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RESUMO

LUZ, D. A. da. Petiveria alliacea L.. ETNOBOTANICA, FITOQUIMICA,
NEUROFARMACOLOGICOS E COGNITIVOS. 2016, 75 f, Dissertacéo (Mestrado) —
Faculdade de Farmacia, Universidade Federal do Para, Para, 2016.

Petiveria alliacea L., € uma planta arbustiva, nativa de regides tropicas, utilizada para
tratar memoria fraca e melhorar a aprendizagem. No presente estudo avaliou-se 0s
efeitos do extrato hidroalcodlico das folhas de P. alliacea (EHFPa, 900 mg/Kg) sobre
a memoria e aprendizado de ratos adultos, submetidos aos testes comportamentais
esquiva inibitéria e labirinto aquatico de Morris. Adicionalmente, foi feita uma
cromatografia em camada delgada (CCD) para a detec¢cédo de compostos de enxofre,
a fim de tentar correlaciona-los com as respostas investigadas. Fracdes
diclorometano, obtidas a partir de extratos aquosos de Alllium sativum e Allium cepa
serviram como padrbes de deteccdo. P. alliacea apresenta também acdes
controversas sobre o sistema nervoso central (SNC). Por esta razéo, foi feita uma
revisdo bibliografica sobre a etnobotanica, fitoquimica e efeitos neurofarmacologicos
desta planta em bases indexadas, livros, dissertacdes, teses e fontes cientificas
similares. De acordo com os resultados o EHFPa promoveu melhora da memoria de
curta e de longa duragdo, memoria espacial e aprendizagem. Na CCD, o EHFPa
produziu pontos de retencdo semelhantes as amostras padrdo, indicando que ha
compostos de enxofre no extrato, sendo possivel que eles participem das respostas
observadas. Quanto a revisao, P. alliacea é utilizada popularmente no tratamento da
epilepsia, ansiedade, memdria fraca, como sedativo, etc. Tais propriedades foram
demonstradas experimentalmente e variam em funcdo da dose, parte da planta e
preparacdo utilizada. Estudos fitoquimicos detectaram diversos metabdlitos na P.
alliacea, dos quais os compostos de enxofre, flavonodides e derivados séao as classes

com maior nimero de compostos isolados.

Palavras-chave: Petiveria alliacea L., compostos de enxofre, memoria, aprendizado,

etnobotéanica, fitoquimica e efeitos neurofarmacologicos.



ABSTRACT

LUZ, D. A. da. Petiveria alliacea L.. ETHNOBOTANY, PHYTOCHEMISTRY AND
NEUROPHARMACOLOGIAL AND COGNITIVE EFFECTS. 2016, 75 f, Dissertacao
(Mestrado) — Faculdade de Farmacia, Universidade Federal do Para, Para, 2016.

Petiveria alliacea L. is a shrubby plant, native from tropic regions, used to treat poor
memory and improve learning. In the present study, it was evaluated the effects of
hydroalcoholic extract of the leaves of P. alliacea (PaLHE, 900 mg/kg) on learning and
memory of adult rats, subjected to behavioral tests inhibitory avoidance and Morris
Water Maze. In addition, it was performed a thin layer chromatography (TLC) to detect
sulphur compound, to correlate them with the investigated responses.
Dichloromethane fractions, obtained from aqueous extracts of Alllium sativum and
Allium Cepa served as detection patterns. P. alliacea is also present controversial
activities on central nervous system (CNS). For this reason, it was realized a
bibliographic review of ethnobotanical, phytochemical and neuropharmacological
activities of this plant in indexed databases, books, dissertations, thesis and similar
scientific sources. According to the results, EHFPa improved short and long term
memory, spatial memory and learning. In TLC, the EHFPa produced retention points
similar to the standard samples, indicating that there are sulfur compounds in the
extract, being possible that they contribute to observed responses. About the review,
P. alliacea is popularly used to treat epilepsy, anxiety, poor memory, as a sedative,
etc. Such properties have been demonstrated experimentally, varying depending on
the dose, preparation, and part of plant used. Phytochemical studies detected several
metabolites in P. alliacea, among which sulfur compounds, flavonoids and derivatives

classes the most isolated compounds.

Keywords: Petiveria alliacea L., sulfur compounds, memory, learning, ethnobotany,

phytochemistry and neuropharmacological effects.
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1. INTRODUCAO

1.1 Memorial

Plantas medicinais sao fontes de substancias dotadas de efeitos biologicos,
Cujo emprego como recurso terapéutico é uma pratica antiga e disseminada. De
acordo com a Organizacdo Mundial de Saude (OMS), durante a década de 1990,
cerca de 65-80 % da populacdo de nacdes em desenvolvimento tinham nas plantas
medicinais a Gnica forma de acesso a cuidados bésicos de satde (VEIGA JUNIOR et
al. 2005). Tal é sua relevancia para a saude publica, que desde 1978 a OMS
reconhece preparacdes de espécies vegetais como opc¢bes terapéuticas validas.
Estima-se que cerca de 91% da populacdo brasileira utilize preparacdes de plantas
para fins medicinais (ETHUR, 2011; GIRALDI e HANAZAKI, 2010; OLIVEIRA et al.
2010).

Muitas vezes o conhecimento tradicional sobre o uso de determinadas espécies
prové direcionamento as pesquisas com produtos naturais. Por esta razao,
levantamentos etnobotanicos ou revisbes bibliograficas que integrem dados
(indicagbes, fitoquimica, atividades detectadas, etc.) de espécies utilizadas
popularmente sdo de grande relevancia para percep¢do do potencial farmacologico
de cada uma delas. Este respaldo bibliografico também é importante no sentido de
prover suporte cientifico ou ndo a alegacdo popular, com base em resultados
experimentais. Ademais, a realizacdo de trabalhos que reinam e sistematizem tais
informacdes possibilitam a percepcdo de lacunas cientificas que precisem ser
esclarecidas, subsidiando a continuidade das pesquisas.

Uma das espécies que se inserem neste contexto € a Petiveria alliacea L. Esta
planta tem sido popularmente utilizada por diversas finalidades, inclusive no
tratamento de desordens do SNC. Ha relatos etnofarmacol6gicos do uso de P. alliacea
no combate a epilepsia, ansiedade, “memoéria fraca”, aprendizagem e como
estimulante. Por esta razdo, nosso grupo de pesquisa realizou um screening
comportamental, a fim investigar a ocorréncia de tais atividades, a partir da
administracao do extrato de partes totais de P. alliacea. Um dos efeitos observados a
melhora na memodéria de longa duracdo (MLD), induzida pelo pré-tratamento com o
extrato de planta total na dose de 900 mg/Kg. No entanto, neste estudo ndo observou-
se atividade (melhora ou prejuizo) sobre a memoria de curta duracdo (MCD) e
aprendizagem (ANDRADE et al. 2012).
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Diversos estudos indicam que a composicdo quimica de uma planta pode variar
em funcéo de diversos fatores, inclusive de acordo com a parte utilizada. Ao buscar
na literatura, descobrimos também que suas folhas sdo utilizadas para melhora
cognitiva, em associacdo ou ndo com outras plantas (MORS; RIZZINI; PEREIRA,
2000; RODRIGUES et al. 2008). Considerando estes fatos, nosso grupo decidiu
investigar o efeito do extrato de folhas sobre o processo mnemaonico.

InvestigacOes a respeito de seus efeitos centrais demonstram que a P. alliacea
exerce acdes proeminentes no SNC. Logo, preparacdes desta espécie poderiam ser
uma possivel fonte para o tratamento de desordens como epilepsia, ansiedade,
déficits de memodria, etc. que sdo em sua maioria incapacitantes e necessitam de
recursos terapéuticos para seu manejo clinico. Contudo, a fragmentacdo das
pesquisas sobre suas atividades centrais dificulta a compreenséao de seu potencial
farmacoldgico. Diferentes partes da planta e doses do extrato utilizado parecem
produzir respostas distintas ou mesmo controversas (BLAINSKI et al. 2010;
CIFUENTES et al. 2001). Além disso, pouco se sabe a respeito de como a P. alliacea
exerce os efeitos biolégicos reportadas.

Por esta razdo, além do trabalho experimental, foi realizado uma reviséo critica,
gue teve por objetivo confrontar os usos etnofarmacoldgicos, as atividades no SNC ja
demonstrados e o0s constituintes fitoquimicos ja detectados na P. alliacea.
Adicionalmente foram descritas as caracteristicas boténicas, taxondmicas,
distribuicdo geografica dados toxicologicos da planta. Esta revisdo teve por objetivo
identificar as lacunas cientificas a respeito desta espécie, bem como subsidiar
pesquisas futuras que permitam uma melhor compreensdo de seu potencial

farmacoldgico.

1.2 Petiveria alliacea L.

A familia Phytolaccaceae, compreende cerca de 17 géneros e 120 espécies
pantropicais amplamente distribuidas por todo o continente americano (DUARTE e
LOPES, 2005). Os géneros desta familia que estdo presentes no Brasil séo:
Phytolacca, Microtea, Petiveria, Rivina e Seguieria. No género Petiveria esta inserido
um dos mais importantes membros desta familia, a Petiveria alliacea L. Esta planta
possui como validas as seguintes sinonimias: P. foetida Salisb, P.alliacea var.

grandifolia Mog., P.alliacea var. octandra (L.) Moq., P. foetida Salisb., P. hexandria
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Sessé & Moc., P. ochroleuca Mog., P. octandra L. e P. paraguayensis D. Parodi
(TROPICOS.ORG, 2015).

Nativa de regides tropicais, como a Amazonia, Africa Subsaariana, América do
Sul e Central, P. alliacea desenvolve-se, preferencialmente, em locais subumidos e
sombreados (ROCHA; MARANHAO; PREUSSLER, 2006). Dotada de leve aroma
alidceo, apresenta-se como um arbusto perene, que pode atingir altura de até 5-150
cm. Possui uma haste rigida e reta, ramificada com ramos compridos, eretos,
delicados e ascendentes (ALMANZA, 2012; DUARTE e LOPEZ, 2005; RZEDOWSKI
e DE RZEDOWSKI, 2000). A raiz fusiforme, de cor parda acinzentada clara e parda
amarelada, € irregularmente ramificada e de comprimento variavel, com cicatrizes
verrucosas (GOMES, 2006).

Suas folhas sédo curto-pecioladas, alternas, estipuladas, membranosas, agudas
no apice e estreitas na base, livres e lisas. As flores sdo bissexuais, sésseis e
pequenas, reunidas em inflorescéncia (espigas ou cachos) axilares e terminais
espiciformes, podendo apresentar-se sob as cores branca, branco-rosa ou verde. Os
frutos sdo do tipo aquénio, cilindrico, achatado e dotado de espinhos, os quais
funcionam como meio de disseminacéo, devido a possibilidade de se prenderem em
animais, roupas, etc. (ANDRADE et al. 2012; DUARTE e LOPES, 2005; RZEDOWSKI
e RZEDOWSKI, 2000; SOARES et al. 2013).
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Figura 01: Petiveria alliacea L.

FONTE: Duarte e Lopes (2005).

1.2.1 ETNOFARMACOLOGIA

Embora seja encontrada em outras regides do mundo, P. alliacea é utilizada
principalmente no continente americano. De acordo com o local de origem, esta planta
recebe determinados nomes populares (GOMES et al., 2005; OLIVEIRA, 2012). Entre
as diferentes denominacdes que recebe estdo as seguintes: guiné, tipi, pénis-de-
coelho, apacin, mucuracaa, anamu, zorrillo, amansa-senhor, erva-de-olho, caa,
embayayendo e ouoembo (ANDRADE et al. 2012; DUARTE e LOPES, 2005; LIMA et
al. 1991).

Quanto as possiveis propriedades medicinais, a alegacdo popular atribui a P.
alliacea acao diurética, antirreumatica, anti-helmintica, antiespasmadica, antiemética,
abortiva, analgésica, antipirética, antitumoral, hipoglicemiante, dentre outras
(CAMARGO, 2007; GOMES et al. 2005, 2008; LOPES-MARTINS et al. 2002). Em
rituais misticos, praticados por descendentes africanos e povos indigenas, P. alliacea
€ utilizada para combater “magia negra” ou “maus espiritos”, e/ou produzir visdes e
alucinacoes (TAYLOR, 1998).

Outro aspecto interessante € a indicacao popular que esta planta recebe devido
as possiveis acbes que ela exerce no SNC. Por exemplo, durante o periodo
escravagista, esta espécie era utilizada por seus efeitos sedativos e tdxicos. Ha
relatos de que as mulheres escravas recorriam a preparacdes de P. alliacea para
seduzir seus “senhores” ou simplesmente para se protegerem do assédio por eles
investido. Por esta razdo, a denominacgdo popular "amansa-senhor" foi dada a esta
planta (CAMARGO, 2007; PECKOLT e PECKOLT, 1900). Atualmente, migrantes que
vivem em regides remanescentes da Mata Atlantica utilizam preparacfes de partes
aéreas da de P. alliacea por inalacdo no tratamento de ansiedade (GARCIA;
DOMINGUES; RODRIGUES, 2010).

Populacdes tradicionais do México e alguns lugares da América Latina
recorrem a infusdo de folhas para amenizar crises de epilepsia, “nervos” e paralisia
(MARTINEZ, 1984; ZAMORA-MARTINS e POLA, 1992; TAYLOR, 1998). A infusdo
das folhas ou raizes é utilizada para tratar a memoria fraca em diversas regides do
mundo (MORS; RIZZINI; PEREIRA, 2000). Remanescentes quilombolas utilizam
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folhas de plantas consideradas “ténicos para o cérebro”, dentre as quais esta a P.
alliacea na produgdo de um cigarrete conhecido como “tira-capeta”. Esta preparacéo
é utilizada para melhorar a capacidade de aprendizado de criancas e adolescentes,
bem como em casos de esgotamento e disturbios de sono (RODRIGUES et al. 2008).

1.2.2 FITOQUIMICA E FARMACOLOGIA

A composicao quimica de P. alliacea tem sido bastante estudada, o que levou
a identificacdo de diversas substancias, tendo algumas delas recebido protecao
patentaria (CUERVO, 2011). Ensaios fitoquimicos com diferentes extratos detectaram
esteradis, triterpenos, saponinas, alcalbides, taninos, cumarinas, lipideos, flavonoides
e derivados (BANDONI et al. 1976; DE SOUSA et al. 1990; ROCHA e SILVA, 1969).
Outras classes de metabdlitos encontrados foram os polissulfetos, tiossulfinatos,
dipeptideos gutamicos e derivados cisteina sulfoxido (BENEVIDES et al. 2001;
KUBEC et al. 2001, 2002, 2003; KUBEC e MUSAH, 2005). Os polissulfetos séo
compostos de grande relevancia farmacoldgica, especialmente o trissulfeto de
dibenzila (DTS, do inglés “dibenzil trisulphide”, figura 02), e podem ser encontrados
também em todas as partes da planta, bem como no 6leo essencial dela extraido,
ainda que em menor escala (AYEDOUN et al. 1998; BEZERRA, 2006; HERNANDEZ
et al. 2014; NEVES et al. 2011; SILVA et al. 2014; WILLIAMS et al., 1997).

Figura 02: Tissulfeto de Dibenzila

Fonte: Adaptado de Pubchem Coumpound database.
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Benevides et al. (2001) avaliaram o efeito antifingico de extratos brutos e
polissulfetos isolados das raizes de P. alliacea. De acordo com os resultados, 0s
polissulfetos di-n-propil dissulfeto (0,1 pg/mL) e o DTS (1 pg/mL) apresentaram
atividade antifangica, sendo provavel que estes dois compostos sejam responsaveis
pela atividade que também foi observada no extrato bruto. Estudos in vitro
demonstraram que o DTS estimula proteinas quinases ativadas por mitbgenos
(MAPK, do inglés “Mitogen-activated protein kinases”), as quais sdo enzimas regulam
o processo de proliferacdo, diferenciacdo celular e resposta ao estresse (KONDON;
NISHIDA, 2007). Ao que parece, esse seria um dos mecanismos responsaveis pela
atividade antitumoral do DTS demonstrada em diversos estudos, frente a diferentes
linhagens de células tumorais (WILLIAMS et al. (2007).

Adicionalmente, verificou-se que o DTS também estimula a atividade das ERKs
1 e 2 (do inglés “Extracellular signal-regulated kinases”), que estdo envolvidas na
expansdo da memoria de longa duracdo (MLD) e crescimento neuronal. Neste
sentido, Andrade et al. (2012) descreveram uma melhora da memodria de longa
duracéo, promovida pelo extrato de partes totais de P. alliacea (900 mg/Kg) em ratos,
porém estes efeitos ndo se estenderam a memoaria de curta duracao e aprendizagem.
Vale ressaltar fatores como, local de coleta, parte utilizada, etc., parecem influenciar
na composicdo da planta, produzindo até mesmo atividades antagOnicas. Por
exemplo, ao avaliar o perfil neurofarmacolégico de diferentes extratos de raizes e
folhas de P. alliacea, foram obtidos efeitos controversos. As raizes produziram um
ligeiro decréscimo da atividade motora espontanea em ratos, enquanto as folhas,
hiperexcitabilidade (CIFUENTES et al. 2001).

A ocorréncia de agbes controversas também foi reportada nos estudos de
Blainski et al. (2010). Neste trabalho constatou-se que o tratamento com extrato de
planta total (300 e 900 mg/kg) apresentou efeito tipo ansiolitico, enquanto o de partes
aéreas (300 mg/Kg), efeito tipo ansiogénico. Por outro lado, o extrato de raizes nao
apresentou atividade na avaliacdo deste paradigma, o que corrobora com o0s
resultados obtidos por Gomes et al. (2008). Ainda de acordo com Blainski et al. (2010)
foi detectado no extrato de partes aéreas uma quantidade de flavonoides superior as
demais preparagfes estudadas (partes totais e raizes), sendo sugerido que estes

compostos poderiam produzir os efeitos ansioliticos observados.
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Lopes-Matrtins et al. (2002) obtiveram os efeitos anti-inflamatério e analgésico
mediante a administragcdo do extrato etandlico das raizes de P. alliacea nas doses de
43,9 mg/Kg e 31,4 mg/Kg, respectivamente. Posteriormente, Gomes et al. (2005)
avaliaram a acao de diferentes fragBes do extrato de raizes (100 e 200 mg/kg) da
planta em modelos de nocicepcdo. Os resultados sugerem a ocorréncia de
antinocicepcdo tanto em nivel periférico quanto central. Em outros trabalhos
performados com extratos brutos de raizes e suas fragées, também foi reportado a
ocorréncia de atividade anticonvulsivante (GOMES et al. 2008; LIMA et al. 1991).

1.3 Processos do SNC associados a P. alliacea
1.3.1 NOCICEPCAO E DOR

A percepcao e interpretacdo de diferentes estimulos, ambientais ou endégenos,
€ uma funcdo essencial do SNC, fundamental a sobrevivéncia e bem-estar.
Particularmente, a deteccdo e discriminacdo de estimulos nocivos permite o
desenvolvimento de comportamentos de defesa contra circunstancias adversas, que
muitas vezes podem ser fatais (BASBAUM et al. 2009). Em situagdes normais, a dor
€ decorrente da atividade de fibras aferentes priméarias presentes nos tecidos
periféricos, chamadas de nociceptores, que possuem como diferencial a capacidade
de responder seletivamente a estimulos noéxicos (JULIUS e BASBAUM, 2001;
SCHAIBLE, 2006), produzindo em resposta a sensac¢ao de dor.

