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RESUMO

EEPO é um extrato etandlico padronizado de Ptychopetalum olacoides
Bentham (Olacaceae), planta medicinal nativa usada na regido da Amazonia conhecida
como Marapuama. O uso tradicional e popular de Marapuama sugere utilidade em
desordens depressivas e também no manejo do estresse. Mostramos que EEPO
apresenta efeito tipo antidepressivo nos modelos de nado forgado e suspensédo pela
cauda. Atraves do uso de inibidores de sintese e antagonistas especificos, verificou-se
que este efeito tipo antidepressivo envolve receptores [-adrenérgico e D;-
dopaminérgico, mas independe do sistema serotonérgico. No modelo de estresse
cronico moderado imprevisivel, que apresenta além de boa preditibilidade excelente
valor de face e de homologia, de maneira semelhante a imipramina EEPO preveniu a
degradacdo do pélo, a diminuigdo no nimero de groomings e 0 aumento nos niveis de
corticosterona. Esses resultados demonstram que EEPO possui atividade tipo
antidepressiva em modelos consolidados de identificacdo e caracterizacdo de drogas
antidepressivas. Mostramos também que EEPO apresenta perfil semelhante a drogas
adaptogenas, ja que preveniu os efeitos ansiogénicos (avaliado pelo teste de claro-
escuro) e hiperglicemiante induzidos pelo protocolo de estresse crénico moderado
imprevisivel, assim como a resisténcia a hipoxia e a fadiga por exercicio (hado com
carga a exaustdo). A resisténcia a convulsdo induzida por hipoxia pode, pelo menos
em parte, ser explicada pela acdo do extrato em receptores noradrenérgicos e por sua
atividade antioxidante. O efeito antifadiga de EEPO parece ser a conseqiiéncia de um
metabolismo energético mais eficiente (poupando glicogénio, estimulando a lipdlise e
diminuindo a producéo de lactato) associado a protecdo do musculo ao dano causado
pelo exercicio (prevenindo o aumento dos niveis sericos de creatina cinase e lactato
desidrogenase). Este trabalho traz subsidios cientificos que parecem legitimar 0s usos
tradicionais de Marapuama e algumas das alegagdes do mercado fitoterapico. Esta tese
reforca a idéia de que a sdcio-biodiversidade brasileira pode ser base para a inovagdo

tecnologica na area de farmacos.

Palavras-chaves: Ptychopetalum olacoides, Marapuama, depressao, estresse, fadiga.



Xiv
ABSTRACT

Investigation of the antidepressant and adaptogen activities of Ptychopetalum

olacoides Bentham (Marapuama)

POEE is a standardized ethanol extract of Ptychopetalum olacoides Bentham
(Olacaceae), a native medicinal plant used in Amazon region and known as
Marapuama. The traditional uses of Marapuama suggest that the species may possess
properties useful for treating depressive disorders and coping with stress. We showed
that POEE presents antidepressant-like effects in the forced swimming and tail
suspension tests. Using synthesis inhibitors and specific antagonists, we verified that
such antidepressant-like effect involves 3-adrenergic e D;-dopaminergic receptors, and
is not dependent on serotoninergic system. In the unpredictable chronic mild stress
model, which not only presents good predictability value but also excellent face and
construct validities, likewise imipramine, POEE prevented the UCMS-induced coat
degradation, the decrease in groomings and the increase in corticosterone levels. These
results demonstrate that POEE possesses antidepressant-like activity in animal models
recognized as appropriate to identify and characterize antidepressant drugs. We have
also showed that POEE presents a profile similar to adaptogens, given that it prevented
the anxiogenic effects (assessed by the light-dark test) and hyperglycemia induced by
the unpredictable chronic mild stress protocol, and increased the resistance to hypoxia
and to exercise-induced fatigue (swimming until exhaustion carrying loads). The
POEE-induced resistance to hypoxia may be, at least in part, explained by the extract
modulation on noradrenergic receptors and its antioxidant activity. The antifatigue
effects of POEE seem to be consequence of a more efficient energy utilization (by
sparing glycogen, stimulating lipolysis and reducing lactate production) associated
with protecting the muscle against exercise-induced damage (by preventing the
increase in serum levels of creatine kinase and lactate dehydrogenase). This study
provides scientific basis that seems to legitimize some traditional uses and allegations
by the herbal market for Marapuama medicinal properties. This study reinforces the
idea that the socio-biodiversity available in Brazil can serve as basis for innovation in

pharmaceutics.



Key-words: Ptychopetalum olacoides, Marapuama, depression, stress, fatigue.
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APRESENTACAO

Conforme resolucdo N° 093/2007 da Cé&mara de PoOs-Graduagdo desta
Universidade, essa tese € constituida por Introducdo, Objetivos, Artigos Cientificos
submetidos ou a serem submetidos, Discussdo, Conclusdes e Referéncias
Bibliogréaficas. O item 1. Introducdo: oferece o embasamento tedrico necessario para
a formulacéo dos objetivos e para o desenvolvimento da metodologia empregada nesta
dissertacdo. O item 2. Objetivos: define a hipdtese de trabalho e as estratégias
metodoldgicas utilizadas. No item 3. Artigos Cientificos: sdo encontrados os artigos
cientificos (material e método, resultados e discussdo dos resultados encontram-se nos
proprios artigos e representam a integra deste estudo). O item 4. Discussdo: contem
interpretacGes e comentarios gerais pertinentes aos resultados apresentados no item 3,
e aponta perspectivas para continuidade do trabalho. O item 5. Conclusdes: apresenta
as conclusbes gerais. O item 6. Referéncias Bibliogréaficas refere-se somente as
citacbes que aparecem na introducdo e discussdo (referéncias bibliogréficas que se
referem a materiais e métodos, resultados e discussao parcial encontram-se nos artigos

do item 3).






1. INTRODUCAO

1.1. Estresse

Atualmente é bem aceita a idéia de que o estresse pode estar envolvido na
etiologia de inumeras doencas, incluindo desordens psiquiatricas (depressao,
ansiedade, psicoses), disfuncdes cognitivas (lapsos de memoria), imunologicas
(imunossupressdo), enddcrinas (como diabete), sexuais (impoténcia), Ulcera péptica e
hipertensdo (TSIGOS e CHROUSOS, 2002). Ja Selye (1936) demonstrou que um
organismo exposto a um esforco desencadeado por um estimulo ameacador a
homeostase, seja ele fisico, quimico, biolégico ou mesmo psicossocial, apresenta uma
tendéncia de responder de forma uniforme, inespecifica, anatbmica e fisioldgica.
“Sindrome geral de adaptacdo” (SGA) foi a denominacdo dada por Selye a esse
conjunto de reacgdes inespecificas da qual o organismo participa como um todo e que
consistiria em trés fases: reacdo de alarme, fase de resisténcia e fase de exaustdo. Ja a
época se enfatizou que ndo é necessario que a fase se desenvolva até o final para que
haja o estresse, e é evidente que sO nas situacfes de estresse mais intenso atinge-se a
fase de exaustdo. Na fase de alarme, a resposta do organismo é de luta ou fuga. Séo
caracteristicos 0 aumento da freqtiéncia cardiaca e da pressédo arterial (para permitir
que o sangue circule mais rapidamente e, portanto, para chegar aos mausculos
esqueléticos e cérebro mais oxigénio e nutrientes para facilitar a mobilidade e o
movimento), a contracdo do baco (levando mais glébulos vermelhos a corrente
sanguinea, facilitando a oxigenacdo), a glicogendlise no figado (provendo energia para
0s musculos e cérebro), a redistribuicdo sanguinea (diminuindo o fluxo para a pele e
visceras, aumentando para musculos e cérebro), a dilatacdo dos brénquios (para que o
organismo possa captar mais oxigénio), a dilatacdo pupilar e exoftalmia (para
aumentar a eficiéncia visual) e o aumento do numero de linfocitos na corrente
sanguinea (para reparar possiveis danos aos tecidos eventualmente causados por
agentes agressores). Tais reacdes sdo desencadeadas por descargas adrenérgicas da
medula da glandula supra-renal e de noradrenalina em fibras pds-ganglionares do

sistema nervoso autdbnomo simpatico. Ao mesmo tempo, ocorre ativacdo do eixo



hipotalamo-pituitaria-adrenal (eixo HPA) que desencadeia respostas mais lentas e
prolongadas, desempenhando um papel crucial na adaptacdo do organismo ao estresse.
Neurdnios do nucleo paraventricular (PVN) do hipotdlamo secretam o hormdnio
liberador de corticotropina (CRH), que por sua vez estimula a sintese e liberacdo do
hormonio adrenocorticotrofico (ACTH) da pituitaria anterior, além de outros neuro-
hormonios e peptideos cerebrais, como beta-endorfinas e prolactina. O ACTH
desencadeia a sintese e a secre¢do de glicocorticdides (cortisol em humanos e
costicosterona em roedores) pelo cortex da supra-renal. Esses glicocorticdides podem
atuar em dois tipos de receptores, os mineralocorticdides (MR) e os glicocorticoides
(GR), em diferentes regides cerebrais (CARRASCO e VAN DE KAR, 2003).
Estabelece-se entdo um mecanismo de retroalimentacdo negativa com 0S
glicocorticoides atuando sobre o eixo HPA. Se 0s agentes estressantes desaparecerem,
tais reacGes tendem a regredir; entretanto, se 0 organismo € obrigado a manter seu
esforco de adaptacéo, inicia-se uma nova fase, que € chamada fase de resisténcia. Essa
fase se caracteriza pela reagdo de hiperatividade do eixo HPA, com aumento do
volume do cortex da supra-renal, atrofia do baco e de estruturas linfaticas, leucocitose,
diminuicdo de eosinofilos e ulceragdes. Mantida a situacdo, podera ainda haver
faléncia dos mecanismos de defesa, dando inicio a terceira fase, que é a de exaustdo.
Em condi¢des de exaustdo ha dificuldades na manutengdo dos mecanismos adaptativos
e perda de reserva energética, podendo levar & morte do organismo. Assim, ainda que
as reacOes ao estresse resultem de esforcos de adaptacdo, se a reacdo ao agressor for
muito intensa ou se 0 agente estressor for muito potente e/ou prolongado, o estresse
pode ter como conseqiiéncia doengas ou uma maior predisposi¢do ao desenvolvimento
de doengas (CHARNEY, 2004; McEWEN, 2005).

Mais recentemente, McEwen (2003) reinterpretou as idéias de Selye, propondo
0 conceito de alostase. A alostase se refere a um processo ativo e adaptativo pelo qual
0 organismo responde aos eventos estressores diarios e mantém a homeostase (alostase
literalmente significa alcancar a estabilidade através da mudanca) (STERLING e
EYER, 1988). Na alostase ocorre liberacdo de catecolaminas e glicocorticdides em
resposta as ameacas (interacdo social, clima, doencas, predadores, poluicdo)

(McEWEN, 2003), e ao conjunto do efeito cumulativo destas respostas se denomina



“carga alostatica” (MCEWEN, 2008). Entretanto, se a carga alostatica for mantida,
com elevada ativacdo do eixo HPA e liberacdo de catecolaminas, pode-se gerar uma
sobrecarga alostatica que seria equivalente a fase de exaustdo proposta por Selye
(JOCA et al., 2007). Tanto a carga alostatica como a sobrecarga alostética equivalem a
um gerenciamento inadequado da alostase, resultado de efeitos cumulativos das
demandas do ambiente que requerem efeito adaptativo (MCEWEN, 2008). Como
implicacdo maior desta proposta, seria a sobrecarga alostatica o fator que predispde o
individuo a doenca. Um exemplo descrito por McEwen (2007) € a diferenca entre
ursos criados em cativeiro e ursos livres em seu habitat natural: quando inicia o
inverno ursos em seu habitat natural consomem grandes quantidades de alimentos e
gorduras para utilizarem como fonte de energia durante a rigida estacdo; ja os animais
criados em cativeiro, sem atividade e entediados, apresentam acumulo de gorduras que
pode desencadear quadros patoldgicos e, nesse caso, estamos falando de sobrecarga
alostatica.

Ainda que ha muito se tenha notado o papel do evento estressante como
desencadeador de episodios de depressdo, reconhece-se hoje que a hiperativacao
sustentada do eixo HPA esté relacionada com a fisiopatologia da depresséo (BISSETE
et al.,, 2003; GILLESPIE e NEMEROFF, 2005; McEWEN, 2005). Pacientes
deprimidos apresentam alteracbes na secregcdo de cortisol (em mais de 80% dos
pacientes) (THOMSON e CRAIGHEAD, 2008), hiperplasia do cértex da supra-renal,
niveis elevados de CRH no liquor e resposta embotada ao teste com a dexametasona
(BARDEN, 2004). Ja que relacdo entre estresse e depressdo € consistente, a busca por
agentes que sejam capazes de modular o eixo HPA pode ser uma importante

alternativa para o tratamento dessa patologia.

1.2. Depressao

A depressao € um problema médico grave e altamente prevalente na populacéo
mundial. Estd associada a altos custos sociais e financeiros pela perda de
produtividade, em funcdo de maior freqiiéncia de faltas ao trabalho e pela reducdo de

eficiéncia profissional. O Manual Estatistico Diagnostico da Associacdo Norte-



Americana de Psiquiatria, na sua quarta versao (DSM-1V) define a depresséo como um
transtorno heterogéneo, que freqlientemente se manifesta com sintomas psicoldgicos,
comportamentais e fisioldgicos. A depressdo € um transtorno multifacetado, em que
uma variedade de sintomas pode estar presente, mas nenhum deles, incluindo humor
deprimido, é essencial (AKISKAL, 2005). A depressao € freglientemente associada a
comorbidades incluindo o abuso de &lcool e substancias e transtornos de ansiedade, o
que pode piorar a resposta ao tratamento e a evolucédo do quadro.

Os disturbios depressivos incluem a depressdo maior, a distimia e tipos néo-
especificados de depressdo. A depressdo maior caracteriza-se por depressédo
clinicamente significativa de humor e comprometimento da funcionalidade como
manifestacGes clinicas primarias (BALDESSARINI, 2006). Caracteriza-se por um ou
mais episddios depressivos, com pelo menos duas semanas de humor deprimido ou
perda de interesse na maior parte das atividades, acompanhados de pelo menos quatro
sintomas adicionais de depressdo, que incluem sentimento de desesperanca, desvalia,
culpa, desamparo, associados a alteracdes de apetite e sono, fadiga, retardo ou agitagao
psicomotora, diminuicdo do desempenho sexual, dificuldade de concentracdo e
raciocinio e pensamentos recorrentes sobre a morte, com ou sem tentativas de suicidio
(DSM-1V). Os episddios depressivos maiores sdo freqlientemente autolimitados, com
duracdo de seis meses ou mais, embora em alguns pacientes (20-30%) determinados
sintomas possam persistir.

Um subtipo de depressdo que merece consideracdo especial por sua elevada
incidéncia na populacdo é a depressdo melancolica (antes chamada de enddgena),
responsavel por 40-60% de todas as internacBes por distlrbios afetivos. E
diagnosticada em pacientes que se enquadram no diagnostico de depressdo maior,
apresentando cinco das seguintes caracteristicas: perda de interesse na maior parte das
atividades, auséncia de reacdo a estimulos normalmente prazerosos, piora matinal,
agitacdo ou retardo psicomotor, anorexia ou perda de peso acentuado, sem distdrbio de
personalidade antes do primeiro episodio de depressdao, um ou mais episodios prévios
de depressédo seguidos de recuperagdo completa ou quase completa e boa resposta
prévia ao tratamento (WANNMACHER, 2004).



A distimia é um distarbio depressivo crénico, menos grave que a depressdo. E
caracterizada por pelo menos dois anos de humor deprimido na maior parte dos dias,
acompanhados de sintomas depressivos que ndo chegam a caracterizar um episodio
depressivo maior. Sua prevaléncia durante toda vida é de aproximadamente de 6%
(BALDESSARINI, 2006).

Os disturbios depressivos ndo-especificados incluem quadros depressivos que
ndo preenchem os critérios para depressao maior ou distimia, nem para os disturbios
de adaptacdo com humor deprimido ou com sintomas mistos de ansiedade e depressao
(BALDESSARINI, 2006).

1.2.1. Prevaléncia

Nas ultimas trés décadas, estudos epidemiologicos tém demonstrado
consideraveis variagdes na prevaléncia da depressdo. Tal variabilidade pode ser
explicada pelo uso de diferentes metodologias empregadas nos estudos como, por
exemplo, amostragem da populacdo em risco, sistema de diagndstico empregado,
método para obtencdo das informacgdes sobre os sintomas e o tempo em que a
informacdo foi obtida (WEISSMAN et al.,, 1992). Estudos na Europa e Japéo
mostraram taxas de prevaléncia de 1,4% a 53,4% em determinadas populagdes
respectivamente (FICHTER et al., 1996, TOMODA et al., 2000). Nos Estados Unidos
a prevaléncia é de 21,3% em mulheres e 12,7% em homens (BLAZER et al., 1994).
No Brasil, em estudo realizado por Goldbert e Lecrubier (1995), a taxa foi estimada
em 15,8%.

Apesar da variabilidade dos estudos, ha um consenso de que a prevaléncia da
depressdo é consistentemente alta ao redor do mundo, associada com elevadas taxas de
morbidade e mortalidade. Trata-se de doenca cronica, recorrente e potencialmente fatal
que afeta 20% da populacdo global (NESTLER et al., 2002). A doenca € mais
prevalente em mulheres, com uma razdo de cinco mulheres para dois homens.

Além de ser uma doenca incapacitante, a depressao gera custos enormes para 0s
governos e sociedade. Estima-se que 0s gastos diretos e indiretos com a depressao nos
EUA sejam em torno de U$ 43 bilhGes por ano (MURRAY e LOPEZ, 1996). Outro



importante fator ¢é a elevada taxa de suicidio em consequéncia da depressao. Suicidio é
a oitava maior causa de morte nos EUA. Essa taxa € ainda mais preocupante quando é
analisada em funcéo da idade, sendo a sexta maior causa de morte na faixa de 5-14
anos, a terceira maior causa de morte na faixa de 15-24 anos e a quarta maior causa de
morte na faixa de 25-44 anos (MURPHY, 2000).

