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RESUMO
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A administracdo de reserpina é considerada um modelo animal para o estudo da
discinesia tardia por alguns autores e um modelo para estudo do parkinsonismo por outros.
No entanto, apesar de inimeros trabalhos utilizarem este modelo para avaliar o potencial de
substancias para o tratamento desses distirbios do movimento, pouco se sabe sobre os
mecanismos envolvidos no desenvolvimento das alteracbes comportamentais presentes no
modelo da reserpina. Assim, o presente estudo investigou se as alteracbes motoras induzidas
pela reserpina estdo relacionados com alteracfes em proteinas do sistema dopaminérgico
como a tirosina hidroxilase (TH), o transportador de dopamina (TDA) e monoaminoxidase
(MAO). Para isso, a reserpina foi administrada subcutaneamente em camundongos nas doses
de 0,1, 0,5 ou 1 mg/kg ou veiculo (0,2% acido acético em NaCl 0,9%) durante 4 dias
consecutivos. O nimero de movimentos de mascar no vazio (MMVSs), atividade locomotora e
exploratéria foram avaliados 48 horas (6° dia) e 20 dias (24° dia) apds a retirada do
tratamento, a fim de avaliar a inducdo bem como a manutencdo das alteragdes motoras
causadas pela reserpina. Foram também analisados a imunoreatividade da TH e do TDA por
Western Blot e a atividade da MAO-A e MAO-B em estriado e regido contendo a substantia
nigra no 6° e 24° dia. O tratamento com 1 mg/kg de reserpina causou um aumento dos MMV
e hipolocomocdao nos animais e este efeito se manteve por pelo menos 20 dias apds a retirada
da reserpina. Essas alteracdes foram acompanhadas por uma reducao na imunoreatividade do
TDA no estriado e reducdo da TH na substantia nigra avaliadas no 6° dia. No 24° dia foi
observada uma diminui¢do na imunoreatividade da TH e do TDA tanto no estriado quanto na
substantia nigra. A dose de 0,5 mg/kg de reserpina causou alteracdes comportamentais no 6°
dia, mas estas alteragdes ndo se mantiveram ap0s a retirada do tratamento e também nao
foram encontradas alteracfes neuroquimicas nesta dose. Nao foram encontradas diferencas
estatisticamente significativas quando os parametros comportamentais e neuroguimicos foram
avaliados na dose de 0,1 mg/kg de reserpina. Assim, esses resultados sugerem que a reserpina
causa alteragcdes em proteinas do sistema dopaminérgico que conduzem as alteragcGes motoras.
Desta forma, possiveis intervencdes farmacologicas nessas proteinas poderiam aliviar os
sintomas motores tanto na doencga de Parkinson quanto na discinesia tardia.

Palavras-chave: Reserpina. Tirosina hidroxilase. Transportador de dopamina. Discinesia
tardia. Doenca de Parkinson.
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Reserpine administration is considered an animal model for the study of tardive
dyskinesia by some authors and a model for the study of parkinsonism by others. However,
despite several studies used this model to assess the potential of substances to treat these
movement disorders, little is known about the mechanisms involved in the development of
behavioral changes in reserpine model. Thus, the present study investigated whether
behavioral alterations induced by reserpine are related to alterations in dopaminergic system
proteins as tyrosine hydroxylase (TH), dopamine transporter (DAT) and monoaminoxidase
(MAO). For this, reserpine was administered subcutaneously in mice at doses of 0.1, 0.5 or 1
mg / kg or vehicle (0.2% acetic acid in NaCl 0.9%) for 4 consecutive days. The number of
vacuous chewing movements (VCMs), exploratory and locomotor activity were assessed 48
hours (6th day) and 20 days (24th day) after withdrawal of treatment in order to evaluate the
induction and maintenance of motor disorders caused by reserpine. It was also analyzed the
TH and DAT immunoreactivity by Western blot and the MAO-A and MAO-B activity in
striatum and region containing substantia nigra on days 6 and 24. Treatment with 1 mg/kg
reserpine caused an increase in VCMs and hypolocomotion in animals, and this effect
remained for at least 20 days after withdrawal of reserpine. These alterations were
accompanied by a reduction in striatal DAT immunoreactivity and a reduction of TH
immunoreactivity in the substantia nigra evaluated on day 6. On the 24th day was observed a
decrease in the DAT and TH immunoreactivity in both striatum and substantia nigra. The
dose of 0.5 mg/kg reserpine caused behavioral alterations on day 6, but these changes were
not maintained after withdrawal of treatment and also neurochemical changes not were found
at this dose. We did not find any statistical differences when behavioral and neurochemical
parameters were evaluated at a dose of 0.1 mg/kg reserpine. Thereby, these results suggest
that reserpine causes changes in dopaminergic system proteins which lead to motor
alterations. Thus, possible pharmacological interventions in these proteins could ameliorate
motor symptoms in both, Parkinson's disease and tardive dyskinesia.

Keywords: Reserpine. Tyrosine hydroxylase. Dopamine transporter. Tardive dyskinesia.
Parkinson’s disease.
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APRESENTACAO

No item INTRODUCAO, esta descrita uma revisio sucinta sobre os temas
trabalhados nesta dissertacéo.

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de
manuscrito que sera submetido para publicacdo na revista Psychopharmacology, o qual se
encontra no item RESULTADOS. As se¢des Materiais e Métodos, Resultados, Discussdo dos
Resultados e Referéncias Bibliograficas, encontram-se no préprio manuscrito e representam a
integra deste estudo.

O item CONCLUSOES encontrado no final desta dissertacdo, apresenta comentarios
gerais sobre 0 manuscrito contido neste trabalho.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citacdes que
aparecem no item INTRODUGCAO desta dissertaco.



1 INTRODUCAO

As doencas neurodegenerativas sdo caracterizadas pela perda seletiva e progressiva de
neurbnios, as quais levam a déficits cognitivos, comportamentais e fisicos que podem causar
morbidade e mortalidade nos pacientes (BEAL et al., 2005). Sdo conhecidos seus sintomas
clinicos e patologicos, tais como distdrbios do movimento (doenca de Parkinson, doenca de
Huntington) e deméncias (doenca de Alzheimer, esquizofrenia), efeitos que se correlacionam
com o tipo de neurdnios afetados (dopaminérgicos, GABAEérgicos ou neurdnios motores) e
pela origem (hereditaria ou ndo) (HIRTH, 2010). No entanto, o desconhecimento dos
mecanismos que levam a estas patologias acarreta dificuldades tanto em seu tratamento como

na busca de farmacos com alvo especifico.

1.1 Doenca de Parkinson

A doenca de Parkinson (DP) foi descrita pela primeira vez, em 1817, pelo médico
inglés James Parkinson em sua monografia intitulada “Essay on the Shaking Palsy” (“Ensaio
da paralisia agitante”). Neste trabalho James Parkinson definiu a enfermidade, determinou os
sintomas, descreveu o diagnostico diferencial e fez consideracdes a respeito da etiologia e do
tratamento desta doenca (DAUER e PRZEDBORSKI, 2003). Mais tarde, em 1875, o
neurologista francés Jean Martin Charcot sugeriu 0 nome doenca de Parkinson, reconhecendo
0 mérito do medico inglés que pioneiramente descreveu a doenca. Além disso, Charcot
identificou disfuncdes cognitivas presentes na doenca, acabando com a ideia de que a doenca
se tratava apenas de um distarbio motor (MENESES e TEIVE, 1996).

A DP é considerada a segunda doencga neurodegenerativa mais prevalente, afetando
cerca de 1% a 2% da populacdo com mais de sessenta e cinco anos (ALVES et al., 2008),
sendo que este percentual aumenta para 3% a 5% em pessoas com mais de oitenta e cinco
anos (FAHN, 2003). Este disturbio motor caracteriza-se, principalmente, pela perda
progressiva e seletiva dos neurénios dopaminérgicos da substantia nigra pars compacta
(SNpc) (COOKSON, 2005; DAWSON e DAWSON, 2003; MOORE et al., 2005), a qual

passa a exibir macroscopicamente uma despigmentacdo na porcdo ventrolateral



14

(JELLINGER, 1988; STANDAERT e ROBERSON, 2012). A despigmentacdo da SNpc é
consequéncia da degeneracdo dos neurdnios dopaminérgicos que contém a neuromelanina
(GERLACH e RIEDERER, 1996), resultando em uma diminuicdo dos niveis de dopamina
(DA) no estriado (JELLINGER, 1988; LINDNER et al., 1999).

