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APRESENTACAO

No item INTRODUCAO, esta descrita uma sucinta revisdo bibliografica sobre os
temas trabalhados nesta tese.

Os resultados que fazem parte desta tese estdo apresentados sob a forma de artigos,
0s quais encontram-se no item ARTIGOS CIENTIFICOS. As secdes Materiais e
Métodos, Resultados, Discussdao dos Resultados e Referéncias Bibliograficas, encontram-se
nos proprios artigos e representam a integra deste estudo.

Os itens, DISCUSSAO E CONCLUSOES encontradas no final desta dissertacio,
apresentam interpretacdes e comentarios gerais sobre os artigos cientificos contidos neste
trabalho.

As REFERENCIAS BIBLIOGRAFICAS referem-se somente as citagdes que
aparecem nos itens INTRODUCAOQ, DISCUSSAO e CONCLUSOES desta dissertacio.

Tendo em vista que esta tese € a continuagdo do trabalho do mestrado em fung¢do do
processo de migragdo obtido por mim junto a CAPES, encontram-se em ANEXO (I e II)

os artigos que fizeram parte da Disserta¢do de Mestrado.
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RESUMO

Tese de Doutorado
Programa de P6s-Graduacao em Bioquimica Toxicologica
Universidade Federal de Santa Maria, RS, Brasil

PAPEL DA RECAPTACAO E DE METABOLITOS DA DOPAMINA NA
DISCINESIA OROFACIAL INDUZIDA POR NEUROLEPTICOS EM RATOS

AUTORA: Roselei Fachinetto
ORIENTADOR: Juliano Ferreira
CO-ORIENTADOR: Jodo B.T. Rocha
LOCAL E DATA DA DEFESA: Santa Maria, maio de 2008.

A discinesia orofacial (DO) induzida por flufenazina consiste num modelo de
discinesia tardia (DT) cuja patofisiologia tem sido relacionada a hipersensibilidade
dopaminérgica e ao estresse oxidativo. Dados da literatura demonstraram que pacientes
com DT apresentam reduzida expressdo do transportador de dopamina (TDA). Em um
estudo prévio, ndés demonstramos que animais experimentais que apresentam alta
intensidade de movimentos de mascar no vazio (MMV) induzidos por tratamento cronico
com haloperidol também apresentaram uma reducdo na captagdo de dopamina (DA) no
estriado. Tendo em vista que uma das maneiras de reduzir a atividade dos TDA ¢ via
modulagdo redox, um primeiro objetivo deste estudo foi determinar se o tratamento cronico
com flufenazina poderia induzir um aumento nos indices de estresse oxidativo em regides
cerebrais (estriado e substantia nigra) e quais os efeitos deste tratamento nos niveis de
captacdo de DA no estriado de ratos tratados aguda e cronicamente com flufenazina (Artigo
1). O tratamento com flufenazina produziu MMV na maioria dos ratos tratados (87% apds
24 semanas). O tratamento concomitante com disseleneto de difenila diminuiu a
prevaléncia dos MMV para 50%. Além disso, separamos os animais que desenvolveram
(+MMV) ou ndo desenvolveram (-MMV) MMV. Nao encontramos nenhuma diferenca
estatistica entre os grupos quando comparados parametros de estresse oxidativo. O
tratamento cronico, mas ndo agudo, com flufenazina diminuiu significativamente a
captacdo de DA nos animais que apresentaram MMYV. O tratamento concomitante com
disseleneto de difenila ndo foi capaz de prevenir esta reducdo naqueles ratos que
desenvolveram MMV. Um outro objetivo deste trabalho foi avaliar a participacao da DA,
de outras monoaminas e de seus metabolitos no modelo agudo e cronico de DO induzida
por flufenazina em ratos (manuscrito em preparacdo 1). O tratamento com flufenazina
produziu MMV na maioria dos animais tratados (50% ap6s 3 semanas e cerca de 85% apos
24 semanas. Nao houve diferenga estatisticamente significativa entre os grupos controle e
tratado com flufenazina agudamente com relagdo aos niveis de monoaminas e seus
metabolitos no estriado de ratos apresentando MMV+. Observamos uma tendéncia a um
aumento nos niveis dos metabodlitos da DA, HVA (p=0.05) e DOPAC (p=0.06), apos
tratamento cronico com flufenazina. Em conjunto, estes resultados indicam que a redugao
no transporte de DA pode ser um possivel mecanismo relacionado a manutengdo da DO
cronica em ratos. O metabolismo da DA parece ter participagdo na manutengdo da DO, mas
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ndo no desenvolvimento. Além disso, o uso do disseleneto de difenila parece ser terapia
farmacologica promissora para a reducao da prevaléncia da DO.

Palavras-chave: flufenazina, discinesia orofacial, discinesia tardia, radicais livres,
neurolépticos, dopamina, estresse oxidativo.
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ABSTRACT

Thesis of Doctor’s Degree
Graduate Course in Toxicological Biochemistry
Federal University of Santa Maria, RS, Brazil

ROLE OF DOPAMINE UPTAKE AND THEIR METABOLITES IN THE
OROFACIAL DYSKINESIA INDUCED BY NEUROLEPTICS IN RATS

AUTHOR: Roselei Fachinetto
ADVISOR: Juliano Ferreira
CO-ADVISOR: Jodao B.T. Rocha
PLACE AND DATE OF THE DEFENSE: Santa Maria, 2008

Fluphenazine-induced orofacial dyskinesia (OD) is a putative animal model of
tardive dyskinesia (TD) whose pathophysiology has been related to an increase in
dopamine hypersensitivity and oxidative stress. Data from literature have shown that
patients with TD present a decrease in dopamine transporter (DAT) expression. In a
previously study, we have demonstrated that experimental animals presenting high intensity
of vacuous chewing movements (VCM) induced by chronic treatment with haloperidol also
presented a reduced dopamine uptake into striatum. Considering that one way to regulate
DAT is through redox modulation, the first objective of the present study to determine if
the chronic treatment with fluphenazine could induce an increase in oxidative stress index
in brain regions (striatum and substantia nigra) and an alteration in levels of dopamine
uptake in the striatum of rats treated acute and chronically with fluphenazine (Article 1).
The fluphenazine treatment produced VCMs in the majority of the treated rats (87% after
24 weeks). Concomitant treatment with diphenyl diselenide decreased the prevalence of
VCMs to 50%. Additionally, we separated the rats that developed (+VCM) or did not
develop (-VCM) VCMs. We did not find any statistical differences among the groups when
oxidative stress parameters were evaluated. Chronic fluphenazine treatment significantly
decreased dopamine uptake. Concomitant treatment with diphenyl diselenide was not able
to prevent this decrease in those rats that developed VCMs. Another objective of this work
was to evaluate the role of dopamine (DA) and other monoamines and their metabolites on
acute and chronic of OD induced by fluphenazine in rats (manuscript in preparation 1). The
vacuous chewing movements (VCMs) or the levels of monoamines and its metabolites
were quantified after 3 (acute) or 24 (chronic) weeks after beginning of treatment. The
fluphenazine treatment produced VCMs in part of treated rats (50% after 3 weeks and about
85% after 24 weeks). There were not significant differences between the groups in
monoamines levels neither in their metabolites in the striatum under acute fluphenazine
treatment in +VCMs rats. However, we observed a trend to increase the levels of the DA
metabolites, HVA (p=0.05) and DOPAC (p=0.06), after chronic treatment with
fluphenazine. Our data suggest that an increase in DA metabolism could contribute to the
maintenance of VCMs in rats. Moreover, development of VCMs seems not to be dependent
of DA metabolism. Moreover, the use of diphenyl disselenide seems to be a promissory
pharmacological therapy in the reduction of OD prevalence.



Key-words: fluphenazine, orofacial dyskinesia,
neuroleptics, dopamine, oxidative stress.
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1. INTRODUCAO

1.1. Esquizofrenia

A esquizofrenia consiste numa importante desordem mental, afetando cerca de 1%
da populagdo em todo o mundo (Mahadik e cols., 2001), independente da cultura, pais ou
grupo racial (Bromet e Fenning, 1999). As manifestagdes da esquizofrenia surgem,
geralmente, entre o final da segunda década de vida e inicio da terceira.

Em 1908, Eugene Bleuler definiu esquizofrenia como sendo a falta de interagdo
entre o processo do pensamento e da percepc¢ao. Bleuler também classificou os sintomas da
esquizofrenia, conforme suas caracteristicas, em sintomas positivos, os quais incluem
desilusdo e alucinagdo, e negativos, como a perda de motivacdo e oscilacdo emocional
(Lewis e Lieberman, 2000; Stotz-Ingenlath, 2000).

A etiologia da esquizofrenia continua ainda ndo completamente esclarecida. A
teoria mais aceita para explicar as bases neuroquimicas da esquizofrenia ¢ a de que existe
uma hiperatividade da neurotransmissdo dopaminérgica das projecdes mesencefalicas para
o estriado limbico, baseado no fato de que os neurolépticos que possuem maior eficacia
terapéutica, principalmente para os sintomas positivos da esquizofrenia, sdo aqueles com

maior afinidade por bloquear receptores dopaminérgicos D (Snyder, 1976).

1.2 Neurolépticos

Os neurolépticos sao farmacos utilizados no tratamento de psicoses, em particular a
esquizofrenia. A clorpromazina, uma fenotiazina, foi o primeiro neuroléptico descrito, em
1952, por Delay e Deniker. A flufenazina consiste num potente neuroléptico pertencente
também a classe das fenotiazinas, que foi introduzida na pratica clinica no final da década
de 50 (Darling, 1959; Taylor, 1959). Naquela época, a flufenazina foi considerada uma
descoberta importante em relacdo as fenotiazinas ja existentes (por exemplo, a

clorpromazina) principalmente porque ndo produzia o efeito colateral da acatisia, comum a
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esta classe de medicamentos (Darling, 1959). Em 1957, Paul Janssen descobriu a atividade
neuroléptica das butirofenonas. Nesta classe, encontra-se o haloperidol, um neuroléptico
que se destaca por sua poténcia, especificidade e longa acdo (Niemegeers, 1983). A
principal ac¢do farmacoldgica dos neurolépticos cldssicos ou tipicos (haloperidol e
flufenazina) consiste em bloquear receptores dopaminérgicos D, (Creese e cols., 1976). No
entanto, o tratamento com estes farmacos possui eficidcia comprometida por causarem
efeitos colaterais extrapiramidais agudos e cronicos como, por exemplo, a Discinesia
Tardia (DT) e o Parkinsonismo.

Em 1958, Schmutz e cols. sintetizaram uma série de compostos denominados de
dibenzazepinas triciclicas, sendo que a clozapina, que foi o prototipo dos antipsicoticos
atipicos, foi uma delas (Schmutz e Eichenberger, 1982). Estes novos compostos foram
efetivos em alguns modelos animais de agdo antipsicOtica. Contudo, em contraste aos
neurolépticos tipicos, os neurolépticos atipicos ndo foram efetivos em modelos de
estereotipia induzidos por anfetamina e apomorfina (Healy, 2002; Hippius, 1989).

Mais tarde, observou-se que pacientes resistentes ao tratamento com haloperidol e
clorpromazina, principalmente aqueles com sintomas negativos de esquizofrenia,
respondiam de maneira satisfatoria ao tratamento com clozapina (Kane e cols., 1988).
Desta forma, novos neurolépticos atipicos, comec¢aram a ser sintetizados visando minimizar
os efeitos colaterais extrapiramidais sem, contudo, diminuir a eficacia terapéutica.
Entretanto, os antipsicoticos atipicos, além de ndo possuirem eficicia satisfatoria nos
sintomas positivos da esquizofrenia, apresentam uma série de efeitos colaterais, entre eles
diabetes mellitus tipo 2 e agranulocitose e, em alguns casos, a propria DT (Henderson,
2000). Além disso, os antipsicoticos atipicos possuem custo muito elevado se comparados
aos tipicos. Desta forma os neurolépticos classicos continuam sendo largamente

empregados no tratamento das psicoses.

1.3. Discinesia Tardia

A DT consiste num distirbio do movimento decorrente do uso prolongado de

neurolépticos, sendo considerada o principal efeito colateral destes farmacos. As primeiras



descri¢des desta sindrome foram publicadas entre 1956 e 1957. Inicialmente, a DT foi
denominada de “discinesia persistente” sendo também referida como “sindrome buco-
linguo-mastigatoria” ou “sindrome da insuficiéncia extrapiramidal terminal” (Crane, 1968;
Kane, 1995). O termo discinesia tardia foi proposto em 1964, por Faurbye e colaboradores.

A DT caracteriza-se por movimentos anormais hipercinéticos, sem proposito,
repetitivos e involuntarios que podem ocorrer durante ou apds a interrup¢do de um
tratamento prolongado com neurolépticos. Estes disturbios do movimento ocorrem, mais
freqlientemente, na regido orofacial e incluem movimentos de mastigagdo, protusdo da
lingua, estalido dos ladbios, movimentos de franzir a face e piscar os olhos. Em alguns
casos, os distirbios hipercinéticos podem também atingir o pescoco, os membros
(principalmente os superiores) € o tronco (Kane, 1995). Também podem desenvolver-se
sintomas axiais de movimentos pélvicos para frente e para trds ou movimentos rotatorios,
descontinuos, dos quadris. Estes sintomas possuem flutua¢des no decorrer do tempo,
podendo variar em intensidade até mesmo dentro do mesmo dia (Gardos e Cole, 1983;
Wolfarth e Ossowska, 1989; Laporta e cols., 1990).

Em 1988, a Associacao Psiquiatrica Americana estimou a prevaléncia da DT em
cerca de 10 a 20% dos pacientes que utilizam cronicamente farmacos neurolépticos. Alguns
autores estimam que a média de prevaléncia da DT em pacientes recebendo tratamento com
neurolépticos cldssicos consiste de um indice em torno de 20-25%, mas este indice
aumenta com a idade. De fato, a idade ¢ considerada um dos fatores de risco para a DT, e
atinge cerca de 50% dos pacientes, com mais de 50 anos de idade, em tratamento com
neuroléptios (Kane e Smith, 1982; Gardos e Cole, 1983; Yassa e Jeste, 1992). O mais sério
aspecto da DT consiste na persisténcia da sindrome por meses ou até anos apos a retirada
do tratamento, sendo que esta pode ser irreversivel (Crane, 1973; Jeste e cols., 1979; Casey,

1985; Glazer e cols., 1990).

1.4. Modelos animais de discinesia tardia

Para o estudo dos mecanismos da DT, que se desenvolve em humanos, existem

alguns modelos animais que sao utilizados. Nos modelos animais, a discinesia ¢ chamada



de discinesia orofacial (DO). Dentre os modelos animais de DO destacam-se os modelos
agudos induzidos por neurolépticos e 0 modelo de DO induzido por reserpina por serem 0s
mais comumente utilizados.

Contudo, esses modelos agudos em geral tém sido criticados devido a uma série de
fatores, sendo que a principal critica consiste no fato de a sindrome extrapiramidal aguda
apresentar mais similaridades com Parkinsonismo do que com a DT propriamente dita
(Egan e cols., 1996). Além disso, sabe-se que, em humanos, a retirada do tratamento
prolongado com neurolépticos leva a uma exacerbagdo da sindrome, o que € visto apenas
em modelos cronicos de DO (Gunne e cols., 1982; Egan e cols., 1994).

Algumas similaridades entre DO em animais e DT em humanos podem ser
observadas. Tanto em humanos como em animais existe um subgrupo que ¢ mais suscetivel
ao desenvolvimento da sindrome (Tamminga e cols., 1990; Egan e cols., 1994; Shirakawa e
Tamminga, 1994). Os movimentos orofaciais induzidos por neurolépticos em animais
possuem a mesma freqiiéncia (1-3 Hz) da DT em humanos (See e Ellison, 1990). Como em
humanos, o nimero de movimentos de mascar no vazio (MMYV), que consiste no parametro
mais utilizado para avaliacao do desenvolvimento da DO, possui flutuacdes no decorrer do
tempo e pode piorar muito quando existe um fator de estresse envolvido (Waddington,
1990; Kaneda e cols., 1992; Egan e cols., 1994). Em animais também ¢ visto um aumento
da DO com o aumento da idade tanto induzida por neurolépticos quanto espontinea
(Kaneda e cols., 1992; Egan e cols., 1994; Jorgensen e cols., 1994; Andreassen e cols.,

1996, 1998).

1.5. Hipoteses para a DT

Algumas hipoteses neuroquimicas t€ém sido propostas na tentativa de elucidar o
mecanismo de desenvolvimento da DT. No entanto, sua exata patofisiologia permanece nao
esclarecida. A seguir descrevemos algumas das hipdteses mais aceitas para explicar a

génese da DT.



1.5.1. Hipotese da supersensibilidade dopaminérgica

A dopamina (DA) é um neurotransmissor amplamente distribuido através do
sistema nervoso central (SNC). Especialmente, este neurotransmissor ¢ largamente
encontrado no estriado (Palkovits e Brownstein, 1989) e ¢ sintetizado por neuronios
dopaminérgicos, os quais fazem parte do sistema nigroestriatal. O sistema dopaminérgico
nigroestriatal estd diretamente relacionado aos sintomas extrapiramidais.

E conhecido que a dopamina é sintetizada a partir do aminoacido tirosina, sendo que
a enzima regulatdria desta via € a tirosina hidroxilase, que converte tirosina em
diidroxifenilalanina (DOPA). Esta por sua vez ¢ convertida até dopamina (DA) por agdo da
enzima L-aminoacido descarboxilase aromatica. A DA ¢ entdo liberada na fenda sinaptica
em resposta ao estimulo nervoso que leva a um aumento de célcio citosdlico e
despolariza¢do do neurdnio pré-sinaptico. Na fenda sindptica, a DA por sua vez, interage
receptores encontrados em neurdnios pré e pos-sinapticos, exercendo assim suas acdes
celulares. Existem mecanismos de controle para a redugdo dos niveis extracelulares da DA.
Um deles seria via acdo da DA em receptores pré-sinapticos que levariam a redugdo na
atividade da tirosina hidroxilase e consequentemente a reducdo na sintese de dopamina.
Outro mecanismo importante seria através da retirada da dopamina extracelular via
transportador de dopamina (TDA) (Goodman e Gilman, 2006). A DA ¢ enzimaticamente
desaminada pela monoamina oxidase (MAQ) para formar 3,4-diidroxifenilacetaldeido. Este
composto ¢ entdo oxidado pela enzima aldeido desidrogenase para produzir o acido 3,4-
diidroxifenilacético (DOPAC), o qual ¢ subsequentemente metilado pela enzima catecol-o-
metiltransferase (COMT) para formar o acido homovanilico (HVA) (Cooper e cols., 2003).

