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RESUMO

VOLOBUFF, C. R. F. Avaliacdo biolbgica e estudo fitoquimico de quatro espécies
de Psychotria (RUBIACEAE). 2016. Dissertacdo (Mestrado) — Faculdade de Ciéncias

Biologicas e Ambientais, Universidade Federal da Grande Dourados, Dourados, 2016.

Espécies do género Psychotria (Rubiaceae) sdo utilizadas na medicina popular para
tratamento de diversas enfermidades. Devido a ocorréncia de espécies do género na
regido da Grande Dourados, este trabalho objetivou realizar a avaliacdo biologica e o
estudo fitoquimico de P. capillacea, P. deflexa, P. carthagenensis e P. leiocarpa.
Manuscrito I: O extrato metandlico das quatro espécies de Psychotria foi utilizado
para quantificar o teor de flavonoides, flavonol, fendis totais e taninos condensados,
além da atividade antioxidante pelos métodos DPPH, ABTS ¢ [-caroteno/acido
linoleico e anélise por HPLC/DAD. P. carthagenensis e P. capillacea apresentaram alta
atividade de sequestro de radicais livres com 1Cso de 16,92 e 30,05 pg/mL, quando
comparados ao padrdo BHT. P. carthagenensis apresentou alta atividade (79,1%) com o
método de B-caroteno quando comparado com quercetina. P. capillacea apresentou alta
concentracdo de compostos fendlicos (148,42 mgl/acido galico g/extrato). Alta
concentragdo de flavonoides foi observado em P. carthagenensis (182,07 mg
quercetina/g extrato). Elevada concentracdo de flavonol foi encontrado nos extrato de P.
deflexa e P. carthagenensis (275,07 e 241,19). Altos niveis de taninos condensados
foram encontrados em P. carthagenensis (632,39 mg/catequina/g extrato). Na analise
por HPLC/DAD somente o &cido p-cumarico foi encontrado em P. carthagenensis e P.
capillacea. Manuscrito Il: Foi realizado o fracionamento, isolamento e identificacdo
dos principais constituintes presentes no extrato metanolico das folhas de P. leiocarpa e
avaliacdo da atividade antitumoral, anticolinesterésica, anti-inflamatoria e toxicidade
aguda de P. leiocarpa. O estudo fitoquimico realizado com o extrato metandlico das
folhas de P. leiocarpa resultou no isolamento do alcaloide vincosamida. O extrato ndo
apresentou toxicidade em nenhuma dose testada. Extrato e vincosamida foram avaliados
frente a atividade anti-inflamat6ria nos modelos de edema de pata induzido por
carragenina e pleurisia em camundongos e ensaio anticancer testados em dez linhagens
de ceélulas tumorais. O extrato ndo foi efetivo no modelo de edema de pata. Entretanto,
extrato exibiu migracdo leucocitaria de 86,71% e 88,85% nas doses de 100 e 300

mg/kg™. Vincosamida apresentou migracao leucocitéria de 75,41% e 88,35% nas doses



de 3 e 30 mg/kg™. Para a atividade antiproliferativa, extrato apresentou Glso > 56,89
pg/mL. Vincosamida apresentou potente atividade com valores de Gi50 11,75 — 24,96
KM para todas as células testadas. A atividade anticolinesterasica foi realizada in vitro e
in vivo em cérebro de ratos. No ensaio in vitro, o extrato apresentou inibicdo da
acetilcolinesterase para as estruturas de cortex (64,00%), hipocampo (51,80%) e
estriado (18,00%). No modelo in vivo, o extrato nas doses de 0,5 e 3 mg/kg exibiu uma
inibicdo para cortex de 61% e 48%, ndo apresentando efeito significativo para
hipocampo e estriado. Extrato e vincosamida apresentaram efeitos antiproliferativo,

anticolinesterasico e anti-inflamatorio frente aos modelos experimentais testados.

Palavras-chave: Alcaloides indolicos, anticolinesterasica, inflamacdo, toxicidade,

antioxidante, antiproliferativo



ABSTRACT

VOLOBUFF, C. R. F. Biological evaluation and study phytochemical species
Psychotria sp. (Rubiaceae). 2016. Master (MSc) — Faculty of Biological and

Environmental Sciences, Federal University of Grande Dourados, Dourados, 2016.

Species of the genus Psychotria (Rubiaceae) are used in folk medicine to treat various
diseases. Because the occurrence of species of the genus in the Grande Dourados, this
study aimed to carry out biological evaluation and phytochemical study of P.
capillacea, P. deflexa, P. carthagenensis and P. leiocarpa. Manuscript I: Methanol
extract of the four species of Psychotria was used to quantify the flavonoid content,
flavonol, total phenols and tannins in addition to the antioxidant activity by DPPH
methods, ABTS and B-carotene / linoleic acid and analyzed by HPLC / DAD. P.
carthagenensis and P. capillacea showed high activity of scavenging free radicals with
ICs0 16.92 and 30.05 mg/mL, compared to the standard BHT. P. carthagenensis showed
high activity (79.1%) with p-carotene method when compared to quercetin. P.
capillacea showed high concentration of phenolic compounds (148.42 mg/gallic acid/g
extract). High concentration of flavonoids was observed in P. carthagenensis (182.07
mg quercetin/g extract). High concentration of flavonols found in P. deflexa and P.
carthagenensis extracts (275.07 and 241.19). High levels of condensed tannins were
found in P. carthagenensis (632.39 mg/catechin/g extract). In the analysis by HPLC /
DAD only the p-coumaric acid was found in P. carthagenensis and P. capillacea.
Manuscript I1: This was the fractionation, isolation and identification of the main
constituents present in the methanol extract of the leaves of P. leiocarpa (EMPL) and
evaluation of antitumor activity, acetylcholinesterase, anti-inflammatory and acute
toxicity P. leiocarpa. The phytochemical study of the methanol extract of EMPL leaves
resulted in the isolation of vincosamide alkaloid. The extract showed no toxicity at any
dose tested. EMPL and vincosamide were evaluated against anti-inflammatory activity
in the rat paw edema model induced by carrageenin pleurisy and anticancer test mice
and tested in ten cancer cell lines. The EMPL was not effective in the rat paw edema
model. However, leukocyte migration extract exhibited a 86.71% and 88.85% at doses
of 100 and 300 mg/kg™. Vincosamide presented leukocyte migration 75.41% and
88.35% at doses of 3 and 30 mg/kg™. For the antiproliferative activity, extract showed

Glsp > 56.89 mg / mL. Vincosamide showed potent activity with Glsg values from 11.75



to 24.96 uM for all tested cells. The anticholinesterase activity was carried out in vitro
and in vivo in rat brain. In vitro assay the extract showed inhibition of
acetylcholinesterase for cerebral cortex (64.00%), hippocampus (51.80%) and striatum
(18.00%). In the in vivo model, the extract at doses of 0.5 and 3 mg/kg exhibited an
inhibition to the cortex of 61% and 48%, but had no significant effect on the
hippocampus and striatum. EMPL and vincosamide showed antiproliferative effects,

anticholinesterase and anti-inflammatory against the tested experimental models.

Keywords: indole alkaloids, acetylcholinesterase, inflammation, toxicity, antioxidant,
antiproliferative
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1. INTRODUCAO

A utilizacdo de plantas com fins medicinais, para tratamento, cura e prevencao de
doencas, € uma das mais antigas formas de pratica medicinal da humanidade. No inicio da
década de 1990, a Organizacdo Mundial de Satde (OMS) divulgou que 65-80 % da populacédo
dos paises em desenvolvimento dependiam das plantas medicinais como Unica forma de acesso
aos cuidados basicos de satde (PONTES, 2006; RUAS, 2013).

No Brasil, as plantas medicinais da flora nativa sdo utilizadas com pouca ou nenhuma
comprovacao de suas propriedades biolGgicas, propagadas por usuarios ou comerciantes.
Muitas vezes essas plantas séo, inclusive, empregadas para fins medicinais diferentes daqueles
utilizados pelos silvicolas. Resolucdes da Agéncia Nacional de Vigilancia Sanitaria (ANVISA),
de 16 de margo de 2004 visam a normatizacao do registro de medicamentos fitoterapicos. A
Resolucdo-RDC no. 48 determina que todos os testes referentes ao controle de qualidade de
fitoterapicos deverdo ser realizados em rede credenciada no sistema REBLAS (Rede Brasileira
de Laboratdérios em Salde) ou por empresas que possuam certificado de BPFC (Boas Praticas
de Fabricacdo e Controle).

A diferenca entre planta medicinal e fitoterapico esta na elaboracdo da planta para uma
férmula farmacéutica, o que caracteriza um fitoterapico. A OMS define planta medicinal como
sendo “todo e qualquer vegetal que possui, em um ou mais 6rgaos, substancias que podem ser
utilizadas com fins terapéuticos ou que sejam precursores de farmacos semi-sintéticos” (WHO,
1998). Destaca-se também o fitofarmaco, que por defini¢do “¢ a substancia ativa, isolada de
matérias-primas vegetais ou mesmo, mistura de substancias ativas de origem vegetal”.

A realizagdo da | Conferéncia Nacional de Assisténcia Farmacéutica, em 2003, sob o
tema “Efetivando o acesso, a qualidade e a humaniza¢do na Assisténcia Farmacéutica, com
controle social”, reforcou a necessidade de atualizacdo constante das listas de medicamentos
essenciais de cunho nacional (Rename), estadual (Resme) e municipal (Remume). A Rename
(Relacdo Nacional de Medicamentos Essenciais) sofreu quatro revisbes mais recentes que
foram a de 2002, 2006, 2008 e 2010, sendo a uUltima publicada pela Portaria MS/GM n.° 1044,
de 05 de maio de 2010, possuindo 343 farmacos, 08 correlatos e 33 imunoterapicos, em 574
apresentacdes farmacéuticas (PEPE, 2010). Dentre os farmacos destaca-se sulfato de
vimblastina (utilizado para tratamento de cancer de mama, leucemia, linfoma, cancer de
pulmao e testicular) e sulfato de vincristina (utilizada em casos de leucemia), ambos isolados
de Catharanthus roseus (L.) G. Don. (MORAES et al., 2011). Alguns fitoterapicos utilizados
sdo o xarope de guaco (Mikania glomerata), xarope de agrido (Nasturtium officinale) e
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Calmatoss®, um xarope utilizado como antitussigeno, expectorante, antisséptico respiratorio e
broncodilatador, composto por tinturas de Mikania glomerata Spreg., Grindelia robusta Nutt.,
Copaifera officinalis (Jacg.) L., Myroxylon toluifera L. Harms., Nasturtium officinal R. Br.,
além de propolis e mel (SOARES et al., 2006).

Assim, as comprovagOes cientificas farmacoldgicas e a investigagdo fitoquimica de
plantas sdo de grande importancia, pois o isolamento de principios ativos e a modificacdo
quimica destes podem resultar em descobertas de novos farmacos com aplicacdo terapéutica e
menor efeito toxico.

