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Resumo da Dissertacao

Introducgao: O diabetes mellitus apresenta um grande aumento na prevaléncia
a nivel mundial, sendo uma das doengas crénicas de maior impacto nos gastos
com saude. O quadro de hiperglicemia leva a diversos disturbios metabdlicos
que geram um estresse oxidativo, afetando muitos tecidos e sistemas incluindo
o sistema nervoso central. A taurina demonstrou efeitos antioxidantes
desempenhando um papel neuroprotetor juntamente com o enriquecimento
ambiental. Objetivos: O objetivo deste trabalho foi estudar o efeito do
aminoacido taurina e do enriquecimento ambiental, avaliando-os de forma
isolada e combinada, sobre o cerebelo de ratos induzidos ao diabetes,
verificando os resultados através de marcadores de danos celular para leséo e
morte celular, e avaliagdo de células gliais e filamentos intermediarios. Material
e Métodos: No experimento foram utilizados 88 ratos, machos, Wistar;
divididos em dois grupos de 44 animais cada, onde um grupo foi alocado em
caixas de moradia padréo e o outro em gaiolas com ambiente enriquecido. Dos
44 animais de cada grupo, aproximadamente metade foi induzido ao diabetes
mellitus tipo 1, sendo uma fragcdo tratado com taurina por trinta dias
consecutivos. Ao trigésimo dia foram eutanasiados apds a perfusdo
transcardiaca e retirados os cerebelos que foram fixados, processados e
seccionados para realizacdo da técnica de imuno-histoquimica utilizando os
marcadores caspase-3 clivada, S100, GFAP e vimentina. Resultados: Taurina
e ambiente enriquecido reduziram a imunorreatividade para GFAP. Taurina
reduziu o numero de células positivas para caspase-3 clivada, enquanto o
ambiente enriquecido aumentou a imunorreatividade para esta proteina.

Nenhuma mudanca foi observada para imunorreatividade de células positivas



para S100. O diabetes aumentou a imunorreatividade para vimentina e o
ambiente enriquecido foi eficaz na protecdo contra este efeito. Conclusao:
Nossos resultados demostram o efeito benéfico da taurina e do enriquecimento
ambiental frente a um quadro hiperglicémico em diferentes tipos de células,
representando um potencial efeito neuroprotetor.

Palavras-chave: Cerebelo, taurina, ambiente enriquecido, diabetes mellitus,

imuno-histoquimica.
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Abstract

Introduction: Diabetes mellitus shows a large increase in global prevalence,
being one of the chronic diseases with the greatest impact on health spending.
Hyperglycemia leads to various metabolic disorders that generate oxidative
stress, affecting many tissues and systems including the central nervous
system. Taurine demonstrated antioxidant effects playing a neuroprotective role
together with environmental enrichment. Aim of study: The objective of this
work was to study the effect of the amino acid taurine and environmental
enrichment, evaluating them in an isolated and combined way, on the
cerebellum of rats induced to diabetes, verifying the results through markers of
cell damage for cell death and injury, and evaluation of glial cells and
intermediate filaments. Material and Methods: In the experiment, 88 male
Wistar rats were used; divided into two groups of 44 animals each, where one
group was allocated in standard housing boxes and the other in enriched
environment cages. Of the 44 animals in each group, approximately half were
induced to type 1 diabetes mellitus, a fraction treated with taurine for thirty
consecutive days. On the thirtieth day they underwent euthanasia, transcardiac
perfusion and cerebellar removal, which were fixed, processed and sectioned
for immunohistochemistry using the cleaved caspase-3, S100, GFAP and
vimentin markers. Results: Taurine and enriched environment reduced
immunoreactivity to GFAP. Taurine reduced the number of cells cleaved for
caspase-3 cleaved, while the enriched environment increased the
immunoreactivity for this protein. No change was observed for immunoreactivity
of S100 positive cells. Diabetes increased immunoreactivity to vimentin and the

enriched environment was effective in protecting against this effect.
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Conclusion: Our results demonstrate the beneficial effect of taurine and
environmental enrichment against a hyperglycemia in different cell types,
representing a potential neuroprotective effect.

Keywords: Cerebellum, taurine, enriched environment, diabetes mellitus,

immunohistochemistry.
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1. REFERENCIAL TEORICO

O diabetes mellitus (DM) é conhecido globalmente por ser uma doenca
metabdlica crénica (Inam-u-llah e cols., 2018), sendo que os disturbios
metabdlicos resultantes desta doenga levam a complicagdes em diversos
orgaos e sistemas (El-Akabawy e EI-Kholy, 2014). O DM se caracteriza por um
quadro de hiperglicemia, alterando o metabolismo de lipidios, carboidratos e
proteinas, e esta condi¢ao leva ao estado de estresse oxidativo (Eltony, 2016;
Sarkar e cols., 2017; Sherif, 2017).

Como resultado dos danos causados pelo aumento crénico da
concentragdo de glicose intracelular temos diversas alteragdes estruturais,
neuroquimicas e neurodegenerativas em diversas regides do cérebro, incluindo
o cerebelo (El-Akabawy e EI-Kholy, 2014; Eltony, 2016; Calletti e cols., 2017;
Guardia-Olmos e cols., 2017; Inam-u-llah e cols., 2018). Esses déficits séo
descritos nas areas de velocidade psicomotora e de processamento, memoria,
habilidade verbal e fungdes relativas a atengao (Guardia-Olmos e cols., 2017).

O cerebelo é conhecido como principal centro motor do sistema nervoso
central (SNC) (Eltony, 2016), sendo considerado uma estrutura cerebral critica
para que os movimentos voluntarios sejam coordenados e controlados (Hami e
cols., 2017). Os principais danos ao cerebelo se apresentam através de
disturbios motores na coordenac¢do muscular, for¢ca e equilibrio (Gelfo e cols.,
2010), sendo ainda indicado, recentemente, por desempenhar um papel nas
fungbes cognitivas, comportamentais e emocionais (Hami e cols., 2017).

A taurina é um aminoacido livre, ela é encontrada em grande
abundancia em mamiferos (Barakat e cols., 2002; Zhao e cols., 2018) e sua

concentragdo provéem de duas fontes, biossintese e dieta (Ito e cols., 2015;
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Suarez e cols., 2016). Estudos demonstram que ela pode apresentar algumas
propriedades citoprotetoras através de agbes como osmoregulador,
neuromodulador (Barakat e cols., 2002; Liu e cols., 2013; Suarez e col., 2016;
Calletti e cols., 2017; Zhao e cols., 2018), como reguladora de calcio (Liu e
cols., 2013; Adedara e cols., 2016; Zhao e cols., 2018) e também por seu efeito
antioxidante (Patel e cols., 2016; Adedara e cols., 2016; Calletti e cols., 2017;
Zhao e cols., 2018), termoregulador (Liu e cols., 2013), estabilizador de
membranas (Liu e cols., 2013; Adedara e cols., 2016) e, ainda, como fator anti-
inflamatdrio (Patel e cols., 2016; Adedara e cols., 2016; Chupel e cols., 2018;
Zhao e cols., 2018).

O ambiente enriquecido (AE) é considerado como uma condigao
estratégica de forma natural que proporciona muitos estimulos sensoriais,
motores, cognitivos e sociais quando comparado a um ambiente padréo
(Vazquez-Sanroman e cols., 2013; Caporalli e cols., 2014; Pascual e
Bustamante, 2013; Tomiga e cols., 2016). Tais estimulos dependem de uma
interacao espontanea entre o individuo e um ambiente fisico mais complexo
(Pascual e Bustamante, 2013).

A exposicdo ao ambiente enriquecido gera um grande numero de
mudancgas a niveis tanto moleculares quanto celulares, que incluem diversas
regides do cérebro, incluindo o cerebelo (Stamenkovic e cols., 2016). Seus
efeitos positivos no cérebro incluem aumentos da neurogénese e proliferagéo
celular, dos niveis de fator neurotréfico derivado do cérebro (BDNF), do numero
de contatos sinapticos e uma reducado nos efeitos ansioliticos em roedores

(Tomiga e cols., 2016).
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Deste modo, nosso experimento utilizando ratos se propde a unir e
avaliar dois componentes, de forma isolada e combinada, suplementando os
animais com taurina e expondo-os a um ambiente enriquecido, modelos esses
que apresentam um quadro de hiperglicemia e se torna muito relevante no

sentido de elucidar maiores resultados sobre o tema.

1.1 Diabetes mellitus

A principal caracteristica do DM é o quadro hiperglicémico, que decorre
da glicose em baixos niveis no meio intracelular e altos niveis no meio
extracelular, em consequéncia da destruicdo ou perda da funcionalidade das
células beta-pancreaticas, o que define o DM como uma condigdo metabdlica
crbnica, caracterizada pela deficiéncia total ou parcial da secrecédo de insulina
e/ou seu funcionamento (Kumar e cols., 2005).

Podemos classificar o DM de acordo com a acdo das células beta
pancreaticas produtoras de insulina. No DM1 ocorre uma reagao auto-imune
nas ceélulas beta-pancreaticas e sua consequente degeneragéo, gerando uma
dependéncia a insulina. J& no DM2, quando o tecido periférico se torna
resistente a insulina ou devido a deficiéncia de insulina, se caracteriza por
dislipidemia e hiperglicemia crénica (Yi e cols., 2009; Inam-u-llah e cols., 2018).

