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I, taca

“Quando vocé partir, em direcdo a Itaca,
que sua jornada seja longa,
repleta de aventuras, plena de conhecimento.

Nao tema Laestrigones e Ciclopes, nem o furioso Poseidon;
vocé ndo ira encontra-los durante o caminho, se o pensamento estiver elevado,
se a emo¢ao jamais abandonar seu corpo e seu espirito.
Laestrigones e Ciclopes, e o furioso Poseidon
ndo estardo em seu caminho se vocé ndo carrega-los em sua alma,
se sua alma nao os colocar diante de seus passos.

Espero que sua estrada seja longa.

Que sejam muitas as manhas de verdo,
que o prazer de ver os primeiros portos traga uma alegria nunca vista.
Procure visitar os empdrios da Fenicia,
recolha o que ha de melhor.

V4 as cidades do Egito,
aprenda com um povo que tem tanto a ensinar.

Nio perca ftaca de vista, pois chegar 14 é o seu destino.

Mas ndo apresse 0s seus passos;
¢ melhor que a jornada demore muitos anos
e seu barco s6 ancore na ilha quando vocé ja estiver enriquecido
com o que conheceu no caminho.

Nio espere que ftaca lhe dé mais riquezas.
ftaca ja Ihe deu uma bela viagem:;
sem [taca, vocé jamais teria partido.

Ela jé lhe deu tudo, e nada mais pode lhe dar.

Se, no final, vocé€ achar que ftaca é pobre,
ndo pense que ela o enganou.

Porque vocé tornou-se um sébio, viveu uma vida intensa,

e este € o significado de Itaca”.

KONSTANTINOS KAVAFIS
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RESUMO

Introducio: O diabetes mellitus tem sido estudado nos ultimos anos como um grande
causador de danos neurodegenerativos, déficits de memoria e cognitivos. A taurina e o
ambiente enriquecido (AE) vém se destacando por apresentarem efeitos neuroprotetores
e estimulantes, que merecem estudos mais aprofundados. Objetivos: Nesse trabalho,
objetivamos estudar a influéncia da taurina e do AE sobre o giro denteado do
hipocampo de animais diabéticos e nao diabéticos, especificamente sobre as células da
glia e apoptose celular, além de avaliar o impacto desses fatores sobre o comportamento
e memoria desses animais. Materiais de Métodos: Para o experimento foram utilizados
inicialmente 88 animais, divididos em dois grupos de 44 cada: um destes, submetido ao
AE e outro a caixa de moradia padrao. Dentro de cada grupo, aproximadamente metade
dos animais foram induzidos ao diabetes mellitus tipo 1, onde alguns desses foram
tratados durante 30 dias, com taurina. Durante o experimento, foram avaliadas
memorias de curta e longa duragdo. No 30° dia de tratamento, os animais foram
eutanasiados por perfusao transcardiaca e retirados seus cérebros, que apos processados
e seccionados, foram submetidos a técnicas de imuno-histoquimica para GFAP e
caspase-3 clivada. Resultados: Observamos que animais tratados com taurina
apresentaram melhores desempenhos em tarefas comportamentais ¢ de memoria, € que
o AE também demonstrou ter efeitos positivos, principalmente em animais nao
diabéticos. Ainda, a taurina e o AE aparentam ser capazes de interferir sobre a apoptose
neuronal e a perda de células gliais, e em alguns momentos, esses dois fatores parecem
ter efeitos sinérgicos. Conclusoes: A partir desses dados, pode-se observar que a taurina

e o AE podem possuir efeitos neuroprotetores e neuroestimulantes.

Palavras-chave: Taurina, ambiente enriquecido, diabetes, memoria, hipocampo,

neurodegeneracao.



1 INTRODUCAO

Segundo dados da International Diabetes Federation, cerca de 382 milhdes de
pessoas no mundo tem diabetes mellitus (DM), e acredita-se que até o ano de 2035, este
nimero aumente para 592 milhdes de casos. Este mesmo estudo demonstra que no
Brasil, o nimero de pessoas diabéticas chega a 11,9 milhdes. Estima-se que o diabetes
seja responsavel, direta ou indiretamente, por cerca de 4 milhdes de mortes por ano, e
que a expectativa de vida esteja reduzida, em média, em 15 anos para pacientes com
diabetes mellitus tipo 1 (DM1) e em 5 a 7 anos para pacientes com diabetes mellitus tipo
2 (DM2) (IDF Diabetes Atlas, 2013; Souza e cols., 2012). Esta alta incidéncia se deve a
dietas altamente caloricas e estilos de vida sedentarios (Reaven, 2005).

A hiperglicemia crdnica ¢ capaz de causar diversos efeitos negativos sobre o
organismo, ¢ o sistema nervoso central (SNC) ¢ muito afetado. Podemos encontrar
danos em regides como o hipocampo, prejudicando fun¢des de cognicdo e memdria, o
que pode levar a estados depressivos (Baynes, 1991; Bloomgarden, 1999; Ozkaya e
cols., 2002; Greenwood e Winocur, 2005; Messier, 2005; Stranahan e cols., 2008;
Caletti e cols., 2012; Mello e cols., 2012; Reagan, 2012).

Nos ultimos anos, os cientistas vém buscando mais explica¢des acerca do
assunto, e estudando alternativas para melhorar ou reverter o quadro neurodegenerativo
causado pela hiperglicemia cronica. A taurina ¢ uma substancia de baixa produgdo
endogena, sendo obtida principalmente de fontes exdgenas, como a alimentagdo ou por
suplementagdo. Este aminoacido possui importantes efeitos para o desenvolvimento do
SNC, e estudos demonstraram que em quadros de estresse metabdlico, incluindo a
hiperglicemia, ela apresenta efeitos neuroprotetores, antioxidantes, e até

hipoglicemiantes (Suzuki e cols., 2001; Franconi e cols., 2006; Szymanski ¢ Winiarska,



2008; Schaffer e cols., 2009; Ito e cols., 2012). Ainda, estudos tém mostrado que a
taurina pode ser capaz de interferir nas vias de apoptose (Menzie e cols., 2013) e
estimular a neurogénese (Shivaraj e cols., 2012).

Ainda, em busca da neutralizagdo dos efeitos negativos causados pela
neurodegeneracao, vem-se estudando os efeitos positivos do enriquecimento ambiental
(EA) em estudos com animais, que simularia a influéncia de exercicios fisicos e
estimulos sensoriais e de aprendizado, sendo relatada na literatura, uma melhoria de
quadros de déficit cognitivo e de memoria (Kempermann e cols., 1997; Piazza e cols.,
2011; Ahmadalipour e cols., 2015).

Frente a isto, a proposta de unir em um Unico experimento, a suplementagao
com a taurina e a exposi¢ao ao ambiente enriquecido em um quadro hiperglicémico, se

torna util para buscar mais resultados sobre este assunto.

1.1 Diabetes mellitus

Pode-se definir o DM como uma condicdo metabdlica caracterizada pela
deficiéncia total ou parcial da secre¢do e/ou funcionamento da insulina, resultante de
uma destrui¢ao ou disfuncdo de células beta pancreaticas, fazendo com que os niveis de
glicose intracelular fiquem diminuidos, e aumentados no meio extracelular,
caracterizando um quadro de hiperglicemia (Kumar e cols., 2005; ADA, 2009).

O DM ¢ classificado de acordo com a agdo das células beta pancreaticas,
produtoras de insulina: o DM1 ¢ caracterizado pela degeneracao das células beta, sendo
dependente de insulina, enquanto a principal causa de DM2 ¢ uma progressiva
resisténcia insulinica com eventual deficiéncia insulinica, como resultado da constante

hiperglicemia (Y1 e cols., 2009).



Diversos o6rgdos e sistemas organicos sao afetados por esta condigao
patologica, gerando uma série de complicagdes (Greenwood ¢ Winocur, 2005; Messier,
2005). Devido a hiperglicemia cronica, pode haver o surgimento de complicagdes, como
retinopatia, nefropatia, alteracdes cardiovasculares e vasculares, sendo comum observar
em diabéticos, amputacdes nao traumaticas de membros inferiores, cegueira irreversivel
e doenga renal cronica (Souza e cols., 2012). Individuos adultos com DM possuem um
risco de duas a quatro vezes maior de desenvolver doenca cardiovascular, doenga
vascular periférica e acidente vascular cerebral em comparacdo com uma pessoa
saudavel (Greenwood e Winocur, 2005; Messier, 2005).