Em funcdo dos aspectos discutidos acima, 0 nosso grupo de pesquisa vem
desenvolvendo o estudo do potencial quimico e bioldgico de plantas presentes no cerrado e
mata atlantica na regido de Dourados-MS. Das varias familias presentes nesta regido, destaca-
se a Rubiaceae, por sua ampla distribuicdo e pelo numero de géneros e espécies ocorrentes,
dentre eles o género Psychotria com oito espécies registradas segundo Pereira (2007)
realizando um estudo sobre a floristica, sistema reprodutivo, distribuicdo e relagdes alométricas
de espécies da familia Rubiaceae no Mato Grosso do Sul.

Neste contexto, o trabalho foi elaborado para avaliar a acdo farmacoldgica e o estudo

fitoquimico de quatro espécies de Psychotria coletadas em Dourados-MS (Esquema 1).
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[ Dourados - MS ]

Parte utilizada: Folhas

|

F. deflexa DC.

F. lsiacarpa F. capiliacea

Frarihagensnsis JTacg.

Cham . et. Schlcht Mull, Arg. Stand.

| |
G‘Iﬂllll scrito 1 \

- Pertfil fitoquimico por HPLC-DAD

- Atividade Antioxidante

- Teor de compostos fenolicos, flavonoi des, taninos
\i:mldensados e flanovol

/

NManunscrito 2
Estudo Fitoguimico:

- Fracionamento, isolamento e identificacio dos principais
metabolitos secundarios

Avalinedn Rinldgica:

- Atividade anfi-inflamatoria;

- Atividade antitumoral;

- Atividade anticolinesterasica;

- Toxi cidade aguda.

Esquema 1. Proposta de trabalho com espécies de Psychotria coletadas em Dourados-MS.

2. REVISAO DE LITERATURA
2.1 Género Psychotria
O género Psychotria (Rubiaceae) compreende aproximadamente 2000 espécies,
taxonomicamente complexo e largamente empregado na medicina popular para o tratamento de

diversas enfermidades, como diarreia e parasitas intestinais (MCGAW et al., 2000), infecgdes
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virais e bacterianas (LOCHER et al., 1995; KUO et al., 2001), disfunc¢des cardiovasculares,
distarbios mentais e alimentares (CABALLERO-GEORGE et al., 2001). Do ponto
quimiotaxonémico € caracterizado principalmente pela presenca de alcaloides polindolicos
derivados da condensacdo de varias unidades N-metiltriptamina, além da presenca de iridoides
e alcaloides indolicos monoterpénicos (LOPES, 1998) os quais sdo responsaveis por algumas
atividades bioldgicas. Estes alcaloides sdo obtidos pela rota metabdlica cujo aminoacido de
origem ¢é o triptofano e de um anico precursor a estrictosidina produzida pela condensacdo de
uma molécula de triptamina (Figura 1) com a secologanina, elaborada via geraniol, a partir das
moléculas do &cido mevaldnico (BRUNETON, 1991).

COOH
Co % —
N 2 N
H

Triptamina
Triptofano COH

O-Glicose

H,cooc” N0
Secologanina

Estrictosidina O-Glicose

\\ Alcaléides indol-
monoterpénicos

Figura 1. Rota biossintética para os alcaloides indol-monoterpénicos (DEWICK, 1997).

A pesquisa no género foi motivada principalmente pelo uso de duas espécies Palicourea
viridis e P. carthagenensis, juntamente com decocto de Banisteriopsis caapi, produziram uma
bebida alucindgena “ayahuasca”, utilizada para fins religiosos e medicinais por povos da
Amazonia (MCKENNA et al., 1984; LIWSZYC et al., 1992). Da espécie P. viridis foi isolado
um alcaloide N,N-dimetiltriptamina (1) (Figura 2), o qual possui semelhancga estrutural com a
serotonina (I1), que o torna uma alternativa no tratamento de distarbios do sistema nervoso
central (SERPICO e CAMURCA, 2001).

De P. umbelata isolou-se a umbelatina ou psicolatina (I11) que apresenta atividade
ansiolitica e anticonvulsivante (BOTH, 2006). Dos estudos com P. myriantha Mull. Arg. foram

isoladas as myrianthoisinas A (1V) e B (V) e o0 &cido estrictosidinico (V1).



21

Da espécie P. brachyceras isolou brachycerina, e em P. leiocarpa foram encontrados o
alcaloide N,B-D-glucopiranosil vincosamida (VII) e os iridoides asperulosideo (VIII) e
deacetilasperulosideo (I1X). Lialosideo (X) e estrictosamida (XI) foram isolados de P. suterella
(HENRIQUES, 2004; SANTOS, 2001; KERBER, 2001).

Das folhas da espécie P. myriantha Mull. Arg., foi isolado o &cido strictosidinico (VI),
um alcaloide indolico monoterpénico glicosilado apresentando efeito analgésico dose-
dependente parcialmente revertido por naloxona em modelo de placa quente (BOTH et al.,
2002). O &cido estrictosidinico (10 mg/kg) também foi ativo para o aumento do metabolismo

de monoaminas na Doenca de Alzheimer em estriado de ratos (FARIAS et al., 2010).

Figura 2. Estruturas de alcaloides e iridoides isolados de Psychotria.
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2.2 Psychotria leiocarpa Cham. e Schicht.

Psychotria leiocarpa (Figura 3) popularmente conhecida como “granditiva-de-anta” ou
“cafeeiro-do-mato”, é um arbusto que atinge 2 m de altura o qual se distribui da Bahia e Minas
Gerais até 0 Rio Grande do Sul, bem como no Mato Grosso do Sul e Paraguai (ANDERSSON,
1992; DELPRETE et al., 2005) . Dillenburg e Porto (1985) relataram o isolamento do alcaloide
indolico monoterpénico N-glicosilado (N, B-D-glucopiranosil vincosamida) (V1) e de iridoides
asperulosideo (VIII) e deacetilasperulosideo (IX) (Figura 2) das folhas dessa espécie

(HENRIQUES, 2004; SANTOS, 2001; KERBER, 2001).
e AV e T

Figura 3. Folhas e galhos de Psychotria leiocarpa (Fonte: Volobuff, 2014).

Estudo de Leal (1994) em extratos etandlicos de P. leiocarpa, P. brachyceras, P.
myriantha e P. suterella avaliando a toxicidade e atividade analgésica em camundongos,
indicou que os alcaloides relatados nas espécies foram o0s principais responsaveis pelas
atividades testadas. Atividade analgésica inespecifica a partir do extrato etandlico das folhas de
P. leiocarpa foi evidenciado por Elisabetsky et al. (1997).

O oOleo essencial extraido das folhas apresentou 33 compostos caracterizados
exclusivamente por sesquiterpenos, destacando o biciclogermacreno com 35,6% e germacreno
D com 17,6% (Figura 4) (ANDRADE et al., 2010).
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XII XIII
Figura 4. Principais constituintes biciclogermacreno (X11) e germacreno (XI11) encontrados no

o0leo essencial de P. leiocarpa.

2.3 Psychotria carthagenensis Jacq.

P. carthagenensis (Figura 5) popularmente conhecida como ‘“cafeeiro-do-mato”,
“carne-de-vaca” ou “erva-de-rato-branca”, ocorre nas regides Norte, Sudeste e Centro-Oeste do
Brasil (ANDERSSON, 1992). Esta planta € um dos componentes da bebida alucinégena
ayahuasca, usada pelos povos da floresta Amazonica. Dimetiltriptamina foi identificada como o

componente principal do extrato das folhas (RIVIER e LINDGREN, 1972).

2

Figura 5. Folhas e galhos de P. carthagenensis (Fonte: Volobuff, 2014).

2.4 Psychotria capillacea Mill. Arg. Stand.
P. capillacea (Figura 6), popularmente conhecida como “café”, ocorre no Brasil nos
Estados do Amazonas, Mato Grosso do Sul e Parana, bem como no Paraguai e Argentina
(ANDERSSON, 1992). As propriedades bioldgicas e quimicas ndo foram relatadas na literatura

consultada para esta espécie.



24

Figura 6. Folhas e galhos de P. capillacea (Fonte: VVolobuff, 2014).

2.5 Psychotria deflexa DC.
P. deflexa (Figura 7) é conhecida popularmente como “erva-de-rato” ou “café-
selvagem”, ocorre do México a Argentina. No Brasil ocorre em quase todos os estados
brasileiros, incluindo o Mato Grosso do Sul (ANDERSSON, 1992). Investigacdo quimica

anterior relata o alcaldide cromoforo indol.

Figura 7. Folhas e galhos de P. deflexa (Fonte: VVolobuff, 2014).

2.6 Atividades Bioldgicas
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2.6.1 Estresse oxidativo

Espécies reativas de oxigénio (EROs) e espécies reativas de nitrogénio (ERNSs) sdo
geradas por processos metabdlicos normais em todos os organismos aerobicos (FINKEL e
HOLBROOK, 2000). Entretanto, a producdo excessiva destas espécies pode exceder as defesas
antioxidantes celulares e levar a uma condi¢cdo denominada estresse oxidativo, que tem sido
relacionado a patogénese de vérias doengas por meio de diferentes mecanismos, que podem
envolver mutacdo no DNA, oxidacdo de proteinas e peroxidacdo lipidica (FINKEL e
HOLBROOK, 2000).

Existem varios metodos para a determinagdo da atividade antioxidante in vitro de
substancias biologicamente ativas, envolvendo desde ensaios quimicos com substratos lipidicos
a ensaios mais complexos utilizando as mais diversas técnicas instrumentais, tais como: DPPH,
ABTS ¢ p-caroteno/acido linoleico. Os testes antioxidantes empregados em alimentos e
sistemas biologicos podem ser classificados em ensaios para avaliar a peroxidagdo lipidica, em
que um lipidio ou um substrato lipoproteico sob condi¢des padrdo é utilizado e o grau de
oxidacdo é mensurado, e 0s ensaios para medir o percentual de sequestro de radicais livres
(SANCHEZ-MORENO, 2002).

Um dos métodos para determinacdo da atividade antioxidante é pelo sequestro do
radical 2,2-difenil-1-picril-hidrazil (DPPH), que consiste no radical livre estavel DPPH
conferindo uma coloragdo violeta a esta molécula. Este modelo é baseado na medida da
capacidade antioxidante de uma substancia sequestrar o radical DPPH, reduzindo-o a hidrazina.
Quando uma determinada substancia que age como doador é adicionada a uma solucédo de
DPPH, a hidrazina é obtida com mudanca simultanea na coloracdo de violeta a amarelo palido
(Figura 8).
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Figura 8. Formas radicalar (XIV) e n&o radicalar (XV) do DPPH.

O sistema de co-oxidagdo do P-caroteno/acido linoleico (XVI; XVII) (Figura 9),

permite avaliar a capacidade de uma determinada substancia de prevenir a oxidagdo do f-
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caroteno, protegendo-o dos radicais livres gerados durante a peroxidacdo do acido linoleico. A
reacdo pode ser monitorada espectrofotometricamente pela perda da coloragdo do -caroteno
em 470 nm (BROINIZI et al., 2007).

Outro ensaio baseado na inibicéo de antioxidantes com a inibicéo de cation é ABTS 2,2-
azinobis-(3-etilbenzotiazolina-6-sulfonato), que tem por caracteristica um espectro de absor¢éo
de longo comprimento de onda caracteristico mostrando absor¢do minima de 415 nm e
absorcdo maxima de 660, 734 e 820 nm (SANCHEZ-MORENO, 2002).

XVI

WWWCDDH
XVII

Figura 9. Estrutura do B-caroteno (XVI) e acido linoleico (XVII).

