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RESUMO

INFLUENCIA DE Harpagophytum procumbens SOBRE PARAMETROS
COMPORTAMENTAIS E MOLECULARES EM UM MODELO DE DISCINESIA
OROFACIAL EM RATOS

AUTORA: Larissa Finger Schaffer
ORIENTADORA: Caroline Wagner

A flufenazina € um antipsicoético tipico utilizado para o tratamento da esquizofrenia. No
entanto, o seu uso crbénico tem sido relacionado com o aparecimento de efeitos
colaterais extrapiramidais, como a discinesia tardia (DT). Estudos sugerem o
envolvimento da neuroinflamacao, bem como o estresse oxidativo (EO), como possiveis
causas para o0 aparecimento da DT, o que também pode levar a neurodegeneracao
dopaminérgica. O Harpagophytum procumbens (HP) & um fitoterapico utilizado na
clinica devido principalmente aos seus efeitos anti-inflamatorios. Desta forma o objetivo
deste trabalho foi avaliar a influéncia do HP sobre parametros comportamentais,
bioquimicos e moleculares em modelo de discinesia orofacial (DO) induzida por
flufenazina em ratos. Primeiramente analisamos varias fracbes de HP por cromatografia
liguida de alta eficiéncia e realizamos o teste de scavenger do radical DPPH, a fim de
eleger uma fracdo que apresentasse maior quantidade de harpagosideo e que tivesse
uma boa atividade antioxidante in vitro, sendo entédo eleita a fracdo de acetato de etila
de H. procumbens (EAF HP). Desta forma, verificamos o efeito da EAF HP (10; 30 e 100
mg/kg- 21dias) sobre a DO induzida por flufenazina (25 mg/kg dose Unica) em ratos
através da andlise de parametros comportamentais motores. Além disso, realizamos
andlises bioquimicas soroldgicas, parametros de EO (no figado, rim, cértex e estriado),
citocinas proé-inflamatérias (no estriado e cortex), imunoreatividade da tirosina
hidroxilase (TH), do transportador de dopamina (DAT), do receptor dopaminérgico D,
(DRD,), do glutamato descarboxilase (GAD) e da ciclooxigenase 2 (COX 2) (no
estriado). A administracdo crbnica de flufenazina aumentou significativamente o0s
movimentos de mascar no vazio (MMVs) em todos tempos analisados (2, 7, 14 e 21
dias) e esse aumento foi inibido pela EAF HP, especialmente na dose de 30 mg/kg, nos
dias 7, 14 e 21. A flufenazina diminuiu a locomocéo e atividade exploratoria, no entanto
EAF HP nao foi capaz de proteger contra esta alteragdo. A flufenazina induziu EO
identificado por alteracbes na atividade da catalase e nos niveis de de
oxigénio/nitrogénio (ER) no cortex e estriado. Além disso, aumentou todas as citocinas
pro-inflamatorias, e apresentou tendéncia em aumentar os niveis de COX 2. Contudo,
nao modificou a imunoreatividade da TH, DAT, DRD;, e GAD. Os efeitos da flufenazina
foram reduzidos pela administracdo da EAF HP especialmente no estriado, estrutura
que esta relacionado com o controle motor. Além disso, esta fracdo se mostrou segura,
pois nenhuma das doses testadas causou alteracdo nos parametros bioquimicos no
soro e de EO no figado e rins dos animais. Os nossos resultados sugerem o
envolvimento do EO e da neuroinflamagé&o induzida pela flufenazina no desenvolvimento
da DO em ratos e aponta a EAF HP como um agente terapéutico promissor para 0
tratamento de movimentos involuntarios orais.

Palavras-chave: Garra do diabo. Flufenazina. Discinesia tardia. Neuroinflamacéo.
Estresse oxidativo.



ABSTRACT

INFLUENCE OF Harpagophytum procumbens ON BEHAVIORAL AND
MOLECULAR PARAMETERS IN A MODEL OF OROFACIAL DYSKINESIA IN
RATS

AUTHOR: Larissa Finger Schaffer
ADVISOR: Caroline Wagner

Fluphenazine is a typical antipsychotic used for the treatment of schizophrenia. However,
its chronic use has been related to the appearance of extrapyramidal side effects, such
as tardive dyskinesia (TD). Studies suggest the involvement of neuroinflammation as
well as oxidative stress (OS), as possible causes for the onset of DT, which can also
lead to dopaminergic neurodegeneration. Harpagophytum procumbens (HP) is a herbal
medicine used in the clinic mainly due to its anti-inflammatory effects. Thus, the objective
of this study was to evaluate the influence of HP on behavioral, biochemical and
molecular parameters in fluphenazine-induced orofacial dyskinesia (OD) model in rats.
First, we analyzed several fractions of HP by high performance liquid chromatography
and performed the radical-scavenging activity DPPH assay. In order to choose a fraction
that presented greater amount of harpagoside and that had a good antioxidant activity in
vitro, where we chose the ethyl acetate fraction of H. procumbens (EAF HP). Thus, we
verified the effect of EAF HP (10, 30 and 100 mg / kg-21 days) on fluphenazine-induced
OD (25 mg / kg single dose) in rats through motor behavioral parameters. In addition, we
performed biochemical serological analyzes, OS parameters (in liver, kidney, cortex and
striatum), proinflammatory cytokines (in striatum and cortex), immunoreactivity of
tyrosine hydroxylase (TH), dopamine transporter (DAT), dopamine receptor subtype D,
(DRD,), glutamate decarboxylase (GAD) and cyclooxygenase 2 (COX 2) (in striatum).
Chronic administration of fluphenazine significantly increased vacuos chewing
movements (VCMs) at all analyzed times (2, 7, 14 and 21 days) and this increase was
inhibited by EAF HP, especially at the dose of 30 mg / kg, on days 7, 14 and 21.
Fluphenazine decreased locomotion and exploratory activity, however EAF HP did not
protect against this change. Fluphenazine induced OS identified by changes in catalase
activity and levels of reactive oxygen / nitrogen species (RS) in the cortex and striatum.
In addition, it increased all proinflammatory cytokines, and showed a tendency to
increase COX 2 levels. However, it did not modify the immunoreactivity of TH, DAT,
DRD; and GAD. The effects of fluphenazine were reduced by administration of HP EAF
especially in the striatum, which structure is related to motor control. Moreover, this
fraction proved to be safe, because none of the doses tested showed a change in the
biochemical parameters in serum and OS in the liver and kidneys of animals. Our results
suggest the involvement of OS and neuroinflammation fluphenazine-induced in the
development of OD in rats and points to EAF HP as a promising therapeutic agent for the
treatment of oral involuntary movements.

Key-words: Devil's claw. Fluphenazine. Tardive dyskinesia. Neuroinflammation.
Oxidative stress.
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APRESENTACAO

No item INTRODUCAO, esta descrita uma revisdo sucinta sobre os temas
trabalhados nesta tese, enquanto no item REFERECIAL TEORICO, a tematica é
abordada com mais profundidade.

Os resultados que fazem parte desta tese estdo apresentados sob a forma de
um artigo ja publicado e um manuscrito submetido, os quais se encontram no item
RESULTADOS. As secdes Materiais e Métodos, Resultados, Discussdo dos
Resultados e Referéncias Bibliograficas, encontram-se nos proprios artigo e
manuscrito e representam a integra deste estudo. O artigo esta disposto na forma
que foi publicado na edicdo da revista cientifica Neurochemical Researche e o
manuscrito esta na forma que foi submetido para a revista Molecular and Cellular
Neuroscience.

O item DISCUSSAO apresenta uma discusséo englobando os dois trabalhos.

O item CONCLUSOES encontra-se no final dessa tese, e apresenta
comentarios sobre o artigo e 0 manuscrito contidos nesse trabalho.

As REFERENCIAS BIBLIOGRAFICAS referem-se as citagbes que aparecem
nos itens INTRODUGCAO e DISCUSSAO dessa tese.
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1 INTRODUCAO

A esquizofrenia € uma doenca psiquiatrica grave que afeta cerca de 1% da
populacdo mundial (FRANGOU, 2008; VAN; KAPUS, 2009; KIRKBRIDE et al.,
2012). Os antipsicéticos sdo os farmacos mais efetivos para o tratamento da
esquizofrenia, principalmente os chamados antipsicéticos tipicos ou classicos, como
a flufenazina e o haloperidol, os quais ttm como mecanismo de acdo o bloqueio de
receptores dopaminérgicos, principalmente os do subtipo D,. No entanto, a eficacia
clinica dos antipsicéticos tipicos tem sido comprometida pelos varios efeitos
colaterais extrapiramidais que tem afetado os pacientes, dentre os quais se destaca
a discinesia tardia (DT) (KANE; SMITH, 1982; ANDREASSEN; JORGENSEN, 2000).

A DT é uma sindrome extrapiramidal caracterizada pela presenca de
movimentos involuntarios, repetitivos e nado-intencionais localizados principalmente
na regidao orofacial (boca, face, lingua) (ANDREASSEN; JORGENSEN, 2000;
KHOUZAM, 2015). A prevaléncia da DT em pacientes que fazem uso de
antipsicoticos € cerca de 20 - 40%, porém este indice pode variar de acordo com a
idade e o género do paciente, além do tempo e da classe de antipsicoético utilizada
(KANE; SMITH, 1982; YASSA; JESTE, 1992; PATTERSON et al.,, 2005; LERNER
et al., 2015).

Os mecanismos moleculares relacionados a fisiopatologia da DT em humanos
ou discinesia orofacial (DO) em roedores permanecem incertos e varias hipoteses
tém sido propostas (ANDREASSEN; JORGESSEN, 2000). Entre elas, podemos citar
a hipotese da hipersensibilidade dopaminérgica, diminuicdo da atividade do sistema
gabaérgica, excitotoxicidade glutamatérgica e a predisposicdo genética (CASEY,
2000; LENCZ et al., 2009; RIZOS et al., 2009; ALABED et al., 2010; BHIDAYASIRI,
BOONYAWAIROJ, 2011). No entanto, recentemente, o papel do estresse oxidativo
(EO) e especialmente da neuroinflamacé&o ganhou espaco na literatura para tentar
explicar a etiologia da DT. A producao de radicais livres (LOHR et al., 2003) e a
sinalizacdo inflamatoéria (BISHNOI et al., 2008a,d) por antipsicoticos levando a danos
celulares e entdo uma possivel anormalidade estrutural neuronal podem ser os
fatores chave na patogénese da DT (LIU et al., 2012; LERNER et al., 2015).

Ha muitos anos se tém o conhecimento desse transtorno de movimento sério,
porém até hoje ndo existe uma abordagem terapéutica padréao para ser utilizada nos
pacientes que apresentam DT. Neste contexto, o Harpagophytum procumbens é
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uma planta nativa do sul da Africa, comercializada no Brasil como fitoterapico,
popularmente conhecida como garra do diabo sendo utilizado na clinica
principalmente no tratamento de doencas articulares devido aos seus potentes
efeitos anti-inflamatoérios (LAUDAHN; WALPER, 2001; WEGENER; LUPKE, 2003;
WARNOCK et al., 2007). Contudo, alguns estudos demonstram a possivel acdo do
HP ou de seus constituintes no SNC, onde este parece atuar nas células neuronais
modulando o sistema dopaminérgico (SUN et al., 2012) o sistema GABAérgico
(MAHOMED; OJEWOLE, 2006) e também parece apresentar atividade antioxidante
em tecidos neuronais (BHATTACHARYA; BHATTACHARYA, 1998, SCHAFFER
et al., 2013).

Tendo em vista que os poucos farmacos que sao utilizados na pratica médica
para o tratamento da DT, tem eficacia clinica questionavel e que o HP parece atuar
no SNC modulando vias relacionadas com o aparecimento da DT, resolvemos testar
a influéncia do HP no modelo de DO induzida por flufenazina em ratos, bem como

verificar qual o possivel mecanismo de acdo do HP neste modelo experimental.

1.1 OBJETIVOS

1.1.1 Objetivo geral

Avaliar a influéncia do Harpagophytum procumbens no SNC em modelo de

discinesia orofacial induzida por flufenazina em ratos.

1.1.2 Objetivos especificos

» Elucidacdo quimica da planta e a eleicdo da fracdo mais adequada para o
tratamento in vivo;

» Induzir os disturbios motores extrapiramidais através da administracdo de
flufenazina;

» Avaliar o desenvolvimento de disturbios do movimento através da
quantificacdo de DO e da atividade locomotora e exploratéria nos animais;

» Avaliar o possivel papel neuroprotetor da fracdo de H. procumbens no

desenvolvimento dos distlUrbios do movimento;
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» Avaliar pardmetros bioquimicos no soro e de estresse oxidativo no rim e
figado dos animais tratados com a fracdo de H. procumbens e/ou flufenazina;

» Investigar o envolvimento do processo de estresse oxidativo e da
neuroinflamacédo na DO, bem como verificar o possivel efeito protetor da
fracdo H. procumbens sobre esses parametros.

» Avaliar a possivel alteracdo provocada pela flufenazina e/ou HP sobre
circuitos dopaminérgicos estriatais, incluindo TH, DRD, e DAT;

» Verificar se o tratamento com a fracdo de HP e/ou a flufenazina alteram a

imunoreatividade da glutamato descarboxilase.

1.2 JUSTIFICATIVA

Considerando que o uso crbnico de antipsicéticos pode causar efeitos
extrapiramidais, muitas vezes debilitantes, como a DT; que o mecanismo pelo qual
aparecem esses efeitos ndo esta bem esclarecido; que existem estudos
relacionando esses efeitos com o0 aumento de marcadores inflamatorios e de EO no
SNC e que nao ha existéncia de farmacos seguros para o tratamento dessas
desordens. Torna-se interessante avaliar a influéncia do HP (uma planta ja
comercializada como fitoterapico no Brasil devido a sua acéo anti-inflamatéria e que
ja esta relatada a sua atividade antioxidante, bem como sua ac¢do no SNC) no

modelo de DO induzida por flufenazina em ratos.
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2 REFERENCIAL TEORICO

2.1 ESQUIZOFRENIA

A esquizofrenia € uma doenca psiquiatrica grave, crénica, incapacitante, com
etiologia desconhecida, que afeta cerca de 1% da populacdo mundial. Esta doenca
tem consequéncias negativas ndo s6 para os que estdo acometidos por ela, mas
também seus familiares e a sociedade no geral. Os pacientes apresentam risco
significativamente aumentado de cometerem suicidio e freqientemente sofrem
desvantagens socioeconémicas (MUESER; McGURK, 2004; VAN; KAPUS, 2009;
KIRKBRIDE et al., 2012).

Esta doenca é caracterizada por apresentar sintomas positivos (tais como:
alucinacoes e delirios), sintomas negativos (tais como: retraimento social apatico,
pobreza de expresséao, reducdo de interesse e desmotivacdo) e déficits cognitivos
(tais como: déficit de atencdo, aprendizagem, memoria e processamento de
informacdes), resultando em uma desorganizacdo comportamental. Esses sintomas
aparecem geralmente no final da segunda década de vida do paciente e o inicio
precoce dos mesmos determina, na maioria dos casos, um maior prejuizo funcional.
Cabe salientar que esses sinais e sintomas podem se manifestar de forma diferente
entre os individuos (FRANGOU, 2008; URFER-PARNAS et al.,, 2010; RETHELY]I,
2011).

A neurotransmissao alterada € um mecanismo fisiopatolégico chave que
acaba explicando os diferentes sintomas da esquizofrenia, onde essas alteracdes
ocorrem  principalmente  devido ao aumento e/ou desbalanco da
atividade dopaminérgica no sistema nervoso central (SNC) acometendo mais
especificamente as vias dopaminérgicas mesolimbica e mesocortical (Figura 1).
Assim, 0s sintomas positivos estdo relacionados com a hipétese dopaminérgica da
esquizofrenia onde os eventos psicoticos ocorreriam devido a esse aumento da
neurotransmissdo dopaminérgica mesolimbica (GUILLIN et al., 2007; FRANGOU,
2008). Esta relacdo foi comprovada por estudos tomogréaficos que mostraram o
aumento na liberacdo de dopamina durante o episodio psicotico agudo (LARUELLE
et al, 1996). Entretanto no coOrtex cerebral ocorre uma diminuicdo de
neurotransmissao dopaminérgica e essa condi¢cdo acaba levando ao aparecimento
dos sintomas negativos e cognitivos nos pacientes esquizofrénicos (GUILLIN et al.,
2007; ABI-DARGHAM et al., 2002).
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Figura 1: Principais vias dopaminérgicas
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(a) Via nigroestriatal se projeta da substancia negra para o estriado, faz parte do sistema nervoso
extrapiramidal e controla a fungdo motora e o0 movimento.

(b) Via mesolimbica projeta-se da area tegmental ventral do mesencéfalo para o nucleus accumbens,
uma parte do sistema limbico do cérebro que esta envolvida em muitos comportamentos, como
sensacao de prazer, euforia intensa produzida por uso abusivo de substéncias psicoativas, bem como
delirios e alucinac¢des da psicose.

(c) Via mesocortical se projeta da area tegmental ventral do mesencéfalo, enviando axénios para
areas do cortex pré-frontal (CPF) estando relacionada com sintomas cognitivos e afetivos da
esquizofrenia.

(d) Via dopaminérgica tuberoinfundibular, projeta-se do hipotalamo para a adeno-hipéfise e controla a
secrecdo de prolactina.

Fonte: (STAHL, 2014), com modificacbes.