Diversas pesquisas com animais tém sido feitas, buscando-se entender cada vez
mais os efeitos do diabetes sobre o organismo (Beauquis e cols., 2006; Lebed e cols.,
2008; Revsin e cols., 2009). Algumas substancias quimicas sdo capazes de induzir o
DM, como a estreptozotocina (STZ). A STZ ¢ um antibidtico que destroi seletivamente
as cé€lulas beta-pancreaticas através da formacao de radicais livres, acumulando-se na
porcao central das ilhotas, suprimindo a liberagdo de insulina. Devido a este fato, ¢
utilizado para induzir modelos animais de DM1 (Lenzen, 2008). A STZ produz no
animal muitas das alteracdes observadas em seres humanos, como: hiperglicemia,
hipoinsulinemia, hiperfagia, polidipsia, perda de massa corporal, neuropatia periférica e
déficit cognitivo, sendo assim, um modelo amplamente utilizado para estudar alteragdes
periféricas e centrais promovidas pela hiperglicemia cronica (Serino e cols., 1998;
Beauquis e cols., 2010).

Além de todos os danos ja citados, decorrentes da hiperglicemia, esta, se ndo
tratada, pode levar ao surgimento de alteragdes metabdlicas no SNC, afetando sua

estrutura, fisiologia, neuroquimica e citoarquitetura (Stranahan e cols., 2008).



1.2 O sistema nervoso central

Por defini¢do, segundo Ross e Pawlina (2012) “o sistema nervoso capacita o
corpo a responder a alteragdes continuas em seu ambiente externo e interno. Ele
controla e integra as atividades funcionais dos érgos e sistemas organicos”. E gragas ao
sistema nervoso (SN) que € possivel que um organismo funcione coordenadamente
(Junqueira e Carneiro, 2013).

O SN ¢ formado pelo SNC, composto pelo encéfalo e medula espinhal, e o
sistema nervoso periférico (SNP), composto por nervos e ganglios. O SNC ¢ revestido
por meninges, que sdo compostas de tecido conjuntivo, e protegido mais externamente
por revestimentos dsseos, nomeados de cranio e vértebras. O encéfalo estd dividido em
trés partes: o cérebro, o cerebelo e o tronco encefalico. O cérebro constitui a parte mais
larga do encéfalo, ocupando cerca de 80% da cavidade craniana. Possui dois
hemisférios, um direito e outro esquerdo, conectados por axdnios do corpo caloso, cada
um dividido em quatro lobos: frontal, parietal, occipital e temporal (Machado, 2000;

Bear e cols., 2008; Junqueira e Carneiro, 2013).

Cérebro Humano Cérebro de Rato

Lobo frontal

Bulbo olfatério
41 Ceee Lobo parietal
—4—Lobo occipital | - Cerebelo

=" 1obo temporal l

&~ Cerebelo \ % Tronco encefalico

1 P Cérebro
& Tronco encefalico



Figura 1. Desenho comparativo entre cérebro de humanos e de roedores (Extraido e
adaptado de Cryan e Holmes, 2005).

Na parte mais externa do cérebro encontramos o cortex, também conhecido
como substancia cinzenta e que contém em sua maioria corpos celulares, enquanto a
parte mais interna, chamada de substancia branca, ¢ formada principalmente por
axonios, prolongamentos celulares e células da glia. (Machado, 2000; Bear e cols.,
2008; Junqueira e Carneiro, 2013).

O tecido que compde o SNC ¢ formado por 2 classes principais de células, os
neuronios e as células da glia, que abrangem os astrocitos, oligodendrocitos, micréglia e
células ependimarias (Mello e cols., 2012; Ross ¢ Pawlina, 2012; Junqueira e Carneiro,
2013).

Constituido por dendritos, corpo celular e ax6nio revestido ou ndo por bainha
de mielina, os neurdnios sdo classificados como a unidade funcional do SNC. Estes
neurdnios sao capazes de responder aos diversos estimulos a que sdo submetidos através
de impulsos nervosos, que vao desencadear reagdes fisioldgicas, motoras, emocionais,
entre outras. Os astrocitos fazem a sustentagdo do SNC, e com os pés vasculares, ligam-
se aos capilares sanguineos, auxiliando os neur6nios na transmissao sinaptica e
promovem sua excitabilidade. Ainda, controlam as substancias no nivel extracelular dos
neurdnios. Os oligodendrécitos tém a funcdo de isolar eletricamente os axonios dos
neurdnios dentro do SNC, produzindo em torno deste, a bainha de mielina. A micréglia
representa as células fagocitarias do SNC, enquanto as células epiteliais ependimarias
revestem as paredes dos ventriculos cerebrais (Mello e cols., 2012; Junqueira e

Carneiro, 2013).



CELULAS DO SISTEMA NERVOSO CENTRAL

SERD ASTROCITO ASTROCITO 0 1GODENDROCITO ~ MICROGLIA CELULAS
PROTOPLASMATICO FIBROSO EPENDIMARIAS

Figura 2. Células presentes no Sistema Nervoso Central (Adaptado de Moore e Persaud,

2003).

1.2.1 Hipocampo

O hipocampo ¢ uma estrutura localizada no lobo temporal de cada hemisfério
cerebral e relaciona-se diretamente com as fungdes de memoria e aprendizagem.
Também, faz parte do sistema limbico, tendo um papel integrativo, sendo essencial para
0s processos cognitivos e afetivos. E composto por dois grupos principais de células:
células piramidais, que formam o Corno de Ammon (CAl, CA2, CA3, CA4) e as
células granulares, que formam o giro denteado (GD). Essas estruturas, dispostas em
camadas celulares, juntamente com outras regides adjacentes, denominadas complexo

subicular e cortex entorrinal, compdem a formagdo hipocampal (Bear e cols., 2008).



Cérebro Humano Cérebro de Rato
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GD: Giro Denteado

Figura 3. Ilustragdo mostrando a divisdo interna de substincia branca e cinzenta no
cérebro de humanos e roedores, indicando também a posi¢ao do hipocampo, divisdes do

Corno de Ammon e giro denteado (Adaptado de Cryan e Holmes, 2005).

O GD possui fungdes muito importantes que o diferencia de outras sub-regides
dentro do hipocampo, sendo crucial para a formagdo de novos neurénios, em um
processo chamado neurogénese adulta. Este processo envolve uma série de estagios
distintos do desenvolvimento celular, dentre os quais se destacam: proliferacdo,
sobrevivéncia e diferenciacdo celular (Kempermann e cols., 1998; Malberg e cols.,
2000; Kempermann e cols., 2015). A neurogénese hipocampal, sob condic¢des
fisiologicas, gera um unico tipo celular, que sdo os neurdnios da camada granular do
GD. Esses neur6nios sdo excitatorios e recebem aferéncias do cortex entorrinal e

enviam informacdes para as células piramidais do CA3 através de interneurdnios. As



células precursoras de novos neurdnios estdo presentes em uma pequena faixa entre a

camada granular e o hilo, chamada zona subgranular (Kempermann e cols., 2015).
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Figura 4. Desenho esquematico mostrando os tipos de células presentes na camada
granular e molecular do GD, incluindo células precursoras de neuronios (adaptado de

Vescovi e cols., 2006).

Dentro do hipocampo, as mudangas na forga das sinapses entre grupos de
neurdnios, desempenham um papel crucial em fung¢des cognitivas, de aprendizado e

memoria (Leuner e cols., 2006).



1.2.2 Memoria

Através da aquisicdo de conhecimento, o processo pelo qual esses
conhecimentos sdo armazenados, chamamos de memoria. Em um primeiro momento,
ocorre a exposi¢cdo a determinadas experiéncias, onde ocorre a aquisicdo da informagao;
em um segundo momento, estas informagdes sdo processadas e armazenadas, por um
mecanismo chamado consolidagio da memdria; por fim, as informagdes contidas na
memoria podem ser recordadas em algum momento, através da evocagdo. O processo de
forma¢ao de memoria envolve uma rede complexa de fatores bioquimicos, anatémicos,
fisiologicos, comportamentais e ambientais (Izquierdo e cols., 1998; Zugno, 2007;
Quillfeldt, 2010).

Podemos dividir a memoria em dois tipos principais: a memoria de curta
duracdo e de longa duracdo. Na memoria de curta duragdo, também chamada de
memoria operacional, ocorre o armazenamento de informagdes em contextos
especificos por um curto periodo de tempo, que duram de minutos hd poucas horas.
Ainda, dentro da memoria de curta duragdo, temos a memoria de trabalho, que perdura
por poucos segundos, para que, por exemplo, nossas atividades cotidianas possam ser
feitas em continuidade, com nexo, sem que esquegamos o que estamos fazendo naquele
exato momento (Gazzaniga e cols., 2006).

A memoria de longo prazo ocorre coletando-se informagdes em diferentes
situagdes e ndo apenas em momentos ¢ contextos especificos, que sdo armazenadas por
longos periodos de tempo, até mesmo por toda a vida. Esta ¢ dividida em memoria
declarativa (para eventos e fatos) e memoria de ndo declarativa (para habilidades,
principalmente, adquirida pela repeticdo e pratica) (Okano e cols., 2000; Gazzaniga e

cols., 2006; Valadares, 2006; Zugno, 2007; Deb e cols., 2015).
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Figura 5. Esquema indicativo dos tipos de memoria (Adaptada de Gazzaniga e cols,

2006).

