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RESUMO

Pacientes com Doenca de Parkinson apresentam prejuizos sensoriais,
motores e cognitivos devido a degeneracao dos neurbnios dopaminérgicos da
substancia negra que projetam para o estriado. Estudos anteriores relatam que ratos
com lesdo bilateral parcial da Substéncia Negra parte compacta apresentam
prejuizos no aprendizado de habito e na memdria de trabalho visuo-espacial, mas
nao apresentam anormalidades motoras. No presente estudo, ratos com les&o total
na substancia negra parte compacta esquerda e direita (SNpc-L e SNpc-R,
respectivamente) induzidas por 6-hidroxidopamina foram testados no labirinto radial
de 7 bragos. Neste modelo, os animais sao liberados do brago de saida com o
objetivo de correr para um dos bracos iluminado a fim de encontrar a recompensa
(comida).

Ambos os ratos SNpc-L e SNpc-R apresentaram prejuizo nas tarefas de
aprendizado de habito e memdéria de trabalho quando comparados aos animais do
grupo sham. Eles também apresentaram um viés ao entrar na arena central do
labirinto realizando uma rotagéo ao lado da lesdo. Quando o bracgo iluminado estava
localizado do lado oposto a lesédo eles apresentaram uma tendéncia a fazer voltas
para corrigir a direcao para entrar no brago iluminado. Na maioria das vezes que 0s
ratos SNpc-L se deparava com o braco iluminado localizado ao lado direito, eles
escolheram entrar no braco ndo iluminado localizado a dois bragos a esquerda do
iluminado. A propensao oposta simétrica foi observada para os ratos SNpc-R
quando o braco iluminado estava localizado em seu lado esquerdo.

Estes resultados sugerem que o labirinto radial de sete bragos é sensivel para
medir anormalidades motoras, sensoriais e perceptuais, assim como déficits na
membéria de habito e de trabalho observados nestes ratos semilesionados na SNpc e
gue possivelmente pode servir de modelo para estudo das anormalidades similares

que ocorrem em pacientes com doencga de Parkinson.



ABSTRACT

Parkinson’s disease patients are known to present sensory, motor, and cognitive
impairments, most of them due to the degeneration of the dopaminergic neurons of
the substantia nigra that projects to the striatum. Previous studies reported that rats
with partial bilateral lesions of the SNpc present habit learning and visuospatial
working memory impairments but do not present gross motor abnormalities. In the
present study, rats with almost total loss of the left or right substantia nigra pars
compacta (SNpc-L or SNpc-R, respectively) induced by 6-hydroxidopamine were
tested in the 7-arm radial maze task. In this task the animals are left in one of the
arms to run to a lighted arm in order to find a food reward. Both SNpc-L and SNpc-R
rats presented poor scores in habit learning and in a working memory test of this
task, compared to sham-operated animals. They also presented a bias to enter the
central arena of the maze making a turn to the side of the lesion. When the lighted
arm was located on the side of the arena that was opposite to the animals’ lesion,
they tended to make turns that corrected the direction of their paths to the side of the
lighted arm. Most times that the SNpc-L rats faced a lighted arm located to their right
side, they chose to enter an unlighted arm located two arms to the left of the lighted
one. The symmetrically opposite bias was observed for the SNpc-R facing a lighted
arm located to their left side. These results suggest that the 7-arm radial maze task is
sensible to measure possible motor and/or sensory perceptual abnormalities as well
as habit and working memory deficits observed in these hemilesioned SNpc rats and
that it possibly models similar abnormalities that occur in Parkinson’s disease

patients.
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1. INTRODUCAO

A Doenca de Parkinson € uma doenca neurodegenerativa que € caracterizada
pela perda progressiva dos neurbnios dopaminérgicos da substancia negra parte
compacta (DEUMENS et al, 2001). Disturbios motores sdo 0s sintomas mais
conhecidos da doenca (LEWIS et al. 2005) (MORRIS & IANSEK, 1996). Porém
varios estudos demonstram que pacientes com doenca de Parkinson apresentam
disturbios cognitivos, sensoriais e perceptuais (HOOD & COORKIN, 1999; SALMON
& BUTTERS, 1995; KNOWTON et al, 1996; DUBOIS & PILLO9N, 1997; WOLTERS
& FRANCOT, 1998; LEWIS et al, 2005; HARRIS et al, 2003); o que pode ocorrer
antes mesmo da manifestagdo dos sintomas motores da doenga (DUBOIS &
PILLON, 1997).

Modelos experimentais da doenca de Parkinson demonstram que desordens
relacionadas aos nucleos da base resultam em disturbios cognitivos e sensoriais
(DACUNHA et al, 2001; MIYOSHI et al, 2002; PACKARD et al, 1989; MIDDLETON &
STRICK, 2000); o que esta de acordo com a proposta de serem 0s nucleos da base
estruturas com funcdo de integracdo entre areas que estdo anatomicamente
separadas, mas que precisam funcionar em sincronismo para desempenhar funcdes
(ALEXANDER & CRUTCHER, 1988).

O modelo da 6-OHDA tem sido amplamente empregado no estudo da doenca
de Parkinson, tanto para compreender o mecanismo fisiopatolégico da doenca
quanto para estudo de potenciais drogas para seu tratamento (Schwarting & Huston,
1996; HENDERSON et al, 2003). Também tem sido proposto a utilizagcdo desse
modelo para estudos comportamentais das alteracbes motoras, cognitivas e
sensoriais da doenca de Parkinson (CARLI et al, 1989; TRUONG et al, 2006;

FITZSIMMONS et al, 2006).



A injecado unilateral de 6-OHDA no feixe prosencefédlico medial, em ratos,
causa a morte dos neurdnios dopaminérgicos da via nigro-estriatal, levando
consequentemente a uma intensa deple¢cdo nos niveis de dopamina estriatais
ipsilaterais a lesao (Swarting & Huston, 1996; FERRO et al, 2005; FITZSIMMONS et
al, 2006). Esse déficit dopaminérgico resulta em alteragdes motoras e
comportamentais que podem ser preditivas de déficits apresentados pelos pacientes
de Parkinson (MILTON et al, 2004; TRUONG et al, 2006).

O objetivo desse estudo foi testar se a lesdo da SNpc dos ratos induz
disruptura na associacdo do estimulo apresentado ipsi ou contralateralmente a
lesdo, com a resposta motora que envolve a musculatura dos lados ipsi e
contralaterais do corpo do rato. Para testar essa hip6tese os animais foram
lesionados unilateralmente com injecdo de toxina 6-OHDA no feixe prosencefalico
medial e foram submetidos a uma tarefa de aprendizagem que consistia na
associagao entre o estimulo (luz) e resposta motora (entrada no brago iluminado) em
um labirinto radial de sete bragos, para receber a recompensa (glébulo de sacarose).
Os déficits sensoriais, motores e cognitivos para estimulo e resposta relacionados ao
lado contralateral a lesdo foram apresentados e discutidos em comparacao aos

prejuizos observados na doencga de Parkinson.



2. REVISAO DE LITERATURA

2.1 Doenca de Parkinson

A doenga de Parkinson foi descrita por James Parkinson em 1817, e € uma
doenca neurodegenerativa cronica e progressiva que afeta cerca de 1% da
populagdo com mais de 55 anos (DEUMENS et al, 2001); porém cerca de 3 a 4%
dos casos sao diagnosticados em pessoas com idade inferior a 40 anos e ainda,
raramente a doencga pode se manifestar em pessoas com idade inferior a 21 anos,
sendo denominada, nesse caso, parkinsonismo juvenil. (DINIS-OLIVEIRA, et al.
2006) (SCHRAG & SCHOTT, 2006). E a segunda desordem degenerativa mais
freqUente na populagéo, sendo que a mais comum € a doenca de Alzheimer (LAU &
BRETELER, 2006).

A doenca de Parkinson é diagnosticada clinicamente por apresentacao de pelo
menos dois dos seguintes sintomas: bradicinesia, rigidez muscular, tremor de
repouso, instabilidade postural e acinesia, com exclusdo de potenciais causas de
parkinsonismo secundario (LAU & BRETELER, 2006), sendo que essas sdo as
principais caracteristicas da doenca (LEWIS et al. 2005) (MORRIS & IANSEK, 1996).

E necessaria uma diminuicdo substancial de cerca de 80% nos niveis de
dopamina estriatal para que os sintomas motores se manifestem (DEUMENS et al,
2001).

Na doengca de Parkinson existe o predominio sintomatolégico unilateral,
principalmente nas fazer precoces da doenca, podendo esse predominio se
estender durante muito tempo no transcorrer da doenca, podendo chegar a 20 ou 30
anos (DJALDETTI et al, 2006).

A etiologia da doenca de Parkinson ainda é pouco compreendida, muitos fatores

tém sido associados a predisposicdo e a manifestacao da doenca, entre eles fatores



genéticos e ambientais (ERIKSEN & PETRUCELLI, 2004). Entre os fatores
genéticos, mutagdes em alguns genes como a sinucleina, parkina, UCHL1, DJ1 e
PINK1 tém sido associados a manifestacdo da doenga de Parkinson em
determinadas familias (SELLBACH, et al. 2005) (LAU & BRETELER, 2006),

Entre os fatores ambientais que tém sido relacionados a doenca estdo a
exposicdo a determinados pesticidas, herbicidas e metais pesados (LAU &
BRETELER, 2006). Alguns trabalhos, entretanto, tém proposto que o consumo de
algumas substancias apresenta uma correlagcdo inversa com a manifestacdo dos
sintomas da doenca de Parkinson, entre elas o consumo de cigarro e café; o que
necessita de mais estudos. (DINIS-OLIVEIRA, et al. 2006) (LAU & BRETELER,
2006),

A anormalidade bioquimica predominante na doenca de Parkinson & uma
diminuicdo acentuada dos niveis de dopamina no cérebro, primariamente, porém
nao exclusivamente atribuidos a perda dos neurdnios da via nigroestriatal (DAUER &
PRZEDBORKI, 2003). Essa via é composta por neurdnios dopaminérgicos que
possuem seus corpos celulares localizados na substancia negra parte compacta e
que projetam seus axdnios para o estriado (BEAR, 2002). Junto com a degeneracao
da via nigroestriatal tém-se demonstrado uma deplecdo de dopamina no cortex pré-
frontal e areas limbicas que recebem projecdes dopaminérgicas da area tegmental
ventral. Essa anormal degeneracdo das vias dopaminérgicas € acompanhada por
alteracbes das vias noradrenérgicas, serotoninérgicas e colinérgicas centrais
(DEUMENS et al, 2002; WOLTERS, 1998).