A supersensibilidade dopaminérgica consiste na mais popular hipdtese para explicar
o desenvolvimento da DT ap6s uso cronico de neurolépticos. Segundo esta hipotese, a DT ¢
resultante de uma resposta do sistema nervoso central (CNS), secundéria ao bloqueio
cronico dos receptores dopaminérgicos pelos neurolépticos, em locais relacionados ao
controle dos movimentos. Em resposta a este bloqueio cronico, hd& um aumento
compensatorio no numero de receptores dopaminérgicos, receptores estes que
provavelmente respondem a menores niveis de DA levando a um estado

hiperdopaminérgico e a manifestacdes clinicas como, por exemplo, a DT (Klawans e



Rubovits, 1972; Burt e cols., 1977; Rubinstein e cols., 1990). No entanto, esta teoria possui
algumas contradi¢des. A principal inconsisténcia da teoria ¢ que o mais importante fator de
risco para o desenvolvimento da DT ¢ a idade (Cavallero e Smeraldi, 1995; Kane, 1995;
Woerner e cols., 1998). Contudo, foi demonstrado que o envelhecimento faz com que
ocorra a reducdo tanto do niimero quanto da sensibilidade dos receptores dopaminérgicos
(Lohr e Jeste, 1988; Sachdev, 1999).

Apesar de a hipdtese da supersensibilidade dos receptores dopaminérgicos possuir
algumas inconsisténcias, ainda assim o sistema dopaminérgico parece estar diretamente
relacionado ao desenvolvimento da DT e DO. Dados da literatura demonstram que a
administracdo de neurolépticos, por bloquear receptores dopaminérgicos pré-sindpticos
responsaveis pela retroinibicdo da sintese de DA, acabam por levar a um aumento
secundario de sua sintese e, consequentemente, elevacdo nos niveis extracelulares deste
neurotransmissor (Lohr, 1991; Andreasen e Jorgensen, 2000).

Neste contexto, a principal forma de retirada da DA da fenda sinaptica e, portanto
da redugdo da neurotransmissdao dopaminérgica, ocorre através da recaptacao de dopamina
via TDA (Beckman e Quick, 1998; Kahlig e Galli, 2003). O TDA (Figura 1) consiste numa
proteina integral de membrana que contém 12 dominios transmembrana. E membro da
familia de transportadores dependente de Na'/CI', sendo codificado por um tinico gene
(SLC6A3). O TDA ¢ encontrado exclusivamente em neurénios dopaminérgicos, sendo que
o estriado ¢ a regido do SNC mais rica neste tipo de transportador (Amara e Kuhar, 1993;
Giros e Caron, 1993). Dessa forma, TDA tem papel crucial em desordens que alteram a
plasticidade neuronal dopaminérgica. Alguns trabalhos tém demonstrado alteragdes na
expressao do TDA em humanos € em animais experimentais que recebem tratamento com
neurolépticos (Saldafia e cols., 2006; Yoder e cols., 2004). Recentemente demonstramos
que animais experimentais que desenvolvem DO, em resposta ao tratamento croénico com o
neuroléptico classico haloperidol, apresentam niveis reduzidos de recaptacio de DA

(Fachinetto e cols., 2007).



Figura 1: Estrutura do transportador de monoaminas. Ambas terminagdes N e C

terminais sdo intracelulares e 0 mesmo possui 12 dominios transmembrana. Fonte: Torres e

cols., 2003.

1.5.2. Hipotese dos radicais livres

Uma hipdtese que vem ganhando atencdo na literatura ¢ a de que os radicais livres
possam ter uma importante participagao no desenvolvimento da DT (Cadet e cols., 1986,
1987; Lohr e cols., 2003). A hipotese dos radicais livres tem como base para o seu
desenvolvimento o sistema dopaminérgico.

De acordo com isto, dados da literatura indicam que a administracdo de
neurolépticos, por bloquear receptores dopaminérgicos, pode causar um aumento
secundario na sintese de dopamina e consequentemente um aumento no seu metabolismo
via aumento da atividade da MAO (Lohr, 1991; Andreasen e Jorgensen, 2000). Sabe-se que
a atividade das oxidases em geral, forma como produto o perdxido de hidrogénio (H,O,)
que ao reagir com metais de transicdo via reagdo de fenton, forma radicais livres, como
radicais hidroxila (OH" ) e superdxido. Além disso, a propria dopamina pode sofrer auto-
oxidagdo formando dopamina quinona que pode agir como espécie reativa de oxigénio

(Lohr, 1991; 2003).



Além disso, o bloqueio dos receptores estriatais dopaminérgicos pode produzir um
aumento no glutamato extracelular, o que pode levar a um aumento na producdo de radicais
livres (Coyle e Puttfarcken, 1993; Tsai e cols., 1998; Castilho e cols., 1999) através de
mecanismos excitotoxicos.

Concordando com o fato de que os radicais livres estdo envolvidos no
desenvolvimento da DO, foi demonstrado que a administragdo de substancias pro-oxidantes
¢ capaz de potencializar o desenvolvimento de DO em modelos animais (Andreassen e
cols., 1998; Calvent e cols., 2002). Além disto, existem evidéncias na literatura de que
pacientes esquizofrénicos ingerem uma maior quantidade de gordura na dieta do que a
populacdo em geral (Brown e cols., 1999) e, a ingestdo de dietas ricas em gordura esta
associada a um aumento de estresse oxidativo em roedores (Folmer e cols., 2003). Mais
recentemente, foi demonstrado que dietas ricas em gordura aumentam a vulnerabilidade dos
neurdnios dopaminérgicos a neurotoxina 1-metil-4-fenil-1,2,3,6-tetraidropiridina (MPTP)
(Choi e cols., 2005). De particular importancia, recentemente demonstramos que animais
recebendo uma dieta rica em gordura e, tratados cronicamente com haloperidol,
apresentaram maiores intensidades de DO quando comparados ao grupo controle
(Fachinetto e cols., 2005).

Sabe-se que o cérebro ¢ particularmente vulnerdvel a agdo toxica das espécies
reativas de oxigénio principalmente pela grande quantidade de energia utilizada que, via
metabolismo oxidativo, pode levar a produgdo de espécies reativas de oxigénio (Lohr,
1991). Além disso, o SNC, por ser um local extremamente rico em acidos graxos
poliinsaturados, propicia a peroxidacdo lipidica (Lohr e cols., 2003). Com base em
trabalhos recentes acerca de drogas capazes de reverter ou mesmo de impedir o
desenvolvimento da DT, o uso de substincias com potencial antioxidante parece ser
promissor. Considerando que o sistema antioxidante endogeno, tanto enzimatico,
representado pelas enzimas glutationa peroxidase (GPx), catalase e superdxido dismutase
(SOD), quanto ndo enzimatico, principalmente representado pelas vitaminas E e C, parece
ser fundamental neste caso, a estratégia teraputica ou mesmo preventiva, estaria na
administracdao de substancias capazes de restabelecer as defesas antioxidantes endégenas ou

mesmo atuar complementando-as.



Dados da literatura tém demonstrado que, em animais tratados com neurolépticos,
existe aumento nos niveis de peroxidacdo lipidica e de carbonilacdo de proteinas, reducao
na atividade de enzimas antioxidantes, como a SOD, a catalase e a GPx, e também reduc¢ao
da glutationa reduzida e conseqliente aumento da glutationa oxidada (Post e cols., 2002;
Naidu e cols., 2003a; Abilio e cols., 2004; Burger e cols., 2004; 2005 a; b; Faria e cols.,
2005; Sadan e cols., 2005; Pillai e cols., 2006). Neste contexto, a enzima SOD tem recebido
aten¢do na literatura. Foi demonstrada uma significativa reducdo no alelo polimorfico (alta
atividade) para a MnSOD em pacientes com esquizofrenia ¢ DT em comparacdao com
aqueles sem DT, sugerindo que a alta atividade do alelo MnSOD pode proteger contra o
desenvolvimento da DT (revisado por Lohr e cols., 2003). Além disso, o uso de substancias
com potencial antioxidante como ¢ o caso da Vitamina E, melatonina, quercetina,
diseleneto de difenila e ebselen foi capaz de atenuar ou mesmo reverter completamente a
DO bem como restaurar os parametros bioquimicos que se apresentavam alterados
(Sachdev e cols., 1999; Naidu e cols., 2003 a, b; Burger e cols., 2004; 2005a; 2006).

Mais importante, em humanos foi demonstrado que existe aumento de parametros
oxidativos no fluido cérebro espinhal e plasma de pacientes com DT (Pall e cols., 1987;
Tsai e cols., 1998; Lohr e cols., 1990). Foi relatado que o uso de substancia antioxidantes
como a vitamina E pode prevenir o aparecimento da discinesia em pacientes (Egan e cols.,
1992; Dabiri e cols., 1994). No entanto, seu uso como tratamento apds a sindrome ja
instalada, parece nao ter eficacia.

De particular importincia, recentes dados de nosso laboratorio tém apontado para
o papel protetor de substincias organicas contento selénio e com atividade anti-oxidante
(disseleneto de difenila e ebselen) contra a DO induzida por haloperidol ou reserpina em
ratos (Burger e cols., 2004; 2005a; 2006). O Selénio (Se) ¢ um micronutriente presente em
alguns alimentos que fazem parte da dieta. Na forma de selenocisteina, forma uma parte
vital de vérias seleno-enzimas, incluindo a glutationa peroxidase (GPx) (Klotz e cols.,
2003; Brenneisen e cols., 2005; Steinbrenner e cols., 2006). GPx juntamente com a catalase
e superdxido dismutase (SOD) sdo os principais sistemas antioxidantes contra a formacao
de radicais livres. Desta forma, os niveis de Se poderiam modular desordens relacionadas
ao estresse oxidativo que envolvem o sistema dopaminérgico, como, por exemplo, a DT.

Estudos epidemiologicos tém demonstrado que a deficiéncia de selénio na dieta estd
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relacionada com a génese e ou progressdo de diversas patologias como desordens
neuroldgicas, cardiovasculares, cancer e diabetes (Wilber, 1980; Salonen e cols., 1982;
Clark e cols., 1991; El-Bayoumy, 1991; Combs e Gray, 1998; Armstrong e cols., 1996).
Contudo, ¢ conhecido que compostos inorganicos de Se podem apresentar toxicidade
(Brandao e cols., 2006; para revisao, ver Nogueira e cols., 2004). Por outro lado, compostos
organicos de Se possuem um bom perfil farmacologico desde que estes compostos possuem
baixo potencial de toxicidade (Commandeur e cols., 2001; Nogueira e cols., 2003; 2004).
Além disso, nosso grupo tem demonstrado que compostos organicos de Se possuem
propriedades anti-inflamatdria, antioxidante, antitumoral e neuroprotetora (Borges e cols.,
2005; Nogueira e cols., 2004; Santos e cols., 2005). Entretanto, a participacao do estresse
oxidativo tem sido extensivamente estudada em modelos agudos de DO, o que faz com que
seja necessario o estudo mais detalhado em modelos cronicos, tendo em vista as criticas
que sdao impostas ao modelo agudo principalmente no que diz respeito a sua maior
semelhanca ao Parkinsonismo do que a DT, conforme comentado anteriormente (Para
revisdao ver Salamone e cols., 1998). Além disso, existem dados controversos na literatura a
respeito da efetividade de terapias antioxidantes para o tratamento de pacientes discinéticos.
Estudos realizados demonstram que o tratamento tem maior eficacia se administrado desde
o inicio da terapia com neurolépticos, sendo pouco efetivo na reversdo da sindrome ja
instalada (Egan e cols., 1994).

O sistema dopaminérgico tem envolvimento direto no desenvolvimento da DT e
muitos trabalhos tém focado a participagdo da DA neste processo. Apesar de este ser o foco
de estudos de muitos grupos, pouco se conhece a respeito da participacdo do TDA nesta
patologia. Diante do exposto, fica claro que estudos envolvendo modelos agudos e cronicos
devem ser realizados para elucidar o papel do transporte e do metabolismo de DA, bem

como a real participagdo do estresse oxidativo no desenvolvimento e manutencao da DO.
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2. OBJETIVOS

Objetivo geral

O objetivo geral deste estudo consiste em avaliar o papel da recaptagao de
dopamina, bem como a participagdo deste neurotransmissor e seus metabolitos no

desenvolvimento e manuteng@o da discinesia orofacial induzida por flufenazina em ratos.

Objetivos especificos

- Determinar a intensidade ¢ prevaléncia da DO em ratos tratados aguda e
cronicamente com flufenazina;

= Verificar o efeito do tratamento cronico com o antioxidante disseleneto de
difenila no modelo de DO induzido por flufenazina em ratos;

—> Avaliar a recaptagdo de DA no estriado de ratos tratados aguda e cronicamente
com flufenazina;

- Quantificar os niveis de DA, serotonina, noradrenalina e seus metabolitos no
estriado de ratos tratados aguda e cronicamente com flufenazina;

—> Investigar a presenga de estresse oxidativo no estriado de ratos tratados aguda e

cronicamente com flufenazina.
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3- ARTIGOS CIENTIFICOS

Os resultados que fazem parte desta tese estdo apresentados sob a forma de artigos
cientificos, os quais se encontram aqui organizados. Os itens Materiais ¢ Métodos,
Resultados, Discussdo dos Resultados e Referéncias Bibliograficas, encontram-se nos
proprios artigos. O artigo 1 esta disposto na forma que foi publicado na edi¢do da revista
cientifica Psychopharmacology. O manuscrito em preparac¢ao 1 esta disposto na forma

em que normalmente se submete para publicacao.
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3.1 - EFEITO DO DISSELENETO DE DIFENILA SOBRE DISCINESIA
OROFACIAL INDUZIDA POR FLUFENAZINA EM RATOS

Artigo 1

DIPHENYL DISELENIDE DECREASES THE PREVALENCE OF
VACUOUS CHEWING MOVEMENTS INDUCED BY
FLUPHENAZINE IN RATS

ROSELEI FACHINETTO; JARDEL G. VILLARINHO; CAROLINE WAGNER;
ROMAIANA P. PEREIRA; ROBSON L. PUNTEL; MARCIO W. PAIXAO; ANTONIO
L. BRAGA; JOAO BATISTA CALIXTO; JOAO B.T. ROCHA; JULIANO FERREIRA.
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Abstract

Rationale Chronic treatment with neuroleptics causes, as a
side effect, tardive dyskinesia in humans; however, the
mechanisms involved in its pathophysiology remain unclear.
Objectives The purpose of this study was to examine the
effects of diphenyl diselenide, an organoselenium com-
pound with antioxidant properties, in an animal model of
vacuous chewing movements (VCMs) induced by long-
term treatment with fluphenazine.

Results Adult male rats were treated during 24 weeks with
fluphenazine (25 mg/keg, intramuscularly [i.m.], once every
21 days) and diphenyl diselenide (1 mg/kg, subcutancously,
three times a week). VCMs and body weight gain were
quantified every 3 weeks. The fluphenazine treatment
produced VCMs in the majority of the treated rats (87%
after 24 weeks). Concomitant treatment with diphenyl
diselenide decreased the prevalence of VCMs to 50%.
Additionally, we separated the rats that developed or did
not develop VCMs. We did not find any statistical differ-
ences among the groups when oxidative stress parameters
were evaluated. Chronic fluphenazine treatment significant-
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ly decreased [FH]-dopamine uptake. Concomitant treatment
with diphenyl diselenide was not able to prevent this
decrease in those rats that developed VCMs.

Conclusions Our data suggest that the reduction in dopa-
mine transport can be a possible mechanism related to the
maintenance of VCMs in rats. Moreover, diphenyl dis-
elenide seems to be a promising pharmacological agent in
the reduction in the prevalence of VCMs in rats.

Keywords Tardive dyskinesia - Orofacial dyskinesia -
Dopamine uptake - Fluphenazine - Diphenyl diselenide -
Oxidative stress

Introduction

The use of classical neuroleptics i1s the most effective
treatment for schizophrenia. However, these drugs cause, as
side effects, a syndrome characterized by involuntary
movements of the orofacial region and. sometimes, mus-
culature of the members and trunk, known as tardive
dyskinesia (TD; Kane 1995). The mean of prevalence of
TD is 20-25% in subjects receiving classical neuroleptic
treatment, and the rate increases significantly with age
(Kane and Smith 1982; Woerner et al. 1991). The most
serious aspect of TD is that it may persist for months or
years after drug withdrawal, and in some patients, it is
irreversible (Casey 1985; Crane 1973; Jeste et al. 1979).
The molecular mechanisms responsible for TD are still
not completely understood, and several hypotheses have
been postulated (Andreassen and Jorgensen 2000; Ebadi
and Srinivasan 1995; Lohr et al. 2003). TD has been
attributed to the supersensitivity of dopamine receptors, but
this mechanism is not consistent with a number of factors

@ Springer
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documented in TD patients (Andreassen and Jorgensen
2000; Lohr et al. 2003). One hypothesis that has gained
clinical experimental support in the literature is that free
radicals may play an important role in TD development
(Cadet et al. 1986, 1987; Lohr et al. 2003). In fact, clinical
studies have shown that the chronic use of neuroleptic
drugs is capable of inducing oxidative stress (Lohr et al.
1990; Pall et al. 1987; Tsai et al. 1998) and that treatment
with antioxidant substances (such as vitamin E) can
attenuate the development of TD (Dabiri et al. 1994; Egan
et al. 1992). In animal models of orofacial dyskinesia (OD),
the participation of oxidative stress in the appearance of
involuntary movements in the orofacial region has been
demonstrated (Abilio et al. 2004; Burger et al. 2004, 2005a,
b; Faria et al. 2005; Naidu et al. 2003; Post et al. 2002;
Sadan et al. 2005).

Selenium (Se) is a micronutrient present in high
proportion in some foods of the mammalian diet, and it
forms a vital part of several Se-dependent enzymes,
including glutathione peroxidase (GPx; Klotz et al. 2003;
Brenneisen et al. 2005; Steinbrenner et al. 2006). GPx
together with catalase and superoxide dismutase (SOD) are
the main cellular antioxidant systems against free radical
formation. Thus, Se levels could modulate oxidative stress-
related disorders that involve the dopaminergic system,
such as TD. However, it is known that inorganic Se
compounds can be toxic (Branddo et al. 2005; for review,
sce Nogueira et al. 2004). On the other hand, organo-
selenium compounds have a better pharmacological profile
because they possess low toxic potential (Commandeur et
al. 2001; Nogueira et al. 2003, 2004). Moreover, our group
has demonstrated that organoselenium compounds possess
anti-inflammatory, antioxidant, antitumoral, and neuropro-
tective properties (Borges et al. 2005; Nogueira et al. 2004;
Santos et al. 2005). Of particular importance, recent data
from our laboratory have pointed to a protective role of
diphenyl diselenide and ebselen, two organochalcogens,
against haloperidol or reserpine-induced orofacial move-
ments in rats (Burger et al. 2004, 2005a, 2006).

