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RESUMO

A maléria é uma doenca parasitaria humana causada por parasitos do género Plasmodium, a
qual é transmitida por mosquitos fémea infectados do género Anopheles. Devido a resisténcia
do parasito aos principais farmacos disponiveis, tem se buscado alternativas principalmente em
extratos de plantas como novos modelos de desenvolvimento de antimalaricos. Diante disso, 0
objetivo desta pesquisa foi realizar a revisdo da literatura a respeito de plantas com atividade
antimalarica no Brasil e utilizar esses dados como base para realizar a bioprospeccdo de
espécies vegetais provenientes do Oeste do Pard, incluindo atividade antimalaricas in vitro e in
vivo, citotoxicidade e genotoxicidade dos extratos etanolicos das espécies mais ativas. Os
resultados desta pesquisa estdo dispostos em trés capitulos. No capitulo 1, dados da reviséo de
literatura sobre plantas antimalaricas do Brasil obtido entre os anos de 2011 a 2022, foi
registrado um total de 61 publicacdes, as quais foram citadas 36 familias botanicas e 92
diferentes espécies analisadas contra diferentes cepas de Plasmodium em ensaios in vitro e in
vivo. As familias botanicas com maior nimero de espécies identificadas foram Rubiaceae,
Apocynaceae, Fabaceae e Asteraceae e as espécies mais frequentemente citadas foram
Psychotria L. (8) (Rubiaceae) Aspidosperma Mart. (12) (Apocynaceae). Um total de 75
compostos quimicos foram identificados ou isolados a partir de 28 diferentes espécies, dos quais
31 sdo alcal6ides. Das amostras de extratos, 6leos, fracdes e compostos isolados, a maioria das
pesquisas identificadas foram analisadas em clones W2 CQ-R P. falciparum (in vitro) e ANKA
P. berghei (in vivo). Dos estados brasileiros com maior nimero de espécies analisadas, o
Amazonas, Para e Minas Gerais foram os mais citados. No capitulo 2, foi possivel observar que
das 11 espécies analisadas, o extrato de Acmella oleracea, Siparuna krukovii e Trema
micrantha demostraram alta taxa de inibicdo do crescimento do Plasmodium (W2) (90%), e
resultado das analises em cepas P. berghei (NK65), houve uma variacdo na taxa de inibicao da
multiplicacdo do parasita (41.4% a 60.9%) na dose mais baixa — 25mg/kg. Em analises em
HPLC-ESI-HRMS?, uma nova alquilamida foi identificada no extrato de A. oleracea (Hidroxi-
Spilanthol ({(2E,6Z,8E)-5-hydroxy-N-isobutyldeca-2,6,8-trienamide)). No capitulo 3, analises
genotoxicas in vitro (Ensaio cometa) dos extratos etanolicos de A. oleracea e T. micrantha, ndo

apresentaram danos significativos no DNA de células HepG2 nas concentracOes testadas (25,
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50 e 100 pg/mL) em comparagdo ao controle positivo (H20- - peréxido de hidrogénio) (p <
0,001), ndo sendo, portanto, considerados genotoxicos. Diante dos dados obtidos nesta
pesquisa, o extrato etanolico de flores de Acmella oleracea, conhecida como jambu, apresentou
atividade antimal&rica in vitro e in vivo, ndo apresentando citotoxicidade e genotoxicidade em
células HepG2, demonstrando ser um potencial candidato ao desenvolvimento de um

fitomedicamento.

Palavras-chave: Maléria, Plasmodium, Acmella oleracea, Siparuna krukovii, Trema micrantha,
HPLC-ESI-HRMS?
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ABSTRACT

Malaria is a human parasitic disease caused by parasites of the genus Plasmodium, which is
transmitted by infected female mosquitoes of the genus Anopheles. Due to the parasite's
resistance to the main available drugs, alternatives have been sought, mainly in plant extracts,
as new models for the development of antimalarials. Therefore, the objective of this research
was to review the literature regarding plants with antimalarial activity in Brazil and use this
data as a basis to carry out bioprospecting of plant species from Western Pard, including
antimalarial activity in vitro and in vivo, cytotoxicity and genotoxicity of ethanolic extracts of
the most active species. The results of this research are arranged in three chapters. In chapter 1,
data from the literature review on antimalarial plants in Brazil obtained between the years 2011
and 2022, a total of 61 publications were recorded, which cited 36 botanical families and 92
different species analyzed against different strains of Plasmodium in assays in vitro and in vivo.
The botanical families with the highest number of species identified were Rubiaceae,
Apocynaceae, Fabaceae and Asteraceae and the most frequently cited species were Psychotria
L. (8) (Rubiaceae) Aspidosperma Mart. (12) (Apocynaceae). A total of 75 chemical compounds
have been identified or isolated from 28 different species, of which 31 are alkaloids. Of the
samples of extracts, oils, fractions and isolated compounds, the majority of research identified
were analyzed in W2 CQ-R P. falciparum (in vitro) and ANKA P. berghei (in vivo) clones. Of
the Brazilian states with the highest number of species analyzed, Amazonas, Para and Minas
Gerais were the most cited. In chapter 2, it was possible to observe that of the 11 species
analyzed, the extract of Acmella oleracea, Siparuna krukovii and Trema micrantha
demonstrated a high rate of inhibition of Plasmodium (W2) growth (90%), and the results of
the analyzes on P. berghei strains (NK65), there was a variation in the inhibition rate of parasite
multiplication (41.4% to 60.9%) at the lowest dose — 25mg/kg. In HPLC-ESI-HRMS2 analyses,
a new alkylamide was identified in the extract of A. oleracea (Hydroxy-Spilanthol
({(2E,6Z,8E)-5-hydroxy-N-isobutyldeca-2,6,8-trienamide)). In chapter 3, in vitro genotoxic
analyzes (Comet assay) of ethanolic extracts of A. oleracea and T. micrantha did not show
significant damage to the DNA of HepG2 cells at the concentrations tested (25, 50 and 100
pg/mL) compared to the control positive (H202 — hydrogen peroxide) (p < 0.001), therefore
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not considered genotoxic. Given the data obtained in this research, the ethanolic extract of
Acmella oleracea flowers, known as jambu, showed antimalarial activity in vitro and in vivo,
without cytotoxicity and genotoxicity in HepG2 cells, demonstrating that it is a potential
candidate for the development of a phytomedicine.

Keywords: Malaria, Plasmodium, Acmella oleracea, Siparuna krukovii, Trema micrantha,
HPLC-ESI-HRMS2
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APRESENTACAO

Esta tese esta estruturada em secGes dispostas da seguinte forma:

Introducéo e Objetivos (geral e especificos),

Reviséo bibliografica — Dispde das consideracbes sobre o tema desenvolvido

Os itens Material e Métodos, Resultados, Discussédo, Conclusdo e Referéncias
encontram-se inseridos como Artigos Cientificos na se¢do 3: Capitulos, onde as
Producdes Cientificas estdo apresentadas na integra.

Capitulo 1 — Artigo 1 (Dados de anélises antimalaricas de espécies vegetais do Brasil -
Artigo de revisao aceito pela Journal of Ethnopharmacology — Qualis Al)

Capitulo 2 — Artigo 2 (Dados experimentais relacionados a tese — Artigo Publicado pela
Chemistry and Biodiversity — Qualis A4)

Capitulo 3 — Dados de anélises genotoxicas (Nao submetido e escrito de acordo com as
normas da revista Journal of Toxicology — Qualis B1)

Ao final encontra-se as Consideragdes finais relacionadas aos capitulos

Referéncias bibliograficas referem-se as citagdes contidas nos itens Introducdo e

Reviséo bibliografica.
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1. INTRODUCAO

A maléria é uma doenca parasitaria que causa infeccdo em células sanguineas por
parasitas do género Plasmodium. Apesar da reducdo dos indices de casos e mortalidade, a
doenca ainda é considerada um problema de satde publica recorrente em paises tropicais e
subtropicais no mundo. Das espécies de Plasmodium existentes, quatro sdo conhecidas por
infectar humanos, sendo estas, P. falciparum, P. vivax, P. malariae e P. ovale e a transmissao
ocorre por meio da picada do mosquito fémea infectada do género Anopheles (UZOR, 2020).

A espécie P. falciparum é responsavel pela forma mais severa da doenga, podendo
apresentar inimeras variagcOes clinicas graves que podem levar a bitos. O determinante da
viruléncia por esse parasita é a sua capacidade de adesdo nos eritrécitos (citoaderéncia) que
podem causar perfusdo tecidual e consequente danos aos 6rgdos alvos, assim como
modificacfes nas hemaécias infectadas resultando na degradacdo das células (ZEKAR e
SHERMAN, 2021). A espécie P. vivax, € um importante agente etiologico e as manifestacoes
clinicas em relacdo aos periodos de laténcia decorrentes da infec¢do por este parasita variam
em diferentes regides, e 0s periodos considerados mais longos, sdo menos associados a recaidas
(PRICE et al., 2020; INWONG et al., 2007).

Segundo a Organizacdo Mundial da Saude (OMS), estima-se que, em 2021, tenham
ocorrido 247 milhdes de casos de malaria em todo o mundo e um numero estimado de 619.000
mortes (WHO, 2022). Neste mesmo ano nas Americas, foi obtido um registro de 520 mil casos
de maléria e cerca de 126 mortes (ORGANIZACAO PAN-AMERICANA DE SAUDE, 2023).
No Brasil, de acordo com o Ministério da Saude em 2021, foram registrados um total de
139.211 casos e 49 mortes (Ministério da Saude, 2020). Ja em 2022, foram estimados um total
de 128 mil casos (AGENCIA BRASIL, 2023). Ao longo dos anos, inlimeras estratégias tém
sido adotadas para o controle da doenca, e a principal delas é a interrupcdo da cadeia de
transmisséo por meio do uso de medicamentos que agem de forma direta no ciclo de reproducéo
do Plasmodium no organismo.

Em relacdo aos antimalaricos utilizados no tratamento da doenca, a cloroquina foi o
primeiro medicamento a ser amplamente utilizado na década de 1950. A cloroquina é derivada
de uma molécula sintética analoga a quinina, a qual foi isolada em 1820, sendo o primeiro
antimalarico a ser utilizado no controle desta parasitose (MANZALI DE SA, 2011; FRANCA
et al., 2008). Tendo em vista a resisténcia do parasita Plasmodium a cloroquina, pesquisas de
novos antimaléricos tornaram-se necessarias, levando a descoberta da artemisinina e seus

derivados, os quais obtiveram cerca de 95% de eficacia nos tratamentos antimalaricos
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(MENARD e DONDORF, 2017; WHO, 2018). Embora a artemisinina tenha apresentado
eficacia no combate a maléria, resisténcia do parasita a este medicamento também foi observado
em pacientes em tratamento, levando a busca de novas alternativas como a Terapia de
Combinacdo a base de Artemisinina (TCA), composto hibrido também conhecida como ACT
(sigla em inglés Artemisinin-based Combination Therapy), tornando-se o principal via de
tratamento da malaria recomendada pela Organizacdo Mundial da Saude (ALVEN e
ADERIBIGBE, 2019; PACKARD, 2014).

A quinina e a artemisinina, antimalaricos considerados referéncia no tratamento desta
parasitose, foram descobertas a partir do conhecimento tradicional de plantas medicinais,
substancias essas oriundas das espéecies Cinchona spp. e Artemisia annua, respectivamente, e
historicamente, fornecem um papel importante como fonte de antimalaricos provenientes de
espécies vegetais (MENEGUETTI DUO et al., 2014; OHASHI e OLIVEIRA, 2020). Em
funcdo disso, e com o surgimento de cepas resistentes de Plasmodium, pesquisas
etnobotéanicas/etnofarmacoldgicas vem sendo desenvolvidas ao longo dos anos com o intuito
de descobrir novas espécies vegetais com atividade antimalérica. Na regido da Africa, pais com
maior indice de casos e mortes por malaria no mundo, muitas espécies vegetais e compostos
bioativos tém sido identificados com propriedades antimaléricas, como demostrado em estudos
feitos por Bekono et al. (2020) e Tajbakhsh et al. (2021) por meio de pesquisas em banco de
dados na literatura. Nas Américas, comunitarios indigenas da regido da Colémbia relataram 28
morfoespécies utilizadas como antimalaricas (RAMIREZ et al., 2017). Ainda na América
Latina, 609 espécies vegetais foram citadas para o tratamento de malaria em trabalhos de
pesquisas e outras 907 identificadas em outras fontes (livros, herbério, teses e dados nédo
publicados) (MILLIKEN et al., 2021).

No Brasil, em especial a regido amazbdnica, conhecida por abrigar a maior
biodiversidade de plantas do mundo (SCKIRYCZ et al., 2016), diversas pesquisas tem
demostrado eficacia de espécies vegetais utilizadas no tratamento de malaria como pode ser
verificado em pesquisas feitas por Oliveira et al. (2015) na regido de quilombos em Oriximina-
Paré e Kffuri et al. (2016) na regido do Alto Rio Negro (Amazonas), 0s quais destacam estudos
com espécies de plantas com efeito antimalarico mencionados por comunitarios locais e
indigenas, destacando a importancia medicinal dessas espécies vegetais no controle clinico da
doenca. Estudos feitos na regido de Porto Velho, Ronddnia, pacientes mencionam 12 espécies
com efeito antimalarico e outras 131 espécies, pertencentes a 61 familias, foram identificadas

com potencial medicinal por meio de dados da literatura (MARTINEZ et al., 2018).



Além das espécies vegetais, a exemplo de quinina e artemisinina, muitos compostos
quimicos provenientes dos produtos naturais vém sendo isolados ao longo dos ultimos anos, se
tornando importante fonte para o desenvolvimento de farmacos/fitoterapicos utilizados no
tratamento de doengas. Andlises em cromatografia de alta resolu¢cdo (HPLC) acoplado a
espectrometria de massas sdo ferramentas atualmente utilizadas na avaliagcdo de substéancias,
contribuindo para a identificacdo desses compostos (YANG et al., 2009; BONTA, 2017). Outro
fator importante, além da caracterizacédo fitoquimica, séo as andlises toxicologicas, levando em
consideracdo que muitas espécies apresentam pouco ou nenhum dado na literatura que
comprove sua eficacia como fitomedicamento. No Brasil, a producdo de fitoterapicos requer a
avaliacdo de seguranca preconizados pela ANVISA (2013) e analises iniciais incluem avaliacédo
de citotoxicidade em células tumorais e normais (Ensaio MTT) e testes de genotoxicidade in
vitro, considerados essenciais por contribuirem para a compreensao de alteragdes ou danos a
nivel celular (ALMEIDA-NETO et al., 2005, OECD, 2014).

Diante das pesquisas mencionadas e 0 avanco biotecnologico na busca de produtos
naturais eficazes para o tratamento da malaria, em especial no Brasil, o objetivo desta pesquisa
foi realizar a revisdo da literatura a respeito de plantas com atividade antimalarica no Brasil e
utilizar esses dados como base para realizar a bioprospeccéo de espécies vegetais provenientes
da regido de Santarém, Oeste do Pard, incluindo atividades antimaléricas in vitro e in vivo,
citotoxicidade e genotoxicidade dos extratos das espécies mais ativas. Além disso, a pesquisa
visa contribuir com novos dados da literatura em relacdo as espécies vegetais antimalaricas do

Brasil.



1.1.

OBJETIVO GERAL

Gerar informacdes sobre espécies vegetais antimalaricas do Brasil a partir de dados da

literatura e realizar a bioprospeccdo com foco em espécies da regido Oeste do Para com a

caracterizagdo do perfil fitoquimico, citotoxicidade e anélises de danos celulares e dessa forma,

agregar valor as espécies da Amazonia.

1.2.

OBJETIVOS ESPECIFICOS

° Capitulo 1

- ldentificar, por meio da literatura, artigos publicados a respeito de estudos com
espécies vegetais antimalaricas do Brasil, entre o periodo de janeiro de 2011 a dezembro
de 2022;

- Apresentar perspectivas de novos tratamentos e pesquisas futuras que incentivem a

busca por produtos naturais e derivados antimalaricos.

° Capitulo 2

- Realizar a andlise antiplasmodial in vitro de 11 espécies (Acmella oleracea, Lippia
origanoides, Senna quinquangulata, Siparuna krukovii, Trema micrantha, Abuta sp,
Ampelozizyphus sp, Aniba sp, Aspidosperma sp, Croton sp e Virola sp) da regido de
Santarém, Oeste do Para, contra cepas de Plasmodium falciparum (clone W2);

- Avaliar a citotoxicidade in vitro em células HepG2 A16;

- Avaliar a atividade antimalarica in vivo em cepas de Plasmodium berghei (cepas
NK®65) nas espécies mais bioativas;

- Realizar a caracterizacdo fitoquimica das espécies mais bioativas.

° Capitulo 3
- Realizar a andlise genotdxica das espécies Acmella oleracea e Trema micrantha em

células HepG2.



2. REVISAO BIBLIOGRAFICA

2.1. MALARIA

A maléaria tem sido um problema de saude desde o inicio da histéria da humanidade. O
termo malaria surgiu a partir da relacdo entre a doenca e 0s pantanos, e o fisiologista grego
Hipdcrates, foi o primeiro a verificar essa relacdo entre a proximidade dos corpos d’agua
parados com a ocorréncia de febres nas comunidades locais. A mal’aria (mal ar) foi descrita
pelos italianos no século XIV, termo este que foi inserido na lingua inglesa cerca de 200 anos
depois e atribuida como resultado das doencas infecciosas e a presenca do ar poluido ou
corrompido por vapores nocivos produzidos por materiais em decomposic¢ao (DAGEN, 2020).
Por conta disso, medidas de prevencdo tiveram que ser tomadas como a remogdo e drenagem
de agua parada e residuos com mal cheiro, pois acreditavam que estes ambientes eram fontes
de proliferagdo de mosquitos Anopheles, que atuam como vetor da malaria (BRUCE-
CHWATT, 1998). Semelhante a essas condi¢des, os franceses criaram o termo “paludismo”,
derivado de pantano, referindo-se a malaria (FRANCA et al., 2008).

Muitos fatores contribuem para a distribuicdo e ciclo bioldgico da maléria, dentre os
principais sdo fatores antropogénicos, ambientais e ecolégicos (PARHAM et al., 2010;
CHAVES et al., 2021; DAZA et al., 2023). No continente africano onde ocorrem a maioria
dos casos de malaria no mundo, praticas agricolas urbanas e uso da terra mal monitorada, além
da expanséo urbana descontrolada, podem ser resultado do aumento da transmissdo da doenca
na regido. O estatuto socioecondmico também contribui para o aumento dos locais de
reproducdo de vetores, associados a periferias urbanas onde ocorrem habitacbes de ma
qualidade, estradas ndo pavimentadas e dificuldades de acesso aos cuidados de saude (DE
SILVA e MARSHALL, 2012). A propagacdo da malaria em regides da Africa também esta
associada com a mudanca e variagdo de temperatura que atuam acelerando ou ndo o processo
de desenvolvimento do parasita (MAFWELE e LEE, 2022). Na regido amazonica, 0
desmatamento é um dos principais fatores responsaveis pelo aumento da malaria, que surge
especialmente por conta da expansdo da infraestrutura urbana, praticas agricolas, pecuéria,
mineragdo e de outras atividades humanas, fatores esses que aumentam a interface entre a
floresta primaria e os assentamentos humanos, facilitando a proliferagdo de vetores
transmissores de doengas e a sua rapida adaptacdo (DAZA et al., 2023; CHAVES et al., 2021).

A maléria é uma doenca infecciosa causada por protozoarios parasitas do género
Plasmodium que afetam as células sanguineas humanas. A incidéncia de casos de malaria vem

reduzindo ao longo dos anos, no entanto, ainda € caracterizado como um grave problema de
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salde publica com grande impacto na morbidade e mortalidade, especialmente em regifes
tropicais e subtropicais onde a malaria € comum e o sistema de salde e saneamento ainda sdo
precéarios e deficientes no que diz respeito ao controle do vetor (WHO, 2020). Em 2022, estima-
se que ocorreram 249 milhGes de casos de malaria no mundo, um aumento de 5 milhdes de
casos comparados com 2021. Um total estimado de 608 mil mortes foram notificados, com
prevaléncia em gravidas e criancas menores de 5 anos, especialmente na regido da Africa,
regido com maior incidéncia de malaria no mundo (WHO, 2023).

Nas Ameéricas, dezenove paises sdo considerados de risco na transmissdo da malaria,
sendo o Plasmodium vivax o principal responsavel pelas infec¢Ges, com percentual de 80%
(MINISTERIO DA SAUDE, 2020). Segundo a Organizacdo Mundial da Satde, nos Gltimos 20
anos (2000 a 2021), os casos de malaria reduziram em 60% e a incidéncia de notificacdes em
70% (de 1,5 milhdo para 0,6 milhdo e de 14 para 4, respectivamente). Em 2021, nas Américas
foram registrados 520 mil casos de malaria e cerca de 126 mortes. De 2015 a 2021 houve um
aumento de 8% dos casos e reducdo de 26% nas mortes, sendo 74% causados por P. vivax e
26% por P. falciparum (ORGANIZACAO PAN-AMERICANA DE SAUDE, 2023). De 2021
a 2022, os casos reduziram de 205 mil para 154 mil, respectivamente, e 343 mortes em 2022.
A reducdo de casos e mortes pode estar relacionada com o0s baixos niveis de mobilidade
populacional resultantes das restricGes a pandemia da COVID-19 e um aumento nos produtos
para diagnostico e tratamento da malaria (WHO, 2023).

No Brasil, existem dois tipos de cenarios epidemioldgicos: o de alta endemicidade na
regido amazonica, sendo esta a regido de maior incidéncia de casos de malaria no pais, a qual
alcanca cerca de 99,9% e o de hipoendemicidade que ocorre na regido extra-amazonica onde
ocorre a maioria das mortes resultantes, principalmente pela negligéncia no diagndstico da
doenca (OLIVEIRA-FERREIRA, 2010, MINISTERIO DA SAUDE, 2022). Na regifo
amazonica, 33 municipios concentram cerca de 80% do total de casos autoctones registrados
em 2021 (ORGANIZACAO PAN-AMERICANA DE SAUDE, 2022). Ainda em 2021, foi
verificada uma reducdo no nimero de casos em dareas rurais e indigenas, areas estas
consideradas de grande contaminagéo, apresentando um total de 13,3% e 5,4% dos casos,
respectivamente, em relacdo ao ano anterior (2020). Ja nas regifes de garimpo, consideradas de
grande importancia epidemioldgica, ocorreu um aumento de 45,3% nos casos autdctones, sendo
que 17,4% das transmissdes foram causadas por P. falciparum e malaria mista (MINISTERIO
DA SAUDE, 2022). Em 2022, foram notificados 131.224 casos, uma reducio de 6,6% em
comparagao ao ano anterior e 62 dbitos. Dos casos autoctones, 84,2% (108.594) foram causados
por P. viva e 13,9% (17.981) por P. falciparum, enquanto as infeccGes mistas (P. vivax e P.



falciparum) representaram 1,8% (2.344) e 38 (<0,1%) dos casos registrados foram por P.
malarie (MINISTERIO DA SAUDE, 2024).

No estado do Par, de janeiro a outubro de 2023, a distribuicdo de casos confirmados
por local de infeccéo foi de 17.695 casos representando uma reducdo de 3,7% comparado ao
mesmo periodo de 2022. Dos 10 principais municipios com maior nimero de ocorréncia de
malaria no estado, 0os municipios de Jacareacanga e Itaituba apresentam maior percentual no
total de ndmero de casos (36,19% e 20,95%, respectivamente) (SECRETARIA DE SAUDE
DO ESTADO DO PARA, 2023).

Classificacso de Risoo - IPA 2022
" Sem transmissao
Muito baixo risco
Balxo risco
I Médio risco
I Ao risco

0 500 1,000 km

IPA — cs municiplos braslelos sao classficados em muito bawo risco (IPA <1 caso/1000 habitantes) bawo risco IPA entre 1 e <10 casos/1.000 habitantes) madio risco
{IPA entre 10 e <50 cas0s/1000 habit a < PA 250 casoa/1000 habitantes)

Fonte: Sivep-Malarla/SVSA/MS, Sina Excluidas laminas de verlficacao de cura. Dades do Sivep-Malarla atualizados em 19/8/2023 Dados do
Sinan atualizados em 12/9/2023. Dados do E-SUS-VS atualizados em 9/8/2023

Figura 1: Mapa de transmissdo da malaria no Brasil.

2.2. ESPECIES DE Plasmodium E A SINTOMATOLOGIA DA MALARIA

Cinco espécies de Plasmodium sdo as mais conhecidas por infectar humanos: P.
falciparum, P. vivax, P. malariae, os quais se distribuem geograficamente na Africa, Asia,
América Central e Sul, e P. ovale que possui distribuicdo apenas na Africa. A espécie P.
knowlesi é conhecida por infectar primatas, no entanto, ja foi verificado casos de infeccédo por

essa espécie na Asia, onde ela é frequentemente encontrada (WHO, 2015; UZOR, 2020).
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Historicamente, o escritor romano Celsius, na metade do século I, descreveu trés tipos
de febre para a malaria, febre quartd, terca e a semitercd, a mais letal. Essas febres atualmente
sdo conhecidas por serem causadas por P. malariae, P. vivax e P. falciparum, respectivamente
(DAGEN, 2020).

2.2.1. Plasmodium falciparum

O parasita Plasmodium falciparum possui prevaléncia nos tropicos e subtrépicos, onde
0s mosquitos Anopheles sdo mais presentes, sendo o parasita responsavel pela forma mais
severa da doenca, a febre tercd maligna a qual € periddica e irregular, ocorrendo em periodo de
48 horas. A febre é o principal sintoma que reflete a maioria dos casos de infecgdes graves
(FAIRHURT e WELLEMS, 2010). O P. falciparum é visto como principal responsavel por
todos os casos de letalidade (90%) a nivel mundial, sendo atribuidas a infecces que incluem
malaria cerebral, anemia severa, distlrbios respiratérios, falha renal, convulsées multiplas,
edema pulmonar, leséo renal aguda, ictericia, choque e coma. Em criangas os sintomas sdo
gastrointestinais e inespecificos como febre, letargia, mal-estar, nduseas, vomitos, colicas
abdominais e sonoléncia (SILVA-JUNIOR et al., 2017; ZEKAR e SHARMAN, 2021).

O periodo médio de incubacédo de P. falciparum € cerca de 7 — 14 dias e 0s primeiros
sintomas graves sdo detectaveis do terceiro ao sétimo dia, embora alguns sintomas evoluam de
forma répida em alguns pacientes, podendo vir a 6bito 24 horas apds 0s primeiros sintomas
(WHO, 2014). As principais caracteristicas da patogénese da malaria severa sdo resultantes da
adesdo dos eritrdcitos infectados deste parasita que incluem ligacdes as células do endotélio
(citoaderéncia), deformidade eritrocitaria e aglomeracédo de eritrocitos infectados mediada por
plaquetas. A adesdo dos eritrocitos infectados pode causar obstrucédo dos capilares e interrupcéo
da circulacdo sanguinea, perfusdo tecidual prejudicada, acidose lactica com consequente danos
aos orgdos alvo e, além disso, a destruicdo dos eritrocitos jovens e maduros (globulos
vermelhos) (ROWE et al., 2009).

Outra caracteristica que torna a malaria falciparum fatal é o sequestro do parasita nos
tecidos, em conjunto com a regulacdo positiva de citosinas e outras substancias toxicas em
contribuicdo com a auséncia ou a ndo eficacia de terapias antimalaricas (MILNER, 2018;
ZEKAR e SHARMAN, 2021). O processo de obstrugdo dos eritrocitos resultantes da malaria
falciparum, levam a liberagdo da hemozoina na circulagdo, um subproduto da degradacédo da
hemoglobina pelo parasita, podendo afetar diretamente as fungdes normais da resposta imune

adaptativa e assim, contribuir para a patofisiologia da doenca (CORONADO et al., 2014).
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No Brasil, o parasita P. falciparum ndo representa uma espécie predominante e a taxa
de letalidade € considerada baixa, comparado aos registros por P. vivax, no entanto, as
transmissdes ainda sdo prevalentes. A imunidade clinica adquirida contra a malaria falciparum
depende da exposicéo repetida e prolongada ao parasita e a imunidade natural efetiva para esta
espécie é restrita a areas de alto nivel de transmiss&o e endemicidade, considerando a idade em
reflexo ao grau de exposicao (BAIRD JK, 1998; OLIVEIRA-FERREIRA et al., 2010).

2.2.2. Plasmodium vivax

O parasita Plasmodium vivax é o segundo parasita da malaria mais prevalente no mundo,
sendo predominante na Asia e na América Latina (MENDIS et al., 2001; INWONG et al.,
2007). Embora a infeccdo por malaria vivax ndo seja considerada fatal, casos graves ou 6bitos
tém sido registradas desde que a espécie foi reconhecida. A maioria dos casos em geral sdo
associados a pacientes ja debilitados e diagndsticos comparados a maléria falciparum, além de
que estudos ndo excluem possiveis comorbidades ou infeccdo mista por outra espécie de
Plasmodium, o que torna necessario critérios especificos para facilitar a comparacao entre casos
e estabelecer sua prevaléncia (RAHIMI et al., 2014; ANTONELLI et al., 2019).

Manifestacdes clinicas de P. vivax variam em diferentes regides. Em regiGes tropicais
o0s periodos de laténcia séo curtos (3 — 5 semanas), enquanto regides temperadas os periodos
sdo considerados longos (5 — 10 meses) e menos associados a recaidas. Apesar de pouco
compreendida, acredita-se que as frequéncias de recaidas estdo relacionadas com o estagio de
“dorméncia” no figado, que podem reativar hipnozoitos apos uma infeccao inicial, variando de
acordo com a imunidade do hospedeiro (PRICE et al., 2020; INWONG et al., 2007). InfeccOes
assintomaticas por esta espécie sdo comumente relatadas na Bacia Amazonica, no entanto, a
prevaléncia e duracdo média da gametocitemia nessas infeccdes permanecem desconhecidas
(SILVA-NUNES et al., 2012). Sintomas de P. vivax séo considerados similares a P. ovale, onde
a invasao do parasita as células eritrocitéarias do individuo levam a deformacdes e lesGes graves,
com picos de febre (tercd benigna) e calafrios em intervalos especificos (ZEKAR e
SHARMAN, 2022).

No Brasil, ap6s a reducao dos casos de P. falciparum, ocorreu um aumento progressivo
de infecgOes por P. vivax atribuida desde 1990, sendo responsavel por cerca de 90% das
transmissdes em 2011 (SIQUEIRA et al., 2016). Neste mesmo ano (2011), foram registrados
mais de 247 mil casos de malaria, incluindo P. vivax, P. falciparum e P. malariae, sendo que a
maioria das notificagdes foram (87%) atribuidas a P. vivax (WHO, 2011; POHLIT et al., 2013).

A alta incidéncia de malaria vivax também é registrada em mulheres gravidas e criangas com 6
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meses de idade, no entanto, ainda ndo é bem conhecido se os casos sdo resultado de infec¢des
primarias ou recorrentes (MINISTERIO DA SAUDE, 2020).

A predominancia de P. vivax no pais pode ser explicada por suas caracteristicas
bioldgicas e registros de diagnosticos, visto que as infecgdes de baixa intensidade causadas por
esta espécie sdo consideradas comuns em &reas que se aproximam da eliminacdo, além dos
conhecidos estagios de dorméncia no figado (casos assintomaticos) que podem eventualmente
causar as recaidas e que, portanto, sdo raramente relatadas. Por esta razdo, o tratamento da
malaria vivax tornou-se um desafio, que ao longo dos anos, dificulta as acGes de controle e
eliminacdo da doenga (FERREIRA e CASTRO, 2016; RIECKMANN et al., 1989).

2.2.3. OQutras espécies de Plasmodium

O parasita Plasmodium malariae possui ampla distribuicdo geografica, sendo
responsavel pela maléria quartd benigna com periodos de incubacdo para os sintomas pos-
infeccdo variando de 27 a 40 dias, com sintomas de febre intensos a cada 72 horas
(HENRIQUEZ e WILLIAMS, 2020). Este parasita desencadeia, frequentemente, sintomas
leves ou com aparéncia assintomatica por um longo periodo. Caso ocorram infecgdes cronicas,
estas podem levar a sindrome nefrdtica em criancas, em especial aquelas que vivem em areas
endémicas da malaria (SILVA-NUNES et al., 2012). E conhecida por ser a forma mais benigna
de infeccdo por malaria, as parasitemias sdo frequentemente menores, considerando que o
numero de merozoitos produzidos a cada ruptura de esquizonte € menor, comparadas aos outros
tipos de infeccdes por outros parasitas Plasmodium (COLLINS e JEFFERY, 2007).