Dentro do hipocampo, as memorias de curta duracao sao processadas e logo
sao esquecidas. Nas memorias de longa duragdo, o processo de aquisi¢ao e consolidagao
da memoria, ¢ bastante complexo. Resumidamente, um primeiro momento envolve a
plasticidade sindptica e os potenciais de longa duragao (LTP) entre neuronios pré-
sindpticos e pds-sinapticos presentes no hipocampo, que interagem com outras regioes
do cérebro, como a amigdala e os nucleos da base. Em seguida, ocorre a liberacdo de
neurotransmissores, que ativam genes, neuroreceptores € a sintese de proteinas, que
finalmente, terminam o processo de consolidacdo da memoria. Apds este processo, a

memoria fica armazenada em outras regides do cérebro, principalmente no cortex
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cerebral, e pode ser evocada a qualquer momento (Izquierdo e cols., 1998; Gazzaniga e

cols., 20006).

1.3 Relaciao do Diabetes com SNC

O SNC, para seu bom funcionamento, necessita de glicose (Mello e cols,
2012). Porém, em situacdes em que ha hiperglicemia cronica, pode haver sérios
prejuizos ao SNC (Baynes, 1991; Reagan, 2012).

O estresse metabodlico causado pela hiperglicemia ¢ capaz de afetar o SNC de
tal forma, que acaba resultando em dano neuronal e degenerativo, levando a diversos
efeitos cronicos e adversos sobre o cérebro, como a diminui¢do da plasticidade

sinaptica, neurotoxicidade, déficits de memoria e aprendizado (Stranahan e cols., 2008).

1.3.1 Dano tecidual

Em estudos envolvendo modelos experimentais de DM2, ja foram observados
alguns danos na regido do hipocampo em decorréncia da hiperglicemia cronica, como a
perda e atrofia de espinhos dendriticos (Malone e cols., 2008), diminuicdo na
neurogénese adulta (Kempermann e cols., 1998; Malberg e cols., 2000) interferéncia na
proliferagdo celular (Beauquis e cols., 2006; Zhang e cols., 2008; Balu e Lucki, 2009),
altera¢des de metabolismo mitocondrial, interferindo na respiragao celular (Choi e cols.,
2014) e principalmente, o aumento da apoptose neuronal (Hawkins e Davies, 2001).

O processo de apoptose ocorre por um mecanismo natural para desencadear a

morte programada da célula. Este processo pode ocorrer por duas vias: a via extrinseca,
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que ¢ ativada por fatores de necrose tumoral, e a via intrinseca, que ¢ ativada por algum
tipo de estresse no meio extracelular ou intracelular, enviando sinais principalmente
para a mitocondria, que libera fatores pro-apoptoticos (Hengartner, 2000; Grivicich e
cols., 2007). Quando a mitocondria ¢ estimulada por esses fatores, aumenta sua
permeabilidade de membrana, o que faz com que a agua do espago intermembrana entre
para seu interior, ocasionando sua ruptura. Essa ruptura, ocasiona a liberacao de
Citocromo-c, que juntamente com o fator de ativacdo de apoptose 1 (Apaf-1) e Caspase-
9, forma um apoptossomo. Este apoptossomo leva a ativacdo da Caspase-9, que por sua
vez, ativa a Caspase-3, finalizando o processo de apoptose, ocasionando a morte da
célula. Além de provocar o rompimento da mitocondria, os fatores pro-apoptoticos
interferem na cadeia de produgdo de ATP, aumentando a producao de espécies reativas
de oxigénio (EROs) (Grivicich e cols. 2007; Menzie e cols.2013). As EROs sao
moléculas que possuem um elétron desemparelhado em sua eletrosfera, altamente
reativo, € que podem reagir com outras moléculas. Elas sdo produzidas naturalmente
como um mecanismo de defesa a agressores, mas quando em excesso, exercem um
efeito pro-oxidante, desencadeando um fenomeno que chamamos de estresse oxidativo
(Hawkins e Davies, 2001; Warnholtz e cols., 2004; Drése e Brandt, 2012). No estresse
oxidativo, as EROs sdo capazes de reagir com lipidios de membrana de qualquer tecido,
levando a morte celular. Se esta reacdo ndo for neutralizada por antioxidantes, ocorre
uma inflamacao cronica tecidual, aumentando ainda mais a morte celular, o que leva a
destruicdo do tecido que for afetado (Valko e cols., 2007). Todo esse mecanismo de
inducdo a apoptose pela liberagdo de fatores pré-apoptoticos e pelo estresse oxidativo
pode ser induzido pela hiperglicemia cronica, e hé indicios de que ela seja capaz de
sozinha, induzir a ativa¢do de caspase-3 e caspase-9 (Hawkins e Davies, 2001; Zeng e

cols., 2010).
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A hiperglicemia cronica também estimula um fenomeno que chamamos de
reatividade astrocitaria, que indica o sofrimento de células da glia em resposta ao
estresse gerado por esta hiperglicemia, capaz de prejudicar seu bom funcionamento
(Saravia e cols, 2002). Esta reatividade ¢ uma reagao normal a lesdes, caracterizada pela
proliferacdo intensa de astrdcitos e expressao aumentada de proteina glial fibrilar acida
(GFAP), que ¢ uma proteina de diferenciacdo de células da glia expressa por astrocitos
(Verkhratsky e cols, 2015). Considerando que as células da glia desempenham um papel
critico no desempenho de diversas atividades neurais, um dano a estas células pode
ocasionar diversos prejuizos, entre eles, o déficit cognitivo (Saravia e cols., 2002;
Revsin e cols., 2005; Beauquis e cols., 2006; Lebed e cols., 2008). A hiperglicemia
cronica também afeta a secrecdo da proteina S100B pelos astrocitos, que além de
neuroprotetora, ¢ responsavel pela viabilidade e diferenciacdo neural (Lebed e cols.,
2008; Mello e cols., 2012; Tramontina e cols, 2012). Ainda, o quadro hiperglicémico ¢
capaz de alterar o metabolismo do glutamato (Reagan, 2012). Uma vez que o astrocito
j& esta com sua funcdo comprometida, ele ndo consegue fazer a captagao de glutamato
na fenda sindptica. Isto gera um efeito excitotoxico, que ird aumentar o influxo de Ca*"
para o interior da cé€lula neural, iniciando assim a produ¢do de EROs desenfreadamente.
Este aumento na produc¢dao de EROs nao pode ser controlado pela atividade antioxidante
normal, que se torna insuficiente, e assim, este estresse oxidativo causa sérios prejuizos

ao tecido nervoso (Nardin, 2006; Mello e cols.,2012; Reagan, 2012).

1.3.2 Memoria, aprendizado e déficit cognitivo

Alguns estudos ja avaliaram os danos que a hiperglicemia cronica pode causar

sobre a memoaria (Malone e cols., 2008; Revsin e cols., 2009; Piazza e cols, 2011).



14

A diminuicdo na taxa de neurogénese e o aumento na taxa de apoptose, sao
fatores que levam a neurodegeneragao e diminuem a capacidade funcional das células.
Estes fatores sao muito influentes, e podem explicar a diminuigdo na capacidade
cognitiva, de formacao e evocagao de memoria em animais diabéticos (Kempermann e
cols., 1998; Malberg ¢ cols., 2000; Hawkins e Davies, 2001).

Além disso, evidéncias recentes sugerem que a hiperglicemia cronica ¢ capaz
de causar defeitos na transmissao e plasticidade sinaptica hipocampal, interferindo nas
sinapses entre neurdnios, tanto na fase pré como na pods-sindptica, prejudicando a
propagacdo da informagédo. E capaz de afetar a estrutura e a morfologia de elementos
importantes envolvidos nas sinapses, gerando danos funcionais que podem resultar em
comprometimento do aprendizado, da consolidagdo da memoria e aumento do déficit
cognitivo. Entre estes elementos estruturais, observam-se modificagdes estruturais nos
terminais sindpticos, defeitos nas vesiculas secretoras de neurotransmissores e retragao
dos dendritos, que ndo desempenham suas fun¢des adequadamente (Reisi e cols, 2008;
Revsin e cols., 2009; Reagan, 2012).

Sendo assim, cada vez mais buscam-se alternativas para tentar reduzir os
efeitos negativos da hiperglicemia sobre o SNC (Reisi e cols, 2008; Stranahan, 2008; Yi

e cols., 2009).