As causas que levam o paciente a ter esquizofrenia ainda sdo desconhecidas.
Existem algumas teorias na literatura para o desenvolvimento da esquizofrenia,
entre elas, podemos destacar a susceptibilidade genética (HARRISON;
WEINBERGER, 2005), complicagbes no neurodesenvolvimento  (AKIL;
WEINBERGER, 2000), uso de drogas (SEMPLE et al., 2005), entre outros fatores
ambientais (SPAUWEN; VAN, 2006; LARSON et al., 2011). Contudo, acredita-se
que a esquizofrenia é de origem multifatorial, onde fatores genéticos ligados a
fatores ambientais parecem ser importantes para o0 desenvolvimento da
esquizofrenia. Estudos demonstram que individuos que possuem parentes em
primeiro grau com esquizofrenia possuem um risco aumentado em desenvolver a
doenca (HARRISON; WEINBERGER, 2005; BALE et al., 2011; NAGAI et al., 2011).
Eventos ocorridos durante o desenvolvimento cerebral, especialmente no periodo

pré-natal, tais como, desnutricdo maternal, infec¢cbes pré-natais, complicages
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obstétricas podem acarretar no desenvolvimento de um cérebro fetal anormal,
através de mudancas na sinapse. Além disso, fatores ambientais ap6s o0 nascimento
até a juventude, tais como, experiéncias psicologicas negativas, traumas, abuso
fisico e sexual, uso de drogas, podem influenciar esse processo, desencadeando as
primeiras manifestacfes clinicas da doenca (FRANGOU, 2008; LARSON et al.,
2011).

2.2 ANTIPSICOTICOS

Os antipsicéticos, ou também chamados neurolépticos, sdo os farmacos mais
efetivos para o tratamento da esquizofrenia. Eles atuam na diminuicdo dos sintomas
da esquizofrenia permitindo assim, na maioria das vezes, a reintegracdo do paciente
ao convivio social (VAN; KAPUR, 2009; FRANGOU, 2008). Os antipsicoticos podem
ser amplamente divididos em trés grupos: antipsicoticos de primeira geracdo ou
tipicos (ex: haloperidol e flufenazina), antipsicoticos de segunda geracdo (ex:
risperidona e olanzapina) e terceira geracdo (ex: aripiprazol) ou atipicos (HORACEK
et al., 2006). Os antipsicoticos tipicos séo classificados entre eles de acordo com
sua estrutura quimica, enquanto os antipsicéticos atipicos sao classificados de
acordo com suas propriedades farmacologicas (PARK et al., 2013).

Os antipsicéticos tipicos, descobertos na década de 1950, tém como
mecanismo de acdo o bloqueio de receptores dopaminérgicos, principalmente os do
subtipo D,. No entanto, a eficacia clinica dos antipsicoticos tipicos tem sido
comprometida pelos varios efeitos colaterais extrapiramidais decorrentes do
bloqueio de RDD, na via nigroestriatal. E importante ressaltar que na esquizofrenia a
via nigroestriatal ndo é afetada. Entretanto, a acdo farmacoldgica dos antipsicéticos
nao apresenta seletividade apenas para os DRD, da via mesolimbica e acaba por
atingir todas as vias dopaminérgicas, impedindo assim a ligacdo da dopamina
também na via nigroestriatal, causando assim, efeitos motores, como a Discinesia
tardia (DT) (Figura 2) (RANG et al., 2012; STAHL, 2014).
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Figura 2: Acéo dos antipsicoticos na via dopaminérgica nigroestriatal
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(A) Via dopaminérgica nigroestriatal funcionando normalmente no paciente esquizofrénico nao
tratado;

(B) Via dopaminérgica nigroestriatal hipofuncional apés o tratamento com antagonistas de receptor
D,, levando ao aparecimento de sintomas extrapiramidais como a discinesia tardia.

Fonte: (STAHL, 2014), com modificacdes.

Enquanto os antipsicoticos tipicos sao potentes antagonistas de receptores
D,, os quais estdo relacionados com seus graves efeitos adversos ligados ao
desenvolvimento de movimentos involuntarios, 0s antipsicéticos atipicos,
desenvolvidos na década de 1980, sd&o menos potentes em antagonizar 0s
receptores D,, tendo seu mecanismo relacionado com a acdo em outros receptores,
tais como receptores de serotonina 5-HT,A o que contribui também com sua eficacia
contra os sintomas negativos e cognitivos. Desta forma, varios estudos demonstram,
gue 0s pacientes que usam antipsicéticos atipicos apresentam um menor indice de
desenvolver DT (LEUCHT et al., 2003; MELTZER; SUMIYOSHI, 2008), porém essa
informacéo € conflitante na literatura, onde alguns estudos apontam que o uso de
antipsicoticos atipicos ndo diminuiu a incidéncia e prevaléncia de DT (MARSSHALL
et al., 2002; DE LEON, 2007; WOODS, 2010). Por fim, os antipsicéticos atipicos sédo
responsaveis pelo aparecimento de desordens metabdlicas, como o diabetes
mellitus tipo 2, ganho de peso, aumento dos niveis de triglicerideos e colesterol
(HENDERSON, 2002; VAN; KAPUR, 2009; MIRRON et al., 2014), além do

inconveniente de possuirem custo muito elevado se comparados aos tipicos. Desta
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forma, os antipsicoticos tipicos, como o haloperidol e a flufenazina, continuam sendo

largamente empregados no tratamento da esquizofrenia.

2.3 DISCINESIA TARDIA

O uso prolongado de antipsicéticos tipicos, especialmente, aumenta o risco
para o desenvolvimento de desordens do movimento, tais como a DT. A DT € uma
sindrome extrapiramidal grave, de natureza iatrogénica, incapacitante e
potencialmente permanente, caracterizada pela presenca de movimentos
involuntérios, repetitivos e ndo-intencionais localizados principalmente na regido
orofacial (boca, face, lingua), podendo acometer também a musculatura do tronco,
membros superiores e inferiores (ANDREASSEN; JORGENSEN, 2000; FRANGOU,
2008; KHOUZAM, 2015). Dentre os movimentos orofaciais podemos destacar a
mastigacdo no vazio, protrusdo de lingua, movimentos de franzir e de piscar os
olhos (Figura 3). Além disso, alguns pacientes podem apresentar a discinesia
respiratéria, que sao alteragbes nos padrdes ritmicos levando a hiper e
hipoventilacdo podendo ser fatal (SAMIE et al., 1987). A descricdo original da DT foi
publicada por Schonecker em 1957, cerca de cinco anos apdés o inicio do tratamento

antipsicotico na psiquiatria.

Figura 3: Discinesia Tardia.

(1) Mulher tratada com numerosos antipsicéticos por pelo menos 15 anos desenvolveu discinesia
tardia tipica orofacial-bucolingual

(2) Homem com torcicolo e protrusédo da lingua decorrentes do uso crénico com antipsicético. Fonte:
Imagens adaptadas de http://e-medicaltextbook.blogspot.com.br/2008/07/schizophrenia-2.html



http://e-medicaltextbook.blogspot.com.br/2008/07/schizophrenia-2.html
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Hoje, sabe-se que a DT ndo é apenas um efeito secundério, mas sim uma
doenca que aparece durante o tratamento médico. Ela tem o seu préprio campo de
evolucdo, o qual pode ser visto nas diferentes formas clinicas. E considerada um
distarbio motor socialmente estigmatizado que tém sido associado a uma ma
qualidade de vida e que por vezes torna o paciente debilitado (BHIDAYASIRI;
BOONYAWAIROJ, 2011; LERNER; MIODOWNIK, 2011). Além disso, essa
desordem motora pode ser irreversivel, persistindo apds a retirada do antipsicotico
indicando que os mesmos produzem mudancas na funcdo cerebral que ndo estao
relacionadas com a presenca do farmaco (CRANE, 1973; GIAZER et al.,1993;
KANE, 1995).

A prevaléncia da DT em pacientes que fazem uso de antipsicoticos é cerca de
20—-40%, porém este indice aumenta principalmente com a idade e com o tempo de
utilizacdo da medicacdo antipsicética (KANE; SMITH, 1982; YASSA; JESTE, 1992;
GLAZER et al.,, 1993; PATTERSON et al.,, 2005; LERNER et al., 2015). J& foi
descrito que nos primeiros 4-5 anos de tratamento com antipsicoticos, a incidéncia
cumulativa de DT aumenta linearmente, juntamente com a duracéo da exposicédo ao
farmaco (KANE et al., 1988). Esses dados foram suportados em outras pesquisa
que demonstraram que o risco de DT aumentou até 25% apGds 5 anos de tratamento
com antipsicoético, 49% apo6s 10 anos e 68% apds 25 anos (CHAKOS et al., 1996;
GLAZER et al., 1993; WOENER et al., 1998; LERNER et al., 2015).

A etiologia da DT é complexa, multifatorial, e ainda ndo completamente
compreendida (KHOUZAM, 2015). Para melhor entendimento dos possiveis
mecanismos relacionados com a DT em humanos, alguns modelos animais sao
utilizados. Nos roedores a discinesia € denominada discinesia orofacial (DO).
Estudos evidenciam que o tratamento sub-crénico e crénico com antipsicéticos
tipicos € capaz de induzir o aparecimento de movimentos orais espontaneos em
roedores e esses movimentos sdo chamados de movimentos de mascar no vazio
(MMVs) (WADDINGTON, 1990; TURRONE et al., 2002; LISTER et al., 2014), sendo
gue antipsicéticos atipicos, como a risperidona, parecem nao induzir esses
movimentos em roedores (PEROZA et al., 2016). Os MMVs, quantificados em
roedores, sdo amplamente utilizados como modelos de DT sendo considerados os
movimentos mais anélogos aos encontrados na DT possuindo Vvérias similaridades
com as alteragdes encontradas em humanos (ANDREASSEN; JORGENSEN, 2000;
CASEY, 2000; TURRONE et al., 2002; BLANCHET et al., 2012). Desta forma, varias



24

hipoteses tém sido propostas baseadas em estudos em roedores e humanos para
explicar este efeito colateral desagradavel e, por vezes incapacitante.

A hipétese da hipersensibilizacdo dopaminérgica (Figura 4) é a hipotese mais
antiga (sugerida em 1970) e popular para explicar o desenvolvimento da DT apés
uso croénico de antipsicoticos (KLAWANS, 1970). Segundo esta hipétese, o bloqueio
cronico dos receptores D, pelos antipsicoticos principalmente em locais relacionados
com o controle motor, como a via dopaminérgica nigroestriatal, € seguido por um
aumento compensatorio no numero de receptores dopaminérgicos, receptores estes,
que provavelmente respondem a menores niveis de dopamina levando a um estado
hiperdopaminérgico e a manifesta¢cdes clinicas como, por exemplo, a DT
(KLAWANS; RUBOVITS, 1972; BURT et al., 1977; RUBINSTEIN et al., 1990). Além
disso, este aumento da atividade dos neurdnios dopaminérgicos esta associado com
0 aumento de sintese e liberacdo de dopamina na fenda sinaptica (ZIVKOVIC et al.,
1975) e consequente aumento na atividade da tirosina hidroxilase (TH), a enzima
limitante na sintese de catecolaminas (MOORE, 1987).

Neste contexto, uma das principais formas de retirada da dopamina da fenda
sinaptica e, portanto da reducédo da neurotransmissdo dopaminérgica, ocorre através
da recaptacdo de dopamina via transportador de dopamina (DAT) (BECKMAN;
QUICK, 1998; KAHLIG; GALLI, 2003). Este € responsavel por limitar a extenséao,
duracdo e area da ativacdo do receptor de dopamina tendo um papel crucial em
doencas que alteram a plasticidade neuronal dopaminérgica (AMARA; SONDERS,
1998; MILLER et al., 1999). Vale ressaltar que o0 sistema dopaminérgico
nigroestriatal é a regido que apresenta maior quantidade neste tipo de transportador
(GIROS; CARON, 1993).
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Figura 4: Hipotese da hipersensibilidade dopaminérgica
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(1) O bloqueio dos receptores D, pré-sinapticos na via dopaminérgica nigroestriatal (2) pode causar o
aumento na sintese de dopamina a partir da L-tirosina (3) e seu armazenamento em vesiculas
sindpticas. (4) A liberacdo da dopamina na fenda sinaptica agird em receptores ainda ndo bloqueados
e hipersensivel a dopamina. (5) A dopamina é entdo recaptada do meio extracelular via transportador
de dopamina (6) e ocorre 0 seu metabolismo pela enzima monoamino oxidase (MAO) (7) ou entdo
pelo catecol- o — metiltransferase (COMT).

Fonte: Figura adaptada de https://www.youtube.com/watch?v=hcJOQkCC2Rzk

No entanto, a hip6tese da hipersensibilidade dopaminérgica ndo pode explicar
completamente os achados clinicos dessa desordem do movimento, pois a DT
geralmente ndo aparece em todos os usuarios que utilizam farmacos que bloqueiam
os receptores de dopamina (FENTON, 2000; GLAZER, 2000). Desta forma, a
hipétese dopaminérgica como o principal mecanismo molecular de DT tem sido
guestionada por varios estudos, sendo que outros fatores podem estar relacionados
com o aparecimento DT (KLAWANS; RUBOVITS, 1972; WOLFARTH; OSSOWSKA,
1989; WADDINGTON, 1990; ANDREASSEN; JORGENSEN, 2000; LOHR et al.,
2003). Entre as demais hipoteses neuroquimicas para se explicar o aparecimento da
DT se encontram a disfuncdo dos neurbnios GABAEérgicos, excitotoxicidade
glutamatérgica e a predisposicdo genética (MILLER; CHOUINARD, 1993;


https://www.youtube.com/watch?v=hcJQkCC2Rzk
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ELKASHEF; WYATT, 1999; ANDREASSEN; JORGENSEN, 2000; LIOU et al., 2007;
LENCZ; MALHOTRA, 2009; RIZOS et al., 2009; BHIDAYASIRI; BOONYAWAIROJ,
2011). Porém, especialmente, o papel do estresse oxidativo (EO), bem como, a
ativacdo de marcadores proé-inflamatérios e consequentes anormalidades estruturais
no cérebro desses pacientes tem ganhado espaco na literatura para tentar explicar a
fisiopatologia da DT (BISHNOI et al., 2008; LERNER et al., 2015).

2.3.1 Hipotese do estresse oxidativo

Esta hip6tese € suportada por estudos clinicos que demonstraram que a
utilizacao crénica de farmacos antipsicoticos € capaz de induzir o EO e causar dano
estrutural no SNC (PALL et al., 1987; LOHR et al., 1990; TSAI et al., 1998). Além
disso, outros estudos também relatam que o tratamento com substancias
antioxidantes, tais como a vitamina E (EGAN et al., 1992; DABIRI et al., 1994),
vitamina B6 (LERNER et al., 2007) e piracetam (LIBOV et al., 2007) podem atenuar
o desenvolvimento da DT em pacientes com esquizofrenia.

O estado de estresse oxidativo (EO) pode ser definido como o desequilibrio
entre a formacdo e remocédo de agentes oxidantes no organismo, decorrente da
geracao excessiva de espécies reativas de oxigénio/nitrogénio (ER) e/ou diminuicdo
de antioxidantes endégenos (HALLIWELL, 1992; DAWSON; DAWSON, 1996;
KOHEN; NYSKA, 2002; BERG, 2004; VALKO, 2007). Desta forma, o acimulo de ER
decorrente do EO podem causar danos a estrutura de lipidios, proteinas e DNA
(DUFFY et al.,, 1998; FINKEL; HOLBROOK, 2000; KOHEN; NYSKA, 2002;
HALLIWELL; GUTTERIDGE, 2007; SILVA; COUTINHO, 2010) com consequente
alteracdo funcional e prejuizo das fungdes vitais em diversos tecidos e 6Orgdos
(HALLIWELL, 1992), sendo relacionado com diversas patologias, entre elas, os
distarbios neurolégicos e inflamatérios (YUTING et al., 1991; HALLIWELL,
GUTTERIDGE, 2007; HAYASHI, 2009).

A inducédo do EO pelo uso de antipsicoticos pode ocorrer principalmente pelo
aumento da liberacdo de dopamina apdés o bloqueio créonico do receptor
dopaminérgico pré-sinaptico e consequente aumento de sua auto-oxidacdo e
metabolizacdo pela enzima monoamino oxidase (MAO), podendo levar ao aumento
na producdo de peréxido de hidrogénio (H,0,) (ROGOZA et al., 2004), por exemplo,

0 qual pode provocar danos nos neurénios dopaminérgicos (SPINA; COHEN, 1989).
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E importante ressaltar que o cérebro é um 6érgdo conhecido por ser vulneravel
ao EO devido a sua elevada quantidade de acidos graxos poli-insaturados, do seu
alto consumo de oxigénio e por conter maior quantidade de metais de transicdo do
que outros o6rgédos, tais como o ferro. Ja foi descrito que pacientes com DT
apresentaram um aumento no niveis de marcadores de peroxidacdo lipidica no
liguor comparado com pacientes que ndo possuem DT (LOHR et al., 1990). Além
disso, o cérebro tem baixos niveis de enzimas antioxidantes como a catalase e a
glutationa peroxidase, o que facilita ainda mais o estabelecimento de um estado de
EO nas células cerebrais (REITER, 1995; DUFFY; MURPHY, 1998; SMITH et al.,
2013).

Alguns estudos demonstram que animais que desenvolvem MMVs
apresentam alteracbes nos parametros de estresse oxidativo em estriado
especialmente (NAIDU et al.,, 2003; BURGER et al., 2003, 2005), além disso,
também existem relatos na literatura do papel protetor dos antioxidantes contra a DO
induzida por antipsicoticos em roedores (BURGER et al., 2005; COLPO et al., 2007,
FACHINETO et al.,, 2007a; TREVIZOL et al., 2011; BUSANELLO et al.,, 2012;
PEROZA et al., 2013).