Ao lado da degeneracdo observada na via nigro-estriatal, outra predominante
caracteristica neuropatoldgica inclui a presenca dos corpusculos de Lewi, que sdo o
maior marco patolégico da Doenca de Parkinson, essas estruturas sdo agregados

protéicos intracitoplasmaticos, compostos principalmente de a sinucleina e



ubiquitina, entre outras proteinas em concentragdes menores (ERIKSEN &
PETRUCELLI, 2004).

O mecanismo molecular da DP nao é totalmente compreendido, o acumulo
desordenado das proteinas no citoplasma dos neurbnios pode ser um dos fatores
que contribuem para a morte neuronial (ERIKSEN & PETRUCELLI, 2004). Algumas
neurotoxinas utilizadas em modelos animais de Doenca de Parkinson tém ajudado
na elucidacdo do mecanismo molecular da doenca (BOVE et al, 2005); MPTP, apds
ser biotransformada em MPP+ nos astrocitos e 6-OHDA s&o captadas para o interior
do neurbnio via transportadores de dopamina; rotenona e paraquate possuem
penetracao livre através da membrana celular em neurdnios dopaminérgicos; todos
esses compostos atuam sobre o Complexo | da cadeia de elétrons, geram espécies
reativas de oxigénio (ROS) e radicais livres, desacoplamento da fosforilagcao
oxidativa e colapso do potencial da membrana da mitocondria, 0 que provoca
reducdo da concentracdo do ATP, levando assim a célula a morte (ERIKSEN &
PETRUCELLI, 2004; BLUM et al, 2001). Com isso, disfuncdo mitocondrial, estresse
oxidativo e apoptose podem ser os principais responsaveis pela injuria neuronal.
Além disso, outros fatores incluindo processo de atividade inflamatéria e eventos de
excitotoxicidade podem estar envolvidos nos mecanismos moleculares da doenca de
Parkinson. (BONIFATI & KISHORE, 2006), (ERIKSEN & PETRUCELLI, 2004).

A perda progressiva de neurbénios dopaminérgicos da substancia negra leva os
pacientes portadores da doenca de Parkinson a um declinio acentuado no que se
refere as habilidades de execucdo de tarefas motoras simples, levando-os a um
quadro de dependéncia e perda de autonomia. (ERIKSEN & PETRUCELLI, 2004)

Schrag, 2006 em sua revisdo sobre qualidade de vida e Doenca de Parkinson
descreveu que o0s escores obtidos, por portadores dessa doenca, na escala

psicométrica para avaliacdo da qualidade de vida relacionada a doengas, sao



inferiores, ndo sé no que diz respeito as habilidades motoras, mas também a
reacées emocionais, isolamento social e energia, auto-imagem, sono, funcéo sexual,
comunicacdo e funcdo cognitiva quando comparado aos escores obtidos por
pessoas da mesma idade sem patologias ou mesmo quando comparado com 0S
escores obtidos por pacientes portadores de outras doencgas cronicas como
diabettes mellitus, demonstrando o alto grau de impacto, tanto a nivel individual

quanto social que a doenca de Parkinson exerce.

2.2 Funcao Motora na Doenca de Parkinson

O circuito motor extrapiramidal compreende projecdes entre o cértex, nucleos da
base e talamo e constitui uma das cinco vias que tém a funcao de processamento de
informacdes entre 0 coértex e os nucleos da base (Alexander & Crutcher, 1990).
Impulsos provenientes de areas motoras sdo processadas pelo putamen, estrutura
que juntamente com o caudado forma o estriado. O putdmen envia informacdes
motoras através de suas projecdes para o globo palido interno e substancia negra
reticulata, que sdo as estruturas responsaveis por enviar projecdes inibitérias ao
talamo. Os nucleos da base também compreendem o globo palido externo e ndcleo

subtalamico (ver figura 1) (BORAUD, 2001).



Striatum

Figura 1: Organizagéo simplificada do circuito motor extrapiramidal que compreende associagédo do
cortex motor, nicleos da base e tadlamo. SMA: Area motora suplementar; Striatum: estriado, que é
formado pelo caudado + putamen; Thal: nlcleo motor do talamo; SN: substancia negra; GPe: Globo
Palido externo e GPi: Globo Palido interno (BORAUD, 2001)

As estruturas acima citadas organizam-se no controle motor em duas vias
chamadas de via direta e via indireta.

O cértex envia projecdes excitatdrias para o estriado, que € a principal estrutura
dos nucleos da base que recebe informacdes. O estriado envia projecdes inibitdrias
gabaérgicas tanto para o globo péalido externo quanto para o globo palido interno e
substancia negra reticulata. O globo pélido interno e substancia negra reticulata
enviam projecoes inibitérias gabaérgicas para o talamo tonicamente, 0 que exerce
um controle inibitério do movimento. Quando a via estriato-palital é ativada ha uma
liberacao da inibicdo ténica do talamo pelo globo palido interno e substancia negra
reticulata. Essa é chamada via direta e é a via responséavel pela ativacao do cortex
motor e iniciagdo do movimento.

O estriado também envia projecdes inibitérias para o globo palido externo. O
nacleo subtalamico, através de suas projecdes glutamatérgicas ao globo palido

interno e substancia negra reticulata exerce uma ativacdo tonica da inibicdo do



talamo. O globo palido externo, quando inibido através da ativacdo da via
gabaérgica proveniente do estriado libera o globo palido interno e SNr da ativacao
pelo nucleo subtalamico, liberando assim o tdlamo da inibicdo tbnica exercida pelo
GPi e SNr. Essa é a via motora indireta.

A ativacao ou inibicao das vias direta e indireta é responsavel pelo mecanismo de
controle dos movimentos, ja que a ativacao da via direta induz a ativacado motora e a
ativacao da via indireta inibe 0 movimento.

Tanto a via direta quanto a indireta estdo sujeitas a modulacao pela dopamina
liberada no estriado via projecoes dopaminérgicas nigro-estriatais. Porém, na via
direta a acao da dopamina é via receptores D1, estimulatérios; enquanto na via
indireta a acado da dopamina é via receptores D2, inibitérios. Ou seja, a dopamina
tem uma acao excitatéria na via direta € uma acéo inibitéria na via indireta (ROUSE
et al, 2000).

Na doenca de Parkinson, como ja mencionado, ocorre uma degeneracgao dos
neurbnios dopaminérgicos da Substancia Negra compacta, que liberam dopamina
no estriado. Como conseqliéncia dessa falta de dopamina no estriado ocorre uma
inibicado dos neurbnios talamocorticais, maior ativacdo da via indireta e inibicdo da
via direta, conforme demonstrado na figura abaixo (figura 2), resultando nos
sintomas motores da doenca de Parkinson tais como rigidez, bradicinesia e acinesia

(ROUSE et al, 2000; MORRIS & IANSEK, 1996).
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Figura 2: Representacdo esquematica do Circuito dos Nucleos da Base. O esquema a esquerda
representa a transmissdo normal através dos Nucleos da Base. O esquema a direita representa o
desbalango que ocorre na transmisséo através dos Nucleos da Base em pacientes com Doenga de
Parkinson. As flechas em negrito representam proje¢des inibitérias, as flechas em branco
representam projegdes excitatorias e as flechas em negrito, mais robustas, representam a atividade

relativa daquela projegao em particular, em relagao as outras (ROUSE et al, 2000).

2.3 Funcao Cognitiva na doenca de Parkinson

Além dos problemas motores que caracterizam a doenca de Parkinson, muitos
pacientes apresentam declinio cognitivo, de memaéria e de aprendizagem (DUBOIS
& PILLON, 1997) e também apresentam alteracbes de humor como depressao e
apatia (SCHRAG, 2006). Os prejuizos, mais comumente observados, sao
constatados em tarefas que envolvem fungcdes de memoria, executiva e
visuoespaciais (DUBOIS & PILLON, 1997).

Muitas dessas alteracboes estao presentes em estagios precoces da doenga de
Parkinson, antes mesmo do aparecimento dos sintomas motores (Dubois & Pillon,
1997), dentre elas é comum o surgimento de uma sindrome disexecutiva que se

apresenta na forma de alteragdes cognitivas semelhantes as observadas em
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pacientes com alteragdes no lobo frontal (DUBOIS & PILLON, 1997), onde o
paciente apresenta dificuldades relacionadas a atencao seletiva, gerenciamento de
tarefas, planejamento, codificacao, entre outras relacionadas a fungdes executivas
(ZGALJARDIC, et al. 2004; GOLDAMAN-RACKIC, 1987).

Braak et al, 2006 demonstrou existir uma correlacdo direta entre o estagio
neuropatolégico da doenca e o declinio cognitivo decorrente da doenca de
Parkinson, sendo os sintomas cognitivos agravados com o transcorrer da doenca,

assim como ocorre com 0s sintomas relacionados a fungao motora.