1.4 Taurina e o SNC

A taurina (acido 2-aminoetanossulfonico) ¢ um dos aminoacidos livres mais
abundantes em alguns tecidos de mamiferos, principalmente humanos, como musculo
esquelético, cardiaco e cérebro. Considerada como um aminoacido semi-essencial,

possui diversas fungdes importantes, como antioxidante, anti-inflamatério,
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antiarritmico, regulador dos canais i0nicos, formacdo de acidos biliares, entre outros
(Oja e Saransaari, 2007; Puerta e cols., 2010; Shivaraj e cols., 2012; Nobrega, 2013; De
Luca e cols., 2015). A taurina pode ser sintetizada no figado a partir de dois
aminoacidos, a metionina e cisteina, que sofrem acdo de algumas enzimas, sendo
transformada, ao final, em hipotaurina e finalmente, a taurina (Vitvitsky e cols., 2011;

Mengzie e cols., 2013).
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Figura 6. Rota de biossintese da Taurina a partir de metionina e cisteina (adaptado de

De Luca e cols., 2015).

Como a producao enddgena ¢ insuficiente, a taurina ¢ absorvida através da
alimentacdo, com alimentos ricos em aminoacidos, como o leite e derivados, carne,
nozes, feijao e frutos do mar (Nobrega, 2013; De Luca e cols., 2015).

Possui também um importante papel no funcionamento do SNC dos
mamiferos, atuando em diversos processos, como osmorregulacdo, neuromodulacao,
estabilizacado da membrana, neuroprotegdo e proliferacao celular, tendo ainda um grande

potencial antioxidante (Franconi e cols., 2006; Oja e Saransaari, 2007; Ito e cols., 2012;
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Kumari e cols., 2013; Menzie e cols., 2013). A taurina s6 nao pode ser considerada um
neurotransmissor por ndo possuir um receptor proprio, sendo assim, ela atua como um
inibidor através dos receptores de GABA e outros receptores potenciais (Ripps e Shen,
2012; Menzie e cols., 2013).

Recentemente, alguns trabalhos demonstraram o papel benéfico da taurina no
DMI1 e DM2, resisténcia a insulina e suas complicagdes, incluindo nefropatia,
retinopatia, neuropatia, aterosclerose e cardiomiopatia (Garcia e cols., 2003; Ito e cols.,
2012; Nobrega, 2013; De Luca e cols.,2015).

Este aminoacido tem demonstrado desempenhar um papel preventivo e
terapéutico através dos seus efeitos antioxidantes, previamente comprovados, que sao
principalmente exercidos nas mitocondrias, demonstrando ter uma agdo benéfica
relevante no contexto da diabetes (Suzuki e cols., 2001; Szymanski e Winiarska, 2008;
Schaffer e cols., 2009). A taurina parece neutralizar os efeitos excitotoxicos do
glutamato, diminuindo o influxo de Ca'™ para o interior da célula, controlando assim a
producao de EROs (Schaffer e cols., 2009; Menzie e cols., 2013).

Recentes estudos sustentam a hipdtese de que a suplementacdo dietética de
aminoacidos como substancias nutracéuticas pode ser benéfica para a satde de
individuos diabéticos, de maneira a controlar a hiperglicemia, evitando alteragdes
neuronais importantes no SNC. Especula-se que ao nivel central a taurina possa
aumentar a atividade motora e motivagdo via estimulacdo da dopamina (Garcia e cols.,
2003; Caletti e cols., 2012). Ainda, ela é capaz de agir na triade de sintomas
apresentados pela doenga mal controlada (polifagia, polidipsia e hiperglicemia),
indicando a protecdo que o aminoacido oferece frente as complicagdes apresentadas

pelo diabete. Sugere-se também que a taurina seja capaz de influenciar na saciedade,
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porém, os mecanismos pelos quais esta saciedade ocorre ainda ndo foram elucidados
(Veldhorst e cols., 2009).

A taurina exerce um numero notavel de efeitos positivos sobre os processos
celulares em algumas doengas. No cérebro, representa a molécula mais relevante
osmoticamente ativa e se especula que ela atue como um neuroprotetor, interferindo nas
vias de apoptose e neutralizando danos decorrentes de estresse oxidativo no tecido,
prevenindo assim a morte de células nervosas (Puerta e cols., 2010; Kumari e cols.,
2013). Estudos também tém demonstrado a importancia da taurina no processo de
neurogénese e sinaptogénese, sendo capaz de estimular o desenvolvimento de células
tronco em regidoes do GD do hipocampo, proliferacdo de novos neurénios e
neurotransmissao, melhorando a memoria e déficits cognitivos (Shivaraj e cols., 2012).
A taurina também parece ter um efeito protetor contra a apoptose de células gliais (Zeng

e cols., 2010).

1.5 Ambiente enriquecido e SNC

O AE ¢ definido como uma combinagdo de interacdo social, exposi¢ao
continuada a “possibilidades de aprendizagem”™ e exercicios fisicos. Um ambiente
enriquecido experimental pode ser composto por uma gaiola mais ampla, com varias
vias de acesso, rodas de exercicio, opgdes de esconderijos e brinquedos de véarios
tamanhos e texturas. Desse modo, os artificios presentes no ambiente, devem
proporcionar a aquisi¢ao de novas habilidades e experiéncias, e que segundo alguns
autores podem alterar a estrutura e funcdo do encéfalo de roedores, por meio de

estimulos excitatorios, o que aumenta a capacidade de plasticidade neuronal. Isso faz
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com que o animal se torne mais curioso, facilitando o aprendizado e melhorando

processos de memoria (Krech e cols., 1960; Biernaskie e Corbett, 2001).

Figura 7. Exemplo de gaiola de enriquecimento ambiental (56x56x56), com 3 andares,

contendo rampas, brinquedos e objetos para esconderijo (material do pesquisador).

Em estudos com animais com dano encefalico, a exposi¢do ao enriquecimento
ambiental (EA) pode desempenhar um papel importante na plasticidade neuronal
hipocampal, bem como, melhorar as func¢des afetadas (van Praag e cols., 2000,
Ahmadalipour e cols., 2015).

Algumas pesquisas demonstram que o AE ¢ capaz de influenciar na
neurogénese hipocampal e aumentar o nimero de astrocitos (van Praag e cols., 2000;
Komitova e cols., 2005; Segovia e cols., 2006). Além disso, foi descrito que o AE ¢

capaz de estimular o aumento dos prolongamentos dendriticos e proteger a rede vascular
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do hipocampo de animais diabéticos (Beauquis e cols., 2010). Ainda, ¢ possivel
observar sua influéncia sobre habilidades, aprendizado e memoria (Beauquis e cols.,

2010; Piazza e cols., 2011; Ahmadalipour e cols., 2015).

1.6 A imuno-histoquimica na avaliacao do dano ao tecido nervoso

Existem diversas técnicas que sdo capazes de evidenciar alteragdes em células
do SNC e possiveis danos neurais. Estudos recentes utilizam diversas técnicas para
estudar o comportamento de astrocitos (GFAP), proliferacdo celular e neurogénese (5-
bromo-2'-deoxyuridine (BrdU); Neuronal Nuclei (NeuN); Neural cell adhesion
molecule (NCAM)) e apoptose neuronal (Caspase-3), frente a desordens metabdlicas e
doencas em nivel cerebral. Estas técnicas compreendem a imunocitoquimica,
imunofluorescéncia, western blot e também a imuno-histoquimica (IH), que detecta
componentes celulares no tecido através de marcadores, gerando ligacdes antigeno-
anticorpo capazes de ser observadas e quantificadas (Kandratavicius e cols., 2007;
Revsin e cols., 2009; Beauquis, 2010; Piazza, e cols., 2011; Hsiao e cols., 2014).

A GFAP ¢ uma proteina de filamentos intermediarios encontrada no citoplasma
dos astrocitos. Sabendo-se que em quadros estressores, como na hiperglicemia cronica,
ha o aumento da reatividade astrocitaria, ¢ muito util para avaliar a dimensao do dano
neural pela técnica de IH (Saravia e cols, 2002; Revsin e cols, 2005; Lebed e cols.,
2008).

Para deteccdo de células em apoptose podemos utilizar como marcador a
Caspase-3, que ¢ uma protease da familia das caspases, que estd intimamente ligada a
cascata de eventos que termina em apoptose (Chen e cols., 2015). Na hiperglicemia

cronica, sabe-se que ha a ativagao de Caspase-3 em decorréncia do dano mitocondrial, e



20

por isso, células em apoptose podem ser observadas pela técnica de IH (Hawkins e

Davies, 2001; Zeng e cols., 2010; Menzie e cols, 2013).

1.7 Avaliag¢ao do comportamento animal e déficits de memoria

Existem diversas formas pelas quais se pode avaliar o comportamento, a
memoria e o aprendizado de animais. Através de testes bem estabelecidos, ¢ possivel
avaliar estados emocionais e a capacidade do animal de aprender e conseguir evocar

uma memoria (Quillfeldt, 2010).

