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Resumo

BALDINOTTI, Rodolfo. Estudos pré-clinicos da acdo anti-Alzheimer do
octilseleno-xilofuranosideo. 2019. 86f. Disssertacdo (Mestrado) — Programa de
Pés-Graduacgdo em Biotecnologia. Universidade Federal de Pelotas, Pelotas.

A doenca de Alzheimer é uma doenca de carater multifatorial, caracterizada por uma
neurodegeneracao progressiva, com uma patofisiologia ainda ndo completamente
elucidada. Neste sentido, diferentes teorias foram desenvolvidas buscando explicar
como esse processo patologico funciona. No presente estudo, alguns desses
aspectos foram avaliados, como a via amiloidogénica e colinérgica, neurotransmissao
monoaminérgica, estresse oxidativo e ainda alteracées comportamentais referentes a
cognicdo e formacdo da memodria, visando avaliar a acdo protetora da molécula
octilseleno-xilofuranosideo (OSX). Para atingir tais objetivos, o protocolo experimental
consistiu na administracdo do composto OSX via intragastrica, na dose de 0,1 mg/kg,
durante os primeiros 20 dias do delineamento experimental. Apds o tratamento prévio
com o composto, os camundongos foram submetidos a injecao intracerebroventricular
de estreptozotocina (duas doses de 1,5 mg/kg, no 21° e 23° dias), para a inducao da
doenca. Decorridos 15 dias ap0s a ultima injecéo, testes comportamentais avaliando
a formacdo da memoria e cognicdo foram realizados. Apos o0s testes
comportamentais, 0s animais passaram pela eutanasia para remoc¢éao do cérebro para
avaliacdo de marcadores do estresse oxidativo, atividade cinética das enzimas
acetilcolinesterase e monoamina oxidase e avaliagdo da via amiloidogénica por gRT-
PCR. Os resultados obtidos mostraram que o OSX protegeu 0os camundongos de
alteracdes causadas no padrdo comportamental, em diferentes tipos de memodria.
Além disso, o OSX protegeu frente ao aumento dos niveis de peroxidacao lipidica,
inibiu a atividade das enzimas acetilcolinesterase e monoamino oxidase, além de
reduzir a expressao relativa dos genes APP, B e y-secretase, pontos cruciais na via
amiloidogénica. Assim, o OSX apresentou efeito anti-Alzheimer, protegendo os
camundongos de alteracdes induzidas pela estreptozotocina, em diferentes

parametros da doenca.

Palavras-chave: anti-Alzheimer, selenocarbohidratos, via amiloidogénica,

inibidor multi-alvo



Abstract

BALDINOTTI, Rodolfo. Pre-clinical studies of anti-Alzheimer action of
octylseleno-xylofuranoside. 2019. 86p. Dissertation (Master's Degree) - Graduate

Program in Biotechnology. Federal University of Pelotas, Pelotas.

Alzheimer's disease is a multifactorial disease, characterized by progressive
neurodegeneration, with a pathophysiology not yet fully elucidated. In this sense,
different theories have been developed aiming to explain how this pathological process
works. In the present study, some of these aspects were evaluated, such as the
amyloidogenic and cholinergic pathways, monoaminergic neurotransmission,
oxidative stress and behavioral alterations related to cognition and memory formation,
aiming to evaluate the protective action of the octylselenoxylofuranoside (OSX). To
achieve these objectives, OSX was administered orally at a dose of 0.1 mg/kg during
the first 20 days of the experimental design. After pretreatment with the compound,
mice underwent intracerebroventricular injection of streptozotocin (two doses of 1.5
mg/kg, in the 215t and 23 days), as an Alzheimer-like model. 15 days after the last
injection, behavioral tests evaluating memory formation and cognition were performed.
After behavioral tests, animals underwent euthanasia to collect the brain for evaluation
of markers of oxidative stress, kinetic activity of the enzymes acetylcholinesterase and
monoamine oxidase, and evaluation of the amyloidogenic pathway by qRT-PCR. The
results showed that OSX protected mice from abnormalities caused by the behavioral
pattern in different types of memory. In addition, OSX protected against increased
levels of lipid peroxidation, inhibited acetylcholinesterase and monoamine oxidase
enzymes, and reduced the relative expression of APP, B and y-secretase, main points
of amiloidogenic pathway. Overall, OSX presented anti-Alzheimer's abilities, protecting
the mice from changes induced by streptozotocin, in different parameters of the

disease.

Key words: anti-Alzheimer, selenocarbohydrates, amiloidogenic pathway,

multimodal inhibitor
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1 INTRODUCAO GERAL

A Doenca de Alzheimer (DA) € uma doenca neurodegenerativa e progressiva,
gue afeta principalmente idosos, representando a causa mais comum de deméncia no
mundo. Embora a DA seja um problema socioeconémico global, atingindo cerca de
47 milhdes de pessoas no mundo, a fisiopatologia da doenca ndo esta totalmente
elucidada (Alzheimer’s Disease International, 2015; Cervellati et al., 2016; Alzheimer’s

Association (USA), 2018), devido a suas caracteristicas multifatoriais e complexas.

Devido a tais caracteristicas, teorias sobre a etiologia da DA foram
desenvolvidas, visando explicar possiveis causas e a patofisiologia da doenca. Uma
delas é a teoria amiloidogénica, que trata do processamento da proteina precursora
amiloide (APP), sendo clivada pelas enzimas y e B-secretases, gerando os peptideos
B-amildide (AB), levando a um processo neurodegenerativo do sistema nervoso
central (SNC) (Thinakaran & Koo, 2008; Vandersteen et al., 2012). Outra teoria € a
colinérgica, que esta relacionada a baixos niveis de acetilcolina (ACh) no SNC
(Francis et al., 1999; Hampel et al., 2018), correlacionado com o déficit cognitivo e da
memoria caracteristicos da DA (Hasselmo, 2006; Wang et al., 2016). Essa reducao
dos niveis de ACh pode ser explicada pelo aumento da atividade da enzima
acetilcolinesterase (AChE), caracterizando um importante alvo na DA (Wilcock et al.,
1982; Chigurupati et al., 2016).

Além das teorias apresentadas, a teoria do estresse oxidativo (EO) vem sendo
amplamente ligada a doencas neurodegenerativas e desordens neuropsiquiatricas,
(Liu et al.,, 2017). Essa teoria trata do desequilibrio entre moléculas pré6 e
antioxidantes, levando a danos as biomoléculas, causando a degradacéo celular
(Blagosklonny, 2008; Van Raamsdonk et al., 2017). Além disso, o EO esta relacionado
aos processos de envelhecimento, que estdo intimamente relacionados a DA, visto
gue a mesma afeta principalmente idosos (Mecocci et al., 2018). Adicionado a isso,
0os agregados de AB podem induzir processo inflamatérios e alteracdes nas
sinalizacdes intracelulares, que culminam no EO, danificando as células (Allan
Butterfield & Boyd-Kimball, 2018).

Embora a DA seja multifatorial, os tratamentos atualmente disponiveis focam
somente em um dos fatores da mesma, como inibidores da AChE (IAChE), reduzindo

somente os sintomas, sem interromper o processo neurodegenerativo (Cummings et
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al.,, 2014; Weller & Budson, 2018). Levando isso em consideragdo, novas
possibilidades de tratamento visando o0 processo neurodegenerativo, sao

interessantes como alvos de estudo.

Além de seu carater multifatorial, a DA esta associada a sintomas
neuropsiquiatricos, presentes em aproximadamente 80% dos pacientes acometidos,
sendo a depressédo maior (DM) o mais comum (Andrade et al., 2017). Embora essas
doencas estejam relacionadas, ndo estd claro ainda se a DM é um fator de
predisposicao para o desenvolvimento da DA, ou se € uma caracteristica inical da DA
(Chi et al., 2015). Aléem da comorbidade entre as doencas, a DM apresenta alteracdes
patolégicas semelhantes a DA, como o EO, disfuncdo na memadria e reducédo de
neurotransmissores e neurotrofinas (Rodrigues et al., 2014; Ismail et al., 2017,
Morgese et al., 2017). Ainda, pacientes afetados pela DA e depressivos, apresentam

um aumento nos marcadores da doenca (Rapp et al., 2006, 2008).