A dor pode ainda ocorrer de forma transitdria, sem obrigatoriamente haver dano
tecidual e perdurar por dias ou poucas semanas, sendo consideradas como dor aguda
(CARR e GOUDAS, 1999; LOEZER e MELZACK, 1999). Ja aquelas que persistem
durante a lesdo ou apOs o reparo tecidual séo classificadas como dor crénica
(LOEZER e MELZACK, 1999). Embora seja dificil conceitua-la, pode considerada
como um mecanismo fisiolégico de protecdo, funcionando como um sistema de alerta
voltado a manutencéo da integridade do organismo. Por outro lado, a dor (aguda ou
cronica) pode alterar os padrbes de sono, apetite e libido, irritabilidade, fadiga, e
reduzir o desempenho em atividades familiares, profissionais e sociais (KRELING,
2006).
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Os principais tipos de fibras nociceptivas sdo as mielinizadas de diametro
médio (Ad) e as ndo mielinizadas de pequeno diametro (fibras C). E proposto que o
primeiro tipo medeia a dor aguda e localizada, ao passo que o segundo a dor difusa
ou em “queimacao”. As fibras e elas sdo chamadas de nociceptores polimodais,
devido a sua capacidade em responder a diferentes estimulos. Quanto a sua
localizac&o, os corpos celulares dos nociceptores estédo localizados nos ganglios da
raiz dorsal e no ganglio trigeminal. Ambos possuem um ramo axonal periférico e outro

central, onde o primeiro inerva o érgao-alvo e o segundo a medula espinhal.

Os nociceptores sdo ainda dotados de canais iGnicos que respondem a
estimulos térmicos, quimicos e mecéanicos. Estes canais participam como
transdutores nas terminagcdes nociceptivas, favorecendo a despolarizag¢édo (canais de
s6dio), liberacdo de neurotransmissores nos terminais centrais ou periféricos para
gerar dor e/ou inflamagcdo neurogénica (canais de célcio) ou hiperpolarizando o
nociceptor (canais de potassio). Notadamente, os canais idnicos ndo seletivos para
cations, os quais pertencem a familia do receptor de potencial transiente (TRP, do

inglés “Transient potential receptor”) sédo os mais estudados.

O subtipo 1 destes receptores (TRPV1, do inglés “Transient potential receptor
vaniloid 1) foi o primeiro a ser caracterizado e pode ser ativado por calor, baixos niveis
de pH e substancias exdgenas, como por exemplo a capsaicina, uma substancia
presente na Capsicum sp. Estudos com a capsaicina demonstraram que ela
inicialmente produz nocicepg¢éao, através da inducdo do aumento da condutancia do
canal e consequente liberacdo de mediadores pré-inflamatérios (SOUTHALL et al,
2003). No entanto, ap0s exposicdes repetidas, provoca a dessensibilizacdo dos
receptores (SZALLASI; BLUMBERG, 1999; SZALLASI; DI MARZO, 2000; DRAY,
1992; GREEN, 1989; HAYES et al, 1984).

Uma vez estimuladas, as fibras aferentes primarias propagam a informacéao
para o corno dorsal da medula espinal, a qual é dividida de acordo com propriedades
anatomicas e eletrofisiologicas em cinco laminas (BASBAUM E JESSELL, 2000). Os
nociceptores Ad e projetam-se as laminas | e V, enquanto as fibras C projetam-se as
laminas | e Il. As laminas | e V guais possuem as principais vias que ascendem ao
talamo, cujos neurbnios das regides ventral e medial possuem axbénios que se
projetam para o cortex somatossorial. Apesar disto, ndo se pode afirmar que a dor

resultaria unicamente da atividade integrada destas estruturas (APKARIAN et al.,
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2005). Em vez disso, a dor resultaria da ativacéo tanto de regifes responsaveis por

funcdes sensorio-descriminativas (talamo, cértex somatossensorial,

emocionais (giro do cingulo anterior, cortex insular, amigdala, etc).
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Figura 03: Caminho da dor

Fonte: Adaptado de BASBAUM et al. 2009

etc.) quanto

Ademais, ap0s uma lesdo ocorrem alteracdes no ambiente quimico da fibra

nervosa, provocada pelo acumulo de fatores enddgenos liberados nociceptores

ativados ou células ndo-neuronais (macréfagos, mastécitos, etc.), residentes ou néo

da area afetada. Dentre as substancias liberadas estdo neurotransmissores, péptidos,

eicosanoides, neurotrofinas, citocinas e quimiocinas, protons, etc. Os nociceptores

expressam receptores capazes de responder a cada um destes estimulos, o que leva

a sua sensibilizagdo a temperatura ou toque,

resultando em uma manifestacao

dolorosa desproporcional a estimulagdo recebida (hiperalgesia) (BASBAUM et al.

2009).
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1.3.2 ANSIEDADE

Em condi¢cdes normais, a ativacdo do circuito do medo/ansiedade confere
protecdo contra perigos de ordem fisica e psicologica. O funcionamento adaptativo
desta circuitaria restaura a homeostase e reduz o estresse. Por outro lado, sua
desregulacdo pode resultar tanto no desenvolvimento de desordens fisicas
(hipertenséo, resisténcia a insulina, etc.) quanto psicoldgicas, incluindo transtornos de
ansiedade. Um dos tipos mais comuns de transtornos psiquiatricos, as desordens de
ansiedade, possuem elevadas taxas de incidéncia e prevaléncia na populagéao

mundial.

Além do prejuizo social, 0 manejo terapéutico de pacientes que sofrem deste
tipo de transtorno também representa um impacto financeiro consideravel. Nos
Estados Unidos estima-se que os valores envolvidos podem chegar a cerca de $42,3
bilhdes de dolares por ano, sendo 50% desse valor voltado para custos nao
psiquiatricos (GARAKANI; MATHEW; CHARNEY, 2006; GREENBERG et al. 1999).
Dentre as comorbidades relacionadas, destaca-se as desordens de humor e estima-
se gue cerca de 90% dos pacientes que sofrem com algum transtorno de ansiedade
ja tenham experimentado algum quadro depressivo, 0 que sugere uma correlacao
entre estas doencas (GARAKANI; MATHEW; CHARNEY, 2006; GORMAN, 1996).

Em termos neurobiol6gicos, estudos com animais revelaram que a amigdala,
em conexdao com uma complexa rede que inclui o cortex pré-frontal, tAlamo e o
hipocampo integram diversos aspectos da emocionalidade, incluindo a regulacao de
respostas adaptativas e patoldgicas ao medo (PHELPS; LEDOUX, 2005). A ativacao
do circuito medo/ansiedade pode ocorrer a partir de uma sensacao dolorosa,

ambientes abertos, presenca de predadores, informacdes sensoriais do individuo, etc.

Inicialmente, o talamo processa dados integrados referentes ao estimulo
aversivo, a partir de informacdes previamente armazenadas (Figura 01). A seguir, esta
informacdo é transmitida para a amigdala, uma estrutura que esta localizada no lobo
temporal medial, sendo composta por 13 nucleos, dos quais o0s nucleos basal, lateral
e central constituem as vias de resposta ao medo (PARE; QUIRK; LE DOUX, 2004).
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A informacé&o pode chegar a amigdala por meio de dois circuitos paralelos, chamados
de alca curta e alca longa (PERESE, 2012).

[ rilamo
Hipotdlamo

[ Hipocampo
[__]Amigdala

I 7ronco encefslico

Figura 04: Regides envolvidas na fisiopatologia do medo e ansiedade

Fonte: CAPDEVILA, 2013

Na alca curta a informacao parte do talamo é transmitido para a amigdala lateral
e depois transferido ao nucleo central, enquanto na al¢a longa, as informacdes advém
do cortex somatossensorial, insula e cértex pré-frontal (GARAKANI; MATHEW,
CHARNEY, 2006; GORMAN, 1996). A alca curta transmite informacdes sensoriais
nao processadas diretamente para a amigdala, enquanto a informacdo mais acurada
é transmitida pela alca longa, que regula ainda a continuidade ou o cessar da resposta
induzida por determinado estimulo. Assim, a resposta inicial a um agente estressor
consiste na ativagao da amigdala via al¢ca curta, que transforma a informacéao recebida
em respostas autondmicas, enddcrinas e comportamentais de resposta ao medo
(PERESE, 2012).
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De forma simplificada, quando a informacdo chega ao nucleo central da
amigdala é projetada para sitios efetores no tronco cerebral e hipotalamo. Por
exemplo, as vias eferentes do ndcleo central da amigdala que comunicam com o
nucleo parabranquial produzem aumento da frequéncia respiratéria. No ndcleo lateral
do hipotadlamo e locus ceruleus, promove a liberacdo da adrenalina e norepinefrina,
respectivamente, levando a aumento da pressdo arterial, frequéncia cardiaca e
resposta comportamental ao medo. Ha ainda a estimulacdo do nucleo paraventricular

o hipocampo, levando liberacdo aumentada de adrenocorticoides.

Este conjunto de sintomas comp8em a clinica de diversas desordens de
ansiedade, tais como a sindrome do péanico, na qual o individuo sofre ataques
recorrentes e inesperados, de falta de ar, palpitacbes, dor no peito, sudorese,
calafrios, nauseas, tremores, além de sintomas psicoldgicos, tais como medo de
morrer ou de perder o controle, dorméncia e uma sensacgdo de distanciamento ou
irrealidade. Atualmente o tratamento de transtornos de ansiedade pode ser feito, de
acordo com o diagndstico, com benzodiazepinicos (BDZ), inibidores seletivos da
receptacdo de noradrenalina e/ou serotonina (GARAKANI; MATHEW; CHARNEY,
2006). O grande inconveniente com estes farmacos sé@o as reagdes adversas, que
dificultam a adeséo ao tratamento e, especialmente no caso dos BDZ, o potencial para
produzir dependéncia quimica, o que ressalta a necessidade de opcdes eficazes e

seguras para o manejo clinico destas desordens.

1.3.3 DEPRESSAO

A depressao esta entre os mais prevalentes tipos de doencas mentais, sendo
associada a elevados indices de morbidade e mortalidade no mundo (BLAZER, 2000).
O termo depressao refere-se tanto a um estado transitorio experimentado pelos seres
humanos em algum estagio da vida, quanto a uma sindrome que se diferencia pelo
agravamento e duragdo das manifestagcbes clinicas apresentadas, chamada
depressao maior (FAVA; KENNETH; KENDLER, 2000).

Alteracbes de afeto, humor, apetite, sono, sentimento de culpa e inutilidade, e
distrbios na atividade locomotora, persistentes por mais de duas semanas estao

entre 0s sintomas que compdem clinica da depressdo maior e estao entre os critérios
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para diagnostica-la (NESTLER et al. 2002; PERITO e FORTUNATO, 2012). Outro fato
importante € que a depressédo pode ser decorrente de outras enfermidades, como
ocorre na doenca de Huntington, ou ser precipitada pelo uso de farmacos como a
reserpina, um bloqueador de transportadores vesiculares de dopamina (FAVA,
KENDLER, 2000). Inclusive, a partir desse tipo de descoberta e a observacéo de que
farmacos como a imipramina, melhoravam o quadro de pacientes depressivos, surgiu
a teoria mononaminérigica da depressao (MANJI; DREVETS; CHARNEY, 2001).

Esta teoria sugere que os sintomas depressivos seriam resultantes da deplecao
de monoaminas (principalmente serotonina, noradrenalina e dopamina), uma vez que
estes neurotransmissores modulam diversas funcdes do SNC (Figura 05). Por
exemplo, a serotonina e noradrenalina parecem regular o humor, estado de vigilia e
apetite, condicdes fisiolégicas que, conforme citado acima estdo alteradas em
pacientes deprimidos (KANDEL; SCHWARTZ; JESSEL, 2000; KOBAYASHI, 2001). A
dopamina, por sua vez, tem sido implicada principalmente por sua participacdo no
sistema limbico, atuando diretamente as vias de recompensa cerebral, estando
envolvida na fisiopatologia da anedonia, um comportamento caracteristico de
individuos depressivos (MANJI; DREVETS; CHARNEY, 2001; ann het ROT;
MATHEW; CHARNEY, 2009).

(A) (B)
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Figura 07: Hip6tese monoaminérgica da depressao. Painel A: Liberacdo de neurotransmissores e
expressdo de receptores poés-sinaticos em um individuo sadio. Painel B: Expressao aumentada de
receptores pos-sinapticos e liberacdo de neurotransmissores em um paciente depressivo.

Fonte: BALLONE, 2007
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Assim, o atual tratamento da depressao € realizado com farmacos que atuam
melhorando a oferta destes neurotransmissores, embora outros sintomas chave como
alteracdes no ciclo circadiano e cognicdo sejam relevantes tanto do ponto de vista
clinico quanto para a compreensdo das possiveis causas da doenca (FAVA;
KENDLER, 2000). Outras descobertas indicam o0 envolvimento do sistema
glutamatérgico tanto na neurobiologia, pela inducao de excitotoxicidade mediada por
receptores N-metil-D-aspartato (NMDA), quanto no tratamento, através da liberacao
de glutamato para receptores ndo-NMDA (antagonismo competitivo) (DUTA; MCKIE;
DEAKIN, 2015; HASHIMOTO, 2009.

Ha& ainda um crescente interesse por efeitos troficos e antiapoptoticos de
farmacos antidepressivos (DRZYZGA; MARCINOWSKA; OBUCHOWICZ, 2009). Tal
fato se deve a estudos de neuroimagem estrutural e funcional que indicam haver
reducao do metabolismo e do volume de células em areas como hipocampo, nos lobos
frontais, ganglios da base e estruturas temporais do cérebro, envolvendo
essencialmente conexdes entre algumas destas regides e o0 sistema limbico
(KRISHNAN; NESTLER, 2008).

1.3.4 EPILEPSIA

A epilepsia compreende um grupo de distirbios neuroldgicos, de ordem
cronica, que possuem em comum o0 desenvolvimento recorrente e espontaneo de
convulsdes, na auséncia de processos toxicos-metabodlicos ou febris (GASTAUT,
1973; ROGAWISKI e PORTER, 1990). Este tipo de transtorno pode ser causado por
diversos processos patologicos, que ocorrem em regides distintas do encéfalo. A
epileptogénese decorre da transicdo de grupamentos de células normais para um
estado de hiperexcitabilidade, o que as torna aptas para receber uma descarga
anormal, que se converte nas convulsdes (crises) observadas em pacientes epiléticos
(SCHARFMAN, 2007). Essas descargas neuronais variam de acordo com o paciente,
com a regido de origem e local de propagacéo da descarga neural e, podem ser
percebidas ou ndo pelo individuo (SANDER e HART, 1999).
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Dentre as formas de classificar as crises epiléticas, a proposta mais aceita € a
que as divide em dois grupos, considerando suas manifestacdes clinicas e
eletroencefalogréficas, proposta pela Liga Internacional Contra a Epilepsia
(COMMISSION, 1989). O primeiro tipo s&o as crises parciais, na qual inicialmente
ocorre a manifestacao clinica, seguida por inconsciéncia, sendo as areas corticais a
origem da descarga neuronal, podendo generalizar-se posteriormente. O segundo
grupo sao as generalizadas, que se caracteriza pela perda subita de consciéncia e
com ambos os hemisférios sendo afetados simultaneamente (COMMISSION, 1989).

Embora existam diversos mecanismos capazes de produzir convulsdes, o fato
€ que elas ocorrem quando o equilibrio entre inibicdo e excitacdo do SNC é quebrado
(SCHARFMAN, 2007). A excitacao ou inibicdo de uma célula neuronal é resultante do
balanco ibnico, especialmente de soOdio e potassio, presentes em maiores
concentracdes nos meios extra e intracelular, respectivamente (potencial de repouso
de aproximadamente -60mV). Em condi¢cbes normais, apés a estimulacdo, um
neurdnio pré-sinaptico libera um neurotransmissor, o qual estimula um neurdnio pos-
sinaptico, propagando assim a informacéo recebida (MCCORMICK; HUGUENARD,
1994).

Dentre os controles que mantém a célula em estado de repouso ou que a
trazem para ele estédo os transportadores idnicos (bombas) presentes na membrana
plasmatica, principalmente a soédio/potassio ATPase. Inclusive, o bloqueio
experimental desta bomba facilita o desenvolvimento de convulsées, 0 que sugere
que alteracdes funcionais nesse transportador poderiam no minimo ser um adjuvante
na epileptogénese (GRISAR; GUILLAUME; DELGADO-ESCUE, 1992; TAVAILLEND;
MASON; CUTTLE; ALGER, 2002).

Outra possivel causa seria a mutacdo de canais de sédio, seja na reducdo em
seu limiar de ativacdo ou na capacidade de inativacdo destes canais, levando a
ativacdo excessiva destes. Neste sentido, estudos tém demonstrado mutacées em
canais de sddio voltagem dependente, inclusive em individuos com sindrome epilética
generalizada, com convulsdes febris (MEISLER; KEARNEY; OTTMAN; ESCAYG,
2001). Do ponto de vista clinico, diversos farmacos empregados como antiepiléticos
atuam como inibidores de canais de sédio (carbamazepina, fenitoina, por exemplo), o

que indica o envolvimento desses mecanismos na fisiopatologia da epilepsia.
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No tocante a neurotransmissao, o acido gama-aminobutirico (GABA, do inglés
“Gamma aminobutyric acid”) e o glutamato tém sido implicados também na epilepsia,
uma vez que sdo 0s principais transmissores inibitorios e excitatorios do SNC
(SCHARFMAN, 2007). Exemplos de farmacos utilizados no tratamento da epilepsia e
gue atuam favorecendo a transmissdo gabaérgica estdo os barbitaricos e alguns
benzodiazepinicos (Figura 06). Como esperado, a acao dos anticonvulsivantes na via
glutamatérgica é inibitéria, através do bloqueio de repceptores AMPA e NMDA, ou
inibindo a liberacdo do glutamato na fenda sinaptica.
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Figura 06: Alvos para drogas anticonvulsivantes. A: 1- Inibidores da GABA-transaminase; 2- Inibidores
da receptacdo do GABA; 3- Agonistas gabaérgicos. B: 1- Inibidores da liberacdo de glutamato; 2-

Antagonistas dos receptores AMPA; 3- Antagonistas dos receptores NMDA.

Fonte: Adaptado de Olsen 2002 e Carobrez, 2003.

Drogas antiepiléticas, em geral, podem potencializar altera¢des cognitivas, que
na maioria das vezes séo inerentes a doenca. Além disso, muitas delas possuem uma

janela terapéutica estreita, 0 que € bastante preocupante, especialmente em criancas
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e idosos. Outro fato preocupante consiste na ocorréncia de resisténcia ao tratamento
com farmacos anticonvulsivantes, especialmente quando se trata de extremos de
idade, j& que ndo existem muitas opc¢des seguras para estes grupos de pacientes
(KWAN et al. 2011).

1.3.5 MEMORIA

O sistema nervoso possui diversas atribuicdes, mas sem dlvida, uma de suas
mais intrigantes funcdes consiste na habilidade do cérebro em reter informacdes
oriundas de experiéncias, bem como evoca-las. O aprendizado e a memoéria fazem
parte deste complexo processo. A aquisicdo de uma nova informacdo, que pode
expressar-se através de alteracdes comportamentais é denominada aprendizado. Por
sua vez, o termo memoria, refere-se a capacidade de adquirir, conservar e evocar a
informacdes de aprendizados anteriores (IZQUIERDO et al. 2006). Portanto, a etapa
de aquisicdo da informacdo € o que caracteriza o aprendizado, enquanto que a
evocacao é dita recuperacao e lembranca.