Esta doenca gera diversos disturbios metabdlicos que leva 6rgéos e
sistemas a sofrerem multiplas complicagdes (El-Akabawy e El-Kholy, 2014) e
representa um fator de risco importante para doenga arterial coronariana,
acidente vascular cerebral, doenca vascular periférica, cardiomiopatia,

nefropatia diabética, retinopatia diabética e neuropatia periférica (Calletti e
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cols., 2017; Athyros e cols., 2018). Ela também induz a alteragbes metabdlicas
e vasculares e alteragdes no sistema nervoso central (SNC), elevando o risco
de declinio cognitivo, deméncia e transtornos do humor (Calletti e cols., 2017).
Os individuos adultos diagnosticados com DM possuem um risco de duas a
quatro vezes maior de desenvolverem doengas cardiovasculares, doenca
vascular periférica e acidente vascular cerebral em comparagdo com pessoas
saudaveis (Greenwood e Winocur, 2005; Messier, 2005).

O DM pode ser induzido através de algumas substancias quimicas,
como por exemplo a estreptozotocina (STZ). Esta substancia € um antibiético
que através da grande formacédo de radicais livres destréi seletivamente as
células beta-pancreaticas e se acumula na porcdo central das ilhotas
suprimindo desta forma a liberacdo de insulina. Por este motivo é utilizada na
inducao de modelos animais de DM1 (Lebed e cols., 2008; Lenzen, 2008).

Esta substancia reproduz nos modelos animais diversas alteragdes que
sao observadas nos seres humanos, como a hiperglicemia, hipoinsulinemia,
hiperfagia, polidipsia, a perda de massa corpérea, neuropatia periférica, déficits
cognitivos e disfuncdo do metabolismo energético, representando um modelo
animal a ser amplamente utilizado para estudar as alteragcbes periféricas e
centrais consequentes da hiperglicemia cronica (Serino e cols., 1998; Beauquis
e cols., 2010; Braga e cols., 2016).

Buscando um melhor entendimento dos efeitos do diabetes sobre o
organismo, uma diversidade de pesquisas tem sido feita com modelos animais
de diabetes induzido (Beauquis e cols., 2006; Lebed e cols., 2008; Revsin e

cols., 2009).
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1.2 Sistema nervoso central

O sistema nervoso (SN) é constituido pelo SNC, composto de encéfalo e
medula espinhal, e pelo sistema nervoso periférico (SNP), composto por nervos
e ganglios. O SNC é revestido por meninges, compostas por tecido conjuntivo,
e protegido externamente por revestimento 6sseo, denominado de crénio e
vértebras. O encéfalo é dividido em cérebro, cerebelo e tronco encefalico. Ele
representa a maior parte do encéfalo e possui dois hemisférios, direito e
esquerdo, que sao conectados por axénios do corpo caloso, cada um dividido
em quatro lobos: frontal, parietal, occipital e temporal (Machado, 2000;
Junqueira e Carneiro, 2013).

O cortex, também conhecido como substancia cinzenta, fica situado na
parte mais externa do cérebro, contém em sua maioria corpos celulares, na
parte mais interna, temos a substancia branca, formada principalmente por
axobnios, prolongamentos celulares e células da glia (Machado, 2000; Junqueira
e Carneiro, 2013).

O SNC é composto de um tecido formado por duas classes principais de
células, os neurbnios e as células da glia, eles abrangem os astrocitos,
oligodendrdcitos, microglia e células ependimarias (Junqueira e Carneiro,
2013).

Os neurdnios se classificam como a unidade funcional do SNC e séo
constituidos por dendritos, corpo celular e axénio, revestidos ou ndo por bainha
de mielina. Eles possuem a capacidade de responder a diversos estimulos a
que sao submetidos através de impulsos nervosos, que desencadeiam reacdes

fisiolégicas, motoras, emocionais, entre outras. Os astrocitos fazem a
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sustentacdo do SNC, e se ligam aos capilares sanguineos através dos pés
vasculares, auxiliando os neurdnios na transmissao sinaptica e promovem sua
excitabilidade, além de controlarem as substancias a nivel extracelular dos
neurdnios. Os oligodendrdcitos tém a fungao de isolar eletricamente os axdnios
dos neurdnios dentro do SNC e produzem 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

(Junqueira e Carneiro, 2013).

1.2.1 Cerebelo

O cerebelo, palavra derivada do latim, que significa pequeno cérebro
(Teive e Arruda, 2016), faz parte do sistema nervoso central (Kalanjati e cols.,
2017). Fica situado na fossa posterior do créanio, acoplado posteriormente ao
tronco encefalico (Teive e Arruda, 2016). Divide-se, filogeneticamente, em trés
partes denominadas de arquicerebelo, paleocerebelo e neocerebelo. Seu
cortex € composto de substancia cinzenta e possui trés camadas que
contornam uma regiéo central composta de substancia branca (Guedes, 2012).

As trés camadas do seu cortex, da superficial a mais profunda, se
denominam: camada molecular, camada de células de Purkinje e camada
granular; o restante € a medula cerebelar onde predomina substancia branca.
As células de Purkinje demonstram desempenhar papéis importantes na
conectividade do cerebelo com as outras areas do cérebro (Kalanjati e cols.,

2017).
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Através de projegdes organizadas topograficamente no seu cortex, o
cerebelo conecta-se com uma grande variedade de areas da medula espinhal,
tronco encefalico e cértex cerebral (Stoodley e Schmahmann, 2010).

Existem dois sistemas de fibras aferentes que chegam ao coértex
cerebelar: as fibras musgosas e as fibras trepadeiras (Ito, 2006). As musgosas
tem origem em diferentes segmentos da medula espinhal e do cértex cerebral
(Stoodley e Schmahmann, 2010; Guedes, 2012). Ja as trepadeiras originam-se
da oliva inferior (Guedes, 2012).

A superficie do cerebelo possui laminas muito finas e transversais
chamadas folhas, e um grande numero de fissuras. Entre essas folhas penetra
a substancia branca (Guedes, 2012), nela estao fibras mielinizadas que provém
de outras regides do SNC e de onde se projeta a saida do cortex cerebelar
(Balsters e cols., 2010). No interior da substancia branca encontram-se os
nucleos cerebelares profundos, aonde chegam as fibras eferentes e de onde
saem as projecdes cerebelares para outras areas do SNC (Habas, 2010;
Freeman e Steinmetz, 2011).

Sua camada molecular possui dois tipos de interneurbénios inibitorios
GABAérgicos, que sao denominados células em cesto e células estreladas. Na
parte superior da camada estdo localizadas as células estreladas, e entre a
metade e o terco inferior estdo as células em cesto (Dizon e Khodakhah, 2011;
Guedes, 2012).

Ao finalizarem dentro da camada molecular os axonios das células
estreladas irdo formar sinapses com os dendritos das células de Purkinje
(Kenyon, 1997). Os axoénios das células em cesto d&do origem aos ramos

paralelos a superficie ou descendentes (Weisheit e cols., 2006). Dos ramos
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descendentes se formam colaterais que envolvem as células de Purkinje e o
inicio do seu axénio (Guedes, 2012). Estas células, em cesto e estreladas,
recebem aferéncias excitatorias das fibras paralelas e dos axénios das células
granulares da camada granular (Weisheit e cols., 2006).

As células de Purkinje possuem um grande corpo celular conhecido pelo
formato de péra, que se enfileiram formando a camada de células de Purkinje,
(Guedes, 2012). Do corpo celular destas células, geralmente, se origina apenas
um dendrito espesso e de comprimento variavel. Desse dendrito partem
dendritos secundarios, que variam em espessura e dos secundarios irdo se
ramificar os terciarios (Tanaka, 2009). O unico axdnio das células de Purkinje
se orienta transversalmente na camada granular se dirigindo para a substancia
branca. Ramos colaterais sdo projetados deste ax6nio antes da sua saida do
cortex cerebelar e podem terminar acima ou abaixo da camada de células de
Purkinje (Guedes, 2012). A grande maioria dos axdnios das células de Purkinje
se dirige para os nucleos profundos e uma pequena parte deles se projeta para
os nucleos vestibulares (Ito, 2006).

As células de Purkinje liberam o neurotransmissor GABA, inibindo suas
células-alvo (Person e Raman, 2012). As fibras trepadeiras e as fibras
paralelas emitem projecdes excitatorias para as células de Purkinje, as fibras
trepadeiras irdo formar sinapses excitatérias com os dendritos primarios e
secundarios e as fibras paralelas fazem seu contato sinaptico com os espinhos
dos dendritos terciarios (Guedes, 2012). As células de Purkinje receberao
aferéncias inibitorias dos interneurbnios da camada molecular (Barmack e

Yakhnitsa. 2008).
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As células da glia de Bergmann sdo uma forma especializada de
astrécito que esta localizada entre as células de Purkinje e um pouco abaixo
destas (Perea e Araque, 2005; Guedes, 2012). Estas células sdao muito mais
numerosas que as de Purkinje e se envolvem em sinapses da camada
molecular (Hoogland e Kuhn, 2010). Nesta camada se originam radialmente as
fibras da glia de Bergmann que terminam na superficie cerebelar.

Na camada granular encontram-se numerosas células granulares. Estas
células sao pequenos neurdnios com citoplasma escasso, que em preparacoes
histolégicas se destacam pelos seus nucleos fortemente corados (Guedes,
2012).

Cada célula granular possui um unico axdnio ascendente a superficie do
cerebelo e de trés a cinco dendritos que formam “galhos” na sua porgéao final.
Os axbnios das células granulares se bifurcam na camada molecular,
assumindo uma proje¢ao paralela a superficie (Yamazaki e Tanaka, 2009;
Guedes, 2012). Assim, os axbnios das células granulares sdo denominados de
fibras paralelas. Estas fibras sdo glutamatérgicas apresentando varicosidades
por toda sua extensao (Guedes, 2012).

