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Resumo

GERZSON, Mariana Freire Barbieri. Potencial neuroprotetor do acido tanico
em modelo experimental de deméncia esporadica do tipo Alzheimer. 2019.
101f. Tese (Doutorado) - Programa de Pdés-Graduagdo em Bioquimica e
Bioprospeccao. Universidade Federal de Pelotas, Pelotas, 2019.

A Doencga de Alzheimer (DA) € uma doenca neurodegenerativa isenta de uma
farmacoterapia capaz de reverter o processo neurodegenerativo uma vez
instalado. Nesse sentido o uso de estratégias preventivas torna-se relevante.
Alguns compostos polifendlicos j@ demonstraram influenciar positivamente a
patologia da DA, sendo assim, o objetivo deste estudo foi investigar a
capacidade do acido tanico (AT) em prevenir déficits de memoria e alteracdes
neuroquimicas induzidas pela administracdo intracerebroventricular (icv) de
estreptozotocina (STZ) em um modelo de Deméncia Esporadica do Tipo
Alzheimer (SDAT) em ratos. Ratos machos Wistar com 60 dias foram divididos
em quarto grupos: controle, AT, STZ e AT+STZ. Os animais dos grupos AT e
AT+STZ foram tratados por gavagem com AT (30 mg/kg) por 21 dias, enquanto
0s outros grupos receberam veiculo (agua). No 222 dia os animais foram
submetidos a cirurgia estereotaxica. Os grupos STZ e AT+STZ receberam uma
injecao icv bilateral de STZ (3 mg/kg) e os outros grupos receberam veiculo
(tampao citrato). Apos a recuperacgao da cirurgia, o tratamento por via oral foi
reestabelecido e os animais foram avaliados nos testes comportamentais :
labirinto em Y, reconhecimento de objetos e esquiva inibitoria. Apds, os animais
foram eutanasiados por decapitagdo, o cortex cerebral e hipocampo foram
utilizados para as analises bioquimicas, histologicas e moleculares. A STZ
induziu prejuizo no aprendizado e na memodria nos testes de reconhecimento
de objetos, labirinto em Y e esquiva inibitéria; no entanto, o tratamento com AT
foi capaz de prevenir esses efeitos. No cortex cerebral e no hipocampo, STZ
induziu um aumento na atividade da acetilcolinesterase, reduziu a atividade da
Na*,K*-ATPase e induziu estresse oxidativo aumentando as substéncias
reativas ao acido tiobarbiturico, nitritos e espécies reativas de oxigénio e
reduzindo a atividade de enzimas antioxidantes, enquanto o tratamento com AT
foi capaz de prevenir a maioria dessas alteragcbes neuroquimicas.
Sobrevivéncia neuronal, neuroinflamagdo, expressdao do marcador de
neurodegeneracao SNAP-25 e modulagdo da via de sinalizagcdo PI3K-Akt
foram avaliados no coértex cerebral. A STZ promoveu aumento na morte
neuronal e nos niveis de citocinas pro-inflamatérias (IL-6 e TNF-a), além de
uma diminuicdo na sinalizagcdo PI3K-Akt; o AT foi efetivo em prevenir essas
mudancgas. Tanto a STZ quanto o AT nao alteraram a expressdao de SNAP-25
nem os niveis de IL-12 e IL-4 no cortex cerebral. Em conclusao, o AT preveniu
déficit de memoria, alteragdes nas atividades de enzimas cerebrais, dano
oxidativo, alteracao na sinalizagao PI3K-Akt e protegeu contra a morte neuronal
e neuroinflamagdo em SDAT induzido por STZ em ratos, demonstrando ser um
potencial agente terapéutico na prevencdo da Doenca Esporadica de
Alzheimer.

Palavras chave: Acido Tanico. Doenca de Alzheimer. Produto Natural.
Estreptozotocina. Neuroprotecéao.



Abstract

GERZSON, Mariana Freire Barbieri. Neuroprotective potential of tannic acid
in an experimental model of Sporadic Dementia of Alzheimer’s Type. 2019.
101f. Thesis (Doctorate) - Programa de Poés-Graduagdo em Bioquimica e
Bioprospeccgao. Universidade Federal de Pelotas, Pelotas, 2019.

Alzheimer's Disease (AD) is a neurodegenerative disease without
pharmacotherapy capable of reversing the neurodegenerative process once
installed. In this sense the use of preventive strategies becomes relevant. Some
polyphenolic compounds have been shown to positively influence the pathology
of AD, so the aim of this study was to investigate the ability of tannic acid (TA)
to prevent memory deficits and neurochemical alterations induced by
intracerebroventricular (icv) administration of streptozotocin (STZ) in a model of
Sporadic Dementia of Alzheimer's Type (SDAT) in rats. Male Wistar rats, 60
day-old were divided into four groups: control, TA, STZ, and TA+STZ. Animals
of TA and TA+STZ groups were treated by gavage with TA (30 mg/kg, b.w.) per
21 days and the others groups received vehicle (water). At the 22th day animals
were submitted to stereotaxic surgery. The STZ and TA+STZ groups received
bilateral icv injection of 5 pL of STZ (3 mg/kg, b.w.) and others received vehicle
(citrate buffer). After recovery (3 days), treatment was reestablished and
animals were evaluated in behavioral tests: Y-maze, object recognition and
inhibitory avoidance task. Next, the animals were euthanized by decapitation
and the cerebral cortex and hippocampus were used for biochemical,
histological and molecular analysis. STZ induced learning and memory
impairments in object recognition, Y-maze and inhibitory avoidance tests;
however, TA was able to prevent these effects. In cerebral cortex and
hippocampus, STZ induced an increase in acetylcholinesterase activity,
reduced Na* K*-ATPase activity and induced oxidative stress increasing
thiobarbituric acid-reactive substances, nitrites and reactive oxygen species
levels and reducing the activity of antioxidant enzymes. Treatment with TA was
able in prevent the major of these neurochemical alterations. Neuronal survival,
neuroinflammation, expression of neurodegeneration marker SNAP-25 and
modulation of the PI3K/Akt sighaling pathway in the cerebral cortex were all
evaluated. STZ promoted increase in neuronal death and in the levels of
proinflammatory cytokines (IL-6 and TNF-a), and a reduction in PI3K-Akt
signaling; TA was able to restore these changes. Neither STZ nor TA altered
SNAP-25 expression or the levels of IL-12 and IL-4 in the cerebral cortex. In
conclusion, TA prevented memory deficit, alterations in brain enzyme activities,
oxidative damage, impaired PI3K-Akt signaling and protected against neuronal
death and neuroinflammation in STZ-induced SDAT in rats proving to be
potential therapeutic agents in the prevention of Sporadic Alzheimer’s Disease.

Key words: Tannic Acid. Alzheimer’s Disease. Natural Product. Streptozotocin.
Neuroprotection.
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1. Introducéo

A Doenca de Alzheimer (DA) é uma doencga neurodegenerativa altamente
incapacitante e que atinge cerca de 35 milhdes de pessoas no mundo
(ALZHEIMER’S DISEASE INTERNATIONAL, 2016; ALZHEIMER’S
ASSOCIATION, 2017). Pode ser herdada geneticamente, sendo conhecida
como Doenca de Alzheimer Familiar (DAF) ou ter etiologia multifatorial, sendo
denominada de Doenca de Alzheimer Esporadica (DAE). A DAE atinge
pacientes com idade avancada e representa 90 % dos casos da doenca
(CAUWENBERGHE; BROECKHOVEN; SLEEGERS, 2016).

Nos cérebros de pacientes com a DA ha um acumulo de peptideos B-
amiloides (AB) os quais se agregam formando placas senis insoluveis e a
presenca de emaranhados neurofibrilares (NFT), considerados caracteristicas
histopatologicas da doenca (KUMAR & EKAVALI, 2015). Perda neuronal e
sinaptica, ativacdo da glia e inflamagao, assim como a presencga de estresse
oxidativo e alteragdes na via de sinalizagao fosfatidilinositol 3-cinase - proteina
cinase B neuronal (PI3K-Akt) e na atividade de algumas enzimas como
acetilcolinesterase (AChE) e Na*,K*-ATPase (NKA) também estdo presentes
nas regides cerebrais responsaveis pelas fun¢des cognitivas, incluindo o cortex
cerebral e hipocampo de pacientes com DA (KUMAR; EKAVALLI, 2015).

Desde 1906, apos a descoberta da doenca por Alois Alzheimer, diversas
hipoteses tentam explicar os mecanismos envolvidos nessa patologia. Na
hipotese da glicodeprivacdo cerebral, o hipometabolismo da glicose cerebral
tem sido proposto como um evento inicial e persistente envolvido na instalagdo
e na progressago da DA. A injecdo de estreptozotocina (STZ)
intracerebroventricular (icv) diminui a captagcao cerebral de glicose e produz
multiplos outros efeitos que se assemelham a aspectos moleculares,
patoldégicos e comportamentais caracteristicas da DA. Portanto tem sido
bastante aceito como um modelo ndo transgénico da doenca, mimetizando de
forma mais fiel os aspectos envolvidos na DAE, sendo utilizado para testes pré-
clinicos de terapias para esta patologia (KUMAR & EKAVALLI, 2015).

Embora diversos estudos ja tenham elucidado muitos mecanismos

envolvidos na patofisiologia da DA algumas lacunas ainda permanecem, o que
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impossibilita o desenvolvimento de terapias eficazes (KUMAR & DOGRA, 2008;
GRIEB, 2016). Atualmente os tratamentos aprovados pela U.S. Food and Drug
Administration (FDA), incluem cinco medicamentos usados para tratar as
manifestagcdes cognitivas da doenca (KUMAR & EKAVALI, 2015). Embora
atuem por mecanismos diferentes, todos tem como objetivo manter os niveis
adequados de acetilcolina no cérebro, neurotransmissor essencial nos
processos de memoria e cognicdo (KUMAR & EKAVALI, 2015). Tais
tratamentos reduzem modestamente a progressao dos sintomas cognitivos e
comportamentais associados a doenga em algumas pessoas, mas pelo menos
metade dos pacientes ndo respondem ao tratamento (AULD et al., 2002).

Tendo em vista que nenhuma farmacoterapia atual € capaz de remover
as placas amiloides e/ou NFT envolvidos no processo neurodegenerativo da
DA, a prevengao dessa patologia mostra-se como uma estratégia fundamental
(KUMAR & EKAVALI, 2015). Levando em conta que os compostos fendlicos
presentes em algumas plantas podem influenciar positivamente a patologia DA
e reduzir fatores de risco associados a doenga devido a capacidade
antioxidante que apresentam, o estudo do efeito neuroprotetor dessas
moléculas é relevante (TAN et al., 2012).

O acido tanico (AT) € um polifenol glicosidico hidrolisavel de acido galico
(SERRANO et al., 2009; BRAIDY et al., 2017) cujos efeitos neuroprotetores na
DA foram demonstrados em alguns modelos in vitro e no modelo transgénico in
vivo da doenga (ONO et al., 2004; MORI et al., 2012; YAO et al., 2013), porém
nenhum estudo avaliou a capacidade neuroprotetora do AT na DAE a qual
representa a maioria dos casos (GIDYK et al., 2015). In vivo, o AT demonstrou
inibicdo da atividade de [B-secretase (enzima responsavel pela producao AB),
inibindo a formacéao de placas amiloides, evitando, portanto, a instalagcdo de um
processo neurodegenerativo, mantendo a memoria integra dos animais
tratados com o composto. Além disso, apresentou atividade anti-inflamatéria o
que é de grande valia no tratamento da doenca visto que o processo
inflamatorio estad envolvido na progressao da mesma (MORI et al., 2012). In
vitro, o AT inibe tanto a agregacao de A, quanto de proteina Tau, inibindo a
formacao de placas amiloides e NFT, respectivamente, além de desestabilizar
os agregados AB ja formados tornando-o um composto promissor para o
tratamento da DA (ONO et al., 2004; YAO et al., 2013).



16

2. Objetivos

Objetivo geral

Este trabalho tem como objetivo determinar in vivo a capacidade
neuroprotetora do AT em modelo experimental de Deméncia Esporadica do
Tipo Alzheimer (SDAT) induzido por STZ e investigar os mecanismos

envolvidos nos efeitos apresentados pelo composto.

