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RESUMO

Nos ultimos anos o0 aumento da populacdo de idosos tem levado a uma crescente na
incidéncia de doengas neurodegenerativas em todo o mundo. Estefato tem
proporcionado um avido interessenosestudosque visam novasestratégiaspara a
prevencao e cura destas patologias. Diversosprodutosnaturaisséo reconhecidos por
possuirem caracteristicasantioxidantes, razaopelaqual tém sido empregados na
formulacdo de farmacos, visando umpotencialefeitoneuroprotetor. A doenca de
Huntington (DH) é uma afeccdo neurodegenerativa autossémica dominante
caracterizada por movimentos involuntarios coreiformes, distirbios emocionais e
deméncia (RYU et al, 2004). A DH esta associada a uma expansao anormal de
repeticdes citosina-adenina-guanina (CAG’s) no brago curto do cromossomo 4,
responsavel pela codificacdo da proteina huntingtina, expressa constitutivamente
nos tecidos nervosos central e periférico, tanto em vesiculas como em mitocéndrias
(LI et al., 1996). Varios modelos experimentais tém sido utilizados para estudar as
doencas neurodegenerativas, entre 0s quais alguns modelos transgénicos e outros
farmacoldgicos. O &acido 3-nitropropidnico (3NP) é um inibidor irreversivel da
succinato desidrogenase, enzima do complexo Il da cadeia respiratéria e o
tratamento com ele produz inibicdo deste complexo, com consequente liberacdo de
calcio mitocondrial, estresse oxidativo e morte de neurdnios do estriado, resultando
em modificacbes semelhantes a DH (BEAL et al., 1993; ROSENSTOCK et al., 2004).
O Tirosol (2-(4-hidroxifenil)etanol) € um composto fendlico que esta presente no
azeite de oliva e no vinho. E conhecido como potente antioxidante e antiinflamatdrio
(MUKHERJEE, 2009). Estudos prévios foram desenvolvidos para testar a
possibilidade de um efeito neuroprotetor, mas nao tiveram resultados conclusivos
(BU, 2007). O presente estudo tem por objetivo investigar o efeito neuroprotetor do
Tirosol em modelo experimental da doenga de Huntington. Foram utilizados no
experimento ratos Wistar, machos com 300g, sob regime de 4gua e racdo ad libitum.
O &acido 3-nitropropidnico (3NP) foi administrado por via intraperitoneal em dose de
20mg/kg.O Tirosol foi administrado por via oral, em uma solugcdo aquosa nas doses
de 3, 5, 10 e 15mg. Tanto a inducdo da doenca quanto o tratamento com o tirosol,
as doses foram administradas por 7 dias consecutivos. Como resultado, temos que 0
Tirosol, nas doses de 10 e 15mg, foi capaz de melhorar os parametros
comportamentais e bioquimicos da doenca de Huntington induzida pelo 3NP. Assim,
podemos concluir que o Tirosol apresenta-se efetivo na protecdo dos neurbnios ante
a doenca de Huntington, no que diz respeito a inibir a sua rapida progressao.

Palavras-Chave: Tirosol. Doenca de Huntington. Estresse Oxidativo. Acido 3-
Nitropropidnico.



ABSTRACT

In recent years the increase in the elderly population has led to an increasing
incidence of neurodegenerative diseases worldwide. This has provided a keen
interest in studies aimed at new strategies for the prevention and cure of diseases.
Several natural products are recognized to possess antioxidant properties, which is
why they have been employed in the formulation of pharmaceuticals, targeting a
potential neuroprotective effect. Huntington's disease (HD) is an autosomal dominant
neurodegenerative disorder characterized by involuntary choreiform movements,
emotional disturbances and dementia (Ryu et al, 2004). The DH is associated with
an abnormal number of repetitions citosine-adenine-guanine (CAG’s) the short arm
of chromosome 4 responsible for encoding the huntingtin protein, constitutively
expressed in the central and peripheral nervous tissues, both in vesicles as in
mitochondria (Li et al. 1996). Experimental models have been used to study
neurodegenerative diseases, including some pharmacological and other transgenic
models. The 3-nitropropionic acid (3NP) is an irreversible inhibitor of succinate
dehydrogenase enzyme complex Il of the respiratory chain and the treatment he
produces inhibition of this complex, with consequent release of mitochondrial
calcium, oxidative stress and neuronal death in the striatum, resulting in Similar to
changes DH (BEAL et al. 1993; ROSENSTOCK et al. 2004). The tyrosol (2 - (4-
hydroxyphenyl) ethanol) is a phenolic compound that is present in olive oil and wine.
It is known as a potent antioxidant and anti-inflammatory (MUKHERJEE, 2009).
Previous studies were designed to test the possibility for a neuroprotective effect, but
results were not conclusive (BU, 2007). The present study aims to investigate the
neuroprotective effect of tyrosol in an experimental model of Huntington's
disease.Was used in the experiment male Wistar rats with 300g, under a water and
food ad libitum. The 3NP was administered intraperitoneally at a dose of 20mg/kg.
The tyrosol was administered orally in an aqueous solution in doses of 3, 5, 10,
15mg. Both the induction of the disease and the treatment with the tyrosol doses
were administered for 7 consecutive days. The result is that the tyrosol at doses of
10 and 15 mg, was able to improve the behavioral and biochemical parameters of
Huntington's disease induced by 3NP. Thus, we conclude that presents tyrosol
effective in the protection of neurons against Huntington's disease, with regard to
inhibit its rapid progress.

Keywords : tirosol. Huntington's Disease. Oxidative Stress. Acid 3-nitropropionic.
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1 INTRODUCAO

1.1 Doenga de Huntington

A doenca de Huntington (DH) ou coreia de Huntington € uma desordem
neurodegenerativa hereditaria, transmitida por gene autossémico dominante,
caracterizada por disfungcdo motora, distdrbios emocionais, deméncia, e perda de
peso. A DH ocorre em todo mundo e em todas as ragas e grupos étnicos com
prevaléncia de 5-10 casos por 100.000 pessoas (KROBITISCH, 2011). Existe uma
predilecédo por idade de manifestacdo da doencga, e esta se da por volta dos 37 anos,
porém a DH pode manifestar-se desde a infancia a nona década de vida. Uma vez
desenvolvido os sinais motores da doenca, os individuos acometidos pelo DH
passam por grandes dificuldades funcionais, que em decorridos 15-25 anos chega

no grau mais severo da enfermidade e morte (HERSH et al., 2008).