O Plasmodium ovale é endémico da Africa ocidental e também pode ser encontrado nas
Filipinas, Indonésia e Papua Nova Guiné (KAWAMOTO et al., 1999; COLLINS e JEFFERY,
2005). InfeccBes severas e mortes sdo relativamente raras e o periodo de incubagdo varia de
algumas semanas a varios meses. Assim como P. vivax, o parasita P. ovale também apresenta
fase de dorméncia no figado, podendo se manifestar em semanas, meses ou anos apos a infeccao
inicial, causando as chamadas recaidas, sendo necessario assim, a inclusdo do tratamento para
a eliminagdo desses parasitas em estagio de dorméncia (OKAFOR e FINNIGAN, 2023). Os
sintomas iniciais da infecgcdo por Plasmodium ovale séo inespecificos. Os pacientes apresentam
dor de cabeca, febre, mal-estar, dores musculares, fadiga, sudorese, tosse, anorexia, dor
abdominal, diarréia e artralgia, além de nauseas, vomitos e hipotensao ortostatica (SVENSON
et al., 1995) e, embora sintomas severos sejam raros, ruptura esplénica, trombocitopenia e
coagulacao intravascular disseminada foram associadas a infeccdo por este parasita. Para o

tratamento desta infeccdo e outras malarias ndo-falciparum séo utilizados a cloroquina e/ou



11

terapia em combinacgdo com artemisinina (TCA/ACT), assim como a primaquina requerida para
a eliminacgdo de parasitas em estagio de hipnozoitos (OKAFOR e FINNIGAN, 2023)

O parasita Plasmodium knowlesi possui distribuicdo limitada na regido da Indonésia,
tendo casos relatados em outros paises do sudeste asiatico, incluindo Vietnd, Cingapura,
Mianmar, Camboja, Tailandia e Filipinas (MULLER e SCHLAGENHAUF, 2014). E um
parasita conhecido por infectar macacos, no entanto, ja se tem relatos de ocorréncia de infecgdes
em humanos na regido da Malésia, com altas taxas de mortalidade. A replicacdo do parasita
nesta espécie, de maneira oposta a P. malariae, ocorre a cada 24 horas, resultando em picos de
febre diarios e hiperparasitemias (mais de 5% das hemacias parasitadas), além de outros
sintomas associados ao diagndstico como acidose metabdlica, disfuncdo hepatorenal, estresse
respiratorio, anemia severa e hipotensdo refrataria, podendo ser fatais (FAIRHURT e
WELLEMS, 2010; UZOR, 2020). Diferentemente de P. vivax, P. knowlesi ndo apresenta
estagio hepatico latente (hipnozoitos) e o estagio sanguineo é assexuado e ocorre diariamente.
Em comparacéo a P. falciparum, P. knowlesi ndo apresenta maléria cerebral e anemias comuns

em complicacdes de malaria grave (ANTINORI et al., 2013).

2.3. O CICLO BIOLOGICO DO Plasmodium

As espécies de Plasmodium, agentes etioldgicos da malédria humana, possuem um
complexo ciclo que alternam entre 0 mosquito fémea Anopheles e o hospedeiro vertebrado
(humano) (Figura 3). O ciclo de vida das cinco espécies de Plasmodium que infectam humanos
sdo semelhantes e envolvem estagios hapldides assexuados no figado e eritrocitos, ja no
mosquito, o ciclo envolve uma transi¢do para formar o zigoto dipldide sexual no intestino,
depois esporozoitos hapléides nas glandulas salivares (HENRIQUEZ e WILLIAMS, 2020).

O estagio pré-eritrocitico inicia quando o mosquito fémea infectado Anopheles injeta
esporozoitos do Plasmodium na pele ou na corrente sanguinea do hospedeiro por meio da picada
(Passol). Apds a inoculacdo, alguns parasitas permanecem na pele e outros drenados para 0s
ganglios linfaticos, os quais sdo eliminados por macréfagos residentes e a resposta imune é
gerada (COWMAN et al., 2016). Aqueles que chegam a corrente sanguinea, migram para o
figado — onde ocorre o ciclo de vida assexual — seguindo ao longo dos sinusdides (capilares
presentes entre as placas dos hepatdcitos) (Passo 2), migram através das células de Kipffer ou
células endoteliais até atingir os hepatdcitos em definitivo (Passo 3) (NIZ et al., 2017). Esta
migragdo pode ser vantajosa para a infec¢do na malaria, por dois motivos: ativar o esporozoito
para a infeccdo e aumentar a sustentabilidade para os hepatocitos hospedeiros (MOTA e

RODRIGUEZ, 2004). Os esporozoitos se movimentam através dos hepatdcitos antes de invadir
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e habitar o interior de um “vacuolo parasitoforo” onde ird ocorrer uma série de replicagdes
assexuadas (estdgio exo-eritrocitico), sem ainda provocar sintomas ao hospedeiro humano
(Passos 4 a 7), por conta de que algumas espécies de Plasmodium (ex. P. vivax) permanecem
dormentes por longos periodos até a sua manifestacdo. Além disso, recaidas séo recorrentes e,
assim como a maioria dessas espécies (P. falciparum, P. malariae, P. vivax e P. ovale), o estagio
finaliza com a liberacdo dos merozoitos na circulacédo periférica dentro dos merossomos (Passo
8) (MARKUS, 2011), os quais sdo transportados para os capilares dos pulmdes onde se rompem
e liberam os merozoitos que invadem as hemécias (Passo 9).

A invasdo dos merozoitos nas hemacias € indicagdo de inicio do estagio sanguineo e
apos esta invasdo, os parasitas se desenvolvem em estagios de anel, que permanece por 24 a
32h, e entdo, se diferenciam em trofozoitos e finalmente, esquizonte que, por sua vez, se
rompem, sendo capazes de liberar até 36 merozoitos na corrente sanguinea (Passo 10 — 13). O
ciclo se repete desde a invasao dos eritrocitos a ruptura da célula, com a liberagdo da hemozoina
(pigmento maldrico) e outros produtos toxicos das hemacias sanguineas rompidas, resultando
em aumento exponencial na carga parasitaria, fase esta ligada a patogénese de P. falciparum
(HENRIQUEZ e WILLIAMS, 2020).
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Figura 2: Ciclo biol6gico do Plasmodium sp. Fonte: NIZ et al., 2017 com modificacdes.



13

A replicacdo exponencial assexuada também resulta na geracao de estagios sexuais que
podem ser, posteriormente, transmitidos a um mosquito suscetivel durante a picada (periodo de
alimentacéo) (Passo 14 e 15). Apos a transmissdo para o vetor, gametocitos se desenvolvem em
gametas masculino e feminino que s&o liberados e se fundem dentro do intestino médio,
originando os zigotos moveis ou oocinetos que deixam o limen do intestino medio e se
acomodam sob a lamina basal (Passo 16 a 18) onde se desenvolvem 0s oocistos e a producgéo
de centenas de esporozoitos (Passo 19). Os oocistos sdao rompidos e liberam os esporozoitos
que sdo transportados através da hemolinfa e eventualmente alcancando e invadindo as
glandulas salivares do mosquito (Passo 20 a 21) que podem, ent&o, ser injetados novamente em
novos hospedeiros durante a picada do mosquito, retomando o ciclo, o qual pode levar vérias
semanas (NIZ et al., 2017; FAIRHURT e WELLEMS, 2010).

2.4. A QUIMIOTERAPIA E A RESISTENCIA A FARMACOS ANTIMALARICOS

Durante muitos anos, a maléria tem sido endémica em vérias regides da Asia, Europa,
Américas e, principalmente, na Africa, tornando-se um problema de satide que incentivou a
busca de medicamentos que atuassem no tratamento e eliminacdo dos sintomas graves
resultantes da infeccdo pelo parasita Plasmodium. O primeiro medicamento utilizado para o
tratamento e prevencdo da malaria durante séculos foi a quinina, um alcal6ide com atividade
antimalérica isolado em 1820 a partir da casca da arvore Cinchona nativa da América do Sul,
utilizada na terapéutica ocidental a partir do século 17 até meados da Segunda Guerra Mundial
(OLIVEIRA e SZCZERBOWSKI, 2009; FRANCA, 2008). A quinina é capaz de inibir a rota
de biocristalizacdo da hemozoina, que resultam no acimulo de hemes citotoxicos livres, 0s
quais, eventualmente, causam a morte do parasita (FOLEY e TILLEY, 1997), e por isso, foi
base do tratamento da malaria por mais de cem anos. Devido ao blogueio do cultivo da
Cinchona em regides da Asia e a complexidade de sua estrutura, varios esforcos foram feitos
para sintetizar este alcaloide na tentativa de aliviar a dependéncia mundial de um derivado da
casca e, apos esse longo periodo, somente em 1944, a quinina foi sintetizada pela primeira vez
(SCHALKWYK, 2015)

Com o intuito de sintetizar novos candidatos antimalaricos, foi desenvolvida por volta
de 1930, a Cloroquina, a qual se tornou o principal medicamento antimalarico sintético
amplamente utilizado durante os anos de 1960 e 1970, por ser mais potente e segura do que a
quinina contra todas as espécies de Plasmodium responsavel pela malaria humana, além de ser
mais estavel, menos tdxica e principalmente com baixo custo, tornando-se amplamente

disponivel em paises pobres, com baixo desenvolvimento e alto indice de contaminagéo
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(PACKARD, 2014; JENSEN e MEHLHORN, 2009). O parasita da malaria consome
hemoglobina das células do hospedeiro humano, causando a liberacdo de moléculas heme que
se polimerizam formando cristais inertes chamados de hemozoina. A cloroguina forma um
complexo com a ferriprotoporfirina IX e age impedindo a liberagdo de hemes toxicos
interferindo na sua cristalizagdo, tornando-se efetivo contra o desenvolvimento de trofozoitos
intraeritrociticos, porém, ndo é eficaz em outros estagios (gametocitico e esquizontes hepaticos)
gue ndo consomem hemoglobina ativamente (FAIRHURT e WELLEMS, 2010; SCHLITZER,
2007).

A primeira evidéncia de resisténcia a Cloroquina foi registrada na Tailandia em 1957,
logo apds no Sul e sudeste Asiatico e, em seguida na Africa Sub-Sahariana e na América do
Sul em 1970, o que contribuiu para o elevado nimero de mortes em todo mundo e por conta
disso, houve a necessidade do desenvolvimento de novos antimaléricos sintéticos com o
objetivo de contribuir com a prevencdo da doenca (PACKARD, 2014). Neste sentido, um
composto a base de quinolina foi desenvolvido em 1946, a Amodiaquina, uma 4-aniloguinolina
com estrutura e mecanismos de acdo semelhante a cloroquina, considerada altamente potente e
frequentemente usada contra cepas cloroquina-resistente a P. falciparum na Africa, entretanto,
ineficaz na América do Sul, perfil este possivelmente relacionado a diferentes respostas
atribuidas a distintos conjuntos de mutacdes (SA et al., 2009). Atualmente a amodiaquina é
utilizada na terapia de combinacdo e apesar da sua eficacia, exibe um grau de resisténcia e
toxicidade (RAWE e MCDONNELL, 2020).

A mefloquina, analogo a quinina desenvolvida em 1970, tem acéo no estagio sanguineo
de P. falciparum e P. vivax. Este medicamento € utilizado em terapias de combinacdo e tem
como objetivo reduzir a propagacdo de parasitas resistentes (FAIRHURT e WELLEMS, 2010).
Recentemente, a mefloquina apresentou resisténcia, mas apesar disso, 0 medicamento continua
sendo (til no tratamento da malaria nas regides da Africa e da América do Sul (SCHALKWYK,
2015). A atovaquona foi o primeiro agente antimalarico capaz de agir no transporte de elétrons
bloqueando partes do citocromo b do complexo citocromo bcl inibindo o transporte de elétrons
do parasita, levando ao colapso do potencial de membrana mitocondrial (SRIVASTAVA et al.,
1997a e 1999b) e, além disso, é efetiva contra os estagios sexuais do parasita no hospedeiro e
0 mosquito, inibindo a transmissdo. Em associagdo com proguanil, a atovaquona,
comercializada como Malarone, tem efeito satisfatorio em mulheres gravidas e criangas e
provou ser eficaz no tratamento de parasitas resistentes a atovaquona (BELETE, 2020;
ANTONY et al., 2016).
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A baixa disponibilidade de medicamentos para populagdes carentes e em alguns casos,
0 aumento dos efeitos colaterais adversos, incentivaram a producdo de medicamentos mais
resistentes como a Artemisinina, extraida da espécie Artemisia annua, originaria da China. A
artemisinina é potente composto antimalarico descoberto em 1971, o qual foi desenvolvido para
substituir ou ao menos reduzir o uso de medicamentos sintéticos derivados da cloroquina e,
apesar dos beneficios para o tratamento da maldria, a artemisinina ainda ¢ um medicamento
dificil de sintetizar e, portanto, continua sendo extraida de plantas (MA et al., 2020).
Modificagdes em grupos funcionais da artemisinina resultaram no desenvolvimento de
derivados semissintéticos como artemether e artenusato, as quais apresentam propriedades
fisico-quimicas apropriadas, com mais eficacia do que a propria artemisinina, sendo
recomendadas pela OMS (Organizacdo Mundial da Saude) como a principal linha de defesa
contra a maléria resistente (RAWE, 2020). Um dos mecanismos de acdo mais aceitos para a
artemisinina € a ativacdo da molécula pelo grupo heme e permite a producéo de radicais livres
gue destroem as proteinas necessarias para a sobrevivéncia do parasito (TSE et al., 2019), além
disso, 0 medicamento inibe todas as fases do desenvolvimento do parasito e assim como seus
derivados, sdo eficazes, potentes e tem acdo rapida contra esquizonticidas sanguineos de todas
as espécies de Plasmodium e funciona como agente gametocitico, porém, sua eficiéncia ainda

ndo € clara nos estagios latentes do parasita no figado (LIU et al., 2017).
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Figura 3: Estruturas quimica das moléculas derivadas dos medicamentos utilizados no tratamento da maldria.
Adaptado de Oliveira et al. (2009).

Embora o tratamento com a artemisinina tenha sido eficaz, o parasita comecou a

apresentar resisténcia ao medicamento, por conta da sua curta meia-vida e ineficicia a
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monoterapia, tendo sua primeira evidéncia registrada em Camboja em 2008, se estendendo até
a Africa (MENARD e DONDORP, 2017). Para prevenir ou ao menos retardar a propagacao da
resisténcia, as diretrizes atuais da OMS recomendam a terapia combinada com artemisinina e
outros antimaléricos, a chamada Terapia de Combinacdo a base de Artemisinina (TCA),
composto hibrido também conhecida como ACT (sigla em inglés Artemisinin-based
Combination Therapy), a qual associa um derivado de artemisinina, artemether e outro
antibidtico de longa duracéo, a lumefantrina e/ou halofantrina, além de outros agentes bioativos.
A ACT resulta em 97% de eficacia no tratamento, sendo capaz de curar as formas mais mortais
relacionadas a maléria falciparum (ALVEN e ADERIBIGBE, 2019; PACKARD, 2014). Ao
longo dos anos, o parasita comegou a demonstrar resisténcia ao ACT, motivo este que pode
estar relacionado com o uso generalizado do medicamento resultando em cepas resistentes e
mais susceptiveis ao desenvolvimento de infeccao pelo parasita, o que reforca a emergéncia do
desenvolvimento de novos farmacos e/ou medicamentos promissores e capazes de controlar ou
eliminar os graves danos causados pelo parasita no organismo humano (MENARD e
DONDORP, 2017; BLASCO et al., 2017).

Em relacdo ao tratamento da malaria no Brasil, o estado do Acre e todos os estados da
regido extra-amazonica (compreende 18 estados das regides do nordeste, sudeste e sul), utilizam
0 artenusato/meflogquina com sucesso, ressaltando que as terapias ACT, a base de artemisinina,
ainda nao foram avaliados de forma integrada no sistema de salde. Em vista da emergéncia em
relacdo a resisténcia do P. falciparum a artemisinina baseada em terapia de combinacéo e a
auséncia de tratamentos alternativos, programas de pesquisa para identificar novos
medicamentos que possam ser complementares ou substituidos pelos atuais, sdo extremamente
importantes e urgentemente necessarios (OLIVEIRA-FERREIRA et al., 2010). Em pacientes
gravidas e criancas menores de 5 anos, o tratamento € feito com o uso de cloroquina por trés
dias e cloroquina profilatica (5 mg/kg/dose/semana), ja que a primaquina e a tafenoquina nao
sdo recomendadas para esse grupo funcional. A primaquina possui acao sinérgica a cloroquina,
portanto quando este medicamento ndo € utilizado, a reducéo da parasitemia pode ser mais lenta
e 0 uso de doses profilaticas auxiliam neste tratamento e previnem dos possiveis sintomas de
recaidas (MINISTERIO DA SAUDE, 2020; DOMBROWSKI et al., 2022; COMMONS et al.,
2018). A tafenoquina foi aprovada pela ANVISA (Agéncia Nacional de Vigilancia Sanitaria)
em 2019 e tem sido utilizado para o tratamento das infecgOes por P. vivax e, comparado a
primaquina (administrada em 14 dias), apenas uma dose é requerida para o tratamento,
reduzindo assim as chances de recaidas, as quais s&o comuns nas infec¢des por malaria vivax
(MINISTERIO DA SAUDE, 2021, 2023).
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Figura 4: Estrutura quimica da tafenoquina. Li et al. (2014).

2.5.  PLANTAS UTILIZADAS PARA O TRATAMENTO DA MALARIA

O uso potencial de plantas medicinais é uma pratica comum na medicina tradicional e
vem sendo utilizada para prevenir doencas desde a antiguidade. Tradicionalmente, as pesquisas
por produtos naturais, envolvem coletas aleatorias e/ou triagem de espécies vegetais, além do
uso do conhecimento etnobotanico, o qual desempenha um papel importante na preservacéo do
conhecimento medicinal tradicional, assim como fornece novos caminhos para investigacoes
farmacoldgicas e descoberta de substancias bioativas (RASKIN et al., 2002; GU et al., 2014).
Os primeiros estudos de compostos isolados provenientes de plantas foram descritas no inicio
do século 19. A quinina isolada em 1820, foi o primeiro farmaco eficaz contra a malaria, no
entanto, por volta de 1960, principalmente durante a guerra do Vietna, foi observado o aumento
da mortalidade, tendo como provavel responsavel, a baixa eficacia nos tratamentos contra
maldria, os quais foram associados com a resisténcia do parasita Plasmodium ao medicamento
(ANDRADE et al., 2015, SILVA et al., 2022).

Apos intensas pesquisas, a aprovacao da artemisinina em 1986, levou Tu Youyou Won,
em 2015, a receber o prémio Nobel em Fisiologia ou Medicina pela descoberta da nova terapia
contra a malaria (ANDRADE et al., 2015). Apesar da eficacia do tratamento, o parasita
Plasmodium passou a apresentar resisténcia ao medicamento. Em virtude dos constantes
registros de resisténcia aos antimalaricos existentes, novas espécies vegetais vém sendo
descobertas por meio de estudos etnobotanicos, e testadas biologicamente, com o intuito de
identificar novos potentes candidatos antimalaricos e renovar o arsenal quimioterapéutico da
doenca.

Na regifo da India, pesquisas etnobotanicas destacam a presenca de 51 espécies de
plantas pertencentes a 27 familias, utilizadas pela populagdo nativa para o tratamento de

maldria. Dessas espécies, Cassia fistula, Adhatoda vasica e Swertia chirata sdo as plantas
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consideradas mais populares na regido para uso antimalarico (QAYUM et al., 2016). Muitos
estudos tem sido desenvolvidos no continente africano, regido onde ocorrem a maioria dos
casos e mortes por malaria no mundo. Pesquisas feitas no sudeste da Africa, relataram 80
espécies de plantas para uso no tratamento da malaria e, apesar da auséncia de dados
etnobotanicos para muitos grupos étnicos nesse continente, foi verificado que mais de 180
espeécies ja foram documentadas em estudos antiplasmaédicos, porém, avaliacfes adicionais da
eficacia dessas plantas, tem sido pouco relatada (COCK et al., 2019). Na regido de
Mogambique, foi verificado um total de 37 espécies de plantas utilizadas para o tratamento de
maléria, sendo que trés dessas espécies Ochna kirkii, Ehretia amoena e Pteleopsis myrtifolia
foram as mais frequentemente citadas por populares (MANUEL et al., 2020).

Na regido da Africa, 61 espécies pertencentes a 33 familias foram mencionadas como
resposta ao tratamento antimalarico, sendo que a familia Caesalpiniaceae, com 7 espécies foi a
mais representada, seguida por Euphorbiaceae e Poaceae com 4 espécies. As espécies mais
citadas por populares na regido foram Newbouldia laevis, Sarcocephalus latifolius,
Acanthospermum hispidum e Senna siamea (AGBODEKA et al.,, 2016). Avaliacdes
etnobotanicas e etnofarmacoldgicas de plantas antimalaricas utilizadas por pessoas residentes
em comunidades na Nigéria identificaram 59 espécies medicinais pertencentes a 33 familias,
sendo que as espécies Azadirachta indica, Cassia fistula e Morinda lucida, foram as mais
indicadas (OLADEJI et al., 2020). Na Africa é comum o uso de plantas medicinais no
tratamento de malaria por comunidades indigenas, como mencionado por pesquisas feitas por
Tabuti et al. (2023) no distrito de Torord, na Uganda. Neste estudo, foi identificado um total de
45 espécies de plantas pertencentes a 26 familias e 44 géneros utilizados no tratamento dos
sintomas da malaria.

Nos Gltimos anos, importantes resultados foram observados nas regides da Africa, Asia
e Américas, a partir de analises com espécies vegetais. Diante disso, ensaios bioldgicos in vivo
e in vitro tém sido estabelecidos para fins de comprovacdo cientifica desses produtos naturais
e na determinacdo de fontes de valores para o desenvolvimento e/ou producdo de novos
farmacos. Apesar dos testes in vitro serem regularmente utilizados, analises in vivo, mesmo
sendo técnicas caras e demoradas, sao frequentemente requeridas para fins de triagem inicial
(MOJAB, 2012). Pesquisas em dados eletronicos, evidenciaram 182 espécies de plantas de 63
familias diferentes utilizadas no tratamento da malaria ao redor de comunidades na Uganda
(Africa), no qual 112 foram analisadas para atividade antimalarica, sendo que 96% destas
espécies apresentam resultados positivos em ambos os tratamentos, in vitro, em analises

utilizando cepas P. falciparum (CQ-S e CQ-R) e in vivo em cepas de P. berghei. Algumas
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espécies evidenciam forte atividade antimalarica, no entanto, cerca de 70 plantas (39%) ndo
apresentam registros de investigacdo (OKELLO e KANG, 2019). Ainda na regido da Africa,
de acordo com banco de dados eletronicos, 61 estudos identificaram 286 espécies de plantas
com potencial antimalérico em diferentes comunidades do Kénia, tais espécies pertencem a 75
familias botéanicas, distribuidas em 192 géneros. Das espécies identificadas, 139 (48,6%) tem
sido investigadas com atividade antiplasmodial (18%) ou antimalarica (97,1%) em cepas de
Plasmodium em testes in vivo e in vitro (OMARA, 2020).

Modelos de dados da literatura relacionados a atividade antimalérica de espécies
provenientes da Asia podem ser verificados em pesquisas feitas por Thiengsusuk et al. (2013),
no qual foram investigados 27 plantas medicinais e 5 formulagdes utilizadas na medicina
tradicional da Tailandia em testes in vitro utilizando cepas de P. falciparum (K1 e 3D7). Dos
extratos/formulacdes, 19 tiveram resultados promissores e 10 (8 extratos/2 formulagdes)
demostraram potente atividade antimalarica. Na medicina tradicional indiana, 15 espécies de
plantas medicinais sdo mencionadas por Biradar et al. (2019) em testes in vitro (cepas P.
falciparum FCK2 (CQ-S) e INDO (CQ-R)), sendo que destas mais de 50% exibiram inibicédo
do plasmadio e as demais apresentaram atividade promissora ou melhorada contra a resisténcia
das cepas testadas. Pesquisas realizadas na Africa e Asia com foco na familia Laminaceae, 31
plantas foram avaliadas para atividade antimalarica, sendo 25 avaliadas para estudos in vitro
contra P. falciparum e 10 in vivo contra P. berghei em camundongos, com resultados positivos
para ambos os testes (TIITRARESM et al., 2020).

Compostos puros derivados de plantas medicinais africanas com atividade antimalérica
foram também revisadas entre os anos de 2013 a 2019. Dos 187 compostos descritos em
atividades in vivo e in vitro utilizando cepas de Plasmodium, 30% sdo terpenoides, o que
corresponde a maioria dos produtos naturais identificados, seguido de flavonoides (22%),
alcaloides (19%) e quinonas (15%), sendo que a maioria dos compostos identificados sao
derivados de plantas da familia Rubiaceae (BEKONO et al., 2020). Pesquisa semelhante feita
por Tajuddeen e Van Heerden (2019) a partir de trabalhos revisados ao redor do mundo entre
0s anos de 2010 a 2017, identificaram 1524 compostos naturais, os quais tem sido analisado
contra pelo menos uma cepa de Plasmodium, sendo que 39% destes foram descritos como
novos produtos naturais e alguns evidenciam potente atividade seletiva contra parasitas.

Na América Latina, analises de dados etnobotanicos atualizados por Milliken et al.
(2021), verificou 2.490 registros de 1.002 espécies de plantas pertencentes a 573 géneros e 145
familias com relato de uso contra a malaria. Em andlises geoespaciais um total de 406 espécies

foram utilizadas como antimalaricas no Brasil, sendo que a maioria sdo citadas na Amazonia,
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com 164 espécies no Amazonas, 97 em Roraima, 65 no Mato Grosso e 63 no Para. A Colémbia
registrou 255, seguida do Peru com 229 e 139 nas Guianas. Em relacdo aos dados taxonémicos,
0s géneros Aspidosperma e Solanum sdo 0s que tiveram 0 maior nimero de espécies citadas
como antimalaricas, seguida por Piper, Croton e Aristolochia.

Nas Américas, Mariath et al. (2009) verificaram que 476 espécies de plantas foram
relatadas com possivel atividade antimalarica, das quais 198 foram ativas e 278 inativas para
algum tipo de Plasmodium, quando avaliados em modelos de bioensaios in vivo e in vitro em
cepas P. falciparum, P. berguei, P. gallinaceum, P. vinckei, P. lophurae, P. cathemerium e P.
yolii. A maioria dos estudos foram feitos no Brasil e nos Estados Unidos, por conta da
biodiversidade da flora que abrange estas regides. Extratos e substancias isoladas de 32 espécies
foram listadas em pesquisas feitas na América do Sul, sendo estes produtos naturais analisados
em cepas P. falciparum e P. berghei em testes in vitro e in vivo, por ensaios de inibi¢do do
crescimento de parasita e inibicao de biocristalizacdo de ferriprotoporfirina IX. Além disso, 37
moléculas tém sido identificadas a partir de fontes contra a malaria em comunidades de quimica
medicinal (CRUZ et al., 2013).

No Brasil, a floresta Amazénica ¢é a regido que detém a maioria das pesquisas com
atividade antimalarica, por conta da sua imensa biodiversidade de flora com potenciais
medicinais. No Amazonas, municipio de Barcelos, foram registradas 55 espécies pertencentes
a 29 familias botanicas utilizadas para o tratamento de malaria, sendo que a Apocynaceae,
Simaroubaceae, Asteraceae, Arecaceae e Rhamanaceae foram as familias mais frequentemente
citadas como antimaléricas. De 52 plantas identificadas, 16 ndo foram descritas anteriormente
em outras publicacdes e apenas 25 foram caracterizadas farmacologicamente (TOMCHINSKY
et al., 2017). Em S&o Gabriel da Cachoeira, no extremo norte do Amazonas, no Alto do Rio
Negro, quarenta e seis espécies de 24 familias foram mencionadas para tratamento da malaria,
destas 18 ja tém sido estudadas por suas propriedades antimalariais e 26 ndo possuem ensaios
laboratoriais em relagéo a sua atividade (KFFURI et al., 2015). Em uma comunidade ribeirinha
no Rio Mazagdo no Estado do Amapa, foram identificadas 130 espécies, das quais sete foram
citadas para uso no tratamento de malaria e cinco para dor, febre e frio, sintomas estes também
presentes no diagnostico da doenca (SARQUIS et al., 2019).

Estudos etnofarmacoldgicos, extratos e substancias isoladas de plantas
comprovadamente ativas contra o parasita da malaria na Amazonia foram abordados por Krettli
et al. (2001). Das 300 espécies selecionadas aleatoriamente, cerca de 20% foram consideradas
ativas entre 50 plantas baseadas no conhecimento tradicional. As espécies consideradas ativas

foram testadas por meio de analises in vitro de culturas sanguineas de P. falciparum e in vivo
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por P. berguei a partir de extratos de etanol, butanol, hexano e cloroférmio. Duas espécies se
destacam neste estudo, Bidens pilosa, ativa contra fases do parasita no sangue e Ampelozizyphus
amazonicus, endémica da Amazonia, a qual possui atividade esporozoita de P. gallinaceum
e/ou estagios primarios extraeritrocitarios, com reducéo significativa de parasitemia. Atividade
contra o desenvolvimento de esporozoitos em P. berguei (cepa ANKA) por A. amazonicus
proveniente da regido do Amazonas, também foi observada em testes in vivo e in vitro feitos
por Andrade-Neto et al. (2008).

O género Aspidosperma, mais conhecida como carapanadba, é tradicionalmente
utilizado no Brasil e em regides da América do Sul, especialmente na Amazonia no tratamento
de malaria e febre. Revisédo de literatura tem identificado 24 espécies de Aspidosperma, sendo
gue 19 ja tem seus extratos e/ou compostos quimicos, como alcaldides, avaliados com atividade
antimalarica e com bons resultados em testes in vivo e in vitro utilizando cepas de espécies de
Plasmodium. Dos 200 alcal6ides indolitos conhecidos dessa espécie, apenas 20 foram testados
para atividade antimalarica com inibicao parasitaria significativa (PAULA et al., 2014).

No Estado do Para, em comunidades quilombolas do municipio de Oriximina, trinta e
cinco etnoespécies correspondendo a 40 espécies de plantas foram registradas, as quais
pertencem a 23 familias botéanicas, sendo 37 géneros identificadas com potencial antimalérico,
onze destas testadas contra P. falciparum (OLIVEIRA et al., 2015). Pesquisas
etnofarmacoldgicas desenvolvidas no municipio de Portel, sub-regido do Maraj0, no Para, vinte
e nove espécies distribuidas em 18 familias foram mencionadas por comunitarios utilizadas
para prevencdo e/ou cura da malaria ou sintomas relacionados a doenca. A familia com o maior
namero de espécies citadas foi Asteraceae (27,8%), seguida da Fabaceae (22,2%), Rutaceae
(16,7%), Arecaceae (11%) e Solanaceae (11%) (KELLY et al., 2021).

2.6. ESTUDOS FITOQUIMICOS DE ESPECIES VEGETAIS ANTIMALARICAS

O interesse por produtos naturais com diversas estruturas quimicas e bioatividades
contra diversas enfermidades, tornou-se crescente nos ultimos anos pela comunidade cientifica
em diversos paises. Muitas espécies de vegetais produzem metabolitos secundarios necessarios
para sua manutencdo e defesa. Atualmente, estudos etnoboténicos e etnofarmacol6gicos
possuem papel importante na coleta de informacfes para a pesquisas de moléculas
biologicamente ativas que servirdo como modelo para a sintese de novos farmacos (GU et al.,
2014; TANAKA E KASHIWADA, 2021).

A primeira etapa da caracterizacdo quimica de espécies vegetais envolve a anélise de

extratos quanto a presenca dos grupos ou classes de metabolitos mais relevantes, o que inclui
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isolamento, elucidacdo estrutural e identificacdo (BARBOSA et al., 2006). Os compostos mais
frequentes em espécies lenhosas sdo fendis, flavonoides e derivados, terpenos, alcaldides,
compostos cianogénicos, quinonas e outros (WINK, 2013). Um dos primeiros compostos
isolados a partir de espécies vegetais foi a quinina, um alcaloide isolado da espécie Cinchona,
o qual foi o Unico principio ativo contra o parasita P. falciparum, sendo responséavel pelo
desenvolvimento dos antimalaricos sintéticos pertencentes as classes das aminoquinolinas 4 e
8, como a cloroquina, primaquina entre outras (SAXENA et al., 2003; VIEGAS-JUNIOR et
al., 2006). Apos a descoberta do alcaloide quinina, outras pesquisas tiveram como foco a busca
de espécies vegetais com presenca de alcaloides e ativas contra parasitas antimalaricos.

O género Aspidosperma, pertencente a familia Apocynaceae, tem sido extensivamente
estudada por ser rica em alcaloides inddlicos que sdo os principais metabdlitos secundarios
considerados bons marcadores quimicos taxonémicos para este género, considerando que as
atividades bioldgicas observadas nesta espécie séo atribuidas a estes compostos (DOLABELA
etal., 2012; CHIERRITO et al., 2014), além disso, muitos desses alcaloides inddlicos possuem
atividade antiplasmodial como aspidoscarpine, apparacine (CHIERRITO et al., 2014) e
ramiflorine A e B (Figura 4) (ALMEIDA et al., 2019), contra parasitas de P. falciparum. Tais
pesquisas demonstram a importancia da abordagem taxondmica na selecdo de espécies de
plantas para a triagem antimalarica e o género Aspidosperma serve como exemplo de espécies
gue merecem investigacdes aprofundadas com foco na classe de alcaloides (DE PAULA et al.,
2014).

Apparacine

Ramiflorine A Ramiflorine B

Figura 5: Exemplos de estruturas quimicas de alcaloides inddlicos provenientes de espécies do género

Aspidosperma, com atividade antiplasmddica. Fonte: Almeida et al., 2019.
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Embora espécies vegetais com presenca de alcaloides tenham demonstrado um
potencial antimalarico, produtos naturais de outras classes estruturais também evidenciam
atividade antiplasmodial, os quais pertencem a classes de terpenos, limonoides, flavonoides,
cromonas, xantonas, antraquinonas, além de outros compostos diversos e relacionados
(BATISTA et al., 2009). Kaur et al. (2009) relataram um total de 266 produtos naturais
antiplasmadicos e ou antimalaricos pertencentes tanto as classes de alcaloides, quanto terpenos,
quassinoides, flavonoides, limonoides, chalconas, peptideos, xantonas, quinonas, cumarinas e
compostos diversos, além de 37 antimaléricos semissintéticos considerados promissores.