Objetivos especificos

e Verificar o efeito do pré-tratamento com AT sobre parametros
comportamentais como locomogao e exploragao (teste do campo aberto)
e memoria (testes de reconhecimento de objetos, labirinto em Y e
esquiva inibitéria) em ratos submetidos ao modelo de SDAT induzido por
STZ.

e Avaliar o efeito do pré-tratamento com AT na atividade da enzima AChE
em estruturas cerebrais de animais submetidos ao modelo animal de
SDAT induzido por STZ.

o Verificar a atividade de ATPases e NKA total assim como das isoformas
NKA a1l e NKA a2,3 em estruturas cerebrais de animais pré-tratados
com AT submetidos ao modelo animal de SDAT induzido por STZ.

e Investigar o efeito do AT nos parédmetros bioquimicos de estresse
oxidativo nas estruturas cerebrais de ratos no modelo animal de SDAT
induzido por STZ.

e Avaliar o envolvimento do pré-tratamento com AT na via de sinalizagdo
PI13K-Akt em estruturas cerebrais no modelo animal de SDAT induzido
por STZ.

e Avaliar o efeito do pré-tratamento com AT sobre a proteina SNAP-25
(um marcador de neurodegeneracao) em cérebro de animais com SDAT
induzida por STZ.
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e Investigar o efeito do AT na neuroinflamacado induzida por STZ no
modelo animal de SDAT por meio da dosagem de citocinas em cortex
cerebral.

e Avaliar a sobrevivéncia neuronal através de imunohistoquimica com
anticorpo NeuN e da coloragcdo com cresil violeta em cérebro de ratos
pré-tratados com AT e submetidos ao modelo de SDAT induzido por
STZ.
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3. Revisao da Literatura

Doenca de Alzheimer

A DA é uma doencga neurodegenerativa com manifestagdes cognitivas e
neuropsiquiatricas que resultam em um progressivo prejuizo das capacidades
mentais e comportamentais do paciente levando a incapacitacdo. Atualmente é
responsavel por mais de 80 % dos casos de deméncia em pessoas idosas em
todo o mundo. Cerca de 35 milhdes de pessoas sofrem com a doencga, e a
expectativa, é que, até 2050, quando mais de 25 % da populacao sera idosa, o
numero total de casos possa chegar a aproximadamente 100 milhées elevando
em muito a demanda nos servicos de saude (ALZHEIMER’'S DISEASE
INTERNATIONAL, 2016; ALZHEIMER’S ASSOCIATION, 2017).

A DAF ou DA de inicio precoce, herdada geneticamente e responsavel
por menos de 10 % do total de casos na DA, esta relacionada a alteragbes em
diversos genes. Mutagdes nos genes APP (proteina precursora amiloide, uma
proteina integral de membrana), PS1 e PS2 (presenilina 1 e 2 respectivamente,
proteinas componentes do complexo y-secretases) representam a forma
autossOmica dominante da doencga responsavel por menos de 1 % dos casos
da DA e por 5-10 % dos casos da DAF sendo a mutagcdo do gene PS1 a mais
frequente. O outro tipo da doencga, a DAE ou DA de inicio tardio, que surge na
idade avancada representa 90 % dos casos e € considerada multifatorial,
contudo envolve também uma predisposicdo genética como, por exemplo, o
gene ApoE4 (gene Apo E alelo €4) o qual esta relacionado ao aumento do risco
de desenvolvimento da DA, tanto na DAE quanto na DAF (CAUWENBERGHE;
BROECKHOVEN; SLEEGERS, 2016).

Sabe-se que a APP é processada de forma proteolitica por a, B e vy
secretases seguindo duas vias: a constitutiva (ndo amiloidogénica) ou a via
amiloidogénica, levando a producdo de diferentes peptideos. Na via
constitutiva, a protedlise de APP por a-secretases resultam em fragmentos ndo
patogénicos. No entanto, na via amiloidogénica a protedlise de APP por B- e y-
secretases origina uma mistura de AB com diferentes tamanhos, sendo os dois
principais denominados de AB1.40 (90%) e AB1.42 (10%). Os fragmentos AB1.42

Sao mais propensos a agregacao e estao predominantemente presentes em
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placas amiloides em cérebros de pacientes com DA (KUMAR & EKAVALI,
2015).

Inicialmente os peptideos AB se agregam espontaneamente em
oligbmeros AP soluveis, e posteriormente aglomeram-se formando placas
amiloides insoluveis, também chamadas de placas senis (Figura 1). Estudos
recentes sugerem que o aparecimento dos oligdmeros AB soluveis tenham um
papel importante no inicio do prejuizo sinaptico, enquanto que as placas
amiloides aparentemente estariam relacionadas aos eventos tardios da doenca
(ANAND; GILL; MAHDI, 2014).

Os oligbmeros AB produzidos por neurdnios em associagdo com
astrocitos proximos promovem hiperfosforilagdo da proteina tau (proteina
associada a estabilizacdao dos microtubulos), a qual se agrega formando os
chamados NFT, resultando em efeitos toxicos nas mitocéndrias e nas células
como um todo. O aparecimento das placas senis amiloides ativa a microglia,
resultando em producdo e liberagcdo de citocinas pro-inflamatorias. Estas
citocinas estimulam neurbnios a produzirem quantidades ainda maiores de
oligbmeros AB o que leva a uma degeneracao neuronal e vascular ainda maior
(Figura 1) (DAL PRA et al., 2015).

Durante o processo de perda neuronal na DA o sistema colinérgico €
bastante afetado e os neurdnios colinérgicos corticais sofrem uma redugao
significativa levando a um prejuizo das fungdes colinérgicas centrais
(SCHIFILLITI et al., 2010). Sabe-se que o sistema colinérgico desempenha um
papel central no funcionamento da memoria e que a diminui¢cdo da sua fungao
esta associada a déficits cognitivos, perda de memaoria e desorientagcdo como
visto na DA (CHEN et al., 2013).

A atividade de ATPases, como por exemplo NKA, enzima envolvida no
controle da neurotransmissao, também encontra-se comprometido na DA. Uma
diminuicdo da atividade e expressdao de ATPases afeta diretamente a
sinalizacao de neurotransmissores prejudicando a aprendizagem e a memoria
(MOSELEY et al., 2003).
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Figura 1- Mecanismos envolvidos na patogénese da DA. O acumulo e a agregacao de
B-amiloide (AB) no cérebro pode ser resultado de um aumento na produg¢ao neuronal
de AB, na diminuicdo da atividade de enzimas que degradam AP, ou altera¢des nos
mecanismos de transporte de AB através da barreira hematoencefalica. Oligdmeros
AB prejudicam a funcdo sinaptica, enquanto que as placas amiloides alteram
processos neuronais em geral. Oligdbmeros AB interagem com receptores e com as
membranas na superficie celular, alterando cascatas de transducdao de sinal,
modificando a atividade neuronal e desencadeando a liberacdo de mediadores
neurotéxicos pela microglia (células imunes residentes). Anomalias vasculares
prejudicam o aporte de nutrientes e a remocao de subprodutos metabolicos causando
microinfartos e promovendo a ativacao de astrocitos (nao mostrados) e da microglia. A
proteina transportadora de lipideos ApoE4 aumenta a producao e prejudica a remogao
de AB. No interior de neurbnios, ApoE4 é clivada em fragmentos neurotéxicos que
desestabilizam o citoesqueleto e, assim como os AP intracelulares, prejudica a funcao
mitocondrial. A proteina tau e a a-sinucleina podem também se aglomerar em
oligbmeros patogénicos e formar grandes agregados intraneuronais, danificando
organelas vitais no interior da célula. (Adaptado de Mucke, 2009).

Sendo assim, as caracteristicas histopatologicas presentes no
parénquima cerebral de pacientes portadores da DA incluem depodsitos
fibrilares amiloidais associados a uma variedade de diferentes tipos de placas
senis, acumulo de filamentos anormais da proteina tau e consequente

formacao de NFTs, perda neuronal e sinaptica, ativagao da glia e inflamacao,
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observadas nas regides cerebrais responsaveis pelas fungdes cognitivas,
incluindo o cortex cerebral e hipocampo (KUMAR & EKAVALLI, 2015).

Estresse Oxidativo na Doenca de Alzheimer

Sabe-se que o estresse oxidativo desempenha um importante papel no
envelhecimento e na fisiopatologia de doencas neurodegenerativas
relacionadas a idade, como a DAE. Sendo assim, na busca de um melhor
entendimento sobre os mecanismos envolvidos na DA, a relacdo do estresse
oxidativo com a instalacdo e/ou a progressao da doencga tem sido amplamente
estudada (CHEN & ZHONG 2014; KAMAT et al.,, 2016; TONNIES &
TRUSHINA, 2017; MEZZAROBA et al.,2019; NAKABEPPU, 2019; PENA-
BAUTISTA et al., 2019).

O estresse oxidativo €& definido como um desequilibrio entre pro-
oxidantes e antioxidantes associado a um prejuizo na funcdo redox e a um
dano macromolecular (SIES & ARTEEL, 2000; HALLIWELL, 2006, 2011;
JONES, 2006). Esta associado ao aumento da producao espécies reativas

(ER), como radicais livres, espécies reativas de oxigénio (ERO) e espécies

reativas de nitrogénio (ERN), incluindo o radical anion superoxido (Oz7),

peréxido de hidrogénio (H202), radical hidroxil (OH7), 6xido nitrico (NO),
peroxinitrito (ONOO-) entre outros. Nas células, as ER sao produzidas por
diversas fontes incluindo o reticulo endoplasmatico, peroxissomos, oxidases
como a NADPH oxidase, citocromo P450 e pelas mitocéndrias (HAUPTMANN
et al.,, 1996; DI MEO et al., 2016). As células aerdbias, como parte de seu

processo metabolico, durante a fosforilagdo oxidativa, geram H202 e O como

subprodutos nos complexos | e Ill da cadeia respiratéria mitocondrial, sendo
esse processo o responsavel pela geracao do maior numero de ER na célula
(HALLIWELL, 2006; RAY et al., 2012; HOLMSTROM et al., 2014).

As ER geradas em baixas concentragcdes cumprem um importante papel
fisiolégico nos processos de sinalizagao intracelular ( DROGE, 2002; PACHER,;
BECKMAN; LIAUDET, 2007; VALKO et al., 2007; BARTOSZ, 2009; RAY et al.,

2012) nos mecanismos de defesa organica contra processos infecciosos e no
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desenvolvimento adequado da resposta inflamatéria a um dano tecidual
(HALLIWELL, 2006). Em condi¢cées normais, as defesas antioxidantes atuam
como neutralizadoras mantendo os niveis fisiologicos adequados de ER. Entre
as defesas antioxidantes podemos citar as enzimaticas como a SOD, GPX e a
CAT e as defesas antioxidantes ndo enzimaticas, tanto enddgenas, como
glutationa ou nutricionais como as vitaminas A, C e E, selénio, carotenoides e
compostos fendlicos (HALLIWELL & GUTTERIDGE, 2007; HOLMSTROM &
FINKEL, 2014; RAJENDRAN et al., 2014; BETTIO et al., 2017).

O balanco adequado entre a producao de ER e as defesas antioxidantes
€ essencial para um funcionamento celular adequado. No entanto, uma
exacerbada geracado de ER com uma capacidade diminuida do organismo em
neutraliza-las pode favorecer um estado proé-oxidante induzindo um grande
numero de alteragdes nos constituintes celulares, incluindo inativagcédo de
enzimas, danos as bases nitrogenadas dos acidos nucleicos e as proteinas,
além de peroxidacgao dos lipidios de membrana (HALLIWELL & GUTTERIDGE,
2007; KRYSTON et al., 2011). Diversos fatores, incluindo a exposicdo a
radiagdo, trauma, infeccdo, poluicdo, excesso de lipidios e agucar, atividade
fisica excessiva e até mesmo o envelhecimento podem favorecer a instalacao
deste estado pro-oxidante (HALLIWELL, 2006, 2011).

O sistema nervoso central € mais suscetivel ao dano oxidativo devido ao
grande consumo de oxigénio, abundancia de ferro, quantidades reduzidas de
antioxidantes, além de conter uma grande quantidade de acidos graxos poli-
insaturados (BAIERLE et al., 2015). Sendo assim, o estresse oxidativo favorece
a instalacdo e a progressao de processos neuropatoldégicos de uma série de
doencgas neurodegenerativas incluindo a DA (KUMAR et al., 2012; RYBKA et
al., 2013; ZHANG & YAO, 2013; BAIERLE, et al., 2015; BONIFACIO et al.,
2017).

