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RESUMO
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Resumo

A Doenca de Alzheimer (DA) é uma enfermidade incuravel que causa perda
das fun¢des cognitivas (memoria, orientacdo, atencao e linguagem). As lesdes
cerebrais sdo caracteristicas dessa doenca, sendo as principais alteracdes: as
placas senis decorrentes do depdsito de proteina beta-amiloide (Ba)
anormalmente produzida, e o0s emaranhados neurofibrilares. Atualmente,
muitas abordagens sdo propostas para tratar ou prevenir a DA, mas os estudos
geralmente usam protocolos que dificilmente permitem o estabelecimento da
relagdo causa-efeito, pois envolvem mais de uma variavel que poderia ter
beneficios no cérebro com DA. O objetivo deste trabalho foi avaliar e isolar os
efeitos neuroprotetores do enriquecimento ambiental, do exercicio fisico
anaerobio, e do enriguecimento social, em déficits de memoria relacionados a
neurotoxicidade induzida pela beta-amiloide (Ba) em um modelo animal. Para
isto, foram utilizados ratos Wistar submetidos as intervencdes propostas por 8
semanas, e, logo apds, a cirurgia estereotaxica para a injecdo de Pa no
hipocampo. A memdria foi avaliada pelos testes de reconhecimento de objetos
e reconhecimento social, considerando memoria de curta e de longa duracgéao.
O estado de oxidativo do hipocampo (niveis de espécies reativas de oxigénio,
peroxidacao lipidica e capacidade antioxidante total - ROS, TBARS e FRAP) e
a atividade da enzima acetilcolinesterase (AChE) também foram verificados. Os
dados mostram que a injecéo de Pa resultou em déficits de memodria e danos

oxidativos no hipocampo. O enriquecimento ambiental e o exercicio fisico



evitaram todos os déficits de memoédria e a peroxidacdo lipidica (TBARS)
hipocampal induzida por Ba. O enriquecimento social evitou apenas o déficit de
memoéria de reconhecimento social induzido pela beta-amiloide e aumentou a
capacidade antioxidante total (FRAP).

Palavras chave: Alzheimer, Treinamento fisico, Enriqguecimento ambiental,

Reconhecimento de objetos, Reconhecimento social, Estresse Oxidativo.
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Abstract

Alzheimer's Disease (AD) is an incurable disease that causes loss of cognitive
functions (memory, orientation, attention, and language). Brain lesions are
characteristic of this disease, in which main alterations being: senile plaques
arisvel from the deposition of abnormally produced beta-amyloid protein (Ba)
and neurofibrillary tangles. Many approaches have been proposed to treat or
prevent AD, but studies generally use protocols that becouse difficult to attribute
a cause-effect relationship because they involve more than one variable that
could be benefical in observed changes. The objective of this work was to
evaluate and isolate the neuroprotective effects of environmental enrichment,
anaerobic physical exercise, and social enrichment on memory deficits related
to beta-amyloid neurotoxicity in an animal model. For this, Wistar rats were
submitted to 8 weeks of intervention, and soon thereafter underwent
stereotactic surgery for the injection of pa into the hippocampus. The memory
was evaluated by object recognition and social recognition memory tests,
considering short and long term memory. The oxidative state of the
hippocampus (ROS, TBARS and FRAP) and acetylcholinesterase (AChE)
activity are also verified. The data show that the injection of Ba resulted in
memory deficits and oxidative damage in the hippocampus. Environmental
enrichment and exercise avoided all memory deficits and hippocampal lipid
peroxidation (TBARS) induced by Ba. Social enrichment avoided only the social



recognition memory deficit and avoided the total antioxidant capacity (FRAP)

decrease induced by Ba.

Key-words: Alzheimer, Physical training, Environmental enrichment, Object

Recognition, Social Recognition, Oxidative stress.
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APRESENTACAO

A presente dissertacao € organizada em trés partes.

A primeira parte € composta pela introducdo, na qual estdo descritos os
temas que fundamentam este estudo, bem como sua justificativa e os seus
objetivos. A segunda parte é composta pelos métodos, resultados e discussao
do estudo, apresentados na forma de um manuscrito cientifico, a ser submetido
para publicacdo em um periodo internacional. A terceira parte € composta por

uma discusséao geral dos resultados, conclusdes e perspectivas.

Ao final, encontram-se as referéncias bibliograficas citadas na primeira e
na terceira parte da dissertacdo, ja que as da segunda estdo inclusas no

manuscrito.
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PARTE |

1. INTRODUCAO

1.1. Doenca de Alzheimer

Durante o envelhecimento surgem diversas alteracbes macroscopicas e
microscépicas no encéfalo, incluindo alteracées no peso e volume do 6rgéo, no
volume dos ventriculos, no aspecto dos giros e sulcos, no tamanho e no
namero dos neurénios, no numero de espinhos e de sinapses, na extenséo das
ramificacBes dendriticas, aparecimento de placas senis e enovelamentos ou
emaranhados neurofibrilares (MARTIN, 2006; MATTSON, 2007; SCAHILL et
al., 2003).

Diversas das modificacdes que ocorrem no cérebro durante o processo
de envelhecimento sao fisioldgicas, mas é nesta fase que as deméncias tém
maior probabilidade de se desenvolver. Dentre elas existem as deméncias
degenerativas e as ndo degenerativas. As deméncias classificadas como néo
degenerativas sdo decorrentes de outras condicbes patolégicas, como 0s
processos infecciosos, deficiéncias nutricionais, tumores e traumatismos. Ja as
deméncias degenerativas tém sua origem predominantemente cortical, com
inicio insidioso, carater progressivo e comprometimento da memoria episodica
(FORNARI et al., 2010; ALLEGRI et al., 2001).

A neurodegeneracdo pode estar associada a diversos fatores e
processos, que culminam em uma cascata de sinalizacdo que resulta na morte
celular (HARDY & HIGGINS, 1992). Estas perdas celulares no sistema nervoso
central podem se manifestar como disfun¢gdes comportamentais, tais como
déficits cognitivos. Ha manifestacbes que levam a alteracbes celulares e
fisiolégicas ditas “normais”, que acompanham o processo de envelhecimento,
mas podem ter seus efeitos pronunciados, dificultando o dia a dia do idoso

(TROULINAKI & TAVERNARAKIS, 2005). Apesar do avanco cientifico, alguns
16



dos mecanismos celulares e moleculares que representam a interface entre

envelhecimento e as patologias neurodegenerativas continuam confusos.

Dentre as doencas neurodegenerativas, a mais comum é a Doenca de
Alzheimer (DA), que foi descrita pelo neurologista alemao Alois Alzheimer em
1906 (HARMAN, 1996). Apesar de muitas pesquisas se debrucarem sobre esta
doenca, na tentativa de melhor entender seus mecanismos patologicos e
encontrar tratamentos mais adequados, ela permanece até os dias atuais sem
perspectiva de cura, juntamente com o aumento da expectativa de vida e da
populacao idosa (FOX & ALDER, 2012).

Atualmente, o diagnéstico da DA é baseado na avaliagao clinica, ou seja,
nos sintomas clinicos apresentados pelos pacientes, 0 que resulta em baixa
acuracia no diagnostico da doenca (NITRINI et. al., 2005; BERTOLLUCCI,
2000; WALDEMAR et. al., 2007). Além disso, com o diagnéstico dependente
dos sintomas do paciente, o que dificulta sua exatidao, pois se trabalha com
processo de eliminacdo e excluséo, este costuma ocorrer mais tardiamente; do
mesmo modo, o0 progresso da doenca varia muito entre os individuos
(MOONEY, 2011). A progressao da doenga ocorre em trés estagios principais:
0 estagio pré-clinico (assintomatico), o estadgio prodromo (quando héa
manifestacdo de sintomas moderados como, por exemplo, alteracbes de
memoria episddica), e, por Ultimo, o estagio sintomatico com presenca de
deméncia (DUBOIS et. al., 2007).

A DA esta geralmente associada ao avanc¢o da idade, e as manifestacfes
cognitivas resultam em uma deficiéncia progressiva e uma eventual
incapacitacdo, gerando perda de memoria, diminuicdo do desempenho nas
atividades diarias, seguida pela completa deméncia (ZHAO & TANG, 2002;
JANUS & WESTAWAY, 2001). Ela é caracterizada pela presenca de placas
senis no ceérebro, contendo deposicdo extracelular do peptideo Beta-amiloide
(BA) derivado da proteina precursora de amiloide (APP, do inglés Amyloid
Precursor Protein, figura 1), e de emaranhados neurofibrilares intracelulares
contendo proteina Tau hiperfosforilada (GOMEZ et al., 1996; WANG et al.,
2006; SCHUFF et al., 1997; CHANTAL et al., 2002).
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Figura 1. Processo de formacédo das placas senis. No cérebro de individuos com a Doenca
de Alzheimer ocorre fragmentacdo da proteina precursora de amiloide (APP) por meio de
enzimas. A produgdo excessiva destes fragmentos beta-amildide culmina na formagdo das
placas senis no espago extracelular. Fonte: National Institute on Aging (2012).

A proteina precursora beta-amildide, constituida de 40 a 42 aminoacidos,
€ uma glicoproteina localizada parcialmente no interior e parcialmente no
exterior da membrana plasmatica (figura 1). Os peptideos beta-amildides
oriundos dela facilitam a producédo de oxiradicais, podendo ser diretamente
toxicos para os neurdnios e células da glia, por agirem na peroxidagao lipidica
da membrana celular, desregulando a homeostase do calcio (KAWASUMI et
al., 2002; CUMMINGS, 2003; CORREA, 1996; MATTSON & MATTSON, 2003).
Ainda, as placas senis formadas pelos peptideos beta-amiléides ativam as
células da glia, como a microglia e os astrécitos, que estdo envolvidos na
fagocitose na area em degeneracdo e em processos de inflamacédo (SELKOE
et al.,, 1995; PALMER, 1996; NANN, 1996). Os emaranhados neurofibrilares
também possuem propriedades neurotoxicas, e sua acao compromete a
integridade das células neuronais (NANN, 1996; MACCIONI et al., 2001). A
degeneracdo neurofibrilar € um processo rapido, e 0s neurdnios expostos a
proteina beta-amildide tém mostrado aumento da vulnerabilidade a

excitotoxicidade que leva a morte neuronal.

