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APRESENTACAO

No item INTRODUGCAO, est4 descrita uma sucinta revisido bibliografica sobre os
temas trabalhados nesta dissertagao.

Os resultados que fazem parte desta dissertagdo estdo apresentados sob a forma de
artigos, os quais encontram-se no item ARTIGOS CIENTIFICOS. As se¢des Materiais e
Métodos, Resultados, Discussdo dos Resultados e Referéncias Bibliograficas, encontram-se
nos proprios artigos e representam a integra deste estudo.

Os itens, DISCUSSAO E CONCLUSOES, encontrados 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 INTRODUGCAQ, DISCUSSAO e CONCLUSOES desta dissertagio.
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RESUMO

Dissertagcao de Mestrado
Programa de Pos-Graduacao em Bioquimica Toxicoldgica
Universidade Federal de Santa Maria, RS, Brasil

EFEITO DA DIETAJ—IIPERLIPiDICA E DA TINTURA DE Valeriana officinalis NO
MODELO CRONICO DE DISCINESIA OROFACIAL INDUZIDA POR
HALOPERIDOL EM RATOS

AUTORA: Roselei Fachinetto
ORIENTADOR: Juliano Ferreira
CO-ORIENTADOR: Jodo B.T. Rocha
LOCAL E DATA DA DEFESA: Santa Maria, novembro de 2006.

A discinesia orofacial (DO) induzida por haloperidol consiste num modelo de
discinesia tardia (DT) cuja patofisiologia tem sido relacionada a um aumento na renovagao
de dopamina, a redu¢do na neurotransmissdo gabaérgica e ao estresse oxidativo. Existem
relatos de que pacientes esquizofrénicos ingerem uma maior quantidade de gordura na dieta
do que a populacdo em geral e o aumento da ingestdo de gordura pode levar a um aumento
do estresse oxidativo em modelos animais. Assim, um primeiro objetivo deste estudo foi
determinar se a associagdo de ingestdo de dieta rica em gordura concomitante ao tratamento
prolongado com haloperidol poderia alterar a DO e levar ao estresse oxidativo em cérebro
de ratos (artigo 1). A administracdo de decanoato de haloperidol (38 mg/kg, equivalente a
Img/kg/dia) mensalmente, por um periodo de 6 meses, a ratos previamente alimentados
com dietas normolipidica (NL) e hiperlipidica (HL) causou um aumento na DO. Além
disso, o haloperidol causou um aumento nos niveis de peroxidacao lipidica em estriado e
substantia nigra somente em ratos ingerindo dieta HL. Um outro objetivo deste trabalho foi
avaliar os efeitos da V. officinalis (administrada na agua de beber na propor¢do de 1mL de
tintura de raiz para 100mL de dgua) no modelo animal de DO induzido por tratamento
prolongado com haloperidol (artigo 2). A V. officinalis tem sido largamente utilizada para o
tratamento de insdnia possuindo propriedades GABA-miméticas e antioxidantes. O
tratamento concomitante com V. officinalis ndo modificou a intensidade ou a prevaléncia da
DO. Além disto, ndo encontramos nenhuma diferenca estatistica entre os grupos quando os
parametros de estresse oxidativo foram avaliados. Por outro lado, o tratamento com
haloperidol reduziu significativamente a captagio de ['H]-dopamina em fatias de estriado
de ratos, um efeito inalterado pela V. officinalis. O tratamento com V. officinalis reduziu a
atividade locomotora no campo aberto e aumentou o tempo de permanéncia no brago aberto
do labirinto em cruz elevado, o que confirma o efeito ansiolitico da V. officinalis. Em
conjunto, estes resultados indicam que a dieta rica em gordura causou um aumento
transitorio da DO induzida por haloperidol em ratos o que pode, em parte, ser relacionado
ao estresse oxidativo induzido por haloperidol em estruturas do cérebro envolvidas com a
DO. Nossos dados também sugerem que a redu¢do no transporte de dopamina pode ser um
possivel mecanismo relacionado @ manutengdo da DO cronica em ratos ingerindo dieta NL.
Além disso, a V. officinalis parece ndo ser eficaz na redugdo da DO em ratos.
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Palavras-chave: haloperidol, discinesia orofacial, discinesia tardia, radicais livres,
neurolépticos, dieta, gordura, dopamina, plantas medicinais, estresse oxidativo, ganho de
peso.
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ABSTRACT

