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RESUMO

DISCINESIA ESPONTANEA EM RATOS: POSSIVEL RARTICIPA(;AO DE
MECANISMOS OXIDATIVOS E DOPAMINERGICOS

AUTORA: Caroline Pilecco Barbosa
ORIENTADORA: Roselei Fachinetto

A discinesia tardia é um disturbio do movimento que se desenvolve em decorréncia do uso
prolongado de antipsicoticos, principalmente os tipicos, em aproximadamente 20% a 25% dos
pacientes e, com 0 aumento da idade, atinge cerca de 50% dos pacientes com mais de 55 anos
de idade em tratamento com antipsicaticos tipicos. Sabe-se que individuos que ndo fazem uso
de antipsicoticos podem desenvolver distdrbios involuntarios do movimento espontaneamente
e estes também pioram com a idade. Desta forma, este estudo teve como objetivo investigar a
possivel participacdo de mecanismos oxidativos e/ou dopaminérgicos na discinesia espontanea
em ratos. Para isso, foram utilizados ratos wistar machos com 40 semanas de idade e animais
mais jovens, com 8 semanas de idade. Foram avaliados pardmetros comportamentais
caracteristicos de disturbios involuntarios do movimento que incluem o0s ndmeros de
movimentos de mascar no vazio (MMVs), bem como a atividade locomotora e exploratéria. O
cortex, estriado e regido contendo a substancia negra foram utilizados para analise da atividade
da enzima monoaminoxidase (MAQ), a imunoreatividade da tirosina hidroxilase (TH) e
marcadores relacionados ao estresse oxidativo. Foi observado que os ratos adultos (40-42
semanas de idade) apresentaram um aumento dos MMVs em torno de 60% em relagéo aos ratos
mais jovens (8-10 semanas de idade), no entanto, havia um percentual de ratos adultos com
diferentes valores de MMV e entdo os resultados foram divididos nos que apresentaram baixos
e altos valores de MMV. Nao houve diferenca significante tanto na atividade locomotora como
na exploratéria dos ratos entre os grupos. Houve um aumento de aproximadamente 13% na
atividade da enzima MAO-B no estriado e cdrtex, assim como também foi observada reducao
de aproximadamente 30% na imunoreatividade da enzima TH no estriado, sendo todas as
alteraces relacionadas ao fator idade. Somente a alteragéo da atividade da MAO-B no estriado
esteve relacionada ao nimero de MMVs. Da mesma forma, foram observadas alteracdes na
oxidacdo da diclorofluoresceina diacetato (DCFH-DA), atividade da catalase, contetido de tiol
proteico e substancias reativas ao acido tiobarbitarico (TBARS) nas diferentes estruturas
cerebrais, porém todas relacionadas a idade. Apenas a oxidacdo da DCFH-DA e a atividade da
catalase apresentaram-se alteradas relacionadas ao numero de MMVs. Sendo assim, a maioria
das alteracdes nos marcadores bioquimicos no cérebro de ratos foram associadas a idade dos
animais. A presenca de MMV espontaneos em ratos adultos foi associada a alteracdes na
atividade da MAO-B no estriado e da oxidagdo DCFH-DA no cdrtex e na substancia negra.
Podemos concluir que, assim como acontece em modelos animais com uso de antipsicéticos, a
idade pode contribuir para a manutengdo dos movimentos involuntéarios também naqueles
animais que nao fazem uso desses farmacos.

Palavras-chave:  Sistema  Dopaminérgico. Envelhecimento.  Estresse  oxidativo.
Monoaminoxidase.



ABSTRACT

SPONTANEOQOUS DYSKINESIA IN RATS: POSSIBLE PARTICIPATION OF
OXIDATIVE AND DOPAMINERGIC MECHANISMS

AUTHOR: CAROLINE PILECCO BARBOSA
ADVISOR: ROSELEI FACHINETTO

Tardive dyskinesia is a movement disorder that develops as a result of prolonged use of
antipsychotics, mainly the typical ones, in approximately 20% to 25% of patients and, as age
increases, it afflicts about 50% of patients with over 55 years old on typical antipsychotic
treatment. It is known that individuals who do not use antipsychotics may develop involuntary
movement disorders spontaneously and these worsen with age as well. Therefore, this study
aimed to investigate a possible participation of oxidative and/or dopaminergic mechanisms of
spontaneous dyskinesia in rats. To do so, experiments with male Wistar rats at 40 weeks of age
and younger animals at 8 weeks of age. Behavioral characteristics of involuntary movement
disorders, which are the numbers of vacuous chewing movements, as well as an exploratory
and locomotor activity were evaluated. The cortex, striatum and region containing the
substantia nigra were used for the analysis of the activity of the enzyme monoaminoxidase
(MAO), the immunoreactivity of the tyrosine hydroxylase (TH) and markers related to
oxidative stress. It was observed that adult rats (40-42 weeks of age) had an increase of VCM
around of 60% than younger rats (8-10 weeks of age), however, there was a percentage of adult
rats with different VCM values and then the results were divided in those that presented low
and high values of VCM. There was no significant difference in both the locomotor and
exploratory activity of the rats in all groups. There was an increase about 13% in the activity of
the MAO-B enzyme in the striatum and cortex, as well as a decrease about 30% in the
immunoreactivity of the TH in the striatum, considering that all alterations were related to age.
Only the alteration of the MAO-B activity in striatum was related to the number of VCMs.
Likewise, alterations in the oxidation of the dichlorofluorescein diacetate (DCFH-DA), catalase
activity, proteic thiol content and substances reactive to thiobarbituric acid (TBARS) in
different brain structures, though all related to age. Only the oxidation of the DCFH-DA and
the catalase activity were altered in relation to the number of VCMs. Hence, most of the
alterations in the biochemical markers in rat brains were associated to the age of the animals.
The presence of spontaneous VCM in adult rats was associated to alterations in the MAO-B
activity in the striatum and DCFH-DA oxidation in the cortex and substantia nigra. It can be
concluded that, as in animal models with the use of antipsychotics, age may contribute to the
maintenance of involuntary movements also in animals that do not use these drugs.

Keywords: Dopaminergic System. Aging. Oxidative stress. Monoamine oxidase.



LISTA DE ABREVIATURAS

DA — Dopamina

DCFH-DA - Dicloro-dihidro-fluoresceina diacetato
DE — Discinesia espontanea

DO — Discinesia orofacial

DT — Discinesia tardia

ERN — Espécies reativas de nitrogénio
ERO — Espécies reativas de oxigénio
GABA — Acido gama-aminobutirico

H202 — Perdxido de Hidrogénio

MAO — Monoaminoxidase

MMV — Movimentos de mascar no vazio
NMDA — N-metil-D-aspartato

SNC — Sistema nervoso central

TDA — Transportador de dopamina

TH — Tirosina hidroxilase

TVMA2 — Transportador vesicular de monoaminas 2
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APRESENTACAO

Esta dissertacdo serda apresentada na forma de um manuscrito cientifico. No item
INTRODUCAO e REFERENCIAL TEORICO, esta descrita uma revisio sucinta sobre os
temas abordados nesta dissertacgéo.

As secbes MATERIAIS E METODOS, RESULTADOS, DISCUSSAO DOS
RESULTADOS e REFERENCIAS, encontram-se no item MANUSCRITO, o qual representa
a integra deste estudo.

O item CONCLUSOES encontrado no final desta dissertacio, apresenta conclusdes
relativas aos dados encontrados neste estudo.

As REFERENCIAS referem-se somente as citagbes que aparecem no item
INTRODUCAO e REFERENCIAL TEORICO.
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1 INTRODUCAO

A discinesia manifesta-se através da presenga de movimentos involuntarios anormais,
repetitivos, persistentes e estereotipias normalmente dos musculos faciais, mas também pode
envolver outros grupos musculares, incluindo as extremidades e o tronco (MERRILL et al.,
2013; MAHMOUDI et al., 2014). Esses movimentos involuntérios sdo de maior prevaléncia
em pacientes recebendo tratamento crénico com farmacos antipsicéticos, sendo desta forma
denominada discinesia tardia (DT) (LOONEN; IVANOVA, 2013; MERRILL et al., 2013).
Entretanto, a discinesia ocorre também em pessoas que nao fazem uso de farmacos, ou ainda
que apresentem esquizofrenia sem estar em tratamento farmacoldgico, bem como em pacientes
que possam ter algum fator de risco, como idade avancada e danos cerebrais, sendo chamado
discinesia espontanea (DE) (BLANCHET et al., 2004; MACALUSO, 2017).

