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TEMPO DE VIVER

‘Ha um tempo em que é preciso abandonar as roupas usadas que ja
tem a forma dos nossos corpos e esquecer 0s nossos caminhos, que
sempre levam aos mesmos lugares. E o tempo da travessia e se ndo
ousarmos fazé-la, teremos ficado para sempre a margem de nos
mesmos."

(Fernando Pessoa)



RESUMO

SILVA, J. L. Avaliagdo da Atividade Neuroprotetora do Eugenol em Modelo
Experimental da Doenga de Parkinson, 2014. Dissertag&o. Universidade Federal de
Pernambuco - UFPE, Recife - PE, Brasil.

O crescimento da expectativa de vida média da populacdo mundial € um dos
maiores desafios da saude publica contemporanea e tem intima relagdo com o
aumento na prevaléncia de doencas neurodegenerativas. A doenca de Parkinson
(DP) é um distarbio neurolégico progressivo, ligado a degeneracdo de neurdnios
dopaminérgicos nigroestriatais, de causas multifatoriais. Os sintomas séao
relacionados principalmente as fun¢gBes de coordenacdo motora e cognicao.
Evidéncias demonstram que alterac6es mitocondriais e elevados niveis de estresse
oxidativo estdo fortemente associados ao desenvolvimento da DP. No presente
estudo, foi avaliado o efeito neuroprotetor do eugenol (EUG) sobre as alteracdes
comportamentais e bioquimicas induzidas pela administragcdo sistémica de rotenona
(modelo experimental da doenca de Parkinson) em ratos Wistar. Inicialmente, foi
avaliada a atividade antioxidante in vitro (AAIV) do EUG através do método de
captura do radical livre DPPH. O ensaio de toxicidade aguda do EUG foi realizado
conforme OECD 420 (2001). A avaliacdo comportamental, apds inducdo da DP em
ratos, foi feita através dos testes: Campo aberto (CA), Rota Rod (RR), Labirinto em
cruz elevado (LCE) e Catalepsia (CP). Ao final dos testes comportamentais, foram
mensurados 0s niveis séricos de corticosterona (NSC), através de ensaio
imunoenzimatico (ELISA). O EUG apresentou consideravel AAIV (ICso= 32,189
pug/mL) comparado ao padréo BHT (ICso= 64,63 pg/mL). A dose letal minima do EUG
em camundongos foi superior a 2 g/kg. A administracdo subcutanea de rotenona
(2,5 mg/kg por 5 dias) causou significativa perda de peso corporal, déficit motor
(teste de RR), rigidez muscular e aumento do tempo de acinesia (teste de CP),
elevacdo dos niveis de ansiedade (teste de CA) e comprometimento da memdria
(teste do LCE) comparado ao grupo controle (C). O pré-tratamento diario com EUG
(37,5 mgl/kg, v.0.), uma hora anterior a administracdo da toxina, promoveu menor
perda de peso corporal, melhoramento no desempenho motor e cognitivo, bem
como reducdo nos niveis de ansiedade, comparado ao controle negativo (N). Além
disso, o grupo pré-tratado com EUG apresentou, de maneira geral, padrdes
comportamentais semelhantes, porém melhorados, em relacdo ao controle positivo
(L), pré-tratados com levodopa (4 mg/kg, v.0.). A queda nos niveis de ansiedade foi
reafirmada através dos resultados obtidos na analise bioquimica. Os NSCs do grupo
N foram significativamente maiores comparados ao grupo C. Nao houve diferenca
significativa nos NSCs entre os grupos C e pré-tratados com EUG; e ainda, foi
observado menor NSC nos animais pré-tratados com EUG em relagdo ao grupo L.
Os resultados sugerem potencial efeito neuroprotetor do EUG frente a toxicidade
induzida pela rotenona. Esse efeito, provavelmente relacionado a presenca das
atividades antioxidante e ansiolitica do composto, apresenta o EUG como um agente
promissor na terapéutica e/ou prevencao da DP.

Palavras-chave: Parkinson, eugenol, rotenona, neuroprotecao



ABSTRACT

SILVA, J. L. Evaluation of the eugenol neuroprotective activity in animal model of
Parkinson’s disease, 2014. Dissertation. Federal of Pernambuco University, Recife -
PE, Brazil.

The increase in average life expectancy of the world population is a great challenge
of contemporary public health and it presents close relation to the increase in the
prevalence of neurodegenerative diseases. Parkinson's disease (PD) is a
progressive neurological disorder linked to degeneration of nigrostriatal dopaminergic
neurons caused by multiple factors, and the symptoms are mainly related to the
functions of coordination and cognition. Evidences have shown that mitochondrial
alterations and elevated levels of oxidative stress are strongly associated to the
development of PD. In the present study, it was evaluated the neuroprotective effect
of eugenol (EUG) on behavioral and biochemical changes induced by systemic
administration of rotenone (an experimental model of Parkinson's disease) in rats.
Initially, we evaluated the in vitro antioxidant activity (IVAA) of EUG by the method of
capturing the free radical DPPH. The acute toxicity of EUG was performed according
to OECD 420 (2001). A behavioral evaluation after induction of PD in rats was
assessed through the following tests: open field (OF), Rota Rod (RR), elevated plus
maze (EPM) and catalepsy (CP). At the end of behavioral testing, the corticosterone
serum levels (CSLs) were measured by immunoassay (ELISA). EUG showed
considerable IVAA (ICsp= 32,189 ug/mL) compared to the standard BHT (IC50= 64.63
pg/mL). The minimum lethal dose of EUG in mice was higher than 2 g/kg. The
subcutaneous administration of rotenone (2.5 mg/kg for 5 days) caused significant
weight loss, motor impairment (RR test), muscle stiffness and increased length of
akinesia (CP test), elevated levels of anxiety (OF test) and memory impairment (EPM
test) compared to the control group (C). Daily pretreatment with EUG (37.5 mg/kg,
p.0.), one hour before administration of the toxin, promoted less weight loss,
improvement in motor and cognitive performances, as well as a reduction in anxiety
levels compared to the negative control (N). Moreover, the EUG pretreated group
showed, in general, similar behavioral patterns, but improved relative to the positive
control (levodopa 4 mg/kg, p.o.). The reduction in anxiety levels was reaffirmed by
the results obtained in biochemical analysis. CSLs of the N group were significantly
higher compared to the C group. In CSLs, there was no significant difference
between EUG pretreated and C groups; and, less CSL was observed in EUG
pretreated group compared to the L group. The results suggest potential
neuroprotective effect of EUG against the rotenone-induced toxicity. This effect is
probably related to the presence of antioxidant and anti-anxiety activities of the
compound. Therefore, EUG may be a promissory drug for the treatment and/or
prevention of PD.

Keywords: Parkinson, eugenol, rotenone, neuroprotection
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1 INTRODUCAO

O envelhecimento populacional € um dos maiores desafios da saude publica
contemporanea. No Brasil, que ja foi considerado um pais de jovens, o nimero de
idosos passou de trés milhdes em 1960 para sete milhdes em 1975 e 14 milhdes em
2002. Estima-se que esse numero alcancara 32 milhées em 2020 e o Brasil sera o
sexto pais no mundo com o maior niumero de pessoas idosas (LIMA-COSTA;
VERAS, 2003). Diante destes estudos e estatisticas, fica claro que o sistema de
saude ter4 que atender a uma crescente procura por procedimentos diagnésticos e
terapéuticos para doencas crbnicas nado transmissiveis, principalmente as
neurodegenerativas, e uma procura ainda maior por servicos de reabilitacéo fisica e
mental.

Pesquisas constataram que elevados niveis de estresse oxidativo, alteracbes
mitocondriais e apoptose estdo associados ao desenvolvimento de doencas
neurodegenerativas como Alzheimer (BEHL, 1998), Parkinson (ZHANG; DAWSON;
2000) e Huntington (ROSENSTOCK et al., 2004).

A doenca de Parkinson (DP) € um disturbio neurolégico progressivo, causado
pela degeneracao de neurdnios estriatais responsaveis pela produc¢do de dopamina,
neurotransmissor relacionado principalmente a funcdo de coordenacdo dos
movimentos (DEUMENS, BLOKLAND, PRICKAERTS, 2002), atividade cognitiva e
limbica (LANG e LOZANO, 1998). Além disso, a degradacdo espontanea da
dopamina gera radicais potencialmente téxicos aos neurbnios (HAUSER e
HASTING, 2013).