Dissertation of Master’s Degree
Post-Graduate Course in Toxicological Biochemistry
Federal University of Santa Maria, RS, Brazil

EFFECT OF HIGH FAT DIET AND OF Valeriana officinalis TINCTURE ON THE
CHRONIC MODEL OF OROFACIAL DYSKINESIA INDUCED BY
HALOPERIDOL IN RATS

AUTHOR: Roselei Fachinetto
ADVISOR: Juliano Ferreira
CO-ADVISOR: Jodo B.T. Rocha
PLACE AND DATE OF THE DEFENSE: Santa Maria, 2006

Haloperidol-induced orofacial dyskinesia (OD) is a putative animal model of tardive
dyskinesia (TD) whose pathophysiology has been related to an increase in dopamine
turnover, reduction in gabaergic neurotransmission and oxidative stress. Schizophrenic
patients have been reported to eat a diet higher in fat than the general population and
dietary fat intake can lead to an increase in oxidative stress in animal models. Thus, the first
objective of this study was to determine if the association of high fat diet ingestion with
prolonged haloperidol treatment could alter the OD and lead to oxidative stress in the rat
brain (article 1). Haloperidol decanoate administration (38 mg/kg, which is equivalent
Img/kg/day) monthly for a period of 6 months to rats fed previously with a HF diet caused
an increase in OD. Furthermore, haloperidol caused an increase in the levels of lipid
peroxidation in striatum and substantia nigra only in rats fed with the HF diet. Another
objective of this work was to evaluate the effects of V. officinalis (1% administered in the
drink water) in the animal model of OD induced by long-term treatment with haloperidol
(article 2). V. officinalis has been widely used to treat insomnia since it posses GABA-
mimetic and antioxidant properties. Concomitant treatment with V. officinalis did not
modify the intensity or prevalence of OD. We did not find any statistical differences among
the groups when oxidative stress parameters were evaluated. On the other hand, haloperidol
treatment significantly decreased [*H]-dopamine uptake in slices from striatum of rats, an
effect unaltered by V. officinalis. The treatment with V. officinalis reduced the locomotor
activity in the open field and increased the time spent on open arm in the plus maze test,
confirming the anxiolitic effect of V. officinalis. Taken together, these results indicate that a
high fat diet caused a transitory increase in haloperidol-induced OD in rats and this, at least
in part, can be related to the haloperidol-induced oxidative stress in brain structures. Our
data also suggest that the reduction in dopamine transport can be a possible mechanism
related to the maintenance of chronic OD in rats feeding NF diet. Finally, V. officinalis
seems not to be efficacious in the reduction of OD in rats.

Keywords: haloperidol, orofacial dyskinesia, tardive dyskinesia, free radicals, neuroleptics,
diet, fat, dopamine, medicinal plants, oxidative stress, body weight gain.



1. INTRODUCAO

1.1. Esquizofrenia

A esquizofrenia consiste na principal desordem mental, afetando cerca de 1% da
populacdo 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 interacdo
entre o processo do pensamento e da percep¢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 motivagdo e oscilagdo 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 neurotransmissao dopaminérgica das proje¢des 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 foi o primeiro neuroléptico descrito, em 1952, por Delay e
Deniker. Em 1957, Paul Janssen descobriu a atividade neuroléptica das butirofenonas.
Nesta classe, encontra-se o haloperidol, um neuroléptico pertencente a classe dos
neurolépticos classicos ou tipicos, que se destaca por sua poténcia, especificidade e longa
acdo (Niemegeers, 1983). A principal acdo farmacologica dos neurolépticos classicos ou

tipicos consiste em bloquear receptores dopaminérgicos D, (Creese e cols., 1976). No



entanto, o tratamento com estes farmacos possui eficacia comprometida por causarem
efeitos colaterais extrapiramidais agudos e cronicos como, por exemplo, a Discinesia
Tardia (DT) e o Parkisonismo.