No circuito cerebelar estdo envolvidas as células de Purkinje, com
capacidade de receber e enviar estimulos inibitorios e excitatérios, isto permite
o controle da atividade cerebelar. As células da glia de Bergmann realizam a
interagdo com as células de Punkinje nas sinapses excitatérias via glutamato.
Para evitar possiveis danos neuronais, as células gliais por terem afinidade
com os receptores de glutamato, sdo responsaveis por manter os niveis de
glutamato extracelular em concentragbes ndo excitotoxicas, realizando sua

receptagéo da fenda sinaptica, quando em excesso (Nagayach e cols., 2014).
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1.3 Complicagoes do diabetes no sistema nervoso central

Uma das complicagdes que ocorre em virtude do desenvolvimento
gradual de lesdo nos 6rgaos-alvo do SNC é a encefalopatia diabética, este
dano pode ser resultado do aumento cronico da concentragdo de glicose
intracelular o que leva a varias alteracbes estruturais, neuroquimicas e
neurodegenerativas em regides do cérebro (El-Akabawy e El-Kholy, 2014).

A essas regides incluem-se o cortex frontal, hipocampo e cerebelo (El-
Akabawy e El-Kholy, 2014; Eltony, 2016). As alteragdes patoldgicas sustentam
diferentes aspectos cognitivos, motores e neuroendécrinos (El-Akabawy e El-
Kholy, 2014).

E de conhecimento que o estresse oxidativo esta no centro do quadro
estrutural de alteracbes associadas aos efeitos, a longo prazo, do diabetes no
cérebro. Uma das explicacbes € que a reducdo das defesas antioxidantes
associada ao aumento na producdo de radicais livres causados pela
hiperglicemia, tornam o cérebro vulneravel aos efeitos nocivos dos radicais
livres, logo, se torna vulneravel também a danos celulares e a um

comprometimento funcional (Clark e cols., 2017).

1.3.1 Danos no tecido nervoso

O cérebro em comparagdo com outros érgdos € mais suscetivel aos
efeitos danosos do estresse oxidativo como resultado de altas demandas das

altas taxas de metabolismo oxidativo, metais redoxiativos como ferro e cobre
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em abundancia, altos niveis de acidos graxos poli-insaturados peroxidaveis e
uma relativa escassez das suas defesas antioxidantes. O desequilibrio pode
resultar em danos oxidativos, como espécies reativas de oxigénio (EROs) e
enzimas, principalmente as de defesa antioxidante, situacdo que favorece o
desenvolvimento do estresse oxidativo (Clark e cols., 2017).

Ocorre uma diminuicdo na atividade das catalases (CAT), glutationa
peroxidase (Gpx), da superdxido dismutase (SOD), no estado antioxidante
total. Ocorre também, um aumento na autoxidagdo da glicose, peroxidagao
lipidica (LPO) e da formagédo de o6xido nitrico, além dos danos oxidativos de
lipideos cerebrais, proteinas e acidos nucléicos (Clark e cols., 2017).

A hiperglicemia crénica, decorrente do diabetes, gera uma série de
lesdes no SNC, entre estas lesbes estdo: 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), alteragdes de metabolismo mitocondrial e respiragdo celular, aumento
da producédo de EROs (Choi e cols., 2014) e aumento da apoptose neuronal
(Hawkins e Davies, 2001). Todos esses fatores prejudicam o funcionamento
normal do SNC.

No cerebelo, os danos podem ocasionar problemas motores, de
equilibrio e postura (Arantes e cols., 2013), aumento na apoptose de neurénios
piramidais do cortex e também das células de Purkinje de ratos adultos (Eltony,
2016). As células gliais danificadas possuem sua fungdo comprometida, n&o
conseguindo realizar a recaptagdo de glutamato na fenda sinaptica. Isto gera

um efeito excitotoxico, que aumenta o influxo de Ca?* para o interior do
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neurdnio, inicia-se assim a producado descontroladas de EROs. Esta elevada
producao de EROs nédo consegue ser controlada pela atividade antioxidante
normal, que se torna insuficiente, desta forma esse estresse oxidativo causa
inumeros prejuizos ao tecido nervoso (Nardin, 2006; Mello e cols., 2012;

Reagan, 2012; Verkhratsky e cols., 2015).

1.4 Taurina

A taurina (acido 2-aminoetanossulfénico) € um aminoacido livre, que
contém enxofre e é abundantemente encontrada em mamiferos (Barakat e
cols., 2002; Ito e cols., 2015; Adedara e cols., 2016; Suarez e col., 2016;
Calletti e cols., 2017; Borck e cols., 2018; Schaffer e Kim, 2018; Zhao e cols.,
2018) estando altamente expressa em uma variedade de 6rgdos como o
cérebro (Barakat e cols., 2002; Liu e cols., 2013), coragao e rins (Liu e cols.,
2013). A concentragdo de taurina é alterada por dois meios, podendo ser
através da sintese in vivo pela oxidagdo e transulfuracdo do aminoacido
cisteina ou obtida a partir da dieta, através de ovos, carnes e frutos do mar (Ito

e cols., 2015; Adedara e cols., 2016 ; Suarez e col., 2016; Zhao e cols., 2018).
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Figura 1: estrutura molecular da taurina (adaptado de Szymanski e Winiarska,

2008).

Figura 2: estrutura atébmica da taurina (adaptado de Szymanski e Winiarska,

2008).

Sua sintese ocorre no figado a partir de dois aminoacidos, metionina e
cisteina, que sofrem agdo de algumas enzimas, sendo estes aminoacidos
transformados em hipotaurina e ao final em taurina (Vitvitsky e cols., 2011,
Menzie e cols., 2013). A cisteina dioxigenase € a enzima chave para este
processo sendo encontrada principalmente nas células da glia (Barakat e cols.,
2002).
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Figura 3: Rota de biossintese da Taurina (adaptado de De Luca e cols., 2015).

Apesar da falta de um grupo funcional oxidavel e demonstrando uma
baixa acdo de eliminagdo de radicais livres, a taurina €& consistentemente
relatada por proteger células e 6rgaos em espécies de mamiferos contra as
consequéncias do estresse oxidativo promovido por uma diversidade de
agentes quimicos, bioquimicos, toxicos e de estados patologicos (Patel e cols.,
2016).

Algumas propriedades citoprotetoras vem sendo demonstradas através
de suas agbes: osmoregulador, neuromodulador (Barakat e cols., 2002; Liu e
cols., 2013; Suarez e col., 2016; Calletti e cols., 2017; Zhao e cols., 2018),
regulador de calcio (Liu e cols., 2013; Adedara e cols., 2016; Zhao e cols.,
2018) e também por seu efeito antioxidante (Patel e cols., 2016; Adedara e
cols., 2016; Calletti e cols., 2017; Zhao e cols., 2018), termoregulador (Liu e
cols., 2013), estabilizador de membranas (Liu e cols., 2013; Adedara e cols.,
2016) e como fator anti-inflamatério (Patel e cols., 2016; Adedara e cols., 2016;
Chupel e cols., 2018; Zhao e cols., 2018).

Existe um campo de dados clinicos relacionados ao efeito anti-
inflamatério da taurina sobre as inflamacdes neural e sistémica que vem
crescendo, nele incluem-se a lesdo medular, acidente vascular cerebral
isquémico, lesdo cerebral traumatica, isquemia, reperfusdo hepatica e leséo
pulmonar (Zhao e cols., 2018).

A administracdo de taurina também exerce efeitos ansioliticos
explicados pela sua propriedade de melhorar a transmissdo GABAérgica. Ela

aumenta ainda a subunidade a-2 do receptor GABA e expressao de RNA
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mensageiro (RNAm) do Fator neurotréfico derivado do cérebro (BDNF) no
hipocampo de ratos diabéticos. Ela é relatada também por melhorar o controle
da glicose em todo corpo, através do controle de niveis glicémicos e de
colesterol e no controle da pressao arterial (Calletti e cols., 2017). Além disso,
melhora a secregao e/ou sensibilidade a insulina e o metabolismo de glicose e
lipidios (Borck e cols., 2018).

Estudos clinicos sugerem que a suplementagdo de taurina exerce um
efeito benéfico, inclusive sobre o diabetes, obesidade e hipercolesterolemia
induzida pela obesidade, entre diversas outras doencas. O que indica a
importancia nutricional da taurina na prevencdo de doencas relacionadas ao
estilo de vida (Ito e cols., 2015).

Estudos ainda demonstram que a taurina esta envolvida nos processos
de plasticidade sinaptica dos potenciais de longa duragéo (LTP), como fase
tardia (LTP tardia), que é dependente da sintese proteica de LTP. Sendo a
taurina participante neste processo de indugao do LTP tardio, uma reducao na
sua concentracido poderia contribuir para déficit de saude durante o
envelhecimento (Suarez e cols., 2016).

A taurina pode melhorar déficits relacionados a idade, como contragao
do musculo estriado, estresse oxidativo causado no musculo cardiaco (Suarez
e cols., 2016), aquisicdo e melhora de aprendizagem e retengdo de memoarias,
e diminuicdo de comportamentos depressivos, através de sua suplementagao
(Suarez e cols., 2016; Calletti e cols., 2017), sendo seus niveis influenciados

por doengas, dieta e envelhecimento (Ito e cols., 2015; Chupel e cols., 2018).
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1.5 Enriquecimento ambiental

O ambiente enriquecido (AE) & considerado uma condi¢cdo estratégica
natural que propicia grande estimulo sensorial, motor, cognitivo e social
comparado a um ambiente padrdo (Pascual e Bustamante, 2013; Vazquez-
Sanroman e cols., 2013; Caporalli e cols., 2014; Tomiga e cols., 2016), esses
estimulos dependem da interacédo espontanea entre o individuo e um ambiente
fisico complexo (Pascual e Bustamante, 2013).

