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PARTE I



RESUMO

A restrigdo caldrica (RC) é uma dieta caracterizada por reducéo na quantidade total de
calorias consumidas sem que ocorra desnutricdo e tem sido associada a efeitos
benéficos sobre a satde, incluindo modulacéo sobre o estado redox. Alguns estudos tém
avaliado os efeitos da RC sobre o sistema nervoso central, especialmente na senescéncia
e em condi¢des neurodegenerativas. Entretanto, devido a dados inconsistentes e/ou
controversos da literatura, novos estudos sdo necessarios para ampliar o conhecimento
no tema e consolidar mecanismos de acdo da RC. No presente trabalho investigou-se 0s
efeitos de 30% de RC crbnica em ratos Wistar machos na fase adulta, totalizando 17
semanas, em dois contextos experimentais. No primeiro, avaliou-se os efeitos da RC
crénica sobre parametros relacionados ao estado redox e ao dano celular e sobre defesas
antioxidantes ndo-enzimaticas e enzimaticas em rim, coracao e figado. Demonstrou-se
que a RC crdnica causou um aumento significativo na atividade da catalase no rim, na
carbonilagdo de proteinas no coracdo e no conteudo de glutationa (GSH) no figado,
alem de reduzir a geracdo de espécies reativas (ER) hepéticas. No segundo contexto
experimental avaliou-se o possivel efeito neuroprotetor da RC crdnica sobre parametros
cognitivos, bioquimicos e morfolégicos no cortex cerebral frontal, no hipocampo e no
estriado, mediante modelo de deméncia por infusdo intracerebroventricular (ICV) de
estreptozotocina (STZ). Demonstrou-se que a RC cronica melhorou todos os parametros
da memoria de referéncia avaliados através do teste do labirinto aquatico de Morris. No
cortex cerebral frontal, a RC e a infusdo ICV de STZ causaram uma reducdo na geracao
de ER sem alterar os outros parametros. No hipocampo, a STZ causou uma diminuicéo
significativa no contetdo da GSH e da proteina sinaptofisina (SYN), sendo que a RC foi
capaz de prevenir e/ou reverter a diminuicdo de GSH. Ainda a RC per se aumentou a
geracdo de ER. As imagens obtidas com a microscopia confocal revelaram reducdo na
imunoreatividade da SYN e aumento da imunoreatividade da GFAP no hipocampo dos
animais submetidos a infusdo ICV de STZ. No estriado, tanto a RC como a STZ
causaram uma diminuicdo do conteldo de GSH, sem alterar os outros parametros.
Concluiu-se que a RC cronica € capaz de modular o estado redox em diferentes tecidos
periféricos, entretanto, os efeitos da RC sdo tecido-especifico, ou seja, podem variar
dependendo do tipo de tecido estudado. Além disso, concluiu-se que a RC crénica é
capaz de prevenir e/ou recuperar 0S prejuizos cognitivos e as alteraces hipocampais

encontradas no modelo de deméncia induzido por STZ.



ABSTRACT

The caloric restriction (CR) diet is characterized by a reduction in the quantity of
calories consumed without the occurrence of malnutrition. It has been associated with
beneficial health effects, including modulation of the redox status. Studies have
evaluating the effects of CR on central nervous system, particularly in aging and
neurodegenerative conditions. However, due to inconsistent and/or controversial
literature, further studies are needed to increase the knowledge and consolidate
mechanisms of CR action. It was investigated the effects of 30% of chronic CR in adult
male Wistar rats followed by 17 weeks, in two experimental contexts. At first, it was
evaluated the effects of chronic CR on parameters related to oxidative status and
oxidative damage and also on non-enzymatic and enzymatic cellular antioxidant
defenses in the kidney, heart and liver. Chronic CR caused a significant increase in
catalase activity in kidney, in protein carbonylation in heart and in glutathione (GSH)
content in liver, and it caused a significant decrease in generation of reactive species
(RS) in the liver. In the second experimental context, it was evaluated the effects of
chronic CR on cognitive parameters and on biochemical and morphological changes in
frontal cerebral cortex, hippocampus and striatum in model of dementia induced by
intracerebroventricular (ICV) infusion of streptozotocin (STZ). Chronic CR was able to
improve all deficits of reference memory assessed by the Morris water maze test. In the
frontal cerebral cortex, CR and ICV infusion of STZ decreased RS generation without
affecting other parameters. In the hippocampus, STZ decreased GSH and synaptophysin
(SYN) contents. CR was able to prevent and/or revert the decrease in GSH content and
it also has a per se effect in increasing RS generation. Images from confocal microcopy
showed a reduction in SYN expression and an increase in GFAP expression in the
hippocampus of rats submitted to ICV infusion of STZ. In the striatum, both CR and
STZ decreased GSH levels without altering other parameters. In summary, chronic CR
was able to modulate the redox state in various peripheral tissues, however, the effects
of CR are tissue-specific, i.e, may vary depending on the type of tissue studied. The
main conclusion is that chronic CR is able to prevent and/or revert cognitive
impairments and hippocampal alterations in the animal model of dementia induced by
STZ.



Lista de Abreviaturas

AD = ad libitum

CAT = catalase

DA = doenca de Alzheimer

DCF = diclorofluoresceina
DCFH-DA = 2'-7'-diacetato de diclorofluoresceina
GFAP = proteina glial fibrilar &cida
GSH = glutationa

ER= espécies reativas

ICV = intra-cérebro-ventricular

MDA = malondialdeido

NeuN= proteina nuclear neuronal

RC = restricao calorica

ROS = espécies reativas de oxigénio
Sham-AD= Sham ad libitum
Sham-RC= Sham restricdo calorica
-SH = grupos tiois

STZ-AD= estreptozotocina ad libitum
STZ-RC= estreptozotocina restricdo calorica.
SNC = sistema nervoso central

SOD = superéxido dismutase

STZ = estreptozotocina

SYN= sinaptofisina

TBARS = espécies reativas ao acido tiobarbiturico



1. Introducéo

1.1.  Restricdo cal6rica
1.1.1. Breve historico

Ao longo da histéria da humanidade, as manipulac@es dietéticas (ou alimentares)
séo as formas mais antigas e comuns de intervengdo sobre o organismo como um todo,
sendo utilizadas com diferentes finalidades, desde por seus efeitos sobre a satde, bem
como por seus efeitos estéticos. Numerosas sociedades reconheceram os efeitos
benéficos para a salde e o bem estar geral da ingestdo limitada de alimentos por certos
periodos de tempo. Além disso, restricbes alimentares também sdo praticadas por
motivos religiosos ou em épocas de escassez de comida, como em guerras ou em
alteracOes climéticas extremas (Roth e Polotsky, 2012).

O estudo cientifico aceito como o pioneiro a demonstrar que a restricdo calorica
(RC) pode aumentar a expectativa média e a maxima de vida, além de prevenir ou
atenuar a severidade de doencas cronicas em ratos, foi publicado somente em 1935
(McCay et al., 1989). Entretanto, a idéia de que a restricdo da quantidade de alimento
consumido traz beneficios para a salde e assim aumente a expectativa de vida é muito
mais antiga. Os primeiros relatos sdo de um nobre italiano chamando Luigi Cornaro,
nascido em 1464. Ele viveu uma vida de excessos até a idade dos 35 anos, mas por
conselho de um médico, Cornaro adotou uma existéncia frugal, a qual ele prop6s em
quatro livros pequenos, ou discursos, escritos quando ele tinha entre 83 e 95 anos e
intitulados ‘‘La vita sorba’> (Cornaro, 1917). A idéia de comer “o menos possivel”
preconizada por Cornaro parece ter feito bem a ele, uma vez que Cornaro viveu até 0s
102 anos, enquanto que a expectativa média de vida na Europa nesta época era menor

do que 30 anos de idade (Leon, 2011).



Estudos experimentais investigando os efeitos da RC em animais iniciaram-se a
partir do comec¢o do século XX. Por exemplo, foi demonstrado que restringir a ingesta
de alimento em ratos tem efeitos positivos na expectativa de vida e também no
desempenho reprodutivo na vida adulta (Osborne et al., 1917). Assim, McCay tido
como o autor a primeiro publicar sobre RC, foi precedido pelo menos em 400 anos por
evidéncias publicadas por Cornaro sobre os efeitos da RC em humanos e precedido

também por 20 anos em experimentacdo similar (Speakman e Mitchell, 2011).

1.1.2. Conceitos, defini¢des e tipos de RC

A RC é definida como uma reducdo no total de calorias consumidas, sem
deficiéncia de nutrientes essenciais. Assim, animais submetidos a um programa de RC
sdo aqueles que tém acesso a uma quantidade restrita de calorias, ou seja, a quantidade
de alimento ingerido é menor do que aquela que o animal seria capaz de ingerir ate ficar
completamente saciado. Animais do grupo controle sdo aqueles que tém acesso livre a
comida e sdo chamados de animais alimentados ad libitum (AD), ou seja, sdo aqueles
que tém comida disponivel em quantidade suficiente ou maior para saciar
completamente o desejo de comer (Speakman e Mitchell, 2011).

A restricdo pode ser feita de duas maneiras, ou controlando-se a quantidade de
alimento fornecido, ou através da manipulacdo dos componentes da dieta. Os estudos
conduzidos sobre RC tém utilizado a diminuicdo da quantidade de alimento sem
manipular a quantidade e/ou qualidade caldrica das dietas. Vale ressaltar que a RC néo
pode ser acompanhada de nenhum grau de desnutricdo (Speakman e Mitchell, 2011).

Os protocolos que utilizam a RC como intervencdo podem ser de dois tipos,
levando em conta a administracdo da dieta: 1. Restricdo continua, aquela aplicada todos
os dias do periodo experimental, com uma determinada quantidade de calorias (ou

alimento) e 2. Dieta intermitente, administrado “dia sim, dia ndo” (em inglés,



intermittent fasting), na qual os animais sdo alimentados num dia com ragéo ad libitum,
e no dia seguinte sdo privados de alimentacdo, alternando esses dias consecutivamente
(Speakman e Mitchell, 2011).

Nos estudos sobre RC continua utilizada em diferentes linhagens de ratos e
camundongos, a redugdo na ingesta de alimento costuma variar entre 30% e 50% em
relacdo ao grupo AD (Masoro, 2009). Os estudos que adotam uma RC de 40% ou mais,
utilizam suplementacdo vitaminica e mineral para garantir uma ingesta de nutrientes
equivalente a do grupo AD (Forster et al., 2000, Sohal et al., 1994, Anderson et al.,

2009).

1.1.3. Efeitos gerais da RC

Muitos estudos foram feitos com o objetivo de compreender os efeitos benéficos
de uma reducdo na ingesta de calorias. Entretanto, apesar dos resultados serem
promissores, ainda ndo ha consenso sobre o0s exatos mecanismos através dos quais a RC
exerce seus efeitos (Roth e Polotsky, 2012, Pallavi et al., 2012, Fontana et al., 2010,
Longo e Finch, 2003).

Durante os anos de pesquisas avaliando os efeitos da RC, tem sido demonstrado
gque a mesma estd associada a notaveis beneficios para salude, como exercer efeitos
opostos aqueles associados a doencas como cancer, diabetes, obesidade, doencas
cardiovasculares e autoimunes, além de aumentar a expectativa de vida de diversas
espécies, como em leveduras, vermes, moscas, roedores, peixes e, possivelmente, até
primatas (Speakman e Mitchell, 2011, Fontana et al.,, 2010, Colman et al., 2009,
Masoro, 2009, Antebi, 2007). Entretanto, em humanos os efeitos da RC ainda néo estao
completamente esclarecidos (Roth e Polotsky, 2012, Ingram et al., 2006, Heilbronn e

Ravussin, 2003).



Hipoteses tém sido propostas para explicar os efeitos da RC sobre o
metabolismo celular. Algumas das hipoteses sugerem que a reducdo da gordura corporal
e modulagdo da via da insulina e da via semelhante & insulina sdo os principais
mecanismos pelos quais a RC exerce seus potencias efeitos benéficos (Speakman e
Mitchell, 2011, Fontana et al., 2010).

Outra hipoOtese sugere que os efeitos benéficos da RC sdo devidos
principalmente a uma reducdo do estresse oxidativo nos tecidos. De acordo com esta
hipotese, e como alguns resultados demonstram, a RC pode exercer seus efeitos através
da modulacéo do estado redox nos tecidos e/ou modulacdo das defesas antioxidantes,
resultando em um menor estado de dano oxidativo (Ash e Merry, 2011, Merry, 2004,

Sohal e Weindruch, 1996).

1.1.4. Efeitos da RC sobre os rins, coracgéo e figado

Os rins sdo os 0rgdos responsaveis pela formacdo da urina, atuando na excrecéo
de toxinas e na regulacao de varios sistemas corporais, como o0 estado de volume intra e
extracelulares, o equilibrio &cido-basico. Além disso, a principal fungdo hormonal dos
rins € influenciar a pressdo sanguinea, 0 metabolismo do calcio e a proliferacdo de
hemécias (Gueutin et al., 2012).

O coracédo é o 6rgdo central do sistema cardiovascular e tem a funcdo vital de
bombear o sangue através do corpo (Gavaghan, 1998). O figado é um érgéo vital, o qual
possui um papel central na homeostase metabolica e tem uma ampla gama de fungdes,
incluindo detoxificacao e sintese de proteinas plasmaticas (Ramadori et al., 2008).

Os efeitos de diferentes procotolos de RC sobre pardmetros relacionados ao
estresse oxidativo e defesas antioxidantes, além de outras avaliacdes em 6rgdos como 0s
rins, coracdo e figado, tém sido investigados por grupos de pesquisa, tanto em ratos

(Ramadori et al., 2008, Chen et al., 2008, Ugochukwu e Figgers, 2007, Colotti et al.,



2005, Lambert e Merry, 2005, Judge et al., 2004), como em camundongos (Forster et
al., 2000, Sohal et al., 1994, Cadenas et al., 1994, Simonetti et al., 1990). Entretanto,
embora haja concordéncia entre alguns resultados, muitos ainda sao controversos, sendo
necessarios mais estudos para compreender exatamente os efeitos bioldgicos e

mecanismos de acdo da RC.

1.2.  Metabolismo aerdbico
1.2.1. Geracdo de ROS

Nas células dos organismos aerébicos a geracao de espécies reativas, incluindo a
geracdo de espécies reativas de oxigénio (ROS, do inglés reactive oxygen species), é um
processo normal e resulta do proprio metabolismo celular. Além disso, as ROS
participam em varios processos fisiologicos, como na sinalizagdo celular, modulando
diferentes vias de sinalizacdo redox-sensiveis (Forman et al., 2010, Burhans e Heintz,
2009).

Dentre as espécies reativas, um radical livre é qualquer espécie quimica que
possua um ou mais elétrons desemparelhados em seu Gltimo orbital. O radical livre que
ocorre mais comumente em sistemas biolégicos é o anion superoxido (O,™), o qual é
produzido quando uma molécula de oxigénio (O;) é reduzida parcialmente, ou seja,

quando recebe apenas um elétron (Halliwell, 2007).

1.2.2. Estresse oxidativo

O estresse oxidativo é caracterizado por um desequilibrio entre a producdo de
espécies reativas, tais como peroxido de hidrogénio (H,0,), e as defesas antioxidantes
(enzimaticas e ndo enzimaticas), com consequente aumento das espécies reativas sem
gue o sistema de antioxidantes consiga contrabalancear tal aumento (Halliwell, 2007).

O H,0; é gerado in vivo pela dismutagdo do anion-radical superoxido (O,™). O H,0;



formado, reagindo com metais de transicdo como Fe*? e Cu*!, pode gerar o radical
hidroxil (*OH), na denominada reacdo de Fenton (Halliwell, 2007).

Assim, em condicOes de elevada geracdo espécies reativas, como as ROS, as
mesmas podem reagir com diferentes macromoléculas bioldgicas as quais sofrem
prejuizo de funcdo, contribuindo para o estabelecimento de estresse oxidativo, o qual
estd envolvido com o declinio de fungdo celular, patogénese de muitas doencas e

senescéncia (Halliwell, 2007, Nordberg e Arner, 2001).

1.2.3. Defesas antioxidantes

Para proteger-se dos efeitos deletérios de subprodutos do proprio metabolismo
celular, como as ROS, e também em condicOes de estresse oxidativo, as células
possuem um efetivo sistema de defesa antioxidante endogeno, com componentes
enzimaticos e ndo enzimaticos. Entre as defesas enzimaticas, a superoxido dismutase
(SOD) e a catalase (CAT) sdo duas importantes enzimas essenciais para a defesa celular
contra danos oxidativos. A SOD converte o radical O, em O, e H,O, o qual é
convertido em 2H,0 e O, pela CAT. Juntas estas enzimas fazem parte do maior sistema
enzimatico que protege as células contra o dano causado por radicais livres (Halliwell,
2007, Nordberg e Arner, 2001).

