinflammatory and anti-inflammatory cytokines, such as
IL-1/, TNF-e, IL-6, and IL-10, were evaluated (Fig. 2).
Sepsis was capable of elevating IL-15 levels in both the pre-
frontal cortex (2a) and hippocampus (2h), and the inhibition of
NLRP3 inflammasome formation generated by the adminis-
tration of MCC950 was effective in inhibiting cytokine for-
mation at doses of 14 and 140 ng/kg in the prefrontal corlex
and at the dose of 140 ng'kg in the hippocampus. For TNF-x
levels (2 and 2d), only the highest concentration of MCC950
was effective in inhibiting this eytokine just in the hippocam-
pus at 24 h afler sepsis induction. Although sepsis elevated IL-
6 levels in the prefrontal cortex (2¢) and hippocampus (2f), the
1.4 ng'kg dose of MCC950 was not sufficient to inhibit the
formation of this cylokine in both structures. However, the
administration of 140 ngkg of MCC30 was effective in the
hippocampus at 24 h afier sepsis induction. The levels of 1L-
10 were also evaluated and the use of MCC950 was effective
in the prefrontal cortex at both the imtermediate (14 ngkg) and
the maximum dose (140 ng kg). while in the hippocampus
only the higher dose was effective in reducing the release of
this evtokine.

Sepsis Induces NLRP3 Expression in the Brain

We used immunohistochemistry to evaluate the brain levels of
MNLRP3. Sepsis elevated NLRP3 levels at 24 h after CLP in

the prefrontal cortex and hippocampus, which was decreased
by inhibiting NLRP3 inflammasome formation (Fig. 3).

NLRP3 Activates Microglia But Not Astrocytes

Figure 4 shows immunohistochemical results for microglial
(IBA-1) and astrocyte (GFAP) activation markers in the pre-
frontal cortex (4a and 4b) and hippocampus (4¢ and 4d), re-
spectively, The elevation of microglial and astrocyte activa-
tion was observed in both structures afier sepsis induction,
However, the use of MCC950 inhibitor only decreased
microglial activation.

NLRP3 Inhibition Reduces Brain Oxidative and
Nitrosative Stress after Sepsis

Oxidative and nitrosative stress analyzes occurred at 24 h afier
sepsis induction (Figs. 5 and 6). A single dose administration
of MCC950 after CLP effectively protected the hippocampus
against oxidative damage (o lipids (3¢) and proteins in both
structures (5b, 511, However, in the hippocampus, only SOD
activity was preserved {5g). The administration of MCC950
inhibitor had no effect on the activity of the antioxidant en-
zyme CAT. However, MCC930 inhibitor was effective in
decreasing the levels of nitric oxide formation in the hippo-
campus (Fig. 6),

MNLRP3 Inhibition Restores Mitochondrial Complex
Activity

The activity of mitochondrial respiratory chain complexes
was assessed and shown in Fig. 7. Sepsis decreased the activ-
ity of complex 1 in both structures (7a and 7e), which was
avoided by the admimstration of MCC250 inhibitor only in
the prefrontal cortex. On the other hand, there was an increase
in complex I activity in the hippocampus (71) rather than in
the prefrontal cortex (7h) after the use of MCC250 inhibitor,
There was no change in the activity of complex H-111 in both
structures after sepsis and afier administration of MCC950
inhibitor (7¢ and Tg), Sepsis induced decreased complex IV
activity in both structures (7d and 7h), but the inhibition of the
MNLRP3 inflammasome restored this decrease in the
hippocampus,

MNLRP3 Inhibition Increases Survival after Sepsis

The Kaplan—Meier curve for survival analysis of rats subject-
ed to polymicrobial sepsis and treated with MOC950 inhibitor
{140 ng'kg) showed lower mortality after sepsis when com-
pared with non-treated septic rats (Fig. 8).
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<« Fig. 2 Levels of proinflammatory cytokines IL-18, TNF-«, IL-6 in the
prefrontal cortex (a, ¢, ), and hippocampus (b, d, ), and levels of anti-
inflammatory cytokine IL-10 in prefrontal cortex (g) and hippocampus
(h) at 24 h after induction of polymicrobial sepsis and treatment with
MCC950 (1.4, 14, or 140 ng/kg). Data expressed as mean + SD, analyzed
by one-way ANOVA and Tukey post hoc tests. *p < 0.05 in relation to
sham + saline group and #p < 0.05 in relation to CLP + saline group

NLRP3 Inhibition Protects Short-Term and Long-Term
Memory after Sepsis

Figure 9 shows the latency of the passive inhibitory avoidance
task. The comparison between the test and training sessions
indicates an increased latency (9a) for the short-term memory
(STM) in sham + vehicle group, with no significant effect
caused by the administration of MCC950 inhibitor as verified
in sham + MCC950 group, while in CLP + vehicle and CLP +
MCC950 groups there is a decrease in latency. At the same

histochemical

pus (b) repr

Fig.3 1|
(a) and hippo

ining of NLRP3 in rat prefrontal cortex
ive microscopic field images
(magnification, %400, scale = 100 um) immunostained with NLRP3.

time, long-term memory (LTM) (9b) MCC950 decreased the
latency after CLP induction. Regarding the new object recog-
nition task results, we can observe an increase in the recogni-
tion index in the short-term evaluation only to sham + vehicle
and CLP + MCC950 groups (9¢), thus indicating the inhibi-
tion of NLRP3 inflammasome was effective in reducing short-
term memory damage after sepsis. There was no effect of
MCC950 on the LTM recognition index (9d).

Discussion

The present study aimed to evaluate the involvement of the
NLRP3 inflammasome pathway on early and late sepsis brain
changes using the inflammasome formation inhibitor,
MCC950. Regarding the early changes caused by sepsis, the
interruption of excessive elevation of inflammatory mediators
was initially detected at 24 h after sepsis induction and the use

Data presented as the mean + SEM (n = 3-4). ***p < 0.001 as
compared with sham + saline group. *p < 0.01 as compared with CLP
+ saline group
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Fig.4 | ining of IBA-1 (a, ¢) and GFAP (b, d) in

rat prefrontal cortex and hlppocampus respectively. Representative mi-
croscopic field images (magnification, x400 and x200, respectively, scale

of the MCC950 inhibitor. Moreover, there was an increase in
NLRP3 receptor levels in the brain associated with an increase
in microglial activation. However, the administration of
MCC950 decreased microglial activation, thus reducing oxi-
dative and nitrosative stress, besides altering the cellular ener-
getic activity. The inhibition of NLRP3 inflammasome forma-
tion increased the survival of rats undergoing sepsis, as well as
restored early memory impairment.

In the last 10 years, studies involving the modulation of the
formation of inflammasome NLRP3 increased significantly
[38], initially just by relating its action on the immune system
[39], then generating links of the influence of its activation in
neurodegenerative diseases [17], and more recently looking
for evidence of its participation in the neurological damage
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mean + SEM (n = 3-4). ***p < 0.001 as compared with sham + saline
group. “*p < 0.001 as compared with CLP + saline group

of inflammatory/infectious diseases, such as sepsis [40]. Since
the first studies about sepsis pointed to the peak permeability
of the blood-brain barrier within 24 h after sepsis onset, sev-
eral authors have been using this reference point for other
studies [41], including the present study. Even though sepsis
is a syndrome derived from an infection, its inflammatory
response is the main cause of organ dysfunction typically
observed in septic individuals. The release of proinflammato-
ry cytokines due to their high capacity for cell signaling can be
described as the start for other changes, including CNS
changes.

Most cases of sepsis derive from peripheral infections such
as pneumonia; however, sepsis-associated encephalopathy is
already accepted, although it remains a poorly understood

53



Mol Neurobiol

Fig. 4 continued.

consequence in physiopathological terms. What is known
about neurological damage in sepsis involves the signaling
of peripheral cytokines, which is potentiated by and/or poten-
tiates the release of inflammatory mediators by microglia. In
this work, sepsis induction by ligation and perforation of the
cecum increased the levels of the main cytokines involved in
CNS signaling during sepsis. Both IL-1(3 and IL-6 increased
after sepsis when compared with the control group, and the
same profile was previously found in another recent study
conducted by our laboratory [42]. With the initial objective
of determining the best dose that could inhibit the NLRP3
formation, we used as a basis the doses of 1.4, 14, and 140
ng/kg of MCC950 inhibitor [22], which allowed us to

¥ & 8
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IBA positive celis/1 X102 mm?