Todas estas alteracfes degenerativas geradas pela doenca de Alzheimer
ocorrem no giro denteado e na sub-regido CA1 do hipocampo, no neocortex de
associa¢ao e no cortex entorrinal, em todos os estagios da doenca (GOMEZ et
al., 1996; WANG et al., 2006; SCHUFF et al., 1997; CHANTAL et al., 2002).
Estudos mais recentes sugerem que a DA poderia iniciar em regides mais
baixas do Sistema Nervoso Central, como Locus Coerulleus e Area

Tegumentar Ventral, no entanto, nesta fase, o paciente ndo apresenta
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sintomas, o que impede a identificacdo da doenca (EHRENBERG et. al., 2017;
ANDRES et. al., 2017; TRILLO et. al., 2013; NOBILI et. al., 2017).

O hipocampo, localizado no lobo temporal, tem um papel importante para
o aprendizado e a consolidagdo inicial da memdéria e, lesdes nesta regido
impedem a formacdo e consolidacdo de novas memdrias; entretanto, outros
tipos de memoéria permanecem intactas, a0 menos nos primeiros estagios da
doenca (ENNACEUR et al., 1988; CLARK et al., 2000; BAKER & KIM, 2002).
Assim, a deterioragdo das memarias de curto e longo prazo, pelo impedimento
de sua adequada consolidacéo, € uma das principais caracteristicas iniciais da
doenca, seguida da afasial, agnosia? (depois de varios anos de acometimento
pela doenca) e apraxia® (FOX & ALDER, 2001).

1.1.1. Doenca de Alzheimer e Estresse Oxidativo

Para a funcdo celular normal, é essencial que haja equilibrio entre a
producdo de espécies reativas de oxigénio (ERQO’s) e a de defesas
antioxidantes. No entanto, na doenca de Alzheimer, em funcdo de toda
alteracdo patoldgica que ocorre, a atividade das enzimas antioxidantes esta

alterada, contribuindo para o acumulo de dano oxidativo (KIM et al., 2006).

Quando ocorre desequilibrio que gera uma superproducao de ERO’s
combinada com uma insuficiente defesa antioxidante ocorre o0 estresse
oxidativo. Evidéncias demonstram que o dano mitocondrial que resulta em
aumento da produgéo de ERQO’s contribui para os estagios iniciais da DA, antes
mesmo do inicio dos sintomas clinicos e da presenca patoldégica de BA
(UTTARA et al., 2009). Ainda, marcadores de estresse oxidativo, incluindo altos
niveis de proteinas oxidadas, produtos glicosilados, peroxidacédo lipidica
extensa, formacgéo de alcoois, aldeidos, carbonilas livres, cetonas, colestenona

e modificacbes oxidativas no RNA e DNA nuclear e mitocondrial, foram

! Perda da linguagem causada por lesdo no sistema nervoso central.
2 Incapacidade de reconhecer e/ou identificar objetos usuais, apesar de funcionamento sensorial intacto.
3 Incapacidade de executar atividades motoras, apesar de um funcionamento sensorial intacto.
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encontrados no tecido cerebral de pacientes com DA pds-morte, e em sistemas
periféricos, incluindo células e mitocondrias isoladas de pessoas em estagios
pré-clinicos ou iniciais da DA (SULTANA et al.,, 2011; SMITH et al., 1995;
MIGLIORE et al., 2005).

Além da producdao de EROQO’s mitocondriais, a homeostase anormal de
metais bioativos, como o Ferro (Fe), Cobre (Cu), Zinco (Zn), entre outros, pode
estar envolvida na producdo de radicais livres e no estresse oxidativo que
influencia a agregacgéo de BA (BEAL, 2005; GREENOUGH et al., 2013; LIU et
al., 2006). Acredita-se que 0 acumulo desses metais se origina da homeostase
neuronal do metal afetada pelo envelhecimento e exacerbada pelas patologias
amiloides, no caso da DA (BOOM et al., 2004; BARNHAM & BUSH, 2014).

Outra fonte de producédo de ERO’s diretamente mediada pela BA envolve
a microglia ativada no cérebro durante uma resposta inflamatéria a deposicéo
de pacas amiloides extracelulares (NAKAJIMA & KOHSAKA, 2001). Além
disso, niveis aumentados de BA podem acelerar a producédo de ERO'’s ligando-
se diretamente as membranas mitocondriais, alterando a dinamica e a funcéo
mitocondrial, levando ao metabolismo energético anormal e a perda da funcéo
singptica (LAFERLA et. al., 2007). O estresse oxidativo induzido por peptideos
BA perturba o metabolismo do colesterol e da ceramida que, por sua vez,
desencadeia uma cascata neurodegenerativa levando a um depdsito de beta-
amildide adicional, fosforilagdo de TAU e a doenca clinica (MATTSON et al.,
2005; ICHIMURA et al., 2003).

A consequéncia deste desequilibrio entre as ERO’s e a capacidade
antioxidante disponivel no cérebro, bem como o acumulo de proteinas
oxidadas, leva a potencializacdo da neurodegeneracdo e a reducdo das
funcdes cognitivas (HARDY and SELKOE, 2002; CHOI et. al, 2012;
ANNAHAZI et. al., 2007). Assim, a DA envolve estresse oxidativo e resposta
inflamatoria neuronal (Figura 2; CORBETTA et al., 2008; DEVORE et al., 2010;
GLASS et al., 2010).
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Figura 2. Esquema representativo do processo de formacéo das placas beta-amildides e
emaranhados neurofibrilares. Ambos geram respostas que envolvem estresse oxidativo e
espécies reativas de oxgénio, culminando em neurodegeneracdo e morte neuronal. Fonte: Liu
et. al., 2015.

1.1.2. Doenca de Alzheimer, enriquecimento ambiental, exercicio fisico e

socializacao

Considerando a gravidade dos sintomas da DA, bem como a velocidade
de sua progressao, muitos cientistas estdo buscando estratégias para retardar
ou impedir o seu desenvolvimento (SHAEFFER, 2009). Pesquisa realizada
junto a idosos com déficit cognitivo relacionado ao envelhecimento identificou
melhorias no quadro clinico utilizando intervencdes que foram consideradas
potencialmente promissoras (JEDRZIEWSKI et al.,, 2014). Os autores
demonstraram que os individuos que se envolvem em atividades estimulantes
podem ter, além de outras alteracbes cerebrais, aumento no numero de
neurdnios cerebrais, proporcionando-lhes reserva suficiente para realizar

tarefas cognitivas sem comprometimento (JEDRZIEWSKI et al., 2014).
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E normal encontrarmos, em nossa sociedade, grupos de idosos que
promovem atividades deste tipo a fim de manter ou melhorar sua saude
cognitiva. Entretanto, ainda ndo esta claro qual o tipo de atividade que pode ser
mais promissora no que diz respeito a intervencdo na progressao da DA, isto
porque, geralmente, as pesquisas nesta linha realizam propostas que associam
um ou mais tipo de intervencdo. De todo modo, intervencdes como o
enriquecimento ambiental, a atividade ou exercicio fisico, e a interagdo social,
podem ser consideradas estimulantes, mas sdo bem diferentes entre si no que
diz respeito a seus efeitos organicos, e, portanto, podem gerar respostas

diferentes no cérebro com Alzheimer.

1.1.2.1. Enriquecimento ambiental

O enriquecimento ambiental (EA) envolve a exposicdo a um ambiente
rico em estimulos sensoriais e cognitivos, e, muitas vezes, é combinada com o
aumento da interacdo social e a pratica de exercicio fisico (PEREIRA et al.,
2007).

Em modelos animais verificou-se que ratos que experimentam um
ambiente enriquecido melhoram o seu bem-estar e suas habilidades cognitivas,
especialmente em testes de cogni¢ao espacial (LEGGIO et al., 2005). Assim, é
uma técnica utilizada para proporcionar estimulos diversos e tentar reverter
déficits cognitivos causados por diversos fatores, e, assim como outras
estimulacdes cognitivas e fisicas, € uma estratégia que tem sido empregada
para melhorar a funcdo cognitiva também na DA (SHAEFFER, 2009). Na DA o
EA parece promover o aumento da neurogénese, a plasticidade neuronal
hipocampal, a exposicao a novidade e o aumento da atividade motora (KUMAR
A. et al 2012), consequentemente melhorando o desempenho nas tarefas de
memoria, sendo capaz de reverter déficits de diversas origens nestas funcdes
(VIVINETTO et al, 2013).

Além disso, Mainardi et al. (2014) demonstraram que a exposi¢cado ao EA
reduz niveis corticais de oligbmeros solUveis de beta-amildide enddgenos e
aumenta a expressao de neprilissina, uma das principais enzimas que regulam
o catabolismo da proteina amiloide. Estudo prévio também descreveu efeitos
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do EA na melhora da resposta imune, como na infec¢ao da influenza tipo A, de
forma que animais submetidos ao EA recuperaram-se mais rapidamente do
gue o0s animais que viviam em ambiente padrdo (JURGENS et al., 2012).
Ainda, o EA induziu uma melhora da resposta sistémica em um modelo de
sepsis, provocando aumento do recrutamento de células imunes no local da
inflamacéo (BROD et al., 2017)

Diversas areas cerebrais podem sofrer modificacdes apds exposi¢cdo ao
EA, como o hipocampo e 0 neocortex, promovendo neuroprotecdo e reduzindo
as deficiéncias de memaria e aprendizado (LAMBERT et al., 2005). No entanto,
alguns autores acreditam que o0 exercicio ou atividade fisica frequentemente
incluido/a nos protocolos de EA é responsavel por estimular a memoria e a
capacidade cognitiva, principalmente em animais envelhecidos, questionando o
fato de que somente o EA nado provocaria tais efeitos (LAMBERT et. al., 2005).
Ainda, além do aumento do nivel de atividade fisica, em muitos protocolos de
EA, especialmente em animais, a interacdo social também €& aumentada
significativamente. Isto porque no EA uma variedade de estimulos é
disponibilizada ao animal, o que inclui, além de brinquedos e objetos-estimulo,
tuneis e rodas de atividades, que favorecem o aumento da atividade fisica
(ARAC, 2004; LAMBERT et. al., 2005). Além disso, geralmente os animais sdo
mantidos em caixas moradia maiores, com um nuamero de animais maiores que

0 padrao, aumentando suas intera¢des sociais.