Entre as defesas antioxidantes ndo enzimaticos, os tidis sdo compostos organicos
caracterizados pela presenca de grupos tiois (-SH) em suas estruturas. Tidis de baixo
peso molecular sdo componentes celulares fundamentais, envolvidos em numerosos
processos fisiologicos e patologicos (Di Simplicio et al., 2003, Sen, 1998). A glutationa
em sua forma reduzida (GSH) é o mais abundante antioxidante intracelular tiélico,
prevalente em concentracdes milimolares em todas as células aerdbicas (Nordberg e

Arner, 2001). Assim, os grupos -SH representam a primeira linha de defesa néo
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enzimatica para proteger as células contra o estresse oxidativo (Di Simplicio et al.,

2003).

1.2.4. Marcadores de estresse oxidativo

Como mencionado, 0 aumento das espécies reativas pode causar danos a
macromoléculas como lipidios e proteinas, levando a disfungdo de componentes
celulares. Neste contexto, o nivel de malondialdeido (MDA, do inglés
malondialdehyde), originado a partir de reagbes oxidativas em lipidios de membrana,
tem sido usado como marcador de dano lipidico, ou lipoperoxidacdo, e mensurado pelo
teste das espécies reativas ao acido tiobarbiturico (TBARS, do inglés thiobarbituric
acid reactive species) (Draper e Hadley, 1990).

Também, os niveis de proteinas carboniladas, as quais sdo originadas por
oxidacdo de residuos de lisina, arginina, prolina e treonina, tém sido frequentemente
usados como marcador de modificacGes oxidativas em proteinas e a presenca de grupos
carbonis tem associado a oxidacdo de proteinas com o estresse oxidativo e algumas
doencas (Requena et al., 2001, Berlett e Stadtman, 1997). Ainda, o conteddo de grupos
-SH tém sido usado como um avaliador do estado/estresse oxidativo (Di Simplicio et
al., 2003, Ellman, 1959).

A producdo intracelular de ROS pode ser detectada utilizando-se o composto
ndo fluorescente 2'-7'-diacetato de diclorofluoresceina (DCFH-DA, do inglés
dichlorofluorescein diacetate) o qual e permeavel a membrana celular. O DCFH-DA ¢
hidrolisado pelas esterases intracelulares tornando-se diclorofluoresceina nao
fluorescente (DCFH), a qual é entdo oxidada pela acdo de espécies reativas
intracelulares gerando o composto fluorescente diclorofluoresceina (DCF) (De Almeida

et al., 2008).
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1.3. Doenga de Alzheimer e deméncia

A doenca de Alzheimer (DA) é causa mais comum de deméncia, causando
progressiva e permanente perda da funcdo intelectual. Pacientes afetados por esta
doenca apresentam esquecimento que progride para uma perda irreversivel de memdria.
Geralmente a DA ¢é diagnosticada ap6s 65 anos de idade, com uma prevaléncia de 5%
na populacéo acima desta faixa etéria e chegando a 20% acima dos 85 anos (Nowotny et
al., 2001). Deméncia é um sério e crescente problema de satde publica, tendo como
caracteristica clinica principal um progressivo declinio em func@es cognitivas, devido
ao acometimento de regides encefalicas corticais e subcorticais além do que poderia se

esperar do envelhecimento natural (Ritchie e Lovestone, 2002).

1.3.1. Fisiopatologia da doenca de Alzheimer

A avaliagdo neuropatoldgica, realizada através de autopsia, revela a presenca de
duas caracteristicas histologicas no sistema nervoso central (SNC) de pacientes com
DA: as placas senis e os emaranhados neurofibrilares (Nowotny et al., 2001). As placas
sdo depdsitos extracelulares insolGveis, compostas principalmente de S-amildide, um
peptideo que pode ter de 40 a 43 aminoacidos, formado a partir da protedlise da
proteina precursora pS-amiloide. Os emaranhados neurofibrilares sdo depdsitos
intracelulares da proteina tau hiperfosforilada, a qual se presume que seja uma das
proteinas fundamentais para o transporte celular e crescimento axonal (Nowotny et al.,
2001).

Embora o papel das placas e emaranhados neurofibrilares ndo esteja ainda
precisamente esclarecido, sdo encontrados em grandes quantidades nas regides
encefalicas mais afetadas na doenca de Alzheimer, principalmente hipocampo, cdrtex
parieto-ocipital, cértex temporal e cortex frontal (Fig.1). O hipocampo, o qual possui

um papel central no estabelecimento e manutengdo da memdria, apresenta as mudancas
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mais precoces na DA, com grande concentracdo de placas e emaranhados
neurofibrilares. Estes achados correspondem aos inicias e progressivos sintomas de

perda de memaria (Nowotny et al., 2001).

Fig. 1 - Micrografia Optica da neuropatologia da doenca de Alzheimer. Seccéo do cortex
de paciente com doenca de Alzheimer mostrando emaranhados e placas. O emaranhado
intraneuronal (seta) esta corado de marrom escuro com um anticorpo que
especificamente reconhece filamentos helicoidais pareados. Estes filamentos também
sdo vistos como material marrom denso (processos distréficos) embebido na placa
extracelular (cabega de seta). A coloragdo levemente avermelhada da placa é de outro

anticorpo dirigido especificamente contra o b-amildide. Fonte: Nowotny et al., 2001.

1.3.2. Tipos da doenga de Alzheimer
A DA é geralmente diagnosticada ap0s o0s 65 anos de idade, sendo referida como
DA de inicio tardio. A condigdo afeta 5% da populagdo acima dos 65 anos e mais de

20% da populacéo acima dos 85 anos (Nowotny et al., 2001).
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Apenas 10% de todas as pessoas diagnosticadas com DA desenvolvem sintomas
antes dos 65 anos de idade, sendo estes casos denominados como DA de inicio precoce.
Aproximadamente 10% dos casos de inicio precoce tém a forma familiar da doenga, a
qual é transmitida de forma autossémica dominante. Mutagdes em trés genes (proteina
percussora f-amildde, presenilina 1 e presenilina 2) causam a maioria dos casos
familiares da DA. Entretanto, a grande maioria dos casos ndo é claramente transmitida
como tracos herdados. Muitos casos de inicio precoce e tardio geralmente ocorrem
esporadicamente ou com agregacdo familiar que ndo tem um padréo claro de heranca
mendeliana (Nowotny et al., 2001)

Os diferentes tipos de DA sdo dificeis de distinguir clinica e patologicamente.
Assim, o aparecimento da DA pode representar uma via comum da neurodegeneracao, a
qual pode ser iniciada por um de varios fatores distintos, incluindo mutacfes genéticas

simples ou uma combinacéo de fatores geneticos e ambientais. (Nowotny et al., 2001)

1.4.  Modelos animais da doenca de Alzheimer

Embora as causas exatas da DA permanecam ndo esclarecidas, muitos possiveis
fatores de risco e alteracbes patologicas tém sido utilizados para a elaboracdo de
modelos desta doenca, tanto “in vitro” como “in vivo”. Modelos animais incluem a
hipoperfusdo cerebral cronica (Vicente et al., 2009), infusdo intra-cérebro-ventricular
(ICV) de estreptozotocina (STZ, do inglés streptozotocin) (Biasibetti et al., 2013,
Tramontina et al., 2011, Rodrigues et al., 2009, 2010) e lesé@o do nacleo magnocelular

basal (Swarowsky et al., 2008).

1.4.1. Estreptozotocina e doenca de Alzheimer
Anormalidades drasticas na glicose e no metabolismo energético cerebral tém

sido demonstradas na DA do tipo esporadica, 0 que aponta para um distarbio primario
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na insulina neuronal e na transducgéo do sinal do receptor da insulina, contribuindo para
a causa de deméncia. O composto STZ é conhecido por inibir a funcdo do receptor da
insulina. Ratos que receberam uma dose de STZ, administrada ICV, desenvolveram
duradouros e progressivos prejuizos no aprendizado, na memdria € no comportamento
cognitivo, indicados pela diminuicdo no trabalho e meméria de referéncia na tarefa de
tdbua com orificios e na esquiva inibitéria, concomitantemente com prejuizo energético
cerebral (Lannert e Hoyer, 1998) e também no labirinto aquético de Morris (Grunblatt

et al., 2007).

1.5.  Tipos celulares do SNC
As celulas constituintes do SNC podem ser agrupadas em dois grandes grupos,
as células neuronais (ou neurénios) e as células da glia (ou células gliais), caracterizadas

por possuirem funcdes, formas, tamanhos e localizagGes diferentes.

1.5.1. Neurdnios

Existem varios tipos de neurénios no SNC, os quais podem ser classificados de
acordo com sua forma, com o tipo de neurotransmissor que utilizam e sua localizacéo
histoldgica. Seus tipos variam também entre as regifes encefalicas, e basicamente os
neurdnios sdo as células responsaveis pela transmissdo do impulso nervoso (Emes e

Grant, 2012).

1.5.2. Marcadores neuronais

Os terminais axonais pré-sinapticos dos neurbnios que estabelecem sinapse
possuem alta quantidade de sinaptofisina, uma proteina do tipo integral de membrana
sendo uma das principais proteinas de vesiculas sinapticas. Esta envolvida com o

trafego de vesiculas, no ancoramento e fusdo das vesiculas sindpticas com a membrana
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pré-sinaptica e na secre¢do de neurotransmissores (Greengard et al., 1993, lwamoto et
al., 2004)), todos processos celulares de alta complexidade (Trikash et al., 2008).
Assim, diferengas na imunorreatividade para sinaptofisina podem refletir mudangas no
namero de vesiculas sindpticas e tem sido utilizada como um marcador da densidade
sinaptica, bem como um marcador para desordens de conectividade sindptica em muitas

doencas do SNC (Masliah et al., 2001).

1.5.3. Astrocitos

Dentre as células gliais, os astrocitos sdo as que estdo presentes em maior
nimero. Os astrocitos liberam fatores neurotroficos e citocinas, orientam o0
desenvolvimento neuronal, direcionam o crescimento dos ax6nios, regulam o
metabolismo dos neurotransmissores e 0s niveis de ions extracelulares (Fig. 2) (Wang e

Bordey, 2008, Dong e Benveniste, 2001).

Metabolic
Function

Fig. 2 - As funcBes bem estabelecidas. Os astrdcitos tém varias fungdes homeostaticas,
mantendo um ambiente vidvel no sistema nervoso para 0s neurbnios. Estas funcGes

incluem: (1) prover apoio metabolico para os neurénios, (2) captacdo de potéssio e
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neurotransmissores, (3) sinaptogénese, angiogénese e manutencdo da barreira hemato-

encefélica. Fonte: Wang e Bordey, 2008.

1.5.4. Marcadores astrociticos

A proteina glial fibrilar acida (GFAP) é a principal proteina de filamentos
intermediarios de 8-9 nm de didmetro em astrocitos maduros no SNC, apresentado a
funcdo de modular a estabilidade estrutural dos processos astrociticos. Esta proteina
apresenta uma atividade dinamica modulada por fosforilacdo e defosforilacéo,
efetuando um papel fundamental na plasticidade astrocitica (Rodnight et al., 1997). Seu
estado de fosforilacdo é regulado, dentre outros fatores, pela proteina S100B (Ziegler et
al., 1998).

O fator tréfico S100B é uma proteina ligante de calcio produzida e secretada
principalmente por astrécitos no SNC, possuindo atividade trofica sobre neurénios e
células gliais (Van Eldik e Wainwright, 2003). Durante o desenvolvimento do encefalo,
e apos ativacdo glial aguda, a proteina S100B atua como fator neurotrofico e proteina de
sobrevivéncia neuronal. Por outro lado, a superproducdo de S100B pela ativacao glial
pode contribuir com o processo de neuroinflamacdo e de disfuncdo neuronal. Esta
dualidade suporta o potencial da S100B como um biomarcador de dano encefalico, o
que implica a ativacdo glial como um possivel alvo no tratamento de desordens agudas
e cronicas do SNC (Van Eldik e Wainwright, 2003). Além disso, os niveis de S100B no
soro e no liquido cefalorraquidiano tém sido utilizados como marcador de dano

encefalico (Rothermundt et al., 2003).

1.6. Efeitos da RC sobre o SNC
Estudos recentes indicam que a RC pode protege o SNC de doengas relacionadas

ao envelhecimento, ou seja, pode prevenir o surgimento de sintomas e de sinais

17



associados com doengas neurodegenerativas, como as doencas de Alzheimer, Parkinson
e Huntington (Mattson, 2008).

Embora os mecanismos neurobioldgicos responséveis pelos efeitos da RC sobre
0 SNC ndo estejam ainda completamente esclarecidos, estudos recentes sugerem que a
RC regula células-tronco neuronais adultas, aumenta a neurogénese em ratos adultos
jovens, e reduz o declinio relacionado a idade da neurogénese em ratos senis (Levenson
e Rich, 2007).

Além disso, estudos sobre o papel da RC no SNC indicam que os efeitos anti-
envelhecimento estdo relacionados com a estimulagdo de neurogénese em adultos e a
diminuicdo da expressdo de genes relacionados com a inflamacdo e com a resposta ao
estresse, protegendo o SNC de patologias cronicas e agudas (Contestabile e Ciani,
2004).

Diante do exposto, fica evidente que novos estudos investigando os efeitos da
RC sobre tecidos periféricos e encefalicos sdo necessarios, especialmente aqueles
relacionados ao estado oxidativo. Além disso, os efeitos em modelos de deméncia
também sdo de alta relevancia para que se possa aumentar o conhecimento sobre as
alteracbes neurogliais e rotas de sinalizacdo envolvidas, bem como para o0

estabelecimento de estratégias terapéuticas neuroprotetoras.
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2.

2.1.

Objetivos

Objetivo Geral

Avaliar os efeitos da RC sobre o estado redox em tecidos periféricos e sobre

parametros cognitivos, bioquimicos e morfolégicos encefalicos em modelo animal de

deméncia.

2.2.

Obijetivos Especificos

A) Avaliar os efeitos da RC cronica sobre parametros relacionados ao estado
oxidativo (geracdo de ROS), ao dano tecidual (carbonilacdo de proteinas e niveis
de malondialdeido) e sobre defesas antioxidantes ndo-enzimaticas (contetdo de
grupos tidis e contetdo de GSH) e enzimaticas (atividades da SOD e CAT), nos

rins, no coracao e no figado;

B) Investigar os efeitos da RC sobre pardmetros cognitivos relacionados a
memoria espacial e sobre pardmetros bioquimicos (geracdo de ROS, contetido
de GSH e de sinaptofisina) e morfologicos (microscopia confocal para
sinaptofisina e GFAP) em modelo animal de deméncia induzida pela infuséo
ICV de STZ;

C) Avaliar os efeitos da RC e da infusdo ICV de STZ sobre o ganho de peso

corporal dos animais e sobre parametros bioquimicos sericos e liqudricos.
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benefits and these effecs have been atribuied, in part, b
modulation of sxidative status by CE; however, data are siill
contreversial. Here, we investigaie the effects of seventeen
weds of chrenic TR wn paameters of sxddative damage'
mradification of proteins and en antiesidant enxyre activities
in cardiac and kidreey tissues. Our resulis demenstrate that TR
lﬁtﬁmmnpﬂnﬂhﬁmmhlﬂt
activibes of mupemside dismutase and catalase CATL
hereover, CR cased an increase in CAT adbvity in kidmey,
urrder our condibens, this dieraben indicates 2 different
funcional reaning in the heat fissee. In addition, we
reinferce the idea that TR can inorease CAT activity in the
kidney. [BMB Reports 2012; 45(11): 671-676]

INTRODILICTIOMN

Caloric restriction [CR), a reduction in total calories intake
without essential mutrient deficiency, has been shown to exert
opposing effscts in asociation with many diseases such as
cancer, diabetes, obesity, cardiovasoudar and asoimmune dis-
eases [1-3). The reduction in food intake used in differert rat
and reouse strairs usnally ranges from 30 to 50% below the
leved of comtrol ad libitwm (AD) {4). In humans, although there
are fewr redis available, CF provides sustasned beneficial ef
fects that rmay reduce insulin resistance, obesity, inflammation
oxidative stness and beft ventricular diastolic dy=function (5). At
the celhdar level the basic medhanism proposed to explain
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the benefits of CR iz that resiztance to oxddative and metabolic
irsults ooours as a resporse to the celhdar stress caused by e
duced calore availability to cells (1, 6). For example, CF: has
been shown to modulate free dical metabolism in the liver of
aging rats (7).

Prorooadant modecules. such as meactive oxygen species
[ROF), result from nommal celhdar metabolism and have 2 role
in mamy physiological processes, such as celluar signaing (8, 1.
However, in conditions of imbalarce betwesn oxidant agents
and antioxidant defenses, the phenomenon of oxidative stres
oocurs, which is imohed in cellular furdtion decline, the
pathogenesis of many diseases and the aging process (10). In
this context, probein carbomylation, which oocurs by oxidation
of lysine arginine. proline and threonine residues. has been
used frequertly as a marker for the oxidative modification of
proteins, and the preserce of carboryl groups has been asso-
ciated with protein_oxidative stness and some diseases (T1_12).