Nesse sentido, o octilseleno-xilofuranosideo (OSX), € um composto organico
de selénio, que ja foi avaliado por nosso grupo de pesquisa (Grupo de pesquisa em
Neurobiotecnologia), quanto a sua capacidade antioxidante e antidepressiva. Nos
estudos apontados, a molécula apresentou efeito tipo-antidepressivo, modulando vias
intracelulares e o sistema monoaminérgico (Pinto Brod et al., 2016a, 2017a).
Interessantemente, o0 OSX foi capaz de interagir com proteinas de vias intracelulares,
as quais ativam neurotrofinas e suas vias de neuroplasticidade, como a do fator
neurotréfico derivado do cérebro (BDNF) (Manosso et al., 2015). Nas doencas
apresentadas, DA e DM, o BDNF apresenta niveis reduzidos, sendo associados a
reducdo da neuroplasticidade (Budni et al., 2015; Bus et al.,, 2015). Além disso,
compostos contendo selénio vem demonstrando efeitos terapéuticos interessantes,
como efeito anti-inflamatdrio, antioxidante e antidepressivo (Pinto Brod et al., 2017b;
Sousa et al., 2018; Xie et al., 2018; Casaril et al., 2019).

Tendo em vista 0 que foi exposto, em relacdo aos tratamentos atualmente
disponiveis e suas limitagdes, a busca por novas moléculas bioativas que possam agir
sobre um ou mais marcadores da DA, é essencial. Ainda, considerando a atividade
terapéutica demonstrada pelo OSX, o objetivo do presente estudo foi avaliar a
atividade anti-Alzheimer dessa molécula frente a indug&o por estreptozotocina (STZ),
em camundongos, visto que a STZ é um modelo bem estabelecido para estudo da
DA.
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2 REVISAO BIBLIOGRAFICA
2.1 Doenca de Alzheimer (DA)

A DA é caracterizada por um processo neurodegenerativo e progressivo, além
de apresentar um carater multifatorial e complexo (Tramutola et al., 2016a; dos Santos
Picanco et al., 2018). Esta doenca afeta principalmente a populacdo de idosos, além
de ser a principal causa de deméncia a nivel mundial, afetando mais de 47 milhdes
de pacientes, com tendéncia a um aumento significativo (Alzheimer's Disease
International, 2015). Somado a isso, a DA é caracterizada por um déficit cognitivo e
na formacao de memoria progressivos, levando a um grande impacto socioeconémico
global (Prince et al., 2015; Karlawish et al., 2017).

Além disso, a DA pode ser dividida nas formas genética ou esporadica. A forma
genética estd relacionada ao aumento da expressdo de genes, afetando
principalmente jovens e adultos, representando a forma menos prevalente da doenga
(Bettens et al., 2013). Tais genes sédo: APP, presenilina 1 e 2 (PS), e apolipoproteina
(ApoE), aumentando a producéo do peptideo AR e sua cascata neurodegenerativa,
como consequéncia (Ye et al., 2012; Karch & Goate, 2015). A forma esporadica é a
mais prevalente, afetando a populagéo de idosos, correspondendo a mais de 90% dos
casos da DA (Bekris et al., 2010). Isto ocorre pois, a DA esporadica esta associada
ao processo de envelhecimento, que é caracterizado pelo estresse oxidativo (EO),
deplecdo do mecanismo de reparo celular e envelhecimento celular (Rehman et al.,
2017). Essa forma da doencga néo possui somente uma teoria que explique o processo
patolégico como um todo, devido a seu carater multifatorial e complexo, resultando

em uma patofisiologia ainda ndo completamente elucidada.

Devido a auséncia de uma Unica sobre a patologia da doenca, diferentes teorias
foram desenvolvidas ao longo dos anos de estudo da DA, buscando possiveis causas

gue desencadeiam o processo neurodegenerativo e os sintomas da doenca.
2.2 Teorias da DA esporadica
2.2.1 Teoria colinérgica

A teoria colinérgica esta relacionada a reducéo dos niveis do neurotransmissor
ACh na DA, sendo uma das teorias mais antigas que visam explicar os sintomas da

doenca (Wilcock et al., 1982; Francis et al., 1999). Nessa teoria, a reducéo dos niveis
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de ACh sao relacionados ao déficit cognitivo e disfuncdo na formacédo da memoria,
visto que esse neurotransmissor esta envolvido nestes processos cognitivos, além de
outras fungdes essenciais no SNC, como a resposta ao estresse (H. Ferreira-Vieira et
al., 2016).

Uma das explicacfes para essa reducdo é o aumento da atividade da enzima
AChE, visto que, a mesma € responséavel pela hidrélise da ACh, reduzindo sua
permanéncia na fenda sinaptica e sua ligagdo aos seus receptores (Chigurupati et al.,
2016). Outra explicacdo para a reducao presente na DA de ACh, € a morte dos
neurénios colinérgicos no SNC, desse modo, também reduzindo os niveis desse
neurotransmissor essencial, devido a parada de sua producéo pela morte neuronal
(Whitehouse et al., 1981, 1982). De ambas as formas, esse neurotransmissor chave
para os processos de cogni¢cdo e formacdo da memaria, tem seus niveis reduzidos e

como consequéncia a surgimento de alguns dos sintomas classicos da DA.

—

[N
Neurotransmissao colinérgica normal

Neurotransmissao colinérgica na DA

Morte neuronal Maior de degradacdo por acao da AChE

Figura 1. llustracdo da teoria colinérgica, representado a reducdo da acetilcolina (ACh) e
aumento da atividade da acetilcolinesterase (AChE), caracteristicas da doenca de Alzheimer
(DA).

2.2.2 Teoria amiloidogénica

Outra importante linha de pesquisa no estudo da DA visa o processamento da
APP. Na fisiologia normal do SNC a APP pode ser processada por duas diferentes

vias, a via amilodogénica e ndo amiloidogénica (O’Brien & Wong, 2011). Na via nao
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amiloidogénica, a APP é clivada pela enzima a-secretase, gerando produtos n&o
toxicos e com funcdo neuroprotetora (Kojro & Fahrenholz, 2005). Na via
amiloidogénica, as enzimas [(-secretase e y-secretase clivam a APP, gerando os
peptideos AR caracteristicos da DA (LaFerla et al., 2007). No quadro patolégico da DA
a via amiloidogénica encontra-se mais ativa, produzindo A em excesso, formando
agregados extracelulares nocivos SNC, que levam a respostas fisiolégicas no mesmo
(Thinakaran & Koo, 2008; Vandersteen et al., 2012).

Uma das explicacdes para o aumento da atividade amiloidogénica na DA é o
aumento da expressao das enzimas chave nessa rota, a 3-secretase e y-secretase,
assim tornando mais ativo o processamento da APP e formacéo de seu produto em
excesso (Liang et al., 2008). Além do aumento na expressao dessas enzimas, a sua
atividade encontra-se aumentada, clivando mais APP em AR (Fang et al., 2018),
levando a formacdo dos agregados proteicos e lavando a respostas como a
neuroinflamacéo, ativando a microglia e astrocitos, além da inducédo da formacédo do
EO (Heneka et al., 2015a).

Assim, além das proprias respostas danosas ao SNC, a formacéo de peptideos
AB acarreta outras respostas e cascatas, como a neuroinflamacéo e EO, levando ao

processo neurodegenerativo (D4 Mesquita et al., 2016; Cheignon et al., 2018).

Agregados de AB

Neurodegeneragdo

Ny @
757 S
\ 3

X
X
IS

Figura 2. llustragcdo dateoria amiloidogénica e o processamento da proteina precursora amiloide
(APP) a peptideos B-amiléides (AB).

2.2.3 Teoria neurofibrilar

Outro dos hallmarks da DA sdo os agregados neurofibrilares compostos pela

proteina TAU hiperfosforilada, além dos agregados extracelulares do peptideo Ap
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(Guedes et al., 2018). A proteina TAU em seu estado nativo auxilia na estabilizacéo
dos microtubulos neuronais, responsaveis pelo transporte e estabilidade estrutural no
neurénio (Mandelkow & Mandelkow, 2011). Na DA devido a alteragdes na expressao
génica ou atividade anormal de quinases, como a glicogénio sintase quinase 33 (GSK-
3B), sédo responsaveis por hiperfosforilar a proteina TAU, desestabilizando sua
estrutura, impedindo que a mesma execute sua funcao (Gong & Igbal, 2008; Gandini
et al., 2018). Além disso, quando hiperfosforilada, essa proteina forma agregados
neurofibrilares intracelulares, que por sua vez desencadeiam uma resposta que
culmina na morte neuronal e colabora para o processo neurodegenerativo (Buée et
al., 2010).

F\\j\(ﬁ') Microtubulo saudavel

&::"\ ‘g\\ /\‘\I /
R\\Xé Y /(é. u»i

AR ‘
N, =1 g Proteina TAU

el A ,
/\ﬁ \ / estavel
— g 1

Emaranhado neurofibrilar

Proteina TAU
hiperfosforilada

Figura 3. llustracdo da teoria neurofibrilar, demonstrando a formac&o dos agregados

neurofibrilares de proteina TAU, na doenca de Alzheimer (DA).