Embora o enriquecimento cognitivo ndo impega o aparecimento das
doengas neurodegenerativas, ele pode fornecer uma forma de protegédo contra
a expressao dos sintomas clinicos. Assim, essa complexidade ambiental
promove um desenvolvimento de propriedades neuroplasticas permitindo que o
funcionamento motor e cognitivo seja normal mesmo na presenga de
patologias cerebrais (Foti e cols., 2011).

O AE consiste em abrigar grupos de animais em areas mais espagosas
e gaiolas complexas que contém uma variedade de objetos como abrigos,
brinquedos, rodas de corrida e tuneis (figura 4b) com intencéo de facilitar a
estimulagédo cognitiva sensorial, motora e social em relagdo a outro ambiente
com condi¢des de habitacdo padrao (figura 4a), o que fornece aos animais uma
oportunidade de realizar comportamentos especificos da espécie (Sztainberg e

Chen, 2010).
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Figura 4: Caixa de moradia padrdo (a) e moradia com enriquecimento

ambiental (b) (adaptado de Ortuzar e cols., 2011).

Os objetos utilizados com o intuito de gerar estimulos diferentes
geralmente variam conforme as caracteristicas de forma, cor, textura e
tamanho. Para cada estudo os itens selecionados para enriquecer o ambiente
dependem do tipo de experiéncia que o pesquisador quer fornecer aos
modelos animais, que podem ser de acordo com as questdes cientificas
especificas do estudo, como social, cognitiva, motora ou sensorial. O grau de
complexidade também varia, sendo simples, com um ou dois objetos para uma
gaiola padrdo, ou para o uso de gaiolas complexas contendo uma grande
variedade de objetos (Sztainberg e Chen, 2010).

Também representam uma fonte de variacédo entre estudos, as espécies,
sexo, idade e numero de animais alojados juntos no ambiente. O protocolo
para procedimento de enriquecimento ambiental (EA) inclui duragdo de
exposicdo ao enriquecimento, frequéncia com a qual os objetos e suas
posi¢des sdo modificados e se os animais sdo expostos 24 horas/dia ao AE ou
se, por ventura, sdo restritos a exposigao por apenas alguns minutos/horas por

dia (Sztainberg e Chen, 2010).
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Decorrente da exposicdo ao AE, apresentam-se numerosas mudancas a
niveis moleculares e celulares, relacionadas a varias regides do cérebro,
incluindo o cerebelo (Stamenkovic e cols., 2016). O EA foi demonstrado por
modular a plasticidade no hipocampo (Vazquez-Sanroman e cols., 2013).
Relacionado as mudancas na plasticidade temos diversos efeitos positivos no
cérebro, como aumento da neurogénese (Vazquez-Sanroman e cols., 2013;
Tomiga e cols., 2016), proliferagdo celular (Tomiga e cols., 2016) e sobrevida
celular, alteracbes na morfologia glial (Vazquez-Sanroman e cols., 2013),
supra-regulacao de fatores de crescimento do fator neurotréfico derivado do
cérebro (Vazquez-Sanroman e cols., 2013; Tomiga e cols., 2016).

O AE produz ainda diversas mudangas morfofuncionais no tecido
cerebral (Pascual e Bustamante, 2013). Mudangas funcionais como melhorar
habilidades motoras e cognitivas, alterar a reatividade ao estresse (Caporalli e
cols., 2014) e reducao dos efeitos ansioliticos (Pascual e Bustamante, 2013;
Leger e cols., 2015; Tomiga e cols., 2016); alteragdes morfolégicas como
aumento do peso do cérebro e da espessura cortical (Caporalli e cols., 2014;
Leger e cols., 2015); micro estruturais como aumento da arborizagao dendritica
(Caporalli e cols., 2014; Pascual e Bustamante, 2013), densidade sinaptica
(Caporalli e cols., 2014; Pascual e Bustamante, 2013; Tomiga e cols., 2016),
neurogénese; e moleculares como alteragbes na expressao génica (Caporalli e
cols., 2014), aumento da producdo de neurotrofinas, como o fator de
crescimento neurotréfico (NGF) e do BDNF (Gelfo e cols., 2010; Caporalli e
cols., 2014), aumento da proliferagdo neuronal/glial, (Pascual e Bustamante,
2013) e modulagao do sistema neurotransmissor (Caporalli e cols., 2014; Leger

e cols., 2015).
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Através da neuro-plasticidade induzida pelo AE nota-se a origem de
importantes  consequéncias funcionais, apresentando-se como um
neuroprotetor para lesdes resultantes de convulsées, isquemia e doenca de
Parkinson (DP). Diminui, também, o nivel de estresse, melhorando o
desempenho nas tarefas de memdria e aprendizagem espacial e diminuindo os
déficits emocionais e comportamentais observados, em modelos animais para
estudo de autismo, esquizofrenia, lesdo cerebral, doenga de Alzheimer (DA),

sindrome de Rett e doenga de Parkinson (Vazquez-Sanroman e cols., 2013).

1.6 A imuno-histoquimica para observagao de danos

Muitas técnicas sdo descritas pela sua capacidade de evidenciar
alteracdes nas células do SNC e possiveis danos neurais. Frente as desordens
metabodlicas e doengas cerebrais, estudos vém utilizando técnicas variadas
para estudar o comportamento dos astrocitos (GFAP), a proliferagao celular e
neurogénese (5-bromo-2'-deoxyuridina (BrdU); o antigeno neuronal nuclear
(NeuN); a molécula de ades&o celular neuronal (NCAM) e apoptose neuronal
(Caspase-3). Entre as técnicas utilizadas relatamos a imuno-histoquimica
(IHQ), imunocitoquimica, imunofluorescéncia e western blot. Especificamente
a técnica de IHQ detecta através de marcadores os componentes celulares nos
tecidos de interesse, observada através de ligagdes antigeno-anticorpo que
podem ser quantificadas (figura 5) (Kandratavicius e cols., 2007; Revsin e cols.,

2009; Beauquis, 2010; Piazza, e cols., 2011; Hsiao e cols., 2014).
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Figura 5: Esquema da técnica de imuno-histoquimica pelo método indireto.
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(adaptado de Lopes, 2018).

Podemos utilizar a Caspase-3 clivada como um marcador para detectar
células em apoptose. Ela € uma protease da familia das caspases e esta
intimamente ligada a cascata de eventos que termina em apoptose (Chen e
cols., 2015). Nos quadros cronicos de hiperglicemia, ocorre a ativagcado de
Caspase-3 em decorréncia do dano mitocondrial e, assim, essas células em
apoptose podem ser observadas pela técnica de IHQ (Hawkins e Davies, 2001;
Zeng e cols., 2010; Menzie e cols., 2013; Rahmeier e cols., 2016).

A proteina acida fibrilar glial (GFAP) é uma proteina de filamentos
intermediarios, caracterizada como principal componente estrutural dos
astrocitos sendo encontrada no citoplasma de individuos adultos, ja a vimentina
(VIM), predomina no periodo embrionario, sendo perdida em decorréncia do
amadurecimento celular. E comum observar uma intensa expressédo de GFAP
e uma reexpressao da VIM, perdida anteriormente, em lesbes no SNC (Saravia
e cols., 2002; Revsin e cols., 2005; Orsini e cols., 2007; Lebed e cols., 2008).

Nos quadros estressores, como a hiperglicemia crénica, ha o aumento

da reatividade astrocitaria, acarretando também num aumento da quantidade
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de filamentos intermediarios e de suas proteinas constituintes, como GFAP e
VIM, representando a técnica de IHQ uma ferramenta util para avaliar a
dimensado dos danos neurais (Saravia e cols., 2002; Revsin e cols., 2005;
Lebed e cols., 2008).

A S100 (soluveis em sulfato de amdnia 100% saturado em pH neutro)
pertencente a familia das proteinas de ligagdo ao calcio, como a calmodulina e
a troponina C, encontra-se como S100A que € composta por uma cadeia alfa e
beta e como S100B composta por duas cadeias beta. Os membros da familia
S100 demonstram-se uteis como marcadores para alguns tumores, na
diferenciacao epidérmica, e como marcadores para doencas inflamatdrias,
podendo mediar inflamacéo e atuar como agente microbiano (Nonaka e cols.,
2008; Wolf e cols., 2010).

A S100B pode ser encontrada em astréocitos, predominando no
citoplasma, nas células de Schwann, em algumas popula¢cées de neurdnios,
condrécitos, melandcitos, células de Langerhans, adipécitos, musculo
esquelético e cardiaco. Ela pode ser associada a membrana plasmatica, outras
membranas intracelulares e ao citoesqueleto, quando soluveis no citoplasma.
Esta fracao beta da S100 reflete a extensdo do dano tecidual sendo utilizada
como marcador sérico de lesao cerebral, além disso, o aumento da liberagéo
da S100B pelos astrécitos vem sendo atribuido como possivel consequéncia
da diminuig&o do fluxo de oxigénio para o cérebro (Costa e cols., 2013).

Por afetar grande parte da populagdo mundial, o DM traz uma grande
preocupacao em relacdo a saude e a qualidade de vida das pessoas
diabéticas. A hiperglicemia constante causa danos celulares, sendo o estresse

oxidativo um dos mecanismos principais destes danos, assim, suplementar o
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organismo com substancias antioxidantes pode demonstrar beneficios. O
enriqguecimento ambiental por proporcionar interacdo social, estimulos
sensoriais, oportunidades de aprendizado e atividade fisica, pode apresentar
melhora a qualidade de vida das pessoas.