2.3.2 Hipotese da neuroinflamacéo

A resposta inflamatéria no SNC compreende um grande espectro de
respostas celulares complexas e integradas, principalmente devido a ativacdo de
células gliais, tais como a microglia e os astrocitos. A microglia sdo células
residentes no SNC que séo geralmente as primeiras a serem ativadas em resposta a
danos nos tecidos ou infecgbes cerebrais (STERTZ et al.,, 2013). Estas células
pequenas tém varias funcbes descritas, incluindo: reconhecimento de patdgenos,
fagocitose, apresentacdo de antigenos e remodelacdo de sinapse (PARK et al.,
2012). Como resultado da ativacdo dessas células gliais ocorre a liberacdo de
mediadores inflamatérios (citocinas, por exemplo), que podem potencialmente
contribuir para a disfuncdo neuronal e progressdo de patologias no SNC.
(KHANSARI et al., 2009). Além disso, em resposta a alteracdes no ambiente
tecidual, as células microgliais podem ser ativadas pela alteracdo da sua morfologia
e funcdo (MARSHALL et al., 2013).
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As citocinas estdo envolvidas na regulacdo da comunicacdo entre as células
do sistema imunoldgico, portanto altos niveis de citocinas no SNC indicam ativagédo
da resposta inflamatéria (TANSEY, 2010), onde a expressao persistente de duas
citocinas pro-inflamatorias principais, o fator de necrose tumoral a (TNF a) e
interleucina-1p (IL-18) compromete diretamente a plasticidade e a sobrevivéncia das
células neuronais (ROTHWELL; LUHESHI, 2000; ALLAN; ROTHWELL, 2001).

Segundo Barth e colaboradores (2009), em células neuronais, o TNF-a e II-13
estimulam uma reorganizacdo redox-dependente transitoria do citoesqueleto de
actina e induzem a formagdo de ER, onde a presencga persistente de ER
intracelulares provoca danos oxidativos (carbonilacéo) a actina ocorrendo a perda da
plasticidade celular.

Godoy e colaboradores (2010) demonstraram que niveis aumentados de
citocinas, especialmente IL-13, podem alterar a viabilidade neuronal com
consequente perda de neurbnios dopaminérgicos. Além disso, esse aumento
significativo de citocinas em certas regifes do cérebro pode influenciar diretamente a
transmissao sinaptica, com consequente mudanca comportamental, o que pode
ajudar a explicar o desenvolvimento de DT (MILLER et al., 2009, HAROON et al.,
2012).

Ha relatos na literatura que o tratamento prolongado com antipsicoticos
tipicos pode causar neuroinflamacdo (PATERSON et al., 2006; BISHNOI et al., 2008
a,b; LAU et al., 2013) e segundo Bishnoi e colaboradores (2008a) o aumento de
marcadores inflamatorios no cérebro esta correlacionado com o desenvolvimento
comportamental da DO. Além disso, estudo realizado por Rapaport e Lohr (1994),
demonstra que individuos com esquizofrenia que desenvolveram DT, tinham niveis
aumentados de interleucina 2 (IL-2) comparados com pacientes sem DT. Em estudo
recentemente publicado pelo nosso grupo foi demonstrado uma correlagéo positiva
entre os MMVs e o0 aumento de citocinas pro-inflamatérias (IL1B, IL6, TNF-a e INF-y)
no estriado de ratos tratados com haloperidol, sugerindo a relacdo da
neuroinflamacgéo com o desenvolvimento da DO induzida por haloperidol (PEROZA
et al., 2016). Em relacédo ao tratamento da DO, Naidu e Kulkarni (2001) mostraram
gue a indometacina (um inibidor de ciclooxigenase nao seletivo) reverte os MMVs
induzidos pelo haloperidol, sugerindo o envolvimento de prostaglandinas na DO.

Por fim, as espécies reativas de oxigénio também sdo capazes de induzir a

ativacdo e a expressdao de determinados genes e fatores de transcricao
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pro-inflamatérios. O TNF-a e o fator nuclear kB (NF-Kb) séo fatores de transcricao
gue sao produzidos diretamente em resposta ao EO (AGGARWAL et al., 2002). O
aumento destes fatores de transcricdo, juntamente com outras citocinas pode
conduzir a iniciacdo da cascata de sinalizacdo celular que leva a morte celular
(AGGARWAL, 2000; AGGARWAL et al., 2002).

Assim, se torna importante ressaltar que o EO pode ser consequéncia ou
também causa da neuroinflamacéo, desta forma, podemos sugerir que pelo menos
em partes, a neuroinflamacdo e o EO, podem estar relacionados com a DT causada

pelo uso crénico de antipsicoticos.

2.3.3 Tratamentos utilizados na discinesia tardia

Como a DT é uma desordem iatrogénica, o melhor meio de tratamento (mas
néo possivel) seria a prevencdo. No entanto, os pacientes necessitam de tratamento
com agentes antipsicoticos de forma continua, e estes farmacos sdo, na maioria das
vezes, 0 melhor tratamento para distarbios psiquiatricos de longo prazo, como a
esquizofrenia. Desta forma, os pacientes e suas familias devem ser aconselhados
sobre o risco de DT no momento da escolha da terapéutica farmacolégica, onde
sempre deve ser priorizada a menor dose eficaz do farmaco mais seguro. O
paciente deve ser monitorado de perto quanto as caracteristicas de DT e, se
possivel, reduzir a dose quando as caracteristicas sdo detectadas pela primeira vez
e / ou considerar a mudanca para um farmaco com um menor risco de DT
(JANKELOWITZ, 2013).

Ha muitos anos se tém o conhecimento desse transtorno de movimento
debilitante, porém até hoje ndo existe uma abordagem terapéutica padrdo para a
utilizacdo nos pacientes que apresentam essa desordem. O fato de que o
surgimento dos antipsicoticos atipicos reduz a propensdo ao desenvolvimento da
DT, acabou por diminuir também a importancia da busca de um tratamento padrao
para esse transtorno. Contudo, alguns estudos vém demonstrando que o uso de
antipsicoticos tipicos é ainda muito elevado e que mesmo 0s antipsicoticos atipicos
nao diminuiram significativamente a prevaléncia da DT na clinica, como era
esperado (MARSSHALL et al., 2002; DE LEON, 2007; WOODS, 2010; CLOUD et al.,
2014), tornando este transtorno do movimento um desafio para a comunidade

cientifica.
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Em vista da fisiopatologia proposta para a DT, as intervencdes terapéuticas
tém tentado modular a atividade de inUmeros neurotransmissores tais como, a
dopamina, GABA, acetilcolina, norepinefrina e serotonina. Varios artigos tém tentado
rever todos os agentes testados para o tratamento da DT (AIA et al., 2011; ALABED
et al., 2011; JANKELOWITZ, 2013; RANA et al.,, 2013; CLOUD et al.,, 2014,
KHOUZAM, 2015). Muitos agentes apresentaram eficacia em estudos clinicos
pequenos, cegos e randomizados, porém nota-se que faltam estudos controlados
maiores a fim de definir a abordagem de tratamento. Entre os agentes testados
podemos destacar o baclofeno (GERLACH et al., 1978; ALABED et al., 2011),
amantadina (PAPPA et al., 2010), levetiracetam (WOODS et al., 2008), piracetam
(LIBOV et al., 2007), clonazepam (THAKER et al., 1990), propranolol (SCHRODT
et al., 1982), melatonina (SHAMIR et al., 2011) e vitamina B6 (LERNER et al., 2007),
onde estes abordam as mais diversas hipoteses para o aparecimento da DT.

Contudo é importante salientar, que os poucos farmacos que sao utilizados na
pratica médica para o tratamento da DT, tem eficacia clinica questionavel,
principalmente porque promovem outros efeitos adversos associados a sua

utilizacao ou ndo se tém comprovacao cientifica clinica da sua eficacia.

2.3.4 Produtos naturais e a discinesia orofacial

O uso terapéutico de produtos naturais por diferentes culturas tem sido
extensivamente documentado, sendo que em 1985 a Organizacdo Mundial da
Saude (OMS) estimou que 65% da populagdo do mundo contaram com
medicamentos tradicionais derivados de plantas para os seus cuidados primarios de
satude (FARNSWORTH et al., 1985). Além disso, 80% da populacéo dos paises em
desenvolvimento utilizam préticas tradicionais na atencdo primaria, e desse total,
85% dessas praticas utilizam as plantas medicinais ou preparacoes destas, para 0s
cuidados com a saude, demonstrando assim a grande utilizacdo dos produtos
naturais pela populagédo mundial. Vale salientar, que se encontra em expansao o uso
de plantas medicinais, bem como medicamentos fitoterapicos no mundo inteiro
(WHO, 2002).

As propriedades terapéuticas das plantas medicinais sdo atribuidas a
diferentes constituintes quimicos isolados de seus extratos. Sendo a atividade
antioxidante uma das propriedades bastante buscada, pois tem mostrado efeito
benéfico em vérias doencas degenerativas, cancer, Diabetes mellitus, doencas
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cardiovasculares, doencas neurologicas e doencas inflamatérias (HEO; LEE, 2004;
QUINE; RAGHU, 2005; KAMALAKKANNAN; PRINCE, 2006; DUARTE et al., 2010;
RODRIGO et al., 2010; PARK et al., 2012; RODRIGO et al., 2013; JAYASENA et al.,
2013; CAROCHO; FERREIRA, 2013).

Um dos principais constituintes responsaveis pela acdo antioxidante
presentes nas plantas medicinais, sdo o0s compostos fendlicos, tais como
flavondides, que sdo compostos quimicos presentes em diversas plantas, frutos,
sementes, graos e em algumas bebidas como vinho e cerveja, sendo mais de 8000
diferentes estruturas ja identificadas e descritas (PIETTA, 2000). Vale salientar, que
a potente atividade antioxidante dos flavondides se da principalmente pela atividade
de scavenger de radicais livres, diminuindo assim o dano oxidativo e
consequentemente a morte celular (DUGAS et al., 2000). Devido a crescente
compreensdao do potencial benéfico destes compostos fendlicos, tanto na
manutencdo da saude quanto na doenca humana, o numero de pesquisas utilizando
plantas medicinais que tenham na sua composicdo compostos fendlicos, tem
aumentado nos ultimos anos (COLPO et al., 2007; PEREIRA et al., 2008; SUDATI
et al.,, 2009; BOLIGON et al., 2009; KADE et al.,, 2008; BONFANTI et al., 2013;
PEROZA et al., 2013).

Em modelos de discinesia orofacial utilizando roedores, produtos naturais
com capacidade antioxidante tem demonstrado efeito protetor contra as desordens
de movimento (NAIDU et al., 2003 a; b; BISHNOI et al., 2007; COLPO et al., 2007;
TREVIZOL et al., 2011). Em trabalhos prévios do nosso grupo, a Bauhinia forficata
(PEROZA et al., 2013) e o resveratrol (BUSANELLO et al.,, 2012) demonstraram
efeito benéfico em diminuir os MMVs induzidos por antipsicoticos. Contudo, a
atividade antioxidante parece ndo ser a unica responsavel por esse efeito protetor,
pois s6 uma parte dos estudos consegue atribuir a diminuicdo da DO ao efeito
antioxidante do composto e outros trabalhos n&do conseguem demonstrar essa
relacdo. Desta forma, podemos acreditar que os compostos presentes nas plantas
podem estar exercendo outros efeitos farmacoldgicos, como por exemplo, tendo
atividade anti-inflamatoria ou até mesmo agéo direta no sistema dopaminérgico.

Assim, percebemos a necessidade de mais pesquisas acerca dos
mecanismos farmacoldgicos pelos quais esses compostos presentes nos produtos
naturais tém a sua acédo na DO, como proposito de elucidar seus potenciais efeitos,
podendo aplicar futuramente em estudos clinicos ajudando na melhora dessa
desordem do movimento.
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2.4 HARPAGOPHYTUM PROCUMBENS

O Harpagophytum procumbens (HP) (Figura 5) é uma planta perene
pertencente a familia Pedaliceae, nativa do sul da Africa, comumente encontrada no
deserto do Kalahari e estepes da Namibia (GERICKE, 2002; ANDERSEN et al.,
2004; GRANT et al., 2007; MNCWANGI et al., 2012). Essa planta € popularmente
conhecida como garra do diabo devido as caracteristicas semelhantes a uma garra
na extremidade do seu fruto (Figura 5A) (GERICKE, 2002; MAHOMED; OJEWOLE,
2004). Porém, é nas raizes tuberosas onde sdo encontrados oS seus principais
componentes bioativos, sendo estes responsaveis pela sua acdo terapéutica
(WEGENER, 2000; GERICKE, 2002; GRANT et al., 2007).

Figura 5: Harpagophytum procumbens

(A) Fruto do Harpagophytum procumbens;
(B) Flores e folhas do H. procumbens,
(C) “Curandeira” de Molopo na Africa demonstrando as raizes de H. procumbens

Fonte: (MNCWANGI et al., 2012).

Os constituintes caracteristicos do HP sdo os glicosideos iridoides,
principalmente o harpagosideo, harpagogideo, procumbideo, 8-coumaroil
harpagideo e o verbascosideo (GERICKE, 2002; ABDELOUAHAB; HEARD, 2007;
ABDELOUAHAB; HEARD, 2008; GEORGIEV et al., 2013). Sendo que o principal
constituinte da planta para a sua acao farmacoldgica € o harpagosideo (Figura 6),
podendo ser encontrado em cerca de 3% de todos constituintes. No entanto, sabe-
se que a acdo do HP ndo se da exclusivamente devido a presenca deste
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constituinte, podendo estar associada também a outros glicosideos iridoides e
demais componentes presentes na planta como os flavondides (KASZKIN et al.,
2004; BRIEN et al., 2006), os quais poderdo antagonizar ou potencializar sua acao
terapéutica (FIEBICH et al., 2001; ANUATE et al., 2010; MNCWANGI et al., 2012;
GEORGIEV et al., 2013).

Figura 6: Estrutura quimica do harpagosideo

HO
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Fonte: (MNCWANGI et al., 2012).

O HP tem recebido atencéo especial na literatura devido principalmente aos
seus potentes efeitos anti-inflamatoérios observados em estudos in vitro, in vivo e
estudos clinicos (WEGENER; LUPKE, 2003; MAHOMED; OJEWOLE, 2004; KUNDU
et al., 2005; HUANG et al., 2006; WARNOCK et al., 2007; FIEBICH et al., 2012;
WACHSMUTH et al., 2011). O mecanismo pelo qual o HP exerce seu efeito anti-
inflamatorio ainda ndo esta bem elucidado. Estudos in vitro jA demonstraram que
esta planta ou seu constituinte principal, o harpagosideo, tem capacidade de
suprimir a producéo de citocinas inflamatérias (TNF-a, IL-13 e IL-6) (FIEBICH et al.,
2001; INABA et al., 2010; HASEEB et al., 2016) e prostaglandinas (PG)E, (FIEBICH
et al., 2001); suprimir a atividade da cicloxigenase 2 (COX 2) e da sintese de 6xido
nitrico induzivel (iNOS) através da inibicdo da ativacdo do NF-kB (HUANG et al.,
2006); bloquear a Proteina Ativadora 1 (AP-1), diminuindo a liberacdo de
interleucinas e do TNF- a (FIEBICH et al., 2012); e suprimir a expressédo de IL-6
(HASEEB et al., 2016). Devido a sua acgéao terapéutica, o HP foi entdo liberado como
medicamento fitoterapico em 2011 pela Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) MS: 1.1860.0035, sendo entdo indicado para o tratamento da artrite,

artrose, tendinites, e como tratamento auxiliar da gota.
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Além da acdo anti-inflamatoria, outros efeitos vém sendo atribuidos ao HP
podendo o0 mesmo desempenhar um papel terapéutico numa série de condicdes,
incluindo uma potente acdo analgésica (LIM et al., 2014; PARENTI et al., 2015),
propriedades antidiabéticas em ratos (MAHOMED; OJEWOLE, 2004), efeito
uteroténico e espasmogénico em musculatura uterina de mamiferos (MAHOMED;
OJEWOLE, 2009), inibicdo da colinesterase in vitro (GEORGIEV et al., 2012), efeito
antiplasmodial in vitro de alguns componentes extraidos da planta (CLARKSON
et al., 2003) e mais recentemente foi relatado o efeito anti-obesidade, via modulacdo
do receptor de grelina do tipo 1A (GHS-R1A) (TORRES-FUENTERS et al., 2014).

De particular importéncia existem poucos estudos na literatura sobre a acao
do H. procumbens no SNC. Sun e colaboradores (2012) demonstraram a acao
benéfica do harpagosideo (2, 6, 18 mg/kg/dia) no sistema dopaminérgico, onde este
foi capaz de atenuar a neurodegeneracdo dopaminérgica e as desordens do
movimento induzidas por 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) em
camundongos através do aumento do fator neurotréfico derivado de células gliais
(GDNF). Em outro estudo, Mahomed e Ojewole, (2006) relataram a atividade
anticonvulsivante do H. procumbens (50-800 mg/kg via intraperitoneal) em
camundongos, frente a diferentes indutores de convulsdo, usando anticonvulsivantes
de referéncia para as comparagbes de seus efeitos. Em estudo realizado por
Bhattacharya e Bhattacharya (1998), o H. procumbens foi capaz de aumentar a
atividade da catalase e da glutationa peroxidase, além de diminuir a peroxidacao
lipidica ja existente no cortex e estriado de ratos. Além disso, em estudo publicado
pelo nosso grupo, o extrato bruto e diferentes fragcbes de H. procumbens (em
especial a fracdo acetato de etila) foram capazes de proteger contra o dano
oxidativo induzido por diferentes agentes pré-oxidantes (Fe®* e Nitroprussiato de
Saédio) em cortex de ratos in vitro, além de proteger contra a perda da viabilidade
celular (SCHAFFER et al., 2013).