De fato, diversos trabalhos tém demonstrado o envolvimento do estresse
oxidativo na DA. Nessa patologia a atividade das enzimas antioxidantes esta
alterada contribuindo, assim, para um acumulo de ER e, com isso, para a
instalacdo do estresse oxidativo (KIM et al., 2006; UTTARA et al., 2009). Além
disso, evidéncias mostram a existéncia de dano mitocondrial resultando em um
aumento da producdo de ER nos estagios iniciais da DA, antes mesmo do

aparecimento da patologia -amiloide e dos sintomas clinicos (UTTARA et al.,
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2009). Corroborando com esses dados, marcadores do estresse oxidativo
incluindo altos niveis de proteinas oxidadas, produtos glicosilados, extensiva
peroxidagao lipidica, formacgao de alcodis, aldeidos, carbonilas livres, cetonas e
modificagcdes oxidativas no RNA e no DNA nuclear e mitocondrial foram
encontrados em tecido cerebral e sistemas periféricos de pessoas portadoras
de ApoE4 em estagio pré clinico ou inicial da DA (SCHIPPLING et al., 2000;
RAMASSAMY et al., 2001; PICKLO et al., 2002; SULTANA et al., 2011).

Além da producdo de ER, a homeostase anormal de metais bioativos
como ferro (Fe), cobre (Cu), zinco (Zn), magnésio (Mg), manganés (Mn), e
aluminio (Al) podem estar envolvidos na producdo de radicais livres e no
estresse oxidativo influenciando a agregacdao de AP e tau (LIU et al., 2006;
GREENOUGH; CAMAKARIS; BUSH, 2013; WANG & WANG, 2016). Um
aumento nos niveis de Fe, Cu e Zn foi detectado proximo as placas amiloides
em cérebro de pacientes com a DA e em modelos transgénicos animais
(LOVELL et al., 1998; LEE et al., 2002; MILLER et al., 2006; STOLTENBERG
et al., 2007). Os metais atuam tanto afetando o processamento da APP, quanto
se ligando diretamente a AR promovendo a agregacao (TOUGU et al., 2008;
MANTYH et al., 1993). Além disso, podem promover a fosforilagdo de tau e a
formacao de NFT (SAYRE et al., 2000; BOOM et al., 2009). Os metais ainda
catalisam reacdes onde o produto gerado € uma ER como no caso da reagao
de Fenton, onde Oz e H202 sdo convertidos em OH', uma espécie mais reativa
gue as anteriores. Uma ligacao direta de alguns metais a A contribuem para o
aumento do estresse oxidativo e a producdo extramitocondrial de ER. O
acumulo desses metais € em primeiro lugar originado pelo prejuizo da
homeostase neuronal afetada pela idade e exacerbado pela patologia amiloide
e tau no caso da DA (BOOM et al., 2004; BARNHAM & BUSH, 2014).

Outra fonte da producdo de ER mediada diretamente por AB envolve a
ativacao da microglia no cérebro durante a resposta inflamatoéria ao depdsito de
placas amiloides extracelulares (NAKAJIMA & KOHSAKA, 2001). Além disso,
os niveis elevados de AB podem acelerar a producdo de ER por se ligarem
diretamente a membrana mitocondrial, alterando o funcionamento e a dindmica
mitocondrial, levando a prejuizos no metabolismo energético e a perda de
fungdo sinaptica (MANCZAK et al., 2006; GIBSON & KARUPPAGOUNDER,

2008). O estresse oxidativo associado @ membrana, induzido por peptideo AB
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perturba o metabolismo de colesterol que por sua vez desencadeia uma
cascata neurodegenerativa levando a um acumulo adicional de Ap,
hiperfosforilagcdo de tau e sintomas clinicos da doenca (MATTSON; CUTLER,;
JO, 2005; HAUGHEY et al., 2010). Sendo assim, os dados atuais sugerem que
alteragcbes no funcionamento mitocondrial, aumento do estresse oxidativo,
deficiente defesa antioxidante, producao de AP e fosforilagdo de tau podem
representar um ciclo vicioso que com o tempo exacerba o processo patolégico
eventualmente levando a morte neuronal (TRUSHINA & MCMURRAY, 2007)
(Figura 2).

IDADE/ FATORES GENETICOS DE RISCO/ ESTRESSE AMBIENTAL/
ALTERAGAO NO FUNCIONAMENTO MITOCONDRIAL
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Figura 2- Fatores de risco genéticos e ambientais contribuem para o desenvolvimento
da Doencga de Alzheimer Esporadica (DAE). Com a idade o aumento de alteragdes nas
funcdes mitocondriais e aumento na producao de espécies reativas (ER) podem iniciar
um ciclo vicioso, onde multiplos mecanismos e sistemas afetados pelas ER exacerbam
a producado de mais ER, acelerando o dano celular e levando a disfungdo sinaptica.
(Adaptado de TONNIES & TRUSHINA, 2017).
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Levando em conta que no cérebro a energia livre necessaria para
direcionar a maioria das reacgdes celulares € produzida primeiramente na
mitocOndria pela oxidagdo da glicose em condi¢des aerdbias, um prejuizo no
metabolismo desse combustivel pode ser um fator indicativo da presenca de
estresse oxidativo (VALLA et al., 2010; REDDY et al., 2012; TRUSHINA et
al.,, 2012; 2013). Sendo assim o envolvimento do estresse oxidativo com a
fisiopatologia da DA pode estar relacionado a resisténcia a insulina (RI)
promovida pelas ER. Ja esta bem documentado que o dano oxidativo pode
levar a um quadro de RI e evidéncias demonstram que essa resisténcia esta
potencialmente ligada ao aumento do risco de desenvolvimento tanto da DA,
quanto outros disturbios neuropsiquiatricos e neurodegenerativos, pois pode
levar a alteragbes na via de sinalizagdo PI3K-Akt envolvida diretamente nos
processos de sobrevivéncia celular (GANCHEVA et al., 2017; JHA et al., 2017).

Alteragcdes na via de sinalizagdo PI3K-Akt na Doenca de

Alzheimer

Diversas hipéteses tentam explicar a patogénese da DA. Segundo a
hipotese da glicodeprivacédo cerebral, o hipometabolismo da glicose associado
a disfuncao mitocondrial, em regides cerebrais propensas a DA, como o cortex
e o hipocampo, é uma alteragdo metabdlica presente antes mesmo do
aparecimento de oligbmeros B-amiloides e hiperfosforilagdo de proteina tau
(DU et al., 2010; REDDY, 2011; SULTANA et al., 2011; TRUSHINA et al., 2012;
SCHMITT et al.,, 2012; CALDWELL; YAO; BRINTON; 2015; GRIEB et al.,
2016). De fato, a analise de cérebro de individuos portadores dos genes
envolvidos com o surgimento da DAF mostraram uma deficiente captacao de
glicose cerebral independente da atrofia cerebral. Essa alteragdo é detectada
trés décadas antes do inicio esperado de sintomas clinicos da doenca
(MOSCONI et al.,, 2008), mostrando que a diminuicdo da capacidade dos
tecidos cerebrais para metabolizar a glicose € um sinal muito precoce na DA.
Além disso, esse metabolismo também estad reduzido em individuos de
diversos grupos de risco para a DA, incluindo pacientes com comprometimento

cognitivo leve, estagio prodrébmico da DA e portadores do gene ApoE4
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(REIMAN et al., 2004; MOSCONI; PUPI; DE LEON, 2008; JAGUST &
LANDAU; 2012). Em analogia ao diabetes tipo 2, onde ha uma capacidade
diminuida de tecidos periféricos para metabolizar a glicose, o termo diabetes
tipo 3 foi proposto para DA baseado no hipometabolismo de glicose cerebral
observado nessa patologia (GRIEB et al., 2016).

Neste contexto, varios trabalhos mostram que uma inadequada
regulacédo da via de sinalizacdo PI3K-Akt, devido a dessensibilizacdo, ou seja,
a remocao de respostas normais a insulina e IGF-1 (fator de crescimento
semelhante a insulina tipo 1) (seus principais ativadores), no cérebro, € uma
caracteristica inicial da DA (BRUNET et al., 2001, LIU et al., 2011). O controle
adequado da via de sinalizacdo PI3K/Akt integra fisiologicamente respostas
fundamentais para o envelhecimento e longevidade saudaveis, sendo, portanto
essencial para evitar o aparecimento de doengas do envelhecimento como a
DA (O' NEILL, 2013).

Em resposta a insulina e IGF-1, seus respectivos receptores, IGF-1R e
IR, receptores tirosina cinase, desencadeiam sua autofosforilagdo levando a
ativagdo do substrato receptor de insulina (IRS) por fosforilagdo da tirosina,
ativando, assim, PI3K. PI3K fosforila o lipidio de membrana PtdIns(4,5)P, para
gerar PtdIns(3,4,5)Ps. O aumento nos niveis de PtdIns(3,4,5)P3 recruta Akt para
a membrana com ativagao via fosforilagdo em Thr-308 induzida por PDK-1
(proteina cinase-1 dependente de fosfatidilinositol) e em Ser-473 induzida
primariamente por mTORC2 (alvo da rapamicina-2 em mamifero) mas também
por DNA-PK (proteina cinase dependente de DNA) (FRANKE, 2008; HERS;
VINCENT;TAVARE, 2011) (Figura 3).

As acboes da Akt sdo complexas, mas predominantemente atua em
sistemas anabdlicos, de sintese e de crescimento em trés alvos principais:
mTORC1 (alvo da ripamicina-1 em mamifero), GSK3p (glicogénio sintase
cinase 3B) e FOXO (fator de transcricao FOXO) modulando plasticidade
sinaptica, polaridade neuronal, neurotransmissdo, proteostase, controle
metabdlico e respostas ao estresse, incluindo reparo ao DNA (O' NEILL, 2013)
(Figura 3).

Akt ativa mTORC1 aumentando a sintese e translagao proteica e inibe a
macroautofagia e mTORC2 responsavel pela regulagcdo do citoesqueleto
(GARELICK & KENNEDY, 2011). GSK3B e FOXO séo inativadas por Akt,
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GSK3p induz a sintese de glicogénio e aumento da sintese lipidica, enquanto
FOXO atua na transcricdo de genes de resposta ao estresse e sistemas de
reparo em situagdes onde os sistemas celulares sao privados de nutrientes
(KLOET & BURGERING, 2011) (Figura 3).
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Figura 3- Mecanismos de ativacao/desativacdo que modula a via de sinalizagao
PI3K/Akt. Os mecanismos de ativacdo e desativacdo estdo indicados em verde e
vermelho respectivamente. Primeiramente, insulina, IGF-1 e outros fatores de
crescimento ativam seu receptor tirosina cinase desencadeando sua autofosforilagdo
que ativa proteinas IRS por fosforilacdo da tirosina ativando PI3K. PI3K fosforila
PtdIns(4,5)P2 para gerar PtdIns(3,4,5)P3 recrutando Akt para a membrana induzindo
mudancas conformacionais na Akt permitindo a associacao a PDK1 para fosforilar Akt
na Thr-308 levando a ativacdo de Akt, seguida da fosforilagcdo em Ser-473 induzida
por mTORC2 para ativagcao completa de Akt. Akt uma vez totalmente ativada fosforila
uma ampla gama de substratos para regular funcoes celulares, incluindo mTOR
(ativada); GSKS3p (inativada) e FOXO (inativada). O principal mecanismo de inibicao
de PI3K-Akt inclui PTEN que desfosforila PtdIins(3,4,5)P3, PP2A e PHLPPs que
desfosforilam Akt e um mecanismo de feedback negativo via mTOR inativando IRS-1
(Adaptada de O’NEILL, 2013).

Os principais inativadores da via PI3-K/Akt incluem PTEN (fosfatase
homologa a tensina deletada no cromossomo 10) que desfosforila
PtdIins(3,4,5)Ps, PP2A (proteina fosfatase 2A) e PHLPPs (proteinas fosfatases
com dominio rico em leucina) que desfosforilam Akt e um feedback negativo
através da fosforilagdo de serina e consequente inativagcao de IRS-1 mediado
por m-TOR (HERS; VINCENT, TAVARE, 2011) (Figura 3).
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Levando em conta que a via de sinalizagdo PI3K/Akt desempenha um
papel central na sobrevivéncia neuronal o desenvolvimento de uma resisténcia
a insulina no cérebro e consequente reducao na atividade de sinalizagado dessa
via com consequente superativacdo de GSK3B e diminuicdo nos niveis de
transportadores de glicose sdo mecanismos chave para o desenvolvimento da

DA, levando a degeneracao neurofibrilar (DENG et al., 2009; GRIEB, 2016).

Neuroinflamacéo e a Doenca de Alzheimer

Pesquisas envolvendo modelos animais e estudos em pacientes indicam
uma conexao entre doengas neurodegenerativas e neuroinflamagédo (AMOR et
al., 2010). Modificagcbes do estado fisiologico do cérebro durante o
envelhecimento resultam em um aumento da resposta inflamatoria, incluindo
aumento dos niveis de citocinas pro-inflamatorias, predispondo, desse modo,
individuos a varias condi¢des associadas ao envelhecimento, incluindo a DA
(FINCH & MORGAN, 2007). Alguns estudos tém indicado que o dano neuronal
progressivo associado a DA pode ser consequéncia de reagdes inflamatorias
locais no sistema nervoso central (AKIYAMA et al., 2000a; TUPPO & ARIAS,
2005; WYSS-CORAY, 2006).