O grande interesse cientifico por substancias antioxidantes se deve principalmente ao
envolvimento dos radicais livres na etiologia de varias doencas, incluindo inflamac&o, cancer,
as doencas degenerativas do SNC como o mal de Alzheimer, o mal de Parkinson e também no
processo de envelhecimento. As células e os tecidos vivos estdo permanentemente expostos a
processos oxidativos contra 0os quais podem ser protegidos pela agdo de antioxidantes naturais
(ZHAO et al., 2001; CUZZOCREA et al., 2001).

2.6.2 Doenca de Alzheimer

A doenca de Alzheimer (DA) é uma desordem neurodegenerativa, que afeta cerca de
1,5% da populagdo em idade entre 65-69 anos, 21% entre 85-86 anos e 39% acima dos 90 anos.
Do ponto de vista etiologico, DA pode ser definida como uma doenca multifatorial. A maioria
dos casos da doenca é esporddica com uma ocorréncia tardia na vida, mas a manifestagdo
precoce da doenca tem sido associada a fatores genéticos (FRANK e GUPTA, 2005; ROSSI et
al., 2008). Alguns estudos sugerem que a falta de interac6es sociais e atividades que estimulem
a memoria, bem como um estilo de vida sedentario podem aumentar o risco de DA
(FRATIGLIONI et al., 2004).

A DA causa muitas mudancas no cotidiano das familias, e como consequéncia, abalos e

desgastes emocionais a caracterizam como uma doenca de acometimento familiar (FREITAS et
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al., 2008). Os sintomas comportamentais e psicoldgicos sdo 0s resultados da exposi¢do ao
estresse sofrido pelos cuidadores de pacientes com a doenga. Na maior parte dos casos,
cuidadores sdo parentes proximos aos pacientes, e a qualidade de vida de ambas as partes
costuma ser afetada de forma negativa devido a dificil tarefa de convivéncia (PAULA et al.,
2008).

Além do comprometimento da memdria recente, varios sintomas paralelos sdo
associados a doenga, incluindo o humor depressivo, a diminuigdo de prazer aos contatos sociais
ou usuais, o isolamento ou retraimento social, alteracdes de apetite e do ciclo vigilia-sono,
alteragOes psicomotoras, irritabilidade, fadiga, sentimentos de inutilidade, desesperanga ou
culpa excessiva e inapropriada e pensamentos recorrentes de morte (VITAL et al., 2010).

Esta desordem é caracterizada por deterioracdo dos neurdnios colinérgicos, o que resulta
em notavel déficit do neurotransmissor acetilcolina (XV11) (Figura 10) (WHITEHOUSE et al.,
1982) e se manifesta em nivel das regibes cerebrais associadas as fun¢bes mentais superiores,
especialmente ao cértex frontal e hipocampo (VIEGAS JUNIOR et al., 2004).

Dentre as causas mais evidentes da génese da doenca estdo a ocorréncia de deposicao
extracelular de peptideo B-amildide (derivado do precursor amiléide de proteina) em plaquetas
senis e a formagcdo erratica de neurofibrilas intracelulares (VIEGAS JUNIOR et al., 2004).

Uma das estratégias para o tratamento da DA €é baseada na ‘hipotese colinérgica’, o que
sugere que a causa da deterioracdo da memoria em pacientes com DA é um déficit da funcdo
colinérgica no hipocampo e sec¢des corticais no cérebro (BARTUS et al., 1982; BECKER et al.,
1988; PERRY, 1986). Os inibidores da acetilcolinesterase podem restaurar o nivel de
acetilcolina em sinapses colinérgicas do cértex cerebral (GIACOBINI, 2000; TARIOT et al.,
2004), que séo responsaveis pela melhora da funcéo cognitiva. Desta forma, os inibidores da
acetilcolinesterase sdo usados como uma abordagem para minimizar os sintomas da doenca.

Dentre os anticolinesterasicos de uso clinico estd o tetrahidroaminocridina (THA),
genericamente chamado de Tacrina (XVIII) (Figura 10), o qual foi liberado para
comercializacido com o nome de Cognex® Em contrapartida, este formaco mostrou-se
inconveniente por ter de ser administrado quatro vezes ao dia e estar associado a
hepatotoxicidade e incidéncias de efeitos colaterais (FARLOW et al., 1992; KNAPP et al.,
1994).

O mais potente inibidor o (R,S)-1-benzil-4-[(5,6-dimetoxi-1-indanona)2-il] metil
piperidina, conhecido por Donepezil (XIX) (Figura 10) e comercializado como Aricept®, foi
aprovado pelo Food and Drug Admnistration em 1996 (NIGHTINGALE, 1997). Esse farmaco

resultou no estudo e planejamento racional de drogas a partir do conhecimento do sitio ativo da
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enzima acetilcolinesterase e de suas interacfes quimicas com os ligantes. Além disso, ele
representa uma nova geracao de inibidores anticolinesterasicos que oferece a possibilidade de
ser administrado uma vez ao dia e com poucos efeitos colaterais (KRYGER et al., 1999).

Compostos isolados a partir de plantas medicinais também foram empregados para o
tratamento da doenca. A galantamina (XX) (Figura 10) ou (4aS, 6R, 8aS)-4a, 5, 9, 10, 11, 12-
hexaidro-3-metoxi-11-metil-6H-benzofuro [3a, 3, 2, -ef] denominado comercialmente de
Remynil® é um alcaloide isolado de flores e bulbo da Galanthus woronowii, que foi
posteriormente sintetizado (SANCHEZ et al., 1984; CZOLLNER et al., 2001).

O Huperzine A (XXI) (Figura 10), um alcaloide isolado de uma erva chinesa conhecida
como Huperzia serrata € um potente e seletivo inibidor da enzima acetilcolinesterase. Embora
ndo tenha sido aprovado para comercializacdo pelo Food and Drug Admnistration, é muito

utilizado na medicina tradicional chinesa como fitoterapico.
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Figura 10. Estruturas quimicas de acetilcolina (XVII), tacrina (XVIII), donepezil (XIX),
galantamina (XX) e Huperzine A (XXI).

Devido a busca por novos inibidores da acetilcolinesterase, ha o interesse na pesquisa
com plantas com potencial medicinal, isolando e sintetizando compostos que sejam

biologicamente ativos.

2.6.3 Inflamacgéo
A inflamagdo € uma resposta bioldgica complexa de tecidos vasculares a estimulos

nocivos, tais como patdgenos, danos celulares ou irritantes (fisicos ou quimicos). E um
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mecanismo de defesa destinado a remover os estimulos lesivos e iniciar 0 processo de
cicatrizacdo do tecido (MALDINI et al., 2009).

De acordo com Tedgui e Mallat (2001) os mecanismos envolvidos na resposta
inflamatdria formam uma reacdo em cascata, envolvendo células inflamatorias (neutrofilos,
linfocitos, mondcito/macrofago) e células vasculares (endoteliais e células da musculatura lisa).
No entanto, a resposta inflamatoria visa a protecdo do organismo frente a um agente infeccioso,
tendo como objetivo a destruicao do invasor.

A inflamac&o ocorre em trés eventos principais: aumento do suprimento sanguineo para
a area afetada; aumento da permeabilidade capilar ocasionado pela retracdo das células
endoteliais, como consequente escape de moléculas maiores permitindo, entdo, que 0s
mediadores sollveis da imunidade atinjam o local da infeccdo; migracdo dos leucdcitos, dos
capilares para os tecidos circundantes. Na fase final da inflamagdo, os neutréfilos sdo
particularmente prevalentes, mas tardiamente no processo, 0s mondcitos e linfocitos também
migram para o local inflamado (ROITT et al., 2003).

A inflamacdo pode ser aguda ou cronica. A aguda € a de curta duracao, ocorrendo nas
primeiras horas, dias e caracteriza-se pela ndo especificidade e grande quantidade de exsudacdo
do fluido e de proteinas do plasma para o intersticio com o objetivo de eliminar os tecidos
mortos, proteger contra infecgdo local e permitir o acesso do sistema imune a area danificada
(STEVENS e LOWE, 1998). Persistindo o agente lesivo, inicia-se a fase crbnica, que é de
longa duracdo e esta, na maioria das vezes, associada com a presenca de células (linfocitos,
macrofagos, dentre outras), angiogénese, fibrose e necrose de tecidos (DRAY, 1995; POBER e
COTRAN, 1990).

Dentre 0os modelos experimentais utilizados em estudos com farmacos anti-
inflamatorios estdo: o estudo da quimiotaxia de leucdcitos “in vitro”; teste do edema
inflamatdrio na pata do animal induzido por substancias quimicas; angiogénese; modelos de
inflamagdo por mecanismos autoimunes; modelos que utilizam agentes infecciosos, teste da
permeabilidade capilar induzida pelos marcadores da inflamagdo pleurisia ou peritonite e
edema inflamatorio de orelha induzido por agentes irritantes (LAPA et al., 2001).

Anti-inflamatérios sdo direcionados a inibir enzimas especificas e/ou antagonizar
receptores especificos e a resposta de translacdo de proteinas envolvidas na inflamacdo. Os
inibidores de ciclo-oxigenase (COX), o fator de necrose tumoral o (TNF-0) e o0s
corticosteroides sdo exemplos dessa abordagem utilizada com o objetivo de bloguear a

producéo e/ou acdo de mediadores quimicos pro-inflamatérios (SERHAN, 2008).
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Compostos naturais com diferentes mecanismos de acdo podem ser utilizados no
tratamento de doencas inflamatorias, sobretudo a partir de plantas que estdo sendo utilizadas
com esse proposito. Dentre os metabdlitos secundarios com potencial atividade anti-
inflamatdria estdo a curcumina, extraida da Curcuma longa L. (Zingiberaceae); a rutina, a
quercetina, a apigenina, a morina e a narigenina, obtidas do Ginkgo biloba; a silimarina,
extraida do Silybum marianum (L.) Gaertn. (Asteraceae); alguns flavonoides, como a
baicaleina, obtida da Scutellaria baicalensis Georgi (Lamiaceae) e o cirsiliol, derivado da
Achillea fragantissima (Forssk.), entre outros compostos (CALIXTO et al., 2003).

Desta forma, estudos a partir de plantas com potencial medicinal sdo necessarios para
contribuir para a descoberta de novos anti-inflamatdrios que possam ser utilizados com eficécia

e seguranca para o tratamento da doenca.

2.6.4 Cancer

Céncer, uma doenca heterogénea multifatorial, € uma das principais causas de
mortalidade no mundo (SIEGEL et al.,, 2013). Apesar dos avancos na descoberta de
medicamentos anticancer, em 2012, 14,1 milhGes de novos casos de cancer foram
diagnosticados em todo o mundo, com 8,2 milhdes de mortes (FERLAY et al., 2012).

Varios mecanismos bioquimicos entdo envolvidos na génese e desenvolvimento de
cancro, incluindo o stress oxidativo, que é induzido por radicais livres e causa danos no DNA
(AMES e GOLD, 1991). Tem sido sugerido que este dano oxidativo pode ser evitado ou
limitado pela dieta de fitoquimicos (LIU, 2013). Estudo tém demonstrado que a dieta de
fitoquimicos possui mecanismos de acdo complementares e sobrepostos para a prevencao do
cancer, incluindo a eliminacdo de radical livre e a redugéo do estresse oxidativo, a inibi¢cdo da
proliferacdo celular, inducdo de diferenciacdo celular, a inibicdo da expressdo do oncogene, a
inducdo do gene supressor de tumor, a regulacdo do ciclo celular, e a indugédo da apoptose (LIU
e FINLEY, 2005; LIU, 2013).