1.1.2.2. Exercicio fisico

Estudos que utilizam modelos animais de DA também demonstraram
que o exercicio fisico regular é capaz de alterar diversas caracteristicas
fenotipicas da DA, promovendo, entre outras respostas, 0 aumento da
degradacdo amiloide, reduzindo assim seu acumulo no tecido cerebral e, por
consequéncia, a morte neuronal (ADLARD et al., 2005, OGONOVSZKY et al.,
2005, GARCIA-MESA et al., 2011, KIM et al., 2014). Ainda, o exercicio é capaz
de melhorar o desempenho em tarefas de aprendizagem e de memoria

espacial (DAO et al., 2014).
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O exercicio aerdbico é uma terapia alternativa de baixo custo e efetiva
para distlrbios de ansiedade e transtornos do humor (SALMON, 2001), além
disso, este tipo de exercicio retarda a progressdo do declinio cognitivo
(LARSON, 2010), melhora o desempenho em testes de cognicdo e bem estar
psicolégico (VOGT et. al.,, 2010). Em estudo prévio que utilizou o exercicio
aerobico, evidenciou-se reducao significativa na deterioracdo induzida pela DA,
melhora na capacidade de aprendizagem espacial e memaria de curto prazo,
através da supressado da apoptose (BAEK & KIM, 2016).

No entanto, a maioria dos protocolos utilizados em pesquisas nesta linha
contempla apenas o exercicio fisico aerébico, enquanto os efeitos do exercicio
anaerodbico sobre o sistema nervoso ainda sédo contraditorios (CASSILHAS et
al.,, 2007). Colcombe e colegas (2006) demonstraram que idosos sem
deméncia que realizam atividade aerObica apresentaram maiores volumes de
matéria cinza e branca. JA& um estudo mais recente demonstrou que o
treinamento de for¢ca promove a neurogénese no hipocampo (NOVAES et al.,
2014). Por outro lado, Nokia et al. (2016) evidenciam que o exercicio de forca
nao afeta a proliferacdo, maturacdo ou a sobrevivéncia neuronal de novas
células no hipocampo adulto, embora uma melhora da forgca muscular seja
evidente.

Dessa forma, € importante discutir o papel das diferentes modalidades
de exercicio nos disturbios cognitivos, especialmente o exercicio de forca, que
€ importante para os idosos garantirem a saude e qualidade de vida em outros
aspectos, além do cognitivo — evitando tropecos, déficits de equilibrio, e
quedas, por exemplo (HURLEY e HAGBERG, 1998; RUBENSTEIN et al.,
2000). Assim, se 0 mesmo tipo de exercicio (anaerdbico/de for¢a) for capaz de
gerar beneficios tanto cognitivos quanto motores, serd mais facil envolver os

idosos nestas praticas.

1.1.2.3. Socializagao

A interacdo social € um componente importante para o homem e demais
animais. Existem crescentes evidéncias de que as deficiéncias na interacéo
social s&@o importantes marcadores precoces para desordens do
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desenvolvimento neurolégico relacionados com fortes componentes genéticos
(MOY et al., 2004).

Além disso, o enriquecimento social apresenta efeitos positivos sobre o
comportamento social (BRENES et.al., 2016), ja o isolamento social gera dano
oxidativo, exacerbacdo aguda de processos inflamatorios crénicos, bem como
déficits de cognicdo (SAPOLSKY et al., 2002; ELUVATHINGAL et al., 2006).

Considerando a DA, alguns estudos de coorte observacional tém
demonstrado que uma maior participacdo social esta associada a um menor
risco de deméncia incidente (WANG et al., 2002; BENNETT et al., 2006), e,
que se pode reduzir o risco de declinio cognitivo e o inicio da DA associada ao
envelhecimento em sujeitos mentalmente ativos e com ricas conexdes sociais
(STERN, 2006; SZEKELY et al, 2007). No entanto, embora estas evidéncias
tenham sido observadas, poucos sdo os trabalhos que se preocupam em
entender os mecanismos envolvidos nos efeitos no enriquecimento social sobre
0 cérebro com DA, especialmente no que diz respeito aos mecanismos pelos

quais esta intervencao pode trazer beneficios a estes pacientes.
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2. JUSTIFICATIVA

A DA é uma patologia neurodegenerativa progressiva que deteriora
fungbes cognitivas, incluindo a memaria de curto e longo prazo (BRAAK et al.,
1999; SELKOE, 2002). Muitos estudos tém analisado os efeitos das
estimulacdes fisicas, cognitivas e as interacdes sociais como meétodo de
protecdo a doenca. No entanto, apesar dos resultados promissores, a maioria
dos estudos que utiliza estratégias deste tipo, especialmente em modelos
animais, ndo costuma separar adequadamente os efeitos do enriquecimento
ambiental, do exercicio fisico e/ou da socializacdo, uma vez que o protocolo

normalmente utilizado envolvem estes trés fatores (figura 3).

Figura 3. Exemplo de um caixa de enriquecimento ambiental para ratos. Na imagem, que
representa um aparato semelhante ao utilizado na maioria dos estudos com enriqguecimento
ambiental, se pode observar que varios animais sdo mantidos em conjunto. Além disso,
verifica-se a presenga de uma roda de atividade fisica. Fonte: Goulart, (2014).

Estudos em modelo animal sugerem que o enriquecimento ambiental
apresenta resultados promissores no tratamento da DA, promovendo melhora
cognitiva associada a neuroplasticidade aumentada e diminuicdo da
neuroinflamacédo (STUART et al.,, 2017; XU et al.,, 2016). No entanto, o
protocolo proposto na maioria dos estudos acaba gerando, também, aumento

da interacdo social, e, estudo prévio demonstra que a interacdo social, por si
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s0, pode proteger contra o declinio cognitivo (GREEN et al., 2008). O protocolo
de enriguecimento ambiental para roedores também costuma envolver algum
grau de atividade ou exercicio fisico. O exercicio fisico é uma intervencao que
possui um potencial na diminuicdo do risco no comprometimento cognitivo
relacionado com o envelhecimento (JEDRZIEWSKI et al., 2010).

Assim, a translacdo dos resultados de pesquisas com cobaias para a
clinica € comprometida, pois, enquanto nos modelos animais normalmente
estas intervengdes sao realizadas simultaneamente, para o ser humano as trés
intervencdes sdo processos que podem ser considerados bem diferentes e ndo
necessariamente associados. Um idoso pode estar realizando especificamente
um treinamento fisico, ou s6 participar de um grupo de convivéncia para
idosos, 0 que aumenta sua interacéo social. Pode, ainda, estar rodeado por um
ambiente rico em estimulos cognitivos. Acredita-se que todas estas
intervencdes possam ter efeitos benéficos sobre a salde cognitiva, mas,
quando se pensa em um idoso vulneravel, € importante termos claro qual delas
€ a mais indicada, se for o caso de termos que recomendar uma ou outra
estratégia. Tal conhecimento € fundamental, também, para o adequado

planejamento de estratégias de saude publica.

Desta forma, € importante a avaliacdo dos efeitos neuroprotetores
especificos do enriquecimento ambiental, do exercicio fisico e da socializacéo,
bem como o entendimento dos mecanismos envolvidos nestes efeitos. Nesta
pesquisa propomos fazer esta investigacdo, avaliando o envolvimento do
estresse oxidativo nos efeitos observados a partir de cada intervencao, ja que o
estresse oxidativo e um dos mecanismos patoldgicos envolvidos na DA. Tais
resultados ajudardo a identificar os reais beneficios de cada uma das
propostas, auxiliando na escolha da melhor estratégia terapéutica junto a
idosos (para prevencdao da DA) ou a pacientes com DA (para o seu

retardamento).
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3. OBJETIVOS

3.1. Objetivo Geral

O objetivo geral deste estudo foi verificar e comparar os efeitos
neuroprotetores do enriquecimento ambiental, do exercicio fisico (anaerdbico)
e da socializacéo sobre déficit de memoria e o dano oxidativo hipocampal em

um modelo animal de Doenca de Alzheimer.

3.2. Objetivos especificos

Os objetivos especificos desta dissertacdo incluiram:

*Avaliar a memoria de RO e RS e comparar os efeitos neuroprotetores das
diferentes intervencgdes (enriqguecimento ambiental, exercicio fisico anaerdbico,
e socializacdo) sobre o possivel déficit nos diferentes tipos de memadria em

ratos submetidos a um modelo de DA;

*Avaliar a capacidade antioxidante total, os niveis de espécies reativas de
oxigénio, a peroxidacéo lipidica, e a atividade da enzima acetilcolinesterase e
comparar os efeitos neuroprotetores das diferentes intervengdes sobre estas
no hipocampo de ratos submetidos a um modelo DA,
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Abstract

Alzheimer's Disease (AD) is an incurable disease that causes loss of cognitive
functions such as memory, orientation, attention, and language. The AD’s prevention
and treatment are a challenge yet. A lot of non-pharmacological approaches are
proposed to treat or prevent the AD, but the studies generally use protocols that difficult
to attribute a cause-effect relationship, since they involve more than one variable that
could have benefits on AD alterations. The purpose of this work was to evaluate and
isolate the neuroprotective effects of environmental enrichment (EE), anaerobic
physical exercise (AnPE) and social enrichment (SE) in memory deficits related to
amyloid beta (Abeta) neurotoxicity in an animal model for AD. Wistar rats were
submitted to EE, AnPE or SE for 8 weeks, and after were submitted to stereotaxic
surgery to Ba injection on hippocampus. Memory was evaluated by object (OR) and
social recognition (SR) test, considering short (STM) and long-term memory (LTM).
Hippocampal oxidative status (ROS, TBARS and FRAP) and acetylcholinesterase
levels (AChE) are also checked. The data show that Abeta injection resulted in memory
deficits and hippocampal oxidative damage. EE and AnPE avoided all memory deficits
(OR and SR) and lipid peroxidation (TBARS) induced by Abeta. SE avoided only the
SR memory deficits and antioxidant capacity (FRAP) decrease induced by Abeta.

Keywords: Alzheimer's disease. Anaerobic physical exercise. Object recognition.