2.2.4 Teoria do estresse oxidativo (EO)

O EO é caracterizado pelo desequilibrio entre moléculas pr6é e antioxidantes,
onde ha um aumento das pr6é oxidantes ou reducdo das defesas antioxidantes no
organismo humano (Blagosklonny, 2008; Van Raamsdonk et al., 2017). Em condi¢des

normais fisioldgicas, existe a producao de espécies reativas (ER), porém essas sdo
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neutralizadas por moléculas e defesas antioxidantes presentes no organismo (Nimse
& Pal, 2015). No entanto, quando ha o desequilibrio e organismo ndo consegue
reestabelecer o equilibrio novamente, ocorre o EO, danificando biomoléculas, como

os lipideos, proteinas e &cidos nucleicos (Valavanidis et al., 2006).

Visto que o EO esta ligado ao dano as biomoléculas essenciais para o
funcionamento celular, o mesmo esta amplamente relacionado a diversas patologias,
como por exemplo as neurodegenerativas, como a DA (Cervellati et al., 2016; Paloczi
et al., 2017). Esse fato pode ser explicado pela correlacao existente entre a DA e do
EO com o envelhecimento, sendo um fator de risco determinante para o
estabelecimento dessa doenca (Mecocci et al., 2018). O envelhecimento é
caracterizado pelo EO, envelhecimento celular e mitocondrial, deplecdo do
mecanismo de reparo celular, corroborando com o processo neurodegenerativo e

sintomas como déficit cognitivo e perda da memoéria (Rehman et al., 2017).

Somado a outras teorias e marcadores da DA, o EO pode ser relacionado com
os agregados de AB, havendo um aumento no dano oxidativo, além da inducdo da
neuroinflamacéo, levando a um aumento da morte de células neurais (Allan Butterfield
& Boyd-Kimball, 2018). Isso ocorre, pois, embora didaticamente separadas, as teorias
ocorrem simultaneamente no quadro patolégico da doenca, agindo como um todo no

processo neurodegenerativo e na fisiopatologia da doenca (Halliwell, 2018).

Equilibrio
pré/antioxidantes

Desequilibrio
pré/antioxidantes

Estresse Oxidativo

=
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Figura 4. llustracéo dateoria do estresse oxidativo e correlacdo com as outras teorias dadoenca
de Alzheimer (DA), onde o aumento dos agregados extracelulares de A e intracelulares de
emaranhados neurofibrilares da proteina TAU hipefosforilada, corroboram com o aumento do

estresse oxidativo (EO).
2.3 Depressédo maior (DM) na DA

Além de seu carater complexo, a DA, pode ser associada a outras patologias,
como as desordens neuropsiquiétricas, presentes em 80% dos pacientes acometidos
pela DA, sendo a DM a forma mais representativa (Andrade et al., 2017). Porém,
embora tal relacdo exista, ainda ndo esta claro se a DM € um fator do risco para o
desenvolvimento da DA ou se faz parte das consequéncias e sintomatologia da
mesma (Chi et al., 2015).

Além dessa relacdo de comorbidade entre essas doencas, existem algumas
caracteristicas fisiopatologicas e sintoméaticas similares entre as mesmas. Quanto a
patofisiologia, 0 EO esta presente em ambas as doencas, causando danos a nivel
celular e prejudicando o processo de neurotransmissao, colaborando com o processo
neurodegenerativo da DA (Rodrigues et al., 2014). Além do EO, a reducao dos niveis
de neurotransmissores e neurotrofinas pode ser evidenciado em ambos os quadros
patoldgicos, levando a um desequilibrio neuroquimico e reducgéo da neuroplasticidade
sindptica (Ismail et al., 2017; Morgese et al., 2017).

Outra semelhanca entre a DM e DA é a disfuncdo na memaria e na cognicao.
Essa caracteristica sintomatoldgica esté relacionada ao circuito cerebral de neurdnios
colinérgicos, os quais estdo relacionados a processos da cogni¢do e formacdo da
memoria, além de resposta ao estresse (Janowsky & Risch, 1984; Newman et al.,
2001). Assim, a disfuncdo da neurotransmissdo colinérgica representa outra

similaridade sintomatol6gica entre as doencas descritas (Rosenberg et al., 2015).

Somado ao que foi exposto, evidéncias indicam um aumento em marcadores
conhecidos, como os agregados de AB e emaranhados neurofibrilares, em pacientes

acometidos pela DA com DM diagnosticada (Rapp et al., 2006, 2008).

Desse modo, estudos de novas moléculas com potencial bioativo, capazes de
inibir ou melhorar os sintomas depressivos, podem vir a ser interessantes em

tratamentos e estudos aplicados a DA.

2.4 Tratamentos atualmente disponiveis para a DA
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Embora a DA provoque um grande impacto global e apresente uma tendéncia
no aumento de sua ocorréncia, o cenario global atual referente a seu tratamento é
limitado e necessita de tratamentos mais efetivos (Yiannopoulou & Papageorgiou,
2013). Os tratamentos atualmente disponiveis s&o inibidores da AChE, como
Donepezila, Galantamina e Rivastigmina, aprovados pela FDA (Food and Drug
Administration) e o0 antagonista de receptor N-methyl-D-aspartate (NMDA)
glutamatérgico. Embora tais medicamentos possam aumentar a disponibilidade da
ACh e retardar a excitotoxicidade presente na DA, respectivamente, os tratamentos
muitas vezes aliviam os sintomas e possuem curta duracdo de efeito, além de nao

interromperem o processo neurogenerativo (Doody, 2003; Solanki et al., 2016).

Desse modo, novos tratamentos que visem uma melhor eficacia e duracéo de
efeito, sdo necessarios. Levando em conta o que foi exposto sobre a DA, vale ressaltar
a investigacao de novas moléculas capazes de agir sobre mais de um dos aspectos
relacionados a DA, como por exemplo associar a inibicdo da enzima AChE com o
efeito antioxidante (Tundis et al., 2017; Zhang et al., 2018). Nesse sentido, vale
destacar os compostos organicos de selénio, que vem demonstrando atividades

bioldgicas e um potencial farmacologico interessante (Kamal et al., 2018).
2.5 Compostos organicos de selénio

Um dos micronutrientes essenciais para o funcionamento do organismo
humano é o selénio, sendo esse adquirido através da dieta (Huawei, 2009). Tal
nutriente € de grande importancia para o organismo humano visto que compde
diferentes moléculas, como proteinas e faz parte do aminoacido selenocisteina.
Dentre as funcBes desempenhadas por essas moléculas contendo o selénio pode-se
citar a atividade antioxidante, além do envolvimento com a ativacdo da proliferacédo e
diferenciacéo celular, além de agir sobre o sistema imune inato e adaptativo (Brown &
Arthur, 2001). A deficiéncia desse nutriente estd associada a efeitos deletérios no
organismo, uma vez que apresenta importante papel sobre o equilibrio redox e outras
vias de ativacgéo e sinalizacdo (Levander, 1982; Medeiros, 2016; Wrobel et al., 2016).
Além disso, a deficiéncia do selénio pode ser associada a doencas que atingem o
SNC, visto que o selénio também possui papel sobre esse sistema e seu

desenvolvimento (Cardoso et al., 2015; Fradejas-Villar, 2018; Hall, 2018).
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Um dos exemplos de moléculas contendo selénio sdo as selenoproteinas O, K
e P, as quais atuam em diferentes vias de sinalizacdo celular ou mesmo no transporte
do selénio pelo organismo (Labunskyy et al., 2014). Outro exemplo sdo proteinas do
sistema enddgeno de defesa antioxidante, como as enzimas glutationa peroxidase e
tioredoxina redutase. Dentre essas, a enzima glutationa peroxidase € uma das mais
estudadas no sistema endogeno de defesa antioxidante, atuando na detoxificacdo de
ER, como o peréxido de hidrogénio e hidroperoxidos fosfolipidicos (Gaur & Agnihotri,
2017).

Desse modo, tendo em vista a teoria do estresse oxidativo e os danos
decorrentes do desequilibrio redox caracteristicos das doencas neurodegenerativas e
neuropsiquiatricas (Sbodio et al., 2018), novas moléculas com potencial antioxidante
séo interessantes como alvo de estudo. Ainda, visto que o selénio faz parte do sitio
catalitico de enzimas componentes do sistema de defesa antioxidante do organismo
humano (Brigelius-Flohé, 2015), a sintese de moléculas contendo selénio em sua

estrutura, séo de grande interesse de estudo em doengas como a DA.