A quimica de produtos naturais constitui uma das principais linhas de pesquisa na busca
de novos agentes anticancerigenos. Alcaloides de origem vegetal utilizados para o tratamento
de alguns tipos de cancer sdo a vincristina e a vimblastina, isoladas da Catharantus roseus
(CARVALHAES et al., 2002).

3. OBJETIVOS
3.1 Objetivo Geral
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Avaliacdo bioldgica e estudo fitoquimico de quatro espécies de Psychotria (Rubiaceae).

3.2 Objetivos Especificos
Manuscrito 1:

e Preparacdo do extrato metanolico das folhas de P. leiocarpa, P. carthagenensis, P.
capillacea e P. deflexa;

e Teor de flavonoides, flavonol, taninos condensados e fendis totais do extrato
metanolico;

e Avaliacdo da atividade antioxidante pelos métodos DPPH, ABTS e [B-caroteno/acido
linoleico;

e Analise por HPLC/DAD do extrato metanolico.

Manuscrito 2:

e Fracionamento, isolamento e identificacdo dos principais constituintes presentes do
extrato metandlico das folhas de P. leiocarpa;

e Avaliacdo da atividade antitumoral, anticolinestersica e anti-inflamatdria do extrato

metanolico e compostos isolados.
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Abstract: The antioxidant activity of Psychotria carthagenensis, P. leiocarpa, P.
capillacea and P. deflexa (Rubiaceae) extracts were investigated, and the
concentrations of total phenolics, flavonoids, condensed tannins and flavonols were
determined. The chemical compositions of the extracts were investigated using the
high performance liquid chromatography (HPLC/PAD) method. We used 1,1-
diphenyl-1-picrylhydrazyl free radical (DPPH), B-Carotene bleaching and 2,2-
azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cations to
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determine antioxidant activity. The ability to scavenge radical was measured in
these experiments by the discoloration of the solution. Concentrations of
constituents were measured spectrophotometrically. P. carthagenensis and P.
capillacea exhibited the highest antioxidant activity, in the DPPH test, B-carotene
bleaching and ABTS system. The highest phenolic, flavonoid, condensed tannin
and flavonol concentration was found in P. carthagenensis and P. capillacea
extracts. HPLC-PDA analysis of P. carthagenensis and P. capillacea revealed
hydroxycinnamic acid (p-coumaric acid). This is the first report on the antioxidant
properties and constituent analysis of these Psychotria extracts.

Keywords: Psychotria; antioxidant activity; p-coumaric acid

1. Introduction

Antioxidants, molecules with a radical-scavenging capacity, are thought to exert a protective
effect against free radical damage. These biomolecules may contribute to the prevention of
many chronic diseases, such as cancer, cardiovascular disease, atherosclerosis, diabetes,
asthma, hepatitis and arthritis [1,2]. The consumption of traditional diets prepared with spices
and medicinal and aromatic herbs has attracted increasing interest among consumers and
scientists because these spices and herbs exhibit antioxidant properties attributed to a variety of
bioactive phytochemicals [3,4].

The species of the genus Psychotria are used by the population in the form of infusion and
with external application. The internal uses are indicated for diseases of the treat disorders
gastrointestinal, bronchial diseases and reproductive disorders. In external use, in applications,
skin tumors, ulcers, ocular disorders, such as poultices, and baths for the treatment of fever,
sore head and ear [5,6]. Reported phytochemical studies on the Psychotria genus showed
alkaloids, mainly polypirrolidinoindole [7-13], quinolines [14-19], and monoterpene indole
alkaloids [20-26]. Some of these alkaloids display pharmacological effects such as inhibition
of human platelet aggregation [27], cytotoxicity [28], and analgesic activity [29], as well as
antimalarial and antileishmanial effects [30].

Psychotria leiocarpa Cham. and Schlecht., popularly known as “grandilva-de-anta” or
“cafeeiro-do-mato”, is an understorey woody shrub native to the forests of Southern Brazil [8].
From leaves, was isolated an N-glycosylated monoterpenoid indole alkaloid N, pB-D-
glucopyranosyl vincosamide, constitutes up to 2.5% of the dry weight in leaves [31], and
iridoid glucosides asperuloside and deacetylasperuloside [32]. Study showed that this alkaloid
may act indirectly in P. leiocarpa protection against oxidative stress generated upon wounding,
UV exposure, and perhaps other environmental stresses [33]. Psychotria carthagenensis Jacqg.,
popularly known as “cafeeiro-do-mato”, “carne-de-vaca” or “erva-de-rato-branca”, occurs in
most parts of the southern Brazilian State, Rio Grande do Sul. This plant is one of the
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components of the hallucinogenic beverage ayahuasca, used by the people from the
Amazonian Forest [34]. Dimetyl-tryptamine was identified as the major component of a leaf
extract [35]. Psychotria deflexa DC., popularly known as “erva-de-rato” or “café selvagem”,
occurs from Mexico to Argentina. Chemical investigation has previously reported the alkaloid
indole chromophore. Psychotria capillacea Miill. Arg. Standl., popularly known as “coffee,”
occurs in the Brazil states Amazonas, Mato Grosso do Sul, and Parana, as well as in Paraguay
and Argentina [24]. The pharmacological properties and chemical for this species was not
reported on in the consulted literature.

However, the few biological studies for the species indicate the importance of the continuity
of phytochemical studies and activities, with these species reported. Thus, this study represents
the first antioxidant investigation of Psychotria carthagenensis, P. leiocarpa, P. deflexa and P.
capillacea with a different analytical methodology. We also determined the concentrations of
phenolic compounds, condensed tannins, flavonoids, and flavonol.

2. Results and Discussion
2.1. Antioxidant Activity

Due to the complexity of some plant extracts, the use of several different methods is
recommended for the evaluation of antioxidant activity [36]. Currently used methods include
the DPPH (1,1-diphenyl-2-picrylhydrazyl) assay [37], which measures the ability of a
substance to scavenge the DPPH radical, reducing it to hydrazine. When a substance that acts
as a donor of hydrogen atoms is added to a solution of DPPH, hydrazine is obtained, with a
change in color from violet to pale yellow. 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS") is a decolorization technique, in that the radical is generated directly in a stable form
prior to reaction with putative antioxidants, which involves the production of the blue/green
ABTS" chromophore through the reaction of ABTS with potassium persulfate. The B-carotene
bleaching method [38] evaluates the ability of a substance to prevent the oxidation of f-
carotene, protecting it from the free radicals generated during the peroxidation of linoleic acid.

The effects of methanolic extracts of Psychotria species in the DPPH, linoleic acid
peroxidation and ABTS assays are shown in Table 1. P. carthagenensis and P. capillacea
exhibited the highest scavenging activity with an 1Csy of 16.92 + 4.58 and 30.05 + 6.22 pg/mL,
respectively (Table 1), which was comparable to that of the standard antioxidant butylated
hydroxytoluene (BHT) (ICso = 16.72 £ 1.34 pg/mL) and ascorbic acid (ICso = 22.28 + 0.53
png/mL). The comparison of the obtained free-radical scavenging data indicated potent activity
for the P. carthagenensis and P. capillacea at 100 pg/mL, with %FRS values of 93.52% +
8.41% and 91.78% =+ 4.23%, respectively. These results show that the DPPH radical
scavenging activity of these extracts was similar to BHT and ascorbic acid (Table 1). Gallic
acid (6.56%, standard), P. carthagenensis (6.47%) and P. capillacea (7.32%) also resulted in a
remarkable reduction of the DPPH remaining, compared with P. leicocarpa and P. deflexa
(56.26% and 63.51%), respectively, when recorded after 60 min (Figure 1). It is clear that the
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more DPPH that remains, the lower the radical-scavenging activity of the tested samples is. All
these data clearly indicate that P. carthagenensis and P. capillacea extracts are effective
electrons or hydrogen atoms donor to DPPH.

Figure 1. Kinetic behavior of methanol extracts (100 pg/mL) against DPPH:
P. carthagenensis, P. leiocarpa, P. capillacea, P. deflexa and gallic acid standard.
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Table 1. Antioxidant activity of Psychotria leaf extracts by DPPH, B-carotene/linoleic acid and
ABTS assays.

Test
B-Carotene/Linoleic .
Extracts DPPH . ABTS
Acid
1Cs (g/mL) (Limit Confidence 95%b) %FRS * (%AA) (%)

P. carthagenensis 16.92 + 4.58 (12.03-22.71) 93.52 + 8.41 7912 +3.70 925+ 743
P. leiocarpa 127.00 + 10.55 (129.50-155.94) 5413 + 11.10 2930+ 714 12.20 + 4.44
P. capillacea 30.05 + 6.22 (36.68-47.27) 9178 + 423 33.40 + 15.22 8734 +8.32

P. deflexa 146.40 + 12.47 (93.81-140.42) 66.37 + 8.12 26,05 + 10,60 1558 4522
Standards
BHT 16.72 + 1.34 (14.08-17.22) 92.19+1.29 91.20£4.54 96.4 + 2.44
Ascorbic acid 2228 + 0,53 (22.20-23.43) 96.40x0.27 413+ 142 80.9 5,56
Quercetin nd. n.d. 80.65+1.25 nd.

Values are expressed as the mean = SD (n = 3); n.d. = not determined; 1Cs, = concentration resulting
in 50% inhibition of DPPH, derived from the graph of 1% (inhibition percentage) versus
concentration in pg/mlL; %FRS = free-radical scavenging percentage (* antioxidant activity
evaluated by DPPH free-radical scavenging at a final concentration equivalent to 100 pg/mL of
extract); %AA = antioxidant activity, evaluated by the B-carotene/linoleic acid method. (%) = ABTS
radical scavenging activity.

Higher antioxidant activity was also found for P. carthagenensis (79.1% * 3.7%) with the p-
carotene bleaching method compared to quercetin and BHT (Table 1). This higher activity was
not observed for ascorbic acid, which has relatively high polarity. We propose that this extract
contains lipophilic compounds, which act by inhibiting or retarding oxidation of B-carotene.

The scavenging effect of extracts from Psycotria and standard on ABTS" decreased in the
order: BHT ~ P. carthagenensis > P. capillacea ~ ascorbic acid > P. deflexa ~ P. leicocarpa
(96.4% + 2.44%, 92.5% * 7.43%, 87.34% + 8.32%, 80.9% + 5.56%, 15.58% * 5.22% and
12.20% + 4.44%, respectively) at the same concentration (100 pg/mL). P. carthagenensis and
P. capillacea exhibited effective radical cation scavenging activity, when compared to other
tested extracts.