1.2.2. Bases Neurobioldgicas

Apesar da alta prevaléncia da depressdo e seu consideravel impacto na nossa
sociedade, o conhecimento sobre as bases neurobiologicas da doenga € ainda
incipiente se comparada com outras doencas crbnicas e potencialmente fatais como,
por exemplo, a diabetes do tipo 2. Além disso, a sindrome depressiva chamada de
depressdo maior (conforme o DSM-1V), ou episddio depressivo (de acordo com o
CID-10), representa um grupo heterogéneo de pacientes e isso, de certa forma, poderia
dificultar o progresso da pesquisa da neurobiologia da depressdo. Entre as tentativas
para explicar 0s processos neurobiolégicos envolvidos na depressao surgiram algumas
teorias.

A teoria monoaminérgica da depressao proposta por Schildkraut e col. (1965)
propde que a doenca é causada por um déficit funcional de neurotransmissores
(especialmente noradrenalina) em certas regiGes cerebrais. Esta hipotese foi
originalmente proposta a partir de associa¢fes entre os efeitos clinicos de algumas
drogas que causavam ou aliviavam os sintomas de depressdo e seus efeitos
neuroquimicos conhecidos sobre a transmissdo monoaminérgica no cérebro. Entre
essas drogas estdo, por exemplo, a iproniazida (utilizada inicialmente para tratamento
da tuberculose) e a imipramina (utilizada inicialmente como antipsicético, pois é
estruturalmente semelhante a clorpromazina), que tém potente atividade antidepressiva
em humanos, para as quais foi posteriormente demonstrada a capacidade de aumentar
a transmissdo noradrenérgica e serotonérgica central. Como uma boa contraprova da
hipotese, sabia-se que a reserpina, um antigo anti-hipertensivo capaz de depletar
estoques de monoaminas, induz sintomas depressivos. Algumas observacoes

experimentais também apoiaram essa hipotese. Uma sub-populacdo de deprimidos



apresentava diminuicdo dos niveis urinarios de 3-metoxi-4-hidroxi-fenilglicol
(MHPG), um metabdlito da noradrenalina relacionado com a taxa de renovacdo de
noradrenalina cerebral. Outras evidéncias também corroboram o que ficou conhecida
como a teoria monoaminérgica da depressdo; entretanto, esta teoria ndo explica a
necessidade de periodos razoavelmente longos de tratamento para o inicio do efeito
clinico dos antidepressivos.

O sistema noradrenérgico apresenta quase todos os corpos celulares dos seus
neurdnios localizados no locus ceruleus; tais neurbnios sdo projetados para Varias
regides como hipotalamo, ganglios da base, sistema limbico e cértex. Essa distribuicdo
difusa dos neurdnios noradrenérgicos esta relacionada com sua atividade modulatéria
sobre outros sistemas. ProjecGes noradrenérgicas na amigdala e hipocampo estdo
implicadas na memoria emocional, e a sensibilizacdo continuada do locus ceruleus
contribui para o estado de desamparo aprendido, considerado um correlato animal de
estado depressivo em humanos (THASE, 2005). O locus ceruleus tem sua atividade
aumentada quando ocorre percepcdo a um novo estimulo, e tem sua atividade
diminuida durante a alimentacdo e o sono. Além disso, neurénios dessa regido fazem
retroalimentacdo positiva sobre o CRH no hipotdlamo e regides corticais; outros
exercem retroalimentacao negativa para evitar excesso de ativacdo, como por exemplo,
a inibicdo da liberacdo de serotonina por ativacdo de receptores a-2-adrenérgicos.
Outras alteracGes relacionadas ao sistema noradrenérgico em pacientes deprimidos sao
aumento de receptores -adrenérgicos em cérebro post-mortem de suicidas e
diminuicdo da expressdo desses mesmos receptores apOs tratamento com
antidepressivos.

Na década de 70, a hipdtese serotonérgica afirmou que na depressdo ha uma
diminuicdo importante da funcdo serotonérgica. Asberg e col. (1976) associaram
baixas concentragdes liquoricas do metabolito de serotonina 5-HIAA com
comportamento suicida. Além disso, precursores de serotonina, como o I-triptofano e o
5-hidroxi-triptofano, apresentam moderada agdo antidepressiva. Neurdnios
serotonérgicos do nucleo dorsal da rafe projetam-se para o cortex, hipotalamo, talamo,
ganglios da base, septum e hipocampo, tanto com transmissdes inibitorias quanto

excitatorias. Evidéncias sugerem que a serotonina esteja envolvida com o sono, o



apetite, a temperatura corporal, o0 metabolismo e a libido, que estdo frequentemente
alterados em pacientes deprimidos. Como evidéncia adicional da ligacdo do estresse
com a depressdo, sabe-se que, enquanto o estresse agudo aumenta a liberagcdo de
serotonina, o estresse cronico causa diminuicdo e deplecdo deste neurotransmissor. O
estresse crénico também pode aumentar a sintese de auto-receptores no nucleo dorsal
da rafe, diminuindo a transmisséo serotonérgica (THASE, 2005).

Apesar da hipotese monoaminérgica da depressao ser relativamente simplista, a
manipulagdo farmacologica da transmissdo monoaminérgica continua sendo a
abordagem terapéutica mais bem-sucedida. Além da noradrenalina e da serotonina,
outros neurotransmissores como a acetilcolina, a dopamina, o glutamato, o fator
liberador de corticotropina (CRH), e mesmo fatores de crescimento como o fator
neurotrofico derivado do cérebro (BDNF) tém sido implicados na etiologia da
depressao.

Janovsky e col. (1972) propuseram que aumentos nos niveis de acetilcolina
estariam associados a depressdo. Tal proposta baseou-se no fato de que a fisostigmina,
uma droga anticolinesterasica, pode induzir sintomas depressivos (MCKINNEY,
1984). Entretanto, essa hipotese colinérgica da depressdo apresenta limitacbes como a
falta de comprovacdo da eficacia antidepressiva de anticolinérgicos (THASE, 2005).

Evidéncias clinicas de manipulagdes farmacoldgicas e resultados de modelos
animais sugerem que a neurotransmissdo dopaminérgica estd diminuida na depressao
(WILLNER et al., 2005). Entre as evidéncias que corroboram essa afirmacéo, esta a
diminuicdo dos niveis de &cido homovanilico (HVA, metabodlito da dopamina) no
liguor de pacientes deprimidos. Além disso, alguns sintomas que podem estar
presentes na depressdo como anedonia, isolamento social, desinteresse e retardo
psicomotor parecem estar relacionados com areas dopaminérgicas do sistema nervoso
central (SNC). O sistema dopaminérgico apresenta quatro proje¢des neurais principais.
A via tubero-infundibular projeta seus neurénios do hipotalamo a pituitaria, estando
relacionada com o controle inibitorio da secrecdo de prolactina. A via nigro-estriatal
origina-se na substancia nigra e envia seus axonios aos ganglios da base, regulando a
atividade motora involuntaria. Os corpos celulares da via mesolimbica estdo

localizados na éarea tegmental ventral e projetam-se para 0 nucleo accumbens,



hipocampo, nucleo dorsal medial do tdlamo e giro cingulado; essa via esta relacionada
com a expressdo emocional, aprendizado e capacidade de sentir prazer. A via
mesocortical também se origina da area tegmental ventral e projeta-se para o cOrtex
pré-frontal e orbitofrontal; essa via esta relacionada com a motivacao, concentracdo e
tarefas executivas complexas. A diminuicdo da atividade nessas duas ultimas vias
dopamineérgicas esta relacionada com os distlrbios motores, cognitivos e hed6nicos
associados a depressdo (THASE, 2005).

H& evidéncias de que o acido gama-aminobutirico (GABA) e o glutamato, além
de peptideos como a substancia P, também estdo envolvidos na depressdo. O GABA é
o principal neurotransmissor inibitorio do SNC; pacientes deprimidos apresentam
reducdo da atividade gabaérgica no plasma, liquido cefalorraquidiano e encéfalo
(FLORES et al., 2004). Agonistas desse receptor aumentam producdo de AMPc
durante exposi¢do a outros neurotransmissores como a noradrenalina. Por exemplo, a
administracdo de baclofen (agonista GABAg) com imipramina causa invaginacdo de
receptores adrenérgicos mais rapidamente do que se as drogas fossem administradas
separadamente (ENNA et al.,, 1986). Assim, é possivel que a neurotransmissao
mediada pelo GABA desempenhe papel na depressédo e/ou no efeito de tratamentos
antidepressivos. O aminoacido glutamato é o mais importante neurotransmissor
excitatorio do SNC e excessos de glutamato possuem efeitos neurotdxicos. O sistema
glutamatérgico parece estar hiperativado na depressdo, com niveis aumentados de
glutamato e de seu metabolito glutamina encontrados em pacientes deprimidos
(MITATI et al., 2006; SANACORA et al., 2008). Antagonistas de glutamato ja
demonstraram ter efeito tipo antidepressivo em varios modelos animais (MELONI et
al., 1993; PAPP e MORYL, 1994; LAYER et al., 1995). Estudos recentes também
demonstraram atividade antidepressiva de cetamina (antagonista NMDA) em humanos
(ZARATE et al., 2006). Pacientes que receberam cetamina mostraram uma melhora
significante no humor em apenas 110 minutos apos a injecdo e esse efeito permaneceu
durante uma semana.

A substancia P € um neuropeptideo, pertencente a familia das neurocininas, e
exerce sua acdo através de receptores NK, presentes na amigdala, no hipotadlamo e no

hipocampo (STOUT et al., 2001). Estudos demonstram que a substancia P aumenta o
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disparo de neurdnios no locus ceruleus, além de possuir um papel central na resposta
ao estresse. Antagonistas da substancia P podem ter efeito antidepressivo em ratos
(MALKESMAN et al., 2007).

A hipotese neurotrofica da depressdo foi baseada em estudos em roedores que,
apos exposicdo a estresse agudo ou crénico, apresentaram diminuicdo dos niveis de
BDNF no hipocampo, além do fato de que o tratamento com diversos antidepressivos
tanto preveniram a acdo do estresse quanto reverteram a diminuicdo de BDNF
(DUMAN, 2004). Além disso, autdpsias realizadas em pacientes deprimidos
mostraram que 0s niveis de BDNF estdo reduzidos no hipocampo, alteracdo ausente
em pacientes tratados com antidepressivos (CHEN et al., 2001). Apesar dos resultados
da associacdo entre BDNF e depressdo ndo estarem totalmente esclarecidos, uma
possibilidade é que essa diminuicdo nos niveis de BDNF estaria relacionada com o
dano estrutural e a reducdo da neurogénese hipocampal apds o estresse (BERTON e
NESTLER, 2006).

Outra teoria que também tenta explicar a fisiopatologia da depressao é a teoria
citocinérgica, que associa altera¢es imunoldgicas com a depressao. As citocinas sao
produzidas por células imuno-competentes, como linfocitos e macrdfagos. Pacientes
deprimidos apresentam aumento de IL-1 e IL-6, e 0 aumento dessas citocinas pode ter
relagdo com a severidade da doenca (RAISON et al., 2006). De acordo com essa
teoria, a depressdo maior pode ser considerada uma doenca psiconeuroimunolégica,
pois a ativacdo do sistema imune periférico, através da liberacdo de citocinas proé-
inflamatodrias, é responsavel por alteragdes neuroenddcrinas e neuroquimicas
associadas a patologia (SCHIEPERS et al., 2005).

Desordens depressivas maiores tém sido usualmente relacionadas com bases
neuroquimicas; entretanto, estudos recentes tém associado essas desordens com
reducBes dendriticas no SNC e no numero e/ou tamanho da glia e de neurénios em
determinadas regides cerebrais como, por exemplo, o hipocampo (BERTON e
NESTLER, 2006). AlteracGes na estrutura do sistema limbico foram relacionadas com
a depressdo e com a agdo de antidepressivos (SHELINE et al., 2003; BREMNER,
2006). Estudos postmortem e de neuroimagem associam redug¢bes no volume de

regides cerebrais como cortex pré-frontal e hipocampo com pacientes deprimidos.
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Essas regides medeiam aspectos cognitivos da depresséo e estdo envolvidas com o0s
sentimentos de culpa e incapacidade. Entretanto, esses estudos s@o inconsistentes e
limitados em demonstrar alguma clara relagdo causa-efeito dessas alteragdes
patoldgicas (KRISHNAN e NESTLER, 2008).

Fatores hereditarios também estdo relacionados com a etiologia da depressao
(SULLIVAN et al., 2000). O interesse pelos componentes genéticos da depressdo
motivou inicialmente os estudos geneéticos-epidemiologicos, posteriormente com foco
nos modelos de transmissdo e mais recentemente em estudos de genética molecular.
Os estudos genéticos-epidemioldgicos realizados desde 1960 com familias, gémeos e
com criancas adotadas evidenciaram a existéncia de um componente genético na
depressdo, com prevaléncia de 40-50% (KENDLER et al., 2001). Os estudos mostram
um risco trés vezes maior para o desenvolvimento da patologia entre os parentes de
primeiro grau de deprimidos, do que entre parentes de primeiro grau de ndo-
deprimidos (LIMA et al., 2000). A transmissdo genética da depressdo parece ser
multifatorial e os estudos de genética molecular ainda ndo identificaram um locus
especifico determinante (LIMA et al., 2000). Os restantes 50-60% de fatores nao
genéticos da depressd@o podem ser relacionados com traumas na infancia, estresse
emocional, doencas fisicas e até mesmo infeccBes virais (BERTON e NESTLER,
2006).

1.2.3. Antidepressivos

Para o tratamento da depressdo utiliza-se normalmente um grupo
heterogéneo de substancias agrupadas como agentes antidepressivos, além de
tratamentos ndo-farmacoldgicos como a psicoterapia. A maioria dos antidepressivos
exerce ag0es importantes sobre neurotransmissores e seus receptores, em particular a
noradrenalina e a serotonina (OWENS et al., 1997; BUCKLEY et al., 2000).

Os medicamentos empregados no tratamento da depressdo podem ser
classificados em:

e Inibidores da Captacdo de Neurotransmissores:
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- antidepressivos triciclicos (TCA), por exemplo, imipramina, desipramina,
amitriptilina, nortriptilina: sdo inibidores ndo-seletivos (ou em alguns casos mais
seletivos para noradrenalina) da captacdo de monoaminas;

- inibidores seletivos da recaptacdo de serotonina (ISRS), por exemplo, fluoxetina,
fluvoxamina, paroxetina, citalopram, sertralina e venlafaxina;

- inibidores seletivos da captacdo de noradrenalina, por exemplo, atomoxetina e
reboxetina.

e Inibidores de Monoamino Oxidase (IMAO), que podem iniber os subtipos A e

B da MAO, por exemplo, fenelzina e tranilcipromina, ou serem seletivos para
MAO-A, como a moclobemida.

e Antidepressivos Variados: sdo compostos com efeito bloqueador ndo-seletivo

de receptores, por exemplo, mianserina, bupropiona, mirtazapina, trazodona,

duloxetina.

Reacdes toxicas significativas sdo ocorréncias comuns com 0s antidepressivos
comumente usados (COSTA e SILVA, 2005). Os antidepressivos triciclicos
rotineiramente exercem efeitos autbnomos adversos, em parte relacionados com suas
propriedades antimuscarinicas, que incluem ressecamento da boca e gosto azedo ou
metalico, desconforto epigastrico, prisdo de ventre, tontura, taquicardia, palpitacoes,
visdo embacada e retencdo urinaria (BALDESSARINI, 2006). Alem disso, pode
ocorrer hipotensdo postural (por bloqueio de receptores alfa-1-adrenérgicos),
sonoléncia (por blogueio de receptores H1 de histamina) e ganho de peso. Hipotensdo
postural € proeminente com imipramina e desipramina, ao passo que sonoléncia e
efeitos anticolinérgicos predominam com o uso de amitriptilina. Os idosos sdo mais
sensiveis aos efeitos anticolinérgicos, podendo surgir delirios, sobretudo quando os
antidepressivos sdo  dados  concomitantemente com  antipsicOticos  ou
antiparkinsonianos com agdo antimuscarinica. Ocasionalmente pode ocorrer mania,
arritmias, distarbios sexuais e efeitos extrapiramidais. Efeitos adversos mais raros sao
hepatotoxicidade, aplasia medular, convulsbes, fotossensibilidade, efeitos
cardiovasculares e neuropatia periférica ( WANNMACHER, 2004).
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Os inibidores da recaptacdo de serotonina ttm menor prevaléncia de efeitos
adversos, mas ndo sao livres desses. Montejo-Gongalez (1997) avaliou a incidéncia de
disfuncdo sexual em pacientes que faziam uso de fluoxetina, paroxetina e sertralina.
Paroxetina provocou maior retardo no orgasmo e na ejaculacdo e maior grau de
impoténcia do que nos demais ISRS. Os ISRS podem causar disfuncdo sexual, um dos
principais motivos de suspensdo da terapia. A trazodona pode causar priapismo em
homens, presumidamente devido a acdes antiadrenérgicas, podendo levar a impoténcia
permanente  (WANNMACHER, 2004). Além disso, os ISRS apresentam alta
incidéncia de ndusea, vomitos e cefaléia.

Ja os antidepressivos do tipo IMAO podem causar hipotensdo postural, tonturas,
hiperperexia, agitacdo e insdnia. Podem surgir também infec¢bes urindrias, tremores,
caimbras, parestesia, distrbios sexuais, xerostemia, nauseas, constipacdo, anorexia,
ganho de peso e edema. Mais raros sdo hepatite, zumbidos, mania, erup¢do cutanea,
espasmos musculares e reacdo lupica. As interacbes nocivas com outros farmacos
(aminas  simpatomimeéticas, antidepressivos triciclicos, meperidina, I-dopa,
descongestionantes e outros) e com alimentos e bebidas ricas em tiramina (cerveja,
vinho tinto, queijos, banana), que levam a crise hipertensiva, sdo também limitantes do
uso desta classe.