As manifestacdes clinicas da DP surgem quando pelo menos 70 a 80% das
células dopaminérgicas do estriado e 50% da substancia negra sdo acometidas
(OLANOW; TATTON, 1999). As caracteristicas motoras da DP relacionam-se com
tremor em repouso; bradicinesia (lentiddo na execucdo de movimentos), rigidez
(hipertonia plastica, acometendo a musculatura flexora, determinando alteracdes
tipicas de postura) e disturbio de equilibrio (decorrente da perda de reflexos de
readaptacdo postural). Além disso, o envolvimento de processo neuroinflamatério

com ativagdo de células da glia e liberacdo de citocinas e 6xido nitrico, também tém
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sido frequentemente mencionados em pacientes portadores de DP (WHITTON,
2007). Estes resultados indicam claramente que o processo de neurodegeneracéo é
multifatorial.

Varios modelos experimentais tém sido utilizados para estudar as doencas
neurodegenerativas, entre 0s quais alguns modelos transgénicos e outros
farmacoldgicos. A rotenona, um potente membro dos rotenoides, pertencentes a
familia dos isoflavonoides obtidos de plantas leguminosas tropicais, € comumente
usada como pesticida em plantacbes. Por ser altamente lipofilica, cruza com
facilidade a barreira hematoencefalica e alcanca neurbnios do sistema nervoso
central (SNC). A administragao sistémica de rotenona em animais produz altera¢des
anatbmicas, neuroquimicas e neuropatologicas semelhantes as observadas na DP,
através da inducao de apoptose, inibicdo do complexo | mitocondrial e aumento da
producdo das espécies reativas do oxigénio (EROS) (BETARBERT et al., 2000).

Existem varios farmacos que podem ser usados no tratamento das doencas
neurodegenerativas. No caso da DP, sdo comumente utilizados precursores da
dopamina (L-Dopa), anticolinérgicos (biperideno), inibidores da monoamina oxidase
tipo B (selegilina) e agonistas dopaminérgicos (bromocriptina) com o intuito de
aumentar a estimulagdo dopaminérgica e diminuir a colinérgica. No entanto, o
tratamento farmacol6gico é apenas sintomatico, uma vez que nenhum dos farmacos
citados é capaz de impedir a progressao da degeneracédo neuronal. Logo, pesquisas
desenvolvidas nessa area sao de extrema importancia para o conhecimento mais
detalhado da fisiopatologia e consequente desenvolvimento de novas abordagens
terapéuticas em neuroprotecéo, na busca da cura e/ou prevencéao.

O uso de plantas medicinais ou de seus compostos ativos na prevencao ou
tratamento de doencas cronicas € baseado fundamentalmente em dados
etnofarmacologicos e na medicina tradicional de varios grupos étnicos. Inumeras
substancias quimicas obtidas de plantas e microrganismos tém proporcionado a
industria farmacéutica uma das mais importantes fontes de componentes para a
pesquisa de novos medicamentos. Nas ultimas décadas, houve um grande incentivo
as pesquisas que tém como obijetivo identificar produtos naturais com propriedades
terapéuticas (SILVA JUNIOR, 1997).
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O eugenol (4-alil-2-metoxifenol) (Fig. 1) € um composto fendlico que ocorre no
cravo-da-india, no manjericdo, na canela e na noz-moscada. Mostra-se como um
liquido de cor amarelo péalido e, € o componente majoritario de 6leos essenciais
isolados a partir de Eugenia carophyllata (Myrtaceae) (YOGALAKSHMI, 2010). E
utilizado como agente flavorizante em produtos cosméticos e alimenticios, além de
compor a mistura de cimentos odontolégicos (OPDYKE, 1975).

Entre as utilidades farmacoldgicas, o eugenol vem sendo usado na
piscicultura como anestésico sendo importante para reduzir a hiper motilidade dos
peixes, que é uma fonte consideravel de machucaduras durante procedimentos de
manejo e /ou transporte (INOUE et al., 2003; VIDAL et al, 2006). Os anestésicos
locais sdo bases fracas, na sua maioria ésteres ou amidas, que agem no axonio,
bloqueando de modo reversivel a geracdo e conducdo do impulso nervoso. Esses
farmacos tém acéo sob qualquer parte do sistema nervoso (ROCHA et al, 2002).

Na literatura sdo citadas algumas atividades farmacoldgicas do eugenol, que
podem ser vistas como promissoras na terapéutica da DP, tais como, antioxidante
(ITO et al., 2005), inibidor da peroxidacao lipidica pela varredura de radicais livres
(NAGABABU; LAKSMAIAH, 1994) e protetor contra danos isquémicos (WON et al.,
1998).

18
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2. JUSTIFICATIVA
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2 JUSTIFICATIVA

‘A populagdo no mundo esta ficando cada vez mais velha e, segundo a
Organizacdo Mundial de Saude (OMS), por volta de 2025, pela primeira vez na
histéria, havera mais idosos do que criangas no planeta.”

Nos ultimos anos, o crescimento da expectativa de vida média da populacao
mundial tem levado a um grande aumento na prevaléncia de doencas
neurodegenerativas. O maior desafio no século XXI sera cuidar dessa populacéo
crescente de idosos, a maioria com niveis socioecondémico e educacional baixos e
uma alta prevaléncia de doencas cronicas e incapacitantes. Diante disso, tem havido
um crescente interesse em estudos de novas estratégias para a prevencao e cura,
ou seja, que ultrapassem a acao sintomatica e impeca o0 progresso de patologias
como Alzheimer, Parkinson e Huntington.

O uso de plantas medicinais ou seus compostos ativos na prevencao ou
tratamento de doencas cronicas é baseado fundamentalmente na medicina
tradicional de varios grupos étnicos e em dados etnofarmacoldgicos. InUmeras
substancias quimicas obtidas de plantas e microrganismos tém proporcionado a
industria farmacéutica uma das mais importantes fontes de componentes para a
pesquisa de novos medicamentos, com incentivo a identificacdo de produtos
naturais que apresentem propriedades terapéuticas.

O projeto de pesquisa desenvolvido buscou investigar a atividade
neuroprotetora do eugenol, um composto fendlico extraido de plantas, como agente
promissor, que possa contribuir para o desenvolvimento de novas terapias contra

doencas neurodegenerativas ou incrementar as terapias ja existentes.
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3. OBJETIVOS
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Verificar o efeito neuroprotetor do eugenol (4-alil-2-metoxifenol) sobre as
alteracbes comportamentais e bioguimicas induzidas pela administracdo sistémica
da rotenona (modelo experimental da doenca de Parkinson) em ratos Wistar.
3.2 OBJETIVOS ESPECIFICOS
- Avaliar a atividade antioxidante in vitro do eugenaol,
- Avaliar a toxicidade aguda do eugenol em camundongos (machos e fémeas);
- Analisar o efeito do eugenol sobre o comportamento de animais atraves dos testes:
Campo Aberto (avaliacdo motora e comportamental), Rota Rod (coordenacéo
motora), Labirinto em Cruz Elevado (avaliacdo da retencdo de memoria) e

Catalepsia (acdo motora), em modelo experimental da DP.

- Avaliar o efeito do pré-tratamento com eugenol sobre os niveis séricos de
corticosterona apoés inducéo da DP.

22
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4. REVISAO DA
LITERATURA
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4 REVISAO DA LITERATURA

4.1 Doencade Parkinson (DP)

4.1.1 Fisiopatologia

A doenga de Parkinson (DP) é um disturbio neurologico progressivo, com
prevaléncia estimada de 2% da populacdo mundial com idade superior a 55 anos
(PRZEDBORSKI, 2005). E causada pela degeneracdo de neurdnios estriatais
responsaveis pela producdo de dopamina (DA), neurotransmissor relacionado
principalmente a funcédo de coordenacgédo dos movimentos (DEUMENS, BLOKLAND,
PRICKAERTS, 2002).