Por causa do declinio funcional, da cronicidade da doenca e dos cuidados
multidisciplinares, a DH exige recursos médicos, sociais e familiares (AUBERLUCK
& MOSKOWITS, 2008). A terapia recomendada para tratar a DH é a
Tetrabenzanina, droga aprovada pela FDA (Food and Drug Administration), que €
indicada para supressdo dos movimentos involuntarios (coreia), mas ndo impede a

progressao da doenca (POON et. al. 2010).

A DH é assim denominada em homenagem a George Huntington, autor da
primeira publicacdo cientifica da sindrome clinica, que foi apresentada em abril de
1872, na revista norte americana “The medical and surgery reporter” com o0 nome de
coreia hereditaria. O termo coreia, derivado do grego, significa danca, e € uma

designacdo muito apropriada para as alteragbes motoras presentes na sindrome
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semelhante a alguns passos de danca (FERNANDO et. al, 2000). No artigo original,
George Huntington descreve uma série de alteracdes, caracterizando um quadro
sindrdbmico em que a caracteristica mais marcante € um espasmo clénico afetando
0os musculos voluntarios sem ocorrer perda de sensibilidade ou consciéncia
(HUNTINGTON, 1872). A doenca inicia-se por leves abalos dos musculos da face,
gue aumentam gradativamente em violéncia e variedade. As palpebras sao
mantidas piscando, a testa franzida depois elevada, o nariz torcido para um lado

depois para o outro e a boca se volta em direcdes variadas (HUNTINGTON, 1872).

Desde sua descoberta, a DH passou a ser muito estudada. Varios estudos,
mesas redonda, simpdsios e congressos, discutiam a respeito dos efeitos
neurodegenerativos e como as terapias poderiam ser melhor utilizadas. Em
1877,Meynert demonstrou através de estudos neuropatoldégicos em cadaveres que
os sintomas clinicos da DH estdo associados com alteracfes especificas cerebrais,
exatamente na regido do nucleo caudado(FERNANDO et al., 2000). Os estudos de
Anton em 1896, Lanois em 1897 e de Alzheimer em 191ldemostraram que as
alteracdes degenerativas que ocorrem na DH atingem uma parte maior nos ganglios
da base, ndo se restringindo apenas ao nucleo caudado, mas acometendo todo
ndcleo estriado, que corresponde ao nucleo caudado e ao putamem (FERNANDO

et. al., 2000).

Em 1983, Gussela e colaboradores conseguiram identificar o gene
responsavel pela sindrome de Huntington através da analise de ligacao utilizando
fragmentos de restricdo polimérficos e uma sonda conhecida como G8 (GUSSELA
et al, 1983). A importancia desta descoberta € devido ao fato de ser o primeiro gene

responsavel por alguma doenca a ser localizado em humanos. Em 1993 o grupo de
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pesquisa colaborativa sobre a DH conseguiu isolar o gene e descobriu que a
mutacdo responsavel pela sindrome é a expansao da repeticdo dos trinucleotideos
citosina-adenina-guanina CAG localizada na regiao 5’ do gene Interesting Transcript

15 (IT15) do braco curto do cromossomo 4 (KROBITISCH, 2011).

A prevaléncia da DH em individuos afetados tem uma distribuicdo homogénea
em todo o mundo variando de 5 a 10 casos por 100.000 individuos. Em algumas
areas, tais como a regido da Tasmania e as margens do lago Maracaibo na
Venezuela a prevaléncia é relativamente maior do que em outras regiées, sugerindo
a influencia do efeito do desencadeador, ou seja, um individuo dominante, que
através dos lacos tribais de parentesco, disseminou esta caracteristica fenotipica.
Em paises como Japao, China, Finlandia e no continente africano a prevaléncia da

DH é menor que a média descrita nos outros locais do mundo (HAYDEN, 2004).

1.2 Fisiopatogenia

O gene IT15 normal € o responsavel pela codificacdo da Huntingtina, proteina
presente em varios tecidos do corpo, embora esteja mais concentrada no cérebro.
Quando no tecido cerebral, ela € quase exclusiva do citoplasma neuronal, sendo
vista nos axoénios, dendritos e no corpo celular (TAMMINGA, 1997). A huntingtina
(HTT) é uma proteina com multiplos dominios e como tal com varios desempenhos
dentro da célula, alguns conhecidos, outros ainda hipotéticos, constituindo prolifica
fonte de investigacdo na atualidade. Trata-se de uma proteina de localizacdo
preferencialmente intra citoplasmatica, associada as organelas como a mitocondria,
o aparelho de Golgi, o reticulo endoplasmatico, as vesiculas sinapticas e outros
componentes do citoesqueleto. Em menor concentracdo existe também no nucleo,

onde tem por funcdo a regulacéo transcricional e o transporte ndcleo citoplasma.
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Tem ainda uma importante funcéo sinéptica, no transporte intracelular de vesiculas e
organelas e confirmada acdo anti-apoptdtica intracelular. Reddy e colaboradores
demonstraram em seu estudo, a presenca de HTT normal no citoplasma ao invés de
HTT mutante que fica no ndcleo, sugerindo uma alteracdo no mecanismo de acao
da proteina(REDDY et al, 1999). Tammingae colaboradores sugeriram que no
citoplasma, ela estaria associada em parte com as membranas das vesiculas
(Complexo de Golgi) e por isso, poderia participar dos processos de migracao
vesicular e de exocitose de neurotransmissores e enzimas(TAMMINGA, 1997). A
huntingtina também esta vinculada uma propriedade apoptotica por um mecanismo
incerto. Ela se ligaria com a uma proteina neuronal (como a gliceraldeido-3-fosfato
desidrogenase), formando um complexo citotoxico. Na DH, a huntingtina possui uma
cadeia anormal de poliglutaminas que confere a sua estrutura novas propriedades
que desencadeiam interacbes andmalas com outras proteinas. Martin e
colaboradores revelaram que, através da tomografia por emissao de pésitrons (PET
scan) um significante decréscimo cortical difuso no metabolismo da glicose, o que
poderia sugerir uma provavel interacdo da proteina huntingtina com o

aproveitamento deste glicidio (MARTIN, 1992).

O RNA mensageiro (RNAmM) Huntington — responsavel pela sintese da
proteina huntingtina — é expresso em niveis elevados em neurbnios de todo o
sistema nervoso, estando também presente com menos frequéncia em outras
regies do organismo. Foi demonstrado por técnicas de hibridizacéo in situ que nao
h& nem aumento nem diminui¢cdo da expressdo do RNAmM Huntington em neurdnios
do nucleo caudado e putdamem (local de maior severidade da doenca). Isto pode ser

explicado pelo simples fato de que nestes locais estdo presentes outros fatores que

interagem fisiopatologicamente com a proteina huntingtina, ou seja, as células dos
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ndcleos da base sdo mais vulneraveis a degeneracdo do que outrasareas do

cérebro (FERREIRA, 1997).