2.3.1 Alterac6es de Meméria na Doenca de Parkinson

Varios trabalhos tém demonstrado que pacientes parkinsonianos, quando
comparados a sujeitos controles, apresentam seu desempenho em tarefas que
envolvem memoria de habito ou procedural (SALMON & BUTTER, 1995) e memoria

operacional prejudicado (DUBOIS & PILLON, 1997).

2.3.1.1 Alteracoes de Memoria de Habito na DP

Meméria de habito, segundo Salmon & Butters, 1995, refere-se a formacao de
uma simples associacdo na qual um estimulo neutro adquire a capacidade de elicitar
uma certa resposta motora, com a fungao de obtengdo de um reforco.

O aprendizado de habito & descrito como um mecanismo inconsciente que é
adquirido gradualmente e lentamente e é independente do lobo temporal medial; o
modelo para aprendizado de habito é distinto de outros tipos de memoarias implicitas,
pois esse tipo de memoria caracteriza-se por uma associacdo automatica de um

estimulo com uma resposta comportamental (HOOD & CORKIN, 1999).
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Existem evidéncias de que a associagdo do estimulo sensorial com a
resposta comportamental é processada pelo estriado, sendo que varios trabalhos,
utilizando animais, evidenciaram a dissociagdo do sistema estriatal, do sistema
hipocampal, para aprendizado de habito (PACKARD, HIRSH & WHITE, 1989;
PACKARD & McGAUGH, 1992; WHITE & McDONALD, 2002; POLDRACK &
RODRIGUES, 2004).

No ser humano podemos identificar claramente a presenca do aprendizado de
habito dependente do estriado; ha evidéncias de déficits nesse tipo de aprendizado
em pacientes com doenca de Parkinson. Esses pacientes apresentam dificuldade na
performance em tarefas de aprendizado de habito, como por exemplo, na tarefa de
tracar desenhos através de um espelho (tracing mirror). Nessa tarefa, é solicitado ao
sujeito para desenhar uma estrela observando-a através de um espelho; em sujeitos
controles, a performance nesse tipo de tarefa melhora com o decorrer dos dias de
treino; enquanto que pacientes com DP possuem o seu aprendizado prejudicado. Na
tarefa de classificacao probabilistica ou tarefa de predicdo do tempo o sujeito é
submetido a varias tentativas para prever o tempo através da uma combinacao de
cartas com formas abstratas, apos cada tentativa, € dado um feedback da resposta;
se o individuo acertar, aparece o desenho de um rosto sorridente, se o sujeito errar,
aparece o desenho de um rosto entristecido. O sujeito controle tem sua performance
melhorada, ou seja, aumenta o nimero de acertos, no decorrer dos dias de treino;
enquanto, pacientes com DP sao incapazes de adquirir o aprendizado para esse tipo
de tarefa (KNOWLTON & SQUIRE, 1996).

Packard e McGaugh, 1992 demonstraram que ratos com lesdo no estriado
aprendem a versao espacial da tarefa no labirinto aquatico, porém nao aprendem a
tarefa com dicas visuais, que envolve o aprendizado de estimulo-resposta, para

obtengéo de um reforgo.
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Packard e McGaugh, 1996 utilizando lidocaina para inativacdo do hipocampo
e do nucleo caudado também observaram que a inativagao do hipocampo eliminava
a estratégia de lugar, porém nao tinha efeito sobre o aprendizado de resposta no
labirinto em T e vice-versa, quando havia a inativacdo do nucleo caudado havia
prejuizo no aprendizado de resposta, porém nao interferia no aprendizado de lugar.

O estriado dorsal recebe aferéncias tanto do cértex como da substancia negra
pars compacta. No caso da meméria de habito a via cértico-talamo-estriatal € usada
para produzir respostas motoras na presenca de uma informagdo sensorial
particular.

A via nigroestriatal envia projecées dopaminérgicas da substancia negra pars
compacta (SNpc) para o estriado. Muitos trabalhos tém demonstrado que a
integridade da via Nigro-estriatal & necessaria para o aprendizado estimulo-resposta
(aprendizado S-R) (DACUNHA et al, 2003; MIYOSHI et al, 2002), e que a deplecéo
da dopamina estriatal bloqueia a associacdo do estimulo com a resposta. Dessa
forma o impulso dopaminérgico para o estriado providencia o sinal reforcador para
associagao do estimulo com a resposta.

No matrissoma ha a representacido neural de estimulos sensoriais e acdes
motoras enviados respectivamente pelo cortex sensorial e cértex motor. Quando ha
coincidéncia temporal de um estimulo sensorial com uma acao motora, envolvendo
uma recompensa, ocorre a associacdo do estimulo com a resposta, através da
plasticidade neuronial entre os neurdnios representativos do estimulo com os
neurénios representativos da resposta motora.

Na situacdo em que o cortex envia informagées ao matrissoma sobre a
ocorréncia do estimulo sensorial S e da resposta motora R simultaneamente, ocorre
a liberacao de dopamina neste mesmo local, ha a formagdo da associacao S---R;

portanto a dopamina € o sinal reforgador da associagdo, conforme comentado
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anteriormente. Futuramente, ap6s nova exposicado ao estimulo S, o cértex sensorial
informara o estriado através da via corticoestriatal sobre a presenca do estimulo e a
resposta motora que esta associada, no estriado, sera interpretada. O estriado,
através de projecoes neurais, informara ao globo palido e este ultimo ao talamo que
enviara ao coértex motor primario a ordem de execucdo da resposta motora
associada ao estimulo (S) recebido (WHITE, 1997; KIMURA, 1995).

A disruptura do sistema nigroestriatal e a diminuicdo de dopamina no estriado,
que ocorrem na doenca de Parkinson, provavelmente sdo responsaveis pelos

prejuizos na aquisi¢cdo do aprendizado de tarefas de habito.

2.3.1.2. Alteracoes de Memoria Operacional na Doenca de Parkinson

Memoria Operacional ou memoria de trabalho € o termo que se refere a
associacao de dois fatores: a memoria de curta duragéo e as fungdes executivas; e
pode ser definida como a habilidade de manipular informacdées adquiridas
anteriormente e as mantidas na meméria de curta duragcdo e a capacidade de
tomada de decisbes corretas baseadas nessas informacées e em informacdes
recebidas de estimulos imediatos (GOLDMAN-RACKIC, 1987; BECKER & MORRIS,
1999).

Meméria operacional, como originalmente foi definido por Baddeley e Hitch,
consiste em trés componentes integrados: uma central executiva e dois sistemas
paralelos, um deles especializado em informacdes verbais denominado de alca
fonoldgica, envolvida em tarefas de memoéria que envolve informacdes verbais; e
outro especializado em informacdes néo-verbais, denominado compartimento visuo-

espacial (BADDELEY, 2003).



14

A central executiva pode ser considerada como sendo o sistema responsavel
pelo armazenamento da meméria de curta duracao e responsavel pelos processos
executivos, partilhando das informacbes de ambos os sistemas paralelos
(BADDELEY, 2003).

O cértex frontal medeia as fungdes cognitivas no que se refere as funcoes
executivas, que sao necessarias para otimizar a performance em tarefas complexas
que envolvem varios processos psicolégicos tais como, percepcao e selecdo de
informacdes pertinentes; manutencdo, manipulacdo e recuperacdo de informacdes
mantidas pela memoaria de trabalho “on-line”; planejamento e organizagéo voltados a
um objetivo; controle do comportamento e adaptacdo a mudancas ambientais e
tomadas de decisées (CHUDASAMA & ROBBINS, 2006).

A disfuncdo nas fungdes cognitivas-executivas que se apresenta em
pacientes com doenca de Parkinson levam a crer na existéncia de uma relacao
direta entre o funcionamento regulado dos nucleos da base e o cortex pré-frontal
(DOWNES et al, 1989; CHUDASAMA & ROBBINS, 2006).

Esses achados coincidem com a organizacao anatdémica e estrutural descrita
por Alexandre et al, 1986, onde é proposta a existéncia de uma organizacao
paralela, de cinco circuitos corticoestriatais, que sdo responsaveis pelo
processamento da informacdo cértical, pelos nucleos da base, via talamo. Esses
circuitos compreendem o circuito motor, oculomotor, dorsolateral prefrontal, lateral
orbitofrontal e anterior cingulado (ALEXANDER & CRUTCHER, 1990).

Varios trabalhos tém demonstrado que pacientes parkinsonianos apresentam
prejuizo em tarefas que envolvem memaria operacional, tanto verbal quanto visuo-
espacial, e prejuizo em tarefas que envolvem funcdes executivas (CHUDASAMA &

ROBBINS, 2006).
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Hochstadt et al, 2005 e Skeel et al, 2001 demonstraram que pacientes com
DP, quando comparados com individuos controle, apresentam comprometimento na
habilidade de compreensdo de sentencas verbais; Monetta & Pell, 2006
demonstraram existir um déficit em compreensdao de metaforas. Outros trabalhos
tém demonstrado que pacientes com DP exibem dificuldades de processamento de
linguagem e também na interpretacao de informacbes nao-verbais como expressao
facial, gestual, entre outros (Mc NAMARA & DURSO, 2003).

Muitos trabalhos também tém demonstrado prejuizo em tarefas que envolvem
memoéria de trabalho visuo-espacial em pacientes com DP (POSTLE et al, 1997).