Desta forma, a via dopaminérgica inibitdria que parte da substancia negra em direcéo
ao estriado é afetada, levando a falta de DA no estriado que causa um aumento da atividade
inibitdria palido-talamica, dificultando a excitacdo cortical motora o que conduz aos sintomas
motores observados na DP (Figura 1) (STANDAERT e ROBERSON, 2012).

[ Cortex Cerebral

Estriado VAVL

Talamo

- *GABA

Gluv+
GPi/SNpr

Figura 1 — Os nlcleos da base na DP (adaptado de GOODMAN e GILMAN, 2010). (DA: dopamina; D1 e D2:
receptores dopaminérgicos; GABA: &cido gama aminobutirico; Glu: glutamato; GPe: globo pélido lateral; GPi:
globo palido medial; STN: nicleo subtalamico; SNpc: substantia nigra pars compacta; SNpr: substantia nigra
pars reticulada; VA: nlcleo ventral anterior; VL: nlcleo ventrolateral).

Os sintomas mais comuns da DP sdo bradiscinesia, tremor de repouso, rigidez e
anormalidades posturais (GERLACH e RIEDERER, 1996; KLOCKGETHER, 2004,
LINDNER et al., 1999; OBESO et al., 2000; POSTLE et al., 1997). Também podem ser
observadas deficiéncias cognitivas nos pacientes com DP (AARSLAND et al.,, 2004;
MAHIEUX et al.,, 1998; VERBAAN et al., 2007) como dificuldade de aprendizado
(SCHMITT-ELIASSEN et. al., 2007) e déficits de atencdo (BRONNICK et al., 2006).

A bradicinesia esta relacionada a dificuldade em iniciar o movimento, a pobreza e a
lentiddo de movimentos observada nos pacientes com DP. Esse é considerado o sintoma que

mais incapacita o paciente, pois 0s movimentos voluntarios e automaticos estao reduzidos e as
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atividades diarias exigem muito esforco. Além disso, pode-se observar que 0s passos tornam-
se lentos, e o equilibrio fica comprometido (LIMONGI, 1995).

A rigidez muscular consiste no aumento da resisténcia que os musculos oferecem
guando uma parte do corpo € deslocada passivamente. Isto resulta em uma fragmentacdo dos
movimentos que, ao inves de serem executados de maneira continua, tornam-se entrecortados
(MENESES e TEIVE, 1996). O tremor observado nos pacientes é relativamente lento e ocorre
principalmente quando o membro estd em repouso. Quando o0 paciente movimenta um
membro, ou durante o sono esse tremor cessa (MENESES e TEIVE, 1996).

A anormalidade postural se caracteriza principalmente pela instabilidade, devido a
perda do reflexo postural. As quedas podem se tornar frequentes e, em estagios mais
avancados da doenca, o paciente pode apresentar dificuldades em permanecer de pé
(MENESES e TEIVE, 1996).

Estudos epidemioldgicos revelam que menos de 10% dos casos de DP tem etiologia
familiar, sendo que a maioria dos casos é esporadica, sem ligacdo genética aparente
(THOMAS e BEAL, 2007). Além disso, vale ressaltar que os sintomas motores na DP
somente se manifestam quando a morte dos neurbnios dopaminérgicos atinge
aproximadamente 50 a 60% na SNpc e 70 a 80% no estriado (AGID, 1991; SCHERMAN
et al., 1989).

Atualmente ndo existe terapia eficaz na prevencdo, na cura ou capaz de parar 0O
desenvolvimento da DP. As abordagens terapéuticas atuais sdo apenas paliativas e visam
diminuir os sintomas causados pela doenca. A L-dopa (L-3,4-dihidroxifenilalanina) tem sido
usada por mais de 40 anos e € o farmaco mais efetivo para atenuar os sintomas motores da
DP. Seu mecanismo de acdo consiste em sua conversdo a dopamina pela atividade da enzima
L-aminoacido aromatico descarboxilase (ALACHKAR et al., 2010).

Nos estagios iniciais da DP, a terapia com L-dopa é altamente efetiva. No entanto, o
tratamento prolongado com este farmaco leva ao agravamento das doengas motoras e ao
surgimento de discinesia (NAGATSU e SAWADA, 2009), comprometendo, desta forma, a
eficacia clinica da L-dopa (AHLSKOG e MUENTER, 2001). E importante salientar que
aproximadamente 50% dos pacientes tratados com L-dopa desenvolvem discinesia cerca de
cinco anos apds o inicio do tratamento e os pacientes tratados por mais de 10 anos com L-
dopa tém um risco aproximado de 90% de desenvolver a discinesia (AHLSKOG e
MUENTER, 2001). Os mecanismos que envolvem tais distdrbios motores ndo s&o

completamente entendidos o que dificulta também a busca por novas terapias farmacologicas.
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No entanto, sabe-se que a DP tem sua génese relacionada ao sistema dopaminérgico,

mais especificamente a via nigroestriatal (Figura 2).

Via Tuberoinfundibular

Via Mesocortical

DOPAMINA \

Via Mesolimbica

Figura 2 — As vias dopaminérgicas (adaptado de RANG et al., 2012). (Ac: nucleo acumbens; Am: nucleo
amigdaloide; C: cerebelo Hip: hipocampo; Hyp: hipotalamo; P: hipofise Sep: septo; SN: substantia nigra; Str:
estriado; Th: tdlamo).

1.2 Antipsicéticos e a discinesia tardia

A esquizofrenia é uma doenca psiquiatrica cronica e debilitante que afeta milhdes de
pessoas no mundo inteiro, e € definida como alteracdes nas fungdes mentais e disturbios
comportamentais. Os sintomas da esquizofrenia sdo classificados conforme suas
caracteristicas, em sintomas positivos os quais incluem delirio, alucinacdo e desorganizacéao
do pensamento, e negativos, que se referem a perda de motivacdo e oscilagdo emocional
(LEWIS e LIEBERMAN, 2000).

O tratamento mais eficaz para essa psicose inclui a utilizacdo de antipsicéticos. Os
primeiros farmacos descritos para o tratamento da esquizofrenia pertencem a classe dos
antipsicoticos classicos ou tipicos e incluem farmacos como a clorpromazina, haloperidol e
flufenazina, os quais possuem como principal acdo farmacoldgica o bloqueio dos receptores
dopaminérgicos D, na via mesolimbica (CREESE et al., 1976; DARLING, 1959). Entretanto
estes farmacos, além de bloquearem receptores dopaminérgicos nas regides relacionadas a
etiologia da esquizofrenia, induzem efeitos extrapiramidais como a discinesia tardia (DT) por
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bloguearem tais receptores também na via nigroestriatal, o que compromete sua eficacia
clinica (Figura 2) (ANDREASSEN e JORGENSEN, 2000; ELLENBROEK, 1993).

O desenvolvimento de antipsicéticos de segunda geracdo ou também chamados de
antipsicoticos atipicos (risperidona, olanzapina, etc.) baseou-se na clozapina (KUROKI et al.,
2008). A clozapina foi o primeiro antipsicético que provou ser eficaz no tratamento da
esquizofrenia refrataria (KANE et al., 1988). Entretanto, estes antipsicoticos causam uma
série de efeitos colaterais, entre eles diabetes mellitus tipo 2 e agranulocitose (HENDERSON,
2002). Os antipsicoticos atipicos possuem custo muito elevado se comparados aos tipicos e,
além disso, ha inconsisténcia de dados mostrando sua eficacia superior em relacdo aos
antipsicoticos tipicos (LEUCHT et al., 2009). Desta forma os antipsicoticos de primeira
geracdo continuam sendo largamente empregados no tratamento sintomatico das psicoses
embora apresentem como efeito adverso a DT.