O nivel de consciéncia e estados de humor modulam a codificacéo,
armazenamento e evocacgao da memoria (Figura 07). Um dos exemplos de correlacéo
entre memoria e emocionalidade é a forma de aprendizado denominada esquiva
inibitéria, na qual animais submetidos a um estimulo aversivo passam a evita-lo
(CAMMAROTA et al. 2008). De fato, nem toda informacéo recebida é armazenada.
Assim, uma das formas de classifica-las € quanto a sua duracdo em: memoria de curta
duracdo (MCD, duracdo de segundos, minutos ou poucas horas) e longa duragéo
(MLD, duracéo por dias, meses ou anos). H4 ainda a memoria de trabalho, a qual
possui estreita relagdo com a MCD, podendo ser vista como uma forma especializada,
gue integra funcBes executivas a partir da retencédo temporaria da informacao durante
a realizagcao de alguma tarefa.

Em nivel celular, as memoérias sdo codificadas pelos neurdnios, armazenadas
e evocadas a partir destas redes neurais ou por outras vias. No caso da MCD, a
formacdo mnémica ocorre no hipocampo e no cortex entorrinal, sendo armazenada
de forma proviséria (no maximo 6 horas), podendo a informacdo ser ou né&o
consolidada a uma forma duradoura. Assim, as modificagbes envolvidas no

processamento da MCD sé&o transitorias, ndo envolvendo alteracdes plasticas ou
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sintese proteica, ocorrendo provavelmente pela modificacdo covalente de proteinas
pré-existentes (CAREW, 1996). Quanto a MLD, sua formacé&o necessita da expressao
génica e sintese de proteinas nas em um periodo de 3 a 6 horas em regiées como o
hipocampo que pode armazenar ou transferir informagdes para serem armazenadas

em outras regides do SNC (Figura 07).
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Figura 07: Etapas do processo cognitivo

Fonte: Adaptado de LENT, 2010

Um dos mecanismos que parece estar envolvido na formacdo da MLD é o LTP
(do inglés “long term potentiation”) descoberto por Bliss e Lomo (1973), durante a
investigacdo da capacidade de armazenamento de informacdes do hipocampo. Neste
estudo foi descoberto que em uma via hipocampal, durante um curto periodo, a
atividade elétrica de alta frequéncia que aumentava a efetividade sinaptica (LOMO,
2003). A LTP mais conhecida e estudada envolve a atividade glutamatérgica em
regides CA1 do hipocampo. De acordo com esses estudos, durante a LTP ocorre uma
elevada liberacdo de glutamato, o qual se liga tanto aos receptores AMPA (do inglés
“a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid”) quanto ao NMDA. No

entanto, é a ligacdo ao primeiro que permite a ativacdo do receptor NMDA,
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possibilitando o influxo de célcio e ativando a via bioquimica do LTP (RUGGIERO et
al. 2014).

Com o passar do tempo, a vivéncia de novas experiéncias e, portanto, a
formacao de novas memoérias faz com que estas se sobreponham, sendo algumas
informac@es perdidas ao longo do tempo (BERTE, 2002). Logo, o esquecimento, de
certo modo, pode ser visto como um processo natural, cuja relevancia pode depender
de fatores intrinsecos ou ser agravado pela existéncia de algum quadro patoldgico. A
doenca de Alzheimer € uma das mais conhecidas desordens de memoria, na qual
inicialmente ocorre 0 comprometimento cortical e hipocampal e, consequentemente
da MCD (MANN, 1996; NORFREY; PROVENZALE, 2004). Com o0 progresso da
doenca observa-se a reducdo da densidade celular em outras regides do SNC,
levando a prejuizos na MLD, execugcdo de movimentos e alteracbes no humor e
comportamento (KOROLEV, 2014).

Outros transtornos, tais como as doencas de Huntington e Parkinson tem a
alteracdo mnemonica como sintoma subjacente (NIH, 2013). Apesar das diferentes
origens, as desordens de memodria possuem em comum a escassez de recursos
terapéuticos para seu manejo clinico (SCHENCK, 2008). Além disso, os farmacos que
ja sao utilizados na pratica clinica, possuem efeitos indesejaveis ou mesmo nao se
mostram téo eficazes frente ao quadro patoldgico, principalmente no que se refere a
capacidade de reducao da morte celular observada no curso da doenga (KOROLEYV,
2014). Desta forma, € essencial a busca por novos insumos que possam tratar

satisfatoriamente o paciente, melhorando sua qualidade de vida.

Considerando a relevancia das desordens de memoria, inicialmente, o objetivo
deste estudo foi investigar a influéncia do tratamento com o extrato hidroalcodlico das
folhas de P. alliacea, sobre os processos de aquisicdo e consolidacdo de memoria, a
fim de subsidiar as buscas por possiveis compostos biologicamente ativos.
Adicionalmente, foi realizado um trabalho de reviséo critica acerca das caracteristicas
botanicas, taxonOmicas, etnobotanica, efeitos no SNC, fitoquimica e dados
toxicologicos de P. alliacea. Esta revisdo teve por objetivo identificar as lacunas
cientificas a respeito desta planta, bem subsidiar pesquisas futuras que permitam seu
melhor aproveitamento enquanto recurso terapéutico no tratamento de outros

transtornos do SNC, tais como ansiedade, depressao, epilepsia, etc.
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OBJETIVOS

2.1 Objetivo geral

Investigar a atividade do extrato hidroalcodlico das folhas de P. alliacea L.

(Phytolaccaceae) sobre o processo mnemonico e de aprendizagem e fazer uma

revisdo bibliografica a respeito da etnofarmacologia, fitoquimica e efeitos desta

espécie sobre o SNC.

2.2 Objetivos especificos

a)
b)
c)
d)

e)

Verificar a presenga de compostos organossulfurados no extrato;

Avaliar seus efeitos sobre a aprendizagem;

Avaliar a atividade sobre a memoria de curta e de longa duracéo;

Avaliar sua influéncia sobre a memaria espacial;

Realizar um levantamento bibliografico acerca dos usos aspectos botéanicos,
taxondmicos, usos etnofarmacoldgicos para o SNC, composicao fitoquimica,

efeitos neurofarmacoldgicos e toxicidade de P. alliacea.
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Ethnopharmacological relevance: Petiveria alliacea L. commonly grows in the tropical regions of the
Americas such as the Amazon forest, Central America, Caribbean islands and Mexico, as well as specific
regions of Africa. Popularly known by several different names including ‘mucuracad’, ‘guiné’ and “pipi’, P.
alliacea has been used in traditional medicine for the treatment of various central nervous system (CNS)
disorders, such as anxiety, pain, memory deficits and seizures, as well as for its anaesthetic and sedative
properties. Furthermore, the use of this species for religious ceremonies has been reported since the era
of slavery in the Americas. Therefore, the present review aims to provide a critical and comprehensive
overview of the ethnobotany, phytochemistry and pharmacological properties of P. alliacea, focusing on
CNS pharmacological effects, in order to identify scientific lacunae and to open new perspectives for
future research.

Materials and methods: A literature search was performed on P. alliacea using ethnobotanical textbooks,
published articles in peer-reviewed journals, unpublished materials, government survey reports and
scentific databases such as PubMed, Scopus, Web of Science, Science Direct and Google Scholar. The
Plant List, International Plant Name Index and Kew Botanical Garden Plant name databases were used to
validate the scientific names.

Results and discussion: Crude extracts, fractions and phytochemical constituents isolated from various
parts of P. alliacea show a wide spectrum of neuropharmacological activities including anxiolytic, anti-
depressant, antinociceptive and anti-seizure, and as cognitive enhancers. Phytochemistry studies of P
alliacea indicate that this plant contains a diversity of biologically active compounds, with qualitative and
quantitative variations of the major compounds depending on the region of collection and the harvest
season, such as essential oil (Petiverina), saponinic glycosides, isoarborinol-triterpene, isoarborinol-
acetate, isoarborinol-cinnamate, steroids, alkaloids, flavonoids and tannins, Root chemical analyses have
revealed coumarins, benzyl-hydroxy-ethyl-trisulphide, benzaldehyde, benzoic acid, dibenzyl trisulphide,
potassium nitrate, b-sitosterol, isoarborinol, isoarborinol-acetate, isoarborinol-cinnamate, polyphenols,
trithiolaniacine, glucose and glycine.

Conclusions: Many traditional uses of P. alliacea have now been validated by modern pharmacology re-
search, The available data reviewed here support the emergence of P. alliacea as a potential source for the
treatment of different CNS disorders including anxiety, depression, pain, epilepsy and memory

Abbreviations: CNS, central nervous system; KNO,, potassium nitrate; EAF, acetate fraction; FH, hexanic fraction; FHA, hydroalcoholic fraction; FHAppt, precipitated
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droxide; HPLC, high-performance liquid chromatography; MAPK, mitogen-activated protein kinase; RSK, ribosomal 56 kinase; NFTS, neurofibrillary tangles; BSA, bovine
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impairments. However, further studies are certainly required to improve the knowledge about the me-
chanisms of action, toxicity and efficacy of the plant as well as about its bioactive compounds before it
can be approved in terms of its safety for therapeutic applications.

© 2016 Elsevier Ireland Lid, All rights reserved.,
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1. Introduction are utilized for its activities on the central nervous system [CNS)

The Petiveria belongs to the Phytolaccaceae, the most archaic
family of the Caryophyllales, comprising about 17 genera and 120
pantropical species widely distributed throughout the American
continent (Duarte and Lopes, 2005). Among the species of Peti-
veria, the most popular is Petiveria alliocea L. 1t is a perennial shrub
with a rigid and straight stem, reaching a height of up to 5-150 cm
(Almanza, 20012; Duarte and Lopes, 2005; Rzedowski and de Rze-
dowski, 2000), The alternating and elliptical leaves, small bisexual
Nowers (white, whitish-pink or green) and achene-type [ruils are
typical of this plant (Andrade et al., 2012; Duarte and Lopes, 2005;
Rezedowski and de Rzedowski, 2000; Soares et al., 2013} This plant
is native in tropical regions such as the Amazon rainforest, Central
and South America, the Caribbean islands and sub-5aharan Africa
(Rzedowski and de Rzedowski, 2000). The medicinal use of P. al-
limcea ocours in several regions of the world, mainly in American
continent. In the folk medicine, it has curative and mystical pur-
poses, which illustrates the importance to local tradition and
culture,

For example, in Brazil, this plant has been used in religious
ceremonies in Brazil at least since the slavery era, Slaves used P
alliscea for its toxic and sedative effects. Thus, the plant is also
popularly known as ‘Eemedy to tame the Master’, which refers to
its sedative property and potential to alter the mind and brain
function (Bastide, 1971; Caminhod, 1884; Camargo, 2007; Gomes
et al, 2005, 2008; Peckolt and Peckolt, 1900; Ramos, 1988; Ro-
drigues et al, 2003; Santos Filho, 1947).

According to indigenous medicine, the root, powder and leaf of
P alliccea have been associated with several therapeutic proper-
ties, such as diuretic, antispasmodic, emmenagogic, analgesic,
anti-inflammatory, antileukaemic, antirheumatic, antihelminthic,
antimicrobial and depurative properties (Duarte and Lopes, 2005;
Lima et al, 1991), In addition, different preparations of P alliscea

such as anticonvulsant, anxiolytic, mnemonic, anaesthetic and
sedative (Gomes et al,, 2005; Lima et al., 1991).

Over the last two decades, different research groups have va-
lidated many traditional uses of P alliacea through the use of la-
boratory animals and a range of neurobehavioural paradigms and
pharmacological approaches. Moreover, phytochemical research
has expanded the knowledge about the metabolites present in the
plant (ie sulphur derivatives, lMavonoids, alkaloids and many
others), revealing their potential to interact with biological sys-
tems, including many targets in the CNS (Benevides et al,, 2001;
De Sousa et al., 1990; Monache and Suarez, 1992; Williams et al.,
2007). However, the P alliocea mechanisms of action remain
mostly unknown as well as the compounds involved in such
activities,

On the other hand, despite its beneficial pharmacological
properties, P alliacea is also known to exert toxic effects on the
CNS (Lima et al, 1991). Remarkably, deaths after one year of
chronic exposure to this plant have been reported (Peckolt and
Peckolt, 1900). Therefore, the toxicological profile of this species
has been addressed in recent studies,

The purpose of this review is to provide comprehensive in-
formation on the botany, traditional uses, phytochemistry, neu-
ropharmacology and toxicological research of P alliscea in order to
explore its therapeutic potential focused on neuropharmacological
properties, highlight the lacunae in the current knowledge and
evaluate future research opportunities. The available information
on P alliocea was collected via electronic search (using PubMed,
Scopus, Web of Science, Science Direct, Google Scholar) and a li-
brary search for articles published in peer-reviewed journals, un-
published materials, theses and ethnobotanical textbooks. The
Plant List {(www.theplantlistorg), International Plant Name Index
and Kew Botanical Garden Plant name databases were used to
validate the scientific names, This review thus may provide the
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scientific basis for future research work on the central effects of P
alliacea. Besides, this data compilation highlizghts the security in
traditional medicine, religious rituals and ceremonies.

2. Ethnobotany
21, Taxonomy and botanical aspects

The taxonomic rating of P alliocea shows some diversions,
probably because earlier studies were performed using more ar-
chaic analytical techniques. Including, the plant has some scien-
tific, registered and valid synonyms of P alliscea include: Petiveria
foetida Salish., P alliacea var. grandifolia Mog., P alliacea var. oc-
tandra (L) Moq., P foetida Salisb., P hexandria Sesséf: Moc, P
ochroleuca Moq.,, P octandra L. and P paraguayensis D, Parodi
(Tropicos.org, 2015). It is probably that the diversions on taxonomy
occurs because earlier studies were performed using more archaic
analytical techniques. Consequently, the accurate morphology of
some structures (the seed, for example) could not be identified
and a genus was included in the wrong family (MNeves and
Bavermann, 2006). For instance, this species was classified as a
member of the Rivinoideae subfamily (Nowicke, 1968; Rohwer,
1993). Other authors classified P alliscea as a member of the

Petiveriaceae, which is a subgroup of the Phytolaccaceae (Brown
and Varadarajan, 1985; Culham, 2007; Judd et al, 2002) The
species of the Petiveriaceae have four tepals, a minimum of four
stamens, a gynoecium with one carpel and a drupe or achene with
indehiscent-type fruit, with a slightly lenticular seed and em-
bryonic distinctions (Almanza, 2012; APG 1, 2003; Brown and
Varadarajan, 1985; Culham, 2007; Cronquist, 1981; Engler and
Prantl, 1894; Judd et al., 2002; Neves and Bauermann, 2006).

On the other hand, according to the majority of the botanical
studies on P alliacea, the plant belongs to the order of Car-
yophyllales, also known as Centrospermae, and a member of
Phytolaccaceae, which is a more accurate taxonomic classification
(Almanza, 2012; APG I1I, 2009; Cronquist, 1981). The Phytolacca-
ceae comprises 17 genera, and 70-125 pantropical species have
been reported. The members of this family are better adapted o
shaded and subhumid places (Almanza, 2012; Duarte and Lopes,
2005; Gomes, 2006; Ke et al., 2003; Marchioretto, 1989; Soares
et al,, 2013; Steinmann, 2010; Stevens, 2010).

Robert Brown first described the Phytolaccaceae. It is primarily
composed of perennial herbs, but shrubs, trees and vines have also
been reported. Members of this family have a straight stem as well
as alternating, petiolate leaves in the majority of cases, The flowers
are actinomorphic in shape, are more frequently hermaphroditic
and are organized into inflorescences, which may be of auxiliary,

Table 1
Botanical characteristics of Petiveria alliacea LAdapted from Almanza (2002 )
Petiveria allioeen 1.
Representatives and Description Dimension Reference
struciures
Representatives Perennial herbaceous or shrubby plant. Somto 1.5m Almanza, 2012; Duarte and Lopes, 2005; Rze-
dowski and de Rzedowski, 2000,
Stem It is a straight and rigid structure. It is commonly contains a Variable length Almanza, 2012; Andrade, 2011; joly, 1979;
slender branch with longitudinal stripes. Gomes, 2006; Reedowski and de Reedowslki,
2000,
Roots Fusiform roots with irregular branches and fine longitudinal Variable length Gomes, 2006,
stripes. The external surface presents a light greyish-brown or
wellowish-hrown colour,
Leaves It is an acuminate leal with oblong or elliptical anatony. The S5-10cm in length;2-  Almanza, 2002; D4 Stasi and Hiruma-Lima, 2002;
leaves are alternately distributed and membranous with herbac- 6 om wide Duarte and Lopes, 2005; Gomes, 2006; Rocha
cous consistency, short petiole of pinnate campiodromous (bra- et al, 2006; Reedowskl and de Rzedowskd, 2000;
chidodromaous) venation type. The length of the petioles and sti- Soares et al, 2013,
pules vary between 06 and 1 cm and 2 mm, respectively.
Peduncle Simple free peduncle, characterized by its narrow shape and 05-25cm inlength  Reedowski and de Rredowski, 2000,
flexibility.
Flowers Fowers white, sessile and bisexual, with actinomorphic sym- A-6 mm long and Almanza, 2012; Andrade, 2011; Di Stasi and
meetry, whitish-pink or green to pale brown in colowr. It has three about 1 MM wide (the  Hirnoma-Lima, 2002; Gomes, 2008; Roedowski
main longitudinal ribs, oblong lincar petals and a tetramerous petals) and de Rredowski, 2000; Soares et al., 2013;
perigonium The Aowers are composed of spikes or infloresoenoes, Udulutsch et al., 2007,
Inflorescence The inflorescences are racemose and present two possible locali- — 10-15% om in length i Stasi and Hiruma-Lima, 2002; Gomes, 2008,
zations, terminal or axial,
Filamwents There are fine filaments uneven in length, more or less persistent. 3-5 mim in length Rredowski and de Reedowski, 2000,
Amdroecinm The androecium presents four to elght regular stamens shorter - Soares ef al,, 2013; Udulutsch et al., 2007
than tepals, The androecium is localized in a feshy strocture and
coitains free filiform fillets,
Cymoccium The gynoccium is a unicarpellate, subulate, deflexed and laterally - I Stasi and Hiruma-Lima et al, 2002; Soares
fHattened organ. This strocture is tomentose, and the stigma is et al, 201%; Udulutsch et al., 2007
sessile and penicillate,
Fruit Cylindrical achene-type fruit, with longitudinal stripes and similar 68 mm in length; 1= D0 Stasi and Hiroma-Lima, 2002 ; Reedowski and
seed dimensions It is Aattened and rounded and linear, with ad- 2 mm in width de Reedowski, 2000; Soares et al., 2013; Udu-
herent pericarp and membranous forehead situated close to the lutsch et al., 2007
rachis, It may be wrapped by rigid petals,
Anithers Frequently, the anthers are prematurely obsolete, sagittal or cy- 152 mm in length Soares of al., 2013; Udulutsch et al., 2007
lindrical, localized near the oblong, long linear slit at baoth ends,
Ovary The ovary is cylindrical or fattened. = Reedowski and de Reedowski, 2000,
Stigma It is sessibe or pedicle, localized laterally. = Reedowski and de Reedowski, 2000; Soares
et al, 2013; Udulutsch et al., 2007
Pollen Pollen grains are of the stephanopontoperculate type, It is tiny, 24271 um Bath and Barbsosa, 1972; Neves and Bavermani,
circular and radially symmetrical with a high concentration of 2006

senine in the pores.
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.~ ) ) In P alliscea samples from the Amazon, flowering was the
L\ \ -~ highest in the months of September and November, for an average
ﬁ of 20-21 days. The lowest flowering average was recorded in
L =4 \, February and July, for nine and seven days, respectively. Fruiting
= l’( was not observed in March, June, July and November. The highest
) Z _ Fruit fruiting average was 21 days in the months of April and May. The
[ : ;,__":\i. ,‘y lowest fruiting average was six days in the month of December

B : (Assis et al., 2013).
> '.,'/"" o .J For the samples collected from the southern region of Brazil,
. { Y - flowering was the highest from the months of November to March
(Meves and Bavermann, 2006). Flowering and [ruiting were also
& . "Q,/'(\ Stamen reported from December until April (Hatschbach and Guimardes,

S
i f_{.