A DH é uma das 9 doencas de expansédo de poliglutaminas identificadas até
hoje, grupo de doencas neurodegenerativas hereditarias com caracteristicas
comuns, constituindo um dos modelos de doenca mais bem estudados a nivel
molecular. O acumulo da proteina mutada no interior celular € responséavel pela
disfuncéo e morte neuronal, no entanto, 0 mecanismo envolvido neste processo néo
foi completamente elucidado. As doencas mais comuns envolvendo as
poliglutaminas sdo a DH e a ataxia espinho-cerebelosa tipo 3 (SCA3), que tém
distribuicdo mundial se bem que com incidéncia muito variavel nos diferentes paises,

sendo as mais frequentes também no nosso pais (HAYDEN, 2004).

Chamam-se doencas de poliglutaminas porque a mutacdo genética,
constituida por um aumento de repeticbes do nucleétido CAG, leva a uma expansao
de residuos de poliglutaminas na proteina mutada (poliQ). A expansao de repeticdes
CAG ¢ instavel, tendendo sempre ao seu alongamento, o que acarreta um inicio de
doenca progressivamente mais precoce € um Curso mais grave nas sucessivas
geragdes, fendmeno este conhecido como antecipagdo. Quanto maior o numero de
repeticdes CAG mais precoce sera a idade de inicio da doenca. O comprimento da
expansao é assim responsavel por 50 a 70% da variancia na idade de inicio, sendo
esta também condicionada por outros fatores genéticos ou ambientais (HAYDEN,

2004).

Os mecanismos pelos quais a proteina mutada, neste caso a huntingtina
(HTT), causa neurodegeneracao incluem agregacao proteica, anomalia na interacao

proteina/proteina, alteracdo da expressdo génica, desregulacdo dos sistemas
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celulares lisosomais de autofagia e ubiquitina-proteossémico, e ainda disfuncéo
mitocondrial com consequente acumulo de espécies reativas de oxigénio (EROS) e

apoptose (FERNANDO et al, 2000).

De momento foram identificadas 234 proteinas a que a huntingtina se
associa. A huntingtina € essencial para o desenvolvimento embrionario (provado
pela letalidade dos embrides dos ratinhos transgénicos com total auséncia da
proteina), porque a sua inexisténcia acelera os mecanismos de apoptose e
interrupcdo no transporte de nutrientes maternos para o feto, mostrando que a
huntingtina mutada até um determinado nivel pode compensar a auséncia da
proteina enddgena e executar a maioria das fun¢des da huntingtina normal. Parece,
pois que o processo de desregulacdo de vias intracelulares fundamentais, que
termina na morte celular, ocorre com a contribuicdo tanto da proteina normalpor um
mecanismo de perda de funcdo, como por um mecanismo de ganho téxico de
funcdo da huntingtina (HTT). A mutacdo parece assim conferir uma adicional e
deletéria funcdo a proteina. No decurso da doenca, a huntingtina normalvai
perdendo a sua funcdo, o que se relaciona com a progressdo dos sinais clinicos, e
foi j& demonstrado experimentalmente nos modelos de animais transgénicos

(HAYDEN, 2004)

A expansao de poliQ confere novas propriedades fisicas a proteina que se
traduzem em numerosas anomalias no seu comportamento. A proteina mutada
apresenta alteracdes na degradacéo, na localizacdo sub-celular, na maturacédo pos-
traducdo e na interacdo com outros elementos moleculares, bem como uma

tendéncia para agregacao dentro da célula. Sdo estas alteracbes que induzem a
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multiplicidade de disfuncdes celulares que levardo a morte neuronal (TAKAHASHI &

KANATA, 2010).

A agregacdao das proteinas mutadas parece resultar de uma perturbacdo nos
usuais mecanismos de degradacao e eliminacdo das proteinas. Nos cérebros dos
doentes os agregados observados sdo formados por fragmentos de proteinas
contendo a expansao poliQ, e ndo pela proteina completa. Diversos estudos
mostraram, in vitro, que quanto mais truncada € a proteina mais rapidamente se
agrega, escapando provavelmente as vias de normal degradacdo pelo sistema
proteossémico. Torna-se assim necessario identificar os fragmentos constituintes
dos agregados, bem como as endopeptidases implicadas, para que seja possivel o
desenvolvimento de estratégias terapéuticas que impecam a protedlise. Em
particular, algumas endopeptidases da familia das caspases e das calpainas estéo
envolvidas na protedlise da HTT mutada. A caspase-6 gera um fragmento de HTT
mutada que se acumula no nucleo dos neurénios, sendo esse fragmento sujeito a
protedlise por outras endopeptidases que originam fragmentos progressivamente tao
pequenos e passiveis de agregacdo. Num modelo animal experimental (YAC 128) a
abolicdo do local de clivagem das caspase-6 na HTT mutada torna-a menos
patogénica. Poderdpois, ser esta uma via de investigacdo de novas terapéuticas

para a doenca (TAKAHASHI & KANATA, 2010).

Em todas as doencas de poliglutaminas o processo patoldgico inicia-se por
uma disfuncdo neuronal causada pela proteina mutada, pelos fragmentos
resultantes da protedlise, pela formacdo de agregados, pelo RNA, isto &, varios
fatores contribuindo para a alteracdo da funcao celular. A investigacdo atual visa

compreender o contributo de cada um destes elementos para o processo patolégico
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e distinguir as disfuncbes primarias das secundarias, com o fim de melhor

desenvolver estratégias terapéuticas consequentes (TAKAHASHI & KANATA, 2010).

A desregulacdo da expressao génica € uma caracteristica comum a maioria
das doencas de expansado de poliglutaminas. As proteinas mutadas tém interacdes
aberrantes com uma série de proteinas nucleares essenciais a regulacdo dos genes.
As numerosas alteracdes transcricionais que ocorrem nas doencas de expanséao de
poliQ incluem os genes implicados em funcdes celulares tais como a resposta ao
stress, a sinaliza¢do neuronal, a regulacdo do calcio e a regulacdo de processos de

inflamacéo (TAKAHASHI & KANATA, 2010).