To probect against the deleterious effects of oxidative by-
products of nomal cellular metabolisrm and also under con-
ditions of oxidative stress cells have an effective endogenous
system of deferse. Momrenzymatic thiols are very actihve organ-
ic compourds characterized by the presence of -5H thiol]
groups in their structures. Low molecudar-mass thiols are crit-
ical cdlular components imobved in numenows physiological
and pathological processes_ as well a in the metabolism and
homeostasis (13). The 5 goups represent the first line of
norrenzymatic cellular protection against oxidative stress in
cells (14). In addition, two important ereymmes are essential for
celhdar defense against osidative insuls, superoxide dis-
mutase [$00) and catalase (CAT). 500 s an ercyme that con-
verts the superoside radical into hydrogen penoside [HzOhi,
which is converted o ZHZD and Oy by CAT. Together 500
and CAT are part of the major enzymatic system to protect the
cells against fre= radical damage (10).

Investigations about the changes of oxidative pararmeters in-
duced by CR were reported from: many tissues, particularhy lh-
er and bmin je.g- &, 15). Ouwr group has focused on bain ef-
fects (16, 17). However, the effects of CF in oxidative alter-
ations in proteins ard enzymatic activities in differsnt tssues
are =till cortronersial.

The aim :fﬂ'mmntmﬂpummﬂﬂm'ﬂwtﬁuctuf
seventeen weebs of CR on carbonyd levels, -5H contert and on
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500 and CAT activities in heart and kidney of Wistar rats_ or-
gans that are certrally imohed in the regulation of circulabory
and ionic homeostasis.

RESLILTS

O nesults demonstrating weight gain showed that at the end
of expernment, the CR rats (368 + 14 gj had an approximately
28% reduction in body weight gain, when compared to AD
rats (450 + 17 g P = 0.001), a= illustrated in Fig. 1. In addi-
tion, as shown in Table 1, no significant differences were ob-
served between AD and CR. mats in biochemical serurm parame-
ters, such as glucose, total probein, albumin_ urea creatining
HOL choleserol and triacylghyo=ml. However_ total dholester-
ol showed a significant 20% reduction in CR rats, when com-
pared to AD rats.

Ve observed no significant change in the total conbent of
carboryl groups in the kidrney after CR (AD = 0.027 + 0.002;
CR = 0J032 + QUD0Z nrod carbonyl/mg probein, P = OLTT8),
as shown in Fig. 24 Inberestingly, our results for the heart tis-
sue [Fig. 2A) indicate that chronic CR induwces a significant in-
crease in carbonyl group comtent (009 + 0UD005 rmol car-
bonyl/reg protein) when compared to carbony| group content
for the AD diet (DUDD6 + 0U0007 nmol carbonyl/mg probeing
P = 0,001). Mo difference was found in the total -5H content
in the kidney tissue (AD = 3.06 + 0.1: CR = 3.28 + 0.1 mol
SHimg protein, P = 0.117; Fig. 28] and no difference was ob-
served in the heart tissue (AD = 2.7 + 0.1: CR = 2.7 + 0.1
prrol SHmg protein, P = 0L755; Fig. 2E).

Az showm in Fig. 34, no changes were obsenved in the 500
activity in the kidney tisse= (AD = 6.5 + 05 CR = 59 + 05
U 500fmg protein, P = 0L43), a5 well a5 in the heart tissue
(A0 = 44 + 04; CR = 5.5 + 06 U S00/mg protein, P =
.158). On the other hand, our resuls showed that CR in-
crezmad CAT activity in the kidney (34 + 2 L CAT/mg pro-
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Fig. 1. Body weght at the first and sevenieen weeks after ad -
tum (A0 and caloric restriction (CE) diets. The resifs showed tha
e AQ rais jn = 100 had an approximabely 32% incease it body
Mmass gain and Tat the CR rads (m = 1 had an appooarnaety
I% inoreame in body mass gain & the end of experimental period.
“Significant different [F = OU001, Shudent’s thes]. Oata are mean
+ REkL

By wemight {gh
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feinj, as companed to the AD diet (23 + 4 U CAT/mg protein,
P = L0271 Fig. 38). Furtherrnore, in the heart (Fig 36), CAT
activity was not alered by CR (6 + 0.4 U 5300¥mg protein), as
cormpared to the AD diet (6 + 0.4 U 500/mg protein, F =
0337

MSCLISSI0M

For weight gain analyses, we monitoned the anirmals” weights
weekily: after seventeen wesks the mt submited to the CR
showed a significant 26% reduction in body weight gain,
when compared to AD rats. This result is in agreement with re-
certly data published by our research group, in which bwelve
weedcs of CR resudt in a 27% reduction in body weight gain
[16), suggesting a good reproducibility of this model of CR.

We performed biochemical serum analyses to assess the me-
tritional and the metabolic status of rats wnder AD or CR diets
at the end of the experimental period. Mo significant differ-
ences were obsenved between AD and TR anirmals in serum
pararnveters evaluated indicating 2 good health sate and ad-
equate nutrition of all animals. However, CR caused a sig-
nificant reduction in total cholesteno] and this data is in agree-
rrerit with previous resulis (16].

To evaluate the parameter of oxidative damagemodification
of probeins_ we measured the contert of carbonyd groups in the
kidrey and heart tissues of mts submited o AD and CR diets.
Chr results demonstrated that chronic CR did not alter protein
carborylation in the kidney. Furthermore, Sohal and col-
league=s [1994) comparsd AL and CR mice at nire, sevenbesn
and twenty-three months of age and fourd that protein carbon-
vl contert in the kidrey ard heart increzsed with age and was
significantly reduced by CR in both tissues at sach of the three
ages (18] In addition, CR was found to reduce the protein car-
borylation in the kidney of rats (19).

Interestingly our result= in heart tissue ndicated that chron-
ic CR induces a significant increase in carbomy| group content.
This data iz in agreement with those of 2 previows shady, in
which shortterm CR jrwo months] caused a significant in-

Tabie 1. Senrn biochemidry

AD CR P value
Gilucose {rgidl 0+ & 108 + 5 0206
Total probein g/l 62 £ a1 &0+ DT Q103
Albwrmin (g/oh L7 ¥ Qg IaTa0d Q10
Lirea jrgicl &1 +5 65 + 3 £.503
Cretinin: {ragédly 057 £ 04 06D+ 007 0237
Chaoissteral frag/dl) 80+ 4 &4+ 3° 0009
HOL §mgsdl} 32 +3 30+ 0533
Trizcylghyoensl jmgidl 50+ & 61 +7 0270

Data are expressed 25 mean + sandad e of mean (n = 210 for
each groupi. mp&;ﬂﬂydnﬁmtﬁm‘mwm:ﬁﬂtT—
oo
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Fig 2 Effeds of sevenbeen wesic of od im [AD) or cakoric
restriction (OR) diets on probein carborvyiation and sulftedngd  F5H)

content. (A} Carbory] protein levels in e kidney (AD n = % CR
n=9 adinthe hal (ADn = 7; R n = 7). Resuits indice

that CR can imduce oxidative modification o proteirs in the hean
tmue. “Significantly different from AD (P = 00307, Shodent's
t4esty (B} Total 54 conbent in e kidney (AD R = 10; CR n =
Z and in e heart (AD R = & CR n = 9. The daia indicoe
that neither tee AD diet nor the cwonic CR diet afier the fotal
-5H content in the kidney or the heart Dt are mean + 5.E64

crease in protein carbony| content in the heart oytosal and mi-
not find anvy difference in the carboryl content in heart tissue
betwes=n twenby-one months of intermittent feeding rats and
AD rats (21).

Protein carborylation has been associated with oxidative
darmage fo proteirs, e this paameter may reflec the pro-
portion of protsins that have been damaged by oxidation
leading to defective function of proteins with a certral mole in
the basic mechanisms of disease and aging (12 22). However
protein carbonylation may also have a potertial role in prot=in
quality control and cdllular deterioration [23) and also oocouss
in young animals and normal tissues, 2 well as, in patho-
bogical conditions and older animals, indicating that carbon-
ylation may hawve a physiological mle (23, 24).

Ve also measured the total -5H content in mts on AD or CR
diets. Mo differences wene found between the AD or CF deets
in either the kidrey or heart tissues; o our krowledge, ths is
the first study to rmeasure the -5H contert in the kidney of @
submitted to chronic CR. However, others results indicate that
cheonic CR in aged mice increases beart -SH content, when
compared to aged AL mice [25).

Ve maluated the activities of two key antioxsdant snrymes
500 ard CAT. Mo changes wene ohserved between AD and
CR diets for the 300 activity in the kidney and heart tissues_
suggesting that chronic CR does rot akbier the activity of this en-
Zyme in either organ. However, a previows study indicated
that CR. reduced 500 activity at seventeen months of age in
the heart and at bwenby-thres moniths in the kidney (18]

However our resubs showed that TR increases the CAT ac-
tivity in the ladney irdicating that a chronic reduction in calo-
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rie intake can aher the activity of this antioxidart ensyme in
the kidrey. This result is in accordance with thoee of a pee-
vious study, in which the CR diet inceased the CAT in this or-
gan at nine, sevenieen and twenty-three months of age in mice
[18). Furthermorne the same study indicated that CR reduced
the CAT activity in the heart at nine months, but increased this
activity at seventeen and twenty-three months of age. In this
study we did not find amy differ=nce between the AD and CR
diets for CAT activity in the heart.

We speculate that a chronic reduction in the ingestion of
calories could lead 1o 2 compensatory increaze in endogenous
antiosidant CAT activity in the kidney. However it has been
proposed that a chronic reduction in the ingestion of anti-
oxidant vitamins, such as vitamin E, could lead to compensa-
tory mechanisms in the endogenous antioxidant sysbemns (26).
We dizcand this possibility, taking irto account that the ma-
jority of shudies with 40% reduction in calone irtake provide
vitamin and mineral supplemertation o ersure an egquivalent
rustrient intake for animals on CR and AD diets [18, 25, 27).
However, it has been shown a decrease in the levels of vita-
miin E in kidney and beart of rats submitted to 40% of dhronic
CR (28).

We adopted a 30% reduction in the calorie intake ard ==
rurn biochermistry anabyses indicated no differences in the me-
tritional state of the CR animals, except the redudtion in total
cholesterod leveds in CR rats. Therefore, the increase in CAT
activity observed in the kidney tissue is probably a compensa-
tory response for the maintenance of appropriabe kidrey ho-
meostasis, which can increase the H:Oh decomposition o
pacity in rats under CR. hdeantime, it has been repored that
there are no effecs of CR in CAT activity in the kidney of mice
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500 and CAT activities in beart ard kidney of Wistar ras, o
gans that are certrally immobed in the regulation of circulatory
and ionic hormeostasiz.

RESLILTS

O results demonstrating weight gain showed that, at the erd
of expedment, the CR rats (368 + 14 g) had an approximasely
28% reduction in body weight gain, when compared o AD
rats (430 + 17 g P = 0007), as illustrated in Fig. 1. In addi-
tion, a5 shown in Table 1, no significant differences wene ob-
served betwesn AD and CR. mts in biochemical serum parame-
bers, such as glucose, total probein, albuming urea creatinin
HOL cholesterod and triacylglyoeml. However_ total cholester-
ol showed a significant 20% neduction in CR mts, when com-
pared to AD rats.

We observed no significant charge in the total conbent of
carbomd groups in the kidney after CR (AD = 0.027 + 0.002:
CR = QU032 + QU002 neved carbonylmg protein, P = OLTTE),
as shown in Fig, 24 Imterestingly, our results for the beart tis-
sue (Fig. 1A) indicate that chronic CR induoes a significant in-
crease in carbonyl group content (0009 = OUDO05 rmod car-
bonylmg protein} when compared o carbomy| group comntent
for the AD diet (DUD06 + DUODO7 nmol carbonylimg protein,
F = 000N ). Mo difference was found in the total -5H comntent
im the kidney tissue (AD = 306 + 0.1; CR = 3.28 + 007 pmwd
SH/mg prot=in, P = 0.117; Fig. 28] and ro differerce was ob-
served in the heart tissue (AD = 2.7 + QU1 CR = 2.7 + O
prrol SH/mg protein, P = 0.755; Fig. ZE).

Az shoen in Fig. 34, no changes wene obsened in the 500
activity in the lidney tissee (A0 = 6.5 + 05 Ck = 5.9 + 0.5
U 5300mg probsin, P = 0.43), as well as in the heart tisswe
{AD = 44 + 04: CR = 5.5 + 06 LY 500/mg protein_ P =
0.158). On the other hand. our results showed that CR in-
creased CAT activity in the lidney (34 + 2. U CAT/mg pro-
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Fig. 1. Body wesght at the first and severfeen wedhs after ad -
twm (406 and calonc resrichon (O] dies. The resuls showed that
te AD rais gn = 100 had an approcimabely 32% inonease it body
Mmass gain and Tat the CR ras jn = 10 had an approdrmaey

Iﬁlnﬂmlnhﬂ'prmpndttuﬂd:qwﬁmﬁlp:m
" differert [P = 0001, Shudents tesl]. Clata are mean

tein), as compared to the AD deet (23 £ 4 U CAT/mg protein,
P = OOZ1; Fig. 3B8). Futherrmore in the heart (Fig. 36), CAT
activity was not alered by CR (6 + 0.4 U S00¥mg protein), as
cormpared to the AD diet (6 + 0.4 U 500Vmg probein, F =
0337

DISCLISSHOM

For weight gain analyses, we monitored the animals” weights
weekly: after sevenbeen wesbs the it submitted to the CR
showeed a significart 28% reduction in body weight gain,
when compared to AD rats. This result is in agreement with e
certly data published by our research group, in which taelbee
weedcs of CR result in a 27% reduction in body weight gain
[16), suggesting a good reproducibility of this model of CR.

We perforred biochemical serum anahyses to assess the -
tritional and the metabolic stahs of ras under AD or CR diets
at the end of the experimental period. Mo significant deffer-
ences were obeerved beteeen AD and CR anirrals in serum
pararreeters evaluated, indicating 2 good bealth st and ad-
equate nutrition of all animals. However, CR caused a sig-
nificant reduction in total cholest=rol and this data & in agree-
menit with previous results [16).

To evaluate the paameter of oxidative damagsmodification
of probeins, we rmeasured the content of carbony] groups in the
kidrey ard heart tissues of mis submited o AD and CR deets.
O resubts dernonstrated that chronic CR did not aker protein
carbonylation in the kidney. Furthermore, Sohal and ool-
league=s (1994 companed AL and CR mice at nire, sevenbeen
and twenty-three months of age and fourd that protein carbon-
vl content in the kidrey ard heart increased with age and was
significantly reduced by CR in both tissues 2t each of the thnes
ages [18). In addition, CF was found to reduce the protein car-
borylation in the kidney of rats (19).

Inberestingly, our results in heart tissue indicated that chron-
ic CF induces a significant increase in carbony| group comtent.
This data is in agreement with those of a previous study, in
which shortterm CR [two months] caused a significant i

Table 1. Senrn biochemisry

AD CR P value
Cilucose {rgidly 100 + 6 108 + 5 0205
Total protein (gidl £2 +a &0 + 01 Q@103
Alburmin (g 27 ¥ ao2 ZaTood  QIns
Urea rgid) &1 5 65 + 3 0503
Crestinin {rgidr) D57 + Q4 060 + 007 Q237
Chaoiesterol jmg/dI) 80+ 4 64 +3° Q005
HOL jrgad) 32+3 0+ Q633
Triacylghyoenol jragid) 50+ 6 8117 0270

Data are expressed 25 mean + sandand eror of meean (o = 2-10 for

each group). “Significantly different from AD by Shudent's iest @ =
0.OT).
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(26 CAT activity was also not abered by CR in the rat heart
tiszie= in thizs work, in agresment with a previows shudy of rats
urder intermittent feeding at teeelve and eighteen monthes of
age, which had no sgnificart effecs on the levels and dis-
tribution of antiocidart ereyrmes, such as 500 ard CAT. in
the le=ft ventricudar wall [29).

Protein carborylation may also oocur as the corsequence of
other mechanisms in addition to oxidative damage (23 24).
We can speculaie that this increase in carbonylation, urder
our experimental conditions, may have different effecs o
thos= caumed by oxidative darnage since our resuls showed
that CR caused an increase in protein carbordation in the
heart tissue without changing the contert of -5H groups or
500 and CAT activities (key ercymatic defenses against ouoy-
pe——

hdeartirme, we may speculate that the increase in carbonyl
group conbert in heart probeire may be 2 coresquence of the
lack of increase in CAT activity or 500. Additionally. -5H
groups are the rmost important nor-enzymatic antiocidant de-
ferses in cells: this content was also not altered in the heart_
suggesting that the anti-oxidant probection sysbem did rot work
in an efficient marner in the CR group bearts. The increase ob-
served in kidney CAT activity probably attenuated redox im-
balarce and prevented protein carbomd formation in this
organ.