Anaélises cromatogréficas tém contribuido de forma significativa para identificacdo de
compostos bioativos de origem vegetal (CARVALHO-COSTA et al., 2015). Para a realizagédo
de uma triagem eficiente, ensaios biologicos sdo requeridos em conjunto com métodos
cromatograficos, como cromatografia liquida de alta eficiéncia (HPLC), a qual permite a analise
rapida de constituintes bioativos de amostras complexas, em combinagdo com outros métodos
de deteccdo, tais como espectrometria de massa (MS) e ionizacdo eletrospray (ESI) que
representa uma interface bem-sucedida utilizada na configuracdo cromatografia liquida
acoplada a espectrometria de massa (LC-MS), considerado eficiente na identificacdo de
constituintes de extratos vegetais (YANG et al., 2009; BONTA, 2017). Tais métodos de
separacdo tornaram-se, atualmente, ferramentas poderosas e eficientes na deteccdo e
identificacdo de constituintes quimicos a partir de amostras vegetais, desempenhando um papel

importante na pesquisa de produtos naturais para fins de desenvolvimento de novos farmacos.

2.7. ANALISES TOXICOLOGICAS DE ESPECIES VEGETAIS ANTIMALARICAS

Plantas medicinais utilizadas para o tratamento de diversas doengas ainda sdo muito
comuns, no entanto, é importante considerar que alguns constituintes presentes nos produtos
naturais podem ser toXicos para 0 organismo humano, e pesquisas in vitro tem revelado que
muitas espécies vegetais utilizadas da medicina tradicional, sdo citotdxicas, mutagénicas e/ou
genotoxicas as células (REBOUCAS et al., 2013).

Analises de citotoxicidade sdo uma etapa inicial na verificacdo de toxicidade de uma
substancia teste e desempenham um papel crucial em preparagdes farmacéuticas, as quais
incluem analises de extratos de plantas ou compostos biologicamente ativos isolados de plantas
(CELIK, 2018). Testes citotoxicos sdo indicadores importantes no sistema de avaliagdo
bioldgica in vitro que tem como objetivo observar o crescimento celular, reproducéo e efeitos
morfoldgicos necessarios em modelos de triagem como absorcao, distribuigdo, metabolismo e
eliminacdo (ADME) (L1 et al., 2015; OSLON et al., 2000), além disso, oferecem vantagens em
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estudos pré-clinicos devido a sua elegibilidade, custo-eficacia e reprodutibilidade (BACSKAY
etal., 2018).

Dentre os ensaios de citotoxicidade, o ensaio de reducdo de brometo, o MTT (brometo
de 3-(4,5 dimetiltiazol-2-il)-2,5-difeniltetraz6lio), € um dos mais popularmente conhecidos por
ser uma técnica considerada de baixo custo, capaz de medir a morte celular, proliferacdo ou
viabilidade celular (MOSMANN, 2005; FERREIRA e SOBRAL, 2020). Diversas linhagens de
diferentes tipos celulares tem sido utilizadas em ensaios bioldgicos, e um exemplo dessas
células é a linhagem HepG2 (carcinoma hepatocelular com propriedade aderente), a qual é
considerada uma célula “imortalizada” por possuir alta capacidade proliferativa, o que torna
possivel a formacgéo de bancos celulares a partir de sua criopreservacdo e por conta disso, sdo
muito utilizadas em pesquisas como producdo de farmacos e vacinas, sendo uma alternativa
interessante em ensaios de citotoxicidade de compostos naturais bioativos e derivados
(VERTREES, 2009; SILVA et al., 2020).

O aumento continuo de anélises toxicoldgicas de substancias, estimulou o avanco e a
inclusdo de métodos de deteccdo de danos celulares. De acordo com o guia de conducéo de
estudos ndo clinicos de toxicologia e seguranca farmacologica da ANVISA (2013), estudos de
genotoxicidade tem se tornado necessarios para deteccdo do potencial de danos celulares de
substancias sob investigacdo. O Ensaio Cometa (EC) € um dos métodos in vitro considerado
complementar, porém importante e bem aplicado em estudos de genotoxicidade, o qual é capaz
de detectar danos primarios ao DNA celular (OECD, 2016). Comparado a outras técnicas, 0
Ensaio Cometa possui vantagens como sensibilidade para detectar niveis baixos de danos ao
DNA em pequenas quantidades de amostras, facilidade de aplicagéo, baixo custo, flexibilidade
do ensaio e adaptacdo a uma variedade de requisitos experimentais (OLIVE et al., 1990b;
VANDGHANOONI e ESKANDANI, 2011; CORDELLI et al., 2021).

Considerando a importancia da aplicacéo de testes toxicol6gicos em resposta a eficacia
do uso de plantas medicinais, muitas pesquisas tém sido desenvolvidas utilizando desses
métodos para validacdo e seguranca de substancias, incluindo espécies vegetais de uso
antimalarico. Um exemplo dessas analises podem ser verificadas em pesquisas feitas no
composto Aspidospermina, um indole alcaloide, proveniente da espécie Aspidosperma
polyneuron, avaliada por meio de testes de citotoxicidade e genotoxicidade em células HepG2
0 qual demostrou redugdo significativa de sobrevivéncia de células HepG2 nas concentracGes
testadas e os dados obtidos a partir dos parametros do ensaio cometa, evidenciou que a
genotoxicidade associada ao tratamento com aspidospermina por 3h de exposicdo, foi dose-
dependente, com viabilidade celular acima de 80% (COATTI et al., 2016). Aspidospermina,
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demonstra alto indice de seletividade, ou seja, alta atividade contra o parasita e baixa
citotoxicidade contra célula do hospedeiro (MITAINE-OFFER et al., 2002).

Outro estudo utilizando de analises mutagénica e genotdxica da espécie Himatanthus
articulatus, conhecida como sucuuba, utilizada na Amazdnia como farmaco fitoterapico,
demonstrou que 0s extratos, provenientes desta espécie ndo sdo genotoxicos in vivo e que
apresentam reducéo nos danos clastogénicos gerados pela inducdo do peroxido de hidrogénio
(H202) em ceélulas (REBOUCAS et al., 2013). O extrato da espécie Amasonia campestris,
proveniente do municipio de Macapa-AP, também utilizada para tratamento antimalarico,
também ndo demostrou genotoxicidade em testes in vivo, 0 que evidencia um possivel uso

seguro desta espécie, apesar da necessidade de novos testes pré-clinicos (SOUZA et al., 2019).
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Abstract

Ethnopharmacological relevance: Malaria continues to be a serious global public health
problem in subtropical and tropical countries of the world. The main drugs used in the treatment
of human malaria, quinine and artemisinin, are isolates of medicinal plants, making the use of
plants a widespread practice in countries where malaria is endemic. Over the years, due to the
increased resistance of the parasite to chloroquine and artemisinin in certain regions, new
strategies for combating malaria have been employed, including research with medicinal plants.
Aim: This review focuses on the scientific production regarding medicinal plants from Brazil
whose antimalarial activity was evaluated during the period from 2011 to 2022. 2.
Methodology: For this review, four electronic databases were selected for research: Pubmed,
ScienceDirect, Scielo and Periodicos CAPES. Searches were made for full texts published in
the form of scientific articles written in Portuguese or English and in a digital format. In
addition, prospects for new treatments as well as future research that encourages the search for
natural products and antimalarial derivatives are also presented. Results: A total of 61
publications were encountered, which cited 36 botanical families and 92 species using different
Plasmodium strains in in vitro and in vivo assays. The botanical families with the most
expressive number of species found were Rubiaceae, Apocynaceae, Fabaceae and Asteraceae
(14, 14, 9 and 6 species, respectively), and the most frequently cited species were of the genera
Psychotria L. (8) and Aspidosperma Mart. (12), which belong to the families Rubiaceae and
Apocynaceae. Altogether, 75 compounds were identified or isolated from 28 different species,
31 of which are alkaloids. In addition, the extracts of the analyzed species, including the isolated
compounds, showed a significant reduction of parasitemia in P. falciparum and P. berghei,
especially in the clones W2 CQ-R (in vitro) and ANKA (in vivo), respectively. The Brazilian
regions with the highest number of species analyzed were those of the north, especially the
states of Para and Amazonas, and the southeast, especially the state of Minas Gerais.
Conclusion: Although many plant species with antimalarial potential have been identified in
Brazil, studies of new antimalarial molecules are slow and have not evolved to the production
of a phytotherapeutic medicine. Given this, investigations of plants of traditional use and
biotechnological approaches are necessary for the discovery of natural antimalarial products

that contribute to the treatment of the disease in the country and in other endemic regions.

Keywords: Malaria, Plasmodium, medicinal plants, antimalarials
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1. Introduction

Malaria is an infectious disease caused by parasites of the genus Plasmodium. It is
transmitted by the bite of the female Anopheles mosquito when infected with Plasmodium (Tan
and Arguin, 2020). The five species that can infect humans are Plasmodium falciparum,
Plasmodium vivax, Plasmodium malariae, Plasmodium ovale and Plasmodium knowlesi. P.
ovale and P. knowlesi do not occur in Brazil. The parasite of greatest medical importance is
Plasmodium falciparum, which is the most lethal and accounts for the majority of severe
infections (90%) worldwide (Fairhurst and Wellems, 2015; Arrow et al., 2004). The main
symptom of malaria is fever, which can reach peaks of up to 40 °C. The fever cycle varies
according to the Plasmodium species, this being 48 hours for the species P. falciparum, P.
vivax, and P. ovale and 72 h for P. malariae (Ashley et al., 2018; World Health Organization,
2022; Fairhurst and Wellems, 2015).

Malaria is a disease that still has a major impact on morbidity and mortality, especially
in tropical and subtropical regions where malaria is endemic (World Health Organization,
2020). In 2021, it is estimated that there were 247 million cases of malaria in the world, most
caused by the parasites Plasmodium falciparum and Plasmodium vivax. An estimated total of
619,000 deaths were reported, with a prevalence in pregnant women and children under 5 years
of age, especially in the African region, which is the region with the highest incidence of malaria
in the world (World Health Organization, 2022). In the Americas, Plasmodium vivax is the main
cause of infections, with a percentage of 80% (Brazilian Ministry of Health, 2020). According
to the World Health Organization, in the last 20 years (2000 to 2021), cases of malaria have
reduced by 60% and the incidence of notifications by 70% (from 1.5 million to 0.6 million and
from 14 million to 4 million, respectively). Deaths reduced by 64% and the mortality rate by
73% (from 919 to 334 and from 0.8 to 0.2, respectively), most occurring in adults (78%) (World
Health Organization, 2022).

In Brazil, despite the reduction in cases in recent decades, malaria is still considered a
public health problem and epidemiological data show that, between 2011 and 2020, about 1.8
million cases were registered, which resulted in 450 deaths (Garcia et al., 2022; Brazilian
Ministry of Health, 2013), and most transmissions usually occur in the Amazon region of
Brazil, where malaria is endemic, with a percentage of 99.9% of notifications (World Health
Organization, 2022). According to the Brazilian Ministry of Health, in 2021, a total of 139,211

cases and 49 deaths were reported in the country, a reduction of 4.1% compared to the previous
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year (2020), which recorded a total of 157,457 cases. The parasite P. vivax causes the highest
number of cases in the country, which in 2021 was responsible for about 83.0% of infections
(114,449 cases), while P. falciparum and mixed malaria were responsible for about 17.0% of
infections (23,408 cases) (Brazilian Ministry of Health, 2022). Although the Amazon region
has the highest number of deaths, the extra-Amazon region registered a relative lethality that
was 123 times higher in 2019 (Garcia et al., 2022; Oliveira-Ferreira et al., 2010; Brazilian
Ministry of Health, 2020).

Brazil is one of the most biodiverse countries in the world (Flora of Brazil, 2020) and
presents a wide variety of unexplored plant species, though many have potential for the
development and innovation of new antimalarial drugs. The main drugs commonly used in
antimalarial therapy are derived from plants, such as quinine and artemisinin. However, despite
their high efficacy, the resistance of Plasmodium species to these drugs is increasing and thus
complicates disease control on a global basis (Dolabela et al., 2015; Lameira et al., 2021). In
Brazil, the first evidence of chloroquine resistance was reported in Manaus, Amazonas, in 2000
(De Santana Filho et al., 2007) and, due to this, new perspectives for antimalarial treatment and
studies aimed at reducing and controlling these infections have been developed. One valid and
promising strategy is the ethnobotanical research of medicinal plants, associated with biological
assays that attest to the antimalarial activity of these species. Since many medicinal plants are
still unknown, it is necessary to investigate them in order to identify new possible candidates
for antimalarial drugs, and thus renew the chemotherapeutic arsenal in the area.

Thus, the objective of this review was to identify the studies published in the last decade
(January 2011 to December 2022) that were carried out on plant species in Brazil in regards to
the treatment of malaria. In addition, prospects for new treatments and future research that

encourages the search for natural products and antimalarial derivatives are also presented.

2. Methodology

For this review, four electronic databases were selected: Pubmed, Science Direct, Scielo
and Periddicos CAPES, and searches were made for full texts published in the form of scientific
articles written in Portuguese or English and in a digital format. As inclusion criteria, articles
published between 2011 and 2022 were selected, taking into account the following information:
in vitro and in vivo antimalarial activity of extracts, oils, fractions, substances isolated from
samples of plant species and semi-synthetic derivatives against different strains of Plasmodium
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species. The keywords used were: ‘“antimalarial”, “natural products” “antimalarial plant”

“malaria in Brazil”. All archival findings with relevant (active) antimalarial activity and data
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from moderately active and inactive species were included. Data regarding
traditional/ethnobotanical use were not included and, moreover, chapters from books, theses or

dissertations and scientific summaries published at events were not included.

This research aimed to review the literature from the last 11 years, and this selection is
related to the implementation of the National Malaria Prevention and Control Program
(PCNMY/2003), within the scope of the Brazilian Ministry of Health, which has been working
to reduce malaria in the country. This action led to the reduction of epidemiological data and
the encouragement of funding of agencies for research into neglected diseases, resulting in the

advancement of studies with substances extracted from plants for the treatment of malaria.

3. Resistance of infectious Plasmodium species to antimalarial drugs

For many years, malaria has been endemic in several regions of Asia, Europe and mainly
in Africa, which has encouraged the search for drugs that can act in the treatment of the severe
symptoms resulting from the infection by the Plasmodium parasite and its elimination. The first
drug used for the treatment and prevention of malaria was quinine, a quinoline alkaloid that
was isolated in 1820 from the bark of trees of the genus Cinchona sp, which is native to South
America ((Oliveira and Szczerbowski, 2009; Franca et al., 2008). Antimalarial quinolines that
are structurally similar to quinine, such as chloroquine, pyrimethamine, and primaquine, among
others, have been developed. Chloroquine has been shown to be more potent and safer than
quinine against all Plasmodium species. In addition, because it is more stable, less toxic and,
especially, cheaper, chloroguine became the main synthetic antimalarial drug adopted in the
Global Malaria Eradication Program in the period 1957-1969. However, the resistance of
Plasmodium falciparum to chloroquine was reported in World Health Organization (WHO)
reports in Thailand in 1957, then in Sub-Saharan Africa and South America in 1970, which has
further contributed to the high number of deaths worldwide (Packard, 2014). The WHO then

went on to stimulate the development of new synthetic antimalarials (Sweeney, 1984).

In the 1970s and 1980s, WRAIR (Walter Reed Army Institute of Research) developed
the synthetic drugs fansidar, mefloquine and atovaquone/proguanil. However, the protozoan
very quickly generated resistance to all of them (S&, 2011). In combination with proguanil,
atovaquone, marketed as Malarone, has a satisfactory effect in pregnant women and children
and has proven to be effective in the treatment of atovaquone-resistant parasites (Belete, 2020;
Antony and Parija, 2016).
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A project on ethnopharmacology and screening of antimalarial plants of traditional use
in China was developed under the coordination of the researcher Youyou Tu, who was
subsequently awarded the 2015 Nobel Prize for Physiology/Medicine for her contribution in
the fight against malaria. In this project, 2,000 recipes used in China for malaria treatment were
catalogued, of which 200 were evaluated in rodents. Artemisia annua L. (Qinghao) was one of
the most promising species. The chemical-biological investigation of active extracts led to the
isolation and identification of artemisinin, a substance responsible for the antimalarial activity
of A. annua, according to the researcher’s communication to the team in 1971. However, the
introduction of artemisinin into therapy did not begin until 1990. The team of Chinese
researchers also synthesized semi-synthetic derivatives such as dihydroartemisine, artesunate
and artemether artemisinin, which were extracted from the species A. annua, originally from
China (Ma et al., 2020). Artemisinin has become one of the most widely used drugs in the
treatment of P. falciparum malaria. However, the resistance of P. falciparum to artemisinin,
which was first observed on the Cambodia-Thailand border in 2003, has become prevalent in
Southeast Asia and Africa (Senegal, Uganda) and has resulted in the development of an
artemisinin-based combination therapy (ACT), now recommended as the first choice for
malaria treatment. Observations have been made that resistance to ACTs, mainly AS-MQ
(artesunate-mefloquine) and DHA-PPQ (dihydroartemisinin-piperaquine), is due to artemisinin
resistance and the possibility of its transcontinental expansion is of great concern (Ashley et al.,
2014; Hanboonkunupakarn et al., 2022).

4, Malaria in Brazil

In Brazil, the mosquito vector of malaria is Anopheles darlingi, which is present in
almost 80% of the country, with a higher incidence in the Amazon region (Oliveira-Ferreira et
al., 2010). Three Plasmodium species are common in the country: Plasmodium vivax, P.
falciparum and P. malarie and, according to the Brazilian Ministry of Health, in 2021, of the
total number of notified cases, 99% (137,857) were autochthonous, with 17% (23,408) of the
cases being transmitted by P. falciparum and mixed malaria and 83% (114,449) by P. vivax and
other species of parasites (Brazilian Ministry of Health, 2022). Asymptomatic cases are
considered rare in Brazil; however, infections with non-apparent symptoms by P. falciparum
and P. vivax have been detected in the states of Ronddnia and Amazonas, which may be related
to acquired immunity resulting from repeated long-term exposure to the parasite (Tran et al.,
2005; Carlos et al., 2019). Although P. vivax is responsible for about 90% of the cases registered



35

in Brazil, P. falciparum is the main cause of most severe cases and deaths (Naing et al., 2014;
Tjitra et al., 2008; Carlos et al., 2019).

The rate of reduction in cases in 2019 was 19.1% when compared to the previous year
(2018). From January to June 2020, cases of P. falciparum malaria and mixed malaria decreased
by 16.2% (60,713 cases) and 14.4% (8,758), respectively. In the Brazilian Amazon, 99.9% of
malaria cases are concentrated in 41 municipalities, most occurring in the states of Amazonas
(16 cases — 39.0%) and Paréa (8 cases — 19.5%) (Brazilian Ministry of Health, 2020). Significant
impacts of the disease are concentrated especially in indigenous populations because they are
considered more vulnerable and reside, for the most part, in remote areas with difficult access
to health systems (Brazilian Ministry of Health, 2020). It is believed that the high rates of
transmission in the western Amazon, especially by P. falciparum, are related to the extensive
anthropogenic environmental changes; human migration between municipalities, states and
countries, which may have resulted in increased contamination density and reduced vector
control and, although most cases are considered autochthonous, importation between states may
provide the information necessary to understand the dynamics of disease transmission in the
country (Carlos et al., 2019).

The extra-Amazon region has two transmission cycles: introduced malaria that occurs
from imported cases, which are caused by P. falciparum and which is usually transmitted by
female mosquitoes of the genus Anopheles. The autochthonous malaria, called “bromeliad-
malaria”, is considered the most important and is transmitted mainly by Anopheles cruzii female
mosquitoes infected with P. vivax and P. malariae (Pina-Costa et al., 2014; Lorenz et al., 2015;
Multini et al.,, 2019). The name “bromeliad-malaria” is related to the reproduction of
mosquitoes in the water found on the leaves of plants of the Bromeliaceae family (Buery et al.,
2021). In the extra-Amazon region, there is a lower number of cases of malaria; however, severe
cases are higher in number, and lethality is greater when compared with the Amazon region.
The higher incidence of cases and deaths in the Amazon is attributed to factors such as late
diagnosis, lack of health professionals specialized in the area and the lack of knowledge of the
population in relation to the symptoms that are often confused with dengue, thus hindering
treatment, since only 19% of all cases are treated within 48 hours. It may also be attributed to
underreporting of the disease (Pina-Costa et al., 2014; Lorenz et al., 2015; Limongi et al., 2008;
Costa et al., 2012).

Regarding the treatment of malaria, combinations based on artemisinin or chloroquine

in combination with primaquine have demonstrated efficacy in the treatment of Plasmodium
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vivax, mainly in endemic areas (Melo et al., 2020). In 2019, ANVISA (the Brazilian National
Health Surveillance Agency) approved tafenoquine, which has a quinoline structure similar to
primaquine and was synthesized in the 1970s. Brazil was the first country with endemic malaria
to approve the use of this drug since it was shown to be effective in combating P. vivax in only
one dose in patients over 16 years of age, but there are still restrictions regarding its use. The
Brazilian Ministry of Health, in partnership with other national institutions, believes that the
implementation of this drug can assist in the treatment of vivax malaria in endemic regions,
which is considered an important step in the control of the disease in the country (Brazilian
Society of Tropical Medicine, 2019; Lacerda et al., 2019).

In the state of Acre and all states of the extra-Amazon region (northeast, southeast and
south), artesunate-mefloquine is used in the treatment of malaria (Oliveira-Ferreira et al., 2010).
Malaria therapy with ACT, recommended by the WHO since 2010, began with treatment in the
areas of occurrence of P. vivax, although it also presents efficacy in P. falciparum malaria,
which has encouraged the continued use of ACT for the maintenance of disease control in
endemic areas (Daher et al., 2018). In addition to the various recommendations in malaria
therapy, the emergence of parasite resistance to common drugs used in the treatment has made
it necessary to promote research programs to identify new synthetic drugs or molecules from
plant species that can contribute to the control and treatment of malaria in the country (Oliveira-
Ferreira et al., 2010). In pregnant patients and children under 5 years of age, treatment is
performed using chloroquine for three days and prophylactic chloroquine (5 mg/kg/dose/week),
since primaquine and tafenoquine are not recommended for this functional group. Primaquine
has a synergistic action with chloroquine, so, when this drug is not used, the reduction of
parasitemia may be slower and the use of prophylactic doses help in this treatment and prevent
possible relapses (Brazilian Ministry of Health, 2020; Dombrowski et al., 2022; Commons et
al., 2018).

5. Antimalarial activity of medicinal plants from Brazil

Articles published between 2011 and 2022, in Portuguese or English, on the antimalarial
activity of medicinal plants in Brazil were selected for this review. The data referenced in Table
1 refer to families and species, common names, regions where they were collected (states), the
part of the plant used for the studies, the tested sample (extract, oil, fraction and/or semi-
synthetic derivatives), experimental models (Pf (Plasmodium falciparum) strains in vitro) and

antimalarial activity (ICso/ %GI (growth inhibition)). In this review, individual plant species
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were considered to be an independent study, considering that an article may contain more than
analyzed one plant species or botanical family (Tables 1, and 2). Based on these criteria, 61
articles were found, with records of 36 botanical families and 92 different species. Of these
families, the most expressive in number of different species analyzed were Rubiaceae,
Apocynaceae (both with 14 species), and Fabaceae and Asteraceae, with 9 and 6 species,
respectively. The plant species mentioned in this review were checked using “World Flora

Online” (http://www.worldfloraonline.org).

In relation to the states with the highest number of plant collections, we can highlight
the state of Para with 30 species analyzed, followed by Amazonas with 23 species (Tables 1,
and 2). The studies on antimalarial activity that were developed in the Amazon may be related
to the percentage of records of traditional use of plant species in the region, considering that the
Amazon has a wide biodiversity of medicinal plants. The middle Negro River (Amazonas state)
is a region of interest in the search for new antimalarial compounds due to the common use of
traditional knowledge for the treatment of diseases in combination with the high biodiversity
of the region. The botanical families Simaroubaceae and Asteraceae have been mentioned in
this region and deserve investigations aimed at evaluating their antimalarial potential
(Thomchinsky et al., 2017), as well as plants belonging to the families Rhamanaceae,
Apocynaceae, Arecaceae, Solanaceae, Fabaceae (Kffuri et al., 2016). In the state of Para,
ethnobotanical studies showed that 29 plant species distributed in 18 botanical families are used
for the prevention and/or cure of malaria or treatment of malaria-related symptoms, with most
of the species mentioned belonging to the families Asteraceae (27.8%), Fabaceae (22.2%),
Rutaceae (16.7%), Arecaceae (11%) and Solanaceae (11%) (Davis et al., 2021). Another study,
also in Par4, indicated 35 records of ethnospecies that comprise 40 different species belonging
to 23 families and 37 genera identified as having antimalarial potential, and 11 selected species

belonging to these genera were tested against P. falciparum (Oliveira et al., 2015).

In the extra-Amazon region, most of the records of species with antimalarial potential
identified in this review were found in the state of Minas Gerais; a total of 37 species belonging
to the families Anonnaceae, Araliaceae, Arecaceae, Asteraceae, Apocynaceae, Bignoniaceae,
Euphorbiaceae, Lauraceae, Melastomataceae, Rubiaceae, Solanaceae and Theaceae (e.g.,
Chierrito et al., 2014; Dolabela et al., 2012; Gontijo et al., 2018; Gontijo et al., 2019a,b,c; Lima
et al., 2015; Mota et al., 2012; Santos et al., 2016; Oliveira et al., 2015). In the extra-Amazon
region, there was an improvement in the notifications of cases and deaths; however, as it is not
considered an endemic region for malaria, prevention measures are still neglected by the health

system of the states in the area, which results in inaccurate diagnoses and inappropriate
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treatments. The symptoms of the disease are usually nonspecific, which makes preventive

action in the treatment of the infection difficult (Brazilian Ministry of Health, 2022).

In Latin America, several plant species have been reported as having antimalarial
properties. In Colombia, 255 species were reported to be used as antimalarials, followed by
Peru with 229, and 139 in the Guianas. Brazil represents the country with the highest number
of species with antimalarial use (406), the majority cited in the Amazon region, with 164 in the
state of Amazonas, 97 in Roraima, 65 in Mato Grosso and 63 in Para. Of the botanical families,
the most representative are Fabaceae with 101 species, followed by Asteraceae (90), Rubiaceae
(86), Apocynaceae (41) and Solanaceae (33). Regarding the genera, Aspidosperma and
Solanum stand out for having the largest number of species used as antimalarials (19 species)
(Milliken et al., 2021).

Compared to other endemic countries, such as those of the African continent, where
most cases and deaths from malaria occur, many ethnobotanical studies have been carried out
with plant species recognized for their effectiveness in the treatment of malaria. In the Tororo
district of Africa, a total of 45 plant species belonging to 26 families and 44 genera have been
mentioned for use in the treatment of malaria. The most representative botanical families in this
study were Fabaceae (17.8%), Asteraceae (8.9%), Laminaceae and Rutaceae (6.7%), with the
species Vernonia amygdalina Delile, Chamaecrista nigricans (Vahl.) Greene, Aloe nobilis (L.)
Burman., Warburgia ugandensis Sprague, Abrus precatorius L., Kedrostis foetidissima Cogn.,
Senna occidentalis L., Azadirachta indica, and Mangifera indica L. being cited by six or more
people (Tabuti et al.,, 2023). Ethnobotanical and ethnopharmacological evaluations of
antimalarial plants used by people residing in communities in Nigeria identified 59 medicinal
species belonging to 33 families (Oladeji et al., 2020). In India, the presence of 51 species of
plants belonging to 27 families, used by the native population for the treatment of malaria,
stands out. Of these species, Cassia fistula, Adhatoda vasica and Swertia chirata are the plants

that are considered most popular in the region for antimalarial use (Qayum et al., 2016)
5.1. Families and botanical species in research using in vitro experimental models

Over the years, biological assays have been established for the purpose of scientific
proof of extracts and active substances from medicinal plants of traditional use for the
development of new antimalarials. In vitro assays are more widely used with a view to greater
ease of execution and, therefore, are more frequently performed for the purpose of initial
screening of medicinal plants and natural products (Mojab, 2012). Since Trager and Jensen
(1976) reported a new method for the development of continuous in vitro culture of P.
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falciparum in human erythrocytes, different methodologies have been introduced (Fidock et al.,
2004; Sinha et al., 2017). One of the most widely employed technigues is the enzymatic assay
using lactate dehydrogenase (pLDH), which is highly sensitive (Mackler et al., 1993) and can
detect the parasite at low levels of parasitemia (<0.005%). This assay allows one to determine
the susceptibility profile of P. falciparum to plant extracts, the fractions resulting from the

fractionation of extracts and isolated substances.

Seven different Plasmodium strains have been used as experimental models for analysis
of plant species in order to establish their efficacy in relation to the percentage reduction of
parasitemia. The strains used were W2 and K1 (chloroquine resistant - CQ-R), 3D7, Dd2, HB3,
NF54 and D6 (chloroquine sensitive - CQ-S), and in vitro assays were the most common in the
studies (Table 1). Of the species analyzed, including individuals of the same species in different
publications, the W2 chloroquine-resistant strain (CQ-R) was the most commonly found in in
vitro assays (total of 88), followed by K1 CQ-R (total of 17) and 3D7 CQ-S (total of 18) (Table
1). The Indochina clone W2 is one of the strains of P. falciparum that presents high resistance
to all common antimalarial agents, such as chloroquine and derivatives. This is related to its
genetic characteristics, which can modify mechanisms capable of generating observable
phenotypic resistance to a new drug (Rathod et al., 1997). Because of this, this strain is

considered one of the most viable and frequently used in assays of antiplasmodial activity.



Table 1: In vitro antiplasmodial activity of extracts, fractions and semi-synthetic derivatives of Brazilian medicinal plants
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ _Seml Pf Antiplasmodial activity References
name synthetic derivatives strains
occurred
Erva-de-
Santa-Maria,
. EtOH / H.0 70% w2

Amaranthaceae Chenopodium mentrasto, Cysne et al.

ambrosioides L. mastruz Maranhéo leaf extract (1:5) 3D7 1Cs0 25.4 pg/mL (MA) (2016)

ICso (B) 36.6 pg/mL (1) (1)
>50(2-3) ()
K1 1Cs0 (L) 43.9 pg/mL (1)
CHCI3 (1) / EtOH (2) / H20 (3 >50(2) (I

Anacardiaceae Anacardium S (2)7H:0 (3) w2 @0 Limaetal.

occidentale L. Cajueiro Maranhéo bark and leaf extracts 45ug/mL (3) (D (2015)

EtOH Lo
Oliveira et
Mangifera indica L.  Manga grande Para bark extract W2 I1Cs0 > 50ug/mL (1) al. (2015)
. ) . CHCIs (1) / H,0 (2) / EtOH (3) K1 I1Cs0 7.3 pg/mL (1) (A) )

Annonaceae Xylopia amazonica Envira Limaetal.