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 acdo antipsicética. Contudo, em contraste ao
haloperidol e clorpromazina, 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 satisfatéria ao tratamento com clozapina (Kane e cols., 1988).
Desta forma, novos antipsicoticos atipicos, comecaram a ser sintetizados visando minimizar
os efeitos colaterais extrapiramidais sem, contudo, diminuir a terapéutica. Entretanto, os
antipsicéticos atipicos, além de ndo possuirem eficdcia 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 disturbio 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-mastigatdria” 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 interrupcdo de um
tratamento prolongado com neurolépticos. Estes disturbios do movimento ocorrem, mais
freqiientemente, na regido orofacial e incluem movimentos de mastigacdo, protusdo da
lingua, estalido dos ldbios, movimentos de franzir a face e piscar os olhos. Em alguns
casos, os distirbios hipercinéticos podem também atingir o pescogo, 0s 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¢cdes no decorrer do tempo,
podendo variar em intensidade at¢ mesmo dentro do mesmo dia (Gardos e Cole, 1983;
Wolfarth e Ossowska, 1989; Laporta e cols., 1990).

Em 1988, a Associagdo Psiquidtrica Americana estimou a prevaléncia da DT em
cerca de 10 a 20% dos pacientes que utilizam cronicamente drogas neurolépticas. Alguns
autores estimam que a média de prevaléncia da DT em sujeitos recebendo tratamento com
neurolépticos classicos 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
das drogas, sendo que 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 acontece em humanos, existem alguns
modelos animais que sdo 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 € 0 modelo de DO induzido por reserpina.

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 Parkisonismo 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 ¢ 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 freqii€éncia (1-3 Hz) da DT em humanos (See e Ellison, 1990). Como em
humanos, o numero de movimentos de mascar no vazio (MMV), que consiste no parametro
mais utilizado para avaliagdo do desenvolvimento da DO, possui flutuagdes 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 espontanea
(Kaneda e cols., 1992; Egan e cols., 1994; Jorgensen e cols., 1994; Andreassen e cols.,

1996, 1999).

1.5. Hipdteses paraa DT

Algumas hipoéteses neuroquimicas tém 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. Hipétese da supersensibilidade dopaminérgica

A supersensibilidade dopaminérgica consiste na mais popular hipotese para explicar
o desenvolvimento da DT apos uso cronico de neurolépticos. Segundo esta hipotese, a DT ¢
resultante de uma resposta do cérebro, secundaria ao bloqueio cronico dos receptores
dopaminérgicos pelos neurolépticos, em locais relacionados ao controle dos movimentos.

Em resposta a este bloqueio cronico, hA um aumento compensatério no nimero de



receptores dopaminérgicos, receptores estes que provavelmente respondem a menores
niveis de dopamina levando a um estado hiperdopaminérgico e a manifestagdes 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 redugdo tanto do nimero quanto

da sensibilidade dos receptores dopaminérgicos (Lohr e Jeste, 1988; Sachdev, 2000).

1.5.2. Hipétese gabaérgica

Esta hipdtese propde que o desenvolvimento da DT seria devido a alteracdo da
transmissdo gabaérgica pelos neurolépticos (Andreassen e Jorgensen, 2000). Foi relatado
que existe uma reducdo na atividade da enzima acido glutdmico descarboxilase (GAD),
enzima que faz a descarboxilagdo do glutamato para a sintese do acido y-aminobutirico
(GABA), na substantia nigra, globus pallidus e ntcleo subtalimico em macacos e ratos
com movimentos orofaciais induzidos por neurolépticos (Gunne e Haggstrom, 1983; Gunne
e cols., 1984; Johansson e cols., 1990). Quando a transmissao dopaminérgica ¢ bloqueada
por drogas neurolépticas, pode ocorrer a redugdo na renovagdo do GABA na substantia
nigra (Gale e Casu, 1981; Mao e cols., 1978). Sendo o GABA de importancia crucial na
retroinibicdo do tonus dopaminérgico striatonigral (Reavill e cols., 1980; Childs e Gale,
1983), o prejuizo de sua fun¢do poderia ter um importante papel no desenvolvimento da
DT. Em modelos animais de DO o aumento do tonus gabaérgico, através de substancias
gabamiméticas, parece ser capaz de reverter a DO induzida por reserpina (Gao e cols.,
1994; Araugjo e cols., 2004; Peixoto e cols., 2005). No entanto, a eficacia clinica ndo ¢
satisfatoria, sendo util em apenas alguns casos (Tamminga e cols., 1989; Umbrich e

Soares., 2003; Soares ¢ cols., 2004; Wonodi e cols., 2004).