Defeitos metabolicos foram também evidenciados. Na DH a HTT mutada liga-
se diretamente & membrana mitocondrial interferindo com as enzimas da cadeia
respiratéria e sua funcdo. Também reprime o PGC-lalfa, um co-ativador
transcricional que regula a biogénese e a respiragcdo mitocondrial. Como Ultima
consequéncia a alteragdo mitocondrial leva a producéo de radicais livres de oxigénio
sendo assim responsavel pela exacerbacdo dos mecanismos de estresse oxidativo

observados na doencga (FIG 1) (KROBITISCH,2011).
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FIGURAL: Mecanismos de disfuncdo mitocondrial na DH. A presenca da proteina mutante
huntingtina pode exercer um efeito direto sobre a funcdo mitocondrial através de uma diminuicdo da
atividade dos complexos Il, lll e IV da cadeia transportadora de elétrons. Altera¢des na atividade do
complexo Il podem diminuir o potencial de membrana mitocondrial, causando a abertura de poros
de transicdo com liberacdo de ions calcio. Além disso, alteracdes no complexo Il podem também
induzir a producdo de ERO, que por sua vez, podem promover dano oxidativo ao DNA mitocondrial. A
diminuicdo da expressdao do PGC-1a pela proteina mutante contribui para a disfuncdo mitocondrial

na DH.

1.3 Estresse Oxidativo

Esse aumento de compostos reativos no interior dos neurdnios causa um
efeito  desregulador nas principais vias de neurotransmissores. Os
neurotransmissores estimulados conduzem a uma excitotoxidade reversa, e
consequentemente, morte neuronal. A estimulacdo dos receptores de glutamato
para o acido N-metil-D-aspartato (NMDA) e seus subtipos, desempenham um papel
fundamental neste processo. A administracdo de agonistas do receptor de NMDA

em roedores e caracteristicas patologicas da doenca de Huntington, sugerindo que a
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excitotoxidade pode participar da morte neuronal da doenca de Huntington. Estudos
posteriores usando o modelo de NMDA mostraram que morte neuronal da DH pode
ser causada pelo aumento do neurotransmissor glutamato, que altera a homeostase
do célcio, despolarizando seus canais e aumentando o fluxo de ions dentro da célula

ao ponto que ela se rompe (FIG 2) (TUNEZ et al., 2010)
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FIGURA 2: Neurotoxicidade induzida pelo 3-NP. O 3-NP inibe o complexo |l da cadeia
transportadora de elétrons causando diminui¢do na produgdo de ATP, alteragdes no potencial de
membrana mitocondrial e aumento na producdo de espécies reativas. A disfungdo no metabolismo
energético induzida pelo 3-NP pode desencadear excitotoxicidade secundaria por tornar os
neurdnios mais sensiveis a niveis basais de glutamato. A despolarizagdo da membrana plasmatica
libera o bloqueio exercido pelos ions Mg2+ nos receptores NMDA com conseqliente influxo de Ca2+

e ativacdo de vias morte celular (Adaptado de Tunez et al., 2010).

1.4 Acido 3-Nitropropionico (3-NP)

Acido 3-nitropropidnico (3-NP) é um inibidor da enzima mitocondrial succinato

desidrogenase (SDH), uma parte docomplexo 1l, que liga o ciclo do acido
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tricarboxilico paraa cadeia de transporte de elétrons respiratorio. 3-NP foi descrito
como responsavel pela degeneracdo neuronal causada em cérebro humano por sua
ingestdo na cana-de-acucar, milho e amendoim contaminados por fungos
(LUDOLFet al, 1991,. HE etal, 1995.; BROUILLETet al, 2005).Também tem
sidousado em um modelodadoenca de Huntington.A hipotese geralmente admitida
para dar conta dadegeneracao induzida por 3-NP no estriado é que a deplecao dos
niveis de ATP produzido gera um déficit no metabolismo energético que pode levar a
despolarizacdo da membrana e produzir toxicidade, através do alivio de tenséo
dependente de magnésio e calcio. Com o metabolismo energético diminuido, ha
producdo de estresse oxidativo, bem como, na formacdo de espécies reativas de
oxigénio e nitrogénio (BEAL et al, 1993, ZEEVAet al, 1995;. GREENEet al, 1998.;

GABRIELSONEet ai., 2001).

1.5 Modelos Animais da Doencga de Huntington

Desde 1970, diferentes modelos animais da DH foram desenvolvidos. O
primeiro foi um modelo de morte neuronal baseado na administracdo de &acido
cainico, um composto excitotoxico que causava morte neuronal (COYLE e
SCHUWARCS, 1976). Outros modelos também foram estabelecidos como o modelo

induzido pelo malonato,

Acido quinolinico (AQ) e acido 3-nitropropidnico (3-NP). Mais recentemente, foram
desenvolvidos os modelos transgénicos da DH em camundongos (MANGIRIANI et
al., 1996), primatas ndo humanos e outras espécies (MARSH et al., 2003; PARKER

et al., 2001), os quais expressam o0 gene mutante da proteina huntingtina.
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No entanto, os modelos experimentais ndo genéticos ainda sédo bastante
utilizados no estudo dos processos neurodegenerativos na DH devido a facil
aquisicao, controle e uso (TUNEZ et al., 2010). Nesses modelos, a morte celular &
induzida por mecanismos excitotoxicos (acido cainico e AQ) ou por alteracées no
metabolismo mitocondrial (malonato e 3-NP). Dessa forma, esses modelos, mesmo
com algumas limitacbes, sdo importantes para o melhor entendimento dos
fenbmenos relacionados com a doenca, bem como na busca de novos alvos

terapéuticos para o tratamento de tal patologia (TUNEZ,2010).

1.6 Tirosol

O Tirosol- 2 - (4-hidroxifenil)-etanol)- € um do maiores representantes dos
compostos fendlicos encontrados nas azeitonas e no azeite de oliva. Na forma de
ésteres do &cido endlico também é encontrado no vinho e no suco de uva.
Isoladamente o tirosol € um soélido incolor a temperatura ambiente, que se funde a
91-92° C, entra em ebulicdo a 158°C, é ligeiramente sollvel em &gua, com maior
solubilidade em solventes organicos. Do ponto de vista estrutural, o tirosol partilha
uma funcionalidade fendlica na posicédo para do anel aromatico com uma cadeia de
hidroxietil. O Hidroxitirosol possui um radical-OH adicional ao lado de outro - OH no
benzeno. Estas caracteristicas estruturais conferem ao tirosol um poder
antioxidante, bem como potente composto quimiopreventivo em condi¢cdes de

estresse oxidativo (FIG. 3) (BU, 2007).