Leaf

Petiveria alliacea

Fig. 1. Principal anatomic structures of Petiverio allizcea L. Adapted from Almanza
(2012)

terminal, racemose, cymose, panicle or spike types, A minimum of
three stamens constitute the androecium, which are not dis-
tributed ordinately but are associated with the tepals and inserted
in a hypogynous disc. The ovaries are often superolateral, and the
indehiscent fruits can be fleshy or dry with one unique wilt seed
per locule (Almanza, 2012; Rzedowski and de Rzedowski, 2000;
Shang et al., 2003; Steinmann, 2010; Stevens, 2010). The plants of
this family show variable pollen morphology, with birds and wind
spreading the seeds, and insects promoting pollination {Lorenzi,
1992; Neves and Bauermann, 2006).

The complete botanical description of P. alliacea is presented in
Table 1. The Petiveria represents a group of herbaceous or shrub
plants and perennial herbs. It is characterized by an erect, bran-
ched and cylindrical main structure or stem. The chemical com-
ponents of the plant produce a strong odour, usually associated
with garlic (Almanza, 2012; Rzedowski and de Reedowski, 2000).
This leature justifies its species name alliocea (Alonso, 1998). This
genus is characterized by alternating leaves. As depicted in Fig. 1,
the leaves also exhibit small stipules, and are petiolate, membra-
nous and glabrous (Almanza, 2012; Reedowski and de Rzedowski,
2000).

The flowers are small, actinomorphic, hermaphroditic, and
white, green or pink in colour. The inflorescences are composed of
long curls, which may be axillary or terminal. The curls are com-
posed of 8-30 lMowers with bracts and bracteoles as well. The
perianth consists of four free petals, which are intimately asso-
ciated with the fruit. The androecium is filiform in nature, with the
number of stamen filaments ranging from four to nine. The an-
thers are fixed, and the fruit is an achene with two lobules and
four to six spines on the dorsal area (3-5 mm in length) (Almanza,
2M2; Reedowski and de Rzedowski, 2000).

In this genus, the seed and embryo are straight and membra-
nous in the superior region. The ovary is unicarpelar and uni-
locular in nature, and is localized on the apocarps (top region)
presenting a single ege, The stigma may be sessile or subsessile,
and is connected by a lateral gap (Almanza, 20012; Reedowski and
de Reedowski, 2000). The South American samples were found to
be of stephanopontoperculate pollen morphology, This pollen
morphology could only be characterized through electron micro-
scopy analysis (Meves and Bavermann, 2006), Thus, earlier studies
on the pollen morphology of this genus, which used only optic
microscopy, reported a pantoporate morphology (Barth and Bar-
bosa, 1972; Bortenschlager, 1973; Erdtman, 1952).

1973). The different perieds of flowering and fruiting reported in
various studies can be primarily attributed to the different climate
conditions of the regions from which the samples were collected.
These variations may influence other plant traits, such as phyto-
chemical composition (see the following sections).

2.2 Distribution and traditional uses

Different theories have been proposed for the original geo-
graphic distribution of P alliacea. This species was first described
in Jamaica in the 18th century (Linnaeus, 1753), which supports
the theory of slaves bringing P alliacea L. from Africa to Brazil in
South America (Gomes, 2008; Kubec and Musah, 2001).

According to studies conducted by Germosén-Robineaun (1995),
this plant is native to Central America (Rocha et al., 2006), whereas
Di Stasi and Hiruma-Lima (2002) indicated that South America
was the first area where this plant occurred. Moreover, recent
studies have noted a higher incidence of this speces in a wild and
subspontaneous state throughout South America (Andrade, 2011;
Marchioretto, 2010; Soares et al., 2013).

Based on these data, P alliacea is found to be common in tro-
pical regions of the Americas such as the Amazon forest, Central
America, Caribbean islands and Mexico, as well as specific regions
of Alrica. This species is endemic to these regions (Almanza, 2002;
Gupta, 1995; Garcia-Gonzdlez et al., 2006; Rzedowski and de
Rzedowski, 2000}, It adapts to humid, warm and shaded en-
vironments (Marchioretto, 1989; Soares et al, 2013). In addition, as
summarized in Table 2, P alliacea is known by various popular
names according to their geographic localization,

Due to its diverse medicinal uses, this plant was exported to
other continents. Mowadays, P alliacea is available in Morth
America (southern USA and Mexico), Central America (El Salvador,
Guatemala, Panama, Nicaragua and Honduras), the Caribbean
(Cuba, Haiti, Jamaica and Martinique), South America (Brazil, Ar-
gentina, Colombia, Peru, Venezuela and Paraguay), Africa and India
(Almanza, 2012; Reedowski and de Rzedowski, 2000) (see Fig. 2).

P alliacea was employed ethnomedically primarily in the
American continent, but nowadays it is widely used in traditional
medicine in different regions of the world (Almaneza, 2002; Ca-
margo, 2007). In general, the consumption of 9 ¢ of the dried plant
with G600 ml of boiled water is recommended three times daily
(Ferraz et al, 1991a,b). Other traditional preparations include a
decoction or infusion prepared with 30 g of dried anamu whole
herl in a litre of water. For this treatment, dosages from a quarter
to half a cup must be consumed three times daily or used topically
(Taylor, 2005). Additional uses of P alliacea in folk medicine are
presented in detail in Tables 3 and 4.

Ethnobotanical studies have shown that leal infusions or de-
coctions from P alliacea were used in sacred rituals in Nicaragua,
Panama, Guatemala and Brazil (Camargo, 2007; Coe and Anderson,
1996b; Girdn et al, 1991; Joly et al, 1987; Leitdo et al, 2009;
Schardong and Cervi, 20005 Souza and Neto, 20010). Reports de-
scribe P alliooea associated with other plants for diverse purposes,
For example, the healers and indigenous communities of the
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Table 2
Popular names of Petiveria alliacea 1. According to geographic localization.
Popular name CGeographic localization References
Ajillo Colombia Gupta, 1995.
Amansa-senhor (Tame- Brazil: Amazonas and Bahia Braga, 1992; Camargo, 2007; Gupta, 1995; Di Stasi and Hiruma-Lima, 2002; Gomes et al,
master) 2005; Ximenes, 2008,
Amanu Cuba Braga, 1992; Gupta, 1995; Ximenes, 2008,
Anami Colombia; Cuba; Panama; Peru; Dominican  Braga, 1992; Gomes, 2006; Gupta, 1995; Rodrignez et al, 2004,
republic; Venczucla; USA
Apacin Brazil: amazonas, Para and Roraima; Braga, 1992; Gomes, 2006; Gupta, 1995; Rodriguez et al, 2004,
Cuatemala
Apasote de zorro Guatemala Rodriguez et al, 2004,
Apurito Colombia Braga, 1992; Gomes, 2006; Gupta, 1995.
Ave Haiti Rodriguez et al. (2004).
Cas Brazil: Amazonas Braga, 1992; Gupta, 1995; Ximenes, 2008.
Chambira Feru Braga, 1992; Gomes, 2006; Gupta, 1995,
Da-huata Colombia: Mikuna Braga, 1992; Gomes, 2006; Gupta, 1995,
Erva de alho Brazil: Amazonas, Pard and Roraima Braga, 1992; Gomes, 2006; Gupta, 1995,

Hoehne, 1939; Pio Correa, 1969,

Brazil: Pernambuco and S3o Paulo Di Stasi and Hiruma-Lima, 2002,

Brazil Lima et al, 1991,

Brazil: Mato Grosso Di Stasi and Hiruma-Lima, 2002,

Brazil: Amazonas Braga, 1992; Gupta, 1995; Ximenes, 2008.
Brazil: Amazonas Braga, 1992; Gupta, 1995; Ximenes, 2008.

Braga, 1992; Gupta, 1995; Hoehne, 1939; Lima et al,, 1991; Pio Correa, 1969; Ximenes, 2008,
Rodriguez et al, 2004,

Jamaica, Panamd and USA Braga, 1992; Gupta, 1995; Rodriguez et al, 2004; Ximenes, 2008; Yukes and Balick, 2010,
France Braga, 1992; Gupta, 1995; Ximenes, 2008,
Mexico Fletes-Arjona et al, 2013,
Honduras and Nicaragua Rodriguez et al, 2004,
Nicaragua Braga, 1992; Gupta, 1995; Ximenes, 2008; Yukes and Balick, 2010.
Brazil: Amazonas Braga, 1992; Gupta, 1995; Ximenes, 2008,
Dominican Republic Rodriguez et al, 2004.
Colombia Braga, 1992; Gomes, 2006; Gupta, 1995,
Brazil: Amazonas Braga, 1992; Cupta, 1995; Ximenes, 2008.
Colombia Braga, 1992; Gupta, 1995; Ximenes, 2008,
Venezuela Braga, 1992; Gupta, 1995; Rodriguez et al, 2004; Ximenes, 2008,
Micura Peru Braga, 1992; Comes, 2006; Gupta, 1995,
Mucura Colombia, Peru Braga, 1992; Gomes, 2006; Gupta, 1995; Rodriguez et al, 2004,
Mucuracad or Mucura-cad  Amazon Region (Brazily Amazonas, Pard and  Braga, 1992; DI Stasl and Hiruma-Lima, 2002; Gomes, 2006; Gupta, 1995; Hoehne, 1939;
Roraima Pio Correa, 1969; Rocha, 2004; Ximenes, 2008,
Mapuro Colombia Braga, 1992; Gomes, 2006; Gupta, 1995,
Ocoembro Brazil: Rio de Janciro Braga, 1992; Gupta, 1995; Ximenes, 2008,
Ojtaisaji Africa Braga, 1992; Gupta, 1995; Ximenes, 2008,
Paraacaca Brazil: Rio de Janciro Braga, 1992; Gupta, 1995; Ximenes, 2008.
Paracoca Brazil: Rio de Janciro Braga, 1992; Cupta, 1995; Ximenes, 2008,

Mexico: Isthmus of Tehuantepe (Zogue-
Popoluca)

Mexico: Isthmus of Tehuantepe (lowland
Mixe)

Pipi Brazil: Rio de Janeiro; Colombia; Venezuela
Pipi Argentina

Puante France

Raiz-de-conconha Brazil: Pernambuco and Sio Paulo
Raiz-de-guiné Brazil: Pernambuco and S3o Paulo

Raiz de pipi Colombia

Timbé Brazil: Amazonas

Tipi Brazil: Amazonas, Ceard and Bahia

Tipi verdadeiro Brazil: Ceard and Bahia

Zorrillo Colombia; Mexico

Leonti et al, 2003,
Leonti et al, 2003,

Braga, 1992; Comes, 2006; Cupta, 1995; Di Stasi and Hiruma-Lima, 2002; Hochne, 1939;
Lima et al, 1991; Plo Correa, 1969; Ximenes, 2008,

Rodriguez ot al. (2004).

Braga, 1992; Gupta, 1995; Ximenes, 2008,

Braga, 1992; Gupta, 1995; Ximenes, 2008,

Braga, 1992; Di Stasi and Hiruma-Lima, 2002; Gupta, 1995; Ximenes, 2008,

Braga, 1992; Comes, 2006; Gupta, 1995,

Braga, 1992; Gupta, 1995; Ximenes, 2008,

Bezerra, 2006; Braga, 1992; DI Stasi and Hiruma-Lima, 2002; Gomes, 2006; Gupta, 1995;
Hochne, 1939; Lima et al, 1991; Pio Correa, 1969; Rodriguez et al, 2004; Ximenes, 2008,
Braga, 1992; Di Stasi and Hiruma-Lima, 2002; Gomes, 2006; Gupta, 1995,

Gupta, 1995; Rodriguez et al, 2004,

Amazon forest used P. alliacea in herbal baths to protect against
witchcraft. These ceremonies were a means of driving away ‘bad
spirits’ and producing visions or hallucinations (Taylor, 1998;
Maciel and Neto, 2006).

In Populaca culture (a Macro-Mayan ethnic group from Mex-
ico), P. alliacea was used to ward off black magic (Leonti et al,
2003). Moreover, P. alliacea, combined with many other additives,
was used to prepare the ritual drink of ayahuasca (Camargo, 2007;
Hoehne, 1939). This preparation is utilized to treat illnesses of a
magical origin or that are intractable by medicine. The ayahuasca
drink is employed in religious ceremonies for inducing visions and

increasing spiritual abilities (Rivier and Lindgren, 1972). Reports of
the plant’s hallucinogenic effects are indicative of its ability to act
on the CNS. Furthermore, voodoo practitioners in Haiti used P.
alliacea as a ‘zombie poison’ to induce a prolonged psychotic state,
with subjects falling into a deathlike stupor (Albuquerque et al,
2012).

The Ticuna, an indigenous people of the Amazon, used roots of
P. alliacea along with other plants to prepare curare, applied as
poison to their arrows. This poison induces neuromuscular
blockade, lethargy and death by asphyxia. The effects of these
different preparations may not be exclusively related to P. alliacea,
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Fig. 2. Geographical distribution of Petiveria alliacea L

Table 3
Indications and forms of traditional use of Petiveria alliacea | Source: Adapted from Comes (2006)
Indication Forms of use
Buccal anti-inflammatory and analgesic Tea of roots and leaves: 10 g in 1 L of water, four times a day.
Cancer Decoction of leaves: 40 g in 1 L of water, three times a day.
Plant juice (Juice): 25-30 fresh leaves (green), filtered with 1 1 of cold water, pure. This fltered juice should be
consumed three times a day (moming, afternoon and night ).
Cystitis Decoction of leaves or roots: 30 g/l
Headache Compress of macerated lcaves.
Rheumatic pains, neuralgia, polyneuritis (beriberi),  Tincture to friction: 350 g from roots in 40% alcobol.
paralysis
Stimulant, diaphoretic and diurctic Decoction from leaves or roots: 30 g in 1 L of water to be taken in tablespoons during the day.
Paralysis Baths: 500 g of roots in cach bath.

because the association of plants possibly produces synergistic or
antagonistic effects (Rodrigues and Carlini, 2004; Rodrigues et al.,
2008). The leaves and roots of this plant were used as stimulants
in various regions across Brazil (Negri and Rodrigues, 2010). Tri-
nidadian hunters bathed their dogs with a preparation of P. alliacea
roots for increased alertness, as well as dabbing it on the dogs’
noses to improve their scent-tracking ability (Lans et al, 2001;
Muifioz et al., 2000).

In contrast, P. alliacea is also consumed in Latin America for its
sedative effects in the form of infusions and aqueous preparations
of roots at high temperature (Germano et al, 1993). In the Do-
minican Republic, the root infusion is orally consumed to alleviate
anxiety (Ososki et al., 2002; Mafon Rossi, 1983). The island com-
munities of Brazil mash the leaves in alcohol and use this pre-
paration to treat convulsions in children (Branch and Silva, 1983).
In addition, migrants living in the remnants of the South-East
Atlantic Forest (Brazil) treat cases of anxiety by the inhalation of
the aerial parts (APs) of the plant (Garcia et al, 2010). Traditional
populations of Mexico and some areas of Latin America use a leafl
infusion to alleviate epilepsy crises, anxiety and paralysis (Marti-
nez, 1984; Zamora-Martinez and Pola, 1992; Taylor, 1998). Indeed,
weak infusion of the leaves or roots have been used in several
parts of the world to boost memory (Mors et al., 2000),

During the era of slavery, female slaves used preparations of P
alliacea to seduce their masters or to protect themselves from being
harassed by their employers. Thus, the plant was popularly known

as amansa-senhor (‘Tame-Sir’ or ‘Tame-Master’ in English) (Ca-
margo, 2007; Schardong and Cervi, 2000; Souza and Neto, 2010).,
Moreover, the surviving members of the quilombola communities
have reported the use of this plant for its mind-altering effects
(Rodrigues and Carlini, 2004, 2006). Quilombola communities pre-
pare a cigarette known as tira-capeta (‘removing-the-devil’ in Eng-
lish). The tira-capeta is recommended for improving the learning
abilities of adolescents and children, in cases of nervous breakdown
due to overwork and for relieving sleep disturbances. Nine plants
belonging to the tonics for the brain category are used in the pre-
paration of this cigarette, including P. alliacea (Rodrigues et al,
2008). It is also indicated to reduce cannabis use and other non-CNS
uses (i.e. sinusitis, cold, etc.) (Negri and Rodrigues, 2010).

Prolonged use of P. alliacea has been known to cause insanity. For
instance, the acute consumption of high doses of this plant induces
insomnia, hyperarousal and hallucinations, whereas chronic ex-
posure leads to paradoxical symptoms including seizures, weakness
and mental retardation. There are reports of deaths within one year
of chronic use of P. alliacea (Peckolt and Peckolt, 1900).