From the comparizon of owr results with those of previows
studies we speculate that the effects of chronic CR. on oxida-
tive pararneters and on antioxidant enzyme activities may vary
depending on tissue type, duration of CF diets, the strains and
the type of damage/defense shadied For exarnple, other factor
that can explain the different effects of CR could be the nature
and guantity of the specific proteins present in a particular tis-
sue ard exposed to carbonylation or boss of -5H groups (25).

In msmmary, owr resuls showed that CR induces an increass
in protein carborylation in the heart and increasss CAT activ-
ity in the kidney. Mo changes were obsered in SO0 activity
and -5H content in either tizsue types. These data contribube to
the understanding of the effects of CR on the beart ard kidrey.
However, further shudies ame nesded to explain the undedying
effects of chronic CR in the different tissues.

MATERIALS AND METHOOS

Anirmals

Twenrty male 120-day-old \Wistar rats were obtained from our
breeding colormy and were maintined under controlled light
and environmental corditions (12-h light124h dark cycle at a
constant temperature of 22 + 1°C) with free access to water
All animal experiments were camried oot in accordance with
the Mational Instibbes of Health Guide for the Care ard Lse of
Laboratory Animaks (MIH Publications ™' 80-23), revised
1906 and following the regulations of the local animal house
authorities and all experiments were approved by the
Inztit tional Anirnal Care and Use Cormrnitbes (LACLUC).
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All groups received regular laboratory chonw (Mundlab-CR1,
from Muvital, Brazil) shortly before dadk oycle orset. Animals
were weight matched and divided inbo teo groups: ad [ibitum
{400 and caloric restriction [CR). The AD animals had free ac-
cess b chow, whereas the CF was progressive, being indtiated
at 10% restriction during the fist week and changed to 20%
during the second week and to 30% in the third week until
the end of trestrment [total of seventeen weel= of CR). The
food intake was monitored daily and the animals were weigh-
wd weskhy (17

After a total time of seventeen weeks of dietary regimes_ all an-
irals were ovemight-=tarved for & h and anesthetized with bet-
amineylazine (75 and 10 mghg mrespectively, i.p) and the
whaole blood was obtained with an intracardiac purchure wsing
a 0.37-mm diareeter nesdle. The blood samples were in-
cubated 2t room temperature [25C) for 10 min and centri-
fuged at 3 D00 rpm for 10 min; the seum was colleced and
immediztely stored &t —80'C wril the day of biochemical
analy=iz. After killing the animals by decapitation the kidneys
and heart were immediately dissected out in ice ard immedi-
atehy stored at —80"C wntil the day of analysis.

Biochermical analy=es

Biochemical serum analyses were camied out with a mukti-test
analyzer (bdega; hderds, Danrestadt Gemrnany|, using specific
kits supplied by Labtest (Brazil): gluonse, total protein; albu-
mir; wea; creatining total cholestern|, HOL cholesterol and
triacylghooemol.

Protein carbonylation

The oxidative darnage to proteins was measured by the quanti-
fication of carbormy] groups, based on a reaction with I 4-dini-
trophenylhydmazine (30). Proteins were precipitated by the ad-
dition of 20% trchloracetic acid and redissobed in dini-
trophenylhidrazine and the absorbance read in a spectropho-
tometer 2t 370 nrm. Results are expressed 2= nmol carbond g
|perobein.

hieasurerment of total -5H ooriberi

An assay that senves to analyze the oxidative stahis of tissues
wias used bo measune the level of reduced thiol (-5H) content in
samples (31). Briefly, a T00Hug sarmple aliquot was diluted in
PBS 10 and 100mbd 5 S-dithionitrobés. Z-nitnoberzoic add and
read in a spectrophotometer at 412 nm after a 60 min in-
cubation at 25'C. All results ane expressed 2= pmol SHimg
|perpbein.

Antioocdant enzyree activities
The activities of two important antiozidant enzyrees were ana-

lyzed: catalase (CAT) and superoxide disrmutase (S00).
Catalas= [BEC 1.11.1.6} activity was aszayed by measuring the

hitpc b report. 04



rate of decr=ase in hydrogen perossde [Hz02) absorbance in a
spectrophotomeber 2t 240 nem [32). CAT activity was expressed
a= Linits (L) CAT/mg probein.

Supercide disrutase (EC.1.15.1.7) activity was assessed
by quantifying the inhibition of superoxide-deperdent adrena-
lime auto-oxidation in a specrophotometer at 480 nm [33).
SO0 activity was expressed as L SO0mg peotein.

Protein content
rreethod of Lowwry (34, using BSA as standaed.

Staticical analysis

Data are expressed as mean + standard emor mean [SE.M.)
and were anahzed by Student's test. Wahees of P < 005
were considered significant. All anabyses were perforeed us-
ing the SP55 program, Version 15,0 (5755, Chicago,_ IL).
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ABSTRACT

The modulation of oxidative status in different tissues through caloric restriction
(CR), without malnutrition, is known to play a central role in the effects associated with
low caloric intake. However, available data are still controversial. We investigated the
effects of late-onset 30% chronic CR on parameters related to oxidative status/stress,
such as reactive oxygen species (ROS) generation and malondialdehyde (MDA) levels,
in the liver tissue. Additionally, we measured the enzymatic activities of superoxide
dismutase (SOD) and catalase (CAT), and the total thiol (-SH) and glutathione (GSH)
contents. Our results demonstrate that chronic CR decreases ROS generation and
increases GSH content, without changing other parameters. ROS are inevitable
byproducts of metabolism in aerobic organisms and GSH is one of the major
antioxidant defenses present in aerobic cells. Our results corroborate the idea that CR
can modulate parameters related to oxidative stress and antioxidant defenses in the liver

tissue of Wistar rats.

Keywords: dietary reduction, food intake, ROS generation, GSH
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INTRODUCTION

Since the pioneering article, published by McCay and Crowell in 1934 [1],
caloric restriction (CR) has attracted the interest of different researchers in various
health and biological areas. Defined as a reduction in the total quantity of calories
consumed without malnutrition, CR is well known to extend the mean and maximum
lifespan and to retard the aging process in a wide variety of organisms and also to have
beneficial effects in many pathological conditions [2, 3, 4, 5, 6].

It is known that CR is able to exert effects on different metabolic routes and cell
signaling pathways, causing changes in levels of trophic factors, and in the expression
and activity of apoptotic proteins and antioxidant enzymes, in addition to other factors,
in different tissues and organs [4, 5, 6, 7]. In this context, the modulation of the redox
state has been postulated as one of the major CR-mediated effects; however, some of
the data available are contradictory and there is still no consensus regarding the exact
effects of CR on different aspects of the redox state [8, 9].

The generation of reactive oxygen species (ROS) is a normal process for aerobic
organisms, in which ROS can modulate different redox-sensitive signaling pathways
[10, 11]. However, under conditions of elevated ROS generation, ROS react with lipids,
producing oxidative damage to macromolecules [12, 13]. In this context, the levels of
malondialdehyde (MDA), originating from oxidative reactions in membrane
lipoproteins, have been used as a marker of damage lipid (lipoperoxidation) and
extensively assessed by the TBARS test [14].

On the other hand, for cellular protection against oxidation agents, such as ROS,
cells possess antioxidant enzymes, such as superoxide dismutase (SOD) and catalase
(CAT). SOD catalyzes the reaction in which two molecules of superoxide anion (O,*)
form hydrogen peroxide (H.O,) and molecular oxygen (O,) and is therefore a source of

cellular H,O,. CAT catalyzes the dismutation of H,0, to water (H,O) and O, [12, 13].
32



During the process of antioxidant protection, thiol (-SH) groups react with ROS to
neutralize these molecules and protect the cell against oxidative damage [15, 16]. As
such, -SH group content has been used as a measurement of oxidative status/stress [15,
17]. The reduced form of glutathione (GSH) is the most abundant intracellular thiol-
based antioxidant, and is prevalent in millimolar concentrations in all living aerobic
cells, where its function is mainly to act as a sulfhydryl buffer [17, 13].

The liver is a vital organ and plays a central role in metabolic homeostasis, with
a wide range of functions, including detoxification and protein synthesis [18]. This
study was carried out to investigate the effects of late-onset chronic CR on parameters
related to oxidative status/stress (total ROS generation and TBARS test), antioxidant
capacity (activities of SOD and CAT) and also redox status (contents of GSH and -SH

groups) in the hepatic tissue of male Wistar rats.

MATERIALS AND METHODS

Animals

Twenty male 120-day-old Wistar rats were obtained from our breeding colony
and were maintained under controlled light and environmental conditions (12-h
light/12-h dark cycle at a constant temperature of 22 + 1 °C) with free access to water.
All animal experiments were carried out in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals (NIH Publications N° 80-23),
revised 1996, and the handling of animals was approved by the local University Ethical

Committee for the Care and Use of Laboratory Animals.

Diets
All groups received regular laboratory chow (Nuvilab-CR1, from Nuvital,

Brazil) shortly before dark cycle onset. Animals were weight matched and divided into
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two groups; ad libitum (AD) and caloric restriction (CR). The AD animals had free
access to chow, whereas the CR was progressive, being initiated at 10% restriction
during the first week, and changed to 20% during the second week and to 30% during
the third week, until the end of treatment (total of seventeen weeks of CR). Food intake

was monitored daily [19].

Experimental procedures

At twelve and seventeen weeks of CR, the serum glucose levels of animals were
evaluated. For this, rats were overnight-starved for 8 hours and serum glucose measured
by collecting a drop of tail blood, using a glucometer. After a total time of seventeen
weeks of dietary regimes, all animals were overnight-starved for 8 h and killed by
decapitation. The liver was immediately dissected out on ice and immediately stored at -

80 °C until the day of analysis.

Evaluation of Intracellular ROS Production

Intracellular ROS production was detected using the non-fluorescent cell
permeating compound, 2°7’-dichlorofluorescein diacetate (DCFH-DA). DCFH-DA is
hydrolyzed by intracellular esterases to dichlorofluorescin (DCFH), which is trapped
within the cell. This non-fluorescent molecule is then oxidized to fluorescent
dichlorofluorescin (DCF) by the action of cellular oxidants. Samples were homogenized
and treated with DCFH-DA (10 uM) for 30 min at 37 °C. Following DCFH-DA
exposure, the samples were scraped into PBS with 0.2% Triton X-100. The fluorescence
was measured in a plate reader (Spectra Max GEMINI XPS, Molecular Devices, USA)
with excitation at 485 nm and emission at 520 nm and values were expressed as

fluorescence units/pg protein [25].
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Lipoperoxidation

The thiobarbituric acid reactive species (TBARS) consists of an acid-heating
reaction of the lipid peroxidation end product, malondialdehyde (MDA), with
thiobarbituric acid (TBA, 4,6-Dihydroxypyrimidine-2-thiol). TBARS were determined
at 532 nm, as previously described [14], and expressed as nmol/mg protein.
Antioxidant enzyme activities

The activity of SOD (E.C.1.15.1.1) was assessed by quantifying the inhibition of
superoxide-dependent adrenaline auto-oxidation in a spectrophotometer at 480 nm [20]
and expressed as Units (U) SOD/mg protein. The activity of CAT (EC 1.11.1.6) was
assayed by measuring the rate of decrease in hydrogen peroxide (H,O,) absorbance in a

spectrophotometer at 240 nm [21] and expressed as U CAT/mg protein.

Glutathione and total thiol contents

The level of total reduced thiol content was determined, as previously described
[31]. Briefly, a 100-pg sample aliquot was diluted in PBS and 10 mM 5,5-dithionitrobis
2-nitrobenzoic acid and read in a spectrophotometer at 412 nm after a 60 min incubation
at 25 °C. Results were expressed as umol SH/mg protein.

Reduced GSH content was determined as previously described [22]. Briefly,
samples were homogenized in sodium phosphate buffer (0.1 M, pH 8.0) containing 5
mM EDTA and protein was precipitated with 1.7% meta-phosphoric acid. Supernatant
was assayed with o-phthaldialdeyde (1 mg/mL of methanol) at room temperature for 15
min. Fluorescence was measured using excitation and emission wavelengths of 350 and
420 nm, respectively. A calibration curve was performed with standard GSH solutions
(0-500 uM). The concentration of GSH was calculated and expressed as nmol/mg

protein.
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Protein content
The total protein content was determined by the modified method of Lowry [23],

using BSA as standard.

Statistical analysis
Data are expressed as mean + standard error mean (S.E.M.) and were analyzed
by Student’s t-test. Values of P < 0.05 were considered significant. All analyses were

performed using the SPSS program, Version 15.0 (SPSS, Chicago, IL).

RESULTS

To evaluate the serum glucose levels of animals, we measured glycemia at two
time-points during the experiment. Results demonstrate no alteration on glucose levels
at both twelve (AD =88 + 4 mg/dL, CR = 88 £ 3 mg/dL, P = 0.9) and seventeen (AD=

94+ 1.2 mg/dL; CR = 88 + 3 mg/dL, P = 0.3) weeks of CR diet.

Effects on total ROS generation and lipoperoxidation

As shown in Fig. 1, the chronic CR (50 £ 8 DCF UF/ug protein) caused a
significant reduction in ROS production (based on oxidation of DCFH-DA) in the liver,
as compared to AD (72 + 4 DCF UF/ug protein, P = 0.017) diet. No differences were
observed in lipoperoxidation between AD (0.013 = 0.003 nmol/mg lipid) and CR (0.017

+ 0.001 nmol/mg lipid, P = 0.278) diets, as demonstrated in Fig. 2.

Effects on antioxidant enzyme activities
No changes were observed in SOD activity in the liver after chronic CR (10 £ 1

U SOD/mg protein), compared to the AD diet (9 + 1 U SOD/mg protein, P = 0.848; Fig.
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3). In addition, CAT activity results showed no difference between AD (25 + 3 U
CAT/mg protein) and CR (21 = 3, U CAT/mg protein, P = 0.985) rats, as demonstrated

in Fig. 4.

Effects on total -SH and GSH contents

No changes were observed in the total SH content (AD = 1.42 £ 0.13; CR = 1.51
+ 0.08 pmol SH/mg protein, P = 0.546; Fig. 5). On the other hand, our results showed
that chronic CR (112+ 10 umol GSH/mg protein) caused a significant increase in the
reduced GSH content when compared to AD (83 umol £ 5 pumol GSH/mg protein, P =

0.014) diet, as shown in Fig. 6.

DISCUSSION

The liver is the central organ for controlling systemic glucose homeostasis in
mammals and maintaining blood glucose levels nearly constant during different
nutritional statuses, being a crucial source of glucose during food deprivation [24]. To
evaluate the serum glucose levels of animals, we measured glycemia at two time-points
during the experiment. Our results showed that twelve and seventeen weeks of CR did
not alter the glucose levels, indicating that the CR protocol used ensures glucose levels
equal to those of AD animals.

We used the DCFH-DA technique to measure the levels of total ROS generation
in hepatic tissue. Our results showed that chronic CR caused a significant reduction
(31%) in total ROS generation and this is consistent with the idea that CR can act by
reducing ROS generation and steady-state levels of markers of oxidative damage to
macromolecules. [4, 8, 9]. Recently, using DCF for quantifying ROS production,
Hayashida and cols (2011) reported a significant reduction in mitochondrial ROS

generation caused by CR [9]. However, no differences were found in total ROS
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generation in homogenate liver [25] and in isolated hepatocytes [26] from rats on CR
diets.

The majority of studies investigating the effects of CR on ROS generation in
liver of rodents measured the H,O, production in isolated mitochondria and reported a
lower H,O, production induced by CR [26, 27, 28, 29, 30]. This decrease in H,O;
production was found to be located at complex I as it only took place with complex I-
linked substrates (pyruvate/malate), where the mechanism involved constitutes a lower
reduction degree in the complex | generator that reduces its free radical leak [30]. As
speculated by Barja (2002), reductions in ROS generation that occur via a decline in the
degree of reduction of complex I may be a highly conserved evolutionary mechanism of
longevity, both between different species and intraspecifically, to resist periods of
scarcity of food [31].

As a reduction in ROS generation was found, we investigated whether this effect
is reflected in the level of lipid peroxidation. For this, we measured the levels of MDA,
an index of lipid peroxidation by ROS, using the TBARS test. Our results demonstrated
that a chronic CR did not alter hepatic lipoperoxidation. On the other hand, previous
results demonstrate that long-term CR causes a significant reduction in hepatic levels of
TBARS [32, 33]. The CR significantly decreases lipid peroxidation in non-diabetic and
streptozotocin-induced diabetic rats [25] and other studies using different strains of rats
and different intensities and durations of CR found a reduction in lipid peroxidation in
the liver mitochondria following 25% and 50% of CR for two weeks (Maheshwari et
al., 2012) and a reduction in lipoperoxidation in total liver homogenates following 40%
of CR (started at two weeks of age) at ages of 12 and 21 months [34].