Déficits na funcado executiva, como dificuldade em manter atencdo e em
ordenacgao temporal, dificuldade seqliencial e de planejamento, prejuizo em atencao
focada e distractibilidade, perseveranca e falta de iniciativa, também sao descritas
em pacientes com DP (BRADLEY et al, 2002; COOLS et al, 2001; OWEN et al,

1992; OWEN et al, 1993; MORRIS et al, 1988; SHARP, 1990; SHARP, 1992).

2.4 Funcao Sensorial na DP

Uma das funcdes dos nucleos da base consiste no processamento de varias
informacdes sensoriais; como por exemplo: visuais, auditivas e cutaneas; para
serem utilizadas posteriormente para guiar o movimento. Essa funcao esta de
acordo com a proposta de serem 0s nucleos da base estruturas responsaveis por
integrar regibes corticais anatomicamente separadas, mas que devem estar
funcionalmente coordenadas (ADAMOVICH et al, 2001).

De acordo com o proposto acima o0s pacientes parkinsonianos exibem
dificuldade em incorporacdo das informagdes sensoriais no planejamento motor.

Esses pacientes demonstram dificuldades relacionadas a percepcao do espaco,
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como, por exemplo, relatam a sua dificuldade na locomogcdo em ambientes
familiares, muitas vezes se chocando contra as portas e mobilias presentes no local;
também relatam dificuldade para estimar relacdes espaciais entre objetos e
demonstram alteragdes posturais como instabilidade postural e dificuldades em fazer

curvas (DAVIDSDOTTIR et al, 2005).

2.5 Tratamento da Doenca de Parkinson

Nenhum dos tratamentos utilizados na doenca de Parkinson tem a
capacidade de alterar o curso progressivo da doenca, nem de regenerar ou restaurar
a morte neuronal. Porém, desde a descoberta do déficit da dopamina presente na
doenca de Parkinson, e a introducdao da levodopa houve uma revolugcdo no
tratamento dessa doenca neuroldgica (LANG & OBESO, 2004).

Os primeiros farmacos utilizados para o tratamento dos sintomas da doenca
de Parkinson, que sao utilizados até hoje, e que sao efetivos principalmente no
controle dos tremores, sdo o0s agentes anticolinérgicos, tais como o biperideno,
triexifenidil, prociclidina, benztropina, difenidramina, orfenadrina, porém essas
drogas nao possuem muita eficacia no controle dos outros sintomas motores.

A terapia com levodopa € a que oferece o melhor controle sintomético da DP,
e tem sido utilizada a mais de trinta anos na clinica, entretanto a cada ano de
tratamento com essa droga cerca de 10% dos pacientes desenvolvem complicacdes
motoras como discinesias e flutuacbes motoras, estas Ultimas conhecidas com
fendbmeno on-off (STOCCHI, 2003). A levodopa € um precursor da dopamina, e &
administrada junto com um inibidor da dopa-descarboxilase periférica; no SNC ela é
biotransformada em dopamina, repondo assim o conteldo de dopamina cerebral

(LANG & OBESO, 2004).
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QOutra classe de medicamento, que tem sido utilizada, € a dos agonistas
dopaminérgicos, tanto D1 quanto D2; os agonistas nao seletivos, que ativam tanto
D1 quanto D2 como a bromocriptina, pergolide e apomorfina sao utilizados
clinicamente para o controle das flutuagbes motoras. Ja os agonistas seletivos D2,
como cabergolina, lisuride, pramipexol e ropirinol, sdo utilizados nos estagios
precoces da DP, para prevencao e no controle das flutuacées motoras (STOCCHI,
2003; LANG & OBESO, 2004).

As drogas selegilina e rasagilina, que possuem seu mecanismo de acao
através da inibicdo da enzima monoamino oxidase B, tém sido utilizada na clinica
por pacientes que se encontram nos estagios precoces da doenca e também para o
controle das flutuacées motoras (STOCCHI, 2003); além disso, possuem um efeito
neuroprotetor, ainda nao comprovado clinicamente (MILLER, 2002; LANG &
OBESO, 2004).

Outra classe de inibidores enziméaticos, tolcapone e entocapone, que inibem a
enzima catecol-orto-metiltransferase, e prolongam a meia vida da levodopa tem sido
utilizada na clinica para o controle das flutuacdes motoras associadas ao uso de
levodopa (LANG & OBESO, 2004).

Amantadina, um reconhecido antagonista de receptores NMDA, também tem
sido utilizada nos estagios precoces da DP para tratamento dos sintomas iniciais e
também para tratamento das discinesias (MILLER, 2002).

Outra forma de tratamento é o cirdrgico, entre as técnicas mais utilizadas
mundialmente estdo: a talamotomia, palidotomia, a estimulacdo talamica e a

estimulacao subtalamica ou palidal (SCHULZ & GRANT, 2000).
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2.6 Modelo animal da Doenca de Parkinson (Modelo da 6- OHDA)

Varios modelos experimentais animais tém sido utilizados para o estudo da
doenca de Parkinson (BOVE et al, 2005). Entre eles estdo aqueles que,
farmacologicamente, induzem disturbios funcionais na neurotransmisséo
dopaminérgica, como o modelo da reserpina, a inducdo de catalepsia por
neurolépticos e inducdo de acinesia e bradicinesia pelo haloperidol. E ainda os que
induzem, experimentalmente, a degeneracdo de neurbnios dopaminérgicos da via
nigro-estriatal como o modelo do MPTP, o modelo do Ferro Ill, o modelo da rotenona
e 0 modelo da 6-OHDA (GERLACH & RIEDER, 1996).

O modelo da 6-OHDA tem sido amplamente utilizado nos estudos dos
aspectos fisiopatolégicos e farmacoldgicos da doenca de Parkinson (DEUMENS et
al, 2002).

A 6-OHDA é uma neurotoxina que possui uma estrutura analoga a das
catecolaminas (ver figura 3) (BOVE et al, 2005). O mecanismo de acdo da 6-OHDA
se deve a sua captacao que ocorre pelos neurbnios catecolaminérgicos, através dos
transportadores de catecolaminas para dentro dos neurénios, onde a substancia &

acumulada como um falso neurotransmissor (SCHWARTING & HUSTON, 1996).
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Figura 3: Semelhanc¢a entre as estruturas das catecolaminas e da 6-OHDA

Sendo um composto muito eletroativo, a 6-OHDA ¢é rapidamente oxidada,
levando a producado de varios compostos neurotdxicos, como radicais livres, que

danificam o neurénio por afetar proteinas, lipidios de membrana e DNA. Para evitar
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que a 6-OHDA seja metabolizada antes de ser captada para dentro do neurbnio é
adicionado antioxidante (acido ascérbico 0.02-0.2%) ao veiculo.

A administracao sistémica de 6-OHDA nao é capaz de produzir destruicéo
dos neurdnios do mesencéfalo, ja que esse composto € incapaz de atravessar a
barreira hematoencefalica (BOVE et al, 2005). Entretanto, a administracdo de
pequenas doses diretamente nas estruturas cerebrais é capaz de destruir
seletivamente neurbnios catecolaminérgicos. Isso resulta em deplecao de dopamina,
noradrenalina e adrenalina nas regides cerebrais afetadas (SWARTING & HUSTON,
1996). Ocorre, ainda, diminuicdo no numero de sitios de recaptacao de
catecolaminas, reducédo nos niveis de metabdlitos das catecolaminas, e diminuicao
dos neur6nios imunorreativos para a enzima tirosina hidroxilase (SWARTING &
HUSTON, 1996). Uma simultanea aplicacdo de um inibidor de alta especificidade da
recaptacdo de noradrenalina, como a desipramina, faz com que a 6-OHDA seja
prejudicial apenas a neurénios dopaminérgico (BOVE et al, 2005; DEUMENS et al,
2002)

Apds lesdo unilateral da substancia negra pars compacta com 6-OHDA, ha
morte macica de neurbnios dopaminérgicos (KONDO, 2004). Animais com essa
lesdo mostram comportamento motor assimétrico seguido a administragdo de
agonista de receptor dopaminérgico, L-Dopa e drogas que estimulam a liberacdo da
dopamina. Com o uso dessas drogas o animal adquire uma distinta assimetria no
corpo e um caracteristico comportamento rotatério, que pode ser quantificado
através de testes rotacionais. L-DOPA e agonistas diretos de receptor
dopaminérgico levam a rotacao contralateral (rotacdo para o lado onde a substancia
negra nao foi lesada (ver figura 4). Substancias que liberam a dopamina como
anfetamina e amantadina leva a rotagéo ipsilateral, rotagdo para o lado lesado da

substancia negra (SCHWARTING & HUSTON, 1996).
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A inducdo do movimento de rotacdo contralateral, apdés administragcdo de
apomorfina, reflete o forte impacto que a destruicdo da substancia negra pars
compacta tem na inducdo da supersensibilizacdo pds-sinaptica que ocorre nos
receptores dopaminérgicos do estriado ipsilateral (UNGERSTEDT, 1971; KONDO,
2004). Esse teste tem sido usado por muitos pesquisadores como teste screening
para selecionar os animais com lesdo macica dos neurdnios dopaminérgicos
(SCHWARTING & HUSTON, 1996); além de ser um modelo muito utilizado para

screening de drogas potencialmente anti-parkinsonianos (DEUMENS et al, 2002).

Figura 4: Rato com lesdo na SNpc por 6-OHDA, sob injecao de Apomorfina exibe rotacao

contralateral a lesao.

Ratos tratados com 6-OHDA constituem um excelente modelo da doenca de
Parkinson (DEUMENS et al, 2002). O modelo da 6-OHDA para Doenca de
Parkinson tem sido usado para varios estudos comportamentais. Alguns trabalhos
tém demonstrado que a lesdo com 6-OHDA pode prover um bom modelo para o
estagio pré-sintomatico da doenca, em que se evidenciam déficits cognitivos, de
membéria e aprendizado (OGURA et al, 2005; FERRO et al, 2005).