Por ser um potente antioxidante a taurina se torna relevante ao
funcionamento de alguns tecidos e por haver pouca produgdo enddgena, a sua
obtencao através da alimentacado ou suplementacio se torna importante.

Assim, este trabalho se propde a unir e avaliar os dois componentes,
tanto de forma isolada como de forma combinada, suplementando animais com
taurina e expondo-os a um ambiente enriquecido, animais esses que
apresentam um quadro de hiperglicemia. Tazendo relevancia no sentido de

elucidar maiores resultados sobre o tema.
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OBJETIVOS

Objetivo geral

Avaliar o efeito da taurina e do ambiente enriquecido sobre o cerebelo

de ratos diabéticos e nao diabéticos através dos marcadores caspase-3

clivada, GFAP, S100 e vimentina.

3.2

a)

b)

d)

Objetivos especificos

Avaliar o efeito da taurina e do AE sobre a morte celular, através da
quantidade de células marcadas com caspase-3 clivada no cerebelo de
ratos diabéticos e nao diabéticos;

Avaliar o efeito da taurina e do AE sobre a lesdo celular, através da
quantidade de células marcadas com S100 no cerebelo de ratos
diabéticos e nao diabéticos;

Avaliar o efeito da taurina e do AE sobre as células gliais, através da
quantidade de células marcadas com GFAP no cerebelo de ratos
diabéticos e nao diabéticos;

Avaliar o efeito da taurina e do AE sobre os filamentos intermediarios,
através da quantidade de células marcadas com vimentina no cerebelo
de ratos diabéticos e nao diabéticos;

Através dos resultados das analises dos marcadores, verificar se a
taurina e o ambiente enriquecido, isolados e/ou combinados, promovem

uma neuroprotecao sobre as células do cerebelo.
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Abstract

The present study investigated whether treatment with TAU and the EE are able
to protect the cerebellum of rats from damage caused by streptozotocin (STZ)-
diabetes. Male Wistar rats were exposed to an EE for 30 days (for 24 hours).
The diabetes induction occurred through an intraperitoneal injection of STZ (50
mg/kg, dissolved in citrate buffer, pH 4,5). After 30 days, the animals were
submitted to euthanasia and the cerebellum was removed and processed for
the immunohistochemical studies. Markers of apoptosis (cleaved caspase-3),
inflammation (S100), astrogliosis (glial acid fibrillary protein, GFAP) and neuritic
growth and proliferation (vimentin) were investigated in cerebellar leaflets in the
molecular, granular and Purkinje cell layers. TAU and EE reduced the increase
of the immunoreactivity to GFAP induced by diabetes. TAU reduced the number
of positive cells for cleaved caspase-3. However, the EE increased the
immunoreactivity for this protein. No changes were observed for
immunoreactivity of S100 positive cells. STZ-diabetes increased
immunoreactivity to vimentin and EE was effective in protecting against this
effect. In conclusion, TAU and EE have a protective effect against the markers
of astrogliosis and neuritic growth cerebellar leaflets of STZ-diabetic rats. This
study also seeks to contribute to the investigation of new therapies that may
serve as coadjuvants in the prevention or protection against the deleterious
effects caused by this disease in situations of neuropathy. In conclusion,
beneficial effect of TAU and EE against a hyperglycemia in different cell types,
representing a potential neuroprotective effect.

Keywords: Cerebellum, taurine, enriched environment, STZ-diabetes,

immunohistochemistry.



51

1. Introduction

Diabetes mellitus (DM) is known globally as a chronic metabolic disease
[1] and the metabolic disturbances caused by this disease lead to complications
in various organs and systems [2]. DM is characterized by hyperglycemia,
altering the metabolism of lipids, carbohydrates and proteins, leading to
oxidative stress [3, 4, 5].

As a result of the damage caused by the chronic increase of the
intracellular glucose concentration, we have several structural, neurochemical
and neurodegenerative alterations in regions of the brain including cerebellum
[1, 2, 5, 6,]. These deficits are described in the areas of psychomotor speed and
processing, memory, verbal ability, and functions related to attention and
execution [6].

The cerebellum is known as the main motor center of the central nervous
system (CNS) [5], and is considered a critical brain structure for voluntary
movements to be coordinated and controlled [7], where the main damages
occur through motor disturbances in coordination [8], and has recently been
shown to play a role in cognitive, behavioral and emotional functions [7].

Taurine is a free amino acid found in great abundance in mammals [9,
10] and its concentration comes from two sources, through biosynthesis and
diet [11]. It demonstrates a number of cytoprotective properties through actions
in osmoregulation, neuromodulation, calcium regulation, antioxidant effect and
anti-inflammatory factor [9, 12, 13]. Thus, it demonstrates its neuroprotective

effects and its ability to exert beneficial effects on cognitive and behavioral
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deficits in the conditions associated with oxidative stress and neuroinflammation
[14, 15, 16].

Exposure to the enriched environment generates a large number of
changes at both molecular and cellular levels, including various regions of the
brain, including the cerebellum [17]. Studies, following these hypotheses, cite
positive effects on the brain that include increases in neurogenesis and cell
proliferation, brain-derived neurotrophic factor (BDNF) levels, synaptic contact
numbers and a reduction in anxiolytic effects in rodents [18].

In this way, we verify if two different strategies using TAU and/or EE
treatment are able to protect the cerebellum of animals exposed to STZ induced

diabetes in rats.

2. Material and methods

2.1. Animals

Eighty - eight adult male Wistar rats weighing an average of 300g were
obtained from the breeding colony of the Federal University of Health Sciences
of Porto Alegre, Brazil (UFCSPA).

All procedures were approved by the Ethics Committee of the Federal
University of Health Sciences of Porto Alegre - UFCSPA through Protocol
199/16 and all animals were handled in accordance with international and
national laws for ethical care and handling of laboratory animals (European
Communities Council Directive of 22 September 2010, 2010/63 / EU and Law

11,794 1 08).
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2.2. Experimental groups

The animals were divided into two main groups, according to the
environment in which they were allocated, one group housed in a standard box
and the other group housed in cages with environmental enrichment. These two
groups were divided into four subgroups related to diabetic and non-diabetic
animals and the therapy used with each subgroup of animals (figure 1).

The enriched environment group had forty four of the animals exposed to
a cage enriched environment measuring 56x56x56cm with three floors
connected through ramps in order to stimulate the physical exercise. The
animals were organized in six cages and were divided into eight animals per
cage, thus promoting social interaction, and several objects such as balls,
ladders and cubes were available to the animals, five of which were different at
a time. Twice a week the shaving was done and in one of these exchanges a
new object was introduced into the environment with the intention of stimulating
sensory, motor and cognitive functions. The toys, too, were reorganized every
day inside the cages, lasting this experiment thirty days.

The standard box group has the other forty-four animals housed in
standard polypropylene housing boxes, measuring 41x34x16¢cm and organized
into two animals per box, minimizing social interaction and without exposure to
any type of stimulus through objects. The boxes were also sanitized twice a

week. The experiment with this group lasted two months.
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2.3. Environmental conditions

All animals in both groups were maintained under ideal conditions of
temperature (22 £ 2 ° C) and humidity (55%), with light-dark cycles of 12h (7:00

- 19:00), with free access to water and feed.

2.4. Induction and confirmation of diabetes

Twenty-four animals from the standard box and twenty-four animals from
the enriched environment were fasted for 16 hours and induced to diabetes by
intraperitoneal administration of 50 mg/kg streptozotocin (Sigma®) dissolved in
citrate buffer (pH = 4.5). Non-diabetic animals received only the buffer solution
in the volume of 1 ml / kg. After 48 hours of induction, the glycoprotein was
confirmed with a portable device (Glucotrend®, Boehringer Institute, Mannheim,
Germany). Through a small incision in the distal portion of the mouse tail the
blood was collected. After 72 hours of administration, animals that did not show
glycemia greater than 200 mg / dL were excluded and glucose levels were
measured weekly during the 30 days of the experiment until the day preceding
euthanasia. On the day of diabetes induction, the animals were fasted for 16

hours.

2.5 Administration of taurine

Taurine (Pharmanostra®) was administered intraperitoneally at a dose of

100 mg / kg, dissolved in saline, where the first dose was given one day after
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confirmation of diabetes, and was applied daily for 30 days in half of diabetic
animals and half of non-diabetic animals from each environment group. Animals

that did not receive taurine were given saline solution 1 mL / kg.

2.6. Transcardiac perfusion procedure

After the 30th day of the experiment all animals were euthanized by
transcardiac perfusion. They were anesthetized with ketamine (80-100 mg / kg
ip) and xylazine (5-10 mg / kg ip), 0.1 ml intraventricular heparin was injected
and then the animals were perfused with 0.9% saline, followed by 4%
paraformaldehyde diluted in 0.1M phosphate buffer (PBS), pH = 7.2-7.4; for
thirty minutes. The cerebellum was then removed and maintained for 24 hours
in 4% buffered paraformaldehyde. After the fabric was soaked in 70% ethanol
until the diaphanization process. At this stage the samples were submitted to
baths in absolute ethanol, xylol and liquid paraffin and finally included in paraffin
blocks for later analysis through the immunohistochemical technique using the

markers of interest evaluation of the tissue by means of stains.

2.7. Histological procedures

Sections were made in the paraffin blocks, where the organ is included,
of 4uym in a rotating microtome, obtaining about 6 cuts per animal for each
marker to be analyzed, using silanized slides, and after the
immunohistochemistry for some markers and stains of choice for the tissue

studied.
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2.8. Immunohistochemistry

Sections of the cerebellum were assessed by the immunohistochemical
technique for the markers: cleaved anti-Caspase-3, anti-GFAP, anti-Vimentin
and anti-S100, and antibody analyzes and dilutions performed according to the
manufacturer's recommendations.