A DT é o principal efeito colateral observado em pacientes que fazem uso crénico de
antipsicoticos. Caracteriza-se por movimentos involuntéarios da regido orofacial e incluem
movimentos de mastigacdo, protrusdo da lingua, estalido dos labios, movimentos de franzir a
face e piscar os olhos e, as vezes, da musculatura dos membros e tronco (KANE, 1995). Este
disturbio do movimento tem uma taxa média de prevaléncia entre 24% e 30% nos pacientes,
sendo que este indice pode variar de 0,5% a 70% (KULKARNI e NAIDU, 2003; LLORCA
et al., 2002).

A DT apresenta um impacto relevante na qualidade de vida dos pacientes que fazem
uso destes medicamentos (KULKARNI e NAIDU, 2003). Um dos aspectos mais graves da
DT consiste na persisténcia da sindrome por meses ou até anos apos a retirada do tratamento,
ou até mesmo sua irreversibilidade (CASEY, 1985; GLAZER et al., 1990).

Diversos estudos vém propondo hipéteses para o desenvolvimento da DT, apesar das
inconsisténcias a supersensibilidade dopaminérgica é a hipdtese classica. Segundo esta
hipétese o blogqueio cronico de receptores dopaminérgicos resulta em um aumento
compensatério do numero e sensibilidade dos receptores e em consequéncia um estado
hiperdopaminérgico e manifestagdes clinicas, como a DT (ANDREASSEN e JORGENSEN,
2000; KLAWANS e RUBOVITS, 1972; RUBINSTEIN et al., 1990).

Desta forma, tanto para a discinesia tardia induzida por antipsicoticos quanto para a
DP e a discinesia decorrente de farmacos utilizados para o seu tratamento 0s mecanismos
patofisiologicos envolvidos no desenvolvimento destes distirbios do movimento ainda ndo

estdo completamente esclarecidos. Além disso, é importante ressaltar que o sistema
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dopaminérgico, mais especificamente a via nigroestriatal tende a ser um ponto em comum a
DPeaDT.

Assim, torna-se relevante elucidar o papel de proteinas do sistema dopaminérgico
relacionadas com as alteragdes motoras causadas pelo tratamento com reserpina e se estas
alteracbes sdo persistentes ao longo do tempo ap6s a retirada do fa&rmaco. Uma vez que o
sistema dopaminérgico € um ponto em comum a DP e & DT e que muitos estudos tém
buscado tratamentos mais eficazes para estas patologias utilizando o modelo da reserpina, a
nossa hipdtese é que as alteracbes motoras induzidas pela reserpina em camundongos estao
relacionadas a alteracBes em proteinas do sistema dopaminérgico como a tirosina hidroxilase

e o transportador de dopamina.

1.3 Sistema dopaminérgico

O sistema dopaminérgico possui como neurotransmissor a dopamina, cujo precursor
da sintese é o aminoacido tirosina (GOODMAN e GILMAN, 2010). Sua hidroxilagdo,
formando DOPA, é mediada via enzima tirosina hidroxilase (TH), sendo esta a etapa limitante
na biossintese das catecolaminas. A etapa posterior dessa biossintese € determinada pela
DOPA descarboxilase, que catalisa a reacdo de remocdo do grupo carboxila da L-DOPA,
tendo como produto final a dopamina (DA) (SILVA, 2007).

A dopamina é entdo transportada até vesiculas de estocagem especializadas, via
transportador vesicular de monoaminas 2 (TVMA-2) (GOODMAN e GILMAN, 2010). O
armazenamento da dopamina se da por meio de pequenas vesiculas presentes em elevada
quantidade nos terminais nervosos. Estas, por sua vez, apresentam duas fun¢ées uma vez que
mantém o nivel de dopamina na terminacdo nervosa disponivel para liberacdo e agem na
mediacdo desta liberacdo. Sendo assim, quando um potencial de acdo atinge o terminal
nervoso, gera a abertura dos canais de célcio, com seu consequente influxo no terminal
nervoso. Devido a elevagdo do célcio intracelular ocorre fusdo das vesiculas com a membrana

neuronal, liberando assim o seu conteddo (SILVA, 2007) (Figura 3).
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Neurdnio Dopaminérgico Pfe-sinaptico

L-Tirosina
TH
L-Dopa

Dopamina

Autoreceptor D2

Cascata de Sinalizagdo

Neur6nio Dopaminérgico Pds-sinaptico

Figura 3 — Sistema Dopaminérgico (adaptado de BLACKSTONE, 2009). (AC: adenilato ciclase; AMPc:
adenosina monofosfato ciclico; COMT: catecol O-metiltransferase; D1e D2: classe de receptores de dopamina;
G proteina G; HVA: acido homovanilico; MAO-B: monoaminoxidase B; TDA: transportador de dopamina; TH:
tirosina hidroxilase; 3-MT: 3-metoxitiramina).

A dopamina presente no espaco sindptico pode agir em receptores dopaminérgicos
exercendo suas acdes celulares. Esta catecolamina estando no espago sinaptico pode ser
transportada para o interior dos neurdnios pré-sinapticos pelo transportador de dopamina
(TDA), levando a redugdo dos niveis de dopamina extracelular (AMARA e KUHAR, 1993).
Além disso, a ligacdo da dopamina em receptores pré-sinapticos D2 inibe sua sintese
diminuindo, desta forma, seu armazenamento e liberagcdo (ALBIN et al., 1989; RANG et al.,
2012) (Figura 3).

Ap0s suas acdes a dopamina pode ser novamente armazenada em vesiculas sinapticas
ou metabolizada. O metabolismo ocorre principalmente através da atividade da enzima
acoplada a membrana mitocondrial monoaminoxidase (MAO) e da catecol-O-metiltransferase
(COMT) formando como principais metabdlitos o acido homovanilico (HVA), o acido 3,4-
diidroxifenilacético (DOPAC) e a 3-metoxitiramina (3-MT) (GOODMAN e GILMAN,
2010). Tendo em vista que tanto na DP como na DT o sistema dopaminérgico parece ser um
ponto em comum, alguns estudos tém proposto modelos experimentais para o estudo de

disturbios do movimento com énfase no sistema dopaminérgico.
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1.4 Modelos animais de distirbio motor

Os modelos animais tem sido importantes ferramentas para estudar os mecanismos de
diversas patologias e para ajudar a entender os principios terapéuticos do tratamento dos
disturbios funcionais das doencas humanas (GERLACH e RIEDERER, 1996).

Muitos modelos animais tem sido utilizados experimentalmente no estudo da
fisiopatologia dos disturbios do movimento (BURGER et al., 2004; 2005b; CASTRO et al.,
2006; FACHINETTO et al.,, 2007a; 2007b; NEISEWANDER et al., 1991; 1994,
SALAMONE e BASKIN, 1996), dentre eles destacam-se os modelos agudos induzidos por

antipsicoticos e 0 modelos induzidos por reserpina.

1.4.1 Modelos animais de distarbio motor induzido por antipsicoticos

Nos modelos animais, a discinesia tardia é chamada de discinesia orofacial (DO).
Dados da literatura demonstram que o tratamento com antipsicoticos tipicos como haloperidol
e flufenazina induzem movimentos orais em animais (BUSANELLO et al., 2012;
FACHINETTO et al., 2007a; 2007b; PEROZA et al., 2013). O parametro mais utilizado para
avaliar o desenvolvimento da DO nos animais € 0 nimero de movimentos de mascar no vazio
(MMVs), o qual é caracterizado por aberturas da boca no plano vertical, com ou sem
protrusdo de lingua (ANDREASSEN e JORGENSEN, 2000).

Assim como a DT em humanos, a DO em animais aparece ap0s semanas de
tratamento com os antipsicéticos e 0 aumento dos MMVs pode persistir apds a retirada do
farmaco na maioria dos animais (ANDREASSEN et al., 1996, 1998; EGAN et al., 1995).
Também, em animais é visto um aumento da DO com o aumento da idade tanto induzida por
antipsicoticos quanto espontdnea (ANDREASSEN et al., 1996, 1998; JORGENSEN et al.,
1994).