Também foi visto que o tirosol inibe a liberacdo de citocinas induzida por
Lipopolisacarideo-induzido (LPS) em mondcitos humanos, diminuindo processos
inflamatorios (BU, 2007). Estudos prévios foram desenvolvidos para testar a

possibilidade de um efeito neuroprotetor, mas nao tiveram sua continuidade. O
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tirosol também se mostrou eficaz em terapias ligadas ao coragdo, tais como
protecdo contra estresse oxidativo e protecao das fibras cardiacas (MUKHERJEE,
2009). Muitos estudos tém levantado que a acéo cardioprotetora do azeite de oliva
esta ligada a constituicdo dos acidos graxos e compostos fendlicos, e em especial, a

presenca do tirosol (D’ARCHIVIO, et. al., 2007).

HO

FIGURA 3: Imagem representativa do modelo estrutural do tirosol.
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2 JUSTIFICATIVA
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2 JUSTIFICATIVA

Nos ultimos anos, o aumento da populacdo de idosos tem levado a um
aumento crescente na incidéncia de doencas neurodegenerativas em todo o mundo.
Este fato tem proporcionado um crescente interesse nos estudos que visam novas
estratégias para a prevencdo e cura destas patologias. Varias evidéncias tém
demonstrado que a producédo excessiva de radicais livres esta fortemente associada
ao desenvolvimento de muitas doencas tipicas do envelhecimento como Alzheimer,
Parkinson e Huntington. Entretanto, as bases moleculares que desencadeiam estas
doencas, aindando estdo totalmente compreendidas. Assim, fica clara a
necessidade de se investir no desenvolvimento de novos agentes que melhorem a

gualidade de vida desta populacéo.

Diversos produtos naturais sao reconhecidos por possuirem caracteristicas
antioxidantes, razdo pela qual tém sido empregados na formulacdo de farmacos,
visando um potencial efeito neuroprotetor. Existe um crescente interesse em
desenvolver novas estratégicas terapéuticas, enfocando a ingestdo combinada de
compostos antioxidantes de diversas naturezas que atuem na prote¢cdo do SNC.
Com base nestes dados, a proposta do presente trabalho é estudar novas

estratégias terapéuticas, usando produto isolado da uva (Vitis spp.) o Tirosol.
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3 OBJETIVOS

3.1. Objetivo Geral

Investigar o possivel efeito neuroprotetor do tirosol sobre as alteracbes
comportamentais induzidas pela administracéo sistémica do &cido 3-nitropropibnico,
em modelo experimental da doenca de Huntington.

3.2. Objetivos Especificos

» Analisar a toxicidade aguda do tirosol em camundongos machos e fémeas;

» Avaliar a atividade in vitro do tirosol pelo método de captura de radicais 2,2-
difenil- 1picrildrazil (DPPH)

= Avaliar o efeito do tirosol sobre o comportamento de animais tratados com
acido 3-nitropropibnico, através dos testes comportamentais de campo aberto,
rotarod e labirinto em cruz elevado

»= Avaliar a atividade antioxidante in vivo do tirosol pelo método da peroxidacéo

lipidica de animais tratados com o &cido 3-nitropropiénico.
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4 STUDY NEUROPROTECTIVE EFFECT OF TYROSOL IN EXPERIMENTAL

MODEL OF HUNTINGTON'S DISEASE

ABSTRACT

In recent years the increase in the elderly population has led to an increasing
incidence of neurodegenerative diseases worldwide. This has provided a keen
interest in studies aimed at new strategies for the prevention and cure of diseases.
Huntington's disease (HD) is an autosomal dominant neurodegenerative disorder
characterized by involuntary choreiform movements, emotional disturbances and
dementia .The 3-nitropropionic acid (3NP) is an irreversible inhibitor of succinate
dehydrogenase enzyme complex Il of the respiratory chain and the treatment, it
produces inhibition of this complex, with consequent release of mitochondrial
calcium, oxidative stress and neuronal death, resulting in similar to changes DH. The
tyrosol (2 - (4-hydroxyphenyl) ethanol) is a phenolic compound that is present in olive
oil and wine. Is and to posseses as a potent antioxidant and anti-inflammatory. In this
work, we evalueated the protective effect of tyrosol neurotoxicity and oxidative stress
in experimental models of HD in vitro and vivo. The 3NP was administered
intraperitoneally at a dose of 20mg/kg. The tyrosol was administered orally in an
agueous solution in doses of 3, 5, 10, 15mg/kg. Both the induction of the disease and
the treatment with the tyrosol doses were administered for 7 consecutive days. Our
data shouwed that the tyrosol at doses of 10 and 15 mg/kg was able to improve the
behavioral and biochemical parameters of Huntington's disease induced by 3NP.
Thus, we conclude that the tyrosol has an effective protection of neurons against

Huntington's disease.

Keywords: tirosol. Huntington's Disease. Oxidative Stress. Acid 3-nitropropionic.
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1 INTRODUCTION

In recent years the increase in the elderly population has led to an increasing
incidence of neurodegenerative diseases worldwide. This has provided a keen
interest in studies aimed at new strategies for the prevention and cure of diseases.
Several natural products are recognized to possess antioxidant properties, therefore,
they have been employed in the formulation of pharmaceuticals, targeting a potential
neuroprotective effect. Huntington's disease (HD) is an autosomal dominant
neurodegenerative disorder characterized by involuntary choreiform movements,
emotional disturbances and dementia (Ryu et al, 2004). The HD is associated with
an abnormal number of repetitions CAGs the short arm of chromosome 4 responsible
for encoding the huntingtin protein, constitutively expressed in the central and
peripheral nervous tissues, both in vesicles as in mitochondria (Li et al. 1996).
Experimental models have been used to study neurodegenerative diseases,
including some pharmacological and other transgenic models. The 3-nitropropionic
acid (3NP) is an irreversible inhibitor of succinate dehydrogenase enzyme complex |l
of the respiratory chain and the treatment produces inhibition of this complex, with
consequent release of mitochondrial calcium, oxidative stress and neuronal death,
resulting in similar to changes DH (BEAL et al. 1993; ROSENSTOCK et al. 2004).
The tyrosol (2 - (4-hydroxyphenyl) ethanol) is a phenolic compound that is present in
olive oil and wine. It is known as a potent antioxidant and anti-inflammatory
(MUKHERJEE, 2009). Previous studies were designed to test the possibility for a
neuroprotective effect, but results were not conclusive (BU, 2007). The present study
aimed to investigate the neuroprotective effect of tyrosol in an experimental model of
Huntington's disease.