Control ~ MCC

CLP CLP+MCC

GFAP postive cells/1 X10 “mm?

Control  MCC CLP CLP+MCC

determine the highest dose as more effective in restoring the
elevation of these cytokines in the prefrontal cortex and
hippocampus.

Previous studies using the MCC950 inhibitor have also
shown a reduction in the levels of IL-13 in an animal
model of intracerebral hemorrhage [43], in
cranioencephalic trauma [44, 45], and stroke [46].
Blocking the formation of the NLRP3 inflammasome im-
pacts the levels of this cytokine because IL-1f turns to its
active form after NLRP3 formation [17]. Thus, the reduc-
tion in IL-13 levels observed after the administration of
the NLRP3 inflammasome formation inhibitor was ex-
pected. Consequently, since the levels of pro-
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Fig. 6 Nitrite/nitrate
concentration m the prefrontal 0,006
coriex (a) and hippocampus (b) of

mats subjected to polymicrobial
sepsis and treated with MOC930
(140 ngke). Data expressed as
mean + 51, analyzed by one-way
ANOVA with Tukey post hoc
test. *p < 0L05 in relation to sham
+ saline group and #p < 0.05 in
relation 1o CLP + saline group
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significance, or the variation that may occur, since we are
measuring cytokine levels released in the brain, and these
can be derived both from the periphery as well as released in
situ. Another study by our group showed elevation of TNF-oc
in the prefrontal cortex but not in the hippocanpus [47], rein-
forcing the complexity of sepsis,

Our results show for the first time that, at 24 h after indue-
tion, sepsis caused an early increase in the levels of the
NLRP3 receptor in the hippocampus and in the prefrontal
cortex: two previous studies demonstrated that NLRP3 levels
are elevated in the hippecampus of mice at 7 days afler sepsis
induction [48, 49]. However, we believe that the carly eleva-
tion of NLRP3 levels can logically explain the neurological
damage caused by sepsis. Thus, ene can conclude that the
levels of NLRP3 receptor rise early and can remain elevated
for up to 7 days after sepsis onset, at least in an experimental
model.

The NLRP3 receptor is visualized in cells derived from the
myeloid lineage, such as microglia, in healthy conditions, but
not in astrocyies [30]. In our study, we showed that sepsis
activates microglia and astrocyles, but the wse of MCC950
in sepsis was effective to decrease only microglial activation.
In this sense, we dare to say that the presence of NLRP3
receplor in the studied structures may have derived from an
enhanced microglial expression. Still, we could not identify
whether the presence of the NLRP3 receplor was a cause or a
consequence of the observed microglial activation.

Microglia has played an almost central role in the patho-
physiology of neurological dysfunetion after sepsis [51]. Tts
ability to change the profile according to the stimuli can gen-
crate a neurotoxic form, capable of releasing substances that
cause damage directly or indirectly o neurons [32], Amaong
the released substances are IL-1p [53]. adhesion molecules,
and oxidizing substances that can harm cellular macromaole-
cules in the brain,

In our study, we observed increased levels of oxidative
damage markers for lipids and proteins in the hippecampus
and prefromtal cortex of septic animals, and this finding is
consistent with previous reports [42, 54). This event was
avoided with the administration of the MCOC950 inhibitor,

(=1 =ham cLP

thus supporting the implication of this inflammasome in brain
oxidative damage.

Concering the activity of antioxidant enzymes, we expect-
ed an increase in their levels; however, we noted that SOD
activity was decreased in the hippocampus while CAT activity
diminished in the prefromtal cortex, Using the MOC9S0 had a
minor act in hippocampal SOD activity, but no results in the
prefrontal cortex. The brain has characteristics that make it
more susceptible o oxidative damage, such as high oxygen
consumption, high concentrations of lipids, and low levels of
antiexidant engymes [55], Previous studies reveal that sepsis
causes fluctuating variation in the activity of the antioxidant
enzymes studied here, sometimes with a decreased [42, 47,
56] and sometimes with an increased activity [37], There are
different theories that explain this Nuectuation, one of which
would be a possible inhibition of its gene expression, a data
that we cannot affirm in this work, but it would cause a de-
crease in s activity. Another plausible explanation would be
the structural damage that reactive oxygen species can directly
cause in these enzymes, impairing their activity, However, by
blocking the formation of the NLRP3 inflammasome, the
brain structures of septic rats were preserved from oxidative
and nitrosative damage, where a single administration of
MOC9350 effectively avoided the increase in nitrite and nitrate
concentrations, thus indicating the reduction of nitric oxide
levels in the hippocampus afler sepsis,

Nitric oxide has a clear relationship with microglial
activation: consequently, these cells may have iNOS en-
zymes activated causing a massive production of nitrie
oxide and its metabolites [58]). On the other hand, nitric
oxide combined with hydrogen peroxide form
peroxynitrite, a reactive species that possesses a high ox-
idizing capacity and may negatively coniribute to brain
homeostasis in elevated levels [5%8]. The main source of
reactive cellular oxygen species is the mitochondria [59],
which actively participates in inflammatory processes
since the energy demand in these conditions is very ele-
vated and, consequently, requires larger activity of the
mitochondrial respiratory chair complexes. A previous
finding points to the role of this organelle in the activation
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Fig. 7 Acivity of complex 1 (a,
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of NLRP3 since one of the secondary signs for the
NLRP3 inflammasome to be formed would be ROS gen-
eration in the process of eellular respiration [38]. In our
study, we verified an impairment in the activity of the
respiratory chain complexes in animals subjected to sep-
sis, and in some situations, the inhibition of NLRP3
inflammasome formation was enough to increase the

&Y Springer

activity in different complexes. Complex I-111 activity
was the only one that did not show statistically significant
variation, The decrease in the activity of the complexes
can be explained mainly by the oxidative damage that
affected their structural proteins, in this sense their bio-
chemical conformation would be modified, resulting in
decreased activity and ATP synthesis [60]. In summary,
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the inhibition of NLRP3 inflammasome formation was
effective in reducing microglial activation, resulting in
less production of oxidizing and damaging products to
the CNS,

The survival analysis demonstrated that control animals
had 100% survival despite their submission to a surgical pro-
cedure, while non-treated septic animals showed the highest
mortality rates. On the contrary, corroborating with Fu and
colleagues, septic animals that received MCC950 presented
a significant reduction in the mortality rates with 10 days of
follow-up. Our findings, along with prior evidence, reinforce
the fact that sepsis-associated encephalopathy increases mor-
tality both in animals and humans [61], and the formation of
NLRP3 may be negatively implicated in neurological damage
in sepsis.

During sepsis. the recognition memory is impaired, and
substances with antioxidant capacity divectly or indirectly
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with MOCHS0 (140 ng/kg) 10 duys nfter sepsis induetion. Data presented

Days

contribute by reducing short- and long-term damages [47,
60, 62]. Neurological impairment in seplic or sepsis survival
patients is an increasing concem in the medical literature due
o an important health impact and late manifestations of cog-
nitive injury [2, 61, 63, 64]. In order to assess whether the
inhibition of NLRP3 formation could contribute to the reduc-
tion of cognitive damage, we used two Lests (o assess novel
object recognition and passive memory,

In the inhibitory avoidance task, aversive memory was
evaluated; the animals in the CLP group showed no difference
between the test and training sessions, showing impairment of
short- and long-term memory. When evaluating the effect of
MOCO50 administration, it was effective in restoring memaory
damage for LTM only, evidenced by the increased latency
between training and testing sessions. Movel object recogni-
tion is a hippocampus-dependent memory test based on the
natural tendency of rodents to investigate a novel object rather
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than a familiar object, when both objects are simultancously
present in an open field arena [65]. This is a test that also
allows the investigation of early or late memory damage,
and we found the hippocampal damage was responsible for
the behavioral changes that CLP animals displayed. However,
the administration of MCC950 was effective in restoring only
STM damage.