A patofisiologia da DT é ainda pouco compreendida, e as hipdteses que tentam explica-
la ndo se sustentam quando intervenc¢des farmacoldgicas séo testadas como possivel tratamento,
sendo consenso para a maioria dos autores a participacdo do sistema dopaminérgico (CASEY,
2000; CORNETT et al., 2017). A dopamina, um neurotransmissor pertencente a classe das
catecolaminas, atua principalmente no controle dos movimentos, memaria e sensacao de prazer
(MARSDEN, 2006). E sintetizada pela enzima tirosina hidroxilase (TH), enzima limitante na
biossintese de catecolaminas, a qual catalisa a conversdo da L-Tirosina em L-DOPA, essa que
sera posteriormente descarboxilada em dopamina, sendo, portanto de importancia a avaliacdo
desta enzima como marcador da biossintese de dopamina e de dano neuronal (LIMA et al.,
2012). Ja o transportador de dopamina tem um papel importante em disturbios que alteram a
plasticidade neuronal dopaminérgica, desde que este transportador é a principal via para a
captacdo da dopamina extracelular e para regulacdo da magnitude e duracdo da sinalizacdo
dopaminérgica (KAHLIG; GALLI, 2003). Assim, alteracbes nestes marcadores podem
influenciar a homeostase da dopamina e a vulnerabilidade a diversas substancias toxicas.

De particular importancia, dados do nosso grupo demonstraram que h& uma relagédo
entre 0s movimentos de mascar no vazio (MMV) e a reducdo da atividade da enzima
monoaminoxidase (MAQO) em camundongos tratados com reserpina (DE FREITAS et al., 2016)
e em ratos tratados com flufenazina (BUSANELLO et al., 2017). A MAO é a enzima
responsavel pela desaminacdo oxidativa de diversas aminas biogénicas, incluindo o0s
neurotransmissores serotonina, noradrenalina e dopamina (SOTO-OTERO et al., 2001), a qual
forma como produto de oxidacdo o peroxido de hidrogénio (H202), uma espécie reativa de

oxigénio (FISAR, 2016). Devido & sua fun¢do no metabolismo das catecolaminas, a MAO
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parece exercer um papel importante na patofisiologia de diversos distdrbios neurologicos e
psiquiatricos (YOUDIM; BAKHLE, 2006).

Em animais também é visto um aumento da discinesia orofacial com o0 aumento da idade
tanto induzida por antipsicoticos quanto espontanea (ANDREASEN; JORGENSEN, 2000;
HARVEY; NEL, 2003; BURGER et al., 2004). Dados da literatura demonstram que em animais
experimentais, a discinesia espontanea possui uma prevaléncia em torno de 20%
(WADDINGTON et al., 1982; KANE; SMITH, 1982; WOERNER et al., 1991), a qual é
caracterizada pelos distdrbios do movimento sem qualquer administracdo de farmacos, sendo
semelhante a discinesia induzida por farmacos.

Sabendo, portanto, que pacientes com alteracdes no sistema dopaminérgico apresentam
discinesias espontaneas, levando em consideracdo também que alguns trabalhos demonstram
que a supersensibilidade dopaminérgica ocorre em pacientes que nao apresentam discinesia,
acredita-se que 0 mesmo possa ser observado também em animais que apresentem discinesia
espontanea, sem administracdo desses farmacos, possibilitando o estudo dos mecanismos

envolvidos na discinesia espontanea a fim de facilitar a busca por estratégias terapéuticas.
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2 REFERENCIAL TEORICO

A discinesia é uma alteracdo motora caracterizada por movimentos anormais da regido
orofacial, tronco e membros. Pode aparecer espontaneamente ou apos o0 uso de determinados
farmacos, tais como antipsicoticos ou metoclopramida (BLANCHET, 2003; MAHMOUDI
et al., 2014). Um sistema que estd envolvido no controle de movimentos e também é local de
acdo para os farmacos que sdo efetivos no tratamento da esquizofrenia é o sistema

dopaminérgico.

2.1 SISTEMA DOPAMINERGICO

O neurotransmissor dopamina (DA), uma catecolamina, € sintetizado por a¢do da TH
no citoplasma dos neurénios dopaminérgicos. Apds a sintese, a DA € transportada pelo
transportador vesicular de monoaminas 2 (TVMAZ2), para vesiculas pré-sinapticas onde ocorre
0 armazenamento para posterior liberacdo (WEIHE et al., 1996; EIDEN et al., 2004). Apos a
liberacdo da DA na fenda sinaptica, ela pode se ligar a receptores dopaminérgicos e também
ser reciclada para vesiculas pré-sinapticas, onde a recaptacao é realizada pelo transportador de
dopamina (TDA) e seguido pelo sequestro e armazenamento nas vesiculas sinapticas pelo
TVMA2 (WEIHE et al., 1996). A DA acumulada no citosol ou que permanece na fenda
sinaptica pode ser metabolizada pelas enzimas monoaminoxidase (MAO) ou catecol-O-metil-
transferase (COMT) (ERIKSEN et al., 2010; MEISER et al., 2013).

A enzima MAO é responsavel pela desaminacgdo de diversas aminas biogénicas, entre
elas a dopamina, serotonina e noradrenalina (SOTO-OTERO et al., 2001). A MAO apresenta-
se sob duas isoformas: a MAO-A e a MAO-B (JOHNSTON, 1968; BACH et al., 1988). A
MAO-A ¢é expressa tanto no cérebro quanto na periferia, ja a MAO-B se concentra no sistema
nervoso central (SNC). Em humanos, ambas as isoformas podem degradar uma variedade de
compostos monoaminicos, no entanto a MAO-B é responsavel pela desaminacgdo da maior parte
da dopamina do SNC, enquanto que a MAO-A possui uma seletividade maior em desaminar
serotonina (YOUDIM et al., 2006). Ja em roedores a MAO-A é responsavel pela desaminagéo
da maior parte da dopamina do SNC (NAPOLITANO et al., 1995).

Devido a sua a¢do no metabolismo das catecolaminas, a MAO parece exercer um papel
importante na patofisiologia de diversas enfermidades neurolégicas e psiquiatricas (YOUDIM;
BAKHLE, 2006).
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2.2 DISCINESIA TARDIA

A discinesia pode ser classificada como DT quando provocado pelo uso crénico de
antipsicoticos tipicos utilizados no tratamento da esquizofrenia, tais como Haloperidol e
Flufenazina, desenvolvendo-se apds meses ou anos de seu uso continuo (LOONEN;
IVANOVA, 2013; MERRILL et al., 2013).

A esquizofrenia afeta 0 modo como uma pessoa pensa, sente e se comporta. Caracteriza-
se por apresentar sintomas positivos (alucinacées e delirios) e sintomas negativos (retraimento
social) (WADDINGTON et al., 2012; HOWES; MURRAY, 2014). A patofisiologia da
esquizofrenia tem sido atribuida a um desequilibrio na atividade dopaminérgica no SNC,
levando a hiperatividade dopaminérgica da via mesolimbica. Desta forma, os farmacos
antipsicoticos, tanto tipicos quanto atipicos, sdo o tratamento de escolha para a esquizofrenia
0S quais possuem como mecanismo de acdo o bloqueio de receptores dopaminérgicos na via
mesolimbica (MARSDEN; JENNER, 1980; MARSDEN, 2006; TEO et al., 2012).

Os antipsicaticos tipicos foram os primeiros a serem descobertos e ainda hoje sdo mais
largamente utilizados para o tratamento da esquizofrenia, no entanto seu uso prolongado
provoca efeitos adversos, como a DT (KANE; SMITH, 1982; MILLER; CHOUINARD, 1993;
ANDREASSEN; JORGENSEN, 2000; CHOUINARD et al., 2017). Os antipsicoticos atipicos,
como por exemplo, Olanzapina e Risperidona, diferem dos antipsicoticos tipicos por
apresentarem menor incidéncia de efeitos extrapiramidais, como a DT, no entanto levam a
ganho de peso e diabetes tipo 2 (MELTZER, 2004; MARCHESE, 2004).

Dados da literatura demonstram que a DT possui uma prevaléncia em torno de
20-25% em pacientes em tratamento com antipsicoticos (LEE et al., 2014), e que aumenta com
a idade. De fato, a idade € considerada um dos fatores de risco para o desenvolvimento da DT,
tendo em vista que atinge cerca de 50% dos pacientes com mais de 55 anos de idade em
tratamento com antipsicoticos tipicos (WOERNER, 1998; HARVEY; NEL, 2003).