As caracteristicas motoras da DP relacionam-se com tremor em repouso;
bradicinesia (lentiddo na execug¢do de movimentos), rigidez do tébnus muscular
(hipertonia pléstica, acometendo a musculatura flexora, determinando alteracdes
tipicas de postura) e distirbios do equilibrio (decorrente da perda de reflexos de
readaptacédo postural e de distarbios da marcha) (LANG; LOZANO, 1998; HOWELLS
et al., 2005).

Paralelo aos sintomas motores, pacientes portadores da DP geralmente
apresentam manifestagcbes comportamentais, tais como comprometimento da
memoria (HOWELLS et al., 2005), disturbios cognitivos e do sistema nervoso
autbnomo (DIAZ et al., 2001), alteracbes do sono (GARCIA-BARREGUERO:;
LARROSA; BRAVO, 2003) e depressao (DA SILVA et al., 2008).

Bioquimicamente, a principal alteracéo relacionada a DP é a reducdo dos
niveis encefalicos de DA, causada pela perda dos neurbnios dopaminérgicos
nigroestriatais. Esses neurbnios tém seus corpos celulares localizados na substancia
negra e seus axonios projetados para os nucleos caudado-putamen ou corpo
estriado (BOVE et al, 2000). A deplecdo neuronal dopaminérgica gera
despigmentacédo da substancia negra (DAUER; PRZEDBORSKI, 2003) visualizada
como inclus@es citoplasmaticas chamadas de corpos de Lewy (EMBORG, 2004) e,
intensa reducéo dos niveis de DA no estriado (DAUER; PRZEDBORSKI, 2003), que
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correspondem aos sintomas evidenciados na DP. Correla¢cdes entre analises
clinicas e bioquimicas mostram que a manifestacdo dos sintomas ocorre quando a
reducdo das ceélulas dopaminérgicas neuronais excede aproximadamente 50% na
substancia negra, e quando os niveis estriatais de DA sdo depletados em
aproximadamente 80% (DEBEIR et al., 2005).

4.1.2 Aspectos Histoéricos
A doenca de Parkinson foi primeiramente descrita por um clinico geral
chamado James Parkinson, num encontro médico em 1817. Porém, desde o século

XVI, houvera precedentes literarios caracteristicos e sugestivos da DP (Tabela 1).

Tabela 1: Precedentes literarios a 1817, caracteristicos da Doenca de Parkinson.

i Informacdes Descricdo dos sintomas caracteristicos da
Periodo Nome ) )
pessoais Doenca de Parkinson
Descreveu vérias condi¢des neuroldgicas,
Ssécul William incluindo epilepsia, sonambulismo e deméncia.
éculo
VI Shakespeare Médico e escritor Lancou o conceito de tremor como sendo uma
(1564-1616) condi¢do normal que acompanha o
envelhecimento (Charcot, 1888).
i Franciscus de Conhecido como o )
Século ) i . Descreveu tremor e distarbios do movimento
Le Boé (1614— | Sylvius de Le Boé, ) L
XVII o ] involuntério (Finger, 1994).
1672) médico anatomista
Frangois Descreveu caracteristicas de pacientes com
sécul Boissier de disturbios locomotores (movendo-se com
eculo
VIl Sauvages de Médico passos curtos e apressados) e relacionou estes
La Croix eventos a reducao da flexibilidade muscular
(1706-1767) (Sauvages de La Croix, 1763).
Sécul Wilhelm Von Reformador Viveu a era do Parkinson e descreveu suas
éculo
VIl Humboldt académico e proprias condiges neuroldgicas com detalhes
(1767-1835) escritor sobre tremor e bradicinesia (Horowski, 1995).

Fonte da autora.

A primeira publicagéo oficial intitulada “Hunterian Reminiscences” foi escrita

por Jon Hunter em 1833, e contém um somatoério de observagdes sobre tremor.
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Pouco tempo depois, o neurofisiologista francés Jean-Martin Charcot, em um
grande hospital de Salpétriere, iniciou uma fase de relevantes estudos sobre a DP,
na qual retratou habitos, deformidades articulares e anormalidades posturais (Goetz,
document collection), e, evidenciou a bradicinesia e a rigidez como caracteristicas
fundamentais da doenca (Goetz, 1987). Charcot (1869) observou também uma
correlagcdo entre a DP e curvas miogréficas em 1869, indicando presencga do tremor
no repouso e aumento das oscilacdes durante o movimento voluntario. Além disso,
ele reconheceu como método de diagnéstico a avaliacdo do comprometimento da
escrita manual devido ao tremor.

O tratamento farmacoldgico para a DP proposto por Charcot em 1877 sugeria
o uso de alcaloides belladona, agentes com potenciais propriedades
anticolinérgicas. A prescricdo era empirica e baseada apenas no conhecimento do
equilibrio dopaminérgico/colinérgico presente na atividade neuroquimica estriatal
normal (Philadelphia college, document collection). No entanto, Charcot também
propds terapias alternativas envolvendo cadeiras e capacetes vibratorios. Os
materiais foram criados para reduzir o nivel de tremor, baseado na observacao de
pacientes que tiveram tremor reduzido apoOs passeios de carruagem e a cavalo
(Goetz, 1995). Porém, essas terapias ndo foram largamente utilizadas (KAPPUR et
al., 2012).

Em 1885, Tourette, em seu trabalho intitulado “Estudos Clinicos e Fisiologicos
da Marcha”, mostrou diferencas nos padrdes da marcha de pessoas com e sem a
DP. Ainda no século XIX, o neuropatologista Eduard Brissaud contribuiu com
importantes informacdes clinicas atentadas para a substancia negra como sendo
principal local de origem da DP (Brissaud, 1895).

Finalmente, as intervencdes cirirgicas com equipamentos estereotaxicos
surgiram em 1909 por Victor Horsley (1857-1916) e resultaram em melhora
substancial dos movimentos involuntarios, primeiramente em modelos animais e em
seguida em humanos. A introdugéo do tratamento farmacol6gico com levodopa (L-
Dopa) em 1967 mudou significativamente a rota do cuidado clinico aos pacientes

com a DP.
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As contribuicbes do século XIX e XX foram de grande valor para o
desenvolvimento do conhecimento sobre os aspectos neurodegenerativos

envolvidos na DP, no entanto, ainda ha muito para ser elucidado.

4.1.3 Etiologia

Embora a etiologia da DP seja ainda desconhecida, achados clinicos e
experimentos animais tem possibilitado melhor entendimento da patogénese. A
reducdo celular dopaminérgica esta associada aos multimecanismos que incluem
excitotoxicidade, homeostase do célcio, neuroinflamacéo e apoptose (ESPOSITO et
al., 2007). Fatores genéticos como presenca do gene parkina ou mutacfes em
proteinas do estriado (HOWELLS et al., 2005) tem sua relevancia. No entanto,
estudos mostram que apenas 5% dos casos da DP apresentam correlacdo com
esses fatores (EMBORG, 2004).

A investigacdo pela etiopatogénese tomou forca a partir da descoberta de
toxinas indutoras da doenca em modelos animais (ESPOSITO et al., 2007). Toxinas
capazes de inibir reacdes fosforilativas na cadeia mitocondrial podem promover
danos geradores de intensa morte celular (DUNNET; BJORKLUND, 1999) e
aumento da producdo de espécies reativas do oxigénio (EROs). As EROs mais
comuns sdo os radicais superoxidos (-O,"). Esses radicais formam outros (hidroxil [-
OH’)) ou ainda reagem com o6xido nitrico (NO) formando peroxinitritos (-ONOQ),
causadores de danos celulares através da interacdo com &cidos nucleicos, proteinas
e lipideos (DAUER; PRZEDBORSKI, 2003).

No organismo humano, a formacdo de EROs € decorrente de varios
processos metabdlicos fisioldgicos e, embora possam ser formadas em varios niveis
no interior das células, a principal fonte é a cadeia respiratéria mitocondrial, que faz
parte do processo de fosforilagcado oxidativa.

As EROs sao fundamentais para a sobrevivéncia dos organismos vivos por
participarem de processos de defesa, entretanto, seu excesso pode produzir danos
celulares irreversiveis. A reducdo da capacidade antioxidante celular associada a
presenca de altas quantidades de lipideos torna o SNC propenso ao ataque dos

radicais livres. Em soma, a investigagdo sobre processo neuroinflamatorio com
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ativacdo de células da glia e liberagdo de citocinas e NO também tem sido
frequentemente mencionado como ponto de partida em pacientes portadores de DP
(WHITTON, 2007).