Thus, the aim of the present study was to investigate the
action of the organoselenium compound diphenyl dis-
elenide, a thiol peroxidase mimetic, on a chronic model of
vacuous chewing movements (VCMs) induced by long-
term treatment with fluphenazine.

Materials and methods
Animals
Male Wistar rats weighing 270-320 g and with age from 3

to 3.5 months from our own breeding colony were kept in
cages of three or four animals each, with continuous access

@ Springer

to food and water in a room with controlled temperature
(2243°C) and on a 12-h light/dark cycle with lights on at
7:00 am. The animals were maintained and used in
accordance to the guidelines of the Brazilian Association
for Laboratory Animal Science.

Drugs and treatments

Fluphenazine enantate (Flufenan®) was a gift from Cristalia
(Brazil). Diphenyl diselenide was synthesized by the
previously described method (Palmier 1986). Firstly, to
select the dose of fluphenazine used in chronic treatment,
we carried out acute experiment using different doses of
fluphenazine. Rats were divided into four groups with six
animals each. The control group received an administration
of soy oil intramuscularly (2 mL/kg, im.) at first day of
experiment. The others three groups received fluphenazine
enantate (12.5, 25, or 50 mg/kg, i.m.). Based in a previous
study (Van Kampen and Stoessl 2000), behavioral testing
was conduced 3 weeks after injection.

For chronic experiment, rats were divided into control,
diphenyl diselenide, fluphenazine, and fluphenazine plus
diphenyl diselenide groups. Fluphenazine enantate was
administered i.m. every 21 days (25 mg/kg, 1.m.). Diphenyl
diselenide was dissolved in soy oil and administered
subcutancously (s.c.) three times per week in nonconsecu-
tive days (1 mg/ke, s.c.; Burger et al. 2006). The control
group received soy oil (1 mL/kg) in the same way as the
diphenyl diselenide group. The treatment was carried out
over the course of 6 months.

Behavioral testing

Behavior was assessed before the treatment with vehicles,
fluphenazine, or diphenyl diselenide (basal evaluation),
with nine animals per group. Animals that presented more
than 40 VCMSs (used by us as a parameter of OD) were
excluded of the study. Thus, the number of animals in each
group that received treatment was six, six, eight, and eight
for the control, diphenyl diselenide, fluphenazine, and
fluphenazine plus diphenyl diselenide groups, respectively.
The effect of drugs on behavior was examined every
21 days beginning on the 2Ist day after the first
fluphenazine injection (that occurred on the same day of
the basal behavior) and was carried out over the course of
6 months. To quantify the occurrence of VCMSs, rats were
placed individually in cages (20x20x19 cm), and hand-
operated counters were employed to quantify VCMs
frequency. VCMs are defined as single-mouth openings in
the vertical plane not directed toward physical material. If
VCMs occurred during a period of grooming, they were not
taken into account. VCMs were measured continuously for
6 min after a period of 6-min adaptation. During the



Psychopharmacology (2007) 194:423-432

16

425

observation sessions, a mirror was placed under the floor of
the experimental cage to permit observation when the
animal was faced away from the observer. Experimenters
were always blind with regard to the treatment conditions.

In a preliminary study of interater reliability, we found
that the use of this method of observation and the definition
of the parameter evaluated usually result in greater than
93% agreement between three different observers for
VCMs. The calculated e value was significant for p<0.05.

It was previously reported that the treatment with
neuroleptic drugs does not result in the development of
VCMs in all treated rats (Kane and Smith 1982; Shirakawa
and Tamminga 1994). In the present study, we have also
verified the prevalence of neuroleptic-induced VCMs. In
our laboratory, control rats present maximally 40 VCMs
during a period of 6 min. Thus, in this study, we analyzed
the rats that developed neuroleptic-induced VCMs (+VCM,
more than 40 VCMs) separately from those that did not
develop neuroleptic-induced VCMs (=VCMs, less than
40 VCMs), as described by Andreassen et al. (2003), Egan
et al. (1994), and Shirakawa and Tamminga (1994).

Tissue preparations

Rats were killed about 24 h after the last session of
behavioral quantification (on the 21st day after the last
administration of fluphenazine and 48 h after of the last
administration of diphenyl diselenide). The brains were
immediately excised and put on ice. The striatum and
region containing the substantia nigra were separated,
weighed, and homogenized in 10 vol (w/v) of 10 mM
Tris—HCL, pH 7.4. A portion of the striatum was dissected
for slices used for the [*H -dopamine uptake assay.

[*H]-dopamine uptake

[JH]—dnpaminc uptake was carried out as described by Holz
and Coyle (1974) with some modifications. The following
three solutions were used in this experiment: (1) a buffered
solution consisting of 127 mM NaCl, 1.2 mM Na,HPO,,
536 mM KCI, 044 mM KH-PO, 095 mM MgCls,
0.70 mM CaCly, 10 mM glucose, 1 mM Tris—HCI, and
Selegiline 1 uM, pH 7.4, (2) a solution containing solution
1 and 100 puM cocaine, and (3) a solution with the same
composition of solution 1 but without selegiline. To
measure [*H]-dopamine uptake, the striatum was cut into
400-pum slices, which were washed with buffer (solution 3).
The slices (0.2-0.3 mg protein) were preincubated in 96-
well polycarbonate plates for 15 min at 35°C in solution 1.
[*H]-dopamine was added to the incubation medium, and
the uptake was carried out for 10 min at 35°C, after which,
the reaction was stopped by five washes of 30 s each with
I-mL ice-cold cocaine solution (solution 2). Immediately

after washing, 0.25 mL of 0.5 M NaOH and 02% sodium
dodecyl sulfate was added to the slices that were digested
by 10 min of incubation at 60°C. Aliquots of the lysates
were taken for protein content measurement by the Lowry
et al. (1951) method. For determination of the intracellular
amount of dopamine, liquid scintillation counting was used.
[*H]-Dopamine uptake was calculated by a difference
between total and blocked with cocaine (incubated with
solution 2). Results were expressed as cocaine-sensitive
[*H]-dopamine uptake per milligram of protein.

Oxidative stress parameters

To evaluate the levels of reactive oxygen species (ROS),
the homogenates were centrifuged for 10 min at 1,500xg.
Just after the centrifugation, an aliquot of supernatant was
used for 2',7'-dichlorodihydrofluorescein diacetate (DCFH-
DA) oxidation. DCFH-DA oxidation was determined
spectrofluorimetrically using the membrane-permeable
fluorescent dye DCFH-DA (7 uM). Fluorescence was
determined at 488 nm for excitation and 520 nm for
emission. A standard curve was carried out using increasing
concentrations of 2',7'-dichlorofluorescein (DCF) incubated
in parallel (Pérez-Severiano et al. 2004).

To assess lipid peroxidation, we quantified thiobarbituric
reactive substances (TBARS). The homogenates were
centrifuged for 10 min at 1,500 xg. Just after the centrifu-
gation, an aliquot of 200 pL or of supernatant was
incubated for 1 h at 37°C and then used for lipid
peroxidation quantification as earlier described (Ohkawa
et al, 1979). MDA values were determined at 532 nm.

To verify SOD activity, the striatum or substantia nigra
were adequately diluted to 40 volumes with Tris—HCI
10 mM (pH 7.5), and the assay was performed according to
the method of Misra and Fridovich (1972). Briefly,
epinephrine rapidly autooxidizes at pH 10.5 producing
adrenochrome, a pink-colored product that can be detected
at 480 nm. The addition of samples (10, 25, 50 pL)
containing SOD inhibits the autooxidation of epinephrine.
The rate of inhibition was monitored during 180 s at
intervals of 30 s. The amount of enzyme required to
produce 50% inhibition at 25°C was defined as one unit of
enzyme activity. The SOD activity was expressed as units
per gram of tissue.

Statistical analysis

Data from body weight and behavioral parameter (VCMs)
were analyzed by three- (s.c. treatment, i.m. treatment, or
time as factors) and two-way analysis of variance
(ANOVA; treatment or time as factors), respectively. F'
values are presented in the text only if the p value
associated with it was less than 0.05. Prevalence data were
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analyzed by the Chi-squared test. Data from TBARS and
ROS quantification, [*H]-dopamine uptake, and SOD
activity were analyzed by one-way ANOVA, followed by
Duncan’s post-hoc tests when appropriate. Significance was
considered when p<0.05.

Results

Effects of different doses of fluphenazine on VCMs
3 weeks after treatment

Treatment with fluphenazine induced a high prevalence of
VCMs in rats, with 100% of treated rats presenting more
than 40 VCMs at a dose of 50 mg/kg compared with its
vehicle (Chi-squared=12 and p<0.05). At doses of 12.5
and 25 mg/kg, fluphenazine treatment caused 50% preva-
lence of animals presenting more than 40 VCMs (Fig. la).
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Fig. 1 Effects of acute treatment with fluphenazine at different doses
(12.5, 25, and 50 mg/ke) or vehicle solution on prevalence (a) and
intensity (b) of vacuous chewing movements. Values are express as
means£SEM. Control group and group treated with S0 mgkg of
fluphenazine (n=6) and groups treated with 12.5 and 50 mg/kg of
fluphenazine (n=3)
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Considering the intensity of VCMs induced by acute
treatment with different doses of fluphenazine, it was
observed a marked increase on VCMs after 3 weeks of
treatment at all doses when compared with its vehicle
(Fig. 1b). However, any statistical difference was found in
the VCMs intensity among different doses of fluphenazine.
Thus, we have chosen the submaximal dose of 25 mg/kg to
perform chronic treatments.

Effects of diphenyl diselenide on VCMs induced
by long-term treatment with fluphenazine

Fluphenazine caused a marked increase on VCM when
compared with its vehicle (F (8, 152)=9.11 and p<0.001).
In fact, a significant interaction between fluphenazine and
VCM measures (F (8, 152)=4.34, p<0.001) was observed.
Treatment with fluphenazine induced a high prevalence of
VCMs in rats, with 87.5% of treated rats presenting more
than 40 VCMs compared with its vehicle (Chi-squared=
10.50 and p<0.001). The treatment with diphenyl diselenide
was able to reduce the prevalence of VCMs to 50% (Chi-
squared=2.6018 and p=0.05) in fluphenazine-administered
rats (Fig. 2b).

However, diphenyl diselenide was not able to alter the
number of VCMs in those animals that developed VCMs
(Fig. 2a). Furthermore, the administration of diphenyl
diselenide alone did not cause any alteration in animal
behavior (Fig. 2a).

Eftects of diphenyl diselenide on body weight
during long-term treatment with fluphenazine

Fluphenazine but not its vehicle caused a significant body
weight gain decrease that was time dependent (Fig. 2¢). In
fact, a significant interaction between fluphenazine and body
weight measures (F (8, 176)=4.21, p<0.05) was observed.
We did not observe any significant difference in body weight
reduction between rats that developed and did not develop
VCMs (data not shown). Moreover, the administration of
diphenyl diselenide alone or with fluphenazine did not cause
any alteration on body weight gain (Fig. 2c).

Effects of acute and chronic treatment with fluphenazine
on [*H]-dopamine uptake

Three weeks of treatment with fluphenazine (25 mg/kg) did
not cause any significant effect on [*H]-dopamine uptake in
striatal slices when compared to its vehicle (Fig. 3a).
However, the treatment with fluphenazine for 24 weeks
caused a significant decrease in [*H]-dopamine uptake in
striatal slices when compared to its vehicle (Fig. 3b).
Diphenyl diselenide cotreatment did not protect from
fluphenazine-induced [*H]-dopamine uptake reduction
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Fig. 2 Effects of long-term treatment with fluphenazine (25 mg'kg
once every 21 days), diphenyl diselenide (1 mgkg, three times a
week), fluphenazine plus diphenyl diselenide, or vehicle solutions on
intensity (a) or prevalence (b) of vacuous chewing movements and
body weight gain (c). Values are expressed as means+SEM

(Fig. 3b). Of note, in rats protected from fluphenazine-
induced VCMSs by the diphenyl diselenide cotreatment, the
level of [*H]-dopamine uptake was similar to vehicle levels
(data not shown). Diphenyl diselenide administration alone
did not alter [*H]-dopamine uptake in rats treated with
vehicle.

Effects of fluphenazine and diphenyl diselenide
on oxidative stress parameters

There was not a significant difference among the groups in
DCFH-DA-acetate oxidation levels. However, there was a

tendency for the levels DCFH-DA oxidation to decrease in
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Fig. 3 Effect of fluphenazine treatment on [*H]-dopamine uptake.
a Effect of acute treatment with fluphenazine (25 mg/kg) on [*H]-
dopamine uptake (cpm/mg protein) in striatum of rats. b Effect of
long-term treatment with fluphenazine (25 mg/kg, once every 21 days),
diphenyl diselenide (1 mg/kg, three times a week), fluphenazine plus
diphenyl disclenide, or control solution on specific [*H]-dopamine
uptake (cpm/mg protein) in striatum of rats. Data (mean+SEM) were
analyzed by one-way ANOVA followed by Duncan’s multiple range
tests. Asterisks represent differences from the control group
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the striatum and substantia nigra of rats with +VCM for
both the group treated with fluphenazine alone and the
group cotreated with diphenyl diselenide (Table 1).

Neither treatment with fluphenazine alone nor with
diphenyl diselenide alone caused any effect on striatal and
nigral SOD activity when compared with its vehicle
(Table 1). In rats cotreated with diphenyl diselenide and
fluphenazine, a significant increase in SOD activity was
observed in the striatum but not in the substantia nigra
when compared to fluphenazine alone or to its vehicle
(Table 1).

There were no significant differences among the groups
in TBARS levels in the striatum and substantia nigra of rats
treated with diphenyl diselenide and fluphenazine (Table 1).

Discussion

TD has been a major problem associated with long-term
neuroleptic treatment in humans; however, the mechanisms
involved in its pathophysiology remain unclear. Our current
results show that chronic fluphenazine treatment induces
VCMs, an effect related with a reduction in dopamine
uptake. Moreover, the organoselenium compound diphenyl
diselenide reduced the prevalence of fluphenazine-induced
VCMs.

It has been demonstrated that the level of Se in the brain
is an important factor in the etiology of several neurode-
generative diseases (Chang 1983; Zafar et al. 2003). In
addition, studies from our group have previously shown
that the organoselenium compounds demonstrate protective
effects on neurotoxicity models (for review, see Nogueira et
al. 2004). For example, we have previously demonstrated
that the organoselenium compound diphenyl diselenide
attenuated acute parameters of OD produced by haloperidol
or reserpine in rats (Burger et al. 2004, 2006). However,
there are some criticisms about acute models of OD. In

acute models of OD, the drug withdrawal decreases and/or
inhibits the behavioral disturbances, while in chronic
models of OD and in TD, drug withdrawal exacerbates
this syndrome. For instance, acute models of OD have been
classified as Parkinson’s disease or extrapyramidal syn-
drome, where a reversal is possible by administering
anticholinergic drugs (see, for review, Andreassen and
Jorgensen 2000; Jenner and Marsden 1983; Egan et al.
1996). Therefore, we investigated the effects of diphenyl
diselenide on a chronic model of VCMs as well as its
possible mechanism of action. Diphenyl disclenide reduced
the prevalence of VCMs but not the intensity of VCMs in
fluphenazine-treated rats. Because the rats were cotreated
with fluphenazine and diphenyl diselenide that did not
develop VCMs showed values of dopamine uptake close to
those of the control group, the reduction in VCMs in this
group seems to be related to the maintenance of dopamine
uptake at control levels.

The precise mechanisms that contribute to the develop-
ment of TD remain elusive but appear to involve multiple
neurotransmitter systems and receptor types (see, for review,
Andreassen and Jorgensen 2000; Gunne et al. 1984; Lee et
al. 1997; Lohr et al. 2003). Initially, the supersensitivity of
dopamine D, receptors was proposed as the principal basis
for TD supported by findings of increased dopamine D,
receptor density in the rat striatum after an acute (about
2-3 weeks) administration of antipsychotics, including
fluphenazine (Burt et al. 1977; Boyson et al. 1988).
However, more recent studies have found high levels of
parameters related to OD without an alteration in striatal D,
receptors after chronic (18 weeks) treatment of rats with
fluphenazine (Van Kampen and Stoessl 2000). Moreover,
there is a poor temporal and spatial correlation between the
development of TD and dopamine receptor supersensitivity
(see, for review, Gerlach and Casey 1988; Gunne et al.
1984). However, other dopamine neurotransmission dis-
turbances could to be important to TD development. For

Table 1 Effects of fluphen-

azine and diphenyl diselenide
treatment on oxidative stress

parameters (mean=SEM)

Brain regions TBARS

(nmol of MDA/g tissue)

Ha-DCF oxidation
{nmal of DCF/g tissue)

SOD activity
(units/g tissue)

Striatum
Control 15.03£0.49 17.18+£2.27 765.6+61.2
Diselenide 16.74+4.99 20444273 To6.4+E8.8
Fluphenazine 14.66+1.36 14.58+1.52 789.6+92.4
Dis+Flu—VCM 15.8245.00 16.58+£2.39 048.44107.2%
Dis+Flu+VCM 13.86£0.28 16.05+£2.22 1056+54 4*
Substantia nigra
Control 15.44=1.05 21.66+2.92 756100
Diselenide 17.44+£1.27 22.6943.69 816.8+£120
Fluphenazine 14.92+£1.20 2007£1.77 478.2+86.4
Dis+Flu—VCM 17.09+£2.60 23.23+6.55 5052+£76.8
*Represents differences from Dis+Flu+VCM 12.870.64 16.07+2.41 618+78

control group
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example, an intrastriatal antisense treatment against dopa-
mine D, receptor was capable of reducing chronic
fluphenazine-induced VCMs in rats (Van Kampen and
Stoessl 2000).