1.5.3. Hipdtese da excitotoxicidade
De Kayser propds que o tratamento prolongado com neurolépticos poderia aumentar
a liberagdo de glutamato dos terminais cortico-estriatais, levando a excitotoxicidade

estriatal (De Kayser, 1991). Estudos posteriores demonstraram que existe um aumento de



liberacao estriatal de glutamato, sendo que este aumento poderia levar a neurotoxicidade
(Coyle e Puttfarchen, 1993; Castilho e cols., 1999). Além disso, a excessiva estimulacdao
dos receptores N-Metil-D-Aspartato (NMDA) poderia induzir uma entrada massiva de Ca*"
nas células conduzindo a uma cascata de eventos que em ultima instancia acabaria por levar

a morte celular (Konradi e Heckers, 2003).

1.5.4. Hipotese dos radicais livres

Uma hipdtese que vem ganhando aten¢do na literatura ¢ a de que os radicais livres
possam ter uma importante participagdo no desenvolvimento da DT (Cadet e cols., 1986,
1987; Lohr e cols., 2003). 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 enzima monoaminoxidase (MAQO) (Lohr, 1991;
Andreasen e Jorgensen, 2000). Sabe-se que a atividade das oxidases em geral, forma como
produto o peroxido de hidrogénio (H,O,) que ao reagir com metais de transicdo forma
radicais livres via reacdo de fenton, por exemplo, radicais hidroxila (OH ) e superdxido,
além da formacdo de dopamina quinona via auto-oxidacdo da propria dopamina (Lohr e
cols., 1991; 2003). Adicionalmente, contribuindo para um maior aumento na renovagao de
dopamina, foi demonstrado que alguns neurolépticos, dentre eles o haloperidol, foram
capazes de inibir a captacdo de dopamina, in Vvitro, via interag@o direta com o transportador
para dopamina (Lee e cols., 1997).

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

mecanismos excitotoxicos.

1.6. Substancias proé-oxidantes

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). De particular importancia, existem evidéncias na
literatura de que pacientes esquizofrénicos ingerem uma maior quantidade de gordura na
dieta do que a populagdo em geral (Brown e cols., 1999) e, a ingestao de dietas ricas em
gordura estd 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 I-metil-4-fenil-1,2,3,6-
tetraidropiridina (MPTP) (Choi e cols., 2005). Contudo, ndo existem dados na literatura
indicando que uma excessiva ingestdo de gordura pode alterar a prevaléncia de DT em

pacientes esquizofrénicos.

1.7. Antioxidantes

Sabe-se que o cérebro ¢ particularmente vulneravel a acdo toxica das espécies
reativas de oxigénio (ERO) principalmente pela grande quantidade de energia utilizada que,
via metabolismo oxidativo, pode levar a produg¢do de ERO (Lohr, 1991). Além disso, o
sistema nervoso central (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 enddgeno, 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
administracao de substancias capazes de reestabelecer as defesas antioxidantes enddgenas
ou mesmo atuar complementando-as.

Dados da literatura tém demonstrado que, em animais tratados com neurolépticos,
existe aumento nos niveis de peroxidacao lipidica e de carbonilagdo de proteinas, reducao
na atividade de enzimas antioxidantes, como a SOD, a catalase ¢ a GPx, e também redugao

da glutationa reduzida e conseqiiente 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 atencdo na literatura. Foi demonstrado uma significativa reducdo no alelo mutante
(alta atividade) para a MnSOD em pacientes com esquizofrenia ¢ DT em comparagdo 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 substincias
com potencial antioxidante como ¢ o caso da Vitamina E, melatonina, quercetina,
diseleneto de difenila e ebselem 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 reportado 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.

1.8. Valeriana officinalis

O extrato da raiz de Valeriana (Valeriana officinalis L., Valerianaceae) tem sido
amplamente utilizado pela populagdo em geral para tratamento de insénia. A V. officinalis
possui constituintes com acdo sedativa e calmante (Morazzoni ¢ Bombardell, 1995; Fugh-
Berman e Cott, 1999; Lustberg e Reynolds, 2000; McCabe, 2002).

