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RESUMO

A hipercolesterolemia se caracteriza pela elevacdo patoldgica da taxa de colesterol sanguinea
aumentando a formacdo de radicais livres, o qual provoca oxidacdo e danos nos lipidios
celulares causando crescimento da atividade inflamatdria e progressao negativa da fungédo
cognitiva. O consumo de vinho tinto atua minimizando estes efeitos, inibindo a expresséo de
citocinas € modulando os niveis do fator neurotréfico derivado do cérebro (BDNF), da
proteina ciclica de ligagdo ao elemento AMPc-resposta (CREB), dos microRNAs (miARN), e
a acdo da enzima acetilcolinesterase (AChE). Os antioxidantes, os flavonoides e os polifendis
tornaram-se as primeiras substincias contidas no vinho tinto com efeitos benéficos
comprovados em varias doencas, como a inibicdo da oxidacdo de LDL e parametros
envolvidos na resposta inflamatdria. A ingestdo regular de bebidas ricas em polifenois
demonstra exercer consequéncias favoraveis a salde humana, como diminuicéo da incidéncia
de doencas cardiovasculares, cancer e protecdo contra doencas neurodegenerativas, entre
outras. Portanto, o presente estudo teve como objetivo investigar o potencial efeito
neuroprotetor do vinho Ruby Carbenet em camundongos nocaute para o receptor LDLr""
expostos a dieta hipercolesterolémica. O vinho foi submetido a analise em vitro para
quantificacdo de polifenois, antocianinas, acido cafeico, &cido galico, epicatequina e
resveratrol. Foram utilizados 40 camundongos adultos com 90 dias, de 20 a 25 gramas. Os
animais foram divididos em 4 grupos (n=10) e para a indugdo da hipercolesterolemia foi
borrifado colesterol diluido em alcool puro 96° C, sobre a dieta comercial (Puro Trato PB 22)
durante 90 dias. Ao final do tratamento foi realizado teste comportamental de memoria, tarefa
do labirinto aquéatico de Morris (MWMT), logo apds, o sangue foi coletado por puncédo
cardiaca e o cortex pré-frontal e o hipocampo foram removidos para 0s ensaios bioquimicos.
Foram determinados os niveis de lipidios plasmaticos e as citocinas pré-inflamatorias,
interferon gama (IFN-y), fator de necrose tumoral-a (TNF-a), interleucina-13 (IL-1B) e
interleucina-6 (IL-6) no hipocampo e cortex pré-frontal. Também foram avaliadas a atividade
da AChE e os niveis das proteinas estruturais BDNF e CREB, e os biomarcadores
microRNAs. Nossos resultados mostraram que a dieta hipercolesterolemica causa um
aumento nos lipidios plasmaticos, nas citocinas pro-inflamatorias e na atividade da enzima
AChE nos camundongos LDLr”", o que foi atenuado pelo consumo de vinho tinto através da
diminuicdo do estado inflamatdrio. A dieta com elevado indice de colesterol diminuiu os
niveis de BDNF, CREB e microRNAs cerebrais, e 0 consumo moderado de vinho tinto foi
capaz de reverter estas proteinas estruturais BDNF e CREB, e 0s biomarcadores miRNA146a
e 155, promovendo a neuroprotecdo e a melhora da memdria. O vinho Ruby Cabernet
apresentou potencial antioxidante confirmado pelos seus teores de &cido galico 135, 3 mg/L,
acido caféico 91,2 mg/L, epicatequina 242,2 mg/L e resveratrol 102,2 mg/L. O consumo
moderado do vinho proporcionaram aos camundongos melhora no déficit cognitivo e
plasticidade, corroborando com o resultado do teste comportamental, no qual 0 MWMT esta
relacionado com o sistema de aprendizado e memodria. Com isso, verificou-se que o vinho
Ruby Carbenet demonstrou efeito neuroprotetor e reduziu os niveis dos lipidios plasmaticos,
modulando as citocinas, agindo na manutencdo da neuroplasticidade e regulacéo da atividade
da acetilcolinesterase em camundongos hipercolesterolémicos.

Palavras-chave: Compostos fenolicos. Déficit cognitivo. Dieta com elevado indice de
colesterol. Camundongos nocaute para receptor LDLr”". Neuroplasticidade.



ABSTRACT

Hypercholesterolemia is characterized by the pathological elevation of the blood cholesterol
level, increasing the formation of free radicals, which causes oxidation and damage to the
cellular lipids causing inflammatory activity growth and negative progression of cognitive
function. Red wine consumption minimizes these effects by inhibiting cytokine expression
and modulating levels of brain-derived neurotrophic factor (BDNF), cyclic cAMP-binding
element (CREB), microRNAs (miRNA), and the action of the enzyme acetylcholinesterase
(AChE). Antioxidants, flavonoids and polyphenols have become the first substances
contained in red wine with proven beneficial effects in various diseases, such as the inhibition
of LDL oxidation and parameters involved in the inflammatory response. Regular ingestion of
polyphenol-rich beverages has a positive effect on human health, such as reducing the
incidence of cardiovascular diseases, cancer and protection against neurodegenerative
diseases, among others. Therefore, the present study aimed to investigate the potential
neuroprotective effect of Ruby Carbenet wine in knockout mice for the Ldlr” receptor
exposed to the hypercholesterolemic diet. The wine was submitted to in vitro analysis for
quantification of polyphenols, anthocyanins, caffeic acid, gallic acid, epicatechin and
resveratrol. 40 adult mice with 90 days, from 20 to 25 grams were used. The animals were
divided into 4 groups (n=10) and for the induction of hypercholesterolemia cholesterol was
diluted in pure alcohol 96 ° C, on the commercial diet (Puro Trato PB 22) for 90 days. At the
end of the treatment was performed memory behavioral test, Morris water maze task
(MWMT), soon after, blood was collected by cardiac puncture and the prefrontal cortex and
hippocampus were removed for biochemical assays. The levels of plasma lipids and
proinflammatory cytokines, interferon gamma (IFN-y), tumor necrosis factor-o (TNF-a),
interleukin-1p (IL-1P) and interleukin-6 (IL-6) in the hippocampus and prefrontal cortex. We
also evaluated the activity of AChE and the levels of the structural proteins BDNF and CREB,
and the biomarkers microRNAs. Our results showed that the hypercholesterolemic diet causes
an increase in plasma lipids, proinflammatory cytokines and AChE enzyme activity in LdIr”
mice, which was attenuated by the consumption of red wine through the reduction of the
inflammatory state. The high cholesterol diet decreased levels of BDNF, CREB and brain
microRNAs, and moderate consumption of red wine was able to revert these structural
proteins BDNF and CREB, and the miRNA146a and 155 biomarkers, promoting
neuroprotection and the improvement of memory. Ruby Cabernet wine showed antioxidant
potential confirmed by its content of gallic acid 135.3 mg/L, caffeic acid 91.2 mg/L,
epicatechin 242.2 mg/L and resveratrol 102.2 mg/L. The moderate consumption of wine gave
the mice an improvement in cognitive deficit and plasticity, corroborating with the result of
the behavioral test, in which MWMT is related to the learning and memory system. Thus, it
was verified that Ruby Carbenet wine demonstrated neuroprotective effect and reduced
plasma lipid levels, modulating cytokines, acting to maintain neuroplasticity and regulate
acetylcholinesterase activity in hypercholesterolemic mice.

Keywords: Phenolic compounds. Cognitive deficit. Diet with high cholesterol. Knockout
mice for Ldlr” receptor. Neuroplasticity.
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APRESENTACAO

No item INTRODUGCAO estéa descrita uma breve revisio de literatura sobre os temas
abordados nesta dissertacao seguida pelo item OBJETIVOS.

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
artigo cientifico, os quais sdo apresentados no item MANUSCRITO CIENTIFICO. As
secdes: Introducdo, Materiais e Métodos, Resultados, Discussdo, Conclusdo e Referéncias
Bibliograficas, encontra-se no proprio artigo e representa a integra deste estudo. O manuscrito
esta estruturado de acordo com as normas da revista cientifica “European Journal of
Pharmacology” para a qual foi submetido.

Os itens CONCLUSOES E PERSPECTIVAS encontram-se no final desta
dissertacdo e apresentam interpretacbes e comentarios gerais sobre o artigo contido neste
trabalho.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citacdes que

aparecem nos itens introducdo e revisdo bibliografica.
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1 INTRODUCAO

A hipercolesterolemia, anomalia cronica e metabdlica, caracterizada pelas alteracfes
patoldgicas dos lipidios séricos, apresenta elevacdo persistente dos niveis de colesterol total
(TC), lipoproteina de baixa densidade (LDL), triglicerideos (TG) e diminuigdo de lipoproteina
de alta densidade (HDL) no sangue (TIWARI e KHOKHAR, 2014; MAILER et al., 2017),
tambeém é comumente citada como dieta com elevados indices de colesterol, desencadeando o
aumento da producdo de espécies reativas de oxigénio (ROS) e a vulnerabilidade em
condigdes inflamatdrias através de varios mecanismos patogénicos. (KERTESZ et al., 2013).
Estima-se que 48% da populacdo das Américas nos Ultimos anos, apresentaram aumento nas
concentracdes totais de colesterol sanguineo, estabelecendo valores acima de 190 mg / dL,
analisado em 39% de adultos com idade acima de 25 anos (WHO).

Estudos epidemioldgicos indicam que o aumento exacerbado do colesterol apresenta
um importante fator de risco para a deméncia na vida adulta, pois desencadeiam alteracfes
bioquimicas e comportamentais ligadas a déficit de aprendizado e memodria, referentes a
doencas neurodegenerativas como Alzheimer e Parkinson (MOREIRA et al., 2014). A este
respeito, demonstra-se que a hipercolesterolemia afeta a integridade da estrutura cerebral,
contribuindo para a neurodegeneracdo através da producdo de citocinas pro-inflamatorias e
radicais livres (THIRUMANGALAKUDI et al., 2008), este ciclo inflamatorio oxidativo
acarreta neuroinflamacéo e leva a danos ao hipocampo e cértex pré-frontal induzindo déficits
nos processos de cognicdo (EVOLA et al., 2010; RAMALINGAM e KIM 2012).

Alem disso, a hipercolesterolemia interfere negativamente no fator neurotrofico
derivado do cérebro (BDNF), na proteina de ligacdo do elemento de resposta ao AMPc
(CREB), e nos biomarcadores microRNAs (miARN), desencadeando declinio progressivo
das funcdes neuroldgicas. (LI et al., 2015). Tendo em vista esses danos, pesquisadores tém
buscado alternativas para minimizar tais efeitos nocivos a saide e o vinho tinto por conter
diversos compostos com potencial antioxidante e por estar presente na mesa do consumidor se
sobressai como escolha viavel (RODRIGO, MIRANDA e VERGARA, 2011).

O vinho é uma bebida alcodlica tradicional de amplo valor comercial, obtido da
fermentacdo do mosto da uva. No entanto, a qualidade do vinho pode ser caracterizada pela
distribuicido geografica dos vinhedos, pela diferenciagéo das vinha, técnicas de vinificacdo e
envelhecimento (MARKOSKI et al., 2016). Com isso, os vinhos produzidos no Rio Grande
do Sul demonstram elevado indice de qualidade, pois as regifes exibem condicGes

edafoclimaticas adequadas, agregando a matéria prima, producdo de metabolitos secundarios,
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como taninos, polifendis e antocianinas, o que define a qualidade peculiar do vinho e agrega
importancia farmacoldgica a variedade (TOMAZETTI et al., 2015).

Desta forma, a cidade de Itaqui, RS, na emergente regido vinicola da Campanha
Oriental desenvolveu a producdo da cepa hibrida do Ruby Cabernet, bem adaptada a regido,
pois expressa videiras mais tolerantes a climas mais quentes, demonstrando rentabilidade
elevada e o vinho evidencia indices positivos de compostos fendlicos indicando protecéo
contra a hipercolesterolemia (BRIXNER et al.,, 2010; DE OLIVEIRA et al., 2014;
TOMAZETTI et al., 2015).

Os compostos bioativos associados ao vinho tinto, acido cafeico, epicatequina,
resveratrol, agem positivamente aos mediadores inflamatorios, como as citocinas,
aumentando os niveis do mecanismo microRNA-CREB-BDNF e diminuindo a acdo da
enzima acetilcolinesterase (AChE) (WANG et al., 2016), como também, causa aumento da
funcdo cognitiva e plasticidade sindptica, em processos de aprendizado e memoria (ZHAO et
al., 2013; EL-KADER & AL-JIFFRI, 2016). A atividade reduzida da AChE, que é uma
enzima responsavel por modular os niveis de acetilcolina na fenda sinaptica, desencadeia uma
melhora dos sintomas clinicos da doenca de Alzheimer, retardando temporariamente o
declinio da funcdo cognitiva e capacidade funcional dos individuos, podendo estes efeitos
estar relacionado aos flavonoides presentes no vinho tinto (GOMES & KOSZUOSKI, 2005).