1.7.1 Teste do campo aberto

Esse teste permite avaliar a atividade locomotora de animais, a atividade
exploratoria, o estado de ansiedade, de depressio e medo. Conhecendo-se o
comportamento normal do animal, ¢ possivel avaliar comportamentos patoldgicos
(Oliveira e cols., 2008; Quillfeldt, 2010). O teste consta de um aparato, chamado arena,
que ¢ cercado por paredes, onde o animal ndo tem visdo para o exterior. O assoalho
desta arena possui marcagdes, em quadrantes, que delimitam o centro e a periferia da
arena, para que a partir destes, seja possivel avaliar em qual regido o animal permanece
por mais tempo.

O animal ¢ solto no centro da arena, e seus comportamentos sao filmados por
um periodo pré-determinado, de acordo com cada protocolo. Na andlise dos videos,
podem ser avaliadas: a distdncia que o animal percorreu dentro da arena; o tempo gasto

na periferia do aparato; o nimero de quadrantes atravessados em cada regido, que ird



21

indicar o nivel de deambula¢dao do animal; o tempo que o animal permaneceu imével
(FREEZING), farejando (SNIFFING) e explorando em pé (REARING), que irdo indicar
a atividade locomotora e exploratéria; o tempo gasto no centro € o numero de
quadrantes atravessados; tempo de autolimpeza (GROOMING) e quantidade de
defecagdo, que sdao parametros que indicam o nivel de ansiedade do animal (Gould e
cols., 2009; Quillfeldt, 2010; Guilhermitti, 2011). Muitos estudos utilizam esse teste
para avaliar o efeito de drogas, doengas e tratamentos (Carola e cols., 2002; Cryan e
Holmes, 2005; Hsiao e cols., 2014), incluindo aqueles para avaliar efeitos da diabetes,
enriquecimento ambiental e da administracao de taurina (Piazza e cols., 2011; Caletti e

cols., 2012).

1.7.2 Reconhecimento de Objetos

A tarefa de reconhecimento de objetos (RO) avalia a capacidade do animal de
relembrar um objeto que lhe foi apresentado, e ainda, perceber a troca do objeto antigo
por um novo e diferente. Essa tarefa envolve memoria espacial e a memoria para itens,
além disso, envolve processos cognitivos de identificagdo, percepcdo e discriminagao,
por exemplo (Quillfeldt, 2010).

O teste consiste em submeter o animal a uma sessdo de treino, dentro de uma
arena, contendo 2 objetos idénticos. Durante alguns minutos, o animal pode explorar a
vontade a arena e os objetos. O animal ¢ retirado desta arena por um tempo, que pode
variar de minutos até um dia, de acordo com cada protocolo, € em seguida, retorna para
a sessao de teste. No teste, o animal ¢ apresentado novamente a dois objetos, sendo que
um destes ¢ o mesmo que ja lhe foi apresentado na sessao de treino, € o outro € trocado

por um objeto novo, de cores, dimensoes e formato diferentes (Hsiao e cols, 2014).
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Alguns estudos utilizam esta técnica para avaliar danos a memoria causados
por diversas doengas, incluindo a diabetes, e também, para observar a influéncia de
medicamentos sobre a aquisi¢do, consolidagdo e evocacdo destas memorias (Dix e
Aggleton, 1999; Revsin e cols, 2009; Piazza e cols., 2011; Hsiao e cols, 2014; Zuloaga e

cols., 2015).

Troca de um dos objetos e
medi¢do da preferéncia

Exposigdo a 2 objetos idénticos ;
elo objeto novo

Retencdo
1 min - 1 dia

Figura 8. Teste de reconhecimento espontdneo de objetos para avaliacdo de memoria
espacial e de curto prazo em ratos. O tempo total de exploracdo ¢ de geralmente 5
minutos, e o tempo de intervalo entre o treino e o teste pode variar de 1 minuto a 1 dia,

conforme o protocolo (adaptado de Dix e Aggleton, 1999).

ooooo

A esquiva inibitoria (EI), ou esquiva passiva, avalia a capacidade do animal de
adquirir, consolidar e evocar memorias aversivas através de estimulos com choque

elétrico, e também ¢ capaz de avaliar memoria espacial e de trabalho. Diversos estudos
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utilizam este sistema de choque para avaliar déficits de memoria nas mais diversas
patologias (Zugno, 2007; Ahmadalipour e cols., 2015; Tabrizian e cols., 2015).

No presente teste, o animal, em uma sessao de treino, ¢ colocado dentro de
uma caixa fechada, sobre uma plataforma com uma das paredes transparente, para
melhor observagao. A tendéncia € que apos algum tempo de exploragdo, o animal desca
da plataforma para explorar o restante do ambiente. Quando o animal desce da
plataforma e toca com as quatro patas o assoalho do aparato, que ¢ composto por barras
metalicas conectadas a uma fonte elétrica, recebe um choque intermitente que pode
variar at¢ ImA (miliampere), durante 3-5 segundos. Neste momento espera-se que o
animal adquira uma memoria aversiva a este choque. Na sessdo de teste, que pode
ocorrer 24 horas apos o treino, o animal ¢ recolocado no aparato sob as mesmas
condigdes, ¢ ¢ medido o tempo que o animal leva para descer da plataforma, chamado
de tempo de laténcia. Desta vez, quando o animal tocar as barras com as patas, nao
levara outro choque. Teoricamente, um animal que possui uma boa memoria consegue
evocar a memoria aversiva ao choque, apresentando assim um tempo de laténcia maior
do que animais que possuem déficits de memoria (Zugno, 2007; Quillfeldt, 2010; Ogren

e Stiedl, 2013).
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Plataforma

Barras de metal
conectadas a
corrente elétrica

Figura 9: Desenho representativo do teste de esquiva inibitoria, mostrando a plataforma

e as barras de metal conectadas a fonte elétrica, que ird liberar o choque a medida que o

animal toca-las com as 4 patas (adaptado de Quillfeldt, 2010).
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2 OBJETIVOS

1.1. Objetivo geral

Avaliar a influéncia da taurina e do ambiente enriquecido sobre o giro denteado

do hipocampo de ratos diabéticos e ndo diabéticos.

1.2. Objetivos especificos

e Avaliar o impacto do uso da taurina e exposicdo ao AE sobre a memoria (de
curta e de longa duragdo) e comportamento nos diferentes grupos experimentais;

e Avaliar a influéncia da taurina e do AE sobre a densidade dos filamentos
intermediarios (GFAP+) dos astrécitos no GD do hipocampo de animais
diabéticos e ndo diabéticos;

e Avaliar a influéncia da taurina e do AE sobre a apoptose, observando a variagao
no numero de células marcadas com caspase-3 clivada no GD do hipocampo de
animais diabéticos e ndo diabéticos;

e Verificar em todas as andlises, se a taurina e o AE, juntos, sdo capazes produzir

efeitos sinérgicos.



36

3 ARTIGO CIENTIFICO REDIGIDO EM INGLES

O artigo intitulado, “The effect of taurine and enriched environment on
behaviour, memory and hippocampus of diabetic rats”, encontra-se a seguir, e esta de
acordo com as normas de publicagdo, que seguem em ANEXO, da revista Neuroscience

Letters.
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Abstract

Diabetes mellitus (DM) has been studied recently as a major cause of cognitive
deficits, memory and neurodegenerative damage. Taurine and enriched environment
have stood out for presenting neuroprotective and stimulating effects that deserve
further study. In this paper, we examined the effects of taurine (T) and enriched
environment in the context of diabetes, evaluating effects on behaviour, memory, death
and cellular activity. Eighty-eight Wistar rats were divided into 2 groups (E=enriched
environment; C=standard housing). Some animals (24/group) underwent induction of
diabetes, and within each group, some animals (half of diabetics (D) and half of non-
diabetics (ND)/group) were treated for 30 days with taurine. Untreated animals received
saline (S). In total, there were eight subgroups: DTC, DSC, NDTC, NDSC, DTE, DSE,
NDTE and NDSE. During the experiment, short and long-term memories were
evaluated. On the 30th day from the beginning of treatment, the animals were
euthanized by transcardiac perfusion for removal of brains. All brain sections were
made for immunohistochemistry procedures for GFAP and cleaved caspase-3. As a
result, we observed that animals treated with taurine showed better performance in
behavioural and memory tasks, and the enriched environment had positive effects,
especially in non-diabetic animals. Furthermore, taurine and enriched environment
seemed to be able to interfere with neuronal apoptosis and loss of glial cells, and in
some instances, these two factors seemed to have synergistic effects. From these data,
taurine and enriched environment may have important neurostimulant and
neuroprotective effects.