Dados da literatura demonstram que alguns componentes presentes em seu extrato
possuem afinidade por receptores presentes no sistema nervoso central. O mecanismo de
acdo da Valeriana parece incluir efeitos agonistas em receptores GABA4 e potencializacao
da transmissdo GABAergica via liberagdo do GABA e/ou inibi¢ao da recaptagao do GABA
(Mennini e cols., 1993; Santos e cols., 1994; Ortiz e cols., 1999, 2006; Sharifzadeh e cols.,
2006). O acido valerénico parece ser um agonista parcial serotonérgico (Dietiz e cols.,

2005). Alguns monoterpenos presentes nos oleos essenciais de algumas plantas medicinais,



dentre elas a V. officinalis, possuem afinidade por receptores gabaérgicos (Granger e cols.,
2005).

Além disto, um recente trabalho de nosso laboratorio, demonstrou que o extrato de
V. officinalis possui capacidade antioxidante, em baixas concentragdes, em modelos in vitro

utilizando diferentes agentes pro-oxidantes (Rocha e cols., dados nao publicados).



10

2. OBJETIVOS

O objetivo geral deste estudo consiste em avaliar o efeito da administragdo cronica
de dieta hiperlipidica (HL) e da tintura de V. officinalis na DO induzida por haloperidol em

ratos.

Os objetivos especificos deste trabalho consistem em:

- Avaliar o efeito das dietas e da V. officinalis sobre pardmetros comportamentais
de DO, induzida por haloperidol em ratos;

- Investigar o efeito dos tratamentos sobre parametros de estresse oxidativo em
estruturas especificas do cérebro dos animais;

—> Verificar o efeito do tratamento com haloperidol na recaptacdo de dopamina e

sua possivel relacdo com o desenvolvimento da DO em ratos.
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3- ARTIGOS CIENTIFICOS

Os resultados que fazem parte desta dissertacao estao apresentados sob a forma de
artigos cientificos, os quais se encontram aqui organizados. Os itens Materiais e 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 Pharmacology, Biochemistry and Behavior. O artigo 2 esta disposto na forma

submetida para publicacao.
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3.1 - EFEITO DE DIETA NORMOLIPIDICA E HIPERLIPIDICA SOBRE
DISCINESIA OROFACIAL INDUZIDA POR HALOPERIDOL 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 intake can lead to an increase in oxidative stress in animal models. The objective ol 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 is equivalent to 1 mg/kg/day) monthly for a period of 6 months o 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 increase in TBARS levels in
cerebellum and cerebral cortex (regardless ol haloperidol treatment). A significant diet < haloperidol treatment interaction in striatum,
subcortical parts and the region containing the substantia nigra was observed for TBARS. In [act, haloperidol caused an increase in TBARS
levels of these regions only in rats fed with the HE. 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 haloperidokinduced oxidative stress in brain structures involved with OD.

i€ 2005 Elsevier Inc. All rights reserved.

Keywords: Halopendol; 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 allects 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 Ds-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.: 421 55 220 8140; fax: +21 55 220 8974,
E-mail address: jbtrochai@yahoo.com.br (J.B.T. Rocha).

0091-3057/% - sce front matter © 2005 Elsevier Inc. All rights reserved.
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{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 ¢t al., 1991
Yassa and Jeste, 1992). The most scrious aspect of TD is
that it may persist for months or years afier 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 ol 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 1s 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.,
2005; 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
et al., 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 spontaneously 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 lkonomidou, 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).

Dictary fat intake has been shown to be important in the
development of human obesity (Warwick and Schiffinan,
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 Il 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;
Wolff 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 simultancous 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 (I.M.) 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 Sdo Paulo, Brasil.

The rats were randomly divided into two groups, with 16
amimals cach, and a fed cither 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 |