Social recognition. Oxidative stress.
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1. Introduction

Alzheimer’s disease (AD) is a progressive neurologic disease that affects about 24
million people (Chakrabarti et al., 2015) and results in the irreversible loss of neurons,
particularly in the cortex and hippocampus. The pathological hallmarks, besides the
neuronal loss, include extracellular senile plagues containing the peptide amyloid beta
(Abeta) and neurofibrillary tangles (Mckhann et al., 1984; Clark et al. 1998; Nussbaum
and Ellis 2003; Dong et al., 2012).

The Abeta deposition results in neurotoxicity that includes oxidative damage, a central
factor in the pathogenesis of AD (Butterfield et al., 2007; Butterfield et al., 2013; Polidori
and Nelles 2014). In postmortem AD brains was verified significant lipid, protein and
DNA oxidative damage, as well as impaired antioxidant defense (Butterfield et al.,
2007; Polidori and Nelles 2014; Butterfield et al., 2013). Some mechanisms seem to be
essential for initiating the oxidative damage in the AD brain, but, in particular, Abeta-
induced ROS generation has been well documented in a large number of experimental
studies using cell culture, experimental animals and cell-free chemical systems
(Kadowaki et al., 2005; Chakrabarti et al., 2013).

Some evidences suggest the involvement of enzyme acetylcholinesterase (AChE),
indicating that oxidative stress and cholinergic dysfunction were important in the
procession of causing AD. Also, a molecular modeling study showed that AChE
interacts with the AB peptide and promotes amyloid fibril formation (Mesulam, 1986;
Racchi et. al., 2001; Ishrat et. al., 2009; De Ferrari et. al., 2001).

Environmental Enrichment (EE) has been studied in human and animal models as a
neuroprotective strategy in different models of neurodegenerative diseases
(Quattromani et al., 2014; Hase et al., 2017). Previous researches also demonstrated
effects of this strategy ameliorating the pathological effects related to Abeta protein
oligomers (Xu et al., 2016; Stuart et al., 2017). However, the model of EE used in
animal experiments usually includes other variables that can confuse the observed
results. In experimental conditions, the animals submitted to EE protocol generally
were maintained for a period of time in a large box with a higher number of animals
than standard conditions (Vivinetto et al., 2013). In addition, often EE involves, in

addition to the object-stimulus, activity wheels and tunnels for animals cross, also toys
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that involve some type of physical activity which can be offered in a permanent or

rotational way (Fiala et al., 1997; Newberry, 1995).

These models used to investigate EE difficult the correlation of the results with humans
models, since in humans EE is very different from social enrichment (SE) or physical
exercise practice. Furthermore, evidence demonstrates that enhancements in
socialization per se have a positive impact in neurodegenerative conditions, such as
Alzheimer’s disease (Shea and Rogers, 2014; Quattromani et al., 2014). The effects of
regular moderate physical exercise on cognition also improve neural function (Seo et
al., 2013; Garland et al., 2011; Adlard et al., 2005). So, here we design a set of
experiments looking for isolating the neuroprotective effects of EE, SE and anaerobic
physical exercise (AnPE) in memory deficits related to Abeta neurotoxicity. We
demonstrated that all these strategies promote neuroprotection, but in different levels

and by different mechanisms related to oxidative status.

2. Material and methods

2.1 Animals and experimental design

Male Wistar rats (3-month-old, 350-380 g) were purchased from Central Vivarium of
Federal University of Santa Maria (RS/Brazil). During all the experimental period, they
were housed four per cage (except in SE groups) and maintained under controlled light
and environmental conditions (12 h light/12 h dark cycle; temperature of 23 + 2 °C;
humidity 50 £ 10%) with food and water ad libitum.

All experiments were conducted in accordance with the “Principles of laboratory animal
care” (NIH publication n°® 80-23, revised 1996) and in agreement with the guidelines
established by the Institutional Animal Care and Use Committee of the Local Institution
to ensure that number of rats and their suffering were kept to a minimum (protocol
#032/2016).

At the age of three months, the animals were randomly assigned to one of the four
experimental groups:
(i) Control (cont; n = 20): The rats from this group were maintained in standard lab

conditions.
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(i) Environmental Enrichment (EE; n = 20): The rats from this group were submitted to
environmental enrichment for 8 weeks;

(i) Anaerobic Physical Exercise (AnPE; n = 20): The rats from this group were
submitted to anaerobic physical exercise for 8 weeks;

(iv) Social Enrichment (SE; n = 20): The rats from this group were submitted to social

enrichment for 8 weeks.

After eight weeks of intervention, half of the animals in each group undergo stereotaxic
surgery to induce amyloid-beta (Abeta) toxicity - an important characteristic of
Alzheimer's disease; another half was submitted to surgery without Abeta injection.
After surgery recovery, all rats were submitted to behavioral tests. When behavioral
tests were finished, rats were euthanized for posterior brain tissue preparation and

biochemical analyses (Fig. 1).

Control

Control Memory 2
Behavioral ?
Envir_onmental Surgery Surgery Tests Tests g §
Enrichment AB recovery/ | | g E
A [ \ [ ) © e
Anaerobic o_r b E 5
: saline Plaque T £
exercise infusion Formation . g
: OF/ PM OR SR 2
Social l .

Enrichment ' S

8 Weeks I 1 Day I 10 Daysl 10 Days I1 Dayl

Fig 1. Experimental design. Rats were maintained in standard conditions (control) or
submitted to environmental enrichment, anaerobic exercise or social enrichment during 8
weeks. After, they were submitted to stereotaxic surgery with injection of Abeta (AB) or saline.
Behavioral testing started 10 days after surgery to ensure surgery recovery and AB plaque
formation. Euthanasia occurred 20 days after surgery; biochemical testing was the last step of
the study. OF — open field; PM — plus maze; OR — object recognition memory test; SR — social

recognition memory test.
2.2 Interventions

2.2.1 Environmental Enrichment (EE)
Rats submitted to EE were housed in large polycarbonate cages (80 x 60 x 60 cm), 4
rats per cage, provided with various objects of different shapes, sizes, colors, textures,

and material (wood, plastic, and metal) as plastic tubes, little balls, sound objects and
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wooden houses (Bouet et al. 2011; Leger, Bouet et al. 2012). During the 8 weeks of
intervention, 3 times a week, 3 hours / day, the objects and their locations were
renewed once a week to ensure novelty. No physical activity was used in this

intervention.

2.2.2 Social Enrichment (SE)

Rats submitted to SE were housed in large polycarbonate cages (80 x 60 x 60 cm), 10
rats per cage (adapted from Pascual et al., 2006). During the 8 weeks of intervention, 3
times a week, 3 hours / day.

2.2.3 Anaerobic Physical Exercise (AnPE)

The AnPE proposed consisted in a resistance training using a one meter ladder with
steps separated by 2 cm from one another, as described by Barone et al. (2009). Rats
were familiarized with the exercise (climbing the ladder) for 3 days. In the first week
after familiarization, the exercise was performed using the natural load. In order to
increase the workload, from the second week upward, increasing weights were
attached to the base of the rats’ tail. The initial weight was 50% of the rat’s body weight
and gradually increased throughout the subsequent 8-week training period. The
resistance training consisted of 1 set of 8 repetitions with a 1 min of rest interval among
the repetitions. The training was conducted 3 days/week, for 8 weeks. When the rats
reached the top of the ladder, they were allowed to recover in the resting area.

2.3 Preparation of Amyloid B 25-35

Amyloid beta (Abeta) peptide 25-35 (Sigma Aldrich, Sdo Paulo, Brazil; Product
Number: A4559) was dissolved in saline (vehicle) at a concentration of 100 uM. Before
intrahippocampal injection, the Abeta was incubated at 37°C during 4 days to induce
Abeta 25-35 aggregation (Ghasemi et al., 2014).

2.4 Stereotaxic surgery

The stereotaxic surgeries for intrahippocampal injection of 2 pl Abeta 25-35 or vehicle
(saline) were performed after initial interventions. Rats were anesthetized with
ketamine and xylazine (i.p. 75 mg/kg and 10 mg/kg, respectively). When confirmed the
anesthetic plan, the rats were mounted into a stereotaxic frame, and CAL1 region of the
dorsal hippocampus was located based in the Paxinos and Watson brain atlas (AP -
42, LL + 3.0, VM - 3.0 mm) (Paxinos and Watson, 1986). Bilateral infusions were

performed using a Hamilton syringe and an infusion bomb. After surgery, rats were
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returned to their cages and monitored during 10 days, period required to surgery
recovery and to induct the aggregation of Abeta protein in rats’ hippocampi (Zussy et
al., 2011).

2.5 Control behavioral tasks

To analyze exploratory and locomotor activities and ensuring that any procedure
impaired such behaviors, altering the memory tests results, 10 days after surgery rats
were placed on the left quadrant of a 50 x 50 x 50 cm open field made with wooden
pained white. Black lines were drawn on the floor to divide it into 12 equal quadrants.
Crossing and rearing, as measures for locomotor activity and exploration, respectively,
were measured over 5 min (Bonini et al., 2006). To evaluate anxiety state rats were
exposed to an elevated plus maze (Pellow et al., 1985). The time spent and the

number of entries into the open arms were recorded over a 5 min session.

2.6 Memory behavioral testing

2.6.1 Object recognition memory test (OR)

Training and testing in the object recognition (OR) task were carried out in an open-
field arena (50 x 50 x 50 cm) built with wooden pained white (Ennaceur and Delacour,
1988). Rats were first habituated individually in the apparatus and left to freely explore
it for 20 min during 4 consecutive days before the training. For training session, two
different objects (A and B) were placed in the apparatus and rats were allowed to
explore them freely during 5 min. The objects were made of metal, glass, or glazed
ceramic. Exploration was defined as sniffing or touching the objects with the nose
and/or forepaws. Sitting on or turning around the objects was not considered an
exploratory behavior. After 3h and 24h, in the short-term memory (STM) and long-term
memory (LTM) test session, one of the objects was randomly exchanged for a novel
object (C and D, respectively) and the rats were reintroduced into the apparatus during
5 min. To avoid confounds by lingering olfactory stimuli and preferences, the object and
the arena were cleaned after testing each animal with 70% ethanol. The time spent

exploring the familiar and the novel object was recorded in video.