Nesse sentido, os compostos organicos contendo selénio vem demonstrando
diversas atividades biolégicas, como por exemplo a atividade anti-inflamatoria,
antinociceptiva, antidepressiva, antioxidante, anticancerigena, neuroprotetora e anti-
Alzheimer (Meotti et al., 2004; Savegnago et al., 2008; Gill et al., 2010; De Freitas &
Rocha, 2011; Kelany et al., 2016; Casaril et al., 2017; Fronza et al., 2017; Sousa et
al., 2018; Rodrigues et al., 2018).
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Figura 5. Exemplos de compostos organicos: (A) 4-fenilselenil-7-cloroquinolina; (B) octilseleno-
xilofuranosideo; (C) 4-fenil-1-(fenilselenilmetil)-1,2,3-triazol; (D) 3-((4-clorofenil)selenil)-1-metil-
1H-indol; (E) a-(fenilselanil) acetofenona; (F) 2-benzilideno-4-fenil-1,3-disselenol; (G) disseleneto
de difenila; (H) ebselen; (I) 1-metil-3-(fenilselenil)-1H-indol. Fonte: Bampi, 2018.

Parte das atividade citadas foram avaliadas e descobertas, ao longo dos anos
de estudo por nosso Grupo de Pesquisa em Neurobiotecnologia (GPN). Dentres esse
anos de estudo, tais compostos demonstraram efeitos benéficos, frente ao estudo de
doencas que afetam o SNC, como a depresséo, dados que corroboram com outros
estudos na literatura, que também apontam efeitos benéficos desses compostos (Xie
et al., 2017; Martini et al., 2019). Dentre esses compostos, a molécula octilseleno

xilofuranosideo (OSX) pode ser destacada, por demonstrar a atividade tipo
antidepressiva.
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Figura 6. Estrutura quimica do octilseleno-xilofuranosideo (OSX).
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A atividade do tipo antidepressiva do OSX advém de sua habilidade de interagir
com o sistema monoaminérgico, além de modular vias intracelulares de sinalizacao,
envolvendo proteinas como a proteina quinase A (PKA) e C (PKC), proteina quinase
Il dependente de Ca*?/calmodulina (CAMKII) e proteina quinase regulada extracelular
(ERK) (Pinto Brod et al., 2016b, 2017a). Estas proteinas estao relacionadas a ativacéo
de neurotrofinas e suas vias de neuroplasticidade, como a do BDNF (Manosso et al.,
2015). Em doencas que afetam o SNC, como DA e DM, o BDNF apresenta niveis
reduzidos, sendo associados a reducdo da neuroplasticidade caracteristica dessas
doencas (Budni et al., 2015; Bus et al., 2015).

Tendo em visto o que foi exposto sobre a relagcdo da DM e a DA, além dos
efeitos farmacoldgicos demonstrados pelo composto, OSX, 0 mesmo se torna um
potencial candidato para novas analises, visando uma ac¢éo anti-Alzheimer, devido a

correlacdo existente entre o Alzheimer e a DM.
2.6 Modelos animais para o estudo da DA

Atualmente, para o estudo de doencas neurodegenerativas, existem modelos
animais que visam mimetizar o maximo possivel as caracteristicas do quadro
patoldgico da doenca, como na DA (Dawson et al., 2018). Alguns dos exemplos que
podem ser citados sdo o uso de animais transgénicos, uso de lipopolissacarideo (LPS)
ou uso da STZ.

O uso de animais transgénicos permitiu 0 estudo e novas descobertas
relacionadas a DA, como os fatores fisiopatolégicos, como os agregados de A ou
emaranhados de TAU hiperfosforilada (Go6tz et al., 2004). Isso se deve ao fato, que
ao longo dos anos de estudo e desenvolvimento desse modelo, genes envolvidos na
cascata amiloidogénica foram utilizados para induzir um quadro semelhante ao da
doenca (Spires & Hyman, 2005). Tais genes sao os das proteinas APP, PS1 e 2, por
exemplo, induzindo assim a formacdo de marcadores classicos da DA, como nos
triplos transgénicos atualmente utilizados (Oddo et al., 2003; Belfiore et al., 2018).
Porém, uma das limitacbes de modelos transgénicos, € o fato de serem mais

semelhantes a DA genética, sendo esse o0 tipo menos prevalente da doenca.

Visando a forma esporadica da doenca, outros modelos foram desenvolvidos,
como por exemplo o modelo neuroinflamatorio induzido por LPS. Esse modelo visa o

estudo da faze inicial da doenca, fase essa, que é caracterizada por um carater
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neuroinflamatério, semelhante ao que se tem na DA, além de fatores, como o EO
(Rocha & Amorim, 2011; Heneka et al., 2015b).

Ainda, outro modelo amplamente utilizado é o da injecdo ICV de STZ. Esse
modelo visa também a forma esporadica da doenca, porém em sua fase mais
avancada, onde pacientes ja estdo com um quadro neurodegenerativo avancado,
visto que ainda o diagndstico da DA é tardio (Alzheimer’s Association, 2018). Nesse
modelo, acredita-se que o mecanismo pelo qual a STZ age a nivel de SNC € através
da entrada na célula, interagindo com receptores de glicose do tipo 2 (GLUT2),
levando a um estado de hipometabolismo, além de induzir um aumento na producéo
de ER e do EO (Salkovic-Petrisic, 2008; Ishrat et al., 2009). Além disso, a injecdo de
STZ, provoca um aumento na expressdo de genes relacionados a producdo e
processamento de AB, culminando no processo neurodegenerativo. Essas alteragoes,
por sua vez, levam a alteracbes comportamentais nos animais modelo, além de
modificacdes neuroquimicas, bioguimicas, morfolégicas e histologicas semelhantes
ao que ocorre na DA (Mehan et al., 2012; Grieb, 2016).
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3 HIPOTESE E OBJETIVOS
3.1 Hipotese

A partir do que foi exposto, a hipotese do presente trabalho é que o composto
OSX possui potencial anti-Alzheimer, devido a suas propriedade apresentadas e a

existéncia da comorbidade entre a DA e a DM.
3.2 Objetivo geral

O objetivo do presente estudo, foi avaliar a acdo protetora do OSX, frente a
inducao do tipo Alzheimer, induzida por STZ em camundongos, segundo parametros

comportamentais e biologicos ligados a DA.
3.3 Objetivos especificos

- Avaliar o efeito protetor do OSX nos parametros comportamentais ligados a formacéao

da memodria e cognicao frente aos danos induzidos por STZ em camundongos.

- Estudar o efeito protetor do OSX frente a marcadores do estresse oxidativo induzido

por STZ em camundongos.

- Investigar o efeito inibitério do OSX nas enzimas acetilcolinesterase e monoamino

oxidase frente a indugéo por STZ em camundongos.

- Verificar o efeito do OSX na via amiloidogénica, caracteristica da DA, em

camundongos induzidos por STZ.
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4 CAPITULOS

4.1 Manuscrito — Anti-Alzheimer properties of octylseleno-xylofuranoside (OSX)

in a streptozotocin mice model.
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Abstract

Octylseleno-xylofuranoside (OSX), an organic selenium compound, has been
studied and presented few interesting results in the literature in the last years. OSX
demonstrated its antidepressive-like activity, modulating intracellular pathways and
monoaminergic system. Recently, new studies have been showing different
correlations between major depression and Alzheimer’s disease (AD). In that sense,
in the present study we evaluated OSX in different aspects of AD, such as
amiloidogenic pathway, cholinergic and monoaminergic neurotransmission, oxidative
stress and behavioural abnormalities in memory formation and cognition. To achieve
these goals, OSX was administered by oral gavage, in a 0.1 mg/kg dose, during the
first 20 days of the experimental design. After the pre-treatment, the compound was
administration was followed by intracerebroventricular injections of streptozotocin (two
times 1.5 mg/kg dose), as an Alzheimer-like model. After 15 days from the last
streptozotocin injection, behavioural tests including object and social recognition tests,
Y maze, passive avoidance and open field tests were performed, followed by
evaluation of markers of oxidative stress, acetylcholinesterase, monoamine oxidase
activities and amiloidogenic pathway via qRT-PCR. The results showed that OSX
protected mice from anomalies caused in behavioural pattern in memory tests
presented here, in different types of memory. Furthermore, OSX protected against lipid
peroxidation increased levels, inhibited acetylcholinesterase and monoamine oxidase
activities, as well, reduced relative expression of main protein related to amiloidogenic
pathway in Alzheimer’s disease: amyloid precursor protein (APP), y-secretase and [3-
secretase. Overall, OSX presented anti-Alzheimer activity, protecting mice from
streptozotocin abnormalities in behavioural and different parameters of the disease.

Key words: anti-Alzheimer; selenocarbohydrates; amiloidogenic pathway;
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1. Introduction

Octilseleno-xylofuranoside, a selenocarbohydrate molecule, has been studied
and presented few interesting results in the literature in the last years. OSX
demonstrated its antidepressive-like activity, modulating intracellular pathways and
monoaminergic system (Pinto Brod et al., 2016a, 2017b). Moreover, organoselenium
compounds have been showing interesting biological activities in the literature, such
as anti-inflammatory, antioxidant and antidepressive (Casaril et al., 2017; Fronza et
al., 2017; Sousa et al., 2018; Xie et al., 2018).