R.E.Fr. sarassara Amazonas leaf and branch extract W2 10.5 pg/mL (2) (MA) (2015)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
>50 (3) ()
1Cs0 19.5ug/mL (1) (MA)
>50 (2) (I)
9.8ug/mL (3) (A)
CeH14 1Cs5083.4 uM > 80% (13) (MA)
Unripe fruit extract 94.5 uM - 60% (23) (MA)
Envira-preta,

. L xylopic acid derivates 56.3 uM > 70% (25) (MA)

Xylopia frutescens pindaiba- Santos et al.
Gaertn. branca Para (11-13,24-27) W2 <50% (11, 12, 24, 26, 27) (1) (2016)
EXS EtOH (1) / fractions CHCI3
(2) /'insoluble (3) / H,0 (4) /
0,
Chapéu de sol, CeHu (5) / MeOH-H,0 (9/1) (6) ICs0 86.5% (1) (A)
pimenta de / MeOH-H,0 (9/1) / F3 (7) / 53.0% (7) (MA)
macaco, EXS F MeOH-H,0 (9/1) / Alk
. o 61.0% (10) (MA) N
Xylopia sericea pindaiba (8) / EXS Alk 2°/3° (9) / EXS Gontijo et al.
A.St.-Hil branca Minas Gerais Alk 2°/3°/F28 (10) — leaf w2 (2-6;8-9) () (2018)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
essencial oil (EOXS) (1) /
%Gl: 24% (1) (1)
DCM extract (EXS DCM) (2) /
55.5% (2) (MA)
DCM/FT7 (3) / EXS
74% (3) (A) N
DCM/F7/F3, F5, F8, F27, Gontijo et al.
F9/F4, FO/F8, FO/F9 (4) / w2 >50% (4) (MA) (2019a)
Pindaiba,
. EXS DCM/F7/F9 (5) / 87% (5) (A)
pimenta-de-
macaco Minas Gerais EXS DCM/F7/F20 (6) — leaf 86% (6) (A)
Pindaiba, EXS DCM (1) / EXS DCM/F2
. %Gl: 55.5 % (1) (MA) y
pimenta-de- (2)  EXS DCM/F2/F26 (3) / Gontijo et al.
macaco Minas Gerais EXS DCM/F2/F26/F4 (4) — leaf W2 >50 % (2 -4) (2019b)
CLso (ug/ mL1): > 100 (1) (1)
10 < CLsp< 100 (2) (MA)
CeHaa (1) / EtOH (2) stalk
>100 (3) (1) (1)
. . extract
Montrichardia
. CLso <10 pg/ mLt (4) (A)
Araceae linifera (Arruda) CesH14 (3) / DCM (4) / C4HgO2 Amarante et
Schott Aninga Para (5) / MeOH (6) fractions Dd2 10 < CLsp < 100 pug mL? (5) (MA) al. (2011)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
CLso< 10 (6) (A)
Schefflera calva
. L EtOH / EtOH-H,0 / H,0O .
Araliaceae (Cham.) Frodin & Embiruto, Gontijo et al.
Fiaschi mandioqueira  Minas Gerais leaf extract W2 %GI < 50% (1) (2019c)
Total phenolics (1) /
. . % 1: 76.5% - 65.1% (10mg/L)
nonanthocyanin phenolics (2) /

total anthocyanins (3) fractions HB3 65.8% - 61.7% (20mg/L) (2) (MA) .
Arecaceae Euterpe oleracea Ferreira et
Mart. Acai Minas Gerais Acai pulp Dd2 1/3(D) al. (2019)

EtOH -
Oliveira et
Acai Para root extract W2 I1Cs0> 50 pg/mL (1) al. (2015)

. ) Essential oil
Asteraceae Vanillosmopsis Mota et al.
arborea Baker Candeeiro Ceara Leaf K1

1Cs0 7 pg/mL (A) (2012)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
CsHu4 I1Cs0 19.7 UM - > 90% (10) (A)
Aerial parts extract 53 UM - > 50% (20) (MA)
Arnica-do-
. ) kaurenoic acid derivatives 94.5 uM - > 50% (23) (MA)
Wedelia paludosa mato, arnica- Santos et al.
DC. do-brejo Minas Gerais (8-10,19-23) W2 <50% (8, 9, 19, 21, 22) () (2016)
1Cs50 8.2 uM (4) / 8.8 UM (5) (A)
9.6 UM (7) / 10.4 uM (8) (A)
6.9 uM (9) /5.4 uM (21) (A
E1OH HM (9) HM (21) (A)
8.4 uM (22) (A
Aerial parts extract HM (22) (&)
L 34.7 uM (11) / 33.1 pM (13%/13b)
ent-kaurane derivatives (8 —
MA
Arnica-do- 10b, 13a, 13b, 14, 15, 21-23); (MA) Batista et al.
mato Minas Gerais 7,11,12 and 24 W2 > 100 (14, 15, 18, 20, 23, 24) (1) (2013)
Carrapicho
bravo,
carrapicho
. A . EtOH
Xanthium cavanillesii grande, Rio Grande do Taranto et
Schouw abrolho Sul fruit extract W2 ICsp 65.8 pg/mL (A) al. (2016)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
Peroba-de-
. . EtOH
Aspidosperma minas, peroba-
. w2 1Cs0 44.0 / 39.0 pg/mL (A)
Apocynaceae cylindrocarpon rosa, peroba- trunk wood extract (ETOH-P- Dolabela et
Mull.Arg. iquira Minas Gerais Tr) 3D7 ICgq0 104.5 / 89 pug/mL (A) al. (2012)
1Cs023.68 pg/mL (1) (MA)
9.93 pg/mL (2) (A)
15.82 pg/mL (3) (MA)
EtOH 70% / H,0O
12.78 pg/mL (4) / 8.75 pg/mL (5)
trunk bark extract (1:10) (A)
ELAe (1) / ELAe-Alk (2) / Ae- 34.17 pg/mL (6) (1)
Alk (3) / Ae-Alkl (4) / Ae-Alk2
13.18 pg/mL (7) / 12 pg/mL (8) (A)

(5) / Ae-Alk3 (6) / FALKk 1 (7)/
Aspidosperma FALK4 (8) / FALK 7 (9)/ 18.3 pg/mL (9)/ 18.52 pg/mL (10) Nascimento
excelsum Benth. Carapanauba Para FALK10 (10) W2 (MA) et al. (2019)
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Family

Species

Common

name

State where
collection
occurred

Extract/ Fraction/ Semi-
synthetic derivatives

Pf
strains

Antiplasmodial activity

References

Aspidosperma
nitidum Benth.

Aspidosperma

olivaceum Mll.Arg.

Carapanauiba

Carapanaiba

amargoso,
guatambu-
amarelo,

peroba-rosa

Amazonas

Para

Parana

EtOH (1) — wood bark extract /
MeOH-A (2)/B(3)/C (4) -
bark extract. Fractions: MeOH-
C/FO I (5)/FO IV (6)/
precipitate (7) /

EtOH (8) / CsHeO (9) / H20
(10) — leaf extract. EtOH (11) /
H20 (12) —branch extract.

EtOH
stem bark extract (EEAN — 1)
alkaloid fraction (FAAN — 2)
neutral fraction (FNAN — 3)
MeOH - bark extract (1).
Fractions: acid (2) / neutral (3) /

basic (4) / neutral precipitate
(NP) (5)/

MeOH - leaf extract (6)
Fractions: basic residue (7) /

acid fraction (8)

W2

W2

W2

ICs04.6 — 12.4 pg/mL (1 — 4) (A)

1.6-5.5/2.3-7.6 pg/mL (5 7)
(A)

22— 25.3 pg/mL (8) (MA)

ICs0> 50 (9 — 12) (1)

1Cs0 3.6 pg/mL (1) (A)

2.32 ug/mL (2) (A)

3.34 pg/mL (3) (A)

I1Cs0 10.6 — 9.9 ug/mL (1) (A)

2.0-6.7/2.2-5.5 pg/mL (2 - 5)

(A)

7.2 -9.2 pg/mL (6) (A)

Coutinho et
al. (2013)

Brandao et
al. (2020)

Chierrito et
al. (2014)
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Common State where . .
Family Species collection Extract/ Fraction/ Semi- PT Antiplasmodial activity References
name synthetic derivatives strains
occurred
45-8.5/2.0-5.3 ug/mL (7 - 8)
(A)
DCM-S-L — ETOH- S-L — leaf 1Cs0 5.0 — 7.0/ 5.0 — 25.5 pg/mL
. DCM-S-Tr — trunk wood (A)
Guatambu- )
W
marfim, DCM-S-B — ETOH-S-B — trunk ICy 23 — 26.5/ 24.5 — 49.5 png/mL Dolabela et
pequid-marfim  Minas Gerais bark 3D7 (AIMA) al. (2012)
Guatambu,
pequia-
. ) ETOH-P-B w2 ICs0 32.75 — 20.5 pg/mL (A)
Aspidosperma marfim, Dolabela et
parvifolium A.DC. peroba Minas Gerais Trunk bark extract 3D7 1Cqo 74.5 — 38 pg/mL (A) al. (2012)
1Cs0 10.11 pg/mL (A)/ 32.75 -
20.51 pg/mL (MA)/ 42,5 - 38.2
Hg/mL (1) (A)
8.0 pg/mL (A)/ 0.98 — 7.63 pg/mL
EtOH — bark extract (EEAP) (1)
(A)/ 0.43 — 43 pg/mL (2) (A/MA)
Peroba, pau- )
. Alkaloid (EEAPA) (2)
pereira, 38 pg/mL (MA)/ 15 —17.5 pg/mL Dolabela et
guatambu Minas Gerais Neutral (EEAPN) (3) 3D7 (A)/ 9.71 - 18.2 pg/mL (3) (A) al. (2015)
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Family Species

Common

name

State where
collection
occurred

Extract/ Fraction/ Semi-
synthetic derivatives

Pf
strains

Antiplasmodial activity

References

Aspidosperma

pyrifolium Mart.

Aspidosperma

ramiflorum Mall.Arg.

Carapanatba

Carapanatba

Matambu,
guatambd,

guatambdu-

Alagoas

Parana

Minas Gerais

Stem bark (AP1) 1/ stem (AP4)
2 / root bark (AP9) 3 / roots
(AP12) 4 / leaf EtOH 5 extract.
Fractions: organic (C4HsO2)
(AP3) 6 / H,O (AP2) 7 / organic
(C4Hs02) (AP5) 8/ alkaloid-rich
(AP5F.ALC) 9/H-0
(AP5F.AQ) 10 / BUOH (AP6)

11/H,0 (AP7) 12

MeOH — acid (1) / neutral (2) /
basic (3) / neutral precipitate (4)
/ methanolic residue (5) / non
soluble (6) / H.O (7) — stem
bark extract MeOH (8), C3HsO

9) -

leaf extract

ETOH-P-L - DCM-S-L — leaf
ETOH-P-Tr / DCM-S-Tr /

W2

W2

3D7

W2

ICs0 3pg/mL (1) / 9 pg/mL (6) / 6
pg/mL (8) /5 pg/mL (9) (A)

17 pg/mL (2) / 14 pg/mL (3) /

18 pg/mL (4) / 12 pg/mL (5) / 20
Hg/mL (7) (MA)

>50 (10)/>40 (11) /27 pg/mL
(12) (1

I1Cs0 0.5 — 3.8 pg/mL/
0.7-3.1 pg/mL (1 -6) (A)

1.7 - 3.6 ug/mL / 1.4 pg/mL (9 /10)
(A)

>50 (7) (1)

ICso 19.7 — 36.5/ 0.98 — 48 pg/mL
(AIMA)

1Ce030.7 — 61.7/ 16 — 60.5 pg/mL

Ceravolo et
al. (2018)

Aguiar et al.
(2015)

Dolabela et
al. (2012)
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Common State where . .
Family Species collection Extract/ Fraction/ Semi- PT Antiplasmodial activity References
name synthetic derivatives strains
occurred
amarelo ETOH-S -Tr — trunk wood (AIMA)
DCM- S-B — trunk bark
I1Cs0 6.0 pg/mL (1) (A)
2.5 pg/mL (2) (A
EtOH (1) / DCM (2) / BUOH (3) MO @®)
/ HO (4 2.5 pg/mL (3) (A
Aspidosperma () MO 3 A Oliveira et
rigidum Rusby Carapanatba Para bark extract W2 10.2 pg/mL (4) (A) al. (2015)
Amargoso,
ETOH-P-L — DCM- S-L - leaf
peroba,
ETOH- P-Tr/ DCM- S-Tr/ 1Cs0 23.2 — 65/ 14 — 41.5pg/mL
Guatambu-
. . CLOR-P-Tr — trunk wood (AIMA)
Aspidosperma rugoso, quina- W2
spruceanum Benth. da-mata, ETOH-P-B/ETOH-P-B/ 1Cq0 47 — 52/ 28.5 — 63.5 pg/mL Dolabela et
ex Mill.Arg. pequia-marfim  Minas Gerais ETOH-S-B — trunk bark 3D7 (AIMA) al. (2012)
. I1Cs0 20.5 - 26.5/3.0 — 38.5 pg/mL
Pau-pereira- A
do-campo, ETOH-P-Tr — trunk wood / W2 )
Aspidosperma pereiro-do- ETOH-P-L — leaf / ETOH-P-F - ICg0 37.5 —54.7/ 27 - 61 pg/ml Dolabela et
tomentosum Mart. campo Minas Gerais fruit; ETOH-P-Se — seed 3D7 (A/IMA) al. (2012)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
9-bromoellipticine (6) ca. 3:1 +
7,9-dibromoellipticine (7)
9-nitroellipticine (9) 1Cs50 0.2 - 0.3 pg/mL (6 —7) (A)

. 7-nitroellipticine (10) K1 0.2 pg/mL (9) (A) .
Aspidosperma Montoia et
vargasii A.DC. Carapanauba Amazonas ellipticine derivatives W2 3.9-4.9 yg/mL (10) (A) al. (2014)

EtOH (EEHa) (1)
DCM Ha (2) — stem bark
Alamanda,
. extract.
Himatanthus alamanda-de-
. 1Cs0 22.9 pg/mL (2) (A) Vale et al.
articulatus (Vahl) flor-grande, FrDCM (3) / FrAcOET (4) /
Woodson orélia Para FrMeOH (5) fractions. W2 >50 pg/mL (1,3 -5) (1) (2015)
Lupeol propargyl ether (13)
Amapazeiro,
) ) ) 1,2,3-triazole lupeol derivatives
Parahancornia amapaé de leite,
. . ) (14a-e) ICs0 62.4 umol Lt (13) (MA) .
fasciculata (Poir.) amapa Borgati et al.
Benoist amargoroso Pard DCM - bark W2 ICs0 > 200 pumol Lt (14a-e) (1) (2017a)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
HNQs (6a—h) (1) / FNQs
(ortho -7a-h) (2) / FNQs (para — ICs0 11.65 umol-L™* (8c) / 18.78
8a-h) (3) / umol-L~* (8f) / 19.91 umol-L(7h)
: (A)
Lawsone glycidyl ether (9) (4) /
ANQ:s (10a—c) (5) derivatives - ICs < 50 umol-L 1 (6f — 6h) (MA)
lapachol .
ICs0 < 30 umol-L " (7a-c, 7e-f, 7Th/  Borgati et al.
Bignoniaceae Tabebuia sp Ipé Minas Gerais Timber residues — extract W2 8a-d, 8f-g) (I) (2017b)
1Cs0 < 10 }J.M
(11,13 -17, 20, 22, 23, 25, 26) (A)
Naphthoquinonolyl -1,2,3-
4 uM (13) /4.6 uM (14) /4.1 pM
triazole derivatives - lapachol
(25)
Ipé amarelo, (7-11,13-28)
o ICso> 10 UM (7, 18, 19, 24, 27,28)
Handroanthus ipé-tabaco,
o Na,COs solution 2.5% (A) .
serratifolius (Vahl) pau-d‘arco- Brand&o et
S.0.Grose amarelo Minas Gerais Trunk wood W2 ICso > 104.6 uM (21) al. (2018)
Mofumbo,
carne-de-vaca, 1Cs50 12.2 L) (A
o EtOH 99% — CLCIE (EtOH) (1) Ce0 12.20 pg/mL- (2) (A)
cipoaba,
/ CLHE (C¢Hus) (2) / CLCIE 11.46 pg/mL (4) (A) -
Combretaceae Combretum leprosum pente-de- Passarini et
(CHCI3) (3) / CLEAE (C4Hs0,)
Mart. macaco Ceara W2 5.89 pg/mL (5) (A) al. (2017)

(4) | CLME (MeOH) (5) -
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
flower extract I1Cs0 25.25 /3.97 pg/mL (1 - 3) (1)
Operculina
o H20 L
Convolvulaceae hamiltonii (G.Don) Oliveira et
D.F.austin & Staples Batatéo Para Potato extract W2 1Cs0 > 50 pg/mL (1) al. (2015)
Oil W2 ICs0 1.21ug/mL (A
Cyperus articulatus * MO ) Silva et al.
. , . 4
Cyperaceae L. Priprioca Para Rhizome 3D7 2.30 pg/mL™* (A) (2019)
EtOH 96% W2 I1Cs0 1.21 pg/mL (A) .
Assis et al.
Priprioca Para Rhizome extract 3D7 1Cs0 1.10 pg/mL (A) (2020)
%Gl: 51.5% (1) (LA)
89 — 100% (F4 — F6) (A)
Tapia,
. > 50% (BF, F3) (MA)
Alchornea tamanqueiro, EtOH (1) — leaf extract / DF,
glandulosa Poepp. &  tapia-mirim, EAF, BF, WF, BF/F1 - F7 <50% (DF, EAF, WF, F1,F2, F5,  Gontijo et al.
Endl. caixeta Minas Gerais fractions W2 F6) (1) (2019c)

Euphorbiaceae
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
Canela de
cunh@,
] . Essencial oil
Croton zehntneri Pax canelinha, Mota et al.
& K.Hoffm. canela-brava Ceara Leaf K1 I1Cs0 15.20 pg/mL (MA) (2012)
ICs0 (B) 29.1 pg/mL (1) (1)
17.2 pg/mL (2) (MA)
> 50 pg/mL (3) (1)
CHCI; (1) / EtOH (2) / H20 (3) ICso (L) 11.3 pg/mL (1) (MA)
. bark (B) and leaf (L) extract W2 16.3 pg/mL (2) (MA) .
Croton cajucara Limaetal.
Benth. Sacaca Amazonas (white variety — WV) K1 > 50 pg/mL (1) (2015)
ICso (B) 32.2 pg/mL (1) (1)
CHCls (1) / EtOH (2) / H20 (3) > 50 pg/mL (2/3) (1)
bark (B) and leaf (L) extract ICso (L) 6.4 pug/mL (1) (A)
(red variety — RV) w2 13.3 yg/mL (2) (MA) Lima et al.
Sacaca Amazonas K1 > 50 pg/mL (3) (1) (2015)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
EtOH / H20 (95:5 v/v)
) ] o ICs0 1.56 mg/mL (3) / 1.15 mg/mL
Semi-synthetic derivatives (2 -
(4) 70.35 mg/mL (5) / 1.70 mg/mL
8) — 4 nerolidylcatechol
(6) (A)
- A catechol (9) / nerolidol (10) )
Jatropha ribifolia Pinhdo manso, 11.24 mg/mL (2) /8.88 mg/mL/ 7 -  Pinto et al.
(Pohl) Baill. pinhéo rasteiro Paraiba Aerial parts extract 3D7 10 (MA) 6 (1) (2014)
Oleoresin
-caryophyllene (1 W2 1Cs0 1.66 pg/mL (A
Copaifera reticulata (-caryophy @) * Mg ) De Souza et
Fabaceae Ducke Copaiba Para p-bisabolene) (2) 3D7 2.54 pug/mL (A) al. (2017)
EtOH/H,0 (50%) CE (1) — stem
bark extract. H,O (F1) / C4Hs0O>
(F2) / EtOH/H20 50% (F3) / I1Cs0 4.84 — 3.41 pug/mL (1) (A)
EtOH 100% (F4) / MeOH-H-0
- . 3D7 <5 pg/mL (F2 - F6) (A)
Caesalpinia pluviosa 50% (F5) / MeOH 100% (F6) / Kayano et
DC. Sibipiruna Parana C3HeO/H20 70% (F7) fractions S20 > 10 pg/mL (F1/ F7) (1) al. (2011)
Derris floribunda Limaetal.
(Benth.) Ducke Timbo Amazonas CHCl3 (1) / H20 (2) / MeOH (3) W2 ICs0 (B) > 50 pg/ml (1 -3) (1) (2015)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
bark (B) and leaf (L) extract K1 ICso (L) 47.4 pg/mL (1) (1)
27.5 pg/mL (2) (1)
> 50 pg/mL (3) (1)
fava-de-
. . CeHu4
Dipteryx lacunifera morcego, Alexandre et
Ducke garampara Piaui Fruit extract (Et2O phase) W2 %I: 89.46 (A) al. (2020)
Machaerium ferox
EtOH Lo
(Mart. Ex Benth.) Oliveira et
Ducke Saratudo Para stalk extract W2 1Cs0 20 pg/mL (MA) al. (2015)
CHCIz (1) / H20 (2) / MeOH (3) W2 .
ICs0 > 50 pg/mL (Band L) (1 - 3) Limaetal.
Parkia nitida Migq. Faveira Amazonas bark and leaf extract K1 Q) (2015)
ICs0 6.88 ug mL* (1) (A
H.0 (PI-E) — leaf extract (1) / 0 6.88 pg mL= (1) (A)
. . 1.83 ug mL? (2) (A)
Poincianella pluviosa C4Hs0; (P1-A) (2) / H.0 (P1- De Souza et
(DC.) L.P.Queiroz Sibipiruna Rio de Janeiro Aq) (3) fractions W2 > 50ug mL1 (3) (1) al. (2018)
Cassia-do-
Senna spectabilis nordeste,
) 3 EtOH 95% — leaf extract I1Cs0 24.47 uM (3) (MA) .
(DC.) H.S.Irwin &  canafistula-de- Pivatto et al.
Barneby besouro Séo Paulo Semi-synthetic derivatives: 3D7 25.14 uM (4) (MA) (2014)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
—)-3-O-Acetylcassine (3)
(-)-3-O-Acetylspectaline (4)
MeOH - root extract (1) / CHCIs
—root fraction (2) / EtOH — leaf 1Cs0 10.5pg/mL (2) (MA)
Rocha-e-
extract (3) / CHCI; — leaf )
. . . . 35.8ug/mL (4) (LA) Silva et al.
Gentianaceae Tachia grandiflora Taquia de fraction (4) / H,0O — root extract
Maguire & Weaver folha grande Amazonas (5) K1 > 50ug/mL (1, 3, 5) (1) (2013)
. H.0 L
Endopleura uchi Oliveira et
Humiriaceae (Huber) Cuatrec. Uxi-liso Para bark extract W2 I1Cs0 > 50 pg/mL (1) al. (2015)
Nectandra Canela branca,
o . EtOH / EtOH-H,0 / H,0 .
Lauraceae oppositifolia Nees & canelinha, Gontijo et al.
Mart. louro Minas Gerais Leaf extract W2 %Gl <50% (1) (2019c)
. EtOH / EtOH-H,0 / H,0 .
Ocotea odorifera canela- Gontijo et al.
(Vell.) Rohwer sassafras Minas Gerais Leaf extract W2 %G1 <50% (1) (2019c)
: Castanheira Para EtOH W2 ICs0 4.5 pg/mL (F) (A
Lecythidaceae Bertholletia excelsa 089 H B &) Oliveira et
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
Bonpl. Fruit (F) bark (B) extract 2.0 yg/mL (B) (A) al. (2015)
bast — Sap (S) 7.5 pg/mL (S) (A)
. o CHCI; (1) / EtOH (2) / H20 (3) W2 .
Malpighiaceae Stigmaphyllon Cip6 asa de ICso > 50 pg/mL (1 -3) (1) Limaetal.
sinuatum A.Juss. gafanhoto Amazonas Leaf extract K1 (2015)
1Cs0 (L) > 50 pg/mL (1/3) (1)
26.2 pg/mL pg/mL (2) (1)
ICso (B) 13.5 pg/mL (1) (MA)
CHCIs (1) / H20 (2) / MeOH (3) W2 21.2 ug/mL (2) (MA) .
Limaetal.
Melastomataceae Clidemia bullosa DC. Caiuia Amazonas leaf (L) and branch (B) extract K1 > 50 (3) pg/mL (1) (2015)
ICs0 (B)13.3 pug/mL (1) (MA)
> 50 pg/mL (2/3) (1)
I1Cs0 (L) 12.4 pg/mL (1) (MA)
L CHCIs (1) / H20 (2) / MeOH (3) W2 10.2 pg/mL (2) (MA) .
Miconia nervosa Limaetal.
Triana Miralba Amazonas bark (B) and leaf (L) extract K1 9.9 ug/mL (3) (A) (2015)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
%GlI: 53 % (1) (LA)
L EtOH (1) — leaf extract 56 % (BF) (LA) y
Miconia latecrenata Gontijo et al.
Naudin Pixiricdo Minas Gerais DF, EAF, BF, WF fractions W2 < 50% (DF, EAF, WF) () (2019c)
il -
Oliveira et
Meliaceae Andiroba Para Seed W2 I1Cs0> 50 pg/mL (1) al. (2015)
ICs0 8.2 — 3.1pg/mL — 100% (1/2)
(A)
ICso > 82 pg/mL (31%) (LA)/
9.4 pg/mL (71%)/ 8.4 pg/mL (88%)
1) A)
Oil (AO) (1) 2.8 ng/mL (56%) / 2.4 pg/mL Miranda-
. L . W2 (64%) Junior et al.
Limonoid-rich fraction (LRF)
Andiroba Para 2 Dd2 0.4 pg/mL (82%) (2) (A) (2012)
1Cso
Camu-camu,
Myrciaria dubi ) 100% H,0 / 100% EtOH / 50% W2 15 pg/mL < ICsp <50 ug/mL (MA) c |
rciaria dubia cagari, araca armo et al.
Myrtaceae y A, are H.0 + 50% EtOH / 25% H,0 +
(Kunth) McVaugh dagua Séo Paulo 3D7 24.2 — 240.8 pL/mL (LA) (2020)

75% EtOH / 75% H20 + 25%
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
EtOH > 50 pg/mL (LA)
Seed extract
Camu-camu,
. , DCM _
cagari, araca Correia et al.
dagua Tocantins Leaf extract W2 I1Cs 2.35 (1.05) pg/mL (A) (2016)
. . . DCM - leaf (L) (1) %R: 50 — 100% (1) (MA) .
Minquartia Acariquara, Cursino et
Olacaceae guianensis Aubl. acari, araritiba Amazonas DCM branch (B) (2) extract W2 Inactive (2) (MA) al. (2012)
. . L. Essential oil
Piperaceae Piper claussenianum Espirito Santo Marques et
C.DC. Jaborandi Rio de Janeiro Inflorescence (1) W2 1Cs0 7.9 pg/mL (1) (A) al. (2015)
FMeOH (1) / FCH.CI, (2) /
FBUOH (3) / FAcoEt (4) / ICs0 2.65 pg/mL (7) (A)
Spathulenol rich fraction (5) / 24.79 pg/mL (5) (MA)
CeH14 (6) / essential oil (7 25 —50 pg/mL (2) (LA
Piper lucaeanum Espirito Santo oHua (6) ) HO @ LA Marques et
Kunth Jaborandi Rio de Janeiro aerial parts W2 > 50 pg/mL (1, 3, 4, 6) (1) al. (2015)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
Crude extract (1) / CH.Cl,
Pariparoba, fraction (2) / Hydromethanol
aguaxima, fraction (3) — aerial parts Bagatela et
Piper umbellatum L. caapeba Sio Paulo (EtOH) D6 % I < 84/ <72/ <47 (1) al. (2013)
1Cs0 > 50 pg/ml (1) (1)
. CHCI3(1) / H20 (2) / MeOH (3) W2 45.4 pg/ml (2) (1) .
Poaceae Andropogon Capim- Limaetal.
leucostachyus Kunth colchéo Amazonas aerial parts extract K1 7.1 pg/ml (3) (A) (2015)
1-G-DCM (1) / 1-G-MeOH (2) /
2-G-DCM (3) / 2-G-MeOH (4)
/
1-G -MEOH-F-DCM (5)
1-G-MEOH-F-ACOET (6)
1-G-MEOH-F-H-MEOH (7) 1Cs0100% / 13.66 pg/ml (2) (A)
2-G-MEOH-F-DCM (8) 100% / 5.79 pg/ml (4) (A)
2-G-MEOH-F-ACOET (9) > 90%/ 7.05 pg/ml (5) (A)
. o 2-G-MEOH-F-H-MEOH (10) 25-50 (6 — 8) (LA)
Piranhea trifoliata Pedroza et
Picrodendraceae Baill. Piranheira Para Twig extract W2 <50% (1,3,7,9,10) (1) al. (2020)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
1Cs013.79 — 14.63 pg/mL (2) (A)
CeHaia (1) / CHCI5 (2) / 50 — 32 pg/mL (1) (MA)
. EtOH (3) / H20 (4) 3D7 54.08 — 68.64 pg/mL (3) (MA)
Rhamnaceae Ampelozizyphus Carmo et al.
amazonicus Ducke Saracura-mira Amazonas root bark extract Dd2 66.98 — 78.26 pg/mL (4) (MA) (2015)
H.0 L
Oliveira et
Saracuramird Para bark extract W2 ICs0 > 50 pg/mL (1) al. (2015)
Goiaba-de-
peixe,
marmelada
. . . EtOH / EtOH-H,O / H,0 y
Rubiaceae Amaioua guianensis  brava, canela- Gontijo et al.
Aubl. de-veado Minas Gerais Leaf extract W2 %G1 <50% (1) (2019c)
EtOH / EtOH-H,0 7/3 / EtOH-
pal H,0 1/1 / H,O (S/L) Ext. (G1)/
alicourea . . W2 %G1 80% / 78% / 92% (G2) (A
) EtOH (L) / acid, neutral, basic 6G180%/ 78%192% (G2) (A)
hoffmannseggiana .
(CHCIs) / Basic EtOAc / n- 65% / 64% (G3) (MA) )
(Roem & Schult.) Ohashi et al.
o BuOH Fr (G2) EtOH (S) / n-
Borhidi Erva-de-rato Para <50% (G1) () (2021)

BuOH Fr. / n-BuOH Fr. / EtOH
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Common State where . ]
Family Species collection Extract/ Fraction/ Semi- PT Antiplasmodial activity References
name synthetic derivatives strains
occurred
Ext. / basic DCM Fr. / n-BuOH
Fr. (G3) — stem and leaf extract
EtOH — leaf extract (Et) ..
Erva-de-rato, Gontijo et al.
gradda Para Acid-base extract (Ab) W2 %Gl: 60% (Ab) (MA) (2021)
EtOH - leaf extract (Et) %Gl: 50% (LA) .
Erva-de-rato, Gontijo et al.
grauda Minas Gerais Acid-base extract (Ab) W2 80% (Ab) (A) (2021)
Palicourea
EtOH - leaf extract (Et) .
macrobotrys Roem. Gontijo et al.
& Schult. Erva-de-rato Para Acid-base extract (Ab) W2 %Gl: 60% (Ab) (MA) (2021)
Quina-mole,

) N EtOH — leaf extract (Et) ..
Palicourea sessilis canela- Gontijo et al.
(Vell.) C.M.Taylor amarela Minas Gerais Acid-base Extract (Ab) W2 %Gl: 50% (Et) (MA) (2021)

. Gontijo et al.
Quina-mole, ) )
Minas Gerais W2 %Gl: 50% (Ab) (MA) (2021)

canela-
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
amarela EtOH — leaf extract (Et)
Acid-base extract (Ab)
%Gl: 70% (Et) (MA)
100% (Ab) (A)
Psychotria apoda
EtOH — leaf extract (Et) 80% (Et) (A) .
(Steyerm.) Delprete Gontijo et al.
& J.H.Kirkbr. - Para Acid-base extract (Ab) W2 100% (Ab) (A) (2021)

. i EtOH - leaf extract (Et) %Gl: 90% (A) .
Psychotria capitata Gontijo et al.
Ruiz & Pav. - Minas Gerais Acid-base extract (Ab) W2 100% (Ab) (A) (2021)

Carne-de-
) . EtOH — leaf extract (Et) .
Psychotria vaca, cafeeiro- Gontijo et al.
carthagenensis Jacq. do-mato Minas Gerais Acid-base extract (Ab) W2 %Gl <50% (1) (2021)
Psychotria colorata
(Hoffmanns. Ex %Gl: 100% (Ab) (A)
Roem. & Schult.)
EtOH — leaf extract (Et) 100% (Ab) (A) y
Delprete & Gontijo et al.

J.H.Kirkbr. - Para Acid-base extract (Ab) W2 50% (Et) (LA) (2021)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
) EtOH — leaf extract (Et) ..
Psychotria Gontijo et al.
mapourioides Rich. - Para Acid-base extract (Ab) W2 %G1 <50% (1) (2021)
Psychotria
. EtOH — leaf extract (Et) %Gl: 90% (A) N
poeppigiana (Aubl.) Gontijo et al.
Borhidi - Para Acid-base extract (Ab) W2 95% (Ab) (A) (2021)
. EtOH - leaf extract (Et) %GlI: > 80% (Ab) (A) .
Psychotria suterella Gontijo et al.
Mull.Arg. - Minas Gerais Acid-base extract (Ab) W2 70% (MA) (2021)
Aragé-de- EtOH (1) / EtOH-H.0 (2) / H0 Gontijo et al.
macaco Minas Gerais (3) leaf extract W2 %GI: 50% (LA) (2019c)
. ) EtOH / EtOH-H,0 /H,0 y
Psychotria vellosiana Gontijo et al.
Benth. Jasmin Minas Gerais leaf extract W2 %Gl <50% (1) (2019c)
Pimenteira-de- EtOH / EtOH-H,O / H,0 .
Minas Gerais Gontijo et al.
folha-larga,
leaf extract W2 %G1 <50% (1) (2019c)

jasmin-do-
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
Rudgea jasminoides  mato, café-do-
(Cham.) Mill.Arg. mato
. . . H.0 o
Uncaria guianensis ICs0> 50 pg/mL (1) Oliveira et
(Aubl.) J.F.Gmel. Unha-de-gato Para bark extract W2 al. (2015)
ICso (L) 40.2 pg/mL (1) (1)
15.6 pg/mL (2) (MA)
> 50 pg/mL (3) (1)
ICso (B) 17.4 ug/mL (1) (MA)
Zanthoxylum cjalma: CHCI3 (1) / H20 (2) / MeOH (3 W2 32.5 pg/mL (2) (I
e . m
batistae (Albug.) :D/HO (@) ®) HO @M Limaetal.
Rutaceae P.G.Waterman Tamanqueira Amazonas leaf (F) and branch (B) extracts K1 21.8 pg/mL (3) () (2015)
ICs0> 50 pg/mL (L) (1)
1Cs0 19.3 pg/mL (1) (MA
CHCI; (1) / Hz0 (2) / MeOH (3) 0 19.3 pgml- (1) (MA)
. . W2 > 50 pg/mL (F) (1) .
Sapindaceae Paullinia cupana leaf (L), fruit (F) branch (B) Limaetal.
Kunth Guarana Amazonas extracts K1 1Cs0 19.3 pg/mL (1) (MA) (2015)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
> 50ug/mL (B) (1)
. H.0 Lo
Simaroubaceae Simaba cedron Oliveira et
Planch. Pau-para-tudo Para bark extract W2 I1Cs0 1.6 pg/mL (A) al. (2015)
Calunga,
Homalolepis mata-
) MeOH
suffruticosa (Engl.) cachorro-do- Boeno et al.
Devecchi & Pirani mato Rio de Janeiro root extract W2 ICso 1.88 pg/mL(A) (2022)
Solanum
) EtOH / EtOH-H,O / H,0 .
Solanaceae swartzianum Roem. Gontijo et al.
& Schult. Fumeirinho Minas Gerais leaf extract W2 %Gl <50% (1) (2019c)
Santa-rita,
pau-de-santa-
Theaceae Laplacea fruticosa rita, cedrinho- EtOH (1) / EtOH-H,0 (2) / H,0 Gontijo et al.
(Schrad.) Kobuski vermelho Minas Gerais (3) leaf extract W2 %Gl 50% (3) (LA) (2019c)
o W2
Camellia sinensis Noronha et
(L.) Kuntze Chéa-da-india  Minas Gerais Kombucha (black tea) 3D7 I1Cs0 686.3 pg/mL (A) al. (2022)
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) Common State where . .
Family Species collection Extract/ I_:ractlpn/ §em| Pf. Antiplasmodial activity References
name synthetic derivatives strains
occurred
s . Essential oil
Verbenaceae Lippia sidoides Alecrim- Mota et al.
Cham. pimenta Ceard Leaf K1 I1Cs0 10.50 pg/mL (MA) (2012)
Supercritical
carbon dioxide scCO- (SC) (1) 1Cs0 16.25 pg/mL (1) (A) )
Martinez-
SCE - EtOH (2" step) (2) 16.07 pg/mL (3) (A) Corréacetal.
Mato Grosso EtOH (E) (3) — rhizome 3D7 23.78 ug/mL (2) (MA) (2017)

Zingiberaceae

Curcuma longa L.