2.2.1 Hipoteses para o desenvolvimento da DT

Os mecanismos que levam a fisiopatologia da DT ap6s o uso crénico de antipsicéticos
permanecem incertos. Algumas hipdteses tentam explicad-la, as quais incluem a
supersensibilidade  dopaminérgica (SEEMAN; SEEMAN, 2013), alteracbes na
neurotransmissao GABAérgica (PRATT et al., 2012), a hipofuncéo de receptores de glutamato
NMDA (OLNEY; FARBER, 1995; GOFF; COYLE, 2001) e o aumento no estresse oxidativo
(BOSKOVIC et al., 2011).
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2.2.1.1 Hipotese da Supersensibilidade dopaminérgica

A hipGtese mais amplamente descrita para a DT € a da supersensibilidade
dopaminérgica, na qual o bloqueio cronico e substancial do receptor D2 na via nigroestriatal
provocaria um aumento compensatorio na sintese do receptor D2 (geralmente referido como
upregulation), o que, por sua vez, leva a uma supersensibilidade nesta via dopaminérgica
(MARCOTTE et al., 2001; STEEDS et al., 2014).

Como a via nigroestriatal estd relacionada ao controle dos movimentos, a
supersensibilidade dos receptores D2 nesta via levaria as alteracdes anormais dos movimentos
da DT (OBESO et al., 2008; SMITH; VILLALBA, 2008). Esta teoria foi descrita pela primeira
vez em animais, onde existem evidéncias diretas da hipersensibilidade ao receptor D2 induzidos
por haloperidol, onde foi observado aumento na sensibilidade do receptor (ROGUE et al., 1991,
CALABRESI et al., 1992; TURRONE et al., 2003).

Alguns estudos demonstram que também ocorrem alteracdes em outros marcadores
dopaminérgicos, tais como a enzima limitante da sintese de dopamina TH (DAUBNER et al.,
2011), a captacdo de dopamina (FACHINETTO et al., 2007) e niveis do TDA (YODER et al.,
2004; KACPRZAK et al., 2017) tanto em pacientes como em animais experimentais,

ressaltando a importancia do sistema dopaminérgico no desenvolvimento da DT.

2.2.1.2 Hipotese GABAérgica

O 4acido y-aminobutirico (GABA) é o principal aminoacido inibitério, promovendo
influxo de ions CI" e, consequente fechamento de canais de Ca**, resultando na hiperpolarizagdo
da membrana do neurénio (CHEBIB; JOHNSTON, 1999).

A hipdtese GABAérgica é descrita por outros autores que sugerem que uma
subpopulacdo de neurénios GABAérgicos do estriado estariam danificados ou disfuncionais
em pessoas em tratamento prolongado com antipsicéticos e que desenvolveram DT
(TAMMIGA et al., 2002; TAYOSHI et al., 2009), o que acarretaria em diminui¢do de GABA
na regido da substantia nigra pars compacta e na supersensibilidade dos seus respectivos
receptores (COWARD, 1982; THAKER et al., 1987).

Na ultima década, o microcircuito complexo dos interneurdnios estriados GABAérgicos
foi descrito e delineado em detalhe (MALLET et al., 2005; GITTIS et al., 2010; BORDIA et
al., 2016). No entanto, clinicamente, intervencdes farmacoldgicas com agonistas GABA nao
tém apresentado resultado satisfatério no tratamento da DT (CASTRO et al., 2006).
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2.2.1.3 Hipotese glutamatérgica

O glutamato é o principal aminoacido excitatorio, onde este induzira o fechamento dos
canais de CI" ou K*, diminuindo o influxo ou o efluxo desses ions, devido a abertura de canais
de Na* e Ca'™, despolarizando a membrana neuronal (MELDRUM, 2000).

AlteracBes no sistema glutamatérgico estdo envolvidas em diversas doencas
neuroldgicas, entre elas a esquizofrenia, onde sugere-se ocorrer diminui¢do de glutamato no
SNC, devido a uma possivel hipofuncdo dos seu respectivo receptor N-metil-D-aspartato
(NMDA). Essa hipotese baseia-se na relacdo dos efeitos psicogénicos da fenciclidina, uma
droga psicoativa antigamente usada como anestésico e que é antagonista ndo competitivo dos
receptores NMDA (LODGE; ANIS, 1982; NAKAZAWA et al., 2012).

Estudos demonstram que ha indicios da participacdo de um componente glutamatérgico
no desenvolvimento da DT induzido por reserpina (DUTRA et al., 2002; RAGHAVENDRA et
al., 2001). Dados da literatura demonstraram que ha uma relagéo negativa entre o transporte de
glutamato e a manifestacio da DO em ratos expostos de forma aguda a reserpina ou
repetidamente ao haloperidol (BURGER et al., 2005) e, também o transportador de glutamato
contém grupos tiol reativos na sua estrutura que resulta na captacdo do glutamato e, por
consequéncia, agentes oxidantes podem produzir neurotoxicidade aumentando o glutamato
extracelular (TROTTI et al., 1999).

2.2.1.4 Hipotese do estresse oxidativo

Espécies reativas de Oxigénio (ERO) sdo geradas de forma fisioldgica devido ao
metabolismo aerdbico. Entre as EROs destaca-se 0 anion superdxido, o peréxido de hidrogénio
e o radical hidroxila (HALLIWELL, 2011). Além das ERO, sdo também geradas espécies
reativas de nitrogénio (ERN), como o oOxido nitrico (FREI, 1994; FINKEL; HOLBROOK,
2000; HALLIWELL, 2011). Em condi¢Ges normais as ERO/ERN sé&o detoxificadas pelo
sistema de defesa antioxidante, composto pelos antioxidantes enzimaticos (catalase, glutationa
peroxidase e superoxido dismutase) e os antioxidantes ndo-enzimaticos (Vitaminas A, Ce E e
glutationa) (NORDBERG; ARNER, 2001; KOHEN; NYSKA, 2002).

O estresse oxidativo ocorre quando ha um desequilibrio entre a producdo de ERO/ERN
e o sistema de defesa antioxidante (HALLIWELL, 2011). Com isso, um excesso de ERO/ERN
pode reagir com acidos graxos poli-insaturados presentes nas membranas das células, dano esse

conhecido como peroxidacéo lipidica, o qual provoca alteracdo na permeabilidade, acarretando
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a ruptura e lise celular (HALLIWELL; GUTTERIDGE, 2007). Este desequilibrio geralmente
acontece durante o envelhecimento, em algumas patologias ou também como uma
consequéncia de inimeras doencas (SAEIDNIA; ABDOLLAHI, 2013).

Ja é de conhecimento prévio que o cérebro é particularmente vulneravel ao estresse
oxidativo, principalmente pela grande quantidade de oxigénio utilizada e também por ser um
local extremamente rico em &cidos graxos poli-insaturados, o que propicia a peroxidacdo
lipidica (LOHR, 1991; LOHR et al., 2003).

De particular importancia para este estudo, uma das hipoteses que tenta explicar o
desenvolvimento da discinesia é a de que, poderiam estar ocorrendo alteragcdes nos niveis e,
consequentemente no metabolismo da dopamina em vias dopaminérgicas em pacientes
acometidos por este distdrbio motor (MARSDEN, 2006). Sabe-se que um aumento na atividade
das oxidases, como é o caso da MAO, leva a geracdo de espécies reativas de oxigénio, como o
peroxido de hidrogénio (H20.) (FISAR, 2016). Além disso, a dopamina pode sofrer auto-
oxidacdo formando quinona de dopamina que age como uma espécie reativa de oxigénio
(LOHR, 1991; LOHR et al., 2003).

Neste contexto, dados da literatura tém demonstrado que, em animais tratados com
antipsicoticos, existe aumento nos niveis de peroxidacao lipidica e de carbonilacdo de proteinas,
reducdo na atividade de enzimas antioxidantes, como a superoxido dismutase, a catalase e a
glutationa peroxidase, e também reducdo da glutationa reduzida e consequente aumento da
glutationa oxidada (ABILIO et al., 2004; FARIA et al., 2005; SADAN et al., 2005; PILLAI et
al., 2007; CHO; LEE, 2013). Além disso, substancias antioxidantes tem apresentado efeito
protetor sobre o desenvolvimento da discinesia induzida por farmacos (RECKZIEGEL et al.,
2013; WANG et al., 2015; BUSANELLO et al., 2017; AN et al., 2017).