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) 5.35 3.91

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

idol decanoate (I.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 (I.M.).
The haloperidol groups received the depot neuroleptic drug,
haloperidol decanoate (Janssen Pharmaceutical) at a dose of
38 mg/kg, the equivalent of 1 mg/kg/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 quantity
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—HCL, 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 <0.05. 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. 1. 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 A 90 r —o- NF control
reduction in body weight of rats in both dietary groups. —e— NF haloperidol
However, rats from HF diet started to loss body weight before 70| 7 HF control
of the animals from NF diet. This was evidenced by a —4— HF haloperidol
significant interaction between body weight and haloperidol c 3
treatment with /(6. 150)=8.50 and p<0.001. £ 547 . H
Ingestion of the HF for 6 months caused an increase in g T B f f“% % a
th.c facial tlwitching.frcqucncy. when compared to rats fed E 36 as~—_ ] b b ¥
with the diet containing normal fat (NF) content (Fig. 2; > I e
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the effect of haloperidol varied depending on the dietary v c c\é % b
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haloperidol x months) with /(6,138)=6.33 and p<0.001. 2
Haloperidol caused a marked increase on FT. However, g T
the effect of haloperidol varied depending on the dietary e 107 4
treatment. In fact, rats on HF diet treated with haloperidol g a 8
displayed an increase in FT from the 4th to the 6th month of E, o . I K
treatment, when compared to animals from NF diet. This .E 5‘/3l b a
was evidenced by a significant interaction between haloper- Z el I \I b
idol ¥ months with F(1,26)=74.56 and p<0.001 (Fig. 3). :§ \b N \;
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E L Fig. 3. Effects of haloperidol (1 mg/kg/day) or vehicle (vegetable oil) long-
© term administration on vacuous chewing movements (A) and facial
‘E‘ twitching (B) frequency concomitant ot‘_lrcétmcm with \JF and ‘llF diet.
g 10 Values are express as means. Symbols indicates a significant difference
between means of groups (2<0.03) in the same behavioral session. Two-
way ANOVA following by Duncan’s tests.
0 0 months 6 months Two-way ANOVA of cortical TBARS levels revealed a
B 50r significant main effect of diet (F(1,26)=7.73 and p<0.01),
indicating that HF increased oxidative stress in this region.
e In fact, the levels of TBARS in HF group (575.8+40.2) was
£ 4or significantly higher than that of NF group (442.3+13.2).
2 However, post hoc comparisons by Duncan’s multiple range
2 a0} test indicated a significant difference only between rats
é treated with haloperidol. Two-way ANOVA of striatal
E ok TBARS levels revealed a significant interaction of diet
-g and haloperidol ( F(1,26)=6.6 and p <0.05), indicating that
= HF associated with haloperidol administration increased
101 * oxidative stress in this region (Fig. 4).
Post hoc comparisons by Duncan’s multiple range test
0 indicated a significant difference in the group HF treated
0 months 6 months

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 meantS.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.

haloperidol than others groups. Two-way ANOVA of
subcortical TBARS levels revealed a significant interaction
of diet and haloperidol (F(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
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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 eflect 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 F'T 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 [at diet group. The uncontrolled ellect
ol bodyweight loss could in part explain some ol 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 bhehavioral 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 stludy we observed that ebselen (Burger et al..
2003), an antioxidant agent, alTected in diflerent ways these
behavioral measures in rats exposed Lo reserpine.

Literature data indicates that exposure to haloperidol
causcs an increase in cerchral oxidative stress (Andreasen
and Jorgensen, 2000; Casey, 1995; Lohr, 1991: Clow et al.,
1980; Slivka and Cohen, 1983; 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 ol the high [at diet caused an increase in
oxidative stress in cercbral 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 Ikonomidou, 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
OD, because there were no significant differences in the OD
parameters between the two dietary groups treated with
haloperidol in the end of the observation period.

Taken together the results of the present investigation
indicate that high fat dicts ingestion for a long period can
have some transitory behavioral cffects on rats. Further-
more, here we demonstrated for the first time that
simultancous ingestion ol high fat diet and chronic
haloperidol administration caused transitory exacerbation
ol orolacial 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 1o 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 ol differences between NF and HF diet
groups may be a consequence ol a complex interaction with
other factors that allect OD in rodents, particularly the age
ol the amimals (Kane and Smuith, 1982; Woemer el 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 ol the present investigation
demonstrated that high fat diet ingestion can enhance the
OD produced by a typical neuroleptic used lor 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 fat.

Although it is still premature to extrapolate the relevance
of our findings to man, we realize that epidemiological
studies should be carried out 1o determine a possible
increase in the incidence of TD in patients fed 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
ncuroleptics 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 obesily is not a mandatory factor lor
the development of OD.
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CONCLUSOES PARCIAIS 1

A partir do primeiro trabalho podemos concluir que:

- A ingestdo de dieta HL pode exacerbar parametros comportamentais de DO em

ratos.