Falso acafrdo

Note: EtOH=Ethanol; H,O=Water; CHCIs= Chloroform; F=Fractions; MeOH=Metanol; EXS=Extract Xylopia sericea; EOXS= Essencial oil Xylopia sericea; AlK=alkaloid;

DCM-= dichloromethane; P=Percolation; S=Soxhlet extraction; B=Bark; Tr=Trunk wood; L=Leaves; Gl=Grownt inhibition; C¢H1s=Hexano; C4sHsO,= Ethyl acetate; Na,COs=

Sodium carbonate; C3H60=Acetone; NP=Neutral precipitate; EE=Ethanolic extract; AP=Aspidosperma parviflorum; A: Acidic; N=Neutral; HNQs= 2-Hydroxy-3-(1-alkenyl)-

1,4-naphthoquinones; FQNs= Furanonaphthoquinones; ANQs=; CL=Combretum leprosum; CrE=Crude extract; CIE= chloroform extract; HE= Hexane extract; EAE= Ethyl

acetate extract; ME= methanol extract; EAF=Ethyl Acetate Fraction; BF=Butanol Fraction; WF=Water Fraction; AO=Andiroba Oil; BuOH=Butanol; Fr=Fraction; WV= White

variety; RV=Red variety.

A) Active; MA) Moderately active; LA) Low active; 1) Inactive. GI: Growth inhibition; I: inhibition; R: Redution. Pf: Plasmodium falciparum.
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Regarding the botanical families with the highest number of recorded species, we can
highlight Rubiaceae with a total of 14 species, 8 of which belong to the genus Psychotria L.
(Table 1), which is important in traditional medicine and is widely used by indigenous peoples
in the Amazon (Calixto et al., 2016). Of the eight recorded species of the genus Psychotria, five
were considered active against P. falciparum W2 strains, these being Psychotria apoda

(Steyerm.) Delprete & J.H.Kirkbr., Psychotria capitata Ruiz & Pav., Psychotria poeppigiana

Mill.Arg., Psychotria suterella Mdull.Arg. and Psychotria colorata Mill.Arg., with a
percentage inhibition of between 70 and 100% (%Gl) at the concentrations tested (25 and 50
png/mL) (Gontijo et al., 2021). Another important species of this family analyzed in this study
belongs to the genus Palicourea Aubl., namely Palicourea hoffmannseggiana (Roem. &
Schult.) Borhidi, which is considered native and endemic to Brazil and, despite its medicinal
properties, this species is considered toxic to animals (Mendonca et al., 2015). This species, as
well as Palicourea macrobotrys Roem. & Schult., was considered to be moderately active with
a percentage of inhibition of 60% (%Gl). Studies involving species of the genus Psychotria and
Palicourea are known for the presence of alkaloids of high structural diversity, such as indole
alkaloids, p-carboline alkaloids, quinolines and isoquinolines, which have broad biological
activity, including antiplasmodial activity (Martins e Nunez, 2015; Calixto et al., 2016; Ohashi
e Oliveira, 2020).

The botanical family that showed the second highest number of active species was
Apocynaceae, with a total of 14 species, 12 of which belong to the genus Aspidosperma Mart.

Of these 12 species, five have more than one record: Aspidosperma nitidum Benth. ex Mill.Arg.,

Aspidosperma parvifolium A.DC., Aspidosperma ramiflorum Mull.Arg. and Aspidosperma
vargasii A.DC., with two records each, and Aspidosperma olivaceum Miull.Arg. with three
citations (Table 1). Species of the genus Aspidosperma, known in the Amazon as
“carapanauba”, occur in all phytogeographic domains of Brazil, such as the Amazon, Caatinga,
Cerrado, Atlantic Forest, Pampas and Pantanal biomes (Castello et al., 2020). Due to its
botanical diversity and mainly medicinal properties, this genus has been intensively studied in
Central America and regions of the Amazon, and is traditionally used in Brazil for the treatment
of malaria and fever. Through in vivo and in vitro biological assays, extracts and isolated
compounds (in particular, alkaloids) have been shown to be active against different Plasmodium
species (De Paula et al., 2014). Most publications have recorded significant antimalarial activity
against different Plasmodium species, and the most commonly used material for preparations
of extracts and, consequently, isolation of substances, is the bark of the trunk, followed by the
leaves. Of the 12 species, six are from Minas Gerais: Aspidosperma cylindrocarpon Mull.Arg.,

Aspidosperma  spruceanum  Benth. ex Mill.Arg.,  Aspidosperma  tomentosum  Mart.,


http://www.wikidata.org/entity/Q21391773
http://www.wikidata.org/entity/Q5937015
http://www.wikidata.org/entity/Q731808
http://www.wikidata.org/entity/Q2504914
http://www.wikidata.org/entity/Q731808
http://www.wikidata.org/entity/Q2504914
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Aspidosperma olivaceum, Aspidosperma. parvifolium and Aspidosperma ramiflorum, which
showed activity against two strains of P. falciparum (W2-CQr and 3D7-CQs) evaluated using
different extracts and plant parts (bark, leaf and fruit) (Dolabela et al., 2012). Five other species
of this genus were recorded in the Brazilian Amazon, in the states of Para and Amazonas,
namely Aspidosperma excelsum Benth., Aspidosperma rigidum Rusby, Aspidosperma nitidum
and Aspidosperma vargasii — including the species Aspidosperma olivaceum; in Alagoas
(Aspidosperma pyrifolium Mart.) and Ceara (Aspidosperma ulei Markgr.), which also showed
antimalarial activity for Plasmodium falciparum species (Nascimento et al., 2019; Coutinho et
al., 2013; Brand&o et al., 2020; Rocha-e-Silva et al., 2012; Montoia et al., 2014). Two other
species of the Apocynaceae family, belonging to the genus Himatanthus Willd. (Himatanthus
articulatus (Vahl) Woodson) and Parahancornia Ducke (Parahancornia fasciculata (Poir.)
Benoist), also showed activity against W2 strains using a dichloromethane extract (ICso 22.9
ug/mL) (Vale et al., 2015) and triterpene derivatives (ICso 62.4 umol L) (Borgati et al., 2017a),
respectively. These data show the importance of this botanical family in scientific studies that
may guarantee the therapeutic efficacy and safety for its use in the treatment of malaria in

endemic areas.

Of the Fabaceae family, with the third highest number of recorded species (9 species),
we can highlight Copaifera reticulata Ducke, which is known in the Amazon for its medicinal
properties, such as its anti-inflammatory, antibacterial, antifungal and antileishmanial action
(Veiga-Junior and Pinto, 2002; Santos et al., 2008). Few studies regarding its antimalarial
activity have been registered for this species and, between 2011 and 2022, only one article was
found, in which activity was demonstrated against strains of P. falciparum (W2 and 3D7) (De
Souzaetal., 2017) (Table 1). Antimalarial analyses with another species of the genus Copaifera
L. (Copaifera religiosa J.Léonard) demonstrated its activity against P. falciparum CQ-R and
CQ-S strains (ICso 134 = 3.6 pg/mL and 85 + 4.7 pg/mL, respectively) using a
dichloromethane extract (Lekana-Douki et al., 2011). In addition to C. reticulata, another two
species were identified in the literature as being active, these being Caesalpinia pluviosa DC.
(ICs0 <5 pg/mL) (Kayano et al., 2011) and Poincianella pluviosa (DC.) L.P.Queiroz (ICs 6.88
ug mL) (De Souza et al., 2018) against different strains of P. falciparum (3D7, S20 and W2).
Ethnobotanical studies with the Fabaceae family in regions of Africa demonstrated that 11
species have the potential for the treatment of fever and malaria with 19 records of use (Maroyi,
2023).

Of the six species of the Asteraceae family cited in the literature as having antimalarial

activity, we can highlight Wedelia paludosa DC., which has activity against W2 strains using
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kaurenoic acid derivatives (10 — 20) obtained from compounds isolated (see Table 3) from the
hexane extract of the aerial parts of the plant (1Cso 19.7 uM (10) and 53 uM (20) (Santos et al.,
2016) and ent-kaurene derivatives (Batista et al., 2013). The Asteraceae family has had
numerous therapeutic applications recorded over the years, and reports of ethnobotanical use
of species from this family in studies developed by Gras et al. (2021) demonstrated that, in the
Mediterranean region, the Asteraceae botanical family was the second most relevant in
pharmaceutical ethnobotanical studies, representing a total of 5,667 studies (11.90%). These
studies demonstrate the importance of preserving medicinal species and performing biological

assays that can validate information on traditional/ethnopharmacological use.

Other botanical families with more than one species analyzed were reported in this
literature review. However, few records were found for species with antimalarial activity, some
of them of important for their medicinal use. Of the family Anonnaceae, the genus Xylopia L.
was the most evaluated in this period, and it is known for its traditional use in the treatment of
malaria in Cameroon, Colombia, Brazil, Peru and French Guiana (Frausin et al., 2014). Studies
conducted with other species of this genus showed a significant reduction of parasitemia, with
extracts and fractions (%G1 > 80%) being used against P. falciparum W2 strains (Gontijo et al.,
2018). The species Xylopia amazonica R.E.Fr. also demonstrated antimalarial activity against
K1 and W2 strains (ICso 7.3 pg/mL). From the Euphorbiaceae family, we can highlight the
species Croton cajucara Benth., which is used in traditional medicine for the treatment of
malaria, and the leaf extract of CHCIz of the red variety exhibits significant activity (ICso 6.4
png/mL) (Limaetal., 2015), as well as fractions obtained from the aqueous extract of Archornea
grandulosa Poepp & Endl. (%G1 80 — 100%) (Gontijo et al., 2019c). A systematic review of
African plants showed that of the families with the most active species with antiplasmodial
activity Euphorbiaceae was the most active, with 43.8%, a significant percentage in studies of
antimalarial plants of this family (Tajbakhsh et al., 2021). From the Meliaceae family, three
publications were identified for the species Carapa guianensis Aubl. with activity against W2
strains (ICso >50 pg/mL) (Oliveira et al., 2015) and W2/Dd2 (ICs0 8.2 pg/mL) (Miranda-Janior
etal., 2012).

From the Piperaceae family, four species were identified, of which P. claussenianum
C.DC. and Piper lucaeanum Kunth were potentially active against W2 P. falciparum strains
(ICso 2.65 pg/mL and 7.9 pg/mL, respectively) (Marques et al., 2015). The species
Ampelozizyphus amazonicus Ducke, of the family Rhamanaceae, is known in the Amazon
region for the prevention and treatment of malaria and fever, as well as for its anti-inflammatory

activity and for treating snakebites (Amaral et al., 2008; Krettli et al., 2001). Two publications
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were registered for this species, and only one of these studies reported the activity of the
chloroform and aqueous extracts of this species with an 1Csp of 15 pg/mL against strains of P.
falciparum (Carmo et al., 2015) (Table 1). Five botanical families were verified with at least
two species of different genera: Anacardiaceae, Lauraceae, Simaroubaceae, Solanaceae and
Theaceae, of these, only the species of the families Simaroubaceae (Simaba cedron Planch and
Homalolepis suffruticosa (Engl.) Devecchi & Pirani) (Oliveira et al., 2015; Boeno et al., 2022)
and Theaceae (Laplacea fruticosa (Schrad.) Kobuski and Camellia sinensis (L.) Kuntze)
(Gontijo et al., 2019c; Noronha et al., 2022) were active. In the Solanaceae family, only one
species was active; all were analyzed (Physalis angulata L.) against Plasmodium W2 and/or
3D7 strains.

Of eighteen botanical families, only one species of the same genus was identified in this
review, namely Amaranthaceae, Araceae, Araliaceae, Combretaceae, Convolvulaceae,
Cyperaceae, Gentiniaceae, Humiriaceae, Lecythidaceae, Malphighiaceae, Myrtaceae,
Olacaceae, Poaceae, Picrondendraceae, Rutaceae, Sapindaceae, Verbenaceae and
Zingiberaceae. Of these species, only eight (Chenopodium ambrosioides L (Cysne et al., 2016),
Montrichardia linifera (Arruda) Schott (Amarante et al., 2011), Combretum leprosum Mart.
(Passarini et al., 2017), Cyperus articulatus L. (Silva et al., 2019), Bertholletia excelsa Bonpl.
(Oliveira et al., 2015), Myrciaria dubia (Kunth) McVaugh (Carmo et al., 2020), Piranhea
trifoliata Baill. (Pedroza et al., 2020) and Curcuma longa L. (Martinez-Corréa et al., 2017)

were active against Plasmodium W2 and/or 3D7, Dd2 strains.
5.2. Plant species with antimalarial activity in vivo experimental models

The screening of antimalarial compounds using in vivo assays is commonly used, and
assays are usually initiated with the use of rodent malaria parasites, such as P. berghei, P. yoelii,
P. chabaudi and P. vinckei. The model Plasmodium chabaudi is one of four species of African
rodent malaria parasites that were discovered in sub-Saharan Central Africa during the late
1940s to the mid-1960s. It is the rodent parasite that is best suited for genetic studies on the
basis of its resistance to antimalarial drugs, as it is wild type and is easily transmitted by
laboratory mosquitoes and, in addition, it is the main experimental model for suppression of
immune response against infections of human malaria (Stephens et al., 2012). Plasmodium
berghei was discovered in mid-1948, and the strain P. berghei NK65 (NK — New York
Katanga) was isolated from the species Anopheles dureni millecampsi in Katanga (Republic of
Zaire) and P. berghei ANKA (ANKA — Anvers — Kasapa) was isolated from the same host in
Kasapa (Deharo et al., 1996).
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These are considered model species for these studies and are therefore extensively used
in drug analysis and in the development of drugs in their early stages. The most widely used
species is P. berghei and, less frequently, P. chabaudi (Fidock et al., 2004). Of the 21 studies
identified in this review that employed in vivo analysis, 19 used P. berghei and two used P.
chabaudi; in addition, the strains NK65 and ANKA were the most used in the assays (12 and
6, respectively). The results of the in vivo antimalarial activity are presented in Table 2.

In this review, the botanical family with the highest number of species with antimalarial
activity in vivo was Apocynaceae, with six species analyzed, five belonging to the genus
Aspidosperma, which were analyzed using P. berghei strains. Of these five species, three come
from the state of Amazonas, and the main raw material used for the preparation of extracts in
antimalarial analyses is the bark of the stem. Ethnobotanical studies confirm that the stem bark
is the part of the plant most used by the natives of the Amazon for curing malaria. An example
of one species in this genus is A. nitidum, which, in nine different regions, at least seven make
use of the bark for the treatment of this infection (Machado et al., 2021). Of the genus
Aspidosperma, a total of five different species were analyzed, with a significant reduction in
parasitemia in NK65 and ANKA strains of P. berghei. The species that showed the highest
percentage of reduction in parasitemia were A. olivaceum Miuill.Arg. and A. vargasii, with
activity of over 90% and 100%, respectively (Rocha-e-Silva et al., 2012). However, the stem
bark extract of Himatanthus articulatus (Vahl) Woodson (Asteraceae) showed low activity
(35.4%) in P. berghei ANKA strains (Vale et al., 2015).
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Table 2: In vivo antimalarial activity of extracts, fractions and oils of Brazilian medicinal plants

) Common State where . . . .
Family Species collection Extract/ Fraction/ Qil Plasmo_dlum Antimalarial activity/ dose/ - peferences
name species day (%)
occurred
Erva-de-
Santa-Maria,
. EtOH-H.0 70% 53% (A)
Amaranthaceae Chenopodium mentrasto, Cysne et al.
ambrosioides L. mastruz Maranhéo leaf extract (1:5) ANKA (5 mg/kg/day 11) (2016)
C6H14/ CHC|3 1/ ||; n-
butanolic / EtOH-H,O
(ACWF) wood fractions (1)
CeHia / CHCIs I; 11/ Solid
CHCI3 11/ H20 basic /
C4HgO- / Solid C4sHgO- / n-
Marolo,
. butanolic 57 -75% (2) (A) .
Annonaceae Annona crassiflora cabeca-de- Pimenta et
Mart. nego Minas Gerais (ACLF) leaf fraction (2) NK65 (12.5 mg/kg/ day 4) al. (2014)
. . . CHCl3 52% (MA) ]
Xylopia amazonica Envira Limaetal.
R.E.Fr. sarassara leaf extract NK65 (250 mg/kg/ days 5) (2015)

Amazonas
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] Common State where . . . ..
Family Species collection Extract/ Fraction/ Oil Plasmodium - Antimalarial activity/ dose/ - peferences
name species day (%)
occurred
89.4 -77.3% (A)
(20mg/kg/ days 6 — 7)
81-62.2%
Total phenolics (15 mg/kg/ days 6 — 7) (A) .
Arecaceae Euterpe oleracea Minas Gerais Ferreira et
Mart. Acai Acai pulp P.chabaudi  54.2% (10mg/kg/ day 6) (A)  al. (2019)
47 — 42% (100 mg/kg/ day 5)
(LA)
. . Essential oil
Vanillosmopsis 47% (500 mg/kg/ day 7) Mota et al.
arborea Baker Candeeiro Ceara Stem NK65 (LA) (2012)
67% (1) 100 mg/mL (MA)
48 — 66% (2) / 54 — 65% (3)
53 -57% (4) (MA)
MeOH-C (1) / FO 1l (2) / FO
IV (3) / Precipitate (4) — (50 — 100 mg/mL/day 7)
] fractions .

Apocynaceae Aspidosperma Amazonas 54% (125, 250 mg/mL) (5)  Coutinho et
nitidum Benth. Carapanatba EtOH (5) — bark extract NK65 (MA) al. (2013)
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Common State where . . . ..
Family Species collection Extract/ Fraction/ Oil Plasmodium - Antimalarial activity/ dose/ - peferences
name species day (%0)
occurred
77 —75% (1) / 61— 66% (2)
(MA) (125, 250 mg/kg/ day
EtOH extract (EEAN) (1) 5)
Alkaloid fraction (FAAN) (2) 80-86% (1-2) (A) .
Brandéo et
Carapanauba Para Stem bark extract ANKA (500mg/kg/day 5) al. (2020)
amargoso,
Acidic (1) / Basic residue (2)
guatambu-
. — fraction 79% (100 mg/kg) (A) L
Aspidosperma amarelo, Chierrito et
olivaceum Mull.Arg.  peroba-rosa Parana Leaf ANKA 58% (200 mg/kg) (1) (MA)  al. (2014)
93% (4) (A)
Root bark (AP9) (1) / Root 79% (1) / 75% (2) / 79% (6)
(AP12) (2) / EtOH leaf (3) (A)
extract. (100mg/kg/ day 5)
H.O (AP2) (4) / Organic 52% (2) / 57% (4 - 6) (A)
(ethyl acetate) (AP3) (5) /
: L 40% (3) 1 29% (1) (MA)
Aspidosperma Alkaloid-rich (AP5F.ALC) Ceravolo et
pyrifolium Mart. Carapanatba Alagoas (6) — fraction NK65 (100mg/kg/ day 7) al. (2018)
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] Common State where . . . ..
Family Species collection Extract/ Fraction/ Oil Plasmodium - Antimalarial activity/ dose/ - peferences
name species day (%)
occurred
Neutral precipitate (1) 53-66% (1) (A)
. Non soluble (2) 16 —22% (2) (1) .
Aspidosperma Aguiar et
ramiflorum Mill.Arg. Carapanalba Parana bark fraction NK65 (250; 500 mg/kg/day 10) al. (2015)
Himatanthus Alamanda,
. EtOH (EEHa) 35.4% (A)
articulatus (Vahl)  alamanda-de- Vale et al.
Woodson flor-grande Para Stem bark extract ANKA (200 mg/kg/day 10) (2015)
75.2—74.8% (4 -5) (A)
. Volatile Oil C.a. - VOCA . 48.9% (6) (MA) .
Cyperaceae Cyperus articulatus P. berghei Silva et al.
L. Priprioca Para (Groups 4, 5, 6) (ND (100mg/kg™/ day 111 (2019)
Canela de
. 53.50% (500 mg/kg/day 5)
cunha,
) ] Essencial oil (MA)
Euphorbiaceae  Croton zehntneri Pax  canelinha, Mota et al.
& K.Hoffm. canela-brava Ceara Leaf NK65 43% (500 mg/kg/day 7) (LA) (2012)
Croton cajucara Limaetal.

Benth. Sacaca Amazonas CHCl; NK65 19% (1) (2015)
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] Common State where . . . ..
Family Species collection Extract/ Fraction/ Oil Plasmodium - Antimalarial activity/ dose/ - peferences
name species day (%)
occurred
leaf extract (RV) (250mg//kg/day 5)
0.50 £ 0.08 — 96% (4) (A)
. . Oleoresin 0.77 £ 0.37% - 93% (5) (A)
Fabaceae Copaifera reticulata De Souza et
Ducke Copaiba Paré (Groups 4, 5) ANKA (200, 100 mg/kg/day) al. (2017)
79.4-74.1% (A)
(50mg/kg/day 6 — 7)
63.6% (25mg/kg/day — 6)
(MA)
EtOH (F4 100%)

- . 51 - 80%

Caesalpinia pluviosa ) Kayano et
o bark fraction )
DC. Sibipiruna Paran P.chabaudi (50mg/kg/day 3 —7) (MA/A) al. (2011)
CHCI; Basic —
leaves (FACB)
L CHCl; Basic — 15-35% (1-2) (LA) .
Prosopis juliflora Algaroba, Batista et
(Sw.) DC. mesquite Bahia pod (BCE) NK65 (2mg/kg/ day 15) al. (2018)
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] Common State where . . . ..
Family Species collection Extract/ Fraction/ Oil Plasmodium - Antimalarial activity/ dose/ - peferences
name species day (%)
occurred
45 —59% (1) (MA)
. . . (500mg/kg/day 5 - 7, O/S)
. Tachia grandiflora Taquia de H>0 (1) / MeOH (2) / EtOH Rocha-e-
Gentianaceae
Maguire & Weaver  folha grande Amazonas (3) —root and leaf extract NK65 39% (2) / 27% (3) (LA) Silva et al.
(500mg/kg/day 5, O/S) (2013)
. CHCls 71% (A) .
Andropogon Capim- Limaetal.
Poaceae leucostachyus Kunth colchéo Amazonas aerial parts extract NK65 (250mg/kg/day 5) (2015)
CHCI; (CRBAa) (1)
. H.O (AgqRBAa) (2) 50% (ICs030.1) (1) (MA)
Rhamnaceae Ampelozizyphus Saracura- Carmo et al.
amazonicus Ducke mira Amazonas root and bark extracts ANKA 1Cs039.9 pg/mL (2) (MA) (2015)
47 — 55% (day 5) (MA)
o . Essential oil 40 — 49% (day 7) (LA)
Verbenaceae Lippia sidoides Alecrim- Mota et al.
Cham. pimenta Ceard Leaf NK65 (100, 500, 1000 mg/kg/day) (2012)

Note: EtOH=Ethanol; H,O=Water; CHCls= Chloroform; ACWF=Annona crassiflora wood fractions; ACLF=Annona crassiflora leaves fractions; F=Fractions; MeOH=

Methanol; EEAN=Extract ethanolic Aspidosperma nitidum; FAAN=Alkaloid fraction Aspidosperma nitidum; AP=Aspidosperma parviflorum; BCE= Basic chloroform extract
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of pods; FACB=Basic chloroform extract of leaves; CsHis=Hexano; AP5F.ALC= Aspidosperma pyrifolium 5 Alkaloid-rich fraction; RV= Red variaty; VOCA= Volatile Oil

Cyperus articulatus; CRBAa= Chloroform root bark Ampelozizyphus amazonicus; AgRBAa=Aqueous-root bark Ampelozizyphus amazonicus; NI=Not identified

A) Active; MA) Moderately active; LA) Low active; 1) Inactive. O: Oral; S: Subcutaneous

“World Flora Online” (http://www.worldfloraonline.org).
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Three species of the Fabaceae family were identified in the literature and two of these
species showed a high reduction of parasitemia. Oleoresin from the Copaifera reticulata Ducke
species showed parasitemia suppression levels of >90% against P. berguei ANKA strains (De
Souza et al., 2017) and the ethanol fraction (100%) of the bark of Caesalpinia pluviosa DC. (%
inhibition 70 — 80%) against P. chabaudi strains at concentrations of 24 — 50 mg/kg/day
(Kayano et al., 2011). Ethnobotanical studies have identified that a species of the genus
Caesalpinia (C. ferrea C.Mart.) (Ribeiro et al., 2017) and Copaifera sp (Veiga and Scudeller,
2015) are used to treat fever using the bark and oil, respectively, via infusion, decoction and/or
maceration processes. Only two species from the botanical families Euphorbiaceae and
Arecaceae were identified for this review. Croton zehntneri Pax & K.Hoffm. (Euphorbiaceae)
was the only active species of the genus Croton, with an inhibition potential of >50% (500
mg/kg/day) (Mota et al., 2012). These data correlate with what is found for African Croton L.
species. Fractions (chloroform, ethyl acetate, methanol and n-hexane) obtained from the root
of the species Croton zambesicus Miill.Arg. showed significant chemosuppressive activities
(75— 77%) at doses of 54 mg/kg/day (Okokon and Nwafor, 2009) and C. macrostachyus Hochst
ex Delile in ethyl acetate (58 — 82%), methanol (27 — 68%) and aqueous (24 — 72%) fractions
(Obey et al., 2018), both analyzed against P. berghei. These results justify the use of species of
this genus in traditional medicine. Of the species belonging to the Arecaceae family, analyses
of total phenols from the species Euterpe oleraceae Mart. obtained an inhibition percentage of
>80% against P. chabaudi strains (Ferrreira et al., 2019) and Vanillosmopsis arborea Baker
was moderately active (% inhibition >40%) against NK65 P. berghei strains (Mota et al., 2012).
In the Amazon region, species of the genera Croton (C. cajucara and C. sacoquinha) and
Euterpe (E. precatdria) are used in the treatment of malaria and fever, using the leaves and
roots, respectively (Veiga and Scudeller, 2015).

The families Amaranthaceae, Annonaceae, Cucurbitaceae, Cyperaceae, Gentiniaceae,
Meliaceae, Piperaceae, Poaceace, Rhamanaceae, Solanaceae and VVerbenaceae were identified
with only one species in each family in this review and, of these, only two (Cyperus articulatus
L. and Andropogon leucostachyus Kunth) showed potentially significant inhibition potential
(inhibition of >70%) against P. berghei strains (Silva et al., 2019; Lima et al., 2015).

5.3. Antimalarial activity of active compounds isolated from plant species

Phytochemical analyses and bioguided fractionation of extracts and fractions from plant
species have led to the isolation of substances with antimalarial properties. Procedures
performed on high-performance chromatographic columns were described in the literature from
2011 to 2022. A total of 75 compounds (67 different compounds) were isolated from 28
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different plant species, 31 of which are alkaloids, 21 are triterpenes, five diterpenes, one
withanolide (steroidal lactones), three are terpenes, three are polyphenols, two are flavonoids,
two are naphthoquinones, two are orthonaphthoquinones, one is a monoterpene, one is a
sesquiterpene, one is a coumarin, one is an orbitide (cyclic peptide) and one is an iridoid (Table
2). The structures of 48 of these compounds are shown in Figure 1. Using chromatography and
identified via LC-MS, three aporphine alkaloids were isolated from the genus Xylopia: anonaine
and O-methylmoscatotoline (Gontijo et al., 2018) and liriodenine (Gontijo et al., 2019a) from
the species Xylopia sericea A.St.-Hil. In addition, three diterpenes were isolated: xylopic acid
(Santos et al., 2016) and oxo-ent-kaurenoic acid (XS1) (Gontijo et al., 2019b) and from the
species Xylopia frutescens Gaertn., kaurenoic acid in species of Wedelia paludosa DC. (Santos
et al., 2016; Batista et al., 2013). Of these compounds, Anonaine (Gontijo et al., 2018) and
liriodenin (Gontijo et al., 2019a) demonstrated antimalarial activity against P. falciparum W2
strains. Other botanical species showed the presence of anonaine in their composition and also
demonstrated antimalarial activity against other strains of P. falciparum (D10, Dd2 and 3d7)
(Graziose et al., 2011; Levrier et al., 2013), in addition to presenting important biological
activities such as antioxidant and antimicrobial action (Li et al., 2013). Three alkylamides were
isolated from the species Acmella ciliata (Kunth) Cass.,, namely spilanthol and
dioxyacmelamide, which were active against the strain NF54 (ICsgp 4.5 and 5.1 pM,
respectively) and N-(2-phenylethyl)-2E-en-6,8-nonadienamide (ICso 2.1 uM), which was
active against P. falciparum K1 strains (Silveira et al., 2016). Spilanthol is an alkaloid that is
commonly found in species of the genus Acmella Rich. Ex Pers. This substance has important
analgesic and antibacterial effects (Barbosa et al., 2016), as well as activity against strains of P.
falciparum (PFB and K1) when using the root extract from the species Spilanthes acmella Murr.
(Spelman et al., 2011). Jacaranone was isolated from the extract of Pentacalia desiderabilis
(Vell.) Cuatrec. leaves and demonstrated activity against K1 strains (ICso 7.82 pug/mL), as well
as potential anti-protozoan activity, which may contribute to the development of more effective
drug models for neglected diseases (Morais et al., 2012).

Lupeol was isolated from the species Parahancornia fasciculata (Poir.) Benoist
(Apocynaceae), a triterpene known for its vast occurrence in several species of plants and, like
its derivatives, it demonstrates pharmaceutical interest due to its wide spectrum of biological
activities (Gallo and Sarachine, 2009). The compound isolated (lupeol) from the bark of P.
fasciculata demonstrated significant activity against the W2 P. falciparum strain (ICso 117.4
umol L) (Borgati et al., 2017a). From species of the genus Tabebuia Gomes ex DC., lapachol
and its derivatives a-and f-lapachone were isolated (Nascimento et al., 2020), as well as other

synthetic naphthoquinones (ortho — FNQs and para — FNQs naphthoquinones), HNQs and
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ANQs, which showed antimalarial activity against P. falciparum (see Table 1 and 3) (Borgati
etal., 2017b). Lapachol and other synthetic naphthoquinones (naphthoquinonolyl-1,2,3-triazole
hybrid) were also isolated from the species Handroanthus serratifolius (Vahl) S.O.Grose,
which were also active against W2 strains (see Table 1 and 3) (Brand&o et al., 2018). Lapachol
is a naphthoquinone that is isolated mainly from species of the genera Tabebuia and
Himatanthus and was used as a model for the development of atovaquone, a synthetic drug
commonly used in combination with proguanil (Malarone™) for the prevention of malaria in
travelers or in the treatment of children and adults with mild symptoms (Osei-Akoto et al.,
2005; Lalloo and Hill, 2008). The isolation of naphthoquinones from species of the
Bignoniaceae family and other families has motivated the development of antimalarials from
molecules of this class since they have potential activity against parasites (Hughes et al., 2011).
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Figure 1: Structures of compounds from Brazilian medicinal plants.