2.3 DISCINESIA ESPONTANEA

A DE manifesta-se por movimentos involuntarios principalmente dos muasculos da face.
No entanto por ser espontanea, pode acometer pessoas que ndo fazem uso de farmacos, ou ainda
que apresentem esquizofrenia sem estar em tratamento farmacoldgico, bem como em pacientes
que possam ter algum fator de risco, como idade avancada e danos cerebrais (BLANCHET et
al., 2004; MACALUSO, 2017). Em 1980, estudos da Associacdo Americana de Psiquiatria
concluiram que os fatores de risco para a DT incluiam o uso de antipsicéticos seletivos D2,
como haloperidol, bem como o uso concomitante de agentes anticolinérgicos (MACALUSO,

2017). O sexo do paciente (em mulheres a dose administrada pode ser alta se ndo for levado em
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consideragdo o peso corporal), idade e histdrico de danos cerebrais também séo fatores de risco
aumentados para DT. No entanto, esses mesmos fatores de risco sdo também semelhantes para
0 desenvolvimento de DE tais como idade, danos cerebrais e também pacientes com
esquizofrenia e que ainda ndo estejam sob tratamento (MACALUSO, 2017).

A prevaléncia de DE em individuos saudaveis fica em torno de 2% na faixa etaria
inferior a 40 anos, 11% em individuos entre 40 e 49 anos, 26% entre 50 e 59 anos (BARNES
et al., 1983). De fato a idade é um fator relevante para o desenvolvimento tanto da DE como da
DT, tendo em vista que uma metanalise revelou que pacientes com mais de 60 anos apresentam
uma prevaléncia de desenvolver DE em torno de 40% (FENTON, 2000).

No entanto, apesar de diversos autores relatarem a ocorréncia de DE em animais
experimentais, e com comprovado aumento desta em relacdo a idade (HARVEY; NEL, 2003;
BURGER et al., 2004; FACHINETTO et al., 2005, 2007a,b), estudos acerca de seus

mecanismos Sa0 escassos.

2.4 PREVALENCIA DA DISCINESIA OROFACIAL EM MODELOS ANIMAIS

Em modelos animais, a DT é chamada DO, também caracterizada por movimentos orais
ndo direcionados a nenhum objeto, protrusdes de lingua e tremores faciais (TURRONE et al.,
2002; ANDREASEN et al., 2001; ANDREASEN et al., 2002). Dentre os modelos animais de
DO destacam-se 0s modelos agudos e cronicos induzidos por antipsicéticos e 0 modelo de DO
induzido por reserpina (EGAN et al., 1996; QUEIROZ; FRUSSA-FILHO, 1999).

Em animais também € visto um aumento da DO com o aumento da idade tanto induzida
por antipsicoticos quanto espontanea (ANDREASEN; JORGENSEN, 2000; HARVEY; NEL,
2003; BURGER et al., 2004). Dados da literatura demonstram que em animais experimentais,
a discinesia espontanea possui uma prevaléncia em torno de 20% (WADDINGTON et al., 1982;
KANE; SMITH, 1982; WOERNER et al., 1991), a qual € caracterizada pelos disturbios do
movimento sem qualquer administracdo de farmacos, sendo semelhante & discinesia induzida
por farmacos.

A maioria dos dados relatados na literatura apresenta proporcdes de animais com altos
escores de movimentos orofaciais entre 30-50% dependendo do antipsicético utilizado ou da
via de administracdo (BLANCHET et al., 2012). Um estudo demonstrou ainda que esta
sindrome de discinesia orofacial espontanea persistiu nos animais ap0os o término do tratamento
com antipsicoticos e ainda aumentou a prevaléncia com o passar do tempo nos animais
controles (WADDINGTON et al., 1982).
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Desta forma, em nosso grupo, animais que apresentam DE sdo excluidos dos
experimentos para que ndo gerem resultados falsos positivos (FACHINETTO et al., 2005,
2007a,b; BUSANELLO et al., 2012).

No modelo animal de DO induzido por reserpina, um inibidor do TVMA, foi observado
que h& uma relacéo entre os MMV e a reducdo da atividade da enzima MAO em camundongos
tratados com esta droga (DE FREITAS et al., 2016). O mesmo foi observado em ratos no
modelo de DO induzido por flufenazina, um antipsicotico tipico (BUSANELLO et al., 2017).
Outro trabalho mostra que 0 modelo de flufenazina, também em ratos, aumentou atividade da
catalase e a oxidacao da diclorofluoresceina (DCFH-DA) na regido do cortex (SCHAFFER et
al., 2016).

Assim, uma vez que a DT é altamente prevalente em pacientes que tomam antipsicoticos
e é ainda maior em pacientes idosos, bem como a presenca da DE em pacientes idosos que ndo
usam farmacos, o presente estudo prople investigar se 0s mecanismos oxidativos e
monoaminérgicos estdo relacionados a DE em ratos adultos ou se as possiveis alteracdes nesses

parametros apenas estdo relacionadas com a idade, comparando jovens com animais adultos.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Investigar a possivel participacdo de mecanismos oxidativos e/ou dopaminérgicos na

discinesia espontanea em ratos

3.2 OBJETIVOS ESPECIFICOS

e Avaliar parametros comportamentais de discinesia e de locomogéo em ratos jovens
adultos e adultos maduros;

e Quantificar a atividade da enzima monoaminoxidase e a imunorreatividade da
enzima tirosina hidroxilase em ratos jovens adultos e adultos maduros;

e Investigar parametros de estresse oxidativo em cérebro de ratos jovens adultos e

adultos maduros.
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4 RESULTADOS

Os resultados que fazem parte desta dissertagdo 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, encontram-se no préprio manuscrito. O préprio
manuscrito estd disposto na forma como serd submetido para publicacdo na revista

Behavioural Brain Research.
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ABSTRACT

Rationale: Tardive dyskinesia is a movement disorder that develops as a result of the
prolonged use of antipsychotics in approximately 20% to 25% of patients and has age as
a risk factor. It is known that individuals who do not use antipsychotics may develop
involuntary movement spontaneously and these become worse with age.

Objective: This study aimed to investigate if oxidative and monoaminergic mechanisms
are related to spontaneous dyskinesia in adult rats or if the possible alterations in these
parameters are only related with the age by comparing young adult with mature adult
animals.

Methods: Male wistar rats at 40 weeks of age and younger animals at 8 weeks of age were
used. Behavioral parameters characteristic of movement disorders that include numbers
of vacuous chewing movements (VCM), as well as locomotor and exploratory activity,
were evaluated. The cortex, striatum and region containg the substantia nigra and were
used to analyze the activitity of monoamine oxidase and parameters related to oxidative
stress (DCFH-DA oxidation, catalase, proteic- and non proteic Thiol, and TBARS). Also,
we evaluated the tyrosine hydroxylase (TH) immunoreactivity in striatum.

Results: It was observed that the adult rats presented a higher number of VCM than the
younger rats at all evaluations. As there was a discrepancy of VCMs in the group of adult
rats, they were divided in those that presented low and high values of VCM to evaluate
the biochemical differences that could be related to VCM development or only with the
age. We did not observe any alteration in the locomotor and exploratory activity of rats.
Likewise, were found alterations in some oxidative stress markers in brain structures of
rats with prevalent effect of age. Only to DCFA-DA oxidation, there was an increase in
cortex and a decrease in substantia nigra of rats with high VCMs. Furthermore, an
increase in the activity of the monoamine oxidase enzyme in cortex of adult animals and
in striatum of adult animals presenting high VCM as well as a decrease in TH
immunoreactivity of adult animals.

Conclusions: In conclusion, the majority of changes in biochemical markers in brain of
rats were associated with the age of animals. A reduction in the immunoreactivity of TH
was observed with respect to age, suggesting a possible neurodegeneration process since
the decrease in TH immunoreactivity is attributed to a loss of neurons. The presence of
spontaneous VCMs in adult rats was associated with alterations in MAO-B activity in
striatum and DCFH-DA oxidation in cortex and substantia nigra.

Keywords: Dopaminergic System. Aging. Oxidative Stress. Monoamine oxidase.

1. INTRODUCTION

Dyskinesia manifests itself through the presence of abnormal, repetitive, persistent,
involuntary movements and stereotypies usually of the facial muscles, but may also
involve other muscle groups, including the extremities and trunk [1, 2]. These involuntary
movements are of greater prevalence in patients receiving chronic treatment with classic

antipsychotic drugs, being this denominated tardive dyskinesia (TD) [1, 3]. However,
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they also affect people who do not use drugs, which are more common in the elderly, and

is called spontaneous dyskinesia (SD) [4].