Também em modelos animais de DO utilizando antipsicoticos tipicos tem sido
demonstrado a participacdo do estresse oxidativo no aparecimento dos movimentos
involuntarios (BURGER et al., 2005a; NAIDU et al., 2003; POST et al., 2002; SADAN et al.,
2005). Além disso, recentemente demonstramos que animais experimentais que desenvolvem

DO, em resposta ao tratamento cronico com haloperidol e flufenazina, apresentam niveis
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reduzidos de recaptacdo de DA (FACHINETTO et al., 2007a; 2007b). Ainda, Andreassen e
colaboradores (2003) mostraram uma relagdo entre o desenvolvimento de MMVs e perda de

neurdnios nigrais em animais.

1.4.2 Modelos animais de distarbio motor induzido por reserpina

A reserpina € um alcaloide isolado das raizes da planta pertencente ao género
Rauwolfia (DOYLE et al., 1955) cujo mecanismo de acdo consiste na inibicdo do TVMA-2
interferindo com o estoque de aminas biogénicas nas vesiculas (METZGER et al., 2002)
(Figura 4). Dessa forma, as terminacfes nervosas perdem a sua capacidade de concentrar e
armazenar as monoaminas, como por exemplo, a dopamina. As catecolaminas extravasam no
citoplasma, onde sdo metabolizadas pela MAO intraneural, de modo que pouco ou nenhum
neurotransmissor € liberado das terminacdes nervosas com a despolarizacdo (GOODMAN e
GILMAN, 2010). Clinicamente a reserpina € utilizada como anti-hipertensivo, mas seu uso
esta obsoleto (AL-BLOUSHI et al., 2009).

As alteracGes motoras induzidas pela reserpina podem ser observadas em animais por
aumento na frequéncia de MMVs e de protrusdes de lingua, do tempo de tremor facial e de
catalepsia (ABILIO et al., 2004; BURGER et al., 2004; BUSANELLO et al., 2011; FARIA
etal., 2005; NEISEWANDER et al., 1994; PEREIRA et al., 2011). Além disso, a reserpina
pode causar hipolocomocdo e rigidez muscular, dependendo da dose (DOYLE et al., 1955;
FERNANDES et al., 2012; TADAIESKY et al., 2006). Dados da literatura tém demonstrado
que animais com MMVs apresentam alteracdo em pardmetros de estresse oxidativo no
estriado (ABILIO et al., 2003; BILSKA e DUBIEL, 2007; BURGER et al., 2003; FARIA
et al., 2005; FERNANDES et al., 2012; NAIDU et al., 2004).
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Tirosina

Reserpina

L-DOPA

L 3-MT
DA< DOPAC
TV@ DA quinona

DA

Figura 4 — Mecanismo de acdo da reserpina (bloqueio do TVMA-2) (adaptado de QI et al., 2008). (3-MT: 3-
metoxitiramina; DA: dopamina; DA quinona: dopamina quinona; DOPAC: &cido 3,4-diidroxifenilacético; L-
dopa: L-3,4-dihidroxifenilalanina; TDA: transportador de dopamina; TVMAZ2: transportador vesicular de
monoaminas).

Acredita-se que a reserpina cause danos motores principalmente via interferéncia no
metabolismo da dopamina, e subsequente acumulacdo de produtos neurotdxicos provenientes
do metabolismo oxidativo deste neurotransmissor em estruturas cerebrais que participam do
controle dos movimentos, como o estriado (ALUF et al., 2011; FERNANDES et. al., 2012).
Esta acdo da reserpina mimetiza, pelo menos em parte, o turnover aumentado da dopamina
em terminais dopaminérgicos que tem sido verificados no curso da DP (ABILIO et al., 2004;
BILSKA e DUBIEL, 2007; NAIDU et al., 2004) e também nas fases iniciais do tratamento
com antipsicoticos que leva a DO.

Estudos com modelos de reserpina em coelhos ajudaram a elucidar o papel da
dopamina na patogénese da DP (BERTLER, 1961). Esses achados levaram a descoberta de
medicamentos para o tratamento dessa doenca como, por exemplo, a L-dopa (ANTONY
etal.,, 2011; CARLSSON et al., 1957; 1958; COTZIAS et al., 1967; HORNYKIEWICZ,
2002; YAHR et al., 1969).

Muitos autores tém demonstrado que animais tratados com reserpina desenvolvem
DO, caracterizada pelo aumento dos movimentos de mascar no vazio, de protrusdes de lingua
e do tempo de tremor facial, o qual é considerado por varios autores como um modelo de DT
(BURGER et al., 2004; BUSANELLO et al., 2011; FARIA et al., 2005; NEISEWANDER
etal., 1991; 1994; RECKZIEGEL et al., 2013), no entanto outros autores sugerem que esse
alcaloide é considerado um modelo farmacoldgico de parkinsonismo por interferir com o
estoque das catecolaminas, resultando na deplecdo de monoaminas nos nervos terminais o que
conduz a hipolocomocéo e rigidez muscular (COLPAERT, 1987; DAWSON et al., 2000;
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MENZAGHI et al., 1997; SALAMONE e BASKIN, 1996). Desta forma, os modelos de DT
tém sido contrastados contra o0 modelo da DP (DUTRA et al., 2002).

A TH é um marcador da sintese de dopamina e sua expressdo € um indicador
especifico da producdo de dopamina (LIMA et al., 2012). Um estudo recente demonstrou que
uma reducdo nos niveis de TH induzida por repetidas administragdes de reserpina pode
promover déficits cognitivos em animais (SANTOS et al., 2013). Outro marcador é o TDA, o
qual tem um papel importante em disturbios que alteram a plasticidade neuronal
dopaminérgica, desde que este transportador € a principal via para a captacdo da dopamina
extracelular e para regulacdo da magnitude e duracdo da sinalizacdo dopaminérgica
(BECKMAN e QUICK, 1998; KAHLIG e GALLI, 2003). De fato, estudos demonstram que
pacientes com DT ou com DP apresentam niveis reduzidos do TDA (HARRINGTON et al.,
1996; YODER et al., 2004). Além disso, alteracbes nesses marcadores ocorrem em roedores
com parkinsonismo induzido por 6-OHDA (LUNDBLAD et al., 2005; TADAIESKY et al.,
2008; TRONCI et al., 2012) e em animais com discinesia orofacial induzida por haloperidol
(FACHINETTO et al., 2007b). No entanto ndo ha estudos avaliando esses parametros no
modelo experimental da reserpina utilizando diferentes doses.

Considerando estes aspectos, hipotetiza-se que os MMVs induzidos pela reserpina em
camundongos estdo relacionados a alteracbes em proteina do sistema dopaminérgico como a
tirosina hidroxilase, o transportador de dopamina e a monoaminoxidase. Uma vez que muitos
estudos tém buscado tratamentos mais eficazes tanto para a DP quanto para a DT utilizando o
modelo da reserpina, torna-se necessario a caracterizacdo dos efeitos da reserpina e se estes
sdo persistentes ao longo do tempo apds a retirada do farmaco. Além disso, torna-se relevante
elucidar o papel de proteinas do sistema dopaminérgico relacionadas com as alteracoes
causadas pelo tratamento com reserpina, uma vez que o sistema dopaminérgico parece ser um

ponto em comum a DP e a DT.



2 OBJETIVOS

2.1 Objetivo geral

O objetivo geral deste estudo consistiu em investigar os efeitos comportamentais
induzidos por diferentes doses de reserpina em camundongos e sua relagdo com alteragdes em

pardmetros relacionados ao sistema dopaminérgico.

2.2 Objetivos especificos

Em camundongos tratados com diferentes doses de reserpina avaliados 2 e 20 dias

apos a ultima injecdo de reserpina:
o Verificar parametros locomotores e 0s movimentos de mascar no vazio;

¢ Investigar a atividade da enzima monoaminoxidase no estriado e regido contendo a

substantia nigra;

e Determinar possiveis alteracdes na tirosina hidroxilase e no transportador de

dopamina no estriado e regido contendo a substantia nigra.