3. Phytochemistry

Many compounds have been isolated from P. alliacea, and some
of them are patent protected (Ferrer, 2007; Taylor, 1998). The main
chemical components include sulphur compounds, flavonoids,
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Table 4
Traditional uses of Petiveria alliacea 1. worldwide.
Aerial parts’ Bolivia Oral Colds "Desmarchelier et al, 1997; 2Barrett, 1994; *Desmarchelier et al,
Entire plant® Nicaragua Not stated 19963; “Coe and Anderson, 1996a; *Desmarchelier et al, 1996b.
Leal® Argentina Infusion oral
Leaf® Nicaragua Decoction oral
Leaf® Peru Leaves oral
Stem and root’  Guatemala Powder inhalation Sinusitis Girén et al, 1991.
Root' Paraguay Decoction oral
Entire plant’ Nicaragua Not stated Other respiratory tract~ "Coe and Anderson, 1996a; 2Perez and Anesini, 1994; *Ruffa ot al.,
Leaf Argentina Decoction oral disorders 2002; “Leonti et al, 2003,
Leaves and stem *  Argentina Not stated
Not stated * Mexico Not stated
Aerial parts' Colombia Infusion external Snakebite 'Otero et al., 2000; *Barrett, 1994,
Entire plant® Nicaragua Plant external
Aerial parts' Colombia Oral Childbirth 'Garda-Barriga, 1974; *Cosminsky, 1982; >Hodge and Taylor, 1957,
Entire plant® Mexico Infusion oral
Acrial parts' Paraguay External Insecticide 'Schmeda-Hirschmann and Rojas de Arias, 1992; 2Medeiros ot al.,
Not stated” Brazil Not stated 2013; *Schmeda-Hirschmann and Rojas de Arias, 1990,
Leaf® Brazil Leaves not stated
Entire plant’ Brazil Oral Abortive 'Dragendorff, 1898; *Milliken, 1997; Schmeda-Hirschmann and
Roots™ Brazil Infusion or decoction Rojas de Arias, 1990; *Lores and Pujol, 1990; *Mihalik, 1978; "Roig
Entire plant® Cuba Decoction oral and Mesa, 1945; "Amadeo, 1888; *Burlage, 1968.
Entire plant™ Guyana Decoction oral
Entire plant® Mexico Oral
Root™ Puerto Rico and USA  Oral
Entire plant’ Brazil Oral Diuretic "Dragendodft, 1898; *Milliken, 1997; *Schmeda-Hirschmann and
Roots™ Brazil Infusion or decoction Rojas de Arias, 1990; “Sitva, 2002; "Medeiros et al., 2013; *Bandoni
Not stated* Brazil Not stated et al, 1976,
Leaf® Brazil Tea
Not stated® Argentina Oral
Aerial parts’ Brazil Oral Toothache or caries "Wan Den Berg, 1984; *Medciros et al., 2013; Silva, 2002; *Barrett,
Not stated” Brazil Not stated 1994; “Filipov, 1994; *Martinez, 2010; *Weniger et al, 1986,
Root or leaves®  Brazil Mash roots and apply on
tooth
Entire plant® Nicatagua Oral
Roots™ Argentina Root periodontal o
smoke inhalation
Entire plant® Argentina Infusion or decoction
Leal” Haiti Macerated leaves
Entire plant’ Brazil Infusion or decoction oral  Headache 'Elisabetsky and Castilhos, 1990; 2Oliveira et al, 2010; *Schmeda-
Leaf Brazil Pomade and tincture Hirschmann and Rojas de Arias, 1990; “Branch and Silva (1983); *
Leaf® Brazil Poultice and wash Comesford, 1996; *Weniger et al, 1986; “Filipov, 1994; *0akes and
Leaf and root®  Brazil Tea Morris, 1958,
Leaf® Guatemala Leaves external
Leaf® Haiti Leaves inhalation
Root” Argentina Smoke inhalation
Root® Virgin tslands Oral
Entire plant’ and  Nicaragua Decoction oral OR infusion  Analgesic (other types of  "Coe and Anderson, 1996a; *Coe and Anderson, 1996b; *Girdn et al.,
external ) 1991; “Oliveira et al, 2010; SGarcia et al, 2010; *Ruffa et al, 2002
Paraguay Decoction external
Root” Brazil Decoction
Leaf* Pomade and tincture
Leaf® Brazil
Leaves and stem®  Argentina Not stated
Entire plant’ Cuba Decoction Diabetes "Lores and Pujol, 1990,
Entire plant’ Cuba Decoction oral Anti-inflammatory "Lores and Pujol, 1990; *Germano et al. (1993); *Medetros et al,
Root” Brazil Infusion oral 2013; “Quilez et al, 2004; *Ruffa et al, 2002
Not stated” Brazil Not stated
Not stated* Dominican Republic  Not stated
Leaf and stem®  Argentina Not stated
Entire plant’ Mexico Plant external Pimples 'Zamora-Martinez and Pola, 1992; *Caceres et al., 1987,
Leat® Guatemala Infusion external
Entire plant’ Mexico Oral Emmenagogue "Roig and Mesa, 1945; 2Bandoni ot al, 1976; *Moreno, 1975; ¢
Not stated” Argentina Oral Gonzalez and Silva, 1987; SHeckel, 1897; *Amadeo, 1888; "Burlage,
Not stated” Paraguay Not stated 1968,
Not stated* Venezuela Oral
Root™™7 French Guiana, Puerto  Oral
Rico and USA
Leaf' Guatemala Decoction extermal Fever 'Comerford, 1996; Loustalot and Pagan, 1949; *Milliken, 1997; ¢
Leaf and Stem?  Puerto Rico Oral David and Pasa, 2013; *Girdn et al, 1991; “Bandoni et al., 1976,
Root” Brazil nfusion oral or tea
Leat* Brazil Decoction oral
Root™ Paraguay Oral
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Table 4 [continued )
Plant part Lowcation Pal PuimESrali o Midicinal wse Referemoes
Mot stated” Argentina Oral
Leaf Guatemala Infusion cxternal Skin discases 'Caceres et al, 1987; Gindn et al, 1991 ; *Martinez, 1984; *Medeiros
Koot PFaraguay Decoction cxtermal et al, 201%; *Yukes and Balick, 2.
Leaf? Mexico Leawes extemal
Mot stated® [Eerazil Mot stated
Leaf Domimican republic  External (topically)
Lieaf amed root” Pucrto Rico Oral Cholera ! Amadeo, 1888,
Entire plant’ Guatrmala Oiwal Diarrhoca 'Logan, 1573; *Perez and Ancsini, 1994,
Lesaf* Argenlina Decoction oral
Enire plant’ GCuaternala Owal Digesative disorders TLogan, 1973; *Cirdn et al, 1991 ; *Comerford, 1996; *Branch amnd
Paragsay Diesonsctiom oral Sikha, 19873,

Leal® Cuatemala Descnetion oral
Leal ained root™® Berazil Tea
Leaf® Guatemala Oval Ringworm ICaceres ef al, 1990; *Cermano of al, 1993,
Root Berazl Infusion oral
Mot stated' Brazil Mot stabed Malaria 1 niorenn, 1975: Milliken, 1997; *Carabalo ef al , 2004; “Vigneron
Root® Brazl Infusion oral &t al, 2005: "Ruffa et al, 2002
Entire plant® Brazl Decoction
Leaf® French Guiana Mot staibed
Leaf and stem®  Argenting Mot stated
Entire plant’ Nicaragua Mot stated Heart discases Barrett, 1994; *Sikva et al., 2009,
Leaf IErazil
Leaf' CGuatemala Leawes oral Hlood disorders villar et al, 1997.
Entire plant’ Micaragua Bk stated Liver disonders VBarrctt, 1954
Entire plant’ Trinidad and Tobage Mot stated Kidney disorders 1 Barrctt, 1994; flans, 2006; “Souza of al, 2014,
Leaf* Trimickad and Tobagn Mot stated
Leaf” Brazl Green leaf O dry beal
Mot stated! Brazl Mt stated Allerey IMedeiros ot al, 2013; “Oliveira ot al, 2000,
L™ Berazil
Rt - ezl Tea andd baths Osleoporosis 1 abves et al., 2007; *Ferraz ef al, 19916,
Mot stated ! Teraazdl Mt stated Arthrosis Ipnbedeiros et al, 2013; 200iveira et al, 2000,
Leal® Berazil Pomade and tinctune
Mot stated' ezl Mt stated Rhcummalism Iniedeires ot al, 20013; 20liveira ot al, 2000; *Sika, 2002; *Ferraz
Leal® Brazil Fomade and Ginciune et al, 19914 *Bandoni et al, 1976,
Leaf® Izl Bath associabed with
Entire plant® Ierazil other plants
Mot stated” Argenting Infision oral

Oral
Roots' Dominican Republic  Alcoholic tincture oral Arthritis "ukes and Balick, 2000,
Rovots' Dominican Republic  Infusion oral Gymaecological disorders  "Ososki et al., 2002; *Yukes and Balick, 2000,
chmmdhr ominican Bepublic  Infusion oral
Leaf! Cuba Mok stated Cancer 1Green Reinoso of al., 2014; *Ruffa of al. 2002; “Lores and Pajol,
Leaf and stem?® Cuba Mot stated 1990; *Rossi ot al., 1990,
Entire plant® Cuba [ecnctinn
Leaf 4 Brazl Owal
Leaf Brazil Chntrmient Worms "Branch and Silva, 1983,
Leal® Guatemala Decosction extermal Fevers 1Comerfond, 1996; *Lowstalol and Pagan, 1949; SCifeenbes of al,
Leal anel stem? Puerto Rico Owal 2001: Cirtn ot al, 1991,
Roots Berazil Infusion oral
Rt Paraguay Decoction oral
Leal anedl stem’  Guaternala Powder inhalstion Simaais IGirin et al, 1091,
Roots' Paraguay Decoction oral

lipids and triterpenes, among others (Benevides et al, 2001;
Cuervo, 2001),

3.1. Sulphur cormpounds

Unique to P alliscea, these compounds are mainly localized in
the roots, and are known as asufre derivatives (Fig. 3). The pre-
sence of cis-3,5-diphenyl-124 trithiolane (1) and elevated
amounts of elementary sulphur was first identified by Adesozan
(1974). When submitted to column chromatography, the petrol
root exiracts of P alliacea afforded dibenzyl trisulphide (DTS) (2),
isolated as a viscous and pungent-smelling oil (De Sousa et al,
1990}, This finding revealed DTS as a natural product, which has
thus far been described as a synthetic prodoct. It is a significant
representative of sulphur.

Benevides et al. (2001) evalvated the antifungal activity of
methanolic extracts of B alliscea, reporting the highest activity

with the root extracts. Thus, they submitted this extract to suc-
cessive liquid/liquid partitioning in different  solvents. The re-
sultant residues were concentrated and posteriorly subjected to a
new step of fractionation. This procedure resulted in six bivactive
fractions, which afforded five new polysulphides. Thus, yellow and
colourless oily substances called dibenzyl sulphide (3) and benzyl
hydrosymethyl sulphide (4), respectively, were identified.

Other compounds included the yellow amorphous solid di-
benzyl disulphide (5), as well as dibenzyl tetrasulphide (6) and di
(beneyltrithio) methane (7), both being identified as orange
amorphous solids. Finally, Benevides et al. (2001 ) described two
sulphur compounds that were already registered: di-n-propyl
disulphide (8), a colourless volatile oil with a strong odour of
garlic, and DTS (2), described as a yvellow amorphous solid.

Additionally, Kuber and Musah (2001 ) reported on the isolation
and identification of non-volatile phytochemicals. Disruption of the
P alliscea tissue may have produced these compounds, because
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Fig. 3. Sulphur compounds from Prtiveria alliacea: cis-3,5-diphenyl-1,2.4 trithiolane (1), dibenzyl trisulphide (2), dibenzyl sulphide (3), dibenzyl disulphide (4), dibenzyl

tetrasulphide (5). benzylhydroxymethyl sulphide (6), di(benzyltrithio) methane (7), di-n-propyl disulphide (8), (RsSc)-S-benzyl-L-cysteine
(petiveriin B, 10), (R)-S{2-hydroxyethyl) cysteine (11), 6-hydroxyethiin A (12), 6-hydroxyethiin B (13), S-{2-hydroxyethyl) (2-hy-
phenylmethane-thiosulphinate (15), S-benzyl (2-hydroxyethane

L-cysteine sulphaxide
)thiosulphinate (14), S{2-hydroxyettiyl)

(petiveriin A, 9),
J-thiosulphinate (16), S-benzyl phenylmethane-thio-

droxyethane
sulphinate (17), (Z)-thiobenzaldehyde S-oxide (18), (ScaRey)-<-glutamyl-S-benzylcysteine (19), y-L-glutamyl-petiveriin A (20) and y-L-glutamyl-petiveniin B (21). Adapted
from Bezerra (2006), Kubee and Musah (2001), Kubec et al. (2002), Kubee and Musah (2005) and PubChem Compound Database (2015)

most of these elements are not present in the fresh tissue. These
non-volatile constituents may serve as precursors of the phenyl/
benzyl-containing compounds mentioned previously. In this study,
fresh roots were extracted in boiling methanol (MeOH). The se-
quential addition of 3% hydrochloric acid (HCl) promoted the pre-
dpitation of the same material. This precipitate was filtered and
subjected to cation exchange to separate the amino add fraction.
This fraction was eluted in ammonium hydroxide (NH4OH), con-
centrated and subjected to high-performance liquid chromato-
graphy (HPLC). From this process, two diastereoisomers of the
sulphoxide of S-benzylcysteine were obtained (Kubec and Musah,
2001); one appeared as small white plates and the other resembled
long tiny white needles. According to the absolute configuration of

the isolated amino acid, they were designated as (RsSc)-S-benzil-L-
cysteine sulphoxide (petiveriin A) (9) and (SsRc)-S-benzyl-L-cy-
steine sulphoxide (petiveriin B) (10), respectively.

Subsequently, three additional amino acids, S-methyl-, S-ethyl-
and S-propylcysteine derivatives, were detected in the roots of P.
alliacea (Kubec et al, 2002). The method used in the previous
study was modified to achieve these amino acids (Kubec et al,
2001). Thus, this work identified three white solid compounds as
S-substituted cysteine, named (R)-S<{2-hydroxyethyl) cysteine
(11), 6-hydroxyethiin A (12) and 6-hydroxyethiin B (13) (Fig 3).
Furthermore, Kubec and Musah (2002) isolated four thiosulphi-
nates: S{(2-hydroxyethyl) (2-hydroxyethane)-thiosulphinate (14),
a yellow oil, as well as S{2-hydroxyethyl) phenylmethane (15),
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S-benzyl (2-hydroxyethane) (16) and S-benzyl phenylmethane
(17) thiosulphinates, which were white solids. The authors in-
dicated these compounds to be products of the enzymatic break-
down of S-substituted cysteine derivatives (Kubec et al, 2002).
Sensory observations during experiments on P. alliacea led
Kubec et al. (2003) to investigate these properties. On conducting
the analysis, the disrupted tissue emilted a strong garlic odour,
irritating the nasal and ocular mucosae, leading to a serious nasal
discharge and lachrymation, respectively. A fresh homogenate
from P. alliacea roots was submitted to chromatographic methods.
This process isolated (Z)-thiobenzaldehyde S-oxide (18), a yellow
sulphine pungent oil. This sulphine gave off an intense alliaceous
odour, typically when the plant was bruised or cut. By contrast,
none of the previously isolated thiosulphinates showed strong
odour or lachrymatory effects. Therefore, the authors implicated
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this metabolite in determining these features of the plant.

The presence of y-glutamyl dipeptides, which possibly act as a
reserve of nitrogen and sulphur, was reported. Among other
functions, these elements serve as intermediates in the biosynth-
esis of S-alk{en)ylcysteine sulphoxides (Kubec and Musah, 2005).
(SczRe7 )-c-glutamyl-S-benzylcysteine (19) and two diastereomeric
sulphoxides were termed (SoRoRs)-c-glutamyl-S-benzylcysteine
S-oxides or y-L-glutamyl-petiveriins A (20) and B (21), respectively
(Kubec and Musah, 2005) (Fig. 3), all three of which were white
hygroscopic solids.

Finally, sulphur compounds have been detected in P. alliacea
roots, at elevated concentrations and diversity. Thus, most studies
on these compounds focus on the roots of the plant. It is worth
noting that DTS (5) and DTS (2) were recently identified in the
stem and leaves of P. alliacea (Hernandez et al, 2014). Moreover,

M

(31)

HFg 4. Favonoids and derivates from Petiveria alliocea:
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organosulphur compounds were detected in the hydroalcoholic
extracts of leaves by thin-layer chromatography (TLC) (Silva et al.,
2015). Taken together, these data are indicative of the presence ol
these compounds in other plant parts.

32 Havonoids and derivatives

Favonoids and derivatives have been detected in the APs of P
alliacea, particularly in the leaves (Monache et al, 1996; Di Stasi
and Hiruma-Lima, 2002; Blainski et al, 2010; Audi et al, 2001).
The NMavanones G-formyl-8-methyl-7-0-methylpinocembrin (22),
B-hydroxymethyl-7-0-methylpinocembrin (leridol) (23) and 5-0-
methyl ether (5-0-methylleridol) (24) were identified in the
chloroform fraction of the leaf extract (Monache and Suarez, 1992).
Moreover, the ethyl acetate fraction of the same extract was found
to contain the flavonoids engeletin (25) and astilbin (26), as well
as the flavonol myricitrin (27) (Fig. 4).

The acid hydrolyses of the leaf extract afforded dihydro-kem-
pleferol (28), dihydrogquercetin (29) and myricetin (30) (Monache
and Suarez, 1992 ). Previous research identified the AP extracts of P
alliacea as the source of the flavonoid leridal chalcone (31), as well
as the flavanones petiveral (32) and o-petiveral-4-ethyl (33)
(Monache et al, 1996) (Fig. 4). Recently, the ethyl acetate fraction
of P alliacea obtained from leaves and stems was found to contain
leridol, myricetin, petiveral and petiveral-4-ethyl (Hernandez
et al, 2014).

1.3. Other compounds

Some phytochemical screenings were performed to identify
secondary metabolites in P alliacea. As expected, different frac-
tions collected from different regions exhibited different phyto-
chemical profiles. For example, in a TLC analysis of P. alliocea roots,
a significant amount of coumarins, but not alkaloids, was detected
(Rocha and Silva, 1969). However, in a study investigating medic-
inal plants collected in Argentina, alkaloids were detected in the
leaves and roots of P. alliacea (Bandoni et al., 1976).

Fontoura et al. (2005) performed a phytochemical prospection
of the ethanolic extract of P alliocea leaves. The aqueous and
chloroformic fractions of this extract were also studied. A col-
ourimetric reaction was used to identify these compounds in the
ethanolic extract. The results expressed the intensity of the reac-
tion presented by each metabolite. A TLC analysis helped to
identify the metabolite classes in the fractions. Thus, the ethanolic
extract and the aqueous fraction showed a strongly positive re-
action for steroids and coumarins, but not for tannins. The chlor-
oformic fraction was found to present coumarins and tannins, but
in lower concentrations.

Oliveira (2012) conducted a phytochemical prospection using a
similar methodology to that used by Fontoura et al. (2005). This
work evaluated the variation in the chemical composition of the
powder and hydroalcoholic extracts of the APs and roots of P al-
liacea. The plant material was collected in two different seasons
(dry and rainy). The powder and AP extract were found to contain
spumidic saponins in equal proportions in both periods. In the root
samples, only the extract showed a major proportion of these
saponins independently of the season of collection.

The intensity of the alkaloids® reactions varied with the detec-
tion technique used. The roots extract prepared from material
collected during the rainy season showed a strong reaction in the
DragendorfT test. Other preparations under study showed a similar
profile of alkaloids to that in APs. Sugar reduction was observed in
the roots and APs. Only the roots were found to contain sesqui-
terpene lactones, depsides and depsidones, bul in low concentra-
tions in both periods (Oliveira, 2012).

In their study, De Sousa et al. (1990) investigated the chemical

constituents of P alliacea. The plant material was collected, air-
dried and separated into roots, stems, leaves and inflorescences.
These parts of the plant were ground first with petrol and then
with ethanol. The known chemical constituents were detected
through standard physical and spectrometric methods and com-
pared with authentic samples, whereas unknown compounds
were identified based on their microanalysis and spectral data

Thus, the inflorescence extract included the carbohydrate pi-
nitol (34), as well as other unknown plant compounds, such as the
steroid p-sitosterol (35), which is isolated from the roots and stem
(Fig. 5). Potassium nitrate (KNOs) was precipitated from the ex-
tracts of roots, stem and leaves. An elevated amount of nitrate was
found to induce methaemoglobinaemia in cattle (Trheebilcock
et al, 1978). This effect had already been identified in experi-
mental murine models (Andrade et al, 2012), and it may be toxic
to humans (De Sousa et al., 1990).

In the same study, De Sousa et al. (1990) described two alka-
loids from P alliascea: an unpublished highly polar alkaloid isolated
from the stem and termed trans-N-metil-4-methoxyproline (36),
and allantoin (37), which is found in the stem and leaves, Some
lipids and the triterpene a-friedelinol (38) were also detected in
the leaves. Segelman and Segelman (1975) isolated the triterpenes
isparborinol (39) and isoarborinol-acetate (40) from the leaves of
P alliacea. Two other triterpenes were obtained from the AP ex-
tracts of the plant, babinervic acid (41) and 3-epiilexgenin A (42)
(Monache et al., 1996) (Fg. 5}

34. Essential oil

The essential oil can be obtained from the leaves, stem, roots
and inflorescences of P alliacea, which is yellow in colour, with a
strong and unpleasant odour due to allyl sulphide (Dominguez,
1928). P. allincea also contains a powdery amorphous component
known as petiverine, which is odourless, bitter, spicy and soluble
in alcohol and ether. It is slightly soluble in acidic water solutions
at 100 ~C (Matta, 1913; Peckolt and Peckolt, 1900).