Dopamine is a neurotransmitter involved in several
conditions (Mehler-Wex et al. 2006; Miczek et al, 2002;
See 1993; van Erp and Miczek 2007). Besides the major
regulator of dopamine neurotransmission seems to be its
reuptake from the synaptic cleft by dopamine transporters
(Horn 1990; Iversen 1971), dopamine uptake modulation
has not been systematically studied in animal models of
TD. In this study, we have found for the first time that the
chronic treatment of rats with fluphenazine reduces dopa-
mine uptake in striatal slices. However, the reduction in
dopamine uptake seems not to be involved in VCM
increase produced by acute treatment with fluphenazine in
rats. These results imply that chronic treatment with
fluphenazine could be causing an overflow of dopamine
into the synaptic cleft of extrapyramidal dopaminergic
neurons by inhibiting high-affinity dopamine uptake, which
may be one of the possible mechanisms of typical
neuroleptic-induced TD. Our results are in accordance with
literature data that have demonstrated that long-term
fluphenazine treatment increases dopamine levels in the
nucleus accumbens and brainstem (Jackson-Lewis et al.
1991). Moreover, our findings may explain, at least in part,
why typical neuroleptic drugs (including fluphenazine) can
cause an increase in dopamine turnover (See 1993), as
catecholamine turnover is minimized by the high efficien-
cies of neuronal reuptake (Iversen 1971; Horn 1990).

Several factors might explain the reduction in dopamine
uptake in the striatum of rats presenting VCMs, including
altered dopamine transport function and neurodegeneration
of dopamine uptake cells. Interestingly, the chronic treat-
ment of rats with fluphenazine (for 8 months) presented a
significantly lower density of the large neurons in the
central part of the striatum (Jeste et al. 1992). In addition, it
has been shown that some neuroleptics can directly interact
with and inhibit the dopamine transporter (Lee et al. 1997).
One study has demonstrated that a high concentration of
fluphenazine can reduce dopamine uptake by rat striatal
synaptosomes in vitro (Westfall et al. 1976). In addition to
these putative mechanisms, literature data have shown that
oxidative stress decreases the activity of dopamine trans-
porters (Huang et al. 2003; Hashimoto et al. 2004). In view
of the antioxidant property of diphenyl diselenide, we have
also investigated the role of oxidative stress in fluphenazine-
induced VCMs.

Oxidative stress has been proposed as an important
pathogenetic mechanism in TD. It is suggested that the
increased dopamine tumover caused by neuroleptics stim-
ulates the production of reactive substances (such as
hydrogen peroxide and dopamine quinones) as products

of dopamine metabolism by monoamine oxidase activity
(Andreassen and Jorgensen 2000). However, there are
many contradictory results in studies that investigate
oxidative stress and TD. In fact, the long-term treatment
of TD with antioxidant vitamin E had limited success
(Adler et al. 1999; Egan et al. 1992; Lohr et al. 1987). In
addition, vitamin E treatment produced contradictory
results in parameters of OD caused by chronic treatment
with fluphenazine in rats (Lohr et al. 2000; Sachdev et al.
1999). We have found that the treatment with fluphenazine
or diphenyl diselenide did not alter the levels of lipid
peroxidation when compared with the control group of
animals. This result contrasts with an early clinical study
that demonstrated an increase in cerebrospinal fluid (CSF)
lipid peroxidation in patients treated with phenothiazine
drugs (Pall et al. 1987). However, other clinical studies did
not find any differences in CSF or blood lipid peroxidation
of dyskinetic patients when compared to healthy or
schizophrenic controls (Brown et al. 1998; Tsai et al. 1998).

Regarding ROS production, we did not detect any
significant difference in DCFH-DA oxidation in the
striatum and substantia nigra of the rats treated only with
fluphenazine. It has been shown that the acute (34 weeks)
treatment with haloperidol caused an increase in VCMs and
in striatal oxidative stress parameters in rats (Naidu et al.
2003; Burger et al. 2005a). The discrepancy between these
results and our own may be explained by the differing
capacities of neuroleptic drugs to cause oxidative stress. In
fact, haloperidol seems to possess a pro-oxidant effect,
increasing lipid peroxidation in vitro (Jeding et al. 1995).
This pro-oxidant effect can be indirectly mediated by its
toxic metabolites, which can cause oxidative stress by a
direct mitochondrial dysfunction (Wright et al. 1998; Avent
et al. 1996). Preliminary experiments carried out by our
group have shown that fluphenazine per se did not produce
pro-oxidant or antioxidant effect in vitro (data not shown).
Moreover, another important point to consider is the
relationship between the duration of oxidative stress and
parameters of OD. In fact, Shivakumar and Ravindratnath
(1993) have shown that the treatment with haloperidol
induced oxidative stress as late as a month after the
administration, an event that is generally no longer
observed after 3 months of treatment in mice. Furthermore,
we have detected increased parameters of OD but not
oxidative stress in several brain regions 7 months after
haloperidol treatment in rats feeding on a normal diet
(Fachinetto et al. 2005). Interestingly, we did not find
alterations in lipid peroxidation, ROS levels, or SOD
activity in the striatum of rats at a week after fluphenazine
treatment (unpublished results). It has been reported that the
effectiveness of antioxidants is reduced in cases of long-
standing TD (Egan et al. 1992; Dabiri et al. 1994)
suggesting their clinical use for the prevention of TD but
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not for the treatment of established dyskinesia. Thus,
oxidative stress seems to be related with the development
of haloperidol-induced behavioral related to OD but
possibly not with the maintenance of TD. If the initial
dysfunction in the nigrostriatal system occurs because of an
early increase in oxidative stress in fluphenazine-treated
animals, we were unable to demonstrate this.

Thus, there must be mechanisms other than oxidative
stress involved m TD development. Enhancement of
glutamatergic transmission caused by a blockade of
presynaptic dopamine receptors seems to participate in the
genesis of TD (Tsai et al. 1998). Of note, diphenyl
diselenide is able to inhibit glutamate receptor binding in
rat brain membranes (Nogueira et al. 2001).

Taken together, our data suggest a mechanism involving
the reduction in dopamine transport related with the
maintenance of chronic VCMSs in rats. Its mechanism of
action probably involves neuroprotection via modulation in
the levels of dopamine in the synaptic cleft and antigluta-
matergic properties. Considering that the development of
new drugs are of crucial importance for the treatment of the
side effects of neuroleptics, we hope that our paper may
contribute to further investigations about mechanisms
underlying the development of TD and its possible
prevention or protection.
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Abstract

TD is a serious side effect caused by long-term treatment with neuroleptic drugs.
Despite of innumerous studies concerning about the pathophysiology of TD, this syndrome
is not elucidated. Thus, the aim of the present study was to investigate the participation of
biogenic amines on acute and chronic model of orofacial dyskinesia induced by
fluphenazine in rats. Adult male rats were treated during 3 or 24 weeks with fluphenazine
(25 mg/kg, 1.m., once every 21 days) and vehicle (1 mL/kg, i.m., once every 21 days). The
vacuous chewing movements (VCMs) or the levels of monoamines and its metabolites
were quantified after 3 (acute) or 24 (chronic) weeks after beginning of treatment. The
fluphenazine treatment produced VCMs in part of treated rats (50% after 3 weeks and about
85% after 24 weeks). Thus, we separated the rats that developed (+VCM) or did not
develop (-VCM) VCMs. There were not significant differences between the groups in
biogenic amines levels neither in their metabolites in the striatum under acute fluphenazine
treatment in +VCMs rats. However, we observed a trend to increase the levels of the DA
metabolites, HVA (p=0.054) and DOPAC (p=0.063) after chronic treatment with
fluphenazine. Our data suggest that an increase in dopamine metabolism could contribute to
the maintenance of VCMs in rats. Moreover, development of VCMs in seems not to be

dependent metabolites.

Key words: tardive dyskinesia, orofacial dyskinesia, dopamine, HVA, DOPAC,

fluphenazine.
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INTRODUCTION

The use of classical neuroleptics is the most effective treatment for schizophrenia.
Fluphenazine is potent phenothiazine antipsychotic used in the treatment of schizophrenic
patients. Its pharmacological action involves the blockage with high affinity of dopamine
D; and D, receptors (Morgan and Finch, 1986). However, tardive dyskinesia (TD)
continues to be one of the main side effects occurring in schizophrenic patients under
chronic treatment with neuroleptics. TD is characterized by involuntary movements of the
orofacial region and, sometimes, musculature of the members and trunk, known as tardive
dyskinesia (TD) (Kane 1995).

Although some hypotheses have been postulated to explain at molecular and cellular
levels of this syndrome, the exact mechanisms involved in TD development remain unclear.
Literature data have demonstrated that abnormalities in various neurotransmitter systems
have been implicated in the pathophysiology of TD, especially dopaminergic, serotonergic
and noradrenergic systems (Andreassen and Jorgensen, 2000; Boyson et al. 1988; Burt et
al. 1977; Kulkarni and Naidu, 2001; Morgan and Finch, 1986).

It was described changes in the noradrenergic and serotonergic function in patients
with TD and in animal models of orofacial dyskinesia (OD) (Ohmori et al., 2003;
Kaufmann et al., 1986; Naidu et al., 2001; Segman et al., 2003). However, there are some
contradictions mainly to the noradrenergic hypothesis (Glazer et al., 1987).

Another hypothesis is that there may be functional excess in the activity of
dopamine as a synaptic neurotransmitter in the central nervous system (Klawans and
Rubovits, 1972; Burt et al., 1977; Rubinstein et al., 1990). Moreover, TD has been related
to dopamine receptor hypersensitivity, which is induced by chronic receptor blockade by
treatment with neuroleptic drugs (Cavallero and Smeraldi, 1995; Kane, 1995; Woerner et
al., 1998). Since dopamine receptor hypersensitivity hypothesis has limitations (Lohr and
Jeste, 1988; Sachdev, 1999), other dopamine neurotransmission disturbances could to be
important to TD development.

Of particular importance, we have recently demonstrated the reduction of dopamine
uptake in animals with OD (assessed by vacuous chewing movements) induced by chronic
treatment, but not by acute treatment, with fluphenazine or haloperidol (Fachinetto et al.,

2007a; 2007b). These results imply that chronic treatment with fluphenazine could be
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causing an overflow of dopamine into the synaptic cleft of extrapyramidal dopaminergic
neurons by inhibiting high-affinity dopamine uptake, which may be one of the possible
mechanisms of typical neuroleptic-induced TD. In fact, it has been demonstrated that long-
term fluphenazine treatment increases dopamine levels in the nucleus accumbens and
brainstem (Jackson-Lewis et al. 1991). Moreover, it has been demonstrated that chronic
treatment with haloperidol increases the levels of dopamine metabolites in striatum (See,
1993), an effect that might be related with dopamine uptake, since catecholamine turnover
1s minimized by a high efficient neuronal reuptake (Iversen, 1971; Horn, 1990). However,
there are no studies showing the relationship of dopamine or other monoamines as well as
their metabolism in the orofacial dyskinesia induced by fluphenazine. Thus, the aim of the
present study was to investigate the role of monoamines and their metabolites on acute and

chronic of orofacial dyskinesia induced by fluphenazine in rats.
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MATERIALS AND METHODS

Animals

Male Wistar rats weighing 270-320 g and with age from 3 to 3.5 months, from our
own breeding colony were kept in cages of 3 or 4 animals each, with continuous access to
food and water in a room with controlled temperature (22+£3 °C) and on a 12-h light/dark
cycle with lights on at 7:00 am. The animals were maintained and used in accordance to the

guidelines of the Brazilian Association for Laboratory Animal Science (COBEA).

Drugs and treatments

Fluphenazine enantate (Flufenan®™) was a gift from Cristalia (Brazil). For acute
experiment, rats were divided into two groups with 6 animals each. The control group
received an administration of soy oil intramuscularly (1 ml/kg, i.m.) at first day of
experiment. Another group received fluphenazine enantate (25 mg/kg, i.m.). Based in a
previous study (Fachinetto et al, 2007b; Van Kampen and Stoessl 2000), behavioral testing
was conduced 3 weeks after injection.

For chronic experiment, rats were also divided into two groups, control and
fluphenazine group. Fluphenazine enantate was administered intramuscularly (i.m.) every
21 days (25 mg/Kg, i.m.). The control group received soy oil (1 mL/Kg) in the same way

fluphenazine group. The treatment was carried out over the course of 6 months (24 weeks).

Behavioral Testing

Behavior was assessed before the treatment with vehicle or fluphenazine (basal
evaluation). Animals that presented more than 40 vacuous chewing movements (VCMs,
used by us as a parameter of OD) in basal evaluation were excluded of the study. Thus, the
number of animals that received acute treatment was 6 to control and 6 to fluphenazine
group. To chronic treatment, the number of animals was 7 to control group and 13 to
fluphenazine group. The effect of acute treatment with fluphenazine on behavior was
examined before the fluphenazine administration (basal evaluation) and on the 21% day

after the fluphenazine injection. The effect of chronic treatment with fluphenazine on
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behavior was examined, as in acute treatment, before the first administration of
fluphenazine (basal evaluation) and after 6 months of treatment.

To quantify the occurrence of VCMs, rats were placed individually in cages
(20x20x19 cm) and hand operated counters were employed to quantify VCMs frequency.
VCMs are defined as single mouth openings in the vertical plane not directed towards
physical material. If VCMs occurred during a period of grooming they were not taken into
account. VCMs were measured continuously for 6 min after a period of 6 min adaptation.
During the observation sessions, a mirror was placed under the floor of the experimental
cage to permit observation when the animal was faced away from the observer.
Experimenters were always blind with regard to the treatment conditions. In a preliminary
study of interrater reliability, we found that the use of this method of observation and the
definition of the parameter evaluated usually results in >93% agreement between 3
different observers for VCMs. The calculated o value was significant with a p value <0.05.

It was previously reported that the treatment with neuroleptic drugs does not result
in the development of VCMs in all treated rats (Kane and Smith 1982; Shirakawa and
Tamminga 1994; Fachinetto et al. 2007a, b). We have also verified the prevalence of
neuroleptic-induced VCMs. In our laboratory, control rats present maximally 40 VCMs
during a period of 6 min. Thus, in this study, we analyzed the rats that developed
neuroleptic-induced VCMs (+VCM, more than 40 VCMs) separately from those that did
not develop neuroleptic-induced VCMs (-VCMs, less than 40 VCMs), as previously
described by different groups (Andreassen et al. 2003; Egan et al. 1994; Shirakawa and
Tamminga, 1994; Fachinetto et al., 2007a,b). In this paper, we have showed the results
referents of animals treated with fluphenazine that developed more than 40 VCM (+VCM).
Thus, the final number of animal per group was: to acute treatment, control group with 6
animals and +VCM group with 3 animals; to chronic treatment, control group with 7

animals and +VCM group with 11 animals.

Tissue preparations and monoamines and metabolites estimation

Rats were killed about 24 hours after the last session of behavioral quantification
(on the 21* day after the last administration of fluphenazine). The brains were excised and

put on ice. The striatum was immediately separated and stored at -80°C for HPLC analysis.
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The endogenous levels of biogenic amines dopamine (DA), serotonin (5-HT) and
norepinephrine (NA) and its metabolites (HVA, DOPAC, 5-HIAA and DHPG) were
estimated by HPLC with electrochemical detection, as described by Ferraz et al., (2002).

Statistical Analysis

Data were analyzed by One-way ANOVA (VCM intensity), unpaired test t
(monoamine levels, monoamine metabolites levels and monoamines turnover). Prevalence
of OD was analyzed by Chi-Square test. Linear correlation analysis was used to examine

the correlation between two independent factors. Significance was considered when p <

0.05.
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RESULTS

Acute and chronic effects of fluphenazine on VCM

Acute (3 weeks) treatment with fluphenazine caused a 50% prevalence of animals
presenting more than 40 VCMs (+VCM). (Chi-square = 2.5 and p=0.11) With regard to the
intensity of VCMs induced by acute treatment with fluphenazine, it was observed a marked
increase on VCMs after three weeks of treatment when compared with its vehicle (p<0.05;
Figure 1A). These results are similar to that previously published by our group (Fachinetto
et al., 2007b).

Chronic treatment (24 weeks) with fluphenazine induced a high prevalence of
VCMs in rats, with 84.5% of treated animals presenting more than 40 VCMs compared
with its vehicle (Chi-square = 13.16 and p<0.001). Moreover, chronic treatment (24 weeks)
with fluphenazine also caused a marked increase in the intensity of VCMs when compared

with its vehicle (p<0.05; Figure 1B).

Effects of acute and chronic treatment with fluphenazine on DA, NA, 5-HT and their

metabolites

There were not statistically significant differences among the groups in biogenic
amines levels neither in its metabolites in the striatum of rats under acute and chronic
fluphenazine treatment and +VCMs (Table 1 and 2). In according with this, we did not find
differences in the turnover of DA, 5-HT and NA metabolites in acute or chronic treatment
(Table 2). However, we observed a trend to increase the levels of NA (p=0.06; Table 1) and
to negatively correlate DA levels and VCM number (R=0.53 and p=0.07; Figure 1) that did
not reach statistical significance. Moreover, we observed a trend to increase the levels of
DA metabolites, HVA (p=0.054) and DOPAC (p=0.06), and the turnover of DA
metabolites (HVA/DA: p=0.08) after chronic treatment with fluphenazine (Table 1). We
have also observed a positive correlation between HVA and VCM (R=0.46 and p=0.05),
and also a trend to correlate DOPAC and VCM (R=0.42 and p=0.08).
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DISCUSSION

Despite of innumerous studies concerning about the etiology of the exact
mechanism responsible by this syndrome is still unknown. TD is a serious side effect
caused by long-term treatment with neuroleptic drugs, particularly due to its high
prevalence and the lack of effective treatment. Our current study shows that acute and
chronic fluphenazine treatment caused a significant increase in VCMs. The levels of
biogenic amines and its turnover seem not to be significantly altered in acute or chronic
treatment. However, we have detected some trends (p<0.10 to p>0.05) to find differences
between vehicle and fluphenazine groups, but they did not reach statistically significant
levels (p<0.05). As the number of animals in some groups is low (3 animals for acute
fluphenazine group) and the number of animals in the groups is quite different (i.e. 7
animals in control and 11 animals in chronic fluphenazine group), we must correct these
faults to confirm the exact role of monoamines and their metabolites in dyskinesia.
However, our preliminary results allow us to trace some previous speculation about our
hypothesis.

Long-term treatment with neuroleptic drugs is capable of producing OD in rats and
TD in humans. In the present study, we found a prevalence of 50% and 85%, respectively
to acute and long-term treatment with fluphenazine in rats. The intensity of VCMs in both,
acute and chronic, treatment with fluphenazine was significantly different from control
groups. These results are in accordance with previously published work of our group
(Fachinetto et al., 2007) where we found similar values to prevalence of OD in rats.