As already described in the literature, the NLPR3 receptor
can remain at high levels for up to 7 days afier sepsis [48],
becoming available to form the inflammasome; in our study,
we used a single dose of the inhibitor immediately after sepsis
induction, which generated different responses in two behav-
toral tests performed at 10 days after sepsis, Wu and col-
leagues revealed a reduction for long-term memory in the
freezing time of animals submitted to the fear conditioning
test at 7 days affer sepsis and treatment with peptide 858-31
[49], and the same pattern was observed in another study that
tested animals at 2 weeks afier inducing sepsis and treating
with MCC950 or a caspase-1 inhibitor [66]. In 2018, Zarbato
and colleagues exhibited the protective effect of
dimethylfumarate on the short-term object recognition mem-
ory of rats submitted to the CLP model [42]. In contrast, Della
Ciiustina and colleagues demonstrated that fish oil-treated rats
had positive effects only on long-term memory [67).

These results reveal that the newrological damage in sepsis
does not derive from a single factor, but from a set of mech-
anisms that may need several pharmacological interventions
in order to have a heneficial effect for patients. In summary,
the formation of the NLRP3 inflammasome is involved with
cognitive damage after sepsis, but further studies are needed to
show which regions of the hippocampus and prefrontal corex
may be mostly injured.

Conclusion

Animals with sepsis present high brain levels of the NLRP3
receptor activation when compared with the control group,
showing the probable influence of the MLEPS inflammasome
on the progression of neurological damage afier sepsis. The
inhibition of NLRP3 inflammasome formation, with the use
of MCC950, was effective to reduce the acute
neuroinflammatory response, mitochondrial complex activity,
and oxidative damage; reduce long-term cognitive damage;
and increase survival after experimental sepsis,
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5. CONSIDERACOES FINAIS

Através deste trabalho buscou-se avaliar o envolvimento da via regulada pelo
inflamassoma NLRP3 sobre as alteracdes encefalicas precoces e tardias na sepse,
utilizando como estratégia quimica a inibicao da formagéo do inflamassoma com o uso
de MCC950. A respeito das alteracdes precoces causadas pela sepse, inicialmente
detectou-se a interrupcdo da elevacdo excessiva de mediadores inflamatorios 24h
apos a inducdo de sepse e uso do inibidor MCC950. Em um segundo momento,
verificou-se a elevagcdo dos niveis do receptor NLRP3 no encéfalo, associado a
elevacdo de ativacdo microglial. Contudo, a administracdo de MCC950, evitou a
ativacdo microglial, gerando reducdo no estresse oxidativo e nitrosativo, além de,
reverter a atividade energética celular alterada. Por fim, a inibicdo da formacéo do
inflamassoma NLRP3, contribuiu para a melhora da sobrevida de ratos submetidos a

sepse, bem como evitou o dano em memdria nos sobreviventes.
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Abstract— Sepsis is defined as life-threatening organ dysfunction induced by a disrupted host
response to infecting pathogens. Evidences suggest that oxidative stress is intrinsically related to sepsis
progression. Dimethyl fumarate (DMF) is a novel oral therapeutic agent with anti-oxidant properties
which exerts protective effects through activation of nuclear factor erythroid 2 (NFE2)-related factor 2
(Nrf2). Thus, the aim of this study is to evaluate the effect of DMF in different organs of rats submitted
to an animal model of sepsis. Adult male Wistar rats were subjected to sepsis by cecal ligation and
puncture (CLP) procedure and sham-operated rats was considered control group. The experimental
groups were divided into sham + vehicle, sham + DMF, sham + NAC, CLP + vehicle, CLP + DMF,
and CLP + NAC. Rats were treated by oral gavage with DMF immediately after and 12 h after
surgery, or NAC (s.c.) at 3, 6, and 12 h after surgery. Twenty-four hours after sepsis induction,
neutrophil infiltration, nitrite/nitrate concentrations, oxidative damage to lipids and proteins, superoxide
dismutase (SOD), and catalase (CAT) activities were evaluated in the heart, liver, lung, and kidney.
Septic animals presented increased neutrophil infiltration, NO metabolism, oxidative damage to lipids
and proteins, and decreases of SOD and CAT activities, mainly in the heart, liver, and lung, while
DMF-treated animals showed significant reduction in neutrophil infiltration, NO metabolism, and
oxidative damage followed by increased SOD and CAT activities. DMF is effective in preventing
oxidative stress and inflammation in rats 24 h afier sepsis induction.

KEY WORDS: sepsis; oxidative stress; inflammation; organ injury.
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Abstract Studies indicated that mammalian target of
rapamycin (mTOR), oxidative stress, and inflammation are
involved in the pathophysiology of major depressive disorder
(MDD). Ketamine, an N-methyl-p-aspartate (NMDA) recep-
tor antagonist, has been identified as a novel MDD therapy;
however, the antidepressant mechanism is not fully under-
stood. In addition, the effects of ketamine after mTOR inhibi-
tion have not been fully investigated. In the present study, we
examined the behavioral and biochemical effects of ketamine
in the prefrontal cortex (PFC), hippocampus, amygdala, and
nucleus accumbens after inhibition of mTOR signaling in the
PFC. Male adult Wistar rats received pharmacological mnTOR
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inhibitor, rapamycin (0.2 nmol) or vehicle into the PFC and
then a single dose of ketamine (15 mg/kg, i.p.). Immobility
was assessed in forced swimming tests, and then oxidative
stress parameters and inflammatory markers were evaluated
in the brain and periphery. mTOR activation in the PFC was
essential to ketamine’s antidepressant-like effects. Ketamine
increased lipid damage in the PFC, hippocampus, and amyg-
dala. Protein carbonyl was elevated in the PFC, amygdala, and
NAc after ketamine administration. Ketamine also increased
nitrite/nitrate in the PFC, hippocampus, amygdala, and NAc.
Myeloperoxidase activity increased in the hippocampus and
NAc after ketamine administration. The activities of superox-
ide dismutase and catalase were reduced after ketamine ad-
ministration in all brain areas studied. Inhibition of mTOR
signaling pathways by rapamycin in the PFC was required
to protect against oxidative stress by reducing damage and
increasing antioxidant enzymes. Finally, the TNF-« level
was increased in serum by ketamine; however, the rapamycin
plus treatment group was not able to block this increase.
Activation of mTOR in the PFC is involved in the
antidepressant-like effects of ketamine; however, the inhibi-
tion of this pathway was able to protect certain brain areas
against oxidative stress, without affecting inflammation
parameters.

Keywords mTOR - Oxidative stress - Inflammation -
Ketamine - Animal model - Major depressive disorder

Introduction

Major depressive disorder (MDD) is a significant public
health threat, accounting for 65.5 million disability-adjusted

@ Springer
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Abstract

Sepsis is caused by a dysregulated host response to infection, often associated with acute central nervous system (CNS)
dystunction, which results in long-term cognitive impairment, Dimethyl fumarate (DMF) is an important agent against inflam-
matory response and reactive species in CNS disorders. Evaluate the effect of DMF on acute and long-term brain dysfunction
after experimental sepsis in rats. Male Wistar rats were submitted to the cecal ligation and puncture (CLP) model. The groups
were divided into sham (control) + vehicle, sham + NAC, sham + DMF, CLP + vehicle, CLP + NAC, and CLP + DMF, The
animals were treated with DMF (15 mg/kg at 0 and 12 h after CLP, per gavage) and the administration of n-acetylcysteine (NAC)
(20 mg/kg; 3, 6, and 12 h after CLP, subcutaneously) was used as positive control. Twenty-four hours after CLP, cytokines,
myeloperoxidase (MPO), nitrite/nitrate (N/N), oxidative damage to lipids and proteins, and antioxidant enzymes were evaluated
in the hippocampus, total cortex, and prefrontal cortex. At 10 days after sepsis induction, behavioral tests were performed to
assess cognitive damage. We observed an increase in cytokine levels, MPO activity, N/N concentration, and oxidative damage, a
reduction in SOD and GPx activity in the brain structures, and cognitive damage in CLP rats. DMF treatment was effective in
reversing these parameters. DMF reduces sepsis-induced neuroinflammation, oxidative stress, and cognitive impairment in rats
subjected to the CLP model.