The proteins of intracellular pathways that OSX was able to interact with were
protein kinase A (PKA), protein kinase C (PKC), Ca*?/calmodulin-dependent protein
kinase Il (CAMKII) and extracellular-regulated protein kinase (ERK). Those proteins
can be associated with neutrophins and its neural plasticity pathway, such as brain-
derived neurotrophic factor (BDNF) (Manosso et al., 2015). Furthermore, BDNF
reduced levels can be associated with diseases that affects central nervous system
(CNS), such as maijor depression (MD) and Alzheimer’s disease (AD), related with a
reduction in neuroplasticity and stablishment of pathological conditions in these
diseases (Budni et al., 2015; Bus et al., 2015).

Recently, a relation between MD and AD have noticed. AD has been associated
to neuropsychiatric symptoms, present in approximately 80% of the affected patients
and the most frequent is major depression (MD), representing 50% of those cases
(Andrade et al., 2017). Although these diseases seem to be related, it is not clear yet,
if depression is a risk factor of developing AD or if it is a characteristic early event of
the disease (Chi et al., 2015). Other than the comorbid relating these two pathologies,
MD presents some of alterations presented in AD, such as OE, memory dysfunction,
neurotransmitters and neurotrophic factors impairment (Ismail et al., 2017; Morgese et
al., 2017). Furthermore, depressive AD patients show increased levels of hallmarks of
the disease when compared with AD patients that are not depressive (Rapp et al.,
2008).

Alzheimer’s Disease (AD) is a progressive complex chronic neurodegenerative
disease and is the most common cause of dementia in the world (Tramutola et al.,

2016b). Although AD presents itself as a major socioeconomic global problem, the
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pathophysiology of the disease is not completely understood (Alzheimer’s Disease
International, 2015; Cervellati et al., 2016).

Due to these very complex’s aspects, few theories have been developed to
explain possible causes and pathological pathways related to the disease. These
theories relate different aspects of the disease, such as the amyloidogenic pathway
(Vandersteen et al., 2012), lower levels of acetylcholine (ACh) (Francis et al., 1999;
Hampel et al., 2018), reduced neuroplasticity in AD (Wang et al., 2016) and increased
oxidative stress (OS) levels, that has been widely connected to neurodegenerative and

neuropsychiatric diseases (Liu et al., 2017).

Although AD represents an important global impact, available tretments, such
as the AChE inhibitors (IAChE) and glutamatergic antagonist, are only able to reduce
symptoms, but not to stop the neurodegenerative process (Cummings et al., 2014;
Weller & Budson, 2018). Taking that into account, new possibilities for AD treatment

might have activities in the different targets, aiming for a more effective treatment.

Since none of the mentioned diseases present any fully functioning treatment,
the search for new molecules presenting positive effects in neurological diseases are

important.

Taking into consideration the available treatment for AD and its limitations, the
search for new bioactive molecules, that might act in more than one factor of the
disease is essential. Added to that, considering the previous anti-depressive activity of
0OSX, modulating monoaminergic system and intracellular signalling, the objective of
the present study was to evaluate the anti-Alzheimer activity of OSX against STZ

Alzheimer-like mice model.
2. Materials and methods:
2.1. Chemicals

Octylseleno-xylofuranoside (OSX) (Fig. 1) was synthetized in the Chemical
Institute of Universidade Federal do Rio Grande do Sul, Brazil and characterized as a
previously described method (Vargas et al., 2015). Streptozotocin (STZ) was
purchased from Sigma-Aldrich (Sigma, St. Louis, MO).

All other chemicals of analytical grade were obtained from standard commercial
suppliers.
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Insert figure 1 here
2.2. Animals

The experiments were performed using Swiss mice (60 days old) obtained from
Federal University of Pelotas (UFPEL) breeding colony. The animals were maintained
on 12h light/dark cycle, at a temperature of 22 + 2 °C, with free access to water and
food. All experimental procedures were performed according to the guidelines of Ethics
and Animal Experimentation Committee (CEEA 8316-2017), and efforts were made to
minimize animals suffering and to reduce the number of animals used in the

experiments.
2.3. Experimental design

The experimental design of this is study is presented in Fig. 2. Mice were
randomly divided in four different groups (n=10 animals/group, except in molecular
analyses and toxicity, were utilized n=6 animals/group). During the first 20 days of the
experiment, group | and Ill were treated with OSX’s vehicle (canola oil 0,1 ml/kg body
weight dose). Group Il and IV were treated with OSX (0,1 mg/kg body weight dose).
After the pre-treatment, groups | and Il were exposed to a intracerebroventricular (ICV)
injection with STZ’s vehicle (0.9% saline solution in a 1 ml/kg body weight) on day 21
and repeated on day 23. On the same days, group Ill and IV, were exposed to a
intracerebroventricular (ICV) injection with STZ (1,5 mg/kg body weight). After 15 days
past the last ICV injection, mice performed behavioural tests and afterwards, were

submitted to euthanasia to remove brain for ex vivo analysis.
Insert figure 2 here
2.4. Surgical procedure

Animals were anesthetized with isoflurane (Iso Fo Abbott Laboratories) via
inhalation before the beginning of the surgery. A hypodermic needle coupled to a
Hamilton syringe of 25 ul was used to perform free-hand ICV, using the bregma as a
reference point, according to a previously described method (HALEY & MCCORMICK,
1957; Laursen & Belknap, 1986). More specifically 2 mm behind the ears line. 1.0 mm

lateral to sagittal suture, and 3.0 mm beneath the surface of the brain.

2.5. Behavioural tests
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2.5.1. Open Field Test (OFT)

OFT was performed in order to exclude possible effects of the compound in the
locomotor and exploratory behaviour of the mice (Walsh & Cummins, 1976). Briefly,
the animals were placed in a wooden box (30 cm x 30 cm x 15 cm), marked with lines
dividing the box into 9 squares of equal area. During five minutes, mice were evaluated
about their exploratory and locomotor activity. The exploratory activity is corresponding
to the number of rearings the animals performed, and the locomotor activity to the
number of crossings with the 4 paws between squares. Moreover, the animals were
left in the box an extra 5 minutes for setting them for the next behavioural test, after 24
hours, Object Recognition Test (ORT).

2.5.2. Object recognition task (ORT)

ORT was performed to evaluate memory formation and learning capability of
the mice in short-term memory (STM) and long-term memory (LTM) (Rosa et al., 2003).
In order to realize the test, animals were placed in the same apparatus from the OFT,
24 hours after setting in the first day, with two identical objects, for the first interaction
(FI). 1 and onde and half hour later (STM), one of the objects was replaced for another
one (familiar and novel object), of different colour and shape. Next day, 24 hours later
(LTM), the novel object was replaced for a new one. During each phase, mice
interaction time with the objects were accounted for 5 minutes. The interaction was
considered as touching, stepping or sniffing the objects. To determine memory and
learning, a recognition index was calculated, according to the following formula: [time
spent in the novel object/ (time spent in the familiar object + time spent in the novel
object)].

2.5.3. Y maze test

In order to evaluate spatial and work memory, Y maze test was performed
(Jackson, 1943). Mice were placed in a Y shaped apparatus, 35 cm long, 5 cm wide
and 10 cm high, and were allowed to explore the maze. The test is based in the
willingness of mice to explore new environments, in that case, the arms of the maze,
rather than a previously visited one. The sequence of entries in the arms (A, B or C
arms) and spontaneous alternations (alternation between 3 different arms
consecutively = 1 spontaneous alternation) were noted during 6 minutes, and

expressed as spontaneous alternation (%): [(n° of spontaneous alternation x 3) / (n° of
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entries in the arms — 2)] x 100. The number of entries were considered as parameter

to check mice mobility, in order to validate the previous obtained result.
2.5.4. Social recognition task (SRT)