4.1.4 Estresse Oxidativo

Os efeitos nocivos que as EROs causam as macromoléculas, tais como,
proteinas, lipideos, polissacarideos e &acidos nucleicos, sdo denominados de
estresse oxidativo (HALLIWELL, 2006). Quando ha um excesso de EROs nas
células e, consequentemente, um desequilibrio nos processos pré-oxidantes e
antioxidantes do organismo em favor da atividade pré-oxidante, ha um aumento no
dano celular que, quando nao reparado, acaba comprometendo o funcionamento da
célula, levando-a a morte. As EROs tém sido consideradas como pré-requisito para
0 processo apoptético e o estresse oxidativo teria assim um papel central neste
processo (CHANDRA et al., 2000), por estar intimamente associado ao processo de
morte celular por apoptose (KAGAN et al., 2002).

No entanto, na DP, o estresse oxidativo continua a ser um obstaculo nos
conceitos subjacentes a perda de neurdnios dopaminérgicos. Ha fatores endégenos
relevantes envolvendo genética e idade. Assim como, a degrada¢do espontanea da
dopamina, responsavel pela geracdo de radicais potencialmente téxicos aos
neurénios (HAUSER e HASTING, 2013) pode causar danos ao DNA mitocondrial
(ZHANG et al., 1999).

Alguns autores afirmam ainda, a partir de ensaios animais, o envolvimento da
producdo de radical livre resultante do aumento da oxidacdo enzimatica da
dopamina através da acdo de toxinas, tais como 6-hidroxidopamina (6-OHDA),
paraquat e rotenona (Figura 1). No entanto, em provas autopsiadas e investigacdes
clinicas, o estresse e o0 dano oxidativos surgiram independentes (JENNER,;
OLANOW, 2006). Logo, considerando que haja uma causa direta para 0 aumento da
producdo de EROs, é praticamente impossivel detectar os potenciais indutores de

estresse oxidativo.
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. N
GENETICA METABOLISMO
(mutacZo) DA DOPAMINA TS’S?? P:’g‘a";;’
IDADE (DA - DOPAC ) rotenona, U )
RADICAIS LIVRES
INFLAMACAO ESTRESSE OXIDATIVO

NEURDNIOS —_— APOPTOSE

DOPAMINERGICOS MORTE NEURONAL

Figura 1. Mecanismos envolvidos na morte de neurbnios dopaminérgicos na DP.

Fonte da autora.

Dados investigativos sobre o acumulo de ferro no SNC mostrou haver
mudancas na atividade dos canais de calcio, agregacao proteica e mutacao nuclear,
podendo representar este evento uma forma de como o estresse oxidativo é
induzido na DP (SCHAPIRA; JENNER, 2011).

A natureza das causas de morte celular na DP, bem como os caminhos pelos
quais ocorre a perda neuronal, ainda é pouco especifica, especialmente sobre o
papel do estresse oxidativo, visto que estes eventos também ocorrem em outras
doencas. Com base nesses resultados, fica claro que o processo de
neurodegeneracdo é multifatorial, ou seja, a deplecdo neuronal ndo resulta apenas

dos danos mitocondriais, mas da convergéncia de varios fatores patogénicos.

4.1.5 Modelos Experimentais

Modelos animais tém grande importancia no meio cientifico, pois refletem
caracteristicas da doenca simulando alteragbes patoldgicas, histolégicas e
bioguimicas, bem como seus disturbios funcionais. Varios modelos experimentais
tém sido utilizados para estudar as doencas neurodegenerativas, entre os quais
alguns transgénicos e outros farmacologicos. A manifestacdo da DP em animais é
observada quando ha aplicacdo de agentes neurotdxicos, como por exemplo, a
rotenona ou 6-OHDA (DIAZ et al., 2001).
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A rotenona, um potente membro dos rotenoides, pertencente a familia dos
isoflavonoides obtidos de plantas leguminosas tropicais, € comumente usada como
pesticida em plantacées (MAPOPE e DAKORA, 2013). Por ser altamente lipofilica, a
rotenona cruza com facilidade a barreira hematoencefélica e alcanca neurénios do
SNC.

A administracdo sistémica da rotenona produz alteragbes anatOmicas,
neuroquimicas e neuropatolégicas semelhantes as observadas na DP, através da
inibicdo do complexo | mitocondrial e consequente aumento das EROS (BETARBET
et al., 2000). O acumulo de radicais produz inflamacgéo, reacdo microglial e induz
apoptose (LEE et al., 2014). Sherer e colaboladores (2003) mostraram, em seus
estudos, que a exposicdo subcutanea a rotenona nas doses de 2 a 3 mg/kg é
responsavel por lesbes seletivas em neurdnios dopaminérgicos nigroestriatais, sem
contudo promover danos em outras regides. Sendo assim, pode-se estabelecer o
uso desse modelo animal como método eficaz para indugéo da DP.

4.1.6 Diagndstico e Tratamento

No tratamento da DP, inicialmente foram utilizados farmacos anticolinérgicos
(biperideno) (BARBOSA, 2003), porém as altera¢gdes cognitivas como efeito colateral
nao foram interessantes (Shapira et al., 2006).

Com intuito de reverter a deplecdo da DA, a introducdo do precursor
dopaminérgico 3,4-dihidroxifenilalanina (L-Dopa) na década de 60 se deu de
maneira promissora e se manteve até a atualidade como farmaco de primeira
escolha no tratamento dos sintomas da DP (SAMADI et al., 2006). Porém, embora
seja considerado o farmaco mais efetivo, L-Dopa é responséavel pelo aparecimento
de complicacbes motoras (discinesias) (JULIEN et al., 2006) e movimentos
involuntarios (mioclonias, distonia e estereotipias) (BENDIR et al., 2006) apés 5 anos
de tratamento (CARDOSO, 2003). Inibidores da monoamina oxidase (MAO) tipo B
(selegilina) e agonistas dopaminérgicos (bromocriptina) também foram utilizados
com a proposta de aumentar a estimulacdo dopaminérgica. No entanto, o tratamento
farmacoldgico é apenas sintomatico, uma vez que nenhum dos farmacos citados &

capaz de impedir a progresséo da degeneracdo neuronal.
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Estudos evidenciaram que os flavonoides, um grande grupo de compostos
fendlicos presentes em frutas e vegetais, tém acéo protetora contra os efeitos do
estresse oxidativo, atuando em ambos os compartimentos celulares, lipofilicos e
hidrofilicos, e, portanto, capazes de inibir a peroxidacao lipidica (BASTIANETTO,
ZHENG, QUIRION, 2000).

O uso combinado de agentes antioxidantes, como por exemplo, vitaminas E e
C, tem se mostrado mais efetivo do que o uso isolado das mesmas, indicando que
as caracteristicas isoladas de cada agente podem complementar-se, induzindo uma
acdo neuroprotetora sinérgica (MANDEL; YOUDIM, 2004).

Embora o efeito benéfico neuroprotetor de compostos naturais antioxidantes
tenha sido amplamente comprovado in vitro, estudos clinicos tém apresentado
resultados controversos. Por um lado, esses resultados podem estar relacionados
ao carater multifatorial das doencas neurodegenerativas, o que demanda diversos
niveis de protecdo. Por outro lado, estariam relacionados a capacidade dos
compostos antioxidantes de cruzar ou ndo a barreira hematoencefalica em
guantidades suficientes para proteger o SNC (DAJAS et al., 2003).

Logo, pesquisas desenvolvidas nessa area sdo de extrema importancia para
o conhecimento mais detalhado da fisiopatologia e consequente desenvolvimento de
novas abordagens terapéuticas em neuroprotecdo, enfocando a ingestdo combinada
de antioxidantes de diversas naturezas, que possam atuar sinergicamente para

combater do estresse oxidativo induzido no SNC.

4.2 Eugenol

4.2.1 Caracteristicas Gerais

O eugenol (4-alil-2-metoxi-fenol) (Figura 2) € um composto fendlico que esta
presente no cravo-da-india, no manjericdo, na canela e na noz-moscada
(YOGALAKSHMI et al.,, 2010). No cravo-da-india (Figura 3), esse composto
representa entre 89,5% e 98% da composicdo do Oleo essencial e do extrato
aguoso, respectivamente (RODRIGUES et al., 2009). Apresenta-se, a temperatura

ambiente, como um liquido oleoso, incolor ou amarelo claro, mas quando em contato
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prolongado com o ar, torna-se mais espesso e de cor vermelho escuro. Possui odor
caracteristico, semelhante ao cheiro do cravo-da-india, além de sabor ardente e
picante (ALMEIDA, 2004).