Keywords Sepsis - Neuroinflammation - Cognitive impairment - Oxidative stress - Dimethy| fumarate

Introduction systemic inflammatory response associated with an infection
(Singer et al. 2016). The central nervous system (CNS) is
Sepsis is the most frequent cause of death in intensive care  rapidly damaged during sepsis, causing sepsis-associated en-
units (ICU) (Mayr et al. 2014), and it is determined by a cephalopathy (SAE), which is clinically characterized by dis-
orientation, delirium, or coma (Wassmer et al. 2006). Also,
long-term memory disturbance and impaired leaming ability
frequently affect sepsis survivors (Iwashyna et al. 2010).
The pathophysiological mechanisms associated with SAE
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Abstract Neurological dysfunction as a result of neuroinflam-
mation has been reported in sepsis and cause high mortality.
High levels of cytokines stimulate the formation of neurotoxic
metabolites by kynurenine (KYN) pathway. Vitamin B, (vit
Bg) has anti-inflammatory and antioxidant properties and also
acts as a cofactor for enzymes of the KYN pathway. Thus, by
using a relevant animal model of polymicrobial sepsis, we
studied the effect of vit Bg on the KYN pathway, acute neuro-
chemical and neuroinflammatory parameters, and cognitive
dysfunction in rats. Male Wistar rats (250-300 g) were submit-
ted to cecal ligation and perforation (CLP) and divided into
sham + saline, sham + vit B, CLP + saline, and CLP + vit
B (600 mg/kg, s.c.) groups. Twenty-four hours later, the pre-
frontal cortex and hippocampus were removed for neurochem-
ical and neuroinflammatory analyses. Animals were followed
for 10 days to determine survival rate, when cognitive function
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was assessed by behavioral tests. Vitamin By interfered in the
activation of kynurenine pathway, which led to an improve-
ment in neurochemical and neuroinflammatory parameters
and, consequently, in the cognitive functions of septic animals.
Thus, the results indicate that vit B exerts neuroprotective
effects in acute and late consequences afier sepsis.

Keywords Sepsis - Vitamin B¢ - Brain damage - Tryptophan -
Oxidative stress - Neuroinflammation

Introduction

Sepsis is a common clinical syndrome in intensive care
units (ICUs), with mortality rates that reach 60% [1]. The
development of organ dysfunction is a complication that
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Abstract The blood-brain barrier (BBB) and the blood-
cerebrospinal fluid barrier (BCSFB) are important for the
maintenance of brain homeostasis. During sepsis, peripheral
production of proinflammatory eytokines and reactive oxygen
species are responsible for structural alterations in those brain
barriers, Thus, an increasing permeability of these barriers can
lead to the activation of glial cells such as microglia and the
production of cytotoxic mediators which in turn act on the
brain barriers, damaging them further. Thereby, in this review,
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we try to highlight how the brain barrier’s permeability is not
only a cause but a consequence of brain injury in sepsis.

Keywords Sepsis - Blood brain barrier - Blood-cerebrospinal
fluid barrier - Neuroinflammation - Microglial activation

Introduction

Sepsis and its complications are among the most common
causes of mortality in intensive care units (ICUs) reaching
50-60% rates regardless of treatment used [1]. Despite con-
siderable advances in the treatment of sepsis; it not only re-
mains a major cause of mortality but also produces harmful
neurological responses which further aggravate this condition
[2]. Given the cognitive sequelae in sepsis survivors, further
attention needs to be directed toward an understanding of the
neurological dysfunction in sepsis, both in the acute phase of
encephalopathy and in its chronic stage [3].

The exact mechanisms involved in neurological damage in
patients with sepsis are still not well understood but may in-
clude neuroinflammation [4-6]. In response to systemic in-
flammation, inflammatory mediators have direct access to
the brain through the circumventricular organs, as well as by
disrupted otherwise intact brain barriers and allow penetration
of various mediators and potential neurotoxic factors into the
brain [7]. In turn, as response to these mediators and neuro-
toxic factors, microglial cells, which are the resident immune
cells of the brain, are activated. When activated, microglial
cells may negatively affect the brain allowing the production
of nitric oxide, cytokines, and reactive oxygen species that
lead to cell death within vulnerable areas of the brain such
as the hippocampus and the prefrontal cortex. This production
is in itself responsible for a further increase of the brain barrier
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The NLRP3 Inflammasome and Its Role in Sepsis

Development
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Abstract The pathophysiology of sepsis is extremely complex. During this disease, the
exacerbation of the inflammatory response causes oxidative stress, alterations in mitochon-
drial energy dynamics, and multiple organ failure. Some studies have highlighted the impor-
tant role of the NLRP3 inflammasome in sepsis. This inflammasome is a macromolecular
protein complex that finely regulates the activation of caspase-1 and the production and
secretion of potent pro-inflammatory cytokines such as [L-13 and IL-18. In this review, we
elucidate evidences to understand the connection between sepsis development and the
NLRP3 inflammasome, the most widely investigated member of this class of receptor.

KEY WORDS: sepsis; NLRP3; inflammasome: organ failure.

INTRODUCTION

Sepsis is a syndrome characterized by pathophysio-
logic and biochemical alterations caused by an infectious
insult. These abnormalities are related to an exacerbated
systemic inflammation, and they manifest as life-
threatening clinical conditions [ 1] that may lead to multiple

! Laboratory of Neurobiology of Inflammatory and Metabolic Processcs,
Graduate Program in Health Sciences, Health Sciences Unit, University
of South Santa Catarina, Tubarfio, SC, Brazil

? Laboratory of Experimental Microbiology, Graduate Program in Health
Sciences, Health Sciences Unit, University of Southern Santa Catarina,
Criciima, SC, Brazil

* Center for Experimental Madels in Psychiatry, Department of Psychiatry
and Behavioral Sciences, Medical School, The University of Texas
Health Science Center at Houston, Houston, TX, USA

“To whom correspondence should be addressed at Laboratory of Neuro-
biology of Inflammatory and Metabolic Processes, Graduate Program in
Health Sciences, Health Sciences Unit, University of South Santa
Catarina, Tubardo, SC, Brazil, E-mail; fabricia.petronilho @ unisul.br

Published online: 18 November 2019

organ dysfunction [2] and a mortality rate of'approximately
60% [3].

The initial stage of sepsis pathophysiology involves
the production of signaling molecules responsible for
recruiting immune cells, such as the pathogen-associated
molecular patterns (PAMPs) and the damage-associated
molecular patterns (DAMPs) and their interaction with
germline-encoded receptors called pattern recognition re-
ceptors (PRRs) [4]. The involvement of Toll-like receptor-
4 (TLR-4) in sepsis is well described [5-7]; however,
another class of receptor has drawn attention in recent
years: the nucleotide-binding and oligomerization domain
(NOD)-like receptor (NLR) class, specifically the pyrin
domain-containing 3 (NLRP3) member. NLRP3, along
with other structures, generate a complex called
inflammasome that can convert pro-inflammatory pro-
caspases into their mature form, thus inducing the release
of important pro-inflammatory cytokines [8, 9].