One crucial point of social behaviour for humans and mice is social recognition
memory, important in the process of discriminating between humans and animals.
Taking that into account, the present experiment aims to analyse the memory formation
and learning of mice, during a social recognition task (Tanimizu et al., 2017). Animals
were placed in the same wooden box from OFT, with a juvenile mouse from the same
species, in order to evaluate its interaction, during 5 minutes (experiment animal with
the juvenile mouse). After one hour, the animal evaluated and the same juvenile were
placed again together, during 5 minutes, and had its interaction time accounted.
Juvenile animals were used in order to avoid fight between mice, and the box was
cleaned between each mouse evaluated. The results were expressed in the form of a
ratio between the second and the first investigation, by the time spent interacting with

the juvenile animal.
2.5.5. Passive avoidance task — step-down

The passive avoidance test works with aversive conditioning pattern, based on
a negative stimulus against mice primary instinct, like stepping into a dark
compartment, or going down in a lower level from a high platform. Moreover, the test
combines both fear conditioning and a training context (Roesler et al., 1999). Thereby,
the test is divided in two phases, the first one is the training phase. In that part, mice
were placed in an apparatus, in a higher platform and allowed to explore the lower grid
floor. Once it goes down, mice received a shock (2 seconds of 0,5 mA), as the aversive
stimulus, leading it back to the higher safe platform. 24 hours after the training, mice
were placed into the apparatus again and had the time to go down in the lower grid
floor (latency time) accounted (cut-off of 5 minutes). Results were expressed in

seconds of latency.
2.6. Ex vivo assays
2.6.1. Tissue preparation

Mice were euthanized and had their brain tissue rapidly removed and placed on

ice. The brains of the animals were dissected to separate total cortex and
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hippocampus, kept chilled and homogenized in different buffer according to test
performed. Both of the homogenates was centrifuged for 10 min at 2500 rpm to yield

a pellet that was discarded and a low speed supernatant (S1) collected for each tissue.
2.6.2. Thiobarbituric acid reactive species (TBARS) assay

Lipid peroxidation was evaluated by TBARS assay, in total cortex and
hippocampus. In an acid and high temperature reaction, TBARS were formed and its
product was analysed in a spectrophotometer (Ohkawa et al., 1979). Total cortex S1
and an aliquot of hippocampus Si were incubated with 8.1 % SDS, TBA (0.8%) and
acetic acid/HCI (pH 3.4) at 95 °C for 2 h. MDA was used as a biomarker of fatty-acid

peroxidation, detected by a spectrophotometer (532 nm).
2.6.3. Reactive species (RS) formation assay

In order to further scope our knowledge about the antioxidant activity of the
compound, RS formation assay was performed (Loetchutinat et al., 2005). RS
formation was evaluated in total cortex and hippocampus. Si1 of both tissues were
incubated with dichlorofluorescein at room temperature for 30 minutes, in the dark.
Dichlorofluorescein was used as a detector of the RS, emitting fluorescence, detected

by a spectrofluorimeter.
2.6.4. Lipid extraction and hippocampal and cortical cholesterol measurement

Briefly, tissue from total cortex and hippocampus of mice were weighted
homogenized with chloroform and methanol, and washed with water. After
homogenizing the samples, they were centrifuged and processed, in order to get the
cholesterol rich phase, letting it dry (Santos et al., 2015). The dry pellet was suspended
in a 0.1 M HCI isotonic NaCl solution. Afterwards, the solution obtained was used to
qguantify the cholesterol content in the tissues, using an enzymatic colorimetric method,
according to the manufacturer’s protocol (LABTEST, Diagnostica S.A., Brazil). The

results were expressed in g of cholesterol/mg tissue.
2.6.5. Acetylcholinesterase inhibitory activity

Acetylcholinesterase (AChE) activity was evaluated according to Ellman’s
method (1961) (ELLMAN et al., 1961), in total cortex and hippocampus. This assay
consists in a rapid colorimetric determination of AChE activity, based on the reaction
of dithiobisnitrobenzoate (DTNB) acid with the product of the enzyme’s action
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(acetylthiocoline cleaved into thiocoline). The interaction of DTNB and thiocoline

generates a yellow colour, detected by a spectrophotometer (412 nM).
2.6.6. Monoamine oxidase (MAQO) B activity

MAO activity was determined according to previously described method, with
some alterations (Matsumoto et al., 1984). The cerebral total cortex and hippocampus
extracted from mice were processed, in a few steps of centrifuging, until obtain the
mitochondrial fraction for the analysis. The last supernatant obtained was incubated
with MAO substrate, kynuramine dihydrobromide, in order to evaluate its consumption,
to determine MAO activity. Clorgiline (MAO A inhibitor) was used to evaluate MAO B
activity. The fluorescence generated after kynuramine’s consumption was detected

spectrofluorimetrically with excitation at 315 nm and emission at 380 nm.
2.7. RNA extraction and Gene Expression evaluation by gRT-PCR

Seeking to evaluate another parameter on AD, amiloidogenic pathway
proteins, such as APP, y-secretase and [(3-secretase expression, were analysed by
gRT-PCR. A different group of mice were used to the gene expression evaluation.
Total RNA was extracted and purified from mice hippocampus using Trizol reagent
(Invitrogen™, Carlsbad, CA, United States). cDNA was obtained with 1 pug RNA using
the High Capacity cDNA Reverse Transcription kit (Applied Biosystems™, United
Kingdom) according to the manufacturer’s instructions. Relative gene expression was
normalized using GAPDH gene and the reaction’s conditions included 95°C for 15 s,
60°C for 60 s, and 72°C for 30 s. The Delta-Delta Comparative Threshold method was
used to normalize the fold change in gene expressions. The used primer sequences

and full name of the genes are provided in Table 1.
Insert table 1 here
2.8. Toxicological assays

A sub chronic toxicological evaluation of OSX (0,1 mg/kg) was accomplished
performing 20 continuous days of intragastric treatment with the compound, according
to the Figure 3., with a different group of animals (n=6).

Insert figure 3 here

2.8.1. Plasmatic AST and ALT activities
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Aiming to investigate the endpoints of hepatotoxicity, plasmatic aspartate (AST)
and alanine aminotransferase (ALT) were quantified with biochemical commercial kits
(LABTEST, Diagnostica S.A., Brazil), according to Reitman and Frankel (1957)
(Hospital, 1957).

2.8.2. Plasmatic urea and creatinine

Renal function was evaluated determining plasmatic levels of urea (Mackay &
Mackay, 1927) and creatinine (Peake & Whiting, 2006), in order to check any kidney
damage, using commercial kits (LABTEST, Diagnostica S.A., Brazil).

2.8.3. Plasmatic glucose levels

Glucose levels were quantified using commercial kits (LABTEST, Diagnostica
S.A., Brazil), in order to check if there were any changes in glucose levels, and to
validate STZ ICV injection, proving that STZ was not able to reach the systemic level

inducing diabetes.
2.9. Statistical analysis

Statistical analysis was performed using two-way analysis of variance (ANOVA),
except for toxicological assays, where one-way ANOVA was applied, both followed by
Newman-Keuls post-hoc test when appropriate. Experimental results were expressed
as mean + standard deviation (SD) to show variation among groups. The results were

considered different for a p<0,05. All data was analysed by GraphPad Prism 7.0.
3. Results

3.1. Effect of OSX on locomotor and exploratory activity on Open Field Test
(OFT)

With the purpose of checking if OSX or STZ injections might cause any
psychomotor changes, OFT was performed. Neither OSX or STZ injected mice
presented any changes. Two-way ANOVA showed no significant STZ X OSX
interaction in the number of crossings (F(1,36) = 1.266; P = 0.2681) and rearings
(F(1,36) = 1.347; P = 0.2528). Those results show that any of the groups had any
influence in their psychomotor parameters and that other behavioural test would not
be influenced by these parameters.
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3.2. Effect of OSX on object recognition in STZ injected mice on Object
Recognition Task (ORT)

STZ induced a decrease in recognition index on ORT, indicated by the reduction
of time spent in the novel object, both in short-term and long-term memory. OSX
treatment prevented the memory impairment caused by STZ injection, exhibited by an
increase in recognition index. Two-way ANOVA indicated an STZ X OSX interaction in
short-term (F(1,36) = 7.07; P = 0.01) and long-term memory (F(1,36) = 31.3; P <
0.001), presented in Figure 4a and 4b respectively.

Insert figure 4 here
3.3. Effect of OSX on spontaneous alternation in STZ injected mice on Y maze

In order to evaluate spatial memory, Y maze test was performed. STZ
decreased the spontaneous alternation, while this reduction was prevented by OSX
treatment. Two-way ANOVA indicated an STZ X OSX interaction (F(1,36) = 13.2; P <
0.001) (Fig. 5). These results indicate that OSX prevented cognitive deficit and memory
impairment caused by STZ injection.

Insert figure 5 here

3.4. Effect of OSX on social recognition in STZ injected mice on Social
Recognition Task (SRT)

Aiming to evaluate social behaviour, relating to the capability of one animal to
discriminate other individual, SRT was performed. STZ injection caused an increase
in the interaction time with the juvenile mice, representing that these mice did not
remember the first contact with the strange animal, increasing recognition index. OSX
treatment was able to reduce recognition index levels, preventing social behaviour
abnormality caused by STZ. Two-way ANOVA showed an STZ X OSX interaction
(F(1,36) = 14.9; P < 0.001) (Fig. 6).