2.2. Levels of Constituents

The total concentrations of phenolic compounds in the extracts are shown in Figure 2A. P.
capillacea had the highest total concentration (148.42 + 4.69 mg/acid galic g/extract), followed
by P. deflexa and P. leiocarpa (11.42 + 8.12 and 78.45 + 5.20 mg/g GAE, respectively). P.
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carthagenensis, with 182.07 £+ 2.78 mg/g quercetin, exhibited the highest flavonoid concentration
(Figure 2B). The flavonoid concentrations of P. capillacea, P. leiocarpa, and P. deflexa were
91.58 + 3.74, 59.80 * 6.45, and 37.64 + 10.14 mg/g QE, respectively (Figure 2B). The highest
flavonol concentrations were found in extracts P. deflexa and P. carthagenensis yielded 275.07 +
8.40 and 241.19 £ 9.48. P. leiocarpa and P. capillacea also yielded 189.20 + 6.44, and 185.54
+ 5.33 mg/g QE, respectively (Figure 2C). High levels of condensed tannins were also found in
P. carthagenensis (632.39 + 5.63 mg/catechin g/extract) and P. capillacea (571.95 = 7.22 mg/g
CE), while the lowest concentrations were observed in P. deflexa and P. leiocarpa (194.67 +
9.02 and 60.97 + 10.45 mg/g CE, respectively (Figure 2D).

Figure 2: Total phenols (A); Total flavonoids (B); Total flavonols (C); and condensed tannins
(D) in P. carthagenis, P. leiocarpa, P. capillacea and P. deflexa extracts. The data represent
the mean + SD.
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In plants, flavonoids occasionally occur as aglycones, although the most common forms are
glycoside derivatives. These compounds account for 60% of total dietary phenolic compounds
[39,40]. Flavonols are the most common flavonoids in the plant kingdom, and glycosides of
quercetin are the most common naturally occurring flavonols [39].

Phenolic compounds are known as high-level antioxidants because of their ability to
scavenge free radicals and active oxygen species, such as singlet oxygen, superoxide free
radicals and hydroxyl radicals [41]. The radical-scavenging activity is attributed to replacement
of hydroxyl groups in the aromatic ring systems of the phenolic compounds as a result of their
hydrogen donating ability [38].

2.3. HPLC/PAD Analysis from Psychotria Extracts

After determination of the antioxidant potential and levels of constituents, we analyzed the
methanolic extracts obtained from Psychotria in an analytical LC (Figure 3). The standards
were easily identified based on their UV absorption spectra and retention times. The substances
found in the extracts were unambiguously identified by performing co-injection experiments in
which aliquots of extract and standard were mixed and diluted to a known volume, and
analyzed by HPLC. Only p-coumaric acid (tr = 24.91 min) was found in P. carthagenensis and
P. capillacea (Figure 3A,B).

Figure 3. Chromatogram of P. carthagenensis (A); P. capillacea (B); P. leiocarpa and (C) P.
deflexa; (D) extracts by HPLC/PDA analysis.
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The antioxidant activity of the pure p-coumaric acid at 40 pg/mL concentration was
determined. DPPH radical scavenging activity of p-coumaric acid was found to be 55.6% =+
3.4%; the B-carotene bleaching with 78.6% + 2%; and 87.14% * 5.7% in ABTS radical
scavenging activity. Comparison of the obtained of P. carthagenensis and P. capillacea data
indicated the potent activity for the pure p-coumaric acid.

p-Coumaric acid (4-hydroxycinnamic acid), a phenolic acid, hydroxyl derivative of
cinnamic acid, is widely used in the chemical, food, health, cosmetic, and pharmaceutical
industries. Studies reported that antioxidants, such as p-coumaric acid and others
hydroxycinnamic acids, function as chemoprotective agents by quenching carcinogenic
nitrosating agents in several biological compartments, including salivary and gastric fluids [42].
However, minor attention has also been directed to the activity of simple phenolic acids, such
as benzoic or cinnamic acids, and their derivatives.

3. Experimental Section
3.1. General Information

2,4-Dinitrophenylhydrazine (DNPH), 1,1-Diphenyl-2-picrylhydrazyl (DPPH), butylated
hydroxyltoluene (BHT), 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (trolox), quercetin, catechin, B-carotene
and p-coumaric acid (98%) were purchased from Sigma Chemical Co., (St. Louis MO, USA).
Potassium persulfate, tween 40, Folin-Ciocalteau, and sodium carbonate were purchased from
Dinamina. Sulfuric acid, methanol, ethanol, hydrochloric acid, ascorbic acid, chloroform,
linolenic acid, gallic acid, aluminum chloride, sodium acetate, and vanillin were obtained from
Vetec (Duque de Caxias, RJ, Brazil). Spectroscopic grade acetonitrile was purchased from
Merck (Darmstadt). Standards (caffeic acid (98%), p-coumaric acid (98%), luteolin (98%),
quercetin (98%) and apigenin (95%)) were purchased from Sigma Aldrich (St. Louis MO,
USA).

3.2. Plant Material
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Leaves were collected in Dourados, Mato Grosso do Sul, Brazil. Botanical identification
was performed by Dr. Zefa Valdevina Pereira (Faculty of Biological Sciences and Ambiental,
Federal University of Grande Dourados (UFGD)). Specimens of P. carthagenensis (DDMS
5006), P. deflexa (DDMS 5005), P. leiocarpa (DDMS 5007) and P. capillacea (DDMS 5008)
were deposited in the Herbarium of the Faculty of Biological Sciences and Ambiental, Federal
University of Grande Dourados (UFGD), Mato Grosso do Sul, Brazil.

3.3. Preparation of Extracts

Dried leaves of P. carthagenensis (710 g), P. deflexa (620 g), P. leiocarpa (560 g) and
P. capillacea (660 g) were exhaustively extracted by maceration with methanol (8 x 4 L) at
room temperature. After filtration, evaporation of the solvent under vacuum furnished the
extract. The extract yields (% dry weight) of the P. carthagenensis, P. deflexa, P. leiocarpa,
and P. capillacea samples were 20.00%, 18.50%, 18.00% and 21.75% (w/w), respectively.

3.4. Measurement of Antioxidant Activity
3.4.1. B-Carotene/Linoleic Acid Method

The B-carotene solution was prepared by dissolving 2 mg [-carotene in 10 mL chloroform; 1
mL of this B-carotene-chloroform solution was mixed with 20 mg linoleic acid and 0.2 g Tween
40. Subsequently, the chloroform was removed by a rotary evaporator at 45 °C. Distilled water
(50 mL) was slowly added with vigorous agitation to form an emulsion. Emulsion aliquots (5
mL) were transferred with 0.2 mL of the extracts different concentrations (10-200 pg/mL, sample
stock 1.0 mg/mL). Control samples were prepared with 0.2 mL methanol devoid of extract [43—
45]. As soon as the emulsion was added to each tube, absorbance was read at 470 nm against
blank (zero time). Tubes were placed in a water bath at 50 °C, and oxidation was monitored by
absorbance at 15 min intervals until the color of B-carotene in the control sample had
disappeared (105 min). BHT was used as reference. The analyses were performed in triplicate.
Antioxidant activity (AA) was calculated as percent inhibition relative to the control:

%AA = [1- (Ai — At)/(A'i — A't)] x 100 (1)

Ai = absorbance of sample at zero time, At = absorbance of sample after incubation (105 min) at
50 °C, A'l = absorbance of control at zero time, and A't = absorbance of control after incubation
(105 min) at 50 °C.

3.4.2. Scavenging of 1,1-Diphenyl-2-Picrylhydrazyl (DPPH)

Sample stock solutions (1.0 mg/mL) were diluted to final concentrations of 200, 125, 50, 25,
10 and 5 pg/mL in methanol. Samples were added to 3 mL of methanolic DPPH (0.1 mM),
prepared daily. The mixture was shaken and left to stand at room temperature in the dark. After
30 min, absorbance was measured at 517 nm against a blank containing all reagents except the
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test samples [37]. BHT was used as the positive control. Assays were carried out in triplicate.
The percentage of inhibition of DPPH (1%) was calculated using the following equation:

19% = (Ao — A/Ao) X 100 ()

Ay is the absorbance of the blank solution and A is the absorbance of the methanolic extract.
The 1Csp, the concentration giving 50% inhibition of DPPH, was read off a graph of 1%
(percentage inhibition) versus extract concentration.

3.4.3. ABTS" Scavenging Activity

Total antioxidant activity was measured using an improved azinobis (ethylbenzothiazoline-6-
sulphonic acid) (ABTS) radical scavenging method [46] with minor modifications. Sample
stock solutions (1.0 mg/mL) were diluted to final concentrations of 250, 125, 50, 25, 10 and 5
pg/mL in methanol. Briefly, 7.0 mM ABTS and 140 mM potassium persulphate were mixed
and kept in the dark for 16 h at ambient temperature. Before usage, the ABTS" solution was
diluted to get an absorbance of 0.700 = 0.05 at 734 nm with ethanol (P.A.). Then, 3 mL of
ABTS" solution was added to 30 pL of different sample concentrations (5-250 pg/mL). After
30 min, the absorbance was taken at 734 nm using spectrophotometer. The ABTS" scavenging
activity was calculated using the following equation:

ABTS radical scavenging activity (%) = (Ao — A/Ao) x 100 (3)

Ag is the absorbance of the blank solution and A is the absorbance of the methanolics extracts.
3.5. Concentrations of Constituents
3.5.1. Total Phenol Concentration

The total phenol concentration of the samples was determined using folin reagent [47].
Briefly, 100 uL of extract in methanol (1 g/L) were mixed with 1.0 mL of distilled water and
0.5 mL of folin-ciocaleu’s reagent (1:10 v/v). After mixing, 1.5 mL of 2% aqueous sodium
bicarbonate were added, and the mixture was allowed to stand for 30 min with intermittent
shaking. The absorbance was measured at 765 nm using a spectrophotometer. Total phenolic
concentration is expressed as gallic acid equivalent (GAE) in mg per gram of extract. The
methanol solution was used as a blank. All assays were carried out in triplicate.

3.5.2. Total Flavonoid Concentration

The amount of total flavonoids in the extracts was measured spectrophotometrically as
previously reported [48]. Briefly, 500 uL of each extract was mixed with 1.50 mL of 95%
ethanol, 0.10 mL of 10% aluminium chloride (AICI;.6H,0), 0.10 mL of sodium acetate
(NaC;H302.3H,0) (1 M) and 2.80 mL of distilled water. After incubation for 40 min,
absorbance was measured at 415 nm using a spectrophotometer. To calculate the concentration
of flavonoids, we prepared a calibration curve using quercetin as standard. The flavonoid
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concentration is expressed as quercetin equivalents (QE) in mg per gram of extract. All assays
were carried out in triplicate.

3.5.3. Condensed Tannin Concentration (CT)

CT concentrations were determined by a modified version of a method reported previously
[47,48]. Samples were mixed with 5 mL vanillin-HCI (8% conc. ag. HCI and 4% vanillin in
methanol). Absorbance at 500 nm was read after 20 min. Catechin was used as the standard.
The condensed tannin concentration is expressed as catechin equivalents (CE) in mg per gram
of extract.

3.5.4. Flavonol Concentration

Total flavonols in the plant extracts were estimated using the method reported previously
[36,47]. To 2 mL of sample, 2 mL AIClI; (2%)/ethanol and 3 mL (50 g/L) sodium acetate were
added. The mixture was shaken and incubated for 2.5 h at 20 °C. Absorbance was read at 440
nm. Total flavonols are expressed as mg of quercetin equivalents per gram of dry weight (mg/g
QE) using the calibration curve with quercetin.