We measured the activities of two import scavenger ROS enzymes to investigate
whether the observed reduction in ROS generation could be a consequence of the

increased activity of these enzymes. Our results indicated that chronic CR caused no
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change in the activities of hepatic CAT and SOD, suggesting that chronic CR does not
alter the activity of these enzymes in the liver tissue. However, a previous study
reported that 6 months of 40% CR caused a significant increase in the activities of the
SOD and CAT enzymes in old rats [32] and also other results from long-term CR in rats
showed an increase in hepatic SOD and CAT activities [34]. On the other hand, data
show that the CR is able to significantly decrease the activity of hepatic CAT in non-
diabetic and streptozotocin-induced diabetic rats, without significantly decreasing the
activity of hepatic SOD [25]. In mice, previous data indicate that chronic CR increases
SOD activity by 50% and reduces CAT activity by 10% [35], and other data indicate
that CR increase the hepatic CAT activity without altering SOD [36]. This variety of
results suggests that individual activities of the antioxidant enzymes, SOD and CAT, in
different tissues do not follow a consistent pattern in response to CR.

In addition, to verify the effects of CR on the non-enzymatic antioxidant
defense of hepatic tissue, we decided to measure the total content of -SH groups and
GSH. Thiol groups participate in reactions, such as conjugations, redox and exchange
reactions and these react with almost all physiological oxidants, thus protecting cells
and tissues against oxidative damage [15, 37]. Moreover, -SH groups are involved in
most biological properties and functions, such as protein structure, enzyme catalysis and
redox-signaling pathways [38]. Our results demonstrate that CR did not alter the total -
SH content in hepatic tissue. On the other hand, our data demonstrate that a chronic
reduction in calorie intake significantly increases GSH levels and are consistent with
previous data that demonstrate that CR significantly increases the GSH content in
hepatic tissue [25]. In contrast, another study demonstrated a reduction in hepatic GSH
levels in rats subjected to long-term dietary restriction [33].

As reviewed by Sohal and Weindruch (1996), it has been shown that CR can

reduce the steady-state level of oxidative stress and slow the increase in oxidative
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damage associated with aging [9]. We speculate that the decrease in ROS generation
induced by CR could have two different mechanisms, rather than indicating a simple
reduction in oxidative stress/status. Firstly, in our study, no changes were observed for
the activities of SOD and CAT, both of which are ROS scavenger enzymes. These data
corroborate our hypothesis, as the activities of these enzymes are upregulated under
conditions of oxidative stress [39, 40] and we found no difference between the AD and
CR diets.

Secondly, the finding that there were no alterations in MDA levels also suggests
that the decrease in ROS generation does not affect oxidative stress in hepatic tissue. In
fact, ROS are not only causative of cellular injury, but also activate redox signal
pathways [10, 11, 41]. In this context, ROS are important signaling molecules and, from
our results, we suggest that reduced ROS generation, induced by CR, can exert effects
in hepatic tissue.

From the results for the GSH levels, together with the findings for ROS
production, we speculate that the CR could modulate the redox status in liver. The high
level of GSH, a major antioxidant molecule in mammalian cells, induced by CR, could
in part be responsible for the reduction in ROS levels, resulting in a low oxidative
status. Many ROS are quenched by GSH by its reaction with its thiol group [42].
Therefore, the CR could improve the protection of cells against ROS production by
increasing the function of the cellular antioxidant defense system. This idea is consistent
with previous data showing that CR causes an increase in the activity of hepatic
glutathione reductase (GR) and also an increase in GSH content [25].

Another possibility is that the reduction in ROS generation, induced by CR,
could cause a subsequent economy of GSH content. In addition to being a cofactor for

various antioxidant enzymes, GSH possesses several functions, which include direct
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scavenging of *OH, O,, and regeneration of other antioxidants, such as vitamin C and E,
to their active forms [42, 43].

In summary, our results demonstrated that 30% chronic CR induces a reduction
in ROS generation and an increase in GSH content in the hepatic tissue of Wistar rats,
but without changing other redox parameters evaluated such as MDA levels, SOD and
CAT activities and total -SH content. Our results reinforce the idea that CR can
modulate the oxidative status and also the antioxidant defenses in tissues under normal

physiological conditions.
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Figures and Legends
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Figure 1 - Effects of chronic ad libitum (AD) or caloric restriction (CR) diets on total
reactive oxygen species (ROS) generation in the liver tissue. Data indicate that CR (n =
8) caused an approximately 70% reduction in ROS generation, when compared to the
AD (n = 10) diet. (*) Significantly different from AD (P = 0.017). Data are means *

S.E.M.
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Figure 2 - Effects of chronic ad libitum (AD) or caloric restriction (CR) diets on

malondialdehyde (MDA) levels in the liver tissue. Data indicate that neither the AD (n
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= 10) nor chronic CR (n = 8) diets alter MDA levels (P = 0.278). Data are means *

S.E.M.
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Figure 3 - Effects of chronic ad libitum (AD) or caloric restriction (CR) diets on

superoxide dismutase (SOD) activity in the liver tissue. Data indicate that neither the
AD (n = 10) nor the chronic CR (n = 10) diets alter SOD activity (P = 0.848). Data are

means = S.E.M.
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Figure 4 - Effects of chronic ad libitum (AD) or caloric restriction (CR) diets on
catalase (CAT) activity in the liver tissue. The data indicate that neither the AD (n = 9)
nor the chronic CR (n = 8) diets alter SOD activity (P = 0.985). Data are means *

S.E.M.
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Figure 5 - Effects of chronic ad libitum (AD) or caloric restriction (CR) diets on total
thiol (-SH) content in liver tissue. The data indicate that neither the AD (n = 10) nor the
chronic CR (n = 10) diets altered the total -SH content (P = 0.546). Data are means *

S.E.M.
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Figure 6 - Effects of chronic ad libitum (AD) or caloric restriction (CR) diets on

reduced glutathione (GSH) content in liver tissue. The data indicate that chronic CR (n

= 10) induce a 135% increase in GSH content when compared to AD (n =10) diet. (*)

Significant different from AD (P = 0.014). Data are mean + S.E.M.
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CAPITULO 111

Effects of long-term caloric restriction on memory impairment and
biochemical and morphological parameters in brain of rats from

streptozotocin-induced model of dementia
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Observacdo: A parte introdutdria referente a este artigo em preparacdo encontra-se na
seccdo “Introducdo” desta tese (pagina 12 a 16) e a discusséo deste artigo encontra-se na

secgdo “Discussdo” desta tese (pagina 81 a 88).
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Materials and methods

Animals and Diets

Fifty male 120-day-old Wistar rats were obtained from our breeding colony (at
the Department of Biochemistry, Universidade Federal do Rio Grande do Sul) and were
maintained under controlled light and environmental conditions (12-h light/12-h dark
cycle at a constant temperature of 22 £ 1 °C) with free access to water. All animal
experiments were carried out in accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals (NIH Publications No. 80-23), revised
1996, and following the regulations of the local animal house authorities. Animals were
weight matched and divided into four groups: Sham ad libitum (Sham-AD); Sham
caloric restricted (Sham-CR); streptozotocin ad libitum (STZ-AD) and streptozotocin

caloric restricted (STZ-CR).

CR diet

All groups received regular laboratory chow (Nuvilab-CR1, from Nuvital,
Brazil) shortly before dark cycle onset. The CR was progressive, initiated at 10%
restriction in the first week, changed to 20% at second week, and to 30% at third week
until the end of treatment (total of seventeen weeks of CR). The food intake was
monitored daily, and the animals were weighed weekly (adapted from Ribeiro et al.,

2009).

Stereotaxic Surgery
After twelve weeks of AD and CR diets, the surgery was performed, as
described in our previous studies (Rodrigues et al., 2009, 2010). Briefly, rats were

anesthetized with ketamine/xylazine (75 and 10 mg/kg, respectively, i.p.) and
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positioned in a stereotaxic apparatus. A midline sagittal incision was made in the scalp
and burr holes were drilled in the skull on both sides over the lateral ventricles. The
lateral ventricles were accessed using the following coordinates (Paxinos and Watson
1998): 0.9 mm posterior to the bregma; 1.5 mm lateral to the sagittal suture; 3.6 mm
beneath the surface of the brain. Both STZ groups (STZ/AD and STZ/CR) received a
single bilateral infusion of 5 puL STZ (3 mg/kg), while sham groups (sham/AD and
sham/CR) received the same volume of vehicle (Hank’s balanced salt solution—
HBSS—containing in mM: 137 NaCl; 0.63 Na;HPOg; 4.17 NaHCOs3; 5.36 KCI; 0.44
KH,PQOy4; 1.26 CaCl,; 0.41 MgSO,; 0.49 MgCl,; and 10 glucose, in pH 7.4) using a 10-
ML Hamilton syringe. At post-surgery, rats were placed on a heating pad to maintain
body temperature at 37.5 £ 0.5 °C, and were maintained there until recovery from

anesthesia. Only two animals died after surgery, two from STZ-AD group.

Morris water maze test

After the stereotaxic surgery, all groups were maintained on their dietary
regimes (AD or CR) for more five weeks. Behind this time, the animals were submitted
to spatial learning evaluation in the Morris water maze test using the Reference Memory
protocol, as described in our previous studies (Rodrigues et al., 2009, 2010). This
procedure was performed between 08:00 and 12:00 h. The apparatus consisted of a
circular pool (180 cm diameter, 60 cm high), filled with water (depth 30 cm; 24 £ 1 °C)
and placed in a room with consistently located spatial clues. An escape platform (10 cm
diameter) was placed in the middle of one of the quadrants, 1.5 cm below the water
surface, equidistant from the sidewall and the middle of the pool. The platform provided
the only escape from water and was located in the same quadrant for every trial. Four
different starting positions were equally spaced around the perimeter of the pool. On

each training day, all four start positions were used once in a random sequence, i.e., four
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training trials per day. A trial began by placing the animal in the water facing the wall
of the pool at one of the starting points. If the animal failed to escape within 60 s, it was
gently conducted to the platform by the experimenter. The rat was allowed to stay there
for 20 s. The inter-trial interval was 10 min. After each trial, the rats were dried and
returned to their cages at the end of the session. Animals were trained for 5 days. At 24
h after the last training session, the rats were submitted to a test session (7 weeks after
surgery). Before this session, the submerged platform was removed. The retention test
consisted of placing the animals in the water for 1 min. The latency to arrive at the
original platform location, the number of crossings over the previous location and time
spent in the target quadrant compared to the opposite quadrant were measured on the

day of testing.

Cerebrospinal fluid and serum samples

One day after the Morris water maze task (total time of seventeen weeks of AD
and CR dietary regimes), all animals were overnight-starved (8th hours), anesthetized
(ketamine and xylazine 75 and 10 mg/kg, i.p.) and positioned in a stereotaxic holder for
cerebrospinal fluid collection from the cisterna magna. The puncture was performed
using an insulin syringe (27 gauge 9 1/200 length). Rats were then removed from the
stereotaxic apparatus and placed in a flat place; whole blood was obtained through an
intracardiac puncture using a 0.37-mm diameter needle. The blood samples were
incubated at room temperature (25 °C) for 10 min and centrifugated at 3000 rpm for 10
min. Serum and CSF were stored at -80 °C until the day of the analysis. Biochemical
analyses were carried out in a multi-test analyzer (Mega; Merck, Darmstadt, Germany),
using specific kits supplied by Labtest (Brazil): glucose, total protein; albumin; urea;

creatinin; total cholesterol, HDL cholesterol and triacylglycerol.
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Brain tissue samples

The animals were Killed by decapitation, brains were removed and right and left
hemispheres were separated. The left brain structures (frontal cerebral cortex,
hippocampus and striatum) were dissected out and placed in cold saline medium with
the following composition (in mM): 120 NaCl; 2 KCI; 1 CaCl2; 1 MgS0O4; 25 HEPES;
1 KH2PO4 and 10 glucose, adjusted to pH 7.4, and transverse slices of 0.3 mm were
obtained using a Mcllwain Tissue Chopper for subsequent analysis. The samples were
immediately stored at -80 °C until the day of biochemical analyses. The right
hemispheres were processed to immunofluorescence and confocal microscopy, as

follow described.

ELISA for S100B

The S100B immunocontents in liquor, serum and adipose were measured by
ELISA (Leite et al., 2008). Briefly, 50 pL of sample plus 50 pL of Tris buffer were
incubated for 2 h on a microtiter plate previously coated with monoclonal anti-S100B
(SH-B1). Polyclonal anti-S100B was incubated for 30 min and then peroxidase-
conjugated anti-rabbit antibody was added for a further 30 min. A colorimetric reaction
with o-phenylenediamine was measured at 492 nm. The standard S100B curve ranged

from 0.01 to 10 ng/mL.

ROS Production

Intracellular ROS production was detected using the non-fluorescent cell
permeating compound, 2’7’-dichlorofluorescein diacetate (DCFH-DA). DCFH-DA is
hydrolyzed by intracellular esterases to dichlorofluorescin (DCFH), which is trapped
within the cell. This non-fluorescent molecule is then oxidized to fluorescent

dichlorofluorescin (DCF) by the action of cellular oxidants. Samples were homogenized
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and treated with DCFH-DA (10 uM) for 30 min at 37 °C. Following DCFH-DA
exposure, the samples were scraped into PBS with 0.2% Triton X-100. The fluorescence
was measured in a plate reader (Spectra Max GEMINI XPS, Molecular Devices, USA)
with excitation at 485 nm and emission at 520 nm and values were expressed as

fluorescence units/pg protein (De Almeida et al., 2008).

GSH content

GSH content was determined as previously described (Browne and Armstrong,
1998). Briefly, samples were homogenized in sodium phosphate buffer (0.1 M, pH 8.0)
containing 5 mM EDTA and protein was precipitated with 1.7% meta-phosphoric acid.
Supernatant was assayed with o-phthaldialdeyde (1 mg/mL of methanol) at room
temperature for 15 min. Fluorescence was measured using excitation and emission
wavelengths of 350 and 420 nm, respectively. A calibration curve was performed with
standard GSH solutions (0-500 puM). GSH concentrations were calculated and

expressed as nmol/mg protein.

Western blotting

For Western blotting analysis proteins were isolated in RIPA buffer (50 mM
Tris-HCI, pH7,5, 150 mM NaCl, 1% IGEPAL, 0,5% Triton X-100, 0.1% SDS)
containing a cocktail inhibitor of protease and phosfatases (0.5 ul of cocktail/ml of
buffer). The homogenates were centrifuged at 12,000 rpm at 4 °C for 10 min. Equals
amounts of proteins (10 pug per lane) were load, separated by 10% SDS-PAGE and
blotted onto nitrocellulose membranes. The membranes were overnight blocked at 7 °C
with TBS buffer (150 mM NaCl, 50 mM Tris, pH 7.5) containing 2% BSA (bovine
serum albumin) and overnight incubated at 7 °C with mouse monoclonal anti-SYN

(Millipore, MAB368), diluted 1:2000 in Tween-TBS (0.05% Tween 20) buffer
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containing 2% BSA. After, the membranes were incubated with anti-mouse peroxidase-
linked, diluted 1:2000 in TBST (0.05% Tween 20) buffer containing 2% BSA (adapted
from Mladenovic-Djordjevic et al., 2010). Protein-antibody complexes were visualized
using the enhanced chemiluminescence detection system according to the
manufacturer’s protocol (ECL, Amersham Biosciences, NJ, EUA). The protein bands
were quantified with Optic Quanty software and standardized to the measurement

results of the Sham-AD group.

Immunofluorescence and Confocal analysis

The right hemispheres were fixed with 4% paraformaldehyde for 4 h at room
temperature and cryoprotected by immersing in 15% and 30% sucrose solution in PBS
at 4°C. The hemispheres were then frozen by immersion in isopentane cooled with CO,
and stored in a freezer (-80°C) for later analyses. Serial coronal sections (40 um) of
frontal cortex, hippocampus and striatum were obtained using a cryostat at -20°C
(Leitz). The sections were processed for double immunofluorescence labeling for SYN
and GFAP. The free-floating sections were incubated two overnights at 4°C with rabbit
polyclonal anti-GFAP (DAKO) and mouse monoclonal anti-SYN (Millipore,
MAB368), both diluted 1:3000 in PBS-Tx 0.3%. After washing several times in PBS,
tissue sections were incubated with anti-rabbit Alexa 488 and anti-mouse Alexa 568,
both diluted 1:500 in PBS-TX 0.3% for 1 h at room temperature. Afterwards, the
sections were washed several times in PBS, transferred to slides covered with gel
followed by rapidly dry at 37 °C, mounted with Fluor Save and covered with coverslips.
The negative control was done by omitting primary antibodies. The images were

obtained with a Confocal Olympus IX-81 microscope.