Muitos aspectos observados em ratos pré-tratados com 6-OHDA possuem

uma correlacdo direta com o0s observados em pacientes parkinsonianos, como por
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exemplo, a destruicdo da via nigroestriatal pela 6-OHDA, o que causa severa
deficiéncia neuroldgica, acinesias e prejuizo sensorial (SCHWART & HUSTON,
1996). Além disso, muitos dos efeitos da 6-OHDA podem ser revertidos
temporariamente com o uso de agonistas dopaminérgicos (ZIGMON et al., 2002).
Truong et al, 2006 demonstrou, em ratos com lesdo unilateral induzida por
administracao de 6-OHDA em varias concentracoes no feixe prosencefalico medial,
alteracbes posturais com viés corporal e da cabeca ipsilaterais, déficits
sensoriomotores e anormalidades atencionais que podem ser correlacionados com

sintomas apresentados por pacientes com DP nas fases precoces da doenca.

2.7 Labirinto Radial

O labirinto radial de oito bracos é especifico para o estudo de meméria e
aprendizado e tem sido utilizado em diversos protocolos. Ele foi elaborado por David
Olton e colaboradores (OLTON et al, 1972), na Universidade Johns Hopkins. Esse
aparato consiste de bracos ou corredores que se irradiam de uma plataforma central,

conforme Figura 5 (BEAR, 2002).

Figura 5: Labirinto radial de Olton
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Um dos estudos mais relevantes de meméria e aprendizado, com ratos,
utilizando-se do labirinto radial de oito bracgos, foi realizado por Packard, em 1989.
Nesse estudo, Packard utilizou-se do aparato em duas versdes. Na versao win-shift,
os ratos obtinham a comida visitando cada brago do labirinto apenas uma vez. Cada
entrada no braco ja visitado era computada como um erro. Essa versao é utilizada
para avaliar a memoéria referencial ou declarativa em ratos. Na versdo win-stay,
quatro dos oito bragos eram iluminados, € apenas esses bragos continham
recompensa. Nessa versdo, o rato aprendia a discriminar visualmente o braco do
qual ele deve se aproximar. Essa versao envolve a aquisicdo de memoaria de habito,

ou aprendizado do tipo estimulo-resposta (S-R).

2.8 O processamento da visao em relacao ao campo visual:

O processamento da visao € algo tdo notavel que cerca de metade do cortex
cerebral humano esta envolvido nessa tarefa.

Tudo o que enxergamos esta associado a energia luminosa que emana dos
objetos e seres. O olho, entdo, é o érgdo especializado para detectar, localizar e
analisar a luz.

A retina contém fotorreceptores especializados na conversdao de energia
luminosa em atividade neural. O restante do olho atua formando imagens nitidas do
mundo sobre a estrutura da retina. Os axdnios da retina se unem em nervos 6pticos
que distribuem a informacdo visual, na forma de potenciais de acdo a diversas
estruturas encefdlicas que realizam varias fungoes.

A primeira estagcao sinaptica na via que serve para que a percepcao ocorra é
um grupo celular do talamo dorsal, chamado nucleo geniculado lateral (NGL), do

qual a informacgao ascende ao cortex cerebral, onde sera interpretada e lembrada.
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A via que sai do olho, a comecar pelo nervo 6ptico, € denominada projecéao
retinofugal. Os ax6nios das células ganglionares que partem da retina passam por
trés estruturas antes de estabelecer em suas sinapses no tronco enceféalico: o nervo
optico, 0 quiasma Optico e o tracto éptico. Os nervos Opticos de ambos os olhos se
unem na base do encéfalo para formar o quiasma 6ptico. No quiasma Optico, os
ax6nios que se originam nas por¢cdes nasais das retinas, cruzam de um lado para
outro. Ap6s a decussacao parcial no quiasma Optico, os axbnios das projecdes
retinofugais formam os tractos épticos, que passam logo abaixo da pia-mater ao
longo das superficies laterais do diencéfalo.

Existem células ganglionares em ambas as retinas que respondem a
estimulos visuais, tanto do hemicampo visual esquerdo como a estimulos do
hemicampo visual direito. As células ganglionares nasais (retina nasal) do olho
esquerdo respondem a estimulos visuais localizados no hemicampo visual esquerdo;
a retina nasal do olho direito responde a estimulos localizados no hemicampo visual
direito. Ja, a retina temporal do olho esquerdo responde a estimulos visuais que
estdo no campo visual direito e vice-versa. Uma vez que ocorre a decussacao
parcial das fibras da porcao nasal da retina no quiasma éptico, toda informacao a
respeito do hemicampo visual esquerdo sera processada pelo hemisfério direito do
cérebro e toda informacéo a respeito do hemicampo visual direito serd processada
pelo hemisfério esquerdo do cérebro (ver figura 6) (BEAR, 2004).

Assim como em humanos, nos ratos, o processamento visual também ocorre
contralateralmente, ou seja, a visdo do hemicampo direito é processada pelo lado
esquerdo do cérebro, e a do hemicampo esquerdo € processada pelo lado direito do

cérebro (SEFTON & DREHER, 2004).
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Figura 6: Desenho esquematico do processamento visual, levando-se em conta o hemi-campo.
Estimulos visuais localizados no hemicampo visual esquerdo (em vermelho) sdo processadas no lado
direito do cérebro e estimulos visuais localizados no hemicampo visual direito (azul), sdo processados
no lado direito do cérebro; Observar a decussagado ocorrida no quiasma 6éptico dos axénios dos
neurbnios da retina nasal tanto direita como esquerda. (BEAR, 2002).

3. OBJETIVO

O objetivo do estudo foi verificar se ratos com lesdo unilateral na substancia
negra, parte compacta, apresentam aprendizado estimulo-resposta diferente,
quando o estimulo é apresentado nos campos visuais esquerdo ou direito.
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ABSTRACT

Parkinson’s disease patients are known to present sensory, motor, and cognitive
impairments, most of them due to the degeneration of the dopaminergic neurons of
the substantia nigra that projects to the striatum. Previous studies reported that rats
with partial bilateral lesions of the SNpc present habit learning and visuospatial
working memory impairments but do not present gross motor abnormalities. In the
present study, rats with almost total loss of the left or right substantia nigra pars
compacta (SNpc-L or SNpc-R, respectively) induced by 6-hydroxidopamine were
tested in the 7-arm radial maze task. In this task the animals are left in one of the
arms to run to a lighted arm in order to find a food reward. Both SNpc-L and SNpc-R
rats presented poor scores in habit learning and in a working memory test of this
task, compared to sham-operated animals. They also presented a bias to enter the
central arena of the maze making a turn to the side of the lesion. When the lighted
arm was located on the side of the arena that was opposite to the animals’ lesion,
they tended to make turns that corrected the direction of their paths to the side of the
lighted arm. Most times that the SNpc-L rats faced a lighted arm located to their right
side, they chose to enter an unlighted arm located two arms to the left of the lighted
one. The symmetrically opposite bias was observed for the SNpc-R facing a lighted
arm located to their left side. These results suggest that the 7-arm radial maze task is
sensible to measure possible motor and/or sensory perceptual abnormalities as well
as habit and working memory deficits observed in these hemilesioned SNpc rats and
that it possibly models similar abnormalities that occur in Parkinson’s disease

patients.



27

1. INTRODUCTION:

Parkinson’s disease (PD) is a debilitating neurological condition that affects
aproximately 1% of the people over 55 years of age (DEUMENS et al, 2001); It is the
second most common neurodegenerative disorder after Alzheimer’s disease (LAU &
BRETELER, 2006). In addition to motor impairments, cognitive (BRAAK, et al. 2006;
BROW etal, 1997; NIEOULLON,2002; DUBBOIS & PILLON,1996.), sensory, and
perceptual (JONES & DONALDSON, 1995; BARRET, et al, 2001; LAATU, etal, 2004;
BROWN etal ,1997) deficits are seen in many (PD) patients. The cognitive deficits
include visuospatial working memory and other executive functions
(DUBBOIS&PILLON, 1997, WOLTERS, 1998, LEBRAS et al, 1999), and habit
learning (KNOLTOWN & SQUIRE, 1996; THOMAS et al, 1996; PASCUAL-LEONE et
al, 2004)

The most prominent functional abnormality in PD is a huge depletion of striatal
dopamine due to loss of dopaminergic neurons of the substantia nigra pars compacta
(SNpc) (DAUER & PRZDSBORSK, 2003; WOLTERS, 1998). The SNpc and the
striatum are part of a complex loop between the cerebral cortex and basal ganglia.
The role of the basal ganglia motor functions is well known (ALEXANDER &
CRUTCHER, 1990; DELONG, 1990; TURNER & ANDERSON, 1997). More recently
many studies have shown that the basal ganglia are also involved in cognitive
functions (TAKAKUSAKI, et al, 2004, WOLTERS, 1998; MIDDLETON & STRICK,
2000; PACKARD & KNOWLTON, 2002; GRAYBIEL, 1998; WHITE, 1997).

Habit learning is described as an unconscious mechanism that is acquired
gradually and slowly, independent of the medial temporal lobe. Habit learning refers
to the increase in the likelihood that an specific behavioural (motor) is performed in

response to a stimulus that signal a reward (HOOD & CORKIN, 1999; SALMON &
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BUTTERS, 1995). There is evidence that this association is mediated by the striatum
(McDONALD & WHITE, 1993; PACKARD, HIRSCH & WHITE, 1989; KNOWLTON &
SQUIRE, 1996; ATALLAH et al, 2006).