The major regulator of dopamine neurotransmission seems to be its reuptake from
the synaptic cleft by DAT (Horn, 1990; Iversen, 1971). DAT are found exclusively in
dopaminergic neurons, and are densely present in the striatum (Amara and Kuhar, 1993;
Giros and Caron, 1993). In our previous findings, we have not detected a reduction in
dopamine uptake in striatum of rats treated acutely with fluphenazine (Fachinetto et al.,
2007b). In accordance with our idea that dopamine uptake could alter its metabolism, we
were not able to detect any significant alteration in the striatum levels of dopamine, its
metabolites and turnover after acute treatment with fluphenazine in the present study. On
the other hand, we have detected a trend to negatively correlate dopamine levels with VCM

number in rats acutely treated with fluphenazine, indicating that reduced dopamine levels in
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striatum might increase the intensity of orofacial dyskinesia. Of note, it has been described
that reduction in dopamine leads to a cholinergic neuron imbalance that could be
responsible for the development of extrapiramidal syndrome, including the parkinsonism
(Neale et al., 1984; Rupniak et al., 1986; for review, see Salamone et al., 1998). This
finding is in line with the idea that acute neuroleptic treatment produces a parkinsonim-like
syndrome (for review see Salamone at al., 1998).

Different from acute treatment, chronic administration with fluphenazine is able to
reduce dopamine uptake in striatum of rats with high VCM number. These results imply
that chronic treatment with fluphenazine could increase the level of dopamine into the
synaptic cleft of extrapyramidal dopaminergic neurons, which may be one of the possible
mechanisms of neuroleptic-induced TD. In fact, it has been demonstrated that long-term
fluphenazine treatment increases dopamine levels in the nucleus accumbens and brainstem
(Jackson-Lewis et al. 1991). Moreover, it has been demonstrated that chronic treatment
with haloperidol increases the levels of dopamine metabolites in striatum (See, 1993). In
the present study, we were not able to demonstrate an increase in the levels of DA in the
striatum of chronically treated rats, but we have found a trend to increase the DA
metabolites, HVA and DOPAC, in rats presenting high levels of VCMs and to positively
correlate dopamine metabolites with VCM intensity. Thus, our findings suggest that there is
an increase in dopamine metabolism and turnover after chronic neuroleptic treatment. This
increase in dopamine metabolites observed in animal models of orofacial dyskinesia is also
observed in cerebrospinal fluid of patients presenting tardive dyskinesia (Hsiao et al.,
1993). Besides the alteration in the function of dopamine transporter, possibly dopamine-
regulating enzymes that are involved in its synthesis and degradation could also be related
with tardive dyskinesia.

Taken together, our data confirm the prevalence of VCMs in rats taking acute and
chronic treatment with fluphenazine previously published by our group. Moreover, the
results suggest a mechanism involving an increase in dopamine metabolites related with the

maintenance of chronic VCMs in rats.
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LEGENDS FOR FIGURES

Figure 1: Effects of acute (A) and chronic (B) treatment with fluphenazine at dose of 25
mg/Kg or vehicle solution on intensity of vacuous chewing movements. Values are express
as means = S.E.M. * Represent significant differences from control group at same period

of observation.

Figure 2: Linear regression analysis between dopamine levels and VCM+ developed by

acute treatment with fluphenazine.

Figure 3: Linear regression analysis between HVA levels and VCM+ (A) and DOPAC
levels and VCM+ (B) developed by chronic treatment with fluphenazine.

Table 1: Effects of acute and chronic treatment with fluphenazine on DA, NA, 5-HT and

their metabolites. Values (ng/g) are express as means = S.E.M.

Table 2: Effects of acute and chronic treatment with fluphenazine on DA, NA, 5-HT

turnover. Values are express as means + S.E.M.



Figure 1:

A
1007 3 control *
B + VCM
— 15+
£
S
© 504
=
(&)
> 25- S——
— —
. [ |
Basal 3 Weeks
B
100-
— 15+
k=
€
© 50
=
(&)
> 25- S—
i —
0

Basal 24 Weeks

39



40

Table 1:
Acute Chronic
Control Fluphenazine Control Fluphenazine
(VCM+) (VCM+)

DA 8640.78 £ 1112.19 6007.23 + 966.25 600.638 +104.190 789.327 + 167.34
HVA 904.95+116.84 824.86 + 137.09 322.39 +£20.057 623.16 £ 113.68™"
DOPAC  2652.91 £242.18 2642.64 + 357.61 1093.23 + 141.91 2721.16 £ 637.15*
NA 91.06+11.10 131.65 +11.89° 137.13 £5.59 208.86 +44.85
DHPG 3593 +£6.8 33.91 £12.86 1053.2 £ 389.66 832.28 + 129.68
5-HT 1030.80 + 99.84 1018.66 + 288.02 180.49 £28.13 282.02 £42.94
5-HIAA 1099.70 + 44.63 1237.34 £ 57.50 570.06 £+ 68.73 587.02 £102.72

*P=0.06, Chronic fluphenazine vs. control
""P=0.05, Chronic fluphenazine vs. control
*P=0.06, Acute fluphenazine vs. control

Table 2:
Acute Chronic
Control Fluphenazine Control Fluphenazine
DOPAC/DA 0.365+0.10 0.487 £ 0.146 2.00+0.311 6.29 £2.02
HVA/DA 0.132+£0.05 0.146 £ 0.033 0.617 £0.08 1.43 £ 0.35*%
DHPG/NA 0.413£0.076  0.253 £0.095 7.97 £3.17 4.78 £0.71
5-HT/5-HIAA 1.12+£0.13 1.43 £0.39 3.56 £ 0.59 2.57+0.43

*P=0.08, Chronic fluphenazine vs. control
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Figure 3:
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4. DISCUSSAO

A DT consiste no efeito colateral mais grave associado ao uso prolongado de
neurolépticos, que acomete um alto percentual de pacientes que fazem uso cronico destes
farmacos. Particularmente, a DT ¢ problematica devida, além de sua alta prevaléncia, a sua
natureza incapacitante e falta de um tratamento que seja efetivo. Apesar da grande
quantidade de trabalhos propondo mecanismos para o desenvolvimento da DT, sua
patofisiologia ainda consiste numa incdgnita para estudiosos da area.

Sabe-se que o TDA consiste na principal forma de reduzir os niveis extracelulares
de DA, e consequentemente regular a magnitude e a duragdo do sinal dopaminérgico
(Beckman e Quick, 1998; Kahlig e Galli, 2003). De particular importancia, recentemente
demonstramos que animais experimentais apresentando um alto numero de MMV
apresentaram uma reducdo na captacdo de DA no estriado apos tratamento cronico com
haloperidol (Fachinetto e cols., 2007a; 2007b). Desta forma, a reduzida captacdo de DA
poderia aumentar os niveis desta monoamina na fenda sindptica alterando sua
metabolizagdo e sua taxa de renovagdo. De acordo com isto, a literatura tem sugerido que a
administragdo cronica de neurolépticos poderia aumentar a renovacdo de DA devido ao
bloqueio dos auto-receptores dopaminérgicos (Casey, 1985; Lohr, 1991; Andreasen e
Jorgensen, 2000). Contudo, ndo existem dados demonstrando a participagdo das
monoaminas e seus metabolitos na DO induzida por flufenazina em ratos.

O primeiro objetivo de nosso estudo foi investigar a a¢do de um composto
antioxidante, disseleneto de difenila num modelo cronico de MMV induzido por tratamento
prolongado com flufenazina em ratos.

Tem sido demonstrado que o nivel de Se no cérebro consiste num importante fator
na etiologia de varias doengas neurodegenerativas (Chang 1983; Zafar e cols., 2003). Além
disso, trabalhos prévios de nosso grupo tém demonstrado que os compostos organicos de Se
possuem um papel protetor em modelos de neurotoxicidade (para revisdo ver Nogueira e
cols., 2004). Por exemplo, previamente demonstramos que o composto organico de Se,
disseleneto de difenila, atenuou parametros agudos de DO produzidos por haloperidol ou
reserpina em ratos (Burger cols., 2004; 2006). Contudo, existem algumas criticas com

relacdo aos modelos agudos de DO. Em modelos agudos, a retirada do tratamento com
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neurolépticos diminui e/ou inibe as altera¢cdes comportamentais enquanto que em modelos
cronicos de DO e na DT em humanos, a retirada do tratamento cronico exacerba a
sindrome. Desta forma, modelos agudos de DO tém sido classificados como Parkinsonismo
ou sindrome extrapiramidal (SEP), onde a reversao € possivel através da administragcdo de
farmacos anticolinérgicos (Para revisdo ver, Jenner ¢ Marsden, 1983; Egan e cols., 1996;
Andreassen e Jorgensen 2000). Além disto, investigamos os efeitos do disseleneto de
difenila no modelo cronico de DO bem como seu possivel mecanismo de agdo. O
disseleneto de difenila reduziu a prevaléncia dos MMV, mas ndo o numero de MMV em
ratos tratados com flufenazina.

O mecanismo preciso que contribui para o desenvolvimento da DT continua nio
elucidado, mas parece envolver multiplos sistemas neurotransmissores e tipos de receptor
(Para revisao ver, Andreassen e Jorgensen, 2000; Gunne e cols., 1984; Lee e cols., 1997;
Lohr e cols., 2003). Inicialmente, a supersensibilidade dos receptores de DA D, foi
proposta como a principal base para explicar a DT, hipdtese esta suportada por trabalhos
demonstrando um aumento na densidade de receptores D, no estriado de ratos apds
administracao aguda (2 a 3 semanas) de neurolépticos, incluindo a flufenazina (Burt e cols.,
1977; Boyson e cols., 1988). Contudo, estudos mais recentes t€ém encontrado niveis
elevados de parametros relacionados a DO sem uma alteragdo nos receptores estriatais D,
apés tratamento cronico (18 semanas) de ratos com flufenazina (Van Kampen e Stoessl,
2000). Além disso, existe uma pobre correlagdo temporal e espacial entre o
desenvolvimento da DT e a supersensibilidade dos receptores para DA (Ver para revisao,
Gunne e cols., 1984; Gerlach e Casey, 1988). Contudo, outros desequilibrios na
neurotransmissao dopaminérgica poderiam ser importantes para o desenvolvimento da DT.
Por exemplo, um tratamento com antisense contra o receptor D, foi capaz de reduzir os
MMYV induzidos por flufenazina em ratos (Van Kampen e Stoessl, 2000).

A DA ¢ um neurotransmissor envolvido em varias condi¢des patologicas (See 1993;
Miczek e cols., 2002; Mehler-Wex e cols., 2007; van Erp e Miczek, 2007). Apesar da
principal forma de regulagdo da neurotransmissdo dopaminérgica ser sua recaptacdo da
fenda sinaptica por TDA (Iversen, 1971; Horn, 1990), a modulagdo da captacdo de DA nao
tem sido sistematicamente estudada em modelos animais de DT. Neste trabalho,

encontramos que o tratamento cronico de ratos com flufenazina reduz a captacdo de DA em
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fatias estriatais de ratos. Contudo, a reducdo na captagdo de DA parece ndo estar envolvida
no desenvolvimento de MMV produzidos por tratamento agudo com flufenazina em ratos.
Estes resultados inferem que o tratamento cronico com flufenazina poderia causar uma
alteracdo na disponibilidade de DA na fenda sinaptica de neurdnios dopaminérgicos
extrapiramidais inibindo a captacdo de DA, a qual pode ser um dos mecanismos de indugdo
de DT por neurolépticos tipicos.

Viérios fatores podem explicar a redu¢dao na captacao de DA no estriado de ratos
apresentando MMV, incluindo a alteracdo funcional no TDA e neurodegeneragdo de
células que captam DA. Curiosamente, o tratamento cronico dos ratos com flufenazina (8
meses) causa uma reducdo significativa na densidade de neurdnios da parte central do
estriado (Jeste e cols., 1992). Além disso, tem sido demonstrado que alguns neurolépticos
podem interagir diretamente com e inibir o TDA (Lee e cols., 1997). Um estudo
demonstrou que altas concentragdes de flufenazina podem reduzir a captacdo de DA em
sinaptossomas estriatais de ratos, in vitro (Westfall e cols., 1976). Somando-se a estes
mecanismos propostos, dados da literatura tém demonstrado que o estresse oxidativo
diminui a atividade dos TDA (Huang e cols., 2003; Hashimoto e cols., 2004). Considerando
as propriedades antioxidantes do disseleneto de difenila, investigamos o papel do estresse
oxidativo nos MMV induzidos por flufenazina em ratos.

O estresse oxidativo tem sido proposto como um importante mecanismo na
patogénese da DT. E sugerido que o aumento nos niveis da DA causado pelos neurolépticos
estimula a produ¢do de substancias reativas de oxigénio como produtos do metabolismo da
DA por via enzimatica ou ndo enzimatica (por exemplo, peroxido de hidrogénio e quinonas
de DA) (Andreassen e Jorgensen, 2000). Contudo, existem muitos resultados contraditorios
nos estudos que investigam o estresse oxidativo na DT. De fato, o tratamento prolongado
da DT com Vitamina E tem apresentado pouco sucesso (Lohr e cols., 1987; Egan e cols.,
1992; Adler e cols., 1999). Além disso, a vitamina E produziu resultados contraditorios nos
parametros de DO causados por tratamento cronico com flufenazina em ratos (Sachdev e
cols., 1999; Lohr e cols., 2000). Demonstramos que o tratamento com flufenazina ou
disseleneto de difenila ndo alterou os niveis de peroxidagdo lipidica quando comparados
com os animais do grupo controle. Este resultado ¢ contrario a um estudo anterior que

demonstrou um aumento na peroxidag¢ao lipidica no liquor ou sangue de pacientes tratados
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medicamentos fenotiazinicos (Pall e cols., 1987). Contudo, outros estudos clinicos nao
encontraram nenhuma diferenca na peroxidagdo lipidica no liquor ou no sangue de
pacientes discinéticos quando comparados a controles saudaveis ou esquizofrénicos (Brown
e cols., 1999; Tsai e cols., 1998).

Com relagdo a producdo de espécies reativas de oxigé€nio, ndo detectamos nenhuma
diferenca significativa na oxidacdo da DCFH-DA no estriado e substantia nigra de ratos
tratados somente com flufenazina. Dados da literatura demonstram que o tratamento agudo
(3 a 4 semanas) com haloperidol causou um aumento nos MMV e pardmetros de estresse
oxidativo em ratos (Naidu e cols., 2003b; Burger e cols., 2005a). A discrepancia entre estes
dados e os aqui apresentados pode ser explicada pelas diferentes capacidades dos
neurolépticos em causar estresse oxidativo. De fato, o haloperidol parece possuir um efeito
pro-oxidante, aumentando a peroxidacdo lipidica in vitro (Jeding e cols., 1995). Este efeito
pro-oxidante pode indiretamente ser mediado por seus metabolitos toxicos, os quais causam
estresse oxidativo diretamente via disfungcdo mitocondrial (Avent e cols., 1996; Wright e
cols., 1998). Experimentos preliminares realizados por nosso grupo t€ém demonstrado que a
flufenazina per se nao produz efeito anti ou pré-oxidante in vitro (dados nao mostrados).
Além disso, outro ponto importante a considerar ¢ a relagdo entre a duracdo do estresse
oxidativo e pardmetros de DO. De fato, Shivakumar e Ravindratnath (1993) tém
demonstrado que o tratamento com haloperidol induziu estresse oxidativo somente até um
més apds a administracdo com haloperidol, um evento que ndo ¢ observado posteriormente
até trés meses de tratamento em camundongos. Além disso, nds detectamos parametros
aumentados de DO, mas ndo de estresse oxidativo em varias regides cerebrais, 7 meses
ap6s administragdo de haloperidol em ratos recebendo uma dieta normal (Fachinetto e cols.,
2005). De maneira interessante, nés nao encontramos alteragcdes na peroxidacao lipidica ou
niveis de espécies reativas de oxigénio no estriado de ratos apés uma semana e ap6s 21 dias
de tratamento com flufenazina (dados ndo mostrados). Tem sido relatado que a efetividade
dos antioxidantes ¢ reduzida nos casos de DT ja instalada (Egan e cols., 1992; Dabiri e
cols., 1994) sugerindo seu uso clinico para prevengdo, mas ndo para o tratamento da
discinesia ja estabelecida. Entdo, o estresse oxidativo parece estar envolvido no
desenvolvimento de discinesia induzida por haloperidol, mas possivelmente ndo na

manuten¢do da DT. Contudo, apesar de alguns dados da literatura apontarem para uma
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disfuncdo inicial do sistema nigroestriatal decorrente de uma produg¢do aumentada de
espécies reativas de oxidativo em ratos tratados com neurolépticos (Lohr e cols., 1991), nds
fomos incapazes de observar em nosso modelo. Desta forma, com base em nossos dados,
podemos inferir que a redugdo na atividade do TDA nao ¢ devida a um aumento na
producdo de espécies reativas de oxigénio.

A reducdo da captacdo de DA observada apds tratamento cronico com haloperidol
ou flufenazina (Fachinetto e cols., 2007a ; 2007b) somada as evidéncias encontradas na
literatura de que existe um aumento de sintese de DA, poderia levar a alteracdes também no
metabolismo da dopamina. Entdo, o segundo objetivo deste trabalho foi investigar o papel
da dopamina e de outras monoaminas bem como seus metabolitos na DO aguda e cronica
induzida por flufenazina em ratos.

Os resultados deste estudo demonstram que os niveis de monoaminas e sua
renovacdo ndo foram significativamente alterados pelo tratamento agudo ou cronico com
flufenazina. Contudo, nds detectamos algumas tendéncias (p<0.10 a p>0.05) a diferencas
entre grupos tratados com flufenazina e seus controles, mas que nao alcangaram niveis
estatisticamente significativos (p<0.05). Como o nimero de animais em alguns grupos ¢
pequeno (3 animais no grupo tratado agudamente com flufenazina) ¢ também ha variacao
no numero de animais por grupos (por exemplo, 7 animais no grupo controle e 11 animais
no grupo tratado cronicamente com flufenazina), devemos corrigir estas falhas para
confirmar o exato papel das monoaminas e seus metabolitos na discinesia. Contudo, nossos
resultados preliminares permitem-nos especular a respeito de nossa hipotese.