Protein content
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The total protein content was determined by the modified method of Lowry

(Peterson, 1977), using BSA as standard.

Statistical analysis

Body mass gain and escape latency were evaluated by repeated measures
analysis of variance (ANOVA) and other data were evaluated by two-way ANOVA.
Difference between groups were determined by one-way ANOVA followed by Tukey’s
test, assuming P < 0.05. The Student’s t test was used only to compare the time spent in
quadrants (target x opposite), assuming P < 0.05. Data are presented as means *
standard error. All analyses were performed using the SPSS program, Version 15.0

(SPSS, Chicago, IL).

Results

Body weight gain

We measured the body weight of all animals once a week during the
experimental period to determine the effects of CR diet and ICV-STZ injection on body
weight gain. As illustrated in Fig. 1, the CR diet adopted was able to significant reduced
the body weight gain when compared to AD diet. The sham-CR group (373 + 16 g) had
an approximately 28% reduction in body weight gain when compared to sham-AD
group (471 + 18 g, P =0.001) and the STZ-CR group (384 * 6 g) had an approximately
27% reduction in body weight gain when compared to STZ-AD group (486 +7 g, P =

0.001).
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Fig. 1 - Body weight gain of rats submitted to CR diet and ICV-STZ injection. The
values represent the body weight at first and at seventeen weeks of experimental period.
The results shown that CR diet caused a significant reduction in body weight gain, as
revealed by two-way ANOVA, which demonstrated a significant effect of CR factor
(Fazn = 6.933, P = 0.014). Both CR groups (Sham-CR and STZ-CR) presented a
significant reduction in body weight gain when compared to their contrapartners AD
groups. The values that share the same superscript letters are significantly different,

one-way ANOVA, followed by Tukey’s test, (a) P = 0.014; (b) P = 0.014.

Serum biochemistry

We performed several serum biochemistry analyses at the end of experimental
period to verify the nutritional and metabolic status of animals submitted to CR diet and
ICV-ST injection. As shown in Table 1, no differences between the groups were found

in levels of glucose, total protein, albumin, urea, uric acid, creatinin and triacylglycerol.
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Table 1- Serum biochemistry.

Sham-AD Sham-CR STZ-AD STZ-CR
Glucose (mg/dL) 1057 101+8 103+7 1056
Total Protein (g/dL) 6.3+0.2 6.3+0.1 6.4+0.2 6.3+0.1
Albumin (g/dL) 2.9+0.03 2.7£0.04 2.8+0.05 2.8+0.06
Urea (mg/dL) 58+3 63+4 63+4 59+4
Uric Acid (mg/dL) 0.6+0.04 0.7£0.05 0.7£0.09 0.6+0.05
Creatinin (mg/dL) 0.61+0.03 0.58+0.04 0.58+0.3 0.62+0.04
Cholesterol (mg/dL) 82+4%" 66+5° 89+5" 7323
HDL (mg/dL) 30+4 3445 36+3° 27+2°
Triacylglycerol (mg/dL) 56+8 5915 49+7 49+4

Cholesterol: two-way ANOVA reveled a significant effect of CR (F36) = 20.212, P =
0.003) and significant effect of STZ factor (F(1,36 = 18.756, P = 0.004); the values that
share the same superscript letters are significantly different (one-way ANOVA,
followed by Tukey’s test, (a) P = 0.03; (b) P = 0.03; (c) P = 0.02). HDL.: (e) statistical
tendency to be different (one-way ANOVA, followed by Tukey’s test). Data are

expressed as mean + standard error of mean (n = 8-10 for each group).

Cognitive effects

We adopted the Morris water maze (MWM) test to evaluate the effects of ICV-
STZ infusion and CR diet on reference memory in the four groups: Sham-AD, Sham-
CR, STZ-AD and STZ-CR. In the training sessions, from day 3 onwards, there was a
significant increase in the average time to find the platform (escape latency) in the STZ-
AD group, when compared with others groups (Fig. 2A) (F34) = 17.375, P = 0.001). In

the probe trial, the STZ-AD group presented the highest latency to arrive at the original
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platform location, in relation to all other groups (Fig. 2B) (F42) = 8.571, P = 0.005).
Moreover, the number of crossings over the previous platform location were
significantly lower in the STZ-AD group when compared with the other groups (Fig.
2C) (Fa42) = 20.639, P = 0.001). The CR diet per se significantly increased the number
of crossings in the previous platform location (F(1,42) = 23.212, P = 0.001) and was able
to prevent and/or revert the cognitive decline observed in this model (Fig. 2C). In
addition, the STZ-AD group demonstrated no differences in the time spent in the target
quadrant when compared with the opposite quadrant (Student’s t test, P = 0.527), in

contrast to the other groups (Fig. 2D).
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Fig. 2 - Cognitive performance of rats submitted to CR diet and ICV-STZ injection, as
evaluated by the Morris water maze test. A) Performance in the reference memory
protocol, based on escape latency. Each point represents the mean + standard error.
*Significant differences were detected by comparing STZ-AD and other groups from
day 3 onward (N = 11-12, repeated-measures ANOVA followed by Tukey’s test, P <
0.05). B) Memory in the probe trial of reference memory, as measured by latency to
arrive at the original place of platform location. Values are mean + standard error. STZ-
AD was different from other groups (N = 11-12, two-way ANOVA followed by

Tukey’s test, P < 0.05). C) Number of crossings over the previous platform position.
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Values are mean + standard error. The values that share the same superscript letters are
significantly different. (N = 11-12, two-way ANOVA followed by Tukey’s test, a) P =
0.01; b) P =0.008; c) P = 0.004. D) Time spent in the target quadrant compared to the
opposite quadrant. Values are mean = standard error. *Significant difference between

the times spent in quadrants in each group (N = 11-12, Student’s t test, P < 0.05).

S100B immunocontent

To investigated the effects of CR diet and ICV-STZ injection on S100B
immunocontet in liquor, serum and adipose tissue we used the ELISA technique. As
showed in Fig. 3A, the STZ-AD group presented a significant reduction in liquor S100B
immunocontent when compared to Sham-AD group (P = 0.007) and when compared to
Sham-CR group (P = 0.004). Note that the CR did not have per se effect in liquor
S100B levels (F(1.26) = 1.877, P = 0.182). In serum, the STZ-AD group (0.16 + 0.03 ng
S100B/ mL) presented the highest S100B immunocontent in relation to all other groups
(Fig. 3B) (F,26) = 10.586, P = 0.001). Note that the CR diet was able to prevent and/or
revert this increase when compared the STZ-CR group (0.05 + 0.01 ng S100B/ mL) to
STZ-AD group (P = 0.002). As showed in Fig. 3C, the STZ-RC group (0.96 £ 0.06 ng
S100B/ pg protein) presented a significant reduction in adipose S100B immunocontent,

when compared to STZ-AD group (1.24 £ 0.09 ng S100B/ ug protein, P = 0.034).

A) Liquor S100B
4_

~ 3

E3 | ] |

22 - | |

@ 2-

S 11 *

_
0

Sham-AD Sham-CR STZ-AD STZ-CR 61



=

Serum S100B

0,2 - *

S100B ( ng/mL)
o
H

Sham-AD Sham-CR STZ-AD STZ-CR

Y

Adipose S100B

1,40 -
1,20 -
1,00 -
0,80 -
0,60 -
0,40 -
0,20 -
0,00

HH
A

S100B ( ng/ug protein)

Sham-AD Sham-CR STZ-AD STZ-CR

Fig. 3 - Effects of CR diet and ICV-STZ injection on S100B immunocontent, measured
by ELISA. A) Liquor S100B: the results shown that ICV-STZ injection caused a
significant reduction in liquor S100B levels, as revealed by two-way ANOVA, which
demonstrated a significant effect of STZ factor (F(1.26) = 17.934, P = 0.001); *significant
different from Sham-AD group (one-way ANOVA, followed by Tukey’s test, P =
0.007) and from Sham-CR group (P = 0.004). B) Serum S100B: the results shown that
ICV-STZ injection caused a significant increase in serum S100B levels (effect of STZ
factor, F(126) = 5.673, P = 0.025); note that CR diet was able to prevent and/or revert the
increase in S100B levels induced by ICV-STZ injection (significant effect of CR factor,

Fa26) = 15.224, P = 0.001 and interaction between STZ and CR factors, F 26 = 9.120,
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P = 0.006); *significant different from other groups (one-way ANOVA, followed by
Tukey’s test, P < 0.004). C) Adipose S100B, there was a significant reduction in
adipose S100B levels when compared the STZ-CR group to STZ-AD group (one-way
ANOVA, followed by Tukey’s test, *P = 0.034). Values are mean * standard error (N =

8-10 for group).

ROS generation

We used the technique of DCFH-DA to measure the levels of total ROS
generation in cortex, hippocampus and striatum of rats submitted to CR diet and ICV-
STZ injection. As showed in Fig. 4A, the Sham-AD group (52 + 5 DCF UF/ug protein)
presented the highest cortical ROS generation in relation to all other groups (F(.42) =
8.571, P <0.02). The Sham-CR group (38 + 3 DCF UF/ug protein), STZ-AD group (38
+ 3 DCF UF/ug protein) and STZ-CR (25 + 2 DCF UF/ug protein) showed a significant
reduction in cortical ROS generation when compared to Sham-AD (P = 0.020). Also,
there was a tendency to ROS generation be lower in STZ-CR (25 £ 2 DCF UF/ug
protein) when compared to STZ-AD (38 + 3 DCF UF/ug protein, P = 0.062). In the
hippocampus, the Sham-CR group presented the highest level of ROS generation in
relation to all other groups (Fig. 4B) (P < 0.05). As showed in Fig. 4C, the ICV-STZ

injection and CR diet did not alters the striatal ROS generation.
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B) Hippocampal ROS generation
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Fig. 4 - Effects of CR diet and ICV-STZ injection on total ROS generation based on
DCFH-DA technique. A) Cortical ROS generation: the results demonstrate that ICV-
STZ injection caused a significant reduction in total ROS generation, as revealed by
two-way ANOVA, which demonstrated a significant effect of STZ factor (F(20) =
5.061, P = 0.032); *Significant different from other groups, (one-way ANOVA,
followed by Tukey’s test, P < 0.03; the values that share the same superscript letters are
significantly different, a) P = 0.001; # tendency to be different to STZ-AD, P = 0.062.
B) Hippocampal ROS generation: the results demonstrate that CR diet caused a
significant increase in ROS generation (significant effect of CR factor F(.7) = 6.933, P

= 0.014); *Significant different from other groups, (one-way ANOVA, followed by
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Tukey’s test, P < 0.03. C) Striatal ROS generation: the results demonstrate that neither
CR diet nor ICV-STZ injection alters the striatal ROS generation. Values are mean +

standard error (N = 8-10 for group).

GSH content

The content of GSH was determined to evaluate the effects of CR diet and ICV-
STZ injection in this antioxidant thiol-based peptide. As showed in Fig. 5A, no changes
were observed in cortical GSH content at both CR diet and ICV-STZ injection. In the
hippocampus, the STZ-AD group (10 £ 1 pmol GSH/mg protein) presented the lowest
level of GSH in relation to all other groups (Fig. 5B) (P < 0.002). The STZ-CR group
(20 = 2 pmol GSH/mg protein) showed a significant increase in GSH content when
compared to STZ-AD group (P = 0.001). Note that CR diet did not have per se effect.
In the striatum, the Sham-AD group (3.36 = 0.21 pmol GSH/mg protein) presented the
highest GSH content in relation to all other groups (Fig. 5C) (P < 0.03). Both Sham-CR
group (2.22 = 0.15 pmol GSH/mg protein) and STZ-AD group (1.9 + 0.38 pmol
GSH/mg protein) and STZ-CR group (2.2 £ 0.31 pumol GSH/mg protein) showed a
significant reductions in striatal GSH content when compared to Sham-AD group (P =

0.037, P =0.003 and P = 0.023, respectively).
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Fig 5 - Effects of CR diet and ICV-STZ injection on GSH levels. A) Cortical GSH: the
results shown that neither CR diet nor ICV-STZ injection alters GSH levels. B)
Hippocampal GSH: the results demonstrate that ICV-STZ injection caused a significant
reduction in hippocampal GSH levels, as revealed by two-way ANOVA, which
demonstrated a significant effect of STZ factor (Fq 29 = 5.061, P = 0.032); note that CR
diet prevented and/or reverted the decrease in hippocampal GSH levels (significant
effect of CR factor F(i29) = 9.791, P = 0.004); *significant different from other groups

(one-way ANOVA, followed by Tukey’s test, P < 0.002). C) Striatal GSH: the results
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demonstrate that ICV-STZ injection caused a significant reduction in GSH levels
(significant effect of CR factor F(1 27 = 6.933, P = 0.014); *Significant different from
other groups, (one-way ANOVA, followed by Tukey’s test, P < 0.03). Values are mean

+ standard error (N = 8-10 for group).

SYN expression

We used the western blotting analyses to measure the levels of SYN in frontal
cortex, hippocampus and striatum of rats submitted to CR diet and ICV-STZ injection.
In frontal cortex (Fig. 6A) and striatum (Fig. 6C) the CR diet and ICV-STZ injection
did not showed effect on SYN expression. On the other hand, ss showed in Fig. 6B, the
STZ-AD group (88 + 4%) showed a significant reduction in hippocampal SYN
expression, when compared to Sham-CR group (P = 0.038). Note that CR diet did not

alter per se the hippocampal SYN expression (F26) = 0.164, P = 0.688).
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Fig 6 - Effects of CR diet and ICV-STZ injection on SYN expression. A) Cortical SYN:
the results shown that neither CR diet nor ICV-STZ injection alters the SYN expression.
B) Hippocampal SYN: the results shown that ICV-STZ injection caused a significant
reduction of SYN expression, as revealed by two-way ANOVA, which demonstrated a
significant effect of STZ factor (F 26 = 10.934, P = 0.004); *Significant different from
control group (P = 0.038). C) Striatal SYN: the results shown that neither CR diet nor
ICV-STZ injection alters the SYN expression. Values are calculate in percentage,
assuming the Sham-AD group as control group (100% of SYN expression, horizontal

bar).Values are mean + standard error (N = 6-8, for grup).
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Confocal microscopy

In the frontal cortex, immunostaining for SYN appears diffusely throughout the
tissue, with more intensive marked regions corresponding to regions of pre-synaptic
contact (Fig. 7 A-D). Also, immunostaining around the neuronal bodies may correspond
to presynaptic contacts from axosomatic synapses. Immune negative regions for SYN
were confirmed, including the corpus callosum (not showed) and the region of neuronal
bodies. There was no difference between the groups in immunostaining for SYN. The
analysis of obtained images seem to indicate an increase of GFAP immunostaining
specifically in the cortical layer I1-11l of the STZ-AD and STZ-CR groups when
compared to Sham-AD and Sham-CR, suggesting a possible astrogliosis induced by
STZ.

In the hippocampus, specifically in the region of the dentate gyrus, confocal
microscopy indicated a reduction of immunostaining for SYN in STZ-AD group when
compared to Sham-AD and Sham-CR groups, which suggest a possible reduction in
presynaptic contacts (Fig. 7 E-H). Furthermore, STZ-CR group appears to have a more
pronounced immunostaining for SYN when compared to STZ-AD and also appears
there was no difference between STZ-CR, Sham-AD and Sham-STZ groups. The
images showed an increased immunostaining for GFAP in STZ-AD group when
compared to Sham-AD and Sham-CR, which suggests a possible astrogliosis caused by
the infusion of STZ. Apparently the CR is able to prevent/revert this astrogliosis, since
the STZ-CR group- appears to have a reduced immunostaining for GFAP when
compared to STZ-AD group.

In the striatum, the images showed that there was no difference in SYN and
GFAP immunostaining between four groups studied, suggesting that both infusion STZ
when the CR cause no effects on these protein specifically in this brain structure (Fig. 7

1-M).