O consumo moderado de vinho tinto nos remete a beneficios neuroprotetores, uma vez
gue a uva contém resveratrol, um polifenol natural com acao antioxidante, anti-inflamatoria e
anti-envelhecimento, que expressa capacidade de modular sinergicamente variados alvos
moleculares, propondo maior eficacia terapéutica nas patogenias relacionadas a memoria
(CARUANA; CAUCHI & VASSALLO, 2016).

Devido a possibilidade de explorar os beneficios do vinho tinto Ruby Carbenet pelo
seu valor nutricional e funcional, e sua comprovada aplicabilidade farmacologica, vinvulada
aos seus compostos polifendlicos, faz-se necessario um estudo sobre a ingesta moderada desta
bebida acerca de sua agdo neuroprotetora em camundongos expostos a dieta
hipercolesterolémica.

A hipdtese estabelecida para a presente dissertacdo se baseia na prevaléncia da
hipercolesterolemia em grande parte da populacdo, e as consequéncias neurodegenerativas
ligadas a memdria causadas por esta disfungédo, se torna relevante a busca por alternativas
viaveis e com menores efeitos colaterais, para o tratamento destas patologias causadas pelo

aumento dos lipidios sanguineos.
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2 REVISAO BIBLIOGRAFICA

2.1 Hipercolesterolemia

O colesterol € um componente indispensavel do corpo humano e é caracterizado como
uma molécula orgénica anfipética, que tem uma regido hidrofilica com um grupo hidroxila no
carbono 3 (cabeca polar) e uma regido hidrofobica no carbono 17 (cadeia lateral apolar) do
esteroide nucleo planar de 4 anéis (GROULEFF et al., 2015) (Figura 1). As moléculas de
colesterol possuem varias funcbes fisioldgicas, a partir do componente fundamental das
membranas plasmaticas em todas as células animais (MANCINI et al., 2014), como precursor
de hormonios esterdides, sais biliares e vitamina D (GOLDSTEIN; BROWN, 1990), bem
como ter um papel fundamental na plasticidade e transmissdo sinaptica (PFRIEGER, 2003).
Devido a sua importancia, todas as células sdo capazes de sintetizar a partir da acetil-
coenzima A (acetil-CoA) (Figura 1), portanto, ndo é necessario que esteja presente na dieta de
mamiferos (MANCINI, 2017).

Figura 1 — Estrutura quimica do colesterol.

Acetil-CoA
O Cadeia lateral alquila
CH,— 7 H 2 24 26
N
S-CoA

Grupo
Hidrofébico

7 Niicleo esteroide

Grupo
Hidrofilico

Fonte: arquivo proprio (2017) adaptado de Nelson e Cox (2011).
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Durante o estado fisiologico basal dos animais adultos, o figado excreta diariamente
uma quantidade de colesterol que corresponde & mesma quantidade que é sintetizada nos
tecidos adicionados com o colesterol da ingestdo alimentar (MANCINI et al., 2014). Quando
a soma do colesterol sintetizado e que obteve da dieta excede a quantidade necessaria, ou seja,
quando h& uma desregulacdo no metabolismo do colesterol, pode ocorrer um aumento da
concentracdo plasmética de colesterol, caracterizando um estado de hipercolesterolemia
(GROULEFF et al., 2015). O excesso de colesterol plasmatico se acumula nas paredes das
artérias formando placas volumosas que reduzem o fluxo sanguineo, o que pode obstruir
vasos de pequeno calibre e causar infarto agudo do miocardio e em alguns casos, podendo
levar ao acidente vascular cerebral (HANSSON; HERMANSSON, 2011).

A hipercolesterolemia, identificada pela elevacao patoldgica da taxa de colesterol no
sangue, induz lesdes celulares e alteracbes moleculares, exercendo papel central na iniciacéo e
progressdo de placas de aterosclerose (MAILER et al., 2017). Além disso, provoca o estresse
oxidativo, formacdo em grande escala de espécies reativas de oxigénio (ROS) e incidéncia de
marcadores inflamatdrios, como as citocinas, podendo causar cancer, doenca cardiovascular,
diabetes mellitus e doencas neurodegenerativas como Alzheimer e Parkinson (CHIU et al.,
2016).

Evidéncias emergentes destacam a hipercolesterolemia familiar como uma doenca
genética do metabolismo das lipoproteinas cujo modo de heranca é autossémica codominante,
esta doenca € caracterizada por niveis muito elevados de colesterol de lipoproteinas de baixa
densidade (LDL) e pela presenca de sinais clinicos caracteristicos, como o0s xantomas do
tenddo e o aumento do risco de doencga arterial coronariana (MANCINI, 2017; MAILER et
al., 2017).

A transicdo nutricional que atinge a populacdo mundial ocorreu de forma impactante,
principalmente nas Ultimas décadas (TRAIL et al., 2014). O perfil da desnutricdo foi
substituido pelo consumo excessivo de alimentos. As dietas tradicionais foram substituidas
por alimentos ultraprocessados que possuem maior disponibilidade e praticidade de consumo.
No entanto, esses alimentos sdo ricos em carboidratos refinados, gorduras de origem animal,
conservantes, corantes, entre outros ingredientes que dao origem ao elevado indice de obesos
na sociedade em geral (TRAIL et al., 2014). O alto contetdo de gorduras presentes nos
alimentos atualmente consumidos favorece a ocorréncia de um desequilibrio na homeostase
lipidica, o que facilita o desenvolvimento de hipercolesterolemia e, portanto, promove
condicBes patoldgicas, como doencas cardiovasculares e neuronais (WEBER; NOELS, 2011,
MANCINI, 2017).
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Com isso, a procura por opcdes clinicas para o tratamento da hipercolesterolemia em
geral obteve significativo aumento, o uso de farmacos como a estatina, que promove a
inibicdo da 3-hidroxi-3-metilglutaril-CoA redutase (HMG-CoA redutase), enzima limitante da
sintese do colesterol, pode causar efeitos colaterais adversos com danos musculares e
fraqueza, levando a descontinuidade do medicamento (XAVIER et al., 2013). Desta forma, 0s
cientistas buscam alternativas para o tratamento da hipercolesterolemia utilizando variados
farmacos, produtos naturais, bem como optar por mudancas no estilo de vida (PALMA et al.,
2015). Para maximizar as opcOes de tratamento da hipercolesterolemia, vem sendo muitas
vezes utilizado um modelo de animal nocaute para receptor LDLr", que sdo amplamente
empregados em estudos genéticos e fisioldgicos, ja que compartilham aspectos semelhantes as
lesGes ateroscleroticas humanas (ZADELAAR et al., 2007).

2.2 Animais knockout para receptor LDLr™"

Os camundongos LDLr", desenvolvidos por Ishibashi et al. (1991), sdo reconhecidos
como modelos de hipercolesterolemia familiar humana (MANCINI, 2017). Quando
submetidos a uma dieta padrdo, os camundongos LDLr” apresentam hipercolesterolemia,
caracterizados por niveis moderados de colesterol LDL, e podem desenvolver lesbes
aterosclerdticas a longo prazo (MANCINI, 2017). No entanto, quando alimentados com uma
dieta rica em colesterol, eles se tornam estritamente hipercolesterolémicos com o
desenvolvimento de intensa aterosclerose adrtica e xantomas subcutaneos, possuindo também
maior susceptibilidade a neurotoxicidade (ISHIBASHI et al., 1993; MANCINI, 2017).
Algumas caracteristicas deste modelo animal podem ser vantajosas, como a similaridade com
a condi¢do humana da hipercolesterolemia causada por mutagdes no gene para o receptor de
LDLr"; e o perfil de lipoproteinas plasmaticas, que é semelhante ao dos humanos, com a
maioria do colesterol confinado a fracdo LDL (ISHIBASHI et al., 1993; ZADELAAR et al.,
2007).

Em um estudo realizado por Mancini et al. (2014), os camundongos LDLr"
apresentaram niveis de colesterol plasmatico até 2 vezes maiores do que 0s niveis plasmaticos
de camundongos de tipo selvagem, independentemente da idade desses animais. Verificou-se
também que os camundongos hipercolesterolémicos apresentaram diminuicdo do teor de
glutationa na aorta, que se correlacionou negativamente com o0s niveis plasmaticos de
colesterol, indicando uma relacdo entre hipercolesterolemia e complicagdes vasculares em

LDLr"™ (MANCINI et al., 2014). A glutationa Se caracteriza por apresentar potencial
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antioxidante intracelular mais abundante no organismo, protegendo o metabolismo fisiologico
do corpo contra danos oxidativos (ALEMANY, 2013; MACINI et al., 2014).

O uso de camundongos nocaute de receptores LDLr”" hipercolesterolémicos, vem se
tornando uma ferramenta util para o estudo do impacto dos altos niveis de colesterol
circulante em pardmetros metabdlicos e funcionais em diferentes 6rgdos (ZADELAAR et al.,
2007). O surgimento de camundongos geneticamente modificados € de suma importéncia para
o desenvolvimento de estudos cientificos, pois auxiliam na descoberta de solugdes vinculadas
a problemas relacionados a estudos experimentais como a hipercolesterolemia e a
aterosclerose (MENDES e DE JESUS SOUZA, 2017).

2.3 Hipercolesterolemia versus efeitos neurolégicos

A hipercolesterolemia estd associada ao comprometimento da fungdo cerebral,
particularmente a disfuncéo cognitiva (KANG et al., 2015) e reducdo do nimero de neurdnios
ativos, mediada por neuroinflamacdo aumentada (ALSUHAYMI et al., 2017). Além disso, 0
elevado nivel de colesterol plasmatico desencadeia uma producdo excessiva de espécies
reativas de oxigénio (ROS) em estrutura cerebral como o cdrtex pré-frontal, originando
prejuizo oxidativo paralelo ao dano na sinalizacdo colinérgica correlacionado aos processos
de aprendizagem e memoria (THIRUMANGALAKUDI et al., 2008; DE OLIVEIRA et al.,
2014). Em modelos experimentais com roedores jovens as implicacdes da dieta rica em
gordura acerca da cogni¢do e memoria sdo consideradas consequéncias da elevacdo dos niveis
de citocinas préinflamatérias como interferon gama, fator de necrose tumoral-o e
interleucinas caracterizando coeficientes de inflamacéo cerebral (BOITARD et al., 2014).

A desregulacdo das citocinas pro-inflamatdrias no organismo desencadeiam processos
oxidativos e contribuem para 0 comprometimento cognitivo desencadeando a
neuroinflamacdo que podem acarretar em doencas como o Alzheimer (DE LA MONTE e
TONG, 2014). Estudos anteriores demonstra que camundongos nocautes LDLr”
hipercolesterolémicos submetidos a testes comportamentais, apresentaram déficit nos
processos de aprendizagem e memoria (MOREIRA et al., 2012). Hipotese relevante se baseia
no fato de que alteracbes lipidicas plasmaticas estdo fortemente correlacionadas com
patologias neurologicas como o risco do desenvolvimento de deficiéncias cognitivas leves e
deméncia (ETTCHETO et al., 2015).

As evidéncias sugerem que atualmente a prevaléncia de sobrepeso e obesidade na

populacdo vem aumentando, as estatisticas demonstram que aproximadamente 600 milhdes de
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pessoas em todo o mundo apresentam esta disfungdo metabdlica (ROBSTAD,
SODERHAMN e FEGRAN, 2018), estas estimativas estdo intimamente ligadas a problemas
neurodegenerativos como a doencas de Alzheimer, que incide em mais de 46,8 milhdes de
pacientes com disfuncdo neuronal e perda de memdria, estatistica crescente desde 2015
(KOTHARI et al., 2017).

2.4 Memoria

A memoria é considerada uma funcdo cognitiva muito complexa, e evidéncias
cientificas sugerem que o aprendizado e o0 seu armazenamento podem sofrer alteracGes
estruturais no sistema nervoso devido a modificacdes metabdlicas no organismo (DALMAZ
E NETTO, 2004). AssociagOes entre os efeitos neurotdxicos da obesidade e as anormalidades
no hipocampo vem sendo avaliadas devido ao processo inflamatério incorporado ao excesso
de colesterol plasmatico, 0 que prejudica essa estrutura cerebral, trazendo consequéncias
negativas como as doencas neurodegenerativas (FOTUHI, DO e JACK, 2012).

As doencas relacionadas a distarbio neurodegenerativo sdo caracterizadas por perda de
conexdes sinapticas dentro de regides cerebrais seletivas, ocasionando prejuizos relacionados
a obtencdo e retencdo da memoria, estas patologias como a doenca de Alzheimer e a doenca
de Parkinson acometem um nimero crescente de pessoas, interferindo assim, na qualidade de
vida desses individuos (SA et al., 2012).

Neste contexto, estudos com camundongos relatam a influéncia da hipercolesterolemia
nos prejuizos cognitivos comprovados por testes comportamentais como o labirinto aquatico
de Morris, labirinto em cruz elevada e campo aberto, e por aumento da neuroinflamagéo
(THIRUMANGALAKUDI et al., 2008). Corrobora pesquisa com ratos hipercolesterolémicos
com sistema colinérgico prejudicado e evidencias de déficits de memoria (ULLRICH,
PIRCHL e HUMPEL, 2010). Assim como, a correlacdo positiva entre niveis elevados de
colesterol no plasma, estresse oxidativo e deficits cognitivos em camundongos nocaute de
receptores LDLr”™ (DE OLIVEIRA et al., 2011). As descobertas cientificas relacionam a
hipercolesterolemia com disfungdo cognitiva potencialmente mediada por aumento da
neuroinflamacéo (PUIG et al., 2012).