3.6. HPLC/PDA Analysis

The Psychotria extracts and standards were analyzed using an analytical HPLC (Varian 210)
system, with a ternary solvent delivery system and an auto-sampler. A photodiode array
detector (PAD) was monitored at A = 200-800 nm. The HPLC column was C-18 (25 cm x 4.6
mm,; particle size, 5 um; Luna, Phenomenex, Torrance, CA, USA), with a small pre-column
(2.5 cm x 3 mm) containing the same packing to protect the analytical column. The flow rate
and injected volume were 1.0 mL min~" and 10 puL, respectively. All chromatographic analyses
were performed at 22 °C. The elution of P. leicocarpa and P. deflexa extracts and standards
was carried out using acetonitrile with formic acid (pH 2.64) (solvent A) and water (solvent B).
The solvent gradient program was as follows: 0 min, 70% B; 30 min, 37% B; in 45 min
returning to the initial condition. The P. carthagenensis and P. capillacea extracts and
standards were eluted using acetonitrile with formic acid (pH 2.64) (solvent A) and water
(solvent B). The solvent gradient program was as follows: 0 min, 84% B; 15 min, 59% B; 20
min, 79% B; 40 min, 0% B, in 50 min returning to the initial condition.

Stock solutions of standards (caffeic acid, p-coumaric acid, luteolin, quercetin and apigenin),
created by dissolving individual solutions in acetonitrile at 10 pg/mL and were employed in the
identification of compounds using a PDA detector (200-800 nm). This did not reveal coeluting
substances.

4. Conclusions

According to data obtained from the present study, P. carthagenensis and P. capillacea were
found to be effectives antioxidants in different in vitro assay including DPPH radical, ABTS



51

radical and B-carotene bleaching activities when they are compared to standard antioxidant
compounds, such as BHT, gallic acid, quercetin and ascorbic acid. The results indicate that the
antioxidant activity to these plants can be attributed the presence the p-coumaric acid. Further,
more detailed, studies on the chemical composition of those extracts, as well as studies with
other models, such in vivo assays, are essential to characterize them as biological antioxidants.
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ABSTRACT
Objectives: The methanolic extract of Psychotria leiocarpa (leaves) (EMPL) collected in

Dourados-MS, was investigated antiproliferative, anti-inflammatory and anticolinesterasic
activity, as well as the acute toxicity and chemical composition.

Material and methods: Fractionation of the chloroform fraction through chromatographic
method yielded vincosamide (PL-1) was found as the main chemical constituent of the EMPL.
The EMPL and PL-1 was evaluated for anti-inflammatory activity using carrageenan-induced
paw edema and pleurisy models in mice and tested in an anticancer assay against ten human
cancer cell lines. The response parameter (Glsp) was calculated for the cell lines tested. The
microplate assay was used to investigate the EMPL for acetylcholinesterase (AChE) inhibitors
using Ellman’s reagent. The three brain structure from the rats were selected for the experiment
cerebral cortex (CC), hippocampus (HP), hypothalamus (HT) and striatum (ST). The protein

concentration of homogenized samples was determined by method Coomasie blue, using
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bovine serum albumin as standard. The acute toxicity in vivo in Swiss mice treated with the
EMPL at doses of 175, 560, 1,792 and 2,000 mg/kg were investigate.

Results and discussion: The oral administration of EMPL as well as the vincosamide (PL-1)
significantly inhibited the carrageenan (Cg) induced pleurisy, reducing the migration of total
leukocytes in mice by 86.71 + 4% (100 mg kg of EMPL), 88.85 + 6% (300 mg kg * of
EMPL), 75.41 + 6% (3 mg kg * of PL-1) and 88.35 + 2% (30 mg kg * of PL-1). The EMPL
showed antitumor activity with Glsp > 56.89 ug/ mL against all human tumor cell lines assayed
and PL-1 exhibited broad-spectrum antitumor and potent activity at Glso values ranging from
11.75 — 24.96 uM. The oral administration with EMPL (0.5 and 3 mg/kg) showed an inhibition
of AChE activity in the cerebral cortex (CC) by 61% and 48%, respectively 1 h after oral
administration. The acute administration of the EMPL of body weight did not cause signs of
toxicity in the treated animals. Our results reveal for the first time the isolation and
identification the monoterpene indole alkaloid known vincosamide (PL-1), as well marked anti-

inflammatory, anticancer and anticholinesterasic effects of EMPL and PL-1 (vincosamide).

Introduction

Psychotria leiocarpa Cham. & Schlecht., “granditiva-de-anta”, is an small shrub (2 m in
Height) native of Argentina, Paraguay, and Brazil (Smith and Downs, 1956). Chemical studies
reported the isolation monoterpene indolic alkaloid, N, B-glucopyranosyl vincosamide, as main
constituent from the leaves (Lopes, 1998; Matsuura, Fett-Neto, 2013), and iridoid glucosides,
asperuloside and deacetylasperuloside (Lopes et al., 2004). Pharmacological effects have also
been reported, such as the following: anti-inflammatory in NO production inhibitory (ICsp =
43.09 + 1.75 %) in macrophages, antioxidant using a DPPH assay at concentrations of 10

pug/mL (70.89 £ 5.17 %) and 100 pg/mL (23.42 + 2.11 %), antimycobacterial on the growth of
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Mycobacterium bovis BCG (ICso = 14.24 £+ 1.08 %) (Moraes et al., 2011) and a non-specific
analgesic activity (Elisabetsky et al.,, 1997). Study showed that N, [B-glucopyranosyl
vincosamide may act indirectly in P. leiocarpa protection against oxidative stress generated
upon wounding, UV exposure, and perhaps other environmental stresses (McKenna et al.,
1984). The data indicate the importance of continuity in the phytochemical studies and
especially in investigation of major evidence of these studies, in addition other biological
activities.

Recent investigations of our research group showed that Psychotria species were
effective antioxidants in different in vitro assay including DPPH radical, ABTS radical and -
carotene bleaching activities (Formagio et al., 2014) and in the isolation of a new dimeric
alkaloid tryptamine, brachybotryne and N-oxide derivative together with a known compound
identified as bufotenine from the P. brachybotrya (Ribeiro et al., 2016).

Continuing our studies in search of species of Psychotria with pharmacological activity
potential, this study aims to evaluate the antiproliferative, anti-inflammatory and
anticolinesterasic activity, as well as the acute toxicity and chemical study of the methanolic

extract of P. leiocarpa (leaves) collected in Dourados-MS.

Material and Methods

General methods

'H and 3C-NMR spectra were recorded on a Varian Mercury Plus spectrometer

operating at 300 MHz and 75.5 MHz, respectively, using CD3OD as solvent, and

tetramethylsilane (TMS) as internal reference. Chromatography columns (CC) were performed

on silica gel 60 (0.063-0.200 mm, Merck). TLC was performed on normal phase pre-coated
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silica gel 60 G or 60 GF254 (Merck) plates. Visualization of the compounds on TLC was
accomplished by UV irradiation at 254 and 366 nm, and/or by spraying with a dragendorf

solutions.

Animals

The experiments were conducted using mice male and female Swiss (20-25g, n=6) and
rats male Wistar (200-300 g, n=6) obtained from the University Federal da Grande Dourados
(UFGD). The animals were maintained at a constant temperature (23 + 1°C) on a 12 hours
light/dark cycle with free access to food and water. All experimental procedures were carried
out in accordance with U.S. National Institute of Health, and were approved by the Animal
Ethics Committee from UFGD (Nbr. 14/2015).

Collection and plant identification

Fresh leaves oh the P. leiocarpa were collected in Dourados (S 22° 08’ 25”, W 55° 08’
17”), Mato Grosso do Sul, Brazil. Botanical identification was performed by Profa. Dr. Zefa
Valdevina Pereira, and specimen (DDMS-5007) was deposited in the Herbarium of the Faculty
of Biological Sciences and Ambiental, Federal University of Grande Dourados -UFGD, Mato

Grosso do Sul, Brazil.

Isolation and identification of alkaloid

The air-dried and powdered aerial parts of P. leiocarpa (560 g) were exhaustively
extracted by maceration with methanol at room temperature. After filtration, evaporation of the
solvent under vacuum furnished the extract methanolic (EMPL) (21 g).

A portion of the EMPL (13 g) was dissolved in MeOH/ H,O (1:1) and partitioned with

n-hexane, chloroform (CHCI3) and ethyl acetate (EtOAc). Evaporation of the solvents resulted
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in the n-hexane (HF; 1.04 g), chloroform (CF; 2.45 g), EtOAc (EAF; 1.68 g) and aqueous-
methanol (AMF; 7.45 g) fractions. Part the CF (680 mg) was fractionated by CC on silica gel
((n-hexane/ EtOACc 10 to 80% and EtOAc/ MeOH 10 to 70%) to resulting in sub-fractions CF-1
to CF-13. The purification of sub-fraction CF-4 on preparative thin-layer chromatography

eluted in EtOAc/ MeOH 30% yielded the PL-1.

Vincosamide (PL-1)

'"H NMR (81 CD30D, 300 MHz): 8.54 (NH), 4.95 (d, J = 11.5 Hz, H-3), 2.94 (ddd, J =
13.5; 11.8; 5.7 Hz, H-5a), 5.05 (ddd, J = 13.1; 3.0; 1.2 Hz, H-5b), 2.69 (ddd, J = 15.2; 11.8; 3.0
Hz, H-6a), 2.75 (ddd, J = 15.2; 5.7; 1.2 Hz, H-6b), 7.40 (d, J = 7.8 Hz, H-9), 7.02 (t, J = 7.8; 1.2
Hz, H-10), 7.12 (t, J = 7.8; 1,2 Hz, H-11), 7.31 (d, J = 7.8 Hz, H-12), 1.40 (dddd, J = 12.9; 12.9;
11.5; 1.5Hz, H-14a), 2.48 (dt, J = 12.9 Hz, H-14b), 3.23 (m, H-15), 7.44 (d, J = 2.4 Hz, H-17),
5.17 (dd, J = 10.2; 1.8 Hz, H-18a), 5.28 (dd, J = 17.1; 1.8 Hz, H-18b), 5.54 (ddd, J = 17.1; 10.2;
1.8 Hz, H-19), 2.71 (m, H-20), 5.50 (d, J = 1.8 Hz, H-21), 4.69 (d, J= 8.1 Hz, H-1°), 3.23 - 3.55
(4 H, m, H-2>-H-5), 3.91 (1H, dd, J = 12.6; 1.8, H-6’a), 3.67 (1H, m, H-6’b). *C NMR (8¢
CD;0D, 75.5 MHz): 8¢ 134.5 (C-2), 54.79 (C-3), 41.21 (C -5), 22.06 (C -6), 109.03 (C -7),
127.93 (C -8), 118.84 (C-9), 120.0 (C-10), 122.53 (C-11), 111.98 (C-12), 138.27 (C -13), 32.64
(C-14), 27.32 (C -15), 109.01 (C-16), 149.01 (C -17), 120.5 (C-18), 133.92 (C-19) 44.52 (C -
20), 97.36 (C -21), 166.05 (C-22), 99.57 (C-1°), 74.82 (C-2"), 77.96 (C-3"), 71.56 (C-4"), 78.35

(C-5), 62.66 (C-6").