Vale ressaltar que o efeito antioxidante do H. procumbens, pode estar
relacionado com o efeito terapéutico da planta, uma vez que o estresse oxidativo
pode estar relacionado a patogénese de doencas inflamatérias cronicas (LIANG
et al., 2008). Por sua vez, agentes que sdo capazes de interferir com a geracao e/ou
acdo dos radicais livres em tecidos biologicos séo, portanto, de interesse terapéutico
(GRANT et al., 2009).
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3 RESULTADOS

Os resultados que fazem parte desta tese estdo apresentados sob a forma de
artigo cientifico e de manuscrito, 0s quais se encontram organizados nesta secao.
Os itens Materiais e Métodos, Resultados, Discusséo dos Resultados e Referéncias
Bibliogréficas, encontram-se no préprio artigo e manuscrito. O artigo esta disposto
na forma que foi publicado na edi¢ao da revista cientifica Neurochemical Research e
0 manuscrito esta na forma que foi submetido para a publicacdo na revista cientifica

Molecular and Cellular Neuroscience.
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3.1 ARTIGO PUBLICADO — FRACAO ACETATO DE ETILA DE HARPAGOPHYTUM
PROCUMBENS REDUZ MOVIMENTOS DE MASCAR NO VAZIO INDUZIDOS
PELA FLUFENAZINA E ESTRESSE OXIDATIVO EM CEREBRO DE RATOS
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Harpagophytum procumbens ETHYL ACETATE FRACTION REDUCES
FLUPHENAZINE-INDUCED VACUOUS CHEWING MOVEMENTS AND OXIDATIVE
STRESS IN RAT BRAIN

Larissa Finger Schaffer, Catiuscia Molz de Freitas, Ana Paula Chiapinotto Ceretta,
Luis Ricardo Peroza, Elizete de Moraes Reis, Barbara Nunes Krum, Alcindo
Busanello, Aline Augusti Boligon, Jéssie Haigert Sudati, Roselei Fachinetto,
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Abstract Long-term treatment with fluphenazine is
associated with manifestation of extrapyramidal side
effects, such as tardive dyskinesia. The molecular mech-
anisms related to the pathophysiology of TD remain
unclear, and several hypotheses, including a role for
oxidative stress, have been proposed. Harpagophytum
procumbens is an herbal medicine used mainly due to
anti-inflammatory effects, but it also exhibits antioxidant
effects. We investigated the effect of ethyl acetate fraction
of H. procumbens (EAF HP) in fluphenazine-induced
orofacial dyskinesia by evaluating behavioral parameters
at different times (vacuous chewing movements (VCM's)
and locomotor and exploratory activity), biochemical
serological analyses, and biochemical markers of oxida-
tive stress of the liver, kidney, cortex, and striatum.
Chronic  administration of fluphenazine (25 mg/kg,
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intramuscular (i.m) significantly increased the VCMs at
all analyzed times (2, 7, 14, and 21 days), and this was
inhibited by EAF HP (especially at a dose of 30 mg/kg).
Fluphenazine decreased locomotion and exploratory
activity, and EAF HP did not improve this decrease.
Fluphenazine induced oxidative damage, as identified by
changes in catalase activity and ROS levels in the cortex
and striatum, which was reduced by EAF HP, especially
in the striatum. In the cortex, EAF HP was protective
against fluphenazine-induced changes in catalase activity
but not against the increase in ROS level. Furthermore,
EAF HP was shown to be safe, since affected serum
biochemical parameters or parameters of oxidative stress
in the liver and kidney. These findings suggest that the H.
procumbens is a promising therapeutic agent for the
treatment of involuntary oral movements.
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Introduction

Fluphenazine is a typical antipsychotic utilized for the
treatment of schizophrenia. Its main mechanism of action
is blockage of dopamine receptors, especially the D- sub-
type, and it is effective for the treatment of positive
symptoms (such as hallucinations and delusions) of schi-
zophrenic patients [1]. However, it is well established that
chronic use of typical antipsychotics can lead to the onset
of extrapyramidal symptoms, such as tardive dyskinesia
(TD) in humans and orofacial dyskinesia (OD) in rodents
(2, 3].

Dyskinesia is characterized by a variety of hyperkinetic
movements, which are irregular, repetitive, and involun-
tary. It can occur in various regions of the body but mainly
affects the facial region [4]. There are some hypotheses in
the literature for the onset of TD, but its pathophysiology is
not fully elucidated. A few effective treatments are avail-
able, and there is no known cure [3]. The dopamine
receptor super-sensitivity hypothesis is widely accepted to
explain the appearance of dyskinesia [5]. Importantly, it
has been proposed that antipsychotic drugs cause a com-
pensatory increase in dopamine metabolism owing to the
intense blockade of dopamine receptors by antipsychotics,
causing an increase in the formation of free radicals,
leading to neuroinflammation and even cell death [3, 6—
11]. Thus, oxidative stress may play an important role in
the development of TD. Importantly, studies of our group
and others have demonstrated a protective role of antiox-
idants in antipsychotic-induced OD in rodents [3, 12-17].

Harpagophytum procumbens, popularly known as dev-
ilI’s claw, is native to southern Africa and is a perennial
plant belonging to the family Pedaliceae. The main
bioactive components, iridoid glycosides, are found in the
roots of these plants. Among them, we highlight harpago-
side, which has been listed as the main bioactive compo-
nent responsible for the therapeutic action of the plant [18—
21]. H. procumbens has received special attention in the
literature owing to its potent anti-inflammatory effects
observed in vitro, in vivo and clinically [22-28]. However,
the mechanism by which H. procumbens exerts its anti-
inflammatory effect has not been elucidated and other
effects of this plant have been reported in the literature [23,
29-35].

Of particular importance are a few studies on the action
of H. procumbens in the central nervous system (CNS).
Sun et al. [36] demonstrated the beneficial action of har-
pagoside on the dopaminergic system, where it was able to

attenuate dopaminergic neurodegeneration and 1-methyl-4-
phenyl-1.2.3,6-tetrahydropyridine (MPTP)-induced move-
ment disorders in mice by increasing glia derived neu-
rotrophic factor (GDNF). Bhattacharya and Bhattacharya
[37] demonstrated an increase in the activity of antioxi-
dants enzymes in brain of rats treated only with H.
procumbens. Moreover, in a recent study published by our
group, the crude extract and various fractions of H.
procumbens (especially the ethyl acetate fraction) pro-
tected against oxidative damage of rat brain in vitro, and
protect against loss of cell viability [34]. Thus, the
antioxidant effect of the plant may be related to its thera-
peutic effect, since oxidative stress may be associated with
the pathogenesis of chronic inflammatory diseases [38].

Thus, the objective of this study was to analyze the
effect of H. procumbens on behavioral and oxidative stress
parameters in an OD model induced by fluphenazine in
rats.

Materials and methods
Drugs and preparation of fractions

All reagents were purchased from Sigma (Sigma-Aldrich,
St. Louis, MO, USA). Fluphenazine enantate (Flufenan®™)
was obtained from a commercial pharmacy. H. procumbens
powder was obtained commercially from Quimer Comer-
cial LTD (Sao Paulo, Brazil). To obtain the H. procumbens
fractions, the powdered roots of H. procumbens were added
to 70 % ethanol and allowed to stand at room temperature
for a week with daily shaking. After filtration, the extract
was evaporated under reduced pressure to remove the
ethanol. The extract was then re-suspended in water and
partitioned successively with chloroform, ethyl acetate, and
n-butanol (3 x 200 ml for each solvent), as previously
described by Schaftfer et al. [34].

Quantification of harpagoside by high performance
liquid chromatography-diode array detection
(HPLC-DAD)

Reverse phase chromatographic analyses were carried out
under gradient conditions using C;g column (4.6 mm x
250 mm) packed with 5 pm diameter particles. Isocratic
elution was used with a binary mobile phase composed of
distillate water: methanol (50:50, v/v), following the
method described by Babili et al. [39] with slight modifi-
cations. Crude extract and fractions were tested at con-
centrations of 10 mg/mL. The injection volume was 50 pul
and the wavelength was 278 nm. All samples and the
mobile phase were filtered through 045 pm membrane
filter (Millipore, Billerica, MA, USA) and then degassed by
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ultrasonic bath prior to use. A stock solution of harpagoside
standard reference was prepared in the HPLC mobile phase
at a concentration range of 0.010-0.250 mg/mL. The cal-
ibration curve for harpagoside was Y = 23719x + 12483
(r = 0.9995). All chromatography operations were carried
out at ambient temperature and in triplicate.

The limit of detection (LOD) and limit of quantification
(LOQ) were calculated based on the standard deviation of
the responses and the slope using three independent ana-
lytical curves, as defined by Boligon et al. [40]. LOD and
LOQ were calculated as 3.3 and 10 of/S, respectively,
where o is the standard deviation of the response and S is
the slope of the calibration curve.

Radical-scavenging activity-2,2-diphenyl-1-
picrylhydrazyl (DPPH) assay

The antioxidant activity of the extracts was evaluated by
monitoring their ability to quench the stable free radical
DPPH as described by Choi et al. [4]1] with minor modi-
fications. Free radical scavenging capacity (FRSC) of plant
extracts was calculated as their half-maximal inhibition
concentration (IC 50) values. Six different concentrations
of each extract dissolved in distilled water (10, 50, 100,
150, 200, and 250 pg/ml) were mixed with 1.0 ml
(0.3 mM) DPPH. Distilled water (1.0 ml) plus plant extract
solution was used as a blank. The absorbance was mea-
sured at 518 nm after 30 min of reaction at room temper-
ature. DPPH was prepared daily and protected from light.
Relative activities were calculated from the calibration
curve of L-ascorbic acid standard solutions obtained under
the same experimental conditions. Scavenging or inhibitory
capacity in percent (IC%) was calculated using the equa-
tion: IC% = 100 — [(AbSgmpie — AbSpiani) x 100/
AbSconrol] Where Absgmple is the absorbance obtained in
the presence of different extract concentrations and

|F|uphenazine i.m |

I EAF H. procumbens i.p I

AbS_ o 18 that obtained in the absence of extracts. Tests
were carried out in triplicate.

Animals

Adult male Wistar rats (220-270 g) were housed under
standard laboratory conditions and maintained ona 12:12 h
light—dark cycle with free access to food and water. Ani-
mals were acclimatized to laboratory conditions before the
test. All experiments were performed in accordance with
the guidelines of the National Council of Control of Ani-
mal Experimentation (CONCEA). This protocol was
approved by the Ethics Commission on Animal Use of the
Federal University of Santa Maria under process number
109/2014.

Experimental design

Male Wistar rats were divided into eight groups (Fig. 1).
For induction of OD, fluphenazine (25 mg/kg) was
administered intramuscularly (im.) in a single dose
(groups 3, 6, 7, and 8), and for controls (groups 1, 2, 3, and
4), the vehicle of fluphenazine (vegetable oil, 1 ml/kg) was
administered in the same manner [13, 42]. The ethyl
acetate fraction of H. procumbens (EAF HP) was admin-
istered to the plant control groups (2, 3, and 4) as well as
the treatment groups (6, 7 and 8) as a daily intraperitoneal
(i.p.) injection at 10, 30, or 100 mg/kg, along with
administration of fluphenazine. In the control group (1),
vehicles for fluphenazine and EAF HP were administered.
In the control fluphenazine group (5), fluphenazine and the
vehicle of EAF HP were administered. Fraction was
administered i.p. because previous studies had reported that
much of the constituents of H. procumbens are degraded by
stomach acid (43, 44].

Treatment

Control

EAF H procumbens (10mg/kg, i.p. 21 days)
EAF H. procumbens (30maglkg,i.p. 21 days)
EAF H. procumbens(100ma/kg, i.p. 21 days)
Fluphenazine (25mgkg, i.m. 1 days) treated
Fluphenazine ((25mgkg,i.m. 1 days) + EAF
H.procumbens(10ma/kg,i.p. 21 days)

T Fluphenazine ((25mgkg,i.m. 1 days) + EAF 10

L S ]

o e W R
oo

Eﬁeh-avinral nnaiysis I

Analysis
ex-vivo

H.procumbens (30mg/kg,i.p. 21 days)
8 Fluphenazine ((25mglkg,i.m.1days) + EAF 10
H.procumbens(100mg/kg, i.p. 21 days)

Fig. 1 Experimental design. Experimental groups: rats were divided
into eight groups: 1, 2, 3, and 4 were the controls groups, and 5, 6, 7,
and 8 were treatment groups. Fluphenazine and its vehicle were
administered on day 1, and different doses of EAF HP and its vehicle
were administered for 21 consecutive days. The behavioral tests were
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performed 2, 7, 14, and 21 days after the onset of plant and
fluphenazine treatment (@ Quantify the VCMs; # Open Field test).
After 21 days of treatment the animals were sacrificed, and the serum,
liver, kidney, and cerebral structures (cortex and striatum) were
dissected to carry out the ex vivo analysis
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Behavioral assessment was performed on day 2 (24 h
after administration of drugs), 7, 14, and 21 of the exper-
iment. After the last behavioral analysis, animals were
fasted for 5 h and then sacrificed. Blood was collected for
biochemical analysis, the brain was dissected (cortex and
striatum), and the liver and kidney were removed for
ex vivo analysis (Fig. 1).

Behavioral analysis
Quantification of vacuous chewing movements (VCMs)

Behavior measurement of VCMs was assessed before the
treatment with fluphenazine, plant, or its vehicle (basal
evaluation), as previously described [13, 45]. The effects of
treatments on behavior were assessed on day 2 (24 h after
the first administration of the drugs), 7, 14, and 21 as
written in Fig. 1. To quantify the VCMs, the rats were
placed individually in glass cages (20 x 20 x 19 cm)
containing one movable mirror under the floor to permit the
observation of VCMs when the animals were away from
the observer. The VCMs were recorded for 6 min after a
6 min acclimation period, according to the previously
published method [13, 45-49]. VCM was defined as a
single mouth opening on the vertical plane not directed
toward physical material. If VCMs occurred during a per-
iod of grooming, they were not taken into account. After
each test, the cages were cleaned with 30 % alcohol
solution to eliminate possible odors and prevent the next
amimal from smelling the previous one. Experimenters
were always blind to treatments.

Open field test

To evaluate possible changes in spontaneous locomotor
and exploratory activity caused by treatment with fluphe-
nazine and/or EAF HP, rats were placed in the center of an
open field arena, divided into hundred parts [50]. The
number of lines crossed (locomotor activity) and the fre-
quency of rearing (exploratory activity) were measured for
5 min. In order to ensure that continue exposure to the
apparatus did not influence locomotor and exploratory
activity of the animals, this behavioral analysis was per-
formed only on the last day of treatment (21 days).

Biochemical serological analyses

Serum levels of glucose, total cholesterol, triglycerides,
creatinine, urea, aspartate aminotransferase, alanine
aminotransferase, and lactate dehydrogenase were mea-
sured. The analyses were performed using a commercial kit

(Bioclin®, San Ramon, CA, USA) and the protocol of each
technique was performed as described in the instructions
submitted by the manufacturer.

Biochemical analyses of tissue
Tissue preparations

The cerebral structures (cortex and striatum) and the liver
were dissected and homogenized in 10 volumes (w/v) of
10 mM Tris—HC1, pH 7.4 and then centrifuged (3000 rpm
for 10 min). The same procedure was performed for the
kidney except it was homogenized in 5 volumes (w/v) of
buffer. The resulting supernatants were used in the bio-
chemical assays described below.

Lipid peroxidation assay

To measure the effect of EAF HP on lipid peroxidation,
thiobarbituric acid reactive species (TBARS) were deter-
mined as described by Ohkawa et al. [51]. In brief, samples
were incubated at 100 °C for 1 h in a medium containing
8.1 % sodium dodecyl sulfate, 1.4 M acetic acid, pH 3.4,
and 0.6 % thiobarbituric acid. The pink chromogen pro-
duced in the reaction was measured spectrophotometrically
at 532 nm. Results are expressed as nmol of malondi-
aldehyde (MDA)/mg of protein.

Thiols levels

Total thiols and non-protein-thiols content in samples was
determined as described by Ellman [52]. For the non-pro-
tein thiol groups (NPT), the samples of S1 were precipi-
tated with 200 pl of 10 % trichloroacetic acid followed by
centrifugation. The colorimetric assay was carried out in
phosphate buffer 1 M, pH 7.4. The reaction was measured
spectrophotometrically at 412 nm. Results are expressed as
umol/mg of protein.

2, 7'-Dichlorodihydrofluorescein diacetate (DCFH-DA)
oxidation

DCFH-DA assay was used to estimate reaclive oxygen
species (ROS) levels in samples. Supernatants were incu-
bated with DCFH-DA as described by Pérez-Severiano
et al. [53]. Fluorescence of the samples was determined at
488 nm for excitation and 520 nm for emission. The result
was defined as the difference between the fluorescence at
30 and 15 min of the reaction and expressed as DCFH-DA
oxidation/mg of protein.
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Fig. 2 Chromatograms at 278 nm of the irdoid glycoside harpagoside (peak 1) in Harpagophynon procumbens. a Harpagoside standard,
b crude extract, ¢ chloroform fraction, d ethyl acetate fraction, and e butanolic fraction

Table 1 Determination of harpagoside in Harpagophytum procum-
bens crude extract and fractions

H. procumbens Harpagoside
mg/g of dry fraction %

Crude extract 1607 £0.02 a 1.60
Chloroform fraction 15.89 £ 0.03 a 1.58
Ethyl acetate fraction 35732004 b 3.57
Butanolic fraction 30.16 £ 0.09 ¢ 3.01
LOD (ug/mL) 0.013

LOQ (pg/mL) 0.042

Results are expressed as mean £ standard deviations (SD) of three
determinations. Averages followed by different letters, differ statis-
tical by Tukey test at p < 0.01

LOD limit of detection, LOQ limit of quantification

@ Springer

Catalase activity

Catalase activity was quantified by measuring the disap-
pearance of H-05 at 240 nm [54] and expressed in mmol
H-0-/mg protein/min.

Protein quantification
The total protein content in supernatants homogenates was

determined by the method of Lowry [55] using bovine
serum albumin as standard.