Figura 2: Estrutura tridimensional do Eugenol Figura 3: Cravo-da-india

Fonte: http://www.jardimdomundo.com

O eugenol apresenta ampla utilizacdo na industria de cosméticos e de
alimentos, como aromatizantes para culinaria, bebidas e doces (YOGALAKSHMI et
al., 2010). Ele esta presente em varios 0leos essenciais e sua alta lipossolubilidade
possibilita uma facil absor¢cédo do farmaco através das membranas celulares e rapido
acesso ao local de acao, podendo atingir alvos intracelulares como as mitocéndrias
(USTA et al., 2002), ou ainda, penetrar com rapidez a bainha de mielina de uma fibra
ou de um feixe nervoso (GURNEY, 1965).

4.2.2 Atividades Farmacoldgicas

Apesar de existirem estudos com o eugenol que datam do século XIX, foi na
segunda metade do século XX que se verificou um interesse maior na pesquisa com
este componente, sendo muitos dos trabalhos publicados ligados a odontologia
(BONASTRE, 1967). Atualmente, o eugenol vem sendo extensivamente estudado, ja

tendo sido caracterizados diversos efeitos bioldgicos.
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Segundo Hume (1988), seus efeitos farmacoldgicos dependerdo da
concentracdo e do tempo de exposicdo e/ou de contato entre ele e as células.
Dentre as propriedades biolégicas podemos verificar atividades: anti-inflamatoria
(REDDY E LOKESH, 1994), analgésica (SNEDDON; GLEW, 1973), anestésica
(GUENETTE et al., 2006), antimicrobiana (MARKOWITZ et al., 1992; VAZQUEZ et
al., 2001; ESCOBAR, 2002; DEVI et al., 2010), antifingica (PINTO et al., 2009), anti-
helmintica em ruminantes (PESSOA et al., 2002), antipirética (quando administrado
periférica ou centralmente reduzindo a febre por acdo central, igualmente ao
acetoaminofeno) (FENG; LIPTON, 1987), antioxidante (OGATA et al., 2000;
JIROVETZ et al., 2006; GULCIN, 2011), neuroprotetora (KABUTO et al., 2007; WIE
et al., 1997).

4.2.3 Aplicagao Clinica

O eugenol é utilizado em praticas odontolégicas como: antisséptico topico,
analgésico e anestésico local, além de conferir propriedade farmacologica
bactericida aos cimentos utilizados em canais (em concentracdes relativamente altas
de 10® a 102 mol/L), sendo, portanto, eficaz no tratamento de enfermidades
infecciosas na cavidade oral (MARKOWITZ et al., 1992; ESCOBAR, 2002). Também
é utilizado como cimento provisério em cavidades dentarias, associado ao oxido de
zinco (NAGABABU; LAKSHMAIH, 1994). A unido do eugenol com o éxido de zinco
ocorre devido a uma reacdo de quelacdo para formar o eugenolato de zinco. O
eugenolato de zinco, quando analisado estruturalmente, apresenta conformacgéao de
grados de Oxido de zinco embebidos numa matriz de eugenolato de zinco. Ao ser
exposto a meio aquoso (como a saliva e o fluido dental), ocorre uma hidrélise do
eugenolato liberando hidréxido de zinco e eugenol, que se difundem da dentina para
a polpa, onde produz efeitos anti-inflamatérios e anestésicos (MARKOWITZ et al,
1992).

O eugenol também é capaz de inibir a peroxidacgdo lipidica pela varredura de
radicais livres como as EROs. A estrutura metoxifendlica da molécula é a principal
responsavel por essa atividade antioxidante (TAIRA et al., 1992; NAGABABU,;
LAKSMAIAH, 1994; ITO et al., 2005). Possui também efeito modulador nas
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concentragdes intracelulares de substancias antioxidantes como a glutationa e a
enzima glutationa-N-transferase (ROMPELBERG et al.,, 1996; YOKOTA, 1988;
KABUTO et al., 2007). O eugenol pode ainda promover neuroprotecdo contra dano
isquémico através de sua acao hipotérmica e por modulacdo de receptores N-metil-
D-aspartato (NMDA) e do radical superéxido (WON et al., 1998; WIE et al., 1997).
Foi verificado ainda, importancia do eugenol na reversdao da disfuncao
hepatica, na coagulacéo intravascular disseminada (CIVD), na hipoglicemia severa e
na morte por faléncia multipla de érgdos (ESCOBAR, 2002). Porém, esses efeitos

toxicos graves estdo relacionados a altas doses (ALMEIDA, 2004).
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Os resultados obtidos durante o desenvolvimento deste trabalho constam no
artigo seguinte, a ser submetido a publicacdo na revista Behavioral Brain

Research.

Eugenol promotes neuroprotective beneficial effects against

rotenone-induced behavioral and biochemical changes in rats
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ABSTRACT

Parkinson's disease (PD) is a neurodegenerative disorder characterized by
progressive nervous system dysfunction and the typical symptoms includes motor
and behavioral changes. In this study, it were examined the neuroprotective effects
of eugenol (EUG) against rotenone-induced behavioral and biochemical changes
(experimental model of PD) in rats. The behavioral evaluation was done through the
tests: open field, Rota Rod, elevated plus maze and catalepsy. At the end of
behavioral tests, the corticosterone serum levels (CSL) were measured by
radioimmunoassay Elisa. Daily pretreatment with EUG 37.5 mg/kg, one hour before
the rotenone administration, promoted less weight loss, improvement in motor and
cognitive performance as well as reduction of anxiety levels. EUG pretreatment also
prevented the increase of CSL. Thus EUG could be a therapeutic adjuvant for the
treatment or prevention of PD.

Keywords: Eugenol; Parkinson’s disease; rotenone; behavioral parameters

INTRODUCTION
Parkinson's disease (PD) is a neurodegenerative disorder characterized by

progressive nervous system dysfunction and neuroinflammation (Morelli et al., 2012)
as well as motor symptoms, including akinesia, rigidity, tremor and, instability of gait
and posture. Motor and behavioral changes were related to striatal dopamine (DA)
depletion as a result of the degeneration of nigrostriatal dopaminergic neurons. The
pharmacologic treatment of PD with the dopamine precursor, 3,4dihydroxyphenyl-L-
alanine (L-Dopa), has been used to alleviate the motor symptoms (Fahn et al., 2004).

However, DA depletion and prolonged use of L-Dopa create an imbalance in striatal
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neurotransmitter systems (Huot et al.,, 2013) and induces motor response
complications, such as abnormal involuntary movements (AIMS) or dyskinesias that

occur within a few years of treatment (Ahlskog and Muenter, 2001).

Eugenol (EUG) (4-allyl-2-methoxyphenol) is a phenolic compound naturally
occurring in clove, basil, cinnamon and nutmeg (YOGALAKSHMI et al., 2010). This
compound is also used in dental practices as a cement material and as a sedative
agent (Markowitz et al., 1992). Pharmacological properties of EUG were
demonstrated and includes anti-inflammatory (Reddy and Lokesh, 1994), analgesic
(Sneddon and Glew, 1973), anesthetic (Guenette et al., 2006), antipyretic (Feng and
Lipton, 1987), anti-bacterial, and a monoamine oxidase (MAOQO) inhibitor (Tao, G. et
al., 2005). EUG and isoeugenol (an isomer of EUG) are well known as good
antioxidant agents (Cullere et al., 2004), that might express beneficial effects in PD.

Many animal models were used to simulate neurodegenerative diseases.
Rotenone-induced model of Parkinsonism is regarded as the one nearest to the
human disease for its progressive dopaminergic neuronal lesion accompanied by
oxidative stress (Saravanan et. al., 2005).

In this study, were examined the neuroprotective effects of EUG against
rotenone-induced behavioral and biochemical changes (experimental model of

Parkinson's disease) in rats.