A eficécia clinica dos antidepressivos foi estabelecida em muitos testes clinicos
bem controlados (CLAGHORN et al., 1992; FABRE et al., 1996; LEPINE et al.,
2004; VIS et al.,, 2005). Apesar disso, apenas um terco dos pacientes responde
favoravelmente ao tratamento (COSTA e SILVA, 2005). Mesmo com os pesados
investimentos da inddstria na busca de novos antidepressivos, testes controlados
mostram gue ha pouco a escolher em termos de eficacia global entre qualquer um dos
farmacos atualmente em uso, mas a experiéncia clinica sugere que os pacientes podem
responder melhor a um farmaco do que a outro (PAPAKOSTAS e FAVA, 2007
PAPAKOSTAS et al., 2007). Portanto, justifica-se a continuidade das pesquisas por
uma melhor compreensdo das bases biologicas da depresséo e dos mecanismos de acéo
antidepressiva, bem como a procura por novas alternativas para o tratamento dos
disturbios depressivos, com melhora na eficacia e diminuicdo dos efeitos adversos e

toxicos de drogas antidepressivas.
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1.3. Adaptogenos

O termo adaptogeno foi inicialmente proposto na Russia por Lazarev (1947)
para definir substancias que tenham a capacidade de aumentar um estado de resisténcia
inespecifica do organismo frente a agentes estressores diversos; adaptdgenos
promoveriam um estado de adaptacdo as situacdes excepcionais (BREKHMAN e
DARDYMOV, 1969). De acordo com esses autores, uma substancia ou planta
adaptogena deve obedecer aos seguintes requisitos: (1) mostrar uma atividade nao-
especifica, isto é, aumentar o poder de resisténcia do organismo em relacdo a agentes
nocivos de natureza fisica, quimica e bioldgica; (2) ter uma influéncia normalizadora,
ou seja, contrabalancar ou prevenir os disturbios causados por estressores; (3) ser
indcua e também ndo influenciar o funcionamento normal do organismo mais que 0
necessario.

Uma melhora nas condi¢cBes de salde seria consequéncia do uso de um
adaptdgeno, que pode se manifestar, de uma maneira geral, através de melhora nos
desempenhos sexual e fisico, na qualidade do sono, e nas funcBes cognitivas
(BREKHMAN e DARDYMOQV, 1969; BARANOQOV, 1982; CARLINI, 1989). O FDA
(1998) define adaptdgenos como “uma nova classe de reguladores metabdlicos, de
origem natural, que tém demonstrado o aumento da habilidade de um organismo em se
adaptar a fatores ambientais e evitar danos por tais fatores”.

Atividade adaptdgena foi demonstrada com varias plantas tais como o Panax
ginseng C.A.Mey. (WAGNER et al., 1994). Conhecida h& pelo menos 4000 anos na
China, tradicionalmente indicada nos distarbios psiquiatricos e neuroldgicos
associados a terceira idade, P. ginseng também €é conhecida por melhorar a atividade
psicomotora em individuos saudaveis (ZHONG et al., 2000). Varios estudos
demonstram o efeito anti-estresse (temperatura varidvel, imobilizacdo) e antifadiga
(esteira rolante, roda giratéria), bem como uma melhora do aprendizado em ratos
tratados com o extrato ou compostos isolados de P. ginseng (NOCERINO et al.,
2000). Evidéncias sugerem que o ginseng pode promover a estimulagdo bem como a
inibicdo da atividade cortical, podendo agir como modulador da neurotransmissdo

cerebral (KIM et al., 1999). P. ginseng aumentou a atividade colinérgica em modelos
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animais e demonstrou ser neuroprotetora in vitro (PERRY et al., 1999). Além de P.
ginseng, Bryonia alba L. (PANOSSIAN et al., 1997), Bacopa monniera Wettst. (RAI
et al, 2003), Withania somnifera L. (Dunal) (BHATTACHARYA e
MURUGANANDAM, 2003), Trichopus zeylanicus Gaertn. (SINGH et al., 2001,
2005), Rhodiola rosea L. (PANOSSIAN e WAGNER, 2005), entre outras, tém sido
estudadas como adaptogenas.

MENDES e CARLINI (2007) constataram que muitas espécie nativas
brasileiras sdo utilizadas pela popula¢do de modo semelhante aos adaptogenos, apesar
de na maior parte das vezes serem denominadas de tonicos, afrodisiacos, fortificantes,
“arrebites”, ativadores de memdria, entre outros termos. Algumas destas espécies ja
foram avaliadas em parametros relacionados a atividade adaptdgena (como, por
exemplo, atividade anti-estresse, nootrdpica e/ou melhora no desempenho fisico e
sexual), incluindo: Ptychopetalum olacoides Benthan (Olacaceae), Heteropterys
aphrodisiaca Machado (Malpighiaceae), Paullinia cupana Kunth (Sapindaceae),
Turnera diffusa Willd. ex Schult. (Turneraceae), Pfaffia glomerata Pedersen
(Amaranthaceae), Pfaffia paniculata Kuntze (Amaranthaceae) e Trichilia catigua A.
Juss (Meliaceae).

Apesar de ndo estarem claros 0os mecanismos pelos quais os adaptégenos atuam,
acredita-se que podem agir modulando mediadores de resposta ao estresse, como
catecolaminas, corticosteroides e oxido nitrico, entre outros (PANOSSIAN et al.,
1999; REGE et al., 1999). Podem ainda apresentar, de maneira complementar ou
sinérgica,  atividades  antioxidante,  imunomodulatéria,  hipoglicémica e
hipocolesterolémica, entre outras (DAVYDOV e KRIKORIAN, 2000). Estudos
indicam que a administragdo aguda de P. ginseng e Eleutherococcus senticosus
Maxim. (Araliaceae) ativa a sintese de ACTH e corticosterdides e o tratamento sub-
cronico leva a normalizacdo dos niveis desse horménio (DADAYAN e PANOSSIAN,
1987; PANOSSIAN et al.,1987). Esse aumento da secrecdo de corticosterdide com
subsequente estabilizacdo parece ser um dos mecanismos pelos qual um adaptégeno
aumenta a capacidade de um organismo para lidar com o estresse (PANOSSIAN et al.,
1999), de alguma forma modulando a responsividade do eixo hipotalamo-pituitaria-

adrenal. Outro marcador envolvido na resposta de estresse e modulado pelos
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adaptégenos € o oxido nitrico (NO), que esta envolvido também na resposta
imunoldgica (GILLS, 1997; PANOSSIAN et al., 1999a). PANOSSIAN e col. (1999b)
demonstraram que o NO pode ser um marcador para avaliar o efeito protetor de um

adaptégeno contra o estresse.

1.4. Ptychopetalum olacoides: etnofarmacologia e perfil psicofarmacologico

Ptychopetalum olacoides Benthan (Olacaceae) (PO) (Figura 1) € uma planta
tradicionalmente utilizada pelos caboclos da Amaz6nia como “ténico dos nervos”, um
tratamento para uma sindrome chamada de “fraqueza dos nervos”, relacionada tanto a
sintomas de depressdo como de ansiedade e agitacdo psicomotora (ELISABETSKY et
al., 1992). A sindrome descrita “fraqueza dos nervos” inclui varios sintomas,
enfatizando-se: fraqueza ou preguica, falta de vontade/interesse, impoténcia sexual e
tremores (ELISABETSKY et al., 1992). Os “ténicos dos nervos ou nervinos” sdo
utilizados principalmente por idosos ou convalescentes de doencas em geral e,
especificamente, daquelas que afetam o SNC (como “derrames”, dificuldades de
concentracdo, melhora do estado geral de atencdo); sdo tambem indicados durante
periodos de grande estresse fisico ou mental para usuarios de qualquer idade
(SIQUEIRA et al., 1998).

Figura 1. Ptychopetalum olacoides Bentham (Olacaceae). A = habito e inflorescéncia;

B e C = detalhes das flores; D = ramo com frutos. Fonte: SLEUMER, p.134 (1984).
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A compreensdo da sindrome e de seus sintomas associados permite entender
por que muitas das espécies usadas pelos caboclos para tratar “fraqueza dos nervos”
acabam sendo mais conhecidas como afrodisiacos do que pelas outras propriedades
alegadas; na verdade, algumas das espécies usadas como afrodisiacos sdo também
indicadas para promover o apetite, como estimulantes dos nervos ou estimulantes
gerais (nesse caso transformados pelo mercado fitoterdpico e de suplementos
alimentares em “arrebites” ou “rebites”). Espécies pertencentes a diversas familias sdo
usadas como fonte de “tonico dos nervos”, destacando-se Apocynaceae,
Convolvulaceae, Euphorbiaceae, Loganaceae, Malphiguiaceae e Rubiaceae, familias
com freqliente presenca de alcaldides e produtoras de compostos com reconhecidas
atividades centrais. Embora PO seja uma das plantas mais usada pelos caboclos
amazonicos como "ténico dos nervos” (ELISABETSKY et al., 1992), é mais
conhecida como afrodisiaco (YOUNGKEN, 1921; STEINMETZ, 1962; FONSECA,
1981; SANGIRARDI, 1981; CABRAL e AGRA, 1996). Tradicionalmente, sdo as
raizes que sdo preparadas em infusdo alcodlica (em cachaca ou em vinho), mas €
encontrada no mercado de fitoterapicos também em vérias outras formulacdes
comerciais (pd seco, liofilizado, tinturas, misturas de extratos, composi¢des
polivitaminicas).

O uso de PO ¢é amplamente relatado também em outros lugares da Amazonia,
inclusive a ndo-brasileira (SIQUEIRA et al., 1998), e é encontrada em fitoterapicos no
Brasil, Europa e Estados Unidos da Ameérica, sendo comercializada inclusive via
internet. Freqlientemente sdo encontradas formulagfes de marapuama em associagéo
com outras plantas (tais como catuaba, ginseng, guarana) ou em complexos
vitaminicos (Muira Puama-Herb-Pharm®). As alegadas propriedades terapéuticas
desses fitoterapicos incluem melhora do desempenho fisico e mental, além de
estimulante sexual.

A descricdo da sindrome caracterizada como “fraqueza dos nervos” inclui
sintomas comuns a depressdo, ja que se pode interpretar parte dos sintomas descritos
como anedonia. O extrato etandlico de PO (EEPO) foi ativo (50-200 mg/kg) em testes
com valor preditivo para antidepressivos, como protecdo da letalidade induzida por

ioimbina e reversdo de ptose induzida por reserpina (SIQUEIRA et al.,, 1998),
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sugerindo uma possivel acdo no sistema noradrenérgico e/ou dopaminérgico. Seu
perfil farmacoldgico inclui ainda atividade antioxidante in vitro e in vivo (SIQUEIRA
et al., 2002; 2007), neuroprotetora (SIQUEIRA et al., 2004), acdo anticolinesterasica
in vitro e in vivo (SIQUEIRA et al., 2003) em varias regiGes do sistema nervoso
central e acdo pro-mnéstica tanto em camundongos adultos (da SILVA et al., 2004;
2007; 2008) como em animais de 14 meses com déficit de memoria (da SILVA et al.,
2004) e reversdo de amnésias induzidas por escopolamina e MK801 (da Silva et al.,
2009).

Considerando o extenso uso de P. olacoides, € surpreendente a parcimonia de
dados fitoquimicos em relagdo a essa espécie. Embora a literatura (Perkolt, 1901;
Duke, 1992) mencione presenca de alcaldides nas raizes de PO, essa informacédo
parece vir de um resultado falso-positivo dos testes usados na época, ja que alcaldides
ndo podem ser obtidos com processos mais modernos e especificos de extracdo. Em
realidade, relatos da presenca de alcaloides nessa espécie podem ser apenas o resultado
de uma leitura errada dos dados originalmente relatados, j& que Perkolt (1901) nunca
afirmou que os cristais obtidos fossem alcaldides. Ainda que estes cristais tenham sido
mais tarde caracterizados como longas cadeias de ésteres de beta-sitosterol e lupeol,
foram na época chamados de “muyrapuaimin”, talvez pela interpretacdo equivocada da
descricdo do método de isolamento usado por Perkolt. Infelizmente, como € comum
nesta area do saber, 0s mesmos dados sdo repetidos em diversas publica¢cfes, dando a
falsa aparéncia de dado confiavel. Em trabalho apresentado no XVII Simpdsio de
Plantas Medicinais do Brasil (Cuiabd-MT), Montrucchio e col. (2002) isolaram e
identificaram onze substancias em PO, sendo elas: acido palmitico, &cido estearico,
estigmasterol, B-sitosterol, a-amirina, glutinol, lupeol, B-sitosterol glicosilado, cafeina,
adenina e teobromina. Apenas o0s trés Ultimos compostos (xantinas) ndo haviam sido
reportados na espécie. Em estudo recente realizado por Tang e col. (2009), novos
compostos foram identificados em um extrato metandlico de cascas de P. olacoides.
Entre eles, quatro diterpenos (6a,7a-dihydroxyannonena, 7a,20-dihidroxiannonene, 7a-
hidroxisolidagolactona | e pticho-6a,7a-diol) foram identificados, e os dois primeiros
apresentaram propriedades neurotroficas. Cabe notar que estes compostos foram

isolados da casca em quantidade diminuta, indicando ser pouco provavel que possam
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ser os responsaveis pela atividade relatada em humanos. E importante ressaltar que a

identificacdo da espécie ndo foi feita por especialista e ndo ha exsicata depositada.

Os resultados com EEPO foram suficientemente robustos para que a UFRGS
depositasse no INPI, em 2002 e 2003, requisicdo de patente para usos especificos de
extratos de espécies do género Ptychopetalum em doencas cronico-neurodegenerativas
(P10205432-9/RP004142-RS). Os estudos parciais publicados antes do depdsito da
patente ja haviam chamado atencéo, com duas patentes sobre a espécie depositadas por
japoneses, uma por britanicos e uma nos EUA. No entanto, nenhuma das patentes
anteriores a depositada pelo nosso grupo de pesquisa da UFRGS descreve quaisquer
dados bioldgicos ou identifica principios ativos dos extratos mencionados. Embora
ainda ndo tenha sido possivel esclarecer em definitivo a(s) classe(s) de composto(s)
responsavel (eis) pelas a¢cdes detectadas com EEPO, foi identificado um marcador para
caracterizar a espécie de forma inequivoca (j& que hd muita adulteragdo no mercado) e
a presenca de varios compostos de uma mesma classe com atividade
anticolinesterasica cujos detalhes encontram-se ainda em sigilo associado as patentes

acima.

Uma melhor caracterizagdo da atividade antidepressiva e a identificagdo da
atividade adaptogena deste extrato, objetivos desta tese, ndo apenas complementam o0s
estudos anteriores, mas podem alimentar a patente depositada e/ou levar ao deposito

de novas patentes.






2. OBJETIVOS
2.1. Objetivos Gerais

Considerando os usos populares de Marapuama e os dados preliminares obtidos
em modelos animais, esse estudo teve como objetivos gerais:

A) investigar a atividade antidepressiva de um extrato etanolico padronizado de
Ptychopetalum olacoides (EEPO) em diversos modelos animais;

B) esclarecer a participacdo dos sistemas noradrenérgico, dopaminérgico e
serotonérgico no mecanismo de acao antidepressiva de EEPO;

C) verificar se EEPO apresenta efeitos anti-estresse (adaptogeno);

D) verificar se EEPO apresenta efeitos anti-fadiga;

E) verificar se EEPO tem efeitos sobre o gasto energético e o dano muscular

induzido por exercicio

2.2. Objetivos Especificos

2.2.1. Atividade Antidepressiva

a) Avaliar a atividade de EEPO nos modelos de nado forcado (FST) e
suspenséo pela cauda (TST);

b) Avaliar o efeito da inibigdo da sintese de serotonina no efeito de EEPO nos
modelos de nado forgado e suspenséo pela cauda;

c) Awvaliar o efeito da inibigdo de noradrenalina/dopamina no efeito de EEPO
nos modelos de nado forgado e suspenséo pela cauda;

d) Verificar o efeito de antagonistas noradrenérgicos, dopaminérgicos e
serotonérgicos sobre a atividade tipo antidepressiva de EEPO nos modelos

de nado forgado e suspenséo pela cauda;
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e) Verificar o efeito de EEPO no modelo do estresse cronico imprevisivel
(unpredicatable chronic mild stress, UCMYS);

f) Verificar o efeito de EEPO nos niveis de corticosterona de camundongos
submetidos ao UCMS.