Previous studies have shown the rats with partial and bilateral lesions in the
SNpc are impaired to learn some habit task as well as other visuospatial working
memory tasks. (Da CUNHA et al, 2001; MIYOSHI et al, 2004; BELLISSIMO et al,
2004; BRAGA et al, 2004).

The aim of the present study is to test whether a unilateral and complete lesion
of the SNpc impairs rats (habit) learning of the association of a stimulus presented in
its contralateral visual field to the response to approach to it in order to receive a
reward. In order to test this hypothesis, rats with unilateral lesions induced by the
infusion of 6-OHDA into the left or right SNpc (SNpc-L or SNpc-R, respectively) were
tested in the 7-arms radial maze task. This test allows to scores the mistakes
committed by the animals to enter a right or left arm when it is lighted (rewarded)

and, at the same time, to score perceptual and motor bias.

2. MATERIALS AND METHODS:

2.1. Animals

Adult male Wistar rats, weighing 280-310 g or our own breeding stock were
used in this study. The animals were maintained in a temperature controlled room (22
+ 2 ° C), with light/dark cycle of 12 hours (lights on at 7 a.m.), water and food ad
libitum until one week before the training beginning. After this period, they were kept
isolated (one per cage) and with food restriction (explained further below) and free
access to water. All experiments were conducted during the morning time, between 7

and 12 a.m.
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2.2. Surgery

The animals were divided in three groups: sham-operated (N=11), SNpc-L
(N=12), and SNpc-R (N=10). All of them were given desipramine (25 mg/Kg, i.p.)
solved in water 20 minutes before the surgery. Atropine (0,4 mg/Kg, i.p.) sulfate was
also administered and the anaesthesia was performed with equitesin (3 ml/Kg, i.p.;
1% thiopental; 4,25% cloral hydrate; 2,13% magnesium sulfate; 42,8%
propilenoglycol and 3,7% ethanol solved in water). 6-OHDA (Sigma, 8 ug solved in
1ul of liquor + ascorbic acid 0,2% solution) was infunded directly at the medial
prosencefalic bundle of the rats at 0,25 ml/minute following the adaptaded
coordinates of Paxinos and Watson Atlas (1986): anteroposterior (AP): -1,9mm from
the bregma; mediolateral (ML): -1,9 mm from the midline; — dorsoventral (DV): -
7,9mm from the skull. Sham operated animals were submitted to the same
procedure, but the needle was not lowered to the SNpc.

In order to assess the efficacy of the SNpc lesion, seven days after surgery
the turning behaviour of the animals was tested after they were challenged with 0,1
mg/kg apomorphine (s.c.). The animals were placed in a small circular arena, 25 cm
in diameter and 28 cm in height and observed for 1 h. The animals that presented

less than 50 contraversive turns were discarded.

2.3. Food restriction
Food restriction started 2 weeks after surgery and was maintained until the

end of the experiment to keep the animals with 85-90% of their initial weight.

2.4. Apparatus
A sketch of the 7-arm radial maze is shown in Fig. 1. It was made of

transparent acrylic and is similar to the Olton 8-arm radial maze (OLTON et al, 1979),
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except that one of the arms was used as the entrance arm and the opposite arm was
removed. The arms are linked to a central arena. Therefore, when a rat leaves the
entrance arm to enter the central arena it may choose to enter one of the 3 arms to
its left or one of the other 3 arms to its right side. Each arm is 47 cm long, 10 cm
wide, and 18 cm heigh. The central arena is 45 cm diameter and 30 cm high, All of
the walls of the maze arms are transparent, except for the entrance arm which walls
were covered with white paper. The transparent acrylic guillotine-like sliding doors
that separate the arms from the central arena could be individually operated by the
experimenter. At the end of each arm, except the entrance one, there was a 1 cm in
diameter round hole where a reward (a 45,5 mg sucrose pellet) could be placed.
White light bulb were fixed at the entrance and at the end of each of the 6 arms. The

lights on each arm could be individually operated by the experimenter.

Entrance arm

Fig. 1. The 7-arm radial maze.



31

2.5 The 7-arm radial maze task

Three weeks after surgery the animals were submitted to the habituation
sessions, in which they were placed at the end of the entrance door and allowed to
explore the maze freely. During these habituation sessions the lights in all the 6 arms
were kept on. Also there was a sucrose pellet in each of the 6 arms of the maze and
they were replaced each time the rat consumed them and left that arm. The rats
were submitted to one habituation session per day until they collected 18 sucrose
pellets in less than 30 seconds.

The 7-arm radial maze task training sessions started the day after each rat
achieved the criterion of colleting 18 sucrose pellets in less than 30 s in three
habituation session.

A training session consisted of consecutive trials to find the reward (lighted)
arm. On each trial the rat was placed at the end of the entrance arm and left to run to
the central arena and choose to enter an open arm.

Just after that, the door of this arm was closed, the animal was left there for
10 s and then it was placed again on the entrance arm to start another trial. On the
first trial of the session, only the 3 left or the 3 right doors were open and only one of
them was lighted and baited with the sucrose pellet. The doors of the arms on the
opposite side remained closed. If the rat chose to enter the lighted arm, on the next
trial, only the other 3 doors of the opposite site were opened. If the rat did not
choose to enter the lighted arm it was scored as an error and, in the next trial, the
doors of the same 3 arms were kept open, and, the same arm was kept lighted. If the
rat choose to enter the lighted arm or if it kept choosing to enter an unlighted arm for
3 consecutive trials, on the next trial the doors of the unlighted arms were closed so
that, it could choose only the arm that contained the reward. After the rat had entered

a lighted arm of one side, the light bulb fixed on the end of the arm was turned on.
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On the next trial only the 3 arms of the opposite side will be open, one of them lighted
and baited with a sucrose pellet. On each session the rats were given the number of
trials necessary for them to be rewarded once in each of the 6 arms.

The rats were given one training session per day until their scores had not
improve for 3 consecutive days. On the next day they were submitted to a habit
learning test. This was similar to a training session, except that the rats were given
the number of trials necessary for them to be rewarded 4 times in each of the 6 arms.

On the next day the animals were submitted to a working memory test that
was similar to the habit learning test except for two alterations: 1) The light bulb at the
entrance of the baited arm was turned off just after the rat put its nose into the central
arena; 2) All the 3 doors of the arms where the reward could be found remained
always open. In order to find the sucrose reward the rat had to keep into its working
memory the location of the arm that was lighted when it entered the central arena.

The behaviour of the animals in the maze were video-taped and the following
parameters were scored: number of errors (entrances in an unlighted arm). On the
test session it was also scored: the number of times the animals left the entrance arm
to the left and to right sides of the arena; the number of times the animal made a turn
in order to correct its path and enter the arm of choice; whenever the rats chose to
enter an unlighted arm it was registered how far — how many arms to the left or to the
right the chosen arm was from the lighted arm. The deviations to the left were scored

as negative values and those to the right as positive ones.

2.6 Tyrosine Hydroxylase immunohistochemistry
After the behavioral tests, the animals were killed by decapitation and their
dorsal striata were removed for the determination of dopamine concentration (see

below). The posterior part of the rat brain was preserved in formalin for 1 week and
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placed in 20% sucrose formalin 48 h before sectioning. Four series of 30-um thick
sections were cut with a sliding microtome on the frontal plane and collected from the
caudal diencephalon to the caudal midbrain. The sections were immunostained with
a monoclonal antibody against TH (diluted 1:5000). The antigen-antibody complex
was localized with an ABC Elite kit. Slides were then dehydrated and coverslipped

with DPX.

2.7 Determination of dopamine and its metabolites by HPLC-electrochemical
detection

Endogenous levels of dopamine, 3,4-dihydroxyphenylacetic acid (DOPAC),
and homovanillic acid (HVA) were assayed by reverse-phase HPLC with
electrochemical detection. The system consisted of a Synergi Fusion-RP C-18
reverse-phase column (150 x 4.6 mm i.d., 4-um particle size), an L-ECD-6A
electrochemical detector (Shimadzu), and an LC-10AD pump (Shimadzu). The
column was maintained inside a temperature-controlled oven (30°C, Shimadzu). The
oxidation potential was fixed at + 0.80 V using an Ag/AgCl working electrode. The
tissue samples were homogenized with a Vibra-Cell ultrasonic cell disrupter (Sonics,
Newtown, CT, USA) in 0.1 M perchloric acid. After centrifugation at 15,000 x g for 30
min, 20 pl of the supernatant was injected into the chromatograph. The mobile
phase, used at a flow rate of 1 ml/min, had the following composition: 15.7 g citric
acid, 471.5 ml HPLC-grade water, 78 mg heptanesulfonic acid, 20 ml acetonitrile,
and 10 ml tetrahydrofuran, pH 3.0. The peak areas of the external standards were

used to quantify the sample peaks.

2.8 Materials
The drugs and other chemical compounds used in these experiments were

purchased from the following sources: chloral hydrate (Reagen, Rio de Janeiro,
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Brazil), ethanol, methanol and perchloric acid (all from Merck, Darmstadt, Germany),
penicillin G-procaine (Bristol-Myers Squibb, New York, NY, USA), magnesium
sulfate, ascorbic acid and propylene glycol (all from Synth, Sdo Paulo, Brazil),
sodium thiopental (Abbott Laboratories, Abbott Park, IL, USA), and atropine sulfate,
acetaldehyde, amphetamine, apomorphine, citric acid, dopamine, desipramine,
DOPAC, EDTA, HVA, MPTP HCI, heptanesulfonic acid and 6-OHDA (all from Sigma
Chemical Co., St. Louis, MO, USA). The monoclonal antibody against TH raised in
mice was purchased from Incstar Corp. (Stillwater, MN, USA), and the ABC Elite kit
to localize the antigen-antibody complex was purchased from Vector Laboratories
(Burlingame, CA, USA). The C-18 reverse-phase columns were purchased from

Phenomenex (Torrance, CA, USA).