Componentes inflamatdrios associados a neuroinflamacdo na DA
incluem células gliais, como microglia e astrocitos, o sistema complemento, e
citocinas e quimiocinas. Os mediadores inflamatorios da classe das citocinas
sao secretados pela microglia e astrocitos que rodeiam as placas neuriticas de
AB. Os mediadores inflamatdrios liberados nesse processo estimulam
neurdnios a produzirem quantidades ainda maiores de oligbmeros AB o que
leva a uma degeneracéo neuronal e vascular ainda maior (DAL PRA et al.,
2014). Neste sentido, tem sido proposto que uma fagocitose ineficiente da A
por parte da microglia, e a consequente hiperativagcao celular (astrocitos e
microglia reativos) e liberagdo de mediadores inflamatorios e fatores
neurotoxicos, contribuiria de maneira decisiva no processo neurodegenerativo
verificado na DA (AKIYAMA et al., 2000b).

Existem evidéncias de que as trés principais citocinas proé-inflamatérias -
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IL-1B, IL-6 e TNF-a - podem levar a morte neuronal e disfungao cerebral. Entre

elas, TNF-a e IL-6 podem contribuir significativamente potencializando o
processo neuroinflamatério observado na DA (ROSENBERG, 2005). Dessa
forma, a relagdo destas duas citocinas com a DA, tem sido frequentemente
investigada e recebido grande atencao da pesquisa clinica (AKIYAMA et al.,
2000b; BROSSERON et al., 2014 ).

TNF-a € uma das principais citocinas pro-inflamatérias que desempenha
um papel central no inicio e na regulagdo do cascata de citocinas durante uma
resposta inflamatéria (KIM; LEE; KIM, 2017). Sua producdo € realizada
principalmente por células do sistema imunoldgico, incluindo macroéfagos,
monocitos e linfocitos, em resposta a agentes patogénicos ou durante
condi¢oes de estresse no organismo. Em relagao ao sistema nervoso central, a
microglia e astrocitos sdo considerados os produtores primarios de TNF-a.
Através da associacdo com um de seus receptores celulares, denominados
receptor do TNF tipo 1 (TNFR1 ou p55) e receptor do TNF tipo 2 (TNFR2 ou
p75), o TNF-a ativa diferentes cascatas intracelulares que regulam diversas
fungdes celulares, incluindo respostas inflamatorias, diferenciagédo e apoptose
(PALLADINO et al., 2003). Ao nivel celular, a principal fungao atribuida ao TNF-
a € sinalizar para a ativagao da transcricdo de outras proteinas envolvidas na
resposta inflamatéria, incluindo a IL-1, IL-6 e IL-8, as quimiocinas e as
moléculas de adesao (KIM; LEE; KIM, 2017). Além disso, o TNF-a é um fator
fundamental na regulagdo do balango entre a ativagao de vias de sinalizagao
pro- e anti-apoptéticas no controle da proliferacdo celular e na resposta
inflamatéria (BAUD & KARIN, 2001).

IL-6 & uma citocina cuja expressdo ¢é induzida por TNF-a. E
multifuncional, desempenhando um papel importante na defesa do hospedeiro,
regulando a resposta inflamatéria e induzindo uma resposta de fase aguda
durante o inicio do curso de uma infeccdo (HAMMACHER et al., 1994,
RAIVICH et al., 1999).

Tem sido demonstrado um aumento nos niveis de diversos mediadores
pro-inflamatoérios no cérebro de pacientes com a DA (MOORE & O’BANION,
2002; GALIMBERTI et al., 2003). Evidéncias indicam um aumento na
expressao do TNFR1 no cérebro, bem como nos niveis de TNF-a no cérebro e
plasma dos pacientes (FILLIT et al., 1991; TARKOWSKI, 2002; LI et al., 2004).
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Vérios estudos ja relataram aumento dos niveis séricos e plasmaticos de IL-6
em pacientes com DA em comparagao com pacientes controles. Sendo assim
niveis elevados de citocinas pré-inflamatorias, como IL-6 e TNF-a, tém sido
considerados biomarcadores para DA (DINARELLO, 2007, WANG et al., 2015,
ALAM et al., 2016).

Modelo de Deméncia Esporadica do Tipo Alzheimer induzido

por estreptozotocina

Embora muitos mecanismos envolvidos na DA ja estejam bem
elucidados algumas lacunas ainda permanecem, o que impossibilita o
desenvolvimento de terapias eficazes contra a doenca. Centenas de drogas
candidatas a novas terapias para a DA, ja foram testadas, e, infelizmente,
nenhuma foi traduzida em uma terapia bem-sucedida em humanos (FARLOW ;
MILLER; PEJOVIC, 2008; KURZ & PERNECZKY, 2011). Varios fatores foram
propostos como possiveis causas fundamentais desta falha, mas de fato,
entender e reproduzir exatamente os mecanismos fisiopatolégicos envolvidos
pode ser a questao fundamental na busca por terapias (KUMAR & DOGRA,
2008).

Neste sentido, para o estudo de possiveis alvos terapéuticos e para a
triagem de potenciais compostos que possam vir a ser usados no tratamento
da DA foram desenvolvidos diversos modelos animais. Estes modelos
promovem acesso in vivo da patologia da doencga possibilitando o estudo das
interacoes entre células e sistemas, bem como a avaliagdo de alteragdes
cognitivas em testes de memodria e aprendizagem (PUZZO et al., 2014). O
modelo de SDAT que emprega a administracdo icv de STZ, uma toxina
diabetogénica, promove a deficiéncia de glicose e energia cerebral levando a
déficits progressivos na aprendizagem e memoria (LANNERT & HOYER, 1998;
SALKOVIC-PETRISIC; OSMARNOVIC-BARILAR; KNEZOVIC, 2014).

A STZ leva a mudancga na sinalizagdo e nos receptores de insulina no
cérebro e reduz enzimas chaves da via glicolitica no coértex cerebral e
hipocampo cerebral, o que leva ao declinio dos niveis de compostos ricos em
energia como o ATP (LANNERT & HOUYER, 1998). Também produz dano
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neuronal por causar estresse oxidativo através da producdo de ERN, aumento
dos niveis de malondialdeidos, hiperfosforilacdo da proteina tau, acumulo de
AB no cérebro e prejuizos na transmissdo colinérgica culminando para uma
atrofia cerebral (GRIEB et al., 2016). Sendo assim o modelo SDAT induzido por
STZ mimetiza amplamente as caracteristicas da doenca o que € de grande

valia na pesquisa cientifica (GRIEB et al., 2016).

Acido Tanico

Tendo em vista que os tratamentos utilizados atualmente para a DA tem
como alvo somente os sintomas da doenga e ndo a causa (e mesmo assim um
grande numero de pacientes nao responde satisfatoriamente a terapia
disponivel) e que nenhuma terapia € capaz de destruir os agregados amiloides
e reverter o processo neurodegenerativo uma vez instalado a prevencgao dessa
patologia mostra-se como uma estratégia bastante interessante (KUMAR &
EKAVALLI, 2015). Na busca por estratégias farmacologicas preventivas deve-se
levar em conta a variedade de compostos bioativos naturalmente encontrados
na natureza e que compde a dieta, os nutracéuticos. A literatura sugere que o
teor elevado de polifenois presente em algumas plantas possa influenciar
positivamente a patologia da DA reduzindo fatores de risco associados a
doenca, e tal propriedade € atribuida ao elevado potencial antioxidante desses
compostos (TAN et al., 2012).

O AT é um polimero polifenol glicosidico hidrolisavel de acido galico, e
categorizado de acordo com sua estrutura como um flavonoide (Figura 4). E
naturalmente encontrado em varias plantas herbaceas e lenhosas, incluindo
leguminosas, sorgo, feijao, bananas, caquis, framboesas, vinhos e uma ampla
selecdo de chas (SERRANO et al.,, 2009). Clinicamente, apresenta acao
antioxidante neutralizando espécies reativas, propriedades anti-inflamatorias,
anti-virais/bacterianas, anti-cancerigenas e neuroprotetoras (BRAIDY et al.,
2017).

Os efeitos neuroprotetores do AT na DA foram demonstrados em alguns
modelos in vitro e in vivo (ONO et al., 2004; YAO et al., 2013; MORI e

colaboradores, 2012) mas nenhum estudo avaliou a capacidade neuroprotetora
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do AT na DAE que representa a maioria dos casos da doenca (GIDYK et al.,
2015). In vivo Mori et al., 2012 demonstraram que o AT previne o prejuizo
cognitivo em um modelo animal transgénico de deméncia do tipo Alzheimer
(PSAPP). Esse efeito foi associado a inibicdo da atividade de B-secretase
(reduzindo a producao de AB) e atividade neuroinflamatéria do composto,
prevenindo assim a progressdao da patologia amiloide cerebral. Mori e
colaboradores, 2012 ainda demonstraram que o AT é capaz de reduzir
significantemente a producdo de AB e reduzir a protedlise amiloidogénica de
APP in vitro em células humanas mutantes que superexpressam APP. Além
disso, in vitro, o AT também demonstrou capacidade de inibir a agregacao de
proteina tau (YAO et al., 2013) e AB, desestabilizando os agregados AR pré-
formados (ONO et al., 2004).

=Y

Figura 4 - Estrutura quimica do Acido Tanico

Considerando que a etiologia da DA permanece sem ser totalmente
elucidada, as estratégias que visam caminhos comuns, particularmente usando
abordagens de estilo de vida, como exercicios e nutricdo sugerem uma
importante abordagem sinérgica para a prevencao de doencas relacionadas a
idade como a DAE. Nesse sentido a suplementacao de AT na dieta pode se
apresentar como uma promissora ferramenta preventiva nessa patologia ainda

sem tratamento eficaz, tornando relevante o estudo da sua agao neuroprotetora
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frente as alteragdes bioquimicas e comportamentais dessa doengca em um
modelo SDAT induzido por STZ.
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Abstract

The aim of this study was to investigate the ability of tannic acid (TA) in
preventing memory deficits and neurochemical alterations observed in a model
for Sporadic Dementia of Alzheimer's Type. Rats were treated with TA (30
mg/kg) daily for 21 days, and subsequently received intracerebroventricular
injection of streptozotocin (STZ). We observed that STZ induced learning and
memory impairments; however, treatment with TA was able to prevent these
effects. In cerebral cortex and hippocampus, STZ induced an increase in
acetylcholinesterase activity, reduced Na*,K*-ATPase activity and induced
oxidative stress increasing thiobarbituric acid-reactive substances, nitrites and
reactive oxygen species levels and reducing the activity of antioxidant enzymes.
Treatment with TA was able in prevent the major of these neurochemical
alterations. In conclusion, TA prevented memory deficits, alterations in brain
enzyme activities, and oxidative damage induced by STZ. Thus, TA can be an

interesting strategy in the prevention of Sporadic Alzheimer's Disease.

Keywords: Natural product; Antioxidant; Dementia; Acetylcholinesterase;
ATPases
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1.Introduction

Alzheimer Disease (AD) is an incapacitating neurodegenerative disease
leading to the progressive cognitive decline affecting approximately 44 million
people worldwide being the sporadic type the most common, accounts for 85%
of cases [1]. Decreasing brain glucose consumption is an early sign of Sporadic
Alzheimer's Disease (SAD); so the reduced ability of brain tissues to metabolize
glucose is central to when neurodegeneration is initiated, and the development
of amyloid deposits and neurofibrillary tangles made of hyperphosphorylated
tau proteins follow [2]. Consequently, diabetes has been recognized as a
contributor to the risk for developing dementia, confirming the relationship
between insulin resistance in the brain and SAD; some studies even mention
the occurrence of SAD-like type 3 diabetes [2]. SAD and type 2 Diabetes are
multifactorial in their etiology and strategies using lifestyle approaches, such as
nutrition which could enhance glucose control, lower insulin resistance and
reduce inflammation, are interesting to prevent these diseases [3].

Naturally occurring dietary compounds with high polyphenol content, like
tannic acid (TA), may reduce the risk factors associated with AD owing to their
powerful antioxidant properties [4]. It is a plant-derived hydrolysable tannin
polyphenol, a gallic acid polymer glucoside naturally found in several
herbaceous and woody plants, wines, and a broad selection of teas [5]. TA has
been shown antioxidant, anti-inflammatory, anti-viral/bacterial, anti-
carcinogenic, and neuroprotective properties [6]. The effects of TA against AD
have been demonstrated in some in vitro, as well as in vivo transgenic models
of AD [7,8,9]. However, there has been no study evaluating the protective
capacity of TA against SAD [1]; hence, TA supplementation represents an
interesting preventive strategy for AD.