69



B) Sham-CR

|

C) STZ-AD




F) Sham-CR

PL

G) STZ-AD

PL

GCLmb

ML




SYN
[) Sham-AD

J) Sham-CR

L) STZ-AD




Fig.7 - Confocal microscopy images of the effects of CR diet and ICV-STZ injection.
The serial stack images of SYN and GFAP immunofluorescence staining were obtained
with a Confocal Olympus 1X-81 microscope. A-D) Frontal cerebral cortex: The
expression of SYN was not altered among groups and there is apparently a more intense
immunolabeling for GFAP in layer | than in Il layer on Sham-AD and Sham-CR
groups. In STZ-AD and STZ-CR groups immunolabeling in layers | and Il is apparently
the same; layer I, layer I1l-11l, » pia mater. E-F) Dentate gyrus of hippocampus: The
ICV-STZ injection significantly decreased SYN expression and increased GFAP
expression (indicative of astrogliosis) (panel G); Interestingly, CR diet prevented and/or
revert the STZ effect on SYN and GFAP expression (panel H); GCLmb: medial blade
of granular cell layer, ML: molecular layer, PL: plexiform layer, * blood vessels. 1-M)
Striatum: The expression of SYN and GFAP were not altered among groups in
striatum. Magnification x 400, 1.35 um of optical stack thickness and thirteen confocal
planes. Scale bar = 50 pm.
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3. Discussao

3.1.  Estado nutricional e metabolico

O peso dos animais foi monitorado semanalmente para a avaliagdo do ganho de
peso corporal ao longo do periodo experimental. Apds 17 semanas, 0 grupo de animais
submetido & RC apresentou uma reducdo significativa de 28% no ganho de peso
corporal quando comparados ao grupo de animais AD. Tais resultados estdo de acordo
com dados recentemente publicados pelo nosso grupo de pesquisa, nos quais 12
semanas de RC resultaram em reducéo de 27% de ganho de peso corporal (Santin et al.,
2011), sugerindo uma boa reprodutibilidade deste modelo de RC.

Os niveis de glicose plasmatica foram medidos utilizando-se um glicbmetro, em
dois tempos ao longo do periodo experimental. Os resultados demonstraram que 12 e 17
semanas de RC ndo alteraram os niveis de glicose, o que indica que o protocolo de RC
adotado garante niveis de glicose iguais aos dos animais do grupo AD. O estado
nutricional e metabolico dos animais submetidos a dieta AD e RC foram feitos ao final
do periodo experimental, por meio de medidas bioquimicas séricas. Os resultados
demonstraram ndo haver diferencas entre 0s dois grupos, o que indica um bom estado
de saude e adequada nutricdo dos animais. Entretanto, a RC causou uma reducao
significativa nos niveis de colesterol sérico, 0 que estd de acordo com dados prévios

(Santin et al., 2011).

3.2.  Efeitos da RC sobre os tecidos periféricos
3.2.1 Espécies reativas de oxigénio

Os niveis de geracdo total de ROS no figado foram mensurados pela técnica de
DCFH-DA. Os resultados demonstraram que a RC cronica causou uma reducao

significativa de 31% na geracgdo total de ROS e este dado esta de acordo com a idéia de
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que a RC pode atuar reduzindo a geracdo de ROS e reduzindo os niveis basais de
marcadores de dano oxidativo a macromoléculas (Sohal e Weindruch, 1996;
Kowaltowski, 2011, Speakman e Mitchell, 2011). Recentemente, utilizando a técnica
de DCF, Hayashida e cols (2011) reportaram uma reducdo significativa na geracdo de
ROS mitocondriais induzida pela RC (Hayashida et al., 2011). Entretanto, ndo foram
encontradas diferencas na geracao total de ROS em homogenato de figado (Ugochukwu
e Figgers, 2007) e em hepatdcitos isolados de ratos submetidos a RC (Lambert e Merry,
2005).

A maioria dos estudos que investigaram os efeitos da RC sobre a geracdo de
ROS no figado de roedores mensuraram a producdo de H,O, em isolado mitocondrial e
tem sido reportado uma diminui¢do na producédo de H,O, causada pela RC (Gomez et
al., 2007, Lambert e Merry, 2005, Hagopian et al., 2005, Lopez-Torres et al., 2002, Ash
e Merry, 2011). Esta diminuicdo tem sido localizada no complexo | da cadeia
transportadora de elétrons, pois tal diminuigdo acontece apenas com substratos ligados
ao complexo | (piruvato/malato) e o mecanismo envolvido € um baixo grau de reducéo
do gerador complexo I, o que reduz o fluxo de elétrons através deste complexo (Lopez-
Torres et al., 2002). Como especulado por Barja (2002) a reducdo na geracdo de ROS
através de um declinio no grau de reducdo do complexo | pode ser um mecanismos
evolucionario da longevidade altamente conservado, tanto entre diferentes espécies
guanto em uma espécie especifica para resistir a periodos de escassez de alimento

(Barja, 2002).

3.2.2. Marcadores de dano
Como foi encontrada uma reducdo na geracdo de ROS, nos decidimos investigar
se tal efeito poderia ser refletido nos niveis de peroxidagéo lipidica no figado. Para isto,

mensuramos 0s niveis de MDA, um marcador de peroxidacdo lipidica causada por
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ROS, utilizando o teste de TBARS. Os resultados obtidos demonstraram que a RC
cronica ndo alterou a lipoperoxidacdo hepética. Por outro lado, resultados prévios
demonstraram que a RC de longo prazo causa uma reducdo significativa nos niveis
hepéticos de TBARS (Aydin et al., 2007, Hamden et al., 2009). Ainda, a RC diminuiu
significativamente a peroxidac&o lipidica em ratos ndo diabéticos e diabéticos induzidos
por estreptozotocina (Ugochukwu e Figgers, 2007) e outros estudos utilizando
diferentes cepas de ratos e diferentes intensidades e duragdes de RC encontraram uma
reducdo na lipoperoxidacdo em isolado mitocondrial hepatico com 25% e 50% de RC
durante 2 semanas (Maheshwari et al., 2012) e uma reducdo da lipoperoxidagdo em
homogenato total hepatico com 40% de RC aos 12 e aos 21 meses de idade (Rao et al.,
1990).

Para avaliar parametros de dano/modificacdo oxidativa em proteinas,
mensuramos o conteddo de grupamentos carbonis no rim e coracdo. Os resultados
indicaram que a RC ndo altera a carbonilagdo de proteinas no rim. Interessantemente,
nossos resultados demonstram que a RC aumenta significativamente os grupos carbonis
no coracdo. Neste contexto, Sohal e cols. (1994) encontraram um aumento no contetido
de proteinas carboniladas relacionado ao envelhecimento, no rim e coracdo de
camundongos, e tal aumento foi significativamente reduzido pela RC (Sohal et al.,
1994). Além disso, outros resultados demonstraram que RC pode reduzir a carbonilacao
de proteinas no rim de ratos (Chen et al., 2008). Os nossos resultados de aumento na
carbonilacdo de proteinas no coracdo estdo de acordo com dados prévios, nos quais a
RC de curta duracdo (2 meses) causou um aumento significativo no contetdo de
proteinas carboniladas citosélicas e mitocondriais no coracdo (Judge et al., 2004).
Entretanto, Colotti e cols (2005) ndo encontraram nenhuma diferenca no contetdo de
carbonis no coragéo entre ratos submetidos a 21 meses de jejum intermitente ou dieta

AD (Colotti et al., 2005).
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A carbonilagdo de proteinas tem sido relacionada com dano oxidativo a
proteinas, ou seja, tal pardmetro pode refletir a propor¢cdo de proteinas que foram
danificadas através da oxidagdo, o que leva a dano da fungdo da proteina, tendo assim
papel central nos mecanismos basicos de diversas doencas e na senescéncia (Berlett e
Stadtman, 1997, Stadtman e Berlett, 1998). Todavia, a carbonilacdo de proteinas pode
ter também um papel potencial no controle da qualidade de proteinas e na deterioracao
celular (Nystrom, 2005), pode ocorrer em animais jovens e tecidos normais, bem como,
em condi¢Bes patolégicas e em animais velhos, o que indica que a carbonilacdo de

proteinas pode ter um papel fisiol6gico (Nystrom, 2005; Nakamura et al., 2010).

3.2.3. Defesas antioxidantes ndo-enzimaticas

O conteudo total de grupos —SH foi avaliado no rim, no coracdo e no figado e
ndo foram encontradas diferencas entre os grupo AD e RC. Ao nosso conhecimento,
este € o primeiro estudo a mensurar o conteudo de grupos -SH no rim de ratos
submetidos a RC cronica. Entretanto, outro estudo indicou que a RC crbnica em
camundongos velhos pode aumentar o conteido de grupos -SH (Forster et al., 2000). Os
grupos -SH participam de varias reacdes, como conjugacdes, e podem reagir com quase
todos oxidantes fisiologicos, assim protegendo as células e tecidos contra o dano
oxidativo (Winterbourn e Hampton, 2008, Di Simplicio et al., 2003). Além disso, 0s
grupos -SH estdo envolvidos em muitas propriedades e fungdes bioldgicas, como na
estrutura de proteinas, catalises enzimaticas e vias de sinalizacdo sensiveis ao estado
redox (Bindoli et al., 2008).

NOs também mensuramos no figado os niveis de GSH, o mais abundante
antioxidante tiélico intracelular, e os resultados demonstraram que a reducgédo crénica na
ingesta de calorias aumenta significativamente os niveis de GSH, o que esta de acordo

com dados previamente publicados, os quais demonstraram que a RC pode aumentar o
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conteddo de GSH hepética (Ugochukwu e Figgers, 2007). Todavia, outro estudo
encontrou uma redugdo nos niveis de GSH no figado em ratos submetidos a RC de

longa duracéo (Aydin et al., 2007).

3.2.4. Defesas antioxidantes enzimaticas

O efeito da RC cronica sobre defesas antioxidantes enzimaticas foi avaliado pela
atividade de SOD e CAT, duas enzimas com papeis fundamentais na defesa contra
insultos oxidativos. N&do foram observadas diferencas entre as dietas AD e RC na
atividade da SOD no rim, no coracdo e no figado e ndo foram encontradas diferencas na
atividade da CAT no coracdo e no figado, o que sugere que a RC crbnica ndo altera tais
atividades enzimaticas nestes 0rgdos. Entretanto, estudo prévio demonstrou que a RC
reduz a atividade da SOD aos 17 meses de idade no coracdo e aos 23 meses de idade no
rim. O mesmo estudo indicou que a RC reduz a atividade da CAT no coracdo aos 9
meses de idade, mas aumenta tal atividade aos 17 e 23 meses de idade (Sohal et al.,
1994). As atividades da CAT e da SOD nédo foram alteradas pela RC no coracdo dos
ratos no nosso estudo, o que esta de acordo com uma publicacdo prévia, na qual ratos
submetidos ao jejum intermitente ndo apresentaram efeitos significativos na atividade e
distribuicdo de enzimas antioxidantes, como a SOD e CAT, na parede do ventriculo
esquerdo aos 12 e aos 18 meses de idade (Simonetti et al., 1990).

Em relacdo os efeitos da RC sobre a atividade da SOD e CAT no figado, dados
publicados indicam que 6 meses de 40% de RC causa um aumento significativo nas
atividades da SOD e CAT em ratos velhos (Hamden et al., 2009) e também outros
resultados demonstraram aumento na atividades da SOD e CAT hepaticas em ratos
submetidos a RC de longo prazo (Rao et al., 1990). Todavia, outros resultados
indicaram que a RC é capaz de diminuir significativamente a atividade da CAT hepaética

em ratos ndo diabéticos e diabéticos induzidos por estreptozotocina, sem diminuir
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significativamente a atividade da SOD hepética nestes ratos (Ugochukwu e Figgers,
2007). Resultados prévios indicaram que a RC crénica aumenta em 50% a atividade da
SOD e reduz em 10% a atividade da CAT no figado de camundongos (Dubnov et al.,
2000), e outros resultados indicaram que a RC aumenta a atividade da CAT sem alterar
a atividade da SOD (Koizumi et al., 1987).

Por outro lado, nossos resultados demonstram que RC aumenta a atividade da
CAT no rim, o que indica que uma reducdo cronica na ingesta de calorias pode alterar a
atividade desta enzima no rim. Tal resultado est4 de acordo com resultados previamente
publicados, os quais demonstraram que a RC aumenta a atividade da CAT no rim aos 9,
17 e 23 meses de idade em camundongos (Sohal et al., 1994). Entretanto, foi reportado
ndo haver efeito da RC sobre a atividade da CAT no rim de camundongos (Cadenas et
al., 1994).

NOs especulamos que uma reducdo cronica na ingestdo de calorias poderia levar
a um aumento compensatorio na atividade antioxidante enddgena da CAT no rim.
Entretanto, tem sido proposto que uma redugdo cronica na ingestdo de vitaminas
antioxidantes, como a vitamina E, poderia levar a mecanismos compensatorios no
sistema de antioxidantes enddgenos (Cadenas et al., 1994). NOs descartamos tal
possibilidade, levando em consideracdo que a maioria dos estudos que utilizam 40% de
reducdo na ingesta de calorias prove suplementacdo vitaminica e mineral para garantir
uma ingesta equivalente de nutrientes para os animais submetidos a RC, em relacdo aos
animais AD (Sohal et al., 1994; Forster et al., 2000; Anderson et al., 2009). Todavia, ja
foi demonstrado haver uma diminuicdo nos niveis de vitamina E no rim e no coracdo de
ratos submetidos a 40% de RC cronica (Kamzalov e Sohal, 2004).

NOs adotamos uma reducdo de 30% na ingesta de calorias e as analises
bioquimicas séricas indicaram ndo haver diferencas no estado nutricional dos animais

do grupo RC quando comparados ao grupo AD, exceto pela redugdo nos niveis de
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colesterol total do grupo RC. Portanto, 0 aumento na atividade da CAT observado no
tecido renal € provavelmente uma resposta compensatoria para a manutencdo de uma
adequada homeostase renal, o qual pode aumentar a capacidade de decomposi¢do do

H,0, nos ratos submetidos a RC.

3.2.5. Possiveis conexdes entre as alteracdes observadas

A carbonilacdo de proteinas também ocorre como consequéncia de outros
mecanismos além do dano oxidativo (Nystrom, 2005, Nakamura et al., 2010). Nés
especulamos que tal aumento na carbonilacdo de proteinas, em nossas condicGes
experimentais, pode ter efeitos diferentes daqueles causados pelo dano oxidativo, uma
vez que nossos resultados demonstraram que a RC causa um aumento na carbonilacéo
proteica no coracao, sem alterar o conteudo de grupos -SH ou as atividades da SOD e
CAT (duas enzimas chaves contra a toxicidade do oxigénio).

Todavia, ndés também especulamos que o aumento no contetdo de proteinas
carboniladas no coragédo pode ser uma conseqliéncia da falta de aumento nas atividades
da SOD e CAT neste 6rgdo. Além disso, os grupos -SH constituem um dos mais
importantes sistema de defesa antioxidante ndo-enzimatico das células e o contetido de
grupos -SH também ndo foi alterado no coracédo, o que sugere que o sistema de protecédo
antioxidante pode ndo trabalhar de uma maneira eficiente no coracdo dos ratos
submetidos a RC. Assim, o aumento observado na atividade da CAT no rim
provavelmente atenuou o desequilibrio no estado redox e preveniu a formacdo de
proteinas carboniladas neste 6rgédo.

Como revisado por Sohal e Weindruch (1996), tem sido demonstrado que a RC
pode reduzir os niveis basais de estresse oxidativo e retardar o aumento no dano
oxidativo associado a senescéncia (Sohal e Weindruch, 1996). NGs especulamos que a

diminuicdo na geragdo de ROS induzida pela RC pode ter dois significados diferentes
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de apenas simplesmente uma reducdo no estado/estresse oxidativo. Primeiro, em nosso
estudo ndo foram observadas diferencas nas atividades da SOD e da CAT no figado,
ambas enzimas sequestradoras de ROS. Estes dados corroboram tal idéia, pois a
atividade destas enzimas sdo suprareguladas em condicGes de estresse oxidativo
(D'alessandro e Zolla, 2011, Cao et al., 2003) e nds ndo encontramos diferencas entre 0s
grupos AD e RC.

Segundo, nossos resultados sobre os niveis de MDA também sugerem que a
reducdo na geracdo de ROS ndo afetou 0 estado de estresse oxidativo no tecido
hepatico. De fato, as ROS ndo sdo somente causadoras de dano celular, mas também
atuam em vias de sinalizacdo sensiveis ao estado redox (Forman et al., 2010, Burhans e
Heintz, 2009, Finley e Haigis, 2009). Neste contexto, as ROS s@o importantes
moléculas sinalizadoras e, a partir de nossos resultados, nés sugerimos que a reducéo na
geracdo de ROS pode ser um dos mecanismos pelos quais a RC exerce seus efeitos no
tecido hepatico.

A partir de nossos resultados sobre GSH juntamente com os resultados de
producdo de ROS, nds especulamos como a RC poderia modular o estado redox no
figado. O elevado nivel de GSH, a principal molécula antioxidante nas células de
mamiferos, induzido pela RC poderia, em parte, ser responsavel pela reducéo nos niveis
de ROS, o que resultaria em um baixo estado oxidativo. Muitas ROS sdo eliminadas
pela GSH através de reacfes com seus grupamentos tidlicos (Trachootham et al., 2008).
Portanto, a RC pode aumentar a protecdo das células contra a producdo de ROS através
do aumento da funcdo do sistema de defesa antioxidante. Esta idéia é consistente com
dados prévios que demonstraram gque a RC causa um aumento na atividade da glutationa
redutase e também aumenta o contettdo de GSH no figado (Ugochukwu e Figgers,

2007).
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Outra especulacdo seria que a reducdo na geracdo de ROS causada pela RC
poderia levar a uma consequente economia do conteudo de GSH. Além de ser um
cofator para diversas enzimas antioxidantes, a GSH possui varias fungdes, as quais
incluem a eliminacéo direta de *OH e de Oy, e a regeneracdo de outros antioxidantes
como as vitaminas C e E para suas formas ativas (Trachootham et al., 2008; Nakamura,

1997).