Statistical analysis

Data are presented as mean £ SEM and were statistically
analyzed by one-way analysis of variance (ANOVA),
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Table 2 Biochemical serological analysis of rats treated with fluphenazine (Flu, 25 mg/kg/i.m) or its vehicle followed by treatment with different doses of EAF HP (10, 30, or 100 mg/kg/day,

i.p) or saline for 21 consecutive days

Flu +EAF HP
100 mg/Kg

Flu + EAF HP

30 mg/Kg

Flu + EAF HP
10 mg/Kg

Flu

EAF HP EAF HP

EAF HP

Control

Measurements

30 mg/Kg 100 mg/Kg

10 mg/kg

119.9 + 4.94
95.17 £ 6.17

127.6 £ 8.16
90.77 £ 5.84

ol
I ]

95

93.78 £+ 4.32

122,

118.3 = 3.70
96.64 = 4.36

125.5 £+ 6.61
87.11 = 4.13

126.0 = 4.79
9293 + 9.79

114.7 £+ 2.34
91.26 £ 4.39

126.6 = 8,08
9746 £ 4.57
194.4 = 44.7
43.87 £ 0.95
0.449 £ 0.03
3836 + 346
5831 £ 4.62
1.146 = 0.08

Glucose

Cholesterol

168.0 £ 13.46
30.29 + 2.11

148.7 £ 21.30
38.55 = 1.11

181.7 £ 27.30

3963 = 1.59

191.6 = 23.20
38.65 £ 0.94
0.471 = 0.01
50.46 + 3.74
64.28 = 6.99
1.3300 = 0.05

148.2 = 14.21
46.39 £+ 2.17

118.3 £ 18.90
42,69 % 1.65

177.3 = 17.87
40.97 £+ 1.29

Triglycerides

Urea

0427 £ 0.02
41.59 £ 3.22
61.28 + 5.44

L.116 = 0.10

0.476 £ 0.01

0.489 £ 0.02

0.467 £ 0.02
3557+ 411

0514 = 0.02
3522 £ 388
5281 += 8.72
1232 = 0.07

0.467 £ 0.02

Creatinine

AST
ALT

4179 + 344
58.50 + 8.04
1.264 £ 0.08

4102 £+ 429
6149 + 7.41

34.66 £ 445
5200 %= 7.06
1.176 £ 0.15

60.52 £ 4.02
0.970 £ 0.08

1.149 £ 0.10

LDH

Data (mean £ SEM) were analyzed using one-way ANOVA followed by post hoc Tukey

AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase
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Fig. 3 Effects of crude extract and fractions of H. procumbens in the
DPPH test. The results are expressed as the percentage of inhibition,
and ascorbic acid was used as a positive control. Data show
mean = SEM values average from three independent experiments
performed

followed by a post hoc test when appropriate. The results
were considered statistically significant when p < 0.05.

Results
HPLC analysis

HPLC fingerprinting of H. procumbens crude extract and
fractions revealed the presence of harpagoside (retention
time- (R = 7.93 min; peak 1) (Fig. 2; Table 1). However,
the ethyl acetate fraction had the highest concentration of
this constituent (Table 2) and therefore, we chose this
fraction for the other experiments in vivo.

DPPH radical-scavenging activity of H. procumbens
crude extract and fractions

Crude extract, the n-butanol fraction, and the chloroform
fraction inhibited DPPH with similar potency, IC 50 values
were 135.5 4 3.26, 1144 4+ 17.35, and 158.8 £ 8.55,
respectively. The ethyl acetate fraction exhibited greater
potency (IC 50: 38.21 £ 7.95; p < 0.001) than the other
fractions and extracts (Fig. 3).

Effects of EAF HP on fluphenazine-induced vacuous
chewing movements (VCMs) in rats

Treatment with fluphenazine significantly increase the
number of VCMs at all times analyzed compared to control
(24 h: p <001, Fig.4a; 7 days: p <0.001, Fig. 4b;
14 days: p < 0.001, Fig. 4c and 21 days: p < 0.001,
Fig. 4d). In addition, co-treatment with EAF HP at doses
of 30 mg/kg (day 7: p < 0.001, Fig. 4b; day 14: p < 0.001,
Fig. 4c and day 21: p < 0.01, Fig. 4d) and 100 mg/kg

*@ Springer
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Fig. 4 Effects of EAF HP on vacuous chewing movements (VCMs)
induced by fluphenazine in rats. Quantificaion of VCMs was
performed before drug administration (baseline, day 0). After
administration of fluphenazine and EAF HP, quantification of VCMs
was performed on days 1 (a), 7 (b), 14 (¢) and 21 (d). Values of

(only on day 7: p < 0.01, Fig. 4b) significantly reduced
fluphenazine-induced VCMs compared to the fluphenazine
group (Fig. 4). Furthermore, administration of EAF HP
alone at the tested doses did not affect the number of

VCMs (Fig. 4).

Effects of EAF HP and/or fluphenazine
on locomotor and exploratory activity in rats

The open field test revealed a significant decrease in the
number of crossings (Fig. 5a) and rearings (Fig. 5b) in
animals treated with fluphenazine compared to those in the
control group (p < 0.001). The decrease in locomotor and
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exploratory activity by fluphenazine was not affected t
co-treatment with different doses of EAF HP. In additio
EAF HP treatment alone did not affect locomotor activi
or exploratory behavior of the animals (Fig. 5).

Effects of EAF HP and/or fluphenazine
on biochemical serological analysis and oxidative
stress parameters in rats

Fluphenazine and/or EAF HP at all doses (10, 30, ai
100 mg/kg/day) did not affect biochemical paramete
analyzed in the serum of animals (glucose, total cholesterc
triglycerides, creatinine, urea, aspartate aminotransferas
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Fig. 5 Effects of EAF HP and/or fluphenazine on the open field test
in rats. a Number of crossings in 5 min. b Number of rearings in
5 min. Values of number of crossings and rearings are presented as
mean + SEM. One-way ANOVA followed by Tukey test. #p < 0.05
Represents significant differences compared to control

alanine aminotransferase, and lactate dehydrogenase;
Table 2). Similarly, the treatments did not significantly alter
any parameters of oxidative stress (TBARS levels, DCFH-
DA oxidation, catalase activity and protein or non-protein
thiol levels) in the liver (Fig. 6) and kidney (Fig. 7).

In striatum (Fig. 8) and cortex (Fig. 9), treatment sig-
nificantly altered DCFH-DA oxidation and catalase activ-
ity. Fluphenazine significantly increased DCFH-DA
oxidation in the cortex (Fig. Yb) and striatum (Fig. 8b)
compared to control. Co-treatment with 30 mg/kg EAF HP
protected only the striatum against the increase in ROS
production (Fig. 8b). In the cortex, co-treatment with EAF
HP at any dose was not protective against increased DCFH
oxidation induced by fluphenazine (Fig. 9b).

Catalase activity in the striatum decreased significantly
in the fluphenazine group compared to that in the control
group (Fig. 8e). Co-treatment with 100 mg/kg EAF HP
significantly increased the activity of catalase, and the
effect of EAF HP was dose-dependent (Fig. 8e). Cerebral
cortex, catalase activity significantly increased in the flu-
phenazine group compared to that in the control group
(Fig. 9¢). Co-treatment with EAF HP at all three doses
maintained the catalase activity to similar levels as the
control in the striatum (Fig. 8e) and cortex (Fig. 9¢), and it

was significantly different from that in the fluphenazine
group.

Lipid peroxidation, as determined by the TBARS test,
and the levels of protein and non-protein thiol were not
affected by fluphenazine treatment and co-treatment with
EAF HP in the striatum (Fig. 8) and cortex (Fig. 9). In
addition, EAF HP alone did not affect oxidative stress
parameters in any tissue analyzed).

Discussion

Typical antipsychotics (e.g., fluphenazine and haloperidol)
are the class of drugs most commonly used for the treat-
ment of schizophrenia, but its chronic use can lead to the
appearance of undesirable side effects, which are often
debilitating and irreversible, as in TD [2, 5, 56]. The main
problem is that the mechanism by which these drugs cause
extrapyramidal effects is not well understood, and there-
fore, there are no safe drugs available to treat these effects
[57]. A possible relationship between the appearance of
these effects and increased oxidative stress markers in the
brain has been reported, and it has been proposed that
antioxidant substances could be beneficial to reduce
involuntary movements [3, 5].

Harpagophytum procumbens, known as devil’s claw, is
a plant of African origin with numerous therapeutic effects,
including mainly anti-inflammatory [18-20, 22, 26, 58] and
antioxidant action [34, 37, 59]. Its main constituent, the
harpagoside, is responsible for its pharmacological action
[21, 60]. Thus, quantification of the bioactive component in
the crude extract and fractions of the species is important.
Here, HPLC analysis of the extracts showed that the ethyl
acetate fraction presented the highest amount of harpago-
side (Fig. 2; Table 1). Our results are in agreement with
other authors who performed a quantification of harpago-
side in H. procumbens extracts [61, 62]. Here, the EAF HP
was also more potent than other fractions in the scavenger
radical DPPH assay. The DPPH assay is widely used as a
tool for in vitro evaluation of extracts and fractions, and its
results may indicate the presence of phenolic compounds
and flavonoids in these natural products [63, 64]. Notably,
in a previous study by our group, we found that EAF HP
reduced oxidative stress induced by different pro-oxidants
and prevented the loss of cell viability in vitro [34].

In the present study, EAF HP (rich in phenolic com-
pounds according to Schaffer et al. [34], and harpagoside,
as shown by HPLC) was tested against involuntary oral
movements induced by fluphenazine in rats. Our invest-
gations revealed that fluphenazine significantly increased
the number of VCMs, and EAF HP, particularly at doses of
30mgkg  (p<0.001day 7: p<0.01 day 14;
p <001 day 21) and 100 mg/kg (p < 0.01 day 7) was
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Fig. 6 Effects of EAF HP and/or fluphenazine on oxidative stress
parameters in liver. a TBARS levels, b DCFH oxidation, ¢ Proteic
thiol levels, d Non-proteic thiol levels, ¢ Catalase activity. Values of

protective against the occurrence of fluphenazine-induced
involuntary movements (Fig. 4). Importantly, 30 mg/kg
completely reduced the number of VCMs starting the
seventh day of treatment, i.e., none of the co-treated ani-
mals with this dose showed an increase in the number of
VCMs relative to control. We believe that the effect pre-
sented by different doses (10, 30-100 mg/Kg) of EAF HP
can be attributed to the hormesis phenomenon presented by
some natural products [65, 66], since the best results in
reducing VCMs were related to intermediate dose of EAF
HP (30 mg/kg). The term hormesis have been used to
describe the phenomenon where a specific chemical is able
to induce biologically opposite effects at different doses
[67]. It is worth mentioning that the effect of EAF HP in
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decreasing VCMs is achieved only after continuous
administration of the fraction, because we also tested the
effect of a single dose (administered on 1st day of exper-
iment) after 21 days of treatment with fluphenazine and we
did not obtain significant protective effect of EAF HP (data
not shown). These VCMs, quantified in rodents, are con-
sidered analogous to the involuntary orofacial movements
of TD [68, 69]. Taken together with the biochemistry
analyses (mamnly by DCFH-DA oxidation and catalase
activity), the plant effect seems to involve, at least in part,
antioxidant activity in the brain.

The hypothesis that oxidative stress is involved in the
onset of TD is supported by the following findings: (1)
blocking dopamine D, autoreceptors and postsynaptic
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Fig. 7 Effects of EAF HP and/or fluphenazine on oxidative stress
parameters in Kidney. a TBARS levels, b DCFH oxidation, ¢ Proteic
thiol levels, d Non-proteic thiol levels, e Catalase activity. Values of

receptors in the striatum and other brain regions induces a
compensatory increase in dopamine synthesis. This
increase leads to subsequent metabolism of monoamine
oxidase enzyme, resulting in an increase in the release of
hydrogen peroxide (H,0). which can cause damage to
dopaminergic neurons [5, 70-72]; (2) the appearance of TD
in patients using typical antipsychotics is associated with
increased ROS levels and reduced antioxidant enzymes in
CNS and plasma [73-77]; (3) antioxidant compounds are
able to diminish the appearance of involuntary movements
induced by antipsychotics [14, 16, 17, 78-81]; (4) other
hypotheses for the appearance of TD include dopaminergic
hypersensitivity, GABAergic failure with consequent glu-
tamatergic excitotoxicity, nigrostriatal neuroinflammation,
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genetic abnormalities, and other risk factors, such as age,
which, interestingly, can also lead to oxidative stress [3, 5].

In our study, we found a plant protective effect in the
restoration of catalase activity in the striatum of animals
co-treated with EAF HP (Fig. 8e). This antioxidant effect
may have contributed to the protection against the increase
in the VCMs induced by fluphenazine (Fig. 4). Catalase
can catalyze extremely quickly the degradation of hydro-
gen peroxide into water and oxygen. Its activity is easily
modified by oxidative insults [82, 83]. Thus, an increase in
dopamine metabolism by monoamine oxidase may be lead
to increased release of hydrogen peroxide, and EAF HP
mediated increases in catalase activity may decrease the
formation of ROS in an attempt to maintain the redox state
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Fig. 8 Effects of EAF HP and/or fluphenazine on oxidative stress
parameters in striatum. a TBARS levels, b DCFH oxidation, ¢ Proteic
thiol levels, d Non-proteic thiol levels, ¢ Catalase activity. Values of
number of VCMSs are presented as mean £ SEM. One-way ANOVA

in the striatum. In addition, the results of DCFH-DA, a
probe that can quantify H;0,, corroborated these
hypotheses. Fluphenazine treatment increased ROS pro-
duction (H-0,); and EAF HP was protective in striatum.
This antioxidant effect presented by HP EAF may have
contributed to the protection against the increase in the
VCMs induced by fluphenazine (Fig. 4). These results are
in agreement with Bhattacharya and Bhattacharya [37],
which demonstrated a dose-dependent increase in the
activity of catalase in brain of rats treated only with H.
procumbens extract for 14 days.

Similar to H. procumbens, other antioxidant compounds
have been shown antipsychotic-induced decreases in cata-
lase activity [10, 15, 81]. However, these studies also
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followed by Tukey test. *p < 0.05, #Fp < 0.01, #*%p =< 0.001
represents significant differences compared to control; "p < (.05,
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demonstrated antipsychotics-induced changes in other
markers of oxidative damage, such as lipid peroxidation
(TBARS test) and/or levels of thiols, which were not
observed in our study [14, 15, 81]. In some studies,
including from our group, oxidative stress markers were
not altered in brain areas related to movement control (like
striatum) [13, 45, 48, 84], suggesting there may be addi-
tional mechanisms involved in the development of VCMs.

We observed alterations in ROS status in cortex
(Fig. 9b). In fact, fluphenazine increased catalase activity
and DCFH-DA oxidation, and EAF HP was protective only
against the modification in catalase activity (Fig. 9e).
These results were not related to behavior results, since the
cortex is not a brain area directly related to involuntary
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movement. Taken together, our results suggested that EAF
HP could exert antioxidant effects in different areas of the
brain.

Dopamine receptor antagonists, such as fluphenazine,
commonly decrease locomotor activity by blocking the
dopaminergic pathway in the nucleus accumbens [85, 86].
In our study, we evaluated locomotor and exploratory
activity in the open field test. Fluphenazine treatment, as
expected, significantly decreased locomotor and explora-
tory activity relative to that in the control, as demonstrated
by the number of crossings and rearings, respectively. Co-
treatment with EAF HP did not reverse the effect of flu-
phenazine on locomotor activity and exploratory (Fig. 5).
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Similarly, in previous studies, the strong effect of
antipsychotics on locomotor activity was hardly reversed
by antioxidants treatment [16, 17].

We also evaluated serum biochemical serum parameters
for toxicity and oxidative stress parameters in the kidney
and the liver, since this new fraction had only previously
been tested in vitro. None of the groups showed any sig-
nificant changes in serum, liver, or kidney, with this
treatment protocol. Notably, none of the animals exhibited
any signs of toxicity by the plant, such as weight loss (data
not shown).

In addition to its antioxidant effect, as described in this
article and another study [34], EAF HP may have
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additional effects on the CNS. It has been reported that
prolonged treatment with typical antipsychotics may cause
neuroinflammation [8, 9, 11], and according to Bishnoi
et al. [9, 10], an increase in inflammatory markers in the
brain was correlated with the behavioral development of
OD. Since H. procumbens has been used for the treatment
of diseases with inflammatory origin, it follows that it
could also be used to protect against fluphenazine-induced
increase in VCMs by decreasing neuroinflammation. It is
known that ROS are generated in acute and chronic
inflammatory conditions, thereby causing high cytotoxicity
and, tissue damage. In addition, it was show that, harpa-
goside neuroprotective effects on the dopaminergic system
in a rodent model of MPTP-induced parkinsonism [36].
Thus, HP may possibly act in different molecular pathways
to decrease VCMs in rats.

In conclusion, EAF HP was protective against fluphe-
nazine-induced VCMs and decreases in oxidative damage
in the brain. Although there is no prevention or safe
treatment for TD, our results suggest that the H. procum-
bens is a promising therapeutic agent for the treatment of
involuntary oral movements. However, further studies
should be conducted to examine the other protective
mechanisms of fraction the CNS.
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ABSTRACT

Prolonged use of typical antipsychotics increases the risk for the development
of movement disorders such as tardive dyskinesia (TD). Studies suggest the
involvement of neuroinflammation, as well as imbalances in several
neurotransmitters as possible causes for the onset of TD. Harpagophytum
procumbens (HP) is a phytotherapeutic used in the clinic mainly due to its anti-
inflammatory effects. Thus, we evaluated the effect of HP on inflammatory,
dopaminergic, and GABAergic markers in a fluphenazine-induced orofacial
dyskinesia (OD) model in rats. For the treatment, we used the ethyl acetate
fraction of HP (EAF HP) whose actions have already been described in the
central nervous system (CNS). Thus, we measured the effect of EAF HP (10,
30 and 100 mg / kg) on fluphenazine-induced OD (25 mg / kg single dose) in
rats by quantifying vacuos chewing movements (VCMs). In addition, we
measured pro-inflammatory cytokines in the striatum and cortex and
immunoreactivity of cyclooxygenase 2 (COX 2), tyrosine hydroxylase (TH),
dopamine receptor subtype D, (DRD;), dopamine transporter (DAT) and
glutamate decarboxylase (GAD) in the striatum. Chronic administration of
fluphenazine significantly increased VCMs 21 days post-treatment, and this
increase was strongly inhibited by 30 mg/kg EAF HP. Fluphenazine also
induced neuroinflammation, as identified by increased pro-inflammatory
cytokines in the cortex and striatum and by the tendency to increase COX 2
immunoreactivity in the striatum. Our results demonstrated for the first time that
HP can act as an anti-inflammatory agent, in vivo, in the CNS. However,
fluphenazine and EAF HP did not alter immunoreactivity of dopaminergic or
GABAergic markers. Our results suggest the involvement of fluphenazine-
induced neuroinflammation in the development of OD in rats and points to EAF
HP as a promising therapeutic agent for the treatment of involuntary oral
movements because of its modulation of inflammation in the CNS.