Varios estudos atuais sugerem que aproximadamente 14 milhGes de americanos terdo
doenca de Alzheimer até meados deste século e ainda existem davidas sobre a melhor
abordagem terapéutica, prevengdo ou tratamento (PASINETTI 2012). Com isso, pesquisas

levantam a hipotese de adicionar polifendis de produtos derivados da uva a dieta, enfatizando
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seu papel neuroprotetor (RAMESH et al., 2010). Do mesmo modo, evidéncias experimentais
salientam que o vinho tinto agregado aos seus compostos fenolicos pode proteger contra 0s
danos advindos de doencas cognitivas (CARUANA; CAUCHI e VASSALLO, 2016).

2.5 Neuroinflamacgéo

A inflamac&o é uma resposta fisioldgica do organismo ao dano tecidual, se caracteriza
por uma sucessdo de reacfes quimicas coordenadas, assim como producao de citocinas, estas
reacOes fazem parte da resposta imune inata do corpo, ou seja, isola o tecido danificado e
promove respostas imunes (CHAUVEAU et al., 2008). O sistema nervoso central (SNC)
possui a barreira hematoencefalica, dito como "privilégio imunoldgico”, porém possui
capacidade limitada de regeneracdo e exibe reducdo na capacidade de eliminacdo de radicais
livres, podendo em caso de inflamagéo originar a morte neuronal (BAILEY et al., 2006).

A neuroinflamacéo consiste na ocorréncia de um complexo processo inflamatério no
tecido neuronal, em condi¢cdes patoldgicas acarreta doencas autoimunes como esclerose
maultipla e doencas neurodegenerativas como o Alzheimer (WYSS-CORAY, 2006). A
participacdo das citocinas pré-inflamatérias nos processos de neuroinflamacgdo, que esta
intimamente ligada a atividade neural, resulta em manifestacdo de caracteristicas que
mimetizam doengas neuroldgicas (VEZZANI et al., 2016). Por outro lado, a neuroinflamag&o
pode ser considerada um processo benéfico envolvido na manutencdo da homeostase de
Orgaos e a resposta cerebral a infec¢bes ou lesbes (GLASS et al., 2010).

O SNC também possui a capacidade de se recuperar e se reestruturar das suas
propriedades morfoldgicas e funcionais em resposta as alteracdes do ambiente, habilidade
esta, denominada plasticidade neural (NUDO, 2003), na presenca de lesdes o SNC procura
recuperar ou fortalecer funcbes perdidas, como formar novas conexdes sinapticas (LEVIN,
2003). Apbs o processo de injaria cerebral, como no caso de isquemia, 0s genes de
recuperacdo e plasticidade séo ativados, dentre estes 0 BDNF (brain derived neurotrofic
factor, fator neurotrofico derivado do cérebro) que atua em resposta ao dano (WIELOCH e
NIKOLICH, 2006). Outro mecanismo muito estudado s&o as vias de acdo do BDNF que
participa da integracdo das respostas celulares em neuroplasticidade e neuroinflamacéo
(ZAGREBELSKY e KORTE, 2014).

O BDNF é uma neurotrofina relacionada a sobrevivéncia neuronal e age como
modulador crucial da plasticidade sindptica nas estruturas cerebrais, com maior relevancia no

hipocampo, localizada no lobo temporal medial, considerado vital para o aprendizado,
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memoria e navegacdo espacial (GONCALVES, TOMAZ e SANGOI, 2008). Pesquisas
demonstram que os niveis sericos de BDNF se apresentam diminuido em pacientes com
transtorno depressivo comparados com controles saudaveis (KAREGE et al.,2002). Além
disso, outro estudo relata que a diminuicdo da expressdao de BDNF estd associada a reducao
da plasticidade sinéptica e a atrofia neuronal (BRUNONI, LOPES e FREGNI, 2008).

Descreve-se que 0s eventos regulatérios para a ativacdo do BDNF nos neur6nios
corticais sdo dependentes de um fator de transcricdo implicado no controle de respostas
adaptativas denominado CREB e a elevacdo do ion calcio no meio intracelular (Figura 2)
(MARTINEZ-LEVY e CRUZ-FUENTES, 2014). O CREB é um fator de transcri¢cdo que se
liga as regiGes promotoras de muitos genes associados a aprendizagem, memoria e a
plasticidade sinaptica (ETTCHETO et al., 2015). Sendo também manipulado pelo processo
neuroinflamatério advindo da desregulacéo das citocinas pré-inflamatorias originarias de uma
dieta rica em gordura e elevado indice de colesterol sérico (MOLTENI et al., 2004).

Figura 2 — Mecanismo de agdo BDNF-CREB-microRNA.
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Fonte: arquivo préprio (2018) adaptado de Vermehren-Schmaedick (2015).



20

Outro fator relevante que atua na regulacdo da expressdo génica, no metabolismo
celular e estdo envolvidos na formagdo da resposta imune sdo os MicroRNAs (miRNAS),
pequenas moléculas de RNA néo codificantes (cerca de 22 nucleétidos) (POY, SPRANGER e
STOFFEL, 2007). Os microRNAs sdo considerados biomarcadores prognésticos, suas
mudancas de expressdo ou funcdo pode estar associada a varios distarbios do SNC, pois
participam de vérias etapas do desenvolvimento sinaptico, como a dendritogénese, formagéao e
maturacao das sinapses (Y| et al., 2014). Estudos relatam que existe relacdo entre microRNA
e 0 BDNF nos processos neuronais (NUMAKAWA et al., 2011).

O miRNA-146a se caracteriza na suposta regulacdo negativa da resposta inflamatdria
inata, assim como no progresso funcional em infecgdes e doengas humanas, este biomarcador
pode ser usado para o dignostico, prevencdo e tratamento de doencas. (LI, CHEN e LI, 2010).
Este miRNA-146a também regula negativamente a expressao de interleucina (IL-8) associado
ao crescimento nos processos inflamatorios de macréfagos (LIU et al., 2010). Evidencias
emergentes descrevem que o miRNA-155 pode estar diretamente relacionado a uma variedade
de mediadores inflamatérios (O'CONNELL et al., 2010). A expressdo aumentada deste
microRNA esta associado com o aumento da liberacdo de citocinas durante o processo
inflamatorio (CEPPI et al., 2009). Estudos relataram que o miR-146a ¢ 0 miR-155 sdo
altamente expressos em fibroblasto sinovial de artrite reumatdide em comparacdo com
osteoartrite fibroblastos, demonstrando relacéo entre inflamacao, imunidade inata e expressao
de miRNA (NIIMOTO et al., 2010).

Com isso percebe-se que o0s processos inflamatdrios e o aumento das citocinas estdo
vinculados na expresséo negativa do mecanismo microRNA-CREB-BDNF (NUMAKAWA et
al., 2011; MARTINEZ-LEVY e CRUZ-FUENTES, 2014; L1 et al., 2015).

2.6 Vinho

O vinho é uma bebida alcodlica proveniente da modificacdo bioldgica da uva, onde
durante a fermentacdo varias reacGes quimicas geradas por leveduras agem sobre 0s agucares
da uva, decompondo-os em alcool (PRADO et al., 2013). Séo ricos em polifendis, que
representam um grande conjunto de fitoquimicos com variadas propriedades antioxidantes,
assim como, acgdes anti-inflamatorias, hipotensoras, anticoagulantes e anticarcinogénicas
(ESTRUCH et al., 2004). O teor de polifenois varia com o tipo de uva, distribuicdo geografica
dos vinhedos, técnicas de vinificacdo e envelhecimento, bem como o manejo do solo e
condigdes climaticas (MARKOSKI et al., 2016).
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A Organizacdo Mundial da Saide (OMS) recomenda que a ingestdo diéria de vinho
em niveis moderados de consumo deve expressar uma quantidade maxima de trés doses-
padrdo de 120 mL para homens e duas para mulheres, calculo baseado no método de
normalizacdo da area de superficie corporal (BSA), que se correlaciona bem em varias
espécies de mamiferos em varios pardmetros da biologia (REAGAN-SHAW, NIHAL &
AHMAD 2008; PRADO et al., 2013).

A expansdo da vitivinicultura no Rio Grande do Sul foi estabelecida em meados da
década de 1980 com a participacdo dos italianos que se estabeleciam no local naquela época,
principalmente na Serra Gaucha e na regido Central (SUSIN, 2003). Com a globalizacdo
econdmica, surgiram tecnologias mais modernas de vinificacdo e a extensdo da producdo de
vinho abarcou as regifes da Serra, do Sudoeste e da Campanha galcha, que nos trouxe novos
aromas, cores e sabores para o vinho (SUSIN, 2003).

Com isso, a producdo vinicola no Rio Grande do Sul agrega ao pais, vinhos de elevada
qualidade, pois as regibes disponibilizam solo, clima e &dgua necessarios para proporcionar
condicdes adequadas de cultivo, agregando a matéria prima maior quantidade de metabolicos
secundarios, como taninos e polifenois, responsaveis pela sua importancia farmacoldgica
(TOMAZETTI et al., 2015). Dentre as principais regides produtoras de vinhos finos, a Regido
da Campanha se destaca por possuir clima subtropical, o que favorece o acumulo de
polifenois (TONIETTO et al., 2012). Desta forma, a cidade de Itaqui, RS, na regido da
Fronteira Oeste, vem implantando vinhedos com mudas importadas da Franca e da Italia, bem
adaptadas a regido demonstram niveis elevados de compostos bioativos e compostos
polifendlicos, agregando capacidade antioxidante aos produtos vinicolas (PAZZINI et al.,
2015). Algumas das principais variedades de uvas cultivadas nesta regido para producdo de
vinhos tintos sdo: Cabernet Sauvignon, Cabernet Franc, Merlot, Ruby Cabernet, Tannat,
Tempranillo e Pinot Noir (TONIETTO et al., 2012).

O municipio de Itaqui, na emergente regido vinicola da Campanha Oriental (Figura 3)
desenvolveu o cultivo da uva Ruby Cabernet (Figura 4), uma cepa hibrida e bem adaptada ao
clima quente da regido, demonstrando quantidade positiva de compostos fendlicos como o
resveratrol, taninos, acido galico e epicatequina o que propicia seu potencial antioxidante
(BRIXNER et al., 2010; DE OLIVEIRA et al., 2014; TOMAZETTI et al., 2015). Esta acédo
antioxidante caracteristica dos favoraveis niveis de compostos fendlicos presentes na matéria
prima, juntamente com suas propriedades organolépticas adivindas da regido e do processo de
vinificacdo é que agregam ao vinho rentabilidade e atividade farmacoldgica (CARBO et al.,
1999).



Figura 3 — Regido da Campanha, Rio Grande do Sul.

Fonte: arquivo proprio (2018).

Figura 4 — Uva e vinho Ruby Cabernet.

Fonte: arquivo proprio (2018).
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2.7 Constituintes do Vinho

O vinho possui variabilidade em seus compostos fenolicos devido a diferenca de
especies, origem e processamento da uva. O conteudo de polifendis presentes no vinho se
dividem em dois grupos denominados flavondides e ndo flavonoides, isso ocorre devido a
similaridade de suas cadeias de atomos de carbonos (COVAS et al., 2010). Também possuem
em sua constituicdo, acidos fendlicos (acido galico, acido cafeico, acido p-coumarico, etc.),
stilbenos (trans-resveratrol), flavondides (catequina, epcatequina, quercetina, rutina,
miricetina, etc.) (XIANG et al., 2014). Sendo o resveratrol, um ndo flavondide, considerado o
composto mais estudado na uva e em seus derivados, devido aos seus numerosos beneficios
em processos fisioldgicos (WALLERATH et al., 2002).

O resveratrol (3,5,4'-trihidroxiestilbeno) (Figura 5) € sintetizado na casca da uva, desta
forma sua disponibilidade depende do ataque flngico no processo de fermentacdo do vinho,
bem como o cultivo da uva, origem geogréfica e praticas enoldgicas, o que também estabelece
quantidade distinta deste composto nos tipos de vinhos (FERNANDEZ-MAR et al., 2012). O
resveratrol abrange multiplos mecanismos de acdo que talvez estejam relacionados aos seus
beneficios a saude, incluindo propriedades como antienvelhecimento, anticarcinogénico, anti-
inflamatorio e antioxidante (SMOLIGA, BAUR e HAUSENBLAS, 2011). Este composto
descrito como fitonutriente estd presente em maior quantidade no vinho tinto e possui

propriedades funcionais que podem agir prevenindo ou retardando a progressdo de uma

variedade de doencas, como dano cardiovascular, lesdes isquémicas, processos de inflamacgéo
e cancer (WALLERATH et al., 2002).