The NLRP3/caspase-1/IL-1 axis has emerged as a
critical signaling pathway of the innate immune system
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Keywords: Background: The choroid plexus (CP), main component of blood-cerebrospinal fluid barrier (BCSFB), protects
Sepsis the brain from peripheral inflammation similar to the blood=brain barrier. Thus, CP is considered a critical target
Ch?mifi plexus site of oxidative damage, which in sepsis oxidative stress is likely to be a major step in the development of brain
0’“‘]"[‘”5 stress damage. Functional alterations in CP may be associated with sepsis-induced brain injury. However, there is no
Neuroinflammation description on the mechanisms associated with BCSFB disruption during sepsis development.
Materials and methods: To test this hypothesis, we examined time-dependent oxidative stress markers in CP and
permeability of BCSFB in rats submitted to polymicrobial sepsis by cecal ligation and puncture (CLP) or sham
surgery (control). We assessed albumin cerebrospinal fluid/plasma concentration quotient (Qalb), an index of
BCSFB dysfunction and in CP samples, the oxidative damage in lipids, proteins, antioxidant enzymes and nitrite/
nitrate (N/N) concentration in 12, 24 and 48 h after CLP.
Results: The increase of BCSFB permeability is time-related to the increase of N/N concentration, oxidative
damage to lipid and proteins, and decrease of antioxidant enzyme superoxide dismutase activity at 12 h in the
CP: and decrease of catalase activity in 12 and 24 h.
Conclusions: In experimental sepsis the BCSFB dysfunction occurs and oxidative stress seems to be a major step

in this dysfunction.

1. Introduction

Sepsis associated encephalopathy (SAE) is characterized with de-
lirium, coma, and seizure, being a cause of cognitive dysfunction,
morbidity, and mortality in critical illness. Evidences showed that pro-
inflammatory cytokines play an important role in its development and
in the subsequent production of reactive oxygen species (ROS) that
further aggravate this dysfunction (Balusu et al., 2016a). These med-
iators are involved with blood brain barrier (BBB) alterations, with
subsequent increased permeability and cerebral edema, which recent
studies shows that are an important step in development of SAE (Balusu
et al., 2016b; Kaur et al., 2016). While most studies focus on the BBB
and the development of SAE (Balusu et al., 2016a; Ericsson et al., 1995;

Marques et al,, 2007), few studies address the choroid plexus (CP)
participation in inflammatory brain processes.

The CP is an epithelial cell monolayer located along the lateral,
third, and fourth ventricles of the brain, CP forms an interface between
peripheral blood and cerebrospinal fluid (CSF) and is the main com-
ponent of the blood-CSF barrier (BCSFB) (Balusu et al., 2016b). Gen-
erally, CP is considered to be the route of migration of endogenous and
exogenous compounds into and out of the brain in addition to the BBB
(Kaur et al., 2016).

Several lines of evidence have implicated the role of CP as an im-
portant mediator of acute peripheral inflammation into the central
nervous system (CNS) (Balusu et al., 2016a; Marques et al., 2007; Kaur
el al., 2016). It has been demonstrated that the structure constitutively
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Abstract: Complex regional pain syndrome type I (CRPS-I) is a chronic painful condition. We
investigated whether manual therapy (MT), in a chronic post-ischemia pain (CPIP) model, is capable of
reducing pain behavior and oxidative stress. Male Swiss mice were subjected to ischemia-reperfusion
(IR) to mimic CRPS-1. Animals received ankle joint mobilization 48h after the IR procedure, and
response to mechanical stimuli was evaluated. For biochemical analyses, mitochondrial function as
well as oxidative stress thiobarbituric acid reactive substances (TBARS), protein carbonyls, antioxidant
enzymes superoxide dismutase (SOD) and catalase (CAT) levels were determined. IR induced
mechanical hyperalgesia which was subsequently reduced by acute MT treatment. The concentrations
of oxidative stress parameters were increased following IR with MT treatment preventing these
increases in malondialdehyde (MDA) and carbonyls protein. IR diminished the levels of SOD and
CAT activity and MT treatment prevented this decrease in CAT but not in SOD activity. IR also
diminished mitochondrial complex activity, and MT treatment was ineffective in preventing this
decrease. In conclusion, repeated sessions of MT resulted in antihyperalgesic effects mediated, at
least partially, through the prevention of an increase of MDA and protein carbonyls levels and an
improvement in the antioxidant defense system.

Keywords: chronic pain; Complex Regional Pain Syndrome; manual therapy; osteopathy;
oxidative stress
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Abstract: Sepsis is a life-threatening organ dysfunction induced by a disrupted host response to infecting
pathogens. Inflammation and oxidative stress are intrinsically related to sepsis progression and organ
failure. Vitamin B6 is an important cellular cofactor for metabolic processes and has anti-inflammatory
and antioxidant properties. We aimed at evaluating the effect of vit B6 on inflammation and oxidative
stress markers in the liver and lung of rats subjected to a relevant animal model of polymicrobial sepsis.
Adult male Wistar rats were submitted to cecal ligation and perforation model and immediately after
sepsis induction, vit B6 was administered as a single dose (600 mg/kg, subcutaneous). Twenty-four hours
later, the lung and liver were harvest for neutrophil infiltration, oxidative markers to lipids and protein and
antioxidant activity of endogenous enzyme. Vitamin B6 diminished neutrophil infiltration in both organs,
oxidative markers in the liver and restored catalase activity levels in the lung of septic animals. Vitamin B6

exerts anti-inflammatory and antioxidant effects in peripheral organs after polymicrobial sepsis.

Key words: sepsis, vitamin B6, oxidative stress, antioxidant.

INTRODUCTION

Sepsis is a life-threatening organ dysfunction
induced by a dysregulated host response to
infectious stimuli (Singer et al. 2016). The
pathologic hallmark of sepsis relies on the failure to
maintain a satisfactory balance between excessive
and inadequate inflammatory response, leading to
a massive generation of reactive oxygen species
(ROS) and nitrogen species (RNS) (Andrades
et al. 2009). Reactive species promote several
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proinflammatory effects, such as neutrophil
recruitment (Hotchkiss and Karl 2003), and
favor the occurrence of oxidative damage due to
an imbalanced activity of endogenous enzymes,
including catalase (CAT) (Andrades et al. 2005).
As oxidative stress plays an important role in the
development of sepsis-induced organ dysfunction,
the application of antioxidant compounds has been
considered a potential and promisor treatment
(Ritter et al. 2004).

Vitamin B6 (vit B6) is a water-soluble
vitamin easily found as pyridoxal, pyridoxine and
pyridoxamine forms in animal and vegetal foods
(Salam et al. 2015). After digestion and absorption,
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Abstract

Background: Biomedical research has recently incorporated bioceramics applications into new health
care approaches.

Objective: This study evaluated the effect of far infrared-emitting bioceramics wraps in the treatment
of intermittent claudication.

Methods: This is a randomized double-blind placebo-controlled pilot study. Thirty-five patients met
the criteria and were randomized into either control (placebo wraps) or bioceramics group (far
infrared emitting-ceramics wraps) and assessed over a 90-day period for the following outcomes: six-
minute walk test (6MWT), ankle-brachial index (ABI), Flow-mediated arterial dilation (FMD), quality of
life and claudication. Oxidative stress and inflammatory biomarkers were measured in plasma of
patients.

Results: Intervention induced a decrease in oxidative stress, with significant lower levels of reactive
substances to thiobarbituric acid (TBARS), as well as increase in superoxide dismutase and catalase
enzyme activities. There was an increase in the environment subscale of the quality of life
questionnaire. No statistically significant differences were found in the inflammatory cytokines,
6MWT, ABIl and FMV evaluations.

Conclusions: In Sum, FIR treatment improved oxidative stress profile and quality-of-life of patients
with intermittent claudication. The study was registered into the ensaiosclinicos.gov.br (Registro
Brasileiro de Ensaios Clinicos [ReBEC]) (RBR-7nrBsy register number).
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Abstract

Sepsis survivors present acute and long-term cognitive impairment and the pathophysiology of neurological dysfunction in sepsis
involves microglial activation. Recently, the involvement of cytosolic receptors capable of forming protein complexes called
inflammasomes have been demonstrated to perpetuate neuroinflammation, Thus, we investigated the involvement of the NLRP3
inflammasome activation on early and late brain changes in experimental sepsis. Two-month-old male Wistar rats were submitted
to the sepsis model by cecal ligation and perforation (CLP group) or laparotomy only (sham group). Immediately after surgery,
the animals received saline or NLRP3 mflammasome formation inhibitor (MCC950, 140 ng/kg) intracerebroventricularly.
Prefrontal cortex and hippocampus were isolated for cytokine analysis, microglial and astrocyte activation, oxidative stress
measurements, nitric oxide formation, and mitochondrial respiratory chain activity at 24 h after CLP. A subset of animals was
followed for 10 days for survival assessment, and then behavioral tests were performed. The administration of MCC950 restored
the elevation of IL-1f3, TNF-x, 1L-6, and IL-10 cytokine levels in the hippocampus. NLRP3 receptor levels increased in the
prefrontal cortex and hippocampus at 24 h afler sepsis, associated with microglial, but not astrocyte, activation. MCC950 reduced
oxidative damage to lipids and proteins as well as preserved the activity of the enzyme SOD in the hippocampus. Mitochondrial
respiratory chain activity presented variations in both structures studied. MCC950 reduced microglial activation, decreased acute
neurochemical and behavioral alteration, and increased survival after experimental sepsis.