MATERIAL AND METHODS
Reagents

Rotenone (98% stated purity) was purchased from Sigma (St. Louis, MO,
USA), and was prepared using dimethylsulfoxide (DMSO) as a solvent and
emulsified in corn oil at a 1:9 ratio (adapted of Yang, L. et al., 2012). EUG was
obtained from Sigma (St. Louis, MO, USA) dissolved in Tween 80 2% and diluted in
distilled water. Butylated hydroxytoluene (BHT) and, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), were also acquired from Sigma.

Evaluation in vitro antioxidant activity of eugenol

The antioxidant activity of EUG was determined by the capture of DPPH (2,2-

diphenyl-1-picrilidrazil) radical assay according to the method described by Brand-
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Williams and colleagues (1995). Aliquots of 0,5 mL of a solution containing different
concentrations of EUG (2.5 — 250 pug/mL) were added to 1.5 mL of ethanolic solution
of DPPH-(1mM). The solutions were homogenized and incubated (in the dark) for 30
min at room temperature and the absorbance of the resulting solution was read in a
spectrophotometer at 515 nm against a blank. The radical scavenging activity was
measured as an absorbance decrease of DPPH and was calculated using the
following equation:

% protection = (Abs of control - Abs of sample) x 100

Abs of control
BHT was used in experiments as a positive control. It was calculated the value

of ICso (concentration of sample required to inhibit 50% of radical) of BHT and EUG.

Animals

Male Wistar rats (Rattus norvegicus var. albinus) weighing between 300 -
350g were used for neuroprotective experiments. The animals were obtained from
the Department of Physiology and Pharmacology from the Federal University of
Pernambuco (UFPE). Male and female mice (35 - 40 g) (Mus Musculus, var. Swiss)
used for oral toxicity of EUG were obtained from the Department of Antibiotics from
the Federal University of Pernambuco (UFPE). The animals were kept under
standard conditions of light and dark cycle (12 h dark/light cycle) and temperature (22
+ 2 °C) with water and commercial feed (Labina®, Purina, Brazil) ad libitum. All the
experimental methods were submitted to and approved by the Animal
Experimentation  Ethics  Committee  of the UFPE, under license
n°.23076.024562/2014-74 in accordance with the National Institute of Health Guide

for the Care and Use of Laboratory Animals.

Oral acute toxicity

Acute toxicity studies were performed on Swiss mice of both sexes as
described by Organization for Economic Cooperation and Development (OECD) 420
(2001), with slight modifications. The animals were randomly divided into two groups
(n=5/group/sex) and deprived of feed for 12 h with access to water ad libitum. The

treated group received EUG (dissolved in Tween80 2% and diluted in distilled water)
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in a single per os (p.o.) dose of 2.0 g/kg, and the control group received vehicle
(Tween80 2% diluted in distilled water) dose of 10 mL/kg. The observations were
performed at 30, 60, 120, 180 and 240 minutes after the oral treatments and daily for
14 days. Behavioral changes, weight, consumption of food and water, clinical signs

of toxicity and mortality were recorded daily (Malone, 1977).

Experimental groups

The animals were randomly divided into seven groups (n=8/group) and they
were pretreated for five days. They received vehicle (water 10 mL/kg, p.o.), or L-
Dopa (4 mg/kg, p.o.), or EUG as pretreatment. One hour after, they received
administration of the mitochondrial neurotoxin rotenone (2.5 mg/kg, s.c.) to induce
PD or vehicle DMSO/corn oil (10%:90%) 1 mL/kg subcutaneously (s.c.).

Group 1 (control - “C”): received vehicle p.o. and DMSO/corn oil s.c.

Group 2 (negative control - “N”): received vehicle p.o. and rotenone s.c.

Group 3 (positive control - “L”): received L-Dopa p.o. (standard drug for PD) and

rotenone s.c. The animals were kept without food for one hour before and one
hour after administration of L-Dopa to avoid problems in drug absorption.
Groups 4, 5, 6 and 7 (EUG pretreated groups): received oral doses of EUG

according to the group (12.5 mg/kg; 25 mg/kg; 37.5 mg/kg; or 50 mg/kg, p.o.);

and rotenone s.c.

EUG at the dose 6.25 mg/kg was tested in this study and it was not effective.
Behavioral tests were performed during the pretreatment period (Catalepsy) and
twenty four hours at the end thereof Open field, Elevated plus maze (EPM), Rotary
axis (Rota rod) and, Catalepsy. At the end of the behavioral tests, the animals were
anaesthetized intraperitoneally (i.p.) with Ketamine/Xylazine hydrochloride 50:5
(mg/kg) (CEVA, Sespo Industry, Brazil), decapitated and the trunk blood was
collected for biochemical assay.

Body weight measurement

Each rat was weighed prior to the daily administration of EUG, L-Dopa, or

water.
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BEHAVIORAL TESTS
Locomotor activity

The rats were placed individually one single trial for 300s in the center of an
open-field circular arena (diameter 100 cm, high 40 cm, a floor divided into 20
quadrants). The start time for movement (latency), the locomotion frequency
(quadrants traversed), the rearing frequency, and immobility time were recorded and
used as parameters to assess exploratory behavior. This procedure was similar to
that described by Bernardi and Palermo-Neto (1979); and, Palermo-Neto (1982).

Rota rod test

The Rota rod test method is used to assess balance and motor coordination
through the animal permanency time on a rotating rod of 7 cm diameter, 20 cm
length, 20 cm height which rotate 25 rpm. The animals were selected 24 hours
before the experiments (the pretreatment). They were chosen only those animals that
remained on the rotating rod for at least two consecutive periods of 60 seconds each.
These animals were pretreated with EUG, L-Dopa or vehicle. At the end thereof,
animals were analyzed at the rota-rod for a period of 180 seconds and the animal
permanency time was recorded (adapted of Kumar and Kumar, 2009).

Elevated Plus Maze (EPM) test

The elevated plus maze (EPM), a test used as a measure of anxiety, memory
retention and exploratory behavior, consists of two opposite open arms (50x10 cm)
and two closed arms of the same dimension, with 40 cm walls and a central area
(10x10 cm) connecting the arms. In this study, the EPM test was used to evaluate
the memory retention. The rats were placed individually at one end of an open arm
facing away from the central area; the time taken by the animal to move from the
open arm until the closed arms (latency time A) was recorded in the last day of
pretreatment and 24 hours after (latency time B) (Kumar et al.,, 2006). The
percentage of memory retention was calculated by the formula:

(Latency time A — Latency time B) x 100

Latency time A

40



Da Silva, J. L. Avaliacdo da Atividade Neuroprotetora do Eugenol em Modelo Experimental da Doenga
de Parkinson.

Catalepsy

Catalepsy is a physiological change defined as the inability to respond to a
non-natural position imposed on the animal (SANBERG et al., 1988). This behavior
can be understood as the inability to initiate voluntary movement (akinesia called
aspect), characteristic of PD (DUTY; JENNER, 2011). Catalepsy testing was done 1
hour after the s.c. injection of rotenone or DMSO/corn oil daily during pretreatment,
only 4 groups: C, N, L and T (dose-response better showed in the Open field, Rota
Rod and EPM tests). Both forepaws were placed on a horizontal bar (diameter
1.5cm, height 20cm, and length 10cm) and the latency was measured by the
permanency time of the animal in the position described with a cut-off time of 180
seconds (adapted from DEKUNDY et al., 2006).

Corticosterone serum levels (CSL)
Immediately after decapitation, an aliquot of trunk blood was collected and
centrifuged 2500xg for 15min at 4°C. The serum was frozen at —80° C until analysis.
Corticosterone serum levels (ng/mL) were measured by radioimmunoassay
method thought of Corticosterone Elisa kit for rat/mouse (DRG International, Inc,
USA). The sensitivity of this assay was 4.1 ng/mL at the 2SD confidence limit. This
biochemical analysis was done to groups C, N, L and T (dose better showed in all the

behavioral tests).