2.2.2. Atividade adaptogena:

a) Avaliar o comportamento de camundongos submetidos ao UCMS e tratados
com EEPO no modelo de claro-escuro;

b) Avaliar a glicemia de camundongos submetidos ao UCMS e tratados com
EEPO,;

c) Verificar o efeito de EEPO quanto a resisténcia de camundongos a hipoxia;

d) Awvaliar a atividade de EEPO quanto a resisténcia ao nado;

e) Analisar o efeito de EEPO nos niveis de glicogénio (muscular e hepatico),
glicose, lactato e &cidos graxos livres apos exercicio de nado;

f) Analisar o efeito de EEPO nos niveis de creatina cinase (CK) e lactato

desidrogenase (LDH) ap6s exercicio (nado).
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Antidepressant Profile of Prychopetalum
olacoides Bentham (Marapuama) in Mice

Angelo L. Piato'?, Lucas P. Rizon?, Birbara S. Martins’, Domingos S. Nunes® and Elaine
Elisabetsky'>*

'Programa de Pés-Graduagio em Ciéncias Farmacéuticas, Faculdade de Farmdcia, Universidade Federal do Rio Grande do Sul,
Porto Alegre, RS, 90610-000, Brazil
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Alegre, RS, 90050-170, Brazil

*Departamento de Quimica, Universidade Estadual de Ponta Grossa, Ponta Grossa, PR, 84030-310, Brazil

Depression has become of universal major importance, and it is therefore vital to expand the armamentarium
for treating the condition. Lack of metivation and lassitude are major symptoms treated with the use of
Marapuama (Ptychopetalum olacoides, PO) remedies by communities in the Brazilian Amazon. Considering
the promi of such symp in depression, the present study was designed to verify the effects of a
standardized PO ethanol extract (POEE) on the forced swimming (FST) and tail suspension tests (TST).
POEE ip. (15-100 mg/kg) and oral (300 mg/kg) resulted in a significant and dose-related dl]tl-lmm()hlllty
effect. We further examined the involvement of d ine, noradrenaline and serotonin in these antid

like effects. POEE effects were prevented when tatechul‘lmme synthesis was inhibited by -a-methyl-p- tyrosme
(AMPT) (100 mg/kg, i.p.), while inhibition of serotonin synthesis with p-chlorophenylalanine methyl ester
hydrochloride (PCPA) (100 mg/kg, i.p.) was devoid of effect. The blockade of S-adrenergic (propranolol 2 mg/
kg, i.p.) and D, dopamine (SCH 23390 0.5 mg/kg, i.p.) receptors prevented POEE anti-immobility effects;
by contrast, blockade of D, dopamine (sulpiride 2 and 50 mg/kg, i.p.) receptors was ineffective. Consistent
with traditional use, the results indicate that POEE possesses antidepressant-like effects, possibly mediated by

B-adrenergic and D, dopamine receptors. Copyright © 2008 John Wiley & Sons, Ltd.

Keywords: Ptychopetalum olucoides; Marapuama; Muirapuama; antidepressant; catecholamine; serotonin.

INTRODUCTION

It is recognized that depression is associated with con-
siderable morbidity and mortality, unfortunately with
a consistently high prevalence worldwide. The lifetime
prevalence of depression has been estimated to be as
high as 21% of the general population in some devel-
oped countries (Wong and Licinio, 2001). Despite the
introduction of various classes of antidepressants, in-
cluding tricyclics (TCA), selective reversible inhibitors
of monoamine oxidase, selective serotonin reuptake
inhibitors (SSRI) and specific serotonin-noradrenaline
reuptake inhibitors, the treatment of depression is not
entirely satisfactory. All clinically used antidepressants
have a slow onset of action, present significant unde-
sirable side effects, and lack the desired efficacy in a
significant proportion of patients (Healy, 2006). The
excellent patient acceptance (Bilia ez al., 2002) of Saint
John’s Wort (Hypericum perforatum L., Hypericaceae)
has drawn attention to plant extracts as potential sources
of highly desirable new and innovative antidepressant
agents.

Although traditional concepts of health are not always
easily translated into biomedical nosological categories,
several traditionally used plant species have shown anti-

* Corrcspondence to: Elaine Elisabetsky, Laboratério de Etnofarm-
acologia, ICBS, UFRGS, Av. Sarmento Leite 500/202, 90050-170, Porto
Alegre, RS, Brazil.

E-mail: elaine.elisabetsky@gmail.com

Copyright © 2008 John Wiley & Sons, Ltd.

depressant activity in animal models, including Bacopa
monniera Wettst (Sairam et al., 2002), and Clitoria ternatea
L. (Jain et al., 2003). Ptychopetalum olacoides Bentham
(PO) (Olacaceae), known as Marapuama or Muirapuama,
is used by Amazonian peoples for treating ‘nervous
weakness’, a syndrome that includes lassitude, a gen-
eral lack of desire or motivation (‘a man loses interest
even for soccer and women’), tremors and sexual
impotence as prominent symptoms (Elisabetsky and
Siqueira, 1998). The species is also indicated to facili-
tate recovery from stroke, and for coping with highly
stressful (physically and/or psychologically) circum-
stances (Elisabetsky and Siqueira, 1998). Coherent with
such traditional claims, relevant neuroprotective and
memory facilitating effects were identified with a spe-
cific PO root ethanol extract (POEE) (Siqueira et al.,
2004; da Silva et al., 2007).

Despite major limitations (Willner, 1990), animal
models have been useful not only in detecting anti-
depressant properties of new drugs, but also in identi-
fying the neurotransmitter systems that underlie their
mechanisms of action. We have previously established
that POEE potentiates yohimbine-induced lethality, and
reverses reserpine-induced ptosis (Siqueira et al., 1998),
indicating potentiation of catecholaminergic activity.
The aim of the present study was to verify the effects
of POEE in the forced swimming (FST) and tail suspen-
sion tests (TST), two widely used screening tests for anti-
depressants. In addition, the involvement of dopamine,
noradrenaline, and serotonin receptors in POEE effects
was investigated.
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METHODS

Animals. Experiments were performed with two-month-old
male (CF1, 40-50 g) mice, obtained from the Fundagio
Estadual de Producdo e Pesquisa em Satde (FEPPS).
Mice were housed eight per cage (40 x 33 x 16 cm) and
maintained in our own animal facility, under controlled
environmental conditions (22 + 1°C, 12-hr light/dark
cycle, free access to food [Nuvilab CR1] and water) for
at least two weeks before experiments. All procedures
were carried out in accordance with institutional
policies on the handling of experimental animals
(approved by the ethics committee, process 2006543)
which follow the NIH guidelines (NIH Guide for Care
and Use of Laboratory Animals, NIH publication
No. 85-23, 1985).

Extract. Roots of Ptychopetalum olacoides Bentham
(Olacaceae) were collected in Pard (Brazil) and identi-
fied by Nelson Rosa (MPEG 108.036, Goeldi Museum).
Collections were carried out according to national guide-
lines associated with the United Nations Convention
on Biodiversity. P. olacoides ethanol extract (POEE)
was prepared as detailed elsewhere (Elisabetsky and
Siqueira, 1998): briefly, dried ground roots (2.5 kg) were
extracted with ethanol (12 L) in Soxhlet (40 h), and this
was evaporated under reduced pressure (6% yield).
Analytical HPLC was carried out on an HP 1100 system
equipped with a photodiode array detector (Agilent
Technologies, Santa Clora, CA, United States) and
HPLC fingerprinting was performed as detailed else-
where (Siqueira et al., 2007).

Drugs. Imipramine HCl, DL-propranolol HCI, R (+)-
SCH 23390 HC, ()-Sulpiride, D,L-o~methyl-p-tyrosine
(AMPT), p-chlorophenylalanine methyl ester hydrochlo-
ride (PCPA) were acquired from Sigma (St Louis, MO,
USA). All drugs were dissolved in saline (NaCl 0.9%),
with the exception of POEE dissolved in DMSO 20%.
Drugs and vehicles were injected intraperitoneally (i.p.) or
orally (p.o.) in a constant volume of 0.1 ml/10 g body weight.

Locomotion. Locomotion was measured in activity
cages (45 x 25 x 20 cm, Albarsch Electronic Equip-
ment, Brazil, Porto Alagre, RS), equipped with three
parallel photocells, automatically recording the number
of crossings. Groups (n = 10) of mice were treated with
saline (i.p. or p.o.), DMSO 20% (i.p. or p.o.) or POEE
(10, 15, 25, 50 and 100 mg/kg i.p., or 100 and 300 mg/kg
p.0.). Mice were individually placed in the activity cages
30 (i.p.) or 90 (p.o.) min after treatments, and locomo-
tion was recorded for 6 min. The effects of antagonists
in locomotion were likewise evaluated, with the drug
schedules as indicated.

Tail Suspension Test (TST). The TST was used as
described by Steru et al. (1985): mice were suspended
50 cm above the bench by means of a piece of adhesive
tape placed approximately 1 cm from the tip of the tail.
Mice were observed for 6 min, and the immobility time
was recorded on a stopwatch; mice were considered to
be immobile when hanging passively and motionless.
Mice were submitted to the TST 30 or 90 min (for i.p.
and p.o. treated groups, respectively) after treatments.
Groups (n = 10-12) of mice were treated as described

Copyright © 2008 John Wiley & Sons, Ltd.

in locomotion protocol, with an additional group treated
with imipramine (20 mg/kg, i.p.).

Forced Swimming Test (FST). The FST followed Sunal
et al. (1994). Briefly, mice were gently dropped in-
dividually into plastic cylinders (height: 30 cm, diam-
eter: 24 cm) containing 18 cm of water (25 £ 1 °C), and
observed for 6 min. The duration of immobility was
recorded on a stopwatch during the last 4 min, after
which mice were immediately removed from the appara-
tus and towel dried. A mouse was judged to be immo-
bile when it floated in an upright position, making only
small movements to keep its head above the water.
Groups (n = 9-12) of mice were treated as described in
locomotion protocol (except POEE 10 and 15 mg/kg),
and with an additional group treated with imipramine
(15 mg/kg, i.p.). Mice were submitted to the FST 30 or
90 min (for i.p. and p.o. treated groups, respectively)
after treatments.

Inhibition of monoamine synthesis. AMPT was used to
inhibit the synthesis of dopamine and noradrenaline,
while PCPA inhibited that of serotonin. Doses of the
inhibitors were selected from literature (Rojas-Corrales
et al., 1998; Rodrigues et al., 2002) and tested by pilot
experiments; selected doses do not modify immobility
time in the models here used. Groups of mice received
saline or AMPT (100 mg/kg, i.p.) 24 and 2 h before saline,
imipramine (20 mg/kg, i.p.) or POEE (25 mg/kg, i.p.);
30 min later mice were subjected to the TST. Additional
groups were treated with saline or PCPA (100 mg/kg,
1.p.), once a day for 4 consecutive days; 15 min after the
last PCPA treatment groups received saline, fluoxetine
(32 mg/kg, i.p.) or POEE (25 mg/kg, i.p.) and 30 min
later were subjected to the TST.

Effects of antagonists on POEE actions in the FST and
TST. Appropriate doses for antagonists were selected
from literature (Renard et al., 2001; Rodrigues et al.,
2002; Zomkowski ez al., 2004) as well as pilot experiments,
and were used doses that do not modify immobility.
Groups of mice received saline or antagonists (propranolol
2 mg/kg, SCH 23390 0.5 mg/kg, or sulpiride 2 and 50 mg/
kg) 15 min before vehicle (DMSO 20%, i.p.), imipramine
(15 or 20 mg/kg, i.p.) or POEE (25 mg/kg, i.p.), and
were submitted 30 min later to the FST or TST.

Statistical analysis. Results (cumulative counts for locomo-
tion or time in seconds for immobility) are expressed
as mean * SEM. Comparisons between groups were
made by ANOVA followed by Student-Newman-Keuls
(SNK), using SPSS 10.0. Other results were analyzed
by two-way ANOVA followed by Tukey’s test. A value
of p < 0.05 was considered significant.

RESULTS

Locomotion of groups treated with POEE i.p. or orally
did not differ from controls (F(8,87) = 1.2, data not
shown). There was no significant effect of antagonists
or synthesis inhibitors in locomotion (F(7.41) = 0.67,
Table 1). As can be seen in Table 2, i.p. and p.o. POEE
significantly reduced immobility in the TST (i.p.
F(7,114) = 37.9; p.o.: F(4,52) = 48.9, p < 0.05) and FST

Phytother. Res. 23, 519-524 (2009)
DOI: 10.1002/ptr
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Table 1. The effects of saline and antagonists on | ti A S50
Locomotion 2056 i -

Treatment Dose (mg/kg) (means + S.E.M) s ! .

. Z150 "
Saline 139.6 £ 7.6 = i *
DMSO 20% 1355 + 4.8 g 60 4 =
AMPT 100 131.2 £ 131 E i
PCPA 100 120.8 £+ 95 58 -
SCH 23390 0.5 137.0 £ 6.4
Sulpiride 2 126.4 £ 10.8 a8 . ! : :

50 129.0 £ 5.2 & & & & @ % &
Propranolol 2 120.4 + 11.7 & & ,g‘“ n.(&\ %@*& 9‘& ,‘}D
¢ &P & ¢
&

(ip. F(5.67) = 316; p.o: F(4,52) = 257, p < 005). B 4

Imipramine was more active than POEE in both tests.

Figure 1A shows the influence of AMPT on the effects
of imipramine and POEE in the TST. A two-way ANOVA
revealed a main effect of pretreatment (F(1,65) =151.6,
p < 0.01), treatment (F(3,65) = 59.0, p < 0.01), and of
pretreatment x treatment interaction (F(2,65) = 40.2,
p < 0.01). Post hoc analyses indicated that pretreat-
ment with AMPT prevented the effects of POEE and
imipramine in the TST. Figure 1B shows the influence
of PCPA on the effects of fluoxetine and POEE in the
TST. A two-way ANOVA likewise revealed a main
effect of pretreatment (F(1,70) = 23.5, p < 0.01), treat-
ment (F(3,70) = 51.4, p < 0.01), and of pretreatment
X treatment interaction (F(2,70) = 35.2, p < 0.01). Post
hoc analyses indicated that the pretreatment with PCPA
prevented the effect of fluoxetine, but not that of POEE,
in the TST.

Figure 2A shows the influence of SCH23390 on the
effects of imipramine and POEE in the FST. A two-
way ANOVA revealed a main effect of pretreatment
(F(1,54) = 44.9, p < 0.01), treatment (F(2,54) = 40.5,
p < 0.01), and of pretreatment X treatment interaction
(F(2,54) = 16.5, p < 0.01). Post hoc analyses indicated
that the pretreatment with SCH23390 prevented the
effects of POEE and imipramine in the FST. Figure 2B
shows the influence of sulpiride on the effects of imipramine
and POEE. A two-way ANOVA also revealed a main
effect of pretreatment (F(2,127) = 32.4, p < 0.01), treat-
ment (F(3,127) = 68.5, p < 0.01), and of pretreatment
X treatment interaction (F(4,127) =28.7, p < 0.01). Post
hoc analyses indicated that the pretreatment with
sulpiride blocked the effect of imipramine, but not that

Imiobility {3)
s m
- 2 8 & B

Figure 1. Effects of AMPT (1A) and PCPA (1B) on POEE actions
in the TST. Saline (saL), AMPT 100 mg/kg, PCPA 100 mg/kg, POEE
25 mg/kg, imipramine (im) 20 mg/kg, fluoxetine (FLu} 32 mg/kg.
Each column represents the mean £ S.E.M. n =9-11. * p < 0.05
x saline-saline, ANOVA/Tukey.

of POEE, in the FST. Figure 2C shows the influence
of propranolol on imipramine and POEE effects in
the FST. A two-way ANOVA revealed a main effect
of pretreatment (F(1,66) = 78.6, p < 0.01), treatment
(F(3,66) =28.4, p < 0.01), and of pretreatment x treat-
ment interaction (F(2,66) = 16.8, p < 0.01). Post hoc
analyses indicated that the pretreatment with propranolol
blocked the effects of both POEE and imipramine in
the FST.

Figure 3A shows the influence of SCH23390 on the
effects of imipramine and POEE in the TST. A two-
way ANOVA revealed a main effect of pretreatment
(F(1,65) = 55.5, p < 0.01), treatment (F(3,65) = 40.4,
p < 0.01), and of pretreatment X treatment interaction

Table 2. Effects of imipramine and POEE in tail suspension and forced swimming tests (immobility time, sec)

Tail Suspension Test

Forced Swimming Test

Treatment Dose (mg/kg) i.p. p.o. i.p. p.o.
Saline 228.0 + 4.6 230975 164.5 £ 3.6 156.6 £ 4.6
DMSO 221.0+ 4.2 2345+ 71 1735 £ 4.6 164.8 £ 4.7
Imipramine 15 64.6 + 4.0%" 2

20 112.0 * 6.4** 1
POEE 10 2215+7.0

15 191.0 £ 13.3*

25 139.0 + 8.7%' 91.1 + 10.4%"

50 156.5 + 8.7% 122.2 + 13.8%

100 178.0 £ 13.2* 2326 £ 6.1 136.2 + 10.6* 156.6 £ 9.3

300 200.2 + 7.5* 125.8 £ 9.3%

* p < 0.05 x controls (saline and DMSO); ¥ p < 0.05 x POEE; ' p < 0.05 x all other POEE doses, ANOVA/SNK. ' Imipramine, i.p.: 120.1

+ 5.8%% 2Imipramine, i.p.: 75.0 + 4.6%%, ANOVA/SNK.

Copyright © 2008 John Wiley & Sons, Ltd.

Phytother. Res. 23, 519-524 (2009)
DOLI: 10.1002/ptr

27



28

522 A. L. PIATO ET AL.
A
& S 40
ss5 o
E .
: & 150 s
0% i B; L
£ oo
= s B
h EX
s . @ - 0
e > g w
o & & o & & & & e
L F & @ 5 ¢ o & F
R o {,‘(Q ‘; é‘?“ﬁ“
B
200 ; . B o ;
5 15 e " 200 i =
£ - @ . B x :
§ 106 - z 150 :
x = s
: «
E s l £ ton
E
. RN E I 50
@ s @ s 2 @ -
PV R S Y f‘?& & ¢ '
i v e-&q & & & »,Qw q;;* & & el o & o & &
“ & o Qh\(‘ “&Q e & & 5 & K gﬁ g
® & & & &F ’
= &
c
209

Tnohiity {5}

&
M
oF

&

Y ﬁ)? o
& &

& F
& &
A &

2 hS
2 & e
&

b <

Figure 2. Effects of SCH 23390 (scH, 0.5 mg/kg, 2A) sulpiride
{suLp, 2 and 50 mg/kg, 2B) and propranolol {prop, 2 mg/kg, 2C)
on the actions of POEE (25 mg/kg) and imipramine (imi, 15 mg/
kg) in the FST. Each column represents the mean + S.E.M.
n =9-11. * p < 0.05 x saline-saline, ANOVA/Tukey.