Keywords Sepsis - NLRP3 - Inflammasome - MCC950 - Neuroinflammation - Cognitive impairment

Introduction

In the last decade, there has been a decrease in mortality in
= Fabricia Petronitho patients with sepsis. Age-standardized sepsis incidence fell by
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Abstract

Sepsis causes organ dysfunction due to an infection, and it may impact the central nervous system.
Neuroinflammation and oxidative stress are related to brain dysfunction after sepsis. Both processes affect microglia
activation, neurotrophin production, and long-term cognition. Fish oil (FO) is an anti-inflammatory compound, and
lipoic acid (LA) is a universal antioxidant substance. They exert neuroprotective roles when administered alone. We
aimed at determining the effect of FO+LA combination on microglia activation and brain dysfunction alier sepsis.
Microglia cells from neonatal pups were co-treated with lipopolysaccharide (LPS) and FO or LA, alone or combined,
for 24 h. Cylokine levels were measured. Wistar rals were subjected to sepsis by cecal ligation and perforation
(CLP) and treated orally with FO, LA, or FO+LA. At 24 h after surgery, the hippocampus, prefrontal cortex. and
total cortex were obtained and assayed for levels of cytokines, myeloperoxidase (MPO) activity, protein carbonyls,
superoxide dismutase (SOD), and catalase (CAT) activity. At 10 days after surgery, brain-derived neurotrophic factor
(BDNF) levels were determined and behavioral tests were performed. The combination diminished in vitro levels of
pro-inflammatory cytokines. The combination reduced TNF-x in the cortex, IL-1p in the prefrontal cortex, as well
as MPO activity, and decreased protein carbonyls formation in all structures. The combination enhanced catalase
activity in the prefrontal cortex and hippocampus, elevated BDNF levels in all structures, and prevented behavioral
impairment. In summary, the combination was effective in preventing cognitive damage by reducing neuroinflam-
mation and oxidative stress and increasing BDNF levels.

Keywords Sepsis - Fish oil - Lipoic acid - Microglia - Oxidative stress
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ABSTRACT

Sepsis s a set of serious manifestations throughout the body produced by an infection, leading to changes that
compromise cellular homeostasis and can result in dysfunction of the central nervous system. The elderly have a
higher risk of developing sepsis than younger peoples. Under the influence of inflammatory mediators and
oxidizing agents released in the periphery as a result of the infectious stimulus, changes occur in the blood-brain
barrier (BBB) permeability, with neutrophil infiltration, the passage of toxic compounds, activation of microglia
and production of reactive species that results in potentiation of neuroimmune response, with the progression of
neuronal damage and neuroinflammation. The objective of this study is to compare BBB permeability and the
development of oXidative stress in the hippocampus and prefrontal cortex of young and old rats submitted to
polymicrobial sepsis induction. Male Wistar rats grouped into sham (60d), sham (210d), cecal ligation and
perforation (CLP) (60d) and CLP (210d) with n = 16 per experimental group were evaluated using the CLP
technique to induce sepsis. The brain regions were collected at 24 h after sepsis induction to determine BBB
permeability, myeloperoxidase (MPO) activity as marker of neutrophil activation, nitrite/nitrate (N/N) levels as
marker of reactive nitrogen species, thiobarbituric acid reactive substances as marker of lipid peroxidation,
protein carbonylation as marker of protein oxidation, and activity of antioxidant enzyme catalase (CAT). There
was an increase in the BBB permeability in the CLP groups, and this was enhanced with aging in both brain
region. MPO activity in the brain regions increased in the CLP groups, along with a hippocampal increase in the
CLP 210d group compared to the 60d group. The concentration of N/N in the brain region was increased in the
CLP groups. The damage to lipids and proteins in the two structures was enhanced in the CLP groups, while only
lipid peroxidation was higher in the prefrontal cortex of the CLP 210d group compared to the 60d. CAT activity
in the hippocampus was decreased in both CLP groups, and this was also influenced by age, whereas in the
prefrontal cortex there was only a decrease in CAT in the CLP 60d group compared to the sham 60d. These
findings indicate that aging potentiated BBB permeability in sepsis, which possibly triggered an increase in
neutrophil infiltration and, consequently, an increase in oxidative stress.

1. Introduction

terms of epidemiological characteristics, the high rates of sepsis in-
cidence and mortality have not changed in recent decades, leading the

Sepsis is a set of serious manifestations throughout the body pro- World Health Organization (WHO) to include sepsis in global health
duced by an infection. Its clinical manifestations include those asso- priorities (WHO, 2018). In the United States, the incidence of sepsis is
ciated with the infectious focus in question (Singer et al., 2016). In 300 cases per 100,000 inhabitants, where %4 of the patients who are
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ARTICLE INFO ABSTRACT

Keywords: Blood brain barrier (BBB) permeability and oxidative su'tss have been reported to be imponam mechanisms for
Stroke bram damage following lschemlc stroke and Icin-1 (STC-1), a tive protein, has anti-in-
Stanniocalcin-1 y and anti-oxi stress prop Herein, we report the effect of STC-1 on BBB permeability and

Oxidative stress

% ) brain oxidative stress after stroke in an animal model. Male Wistar received an intracerebroventricularly in-
Blood brain barrier

jection of human recombinant STC-1 (100 ng/kg) or saline and were subjected to sham procedure or global
cerebral ischemia/reperfusion (I/R) model. Six and 24 h after I/R, neurological evaluation was performed; at
24 h brain water content was evaluated in the total brain, and BBB permeablluy. nitrite/nitrate (N/N) con-
[& ion, lipid peroxidati pmlem carbonyls formation, sup: (SOD) and lase (CAT)
activity were determined in the hipp pus, cortex, p | cortex, striatum and cerebellum. Rats exhibited
neurological deficit at 6 and 24 h after I/R and STC-1 reduction at 24 h. After I/R there were an increase of brain
water content, BBB permeability in the hippocampus, cortex and pre-frontal cortex and N/N in the hippocampus,
and STC-1 decreased this level only in the hippocampus. STC-1 decreased lipid peroxidation in the hippocampus,
cortex and prefrontal cortex and protein oxidative damage in the hipp pus and cortex. SOD activity de-
creased in the hippocampus, cortex and prefrontal cortex after I/R and STC-1 reestablished these levels in the
hippocampus and cortex. CAT activity decreased only in the hippocampus and cortex and STC-1 increased the
CAT activity in the hi pus. Our data provide the first experimental demonstration that STC-1 reduced
brain dysfunction associated with cerebral I/R in rats, by decreasing BBB permeability and oxidative stress
parameters.

1. Introduction

Ischemic stroke is the primary cause of long-term disability and is
the fourth leading cause of death worldwide (Mukundan and
Seidenwurm, 2018). According to the World Health Organization, 50%
of ischemic stroke survivors suffer from some degree of physical or

* Corresponding author at: Laboratério de N biologi

Universidade do Sul de Santa Catarina, Tubarao, SC, Brazil.
E-mail address: fabricia.petronilho@unisul.br (F. Petronilho).
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cognitive impairment, and about 20% of them require institutional care
(Bustamante et al., 2017).