Em um estudo prévio de nosso grupo, ndo detectamos uma redugdo na captagdo de
DA no estriado de ratos tratados com flufenazina (Fachinetto e cols., 2007b). Concordando
com nossa idéia de que o metabolismo da DA poderia ser alterado, ndo detectamos
nenhuma alteragdo significativa nos niveis estriatais de DA, seus metabdlitos ou na sua
renovacdo apos tratamento agudo com flufenazina, no presente estudo. Por outro lado,
encontramos uma tendéncia a correlacionar negativamente os niveis de DA com o nlimero
de MMV em ratos tratados agudamente com flufenazina, indicando que niveis reduzidos de
DA no estriado poderiam aumentar a intensidade da DO. De acordo, tem sido descrito que
uma reducdo na DA leva a um desequilibrio neuronal colinérgico que poderia ser

responsavel pelo desenvolvimento da SEP, incluindo o parkinsonismo (Neale e cols., 1984;
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Rupniak e cols., 1986; para revisdo, ver Salamone e cols., 1998). Este dado estd de acordo
com a idéia de que o tratamento agudo com neurolépticos produz uma sindrome semelhante
ao parkinsonimo (para revisao, ver Salamone e cols., 1998).

De forma diferente do tratamento agudo, a administragdo cronica com flufenazina ¢
capaz de reduzir a captacdo de DA no estriado de ratos que desenvolveram alta intensidade
MMV. Estes resultados inferem que o tratamento cronico com flufenazina poderia
aumentar os niveis de DA na fenda sinaptica de neurdnios dopaminérgicos extrapiramidais,
0 que poderia ser um possivel mecanismo para a DT induzida por neurolépticos. De fato,
tem sido demonstrado que o tratamento cronico com flufenazina aumenta os niveis de DA
no nucleus accumbens e mesencéfalo (Jackson-Lewis e cols., 1991). Além disso, tem sido
demonstrado que o tratamento cronico com haloperidol aumenta os niveis de DA e seus
metabolitos no estriado (See, 1993). No presente estudo, ndo fomos capazes de demonstrar
um aumento nos niveis de DA no estriado de ratos tratados cronicamente, mas encontramos
uma tendéncia a aumento nos metabolitos de DA, HVA e DOPAC, em ratos apresentando
altos niveis de MMV e para uma positiva correlagdo entre os metabolitos da DA e a
intensidade dos MMV. Desta forma, nossos resultados sugerem um aumento no
metabolismo e taxa de renovacdo da DA apos tratamento cronico com neurolépticos. Este
aumento nos metabolitos da DA observado em modelos animais de DO ¢ também
observado em liquor de pacientes apresentando DT (Hsiao e cols., 1993). Além disso,
alteracdo na funcdo do TDA, possivelmente regula enzimas envolvidas na sua sintese e
degradacdo que poderiam estar relacionadas a DT.

Em conjunto, nossos dados sugerem um mecanismo envolvendo a redug¢do no
transporte de DA relacionado a manutengdo da DO em ratos. Além disso, podemos sugerir
que o aumento de metabolismo de DA poderia estar levando, de alguma forma, a uma
inibicdo no transporte da mesma. No entanto, fica claro que hd a necessidade de
investigarmos também o papel de enzimas responsaveis pelo metabolismo das monoaminas

como, por exemplo, a MAQO, neste processo.
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5. CONCLUSOES FINAIS

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

- Ao tratamento com flufenazina ¢ capaz de induzir uma alta prevaléncia de DO em ratos,
sendo que agudamente esta prevaléncia fica em torno de 50% e cronicamente em torno de

85%;

- o antioxidante disseleneto de difenila diminuiu a prevaléncia, mas ndo alterou a

intensidade da DO naqueles animais que apresentaram a DO;

- a redugdo da captagdo de dopamina parece estar envolvida na manutengdo da DO, mas

ndo no seu desenvolvimento;

- ndo foram encontradas alteragcdes significativas quando quantificados os niveis de

monoaminas e seus metabdlitos no tratamento agudo e cronico com flufenazina;

- ndo encontramos parametros de estresse oxidativo alterados no tratamento agudo e

cronico com flufenazina em ratos.
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6. PERSPECTIVAS

Com base nos resultados obtidos no presente trabalho, faz-se necessario:

- avaliar a atividade da enzima MAO no estriado de ratos tratados aguda e cronicamente

com flufenazina;

- investigar possiveis alteragdes na expressdo protéica dos transportadores de dopamina;

- determinar o nivel de viabilidade celular em estriado de animais apods tratamento

prolongado com neurolépticos;

- aumentar e equilibrar o nimero de animais nos grupo de estudo para esclarecer o papel

dos niveis de monoaminas e seus metabolitos na DO induzida por flufenazina em ratos.
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Abstract

Haloperidol-induced orofacial dyskinesia (OD) is a putative animal model of tardive dyskinesia (TD) whose pathophysiology has been
related to free radical generation and oxidative stress. Schizophrenic patients have been reported to eat a diet higher in fat than the general
population and dietary fat ntake can lead to an increase in oxidative stress in animal models. The objective of this study was to determine
whether association of ingestion of a high fat diet with prolonged haloperidol treatment could lead to OD and oxidative stress in the rat brain.
Haloperidol decanoate administration (38 mg/kg, IM. which 1s equivalent to 1 mg/kg/day) monthly for a period of 6 months to rats fed
previously with a high fat and normo fat diets (6 months) caused a increase in vacuous chewing (VCM) and duration of facial twitching (FT).
Haloperidol caused a reduction in body weight gain and the loss of body weight occurred after 4 months of treatment with haloperidol. The
effects on body weight were more accentuated in HF diet group. HF diet ingestion was associated with an mcrease in TBARS levels in
cerebellum and cerebral cortex (regardless of haloperidol treatment). A significant diet x haloperidol treatment interaction in striatum,
subcortical parts and the region containing the substantia nigra was observed for TBARS. In fact, haloperidol caused an increase in TBARS
levels of these regions only in rats fed with the HF. These results indicate that a high fat diet caused a transitory increase in haloperidol-

induced OD in rats and this in part can be related to the haloperidol-induced oxidative stress in brain structures involved with OD.

© 2005 Elsevier Inc. All rights reserved.

Keyweords: Haloperidol: Orofacial dyskinesia; Tardive dyskinesia; Free radical; Neuroleptics; Neurotoxicity: High fat diet

1. Introduction

Schizophrenia is the major mental disorder that has a
lifetime risk of 1% and affects at young age in many
cultures around the world (Mahadik et al., 2001). Haloper-
idol, a typical member of the conventional neuroleptics, is
thought to exert its motor side effects through striatal
dopamine D.-receptors (Creese et al, 1976) and sigma-
receptors (Walker et al., 1990; Vilner et al., 1995). The
neuroleptic efficacy of haloperidol in psychotic patients is
somewhat compromised by the drug’s liability to cause
acute and chronic extrapyramidal side effects, including TD

* Corresponding author. Tel.: +21 55 220 §140; fax: +21 55 220 8978.
E-mail address: jbtrocha(@yahoo.com.br (J.B.T. Rocha).

0091-3057/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/7.pbb.2005.05.001

(Andreasen and Jorgensen, 2000). The mean prevalence of
TD is 20-25% in subjects receiving classical neuroleptic
treatment, but the rate increases strongly with age, and
prevalence above 50% has been reported in patients older
than 50 years (Kane and Smith, 1982; Woemer et al., 1991;
Yassa and Jeste, 1992). The most serious aspect of TD is
that it may persist for months or years after drug withdrawal,
and in some patients it is irreversible (Crane, 1973; Jeste et
al., 1979; Casey, 1985). Some neurochemical hypothesis has
been proposed for the development of TD during the last
decades. They include dopaminergic hypersensitivity, dis-
turbed balance between dopaminergic and cholinergic
systems, dysfunction of striatonigral GABAergic neurons
and excitotoxicity (Andreasen and Jorgensen, 2000; Ebadi
and Srinivasan, 1995). However, the molecular mechanisms
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responsible for the neuropathophysiology of TD are still not
completely understood.

One hypothesis that has gained experimental support in
literature is that free radicals may play an important role in
the physiopathology of such disorders (Cadet et al., 1986,
1987). In line with this, literature of data indicates that
neuroleptic administration can increase the turnover of
dopamine and the production of reactive substances as
products of dopamine metabolism (Andreasen and Jorgen-
sen, 2000; Casey, 1995; Lohr, 1991; Polydoro et al., 2004).
Furthermore, blockage of striatal dopamine receptors can
produce an increase in extracellular glutamate (Burger et al.,
20035; See and Lynch, 1996), which in turn can increase the
production of free radical species (Castilho et al., 1999;
Coyle and Puttfarcken, 1993; Tsai et al., 1998).

In line with this hypothesis, several authors have
demonstrated the reversion of OD with the administration
of antioxidants substances, including FK-506 (Singh et al.,
2003), melatonin (Naidu et al., 2003a,b), quercetin (Naidu
etal., 2003a,b), ebselen (Burger et al., 2003) and diphenyl-
diselenide (Burger et al., 2004). Recently, Abilio et al.
(2004) reported that striatal catalase has an important role in
the protection of spontancously hypertensive rats (SHR)
against the reserpine-induced OD. Most importantly,
patients with TD have elevated markers of oxidative stress
in CSF and plasma when compared to controls subjects
(Lohr et al., 1990; Tsai and Ikonomidou, 1995; Brown et al.,
1998). Additionally some authors have demonstrated that
high doses of vitamin E are able to prevent TD in patients
under chronic with neuroleptic treatment (Egan et al., 1992;
Adler et al., 1993).

Dietary fat intake has been shown to be important in the
development of human obesity (Warwick and Schiffiman,
1992) and there are also experimental studies showing that
high fat diet can be associated with increased oxidative
stress in rodents (Storlien et al., 1986, 2000; Folmer et al.,
2003) and more recently literature data have indicate that
high fat diet may increase the vulnerability of dopaminergic
neurons to MPTP (Choi et al., 2005).

Of particular importance, schizophrenic patients have
been reported to eat a diet higher in fat than the general
population (Brown et al., 1999) and Gardos and Cole (1986)
suggested that schizophrenia may confer resistance to the
development of tardive dyskinesia. However, there are no
data in the literature indicating that excessive fat intake can
change the incidence of tardive dyskinesia in schizo-
phrenics. High level of fat intake is considered to be an
important factor in the development of insulin resistance and
obesity. Schizophrenic individuals appear to have at
increased risk for certain obesity-related conditions such
as type 1l diabetes and cardiovascular disease (Mukherjee et
al., 1996) in comparison with general population. Metabolic
dysfunctions have been associated with antipsychotic treat-
ment including increased levels of circulating leptin and
these changes can be an important link in the development
of overweight and the insulin resistance syndrome in

subjects receiving antipsychotic drugs (Hagg et al., 2001;
Haupt et al., 2005; Henderson, 2002; Kraus et al., 1999;
Melkersson et al., 2000; Morimoto et al., 1999; Simpson et
al.,, 2001).

In line with this, over production of reactive oxygen
species (ROS) and antioxidant depletion have been asso-
ciated with the diabetes manifestation (Hunt et al., 1988;
Wolit and Dean, 1987), OD in animal models (Naidu et al.,
2003a,b; Burger et al., 2003) and TD in humans (Andreasen
and Jorgensen, 2000; Lohr et al., 2003). These consider-
ations raise the possibility that a relation among neuroleptic
treatment and diet can exist. Furthermore, it is plausible to
suppose that some exacerbation of their pro-oxidant activity
could occur by simultaneous exposure to them.

The aim of this study consisted in investigate the effects
of the normo fat (NF) and high fat (HF) diets on the
development of OD haloperidol-induced and TBARS in
brain regions as measure of oxidative stress.

2. Materials and methods
2.1. Drugs

Haloperidol decanoate (Janssen Pharmaceutical); ket-
amine (Dopalen/ Division VetBrands/ Sespo-Brasil). Hal-
operidol was injected intramuscularly (LM.) and Ketamine
was injected intraperitoneally (i.p.).

2.2. Animals and diets

Male Wistar rats (2 months old), weighing between 270
and 320 g, from our own breeding colony (Animal House-
holding, UFSM, Brasil) were kept in wire cages with free
access to the diets and water, in a room with controlled
temperature (22=3 °C) and in 12-h light/dark cycle with
lights on at 7:00 am. The animals were maintained and used
in accordance to the guidelines of the Committee on Care
and Use of Experimental Animal Resources, School of
Veterinary Medicine and Animal Science of the University
of Sio Paulo, Brasil,

The rats were randomly divided into two groups, with 16
animals each, and a fed either a NF or a HF diet. The
composition of the diets is shown in Table 1. Food was placed
daily before the beginning of the dark cycle. Food offering
was adjusted in such a way that leftovers were less than 10%.
Diets were prepared weekly and stored at 4 °C. Rats received
the diets for 13 months and were monthly weighed.

2.3. Induction of orofacial dyskinesia

Chronic OD haloperidol-induced occurred after 6 months
of the treatment with diets, when the rats were divided in
two subgroups. The NF control group (n=7) received NF
diet and vegetable oil solution intramuscularly (I.M.). The
NF haloperidol group (n=7) received NF diet and haloper-
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Table 1

Composition of the diets High fat diet (HF) Normo fat diet (NF)

(g/kg)
Protein 75.0 76.0
Carbohydrate 483.0 765.0
Fiber 35.00 37.00
Fat acid saturated 125.00 8.00
Fat acid unsaturated 230.0 62.0
Salt mixture' 48.00 48.00
Caloric content (cal/g) 535 3.91

"The salt mixture has the following composition (g/kg): KCL 96.3; MgSOs,
56.7; ZnCly, 0.4; CuCOq4, 0.7; MnSOy, 1.2; bonemeal, 449; salt ligth, 152.
The values were retired from Andriguetto (1986).

idol decanoate (1.M.), the HF control group (n="7) received
HF diet and vegetal oil (I.M.) and the HF haloperidol (# =9)
group received HF diet and haloperidol decanoate (1.M.).
The haloperidol groups received the depot neuroleptic drug,
haloperidol decanoate (Janssen Pharmaceutical ) at a dose of
38 mg/ke, the equivalent of 1 mg/keg/day of unconjugated
haloperidol. Injections were given intramuscularly each 4
weeks during one period of 7 months.

2.4. Behavioral testing

One behavioral analyze was realized in the beginning of
treatment with the diets (0 month) and compared with 6
months of diet intake. Haloperidol treatment was started
after 6 months of experimental diets intake. We examined
the effect of haloperidol decanoate after 28 days (1 month)
of the first injection, because it is well established in the
literature that haloperidol-treated animals develop orofacial
dyskinesia (Andreassen et al., 1998, 2003; Egan et al., 1999;
Hamid et al., 1998). The others evaluations were performed
2,3, 4, 5,6, 7 months of haloperidol treatment. To quantify
the occurrence of orofacial dyskinesia rats were placed
individually in cages (20 x 20 x 19 ¢cm) and hand operated
counters were employed to vacuous chewing (VCMs)
frequency and stopwatches were employed to score the
duration of twitching of the facial musculature (FT).

VCMs are referred as a single mouth opening in the
vertical plane not directed towards physical material. If
VCMs or FT occurred during a period of grooming they
were not taken into account. The behavioral parameters of
orofacial dyskinesia were measured continuously for 6 min
after a period of 2 min adaptation. During the observation
sessions, mirrors were placed under the floor and behind the
backwall of the experimental cage to permit observation when
the animal was faced away from the observer. The behavioral
tests were always conducted by four observers blind.

2.5. Experimental procedure
After 30 days of the last administration of drugs and 24 h

of last section of behavioral quantification, all the rats were
injected with the anesthetic ketamine (1 mg/kg) (Dopalen/

Division VetBrands/ Sespo-Brasil). After the rats were killed
for decapitation, the brains were immediately excised and
the cerebellum, cerebral cortex, striatum, region containing
the substantia nigra and subcortical parts of the brain were
separated, weighed and homogenized in 10 volumes (w/v)
of 10 mM Tris—HCI, pH 7.5. The homogenates were
centrifuged for 10 min at 1800 xg and the supernatant was
used to TBARS determination as described early on
(Ohkawa et al., 1979; Rossato et al., 2002).

2.6. Statistical analysis

Data were analyzed by a two- and three-way ANOVA,
followed by Duncan’s post hoc tests when appropriated. #
values are presented in the text only the p value associated with
it was < (.05, Significance was considered when p<0.05.

3. Results

Diet had no effect on body weight gain (Fig. 1). Two-way
ANOVA (2 diets x 7 weight determinations) revealed no
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Fig. . A) Body weight in rats fed normo fat (NF) and high fat (HF) diets for 6
months, B) Body weight in rats receiving diets and haloperidol treatment.

The symbols indicates a significant difference (detected by Duncan’s
multiple range test) between the groups into same month ( p<0.05).
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significant effects. Haloperidol treatment caused a significant
reduction in body weight of rats in both dietary groups.
However, rats from HF diet started to loss body weight before
of the animals from NF diet. This was evidenced by a
significant interaction between body weight and haloperidol
treatment with £(6, 150)=8.50 and p<0.001.

Ingestion of the HF for 6 months caused an increase in
the facial twitching frequency, when compared to rats fed
with the diet containing normal fat (NF) content (Fig. 2;
£<0.01). Main effect of haloperidol ( F(1,28)=25).

Haloperidol caused a marked increase on VOM. However,
the effect of haloperidol varied depending on the dietary
treatment. In fact, rats on HF diet treated with haloperidol
displayed an increase in VCM from the 3rd to the 5th month
of treatment, when compared to animals from NF diet. This
was evidenced by a significant third order interaction (diet x
haloperidol x months) with F(6,138)=6.33 and p <0.001.

Haloperidol caused a marked increase on FT. However,
the effect of haloperidol varied depending on the dietary
treatment. In fact, rats on HF diet treated with haloperidol

displayed an increase in FT from the 4th to the 6th month of

treatment, when compared to animals from NF diet. This
was evidenced by a significant interaction between haloper-
idol x months with F(1,26)=74.56 and p<0.001 (Fig. 3).
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Fig. 2. Effects of the diet on orofacial dyskinesia. Vacuous chewing
movements (A) and facial twitching (B) frequency in 6 min in the beginning
of treatment {0 months) and after 6 months of treatment with the NF and HF
diet. The values are indicated as mean+S.EM. “Indicates a significant
difference between the groups ( p <0.05) and *indicates a significant difference
into the same diet in relation to the beginning of treatment by ANOVA.
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Fig. 3. Effects of haloperidol (1 mg/kg/day) or vehicle (vegetable oil) long-
term administration on vacuous chewing movements (A) and facial
twitching (B) frequency concomitant of treatment with NF and HF diet.
Values are express as means. Symbols indicates a significant difference
between means of groups (p<0.05) in the same behavioral session. Two-
way ANOVA following by Duncan’s tests.