Some authors estimate that the main prevalence of TD in patients receiving classic
antipsychotics is around 20-25% [5], and that it increases with age. In fact, age is
considered one of the risk factors for TD, and reaches about 50% of the patients, over 55
years of age on antipsychotic treatment [6, 7]. In elderly patients who do not use any type
of drug for neurological or psychiatric treatment, the SD index is approximately 2-5% in
healthy patients less than 40 years old [4, 8], but in patients with more than 60 years old,
this percentage can reach until 40% [9].

In animal models, tardive dyskinesia is called orofacial dyskinesia (OD) [10]. Among
the animal models of OD, we highlight the acute models induced by antipsychotics and
the reserpine-induced OD model [11, 12]. In animals, an increase in OD with both
antipsychotic induced and spontaneously is seen with the increase of age [7, 13, 14].
According to literature, in experimental animals, SD had a prevalence of around 20% [15-
17], which is characterized by movement disorders without any drug administration,
being similar to drug induced OD. However, although several authors report the
occurrence of SD and with a proven increase in age [7, 14, 18-20] there are few studies
of its mechanisms about the possible mechanisms which leads to its development.

The pathophysiology of TD is still poorly understood, and the hypotheses that attempt
to explain it are not supported when pharmacological interventions are tested as a possible
treatment. However, it is common for most authors to participate in the dopaminergic
system [21, 22]. In relation to the monoaminergic system, it is know that the tyrosine
hydroxylase is a limiting enzyme in the catecholamine biosynthesis and catalyzes the
conversion of L-tyrosine to L-DOPA, which will subsequently be decarboxylated in
dopamine [23]. Thus being important the evaluation of this enzyme as a marker of
dopamine biosynthesis.

Data from the literature show that the administration of antipsychotics by blocking
dopaminergic receptors leads to a secondary increase in dopamine synthesis via tyrosine
hydroxylase and elevation in the extracellular levels of this neurotransmitter and,
consequently, to an increase in its metabolism via increased monoamine oxidase (MAO)
activity [13, 24]. Due to its role in the metabolism of catecholamines, MAO seems to play
an important role in the pathophysiology of various neurological and psychiatric disorders
[25]. Within this context, it is known that an increase in MAO activity, due to the

secondary increase in dopamine synthesis, can lead to the generation of reactive oxygen
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species. In addition, dopamine can undergo auto-oxidation forming dopamine quinone

that acts as a reactive oxygen species [24, 26].

Therefore, knowing that the reserpine and antipsychotic-induced OD can alter these
biochemical markers [27-31], it is believed that it can also be observed in animals that
present OD without drug administration allowing the study of the mechanisms involved
in SD.

Thereby, since TD is highly prevalent in patients taking antipsychotics and is even
higher in older patients, as well as the presence of SD in elderly patients who do not use
drugs, the present study proposes to investigate if oxidative and monoaminergic
mechanisms are related to spontaneous dyskinesia in adult rats or if the possible
alterations in these parameters are only related with the age by comparing young adult

with mature adult animals.

2. MATHERIALS AND METHODS

2.1 Animals

Thirty eight male Wistar, adult rats (40 weeks of age) weighing 350-500g and young
rats (8 weeks of age) weighing 200-300g were used. The animals were acquired from a
breeding colony at UFSM and kept in cages (five animals). They were housed under
standard laboratory conditions and maintained on a 12:12 h light—dark cycle with free
access to food and water. Animals were acclimatized to laboratory conditions before the
tests. All experiments were performed in accordance with 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 7977261114/2015.

2.2 Experimental design

In our group, we study orofacial dyskinesia induced by drugs [29, 30, 32, 33].
However, when an animal present high values of VCM at basal evaluation, this animal is
normally excluded from the experiment to avoid misinterpretation of data [19, 20]. Thus,
in the present study, we used the animals that were excluded from the other experiments
for they had already shown high VCM without any administration of drugs.

To each animal excluded, we selected an animal the same age to be a -VCM control.

The animals were maintained in standard conditions until they reach 40 weeks of age
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since the age is a risk factor for dyskinesia [6, 7]. As a control group to age, ten male

wistar rats were used, aging approximately 8 weeks old.

To avoid either false positive or negative results of VCMs, the animals were evaluated
in three consecutive weeks (Young animals were evaluated with 8, 9 and 10 weeks of age
and Adult animals with 40, 41 and 42 weeks of age). After, we did a mean of three
evaluations and the animals with more than 35 VCMs were considered +VCMs [19, 20].
Thus, we conducted the other experiments with three groups: Young Adult (n=10),
Mature Adult +VCMs (n=14) and Mature Adult -VCMs (n=14). The locomotor
performance was also evaluated on weeks 8 and 10 to young animals; on weeks 40 and
42 to adult animals. After behavioral analysis, the rats were anesthetized with ketamine:
xylazine (100:10 mg/kg, intraperitonially) and euthanized by decapitation. The cortex,
striatum and substantia nigra were immediately dissected and stored at -80°C for

biochemical analysis.

2.3 BEHAVIORAL TEST

2.3.1 Vacuous chewing movements (VCMYS)

Rats were placed individually in cages (20 cm x 20 cm x 19 cm) containing mirrors
under the floor of the cage to allow behavioral quantification when the animal was faced
away from the observer. To quantify the occurrence of orofacial dyskinesia, VCMs were
defined as the single mouth openings in the vertical plane not directed towards physical
material [34] and were measured continuously for 6 min after a period of 6 min of
adaptation [18-20, 32]. After complete the behavioral tests, the group of the older animals
was divided according to the VCMs quantification, where rats presenting VCMs more
than 35 were included in the VCMs high VCM and VCMs smaller than 35 were included
in low VCMs group.

2.3.2 Open field test

To analyze changes in spontaneous locomotor and exploratory activities, the animals
were placed individually in the center of an open-field arena (40 cm x 40 cm x 30 cm)
divided into 9 equal parts, as previously described [35]. The number of line crossings
(parameter related to locomotor activity) and number of rearing (parameter related to

exploratory activity) were measured over 5 min.
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2.4 BIOCHEMICHAL ASSAYS

2.4.1 Tissue preparation

The cerebral structures (cortex, striatum and the region containing the substantia
nigra) were dissected and homogenized in 10 volumes (w/v) of Tris-HCI 10 mM, pH 7.4
and then centrifugated (3000 g for 10 min at 25°C) [36, 37]. The resulting supernatants

were used in the biochemical assays described below.

2.4.2 Lipid peroxidation assay

For measured lipid peroxidation, thiobarbituric acid reactive species (TBARS) were
determined as described by Ohkawa [38]. Briefly, samples were incubated at 100°C for 1
h in a medium containing 8.1% sodium dodecyl sulphate, 1.4M acetic acid, pH 3.4 and
0.6% thiobarbituric acid. The chromogen was measured spectrophotometrically at 532

nm. The results were expressed as nmol malondialdehyde (MDA)/mg protein.

2.4.3 2°,7’-Dichlorodihydrofluorescein diacetate (DCFH-DA) oxidation

The DCFH-DA assay was used to measure the DCFH-DA oxidation in the samples.
The technique was performed as described by Pérez-Severiano et al [39]. The
fluorescence of the samples was determined at 488 nm for excitation and 520 nm for
emission. The result was defined as the difference between the fluorescence at 30 and 15

minutes of the reaction and expressed as DCFH-DA oxidation/mg protein.

2.4.4 Catalase activity

To evaluate the activity of the enzyme catalase, the test was performed by adding an
aliquot of the sample to the phosphate buffer (TFK 0.5 M pH 7.0). The H20:
decomposition was monitored in a spectrophotometer at 240 nm to measure catalase
activity by the method previously described by Aebi [40]. The enzymatic activity was

expressed as pmol H202/mg protein/min.

2.45 Thiol levels

The content of thiol proteic and non-protein in the samples was determined as
described by Ellman [41]. For the non-protein thiol groups, the samples were precipitated
with 150 pL of 10% trichloroacetic acid followed by centrifugation. The reaction was
measured spectrophotometrically at 412 nm. Results are expressed as pmol/mg of protein.