Figura 5 — Estrutura quimica do resveratrol
OH

HO \

Fonte: arquivo préprio (2017) adaptado de Lee et al. (2013).
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A epicatequina (C15H140¢) (Figura 6) foi analisada em extratos de vinho tinto, semente
e pele de uva (Vitis vinifera) e apresentou beneficios antioxidantes agindo na reducdo do
estresse oxidativo sérico e na eliminacdo de radicais livres (DELCAMBRE e SAUCIER,
2012; DE ROSSO et al., 2015). Assim como o acido galico presente na semente de uvas que
contribuem com mais de 26% na habilidade de sequestrar radicais livres (YILMAZ e
TOLEDO, 2004; ROESLER et al., 2007). O acido cafeico em estudos anteriores demonstra
atividade inibitoria da oxidacdo de LDL in vitro isolada de fracGes antioxidantes de vinho
tinto (ABU-AMSHA et al.,, 1996), em ex vivo o &cido cafeico é verificado no plasma,
podendo expressar atividade antioxidante (CACCETTA et al., 2000). Estes compostos
fendlicos, epicatequina, &cido galico e o &cido cafeico possuem caracteristicas antioxidantes
verificadas em diversos tipos de vinhos analisados em estudos anteriores (GARCIA-
FALCON et al., 2007; FANZONE et al., 2012; VAN LEEUW et al., 2014; PAZZINI et al.,
2015).

Figura 6 — Estrutura quimica da epicatequina

OH

OH

HO O

OH

OH
Fonte: arquivo préprio (2017) adaptado de Rozza et al. (2012).

Outro importante polifenol pertencente a uva sdo as antocianinas, responsaveis pela
cor vermelha dos vinhos, pois sdo removidas da casca de uva no decorrer do processo de
vinificagdo (MARKOSKI et al., 2016). As concentracdes de antocianinas no vinho tinto sdo
de grande interesse nutricional, pois possuem potencial antioxidante, capacidade
antineoplasica, anti-inflamatdria, antiviral e antibacteriana (PEDRESCHI e CISNEROS-
ZEVALLQS, 2007).

Os polifendis sdo os principais compostos fendlicos extraidos de uvas durante o

processo de vinificacdo e sdo responsaveis pelas propriedades sensoriais dos vinhos (SIES,
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2010). O conteddo total de polifendis no vinho proporciona uma possivel estimativa do seu
potencial antioxidante, pois em diversos estudos os compostos fendlicos agem na reducéo de
lesGes aterosclerotica e no estresse oxidativo, bem como na agregacdo plaquetaria e eventos
de isquemia (FUHRMAN, et al., 2005; RODRIGO, MIRANDA e VERGARA, 2011;
GARCIA-GUZMAN et al., 2015).

2.8 Efeito neuroprotetor do vinho

Pesquisa considera que o0 uso preventivo de polifendis, bem como alimentos ricos em
flavonoides melhora o desempenho cognitivo e restringe a neuroinflamacdo e o estresse
oxidativo (NEHLIG, 2013). Podendo os flavonoides e as antocianinas da dieta proteger as
células contra o dano oxidativo por trés maneiras diferentes: aumento da glutationa
intracelular, reducéo direta dos niveis de espécies reativas de oxigénio e prevencao do influxo
de Ca** (TALAVERA et al., 2005). Descoberta precedente indicm que estes compostos
polifendlicos interagem com a biologia dos neurbnios e sdo capazes de afetar direta ou
indiretamente acBes neuroprotetoras e neuromoduladoras (MEIRELES et al., 2016).

Evidéncia epidemiolégica comprova que doencas neurodegenerativas estdo
negativamente correlacionadas com o consumo regular de produtos ricos em polifendis
(STANNER et al., 2004). Com isso, enfatiza-se a eficacia neuroprotetora do vinho tinto,
tipicamente atribuida as atividades antioxidantes de seus compostos polifenélicos
(PASINETTI 2012). Estudo emergente propBe que o resveratrol possa ter efeitos benéficos
contra doencas neurodegenerativas, pois com a administracdo cronica deste composto a ratos
adultos jovens é possivel verificar que o cortex olfativo e o hipocampo sdo protegidos de
danos provocados por injecdo neurotéxica (VIRGILI e CONTESTABILE, 2000).

Alguns polifendis atribuidos ao vinho tinto possuem atividade neuroprotetora devido a
relacdo com proteinas do cérebro, pois sdo capazes de inibir a proteina f-amil6ide na doenca
de Alzheimer (SMID, MAAG e MUSGRAVE, 2012). Assim como os flavonodides que atuam
como agentes anti-inflamatérios e anticancerigenos, e desenvolvem papel protetor em
distdrbios cardiovasculares e no declinio neuronal relacionado a idade (FERNANDES et al.,
2017). Pesquisas sugerem que o consumo moderado de vinho tinto esta inversamente
correlacionado com a incidéncia de doencas neurodegenerativas como deméncia, Alzheimer e
Parkinson (ONO et al., 2008), corroborando, cita-se que o extrato polifenélico de sementes de
uva com &cido galico e catequina inibe a deterioracdo cognitiva coincidente com os niveis da
proteina B-amiloide (SARCHIELLI et al., 2018).
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Estudos identificaram no vinho Cabernet Sauvignon acdo neuroprotetora referenciada
a presenga de antocianinas, também destacaram no vinho Muscadine potencial acdo dos
compostos fenolicos na reducdo de déficits cognitivos (WANG et al., 2006; PASINETTI,
2012). Em outro estudo, pesquisadores avaliaram a ingesta de vinho tinto em humanos de
meia idade no decorrer de 5 anos e concluiram que as substancias ndo alcodlicas do vinho
sejam responsaveis pela preservacdo da cogni¢do e memoria (NOOYENS et al., 2014). Assim
como, as consequéncias positivas da suplementacdo de alimentos com fonte de flavonoides,
que proporcionam melhorias na memaria de trabalho e limitacdo de sintomas depressivos
observados em adultos e criancas (WHYTE e WILLIAMS, 2015). Autores salientam que o
consumo moderado de vinho reduz a incidéncia de doengas neurodegenerativas como 0
Alzheimer (MUKAMAL et al., 2003).

O consumo de flavonoides presentes em diversos alimentos como o vinho tinto, o
cacau e o cha verde provocam mudancas estruturais e bioquimicas no hipocampo, area
vinculada a cognigdo (SOKOLOV et al., 2013). Descreve-se tambeém que o flavondide
epicatequina aumenta o0 BDNF no hipocampo, sustentando seus efeitos ansioliticos
verificados em testes comportamentais em camundongos (STRINGER et al., 2015). Estudos
anteriores demonstram que camundongos tratados com cha verde, rica fonte de polifendis
antioxidantes, aumentam a ativacdo do CREB e os niveis de BDNF, incitando a
neuroprotecdo no hipocampo (ASSUNCAO et al., 2010). Em pesquisa com a curcumina e
seus compostos fenolicos, largamente usados para gerenciar distdrbios relacionados ao
estresse e a depressdo na China, observou-se decréscimo nos niveis de BDNF e CREB no
hipocampo e cortex pré-frontal (XU et al., 2006). Resultados semelhantes determinam que
alimentos ricos em fitoquimicos favorecem a reversdo do déficits de memoria, associado a
presenca de antocianinas e demais flavanoides no cérebro, indicando mudancas na memdria
de trabalho espacial em animais (WILLIAMS et al., 2008).

Os microRNAs possuem acao regulatéria na expressdao do CREB, a qual possui a
fungéo de facilitar a plasticidade sinaptica (PREETHI et al., 2012), Em conjunto, relata-se a
relacdo positiva entre o tratamento com resveratrol e a plasticidade sinaptica, que pode, por
sua vez, influenciar a aprendizagem e a memoria (LIU et al., 2012). O resveratrol
caracteristico de uvas e encontrado no vinho exprime grande importancia na progressdo da
cognicdo neuronal agindo como agente neuroprotetivo, melhorando aprendizagem e memoria
através da via microRNA-CREB-BDNF, no qual expressa seu potencial alvo terapéutico
contra distdrbios do SNC e no envelhecimento (ZHAO et al., 2013). Também ¢é descrito que o

resveratrol melhora o declinio cognitivo nos camundongos com doenca de Huntington (HO et
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al., 2010), bem como melhora a aprendizagem e a memoria em modelos com Alzheimer
(SAHU, MADHYASTHA e RAOQ, 2013).
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3 JUSTIFICATIVA

Nas ultimas décadas, os elevados niveis de colesterol sanguineo retratam um dos
grandes problemas de saude publica, estando diretamente relacionadas a habitos de estilo de
vida como a dieta, podendo desencadear expressivamente a incidéncia de doengas
cardiovasculares, doenca de Parkinson, doenca de Alzheimer, diabetes, entre outras
enfermidades associadas a hipercolesterolemia (CARUANA; CAUCHI & VASSALLO,
2016).

A suplementagdo dietética com vinho tinto equivalente ao seu consumo moderado
pode reduzir expressivamente indicadores de letalidade relacionados as doencas
cardiovasculares e atenuar o desenvolvimento de neuropatologias (LI et al., 2017). Este efeito
neuroprotetor esta atribuido as atividades antioxidantes dos polifenois extraidos da uva no
processo de vinificagdo (PASINETTI, 2012).

Os compostos bioativos expressos no vinho tinto demonstram agéo citoprotetora
induzindo alteracdes no perfil lipoproteico, na agregacédo plaquetaria e nos mecanismos redox,
minimizando distdrbios cardiovasculares (COSTANZO et al., 2011).

A partir disto, é necessario verificar o efeito do vinho tinto (Ruby Carbenet) sobre o
perfil lipidico, os niveis de marcadores inflamatorios e na manutencdo da neuroplasticidade

em camundongos LDLr"" hipercolesterolémicos.
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4 OBJETIVOS
4.1 Objetivo geral

Investigar o potencial efeito neuroprotetor do vinho Ruby Carbenet sobre parametros
neuroguimicos e memdéria em camundongos nocaute para o receptor LDLr"" expostos a dieta

hipercolesterolémica.
4.2 Objetivos especificos

e Determinar in vitro o contetdo de polifendis totais, antocianinas, &cido cafeico, acido
galico, epicatequina e resveratrol no vinho tinto Ruby Cabernet.

e Analisar o efeito do tratamento com vinho tinto sobre o perfil lipidico em
camundongos nocaute para o receptor LDLr"" e expostos & dieta hipercolesterolémica.

e Investigar o efeito do tratamento com vinho tinto sobre a memoria espacial em
camundongos nocaute para o receptor LDLr” submetidos a dieta
hipercolesterolémica.

e Determinar a atividade da AChE no hipocampo e cortex pré-frontal em camundongos
nocaute para o receptor LDLr”" e expostos a dieta rica em colesterol juntamente com o
tratamento com vinho tinto.

e Avaliar os niveis dos mediadores inflamatoérios (citocinas) sob a influéncia da dieta
hipercolesterolémica e do tratamento com vinho tinto nos camundongos nocaute para
o receptor LDLr"".

e Analisar o efeito do tratamento com vinho tinto e o efeito da dieta
hipercolesterolémica em camundongos nocaute para o receptor LDLr” sobre o
mecanismo neurologico microRNAs-CREB-BDNF, analisados no hipocampo e cértex

pré-frontal.
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5 MANUSCRITO CIENTIFICO

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
artigo cientifico. Os itens Materiais e Métodos, Resultados, Discussdo e Referéncias
Bibliograficas, encontram-se no proprio artigo. O artigo esta disposto na forma que sera

submetido na revista “European Journal of Pharmacology”.

Artigo:

“Neuroprotetic effect of Ruby Cabernet wine on memory loss in Hypercolesterolemic mice”.
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Abstract

In this study we evaluated the potential neuroprotective effect of Ruby Carbenet wine in
C57BJ/6 LdIr”™ mice exposed to the hypercholesterolemic diet. In the wine was quantified
polyphenols, anthocyanins, caffeic acid, gallic acid, epicatechin and resveratrol. The animals
were divided into 4 groups and for the induction of hypercholesterolemia cholesterol was
diluted in pure alcohol 96°C, on the commercial diet (Puro Trato PB 22) for 90 days. After
treatment it was performed behavioral test, Morris water maze task (MWMT), after, the
blood, the prefrontal cortex and the hippocampus were collected. Lipidic plasma levels were
determined and levels of cytokines: interferon gamma (IFN-y), tumor necrosis factor-o (TNF-
a), interleukin-1p (IL-1B) and interleukin-6 (IL-6) were determined in the brain structures.
The hypercholesterolemic diet elevated plasma lipids, cytokines and AChE activity, as well as
decreased BDNF, CREB and the biomarkers miRNA146a and 155. However, the wine
showed a protective effect, since it presented antioxidant potential confirmed by its content of
gallic acid 135.3 mg/L, epicatechin 242.2 mg/L and resveratrol 102.2 mg/L. The moderate
consumption of red wine reversed the levels of BDNF, CREB and miRNAs, providing
improvements in cognitive deficit and plasticity, corroborating with the result of the
behavioral test (MWMT), which is based on the learning and memory system. Our dataset
showed that Ruby Carbenet wine has a neuroprotective effect, acting in the maintenance of

neuroplasticity in hypercholesterolemic Ldlr” mice.