In the present study, we investigated the ability of TA in preventing
memory deficits using an intracerebroventricular (icv) administration of
streptozotocin (STZ) in a rat model for Sporadic Dementia of Alzheimer’s Type
(SDAT). This model mimics many pathological processes of SAD, such as
impaired brain glucose and energy metabolism, which leads to progressive
deficits in learning and memory [10]. We examined the effects of STZ and TA
on locomotor ability and the capacity for learning and memory. To understand

the biochemical mechanisms involved in the effects elicited by STZ and TA, we
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also evaluated the activities of acetylcholinesterase (AChE) and Na*,K*-ATPase
(NKA); furthermore, we also looked at oxidative stress markers known to be
altered in SAD.

2.Materials and methods
Animals
Male Wistar rats (60-day-old) were kept under a constant temperature,
humidity and illuminated, with food and water ad libitum. All procedures were
carried out according to the NIH Guide for Care and Use of Laboratory Animals.
This work was approved by the Ethical Committee of Animal Experimentation of
the institution (CEEA 4611-2015).

Experimental design

Animals were divided into four groups: control (CTRL), tannic acid (TA),
streptozotocin (STZ), and tannic acid plus streptozotocin (TA+STZ). Rats of TA
and TA+STZ groups were treated by gavage with TA (30 mg/kg, b.w.) [8] per 21
days and the others groups received vehicle (water). At the 22th day animals
were submitted to surgery in stereotaxic apparatus [11]. The STZ and TA+STZ
groups received bilateral icv injection of 5 pL/site of STZ (3 mg/kg, b.w.) [12]
and others received vehicle (citrate buffer) (Figure 1).After recovery, behavioral
tests were evaluated and treatment was reestablished. Next, the animals were
euthanized by decapitation and the cerebral cortex and hippocampus were
separated and stored at —80°C until utilization to biochemical analysis. Cerebral
cortex and hippocampus were used because of their involvement in behavioral
and cognitive function. These structures were homogenized in appropriated

buffer solution on ice and the supernatant was used in the assays.

Behavioral procedures
Open-field test
The open-field test was carried out to identify locomotor ability. The
apparatus consisted of a box with the floor of the arena divided into 16 equal
squares. The number of segments crossed with the four paws in 5 min was
record [13].



39

Object recognition task

This test was used for the assessment of learning and recent memory in
rats [14]. In the training phase two identical objects were place in the arena; 3 h
after rats were allowed to explore one familiar (A) and one novel (B) object in
the test session. Exploration was defined as the time spent sniffing or touching
the object with the nose and/or forepaws during 5 min. The objects presented
similar textures, colors and sizes, but distinctive shapes. An exploratory
preference (%) was expressed by the ratio (T1 x 100)/ T2, T1= time spent in
exploring the novel object (B); T2= time total spent in exploring the two objects
(A+B).

Y-maze test

Rats performed a Y-maze memory task to measure learning and spatial
recognition memory [15]. During training rats were allowed to explore only two
arms for 5 min. Two hours late, for the test, rat was placed back in the maze,
with free access to all three arms for 5 min. An exploratory preference (%) was
expressed by the ratio (T1 x 100)/ T2, T1= time spent in exploring the novel

arm; T2= time total, 5 min.

Biochemical assays
AChE activity determination
Assessment of AChE activity was carried out using 5,5'-dithio-bis-2-

nitrobenzoic acid (DTNB) as previous described [16].

Determination of ATPase activity
To determine NKA activity the amount of inorganic phosphate (Pi)
released was quantified [17]. Different concentrations of ouabain were used to

evaluate the activity of isoforms of NKA [18].

Oxidative Stress Parameters
To determine thiobarbituric acid-reactive substances (TBARS) content
tissue supernatant was mixed with trichloroacetic acid and thiobarbituric acid

and heated in a boiling water bath for 60 min [19].
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Total thiol content was evaluated by the reduction of DTNB by thiols,
which in turn, becomes oxidized (disulfide) generating derivative TNB is
measured spectrophotometrically [20].

Nitrite concentrations were measured using Griess reagent [21].

The oxidation of dichloro-dihydro-fluorescein diacetate (DCFH-DA) to
fluorescent dichlorofluorescein (DCF) was examined for the detection of
intracellular ROS [22].

The reaction to measure catalase (CAT) activity is based in the
decomposition of H2O2 [23]. The inhibition of superoxide, dependent adrenaline
auto-oxidation, was measured to determine superoxide dismutase (SOD)
activity [24]. Glutathione peroxidase (GPx) activity was measured using

commercially diagnostic kits (RANDOX-Brazil).

Protein determination

Protein was determined and compared with bovine serum albumin [25].

Serum glucose determination
Measurements of serum glucose levels were determined using

commercially diagnostic kits (Labtest, MG, Brazil).

Statistical analysis
Statistical analysis was performed by two-way ANOVA and post-hoc
comparison was used when appropriate (Bonferroni test). The main effects
were presented only when interactions were not significant. A value of p<0.05
was considered significant. Statistical analyses were performed  using
GraphPad Prism 7.0 software. All experimental results are given as the mean

(s) + SEM.

3.Results
TA prevents behavioral changes induced by STZ
The training session of the object recognition test did not show an
interaction between the test groups suggesting no significant differences (data
not shown). In the test phase (Fig. 2A) STZ treatment decreased the total time

spent in exploration of a new object vs. control group and treatment with TA
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was able to prevent this effect maintaining memory integrity [F(148 = 12.65;
p<0.001].

Fig. 2B shows that the treatment with TA was able to prevent spatial
memory impairment induced by STZ in the test phase in the Y-maze test [F1, 25)
= 5.86; p<0.05]. The animals of STZ group spent less time (s) in the novel arm
than the control animals and treatment with TA prevented this effect. No
significant difference was observed between the groups during training (data
not shown).

In the open field test, neither TA nor STZ altered the number of crossings
(Fig. 2C) compared to the control animals [F(150) = 0.12; p>0.05], suggesting
that TA and STZ did not cause any motor change.

TA restores AChE and ATPase activities in an icv-STZ model

TA treatment prevents the increase in AChE activity in the cerebral
cortex [F(1, 23y = 8.82; p<0.01] and in the hippocampus [F, 18 = 6.88; p<0.05]
induced by icv-STZ (Fig. 3A and B respectively). TA also prevents the decrease
in total ATPase activity in the cerebral cortex [F(1, 15y = 4.909; p<0.05] and in the
hippocampus [F@#, 15 =6.05;p<0.05] induced by icv-STZ (Fig. 4A and 5A
respectively).

Fig. 4B and 5B revealing significant differences between the tests groups
vs. control groups in the total NKA activity in the cerebral cortex [F1, 16) = 12.57,;
p<0.01] and hippocampus [F@, 16y =7.67; p<0.05] of rats suggesting that TA
treatment prevents the decrease in total NKA activity induced by icv-STZ in
these structures.

TA significantly prevents the decreased NKAa2,3 activity induced by icv-
STZ in this cerebral cortex [F, 16y = 13.13; p<0.01] but no significant differences
in NKAa2,3activity were observed in the cerebral hippocampus (Fig.4C and 5C
respectively).

Additionally, a significant interaction between the experimental groups in
NKAa1 activity in the cerebral cortex [F@, 199 =10.82; p<0.01] and in the
hippocampus [F@i, 199 =10.30; p<0.01] was observed suggesting that TA
treatment prevents the decreased activity of the enzyme induced by icv-STZ
(Fig. 4D and 5D).
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Effect of TA and STZ treatment on brain oxidative stress
markers

Statistical analysis showed a significant enhancement in TBARS in STZ
vs. control group; however, TA prevented this increase in the cortex [F(1, 15)
=10.93; p<0.01] and hippocampus [F1, 15) =9.40; p<0.01] (Table 1). As regards
nitrite and ROS levels, ANOVA did not show an interaction in these parameters
of the cerebral cortex, but showed a significant main effect of STZ [Nitrite: F(1, 23
= 13.09; p<0.01, ROS: F(3, 12) = 16.29; p<0.01]. In the hippocampus, statistical
analysis showed an interaction on the nitrite [F(1, 23) = 6.09; p<0.05] and ROS
[Fa, 13y = 19.31; p<0.05] levels, suggesting that TA treatment prevents nitrite and
ROS production in this structure induced by icv-STZ (Table 1). Total thiol
content in the cerebral cortex [F(1, 18 = 0.81; p>0.05] and hippocampus [Fq, 17) =
2.14; p>0.05] was not altered by TA and STZ (Table 1).

Table 2 shows the effects of TA and STZ on the activity of antioxidant
enzymes. The rats administered with STZ exhibited a significantly decreased
SOD activity; however, treatment with TA prevented this alteration [F, 19)
=12.22; p<0.01]. In the hippocampus, statistical analysis did not show a
significant interaction [F(1, 19) = 3.68; p>0.05] between the experimental groups
for SOD activity. An interaction [F¢, 17) =5.39; p<0.05] in CAT activity in the
cerebral cortex suggesting that TA prevents the reduction of this enzyme
induced by icv-STZ. However, TA or STZ did not affect CAT activity in the
hippocampus [F@#, 17y = 0.49; p>0.05]. With GPx activity, two-way ANOVA
revealed significant differences between the tests groups vs. the control groups,
suggesting that TA treatment prevents the decrease in this enzyme induced by
icv-STZ in the cerebral cortex [F, 14) =28.28; p<0.001] and hippocampus [F, 14
=31.89; p<0.001].

Serum glucose analysis
The peripheral glucose level was not affected by icv-STZ (Control:
114.8+7.97; STZ: 1394£6.15; TA: 129.6+11.04; TA-STZ: 139.4+18.1).
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4.Discussion

In this study we demonstrated that TA was effective in preventing SDAT
in an icv-STZ model. TA prevents memory deficits, changes in AChE and NKA
activities, and oxidative stress induced by STZ, which are symptoms associated
with SAD. The icv-STZ [26], non-transgenic metabolic model, employs icv
injection of a diabetogenic toxin in the rat lateral ventricles. The key mechanism
in the development of disease is the brain insulin resistance, as well as in the
human SAD [2]. Application of STZ leads to several brain metabolic and
behavioral disturbances consequences of the decreased brain glucose
utilization. This toxin also reduced ATP and energy charge potential in the
cerebral cortex [27].

Behavioral disturbances induced by the SDAT model can be observed in
the memory profile of the animals in the object recognition and Y-maze tests. In
the object recognition test, TA prevented memory leaks induced by STZ as
demonstrated by the animals’ preference to explore the new object over familiar
one; this shows interest in novelty, which is the behavior expected in a healthy
animal [15]. Similarly, in the Y-maze test, treatment with TA demonstrated
spatial memory preservation, as showed by the animals’ preference to explore a
novel arm over a familiar arm. The open field session revealed that neither STZ
nor TA administration cause motor disabilities, excluding the possibility of their
interference in the behavioral tests [14].

It is known that alkylating properties of STZ metabolites generate ROS,
causing oxidative stress and affecting AChE activity, important enzyme in
cognitive function [12]. We observed that TA was able to prevent the increase of
AChE in the hippocampus and in the cerebral cortex induced by STZ. This
finding is in accordance with previous study demonstrating an increase in AChE
upon icv-STZ, 7 days after administration, without alteration in this enzyme
expression [12]. Therefore, TA effect can be attributed, at least in part, to its
potent antioxidant action, as data have demonstrated that oxidative stress plays
a role in the regulation and activity of AChE [28].

Decreased activity and expression of NKA affects the signaling of
neurotransmitters, impairing learning and memory and contributes to the
anxious behavior of rats [29]. NKA inhibition increases N-methyl-D-aspartic acid

(NMDA) mediation, increasing nitric oxide (NO) synthesis by increasing nitric
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oxide synthase activity (NOS) [30]. These observations are in accordance with
our results when we observed an inhibition of the enzyme and an increase in
the nitrite levels induced by STZ in both cerebral structures tested; treatment
with TA prevented this effect, at least in part, owing to its antioxidant properties.

The NKA isoforms are expressed in a cell/tissue-specific manner; the a1
isoform is expressed in all mammalian tissue and cell types, a2 is present
mostly in astrocytes, and a3 specifically in neurons [31]. Several diseases
characterized by cognitive impairment, language disorder, mental retardation
and psychiatric manifestations are associated with a2 and a3abnormalities in
the brain [32]. Our results showed that STZ decreased the activity of NKAa1-3
in the cerebral cortex, and pretreatment with TA prevented this effect. In
hippocampus, we observed that STZ only decreased the activity of NKAa1, and
pretreatment with TA also prevented this effect.