Key words: tardive dyskinesia, neuroinflammation, fluphenazine , devil's claw
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INTRODUCTION

Tardive dyskinesia (TD) is a severe extrapyramidal syndrome,
incapacitating and potentially permanent, which may occur after months or
years of treatment with antipsychotic drugs such as fluphenazine and
haloperidol. TD occurs in 20-40% of schizophrenic patients who use typical
antipsychotics (Glazer et al. 1993; Khouzam, 2015). It is characterized by the
presence of involuntary, repetitive, and unintentional movements located mainly
in the orofacial region (mouth, face, and tongue), which sometimes persists
after withdrawal of the antipsychotic. In rodents, TD is called orofacial
dyskinesia (OD) (Andreassen and Jorgensen, 2000; Frangou, 2008; Revuelta et
al. 2012).

The etiology of TD and OD is complex, multifactorial, and not completely
understood (Khouzam, 2015). Multiple hypotheses have been proposed,
including dopaminergic hypersensitization due to the overexpression of D,
receptors in the striatum, in response to dopamine block antipsychotic-
mediated, reduction of gabaergic neurotransmission in the basal ganglia,
excitotoxicity caused by increased glutamatergic transmission and genetic
predisposition (Casey, 2000; Lencz et al. 2009; Rizos et al. 2009; Alabed et al.
2010; Bhidayasiri and Boonyawairoj, 2011). Recently, the role of oxidative
stress (OE), especially neuroinflammation, in the pathophysiology of TD has
gained traction in the literature. Antipsychotic-induced activation of free radicals
(Lohr et al. 2003) and inflammatory signaling leading to cellular damage and
possible neuronal structural abnormalities could be key factors in the
pathogenesis of TD (Lerner et al. 2015; Schaffer et al. 2016). Studies have
shown that increased pro-inflammatory factors, such as cytokines in regions
responsible for motor control, such as striatum, may be correlated with
behavioral development of OD. (Rapaport and Lohr,1994; Bishnoi et al. 2008a,
2008b; Peroza et al. 2016) Furthermore, the persistent increase of two major
pro-inflammatory cytokines, tumor necrosis factor a (TNF-a) and interleukin-1(3
(IL-1B) directly compromises the plasticity and survival of neuronal cells
(Rothwell and Luheshi, 2000; Allan and Rothwell, 2001).

Some drugs and compounds have already been tested as treatments for
this undesirable side effect, but so far, no effective treatment has been found.
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(Woods et al. 2010; Alabed et al. 2011; Khouzam, 2015). In this context,

Harpagophytum procumbens (HP), popularly known as devil's claw, is a
perennial plant native to Southern Africa with numerous therapeutic effects, the
most notable being its potent anti-inflammatory action, indicated mainly for the
treatment of inflammatory diseases of the joints (Wegener and Lupke, 2003;
Mahomed and Ojewole, 2004; Kundu et al. 2005; Huang et al. 2006; Warnock
et al. 2007; Fiebich et al. 2012; Wachsmuth et al. 2011). In addition to its anti-
inflammatory action, other benefits have been attributed to HP. Of particular
importance studies demonstrate its the action or its bioactive components in the
CNS. Sun and collaborators (2012) demonstrated the beneficial action of
harpagoside (the main constituent of the plant) on the dopaminergic system in a
model of neurodegeneration in rodents. Mahomed and Ojewole (2006)
demonstrated the anticonvulsive effect of aqueous extract of HP root ,
suggesting its action in the GABAergic systems. In addition to the possible
effects on the dopaminergic and GABAergic system, data in the literature also
demonstrate the antioxidant action of HP in the CNS (Bhattacharya and
Bhattacharya, 1998). In a study published by our group, the crude extract and
different fractions of HP (especially the ethyl acetate fraction of HP — called EAF
HP) were able to protect against oxidative damage and loss of cell viability in rat
brain in vitro, and protect against loss of cell viability (Schaffer et al. 2013).
Since this plant is linked to some hypothesis of the pathophysiology of TD, we
decided to test HP in a model of OD induced by fluphenazine in rats. The EAF
HP reduced involuntary movements induced by the antipsychotic, as well as
showed antioxidant effects in vivo through the modulation of the catalase
enzyme in the striatum (Schaffer et al. 2016). However, we believe that other
mechanisms are involved in the protective effect exercised by HP in the central
nervous system. Thus, the aim of this study was to evaluate the influence of HP
on inflammatory, dopaminergic and GABAergic system in a fluphenazine-

induced OD model in rats.
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2 MATERIAL AND METHODS

2.1 Drugs and preparation of fractions

All reagents were purchased from Sigma (Sigma-Aldrich, St. Louis, MO,
USA). Fluphenazine enantate (Flufenan®) was obtained from a commercial
pharmacy. H. procumbens powder was obtained commercially from Quimer
Comercial LTD (S&o Paulo, Brazil). To obtain the HP fractions, the powdered
roots of H. procumbens were added to 70% ethanol and allowed to stand at
room temperature for a week with daily shaking. After filtration, the extract was
evaporated under reduced pressure to remove the ethanol. The extract was
then re-suspended in water and partitioned successively with ethyl acetate (3 x

200 ml of solvent) as previously described by Schaffer et al. (2013).

2.2 Animals

Adult male Wistar rats (220-270 g) were housed under standard
laboratory conditions and maintained on a 12:12 h light—-dark cycle with free
access to food and water. Animals were acclimatized to laboratory conditions
before the test. All experiments were performed in accordance with the
guidelines of the Nacional Council of Control of Animal Experimentation
(CONCEA). This protocol was approved by the Ethics Commission on Animal
Use of the Federal University of Santa Maria under process number 109/2014.

2.3 Experimental design

Male Wistar rats were divided into eight groups (Fig 1). For induction of
OD, fluphenazine enanthate (25 mg/kg) was administered intramuscularly (i.m.)
in a single dose (groups 5, 6, 7, and 8). For controls (groups 1, 2, 3, and 4), the
vehicle of fluphenazine (vegetable oil, 1ml/kg) was administered in the same
manner (Van Kampen and Stoessl, 2000; Fachinetto et al. 2007b). EAF HP was
administered to the plant control groups (2, 3, and 4) as well as the treatment
groups (6, 7 and 8) as a daily intraperitoneal (i.p.) injection at 10, 30, or 100
mg/kg, for 21 days. In the control fluphenazine group(5), fluphenazine and the

vehicle of EAF HP (saline solution, 1ml/kg) were administered. In the control
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group (1), vehicles for fluphenazine and EAF HP were administered. The EAF

HP was administered i.p. because previous studies reported that many of the
constituents of H. procumbens are degraded by stomach acid (Soulimani et al.
1994; Chrubasik et al. 2000). Behavioral assessment was performed on day 21
of the experiment. After the last behavioral analysis, animals were sacrificed.
The brain was quickly removed and the cortex and striatum were dissected. The
samples were stored at -80°C until processed.

Group  Treatament(ma/ka) n

i 1 —> Control 5

2 —> EAFHP 10ma/ka, (i.p.21days)perse 5

3 —> EAFHP30mg/kg(i.p.21days)perse 5

8 GROUPS = 4 —> EAFHP100mg/kg(i.p.21days)perse 5
5 —> Flu (256ma/kg,i.m. 1 days)treated 10

6 —> Flu (26ma/kg,i.m. 1 days)+EAF HP 10mg/ka (i.p. 21 days) 10

7 —2 Flu(25ma/kg,i.m. 1 days)+EAF HP 30ma/kg (i.p. 21 days) 10

. 8 —™> Flu(25ma/kg,i.m.1days)+EAF HP 100ma/kg (i.p. 21 days) 10

Figure 1: Experimental groups: Rats were divided into 8 groups: 1, 2, 3 and 4 are the controls
groups and 5, 6, 7 and 8 treatment groups. Fluphenazine and its vehicle were administered on
day 1, different doses of EAF HP and its vehicle were administered 21 consecutive days. HP: H.
procumbens; Flu: Fluphenazine; i.p: intraperitoneal; i.m: intramuscular.

2.3.1 Behavioral testing

2.3.1.1 Quantification of vacuous chewing movements (VCMs)

Behavior measurement of VCMs was assessed before the treatment with
fluphenazine or its vehicle (basal evaluation), as previously described
(Fachinetto et al. 2007a, 2007b; Schaffer et al. 2016). The effect of treatments
on behavior was examined 21 days after the fluphenazine injection. To evaluate
the increase in the number of VCMs resulting from treatment, the delta (A) was
calculated, which is the difference between the number of VCMs the end of the
experiment and the number of VCMs at baseline (for each animal).To quantify
the VCMs, the rats were placed individually in glass cages (20x20x19 cm)
containing one movable mirror under the floor to permit the observation of

VCMs when the animals were away from the observer. The VCMs were
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recorded for 6 min after a 6 min acclimation period, according to the previously

published method (FACHINETTO et al., 2007a, 2007b; PEROZA et al., 2013,
2016). VCM was defined as a single mouth opening on the vertical plane not
directed toward physical material. If VCMs occurred during a period of
grooming, they were not taken into account. After each test, the cages were
cleaned with 30% alcohol solution to eliminate possible odors and prevent the
next animal from smelling the previous one. Experimenters were always blind to

treatments.

2.3.2 Biochemical Assays
2.3.2.1 Cytokines measurements

The cytokines quantification in striatum and cortex was assessed by
ELISA using commercial kits (eBIOSCIENCE, San Diego, USA) for interleukin-
1B (IL-1B), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and
interferon-gamma (IFN-y), according to the manufacturer’s instructions. Results

were expressed as pg/mg of protein.

2.3.2.2 Western Blotting analyze

The striatum was homogenized in 700 pL of lysis buffer (4% SDS, 2 mM
EDTA, 50 mM Tris, 0.5 mM NayVOyg, 2 ug/mL aprotinin, 0.1 mM benzamidine,
0.1 mM PMSF), boiled for 6 minutes and then centrifuged at 8.000 rpm at 4°C
for 10 minutes. The supernatant was used to determine protein concentration
by Lowry method (1951). Then, it was added to the samples 10% glycerol and
8% 2-mercaptoethanol. The proteins (60 ug for the striatum) were resolved by
10% SDS-PAGE and transferred on to nitrocellulose membrane (Millipore,
USA). The proteins on the membrane were stained with a ponceau solution
(0.5% ponceau plus 5% glacial acetic acid in water), as a loading control
(Romero-Calvo et al. 2010). After staining, the membranes were dried,
scanned, and quantified. Membranes were then processed using the SNAP ID
system (Millipore, USA), blocked with 1% bovine serum albumin, incubated
overnight either with an anti- DAT (Dopamine transporter, 1:1000; Millipore;
AB2231) or anti-TH (Tyrosine hydroxylase, 1:1000; Millipore; AB152) or anti-D2



61
(Dopamine receptor D2, 1:5000; Millipore; AB5084P) or anti-GAD (Glutamate

decarboxylase, 1:10.000, Milipore; AB5406) anti-COX 2 (Cyclooxygenase 2,
1:1000; Millipore; AB5118). After, the membranes were incubated with alkaline
phosphatase-coupled secondary antibody (1:3000; Millipore) for 1 hour. The
reaction was determined by a colorimetric assay using nitroblue tetrazolium
(NBT)/5-bromo-4-chloro-3-indolyl phosphate (BCIP) as substrate (De Freitas et
al. 2016). The membranes were dried, scanned and quantified. Finally, all

values were normalized using ponceau quantification.

2.3.2.3 Protein Quantification

The total protein content in homogenates was determined by the method

of Lowry (1951), using bovine serum albumin as standard.

2.4 Statistical Analyses

Data in text and figures are expressed as means + SEM and were
statistically analyzed by one-way analysis of variance (ANOVA), followed by a
post hoc test when appropriate. The results were considered statistically

significant when p<0.05.

3 RESULTS

3.1 Effects of EAF HP on fluphenazine-induced VCMs in rats.

Treatment with 25 mg/kg of fluphenazine significantly increased the
number of VCMs, compared to the control group on day 21 (p<0.001, Fig 2). In
addition, co-treatment with EAF HP at doses of 30 mg/kg or 100 mg/kg
significantly reduced the fluphenazine-induced increase in VCMs compared to
the fluphenazine group (day 21p<0.001 and 0.01 respectively, Fig 2).
Administration of EAF HP alone at all tested doses did not affect the number of
VCMs (Fig 2).
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Figure 2: Effects of EAF HP on fluphenazine-induced VCMs in rats. Values of number of VCMs
are presented as mean + SEM. One-way ANOVA followed by Tukey test. **(p<0.01),
*%(p<0.001) Represents significant differences compared to control; *(p<0.05), *(p<0.01),
Represents significant differences compared to fluphenazine.

3.2 Effects of EAF HP and/or fluphenazine on cytokines levels in striatum
and cortex of rats.

In the striatum, the fluphenazine treatment significantly increased the
levels of pro-inflammatory cytokines: IL-1f3 (p <0.001; Fig 3A), IL-6 (p <0.001;
Fig 3B), TNF-a (p <0.001; Fig 3C) and IFN-y (p <0.001; Fig 3D), compared to
control animals. Co-treatment with higher doses of EAF HP reduced the levels
of pro-inflammatory cytokines in the striatum: IL-13 (30 mg/kg; p <0.05; Fig 3A),
IL-6 (30 mg/kg; 100mg/kg; p <0.05; Fig 3B), TNF- a (30 mg/kg; p<0.01; 100
mg/kg; p <0.05; Fig 3C), and INF-y (30 mg/kg; p<0.001; 100 mg/kg; p <0.01;
Fig 3D). Furthermore, the highest doses of EAF HP (30 mg/kg and 100 mg/kg)
alone reduced IL-1B (p< 0.05; Fig 3A), IL-6 (p<0.05; Fig 3B), TNF-a (p <0.01;
Fig 3C) and IFN-y (p <0.001; Fig 3D).
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Figure 3: Effects of EAF HP and/or fluphenazine on levels of pro-inflammatory cytokines: IL-13
(A), IL-6 (B), TNF-a (C) and IFN-y (D) in striatum of rats. Data are expressed as means + SEM.
One-way ANOVA followed by Tukey test. *SJo<O.05), **(p<0.01), ***(p<0.001) Represents
significant differences compared to control; "(p<0.05), #(p<0.01), ###(p<0.001) Represents
significant differences compared to fluphenazine.

Similarly to the striatum, fluphenazine treatment significantly increased
the levels of pro-inflammatory cytokines in the cortex compared to control
animals: IL-1B (p <0.01; Fig 4A), IL-6 (p <0.01; Fig 4B), and TNF-a (p <0.001;
Fig 4C). Levels of INF-y did not change after fluphenazine treatment (Fig 4D).
Co-treatment with EAF HP did not significantly alter levels of cytokines in the
cortex, compared with fluphenazine group (Fig 4). However, the highest doses
of EAF HP alone reduced INF-y (30 mg/kg and 100 mg/kg; p< 0,001; Fig 4D)
and IL-1B (100 mg/kg; p<0.05; Fig 4A).
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Figure 4: Effects of EAF HP and/or fluphenazine on levels of pro-inflammatory cytokines: IL-13
(A), IL-6 (B), TNF-a (C) and IFN-y (D) in cortex of rats. Data are expressed as means + SEM.
One-way ANOVA followed by Tukey test. *(p<0.05), **(p<0.01), ***(p<0.001) Represents
significant differences compared to control; *(p<0.05), *(p<0.01), **(p<0.001) Represents
significant differences compared to fluphenazine.

3. Effects of EAF HP and/or fluphenazine on cyclooxygenase (COX-2)
immunoreactivity in striatum of rats.

Due to previous studies that have shown that HP is able to modulate
COX-2 activity in vitro (Huang et al. 2006), we decided to test the COX-2 levels
in the striatum of these animals. Post hoc analysis revealed that administration
of fluphenazine led to no significant increase in the immunoreactivity of COX 2
in striatum compared to the control group (Fig 5). However, there was a trend
for the COX-2 immunoreactivity to increase in striatum in the fluphenazine
group. In co-treated EAF HP groups, statistical analysis revealed a significant
decrease in the immunoreactivity of COX 2 with a dose of 100 mg/kg when
compared to the fluphenazine group (p <0.05; Fig 5). It is worth mentioning that
co-treatment with 30 mg/kg showed a tendency to decrease the
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immunoreactivity of COX-2 in the striatum of these animals. In addition, EAF HP

alone at the tested doses did not affect the immunoreactivity of COX 2 (Fig 5).

[ Controls @ Fluphenazine
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Figure 5: Western blot analysis of cyclooxygenase 2 (COX 2) in striatum rats treated with
flufenazine and/or EAF HP. COX 2 immunoreactivity on day 21 were analyzed by relative
optical density (ROD). Data are expressed as means + SEM. One-way ANOVA followed by
Tukey test.#(p<0.05), Represents significant differences compared to fluphenazine.

5. Effects of EAF HP and/or fluphenazine on tyrosine hydroxylase (TH),
dopamine receptor D, (DRD;) and dopamine transporter (DAT)

immunoreactivity in striatum of rats.