(F(2,65) = 9.5, p < 0.01). Post hoc analyses indicated
that the pretreatment with SCH23390 blocked the
effects of POEE and imipramine in the TST. Figure 3B
shows the influence of propranolol on the effects of
imipramine and POEE in the TST. A two-way ANOVA
revealed a main effect of pretreatment (F(1,66) = 47.2,
p < 0.01), treatment (F(3,66) = 83.7, p < 0.01), and of
pretreatment x treatment interaction (F(2,66) = 11.4,
p < 0.01). Post hoc analyses indicated that the pretreat-
ment with propranolol attenuated the effect of imipramine
and blocked that of POEE in the TST.

DISCUSSION

Despite eventually leading to false-positive results, the
FST and TST are animal models that have been useful
in predicting clinical efficacy for several categories of
antidepressants (Steru et al., 1985). The characteristic
behavior scored in these tests is immobility (Willner,
1990); however, in analyzing the present findings, changes
in motor activity caused by stimulatory or sedative
effects of POEE or antagonists can be ruled out, since
none of the doses used in this study had significant

Copyright © 2008 John Wiley & Sons, Ltd.

Figure 3. Effects of SCH 23390 (scH, 0.5 mg/kg, 3A) and pro-
pranolol (prop, 2 mg/kg, 3B) on the actions of POEE (25 mg/kg)
and imipramine (im 20 mg/kg) in the TST. Each column represents
the mean £ S.E.M. n =9-11. ¥ p < 0.05 x saline-saline, ANOVA/
Tukey.

effects on locomotion. POEE significantly and dose-
dependently decreased immobility in the two mouse
models, when given i.p. or orally. In the FST the effect
was dose-related (r =—-0.31, p < 0.05, Pearson correla-
tion analysis), while in the TST the effect presented
an inverted U shape with the intermediate dose being
more active. A similar U shaped dose-effect curve was
also observed with Hypericum perforatum L. (Butterweck
et al., 2002) in animal models, as well as with nortrip-
tyline, both in animal models and in the clinic (Reis de
Oliveria et al., 1990). It is likely that isolated active
compound(s) and/or purified formulations would reveal
smaller active dosages and differ in their dose-effect
profile.

In agreement with previously reported data, AMPT
inhibited the effect of imipramine (De Montis et al.,
1993), while PCPA inhibited the effect of fluoxetine
in the TST (Rodrigues et al., 2002). The effect of these
synthesis inhibitors in the TST indicates that POEE
antidepressant-like activity may be mediated by dopamine
and/or noradrenaline, but not by serotonin. Addition-
ally, SCH 23390, propranolol and sulpiride significantly
inhibited the effect of imipramine in the FST (Mancinelli
et al., 1991; D’Aquila et al., 1994). POEE activity was
affected (reversed or attenuated) by SCH 23390 (but
not by sulpiride in doses known to inhibit TCAs and
SSRIs), and by propranolol in both models, indicating
that POEE antidepressant-like activity may be mediated
by dopaminergic D, and fS-noradrenergic receptors.

Despite major attention lately given to the involvement
of serotonin in depression, early studies of depressed
patients pointed to a significant role for noradrenaline
(NA) and dopamine (D’Aquila ez al., 2000). Several stud-
ies have established that most antidepressants, includ-
ing those with minimal direct biochemical effects on
NA, can influence noradrenergic systems (Miller et al.,

Phytother. Res. 23, 519-524 (2009)
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2001). Thus, a decreased 24-hour excretion of NA and
its major metabolites has been observed with lithium,
electroconvulsive therapy, the dopamine reuptake in-
hibitor bupropion, and the serotonin (5-HT) reuptake
inhibitor zimelidine (Golden et al., 1988). Consequently,
it has been suggested that increased noradrenergic func-
tion is an integral component of antidepressant treatments,
or represents one specific way by which an antidepres-
sant effect can be achieved through pharmacological
treatment (Miller et al., 2001). Accordingly, the data
justify the noradrenergic system as a major research
focus in this field (Miller et al., 2001).

B-adrenergic receptors are down regulated in several
brain areas after long-term treatment with most anti-
depressants, and this receptor has been repeatedly
implicated in the pathogenesis of depression and the
actions of antidepressants. The relevance of S-adrenergic
receptors for POEE anti-immobility effects is therefore
significant and a f-adrenergic modulation is consistent
with the increase in yohimbine-induced lethality ob-
served with POEE treatment (Siqueira ez al., 1998).

Relevant for social functioning, the role of noradrenaline
in improving patients’ energy, interest and motivation
is listed as one of the advantages of selective noradrenaline
reuptake inhibitors (Brunello et al., 2002). As mentioned
earlier, lack of energy, motivation and interest are symp-
toms usually taken into account by healers when sug-
gesting treatments with P. olacoides-based remedies.

Dopamine has recently been associated with depres-
sion and antidepressant treatments by several lines of
evidence (Dunlop and Nemeroff, 2007). Because human
depressive syndromes are characterized by anhedonia
and loss of motivation, it makes sense that antidepres-
sants that preferentially facilitate dopamine transmis-
sion in mesolimbic areas (crucially involved in reward
mechanisms and motivation) would be beneficial in the
reversal of depressive states (D’Aquila et al., 2000). A
decrease in the density of dopamine D, receptors (as-
sessed by PET scan) was reported in depressed humans
(Suhara er al, 1992). Consistent with the hypothesis
that an enhanced neurotransmission at the dopamine

D, receptor might result in antidepressant effects, acute
administration of selective dopamine D, agonists has
antidepressant effects similar to that of chronic imipramine
in both the FST and the learned helplessness procedures
(D’Aquila et al., 2000). Moreover, acute treatment with
SCH 23390 (but not with sulpiride) suppresses the effect
of chronic imipramine in these models (Gambarana
et al., 1995), and antagonizes the anti-immobility effects
of bupropion and nomifensine in the FST (Yamada et al.,
2004). Comparable with this study, the acute effects of
several SSRIs (Renard et al., 2001,) and a semi-synthetic
ester of hyperforin (Cervo et al., 2005) in the FST were
reversed by D, and D, antagonists. Conversely, the
dopamine D, agonist SKF 38393 enhances the anti-
immobility effects of selective serotonin re-uptake in-
hibitors, including paroxetine and fluvoxamine (Renard
et al., 2001). The involvement of the D, dopamine
receptor in the effects of POEE in the FST and TST is
consistent with these hypotheses linking dopamine and
depression, as well as with the reported ability of the
extract to reverse reserpine-induced ptosis (Siqueira
et al., 1998).

In conclusion, we here provide further evidence that
a standardized ethanol extract from P. olacoides possesses
antidepressant properties in validated mouse models.
The effects of POEE appear to require the D, dopamine
and the fS-noradrenergic receptors, both shown to be
relevant for antidepressant effects of other antidepres-
sant drugs. Clinical studies and the identification of active
antidepressant components of the extract are necessary
to further assess the therapeutic potential of this species
in the treatment of depression. Nevertheless, its tradi-
tional medical use is a strong indication of bioavailability
and consistent with the experimental profile here reported.
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Ethnopharmacology relevance: Ptychopetalum olacoides Bentham (PO) (Olacaceae), known as Marapuama,
is regarded as a “nerve tonic” in the Amazon. Traditional uses include states of lassitude with noticeable
lack of desire/motivation, and to manage particularly stressful (physical and/or psychological) circum-
stances. Suggestive of antidepressant activity, we have established that a specific PO ethanol extract (POEE)
significantly decreases immobility in the tail suspension and forced swimming tests.

Aim of the study: The aim of this study was to verify the effects of POEE in the unpredictable chronic

gg}//cvl:g;isr;lum olacoides mild stress (UCMS) depression model in mice, given the construct and face values of the UCMS as an
Marapuama experimental model of depression and the traditional use of this species.

Materials and methods: Over 6 weeks BALB/c mice were subjected to the UCMS protocol. The effects of
POEE (50, 100, 300 mg/kg, p.o.) and imipramine (20 mg/kg, i.p.) were evaluated in relation to coat state,
splash-test grooming, and corticosterone levels.

Results: The coat state degradation, decreased grooming and increased serum corticosterone induced by
UCMS were prevented by POEE and imipramine treatments.

Conclusion: In addition to supporting traditional claims and previously reported antidepressant properties

Muirapuama

Antidepressant

Unpredictable chronic mild stress
Corticosterone

for POEE, this study shows that POEE prevents stress-induced HPA hyperactivity.

© 2008 Elsevier [reland Ltd. All rights reserved.

1. Introduction

Stress is involved in the pathogenesis of a variety of dis-
eases, including hypertension, peptic ulcer, immuno-suppression,
reproductive dysfunction and behavioral disorders (Gillespie and
Nemeroff, 2005; Sapolsky et al.,, 2006). Stress is also considered
of paramount importance in the genesis of depression (Barden,
2004), a prevalent condition with significant costs for the indi-
vidual and society (Wong and Licinio, 2001). Accordingly, the
function of the hypothalamic-pituitary—adrenal (HPA) axis has
been found to be altered in depressed patients, with activity lev-
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els returning to normal after antidepressant treatment with drugs
or electroconvulsive therapy (Swiergiel et al., 2008). Hyperactiva-
tion of the HPA axis results in increased levels of corticotrophin
releasing hormone (CRH), adrenocorticotropic hormone (ACTH)
and cortisol in the hypothalamus, pituitary and adrenal cortex,
respectively.

Interestingly, the exposure of rodents to a schedule of unpre-
dictable chronic mild stress (UCMS) induces behavioral changes
that mimic symptoms of human depression, such as decreased
consumption of palatable solution (interpreted as anhedonia) and
degradation of the coat (Willner, 1997; Ducottet et al., 2003). More-
over, as in depressed patients, behavioral changes in rodents are
reversed by antidepressants only after several weeks of treatment
(Willner, 1997). The UCMS has been therefore considered as an
experimental model of depression with good face, construct and
predictive (responsive to chronic treatment with a variety of antide-
pressants) validities (Willner, 1997; Mineur et al., 2006). In terms of
relevance to this study, the UCMS can be seen as the experimental
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model that is most analogous to the precipitation of depression by
chronic, low-grade stress in humans.

Ptychopetalum olacoides Bentham (PO) (Olacaceae), known as
Marapuama, is used by Amazonian peoples to treat a syndrome
known as “nerve weakness” (da Silva et al., 2007). The syndrome
includes lassitude, a general lack of desire or motivation (as often
revealingly described by users: “a man loses interest even for soc-
cer and women”), tremors and sexual impotence as prominent
symptoms; the species is also indicated to facilitate recovery from
stroke, and used in particularly stressful {physical and/or psycho-
logical) circumstances (Siqueira et al., 1998). The plant material
is usually prepared in cachaga (a distilled spirit obtained from
sugar cane) or wine, and drunk daily before meals. Coherently
with traditional claims, antidepressant (Piato et al., submitted),
neuroprotective (Siqueira et al, 2004), antioxidant (Siqueira et
al., 2007), and memory facilitating effects (da Silva et al., 2004,
2007) were identified with a standardized PO ethanol extract
(POEE).

We have established that POEE (intraperitoneally or orally
administered to mice) significantly and dose-dependently
decreases immobility in the tail suspension and forced swim-
ming tests, apparently through effects on D; dopamine and
B-noradrenergic receptors (Piato et al,, submitted). Considering
the value of UCMS as an experimental model of depression, and
the use of this plant species specifically in relation to stressful
periods, the aim of this study was to verify the effects of POEE in
the UCMS in mice.

2. Methods
2.1. Animals

Experiments were performed with 2 months old male BALB/c
mice, obtained from Fundagdo Estadual de Producdo e Pesquisa
em Satide (FEPPS). Mice were maintained in individual cages in
a separate room with inverted 12 h-light/dark cycle (lights on at
20:00 h and off at 08:00 h), under controlled environmental condi-
tions (22 + 1 °C, with free access to food [Nuvilab CR1] and water)
for at least 2 weeks before experiments; this is referred to as the
non-stress period. All procedures were carried out in accordance
with institutional policies on the handling of experimental ani-
mals (ethics committee approval # 2006543), which follow NIH
guidelines (NIH Guide for Care and Use of Laboratory Animals, NIH
publication no. 85-23, 1985).

2.2. Extract

Roots of Ptychopetalum olacoides Bentham {Olacaceae) were col-
lected near Capim River (Pard, Brazil), identified by Nelson Rosa
(the voucher MPEG 108.036 is deposited at the Goeldi Museum
herbarium) according to national guidelines associated with the
United Nations Convention on Biodiversity. Ptychopetalum ola-
coides ethanol extract (POEE) was obtained as follows: dried
ground roots (2.5kg) were extracted with ethanol (121) in
Soxhlet (40h), and evaporated under reduced pressure (6%
yield). POEE contains saponin, phenolic and terpenic compounds;
HPLC fingerprinting was carried out on an HP 1100 system
equipped with a photodiode array detector (Siqueira et al., 2003,
2007).

2.3. Drugs

Imipramine HCI was acquired from Sigma (USA) and dissolved
in saline (NaCl 0.9%). POEE was dissolved in DMSO 20%.

2.4. Experimental groups and drug administration

At the end of 2 weeks of a drug-free stress exposure mice
were assigned to different experimental groups so that body
weights and coat state were comparable in all the groups.
Imipramine (20 mg/kg) and saline were injected intraperitoneally
(i.p.), whereas POEE (50, 100 and 300 mg/kg) and DMSO were
given orally (p.o.); all drugs were given as 0.1ml/10g body
weight.

2.5. Unpredictable chronic mild stress model

The UCMS protocol was based on Yalcin et al. (2005). Fol-
lowing the non-stress period, for 6 weeks mice were subjected
a number of times a day to one of the following stressors:
damp sawdust (90-180 min), three sawdust changes (30-60 min),
sawdust free cage (90-180 min), sawdust free cage with 200 ml
water (90-180 min), transfer to a new, clean cage, 45° cage tilting
(90-180 min), 15 min of cat meowing, inversion of the light/dark
cycle (for 48 h in a different room), and several 30 min periods of
light during the dark phase. To prevent habituation and maintain
the aspect of unpredictability, every week the timing of all stressors
and stressor sequences was changed. The non-stress control group
remained in the same room for a total of 8 weeks in cages holding
4-5 mice.

2.6. Coat state and body weight

During the non-stress period and 6 weeks of UCMS, the coat
state and body weights were recorded every Monday. Coat state
assessment was carried out by observers unaware of treatments,
by scoring the coat at the head, neck, torso, forepaws, hindpaws,
ventral and genital regions, and tail. A score of O for a coat in a good
state or a score of 1 for a dirty coat were given for each of these
areas (Ducottet and Belzung, 2004). Total score was obtained from
the sum of the score of all body parts.

2.7. Splash test

The splash test is used as a direct measure of grooming
and is here considered as an indirect measure of palatable
solution intake. At the beginning of the 6th stress week, a
10% sucrose solution was splashed on the dorsal coat of mice
in their home cage and animals were videotaped for 5min
(Ducottet and Belzung, 2004). Videos were independently ana-
lyzed by three observers unaware of the treatment, using
the Observer-Noldus software (Netherlands) to record the fre-
quency of grooming. Grooming bouts recorded included nose/face
grooming (strokes along the snout), head washing (semicircu-
lar movements over the top of the head and behind the ears)
and body grooming (body fur licking) (Kalueff and Tuohimaa,
2004).

2.8. Measurement of corticosterone

48h after the splash test, mice were sacrificed by decapita-
tion and blood samples collected. Samples were centrifuged at 4°C
and serum stored at —20°C. Serum corticosterone was measured
with the ImmuChen™ 125] Corticosterone Radioimmunoassay Kit
(MP Biomedicals, LLC, Orangeburg, NY, USA) according to the man-
ufacturer’s instructions. The sensitivity of the measurement was
7.7 ng/ml. The intra- and inter-assay coefficients of variation were
7.1 and 9.5%, respectively.
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Fig. 1. Effects of EEPO and imipramine on the coat state of mice during (A) and at the end of (B) 6 weeks of UCMS. Means + S.E.M. of group coat scores. N=8-10. POEE (50,
100 and 300 mg/kg) and imipramine (imi, 20 mg/kg). *P <0.05 x non-stress group. Kruskal-Wallis/Mann-Whitney.

2.9. Statistical analysis

Results are expressed as mean + S.E.M. The state of the coat and
the frequency of grooming were compared by Kruskal-Wallis fol-
lowed by Mann-Whitney U-test when significant differences were
detected. The corticosterone levels were compared by ANOVA fol-
lowed by Duncan's test. SPSS 10.0 for Windows was used for the
statistical analysis. Significance was set at P<0.05.

3. Results

Fig. 1 shows scores obtained for coat state during the 6
weeks of UCMS (Fig. 1A), and at the end of the experiment
(Fig. 1B). Kruskal-Wallis revealed significant treatment differences
for POEE (H=16.5, P<0.01) and imipramine (H=13.6, P<0.01).
Mann-Whitney confirmed that UCMS significantly (P<0.05 at 6th
week) degraded the coat state as compared to the non-stress group
and that imipramine (20 mg/kg) and POEE (100 and 300 mg/kg)
significantly (P<0.05) prevented this degradation.

Results from the splash test are shown in Fig. 2. Kruskal-Wallis
revealed significant treatment differences for POEE (H=23.5,
P<0.01) and imipramine (H=17.6, P<0.01). Mann-Whitney con-
firmed that UCMS significantly (P<0.01) decreased grooming as
compared to the non-stress group and that imipramine and POEE
(100 and 300 mg/kg) prevented this decrease.

Analysis of corticosterone levels is shown in Fig. 3. The insert
shows that corticosterone levels were significantly higher in mice
submitted to UCMS (F228=4.8, P<0.05), and that imipramine-
treated mice maintained a level comparable to that of the
non-stress group. Likewise, corticosterone levels of POEE (50, 100
and 300 mg/kg)-treated animals were comparable to those of the

non-stress group, whereas the UCMS significantly increased the
corticosterone levels of DMSO (F434=4,3, P<0.01).

No differences were found in body weight gain among the sev-
eral treatments (P>0.05) (data not shown), with an average of
0.87 g/week over the 8 weeks.