2.6.2 Social recognition memory test (SR)
This task is one adaptation of the social interaction test proposed by Kaidanovich et al.
(2011). The task was completed in three days. In the first day the rats were placed in

an arena (the same size and characteristics previously described to OR) with two small
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cages during 20 min for free exploration (habituation day). In the second day, training
was performed with inclusion of one unfamiliar rat in the cages for 1 hour of free
exploration. After 24 hours, testing was performed when the same rat of training
(familiar rat) and a new rat were placed for exploration during 5 minutes. The time
spent exploring the new and familiar rat were recorded. Exploration was defined as
sniffing or touching the small cages with the nose and/or forepaws.

2.7 Biochemical testing

2.7.1 Tissue preparation

Rats were euthanized 24 h after the behavioral experiments. The brain was removed
and bilateral hippocampus were quickly dissected out and homogenized in 50 mM Tris
HCI, pH 7.4. Afterwards, samples were centrifuged at 2400g for 20 min, and

supernatants (S1) were used for assay.

2.7.2 Reactive species (RS) levels

RS content was assessed by a spectrofluorimetric method using 20,70-
dichlorofluorescein diacetate (DCFH-DA) as a probe (Loetchutinat et al., 2005). The
sample (S1) was incubated in darkness with 5 yL DCFH-DA (1 mM). The oxidation of
DCHF-DA to fluorescent dichlorofluorescein (DCF) was measured for the detection of
intracellular RS, specifically reactive oxygen species (ROS) were analyzed. The
formation of the oxidized fluorescent derivative (DCF), measured by DCF fluorescence
intensity, was recorded at 520 nm (480 nm excitation) 30min after the addition of
DCFH-DA to the medium. Results were expressed as AU (arbitrary units).

2.7.3 Detection of lipid peroxidation (TBARS)

Lipoperoxidation was evaluated by the thiobarbituric acid reactive substance (TBARS)
test (Ohkawa et al., 1979). One aliquot of S1 was incubated with a 0.8% thiobarbituric
acid solution, acetic acid buffer (pH 3.2) and sodium dodecyl sulfate solution (8%) at
95°C for 2 h, and the color reaction was measured at 532 nm. Results were expressed

as nmol of malondialdehyde (MDA) per mg protein.

2.7.4 Ferric reducing/antioxidant power (FRAP) assay

The working FRAP reagent was prepared by mixing 25 ml acetate buffer, 2.5 ml TPTZ

solution, and 2.5 ml FeCI3.6H20 solution. 10 uL of homogenate was added in the 300

uL working FRAP reagent in microplate (Benzie and Strain, 1996). Additionally, also
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was used a standard curve with 10 uL Trolox concentrations of 15, 30, 60, 120 e 240
mM more 300 uL working FRAP reagent. The microplate was incubated at 37-C for 15
min before reading in SpectraMax M5 Microplate Reader at 593 nm.

2.7.5 Acetylcholinesterase (AchE) activity

AChE is a marker of the loss of cholinergic neurons in the forebrain. The AChE activity
was assessed by the Ellman method (Ellman, 1961). The reaction mixture was
composed of 100 mM phosphate buffer pH (7.4) and 1 mM 5,5-dithio-bis- 2-
nitrobenzoic acid (DTNB). The method is based on the formation of a yellow anion,
4.4'-dithio-bis-acid nitrobenzoic after adding 0.8 mM acetylthiocholine iodide. The
change in absorbance was measured for 2 min at 30 s intervals at 412 nm
(SpectraMax M5 Molecular Devices, CA, USA). Results were expressed as micromoles
of acetylthiocholine iodide hydrolyzed/min/mg of protein. Proteins were measured

according to Bradford (1976) using bovine serum albumin as a standard.

2.8 Statistical analysis

Data are reported as mean + SEM. Normality of data distribution was checked using
Shapiro-Wilk test. Objects’ exploration time in OR and rats’ exploration time in SR were
converted to percent of total exploration time, and a one-sample t-test was used to
compare the percent of total time of exploration spent in each object or rat considering
a theoretical default mean of 50%. In OF and PM tests data of all groups were
compared using ANOVA one-way. Biochemical results of all groups were compared

using Kruskall-Wallis followed by specific t-tests. Significance level was set at 0.05.

3 Results
3.1 Control behavioral results

Locomotor and exploratory behaviors, as anxiety behavior, were not influenced by the

procedures (Tablel).
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Control Abeta
Behavioral tasks
Cont EE AnPE SE Abeta EE AnPE SE
43.73 38.91 42.16 32.36 41.33 36.05 41.21 39.71
Total exploration time in training (s) (8.30) (15.67) (17.09) (16.81) (22.86) (12.58) (16.62) (15.79)
42.16 35.64 40.27 32.99 42.09 42.81 41.49 33.63
Exploration time Total exploration time in STM test (s) (17.09) (18.05) (25.46) (12.85) (13.68) (23.84) (14.02) (11.70)
in OR
38.91 36.53 42.84 34.34 39.62 35.36 36.81 35.73
Total exploration time in LTM test (s)
(15.67) (14.24) (15.61) (11.99) (10.55) (8.82) (12.31) (5.78)
- - 96.21 93.73 81.90 86.94 83.10 85.03 84.86 98.93
Explo.raus??n time Total exploration time in SR test (S)
n (22.21) (25.06) (16.53) (26.41) (34.64) (11.15) (31.90) (25.80)
open field Crossings (n) 4500 4500 3551 3475 32.88 4543 3679  49.22
(7.59) (7.59) (3.36) (3.77) (3.36) (4.49) (3.88) (5.54)
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Rearing (n) 1550 1550 1557  12.33 1553  17.80 1464  15.78

(2.51) (2.51) (1.49) (2.02) (2.71) (2.38) (1.40) (3.20)
22.46 23.38 20.47 22.84 19.42 22.34 21.57 24.84
(8.10) (7.14) (9.18) (9.05) (112.12) (9.14) (8.17) (12.08)
Total entries (n)
Plus maze
25.82 27.09 23.64 27.56 27.03 23.14 26.93 21.41
Time in open arms (S)
(22.05) (18.37) (22.01) (26.35) (21.78) (19.18) (23.93) (11.31)

Table 1. Control behavioral tests results. Abeta, EE, AnPE and SE did not alter the total exploration time on OR and SR training and testing, locomotor and

exploratory activities on Open Field, and anxiety behavior evaluated by Pluz Maze (P > 0.05; One-way ANOVA, data expressed as mean + SEM; n = 10-20

per group).
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3.2 Object recognition memory

In training session all rats explored each object (A and B) for the a similar percentage
of total exploration time (mean of all groups: object A = 50.60 + 10.02%; B = 49.40 +
10.02%; P = 0.55; t@a4) = 0.58; Fig. 2 tr). Control group did not show deficits in STM OR
testing (P = 0.02; tus) = 2.57; Fig. 2A/Test/cont). Animals submitted to EE, AnPE and
SE also did not show deficits in STM OR testing (P < 0.05, Fig. 2A/Test). Abeta rats
presented deficits in short-term OR memory, since they spent a similar time exploring
the familiar and the novel object (P = 0.60; tas = 0.52; Fig. 2A/Test/Abeta). EE and
AnPE avoided STM OR deficit in Abeta rats (P = 0.04, tu3 = 2.18 for Abeta+EE; P =
0.009, ta3 = 3.05 for Abeta+AnPE, Fig 2A/test). SE did not avoid STM deficit in Abeta
rats (P = 0.28, te) = 1.14, Fig 2A/test/Abeta+SE).

A STM - OR
100-

% total exploration time

tr cont EE AWPE SE Abeta Abeta Abeta Abeta
+ + +

EE AWPE &

test

B LTM - OR
100+

754

50

254
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tr cont EE ANPE SE  Abeta Abeta Abfta Abfta
+

E AnPE &

test
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Figure 2. Amyloid beta impairs short (A) and long-term (B) object recognition memory.
Environmental enrich

ment (EE) and anaerobic physical exercise (AnPE) for 8 weeks prevents OR memory deficits;
social enrichment (SE) does not. Data as present as mean + SEM of the percent of the total
exploration time. *P < 0.05 in one-sample t-test, considering a theoretical mean of 50%; n = 8-
14 per group Tr: training; Cont: Control. EE: Environmental enrichment; AnPE: Anaerobic

exercise; SE: Social enrichment; Abeta: Amyloid beta.

In LTM test, control group did not show deficits in OR testing (P = 0.009; tu2 = 3.09;
Fig. 2B/Test/cont). Animals submitted to EE, AnPE and SE also did not show deficits in
STM OR testing (P < 0.05, Fig. 2B/Test). Abeta rats presented deficits in long-term OR
memoary, since they spent a similar time exploring the familiar and the novel object (P =
0.71; tas = 0.37; Fig. 2B/Test/Abeta). EE and AnPE avoided LTM OR deficit in Abeta
rats (P = 0.01, tqs = 2.74 for Abeta+EE; P = 0.0005, tu13 = 4.56 for Abeta+AnPE, Fig
2B/test). SE did not avoid LTM deficit in Abeta rats (P = 0.27, tg = 1.16, Fig
2B/test/Abeta+SE).

There are no differences between groups in the total time of exploration on training and

testing sessions (table 1).

3.3 Social recognition memory

Control rats explored the new rat for a longer time than the familiar one (P < 0.001; tue)
= 10.23; Fig. 3/Sham). Animals submitted to EE, AnPE and SE presented the same
behavior (P < 0.05; Fig. 3). Abeta rats showed impaired social recognition memory,
exploring for a similar time the familiar and the new rat (P = 0.07, tq1 = 1.93, Fig.
3/Abeta). EE, AnPE and SE preserved social recognition memory in Abeta rats (P =
0.004, taz) = 3.52 for Abeta+EE; P = 0.003, t = 4.00 for Abeta+AnPE; and, P = 0.001,
t7) = 4.83 for Abeta+SE; Fig. 3).
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Figure 3. Amyloid beta impairs social recognition memory. Environmental enrichment (EE),
anaerobic physical exercise (AnPE) and social enrichment (SE) for 8 weeks prevents SR
memory deficits. Data as present as mean = SEM of the percent of the total exploration time. *P
< 0.05 in one-sample t-test, considering a theoretical mean of 50%; n = 8-13 per group Tr:
training; Cont: Control. EE: Environmental enrichment; AnPE: Anaerobic exercise; SE: Social

enrichment; Abeta: Amyloid beta.