We can suggest that NKAa2,3 remains unchanged in the hippocampus
due the neuroprotection by autophagy in hippocampal neurons. The gene TSC1
(tuberous sclerosis complex) confers protection against ischemia during
oxygen-glucose deprivation [33], which can be attributed to the reduction in
brain glucose utilization induced by STZ. Considering that this neuroprotection
occurs in hippocampal neurons, the a3 isoform was more favored by this
mechanism than the al isoform. The differences in the responses in the
cerebral cortex and the hippocampus also may be related to a spatial restriction
of intracerebral damage caused by STZ injection into lateral ventricles
suggesting that STZ have limitations of diffusion [34].

Free radical generation following icv-STZ occurs earlier than apoptosis
and synaptic neurotoxicity. The oxidative stress leads to the modification of
biomolecules and a loss of neurons mediating behavioral impairments and
memory deficits in age-related neurodegenerative disorders [35]. Our findings
demonstrated a significant increase in TBARS, nitrite, and ROS levels in icv-
STZ rats, indicating neuronal damage caused by oxidative stress in the cerebral
cortex and hippocampus. The brain tissue contains a lot of unsaturated fatty
acids, which are especially vulnerable to free radical attacks [35]; so, the
increase in TBARS induced by STZ can be attributed to an increase in nitrite
and ROS levels due to icv-STZ.
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In the natural antioxidant defenses activity our findings demonstrated a
significant decrease in GPx, SOD and CAT activity in the cerebral cortex and a
decrease in GPx activity in the hippocampus in icv-STZ rats indicating neuronal
damage caused by oxidative stress. STZ did not alter SOD and CAT activities in
the hippocampus and this can be attributed to a compensatory defense
mechanism due the neuroprotection by autophagy and spatial restriction of
intracerebral damage caused by STZ in hippocampus [33,34].

Being that the imbalance between antioxidant and free radicals in the
body can cause neurodegenerative diseases, antioxidant substances play an
important role in the prevention and cure of this disease [36]. Polymeric tannins
such as TA are generally stronger against free radicals than small molecule
polyphenols and have stronger inhibitory effects on lipid peroxidation than
vitamin E, demonstrating a great neuroprotective potential [7]. In this study,
chronic treatment with TA prevented the decrease of antioxidant enzyme
activities induced by STZ, both in the cerebral cortex and in the hippocampus.
Furthermore, TA prevented the increase of TBARS in cerebral structures, as
well as the increase of ROS and nitrite levels in the hippocampus.

There has been a lot of evidenced demonstrating the relationship of ROS
generation with neuronal degeneration, highlighting the importance of
antioxidants, such as TA, in the treatment of neurodegenerative disorders like
AD. In our study, TA was effective in ameliorating behavioral changes induced
by STZ. These findings indicate that pretreatment with TA can prevent learning
and memory impairment induced by STZ, demonstrating that TA can be an

interesting strategy in the prevention of SAD.
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Figure Captions

Fig 1 Scheme of experimental design

Fig 2 Effect of tannic acid treatment and icv-STZ on object recognition, Y-maze
and open field test. (A) Exploratory preference (percentage of total time spent in
exploration of new object) on object recognition (10-14 rats per group). (B)
Exploratory preference (percentage of total time spent in exploration of novel
arm) on Y- maze task (8-10 rats per group). (C) Number of crossings in open
field test (13-14 rats for group). Data are reported as mean + SEM. CTRL=
control; TA= tannic acid; STZ= streptozotocin; TA-STZ= tannic acid-stz.

#p<0.05, #p<0.01 vs. CTRL; * p<0.05, ** p<0.01 vs. STZ. ANOVA (two-way)

followed by Bonferroni test

Fig 3 Effect of tannic acid treatment and icv-STZ on acetylcholinesterase
(AChE) activity in the cerebral cortex (A) and hippocampus (B). Data are
reported as mean + SEM with 4-8 rats for a group. CTRL= control; TA= tannic
acid; STZ= streptozotocin; TA-STZ= tannic acid-stz. #p<0.05, ##p<0.01 vs.
CTRL; * p<0.05 and *** p<0.001 vs. STZ. ANOVA (two-way) followed by

Bonferroni test

Fig 4 Effect of tannic acid treatment and icv-STZ on the ATPase activity in
supernatant fraction from cerebral cortex of rats. (A) total ATPase, (B) Na*,K*-
ATPase, (C) a2,3Na*,K*-ATPase, (D) a1Na* ,K*-ATPase. Data are reported as

mean + SEM with 4-6 rats for a group. CTRL= control; TA= tannic acid; STZ=
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streptozotocin; TA-STZ= tannic acid-stz. #p<0.05, #p<0.01 vs. CTRL; * p<0.05,

**p<0.01 vs. STZ. ANOVA (two-way) followed by Bonferroni test

Fig 5 Effect of tannic acid treatment and icv-STZ on the ATPase activity in
supernatant fraction from hippocampus of rats. (A) total ATPase, (B) Na*,K*-
ATPase, (C) a2,3Na*,K*-ATPase, (D) a1Na*,K*-ATPase. Data are reported as
mean + SEM with 4-6 rats for a group. CTRL= control; TA= tannic acid; STZ=
streptozotocin; TA-STZ= tannic acid-stz. #p<0.05 vs. CTRL; * p<0.05 vs. STZ.

ANOVA (two-way) followed by Bonferroni test
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Table 1. Effect of tannic acid treatment and icv-STZ on oxidative stress markers: TBARS (thiobarbituric acid-reactive substances),

SH (total thiol content), nitrite content, ROS (reactive oxygen species).

Groups TBARS SH Nitrite ROS
(nmol TBARS/mg protein) (nmol TNB/mg protein) (nmol nitrite/mg protein) (umol DCF/mg protein)
Cortex Hippocampus Cortex Hippocampus Cortex Hippocampus Cortex Hippocampus
CTRL 0.82+0.20 1.11£0.1 152.42+25.02 282.15£11.82 8.78+1.58 7.14+1.48 34.38+3.86 33.89+£1.63
TA 0.84+0.06 1.16£0.08 129.551£8.63 228.05£20.75 10.41+£1.34 9.33+1.01 40.34+5.98 44.61+5.8
STz 1.26+0.21% 1.68+0.17% 117.01£13.51 214.85+26.71 12.22+1.41% 10.37+1.53* 49.66+5.39" 56.27+6.5%
TA-STZ 0.81+0.11" 1.01£0.07" 120.62+10.04 247.21+30.39 11.45+£1.98* 9.31+£1.99* 49.14+7.91% 45.21+7.63*

Data are reported as means + SEM. with 4-8 rats for a group. #p<0.05, # p<0.01 vs. CTRL; * p<0.05, ** p<0.01 vs. STZ. ANOVA (two-way)

followed by Bonferroni test.



Table 2. Effect of tannic acid treatment and icv-STZ on antioxidant enzymes: SOD (superoxide dismutase),

CAT (catalase) and GPx (glutathione peroxidase).

SOD CAT GPx
Groups
(units/mg protein) (units/mg protein) (units/mg protein)

Cortex Hippocampus Cortex Hippocampus Cortex Hippocampus

CTRL 28.97+1.12 24.41+£1.09 2.28+0.15 2.02+0.08 22.98+1.47 33.13+1.98

TA 24.83+2.32 22.76+£1.23 1.95+0.28 1.72+0.05 19.29+1.09 27.02+1.26
STZ 14.32+2.03" 23.78+1.16 1.46+0.11" 1.90£0.05 13.09+1.16"  15.85+1.37"
TA-STZ 24.74+2 15" 26.93+1.17 2.32+0.30° 1.87+0.22 24.62+1.637  30.74+2.35™

Data are reported as means = SEM. with 4-8 rats for a group. #p<0.05, #p<0.01, #¥p<0.001 vs. CTRL; * p<0.05, ** p<0.01, *** p<0.001

vs. STZ. ANOVA (two-way) followed by Bonferroni test.
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Figure 3
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5. Manuscrito

Manuscrito submetido ao periddico
internacional Neurotoxicity Research
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Abstract

Tannic acid (TA) is a hydrolysable glycosidic polyphenol polymer of gallic acid,
which possesses neuroprotective properties. The aim of this study was to
evaluate the effect of TA treatment on cognitive performance and
neurochemical changes in an experimental model of sporadic dementia of
Alzheimer's type (SDAT) and to explore the potential mechanisms underlying
this. Adult male rats were divided into four groups: control (1 mL/kg water, once
daily, by gavage), TA (30 mg/kg, once daily, by gavage), streptozotocin (STZ)
(3 mg/kg, intracerebroventricular), and STZ plus TA. Cognitive deficits (short-
term memory), neuronal survival, neuroinflammation, expression of the
presynaptic marker SNAP-25 and modulation of the PI3K/Akt signaling pathway
in the cerebral cortex were all evaluated. TA treatment protected against the
impairment of memory in STZ-induced SDAT. STZ promoted increases in
neuronal death and the levels of proinflammatory cytokines (IL-6 and TNF-a),
and a decrease in PI3K-Akt signaling; TA was able to restore these changes.
Neither STZ nor TA altered SNAP-25 expression or the levels of IL-12 and IL-4
in the cerebral cortex. Our study highlights that treatment with TA prevents both
memory deficits and impaired PI3K-Akt signaling, and protects against neuronal

death and neuroinflammation in STZ-induced SDAT in rats.

Keywords: tannic acid; dementia; streptozotocin; PI3K-Akt signaling; cytokines;

cerebral cortex
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1. Introduction

Alzheimer's Disease (AD) is a neurodegenerative disease with cognitive
and neuropsychiatric manifestations that result in progressive impairment of the
mental and behavioral capabilities of the patient, leading to incapacitation. It
accounts for more than 80% of dementia cases in older people worldwide,
affecting an estimated 35 million individuals [1-4]. Sporadic AD is multifactorial
and accounts for the majority of cases of this disease [5,6].

A number of histopathological features are present in the cerebral
parenchyma of patients with AD. These include deposits of amyloid fibrils which
are associated with a variety of different types of senile plaques, the
accumulation of abnormal filaments of the tau protein and consequent formation
of neurofibrillary tangles, neuronal and synaptic loss, oxidative stress, glial
activation, and inflammation, all of which are observed in the brain regions
responsible for cognitive functions [4]. Several abnormalities have also been
observed in the brain glucose metabolism of patients with sporadic AD [7,8]. It
has therefore been suggested that a primary disorder of neuronal insulin and
impaired transduction of the insulin receptor may also contribute to the
development of dementia [9,10].

Intracerebroventricular (ICV) injection of streptozotocin (STZ) is a model
which is widely used to mimic some aspects of sporadic AD. STZ inhibits the
function of the insulin receptor in the brain, disrupting the metabolism of glucose
and energy [11], and leading to progressive deterioration of cognitive function
[9].

Many studies in the literature have focused on the therapeutic potential
of natural compounds in the prevention of neurodegenerative diseases.
Notably, the high content of polyphenols present in some plants may positively
influence the pathology of AD [12-15]. TA is a hydrolysable glycosidic
polyphenol polymer of gallic acid which possesses neuroprotective properties
[16,17]. Therefore, the purpose of this study was to evaluate the
neuroprotective effects of TA in a STZ-induced rat model of sporadic dementia
of Alzheimer’s type (SDAT) and to investigate the mechanisms underlying the

effects of this natural compound.
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2. Materials and methods
Animals

Adult male Wistar rats, weighing 300-350 g, were obtained from the
Federal University of Pelotas. These rats were group housed in polyacrylic
cages with no more than four animals per cage and maintained under standard
laboratory conditions with a natural light/dark cycle. They were allowed free
access to standard dry rat food and tap water. All procedures were carried out
according to the NIH Guide for Care and Use of Laboratory Animals. This work
was approved by the Ethical Committee of Animal Experimentation of the
institution (CEEA 4611-2015).

Drug, experimental and surgical protocols

TA and STZ were purchased from Sigma Chemical Co. (St. Luis, MO,
USA) and prepared in water and citrate (pH 4.4) buffers, respectively. TA or
water was administered by gavage for 21 days at a dose of 30 mg/kg b.w. [17].
On the 22th day, animals were anesthetized using ketamine/xylazine (80/10
mg/kg, intraperitoneal), placed into a stereotaxic frame with specially designed
nose and ear bars (Insight Ltda, SP, Brazil) and received bilateral ICV injections
of 5 plL/site of STZ (3 mg/kg b.w.) or citrate buffer [18,19] into the lateral
ventricles. The injection was performed using a Hamilton syringe according to
the following coordinates: anterio-posterior -0.8 mm, lateral 1.5 mm and dorso-
ventral -4.0 mm relative to the bregma and ventral from the dura, with the tooth
bar set at 0 mm [20]. After three days of surgical recovery, behavioral tests
were conducted and oral treatment by gavage was resumed. On the 30th day,
animals were euthanized by decapitation or transcardial perfusion, and their

brains were removed for the determination of biochemical parameters.