Due to the positive results obtained with the treatment of 30 and 100
mg/kg of EAF HP, we also tested the effect of fluphenazine and/or EAF HP (30
and 100 mg/kg) on the immunoreactivity of important dopaminergic system
proteins in the striatum, such as TH, DRD, and DAT. Western blotting analysis
revealed no change in TH (Fig 6A), DRD, (Fig 6B) or DAT (Fig 6C)
immunoreactivity in any experimental group. Thus, neither, fluphenazine nor
treatment with EAF HP changed the immunoreactivity of these relevant

dopaminergic markers.
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Figure 6: Western blot analysis of tyrosine hydroxylase (TH), dopamine transporter (DAT) and
dopamine receptor D2 (DRD.) in striatum rats treated with flufenazine and/or EAF HP. (A) TH
immunoreactivity, (B) DRD, immunoreactivity and (C) DAT immunoreactivity on day 21 were
analyzed by relative optical density (ROD). Data are expressed as means = SEM. One-way
ANOVA followed by Tukey test.
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6. Effects of EAF HP and/or fluphenazine in glutamate decarboxylase

(GAD) immunoreactivity in striatum of rats

We also tested the possible involvement of the GABAergic system
through the quantification of GAD immunoreactivity. Western blot analysis did

not show changes in striatal GAD immunoreactivity in any experimental group
(Fig 7).
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Figure 7: Western blot analysis of glutamate decarboxylase (GAD) in striatum rats treated with
flufenazine and/or EAF HP. GAD immunoreactivity on day 21 were analyzed by relative optical
density (ROD). Data are expressed as means + SEM. One-way ANOVA followed by Tukey test.

DISCUSSION

The pathogenesis of TD due to the chronic use of antipsychotics remains
enigmatic, although hypotheses have been proposed to describe the
biochemical mechanisms involved. The lack of knowledge about the causes of
TD has made it difficult to find a treatment (Soares and Fernandez, 2007; Tarsy
and Baldessarini, 2006). In the present study, we elucidated potential
mechanisms for the beneficial effect of HP in significantly reducing involuntary
orofacial movements.in rats with OD. We tested the EAF HP because it

contains larger amounts of phenolic compounds, flavonoids (Schaffer et al.
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2013) and harpagoside (the active chemical constituent of the plant) (Schaffer

et al. 2016) than other extracts and fractions of HP.

Initially, we examined the effect of the EAF HP on fluphenazine-induced
orofacial movements in rats. As expected, 21 days after administration
fluphenazine enanthate caused a significant increase in the number of VCMs.
Co-treatment with the EAF HP was effective in reducing the number of VCMs,
with the most pronounced reduction at a dose of 30 mg/kg. These results are
consistent with a study recently published by our group (Schaffer et al. 2016), in
which we demonstrated the involvement of oxidative stress in the OD in rats
treated with fluphenazine, as well as the effectiveness of the antioxidant EAF
HP in decreasing oral movements in these animals. In fact, the antioxidant
effect of the plant seems to be involved, at least in parts, with the beneficial
effect it demonstrates in this model, mainly because of its antioxidant effect
demonstrated in the striatum of rats treated with fluphenazine and co-treated
with HP.

However, knowing that reactive oxygen species are capable of inducing
the activation and expression of pro-inflammatory genes and transcription
factors, and sometimes the inflammatory process may be which leads to
oxidative stress in tissue (Aggarwal, 2000; Aggarwal et al., 2002), we decided to
analyze the possible involvement of neuroinflammation in OD. The inflammatory
response in the central nervous system comprises a large spectrum of complex
and integrated cellular responses, mainly due to the activation of glial cells,
such as microglia and astrocytes. This activation may indicative the presence of
pathogens, tissue injury or neurotoxins, which result in the release of pro-
inflammatory mediators (cytokines, for example), which may potentially
contribute to neuronal dysfunction and progression of pathologies in the CNS
(Khansari et al. 2009; Park et al. 2011). Cytokines are involved in the regulation
of communication between cells of the immune system. Therefore, high levels
of cytokines in the CNS indicate activation of the inflammatory response
(Tansey, 2010), and the persistent expression of two major pro-inflammatory
cytokines, TNF-a and IL-1B directly compromise the plasticity and survival of
neuronal cells (Rothwell and Luheshi, 2000; Allan and Rothwell, 2001).

One recent hypothesis links the onset of TD with neuroinflammation.
Studies have shown that chronic treatment with typical antipsychotics leads to
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the increase of cytokines and other pro-inflammatory factors (Paterson et al.

2006; Bishnoi et al., 2008a, 2008b; Liu et al., 2012) in the CNS, where they can
mediate cytotoxic effects (Aggarwal, 2000; Aggarwall et al., 2002; Bishnoi et
al., 2008), being related to neurodegenerative diseases, due to the chronic
production of cytokines (Gonzalez-Scarano and Baltuch, 1999; Nakajima and
Kohsaka, 2001; Kuno et al. 2005).

Here, we analyzed IL-1B, IL-6, TNF-a and INF-y in the striatum and in the
cerebral cortex of fluphenazine-treated and/or co-treated with EAF HP animals.
Fluphenazine caused an increase in all pro-inflammatory cytokines, both in the
striatum and in the cortex. Co-treatment with EAF HP protected against this
increase of cytokines, an effect that was more pronounced in the striatum. It is
noteworthy that the dose that had the most effect in decreasing cytokines in the
striatum was 30 mg/kg of EAF HP, being this dose that decreased in a more
pronounced way the MMVs. These results suggest a possible link between
fluphenazine-induced OD and inflammatory mediators. There are some studies
demonstrating the relationship between TD/OD and neuroinflammation caused
by the use of antipsychotics. Bishnoi et al. (2008a) demonstrated that chronic
administration of haloperidol leads to oxidative stress by increasing
inflammatory mediators such as TNF-a, and these neuronal changes may be
associated with antipsychotic-induced OD. In addition, a study of schizophrenic
patients showed that patients with TD had lower IL-2 levels than patients
without TD (Rapaport and Lohr, 1994). Of particular importance, our group
demonstrated a positive correlation between VCMs and the increase pro-
inflammatory cytokines (IL-1B, IL-6, TNF-a, and INF-y) in the striatum of
haloperidol-treated rats, supporting the relationship between neuroinflammation
and haloperidol-induced OD (Peroza et al. 2016).

In addition to increased cytokine immunoreactivity, treatment with
fluphenazine showed a tendency to increase striatal COX-2 immunoreactivity.
Treatment with EAF HP also reduced COX-2 immunoreactivity in this brain
structure (Fig. 5). COX-2 is a limiting enzyme for the production of
prostaglandins related to tissue inflammation and is expressed in the CNS in
neurons and glial cells. The increase in the activity of this enzyme plays a
crucial role in the intense inflammatory responses that lead to neuronal death,
and eventually neurodegenerative processes. In fact, compounds or drugs that
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modulate the activity of this enzyme have shown neuroprotective effects in

some studies (Liu and Hong, 2003; Teismann et al. 2003; Minghety, 2004).
Naidu and Kulkarni (2001), showed that indomethacin (a nonselective
cyclooxygenase inhibitor) reverses haloperidol-induced VCMs, suggesting the
involvement of prostaglandins in OD.

The anti-inflammatory effect exerted by the EAF HP in the CNS can
present great magnitude, mainly with respect to the neuronal viability, since it is
well described that increased levels of cytokines can alter the plasticity and
neuronal viability of dopaminérgicos neurons, for example (Godoy et al. 2010).
In addition, TNF-a and IL-1B can induce reactive oxygen and/or nitrogen
species formation (RS), which leads to the alteration of neuronal plasticity due
to intracellular accumulation of RS, thereby impairing the cellular cytoskeleton
(Barth et al. 2009). This could explain, at least in par, the antioxidant effect
(Schaffer et al. 2016) of HP found in this model in previous study. In addition,
the significant increase of cytokines in certain regions of the brain may directly
influence synaptic transmission, with consequent behavior change (Miller et al.
2009; Haroon et al. 2012), which may help to explain the development of TD.

The potent anti-inflammatory activity of HP in joint diseases, is well
described in the literature; however, there are several contradictions in the
literature on the mechanism by which it presents the anti-inflammatory action.
Studies have shown that this plant or its main constituent, harpagoside, has the
ability to suppress the production of inflammatory cytokines (TNF-a, IL-13, and
IL-6) and the prostaglandin E2 (Fiebich et al. 2001); as well as suppress the
activities of COX-2 and inducible nitric oxide synthesis (iNOS) by inhibiting NF-
kKB activation (Huang et al. 2006); block Activator Protein 1 (AP-1), decreasing
the liberation of interleukins and TNF-a (Fiebich et al. 2012) and suppress IL-6
expression in chondrocytes stimulated with IL-13 (Haseeb et al. 2016).
However, no study has analyzed the changes in pro-inflammatory markers in
the CNS as a result of HP administration. Our study is the first to demonstrate
this anti-inflammatory effect in an experimental model in vivo, showing that HP
protected against fluphenazine-induced neuroinflammation, especially in the
striatum. Notably, EAF HP also demonstrated anti-inflammatory effect per se in
the two brain structures analyzed (striatum and cortex), demonstrating its direct
action in the CNS. However, we observed that EAF HP did not restore pro-
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inflammatory factors to control levels, which suggests that it may be acting in

other VCM-related pathways, such as by directly sequestering ER and
increasing antioxidant defenses, an effect already demonstrated by HP
(Schaffer et al. 2013, 2016).

We also analyzed important markers of the dopaminergic system, since
the use of typical antipsychotics antagonizes dopaminergic subtype D, receptor
in the mesolimbic pathway, which improve psychotic symptons. However, D,
receptor blockade in the nigrostriatal pathway is associated with development of
side effects, such as TD (Soares and Fernandez, 2007; Tarsy and Baldessarini,
2006). An older hypothesis for the etiology of TD is dopaminergic
hypersensitivity. According to this hypothesis, chronic blockade of D, receptors
mainly in the nigrostriatal pathway would induce a compensatory increase in the
number of dopaminergic receptors, which are probably responsive to lower
levels of dopamine leading to hyperdopaminergic state and clinical
manifestations of TD (Andreassen and Jorgensen, 2000). However, there are
conflicting studies in the literature on the effect of antipsychotics on changes in
the dopaminergic system. Marchese et al. (2002) demonstrated that treatment
with haloperidol was able to decrease immunostaining of TH and DAT in the
striatum. Similarly, Zhang et al. (2007) showed that administration of haloperidol
decreased the immunoreactivity of TH in the striatum. However, Salvatore et al.
(2000) showed that administration of haloperidol increased the state of
phosphorylation of TH in the striatum of rats. Studies from our group have
shown that animals that develop OD in response to treatment with haloperidol
and fluphenazine also have reduced levels of dopamine reuptake (via DAT)
(Fachinetto et al. 2007a, 2007b). In addition, it has been described in the
literature that harpagoside attenuated dopaminergic neurodegeneration,
protecting against the decrease of DAT (Sun et al.,, 2012). However, in the
present experimental model in rats, neither fluphenazine nor HP EAF altered
TH (Fig 6A), DRD, (Fig 6B) or DAT (Fig 6C) immunoreactivity in the striatum. It
seems that the changes in dopaminergic markers are closely related to
treatment time. Hakansson et al. (2004) showed that after haloperidol
administration (14 hours) there is an increase in TH phosphorylation in the
striatum of mice. However, administration of haloperidol for 14 days does not
affect the levels of striatal TH, measured 24 h after the last injection.
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GABAergic hypofunction in the basal ganglia is described as a possible

mechanism underlying the pathophysiology of TD (Fibiger and Loyd, 1984).
Furthermore, Mahomed and Ojewole (2006) demonstrated the anticonvulsant
effect of aqueous extract of HP root, suggesting modulation of the GABAergic
system. In addition, administration of GABA-mimetic drugs or those that
positively modulate the GABAergic receptor inhibits the occurrence of OD in
animals (Gao et al. 1994; Peixoto et al. 2003; Bishnoi et al. 2008c). For these
reasons, we analyzed the involvement of GABAergic system in HP treatment.
However, treatment with fluphenazine and/or EAF HP did not change striatal
immunoreactivity of GAD (Fig 7), the limiting enzyme for the synthesis of GABA.

In conclusion, our work demonstrated that HP has an anti-inflammatory
effect in the CNS, modulating cytokines and the COX-2 enzyme in OD model
fluphenazine-induced in rats. This suggests HP may be a promising therapeutic
agent for the treatment of involuntary oral movements. In addition, our results
support the hypothesis of the involvement of neuroinflammation in orofacial
dyskinesia, since fluphenazine significantly increased VCMs and pro-

inflammatory markers in the CNS of the animals.
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4 DISCUSSAO

Na presente tese, a influéncia do HP no modelo da DO induzida por
flufenazina em ratos foi avaliada por parametros comportamentais e analises
bioquimicas e moleculares. Isso vem em acordo com a necessidade de se encontrar
um tratamento padrédo e eficaz para a DT, além da busca por elucidacdo dos
mecanismos envolvidos no aparecimento dessa desordem do movimento em alguns
pacientes que usam antipsicético.

No primeiro momento, resolvemos analisar o extrato bruto e diferentes
fracbes de HP, a fim de eleger um extrato que tivesse em sua constituicdo uma
maior quantidade de compostos fendlicos/flavondides e harpagosideo para entao ser
testado posteriormente em modelo experimental in vivo. Em trabalho prévio do
nosso grupo, foi analisado o extrato bruto e diferentes fragcdes de HP, entre elas, a
fracdo acetato de etila foi a mais potente em proteger contra o dano oxidativo
induzido por ferro ou nitroprussiato de sodio em cortex de ratos in vitro, além de
proteger contra a perda da viabilidade celular. Esse efeito foi entédo atribuido a maior
quantidade de compostos fendlicos e flavondides presentes nesta fracao
(SCHAFFER et al., 2013). Aqui, nés testamos a capacidade scavenger do radical
DPPH pelo extrato bruto e diferentes fracbes de HP. Como resultado a fracao
acetato de etila de HP (FAE HP) foi a fracdo que teve maior poténcia em sequestrar
esse radical, demonstrando mais uma vez a potente atividade antioxidante in vitro
desta fracdo [Fig 3 -.artigo publicado (AP)]. Aléem disso, verificamos a presenca e a
guantidade de harpagosideo presente nos diferentes extratos de HP através da
analise por cromatografia liquida de alta eficiéncia (CLAE), onde a FAE HP foi a que
demonstrou maior quantidade deste constituinte (Fig 2D-AP).

O harpagosideo tem sido proposto como principal constituinte do HP, sendo
que este, por sua vez, teria acao central na atividade terapéutica desta planta. A
guantidade de harpagosideo presente na raiz da planta é usada para determinar a
qualidade dos tubérculos secos fornecidos para a comercializagdo, sendo
reconhecido pela Farmacopéia Européia (2004) ndo menos que 1.2% de
harpagosideo presente nos tubérculos de HP, calculado com referéncia a planta
seca (STEWART; COLE, 2005; BRIEN et al., 2006; ABDELOUAHAB; HEARD, 2007,
MNCWANGI et al., 2012; GEORGIEV et al., 2013). Contudo, existem estudos que

vém demonstrando que outros componentes presentes no HP teriam grandes
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influéncias em sua acgao terapéutica, como os constituintes fendlicos e flavonadides.
De fato, a presenca do harpagosideo no HP €& importante para a obtencdo dos
efeitos anti-inflamatorios desta planta, porém este constituinte possivelmente estaria
agindo de forma sinérgica com demais componentes presente no HP para conseguir
induzir o seu efeito inibitério méximo contra principalmente a inflamacao (LOEW
et al.,, 2001; KASZKIN et al.,, 2004; GEORGIEV et al., 2013). Relatos na literatura
demonstram que extratos sem a presenca do harpagosideo foram capazes de inibir
a inducdo da iNOS porém em menor proporcdo do que quando testado com a
presenca do harpagosideo, demonstrando mais uma vez o possivel sinergismo
realizado pelos constituintes do HP. Vale salientar, que neste mesmo estudo o
harpagosideo foi testado isoladamente e n&o obteve resultados inibitérios na
inducdo da INOS (KASZKIN et al., 2004). Estes dados suportam a eleicdo da FAE
HP para os testes posteriores, uma vez que se acredita na necessidade de varios
constituintes presentes no HP para que a planta obtenha seus efeitos
farmacoldgicos.

Nos testes comportamentais em ratos, como esperado, 0 tratamento com
flufenazina causou um significativo aumento no ndmero de MMVs em todos os
tempos analisados e uma diminuicdo da atividade locomotora e exploratéria, em
comparacao com animais controle. O co-tratamento com a FAE HP foi eficaz na
reducdo do numero de MMVs, de forma mais pronunciada na dose de 30 mg/kg,
diminuindo aos niveis dos animais controles nas avaliacbes nos dias 7, 14 e 21
(Fig 3-AP). Contudo, néo foi capaz modificar a diminuigdo da atividade locomotora e
exploratoria induzida pela flufenazina (Fig 4-AP). Sabe-se que a diminuicdo da
locomocgéo esta relacionada com o bloqueio dopaminérgico no ndcleo accumbens,
enquanto os MMVs estdo relacionados com o bloqueio dopaminérgico, ou
diminuicdo da dopamina, no neoestriado (KELLEY et al., 1989; SALAMONE et al.,
1998), desta forma parece que a FAE HP age em locais anatdomicos diferentes no
SNC.