Two-way ANOVA of cortical TBARS levels revealed a
significant main effect of diet (/(1,26)=7.73 and p<0.01),
indicating that HF increased oxidative stress in this region.
In fact, the levels of TBARS in HF group (575.8=40.2) was
significantly higher than that of NF group (442.3=13.2).
However, post hoc comparisons by Duncan’s multiple range
test indicated a significant difference only between rats
treated with haloperidol. Two-way ANOVA of striatal
TBARS levels revealed a significant interaction of diet
and haloperidol ( /(1,26)=6.6 and p<0.05), indicating that
HF associated with haloperidol administration increased
oxidative stress in this region (Fig. 4).

Post hoc comparisons by Duncan’s multiple range test
indicated a significant difference in the group HF treated
haloperidol than others groups.
subcortical TBARS levels revealed a significant interaction
of diet and haloperidol (/7(1,26)=8.94 and p<0.01),
indicating that HF ingestion associated with haloperidol

administration increased oxidative stress in this region of

the brain, Two-way ANOVA of TBARS levels of the

Two-way ANOVA of
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Fig. 4. Thiobarbituric acid-reactive species (TBARS) concentrations in cerebral cortex (A), striatum (B), subcortical parts (C}), region of substantia nigra
(D) and cerebellum (E) in rats after 13 months in a NF or HF diet and after treatment with haloperidol for 7 months. Values are means+S.E.M. Symbols
represent significant differences between the groups (p<0.05). Two-way ANOVA followed by Duncan’s multiple range tests.

region containing the substantia nigra revealed a signifi-
cant interaction of diet and haloperidol ( F(1,26)=9.72 and
p=<0.01), indicating that HF increased oxidative stress in
this region. Two-way ANOVA of TBARS levels of
cerebellum revealed a significant main effect of diet
(F(1,26)=3.27 and p<0.01), indicating that HF increased
oxidative stress in this region of brain. In fact, TBARS
levels in cerebellum of rats fed the HF (608.4=33.6) were
significantly higher than that detected in cerebellum of rats
raised on NF (493.3=31.7). However, post hoc compar-
isons by Duncan’s multiple range test indicated a

significant difference only between rats treated with
haloperidol.

4. Discussion

The results of the present study indicate that the high fat
diet caused an increase in the incidence of OD in rats.
However, this effect was transitory and disappeared one
month latter. Additionally, we observed that a concomitant
ingestion of the high fat diet with haloperidol administration
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resulted in an increase in OD in rats. This effect was also
transitory and disappeared when the treatment with haloper-
idol continued. For the case of VCM, the disappearance
resulted from an increase in the OD of rats maintained in the
normal diet. For the case of facial twitching, the disappear-
ance was a consequence of a more complex change in OD in
both groups. One factor that could contribute to modify the
level of FT is the reduction in food intake after prolonged
haloperidol administration. In fact, the haloperidol effects are
complicated by the fact that the treatments caused a relative
loss in body weight which was most exaggerated in the
haloperidol plus high fat diet group. The uncontrolled effect
of bodyweight loss could in part explain some of the
variations listed above. This hypothesis, although tentative,
is in accordance with expanding literature data indicating that
food restriction reduces the production of oxidative stress in
mammals (Armeni et al., 2003) and can also release neuro-
trophic factors (Mattson, 2000). These results indicate that
the two behavioral measures did not necessarily reflect the
same pathophysiological effect of neuroleptics and indicate
that they can be independently modulated by exogenous
factors, including aging and food ingestion. In line with this,
in a previous study we observed that ebselen (Burger et al.,
2003), an antioxidant agent, affected in different ways these
behavioral measures in rats exposed to reserpine.

Literature data indicates that exposure to haloperidol
causes an increase in cerebral oxidative stress (Andreasen
and Jorgensen, 2000; Casey, 1995; Lohr, 1991; Clow et al.,
1980; Slivka and Cohen, 1985; Tse et al., 1976; Abilio et al.,
2002, 2003) that may be causally linked to an increase in
orofacial dyskinesia after neuroleptic treatment. The results
of the present investigation indicated that long-term
consumption of the high fat diet caused an increase in
oxidative stress in cerebral cortex and cerebellum, as
indicated by a significant effect of diet regardless of the
haloperidol treatment. Of particular importance for OD,
haloperidol caused an increase in TBARS production in the
high fat diet group specifically in the regions of the brain
that are thought to be involved in the genesis of tardive
dyskinesia (Lohr et al., 2003; Tsai and [konomidou, 1995),
i.e., striatum and the region containing the substantia nigra.
However, the increase in TBARS production in these
regions cannot exclusively account for the increase in the
0D, because there were no significant differences in the OD
parameters between the two dietary groups ftreated with
haloperidol in the end of the observation period.

Taken together the results of the present investigation
indicate that high fat diets ingestion for a long period can
have some transitory behavioral effects on rats. Further-
more, here we demonstrated for the first time that
simultaneous ingestion of high fat diet and chronic
haloperidol administration caused transitory exacerbation
of orofacial dyskinesia in rats, however the animal model
cannot to reflect the same effects in humans. Although
literature data indicate that neuroleptic-induced orofacial
dyskinesia is associated with oxidative stress, here we are

unable to establish such correlation, because haloperidol
increased the brain oxidative stress only in rats maintained
on a high fat diet and the incidence of OD was similar
between the high fat and normal fat diets groups. One
explanation to these finds may reside on an anticipation of
oxidative stress in high fat diet fed rats treated with
haloperidol that is previous to development of OD in rats.
This is agreement with Andreassen et al. (1998) and Calvent
et al. (2002) where the nitropropionic acid administration
can potentiate the orofacial dyskinesia of rats. The
disappearance of differences between NF and HF diet
groups may be a consequence of a complex interaction with
other factors that affect OD in rodents, particularly the age
of the animals (Kane and Smith, 1982; Woemer et al., 1991;
Yassa and Jeste, 1992) or others compensatory mechanisms
such as neurotransmission plasticity that could follow the
neuronal consequences of oxidative stress and could also be
influenced by aging.

5. Conclusion

In conclusion, the results of the present investigation
demonstrated that high fat diet ingestion can enhance the
OD produced by a typical neuroleptic used for the treatment
of schizophrenia. It is known that schizophrenic patients cat
more fat than the general population (Brown et al., 1999);
however, there are no data in the literature indicating that the
incidence of TD is more frequent in those schizophrenic
patients eating diets with high content of tat.

Although it is still premature to extrapolate the relevance
of our findings to man, we realize that epidemiological
studies should be carried out to determine a possible
increase in the incidence of TD in patients ted with more
fatty diets. However, we must emphasize that the animal
model used here did not replicate the situation found in
humans. In fact, the chronic use of haloperidol and others
neuroleptics are frequently associated with obesity in
schizophrenic patients and in our rat model haloperidol
cause loss of weight.

In spite of this, haloperidol-treated rats showed OD,
indicating that in rats obesity is not a mandatory factor for
the development of OD.
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Abstract

Chronic treatment with classical neuroleptics in humans can produce a serious side effect, known as tardive dyskinesia (TD). Here, we
examined the effects of I/ afficinalis, a medicinal herb widely used as calming and sleep-promoting, in an animal model of orofacial dyskinesia
(OD) induced by long-term treatment with haloperidol. Adult male rats were treated during 12 weeks with haloperido] decanoate (38 mg'kg, i.m.,
cach 28 days) and with V efficinalis (in the drinking water). Vacuous chewing movements (VCMs), locomotor activity and plus maze
performance were evaluated. Haloperidol treatment produced VCM in 40% of the treated rats and the concomitant treatment with 7 afficinalis did
not alter either prevalence or intensity of VCMs. The treatment with I officinalis increased the percentage of the time spent on open amm and the
number of entries info open arm in the plus maze test. Furthermore, the treatment with haloperidol and/or ¥ officinalis decreased the locomotor
activity in the open field test. We did not find any difference among the groups when oxidative stress parameters were evaluated. Haloperidol
treatment significantly decreased [*H]-dopamine uptake in striatal slices and V. officinalis was not able to prevent this effect. Taken together, our
data suggest a mechanism involving the reduction of dopamine transport in the maintenance of chronic VCMs in rats. Furthermore, chronic
treatment with ¥ officinalis seems not produce any oxidative damage to central nervous system (CNS), but it also seems to be devoid of action to
prevent VCM, at least in the dose used in this study.

@ 2007 Elsevier Inc. All rights reserved.

Keywords: Dopamine uptake; Haloperidol; Medicinal plant; Oxidative stress; Tardive dyskmesia; ¥ officinalis

1. Introduction

Neuroleptic drugs are used in the treatment of severe
psychiatric disorders, especially schizophrenia. Haloperidol is a
classical or typical neuroleptic that is widely used in the treat-
ment of schizophrenic patients. Its pharmacological action

Abbreviations: UNS, central nervous system; CSF, cercbro spmal fluid;
DCF. 2", 7-dichlorofluorescein; DUCFH-DA, 2'.7"-dichlorodihydrofluorescein
diacetate; DNPH, 2 d-dinitrophenylhydrazine; GABA, ~y-aminchutync acid;

Halo, Haloperidol; OD, orofacial dyskinesia; ROS, reactive oxygen species;
S0D, superoxide dismutase; TBARS, thiobarbitune acid reactive substances;
TD, tardive dyskinesia; Val, Faleriana officinalis; VCMs, vacuous chewing
movements; ¥ afficnalis, Valeriana officinalis.
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involves the blockage of dopamine D, receptors (Creese et al.,
1976). However, chronic use of haloperidol can be associated
with the development of TD in 20-25% of the patients (Kane
and Smith, 1982) and its prevalence increases strongly with
age (Kane and Smith, 1982; Woemer et al., 1991; Yassa and
Jeste, 1992). TD is characterized by involuntary and abnomnal
movements of the orofacial region, and sometimes, trunk and
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members musculature that can appear during treatment with
neuroleptic drugs or afier its withdrawal (Kane, 1995). The
main clinical problem is that TD is irreversible in the majority of
the cases (Casey, 1985; Crane, 1973; Jeste et al,, 1979).

Although some hypotheses have been postulated to explain at
molecular and cellular levels this syndrome, the exact mechan-
isms involved in TD development remain unclear. The classical
hypothesis to explain TD development is that typical neuroleptics
can develop dopaminergic supersensitivity after its chronic use
(Andreassen and Jorgensen, 2000; Burt etal., 1977; Klawans and
Rubovits, 1972; Rubinstein et al., 1990). The chronic blockage of
dopamine receptors for these drugs can produce a compensatory
increase in the number and the sensitivity of dopaminergic
receptors, which could culminate in a hyperdopaminergic state
and clinical symptoms, such as TD (Cavallero and Smeraldi,
1995; Kane, 1995). Besides receptors, the dopamine transporter
(DAT) could be also implicated in TD development since
dopamine uptake by DAT is the primary pathway for the clearance
of extracellular dopamine and consequently for the regulation of
the magnitude and duration of dopaminergic signaling (Beckman
and Quick, 1998; Kahlig and Galli, 2003). In fact, it has been
demonstrated that TD patients present reduced levels of DAT
(Yoder et al., 2004). Others neurochemical hypothesis has been
proposed for the development of TD during the last decades. They
include disturbed balance between dopaminergic and cholinergic
systems, dysfunction of striatonigral GABAergic neurons,
excitotoxicity promoted by glutamate and overproduction of
free radicals (Andreassen and Jorgensen, 2000; Cadet et al., 1986,
1987; Lohr, 1991).

Valerian root { Faleriana officinalis L., Valenanaceae) has been
used for centuries as a calming and sleep-promoting herb
(McCabe, 2002; Morazzoni and Bombardelli, 1995) and 1t 15
among the most widely used medicinal herbs (Fugh-Berman and
Cott, 1999). Although its exact mechanism of action is not well
understood, studies indicate that the CNS effect of valerian might
oceur through interaction with GABA, melatonin, adenosine or
serotonin systems in the brain (Abourashed et al., 2004). These
data suggests that ¥, officinalis could be useful for TD treatment
since several of its pharmacological targets are related with TD
development (Araujo et al., 2005; Fibiger and Lloyd, 1984;
Morselli et al., 1985; Peixoto et al., 2004; Raghavendra et al.,
2001; Rosengarten et al., 2006: Tamminga et al., 1979).

Thus, the aims of the present study were to investigate the
possible action of the V. officinalis on a chronic model of OD
induced by long-term treatment with haloperidol and also to
investigate the role of dopamine uptake in maintenance of OD
induced by chronic treatment with haloperidol in rats.

2. Materials and methods
2.1 Animals

Male Wistar rats weighing 270-320 g and with age from 3
to 3.5 months, from our own breeding colony were kept in
cages of 3 or 4 animals each, with continuous access to foods
and ¥ officinalis or its vehicle (ethanol 1%) in a room with
controlled temperature (22£3 °C) and on a 12-h light/dark

cycle with lights on at 7:00 am. The animals were maintained
and used in accordance to the guidelines of the Brazilian
Association for Laboratory Animal Science (COBEA).

2.2, Drugs

Haloperidol decanoate was a gift from Cristilia (Sdo Paulo,
Brazil). A standard tincture of ¥ officinalis (10 g of valerian
roots per 100 mL of ethanol) was obtained from Bio extracts
{Sdo Paulo, Brazil).

2.3. Treatments

The rats were divided into four groups: control group re-
ceived soy oil (that was the haloperidol vehicle, 1.m.) and eth-
anol 1% (in the drinking water, that was I officinalis vehicle);
V. officinalis group received soy oil (im.) and V. officinalis 1%
(in the drinking water); haloperidol group received haloperidol
decanoate (i.m.) and ethanol 1% (in the drinking water);
and haloperidol plus ¥ officinalis group received haloperidol
decanoate (i.m.) and V. officinalis 1% (in the drinking water).
The number of animals in each group that received treatment
was 12, 14, 10 and 14 for control. ¥V officinalis, haloperidol and
haloperidol plus V. officinalis groups, respectively. Haloperidol
decanoate (a slow-releasing preparation of haloperidol) or its
vehicle were administered intramuscularly (i.m.) every 28 days
(38 mg/Kg, im.) that is equivalent to | mg/kg/day of un-
conjugated haloperidol. ¥ efficinalis was administered in the
drinking water in a proportion of 1% (final concentration of
100 mg/mL). The dosage was calculated every week by the
amount of water drunk assuming equal drinking among the four
animals. Thus, each animal received V. officinalis extract in a
dosage about 200250 mg/Kg/day.

V. officinalis and its vehicle were placed daily before the
beginning of the dark cycle. It was not observed a reduction in
liquid intake among the groups (data not shown).

V. officinalis treatment started 15 days before the
administration of haloperidol. The treatment with haloperidol
was carried out during 12 weeks concomitantly with ¥
officinalis.

2.4. Behavioral analysis

2.4.1. Quantification of VCMs

Behavior measurement of VCMs was assessed before the
treatment with haloperidol or its vehicle (basal evaluation), as
previously described. The effect of drugs on behavior was
examined every 15 days beginning on the 15th day after the
first haloperidol injection (that occurred on same day of the
basal behavior) during a period of 12 weeks. To quantify the
occurrence of VCMs, rats were placed individually in cages
(202019 cm) and hand operated counters were employed to
quantify VCMs frequency. VOMs are defined as single mouth
openings in the vertical plane not directed towards physical
material. If VCMs occurred during a period of grooming they
were not taken into account. The behavioral parameters of
0D were measured continuously for 6 min afier a period of
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Fig. |. Effects of ¥ officinalis on haloperidol-induced orofacial dyskinesia.
A) Number of vacuous chewing movements (VCM) for 6 min during long-term
treatment. Vahies are presented as means £8. E.M. (Control, n=12: ¥ officinalis,
n=14; haloperidol (—VCM), #=06; haloperidol (+VCM), n=4; haloperidol +
¥ afficinalis (-VCM), n=9; haloperidol+¥ afficinalis (+VCM), n=35).
B) Prevalence of VCMs in rats under long-term treatment with haloperidol
andlor V. officinalis.

6 min adaptation. During the observation sessions, mirrors
were placed under the floor of the experimental cage to permit
observation when the animal was faced away [rom the observer.
Experimenters were always blind to treatments.

[t was previously reported that the treatment with neuroleptic
drugs does not result in the development of VCMs in all treated
rats (Kane and Smith, 1982; Shirakawa and Tamminga, 1994).
In the present study, we have also verified similar results about
the prevalence of neuroleptic-induced VCMs. In our laboratory,

control rats present maximally 40 VCMs during a period of

6 min. Thus, in this study, we analyzed the rats that developed
neuroleptic-induced VCM {+VCM, more than 40 VOMs)
separately from those that did not develop neuroleptic-induced
VCM (—=VCMs, less than 40 VCMs), as described previously
(Andreassen et al, 2003; Egan et al., 1994; Shirakawa and
Tamminga, 1994).

2.4.2. Open field test
To analyze changes i spontaneous locomotor activity
caused by treatment with haloperidol and/or V. efficinalis. the
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animals were placed individually in the center of an open-field
arena (40x40x30 cm) with black plywood walls and a
white floor divided into 9 equal squares, as previously des-
cribed (Broadhurst, 1960). The number of line crossings was
measured over 2 min and taken as an indicator of locomotor
activity.

2.4.3. Elevated plus maze

To evaluate the anxiety-like state caused by treatment with
haloperidol and/or V. officinalis, animals were exposed to an
elevated plus maze (Chopin et al., 1985; Pellow et al., 1985).
The number of head dippings and the time spent into open or
closed arms were recorded over a2 min session. The percentage
of the time spent on open arm and the percentage of the entries
into the open arms were caleulated, as follows: time spent or
number of entries into the open army/total time or total number of
the entries into closed and open arm X 100, respectively.

2.5. Tissue preparations

Rats were killed about 24 h after the last session of behav-
ioral quantification (on the 28th day afier the last administration
of haloperidol). The brains were immediately excised and put
onice. The cortex, striatum and region containing the substantia
nigra were separated, weighed and homogenized in 10 volumes
(wiv) of 10 mM Tris-HCI, pH 7.4. A portion of the striatum
was dissected for slices used for the [*H] dopamine uptake
assay.

2.5.1. PH] dopamine uptake

["H] dopamine uptake was carried out as described by Holz
and Coyle (1974) with some modifications. To measure [3H]
dopamine uptake, the striatum was cut into 400 pm slices,
which were washed with a buffered solution (1) consisting of
127 mM NaCl, 1.2 mM Na-HPOy4, 536 mM KCI, 0.44 mM
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Fig. 2, Effects of ¥ afficinalis on open field test in rats, Number of crossings in
2 min. Values of number of crossings are presented as means S.E.M. (Control,
n=12; ¥ officinalis, n=14; haloperidol, n=10; haloperidol+ ¥ eofficinalis,
n=14). One way ANOVA followed by Duncan’s multiple range tests. * repre-
sents significant differences from control group and * represents significant
differences from control, haloperidol and haloperidol plus F officinalis groups.