4. Discussion

The HPA axis is vital for the physiological response to stress,
and its sustained activation for extended periods has been associ-
ated with depression (Bissette et al., 2003). A number of depressed
patients present increased cortisol secretion, accompanied by
an abnormal 24-h secretory pattern resistant to suppression by
exogenous steroids (Barden, 2004). In depressed patients with
a malfunctioning HPA axis, changes in mood and hormones are
temporally correlated when antidepressant pharmacotherapy is
successful (Greden et al,, 1983; Holsboer-Trachsler et al., 1991).
Hence, the normalization of HPA axis activity has been suggested
both as a marker of depression relief, and possibly as essential to
the cure of depression.

As expected, the UCMS regimen used in this study induced
degradation of the coat state, decreased grooming in the splash
test, and increased serum corticosterone levels. Coat state degra-
dation in mice is one of the most significant changes induced by
UCMS and is understood as a consequence of decreased grooming.
It has been suggested that decreases in grooming may be related
to resource conservation in favor of coping behaviors towards the
stressing situation ( Ducottet and Belzung, 2004). Whereas the coat
state indirectly evaluates grooming, the splash test is a direct obser-
vation of an induced grooming behavior (Santarelli et al., 2003).
Since UCMS is associated with decreased consumption of palatable
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Fig. 3. Effects of POEE (50, 100 and 300 mg/kg) and imipramine (imi, 20 mg/kg) on corticosterone levels of mice submited to UCMS. Means +S.EM. N=8-10. *P<0.01 x non-

stress group. ANOVA/Duncan.

solution (Willner et al., 1996), and in this case grooming is induced
with splash sucrose solution, it is arguable that the frequency
of grooming can also be seen as an indirect measure of sucrose
solution consumption (Willner, 2005). Suppression of rewarded
behavior by repeated stress is a reliable and reproducible phe-
nomenon described in rats and mice (Papp et al,, 1996; Willner,
1997).

Similar to imipramine, POEE treatment was found to prevent
changes induced by UCMS in all studied parameters. Moreover, the
data presented here strongly corroborate the antidepressant profile
of this extract, suggested by its effects on the tail suspension and
forced swim screening tests in mice (Piato et al., submitted), as well
as the potentiation of the lethality of yohimbine and the reversal of
reserpine-induced ptosis (Siqueira et al., 1998).

It has been shown that fluoxetine, desipramine, CRF1 antagonist
and vasopressin V1b antagonist (Griebel et al., 2002a,b; Ducottet
et al.,, 2003; Yalcin et al., 2005) are able to counteract the effects
of UCMS on the state of the coat and/or the splash test. Although
a clear picture of the action of antidepressants on the HPA axis is
still lacking, a dual mechanism has been proposed (Barden, 2004),
including a direct action on corticosteroid receptors and an indirect
activation through an increased serotonergic/noradrenergic post-
synaptic activation, It is likewise unclear how POEE affects the HPA
axis, and measurements of ACTH and CRF levels is warranted to
obtain a clear understanding of this issue. The pharmacodynamic
basis of the purported antidepressant properties of this extract is
also only partially known at this point. The mechanism of action
of POEE appears to involve D; dopamine and 3-noradrenergic

receptors, since SCH23390 and propranolol reverse POEE effects
on both the tail suspension and forced swimming tests (Piato et al.,
submitted). There is evidence that both noradrenergic (Sherman
and Petty, 1980) and dopaminergic neurotransmission (Harvey et
al,, 2005; Dronjak and Gavrilovic, 2006) may be altered by stress in
certain brain areas, including the hippocampus. While additional
evidence is required to elucidate the role of the hippocampus in
adaptation to stress, an attenuation of the stress-induced aver-
sive state and consequent emotional impact has been suggested
(Tsankova et al., 2006). The relevance of the hippocampal for-
mation in stress and depression is furthermore indicated by its
high concentration of corticoid receptors, as well as the plas-
tic modifications known to occur in the hippocampus after both
stress (Joca et al., 2007) and depression (Pittenger and Duman,
2008).

1t is noteworthy that Ptychopetalum olacoides’ traditional thera-
peuticindications include “periods of physical and/or psychological
stress”, In addition to supporting traditional claims and previously
reported antidepressant-like properties for POEE, this study sug-
gests that POEE may prevent HPA hyperactivity induced by chronic
stress.
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Abstract

With the recognition that high levels of sustained stress are associated with the natural
course of countless illnesses, effective anti-stress agents have gained importance.
Improved endurance to particularly stressful periods is one of the medicinal claims for
Marapuama (Ptychopetalum olacoides Bentham, PO), a popular Amazonian herbal.
The purpose of this study was to evaluate if PO possesses anti-stress properties. To
this end, an extract from PO (POEE) was evaluated on anxiety and glucose levels in
mice submitted to the unpredictable chronic mild stress (UCMS) paradigm. POEE did
not present anxiolytic effects, but was able to prevent (p<0.01) the UCMS-induced
anxiety as assessed by the light/dark test (time spent in the lit area, POEE 100 and 300
mg/kg 235.9 + 20.6 s and 250.4 £ 17.4 s, respectively, compared to DMSO 104.7 £
24.4 s). Likewise, although POEE did not induce noticeable effects on glycemia, it
effectively (p<0.01) prevented the UCMS-induced hyperglycemia (POEE 100 and 300
mg/kg 106.4 + 6.7 mg/dl and 107.3 + 3.3 mg/dl, respectively, compared to DMSO
134.6 = 5.9 mg/dl). Additionally, POEE (50-200 mg/kg i.p. and 800 mg/kg p.o.)
significantly (p<0.01 and p<0.05, respectively) increased the time to hypoxia-induced
convulsion (by 38%, 51%, 59% and 27%, respectively for i.p. and p.o. treatments).
The data indicate that POEE counteracts some of the effects brought about by chronic
stress. This study combined with the identified antioxidant and neuroprotective
properties, as well as the claimed benefits associated with stressful periods suggest that

Marapuama might possess adaptogen-like properties.
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Introduction

In Brazil “tonics” are used in order to increase physical endurance, ameliorate
performance in mental tasks, improve memory, or are even indicated for periods of
convalescence from debilitating diseases or sudden weight loss. While tonics may be
similar to fortifiers, energizers, or restoratives (Mendes and Carlini, 2007), some are
regarded as having specific qualities, such as for instance “sexual tonics”. Although
tonics may be used in a vitamin-like fashion simply to ensure “good health”, some are
rather used as stimulants (e.g, “rebite”, “arrebite”, popular amongst truck drivers),
some are clearly meant to improve physical and mental performance (being popular in
the fitness center scenario and amongst students, respectively), while others are used in
association with periods of illness, either to help convalescence or to minimize the
harsh effects of remedies (popular amongst older people) (Elisabetsky and Siqueira,
1998). Examples of plants traditionally used as “tonics” in Brazil include Heteropterys
aphrodisiaca (Malpighiaceae), Paullinia cupana (Sapindaceae), and Mauritia flexuosa
(Aracaceae) (for review see Mendes and Carlini, 2007).

Based on the original ideas of Lazarev (1947), Wagner and colleagues defined
adaptogens as “substances which elicit in an organism a state of non-specifically raised
resistance allowing them to counteract stressor signals and to adapt to exceptional
strain” (Wagner et al., 1994). More recently, adaptogens have been defined as “natural
metabolic regulators that increase the ability of the organism to adapt to environmental
factors and to avoid damage from such factors” (Panossian et al., 1999a). A revised
and expanded interpretation of the concept and associated therapeutic outcomes has
been thoroughly discussed (Olalde Rangel, 2005a,b,c). The general purposes of a
treatment with adaptogens include to decrease reactivity to stress, to diminish stress
triggered reactions (alarm phase of the stress response), and to prevent or at least delay
the state of exhaustion (conferring protection against long-term stress) (Panossian et
al., 1999a). The mode of action of adaptogens is not completely understood, but the
modulation of catecholamines and other stress mediators (e.g., cortisol and nitric
oxide) has been proposed (Panossian et al.,, 1999b). In addition, antioxidant,

immunomodulator, hypoglycemic, hypocholesterolemic, and other non-specific
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properties may be involved in the overall adaptogenic effect (Panossian et al., 1999c;
Rege et al., 1999; Davydov and Krikorian, 2000).

Ptychopetalum olacoides Bentham (PO) (Olacaceae), known as Marapuama in
Brazil and Muirapuama in other South American countries, is found in medicinal plant
markets or as herbals in diverse formulations, usually sold to increase physical, mental
and/or sexual performance. In the Amazon, where its use originates, Marapuama is
especially used by the elderly to treat a condition recognized as “nerve weakness”
(Elisabetsky and Siqueira, 1998). The syndrome includes lassitude, a general lack of
desire or motivation, tremors and sexual impotence as prominent symptoms (Siqueira
et al., 1998). The species is also used by anyone (regardless of age) for enduring
periods of high physical (such as gold miners) or mental (such as students in test
periods) demand. The roots are usually prepared in “cachaca” (the national distilled
spirit obtained from sugar cane) or wine, and drunk daily before meals. We have
shown that a standardized ethanol extract of P. olacoides (POEE) is promnesic (da
Silva et al., 2004, 2007) counteracts several types of amnesia (da Silva et al., 2008),
and has neuroprotective (Siqueira et al., 2004), antioxidant (Siqueira et al., 2007), and
antidepressant properties (Piato et al., 2008a,b).

Given the traditional uses of PO, the antidepressant effects identified for POEE, and
the relationship between stress and depression (Sapolsky et al., 2000), the present
study aimed to evaluate whether POEE counteracts stress-induced effects. To this end,
we evaluated the effects of POEE on anxiety and glucose levels in mice submitted to
chronic mild stress. Additionally, POEE was evaluated in relation to mice endurance

against hypoxia.

Materials and Methods

Animals

Two months old male CF1 mice (40-50 g) were used for hypoxia, glycemia and
light/dark experiments with acute treatments. BALB/c male mice with two months of
age (25-35 g) were used for the unpredictable chronic mild stress (UCMS). Mice were
obtained from Fundacdo Estadual de Producdo e Pesquisa em Saude (FEPPS), and

housed in our own animal facility (22 + 1 °C, 12 hr-light-dark cycle, free access to
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food [Nuvilab CR1] and water) for at least two weeks before experiments (non stress
period). The project was approved by the University ethics committee (approval #
2006543).

Extract

Roots of Ptychopetalum olacoides Bentham (Olacaceae) were collected near Capim
River (Pard, Brazil), and identified by Nelson Rosa (voucher MPEG n° 108.036,
Goeldi Museum). Ground P. olacoides roots (2.5 kg) were extracted with ethanol (12
L) in Soxhlet (40 h), and evaporated under reduced pressure (6% yield of POEE).
HPLC fingerprinting was carried out on a HP 1100 system equipped with a photodiode
array detector (Agilent Technologies) (Siqueira et al., 2007).

Drugs

Imipramine HCI and diazepam were acquired from Sigma (USA) and dissolved in
saline (0.9% NaCl) and propylene glycol (20% PPG), respectively. POEE was
dissolved in 20% DMSO. All drugs were given as 0.1 ml/10 g body weight. The doses
used for positive controls were selected from the studies on which the methodologies
were based.

Unpredictable chronic mild stress model

The UCMS protocol was based on Yalcin et al. (2005), except that in this study
anxiety rather than depression related parameters were assessed (Mineur et al, 2006).
At the end of a two-week non stress, drug-free period, mice were assigned to different
experimental groups in a semi-randomized fashion, so that mean body weights were
comparable in all groups. From this point on, mice assigned to experimental groups
were maintained in individual cages and on an inverted light-dark cycle; a non stress
control group remained in the same room, housed 4-5 mice/cage, and was not
submitted to stressors. Following the two-week non stress period, for 6 weeks mice
were subjected several times a day to one of the following stressors: damp sawdust
(90-180 min), 3 sawdust changes (30-60 min), sawdust-free cage (90-180 min),
sawdust-free cage with 200 ml water (90-180 min), social stress, transfer to a new,
clean cage, 45° cage tilting (90-180 min), 15 min of cat meowing, inversion of the
light-dark cycle (for 48 h in a different room), and several 30 min periods of light

during the dark phase. To prevent habituation and maintain the aspect of
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unpredictability, the timing of all stressors and stressor sequences was changed
weekly. After two weeks of stress, drugs were given daily for the remaining 4 weeks.
Imipramine was used as control in order to differentiate antidepressant from anti-stress
effects. Imipramine (20 mg/kg) and saline were injected intraperiotoneally (i.p.),
whereas POEE (50, 100 and 300 mg/kg) and DMSO were given orally (p.o.). All
drugs were given as 0.1 ml/10 g body weight.

Light/dark

48 h after the end of the UCMS and 24 h after the last drug administrations, mice were
submitted to the light/dark procedure (Li and Quock, 2001). The apparatus consisted
of a rectangular wood box (46x27x30 cm), divided into one small (18x27 cm) and one
large (27x27 cm) areas, with a door-like opening (7.5x7.5 cm) in the center of the
separation. The small compartment was painted in black and light-free, whereas the
large one was white and brightly lit with two 60 W cold light sources. Each animal
was individually placed in the center of the bright compartment (facing away from the
door) and the following parameters were noted for 5 min: latency to the first crossing
from one compartment to the other, time spent in the light compartment and the
number of crossings between the light and dark compartments. The test was performed
in a quiet and darkened room (red bulb), and mice were kept in this room for at least 1
h before the session. In order to check if POEE shows anxiolytic properties
independent of previous stress, additional experiments were done after acute
treatments. To allow comparison with literature and previous data of our group, CF1
(instead of BALB/c) mice were used. Groups of mice (n = 8) were treated once
intraperiotoneally with saline, 20% PPG, diazepam 1 mg/kg, imipramine 20 mg/kg , or
orally with 20% DMSO, POEE 50, 100 and 300 mg/kg; after 30 min (i.p.) or 90 min
(p.0.) animals were placed in the light/dark box.

Glycemia

Glucose measurements were taken 72 h after the end of the UCMS, using a
commercial glucometer tape (Accu-Chek Active® Roche), with a blood drop drawn
from the tail. Measurements were taken between 13:00 h and 14:00 h, after 5 hours of
fasting (food and water). To verify if POEE had an effect per se on glycemia, groups

of mice (n = 8) were treated once with saline, imipramine 20 mg/kg (i.p.), 20% DMSO
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or POEE 50, 100 and 300 mg/kg (p.0.); blood samples were collected after 30 min
(i.p.) or 90 min (p.o.).

Endurance to Hypoxia

The method was based on Caillard et al. (1975). Animals received saline, 20% DMSO,
POEE 50, 100 and 200 mg/kg (i.p.) or POEE 400 and 800 mg/kg (p.0.). After 30 min
(i.p.) or 90 min (p.o.), the endurance to hypoxia was determined by placing mice
individually in air-tight jars (300 ml). Endurance to hypoxia was defined as the latency
to onset of convulsions, recorded with stop watches.

Statistical analysis

Results are expressed as mean + S.E.M. Data were analyzed by one-way ANOVA
followed by Duncan post hoc. SPSS 11.0 for Windows was used for the statistical

analysis. Significance was set at p<0.05.

Results

As expected, the UCMS protocol was anxiogenic, with mice spending nearly 50%
less time in the lit compartment in comparison to the non stress group (Fgs,= 49.6,
p<0.01, Fig. 1A). Treatment with POEE 100 and 300 mg/kg (but not 50 mg/kg)
prevented the increase in anxiety. DMSO and imipramine were devoid of effects. No
differences were observed regarding number of crossings (Fes;= 1.0, p>0.05) or
latency to first crossing (Fgs7,= 0.7, p>0.05) (data not shown). Fig. 1B shows that only
acute diazepam significantly altered the time spent in the lit compartment (F; 3= 13.8,
p<0.01). As with the UCMS, no differences were noted regarding the other parameters
(F763= 1.1 p>0.05 for number of crossings, F;g= 0.7, p>0.05 for latency to first

crossing).

Glycemia levels were significantly higher in mice submitted to UCMS (Fg 5= 6.4,
p<0.01, Fig. 2A). Glycemia levels of animals treated with POEE 100 and 300 mg/kg
(but not POEE 50 mg/kg, or imipramine) were comparable to those of the non stress
group. No differences were noted in the glycemia of acutely treated animals (Fs47=
0.2, p>0.05, Fig. 2B).
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Endurance to hypoxia was significantly increased (38-59%) by POEE at all three
I.p. doses (F,2s= 10.9, p<0.01, Fig. 3A,), and the highest oral dose of POEE (26.7%
increase, F3,3= 3.7, p<0.05, Fig. 3B).

Discussion

It is widely accepted that stress contributes to the pathogenesis of a variety of
diseases, including psychiatric disorders. A clear relationship with stress has been
established for endocrine disorders (including diabetes), immunosuppression, sexual
and cognitive dysfunctions, peptic ulcer, hypertension and heart diseases, ulcerative
colitis, anxiety, and depression (Sapolsky et al., 2000; Chandola et al., 2008). The
response to acute stress is adaptive (allostasis), and appears to have restricted harmful
effects since an array of physiological, biochemical and endocrine responses are set in
motion to maintain homeostasis (Tsigos and Chrousos, 2002; McEwen, 2008).
Nevertheless, sustained chronic stress appears to induce the syndrome described by
Selye in 1936, a state of exhaustion leading to deregulation of stress mediators and
pathologies (McEwen, 2008). For instance, high levels of stress have been shown to be
associated with hippocampus and prefrontal cortex neuronal atrophy (with
consequences for memory and executive function) (McEwen, 2008), as well as
amygdala hypertrophy (associated with fear, anxiety, aggression, and first depressive
episode) (Frodl et al., 2003).

We here show that POEE, although devoid of acute anxiolytic effect, was able to
prevent chronic stress-induced anxiety (light/dark). Likewise, although POEE did not
have a noticeable effect on glycemia, it effectively prevented the chronic stress-
induced hyperglycemia. Moreover, POEE significantly increased mice endurance to
hypoxia across a range of doses, given i.p. or orally. Overall, the data indicate that
POEE is useful to counteract some deleterious effects of chronic stress; in other words,
it can be argued that POEE possesses an adaptogen-like profile.