2 MATERIAL AND METHODS

2.1 Animal’s

We used male Wistar rats from the Department of Physiology and
Pharmacology, from the Federal University of Pernambuco (UFPE) with3-5months of

age and weighing between 280 and 350g. Were also used Swiss albino mice
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approximately 2 months of age weighing between 25 and 30g from the Research
Center Aggeu Magalhdes (CPgAM). The animals received water and food "ad
libitum" and standard environmental conditions (12h dark/light cycle) and were kept
under controlled temperature (22 £2 ° C).Two days before the experiments, the
animals were transferred to the experimental laboratory. The experiments were
performed in a room with temperature control and in the light phase of the cycle. All
experimental protocols were submitted for approval by the Ethics Committee on
Animal Use at the Center for Biological Sciences UFPE under license number
23076.01977/2012-82, according to standard by Brazillian College for Animal

Experimentation.

2.2 Drugs and Solvents

3-nitropropionic acid was purchased from Sigma (St. Louis, MO, USA), and
dissolved before the beginning of the treatment in saline (pH 7.4). In subsequent
days, solutions were stored in refrigerator (4 °C). The tirosol was purchase from
Sigma(St. Louis, MO, USA), and dissolved in the distillated water.
Butylatedhydroxytoluene (BHT), 2,2-diphenyl-1-picrylhydrazyl (DPPH), thiobarbituric
acid (TBA), and 1,1,3,3-tetrametoxipropane (TMP), used in biochemical analysis,

were also purchased from Sigma.

2.3 Oral acute toxicity

In this test, male and female mice (n = 5) were housed in cages at 22 + 2°C
temperature and deprived of food overnight with free access to water. One dose
limits of 2000 mg/kg body weight of tyrosol, was administered orally to animals of
both groups. In each case, the volume administered was 10 mL/kg body weight. After
administration, the animals were carefully observed during the first three hour, and
from there, daily, during 14 days, were observed signs and toxic symptoms and
death. Signs and symptoms of toxicity included the following:(1)autonomic effects
such as reflections, salivation and piloerection; (2) central nervous system effects

such as tremors and convulsions and (3) changes inthe level of activity, posture,
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strength and bizarre behavior (MALONE, 1977).The weight of the animals was
measured daily.

2.4 Biochemical studies

Radical scavenging activities by antioxidants in the tirosol was determined
using DPPH* radical (2,2-diphenyl-1-picrilidrazil) according to the method of Brand-
Williams and collaborators (1995). Briefly, aliquots of 0.5 mL of solution containing
different concentrations of tyrosol (5-250ug/mL) were added to 1.5 mL of methanolic
solution of DPPH* (60 mM). The solutions were homogenized and incubated for 30
min at room temperature, and the absorbance of the resulting solution was read at
515 nm. The drop in reading the optical density of the samples and the positive
control BHT was correlated to the control, establishing the percentage of DPPH*
discoloration, according to the formula below:

% protection = ( Absorbance of control — Abssorbance of test) x 100

Absorbance of control

Was calculated the value of IC 5o (concentration of sample required to inhibit 50% of

radical).

2.5 Experimental Groups

The animals were randomly divided into six experimental groups (n = 8). Rats
in group 1 were pretreated intraperitoneally (i.p.) for seven days with vehicle
(NaCl0.9% i.p.) and water orally (10 mL/kg, p.0.); Group 2 - received 3-NP (20 mg/kg,
i.p.) for seven days and water (p.o.); Groups 3-6 were treated with 3-NP as the same
ingroup 2, plus the animals received, one hours before treatment with 3-NP, tyrosol
oral doses in levels of 3, 5, 10 and 15mg/kg, respectively. Twenty four hours after the
last day of treatment, the rats were evaluated in behavioral tests. After the behavioral

assessments animals were sacrificed and used for biochemical assays.
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2.6 Evaluation of body weight
Animal body weight was recorded on the first day and last day of the
experimentation. Percentage change in body weight was calculated in comparison to

the initial body weight on the first day of experiment.

% change in body weight = (Body weight 1day — Body weight 9 day) x 100

Body weight 1 day

2.7 Behavioral Tests

The animals were submitted to behavioral tests twenty four hours after the
seven day of treatment with 3-NP or vehicle by i.p. and administration of water or
tyrosol by p.o.

2.7.1 Open field Test

To quantify general activity, each rat was placedindividually in the center of an
open-field arena (a circular wooden box with 100 cm in diameter and 40 cm high,
with floor divided into 19 regions). The frequency of locomotion (number of floor units
entered by the animal with four paws), immobility time (time that the animal stood still
without making any movement), grooming (number of times that animal self-cleaning)
rearing frequency (number of times the animal stood on its hind legs, with the trunk
perpendicular to floor of arena) and start the movement time (start time for the animal
to move), were assessed for five min. The cleaning of arena was made with alcohol

at 5%, before each test.

2.7.2 Elevated plus maze test for spatial memory

The test was performed according to the method of Kumar et al. (2006). The
elevated plus maze consists of two opposite open arms (50x10 cm), crossed with
two closed arms of same dimensions with 40 cm high walls.The arms are connected

with central square (10x10 cm). The rats were placed individually at one end of an
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open arm facing away from the central area. The time taken by animal to move from
open arm until enter one of the closed arms was registered 24 hours after the last
day of treatment with water or tyrosol and with vehicle or 3-NP, and called for transfer
of initial latency. Rats were allowed to explore the maze for 30 seconds after initial
registration of acquisition latency, and then they were put back in their cages.The

retention latency was evaluated again the next day.

The percentage of memory retention was calculated by the formula:

Transfer of initial latency - Transfer latency repetition x100

Transfer of initial latency

2.7.3 Rotarod test

All animals were tested for motor skills and balance using the rotary axis or
rotarod. For execution of this test, animal was placed with the four paws on a bar of
diameter 7.0 cm and 25 cm above the floor, rotating at speed of 25 rpm. Before
dividing each experimental group, the rats were trained in two sessions of 180
seconds for acclimatization. The animals were placed on rotating bars and length of
stay was recorded. The cut off time used was of 180 seconds (Kumar &Kumar ,
2009).