In the dewaxing process the slides remained for 30 minutes in an oven at
70°C after slices of GFAP and S100 were allowed to stand in PBS (pH 7.4) with
0.5% Triton X-100 (PBS-tx ) for fifteen minutes while the slices to be cleaved
from caspase-3 and vimentin were allowed to stand in citrate buffer (pH 6.00) at
98°C for twenty minutes for antigen retrieval.

For endogenous peroxidase blockade in all markers, 5% hydrogen
peroxide (30V) in methanol was used for 10 minutes for 3 times and for the
blockade of non-specific proteins, 1% bovine serum albumin (BSA) (Sigma® ) in
PBS-tx for one hour at room temperature.

The slides were then incubated with primary monoclonal antibody
(GFAP: Dako® 1: 500; caspase-3 cleaved: Cellular Technology® 1: 500
signaling; S100 Dako® 1: 2000 and Dako® vimentin 1: 200) overnight at 4 °C.

In the next step, sections of S100 and cleaved caspase-3 were incubated
with the secondary antibody at room temperature, anti-rabbit Abcam®, for 1
hour and anti-rabbit Cell Signaling®, for 40 minutes; respectively, and those of
GFAP and vimentin were incubated with the Invitrogen® secondary and tertiary
antibody for 40 minutes each and Spring®, 30 minutes each, respectively.

For the development of the immunohistochemical reaction, 0.03% 3,3'-

diaminobenzidine (DAB) (Dako®) was used in PBS-tx for 3 minutes and
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contrasted with hematoxylin for cleaved caspase-3, in the final step the blades
using Entellan® (Merck®).

All samples were photographed using an optical picker, GFAP and
vimentin images being analyzed by optical densitometry using Image Pro Plus®
6.3 software (Media Cybernetics®). For cleaved caspase-3 and S100, the
samples were analyzed by two investigators under the Olympus BX-40
(Olympus®) microscope.

Cells labeled for cleaved caspase-3 and S100 were quantified in the
near, inner and outer line, the Purkinje cell layer; for GFAP in the center and

intersection of the leaflets and for vimentin in the molecular layer.

2.9. Statistical analysis

Statistical analysis was performed by observing three-way variance
(ANOVA) using SPSS software (IBM®) and followed by Bonferroni's post-hoc
test. Statistical differences will be considered significant if p <0.05 and the

results were expressed as mean * standard deviation.

3. Results

3.1. Environmental enrichment and taurine protect against increased

immunoreactivity to GFAP protein in diabetic rats

Figure 2 shows the immunoreactivity for GFAP protein in the cerebellar

leaflets of diabetic rats treated with TAU and exposed to EE (see scheme A and
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image B). The results show that exposure to EE reduced the immunoreactivity
for GFAP protein in the center of white matter of the cerebellum leaflets in all
groups compared to the control group exposed to the standard box (VE)
(environment variable, F7,64=49,51, P<0,001, graph 1C). In parallel, both TAU
treatment and EE protected against increased immunoreactivity for GFAP
protein in diabetic rats (STZ) (environment variable vs diabetes and treatment

vs diabetes, F(7,63)=8.14, P<0.01, graph 1C).

3.2. Taurine reduces the number of cleaved caspase-3 cells while

exposure to environmental enrichment increases this immunoreactivity

Figure 3 shows the immunoreactivity for cleaved caspase-3 in the
Purkinje cell layer of the cerebellar leaflets of diabetic rats treated with TAU and
EE (see scheme A and image B). The results show that exposure to EE
increased the number of caspase-3 cells cleaved in the cerebellar Purkinje cell
layer in all groups compared to the control group exposed to standard box
(ambient variable, F7,64)=21,82, P<0,001, graph 2C). In parallel, TAU treatment
reduced the number of cleaved caspase-3 positive cells in non-diabetic and
diabetic rats exposed to the standard box compared to the non-diabetic control
group exposed to the standard box (treatment variable, Fz,64)=5,12, P<0.05,

graph 2C).
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3.3. Environmental enrichment, taurine and diabetes do not alter the

number of S100* cells in the cerebellum of rats

Figure 4 shows the immunoreactivity for S100* in the Purkinje cell layer
of the cerebellar leaflets of diabetic rats treated with TAU and exposed to EE
(see scheme A and image B). Graph 3C shows that both treatments did not

modify the number of S100* cells in the cerebellar rats (F(7,64)=1,125; P>0,05).

3.4. Environmental enrichment protects against increased

immunoreactivity to vimentin induced by diabetes

Figure 5 shows the immunoreactivity for vimentin protein in the in the
molecular layer of the cerebellar leaflets of diabetic rats treated with TAU and
exposed to EE (see scheme A and image B). The results show that exposure to
EE reduced the immunoreactivity to vimentin in the molecular layer of the
cerebellum in all groups compared to the control group exposed to standard box
(VE) (ambient variable, Fz,64=99,78, P<0,001, graph 4C). In parallel, diabetes
increased the immunoreactivity for vimentin protein compared to the VE group.
It was also observed that exposure to EE protected against increased
immunoreactivity to vimentin induced by diabetes (varying diabetes vs

environment, F(7,64)=7,57, P<0.01, graph 4C).
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4. Discussion

The present study investigated the hypothesis that, using the TAU
treatment and EE exposure strategies, under immunohistochemical parameters
of astrogliosis, cell viability and inflammation in the cerebellar leaflets of STZ-
induced diabetic rats, present neuroprotective effects

Here, we found that diabetic rats, during a chronic period of 30 days,
had an increase in the immunoreactivity to GFAP and vimentin in the
cerebellum. In pathological conditions, it is common to observe characteristics
in the volume and shape of the astrocytes and these characteristics are visible
after hypoxia, ischemia, trauma or convulsions. Therefore, modification of
cytoskeletal proteins such as GFAP and vimentin are present in response to
these cellular insults [19].

Nagayach and colleagues in 2014 observed that diabetes causes an
increase in GFAP expression in both molecular and granular layers of the
cerebellar leaflets. From the second week after induction, an increase in both
immunoreactivity (optical density) and number of positive cells in diabetic rats
can be seem. Our data are in agreement with Nagayach and colleagues, since
we also found an increase in the GFAP immunoreactivity 30 days after
induction. Astrocytes play an important role in the transport of glucose and its
metabolites to neurons; and changes in glucose levels may be a possible
reason for astrogliosis found in the cerebellum [20]. El-Akabady and El-Khaly
(2014) also found an increase in GFAP immunoreactivity in all brain structures
of STZ-diabetic mice 8 weeks after induction. In parallel, these authors point out

that the astrogliosis observed in the cerebellum may be attributed due to
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elevated glycemia culminating in an increase in astrocyte metabolism as well as
a response to injury caused by the production of reactive oxygen species in the
central nervous system [2].

One of the successful strategies recently carried out by our research
group was to verify the protective effect of TAU and EE on learning, memory
and immunohistochemical markers of apoptosis, astrogliosis and inflammation
in different regions of the hippocampus of diabetic rats [16]. TAU is an abundant
amino acid in the organism, has antioxidant and anti-inflammatory properties
and oral supplementation has been associated in the literature with a successful
protective protector for neuropathies and experimental models for
neurodegenerative diseases [21, 22, 23].

According to these scientific evidence, for TAU vs GFAP, we found that
supplementation with TAU was able to protect against increased
immunoreactivity to GFAP caused by diabetes. In parallel, it has also been
reported that TAU reduces the expression of inflammatory cytokines, astrocytic
reactivity, and improves neurological function in rats submitted to traumatic
brain injury [24].

Beyond of TAU treatment, neuroprotective effects were also seen when
diabetic rats were exposed to EE. The second strategy to reduce the increase
of immunoreactivity of GFAP induced by diabetes was the EE exposure.
Besides, these data seem to be in line with Dorfman and collegues (2015) also
found that EE protected against the increase of GFAP protein as well as a
secretion of proinflammatory mediators in the optic nerve of diabetic rats [25].

Several evidences show an increase in the number of cleaved caspase-

3 positive cells in the cerebellum of diabetic rats [2, 20, 26] and also highlights
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changes in the morphology of Purkinje cells, including pyknosis, vacuolization,
chromatolysis and cell ballooning [20]. In contrast, no alterations in the number
of cleaved caspase-3 cells has been observed in diabetic rats in our findings.

Previously, our research group described that exposure to EE
increased the immunoreactivity to cleaved caspase-3 in hippocampus of healthy
rats [16]. A possible mechanism to explain this effect is due to increase in the
cellular metabolism due to elevated consumption of ATP and oxygen by nerve
cells. These events causing a physiological increase in the production of
reactive oxygen species and pro-apoptotic factors [16, 27, 28].

Furthermore, the antioxidant and anti-apoptotic properties of TAU
reduced the immunoreactivity to cleaved caspase-3 in both control and diabetic
rats. These findings are in accordance with previous reports where TAU was
able to reduce apoptosis in the nervous system of acrylamide-intoxicated mice
[29], to protect cerebellar neurons from the external granular layer against
ethanol-induced apoptosis in mice [30] and glutamate-induced apoptosis in
cultured neurons [31].

The multigenic family of S100 proteins comprises 21 proteins that have
Ca?* binding motifs and are related to cell growth, differentiation and survival
under various physiological and pathological conditions [32]. No significant
differences were observed in S100 immunoreactivity among the groups treated
in this study. In fact, the absence of an effect may be related to the antibody
used since it recognizes all S100 protein isoforms. It is known that S100B is
constitutively secreted by astrocytes under normal physiological conditions; and
this protein has DAMP (damage associated molecular pattern) activity [33].