3.2.6. Consideragdes sobre os efeitos periféricos da RC

A partir da comparacgdo de nossos resultados com estudos prévios, nds podemos
concluir que os efeitos da RC cronica sobre parametros relacionados ao estresse
oxidativo e sobre as defesas antioxidantes enzimaticas e ndo-enzimaticas podem variar
dependendo do tipo de tecido e da espécie animal estudada, da duragdo da RC e do tipo
de defesa/dano estudado. Por exemplo, outros fatores que podem explicar os diferentes
efeitos causados pela RC podem ser a natureza e a quantidade de proteinas especificas
presentes em um tipo de tecido e expostas a carbonilagdo ou perda de grupos -SH

(Forster, 2000).

3.3.  Restricdo caldrica e 0 modelo de deméncia

Nossos resultados dos efeitos da RC sobre o ganho de peso corporal dos animais
submetidos ao modelo de deméncia por infusdo ICV de STZ estdo de acordo com o0s
resultados obtidos na parte experimental relacionada aos tecidos periféricos. Como
demonstrado, o ganho de peso corporal ao final do experimento foi significativamente
reduzido nos animais submetidos a RC, ou seja, tanto os animais do grupo Sham-RC
como o0s do grupo STZ-RC tiveram menor ganho de peso quando comparados aos
grupos Sham-AD e STZ-AD. Assim, nds consideramos que o protocolo de RC adotado

possui uma boa reprodutibilidade. Além disso, os resultados também permitem concluir
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que a infusdo ICV de STZ ndo afetou o ganho de peso dos animais ao final do
experimento.

Ainda, os resultados sobre as medidas bioquimicas séricas demonstraram efeitos
equivalentes aos anteriores, ndo havendo diferencas entre 0Ss quatro grupos
experimentais (Sham-AD, Sham-RC, STZ-AD e STZ-RC) para os niveis de glicose,
proteinas totais, albumina, uréia, acido Urico, creatinina e triglicerideos. A RC crénica
novamente reduziu significativamente 0s niveis de colesterol sérico e,
interessantemente, a infuséo ICV de STZ causou um aumento significativo no colesterol
sérico. Como podemos observar dos resultados, a RC foi capaz de reverter tal aumento.

NOs utilizamos o teste do labirinto aquatico de Morris para avaliar os efeitos da
RC e da infusdo ICV de STZ sobre parametros cognitivos, mais especificamente sobre
parametros da memoria de referéncia. Assim como resultados prévios publicados por
nosso grupo de pesquisa (Biasibetti et al., 2013; Tramontina et al., 2011; Rodrigues et
al., 2009, 2010) a infusdo ICV de STZ causou um significativo prejuizo na memoria dos
animais, como demonstrado pelo pior desempenho do grupo STZ-AD na curva de
aprendizado e também no dia do teste de memoria, no qual o grupo STZ-AD apresentou
a maior laténcia para encontrar o local da plataforma, 0 menor nimero de cruzamentos
sobre o local da plataforma e ndo houve diferenca entre o tempo de permanéncia nos
quadrantes alvo e oposto.

Nossos resultados também demonstraram que a RC crdnica foi capaz de reverter
e/ou prevenir o prejuizo na memdria de referéncia induzida pela infusdo ICV de STZ.
Os animais do grupo STZ-RC apresentaram resultados semelhantes ao grupo controle
em todos os parametros de memoria avaliados. A RC apresentou efeito per se em
apenas um dos parametros avaliados: o grupo Sham-RC apresentou um maior nUmero

de cruzamentos sobre o local da plataforma quando comparado ao grupo Sham-AD.
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Os resultados de melhora funcional induzida pela RC estdo de acordo com
resultados previamente publicados, nos quais a RC de longa duracdo atenuou déficits de
memoéria relacionados ao envelhecimento em tarefas dependentes do hipocampo em
diferentes cepas de ratos (Adams et al., 2008, Markowska e Savonenko, 2002, Stewart
et al., 1989, Ingram et al., 1987; Idrobo et al., 1987).

A técnica ELISA foi utilizada para a mensuracdo dos niveis da proteina S100B
no liquor, no soro e no tecido adiposo dos animais. Nossos resultados demonstraram
que a infusdo ICV de STZ causou uma reducdo significativa nos niveis liqudricos de
S100B, resultado que estd de acordo com outros previamente publicados pelo nosso
grupo de pesquisa (Biasibetti et al., 2013, Rodrigues et al., 2009, 2010). A RC crdnica
ndo foi capaz de alterar a reducdo nos niveis de S100B no liquor e também néao
apresentou efeito per se. Considerando-se que a S100B extracelular possui efeito trofico
sobre neurdnios e células gliais e que no SNC a S100B é produzida e secretada
predominantemente pelos astrécitos (Gongalves et al., 2010, Van Eldik e Wainwright,
2003), a diminuicédo observada no conteudo de S100B no liquor do grupo STZ-AD pode
representar um prejuizo na funcdo astroglial em algumas regides encefélicas para
responder a danos.

A S100B e uma proteina ligante de calcio, a qual no SNC é expressa e secretada
predominantemente por astrocitos e niveis elevados desta proteina em estruturas
encefalicas tém sido observados em doencas neurodegenerativas, incluindo a DA
(Gongalves et al., 2010). Intracelularmente, a S100B liga-se a muitas proteinas alvo e
pode modular proliferacdo celular, plasticidade do citoesqueleto e metabolismo
energético dos astrdcitos (Gongalves et al., 2010, Van Eldik e Wainwright, 2003). A
partir de nossos resultados podemos concluir que no SNC a RC crénica ndo exerce seus

efeitos através da modulagéo dos niveis da proteina S100B.
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Interessantemente, no soro, os resultados indicaram que a infusdo ICV de STZ
causou um aumento significativo no imunoconteudo da proteina S100B e que tal
aumento foi revertido pela RC crénica, visto que o grupo STZ-RC apresentou nivel de
S100B semelhante ao grupo Sham-AD. Por outro lado, no tecido adiposo a Unica
alteracdo encontrada foi diferenca estatistica entre os grupos STZ-AD e STZ-RC.

Entre os candidatos a ser um marcador molecular periférico confiavel para
injurias e/ou disfuncbes do SNC esta a proteina S100B (Dassan et al., 2009, Gongalves
et al., 2008, Kleindienst e Ross Bullock, 2006). De fato, estudos com amostras séricas,
apos dano encefalico agudo, tém demonstrado que os niveis de S100B podem alterar-se;
todavia a interpretacdo destes resultados é complexa, principalmente devido as fontes
extra-encefalicas que contribuem para o contetido sérico de S100B (Gongalves et al.,
2010).

Como o grupo STZ-AD apresentou aumento significativo no imunoconteudo
sérico de S100B, reducdo significativa de S100B presente no liquor e ndo alterou
S100B no tecido adiposo é possivel que outras fontes periféricas de S100B possam ter
contribuido para o aumento encontrado no soro. De fato, a S100B tem sido localizada
em varias células de tecidos ndo neuronais (Haimoto et al., 1987, Zimmer e Van EIldik,
1987), como em condrocitos (Stefansson et al., 1982) e melandcitos (Cocchia et al.,
1981).

NOs mensuramos 0s hiveis de geracdo de ROS no cortex cerebral frontal,
hipocampo e estriado. Os resultados indicaram que tanto a RC crdnica quanto a infusdo
ICV de STZ causaram uma reducdo na geracdo de ROS cortical, uma vez que 0s grupos
Sham-RC, STZ-AD e STZ-RC apresentaram 0s menores niveis de geracdo de ROS,
quando comparados ao grupo Sham-AD. Ainda, nossos resultados indicaram haver uma
tendéncia para a adi¢do dos efeitos da RC e da STZ em baixar a geracdo de ROS

cortical.
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Por outro lado, a geracdo de ROS foi aumentada pela RC no hipocampo, sendo
que os animais do grupo Sham-RC apresentaram 0s maiores niveis de geracdo de ROS.
A infuséo ICV de STZ ndo alterou a geragdo de ROS hipocampal; entretanto, dados
prévios indicaram haver um aumento na geracdo de ROS no hipocampo de ratos
submetidos a este modelo (Biasibetti et al., 2013). No estriado, nossos resultados
demonstraram ndo haver efeitos da RC ou da STZ sobre a geracéo de ROS.

A partir destes resultados podemos indicar que os efeitos da RC e da infuséo
ICV de STZ séo especificos para as diferentes estruturas encefélicas estudadas, visto
que a STZ reduziu a geracdo de ROS no cortex cerebral frontal, sem alterar tais niveis
no hipocampo e no estriado. A RC reduziu a geracdo de ROS no cortex cerebral frontal,
aumentou no hipocampo e néo alterou no estriado.

Ainda, nés mensuramos 0s niveis de GSH nas trés estruturas encefalicas
estudadas. Os resultados demonstraram que tanto a RC cronica e a infuséo ICV de STZ
ndo alteraram os niveis corticais de GSH. No hipocampo, a infusdo de STZ reduziu
significativamente os niveis de GSH, sendo que o grupo STZ-AD apresentou 0s
menores niveis de GSH. Este resultado sobre diminuicdo de GSH hipocampal induzida
pela infusdo ICV de STZ esta de acordo com resultados prévios publicados pelo nosso
grupo (Biasibetti et al., 2013, Rodrigues et al., 2009, 2010) o que indica uma boa
reprodutibilidade deste modelo de deméncia. No estriado, os resultados demonstraram
que a RC e a infusdo de STZ causam uma diminui¢do no contetdo de GSH, pois 0s
grupos Sham-RC, STZ-AD e STZ-RC apresentaram niveis significativamente menores
de GSH quando comparados ao grupo Sham-AD.

Neste contexto, considerando-se que a principal fonte de GSH no SNC é
dependente da sintese astrocitica e ainda que o estresse oxidativo é uma caracteristica

comum em varias doengas neurogedenerativas, a diminuicdo no contetdo de GSH
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hipocampal no grupo STZ-AD sugere um prejuizo na capacidade de defesa antioxidante
astrocitica neste modelo.

Para avaliar os efeitos da RC cronica e da infuséo ICV de STZ sobre a expressao
da proteina sinaptofisina, utilizada para a marcacdo especifica de sinapses
(Wiedenmann e Franke, 1985), utilizamos a técnica Western blotting. Os resultados
demonstraram que tanto a RC como a infusdo de STZ n&o alteraram a expressédo da
sinaptofisina no cortex cerebral frontal e no estriado. Entretanto, no hipocampo, a
infuséo de STZ reduziu significativamente a expressdo de sinaptofisina. Este efeito foi
completamente prevenido e/ou revertido pelo grupo STZ-RC.

Nosso resultado de reducdo da expressdo da proteina sinaptofisina no grupo
STZ-AD reforga o uso deste modelo animal para o estudo da deméncia, uma vez que a
reducdo de tal proteina em condi¢Ges neurodegenerativas tem sido reportada, como na
DA (Masliah et al., 2001). Embora a microscopia eletrdnica seja a Unica maneira para
determinar conclusivamente se existem alteragbes no numero de sinapses ou na
configuracdo das sinapses, a diminuicdo na quantidade da proteina sinaptofisina
detectada pela técnica Western blotting pode ser devido a uma reducdo no nimero de
sinapses e/ou uma alteracdo na configuracdo sinaptica (Adams et al., 2008). Além disso,
mudancas na imunorreatividade para sinaptofisina podem refletir mudancas no namero
de vesiculas sinapticas ou no tamanho das vesiculas, assim, tem sido usada como um
marcador de densidade sindptica e marcador de desordens da conectividade sinaptica
em muitas doencas do SNC (Honer et al., 1999, Masliah et al., 1991).

Estudo prévio demonstrou que a RC € capaz de estabilizar os niveis da proteina
sinaptofisina ao longo da vida no hipocampo de ratos (Adams et al., 2008). Outro
estudo observou que a RC cronica pode modular as alteracGes transcricionais
relacionadas a senescéncia, como por exemplo, mantendo estaveis os niveis de RNA

mensageiro para a sinaptofisina no cdrtex cerebral de ratos, sem alterar tal parametro no
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hipocampo. Ainda, este estudo indicou que os efeitos da RC cronica sobre a quantidade
da proteina sinaptofisina, mensurada por Western blotting, sdo mais proeminentes no
hipocampo do que no cortex cerebral (Mladenovic-Djordjevic et al., 2010).

Ainda, nés realizamos a técnica de imunofluorescéncia para sinaptofisina e
GFAP nas estruturas encefalicas para o estudo tecidual através da microscopia confocal.
No hipocampo as imagens indicaram claramente uma redugdo na expressdo da proteina
sinaptofisina e um aumento na expressao da proteina GFAP no grupo STZ-AD. Os
nossos achados confirmam dados de que a sinaptofisina é altamente expressa em
regides encefalicas adultas com potencial para mudancas plasticas (Wiedenmann e
Franke, 1985), uma vez que as imagens indicaram uma marcacao nitidamente mais
intensa para sinaptofisina nas regifes hipocampais quando comparada as regides do
cortex cerebral frontal e do estriado.

A GFAP ¢ utilizada como um marcador especifico de astrocitos e sua expressao
aumentada esta associada com astrogliose, a qual foi observada em diferentes tipos de
dano no SNC (Eng et al., 2000). Além disso, astrogliose cortical, analisada através de
imuno-histoquimica para GFAP, foi observada neste modelo de deméncia induzido por
infusdo ICV de STZ (Shoham et al., 2007). E importante enfatizar que o fato de haver
aumento na expressao de GFAP ndo significa somente uma resposta acentuada ao dano
encefalico, mas pode representar uma reacdo protetora do SNC (Liberto et al., 2004).

Como podemos observar através das imagens obtidas com a microscopia
confocal, a astrogliose hipocampal foi caracterizada por um aumento na expressdo de
GFAP, acompanhada de um corpo celular astrocitico mais pronunciado e mais
projecdes celulares. Apesar da analise tecidual ter sido realizada em apenas 2 animais de
cada grupo, a RC parece prevenir e/ou reverter o aumento na expressao da GFAP no

hipocampo.
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Concluses

Em resumo, avaliamos os efeitos da RC cronica sobre o estado redox em tecidos
periféricos e sobre pardmetros cognitivos, bioquimicos e morfoldgicos encefalicos em
modelo animal de deméncia.

Nossos resultados demonstraram que a RC cronica é capaz de aumentar a
atividade da CAT no rim, o conteldo de proteinas carboniladas no coragéo, e contetdo
de GSH no figado, além de diminuir a geracdo de ROS hepética. Tais resultados
contribuem para um melhor entendimento sobre os efeitos da RC em tecidos periféricos
como o renal, o cardiaco e o hepatico, e reforcam a idéia de que a RC pode modular o
estado oxidativo e também as defesas antioxidantes em tecidos periféricos em condi¢coes
fisiologicas.

Além disso, a RC cronica, no modelo animal de deméncia, preveniu e/ou
reverteu no grupo STZ o prejuizo cognitivo observado no labirinto aquatico de Morris e
as alteracdes hipocampais, como a diminuicdo no contetdo de GSH, a diminuicdo da
expressdo de sinaptofisina e a aparente astrogliose. Ainda, outras alteracGes causadas
pela RC e/ou infusdo ICV de STZ foram encontradas no cortex cerebral frontal e no
estriado e no liquor e soro, todavia tais alteracdes sdo tecido-especificas, pois ndo
seguem um padrdo especifico. Tais resultados colaboram para uma melhor compreenséo

dos efeitos da RC cronica sobre o SNC, particularmente neste modelo de deméncia.
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Perspectivas

Mensurar os efeitos da RC cronica e da infusdo ICV de STZ sobre o
imunocontetdo de GFAP e de S100B no cortex cerebral frontal, no hipocampo e
no estriado, através da técnica ELISA;

Aumentar o nimero amostral das imagens de imunomarcacdo por fluorescéncia
para SYN e GFAP obtidas através da microscopia confocal e quantificar as
fluorescéncias encontradas;

Realizar a imunomarcacdo por fluorescéncia para Neu-N (proteina nuclear
especifica de neurdnios) e GFAP e quantificar as fluorescéncias encontradas,
alem de realizar a técnica histoldgica de Nissl, no cortex cerebral frontal, no
hipocampo e no estriado no contexto experimental de RC e modelo de

deméncia.
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