Bezerra (2006) conducted a comparative study of the volatile
constituents of P alliacea roots from two cities in the north-east of
Brazil (Maranguape and Apuiarés) with gas chromatography cou-
pled to mass spectrometry (COG/MS). The root essential oil from
Manguarape was found to contain benzaldehyde (61.5%) (43), di-
benzyl disulphide (18.1%) (5), trans-stilbene (14.1%) (44) and cin-
namaldehyde (6.5%) (45), corresponding to 1006 of the peaks
obtained on the chromatogram. However, only benzaldehyde
(53.8%), dibenzyl disulphide (29.7%) and trans-stilbene (3.3%)
varied in the guantity of metabolites between the two distinct
origins (Bezerra, 2006) (Fg. 6).

In 1998, Ayedoun et al. investigated the volatile compounds in
the essential oil of P alliacea roots from Benin (West Africa). They
obtained the oil by boiling the roots in deionized water using
pentane as a liquid extractor, and the phytochemicals were de-
tected by chromatographic methods. The analysis identified 13
compounds, which represent 97% of the oil composition. As illu-
strated in Figs. 5 and 6, the most abundant components were
benzaldehyde (48.3%) (43), dibenzyl disulphide (23.3%) (5), DTS
(9.4%) (2) and trans-stilbene (6.8%) (44) (Ayedoun et al., 1998). The
chloroformic extracts of P alliscea roots were found to contain
organic compounds such as benzaldehyde (43), trans-stilbene (44)
and benzoic acid (45) (Adesogan, 1974),

Previously, Zoghbi et al. (2002) studied the composition of the
inflorescence (3.3 g) essential oil from Belém and Ananindeua
(northern Brazil). The oil was subjected to simultaneous distilla-
tion-extraction. The drying process was sequentially carried out in
anhydrous sodium sulphate, yielding 0.05% wiw. The mass spectra
and chromatographic analysis led to the detection of 11 substances
(97.9%). The main compounds found were benzaldehyde (54.8%)
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(37)

(40)

Fig. 5. Structures of other chemical constituents found in Petiveria alliocea: pinitol (34), p-sitosterol (35),

(35) (36)

(36). allantoin (37). a-fricdclinol

trans-N-metil-4-methoxyproline
(38), isoarborinol (39), isoarborinol-acetate (40), babinervic acid (41) and 3-cpiilexgenin A (42). Adapted from Bezerra (2006) and PubChem Compound Database (2015).

(43), benzyl thiol (20.3%) (46) and dibenzyl disulphide (18.0%) (2)
(Figs. 5 and 6). In their study, Neves et al. (2011) investigated the
phytochemical composition of the essential oil from the leaves,
stem, roots and inflorescence of P. alliacea from Pernambuco (a
north-eastern state of Brazil). They followed a similar method of
extraction and chemical characterization to that used by Zoghbi
et al. (2002).

A better yield (0.12%) of the essential oil was obtained from the
inflorescence than from other plant parts ( <0.1%). The root oil
contained the majority of compounds such as benzyl alcohol
(46.6%) (47), dibenzyl disulphide (19.1%) (5), trans-stilbene (6.2%)
(44) and DTS (5.6%) (2). The essential oil from the stem and leaves
primarily consisted of carvacrol (stem: 48.3%; leaves: 50.9%) (48),
(Z)-3-hexenyl benzoate (stem: 9.5%; leaves: 18.6%) (49), dibenzyl
disulphide (stem: 23.1%; leaves: 17.6%) and additional benzyl thiol
in the stem (9.0%) (46). Inflorescences present (Z)-3-hexenyl
benzoate (30.5%) (49), carvacrol (29.7%) (48), dibenzyl disulphide
(15.7%) (5) (2) and also DTS (5.8%) (2) (Fig. 6).

Further studies have identified benzaldehyde in the essential

oils of P. alliacea leaves (12.8%), roots (55.1%) and inflorescences
(32.5%) from Rio de Janeiro (south-castern state of Brazil) (Cas-
tellar et al, 2014). Leaves were found to contain p-vinyl-guaiacol
(24.3%) (50) and/or benzyl thiol (or benzenemethanethiol, 14.5%)
(46). The roots presented a lower concentration of pentadecane
(7.6%) (51), spathulenol (5%) (52) and heneicosane (4.4%) (53) as
well as a small concentration of undecane (14.7%) (54) in the in-
florescence (Fig. 6).

Recently, researchers evaluated the volatile components of P
alliacea APs from seven distinct regions of Martinique (French
West Indies), collected during the dry and rainy seasons (Kerudo
et al, 2015). The most abundant among the 51 (89.1-98.1%)
components found in the oil of different origins were toluenethiol
(2.3-23.0%) (55), phytol (6.4-41.2%) (56), dibenzyl disulphide
(13.2-35.3%) (5) and benzaldehyde (0.8-57.1%) (43) (Figs. 5 and 6).
Forty of these substances have been identified in previous studies.
Kerudo et al. (2015) also noted that the differences in the con-
centration of major constituents depend on the region of collec-
tion and the harvest season. Moreover, some compounds detected
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Fig. 6. Components found in the essential oil of Petiveria alliacea: benzaldehyde (43), trans-stilbene (44), dinnamaldehyde (45), benzoic acid (46), benzyl thiol (47), benzyl
alcohol (48), carvacrol (49), (Z2)-3-hexenyl benzoate (50), p-vinyl-guaiacol (51), pentodecane (52), spathulenol (53), heneicosanone (54), undecane (55), toluenethiol (56) and

phytol (57). Adapted from Bezerra (2006) and PubChem Compound Database (2015)

in some studies were not reported in others, which highlights the
differences between origin and phytochemical compositions.

4. Neuropharmacological activities

As described before, P. alliacea has been widely used in folk
medicine to treat ONS disorders (Branch and Silva, 1983; Lima
et al, 1991). The following sections of the present review will
address the available data obtained in experimental studies using
laboratory animals to highlight the promising neuropharmacolo-
gical effects of P. alliacea as well as its isolated fractions and
compounds.

4.1. Antinociceptive activity

P. alliacea is used across Latin America to relieve several types
of pain, such as toothache and headache (Lima et al,, 1991) as well
as ‘pain in the legs' (Albuquerque et al, 2012). In this regard,
Gomes et al. (2005) investigated the antinociceptive effects of
acute administration of acetate (FA), hexanic (Fi), hydroalcoholic
(FHA) and precipitated hydroalcoholic fractions (FHAppt) of ex-
tracts from P, alliacea roots on female Swiss mice and the putative
involvement of CNS mechanisms, The intraperitoneal (i.p.) ad-
ministration of all tested fractions of P. alliacea (at doses of 100 and
200 mg/kg) attenuated neurogenic pain induced by the chemical
stimuli with acetic acid (0.6%, 10 mi/kg, i.p.) (Gomes et al, 2005).

The antinociceptive effects of the P. alliacea fractions were also
observed in the formalin test (formalin 1% 20 ul, i.p.). FHA (100
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and 200 mg/kg) induced a significant inhibition of pain responses
in both the first (51.4% and 55.4%) and second (57.9% and 97.9%)
phases of the test (Gomes et al, 2005). In addition, FH (200 mg/kg)
and FHAppt (200 mg/kg) elicited antinociception selectively in the
second phase of the formalin test, similarly to that observed for
morphine (10 mg/kg, 89.6% inhibition), used as the positive con-
trol (Gomes et al, 2005).

Interestingly, the subcutaneous (s.c.) administration of the
opioid receptor antagonist naloxone (2 mg/kg) prior to the for-
malin test was unable to prevent the antinociceptive effects of FH
(200 mg/kg in both phases), FHA (200 mg/kg in the first phase)
and FHAppt (200 mg/kg in the second phase) (Gomes et al., 2005).
These results suggest a non-opioidergic mechanism mediating the
antinociceptive effects of acute administration of different frac-
tions of extracts from P. alliacea roots in mice. However, it must be
emphasized that the methodological tools used by the authors to
assess the antinociceptive effects (writhing and formalin test) are
not adequate to identify a specific mechanism of action (Silva et al.,
2013; Trevisan et al, 2012, 2014).

As the two phases of the formalin test are sensitive to centrally
acting drugs, these results may suggest that some substances
presented in the fractions of P. alliacea root extracts might induce
antinociception via other CNS mechanisms. Nevertheless, periph-
eral mechanisms may also account for the diverse antinociceptive
effects exerted by different fractions of P. alliacea (Le Bars et al,
2001).

In accordance with this view, during the hot-plate test, mice
previously treated with P. alliacea fractions (100 and 200 mg/kg, i.
p.) did not display increased latency in response to the thermal
stimulus in comparison to animals treated with morphine (10 mg/
kg, i.p). As the behaviours (hindpaw licking and jumping) assessed
in the hot-plate test are primarily mediated supraspinally (Le Bars
et al, 2001), these findings suggest peripheral mechanisms as
underlying the antinociceptive effects of the various fractions of P.
alliacea root extracts.

Additionally, myricitrin is a flavonoid glycoside also found in P.
alliacea that was reported to have antioxidant, analgesic, anti-in-
flammatory and antinociceptive properties (Meotti et al, 2006;
Schwanke et al, 2013; Domitrovié€ et al, 2015). In recent years,
several studies have reported the antinociceptive effects of this
flavonoid, which are associated, at least in part, with the following
mechanisms: i) inhibition of the protein kinase C (PKC) and PI-3
kinase activities, ii) decrease in the nitric oxide (NO) production
and activation of nuclear factor kappa B (NFxB), iii) activation of
the protein Gi/O pathway, iv) increase in the K' efflux, v) and
decrease in intracellular Ca? ' influx (Gamet-Payrastre et al., 1999;
Meotti et al,, 2006, 2007). Therefore, myricitrin may represent one
of many active compounds found in P alliacea that can be re-
sponsible for pain relief in both humans and laboratory animals.

4.2. Anxiogenic/anxiolytic activity

As mentioned previously, P. alliacea has been used in traditional
medicine to treat anxiety (Garcia et al, 2010). Thus, some studies
were conducted to assess the validity of this popular use scienti-
fically. Gomes et al. (2008) investigated the acute effects of root
extract fractions of P. alliacea (FA, FH, FHA and FHAppt) at doses of
100 and 200 mg/kg (i.p.) on the anxiety-related behaviours of fe-
male Swiss mice evaluated in the elevated plus maze (EPM) test, a
well-validated paradigm for the screening of anxiolytic/anxiogenic
compounds, FA (100 and 200 mg/kg, p.o.) reduced the number of
entries and the time spent in the open arms of the EPM indicative
of an anxiogenic profile. In contrast, FA, FH and FHA (100 and
200 mg/kg, i.p.), as well as FHAppt (200 mg/kg, i.p.), significantly
reduced the open arms time. Overall, these results indicate that,
contrary to popular belief, P. alliacea (at least the roots) does not

exert anxiolytic effects (Gomes et al. 2008).

In addition, Blainski et al. (2010) addressed anxiety-related
effects of the whole plant (WP), AP and root (R) lyophilized crude
extracts of P. alliacea. They observed that acute oral administration
of WP (300 and 600 mg/kg), AP (600 and 900 mg/kg) and R (300,
600 and 900 mg/kg) did not reduce the anxiety-like behaviour of
male Swiss mice subjected to the EPM test. In addition, AP
(300 mg/kg) significantly decreased both the number of entries
and time spent in the open arms of the EPM, once again indicating
an anxiogenic-like profile.

On the other hand, Blainski et al. (2010) reported anxiolytic-like
effects of WP of P. alliacea (300 and 900 mg/kg, p.o.) on male mice
subjected to EPM. Corroborating these findings, also demonstrated
that the WP extract of P. alliacea (900 mg/kg, p.o.) induced an-
xiolytic-like effects in female Wistar rats assessed in the open field
test. In this study, the WP extract of P. alliacea was able to increase
the total number of crossings and central quadrants crossed, in-
dicative of an anxiolytic-like effect.

Audi et al. (2001) also evaluated the putative anxiolytic activity
of a lyophilized hydroalcoholic extract of P. alliacea APs. Male
Wistar rats were acutely administered with EBG (200, 400 and
600 mg/kg, p.o.) and were evaluated using the EPM test. EBG
(600 mg/kg) significantly increased the percentage of entries in
the open arms of the apparatus. However, it did not alter the
percentage of time spent in the open arms or the number of en-
tries in the enclosed arms of the EPM. Overall, these data indicated
that EBG exerted a selective anxiolytic effect, with no effects on
the spontaneous locomotor activity of the animals.

Taken together, evidence from animal models indicates that our
comprehension of the P. alliacea effects on anxiety is still far from
complete. Further studies combining data from different fractions
and compounds isolated from P. alliacea in a range of behavioural
paradigms of anxiety will enable a more conclusive view,

4.3. Antidepressant activity

There is no clear description in literature about the anti-
depressant use of P. alliacea in folk medicine. However, the leaves
and roots of P. alliacea are used as stimulants in various regions
across Brazil and Trinidad (Lans et al, 2001; Mufioz et al., 2000;
Negri and Rodrigues, 2010). Depressive disorders have a set of
symptoms, such as depressed mood, loss of interest or pleasure,
decreased energy, feelings of guilt or low self-worth, disturbed
sleep or appetite, and poor concentration (WHO, 2015). Thus, the
use of P. alliacea as a stimulant could be a palliative treatment for
depressive symptoms, since stimulant drugs frequently act in
monoamine neurotransmission (noradrenaline, serotonin and do-
pamine), which is also the main pharmacological target of classic
antidepressants (Ayflegil Yildiz et al, 2002).

The antidepressant effect of P. alliacea was initially investigated
by Gomes et al. (2008). In this study, the authors investigated the
effects of FA, FH, FHA and FHAppt of P. alliacea (when administered
acutely, 100 or 200 mg/kg, p.o. and ip.) on female Swiss mice
evaluated with the forced swimming test (FST). Surprisingly, all
fractions (100 and 200 mg/kg) produced depressant-like effects
when given p.o. as well as i.p., as indicated by the significant in-
crease in the immobility time of the animals subjected to the FST
(Gomes et al, 2008).

On the other hand, observed antidepressant-like effects of the
WP extract of P. alliacea (900 mg/kg, p.o.) on female Wistar rats
evaluated in the FTS. They observed that the extract caused a
significant reduction in the immobility time of the rats, thereby
suggesting a possible antidepressant activity. The authors spec-
ulate that these antidepressant-like effects of WP extract of P. al-
liacea might be associated with the presence of coumarins, which
are known to act via serotonergic and noradrenergic transmissions
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to modulate mood behaviour (Ariza et al, 2007). These discrepant
findings on depressive-like behaviours of the P. alliacea could be
attributed to methodological differences including the part of the
plant and doses administered, as well as the animal’s species.

Overall, from these limited results in this field it appears that P.
alliacea might be particularly useful for the treatment of depres-
sion, despite the lack of clear popular indications for the treatment
of depression. Therefore, further studies are welcome in order to
confirm the antidepressant properties of P. alliacea, as well as to
investigate the underlying mechanisms of action.

4.4. General CNS depressant activity

In traditional medicine, P. alliacea is known to act as a general
ONS depressant, thereby earning the title ‘Remedy to tame the
Master’ (Camargo, 2007). Moreover, preparations of P. alliacea are
popular for their sedative activities (Germano et al., 1993). Lima
et al. (1991) described for the first time that the acute adminis-
tration of an aqueous crude extract of P alliacea roots (500, 1000
and 2000 mg/kg, p.o.) reduced the spontaneous locomotor activity
of male Swiss mice in the OFT. Although the high dose utilized by
Lima and colleagues, this work was the first report to support the
evidence of the popular use by slaves.

In addition, it seems that this effect requires lower doses (100
and 200 mg/kg, i.p. and orally) when using root extract fractions,
as shown by Comes et al. (2008). In this study, the effects of P.
alliacea fractions on autonomic behaviours, such as locomotor
activity, rearing and grooming, in female Swiss mice subjected to
the OFT were evaluated. All fractions reduced locomotor activity,
but only rearing and grooming parameters were reduced in a si-
milar way to diazepam (2 mg/kg, i.p.). Furthermore, they also de-
monstrated the potential hypnotic effect of this extract, with the
aforementioned fractions increasing the sleep time induced by
pentobarbital, thereby supporting the role of P. alliacea as a general
ONS depressant.

Rodrigues et al. (2008) evaluated the CNS depressant effects of
the cigarette ‘tira-capeta’ in mice. Initially, the extract induced a
stimulant response followed by a general depressant state, thereby
characterizing a biphasic effect. The animals displayed a reduced
latency for sleeping and an increased sleeping time (50, 100 and
500 mg/kg) in the pentobarbital-induced sleeping test. However,
no significant motor incoordination was observed in the rotarod
test (doses up to 200 mg/kg). The ‘tira-capeta’ extract (500 mg/kg)
also elicited a cataleptic state after 10 and 50 min. As previously
mentioned, nine plants comprise the ‘tira-capeta’ preparation. For
this reason, it is difficult to establish the degree of influence of P.
alliacea on the results shown.

Contrasting with these findings, Blainski et al. (2010) described
an increase in locomotor activity in male Swiss mice subjected to
the OFT when acutely treated with 900 mg/kg of P. alliacea root
extract. Interestingly, the variability in dose range, extract frac-
tioning and plant part used to prepare the extract may contribute
to the very controversial effects of P. alliacea. For instance, Ci-
fuentes et al. (2001) observed that root extracts (1250 mg/kg)
caused a slight decrease in spontaneous motor activity in mice,
whereas leal extracts induced hyperexcitability at the same dose.
Furthermore, both the AP and WP extracts of P. alliacea (300 and
900 mg/kg) have been shown to increase locomotor activity (An-
drade et al, 2012; Blainski et al, 2010).

Therefore, the CNS depressant activity of P alliacea remains
controversial. The conflicting effects described in literature may be
associated with differences on the part of the plant, as well as the
dose administered. However, it is important to emphasize that
both stimulant and depressant effects of P alliacea support the
ethnopharmacological use of this plant by slavers and in religious
ceremonies,

4.5. Anticonvulsant activity

Lima et al. (1991) were the first to evaluate the possible an-
ticonvulsant activity of P. alliacea. Male Swiss mice were acutely
treated with an aqueous crude extract of the roots of this plant
(500, 1000 and 2000 mg/kg, p.o.), with either pentylenetetrazol
(75 mg/kg, i.p.) or maximal transcorneal electroshock (rectangular
pulses of 50 mA) being used to induce convulsive behaviour. An-
imals pretreated with the high extract doses (1000 and 2000 mg/
kg) showed a significant increase in convulsive thresholds and a
decrease in the duration of convulsion when compared with the
control group. These findings support the use of P. alliacea for both
the prevention and cessation of convulsive episodes. However,
these results could not be relevant in the pharmacological practice,
since high doses were employed in this study to elicited antic-
onvulsant effects.

Nevertheless, similar to depressor activity, lower doses of roots
fractions also promote anticonvulsant effects. For example, Comes
et al. (2008) reported putative anticonvulsant activity of P. alliacea
roots fractions (100 and 200 mg/kg, i.p. and p.o.) on pentylenete-
trazol-induced seizure model. The authors also observed the an-
ticonvulsant effects of these fractions, in line with the finding of
Lima et al. (1991). Although the available scientific evidence sup-
ports the use of P. alliacea root-derived extracts, the traditional
medicine of Latin American communities uses the leaves instead
of the roots. Nevertheless, the leaf-based extracts of P. alliacea
need to be investigated for their anticonvulsant activity (Branch
and Silva, 1983; Zamora-Martinez and Pola, 1992).