Evidence points to the role of S100B involved in immune responses and
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associated inflammatory processes since it alterations in its homeostasis have
been described under conditons of cerebral trauma, ischemia,
neurodegeneration, autoimmunity and psychiatric disorders [34, 35]. Thus, a
possible investigation on S100B would allow changes in its immunoreactivity.
Moreover, an increase in immunoreactivity for S100B already reported in the
cerebrospinal fluid and central nervous system of diabetic rats [36, 37].

Vimentin is a structural component of the cytoskeleton and compound
intermediary filaments. This protein is found in cells of mesenchymal origin [38,
39] and in stages of cell differentiation [40, 41]. Since this protein is expressed
by glial cells (specially astrocytes), the immunoreactivity for this protein has
been employed in the investigation of the proliferation of these cells in the
nervous tissue as well as evaluation of the development of neurites [40, 42].

In our study, it was seen that diabetes increased immunoreactivity to
vimentin. In parallel, exposure to EE reduced the immunoreactivity of this
protein and protected against changes induced by diabetes. Few studies have
investigated the expression of vimentin in the brain of diabetic rats. Levin in
2009 verified the presence of vimentin in the brain of rats submitted to a model
for Alzheimer's disease using AB-42 peptide. In this study, this protein was used
as marker to evaluate the damage-response mechanism; and it was seen that
in both mild and severe Alzheimer's disease, an increase in vimentin
immunoreactivity occurs gradually [43].

Following this line, Singh and colleagues in 2018 found an increase in
vimentin mRNA expression in the kidney of diabetic rats 2 and 4 months after

induction. Here, the authors conclude that the increase in the vimentin
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expression is associated with increase in the renal injury and inflammatory
mediator production [44].

Finally, Ximena and colleagues (2012) found an increase in the
expression of vimentin in response perilesional zone after placing a cortical stab
wound in rats. In this same study, the role of EE was also investigated. No
changes in immunoreactivity were observed for vimentin when the rats were
exposed to EE. However, when the injured animals were pre-exposed to EE, a
reduction in vimentin immunoreactivity was seen [45]. Different from our
findings, the role of immunoreactivity for vimentin in healthy rats exposed to EE
remains unknown. On the other hand, when a pathological condition is
established, a protective effect is verified.

The present study showed that both TAU and EE have a benéeficial
effect on the investigated parameters. In contrast, the group associating both
treatments (TAU plus EE) reproduced effects observed in the EE group in
diabetic rats for vimentin and GFAP. Thus, for these markers, the TAU variable
does not potentiate the effect induced by EE. No evidence has been found that
TAU can act as a synergist along with exposure to EE, and so little that one can
cut off the effect of the other. In conclusion, TAU and EE have a protective
effect against the markers of astrogliosis and neuritic growth in cerebellar
leaflets of STZ-diabetic rats. It is hoped that this evidence may contribute to a
better understanding of the role of these agents in the neuroprotection found in
diabetic rats. In addition, this study also seeks to contribute to the investigation
of new therapies that may serve as coadjuvants in the prevention or protection
against the deleterious effects caused by this disease in situations of

neuropathy.
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Figure 1: Diagram demonstrating experimental groups
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Figure 2: Immunoreactivity for glial acid fibrillary protein (GFAP) in the
cerebellum of non-diabetic and diabetic rats (STZ injection, 50 mg / kg
intraperitoneally) treated with taurine (TAU, 100 mg / kg intraperitoneally) or
saline (VE, 1 ml/ kg) and exposed to the enriched environment (for 30 days) or
standard box. The red square represents the areas chosen for the analysis of
optical density measurement for immunoreactivity (see image A).
Representative image of positive immunoreaction for GFAP protein (image B,
lens 40X). Gragico C shows the quantitative analysis for the optical density of
the different groups. Data expressed as mean + SEM. Anova three-way
followed by Bonferroni's post hoc. * Denotes significant difference between
groups vs. VE-standart box; # Denotes significant difference between groups vs
STZ-standart box (*** P<0.001; # P<0.05, n of 9 animals per group).
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Figure 3: Immunoreactivity to caspase-3 cleaved in the cerebellum of non-
diabetic and diabetic (STZ injection, 50 mg / kg intraperitoneally) treated with
taurine (TAU, 100 mg / kg intraperitoneally) or saline (VE, 1 ml / kg) and
exposed to the enriched environment (for 30 days) or standard box. The red
square represents the areas chosen for the analysis of the measurement of the
number of immunoreactive cells for cleaved caspase-3 (see image A).
Representative image of positive immunoreaction for cleaved caspase-3 (see
arrows, image B, lens 20X). Gragico C shows the quantitative analysis for the
counting of the immunoreactive cells of the different groups. Data expressed as
mean + SEM. Anova three-way followed by Bonferroni's post hoc. * Denotes
significant difference between groups vs. VE-standart box (* P<0.05, ***

P<0.001, n of 9 animals per group).
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Figure 4: Immunoreactivity to S100 protein in the cerebellum of non-diabetic
and diabetic (STZ injection, 50 mg / kg intraperitoneally) treated with taurine
(TAU, 100 mg / kg intraperitoneally) or saline (VE, 1 ml / kg) and exposed to the
enriched environment (for 30 days) or standard box. The red square represents
the areas chosen for counting analysis for the number of immunoreactive cells
(see image A). Representative image of positive immunoreaction for S100
protein (see arrows, image B, lens 20X). Gragico C shows the quantitative
analysis of the S100 + cell count of the different groups. Data expressed as
mean £+ SEM. Anova three-way followed by Bonferroni's post hoc. * Denotes

significant difference between groups (P<0.05, n of 9 animals per group).
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Figure 5: Immunoreactivity to vimentin protein in the cerebellum of non-diabetic
and diabetic (STZ injection, 50 mg / kg intraperitoneally) treated with taurine
(TAU, 100 mg / kg intraperitoneally) or saline (VE, 1 ml / kg) and exposed to the
enriched environment (for 30 days) or standard box. The red square represents
the areas chosen for the analysis of optical density measurement for
immunoreactivity (see image A). Representative image of positive
immunoreaction for GFAP protein (image B, lens 20X). Gragico C shows the
quantitative analysis for the optical density of the different groups. Data
expressed as mean + SEM. Anova three-way followed by Bonferroni's post hoc.
* Denotes significant difference between groups (P<0.05, n of 9 animals per
group). # Denotes significant difference between groups vs STZ-standart box
(*** P<0.001; # P<0.05, n of 9 animals per group).
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5. CONCLUSOES

Foi possivel demonstrar, através deste estudo, que taurina e ambiente
enriquecido apresentam uma protecdo contra o aumento da reatividade
astrocitaria parecendo atuar na diminuigdo desses processos de degeneragao
em ratos diabéticos.

A taurina, parece atuar também de maneira protetiva contra o aumento
de processos de apoptose neuronal. Sendo que o enriquecimento ambiental
demonstrou uma protecao da estrutura citoesquelética do cerebelo.

Nossos resultados demostraram o efeito benéfico dos elementos taurina
e enriquecimento ambiental, frente a um quadro hiperglicémico, em diferentes
tipos de células, representando um potencial efeito neuroprotetor, pois o efeito

neurotdxico do DM foi significativamente reduzido.
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GUIDE FOR AUTHORS

INTRODUCTION

Neuroscience Letters is devoted to the rapid publication of short, high-quality papers of interest
to the broad community of neuroscientists. Only papers which will make a significant addition to
the literature in the field will be published. Papers in all areas of neuroscience - molecular, cellular,
developmental, systems, behavioral and cognitive, as well as computational - will be considered
for publication. Submission of laboratory investigations that shed light on disease mechanisms Is
encouraged. Clinical studies will also be published if they provide new information about organization
or actions of the nervous system, or provide new insights into the neurobiology of disease. NSL does
not publish case reports.

Papers that are primarily devoted to psychological or philosophical questions, that use unvalidated
methodology, or that fall outside of the realm of neuroscience, will not be published.

The Neuroscience Peer Review Consortium

Neuroscience Letters is a member of the Neuroscience Peer Review Consortium (NPRC). The NPRC
has been formed to reduce the time expended and, in particular, the duplication of effort by, and
associated burden on reviewers involved in the peer review of original neuroscience research papers.
It is an alliance of neuroscience journals that have agreed to accept manuscript reviews from other
Consortium journals. By reducing the number of times that a manuscript is reviewed, the Consortium
will reduce the load on reviewers and Editors, and speed the publication of research results.

If a manuscript has been rejected by another journal in the Consortium, authors can submit the
manuscript to Neuroscience Letters and indicate that the referees' reports from the first journal will
be made available to the Editors of Neuroscience Letters.

It is the authors' decision as to whether or not to indicate that a set of referee’s reports should
be forwarded from the first journal to Neuroscience Letters. If an author does not wish for this to
happen, the manuscript can be submitted to Neuroscience Letters without reference to the previous
submission. Mo information will be exchanged between journals except at the request of authors.
However, if the original referees' reports suggested that the paper is of high quality, but not suitable
for the first journal, then it will often be to an author's advantage to indicate that referees’ reports
should be made available.

Authors should revise the original submission in accordance with the first journal's set of referee
reports, reformat the paper to Neuroscience Letters' specification and submit the paper to
Neuroscience Letters with a covering letter describing the changes that have been made, and
informing the Editors that the authors will ask for the referees' reports to be forwarded from the
first Consortium journal. The authors then must contact the first journal, and ask that reviews be
forwarded, indicating they have submitted to Neuroscience Letters, and providing the new manuscript
ID number.