3.4 Hippocampal oxidative status
No significant differences in hippocampal ROS levels were observed between groups
(P =0.11, Hp = 11.64; Fig. 4A).
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Figure 4. Effects of Abeta and interventions on hippocampal oxidative status and
acetylcholinesterase activity. A. Reactive oxygen species (ROS) by DCFH. B. Lipid peroxidation
by TBARS (Thiobarbituric Acid Reactive Substance). C. Total antioxidant capacity by FRAP
(Ferric reducing/antioxidant power). D. Acetylcholinesterase (AchE) activity. Data as present as
mean + SEM. *P < 0.05, control vs. Abeta; P < 0.05 Abeta vs. Abeta + specific intervention;
Kruskall-Wallis following by t-tests (n = 5-8/group). Cont: Control. EE: Environmental
enrichment; AnPE: Anaerobic exercise; SE: Social enrichment; Abeta: Amyloid beta.

A main effect for the treatment was observed in hippocampal lipid peroxidation
(TBARS) (P = 0.03, He) = 15.20; Fig. 4B). Abeta rats showed higher lipid peroxidation
than control rats (P = 0.004; Fig. 4B). Abeta rats submitted to EE and AnPE presented
lower lipid peroxidation than Abeta not submitted to any intervention (P = 0.02 for EE;
P = 0.01 for AnE; Fig. 4B).

A main effect for the treatment was observed in hippocampal total antioxidant capacity
(FRAP) (P < 0.0001, H = 36.42; Fig. 4C). Abeta group showed lower total antioxidant

44



capacity than sham (P = 0.02; Fig. 4C). Abeta rats submitted to SE presented higher
antioxidant capacity than Abeta not submitted to any intervention (P = 0.02; Fig. 4C).

3.5 AchE Activity
No significant differences on AchE activity was observed between groups (P = 0.22;
He) = 9.43; Fig. 4D)

4. Discussion

Here we investigated the effects of EE, AnPE and SE concerning their neuroprotective
potential to prevent or minimize memory impairments and hippocampus oxidative
stress related to Abeta neurotoxicity. Our results demonstrated that EE and AnPE
avoid impairments in object recognition memory (STM and LTM), while social
recognition memory deficits were prevented by all interventions, including SE. So, EE

and AnPE seem to be more effective in memory protection than SE.

There is previous evidence showing that EE could enhance synaptic plasticity,
attenuating cognitive deficits in rodents (Sakalem et al.,, 2017). Among the several
changes caused by EE in the central nervous system, increasing in neurogenesis,
neutrophins levels, neuronal survival, synaptogenesis, cellular proliferation, and
dendritic arborization in different brain regions were between the benefits previously
observed in the brain of animals exposed to EE (Van Praag et al., 2000; Rossi et al.,
2006; Kempermann et al., 1997; Mohammed et al., 2002; Faherty et al., 2003).
Additionally, a reduction of brain oxidative stress by EE was described in a mice
genetic model of AD (Herring et al., 2010). However, how much of these effects
observed using EE protocols are related to EE per see, and how much are related to
physical exercise and increase of social interaction (social enrichment) associated to

these protocols remains poor described.

Recently, investigating the effects of physical and social components of EE after brain
ischemia-reperfusion, Chen and cols. (2017) showed that both physical and social
enrichment reduce the brain lesion (infarct volume) and increase the astrocytes
proliferation and BDNF expression, but their data suggest that physical activity
component of EE is the most important factor, being related with positive results in
functional, biochemical and histological evaluation. On the other hand, Birch e cols.

(2013), demonstrated that EE, in absence of exercise, can increase synaptogenesis
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and improve memory in normal rats, and indicated that probably there is a time-
dependent cognitive-enhancing effect of EE that is independent of physical activity. We
have not found studies that evaluated the effects of each compound of EE in
recognition memory and brain oxidative status. Additionally, although there are
significant amount of studies relating positive effects of EE on AD, we did not find
studies isolating EE, SE and physical exercise effects on models of this disease.

In AD brain, the imbalance of homeostasis leads to the increase of ROS and lipid
peroxidation, leading to oxidative stress and degeneration of cholinergic nervous
system, which result in impairments of cognition and memory (Chauhan and Chauhan,
2006; Zhu et al., 2007; Melo et. al., 2003). The oxidative damages observed in the
hippocampus support the interpretation that oxidative stress in the brain of patients with
Alzheimer’s disease are related to Abeta deposition and cognitive deficits observed
(Butterfield and Lauderback, 2002; Lovell and Markesbery, 2001; Smith et al., 1997;
Chauhan and Chauhan, 2006; Mariani et al.,, 2005; Migliore et al., 2005), so
interventions that act avoiding or reducing oxidative stress or increasing antioxidant
defenses are an interesting strategy to use in AD/Abeta neurotoxicity. Our results show
that AnPE and EE (EE was performed without increasing in physical exercise or
socialization levels) can avoid increase on lipid peroxidation observed in Abeta rats’
hippocampus. Alterations in ROS were not observed in any group of animals, maybe
because their half-life is short. In parallel, these interventions protected all memory
parameters evaluated. Probably, this memory protection are related to other protective
factors, since EE and AnPE can increase brain neuroplasticity (Neidi et al, 2016; Birch
et al., 2013; During and Cao, 2006) but certainly, the avoiding of oxidative damage

collaborate to the observed results.

Previous studies have clearly indicating that enhanced level of acetylcholine (ACh)
leads to functional improvement of central cholinergic synapses and protection of
neuronal degeneration (Wisniewski, 2014), yet elevation of ACh achieved by inhibiting
AChE, could improve the cholinergic dysfunction of AD (Yang et. al.,, 2013).
Furthermore, some factors can induce brain impairment by influencing the synthesis,
release, and uptake of ACh (Liu et. al., 2013), which may be suggest of

neuroprotection caused by the interventions.

One could argue that there are more evidences in the literature regarding aerobic

physical exercise neuroprotection, and it is true. Although there is a lack of consensus
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regarding physical activities associated with AD prevention or improvement, aerobic
balanced training of moderate to severe intensities are considered optimal, and the
regular practice of walking, for example, improves cognition in AD (Hill et al., 2009;
Venturelli et al, 2011; Winchester et al., 2013; Suttanon et al., 2013; Hurley et al.,
2011). On the other hand, strength training (an anaerobic physical exercise) seems to
be particularly more effective improving postural and motor function (Granacher et al,
2006; Malling and Jensen, 2015). Here we choose to use anaerobic exercise because
we consider that EE protocols used in animal models include more anaerobic exercise
(animals climbing ramps and stairs, passing by tunnels, and others) than aerobic
continuous training. Yet, instead anaerobic exercise effects on cognition were little
investigated, it would be interested if this type of exercise bring neuroprotective effects,
since AD are more common in elderly, an age in which strength training are necessary
to promote better muscular function, avoiding falls and ensuring better balance and

posture (Hurley and Hagberg, 1998; Rubenstein et al., 2000).

Unlike EE and AnPE, in our experimental conditions SE was able only to prevent social
recognition memory deficits, and not the object recognition deficits. In humans, an
increase in social engagement with the surrounding environment can be correlated with
angiogenesis, synaptogenesis, and neurogenesis increasing, important factors for
delaying the development of AD and cognitive dysfunctions (Fratiglioni et al., 2004), but
a recent study in rats demonstrate that SE had only minor effects on neuroplasticity
and cognition (Brenes et al., 2016). On the prevention of AD, including animal
research, there is a lack of researches on the effects of social engagement on AD
prognosis. Our results indicated that SE memory protection was not so effective as EE
and AnPE; it could be related to biochemical observations, considering that SE did not
avoid oxidative damage. On the other hand, SE increases total antioxidant capacity,
what, despite can be considered a good effect, seems to be not so effective, since the
oxidative damage was already present in the hippocampus of these animals. Yet, it is
important observe that SE animals present neuroprotection on social recognition
memory. It could be attributed to social training, since these animals were habituated to
socialize with new rats and Brenes and cols. (2016) demonstrated that SE had positive

effects on social behavior.

In conclusion, our results show that Abeta injection resulted in oxidative and memory
damage. EE and AnPE avoided all memory deficits (OR and SR) and lipid peroxidation
(TBARS) induced by Abeta. SE avoided only the SR memory deficits and antioxidant
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capacity (FRAP) decrease induced by Abeta. So, we can resume that environmental
and physical training components of EE protocols may be more important than social

enrichment in neuroprotection of Abeta neurotoxicity.
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PARTE llI

5. Discusséao

Os experimentos propostos nesta dissertacdo buscaram comparar
diferentes intervengdes utilizando o modelo animal de doenga de Alzheimer
(DA), investigando as suas capacidades neuroprotetoras e consequente
reducdo dos danos causados na memoéria e estresse oxidativo devido a

neurotoxicidade induzida pela BA.

Os resultados deste estudo demonstraram que 0 enriquecimento
ambiental (EA) e o exercicio fisico anaerdbico foram capazes de evitar
prejuizos na memaria de reconhecimento de objetos (RO), tanto em memoria
de curta duracdo como na memoaria de longa duracdo, bem como na memoria
de reconhecimento social (RS), evitando o aumento da peroxidacao lipidica
hipocampal (TBARS). Por outro lado, o enriquecimento social (ou socializag&o)
protegeu somente a memoéria de reconhecimento social, evitando a diminui¢éo

da capacidade antioxidante total no hipocampo.

Estudos prévios comprovaram que o ambiente enriquecido, € capaz de
aumentar as taxas de neurogénese (GOULD et al., 1999; SHORS et al., 2001;
TASHIRO et al., 2007; DUPRET et al., 2008), e promover um pronunciado
efeito positivo tanto na sobrevivéncia de novas células (VAN PRAAG et al.,
2000) quanto na sua proliferacdo (FABEL & KEMPERMANN, 2008; FABEL et
al., 2009). Estudos também evidenciaram que o EA promove o aumento de
fatores neurotréficos, colaborando assim na reducdo dos déficits de memoria
relacionados ao envelhecimento (KEMPERMANN et al., 2002; MORA, 2013),

além de atenuar o estresse oxidativo (SNOW et. al., 2015).

No entanto, o protocolo de EA utilizado nos estudos com modelos animais
geralmente abrange ndo somente o ambiente enriquecido, como também
promove uma maior interagdo social, por incluir maior nimero de animais do
que costuma ser incluido nas caixas moradias de ratos de laboratorio, bem

como um maior nivel de atividade fisica, por incluir, frequentemente, a roda de
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atividades, na qual o animal realiza corrida voluntaria, além de taneis e estadas
para o animal subir (VIVINETTO et. al., 2013; FIALA et. al., 1997, NEWBERRY,
1995).