Keywords: Taurine, enriched environment, diabetes, memory, dentate gyrus,

neurodegeneration.
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1. Introduction

According to the [International Diabetes Federation, approximately 382
million people worldwide have diabetes mellitus (DM), and it is believed that by the
year 2035, this number will increase to 592 million cases [1].

Chronic hyperglycaemia may cause various effects on the body and central
nervous system (CNS). Several chronic effects on the brain have been described, such
as decreased synaptic plasticity [2, 3], neurotoxicity, neuroinflamation, decreased cell
proliferation, increased neuronal apoptosis [4-6], astrocyte damage, excitotoxicity,
changes in glutamatergic neurotransmission [3, 7] and mainly cognitive, memory and
learning deficits [2, 3, 8-10].

The effects of environmental enrichment (EE) in animal studies have been
observed to simulate the influence of physical exercises, sensory stimulation and
learning, with positive effects on skills, memory and cognitive deficits [11-13]. Studies
have shown that the EE is able to influence hippocampal neurogenesis, also increase
dendritic extensions and the number of astrocytes [11-16].

Other studies have shown the positive effects of taurine. Taurine, considered as
a semi-essential amino acid, it has several important functions, especially on the
mammalian CNS acting in various processes such as osmoregulation, neuromodulation,
membrane stabilization and cell proliferation [17, 18]. In metabolic stress conditions,
such as DM, taurine has neuroprotective and antioxidants effects [19-21]. It interferes
with the apoptosis pathways [22-24], helps in cell proliferation, neurogenesis, improves

cognitive deficits [25] and neutralises excitotoxicity [26].
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Faced with so many beneficial effects, this study seeks to unite in a single
experiment the effects of taurine and exposure to an EE in a hyperglycaemic state, to

obtain more results on this subject.

2. Material and methods

2.1. Animals

Eighty-eight male adult Wistar rats weighing 300g on average, from the local
breeding colony (Universidade Federal de Ciéncias da Saude de Porto Alegre, Brazil -
UFCSPA) were used. All procedures were approved by the Ethics Committee of
Universidade Federal de Ciéncias da Saude de Porto Alegre — UFCSPA (Protocol
134/13). The animals were manipulated according to international and national laws for
the ethical care and manipulation of laboratory animals (European Communities

Council Directive of 22 September 2010, 2010/63/EU and Lei 11.794/08).

2.2. Experimental groups

The animals were divided into 2 main groups, according to the environment:
group C were housed in standard housing and group E, were housed in cages with EE.
Each group (C and E) was divided into four subgroups, according to the induction of
diabetes and the treatment, totalling eight subgroups: diabetic animals treated with
taurine in group C (DTC, n=12); diabetic animals untreated with taurine in group C
(DSC, n=12); non-diabetic (ND) animals treated with taurine in group C (NDTC,

n=10); non-diabetic animals untreated with taurine in group C (NDSC, n=10); diabetic
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animals treated with taurine in group E (DTE n=12); diabetic animals untreated with
taurine in group E (DSE, n=12); non-diabetic animals treated with taurine in group E
(NDTE, n=10); non-diabetic animals untreated with taurine in group E (NDSE, n=10)

(Figure 1).

2.3. Environmental conditions

Forty-four animals were housed in cages with EE (group E), divided
proportionally between 6 cages (56x56x56cm) in order to promote social interaction.
Each cage had three floors connected by ramps, promoting physical exercise and
movement. Various elements of different shapes and textures were placed, including:
balls, stairs, cubes, tunnels, wool pompoms, chopped paper, sand paper, swings,
burrows, rattles and wheels exercises, which were available to the animals during the 30
days of the experiment. They were always 5 different objects in each cage and once a
week, some of them were replaced by different ones, with the intention to stimulate
sensory, motor and cognitive functions. The remaining forty-four animals were housed
in standard housing (group C) (Plexiglas® cages, 41x34x16cm), with two animals per
cage in order to minimise the social interaction and without any kind of EE.

All animals in C and E groups, until the beginning of the experiment, went
through a period of adaptation to new environments, for about 10 days. They were kept
under ideal conditions of temperature (22 + 2°C) and humidity (55%), with a light:dark

cycle of 12 hours. All animals had free access to food and water.
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2.4. Induction and confirmation of diabetes

After the habituation and handling period (10 days), 24 animals from each
group were induced with diabetes. After 16 hours of fasting, animals received
intraperitoneal (i.p.) injection of 50 mg/kg of streptozotocin (Sigma®), dissolved in
citrate buffer (pH 4.5). Non-diabetic control animals were injected only with citrate
buffer (1 mL/kg i.p.). The hyperglycaemia was confirmed 48 hours after administration.
Animals who showed blood glucose above 200 mg/dL. were considered diabetics. No
animal had to be excluded. During the 30 days of the experiment, glucose levels were

measured once a week, until the day before euthanasia.

2.5 Administration of taurine

Taurine (Pharmanostra®) was administered at a dose of 100 mg/kg ip.,
dissolved in saline, with the first dose given 1 day after diabetes confirmation and
applied daily for 30 days. Taurine was administered in half of the diabetic animals and
half of the non-diabetic animals from each group (C and E). The animals untreated with

taurine received only saline (1 mL/kg).

2.6. Open field task (OF)

The open field task evaluates the animal's behaviour in a different environment.
On the 25th day of the experiment, 1 hour after administration of taurine or saline, the
animals were individually placed in an empty arena (Insight®, 60x60x60cm),

surrounded by walls and the floor were divided into 12 quadrants; their behaviours were
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recorded for 5 minutes. Then, the videos were watched by two observers, and the
following behaviours were analysed and measured: (1) input frequency in the periphery
area (CROSSINGp); (2) time in the centre area (TIMEc); (3) time sniffing (SNIFFING)
and (4) number of "rearing" (REARING). These analysed parameters were able to

express tranquillity, anxiety, fear and exploratory behaviour.

2.7. Object recognition task

The animals were placed individually in the same arena used for the open field
task (60x60x60cm) for 5 minutes for 2 consecutive days. On the third day (27th day of
treatment) the animals underwent a training session for 5 minutes, with two identical
objects (Al and A2) being presented to them. After training, the animals returned to the
cages for 1 minute. Meanwhile, one object (A2) was replaced by another unfamiliar
object (B). The animals returned to the arena and the exploratory behaviours were
recorded for 3 minutes, for frequency analysis and time of sniffing and exploration of
objects, considering a minimum distance of 2cm from them. Behaviours such as
climbing up on objects were not considered exploratory.

The object recognition index (RI) is calculated using the formula:
(B)/(B+A1)*100, which express the percentage of preference for the new object, where

B is the new object and Al is the familiar object [13].

2.8. Histological procedures

The animals were euthanized, transcardially perfused after the 30th day of the

experiment. They were anaesthetised with ketamine (80-100 mg/kg i.p.) and xylazine
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(5-10 mg/kg 1.p.), heparinized with 0.ImL heparin and perfused with 0.9% saline for 10
minutes, followed by 4% paraformaldehyde diluted in phosphate buffer (PBS) 0.1M
(pH 7.2-7.4) for 30 minutes. Then the brains were removed, which were maintained for
24 hours in 4% buffered paraformaldehyde, and then in 70% ethanol for at least 24
hours. The samples embedded in paraffin. Coronal sections were made 4um in the
dentate gyrus of the hippocampus, as stereotactic atlas coordinates [27] (2.8 to 4.3
coordinates of bregma) with a rotatory microtome. Nine coronal sections per animal
were selected for analysis, with a distance of 80pum between each cut. The experimental

design is shown in Figure 2.

2.9. Immunohistochemistry

After deparaffinization, the slices to GFAP were allowed to stand in PBS (pH
7.4) with 0.5% Triton X-100 (PBS-tx) for 15 minutes, while the slices to cleaved
caspase-3 were allowed to stand in citrate buffer (pH 6.00) at 98°C for 20 minutes for
antigen retrieval. After, the blocking of endogenous peroxidase was made with
hydrogen peroxide (30V) 5% in methanol for 10 minutes (3 times). Nonspecific
proteins were blocked with bovine serum albumin 1% (BSA) (Sigma®) in PBS-tx for at
least 1 hour at room temperature (RT). Then, the sections were incubated with primary
monoclonal antibody (GFAP: Dako® 1:500; Cleaved caspase-3: Cell Signalling
Technology® 1:500) overnight at 4°C. After, the sections to GFAP were incubated with
the secondary and tertiary antibody (HRP® Advance kit, Dako®) for 40 minutes each at
RT, while the section to cleaved caspase-3 were incubated with the secondary antibody
(SignalStain® Apoptosis Kit, Cell Signaling Technology®) also for 40 minutes. Finally,

immunohistochemical reaction was revealed with a 0.06% 3.3'-diaminobenzidine
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(DAB) (Dako®) in PBS-tx for at least 3 minutes, counterstained with haematoxylin
(only cleaved caspase-3) and mounted on slides using Entellan® (Merck®). For GFAP,
the samples were photographed and analysed by optical densitometry using the software
Image Pro Plus® 6.3 (Media Cybernetics®). For cleaved caspase-3, the samples were
analysed by two researchers, in Olympus BX-40 microscope (Olympus®).
Immunoreactive cells for cleaved caspase-3 were quantified in the granular layer of the

dentate gyrus of the hippocampus.