Chromatography and NMR of the fractions of the extract of Momordica balsamina L.
showed the presence of balsaminoside B and karavilagenin C, which are compounds that exhibit
significant antimalarial activity against P. berghei strains (NK65 in vivo) (Rocha-e-Silva et al.,
2015). Ribifolin, obtained from the hydroethanolic extract of Jatropha ribifolia (Pohl) Baill.,
was moderately active (ICso 42 uM — 3D7), in addition to other cyclic peptides from species of
the genus Jatropha L. that have several biological activities, including antimalarial activities
against strains of P. falciparum (Pinto et al., 2015). Two flavonoids, isoliquiritigenin and 6,3',4
"-trinydroxyflavone, were isolated from the fruits of Dipteryix lacunifera Ducke and tested
against the P. falciparum W2 strain and demonstrated parasite reduction of over 80%. These
compounds showed a similar effect, but lower than in the Et20 phase, which may be related to
the synergistic effect of these compounds (Alexandre et al., 2020). The alkaloids julifloridine
(ICs0 35.1 uM) and juliprosopine (ICso 604 nM), isolated from the chloroform extract of
Prosopis juliflora (Sw.) DC. leaves, showed significant inhibition of parasitemia at 2 mg/kg
against P. berghei (NK65), which was an important advance in the development of new
effective drugs for the treatment of malaria (Batista et al., 2018). Two piperidine alkaloids,
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cassine and spectalin, were isolated from Senna spectabilis (DC.) H.S.lIrwin & Barneby flowers
and showed potent inhibition against 3D7 P. falciparum strains (ICsp 1.82 uM and 1Csg 2.76
pHM) (Pivatto et al., 2014). In addition, five limonoids derived from Carapa guianensis Aubl.
oil showed marked inhibition of the P. falciparum K1 strain (ICsg 20.7-5.0 uM) (Pereira et al.,
2014), as well as three other triterpenes (oleanolic acid, squalene and taraxerol) isolated from
Minquartia guianensis Aubl. (50-67% — 50 pg/mL) (Correia et al., 2016). Another triterpene,
4-nerolidylcatechol, isolated from the root extract of Piper peltatum L. (Rocha-e-Silva et al.,
2011) and Piper umbellatum L. (Bagatela et al., 2013) was active in vivo against P. berghei
(strain NK65) and in vitro against P. falciparum (strains 3D7, K1 and D6). In addition to these
compounds, four physalins (B, D, F and G) were isolated from Physalis angulata L. and showed
significant reduction of parasitemia in in vitro assays against P. falciparum (strain W2) and
physalin F was active in vivo against P. berguei (NK65) (Sa et al., 2011). These substances are

considered promising for future investigations regarding their antiparasitic potential.

The largest number substances was isolated from species of the genus Aspidosperma
(family Apocynaceae), mainly alkaloids from the extracts of bark and leaves. From A. excelsum,
the alkaloid yohimbine was isolated (Nascimento et al., 2019), as well as derivatives of this
compound (3,4,5,6-tetradehydro-p-yohimbine; 19E-hunteracine; 20-epi-dasycarpidone; 12-
hydroxy-N-acetyl-21(N)-dehydro-plumeran-18-oic acid and 20 (E)-nor-subincanadine E in A.
ulei; however, unlike the compound isolated from A. excelsum, which showed moderate
antiplasmodial activity, only the compound 20-epidasicarpidone from A. ulei was active against
P. falciparum K1 CQ-R strains (Torres et al., 2013). Four alkaloids were obtained from A.
olivaceum: aspidoscarpine (1), ulein (2), aparacin (3) and N-methyl-tetrahydrolivacin (4), of
which only alkaloid 1 (aspidoscarpine), obtained from the extract of the bark and leaves of this
species, was more active (ICso 0.007/S1 >56 — P. falciparum W2), and was considered the most
promising for future research of antimalarial drugs (Chierrito et al., 2014). The alkaloids
olivacin and ellipticin were also obtained from other Aspidosperma species and showed
significant activity against P. falciparum. Olivacin has also been isolated from A. vargasii
(Rocha-e-Silva et al., 2012), which presented a range of other alkaloids including ellipticin, 7,9-
dibromoelipticin, 9-bromoelipticin, 9-nitroelipticin; 7-nitroelipticin and 2-methyl-1,2,3,4-
tetrahydroelipticin, all active against P. falciparum K1 and 3D7 strains, with emphasis on 9-
nitroelipticin (ICso 0.55 pM) (Montoia et al., 2014). The compounds isositsirikine (5),
ramiflorine B (3) and 10-MG (2) were isolated from leaf and bark extracts of the species A.
ramiflorum, and alkaloid 5 (isositsirikine) showed greater activity (ICso 0.3 pg/mL) (Aguiar et
al., 2015). The genus Aspidosperma is rich in indole alkaloids and, until 2014, of the 200

known, only 20 had been tested for antimalarial activity, despite them showing significant
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parasitic inhibition (De Paula et al., 2014), which makes it necessary to continue research with
species of this genus, as they present alkaloids with potential for the development of

antimalarials.

From the species Homalopepis suffruticosa (Engl.) Devecchi & Pirani (Simaroubaceae),
six triterpenes were isolated (milemaronol (1), meso-teurilene (2), eurylene (3), hispidol A (4)
and hispidol (A plus B) (5), a-dihydronylocytine plus B-dihydronylocytine (6)), one coumarin
(scopo-letin (7)) and one alkaloid (5-methoxycanthin-6-one (8)) from the methanol extract of
the roots. Of these compounds, 1, 2—4 and 8 had potent inhibition of Gl parasite growth (>50%)
at the two concentrations tested — 25 and 50 pg/mL (ICso: 10.8 pg/mL (80 — 84%), 7.89 pg/ mL
(76 — 89%), 0.0548 ng/mL (88 — 92%), respectively) and the two mixtures hispidol A plus
hispidol B (5) (24.58 pg/mL (5)* (49 — 95%)) and a-dihydronylocytine plus -
dihydronylocytine (6) (26.65 pug/mL (6)* (43 — 79%)) were moderately active (Boeno et al.,
2022). Species belonging to the Simaroubaceae family are known in traditional medicine for
the treatment of fever and malaria, taking as an example species of the genera Simaba and
Quassia, also called “false quina” (Almeida et al., 2007). Furthermore, this family is
characterized by the presence of quassinoids, secondary metabolites with diverse biological
activities, including antimalarial and antiparasitic activities, which may contribute significantly
as a basis for the development of potential antimalarials (Alves et al., 2014).



Table 3: Antiplasmodial activity of compounds from Brazilian medicinal plants.
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Antiplasmodial activity

State where

_ Antiplasmodial activity Common
Family Species Com . References
pounds S : C e (i name collection
Pf strains (in vitro) Plasmodium species (in vivo) occurred
Xylopia - Envira-preta,
ICs0 > 138.7uM (A) _
Annonaceae frutescens Xylopic acid * pindaiba- Santos et al.
Gaertn. (K1) branca Par (2016)
Annonaine (1) *
1Cs023.2 (87.5) (1) (A) ) Chapéu de sol,
O-methylmoschatoline (2) * .
pimenta de
. . 33.5(2) () N
Xylopia sericea macaco, Gontijo et al.
A.St.-Hil (W2) pindaiba branca  Minas Gerais (2018)
Liriodenine (5) *
I1Cs0 6.1 pg/mL/ 22.2 uM (5)
Acetogenin (annomontacin (A) i .
) L Gontijo et al.
and 4-deoxy-annomontacin) Pindaiba,
22.7 pg/mL (A) . (2019a)
pimenta-de-
(W2) macaco Minas Gerais
Pindaiba,
pimenta-de- Gontijo et al.
%Gl 14.5-35.5 (A) (W2) macaco (2019b)
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Antiplasmodial activity State where

Antiplasmodial activity Common

Family Species Compounds ' R collection References
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
oxo-ent-kaurenoic acid Minas Gerais
ICs0 4.5 uM (1) (A)
Spilanthol (1) * 88 UM (2) (A)
. N-(2-phenethyl) (...) (2) * 5.1uM (3) (A) o
Asteraceae Acmella ciliata Silveira et al.
(Kunth) Cass. (2E,72)-6,9- (...) 3) * (NF54 /K1) Jambu Santa Catarina (2016)
Pentacalia (Co 7,82 ua/mL (A
. m
desiderabilis *0 He ) - Morais et al.
(Vell.) Cuatrec. Jacaranone * (K1) Catido-trepador S30 Paulo (2012)
Arnica-do-
. ICs50 115.6 UM (A) ]
Wedelia - mato, arnica- Santos et al.
paludosa DC. Kaurenoic acid * (W2) do-brejo Minas Gerais (2016)

ICs0 21.1 UM (1) (A)
Kaurenoic acid (1)

23.3uM (3) (A -
Grandiflorenic (3) M) &) Arnica-do- Batista et al.

(W2) mato Minas Gerais (2013)
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. Antiplasmodial activity Antiplasmodial activity Common State where
Family Species Compounds : P collection References
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
1Cs0 14,35 pg/mL (A)
Apocynaceae Aspidosperma - Nascimento
(W2) ,
excelsum Benth Yohimbine * Carapanauba Para et al. (2019)
Aspidoscarpine (1) *
ICs0 5.4 — 4.4 ug/mL (1) (A
Uleine (2) * » Ho/mL (1) (A)
7-32ug/mL (2) (A .
Apparacine (3) * He @@
3-3.2 pg/mL (3) (A) amargoso,
. N-methyl-
Aspidosperma guatambu-
. tetrahydrolivacine (5) * 5.7 — 4 pg/mL (5) (A) o
olivaceum amarelo, Chierrito et
MillLArg. (W2) peroba-rosa Parana al. (2014)
90 -97% /90 -91% (A)
(100, 50 mg/kg/day 5 — 7/ O)
1Cs0 1.4uM (A)
Rocha-e-
64% (10 mg/kg/day 7/ O)
1.2uM (A) (MA) (NK65) Silva et al.
Olivacine * (K1/3D7) Carapanadba ~ MinasGerais — 5419)
c ; Peroba, pau-
1Cs0 < 1pg/mL (A
oS HH ) - pereira, Dolabela et
Uleine * (W2 /3D7) guatambu Minas Gerais al. (2015)
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Antiplasmodial activity

State where

) Antiplasmodial activity Common
Family Species Compounds : P collection References
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
I1Cs0 0.3 pg/mL (5) (A)
Aspidosperma ;
. — 1.0 - 0.4 pg/mL (3) (A) Carapanauba .
ramiflorum Isositsirikine (5) * Parana
Mull.Arg. . . i
10-methoxygeissoschizol Aguiar et al.
(10-MG) (3) * 1.2 -0.9 pg/mL (2) (A) (2015)
Ramiflorine B (2) * (W2)
3,4,5,6-tetradehydro-f3-
yohimbine (3) *
19-(E)-hunteracine (4) *
14 pg/mL/ 39.9 uM (3) (1)
20-epi-dasycarpidone (11
P y* pidone (11) > 50/ > 176 (4) (1)
4.5 pg/mL /16.7 uM (11
20(E)-nor-subincanadine E Hd HM (11)
(MA)
(12)*
14.5 pg/mL/ 54.3 uM (12) (1
12-hydroxy-N-acetyl-21 Ho MM (12) (1) -
L) (13)* > 50/ > 135 (13) (I
Aspidosperma () (13) @3 Torres et al.
ulei Markgr. (K1) Piti4, piquia (2013)
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Antiplasmodial activity

State where

Speci Antiplasmodial activity Common Ref
Family pecies Compounds : P collection ererences
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
Ceara
Ellipticine (1) *
1Cs0 0.19 — 3.9 pg/mL (1) (A
Olivacine (2) * * Ho M@
0.81-13uM (2) (A )
2-methyl-1,2,3,4- M @) (A)
tetrahydroellipticine (11 1.1-3.5 pg/mL (11) (A
Aspidosperma y P (1) Hg (@ Montoia et al.
vargasii A.DC. (K1/W2) Carapanauba AMazonas (2014)
100% (50 mg/kg/day 5 —7) (A)
77-70% (A)
(10 mg/kg/day 7 — OIS) Rocha-e-
S Silva et al.
Ellipticine * _
I1Cs0 0.81 — 0.35uM (A) (NK65)
(K1/3D7) Carapanatba Amazonas (2012)
Himatanthus Al q
amanda,
articulatus . | da-d
alamanda-de-
(Vahl) Woodson Plumieride-iridoid (6) * ICs0 > 50 pg/mL (6) (1) flor-grande, Par4 Vale et al.
(W2) orélia (2015)
Parahancornia ICsp 117.4 pmol L (A) A _
mapazeiro,
fasciculata (W2) < de leit Borgati et al.
amapa de leite,
oir.) Benoist a
Poir.) Benoi 2017

amapa
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Antiplasmodial activity

State where

_ Antiplasmodial activity Common
Family Species Compounds : P collection References
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
amargoroso
Lupeol Para
ICs0 22.64uM (1) (A)
a-lapachone (1) *
37.82 uM (2) (A) _
*
Bignoniaceae  Tabebuia sp B-lapachone (2)
191.16 uM (3) (1) _
(Handroanthus) Lapachol (3) * Nascimento
Gomes ex DC. (W2) Ipé Minas Gerais et al. (2020)
Ipé amarelo,
Handroanthus ipé-tabaco,
o I1Cs0 123.5 uM (A) - 3
serratifolius Lapachol * pau-d‘arco- Branddo et al.
(Vahl) S.0.Grose (W2) amarelo Minas Gerais (2018)
Jatropha Ribifolin * Paraiba
o ICs0 42 UM (MA) _— .
ribifolia (Pohl) - Pinhdo manso, Pinto et al.
Baill. (3D7) pinhdo rasteiro (2015)
fava-de-
. L %Gl 81.25% (1) (A)
Dipteryx Isoliquiritigenin (1) * morcego, Alexandre et
lacunifera Ducke 88.98% (2) (A) . garampara al. (2020)

6,3",4'-Trihydroxyflavone
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Antiplasmodial activity

State where

) Antiplasmodial activity Common
Family Species Com . References
pounds o : C o (i name collection
Pf strains (in vitro) Plasmodium species (in vivo) occurred
)~ (W2)
Piaui
ICs0 1.82 uM (1) (A) i Céssia-do-
Senna spectabilis nordeste,
. Piperidine alkaloids * 2.76 UM (2) (A) i .

(DC.) H.S.Irwin canafistula-de- Pivatto et al.

& Barneby Cassine (1); Spectaline (2) (3D7) besouro Séo Paulo (2014)

36 —37% (1) (50 mg/kg/ day*
5-0I/S) (LA)
33% (2) (50 mg/kg/ dayt 5 —
O (LA)
) Rocha-e-
(NK®5) maca balsamo
. Balsaminoside B (1) ) Silva et al.
Cucurbitaceae Momordica ou abdbora
balsamina L. Karavilagenina C (2) africana Amazonas (2015)
P<0.05(1-2)(LA)

b is il Julifloridine (1) * - Al b Batista et al
Fabaceae rosopis juliflora (2mglkg/ day 5) garoba, atista et al.

(Sw.) DC. Juliprosopine (2) * mesquite (2018)
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Antiplasmodial activity

State where

) Antiplasmodial activity Common
Family Species Compounds _ o collection References
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
(NK®65) Bahia
0.215 ug mL1 (1.1) (A
Poincianella Ellagic acid (1.1), Gallic MO @A
pluviosa (DC.) acid (3.1), Valoneic acid 25-50 ugmL* (3.1-2.1) - De Souza et
L.P.Queiroz dilactone (2.1) (MA) (W2) Sibipiruna Rio de Janeiro al. (2018)
Limonoids: 6a-
acetoxyazadiradione (1) *
Andirobin (2) * 1Cs0
60-acetoxygedunin (3) 154 uM (1) (MA)
65.7% (3) (MA)
7-deacetyl-7-oxogedunin 153 M (2) (MA)
40.3% (4) (LA
4) 7.0 uM (3) (MA) 03% (4) (LA)
6a-hydroxydeacetylgedunin 20 uM (4) (1) (100mg/kg/day 5/ 0)
©) NK65
5.0 uM (5) (A) (NKE9) |
Meliaceae Carapa Pereira et al.
guianensis Aubl. (K1) Andiroba Amazonas (2014)
Mi i %R: 28 — 50 % (3) (MA) Acar Cursino et al
Olacaceae inquartia Oleanolic acid (3) * cariquara, ursino et al.
guianensis Aubl. 32 -67% (5) (MA) acari, araridba (2012)
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Antiplasmodial activity

State where

) Antiplasmodial activity Common
Family Species Compounds : P collection References
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
Squalene (5) * 34 - 64 % (6) (MA)
Taraxerol (6) * (W2) Amazonas
11.11 pg/mL (2) (A)
Piperaceae Piper ..
. 25 —50 pg/mL (3) (LA) Esplrlto_ Santo
claussenianum and Rio de Marques et
c.DC. Nerolidol (2); linalool (3) (W2) Jaborandi Janeiro al. (2015)
63 —59% (MA)
(600mg/kg/day 5 —7)
ICs0 0.05pg/mL (M1) (A)
48% (400mg/kg/day 7) (LA)
0.83 pg/mL (M2) (A)
54 - 61% (MA)
0.60 pg/mL (K1) (A) Roch
(200, 600 mg/kg/day 7/ O/S) ocha-e-
2.11 pg/mL (3D7) (MA) (NK65) Silva et al.
Piper peltatum L. 4-Nerolidylcatechol * (K1/3D7/M1/M2) Capeba AMazonas (2011)
Pariparoba,
. 1Cs0 1800 ng/mL (A) .
Piper - aguaxima, Bagatela et
umbellatum L. 4-Nerolydilcathecol * (D6) caapeba Sio Paulo al. (2013)
Rhamnaceae . Carmo et al.
Ampelozizyphus )
Saracura-mira (2015)

amazonicus

ICs0 80.30 — 54.22 uM (1)
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Antiplasmodial activity State where

Speci Antiplasmodial activity Common Ref
Family pecies Compounds , i collection ererences
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
Ducke Lupeol (1) (A)
Betulinic acid (2) 5.60 - 8.23 uM (2) (A)

Betulin (3) 17.08 — 14.22 uM (3) (A)

Melaleucic acid (4) 508.74 — 710.1 uM (4) (A)
(3D7/Dd2) Amazonas

Milemaronol (1) *
1Cs010.8 pg/mL > 80% (1)
meso-Teurilene (2) * (A)
Eurylene (3) * 7.89 ng/mL > 80% (2) (A)
Hispidol A (4) <50% (3) (1) -
Hispidol A plus Hispidol B 80% (4) (A)
() *
24.5 pg/mL > 95% (5) (A)
a-dihydronylocytine plus s-
. . 26.6 pg/mL > 70% (6) (A) Rio de Janei
dihydronylocytine (6) * io de Janeiro
Homalolepis <50% (7) (I
. Scopoletin (7) * @)
suffruticosa Calunga, mata-
. i 0.0548 pg/mL > 90% (8) (A)
(Engl.) Devecchi  5-methoxycanthin-6-one (8) cachorro-do- Boeno et al.
& Pirani * (W2) mato (2022)
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. Antiplasmodial activity Antiplasmodial activity Common State where
Family Species Compounds : P collection References
P Pf strains (in vitro) Plasmodium species (in vivo) name occurred
I1Cs0 2.8 pM (1) (A)
Solanaceae ] 55 uM (2) (A) 65% (2) (MA)
Physalis
angulata L. 2.2 uM (3) (A) (50 — 100 mg/kg/ day 8)
Physalins B (1), D (2), F 6.7 UM (4) (A) (NK®65) Saetal.
@).GM#)* .
(W2) Camapu Para (2011)
A) Active; MA) Moderately active; LA) Low active; I) Inactive. Pf: Plasmodium falciparum. O: Oral; S: Subcutaneous

(*) Structure arranged in Figure 1.

“World Flora Online” (http://www.worldfloraonline.org)
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6. Prospects for malaria control and vector control in Brazil

Malaria is a disease that still poses a risk to public health in endemic regions and most
transmissions and deaths caused by this infection are mainly related to socioeconomic and
environmental conditions. In Brazil, especially in its Amazon region, the use of medicinal plants
in the treatment of malaria is still common; however, health actions to combat the disease in
the region have increased over the years, with the development of prevention strategies such as
the implementation of rapid diagnostic tests that function as an important tool for expanding
the diagnosis and treatment network, especially in remote and difficult-to-access areas or places
without the possibility of blood smear examinations using microscopy (Brazilian Ministry of
Health, 2020). In Africa, the practice of using medicinal plants is still common in indigenous
communities (Tabuti et al., 2023), despite the continuous increase in global health programs
aimed at combating, preventing and eliminating malaria that have been developed by the World
Health Organization (World Health Organization, 2021).

Although programs to combat and eliminate Plasmodium have been created over the
years, ecological and behavioral factors of the vectors, as well as environmental conditions,
especially in the Amazon, such as temperature, humidity and vegetation, also act as obstacles
that hinder the adoption of strategies to combat the spread of malaria, since such characteristics
favor the reproduction and proliferation of vectors in areas near rivers (Ferreira e Castro, 2016).
Despite the reduction in cases in recent years, it is still essential to reinforce policies of
initiatives that contribute to the reduction of environmental impacts, sanitary conditions and the
establishment of relatively stable political and socioeconomic scenarios that contribute to vector
control and, consequently, reduce the advance of disease transmission (Cohen et al., 2012;
Siqueira et al., 2016).

Of the 8-aminoquinoline antimalarials used in the treatment of P. vivax, primaquine and
tafenoquine are the only drugs currently available for the treatment of hypnozoites, but which
also present specific safety problems, mainly in individuals deficient in the enzyme G6PD
(glucose-6-phosphate dehydrogenase) (Taylor et al., 2023). Tafenoquine, approved in 2019 by
ANVISA, has been incorporated into the public health system (SUS) in Brazil. It presents
similar results to primaquine, which is already used by the SUS; however, it demonstrates

advantages in relation to treatment regimens, as only a single dose is required, compared to
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primaquine, which is administered for 14 days), thus reducing the chances of relapses. Because
of this, there is an expectation of increased patient adherence to treatment, and it has become a
new ally in the control and elimination of malaria (Brazilian Ministry of Health, 2021, Brazilian
Ministry of Health, 2023).

In addition to primaquine and tafenoquine, two other important medications are also
used to treat malaria in Brazil, chloroquine and artemisinin, which come from the synthesis of
active molecules from medicinal plants. Over the last few decades, these discoveries have
encouraged the search for new active molecules from plant species that lead to the production
of new antimalarials and which, in the future, could contribute to the treatment of the disease
in endemic areas (Dolabela et al., 2015). Thus, research aimed at the discovery of these
substances, which are derived from natural products, remains in focus due to the need for
potential candidates for the development of new drugs and/or phytotherapeutic drugs, as a result
of the growing increase in resistance of Plasmodium strains, which has become one of the
greatest challenges in combating and eliminating the disease. The process of biotechnological
screening of species, including preclinical trials, has become indispensable for a better
understanding of the mechanisms of action of the parasite against the action of molecules from
plant species in tests that can be implemented in the future as antimalarial drugs (Lameira et al.,
2021).

7. Conclusion

In Brazil, there are many plant species with antimalarial potential, and our research
found 61 publications involving 36 botanical families and 92 species that use different strains
of Plasmodium in in vitro and in vivo assays. Although many plant species with antimalarial
potential have been identified in Brazil, the study of new antimalarial molecules is still
considered incipient and studies have not yet evolved towards the production of a
phytotherapeutic drug; therefore, there is a need for public policies and more efficient
biotechnological approaches for the discovery of natural antimalarial products that can actually
contribute to the treatment of the disease in the country and in other endemic regions. Because
of this, future investigations are necessary, including control strategies that are considered
indispensable in an attempt to reduce the proliferation and spread of the vectors that are

responsible for the transmission of malaria in Brazil.
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screening tests. In vivo antimalarial assays were conducted with
these species extracts against Plasmodium berghei (NK 65 strain)
infected mice. Inhibition rate of parasite multiplication ranged
from 41.4% to 60.9% at the lowest extract dose (25 mg/kg).
HPLC-ESI-HRMS? analyses allowed the putative identification of
alkylamides, fatty acids, flavonoid glycosides and alkaloids in
ethanol extracts deriving from these three plant species. Results
pointed towards A. oleracea flowers ethanol extract as the most
promising potential candidate to preclinical studies aiming the
development of antimalarial phytomedicine.
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natural products have directly or indirectly contributed to the
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and templates for the synthesis of structurally related drugs.”

Therefore, it is important reminding that human malaria is
an endemic disease in 84 tropical and subtropical regions in
African, South-Eastern Asian, Eastern Mediterranean and South
American countries. According to WHO (World Health Organ-
ization), there was a global increase in malaria cases and
associated deaths from 2015 to 2020.”" With respect to Latin
America, the estimated increase in the number of malaria cases
was mainly observed in Venezuela, Brazil and Colombia,
accounting for 77% of cases in this region. Malaria is also
endemic in the Amazonian biome in Brazil, accounting for over
99% of malaria cases in Brazil. P. falciparum and P. vivax are the
main malaria parasites, P. vivax is the prevalent one in Brazil
(68%).7#

Eleven plant species occurring in the Western Para State,
which is a malaria hotspot in the Brazilian Amazonia, had their
in vitro antiplasmodial activity and cytotoxicity as well as in vivo
antimalarial activity aiming to contribute to a rational research
on plants traditionally used to treat malaria. Phytochemical
profile of the most bioactive plants was also performed. Acmella
oleracea,” Lippia origanoides”’ Senna quinquangulata/® and
Trema micrantha"" were selected based on ethnopharmacolog-
ical data. Furthermore, the herein adopted taxonomic approach
encouraged investigation on plants belonging to genera tradi-
tionally used by local populations, namely: Siparuna
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Abstract

Ethnopharmacology and botanical taxonomy are valid criteria used to selecting plants for
antimalarial bioprospection purposes. Based on these two criteria, ethanol extracts 11 plants
from Santarém City vicinities, Western Para State, Brazilian Amazonia, had their in vitro
antiplasmodial activity against chloroquine-resistant Plasmodium falciparum (W2 clone)
assessed by the PFLDH method, whereas their cytotoxicity to HepG2-A16 cells was assessed
through MTT assay. Acmella oleracea, Siparuna krukovii and Trema micrantha extracts
disclosed the highest rate of parasite growth inhibition (90%) in screening tests. In vivo
antimalarial assays were conducted with these species extracts against Plasmodium berghei
(NK 65 strain) infected mice. Inhibition rate of parasite multiplication ranged from 41.4% to
60.9% at the lowest extract dose (25 mg/kg). HPLC-ESI-HRMS?2 analyses allowed the putative
identification of alkylamides, fatty acids, flavonoid glycosides and alkaloids in ethanol extracts
deriving from these three plant species. Results pointed towards A. oleracea flowers ethanol
extract as the most promising potential candidate to preclinical studies aiming the development
of antimalarial phytomedicine.

Introduction

Amazonian biodiversity is internationally regarded as bioprospection hotspot that could
afford therapeutic agents to treat any disease type, as well as food to fight famine besides being
of fundamental importance to questions such climate change and biodiversity conservation.[1]
Ethnopharmacological data of Amazonian plants are available in the literature and support the
use of such information in scientific investigations [2,3,4,5] In fact, natural products have
directly or indirectly contributed to the discovery of antimalarial drugs, as chemical entities,

derivatives and templates for the synthesis of structurally related drugs.[6]

Therefore, it is important reminding that human malaria is an endemic disease in 84
tropical and subtropical regions in African, South-Eastern Asian, Eastern Mediterranean and
South American countries. According to WHO (World Health Organization), there was a global
increase in malaria cases and associated deaths from 2015 to 2020.[7] With respect to Latin
America, the estimated increase in the number of malaria cases was mainly observed in
Venezuela, Brazil and Colombia, accounting for 77% of cases in this region. Malaria is also

endemic in the Amazonian biome in Brazil, accounting for over 99% of malaria cases in Brazil.



123

P. falciparum and P. vivax are the main malaria parasites, P. vivax is the prevalent one in Brazil
(68%).[7,8]

Eleven plant species occurring in the Western Para State, which is a malaria hotspot in
the Brazilian Amazonia, had their in vitro antiplasmodial activity and cytotoxicity as well as in
vivo antimalarial activity aiming to contribute to a rational research on plants traditionally used
to treat malaria. Phytochemical profile of the most bioactive plants was also performed. Acmella
oleracea, [3] Lippia origanoides, [9] Senna quinquangulata, [10] and Trema micrantha [11]
were selected based on ethnopharmacological data. Furthermore, the herein adopted taxonomic
approach encouraged investigation on plants belonging to genera traditionally used by local
populations, namely: Siparuna krukovii, [12,13] Abuta sp, [4,14,15] Ampelozizyphus sp,
[3,4,15] Aniba sp, [15,16] Aspidosperma sp, [3,15] Croton sp, [3,4,15] and Virola sp.[14,17]

Results

Biological Activity Screening ethanol extracts of plants occurring in Western Paré State,

Brazilian Amazonia, for in vitro antiplasmodial and cytotoxicity effects

Primary screening of ethanol extracts from the 11 selected plants was carried out to
investigate for their in vitro antiplasmodial activity against chloroquine-resistant P. falciparum
(W2 strain), as well as their cytotoxicity to HepG2 cell cultures. Results are shown in Table 1.
Extracts with % Gl >50 in antiplasmodial assay were considered potentially active.
Furthermore, most extracts did not show cytotoxicity at the concentration of 100 pg/mL. Abuta
sp ethanol extract was the only cytotoxic one (CCso 31.9 + 2.7 pg/mL), Aniba sp and Virola sp
disclosed CCsp 57.5 + 1.8 pg/mL and 57.6 = 2.5 pg/mL, respectively; they were thus considered
moderately cytotoxic (Table 1). Because Abuta sp and Croton sp were not taxonomically
determined, their extracts were not phytochemically featured. A. oleracea, S. krukovii and T.
micrantha ethanol extracts were statically equivalents with %Gl close to 90 at the concentration
of 50 pg/mL. Therefore, these three plant species stood out as the most promising ones of the
11 screened by in vitro and in vivo assessment herein reported support the further studies aiming
to validate their antimalarial potential [18,19,20,21]
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Table 1. Plasmodium falciparum (W2) growth inhibition rate (% GI) and 50% cytotoxicity

concentration (CCsp) of HepG2 cells observed for extracts from plants occurring in Western

Para State, Brazilian Amazonia.

Species

Plant

% Growth inhibition

Cytotoxicity

oart [100.0 pg/mL] [50.0 pg/mL] CCso (Hg/mL)
Acmella oleracea  Flowers  94.70 +5.10* 92.30 + 7.60° > 100.00°¢
Lippia Leaves  69.00 + 6.208¢ 57.00 + 3.708 > 100.00¢
origanoides
Senna Leaves  66.00 + 5.008¢ 47.00 + 2.00°¢ > 100.00¢
guinguangulata
Siparuna krukovii  Leaves  91.60 + 8.50" 73.00 + 3.6018 > 100.00¢
Trema micrantha  Leaves  95.30 + 3.50" 82.00 + 8.80° > 100.00°¢
Abuta sp Leaves 91.30 + 7.80% 89.30 + 8.40° 31.90 + 2.70*
Ampelozizyphus Bark 26.00 + 6.20° 17.30 + 5.80F >100.00°¢
sp
Aniba sp Bark 62.70 + 6.00¢ 46.30 + 1.50¢ 57.50 + 1.808
Aspidosperma sp Bark 71.00 + 2,708 56.70 + 2.30°8 > 100.00°¢
Croton sp Bark 88.70 + 3.20" 84.70 + 2.50" > 100.00¢
Virola sp Bark 53.00 + 3.60° 35.70 + 6.80° 57.60 + 2,508
*Chloroquine - 100.00 + 0.00* 100.00 = 0.00* 32.10 £ 1.70*

diphosphate

Note: Means (+ SD, n = 3) followed by different letters were significantly different within columns (Tukey test’s,

p = 0.05). Statistical analyses of parasitemia reduction at 100.0 and 50.0 pg/mL were performed separately for

each concentration analyzed. *Statistical analysis of the antiplasmodial activity of the chloroquine control was

performed separately for each sample and concentration, and significant to p < 0.05.

Based on the current results, Acmella oleracea, Siparuna krukovii and Trema micrantha

stood out as the most active species out of the eleven assayed ones (Table 1) — their ethanol

extracts had their activity in vitro assessed to determining their 1Cso. Thus, the highest

antiplasmodial activity was recorded for A. oleracea flowers extract, followed by T. micrantha
and, finally, by S. krukovii — 1C50=28.93 + 6.97 pg/mL, 25.05 £ 1.71 ug/mL, and 23.08 + 8.70

ug/mL, respectively. However, differences in ICso values among these species were not

statistically significant (p=0.05).
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In vivo antimalarial activity of Acmella oleracea, Siparuna krukovii and Trema micrantha

extracts against Plasmodium berghei (NK65 strain) infected mice

The inhibition rate of parasite multiplication was determined at the 4th dpi (day post
infection), after the last dose of the extracts was administered to infected mice. Parasitemia
levels have significantly reduced in all treated groups, mean parasite multiplication inhibition
rate ranged from 41.4% to 60.9% and no dose-effect association was observed (Table 2). The
highest parasite inhibition rate (60.9%) was observed for the lowest T. micrantha extract dose
(25 mg/kg); it was close to that observed for the CQ-treated group (66% inhibition). On the 6th
dpi (exactly 48 hours after the last dose of treatment) an expressive rate decrease, was observed
especially in those mice that received A. oleracea and T. micrantha extracts. The lowest extract
effectiveness was observed in the 6th dpi, in animals treated with T. micrantha extract, for
which no parasites inhibition was observed (Table 2). Mean parasitemia observed for each
extract at the 8th dpi was similar in both treated and non-treated No side effects were observed

in any of the herein applied doses (Table 2).
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Table 2. Invivo antimalarial activity of Acmella oleracea, Siparuna krukovii and Trema micrantha extracts against Plasmodium berghei (NK65

strain) infected mice.