Insert figure 6 here
3.5. Effect of OSX on passive avoidance task in STZ injected mice

Looking forward to investigating another memory performance of mice, we
applied passive avoidance test (step-down type), evaluating aversive conditioning

pattern. STZ injection reduced latency time (s) for mice to go down to the grid floor. On
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other hand, OSX treatment protected against STZ memory damage, increasing the
latency time. Two-way ANOVA presented an STZ X OSX interaction (F(1,36) = 17.5;
P <0.001) (Fig. 7).

Insert figure 7 here

3.6. Effect of OSX on oxidative stress (OS) related parameters in STZ injected

mice

The results are presented in Figures 8-10, on lipid peroxidation, RS formation
and cholesterol levels, respectively, in total cortex (a) and hippocampus (b). STZ
injected mice presented an elevated lipid peroxidation in total cortex and hippocampus,
although it was not able to decrease cholesterol levels. Two-way ANOVA showed no
significant STZ X OSX interaction in cholesterol levels in total cortex (F(1,36) = 0.0248;
P = 0.88) or hippocampus (F(1,36) = 2.87; P = 0.10). The same happened on RS
formation, presenting no significant changes. Two-way ANOVA revealed no significant
STZ X OSX interaction in total cortex (F(1,36) = 0.164; P = 0.69) or hippocampus
(F(1,36) = 0.715; P = 0.40). From this, OSX reduced the lipid peroxidation in STZ
injected mice group. Two-way ANOVA presented a main effect of OSX in total cortex
(F(1,36) = 4.55; P =0.04) and STZ X OSX interaction in hippocampus (F(1,36) = 11.8;
P = 0.002). Furthermore, OSX did not change the other parameters, revealed by Two-
way ANOVA (P > 0.05). We believe that the dosage of STZ and the induction time of
the presented protocol, was not enough to create a damage in the cholesterol mostly
present in the myelin sheath, even though the lipid peroxidation production was

increased.
Insert figures 8-10 here
3.7. Effect of OSX on AChE activity in STZ injected mice

STZ injection led to an increase in AChE activity in both structures, while OSX
protected against this cholinergic dysfunction, showing its potential as a cholinesterase
inhibitor. Two-way ANOVA noticed an STZ X OSX interaction in total cortex (F(1,36) =
8.57; P = 0.006) and hippocampus (F(1,36) = 7.72; P = 0.009) (Fig. 11).

Insert figure 11 here

3.8. Effect of OSX on MAO B activity in STZ injected mice
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In the present study, STZ ICV injections were not able to produce any increased
response on MAO B activity. However, OSX was able to reduce MAO B activity in total
cortex. Two-way ANOVA presented a main effect of OSX in total cortex (F(1,36) =
7.69; P = 0.009), although did not show STZ X OSX interaction (F(1,36) = 0.0001; P =
0.78), neither have main effect in hippocampus (F(1,36) = 0.0801; P = 0.78) (Fig. 12).

Insert figure 12 here
3.9. Effect of OSX on mRNA levels in STZ injected mice on qRT-PCR

The amiloidogenic pathway was evaluated by gRT-PCR in the present study.
Based on two-way ANOVA, STZ group was able to induce an increase in all the
evaluated genes from the amiloidogenic pathway (APP, B-secretase and y-secretase),
both in total cortex and hippocampus (Fig. 13-14). Furthermore, OSX was able to
reduce the increased mRNA levels, in both tissues, protecting from STZ injections.
Two-way ANOVA showed an STZ X OSX interaction in total cortex (F(1,20) = 8.44; P
= 0.009), (F(1,20) =17.3; P <0.001) (F(1,20) = 6.69; P = 0.02) (APP, B-secretase, y-
secretase, respectively). Moreover, Two-way ANOVA presented an STZ X OSX
interaction in hippocampus in APP and B-secretase mRNA levels(F(1,20) = 17.7; P <
0.001), (F(1,20) = 13.1; P = 0.002) and a main effect of OSX in y-secretase gene
(F(1,20) = 13.4; P = 0.002).

Insert figure 13-14 here
3.10. Effect of OSX on toxicological parameters

Some of common markers of toxicity were evaluated in the present study,
checking if OSX present any sub-chronic toxicological effects. Plasmatic urea and
creatinine were quantified aiming to evaluate kidney’s integrity, whereas, AST and ALT
were measured to verify if there was liver damage. The 20 days oral OSX treatment in
the 0.1 mg/kg dose, does not show any changes in the evaluated toxicological markers,
indicating no toxicity in the present study. Moreover, glucose levels were not changed,
validating STZ Alzheimer-like model, proving that there was not a systemic diabetes

induction.
4. Discussion

The present study provided new evidence concerning OSX pharmacological
properties, showing its anti-Alzheimer effects in mice, adding to its antidepressant-like
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effect already exhibited in the literature, modulating intracellular cascades and
monoaminergic pathways (Pinto Brod et al., 2016a, 2017a). This new evidence
presented OSX inhibiting AChE and MAO B activities, reducing lipid peroxidation and
relative expression of genes related to amiloidogenic pathway and protected mice
against cognitive and memory impairment. Taken all together, the results presented in
this study showed initial data on anti-Alzheimer effect of OSX, in different factors of the

disease, in behavioural and physiological levels of AD markers.

With regard behavioural experiments, mice memory test presented here are
already well stablished in the literature and can be related to AD characteristics, such
as memory impairment and cognitive deficit in humans (Rézyk-Myrta, 2014). The
behavioural tests performed in the present study targeted different aspects of memory
in each of them. ORT is a memory test capable of evaluate the ability of mice in
differentiate between novel and familiar objects, relating with working memory in AD
patients for example (Ennaceur & Delacour, 1988). Y maze evaluate animals
willingness to explore a new environment and normally it prefers to explore a new arm
in the maze rather then a previously visited one, indicating spontaneous alternation
level and visuospatial memory (Darcet et al., 2014). Furthermore, social behaviours
are formed by different aspects and components, such as social interaction and
recognition. In that sense, SRT was performed, evaluating animals memory associated
with its social interaction and recognition (Kogan et al., 2000; Gabor et al., 2012).
Moreover, passive avoidance test look at the tendency of mice to explore new
environment, such as going doing from the safe platform to the grid floor, and its
associative memory, relating the mild foot-shock with a harmful stimulus, conditioning

its response (Erden, 2014).

STZ injections reduced mice ability to recognize and differentiate familiar from
novel objects in ORT and familiar mice in SRT, impairing working memory, indicated
by a decreased recognition index in ORT and increased in SRT. Besides that, STZ
induced visuospatial memory deficit in Y maze test and reduced conditioning pattern
in passive avoidance test, indicated by a reduced spontaneous alternation (%) and
latency, respectively. These results are in accordance with other studies in the
literature involving memory in STZ Alzheimer models, showing memory impairment
and cognitive deficit (Li et al., 2016; Ravelli et al., 2017; Bassani et al., 2018). On other

hand, OSX treatment was able to prevent these behavioural changes, protecting mice,
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proved by restored recognition indexes, higher spontaneous alternation and latency.
These results can be related with MD and AD carachteristics, such as cognitive deficit,
whereas, OSX, that already presented an antidepressant-like activity, showed an

ability to improve the cognitive performance in the applied tests.

Besides behavioural alterations, STZ has been proved as a good oxidative
stress inductor in AD model, increasing damages in biomolecules, such as lipid
peroxidation and production of reactive species (Islam et al., 2015). CNS is a
susceptible tissue to oxidative damage, due to its characteristics, like high oxygen use,
lower antioxidant defences and higher contents of polyunsaturated fatty acids
(Halliwell, 2001; Moreira et al., 2005). This higher susceptibility can be related to the
damages caused in AD, due to OE, such as lipid peroxidation in the myelin sheath,
because of its high levels of cholesterol, degenerating its structure, stopping or slowing
neural transmission and proper functioning (Cai & Xiao, 2016; Wu et al., 2017).
Moreover, OS is present in MD, due to the same susceptibility of CNS. Thereby, we
evaluated RS formation, lipid peroxidation and indirect myelin integrity (cholesterol
levels), aiming to evaluate part of OS involvement in this STZ Alzheimer model, taking

in account the already presented antidepressant activity of OSX.

STZ injections were able to increase lipid peroxidation, but without any
increment in RS formation or low cholesterol, as expected. These results might be
explained by the fact that the STZ dose injected might not have been high enough to
cause drastic changes in myelin integrity, when compared to other studies in the
literature (Santos et al., 2015; Reeta et al.,, 2017; Pacheco et al., 2018). Other
possibility, is that RS did not increase because the animals were left for 15 days to
induce the neurodegeneration processes by STZ and treated during the next 20 days,
leaving time enough for their organism to restore part of RS and antioxidant balance,
but did not restore the damage caused, such lipid peroxidation. Although some of the
parameters evaluated has not changed, OSX reduced lipid peroxidation, both in total

cortex and hippocampus, probably related to its ability in reduce oxidative stress.