The Editors of Neuroscience Letters will use forwarded referees’ reports at their discretion. The Editors
may use the reports directly to make a decision, or they may request further reviews if they feel
such are necessary.

Visit http://npre.incl.org for a list of Consortium journals, as well as further information on the scheme.

BEFORE YOU BEGIN
Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Policy and ethics

The work described in your article must have been carried out in accordance with The Code
af Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving
humans http: /fwww.wma.net/en/30publications/10policies/b3/index.html; EC Directive 86/609/EEC
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for animal experiments http://ec.europa.eufenvironment/chemicals/lab_animals/legislation_en.htm;
Uniform Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org. This
must be stated at an appropriate point in the article.

For other policy issues, authors are referred to the policy guidelines of the Society for Neuroscience
(see their website http://www.jneurosci.org/misc/itoa.shtmi).

Declaration of interest

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. More
informatiomn.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see 'Multiple, redundant or concurrant publication' section of our ethics policy for more
information), that it is not under consideration for publication elsewhere, that its publication is
approved by all authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or
in any other language, including electronically without the written consent of the copyright-holder. To
verify ariginality, your article may be checked by the originality detection service CrossCheck.

Contributors
Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be

described. The statement that all authors have approved the final article should be true and included
in the disclosure.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the reqguest, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Capyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the corresponding author confirming receipt of

the manuscript together with a Journal Publishing Agreement’ form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author{s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
‘Exclusive License Agreement' {more Information). Permitted third party reuse of open access articles
is determined by the author's choice of user license.
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Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. Maore
information.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvemeant then this should
be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to comply
with their funder's open access policies. Some funding bodies will reimburse the author for the Open
Access Publication Fee. Details of existing agresments are avallable online.

Open access

This journal offers authors a cheice in publishing their research:

Open access

= Articles are freely available to both subscribers and the wider public with permitted reuse.

= An open access publication fee is payable by authors or on their behalf, e.g. by their research funder
or institution,

Subscription

= Articles are made available to subscribers as well as developing countries and patient groups thraugh
our universal access programs.

* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commaons
user licenses:

Creative Commaons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commaons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 2150, excluding taxes. Learn more about
Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page for
further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form.

This journal has an embargo period of 12 months.
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Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering free
lectures, interactive training and professional advice to support you in publishing your research. The
College of Skills training offers medules on how to prepare, write and structure your article and
explains how editors will look at your paper when it is submitted for publication. Use these resources,
and more, to ensure that your submission will be the best that you can make it.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via http://ees.elsevier.com/nsl/
For submission queries, please contact the Editorial Office (NSL@elsevier.com).

Referees

Authors must send the names, addresses and email addresses for 8-10 potential referees that
meet the following criteria: potential referees must be experts or active workers in the field, must
not be current or prior mentors or collaborators, and must have institutional email addresses
(e.g., xi.yy@zz.edu) and not generic email addresses (e.g., xx.yy@163.com or xx.yy@gmail.com).
Although the journal does not guarantee these reviewers will be used, the Editors take these
suggestions under consideration. These recommendations help the journal speed the editorial
process.

Additional information

Length of manuscripts will in no case be more than & printed pages {5000 words) of the journal. As an
approximate guide to authors for judging the length of their paper, the following estimation may be
used: heading + abstract = 0.5-0.6 pages; 3 type-written {double-spaced) pages = 1 printed page;
{when using a word=-processor) 850 words or 5300 characters = 1 printed page; 3 single-column wide
or 2 double-column wide figures plus legends = 1 printed page; 3 single-column wide or 2 double-
column wide tables = 1 printed page; 17 references = 0.5 printed page.

PREPARATION

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the "spell-check' and 'grammar-check’
functions of your word processor.

Article structure
Subdivision
Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading

should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply " the text" .
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Intreduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is in very occasional cases appropriate, aithough in general, Results and
Discussion should be presented as distinct sections of the manuscript. Avoid extensive citations and
discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information

+ Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible,

« Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

= Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

= Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address’ (or "Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
Abstract

A concise and factual abstract is reguired. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example Highlights on
aur information site.,
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Keywords

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, "and’, 'of'). Be sparing
with abbraviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance te funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the pregram or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their eguivalent in S1.

Artwork

Efectronic artwork

General points

+ Make sure you use uniform lettering and sizing of your original artwork.

= Embed the used fonts if the application provides that option.

+ Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbeol, or
use fonts that look similar.

+ Number the illustrations according to their sequence in the text.

+ Use a logical naming convention for your artwork files.

= Provide captions to illustrations separately.

# 5ize the illustrations close to the desired dimensions of the published version.

= Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please "Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
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Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

= Supply files that are too low in resolution;

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in coler online (e.g., ScienceDirect and other sites) regardiess of whether or not these illustrations
ara reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
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 symbols and abbreviations used.
lables

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 avoid 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 issue
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

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all preducts 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 sguare 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 order 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, J. 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.S. 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.crg/
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 to 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 maiterial

Supplementary material can support and enhance your scientific research. Supplementary files
offer the author additional possibilities te publish supporting applications, high-resolution 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 PowerPoint 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
alangside the revised version of their manuscript. If your research article is accepted, your Data in
Erief article will automatically be transferrad 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 Brief website. Please use this
template to write your Data in Brief.
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Database linking

Elsevier encourages authors toe 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: xxxx (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 authars 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.

Interactive 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:

= 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

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

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

« Indicate 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 guestions 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 introeduction 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 PDFE

We will do everything possible to get your article published quickly and accurately. Please use this
proof anly for checking the typesetting, editing, completensass and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considerad 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 wversion 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.
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CEUA -COMISSAO DE ETICA NO USO DE ANIMAIS

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO
1) PROTOCOLO N°: 199/16 Parecer 484/16

2) DATA DO PARECER: 14/12/2016

3) TITULO DO PROJETO:

Efeito da taurina e ambiente enriquecido sobre os tecidos de ratos diabéticos.

4) PESQUISADOR RESPONSAVEL:

Marilda da Cruz Fernandes

5) RESUMO DO PROJETO:

O presente projeto avalia o efeito da taurina e do ambiente enriquecido, como fatores
isolados ou em conjunto, sobre ratos wistar em modelo de diabetes mellitus induzido
por estreptozotocina.

6) OBJETIVOS DO PROJETO:

Avaliar pelo método de imuno-histoquimica, varios marcadores nos seguintes orgaos:
cerebelo, figado, rins, intestino, pancreas e testiculos. Serdo avaliados marcadores de
morte celular, inflamatorios e de proliferagio celular. Além disso, serd investigado pelo
mesmo método, lesdes de epitélio intestinal e danos cerebelares, observando as
diferengas entre animais diabéticos e ndo diabéticos.

7) FINALIDADE DO PROJETO: [ |Ensino  [X ] Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo Adequado | | Comentarios
Introdugéo [X] Adequada [ | Comentarios
Objetivos Adequados [:] Comentarios
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Relevéncia e Justificativa Adequados [ | Coment
Matariaie a MAtadae Y Adamiadne Coamant
Materiais ¢ Métodos X ] Adequados Coment

Cronograma para execugao da pesquisa @ Adequado E] Coment

Orgamento e fonte financiadora E Adequados E] Coment

Referéncias Bibliograficas [X | Adequadas [__| Coment

9) O PROJETO ESTA ADEQUADO A LEGISLAGAO VIGENTE:

[X] sim [ ] Nao

10) INFORMAGOES RELATIVAS AOS ANIMAIS:

Grau de dorlestresse: B | C D D \:] E [:]
Justifique:

Espécie: Niamero Amostral:
Redugao Amostral: [ ] sim [ ] Nao
Justifique:

Nio se plica

Substituigdo de Metodologia: E] Sim m Néo

Se achar necessario, justifique e sugira uma nova metodologia:

Aprimoramento da Metodologia: D Sim [Z] Nao
Se achar necessario, justifique e sugira aprimoramentos da metodologia:

arios

arios

arios

arios
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Acomodagéo e manutengao dos animais: |:] Adequada [:] Inadequada
Se achar inadequada cite abaixo as melhorias necessarias:

Nio se aplica

Manipulagao dos animais: \:] Adequada [:] Inadequada
Se achar inadequada cite abaixo as melhorias necessarias:

Nio se aplica

Analgesia dos animais (se aplicavel): [ ] Adequada [ | Inadequada

Se achar inadequada cite abaixo as melhorias necessarias com analgésico substituto:

Nio se aplica

Anestesia dos animais (se aplicavel): D Adequada \:I Inadequada
Se achar inadequada cite abaixo as melhorias necessarias com anestésico substituto:
Nio se aplica

Eutanasia dos animais (se aplicavel): D Adequada E] Inadequada

Se achar inadequada cite abaixo as melhorias necessarias com metodologia substituta:

Nio se aplica

Local de Realizagao (Biotério/Labotardrio): Laboratério de Patologia da UFCSPA
Outra instituicdo. Qual?

11) CRONOGRAMA DE UTILIZACAO DE ANIMAIS
Data Espécie Sexo Quantidade

12) RECOMENDAGAO: As pendéncias deverio ser respondidas em uma carta,
indicando as paginas do projeto que foram alteradas (nova versao), assinadas
pelo pesquisador responsavel.

Aprovado
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[] com Pendéncia

\:] Néo aprovado

Data de inicio / /2018 Data de Término / /2022

Comentarios gerais sobre o projeto:

Obs. Ndo consta a assinatura do responsavel pelo Laboratorio onde sera realizada a
pesquisa.
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