Acetylcholinesterase assay
In vitro AChE activity
After euthanasia of 3 animals, each brain structural (cerebral cortex, hippocampus,

hypothalamus and striatum) were collected and homogenized separately in buffer Tris-HCI pH
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7.2 with 10 mmol, 160 mmol sucrose (1:10, w/v), and EMPL (10 mg/mL). Find activity of
homogenate was determined by the method of Ellman (1961). The test medium containing
DTNB 1.04 mmol and potassium phosphate buffer pH 7.2, 24 mmol was incubated for 2
minutes at 30° C with 25 mL of the sample and the reaction initiated by addition of the
acetylthiocholine iodide (ACSCh, 0.8 mM). The product of the reaction was determined at 412
nm for 2 min. The enzyme activity was expressed in mmol ACSCh/h/mg protein.

The protein concentration of homogenized samples was determined by method
Coomasie blue (Bradford, 1976), using bovine serum albumin (BSA) as standard and adjusted

for each structure: CC (0.7mg/ml), HP (0.8 mg/ml) and ST (0.4 mg/ml).

In vivo AChE activity

Groups of six male rats separated were treated with two doses of P. leiocarpa extract
EMPL (0.5 and 3 mg/kg). The control group was treated with 0.9% saline and 20% MeOH. The
animals were anesthetized and decapitated 60 minutes after of oral treatment EMPL. The three
brain structure was selected for the experiment cerebral cortex (CC), hippocampus (HP) and
striatum (ST), were maintained refrigerated in a solution of 10 mM Tris-HCI, pH 7.4, on ice.
The tissues were homogenized in a glass potter in Tris-HCI solution at a proportion of 1:10
(w/v) and then centrifuged at 3500 rpm for 10 minutes to yield a supernatant that was used for
the enzyme assay. The procedure was performed at 4 °C and AChE activity was measured
according to the sprectrophotometric method of Ellman (1961). In each homogenate was added
a buffered solution of Ellman’s reagent (10 mM DTNB) and acetylthiocholine iodide (ACSCh)
at a concentration of 0.8 mM. The rate of hydrolysis was measured at 412 nm for 3 minutes
with 3 second intervals, occurring formation of the thiolate dianion of DTNB. The enzyme

activity was expressed in mmol ACSCh/h/mg protein.
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The protein concentration of homogenized samples was determined by method

Coomasie blue (Bradford, 1976), using BSA as standard.

Anticancer assay in vitro

The methanolic extract and the compound isolated vincosamide were tested against ten
tumor cell lines, provide by the National Cancer Institute (Frederick, MD, USA), which were:
U251 (glioma, CNS), MCF-7 (breast), NCI-ADR/RES (breast expressing the multiple drug
resistance phenotype), 786-0 (renal), NCI-H460 (lung, non-small cells), PC-3 (prostate),
OVCAR-3 (ovarian), HT-29 (colon), K-562 (leukemia) and HaCaT (keratinocytes). The cell
proliferation was determined by spectrophotometric quantification (540 nm) of cellular protein
content employing the sulforhodamina B assay (Monks et al., 1991). Doxorubicin (0.025-25
pg/mL) was used as a positive control. Three measurements were obtained: first at time point
zero (To, at the beginning of incubation) and then 48 h post-incubation for both the compound-
free (C) and tested (T) cells. Cell proliferation was determined using the equation 100 x [(T —
To)/C — To]. A cytostatic effect was observed when T > TO0, while a cytocidal effect occurred
when T < Ty. The experiments were performed in triplicate. From the concentration—response
curve for each cell line, the Glsy values (growth inhibitory activity or cytocidal effect) value
was determined through nonlinear regression analysis using Origin 8.0° software (OriginLab

Corp.). The experiments were performed in triplicate.

Carrageenan-induced paw oedema

Different groups of male mice were orally treated (1 hour before intrapleural injection)
with vehicle and EMPL (100 or 300 mg/kg). Another group of mice was treated
subcutaneously (0.5 hour before subcutaneously injection) with the anti-inflammatory drug

dexamethasone (1 mg/kg). The animals received a 50 pL s.c. injection into the right hindpaw of
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carrageenan (300 pg/paw) suspended in sterile 0.9% saline. The contralateral paw received
only saline and was used as control. The thickness of the paw oedema was measured using a
Plethysmometer Paw (PanLab s.l.u. LE7500) 1 hour before any treatment and at different time
points (0.5, 1, 2, and 4) after the injection of carrageenan. Results were expressed in um and the
difference between basal and post-injection values quantified as oedema (Henriques et al.,

1987).

Pleural cell migration

Different groups of female mice were orally treated (1 hour before intrapleural
injection) with vehicle, MEPL (100 or 300 mg/kg), and PL-1 (3 or 30 mg/kg). Another group
of mice was treated subcutaneously (0.5 hour before intrapleural injection) with the anti-
inflammatory drug dexamethasone (1 mg/kg). Pleurisy was induced by the intrapleural
injection of 100 pL of 1% carrageenan as previously described (Velo, et al, 1973). Briefly, an
adapted needle was inserted into the right side of the thoracic cavity of the animals to enable
intrapleural (i.p.) administration of carrageenan. Naive mice received an equal volume (100uL)
of sterile, pyrogenfree saline. After 4 hour, the animals were killed and the pleural cavity was
washed with 1mL of phosphate-buffered saline (PBS). The exudate volume was measured, and
an aliquot of 20 pL was diluted in Turck solution (1:20) and used to determine the total number
of leukocytes in a Neubauer chamber. Total cell count was performed under light microscopy

and the results are reported as the number of cells per ml of pleural fluid.

Acute toxicity
The acute toxicity study was based on protocol 425 conducted according to the
Organization for Economic Cooperation and Development (OECD, 2008) and the protocols

established by the Brazilian Health Surveillance Agency (ANVISA, 2004). According to the
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protocol established, 9 animals were used; each received a single oral administration by gavage
of the MEPL. Initially, one of the animals received a dose of 175 mg/kg and was observed at 30
minutes, 1 h, 2 h, 4 h, 6 h, 12 h, 24 h and 48 h. After this period, a second animal received a
dose of 560 mg/kg, and after 48 hours, the third animal received a dose of 1792 mg/kg. After
an additional 48 hours, a fourth animal received a dose of 2000 mg/kg. After the last dose
administered, no deaths were observed, and according to the protocol, 4 more animals received
2000 mg/kg. The control group received the vehicle used for diluting CF (drops of DMSO +
distilled water). The animals were observed for signs of toxicity over 14 days. Behavioural
observations (reflexes, tremors, convulsions, lacrimation, cyanosis, salivation, piloerection,
muscle tone and motor coordination), mortality, the weight of the animals, and the amount of
water and feed were analysed. After 14 days of treatment, the animals were weighed and
subsequently euthanized by cervical dislocation. Organs such as the spleen, heart, liver, lungs
and kidneys were assessed for the presence of macroscopic alterations in appearance, colour,

size, weight and consistency.

Statistical analyses

Data are presented as mean * standard error of the mean (SEM). Difference among
groups was evaluated by analyses of variance (one-way ANOVA) followed by Tukey-Kramer
or Newman-Keuls tests. Statistical differences were considered to be significant at p < 0.05.

Graphs were performed using GraphPad Prism Software (San Diego, CA, U.S.A).

Results and discussion
The monoterpene indole alkaloid known vincosamide (PL-1) (Fig. 1), was found as the
main chemical constituent of the extract methanolic from the leaves of P. leiocarpa (EMPL),

isolated of the chloroform (CF) fraction through chromatographic fractionation and
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characterized by NMR spectral data and by comparing their *H and **C NMR data with data
reported in the literature (Erdelmeier et al., 1991) and subsequently their pharmacological

activity was evaluated.

192
H O Glu
18

Fig. 1. Structure of vincosamide (PL-1) isolated from the extract methanolic of P. leiocarpa

collected in Dourados-MS.

The 'H and *C NMR data of compound PL-1 were characteristic by the signals for a
indole ring at 7.40 (d, J = 7.8 Hz, H-9)/ 8¢ 118.84, 7.31 (d, J = 7.8 Hz, H-12)/ 8c111.98 , 7.12
(ddd, J = 7.8; 7,5; 1,2 Hz, H-11) / 8¢ 122.53, 7.02 (ddd , J = 7.8; 7.5; 1.2 Hz, H-10)/ 8¢ 120.00
in the region of aromatics. The comparison in the literature of vincosamide data and its epimer
strictosamide, maintains the relative configuration at position o of the H- 3 (Faria, 2009). The
signals for H-19 at 6y 5.54 (ddd, J = 17.1; 10.2; 1.8 Hz) and for 5.17 (dd, J = 10.2; 1.8 Hz, H-
18a) and oy 5.28 (dd, J = 17.1; 1.8 Hz, H-18b) together with the methylene carbon at d¢ 120.5
(C-18) confirmed the terminal vinylidene unit. The carbonyl group was evidenced by the signal
at 8¢ 166.05 (C-22). The signal for the B-glucopyranosyl moiety was observed at 6y 3.23-3.91/
8¢ 62.66 — 78.35 and &y 4.69 (d, J= 8.1 Hz, H-17)/ 8¢ 99.57 in the *H and **C NMR spectra.

These data were consistent with of those described in literature for vincosamide
(Erdelmeier et al., 1991) isolated from Nauclea orientalis (Rubiaceae). To our knowledge this

is the first time reported in P. leiocarpa. The N-B-glucopyranosyl vincosamide was found in
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the leaves of P. leiocarpa colleted in Porto Alegre/Brazil (Henriques et al., 2004; Lopes 1998).
These variations may be related to the environmental conditions to which the plant is exposed
such as mineral, water supply and sunlight.

In addition to these compounds reported for P. leiocarpa, studies with others native
species this genus in Brazil showing indole chromophores led to the isolation of the to
tryptamine-iridoid alkaloids, as for example the strictosamide isolated from the P. prunifolia
(Faria et al., 2010), lialosideo of the P. suturella, psicollatine of the P. umbellate, braquicerine
of the P. brachyceras and from P. myriantha the strictosidinic acid (Farias, et al., 2012), and
some of them display a large range of effects on the central nervous system, such as anxiolytic,
antidepressant, analgesic, and impairment of learning and memory acquisition (Farias et al.,
2010; Simdes et al., 2006; Both, et al., 2002, 2005; 2006; Farias 2012).

The effect of EMPL (10 mg/mL) was evaluated for AChE inhibition in vitro assay from
four rat brain (Fig. 2), using methanol for sample preparation. In these assay, EMPL was able
for AChE inhibition in the cerebral cortex (CC), hippocampus (HP) and striatum (ST) with
64.00 %, 51.80 % and 18.00 %, respectively, when compared with control. In addition, in vivo
assay the EMPL at doses of 0.5 and 3 mg/kg showed an inhibition of AChE activity in the
cerebral cortex (CC) by 61% and 48 % (P < 0.01) respectively, 1 h after oral administration of
treatment when compared with control rats (Fig. 3A). Oral administration of EMPL had no
significant effect on HP and ST in AChE activity compared to the control/saline (P < 0.05, Fig.