3 RESULTADOS

Os resultados que fazem parte desta dissertacdo estdo apresentados sob a forma de um
manuscrito, o qual se encontra aqui organizado. Os itens Materiais e Métodos, Resultados,
Discussdo dos Resultados e Referéncias Bibliograficas, encontram-se no proprio manuscrito.
O manuscrito esta disposto na forma em que sera submetido para publicacdo na revista

Psychopharmacology.
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3.1 Manuscrito

EFEITOS COMPORTAMENTAIS INDUZIDOS POR DIFERENTES DOSES DE
RESERPINA EM CAMUNDONGOS: RELACAO COM O TRANSPORTADOR DE
DOPAMINA E A TIROSINA HIDROXILASE

Manuscrito

BEHAVIORAL EFFECTS INDUCED BY DIFFERENT DOSES OF RESERPINE IN
MICE: RELATIONSHIP WITH DOPAMINE TRANSPORTER AND TYROSINE
HYDROXYLASE

Catiuscia Molz de Freitas; Alcindo Busanello; Luis Ricardo Peroza; Larissa Finger Schaffer;

Caroline Queiroz Leal; Barbara Nunes Krum; Jodo Batista Teixeira da Rocha; Roselei
Fachinetto.
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ABSTRACT

Rationale Reserpine, a monoamine-depleting agent which blocks the vesicular monoamine
transporter, has been used experimentally as an animal model to study several neurological
disorders, such as tardive dyskinesia and Parkinson’s disease.

Objective The purpose of this study was to examine if motor deficits induced by reserpine in
mice are related to alterations in dopaminergic system proteins as tyrosine hydroxylase (TH),
dopamine transporter (DAT) and monoaminoxidase (MAQ).

Methods Mice received either vehicle or reserpine (0.1, 0.5 or 1 mg/kg s.c.) for four
consecutive days. Two or twenty days after reserpine withdrawal, behavioral and
neurochemical changes were evaluated.

Results Reserpine at dose of 0.5 and 1 mg/kg increased the number of vacuous chewing
movements (VCMSs) and induced hypolocomotion, being this effect maintained for at least 20
days after its withdrawal. Additionally, these alterations were accompanied by reduction in
DAT striatal immunoreactivity and in TH immunoreactivity in substantia nigra evaluated on
day 6. Twenty days after the last administration of reserpine the group that received 1 mg/kg
reserpine showed decreased of striatal TH and DAT immunoreactivity, reduced DAT and TH
immunoreactivity in substantia nigra.

Conclusions These findings suggest that pharmacological blockage of vesicular monoamine
transporter 2 (VMATZ2) by reserpine caused neurochemical alterations in dopaminergic

system proteins which seem be related to motor damage.

Keywords: Parkinson’s disease. Tardive dyskinesia. Dopamine. Tyrosine hydroxylase.

Dopamine transporter.

Introduction

Neurological disorders, as Parkinson’s disease (PD) and tardive dyskinesia (TD), are
associated with abnormal movements which are characterized by impairment of motor
function mainly due alterations in nigro-striatal dopaminergic system (Lotharius and Brundin
2002; Andreassen et al. 2003). It is important to emphasize their high prevalence in the
worldwide population which makes them clinically relevant (Dorsey et al. 2007; Aquino and
Lang 2014). However, despite numerous studies about pathological conditions involving
abnormal movements, their etiology remains incompletely understood.
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Animal models have been used to study the pathophysiology of movement disorders
(Abilio et al. 2003; Castro et al. 2006; Fachinetto et al. 2007a, 2007b; Salamone et al. 2008).
One useful model for the study of the extrapyramidal symptoms related to parkinsonism and
TD in experimental animals is by using reserpine (Neisewander et al. 1991, 1994; Salamone
and Baskin 1996; Dutra et al. 2002; Busanello et al. 2011; Reckziegel et al. 2013; Reis et al.
2013).

Reserpine is a monoamine-depleting agent which blocks the vesicular monoamine
transporter (Metzger et al. 2002). This blockage interferes with the storage of monoamines in
intracellular vesicles, causing monoamine depletion in nerve terminals (Henry et al. 1998).
Therefore, there is an increase in extracellular monoamines levels, as the dopamine, leading to
an increase in the metabolism of these substances by monoaminoxidase (MAOQ), resulting in
the production of neurotoxic products. (Lotharius and Brundin 2002; Caudle et al. 2008).

Reserpine is considered a good animal model for orofacial dyskinesia (OD) by some
authors and a Parkinson’s disease model by others. Animals treated with this monoamine-
depleting agent develop vacuous chewing movements (VCMs) which are characteristic in OD
(Neisewander et al. 1991, 1994; Burger et al. 2004; Faria et al. 2005; Busanello et al. 2011;
Reckziegel et al. 2013) and were related to a decrease in dopamine uptake in rats (Fachinetto
et al. 2007a; 2007b). However, other authors have suggested that reserpine may provide a
pharmacological model of Parkinsonism (Colpaert 1987; Salamone and Baskin 1996;
Menzaghi et al. 1997; Dawson et al. 2000) because it leads to the induction of
hypolocomotion, catalepsy and muscular rigidity (Gerlach and Riederer 1996; Dutra et al.
2002).

Then, we hypothesized that VCMs induced by reserpine in mice are related to
alterations in dopaminergic system proteins as tyrosine hydroxylase (TH), dopamine
transporter (DAT) and MAO. The aim of the present study was to evaluate the effects of
different doses of reserpine on behavioral parameters in mice. We also investigated if the
alterations were accompanied by neuronal changes by measuring TH and DAT
immunoreactivity and MAO activity in striatum and region containing the substantia nigra. In
addition, we investigated the possible persistence of behavioral alterations after the

withdrawal of reserpine treatment.
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Materials and methods
Animals

Albino Swiss mice weighing 25-35g were kept in cages of 4-5 animals each, with controlled
temperature (22+2 °C) and under a 12 h light/dark cycle (lights on at 7:00 a.m.). Food and
water were provided ad libitum. All experiments were performed in accordance to the
guidelines of the National Council of Control of Animal Experimentation (CONCEA). This
protocol was approved by the Ethics Commission on Animal Use of the Federal University of
Santa Maria under process number 078/2013.

Drugs

Reserpine was obtained from Sigma (Sigma-Aldrich, St. Louis, MO, USA). Reserpine was
dissolved in 0.2% glacial acetic acid (Sigma-Aldrich, St. Louis, MO, USA) and 0.9% NacCl
(Sigma-Aldrich, St. Louis, MO, USA). Vehicle consisted of 0.2% glacial acetic acid and 0.9%
NaCl. Pargyline, clorgyline and kynuramine was obtained from Sigma (Sigma-Aldrich, St.
Louis, MO, USA).

Experimental design

Mice were randomly divided into four groups: (I) control group; (II) reserpine 0.1 mg/kg
group; () reserpine 0.5 mg/kg group; (IV) reserpine 1 mg/kg group. Animals received
subcutaneous injections of vehicle or different doses of reserpine (Carvalho et al. 2006) once
a day, for 4 consecutive days. The behavioral parameters were measured on days 6 (48 h after
the 4™ injection) and 24 (20 days after the 4™ injection) (Fig. 1).

Behavioral testing
Quantification of vacuous chewing movements (VCMs)
VCMs was evaluated before the treatment (basal evaluation) and on days 6 and 24 of

experimental protocol as depicted in Fig. 1. To quantify the occurrence of VCMSs, mice were

placed individually in cages (20x20x19 cm) containing one mirror under the floor to permit
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the observation of de VCMs, when the animals were away from the observer. The VCMs
were measured continuously during 6 min after a period of 6 min of adaptation (Busanello
etal. 2011). VCMs are defined as single mouth openings in the vertical plane not directed
towards physical object. If VCMs occurred during a period of grooming, they were not taken

into account. Experimenters were always blind to treatments.

Open Field test

To evaluate possible changes in spontaneous locomotor and exploratory activity caused by
treatment with reserpine, mice were placed in the center of an open field arena, divided into
nine parts (Broadhurst 1960; Busanello et al. 2011). The number of lines crossed and the

frequency of rearing were measured for 5 min.