2.4.6 Determination of MAO activity
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MAO activity was determined by measuring the kynuramine oxidation to 4-

hydroxyquinoline [31, 42]. The samples were preincubated at 37 °C with the irreversible
and selective inhibitor clorgyline (250 nM) or pargyline (250 nM) to assay MAO-A or
MAO-B activity, respectively. After 20 min, kynuramine was added as a non-selective
substrate. The reaction was incubated during 30 min at 37°C. In sequence, the reaction
was stopped with trichloroacetic acid (TCA) 10%. The samples were centrifuged at 3.000
xg for 8 min. It was added to supernatant 1M NaOH. The reaction was measured by
fluorimetric method, using 315 nm (excitation) and 380 nm (emission). The results are

represented as fluorescence intensity/mg protein.

2.4.7 TH immunoreactivity

The striatum was homogenized in 400 L of lysis buffer (4% sodium dodecyl sulfate
(SDS), 2 mM EDTA, 50 mM Tris, 0.5 mM Na2VOs, 2 pg/mL aprotinin, 0.1 mM
benzamidine, 0.1 mM PMSF). Samples were boiled for 6 min and centrifuged at 8000 g
at 4 °C for 10 min. The supernatant was used to determine protein concentration using
the Lowry method. Then, the samples (40 pg) were mixed with 10 % glycerol and 8 %
2-mercaptoethanol and resolved by 10 % SDS-PAGE [29]. The samples were transferred
into nitrocellulose membrane (Millipore, USA). Proteins on the membrane were stained
with a Ponceau solution (0.5 % Ponceau plus 5 % glacial acetic acid in water), as a loading
control [43]. After staining, the membranes were dried and scanned for quantification.
Membranes were then processed using the SNAP ID system (Millipore, USA), blocked
with 1 % bovine serum albumin, and incubated either with an anti-TH (1:1000; Millipore;
AB152). The reaction was determined by a colorimetric assay using nitro blue tetrazolium
(NBT)/5-bromo-4-chloro-3-indolyl phosphate (BCIP) as a substrate [44]. The
membranes were dried, scanned, and quantified. Finally, all values were normalized using

Ponceau quantification.

2.4.8 Protein quantification
The total protein content in supernatants homogenates was determined by the method

of Lowry [45] using bovine serum albumin as standard.
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2.5 Statistical analysis

Data are presented as mean + SEM and were statistically analyzed by Unpaired t-Test
or one-way analysis of variance (ANOVA), followed by Student-Newman-Keuls test

when appropriate. The results were considered statistically significant when p < 0.05.

3. RESULTS

3.1 Influence of aged on incidence of VCMs in rats

Firstly, to evaluate the influence of age, the VCMs were quantified for young adult
and mature adult group (Fig. 1 A-C). The group of mature adult animals (41 and 42 weeks
of age) presented higher VCMs compared with young adult animals (8-10 weeks of age)
(p<0.05; Fig. 1A-C). In a second moment, the groups were divided after quantification of
VCMs in young (10 weeks), the second group with rats of 42 weeks of age that presented
low values of VCMs and another group of rats at 42 weeks of age but that presented
values greater than 35 VCMs in 6 min (Fig.1 D-F). It is remarkable the increase of VCMs
of the High VCM group in relation to the Low VCM and control groups and that remained
the same in the three analyses (p<0.05; Fig. 1 D-F).

3.2 Influence of the age and of number of VCMs on the locomotor and
exploratory activity in rats
Any statistical difference was found on locomotor (Fig. 2A-D) and exploratory (Fig. 3A-
D) activities either considering the age (Fig. 2A-B and Fig. 3A-B) or the presence of high
VCMs (Fig. 2C-D and Fig. 3C-D).

3.3 Influence of the age and of number of VCM on MAO activity in rats

In cortex, the age influenced in an increase in activity of MAO-B (p<0.05; Fig. 4B)
without significant alterations in MAO-A (Fig. 4A) in adult rats. Accordingly, the MAO-
B activity increased in both groups, low and high VCM (p<0.05; Fig. 4D), without
alterations in MAO-A (Fig. 4C).

In striatum, there was an increase only on High VCM group to MAO-B activity
(p<0.05; Fig. 5D), without significant differences among the groups in MAO-A activity
related to VCM (Fig. 5C). With regard to the age, there were not differences between the
groups in both MAO-A and MAO-B activity (Fig 5A and 5B).
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In the region of the substantia nigra there were not significant differences among the

groups neither in MAO-A (Fig. 6A and 6C) nor MAO-B (Fig. 6B and 6D) activity, both
VCM-related and age-related (Fig. 6A-D).

3.4 Western Blot analysis of TH in the striatum

To determinate if the TH had influence of VCM and age, knowing that
pathophysiology of tardive dyskinesia is related with monoaminergic system, we
examined the immunoreactivity of TH in the striatum. A significant decrease in TH

immunoreactivity is observed in striatum of mature adult rats (Fig 7A and 7B).

3.5 Influence of the age and of number of VCM on oxidative stress parameters

in rats

In the cortex structure, in relation to age, the Adult group showed an increase on
activity of catalase and oxidation of DCFH-DA with a significant reduction in the content
of proteic thiol groups and production of TBARS (p<0.05; Table 1). The presence of high
VCMs influenced of an increase in DCFA-DA oxidation and a decrease in TBARS
production (p<0.05; Table 1). Furthermore, adults presenting low VCMs had an increase
in catalase activity and a decrease in TBARS production (p<0.05; Table 1). No significant
difference among the groups was observed in non-proteic thiol levels (Table 1).

In striatum, in relation to age, oxidation of DCFH-DA was significantly increased on
mature adult group (p<0.05; Table 1), with any significance in other oxidative stress
marker.

Accordingly, oxidation of DCFH-DA was significantly increased in both Low and
High VCM group (p<0.05; Table 1).

In the region containing the substantia nigra, the oxidation of DCFH-DA was
decreased on mature adult group and also in animals presenting High VCMs (p<0.05;
Table 1). The levels of TBARS were increased while the catalase activity decreased in
adult animals (p<0.05; Table 1) with any alteration related to the presence of VCMs
(Table 1).

No significant difference was observed in TBARS and Thiol levels in the groups
(Table 1).

4. DISCUSSION
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In the present study, we investigated the relation between aging and the manifestation
of dyskinesia without drug administration. In humans, SD is observed with aging and
because risk factors like schizophrenia untreated and neuronal damage [4, 8]. In animals,
this is also observed, since a percentage of the rodents present SD [15-17]and this
increases with age.

We first observed that adult mature rats had higher VCM values compared to younger
animals. An increase in MAO-B activity was observed in the cortex region in adult mature
rats which was related with the age. In the striatum, an increase in MAO-B activity was
observed only in the High VCM group. A significant decrease in the immunoreactivity
of TH was observed in the striatum of adult rats. With regard to oxidative stress, in the
cortex the group of adult rats showed an increase in catalase activity and oxidation of
DCFH-DA with a significant reduction in the content of proteic thiol groups and in the
production of TBARS. In the striatum, the oxidation of DCFH-DA was significantly
increased in adult mature rats and also both groups with low and High VCM.

The motivation of this study was the observation that some animals present SD,
which are normally excluded in basal behavioral evaluation from our experiments since
they could generate false results in experiments using drugs as inducers of OD [18-20,
31, 32]. Thus, it was separated the animals presenting high VCMs with a correspondent
animal presenting low VCM at same age to allow investigate the differences between
animals presenting or not High VCMs. The animals were maintaining until they complete
40 weeks of age since the age is a risk factor of dyskinesia [7, 13, 14] either induced by
drugs or spontaneous. Then, it was performed three sections of behavioral analysis of
VCMs to guarantee that animals will be correctly divided into High and Low VCMs. At
this time, it was included a group of young animals with 8 weeks of age to allow
investigate if the possible alterations founded were also related to the age. It was observed
a significant increase of number of VCM on adult group compared with young animals
reinforcing the idea that the age is a risk factor for movement disorders even in animals
untreated with any drug. After this confirmation, the adult group was divided in High and
Low VCM to allow the investigation of some possible mechanisms involved in this
behavioral manifestation.

According to the literature, there is a decrease on locomotor activity when antagonists
of dopamine receptors are administrated [30, 36, 46]. In the present study, it was not

observed significant alterations on locomotor and exploratory activity when adult rats
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were evaluated on open field tests either considering the age or VCMs as a factor. In

previous studies of our group using dopaminergic agents, it was also observed the
substances able to prevent VCMs not necessarily avoid the locomotor damage caused by
these drugs [32, 47] suggesting the pathways involved in the control of orofacial
involuntary movements could be distinct from that related to locomotor and exploratory
activities [36, 37]. As literature data have showed the involvement of MAO in
neurodegenerative [48, 49] and apoptotic process [50] and that TH is an enzyme
responsible by catecholamine synthesis [51] and its reduction is related to neuronal loss
[52], it was investigated the activity of MAO-A and MAO-B and the immunoreactivity
of TH in brain structures of rats related to movement control.