Keywords: Phenolic compounds. Cognitive deficit. High cholesterol diet. Knockout mice for
Ldlr” receptor. Neuroplasticity.
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Introduction

Hypercholesterolemia is characterized by the presence of high cholesterol levels in the
blood, triggering cellular and molecular damage, playing a central role in the initiation and
progression of atherosclerosis plagues (MAILER et al., 2017). Evidences suggests that high
blood cholesterol stimulates systemic inflammatory processes, has destructive impact on brain
function, expresses negative influences on progressive functional and cognitive function,
characterizing neurodegenerative diseases such as Alzheimer's (EL-KADER & AL-JIFFRI,
2016). The neuroinflammation process caused by oxidative stress and the presence of a series
of proinflammatory cytokines reduces cell replication rate, contributing to pathological
mechanisms involving the Central Nervous System (HOPPERTON et al., 2017). It has been
recognized that there is comorbidity between peripheral inflammation and synaptic plasticity,
causing memory and depression deficits dependent on the hippocampus and cortex (Wu et al.,
2017).

The hypercholesterolemic diet leads to memory deficits dependent on brain structures,
as well as the deregulation as Binding Protein of the Brain (CREB) and microRNAs (miRNA)
(LI et al. , 2015). In agreement, CREB is associated with the loss of synaptic plasticity at
stages of inflammation (GUO et al., 2017). The mechanisms involved in the expression of
miR-146a and miR-155 demonstrated a negative correlation with systemic glycemia, insulin
resistance and inflammatory cytokines (JUNIOR et al., 2017).

It has been reported that red wine contains polyphenolic compounds that act as direct
eliminators of free radicals (TOMAZETTI et al., 2015), among these, epicatechin, a flavonoid
that has a catechol group in its structure and is efficient in the elimination of free radicals (DE
ROSSO et al.,, 2015). In addition to the classical antioxidant mechanism of phenolic
compounds, it is highlighted its neuroprotective effect, capable of involve its capacity in the
modulation of the cognitive system (MUNOZ-GONZALEZ et al., 2014).

The ingestion of wine is related to physical and mental benefits contributing to the
maintenance of brain health, involving changes in synaptic plasticity and influencing learning
and memory mechanisms (CARUANA; CAUCHI & VASSALLO, 2016). Its moderate
consumption refers to neuroprotective benefits, since the grape contains resveratrol, a natural
polyphenol with antioxidant action, which modulates synergistically varied molecular targets,
proposing therapeutic efficacy in the pathogenesis of memory (CARUANA, CAUCHI &
VASSALLO, 2016).

It was recognized that the red wine components increase the expression of BDNF,

which is fundamental to maintain neuronal survival and growth, and appears as a mediator of
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synaptic efficiency (WANG et al., 2016). Additional experiments suggest that the effects of
resveratrol on a microRNA-CREB-BDNF mechanism promote positive actions in cognitive
processes (ZHAO et al., 2013).

Considering the decline in cognitive function and memory deficit associated with the
hypercholesterolemia diet and the benefits that red wine compounds bring to
neurodegenerative problems, it is important developing preventive strategies, focusing on
antioxidant-rich natural products, in order to mitigate the symptoms. Thus, this study aimed to
investigate the possible neuroprotective effect of Ruby Carbenet wine on the lipid profile,
inflammatory markers levels, maintenance of neuroplasticity, and in learning and memory

processes in hypercholesterolemic Ldlr” mice.
2. Materials and Methods

2.1 Red Wine Sample

Ruby Cabernet 2009 red wine was purchased at the local commerce of the city of
Itaqui R.S., coming from the Campus de Cima Winery located in the West Frontier of Rio
Grande do Sul - Brazil, characterized as the Region of the Campaign. The wine was subjected

to in vitro determination of its constituents.

2.1.1 Determination of phenolics in red wine Ruby Cabernet

The concentration of total polyphenols was determined by the colorimetric method of
Folin-Ciocalteau described by Singleton and Rossi (1965). This method is based on the
reduction reaction of the mixture of phosphotungstic acid and phosphomolybdic in alkaline
medium, oxides of tungsten and molybdenum, caused by phenolic compounds to form a blue
colored complex, whose absorption maximum is at 760 nm. The concentration of phenolic
compounds was expressed as gallic acid equivalents (GAE). UV-Vis absorbance was
measured in a Perkin EImer® Lambda 35 UV/Vis Double array Spectrophotometer (Norwalk,
CT, USA) with 1-cm quartz cells.

2.1.2 Determination of anthocyanins in red wine Ruby Cabernet
The were evaluated by the method Lees & Francis (1972) with modifications, conducting
readings in a spectrophotometer Biospectro® UV-Vis, model SP-220, at 520 nm results were

expressed in mg/L of wine.
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2.1.3 Determination of caffeic acid, gallic acid, epicatechin and resveratrol in red wine
Ruby Cabernet

Caffeic acid, gallic acid, epicatechin and resveratrol were also quantified by HPLC in a
Prominence Liquid Chromatograph Shimadzu® (Shimadzu Corporation, Kyoto, Japan)
equipped with a LC-20AT pump, a SIL-20A auto sampler, a SPD-20AT PDA detector and a
CTO-20A column oven. LC Solution V. 1.24 SP1 system software was used to control the
equipment and to obtain data and responses from the LC system. A reversed phase ODS-
Hypersil Thermo Scientific C18 column (250 x 4.6 mm i.d., 5-um particle size) (Bellefonte,
United States) was used for chromatographic separation. The analyses were performed using a
condition previous published (Quirds, Lopez-Hernandéz, Ferraces-Casais & Lags-Yusty,
2007) in a gradient elution mode with a 0.8 mL/min flow, employing two mobile phases: A
(water/acetonitrile/acetic acid, 67:32:1, v/vlv) and B (water/acetic acid, 99:1, v/v). The
gradient profile was 0-4 min, 20-30% A and 80-70% B; 4-8 min, 30-40% A and 70-60% B; 8-
12 min, 40-65% A and 60-35% B; 12-16 min, 65-80% A and 35-20% B; 16-20 min, 80-95%
A and 20-5% B; 20-22 min, 95-97% A and 5-3% B; 22-24 min, 97-100% A and 3-0% B; and
24-35 min, 100% A, followed by re-equilibration of the column for 5 min. Detection was
performed at 280 nm. The injection volume was 20 pL and all analyses were conducted at 25
+ 1°C. For standard preparation, the chemicals gallic acid, caffeic acid, epicatechin and
resveratrol were dissolved in ethanol and mixed to obtain a solution containing each substance
at a final concentration of 250.0 pg/mL. For wine analysis, the samples were injected directly,
as marketed. All solutions were filtered through a 0.45-pm membrane filter from Millipore
(Milford, MA, USA) before injection.

2.2 Animals

Were used twenty wild-type C57BJ6 mice (90 days old) and twenty C57BJ6 mice (90
days old) with gene deletion for low density lipoprotein (LDLr") receptors, adults, weighing
20 to 25 g. The animals were packed in polyethylene cages with 10 animals in each box and
kept at room temperature between 22-24°C, following the cycle clear-dark (12-12 hours),
with free access to food and water. The present experimental study was approved by the
Institutional Ethics Committee on Care and Use of Experimental Animal Resources from the
Federal University of Pampa, Brazil and registered under the number of (034/2017). All
efforts were made to minimize animals suffering and to reduce the number of animals used in

the experiments.
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2.3 Experimental Protocol

For the induction of hypercholesterolemia in the animals, cholesterol diluted in pure
alcohol 96°C was sprinkled on the commercial diet (Puro Trato PB 22), containing crude
protein 220 g/Kg, ethereal extract 40 g/Kg, crude fiber 70 g/Kg, calcium (minimum) 12 g/Kg,
calcium (maximum) 13 g/Kg, phosphorus 8,000 mg/Kg, mineral matter 80 g/Kg. For the dose
of 400 uL of red wine administered per day to the mice the ratio between moderate daily
consumption of wine for a human of 70 kg and staggered for a mouse of approximately 25 ¢
was maintained, following the standards of Reagan-Shaw, Nihal & Ahmad (2008). The
animals were divided into 4 groups (n = 10): Group 1: Control (commercial diet/alcohol
12%); Group 2: Wine (commercial diet/400 pl wine per gavage); Group 3:
hypercholesterolemia (commercial diet plus cholesterol/alcohol 12%); Group 4:
hypercholesterolemia/wine (commercial diet plus cholesterol/400 uL. wine per gavage). The
treatments mentioned above lasted for 90 consecutive days. After the end of the treatment, the
experimental test consisted of a training session and 24 hours after the test session in Morris

water maze task (Figure 1).

2.4 Behavioral Analysis: Morris water maze task (MWMT)

The Morris water maze task (MWMT) was performed in a circular swimming pool
similar to that described by Morris et al. (1982). The apparatus was made of fiberglass painted
black, 97 cm in diameter and 60 cm in height. For the tests, the tank was filled with water
maintained at 23 £ 2°C. The target platform (10 x 10 cm) was made of transparent Plexiglas
and will be submerged 1-1.5 cm beneath the surface of the water. The starting points for the
animals were marked on the outside of the pool as north (N), south (S), east (E) and west (W).
Four distant visual signals (55 x 55 cm) were placed on the walls of the water maze room. All
the signals were positioned with the bottom edge 30 cm above the upper limit of the water
tank and in the standard setting, the position of each symbol marked the midpoint of the
perimeter of a quadrant (circle = NE quadrant, square = SE quadrant, cross = SW quadrant,
and diamond = NW quadrant). The apparatus was located in a room with indirect
incandescent illumination. The mice were submitted to a spatial reference memory version of
the water maze using a protocol described by PREDIGER et al. (2007). The training session
consisted of ten consecutive tests where the animals were left in the tank facing the wall and
then allowed to swim freely to the submerged platform. The platform was located in a
constant position (middle of the southwest quadrant), equidistant from the center and the wall

of the pool. If the animal do not find the platform during a period of 60 s, it was gently guided
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to the platform. The animal was allowed to remain on the platform for 10 s after escaping and
was removed from the tank for 20 s before being placed at the next starting point in the tank.
This procedure was repeated ten times, with the starting points (the axis of one imaginary
quadrant) varying in a pseudo-randomized manner. The test session was carried out 24 h later
and consisted of a single probe trial wherein the platform was removed from the pool and
each mice was allowed to swim for 60 s in the maze. Behavioral data were recorded and
analyzed using ANY-maze video screening software (Stoelting Co., IL, USA). The latency to
direct the platform location and the time spent in the correct quadrant (i.e., where the platform

was located in the training session) were computed for subsequent analysis.

2.5 Tissue Preparations

The animals were anesthetized with pentabarbital (180 mg/Kg, intraperitoneal) and the
blood was collected by cardiac puncture where it will be transferred to tubes containing
heparin (anticoagulants), right after it was centrifuged at 1500 rpm for 10 minutes. The

prefrontal cortex and the hippocampus were removed for neurochemical assays.

2.6 Lipid Parameters

The enzymatic determination of cholesterol (total and fractions) and triglycerides was
carried out through commercial Labtest Lab kits manufactured in Minas Gerais. And with
these determinations the non-HDL cholesterol was calculated using the equation: (LDL +
VLDL + IDL) = TC — HDL. The atherogenic index was calculated using the reason =
TG/HDL.

2.7 Cytokine levels

The levels of interferon gamma (IFN-y), tumor necrosis factor-a (TNF-a), interleukin-
1B (IL-1PB) and interleukin-6 (IL-6) levels in the hippocampus and prefrontal cortex were
determined using trials DuoSet Kits ELISAs, R&D Systems (Minneapolis, MN, USA)

according to the manufacturer's instructions. The results will be presented as tissue pg/mg.

2.8 Determination of acetylcholinesterase activity (AChE)
AChE was determined by the method of ELLMAN et al. (1961), modified by ROCHA

et al. (1993) in the hippocampus and prefrontal cortex.
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2.9 Determination of brain-derived neurotrophic factor (BDNF) level
BDNF levels in the hippocampus and prefrontal cortex was measured using a BDNF

Emax ImmunoAssay System kit (Promega, Madison, WI, USA).

2.10 Nuclear/cytoplasmic localization of CREB

The hippocampus and prefrontal cortex were harvested using NE-PER Nuclear and
Cytoplasmic Extraction Kit (Thermo Scientific) reagents according to manufacturer’s
protocols. Briefly, the hippocampus and prefrontal cortex were lysed in a cytoplasmic
extraction buffer and centrifuged. Nuclear extraction buffer was added to the pellet, which
was vortexed and centrifuged (14,000g) at 4 C to extract the remaining nuclear fraction.
Protein concentrations of the samples were then determined using the DC Protein Assay (Bio-

Rad Laboratories) before Western blotting.