One other factor related to AD are the abnormalities in some enzymatic
activities, changing neurotransmitters availability. One of these enzymes is AChE,
responsible for regulating ACh levels in the synaptic cleft by degrading it. In AD, AChE
activity is elevated and the same happens in STZ model, reducing ACh availability,

causing behavioural irregularities, such as memory and cognitive impairment (Biswas
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et al.,, 2016; Chigurupati et al., 2016). Furthermore, ACh levels can be related to
neuroplasticity and neurogenesis, since iIAChE treatments are capable of increasing
hippocampal neurogenesis and modulate neurotrophins levels (Craig et al., 2011).
Moreover, reduced levels of neurotrophins, such as BDNF, are related to cholinergic
signalling malfunctioning (Barage & Sonawane, 2015).

Taking that into account, the available AD treatments are mostly iIAChE, acting
in the cholinergic signalling in the disease, reducing behavioural symptoms (Doody,
2003). STZ injections caused an increase in AChE activity as expected, that can be
related to the observed results in mice behavioural tests (Berté et al., 2018), like
cognitive deficit and memory impairment. Protecting from AChE increased activity,
OSX increased ACh avilabillity, ameliorating mice behavioural performances, acting
similarly to a IAChE. Also, OSX already presented in previous studies, modulation of
intracellular signalling proteins, like PKC, CAMK and ERK, that might be related to
BDNF-TRKB (tropomyosin receptor kinase B) pathway of synaptic plasticity
(Minichiello, 2009) and its involvement with AD and MD (Zhang et al., 2012). Those
results complement the previous results obtained from OSX action, proving itself not
only as an antidepressant, but as molecule able to improve memory and cognitive

impairments, whats can be related to AChE inhibition.

Other affected enzyme is MAO of B type, with an increased activity in AD,
presenting itself as a promising new associated target for the treatment of the disease
(Borroni et al., 2017). From MAO B activity test, the results showed no alterations in
MAO B activity in STZ-injected mice, representing a new data, since there is no data
relating ICV STZ injections with MAO B activity abnormalities in the literature. Although,
STZ was not able to produce changes on this enzyme activity, OSX presented an
inhibitory activity, significantly reducing enzymatic activity, acting as a multimodal
inhibitor in both AChE and MAO B. A recent study presented a relation between and
increased MAO B activity and a raise in y-secretase expression, that is a limiting step

to AB peptide production in amiloidogenic pathway (Schedin-Weiss et al., 2017).

In order to further scope our knowledge about different aspects of AD, gRT-PCR
was performed to quantify mRNA levels of the main genes present in amiloidogenic
pathway. The genes APP, B and y-secretases correspond to proteins that are
considered biomarkers of AD (Bagyinszky et al., 2014). With an increased relative

expression in the disease, more APP is available to be processed by B and y-
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secretases into AB peptides, that aggregates and provoke a neurodegenerative
response in CNS (Thinakaran & Koo, 2008; Heneka et al., 2015a). ICV STZ injections
has also been related to increased quantitative expression of APP-pathway genes in
recent studies (Park et al., 2015; Rajasekar et al., 2017). Our results showed that STZ
injection, agreeing with results found in the literature, increased APP, B and y-
secretases MRNA's levels, validating our model in the amiloidogenic pathway. OSX
previous treatment reduced APP-pathway genes relative expression, inhibiting the
amiloidogenic pathway. Additionally, y-secretase reduced relative expression can be
related to OSX MAO B inhibitory activity, given that an increased MAO B activity is
connected to y-secretase expression, inducing a higher APP-pathway activity,

collaborating with Ap formation.
5. Conclusion

Based on what was exposed, it is possible to conclude that OSX presented anti-
Alzheimer effect in the present study. OSX can act on different aspects, here
presented, of AD, for instance, reducing lipid peroxidation, as a marker of oxidative
stress, avoiding damage in cellular membranes. In addition, OSX presented inhibitory
properties over AChE and MAO B, two important targets of the disease, increasing
ACh availability and reducing y-secretase expression. Also related to APP-pathway,
OSX reduced main proteins responsible for AR peptide aggregates, reducing the
chance of the presence of neurodegenerative process in CNS. All those factors
contributed for an improvement in all the behavioural tests performed in mice and OSX
protective action. Nonetheless, more studies are necessary to further evaluate more
about OSX’s protective action and its mechanisms associated with its anti-Alzheimer

activity.
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Tables

Table 1 — Primer’s sequences.
Gene Sequence 5°-3’

GAPDH S-AGGTCGGTGTGAACGGATTTG
A-TGTAGACCATGTAGTTGAGGTCA

APP S-CGGGACCCAAATGTCAAACT
A-TCCGAGCATGTGGAGGGATA

BACE-1 S-CAGTGGAAGGTCCGTTTGTT
A-GCAGAGTGGCAACATGAAGA

y-SECRETASE TATGGCCTCCTGATTTTTGG
GATGCTAAGCCCTCATCTGC
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Figure 4. Evaluation of OSX on cognition and memory formation in mice injected with STZ on ORT.
Values were expressed in the form of recognition index, both in short-term (a) and long-term (b) memory.
Data are presented as mean + SD (n=10). ***p<0.001 when compared to STZ Oil group. ##p<0.001
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Figure 5. Evaluation of OSX on spontaneous alternation in mice injected with STZ on Y maze test.
Values were expressed in percentage (%) of spontaneous alternation. Data are presented as mean +
SD (n=10). *p<0.01 when compared to STZ Oil group. #p<0.01 when compared to control group.
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Figure 6. Evaluation of OSX on cognition and memory formation in mice injected with STZ on social
recognition task. Values were expressed in the form of recognition index. Data are presented as mean
+ SD (n=10). ***p<0.001 when compared to STZ Oil group. ##p<0.001 when compared to control group.
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Figure 7. Evaluation of OSX on cognition and memory formation in mice injected with STZ on passive
avoidance test. Values were expressed in seconds (latency time). Data are presented as mean + SD
(n=10). **p<0.01 when compared to STZ Oil group. #p<0.05 when compared to control group.
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Figure 8. Evaluation of OSX on lipid peroxidation levels in mice injected with STZ, in total cortex (a) and
hippocampus (b). Values were expressed in nM of MDA. Data are presented as mean + SD (n=9-10).
*p<0.05; **p<0,01 when compared to STZ Oil group. #p<0.05; ##p<0.001 when compared to control
group.
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hippocampus (b). Values were expressed cholesterol/mg of tissue. Data are presented as mean + SD
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Figure 12. Evaluation of OSX inhibitory activity on MAO B in mice injected with STZ, in total cortex (a)
and hippocampus (b). Values were expressed in the form MAO B activity. Data are presented as mean
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Figure 13. Levels of mRNA relative expression of APP, 3-secretase and y-secretase in total cortex,
under OSX treatment in mice injected with STZ. Values were expressed in the form of relative
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Figure 14. Levels of mRNA relative expression of APP, B-secretase and y-secretase in hippocampus,
under OSX treatment in mice injected with STZ. Values were expressed in the form of relative
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expression. Data are presented as mean = SD (n=5). "p<0.05; "p<0.01; **p<0.001 when compared to
STZ Oil group. #p<0.05; #p<0.01; ##p<0.001 when compared to control group.
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5 CONCLUSAO GERAL

Baseado no que foi exposto, podemos concluir que o OSX demonstrou um
efeito anti-Alzheimer em diferentes parametros avaliados, no modelo de deméncia
induzido por STZ em camundongos. Dentre esses efeitos, pode-se citar a reducdo da
peroxidacao lipidica, referente ao EO e o dano causado nas membranas e lipideos
celulares. Além disso, o0 OSX demonstrou capacidade inibitéria sobre as enzimas
AChE e MAO B, possivelmente aumentando a disponibilidade da ACh e das
monoaminas. Ainda, o OSX foi capaz de modular a expressao génica relativa dos
genes chave da via amiloidogénica, protegendo frente ao aumento provocado pela
STZ. Tais acdes, podem explicar a protecdo frente ao dano cognitivo nos testes
comportamentais apresentada pelo OSX, frente a STZ. Entretanto, embora tenha
apresentado acdo em diferentes parametros da DA, mais estudos sS40 necessarios
para aprofundar o conhecimento sobre a acao bioldgica do OSX, nos parametros aqui

avaliados, além de outros marcadores da doenca.
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Figura 6. Resumo da acao protetora do octilseleno-xilofuranosideo (OSX), frente a induc¢éo por
estreptozotocina (STZ) do modelo da doenca de Alzheimer (DA) esporadica, em camundongos,

guanto aos parametros comportamentais e marcadores fisiol6gicos e moleculares da DA.
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