2.8 Biochemical studies

2.8.1 Dissection and homogenization

After behavioral assessments animals were anesthetized and decapitated, the
brains removed, placed on ice and the striatum, cortex and substantia nigra
dissected. These regions were weighed and homogenized in Potter Elvehjem type
homogenizer with 1X PBS buffer (10% wi/v), to which was added BHT (0.004% w/v)
to prevent autoxidation of the samples. The homogenate was centrifuged at 10.000 g
for 15 minutes at 4° C, and an aliquot of supernatant was separated for biochemical

analyzes.
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2.8.2 Measurement of lipid peroxidation

Quantitative measurement of lipid peroxidation in regions dissected was
assessed according to method of Buege and Aust (1978). The amount of
malonaldehyde (MDA) present in samples was quantified by reaction with
thiobarbituric acid. Aliquots of 500 pL of supernatant were added to 1 mL of reagent
thiobarbituric acid (TBA): TBA 0.38% (p.v.), 250 mL of 1Nhydrochloride acid (HCI),
trichloroacetic acid (TCA 15%) and 20 mL of ethanolic BHT (2%). The solution was
heated at 100 °C for 15 minutes, followed by the cooling in an ice bath. 1.5 mL of n-
butanol was added, shaken and centrifuged to 3000 xg. After centrifugation, was
collected the upper layerthat was analyzed in spectrophotometer (CARY 3E - UV -
Visible Spectrophotometer Varian) at 532 nm. All determinations were made in
triplicate and contained only white n-butanol. For calculations, was made a standard
curve with 1,1,3,3-tetramethoxypropane. Results were expressed as nmol MDA/mg

protein.
2.9  Statistical Analysis

Results were expressed as mean + SEM. Differences between groups were
analyzed by one-way analysis of variance (ANOVA) followed by post hoc Tukey’s
multiple comparison tests to determine the significance level. Statistical analyses

were performed using Graph Pad Prism ® 5.0. Values less than 0.05 were considered

statistically significant.

3 RESULTS

3.1 Reduction of 2,2-diphenyl-1-picrylhydrazyl radical

Significant DPPH radical scavenging activity was evident at all concentrations
tested. The preparation was able to reduce the stable free radical DPPH to the
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yellow-colored 1,1-diphenyl-2-picrylhydrazyl with an ICsy 8.51 pg/mL. The synthetic
antioxidant BHT at similar conditions showed an 1Csy 62.71 pg/mL.

3.2 Acute toxicity

It was observed that, during the 14-day experiment, tirosol produced no death,
no toxic signs or negative symptoms in any animal. There were no changes in the
corporal weight and all animals exhibited a gain in body weight. In the daily
consumption of water and food, there was no changes in both sexes. Therefore, the
acute minimum fatal dose of the tyrosol for Swiss mice is higher than 2000 mg/kg

b.w.

3.3  Effect of pretreatment with tyrosol on body weight in 3-NP treated rats

There was no change in initial and final body weight of vehicle treated animals.
However, 3-NP treatment caused a significant decrease in body weight on last day
as compared to vehicle treated group. Daily treatment with tyrosol (3, 5,10and 15
mg/kg, p.o.) for seven days significant decrease the body weight loss in 3-NP treated
rats (Fig. 1).

3.4  Effect of pretreatment with tirosol on locomotor activity in 3-NP

Administration of 3-NP in open field test, significantly reduced the total
ambulatory activity, rearing and grooming and increased the time to start the
movement and duration of immobility. Treatment with tyrosol (10and 15 mg/kg, p.o.)
for seven days significantly improved all parameters(Fig. 2). Daily treatment with
tyrosol increased the ambulatory, grooming and rearing movements, and decreased

the time to start to movement and duration of immobility.

3.5 Effect of pretreatment with tyrosol on memory performance in elevated plus

maze
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Treatment with 3-NP (20 mg/kg., i.p.) for seven days caused marked memory
loss as shown by a significant decrease in the % retention of memory in rats as
compared to vehicle control group (Fig. 3). Daily administration of tyrosol (3, 5,
10and15 mg/kg, p.o.) one hour before the treatment with 3-NP for seven days

increased the % retention memory in rats as compared to 3-nitropropionic acid alone.

3.6  Effect of tyrosol on rotarod activity in 3-NP treated rats

Treatment with 3-NP (20 mg/kg., i.p.) for seven days significantly decreased
muscle grip strength and significantly decreased the time of permanency (s) as
compared to control animals (Fig. 4). Daily treatment with tyrosol (10and 15 mg/kg,
p.o.) for seven days significantly increased the time of permanency (s) as compared

to 3-nitropropionic acid alone treated group.

3.7  Effect of tirosol on brain lipid peroxidation in 3-NP-treated rats

3-NP administration resulted in significant changes in biochemical parameters
as compared to control animals. Administration of 3-NP for seven days induced
oxidative stress as indicated by a significant increase in the striatum, cortex and
substantia nigra MDA levels as compared with vehicle control group. Tyrosol
treatment (3, 5, 10 e 15 mg/kg, p.o.) one hour before the treatment with 3-NP for
seven days, attenuated the increase in lipid peroxidation in striatum, cortex and
substantia nigra as shown by a significant decrease MDA levels (Fig. 5).

4 DISCUSSION

In this study, treatment with tyrosol in levels of 3, 5, 10 and 15 mg/kg, p.o.
during seven days in which was administered 3-NP, sharply reduced the toxicity
caused by systemic administration of neurotoxin. Treatment with 3-NP (20mg/kg, i.p.)
produced deficits in motor and cognitive functions, including bradykinesia, abnormal
gait, hypoactivity, weakness and muscle stiffness, and significant reduction in body
weight. Caused also neurochemical changes in specific brain regions. These findings

are in agreement with previous investigations who also noted a variety of
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neurobehavioural and motor abnormalities in rats after administration of 3-NP
(Borlongan et al., 1997; Kumar and Kumar, 2009). 3-NP has as main mechanism of
neurotoxicity the irreversible inhibition of mitochondrial enzyme succinate
dehydrogenase, resulting in reducing the levels of ATP and metabolic impairment
that leads to cell death (Beal et al. 1993; Rosenstock et al, 2009). Normally, the
course of HD also begins with involuntary movements (chorea), followed by decrease
on motor coordination and loss of control of voluntary movements that eventually
evolves to rigidity and dystonia similar those of model induced by administration of 3-
NP. Effects on the gait abnormalities and movements of body are also supported in
the evidence that interstitial injection of 3-NP causes the reduction in markers for
both striatal intrinsic neurons such as GABA, substance P, and somatostatin as well
as a decrease in markers for striatal afferents such as dopamine and its metabolites
(Nam et al., 2005). Loss of body weight and hypoactivity can be simply because of
energy metabolism depressed after treatment with 3-NP. The hypoactivity together
with neuronal loss in striatum dorsolateral showed that disturbances of rigidity and
movement are related to lesions of basal ganglia (Beal et al., 1993).

Treatment with tyrosol significantly improved weight loss when compared to
group treated only with 3-NP. The weight reduction observed after injection of 3-NP
may be due to impaired energy metabolism, mobilization of energy reserves and lipid
peroxidation that are peripheral effects of administration of 3-NP (Kumar and Kumatr,
2009). However, striatal lesions and bradykinesia can be partly responsible for
reducing the food intake, appetite and motor incoordination in rats (Guyot et al.,
1997; Fontaine et al, 2000).