Statistical Analysis

Results were expressed as mean = S.E.M. The difference between groups
was assessed by one-way analysis of variance (ANOVA) followed by Tukey’s test
(p<0.05) using Graph Pad Prism® 5.0. Differences were considered statistically
significant when p < 0.05. Pearson’s correlation coefficient (r) was calculated to
establish relationships between memory retention-like behaviors obtained in the EPM
test and respective CSL. Differences were considered statistically significant when
p<0.05. Mann-Whitney test was used to evaluate the catalepsy partner between

groups C, N, L and, T.
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RESULTS
Reduction of 2,2—diphenyl-1-picrylhydrazyl radical

DPPH radical scavenging activity was evident in all concentrations tested of
EUG. The preparation was able to reduce the stable free radical DPPH to the yellow-
colored 1.1-diphenyl-2-picrylhydrazyl with an 1Cso 32,189 pug/mL (r = 0.8817). Under
similar conditions the positive control BHT, showed IC5y 64.63 pg/mL (r = 0.93)
(Figure 1).
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Fig.1. The DPPH radical scavenging activity of EUG and BHT. The curve represents a relationship
between DPPH radical scavenging percentage and concentration of EUG or BHT.

Acute toxicity

Eugenol (2.0 g/kg, p.o.) induced depression of the central nervous system
(sedation) in mice of both sexes during the first 30 min. However, it did not produce
signs of acute toxicity or death in the treated animals. No significant changes in food
and water intake or body weight were observed during the 14 days of observation
(data not shown). The LDso could not therefore be estimated and it is possibly higher
than 2.0 g/kg.

Body weight difference (BWD)

Rotenone-administrated rats showed significant decrease in body weight
compared to control (C) group; (BWD= differences between final and initial weights).
There were no significant differences between EUG 37.5 mg/kg-pretreated and L-
Dopa pretreated animals (L), and both suffered less weight loss when compared to

negative control (N) group [Fss) = 29.07] (Figure 2).
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Fig.2. Differences in body weight (BWD = BWgina - BW)hitia). Groups: C-control; N-negative control; L-
positive control; EUG-pretreated groups. Each value represents the mean + S.E.M. ***p<0.001 as
compared to control group (C); "p<0.05, "'p<0.01, ""p<0.001 as compared to negative control (N).
One-way ANOVA: Fs6) = 29.07 (n=8), followed by Tukey's test.

Locomotor activity

Rotenone administration (2.5 mg/kg, s.c.) for 5 days reduced significantly the
locomotor activity of rats, showed as increase of the latency time, reduction on the
ambulatory activity, increase in the resting time and, reduction on the rearing events
when compared to C group (p<0.001) (Figure 3). These results were related to higher
anxiety levels. However, these events were reversed by the pretreatment with EUG
or L-Dopa observed on the open-field through the total quadrants travelled and
latency time events. Daily pretreatment with EUG at the dose of 37.5 mg/kg induced
the best response (p<0.001) compared to the other doses of EUG; and, was even
better for recovery of mobility time compared to N (p<0.001) and L (p<0.05) groups.
When compared C group to N group there was a robust reduction in the rearing
frequency, but there was no difference between EUG (37.5 mg/kg) and L groups
(p<0.001).

Motor skills (Rota rod)

N group presented significative decreased muscle grip strength and fall off
time as compared to control animals (p<0.001). Moreover, N group showed to drag
hind limbs while ambulating which observed during the pretreatment. Daily
pretreatment with EUG at all doses, as well as L-Dopa significantly increased time

spent on a rotating rod when compared to N group (p<0.001) (Figure 4-A).
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Fig. 3. Effect of EUG and L-Dopa pretreatments on locomotor activity in rotenone administrated rats
as assessed by Open field — Anxiety measurement. Groups: C-control; N-negative control; L-positive
control; EUG-pretreated groups. (A) Latency — time spent in center square to initial movement , (B)
Ambulatory activity — quadrants traveled during the test, (C) Time of resting — immobility time, and, (D)
Rearing. Each value represents the mean + S.E.M. *p<0.05, **p<0.01, ***p<0.001 as com#pared to
control group (C); “p<0.05, *"p<0.001 as compared to negative control (N); “p<0.05, “p<0.01,
###p<0.001 as compared to L-Dopa pretreated group (L). One-way ANOVA [Faes3 = 112.50], [Fges3) =
1986], [FC(G,SS) = 10270], [FD(6,54) = 2801], (n=7'8), followed by TUkeyIS test.
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Fig. 4. Fall off time verified on Rota Rod performance (A) and memory retention (%) analyzed in EPM
test (B) in all groups. Groups: C-control; N-negative control; L-positive control; EUG-pretreated groups.
Each value represents the mean + S.E.M. ***p<0.001 as compared to control group (C); " "p<0.001 as
compared to negative control (N). One-way ANOVA [Fge s = 145.8], [Fre,s3 = 32.87] (n=7-8), followed
by Tukey's test.
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Elevated plus maze (EPM)

Animals water pretreated (N) were had a marked memory loss and learning
abilities impaired compared to C group. The pretreatment with EUG significantly
increased the percentage of memory retention in rats as compared to N group
(p<0.001). There was not significant difference between EUG (all doses) and L
groups (Figure 4-B).

Catalepsy test

Daily rotenone administration induced notable signs of catalepsy as shown
through akinesia variable over time of the pretreatment. The akinesia of N group was
significantly increased along the same time compared to C group (p<0.01). EUG at
the dose 37.5 mg/kg (EUG 37.5 mg/kg) and L-Dopa pretreated animals showed a
different pattern of development of catalepsy. The akinesia expression was increased
initially until half of the time administration with rotenone and, this cataleptic behavior
was reversed. However, the reversion of cataleptic behavior on EUG 37.5 mg/kg

group was significantly different compared with L group (Figure 5).
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Fig. 5. Akinesia (inability to move - loss or impairment of the power of voluntary movement) analyzed
on Catalepsy test. Groups: C-control; N-negative control; L-positive control; EUG 37.5 mg/kg-
pretreated. Each value represents the mean + S.E.M. ***p<0.001, **p<0.01 as compared to control
group (C); “p<0.01 as compared to negative control (N); p<0.01 as compared to L-Dopa pretreated

group (L); Mann-Whitney test.
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Corticosterone serum levels (CSL)

The corticosterone serum levels (CSL) were increased in the N (p<0.001) and
L groups (p<0.01) compared to the C group. The EUG 37.5 mg/kg and C groups
were showed similar CSL. However, the EUG 37.5 mg/kg group was showed

reduction in CSL when compared to L group (p<0.01) [F3 23 = 169.0] (n=6) (Figure
6).
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Fig. 6. Corticosterone serum levels (CSL). Groups: C-control; N-negative control; L-positive control;
EUG 37.5 mg/kg-pretreated. Each value represents the mean * S.E.M. ***p<0.001, **p<0,01 as
compared to control group (C); "p<0.001 as compared to negative control (N); ##p<0,01 as

compared to L-Dopa pretreated group (L). One-way ANOVA [F3 3 = 169.0] (n=6), followed by Tukey's
test.

In addition, a negative correlation was demonstrated between CSL and the
memory retention percentage (EPM test) through of Pearson’s correlation coefficient
(r =-0.98; p=0.02) (Figure 7).
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Fig. 7. Memory retention-like behaviors correlated with the correspondent corticosterone serum levels.
Pearson’s correlation coefficient was calculated considering the following Corticosterone serum levels
(CSL) and memory retention percentage. Each value represents the mean =+ S.E.M.
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DISCUSSION

This study investigated the neuroprotective effect of EUG against rotenone-
induced neurotoxicity. EUG is an essential oil constituent extracted from cloves and
used as a food flavoring agent, and was reported to have antioxidant activity (Ito,
2005).

The in vitro antioxidant activity of EUG demonstrated by DPPH radical assay
showed DPPH free radical scavenging activity. DPPH is commonly used as a
reagent to evaluate free radical-scavenging activity of antioxidants through the
reduction of the stable radical DPPH to the yellow diphenyl-picrylhydrazine in
alcoholic solution (Oyaizu, 1986). When DPPH radicals encounter a proton-donor
substrate such as an antioxidant, the radicals would be scavenged and the
absorbance is reduced (Gulgin, 2004; Elmastas, 2006). Leopold and colleagues
(2006) observed that the clove essential oil (Eugenia caryophyllus) which main
constituent is EUG showed a significant inhibitory effect against hydroxyl radicals and
acted as an iron chelator. These results show that EUG used in this study is within
the standards.