In the cortex region, it was observed a significant increase of MAO-B activity in the
group related to age and we believe that MAO-B is metabolizing a greater amount of
monoamines, causing a reduction in the monoamines available in the synaptic cleft which
may be involved with motor alterations, taking into account that the cortex is also a region
involved with movement control. (Fig 4 B, D).

In striatum it was observed a significant increase of MAO-B activity only on High
VCM group (Fig.5 D). This data is in accordance with previous report from literature,
considering that the striatum is a structure that takes a part of basal ganglia and is involved
in the involuntary movement control. We believe this occurred because just as when there
is the drug administration and TD manifestation, the appearance of the SD could be
related to an alteration on dopamine signaling pathways [24, 26, 53, 54].

As we found alterations in MAO-B activity related with the presence of VCMs, we
decided to investigate if TH (a key enzyme to monoamine synthesis) could be altered
either by age or VCM development in rats. There was a significant reduction TH
immunoreactivity in the striatum of animals with 42 weeks of age without relation with
the presence of VCMs. This data suggest a possible neurodegeneration process since the
decrease in TH immunoreactivity is attributed to a loss of neurons [52, 54].

Another hypothesis to involuntary movements which appears with the age is the
alteration in oxidative stress [24, 26]. Then, it was investigated the possible alterations in
oxidative stress markers (DCFH-DA oxidation and TBARS production), enzymatic
(catalase) and non-enzymatic defenses (proteic and non-proteic thiol groups).

In cortex region, as was seen in previous studies of our own group using a classical
antipsychotic [30], here it was shown a significant increase both of DCFH-DA oxidation

and in catalase activity on both age and related to VCM adult groups (Table 1). It is known
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the MAO-catalyzed reaction also generates aldehyde, ammonia, and hydrogen peroxide

(H202) [55]. Not only the mitochondrial oxidative phosphorylation system, but also the
activity of MAO is one of the sources of H20. in the brain [56]. Therefore, MAO
contributes to the production of ROS and participates in oxidative stress in the brain [55,
56] . Corroborating this hypothesis, it was found an increase in MAO-B activity in cortex
and striatum that would be involved with the increase of catalase activity and DCFH-DA
oxidation.

A significant reduction in the content of proteic thiol groups and production of
TBARS was also observed. Mature adult animals presenting low VCM had an increase
in catalase activity and a decrease in TBARS production.

In striatum, it was observed that there was a significantly increase of DCFH-DA
oxidation, on Table 1 according to the age, also was observed the increase in both adult
groups related to VCM, also corroborating with the hypothesis that an increase of MAO
activity, also observed in this structure, could be increase the production of H20x.

In region containing the substantia nigra, a decrease of DCFH-DA oxidation
according to age and also on High VCM (Table 1). The levels of TBARS were increase
while the catalase activity decrease in adult animals. These data suggest that the main
changes of oxidative stress markers and antioxidant defenses are related to the age of rats
being only changes in catalase activity and DCFH-DA oxidation related to the presence
of High or Low VCM:s.

In conclusion, the present study demonstrated that there is an aging influence on
increase of spontaneous dyskinesia. Furthermore, changes in almost all mechanisms
investigated are influenced by age being the presence of High VCMs in these animals
related to alterations in MAO-B, catalase activity and DCFH-DA oxidation. However
more studies are necessary to elucidate the mechanism of the spontaneous involuntary

movements as well as possible therapeutics strategies.
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Figure 1: Number of vacuous chewing movements (VCMSs) in 6 min related with age. Quantification of
VCMs was performed in three consecutive weeks in animals with 8 or 40 weeks at first evaluation. Values
of number of VCMs are presented as mean + SEM. Unpaired T test. * p < 0.05 represents significant
differences compared to control in painel A, B and C. The groups were separated by the presence of High
VCMs (D, E, F). Values of number of VCMs are presented as mean + SEM. One-way ANOVA followed
by Stutent Newman-Keuls. *** p < 0.001 represents significant differences compared to control and Low
VCM group
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Figure 2: Evaluation of locomotor activity (quantified as the number of crossings) on the open field test
in rats. Number of crossings in 5 min performed in animals with 8 and 40 weeks of age (A and C) and 10
and 42 weeks of age (B and D). Values of number of crossings are presented as mean + SEM. Unpaired T
test (A and B) and One-way ANOVA (C and D) were performed. * p < 0.05 represents significant

differences compared to control.
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Figure 3: Evaluation of exploratory activity (quantified as the number of rearing) in the open field test in
rats. Number of rearing in 5 min performed in animals with 8 or 40 weeks of age (A and C) and 10 or 42
weeks of age (B and D). Values of number of rearing are presented as mean + SEM. Unpaired T test (A
and B) and One-way ANOVA (C and D) were performed.
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Figure 4: Quantification of MAO-A (A and C) and MAO-B (B and D) activity in region of cortex. Values
of MAO activity are presented as mean + SEM. Unpaired T test (A and B) and One-way ANOVA followed
by Student Newman-Keuls (C and D). *p < 0.05 and **p < 0.01 compared to young adult animals.
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Figure 5: Quantification of MAO-A (A and C) and MAO-B (B and D) activity in region of striatum. Values
of MAO activity are presented as mean + SEM. Unpaired T test (A and B) and One-way ANOVA followed
by Student Newman-Keuls (C and D). *p < 0.05 compared to young animals and *p < 0.05 compared to

Low VCM animals.
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Table 1:
Brain Groups DCFH-DA Catalase Proteic thiol Non-proteic TBARS
Regions (DCFH-DA (pumol (umol/mg of thiol (nmol of
oxidation/mg  H202/mg protein) (umol/mg of MDA/mg of
protein) protein/min) protein) protein)
Young
(10 weeks)  402.3+83.81 5093+750 190.6 +5.39 12.32£0.74 0.25+0.02
Cortex
Adult
(42 weeks)  693.4 £52.82** 76.43+7.26° 167.6+541* 12.15+0.40 0.19 £ 0.01**
Young 50.93 £7.50
(10 weeks) 402.3 +83.81 190.6 £5.39 12.32+£0.74 0.25+0.02
Low VCM 88.65 =
Cortex (42 weeks) 678.1 +£81.33 11.39* 164.80 £9.30 12.14+0.74 0.18 £ 0.01**
High VCM 63.27 £7.60
(42 weeks) ~ 708.7 £ 70.26* 170.40+£5.82 12.17+0.36 0.20 £0.01*
Young 31.66 £6.17
(10 weeks) 48.04 +5.24 112.80 £ 3.82 8.28 +£0.37 0.25+0.05
Striatum
Adult 39.48 £7.80
(42 weeks)  75.65 £ 4.79** 119.90 £ 2.32 8.37 £0.35 0.22 £0.02
Young 31.66 +6.17
(10 weeks) 48.04 +5.24 112.80 £ 3.82 8.28 £0.37 0.25+0.05
Low VCM 35.64 £7.24
Striatum (42 weeks)  86.21 £ 7.03*** 119.50 £2.10 8.13+0.47 0.21+£0.02
High VCM 4331+
(42 weeks)  65.10 + 3.60*# 14.47 120.30 £4.35 8.61+0.54 0.22 £0.02
(10 weeks) 1081 +311.9 266.80 £26.80 12.90+1.64 0.17 +£0.02
Substanti
a Nigra
Adult 54.54 + 3.34°
(42 weeks) 47520 £117.1* 276.92+9.93 14.48+1.02 0.23 £0.01*
Young 67.51£532  266.80 + 26.80
(10 weeks)  1081.00 +311.9 12.90 + 1.64 0.17 £0.02
S;t,ifit;r”;' b"z""w\égk'\s/)' 675.90 +224.00 56.34+4.23 268.91 +14.49
13.61 £ 0.83 0.24 £0.02
High VCM
(42 weeks)  274.40+2459* 52.73+5.28 284.93+13.76 15.35+1.87 0.22 £0.02

Data (mean £ SEM) were analyzed using one-way ANOVA followed by Student Newman-Keuls. * p

<0.05,** p <0.01 and *** p < 0.001compared to young adult animals; # p < 0,05 compared to Low VCM

group; ° p = 0.05.
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5 CONCLUSOES

- Em nosso estudo foi observado que, assim como acontece quando h& administracdo de
antipsicoticos tipicos animais de maior idade apresentaram o nimero de movimentos de mascar
no vazio espontaneo aumentado em relagcdo aos animais jovens.