2.9 Statistical Analysis
All results are presented as the mean + SEM. Differences among groups were
analyzed by one or two-way ANOVA, followed by the Newman Keuls test.

Differences were considered to be statistically significant when p < 0.05.

3. RESULTS:

3.1. Evaluation of the hemi-lesion of the SNpc induced by 6-OHDA
Fig. 2 illustrates that the hemilesioned rats presented an almost complete
loss of the dopaminergic neurons in the side of the SNpc in which the 6-OHDA

solution was infused.
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Fig. 2. Representative bright-field photomicrographs of tyrosine hydroxylase-immunostained sections
illustrating the presence of unilateral 6-OHDA dopaminergic cell lesions on the left side of the brain.
MM = medial mammillary nucleus; SNpc = substantia nigra pars compacta; SNpr = substantia nigra
pars reticulata; VTA = ventral tegmental area. Scale bars: 500 pm.

The hemi-lesion of the SNpc with 6-OHDA caused significant depletion of
dopamine and its metabolites in the ipsilateral striatum, as can be seen in Fig. 3. A
two-way ANOVA showed a significant effect for the factor lesion (F(2,20) = 27.4,
p<0.001) but not for the factor side of the striatum (F(1,20) = 1.97, p = 0.17. This
analysis also found a significant interaction between these two factors (F(1,20) =
145.46, p < 0.001). The analysis of DOPAC measures showed significant effects for
the factor lesion (F(2,20) = 22.74, p<0.001), for the factor side of the striatum (F(1,20)
= 4.83, p<0.05 and for the interaction between these two factors (F(1,20) = 84.79, p <
0.001). The analysis of HVA measures showed significant effects for the factor lesion
(F(2,20) = 61.8, p<0.001), for the factor side of the striatum (F(1,20) = 5.99, p<0.05
and for the interaction between these two factors (F(1,20) = 207.00, p < 0.001). Note
that the levels of dopamine and its metabolites in the non-lesioned of the SNpc-L
side are slightly higher compared to non-lesioned side of the SNpc-R rats (see Fig. 3

for details).
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Fig. 3. Effect of the administration unilateral of 8 umol 6-OHDA into the MFB on. Bars represent
striatal DA (fig 3A), HVA (fig 3B) and DOPAC (fig 3C) concentration expressed as ng/g wet tissue
(means + SEM). * p < 0.05 compared to sham. # p<0.05 compared to the left striatum of the same
rats; + p<0.05 compared to the right striatum of the SNpc-R rats. Newman-Keuls test after two-way

ANOVA.
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The contraversive turning behaviour of SNpc challeged with apomorphine was
also suggestive that the 6-OHDA treatement caused an almost total hemidepletion of
striatal dopamine as can be seen in Fig. 4. It was performed two separate one-way
ANOVA for the number of turns made by the animals to the righ (F(2,30)=43.39,

p<0.001) and left (F(2,30)=59.04,p<0.001)
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Fig. 4. Turning behaviour of SNpc unilaterally lesioned rats. Bars represent the means + SEM of turns
directed to the right (positive values) or to the left (negative values) side, scored for 1 h after the rats
were challenged with a s.c. injection of 0.1 mg/kg apomorphine. * p<0.05 compared to the sham

group. Newman-Keuls test after one-way ANOVA.

3.2 Learning of the 7-arm radial maze task

SNpc rats presented a slower learning of the 7-arm radial maze task
compared to control animal as can be seen in Fig. 5. A two-way ANOVA showed
significant effects for lesion factor (F(2,30) = 19.97, p < 0.001) and day factor
(F(17,510) = 46,36, p < 0.001). A Newman-Keuls post-hoc analysis showed
significant differences among the learning curves of sham, SNpc-L, and SNpc-R
groups (p < 0.05). The scores of the SNpc-R were even worse than the scores of the

SNpc-L rats (see details in Fig. 5).
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Fig. 5. Effect of unilateral lesion of the SNpc on learning of the 7-arm radial maze task. Data

represents the mean total number of errors + SEM.

These deficits of SNpc rats are more evident in the results presented in Fig. 6
where a two-way ANOVA showed a significant effect of the lesion factor (F(2,60) =
10.22, p < 0.001). However, both SNpc-L and SNpc-R rats seemed to be equally
impaired to perform this test. The difference between the number of errors committed
by rats of both groups were not significantly different, independent of the side the
visual stimulus were presented (lighted arm): side of the stimulus factor (F(1,60) =

1.22, p = 0.27).
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Fig. 6. Effect of the unilateral lesion of the SNpc on the test of habit learning performed after extensive
training in the 7-arm radial maze task. Bars represent the mean number of errors + SEM, scored when
aright (R) or a left (L) arm of the maze was lighthed. * p<0.05 compared to sham. Newman-Keuls test
after two-way ANOVA.

As can be seen in Fig. 7. similar impairments were observed for the scores of
these rats in the working memory test: lesion factor (F(2,60) = 29.11, p < 0.001); side

of the stimulus factor, (F(1,60) =1.72, p = 0.19).



40

20+ E=3 Sham
* B SNpc-L
T =3 SNpc-R
* *
15+
@ T
e
@
o 10-
@
Q2
£
=]
=
5
0
Stimulus L R

Fig. 7. Working memory of SNpc unilaterally lesioned rats tested in the 7-arm radial maze task. The
protocol of this test was the same used to test habit learning, except that the light of the baited arm
was turned off when the rats entered the central arena. Bars represent the mean number of errors +
SEM, scored when the stimulus was presented in the right (R) or in the left (L) arms of the maze. *

p<0.05 compared to the sham group. Newman-Keuls test after two-way ANOVA.

Turning behaviour the SNpc unilaterally lesioned undrugged rats were not as
evident as after an apomorphine challenge (Fig. 4). However they presented a
significant preference to leave the main arm and enter the central arena headed to
the same side of the SNpc lesion, as can be seen in Figure 8: Number of exits to the
left side: (F(2,30) = 211.51,p<0.001) of exits to the right side: (F(2,30)

=226.96,p<0.001); one way ANOVA.
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Fig. 8. Number of times that the rats with unilateral lesion of the SNpc have chosen to go left (L) or
right (R) when they leave the main arm to enter the central arena of the 7-arm radial maze in the day
of the habit test. Bars represent the mean number of choices + SEM. Newman-Keuls test after two-
way ANOVA.

After extensive training in the 7-arm radial maze task, many SNpc
unilaterally lesioned rats usually corrected their path when they did not enter the
central arena headed to the lighted arm. A typical path of a SNpc-L rat is drawn in
Fig. 9A. Numerical data can be seen in Fig. 9B . A two-way ANOVA showed a
significant effects for the factor lesion (F(2,60) = 60.2, p<0.001) and interaction lesion
versus side of the stimulus (F(2,60) = 65.90, p<0.001). A Newman Keuls post-hoc
analysis showed that the SNpc rats made significantly more corrections in the trials in
which the lighted arm was located in the side of the maze that was opposite to side of

its lesion.
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Fig.9. After extensive training in the 7-arm radial maze task, many SNpc unilaterally lesioned rats
usually corrected their path when they did not enter the central arena headed to the lighted arm. A
typical path of a SNpc-L rat is drawn in A. The bars in B represent the mean number of corrections
(turns) + SEM made by these rats before choosing to enter an arm, scored when the stimulus was
presented in the right (R) or in the left (L) arms of the maze. * p<0.05 compared to the sham group. #
p<0.05 compared to the same group in the opposite side. +p<0.05 compared to the SNpc-R in the

opposite side. Newman-Keuls test after two-way ANOVA.
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As can be seen in Fig. 10, when the SNpc rats did not enter the lighted arm,
they did not choose to enter an unlighted arm randomly. A two-way ANOVA followed
by the Newman Keuls test showed that when the lighted arm was located in the left
side, the SNpc-L rats chose to enter significantly more times into the second arm
located right to the lighted arm. Conversely, when the lighted arm was located in the
right side, the SNpc-R rats chose to enter significantly more times into the second
arm located left to the lighted arm: lesion factor: (F(2,60) = 645.94, p<0.001) , fator
side where the stimuls were presented: (F(1,60) = 385.31, p<0.001); interaction

lesion versus side of the stimulus: (F(2,60) = 74.63, p<0.001).
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Fig.10. SNpc unilaterally lesioned rats have usually chosen to enter an arm that was n arms
left (scored as a positive number) or n arms right (scored as a negative number) far from the lighted
arm. In this graphic the bars represent means + SEM deviation (n) scored during the habit test. *
p<0.05 compared to sham. # p < 0.05 compared to the same group when the a left arm lighted arm

was lighted. + p<0.05 compared to the other group in the same side.
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4. Discussion:

The present study aimed to test whether the right and left SNpc played a role
in habit learning. The results presented above showing that, even after extensive
training, both SNpc-L and SNpc-R rats presented poor scores in the habit learning
test of the 7-arms radial maze task suggest that this hypothesis is true. This finding is
in agreement with previous studies that reported that rats with a partial and bilateral
lesions in the SNpc were impaired to learn other habit learning tasks, such as the
cued version of the Morris water maze (Da CUNHA et al, 2003), and the two-way
active avoidance (Da CUNHA et al, 2001). Habit learning deficit was also reported in
mice and monkeys models of PD, was well as in PD patients (HOOD & COORKIN,
1999; SALMON & BUTTERS, 1995, RONCACCI,S, et al, 1996; KNOWTON et al,
1996; FERNANDES-RUIZ et al, 2001; KIMURA, 1995; TENG et al, 2000).