4.6. Cognitive enhancer activity

As mentioned previously, leaves from P. alliacea and other
species included in the ‘tonic for the brain’ category have been
used as memory/cognition enhancers (Negri and Rodrigues, 2010;
Rodrigues et al, 2008). In folk medicine, preparations containing
leaves and roots of P. alliacea have been used to improve memory
(Mors, 2002). were the first to report the effects of P. alliacea ex-
tract on the learning and memory processes in laboratory animals.
In their study, evaluated learning and memory in female Wistar
rats acutely treated with a WP extract (900 mg/kg, p.o.) using an
elevated T-maze (ETM) paradigm. Saline (0.9%, 10 mi/kg, p.o.) and
caffeine (10 mg/kg) were used as the negative and positive con-
trols, respectively. On analysing the data, they found that WP ex-
tract-treated rats showed improvement in long-term memory, but
not in short-term memory.

Attributed this effect to the possible presence of dibenzyl tri-
sulphide (DTS) in the WP extract of P alliacea. This chemical com-
ponent increases the hyperphosphorylation of growth factor-in-
duced mitogen-activated protein kinase (MAPK) (ERK1 and ERK2),
which is a critical mechanism associated with long-term memory
improvement and neuronal growth (Williams et al, 2007).

In view of the traditional use of the plant (leaves and roots) for
memory improvement, Silva et al. (2015) designed a study to in-
vestigate the possible effects of P. alliacea leaf hydroalcoholic ex-
tract (PaLHE) on the learning and memory of male and female
Wistar rats. The animals were acutely treated with PalHE
(900 mg/kg, p.o.), caffeine (10 mg/kg, i.p.) or saline (0.9%, 10 mi/kg,
p.0.) and subjected to the step-down inhibitory avoidance and
Morris water maze (MWM) tests. The results obtained from both
tests confirmed the positive effects of PaLHE on long-term mem-
ory. These effects were attributed to the chemical constituents of
the extract such as flavonoids, steroids, triterpenes, organosulphur
compounds (DTS), thiosulphates and polysulphides. These results
also identify substances known to have a positive effect on cog-
nitive function (Kubec and Musah, 2001; Williams et al, 2007;
Kennedy and Wightman, 2011).
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Although research is at a very early stage, the findings reviewed
above further highlight the cognitive-enhancing properties of P
alliocea evaluated in different behavioural paradigms in laboratory
animals, thereby supporting the traditional use of this plant by
quilombola adolescents and children to improve cognitive func-
tion. Therefore, the investigation of the putative effects of P al-
fiocea in experimental models of learning/memory dysfunction
such as Alzheimer's disease and attention deficit hyperactivity
disorder (ADHD) represents a very interesting field.

5. Toxicity studies

The toxicity of different extracts obtained from P alliocea re-
mains to be elucidated. In an overview, the acute toxicity of this
plant in animal models (up o 14 days) was found t© be low.
However, in chronic and subchronic exposure, P. alliacea was able
to induce moderate to high toxicity, including mutagenicity and
genoloxicty. In addition, most studies confirmed the diverse acute
effects of P alliscea on the CNS, including anxiety, restlessness,
confusion, ataxia, tremors and seizures, as mentioned previously.
Thus, several studies on animal and human models of the toxicity
of this species are described below.

In animal models of acute toxicity, mice exposed once to high
levels of crude agueous extract of P alliscea roots (800-8000 mg/f
kg) showed reduced locomotor activity during the behavioural
tests. Furthermore, mice treated with a dose of 8000 mg/kg pre-
sented prosis and ataxia, although none of the animals died,
thereby demonstrating the low toxicity of this extract (Lima et al.,
1991). In another study, a hippocratic test was conducted to
evaluate the response of female Swiss mice to the acute toxicity of
the hydroalcoholic extract of P alliacea roots at an ip. dose ranging
from 500 to 3000 mg/kg: in particular, the oral administration of
100-400 mg/kg of the P alliacea root extract showed low acute
toxicity (Gomes, 2006).

Other researchers have also reported the low toxicity of P al-
liocea extract. For instance, Audi et al. (2001) showed that the AP
hydroalooholic extract (up to 3000 mg/fkg) did not induce any sign
of toxicity in mice. However, these authors also showed that a
dose fivefold that of the tested P alliocea extract was necessary for
eliciting an anxiolytic effect and reducing gastric ulcers. In fact,
Oliveira (2012) evaluated the oral acute toxicity of P. alliacea roots
and APs collected during different seasons (dry and rainy) on mice.
The animals were orally administered a single dose of 5000 mg/kg
and monitored for 14 days. They were analysed for manifestation
of signs of toxicity, food consumption and weight change. Later,
the mice presented no change in behaviour and food consumption.
Only the root extract collected during the dry season led to a re-
duction in the body weight gain.

Fontoura et al. (2005) reported that the hydroalcoholic extract of
P alliacea leaves (500, 1000, 5000 and 10,000 mg/kg) did not cause
behavioural or histopathological changes in the liver, kidney, lung
and heart. However, 1000 mg/kg of the extract did not result in the
same decrease in secretion and intestinal motility as with lower
doses (250 and 500 mg/kg). Similarly, a single dose (4000 mg/kg) of
the dry crude extract of P alliacea leaves administered o albino rats
did not cause mortality or any signs of toxicity after 14 days.
However, this dose did alter the leucocyte count, eosinophil dif-
ferentials, the mean corpuscular volume, mean corpuscular hae-
moglobin values and haematocril. In addition, the biochemical re-
sults were indicative of hepatic overload (Ximenes, 2008},

In the WP hydroalcoholic extract, the acute toxic effects of the
2000 and 5000 mg/kg doses caused lethargy and drowsiness in
mice, but not death (Andrade et al., 20012). Mordn (1990) demon-
strated the toxicity of a P. alliacea decoction at higher oral doses
(10,000 mg/kg) in mice without death or signs of toxicity even

when administered for seven consecutive days. Germano et al.
(1993 and 1995) evaluated the toxic effects of the hydroalcoholic
root extract administered topically and orally at a dose of 1 mg/kg
(equivalent to 7.7 mg of dry root) for 15 days, reporting no sign of
lecal irritation in the gastric mucosa.

Garda-Gonzalez et al. (2006) showed that acute (18 days) and
subchronic (70 days) doses of the agqueous extract (1000 and
2000 mg/kg) of P alliocea leaves did not result in the death of
mice, Nevertheless, 1000 mg/kg of the extract led to an increase in
the blood glucose concentration and a decrease in the haematocrit.
For some animal species, high doses of P alliocea may cause in-
toxication. In this context, NiGfiez et al. (1983) reported that sheep
that consumed this plant daily (3000 or 6000 mg/kg of P. alliacea,
up to 46 days) presented with initial symptoms of salivation, la-
chrymation, bradycardia, polyuria, diarthoea, ataxia and marked
inhibition of blood cholinesterase, along with lateral decubitus
opisthotonos and atrophy of muscle mass, as well as lesions in the
nervous and muscular system. The necropsy presented renal le-
sions and muscle atrophy with fragmentation and hyalinization of
muscle fibres. Other studies reported a lethal dose 50 (Dlsg) of
360 mg/kg for oral administration of P. alliocea leaf extracts in rats
and iLp. administration at 1700 mg/kg in mice (Estevez et al., 1976;
Delaveau et al, 1980). Moreover, Wistar rats subjected to chronic
intoxication (90 days) with an aqueous extract of P alliocea dried
leaves at doses of 1236, 61.8 and 309 mgfkg did not show any
signs of toxicity. An increase in urea nitrogen and alanine transa-
minase is the only indication of a toxic effect (Ximenes, 2008).

In the aerial pathway, histological analyses of the respiratory
tract of female Wistar rats showed morphological modifications
after the animals were exposed to the steam of P alliacea root
(150 g) for a short duration (3 min). After exposure, the animals
were sacrificed and aerial pathways were observed for 5-30 min.
In the 5-15min after exposure, significant alterations in the
bronchioles, trachea and lungs were noted. Some of the tracheal
manifestations included epithelium hyperplasia, signs of increased
goblet cell secretion, muscle congestion, mononuclear infiltrate
and the absence of epithelium and cilia in some areas. The
bronchioles revealed activation of Clara cells, the absence of the
epithelium in some areas and the presence of mononuclear cells.
In the lungs, thickening of the alveolar septa, an increase in col-
lagen fibres, congestion, extravasation and intra-alveolar exudates
were reported (Fletes-Arjona et al, 2013).

These results indicate that the steam of P alliacea roots con-
tains components with an aggressive mechanism of action. Peti-
verine and coumarin may be attributed to the manifestations ob-
served, based on the increased secretion and induction of vascular
congestion associated with the mononuclear infiltration capacity
of petiverine and coumarin, respectively. It is important to note
that even after 30 min of exposure, anormal bronchiolar features
were found with no reversion of the lung damage reported for the
shorter durations of steam exposure (Fletes-Arjona et al., 2013).

On conducting in vitro assays, some authors reported that the
extract of P alliacea leaves showed low cytotoxicity with a half-
maximal inhibitory concentration (ICsq) of 1709.77 pg/mL (Oliveira
et al, 2013), whereas the P alliacea fraction derived from leaves
and stems in normal fibroblasts and peripheral blood mono-
nuclear cells showed an 105, of 440 and 151 pg/ml, respectively
(Uruefia et al.,, 2008). In addition, mutagenic and carcinogenic ef-
fects have also been reported, with Hoyos et al (1992) demon-
strating the dose-dependent mutagenic and carcinogenic effect of
P alliacea extract. They reported DNA damage with the formation
of sister chromatid exchanges (SCEs) in human lymphocytes in
vitro and in mouse bone marrow cells in vivo, especially at higher
concentrations of 100 and 1000 pg/ml (in vitro) and 204 mgfkg
(in viva). Our group recently demonstrated the genotoxic effect of
P alliacea extract (data not published yet).
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According to the Organisation for Economic Co-operation and
Development (OECD, 2001), a substance is categorized under level
five of acute toxicity (low toxicity) when a few behavioural al-
terations, but not death, are reported in animals. Based on this
categorization and the results of a study on the toxicity of several
extracts from P. alliacea, the species is known to cause low toxicity;
however, at very high doses and prolonged exposure, the plant can
exert toxic effects. Moreover, the plant part, season and region of
collection may interfere with this toxic effect (Oliveira, 2012).

In humans, acute intoxication was found to cause insomnia,
hyperarousal and hallucinations, whereas prolonged use (such as
one year of chronic exposure) elicits opposite symptoms such as
on the dose (Peckolt and Peckolt, 1900). Although several studies
have reported the low toxicity of the plant, ethnopharmacological
reports have indicated death after consumption of high doses (not
well established by Peckolt and Peckolt (1900)) for a prolonged
period. Moreover, the amount consumed daily in some regions is
higher than the dose used in toxicity studies (Ferraz et al,, 1991b).
Therefore, the toxicity of P. alliacea must be investigated further to
establish the accurate dose and duration for treatment.

6. Conclusion and perspectives

Popularly known by several different names including ‘mu-
curacad’, ‘guiné’ and ‘pipi’, P. alliacea is a valuable botanical source
because of its many uses and wide range of pharmacological bio-
logical activities. Crude extracts, fractions and phytochemical
constituents isolated from various parts of P. alliacea show a wide
spectrum of neuropharmacological activities including anxiolytic,
antidepressant, antinociceptive and anti-seizure, and as cognitive
enhancers. Phytochemistry studies of P. alliacea indicate that this
plant contains a diversity of biologically active compounds, with
qualitative and quantitative variations of the major compounds
depending on the region of collection and the harvest season.
Although significant advances have been made in the phy-
tochemistry and pharmacology of P. alliacea, information on health
effects and clinical value is insufficient. A large number of bioac-
tive compounds have been previously isolated but not tested;
therefore, these compounds must be evaluated biologically in
more detail. Further in vitro and in vivo genotoxic tests of P. alliacea
are also important in order to assess ethnomedical claims.
Therefore, in future, detailed and extensive studies are certainly
required to improve the knowledge about the mechanisms of ac-
tion, toxicity and efficacy of the plant as well as about its bioactive
compounds before it can be approved in terms of its safety for
therapeutic applications.
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ABSTRACT

Ethnopharmacological relevance: Petiveria alliacea L. (Phytolaccaceae) is a perennial shrub native to the
Amazon region and other tropical areas such as Central America and the Caribbean. Popularly known as
mucuracad, P. alliacea is used in the folk medicine for a broad variety of therapeutic purpose and also in
religious ceremonies by slaves as a sedative, which highlights its properties on the Central Nervous
System (ONS).

Aim of the study: The present study evaluated the effects of the P. alliacea leaves hydroalcoholic extract
(PalHE) on the cognition, including leamning and memory.

Material and methods: Three-month-old male and female Wistar rats (n=8-10/group) were adminis-
tered with 900 mg/kg of PaLHE. The behavioral assays included Step-down Inhibitory avoidance (IA) and
Morris Water Maze (MWM) tests,

Results: Consistent with our previous reports, P alliacea improved long-term memory. It also exerted
previously unreported effects on short-term and spatial memory improvement, and increased learning in
the tasks,

Conclusions: The P. alliacea extract elicited mnemonic effects and improved the learning process in both
IA and MWM tests. Our results highlight the importance of further studies in order to identify the active
substances of the PalHE and investigate the pharmacological mechanisms that underlies the reported

effects.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The increase in human life expectancy combined with the
stressful and competitive routine of today's society has induced
a higher prevalence of age-related learning and memory disorders
(poor memory, lower retention, and slower recall). These disor-
ders, which have acquired the status of worldwide public health
issue, manifest themselves among the aging population even in

Abbreviations: ALY, Arrival Latency Time; CEPAN-IEC, Comité de Frica em Pesquisa
com Animais from the Instituto Evandro Chagas; ONS, Central Nervous System; ELT,
Escape Latency Time; ETM, Elevated T-Maze Test; GPS, Global Positioning System;
1A, Step-down Inhibitory Avoidance Test; LIFAMA, Laborat6rio de Insumos Farm-
actuticos da Amazbnia; MWM, Morris Water Maze Test; PalHE, Petiveria alliocea
leaves hydroalcoholic extract; STM, Short-term Memory; UFPA, Universidade
Federal do Pard; WHO, World Health Organization; TLC, Thin Layer Chromatogra-
phy; VGA, Vanillin-Glacial acid; RY, Retention Factor
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the absence of neurodegenerative diseases such as Parkinson's and
Alzheimer's disease (Li et al, 2014; Vollala et al,, 2010). In order to
prevent their progression it is important to find new prophylactic
and therapeutic agents, which medicinal plants comprise a rich
source for potential new drugs. In fact, important marketed drugs
that act on the central nervous system (CNS) derive from medic-
inal plants such as Atropa belladonna (atropine), Papaver somni-
Jerum (morphine), and Ephedra vulgaris (ephedrine) (Prakash and
Gupta, 2005).

The historical use of medicinal plants emerges as an important
tool for the human evolution, once they were the very first
therapeutic resource which people relied on (Tomazzoni et al,
2006). Throughout the years, the use of medicinal plants as a
source for new drugs has been well established in virtually all
cultures (Estrada-Castillon et al., 2014). In 1978, the World Health
Organization (WHO) officially recognized the medicinal plants and
galenical preparations as valid therapeutic options, recommending
their use worldwide (World Health Organization (WHO), 1978).
According to WHO reports, more than 80% of the world population
makes use of drugs derived from medicinal plants, Studies have
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shown that 91.9% of the Brazilian population have made use of
some medicinal plant, such as Petiveria alliacea L (Ethur et al,
2011; Giraldi and Hanazaki, 2010; Oliveira et al., 2010).

The genus Petiveria belongs to the Phytolaccaceae, the most
archaic family of the Caryophyllales, comprising about 17 genera
and 120 pantropical species widely distributed throughout the
American continent (Duarte and Lopes, 2005). P. alliacea L is a
perennial shrub that reaches up to 70 cm in height and presents
small flowers, which form long racemose inflorescences and
cuneate achenes bearing spines for dissemination. It is native to
the Amazon Rainforest, but can also be found in other tropical
areas from Central and South America, the Caribbean, and sub-
Saharan Africa. This species is popularly known as guiné, tipi,
pénis-de-coelho, mucuracad, true-tipi, anamu, zorrillo, tame-mis-
ter, eye's herb, garlic scented petiveria, verbeine puante, emba-
yayendo, and ouoembo (Andrade et al., 2012; Duarte and Lopes,
2005; Lima et al, 1991).

In traditional medicine, P. alliacea L is associated with a broad
variety of therapeutic properties. The use of root, powder, and leaf
decoctions or infusions are recommended for their diuretic,
antispasmodic, anticonvulsant, emmenagogue, sedative, analgesic
and anti-inflammatory, anesthetic, antileukemic, antirheumatic,
antihelminthic, antimicrobial, and depurative properties (Duarte
and Lopes, 2005; Lima et al., 1991). P. alliacea has also been used in
religious ceremonies by slaves for its toxic and sedative effects,
being called “"Remedy to tame the Master” (Gomes et al., 2008;
Camargo, 2007). In addition, the weak infusion of the leaves or
roots is used to treat poor memory (Mors et al, 2000). To confirm
these pharmacological actions and investigate potentially non-
described activities, several studies have shown antitumor, antic-
ancer, immunomodulatory, analgesic, anti-inflammatory, antibac-
terial and antifungal, antinociceptive, anxiolytic, uterine
contraction, gastric protective, antidepressant, and motor stimu-
latory effects (Andrade et al., 2012; Blainsk et al., 2010; Duarte and
Lopes, 2005; Hernandez et al., 2014; Kim et al, 2006; Lima et al,
1991; Lopes-Martins et al, 2002; Urueiia et al, 2008).

Besides having many beneficial pharmacologic properties,
P. alliacea L. has also been reported for its toxic effects on the
CNS among traditional populations that make use of it (Lima et al,,
1991). The continuous use of this plant has been linked with the
onset of madness. Acute intoxication signs are insomnia, hyper-
arousal, and hallucinations. On the other hand, long term use
elicits contrary symptoms like seizures, weakness, imbecility, and
death within 1 year of chronic exposure, depending on the dose
(Peckolt and Peckolt, 1900).

There are some studies that have assessed the potential toxicity
of different extracts obtained from P. alliacea. Lima et al. (1991)
performed gross behavioral observation and acute toxicity tests
with a crude aqueous extract of the roots (800-8000 mg/kg) in
mice that generally presented reduced locomotor activity; besides,
ptosis and ataxia were verified when the mice received the
8000 mg/kg dose, and none of the doses given resulted in death.
The acute toxicity of the lyophilized hydroalcoholic aerial parts
extract (up to 3000 mg/kg) carried out by Audi et al. (2001) in
mice resulted in no signs of toxicity. In the study by Fontoura et al.
(2005), it was found that the 95% hydroalcoholic extract of the
leaves (500, 1000, 5000, and 10.000 mg/kg) did not elicit acute
toxicity in mice. Garcia-Gonzdlez et al. (2006) evaluated the acute
(18 days) and subchronic (70 days) toxicity of a P. alliacea leaves
aqueous extract (1000 and 2000 mg/kg), and no mortality nor any
signs of toxicity were found at both doses during either experi-
mental periods (18 and 70 days) conducted with mice. More
recently, Andrade et al. (2012) investigated the acute toxicity of a
whole plant hydroalcoholic extract and observed that the doses of
2000 and 5000 mg/kg induced lethargy and drowsiness in mice,
but no death occurred among the treated animals. It is perceptible

that the extracts derived from the leaves of P. alliacea presented
the lower toxicities or even no signs of toxicity. In addition,
according to the Organization of Economic Co-operation and
Development (OECD, 2001) even though some of the extracts
induced a few behavioral alterations, as the extracts did not cause
any animal to die, they are classified as a substance with acute
toxicity level 5, which is considered as low toxicity.