2.11 Western blotting

Twelve percent sodium dodecyl sulfateepolyacrylamide gels were used to separate 15
e 35 g of total protein under reducing conditions before transferring to polyvinylidene
fluoride membranes (Bio-Rad, Hercules, CA, USA). Membranes were then blocked with a
1:1 solution of phosphate-buffered saline (PBS) pH 7.4 and Odyssey Blocking Buffer
(Cedarlane, Burlington, Ontario, Canada) for 1 hour. After blocking, the blots were probed
overnight at 4 C with the following primary antibodies: human CREB (Cell Signaling
Technology, Danvers MA, USA; diluted 1:200), phosphorylated CREB (pCREB)-Ser133
(Cell Signaling Technology; diluted 1:200), pCREB-Ser129 (Santa Cruz Biotechnology,
Dallas, TX, USA; diluted 1:200), b-catenin (Cell Signaling Biotechnology; diluted 1:500), or
alpha-tubulin (Sigma-Aldrich; diluted 1:8000). After washing with PBS containing 0.5%
Tween-20 (PBS-T), blots were incubated with the secondary antibodies IRDye 680-
conjugated goat anti-rabbit and IRDye 800CW-conjugated goat anti-mouse (LI-COR
Biosciences, Lincoln, NE, USA; diluted 1:8000) for 1 hour at room temperature, washed with
PBS-T, and scanned using an Odyssey Infrared Imaging System (LI-COR Biosciences). Band
intensities were quantified by densitometry with local background subtraction using LI-COR

Odyssey Software, version 2.0.

2.12 Tagman® miRNA real time gPCR (miRNA 146a and miRNA 155)
Total small RNA in the hippocampus and prefrontal cortex was extracted using

PureLinK miRNA Isolation Kit (Invitrogen) according to the manufacturer’s instructions.



39

RNA was reverse-transcribed using specific miRNA stem-loop primers and the Tagman
microRNA reverse transcription kit (Applied Biosystems). Mature miRNA expression was
measured with Tagman microRNA assays (Applied Biosystems) according to the

manufacturer’s instructions.

2.13 Protein quantification
Protein concentration in the PFC and HP was measured by the method of Bradford
(BRADFORD, 1976), using bovine serum albumin as the standard.

2.14 Statistical analysis

It was done first by Shapiro-Wilk to verify the normality of the data. After the data
were used for the statistical analysis, which were done through the program GraphPad Prism
6.0, using the two-way analysis, with the variance of ANOVA, followed by Bonferroni post-
hoc, and significance value of p<0, 05.

3 Results

3.1 Determination of phenolics, anthocyanins, caffeic acid, gallic acid, epicatechin and
resveratrol in red wine Ruby Cabernet

In our analyzes, red wine Ruby Cabernet Harvest 2009 showed significant
concentrations of total anthocyanins of 68.2 mg/L, total polyphenols were 4.59 mg/LGAE,
gallic acid 135,3 mg/L, caffeic acid 91.2 mg/L, resveratrol 102.2 mg/L and epicatechin 242.2
mg/L.

3.2 Lipid Parameters

3.2.1 Triglyceride levels

Two-way ANOVA of the triglyceride levels demonstrated a significant effect of wine
(F120= 10.22, p < 0.01), LdIr"(F1 4= 82.14, p < 0.001) and Wine X LdIr” interaction (Fy 24=
25.29, p < 0.001). Post hoc comparisons showed that the LdIr”/vehicle group demonstrated a
significantly increase of plasmatic triglyceride levels compared to control group
(wild/vehicle) (p< 0.001). The treatment with wine significantly decreased triglyceride levels
compared to LdIr’"/vehicle group, no returning to level of wild/vehicle group (control group).
(Fig. 2A).
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Pearson's correlation tests showed a significantly positive correlation (TG levels X AChE
activity of HP and PFC, TG X TNF levels of HP and PFC, TG X IL-1p levels of HP and PFC,
TG X IL-6level sof HP and PFC, TGX IFN-y levelsof HP and PFC (Table 1) and a significant
negative correlation (TG X BDNF levels of HP and PFC, TG X CREB levels of HP and PFC,
TG X miR 146 levels of HP and PFC, TG X miR 155levels of HP and PFC) (Table 1).

3.2.2 Cholesterol levels

Statistical analysis of the cholesterol levels showed a significant effect of wine (Fy24=
27.45,p < 0.001), LdIr" (Fy2=52.68, p < 0.001) and wine X Ldlr”interaction (Fy 2= 25.35,
p < 0.001). Post hoc comparisons demonstrated that the Ldlr/vehicle group has significantly
high levels of plasmatic cholesterol compared to control group (p< 0.001). Wine treatment
significantly decreased the cholesterol levels of Ldlr”mice when compared to Ldlr’/vehicle
group, but not return to control levels. The wine treatment at significantly attenuated the
increase of cholesterol levels compared to wild/wine group (Fig. 2B).

Pearson” correlation tests demonstrated a significantly positive correlation (TC levels X
AChE acticity of HP and PFC, TC X TNF levels of HP and PFC, TC X IL-1p of levels of HP
and PFC, TC X IL-6 levels of HP and PFC, TC X IFN-y levels of HP and PFC) (Table 1) and
a significant negative correlation (TC X BDNF levels of HP and PFC, TC X CREB levels of
HP and PFC, TC X miR 146 a levels of HP and PFC, TC X miR 155 levels of HP and PFC)
(Table 1).

3.2.3 HDL levels

Two-way ANOVA of the HDL levels revealed a significant effect of wine (Fy24= 17.21, p
< 0.001),LdI” (F124= 15.87, p < 0.001) and wine X LdIr" interaction (Fy2= 15.87, p <
0.001). Post hoc comparisons revealed that the LdIr"/vehicle group has a significantly
decrease of the HDL levels compared to control group (p< 0.01). The wine treatment
significantly increased the HDL levels compared to control group. Interestingly, the treatment
with wine significantly elevated the HDL levels (per se effect) when compared to control
group (Fig. 2C)

Pearson’s correlation testes revealed a significantly positive correlation (HDL levels X
BDNF of HP and PFC, HDL X CREB levels of HP and PFC, HDL X miR 146 a levels of HP
and PFC, HDL X miR 155 levels of HP and PFC, HDL X IFN-y levels of HP and PFC (Table
1) and a significant negative correlation (HDL X AChE activity of HP and PFC, HDL X
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TNF-a levels of HP and PFC, HDL X IL-1p levels of HP and PFC, HDL X IFN-y levels of
HP and PFC) (Table 1).

3.2.4 LDL levels

Statistical analysis of the LDL levels revealed a significant effect of wine (F124= 16.54, p <
0.001), LdlIr"(Fy24= 72.54, p < 0.001) and wine X LdIr" interaction (Fy 2= 14.55, p < 0.001).
Post hoc comparisons demonstrated that the Ldlr’/vehicle group has a significantly increase
of LDL levels compared to control group (p< 0.001). The wine treatment significantly
decreased LDL levels compared to Ldlr’/vehicle group, but did not return to control group
(p< 0.05) levels (Fig. 2D).

Pearson's correlation tests showed a significantly positive correlation (LDL levels X AChE
activity of HP and PFC, LDL X TNF levels of HP and PFC, LDL X IL-1p levels of HP and
PFC, LDL X IFN-y levels of HP and PFC) (Table 1) and a significant negative correlation
(LDL X BDNF levels of HP and PFC, LDL X CREB levels of HP and PFC, LDL X miR 146
a levels of HP and PFC, LDL X miR 155 levels of HP and PFC) (Table 1).

3.2.5 OXLDL levels

Two-way ANOVA of the oxidized LDL (OxLDL) revealed a significant effect of wine
(F124= 31.20, p < 0.001), LdIr" (Fy24= 50.22, p < 0.001) and wine X LdIr” interaction (Fy 24=
0.15, p < 0.72). Post hoc comparisons showed that the LDLr"/vehicle group has a
significantly increase of the LDL oxided levels compared to control group (p< 0.01). The
wine treatment significantly attenuated decrease the OXLDL levels compared to Ldlr’/vehicle
group (p< 0.05) levels (Fig. 2E).

Pearson’s correlation tests demonstrated a significantly positive correlation (oxLDL levels
X AChE activity of HP and PFC, oxLDL x TNF levels of HP and PFC, oxLDL X IL-6 levels
of HP and PFC, oxLDL X IFN-y levels of HP and PFC) (Table 1) and a significant negative
correlation (oxLDL X BDNF levels of HP and PFC, oxLDL X CREB levels of HP and PFC,
oXLDL X miR 146 a levels of HP and PFC, oxLDL X miR 155 levels of HP and PFC) (Table
1).

3.2.6 Atherogenic index (Al)
Statistical analysis of the atherogenic index (Al) revealed a significant effect of wine
(F124= 30.19, p < 0.001), LdIr" (Fy 2= 62.01, p < 0.001) and wine X LdIr” interaction (Fy 24=

6.02, p < 0.02). Post hoc comparisons demonstrated that the LdIr’/vehicle group has a
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significantly increase of the Al compared to control group (p< 0.001). The chronic treatment
with wine significantly decreased the Al compared to LdIr"/vehicle group. The wine
treatment attenuated the increase of previous index levels compared to wild/wine group (Fig.
2F).

Pearson’s correlation tests revealed a significantly positive correlation (Al levels X AChE
activity of HP and PFC, Al X TNF levels of HP and PFC, Al X IL-B levels of HP and PFC,
Al X IL-6 levels of HP and PFC, Al X INF-y levels of HP and PFC) (Table 1) and a
significant negative correlation (Al X BDNF levels of HP and PFC, Al X CREB levels of HP
and PFC, Al X miR 146 a levels of HP and PFC, Al X miR 155 levels of HP and PFC) (Table
1).

3.3 Behavioral Analysis: Morris water maze task (MWMT)

3.3.1 Time in correct quadrant

Two-way ANOVA of the time in correct quadrant revealed a significant effect of wine
(F124 = 7.06, P < 0.02), LdIr" (F1os = 8.37, P < 0.01) and wine x Ldlr”interaction (Fys =
4.93, P< 0.05). Post hoc comparisons demonstrated that animals in the Ldlr’/wine group
showed a significant increase in the time spent in the correct quadrant compared to Ldlr”
Ivehicle group. Oral daily administration of wine protected against impairments in water maze
test performance when compared to Ldlr”/vehicle group (Fig. 3A).

Pearson's correlation tests showed a significantly positive correlation (time in correct
quadrant X BDNF, CREB, miR 146 a, miR 155 of HP and PFC) (Table 1) and a significant
negative correlation (time in correct quadrant X AChE activity, TNF levels, IL-1p levels, IL-6
levels, IFN-y levels in the HP and PFC) (Table 1).

3.3.2 The latency to target platform location

Statistical analysis of the latency to target platform location showed a significant of wine
(F124 = 5.23, P < 0.04), LdIr” (F124 = 30.63, P < 0.001) and wine x LdIr” interaction (Fy24 =
8.28, P< 0.01). Post hoc comparisons revealed that animals in the Ldlr”/wine group showed a
significant decrease in the latency to target platform location compared to Ldlr’/vehicle
group. The administration of wine significantly attenuated the latency to target plataforma
location compared to control group (p< 0.05) (Fig. 3B).

Pearson's correlation tests demonstrated a significantly positive correlation (latency to

target platform location X AChE activity, TNF levels, IL-1p levels, IL-6 levels, IFN-y levels
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in the HP and PFC) (Table 1) and a significant negative correlation (latency to target platform
location X BDNF levels, CREB, miR 146 a, miR 155 of HP and PFC) (Table 1).

3.4 Determination of acetylcholinesterase activity (AChE)

3.4.1 AChE activity in the hippocampus

Two-way ANOVA of the AChe activity in the hippocampus demonstrated a significant
effect of wine (Fyz4 = 13.71, p < 0.001), Ldlr” (F124 = 47.66, p < 0.001) and Wine X Ldlr”"
interaction (F14 = 4.88, p < 0.05). Post hoc comparisons demonstrated that the Ldlr’/vehicle
group has a significantly increase of AChE levels compared to control group (p < 0.01). Wine
treatment significantly decreased the AChE levels compared to Ldlr’/vehicle group. The
wine treatment attenuated the increase of AChE levels compared to wild/wine group (Fig.
4A).

3.4.2 AChE activity in the pré-frontal cortex

Statistical analysis of the AChE levels in the prefrontal cortex showed a significant effect
of wine (F124= 8.64, p < 0.01), Ldlr" (Fy24=12.50, p < 0.004) and wine X LdIr" interaction
(F124 = 4.87, p < 0.05).Post hoc comparisons showed that the LdIr’/vehicle group
demonstrated a significantly increase of AChE levels compared to control group
(wild/control) (p < 0.01). The treatment with wine significantly decreased AChE levels
compared to Ldlr’/vehicle group, returning to control (Wild/Wine) levels (Fig. 4B).

3.5 Cytokine levels

3.5.1 TNF-a levels in the hippocampus

Two-way ANOVA of the TNF-a levels in the hippocampus demonstrated a significant
effect of wine (F12s = 7.39, p < 0.01), LdIr”™ (Fy24 = 28.17, p < 0.001) and Wine X LdIr”
interaction (F124=7.76, p < 0.01). Post hoc comparisons showed that the LdlIr”/vehicle group
demonstrated a significantly increase of TNF-a levels compared to control group (p < 0.001).
The treatment with wine significantly decreased TNF-a levels compared to Ldlr’/vehicle
group, but did not return to control Wild/Wine level (Fig. 5A).