Inhibition of  Inhibition of Inhibition of
Parasitemia on Parasitemiaon Parasitemia parasite parasite parasite n/group n/group
Ethanol Dose 4" dpi (Mean 6" dpi(Mean on8"dpi multiplication multiplication multiplication n/group on6"™  on8®"
extract  (mg/kg) + SD) + SD) (Mean + SD) (%) on 4" dpi (%) on 6" dpi (%) on 8" dpi on 4" dpi  dpi dpi
25 0.75+0.10"8 540 +0.55 6.70 £ 0.29 41.41 0.74 0 5/5 5/5 5/5
Acmella 50 0.72+0.21"8  500+0.50 6.20+0.98 43.75 8.09 0 5/5 5/5 5/5
oleracea
flowers 100 0.66+0.09"® 514+110 6.52+0.76 48.44 551 0 5/5 5/5 5/5
25 0.60 +0.25"8 4,00+ 056~ 7.50 +0.69 49.15 25.95 0 5/5 5/5 5/5
Siparuna
krukovii 50 0.50+0.11°8  3.90+0.44~ 7.70+0.70 57.63 27.77 0 5/5 5/5 5/5
leaves 100 0.60+0.35"8 4.10+0.46~ 7.78+0.56 49.15 24.07 0 5/5 5/5 5/5
25 0.50+0.09"8  580+1.22 7.90+0.64 60.90 0 0 5/5 5/5 5/5
Trema
micrantha 50 0.60+0.15"8  630+0.42 7.90+152 53.13 0 0 5/5 5/5 5/5
leaves 100 0.75+0.26"® 545+0.76  8.50+0.86 41.40 0 0 5/5 5/5 5/5
CQ 10 0.48+0.16" 0.70+0.104 0.90 +0.167 66% 85% 83% 5/5 5/5 5/5
Vehicle mL 1.28+0.16 544+036 6.00+0.23 - - - 5/5 5/5 5/5

Note: CQ = Chloroquine; Vehicle = treated water; dpi = day post infection; a = p value < 0.05 (compared to the Vehicle group); b = p value

> 0.05 (compared to the CQ-treated group). ANOVA + Post Tukey Test.
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Phytochemical Analysis

TIC’s (Total Ion Chromatogram) major constituent peaks detected in HPLC-ESI-
HRMS? acquisitions were putatively identified in ethanol extracts from Acmella oleracea,
Siparuna krukovii and Trema micrantha (Table S1). LC-MS characterization is described in
the literature for most putatively identified compounds.[22,23] Nine compounds belonging to
different structural classes, such as alkamides, sugar, phenolic acids and fatty acids, were
putatively identified in the ethanol extract from A. oleracea flowers, in comparison to data
available in the literature (Figure 1). The alkylamide known as Spilanthol (Figure 1.8) is the
major constituent of A. oleracea flowers. To the best of our knowledge, a new hydroxy-
alkamide is herein described for the first time and its proposed fragmentations are shown in
Figure 2.
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Figure 1. Chemical structures of compounds putatively identified by HPLC-ESI-HRMS? in

flowers ethanol extracts from Acmella oleracea occurring in Para State, Brazilian Amazonia.
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Figure 2. Proposed HRMS? fragmentations for hydroxy-spilanthol ((2E,6Z,8E)-5-hydroxy-N-isobutyldeca-2,6,8-trienamide), molecular ion at

m/z 238.1801 [M + H]", a supposed new alkylamide.
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Benzyltetrahydroisoquinolines, protoberberines and aporphines are often found in
plants belonging to family Siparunaceae. Fragment ions detected in positive LC-HRMS?
support the proposed structures of reticuline, coclaurine, isocorypalmine and anonaine (Figure
3) putatively identified as the major compounds in S. krukovii extract. This finding corroborates
reports on LC—MS analyses applied to the aforementioned species,[24,25] as shown in Table
S1. On the other hand, the supposed identification of compounds in ethanol extract from T.
micrantha leaves was inferred based on LC-ESI-HRMS? data. Losses of neutral 132 Da and
150 Da fragments corresponding to ions’ fragmentation at m/z 449.1080 [M+H-132]+ and m/z
431.0974 [M+H-132-18]+, respectively, were indicative of pentose residue in the chemical
structure of this compound.[26] In addition, the association between these data and the
aforementioned fragment ions, as well as lack of neutral loss of 60 Da ([M+H-60 Da]+
fragment) in the HRMS? spectrum, which is often generated by C-pentose derivatives’
fragmentation, have suggested that this sugar may be an O-pentoside, likely one of the
stereoisomers arabinoside or xyloside. Furthermore, peaks observed at m/z 329.0655 [M+ H—
132-120]+, at the base peak, and the one observed at m/z 359.0762 [M+H-132-90]+ were
indicative of C-glycosyl residue linked to flavone genin, as well as consistent with likely
regioisomers, such as orientin or isoorientin. Thus, the putative compound might be
(iso)orientin-2’’-O-(arabinoside or xyloside) (Figure 4.1). Based on similar analyses applied to
the main peaks observed at m/z 433.1128 [M+H-132]+ and to the base peak observed at m/z
313.0704 [M+H-132-120]+, the second major peak detected in the extract could be attributed
to (iso)vitexin2’’-O-(arabinoside or xyloside) (Figure 4.2). Negative fragment ions observed
for both flavone heterosides have confirmed the structural proposals deriving from LC-HRMS?
analyses under positive conditions (Table S1). LC-MS data about the supposed flavone
heterosides were not found in the literature; thus, their likely structures were inferred based on
HRMS? analyses, whose results have shown agreement with fragmentations observed for
(iso)vitexin and (iso)orientin compounds.[27] Vitexin was isolated from ethanol extract
deriving from Trema micrantha leaves;[28] therefore, (iso)vitexin-2’’-O-(arabinoside or
xyloside) putative identification was consistent with the reported observation for both vitexin

and its derivatives as phytochemical markers in plant species belonging to the genus Trema.
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Discussion

The emergence and spread of multidrug-resistant malaria parasite strains to artemisinin
and ACTs [29] have raised concerns about the urgent need of finding new antimalarial drugs,
as well as the rational and sustainable development of phytomedicines. The rich Amazonian
biodiversity is a potential source of new drugs to be explored. Indeed, traditional and folk
medicinal plants used in this biome for malaria treatment should be intensively investigated.
Basic requirements that must be attended for preclinical studies for antimalarial phytomedicines
activity and cytotoxicity screening, as well as active compounds’ identification and
quantification, standardization of extracts to be used and pre-clinical studies to develop efficient

and safe phytomedicines.[30,31]

LC-MS analysis has evidenced the simple phytochemical profile of A. oleracea ethanol
extract, which presented spilanthol as its major metabolite; therefore, it can be considered a
phytochemical marker of this species and this feature can help developing a new
phytomedicine. Furthermore, the herein proposed identification of major metabolites based on
HRMS? data can also guide phytochemical studies focused on isolating antimalarial compounds
in bioactive extracts. A. oleracea naturally grows in tropical regions near the Equator line,
mainly in Africa, Asia and South America, is called jambu in Brazil. The whole plant is used
as medicinal remedy, mainly to treat toothache.[32] Pharmacological study has shown that
spilanthol presented antimalarial activity against two P. falciparum strains (PFB strain
originated from Brazil and chloroquine-resistant K1 strain originated from Thailand).
Spilanthol has shown good antimalarial activity — its 1Cso ranged from 5.8 to 41.4 ug/mL.[33]
The antimalarial activity herein described for A. oleracea flowers may be associated with the
presence of spilanthol and undeca2E-ene-8,10-diynoic acid isobutylamide in its ethanol extract
given their well-known antimalarial activity against P. falciparum.[33,34] Indeed, the current
data corroborate a study conducted in vivo, which evidenced that water extract deriving from S.
acmella, at the concentration of 50 mg/kg, reduced parasitemia in mice infected with
Plasmodium yoelii by up to 53%, at the 5th dpi.[34] It is noteworthy that the in vivo antimalarial
activity observed of S. acmella flowers ethanol extract described here showed, in the 4th dpi,
the inhibition of parasite multiplication was of 41.4%, 43.75% and 48.44% in doses of 25, 50
and 100 mg/kg, respectively. This is a good result since, in the in vivo assays, a sample is

considered active when it promotes a parasitemia reduction >30%.[35] However, it is worth
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emphasizing that in the aforementioned study the extracts were administered by intraperitoneal
route whereas the current study gavage (oral route) was used. However, it is worthy pinpointing
that the investigated extracts did not show sterilizing-type antimalarial activity throughout the
five-day treatment; besides, its activity has significantly decreased within 48 hours after the end
of the treatment. This finding may be associated with the fast excretion of the most active
compounds found in these extracts, although this assumption requires further investigation. On
the other hand, CQ’s long effect on parasite development is linked to its long half-life (20— 60
days, on average) in the bloodstream.[36,37] Finally, just as few studies focused on
investigating the antiplasmodial activity in vivo of A. oleracea extracts,[38] few toxicological
studies conducted with A. oleracea extracts are available in the literature and none of them was
carried out with humans. No toxic effects on animal model was observed for hydroethanol
extract deriving from A. oleracea flowers or for its major compound, i. e., spilanthol. These
findings reinforce the safety of long-term A. oleracea consumption.[39] Thus, the extensive use
of jambu in the traditional cuisine of Northern Brazil can be also a sign of its safety for human

consumption purposes.

No citation about the phytochemistry and ethnopharmacology of Siparuna krukovii A.
C. Sm. (syn. Siparuna langsdorfii Tolm.), which mainly grows in the Amazonian rainforest,
was found in the literature.[40] The current study is the first to report antimalarial activity by
this plant species, which was selected based on taxonomic approach, since several
antiplasmodial alkaloids deriving from Siparuna species, such as coclaurine and reticuline,
were reported in the literature.[24,41,42,43] Complex LCHRMS phytochemical profile was
herein observed for S. krukovii extract - such a profile is capable of hindering its standardization

process, which is a fundamental step in medicinal plant validation processes.

Trema micrantha (Cannabaceae) is found in the Americas, from Florida (USA) to
Southern Brazil. It is the only Trema species growing in all Brazilian biomes [44] and its
ethnopharmacological use as antimalarial drug is well known in the Brazilian Amazon.[11] To
the best of our knowledge, the current study was the first to report antiplasmodial activity of T.
micrantha plants growing in Brazil. However, T. micrantha leaves have shown significant
toxicity associated with both natural and experimental poisoning in goats, sheep and horses,
who presented liver necrosis and encephalopathy.[45] Other Trema species, such as Trema

orientalis Linn. Blume (syn. Celtis orientalis Linn.), are widely distributed in South Africa,
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Middle East, India, as well as from Southern China to Southeast Asia and Australia. This
species is used in Nigeria as prophylactic agent, as well as to treat malaria, a fact that turns it
into one of the most investigated Trema species in antimalarial assays conducted in vitro and/or
in vivo.[46,47,48]

Conclusions

The present research showed that A. oleracea (Asteraceae), S. krukovii (Siparunaceae)
and T. micrantha (Cannabaceae) were the most active out of the 11 plant extracts investigated
for antimalarial activity. HPLC-ESI-HRMS? data of the three most bioactive extracts, showed
the presence mainly of alkylamides (A. oleracea), alkaloids (S. krukovii) and flavones (T.
micrantha). The in vivo assays against P. berghei infected mice showed that A. oleracea (syn.
Spilanthes acmella) an herbal plant used in traditional medicine in Brazil and in other malarial
countries, has the best profile as a potential candidate to the development of an antimalarial
phytomedicine. However, the limited knowledge on A. oleracea preclinical studies in animals
are requirements to confirming a candidate to the development of an antimalarial
phytomedicine before translation to clinical trials. The results described here demonstrate that
ethanol extract of A. oleracea flowers deserve further preclinical investigation as a potential

antimalarial phytomedicine.

Experimental Section
Plant material

The 11 plant materials were collected in 2019 in the West Para State, Brazilian Amazon
(Table S2). The research with these plants was registered in Brazil, SiSGEN System, under the
Code A287942.

Preparation of ethanol extracts

After drying in a circulating air oven at 40°C, the different plant parts were milled and
the powders were submitted to extraction. Thus, powdered part of each plant was submitted to
extraction with ethanol (96%) under heating at 50°C for 30 min (plant:solvent ratio, 1:10 w/v).
Subsequently, the extractive solutions were concentrated in a rotary evaporator affording the

dry ethanol extracts (Table S2).
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HPLC-ESI-HRMS? Acquisition

Mass detection of extract metabolites was performed in a system consisting of an
Ultimate 3000 HPLC (Thermo Scientific) coupled to a QExactive high-resolution mass
spectrometer (Thermo Scientific). An H-ESI (heated electrospray ionization) source in positive
and negative modes was used for monitoring the compounds by HRFS (high resolution full
scan) and in the parallel reaction monitoring (PRM) experiments. Phenyl-hexyl C-18 column
at 20°C was used in liquid chromatography separation. The mobile phase consisted of water
0.1% formic acid (solvent A) and acetonitrile 0.1% formic acid (solvent B). The elution protocol
was 0-18 min with curved gradient (5) from 30% to 75% B, isocratic elution with 75% B in
18-25 min, curved gradient (5) between 25-32 min with curved gradient (5) from 75% to 100%
B, and kept in 100% B between 32— 35 min. The flow rate was 0.3 mL min™, and the sample
injection volume was 10.0 pL. The mass spectra were generated by heated electrospray
ionization (HESI) that were operated in the following conditions: positive and negative ion
modes; capillary temperature, 350°C; vaporizer temperature, 250 °C; sheath gas, 30 psi; and
collision energy was set at 35 eV. Analyses were run in the full scan mode (100-100 Da). The
data were processed using the Xcalibur® program. The different classes of secondary
metabolites were characterized based on the typical fragmentation patterns by sequential MS2

analyses (HRMS2) and comparison to the literature data.
In vitro Antiplasmodial assay

Chloroquine resistant P. falciparum (W2 strain) was grown and synchronized with 5.0%
sorbitol.[49] Evaluation of the in vitro antiplasmodial activity was performed by the
quantification of the parasitic enzyme lactate dehydrogenase (PfLDH).[50] Ring trophozoite
stage cultures (parasitemia of 2% and hematocrit of 1%) and two concentrations of the extracts
(50.0 and 100.0 ug/mL) were used in the screening assays. For determination of the 1C50
(Inhibitory Concentration 50%), 5 different concentrations (6.25, 12.5, 25.0, 50.0 and 100.0
pg/mL) of the ethanol extracts were evaluated to obtain concentration-response curves plotted
with sigmoidal fit. In each experiment, wells with uninfected and infected red blood cells (RBC)
without drug were included as negative and positive controls of growth, respectively.
Chloroquine diphosphate salt was the standard antimalarial drug. After 48h of incubation under
COg., plates were frozen (twice) to promote cell lysis. The lysate (15 pL) was added to Malstat
reagent (100 puL) and NBT (nitroblue tetrazolium)/PES (phenazine ethosulphate) (25.0 puL),
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followed by incubation (1 h at 37°C) under light and subsequent reading at 540 nm. Cell
viability (%) was calculated as the ratio between non-infected (100% viable) and infected
without treatment (0% viable) RBCs.

In vitro Cytotoxicity assay

Cell viability was determined by the MTT (3-(4,5-dimethyltriazol-2- yl)-2,5-diphenyl
tetrazolium bromide) method.[51] HepG2 A16 cells (human hepatocellular carcinoma) (4x105
cells/0.1 mL) were grown in RPMI-1640 medium, supplemented with 5% of fetal calf serum,
kept in a 5% CO2 atmosphere at 37°C. The extracts were dissolved in RPMI-1640 and dimethyl
sulphoxide (DMSO) (0.02%, v/v). Chloroquine, the standard drug in the antimalarial assay was
also used as reference in the cytotoxicity evaluations. After 24h, the extracts were added at the
concentration of 100 pg/mL followed by 24h of further incubation. The MTT (2.0 mg/mL) was
added, followed by incubation at 37°C in an atmosphere of 5% CO; for 4 h. DMSO was added
to each well, and the reactions were mixed to solubilize the formazan crystals. The optical
density was determined at 570 nm and 630 nm to measure the signal and background,
respectively. The cell viability was expressed as a percentage of the control absorbance in the

untreated cells after subtracting the appropriate background.
In vivo antimalarial assays

The in vivo antimalarial activity was evaluated in C57BL/6 female mice, 6-8 weeks of
age, were inoculated with 105 Plasmodium berghei (NK 65 strain) infected red blood cells
(iRBC) through gavage (oral route) and randomly distributed in groups of five mice each. The
animals were supplied by the Biology Research Center, Federal University of Juiz de Fora after
protocol approval by Ethical Committee for animal use (process # 28/2022). Afterwards the
ethanol extracts of A. oleracea flowers, S. krukovii leaves and T. micrantha leaves, the three
most active in the in vitro antiplasmodial assays (Table 1), were evaluated by the classical in
vivo suppressive test.[52] The extracts were diluted in 3% dimethyl sulfoxide
(DMSO)/ultrapure water to the concentration of 120 mg/ mL, followed by another dilution in
water to obtain the treatment concentration (25, 50 or 100 mg/kg). The extracts were
administrated to P. berghei (NK 65 strain) infected mice by gavage for five consecutive days
(DO to D4), beginning four hours after experimental infection with P. berghei. Two control
groups were used: one receiving the standard antimalarial drug chloroquine (10 mg/ kg) and the
other receiving vehicle (water). Giemsa-stained blood smears were prepared from day 4 to 9
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post infection and were then examined by optical microscopy for determination of parasitemia.
The inhibition rate of parasite multiplication was determined by comparing treated with
untreated groups by the formula j(A—B)/Aj x100, where A=control group parasitemia and
B=test group parasitemia. The extract was considered active when promoting a parasitemia

reduction major or equal to 30%.[53]
Statistical analyses

All data were expressed as means + standard deviations of triplicate measurements. In
vitro antiplasmodial activity and cytotoxicity, and in vivo antimalarial effects of the extracts
were submitted to ANOVA and the Tukey test. All statistical analyses were performed using
the software SigmaPlot 12.5[54] (p=0.05).

Abbreviations

ANOVA (Analysis of Variance)

CCsxo (Cytotoxicity Concentration 50%)

Da (Dalton) Dpi (day post infection)

HPLC-HRMS (High-Performance Liquid Chromatography High-Resolution Mass
Spectrometry by Electron Spray lonization)

ICso (Inhibitory Concentration 50%)

Ip (intraperitoneal route)

IRBC (infected Red Blood Cells)

MTT (3-(4,5-dimethyltriazol-2-yl)-2,5-diphenyl tetrazolium bromide)

NBT (NitroNlue Tetrazolium)

PES (Phenazine EthoSulphate)

PfLDH (Plasmodium falciparum Lactate dehydrogenase) % Gl (percentage of parasite growth
inhibition)

RT (Retention Time).
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Table S1. HPLC-ESI-HRMS? data for compounds putative identified in the ethanol extracts of Acmella oleracea, Siparuna krukovii and Trema micrantha

from the Western Para State, Brazilian Amazon.

Ethanol RT m/z observed Theoretical Mass Major Fragments (m/z) Putative Metabolite References
Extracts (min) [M + H]"and/or exact mass accuracy (MS/MS* and/or MS/MS") Identification Class
[M—-HI" (m/2) (Appm)
3.15  149.0445 [M —H]- 149.0455 6.7094 131.0338 [M — H — 18] ; Xylose Sugar [22]
120.9536 [M — H — 29];
103.0388 [M — H — 46]" Figure 1.1
571 220.1698 [M + H]* 220.1696 —1.3625 164.1073 [M + H - 56]"; N-isobutyldeca- N-isobutyl- [2]
154.1229 [M + H - 66]*; 2,8-dien-6- amide
147.0807 [M + H - 73]; ynamide
141.1150 [M + H - 79]*;
126.0917 [M + H — 94]*; Figure 1.2
121.1016 [M + H — 99]*;
119.0859 [M + H — 101];
105.0704 [M + H — 115]*
6.21 238.1805 [M + H]* 238.1802 0.4198 220.1698 [M + H — 18]*; Hydroxy- N-isobutyl- -
196.1697 [M + H — 42]*; spilanthol amide

170.7041 [M + H — 68]*;
165.0911 [M + H — 73]*;
147.0805 [M + H — 91]*;
142.1227 [M + H — 96]";
137.0962 [M + H — 101]*;
123.0807 [M + H — 115]*;
119.0858 [M + H — 119]*;
107.0495 [M + H — 131]*;
105.0703 [M + H - 133]*

{(2E,6Z,8E)-5-
hydroxy-N-
isobutyldeca-
2,6,8-trienamide}

Figure 1.3



6.89
10.75
Acmella
oleracea  11.61
18.37

309.0618 [M — H]"

327.2177 [M —HJ

329.2334 [M — HT

230.1541 [M + H]*

309.0615

327.2176

329.2333

230.1540

—0.9706

—0.3056

—0.3037

—0.4344

193.0499 [M — H — 116];
178.0263 [M — H — 131];
149.0598 [M — H — 160];
134.0363 [M — H — 175] ;
115.0025 [M — H — 194];
137.0961 [M — H — 190]

291.1967 [M — H — 36] ;
239.1286 [M — H — 88]";
221.1178 [M — H — 106];
211.1334 [M — H — 116] ;
171.1017 [M = H — 156]
137.0961 [M — H — 190]

229.1441 [M — H — 1007 ;
211.1334 [M — H — 118];
183.1382 [M — H — 146] ;
171.1017 [M — H — 158] ;
139.1118 [M — H — 190] ;
127.1117 [M — H - 202]

174.0916 [M + H — 56]";
167.1307 [M + H — 63]*;
157.0650 [M + H — 73]";
147.0806 [M + H — 83]*;
131.0858 [M + H —99]*;
129.0701 [M + H — 101]*;
116.0624 [M + H — 114]*;
105.0704 [M + H — 125]*

Feruloylmalic Phenolic
acid isomer ester

Figure 1.4

9,12,13-
trihydroxyoctadec
a-10,15-dienoic
acid

Fatty acid

Figure 1.5

9,12,13-
trihydroxyoctadec
a-10-enoic acid

Fatty acid

Figure 1.6

(2E,5Z)-N-
isobutylundeca-
2,5-dien-8,10-
diynamide

N-isobutyl-
amide

Figure 1.7
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19.47  222.1855[M + H]* 222.1853 —0.9001 168.1385 [M + H — 54]; Spilanthol N-isobutyl- [22,23]
166.1230 [M + H — 56]*; amide
244.1699 [M + Na]*  244.1677  —9.0101 154.1228 [M + H — 68]*; (2E,6Z,8E)-N-
149.0963 [M + H — 73]*; isobutyl-2,6,8-
141.1150 [M + H - 81]%; decatrienamide
126.0917 [M + H — 96]";
123.1172 [M + H — 99]; Figure 1.8
121.1015 [M + H — 101]*;
107.0860 [M + H — 115]"
21.74 2701853 [M + Na]*  270.1834 —7.0322 189.1149 [M + H — 81]*; (2E,4E,8Z,10Z)- N-isobutyl- -
174.0914 [M + H — 96]*; N- amide
149.0963 [M + H — 121]; isobutyldodeca-
148.0758 [M + H — 122]*; 2,4,8,10-
131.0857 [M + H — 139]; tetraenamide
123.1171 [M + H — 147]";
121.1015 [M + H — 145]*; Figure 1.9
107.0859 [M + H — 163]";
105.0703 [M + H — 165]*
456  330.1701 [M+H]*  330.1700 1.2114 299.1274 [M + H — 31]*; Reticuline Benzyl- [24]
267.1014 [M + H - 63]"; tetrahydro-
192.1017 [M + H - 138]*; Figure 3.1 isoquinolin
175.0753 [M + H — 155]; e alkaloid
137.0597 [M + H — 193]*
498  286.1436 [M+H]"  286.1438 0.3494 269.1171 [M + H — 17]*; Coclaurine Benzyl- [24]
237.0909 [M + H — 49]; tetrahydro-
209.0961 [M + H - 77]; Figure 3.2 isoquinolin
Siparuna 178.0863 [M + H — 108]"; e alkaloid
krukovii 175.0754 [M + H - 111];



143.0492 [M + H — 143]*;
107.0495 [M + H — 179]"
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6.39 342.1700 [M + H]* 342.1700 0.0000 192.1021 [M + H - 150]; Isocorypalmine Proto- [25]
178.0864 [M + H — 164]; berberine
165.0911 [M + H - 177]; Figure 3.3 alkaloid
151.0755 [M + H — 47]"
8.48 266.1174 [M + H]* 266.1176 0.3494 249.0910 [M + H - 17]%; Anonaine Aporphine [25]
219.0805 [M + H - 47]; alkaloid
191.0856 [M + H — 75]* Figure 3.4
4.58 581.1497 [M + H]* 581.1501 0.6882 449.1080 [M + H — 132]*; Orientin- or Flavone -
431.0974 [M + H-132 - isoorientin 2"-O-  glycoside
18]*; 413.0868 [M + H - 132  (arabinoside or
—18 - 18]"; 359.0762 [M + H xyloside)
— 132 -90]%; 329.0655 [M +
H — 132 — 120]*; 299.0551 Figure 4.1
[M+H-132-150]"
429.0826 [M — H - 132 18]
579.1357 [M —H]~ 579.1355 0.2726 ; 357.0616 [M — H — 132 —
Trema 90]; 327.0509 [M — H - 132
micrantha —120]; 309.0404 [M — H —
132 -18 - 1201
4.65 565.1553 [M + H]* 565.1552 0.3538 433.1128 [M + H - 132]*; Vitexin- or Flavone -
415.1021 [M + H - 132 - isovitexin 2"-O-  glycoside
18]%; 397.0916 [M + H—-132  (arabinoside or
—18-18]"; 343.0810 [M + H xyloside)

— 132 — 90]*; 313.0704 [M +
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H — 132 — 120]*; 283.0599 Figure 4.2
[M+H - 132 - 150]*

413.0880 [M — H — 132 18]
563.1404 [M—H]"  563.1406 0.3551 + 357.0616 [M — H — 132 —
90]; 311.0562 [M — H — 132
1207 ; 293.0456 [M — H —
132 — 18 — 120

Note: in bold: base peak; —: absence; RT: Retention Time.



Table S2. Collection and extraction data for plant species from the Western Paré State, Brazilian Amazon.

148

. . Extract
Plant species Popular Collection data Voucher .
(Botanical Family) Name (GPS, local, date) Number PlantPart  Solvent Extract N(IS)SS \E(')Z I)d
Acmella oleracea (L) R.K. Jambu 02°29'46.7" S 54°40'4.8" W, IAN-188088 Flowers Ethanol 0.5 5.0
Jansen. (Asteraceae) Santarém (August 2020)
Lippia origanoides Kunth Alecrim- 02°30'8.7" S 54° 56' 41.6" 1 1]AN-184688 Leaves Ethanol 0.5 5.0
(Verbenaceae) pimenta W; Santarém (May 2020)
Senna quinquangulata Sene, o npr " o Lo " Leaves Ethanol 1.0 14.0
(Rich) H.S. lIrwin & fedegoso 06\/_3; 10.9% S 54° 56' 35.8 2 HSTM-14702
; Belterra (August 2020)
Barneby (Fabaceae)
Siparuna krukovii A.C.Sm. Capitt da 02°38'21.6" S54°56'30.1" HSTM-14700 Leaves Ethanol 2.7 6.7
(Siparunaceae) Mata W; Belterra (August 2020)
Trema micranta (L) Curumim 02°27'13" S54°46'5.0"W; , HSTM-14067 Leaves Ethanol 2.4 12.0
Blume (Cannabaceae) Santarém (March 2020)
Abuta sp — 02° 36' 25" S 54° 56' 27" W, - Leaves Ethanol 1.3 6.8
(Menispermaceae) Belterra (August 2020)
Ampelozizyphus sp — 02° 38' 21.6',' S 54° 56' 30.1" - Bark Ethanol 4.6 14.4
(Rhamanaceae) W; Santarém (September
2019)
Aniba sp - 02° 17' 50" S 54° 51' 31.0" W; - Bark Ethanol 10.4 20.0
(Lauraceae) Santarém (September 2019)
Aspidosperma sp — 02° 17' 50" S 54° 51' 31.0" W, - Bark Ethanol 7.7 18.0
(Apocynaceae) Santarém (August 2019)
Croton sp — 02°17' 54" S 54° 51' 31.0" W, — Bark Ethanol 1.6 6.9
(Euphorbiaceae) Santarém (February 2020)
Virola sp — 02° 35' 36" S 54° 57" 12" W; - Bark Ethanol 3.8 16.6

(Myristicaceae)

Belterra (August 2020)

Note: Herbarium EMBRAPA: 2Herbarium Universidade Federal do Oeste do Para.
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HRMS spectra of the ethanol Acmella oleracea extract

m/z 149.0445 [M — H]-
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m/z 238.1805 [M + H]*
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m/z 327.2177 [M — H]
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m/z 230.1541 [M + H]*
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m/z 270.1853 [M + Na]*

BIA_AO PRM POS #4878 RT: 21.74 AV:1 NL: 6.81E7
F: FTMS + p ESI Fullms2 270.1853@hcd30.00 [100.0000-2
105.0703

2701853
1231171 1480758
116.1074 || 131.0857 189.1149
U\ I | 1430857| 1639542 1740914 | 2021226 2161385 2281384  248.7654 289.0510
T L e L e NI et
120 140 160 180 200 220 240 260 280

m/z



154

HRMS spectra of the ethanol Siparuna krukovii extract

m/z 330.1701 [M + H]*
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m/z 342.1700 [M + H]*
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HRMS spectra of the ethanol Trema micrantha extract

m/z 581.1497 [M + H]*
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m/z 565.1553 [M + H]*
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3.3. CAPITULO 03 - EXTRATOS ETANOLICOS DE Acmella oleracea (L.) R.K. JANSEN
E Trema micrantha (L.) BLUME NAO APRESENTAM ACAO GENOTOXICA EM
CELULAS HEPG2

Santos, M.B.V., Santos, M.J.B; Scher, R., Pantaledo, S.M., Mourdo, R.H.V.

Esta sessdo compde os dados experimentais da tese ainda ndo submetidos para publicacéo e em
portugués. O artigo escrito seguiu 0 modelo da revista Journal of Toxicology. Fator de impacto
2.9, Qualis B1 (Classificacdes de periddicos quadriénio 2017 — 2020).



160

Extratos etandlicos de Acmella oleracea (L.) R.K. Jansen e Trema micrantha (L.) Blume

nao apresentam acdo genotoxica em células HepG2

Maria Beatriz Viana dos Santos!?, Maria José Bryanne Aradjo Santos 3#, Ricardo Scher?,
Silmara de Moraes Pantaledo?, Rosa Helena Veras Mourdo!?*

! Laboratério de Bioprospeccao e Biologia Experimental — LabBBEXx; Universidade Federal do
Oeste do Para — UFOPA, Santarém, Par4, Brasil

2 Programa de Pds-Graduacdo Doutorado em Rede de Biodiversidade e Biotecnologia —
BIONORTE / Polo Paré. Universidade Federal do Oeste do Pard — UFOPA, Belém, Par4, Brasil
% Laboratorio de Genética e Conservacdo de Recursos Naturais (GECON) da Universidade
Federal de Sergipe (UFS), Campus Séo Cristovao, Sergipe, Brasil

4 Laboratorio de Imunologia e Biologia Celular do Cancer e Leishmania — LABICeL.
Departamento de Morfologia da Universidade Federal de Sergipe (UFS), Campus Séo

Cristovdo, Sergipe, Brasil

Santos, MBV: mbeatrizviana9 @hotmail.com

Santos, MJBA: bryanne-araujo@academico.ufs.br

Scher, R.: rica.scher@gmail.com

Pantaledo, SM.: spleao51@gmail.com

Mourao, RHV.: rosa.mourao@ufopa.edu.br

*Autor correspondente: email: rosa.mourao@ufopa.edu.br; (RHV Mouréo)



mailto:mbeatrizviana9@hotmail.com
mailto:bryanne-araujo@academico.ufs.br
mailto:rica.scher@gmail.com
mailto:spleao51@gmail.com
mailto:rosa.mourao@ufopa.edu.br
mailto:rosa.mourao@ufopa.edu.br

161

Resumo

A pratica do uso de plantas medicinais para fins terapéuticos ainda é comum em
comunidades tradicionais, entretanto, seu uso € feito sem quaisquer seguranca ou avaliagdes
toxicologicas como andlises de danos celulares. Acmella oleracea e Trema micrantha
apresentam diversas propriedades medicinais, no entanto, pouco é conhecido sobre efeitos
genotoxicos e possiveis danos ao DNA celular dessas espécies. Nesse sentido, o objetivo desta
pesquisa foi avaliar se os extratos etanolicos de flores de A. oleracea e folhas de Trema
micrantha apresenta genotoxicidade em células HepG2 por meio do Ensaio Cometa in vitro.
Nossos resultados ndo evidenciaram danos ao DNA das células HepG2 cultivadas nas
concentracgdes testadas (25, 50 e 100ug/mL) comparadas ao controle positivo (H202 — perdxido
de hidrogénio), ndo sendo, portanto, consideradas genotoxicas (p < 0,001) nas condicdes teste
em que as amostras foram investigadas. Estes resultados sdo as primeiras evidéncias de analises
genotdxicas relacionadas ao dano de DNA celular para extratos de A. oleracea e T. micrantha
e, embora esses dados sejam considerados promissores, ainda sdo necessarios estudos
adicionais em modelos in vivo que confirmem o uso seguro dessas espécies no tratamento de

doencas.

Palavras-chave: Ensaio Cometa, genotdxicos, medicinais, Acmella oleracea, Trema

micrantha

Introducéo

O uso de plantas medicinais ainda é comum na medicina tradicional e segundo a
Organizacao Mundial da Saude (OMS), plantas tém sido reconhecidas como fonte confiavel na
terapéutica [1]. No entanto, é importante ressaltar que muitas espécies vém sendo utilizadas
sem quaisquer analises toxicoldgicas prévias, acreditando que por se tratar de produtos naturais,
ndo ha risco a salde, considerando que muitas especies vegetais possuem constituintes

quimicos que podem ser toxicos para o organismo humano, podendo causar efeitos indesejaveis
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gue podem ser observados em estudos com plantas frequentemente utilizadas na medicina
popular [2, 3, 4]. Neste sentido, tendo em vista que nem todas as plantas medicinais sdo seguras,
torna-se necessaria a avaliacéo toxicoldgica de espécies de plantas com o intuito de garantir a
sua eficacia em tratamentos terapéuticos.