2.10. Statistical analysis

The results were expressed as meantstandard deviation. Statistical analysis
was performed by a three-way analysis of variance (ANOV A) followed by Bonferroni’s

post-hoc test. Difference was considered significant if p<0.05.

3. Results

3.1. Open field task

The results that CROSSINGp showed between animals of group C, DTC
(17.7£5.07) did not differ in relation to its control DSC (18£2.79) but NDTC
(16.6+2.63) differ significantly from NDSC (25.1£1.91) with p<0.001. In the group E,
DTE (22.2+3.88) showed lower average in relation to DSE (26.9£1.91) with p=0.004
and NDTE (44.2+5.37) showed higher average in relation to NDSE (35.7+2.43) and the
others subgroups with p<0.001. Animals of group C showed lower number of

CROSSINGp in relation to animals of group E (p<0.005).
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The results that REARING showed that DTC (16.70£2.75) did not differ in
relation to DSC (14.00£2.17), already, NDTC (12.70+£2.26) showed lower number of
REARING in relation to NDSC (22.00+4.55), with p<0.001. In the group E, DTE
(14.5+£3.24) did not differ from DSC (15.8+£2.20), but NDTE (25.80+3.15) showed
higher average in relation to NDSE (22.254+4.77) and the others subgroups with p=0.02.

As for SNIFFING, DTC (6143.93) showed higher average in relation to DSC
(56.1+3.98) with p=0.02, and NDTC (43.5+2.63) differ from NDSC (55.7+4.52) with
p<0.001. In the group E, diabetic animals (DTE 61.5+£6.43 and DSE 65.3+5.20) did not
differ among themselves, but NDTE (68.7+6.02) differ from animals NDSE (60.84+5.55)
and also differ from NDTC, with p<0.001.

Finally, as for TIMEc in the group C, DTC (24.842.93) and NDTC (17£1.56)
showed higher averages compared to their controls DSC (18.16+£3.18) and NDSC
(20.09£1.93) respectively, with p<0.001. In the group E, DTE (12.2+£2.74) and NDTE
(8.4£1.25) did not differ in relation to their controls DSE (12.10+£2.55) and NDSE
(8+1.41) respectively. Still, animals of group C showed higher averages when
compared with animals of group E (p<0.001), except for NDSC and NDSE, which did

not differ. All results can be seen in Figure 3.

3.2. Object recognition task

In this task, the RI values did not differ among animals of group C (DTC
66.7+£5.98; DSC 63.5+5.88; NDTC 71.849.72; NDSC 65.8+3.19). In the group E, DTE
(88.24 = 10.18) compared to DSE (64.6+15.15) showed significant difference

(p<0.001), but NDTE (84.82+11.67) did not differ from NDSE (80.44+3.80). Animals of
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group E had better RI in comparison to group C (DTE/DTC; NDTE/NDTC;

NDSE/NDSC), with p<0.005 (Figure 4).

3.3. Densitometry Optical GFAP

In the group C, DTC (0.245+0.020) had higher optical density (OD) of GFAP
in comparison to DSC (0.218+0.018), with p<0.001. Animals NDTC (0.242+0.010) in
relation to NDSC (0.2341+0.004), showed no difference. In group E, diabetic animals
(DTE 0.247+0.013 and DSE 0.246+0.017) did not differ among themselves, however,
NDTE (0.2954+0.029) had higher OD in relation to NDSE (0.236+0.013) and all

subgroups (p<0.001) (Figure 5).

3.4. Cleaved caspase-3

Comparing the mean quantifying immunoreactive cells to cleaved caspase-3,
DTC (40.96+2.54) had lower average in relation to DSC (45.45+1.32), with p<0.001,
but between NDTC (33.2842.86) and NDSC (34.50+3.88) did not showed difference. In
the group E, DTE (43.74+1.95) and NDTE (34.77+2.48) in comparison to their controls
DSE (48.10+2.46) and NDSE (40.71 £+ 2.84) respectively, showed difference with
p<0.001. Curiously, animals of group E in comparison to subgroups of group C
(DTE/DTC; DSE/DSC; NDSE/NDSC), showed a higher number of apoptotic cells and

although not a very big difference, it was significant (p<0.05) (Figure 6).
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4. Discussion

Some results found in this study are new and showed positive effects of
environmental enrichment and treatment with taurine. In the literature, there are few
studies with diabetic animal models investigating the influence of taurine or EE on
memory, behaviour or expression of immunohistochemical markers such as GFAP and
caspase. However, when we searched for studies linking all these elements, data were
not found.

Some studies have discussed how DM can adversely influence animal
behaviour, reducing locomotor and exploratory activity, and increasing anxiety [3, 28].
In the OF task, the taurine in diabetic group C was not able to improve locomotor
activity (CROSSINGp and REARING), but seems to have helped in improving the
exploratory ability (SNIFFING) and also increasing TIMEc compared to the untreated
diabetic controls. In theory, by instinct, animals tend to avoid the centre of an unknown
location, performing thigmotactic behaviour. When the animal spends more time in the
centre of arena, this animal apparently is less anxious [29]. In non-diabetic animals of
group C, the taurine acts decreasing the locomotor and exploratory activity and
increasing the TIMEc, showing an effect similar to anxiolytic, which was previously
described by Caletti et al. [28]. In diabetics of group E, taurine acts decreasing the
locomotor and exploratory activity showing effect anxiolytic. In non-diabetic animals of
group E, the taurine act increasing the locomotor and exploratory activity in relation to
NDSE and all subgroups, apparently showing a possible stimulating effect. The EE
alone can improve locomotor and exploratory activity in comparison to standard
housing animals (NDSE/NDSC) and potentiated to stimulant effect of taurine in NDTE

suggest a synergistic effect. The EE did not able to improve the TIMEc in relation to
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animals of group C, possibly because these animals were habituated to a wide and rich
environment. Therefore, in front of an empty and new environment, they easily become
more anxious, probably due to modulation in interoception and exteroception. The
beneficial effects of EE have already been observed in other studies [13; 30], by
stimulating curiosity and making them more willing and smart animals. This suggests
that the physical and interactive activities are able to improve physical and locomotor
states as well as states that can cause depression.

Another important complication of DM are memory deficits [10, 31] that can
be improved when treated with taurine [32, 33] and positively affected by EE [13]. In
the object recognition task, the taurine, in the group E, appeared to influence memory,
possibly associated with EE since we observed a significant improvement in the
performance of the animals, both diabetic and non-diabetic when compared to their
controls and in relation to the equivalent subgroups of group C (DTC and NDTC).
However, the animals of group C did not show any influence. When observing the
performances of NDSE we show that they were better than those in NDSC, suggesting
that the EE alone might have a positive influence on memory. Studies have shown that
EE is able to improve memory [34] and the same effect was seen in animals with brain
damage [30], diabetic [13] and senescent animals [35] confirming our results.

In immunohistochemistry for GFAP we did not observe astrocyte reactivity
(AR) in diabetic animals. This reactivity, indicating a cell response to stress [2], has
already been observed in the study by Saravia et al. [36]. This characterizes a
physiological response to injury that can evolve to a pathophysiological condition, with
hypertrophy-hyperplasia of astrocytes and increased expression of GFAP [37].
However, other study found that the AR has a sudden increase after the onset of

hyperglycaemia, but after 4 weeks the reactivity begins to decline with decreased GFAP
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expression [38] initiates a neurodegeneration process. Taking into account that the
treatment of this experiment lasted 4 weeks, our animals would already be in this phase
of decline, and thus their values were close to the controls. Moreover, taurine in DTC
seemed to contain the decline observed in the DSC, keeping the GFAP levels above
untreated animals, demonstrating a possible neuroprotective effect already observed by
Zeng et al. [23]. In the group E, taurine did not have the same effect on the diabetic
animals. However, untreated diabetic animals (DSE) did not have the same decrease in
OD of GFAP seen in DSC, maintaining similar levels to the NDSE control, showing
that EE may be able to interfere with neural damage processes, as described in another
study [9].

Taurine appeared to influence NDTE animals, increasing the immunoreactivity
of GFAP above all subgroups, which possibly in conjunction with EE presented higher
OD of GFAP, giving the impression of a synergistic effect. We could see that this effect
was not harmful to the animals in this group, since we observed that they performed
better on memory tasks, had higher exploratory and locomotor activity and smaller cells
in apoptosis values, compared to the others. This event has been described in other
studies [35, 39] observing that healthy animals subjected to EE had increased
immunoreactivity for GFAP in the hippocampal DG region, suggesting a response to
the new cell formation and modulation of synapses due to various sensory stimuli and
social interaction that EE offers, supporting our findings, which can be further enhanced
by the stimulating effect of taurine.