A series of stress models has been used to investigate the physiological
consequences of stress and/or evaluate anti-stress agents. Unfortunately, however, the
literature lacks standardized and well characterized assessment paradigms. The most

frequently used animal protocols are swimming endurance (Singh et al., 2001; Kannur
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et al., 2006), hypoxia (Singh et al., 2001), immobilization (Singh et al., 2001;
Siripurapu et al., 2005), cold stress (Kannur et al., 2006) and chronic stress (Siripurapu
et al., 2005; Bhattacharya and Muruganandam, 2003; Rai et al., 2003a; Singh et al.,
2005). Animals exposed to chronic stress present behavioral changes associated with
depression and anxiety (Mineur et al., 2006), as well as increased serum corticosterone
(Ibarguen-Vargas et al., 2008) and glucose (Rai et al., 2003a). The reduction of
UCMS-induced hyperglycemia by POEE treatment is similar to that reported for other
adaptogen plants such as Panax ginseng (Rai et al., 2003b) and Withania somnifera
(Bhattacharya and Muruganandam, 2003). Although the mechanism by which
adaptogens prevent hyperglycemia is not clear, cortisol is known to enhance liver
gluconeogenesis and reduce cellular glucose uptake (Surwit and Schneider, 1993). We
have previously reported that POEE treatment prevents the UCMS-induced increase in
corticosterone in mice (Piato et al., 2008a).

When mice are exposed to a hypoxic environment, brain noradrenaline is
significantly decreased (Georgiev et al., 1995), and a state of oxidative stress is
established (Morin et al., 2001). POEE-induced resistance to hypoxia may therefore be
at least partially explained by its capacity to potentiate noradrenergic activity by beta
receptors (Siqueira et al., 1998; Piato et al., 2008b), combined with its antioxidant
properties (Siqueira et al., 2007). The data here reported are consistent with the
neuroprotective effects of POEE found with hippocampal slices submitted to oxygen
and glucose deprivation (Siqueira et al., 2004).

Stress  management is not an easily accomplished task  (see
http://www.isma.org.uk). Although benzodiazepines have significant anti-stress
activity in acute animal models of stress (Calil and Marcondes, 2006; Singh and
Kumar, 2008), long-term use of low to moderate therapeutic doses is more often than
not associated with dependence (Allison and Pratt, 2003). Benzodiazepine withdrawal
syndrome and increased risk of accidents due to motor impairment are limitations to
their continued use (Haro et al., 2003). Chronic treatment with adaptogens appears to
have a stress-protective effect and to lead to a long-lasting state of non-specific

resistance, resulting from adaptive changes of the organism (Panossian and Wagner,
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2005). Further experiments are necessary to typify POEE as an adaptogen, and

evaluate its benefits in stress management strategies.
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Fig. 1. Effects of POEE, imipramine and diazepam on the light/dark test. Fig. 1A:
BALB/c mice submitted to UCMS. Fig. 1B: CF1 mice not submitted to UCMS, but
to single drug treatment. Saline = SAL, imipramine = IMI, and diazepam = DZP.
Mean + S.E.M. (n = 8-10). (A) *p<0.01 x non-stress group and (B) “p<0.01 x
controls, ANOVA/Duncan.
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Fig. 2. Effects of POEE and imipramine on glycemia. Fig. 2A: BALB/c mice
submitted to the UCMS. Fig. 1B: CF1 mice not submitted to UCMS, but to single

drug treatment. Imipramine = IMI. Mean = S.E.M. (n = 8-10). *p<0.01 x non-
stress group, ANOVA/Duncan.
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ABSTRACT

Ptychopetalum olacoides (PO) Benthan (Olacaceae), known as Marapuama, is a native
Brazilian plant found in the Amazon region. Beneficial claims for the use of
Marapuama include improved endurance in physically stressful periods; however, no
data are available on its effects on physical performance and/or energy utilization
during exercise. The purpose of this study was to evaluate the effects of an extract of
PO (POEE) on endurance capacity, energy metabolism, and muscle damage in mice.
POEE (50, 100 and 300 mg/kg, p.0.) produced a significant increase in swimming time
to exhaustion; this effect was maintained up to 48 h but not 72 h after the last dose.
POEE attenuated glycogen and glucose consumption in exercised mice. Moreover,
POEE prevented lactate accumulation and increased NEFA mobilization. Regarding
muscle damage, POEE prevented the exercise-induced increase in CK and LDH.
Taken together, these results suggest that POEE possesses anti-fatigue properties as a
result of more effective energy utilization and protection from muscle damage. The
data are in agreement with the traditional claims for use of this species during periods

of high energy demand as well as its renewed fame as a useful aid to fitness.
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1. Introduction

The growing awareness about the key role of lifestyle in prevalent diseases such as
hypertension, diabetes, cardiovascular disorders and obesity has encouraged a
significant part of the population to adopt healthier lifestyles. Engaging in regular
exercise is perceived as a valid effort to minimize the consequences of stressful daily
schedules, to improve physical and psychological wellbeing, and to prevent a variety
of chronic diseases (Kruk, 2007; Heckman and McKelvie, 2008). Recognized benefits
of moderate regular exercise include the activation of the immune system (Haaland et
al., 2008), a decrease in the incidence of osteoarthritis and cardiovascular events in the
elderly population (Hart et al., 2008; Heckman and McKelvie, 2008), and positive
effects on mood and anxiety disorders (Dunn et al., 2001; Lawlor and Hopker, 2001;
Strohle, 2008).

In the context of “a healthier lifestyle”, nutritional supplements have found a
significant niche. Substances that could enhance physical and/or mental endurance,
often named as “anti-stress”, “anti-fatigue” and/or “fat-burners”, are sought after to
ameliorate exercise capability, boost athletic performance, or maximize the benefits of
exercise for losing or maintaining weight.

The popularity of such products can be measured by the nearly 650,000 entries
retrieved from the web by using “fat-burner and herbal” as keywords. Caffeine (Ryu et
al., 2001), creatine (Demant and Rhodes, 1999), and amino acids (Coombes and
McNaughton, 2000) are among the best-studied compounds, with limited and
controversial effects on physical performance (Bemben and Lamont, 2005). Among
herbals, green tea (Camelia sinensis, Murase et al., 2005, 2006), fenugreek (Trigonella
foenum greaecum, Ikeuchi et al., 2006a), Japanese apricot (Prunus mume, Kim et al.,
2008) and ginseng (Panax ginseng, Grandhi et al., 1994; Bahrke and Morgan, 2000)
have been shown to increase endurance in rodent models.

In Amazonian communities, Marapuama (Phychopetalum olacoides (PO) Benthan,
Olacaceae) is a well known medicinal species regarded as a “tonic” or “nerve tonic” in
the context of local traditional medical concepts. Beneficial claims for the use of
Marapuama (or Muirapuama) include improved endurance in particularly stressful

(mentally or physically) periods (Elisabetsky and Siqueira, 1998), making
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Marapuama-based beverages popular, for instance, among gold miners and students
facing approaching exams. Marapuama’s reputation shaped market niches in several
countries, where it is found as herbals, as a component in multivitamin formulas
and/or in energizer drinks used to achieve physical and mental stimulation, improve
fitness, or as “fat-burners”.

Despite the traditional and growing popular use of Marapuama-containing
supplements, there are no data available concerning its effects on physical
performance or energy utilization during exercise. The purpose of this study was to
evaluate the effects of a standardized hydroalcoholic extract of PO (POEE) on exercise
endurance, energy metabolism and muscle damage. Mouse swimming models were
used in combination with biochemical assessments of energy utilization (glycogen,
glucose, lactate, and nonesterified fatty acids [NEFA]) and muscle damage (creatine
kinase [CK] and lactate dehydrogenase [LDH]).

2. Materials and Methods

2.1 Animals: Two months old (40-45 g) CF1 male mice obtained from Fundacdo
Estadual de Producéo e Pesquisa em Saude (FEPPS) were used. Mice were housed in
plastic cages (40 x 33 x 16 cm, 5-8 per cage), and maintained under controlled
environmental conditions (22 + 1 °C, 12 h-light/dark cycle, free access to food
[Nuvilab CR1] and water) in our own animal facility for at least two weeks before
experiments. During experiments mice were fasted for 6 h before oral treatments. The
project was approved (# 2006543) by the University ethics committee.

2.2 Extract: P. olacoides Bentham (Olacaceae) was collected in Para (Brazil), and
identified by Nelson Rosa (voucher MPEG 108.036, Goeldi Museum). POEE is a
standardized hydroalcoholic extract of P. olacoides roots (6% vyield). The
fingerprinting by HPLC (HP 1100 system, Agilent Technologies, USA) is detailed in
Siqueira et al. (2007).

2.3 Drugs: Panax quinquefolium (PQ) root powder was acquired from Sigma (USA),
and freshly prepared for each experiment as a homogeneous suspension in saline
(0.9% NaCl). POEE was dissolved in 20% DMSO. All drugs were given as 0.1 mi/10
g body weight.
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2.4 Swimming Models: The protocols were adapted from lIkeuchi et al. (2006b); pilot
experiments were conducted to adapt swimming conditions (especially load weights)
so that swimming capacity matched the ones there reported.

Experiment 1. Swimming was carried out in a glass tank (28 x 46 x 29 cm, 26 cm
water depth), equipped with an aquarium thermostat to maintain the water at 30 + 1
°C. Groups of mice (n = 6-8) were treated orally between 14:00 and 14:30 h Monday
to Friday, for five weeks, with saline (SAL), PQ (100 mg/kg), 20% DMSO, or POEE
(50, 100 and 300 mg/kg). Every Friday mice were weighed and submitted to
swimming (between 10:30 h and 11:00 h) with loads (lead fish sinkers) equivalent to
8% of the body weight attached to the tail. Mice exercised until they failed to rise to
the water surface within 5 seconds (exhaustion), and at this point they were withdrawn
from the tank and gently towel dried before being returned to their home cage.
Although mice were treated daily for 5 days (to comply with the reported protocol),
swimming was performed before drug administration in order to avoid acute drug
effects during the exercise. In order to verify lasting effects of treatments, mice were
also submitted to swimming 48 and 72 h after the last drug administration.

Experiment 2: In the same water tanks, mice were submitted to 15 min of swimming
with loads equivalent to 4% of the body weight attached to the tails. Groups of mice
(n = 6) were treated orally between 14:00 and 14:30 h, daily for 15 days, with saline
(SAL), PQ (100 mg/kg), 20% DMSO, or POEE (50 and 300 mg/kg); swimming took
place 24 h after the last drug administration.

2.5 Locomotion: During the 5 weeks of experiment 1, mice were evaluated weekly for
locomotion. Animals were individually placed in activity cages (45 x 25 x 20 cm,
Albarsch Electronic Equipment, Brazil) and locomotion was automatically recorded
(number of crossings, three parallel photocells) for 5 min after a 2 min exploration
period.

2.6 Biochemical analysis: Blood samples were collected from the abdominal inferior
vena cava (under 100/20 mg/kg i.p. ketamine/xylazine anesthesia) immediately after
experiment 2. Blood samples were centrifuged at 3,000 g for 10 min, and the serum
stored at -20 °C. Serum glucose levels were determined with a glucometer tape

(Accu-Chek Active® Roche), and commercial kits were used to measure serum levels
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of CK (Labtest Diagnédstica, MG, Brazil), LDH (Labtest Diagndstica, MG, Brazil),
lactate (Katal Biotecnoldgica, MG, Brazil) and NEFA (Roche, Penzberg, Germany).
The gastrocnemius muscle and a liver slice were quickly removed immediately after
blood collection and stored in 1 ml KOH solution at -20 °C. Glycogen content was
determined by the colorimetric method described by Krisman (1962).

2.7 Statistical Analysis: Data are expressed as mean = S.E.M. Repeated measures
analysis of variance (MANOVA) followed by Duncan post hoc was used to evaluate
swimming endurance. Biochemical data were analyzed by two-way ANOVA followed
by Tukey post hoc. SPSS 15.0 for Windows was used, and a significance level of
P<0.05 was adopted.

3. Results

Figure 1 shows results from experiment 1. The MANOVA/Duncan analysis showed
that POEE (100 and 300 mg/kg) and PQ (100 mg/kg) significantly (F (530 =36.3,
P<0.05) increased swimming endurance, an effect already noticeable in the first week;
the effects of the lowest POEE dose (50 mg/kg) only became significant (P<0.05) after
two weeks of treatment. The increase in swimming capacity remained stable
throughout the remaining 4 weeks, and lasted for 48 (but not 72) hours after the last
administration. There were no significant differences in locomotion among the various
groups at any given point in time (F 530 =1.1, P>0.05, data not shown).

Data on glycogen and glycemia (after 15 min of swimming) are presented in Figure 2.
For muscle glycogen (Fig. 2A), a two-way ANOVA revealed a main effect of exercise
(F159=339.4, P<0.01), treatment (Fs9=10.9, P<0.01), and of exercise x treatment
interaction (Fu59=5.5, P<0.01). Regarding liver glycogen (Fig. 2B), a two-way
ANOVA revealed a main effect of exercise (F(59=390.3, P<0.01), treatment
(F59=11.0, P<0.01), and of exercise X treatment interaction (Fus9=12.3, P<0.01).
The post hoc analyses indicated that POEE, as well as PQ, diminished (P<0.05) the
exercise-induced glycogen consumption in both liver and muscle. For glycemia (Fig.
2C), a two-way ANOVA revealed a main effect of exercise (F59=390.3, P<0.01),

treatment (F59=11.0, P<0.01), and of exercise x treatment interaction (Fs9=12.3,
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P<0.01). The post hoc analyses indicated that the exercise-induced decrease in glucose
was attenuated (P<0.05) by POEE and PQ.

Data on lactate and nonesterified fatty acids (after 15 min of swimming) are shown in
Figure 3. For lactate (Fig. 3A), a two-way ANOVA revealed a main effect of exercise
(F159=60.0, P<0.01), treatment (Fus9=19.2, P<0.01), and exercise X treatment
interaction (F59=25.1, P<0.01). The post hoc analyses indicated that POEE and PQ
completely prevented (P<0.05) the exercise-induced increase in lactate. For NEFA
(Fig. 3B), a two-way ANOVA revealed a main effect of exercise (F 59=138.6,
P<0.01), treatment (Fus9=12.5, P<0.01), and exercise X treatment interaction
(Fa59=11.6, P<0.01). The post hoc analyses indicated that while the exercise per se
did not alter the levels of NEFA in control groups, increased (P<0.05) NEFA levels
are seen in exercised mice treated with POEE and PQ.

Data on CK and LDH (after 15 min of swimming) are shown in Figure 4. For CK (Fig.
4A), a two-way ANOVA revealed a main effect of exercise (Fqs9=161.6, P<0.01),
treatment (F59=27.9, P<0.01), and exercise X treatment interaction (F4s9=18.5,
P<0.01). The post hoc analyses indicated that POEE and PQ completely prevented the
increase in CK induced by exercise. Regarding LDH (Fig. 4B), a two-way ANOVA
revealed a main effect of exercise (F(59=106.6, P<0.01), treatment (Fs0=16.7,
P<0.01), and exercise x treatment interaction (Fs9=26.8, P<0.01). The post hoc
analyses indicated that POEE and PQ fully prevented the exercise-induced increase in
LDH.

There were no differences in body weight gain among the groups (P>0.05) throughout

the experiment (0.6 g/week on average during the 5 weeks, data not shown).

4. Discussion

This study shows that oral treatments with POEE or PQ were effective in improving
the endurance of mice swimming with significant loads. The effects were already
apparent after the first 4 doses, remained constant during the 5 weeks treatment, and
lasted for 48 (but not 72) hours after treatment cessation. Although there was not a
clear dose-dependent effect, the lowest POEE dose required a longer treatment period

to become effective. In order to examine the mechanisms of action underlying this
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apparent anti-fatigue property of POEE, the pattern of energy utilization and evidence
of muscle damage were assessed after 15 min of swimming. A similar analysis was not
carried out after swimming until exhaustion, a procedure likely to dramatically
interfere with these parameters in all groups.
Exercise-induced fatigue is associated with depletion of energy sources, such as
glycogen and glucose (Hargreaves, 2004), and/or the production and accumulation of
metabolic products such as lactic acid and ammonia (Pedersen et al., 2004). Muscle
glycogen is the first readily available energy source used in exercise, and its depletion
is associated with physical exhaustion, while a slower utilization of glycogen results in
improved exercise performance (Hargreaves, 2004). In agreement, it has been shown
that training slows the decline in muscle glycogen content (Karlsson et al., 1974) and
induces a lower rate of glucose utilization (Coggan et al., 1990) during exercise. The
exercise protocol adopted in the present study clearly increased glucose consumption
as indicated by significant drops in glycogen (muscle and liver) and glucose levels in
the control groups. These exercise-induced decreases in both glycogen and glucose
levels were significantly attenuated by POEE and/or PQ treatments. A slower muscle
glycogenolysis is also supported by the decreased lactate levels observed in POEE
treated groups, in itself a potential contributing factor to the overall anti-fatigue effect
by averting lactic acidemia. Alternative patterns of energy sourcing, such as a shift
from carbohydrate to fat, have been shown to be central to the improved endurance
acquired through training (Coggan et al., 2000). While the exercise protocol used here
did not lead to increases in NEFA levels in control groups, they were significantly
increased in POEE (and PQ) groups. Such an increase in fatty acid availability (by
increased lipolysis) is coherent with the observed glycogen-sparing effect. Previous
studies reported that green tea and fenugreek extracts prompt an effective utilization of
fatty acid during exercise, thus reducing the glycogen depletion rate leading to
improved exercise endurance in untrained rodents (Murase et al., 2005, 2006; Ikeuchi
et al., 2006a). The results of our study suggest that this is also the case with POEE
treatment.