Acmella oleracea (L.) R.K. Jansen (Asteraceae) é comumente encontrada em regides
tropicais e nativas da América do Sul. E popularmente conhecida como jambu, sendo utilizada
para fins alimenticios e na medicina tradicional para o tratamento de tosse, reumatismo, anemia
assim como agdo anestésica, antibacteriana, antiflngica, inseticida [5, 6, 7], anti-inflamatdria
[8] e atividade antimalérica [9]. Acmella oleracea também é conhecida por sua rica fonte de
compostos bioativos que sao atribuidos a diferentes atividades bioldgicas [5]. Dentre esses
compostos, um alcaldide anti-séptico N-isobutilamida do acido (2E, 6Z, 8E)-deca-2,6,8-
triendico) conhecido como espilantol, é um dos principais constituintes de espécies deste
género, o qual também apresenta atividade antimicrobiana, larvicida, inseticida, antimalarico
[10] e anti-inflamatorio [8]. Andlises toxicologicas para esta espécie tém sido identificadas em
estudos com zebrafish (Danio rerio), sendo observados caracteristicas comportamentais,
histopatoldgicas e reprodutivas [19, 20], além de dados de mutagenicidade in vitro em espécie
de Spilanthes (sin. de Acmella) [11].

Trema micrantha (L.) Blume (Cannabaceae), ¢ popularmente conhecida como
canditba, granditva. E utilizada na medicina tradicional no tratamento de doencas respiratorias,
sifilis, reumatismo, diabetes, analgésica e atividades anti-inflamatoria, anti-helmintico, anti-
inflamatorio [12] e antimalérica [9]. Em relacdo aos principais constituintes quimicos presentes
estdo os triterpenos / esterdides e flavonoides [12]. Registros toxicoldgicos para esta espécie
s80 escassos e a maioria esta relacionada com intoxica¢do em animais como pneumotoxicoses
e hepatoxicidade [13, 14].

Embora A. oleracea e T. micrantha apresentem diversas propriedades medicinais,
ainda ha uma caréncia de registros na literatura de dados relacionados a danos ao DNA celular

e analises toxicoldgicas que a tornem seguras para 0 uso na terapéutica. Neste sentido, o
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objetivo deste estudo € avaliar se os extratos etandlicos de Acmella oleracea e Trema micrantha

apresentam efeitos genotoxicos em linhagens de células HepG2.

Material e Métodos
Coleta do material vegetal e preparacéo dos extratos

As flores de Acmella oleracea e folhas de Trema micrantha foram coletadas em
Santarém, regido Oeste do Par4, Brasil, na comunidade de Cucuruna (PA — 457) (02° 29' 46.7"
S 0.54° 40" 04.8" W e Rodovia Everaldo Martins (02° 27' 13" S 54° 46' 5.0" W),
respectivamente. Amostras das duas espécies foram também coletadas para identificacdo
botanica e confeccdo de excicatas, depositadas nos Herbéario IAN da Embrapa Amazonia
Oriental (IAN-188088) e HSTM da Universidade Federal do Oeste do Para (HSTM-14067). A
pesquisa com essas espécies foi registrada no sistema SisGen sob o cddigo de cadastro A28942.

As amostras de flores e folhas foram desidratadas em estufa com circulagéo e renovacéo
de ar a 40° C e trituradas para a obtencdo do p6. Os extratos etandlicos de cada planta foram
preparados a partir do pd na propor¢do de 1:10 (planta/etanol 96%) a 50° C por 30 minutos.
Posteriormente, foram filtradas, o etanol foi evaporado em temperatura ambiente e o extrato foi

liofilizado.

Cultivo celular

Foi utilizada linhagem de células de hepatocarcinoma humano (HepG2) cedida pelo
Laboratério de Fitoquimica da Universidade Federal de Minas Gerais (UFMG), do
Departamento de Farmacia (UFMG) pela profa. Dra. Alaide Braga de Oliveira. O cultivo das
células foi realizado no Laboratério de Imunologia e Biologia Celular do Céncer e Leishmania
(LABICeL), do Departamento de Morfologia da Universidade Federal de Sergipe, Sé&o
Cristovao/SE (UFS). As células foram cultivadas em condicOes estéreis, em garrafas de
poliestireno em Meio Dulbeccos’s Modified Eagle Medium (DMEM), suplementado com 10%

de soro bovino fetal (SBF) e 1% de antibidtico (penicilina e estreptomicina), sendo mantidas
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em estufa umidificada sob atmosfera de 37° C e 5% de CO,. O crescimento das células foi
acompanhado diariamente com auxilio do microscopio invertido, sendo observadas morfologia,
aderéncia e confluéncia. Ao atingirem 80% de confluéncia, foram realizados repiques das
culturas celulares. As células foram desprendidas das garrafas de cultura utilizando uma solucgéo
de tripsina e EDTA (2,5 g/L de tripsina a [1:250] e 0,38 g/L de EDTA em DMEM) por 3
minutos a 37° C, seguidos da adicdo de meio DMEM suplementado a 10% com SBF para
inativacdo da tripsina. As células em suspensdo foram transferidas para tubos falcon de 15mL
e centrifugadas a 1200 rpm, a 4° C por 10 minutos. Apos a centrifugacdo, o sobrenadante foi
descartado e as células precipitadas (pellet) foram ressuspensas em meio DMEM completo. O
subcultivo das celulas foi realizado durante toda a pesquisa, com a finalidade de manutencéo

da linhagem celular para a realizacdo dos experimentos.

Avaliacao da genotoxicidade utilizando o Ensaio Cometa in vitro

O ensaio foi realizado na versdo alcalina [15] com modificagfes. Os testes foram
conduzidos no Laboratério de Genética e Conservacdo de Recurso Naturais (GECON) da
Universidade Federal de Sergipe (UFS). Todos os procedimentos metodologicos foram
realizados sob abrigo de luz e em baixa temperatura, com a finalidade de evitar possiveis
alteracOes ou danos adicionais ao DNA das células em analise.

Foi utilizada uma placa de 6 pogos e foram semeadas aproximadamente 3x10° 1x10°
/poco e incubadas por 24h para aderéncia e proliferacdo celular. Para a avaliacdo da
genotoxicidade dos extratos de Acmella oleracea e Trema micrantha, as células foram expostas
ao tratamento em trés diferentes concentragfes (25, 50 e 100 pg/mL), as quais foram
selecionadas com base nos resultados do ensaio do MTT (viabilidade celular maior que 70%)
[9], Como controle negativo as células HepG2 foram mantidas em meio DMEM suplementado
a 10% com SBF e a placa incubada por 24h a 37° C, em atmosfera enriquecida com 5% de CO..

Apols o tempo de tratamento, as células HepG2 foram submetidas ao processo de
desprendimento do fundo do poco com adicéo de 500 pL de tripsina e a placa incubada por 10
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a 15 minutos na estufa de CO2. As células em suspensdo foram colhidas em microtubos e
centrifugadas a 1500 rpm, 4°C e por 10 minutos. Ao término da centrifugacao, as celulas foram
ressuspensas em 200 pL de PBS.

Uma aliquota de 20uL da suspensédo de células, misturada com 120uL de agarose de
baixo ponto de fusdo (low melting point ou LMP) a 1% (p/v), foi gotejada em laminas de
microscopia pré-revestidas com uma fina camada de agarose de ponto de fusdo normal (normal
melting point ou NMP) a 1,5% (p/v) e em seguida, cobertas com uma laminula (24 x 32 mm) e
incubadas a 4° C por 20 minutos para solidificagdo. Apds este periodo, as laminulas foram
removidas e as ldminas imersas por 1h a 4° C na solucdo de lise (89 ml de uma solugéo estoque
(2,5 M NaCl, EDTA 100 mM, Tris 10 mM, 10 g de lauril sarcosinato, 890 mL de dgua destilada
e pH ajustado para 10,0 com 10 g de NAOH, 1 mL de Triton X-100 e 10 mL de DMSOQ)). Apds
a lise, as laminas foram transferidas para uma cuba de eletroforese e cobertas com tampé&o
alcalino o (NaOH 10 N e EDTA 200 mM, com pH > 13), onde permaneceram por 20 minutos
em repouso para a desnaturacdo do DNA. Em seguida, as laminas foram submetidas a
eletroforese em banho de gelo (4° C) por 20 minutos a 25 Volts (V), 300 miliamperes (mA) e
ao abrigo de luz. Apos a eletroforese, as laminas foram neutralizadas (solugédo de 0,4 M de Tris-
HCI, pH 7,5) por 15 minutos e fixadas em etanol absoluto (100%) por 10 minutos e, em seguida,
secas por 24h em temperatura ambiente.

Para a coloracdo, as laminas foram rehidratadas por 5 minutos com agua destilada e em
seguida dispostas verticalmente em cubeta de vidro, sendo adicionado a solucédo de coloragédo
com nitrato de prata (53 mL de solugdo A: 25¢g de Carbonato de Sédio (5%) e 27 mL de solucédo
B: constituida de Nitrato de prata (0,1%)). A cubeta de vidro foi incubada em banho-maria a
37° C por 30 minutos e apos este procedimento, as laminas foram lavadas com agua destilada
(3X) e expostas a solucdo de interrupcédo de coloracdo (&cido acético 1%), por 5 minutos. Para
finalizar, as 1dminas foram lavadas com agua destilada (3X) e secas em temperatura ambiente,
para posterior anélise.

A visualizacdo dos nucleoides foi realizada em microscopio 6ptico comum (Olympus)

com aumento de 400X. Foram analisados em média 150 nucleéides, sendo desconsiderados os
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nucledides posicionados a margem das laminas, sobrepostos ou com aspecto de apoptose. O
dano do DNA foi avaliado pelo método quantitativo, por meio do score visual, como descrito
por [16]e classificados em: classe 0 (sem causa), classe 1 (cauda mais curta que o diametro da
cabeca), classe 2 (tamanho da cauda uma ou duas vezes maior do que o didmetro da cabeca. A
pontuacéo total do cometa foi calculada por meio da equacéo (% de células em classe 0 x 0) +
(% de células em classe 1 x 1) + (% de células em classe 2 x 2) + (% de células em classe 3 x
3).

_ Média total (score A) - Média total (score B)
~ Média total (score A) — Média total (score C)

(%) R X 100

Andlise estatistica

Os resultados foram expressos em média + erro padrdo da média (EPM) de trés
experimentos independentes. A andlise estatistica dos dados foi realizada usando andlise de
variancia (one-way ANOVA), seguido pelo teste de Dunnett, utilizando o software GraphPad
Prism 8.0.1 (GraphPad Software, San Diego, CA, EUA). Os dados de (%) de reducao de danos
foram submetidos a ANOVA (one-way), seguido de pos-teste de Tukey, com nivel de

significancia (p < 0,05).

Resultados e Discussao

Os danos no DNA celular foram avaliados com base nas classes de danos, levando em
consideracao o tamanho dos nucledides, formato e padrdo de migracdo da cauda. Nas amostras
analisadas dos extratos de flores de Acmella oleracea e folhas de Trema micrantha, ndo foi
possivel observar danos significativos no DNA celular nas concentracfes testadas em
comparagdo ao controle positivo (H202 - perdxido de hidrogénio) (p < 0,001), portanto,
podemos inferir que os extratos etandlicos dessas espécies nao sdo considerados genotoxicos

para as células HepG2. Os dados das analises estdo dispostos nas tabelas 1 e 2, e figura 1.
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Tabela 1. Migracdo do DNA (média + EPM) para avaliacdo da genotoxicidade do extrato de

Acmella oleracea em ceélulas da linhagem HepG2, com base nas classes de danos observadas.

Classe de Dano Scores (1-3)
Tratamentos 0 1 2 3

Controle Negativo
(DMEM) 99,82+0,17 0,17+0,17 0,00£0,00 0,00+0,00 0,17+0,17
H20> [75uM] 77,30+1,75° 1,55+0,25° 4,93+0,97%° 16,20 +2,34% 60,04 + 5,812
AO [100 pg/mL]

por 24h 99,29+046 0,35+0,17 035+0,35 0,00£0,00 1,05+0,80
AO [50 pg/mL]

por 24h 100+0,00 0,00+0,00 0,00£0,00 0,00+0,00 0,00+0,00
AO [25 pg/mL]

por 24h 99,83+0,17 0,17+0,17 0,00+£0,00 0,00+0,00 0,17+0,17

Legenda: Os dados séo apresentados como médias + EPM de trés experimentos independentes. Foi realizada a
andlise de variancia unilateral (ANOVA) e teste de Dunnett, sendo considerado estatisticamente diferente do
controle negativo, quando: 3(p < 0,0001) e °(p < 0,001). H,0, = Perdxido de Hidrogénio. DMEM: Meio de Eagle
modificado por Dulbecco. AO = Acmella oleracea.

Pesquisas com andlises de dano de DNA ainda séo escassos para espécies do género
Acmella. Um estudo desenvolvido com extrato metanolico de flores de Spilanthes calva (sin.
Acmella) ndo apresentou mutagenicidade em cepas TA102 Salmonella typhimurium por meio
do Teste de Ames e, além disso, 0 extrato tem demostrado efeito antimutagénico com inibicéo
dose dependente de mutagenicidade (86,4% - P < 0.001) a 2mg/placa. [11], em cepas TA102.
O espilantol (affinin), obtido a partir do extrato etandlicos de raizes de Heliopsis longipes
(A.Gray) Blake, constituinte quimico também comumente encontrado em espécies do género
Acmella, tem demonstrado atividade antimutagénica, sendo capaz de reduzir em 40% mutacoes

induzidas por 2AA (2-aminoantraceno) e dano oxidativo gerado por NOR (norfloxina) (37 —
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50%), ndo causando, portanto, aumento no nimero de col6nias revertentes His* em relacéo ao
controle negativo em cepas TA 100 e TA 98 Salmonela Typhimurium, com ou sem mistura S9.
O espilantol, tem demostrado propriedades antioxidantes, o qual possui habilidade na reducao
de mutacOes por 2AA (2-aminoantraceno) e NOR (norfloxina) [17, 18]. Comparado aos nossos
resultados, a presenca do espilantol, pode ser um dos constituintes quimicos responsaveis pela
reducdo dos danos do DNA das células HepG2 detectados em nossos estudos, no entanto, sdo
necessarias analises adicionais para que possa confirmar a viabilidade e seguranca desta espécie
para uso medicinal.

Outros estudos toxicoldgicos com espécies do género Acmella envolvem anélises com
zebrafish (Danio rerio). Souza e colaboradores [19] demonstraram em estudos com extrato
hidroetandlico de raiz de Spilanthes acmella L. em zebrafish, que em administracdes orais ou
por imersdo, os animais em analise apresentaram alteracdo de comportamento como o aumento
na atividade de natacdo e em alguns casos mortes. De acordo com o autor, esses
comportamentos podem estar relacionados com as caracteristicas quimicas do extrato e
presenca do espilantol, sugerindo que os danos histopatoldgicos observados sdo dependentes
da dose utilizada no estudo. Além disso, foi observada toxicidade reprodutiva in vivo, como
efeitos teratogénicos que incluem deformacédo da calda, edema cardiaco, escoliose e retardo no
crescimento, caracteristicas essas mais evidentes em grupos de recém-nascidos com
progenitores expostos a altas concentragdes (100 a 200 ug/L). Embora os embrides tenham
apresentado alteracGes, seus progenitores ndo foram afetados quanto a sua fertilidade [20].
Efeitos potenciais para anestesia também foram observados em peixes, utilizando extratos
(etanol 70%) de flores de Acmella oleracea, no entanto, esse efeito pode variar de acordo com

0 peso e comprimento do individuo, além da concentracdo utilizada [21].
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Tabela 2. Migracdo do DNA (média = EPM) para avaliacdo da genotoxicidade do extrato de

Trema micrantha em células da linhagem HepG2, com base nas classes de danos observadas.

Tratamentos
Controle Negativo
(DMEM)
H202 [75uM]
TM [100 pg/mL]
por 24h
TM [50 pg/mL]
por 24h
TM [25 pg/mL]
por 24h

Classe de Dano

Scores (1-3)

99,62+ 0,37 0,18+0,18
1,55+0,25

77,3+1,75*

97,25+2,22 2,34+2,07

99,79+0,21 0,21+0,21

99,45+0,54 0,00+0,00 0,54 +0,54

1

0,00 £ 0,00

2

0,18+0,18 0,74+0,74

4,93+0,97° 16,20 +2,34* 60,04 +5,81°

0,18+0,18 0,21+0,21 3,36 +2,58
0,00+0,00 0,00+000 021+0,21
0,00+0,00 1,09+1,09

Legenda: Os dados sdo apresentados como médias + EPM de trés experimentos independentes. Foi realizada a

analise de variancia unilateral (ANOVA) e teste de Dunnett, sendo considerado estatisticamente diferente do
controle negativo, quando: 3(p < 0,0001) e ®(p < 0,001). H,0, = Perdxido de Hidrogénio. DMEM: Meio de Eagle

modificado por Dulbecco. TM = Trema micrantha.
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Figura 1: Avaliacdo de danos de DNA em células da linhagem HepG2 em Ensaio Cometa. NUmero médio de
células com dano ao DNA (soma das classes 1 + 2 + 3). Os dados sdo apresentados como médias + EPM de trés
experimentos independentes nas concentragdes de 25, 50 e 100ug/mL. Foi realizada a analise de variancia

(p
< 0,0001). CN = Controle Negativo. H,O, = Peréxido de Hidrogénio. (A) Analise dos extratos etandlicos de flores

Fkkk

unilateral (ANOVA) e teste de Dunnett, sendo considerado estatisticamente diferente do controle negativo:

de Acmella oleracea, (B) Analise dos extratos etandlicos de folhas de Trema micrantha.

Em relacdo a espécie Trema micrantha, ndo existem evidéncias na literatura de estudos
relacionados a danos no DNA celular e/ou mutagenicidade. No entanto, pesquisas tem
demostrado efeitos toxicoldgicos em caprinos, 0s quais demonstraram necrose hepatica apos a
ingestdo de folhas verdes [13], além de hepatotoxicidade e efeitos neurotdxicos em equinos
[22] e pneumotoxicos em ovelhas [23], Embora T. micrantha apresente evidéncias de
toxicidade em animais, estudos feitos por Schoenfelder et al. [24] em tratamento agudo com
modelos de ratos, demostraram uma reducdo significativa nos niveis de glicose no sangue em
ratos diabéticos, sendo, portanto, considerada boa candidata a medicina alternativa e/ou
complementar no tratamento do diabetes mellitos, por apresentarem efeitos benéficos na
reducdo dos niveis de glicose no sangue. Apesar do extrato de folhas de T. micrantha ndo terem
apresentado efeito genotoxico em nossos estudos, assim como auséncia de citotoxicidade [9]
ambos em anélises de modelo celular in vitro, ainda é necessario cautela no uso desta espécie
para fins terapéuticos.

Ensaios in vitro utilizando culturas de células HepG2 sdo comumente utilizadas em
andlises toxicolégicas. Em funcdo disso, muitas pesquisas com espécies vegetais utilizando
células HepG2 como modelo celular em testes in vitro, tém sido realizadas recentemente,
demostrando ser um bom indicador para analises de genotoxicidade. Pesquisas com
formulacGes herbaceas conhecidas na medicina Persiana denominada de AT (“Absinth tablet),
utilizada no tratamento de doengas hepaticas, tem sido avaliada por seu efeito antigenotdxico e
citoprotetivo utilizando ensaio cometa em culturas de células HepG2. Todas as fracdes

provenientes dessa formulagdo demonstraram efeito hepatoprotetivo. O extrato metandlico e as
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fracOes evidenciaram atividade antigenotdxica contra danos de DNA induzidos por peréxido de
hidrogénio (H20.) a 25uM e em altas concentragdes (200ug/mL). N&o foi observado alteracoes
na quantidade de danos de DNA e porcentagem significativa de fragmentacdo na cauda dos
nucledides (p < 0.05) [25]. Outros estudos tem sido desenvolvidos utilizando células HepG2
em espécies vegetais por meio do ensaio cometa, no entanto, algumas espécies vegetais
apresentaram danos ao DNA celular, como o extrato de Pterolobium stellatum [26] e extratos
de sementes de Sapindus saponaria [27], resultados estes que podem estar relacionados com as
propriedades fisico-quimica dessas espécies, modo de preparo dos extratos, solvente,

concentragOes testadas, além das condicGes teste.

Concluséo

Os extratos etanolicos das flores de Acmella oleracea e folha de Trema micrantha néo
exibem danos ao DNA celular detectaveis pelo ensaio cometa, ndo sendo, portanto,
considerados genotoxicos em células da linhagem HepG2 (hepatocarcinoma humano). No
entanto, esses ensaios ainda sdo preliminares e estudos adicionais de genototoxicidade e/ou
mutagenicidade em modelos in vitro e in vivo sdo requeridos para a melhor comprovacao da

viabilidade e seguranca do uso dessas espécies vegetais no tratamento de doencas.
Disponibilidade de dados
Os dados de analise genotdxica dos extratos etanolicos das espécies Acmella oleracea e Trema

micrantha séo dispostos nesta sessdo do artigo, ndo havendo, portanto, material suplementar.
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4. CONSIDERACOES FINAIS

A maléria atualmente ainda é considerada um problema de saude publica, e apesar dos
grandes avancgos biotecnoldgicos e a descoberta de novas alternativas terapéuticas para o
tratamento no mundo, o cenario ainda é de preocupacgéo por conta da continua resisténcia do
parasita Plasmodium aos antimalaricos disponiveis. Nesse sentido, as plantas medicinais
continuam sendo umas das principais fontes de tratamento, especialmente em comunidades
tradicionais ou regides com alto indice de transmissao e caréncia no acesso aos sistemas basico
de saude. Além da descoberta de espécies vegetais antimalaricas, tornam-se necessario o
isolamento e a identificacdo dos seus constituintes quimicos, o0s quais podem servir de fontes
para o desenvolvimento de novos farmacos antimalaricos, podendo contribuir para a ampliacao
dos recursos terapéuticos e, consequentemente, auxiliar no tratamento e reducéo de casos graves
decorrentes da infeccdo pelo parasito.

A triagem de plantas investigadas em nosso estudo, demonstrou que Acmella oleracea,
conhecida como jambu, é a mais promissora, evidenciando potencial antimalarico acima de
90% em cepas de Plasmodium e cerca de 60% de reducdo da malaria em camundongos,
conduzida em testes in vivo, além de ndo evidenciar toxicidade em células HepG2. Diante disso,
podemos considerar que A. oleracea, abundante na regido amazbdnica e com inumeras
propriedades medicinais, esta entre as espécies com potencial para o futuro desenvolvimento
de um fitoterapico, considerando que esta espécie ja é conhecida por possuir moléculas com
principios ativos contra cepas de Plasmodium.
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Palavras-chave: maléria, extratos bioativos, Plasmodium falciparum, jambt
Introducio

A malaria ¢ uma doenga parasitaria que ainda ¢ considerada um problema de saude
publica. Com o surgimento de cepas de Plasmodium falciparum resistentes aos antimalaricos
disponiveis, em especial a Cloroquina [1], pesquisas de novos farmacos tém apontado um
namero significativo de espécies vegetais de uso tradicional com potencial antimalarico [2],[3].
Na Amazonia, Acmella oleracea (L) R. K. Jansen (Asteraceae), popularmente conhecida como
jambn, ¢ utilizada principalmente na culinaria, porém estudos tém mostrado o uso da espécie
para tratar dor de dente devido sua agdo anestésica, aléem de atividade antibacteriana e
antifiingica [4]. O objetivo deste estudo foi verificar se o extrato das flores de Acmella oleracea
possui efeito antiplasmodial contra cepas W2 de P. falciparum, bem como determinar a

citotoxicidade em células HepG2 e seu perfil fitoquimico.

Material e Métodos

O material vegetal de 4. oleracea (flores) foi coletado na comunidade de Cucuruna (PA-
457) (02° 29" 46.7" S 0.54° 40" 04.8" W), Santarém — PA, em 2019, identificada e depositada
no herbario da EMBRAPA, sob o codigo IAN-188088/EMBRAPA. As flores foram
desidratadas em estufa a 40°C e trituradas para obtengéo do po. A partir do po, foi preparado
extrato etanolico (96%) na proporgdo 1:10 (50°C). Em seguida, filtrado e, posteriormente,
liofilizado.

O perfil fitoquimico do extrato foi determinado por Cromatografia em Camada Delgada
(CCD) e avaliados os seguintes metabolitos: alcaldides, cumarinas, triterpenos/esteroides e
derivados flavonicos (geninas e heterosideos) de acordo com Wagner et al. [5].

Para a atividade antiplasmodial do extrato, cepas de P. falciparum (W2) foram
cultivados em heméacias humanas e o ensaio realizado por meio do método da quantificacdo da
lactato desidrogenase (PfLDH) [6]. Culturas sincronizadas de hemacias infectadas, foram

distribuidas em placas de 96 pogos (180 pL e 20pl dos extratos/pogo), nas concentragdes de 50

1
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e 100 pg/mL (triplicata). Para o controle do experimento foi utilizado hemacias infectadas com
acréscimo de difosfato de cloroquina. As leituras foram feitas a 540 nm, em espectrofotémetro
e a viabilidade celular descrita em percentual de reducéo (% Red) do crescimento da cepa (W2)
na presenca das amostras. Para o ensaio de citotoxicidade, foram utilizadas células HepG2 e
para cada teste, oito concentragdes foram feitas (diluigdes 1:2/ triplicata), com concentragio
maxima de 100uM (pg/mL). A citotoxicidade foi determinada pelo método MTT e a
concentracio citotoxica (CCso) feita de acordo com Varotti et al. [7].

Os dados foram expressos como média = desvio padrido (n=3). Os ensaios biologicos

foram submetidos a ANOVA e Teste de Tukey em comparacédo as medias (o = 0.05).

Resultados e Discussio

O extrato etandlico de A. oleracea rico em alcaldides, triterpenos e esterdides (Tabela
1) demostrou potencial antiplasmodial contra cepa W2 P. falciparum com reducdo da
parasitemia acima de 90% (% red > 50) em ambas as concentracdes testadas (Tabela 2). A
atividade antiplasmodial observada para 4. oleracea pode estar relacionada com a presenca do
espilantol, um alcaldide do grupo das alquilamidas, conhecido por apresentar atividade
antimalarica em cepas P. falciparum em S. acmella, espécie sindonima de 4. oleracea [8], [9].
Espécies contendo alcaloides tem apresentado atividade antimalarica em tratamentos in vive e
in vitro contra cepas de Plasmodium [10] por conta de sua capacidade de interferir na
degradagdo da hemoglobina, o qual pode estar agindo no processo de inibigdo da infecgdo por
meio da interagdo desses compostos com o grupo heme das hemacias, evitando um consequente
aumento da parasitemia celular [11]. A reducéo da parasitemia também pode ser resultante da
presenca de triterpenos e esterdides, que se apresentam de forma livre e juntos podem estar
relacionados com diversos efeitos farmacologicos como agdo anti-inflamatoria e antioxidante
[12]. Os radicais livres produzidos durante o processo de infeccdo celular pelo parasita, sdo
capturados, resultando na inibigao da produgdo de 6xido nitrico, o qual interfere nos danos as
células infectadas, reduzindo assim os sintomas caracteristicos da maléria, como o diagnostico
de febre alta [13]; [14].

O extrato de 4. oleracea ndo apresentou citotoxicidade em linhagens de células HepG2
(CCso > 100 pg/mL) e, portanto, ndo inibiu de forma significativa o crescimento celular nas

oito concentragoes testadas, apresentando 100% de viabilidade (Tabela 2).
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Tabela 1: Prospeccio fitoquimica de extrato de flores de 4. oleracea por Cromatografia em Camada

Delgada (CCD)

Espécie Alcaloides Cumarinas Triterpenos/  Geninas Heterosideos
esteroides flavonicas flavonicos
Acmella oleracea + - -+ - -

Tabela 2: Atividade antiplasmodial e citotoxicidade do extrato de flores de Acmella oleracea
Cddigo de Espécie Parte da Atividade antiplasmodial Citotoxicidade

depdsito planta (% red - W2 P. falciparum)  (HepG2/CCs)
50 pg/mL 100 pg/mL  €Cs0>100pg/ml

IAN-188088 Aemella oleracea Flores 092.3 +£7.6% 94.7+£5.1% Nao citotoxica
=100

CcQ* 100.0 + 0.0 100.0+ 0.0 32,13+ 1,72

Legenda: O controle CQ* (Cloroquina), foi significante para p < 0.05 (Média £ SD, n = 3), (Teste de Tukey a =
0.05). Analise citotoxica HepG2 Al16 (CCsy =100 pg/mL, n=3)

Conclusdo

O extrato etanolico da flor de A. oleracea (jambii), contém substincias ativas capazes de reduzir
a parasitemia de cepas W2 P. falciparum. Além disso, o extrato ndo foi citotoxico para as células HepG2,
o que demostra um potencial candidato ao desenvolvimento de novos agentes antiplasmodiais, os quais

podem tornar-se importantes fontes para a inovacio do arsenal quimioterapéutico da doenga.
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A malaria continua sendo um problema global de saude publica e cerca de 90% dos casos
graves sdo resultado de infeccdes causadas pelo parasita Plasmodium falciparum. A
resisténcia aos farmacos antimalaricos, em especial a cloroquina, tornou-se um desafio que
levou a diversas pesquisas etnobotanicas e etnofarmacologicas na busca de moléculas
antimalaricas a partir de espécies vegetais, principalmente aquelas de uso tradicional e de
interesse para o desenvolvimento de novos farmacos ou fitoterapicos. Trema micrantha (L)
Blume, pertencente a familia Cannabaceae, conhecida como pau de polvora, grandiuva,
candiuba, ¢ uma planta nativa com ocorréncia desde a Florida (EUA) até o sul do Brasil, sendo
comumente utilizada no tratamento antiofidico, reumatismo e diabetes. Além disso, extratos
de folhas tem apresentado atividade analgésica e anti-inflamatoria. Sendo assim, o objetivo
deste estudo foi avaliar as atividades antiplasmodica, citotoxica e determinar o perfil
fitoquimico do extrato etandlico de folhas de 7. micrantha coletadas na Rodovia Fernando
Guilhon, Santarém — PA (HSTM-14067). A pesquisa foi registrada no sistema SisGen sob o
codigo A287942. A atividade antiplasmoédica do extrato foi determinada pelo método de
quantificagdo da lactato desidrogenase do parasita (P/LDH)em cepas de P. falciparum (W2) e
a citotoxicidade foi avaliada em culturas de células HepG2 A16 pelo método MTT, ambos
ensaios conduzidos in vitro. A caracterizagdo fitoquimica do extrato foi realizada por
Cromatografia em Camada Delgada (CCD), sendo observadas manchas de triterpenos,

esterdides e derivados flavonicos (geninas e heterosideos). A triagem da atividade
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antiplasmodica mostrou redugdo significativa do crescimento do P. falciparum (W2) nas
concentragdes de 50pg/mL (82,0 + 8,8 pg/mL) e 100 pg/mL (95,3 + 3,5 pg/mL) e ndo se
observou citotoxicidade para células HepG2 na concentragdo de 100 pg/mL (CC50 > 100
ug/mL). A presencga de triterpenos, esterdides e flavondides no extrato etandlico pode estar
relacionado com a redugdo da parasitemia, pois estes compostos apresentam atividade anti-
inflamatoria e antioxidante. Os radicais livres produzidos durante o processo de infeccdo
celular pelo parasita sdo capturados, resultando na inibigdo da producdo de oOxido nitrico,
impedindo danos as células infectadas, reduzindo assim os sintomas caracteristicos da
malaria, o que torna de interesse a investiga¢@o do extrato de folhas de 7. micrantha para o
desenvolvimento de novas substancias antimalaricas ou fitoterapicos, visto que a malaria ¢
endémica na Amazonia. Uma questdo a ser investigada ¢ a toxicidade de 7. micrantha, uma
vez que foi descrita morte de animais por intoxica¢do natural, assim como altera¢des

neuronais eno figado.

Palavras-chave: Malaria; citotoxicidade, Plasmodium falciparum, plantas medicinais
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ede BIONORTE, no periodo de 30 de novembro a 02 de dezembro de 2023, Hotel Sagres, em
ria: 45 horas.

Belém, 02 de dezembro de 2023
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CERTIFICADO

Certificamos que o trabalho intitulado "EXTRATOS ETANOLICOS DE ACMELLA OLERACEA (L.) RK. JANSE
TREMA MICRANTHA (L.) BLUME NAO APRESENTAM AGAO GENOTOXICA EM CELULAS HEPG2" dos autores
Maria Beatriz Viana dos Santos, MARIA JOSE BRYANNE ARAUJO SANTOS , RICARDO SCHER, SILMARA DE
MORAES PANTALEAO, ALAIDE BRAGA DE OLIVEIRA, ROSA HELENA VERAS MOURAOQ foi apresentado na
modalidade E-poster no VII WORKSHOP BRASILEIRO DE BIODIVERSIDADE E BIOTECNOLOGIA DA
AZONIA, evento promovido pelo Programa de Pés-Graduagdo em Biodiversidade e Biotecnologia — Rede
ORTE, no periodo de 30 de novembro a 02 de dezembro de 2023, Hotel Sagres, em Belém — PA.

Belém, 02 de dezembro de 2023.
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