Also, the taurine showed no effect on the physiological apoptosis mechanism
in non-diabetic animals of group C, already observed in other study [19]. However,
taurine appeared to be able to prevent the increasing number of apoptotic cells in

diabetic animal in both groups (C and E), demonstrating a potential neuroprotective
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effect, possibly playing an antioxidant role by reducing the damage caused by
hyperglycaemia, as explained by other authors [19, 22, 24]. The same effect was
observed in NDTE. Surprisingly, when we compared the subgroup averages in group E
with the equivalent of C group, especially among controls (NDSC and NDSE), a small
increase in the apoptosis were observed in group E compared to group C, contradicting
some studies that did not show this pattern in healthy animals [40]. This small increase
was not harmful to the behavioural and memory tasks because EE animals had excellent
performances on such tasks as compared with the standard housing animals. This
increase of apoptosis may be due to various sensory, emotional and physical stimuli that
occur at EE that increases the consumption of ATP and oxygen, which cause a
physiological increase in the production of reactive oxygen species (ROS). Previous
studies have described that the increase in ROS production triggers oxidative stress [4,
5] and stimulates the release of pro-apoptotic factors. Also, studies have shown that EE
is able to increase neurogenesis processes [11, 12, 14]. Therefore, an increase in
neurogenesis can compensate this increase in apoptosis and this would be important

data to analyse in future studies.

5. Conclusion

We conclude that the taurine is able to improve memory deficits induced by
diabetes, increase the exploration activity and interfere with apoptosis and
neurodegeneration process. The EE also modulate behaviour and animal physiology,
increasing the curiosity and exploration. Thus, improved mechanisms of acquisition and
memory consolidation, both in diabetic and non-diabetic animals. In some instances, the

taurine and EE showed a beneficial synergistic effect on behaviour, memory, protection
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against cell death and stimulating glial adaptive responses to treatment and environment
rich in information. So, the positive results presented confirm that these factors can be

very beneficial to the quality of life of individuals with DM.
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7. Appendices

Figure 1: Diagram demonstrating experimental groups division
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Figure 2: Diagram illustrating experimental design
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Figure 3: Open field test mean + standard deviation values for the groups (n=8-
10/group):

A: The number of intersections on the periphery of the arena (CROSSINGp): Statistical
difference: ¥ p<0.005 (DTC vs. DTE, DSC vs. DSE, NDTC vs. NDTE and NDSC vs.
NDSE); #p=0.004; *p<0.001.

B: Number of times the animal stood on its hind legs (REARING): Statistical
difference: 1 different from the other subgroups with p<0.02; *p<0.001.

C: Time that the animal spent sniffing (SNIFFING): Statistical difference: ¥ different
from NDTC and NDSE, with p<0.001; *different from the others of group C, with
p<0.05; #p<0.001;

D: Time spent in the central area of the arena (TIMEc): Statistical difference: 1p<0.001
(DTC vs. DTE, DSC vs. DSE and NDTC vs. NDTE); *p<0.001.
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Figure 5: GFAP

A: Optical densitometry of GFAP. Values expressed as means for each group#standard
deviation: statistical difference: *p<0.05 relative to other subgroups; #p=0.031;

B: Microphotography dentate gyrus in NDTE group, which showed higher OD values;
C: Photomicrograph of the dentate gyrus in DSC group, which exhibited lower OD

values.
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Figure 6: Cleaved caspase-3.
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A: Values expressed as means counts of the cells labelled with cleaved caspase-3 +
standard deviation: statistical difference: *p<0.001; #p<0.05 (DTC vs. DTE; DSC vs.
DSE and NDSC vs. NDSE).

B: Photomicrograph of DSC, many immunoreactive cells showing caspase-3;

C: Photomicrograph of NDTC, showing few immunoreactive cells.
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4 CONSIDERACOES FINAIS

Nossos resultados mostram que de fato, animais diabéticos apresentam déficits
de memoria e aprendizado em relacdo a animais nao diabéticos, assim como possuem
uma maior taxa apoptdtica.

Conseguimos demonstrar que a suplementacdo com taurina apresenta bons
efeitos sobre o organismo de animais diabéticos, melhorando seus déficits de memoria,
aumentando sua atividade exploratdria, e parecendo atuar também na diminuicao de
processos de degeneracao astrocitaria e apoptose neuronal.

Observamos que o enriquecimento ambiental influencia muito sobre o
comportamento ¢ fisiologia dos animais, tanto nos diabéticos como nos nao diabéticos.
Parece influenciar aumentando a atividade locomotora e curiosidade dos animais.
Também, aparenta atuar melhorando mecanismos de aquisi¢ao e evocacao de memdrias,
fazendo com que os animais que foram expostos ao AE se sobressaiam positivamente
aos outros que nao foram expostos ao mesmo ambiente.

No estudo também notamos que em alguns momentos, a taurina ¢ o AE
pareciam ter efeitos sinérgicos que estimularam positivamente comportamento animal.
Esta sinergia parece proteger contra a morte celular, e ainda, aumentar a DO de GFAP
em astrocitos, possivelmente por promover a plasticidade neural e sinaptica em
decorréncia dos muitos estimulos recebidos do ambiente, especialmente em animais nao
diabéticos.

Diante destes dados, salientamos a importancia da continuidade de estudos
envolvendo o DM, taurina e enriquecimento ambiental, para confirmar nossos achados e

demonstrar se hé ainda, efeitos positivos sobre neurogénese € outros processos.
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electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbels and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please aveid using vertical rules.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
‘Personal communication’. Citation of a reference as 'in press’ implies that the item has been accepted

for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special lssue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Maost Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor plug-ins from
these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/neuroscience-letters

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors
can be referred to, but the reference number(s) must always be given.
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Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the arder in which they appear
in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, 1.A.]. Hanraads, R.A. Lupton, The art of writing a scientific article, 1. Sci. Commun.
163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Ir., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.5. Jones, R.Z.
Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.
Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13.03.03).

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum size
of 150 MB. Video and animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills’ with your files: you can
choose any frame from the video or animation or make a separate image. These will be used instead
of standard icons and will personalize the link ta your video data. For more detailed instructions please
visit our video instruction pages. Note: since video and animation cannot be embedded in the print
version of the journal, please provide text for both the electronic and the print version for the portions
of the article that refer to this content.

Supplementary material

Supplementary material can support and enhance your scientific research. Supplementary files
offer the author additional possibilities to publish suppeorting applications, high-reselution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel
file or as a PowerPaoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make sure to switch off the
Track Changes' option in any Microsoft Office files as these will appear in the published supplementary
file(s). For more detailed instructions please visit our artwork instruction pages.

Data in Brief

Authors have the option of converting any or all parts of their supplementary or additional raw data
into one or multiple Data in Brief articles, a new kind of article that houses and describes their data.
Data in Brief articles ensure that your data, which is normally buried in supplementary material,
is actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon
publication. Authors are encouraged to submit their Data in Brief article as an additional item directly
alongside the revised version of their manuscript. If your research article is accepted, your Data in
Brief article will automatically be transferred over to Data in Brief where it will be editorially reviewed
and published in the new, open access journal, Data in Brief. Please note an open access fee is payable
for publication in Data in Brief. Full details can be found on the Data in Briel website. Please use this
template to write your Data in Brief.
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Database linking

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer
to relevant database identifiers using the following format in your article: Database: xxox (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). More information and a full list of supported databases.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words
and to help readers understand what the paper is about. More information and examples are
avallable. Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Imteractive plots

This journal enables you to show an Interactive Plot with your article by simply submitting a data
file. Full instructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

= E-mail address

# Full postal address

All necessary files have been uploaded, and contain:

s Keywords

= All figure captions

= All tables (including title, description, footnotes)

Further considerations

= Manuscript has been 'spell-checked' and 'grammar-checked’

# References are in the correct format for this journal

= All references mentioned in the Reference list are cited in the text, and vice versa

s Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

Printed version of figures (if applicable) in color or black-and-white

= [ndicate clearly whether or not color or black-and-white in print is required.

For any further information please visit our Support Center.

AFTER ACCEPTANCE

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published guickly and accurately. Please use this
proof anly for checking the typesetting, editing, completenass and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used
for sharing the article via any communication channel, including email and social media. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the
article is accepted for publication. Both corresponding and co-authors may order offprints at any
time via Elsevier's Webshop. Corresponding authors who have published their article open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES

Track your submitted article
Track your accepted article
You are also welcome to contact the Elsevier Contact Center.

{© Copyright 2014 Elsevier | hitp://www.elsevier.com
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