Behavioral procedures
Open-field test

Spontaneous locomotor activity was assessed following recovery from
surgery. Animals were observed over a period of 5 min and the number of

segments crossed with four paws was recorded [21].
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Inhibitory avoidance task

Memory retention deficits were evaluated by a step through passive
avoidance test conducted one day after the open-field test [22]. First, the
animals were subjected to training using step-down inhibitory avoidance
apparatus. Each rat was placed gently onto the platform facing the rear left
corner, and when they stepped down onto the grid with all four paws, a 3-s 0.4-
mA shock was applied to the grid. A retention test then took place using the
same apparatus 3 h later. Test step-down latency was used as a measure of

retention, and a cut-off time of 300 s was utilized.

Histological procedures and immunohistochemical techniques

On the 30th day of the experiment, animals were euthanized by
transcardial perfusion. Rats were anesthetized with isoflurane and perfused with
0.9% saline for 10 min, followed by 4% paraformaldehyde diluted in phosphate
buffered saline (PBS 0.1 M, pH 7.2-7.4) for 30 min. The brains were removed
and stored for 24 h in 4% buffered paraformaldehyde followed by 70% ethanol
for at least 24 h. Following this, the brain samples were embedded in paraffin.
Coronal sections were cut using a rotary microtome (5-um thickness) in the
frontal cortex. Six sections were used for the analysis, with a distance of 50 pm
between each cut.

After storage for 30 min at 80°C, sections were prepared for cresyl violet
staining and NeuN-targeted immunohistochemistry. Sections were cleared
using xylene (10 min, 5 min, and 5 min), and then dehydrated using ethanol
100% (5 min), 95% (5 min), 70% (5 min), 50% (5 min), and distilled water.
Following this, the sections were rehydrated in PBS (pH 7.4) with 0.5% Triton X-
100 (PBS-TX) for 15 min, and then incubated in a citrate buffer (pH 6.0) for 20
min at 98 °C. Endogenous peroxidase was blocked using 5% hydrogen
peroxide (30V) in methanol for 10 min (3 times). Nonspecific proteins were
blocked using 1% BSA (Sigma®, Sigma-Aldrich, Brazil) in PBS-TX for at least 1
h at 25 °C. The sections were then incubated with primary monoclonal anti-
NeuN 3 antibodies (1:1000 dilution, Merck Milipore, Burlington, Massachusetts,
EUA) for 1 h at 25 °C and overnight at 4 °C. After 3x 15 min PBS washes,

sections were then incubated with conjugated secondary antibodies (polymer


https://www.google.com/search?rlz=1C2SAVI_enBR640BR640&q=millipore%2B&stick=H4sIAAAAAAAAAOPgE-LSz9U3MKoyLjMtUuIEsQ1zjXILtbSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1i5cjNzcjIL8otSFQBcZL3nUgAAAA&sa=X&ved=2ahUKEwiSlMvZzNrjAhV5J7kGHXamDvsQmxMoATAPegQIDBAK
https://www.google.com/search?rlz=1C2SAVI_enBR640BR640&q=millipore%2B&stick=H4sIAAAAAAAAAOPgE-LSz9U3MKoyLjMtUuIEsQ1zjXILtbSyk63084vSE_MyqxJLMvPzUDhWGamJKYWliUUlqUXFi1i5cjNzcjIL8otSFQBcZL3nUgAAAA&sa=X&ved=2ahUKEwiSlMvZzNrjAhV5J7kGHXamDvsQmxMoATAPegQIDBAK
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reveal HRP conjugate) (1:1000 dilution, Sring Bioscience, CA, EUA) for 40 min.
Finally, the immunohistochemical reaction was revealed with 0.06% 3.3'-
diaminobenzidine (DAB; Dako® Carpinteria, CA, EUA) in PBS-TX for 5 min and
mounted on slides using Entellan® (Merck®, Brazil). NeuN-positive cells were
visualized in the frontal cortex. The number of NeuN-positive cells in a 10.083
x150 pm? square was counted using Image Pro Plus® version 6.3 (Media
Cybernetics® software) (Rockville, USA).

Neuronal morphology in the frontal cortex sections was evaluated using
cresyl violet staining of Nissl bodies, as previously described [23]. The sections
were incubated for 10 min with cresyl violet solution (0.5% in acetate buffer).
These were subsequently washed twice with acetate buffer, twice in 100%
ethanol, cleared with xylene, and mounted with DPX medium (Sigma-Aldrich,

Brazil).

Western blot analysis

Analysis of protein levels was performed as described previously [24].
Three rats in each group were euthanized. Cortical tissues were then
macerated with a RIPA buffer suitable for extracting the proteins to be
quantified [25]. The homogenate was centrifuged at 12,000 rpm for 15 min at 4
°C. Thirty pg protein extracts were separated on a 15% SDS-PAGE gel followed
by electroblotting onto a PVDF membrane (Millipore, IPVHO0010). After this
transfer, the membranes were stained with Coomassie R-250, to verify transfer
quality, and the image of a representative band was used as loading control
[26]. The membranes were blocked with a milk powder solution and incubated
overnight at 4°C with the primary antibodies (1:1000) of interest: Akt (pan)
(C67E7) (#4691 - Cell Signalling, Beverly, MA), phospho-Akt (p-Akt) (Ser 473)
(#9271 - Cell Signalling, Beverly, MA) and SNAP 25 (4E203) (sc-73044 - Santa
Cruz Biotechnology, Inc., Dallas, Texas, EUA). Secondary antibodies (1: 2000)
were incubated for 2 h to detect the primary antibodies: anti-rabbit IgG HRP-
linked (#7074 Cell Signalling, Beverly, MA) to Akt and p-Akt and anti-mouse
IgG-HRP (sc-2005 -Santa Cruz Biotechnology, Inc., Dallas, Texas, EUA) to
SNAP-25 .This was followed by exposure to ECL and X-ray films (Kodak-Xmat).
The optical densities of the bands were obtained and quantified using ImageJ
software (National Institutes of Health, Bethesda, MD, USA).
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Quantification of cytokines
Supernatants of the cerebral cortex were analyzed in order to detect
their levels of TNF-q, IL-6, IL-12, and IL-4. These cytokines were detected by an
enzyme-linked immuno-sorbent assay (ELISA) using an OptEIA kit
(Pharmingen, SanDiego, CA, USA), according to the manufacturers
instructions. Standard curves allowed the determination of cytokine
concentrations in pg/mL. The absorbance was read at 450 nm using a

microplate scanning spectrophotometer.

Statistical analysis
Values are presented as mean + S.E.M. Behavioral data were not
normally distributed and thus the Kruskal-Wallis test was employed in the
analysis. Neurochemical parameters were analyzed by one-way ANOVA and
the post-hoc Tukey test was utilized when appropriate. A P value <0.05 was
considered significant. Statistical analysis was performed using GraphPad

Prism 7.0 software.

3. Results
Behavioral tests

Effect of TA and STZ treatment in memory of rats

Fig. 1 shows the effect of TA treatment on STZ-induced memory deficits
in the inhibitory avoidance task. Treatment with TA prevented STZ-induced
impairment of memory [H [3] = 22.94; P<0.001]. Statistical analysis of the data
obtained during training showed no difference between experimental groups
(data not shown).

The open field test showed that neither STZ or TA altered the humber of
crossings observed, suggesting that neither caused gross motor disabilities in

this task (data not shown).

Effect of TA and STZ treatment in the number of cells in the
prefrontal cortex of rats

Fig. 2 A and B show the effect of TA and STZ on the number of NeuN-
positive cells, determined using immunohistochemistry, and on neuronal

morphology, evaluated by cresyl violet staining. Statistical analysis showed a
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significant reduction in the number of cells in the prefrontal cortex in the STZ
group compared to the control group in both NeuN [F (3, 14) = 5.376; P<0.05]
and cresyl violet staining [F (3, 19) = 4.391; P<0.05]. TA administration,

however, was shown to prevent these alterations.

Effect of TA and STZ treatment on Akt, pAkt and SNAP-25 levels in
the cerebral cortex of rats

Western blotting analyses was used to investigate the effect of TA and
STZ on SNAP-25 levels in the cerebral cortex of rats, and no significant
differences between the groups were observed [F (3, 9) = 1.82; P>0.05] (Fig
3A). Statistical analysis showed a significant reduction in Akt and pAkt levels in
the STZ group compared to the control group. However, TA administration was
shown to prevent the reduction of both Akt [F (3, 8) = 10.58; P<0.01] and pAkt
[F (3, 8) = 60.08; P<0.001] levels (Fig 3B and C).

Effect of TA and STZ treatment on cytokines levels in the cerebral
cortex of rats

Fig. 4A and B show the effect of TA and STZ treatment on cerebral
cortex TNF-a and IL-6 levels. Statistical analysis showed a significant increase
in TNF-a [F (3, 12) = 25.46; P<0.001] and IL-6 [F (3, 14) = 16.38; P<0.001]
levels in the STZ group compared to the control group. However, TA
administration was shown to prevent this increase.

Fig. 4C and D show the effect of TA and STZ treatment on cerebral
cortex IL-12 and IL-4 levels. No significant differences between the groups were
observed in IL-12 [F (3, 19) = 3.31; P>0.05] or IL-4 [F (3, 19) = 2.39; P>0.05]

levels.

4. Discussion

In this study, we investigated the neuroprotective potential of TA in a
STZ-induced rat model of SDAT. Acute responses in memory alterations,
neuronal loss, inflammation, and signaling pathway markers were all evaluated,
given that this model promotes alterations similar to those found in patients with
AD [27-29].



69

The inhibitory avoidance task uses an aversive stimulus to assess
emotional memory, which is involved in situations in which fear/anxiety is felt.
In rodents, a fear of predators and a harmful stimulus such as a foot-shock are
both considered aversive stimuli [30]. Our results demonstrated that STZ
impairs memory acquisition (short-term memory) in the inhibitory avoidance
task. In the step-down inhibitory avoidance task, rodents associate a shock to
the foot with stepping down from the elevated platform, and thus the
conditioned response is to refrain from stepping down [31]. No difference was
observed between groups in the open field test, excluding the possibility that
STZ interferes with locomotor activity and as a result impairs the ability to step
down from the platform. These findings are in accordance with previous studies
that have utilized this rodent model [19,32,33]. Treatment with TA was shown to
protect against the short-term memory deficits induced by ICV-STZ in the step-
down inhibitory avoidance task. Corroborating our findings, other researchers
have previously demonstrated that TA prevents cognitive impairment in PSAPP
mice (transgenic mice models of dementia-like AD) [17].

During memory consolidation, protein synthesis is required to transform
newly learned information acquired during the acquisition phase into stable
behavioral modifications [34]. The aversive stimulus in the step-down inhibitory
avoidance task can be classified into either a moderate (0.5 mA up to 10 s) or
intense (1.5 mA for 2 s) foot-shock, and the consolidation of both forms of
aversive experience is protein synthesis-dependent in the medial prefrontal
cortex. However, protein synthesis in the amygdala and dorsal hippocampus is
essential only for the consolidation of an intense form of aversive experience
[30]. In our study, rats were given a moderate foot-shock (0.4 mA up to 3 s), so
the cerebral cortex was studied in an attempt to understand the neuroprotective
mechanism of TA demonstrated in the inhibitory avoidance task.

Histopathological evaluation of the cerebral cortex showed that ICV-STZ
reduced the number of surviving neurons - the numbers of cresyl violet- and
NeuN-positive neurons were significantly lower in the STZ group compared to
the control group. Accordingly, previous studies investigating hippocampal
morphological changes using cresyl violet staining have already demonstrated
that STZ leads to neuronal damage in the brain [35-37]. This neuronal

degeneration leads to synaptic impairment in the brain regions responsible for
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cognitive functions, including the cerebral cortex and hippocampus, thus directly
affecting memory. Data from the literature have demonstrated that neuronal
loss is associated with memory impairment in the passive avoidance task
[35,36]. Therefore, the significant memory deficits observed here in the ICV-
STZ rats in the passive avoidance task can be, at least in part, attributed to the
reduced number of surviving neurons demonstrated in the histopathological
evaluation. However, TA significantly prevented ICV-STZ-induced neuronal loss
and ICV-STZ-induced impairment of memory in the passive avoidance task.