In the present study, the rats with an hemilesion in the SNpc was also
impaired to find the baited arm when the light was turned off just after the rats
entered the central arena. This protocol requires that the animal to keep the location
of this arm in it's working memory while it runs to it. This result is in agreement with
previous studies reporting that, as well as PD patients (CARBON & MARIE, 20083;
COSTA et al, 2003; CRUCIAN & OKUN, 2003; DUBOIS & PILLON, 1997; LEWIS et
al, 2003), rats with partial lesion of the SNpc presented deficits in visuospatial
working memory tasks (MIYOSHI et al, 2002; BELLISSIMO et al, 2004; Da Cunha et
al, 2002).

The common feature in all these cases is a depletion of striatal dopamine.
Midbrain neurons have been shown to fire and release of dopamine into the striatum
when, there is a mismatch between the subject’s reward expectation and the reward
outcome that follows a response (R) to an environment stimulus (S) (SCHULTZ et al,

1997; SCHULTZ, 2000). It is precisely in these situations that new habits need to be
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formed or broken. There is compelling evidence that the striatum is the site in which
the neural representation of a stimulus and a rewarded response is formed during
habit learning (WHITE, 1997; KIMURA, 1995; WHITE & McDONALD, 2002).
However, synaptic plasticity phenomena that allows that old S-R associations that
are no longer rewarded can be broken or new S-R habits can be made, require
activation of dopamine receptors in the striatum (MIDDLETON & STRICK, 2000;
PACKARD & KNOWLTON, 2002; McDONALD & WHITE, 1993; PACKARD et al,
1989). According to this theory both the SNpc and the striatum are critical for habit
learning.

The habit learning deficits observed in patients and in animal models of PD
supports that the theory that the SNpc plays an important role in habit learning.
However, in the previous and in the animals used as models of PD were presented
only a partial impairment to learn habit tasks. They learned these tasks more slowly
than the controls, but they could improve their scores after extensive training. Does it
mean that the SNpc is important and not essential for habit learning?

An important difference between the previous and the present study of habit
learning in a rat model of PD was that the former used animals with a partial and
bilateral lesion of the SNpc induced by MPTP (BRAGA et al, 2004; MIYOSHI et al,
2002; Da CUNHA et al, 2002). The present study, on the other hand, was carried out
in rats with an unilateral lesion of the SNpc that caused an almost complete depletion
of dopamine in the ipsilateral striatum, as illustrated in Fig 3. In agreement with
extensive literature on the 6-OHDA rat model of PD, these animals presented
contraversive turning behaviour when challenged with apomorphine, as shown in Fig.
4. This pattern of turning behaviour is also suggestive of an almost total loss of

striatal dopamine (UNGERSTED, 1971; HENDERSON et al, 2003; TRUONG et al,
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2006; KONDO et al, 2004; SCHARTING & HUSTON, 1996; GERLACH &
RIEDERER, 1996).

The previous studies obtained with rats with a partial lesion of the SNpc
could not answer the question stated above, since their slow habit learning could
have happen because part of their SNpc had been preserved. However, as shown in
the present study, rats with a complete unilateral lesion of the SNpc have also
presented evidence of a slow and partial learning of a habit task. This finding does
not mean that the SNpc is not essential for habit learning. An alternative explanation
is that the right or the left SNpc can mutually compensate for the lesion of the other.
Unfortunately, rats with complete and bilateral lesion of the SNpc do not survive
(FERRO et al, 2005; CASAS et al, 2000; RODRIGUEZ et al, 2001; DEUMENS et al,
2002).

Therefore, the present study, like the other previous, can only suggest that
the SNpc is important for habit learning. However, the present study can address the
question of whether the left or the right SNpc is more important than the other for
habit learning. As shown in Fig. 5, the learning curve for the 7-arm radial maze task
of the SNpc-L rats was slightly (but significantly) worse than that of the SNpc-R rats.
This small difference may be related to a previous study that suggested that the left
SNpc is more important to visuospatial working memory than the right SNpc based
on scores rats with unilateral lesions of the SNpc a working memory version of the
Morris Water maze (BELLISSIMO et al, 2004). However, in the present study, after
extensive training, the SNpc-L did not score significantly worse than SNpc-R in the
habit test and in the working memory test of the 7-arm radial maze task. Significant
differences between SNpc-L and SNpc-R rats in these tests were not found even
when the location where of stimulus was presented (whether a left or a right lighted

arm was lighted) was considered in the analysis (see Figs. 6 and 7). Thus, we can
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say that the results shown in Figures 6 and 7 does not support the idea that the left
SNpc is more important for habit learning and visuopatial working memory. But the
results shown in Fig. 5 call for caution before discarding this hypothesis that should
be further tested in future experiments.

It is known that most of the visual information processed in the rat left
striatum comes from the right visual hemisphere, and vice-versa (SEFTON et al,
2004). Besides, near 95% of the nigrostriatal projections come from the ipsilateral
SNpc (SCHWARTING & HUSTON, 1996). As stressed above, there is also evidence
that in order to make stronger an association between the neural representation of an
specific stimulus and an specific response in the striatum, it is necessary the release
of dopamine by nigrostriatal neurons (Da CUNHA et al, 2001; MIYOSHI et al, 2002;
KIMURA, 1995). Based on this knowledge it was expected that the SNpc-L rats
would present a higher impairment to learn that when a right arm of maze was lighted
it was baited with food than to learn the same relation for the left arms. Conversely,
the opposite pattern of learning was expected for the SNpc-R rats. However, as
discussed above, the side where the stimulus was presented in the maze (the
location of the lighted arm) did not significantly influence the scores of both SNpc-L
and SNpc-R rats after extensive learning (see Figs. 6 and 7). However, as can be
seen in Fig. 5, both SNpc-L and SNpc-R scored significantly worse than Sham rats
from the first training days to the test days carried out after extensive learning.

Besides the habit learning impairment observed in present and in previous
studies with SNpc lesioned rats (Da CUNHA et al, 2001; MIYOSHI et al, 2002), other
sensorimotor impairments could have contributed to their low scores. At the time the
training rats started, 3 weeks after surgery, undrugged 6-OHDA rats does not
present spontaneous tight turns as those shown in Fig. 4, observed after they were

challenged with apomorphine (HENDERSON et al, 2003; KONDO et al, 2004;



48

TRUONG et al, 2006). However this rats are known to have the motor bias of explore
a circular arena facing the wall with the side of their body that is ipsilateral to the
SNpc lesion (DUNNET & IVERSEN, 1982; FAIRLEY & MARSHALL, 1986;
LIUNGBERG & UNGERSTED, 1976; MARSHALL, BERRIOS & SAWYER, 1980;
SCHNEIDER, McLAUGHLIN & ROELTGER, 1992). This bias was observed in the
SNpc rats of the present study and affected the side they chose to leave the main
arm of to enter the central arena of the maze, as can be seen in Fig. 8. In order to go
more directly to the arm of their choices they learned to make tight turns to correct
their path, as can be seen in Fig. 9. They behave as a driver that needs to make a
left while in a car that can only make right turns. These turns can also have been
made by the rats in order to better see the lighted arm with the contralateral eye in
relation to the lesioned SNpc. It is possible that the learning of how to make the
correct turn in order to enter the lighted arm accounted for their delay to learn this
habit task, compared to control animals.

However, even making ipsiversive tight turns to compensate for their bias
to enter the central arena making a turn to the side of the lesion, and even after they
have been trained until their learning curves achieved asymptosis, SNpc rats keep
committing significantly more errors to enter the lighted arms than Sham rats. As can
be seen in Fig. 10, the wrong arm chosen by the SNpc rats were not randomly
chosen. When SNpc-L rats committed a mistake, they more usually chose to enter
the second arm left to the lighted arm if it was located to their right side, while SNpc-
R rats usually chose to enter the second arm right to the lighted arm if it was located
to their left side. This bias is suggestive that these SNpc animals have a distorted
perception of their visual field contralateral to the lesion. Alternatively they may have
a motor bias that heads their run to an angle that is deviated to the contralateral side

of the lesion in relation to the target. Previous studies have reported that PD patients
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and animals with unilateral lesion of the SNpc also behave as if they have a distorted
visual perception (HARRIS et al, 2003; LEE et al, 2001; DAVIDSDOTTIR et al, 2005).

In summary, the present study suggests that both left and right SNpc are
important for habit learning and visuo-spatial working memory. It is not possible to
consider the impairment observed in unilaterally SNpc lesioned rats to learn the 7-
arm radial maze as a conclusive evidence that the SNpc is essential for habit
learning. The slow and incomplete learning of these animals may also be resultant of
behaviours these animals did to compensate for sensory and/or motor impairments.
This complex picture implicated in the learning of the 7-arm radial maze by SNpc
rats, that probably involves sensory, motor, sensory-motor integration, visuospatial
working memory, and habit learning abnormalities seems to be a good model to

study the multifunctional abnormalities of PD.
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5. CONCLUSAO

Os resultados desse estudo mostraram que ratos com lesdo unilateral da
substancia negra, parte compacta, efetuada pela injecdo de 6-OHDA no feixe
prosencefalico medial apresentam déficits motores, sensoriais e de habito no
aprendizado da tarefa em labirinto radial de 7-bracgos.

O modelo do labirinto radial de 7-bracos pode ser utilizado como modelo
experimental da Doenca de Parkinson para estudar os déficits motores, sensoriais e
de habito, uma vez que essas alteracbes também sdo encontradas em pacientes

com doenca de Parkinson.
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