Tissue preparation and biochemical assays

After the last behavioral test, on day 6 and day 24, mice were killed by cervical dislocation
and the brains were rapidly dissected and put on ice. The striatum and the region containing
the substantia nigra were separated and immediately frozen on powdered dry ice and
thereafter stored at -80°C.

Determination of MAQO activity

Monoamine oxidase (MAOQ) activity was determined by measuring the kynuramine oxidation
to 4-hydroxiquinoline (Villarinho et al. 2012; Reis et al. 2014). The striatum and region
containing the substantia nigra were homogenized in assay buffer (16.8 mM Na;HPQOy, 10.6
mM KH,PO,, 3.6 mM KCI, pH 7.4). Brain homogenates, containing 0.25 mg of protein, were
pre-incubated at 37°C with 250 nM pargyline (selective MAO-B inhibitor) and 250 nM
clorgyline (selective MAO-A inhibitor) for 5 min, for MAO-A and MAO-B activity
estimation. The reaction was started by the addition of 60 mM kynuramine in the reaction
mixture and then incubated at 37°C for 30 min. The reaction was stopped with 10%
trichloroacetic acid (TCA). The samples were centrifuged at 3.000g for 8 min and the
supernatant was used to estimate the MAO activity. It was added 1 ml of 1N NaOH with an
equal volume of supernatant. The product of reaction was measured spectrofluorimetrically at
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315 nm for excitation and 380 nm for emission. Results were expressed as nmol of 4-
HQ/min/mg of protein (Villarinho et al. 2012).

Western Blotting analyze

The striatum was homogenized in 400uL of lysis buffer (4% SDS, 2 mM EDTA, 50 mM Tris,
0.5 mM NayVQy, 2ug/mL aprotinin, 0.1 mM benzamidine, 0.1 mM PMSF) and the region
containing the substantia nigra was homogenized in 800uL of the same buffer, boiled for 6
minutes and then centrifuged at 8.000 rpm at 4°C for 10 minutes. The supernatant was used to
determine protein concentration by Lowry method. Then, it was added to the samples 10%
glycerol and 8% 2-mercaptoethanol. The proteins (30ug for the striatum and 60ug for the
region containing the substantia nigra) were resolved by 10% SDS-PAGE and transferred
onto nitrocellulose membrane (Millipore, USA). The proteins on the membrane were stained
with a ponceau solution (0.5% ponceau plus 5% glacial acetic acid in water), as a loading
control (Romero-Calvo et al. 2010). After staining, the membranes were dried, scanned, and
quantified. Membranes were then processed using the SNAP ID system (Millipore, USA),
blocked with 1% bovine serum albumin, incubated with an anti-DAT (1:1000; Millipore;
AB2231) or anti-TH (1:1000; Millipore; AB152). After, the membranes were incubated with
alkaline phosphatase-coupled secondary antibody (1:3000; Millipore). The reaction was
determined by a colorimetric assay using nitroblue tetrazolium (NBT)/5-bromo-4-chloro-3-
indolyl phosphate (BCIP) as substrate (Trevisan et al. 2013). The membranes were dried,

scanned and quantified. Finally, all values were normalized using ponceau quantification.
Statistical analysis

The behavioral parameters were analyzed by ANOVA with repeated measures followed by
Duncan’s multiple range tests. Data from MAO activity and western blot were analyzed by
one-way ANOVA followed by the Duncan’s multiple range tests when appropriate. All values
are expressed as mean + S.E.M. Differences were considered statistically significant with p <
0.05.

Results

Effect of different doses of reserpine on VCMs in mice
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Statistical analysis revealed a significant interaction between reserpine treatment and time (F
(6,24) = 3.565; p = 0.011) on the number of VCMs. Post-hoc analysis demonstrated that
treatment with 0.5 or 1 mg/kg of reserpine increased the number of VCMs when compared
with the control group on day 6 (p < 0.01 and p < 0.001 respectively). The effect of reserpine
treatment on VCMSs remained at least 20 days after the last injection of reserpine only at a
dose of 1 mg/kg (p < 0.05) (Fig. 2).

Effect of different doses of reserpine on spontaneous locomotor activity in mice

Reserpine caused a marked and dose-dependent decrease on locomotor activity, represented
by the number of crossings in the open field test. The treatment with 0.5 or 1 mg/kg reserpine
decreased the locomotor activity 48 h after the last injection (F (3,42) = 15.93, p < 0.001 and
p < 0.001 respectively) (Fig. 3A). The reduction on locomotor activity observed in mice
treated with 1mg/kg of reserpine remained until 24" day (F (3,15) = 4.20, p < 0.05) (Fig. 3A).
Any significant effect was observed in the group treated with reserpine at a dose of 0.1 mg/kg
neither on day 6 nor day 24 compared with control group.

Similarly, mice treated with 0.5 or 1 mg/kg of reserpine presented a reduction in the
exploratory activity on day 6 (F (3,42) = 10.69, p < 0.05 and p < 0.001, respectively) (Fig.
3B). The exploratory activity remained decreased until the end of experimental period in
group treated with 1 mg/kg reserpine (F (3,15) = 3,75, p < 0.05), represented by the number of
rearing in the open field test. Any significant effect was observed in the group treated with
reserpine at a dose of 0.1 mg/kg neither on day 6 nor day 24 compared with control group
(Fig. 3B).

Effect of different doses of reserpine on MAO activity in striatum and substantia nigra of

mice

To evaluate if the treatment with reserpine affects the enzyme responsible for monoamine
oxidation, we determine MAO activity. The treatment with 0.1, 0.5 or 1 mg/kg of reserpine
during 4 consecutive days did not alter the MAO-A or MAO-B activity in striatum or
substantia nigra on day 6 (Table 1). However, mice treated with 0.5 or 1 mg/kg of reserpine
presented an increase on MAO-B activity compared with mice treated with 0.1 mg/kg (F
(3,11) = 4.37, p < 0.05) in the striatum 20 days after the 4™ injection (Table 1). However, no
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difference was observed between groups on the MAO-A activity in striatum or substantia
nigra on 24" day.

Effect of different doses of reserpine in TH immunoreactivity in striatum and substantia nigra

of mice

We also tested the possible involvement of reserpine at the immunoreactivity of TH in
striatum and in region containing the substantia nigra. No change in striatal TH
immunoreactivity was observed in mice treated with reserpine at 48 h after the last
administration of reserpine (Fig. 4A). In contrast a decrease in TH immunoreactivity occurred
in striatum of mice that received 1mg/kg of reserpine compared with other groups on 24" day
(F (3,15) = 2.99, p < 0.05) (Fig. 4C). Furthermore, post hoc analysis revealed that the
treatment with 1mg/kg reserpine during 4 consecutive days decreased TH immunoreactivity
in substantia nigra when compared to control group on day 6 (F (3,11) = 4.55, p < 0.01) (Fig.
5A) and when compared with group treated with 0.5 mg/kg of reserpine on day 24 of the
experimental period (p < 0.05) (Fig. 5C).

Effect of different doses of reserpine on DAT immunoreactivity in striatum and substantia

nigra of mice

To determine whether the inhibition of VMAT?2 by reserpine affects dopaminergic terminal
function, we examined the immunoreactivity of DAT in striatum and region containing the
substantia nigra. Western blot analysis revealed a decrease in DAT immunoreactivity in
striatum at a dose of 1 mg/kg 48 h after the last administration of reserpine (F (3,11) = 2.18, p
< 0.05) (Fig. 4B). Moreover, DAT immunoreactivity remained reduced in striatum of mice at
least 20 days after the withdrawal of 1 mg/kg of reserpine compared all other groups (F (3,15)
= 1.34, p < 0.05) (Fig. 4D).

A significant reduction in DAT immunoreactivity was also evidenced 20 days after
withdrawal of 1 mg/kg reserpine compared with all other groups in region containing the
substantia nigra (F (3,15) = 7.55, p < 0.05) (Fig. 5D). Furthermore mice treated for 4 days
with 0.1 mg/kg reserpine presented an increase in DAT immunoreactivity which was
significantly different from control group on day 24 (20 days after the 4™ injection) (p < 0.05)
(Fig. 5D). By the other hand, no changes in DAT immunoreactivity were observed between

groups treated with reserpine on day 6 in region containing the substantia nigra (Fig. 5B).
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Discussion

In the present study it was investigated if the behavioral (mainly VCMSs) parameters induced
by reserpine are related to alterations in dopaminergic system proteins. Reserpine at dose of 1
mg/kg induced VCMs characteristic of OD and motor impairment indicative of parkinsonian-
like symptoms in mice. In addition, these alterations remained 20 days after withdrawal of the
treatment. Of particular importance, reserpine at dose of 1 mg/kg caused alterations in DAT
and TH immunoreactivity in both striatum and substantia nigra.