In the evaluation of acute toxicity, our results show that the minimum lethal
dose is more than 2000 mg/kg. Previous acute toxicity tests with tyrosol and showed
minimum lethal dose values in Swiss mice and Wistar rats greater than 2000 mg/kg
(Konan et al, 2007; Carvalho et al., 2011).

Administration of 3-NP is associated with both hyperactivity and hypoactivity,
depending on frequency and duration of treatment (Borlongan et al., 1997). Animals
that received only 3-NP for seven days exhibited hypoactivity significant,
incoordination motor and cognitive deficits that resemble clinical symptoms related to
HD. Daily administration of tyrosol for seven days significantly attenuated

hipolocomotion, the motor activity impairment and cognitive disorder, compared to
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animals treated with 3-NP. The musculoskeletal injury may be related to reduced
energy levels and consequently to changes in neural processing (Seaman et al.,
2000). Motor changes evidenced by decreasing the fall-off time in rotarod are
attributed mainly to the degeneration of neurons of striatum, region functionally
connected by afferences motor cortex (Brown, 1992; Sgambato et al., 1997). The
memory of patients with HD often decreases with degeneration of neurons in brain
(Barquero-Jiménez e GOmez-Tortosa, 2001). Cognitive dysfunction can be due to
disruption of circuits striatum-frontal in patients with HD (Becker et al., 2003).

3-NP binds irreversibly the enzyme succinate dehydrogenase inhibiting routes
of oxidation of fatty acids. Inhibition of these pathways contributes to energy
deficiency of metabolism. Therefore, the 3-NP causes an energy deficit that leads to
depolarization of membrane potential, followed by release of substrate for production
of reactive oxygen species (ROS) and, consequently, oxidative stress (Tunez et al.,
2003). Previous investigations clearly demonstrate that the increased oxidative stress
may be major deleterious events in HD (Borlongan et al., 1997). Shinomol and
Muralidhara (2008) observed that various brain regions exposed to 3-NP showed
significantly elevated levels of ROS, MDA and hydroperoxide, and marked reduction
in activity of antioxidant enzymes (SOD, catalase and glutathione), suggesting
induction of oxidative stress. Normally oxidative stress is counteracted by
endogenous antioxidants and free radical scavengers (Stack et al., 2010). Therefore,
the administration of several antioxidants have demonstrated significant
improvements in oxidative stress and lesions produced by 3-NP (Fontaine et al,
2000; Kim et al, 2005; Kumar, Kumar, 2009; Mutairy et al., 2010).

In this study, after administration of 3-NP, there was increase in level of MDA
(indicator of lipid peroxidation) in the striatum, cortex and substantia nigra,
suggesting increased central oxidative stress. These effects were attenuated by
treatment with tyrosol for seven days, suggesting the antioxidant action of compound.
The antioxidant activity of compound was also demonstrated in vitro, by DPPH
radical assay, which evaluates the antioxidant capacity of study compound to capture
hydrogen radical, since the DPPH is already clearly recognized by their ability to
donate hydrogen (Shinomol and Muralidhara, 2008). It has a scavenging potential

towards oxygen and nitrogen reactive species, inclunding hydroxyl radical,
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peroxynitrite, superoxide radical, hydrogen peroxide and hypochlorus acid
(RIETJENS et al, 2007).

5 CONCLUSION

Taken together, these results shows that administration of 3-NP in rats induce
neurobehavioral and biochemical changes similar those found in HD and suggests
that neurodegeneration occurred due to increased oxidative damage. Furthermore,
treatment with tyrosol showed protective effect against 3-NP-inducedneurotoxicity,

probably due to its antioxidant activity.
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FIG. 1 Effect of tyrosol (3, 5, 10 and 15mg/kg p.0.) on body weight in 3-nitropropionic
acid (20 mg/kg i.p.) treated rats. Each value represents the mean+S.E.M. *p<0,05 as
compared to vehicle treated control group; #p<0,05 as compared to 3-nitropropionic

acid treated group (One-Way ANOVA followed by Tukey’s test)
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movement (E) in 3-nitropropionic acid (20 mg/kg i.p.) treated rats. Each value
represents the meantS.E.M. *p<0,05 as compared to vehicle treated control group;
#p<0,05 as compared to 3-nitropropionic acid treated group (One-Way ANOVA
followed by Tukey’s test
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FIG. 3Effect of tyrosol (3, 5, 10 and 15mg/kg p.0.) on memory retention (%) in
elevated plus maze test in 3-nitropropionic acid (20 mg/kg i.p.) treated rats. Each
value represents the meanzS.E.M. *p<0,05 as compared to vehicle treated control
group; #p<0,05 as compared to 3-nitropropionic acid treated group (One-Way

ANOVA followed by Tukey'’s test)



52

150+
0
Iy
& 100 # 2
& - L
E
]
o
B
o
E
'—
Contrel 3-NP 3 5 10 15
Tyrosol (mg/kg)

FIG. 4Effect of tyrosol (3, 5, 10 and 15mg/kg p.o.) on time of permanency (s) in
rotarod test in 3-nitropropionic acid (20 mg/kg i.p.) treated rats. Each value
represents the mean+S.E.M. *p<0,05 as compared to vehicle treated control group;
#p<0,05 as compared to 3-nitropropionic acid treated group (One-Way ANOVA

followed by Tukey’s test)
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5 CONCLUSAO

Com base nos resultados apresentados, € possivelconcluir que:

v

O tirosol apresentou expressiva atividade antioxidante in vitro no teste de
captura do radical DPPH’, demonstrando sua capacidade em combater os
radicais livres, provavelmente, por ser um composto fendlico como descrito

por varios autores.

Os animais tratados durante sete dias com o acido 3-nitropropiénico (20
mg/kg, i.p.) apresentaram significativa perda de peso, déficit motor e cognitvo,

além de aumento da peroxidacéo lipidica.

O tratamento diario com tirosol (3, 5, 10 e 15mg/kg, v.0.) durante os sete dias
em que foi administrado o 3-NP atenuou as alteracbes comportamentais
induzidas por essa neurotoxina. Também foi observado que o composto

melhorou a peroxidacéo lipidica.

A partir destes dados, o tirosol surge como um potencial agente neuroprotetor
existindo, assim, a perspectiva do seu uso no tratamento de doencas

neurodegenerativas, como a Doenc¢a de Huntington.
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