3B and 3C).
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Fig. 2. Effect of extract methanolic from the leaves of P. leiocarpa (EMPL, 10 mg/mL) on
AChE activity in the cerebral cortex (CC), hippocampus (HP), striatum (ST) and
hypothalamus (HT). Values are expressed as mean + S. E. M. n = 6 observations per group.
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Fig. 3. Effect of 1 h of oral treatment with extract methanolic of P. leiocarpa at of 0.5 and 3.0 mg/kg on
AChE activity in the cerebral cortex (A), hippocampus (B) and striatum (C). Values are expressed as
mean £ SEM n = 6 observations per group. The ** symbol indicate significant differences among the

groups (** P < 0.05).

Alzheimer’s disease (AD) is a chronic neurological disorder characterized by memory
impairment, cognitive dysfunction, behavioral disturbances, and deficits in activities of daily
living. Acetylcholinesterase (AchE) inhibition is the major therapeutic strategy employed for
the treatment of Alzheimer’s disease (Orhan et al., 2004). A study by Passos et al. (2013)
describes the interaction of the many compounds extracted from Psychotria in ability to AChE,
butyrylcholinesterase (BChE), monoamine oxidases A and B (MAO-A and MAO-B) inhibitory
potencies, highlighting two B-carboline alkaloids, prunifoleine and 14-oxoprunifoleine, and
four monoterpene indole alkaloids, angustine, vallesiachotamine lactone, E-vallesiachotamine
and Z-vallesiachotamine inhibited BChE and MAO-A.

Previous studies from extracts of Psychotria were screened at the US National Cancer
Institute for their activities against human cancer (one-dose/60-cell line prescreen), and were
selected as ‘hot’ genera (Cragg et al., 2006). The alkaloids related this genus as tryptamine and
pyrrolidinoindole isolates of P. henryi showed inhibitory activity of less than 10 uM, against

human osteosarcoma cell line (Liu et al., 2013).
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In the search to find potential antitumor constituents from P. leiocarpa, the in vitro
antiproliferative effect of the EMPL and PL-1 was evaluated against ten human cancer cell
lines. The Glsy values (growth inhibitory activity or cytocidal effect) refer to the drug
concentration that produces a 50% reduction of cellular growth when compared to untreated
control cells. The EMPL showed antitumor activity with Glsy > 56.89 pg/ mL against all
human tumor cell lines assayed (data not presented). Compound PL-1 exhibited broad spectrum
antitumor and potent activity at Glsg values ranging from 11.75 — 24.96 uM , against all of the
tested human tumor cell lines, showing effective growth inhibition against NCI-H460 (Glso=
11.75 UM), PCO-3 (Glso= 12.54 pM), OVCAR-3 (Glso= 13.00 PM), HT-29 (Glso= 12.17 uM),

K-562 (Glso=12.17 uM) e HaCaT (Glso= 13.00 uM) (Fig. 4), not showing cytostatic effect.
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Fig. 4. Antiproliferative activity the vincosamide (PL-1) of P. leiocarpa.

The EMPL (100 and 300 mg kg™') also was available in inflammation model, not
showed anti-inflammatory effect when evaluated by the method of carrageenan-induced paw
edema at 4 hours. Additional, the EMPL and PL-1 was evaluated in a direct leukocyte

migration pleurisy model of carrageenan induced inflammation. Fig. 5 shows that the oral
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administration of EMPL at doses of 100 and 300 mg kg~ inhibited leukocyte migration by
86.71 = 4 % e 88.85 + 6%, respectively, 4 hours after the carrageenan injection when compared
to the control group. In relation to PL-1 administration, both doses of 3 and 30 mg kg™ by oral
route inhibited the leukocyte migration, with inhibitions o 75.41 + 6 % and 88.35 £ 2 %
respectively (Fig. 5). The dexamethasone (91.52 + 2%) (Fig. 5) inhibited in inflammation,

showing it effectiveness as anti-inflammatory agent.
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Fig. 5. Effects of EMPL and major compound isolated from EMPL on total leucocytes induced by
carrageenan in the pleural cavity of mice. Animals received oral treatment with EMPL (100 and 300
mg/kg), PL-1 (3 and 30 mg/kg), vehicle (Control) or dexamethasone (DEX), and after 1 h, they received
an intrapleural injection of carrageenan of a 1% solution/cavity. Control animals received only the
vehicles. The data are represented the means + SEM of animals. The # symbol indicate the statistical
differences of naive and control group (p < 0.001) while the * compared treated group in relation to
control group: *** p<0.001, one-way ANOVA followed by Student-Newman-Keuls.

The assessment of acute toxicity was conducted for 14 days to determine the maximum
tolerated dose (MTD). The animals used in this study were exposed to EMPL, and no clinical
signs of toxicity were observed for any dose. No significant differences occurred regarding

drinking water and food between the control group and any of the treated groups. No deaths
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were reported. Furthermore, the relative and absolute weights of the organs (liver, kidneys, and

lungs) showed no difference compared to the control group.

Conclusion

Compound PL-1 (vincosamide) is being described for the first time in P. leiocarpa;
however, the presence of this compound was reported in species belonging to the Psychotria
genus. The assays results demonstrated the antiproliferative, anticolinesterasic and anti-
inflammatory effects of P. leiocarpa and vincosamide in the experimental models tested.
Future studies of P. leiocarpa (EMPL) and vincosamide in chronic treatment on AChE and
BuChE activities in rat brain, and also molecular docking will with the vincosamide to evaluate

their interaction.
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7 CONSIDERACOES FINAIS

De acordo com dados obtidos no manuscrito 1, P. carthagenensis e P. capillacea foram
encontrados para ser efetivos antioxidantes no ensaio diferente in vitro incluindo radical DPPH,
ABTS radical e p-caroteno atividades de branqueamento, quando sdo comparados com
compostos antioxidantes convencionais, tais como BHT, acido galico, quercetina e acido
ascorbico. Os resultados indicam que a atividade antioxidante para estas plantas podem ser
atribuido a presenca do acido p-cumarico. Além disso, estudos mais detalhados, relativos a
composi¢do quimica destes extratos, bem como estudos com outros modelos, tais ensaios in
vivo, sdo essenciais para caracteriza-los como antioxidantes bioldgicos.

No manuscrito 2, 0 composto PL-1 (vincosamida) é descrito pela primeira vez em P.
leiocarpa, no entanto, a presenca deste composto foi relatada em espécies que pertencem ao
género Psychotria. Os resultados demonstraram efeitos nos ensaios antiproliferativos,
anticolinesterasicos e anti-inflamatérios de P. leiocarpa e vincosamida nos modelos
experimentais testados. Estudos futuros de P. leiocarpa (EMPL) e vincosamida serdo
realizados para tratamento cronico na atividade da acetilcolinesterase e BUChE no cérebro de
ratos, e também de encaixe molecular, juntamente com a vincosamida para avaliar sua

interacdo.

8 ANEXOS
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Certificamos que o projeto intitulado “Avaliacao da atividade
antitumoral, anticolinesterasica, anti-inflamatoria e toxicidade de
espécies de Psychotria (Rubiaceae)”, protocolo n° 14/2015, sob
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PL4Pr ep- 2- H1
Anel i se

File: Proton

Pul se Sequence: s2pu

Sol vent: cd3od

Anbi ent tenperature
Qperator: ivania

Mer cury-300BB "uemdgi-rm"

Rel ax. delay 1.000 sec
Pul se 45.0 degrees
Acq. time 3.333 sec
W dth 4800.8 Hz
80 repetitions
OBSERVE  H1, 300.0581276 Mz
DATA PROCESSI NG
Li ne broadening 0.2 Hz
FT size 65536
Total tine 6 min, O sec
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PL4Pr ep- 2- C13
Anel i se

File: PROTON

Pul se Sequence: s2pu

Sol vent: cd3od

Anbi ent tenperature
Qperator: ivania

Mer cury-300BB "uemdgi-rm"

Rel ax. delay 1.000 sec

Pul se 45.0 degrees

Acq. time 1.301 sec

Wdth 18115.9 Hz

23840 repetitions
OBSERVE C13, 75.4495684 Mz
DECOUPLE H1, 300.0596027 Mz
Low power 10 dB atten.

conti nuously on

WALTZ- 16 nodul at ed

DATA PROCESSI NG

Li ne broadening 1.5 Hz

FT size 65536
Total tine 17 hr, 55 min, 30 sec
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PL4Pr ep- 2- DEPT
Anel i se

File: PROTON

Pul se Sequence: DEPT

Sol vent: cd3od

Anbi ent tenperature
Qperator: ivania

Mer cury-300BB "uemdgi-rm"

Rel ax. delay 1.000 sec

Pul se 90.0 degrees

Acq. time 1.000 sec

Wdth 18115.9 Hz

5120 repetitions
OBSERVE C13, 75.4495899 Mz
DECOUPLE H1, 300.0596027 Mz
Low power 10 dB atten.

on during acquisition

of f during del ay

WALTZ- 16 nodul at ed

DATA PROCESSI NG

Li ne broadening 1.0 Hz

FT size 65536
Total tinme 6 hr, 14 mn, 33 sec




PL4Pr ep- 2- gCOSY
Anel i se

File: PROTON

Pul se Sequence: gCOSY

Sol vent: cd3od

Anbi ent tenperature
Qperator: ivania

Mer cury-300BB "uemdgi-rm"

Rel ax. delay 1.301 sec
Acg. tine 0.172 sec

W dth 2978.0 Hz

2D Wdth 2978.0 Hz

4 repetitions

256 increnents
OBSERVE H1, 300.0581265 MHz
DATA PROCESSI NG

Sq. sine bell 0.086 sec
F1 DATA PROCESSI NG

Sq. sine bell 0.086 sec

FT size 2048 x 2048
Total time 28 mn, 14 sec




PL4Pr ep- 2- gHSQC
Anel i se

File: PROTON

Pul se Sequence: gHSQC

Sol vent: cd3od

Anbi ent tenperature
Qperator: ivania

Mer cury-300BB "uemdgi-rm"

Rel ax. delay 1.301 sec

Acg. tine 0.199 sec

W dth 3046.0 Hz

2D Wdth 12826.7 Hz

20 repetitions

2 x 128 increnents
OBSERVE H1, 300.0581265 MHz
DECOUPLE C13, 75.4553346 Mz
Low power 10 dB atten

on during acquisition

ff—du-ag=detray
GARP- 1 nodul at ed

DATA PROCESSI NG

Gauss apodi zation 0.092 sec

F1 DATA PROCESSI NG

Gauss apodi zation 0.009 sec

FT size 2048 x 2048

Total tine 2 hr, 22 nmin, 16 sec
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PL4Pr ep- 2- gHVBC
Anel i se

Fi |l e: PL4Prep-2-gHVBC

Pul se Sequence: gHWVBC

Sol vent: cd3od

Anbi ent tenperature
Qperator: ivania
Fil e: PL4Prep-2-gHVBC

Mer cury-300BB "uemdgi-rm"

Rel ax. delay 1.500 sec
M xi ng 0.080 sec

Acq. time 0.128 sec

W dt h 3046.0 Hz

2D Wdth 18107.7 Hz

80 repetitions

200 increnents

OBSERVE  H1, 300.0581265 Mz

DATA PROCESSI NG
Sine bell 0.064 sec
F1 DATA PROCESSI NG

o hall A N1
o OCT I UT ot Sco

FT size 2048 x 2048
Total tinme 7 hr, 49 mn,

18 sec
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