3.5.2 TNF-a levels in the prefrontal cortex
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Statistical analysis of the TNF-a levels in the prefrontal cortex showed a significant effect
of wine (F124=5.49, p < 0.03), Ldlr" (Fy24=47.88, p <0.001) and wine X LdIr” interaction
(F124=8.87, p < 0.01). Post hoc comparisons demonstrated that the Ldlr’"/vehicle group has a
significantly increase of TNF-a levels compared to control group (p < 0.001). The chronic
treatment with wine significantly decreased TNF-a levels compared to Ldlr’/vehicle group,
however did not return to control group (p < 0.05) levels. (Fig. 5B).

Oral daily administration of wine protected the increase of TNF-a levels when compared to

LdIr"/vehicle group in the hippocampus and prefrontal cortex (Fig. 4A e 4B).

3.5.3 IL-1p levels in the hippocampus
Two-way ANOVA of the IL-1p levels in the hippocampus demonstrated a significant effect
of wine (Fi2s = 14.46, p < 0.002), LdIr’"™ (F12 = 93.34, p < 0.001) and Wine X LdIr"
interaction (F12s = 21.26, p < 0.001). Post hoc comparisons showed that the Ldlr’/vehicle
group demonstrated a significantly increase of IL-1p levels compared to control group (p <
0.001). The treatment with wine significantly decreased IL-1B levels compared to Ldlr”

Ivehicle group, but did not return to control level (Fig. 5C).

3.5.4 IL-1P levels in the prefrontal cortex

Statistical analysis of the IL-1p levels in the prefrontal cortex showed a significant effect of
wine (F124 = 6.94, p < 0.02), LdIr’" (F124 = 49.80, p < 0.001) and wine X LdIr" interaction
(F124 = 11.49, p < 0.005). Post hoc comparisons demonstrated that the LdIr"/vehicle group
has a significantly increase of IL-1p levels compared to control group (p < 0.001). Wine
treatment significantly decreased IL-1B levels compared to Ldlr’/vehicle group, but did not
return to control Wild/Wine group levels (Fig. 5D).

3.5.5 IL-6 levels in the hippocampus

Two-way ANOVA of the IL-6 levels in the hippocampus demonstrated a significant effect
of Ldlr” (F1,4 = 126.88, p < 0.001) and Wine X LdIr” interaction (Fy24 = 9.70, p < 0.008).
Post hoc comparisons showed that the Ldlr’/vehicle group demonstrated a significantly
increase of IL-6 levels compared to control group (p < 0.001). The treatment with wine
significantly decreased 1L-6 levels compared to Ldlr’/vehicle group, but did not return to
control group (p < 0.05) (Fig. 5E).
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3.5.6 IL-6 levels in the prefrontal cortex

Statistical analysis of the IL-6 levels in the prefrontal cortex showed a significant effect of
Ldlr” (Fy.4=59.40, p < 0.001) and wine X LdIr” interaction (Fy.4=5.11, p < 0.04). Post hoc
comparisons demonstrated that the Ldlr’/vehicle group has a significantly increase of IL-6
levels compared to control group (p < 0.001). Wine treatment significantly decreased IL-6
levels compared to Ldlr’/vehicle group, but did not return to control group levels (Fig. 5F).
Oral daily administration of wine protected the increase of IL-6 levels in the hippocampus and

pré-frontal cortex compared Ldlr’*/vehicle group.

3.5.7 IFN-v levels in the hippocampus

Two-way ANOVA of the IFN-y levels in the hippocampus demonstrated a significant
effect of Ldlr™ (Fy.4 = 58.92, p < 0.001) and Wine X LdIr” interaction (F124 = 8.59, p <
0.01). Post hoc comparisons showed that the LdIr”/vehicle group demonstrated a significantly
increase of IFN-y levels compared to control group (p < 0.001). The treatment with wine
significantly decreased IFN-y levels compared to Ldlr’/vehicle group, but not at control
group (p < 0.05) levels (Fig. 5G).

3.5.8 IFN-vy levels in the prefrontal cortex

Statistical analysis of the IFN-y levels in the prefrontal cortex showed a significant effect
of wine (Fy24=5.34, p < 0.03), Ldlr" (F1,=38.13, p < 0.001) and wine X Ldlr” interaction
(F124=8.07, p <0.01). Post hoc comparisons demonstrated that the LdIr’/vehicle group has a
significantly increase of IFN-y levels compared to control group (p < 0.001). The chronic
treatment with wine significantly decreased IFN-y levels compared to Ldlr’/vehicle group,
but did not return to control group levels (Fig. 5H).
Oral daily administration of wine protected the increase of IFN-y levels in the hippocampus

and prefrontal cortex.
3.6 Determination of the level of brain-derived neurotrophic factor (BDNF) and CREB

3.6.1 BDNF levels in the hippocampus
Two-way ANOVA of the BDNF levels in the hippocampus demonstrated a significant
effect of wine (F124 = 5.68, p < 0.03), Ldlr” (F1.24=6.77, p < 0.02). Post hoc comparisons

revealed that the Ldlr’/vehicle group has a significantly decrease of the BDNF levels
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compared to control group (p < 0.01). The wine treatment significantly increased the BDNF

levels compared to Ldlr’/vehicle group, returning to control levels (Fig. 6A).

3.6.2 BDNF levels in the prefrontal cortex
Statistical analysis of the BDNF levels in the prefrontal cortex showed a significant effect of
wine (F124 = 9.61, p < 0.009), Ldir" (F124 = 13.12, p < 0.003). Post hoc comparisons
demonstrated that the LdIr"/vehicle group has a significantly decrease of the BDNF levels
compared to control group (p < 0.001). Wine treatment significantly increased BDNF levels

compared to Ldlr’/vehicle group (Fig. 6B).

3.6.3 CREB levels in the hippocampus

Two-way ANOVA of the CREB levels in the hippocampus demonstrated a significant
effect of Wine X LdIr’ interaction (F1.,4 = 4.76, p < 0.05). Post hoc comparisons revealed that
the LdIr”/vehicle group has a significantly decrease of the CREB levels compared to control
group (p < 0.01). Wine treatment significantly increased the CREB levels compared to Ldlr”"

Ivehicle group, returning to control levels (Fig. 6C).

3.6.4 CREB levels in the prefrontal cortex

Statistical analysis of the CREB levels in the prefrontal cortex showed a significant effect
of wine (F124 = 13.32, p < 0.003), Ldlr” (F124 = 9.55, p < 0.009). Post hoc comparisons
demonstrated that the LDL™/vehicle group has a significantly decrease of the CREB levels
compared to control group (p < 0.01). The wine treatment significantly increased CREB

levels compared to Ldlr’/vehicle group, returning to control group levels (Fig. 6D).
3.7 miR 146a and miR 155 levels

3.7.1 miR 146a levels in the hippocampus

Two-way ANOVA of the miR 146a levels in the hippocampus demonstrated a significant
effect of wine (Fy24 = 19.55, p < 0.001), Ldlr” (F124 = 63.18, p < 0.001) and Wine X Ldlr”
interaction (F124 = 6.23, p < 0.04). Post hoc comparisons revealed that the Ldlr’/vehicle
group has a significantly decrease of the miR 146a levels compared to control group (p <
0.001). The wine treatment significantly increased the miR 146a levels compared to Ldlr”

Ivehicle group, however did not return to control levels (Fig. 7A).
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3.7.2 miR 146a levels in the prefrontal cortex

Statistical analysis of the miR 146a levels in the prefrontal cortex showed a significant
effect of wine (Fi2s = 9.21, p < 0.01), Ldlr” (Fy.s = 18.67, p < 0.001) and wine X Ldlr”
interaction (F124= 0.29, p < 0.60). Post hoc comparisons demonstrated that the LdIr’/vehicle
group has a significantly decrease of the miR 146a levels compared to control group (p <
0.01). Wine treatment partially restored the increased of miR 146a levels compared to Ldlr”

Ivehicle group (Fig. 7B).

3.7.3 miR 155 levels in the hippocampus

Two-way ANOVA of the miR 155 levels in the hippocampus demonstrated a significant
effect of wine (F12s = 18.14, p < 0.001), Ldlr’"™ (F124 = 7.31, p < 0.01) and Wine X LdIr"
interaction (Fy24 = 8.43, p < 0.01). Post hoc comparisons showed that the Ldlr"/vehicle group
has a significantly decrease of the miR 155 levels compared to control group (p < 0.01). Wine
treatment significantly increased the miR 155 levels compared to Ldlr’/vehicle group,

returning to control levels (Fig. 7C).

3.7.4 miR 155 levels in the prefrontal cortex
Statistical analysis of the miR 155 levels in the prefrontal cortex showed a significant
effect of wine (F1o = 9.03, p < 0.01) and Ldlr"™ (Fy4 = 27.23, p < 0.001). Post hoc
comparisons demonstrated that the Ldlr’/vehicle group has a significantly decrease of the
miR 155 levels compared to control group (p < 0.01). The chronic treatment with wine
significantly increased miR 155 levels compared to LdIr’/vehicle group, but did not return to
control Wild/Vehicle group levels (Fig. 7D).

4 Discussion

In our study, the hypercholesterolemic diet administered in mice C57BJ/6 Ldlr” led to
the increase in lipid markers and promoting neuroinflammation, in parallel, occurred the
deregulation of synaptic plasticity and incidence of memory losses. Moderate consumption of
Ruby Cabernet red wine demonstrated efficacy on neuroinflammation concomitant with
cognitive deficit. We investigated the effects of wine on the behavioral parameters (Morris
water maze task), changes in brain structures (AChE, TNF-a, IFN-y, IL-1p, IL-6 and levels of
BDNF, CREB, miR-146a and miR 155) and blood markers (TG, TC, HDL, LDL, Ox-LDL
and Al).
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Ruby Cabernet wine (2009) demonstrated its antioxidant potential, with higher
concentrations of gallic acid 135. 3 mg/L and epicatechin 242.2 mg/L compared to Spanish
wines studied by Garcia-Falcon et al. (2007) 7-14 mg/L gallic acid and 2-20 mg/L
epicatechin. The concentration of caffeic acid 91.2 mg/L was also higher compared to
Argentine wines Malbec and Cabernet Sauvignon, which showed 3.0-3.3 mg/L of caffeic acid
(FANZONE et al., 2012). Ruby Cabernet wine produced in the city of Itaqui RS presented
concentrations of resveratrol 102.2 mg/L and anthocyanins 68.2 mg/L, as well as Van Leeuw
et al. (2014) in a study with a diversity of wines in Belgium that obtained 3.11 mg/L of
resveratrol and 86.9 mg/L of anthocyanins in Pinot Noir wine. The content of total
polyphenols in the studied wine was 4.59 mg/L GAE, a similar result showed Pazzini et al.
(2015) with 4.410 mg/L GAE of total polyphenols in the Tannat wine produced in the same
region of the Western Border of R.S.

Hypercholesterolemia promotes inflammation against lipoproteins and the generation of
proinflammatory cytokines (MAILER et al., 2017). Our data indicate that knockout mice with
LDL receptor (LdIr") fed a high cholesterol diet induces a dramatic increase in the levels of
serum lipid markers (TG, TC, LDL, Ox-LDL and A.l.). In contrast, red wine reversed these
indices, as well as increased HDL, demonstrating its protective potential, due to the action of
polyphenolic compounds, as was also expressed by Schrieks et al., 2012. It was previously
reported that there is a correspondence between the antioxidant activity and the total phenol
content present in red wine (StaSko et al., 2008). Among these, we highlight the resveratrol
that has preventive action to damage the lipid profile and lipoprotein metabolism. (ZORTEA
et al., 2016). As well as, epicatechin, a flavonoid with rich antioxidant activity in the
inhibition of LDL cholesterol (DE ROSSO et al., 2015).

The diet with high cholesterolemic index induces systemic inflammatory processes and a
decline in cognitive functions correlated with learning and memory impairment (EL-KADER
& AL-JIFFRI, 2016). The present study found that hypercholesterolemic mice had a decline
in cognitive function, especially with regard to memory deficits as measured by the MWMT
test, similar results were described by Thirumangalakudi et al (2008), in which animals with
hypercholesterolemia suffered neuroinflammatory alterations, which played a primary role in
cognitive dysfunction. Previous evidence related to neurodegeneration and cognitive deficit as
consequences of high cholesterol diet (KUO et al., 2015). However, our results indicate that
the consumption of 400 puL of Ruby Cabernet red wine was able to reverse the memory

damage caused by the hypercholesterolemic diet. According to Wang et al. (2006), which
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corroborates our results, reinforces that the flavonoids present in red wine are able to mitigate
the damages to spatial memory in knockout mice.

Considering the link between spatial memory deficit and altered cholinergic activity
modulated by the hypercholesterolemia diet (Lopes et al., 2015), in our study we analyzed the
activity of AChE enzyme in the hippocampus and prefrontal cortex, because this enzyme has
the function of modulating the levels of acetylcholine in the synaptic cleft. It was verified that
the hyperlipidemic diet increased the activity of this enzyme, as also reported by Schmatz et
al. (2009) and Sanchez-Chavez and Salceda (2000) in a diabetic model, impairing cognitive
functions and memory. Antagonistically mice that consumed red wine demonstrated a decline
in AChE activity, suggesting that antioxidant compounds in wine act to prevent cholinergic
dysfunction and memory deficits. Several studies indicate that resveratrol protects against
lipid peroxidation by increasing the antioxidant defensive capacity in the brain (KUMAR et
al., 2007; SCHMATZ et al., 2009).