Some of the behavioral alterations previously reported are
supported by the findings on the studies of Gomes et al. (2008),
Blainsk et al. (2010), and Andrade et al. (2012), where the
administration of the extract from P. alliacea L (root extract
fraction—100 and 200 mgfkg: whole plant, aerial parts, and root
extracts—300, 600 and 900 mg/kg; whole plant hydroalcoholic
extract-900 mg/kg) altered the motor functions, anxiety beha-
viors, and also elicited a possible CNS depressant effect on both
mice and rats. In addition, Andrade et al. (2012) were the first to
confirm and give support to the traditional use of P. alliacea L. as a
brain tonic used to treat poor memory, once an improvement in
long-term memory was noted in the elevated T-maze test (ETM).

In order to confirm and to expand Andrade et al. (2012)
findings, at the same oral dose (900 mg/kg), the objective of the
present study was to investigate the effects of P. alliacea leaves
hydroalcoholic extract (PaLHE) on the CNS of rats through the use
of different predictive behavioral tests that evaluate effects on
memory and learning processes.

2. Material and methods

2.1. Collection, identification and preparation of Petiveria alliacea
leaves hydroalcoholic extract (PalLHE)

P. alliacea was collected from the village of Sio Raimundo in
Acara city (Pard state, Amazon region) in March, 2010. Geographic
coordinates obtained using global positioning system (GPS) equip-
ment, situate the collection are at latitude 01°32.684° and longitude
048 23.984°. A spedalist from the Emilio Goeldi Museum (Para-
Brazil), Mario Jardim PhD, carried out the botanical identification
and deposited the sample as a voucher specimen under the code
MG94354. According to the folk medicine, approximately 9 g of the
dried P. alliacea are added to 600 ml of water, boiled, filtered and
should be taken orally 3 times a day (Ferraz et al, 1991).

The plant material (leaves) was firstly washed with tap water,
and then followed by 10% ethanol solution. After the cleaning
process the material was dried at room temperature for two days,
at an average temperature of 40 °C in an oven with forced air
circulation for six days, and crushed in a knife mill for obtaining
the sprayed drug.

The sprayed drug was then macerated for five days in a 70%
ethanol solution. The macerate was dried in a rotary evaporator
(Laborata 4000 efficient; Heidolph Instruments GmbH & Co, KG) at
45 °C, 1 atm pressure, and 120 rpm. As a way of ensuring total
solvent removal, the macerate was submitted to water bath at
40 °C. 96.65 g of PalHE, corresponding to 1430 g of the dried
leaves, were obtained and applied to animal treatment. The extract
was prepared at the Laboratério de Insumos Farmacéuticos da
Amazénia (LIFAMA).

2.2. Thin layer chromatography of PalHE

Thin layer chromatography (TLC) was performed on precoated
silica gel 60 F254 plate (Merck, Germany) for identification of sulfur
compounds in PalHE, as described by Wagner and Bladt (2001).
Briefly, aliquots of PaLHE dissolved in dichloromethane (10 mg/mL)
were applied on TLC plate, with the help of glass capillary tubes. TLC
was developed using toluene-ethyl acetate at a volume ratio of
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100:30 (v/v) as mobile phase. Aqueous extracts of Allium sativum and
Allium cepa were extracted with dichloromethane and the nonpolar
phase was used as a positive control for the identification of sulfur
compounds. After chromatography, the plate was sprayed with
10 mL of vanillin-glacial acd reagent (VGA), heated at 110°C for
3 min, and then evaluated under visible light. All spots were recorded
and the retention factor values (Ry) were calculated using the
formula: R—distance the spot moved above the origin/distance the
solvent front moved above the origin.

2.3. Animals

Three-month-old, male and female Wistar rats (n—8-10 rats/
group, 4-5 males and 4-5 females), weighing between 180 and
200 g, obtained from the Animal Facility of the Instituto de Giéncias
Biolégicas, Universidade Federal do Pard (UFPA), were used as
experimental models. The animals were kept under standard
conditions of temperature, humidity, and a light/dark cycle of
12 h (7:00 a.m. lights on) with water and food ad libitum. Fluore-
scent lights (12 Ix) were used in the rooms where the behavioral
experiments were performed.

The research project was approved by the Comité de Etica em
Pesquisa com Animais from the Instituto Evandro Chagas (CEPAN-
IEC) under number 56/2009, and the study was conducted in
accordance with the standards set by the Guide for the Care and
Use of Laboratory Animals.

Each animal in the treatment group was orally administered
(gavage) with 900 mg/kg of PaLHE dissolved in saline solution
(0.9% NaCl) an hour before the behavioral tests. The 900 mg/kg
dose was chosen considering the fact that in previous studies
conducted by Blainsk et al, (2010) and Andrade et al. (2012) such
dose was found to have low toxicity and also be capable of eliciting
more prominent effects on the CNS. The positive control group
was treated with caffeine (CAF: 1, 3, 7-tri-methylxantine; Sigma-
Aldrich) at a concentration of 10 mg/kg, the standard dose used for
cognitive function evaluation (Andrade et al., 2012), an hour before
the experiments. The control group received saline solution
(0.9% NaCl).

24. Behavioral assays

24.1. Step-down inhibitory avoidance (IA) test

Animals were submitted to the inhibitory avoidance apparatus (EP
104R, Insight, Brazil) that was an acrylic box (50 x 25 x 25 cm®) whose
floor consisted of parallel stainless steel bars (1 mm in diameter)
spaced 1 cm apart. A platform (7-cm wide x 2.5-cm high) was placed
on the floor against the left wall of the box. Using a protocol similar to
Maia et al. (2009), on the first day, animals were placed individually on
the safe platform of the apparatus, and were allowed to explore the
environment for a habituation period of 180s. On the second day,
animals were placed on the platform and the latency to step-down on
the grid with four paws was measured with an automatic device that
was used as measure of retention (cut off 180s). During training
session, immediately after stepping down on the grid, the animals
received a 0.4-mA, 1.0-s scrambled footshodk. Then, the animals were
evaluated short-term memory (STM), performed 1.5 h after training.

24.2. Morris Water Maze (MWM) test

The Morris Water Maze test (Morris, 1981) was used to evaluate
learning and memory (spatial and long-term memory). The
apparatus consists of a circular water tank (150 cm of diameter,
and 60 cm of height), which was filled with water ( 4 25 “C) up to
45 cm. The water was made opaque through the addition of a non-
toxic, water soluble dye. The water tank was then divided into four

equal quadrants (Q1-Q4). An acrylic platform (diameter of 10 cnw)
of 43 an of height was placed in the center of Q4, which was
randomly chosen to be the target quadrant in the present study.
Each animal was subjected to four consecutive trials (120 s on each
trial) on the first day (training session) with five minutes of
interval in between each trial, during which they were allowed
to remain on the platform for 20 s. The starting position for each
trial was modified, following four insertion cardinal points (N, S,
W, and E). If the animals did not find the platform within the 120 s,
they were gently hand-guided to the platform where they could
stay for 20 s. Escape latency time (ELT) to find the hidden platform
in Q4 on each trial was noted as an index of acquisition (learning).
Animals were subjected to a probe trial 24 h after the last
for the probe trial. The animals were allowed to explore the maze
in search for the platform during 60s. Time spent in target
quadrant (Q4) and the arrival latency time (ALT) in Q4 were noted
as an index of retrieval (long-term/spatial memory) (Juyal et al,
2010; Singh et al, 2013).

2.5. Statistical analysis

All values are expressed as mean + S.EEM. (n=8-10 animals per
group). Following significant ANOVA, multiple post-hoc compar-
isons were performed by Bonferroni's test. The accepted level of
significance was p <0.05. All tests were performed using the
GraphPad Prism® version 5.0 software package (San Diego,
CA, USA).

3. Results

As shown in Fig. 1, the nonpolar phase of A. sativum and A. cepa
extracts showed the development of organosulfur compounds
spots through TLC analysis as previously reported by Wagner
and Bladt (2001). Regarding the PalHE, after chromatography
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and spraying, the TLC plate presented three majority spots. These
spots were similar to the positive controls used with Ky of 095,
0.87, and 0.55 for PaLHE, indicating organosulfur compounds in
the extract.

As illustrated in Fig. 2, both PalHE-treated rats (Fz »q=6.269;
p-=0.001) and the caffeine group (F 20=2.546; p < 0.05) exhib-
ited increased step-down latency on the IA test. Subsequent post-
hoc comparisons using Bonferroni's test revealed that PalHE
(Fi220)=4.163; p <0001) elicited a more significant effect than
the one observed on the caffeine-treated group (Fpae=2.546;
p=<0.05).

In the MWM test, animals pre-treated with caffeine
(Fz20y="5.137; p<0.001) and PalHE (Fj324=5.853; p < 0.001) pre-
sented reduced escape latency time in the fourth training session
than the control group (Fig. 3, panel B). This result was not verified
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Fig. 2. Effects of Petiveria allincea leaves hydroalooholic extract (PalLHE) 900 mg/ke,
wehicle (0.9% MaCl) and caffeine (10 mg/kg) on step-down latency in rats submitted
1o the inhibitory avoidance test for three minutes (180 ). Each value represents the
mean + 5EM. of 8-10 animals (males and females). "p < 005 compared to the
control group treated with saline. **p < 0001 compared to the control group.
p < 0,001 compared to the caffeine group (ANOVA, Bonferroni’s test),
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Fig. 3. Elfects of Peiiverfa alliaces leaves hydroalcoholic extract (PalLHE) 900 mg/e,
wehicle (0.9% MaCl) and caffeine (10 mag/kg) on Escape latency time (ELT) in rats
submitted to the training sessions of the Morris Water Maze test. Panel A - ELT
Froom first training session of the MWM test, Panel B - ELT from the fourth training
segsion of the MWM test. Each value represents the mean -+ 5.EM. of 8-10 animals
(males and females), *p < U05 compared to the control group treated with saline,
== 0,001 compared to the control group (ANOVA, Bonferroni’s test),

during the first training session, where both the caffeine
(Fazey=1.900; p=005) and PalHE-treated animals (Fz 20— 1.905;
p = 0.05) did not differ from the control group (Fig. 3, panel A).

For the retrieval probe trial, PALHE (Fz 20 =4.107; p <= 0.001), as
well as the caffeine group (Faan=2.937; p<0.001), exhibited a
reduced arrival latency time in Q4 (target quadrant) (Fig. 4, panel
A). As shown in Fig. 4 (panel B), both caffeine (Fizzp—3.829;
p=0001) and PalHE (Fp2n=5220; p<0.001) treated-groups
spent more time at Q4 in search for the hidden platform (pre-
viously there) than the control group.

4. Discussion and conclusions

In the present study, the effects of PalHE on the cognitive
functions (i.e., memory and learning) were evaluated using 1A and
MWM tests.

TLC analysis of PaLHE was able to identify the presence of
organosulfur compounds in the extract. Regarding such com-
pounds, our results were similar to the study performed by
Kubec and Musah (2001), in regards to the spot with B;=0.55. In
addition, organosullur compounds like thiosulfinates and other
polysulfides may be associated to the subsequent spots visualized
in the PaLHE-TLC analysis (Kubec and Musah, 2001). Moreover,
several studies have reported the identification of organosulfur
compounds in the leaves of P alliacea, including dibenzyl trisul-
phide (DTS) (Benevides et al., 2001; Cifuentes et al,, 2009; Kubec
et al., 2010; Rosado-Aguilar et al., 2010; Uruefia et al., 2008).

Passive or inhibitory avoidance is a test in which the behavioral
response is obtained from an aversive stimulus {Maia et al., 2009).
In this test, normal exploratory behavior in the animal is inhibi-
ted by applying an electroshock. Thus, the learning process is
expressed by the inhibition of exploratory activity. After analyzing
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Fig. 4. Effects of Petiverio aliocea leaves hydroalcobolic extract {PalHE) 900 mg/kg,
vehicle (0.9% MaCl) and calfeine [ 10 mgzkg) on the probe tial of the Morris Water
Maze test [MWM) in rats. Panel A = Arrival latency time (ALT) in the target
gquadrant (4) during the probe trial of the MWM test, Panel B = Time spent in the
target quadrant [04) during the probe trial of the MWM test. Each value represents
thie meean + S EM. of B-10 animals (males and females). *p < 0.05 compared to the
control group treated with saline. ***p < 0001 compared to the control group
[AMNCVA, Bonferroni's test),
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the parameters considered in this model, it was found that the
PalHE increased leaming and STM parameters,

Meanwhile, in a study of the total plant extract of P. alliocea L.,
Andrade et al. (2012) performing the ETM test, reported that the
plant extract mediated long-term memaory improvement, but not
learning and STM. However, several studies described controver-
sial results that could be related to different parts of the plant used
in the extract preparation (Audi et al., 2001; Blainsk et al, 2010;
Cifuentes et al, 2001 | In this sense, our study only collected leaves
of the plant which may have modified the extract’s compounds.

Several studies involving fractions of plant extracts, especially
of the leaves of P alliocea, identified a considerable presence of
flavonoids (Blainsk et al, 2010; Kubec and Musah, 2001; Kubec
et al, 2002; Williams et al,, 2007). According to Spencer (2008),
fMavonoids promote beneficial effects on the CNS, including on
memory and cognitive function. Considering that the expansion of
both short and long-term memory is controlled at the moleoular
level, which in the STM involwes covalent modifications of pre-
existing proteins, while the long-term memory is mediated by the
synithesis of new mENA and proteins (Carew, 1996), it is known
that some phytochemical constituents, especially flavonoids, may
exert direct effects on the modulation of cellular proteins amnd in
the signaling pathways of lipid kinases, which are directly related
to synaptic plasticity and memory (Bourtchuladze et al., 1994;
Williams et al., 2004).

In addition, Garcla-GConzilez et al. (2006) have reported the
presence of steroids, terpenoids, saponins, polyphenols, alkaloids
and tannins in the leaves of P alliocea, while Komar and Khanum
(2012 reviewed the neuroprotective potential of the same phyio-
chemicals, which were able to elicit enhancement not only in
memory function but also in learning capacity. In light of this, our
findings are consistent with the pharmacological effects ol che-
mical compounds of the P alliocea.

In order to reinforce previous data, in the present study our
group performed the MWM test to further evaluate the mnemonic
effects of the PalHE. The MWM test was developed by Mormis
(1984) and improved by Stewart and Morris (1993) for assessing
related forms of leaming and memory. The parameters observed
for this test are: i) ELT (acquisition trials), which is correlated with
leaming as the animals tested tend o present redoced ELT
throughout the trials; ii) amival time at the target guadrant
{retrieval probe trial); iii) and the time spent at the target
quadrant in the searching for the platform that was previouslhy
there for assessing long-termyjand spatial memory (Brandeis et al,
1989; D'Hooge and De Deyn [2001)).

Results from the acquisition trials on the MWM test showed a
reduction in the ELT, suggesting an increase of the animals
learning ability, As previously discussed, Andrade et al. (2012)
did not observe any effects of P alfioces L. over the leamning
process, However, our study performed two models of learning
with positive results, These contradictory results might be related
with the fact that they used a whole plant extract, which has less
total flavonoids amounts when compared to the leaves extract
(Blainsk et al., 2010). P. alfiacen L. has also been reported to present
triterpenes and steroids [Coervo, 2011 ; Uroefia et al, 2008), which
in addition to flavonoids in other plants have been associated with
the improvement of leaming capacity (Hague et al, 2006;
Kennedy and Wightman, 2011; Spencer, 2008) The present study
demonstrates, for the first time, that leaves of B alliocen L. improve
the learming process in rats.

On the retrieval probe trial, after 24 h PalHE exhibited mne-
monic activity, indicated by a longer time spent in the target
quadrant (4) and shorter time to first arrive at Q4. These
parameters serve as indications that the extract improved long-
term and spatial memory (Brandeis et al., 1989; D'Hooge and De
Deyn, 200 ). The improvement in long-term memory by P alliocea

whole extract was previously reported by Andrade et al. (20012). In
agreement with our study, we demonstrated that PalHE was able
to obtain broader mnemonic activities. Our group performed a TLC
analysis of PalHE and was able to qualitatively demonstrate the
presence of a class of metabolites known as organosulfur com-
pounds. Taking this into consideration we soggest that the

effects on memory could be due o the action of
dibenzyl trisulphide (DTS), an organosulfur compound previoushy
isplated from P aolliocea (Williams et al, 1997). DTS has been
demonstraied to mediate the hyper-phosphorylation of growth
factor induced MAPKinases (ERK 1 and ERK 2) phosphorylation, a
crucial process for the improvement of long-term memory, and
neuronal growth (Williams et al, 2007, 2009). In addition, DTS
was found to be the major metabolite in P alliacea (Lowe et al,
2015), being also isolated from its leaves [(Williams et al., 1997),
Therefore, the mnemonic activity elicited by PalHE could be the
result of DTS acting in the MAP-kinase pathway, mediating the
I[lq:l'mllll“h‘l‘lﬁ I.I'_'I'I'I'.II'I'I:I'III'!

In regards to spatial memory, our data demonstrated that
PalHE enhanced spatial memory in rats. Previous studies have
reported that hippocampal place cells are the main substrate
involved with the spatial memory abilities assessed through the
MWM test. Also, there is evidence indicating the importance of the
hippocampus for both acguisition and retrieval of spatial informa-
tion, as well as for consolidation/storage ([YHooge and De Deyn,
2001 ; Poucet et al, 2000). The TLC analysis of PalHE reviewed the
presence of thiosulfinates and other polysulfides, organosulfur
compounds with high liposolubility (Kubec and Musah, 2001;
Musah et al, 2008). In light of this, PalHE's constituents could be
crossing the hematoencephalic barrier, reaching and acting on the
hippocampus to induce its effects over spatial memory. Therefore,
this is the first study that links PalHE with such mnemonic effect.

Our results provide new evidence that PalHE promotes leam-
ing improvement and reinforces mnemonic activities in rats,
which confirms one of its ethmopharmacologic use (ie. poor
memory). It is important highlights that the behavioral effects
are more procminent at higher doses of the P aliccen extracts,
that is correlated to the popular use (Ferraz et al., 1991). The exact
mechanisms involved in the observed effects remain unclear, and
more researche works are needed o elocidate the chemical
compounds responsible for the pharmacological responses
reported on this study.
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5. CONCLUSAO

De acordo com nossos resultados, o extrato hidroalcoolico de suas folhas
reforca a aprendizagem, MCD, MLD e memdria espacial em ratos. A metodologia
empregada em nosso trabalho para a pesquisa de compostos de enxofre foi capaz de
detecta-los no extrato utilizado. Tais achados indicam que a planta oriunda da regido
amazonica também produz estes metabdlitos, que juntamente com os flavonoides e

derivados sdo as classes com maior nimero de substancias isoladas na P. alliacea.

Quanto aos demais efeitos centrais, a espécie parece possuir propriedades
antiepiléticas, antinociceptiva, antidepressiva, depressora, ansiolitica e ansiogénica.
Embora controversas, estas atividades podem ser explicadas pela variacdo quimica
que h& entre as partes da planta. Além disso, diferentes condi¢des climaticas, tipo de
solo e periodos distintos de coleta também podem influenciar a composicao quimica,

e, consequentemente, modificar suas atividades bioldgicas.

Destaca-se que, pouco se sabe sobre 0s possiveis mecanismos pelos quais a
planta exerce suas atividades, o que indica a necessidade de dar prosseguimentos as

pesquisas, para plena compreensao de seu potencial farmacolégico.
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