- Na quantificacdo da atividade da enzima MAO, foi visto 0 aumento na atividade da MAO-
B no estriado, com relacdo ao MMV e no cértex, com relacdo a idade. Acreditamos que a MAO-
B esta metabolizando uma maior quantidade de monoaminas, causando uma reducdo nas
monoaminas disponiveis na fenda sinaptica e que podem estar envolvida com alteracfes
motoras, levando em consideragdo que estas regides estdo envolvidas no controle de
movimentos.

- Com relacdo a imunorreatividade da TH, foi observada a diminuicao da imunorreatividade
da TH. Os resultados encontrados sugerem um possivel processo de neurodegeneragdo, uma
vez que a diminuigdo da imunorreatividade TH é atribuida a uma perda de neurdnios.

- Também com relacdo a idade ocorreram as principais mudancas nos marcadores de
estresse oxidativo e defesas antioxidantes sendo apenas mudangas na atividade da catalase e
oxidacdo DCFH-DA relacionada a presenca de MMVs altas ou baixas. Corroborando com a
hipdtese de que a MAO contribui para o aumento de H.O.

De maneira geral, podemos concluir que, assim como ja era relatado na literatura em
pacientes em tratamento com antipsicéticos, a idade contribuiu para a manutencdo dos
movimentos involuntéarios também naqueles que ndo fazem uso desses farmacos. Além disso,
as mudancas em quase todos 0s mecanismos investigados sdo influenciadas pela idade nesses
animais relacionados a altera¢fes na atividade de MAO-B e a TH. No entanto, mais estudos

sd0 necessarios para elucidar os mecanismos envolvidos com movimentos involuntarios.
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ANEXO A - CERTIFICADO DA COMI§SAO DE ETICA NO USO DE ANIMAIS
PROJETO: AVALIACAO DE PARAMENTROS COMPORTAMENTAIS E
BIOQUIMICOS EM RATOS COM DISCINESIA ESPONTANEA

oderyy
.“ "’n

\( .
& £ Comissao de Etice no Use de Amimais
£ % da
7&7 ‘{ Uiversidade Federal do Saita Maria
CERTIFICADO

Certificamos que o Projeto intitulado "Avallacdo de pardmetros comportamentals e bloguimices em rates com discinesia
espontinea”, protocolado 50 o CEUA ok 7977261114, sob 2 responsablidade ce Roselel Fachinetto ¢ oquipe; Alcindo Busanello;
Cavroline Pilecco Barbosa; Caroline Queirar Leal! Catiuscia Molr de Freltas; Getifio Nicold Bressan; Larisss Finger Schaffer - que
envolve 3 producdo, manutencio afou LEiZacso de animals pertencentes 3o filo Chordata, subdio Vertetrata (exceto o homem),
para fins e pesquisa clentifca (ou ensino) - encontrase de acorde com 0% preceitos @3 Lai 11.794, de 8 de outubro de 2008, com
o Decreto 6.899, de 15 de julho de 2009, com as normas edRadas pelo Conselho Nacdional de Controle ca Expenmentacdo Animal
(CONCEA), ¢ %ol aprovado pela Comiss8o de Etica no Uso de Animais da Universidade Federal de Santa Marla (CEUA/UFSM) em
reurido ce 29/04/2015.

We certify that the proposal *Evaluation of behaviorl and biochemical pardmetres In rats with spontancous dyskinesia®, utiilzing
10 Heterogenics rats (10 malkes), protocol rumbder CEUA 7977261114, under the responsiblity of Roselei Fachinetto and team;
Alcindo Busanelo, Caroline Plecco Barbasa; Caraine Quaios Leall Catiuscia Molz de Frektas, Getiltio Nicola Bressan; Larissa Finger
Schaffer - which involves the production, maintenance andlor use of animals balonging to the phylum Chordata, subphylum
Vertebrata (except human belngs], for sclentific research purposes (o teaching) - It's In accordance with Law 11.794, of Octoder 8
2008, Decree 6899, of july 15, 2005, with the rules issued by the National Coundl for Contral of Animal Experimentation (CONCEA),
and was approved by the Ethic Committee on Animal Use of the Sederal University of Santa Maria (CEUA/USSM) in the meeting of
04/29/2015.

Vigéncia ca Proposta: de 05/2015 a 1272017 Arex: Fisiologla £ Farmaccloga

Procedéncia: Biotério Central UFSM
Espécie: Ratecs heterogdricos sexo. Nachos idace: 222 meses N0
Unhagem:  Wistar Pesa: 220a2%0¢g

Resumo: A discinesia tardia ¢ um distrbio do movimento que se desenvolve em cecorréncia do wso prolongade de antipsicétices
em aproximadamente 20% dos pacientes ¢ possid com fator de risco @ também de agravamento 3 idade. Esse cistirbio é, multas
vezes, incapacitante e irreversivel, de tal forma que ha a necessidade de se entender sew mecanismo de
desenvolvimento/manutencdo bem come de formas eficazes de tratamento. Sabe<e que Individuos que ndo fazem wso ce
antipsicéticos podem cesenvolver distirbies involuntaros co movimento espontdnecs e que ploram com 2 idade. Desta forma, 0
estudo da discinesia espontinea ¢ de grande iImportincia, pols ¢ possivel Investigar seus mecanismos sem que para is50 precise
utiizar um farmaco como agente Indutor. Dados da literatura demonstram que em animais experimentais (rates), a discinesia
espontinea possul uma prevaidnda em tormo de 5%, 2 qual & caractenzacs pelos distirblos co movimento sem qualguer IngestSo
ou administragdo de farmacos. Seguindo protocolos de outros autores, animals que apresentam discinesia espontinea 50
descartados e nossos experimentos para que ndo gerem resutados falso positivos. Desta forma, o presente projeto propée 3
utilizacio destes animals que serdo descartades c@ outros experimentos [previaments aprovados pela CEUA) para © estudo dos
mecarismos relacionados 35 discinesias esportdneas. Para Isto, a cada animal (com aproximacamente 2 meses de idade) que
apresentar ciscinesia espontinea no comportamento prévio & administragdo de farmacos, serd incluido no experiments de
discinesia esportinea ¢ também serd Incuido um animal do mesmo grupo, poném sem discinesia espontinea. Colocaremos ambos
0% animalzs em uma calxa @ manteremos o5 Mesmos no bictério co departamento ce Fisiclogla @ Farmacologla até completaramn 10
meses de idade. Sste tempo de esperd serd necessadio em fungdo de gue alguns animais 56 desenvolvem a discnesia espontinea
quando possuem mais idade © servicd pam que evitemos 2 interpretacso errinea ce algum fater. remas aumentar o n (Pomero de
animals por grupo} até que atinjamos um némerc de 10 animais com discinesia @ 10 animais sem discinesla. Inclulremos no
experimento também S animals controle sem discinesia e com 2 meses de idade {estes sim, animais que serdo acguirides no
biotério central apenas pan a realizagdo deste experiments) pan que o fater idace também possa ser analisado. Serdo aallacos
pardmetros comportamentals caracteristicos de distirdios motores (némero de movimentos de mascar no vazio @ de protrusdes de
lingua, tempo de tremor facial dos animais) besn como 2 atividade lkecomotora, exploratéria e comportamento relacionado 3
ansiedade (abirnto em cnaz elevada). Apds as andlises comportamentais o5 animals serdo anestesiacos com cetamina/xdiazing
(20710 mgfkg, Lm.} mortos por decapitacdo. O cértex, substdncia negra, estriade @ Npocampo serdo utiiizades para andiise de
pardmetros relacionados ao sisterna dopaminérgico (Imuncraativicade ca tirosing hidrowiase, do transportador de copaming ¢
receptor DZ, bem como 2 ativicade da MAQ), 20 estresse oxidative (oxidagdo da diclorofiuoresceina, nived ce sustincias reativas
20 acido tiodammitdrico e de Hoks, athidade c3 catalase ¢ da Na+/X+ ATFase) e sinalizacio celular via Akt Acrecitamos gue através
deste experimento poderemos elucidar alguns mecanismos que sejam comuns 3 cutras doencas Motors @ que possam ser alves
de futuros estudes farmaccitgicos buscando seu trataments ¢ maihoria na qualidade de vida das pessoas que 30 acometidas por

tais distorbios.
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