Neuroinflammation, characterized by the presence of reactive astrocytes
and microglia, and oxidative stress are both considered hallmarks of AD,
playing crucial roles in neurotoxicity [38,39]. Several studies support the
neuroprotective potential of polyphenolic compounds, for example green
tea polyphenol epigallocatechin-3-gallate, resveratrol, and curcumin. This
neuroprotective effect has been attributed to their antioxidant properties and
ability to suppress neuroinflammation. The neuroprotective abilities of
polyphenolic compounds promote memory, learning and cognitive functions,
identifying these compounds as interesting potential therapeutic agents against
AD [13-15]. In our study, TA, a polyphenolic compound, significantly prevented
the increase in IL-6 and TNF-a levels induced by ICV-STZ. Therefore, TA
demonstrated anti-neuroinflammatory activity which was responsible, at least in
part, for the neuroprotection against STZ-induced cell death and memory
impairment. This beneficial effect is in accordance with previous studies that
have demonstrated that TA exhibits anti-inflammatory activity [17].

Cytokines are small signaling proteins that are involved in every aspect
of neuroinflammation. Elevated levels of proinflammatory cytokines, such as IL-
6 and TNF-a, contribute towards the progression of neurological disorders and
are considered biomarkers for AD [40-42]. In studies of the ICV-STZ model, the
most prominent brain abnormality observed was neuroinflammation [43], and
indeed our findings similarly demonstrate that STZ increased IL-6 and TNF-a
levels. Neither TA nor STZ induced changes in the levels of the anti-
inflammatory cytokines IL-12 and IL-4.

The molecular mechanism underlying TA’s neuroprotective activity was
investigated here through evaluation of the PI3K/Akt signaling pathway, which

plays a pivotal role in neuronal survival and is downregulated in the AD brain
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[44,45]. Some authors have shown that the development of brain insulin
resistance and consequent reduction of PI3K-Akt signaling activity, glycogen
synthase kinase 3 beta (GSK3p) overactivation and decreased levels of brain
glucose transporters are key mechanisms in the development of AD, leading to
neurofibrillary degeneration [10,43]. In accordance with this, our results showed
that STZ decreased Akt and pAkt levels in the cerebral cortex. TA prevented
these changes, maintaining the levels of both Akt and pAkt. Therefore, we
suggest that TA promotes adequate functioning of the PI3K/Akt signaling
pathway, which is essential for promoting neuronal survival [46].

Additionally, several proteomic alterations have been linked to the
pathophysiology of AD, such as the reduction of SNAP-25 protein expression
[47]. SNAP-25 protein is a component of the SNARE complex which plays a
crucial role in the exocytosis of calcium-dependent synaptic vesicles, ensuring
the efficient release of neurotransmitters and the propagation of action
potentials. The key role of SNAP-25 is to initiate this exocytosis by ensuring
neuronal survival. The SNARE complex is therefore involved in the processes
of learning, locomotion, memory formation, and ultimately the normal
functioning of the brain as a whole. Since optimal levels of SNAP-25 are
required for neurotransmission, any changes in its expression may lead to, or
accompany, a number of neurological disorders, including AD [47]. In this work,
neither STZ nor TA altered presynaptic SNAP-25 expression. The pathological
alterations observed in the STZ model are known to be time-dependent. Up to
one month after injection is considered the acute response phase, and this may
therefore explain the unaltered SNAP-25 expression observed in  our
experiment [29].

In conclusion, the present study demonstrated that TA treatment
protected against memory deficits in an experimental model of STZ-induced
SDAT. These neuroprotective effects may be related to its anti-inflammatory

activity and modulation of the PI3K/Akt signaling pathway in the cerebral cortex.
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Figure captions

Fig. 1 Effect of tannic acid (30 mg/kg) treatment and ICV-STZ (3 mg/kg) on the
inhibitory avoidance task. Data on step-down latency time (6-8 rats per group)
are reported as median * interquartile range. CTRL = control group; TA = tannic
acid group; STZ = streptozotocin group; TA+STZ = tannic acid+streptozotocin
group. # denotes P<0.01 compared with CTRL group; ** denotes P<0.01

compared with the STZ group. Kruskal-Wallis test.

Fig. 2 Effect of tannic acid (30 mg/kg) treatment and ICV-STZ (3 mg/kg) on the
number of cells in the prefrontal cortex. Number of cells was determined using
an immunohistochemical reaction for NeuN (A and B) (3-5 rats per group) and
cresyl violet staining (C and D) (4-6 rats per group). Data are reported as mean
+ S.E.M. CTRL = control group; TA = tannic acid group; STZ = streptozotocin
group; TA+STZ = tannic acid+streptozotocin group. # denotes P<0.05 compared
with CTRL group; * denotes P<0.05 compared with the STZ group. ANOVA

(one-way) followed by Tukey test.

Fig. 3 Effect of tannic acid (30 mg/kg) treatment and ICV-STZ (3 mg/kg) on Akt
(A), pAkt (B) and SNAP-25 (C) levels in the cerebral cortex of rats (3-4 rats per
group). Data are reported as mean + S.E.M. CTRL = control group; TA = tannic
acid group; STZ = streptozotocin group; TA+STZ = tannic acid+streptozotocin
group. # denotes P<0.01 and #*## denotes P<0.001 compared with CTRL group;
** denotes P<0.01 and *** denotes P<0.001 compared with the STZ group.

ANOVA (one-way) followed by Tukey test.
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Fig. 4 Effect of tannic acid (30 mg/kg) treatment and ICV-STZ (3 mg/kg) on
TNF-a (A), IL-6 (B), IL-12 (C) and IL-4 (D) levels in the cerebral cortex of rats
(5-8 rats per group). Data are reported as mean = S.E.M. CTRL = control group;
TA = tannic acid group; STZ = streptozotocin group; TA+STZ = tannic
acid+streptozotocin group. # denotes P<0.01 compared with CTRL group; ***

denotes P<0.001 compared with the STZ group. ANOVA (one-way) followed by

Tukey test.
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Fig. 3
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6. Consideracdes finais

No presente trabalho investigamos a capacidade neuroprotetora do AT
em prevenir déficit de memoria e alteracdes neuroquimicas induzidas pela
administracdo icv de STZ em um modelo de SDAT. Nossos resultados
demonstraram que STZ induziu prejuizos no aprendizado e na memodria nos
testes avaliados (reconhecimento de objetos, labirinto em Y e esquiva
inibitéria). No entanto, o tratamento com AT foi capaz de prevenir 0s prejuizos
a memoria induzidos por STZ.

Sabe-se que compostos fendlicos, como o AT, podem influenciar
positivamente a patologia da DA e reduzir fatores de risco associados a
doenca, sendo essa acdo relacionada a capacidade antioxidante que
apresentam (TAN et al., 2012). De fato, varios estudos demonstram o potencial
neuroprotetor de compostos polifendlicos (por exemplo, polifenol (-) -
epigalocatequina-3-galato do cha verde, resveratrol, curcumina e outros) e
atribuem esse efeito as propriedades antioxidante e anti-inflamatéria (AHMED
et al.,, 2017; MATTIOLI et al., 2019).

A neuroinflamacdo e o estresse oxidativo tém sido considerados
marcadores da DA, desempenhando um papel crucial na neurotoxicidade
(CLARK; KODADEK, 2016; SPAGNUOLO et al., 2016). Neste estudo,
observamos que STZ induziu o estresse oxidativo nas estruturas cerebrais
testadas (hipocampo e cortex) uma vez que aumentou os niveis de TBARS,
ERO e nitrito, bem como reduziu a atividade da enzima antioxidante GPx em
ambas as estruturas além de reduzir atividade enzimatica de SOD e CAT no
cortex cerebral. O AT preveniu o dano aos lipidios tanto em coértex quanto
hipocampo, evitou o0 aumento de nitritos e ERO no hipocampo cerebral, além
de prevenir as alteragdes na atividade de enzimas antioxidantes induzidas por
STZ, demonstrando acao antioxidante. Além de induzir estresse oxidativo STZ
promoveu neuroinflamag¢ao no cortex cerebral demonstrada pelo aumento nos
niveis de citocinas pro-inflamatérias (IL-6 e TNF-a). O AT demonstrou
capacidade anti-inflamatéria ao prevenir essas mudancas.

Neste estudo, observamos também que STZ induziu um aumento na
atividade da enzima AChE tanto em cortex quanto hipocampo. Além disso STZ

induziu uma reducao na atividade de ATPase total, NKA total, NKAa2,3,
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NKAa1 em coértex, enquanto que em hipocampo STZ afetou a atividade de
ATPase total, NKA total, NKAa1. O AT foi efetivo em prevenir esses efeitos nas
estruturas cerebrais testadas. Sabe-se que tanto o sistema colinérgico como a
atividade de ATPases desempenham um papel central no funcionamento da
memoria, estando ambos comprometidos na DA (MOSELEY et al.,, 2007;
CHEN et al., 2013). Dessa forma compostos que mantenham atividade desses
sistemas, como o AT, podem contribuir positivamente preservando a memoria
e a cognigao.

A fim de melhor compreender os mecanismos envolvidos no efeito
protetor a memoéria demonstrado pelo AT, a modulacao da via de sinalizagao
PI3K-Akt no cortex cerebral também foi avaliada. A sinalizacdo via PI3K-Akt
desempenha um papel fundamental na sobrevivéncia neuronal e dados ja
demonstraram que sua atividade esta diminuida na DA (BRUNET; DATTA;
GREENBERG, 2001, LIU et al.,, 2011). O desenvolvimento de resisténcia a
insulina no cérebro e consequente reducado da atividade de sinalizagao PI3K-
Akt é considerada um mecanismo chave no desenvolvimento de DA levando a
degeneracao neurofibrilar (DENG et al., 2009; GRIEB, 2016). Corroborando
com essa afirmacgao, nossos resultados mostraram que STZ diminuiu os niveis
de Akt e pAkt no cortex cerebral e o AT impediu essas mudangas mantendo
esses niveis. Portanto, podemos sugerir que o AT mantém um funcionamento
adequado da via de sinalizagao PI3K/Akt garantindo a sobrevivéncia neuronal.
De fato, a avaliagcao histopatologica do cortex cerebral por cresyl violeta e
NeuN realizada nesse trabalho demostrou que STZ reduz significativamente a
sobrevivéncia neuronal, por outro lado, AT & capaz de prevenir esse efeito
possivelmente por modular a via PI3K/Akt.

Em conclusdo, o AT previne déficit de memoria, alteragbes nas
atividades enzimaticas cerebrais, dano oxidativo, alteragcdes na sinalizacdo
PI3K-Akt e protege contra a morte neuronal e neuroinflamagdo na SDAT
induzida por STZ em ratos, sendo assim, uma estratégia interessante na

prevencao da DA
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Carta de parecer da Comisséo de Etica em Experimentacdo Animal

UFPel

eA

Corrvssan o Do om Lo mertagan Arere

Pelotas, 14 de setembro de 2015

De: M.V. Dra. Anelize de Oliveira Campello Felix
Presidente da Comissdo de Etica em Experimentagdo Animal (CEEA)
Para: Profa. Dra. Francieli Moro Stefanello

Centro de Ciéncias Quimicas, Farmacéuticas e de Alimentos

Senhora Professora:

A CEEA analisou o projeto intitulado: “Estudes in vitro e in vivo de produtos
naturais como possiveis agentes neuroprotetores em modelos experimentais para a
doenga de Alzheimer”, processo n°23110.004611/2015-70 que envolve 2 utilizagio de
animais pertencentes ao filo Chordata, Subfilo Vertebrata (exceto o homem), para fins
de pesquisa cientifica ou ensino, sendo de parecer FAVORAVEL a sua execugdo, pois
estd de acordo com os preceitos da Lei n° 11.794, de 8 de outubro de 2008, e com as
normas editadas pelo Conselho Nacional de Controle da Experimentagdo Animal
(CONCEA).

Solicitames, ap6s tomar ciéncia do parecer, reenviar o processo 3 CEEA.

Salientamos também a necessidade deste projeto ser cadastrado junto ao

COBALTO para posterior registro no COCEPE (c6digo para cadastro n° CEEA 4611-
2015). )

Vigéncia do Projeto: 15/09/2015 a 01/09/2018

Espécie/Linhagem: Rattus norvegicus/Wistar

N° de animais: 292

Idade: 192 com 60 dias e 100 RN

Sexo: Machos e Férneas

Origem: Biotério Central/Ufpel

[ e/

M.V. Dr&?ﬂelize de Oliveira Campello Felix

Ciente em: Oj/ 10 /2015

Assinatura do Professor Responsével: d//IAV\AL«
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