The acute toxicity results indicated that the oral administration of a single dose
of EUG (2.0 g/kg) caused a reversible sedative effect, but did not produced any sign
of toxicity or death in the treated animals, suggesting an LDsy above 2.0 g/kg. Drugs
that present LDsy above 2.0 g/kg by oral route are considered to be non-toxic
(Kennedy et al., 1986). Previous acute toxicity test with the extract of clove
(Syzygium aromaticum Linné) in rodents showed the LDsg 2.65 g/kg (Valente et. al.,
2009).

Neuroprotection with EUG, a naturally occurring phenol extracted from cloves,
known to be a potential antioxidant (Ito et al., 2005) and anti-inflammatory (Reddy
and Lokesh, 1994), and a monoamine oxidase (MAO) inhibitor (Tao e al., 2005), has
been demonstrated in models of neurodegenerative diseases (Kabuto et al., 2007).

In the present study, EUG pretreatment protected against rotenone-induced
neurotoxicity, in an animal model of Parkinson’s disease. The rotenone animal model
was chosen because it's systemic action is able to reproduce the progression of PD-
like pathology while the Parkinson’s symptoms could be reversed by L-Dopa (Alam;
Schmidt, 2004). Furthermore, it is easily exercisable and highly reproducible and it
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could be also used to examine protective effects in peripheral nervous system (Xiong
et al., 2009). The rotenone toxin induces respiration inhibition at complex | of the
electron transporter chain (ETC) (Martinez and Greenamyre, 2012), causing
mitochondrial dysfunction and elevated oxidative stress, both linked to the PD
pathogenesis (Alvarez-Erviti et al., 2010).

The exposure to toxins and stressors is implicated in several diseases and can
result in decreased intake of food (McEwen, B. S., 2007). Mitochondrial dynamics
and bioenergetics are interconnected, and changes in this balance can influence in
several aspects, including body weight. Therefore, in this study, the weight loss
associated with the use of rotenone was expected.

The rotenone administration for 5 days produced significant motor and
behavioral abnormalities including muscle rigidity and akinesia (catalepsy test),
abnormal gait and weakness (Rota Rod test), as well as memory impairment (EPM
test) and anxiety higher levels (open field test). However, EUG pretreated groups
exhibited a marked reversion of these abnormalities showing potential protective
effects.

Oxidative stress is a cytotoxic condition that occurs when there is an increased
intracellular overproduction and accumulation of reactive oxygen species (ROS) in
association to reduced antioxidant capacity within the cell (Varcin et al., 2012).
However, the production of ROS can also be increased in the PD brain due to the
synthesis and storage of dopamine. Dopamine (DA) is stable in synaptic vesicles
inside the cell, but, on a damaged neuron the DA is outside the vesicle and, is easily
metabolized by MAO (Dexter; Jenner, 2013) resulting in brain DA depletion. Thus, an
MAO inhibitor may be useful in reversing the behavioral symptoms of PD as well as
in preventing these.

The EUG-antioxidant activity has been demonstrated in previous in vitro and in
vivo studies (Nagababu et al., 2010) and also on preventing oxidative tissue damage
in different experimental models (Morsy and Fouad, 2008). Furthermore, it was
observed potential link between the antidepressant and monoamine oxidase B
(MAOB) inhibitory activities in mice (Tao, G., 2005). Kabuto (2007) showed that the
treatment with EUG was able to inhibit 6-OHDA-induced neurotoxicity, including the

reductions of striatal tissue DA and its metabolites, and protect dopaminergic
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neurons by inhibition of lipid peroxidation. The set of results confirm the existence of
antidepressant and anxiolytic effects, and oxidative stress inhibition from the daily
EUG administration.

Lower-dose, nonlethal rotenone in vivo administration model caused motor
deficit, demonstrated by decrease muscles grip strength and rigidity on Rota rod and
Catalepsy tests, respectively. The pretreatment with EUG improved of motor activity
and, also induced the reversion in the akinesia-like behavior rotenone-induced.
Rotenone, through the higher ROS generation, can alter microtubules (Choi et al.,
2011), and this could potentially affect not only transport, but also fission/fusion,
since mitochondrial fission proteins interact with tubulin (Estela et al., 2011),
intervening in the muscle contraction and promoting the motors symptoms reported.
The intervention with an antioxidant agent, such as EUG in the DP therapy can not
only reduce the production of ROS, as well as promote the reduction of pathologic
symptoms.

The EUG (37.5 mg/kg, p.o.) pretreated group presented leather similar
behavioral patterns when compared with the L group. As it was expected, the motor
function defects could be alleviated by L-Dopa (a dopamine precursor that is
commonly used in PD therapy) treatment (Yan et al., 2013). However, the chronic
use of this drug is responsible for muscle impairment and bradykinesia. Previous
studies have shown two highlights for L-Dopa: the ability of L-dopa to induce DA
neuron cell death through the generation of ROS in culture, a neurotoxic label; and,
based on a range of in vivo studies in animals, post mortem studies in humans, and
clinical experience, an non-neurotoxic label (Agid, 1998; Olanow et al., 2004;
Parkkinen et al., 2011).

The results in the EPM test showed memory retention as parameter analyzed
between all groups. In this cognitive test, the N group demonstrated drastic memory
impairment, contrasting with C, L and T groups (that showed a similar pattern of
learning and memory). These results suggest an important ability of EUG to promote
improvement of cognitive aspect.

In humans, cognitive impairment is also a major symptom of anxiety disorder.
According to a recent theory, the intentional control theory, when anxious persons

have an attention deficit, they are not able to organize and store information in a
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proper way for it to be remembered correctly and efficiently. This hampers cognitive
performance (Eysenck et. al., 2007). Nutritional interventions, as increase dietary
intake of fruits and vegetables, can retard and even reverse age-related declines in
brain function and cognitive performance. The dietary supplementation with
antioxidants may be useful to prevent free radical-related diseases due to the ability
to counteract toxic production of both reactive oxygen and nitrogen species
(Calabrese et al., 2010).

The EUG pretreatment prevented the increase in rotenone-induced CSL in
rats. Adrenal hormones produced by stress could impact the hippocampus because
this important cerebral structure for memory formation has a high concentration of
receptors for glucocorticoids (Conrad, 2010). The release of stress-related hormones
like glucocorticoids modify neuronal plasticity in brain stress centers such as the
amygdala, hypothalamus and hippocampal memory area (McReynolds et. al., 2010)
and can produce neurobiological alterations on learning and memory in both humans
and rodents (Schwabe et. al., 2009). The EUG ability to reduce the CSL may be
related to both: the anxiolytic effects reported or the ability to reverse the stress-
induced changes in serotonin (5-HT) levels in all brain regions in rats (Garabadu,
2011).

In the present study, memory storage deficit (investigated in EPM test) is
linked to higher anxiety in the open field and, confirmed by CSL results founded. The
negative correlation observed between CSL and the memory processes (EPM
parameter) support the hypothesis that the EUG promotes neuroprotective modulator
effect on physiological and behavioral responses against alterations rotenone-
induced. The relation observed in these results could be also a reflection of anxiolytic
effect promoted by EUG pretreatment. Nevertheless, the relationship between
anxiety and cognition was not clearly demonstrated.

The CSL was measured at a single time point chosen according to the
significance of methods. Therefore, the CSL changes are temporally limited and, only
suggest that corticosterone secretion is an important physiological point related to

behavioral alterations.
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CONCLUSION

Taken together, these results confirm that the EUG is a compound with in vitro
antioxidant activity and it has a lower toxicity. Moreover, the pretreatment with EUG
promoted a protective effect against rotenone-induced neurotoxicity, probably due to
its antioxidant and anxiolytic activities. More experiments are needed to further clarify

the mechanisms involved in this effect.
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6. PERSPECTIVAS

Os resultados obtidos neste trabalho sugerem que o EUG pode facilitar a liberacéo
de dopamina na via nigroestriatal ao promover a reversao dos déficits motor e
cognitivo induzidos por rotenona. Além disso, dao abertura e embasamento para um
préspero estudo dos efeitos neuroprotetores in vivo do EUG mais aprofundados, no
modelo animal utilizado, através da mensuracdo da peroxidacgéo lipidica e avaliagdo
de atividades enzimaticas nos tecidos cerebrais.

Através deste estudo, almejamos a contribuicio no desenvolvimento de novos

farmacos atuantes na terapéutica da DP.
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