& represents significant differences from haloperido!l and haloperidol plus

V. afficinalis groups.
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Fig. 3. Effects of ¥ afficinalis and haloperidol on plus maze test in rats.
A) Number of head dippings for 2 min, B) percentage of the time spent on the
open arms for 2 min, C) percentage of entries into the open arms. Values are
presented as means+S.E.M. (Control, n=12; ¥ officinalis, n=14; haloperidol,
n=10; haloperidol+ ¥ officinalis, n=14). One way ANOVA followed by
Duncan’s multiple range tests. * represents significant differences among the
groups into the same period of observation.

KH,PO,, 0.95 mM MgCl,, 0.70 mM CaCl,, 10 mM glucose,
and 1 mM Tris-HCI, pH 7.4. Slices (0.2-0.3 mg protein) were
further pre-incubated in 96 well-polycarbonate plates for 15 min
at 35 °C with the buffered solution plus selegiline 1 pM. ["H]
dopamine was added to the incubation medium and uptake was
carried out for 10 min at 35 °C, after which the reaction was
stopped by five washes of 30 s each with | mL of iced-cold
solution 1, containing 1 pM selegiline and 100 pM cocaine.
Immediately after washing, 0.25 mL of 0.5 M NaOH and 0.2%
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sodium dodecyl sulfate (SDS) was added to the slices that
were digested by 10 min incubation at 60 °C. Aliquots of
the lysates were taken for protein content measurement by
the Lowry et al. (1951) method. For determination of the
intracellular amount of dopamine, liquid scintillation counting
was used. Results were expressed as FH] dopamine uptake per
mg of protein.

2.5.2. Oxidative stress pavameters

To evaluate the levels of reactive oxygen species (ROS),
the homogenates were centrifuged for 10 min at 1500 xg. Just
after the centrifugation, an aliquot of supernatant was used
for 2°,7"-dichlorodihydrofluorescein diacetate (DCFH-DA)
oxidation. DCFH-DA-oxidation was determined spectrofluor-
imetrically, using 7 uM of DCFH-DA. Fluorescence was deter-
mined at 488 nm for excitation and 520 nm for emission. A
standard curve was carried out using increasing concentra-
tions of 2", 7"-dichlorofluorescein (DCF) incubated in parallel
(Pérez-Severiano et al., 2004). The results were analyzed as
percentage in relation to control group.

To assess lipid peroxidation, we quantified thiobarbituric
acid reactive substances (TBARS). The homogenates were
centrifuged for 10 min at 1500 g. Just afier the centrifugation,
an aliguot of 200 pL or of supernatant was incubated for | h at
37 °C and then used for lipid peroxidation quantification as
earlier described (Ohkawa et al., 1979).

To verify protein carbonyl, cortical and nigral tissue were
homogenized in 10 volumes (w/v) of 10 mM Tris-HCI buffer
pH 7.4. The protein carbonyl content was determined by
the method described by Yan et al. (1995), with some modi-
fications. Briefly, homogenates were diluted 1:8 in 10 mM
Tris-HC1 buffer pH 7.4 and 1 mL aliquots were mixed with
0.2 mL of 2 4-dinitrophenylhydrazine (10 mM DNPH) or
0.2mL HCI (2 M). Afer incubation at room temperature for | h
ina dark ambient, 0.5 mL of denaturing buffer (150 mM sodium
phosphate buffer, pH 6.8, containing 3% SDS), 2mL ol heptane
(99.5%) and 2 mL of ethanol (99.8%) were added sequentially,
and mixed with vortex agitation for 40 s and centrifuged for
15 min. After that, the protein isolated from the interface was
washed two times with | mL of ethyl] acetate/ethanol 1:1 (viv)
and suspended in | mL of denaturing buffer. Each DNPH
sample was read at 370 nm against the corresponding HCI
sample (blank), and total carbonylation calculated using a molar
extinction coefficient 0f 22,000 M~ em™ ! according to Levine
et al. (1990).

To verify superoxide dismutase (SOD) activity, cortex, stri-
atum or substantia nigra were adequately diluted to 40 volumes
with Tris—HC1 10 mM (pH 7.5) and the assay was performed
according to the method of Misra and Fridovich (1972). Briefly,
epinephrine rapidly auto oxidizes at pH 10.2 producing ad-
renochrome, a pink colored product that can be detected at
480 nm. The addition of samples (10, 25, 50 pL) containing SOD
inhibits the auto-oxidation of epinephrine. The rate of inhibition

was monitored during 180 s at intervals of 30 s. The amount of

enzyme required to produce 50% inhibition at 25 °C was defined
as one unitolenzyme activity. The SOD activity was expressed as
units/g of protein.
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Table 1
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Effects of haloperidol and ¥ officinalis treatments on oxidative stress parameters (mean+S5.E.M; with control, #=12; ¥ officinalis, n=14; haloperidol (—VCM),
n="06; haloperidol (+VCM), #=4: haloperidol+ ¥ officinalis (-~VCM), n=9; haloperidol+ ¥ officinalis (+VCM), n=9) (Val, ¥ officinalis treatment, Halo,

Haloperidol treatment; —VCM; +VCM)

Brain regions Lipid peroxidation ROS levels S0D activity Protein carbonyl
(nmol of MDA/g tissuc) (% of control) (Ufmg protein) (nmol carbomyl/mg protein)
Cortex
Control 95.5+5.7 112.0+16.5 37754306 26.8+3.0
Val 03.0+6.4 92.8+6.1 43414209 25627
Halo—VCM 80.0+0.0 84198 3487654 30.2+23
Halo+VCM 855+6.1 870134 4266977 28.0£52
Val+Halo—VCM 1045482 8R.0+55 382.0+60.8 33.0£3.6
Val+Halo+VCM 9921159 107.8+11.6 42511004 34.7+108
Striamm
Control 622+6.7 107.5+16.7 722.7+77.1 -
Val 64.9+6.1 95.1:£84 781.7+482 -
Halo—VCM 406424 13114223 72134024 -
Halo+VCM 504+72 8304218 61484939 -
Val+Halo—VCM 550+7.2 103,789 65384022 -
Val+Halo+VCM 404+49 143.8+27.5 TET3+1240
Substantia nigra
Control BRO+10.5 75,1490 JBRR+564 20.7+£3.4
Val T6.6+3.9 871442 45934521 30.7+3.1
Halo—VCM 650+2.9 87.5+9.6 40034465 348496
Halo+VCM 6O.8+9.3 975199 533.0+£393 24.440.6
Val+Halo—VCM 822+08 80.1+42 43384594 30,5433
Val+Halo+VCM 80.5+10.0 100.6+115 481.1£3563 2814301

Protein content was measured by method of Lowry et al.
(1951} and bovine serum albumin was used as standard.

2.6. Statistical analysis

Data from behavioral parameter were analyzed by one-way
or two-way ANOVA. F values are presented in the text only
if p value associated with it was <0.05. Prevalence data were
analyzed by the Chi-square test. Data from TBARS, ROS
quantification, SOD activity, carbonyl content and [*H] dopa-
mine uptake were analyzed by one-way ANOVA, followed by
Duncan’s Post Hoc tests when appropriate. A possible rela-
tionship between oxidative stress parameters, VCM, and [3H]
dopamine uptake were also determined using linear regression
analysis using SPSS 10.1 for Windows. Significance was con-
sidered when p<0.05.

3. Results

3.1 Effects of V. officinalis on VCMs induced by long-term
treatment with haloperidol

Haloperidol caused a marked increase on VCMs when
compared with its vehicle (F(5,44)=10.41, p<0.001; Fig. 1A).
In fact, a significant interaction between haloperidol and time
treatment (F{30,264)=2.27 and p<0.001) was observed in this
case. Treatment with haloperidol induced a VOMs prevalence
of 40% compared to its vehicle (Chi-square=4.05; p<0.05;
Fig. 1B), with 4 out of 10 animals actually having VCMs. The

treatment with ¥ officinalis was not able to reduce neither
the prevalence nor the intensity of VCMs in those rats that
developed VCMs. In fact, the co-treatment of haloperidol with
V. officinalis developed VCMs in 35.7% of the rats.

3.2. Effects of long-term treatment with V. officinalis and
haloperidol on locomotor activity in rats

Haloperidol caused a marked and time-dependent decrease
on locomotor activity, represented by the number of crossings in
the open field test. In fact, a significant interaction between
haloperidol x time treatment (F(3,138)=12.12 and p<0.001)
was observed. ¥ officinalis administered alone also caused a
significant decrease in locomotor activity only 8 weeks after
haloperidol administration (F(3,46)=15.43 and p<0.001
(Fig. 2). The effect of concomitant treatment with V. officinalis
and haloperidol was similar to haloperidol treated group.

3.3, Effects of long-term treatment with V. officinalis and
haloperidol on plus maze test in rats

There was a significant effect of the time on head dippings
(F13,138)=5,72 and p<0.05; Fig. 3A). Long-term treatment
with haloperidol did not cause any effect on head dippings in
rats. Similarly, ¥ officinalis alone or with haloperidol also did
not cause any effect on this parameter.

Long-term treatment with haloperidol did not cause any
effect neither in the percentage of the time spent on open armnor
in the percentage of entries into the open arm when compared to
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Fig. 4. Effects of long-term treatment with haloperidol and ¥ officinalis on ['H]
dopamine uptake (CPM/mg protein) in slices from stristum of rats. Data
(mean+SEM, with control, n=12; ¥ afficinalis, n=14; haloperidol (—VCM),
a=>0; haloperidol (+VCM), n=4; haloperidol+ ¥ officinalis (—VCM), n=9;
haloperidol+ . gfficinalis (+VCM), n=19) were analyzed by one-way ANOVA
followed by Duncan's multiple range tests. * represents significant difference from
control group and ” represents significant differences from animals treated with
haloperidol (+VCMs).

control group (Fig. 3B and C). ¥ officinalis alone caused a
significant increase in the percentage of the time spent on open
arm 12 weeks after haloperidol administration (Fig. 3B).
Furthermore, there was a significant difference of V. officinalis
from other groups in the percentage of the entries into the open
arm 8 and 12 weeks after haloperidol administration (Fig. 3C).
Also, a significant effect of the time was observed in the
percentage of time spent into the open arm (F(3,138)=3.99;
p=0.05) and in the number of entries into the open arm (F
(3,138)=3.35; p=<0.05). The treatment with V. officinalis did
not cause neither effect in the percentage of the time spent into
open (Fig. 3B) nor in the percentage of entries into the open
arm in rats treated concomitantly with haloperidol (Fig. 3C).

3.4. Effects of haloperidol and V. officinalis on oxidative stress
parameters

There was no significant difference among the groups in
DCFH-DA-oxidation levels, TBARS, carbonyl content groups
and SOD activity in rats under long-term treatment with halo-
peridol and V. officinalis (Table 1).

3.5, Effects of haloperidol and V. officinalis on PH] dopamine
uptake

Haloperidol treatment in association with VCM development
decreased ["H] dopamine uptake in striatal slices when compared to
control group (p<0.05) (Fig. 4). ¥ officinalis co-treatment did not
protect against haloperidol-induced [*H] dopamine uptake reduc-
tion in those rats that developed VCM (Fig 4). In rats co-treated
with both drugs that did not develop VCM, the level of [jH]
dopamine uptake was similar to vehicle levels (Fig. 4). I officinalis
administration alone did not alter ['H] dopamine uptake in rats.

1483
4. Discussion

TD is a serious side effect caused by long-term treatment
with neuroleptic drugs. Particularly, it is problematic due to its
high prevalence and the lack of effective treatment. Our current
study shows that ¥ officinalis was not effective in reducing OD
prevalence or intensity in rats under chronic treatment with
haloperidol. ¥ officinalis showed a significant effect in to
maintain rats on the open arm of the elevated plus maze. The
chronic treatment with ¥ officinalfs and/or haloperidol did not
cause any effect on oxidative stress parameters. Furthermore,
the reduction in dopamine uptake in striatum seems to have an
important role in the development of OD in rats, an effect not
altered by chronic treatment with ¥ officinalis.

It has been demonstrated that long-term treatment with neu-
roleptic drugs is capable of producing OD in rats and TD in
humans. However the mechanisms that can be involved are not
clear. In the present study, we found that long-term treatment
with haloperidol caused a prevalence of OD in 40% of treated
rats. Accordingly, a previous study showed that chronic treat-
ment with haloperido] develops significant OD 45-55% in rats
with 6 months of treatment and approximately 65-75% afier
12 months of treatment (Kaneda et al., 1992).

‘We have demonstrated that there was a significant reduction in
dopamine uptake in the animals presenting OD in relation to the
control group and group that did not develop OD. These results
imply that chronic treatment with haloperidol could be causing an
overflow of dopamine into the synaptic clefi of extrapyramidal
dopaminergic neurons, which may be one of the possible
mechanisms of typical neuroleptic-induced TD. Furthermore, ¥,
officinalis could not prevent the reduction in dopamine uptake nor
OD. In accordance with our findings, recent data from literature
have demonstrated that haloperidol can decrease the striatal
expression of dopamine transporter in rats (Saldafia et al., 2006).
Several factors might explain the reduction of dopamine uptake in
the striatum of rats presenting OD, including neurodegeneration
ofcells that uptake dopamine and alteration in dopamine transport
function. Moreover, it has been shown that some neuroleptics,
including haloperidol, can directly interact with and inhibit the
dopamine transporter in vitro (Lee et al., 1997).

Literature data have shown that oxidative stress can decrease
the activity of dopamine transporters (Hashimoto et al., 2004;
Huang et al, 2003). Thus, we investigated oxidative stress
parameters in this model of OD. A hypothesis has postulated that
free radicals could have an important role in the development of
TD (Lohr et al., 1990, 2003). In humans, there are some studies
showing that patients with TD had an increase in oxidative stress
parameters in plasma and cerebral spinal flud (CSF) (Brown
etal., 1998; Lohr et al., 1990; Pall et al., 1987). Inrats, acute OD
has been related to an increase in oxidative stress parameters
(Abilio et al., 2004; Andreassen et al., 2003; Burger et al., 20054,
b; Faria et al., 2005; Naidu et al., 2003) and treatment with
antioxidant substances seems to be efficacious to reduce OD
(Burger etal., 2003, 2004, 2005a; Naidu et al., 2003: Singh et al.,
2003). However, oxidative stress could be important in beginning
oftheeventsthat culminatein OD. In fact, it was detected increase
in OD and oxidative stress in several brain regions one month
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after haloperidol treatment in rats (Burger et al., 2005a; Naidu
et al., 2003). On the other hand, we have detected increased OD,
but not oxidative stress in the same brain regions 7 months after
haloperidol treatment (Fachinetto et al., 2005). Here, we did not
find any alteration in oxidative stress parameters evaluated after
3 months of neuroleptic treatment, suggesting that oxidative stress
seems to be involved in the development of acute OD (Abilio
etal, 2004; Andreassen et al,, 2003; Burger et al., 2005a,b; Faria
et al., 2005; Naidu et al.. 2003) but not in the maintenance of
chronic OD. Accordingly, Shivakumar and Ravindratnath (1993)
have shown that the treatment with haloperidol induced oxidative
stress up to | month after the administration. However. after this
period, authors did not find changes in markers o loxidative stress
in mice brain up to 3 months of haloperidol treatment. Further-
more, some studies have demonstrated no correlation bet-
ween oxidative stress and OD or TD (Boomershine et al., 1999;
Sachdev et al., 1999; Tsai et al., 1998).

Although the etiology of TD is unclear, reduction in GABA
is thought to be important in this syndrome. In fact, it has been
described a decrease in the GAD activity and in the levels of
GABA in brain regions of monkeys with dyskinetic symptoms
induced by neuroleptics (Gunne et al., 1984). The mechanism of
action of ¥, officinalis seems to be related with the potentiation
of GABAergic transmission via direct and/or indirect agonist
effect (Mennini et al., 1993; Ortiz et al., 1999; Santos et al.,
1994). Considering these effects, ¥ officinalis could be effi-
cacious against TD. However, V. officinalis treatment was not
able to alter the prevalence or the intensity of haloperidol-
induced OD, at least in the dose used in this experiment.

V. officinalis is clinically used to relieve anxiety and improve
symptoms of insomnia (Della Loggia et al, 1981: Kennedy
et al., 2006; McCabe, 2002; Morazzoni and Bombardelli, 1995;
Oliva et al., 2004; Sakamoto et al., 1992). Thus, we investigated
the effects of I officinalis in the locomotor activity and anxiety-
like behavior to evaluate if the treatment was capable of pro-
ducing pharmacological effects. Supporting the effectiveness
of treatment used here, V. officinalis was able to produce
hypolocomotion and anxiolytic-like effect in the treated rats
when assessed in open field and plus maze tests 8 weeks afier
the beginning of the treatment with haloperidol. It has been
reported that anxiolytic effects appears acutely in response to
drugs (Carobrez and Bertoglio, 2005). However, Vorbach et al.
(1996) reported that approximately 2-4 weeks of therapy with
valerian is needed to achieve significant improvements in sleep
disturbances. In our study, probably because we used a low and
nontoxic dose of ¥ officinalis, the anxiolytic-like effect of
this herb appeared only 8 weeks after haloperidol administra-
tion. OF particular importance to select the dose used in this
study, we have considered the fact that the treatment with a dose
of 500 mg/'kg of ¥ officinalis during 7 has caused oxidative
stress in liver of mice (Al-Majed et al., 2006). Thus, as we used
a chronic model, our dose was 200-250 mg/kg to avoid signals
of toxicity. In fact, an important finding of our study was that
the chronic treatment with V. officinalis did not cause any
alteration on oxidative stress parameters neither in the CNS nor
in liver and kidney (F.A.A Soares, unpublished data). More
studies must be carried out to elucidate the toxic potential of

V. afficinalis treatment. However, further studies must be carried
out to elucidate the exact mechanisms through haloperidol
treatment reduces dopamine uptake.

5. Conclusion

Taken together, our data suggest that the oxidative stress
seems not to have an important role in maintenance of OD.
Moreover, a mechanism involving the reduction of dopamine
transport related with the maintenance of chronic OD in rats can
be involved. Therefore, the chronic treatment with V. officinalis
seems not produce any oxidative damage to CNS. However,
V. officinalis seems not effective in preventing or treating OD
n rats.
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