Em nosso estudo procuramos isolar os efeitos da socializacdo, do EA e
do exercicio fisico, de modo que nao incluimos roda de atividades em nossas
caixas de EA, e o numero de animais por caixas era igual para os animais do
grupo EA e do grupo controle, mantidos em caixas ndo enriquecidas. Esta
preocupagao foi tomada no intuito de tentar isolar os efeitos da cada
intervencado, considerando que o EA, a socializacdo e o exercicio fisico sao
propostas diferentes, especialmente para os seres humanos, e é importante

conhecer os potenciais terapéuticos de cada uma destas intervencoes.

Birch et al. (2013) realizaram uma intervencdo com EA sem exercicio
fisico em ratos normais e verificaram melhora da memoria e aumento da
sinaptogenese. J4 Chen e colaboradores (2017) investigaram os efeitos
protetores dos componentes social e fisico do EA em um modelo de isquemia-
reperfusdo. Os autores verificaram que ambos 0Ss componentes estavam
relacionados a diminuicdo da &rea de leséo, e aumento de BDNF, no entanto,
sugeriram que o componente atividade fisica € o componente mais importante

para garantia dos resultados positivos do EA.

Embora haja muitas referéncias aos efeitos do exercicio fisico sobre a
cognicdo, a maioria da literatura documentada evidencia os efeitos do exercicio
aerdébico, especialmente no tipo de deméncia estudada neste trabalho. De fato,
pessoas que possuem baixos percentis de atividade fisica sdo mais propensas
a desenvolver deméncia do que aqueles que praticam com mais frequéncia
(BUCHMAN et al., 2012), informacdo que corrobora com outro estudo que
demonstrou que pessoas que se exercitam trés ou mais vezes durante a
semana tem menor risco de desenvolver deméncia, quando comparado
aguelas que ndo realizam a pratica (LARSON et. al., 2006). Ainda,
Lautenschlager et al. (2008) demonstraram que sujeitos que se exercitaram por

seis meses ou mais apresentaram melhorias na cognicéo.
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Por mais que a maioria dos estudos com idosos com e sem DA se
detenha em estudar o exercicio aerdbico, o exercicio anaerdbico, como o treino
de forca e flexibilidade, mostra-se benéfico em pacientes com DA e idosos,
melhorando a funcéo postural e motora (ROACH et. al., 2011; ROLLAND et.
al., 2007; GRANACHER et. al., 2006; MALLING, 2015), o que contribui para
diminuicao do risco de quedas e melhora no desempenho de atividades da vida
diaria. Assim, é importante reconhecer se o exercicio anaerdébico também tem
efeito sobre a cognicdo, pois este traria beneficios motores e cognitivos
associados, qualificando o treinamento do idoso, com ou sem deméncia. NOs
demonstramos que o0 exercicio anaerObico também tem potencial
neuroprotetor, evitando o dano oxidativo induzido pela Ba, o que corrobora com
os achados de Cassilhas et al. (2007), que relatam que adultos cognitivamente
normais que realizam exercicios anaerébicos demostram retardo no declinio
cognitivo relacionado a idade, apresentando melhorias significativas nas

medidas de memadria em comparagdo com adultos sedentarios.

Estudos futuros podem investigar quais os tipos especificos de exercicios
ou combinagbes sdo mais adequados e produzam um maior beneficio a
populacdo idosa, especificamente aos pacientes com DA. De toda forma,
nossos resultados apontam para um efeito benéfico tanto do EA (sem inclusdo
do exercicio), como do exercicio fisico anaerobico/de forga, promovendo
neuroprotecao a neurotoxicidade induzida pela proteina beta-amiléide.

Enquanto o EA e o0 exercicio anaerObico mostraram efeitos
neuroprotetores amplos, o0 enriquecimento social/aumento da socializacéo
proporcionado a um grupo de animais ndo teve tamanho efeito. Esta
intervencao foi capaz apenas de proteger a memoéria de reconhecimento social,
e, simultaneamente, evitar a diminuicdo da capacidade antioxidante total
promovida pela Ba. Em estudos com seres humanos a interagdo social gerou
aumento da angiogénese, sinaptogénese e neurogénese, fatores estes
importantes na prevencdo das disfungbes cognitivas e possivel
desenvolvimento da DA (FRATIGLIONI et. al.,, 2004). Contudo, em estudo
recente realizado com animais apenas efeitos modestos foram comprovados

sobre a neuroplasticidade e cognicdo (BRENES et. al., 2016). Brenes e cols.
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(2016) demonstraram que 0 enriquecimento social tem efeitos positivos no
comportamento social, o que poderia explicar o fato de que neste trabalho ele
preservou justamente a memoéria de reconhecimento social, jA que esses

animais estavam habituados a se socializar com novos animais.

No cérebro de pacientes com DA, e também de modelos animais da DA,
ha um desequilibrio da homeostase, ou seja, a formacédo de ERO’s € maior que
a capacidade antioxidante, além da presenca da peroxidacao lipidica, levando
assim ao estresse oxidativo e consequente dano neuronal (CHAUHAN E
CHAUHAN, 2006; ZHU ET. AL., 2007). Em nossos resultados demonstramos
gue o exercicio fisico anaerdbico e o EA foram capazes de evitar o aumento da
peroxidagdo lipidica no hipocampo de ratos expostos a Pa. Nés nao
observamos redugdo na formagdo de ERO’s nos animais que receberam
injecdo de Ba, o0 que poderia ser justificado se considerarmos que a meia vida
destas espécies é limitada, portanto, muitas vezes se torna dificil de mensurar
em um modelo crénico como este. No entanto, o dano oxidativo observado

pelos niveis de TBARS evidencia que ouve estresse oxidativo.

O dano oxidativo observado no hipocampo dos animais que receberam 3a
foi evitado pelo exercicio anaerdbico e pelo EA. Alguns estudos destacam que
o treinamento fisico crénico pode levar a adaptacdes favoraveis ao sistema
antioxidante (RADAK et. al., 2001; CLARKSON and HUBAL, 2002) e algumas
enzimas antioxidantes como a glutationa-peroxidase e glutationa-redutase esta
com sua atividade aumentada apds seis semanas de treinamento (HELLSEN
et. al., 1996), protegendo o tecido do dano oxidativo. Estudos prévios também
relatam efeitos antioxidantes relacionados ao EA (SNOW et. al.,, 2015),
incluindo aumento da expressao de genes antioxidantes (GRINAN-FERRE et
al., 2016).

Em conclusédo, nossos resultados mostram que a injecdo da proteina Ba
no hipocampo de ratos resulta em danos oxidativo e de memoria, e que o EA e
0 exercicio fisico previnem os déficits de memodria e a peroxidacao lipidica

hipocampal. Ja o enriguecimento social protegeu apenas o déficit de memoria
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de reconhecimento social e a capacidade antioxidante total do hipocampo, o

gue pode estar relacionado aos seus efeitos sobre o comportamento social.
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6. CONCLUSOES

Com base nos nossos resultados podemos concluir que:

1. Ainjecdo hipocampal de proteina Bamiloide promove déficits de curta e
longa duracdo na memoria de reconhecimento de objetos e de

reconhecimento social;

2. O exercicio fisico anaerobico e enriqguecimento social sdo capazes de
evitar déficits de memoria de reconhecimento de objetos (tanto memodria
de curta duracdo quanto memoéria de longa duracdo) e de
reconhecimento social, déficits estes relacionados a neurotoxicidade

induzida pela Ba;

3. O enriguecimento social é capaz de evitar apenas déficits na memoria
de reconhecimento social, déficits estes relacionados a neurotoxicidade

induzida pela Ba;

4. A injegao hipocampal de proteina fa promove aumento da peroxidacao

lipidica e diminuicdo da capacidade antioxidante total do hipocampo;

5. O exercicio fisico e o enriquecimento ambiental reduzem a peroxidacao
lipidica hipocampal, enquanto que o enriquecimento social aumenta a
capacidade antioxidante total em um modelo de neurotoxicidade

induzida pela Ba.

Por fim, podemos concluir que o enriguecimento ambiental e o exercicio
fisico tém efeitos neuroprotetores mais pronunciados que o0 enriquecimento

social na prevencdo dos danos causados pela neurotoxicidade induzida pela

Ba.
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7. PERSPECTIVAS

Os resultados dessa dissertacao permitiram confirmar algumas hipéteses
previamente levantadas pela literatura. Entretanto, ainda ha uma escassez de
estudos que avaliam o exercicio fisico anaerdbico em modelos com doenca de
Alzheimer. Assim, minhas perspectivas futuras envolvem a continuidade de
trabalhos de pesquisa em colaboracdo com o Grupo de Pesquisa em Fisiologia

da Unipampa para que possam ser investigadas questdes como:

1. Verificar os efeitos neuroprotetores do exercicio fisico anaerdbico como
forma de prevencdo e tratamento em outros modelos de doencas

neurodegenerativas;

2. Verificar os efeitos das intervencfes propostas sobre outros mecanismos
que podem estar envolvidos na neuroprotecdo observada no modelo
propostos, tais como niveis de neurotrofinas, a citar do fator neurotréfico

derivado do cérebro (BDNF), e marcadores inflamatorios, como citocinas.
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° ISSN LTWA
If you are unsure, please use the full journal title.

For authors using EndNote, Springer provides an output style that supports the formatting of in-text citations and
reference list.

EndNote style (zip, 2 kB)

TABLES
° All tables are to be numbered using Arabic numerals.
° Tables should always be cited in text in consecutive numerical order.
° For each table, please supply a table caption (title) explaining the components of the table.
° Identify any previously published material by giving the original source in the form of a reference

at the end of the table caption.

° Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for
significance values and other statistical data) and included beneath the table body.

ARTWORK AND ILLUSTRATIONS GUIDELINES

Electronic Figure Submission

° Supply all figures electronically.
° Indicate what graphics program was used to create the artwork.
° For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice
files are also acceptable.
o Vector graphics containing fonts must have the fonts embedded in the files.
° Name your figure files with "Fig" and the figure number, e.g., Figl.eps.
Color Art

Color art is free of charge for online publication.