The incidence of ischemic stroke and the subsequent reperfusion
decrease blood brain barrier (BBB) integrity and increase paracellular
permeability and contribute to cerebral edema (Sadeghian et al., 2019).
The destruction of BBB integrity is associated with several possible

de Processos Inflamatérios e Metabélicos, Programa de Pés-graduacao em Ciéncias da Saide,

Received 16 September 2019; Received in revised form 11 November 2019; Accepted 12 November 2019

Available online 13 ber 2019
0026-2862/ © 2019 Published by Elsevier Inc.




JIM-03-2019-RCT-0085
Randomized Controlled Trial

Effects of the use of bioceramic wraps in patients with lower limb
venous ulcers: a randomized double-blind placebo-controlled trial

Gerli E.G. Herr!, Fabio Goulart da Silva!, Francisco José Cidral-Filho?, Fabricia
Petronilho®, Lucinéia Gainski Danielski®, Mariana Pereira de Souza Goldim?, Afonso
Shiguemi Inoue Salgado®#, Franciane Bobinski?, Daniel Fernandes Martins?, Eliane R.
Winkelmann!*

1. Integral Health Care, Regional University of the Northwest of the State of Rio Grande do
Sul (UNIJUT) and University of Cruz Alta (UNICRUZ), Tjui, 98700-000 RS, Brazil

2. Experimental Neuroscience Laboratory (LaNEx), University of Southern Santa Catarina,
Palhoga, 88137-270 SC, Brazil

3. Laboratory of Neurobiology of Inflammatory and Metabolic Processes, University of
Southern Santa Catarina, Tubardo, 88704-900 SC, Brazil.

4. Integrative Physical Therapy Residency, Philadelphia University Center, Londrina, 86020-
000 PR, Brazil

5. Laboratory of Exercise Physiopathology, Department of Life Sciences (DCVida), Regional
University of the Northwest of the State of Rio Grande do Sul (UNTJUT), Tjui, 98700-000 RS,
Brazil

ABSTRACT

Background: Venous ulcer represents the most advanced stage of chronic venous
insufficiency. It is an important public health problem and has a significant impact on
patients’ quality of life due to chronic pain, inability to work, need for hospitalization and
frequent outpatient follow-up.

Objective: We investigated the treatment benefits of far-infrared ceramic (cFIR), in a 90-day
study of lower limb venous ulcers and looked at ulcer healing scores, quality of life, serum
bio-markers of oxidative stress and antioxidant defense enzymes.

Design, setting, participants and interventions: This is a randomized double-blind placebo-
controlled study conducted in the Vascular Surgery Service of a hospital located in the
northwest region of the State of Rio Grande do Sul, Brazil. We included patients with lower
limb venous ulcers who were randomized to use either a bioceramics wrap or a placebo wrap
for 90 days.

Main outcome measures: The following evaluations were conducted at baseline and after 15,
30, 60 and 90 days: ulcer healing score, quality of life, and serum markers of oxidative stress
and antioxidant enzyme activity.

Results: Patients (n = 24) with lower limb venous ulcers were randomized into two treatment
groups. cFIR decreased the ulcer size on day 30 (P = 0.042) and 90 (P = 0.034) and the total
ulcer healing scale scores on day 30 (P = 0.049) and 90 (P = 0.02) of the treatment, when
compared to baseline. Additionally, cFIR improved tissue type (epithelial tissue) on day 60 (P
= 0.022) when compared to baseline evaluation.

Conclusion: cFIR clinically improved ulcer healing in patients with lower limb venous
ulcers.

Trial registration: RBR-8c7xzn on ReBEC.

Please cite this article as: Herr GEG, Silva FG, Cidral-Filho FJ, Petronilho F, Danielski LG,
Goldim MP, Salgado ASI, Bobinski F, Martins DF, Winkelmann ER. Effects of the use of
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ABSTRACT

Nunes, RFH, Cidral-Filho, FJ, Flores, LUF, Nakamura, FY, Rodriguez,
HFM, Bobinski, F, De Sousa, A, Petronilho, F, Danielski, LG,
Martins, MM, Martins, DF, and Guglielmo, LGA. Effects of far-
infrared emitting ceramic materials on recovery during 2-week
preseason of elite futsal players. J Strength Cond Res XX(X):
000-000, 2018-We investigated the effects of far-infrared emitting
ceramic materials (cFIR} during overnight sleep on neuromuscular,
biochemical and perceptual markers in futsal players. Twenty ath-
letes performed a 2-week preseason fraining program and during
sleep wore bioceramic (BIO; n=10) or placebo pants (PL; n=10).
Performance (countermovement jump [CMJ]; squat jump [Sl];
sprints 5, 10, and 15-m) and biochemical markers (tumor necrosis
factor alpha-TNF-u, interleukin 10-IL-10, thiobarbituric acid-reactive
species [TBARS), carbonyl, superoxide dismutase [SOD), catalase
[CAT]) were obtained at baseline and after the 1st and 2nd week of
training. Delayed-onset muscle soreness (DOMS) and training strain
were monitored throughout, Changes in ACMJ and AS) were pos-
sibly (60/36/4 [week-1]) and likely (76/22/2 [week-2]) higher in
BIO. Both groups were faster in 5-m sprint in week 2 compared
with baseline (p= 0.015), furthermore, BIO was likely faster in 10-m
sprint (3/25/72 [week 1]). Significant group X time interaction in
%ATNF-o were observed (p = 0.024 [week-1]; p = 0.021 [week-
2]) with values possibly (53/44/3 [week 1]) and likely (80/19/1
[week 2]) higher in BIO. The %AIL-10 decreased across weeks
compared with baseline (p = 0.019 [week-1]; p=0.026 [week-2]),

Address correspondence to Renan F.IH. Nunes, nunesrenan85@hotmail.
com.

00(00)/1-14

Journal of Strength and Condrtioning Research
© 2018 Natronal Strength and Conditionrng Assocration

showing values likely higher in BIO (81/16/3 [week-11; 80/17/3
[week-2]). Significant weekly increases in %ATBARS (p = 0.001
[week-1]; p=0.011 [week-2]) and %ACarbonyl (p = 0.002 [week-
1]; p < 0.001 [week-2]) were observed compared with baseline,
showing likely (81/5/4 [week-1]) and possibly (68/30/2 [week-2])
higher changes in BIO. Significant weekly decreases in %ASOD
were observed compared with baseline (p = 0.046 [week 1]; p=
0.011 [week-2]), and between week 2 and week 1 (p = 0.021), in
addition to significant decreases in %ACAT compared with base-
line {p = 0.070 [week 1]; p= 0.012 [week 21). Training strain (p
=0.021; very -likely [0/2/98]; week 1) and DOMS was lower in
BIO (likely; 7 sessions) with differences over time (p = 0.001).
The results suggest that the daily use of cFIR clothing could
facilitate recovery, especially on perceptual markers during the
early phases of an intensive training period.

Kiy WoORDS team sports, muscle damage, inflammation,
performance

INTRODUCTION

uring the preseason period, team sports athletes

deal with large physical and physiological demands

as 2 result of training sessions and friendly matches

(32,34). The high-intensity efforts typically found in
team sports matches and training sessions, encompassing a high
load on the eccentric phase of muscle contraction, have been
shown to induce inflammatory and oxidative stress responses
(23,37), as well as increased passive stiffness, swelling, and
edema. All above contribute to some extent to delayed-onset
muscle soreness (DOMS), which may result in the reduction in
physical performance and disruption in the athlete’s regular
training routine (37,41).