Highly correlated with behavioral modifications, mice exposed to a high cholesterolemic
diet had high levels of TNF-a, IFN-y, IL-1p, IL-6 in the hippocampus and prefrontal cortex.
Increased expression of proinflammatory cytokines is a feature widely verified by negatively
affecting the cognitive process and memory (HOPPERTON et al., 2017). Reinforcing this
hypothesis, our study demonstrated that overproduction of proinflammatory cytokines is
linked to deregulation of lipid markers, resulting in learning and memory deficits. Thus, we
suggest that wine acts on the regulation of cytokines through the attenuation of the
inflammatory state. It has been reported that compounds associated with wine act positively
on inflammatory mediators and therefore protect memory-related cognitive disorder (WANG
et al., 2016). In addition, flavonoid-rich wine has positive effects on cognitive function,
reducing the risk of diseases such as Alzheimer's and dementia in general (NURK et al.,
2009).

Our study also showed that the effect of the hypercholesterolemic diet acts on the decrease
of BDNF levels in the hippocampus and prefrontal cortex, inducing cognitive dysfunction,
neuroinflammation and impairment of learning and memory, similar results were found by
Park et al. (2010), who observed that the hyperlipidic diet impairs neurogenesis by increasing
lipid peroxidation and decreasing BDNF. BDNF is known to promote morphological changes
in synapses and plays an important role as underlying learning and memory maintenance
(Barco et al., 2006). On the other hand, moderate intake of red wine promoted the elevation of
BDNF levels in Ldir”™ animals, a similar result was found by Liu et al. (2014), where

resveratrol prevented the reduction of levels of BDNF produced by stress protocol, as well as,
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Stringer et al. (2015), describes that flavonoid epicatechin demonstrated ability to increase
BDNF levels.

It is known that neuroinflammation and changes in BDNF levels may subsequently affect
phosphorylation and synthesis of molecules linked to plasticity and synaptic cognition, such
as CREB (PARK et al., 2010), the hypercholesterolemic diet also entails deregulation of the
structural protein CREB (LI et al., 2015), a hypothesis analogous to our results. However,
wine consumption protected the decline of CREB levels in the hippocampus and prefrontal
cortex, an equivalent result was found by Simdo et al. (2012), who analyzed the parameter
CREB in the treatment with resveratrol, constituent majority in grapes.

Our study demonstrated that the diet with a high cholesterol content besides triggering
inflammatory processes, diminished the expression of the biomarkers miR-146a and miR-155.
These results are connivant with Murugaiyan et al. (2011) that associates miR-155 with the
development of inflammation in the CNS, providing memory damage. Adds O'connell et al.
(2010) demonstrated that the dysregulation of miRNAs function is related to numerous human
diseases, including cancer and many inflammatory diseases. Red wine administration in the
experimental models elevated the expression of miR-146a and miR-155, evidencing that these
biomarkers have anti-inflammatory properties. Another study shows that miR-155 has potent
up-regulation in multiple immune cell lines, providing systemic protection (SPOERL et al.,
2013). In addition, miR-146a significantly reduces the accumulation of intracellular LDL
cholesterol and negatively regulates immune and inflammatory responses (NAKASA et al.,
2011; BLADE et al., 2013). Resveratrol treatment stimulates the miRNAs that mediate
synaptic plasticity and memory formation along with the positive expression of CREB and
BDNF (ZHAO et al., 2013). This information is confirmed by the positive correlation
observed between the time in correct quadrant and the expression of the BDNF, CREB, miR-

1460, miR-155 in the hippocampus and prefrontal cortex.

5 Conclusion

The Ruby Cabernet wine produced in the Western Border of the R.S. showed high
levels of bioactive in its constitution, characterizing a good antioxidant capacity. The wine is
capable of attenuating plasma lipid markers and regular as pro-inflammatory cytokines
through the intervention of polyphenols from non-inflammatory wine. In addition, moderate
consumption of red wine age modulating the microRNA-CREB-BDNF mechanism and

decreasing an action of AChE. With this, the Ruby Cabernet wine produced in Itaqui R.S. was
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able to revert to the neurochemicals, attenuate the picture of neuroinflammation and regulate

the synaptic plasticity, improving the memory deficit.
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Figure legends
Figure 1: Experimental design.

Figure 2: Effects of red wine treatment during ninety days in TG (A), TC (B), HDL (C), LDL
(D), oxLDL (E) and A.l. (F) levels in blood plasma of mice. Values are mean £ S.E.M. (h =
10 per group). *: p < 0.05 when compared wild/vehicle **: p < 0.01; when compared
wild/vehicle ***: p < 0.001 when compared wild/vehicle; #: p < 0.05 when compared with
LdIr"/vehicle; $: p < 0.05 when compared with wild/wine (Two-way ANOVA and Post hoc
test).

Figure 3: (A) Effect of red wine treatment on the MWMT test with time in the correct
quadrant (A) and (B) latency to target platform location. Test was realized 24 h after to
treatment. Values are mean £ S.E.M. (n = 10 per group). **: p < 0.01; when compared
wild/vehicle ***: p < 0.001 when compared wild/vehicle; #: p < 0.05 when compared with
LdIr"/vehicle; $: p < 0.05 when compared with wild/wine (Two-way ANOVA and Post hoc
test).

Figure 4: Effects of red wine treatment on AChE activity in the hipocamppus (A) and in the
prefrontal cortex (B) of mice. Values are mean = S.E.M. (n = 10 per group). **: p < 0.01;
when compared wild/vehicle; #: p < 0.05 when compared with LdIr"/vehicle; $: p < 0.05

when compared with wild/wine (Two-way ANOVA and Post hoc test).

Figure 5: Effects of red wine treatment during ninety days in the TNFa (A and B), IL-1p (C
and D), IL-6 (E and F) and INFy (G and H) levels in hipocamppus and prefrontal cortex of
mice. Values are mean = S.E.M. (n = 10 per group). *: p < 0.05 when compared wild/vehicle;
***:p <0.001 when compared wild/vehicle; #: p < 0.05 when compared with Ldlr’/vehicle;

$: p < 0.05 when compared with wild/wine (Two-way ANOVA and Post hoc test).

Figure 6: Effects of red wine treatment on BDNF levels in hipocamppus (A) and in the
prefrontal cortex (B); protein CREB in hipocamppus (C) and in the prefrontal cortex (D) of
mice. Values are mean + S.E.M. (n = 10 per group). **: p < 0.01; when compared
wild/vehicle ***: p < 0.001 when compared wild/vehicle; #: p < 0.05 when compared with
LdIr’/vehicle; (Two-way ANOVA and Post hoc test).
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Figure 7: Effects of red wine treatment on miRNA 146a in the hipocamppus (A) and in the
prefrontal cortex (B); miRNA 155 in the hipocamppus (C) and in the prefrontal cortex (D) of
mice. Values are mean = S.E.M. (n = 10 per group). **: p < 0.01; when compared
wild/vehicle ***: p < 0.001 when compared wild/vehicle; #: p < 0.05 when compared with
LdIr"/vehicle; $: p < 0.05 when compared with wild/wine (Two-way ANOVA and Post hoc
test).

Figure 8: Diagram showing the mechanicism between neuroinflammation and
neurobehavioral disorders induced by hypercholesterolemic diet and the effect of moderate
consumption of Ruby Cabernet red wine on Ldlr’” mice. (+) increase; (-) decrease; (#)
different; underlined: mechanisms demonstrated in this study. The hypercholesterolemic diet
administered in knockout mice triggered increased plasma lipid levels and proinflammatory
cytokines, decreased neurotrophic factors (BDNF, CREB and microRNA), providing the
animals with memory deficits analyzed by the behavioral test. Moderate consumption of
Ruby Cabernet red wine reversed lipid levels and proinflammatory cytokines, protecting

against neuroinflammatory damage.
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Table 1. r values resulting from Pearson’s correlation test for neurochemical factors, behavioral and plasmatic parameters

TG TC HDL LDL oxLDL Al Memory 1 Memory 2
AChE HP=0.89* HP=0.84* HP=-0.80* HP=0.82* HP=0.78* HP=0.83* HP=-0.66* HP=0.74*
PFC=0.77* PFC=0.75* PFC=-0.68* PFC=0.73* PFC=0.68* PFC=0.68* PFC=-0.84* PFC=0.77*
TNF-a levels HP=0.89* HP=0.87* HP=-0.71* HP=0.85* HP=0.74* HP=0.79* HP=-0.58* HP=0.79*
PFC=0.93* PFC=0.88* PFC=-0.64* PFC=0.85* PFC=0.75* PFC=0.82* PFC=-0.57* PFC=0.79*
IL-1B8 levels HP=0.87* HP=0.86* HP=-0.51* HP=0.87* HP=0.77* HP= 0.92* HP=-0.74* HP=0.84*
PFC=0.84* PFC=0.81* PFC=-0.46 PFC=0.80* PFC=0.79* PFC=0.85* PFC=-0.77* PFC=0.74*
IL-6 levels PFC=0.95* PFC=0.81* PFC=-0.64* PFC=0.86* PFC=0.77* PFC=0.79* PFC=-0.61* PFC=0.78*
HP=0.88* HP=0.84* HP=-0.59* HP=0.93* HP=0.71* HP= 0.86* HP=-0.60* HP=0.86*
IFN-y levels HP=0.86* HP=0.81* HP=-0.51* HP=0.96* HP= 0.66* HP=0.87* HP=-0.55* HP=0.83*
PFC=0.88* PFC=0.84* PFC=-0.59* PFC=0.93* PFC=0.71* PFC=0.86* PFC=-0.60* PFC=0.86*
BDNF levels HP=-0.68* HP=-0.67* HP=0.63* HP=-0.64* HP=-0.58* HP=-0.63* HP=0.52* HP=-0.50*
PFC=-0.69* PFC=-0.74* PFC=0.62* PFC=-0.70* PFC=-0.62* PFC=-0.78* PFC=0.55* PFC=-0.67*
CREB HP=-0.68* HP=-0.69* HP=0.76* HP=-0.66* HP=-0.68* HP=-0.68* HP=0.43 HP=-0.58*
PFC=-0.53* PFC=-0.47 PFC=0.33 PFC=-042 PFC=-0.35 PFC=-0.43 PFC=0.26 PFC=-0.28
miR 146 a HP=-0.83* HP=-0.89* HP=0.72* HP=-0.88* HP=-0.83* HP=-0.92* HP=0.58* HP=-0.76*
PFC=-0.63* PFC=-0.80* PFC=0.73* PFC=-0.69* PFC=-0.84* PFC=-0.78* PFC=0.73* PFC=-0.59*
miR 155 HP=-0.63* HP=-0.77* HP=0.61* HP=-0.69* HP=-0.64* HP=-0.65* HP=0.72* HP=-0.56*
PFC=-0.72 PFC=-0.81* PFC=0.70* PFC=-0.63* PFC=-0.78* PFC=-0.85* PFC=0.71* PFC=-0.65*

*denoted p<0.05.
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6 CONCLUSAO

Podemos inferir, pelos resultados obtidos que o vinho tinto Ruby Cabernet (safra
2009) produzido no municipio de Itaqui na regido da Campanha Oriental possui elevado
efeito antioxidante, capaz de reverter o perfil lipidico, a expressdo das citocinas pro-
inflamatérias e a atividade da enzima AChE, demostrando seu potencial protetor as
inflamacGes sistémicas originadas de uma dieta hipercolesterolémica.

O potencial efeito neuroprotetor do vinho tinto foi refletido nos parametros de
aprendizagem e memoria, assim como protegeu a expressdo do mecanismo microRNA-
CREB-BDNF a nivel cerebral, que corrobara com a eficacia do conteudo de flavonoides, o
qual agrega efeitos positivos ao déficit cognitivo e aos mediadores da plasticidade sinaptica.

Com base nos resultados alcancados a cerca do efeito neuroprotetor dos compostos

fendlicos, conclui-se que o vinho age como modulador no tratamento de déficits cognitivos.
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7 PERSPECTIVAS

A fim de alcangar um melhor entendimento sobre os constituientes e 0os mecanismos
de acdo do vinho tinto sobre as alteragbes comportamentais e neuroldgicas induzidas pela
dieta hipercolesterolémica, este trabalho tera seguimento no doutorado. A seguir, algumas
perspectivas:

e Analisar o efeito antioxidante de vinhos tintos produzidos na Fronteira Oeste (RS)
com potencial efeito neuroprotetor em camundongos hipercolesterolémicos,
enfatizando em um maior nimero de testes comportamentais e diferentes microRNAs.

e Avaliar diferentes variedades de uvas (Vitis vinifera) e seus compostos fenolicos, bem
como nos vinhos da Regido da Campanha Oriental, sobre as alteracdes
comportamentais e neuroldgicas em camundongos obesos, utilizando testes
comportamentais diversos, avaliacdo do estresse oxidativo e expressdes da via
microRNA-CREB-BDNF.
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