A patogénese da DT devido ao uso crbnico de antipsicéticos ainda
permanece enigmatica, desta forma algumas hipoteses vém sendo discutidas na
literatura para elucidar os mecanismos bioquimicos envolvidos na DT. No nosso
estudo, depois de verificarmos a eficacia do EAF HP em diminuir a DO induzida por
flufenazina em ratos, resolvemos analisar 0s possiveis mecanismos que poderiam

estar envolvidos com este efeito protetor.
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O papel dos radicais livres e 0 EO na DT tem sido extensamente discutido na
literatura, onde a possivel indugcédo do dano oxidativo, decorrente do bloqueio crénico
dos neurdnios dopaminérgicos pelos antipsicoéticos, especialmente no estriado,
poderiam estar levando a morte celular. Sendo importante salientar que outras
hipteses para o aparecimento da DT, as quais incluem: hipersensibilidade
dopaminérgica, excitotoxicidade glutamatérgica, neuroinflamacéo nigroestriatal, e
outros fatores de risco, tais como idade, interessantemente também podem levar ao
EO, podendo este ser um fator importante na patogénese do desenvolvimento
desses movimentos involuntarios. Com isso, a nossa primeira linha de raciocinio foi
analisar o possivel envolvimento do EO na eficacia da FAE HP em diminuir os MMVs
induzidos pela flufenazina.

Véarios estudos demonstram a relacdo possivel do co-tratamento com
antioxidantes e a reducdo do dano oxidativo induzido por antipsicéticos, suportando
a hipétese do EO para o desenvolvimento da DT e DO (BURGER et al., 2005; NADE
et al., 2010; BISCHNOI et al., 2011; PATHAN et al., 2011; LISTER et al., 2014).
Contudo, nosso grupo relatou que DO induzida pelo tratamento crbénico com
antipsicéticos (tanto haloperidol quanto a flufenazina) ndo estaria diretamente
relacionado com alteracbes nos parametros de EO analisados em nossos estudos
(TBARS, niveis de ER e Superdxido dismutase) (FACHINETTO et al., 2007a, b).
Aqui, resolvemos analisar tanto marcadores de dano celular como na técnica de
TBARS (peroxidacao lipidica) e niveis de ER, quanto marcadores antioxidantes
como a atividade da enzima catalase e os niveis dos tiois (protéico e nao-proteico).
Como resultado das analises, nos verificamos alteragdes entre 0s grupos apenas na
atividade da catalase e nos niveis de ER. No estriado, a flufenazina induziu a
elevacdo nos niveis de ER e a FAE HP foi capaz de proteger contra esse aumento
(Fig 8 — AP). Por sua vez, esse aumento nos niveis de ER, pode estar relacionado
com uma diminuig&o na atividade da catalase identificada no estriado, demonstrando
prejuizo nas defesas antioxidantes, sendo que o co-tratamento com a FAE HP foi
capaz de restaurar a atividade da catalase de maneira dependente de dose aos
niveis do controle. Esse resultado esta de acordo com outros trabalhos que
demonstram que os antipsicoticos tipicos sdo capazes de diminuir a atividade de
enzimas antioxidantes enddégenas (como a catalase) em varias regidées do cérebro
de ratos (TSAI et al., 1998; PARIKH et al., 2003; ABILIO et al., 2004), bem como no
fluido cérebroespinal de pacientes tratados com haloperidol (LOHR; BRACHA,
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1988). Desta forma, no presente estudo, sugere-se que o EO esta relacionado, pelo
menos em partes, com o efeito protetor do EAF HP em diminuir a DO nos ratos.

No cortex, a flufenazina também induziu alteracdes na atividade da catalase e
nos niveis de ER, porém a FAE HP protegeu apenas contra a alteracdo na atividade
da catalase (Fig 9-AP). As alteracdes demonstradas no cortex provavelmente nao
estdo interligadas com os resultados comportamentais, uma vez que o cOrtex ndo €
uma area cerebral diretamente relacionada com os efeitos extrapiramidais. Tomados
em conjunto, 0s nossos resultados sugerem que FAE HP poderia exercer efeitos
antioxidantes em diferentes areas do cérebro.

Como nossa segunda hipétese para os efeitos protetores da EAF HP
encontrados in vivo, resolvemos verificar marcadores inflamatérios no estriado e
cortex dos animais, uma vez que ja € bem descrito a potente atividade anti-
inflamatéria do HP (WEGENER; LUPKE, 2003; MAHOMED; OJEWOLE, 2004;
KUNDU et al., 2005; HUANG et al., 2006; WARNOCK et al., 2007; FIEBICH et al.,
2011; WACHSMUTH et al., 2011) e que o tratamento prolongado com antipsicéticos
tipicos pode causar neuroinflamacdo (PATERSON et al.,, 2006; BISHNOI et al.,
2008a, b; LAU et al., 2013). O haloperidol, por exemplo, é capaz de induzir a
expressao de TNF-a, NF kB e outros fatores celulares que respondem diretamente
ao EO (POST et al., 1998, 2002). Essas citocinas e fatores pro-inflamatérios acabam
por mediar efeitos citotbxicos no SNC, podendo assim induzir a cascata de
sinalizacao celular que leva a morte celular (AGGARWAL, 2000; AGGARWAL et al.,
2002) estando assim relacionadas com as doencas neurodegenerativas
(GONZALEZ-SCARANO; BALTUCH, 1999; NAKAJIMA; KOHSAKA, 2001; KUNO
etal.,, 2005). Além disso,0 EO pode ser causa ou também consequéncia de
processos inflamatorios, onde o sistema imunoldgico pode contribuir para o
processo patogénico gerando ER e promovendo a neuroinflamacao, via citocinas
liberadas por linfocitos e microglia (MAN et al., 2016).

Aqui, nés analisamos a IL1B3, IL 6, TNF-a e INF-y no estriado e no cortex
cerebral dos animais. A flufenazina causou aumento de todas citocinas pro-
inflamatorias, tanto no estriado quanto no cértex (Fig 3 e 4- MS), além disso, houve
uma tendéncia em aumentar a imunoreatividade da COX 2 no estriado (Fig 5-MS). O
co-tratamento com FAE HP foi capaz de proteger contra esse aumento de citocinas
de forma mais pronunciada no estriado e também foi capaz de diminuir a

imunoreatividade da COX 2 nesta estrutura cerebral. Vale ressaltar que a dose que
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mais teve efeito em diminuir as citocinas no estriado foi a de 30 mg/kg de FAE HP,
sendo esta dose que diminuiu de forma mais pronunciada os MMVs (Fig 2-MS),
esses dados sugerem uma ligacdo da DO induzida pela flufenazina com os
mediadores inflamatérios, estando assim de acordo com estudos na literatura que
demonstram essa ligacdo, porém utilizam o haloperidol como antipsicético para
induzir a DO (BISHNOI et al., 2008 a,d). Ainda em relacdo a DO, Naidu e Kulkarni
(2001) mostraram que a indometacina (um inibidor ndo seletivo da ciclooxigenase)
reverte os MMVs induzidos pelo haloperidol, sugerindo o envolvimento de
prostaglandinas em DO.

Os mecanismos pelos quais o HP promove a sua a¢ao anti-inflamatoérios no
organismo ndo estdo totalmente esclarecidos. Estudos ja descreveram a sua acao
via inibicdo da ativacdo do NF-kB o que diminuiria seletivamente a COX 2 (HUANG
et al., 2006), via bloqueio da AP-1 diminuindo assim a liberacdo de interleucinas e
do TNF- a (FIEBICH et al., 2012). Em estudo mais recente, o harpagoside suprimiu a
expressado de IL-6 em condrdcitos estimulados com IL-1B, entretando nao foi capaz
de inibir a ativacdo do NF-kB (HASEEB et al.,, 2016). Contudo, ndo existe um
mecanismo de acdo exato, pois ocorrem varias divergéncias na literatura, que sédo
justificadas na maioria das vezes pela insuficiéncia na caracterizacao quimica da
planta e pelo uso de modelos de estudo e métodos de extracdo diferentes
(CLARKSON et al., 2006; FIEBICH et al., 2012). Vale salientar que ndo existem
trabalhos que tenham analisado as alteracbes nos marcadores pro-inflamatoérios no
SNC induzidos pelo H. procumbens. O nosso estudo foi o primeiro a demonstrar
esse efeito anti-inflamatério em modelo experimental in vivo, protegendo contra a
neuroinflamacéo induzida pela flufenazina, sendo esse efeito especialmente
pronunciado no estriado cerebral. Notavelmente, a EAF HP demonstrou efeito anti-
inflamatorio per se nas duas estruturas cerebrais analisadas (estriado e cortex),
demonstrando a sua acgao direta no SNC. Contudo, no cortex o co-tratamento com a
FAE HP n&o conseguiu proteger contra o aumento das citocinas pro-inflamatorias
induzidas pela flufenazina. Esse resultado pode estar relacionado com a falta de
acdo da FAE HP em proteger contra 0 aumento dos niveis das ER induzidos pela
flufenazina (Figura 9- AP), sendo isto uma consequéncia da auséncia da atividade
anti-inflamatoria da fracdo no cértex (Figura 4-MS), isso suporta a hipotese que a
formacao de ER poderia estar sendo uma consequéncia da atividade inflamatoéria no
SNC neste modelo de DO.
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As células microgliais sdo uma fonte predominante de varias citocinas, isto é,
a IL-1B, TNF-a e o IFN-y, que podem entédo induzir uma amplo espectro de reacdes
inflamatorias. A ativacdo de microglia e astrécitos em resposta a estimulos internos e
externos ou insultos pode aumentar ainda mais a liberacdo de substancias
citotoxicas, citocinas pro-inflamatérias, ER e aminoécidos excitatorios, causando
assim lesGes neuronais adicionais no cérebro (LIU et al., 2015). Ainda, a COX- 2 é
outro importante marcador inflamatorio, pois é a enzima limitante na producdo de
prostaglandinas sendo expressa em neurdnios e células gliais. Estudos vém
demonstrando que os compostos ou farmacos que modulam a atividade desta
enzima tém mostrado efeitos neuroprotetores (LIU; HONG, 2003; TEISMANN et al.,
2003; MINGHETY, 2004).

Esse efeito protetor anti-inflamatério no SNC exercido pela FAE HP pode
apresentar grande magnitude, principalmente no que se refere a viabilidade
neuronal, pois ja estd bem descrito que niveis aumentados de citocinas podem
alterar a plasticidade e a viabilidade neuronal com consequente perda de neurénios
dopaminérgicos, por exemplo (GODOY et al., 2010). E, em células neuronais, 0
TNF-a e II-1B podem induzir a formacdo de ER o que acaba levando a alteracdo da
plasticidade neuronal devido ao acumulo intracelular das ER prejudicando assim, o
citoesqueleto celular (BARTH et al., 2009). Além disso, o aumento significativo de
citocinas em certas regifes do cérebro pode influenciar diretamente a transmisséo
sinaptica, com consequente mudanca de comportamento (MILLER et al., 2009,
HAROON et al., 2012), o que pode ajudar a explicar o desenvolvimento de DT, bem
como o efeito neuroprotetor da FAE HP neste modelo experimental.

Ainda resolvemos analisar importantes marcadores dopaminérgicos, TH,
RDD, e DAT, uma vez que a mais antiga hipétese para o aparecimento da DT é a
possivel hipersensibilidade dopaminérgica e que ja foi descrito na literatura que o
harpagosideo atenuou a neurodegeneracdo dopaminérgica, protegendo contra a
diminuicdo do DAT (SUN et al., 2012).

Alguns estudos suportam essa hipétese demonstrando que o bloqueio crénico
dos receptores dopaminérgicos levaria a hipersensibilizacdo gradual dos receptores
da dopamina ainda n&o blogueados pelo antipsicotico (MARSDEN; JENNER, 1980;
RUBINSTEIN et al., 1990), aumentando também a atividade da tirosina hidroxilase
(TH), com consequente aumento na liberacdo de dopamina (MOORE, 1987;

SALVATORE et al., 2000), como ja mencionado. Além disso, estudos mostram um
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aumento na densidade de receptores D, estriatais (BURT et al., 1977; GINOVART
etal., 2009) sendo que esses receptores D, estariam em um estado de alta
afinidade pela dopamina (SAMAHA et al., 2008, 2007). Entretanto, existem algumas
controvérsias quanto a essa hipotese, onde essa teoria em humanos é menos forte.
Em estudo post mortem foi demonstrado que o numero de receptores D, é
semelhantes entre pacientes com DT e sem DT (CROW et al., 1982) e ainda existem
autores relatando que em alguns modelos animais, a administracdo do antipsicético
diminuiu a atividade da TH (MARCHESE et al., 2002; ZHANG et al., 2007), bem
como a atividade do DAT (MARCHESE et al., 2002). Cabe salientar que se
ocorresse um aumento na liberacdo de dopamina a principal forma de sua retirada
da fenda sinaptica seria através da sua recaptacao via transportador de dopamina
(DAT) (BECKMAN; QUICK, 1998; KAHLIG; GALLI, 2003). Fachineto e
colaboradores (2007a,b) j& demonstraram que os animais que desenvolvem DO, em
resposta ao tratamento crénico com haloperidol e flufenazina, apresentam niveis
reduzidos de recaptacdo de dopamina (via DAT). Aqui, no presente modelo
experimental em ratos, a flufenazina nem a FAE HP foram capazes de alterar de
forma significativa a imunoreatividade de TH (Fig 6A-MS) DRD, (Fig 6B-MS) e DAT
(Fig 6C-MS) no estriado.

Além do envolvimento do sistema dopaminérgico, a hipofuncdo GABAérgica
nos ndcleos da base € descrita como um possivel mecanismo subjacente a
fisiopatologia da DT (FIBIGER; LLOYD, 1984). Animais tratados com antipsicoticos
apresentam uma diminuicdo na atividade da glutamato descarboxilase (GAD),
enzima limitante para a sintese de GABA (GERLACH; CASEY, 1988). Pesquisas
demonstram que a administracdo de drogas GABA-miméticas ou que modulem
positivamente o receptor GABAérgico inibem o aparecimento de DO em animais
(PEIXOTO et al., 2003; BISHNOI et al., 2008c). Clinicamente, pacientes discinéticos
apresentam uma reducdo na concentracdo de GABA no liquido cefalorraquidiano
(GUNNE et al., 1984; THAKER et al., 1990). Desta forma, resolvemos analisar a
imunoreatividade do GAD (enzima limitante para a producao de GABA) e verificar se
os efeitos protetores da FAE HP no presente estudo in vivo podem estar
relacionados com uma modulacdo GABAérgica, uma vez que ja existe relatos na
literatura que o H. procumbens apresenta atividade anticonvulsivante (MAHOMED;
OJEWOLE, 2006). No entanto, o tratamento com flufenazina e FAE HP também nao

alterou a imunoreatividade da GAD estriatal (Fig. 7).
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Assim, tomando em conjunto 0s resultados encontrados nessa tese,
acreditamos que o efeito da FAE HP em reduzir o MMVs induzidos pela flufenazina
estd relacionado principalmente por seu efeito anti-inflamatério no SNC. Em
resposta ao antagonismo crbénico exercido pelo antipsicético (dano tecidual), a
microglia e astrocitos podem aumentar a producdo e liberacdo de citocinas
inflamatdrias, iniciando pela liberacdo de IL-1B, o qual ir4 ativar outras citocinas
como TNF-a e IL-6, aumentando a geracao de ER no estriado especialmente. Além
disso, a diminuicdo da atividade da catalase provocada pela flufenazina pode levar a
um desequilibrio no estado redox celular, contribuindo assim para o EO e a ativagédo
das citocinas pré-inflamatérias, podendo assim resultar em lesdo neuronal ou
futuramente uma perda neuronal. Vale salientar que muitos pacientes persistem os
movimentos involuntarios mesmo com a retirada do antipsicotico, dando a entender
que o efeito do farmaco provoca mudancas significativas na funcao cerebral que nao

estdo relacionadas com a presenca do mesmo.
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5 CONCLUSOES

5.1 CONCLUSOES PARCIAIS

» A FAE HP foi a fragdo que apresentou maior quantidade de harpagosideo e

melhor atividade antioxidante in vitro.

» A FAE HP foi capaz de proteger contra o aumento de MMV induzidos por
flufenazina, porém ndo alterou os efeitos do antipsicético na atividade

locomotora e exploratéria em ratos.

» As doses de FAE HP testadas neste trabalho parecem néo exercer alteracoes
periféricas relacionadas aos parametros bioguimicos analisados no soro e de

EO analisados no rim e figado dos animais.

» A flufenazina alterou os marcadores de EO (atividade da catalase e niveis de
ER) no estriado e cortex e a FAE HP foi capaz de exercer efeito antioxidante,
nas maiores doses testadas;

» A flufenazina aumentou as citocinas proé-inflamatérias no estriado e cortex
cerebral e o co-tratamento com FAE HP exerceu efeito anti-inflamatorio
apenas no estriado. Esta fracdo apresentou também efeito per se na
diminuicdo de citocinas pro-inflamatérias no estriado e cortex. Além disso, foi
capaz de diminuir os niveis de COX 2 no estriado dos animais co-tratados
com FAE HP.

» O sistema dopaminérgico ndo parece estar envolvido nos efeitos protetores
da FAE HP, pois ndo foi encontrada nenhuma alteracdo nos ensaios de

imunodeteccédo realizados para a TH, DRD, e DAT.

» A flufenazina nem o co-tratamento com a FAE HP foram capazes de alterar a
glutamato descarboxilase neste modelo de DO, demonstrando que
possivelmente o sistema gabaérgico ndo esta relacionado com os efeitos

benéficos exercidos pela FAE HP.
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» O EO e a neuroinflamacdo parecem estar relacionados com o aparecimento
da DO neste modelo induzido por flufenazina em ratos.

5.2 CONCLUSAO GERAL

Este estudo demonstrou o efeito protetor da EAF HP em diminuir os MMVs
induzidos pela flufenazina, sendo que esse efeito parece estar relacionado com a
atividade antioxidante e anti-inflamatéria desta fragcdo. Além disso, é importante
ressaltar que os resultados do presente estudo fornecem evidéncias da relacéo do
desenvolvimento da DO induzida por flufenazina com os mediadores inflamatérios e
estresse oxidativo em ratos, reforcando assim o envolvimento da neurotoxicidade na

fisiopatologia da DO.
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ANEXO

ANEXO A — CARTA DE APROVACAO DO COMITE DE ETICA
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