VOLUME 00 | NUMBER 00 | MONTH 2018 | 1
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ARTICLE INFO ABSTRACT

Keywords: Evidences has suggested that in the early life the innate immune system presents plasticity and the time and

Sepsis dose-adequate stimuli in this phase may program long-lasting immunological responses that persist until

LPS-preconditioning adulthood. We aimed to evaluate whether LPS challenge in early childhood period may modulate brain al-

Neuroinflammation terations after sepsis in adult life. Experiments were performed to evaluate the LPS challenge in early childhood

Memory or adult period on acute and long-term brain alterations after model of sepsis by cecal ligation and perforation
(CLP) in adult life. Wistar rats were divided in saline +sham, LPS + sham, saline + CLP and LPS + CLP groups to
determine cytokine levels and nitrite/nitrate concentration in cerebraspinal fluid (CSF); oxidative damage, ac-
tivity of antioxidant enzymes (superoxide dismutase-SOD and catalase-CAT); blood brain barrier (BBB) per-
meability; myeloperoxidase (MPO) and epigenetic enzymes activities in the hippocampus and prefrontal cortex
(at 24 h after CLP) and cognitive function, survival and brain-derived neurotrophic factor (BDNF) level (at ten
days after CLP). LPS-preconditioning in early life could lead to decreased levels of TNF-tt and IL-6 and oxidative
damage parameters in the brain after CLP in adult rats, In addition, LPS-preconditioning in early life increase
CAT activity, attenuates the BBB permeability and epigenetic enzymes alterations and in long term, improves the
memory, BDNF levels and survival. In conclusion, rats submitted to CLP in adulthood displayed acute neu-
roinflammation, neurochemical and epigenetic alteration improvement accompanied in long term by an increase
in survival, neurotrophin level and memory performance when preconditioned with LPS in the early life.

1. Introduction immunological responses that persist until adulthood (Georgountzou
and Papadopoulos, 2017).

Early childhood is a period that the individual present high vul- Children growing up in rural areas, around animals and in larger
nerability to infection but still can have a remarkable resilience that is families seem to develop asthma less often than do other children (Fge,
poorly understood (Kallionpii et al., 2014). In this life phase the innate 2017). These observations have led to the formulation of the hygiene
immune system still presents immaturity and plasticity and the time hypothesis. According to this hypothesis, delays in exposure to normal
and dose-adequate stimuli may program long-lasting alterations in bacteria in the body as well as disease-causing agents make a weaker

“ Corresponding author, Laboratério de Neurobiologia de Processos Inflamatérios e Metabélicos, Programa de Pés-Graduacio em Ciéncias da Sadde, Universidade
do Sul de Santa Catarina, Tubarae, SC, Brazil.
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ARTICLE INFO ABSTRACT

Keywords: finoph -ological relevance: Infl 'y skin di: high prevalence and lack of alternatives that

Casearia sylvestris can be used for self-care by the populauou Caseaua sylve.sms is a plant used topically in different communities in

;“kﬂ‘:’m“:‘:‘m Brazil, to teat ds o1 p healing. To evaluate the topical anti-inflammatory activity for the
conditions

crude hydroalcoholic exuac( of Caseana sylvesms (HCE-CS) in the models of single or multiple administration of
chroton oil to induce ear edema in mice.

Materials and methods: Experimental study using male Swiss mice (25-35g) kept under constant conditions in the
Laboratory of Experimental Neuroscience (LaNEx)-UNISUL. Edema was induced in both models, respectively, by
the single or multiple application of croton oil (CO, 2.5%, in 20 pl) on the external surface of the ear. The
different groups of animals (n = 8) received different treatments: vehicle, dexamethasone (DEXA) or different
doses of HCE-CS. Edema was evaluated nmcmscoplcall\' for 6 h (ear| ly edema) or 8 days (late edema) after the
first application of the CO and i diately after the animals were toe ia for the collection of
the samples (treated ears). For early edema, the tissue was biochemically evaluated for myeloperoxidase activity
(MPO) and levels of nitrite/nitrate. In the late edema model, the ears were histologically eval d for g
1y, d lated and d mast cells, as well as acanthosis.

Results: Topic treatment with HCE-CS significantly reduced the eaily and late edema, as well as MPO activity and
tissue levels of nitrite/nitrate. Finally, in the late edema model there was a lower density of degranulated mast
cells in relation to the vehicle ueated group and dectreased thickness of the epidermis (acanthosis). Conclusion:
These results suggest a possible benefit of topical treatment with HCE-CS in inflammatory conditions of the skin.

1 4 1
1ot

Plants are important source of biologically active natural products and
they are promisingly considered in antiinflamatory new drugs discovery

1. Introduction

Inflammatory skin diseases or inflammation that accompanies
pathophysiologic process triggered by other morbidities are frequent
cause of suffering and impairment on patients’ quality of life (Hay et al.,

field, since the phytochemicals derived from them have relatively low
toxicity and shown related actions to this property (Shakya, 2016).
Shrubs of Casearia sylvestris Sw. (Flacourtiaceae, syn.: Guidonia syl-
vestris (Sw) occurs in forests of Southern Brazil and contains many
chemical constituents (Ferreira et al., 2011). These compounds are

i

2014; Foggin et al., 2017). Mechanisms implicated in infl v
response for centuries have been the researches focus, involving the
most complex techniques; despite of this, we are still so far distant from
the complete understanding of such conditions, and even new concepts
about this process has been recently proposed (Braconi et al., 2010).

responsible for a great variety of biological activities, including anti-
oxidant (Albano et al., 2013), antiparasitic and cytotoxic effects (Bou
et al., 2014; Ferreira et al., 2014). Beside of these, we have previously
registered antinociceptive activity for hydroalcoolic crude extract of

98
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Stanniocalcin 1 Inhibits the Inflammatory Response in Microglia
and Protects Against Sepsis-Associated Encephalopathy

Sandra Bonfante' - Larissa Joaquim' - Maria Eduarda Fileti' - Amanda Della Giustina ' -

Mariana Pereira de Souza Goldim - Lucinéia Gainski Danielski' - Evandro Cittadin' - Raquel Jaconi De Carli' -
Bianca Xavier de Farias' - Nicole Alessandra Engel' - Naiana da Rosa - Jucélia Jeremias Fortunato’ -

Vijayasree Giridharan? - Giselli Scaini? - Gislaine Tezza Rezin' - Jaqueline Generoso® - Rafael Mariano de Bitencourt’ -
Silvia Terra® - Tatiana Barichello? - Fabricia Petronilho ™**

Received: 7 July 2020 /Revised: 10 September 2020 / Accepted: 29 September 2020
{2 Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Sepsis-associated encephalopathy is a serious consequence of sepsis, triggered by the host response against an infectious agent, that can
lead to brain damage and cognitive impairment. Several mechanisms have been proposed in this bidirectional communication between
the immune system and the brain after sepsis as neuroinflammation, oxidative stress, and mitochondrial dysfunction. Stanniocalein-1
(STC-1), an endogen neuroprotective protein, acts as an anti-inflammatory and suppresses superoxide generation through induction of
uncoupling proteins (UCPs) in the mitochondria. Here, we demonstrated a protective role of STC-1 on inflammatory responses in vitro,
in activated microglia stimulated with LPS, and on neuroinflammation, oxidative stress, and mitochondrial function in the hippocam-
pus of rats subjected to an animal model of sepsis by cecal ligation and puncture (CLP), as well the consequences on long-term
memory. Recombinant human STC-1 (thSTC1) suppressed the pro-inflammatory cytokine production in LPS-stimulated microglia
without changing the UCP-2 expression. Besides, thSTCI injected into the cisterna magna decreased acute hippocampal inflammation
and oxidative stress and increased the activity of complex I and II activity of mitochondrial respiratory chain and creatine kinase at 24 h
after sepsis. thSTC1 was effective in preventing long-term cognitive impairment after CLP. In conclusion, thSTC1 confers significant
neuroprotection by inhibiting the inflammatory response in microglia and protecting against sepsis-associated encephalopathy in rats.
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ing multiple organ systems that is preceded by an infection
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(Singer et al. 2016). Sepsis-associated encephalopathy (SAE)
represents a diffuse cerebral dysfunction during sepsis that
frequently causes long-term cognitive impairments, including
disrupted attention, memory, executive function, and speed of
information processing (Barichello et al. 2019).

SAE is probably the most frequent sepsis-related organ
dysfunction, affecting up to 70% of patients with sepsis
and regularly precedes any other organ involvement
(Sonneville et al, 2017). The development of SAE has
been associated with higher mortality, lower quality of
life in survivors, and long-term neurological sequelae
(Prescott and Angus 2018).

In sepsis, peripheral inflammation stimulates the immune
system located in the central nervous system (CNS) via
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