Different animal models have been proposed to study oral movement disturbances,
because they can be associated with brain disorders observed in Parkinson’s disease and
tardive dyskinesia (TD). Particularly reserpine has been extensively used in the literature as an
animal model of tardive dyskinesia since it induces VCMs (Neisewander et al. 1994; Burger
et al. 2004; Faria et al. 2005; Busanello et al. 2011; Reckziegel et al. 2013). Tardive
dyskinesia is a severe side effect of long-term treatment with typical antipsychotics
characterized by involuntary movements of the orofacial region and, sometimes, musculature
of the members and trunk (Kane 1995; Andreassen and Jgrgensen 2000). Unlike, some
authors believe that model of involuntary oral movements present features similar to tremors-
related symptoms found in patients with PD (Steinpreis et al. 1993; Salamone and Baskin
1996; Menzaghi et al. 1997; Dawson et al. 2000). Independent if reserpine model is OD or
parkinsonism, the VCMs are the main symptoms observed in the experimental animals and
highly correlated to TD (Andreassen and Jgrgensen 2000). However the mechanisms which
could be involved in VCMs are not clear. Then, we hypothesized that VCMs induced by
reserpine in mice are related to alterations in dopaminergic proteins as tyrosine hydroxylase
(TH), dopamine transporter (DAT) and MAO.

Our first aim was to evaluate if the damage caused by reserpine could be maintained
after its withdrawal and the dose necessary to promote permanent VCMs. Here we
demonstrated that 0.5 and 1mg/kg of reserpine increased the number of VCM evaluated 48 h
after the last injection and VCM remained increased at least 20 days after withdrawal of the
treatment only in the higher dose, suggesting that the depletion of monoamines by reserpine
caused a damage that is not easily reversed. Similarly, others studies have demonstrated an
increase in number of VCMs with reserpine administration (Neisewander et al. 1994; Dutra et
al. 2002; Abilio et al. 2004; Faria et al. 2005; Pereira et al. 2011; Fernandes et al. 2012) as
well as the maintenance of VCMs after the last administration of reserpine (Neisewander et al.

1994). Moreover, in our study the withdrawn from the treatment with reserpine resulted in
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partial recovery of VCMs in mice treated with 0.5mg/kg of reserpine. VCMs remain
unchanged in the animals treated with 0.1 mg/kg of reserpine.

It was also evaluated if the doses that caused sustained VCMs were able to decrease
spontaneous locomotor activity. These raise on number of VCMs were accompanied by a
decrease on motor activity 48 h after the last injection of reserpine and these alterations
remained 20 days after withdrawal of the treatment with 0.5 and 1mg/kg of reserpine.
Additionally the dose of 0.1mg/kg of reserpine did not presented motor alterations.

As it is known reserpine causes a blockage of VMAT2 leading to a depletion in
monoamines with their consequent oxidative metabolism, we examined if motor alterations
promoted by reserpine could be related to alterations in presynaptic markers of dopaminergic
system. In this sense, the dopamine transporter, is especially important as a marker of damage
to the striatal dopaminergic terminals in PD and also DT (Miller et al. 1997). The dopamine
transporter (DAT) is a transmembrane protein that regulates extracellular dopamine levels
through reuptake of the released transmitter into pre-synaptic dopaminergic neurons, where
dopamine is either degraded or repackaged into vesicles for release (Caudle et al. 2007). Our
data shows that mice treated with 0.1 and 0.5 mg/kg of reserpine presented similar striatal
DAT immunoreactivity. In contrast there was a reduction in DAT immunoreactivity in
striatum 48 h after the 4th injection in animals receiving the highest dose of reserpine and this
effect remained at least 20 days after withdrawal of the reserpine treatment. Studies have
demonstrated that the generation of dopamine quinones, as well as reactive oxygen species, as
a consequence of cytosolic accumulation of dopamine, can interact with DAT, resulting in its
alteration of expression and function, which may explain the decrease in DAT observed here
(Berman et al. 1996; Whitehead et al. 2001). Moreover, high concentrations of dopamine per
se have been demonstrated to decrease dopamine transporter function in vitro (Berman et al.
1996). Previous data of our group reported a decrease in dopamine uptake in experimental
animals presenting VCMs induced by antipsychotics (Fachinetto et al., 2007a; b).
Additionally, a reduction in DAT immunoreactivity in substantia nigra with the highest dose
used here is only seen on 24™ day as well as evidenced in model of PD where the
dopaminergic damage begins in the striatal terminal before reaching the cell body in the
substantia nigra (Caudle et al. 2007).

Furthermore, the reduction of tyrosine hydroxylase levels in the substantia nigra is
also a hallmark feature of neuronal loss that occurs in PD (Olanow and Tatton 1999) and OD
(Mazurek et al. 1998; Andreassen et al. 2003). TH is the rate-limiting enzyme in

catecholamine biosynthesis, and its expression constitutes a specific indicator of dopamine
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production (Lima et al. 2012). Interestingly, a significant decrease in TH immunoreactivity
was observed 48 h and also 20 days after reserpine withdrawal of mice treated with 1 mg/kg
of reserpine in substantia nigra. Considering that TH is a reliable marker of dopaminergic
neuron terminal integrity and neuronal loss (Caudle et al. 2006), our data suggest that these
alterations to the nigrostriatal dopaminergic system were likely due interference in dopamine
homeostasis caused by pharmacological blockage of VMAT2 by reserpine. Although no
change was observed in the striatal TH immunoreactivity on 6™ day, a significant reduction in
TH immunoreactivity was observed on 24™ day in striatum in mice treated with 1 mg/kg of
reserpine. Furthermore in low doses used (0.1 and 0.5 mg/kg) we did not observe changes in
TH immunoreactivity evaluated in 48 h and 20 days after the last injection of reserpine.

As mentioned before, reserpine depletes brain levels of catecholamine by reducing
vesicular storage (Metzger et al. 2002). Interestingly, a report by Caudle and cols. (2007)
demonstrated that transgenic mice expressing only 5% of VMAT?2 presented a decreased
striatal dopamine and decreased expression of DAT and TH. The VMAT?2 deficient animals
have increased oxidative damage, dopamine terminals dysfunction and eventual
neurodegeneration of the nigrostriatal dopamine system. As can be seen, some alterations
present in the VMAT2-deficient animals are similar to those found in the animals treated with
reserpine. Additionally, studies in patients with PD post mortem showed reduced DAT and
VMAT2 mRNA expression in the substantia nigra (Harrington et al. 1996). These findings
show that alterations in VMAT2 can be one of the factors related to the development of
neurological disorders, which would favor the use of reserpine to study substances with
potential therapeutic in animal models.