- A DO induzida pelo haloperidol parece ndo depender de estresse oxidativo, pelo

menos no periodo observado.
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ABSTRACT

Chronic treatment with neuroleptics can produce a serious side effect,
known as tardive dyskinesia, in humans. Here, we examined the effects of V.
officinalis, 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 haloperidol (38
mg/kg, i.m., each 28 days) and with V. officinalis (in the drink water). Vacuous
chewing movements (VCMs), locomotor activity and plus maze performance were
evaluated. The haloperidol treatment produced OD in 40% of the treated rats and
the concomitant treatment with V. officinalis did not alter either prevalence or
intensity of OD. The treatment with V. officinalis increased the percentage of the
time spent on open arm and the number of entries into open arm in the plus maze
test. The treatment with haloperidol and/or V. 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 OD in
rats. Furthermore, chronic treatment with V. officinalis seems not produce any
oxidative damage to CNS, but it also seems to be devoid of action to prevent or

treat OD.
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INTRODUCTION

Neuroleptic drugs are used in the treatment of severe psychiatric disorders,
especially schizophrenia. Haloperidol is a neuroleptic classified as classical or
typical that is widely used in the treatment of schizophrenic patients. Its
pharmacological action consists in to block dopamine D, receptors (Creese et al,
1976). However, it develops, as side effect, tardive dyskinesia (TD) in a
considerable proportion of the patients under treatment (Kane and Smith, 1982).
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; Yassa and Jeste, 1992).

TD is characterized by involuntary and abnormal movements of the orofacial
region, and sometimes, trunk and members musculature that can appear during
treatment with neuroleptic drugs or after its withdrawal (Kane, 1995). The main
clinical problem is that TD is irreversible in the majority of the cases (Crane, 1973;
Jeste et al, 1979; Casey, 1985). Besides some hypotheses have been postulated
to explain this syndrome, the mechanisms responsible to TD development remain
unclear. Some authors point to an involvement of dopaminergic system, since the
early onset of schizophrenia involves dopaminergic pathways (Klawans and
Rubovits, 1972; Burt et al, 1977; Rubinstein et al, 1990; Andreassen and
Jorgensen, 2000). Another hypothesis suggests that free radicals may play an
important role in TD development (Cadet et al., 1986, 1987; Lohr et al., 1990;
2003). In fact, there are many studies demonstrating the participation of oxidative

stress in orofacial dyskinesia (OD) in rats (Abilio et al, 2004; Andreassen et al,
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2003; Naidu et al, 2003; Burger et al, 2005a,b; Faria et al, 2005) that seems to be
linked to dopamine metabolism (Casey, 1985; Lohr et al, 1991; Lohr et al, 2003).
Another important hypothesis involving the gabaergic neurotransmission has
been proposed (Fibiger and Lloyd, 1984). Gunne et al, 1984 reported a decrease
in the glutamate decarboxylase (GAD) activity and in the levels of y-aminobutiric
acid (GABA) in substantia nigra, medial globus pallidus and subthalamic nucleus of
monkeys with dyskinetic symptoms induced by neuroleptics. Furthermore, recent
data from literature have demonstrated that GABA-mimetic drugs can provide a
protective role on OD induced by reserpine and haloperidol in rats (Kaneda et al,
1992; Gao et al, 1994; Raghavendra et al, 2001; Araujo et al, 2005). Importantly,
in humans the concomitant treatment of neuroleptics with GABA-mimetic drugs can
attenuate the extrapyramidal movements in some cases (Tamminga et al, 1979;
1983; Morselli et al, 1985; reviewed in Tamminga et al, 1989; Soares et al, 2004).
Valerian root (Valeriana officinalis L., Valerianaceae) has been used for
centuries as a calming and sleep promoting herb (McCabe, 2002; Lustberg and
Reynolds, 2000; Morazzoni and Bombardell, 1995) and is among the most widely
used medicinal herbs (Fugh-Berman and Cott, 1999). Its mechanism of action
seems to include agonist effects at GABAa receptor (Ortiz et al, 1999) and
potentiation of GABAergic transmission via both GABA release and inhibition of
GABA reuptake (Santos et al, 1994; Ortiz et al, 1999; Mennini et al, 1993). Thus,
the aim of the present study was to investigate the possible action of the V.
officinalis, a medicinal plant used to treat insomnia, on a chronic model of OD

induced by long-term treatment with haloperidol.