If black and white will be shown in the print version, make sure that the main information will
still be visible. Many colors are not distinguishable from one another when converted to black and white. A
simple way to check this is to make a xerographic copy to see if the necessary distinctions between the
different colors are still apparent.

If the figures will be printed in black and white, do not refer to color in the captions.

Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

° To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

° Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm (8—
12 pt).

° Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis
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Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the
consecutive numbering of the main text. Do not number the appendix figures,
"Al, A2, A3, etc." Figures in online appendices (Electronic Supplementary Material) should, however, be
numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts. Include
the captions in the text file of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold
type.

No punctuation is to be included after the number, nor is any punctuation to be placed at the end
of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as
coordinate points in graphs.

Identify previously published material by giving the original source in the form of a reference
citation at the end of the figure caption.

Figure Placement and Size

Figures should be submitted separately from the text, if possible.

When preparing your figures, size figures to fit in the column width.

For most journals the figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher
than 234 mm.

For books and book-sized journals, the figures should be 80 mm or 122 mm wide and not higher
than 198 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright
owner(s) for both the print and online format. Please be aware that some publishers do not grant electronic rights for
free and that Springer will not be able to refund any costs that may have occurred to receive these permissions. In
such cases, material from other sources should be used.

Accessibility
In order to give people of all abilities and disabilities access to the content of your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech software or a
text-to-Braille hardware)

Patterns are used instead of or in addition to colors for conveying information (colorblind users
would then be able to distinguish the visual elements)

Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL
Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be
published online along with an article or a book chapter. This feature can add dimension to the author's article, as

certain information cannot be printed or is more convenient in electronic form.
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Before submitting research datasets as electronic supplementary material, authors should read the journal’s Research
data policy. We encourage research data to be archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names;
affiliation and e-mail address of the corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very
long download times and that some users may experience other problems during downloading.

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on
Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of
misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the journal, the
professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the
research and its presentation can be achieved by following the rules of good scientific practice, which include:

The manuscript has not been submitted to more than one journal for simultaneous consideration.

The manuscript has not been published previously (partly or in full), unless the new work
concerns an expansion of previous work (please provide transparency on the re-use of material to avoid
the hint of text-recycling (“self-plagiarism™)).

A single study is not split up into several parts to increase the quantity of submissions and

submitted to various journals or to one journal over time (e.g. “salami-publishing”).
No data have been fabricated or manipulated (including images) to support your conclusions

No data, text, or theories by others are presented as if they were the author’s own (“plagiarism”).
Proper acknowledgements to other works must be given (this includes material that is closely copied
(near verbatim), summarized and/or paraphrased), quotation marks are used for verbatim copying of
material, and permissions are secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as well as from the responsible
authorities - tacitly or explicitly - at the institute/organization where the work has been carried
out, before the work is submitted.

Authors whose names appear on the submission have contributed sufficiently to the scientific
work and therefore share collective responsibility and accountability for the results.

Authors are strongly advised to ensure the correct author group, corresponding author, and order
of authors at submission. Changes of authorship or in the order of authors
are not accepted after acceptance of a manuscript.

Adding and/or deleting authors at revision stage may be justifiably warranted. A letter must
accompany the revised manuscript to explain the role of the added and/or deleted author(s). Further
documentation may be required to support your request.

Requests for addition or removal of authors as a result of authorship disputes after acceptance are
honored after formal notification by the institute or independent body and/or when there is agreement
between all authors.

Upon request authors should be prepared to send relevant documentation or data in order to verify
the validity of the results. This could be in the form of raw data, samples, records, etc. Sensitive
information in the form of confidential proprietary data is excluded.
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If there is a suspicion of misconduct, the journal will carry out an investigation following the COPE guidelines. If,
after investigation, the allegation seems to raise valid concerns, the accused author will be contacted and given an
opportunity to address the issue. If misconduct has been established beyond reasonable doubt, this may result in the
Editor-in-Chief’s implementation of the following measures, including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity of the
infraction, either an erratum will be placed with the article or in severe cases complete retraction of the
article will occur. The reason must be given in the published erratum or retraction note. Please note that
retraction means that the paper is maintained on the platform, watermarked "retracted" and explanation
for the retraction is provided in a note linked to the watermarked article.

The author’s institution may be informed.

COMPLIANCE WITH ETHICAL STANDARDS

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and professional
conduct have been followed, authors should include information regarding sources of funding, potential conflicts of
interest (financial or non-financial), informed consent if the research involved human participants, and a statement on
welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled “Compliance with

Ethical Standards” when submitting a paper:

Disclosure of potential conflicts of interest

Research involving Human Participants and/or Animals

Informed consent
Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or double
blind peer review) as well as per journal subject discipline. Before submitting your article check the instructions
following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with ethical standards and send
if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines. The
author will be held responsible for false statements or failure to fulfill the above-mentioned guidelines.

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential influence or impart bias on the
work. Although an author may not feel there is any conflict, disclosure of relationships and interests provides a more
complete and transparent process, leading to an accurate and objective assessment of the work. Awareness of a real or
perceived conflicts of interest is a perspective to which the readers are entitled. This is not meant to imply that a
financial relationship with an organization that sponsored the research or compensation received for consultancy
work is inappropriate. Examples of potential conflicts of interests that are directly or indirectly related to the
research may include but are not limited to the following:

Research grants from funding agencies (please give the research funder and the grant number)
Honoraria for speaking at symposia

Financial support for attending symposia

Financial support for educational programs

Employment or consultation

Support from a project sponsor

Position on advisory board or board of directors or other type of management relationships

Multiple affiliations
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Financial relationships, for example equity ownership or investment interest
Intellectual property rights (e.g. patents, copyrights and royalties from such rights)
Holdings of spouse and/or children that may have financial interest in the work

In addition, interests that go beyond financial interests and compensation (non-financial interests) that may be
important to readers should be disclosed. These may include but are not limited to personal relationships or
competing interests directly or indirectly tied to this research, or professional interests or personal beliefs that may
influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. In author collaborations
where formal agreements for representation allow it, it is sufficient for the corresponding author to sign the disclosure
form on behalf of all authors. Examples of forms can be found

here:
The corresponding author will include a summary statement in the text of the manuscript in a separate section before
the reference list, that reflects what is recorded in the potential conflict of interest disclosure form(s).

See below examples of disclosures:
Funding: This study was funded by X (grant number X).

Conflict of Interest: Author A has received research grants from Company A. Author B has received a speaker
honorarium from Company X and owns stock in Company Y. Author C is a member of committee Z.

If no conflict exists, the authors should state:
Conflict of Interest: The authors declare that they have no conflict of interest.
RESEARCH INVOLVING HUMAN PARTICIPANTS AND/OR ANIMALS

1) Statement of human rights

When reporting studies that involve human participants, authors should include a statement that the studies have been
approved by the appropriate institutional and/or national research ethics committee and have been performed in
accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards.

If doubt exists whether the research was conducted in accordance with the 1964 Helsinki Declaration or comparable
standards, the authors must explain the reasons for their approach, and demonstrate that the independent ethics
committee or institutional review board explicitly approved the doubtful aspects of the study.

The following statements should be included in the text before the References section:

Ethical approval: “All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards.”

For retrospective studies, please add the following sentence:
“For this type of study formal consent is not required.”
2) Statement on the welfare of animals

The welfare of animals used for research must be respected. When reporting experiments on animals, authors should
indicate whether the international, national, and/or institutional guidelines for the care and use of animals have been
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followed, and that the studies have been approved by a research ethics committee at the institution or practice at
which the studies were conducted (where such a committee exists).

For studies with animals, the following statement should be included in the text before the References section:

Ethical approval: “All applicable international, national, and/or institutional guidelines for the care and use of
animals were followed.”

If applicable (where such a committee exists): “All procedures performed in studies involving animals were in
accordance with the ethical standards of the institution or practice at which the studies were conducted.”

If articles do not contain studies with human participants or animals by any of the authors, please select one of the
following statements:

“This article does not contain any studies with human participants performed by any of the authors.”
“This article does not contain any studies with animals performed by any of the authors.”

“This article does not contain any studies with human participants or animals performed by any of the authors.”

INFORMED CONSENT

All individuals have individual rights that are not to be infringed. Individual participants in studies have, for example,
the right to decide what happens to the (identifiable) personal data gathered, to what they have said during a study or
an interview, as well as to any photograph that was taken. Hence it is important that all participants gave their
informed consent in writing prior to inclusion in the study. Identifying details (names, dates of birth, identity numbers
and other information) of the participants that were studied should not be published in written descriptions,
photographs, and genetic profiles unless the information is essential for scientific purposes and the participant (or
parent or guardian if the participant is incapable) gave written informed consent for publication. Complete anonymity
is difficult to achieve in some cases, and informed consent should be obtained if there is any doubt. For example,
masking the eye region in photographs of participants is inadequate protection of anonymity. If identifying
characteristics are altered to protect anonymity, such as in genetic profiles, authors should provide assurance that
alterations do not distort scientific meaning.

The following statement should be included:
Informed consent: “Informed consent was obtained from all individual participants included in the study.”
If identifying information about participants is available in the article, the following statement should be included:

“Additional informed consent was obtained from all individual participants for whom identifying information is
included in this article.”

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at Springer’s web
page where you can sign the Copyright Transfer Statement online and indicate whether you wish to order
OpenChoice, offprints, or printing of figures in color.

Once the Author Query Application has been completed, your article will be processed and you will receive the
proofs.
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and dissemination rights). This will ensure the widest possible protection and dissemination of information under
copyright laws.

Creative Commons Attribution-NonCommercial 4.0 International License

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Online publication of color illustrations is free of charge. For color in the print version, authors will be expected to
make a contribution towards the extra costs.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the
text, tables and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not
allowed without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to
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Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication citable
with the DOI. After release of the printed version, the paper can also be cited by issue and page numbers.

OPEN CHOICE

In addition to the normal publication process (whereby an article is submitted to the journal and access to that article
is granted to customers who have purchased a subscription), Springer provides an alternative publishing option:
Springer Open Choice. A Springer Open Choice article receives all the benefits of a regular subscription-based
article, but in addition is made available publicly through Springer’s online platform SpringerLink.

Open Choice

Copyright and license term — CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open
access, the author(s) agree to publish the article under the Creative Commons Attribution License.

Find more about the license agreement
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