Monoamine oxidase, in the brain, catalyses the oxidative deamination of several
neurotransmitters such as dopamine, noradrenaline, and serotonin (Soto-Otero et al.
2001).Neurological disorders, including Parkinson’s disease have been associated with
oxidative stress and increasing MAO-B activity in the central nervous system (Good et al.
1996; Volz and Gleiter 1998). So, we also investigated if reserpine is causing some alterations
in MAO activity and, consequently, could be associated to the decrease observed DAT e TH
immunoreactivity. However in this study we did not observe change in MAO-A or MAO-B
activity in the substantia nigra and the striatum of mice treated with any dose of reserpine on
day 6. Interestingly, on day 24 a significant increase in MAO-B activity was observed in
striatum in higher doses of reserpine tested (0.5 and 1 mg/kg). However, we believe that these
changes in MAO activity are not directly related motor alterations since the dose of 0.5mg/kg

reserpine did not maintain these alterations over time.
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In conclusion, our data demonstrate that pharmacological blockage of VMAT2 by
higher dose of reserpine (1 mg/kg) caused behavioral alterations and these behavioral signs
remained after interruption of treatment. The motor alterations are correlated with
dopaminergic terminal dysfunction due a decrease of TH and DAT immunoreactivity. In
addition, these neurochemical alterations are cellular indicators of reduced activity the
dopaminergic neurons that could precede nigral neuron death. However more studies are
necessary to investigate which pathways can be directly related with alterations in DAT e TH
immunoreactivity and whether pharmacological interventions in them could ameliorate motor

symptoms in PD and TD.
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FIGURE LEGENDS

Fig. 1: Experimental design. Numerals within the arrow represent the number of days from
day 0. The reserpine treatment started in the first day until fourth day. On day 6 (48hs after
the last injection) and day 24 (20 days after withdrawal of treatment) was performed the

biochemical assays. Triangle represents VCMSs analysis and circle represents open field test.

Fig. 2: Effect of treatment with different doses of reserpine (0.1, 0.5, and 1mg/kg, s.c., for 4
days) in mice on VCMs during 6 min. Data are expressed as means = SEM of nine to eleven
animals per group on day 6 and four to five per group on day 24. **p < 0.01 or ***p < 0.001
compared with control group; ®p < 0.05 or *p < 0.01 compared with 0.1 mg/kg reserpine

group (ANOVA with repeated measures followed by Duncan’s multiple range test).

Fig. 3: Effect of the treatment with different doses of reserpine (0.1, 0.5, and 1mg/kg, s.c. for
4 days) on day 6 or 24 of the experimental period. (A) Number of crossing and (B) Frequency
of rearing in the open field test. Data are expressed as means = SEM of nine to eleven
animals per group on day 6 and four to five per group on day 24. *p < 0.05, **p < 0.01 or
***p < 0.001 compared with control group; *p < 0.01, **¥p < 0.001 compared with 0.1 mg/kg

reserpine group (ANOV A with repeated measures followed by Duncan’s multiple range test).

Fig. 4: Western blot analysis of DAT and TH in striatum of mice treated with different doses
of reserpine (0.1, 0.5, and 1mg/kg, s.c. for 4 days) or its vehicle. (A) TH immunoreactivity
and (B) DAT immunoreactivity on day 6. (C) TH immunoreactivity and (D) DAT
immunoreactivity on day 24 represented by relative optical density (ROD). Data are
expressed as means + SEM of three to four animals per group. *p < 0.05 compared with

control group; *p < 0.05 compared with group control, 0.1 mg/kg and 0.5 mg/kg reserpine; ©p
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< 0.05 compared with 0.5 mg/kg reserpine (one-way ANOVA followed by Duncan’s

multiple range test).

Fig. 5: Western blot analysis of DAT and TH in region containing the substantia nigra of
mice treated with different doses of reserpine (0.1, 0.5, and 1mg/kg, s.c. for 4 days) or its
vehicle. (A) TH immunoreactivity and (B) DAT immunoreactivity on day 6. (C) TH
immunoreactivity and (D) DAT immunoreactivity on day 24 analyzed by relative optical
density (ROD). Data are expressed as means £ SEM of three to four animals per group. *p <
0.05 or **p < 0.01 compared with control group; “p < 0.05 compared with group control, 0.1
mg/kg and 0.5 mg/kg reserpine; ®p < 0.05 compared with 0.5 mg/kg reserpine (one-way
ANOVA followed by Duncan’s multiple range test).
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Table 1: Monoamine oxidase (MAO) activity in striatum and substantia nigra of mice treated

with different doses of reserpine (0.1, 0.5, and 1mg/kg, s.c., for 4 days). Values are expressed

as nmol of 4-HQ/mg protein/min.

Day 6 Day 24

MAO-A MAO-B MAO-A MAO-B
Control Striatum 0.2903 + 0.0256 0.6617 +0.0887 0.1783 +0.0034 0.5194 + 0.0207
Substantia nigra 0.3833 + 0.0367 0.7307 + 0.0818 0.3074 + 0.0213 0.7049 + 0.0605
Reserpine 0.1mg/kg Striatum 0.2700 £ 0.0035 0.6080 +0.0278 0.1818 £0.0195 0.4764 + 0.0390
Substantia nigra  0.4663 + 0.0126  0.8450 + 0.0372 0.2808 + 0.0059 0.6199 + 0.0191
Reserpine 0.5mg/kg Striatum 0.3058 + 0.0230 0.6445 +0.0467 0.1976 +0.0078 0.5871 + 0.0278"
Substantia nigra  0.4315+ 0.0185 0.7518 + 0.0498 0.2908 + 0.0194 0.6974 + 0.0078
Reserpine 1mg/kg Striatum 0.2998 +0.0269 0.6073 +0.0532 0.1991 + 0.0041 0.5983 + 0.0178"
Substantia nigra  0.4625 + 0.0124 0.7880 + 0.0211 0.2169 + 0.0541 0.4814 + 0.1240

Data are expressed as means + SEM of three to four animals per group. *p < 0.05 compared with group 0.1 mg/kg reserpine
(ANOVA with repeated measures followed by Duncan's multiple range test)



4 CONCLUSOES ESPECIFICAS

De acordo com os resultados apresentados nesta dissertacdo podemos concluir que:

O bloqueio farmacologico do TVMA-2 pela reserpina na dose de 1mg/kg causou
alteracdes comportamentais, observadas por um aumento dos MMVs e por diminuicao
da atividade locomotora, e estas alteracGes permaneceram por pelo menos 20 dias apos
a retirada do tratamento, sugerindo que a deplecdo de monoaminas causa um dano que

nao é facilmente revertido.

As alteracGes motoras causadas pela reserpina estdo relacionadas com uma reducdo na
atividade de proteinas dopaminérgicas na via nigroestriatal observada pela diminuicdo
nos niveis de TH e TDA causada provavelmente devido a uma interferéncia na

homeostase da dopamina.

A reserpina ndo causou alteragdes significativas na atividade tanto da MAO-A quanto
da MAO-B no estriado e na regido contendo a substantia nigra, demonstrando que as
alteracdes motoras e neuroquimicas observadas ndo estdo diretamente relacionadas com
a atividade da MAO.



5 CONCLUSOES FINAIS

Este estudou demonstrou que o bloqueio farmacoldgico do TVMAZ2 pela dose mais
alta de reserpina aqui avaliada causou alteracdes comportamentais que foram acompanhadas
por uma diminuicdo na atividade do TDA e da TH. Dessa forma, a reserpina causa uma
reducdo na atividade dos neurdnios dopaminergicos na via nigroestriatal que provavelmente
conduz as alteragcBes motoras. Todavia, € preciso mais estudos para elucidar os mecanismos
relacionados com as alteragdes nos niveis do TDA e da TH e se intervencfes farmacolégicas

nessas proteinas poderiam aliviar os sintomas motores tanto na DP quanto na DT.

Substantia Nigra Estriado

3-MT
HVA

CoMT
MAO
2 eg ®

Tirosina% L-DOPA——>DA

Tirosina-% L-DOPA—>DA

Reserpina

Figura 5 — Representacdo esquematica das alterages causadas pelo tratamento com reserpina nas proteinas do
sistema dopaminérgico no estriado e substantia nigra de camundongos. O bloqueio farmacolégico da TVMA2
pela reserpina na dose de 1 mg/kg causou uma alteracdo na homeostase da dopamina o que levou a uma redugéo

nos niveis do TDA e da TH tanto no estriado quanto na substantia nigra 20 dias apos a retirada da reserpina.



6 PERSPECTIVAS

Com base nos resultados obtidos no presente trabalho, temos como perspectivas:

Analisar a possivel participagdo da apoptose nos efeitos da reserpina nestes
modelos verificando o envolvimento de parametros apoptéticos: alteracGes na

expressao proteica das caspases 3 e 9.

Investigar os efeitos da reserpina em marcadores inflamatdrios: alteracfes na
expressdo proteica NF-kb e alteracdes nos niveis de interleucinas (IL-2, IL-6, IL-
10 e TNF-q).
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