Serum CK and LDH levels are important indicators of the status of muscle tissue,

with increases associated with injury-induced cellular necrosis or strenuous exercise-



65

induced tissue damage (Brancaccio et al., 2007; Brancaccio et al., 2008). Alterations in
serum concentrations of muscle enzymes (e.g., CK and LDH) have been reported in
normal subjects and athletes after strenuous exercise (Munjal et al., 1983), since
myoglobin and these energy metabolism enzymes may leak from ruptured muscle cells
into the bloodstream. Our data show that POEE completely prevented the degree of
muscle damage clearly induced by the adopted swimming protocol. This protective
effect adds to the above discussed improvement in energy utilization in promoting the
observed improvement in endurance.

It is accepted that the energy expenditure during exercise leads to increased
production of reactive oxygen species by the skeletal muscle mitochondria (McArdle
et al., 2005), which is suggested to be a contributing factor to muscle fatigue (Reid,
2008). The reported POEE antioxidant properties (Siqueira et al., 2007) may be an
additional factor in its antifatigue effect, as also suggested for green tea in rodents
submitted to treadmill exercise until exhaustion (Murase et al., 2006).

In conclusion, this study shows that POEE possesses anti-fatigue properties, likely to
result from a more effective energy consumption (glycogen sparing along with
increased fatty acid burning) and protection from muscle damage (decreased CK and
LDH). These results agree with the traditional claims for using this species during
periods of high energy demand as well as its renewed reputation as a useful aid to

fitness.
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Fig. 1. Effects of POEE and PQ on swimming endurance. Mean + S.E.M. (n = 6-8).
*P<0.05 and **P<0.01 x controls. Repeated measures ANOVA/Duncan.
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Fig. 2. Effects of POEE and PQ on muscle (2A) and liver (2B) glycogen and glycemia

(2C) in non-exercised and exercised mice. Mean £ S.E.M. (n = 6). *P<0.05 x non-

exercised control; *P<0.05 x exercised control. Two-way ANOVA/ Tukey.
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Fig. 3. Effects of POEE and PQ on serum lactate (3A) and NEFA (3B) levels in non-
exercised and exercised mice. Mean + S.E.M. (n = 6). *P<0.05 x non-exercised
control. Two-way ANOVA/ Tukey.
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Fig. 4. Effects of POEE and PQ on serum CK (4A) and LDH (4B) levels in non-
exercised and exercised mice. Mean + S.E.M. (n = 6). *P<0.05 x non-exercised

control. Two-way ANOVA/ Tukey.






4. DISCUSSAO

O estresse é frequentemente definido como uma ameagca, real ou implicita, a
homeostase. McEwen (2003: p. 4) define o estresse como “eventos ameacadores ao
individuo que provocam respostas comportamentais e fisioldgicas”. A persisténcia ou
intensidade exagerada do estresse pode causar danos potenciais ao organismo
(SWAAB et al., 2005; ELENKOV e CHROUSOS, 2006; McEWEN, 2008). Ainda
que o estresse seja parte integral de todos os seres vivos, a vida moderna parece ser
particularmente pouco favoravel ao equilibrio e ao desenvolvimento pleno e sadio do
corpo humano, freqientemente levando ao esgotamento de suas capacidades
adaptativas. Devido a relevancia e a natureza nao-especifica do estresse em varias
patologias, adaptégenos tém sido estudados como uma classe de agentes terapéuticos
de origem vegetal capazes de promover uma adaptacdo as situacdes estressantes,
apresentando uma acao normalizadora, prevenindo distarbios causados por estressores
(PANOSSIAN et al., 1997, REGE et al., 1999, DAVYDOV e KRIKORIAN, 2000,
DHULEY, 2000, 2001; SINGH et al., 2001, PANOSSIAN e WAGNER, 2005).
Diferentemente da medicina alopatica, onde se consideram grupos de drogas
relacionadas ao tratamento de patologias especificas, propde-se que adaptdgenos
possam ser utilizados na prevencdo e tratamento de inUmeras patologias
(PANOSSIAN e WIKMAN, 2005). Além disso, adaptdgenos poderiam ser usados por
individuos saudaveis com o objetivo de melhorar a condicdo geral da salde, a
qualidade de vida, o desempenho fisico, sexual e de funcdes cognitivas (PANOSSIAN
et al., 1999; SPASQV et al., 2000).

Considerando a relacéo entre estresse e depressédo e o uso tradicional e popular
de Marapuama como agente anti-estresse e antifadiga, o objetivo geral desse trabalho
foi estudar a atividade antidepressiva de um extrato padronizado desta espécie (EEPO)
e verificar seus efeitos sobre parametros relacionados ao exercicio em camundongos.

Os resultados indicaram que EEPO, administrado tanto por via intraperitoneal
como por via oral, diminuiu significativamente o tempo de imobilidade nos testes de
nado forgado (FST) e suspensdo pela cauda (TST). Com o objetivo de elucidar o
mecanismo de acdo tipo antidepressivo, verificamos a participacdo dos sistemas

noradrenérgico, dopaminérgico e serotonérgico atraves do uso de inibidores de sintese



76

e antagonistas. Os resultados sugerem que o efeito antiimobilidade de EEPO envolve o
sistema noradrenérgico e dopaminérgico, mas nao o serotonérgico. Além disso,
verificou-se que o efeito tipo antidepressivo de EEPO nesses dois modelos € mediado
por receptores D; dopaminérgico e B-adrenérgico, sugerindo um mecanismo de agédo
inovador. A participacdo desses sistemas de neurotransmissores na depressao e na acéo
de antidepressivos é bem descrita na literatura (D’AQUILA et al., 2000; MILLER et
al., 2001; DUNLOP e NEMEROFF, 2007). Em relacdo ao sistema noradrenérgico,
sugere-se que 0 aumento da transmissdo adrenérgica € um componente importante
para o0 efeito antidepressivo ou ainda uma via especifica pelo qual o efeito
antidepressivo pode ser alcangado (MILLER et al., 2001). Em relacdo a dopamina,
sugere-se que a anedonia, condicdo central na depressdo, seria resultado de uma
inibicdo dopaminérgica no sistema mesolimbico/accumbens com consequente
diminuicdo de respostas a estimulos reforcadores (DUNLOP e NEMEROFF, 2007).
Consistente com o resultado obtido nesse estudo, o agonista dopaminérgico SKF
38393 apresentou efeito tipo antidepressivo similar a imipramina no FST (D’AQUILA
et al., 1994), e o efeito tipo antidepressivo de imipramina foi antagonizado por SCH
23390 (antagonista D;) (D’AQUILA et al., 1994; GAMBARANA et al., 1995). Além
disso, SCH 23390 também bloqueia o efeito tipo antidepressivo de bupropiona e
nomifensina no FST (YAMADA et al., 2004). Esses resultados ap6iam a idéia de que
a estimulacdo de receptores D; tem um papel importante na acdo de antidepressivos e
que agonistas desse receptor sdo potenciais agentes antidepressivos. O envolvimento
do receptor D; nos efeitos de EEPO no FST e TST é consistente com a hipotese que
relaciona dopamina e depressdo e também com a habilidade do extrato de reverter a
ptose induzida por reserpina (SIQUEIRA et al., 1998).

Diferentemente dos modelos citados anteriormente, o modelo de estresse
crénico moderado imprevisivel (UCMS) apresenta, além de preditibilidade, excelente
valor de face e de homologia (WILLNER, 1990). Além dessas vantagens, no contexto
desta tese, esse modelo tem a vantagem de relacionar o estresse com a depresséo,
permitindo ainda relacionar a atividade antidepressiva com o status do eixo HPA,
central nas respostas ao estresse, para alguns alostasia. Como esperado, o UCMS

induziu degradacao do pélo, diminuicdo do comportamento de grooming (diminuigéo
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no consumo de sacarose) (WILLNER, 2005) e aumento nos niveis de corticosterona.
EEPO preveniu os distarbios causados pelo UCMS nos trés parametros avaliados de
forma semelhante & imipramina. A normalizacao do eixo HPA parece estar relacionada
com o sucesso do tratamento com antidepressivos (BARDEN, 2004) e pode-se sugerir
que esta tenha sido também a acdo de EEPO. Cabe notar que a normalizagdo do eixo
HPA sob condi¢bes sustentadas de estresse também seria uma acdo esperada de
plantas adaptégenas. Estudos mostram que o tratamento cronico com antidepressivos
leva a um aumento na expressdo de receptores de glicocorticoides (GR) em regides
criticas para a regulacdo do eixo HPA, como por exemplo, o hipocampo (THOMSON
e CRAIGHEAD, 2008). Assim, antidepressivos aumentariam os niveis de mRNA de
GR, diminuindo niveis circulantes de ACTH e corticosterona (BARDEN, 2004). O
efeito de EEPO sobre o eixo HPA ainda ndo esta totalmente elucidado e medidas dos
niveis de CRH e ACTH pos-estresse seriam desejaveis para melhor esclarecer este
efeito.

A fim de verificar os efeitos do extrato em diversas modalidades de estresse, 0
préximo passo foi verificar o efeito de EEPO sobre os niveis de ansiedade e glicose
em animais submetidos ao UCMS. Embora EEPO n&o pareca apresentar nenhum
efeito sobre a ansiedade (teste de claro-escuro) e a glicemia, ao fim do protocolo de
UCMS os animais tratados com EEPO (mas ndo com imipramina) tiveram
comportamento similar aos animais ndo-estressados tanto no teste de claro-escuro
quanto nos niveis glicémicos. Quando animais sdo expostos ao estresse causado por
um ambiente caracterizado por baixo suprimento de oxigénio, instaura-se um estado de
estresse oxidativo (MORIN et al., 2001) e caem o0s niveis de noradrenalina cerebral
(GEORGIEV et al., 1995). A resisténcia a hipoxia (medida como laténcia para a
convulséo) em animais tratados com EEPO (i.p. e v.0.) pode, pelo menos em parte, ser
explicada pela sua atividade neuroprotetora e antioxidante (SIQUEIRA et al., 2004,
2007) e pela provavel acdo do extrato em receptores noradrenérgicos (SIQUEIRA et
al., 1998). Em conjunto, estes dados podem ser interpretados como um aumento de
resisténcia inespecifica ao estresse induzido por EEPO, novamente remetendo ao

conceito de adaptdégeno.
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Considerando o uso tradicional de Marapuama em situacdes de grande esforco
fisico (é popular, por exemplo, entre garimpeiros) e sua presenca no mercado de
fitoterapicos no contexto de desempenho fisico (termogénico, emagrecedor), o Ultimo
objetivo desse trabalho foi avaliar o efeito de EEPO no exercicio. No primeiro
experimento foi avaliada, durante cinco semanas, a capacidade de nado dos animais
até a exaustdo fisica (tempo méximo de natacdo forcada com carga de 8% da massa
corporal). Animais tratados com EEPO apresentaram melhora na capacidade de nado
ja na primeira semana de tratamento, diferenciando-se dos animais controle durante
todo o tratamento e até 48 horas ap0s o ultimo tratamento. O resultado com EEPO foi
semelhante ao obtido com extrato de P. quinquefolium (PQ), conhecido agente
antifadiga.

O experimento seguinte teve como objetivo avaliar se alteragbes no
metabolismo energético e/ou prevencdo ao dano muscular induzido por exercicio
seriam correlatos da maior resisténcia observada em animais tratados com EEPO.
Grupos de camundongos foram tratados por 15 dias e apds 24 horas do ultimo
tratamento foram submetidos a natacdo forcada com carga de 4% da massa corporal
durante 15 minutos; em paralelo, grupos de animais ndo exercitados receberam os
mesmos tratamentos. Nenhum dos tratamentos alterou qualquer um dos parametros
avaliados em animais ndo exercitados. O protocolo de exercicio diminuiu as reservas
de glicogénio (hepético e muscular) e de glicose, aléem de aumentar niveis de lactato.
Em animais exercitados, EEPO apresentou um efeito poupador de glicogénio (tanto
hepéatico quanto muscular) e atenuou a queda nos niveis de glicose, de maneira similar
ao PQ. Esse efeito poupador de glicogénio pode ser um fator importante para melhora
no desempenho de nado, j& que a deplecdo de glicogénio esta relacionada com
exaustdo fisica. O fato de EEPO prevenir o aumento de lactato induzido pelo exercicio
corrobora uma diminuicdo na glicogenolise e/ou utilizacdo de glicose como fonte de
energia. Alem disso, animais tratados com EEPO mostram aumento nos niveis séricos
de NEFA, sugerindo que EEPO pode estimular o metabolismo de lipideos. Usando-se
preferencialmente lipideos ao invés de glicose como fonte energética, o glicogénio
pode ser utilizado em estagios posteriores do exercicio, retardando assim o inicio da

fadiga. A queima facilitada de lipideos durante periodos curtos de exercicio tem
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vantagens consideraveis para a perda de peso, e € por isso relevante no controle do
sobrepeso e obesidade, reconhecidos fatores de risco para indmeras doencas
(MOAYYEDI, 2008; ZALESIN et al., 2008). A utilizacdo preferencial de lipideos ao
invés de glicogénio como substrato energético também ja foi descrito com extratos de
plantas, por vezes referidas como termogénicas, como Camellia sinensis Kuntze e
Trigonella foenum greaecum L. (MURASE et al., 2005, 2006; IKEUCHI et al., 2006),
e corroborados aqui para P. quinquefolium.

Durante o exercicio fisico ocorre ruptura de células tanto por causas
metabolicas como mecanicas, levando ao extravasamento de enzimas para a corrente
sanguinea (BRANCACCIO et al., 2008). O dano muscular induzido pelo exercicio foi
avaliado pelas medidas de CK e LDH (MASHIKO et al. 2004; AN et al., 2006;
BRANCACCIO et al., 2007). O exercicio induziu aumento de CK e LDH, e este
aumento foi significativamente menor em animais tratados com EEPO. Um menor
dano muscular associado ao exercicio também pode contribuir para o melhor
desempenho observado nos animais tratados com o extrato. Alem disso, a atividade
antioxidante identificada em EEPO (SIQUEIRA et al., 2002, 2004) pode ser fator
adicional para melhora do desempenho fisico ja que durante o exercicio ocorre
formacdo de espécies reativas de oxigénio (ROS), relacionadas com a fadiga muscular
(REID, 2008). MURASE e col. (2005, 2006) demonstraram que animais tratados com
extrato de cha verde tiveram melhor desempenho em exercicio quando comparados
com o controle. Embora a relacdo entre antioxidantes e melhora no desempenho fisico
ainda ndo esteja totalmente esclarecida, mostrou-se que alguns compostos com
atividade antioxidante melhoram o desempenho e previnem a fadiga (NOVELLLI, et
al., 1990; VINA et al., 2000).

E 6bvio que tanto a caracterizacdo dos efeitos antidepressivos e adaptogenos
desta espécie, quanto o aprofundamento no esclarecimento dos mecanismos de acéo
envolvidos, depende da elucidacdo dos principios ativos e de sua caracterizacao
estrutural. Esse extrato pode ser considerado como uma plataforma para o
desenvolvimento de novas drogas, ja que hd ao menos trés diferentes atividades:
nootrdpica, antidepressiva e adaptdgena. As faixas de dose em que o extrato se mostra

ativo sugerem que conjuntos diferentes de principios ativos sejam reponsaveis pelas
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diferentes atividades. Ao mesmo tempo, como em outros casos de planta medicinais
incluindo o Ginkgo biloba, é provavel que um extrato complexo seja mais efetivo que
um composto isolado, especialmente considerando a natureza multifatorial das
patologias em questdo. Ainda entre as perspectivas, embora a droga vegetal seja
amplamente utilizada e ndo se tenha observado sinais claros de toxicidade, mesmo em
animais tratados por 21 dias, um estudo toxicologico completo é certamente

necessario.



5. CONCLUSOES

Esse trabalho demonstrou que o extrato etandlico de P. olacoides (EEPO)
possui atividade tipo antidepressiva em modelos animais consolidados, na literatura
cientifica e no contexto de desenvolvimento de drogas, para identificacdo e
caracterizacdo de drogas antidepressivas. O efeito tipo antidepressivo parece estar
relacionado com a modulacdo dos sistemas noradrenérgico, dopaminérgico e a

normalizacdo do eixo HPA.

No contexto de drogas adaptogenas, este trabalho mostrou que EEPO foi capaz
de prevenir alteracbes comportamentais e bioquimicas induzidas por estresse de
diferentes naturezas. Um claro efeito antifadiga foi também identificado em EEPO,
relacionado a uma mobilizacdo energética mais eficiente concomitante com a protecédo

ao dano muscular.

Especificamente mostramos que:

EEPO apresentou efeito tipo antidepressivo nos modelos de nado forcado e

suspenséo pela cauda;

= 0 efeito tipo antidepressivo de EEPO nesses modelos parece nédo ter relacéo
com serotonina, mas ser mediado por receptores [-adrenérgicos e D,

dopaminérgicos;

= EEPO apresentou efeito tipo antidepressivo no modelo de estresse moderado

cronico imprevisivel (parametros comportamentais e bioquimicos);

= EEPO preveniu a ansiedade e a hiperglicemia induzidas pelo modelo de

estresse moderado cronico imprevisivel, sugerindo um efeito adaptogeno;

= EEPO aumentou a resisténcia a hipdxia em camundongos, compativel com

atividade adaptdgena;
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EEPO apresentou efeito antifadiga, relacionado tanto a uma mobilizagdo
energética mais eficiente (preferencialmente de acidos graxos com efeito

poupador de glicogénio) quanto a uma diminuicdo do dano muscular.

Este trabalho traz subsidios cientificos que parecem ndo sé legitimar os
usos tradicionais de Marapuama e algumas das alegagbes do mercado
fitoterapico, mas também indicar que cabem investimentos em inovacdo
tecnologica com essa espécie. Pode-se visualizar a producdo de fitoterapicos
mais qualificados e/ou de novos compostos antidepressivos e/ou Uteis no
manejo do estresse e do sobrepeso. Essa tese reforca a idéia de que a
diversidade vegetal e cultural brasileira pode servir de base para a inovacgao
tecnoldgica na area de farmacos, o que constitui mais uma razao para que essas

sejam preservadas.
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